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Tm34s 192.14 & Fan1Fanspeed Fan 1 under old: 0 RPM (< 3204 RPM|
l0m32s 192,14 % wlanl Interface changed: [P uoushode] '0' = NULL; [ifl astChange] '2025-11-20 09:05:35' - '2025-11-20 10:48:37'
TERERE A B R RaE, lom3z 13214 % wland Interface Up: [fOperst: ‘down' = 'up'

llm3ss 19214 % <pptp-Bag,  ~Interface was marked as DELETED
17m 295 19214 & Fan 2 Fanspeed Fan 2 under threshold: 0 RPM (< 3180 RPM)

Status Wamings and Nofifications 1m2%s 19214 & Fan1Fanspeed Fan L under threshold: 0 RPM (= 3204 RFM)

192.188. [ & 192188 Down {SNMP) 50d 20k 27m 2m34s 18214 & Fan 2 Fanspeed Fan 2 under threshold: 0 RPM [< 3180 RPM)

182168, B 168 19h 27m 58 27Tm 345 1%2.14 & Fan1Fanspeed Fan 1 under threshold: 0 RPM (< 3204 RPM)
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% --- NapameTpw camynayii ---

dt = 8.81; t end = 68;

t = @:dt:t_end; n = length(t);

% --- BxigHa noTywHicTe ---

P_input = 158 + 158*sin(2*pi*@.e1%t);
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H. Shvachych V. PashchenkoO. Dmytriyevea
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’Research center of simulation technologies (SimTech), University of Stuttgart

DEVELOPMENT OF AN INTERACTIVE SYSTEM FOR GENERATING
PROCEDURALLY GENERATED 2D MAPS

Abstract. This paperexamines the development of an interactive software system for
constructing twedimensional maps based on the Wave Function Collapse (WFC) algorithm. The
system enables automatic generation of coherent maps that take local constraints into account
providing flexible pattern configuration, interactive user interaction, and visualization of results. The
development has practical significance for the gaming industry, educational platforms, and simulation
environments. The paper describes the system archéettie principles of the WFC algorithm, the
implementation of the graphical interface, and the testing results.

Keywords interactive system, algorithm, tadbimensional maps, system architecture, WFC
algorithm.

Introduction . Automatic content generation is one of the key areas of modern
software development, increasingly influencing the advancement of the gaming
industry, computer graphics, modeling, and simulation systems. By enabling the
creation of complex structures, nsr objects without constant human intervention,
such technologies significantly improve development efficiency and open new
horizons for creativity.

Map generation, in particular, plays a crucial role in video games, educational
simulators, and scientific visualizations. In these fields, automation allows for the rapid
creation of large, diverse, and logically consistent environments, making user
experences more engaging and dynamic. For example, in video games, procedurally
generated maps ensure unique gameplay sessions; in simulators, they provide realisti
learning scenarios; and in scientific research, they enable the modeling of complex
environmets for analysis.

Traditional methods of creating maps and levels require significant resources,
time, and manual work from artists and designers. This limits the scalability and
variability of content. In response to these challenges, a number of procedural
generation algithms have been developed, among which the Wave Function Collapse
(WFC) algorithm stands out.

The WFC algorithm offers an effective solutiont allows the generation of
coherent maps and structures based on a given example while considering local
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constraints and stochastic principles. This approach combines elements of probabilistic
modeling and information theory, ensuring a balanced mix of predictability and
randomness. As a result, the generated content both follows the logical structure of the
source sample and exhibits unique variations, making it ideal for automated design.

Thus, the Wave Function Collapse algorithm becomes a powerful tool for
developers who aim to create flexible, scalable, and intelligent content generation
systems that combine mathematical rigor with the creative potential of artificial
intelligence.

The purpose of this researclis to develop an interactive system that allows the
user to define generation parameters, observe the map construction process in real tims
edit the result, and export it in a convenient format.

Analysis of the Wave Function Collapse Algorithm.The Wave Function
Collapse (WFChalgorithm is one of the most wethown and efficient methods of
procedural content generation in modern programming. Its essence lies in creating new
structures (maps, images, levels, etc.) based on a given example, while maintaining
local compatibility u |l e s bet ween el ement s. Al t ho
borrowed from quantum mechanics, WFC is not a physical niodebnly uses an
analogy to the process of Awave funct
gradually rrrows down to a specific outcome [1].

The core idea of the algorithm is that each cell of the future map has a certain set
of possible states (tiles) that can occupy that position. Initially, all cells have maximum
entropyi meaning that each of them can be any tile. The algorithm then siadjyent
Acol |l apseso i ndi vi dual cel |l s, sel ecti
probabilistic principles or predefined rules. After a state is chosen, the algorithm
updates neighboring cells, narrowing their possible options in accordance with local
constraints.

This process continues until all cells receive definite values, forming a complete
and logically consistent map. If, at any point, a conflict arises (meaning there are no
valid options for a given cell), the algorithm can apply backtrackimgturning to
previous states and regenerating with different choices.

Let us highlight the key advantages of the WFC algorithm:

I Consistency of results. The algorithm ensures that neighboring map elements
are logically compatiblé roads connect to roads, walls align with corners, and textures
blend smoothly into one another. This provides naturalness and structural integrity in
the generated environment.

I High variability. Due to the stochastic nature of the WFC algorithm, each new
generation differs from the previous one, even when using the same sample. This
creates an almost limitless number of unique content variations.

I Learning from examples. The algorithm does not require rigid manual rule
programmingi it is sufficient to provide a sample map or pattern, from which it
independently derives the rules of tile placement. This approach resembles the basic
principles of nachine learning in its simplest form.
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I Flexibility in constraint configuration. The developer can specify additional
rules: which elements cannot be adjacent, which must be present, or which map region:
must follow a certain structure. This makes it possible to create both fully automated
andsemtcontrolled generation systems.

With the advancement of algorithms such as WFC, interactive approaches to
content generation are becoming increasingly important. In such systems, the user doe
not simply receive a finished result but can actively influence the process of creating a
map a level.

Let us outline the main principles of interactivity:

I Visual control over the process. The user can observe the generation process
in real timel seeing how the algorithm gradually fills the map, which areas remain
undefined, and how the structure changes after each collapse step.

I User intervention capability. If a particular section of the map does not meet
expectations, the user can modify or lock specific tiles, make manual adjustments, or
define additional constraints. This transforms the algorithm from a fully automated tool
into a flexible creative instrument.

I Realtime feedback. Through interactive interfaces, the user can immediately
see the results of their actions. This not only increases workflow efficiency but also
promotes a deeper understanding of the

Architecture of the WFC-Based Map Generation System. The
architecture of the system implementing tfWeave Function Collaps€¢WFC)
algorithm is designed in a modular way, ensuring scalability, ease of maintenance,
and the ability to integrate with other software products. Each module performs its
specific role, yet all of them interact through clearly defined interfaces. This
approach allows developers to easily extend functionality, adapt the system to new
requirements, or port it to other platforms [2].

Generation Module This component serves as the core of the sy$td
implements the logic of the WFC algorithm and is responsible for constructing the map
or spatial structure.

Main functions of the generation module:

I Pattern analysis (sample recognition): at the initial stage, the system identifies
all unique tiles in the input pattern and determines their compatibility rules based on
their spatial arrangement.

i Compatibility table construction: a matrix is generated that defines which tiles
can be adjacent to one another in different directions (up, down, left, right).

I Stochastic state selection: for each map cell, a tile is selected from the set of
allowed options, taking into account its probability (frequency in the pattern).

I Constraint propagation: after a tile is selected, the system updates the possible
states of neighboring cells to avoid conflicts and maintain logical consistency.

I Backtracking: if the system reaches a state where no valid tile can be placed,
the algorithm automatically returns to a previous step to attempt a different
combination.
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This module is implemented BavaScript which ensures efficient work with
multidimensional data arrays, matrices, and related operations. Thanks to this, the
generation of even large maps is performed quickly and without significant delays.

Graphical User Interface (GUIThe graphical interface is built using the ReactJS
framework, providing flexibility and convenience in creating interactive tools. The main
goal of the interface is to make the generation process intuitive and visually clear.

Key features of the graphical interface:

I Setting generation parameters: the user can select the input pattern, map size
level of randomness, type of constraints, and more.

Visualization of the Generation Proces8he system visualizes the map
formation in real timé@ from the initial state to the final result.

Manual Map EditingThe user can replace individual tiles, lock specific areas,
or define new rules for local regions.

Interactive FeedbackAny change is immediately reflected on the screen,
allowing the user to experiment with parameters and instantly observe the results in
real time.

The interface design follows the principles of ergonomics and minimalism: the
main screen is divided into a map preview area, a toolbar, and a parameters panel. Thi
provides a clear workflow structure and lowers the entry barrier for new users.

Saving and Export Module. The generation results can be saved in various
formats depending on the usero6s or sys

Main export formats:

I PNGT convenient for visual representation or publication of the map.

T JSONTused to store the mapds struct.
properties, facilitating integration with other applications.

I CSVT suitable for analytical or statistical purposes where a simple tabular data
format is required.

The export module supports automatic saving after generation completion as
well as manual export via the graphical interface. In addition, version control is
implemented, allowing users to save multiple iterations of a map for comparison or
further analyss.

Architectural Features.

I Scalability: new functions can be added without modifying the core structure
of the program.

I Ease of testing: each module can be tested independently, which increases the
systembs reliability.

I Interactivity: the user has full control over the generation process.

It is worth noting that the architecture of the system based on the Wave Function
Collapse algorithm combines intelligent content generation methods, a flexible
interface, and powerful integration capabilities. By utilizing JavaScript, the React and
LodasHibraries, as well as a custom implementation of the WFC algorithm, the system
achieves high performance, intuitive user interaction, and extensive potential for future
expansion.
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Practical Significance of the Research. The development and implementation of a
content generation system based on the Wave Function Collapse (WFC) algorithm has
substantial practical potential across multiple fi¢ldsom the entertainment industry to
education, science, and geographic information systems. The algorithm enables the
automation of complex, structurally consistent environments that previously required
extensive manual work from designers, developers, or analysts. Below are the main area
where the results of this research have the greatest applied value [3].

Gaming IndustryOne of the most evident applications of WFC is in generating
game levels, landscapes, mazes, and maps. Modern video games often require va:
amounts of conteritunique locations, dungeons, buildings, or entire worlds. Manually
creating such content demandonsiderable resources, especially for eperd
projects or those with a high level of detail.

The Wave Function Collapse algorithm allows developers to:

I create procedurally generated levels that preserve the design logic defined by

an artistos exampl e;

I ensure high variability each gameplay session can feature a different map
configuration;
I integrate the system into engines such as Unity, Unreal Engine, or Godot via

API;

I maintain a balance between randomness and structural consistency, making the
gameplay both predictable and engaging.

Thus, the WFC algorithm provides developers with the ability to build games
featuring virtually limitless variations and high replayability, while significantly
reducing the cost of manual content creation [4].

Education In the field of education and training simulations, the WFC algorithm
can be used to automatically generate educational maps, virtual environments, training
modules, and interactive scenarios.

By doing so, WFC bridges learning, modeling, and creativity, creating
interactive and adaptable educational tools that enhance engagement anc
understanding.

Scientific Visualization In scientific contexts, the Wave Function Collapse
algorithm can be applied to model complex natural and artificial systems, where local
dependencies and patterns play a crucial role [5].

Scientific vizualizations generated using WFC have two main advantages:

i First, they allow for the rapid creation of consistent models that adhere to
predefined interaction rules.

I Second, due to their stochastic nature, researchers can generate multiple
alternative scenarios and analyze their statistical behavior.

Such tools are particularly valuable in mathematical modeling, bioinformatics,
physical simulations, and environmental research [6].

In conclusion, the practical significance of this study lies in the development of a
universal system that combines intelligent content generation, flexible customization, and
a high degree of adaptability. Thanks to the Wave Function Collapse algorgérs, u
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across various domairisfrom game designers to scientistgain a tool capable of
automatically creating logically consistent, realistic, and functional environments [7].

Conclusions.In the course of this research, an interactive software system for
automated twalimensional map generation based on the Wave Function Collapse
(WFC) algorithm was developed and implemented. The system combines an intelligent
approach to spatial structuoenstruction with the capability for user interactivity,
making it an effective tool for both practical and educational purposes.

The developed system demonstrates high efficiency in generating coherent maps
while offering a wide range of flexible configuration options. This allows users to
control the environment creation process, adjust the level of stochasticity, define
constrains, or use custom templates to train the algorithm. As a result, users can obtain
unique maps with desired characterisiidsom simple mazes to complex structures
featuring diverse elements.

Thus, the developed interactive system confirms that the Wave Function
Collapse algorithm is a powerful tool for automatic structured content generation. It
combines mathematical precision, practical usability, and creative potential, providing
a flexibleenvironment for experimentation, learning, and creativity.

The results obtained confirm the successful achievement of the research
objectives and demonstrate the practical significance of the study. The system can be
effectively applied in scientific and educational projects, as well as in practical domains
I paricularly in game development, simulations, geoinformation technologies, and
architectural modeling.
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METHODS, ALGORITHMS, AND PROGRAMS FOR ERROR
DETECTION IN A GEOSPATIAL DATABASE

Annotation. The problem of ensuring data quality in geospatial databases is examined.
Improving data reliability is achieved through an integrated control system that combines spatial
analysis, algorithmic validation, and artificial intelligence methods.

Keywords database, spatial, anomaly detection, outlier, geospatial data, machine learning,
data analysis, big data.

Introduction. Modern geographic information systems (GIS) store large
volumes of spatial data actively used in urban planning, environmental monitoring,
land management. The data is a foundation for management andbHeigadnmaking.

The quality of such data has crucial importance, as errors in geometry, attribute values.
or topological inconsistencies may distort analytical results, violate legislation, and
lead to economic losses.

The widespread adoption of geospatial databases in various industries has led tc
an increase in data volumes and complexity of data generation mechanisms. Anomalie:
in such databases may appear as deviations from expected patterns or as logical ar
spatialinconsistencies. They occur during data collection, processing, integration, or
updating and may be a result of human error, technical failures, or inaccuracies
inherited from source documents.

Existing studies confirm that errors in geospatial data can significantly affect
analytical accuracy and slow down the use of information in practice[1l]. As data
volumes grow, manual verification becomes inefficient, creating a need for automated
quality cntrol methods and anomaly detection algorithms. However, there is still no
comprehensive solution capable of performing a full cycle of error detection and
correction across all anomaly types in geospatial data. This emphasizes the relevanc
of developingnew methods and tools for automatic data analysis to ensure the
reliability and accuracy of information systems.

Problem statement.Maintaining geospatial data quality is a critical task since
any errors can impact legal decisions, spatial planning, land monitoring, and economic
operations. Errors may arise due to human factors, technical deficiencies, inaccuracies
in primary documentsor discrepancies among data sources.

To address the issue, the following tasks must be solved:

1. Conduct an analysis of scientific literature regarding known error types in
geospatial data and identify their causes.
2. Develop a classification of common errors in geospatial databases.
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3. Study existing methods and algorithms for automated error and anomaly
detection in spatial data.

4. Design original methods and algorithms for automated identification and
prevention of different error types.

5. Develop a software module for geospatial data analysis and implementation of
the proposed algorithms.

6. Test the developed algorithms on realrld data and evaluate their
effectiveness.

Main content. At the initial stage, a thorough analysis of existing scientific and
technical sources was carried out, allowing systematization and preliminary
identification of known error classes in geospatial databases. This provided a
foundation for further empiricdésting.

Within the study, a dataset from the State Land Cadastre of Ukraine was
analyzed, based on data published through the API services in22@21 The
analyzed dataset contained over 24 million records, ensuring statistical significance of
the results.

Based on this dataset, four key groups of inconsistencies were identified [2]:

1. Attribute errors: inaccurate or missing data, incorrect field values.

2. Geometric errors: positional inaccuracies, incorrect object shape or size
representation.

3. Topological errors: violations of spatial relationships (e.g., boundary overlaps,
gaps, missing connections, duplicate objects).

4. Contextual errors: logical inconsistencies between data and external sources or
regulatory requirements.

Practical testing of the developed algorithms on real datasets confirmed the
capability of automated procedures to detect inconsistencies at early processing stage
and prevent deterioration of spatial data quality [3].

A key achievement of the second stage was the systematization of detected
issues. An extended hierarchical error classification was developed, encompassing the
four main violation groups and providing a new level of detail [4].

At the current stage, the focus has shifted toward automation of data entry and
subsequent validation. Special attention is paid to working with unstructured data
sources (including paper documents), since a significant portion of historical geospatial
information is preserved in scanned archives and textual materials. The study plans tc
apply computer vision and natural language processing (NLP) technologies for
automatic data recognition, document structuring, and consistency verification with
registry déa.

Future research also involves the development efirdMden modules for data
validation, detection of nelocal interdependencies, and statistical detection of
complex anomalies, as outlined in previous works.

The scientific novelty of the research lies in the formation of a comprehensive
geospatial data quality assurance concept that covers all stages of the data life cycle
from initial creation and input from heterogeneous sources totkmng maintenance,
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updating, and analytical us@&he proposed approach integrates classical spatial
analysis methods, algorithmic consistency validation procedures, and modern artificial
intelligence technologies. This enables a complete quality control ¢ydtem
processing unstructured informationitdelligent anomaly monitoring in largecale
geospatial systems.

The scientific noveltyof the research lies in the formation of a comprehensive
geospatial data quality assurance concept that covers all stages of the data life cycle
from initial creation and input from heterogeneous sources totkmng maintenance,
updating, and analytitause. The proposed approach integrates classical spatial
analysis methods, algorithmic consistency validation procedures, and modern artificial
intelligence technologies. This enables a complete quality control ¢ydtem
processing unstructured infortian to intelligent anomaly monitoring in largeale
geospatial systems.

Conclusions.This study addresses the issue of data quality assurance i large
scale information systems and justifies the need for a comprehensive approach tha
covers all stages of the data life cycléom initial formation and input to lorterm
maintenance, updaty, and analytical utilization. Based on the conducted research:

1 Existing practices for ensuring geospatial data reliability were analyzed, and
their limitations were identified under growing data volume and source diversity
conditions.

91 A classification of typical errors and anomalies in spatial databases was
developed, and their main sources were determined.

The current stage of research focuses on developing tools for automated data
processing and validation using Al models capable of extracting information from
unstructured textual documents, performing semantic attribute validation, and
detecting complex amalies.Future work will be dedicated to creating an integrated
system combining classical GIS procedures with intelligent algorithms capable of
providing scalable, reliable, and efficient geospatial data quality assurance.

The research results will form a methodological basis for building modern
systems ofjeospatial data quality contrbla key component for the functioning of
state registries, municipal planning systems, infrastructure, and environmental
platforms. Their implementation will help minimize human error, increase analytical
accuracy, and suppanformed decisiormaking in spatial development management.
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THE DEVELOPMENT AND CREATION OF RESPONSIVE
EMOTIONALLY ORIENTED MOBILE APPLICATION

Annotation. In the research, a creation process of a responsive, emotionally oriented mobile
app is presented, which is capable of identifying an emotional state of a user in real time, particularly
in the moment of crisis (war conflicts, evacuation, gomimatic stss, etc). The developed
prototype integrates technologies of intellectual personal analysis for the realization of personal
recommendations of video content, to lower the level of anxiety, to increase motivation, and to
provide informationaland psychological support. The system connects mechanisms of emotional
analysis, responsive interface, and content therapy, which contributes to the improvement of the
psycheemotional state of a user and increases the efficiency of their digital irdescti

Keywords: mobile application, emotional state, video content, informational support,
interface.

Introduction. A modern phase of development of informational technologies is
characterised by the high level of integration of mobile applications in the daily life of
a user. Not only do they perform functional but also psyamotional tasks, affecting
the psychologial state of a person. The increasing demand for personalized digital
decisions necessitates the development of intelligent applications that can adapt to &
user's emotional context.

The relevance of the research is defined by the demand for creating emotionally
sensitive systems, which take the psychological state of a person into account,
especially in the moment of crisis. Such systems can significantly increase the
efficiency of dgital interaction and provide users with psychological support in real
time.

Adaptability of mobile applications suggests dynamic change of the interface,
algorithms of interaction, and information content according to the emotional state of
a user. It opens new prospects in the development of cognitive computer science,
emotionalartificial intelligence, and UX design. Implementation of these technologies
Is especially important in such fields as education, mental health care, social media,
and crisis support services.

This research aimsto develop a concept, architecture, and prototype of an
adaptive, emotionally oriented mobile application that can identify a user's emotional
state and dynamically adapt the interface, functionality, and video content
recommendations, particularly duringpoments of psychological or social crisis.
Particular attention is given to the implementation of intelligent mechanisms for
personalized recommendatiathst promote emotional stabilization, support, and
enhancement of a user experiettt®ugh relevant multimedia content.

6C



The main content of the researchThe application operates in real time to
determine the emotional state of a user who is in the moment of crisis (such as a military
conflict, evacuation, a humanitarian disaster, fp@tmatic stress, etc.), and based on
this state, recommends a video o that:

I reduces the level of anxiety, stress, or emotional exhaustion,

I enhances motivation and provides informational or psychological support,

I helps a user navigate the current crisis.

Regarding the functionality of the emotioniented mobile application in crisis
conditions, the following aspects should be noted. The mobile application is designed
to address the following issues:

Realt i me detection of a usero6s emoti or

The application uses a combination of sensor data, behavioral patterns, and
machine | earning to anal yzmyimludeser 6s e

ifaci al expression analysis via the

I stress detection through speech tempo, tone, or pauses;

I assessment of activity levels (movement, geolocation, frequency of device
interactions);

I processing of user text messages or queries;

I consideration of context: geographical location, news background, type of
emergency.

Video content recommendations to reduce anxiety, stress, or emotional
exhaustionBased on the identified emotional state, the application recommends videos
that:

I have a calming visual and audio atmosphere (scenes of nature, meditation,
ASMR);

I include breathing exercises, relaxation techniques, and short meditation
sessions;

I offer gentle humor, uplifting stories, and Rriggering content.

This approach promotes emotional stabilization, reduces cortisol levels, and
improves overall welbeing.

Enhancing motivation and psychological suppémtcases where a user shows
signs of apathy, loss of motivation, or depression, the application may recommend:

I motivational speeches or stories of overcoming difficulties;

i videos with selhelp and psychological hygiene advice;

I content that activates internal resources: music, sports, creativity.

Such recommendations aim to support
thinking.

Orientation in the current crisisln emergency conditions (military conflict,
evacuation, humanitarian catastrophe), the application serves as an informational
navigator:

I provides video instructions on safety, evacuation, and first aid,;

I delivers localized updates on the situation (from official sources);

I explains how to act in cases of panic, isolation, or loss of communication.
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This enables a user to maintain orientation, act rationally, and reduce risks.

The practical significance and social impact of implementation are as follows.

Instant emotional support for people in crisis.

In crises (such as shelling, evacuation, or loss of communication), people often
have no access to a psychologist or even a simple way to calm down. An application
t hat recognizes a usero6s emotional st
breathing techniques, or a kind piece of advice can reduce panic, anxiety, or
hopelessness.

For example, if a user speaks with a trembling voice or appears agitated, the
system can suggest a video with soothing music, breathing control tips, or a short
message from a psychologist to help stabilize the condition. As a result, a person
receives ins a n t psychol ogi cal Aremote suppor
risk of panic attacks or emotional breakdowns. Thus, the application ensures quick
access to video materials that help lower levels of panic or ariietyactor that can
be critically important for emotional stabilization in crisis conditions.

Optimization of relevant content seardh.user does not need to spend time
searching for suitable videds the system automatically selects safe and helpful
content, minimizing information overload. This saves time, energy, and attention,
which are severely limited under stress. A user avoidkees scrolling and accidental
exposure to unwanted or shocking videos (which could increase anxiety). Therefore,
the system helps prevent information overload and filters out potentially harmful
content.

Support for aid services (aggregation of anonymous emotional state trends).

Based on anonymized data about wusers
possible to create heat maps of emotional tension. These can be valuable for:

I psychological support services,

I volunteer organizations,

I crisis response centers.

For example, if the number of users with high anxiety or depressive moods
suddenly rises in a particular area, services can respond more guidiyysending
additional psychologists, organizing online support, or engaging local volunteer
networks.

All data remain anonymous and are used only in an aggregated form for monitoring
the popul ationdés emotional state.

Integration with local resources (hotlines, support services).

If a critical emotional state is detected (e.g., signs of a panic attack, high anxiety,
disorientation, or depressiwedicators), the application can recommend contacting a
hotline or display a quickccess button to:

I the national psychological support service;

I volunteer assistance;

I emergency response services.

Integration with regional or local databases of resources is also possible,
including:
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I lists of safe shelters,

I contacts of mobile psychological support teams,

I up-to-date emergency instructions.

This creates a unified crisis support ecosystem in which a user receives not only
emotional assistance but also practical guidahcevho to contact, where to find
safety, and how to act next.

Conclusion.Within the framework of the study, the relevance of developing an
adaptive, emotiomr i ent ed mobil e application <ce&
emotional stat@ particularly under crisis conditions such as military conflict,
evacuation, humanitarian di&tars, or postraumatic stress has been substantiated.
Considering the growing role of digital technologies in supporting psgomational
well-being, the proposed solution integrates artificial intelligence tools, emotional
analysis, and adapé UX design to create an intelligent environment that not only
informs but also supports a user.

The application is designed to:

idetermine a useros emotional state
(speech, facial expressions, behavioral patterns, context);

I adapt the interface and functionality according to the identified emotional
needs;

I recommend video content that reduces anxiety, enhances motivation, or helps
navigate the current crisis.

The development of such an application opens new perspectives in the field of
humancentered technologies, where digital solutions become not only tools but also
partners in overcoming psychological challenges. Integrating emotional sensitivity into
mobile platforms enables a deeper, more personalized, and safer interaction betweer
humans and technology.

Thus, the results of the research confirm the feasibility and effectiveness of
implementing emotiooriented mechanisms in mobile applicatid@respecially in
crisis contexts, where a rapid, adaptive, and supportive system response can play
decisiverolem mai nt ai ni n gmaional stabilittd s psy cho
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- gRPC Hdodv . NET Hdzw 9L 0" &3H" d&3 3y o3 €
[MeBdzde ' Misse odSCstedmMlsOdzdzgy C# bk & Ctos
tesL e Oz jdes™ JEtMdmisjddd B ' BdZ' 55 & W tg,

flse stej dzdz? , Il jMlskeo Odzdz? kO L ¢ stels O dzdgw
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" defflstelzdsj delsd HdzvW f sBEZHtSed REST APl yjtej
SO OfMdden tesdedzd i3 s jtcOY " di3d, L sCte] BO BO
kO s jflsttOy' ', hts Mtesh ' totsL G tstels Odzdzw
1 €t B3O, " dzls J e OAYZ wr el Isip] AW OHBDK HBL 9
OolstsB3OIsd yded 2 hBsdz Iststeddzé, LB 't dBj sted ¢,
dzO o Odzls Oy j dzdav , © Entity Framework Core

f "  Hsted 3¢ 58 IstceOdzL OCy* ' 2 ° & cteOyYy" 2 [ 4] .

v nfBH' Isj Miskz o Odzdzw tcj Odz' L Oy"' 2 3" ¢ to
CstcdMmlszoa Oy' @ ' tjMmMikztel' o, tBJdHO® O 9o Ot Odazl
sdfkz t2.small, MmfjydWw ¢O0y' witet dzOo j

1 Iz dzts o dL dzOydJ dzts f sCOLddCd L O MY s «

sff jtcOIsdodzs™ f ORBOW IS sO heodHC Mlste BiiSB
JWJdCIlsdo dztsmls” oS stedMmMlsOdzdzy t©J Mztem' & § ot
cAdvisor, hts HBLOBA:E Is! Isseffdd dtc S as@idsd] 2 QR Uc
z L iHmjutexj Htse dh
v Instance type comparison

Attribute t2.small

vCPUs 1(1 core)

Memory (MiB) 2048

Storage (G8)

Supported root device types ebs

Network performance Low to Moderate

Architecture i386

Burstable true

Free-tier eligible false

Current generation true

tdmefiydw’ oy " JjSLriRfaviek EC2 Ikdflk

rdzv LOBJLYJyYjdedgw HEsMistse ' tdztsMmlis” tcj L
f OO Istetsd3 adSE sdzzo Odzd Mw Istedy® L dzOMiskzy
Isj Miskzo Odzdz" o dH" ' dzj dets OC' CttsCd dzOo Odzls O
-LOfkEmMEe ¢ T d Yy Oz LOY' w g Ctosfmjtco’ M
- " HGCdz¥ yjdgdz" Hts AWS CloudWatch API Is
-9" HftcOoC O fOttOdzj dz dzgdms L O dIs" ®8 HB
CstedmMiszo Oy @ L Mddzdzvy' ¥ OCIsdo dztsfls
- sBtetsB C O tsilstc d d30 dzd - B sted ¢ Is © L B j to
B Ctetsfjtco " M' o;
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' ' sBEBBCO diledS od¢stdilsOdd

- LOfdm yomkz o ' HYBBeo H' Coydtsets MJjteo ' M
- fJjtejo’ €O MSOB' dz' desmls® o Stetsmjteo  M'
Bsdz' sstcddzc tesBBIsd Pr omet heus IsO cAd
Csdelsj2dzj e © Docker ;
fsolststej dgdzehy§ leptesge slstedy' HA&zW B Ydmdzj
[ sted B30 dz' tcjLEzdz sOIs(d JWJgSIlsdo dzsmis” 1
ftoJ HMIsOo dzj dzts o IsOB dzdy* 1.

v OB dzd yw .
tJLIzdlesOlsd fstc' oadgWwdgdg?y JWJSIsdo detsimls® o
s ' dz s
i Ots@dz; dz' 100 200 300
Lou’q’ls )
tJOdz LOYy' v L odStstedmlsOdedz? d@3 GO, MMmJ to
CPU Time, % 30,4 42,1 55,6
RAM Usag:¢ 120,5 130,7 145,3
Response 48,2 68,3 95,1

tdOd LOY v L offStsjcrdyls Odai® w dzdsv

CPU Time, % 45,7 58,3 12,2
RAM Usag:¢ 180,8 200,4 225,9
Response 72,6 105,5 145,7
[JLIZdZJISOISCf Isj Mlskzo Odzdzy fsCOL EZE s, hts
B Ctesmjteo ' Md dzO Go aq’Qtstsc{fr]lstsaIzt‘IsJ d34 dzh
heoduhyj, d ¥y & Ctsmjtceo Md dzO C#. ° L B
' H 100 Hts 300 odC ot @Hs: CRUWY s6@B8 RA
Response Ti me LB dzt hz' Is+ Mmw ftotstfiz0@By' 2
f OtcOdzj dz' dzgd = L O dIs" @ t 2. small LOBJ LY Jyk
300 LOfdIlsOR CPU HtsatHdIs! HB ' Ctsodr L dz&
Time LtsmMlsO’ L dzO y dzts, smMsedzdeo s Hdzv toj Odz
Bj dzh d2 ftedte' Mils L OddiBsS Htod L tetsfyls Odzds
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1 O0ESC 500 das®OHL EHAOO detsodL dzO ttsBBlsd 15
lec[a dzts s tcj Odz' L Oy' ’ 3" Ctesmj tco * Mmdatsc
tc dzts f zOsW stcdsd AWS L OMsBOdRRd dse { o
todgwdz dzd?2 OdzOdz' L 9 dC sted Mis Odzdzo W s tc 5 Up
CsMmls' etetsBSd LOfdIs' @ fted to' L dats iz

