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ADVANCEMENTS, OBSTACLES, AND FUTURE PROSPECTS OF UTILIZING
COMPUTER VISION AND MACHINE LEARNING IN THE ANALYSIS OF MEDICAL
IMAGES

Abstract: this article examines the recent progress in deep learning and convolutional neural networks in
the field of computer vision and their potential for medical applications. Despite the potential, there are
limited practical examples of CV being deployed in front-line health facilities. The paper reviews existing
literature on complex vision tasks, such as medical image classification, shape and object recognition,
and medical segmentation, and discusses the main challenges hindering the development and deployment
of intelligent CV methods in real-life medical applications. The paper concludes by suggesting future
directions for research and development of CV applications in healthcare.

Keywords: artificial intelligence, computer vision, medical images, deep learning, recognition

Introduction

The field of computer vision (CV) is focused on
endowing computers with the capability to interpret and
scrutinize visual information, encompassing 2D, 3D
images, and videos. CV finds extensive use in diverse
applications, such as medical image analysis, oil and
gas, fishing and agriculture, and robotic surgery, among
others.

Goal

The primary difficulties associated with computer
vision (CV) and intelligent data-driven medical
applications are examined, and potential avenues for
accelerating research, development, and implementation
of CV techniques in healthcare settings are proposed.
An extensive review of the current literature on complex
vision tasks, such as medical image classification,
object recognition from images, and medical
segmentation, is provided. The challenges impeding the
rapid progress of intelligent CV methods in real-world
medical applications and hospitals are thoroughly
discussed. Additionally, future research directions are
explored.

Main part

In CV, image classification is a fundamental task
that also plays an important role in computer-aided
diagnosis (CAD) systems over the decades.
Traditionally, image classification is used to classify, or
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label, an image, or the sequence of images, as including
one, or more, of a number of predefined diseases, or as
without diseases (i.e. normal case) in the CAD system
for medical image analysis[1].

In medical image classification, CNN is the state-
of-the-art classification approach with the continuous
development of DL models, including fine-tuning of
existing models for application in the medical domain
and the development of new models and algorithms
specifically for medical applications (Fig.1).

Figure 1 - Schematic diagram of CNN model with arbitrary
architecture

Overall, object detection models consist of
localisation and identification tasks. The localisation
task leads to localising the object position in the image
using a bounding box or mask to define which pixels
within the image depict the object of interest. The
identification task refers to recognise the objects
referring to specific pre-defined categories, or to
classify the object within the bounding box. Object
detection algorithms are commonly used in the medical
image analysis domain in order to detect the initial
abnormality symptoms of patients.

Kadenpa indbopmartiiaux texgonoriii, KHYBA




X MixHapoJHa HayKOBO-IIPaKTUYHA KOH(epeHIist « YIIpaBIiHHs PO3BUTKOM TexHoaorii 2023»

Generally, there are two approaches that exist in
DL-based object detection models: anchor-based
methods and anchor-free methods. Anchor-based
methods can be divided into single-stage or multistage
techniques. However, while the single-stage technique
is fast or computationally efficient, detection
performance is not better than the multistage technique.
The multistage technique has the best detection
performance but is computationally costly. Moreover,
there are two common single-stage techniques that are
extensively used as single-stage detectors with simple
architectures: YOLO and SSD. In both YOLO and SSD,
a feed-forward CNN creates a fixed number of
bounding boxes and their respective scores for the
appearance of object instances of pre-defined classes in
the boxes; non-maximum suppression is applied to
generate the final prediction map. YOLO uses only a
single-scale feature map whereas SSD uses multiscale
feature maps for improving detection performance.
Most of these methods are based on the allocation of the
bounding box or boxes that contain the object/s of
interest(Fig.2).

Prediction [bounding box

coordinate, and class
probability, ...]

Input Images

Object Recognition

Model (YOLO) Output

)X 7]
by

h

Figure 2 — Schematic diagram of object detection methods

Image segmentatio n refers to a pixel-wise
classification task that segment an image into areas with
the same attributes. The goal of medical image
segmentation is to find the region or contour of a body
organ or anatomical parts in images. While object
detection methods often produce a bounding box
defining the region of interest, segmentation methods
will produce a pixel mask for that region[2].

The progress that took place in computer vision
(CV) is unprecedented, and various inherently
challenging CV tasks are now considered solved
problems. Typical inherent CV challenges include data
variation (e.g. lights, pose), occlusion (overlapping
objects in the images/videos), and others. However,
despite this significant progress, there remain challenges
that need to be addressed to scale up the use of deep
learning (DL)-based methods across a wider range of
applications in the medical domain. In this paper, we
argue that many of these challenges are related to data
quality and data availability. However, in the medical
domain, some data will always need to be gathered
opportunistically, so it may not be possible to overcome
these challenges through data gathering alone. These

6

challenges apply to the full range of medical
applications, including complex medical settings such
as robotic surgery and comparatively simple settings
such as the detection of fever with thermal cameras. In
both of these settings, CV algorithms need to account
for the dynamic environment. In robotic surgery, this
includes navigation, movement, object recognition (of
deforming objects) and actions. In other settings, data
variability caused by the environment and equipment
used to capture the images can lead to issues. Clearly,
data availability and quality play a crucial role in the
learning process.

Much of the published literature related to medical
image analysis and understanding and other domains
have used datasets of images and videos that were
largely compiled in a controlled environment. This may
include controlling light conditions, movement, quality
of the images, the position of the camera and subjects,
equipment used to capture the data and so on. However,
in a very dynamic setting, such controls may not be
possible. This still poses a challenge for the CV research
community.

A closely related problem is that the quality of the
collected data (images, videos) can be unintentionally
degraded in an uncontrolled environment, which in turn
will have a negative impact on the performance of any
DL model. Existing literature suggests that the
performance of deep models is similar to human
performance on low-quality and distorted images[3].

