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Abstract. The development of computer technology has opened up new horizons for solving scientific and applied
problems that require significant computing resources and processing large amounts of information. However, over
time, problems have emerged for which traditional computing methods are no longer sufficient. For example, image
recognition, prediction based on statistical data, or finding optimal parameters in complex systems require not only
powerful hardware, but also innovative approaches to building algorithms. In such cases, classical programming
turns out to be ineffective, since it requires the developer to have significant experience in the subject area, thorough
processing of input data, and the creation of complex code that takes into account all possible options.

In search of new solutions, experts turned to the principles of the functioning of the human brain, which is based
on the transmission of electrical impulses between neurons. This natural mechanism has allowed the creation of
artificial neural networks - a tool that simulates decision-making processes, is able to adapt, learn, and solve complex
problems without the need for explicit programming. Due to their flexibility and power, neural networks have become
the basis for creating intelligent systems in various industries - from IT to medicine and the food industry.

The modern environment also creates a need to work with Big Data - arrays of structured and unstructured data
generated in enormous volumes. The use of artificial neural networks in working with Big Data allows not only to
effectively process information, but also to find new knowledge, form forecasts and make decisions. This study
considers the creation of an information system based on ANNs, which implements the learning function using a
genetic algorithm, which allows you to adapt the network to the task at hand and increase its efficiency.

Po3sumox komn tomepHux mexHonoeitl 8iOKpUs Ho8i 20pUu30HmMU O GUPIUEHHS HAYKOBUX | NPUKIAOHUX 3A60aAHb, WO
nompeOyoms 3HAYHUX OOUUCTIOBATILHUX pecypcie ma obpobKu seaukux oocaeis ingopmayii. [Ipome 3 uacom 3’asunuca
3a0aui, Ol AKUX MPAOUYILHUX MemoOi8 004UCNeHHst 6dxce HedocmamHubo. Hanpuknao, posniznasanns 300padiceny,
nepeobauents Ha OCHOBI CMAMUCMUYHUX OAHUX, AOO NOWYK ONMUMANLHUX NAPAMEmpIE Y CKIAOHUX CUCTeMAax
nompebyioms He auule NOMYHCHO20 «3ANi3a», A U IHHOBAYIUHUX NiOX00i6 00 N0OYO08U aneopummis. Y maKux eunaoxkax
KAACUYHe NPOSPAMYBAHHS GUABIAEMbCL MAN0eEeKMUBHUM, OCKLIbKU NOMPeOye 3HAYHO20 00C8i0y DPO3POOHUKA Y
npeomemuil 0bracmi, IPYHMOBHO20 ONPAYIOBAHHS 6XIOHUX OAHUX [ CIMBOPEHHS CKIAOH020 KOOy, KUl 8pAX08YE 6CI
MOJICIUBL 8APIAHMU.

Anomauyia. Y nowykax nosux piuienv paxieyi 36epHyaucs 00 npUHYUNie YyHKYioHy8aHHs 100CbKO20 MO3KY, 8 OCHO8I
AKO20 JexHcums nepedaia eieKmpudHux iMnyavcie mixc Hetiponamu. Lleti npupoonuii mexanizm 003601ué cmeopumu
WMYYHI HeUPOHHI Mepedci — IHCmpyMeHm, AKULl IMIimye npoyecu NPUUHAMMA pileHb, 30ameH adanmyeamucs,
Haguamucs i eupiuysamu CKIaOHi 3a0aui 6e3 HeoOXIOHOCMI YimK020 NpocpPaAMy8aHHA. 3a60sKu eHYuKoCcmi i
NOMYIAHCHOCII, HEUPOHHT MEPEACT CMANU OCHOBOTO OISl CMBOPEHHS ITHMENeKMYANbHUX CUCTEM Y PI3HUX 2any3ax — 6i0 IT
00 MeOuYuHU 1i Xapu080i NPOMUCTO80CHI.
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Cyuacne cepedosuwe makoxc nopoodxcye nompedy y pobomi 3 Big Data — macusamu cmpykmypogamux i
HeCmpyKmypOGAHUX OAHUX, W0 2EHEPYIOMbCS Y KOLOCANbHUX 00CsA2aX. 3aCmOCy8an s WMYYHUX HEUPOHHUX MEPedC Yy
pobomi 3 Big Data dae 3mocy He nuwie egpekmusro 06podasimu inpopmayiro, a v 3HAX0Oumu HO8i 3HAHHL, opmyeamu
NPOSHO3U MA NPUUMAMU PIUEHHS. Y YboMy 00CTIONCEHHT pO32TA0AEMbCS CIMBOPEHHSL IHPOPMAYiliHOT cucmemu Ha OCHOBI
LIIHM, sixa peanizye ¢yHKyilo HA8HaAHHS 3 OONOMO20I0 2EHEMUUHO20 AI2OPUMMY, WO O0360JI€ AOANMYEAMU MEPEICY
00 HOCMABNeH020 3a60aHH: | nidsuwumu il eqoekmueHicmo.
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Introduction