) B ~Odz" L A3 © Gtlkzlsddz & Go sO asy
sOBtso Odz' Mis! 3 CStesMmjtco " M 8. [ SLISB Az
J BOR Docker dzO JjCL jdBfdvwteOr AWS ECZ’
etheus ISsO cAdvisor HMW LBtttz d3j sted
Zdz sOlIsd HBLOtAV:E Is! sy ddlsd HBYy' dz¢ dzg
Isj &3O~ J dzj Clstetsdzdzets’ & €5 d3j Le@S tS dzts dg'Ote dzis T
HEzCIsdoedetsfils® " H dz0o OdzlsOy § dedew 5, N 5 t
desdzse " 2 Hdzw &3 CtetsMmjtco Mdedmer MdMmMlsj i3 o3
l didzso S FOBE On 9SS SROBSES HBMAzZ HY J dzdz
tetsmjteo Mzese s disdz sstcddzcz CstedMmiskze Oy
Zdz' sSOIsd Isj mMisizo Odzdz? HJ BB dzmistelze Is! h f
stedflsOdzdz CPU O RAM { tstd' ooddavhdists taB tedsB,

f OtcOdzy dzt dzgd » 20O OzlSOY J dgdlz" = HES 300 L

g8 o0
SO I

s F

W
a3
s
9]
g
0
S
r
d
q
tc
d

TSI E VNGO T8 11
11IEI - O

cl;o.of—*&:

5 9%
o nr N

brterfJws Y JurR[ O 7?
1. | mpl ementing Mi croservices Totnj Y dAWyYS H BN
https://docs.aws.amazon.com/whitepapers/latest/microsemtieas/s/microservicesn
aws. html (HOISO Lo jtedzgjdzdz: 09. 11.2025)
2. The Go Programming Language iSipjexcddgi mtafglsin
https://go.dev/refl/spec (HOISO Lo jtodgj dgdzv: 09

3. C# | anguage documentatidont jfddgj C lststhdzdz
https://learn.microsoftcom/ems / dot net / csharp/ (HOIO Lo jtds c
4 . ASP. NET documentation [ [ tzd § 6 tgts dzdadt=2Mm Is &z

https://learn.microsoft.com/ems/aspnet/core/?view=aspnetc8re 0 ( H OISO L 9 J tcdzj dz
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vfs 004.75:004.809

[.1]. J1ytcmdzds uwlsOtoH
Oy bdOdz ded? Isjndz yded?2 bdz e jtemdlsils ¢

frodr oroetovrlyfw sfrovrslrrtrRYGAWW
zvuoyl 1 wuvrfrsvu

b detsls Oy wtsB Sls tc ts L QB disj ddaddzts * o3 jClastwrls j 2 dzj e L Oy
"dlsj Oy ‘Y Odestedlsd o hNlkydseEs ' dzsjdzj Sk Hd
Codzls j2dzgjte’ @8 L Odzjydes ©' H dzOo Ol BsjHdedrtsclbs ® @ ts digh
BOLE' 5! v dz® (BSH,j dzt 0 Ocgdz fesyjm' o tsLftsH' dj
L OfistsMmizo Odedz’ j dzj Bjdes' o Isjtste' ° OHOfIsdo dedn fd fik
b ) Od dzifdgled agOfp’ . 6j L bdz sOIsd Mo stes ¥ Is! tshdso L
fMdMmlsj s OolstsdOls d ydzt ¢ R dag@®fols s b @Rimizzd N Shylglstg j H S0
fsojH' dzStsodn dstsHjdzj?2 dz0o OdzlsOy j dzdz® O §totsc datst L

sz ytse ' 1 Mzsdz®j 2 dzj edL Oy*' v, h sz ydzd 2 " odzls j dzj
seydmdzj dedgv , RON d dedzj dzOo YOdedz®, BKSjmiseOy' v, K

Il Ms Btz yOMdzE@zf @@ MIstczC Isktc® HJ HOM B' dz! b
BsHEZd dd SO HJ&ZOB yd' " HetBHd HB (Bl
Cdz6 ysodr d2Oftevdz' ©8 yY! sets wsLoadltlkz MO
Ldzvyt s, f stelsOlsdo dz' Miss C'ts a3 jstdag alaB dz'o ) Isizj
Of OtcOIlsdzts” OBt Y jteOyY' 2dets’ f kZzOW stedzsd. )
‘ Kubernetes [6],]1], MOzt &y dzdeoddz |
HSHOISC ' 9o - d3Otecdzd ~ fr] tcjHSO M OR, h {5,
fshdteg dadze 3 Ctetsmj tco ' Mmdats’ Otern " Isj Clskzted .

H
Oc
|

f tctsc tc Od3dz' s H 2z dz' ) dz4LOd24>|dz B dzts € ( , w
sBdzzetso zo Ols d B;L ofdzdo 2  dzO© ° dzh ° Yy O
f' ' Hoadh ks yd cdzzys Mmis! sktcdzOpH 9 P dz' Mils: * daW to
ltotsls]y wOLtsd "L fjtej oOcOddd SCwdzlsj 2 dzj te
ojddSdr Hd&ZOB ydzedr MjtjHtsoadh OR L 9oj dzd
f d Is O dzdz" JWiSlkdodzse s Ef tcOo dz' dzdz™ t6tg i Iz tc f
Kubernetes, BOs Is aBIZHISjEts@;dIS dS@Jfth(hj@BLIZCBd(
Ctsdgls j2dgjte" @, Odzj Yy oBjnrO L3 ~“ttkzdzlskzs Is
L dzgOyJ dgdz" = o d ¢ tsted fls O dzdz™ ﬁtelsucjfr]tstzc) ud t
Ctsdzls j S Miskz o d¢ ts5dz0 dzdz” L3 dz & ftse jH' dzy'
LOY dIs’" p zdPsBis wsodz' "dzg' » WOCIkBK 8. (& dzOT
dzj JWidCIlsdoadzedmr toj ¥y dd@3OR: E fjte' sHd dadL ' €
e Mztemd, © §°'H Yol {560 OCEGes s,
LObtcd d&3sS * olstcOIsd MlsOB "' dz' desfls® fjtco " M’
ltesB dzj B3O EMC &ZzOHdgv 8 Is! w  Isd d3, hts Mmky
HddzOd3" yded d3d  dzj dzd h § L fsecdzv Hiz dzOo Odzls
AW e OMistczS Iskzted . 1 59 Ctsdals j 2 dzj tod f sfmls
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"Gtelkzs st i3y eokL Ok, O L Odzj ydetsfls® d3"

Mlso stos ¢ dzOH dzj |, BOGOIsoddz tcdzj My
z o G)dz,dz,W o d dal L HOIls dz' LOBJjLH juyudlisd
de¢ l]’lslsteJBG) tzj Mdzths j BOF Oc k 8 O dzd &O L
Wtstrsdz,lz*f yd to' hjdedgy dzO Bfdese ' 0OdzOdz' L k2
4Oz Ikl Htsy dz dedds * L Ofmlstsmbkzo Odadzy d3J
QolstsBzOIsdLzo Ol ftesyjmd OdOd L Iz,
mMdmlsj BOR . wdzls j stcOyY' W Odzested s o
Is;?dz;teq’LOu ’ o' HC o @ sy dzg § Isfp I® iz
"Bl dzgO@ o df jtoj HYJ dadaV .
Ctso ' dz0o Odzls Oy j dzdzv , st ls
d¢ fjtcjo0OdzlsOy jdgdz? Mmjtco
Is
)

tc
d
d

O N >g
11.0 %0
- 'o%ﬁ

o g Q

S-gN

n O

5] 11

O]

:

7]

T

§
N
(O]
©
(7}
o,
5
L=,

odats HtsMdz HYy kB Iss Mw o ¢
Ctsteq’fnls@dzdzw hisEydzse s °
2 tGOfr]IstGIlesIztG .

fy' '’ OHOff Isd o dzts”’ C Bdzls
otsdzs y' ' 0 deWtcOMlstekzC skt
SRBOIsdLEZo OlIsd tLitH' dz tj Mzt
ZzOMmdzsaz@ls o sip@a s H " Miskz O s NE s d
dz2v dz@ tsfMdzse® Ctsdalsj CMlskz.
J BO H®C dzJ LO dOf jteg H 1
d B H j dzv d&3d fsojH" dzf (. A
MOBstctso Odzd n ©odaW ts@fr]lstslzglslzts z wegdnr ¢ s
oLO" isH B Ist wC ‘Hddd2? e Odz L 3.

v OCdd3 yd dzts dz, OCskzOd dz' Mmlis+ HOdESGE B HE
fcsBEZzHBSO ' ‘dzlsj dzj CIszOdz dzd ~ Csdzls j 2 dzj tedzd -
OHOf Iskze Olsd MW H S L3 dz MjtejHtsodh O od¢ts
9dSstedMisOdzdzy t6j Mztem' o ° C @006 dzlslz o s dS tdml
Z dsso On zOo Odzls Oy J dzdzw . [ j IstsH OHOf Isd o dzts
hlskgydesets " dzlsjdzj Slsk M tew dzso Odzd?2 dzO Miso st
Hdzw sO¢drs MmMdMmlsj d3, fs' Hdgze yd " " HatsHd D
Otcrn " Isj Szt CB®BEzO OBV j y2' MOdBsdzOo Y O dzdz
Mzyomdzedr =~ BOtedzd s ' del tcOMlstczCIskzte [ 3] .

v MEzyomdzdr -~ BEOtddr MjtejHtsoadh Oa [ 10]
BjrOdz' L ddsdz tetsL ¢ tstols Odadzgy BOMh s OB Iz 9o O dada
f" " HatsH(d H S CJjtolkzo Odzdaw tcj MztemMOdzd L Odzd !
pdze stedIsdzsd MIsOdzH Otclsdzd = L Kipthee'ranetsteSj HIdtd Q@
dZzO L d3° dzz dzO9 Odzls Oy j dzdzv § sMisW OCskzds, hts
olstcOlsd ftesHbkSCIsdodzsmis® bk " Ctso' fjte" sSHJ.
oBdzH' * LHOIsdz Mist fftosedesL o OIsd tesd8dlsts
isdf LOfdIls' 9, ftojH' dCbk CttedpliskaOt'dd , {f

1 sfisOdzetso € Of jLs@H Oytsmdz® HY j dedz?y sdzZv ¢ O
OHOf Isd o dats’ Ctsdelsd 2dzj edL Oy* wed?2 'odalsyg
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Odz0dz' L Iz, ftocsedatsL o Odzdzy s O
t tkClsktcd . ) Of etsff Sdztso O dzd 2 g
BOMh IsOB Lo Odzdz Ctsdalsj2dzjte’ @ &zO Gidss’® C
L d3j dz" d LOtddSd tj oy’ " d fd fiplsd dsdfm toif
sflsdd3' LzoOlsd oadStstedMmlsOdzdzy toj Mkztem' o
iz
dz

fesyd
t

d md

‘ Ofls
OB

dls

L

2 tc
Jy' Sk2o Odzed d3 tcjLEzdz sSOIstsd3 ‘ ftsBkzHBO O
Cltolzo Odzdzw CBdzlsj2dzgj cded B M tejHBBadMh O3],
L O3 zOo Odzls Oy j dzdzv , dz@o yOIlsdmw dzO ' Missted -
OHA dz' MistcOIststcO.
[Mdeso dzd?2 L B hsstesOBB®fIlsdo des’ ¢ tsdzlsj 2 dzj
hlsEydesets " delsjdzj Ssk t6jOdz LE' Is! mqw w¢ BOG

fse jton Kubernetes ‘ HSt 5o dzgt 26t
‘dzlsj dzj ClszOdzt dzgdd3 tei o @ep 5L § p mdisd L @ ¢ Hz0 dgiizt dz
zOo OdzZls Oy jdz22, OolstsdB@BOIdydzj dOM" IsOB z9o Odzdz"

FtcOnlzo Odzdzw a3 tcj Odz! detsets Ctsdzlsj S Mmiskz o d € 5dzO
Z LHOIdtsils' fjtjlsotstedlsd Kuber ne2tdgjstdd oL d
MOkt dz0o yOdz: dzz MdMmlsj &3z Ef tcOo dz' dzdzv, L HOIs
W' CMmtso Odzed d&3d f tcOo d dzOd3d, O yJjtejL tBYdmdzs

VU VyYJ dzlste’ Otcr ''IsjSlskzted f jtojBlzOo O Al' dals_

Deci sion Engine [5], wed?2 ftOys 2 I f
Control Pl ane MEd&zOHO' s+ mw L API Server
LBJt' GO’ fslssydzd?2 MIlsOdz ¢ &zOMlsj telz . Al D
ydedzz ypdbj € sazk@fisdzj tcd, toj Odz' L ts9 OrdzitimedzO B
A J HiSL 9 tsdzw * Mlse stcs 9 Osd custom contr ol
Resource Definitions (CRD), M J ydw "= yda
tc] Mztemtsd3 ‘ Adapti veSc@a0O'ng HdtiOuyj,ls tc dv €

BOMh Is OB k9 O dzdzw HdzW T YQ@faHas'c s ' dglg jots o @dzd , r
dZzOo Odzls Oy j dzgdzv, Odzc stdlsdy ftetsc detsL zo Odzdzgw Is
szt ysoddz S sBf sdzj dzlstsdgs Contr ol Pl ane
BOLBad2 § dzOdzzo Ozt dzgd¢ Kuber netes. Al De
gRPC API , dZzOH O yd tj Ctsd3j dzn Oy"* °’ h sHE
BBy ~Odz" L d3 HiSL o sz laed Gsdelimlg R4 tdzsa O dzls © 16 D«
fOtcOd3j Istcd ( GPU-IstsffStSdse " NUMA t " h jdadzw fted
fslssydzedrs & steds, wg slstcddigzs Is+ Mw L kutk
Wistedz3OIlIs® exposition text OBt OpentBleDai a.

Processor.

10 ' adz? odCtsdzOdedzy Ctsdzlsj 2dzij e’ 8 Ctsy4 d
dzts € Odz! dzd 20 oV € Mt] . Al Decision Engine
sdfkz PodPendi ng, PodRunni ng, P efidj Bovoi® cfif ¢
LBJjtc' O’ "n k2 meslgadnds odsuces U e tolj OfCHsal o dzlz
CEY 20 L 3 dzO0 MlsOdzz " dgtt e OMlstezCIskzted ° Is 1
OHOfIsOYy' ~. 1 0 BMmdzse ydnr fdEmiskizy stz dk
sB6  Cls, hts B Misdls: OOd3j Istcd ots jHfipsisfits’'Co |, (
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saturation, C' dz €' Mmlis! 9 HGtdIlsdmer MBsCjlIs’
YyJjtweeO®a Rabbit MQ OBt Kafka topic | ag.

ptecr " Is] CIsktc® Al Decision Engine ftH'd
1 jtoh g2Data Processori © ' Hftso " HO' LO tydmis¢
dkzste 3Oz L Oy "' © HOdzd n . l " dz BBO' Hdzlz® d3d Ist
cAdvisor , El astic APM) £ "Hddd?2 Wtsted3O

fjtjHOyYyk s gRPC. 1 dzv vy’ &el@ dolgff mte d friptsstsote
5 Hts 30 MmJ SkdzH, wsCe'r iCeGstejBeat'ls! MW o t i1 me

r tclze d2?2 dmanmlgzDetectoil OdzOdz' L z° "Mistste’ B A3y
Odets O dz' LO HGfBsSGtss OdkzetstcdIsds" © | sol
Wiodz stclze OIsd Cotetsls € sy OMmdz mf &z M<C d dz0O €
BOMh IsOB k9o Odzdzw .

vtej 9" Rredictor, wed?2 oS tstcdmlsso z° d
dzOo yjdzze dO0 HOdedr ftets 5§ jtejHAZ L d&3' dzd
sy’ $koOdedrs L d2OYj dz? hBjstcds dzO dzO2 B dzd y Y*

Yilbo jitRedc2o mmender, wWCd2 fJjtejlsotstets * {1
C'dz Csfmls” tjffdz €, Ct6jCy' ¥ tojmMkztemdzdr dz

LOo OdzlsOy j d2' o kzL dzd .

sz SOy v &Y yYydddd BSHEZEZVW B o HBE
ftso' HBddz] dz NATS OBt Redis Streams. A |
Yyomlsddzlz dzj L Odzj ydets o' H tejhiIsd ' deWteOMmilstelz ¢
B Tdawjtejdey " ¥ SO s tdnjtialdze’ Gsdzdivd3 fiPfts Hog! degd?
(Feast OBts Hopswor ks), wed?2 GOtcOdzls Iz *
ftosedesL zo Odzdz? B©HARZOSC o d?2.

wdzW jtejdzy' W dBsHjd&' o' HBERZOO' Is: Mw E d3° ¢
tesL GBSO’ Is! Mw b eodcedzwH' Ctsdalsj 2dzj 6O L
ssRRzdz Oy w LH" 2Mmdgs " Ist mMw ydtejL HTTP/ gF
fioctsec dzsL s Odzj L dzOyj tedz"'H s3] B dC skb®j ds' a Pt
Zzteelkz Is Mw, hts HBLOBRY' y' d¥ 9 OId ~ j
dri ft). CcShts Ibsyds fMis: ftosedzsL Iz dfOH &' “ I
retraining pipeline E Kubefl owdBbpeHIOu
ts dzts & dzb BsH j dz ‘ tej " Mstclz* dzseolz o jtefm’ ¢
BJLYJydzsets tsdzso dzj dzgdg? disH j dz2' o dSEtstedmlistse
stz IkcOW ' € §OtcOdzj dz' dets L s jtoj Hdz t5
Jdhd " mMdzvdzy elisffigle g d2 OdzOdz' L 2 t6' L dzdy’
dzseo 2 diBtsH j dzt .

1 BBCEZ Kubernetes &BjlssH offtcso OHY k' Is!
Hdzw EfMm' 7 Ctdstttsdzj o' o . Al Deci sion Con
CkzOMmMisjtez L B Oy Odzd O3, wed?2 Wtttdslz® Ist mw  da
tetsL B ' Yidlddss e * Is+ mMw OBt o9 dqHOMw ' Is! Mmw P O C
L d3" dz¢ ' Is* mMw Deployment. AJj2 ydqeédz 9 HBlEzO !
Isj B sd3, htse EddSCdzzlsd  j toj o Odzls Oy-gonditiiyn A P |
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BzH] LBjt' Od ® BOL' HOddm. [ dzw B' dz' N
SBtcOdzs to' L dz HOdz |, w g BkHEIS! odetedm
1 jteh d2 Isdf H Odaddre "d§@Z od@R® 4 dzv  §f 5C tcOh | dac
H Odz ftesHOYE yjteguL B' oy Iz, stsBlsts d&OKGE |
"HBRZOOdAZdMY dO2B "  dzhj B jtOy' 2 Skf' od
HOdzZ 1OSCBY LO fteddeydt sd3 todsi 'HO dizj dedd@dz'
¢Cd bttc' o dz dZzO0 B Y ', sO f tslstsydz HO
HOIsC O. tczddid bBddf ste@@ygrvy ftots Ckf ' o dz
df stsB " toy ' P2 P, Hy dzsHd d2Of v gk Iststec
dzd =, o'sdajd Btktedfigls Odz’ dzj 2 tetsdzdets® o3 tod 4 ¥
ftoesedesL o Odzgdg? HdZOB S d L dg ded y' ded ¢
ltesyjfm lstcd 3Odzdzy HOdzdr BEHj] o©9dcdzvHOI
d L GBtOdddBid ff OttOd3d IstcOd3d, 0O MmMOodyy
d
q

]

TINIFgS O
O] ONORTHZ" N

I &<

G) d HOdZ OdOdz' Lz dgj 2tetsdedets’ d3d t6d X
d, odBtcOdzz Bj dsyCmzGddzve WSt fm.§ Sll9te” B
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Predicton System

esult- J e
Data Status Report

tdfm. 1. wnjdObdydy L ts5Bt@pH@ET Y tod dzyd
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rdzv odte’ hjdzdzw L OteByYlsj ¥ isgPasOgizdav tc s B dzj
OdzOdz' L. 1O fted2dwisjy te" h j dzdav , hts HEBSHOIB
1 jteh O yomsddzOEgs jBaatsaPlsCkw yomlsddzO o' H
LBJteyJdedz" HOdedr WC° ZOH A tSHW IS! L API
BsHEZdz! HAEvV BL et 2 URL API WO’ L dzOmtSH(

l1ted € dzOH Blstcd d@3Odzsets J SON WO2dzz L API

{

"symbol": "BNBBTC",

"priceChange": *94.99999800",

"priceChangePercent":95.960",

"weightedAvgPrice": "0.29628482",

"prevClosePrice": "0.10002000",

"lastPrice": "4.00000200",

"lastQty": "200.00000000",

"bidPrice": "4.00000000",

"askPrice": "4.00000200",

"openPrice": "99.00000000",

"highPrice": "100.00000000",

"lowPrice": "0.10000000",

"volume™: "8913.30000000",

"guoteVolume": "15.30000000",

"openTime": 1499783499040,

"closeTime": 1499869899040,

"firstld"; 28385, // First tradeld

"lastld": 28460, // Last tradeld

“count": 76 // Trade count

}

rdzv OdzOdz' L odL d&zOyj dets, hts ffslste’ B dats ¢
M Od3y sO¢C i tsdzw w g priceChange, open
cl oseTi me. ] s HIOBIE M Celzx t & p t o1 ftcsetcO

Otcn ' 9dz" HOdZ L OCYPus®dePdiy: fsj tc j N Ssdzr  dzj
ftesydm Mz HCEZo Odedzy Iststec 9. 1 ' Mdzv s |
ftosctcOBO k o' Ho jHjddd?2 yoOfy, fYoHdoeodls: mw

[ ez O yYOfHsEHIEDs Civ PByejdi ct or . ] " HEBIstte
LYydlsos ls! Mv OdzOdz' L Olststetsdz, CwdeW ' clztelz’ Is!
sO LOfEMCO" Is! Mw Htseo ¢ d 2 ftesyd M dzO9 YO da
Ctedf sso Odzé sdzed = Ots, h 51 'dIfdgiswv Ists e, EZw BB O
L OC " dagyd dzts, ftoseteOBRBO Hjtoj2H] bk MlsOdz HT
ZOH-tsHdId o)) fHttd oadStdOde ftosctcORRd (t

CSChts BsHjdz2 Cetslstsoa® HB ttsBBlsd, Ctstedml
L dzj sBr " Hdzd d&3d § OtcOd3] Istc O B, ftcts B OY Oda
Hdd&OB ¢€d y' dd &0 kk yd 'dhbk Ctedflstse Odz
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H Odz' 9 HiMslkC O btydasmls® ftotsce datsL z o Odzada” ,
CtedflssoOdzs s, IO dz2O0 MC' dzr € d fteds dzd L dzts

[ dzv f sCtcOh jdedgw tojL zdz sOlsk ftosedesL k2o
9 dH' dzj dets dzj sB R " HdZ f OOl Istcd , w g L &3
CcOhsets tojLlzdz sOIskz. [ jlsHd dsyddeot tilL
s hts BERHEIS' off dzd o Olsadfs HAFAs dH Guddzw, dyCre' y Cedizda”
Ctef O dGGjIstsH" @, yj k' wC' fsCtcOh Ol! MO

COIN_PAIR Variables for Java

BASE_COIN BASE_COIN = asset
QUOTE_COIN QUOTE_COIN = fiatUnit
1D
ACTIVE

COIN_PAIR_ID
OPEN

HIGH P2P_PRICE_HISTORY
LOW COINS BY EXCHANGE COINS_PAIR_ID

e COINS_PAIR_ID PRICE

VOLUME EXHANGE D EXHANGE_ID

NUMBER_OF_TRADES PRICE_TIME

CANDLE_TIME_OPEN I]EA._TY:E I—
CANDLE_TIME_CLOSE D

CANDLE_TYPE Variables for Java

EXHANGE_ID PRICE = price

EXCHANGE_NAME
D

ACTIVE

tdfm. 2. 1 060dz -zOBHOBEEZIS] CIsktc® 9B

wdzh  CQ s EZdzC y' v, tBRZHtSO OO dz2O L dzO Y
sstec' & (y' ded, tBMWweEe Isstec’ 9 Istshts), 0OdzOc
fdlsOdzdz” 5 L d3" dzdls' Mw yd LBjyNib! MY Yot
OdzOdz' Lz Isjnrdzs ydzgf 2 H j'tagnd S PeFBY dzr dsdic d  Is g
fted?2 &3O Is te' hjdedz?" ftets o  HC o (tetsL
fsLdy 2. v Yy!' sk odyfOHCE Isj rn dg
CGteOW " €' o, zZOC d&zOH j dzgdr OBt ' HdgDdEAd =o ,L M
sstec zs Is! Mw , ste' i3 IssE 5, Is§ - dz' ydz ‘
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odCtstedfissolkze s Mw &5j R Ode yded 5 Ibttecso d &
sstee " oz [2]. 1dyud YGtedHMIsOsdzj ded2 MY d

dzZOH Odzdzg? dBSHjJdz", WwWE¢ HOdZ Hdzv dzOo yOdzdz" :
OBVisHddz "L dzO2fftetsfmils' hdn Isjnads ydedrm ' «

seBMmMwL . wdkzHdGE Oltste OBV wodzvw' MmMeBE (k&G

oLWIstsets L' LZ2OSCtsd3 fdz¢efp E tOL S L csMmis O

f OH O YtsgG ts.

volume,  if close; > close_;
OBV, = OBV,_; + 0 if close; = close; ; .

-

—volume; if close < close_;

(1)

Hiy OBWdzOYj dzdz? " dzH d ¢ Olststc @ BOMBWN Y Jjotc jogisodsj dalsdz
" dZHd C Ol stcOisB figod ulstcd ;9 cd oy daedl oLs@S t C
9 ' Hftseo ' Hdzgs HB BBlssydtsets SO o jttjHd B
LictsMisO" L dzO Y4 dzdzw " dZHd C Ol stc® IsOC By L
" dZHd S Ol stcO® f OHO' [ 3].

SMAT yJj L d3H ge@zdzthl’ ftoshmists’ ChoL dzts’ md te
M setsHdz hdg'" d3 Hdzj di3 "L MM E®BEA BB S5 W'

%ﬁm — SMAtotay — SMA yosterday o
momentum = closeg,iay — closen days ago

\ J dZOrddz OBt Ctkzls' Mis! dz' dz' S MA, w Q
ISBGlsalstGB‘lstr]W Odzj o' dz y'  C0od?2 HdAvw tfs
&3 zdz' M IIJIGJIdeZG dzzdzz , yj o Hfitse' HO'
yd ¢° ¢ 1 OMC " dzt CHID) MBS P dzlf ydf faddf ©®° 5y,
hodHEB LictsMisO SMA [ 4] .

EMA T t6' L dztse d H 9c[9®>|cjdzts’ Co L dzts’ i ted
J S MY sdzj dzy ' 2 dzts ' dz' € tsdzd dzJ Histc' o dz® b Is!
Wistedzlz dzts ®

EMA, =a-p + (1 — ) EMA,_1, 3)

H j EMA L dzOy 4 dzdzv j S MY tsdzj dzy’ 2 dzts € ts ) I€ Gsdzdz’

L dzOy J dzdzv , zZ tOL J @ figlOoyty dizstzw to Wj HEEN)Y ;s dAg A

fj toj H dz BGt-m(lplsljsttmuquz L dzOyJ dzdzv ilzL dEEOYJ’ dzdzn

odn ' Hdats’ Wkd€ y' 9 dBsd3j dzs yoOmkz t (ismls C

CsjW' y' " dals, hts mnOtOCIsjtedL iz hoadHC 'Ofis!
11¢



Hg, ydd dizj dz" j 2t L dzgOyj dedzg? Isdds B dz' M §
o jdzdyuddek MijtjHds Sets [ 4] .

) jteh j L dgOyj dedzy  jCMytsdsj dgy' 2deses €S
fted2 3O’ s Mw " adeddz  Jteh sdzz L dzOyJ dzdz® o (

EMAU = Do (4)

ssjW y ‘“dzs U diBsyj Blzld BBtcOdPHEHHES
1O ted S dzOH, o' dz dBtsyj BEIsd o9adtOy jdd?2 vy te

nt+1 (5)
Money Flow Index i Isj n dz2' ydzd 2 "dzHd C Ols s tG, i s
‘dzls j dzgfnd o dz2' Mmls L wCtss Ggtsh'® 9 ¢ dzOH O¥ Is! fr

OOk L k¥ yd sefMwed bksce' o O M o8 Hdsh
y' dzsod?2 S OLddC Hds S kdarp jdCS s dddstshe s tsd
[5] “CO tsL©ONBok k! Mw L O kOCBY Wstdhkd

high + low + close
J

typical price —

(6)
Aroon Oscillator’ Is j ~ dz° yded 2 " dzHd ¢ Olststs, h s fls

odiBtedmistso &2° OmMyfjSIsd " dzHdSC Olsstc® Ar oon
Mgz slstsydktsets IStej dzHkz SO ' d@3seo " tcdz’ MiIs! 2
Aroon odhj dzgzdzv o CeOd g 'IsH dztxigCs  diste jodds' A ls + ©
dzz dzv 9 C OL 28 Is¢ dZzO M OH dzd 2 Istc j dzH . vtej 2 H
dzz iz’ so t5° az' dz' -, htsB MdcedzOdz' L zo Olsd { tots
mMfsmMisjte' O Isy LO oajdzdSddhid tczrnOd3d, odh j
mMddzr &z wkard Yy dzd [ 6] . 1L d2OYO' ' mMw dzOM

Aroon Oscillator = Aroon Up — Aroon Down

(25 — Perlods Since 25-Period High)
25
(25 — Periods Since 25-Period Low)

2 (7)

Aroon Up = 100 =

Aroon Down = 100 =

Stochastic Oscillatori * dzH d ¢ Ols s te Isj ~dz' Yydztse s O dz(
f sdzsy J dzdzv f SBlssydzts’ Yy dzd hsHB H' Of OL sdzl
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ldd3" e “ st Mw E ftesyd dzlsOn. 16" Hdzs L Isdzlz
42O (OdGedz. ), SGMtsodz®O " HJVW (dzvWeO )
(LtesMmlsOs yd 2 Istc j dzH ) Yy' 20 L OCtdlslsw YJ te
Ly ddzvIsdmwy f§seddL iz fsfljteed HEzj BzH jdstng iy d d3iz
(f OH O yd?2 Istc j dzH ) Yy' 20 L OCtdlslsw YJ G E
LzfddzvIsdmw tedzdLkz ftsfjtcjHd 7 & d2 dszds
tetsL B ydg Mis: Yy dd LOCtedlslwy flstsydsets ]
Bj )y On SO BEREE Sk yofmkz [ 7]

wdzh { C Olsste BEZzHE'  Is: MW 'L Hetm dz dg 2:
WKihodHSECd?2 MbsrOmMIsds (Mkzy' dz@ 2O dz' dg' w
WD T s dz dgd?2 MlstsaOMIsdS¢ ( f zdzS Isd tcdzO
CGteOW " €) .