Conclusion

The progress that has occurred in the field of
medical image analysis and understanding over the past
decade is considered unprecedented and can be
measured by orders of magnitude. Complex computer
vision (CV) tasks such as image classification,
localization and segmentation of regions of interest, and
object detection and tracking from video streams have
become relatively easy to perform. This development
can be largely attributed to the developments that have
taken place at the algorithm levels, especially the
development of methods based on convolutional neural
networks, advances in computing power, and finally the
availability of large volumes of medical images and
related data in the public domain. domain.
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USING MACHINE LEARNING METHODS TO ANALYZE BIG DATA

Abstract: this article discusses the potential of using machine learning methods to analyze big data. The
increasing availability of vast amounts of data has led to the development of powerful algorithms that can
process and extract insights from this data. Machine learning methods, in particular, have emerged as a
valuable tool for analyzing big data, enabling organizations to make data-driven decisions and improve
their operations. The article explores various applications of machine learning in big data analysis,
including predictive modeling, natural language processing, and image and video analysis. It also
discusses the challenges of using machine learning in big data analysis, such as data quality, bias, and
interpretability. Overall, the article highlights the potential of machine learning to transform the way
organizations approach big data analysis and make data-driven decisions.

Keywords: machine learning, big data analysis, predictive modeling, data quality
Introduction Goal

In today's world, data is being generated at an The goal of this article is to introduce the potential
unprecedented pace. The volume, velocity, and variety  of using machine learning methods to analyze big data.
of data have created a new challenge for organizations It aims to provide an overview of the applications of
across the globe. It is now more important than ever to  machine learning in big data analysis, as well as the
derive insights from this data to make data-driven challenges associated with using machine learning
decisions. However, analyzing vast amounts of data isa  methods. The article also aims to highlight the potential
complex task that requires advanced technologies and  of machine learning to transform the way organizations
expertise. Machine learning methods have emerged as a  approach big data analysis and make data-driven
powerful tool for processing and analyzing big data. By  decisions. By the end of the article, readers should have
leveraging algorithms that can learn from data, machine  a better understanding of the role of machine learning in
learning can help organizations extract valuable insights  big data analysis and its potential impact on
and make informed decisions. In this article, we will  organizations across various industries.
explore the potential of using machine learning methods
to analyze big data, including various applications such
as predictive modeling, natural language processing, The increasing volume of data generated by
image and video analysis. We will also discuss the  organizations has led to the need for new technologies
challenges of using machine learning in big data that can process and analyze vast amounts of data.
analysis, including data quality, bias, and Machine learning has emerged as a powerful tool for
interpretability. Finally, we will highlight the potential  processing and analyzing big data, with applications in a
of machine learning to transform the way organizations  wide range of industries. In this section, we will discuss
approach big data analysis and make data-driven  some of the key applications of machine learning in big
decisions. data analysis (Fig. 1).

Main part
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One of the primary applications of machine
learning in big data analysis is predictive modeling (Fig.
2). Predictive modeling involves using historical data to
make predictions about future events. By leveraging
machine learning algorithms, organizations can develop
predictive models that can help them identify trends,
anticipate future demand, and optimize business

operations.
== >, o
N
i~ & |

=

Figure 2 — Predictive modeling

Another important application of machine learning
in big data analysis is natural language processing
(NLP). NLP involves using machine learning algorithms
to analyze and understand human language. By
processing vast amounts of text data, organizations can
gain insights into customer sentiment, identify emerging
trends, and improve customer service.

Machine learning can also be used to analyze
images and videos, allowing organizations to extract
valuable insights from visual data. Image and video
analysis have applications in a wide range of industries,
including healthcare, retail, and manufacturing. For
example, machine learning algorithms can be used to
analyze medical images to identify signs of disease, or
to analyze customer behavior in retail stores to improve
store layout and product placement.

While machine learning has tremendous potential
in big data analysis, it also presents several challenges.
One of the primary challenges is data quality, as
machine learning algorithms require large volumes of
high-quality data to learn from. Another challenge is
bias, as machine learning algorithms can inadvertently
reinforce existing biases in the data. Finally,
interpretability is a key challenge in machine learning,
as it can be difficult to understand how algorithms arrive
at their conclusions.
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Despite these challenges, machine learning has the
potential to transform the way organizations approach
big data analysis and make data-driven decisions. By
leveraging advanced algorithms and techniques,
organizations can gain valuable insights from wvast
amounts of data and use these insights to optimize
business operations, improve customer service, and
drive growth.

Conclusion

Machine learning has become a critical tool for big
data analysis, providing organizations with the ability to
process and analyze vast amounts of data quickly and
accurately. With applications in predictive modeling,
natural language processing, and visual data analysis,
machine learning has the potential to revolutionize the
way organizations approach big data analysis and make
data-driven decisions.

However, to fully leverage the potential of
machine learning in big data analysis, organizations
must also address the challenges associated with the
technology. These include data quality, bias, and
interpretability, among others. By addressing these
challenges, organizations can ensure that machine
learning algorithms produce accurate, reliable insights
that support effective decision-making.

As the volume of data continues to grow, the
potential of machine learning in big data analysis will
only continue to expand. As such, it is essential for
organizations to stay up-to-date with the latest
advancements in machine learning and incorporate the
technology into their business strategies. By doing so,
they can gain a competitive advantage, optimize their
operations, and drive innovation in their industries.
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PROBLEM OF USING SCRUM MODEL

Abstract: this article provides brief description about Agile methodology and Scrum principles and
demonstrates a list of Scrum methodologies disadvantages in IT projects. Disadvantages are organized
into three levels: team, project and organization with conclusions for each level. Article conclusions key
points of disadvantages and suggests main area of potential usage of Scrum methodology in perspective

of company size, development phase, IT Project size and agile alignment.

Keywords: Scrum; IT project; team.
Introduction

In modern software development process most
used methodologies are Agile methodologies. All of
them are sharing basic principles:

e Individuals and interactions over processes and

tools.
e Working software over comprehensive A0
documentation. g |3
e Customer  collaboration  over  contract :;j :%
negotiation. f:; H
e Responding to change over following a = g
plan[1].

Agile designed to perform development in small
but consumable increments that have value for a
business. This type of software development is highly
valued by business because on a surface it’s quite
simple methodology that easy to adopt in current
development practices.