At the current level of development of computer technology, it has become possible to solve various scientific and
research problems that require a lot of resources and processing a large amount of data and information for their solution.
But with this, problems began to appear for the solution of which one computing power is not enough, for example,
recognizing text written by a person and images of objects, forecasting based on some data, finding optimal parameters
for the operation of various systems, etc. For such problems, the approach of conventional calculations, which uses an
algorithm in, which has the ability to solve the problem with the full amount of specially processed and prepared
information, will be very difficult and ineffective due to the fact that with this approach the programmer must have
extensive experience in the subject area of the problem and have significant skills in working with information paradigms
characteristic of this area, and the amount of code for will depend greatly on the amount of input information [7].

The development of information technology has contributed to the increase in computing power, which has made it
possible to solve complex and resource-intensive tasks, but there is a wide range of tasks in which large resources are not
a guarantee of solving the problem, for example, tasks such as pattern recognition or creating a forecast based on statistical
data. Solving such problems by the classical method is very complicated due to the difficulty of creating such algorithms
that would take into account all the nuances and possible combinations of events that can affect the result of scientific
research.

Such tasks require a different approach, the method of solving such problems was borrowed from nature, namely from
the structure of the brain, the principles of which allow solving problems of this kind with ease. The principle of brain
thinking is based on the transmission of electrical impulses in interconnected neurons that form a neural network.
Interestingly, to solve a specific task, the network can change and adapt, which allows solving many tasks using one
concept. This led to the emergence of so-called artificial neural networks that imitate the way the biological brain makes
decisions.

Artificial neural networks are a very powerful and flexible tool for solving various problems without direct
programming, which allows you not to spend a lot of time searching for the best solution, as the network takes this search
on itself during training. But to use artificial neural networks, you need to choose their type correctly and choose the
activation function correctly, which will allow you to use neural networks more effectively, saving time and resources
for solving the problem by improving the accuracy and speed of network training [6].

Artificial neural networks are used in various leading industries, including the IT industry, modern technological
enterprises, in particular in the food industry. This proves that artificial neural networks are very flexible and, with a
competent construction of a mathematical model of the problem, it makes it possible to solve it using statistical data
collected during the analysis of the problem, which significantly improves the search for the optimal solution and allows
you to realize the potential of the computing power of the hardware.

Identifying the dependencies of a mathematical model built to solve a problem that affect the structure of artificial
neural networks will allow for more efficient construction of networks and models for them through competent design,
which allows optimizing the operation of the entire system and reducing its complexity and cost.