ANtz dzO totsL ORIz dzS Iz :

c, - L
%K, = ——— . 100,
Hn — Ln (8)

r dzw  dzj 2tetsdadets’ Bjted ' BhRddts o dL dOyd dz
Line gradient descenityj Odzettedlsd, wS¢d2 L dzOmtH(J
L OHOWBEs dzOo yoOdz! detsets dzOB tstelz  H Odzd n L O
f sBlzH O Ofstyslsd MSE, o' dz dzOBEkzHj Wstedsz G
Csdi3B ' M@y dzd o 5 BIsted dGzZOIsd dz02 d3j dgh 2 § s dzd dz

MSE (Error)

tfdm. 3. JtOW® ydzj LtsBteOY J dzdz" MSE

GOS0 CHmMBCH@OY' ®O2SC O o dg ¥ . ¢ destedlk
L dzO Y jntedzt OL o d Y02 sQ @O’ ¢ ‘SO so k2* Is+ fw
b sty t=0 }tdfbkmCo’ ! Mw, mMSEOH e tekoRsfils @ )
l sls" d3 L d3j dzgh iz  rs'ctlz® v §l20OQYgd Aéeda® s (stesC dzO
Ldzd ¥ j dzgdz" MSE (9Ot ). }tsHsayk' 5! fiw
MisOded HEZYJ BOddd L dzOyd dedzv d3 0 BhsSs ofs LOdEOUEE
f 5 B3d DO B ydz Mis! ) .
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Stochastic gradient descenty J s g tsOu 2dzd?2 &BjIssH s
WkdCy' L o' Hf 9 ' Hded d3d G)fnlsc{annlsWd3q’ |
Mistsm OMiIsd ydzj dzOB dzd » § dzdav tsl]’lsq’d3 LOY'  CcteO]
WOCIsdydzd?2 GctcOH' dzlststkzsp cO8 o © dzhﬁ?dz@ststelz

(L tcORtso Odzts dzO tsMdztso odfOHCSatS 9 dB{k
LOHOYOr ildd LOy' ' ojdzdit’ tiL d@3 todatsfis
dzO o Odzls Oy j dzdav , HsMwWweOs yd hodHh d&EB ' ts'j dod?
Ctdeo j tec § dzy’

Adami adapti ve moment esti mati on, J
f ' Hdzlz' 2 MmMts "Hy¥ &OCBsYdud dzdzw twokrkz
sdf soedr L dzOS .

Il twjLikzd IsOIs' Hisfdz" Hy j dz& Bkzdzs o dL dzOy
dzdyuyj HftjHMlsOoadzj 2O cEtslstso © dsHjdz2 L od¢

MultiLayerConfiguration configuration = new
NeuralNetConfiguration.Builder()
.seed(System.currentTimeMillis())
.optimizationAlgo(OptimizationAlgorithm.STOCHASTIC GRADIENT _
DESCENT)
.updater(new RmsProp(learningRate))
12(1e4)
dist()
Jayer(0, new LSTM.Builder()
.NIN(NB_INPUTYS)
.nOut(IstmLayerlSize)
.activation(Activation.TANH)
.gateActivationFunction(Activation.HARDSIGMOID)
.dropOut(dropoutRatio)
build())
Jayer(1, new LSTM.Builder()
.nin(IstmLayer1Size)
.nOut(IstmLayer2Size)
.activation(Activation. TANH)
.gateActivationFunction(Activation.HARDSIGMOID)
.dropOut(dropoutRatio)
build())
Jayer(2, new DenselLayer.Builder()
.nin(IstmLayer2Size)
.nOut(denseLayerSize)
.activation(Activation.RELU)
build())
Jayer(3, new RnnOutputLayer.Builder()
.nin(denseLayerSize)
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.nOut(1)
.activation(Activation.IDENTITY)
JossFunction(LossFunctions.LossFunction.MSE)
build())
.backpropType(BackpropType.TruncatedBPTT)
ABPTTForwardLength(truncatedBPTTLength)
ABPTTBackwardLength(truncatedBPTTLength)

build();
jjHd 2 GjLbkd Ok Isydshls' HOdSs’

JejHMsOo dzj dz 20 tedfm. 4 cw©wOW¥' Cd o HBBGO
LO ] Od detss y' detsé, wCO L& ddzdmw fslw

Pl
Prediction Result

CLOSE

Index

tdf). 4. tjLbkd 5Ok oesld fiscdsL zZs O

1 OzCts9 0 desodL Dz BBOBIsdfsodL dzZ0O toj L zdz
o' HfMdzZ' HCSo ko Odzdzr tekrlk CtodilstsoOdzgEls SO
Yy 'dzed L O HBftdBsetss dBOj BOIsdydedrs * dzHd C O
sy’ dz¥ 9 Odzdz? SO OdzOdz' L [z.

l dmdesd &Gdz' L B oy HsHOyE, fCOLOs oM
"deh s B ey tss L biySd Ltk bttj2HjEO SO
f " HattHWhE HEY tsBtlsd SCtedfflstse ' toy lz, API
d3d ¥4 d2@ Hdzw tslsted d30dzdz G dgd nls tdsj?@ HA3Ce',  dBCE
| LEdz O di3sHjdz2' OdzOdz' Lk SO ftetsedetsL Zo O
dftsedr ®BOIj BOISdydzdr BBHjdzj2, s od¢ Bt
tesedesL 2 CEteMmiz, fteso jHjdets 1 tstc’ o dgvlrzdz™
tsfls Oo dzj dzts’ L OHOY' s© odwe dzj dzts, hts Cto
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HsMIsOIsdz! 5 MEC dzOH dats ® stsf sdztsg * * ' 9 J dzd ¢
dzj 2tetsdz’ @ k2 dad = .

it SLicsBdZy BEOBEHEE, Nt BBO' L diisélkz LBjte' GC
dzd ~ Hts " dgHj S o, SO ftetsc desL z o O dzdzgv
dilstso Odz¢ sd IsO IstcjdzHlz CEktemlz. o jtejHdz 2
%. 1 O shdzts o ftecso j HQ diustE st dz® az0dz" L M
sMC sdzOdzj dedz? §BEZHBO Odats’ MdMmlsj dsd H dzv
OCIsdydetsets o dCtstcd Mmis ©dadz” .
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1. Cryptocurrency Explained With Pros and Cons for Investment URL.:
https://www.investopedia.com/terms/ c/crypto

2. How to Handle Missing Data URL.: https://towardsdatascience.corthttandiemissingdata
8646b18db0d4 (HOISO Lojtedzgjdzdzw: 17.09.2022).

3. OnBalance Volume (OBV): Definition, Formula, and Uses as Indicator URL:
https://towardsdatascience.com/erroranalysigour-rescue7/ 7 3 b 401380 e f (HOIO
20.11.2022).

4. Simple Moving Average (SMA): What It Is and the Formula URL.:

https:// www.investopedia.com/terms/ s/ sma. as|
5. Money Flow Index - MFI Definition and Uses URL:
https:// www.investopedia.com/terms/ m/ mfi.as|
6. Aroon Oscillator:  Definition,  Calculation  Formula, Trade Signals URL:
https:// www.investopedia.com/terms/ al/aroono:
7. Stochastic Oscillator URL: https://corporatefinanceinstitute-gesnurces/equities/stochastic
oscillator/ (HOIO L9 jtedgj dgdzv: 23.10.2022).

8. Linear Regression using Gradient Descent URL:
https://towardsdatascience.com/lineagressiorusinggradientdescer® 7 a 6 c 8 7009 3 1
Lo jtedgj dzdzv: 23.10.2022) .
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Oleksandr Holinké Oleg KuznetsoVy
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INFORMATION AND TECHNOLOGICAL APPROACH TO
POWERING THERMOCATALYTIC SENSORS IN AUTOMATED
SECURITY SYSTEMS

Abstract. The main purpose of the present study is to improve the accuracy of determining
concentrations of explosive gases and vapors in industrial environments by optimizing the power
supply modes of thermocatalytic sensors operating as part of automated n@raystEms. The
research combines theoretical modeling, analytical calculations, and experimental observations
aimed at identifying the regularities of thermal processes occurring in the sensitive elements of
sensors under various power supplyesobs.

It has been demonstrated that conventional bridge circuits operating under stabilized voltage
conditions fail to maintain a constant temperature field, which leads to cumulative measurement
errors, signal instability, and gradual degradation of active exlesn An improved power supply
mode based on the stabilization of the electrical resistance of the working thermoelement has beer
proposed. This approach ensures constant temperature conditions, minimizes thermal overloads
reduces the risk of sensor darmagand significantly increases the operational stability and
measurement accuracy of control systems.

Keywords: industrial monitoring systems, explosibazard control, thermocatalytic sensor,
resistance stabilization, thermal compensation

Introduction. At the current stage of industrial development, most technological
processes involve the use of flammable gasesi direhixtures, or volatile organic
compounds. These components pose a potential risk of explosion and can cause large
scale accidents, equment failures, and threats to human life. Therefore, the
implementation of higiprecision monitoring systems capable of continuously
determining the concentration of hazardous substances in the air is an urgent priority.

The rapid progress of sensor technology, microprocessor systems, and digital
signal processing algorithms has made it possible to automate exptagaty
monitoring. Modern systems can not only detect dangerous gas concentrations in rea
time but also fgger alarms, shut down equipment, or activate ventilation systems.
However, the accuracy and stability of such systems largely depend on the reliability
of their measuring convertérgrimarily thermocatalytic sensors [1].

The operation of thermocatalytic sensors is closely related to the thermal
processes occurring on the surface of their sensitive elements. Environmental
temperature fluctuations or unstable supply voltage directly affect the resistance of the
thermoelemenéind, consequently, the accuracy of the readings. Hence, optimizing the
power supply conditions becomes a crucial task to stabilize the thermal state of the
sensor, minimize measurement errors, and ensure reliable performance of monitoring
systems underwide range of external conditions [2].
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Main Content. In modern analyzers, catalytic thermal sensors are usually
integrated into bridge measurement configurations. Traditionally, such circuits are
powered by a stabilized voltage (Fig. 1, a). However, with such a connection, a change
in the ambient temperaturkeads to variations in the thermal regime of the
thermocouples, which causes significant errors in determining high concentrations due
to the ambiguous temperature dependence of the thermal conductivity of gas media.
This error can be redudéy using circuits that provide a more stable thermal regime
of thermocouples during temperature fluctuations. In this context, configurations with
voltage stabilization on one of the thermally sensitive elements are of interest [3].

a b c
# & #
Rw+ARw RI Rcm Ri Rw+ARw m R1
Ub=const Uout Ur | Uour o |, Uour |
Re R2 {'wcols;[—‘}hur ARw| |ps [—-'ijzsr [—‘ e R2
T W S S B S

Fig. 1: Measuring bridge power supply circuits

Catalytic thermal sensors have significantly higher sensitivity and a different
nature of the dependence of the resistance of the active element on the concentratio
of the measured component compared to thermal conductometric analogues.
Therefore, additinal studies of the features of their functioning are necessary to
determine the optimal switching scheme. For unbalanced bridge configurations, the
output signal is directly proportional to the supply voltage, so the error in the event of
voltage instabilly will be proportional to its relative change. The active and comparator
elements are made as identical as possible in resistance and geometry to ensure tt
stability of the zero indicator when changing uncontrolled parameters. The equation of
the outpusignal of a bridge with a catalytic thermal sensor when supplied with a stable
voltage has the form:

uo, = Up &R DR, |
o (R +R) ARy + DRy + Ry) (1)

whereU~b ~andU~out ~are the supply voltage and the output voltage of the bridge,
respectively;R~w ~and R ~ fj are- the resistance of the active and comparative
el ements of t hB~wt-ibtheinmradse irstleenesistance of thgactive
element due to the catalytic reaction.
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For a simplified analysis, let's consider the case of identical thermocouple
parameters. With a balanced bridge, the output voltage is:

ue - Uy @R,
U 2a2R, +DR,)’ (2)

A comparative analysis of differepbwer supply modes shows that the greatest
sensitivity is achieved when the voltage is stabilized on the comparator element, and
the least when stabilized on the active element. A serious drawback of the traditional
scheme is overheating of the activemeént during oxidation of the combustible
component. When measuring methane, the temperature increaseSiy&0C f or
percent of concentration. This leads to a deterioration in the stability of the
characteristics and a reduction in service life. Imesgency situations, at
concentrations above the lower flammable limit (LEL), damage to the sensor is
possible.

When switched on with voltage stabilization on the active element, the heating
from the power source during oxidation does not increase, but decreases. Temperatur
overloads are impossible in this case. From the point of view of maintaining the
operabilityof the sensors, this option should be preferred. The decrease in sensitivity
is insignificant, and the inherent nonlinearity is easily eliminated programmatically
when using modern microcontrollers. When operating monitoring systems in Ukraine,
the tempeature can vary from2 5 AC t o +35AC. The range
heating temperature of sensitive elements and cause significant errors. The theoretica
dependence of the voltage on the active element on the current has the form:

Uy = 1 eRow(L+ Btg) + bbyRow g’ (3)

wherel is the current through the thermocoupRs0~i s t he r esT~&+ anc
is the air temperaturel) is the temperature coefficient of resistanejs the
thermoresistance coefficient.

When the temperature changes by N3
changes by N12%. The condition for mai

Ry —L:—W const

(4)

This condition can be fulfilled only in the absence of heating from the flow of
current, which is practically impossible. However, when using microcontrollers, it is
possible to implement fundamentally different power supply modes with a stable
temperaturef the active element under any changes in the environmental parameters.
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Fig . 2 Operating mode algorithm

When implementing the temperature stabilization mode, the primary converter
contains active and comparative thermocouples and a current sensor (Fig. 2). The
current sensor is a thermostable resistor with a low temperature coefficient of

resistance. To fulfill condition (9), the current is controlled through the thermocouples
in real time.
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The resistance value of the active element is initially determined and memorized
during commissioning, and during operation, the thermal regime is constantly checked
and adjusted with the calculation of the concentration of the combustible component.

When determining the volumetric content of the combustible component, the gas
pressure does not affect the results, since the diffusion flow does not depend on the
pressure. The change in the temperature of the medium has practically no effect on the
rateof the oxidation reaction when the temperature of the active element is stabilized.

The diffusion rate is proportional to the square root of the absolute temperature
of the gas. The calculated relative error from the temperature change in the range of
283N30 K is 0.1% AC. At fluctuations
conditions is 3%. When determining the first threshold of 0.1 LEL the absolute error
does not exceed NO.003 LEL, which is e
errors of known analyzers.If there is a temperature sensor, it is possible to
programmatically itroduce corrections and practically reduce the error to zero.

Conclusions.The study confirms that traditional thermocatalytic sensor power
schemes based on voltage stabilization cannot maintain a constant temperature of th
working element, resulting in considerable measurement errors and potential
overheating. Stabilizing theoltage on the working element partially mitigates these
|l ssues but reduces the sensorod6s sensiti
stabilized power mode, which maintains constant temperature, prevents thermal
overload, and redies measurement errors by roughly an order of magnitude compared
to conventional methods. Implementing this principle in modern microprocessor gas
analyzers makes it possible to design more accurate, stable, and durable explosion
monitoring systems, sigmgantly enhancing industrial safety and reliability.
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tdMmlsj BO OHMB dz' Mistczo Odzdz”" f tso d dzgdzO@ 0o |
s wdsd, fjtejo'tewlsd ~ md y' d Mmdg fls:
9" Hdzso dzj dzdgv £k tOL " LB ©® [11].

LHEBME t5dz0 dzj dzdzw Isj n dzts dzts Gl' Oy dzP e izt dz' diEsttc
tesLoadlsC Lz ‘ otf tcso OH Y § dzdgw OdzOdz' Isd ydzd n
LOBJ LY jykzels! HtotscdesL zo Odzdg? ftesBdzy d5 ° 5

Predictive Monitoring H 5L o tsdzW ° dzO shdzts o’ dzOh
ftotscdetsL o Olsd dzOo Odzls Oy j dedzw zO0 Mmjteo jted,
fsdizd dz¢ d Mmdmlsj d3d . v O¢ Isj r dsdztse " L d3d o
MisOB ' dz' dz' Mls' twsBetslsd W' Mdedr § ZzOIW tstcds.

b dzOdz' sdC O Ctstedmlszo Oy’ €5’ 0OF IsHtstfdssdgdse O
odwe dzvisd O detsiggydm qif dzOH', " dzj - OtcOC Is j tc dz' o n
f' HsLte" dzk OCIsdoe dz' Mis! E dz yded2 yofm [ 12].
BdLYJCT.

I didztse Sudu sMS 52O dzj dacz s j mdgsczse ' 2 OH B

G ' BtocdHdesdzz ttsBtytsdzz Mjtej Hsodh ' -Mistzpb ] o
f " Hfted diMilse O. 1 59 RRsH J dzf tcsBtslsd § silste
" oBd LY duded s Mmdffifisdgtxly dedfdedfO olsdg’ ddmdgvdzy W i3 tetsL
OH & dz2' Mistclz o O©dedav , Qo lssBOIsdL Oy*' v ftotsyd
" dzmistc iz d3 dzls © d&3d LOMissMmMize Odzdzy h skydzsegts
Zf tcOo dz' dadaw " H JsdEgkff\rpShijadddd . " He " H H S
OH & dsdipldi@ Isj-rdetsdztse 2 Mftedw f"  Hodh j d
sf jtcOy' 2ded=s o dltcOls, L & 14dz,1dzdzB BJLYJSCd ¢
MiteijHtsadh O, HTtwdHOIdSEs HAdY jJWJjCilsdeo dzts’
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¢ ¢f wy [(ArsuvRITJHUW t 11 RrRm [ o1 (]
R11odYrr11vc (fJAws sl govuvl dywl v

O desls Oy sdz HY jdets ' HARaBHd HE Oass@osqu@s
Odze dz' 2y Cts O EZCtO defp! C s Bsoa OB L odStstedH

dz0o yOdzdzw . 1 2zt o9dStstedMmMisOdzs HOIOMJIs AEmMoOti ono
fJted ¢ zOH J dzts [fsSte@ s dzfi' & BH s & BEXLOSE  oditskH j M2 t a\.L LIBSE
fstc' adgw dzgs €' dz € O d3ts HIPF2jLAgistic R&Yressiorty dz@3fipof Yy didzr @ FC 21
Bi LSTM O LcbtikssO®YstCdjiNedz BtsH j df o BEIRSTtai, | BE RIS
G ' BtoedHgelf s@isER&EBRBMRTa + Bi LSTM, wWCO ' HdZk® ¢6d
L toj Ctej dzlsdzddz OOz’ L sd3 Y tsmdz' Hise detsfyls § 2 . [y d
sdzso dzd &3 d3d Isted S Od3d accur-scorg., preci sion, r ec:é
sdz ytse ' : Mdgsd O dzdz®@ BsH j dz' G' BtcdHdO d&tsHj d
BOGOItsdiiso dz' BisH | dz' ; -RoBERBasBILSTMZDIstiBERIZAZNN; BiXITM,
Ctosmdisso dzO ¢ d&zOfmMdW ' SOy v, BB CO ftodtotsH dats’™  d3tse

I Mo tMlsOdedz tsCd hlkzydd?2 ' dzlsj dzj §
st RS i3 Isj Bf Okd tsLodoOsls! Mw, L O d
CdeW stedzOyT T IsO fteddesmw yd dese’ diitsy dzd e sfyls
ZzOh  yOf dzj 2 esdedz it N 0t 6 5O HAp@M ¢t
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MwCHjddsets ydlslsw HsftskzOcO0s yd w<¢ m 4t
d MmMftedws Is! sflsdds' L Oy" tesBtsydna ff ot
tcOh jdadzt wWCtsfls' BMdzEctsolzo Odeda? O f to
Cte' i3 y! sets, L dzOydzsets tesL o dlsClz dzOB Iz
HsLotsdzw s Ist RBOMN O3 tesL 23 Isd, ' dzlsy te
[JHd2dd3 L tshhdzsedzdes &OJtewd3' © yYydm dBsHJ dzj 2
s¢ J
Iz

o
V)
L PR

J ftcOCIsdydai L O ¥ 3 ipOs: O datzvH ki St€ '10dz
Gtsolzo Odgdzw Cdz' “ dzls' @ * toj Ctsd3j dgH Oy* 2
BB3d t6d Y, Mlsoatstej dzdz? 9  tlskzOdzr dzgd~ OMdMmis dzls’

4 zyOmdz dzj 2 tcts dzdz' d31SHsz' HJ dssdzmistclz &
tesL ' L dzO9 Odgdzy J dZsy' 2 GME" dz' € d HOISdZ
mdz' o, sO© MS¢ dzOH dz BB 9 dz Codmlstcz €y . 1
9 Hte' LdzvIsdmw L Odzj )y dzB, ols® M ek dlsdtl

HOBS bz O0dzOdz' L jWJjCIlsdodesfmls’ to' L dgd .
sBtetsBSd HOdedm ° OCkkzOdz dedds, yJj HBL o tsdzd
md dz' dz SO MdzOBS¢* Miststetsdzed, O BOCBY BEKCE
L OMmMistsmMizeo Odzdzy H&zvy 'tedXsLd ' k& €200 Odzdz ¢ § digiso dzd n
s S Mis® o .

1 simisOdzs o COdzv Om®OMYW ¢ dzj dedzy ff sMisOo dzj dats”’
odte" N jdzg IsOC' L O9 H Odada” :

] " HelskzoOlIsd BOGOIssdiisodzd?2 Ctstef zfm H Oz

it J Odz' L 2o Olsd B-DF &bofisticRegregssion T F

-1 0oaydilsd O fteslsjMmiskzeo Olsd dzj 2 tesdedze’ Bis
- wlsoastedIlsd ¢ ' B tcd+RABERTABRILSEM XL M

lteseo JjMisd Sl dzj S Mdzz ByYy" deS 2 w S sMmls' o3

1H" 2MdedIsd OdzOdz" L. BBHjdzj 2 SO dz0 BsMdets
ifndzsadzdz L 37 M9 tctis dzeia® It gizjs H g3@ds | d30Is d y dz0O
SBZHBO OO L O OdOse' ‘¥ HB B' Bdze' ydzd -
HOIsdzO dz09 yOIlsdmw zZzO tmhdztso fted C dzOH "' o
d ¢ 5 dz0O dzdzW 4o dedn L ODHc@dzis.j ¢ IgCaj,y dztezj 20t8
SH' dzw B Is! Mmw dZzO to' L dz sd{ d: f sodztsL 9 O W
J S kte] dzls dz ( RNN, LSTM, GRU) , C sdzo 5z
ransformetb as e d) . [ dzw LOHOYy GBKBSd f§dtet
wJQquadzo[dso[ 2O fRsedEHA gz L Offdzats o Odz' 2O  (
MG dzr €d otded LHOIdZ otcOnrtsolzo Olsd Ctsdalsy
shdz Hsodets, wW¢ yj tBdzwlis! ' dgh' d&BsHJ d&z2' .
 dzw  Htsfdz' HYy jdedg" BLRzdzs odCBBtedMmlsOdats o
misdIs! O dzG dzts d3ts 9 dz’ Isi S Mmisd, tetsL d3' yJ dz L
j oy, sadness, anger, fear, surprise, Is
BOGCOIstsiiso detsdzlz @nlg jiefjIst s i fzts , f H@®JsC dzOH j dets Iz
Hsf sdise st 9" HE IO oditsiH jME't aN LAU B
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10 fjtehsdisz jIsOf" fttseo jHjdes BOL So-j s
| DF + Logistic Regressi on, wWCO LOBJLt
oS ttedMmMisOdzdz? cdzdB d dzgdzse s dzO o y O dzdz” .

1 OHOdZ' LW dlzlsts dzj 2tetsdzdz’ Oten IS SISk
otcOrBBoalkzoa Olsd ftsmMdz HBa d2' MiIs+ ° Cwdalsj S Mils M

10 W' dzOdz' dats Bz J sOf " 9 d ¢ t5dz0 dzts J St
B3sH j dzv d3d Di s tRioIBERRTa, SXOLM s ¢ ' BtedHdzd &3 ff ts

TFIDFT yjy SCd&0mduydzd?2 " HR " H 9ojSCIststedL Oy'
. uydmzse j Htej HMIsOo dzj dzdzw , HJ Gty dzd Mdzsot
feswed E Codftcjlsdesdze HEtsCEd3d dzls® SO E 9o !

Logistic Regressionyj MlsOIlsdmisdyded?2 d3j IstsH,
tetsL H" dzj dgdz? IsjSMmls" @8 L O Jdtsy' 2 ded d&3qd

BiLSTM (Bidirectional Long Shorferm Memory) yJ to' L dztse
dzj 2tetsdzdzd n d3j oy ( RNN), LHOIdd?2 jW s
LsCtc] B3O IsjSCMmMstsdz. 10 o' HAE dzgz o' H L o(d
sjSMls £ Heokr &OtfFwY RS s y®is 2zl y @Qfipdzets * dzyw
Yy! sz j Bs otOntsokz' wC fssffjtejHds 2, kKOG

CNNiyj LeBtelsCB90 dzgj 2tc5dzdzO d3d .o ¥ O, W CC
w ¢ BOIsted y sL d&zOC ‘ LOMssmtse 2° Wodz Iste
&ZOff ted € dzOH, MzcesMf sdzzyj dz@ OBt ctcOBRBOIsd Y

BERT (Bidirectional Encoder Representations from Transformérsy j
dzj 2tetsd3] toj ) HotO dagt Hsjedzj 6 ©°  H Googl e, dzO
B' dz h' fls! Cdemistez 3 dzls ' o Qo lstsd3OIs d Ydats
Ho sdzOff tcQo dzj detsets OOz’ L Ctsdzlsj SMlskz IsO
Mzse © E toj yj dedzg’ , Nhsj Hists wobsdywils d ditsdzQ ulz dzdzvdz

DistiBERT T Yy J Mftesh &0 (HdMisddzr 59 ©dzO) )
ftodpdzdL dzts 97 % Istsydetsfls® |, Odzj ftslstejBlz®
hodHuhj. Il " dz oadStstcdmissa iz’ &zdhj 6 hOt' o
dZzOMmdz' Hizo Olsiff Beodga] Isdjtstew jodz? BERT, d&Hj dz@ Ht
BOdzOdzmEkz d&' 3 wC' ' fMmlsg O jWJjCIlsdedz Mmlss .

ROBERTai f jtejf '  HetIstsodzj dzd?2 BERT "L €CtO

(B ' d& hj HOdd®, ‘d"' ' §jtfOO®sted), L
20 BsdtsikBtseodzdr L OHOYO=R .
XLM-ROBERTai B O¢ Ol sdsts 0 dz®@ (BsH j dz' , fMlse st d

RoBERTa, wWCO " Htedd3z® §tsdzOH 100 d3tse,

XLM-ROBERTa + BILSTMi L Of tots5tf sdztso Odz® ¢ ' B ted H dzO
md dz' dz fmils stc s dzd-R odBEHRjTdaj 2 IsOX LB LSTM. v '
RoOBERTa odmlskzii®d tdot fjidseijsistcs © ¢ty dai M
9] S Istste. r odz" vy 9 SClststed ftsHOEIS! MW o Bi
LOdzj ydesfls® Ek fsMmdz Hse dzesfls” .

rdzv BO'  Clsdodzsets OdzOdz' Lz wC tsfmls’ ¢ dzO
Bdzts L OfMlssmMso Odets dzOB ' 6 Bj sted &, "5 HESL 9
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‘ LBOd&ZzOdzNtseo Odz' Mmls tcjLizdz sOIs' & d3' y ' L
recall, macro Ficore.

Accuracy i Y J BOLBSOa O d&jIsted ¢ O, hs o
CdzOmdw ' €S so Odzd ~ ftcd ¢ dzOH " o Mmd teg
tesLtcOatBOolz st Mw L O Wstediz dztss (1

”"Yt) YO (1)
7'yh OO0 OO

Accur a’\?nf)

HJ , TP (Triuttc@oodsde'tdetyy eff j toj HB OYJ dz' fsLd
Negative) i f tcOo ddz! dets  jted HB OYd 0z dzj 1 ©dgdf dza]
CkzOmdw " COy" .
[Cte' &3 MJtejHd = dBJIstcEq .,dz] etz O figy dztftso d
CkzOMO-s (Hde. IsOB. 1), hts & Misdls: :
1 Precision,Recall FLs cor e HbW Ct) dtsec 5] sy’ 2 dzts
9 Supporfi € " dzt €' MIs! JtedS dzOH' 8  jodesets § dzOf

v OB dzd yw
1o jHjded?2 Lo Is s S dzOMOs HdAdvW di st i
s dzO fi| Precision Recall f1-score Support
0 (sadness) |0.9760 0.9614 0.9686 466
1 (joy) 0.9785 0.9347 0.9561 536
2 (love) 0.8511 0.9231 0.8856 130
3 (anger) 0.9000 0.9583 0.9283 216
4 (fear) 0.8607 0.8918 0.8759 194
5 (surprise) |0.7544 0.7414 0.7478 58
Precisioni yj ®&jlsted O s fsCOLE", wll yof

fjodtsets CdzOfmkz dBsHjd@ CdzOMd¥' CkeoOdzO { tsC
(2):

Preci 0 2)
Recall i yj BB stedC O Mts odL dzOyo* , wel y
ftodC dzOH' &9 BSHjdzZ L BScdzZO L dzO2Isd, L tcOR
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YO 3)

Fl-scorei yj &BJjlstedt O wWCO tBO' ' HdZzE® Istsydz fMmls.
fsCOLk" BOMROMN B 3§ yYydddd HoaBBO ~OtLOCIs| tc
(4):

Preci sRecra | | (4)
Preci sRecmal |

Macro Fiscorei y4 MmJj tej Hdz' Odabdgj dzdzyczi SB anr]d:
dzw Coydesets  C dzOMmkz BJL tcOr 29 Odzdzv ¢
s

tdBk dzss  (5) :

@ ¢

H
w
w

o) preci srieomal | ()

. P
qua“oii 5 preci srienall

Hj,-SNdzt €' fpls? € dzOM" o .

l sdz@ ' tshdeso dets® 3j sted S ss Istsdiz hts 9t
ftcd HJdMB OdzOdzM* £ HOIOMjIs"' . A HiSL o tsdz
BsHjdzj 2 O t' HE Mdedr J BEMIsr Yy©OdIs sy "' v

l tojLiEzd Ol towdet tg 'Cindzd foidaaisgmiZisds da® fis dz te dz
MzyoOmdzedr btcOdmW sted3j o' 8 Blzdzts L H' 2 fMdgj dzts
O Odzc dzsdBtso dzgdr ° EZ2C 1O’ desdZsso dzdr Isj Mistse d

1" H yoOm HMd HY J dzdzv BsHJ d2 Bkdzts f{ tc
dzOo yOdzdzw I1sO IsjMmlskzeo Odzadg? dzO@ Odgg dz' 2 M+ €
Isd Miskzeo Odzgdz?y dz20 EZS O dzps € 2 ' dzgO9 yOdedzW Is
HsLotsdzde sy’ dzedlsd’ v &L Gds@dz dgise Qdz! lstfr¢ L H O
Ctesmdiisco detsdsz Mjtej HisadhM " .