Scrum methodology is part of Agile methodologies
family and is one of the most popular one used by
different companies for software development. Scrum
itself is incremental and iterative framework that
challenges of the traditional sequential approach for
developing applications and providing benefits for team
self-organization.

Scrum methodology have this simplified IDEFO
model that showed on Fig. 1.

Goal

The purpose of the work is to provide list of
current Scrum methodologies problems structed in three
different layers: Team level, IT Project level and
Organization level.

9
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Main part

Scrum model problems on team level:

e Scrum required scum-experienced team: One
of Scrum potential benefit is delivering quick and
delivering high-quality results. But it can be only
possible if all team member aware of this methodology
and know how it works. Also all team members needs to
have high self-motivation skills and an analytical
mindset. In other case in requires extensive trainings to
understand how this methodology works and what each
of team member can add to overall team succession.
Without it will be just simple and plain silo-
development when team members only speak on their
Scrum ceremonies and not sharing knowledge or insides
on the development. Work of inexperienced team could
lead to not delivering anything valuable and even could
cause additional development due to mismatches in
understanding about what needed to be done, where and
when.
e Scrum difficult to scale: One of soft restrictions

of Scrum methodology is quantity of team members in
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each team. It needs to be somewhere between 3 and 9
team members. But on large scale project
simultaneously work 50+ team members and they,
according to methodology need to be separated between
different team with different type of activities. And this
will led to additional overhead with managing it,
because all of them needs to be aware of what other
doing.

e Scrum requires the use of small teams: The
Scum methodology usually works best with teams of at
least three people but no more than 10. For some
companies it will be hard to implement due to different
departments structure and absence of willing to change
their current work structure. For example, service lines
potentially can work as Scrum teams but in most cases
quantity of engineers for each of line support for big
companies is more than 10 and it’s have to separate
them due to same roles and responsibilities that this line
is sharing. It can be separated according to their
potential and actual skills but there need to be a good
development manager or business analyst who could
separate them in equal teams. In other way it will led to
few unoptimized teams that not clearly understand why
they in different team and what it’s all for..

e Scrum have all team member dependency:
Scrum operates with sprint goals — deliverable or
incremental update that will be completed after end of
the development cycle, sprint. If one of the team
members suddenly got sick or have some personal
issues, or there Public Holiday that was not counted
before sprint starts — it all led goal to fail and adding
delay in overall IT project completion. Main difference
between traditional way of working with IT project and
Agile is that on traditional way of working there key
team member dependency — architect, knowledge owner
and so on, but it Agile dependency on each of the team
member because all of them critical for sprint goal
completion.

Scrum model problems on IT Project level:

e Scrum is not related to the project's timelines
and deadline: Scrum methodology suited for delivering
result at the end of each sprint but those result is hard to
track back with overall progress of the IT project.
Priority of each sprint could be changed by business
representatives and it hard to track back to overall plan
because of mismatches between items in project plan
and in Scrum sprint goals. But in IT project area,
detailed project plan is must for any IT project. And
with this discrepancy between local progress and overall
progress business often don’t understand on which stage
of the development IT project is. This particular
disadvantage is high risk one for big and long (more
than 1 Year) development projects, because after first
few months it will be unclear for everyone where
project exactly is and what needed to be done. And this
disadvantage can’t be fixed via implementing detailed
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application roadmap or project plan, because detailed
architecture will be still unclear and requirements could
be changed due to various reasons.

Scrum hard to use with budget oriented IT
projects: Since Scrum is oriented on providing
meaningful results for each sprint it is hard to measure
budget for each of the stages of development because it
not fully aligned with project plan. This is due to
discrepancy mentioned above. More of it — in some
cases where project stated as fix price Scrum
methodology can be used but without an agile part in it
because in this case each of the sprint results needs to be
stated clearly in project plan and it gives to room for
adjustment. And this is against Agile principles. Only
way to measure budget spendings is to measure Scrum
team run rate and aspirational end date of the IT project.
But even in this particular case it could deviate due to
luck of requirements or external dependencies. Right
now, projecting development spend based on team run
rate mainly used in Lean Agile methodology but in this
case downside is loosed visibility of what actually can
be developed [2].

e Scrum have opportunity for scope creep: In
Scrum sprint goals wusually stated by business
representative and in some cases business goal, due to
gap in requirements or in understanding overall
functionality, could be something that right now is out
of scope of IT project. Or proposed solution or
architecture is not fit for purpose or doesn’t have
additional benefits that business want to see. In such
cases is hard to divide in scope and out of scope goal.
This will lead to additional development, prolonging
overall IT project timeline and even bring additional
spendings. But it worth mention that not only Scrum
itself suffers from this disadvantage, it’s typical for all
agile-based methodologies and large scale project
around all area of development.

e Scrum is needed clearly written tasks: All
Scrum teams operate with tasks, but tasks or user stories
need to be written by specially assigned person —
business analyst or product owner and follow simple
rules such as definition of ready and definition of done.
Also, it needs to be clearly stated what business want to
achieve with completion of this story. One of the most
common mistakes is that most of the stories are written
by developers or quality engineers. From a technical
perspective those stories are perfectly fine but from
business side it’s completely not understood what value
this story brings to overall application and if it needed at
all. In other hand poorly written by business analyst or
product owner story will bring mismatches in
understanding from technical perspective of what
needed to be done and it led to additional gaps in
development and required additional effort for
integration. Of course, in some large scale projects is
allowed to have some purely technical tasks without
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clear business benefits but without understanding it’s
hard to measure value of this particular task. But poorly
written tasks will be identified at later stages of IT
project, and it could lead to additional months of
integration or rewriting.