Theoretical part

Human lives in a world where a huge amount of information surround. On January 2019, there are 4.388 billion active
Internet users in the world. [1] This makes up almost 57% of the world's population. Almost everyone, in addition to
consuming content, is also involved in its creation. Instagram, Facebook, YouTube, Tumblr, Twitter, Reddit, Pinterest
are the largest social networks nowadays. From this list, the largest number of users is on Facebook - more than 2.5 billion
users. All existing social networks are united by one of the most important things - the collection of personal data. This
is no secret to anyone that they need transmitting their personal data. And they get not only social networks. Online stores,
taxi calling apps, food delivery apps, bank apps, dating sites, maps - these are just some of the categories of companies
that receive personal information about people. It is clear that in the first place they are necessary in order to identify a
person. However, in addition to this, they collect other data that may be necessary for transfer to the third persons. Without
your consent, no one will transmit this data to anyone, but when registering on various platforms, applications, social
networks, etc. the person himself agrees to such actions, therefore, everything is honest [7].

Due to this, we move on to what Big Data is. In short, the concept of Big Data lies in the methods of processing a huge
amount of data that can be structured and unstructured to obtain such results that a person will simply perceive.
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The data that constitutes big data stores can come from sources that include web sites, social media, desktop and
mobile apps, scientific experiments, and — increasingly — sensors and other devices in the internet of things (IoT). The
concept of big data comes with a set of related components that enable organizations to put the data to practical use and
solve a number of business problems. By applying analytics to big data, companies can see benefits such as increased
sales, improved customer service, greater efficiency, and an overall boost in competitiveness. Data analytics involves
examining data sets to gain insights or draw conclusions about what they contain, such as trends and predictions about
future activity [2].

How do companies involved in this receive our, at first glance, not obvious, data? Likes, comments, reposts, marital
status, place of work, participation in events, trips are just a small part of what can be used as a digital portrait of a person.
How is this data used? All this data helps advertising agencies select content for the target audience, law enforcement
agencies - find the criminal, banks - find people who can give out loans or mortgages [8].

Fig. 1 -3 V Big Data

Big Data has three key parameters or what they call 3V:
®  Volume. In social networks, for example, volume refers to the amount of data generated through websites, online
applications, etc. Every day, users of social networks upload billions of posts, images, tweets, videos, etc.
® Variety. By variety, we mean the speed at which data is generated. If we take the same social networks, every day 500
million tweets are published on Twitter, 3.5 billion search queries are performed on Google, 0.4 million hours of video
are uploaded to YouTube [3]. Big Data helps companies receive huge incoming data stream and process it quickly.

e  Velocity. The diversity of big data applies to both structured and unstructured data. Unstructured data are voice
messages, emails, audio recordings, etc. Velocity is the ability to categorize data into various categories.

Recently, new parameters have been added, such as veracity - reliability, viability - vitality, value - value, variability
- variability, visualization - visualization.

All this is the reality of nowadays, that’s why when all these are realities of our days, so when we read or process
information, this is only a thousandth of all the information that comes from big data that will subsequently affect all
areas of human life

Due to transition from natural to virtual communication, there are new technologies for presenting information, the
perception of which depends on its presentation by modern multimedia. Visual perception plays an important role in
everyday life, helping in learning and communicating with other people. Behind the most effective perception is a
complex process of understanding the information obtained.

In 1998, Frank Tong, Ken Nakayama, Jay Thomas Vaughan, and Nancy Kanvisher concluded in an experiment that
looking at two different images at the same time would have a binocular rivalry effect. When we see two different images
in one place, one of them dominates and the other is suppressed. Dominance alternates at certain intervals. So, instead of
seeing a combination of two pictures at once, we perceive them in turn as two competing for image dominance.

In 2011, Thomas Sanok and Noah Sulman conducted an experiment to study the effect of matching colors on memory.
During the experiment, it was found that combinations of uniform colors are more harmonious and pleasant, while
contrasting colors are more often associated with chaos and aggression, but they can be used to highlight or emphasize
any information. Also, people tend to memorize palettes consisting of 3 colors than 4 or more, which is followed by the
trend in the fashion of using 3 colors in the image [9].