1 jtehd2 IsgEM)s K ERsdhistckz &BOCMd BOdz! dzts ¢
BsHjdz, sME"  d ¢d otdd Oyt o d&JY 0O~ Is

10 Macro F1 dz02CtcOn’ tcj L 2 dZRABERT & + {f ts¢
Bi LSTM) (0.9058), RiodBE RIHdztislz Dié ‘set dz'l BLEGR
0.89, sl yYyom Istcj dzzo Odzdz? o dBBHJdz' Di
f " Hlse jtocHY Iz° JWiSClkdoedz fMis: fn § lc@NN j(QIBEA8), 3t
ftsd3 sdes ¢ teh j Bi HDFW L({RO .(800.4619)44") . TKE Otcls
OdzOdztse* ydz© (0. 9381 & Hybrid ftslsd 0. 93

10 t6' Hdz' 2 Hdzw Istc] dzz o Odzdzy dsseo° oM Iste
baseline ' ydmls' tjCkztcjdzlsdz' / LetstclsC 59"

 elze d?2 sy Ag)s FHEDBY ddtse Odzd 2 dzO-dz" HdissTrpd® d&' 3o
L OG Odz! dz¥ 9 Odz! idztizO fr) SL" HOD IsSdafs M is S B t6 § BtsH j dz'
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B sz S st 2M° LHOBd®ZO fJjtj dsmhdisd L dz
H 8 dzO o y O dzdz" .

v OB dzd yw
tJLizdz sOIsd Isj miskzo Odzdz™

Model Macro F1 Accuracy

train EN|train EN|train UA| train EN| train EN|train UA
test EN |test UA |test UA |[test EN [test UA |test UA

TF-IDF +]0.6944 |[0.0857 [0.4217 | 0.8056 |0.3356 |0.5981
LR

BiLSTM [0.8041 |0.0411 |0.3060 |0.8669 |0.1363 |0.4644

CNN 0.8768 |0.0877 |0.4271 |0.9131 | 0.3356 |[0.5575

distiBERT|0.8937 |0.2071 |0.7522 | 0.9325 |0.3050 |0.8019

roBERTa [0.8952 |0.5187 |0.7764 | 0.9325 | 0.6119 |0.8206

Hybrid 0.9058 |0.5562 |0.7942 |0.9381 |0.6347 |[0.8331

vkzls f§ OH' dadzv fitctisy' X sad@digsmis® o' L € Hdz
RjssHIDF+LR (0.0857), BiLSTM (0.0411),
WOCIsdydzets dzi L HOIsdg ftcOaddz dzs f tcOys 9 Ols
mMzseo dzd ¢ BlRdzd dzOIstej dzgtso Odz' dzO ' dgh * 2 dEso
1 Otsd3’ Mis! Bezdz Isddisseo dz2' IstcOdemW sted3j tod L
Hybrid - 0.5562, roBERTa 0.5187. DistiiBERT-0. 2071 f§ tsd3 Isdzs 9 " +

Odzc dzsBso degd2 o Otc' Odzls ° 6" tehj jte] detsd s+
[ dzv drogual LOHOY Stodlsdhguxsdzl sfcis] 1 fids C
XLM-RoBERTa) . 1 5° H dzO dzdzv - L Bi LSTM HT

ity S&zZOHOY! S dn Otcls j W OC Is as,Is ) P dzjc s zts @O M
fjtej desmlkz ttsBdls: M MOAR] BOCOLtdRso dzd d3 Ists

stejIs’ 2 WAMS HEBWA sdzv* sy ddlsd, W& &\sH.
EZeCOdz' L so Odzdr HOddr ' Mdzw fjtej CZOHE Gt
LO HBf sdi3se sy -2BsH j dzf NLLB

1" fydzw fsBzHtsed (Bodesy' dzdzsets EZ2CLO° d
B Hj d&z " Hdz BOBIs! MW dZO2J4 HB - G782, Odz
roBERTa- 0.7764, distiBERT-0 . 752 2. s dzOMmd WdE + LARj I9(tOH. d4
CNN (0.4271) (sd3 Isdz680¢ ' @02 ndz®BBIdRST McC
0.8331 & Hybrid, 0.8206 E roBERTa IsO 0

1 Jtod € dzOH j dzd 2 Cotcf 2 HBL otsdzV LOCted I
CosmMissodzd? J MY jteddsj dzls, MOdB] B OGCOISBASS
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l tjLiEzd sOIs' d&d BOyYyddiis dzOMmlskzf dzz ¢ Otcls
1 02Ct6OM O L OciCHy bde@ diztsHlj=dzO dz Hdtelkz® E
(EN-NEN "-UNA O ffsCOLE® dzO 2WA].M kzt ‘flsdzd W s -
dzj o jdzd ¢SO (a+0.01é+0. 02 Macr o F1), Odz
cf HydmisSkze fomMdz Hsoadz Mded~ § Olsj tedz" @ s
roBERTai dz02 CtcOMP © ¢ydmls©e Otn' ' IsjSlskztcO. |
fcd3 Isdes tsB - tSHJIs!-d3tsla 's,t i H BE RLTO fiyls € fipktsdgs * o
34 dz2" © MSC d&zOH dz-fipdsdz, dzdf D BERBRAtcts d3’ .
distiBERTI s Isd d30dz' dzgd?2 Bk yOMmtse d -/ tc jEfNZ tof) ddg
Heyd Mmddzr d&egd2 (0.8937), Odzy fJteg dzsf dzO
(0.2071), s BBBRjYIEZ' 26t HdzY B OGOt
CNN/BILSTM/TF-I DF + L R: z dsdetsdz’ dzg 9 Odz! dats 3iz
stcOdzW stcd3j- BB B’ ZCENH ] GtcOH k28 lsigts o jstelgsie * fig e
L Mz o ; -WwA  UA" H dz2" d3Os s+ fmw O dzj dzd s @ sdds[ '~ )
Istc OdzmW tstcd3j to' o .
 dzw e dzdgh tsegts OdzOdz' L2 tjLizdz IsOIs' 9 totSE
tejL kzdz IsOIs, Is © ' Hedh j dzdzv ‘dzlsj e toj Istso
fswihdzt o Odesets hlskydesets " delsjdzj Slskz ( XAI) .
UV HBMdz HYy Jdedz odSCBtedMmMlsOdes ¢ ' dz2 SO d3J &
Attention Visualization H tsL 8 s dzW o' LzOdZ' Lo Olsd, dz
RoBERTa + Bi LSTM Lo jtlsO’ dz02B ' dz "z k9o 0O
LIME (Local Interpretable Modehgnostic Explanations) © dzO dz' L Iz )
sCtej B3dr Mdz' @ kE fotsedetsL dBsH j &z H dzw ts dz$
ZsC Odz! dzz Mils OB " dz dz2' Mis! tjL Ezdz SOIs® 9o (Hq’a
b Oz’ L ftodntso Oded mi HfjlsiBdeMds BT L STM  He

(
1

tj Cktejdalsde N Oted toj OGksls! O te' L dz' yYOf

podzzlste’ hdz' ° ftej HiMlsOo dzj dz' j sy 2 dzd A Qtsdzls
[BHjd CdkOMdW' CkoOkO yj2 ftedS d&zOH W
LI ME ' Hfje " yk*® fMmdse O:

T LOHBotsdzj dzd B zcO® dz§ 0 ) ftoj HdSIstste 5L dIsd o c
THEY] (. @BJd sy 2dsj L OB Otso dzj dzdz” .

wdzh mMzso © ( dzOh d d3, tc* N j dzdzv d3, dzOo yOd
Hy Bsdzmistelz® Ctdayd delstcOy' ¥ ko Oed dtsHj dz'
tcj yJ dzdz" .

[BHjdz2 "L odfMmCts 2dtse " todz Mise (0. 99
( Mz d) .

LI ME odH' dv' Cdz¢ ysse' MmMzsea O, his dzO2B"
1 disadvantaged (0.28) G tsdztse dzd 2 "dzHd C Olsstc  dzj ¢ O
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SMART CONTRACTS IN BLOCKCHAIN TECHNOLOGY
ARCHITECTURE: TECHNICAL PRINCIPLES, ADVANTAGES, AND
AREAS OF DEVELOPMENT

Abstract. The article examines the implementation of smart contracts as a modern tool for
automating business processes based on blockchain technologies. The focus is placed on the technic
foundati ons, operating princi pl egeemerdsnuwlithins p e c
decentralized digital environments. The concept of a smart contract is detailed as a software module
capable of independently executing contractual terms without intermediaries. A comparative analysis
of the most common platforn@d programming languages used for the creation of smart contracts
is presented, outlining the key advantages of their application in the corporate sector. Special attentior
is devoted to the challenges of integrating blockchain solutions into Ukraumsamels activities and
to assessing their potential impact on management efficiency, transparency of financial operations,
and trust between contracting parties. Based on theoretical generalization, it is concluded that smar
contract technology has sigint prospects for practical use in the digital transformation of the
national economy, contributing to greater security, productivity, and competitiveness of enterprises.

Keywords: smart contract, blockchain technology, digital transformation, process
automation, decentralized system, software, digital economy

Introduction. Global digitalization trends are fundamentally reshaping the way
economic activities are organized and transforming the structure of business relations.
Enterprises across various industries are actively adopting innovative technologies
aimed at enhancingroductivity, improving decisioimaking speed, and reducing
costs. Among these tools, distributed ledger technologies occupy a special place, as
they ensure transparency, reliability, and autonomy of transactions without the need
for third-party control.

One of the most remarkable outcomes of this evolution is the smart cerdract
programmed algorithm designed to automatically execute the terms of agreements
within a decentralized blockchain network. Unlike traditional contracts that require
supervision by lawyers or notaries, a smart contract performs obligations
autonomously, relying on predetermined rules and cryptographic protection
mechanisms. This reduces intermediaries, lowers transaction costs, and minimizes the
risk of human error. The relevanegthis research arises from the desire of Ukrainian
enterprises to integrate into the global digital space and the need to develop technically
and economically grounded mechanisms for optimizing business processes. In this
context, studying the potentiaf smart contracts is not only scientifically significant
but also practically necessary for building a modern management model [1].

Main Content. Distributed ledger technology (blockchain) is one of the most
innovative architectural paradigms in modern computer science. This technology has
demonstrated applications in various industries: financial systems, medical information
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systems, legal platforms, and corporate applications. The key technical advantage is
the ability to asynchronously exchange data with guaranteed integrity, which allows to
minimize the latency of operations and optimize H@@mponent interaction in
distributed systems. Blockchain is a specialized distributed data structure of the linked
list type that operates in a pderpeer network of computer nodes. This architecture
can be used to execute programmable transactions (smart contracts). The fundament:
concept is based on the sequential linking of data blocks through cryptographic hash
functions. Each block encapsulates a set of transactions or events. When a new blocl
is formed, it contains a hash reference to the previous block, forming an immutable
chain with the appendnly property.

In a broader context, it is a distributed data management system that combines
cryptographic algorithms, consensus protocols, and P2P architecture. The technology
offers an alternative data processing model based on decentralization, fault tolerance
and eyptographic immutability. The fundamental difference from centralized systems
is the distributed nature of data and management logic. Instead of aseleet
architecture, a P2P model is used, where each node maintains a full replication of the
databas and participates in transaction validation through consensus algorithms (Proof
of Work, Proof of Stake, Byzantine Fault Tolerance). System fault tolerance is a
derived property of decentralized architecture. Data is replicated across multiple nodes,
providing high availability. Even if N nodes fail (where N < the total number of nodes),
the system continues to function thanks to the consensus protocol and state
synchronization mechanisms [2].

Integration of blockchain technology allows tbe creation of cryptographically
secure systems. Combination with machine learning systems allows for the
implementation of intelligent analysis of large volumes of data and automated
decisionmaking under conditions of uncertainty. Business process atitomis a
strategic direction of enterprise systems development. It is based on the application of
algorithmic solutions for processing repetitive tasks: document parsing, report
generation, inventory management. This allows optimizing the use of cogputin
resources and increasing system throughput.

The use of AI/ML and blockchain technologies allows for standardization of
processes and reduction of the need for manual data processing. The real potential i
revealed through smart contrattgrogrammable modules running on a blockchain
platform. In 194, Nick Szabo proposed the concept of-s&kcuting contract$
programmable agreements that are automatically executed via an electronic
decentralized ledger. However, the idea remained theoretical until 2008, when the
advent of the Bitcoin blockchaineated a practical infrastructure for implementation.
Blockchain as a distributed ledger technology has opened up possibilities for deploying
and executing programmable contracts. This has allowed us to move from concept to
self-contained executable modsleith guaranteed cryptographic secuf&j
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Table 1.

Technical advantages and limitations of blockchain systems

Advantages

Disadvantages

Decentralized architecture without a sing
point of failure

High computational complexity of consens
algorithms (O(n]) for

Cryptographic data immutability throug
hash chains

Limited throughput: 715 tps for Bitcoin, 180 tps
for Ethereum

Transparency through a public distribut

Potential datgrivacy issues on public blockchait

ledger
Automation through smart contra Difficulty integrating with legacy systems throu
execution different protocols

Ability to create dApps (decentralize
applications)

Lack of standardized APIs and legal framework

Auditing through immutable transaction I¢

Vulnerability to attacks on cryptographic primitiv
(quantum computers)

Reduced transaction costs due to the abs
of intermediaries

The need for widespread adaptation to ach
network effects

Table 2.

Technical characteristics of smart contracts

Advantages

Disadvantages

Automation through programmable log
without trusted third parties

Vulnerability to logical errors and exploits in ti
code (reentrancy, overflow)

Execution determinism andguaranteeq
correctness

Limited error handling in case of unexpeci
system states

Transparency and verifiability of th

execution Process

Difficulty of integration with offchain system;
(Oracle problem)

Eventdriven architecture with automat

High development cost due to the need for for

triggering verification
Cryptographic state immutability vi Legal uncertainty regarding responsibility f
blockchain implementation

Low latency compared to traditional syste

Privacy issues due to tipaiblicity of transactions

Automatic audit trail through event logging

Limited scalability: gas limits and block si;
constraints

Smart contracts are software modules (bytecode or interpreted scripts) that run
on blockchain platform virtual machines (EVM for Ethereum, WASM for modern

blockchains). They provide:

1 Determinism: the same input always produces the same result
1 Verifiability: execution can be verified by any node

1 Immutability: after deployment,

the code cannot be changed

1 Trustlessness: execution is guaranteed by a consensus protocol

Smart contracts reduce timb@execution and transaction costs through
automation. Execution is based on deterministic blockchain logic, which guarantees
Byzantine fault tolerance and the absence of the possibility of external interference.
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Financial systems: atomic execution of financial transactions (money transfers,
dividend payments, settlements). DeFi protocols use the composability of smart
contracts to create complex financial instruments.

Logistics systems and Supply Chain: automation of cargo tracking and tracing,
automatic settlements between counterparties. |0T integration allows you to create
eventdriven systems. Real Estate: atomic {3yl transactions, asset tokenization,
automationof escrow services. Insurance: parametric insurance with automatic
payouts based on Oracle data. The applications are unlimited: from DeFi and NFTs to
digital rights management systems and decentralized autonomous organizations
(DAOSs).

Choosing a programming language for developing smart contracts is a strategic
decision that determines the key characteristics of the final software product. This
choice critically affects four main aspects of the system. First, it is performance, which
includes gas efficiency and code execution speed. Gas optimization is especially
important for Ethereurbased contracts, where each operation has a cost, and
inefficient code can lead to prohibitively high transaction costs. Second, the security
ofthesystm depends on the | anguageds resil:
of formal verification capabilities. Some languages, such as Vyper, limit functionality
specifically to increase security, excluding dangerous constructs such as recursion ol
infinite loops. Third, code maintainability is determined by the readability of the syntax
and the availability of debugging tools, which is especially critical for the-ferrg
evolution of the system. Fourth, the scalability of the architecture depentte on
possibilities of contract composition and update patterns, which allow the system to
adapt to new requirements without a complete redesign.

The most illustrative example of the practical application of smart contracts is
the implementation of an asset exchange protocol. Such a@n#aedct demonstrates
the capabilities of the technology by encapsulating complex business logic in a single
executable module. The contract includes an asset availability validation mechanism
that checks for sufficient balances and ownership rights bifitieging the exchange.

A critically important component is the implementation of atomic swap operations that
guarantee that the exchange occurs in full or does not occur at all, excluding the
possibility of partial execution, which could lead to theslo$ assets by one of the
parties. The payment processing module automates settlements between participant:
including the calculation of commissions and the distribution of funds. The dispute
resolution system is implemented through nmasignature schense where a
transaction requires confirmations from several independent parties, which provides an
additional level of security and trust. All this complex business logic is compiled into
low-level bytecode and executed on the blockchain virtual machirgyrieg
determinism and verifiability of each operation.
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Table 3.
Comparison of programming languages for smart contracts

Programming | Blockchain .
ogra g ockeha Advantages Disadvantages
language platform
A a broad eco L
1A specific f
- Ethereum andf r amewor ks ; s S
Solidity . (gas optimization, storag
(EVM) developer community an
: patterns)
documentation
A security dulA limited
Ethereum oo .
Vyper (EVM) limitations (no recursion, fcompar ed to
infinite loops) smaller tooling ecosysten
A for mal A | ow | e
Michelson Tezos capabilitiemsedabstracti on;
architecture for security learning curve
Hvoerledaer A use genérapupose A t he need
Chaincode (Go) Fglgric 9 | anguage; <br >/ Fabriespecific concept:
ecosystem (endorsement policies)
A r e sowented
orogramming A low adopl
Cadence Flow built-in  security through thg b l. atform _SP
limited documentation
type system

Smart contracts are software modules with clearly defined programmable logic
and specific entry points, which are public functions. These functions form the external
API of the contract, through which interaction with other contracts and external users
is carried out. The activation conditions of smart contracts are diverse and flexible,
which allows the implementation of complex automation scenarios. -based
triggers ensure the execution of operations at a given point in time, using the blockchain
timedamp as a reliable source of time, which is important for implementing deferred
payments, token vesting, or automatic auction closing. Eva&sed triggers respond to
blockchain events or callbacks from oracle services that provide external data to the
blockchain, allowing contracts to respond to +@akld events such as price changes,
weather conditions, or sports scores. Skateed triggers fire when a system reaches a
certain state, such as when the balance reaches a critical level or when comple
condtions with multiple state variables are met. Mulignature triggers ensure
execution only after receiving N confirmations from authorized addresses, which
implements a distributed governance model and additional security for critical
operations.

Smart contracts support a wide range of operations that shape their functionality.
An asset transfer operation moves tokens or native cryptocurrency from one address tc
another via a lowevel CALL opcode, which ensures atomicity of the operation at the
virtual machine level. State preservation is implemented by writing data to a persistent
blockchain storage, which is organized as a\ka&ye store with an extremely high
write cost, which incentivizes developers to optimize data structures and minimize
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storage operations. Intepntract interaction allows one contract to call the functions
of another, creating composabilityhe ability to combine

Conclusions A smart contract is a se#xecuting protocol thabperates on a
blockchain infrastructure and is based on programmable logic. It defines state transition
rules and automatically ensures their execution through a consensus mechanism. Afte
deployment, the contract becomes an autonomous module with gedrante
cryptographic security.

The implementation of smart contracts opens up opportunities for creating
trustless systems that optimize interaction without centralized intermediaries. Use in
an enterprise environment allows you to automate payment processing, quality control,
logistics management, contract registry, ensuring high availability, transparency and
security while minimizing operational overhead.

REFERENCES
1. Chikov, I. A., Koliadenko, S. V., Supryhan, V. A., Tabenska, O. I., & Nitsenko, \Hdinko
0.V. (2023). Smart contracts and business process automation: The technical aspect. Naukovyi
Visnyk Natsionalnoho Hirnychoho Universytet:
2. Eggers, J., Bartmann, D., & Krcmar, H. (2021). Process automation on the blockchain: An
exploratory case study on smart contracts. Proceedings of the 54th Hawaii International
Conference on System Sciences (HIEB$
3. Diakiv, A. (2023). Prospects for the use of smart contracts to optimize business processes anc
public administration in Ukraine under martial law. Economic Analysis, 33(1),2212

154



vfs 004.8: 005. 8

.1 . aff,) ta .dfyj sv jltedzts o
WOy 5dzOdz dzd? Isjnmds ydzgd?2 bkdz o jtemdlsjls ¢

JYTUo R wyodAwe Yt JArwv VY Juwuvdy [JIlsr uvd vl
1ol roév v cfrRsdf g wy YourJ10f R Zuoy [ w

b dzZstsls.Oyl v tesB SIS tesL cdzv dzzlsts € dzs ytso ' ofmf j €I
fesydjmM o TomMisOdztso Cd O Kifdafolidz dzdzv L Q Ots @ © Hadias 3
Isj ndetsdztse ' 2 h sk ydfdesEsy j Mads] dzjGoddas 3O dL Oy "' . l ots
3" Myw dz20 JOf° o jJtelZsB s HHiZts  ols jHm dB "ydaij~f L OH O y: tc &
(Confluence/ Figma/Jira), tc Iz Yy dzd HEzB dzt o O dzdaw i
OlstedBlzYy" ° (f tots ' d¥Ids,dz0D § @Yf 5 dejfdels ds,tiedds j Is) 9lstcOIs O
esdzvwdsdd (B ' Ldzgjfm OdOdz' sd& ( BA) Y HJdLO2dzjte Y
“dzlsj dzj ClskzOdzt dzts” mMd misJ d&3d, hts 9o¢Cdzt yo d3ts H iz dz
M BOdzsdydetsets OdzOdz' L £ MbgEBELZtctso @gedeg tc QYPH Oy, 1
Qo lssBOIdydtse s Mlsotstej dedgy J " €' o/ Misste" / §° HL OH O
Codaszte s jtojHAe BEts fESHY jdedgy Ul yjtejr Fignm
JWiClkdodetsfmils' ( yOfgo tizsisO®OtsB€d D DL OAO@qeptf ance Cr |
stsydz Mmis+ BOh ckelsdL Oy " 9d¢ sdz09 yYyw ds, C'dzr € Mis
Mestetsyd dzdzv YOz 150094 Is QdEsifIfO dadey 3 0ED Ti2s,Is o § "SH af dy &
fosL stesMis’™ SOdzlstcOMse OdzsMmils’® L &3

Szt ytse h lpdssezp? " dzlsj dzy €Is, NLP, ®sflsdd L Oy" w
QoalssBBOIsSL Oy w, n8n, Jira, Confluence, Fi gma |

I fpsfuv §fwLOCIsdy' t©oLiss dj dd' §isdicod

heodHC  Mis: ° wC* fplsf d3tdscte AalzfrjsigWmydz’ "y dg'* LLABYHIO Y °
odStdzz’ st Mw  etwkzydzsz O 9 ¢ dz¥ Y OO dzOH frisidjSolix
HL @2 dzj etsdE *  C 5 3DzH B JsOB B MEO: s1 L Ols s
9 ObtedBbkzISOR LOHOY, WttOcedj dzsOy' w L dzOdz
Ldzdy 2 HJjtejHBOYzOo Odz" Mis!  dzOdzz o Odzdzv IS O
dzZmistelzdzd delsd ¢ jtezo Odzdzy ftes' CIsOd3d efcd)i r a .
HLotsdzv s Is! MlsOdzH OtclsdL zo Olsd Otlsj W OCIsd,
o ddise O Kl jMmMstcOy' ‘dalsj etcOYt 2 e tsdzd
dslzyoOfmded?2 ' o j dz tesLoadlsSkz NLP " dzls j G o
MdMmMisj] dddzts Oo IssBEB)Is f SOz oth tftsy OH OY: o H
LOoHOdgdz" (v)) ' ftoslsldf 8 HB Wstodkkze Od
Lo OwWLCOBBd, ObtedBlRZzlORB * Ctodlsjt' wdizd f tod

) sflsOdzso § O | Qs @' tc s eds 8 d Is g
" dlsj dzj Sk Od dzd?2 f HE'H HB sfls
L Oo H Odzdz" ¢ BPOdaAUS h " Rtsds Oo b
MstekSlskteso OdzdS LOHOY ' ' & &0
sjBdsse’ 2 hlskydsets ' dglsjdzj Sk 5O

Is © sSB
qa&" L Oy" °
OsdL Oy* °’
tehtckzlsdL O

dzls j G 6 O

15¢



[ dzv HBMWGEdsj dedz? ff sMisOo dzj dats’ Bd Isd o

Hisfmdz' vy j dadav :

odiBdkOIsd OdzOdz' L. flsydtsets ftetsy Mk
olzrt ¢ 3 Myw;

Mftets’ Clskzo OIsd Yy dz sekz O s HIZzjd® sz sz n
ste¢ J MOy w [ 4] + " dEksjcecttOy" ™ Jira [5]/

tcsL tesBdlIsd st B3O dz' L tso Odzd 2 h OB dzsdz L
Context/ Scope/ Ul / API / AC/ DoD, OIttdslkzlIsd,

tcj Odz' Lo OIsd fHtetslstsisd{ : f Otemd dzc o d d3ts
LOHOY, GJjdgjtOy' w wsfdMm" e, MmMlseotstcj dgdz" B O
Confluence;

LOf testf tsdzlzo Olsd 3 IstsH d § zto-preparediztsks) Aftizw
compl et eness, routing accuracy, I terat

ELOcOdz dzgdIsd tjLEzdz sOIsd SO MW¥Bsttdize O
BOMh IsOB k9o Odzdzw .

[BO' €I HGffde siyjjifzdvtcc Odz" L Oy’ ~,  MisOdz
 ftes’ Clsdz 2 -Cus'd3f @'dalzts mis 1 toyiw idzigisls siHsdn) d2 H iy tg st
L Ofmtse " dzlsj dzy Sk Odzt dzts’ sBtetsB € d Isj ¢ Ml
Gjdzgj cOy' '/ d@3Oteh tczlsdL Oy* ' L OHOY.

[Mdesoadzd?2 L &3 Mb twieBlsyd L H' 2Mdsj des G ¢
&ZOdzH M OW Iskz: Jira w& MmMdmlsj B3O ¢ jtclzeo Odzdzy B
Otelsj W OCIs' o, Fi gma Ma k e H dzw hodHCSGE TS
StC j MsteOlstste ftesyjm a9 ° ' dalsjeteOy’ 2.

10 tedm. 1 d&OosjHjdtssbdEgdLlz BA] distcgzks
LMt yO~a L HdL O2dzj esd3 bklIstsydz® a3
C/ mMste' / " HL OHOY"' , Csff ' 8¢ YyoOmls d dzd
sdz0o y' 9. Il dwoe dzj dzts dz@Q itz ¢f &2° f daj w tseizlz S
d<¢ os Is! HlzB dz¢ 9 Odzdzv , dzd MlsOdz" Mmls W ts to d3
ddz¢d o ObtedBERZISOA.

1 Oftesf sdzso OdzO © HOdz Betesp(tdg' . ORA) " IS

sdtc! 5n-101.0Otc" © [ 8

1. 14t dzO: Mistste® dz€ d Confl uence ( M

stslsdfd Figma Make (' HjdzsdW® COlststed

MO’ ~, HBH) dd Mdzse dzdtd) .

w dzls § thRW(Ei? hot EENLPYIE' OBT
@BHE&J 9dbﬂ¢ﬂ0h®$&®@@j2

W stedzd , T te tOLdE) dy @s@'ls sz;cha'Od
hore/researchh@y@%@&@@
‘L m4Q14 wddd Context/ Scop:

dzi&/den 7 MeCn /2D o s te(d3O st Is o5,i

He s
L§4L0).
slists

&
Foo= O

¢
dz
a3

= ,d < O O 9.
7] Qs o
- FF0CCGT QG
w N
- =2 n QY X -
g7 =g ~
o
=
>

(n8n): stcd ¢ j tod ( sdzts o
ots HB ftMmisOdetso € d e, L C
15€

ot =0 T 0 3
—PgTE e

O Funo~@

oS- 5 8 " <



Of ' dzGc Isj ¢ o ' Cidai” Cdigiddzls ** &  Cdz@30 ddHi dr)
e o9/ Msste" /" HLOHOY yYyJteJr Jira REST |
&z SOy w LejdzjtetsoOdets’ dBOLtedy' L OHOY
4. dwdmilsj &i3d ftodL dzOyJ dzdz" : Jira MmO ‘
sG Iz; Confluence & Misdls: SO O9lstsdzO

C dz
JBRsSEO Y LOHOY' Y §ifddzOddzy dz0 &BOC j Isd

a3
|
iz

ot Q.

B

J
)

O @

MoTo4yHwui npouec (AS-15): py4yHa nocTaHOBKAa 3apay

¢

| BizHec-BMMOrA Big 3aMoBHUKE |
h vy

v

|r BA odropmnioe T3 v Confluence 1|
p. A

v

|r MiTuHr BA Ta QusaiHepa (y3roQseHHA NpoToTiny) '|
A

v

MoTpibHi npaekn npoToTuny?

¢Ta K

| Irepauis npasok y Figma |

:MiTuHrn BA Ta Qh3andepa (NOETOPHE y3ro4#eHH Aa)

|' BA BpyYHY CTEOPHE 3a0a4i B Jira (enik, cTopi, nigzanadi) |
J

v

| BA konite onucK, Aonae NnoclunaHHa Ta atpubyti |
e oy

v

Momunkr abo NponycKin?