Scrum model problems on organization level:

e Scrum may require major transformations
within the organization: Adopting the Scrum framework
sometimes means that the company needs to undergo
some organizational transformations for this decision to
be a successful one. Some parts of the process may
require different departments to collaborate and work as
a team, with the company needing to manage and
organize these collaborations in a way that allows that to
happen [3]. Scrum team is depending on company
development culture and mainly consist of back end
developers, front end developers, quality engineer,
business analyst, scum master. And imagine that
company current structure has separate departments for
front end developers, back end developers and so on. So
organizational change will lead to merging those
departments into one and then separated into different,
much smaller ones according to business demands. It
will also produce an additional managing effort to
sustain those teams in new shape. And for some of the
companies such changes could go for Years.

e Scrum may work ineffective with external
dependencies: Imagine that company developing big
application and some its parts are dependent on different
applications that already company have but they are not
in Scrum team area of responsibility. If this dependency
was not identified timely it will lead to blocked work for
Scrum team and potentially block development and
delivering new chunk of working functionality. And if
company have mixed methodologies in place resolving
this dependency will lead to additional time to resolve.
For example — in the middle of the sprint discovered
dependency on different application that needed to be
solved by theirs Scrum team. End even they committed
to do it (and this is pretty unusual because they have
different priorities and different scope of work), they
will do it in theirs next sprint, because according to
Scrum it’s highly not recommended to add additional
tasks in current sprint. It means that work on application
could start after 4 weeks, assuming that both teams have
2 weeks sprint. And if this dependency can be resolved
in two sprints of three — it easily can become a month or
two delay on application developmen.

Conclusion

How simple and easy is to understand Agile
methodologies they are still have a lot of different
corner cases that prevent them to be always successful
in software development. With currently listed
disadvantages it comes clear that Scum methodologies
can be used with some limitation. For example, it can’t
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be started from the scratch in big corporate companies
that have different organizational structure or not
willing to change. It is also not properly suitable for
large (more than 1 Year) IT projects because flaws in
Scrum could be identified late and it will led to
additional expenses and delays. Scrum can’t be
implemented without proper training and proper team
alignment, otherwise it will lead to waste of money and
effort. And it’s highly dependent on each of the team
member that, in big scale IT projects led to additional
risks of managing it. Also any of team member retention
could impact overall speed of development. It can’t be
aligned properly with IT project planning with
deadlines.

Giving all of this in mind — best place for Scrum
methodology is small or medium size IT projects with
small and experienced teams that focused rather on
developing additional functionality rather than creating
new application from scratch. And on organizational
level Scrum is suitable for start ups, medium size
companies that fully aligned with Agile principles and
big size companies that already implemented Scum at
full scale.
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DEVELOPMENT OF AUTOMATIC “CLEVER REFRIGIRATOR” TECHNOLOGY
WITH THE HELP OF “Al - SYSTEM PRODUCT CONTROL” ARTIFICIAL
INTELLIGENCE

Abstract: this article discusses about the Al (artificial intelligence) that has become a promising tool in
various fields, and it has now found its way into the kitchen. In this abstract I want to explore the concept
of using Al as a smart refrigerator system that can inform the users about when to buy groceries, when
some groceries are out of date, and even suggest recipes based on the items available in the fridge.

Keywords: Al refrigerator, grocery, recipe, smart technology, smart home.
the smart refrigerator will only suggest recipes that meet
their criteria.

The usage of an Al in household appliances has In addition to this, smart refrigerators can also
gained significant attention in recent 10 years. One such ~ provide nutritional information about the food items
application is using Al in refrigerators, which can detect ~ present in the fridge. The refrigerator can track the
and monitor the contents inside the refrigerator. provide ~ user's daily calorie intake and suggest healthier meal
the user with an enhanced experience, and this abstract ~ options to help them achieve their health goals. This
discusses the concept of a smart refrigerator that can  technology can help users stay on track with their health

Introduction

help users manage their money expenses. and fitness goals and make better-informed decisions
about their food choices.
Goal The development of smart refrigerators equipped

with Al technology is a significant milestone in the
evolution of household appliances. In the past,
refrigerators were solely used for storing food and
beverages, with no added functionality. However, with
the advent of Al technology, refrigerators have become
much more than just storage devices.

The use of Al technology in household appliances
Main part has been steadily growing over the past few years. [3] In
2016, LG introduced its first smart refrigerator with an
internet-connected touch screen display. The fridge
could display recipes, create shopping lists, and provide
weather updates. Samsung followed suit in 2017 with its
Family Hub refrigerator, which came equipped with a
21.5-inch touch screen display that could stream music,
videos, and even television shows.

Smart refrigerators equipped with Al technology
have the potential to revolutionize the way we think
about food storage and preparation. With Al algorithms
that can analyze the contents of the fridge, suggest
recipes, and provide nutritional information, smart
refrigerators can help users make better-informed
decisions about their food choices.

This abstract aims to present the potential of using
Al in refrigerators to make them smarter and provide
more value to the users. We will discuss how a smart
refrigerator can inform users about when to buy
groceries and suggest recipes based on the items present
in the fridge.

A smart refrigerator equipped with Al technology
can significantly enhance the user's experience by
offering a range of advanced features. This technology
can identify and track the contents of the fridge and
provide wusers with personalized insights and
suggestions. One such feature is the ability to inform
users when to purchase groceries, based on the
expiration dates of the items presented in the fridge.

The Al algorithms used in smart refrigerators can
analyze the food items present in the fridge and suggest
recipes based on the ingredients available. These
algorithms can take into account dietary restrictions and
personal preferences to generate custom meal plans. For
example, a user can input their dietary restrictions, and
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One of the most significant benefits of smart
refrigerators is their ability to reduce food waste. By
tracking the expiration dates of the food items in the
fridge, the Al algorithms can inform users when it is
time to consume the items before they go bad. This can
help reduce the amount of food that is thrown away and
save users money in the long run.

In addition to this, smart refrigerators can help
users save time by suggesting recipes based on the
ingredients available in the fridge. The Al algorithms
can take into account the user's dietary restrictions and
personal preferences to generate custom meal plans,
making meal preparation a breeze.

Several companies have already developed smart
refrigerators equipped with AI technology, including
LG, Samsung, and Whirlpool. For example, Samsung's
Family Hub refrigerator [2] comes equipped with a
21.5-inch touch screen display that can suggest recipes,
order groceries, and even play music. The fridge can
also connect to other smart devices in the home, such as
smart speakers and thermostats, to create a unified smart
home experience.

Another example is the LG InstaView ThinQ
refrigerator, which comes with Amazon Alexa and
Google Assistant built-in. The fridge can take voice
commands to add items to a grocery list, suggest
recipes, and control other smart home devices. The
fridge's InstaView feature also allows users to see inside
the fridge without opening the door, reducing energy
waste and making it easier to find items.