Perception of media texts has the following stages:

e Psychophysiological state of perception of the physical sign of the text (word, color, spatial arrangement of the text,
form of presentation of the material)

e The process of recognizing the text and its content (as familiar or unfamiliar), understanding its meaning in this
context (distant or near).

e Active dialogic understanding of the meaning of the text (internal dispute or agreement with what is read)

e Understanding the meaning in a polylogical context.

e Selection of the main idea (meaning) of the content and its evaluation.

The visual perception of information includes the processes of seeing and reading. According to the theory of
psychologist Richard Gregory, the processing and the process of forming an idea of the big picture consists of small
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details. Building assumptions on what we see, we rely on expectations, beliefs, past knowledge and previous experience.
Reading is a complex activity that involves both the process of perception and thought. At the very beginning of reading,
understanding is not common, but only after perception, as the development and automation of reading skills,
understanding begins to precede the process of perception, which manifests itself in the emergence of semantic
assumptions, guessing meaning within individual words. Perception of the visual image is accompanied by the
actualization of its auditory-motor image, without which it is impossible to recognize. Reading is accompanied by inner
speech [10].

The same information can be understood by different people with different degrees of depth, which entails the
existence of factors that affect the process of perception and understanding of texts. Such factors can be divided into the
following groups: characteristics of the individual who acts as a subject of perception and understanding; parameters of
the text and the reality that is reflected in this text; features of the situation in which the process of perception and
understanding [5].

Practical part

With the transformation of access to information and its general globalization in information resources around the
world, a period of rapid and significant growth in the number of users began. Information has become easy to find and
download in a minimum of time on any of the available electronic gadgets.

Studying the benchmarking of reformed scientific institutions that have found their niche and are currently operating
successfully, it is necessary to implement their successful ideas for work. Among the main areas of reform, the following
can be distinguished: reorganization of space; availability of free and uninterrupted access to the Internet; creation of
electronic services; uploading funds to digital format - easy and quick access to information. In parallel, media spaces are
being created in libraries, where modern, interesting and exciting events for the local community are held, aimed at
popularizing intellectuality, awareness, and education.

New formats for the work of modern scientific institutions can be: transformation into a "media library" with a
significant part of the resource uploaded to the Internet; coworking — free space for work; holding art events: exhibitions,
performances, creative meetings; organizing educational events: master classes, conferences, circles, lectures, round
tables, etc.; creating an art cafe; opening a bookstore, etc.

Scientific research is becoming more diverse and potentially more competitive. Access to such publications makes
original research freely available on the network, but when opening data, it is necessary to choose only those resources
that ensure compliance with copyright and licensing rights.

Many systems and resources formulate the principles of open data, one of which is OCSDNet. The key principles
include:

Principle 1. Includes common knowledge, when each person has the means to decide how to manage their knowledge
and manage it to meet their needs.

Principle 2. 1t recognizes cognitive justice, the need for diverse understandings of knowledge for coexistence in the
scientific community.

Principle 3. Programs located in Open Software

Principle 4. Upholds the right of every person to research and ensures various forms of participation at all stages of
the research process.

Principle 5. Promoting fair cooperation between scientists and social actors.

Principle 6. Stimulates an inclusive infrastructure that enables success and the use of available open source
technologies.

Principle 7. Using knowledge as a path to sustainable development, equipping every individual to improve the well-
being of our society and the planet.

All these principles of open science are the basis for the formation of institutional repositories. Institutional
repositories are an electronic archive for long-term storage, accumulation and ensuring long-term and reliable open access
to the results of scientific research conducted at the institution.

The process of synergies of working with big open scientific data to the processes of implementing neural networks
is logical.