Tak

-

| MonaTkosi iTepaLii BunpasneHs y Jira '|\

-,

| PospofHukun oTpumyoTe 3anaqi |

tdf. 1. Actinwksy Dihyd®OmfshlsOdise S 0)



Uinsoeui npouyec (TO-BE): asToMaTu3oBaHa nocTaHoBka 3 Al Ta n8n

?

|r BA cTEOpOE cTpyKTYpoBaHe T3 v Confluence |
\ g

v

|i NuzaiAnep NosHaqae peiamn y Figma Make i|

v

| BA cTaBuTh MiTKY "roToBo Ao NocTaHoBKK" |
\ J

v

| n8n eTpumye cTopiHky Confluence | meTanaxi Figma |

\ J

s ¢ ™y
| AI/MLP BvkoHye aHanis TekcTy, Knacudikauio Ta redepauin onucie

v

| Nepesipka noeHoTM (AC, DoD, nocunanHs) |

Tak u . Hi
3HEALEHI NOMWIKWAT

e -
| 38iT npe npobnemu nybnikyeToes y Confluence | | n8n cTeopoe enik, cTopi, ninzanadi y Jira |
\ J
| n8n nyBnikye maTpuuio 3apay v Confluence |
\ y,
BA oHoEMOE T3 L |
_ -

s Y
| PozpoBHuUKK oTpUMYOTE FroToel 3agaqiy Jira |

®

tdfm. 2. A d& S8ed2 PetspFPlsdidcs 0dz0 § sl

] tsBtls' tsLtesBdzj des st BOdz' L tso Odzgd2 h
Summary odStstcdmilsse 2° H s d3j dzdzd 2 i tcd
( 20 6-PDFIL NY t5H Olsd d@Rs2t)) PDF
Description &gO* Mils Odzlz -Wfiplelds iz ¢ IsSzctoolzp: € /
Scope, Ul / uUx (Wtj 2 d3d, o 0tc' Odzlsd MlsOdz o
Acceptance Criteria (Given/ When/ Then),
ZsCoOdz' LOy' ' v, & dks/ i, BJjLTJCO).
Attributes: u’tGISJQIs C B3 sdzj dzls, J 1
LOdzj ydetsipls® , &3 s€d, MjtejHsoadh j.
Links: Confluencenls tstc ' dzC 4 fc |d3g[ afsoONWOQd J
NLP-d3ts H [z dz’ L Of tso dgt h OB dkzsdz Oo lstsd3OIsd
tcj HOGERZo Odzgdzy BA fjtejH fkBd COyYy' ' ¥ .
vOCtsy o twtBsls' LOftosf sdetso Odets d3j stsH d €
ABtodilz' st Mw 11deOBY 'toy ‘@' Lldps’ MC dzOH dzesfls’® . 1 «

15¢



f smMisOdzse ¢ d: Cdestetsdz! dzO ( telz ydzO)
tot ¢ Isd Mmw TPT (yoOm o' H ¢ceBlstBoaBets U\
pl eteness (% LOHOY 'L Ctey € Isdzd d3d
L 2Oy dedzv ftots’ ClsE LERth ty@eieez Op d C S tz@0 g v i
s stcdzd » BAZ DesigyQedy' defect leakagei | W j € Isd Mt toc
so deslstss  ff sMisOdztso € d) . [ dzv L o3 dzgh j dzdaW
sdzz 65iB! " BjtOy" ', tcjLizdz sOIsd T Bfpj toj
JHdZHO‘B@/dZ@(Bd, Hiso " eyd d3d ° dzlsj teo OdzOd3d
Y' Skzo Odz tojLEzdz sOIsd ' dztsls dats ¢ tH50%HY tots
Jydes o' H MC ZOHdesMIs® * L to' dztsMB35% o d d3
wed hoOBdztsdzg L OYi'9'5,% rfo untdavn df j de® af uadasa \t
) Cdi3tf sdad dzdz &, € tZizdzt a2 1) s oo d
" Heodh j dzdaw stcOMtso Odztsfyls (f sfd
ostes ¥ Is! MW OoalssdizOIsdydets) . 1 dL dzOyd dz2@ s
sty BO 9 HBA ddsdilz ¢czshoOte® o d diEss! d
fsf jtcjHds B fjtcjedzvHE BA ffjtejH fkBdz €
1 OCtso O dftwndgvicddd. E f s5' H dzO dzdz fnd 3O dzls c
oddse (NLP) L sy mMdesse sl jMmMistcOy' * &
GjdzgjtcOyY" '8 destedzOdz' Lso Odzgds L OHOY Ek Mmdflis
stcOHdy' 2 dzd A f* " HatSH"  ® h OB dztsdz'j )" L OBGH
LOf o sdetso OdzO d3tsH j dz'
Csdzz® odlswe HBMJ dzdzdrm MElsdzsmisj 2
tc i3z MstczCsztesoa Odzd?2 BHdMm L OHOY

o FEg oo

:Q@ohﬁnqmagg"

N

o g0 —T

QEEEWI—"\
"Q—-OI_

T o

=3
7]

3]
& =0
O]

7}

jukz’® bttOmMses Odz Mls! codBSEO Y L
z° HdL O2dzj e €d2 Ctsdzlskz f SG SH

dzOH O WstedsOdz' L so Odzge d3j IssH S k2 €' dz¢ €
compl et eness, accuracy, I terati on coul
fSHOd M tsG isteH B dglsdeO dzsc 5 dzOo YyOdzdzy BSH §
Ctslizf Odz' .

l dMmdetse Cld tetsBtsls’ L Of totstf sdztso Odes ' 5B 7 16
Ssflsddz" L Oy* -’ ftetsyj Mk f tsMis Odats o Cdts diyf @ dzlz
“hjdzgdgvy B OL OWwRBOMGYL 'dzOIs NLfRIstse dr o d di3tsG d
OH Oy, steC j MistcOyY " "dglsj etcOY' 2 yYyJjtejL né
“Ct ol Mstste' / f " dz'L OOWY sz LJoijrHa) dats’ ff L mlzW tsto
tgcfaoWLQISB ftoslstslsdy " o Fi gma Mak e . i
d3tsdzfnlstelz mMkzlsls® o j M Bstesyd dzdlzv yomkz °
dfm" ' Istsydztsmls ' BOth czlsdL Oy ~ , L d3j dz
QtGOh J dzdzv stcOMtse Odets s * . ] SHOdz' h H tsfr
OfkOy' ¥ wBBHjdzj2 HEts HBHRj dddr ¢ dEZzshot'
| dzJ H Y d3J dzls, QdzOdz' sdC O ftesHizCIskz) , O IO
sMhis' Qo lstsdiBOIsdydzso € J dz] o Odzd » f SMIsOdz

o=,

SO HE T S I
N T [ =0

15¢



brtrfJws Y E8R[ O 7?

. Sommerville [.Software Engineering. 10th ed., Pearson, 2016.

.PodeswaHT he Busi ness Aiil@durgesTecammlogh 2009 b o o k .

. ISO/IEC/IEEE 29148:2018Systems and software engineeriig Life cycle processe$

Requirements engineering.

4. n8n.io. Workflow Automation Documentation.[ [ dzj € Is tc ts dzdzd I | 1§ §[ Tz telfip]i.ls Iz
https://docs.n8n.io

5. Atlassian. Jira Software Documentationi [ [ dzj C Istetsdzdzdi?2 { jioljdfipfg e s Mis z
https://www.atlassian.com/software/jira

6. Figma. Prototyping & Developer Handoffi [ [ dzj € Is to ts dzdzdi2t Jto jdfigdz teH§ iy Is 2
https://www.figma.com

7. Bass L., Clements P., Kazman$ftware Architecture in Practicé. AddisonWesley, 2012.

8. Jurafsky D., Martin JSpeech and Language Processingrentice Hall, 2023.

9

1

wWN P

. Bishop C. M.Pattern Recognition and Machine LearniiigSpringer, 2006.
0. Rubin K. S.Essential Scrum. AddisonWesley, 2012.

ufs 004.8:528.88

s.J]. wjkg' ToOykusdfus'sl [CHE &OlOY s Oc¢
L 0y' sdz0dz' dadzdz’ 1o jjRedyg dusdeds? ¢ dz ftetsea ! CO s
2CteO® defp €d2 Hjty Ooaded?2 kdz' o jtemdlisjls dgC

wr At foAwsr ¢ vemy T frwe vevtdfrteoreldy
Yletmyrederm T frdsf 17¢6 1o1-Rfwd SERNNT INREL

b desls Oyt & O dz' o ts' dzdz H ) LSO’ dz ftedL o
G' HtesIsj ndz" ydzedms MftstelzH oHBEMY sHOWM! Cdr M
tej MtecmMOdBd. v tetsBBls' ftoj HMIsOo dzj dets ' dgW steEOY "' 2 dzl
MisOdzz f tso | W@AREZjdEA] A fipdissets dzj 2tetsdzi toi Jots’™ € dzOMmd W
Sentinell ' S2ntideébtedmMlsOdzdz?" LetstelsCtsots’ dzj 2 tetsdadats’
Odz0Odz' L sds HIMY j tefp’ 2 sO MmJjtej Hdz = L d&z0y4 dz sL dz
Hsd3" dzz € g®Bts HOdzedr HBLoaBdddts " Hadh dlsd Istsyds f
B ZCtsosHAr LtsdzOn HtS 96 %.

szt ytseo ': Mddlas@GBOY' 2dz0 Isjrndesdzseg' w, CdzOmMdw " ¢
BdzsC tso O d3tsH] SentineR.Sent i nel

I fiski o jtendzj o’ eotHdA ) Mkthd ¢
WEdSy' sdke Odedzy MMy " dz Mlsoe © O jSCsMmdmisj
2 HjGBOHOY' YjtejL ot dzdz H' Is© daj

dzj sB R Hdz Mis! L OMistsMmize Odzadzy ) ey displorts * * yd@hfr
Bsdz' ssteddzcz SO " HIsted 3¢ d fted2dzvIslsw k1 tc

LdZOMdz' HBSC k2 dzgz o Odzdzaw dzOL J dBded = MiIsOdzy’
Mfzlsdzd S s’ Ldzg BCd MisOdzd tsMmdesodzddz HY J to
O BHB2dR. I tHd BO6' CIsd d&BO¥¥Is: ddL! Sk ©° H

16C


https://docs.n8n.io/
https://www.atlassian.com/software/jira
https://www.figma.com/

Is © CcteclsCtsnoddz s9 sBEz CdzW e Oy d oo s dzts 3z
o' HBCtej BBz 9 OIsd "= 9" H " " dr2kdtimpj fswPt
“dzH j S MOd3], sO¢ddizd w¢ Nor mali sed Di f fe
Normalised Difference Water Index (MNM), Automated Water Extraction Index
(AWEI) IO “dz. [ 1].

dfsMmisjtej yjdeda" L twOHOtdzdr M Ekzlsdzad ¢ o
HOB Is! Ldiiséclkz tojekzdwicdests o  HMlsjyx ko Old HJd
' H ftsetsHdzr EZd@se. [ OH' BdsC Oy 2dzd?2 Mmdac ¢
2O CdZzOHSC ' 2 o BHdtH S 5[] @EZlz' L s Bledsiglzj dalzv -
Is § d3dzd d3d , hts HO' LdB3sckz Issydess o' HBC o] dB3d
My dzr des™ <~ BOtedetsMmils’' . 1 02ftesMmis" hd2 " HA
Tthkdaskz Ist v 2O Y stesetse 2 M 6 d3i dzls Qaf Bd, !
L dzOyj dzdew a3 ' dzH j S )" @ NDWI Of1ts EN BMD dzd@ R
iLO LdOyjdzdev d@3 S Bj W' y' ‘ dzgsO Lotstetslsdesets tot
L dzOy 4 dzdav , odL dzOyd dzj , &zOof tod € dzOH , LO
LOBJ LY jykzslsy HOMH,o s iodfd Oy v ° B dz
HIS 90t Oy' 2 fbteselkz, BHABRZOS £ LtdzO- L OB
shiskzf O Is! mw LO Istsydz flss tcJLdz sOIsk
Oh ddzdzs e 5 dzO 9 Yy O dzdz™ .

[ jlstsH ( BOh d dzdzts G 5 dzO o Y O dzdzv Is © h s Iz
OfMstsmMsoalzs Is! M Hdzw COtlslzo Odzgdz?y o tsHdzdr
jted " LOBjLY jyks sy odMmtsClz Istsyds Mis! L O
B'tcCd [3]. ¢dzcstedlsdzd OHEB®S 2w &z' f,] tc f3g €
| Clsste” &9, tjeiMm 2dz SO CdzOMisjtedL Oy’ 2 dz
BtclzH dzj dzdzv , fioscdetsL o Odadgy v C sfls 9 SHC
HBE2d3 LO ftsH Bdz Mis¥ MisOdzlz.
[MtsBdzd o ' Mlis COtclslzo Odzdz" o tSH dats”’ ftso jt
G' HiesIsj mndz' ydzedrs MY tstelzH ‘ dzOW 9 dz' Mis! ud f
H' dzw dets €, hts Mo tstes 8 Is! L3 M Odg ' Cfd dz
L zd3ts e dzs & Is! HSHOIS ts9 f sndedf flzs€ dzOM v ts ¢
tesLtctsBSCd desodr ' dWsttdzOyYy' 2dedr Isj - dasdztsc
¢ dzOMmd .

[ jIstsH Htsfdz' HY J dzdav tesL tesBC O " daW st
fso jtorndzgj odr oBHB2d3 L odSttedMmlsOdzdz d3 d34 Is
LOBJ LY jykzs s Ctstej CIsdzgy ttsL ' L dzOo Odadzy
LOBBdzcYyj dzd s H ' dz¥v dzC O~r .

]l sMilsOdzso ¢ |Odz¥ Om ®OMW 6 dz dzdzy  sMisOo dzj dats’
" eadtt hjdg 1SOC' L O9 H Odzdzv :

f esLtesBdlsd ‘" deW sted3OYy' 2 ez Isj n desdzts@e ' ¥

dzOo yOdzdz? I1sO MIlsOIsdMmlsd ydesets OdzOdz" L 2 Hd
1 Mo tstedIsd Is © &zOo ydIsd LEtstclsS so Iz dz4

OolstsBBOIsdL so Odetsets tesL f " L dzOo Odzdz" o tSH dad

161



T LOftostf sdzgzo Olsd B dzsydalz dstsH jdz2 HOdedr” HO

f Chjd o k£ & SsosHddr ' L OBdsy,j dd?
1 ) Oz Lizte®dHOBdzd2 StdfdjCh HEY GBS
o' LEOdE LOY' ' tjLbkd Ok' o &sd Istiteddk

T ftetseo j Misd f stc’ o dgv dz' dziz sy’ dgs [z Is 5 y dats
StcOHdy' 2dzd 3 4 ssHOBd ( € ZOMdwWw * COy' * ¥
HOdZd i3 -BentBidssSHBdR [ yk 1) HOdddd Sent

T ftecsO0OdzOdz" L o OIsd HJ&ZOB Sk L B3 dz ff dztsh*
GtejBdz' sOmatsoMms S8 [ ¢.

[ Mdzts o dzd 2 Ld3 Mls tcsBBISd.
) dz,O H' dzv dzgC O f dztsh j¥ BdzdL ' €5
LEtO ded o 3 Y [dz" ftetstf j stetso M+ €57 M j

sn st dzs u fr]lsc[ dzed y dz' st BOMj2dzlz [ dz' o
dzd 30 dzts d3, E]Is&tsﬂtpiga(hu% 1dBg O dzdsd® 8 z@ 9
o BHBMAtsO N c1d3 ldskas ctcjBd SsOnttoaMm! C5°
Mistc’ BC J M stetsy dzgj dzdzv o sHtSMr B dhM O, f dzts h
Bd&zdL! Cts 2, 2 q’fr] ¢ 3] , O t' 9o j dz otsHd L
Zlso stcd dzsmw Is @ rssaamzqfﬁjothJHdz ~ ' Hte' Bdzd r
Bzdzs L dedh jdes MdMmilsj &isd L tesh jdedz?" IsO o tsHBH
[ dzw o dw e dzj dzdzv ftso jton dz,Jaq’: 913H152d3 :
Sentinel2 I1sO Sle,nt Blated dz0 dz' E BdzdL ! € HOIsd

it sHd: HEts tekz2dzzo Odzgdzv cGtcjBdZ s O~ lsafr]JQ1
T ek dzz o Odzdzy, Cmd&fWicod HdzpsmezisH dls OO dzdzh @
fts' HdeOIsd HOdE tsBtsn Mz kzlsdds @ L dzj L dzO
szfzlsdzd s’ -ZHOWDZ A,Selstcidgbdzs L f stclsO
Access Hub. 1 dv OdzOdz' Lk 9adStstcdmMlsOdzs € O«
dzds) , BOS5 (705 dzd3), BO8 (842 dzd3) SO B1l1l
SAR-L dz' &3¢ d -1Ae GRDi imterferometric Wide (IW) (Path 167,
Descendi ng, Frames 431 s© 437) B Iz dzd
totsL ' ¥ 9 Odadzy " ftsfjtjHdy 5 tsBtotsB dzj da ¢
Thermal Noise, Remove Border Noise, Caltion, Speckle Filtering, Terrain
Correction L Coper-mdB.us 30 m DEM, Li

ne
I S sdz0dz0 S dzOmd% ' SOy ' v MbkfbklsddSss dn
L

LettelsCsots’  dzj 2tetsdzdzs’  Bitei  ( CNN)
sflsdd LOstsd Adam O Wbdbmtftopplc@Pisn:"
Bjteiy', "t MSEOHOEOMY Ldjsde jsBdzdg SecdslCds o

Ho tsn 1 So dztsL 900vCLEABYCRz hiRjtdd joH,s0 d M OR Ker as (
rywe' H'  dzvdeCd MmMefklsddStsodn Ldz" &3¢ o
2 Ltck2 dco Odesets s ORtseafMm! Ctsets oaHBMRBO
SH", so¢ otz sz T tekz dzls Iz, hts L dzd ) Iz
gh j dedzgv HEsMistso L @fizts fif ts dzticg @ dztelz! ¥ Ols ff o dzlz
n wWCeO fH' dzw L sSBtOY § dadz? dzO B dzs§¢

162



dzOdzj » dz' Mmis Coydesets BdzsC 2z HEts C dzOMmMkz cots
fsmdz' Hise dz' Misy MOIsdmMisdyudzadr ' fJtotsMiststetso
stsydesmls® ¢ dzOmMdW ' COy" " L "Oddms ' CMmj dz
10 fjthtsse JkOf" odedzz’ Is! mMw OdROAz' L
O' Haddzj dz@ CtsjW' y' " dzslz @' O] €l Wi @' A Gz
tctsL )" ¥ 9 Odadz? U 41 O HHAOEEE -~ S € 20imn el. A j
wed2 CdzOfm f jtc]j 9 Ot OB dztv € IE3j D) OB tc O s j iz IS O ¢
SH dztste” H dztsfls * .
cShts BdzsC odwoeodzw' Is! MW dzj SHdzstc" Hdzc{d3
f " HBAZESCd HAEZY HJjLOdK d "sets OdzOdz' L Iz, g f
olsstedzts, s LBBjdz"kz° C° dz2 €' Mmls! ”O[deo[:
10 Htozetsd@dz jIOf' fteseoasHdIls! Mw 0OdzOdz' L
'ﬁlz s+ mMw O ftodtseoddlkz tL d3 k B AsC iz,
JartsHd d' ¥y CdZOMOdd IO fCtOhdlsd L
L dz0y0Os Is! mMw BdzsCd L dfQififdzj, 8 Oy Owlalizw dzdzdf 3 o t
sdMmMisduydze ~OtOCIsjtedmisdSd (MJtejHds , M
HOe IsO ¢MmkzatH' dzé.
[sted 30Odz" sCOLddSCd od¢ tGo[fr]IslsaIz*flstnW
BdzsC " & LOBjL jykze Is! sy dzd 9 * Mis sy’ daf
ydmdzO dz©@ H ' dzW dz§ O~ L Ld3 hOdzdd:sq’ My j CIlstcO
4 ¢ ZOH SO ' tcSL tetsB dzj dzts”’ CdeW stedzOyY ' 2 dets’
Cdzomdw * € Oy" fseojtocrndzgj odr otHB2dR dO 'tsfy
Sentinel2 tsatsfds sls: ¢€' dzr €O tsfn dztso dzd = € 53 s dz]
A [ SH Iz dz BsH | dz6 9 Odzdz ( Model | i ng) : tc |
LetstelsCtso dn dzj 2 tots dzdzd ~ Bkj ted N, o C dzt y
WEdeCy' "8 OCIsdoaOy" ' IsO tsflsdd3 L Olteso
B.[ sHikzdzr tBtetsBCd LtsBtcOy jdz@ (1 mage Pro
sBtesB O (9 dHOdzj dzdzW h 2z dzlz , COdz' Btolze
¥ stedslz o Odzdzv B dzts ydzts”’ MstczCIskzted H Odzd-
OpenCV.
C.[ tSH Iz dz Cdzomdw ' S Oy" ° (Classificati ol
Hdzw o dL dzOyd dedz? 2 dzse * tedatsmis” dzO dzj ¥ dzts
CoBBHOE sO® c¢MmMkzatH' dze “L ftsHOd hdd
MisOlsdMmlsd ydzsegts O0dzOdz' L z.
DI sHkd MOdmMisdydtsets OdzOdz' L & ( St ati
MisOdzH Otelsdzd s ©® ' Haddzj dz2 ' 2 d@3tse " todetsfls,
BdzsC " & ° Elstsydz] dzdzv tj L lzdz! IsOIs' &9 E o34
v syds Mmls! Cdzomdw * €Oy sy’ dz¢ 9 OdzOMmw |
ztsdzdzd &3 B ' dzOtcdzd d&3d tcOMmMistetso d d3d dZOME Od
mis* BtsH j dz odSEtstedmlssolze Is! Mw ¢ OL dac
) Fal se Positive( FNBR) OlsGOs OKalys e' dad
t lon over Uni on, loU), w2
d “ otHdd di3d d3OMSE OB .

165



10 tedfm. 1 dz@o jhHjdes §tedC d&zOH & zOMgW " €
LsBteOY jdgdz", E WwWCtsdBz dBsHjdz LebttelsCo s’
ZOdzj y dzgsfls' His S d&OMk cMkzotsH &z& w¢ 0, 46,

(c)
TP

Al

/

0,06

0,05 |

0,04

0,03 ‘

0,02 ‘

0,01 N ‘
11111

TN

(..

tdfm. 1. [(BLYBH' dz ''delsjctOd detsets ' dzH S Ols
(O0) B'dzZd?2 Ctdz' 6 5L d&ZOYO* d3 Myd LSO E
(B) B' @3sHOdz dzO ¢ ' MstsctcOBRO totsL f sH' dzz L dz
(9) dzOBdzdy jdzdzy ¢ ' MIsscetcORBd L O HBY sSBScEsH
1 OLts9 ] LESBKGOR, dzdeh: IsTOmtdavn €102 4 tisC k2.

tBLYBH" dz yYyoOmlstsls " delsj cteOdz! desets f 8C OL C
L dedLt Sdd3d L dzOyj dedzv dsd o HyiBsOo "  HO' fi" €My
CkzOmME ¢cmMkatsH dzé (G). sBBYdZO L Hotsn dSH
fdtedHd &3 SO Mmls Odznd]) te Isalaff 3z J Hdadddgidj dzdaBB] * t6 C
9 ' Hftso' Hdzdm C dZOM' ©8 OO L B9 Odzsets W tcOG O3

p L

"Q'0 o) h (1)
] I/IC :

Hy Oif"' CMmjdz@ ¢ dzOMEkz ¢cotsHOe,

G imjtejuHdz L dzOyj dzdzv, odL dzOyg dzy 4 B ' to

, TLd2Oyj dadz? MmMlsOdzH Otclsdetse s o " H - d dzj dadav

CdzOMmMkz coBHOE.

CcShts C dzA@fde,j fzied o O Is! fmw fste' ¢ o dL dzO
zs ¢ Odz! dgd d3 3" dz' dsz dZssd3 B ° dzsH Odz! dzts’ ¢' Milstsc
L dzOyj dzdz? o dB JtcO8 Is sO¢, htsB o3 dz2' d3' L zo C
omMitijHddz CdzOM' &9 cotsHOe ' c¢cMB-BH' dze 1O

JQ  Oi QaMQE U 6Q h (2)

Hf 0Q T stg° @
Tdgdetsy d dzO o' = H
DLOQ TCtedlsjtc" 2 odB



HlsG)Isc[fr]lsc{udzq’Q OdzOdz' L. odBttOdSEe s B AECE

2d@Rse " todz Mis! HtwOoddz desets odwedzj dzdgv o tSH dz
fesd3ddz¢d ¢ dzomdW¥ " SOy MmMeatsutsdkzk w¢ otH(d
(FN=0, 01) , hts L Od plUEQ B IS ts gk Idnds™ o ts
CdzOmdw " COy" ' (ot adwdets L f syOlksStseotse dzf

r qdzodz' S22 L3 dz ff dztsh* o BH dzts’ ftse j tcn dz'
ftosOzOdz' L soOdzs L O BOGOIssEYOMtse d d3d -1 HsfOz Is

Sentinel2 (tedm. 2) .
CcS odHdts L todfm. 2a, HB tolz?2 dzlzo Odzdzv ¢
fEojLRd BEEO BOCMJBO® dss ' MisOdse d o

% f dzsh® WtcOcecdgj dzlsO L sBtOY jdgda". [ y'° 1
fteddzj ez otHd BO' Clsd.

1" fdzw COlsoOmlstesWd (tedfm. 2b) £ yJ tco o
L d&3j dzgh d d&zOfmw B "Tde'sh 1de', 2 BH g ftgdB dzdL dzgts 900
2024 to. (tedm. 2c), MiteslsddzOmMw HEBs 8, 8

16" Hdzs L dzOL § dgded 3 MY sfylsd ted X J dedz” d3q ,
osHtsMatsodh j BOds L OcOdz dzk § dzsh 2 B dzd L !
BOSC Md &3O dz! dzz h dtcddzz 25 € ds.

1" fdzw odltsC iz o sH( Zlso stcd dzts fypw ¢C' dz ¢
WieOe d&3] dzlstso Odzj tczmdzs 1 dz ft.cO ff dztsh j & B dzd
oBHEB2 B f{dztsh js¥ HtoedsdzdLdzs 307 € d3] . l totsls
sO o  HMMkzIlsdzasMmis ftedssC O segg dzh Bo @ ztfh O,
ftots dzjLoBteslsdz HjGCGOHOY" ¥ otHdzdr | ¢ M

t dm. { 2L dets yB®disS d fso jtendz] ©dn o BH, Mis ot
LOf totsf sdegtso Odetts il s dz®E " 2dz ( ©O) HB k2 d
J(4# 3 sO 6 IstcOQoadgv 2023 totsE2zNatural Galasry J§ |
St 30dzy 6 IsteOQodgw 2023 wWsCk,; (B) dzgj L OB
lrdg 20 yjteadzw 2023 tGBQIz.-ZNaOtLusraajl L (s | tedBu
YyJteedzw 2023 tstlk; (9) vyjtir " ¢ f° Mmdzw
stcQodzgw 2024 ttsCkz. 1 OR2BHgtusatcOgg dzdr &
s ¢ Iz

1 ste’ o dzv dz! dzd 2 0dzOdz' L tojLEzdz' sOIs' 9
fso jtendsj ©dn OoBHBS2d 'L stcOH dy' 2 dad dz3d

16¢



ftecsotsHdomMmw Hd&VW Iste! tsmn H ' dzW dzts§ : Sn tSdztsH Y |
Jdzj CtesmlsOdzy ' 1 dzsL jJtem! CStsets dzd B3O dzz Is
' MIsO 1 O0fste’ ¥ Yw. A IsJtedIstste’ ’ Blzdzs S
M kzlsdzed ¢ s d - L 5eds@z) dadzWChf Ol Sl Is djwizy ¢ ISt s C
9 HMEZIsdz Mmls! L 3" " Odzd A f'  C€Mmj dz' 9, hts HTt
Odze stcd Isd3’ o . [ dzv HBMdz" HY J dddzV ( DAR)StclE®) Is S €
(s Isdydz Ldz2 3¢ d) L O 20 vyJ tco dzv CRdpd2'3 ctddsjCE
sOntsoafm! Ct8° J 4w, Cdzd otsHdRO o jtomndzw L O

[ SOzt dzdzO BOMEC O otsHdzdr BBO' CIs' 9 Mlseo st
L 5BtcOY j dzdz®? Be f toiJmcdslH dzgd » S tsdzr steOr ( Nat ur
BOLE HAY fHOd htsets ftste’ o dgW dedgv toj L kz dz!
st dzd?2 §5C0OL dzd & | ¢ 'OuiAfstmizist dzttldnds * ts 1o Hd&30O «
oS tstedmMisOdzets S5 W" y' " dzls fjtedlsddzz f dzsh |
Hotman B dzOtcdzd~ L tsBtOY J dz' .

[ OMC O, ¢ BEHBo O&ROAZHZOS fipth das® * H2DJdRYBZHY eSck
ts f) dzts o dz' fco jtorndzj 9 o sH B2 d&3d, L s5C toj d@3O
SortsdzcH Y zZo Odz' dzesets MO CO 1o 84 ' CcBdzso dats
hs CdzOM cotsHOe YOMIsC tspiste ddBdztsy Oote ZfiZlsEzm
jtcrtsdze, BMmtsBdzdets o dj y Or dzOMj dzj dzd =

dzC tso tsH dzd A ‘ L OB tsdzts Yy dzd L s5dzOn dz

mMrtseodh O. [ sted 30dzO0 Issydz Mmls Yy! et (
6, 2f 5de®SC BB d3j 3 J dedlz" MY j S lstcOdz! detsa s  °
d

@
()

")
N T

o .
me¢ o, fsBkHtsSo OdzZO L O BBjlstsHisdB gyl VH
dqLOYy' ' -18fibtBEesd Y oddzOmfw B d " M
tedztsfils’ . 1 s5dz0 & Misdls: d&3j dzhj (tetsy zf
O

INF&He-

7}
OO
&E
o5 2

J 9 HSBIOY O Hicfoprlztiz L ©IstkY dzC ds.0 i tdcH]
WOCIsd bk -rolddglazwdz® fifyfde'Sfig C setsmtf sH Otefiy!
Isj rdetse j dzdzd m tBO ' CIsOn bkME &zOH dz¥ ©8 Odzd ' dzls §
Hdzw y' "'~ BOMEd MisOdzsoa ddzs 0, 84 3, hddz Mo
® Hf o' Hdz MmIs+ IOzt dkz.

1 02 Ctc O’ tejLEzdz IsOIsd ftoctsH | 3 dzmiIstelz 9 O
totsL tesBdzj d2ZO © d3j Y OrR HOdesets Htsfdz' H Y j dadav ,
dzj 2 tcts dzdats 3 6 (CNN) L Bdztsydeddz MmlsOls
f " He' ' H HBLOoBAdde d& dz di dedzmo Ofs'dS fif) ddz! o€ * NdzC
mMeisteslsdlsd ftsdizddz¢d ¢ EzOMdW ' COy" °’ o d&j Y Or
slsted B3Odzd s BOMEOR o9BHMBRO o jterndzY 9o  HBBI
IstsH® WwWC dzgj L dzOydz©O € dzv € Mmls! §tsdizd dzC tso d =
fedB jtjydzedrn ©0O2t5d20A .

10 tjLbkzd IsOORd ty' dz d, Istsydz Mmis! a3
tetsL tcsB dz] degtsets " dgmilstezdzy dzls Otc” ¥, MlsOdeso d d&zO
StcOHdYy' 2dzd~ dBJIstsH ' 9.

QN "= SO0 N

5 &
. =

16¢



1 OS¢ s O dAfs s dft d®" z tetsL totsB Y’ " odal st

Gj2sBjciyijos’ CkOMdW ' COYy'® fsojtendaod
HOdzd »  ° MlsOIsdMmMlsd ydese s 0O0dzOdz' Lz teL f SH'
stsydetsmls® ‘" HjdalsdW'® SOy otsHdedr G Bo ) t6Ez08

I ddzso § O o5 sdzso Odzets ' deglf stdkOY' 2 dalz &

fso jtcrndzj odh oGHEB2d L'O SROdIBRP | BeOLtli' rise v
BOh ddzdzts e 5 dz@ o Yy O dzdz™ sO B dztsydzs' 2 BsH j dz'
lsOlsdmisdyde FROw©OCkjtdmisdsd O©daPi' ¥ tc® ® d3j

L sSBtcOy j dz’ . wdzW stedzOy' 2 dz0 Isj mndesdzse” W B O
dzj 2totsdzgdzed = dBjtejy * LOBjJLY jykz® byds fmls!
loU = 0,961, fjtejodhksyd tjLizdz sOIs(d

OHOf kB0 B dz ksteddclk otsHddR toj Mzteh' o &

brtorJws Y JurR[ O 7?