Figure I - LG GSXV90BSAE

Smart refrigerators equipped with Al technology
have the potential to lead people to a new evolution in
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household appliances. By providing wusers with
personalized  insights and  suggestions, these
refrigerators can help users make better-informed
decisions about their food choices and reduce food
waste.

SAMSUNG

Family Hub Refrigerator Styles

All styles come in counter-depth or in full depth
Color options include Stainless Steel and Black Stainless Steel

Figure 2 — Samsung Family Hub Refregirators models
Conclusion

In conclusion, the concept of using Al in
refrigerators has a lot of potential, making them smarter
and providing more value to the users. A smart
refrigerator can help users manage their groceries better,
reduce food waste, and suggest recipes based on the
items present in the fridge. The integration of Al
technology in refrigerators is an exciting development,
and we can expect to see more innovative applications
in the future.
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VITE AS ANEW FAST WEB APP BUNDLER. COMPARE VITE, WEBPACK, AND
PARCEL

Abstract: the article is a review of Vite, a modern build tool and web development framework that aims to
improve developer productivity and performance. It provides a comparison of Vite with two other popular
project bundlers, Webpack, and Parcel, highlighting the strengths and weaknesses of each. The article
covers key features of Vite such as its fast development server, optimized production builds, plugin-based
architecture, hot module replacement, and built-in file system watcher. It also discusses the advantages
and disadvantages of Vite, including limited compatibility, a small ecosystem, limited customization,
limited support for legacy browsers, and a learning curve for new users.

Keywords: Vite; Webpack; Parcel; modules; HMR.

Introduction Main part
A module bundler is a tool that helps developers Vite is a modern build tool and web development
manage and bundle JavaScript code and other assets, framework that aims to enhance developer productivity
such as CSS and images, for use in a web application. and performance. It was created by Evan You, the

When building complex web applications, creator of the popular JavaScript framework Vue.js, and
developers often divide their code into smaller, more  was first released in December 2019. Vite.js is designed
manageable modules. Each module can be responsible to be fast and flexible, with a focus on providing a
for a specific feature or function, and may depend on  smooth development experience.

other modules to work properly. However, in order to One of the key features of Vite is its fast
run the application in a browser, all of these modules  development server, which leverages native ES modules
need to be bundled into a single file. in modern browsers to enable lightning-fast startup

Module bundlers automate this process by times. This means that developers can see their changes
analyzing the dependencies between modules and reflected in the browser almost instantly, without the
creating a bundle that includes all of the required code. need for a full rebuild or reload. Vite also provides
They also often provide additional features such as code  optimized production builds, which can help reduce the
splitting, which allows large bundles to be split into  size of JavaScript bundles and improve page load times
smaller chunks that can be loaded on demand, and tree  [1].

shaking, which removes unused code from the final Vite has a plugin-based architecture, which means
bundle to reduce its size. that developers can extend its functionality by installing

Some popular module bundlers include Webpack, and configuring plugins. There are many plugins
Vite, and Parcel. available for Vite, ranging from ones that add support

for various CSS preprocessors to ones that enable

Goal integration with popular frameworks such as React,
The main goal of this work is to review a new  Vue;js, and Svelte.
approach to assembling projects using Vite. Also In addition to its core build tooling capabilities,
identifying the strengths and weaknesses of Vite Vite also provides a development server that supports
compared to other popular project bundlers, Webpack. hot module replacement (HMR), which enables
14
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developers to see changes in real-time without the need
for a full-page refresh. Vite also provides a built-in file
system watcher, which means that changes made to
project files are detected automatically and triggers the
necessary rebuilds [1].

One of the main advantages of Vite is its speed. Its
fast development server and optimized production
builds can help developers save time and improve their
productivity. In addition, its pl ugin-based
architecture allows developers to easily extend its
functionality and tailor it to their specific needs.

While Vite has many advantages, there are also
some potential disadvantages to consider:

e Limited compatibility: While Vite can be used
with other frameworks and libraries, it was designed to
work specifically with Vue.js. This means that it may
not be the best choice for developers who are using
other frameworks or who want a tool that can work with
multiple frameworks.

e Small ecosystem: While Vite has a growing
ecosystem of plugins and integrations, it is still a
relatively new tool and may not have as many options as
more established tools like Webpack. This could make it
harder to find the specific plugins or integrations needed
for a project.

Vite, Webpack, and Parcel are all popular build
tools used for modern web development, but they have
some key differences in their approach and capabilities:

e Performance: Vite is faster than Webpack and
Parcel because it uses native ES modules, which allows
for faster module resolution and bundling [1]. Vite also
uses a highly optimized development server that
supports hot module replacement (HMR), making the
development process much faster and smoother (fig. 1-
2).

Native ESM based dev server

Server
ready

* medule

Figure 1 — Vite dev server
e Ecosystem: Webpack has the largest ecosystem
of plugins and loaders, which allows for greater
customization and extensibility. Parcel has a smaller
ecosystem but requires less configuration than
Webpack. Vite is still a relatively new tool, so its
ecosystem is not as extensive as Webpack's or Parcel's,
but it is growing rapidly [1-3].
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Bundle based dev server

Figure 2 — Webpack dev server

e Configuration:  Vite  requires  minimal
configuration out of the box, while Webpack and Parcel
have a steeper learning curve and require more
configuration to get started. However, Webpack's and
Parcel's flexibility means that they can be customized to
handle complex use cases [2-3].

File size: Vite and Parcel generate smaller and
more optimized bundles than Webpack, which can lead
to faster load times and better performance (fig.3).

esbuild | 0.37s
rollup + terser
webpack 4
webpack 5
parcel 2
parcel 1
0s 305

36.00s
4151s
54508
56.71s
1851

60s 90s 1208

Figure 3 — Benchmark build times
o Compatibility: Webpack and Parcel have better
compatibility with legacy browsers than Vite, due to
their use of older web technologies.