In the modern information space, where terabytes of data are generated every day, there is a need not only to process
these volumes of information, but also to present them conveniently and effectively to the user. Data visualization, its
structure, color scheme, dynamics of presentation - all this forms the overall impression and affects the quality of
perception. In this regard, intelligent systems that are able not only to store and process data, but also to adapt their
presentation to the user's needs are becoming increasingly important. One of the most promising tools for this is artificial
neural networks, which model the work of the human brain and are capable of learning based on accumulated data. The
use of neural networks allows you to analyze large amounts of information, find patterns and automatically make
decisions. Thanks to machine learning technologies, such systems can be used in various fields - from marketing to
medicine, from banking to scientific research. At the same time, the process of training a neural network, adjusting its
structure and optimizing the interaction of its components is a complex task that requires the use of a number of methods,
in particular analysis and object-oriented design. In the following part, we will consider how, based on these methods, an
information system was developed based on an artificial neural network that solves a specific problem and uses a genetic
algorithm for self-learning and improving its performance [6].


http://www.atbp.ontu.edu.ua/

y g® ™
N ABTOMAaTH3aIlisl TEXHOJIOTIYHUX i 6i3Hec-niponieciB Volume 17, Issue 1 /2025 N
http://www.atbp.ontu.edu.ua/

During the study of the subject area, a number of scientific methods were used, in particular analysis. The analysis
method allowed us to consider the structure of an artificial neural network, its constituent elements and the features of
their interaction. Thanks to this method, some areas of use of neural networks, in particular machine learning and some
methods of training such networks, were also considered.

Based on the results obtained by the analysis method, an information system will be developed using the object-
oriented design method. The following concept of an information system was chosen, that is, the goal and means by
which the system can operate to achieve this goal and what exactly these means require in order for them to be used.

The concept of the product information system is to display the result of the neural network to solve a certain problem.
Network training, that is, bot training, will occur using a genetic algorithm, which assumes the presence of generations.
The presence of generations assumes the connection of settings (weights of network neuron inputs) between each batch
of bots, which can be called the genotype of individuals [8].

Using object-oriented design, logical objects were defined into which the structure of the neural network can be
divided for its further comfortable software implementation, which combines not only the efficiency of the network, but
also preserves its readability for maintaining and studying its work by other developers. The found objects contain
attributes and methods that are used to implement the behavior and operation of a real-world object from which it was
taken as a prototype for solving the task. This is necessary for the possibility of using object-oriented programming when
creating a product.

The artificial neural network used must meet certain requirements that arise from the purpose of the project and the
specifics of its implementation.

The network diagram is shown in Figure 2.

N/
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Bximauit map Buxiauii map

Figure 2 — Scheme of the project’s artificial neural network

Since the peculiarity of the solution to the project problem provides for the possibility of configuring the neural
network used, the diagram clearly shows that the number of input neurons can change as well and the hidden layer of the
network can have a different number of layers and neurons in these layers [4].

Network training is implemented using a genetic simplified algorithm. At the end of each generation, the best bot is
selected and its genome is used to create new generations as follows: half of the new population receives the winner's
genotype with a 10% chance of mutation, the other half of the second one receives the genotype with a 50% chance of
mutation, one individual receives a new genotype, as here the mutation chance is 100% and the last individual receives
the genotype without changes. Since the genetic algorithm operates by chance, this means that the mutation can have both
a positive and a negative effect.

Conclusions

In the modern information space, where terabytes of data are generated daily, the issue of their effective processing,
analysis and presentation is becoming extremely relevant. Traditional algorithmic approaches are not flexible enough
and resource-intensive to solve problems related to pattern recognition, forecasting or data classification. In this context,
artificial neural networks (ANNSs) appear as a universal tool capable of imitating the cognitive processes of the human
brain, learning based on statistical data and independently adapting their behavior to achieve set goals. The use of object-
oriented design methods allows you to create an effective and scalable information system based on ANNSs, which solves
a specific problem with the possibility of automatic learning using a genetic algorithm. Such a system provides flexible
configuration of the network structure, optimization of its parameters and increasing the accuracy of solving the problem
with each new iteration.

The synergy of big data, visualization technologies, and intelligent systems opens up broad prospects for scientific
institutions that can use these tools both for the analysis of open scientific data and for the popularization of knowledge.
The combination of artificial intelligence and open science is becoming a powerful factor in transforming approaches to
the preservation, processing, and dissemination of knowledge in the digital age, contributing to sustainable development,
innovation, and increased efficiency in various fields of activity.
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