1.M. A. G¢nen, uU. H. At asever Remote sensing
study of different indices and thresholding methods / Science of The Total Enviroini@2eit
2024.1 172117.

2.Che L., Li S, Liu X. Improved surface water mapping using satellite remote sensing imagery based
on optimization of the Otsu threshold and effective selection of reseoiging water index /
Journal of Hydrology 654, 20257 132771.

3.Jahangeer J., Joshi P., Kapoor A., Tang Z. A review @ridden Google Earth Engine applications
in surface water monitoring, assessment, and management / Discover Geds8i@nc20251
140 M.

4.0. Nepsha, S. Hryshko, L. Prokhorova, T. Zavialova, V. Lysenko Environmental Consequences of
the Explosion of the Kahovsky Hydroelectric Plant on Biodiversity / Revista de la Universidad del
Zuliai 15, 20247 & . 1183

5. Sergieieva K., Kavats O., Vasyliev V., Kavats Y., Kovrov O. Machine leatibasgd monitoring
of wardamaged water bodies in Ukraine using satellite images / CEUR Workshop Procéedings
Vol. 3790.1 2024.i & . 14342



bfs 004.056:004. 94

[ w. [j% jpwssol Hizsd sdu dO.dfs.0'0) L2
0Oy tdzOdz dzd 2 Isj modzlzyifizg @ o g dL @ 6 i I4lfddss, dz'

JI1t 18 tfr¥frwfrirRm vt o1 ¢sAws
I JTwst et lpwewmuwy s v v w

¢ detsIs Olyte ¥ 1 M ls Gedejdziztds f ydzd 2 OdzOdz’' L * Mmdzlzs yd = d3j
HOdzdr SO SCBdRRBEzd SOy " o & StsMmjtces Mdedr MdMmisj
Gjlsjtetsc j dgdzd m B Ctoetsfmjtco ' Mdedn mMdMmlsj 3O-, fste’ o
ftesBdzj 3. [ B OEHRStsdéd@d@d (Ot & Cttsfjtce " Mdzd n
f tetsB dzf &3] d 3O dz' tcjLizdz O] ¢ IOK ds@ddz dzdgtzE otk too
BOE Is! ' Histed 3z o OlsO Lty SdeQ H @atE'? thjsOEaz! IsOIsd H Mo
B'dz " fmcecdzdBdzj desets odoyd dzdg?v ftesBdzyg d3d 'L tsdzw y'

s dzt yseo ' ) dktwds@):j tco ' MdzO Otern ' i ClskztcO, tetsL f SH
sflsdd" L Oy w Ho BW OL dzd n stceOdzL OC y' 2, 9" Hitso tsMls
OfmMd dzr esdzdz® S Bz dz SOy w.

I MisktsL edzv H O Is! MW dzOMiskzyf dz2' Isted o &zOMmls
we' fsfmMddzO’ Is! Mw Isitstej B8O CAP: EZLGEtH)Y | dz
SHdOCtse' HOd tHdsyOmdsts, dzjL Odzj ¥y des o ° H

sL dZ2ZO0yo*, s oM (& chpizd Gzl ME g ¢ Is dkz
wWChts otsdgd dzj HtOys e lss . L] Bfntssdzdats 9 O (
dzdL!' Sk Mmls' 2¢" Mis! HES LBB 9; mis* fmls

ftcOys 9O0Isddgy dzOoe " Is! ' H YOMm LB@Btsd:su@Igm(f[(

f so ' HEddz] dz By i3 tsdzj dzls ©Odzd . K J Mistsf
o Jddiss C' dzt €' Mlss L SH' dzj dzgdr dzj L Odzj
1 0 yOdz , dzj 3y dzd o ts i3OI o M Y o dzO
Htsa tsH d Is! H S tesL f sH ' dzj dzd ~ mMdmisj d3, Is O
3" Ctotsmj teo ' Mdatss Otcrn ' Isj Clskztotst . v fMmets’ 2
tesL f sH' dzj d2' 2 MmdMmisi o3 ‘ stcd ®ejdz® , L WtHd
FLEeBHY J d2' Mis! |, HsMiskz Y dz Mis sO Ml 2¢" Mlis:
cotstedls!, s dBsydzdets LBjte' ¢OIsd dzdh j Ho
'Q'[GtSijJtGS'fr]dZ@ mMd milsj 30O, we ftOo ddzs,
CMmils' o, o Qts>1dzlsd3|z L dzdnm L dZORSHWIS!
sy HOd, wWC' odi¢stdmlssebkze sy MW L B9
Jdzd?2 Ctsdzlsj Cdiplg cgP2 M oded2 oadte’ hlz*' Is!
dmw L " dhddid Stsdsj ¢ MisOd3d .
3" dzed, wE¢' offtesoOHYzE Is! Mw o Madgle] &H.,
s+ qw W EdSy' tsdkod dz d3sy dzd o sfyls * w
O dzO0 BB dj Y J dz Cedzlsj S Mmisd, w g i tc
HdIlsd, hodHiz 5® OQalznj o BEE N BE' tsHUdzs G
‘ C'dzr €' Mmlst 3" My’ , w g f slstc’ B dz'
16¢€



oftcso OHY ko Olsd Yy LA dzd. w wChis fslste’ BC
Ctsdzlsj SMisz OBts LtwesBdlsd LOfdlsd Hts WikdeS
o0y dzdots fsHEZBOILd s Ctsdizzde COyYy' & B ¥

1 sMisOdzetso € O u ls O O ydzadzw CGisted L Sdzls Odz! dzts
9' HdBsotsMls' 2C 5 Otern " IsjSCIslzted & CttsMmjtco ' M
s© BASE Hdv ttsLftH' dzj dzdr IstcOdzL OCy* 2 o
B Ctetsmjtco’ Mdz' 2 Otern " IsjClskzte’ .

[Mdzso dzd 2 L Bl fishtcEHB BIsd .5 yOIlsd, o O0tlsts L
"k ydr Ijrdsdzse 2 dzf ¢ tsBtSoOWLCtso sk
B Ctesmjtco " Mdz 2 OO " UWdsjjShlsiastalrtsc ' W &z His Y | B
GdzJIthsdzOlso[adzlz, wehts y' ot Odz' Isj tetfla®liste jo &f
Mdmlsj &d. s’ B3 bets, MOBO Csdyjfy v d
o BstedmMissoalzoaOlIsd t' Ldz IjrdesdzsEe’ ° o ' L
s &3, MbOdesdz dzO0  slssyded?2 dBsdzj dzls, L O
Cy' sdzOdz! dgd d3d SO cGcdzzySdadsd Hdzv L Ofmlists
dzOtG‘W:, hts fsodwLOd L o3 Ctosfjtco ' Mmd
IS m dzB dztsG " ‘ sSH dfigtto £ o QEARRB " Hz' fne B8 dK
tcedlsd?2 Mdttyjoed?2 CH, IsO HtsMiskzfdz L O
che Kafkai ° tesLftsH"  dzjdzgj Mrosoadhj ftsH" 2
) HOdzd - . A J mMdmlsy i3OG L 9 HCtedIsd d
ti on, &ZOf d MOdzO d&O Java sO® Scal
soO0Odzz o dMBSftesHEZCIsd o dzz  difwdz CdseY tetiaBd
C'e9 HOd~ E tj Odz? dedBz yOm' . Apache
Jd&B (Hdzw " BYtstllkz/ jCMftstclsz HOddR) .
a Streams Hdzvw Mot dzdg? H totscteOd3, N

MongoDBiT HisSC Edspizls sdzlsso Odz0 MdMmisj 3O E tc O
(vl 71) L 9 " HEGtdlsdds o9dr Hddd ¢ BH A, w C
MongoDB L O2 &30 dz' bz d3' Y hodHCddid d
s jtokzs Is! H O dzd d&3d z Wisted3Ols Cdzs Y/ L dzO
WEZdiS sdzOdzt dgd dizd * L telzydeddzsd £ W stcdiskz o O dzdz'
PostgreSQLT ° BJLEShIstsodzO MdMmlsj 30 k1§ tcOo dz

Odzdr (twULJIT) "L o HStodlsddy adrm ' Hdzddz C 5
mMzd" mMdesmls® L SQL. wftsyoObSlkz otdzO® BEkd
AsHY jJdadz" WC MYOHSCB' YW dzBOL 8 Oded W s ak
"o jtimdisjlst e 1 jtld .
. NET (oddtsedzv ' Is! fqw w ¢ ¢ H tygdzjBsjeL; ¢ tstd Asck
I5w1stsd3® L 9 HCtdlsdds StsHtsd HdV o d¢ t5dz
fitOy 2dzdr MdMisjd3 Wi ndows, Li nux ° ma
. NET Framework. lttsjCls o thhtses ksl L
HEf csdlisets¥ . INMET Foundat

Apache Kaf ka, MongoDB Is©O PostgreSQL
By dzdeotsmils® , oadStstedMmlstsolzs Is' MW HddzWw to' L dzd

gn
jab)

O]
S
dz
dzO

Fes NS @ I

16¢



HizY § e tsy BtsH j dzf ZL GtSHY J detsfls® h s
JWJjClsdo detss .

Apache Kaf k a Is © MongoDB L HOls dz' H
CtodL Sdzls Odz! desegts d3OMh IsOB Iz 9 Odzdz” |, O Postg
hs o MmMetss Yjtelkz HBSL O AV odidkzzo Olsd tof
d m dzisdztsG'Wd3c[ SHdsyOmdg Olnjdet sted Mistso 28 yd

s
Il d¢ sted mls O dzdaw . NET w ¢ Zdz o j tehOdz' dat
q’tGlSGtGOd3dzlsG15 CtsH Iz HiSL 8 sSdzW dzd € dzlz Is d
B Ctesmjtco MO, fHted yY' sz LBjte' ¢O' Is! fiw
lthtSGtQOd3lza®dZdZW AsYyO 9 yY' 2 BBl U @
f' ' Hstcd Bz Is' MW  OtcOHdE RO OfMmdden tesdedatsc ts
LO2otsGts BdzsSCzo Odzgdg" dzO o' o dg stf jtcOyY"' 2 d
M sy do Odedz?y fjteo jtodzdms toj Mztcm™ 8 HdzW ofy’
Cdals j dzfnd @ dzO 3§ toj WO L’ d3tsdy” Wie s fipd tel® T M
KOS Y HBLoBAEY k' MW dOfEewdz odS ddsOlsd o«
"dezsj Oy ¥ L ftosdttOBOR], wWC' dzgj odCtted
10BJ L Jyujdedz?y BOzOdzMEz o Odzdzy dzO9 Odzls Oy |
oS sz Yyses MjtejHBOdN O L O AH SO c s Iz dac
Apache Kafka ° RRsy dzd 9 * Mmls LOBJ LY Jydlisd
sBtetsB S d ftso ' Htsddzj dz [ 1] . l 6 tc O3z o
j CLi BV eOBd MfsydeOy o, fttd yY' sz Y
9 ' Htsd3dzj dz zO " B Bis.L o Bzw Wz @Y Ipls j d3° RO fi
“dzt b jdedaw tsBMWGEkZ HOddR, Mt LOYdMmke Is!
Miskzy dz' mis! : wWC b sk v dbdze Y 5y do OyY”' o |
' Hisdidzj dadz? dBtsy dzO ff jtoj dz2OftcOQoadlsd HB * dz

o T -
7 7 BT

VU Apache Kagjf kdaOlsjjaig®tc’ v OBt COdzOdz, HTs
JBO fsH Bd&kO (ntyYyo® 2 HjMhts " dzh ©O) Hts € da
dimlsj &30Or BB dzz ff s9 ° H tsd3dzj dzdzv dzd .

s >1dZ»O 54 BO d@syd d3 Misdlsd SHJd Qs s
O BEYHCSa OO (Y tsMmdz' Hise dz' Mis! LOf dMm" o, w ¢
LOfdMmEk" s mMw o Isj Bz, a‘dzdz(DlJ’tQOade‘lstnW
z 0L Iz, Csdzd MfsydoaOy §° HEdz¢ yoO' Is! Mmw
C'dzr Csn totSLH' dZ 9. 1 59" HEddz] dzdz” , lslstso[d3C
Isdmr tSLH &' 9, wedd o' d ftodL dzgOyJ dzd 2 .

1 OdzO dzMm z & O dzdzW dz0 9 Odzls Oy j dadzw HsMWGEO' Is!
tesLH dz2' 9 ' Ldzdd3 My doOyods. 1 O0ftcd S dzOH ,
30 1Is d 5 mMfsyde Oy' o, w g ' HG dzt yoOsB Is! Mw
ftedL dzOyJ dzdzv o3, Lo dyoO? dats, Bsd dzO § CH Atz O
oS tstcdMmMlsOdzdzy ctezf Apache Kaf ka, hsB I
Bkzeo ftodL dzOyj dzed?2, dBscdzd BERZIsd OolstsdizOIls d ydz

zsB LOBjLYjydlsd OolstsdOlsduydzj f§todL dzOy
deLiifdavte MfsydeOyo o@syd f§sLdzOydisd fmjs

17C



jCL ik vt o MitsydeOy & ®sykls: BRlsd YOf
CokfO BEyJ & Misdlsd SHESES Ot B' d& M j

Partition 111 i 1

0 ﬂ123456?89n1:2\

Fa”f““" olil2]3lals|e|7]alo! < Writes

Partition 1151-1! /

2 [o]1|2[3|4]s5]6|7]8]9 g2

Old = MNew

t dMm. 1. ¢dzOsdz' v Isjdsd Apache Kaf ka

stsdzd MysydeOy § HEidMmE" Is! MY dO Isj BIz,
MfsydoOyj o' OolssBOlsdydzs ftedL dzOyoO® Is' mw
9 BHd P wicdfjlzr s mMw d2O sk MOz Isj &z, Gt
Coydesets Misydea OYo (tedm. 2).

Kafka Cluster
Server 1— Server 2
ITPU || P3| FP1 I P2_||

e ~
TR NN
X L X
C C3 C4 C5
Consumer Group A Consumer Group B——

it dm. 2 . sdkzOMmlsjte Apache Kafka IsO Ho'

A
015]

C1 2

| OtcOdzlslzo Odzdz? BSHASCOL 5o 56O tAARISS drO dadgve
ftod dzO2 d&3ddz' Hddz teOL, WwWECE d&BOHO' Apache K
SO GBtetsBdzj des C sy dzj §ts9 ' HEsSd3dzj dzdzv Odzj

fsolststcdzs © tcOL LB [ 3] .

| ' Ld MmMyjdeOte® " LB, WwWC' dsykzlks! {t
ftosctcOBO dzZOHMd dzO* o' Hisdgdzj degdgv © Apach
9 HYftse " H' , Is s d3lz L dztso Iz dzOH Md d&zO ftseo ' HE

By dzdots, §Jjteh j § 5o dests dzdzjjdsde™y Jediasdzts Gathjt ‘f °
olstcOYj dets, Itsdsz ftso' Hisdzdzj dedg" HtSH Odats H O

171



1st attempt

Producer

2nd attempt

tdm. 3. rkfd Oy v fted o  HdBIBSO

¢BfdMisj BO tBtesBdIZY ' 9 jdJEd2 WO2dz, ©
WO2dz, dzOHMddzO¥ yd Y tso ' Hisdgdzj dzdz2? ©® Apach
fsdzscodded WO2dzk ffwsyjm tOflktsots § OHO' |
fsyddz0‘ tBtotsBdzYIsd W @2z dzOy ON O RBidsEwGs i€y Als
stsH', Ctdzd tBWKBdI! 9jiM! WO2d v yY' ik
BkzHEIs4 dz2OH' MdzOdz' © Apache Kafka Ho' '

—_— - B
1st
Data Producer
2nd
| Offset
Storage

source
tdm. 4. rEkfd ¢Oy' v yjtjL o' Himkzlsdz Mis!

s
e

dBts MisydoeaOy Glsted &3z f s HEBM®dzZ] dzdzv o
q

LOfdMmMEk' tjLEkd IsOIsd o9 BOLE HOdR. i)y
dzdhj "  mMdzv EMmf "' "detsets LOfdMmMkz tojL kzdz sOIs’
L OL dzO° f sdsd dz¢ d f "Hifeded -, O fQdinjz HAS BYO LHAS 9 §
f so' HBd3dzj dzdzv , 9 dz fsolststedzts tsBtetsB dIs! Is *
sO LBjtejyJ ' = k2 BOL' HOddr Hj tOL.

—

1st _-w»| Destination

Consumer D

<2nd ———

i Offset

Storage

tdfm. 5. rkfd COy' w HOdd~ fttd o HBSO'
ZzOBdzsdz ¢Out boxe G6OtOdzlsk ‘ts,B tetsB dz¥ ts i tlzfy v

SHddz tOL L O HBYftdBRsetss dslOod dets’™ IstcOdzL C
HdzW L B j to' eHGoidEg"~ . B "PLdegjscd Isdz ME dzOH O s+ w1

172



Daza 1

1. OTpMMaHHA NoelgoMmneHHA

!

2. MovaTox TpaHzakuil

3. Aepgynnikauina

>.;

TpaHzakuiA we He 3adchikco

4. BuroHaHHA GiaHec-norikm

i TpaHzakLyia zapivcoraHa

nogigomneHes B B4

6. ikcauia TpaHzaxLiT

tdm. 6. 1 jtwhO WOLO ¢Out boxe

5. 30epexeHHA ‘

bdzestedIsds o dC sdzOdedzy  jtwehts™ WOLd ¢Outb
1. 1\ OHRtSH (I 9~ Hdzj f s HBAd3dz) dzdzW L
f " HIso jtoHYyE Iss Mw, hse E tOL" dzgjoHOY (s
2. i1LftsyddzO’ Is! Mv IstcOdzL Oy ¥ o BOL
3. l1jtejo " tew' st mMw sOBdzdyw Outbox o B
f s ' HBddz] dzdzw o) J sB totsB dzj dzfs. A d dzO L ¢
fso' Hsd3dzj dedz o© ) j tsBtotsBdzj dets, § slstc’ B dats
hj dzij GBtetsBdzj dets, Ywslste' Bdes fjtej2Isd HEts €
4. J1dStsdzz’ Is' mMmv BtesBdd ¢ f 59 ' HEA3Adzj dz
5. MEH! adr ' Hd o' Htsdgdzj dadzv dzj dzOH fiy
172



6. MWEH!' odn
7. vt OdzL OC
ELeBHY j d2 Mis!

"Hdz o Htsd3dzj dedzv L B jtc' G O!
y' o WSzt Is! mw ) BOL H C
B 1 BfjteOy’ whBd Bl dlz ff 59

1. Ym B2 Oynm
noeigoMaeHHA
HaficnaHi?

/

Hi

4

2. BignpasuTH noeigomaeHHA

l Tak

-

3. MNomiTHTH AK BignpasneHi

N

4. MigreepamTh BEMKOHAHHA obpobKM |

tdim. 7. poOtBPoXOL O

Oz stedlsds o S 5dzOcdzdzy HElzets™ WOLJ ¢Out k

1. ljtejo' ' W' Is:fw, yd odrhr' Hd {fo' HS
ftso' Hisdidzj dedz? o3 j dz2OH' fdzOdz' , VY4 L ZOYO'
stsy bt Bdes jtej2lsd Hts CttsClk 4. ¢dzj
dZOH‘fndzOdzB fslstc' Bdzs f jtoj2d Hts CtsClk 2

2. l " HftcOQoa dzw ¥ Is: MW 9 dnr ' HdAZ f seo' HBAd3dz]
sBtesBC O dzf 9HO' Is! Mmw, HizB dz' € Olsd 1;[139‘Ht5<
[ B dz' COId dBOISd BzIs! SH&ZOC s d2 “HJdalsdWe

HjHEf dZ' CsoaOdets L O HEY SdetdseCiss3 )¢ Qru tCh adzxyej 8(‘”2
3. [ detseodzs ' Ist mMmw MmMatodh j gOutboxe, WG
4. J o' Hdzgy o' Htsdgdzj dzdz?v '  HIse jteHY k' s

174



Il ftesyjim odStdOdzdzy fjthts™ WOLd odn’
l sded Mjte" Odz' LEz¥Is! Mw SO LBjt' ¢cO8Is: Mw 9
sHd 2 btcOdsl OCE) , Y ECEBSGEPCRY 9 ¢ dzs-n@dzd ris dz
o dzy MJ dz' sBtotsB dzd ¢ O d3dtc Offitisdr * H ts didig] dal ExlzdiEe] d
odesmwils: Mw BjL LOfdMEz odr Hdedr o " HBA3A

Il sy M 9dS sdzOdzdz?y Htckze s WoLd odn
AW e OMistczCIskztcd B & dzz  f s H tsdidzj dzdzv o3q
cOutboxe Bdtsodzs ‘' Is! mMw, hHise 9¢0O0L O, hts
11 3) . YjtejL By dzdoe ' Gbzi dzde si3sy jSHEzZfE Is d tsdz0

tcOL " 9 1 0fted € dzOH, wEhts dzO Gty 3 9 d da
9odm Hdzdr B9 Hisd3dzj dz' ), ftsSo ' HEsd3dzj dzdz¥ B Iz |
fso  Hsdgdzj dz# ° dzOH' MdzOdes L detso 2. 1 asiEydls i to
cOutboxe, Y HEzBdz' COIsd HJHEf A CEk¥Is! Mw

IdR' ' HdZ odStstdmbsoksls: ddhj " HJjdalsdw
bdz' COdzr dgd?2 Sczby HEY HjHEfE SOY' {5
odStstcdmissolz' ¢Outboxe " H YyoOfm dzOH Md dzO dzc
L dzOyj dzdz " HJj dzlsdW ' C Oltstis@ y{f Ha 'dn s & dz pfaifpdz™y j B
ZOH M d&zO' Is! Mw ¢ " dz2 €O tOL " 9.

it L SH " dzj-l2®0dCODOY v © MongoDBEOKLLOOPY
ACI D ¢Ctsted fmdz HdzZ" L OHBoBdz] dzdzv ( tslstej B o
9 BOCOE Is! odEtsdzOdzdzy ¢cofm! S8 OBB dz' YtsG s«

stdzd ftotscteOddd ftoOyYs ¥ Is! L 9 j dzd yd L da
Mjto jte® L yYyoOmtsda sy j MlsOlsd dzj HisMIsOls dz
fd o jte BSHAdsYOMdddd fjtLOoy’ v dBd.

Z OtcH "idzd] § By ~Odz' LB ctstedL sdzls Odz! dats @ s
tetsL H' dzj dzgdz2? HOdzdrm dz20 yOfplsddzd, O fsls' d3 f
f " HIstedd&3¢d ojdzdSdr dzOBtSte' 8 HOd- SO §'H

PostgreSQL tj Odislolgdc@o tchs@QteH ‘daecizdzy H O
HtsLotsdzwes yd totd BsEisddastBbakz st H' dzj dzts’

mMjtco j o . I Mdzts o ts8 Hdzw Yy segts Foreign

stcdo Odzsets yOmkz BERO® YOMIsddzese WwWHKGLGO Post g
o sW OL dg' steOdzL ©OC y* PostgreSQL HfSL®

stceOdzL OC y* °’ &ZzO0 HdMSCE BJL W Eemoy' ’

PREPARE TRANSACTI ON 9o &' dzy° Bdzts ¢ Iz Btsbdz
Blzlsd od¢tsdz0dz0O CtsdisOdzH © [ QOMNY T PREBMAEBEI
LBjte' O Is! Mw d&O HdMEEZ L O HSYHRSEtsE Ho

COtcOdzszo Olsd disy dzde ' Mis! W' C€MOY" " HotWOL
odrBHdIs? L d&OHE OBt dzg fHteOys* HIJWEd2

MongoDB odt' hiz* i dIs Odzda” ¢ Jjtelzo Odadz
BjLYtsMjtjHde 85 yjtejL hOttH' &ik6: & MongoDB
Cdzj Cy' 2. 1 OMmf tcOo H ' o fqw MlstcOIlsj e’ W BO

h OQH' dzglz, wWCd2 L O2&O v, deleitdligf Ndzj ud® Syl
ftosyjf hOtH' ddk ' HBOCMdEOD ds ftosL sted
17&



LicsBdIsd OHA dz MistcOlsste BOLd HOdd-, VYd o
Btsy dzd o * Mls oS tsdzzo Olsd tosL §f sH ' dzj dz Is tc O «
CdzOMmilsjtce MongoDB, SO HBLOBAv o Mils Odzts o dz®
Hdzw Ctydes’ Ctej @3B’ steOdzgt OCy' ° [ 5] .

r otsW OL dz steOdzL OC y ' dz2' Stsdzd dai Y tslste’
mMrsoadh j. dpdzj dzj BIsydzdots HtsMWEld OltdiOte
stcOdzsL OC Yy wadsd, wWehts fslste" Bdes ff dMOIsd H Odz

MongoDB odSCtstcdmisso z° Ho SW OL dz Is tc ©
tesL f sH" dzj dgdr IstcOdzL OC Yy 2. ¢dzj, dzO 9" HA
fsH Bded?2 HB XA " desjtWj2m. vOC] BBABJ NJ &
Otemn ' IsjSskztcdzs SO € sdzyJ tf stz @3As alaBdzdMo ndg® D B
stcOdzL OCy" ', btz s yj f§obtcjBkz’ HBHOILS
wWCe HotWOLdd IbttOdL OCy' ~ Isjstejlsdydess disy k2

1 QoaHvwCd Mj BOdzlsd y* Apache Kaf k a, B3ts
steC j Mistelzs Is! SO ' Hdgzs-stcOdpL Ogl f sH "dezj
AOCIsdydzts, sOCdds vyddesdz sy dzdets listcd dzC
o' Hi3sotsMls' 2C€d2 dijdzjHY jto oL ftsH" dzj dedr Is

it BLYBSH " dzj d2@ IstcOdzt OCy' ' By 2O o d¢ stod
BOL HOdd- IO hOtH' 9. [ Bydzdets tsB' 2Isd
Ho tsW OL dzd ~ stcOdzL OC y' 2, htsB odCBtdMmMistekz

tesL f sSH' dzj des’ IstcOdzL OC ybtedmb@kd ystdigodzsls
tesL ftsH'" dzj dzed - IstcOdzL OCy' 2 9o G jlsj tetsc j dzded n
SHMEWYOL &z stcOdzt OC y' ¥ Hd&zW BSHhdtsets L' M-

]l Otelss L OL d&zOydlisd, hts MongoDB od¢tstedfm
smM¢ '  dz ¢ flkdd' L Oy' v, wWCO HBLoOtd od
B3 Y O toL ff SH ' dzj dzts’ stcOdzL OC y* °’ odd@zOc O
SHdsY OL dzts’ stcOdzL ©OC y* Blsjta jiBEGN j Holf Is dfiz' tsB p t
SBtcOdzgdd3 ' o9dzgj &3 BEZLGBH)YJ desMmis’ s jtcOy" 2
SHdatsW OL dzgts’™ IsteOdzL OCy' ° Ctsdefj demkzmtsdz,  j tc
stcOdzL OC y' 2. Il " HYf 59 " H dzts, ftcd ' Hdztso dzj c
IstcOdzL OC Yy 'IsSsOCtistsio Bdzjlsdd kL e sH Y j ded 2 € tsdzfmj dzmkz

1 OZC s O detsded{idIR@zd = toj L Ezdzt sOIs® & 9o dL dzC
tesL tosBdz) d2Z0O tSlsddy LOy' v Gjlsjtetsej dgded = tof
JWJiClsdoe dzts fs° Hdzlz o Ols d Ho W OL dz Istc OdzL G
9" HitcOQo dzj dgdzv ftso ' Hisdgdzj dz' , L Bjt'lssOs.yd

Il dmdetsel¢ dy! s ttsL H' d Blzo s dmOdzed 2
Otern " Isj SIskzted dzO tsMmdztso’ Ofmd dzn tcts dadzts C
[" Cesmjteo Md, we¢' oBEZHtSOOd LO y' ‘s O
sHdz ' @ BfjtOy'’ OlstsdzOtcdzts § tcOyt adf)ldsq dw
HOdzd dzgd, O LOCtsYy 9L O tEsH' wWisd L ' dzgh s o3

[ Y zlIs! Blzlsd odS¢ttcd mls ©dz tc' L dz' d3J IstsH
LOfdMmMkz Hd&zv t' Lddr G jtcOy' 2, 9 L Odzj % dzts
ftslstc' Bjdz Hdzv tsCtoj BB’ s jtcOyYy' ' . wkzotstcO

17¢€



stcOdzL OC y* 2 IsOC 5y HisMis 2 dzO. Jilsdds L Oy’
od i tcdMmlsOdadzy h OB dztsdzz ¢ Out box e, HiSL 8 tSdz
JWiSClkdodzgddsd L OoanHwWCd fftsLBOOdzj dagdzgt SHWGCOL Iz

l ¢ tsted Mmls O dzdzw Apache Kaf k a ) wesmis®
Codzlstetsdzte 9 Olsd Mmilskzy ' dg f OtcOdzj dz'

L

3" Ctesmjteo " M(d quBQBHBMBEUMde L OO HWEC
Il d¢ sted Mls O dzdz" B4 ~ Odz’ L A3z Hy HBY dz' ifdomys j d3lz |
Oz BOdz' 2, wEC' dBsykls! o9dddsOlsd fted L {
4 BOdZsdSC O " HIso jtoH)Y jdedgy BsSCd o
sSOC Y HBLoatdddEZO Mlsetstedlsd M j yd¥Ww ' ydzz s
ol dzd o O ZO jWjSCIlsdedz Mmis: s jteOy" 2 ) Od3(
AW e OMmMstczS skzclz, fsLBOodzsigls Mdisy &3tz d dps’
ftesyjmM" "o, 1OSCdr w¢ Debezium, s oadStste(d
1 O Odzts iy slstc d &3O dzO Oter " Isj ClsztcO ‘ F
Wizdze y' sdzOdz! datss sm¢ " dzr €d W OCIsdydzts i
tesL ftsH" dzj dzgdr IsteOdzL OCy' 2 "7 Bflkdd L tse Odz

lrtrfws Y R 917

1. T. P. Raptis ° A. Passarella On Efficient!]l
Passarella. in 2022 International Conference on Computer, Information and Telecommunication
Systems (CITS) 2022.-7.78. 1

2. D. Dedousi s, N . Zacheil as, ‘ V. Kal oger ak
TopicBased Pub/ Sub Systems [/ D. D eid 20L8JBEEE 38thN .  Z
International Conference on Distributed Computing Systems (ICD@B)18.-f). 188.6

3. S. Bhol a, R. Strom, S. Boaag ddhiviery in & contefithsado ,
publishs ubscri be system / S. Bhol a, RinPrSceediogsr, S
International Conference on Dependable Systems and Netw@®@2.- fr) . 1167