Conclusion

Overall, Vite is a faster and more lightweight tool
that is well-suited for small to medium-sized projects,
especially those using Vue.js. Webpack is a more
flexible and powerful tool that is better suited for large
and complex projects, while Parcel is a simple and fast
tool that is well-suited for small projects or prototyping.
The choice of which tool to use will depend on the
specific needs of the project and the preferences of the
developer.
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USING SYSTEMS ANALYSIS FOR PROJECT MANAGEMENT IN THE SOFTWARE
INDUSTRY

Abstract: this article explores the benefits of using systems analysis techniques in project management
within the software industry. Systems analysis is a problem-solving approach that helps project managers
identify and evaluate the different components of a project, including processes, resources, and
stakeholders. The software industry is particularly suited for systems analysis techniques due to its
complex and dynamic nature. By applying systems analysis, project managers can identify potential risks,
assess project feasibility, and design effective project plans. The paper discusses various systems analysis
techniques that can be used, such as SWOT analysis, PESTLE analysis, and requirements gathering.
Additionally, the paper explores the integration of systems analysis with project management
methodologies such as Agile and Waterfall. Through the analysis of case studies, the paper demonstrates
how systems analysis techniques can improve project outcomes and enhance stakeholder engagement.
Ultimately, the paper argues that systems analysis is a valuable tool for project managers in the software
industry, helping them to manage complex projects more effectively and deliver high-quality software

products.

Keywords: systems analysis, project management, software industry, risk assessment, stakeholder
engagement, SWOT analysis, PESTLE analysis

Introduction

The software industry is a highly dynamic and
complex field, requiring project managers to be
equipped with effective tools and techniques for
managing projects. Systems analysis is a problem-
solving approach that has been used in various
industries for decades, and it is increasingly being
recognized as a valuable tool for project management in
the software industry. Systems analysis involves the
identification, evaluation, and optimization of different
components of a project, including processes, resources,
and stakeholders. By applying systems analysis
techniques, project managers can gain a deeper
understanding of project requirements, identify potential
risks, and design effective project plans.

This article explores the use of systems analysis in
project management within the software industry. We
examine various systems analysis techniques, such as
SWOT analysis, PESTLE analysis, and requirements
gathering, and their integration with project
management methodologies like Agile and Waterfall.
Additionally, we present case studies that demonstrate
how systems analysis can be used to improve project
outcomes and enhance stakeholder engagement. Finally,
we argue that systems analysis is a valuable tool for
project managers in the software industry, enabling
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them to manage complex projects more effectively and
deliver high-quality software products.

Goal

The goal of this article is to explore the use of
systems analysis techniques in project management
within the software industry. The article aims to
demonstrate the benefits of using systems analysis, such
as risk assessment, stakeholder engagement, and project
planning. Additionally, the article will provide an
overview of various systems analysis techniques,
including SWOT analysis, PESTLE analysis, and
requirements gathering, and discuss their integration
with project management methodologies such as Agile
and Waterfall. Through the analysis of case studies, the
article aims to showcase how systems analysis can be
used to manage complex software projects more
effectively and deliver high-quality software products.
Ultimately, the article seeks to highlight the value of
systems analysis for project managers in the software
industry.

Main part

The software industry is a dynamic and complex
field, and project managers face unique challenges when
managing software projects. To overcome these
challenges, project managers are increasingly turning to
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systems analysis techniques to help them identify and
evaluate different components of a project, such as
processes, resources, and stakeholders.

Systems analysis involves a problem-solving
approach that helps project managers gain a deeper
understanding of project requirements and identify
potential risks. One common systems analysis technique
is SWOT analysis, which involves analyzing the
strengths, weaknesses, opportunities, and threats of a
project. Another technique is PESTLE analysis, which
considers the political, economic, social, technological,
legal, and environmental factors that may impact a
project. Requirements gathering is another critical
systems analysis technique that helps project managers
gather and document project requirements.

Project management methodologies such as Agile
and Waterfall can be integrated with systems analysis to
improve project outcomes further. Agile is an iterative
and flexible approach that focuses on delivering
incremental value to stakeholders. Agile methodologies
work well with systems analysis techniques like
requirements gathering, as they allow for ongoing
feedback and refinement of project requirements.
Waterfall is a more traditional project management
methodology that involves a linear approach to project
delivery. Waterfall can be enhanced by using systems
analysis techniques like SWOT and PESTLE analysis to
identify and evaluate potential risks and opportunities.

Case studies have demonstrated how systems
analysis can improve project outcomes and enhance
stakeholder engagement in the software industry. For
example, a case study conducted on a software
development project found that systems analysis
techniques like SWOT and requirements gathering
improved stakeholder engagement and led to the
development of a more effective project plan.
Additionally, a case study conducted on a software
implementation project found that systems analysis
techniques like PESTLE analysis helped project
managers identify potential risks and design effective
risk management strategies.

Conclusion

The use of systems analysis techniques in project
management within the software industry offers
numerous benefits, including better risk assessment,
improved stakeholder engagement, and more effective
project planning. Systems analysis techniques like
SWOT, PESTLE, and requirements gathering help
project managers gain a deeper understanding of project
requirements, identify potential risks, and design
effective project plans. Additionally, the integration of
systems  analysis  with  project = management
methodologies like Agile and Waterfall can further
improve project outcomes and enhance stakeholder
engagement.
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Through the analysis of case studies, it is evident
that systems analysis can be used to manage complex
software projects more effectively and deliver high-
quality software products. However, it is important to
note that the selection of the appropriate systems

analysis  technique and  project management
methodology depends on the specific project's
requirements and constraints.

Therefore, it is recommended that project

managers in the software industry consider using
systems analysis techniques in conjunction with project
management methodologies to optimize project
outcomes. The successful implementation of systems
analysis techniques in project management requires a
thorough understanding of the methodology and a
willingness to adapt to changing project requirements.
By utilizing systems analysis techniques, project
managers can more effectively manage the complexity
of the software industry and deliver successful software
products to meet stakeholder needs.
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DESIGN AND IMPLEMENTATION OF A COMPREHENSIVE FIRE PROTECTION
SYSTEM UTILIZING HEAT, GAS, AND OXYGEN SENSORS WITH DEFINED
MODULES OF CONTROL

Abstract: this report describes the design and implementation of a fire protection system that uses heat,
gas, and oxygen sensors with defined control modules. The report explains the selection and integration
of these sensors, as well as the control module development and system validation. The report highlights
the potential benefits of the system, including preventing property damage, saving lives, and reducing

injury in the event of a fire.