- in Distributed Computing, Berlin, Heidelberg2014.-f. 1376.1

4 . B. M. Abdel hafi z ° M. El hadef Sharding Dat
M. Abdel haf i-in2021 2vd IntdnatlorsaldCerfference on Computation, Automation
and Knowledge Management (ICCAKM)2021.-fn . 724.7

5. T. Panpaliya Benchmarking MongoDB mwdticument transactions in a sharded cluster / , Master
of Science, San Jose State University, San Jose, CA, USA, 2020.



vfs 004.415.3:681.6

1.1 . ) tof .diyf ez dses wig o O
h Oy bdOdz ded? Isjndz yded?2 bdz e jtemdlsils ¢

11 [ R USER[ [ A BHU (uUl) [ 1wl ?21TRrRM rJ
sJtRrRevULIOA?sRrRE | [l oumwn RUE) I RM souvw | [

¢ dzts SOy MilsOlIsls” tesLedzv dzzlsts tsMsB dzd 9 sMis o ff dzd
Mftcd2dvIslsw CwstedMmlszo Oyodzd t' Ldzdr o Ctsadm C0OIsj
H Isj2, ' 'Hd& C'9o, dBodsH' sO HBtsmMdzdrs CttedMmlsk
o dmdzsomst® dizjstsB ' HdztsMls’ OHOf IsOY" Cdelsj teW i 2 M
f " Hodh jdedgw JjWiSldodesmis® oL O BBSH' ' SO L OH 9 t5dz,

s dz¥ 1 tdrpdzts oH@: L O 2 dz, Cdzls g oW 2, 3tsB ' dz! dzd 2 HfSH
Mfted2dawilslsw, UX, Ul, o' (e’ hMtsBdzde sflis’

Il My Mzyomdesdsz Mo " Is* e " dz' dz' HiSH Ols
fsomMWCH,) dedgsets ydlsksw, oty dies ywl ¢ HdgisddR
tetsL 9O HB BMe ' Isd IO W' dzOdhMsesdrs G JtOY'
User Experience (UX) HiBEBOHIstzd € tcH 5 Q&
W stcdzlz o Odzdz fjthtsets otcOy j dada? sO f sHOM

[ W Silsdoe dad 2 HdL O2dz dzj dzd h § ftcdoeo OB dz& * ,
LOBjLY jykzr yd " dalskz  sdodes LtesL iz dzj O
jdzj d3jideltd] stcd, htedWisd, " SCtdeCd, MbtokzllskztC
Mftcd?2 3Ot B! MWesdgis L Odzjydes " H o' €k Ctsted
Hdlsddzz, sy d BlRZISd dzj L teSL Z2d3 dzdd3s Hdzw " H
dzj Ltczydzdd3 Hdzw dzs Hddzed saddzsets o' Ck. [ 1
[ Mdzso dzd 2 L BuMplO~ize®Eddzef. 9" SS9 dn 9o HA
Hdzw fMlseo stej dzdzv kM " "dzdr IsO Htcdo OB dzdo dn
sO ty SkoOdzdgwW 3 y' dz! s B° OzHdbtc® * . 1 d
ftcdLo jMlsd HB dadL ! €8° L Odzkzyj detlsfPls® w Ch aaPne
HS ftoseoa Oz ftesHkzCIsE dzO th’szIz. rdL 02 d
Mfted2davIslsvw Ctstcdmiskzo Oyodzd ' Ldedr o' Ctsod
User I nterface H&v Coydzs'™ L dzdrtsc dg Isyd 92d
s dzdo sMis® thdseddr o Codr ctkzf, O Is
hts HsLoatdwels! Motstes a0 jWjSlkdadz [sO
r dqlswyd2ilad ' ©€s¢6e) . r L 02 dz, St -Cemizls 59 O

design).

rdL O2dz s dz2 dgdrm HBHOISE " &8 Hd&W H'Is]?2
FPHdltste' v BO' bkd' COdz d2 Ctsecdz Isdoe dz' |
|fr]lsalsteq’lscf mMjtejuHsadh j, w e ‘ SH dzts y O
ydzd 3. A4 2 feimsd HH disif@ipdd Iss W jsdglstc
o otcORBakzeo Olsd ' & dg Csedz Isdo dz L

17¢



B Is s te dz' ZOoduséd (BBd3d qd d2O Issydz Mmis! tc Iz
jaBsy" 2dz tj OCy" "’ (B dzh " dalsjdemdedz ) .
wdzls jteW j 2 &BO Blzlsd dd&OSC MddzOdz dzets ' dzlskz
c{Qtsth{fr]lsOdzde wfCteOo dn, Isj § dzd = Cdz tstc
CsteOlsd o dzd n J dzj d3j dzls® o ( gz " dz' , ~ 9 ddz
skztcB tslsdztsyls * . s0Cd?2 HBBEPRAdz BOSC dGESGs
Izd3 dzd &z f tcdo OB dzd o d d. vyjJtjL L odl
¢ " dzlsj cOCIsdodzg Jdzj d3d dzlsd, w&'  dzje¢@
B3 dzh 2 WwkMmlsteOy' ¥ IsO " Hodhk' Lty
r'"'sd twolstcjBlz® Is dzj GO2 detse s " HIso j toH Y
d kO o' LEZOd d& f" " HCOLSd HBf BdRROG O!
d dizlz s Is © oA g L Odzz yJ4 dz' mis . r'“ sqd ¢t
N Jdedg" SO ORERH'® sSa30L z @dzisdp d3 @A) EHOWz' dzg
YydlsoOs j dzt dgddz. wdzlsjteW j2f tsoddzj dz B
I 9' Hotdz COIsd o Ock HJIsddz] .
l1tedC dzOH EMmf " hdesets HdL O2dzz Hdzv HJIsWw yt
2dz 9HOdZsE Hj i3sdemstclz® tshdatso dz' ted dayd
Mlse stos ‘"Ctso Iz Olsdi3smMW j telz, 0 dzts
sCtsdz stesoddz "NtedWistsds IsO di3Odzj dz' € d o&sd
s HO' ‘“delsjtej MO H sy 2.
Hdz" s€d kIR 4di3tedstEH]!) . ( T OB ydz' s w iy
o' ¢ 0O COlsjetste' W ~nOtOCIsjtedL 2 Ist -
dzgj dgdz" &3 HB MOBsSO JtcOY jdzgdz" sO odMmsCd
2
s

L
S
| dz

OFgET gQQree- >0r @I—
SR, =X G- F "~ == &% g o
X @ W T 9%
e T Tar

=

dz H dzw f " Hdz s€" o sO ditsdztsH i 59 d 0z
dodz Mls! SO BOYOdzdz" BEISd 9 Istej dzH '

Hdz' IsC ( stc’ * dzlskz¥ Ist mw &ZO HtSHOISC Jd,

d¢ &zOH, Fortnite, Minecraft) OB M
tc' o, odqteOLddr JjdzjBjdels' @ IsO Mkzyof
doe dz Mmise . [ By dzdotsilgls! o Oz MW Is (f Bt
o Od d&OctstesHd LO OCIsdedz Mmls: ° 9 O>
W oy, BLOE' wW¢ BOd&d, t' eodz , HtsM

1N T

~TEAEg S8
No¥ok!

UHL.H_GHLFG>HIF&F
&0 "=

Q@

S

1 " Hdz' IsS€d y' dalzs IsH fJtehmtdOdz @zOdzd o ' BE
ZOZzON stsozo Olsd " delsjteW j2m ' H Mmots’ o ff SH
Mlso stcs 9 Olsd o dzOMmdzd 2 Ctsdzls § dzls . 1 4L OO OB
sjrdesdzse " Wdsd, ' Hdz' sCd yOfijdstasj Bdg@slsls +  hdgjdc
HeMszfz HEts flste’ Bdes’™ " deW stcd3OY' °~ . 1 dL O2
Y' ¢t dz@e " ¢ OYy' ‘¥ O 3 dg B3Odz' detsyr ¢ dzt €

l1tcdSC dzOH HALO2dzz HdzZw " Hdz S 8 SO B
l]’lsQOLIz fijteim"H ©  H HLWyt’ Mmisd dz' Misd ¢
' Hdz IsC Od3: Is § d3dzd 2 HddzOd3" yded?2 Wisdz Mmilsoe
M3’ dzdo sz f sdZOtc Odzy j o ORI sBlecdddy'] dadds H @' 5 dz

17¢



LB’ ¥ § ' Hfmdd® ' Ofsy' Oy' ' L §6§kdvisd
BsdsH' yds OkzHdkse' .

Play as guest

Q
. ltedSdt tdfm. 2. )tdS d&C
OkzHdlstst § Hd S'o ' &Esd

[ tetsfydz' Cotcddids zatc@\§'" 9 )(.25 Alzdz€ y' t5dzOdz
‘dels j W2 fipf Cs0 @O COLjetste W, WwWC ftcOQo ddzts,
W' dzOdzn* o, stecOdz' L Oy’ fsofmMwWwCH] ddztse s Y ¢
HSH OIsC d ¢ clolfdd8dz]® t=dzGsdd' [B. IO dzOH " 2 dz'

1 jtej 9 OGO dZOHO' s Mw ydmssdkz, & d' O0d
Csdz' steOdid, ftesmMisdd htedWissds IsO y' Is¢ddd
Oy j ez fMjt2 L dzsfls’ , sl jhn sOdk L Bk
HSBHOLSCd, wg HiL 8 s dzvdges + 9 dhCotsfdaizlotO Islgf© L oW H
fsoddzjdz BEkzlsd st ' dzsstso Odzgd?2 dzO W EdzC y' sdz
Cdg BOdz detss CF dzr € flss 8" Hetsdz' SO yda J dz
Y SCO SO " dgsk  Isdodes LtetsL z2d3 &zO dzQe ' G C
oddedz dzj St L dzZORtsHdIsd ftslstc’ Bdz® WhkdeS Yy
90ydzdots HdZYW oaMmM' m o CBoadm CGtolzf, H dzw
dz’ stse dzd o B sto iltiglz HABEs 2 f dz' iy ls - ' dz
FOdz' dztst .
lted S d&zOH HLO2dzE H&zvW HBtshdazdr Cttedml
" RBOdz Misduyded?2 i2L 0y k ftdedzizh j ded n
Cs IsO fesWim 2dsmis', s o' Hftse HO
slsdf "FELLOWS GAMES" odStdOdd?2 ftctsfl
sk Csd ste', O MmEtddexzd kst mHaY ' ¢
O]

[snd MO et o' GOB( Ot 5O & )s.dzls ts Of

18C



rdqL ©2dz Hdzw MlsOteh t5° OzHdlsste" o d d3
ydlsOs j dz' detsfmls® ftoesfmistslsd SO HtsMiskzY detsyls
Ldedy jdzad?2 L te, dBjde" &z Ibsyds Mis! dslststcdad
Mz yOmdsd &3 Isj R desdztse ' W &3q .

l JStstcdMmisOdzadzy o jdzd S dr, dzjeSCts ydlosj dz
B Y IsjSMmsd Wisdetsdz fjthtyjtedso dds.
htedWislz © HEBHOLSE HizY J BOY Odzts® . S dzts
jdzj di3gjdzlsd Hdzw oL O di3sH "’ hifjsad d dzdd s BB ZSSHEd3Y L
Bsydzde j Lddy j dedev Istsydesfyls’' dBslststcdzdrn dzOo
ftesmistss, L Y ' Cddid O LtetsL zd3" dzd d&3d W te dzc
ftcdrsoOdzdrn WEdS Yy 2 O §jtcj oaOdzlsOy j dzgdzg® H

rdLO2dz fsoeddzgjdz BLEIsd M oW d3tso Odzd 2 d
ZOo Odzls Oy j dzdz?, L HBfMlsOldy 5 ¢ dz &' Mlss o
HEfSEOCO"  djehj fiejcaHolbd Mt &L
CdeW BtedzgOYy " T .

ltschdzOH Hq’LG)de,Iz Hdzw dz#Hj2 MlsOh et
Bz fYleg ded 2 @ Wisdz ‘L ftotsmistss "zt Mistc Oy
dzaoWLdzq’ao[l) "delsjteW j2m. [ selsdf " FELL

BJd L L OffffsS svdsiSdzjdés dipo *Sldsddids tc O s dzts dzlz
Iz YydlsOB j dz2 dzg' MsOkzngB®REdoz Hdzv MisOte

]
dzJ
h
9

e

d
d
e d
qm

e FELLOWS
FELLOWS GAMES GAMES

L Play as guest \

i e Play as guest

tdfm. 3. 1ted¢C d tdm. 4. 1ted¢C dx
Hetsdds Ststdml &s Hj2 MsOh et

4

Il dmdets p 8 2O Mmlseo jtcHy ko Olsd, s HL O2dz ¢
Blzlsd cdzzySdds IsO OHOfIstsoaOdzgddz HBs o Ctsad
9 Cso0O CObjete' W BO' Mot kdz COdz dz@ |
f sH 5B Odzdzav , w g dzj 5B n ' H delisdzv o tgjCin jtColdzdp oClsts

181



ftcdo OB dzd o sG s CstedMmMlszo Oy! CtsEts HsMMe " HIz.
wiCtcOo sMmis ' "Gttt dna J dzj d3y b dz® d3 1SS , f tefifstdm
‘dzlsj ete Oyt sO dsydzdetsMmisj 2 iH dg' dz fipglgls oLc
Wizdze y' sdzOdz' dzsmls® s O  dz@HN IsTzdAEOMPO'C ,in @O dzfm ¢
ydlsos j dzv detsfls® ftosMisslsd IO HGMiskzY dzsfls
f" " Hodhz® JWidCIlsdo dz Mmls! oL O igsH "’ Ctsted Ml
HsoeMmMstcsCsosEz M "k dz2O0 tod dzl Iz

VrtefJws Y JurR[ 9 7?

. Castella K. Designing for kids: creating for playing, learning, and growiRgutledge, 2018.

2. Nielsen Norman Group. UX Design for Teenagers (Ages ¥3) . [ [ dzj € Is teitdhdRdzd 2 o
https://www.nngroup.com/reports/teenagenstheweb/( H Ols© L o j todzj dadzv : 3 1.

3. Cameron Chapman. Mobile UI/UX Design Principles: A Guide With Creative ldeas. Toptal
Designers [ [ dzJ 9 WRUSzhdzd@wwiDptdl tom/figsigners/mobi@mobile-
ux-designprinciples( H OIs©® L o jtodzgj dgdzv: 3 1. 10. 2025) .

4. Mariia Kasym. How to Make the Older Users Love Your Product: Examples of UX Design for
Seni or s. El eken Desi gn 1LURH htipg//dayvEelehetsciztibef)? tc
posts/examplesf-ux-designrfor-s e ni or s (HOISO Lo jtodzj dzdgv: 31. 10

=

urs 004.75:519.876.5(045)

. [ . 1dlss ¢
ROy tsdoOdz dzd2 Isjrde yded?2 kdz o jtemdlsjls ¢

stmydfdrwwy s ffsyrer w It faJrfR
IR [ s 1t JruvsvrRITRM JI1YRHEG[ [17?

b detslsOlytbtda j Hj dets OdzOdz' L d3tsH j dzt @ Odzdzy Isj n dats dzts G
fshdtej dzdz? slsted 30 BB izEM daf§ MEhdaydgy " nodh j
Il " HLdOyj dts, "t 9 0ctd HsMw e dzj dgdev k2 Mise tstej dzdz'
o' HCtdo OvIs! detso' By dzdotsmls' L OMsshkze Odzdz? § OtsC
BOGOItsoadd3" tcdzdr L OH OY.

s dz¢ ytse ': BfgaiztS ay@ 2 dz, tesL § SH' dzj dzgj d3tsH J dz¥ o O dade”
mdMmisd &3, =~dNhtjls.

| sz S il Ydz L fsH' dzj 2O Hj yj delstc Oz

Ctcdf ssetcOW " ydedds L OnrdMmlssdz, o w¢C' 2 €y dzO
9 ' HERBO EkM' d@F Eyomdd S Odz o3j ted ' . I Odz' i to
fjodetsdzsz f stewHCEZ ° WstodAylkds! {fdrjoL' di' Ldaodi ~{f &
Yy! ses " daW sted3Oyt v, hts & MIsdls: Mw E B dztsy
o lzL tsdz, hts L dzOmatsHdIs! v 9 3 tod " . KJ?2
Isjrdesdzse’ ° HB L d3 ded HOdzd - .

182


https://www.nngroup.com/reports/teenagers-on-the-web/
https://www.toptal.com/designers/mobile-ui/mobile-ux-design-principles
https://www.toptal.com/designers/mobile-ui/mobile-ux-design-principles

1 dzsCyj2dz L OLoadyuoO?2 EkftOo dzv ‘' Is! fMte-peer® H E
g e " . 1" Mdzv WEY[diAz ,B datOylz' dizj BdgdplzIls! B Iz
L3 ded EfM' n d&OMskzfdds BEsEC' 9, hts o9adBOGCO

[ Mdzs o dzj L O9 H Odzda" , H dzw o dtc’ M j dzdaw W
BdztC Yzl dtsH Yy Jdadgw H" 2 EZyOfmdedS' & MmdMmlilsj di3d,
sLBOodzj dzgdr Htso ' tocd BHddz HES tSHSG 5.
[Mdeso dzd 2 L o3 frylstsdetdsoBds@s dif j toj © O O B OL 59 K
dzv ¢ O E ftsBlkzHBso "Hddztsets dzOdzy®* c O {f tso
tehj LO ojiMms yom " Mmdzizo Odzdz dz¢ HMlso O dzt
My oftcOys a OIsd dO ' odedrn . todisBds” tcCnJ dzP
MitcjHdzdC" 8, O dzO M ' oaff tOyY"' 1,3 ]¢.tc duifjlsatdpttat
ockchain tesL f SH® dzj dets¥ BBz Csoatss Q¢
. szt yseotss MEC ZOHBOo ts¥ Bl o0'c kiseth@aznO ¢ -
Hddzd?2 MM B Ld3 dzdisd MisOdz 6y " Mistclz.

[ dzv L dzOatsHY j dzdzy HtcOoaddz! degets =N O
BOdzd o jdzdyjLdzz tsBYdMdzt 9 Odz! dzgz L HOIsdz Mls!
L Ooa HOdzdz" 302 dz dzgcz fsdzvc O o d&OSCMd BBOdz' o
y! sets ffjteh BO2dzj tod ff i@ dzch Olls tc RSO W & | A
GPU) "L odSttedmMlsOdzdzv d3 HSHOISC Botsets ff tetsGt
zO Ists? Yyof &BOdzd CtdzsmOdzr dzz tsB ydmdze 9 O
fslskzydtsmls® ety MstcO - 2O W jdxRd) . B yYydMmdzj dz

I sfzdzvtcds Mis! odSCtstedMisOdadzy ctcOW " ydad
HyJW' ydbstiz. ldded e HJW'  ydl ctwOW" " ydzdr ftofs
Wistcdilz Is dzj dzdh j d3O2 dzj toc d NVIDEAdzJAMD dzGgoj' 2lsds j
OdzsdzmMzo Odzd M j y' Odz' dg ftotsyd Msted H dzw
ftotslsd Mils sw dzdzv GJ2ABjtc' o ' BO2dzd t6° o . 1 tof
fslsky dsfmisj 2 ojJddSdr ©OREAS & L O jdzj
J Stsdesdz’ ydzz Htsy' dz' dg' mis: .

A fweseBdzj B3 Bkdd odt' M j ASICAHROAQ dzjASHICH d3ts «
(¢cApplication Spec@iif'i dzls jlenatCedyy rda™x efgr jAROr
ftodL dzOyy dedzwv Hdzw o dte' h jdzdgw CtsdeStcj sdetsce s
"dezls j etcOdzt dzgdr MR jd3 HdzZY L OcOdz desets fftodL dz
LOMssmMtsoze Is! Mw o Ctdftej sdesdzse fted mistets’
n Ot OCIsj todz Is' dz ¢ Hdzvw y! sets ftedmlstotss ;
® " HBEZoO' Is' mMw heogduhyj *, €' dgjy' €' dzyg dz,

4z yOABRIZE YO MIsts d3-Bfijlds'tdse' d 23 20 B-Bs' Isiend As ¥ {f t6E=h
tdesHt B €' dz €sMIst HJGC  dz StsSR WHJt, BdsC
BdzsC d ASIGs OfOfMmists dzOL do O Is! BHdetsC tod Mls Odz! dzt

14 L0008 yd dzOASICoY Hpzvdi©dz' gL C 2 dzj H S dz" ¢
dzj Hsdz" €' 9 *  Isj, ASICY teq tBpls Jedz 2 ts ntis p2ds de deizdis?te dtfis’
ASICdz] dBsy dzO ff jtoj ftotsW ™ dz¥ 9 Olsd " H " dgh* L (
hts y' fJdmstes™ MfJjydw® yd' ° Hesmdls: dzj 4
vOC)] EMBSOIsCEZzo Odzdz?y dzj 85Br Hdzs L OB dzw Isd

182



MisOdz' . ASIGHdgjifflstc s’ Cotedmlskze Is: mMw HEXYJ] 9]
tesLtesBC O 2H] HBBMdI! OCIsdo dzts.
] sMmis O dzdz’ tetsC d oddise d HEE tBydmdz o

o dL dzOyJ dzdzv ~d Moo L dzOydets L tetsfydzd . t dm.
u’tslslz>| dzts s bitcoi R1@ 8 jHJ" "' akds fFHABEdH 5.
Ctcdo ts”’ tcsfiskz tBYdmdzs 9 Odz' dglgtac j 1 ts IsBa yt detofr) I’
hodH Q mlsd, L wCtsr dBO2djted L H" 2Mmdzs 6 s+ s

tdfm. 1. stgq’aO tstsfr]lslz ts haghfdipdbitcoitigy’ taigts) ©

1 ©9 J HJ dzd 2 OdzOdz' L mMe ' Hydlils’ , h ts L Of
LOoYHd LOdzdhOdsmw thdtseo deddz yddeded S sd3 tc
Isj R detsdztsg * W R . 1 tod y'! sz " Mmdzlz 9 O dzdz" i tot
sBYydmdzs 9 Odz dgd - toj Miztem'™ o @YY JdzH'OD diZls A d3diz’
yofm ~ 7 t' hjdadgw dzj ¥ dlIsH ® Hotn f dzsh d dzO= :

e jtehj, yd Mot dd¥ MdMmisj a3 o dzdsd
ftcOys sls! dO dOHeadMsCdr YOMBIOR L odMmts

if®stcze j , tcsLtcsBC O BOCGOItsftotsyj Mistedad -

l1jtehd?2 MmMfsm'"e §jttjHBOYO mMzlsls’ o ¢
Mlsotstej dadzy MdMlsjd3d L dzOHL 8 dyoO2des o dMmtsC
me " HydlIs! HCER[a\é.‘H w ' ote dzd

[ tezed?2 Mmf tsm’ tjlsuc)a Hsd3" dzz o Olsd ' Mo
"wlstcOlsj ¢’ ydes® fr]Izu’ lsd31]"l=‘lscjtsdzts’ Cde Yy
Zz02B "' dz h' C i IBNSjn mpﬁﬁsd:slli@tdz@dﬁ@ﬂ\SC{telsG
LO2BOs Is! MY L B S 5 o dfmts lel]’OtGOdszzJ dzd
Csd3j oy’ 2des HBMiskzY dzo[: i te sy Himshi, Fujitsyuv * dz’
fticscHtso Y 28 Is! tesLtcsBSCEZ 9 Cls Istsdzo[: mMdMmilsj &3
odsB dzdylse O. AJ me ' Hydls! ftets sy dzdo ' f
Csd3j oy’ 2 ded @B fetsyp Mfstso ' WL Odets L tsMmtse dzd 9 |

ltcOrnBolzs ydq dz0e j HJ dz B 6l lzo Odedzy , d3tsy
MlsOe fshdtojddds ddsHEzdzr ded?2 fteddzydti ¢ tsBEZHI
]l O s HeMWcdzj dedgv o Mlse stey dzdz BOGOIt

184



o' HCtcdoe O Is dzts o ° Bsy dzd o sfMls L Ofmistsmizo
tetsL®' WL zo Odzgdg? mMC dzOHdzedr B OG Olstseo d d3' todzd -

Il " HL &Oydits, hts § OttOdzj dz' dz@ tsB yd fmdzj dzdz
MW JjttO LOMssMikze Odzdz? B yYydmdzt 9 Odz! dets’™ Isj n
ROk Clspsdz ydzz fesBdzj Bz. I} ted VY’ SBz IstekH
tesLtesB S d § OtcOdzj dz' dgd = 5B @ Gydiaf dgdd dzf @zd @ € njg
we Qo d dzts, ‘ 4 tco ddzded d3d o d 3OG O e}
ftcOCIsdCO Mo Hydls: , hts L ftsH dzj dagy (fC
Bsyj BEId toj Odz' LsoOdzj "L L OMistsmizoe Odzdz” &3
sjrndmEd jtcSC R 6 Isjtc’ o, CdzOMiIsj tedzd » B Y
G dzsB Odz! dzd ~ d3d o ssh s [ 6] . ste' &3 Istsg
dc3tsH J dz¥ 9 O dzdzW By dzdots BBV ISd L OHOY' ,
tj Mztem' & sy Mstedksets YOMkz @ dzH OBy Bk
tcsBtslsd dzO0 to' Ldzedr (' G jBGtOW ' ydegs o' HHOdz

l dimdeseo CSYtctso j H j dz Hsfdz' Hy J dedz?  S5COL Iz
ftesBdzj &3 Isj r desdzse h ts odoeoyo’ Is! mw,
BsHjdzs o Odedz . (¢ § &BOhM ddedzsets, OC * KBOIsj
sBMdzzcso o Odzdz”, SOC ' ' h j dzdgws tffrjdstoalzdn Gl d
ftosmists ftslskzy dz LOMtsBd Bydmdzs 9 Odz! dets’
109 jHjdzed?2 0©OdzOdz' L. Mo Hydls: , h s L Ofis sl
L Odzd h Odzts fiyw shdteodddz yYyddddisd tLodls¢
Isj mndesdzse " W o . ]l oto@dzdzy ¢ wSHdidzts B tzfndgtf  f C Hoe d M J c
sByYydmdze o Odz' dgd = toj Mztem" @ o3 j HOodzs dg' [
! 56 BHdg ‘ OClskzOd dzgd 3. 1 " dzr M j Ists@ts,
f ' HetSHBA HES LB dz M jdgdgw hodHCtsMis' MisB " Hicts
f OtcOdzj dz dz' B yYd Mmdzd dadzv .

lrtrfws Y R[] 017

1. Melanie Swan. Blockchain: Blueprint for a New EconodyQO'Reilly Media, Inc., 2015.152 p.
0 ISBN 9781-491920473.

2.Siraj Raval Decentralized Applications: Harnessing Bitcoin's Blockchain Technolégy.
O6Rei |l 'y MediSBN 9781m@1924542.0 1 6 .

3.0 d&zO0dz" L LOMissmiz o Odzdzw IS4 ~ dzs dzts G " BdzsC yj2dz o
i J tc ontyps:Potherreferats.allbest.ru/ (10.12.2018).

4.lvaschenko V.P., Shvachych G.G., Semenov S.G. Efficient parallelization algorithms of the
applied tasks in multiprocessor computing systamd.fls j d3dz' Isj F destzets: 2 20 1
(109). P. 57 66.

5. Shvachych G., Moroz D., Mamuzil | . Maxi mur
Metallurgy and related tropics Proceedings of 15th international symposium of Croatian
metallurgical societyZagreb, 2P23 March 2022. Zagreb, Croatia.

6. Shvachych G., Vozna N., Ivashchenko O., Bilyi O., Moroz D. Efficient algorithms for parallelizing
tridiagonal systems of equatior®ystem technologies Dni pr o. 2021i1119. 5 (1

18¢


https://dl.acm.org/profile/99659150326

vrs 004. 8

w. . [ OCIH . ddztsal * L
L0y SkOd dd?2 bjnd ydkd?2 kd ojthdlsjl ¢r

r{fsguvflwir Jegvw CrRuyuvU[ |

fruvfr lYwrlrzr11cC
[ ML WYL RM fwzr1? 1¢ Ju{

ltrRBLCUUC ¢4t U

b desls Oyf ' Odets di3j ssH " Hodh j dzdzv HBMistse ' todetsfls
Bso dets  BEtsH j dzdzs , HdzvW fted2dzwlslsw Oefgls Pr g fRuzd & O
odStstedMmMlsOdzdz?y Odzetstedlsdsz GRPO "L LOftetstf sdetso Odz
ftcOoddzt dg' MiIs! o  HfwO " H' 2 yYdlskzo Odagdzaw dzdh j toj dzj ¢

sdzs yse ' MizsBO® RAG, RLVR, GRPO, CoT, dz0
csMf sHOtMlsots, "  HstcdBEC O ftod2dWIslsw tc' h jdg .

I s luflzls j c6OY' W o) dzdSdr o dzed B BSHJ dzj

ftod2dgwiIslsw t' h j d& (DSSs) ‘ SHddd3 'L ¢
Octeslsj mndz’ Yydese s dsdz' ssteddzcz [ 1] . ©vwO¢'
otsded sy kzls! wlsted dzzeo Olsd dsG@H ,0 dfOGiHz" dg AdsoOUsiglz +
L HOo Oy' o, sO odE¢stdmlstsolzo OIsd L L Ms H
CstcjCclzo Odzdzy i dd3' @ oadtctsh zo Odzedg? OcGtetsC Iz
® DSS LOoHwWCEd " Ad d@3 sy dzdeosmlswdyz k tesL k2

[H dzOC , SsHdddz ‘L sB d&3j ¥ J dz o dCtstcd Mmis Odzd
ftotsweodzw s Is! fyw ) GJ dzj tolz o Odzdz ftcOOHESY tSH '
9 HYftse HJ 2. AjJ o' HBERZOO st mMw yjtjL Isy,

LdzOdzr , WCO sy j BERIsd tsBdg M) stz O8 sMif ©fn
fsd3d dzC d dBtsy ks ftcdL o jMmisd Hts dgj ftcOo ddz'
dzj o Hftseo "' HdedrR toj S sd3j dzH OYy"' 2, hts  slsj day

LBdlsS¢d yd hrECBHE dOoCtdzdhd sd&3dz Mmjtej H e
HsMistse ' tdzsMEO oA de" gz = " h jdz2 dzO0O tsc
Isj d3s HsMdz vy jdz@ [ 1].