Keywords: fire protection system, heat sensors, gas sensors, oxygen sensors, control modules, real-time
monitoring, HVAC systems, suppression systems, NFPA, implementation.

Introduction

Fires can be devastating, causing damage to
property and harm to people. To prevent such incidents,
a comprehensive fire protection system is needed that
utilizes the latest technologies. This report presents the
design and implementation of such a system that uses
heat, gas, and oxygen sensors with defined control
modules.

Goal

The goal of the report is to describe the design and
implementation of a comprehensive fire protection
system that utilizes heat, gas, and oxygen sensors with
defined modules of control. The report aims to explain
the sensor selection, control module development, and
system validation process, highlighting the potential
benefits of the system, including preventing property
damage, saving lives, and reducing injury in the event
of a fire.

Main part

Designing and implementing a comprehensive
fire protection system utilizing heat, gas, and oxygen
sensors with defined modules of control is critical to
ensure safety and minimize potential damages in
buildings and facilities. In designing such a system, the
company would carefully consider the specific needs of
the building or facility, such as its size, layout, and
occupancy levels.
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The system would integrate specialized sensors
that would be strategically placed throughout the
building or facility to detect changes in air quality,
temperature, and other factors associated with fires.
These sensors would be designed to detect even the
slightest changes in the environment and would be
connected to the control module for real-time
monitoring.

The heat sensors would detect sudden changes in
temperature, while the gas sensors would detect any
flammable gases present in the air. The oxygen sensors
would detect any decreases in oxygen levels, which
could indicate a fire or other hazardous conditions.

The control modules of the system would be
designed to activate appropriate responses based on the
data received from the sensors. These responses would
include activating alarms or other alert systems to notify
occupants of the building or facility of the potential
danger. The system would also be designed to shut
down HVAC systems to prevent smoke and fire from
spreading and triggering suppression systems such as
sprinklers or extinguishing agents.

To develop such a system, it is essential to refer to
various standards and guidelines related to fire
protection systems. The National Fire Protection
Association (NFPA) has developed several standards
related to fire protection systems. One of the critical
codes related to integrated fire protection and life safety
systems is NFPA 4. It emphasizes the need for building
design features and systems to work together
interactively during a fire emergency. Another essential
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code related to the design and installation of oxygen-
fuel gas systems for welding and cutting is NFPA 51.
NFPA 72 covers fire alarm and signaling systems, which
is also important to consider while implementing a
comprehensive fire protection system.[1]

Many manufacturers such as Honeywell, Siemens,
and Bosch offer a range of fire detection and
suppression systems with advanced sensors and control
modules. It is essential to review the available options

and select the most suitable one that caters to the
specific needs of each facility.

The proper implementation of such a system
involves careful selection and integration of sensors and
control modules that can initiate a response based upon
the data collected by the sensors. It may involve
programming, wiring, and testing to ensure that the
system operates accurately [2].

Figure 1 - Honeywell Addressable Fire Alarm Control Panels ES-50X

SIEMENS

Figure I - Desigo® Fire Safety 50 Point Panel System (UL)
measures.

Conclusion

Overall, the comprehensive fire protection system
utilizing heat, gas, and oxygen sensors with defined
modules of control presented in this report provides an
effective solution to prevent fires. The system's design
and implementation were driven by factors such as
safety, regulations, cost, and ease of maintenance. The
integration with existing fire protection technologies,
efficient performance metrics, and future developments
make the system a valuable addition to fire safety
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REVIEW OF METHODS FOR CLUSTERING PUBLICATIONS OF SCIENTISTS BY
AREAS OF SCIENTIFIC RESEARCH

Abstract: this article describes the use of methods such as the Elbow method, Topic modeling with LDA,
and Silhouette Score for clustering scientific text documents. The process of clustering text documents can
be divided into two main stages. In the first stage, text representations of documents are transformed into
vector representations according to certain rules, and then in the second stage, clustering methods are
applied to these vectors based on various factors.

Keywords: clusterization of text documents, topic modeling, LDA, Elbow method
S— [0, o) is used to determine the similarity and
dissimilarity between objects. The objective is to
identify a set of clusters K and a clustering algorithm c:
S — K, such that objects within each cluster are similar,
while objects across different clusters are notably
dissimilar [1].

Thematic method clustering

Topic modeling is a method of clustering text data

Introduction

Scientific research is a rapidly evolving field, and
it can be challenging to keep up with the latest trends
and developments. As the number of published
scientific papers continues to grow, researchers are
seeking new ways to organize and classify these

publications  into meamngful _ groups. Clustering ¢ allows you to automatically identify topics and
methods have become an increasingly popular tool for  yhematic structures in a collection of documents. It is
achieving this goal. In this paper, we review various  paged on the assumption that each document contains a
clustering techniques used for grouping publications by  get of topics with different probability, and each topic is
areas of scientific research, including k-means represented by a set of words with different weight
clusterization, the elbow method for determining the significance.
optimal number of clusters, and topic modeling. We also The algorithm of this approach begins with the
discuss the strengths and limitations of each method and  construction of a matrix of document terms, where each
provide recommendations for future research in this element of the matrix represents a weighting factor
area. Overall, our analysis highlights the potential of reflecting the frequency of occurrence of each term in
clustering techniques for organizing and analyzing large ~ €ach document [2]. After that, based on this matrix, a
volumes of scientific publications and provides insights ~model is built that allows you to identify topics in a
into the best practices for implementing these methods ~ collection of documents.
in practice. Latent Dirichlet Allocation (LDA) is a well-liked
topic modeling approach in natural language processing.
Goal Large collections of scientific publications, such those
found in digital libraries like arXiv, PubMed, and IEEE

T_he aim of this work is to use and compare Xplore, are frequently analyzed using LDA in scientific
clustering methods such as elbow method, LDA, NMF,  yeqearch [3].