[ilO HshdtrEd® o EHSMNC GO dd ' d
f '  Hstedd&3¢d OcGtetslsjnds ydedm to' N jdzg@ hdzvnatsd3
f* " Hodh jdzdg" HEBMIstse ' todetsMmis' ¢ j dzd tclz o Odzdzv to
s H j dzj 2, h s HiSL o sdzd Is sflsdd3’ LHp Odzdgw
' d M CseMmMf sHOWM! Cts” H' Wdz' detsfls’® totsfrydzd

[Mdeso dzd?2 L &3 Mg HdzdbagtslsEd "  HRtSH' & HTS
CGOdz¢ yqdzOy' 2augmeéntedr generatioe (RAG) d3j IstsH h s
fsh ¢ toj dzj o Odzlsdzs’™ ' dzWW stedzOy' °~ L G J dzj telzo
tedL ¢ dzgjHBMisse ' tcdzdr tj L EZdz' s@ls'dd j[dddgy. Hus
HtS LGjdzj tesoaOdzdr WiLEZdz-6fF®OBoaght ){f,’” HEC ¢ 2
G j dzj tolz o Odzdz’ M syOlstk dzOdzy® cO § sW fdzj dz
GJ dzj tolz o Odzdz ' Hf s " H' . [ sfdz' Hy j dadaw it
fhedhdlsd w¢' fMmls: LGJ dzj ttso Odzd~ toj L zdz! IO

18¢€



f sw mdad dz' , sMMseBdzdots YjtejL Odzesstedlsds dzOs
Rel ative Policy Optimization) 9©'H Deep
"HmaBBHtSd3 RLVR (Reinforcement l ear ni ng
Hisfydz' Hy j dzdzv o HOMWRdEs X. h S ORL YR dzjs ' dz' €
"HiBseo " Hj2, 0O 2 OBty Chdz Mis! d&Odzys gz (s
“"Hma' HRLRAG s oadSCtstcdMmistseo Iz Odze stcdIsd3 GRPF
o Odzdzw [ 5] . wmdzw WEAR Yy v O JdgPlstsdctsH dF
" oatSHMtsyoOm hlstOWEk' WdBsHjdz L O
Of osf sdzso Odzed?2 " HR"H HEtS ¢ jdzgj tolzo Odad
wWegO' 9o ' Hetlktey' dOBStelz H O] A 'L Is
Odzj dzgz Certi fied Crop Adviser). 1l d¢ts
shiz* f it o t8bkHIifeeCon] dz detstgls 'HisSL 9 5dzW °
R. ltetsyg M IsOC 5y o Cdzt yoO fl]ddZaISJISC{
ddzj o Odzlsdzed s HEBCEZAZJ dzls™ © HAEzYW Sy dB 9
09 Y O dzdzw BOL o ts° LLM "L LOfr]Isisfr]IzaOdz
dBsls ezdzo M H  totsBtsIsd [ 5] skzls sB yd mdzj dzdz
;
d
d
z

E=N

~2 = o
©
&
)
(7}
o

7 R k= N B

e@k, "t LBzhE' &BsH]d tHEsyOMmds o
j 9 Odzls dz' HtsC PYHQoERdy (o dzffj s SHos2H O9 Olsd L C
dedzJun(Qw{@]lQQeOeﬁis LOBJ LY jykz® L dzOydets o

CHEFOOT QNI
53%01§-6’<5"_ﬁ-_,[3‘5

o @+ O

~

Y Y 9% Y h (1)
cHi QO f"Qmé'Q‘sc'bab*q] a )
01 Qo BQQYN hava o

94—
<

Histe' o dzs 1, wehis Wited3Olskzo Odzdav
Jdaz' o IsjeOrR <think></think>, i®Coh'tH {1t
d30ls de(a'@dlaq‘te’)‘;adz,B‘ 1, wChfis dsHjdz@ Bt
i ' 9 Isje0Oa <Larduvse rdzi<tf ta@resdvz'i dzd 2 ;
OGtStGiSHO L O f tcOsYdupa@iam ! o a)'d s dzis O fadztzw
o d dz' dzts g’tstsuo[lstsa@dzq’n HSCEd3j dzls" @ HB ¢
d f§tesylis®ed Qs i oo  Hdtsh jdadzv ¢ dzr €
sydlstso Odzd A HISQIzd3JdZIs‘9 Hts €' dzr Stsfls® o
1 O2C 80 O dztse § cgz@o fsHOdZ hsets L oadls
teslsy - dz2° ydzd - tc' hj dg ZzO thdtse o J dzd €
MistsMizeo Odzdzgy OdzestedIsdzsz GRPO L tBydmdzj
Qoddzt dg' mls+ o  HfBO " H', O 2 { tcOo d dz!HdAz"N
Hodh jdadz" HEBMIstse " tedetsMmis® L e j dzj tetseo Odzd n
Il dmdzso § e 2 d3j dzls s Odzts OCIszOdz dz' Mmls H
HsMisse ' tcdztsMmis ftod2dgvislsw Octetsls j » dz2° ydzd -
3tsH j dzj 2 . l etsOdzOdz' L tso Odzes  tsfls O dzdz' H tsfhdz'
L OfmMistsmiz o Odzda™ ) RAG Mmdmlsj &3O H dzw f' H®
187

H
(%
H
dz
0]
Is

SN "7 F

S O SBWEHRO O =G T
THoOQ



10 totstf sdetso Odets d3j stsH  f * Hoadh jdada" HEtsfMistse
LLMs E MSd&zOH' MmdMmlsjdz "  Histed 3¢ d 1 tod 2 daw L
zOo yOdedzw L odCtstcdMmMlsOdzdzy d@3 Odzc stcdIsdZsz GR
fesydlsseo Odzd~ HY J 6] dz

brterfJws Y JurR[ O 7?

1.Vizniuk A. et al. A Comprehensive Survey RetrievalAugmented Large Language Models for
Decision Making in Agriculture: Unsolved Problems and Research Opporturidasnal of
Artificial Intelligence and Soft Computing Resear2@i25, Vol.15 (2). P. 115 146.

2. Wei J. et alChainof-Thought prompting elicits reasoning in large language modelsy. 2022.
P. 1'43.

3.GuoD. et al. DeepSeeR1: Incentivizing reasoning capability in LLMs via Reinforcement
Learning.ArXiv. 2025. P. 122.

4.WenX. et al. Reinforcement Learning with Verifiable Rewards Implicitly Incentivizes Correct
Reasoning in Base LLM&rXiv. 2025. P. 131.

5.Huang J. et al. RA@RL: Advancing RetrievaRugmented Generation via RL and Curriculum
Learning.ArXiv. 2025. P. 113.

vrs 004.415. 3:681.6

L. 4. Zoouydiu ‘zli tdead@zpy) it ¢ dz' d3
h Oy SkOdz dzd? Isjndg ydzd?2 bkds e jteimdlsils ¢r

it {lsvvloér1c wReU[[R Orfw wevstuvloér1c
JAnwdlT RM gt ]uwhwt deugvosov v w Y wrlitr| [t

b deslsOy  sBlSEdzV dgzlsts Isj tstej Isdyde O ftOCIsdyc
& flstcko Odzdz” ¢ BOtdzd m W' Mded n  f jdalots O lots 2'C Is
fted diigMise O. ltesOdzOdz' L s Odzets Oten ' s Clskztcdz a3
sBd BJOHJSCH yr€ls! LjWjiClsdoadzy E§tcOo dz' dzdz?y ydW
H' dzj dets ftotsB dzy BOdZ * degW stcd3Oy " 2 dats”’ BJLTJjSd,
Oo dz' dgdz" HEBMEzftsd R BOttdsd®z MjtwjHsodh ' . 1°
9
G

=

J H
ftoso OHBpjHedal | [Bjsn e’ ydz', BStcOdz' L Oy 2dz’ O |
Odz! dzj dgdzv MEzyomdedes HBMdZ HY jdz@ * HtOCIsdyded A
dz' Mistclzo Odedz” =~ &3Ot dzd ISW‘fr]dzq’-- tG'thz.
szt ytseo ' miRg@RsaD: Isj m dzsdztse " T, fndz’ fmMjtce ' Mmd,
Cdet e OMstezC SO, fodaW sted3Oy ' 2 dzQ BJLUJQO Cotelf ts5tc(

ONI NS
ITITSs 0o

a3’
H

f
q

to
0]
@’

I s & .z y O f) dzd 2 jlsof Lo dlsC L gl s
OCljtedL iz 5! Mw ' delsjdzmMdodedds f jtoj AtsH B
o' Mo k ftomMwCHjdadz 2 H' Wz desls’ . KA

h j dzdzv  H dzw ¥ mdets’ Bl d, @A Y o@D d
shlseysd, BjLfjSd O 'dbjcwoy = Mmjes'

W fmde f ZOk¥ sttdkd MOk shdss sy yditsse s

18¢

Ote
4 tc

fr
t©
H
S



Btsy dzd 9 * Mlis BJjLijtojtcodetse s HsMskzY iz H S
Yj delstcOdz’ L so Odetsets ZftcOo dz' dadew toj Mizte O3 .

l sHdetsyoOfp hdessj off tctso OH Y j dadaW sO¢ dn
ftos' Clslzo Odzdz?y Oten " IsjSlskztcd, totsL totsB dzj dadza™
‘dzlsj ctotso OB tcOMuszZ C szt d L HOIsdats”’ L OB
BOMh sOBtso Odz' MIs! IsO BjLj S zdzd 9 Hfig)i ey Tigds de
dzd " j§ IsJ ~ dz udzc{? ftesyy M, o 2 MstcOIlsj ' Yy
tG;fr]IzthnOdz)o[ f " Hftced dBBMlso ©, "t oadL d&ZOYO' tc°

b Y2 tBfSlS' tesLedzv dzgzlsts Isj tstcj Isd ydz
MdMmisyd d@3 OH B d2' Mistclzo Odzdzy ~ BOtedzd~ W " Mdzd -
Cotolf stcOIsd o dzts”’ CdeW e OMistezCIskzted, O IsOC 5
f" " Hfted® d@3Misoa © " H fOfc ohfjtaliso.OH 3 j dzdz I[SOC d

1 sMisOdzso C WRBOGEHZO Y 'sW " hde] MGk { pd Mis- ]
LOmMsB ' 9, WwC dzOH OB s Mwv € stcd niSHHtwddeya®dg Y J
Service (SaaS) 1t dzO2{§ sh dqtoj dz' h d Microwoft 3g5da500gldz0 dzj
Workspace, Zoho Office Suite, OnlyOffice, Nextcloud Office M 5. ]l tsd
LOBj LY jykzs s Milse stg§ dadzv , L BJ tc' G Odzda” , tc
HsCEZd3j dzls* o, ftcso jJHjdzdlz? 9" H]BCtsdel j to] dzy’
"y M etesB ' Isded ¢ Od3d .

1 jtoj 9 0Oc(d 030 tc dzd n sW " Mmdzad - " N j dz
BOMh IsOB o Odgdzy toj Mkt o, L dzd-) dalizadzd ) lsotafiastds
M etsh j detscdie OH d3' dz' Mistclz 9 O dzdz’ sO odMmst ' 2
0 dzO0 dz' Is d y dzSlarkeCRBsdA oD Betufe ¢ dztsB Odz! dzgd 2 ted dats$ -
mMjtce ' M' e LsMlsOdd] 'L MjtejHdy B’ Yyded d3 |
s Iz [ 3] . s O0C 0O Hd dzOd3' € O Mme " Hydls! i tc
Cstcf stcOIsdo dztse s MjteJ HBOa dN O.

tOLsdz "L Isd ds, "delsjetcOYy W K di30tcdzed r  tSW
f" " HAatSHLE Hts ftBkHtseod MdMmisjddd OHE dz' Mmls
E{ftcOo dz' dzgdg? HBMEzftsdz, BJjLYfJCtsE, fHd Isd¢
B ) ZOtetsH dzd B3 MiIsOdzH Otels O d3.

1 tets' Clslzo Odadaw mMd misj &3d OH A dz Mistclzeo Odz
jJtejHBOYO' Wistcdzz o Odzgdz?y ‘ Hddesets C s dzj € fr
JMetemMoOoddd "  Hfted’® d3Mise ©. [ Mdzso dzddzd L ©Oo H

I L dzOyj dedz? o s HEs Whkdel y' tdzOd dzesfiyls'
10 fsyuOtsetde j5Of" ¢h'sNiidg ol fiys MO
C' & S’ CstedmlskzoOy o kO Isdf' s HBGMISL
dzj sBR ' Hdets 1 geldizj Eblots@ddatf f sh Iskz, C Odzj dzH Ote
Mosodhj Ilsshs.
[Y' dz€ O ¢ 4 teial dptOfifs'tc ZWGUs Z o d .

ilesotsHdls: MW OkHdlk ' Mdkzs ydn mMdmsj ds,
' hjd¢, fsd sdC BjLfjSd, d&OwWedishmls' Mk
odL &zOydisd, ud Btsy dzd 9 off tctso OH Y j dadaW ]
Hsy' o &2 hj odCtstedMmisOlsd ¢ BtodHdzz BsHj d
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ds ' to Ote:'lsJleIztedzts BtsH j dz' .
g4 zyomdz f" " Hfted dsMise O d3ts>1lzlsJ tsB
tc dets8  d3tsH j dzdzs R~ 3Otcd . U G¢' BtedHdd
dzts, T © fuoEnd'dyal 2 -~ BEOte' , hts HO'
d S5 SO Gdzzy& ' Mmise .
ltots' Clslzo Odzdzy ftsdz' sdSC OH dz Mistclz o O dzadz”
ildLdzoyo' s mMv MstockzSClskztc® tsdzj 2, §tOo
¢ ts dzls te ts dz¥ . [MtsB dzd o Lz zo OG Lz ftocdH" ' dzw 8 Is
QolsjdalsdW'™ COy" ° ( MFA) , h dWtclzo Odadzs Istc OW
mMdMmls ] ddes Bz  Bts dz' Iststgc{de
wdzls j etcOyYy' v o3j - Odz' d3 9 twjLjtodtse s C s
i1dLeoOyOs yd dz0o ao[fr]ls(;lz dzOH * 2 dz' Mmlis n
tjtsao[dzdzts BOIsd o dzOMmMdze osdz sd¢d tojL jtcoalzoa O
LBt 8 ' dydzde ' Mis: hodHCBGE o' Hdtso dzj dzdz
[Mdzso dzd 2 L uipgsj e BIsY. - 30tcdzd m W ' fdad
ws deW e OMmlstczC sztelz  jtoj HBOYO! fMilse tstcj dada”
H Odzd d3d , Czdz SOy’ sO kftcOodz' dadz? ' HJ «
o Cdzt yo' Isjnrdg ydz, BStecOdz LOyYy' 2dz O ° daW
) Isj mndz ydzsets BGBC Iz, fg ) dzB & tedztiL Q WoH O dz
sBdz' Csodm L O dM b Xdstefdgssz oipduilej dzstse  ( dzO
AD Connect OeBts Googl e Directory Sync)
‘Hddeséts 9o BHEO (WSXSEts M otetse ' sdzd S d 9 d
sBdz' Stsodr HOdzdr HA&zW HMsEfEk HB ofMm' " My
[t Odz L Oy 2ded 2 (Gfipt if Wlst ' zts 2O @3 dzlz.ls tc C
dbHB d MistcOlstste n BOwdzs™ MmMdMmisjdsd o  Hftse ' H
OHd3 dz2' Mistc Okt ZHHedoddt?Z dzdzy C tstedMmiskze OyOdid ,
OkzHdl, fYd IsdSd HsMmMsizfkz SO tj Oc kzo Odzdaw
l Oydzdoddz Jj dzj A3 a3 s tc'O Yy @®C 58y S stoff stcOIs -
FftcOo dz' dzdz® H MB)BERRISIOBEMts( h j dedzv d&3( , h ts
sBO' Hdz2OIsdf By B Lz MHddesdZse ydWtetso sd3z {1
[ SHOIS soz ko OLtds de'dHO 2w X dg'' &0 dz@ "Ols psGidz
fshisd, COdzj dzH Otc' o , ¢ 5sd3O dzH dzd - yOls' o,
1 Offistsmiz o O dzdz" YyJ dzZlstcOdz' L ts9 Odzats”’ md misj d&zd
HsMisEfsd3 His ydm ' demlstelzd3d dzls” o, € tsdzlstetsdzs
LOBJ LY judisidlse ' Gitftsptsm@@sSdo dzd 3 § tsdz' Isd € Ods.
1" H yofm " dlsjcectOy’ n 3O0tcdzdn W' Mmdzd n
G Otc Odzls z 9 O dzda CtodeV " HJ day' 2 desiyls ® Yy dz' md
ZO2fsh dqtejdz "dr tedLdS" @ odH'® dzw B Ist
i1 dMOdeS y' tsdetso Odid I ff teHstsfigls 2 f dzO RBOIs d 5B dz
CstedMlszo Oy © OBts BB 2Isd OolsjdalsdW ' COy" &
ilIlstcOlskz OB oifiisdz@MmdE’ dE(S~ dz¥ H ! C 57 f ts(
LBt yd Ltseods "Ndg s@ts olstclz yOdada ;
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iIltotsedzj disd o' HY s ' H dz8lss € tolf @O dptIHHED MisE
fJtemtsdzOdz! dzd - HOdZC{:'

Il OHd tedzz L Odzy
lock-in.

rdzv 3’ dz' d3' L
mdmlsy &3z BJLTJE
tcj G 2z dzv tcdz' OkzHud

ydz' Mls! o' H Hikmda@IH vted

Oyf * H fyad=" dIBdELE P "ooff totso OH Y Iz
d, weO 9Cdz¢ yo Ctsdzlstots dz

sd, mdmlsd isd Ys§Je]Hy 4 dada”

MlsOdz MfsCtss, kOC f*'H Yyofm f jtcjHOs Odadz
[ Bidz" HY j dedz? Hs5COL kB 5! hs tHddd 'L
8 HdzZOdzgdzw B Jj L J €d IsHdzints@OEzysE iS¢ Idedsa dz' dflsl€ Iz, :
a3 y' v tejmMikztm 9 990y 08 ls

)
Yyj dzlsted IsO tsflsd L O
letst]’BtsOlsc{adztsGts EfcOo dz' dadzv [ 7] .

1 tcOCIsd ydz OMmMf jSIsd ftets' lelzaOdzde sO o
offtcso OH Y j dzdzy MdMmiIsj d3 OH 3" da fnlstslzaOddeW n 3
' HE'H. ufbuObCE ¥bkdz kv f dztslsdzq’S) 1_
leteq’fnlslza@u ) HiSL oLiddMs' dz' flstcj otc ' o djlddz . § tg
sy ' dzfsls v fesHESIdodz Mis:, BjLYjSO, Mk

[ Odz' o d ¢ mEinh ds'Ofgviz & Qfdidiyls 2 f 9 j ' HCdz¥ A
f ' HiectsL H' dz' 9, B ctcOyY" W HOdzd - , Qo lstsdizOIs d
LOMstsmizeo Odadz? ftsdz' sdC .4 HOpthéto €z | @ gOsMiy
JWiSlkde dz' mis: tcsBtslsd L ~ BOtcdzd d3d MmJ tco '
CstedMmMlszo Oy’ o .

gdMmlsj &3O OH A dz' Mistclz 9o @dedg'ts BB 'J Ytzj H H2D i B

HisMis i totsdzv d&3d, Yyj dzlstcOdz' L s9 Odzj Cjtolzo
dz0 o Odzls Oy j dzdzv 9 JHJjddz" YEtdOd o ftsH' 2
I MsBdzdots 903 dzdots offteso OHdIsd MdMmilsj &3z s
9C0OLEZo O O fYwslsjdzy 2dz LOGwsLd BJLYJY

szyomdz ' Hited' di3Mise O SO UsGo dz'dakde'c tedzdf lds
(Cloud Cost Management) w € ° HSLO W ¥ Is! CBdzlstetsdzé 9 C
Sflsdd3" L zo Olsd B sGaripngrls .z 120 2830 difisizf Mo " Istso
:d3®tedz‘ mMite ' Md fjtejodhddzd 600 d&" dzr WwicH
JWJiClde dzd r d3,jnOdz L3 & Ctdalstotsdzse [ 9] .

ldimdesea €. 1 tets' Clslzo Odzdz? IsO ' dglsjcetcOY" !
' d Mitwwe M & ° o0O0ydzdodd JlOfsd ydw
dz' dzts’ Oten ' Isj CIskzted, BJLYJSd, stce O

dzlz L Odzj q I8 € jsWejf SsldcdDdstbf adgdif)’|s tdaliis IS z to c
s si3f dzj ¢ fr]dzo[Q f"Ha'H fjteijHBOYO' f ' Hd
tcOo dz' dzfp Cdm 6" N jdzt, Pts LOBJLYJykze Is
syjm' o. M 30 te dz' sV ' mdz mMyjteco" Md MO
tcf stcOIsdo detsets Mmjto] HSOHdE Odz' MBitclz @ Ot € Asle
OB ' dz detsfls’ B' L dad Mz, CdeS o] dzs s tets
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vy hdz® " delsjetOY' W By dde O ddhj L O
2O dzj  dzts G ts Isj ndz" ydetsc ts ftos' Clslizo Odadaw

1 jtemt j SIsdodzddsd dzOf oW 5O tesL oSk
L OfMstskzo Odzdz? hlskydetse s * dzlsj dzj S sz &z o1 @ztzdzwe
tedLdG 9, O LOSCtY Mbottcjdadz" ‘ Hddedrm MmdMmlk
nBZOtdzd R f O Y st .
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FIGMAMAKE Tl RrRs [t RuvUO1T1C zuvoY 1 [1 ]
wivrfrsvu v Jrarr)y oL W

¢ dzslsOY " wd3j ¥ Or o d o Yy dedzV -lsHj o-fglaisitfsdz’ *-ezd L SQONEZW e |B 2
s Odztso Odzgs deso 2 WkdzCy' ¥ Fi gma Make. Kj detse O
HdL O2 da. l sdz0@ HBL & sdzW LGJjdgj oo Olsd tsBtsYyd?2
ZOf dMOah d IsjQMplOms §2 ysdf gfig.dzC y* v dzO BOL' §Blsizyd
Sonnet . b Yy 2?2 BB wGLedWdbklsts fteddydi H°°
o d¢ sted fls O©dedz™ .

sdzt ytse ' Fingzea OMake, HJL O2dz, ' defplstelzd3j dals, N Isk

Il MisEFgmai sHddz "L dO2fsfkzdvteds hda * dzfm
tdelsjteW j2Mmt e, wCd2 L O tsfilsOdzdz tesCd fjtc]
HdL ©O2dzj to' o, tcsLtcsBdzd S 9 SO ftosHEZSCIso dn
ftojL jdzlskzo OdzO desoz WEBSWS ® fFls @Qdn@ avjaded®S
ZOftew BC 2 OolstsB@BOIdL so Odetsets HIL O2 dzlz. K
kOS¢ jIsd, foslssisdfd SO dzOo * Is! Cslstso fnC
odStstedmlssolze yd dBsy dzdesmls' hMiskzydstse s ' dzls

P ross soutme~ Canmuty R+ P smor [(comcrons | (@)

Prompt it. Then push
it with Figma Make.

Onboarding flow Data dashboard Gradient gallery

Make your ideas real with Al. Start with a design and prompt your
way to a functional prototype, fast.

tdm. 1. wCt' dhtsls " dzlsjteW j2fmMkz Fi gma Ma

[ mMdzso dzd 2 L o3 Figlea MalkeB B s d . dzgmistclz d3j dzo- Isd
esign, wed?2 HEBLoBI CstedMmMilskzo OyJ 9 ml
sets MmMazse Od3d . 1 Of ted € d&zOH , LOY dIs c¢Mmlso tste
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sz L BOdz) tetsdz, ¢ dzs Edsf dzjstOz ‘W tstfctsigsdzts f ** dz
f 59" Hded 3 4 dzj d3d dzls O d3d . wdzmlstclz d3d dzls 1 t
2 O0OdzOdz' L iz° L O d Is, f " HBdO C i3 tsdzj
FOdz? dzgz Mmistelz € Is g tc As. H tedOE tizd fidg HoO@ Wz oddsy]  to J
z', Coli3f sdzlzo Odzdz? SO ‘" dzZlsj cGtelzo Olsd 256
Figma Make I8' mMdes " delsj cgtelz® Is! mw L dztso (
J HiSL 9 sdzw ° SHtOLE fkBd' SRoOlsd Mlsetstcy
HOYIsdoe dz' Mmis! SO MmMlstekzCIsktelz Mistste’ dz€ d . U
dgaez' H " HJ]  Hes] B COyYyhssosdzdz = § dzOIs W t
Oets Til da.

10 twdBlzditdzi HMIsOo dzj dzs  t6j L Iz dz! TIs'Odgls JtddsiBj =2l
MO2Isk ftets fSEtSHEZ, LGJjdj teso Odzd?2 dzO smdzts

"0
O oI

cO> JFo so0z
(7]

B~ Weather Website ~ c 0 © rreview Code . ®

ccccccc
London, United Kingdom

6=

Feels like 16°C

|||||||||||

Partly Cloudy

Wind Speed

_,, Wins
2
7 12km/h

Humidity Visibi
o 65% 10 km M 1013 mb

ssssss

o

14°C
Cloudy

Note: This demo uses mock weather data. Connect to a weather AP for real-time information.

tdfm. 2. 1tdstdzOH LOfdlklz SO tjLEzd SOISE

[OCjl & Mdlk' BdsS §sktsyddr §tcHdd
odzse Mis! ), O OCKY foscdsL dO 5 Hd o
Hy Bsdemistcz , wW¢ Figma Make OolstsdzOlsdydsts
Msgdd' o' HYte' Hds wds {LEdYdgEsyz , dzdzg R o ftds s ts
p jteMisCd. 1td Y sdBkz BHEOLE ¢jdzj ek’ s mw
ftedMmistes” ® ' §OtOdzj dz' dats ftej HMlsOo dzv * st fw
o toj Odz dzd?2 3ftets' Cls (tedfm.

1 jtejo0Ocd oaditstedMmMlsOdzdzy Fi gma Make:

inedHC' Mis! (Mottej dzdz?" BOC jlsk L 02 BO°
igdzys ' Mls! (ks dde ' Mls! toj HOCko Odedz® Is
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slstc] B Iz L dz0O dz’ CtsH Iz
d¢ q’fr]ls'l'@mmwd 2A | f) l91Qiziz)

¢ B8 B &> Preview <> Code .. ® > ©3  pubis

» [ components App.tsx

A w

) guidelines 1 import { useState } from “react”;

- import { WeatherCard } from ". ents/WeatherCard" ;

. B styles import { ForecastCard } from " astCard"
import { Input } from "./compo

- m <> Appisx import { Button } from "./componer
e, import { Search, MapPin } from "1

<> Attributions.md import { ImageWithFallback } from

react”
components/figma/ImageNithFallback”

Mock weather data - in production, this would come from a weather APT

London, United Kingdom I const mockWeatherData = {

current: {
18°C

temperature: 18,
feelsLike: 16
condition: "Partly Cloudy"”,
Feels like 16°C humidity: 65
I windSpeed: 12
visibility: 18,
‘ pressure: 1813,
" Humidity ., Wind Speed locatiolj :. “London”, ‘
D 659 = 12km/h "‘ , country: "United Kingdom",
® Visibility o= forecast: [
10 km 1013mb { day: "Monday", high: 28, low: 14, condition: "Partly Cloudy" }
& "Tue " ion: "Light Rain” },
"We y", high: 22, low: 15, condition: "Sunny” },
T y" ion: "Cloudy” }
ion: "Partly Cloudy" }

Partly Cloudy

export default function App() {
const [searchQuery, setSearchQuery] = useState("");
const [weatherData] = useState(mockWeatherData);

tdm. 3. O(HOfIstso Odzd?2 " dzlsjteW j2M HAEVW At
L CBHGdR BOCJIE

l d mdzts &ignop. Makei yj dzsod?2 JIsOf Bk ttsL o dIs¢
‘“HdE' fetshisslskz, heodHC' Mis! IO ' dalsj dzj €
otstes 9 OIsd w¢' fmdg "dalsjteW j2Md BJjL Gdzd Bt
eIt MW LM e dzdzv W 2 €20y " HSdREOzizn ¢ € S
BhO 'dsjcecteOy'w L CMS O d@tsydzde ' fMmls!
My jSlsdodedds ' deMistczdzj dzlstsd3 Hdzw tsfe ' Isdg
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s
s
Y
dz
d

brterJws Y JurR[ 9 7?

1. Figma Makei sW ° y' 2 dz0 Mmistste’ dz¢ O. 1 [URIldzhtHdstemwdbdadpaomic | M iz
make/( HOISO Lo jtedsjdedz?: 5. 11.2025) .

2Dinozavri x. UXPUB: 1 5o ddz$ d Fi gma CoURL:i g Z
https://ux.pub/dinozavrix/novinKigma-config-2025oghliadnovikh-instrumientivmakesites
grid-drawta-buzz4nfg( H OISO L ® Jtedzj dgdzgv : 5. 11. 2025) .

3.5 O dzO d d&3j S Oda. [ dzts o dzj dzdzv Fi gma 1 2URRS5.
https://kukurudza.com/blog/onovilennfigma-2025/( H Ols© L o j tcdzj dzdzv : 5. 1 1.
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Lo OcO ftoedH' dv' ls' MW fsed BOG MdMmisj d t6j Od' dsc t
s O0t@Odzlstso Odzse s yYyOMmMkz o " Hftse ' H' ,CUDA Iz Is @B tsA ‘dziiz
MjtejHBsodhOR. (jLbkd Ok Mo ' HyOk!, "t LO bkdse
sflsddz3" L Oy"* tots B t ¢f i dzfzgede? G Ols dz' LdzOydets " Hedh
6j Odz dzsets YOk, AtyO ' Mdks s' ey 3 jHdRdid,n , § tiza Gw
fORBOVIS' SO BOXZOdMEZzY Odadz? d3 dz0 9 Odzls Oy j dadav .

s dzs ytso GUdBAO: ttsL f sH ' dzj dz' sB yd mdzj dzdzv ; 1
GPUtsB ydMmdzj dzdzv ; cGjlsjtetscjdedz MdMmlsj &3d; HBOMhIsOB SO

I Mk yoMmd MdMmisj BRTI] O desdzts aPHiste [ f
Ctedlsdydes 90y dzdoadr MW JjteOR, sO¢da wE O
Isjdzj SsdBzdz SOy 7, ftosd3d Mdzse O Qo lssdBzOIsd L
sByd mdzt o8 Odz' dzd -~ RTBO &r Gstizls @y glztlz’ ddf sB - " Hdz' Mlisk
fslstsC' 9 HOddr k2 tjOdz desdzgk yOfMm' , dzOf ted ¢
fslssC ' o 9 "' HJ t50dz0 PUsfigfckfigfls j dzef tc Cdajd yL Ddzy H d
HsMIsOIsdzt JtesHbkSCIsdoadz Mis:, s Mlseotstes *  dzj
sBYydmdzet o Odz! dzgd s ff dzOIsW tstcd3 detst oG Us,dzlz 1o OB I dz
L OHOY' [ 1] .

UJn dzsdBBA Vv totsL tc IO, dzOL OB jJ L § j ylz° o d Mt
ftosctcOdEPUBD @I sL otsdzv* o] Odz' L sozo Olsd f Ots
dzv ftedmMctoRiI&BzZ [ 1GBOREO zd3j SO HBMdz HY j dac
WiClsdo detsmils' CuUDAfgls tichitpla af Gsdadzdzj dzd = 6 j Isj tes G,
OHOY toj Odz! deséts YyOfmkz L kZtcOR ko Odzdaw d3 tsB O3,
d ¢ 5 dz0O dzdz™ .

1 sMsOkzso COL PBEOYUZ d2' G jIsj tetsc JCRdAS O
GPUdZO tsHdasd3sz OBt HJC' dzt Stsa obkzL dzOR. u©vOC(
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