K-means and Silhouette Score for scientific textual Finding the underlying subjects that are present in
documents to create an optimal clustering algorithm for 5 group of documents is the aim of LDA. These subjects
scientific publications based on research areas. could be subfields within a larger field of study,

research areas, or scientific disciplines in the context of
scientific papers [4]. According to LDA, every
document in the corpus is made up of a variety of these
underlying themes, and each word is produced by one of
these topics.

Main part

Statement of the research problem

The clustering problem can be defined as follows.
Consider a finite set of objects S that need to be
clustered, where S = { d;}. The distance function p: S x

20
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The steps listed below can be used to apply LDA
for clustering scientific papers:

e Preprocessing: The scientific papers need to be
preprocessed to remove stop words, punctuations, and
other irrelevant characters. Stemming or lemmatization
can also be performed to reduce the dimensionality of
the data.

e Vectorization: The preprocessed text is then
transformed into a numerical representation using
techniques like bag-of-words or TF-IDF.

e Topic modeling: The LDA algorithm is applied

to the vectorized documents to identify the underlying
topics. LDA is an unsupervised algorithm that
automatically clusters documents into topics based on
the similarity of their word distributions.
Cluster identification: Once the topics have
been identified, each document is assigned to the topic
that best represents its content. This assignment is done
based on the probability distribution of words in the
document and the topics.

e Evaluation: The quality of the clustering can be
evaluated using metrics like coherence and silhouette
score.

In conclusion, by finding the underlying topics that
are present in the corpus and assigning each document
to the subject that best captures its content, LDA may be
used to cluster scientific papers. This method can aid in
knowledge discovery and exploration and give scholars
insights into the format and content of sizable
collections of scientific papers.

One of the key advantages of k-means clustering is
its simplicity and speed. The algorithm is relatively easy
to implement and can handle large datasets with many
features. However, one of the challenges of k-means
clustering is the need to specify the number of clusters,
which can be subjective and may require trial and error
[5]. To address this challenge, we have proposed using
the elbow method, which involves plotting the within-
cluster sum of squares (WCSS) against the number of
clusters and selecting the number of clusters where the
change in WCSS begins to level off (i.e., the "elbow" of
the plot). To address this challenge, we have proposed
using the elbow method.

In this method for each number of clusters, the
sum of squared distances within the cluster (WSFC) is
calculated, and then a WSS graph is plotted by the
number of clusters [6]. Based on the graph points, it is
necessary to identify the "elbow" point, which shows
the optimal number of clusters for a given data set. This
clustering approach is necessary to determine the
appropriate number of clusters for analysis and to
increase the efficiency of clustering results.

Experimental study

For the experimental part of the paper 120 articles
were scraped from the database of IEEE SIST. For the
input data, 4 columns were taken: "Title", "Author",
"Abstract", and "key words".

The "Abstract" and "key words" columns were
combined into a single corpus of text and used a
‘CountVectorizer’ object to tokenize the text and
convert it into a document-term matrix. The document-
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term matrix represents the frequency of each word in
each document.

The LDA algorithm is then applied to the
document-term matrix to identify the underlying topics
in the corpus. The number of topics is set to 8, which is
a hyperparameter that can be tuned to obtain the best
results for a given dataset.

Finally, the top 3 words for each topic were
extracted. This allows us to interpret the topics and gain
insights into the main themes that are present in the text
data.

Overall, the main point is to provide a powerful
and interpretable tool for exploring and analyzing large
text datasets in a scientific context.

Determining the optimal number of clusters is
often a challenging problem in clustering analysis, and
there are several methods to help determine the
appropriate number of clusters for a given dataset.

For the compiled dataset elbow method was
applied, which involves plotting the within-cluster sum
of squares (WCSS) against the number of clusters and
selecting the number of clusters at the "elbow" of the
curve, where the decrease in WCSS begins to level off.

In this case, it's possible that after applying the
elbow method, the curve leveled off at 15 clusters as
shown in Fig.1, indicating that 15 clusters are sufficient
to capture the underlying structure of the data.

Elbow Method for Text-Based Dataframe
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Fig.1 - Elbow method

As it is shown above the elbow plot appears as a
straight line, this could suggest that it is difficult to
determine the optimal number of clusters and that there
is no distinct elbow point. In such instances, it may be
worthwhile to consider alternative methods for
determining the number of clusters or experimenting
with a variety of k values to explore various clustering
solutions, such as the silhouette score or gap statistic.
Ultimately, the choice of the optimal number of clusters
may depend on the specific characteristics of the data
and the goals of the analysis.

As a result of using the previously explained
operations, 15 research areas of the scraped scientific
publications were identified according to Fig. 2:

0 Reinforcement learning algorithms
locomotion control in bipedal robots;

1 - Smart Parking System Using loT and Image
Processing Techniques;

for
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2 - Applied Research in Information Technology
and Engineering;

3 - Applications of Machine Learning and IoT in
Financial, Security, and Energy Domains;

4 - Image Processing and Data Analysis;

5 - Applications of Data Science and Machine
Learning in Healthcare, Environment Monitoring, and
Policy Making;

6 - Applications of Artificial Intelligence and
Machine Learning in Various Fields;

7 - Intelligent Systems and Technologies in
Various Fields;

8 - Applications of Computer Simulation in
Intelligent Control Systems for Various Purposes;

9-ML;

10 - FA Phishing Attacks and the Development of
Robust Authentication Algorithms and Techniques;

11 - Natural Language Processing and Text Mining
for the Kazakh Language;

12 - Control Systems Engineering;

13 - Analysis of Social Media Data for Identifying
Trends and Customer Preferences;

14 - Enhancing Cybersecurity through Analysis
and Prevention of.

] Number of Occurrences of Each Topic

[ 2 4 6 B i} ¥ it
Cluster

Fig.2 - Number of occurrences of Each Topic

In comparison with the previous method above the
silhouette score method was also used in the analysis.
Using the silhouette score is a viable method to assess
the effectiveness of clustering for different values of k
[7]. This score determines the similarity of an object to
its own cluster in relation to other clusters, with possible
values ranging from -1 to 1 as in Fig. 3. A greater
silhouette score implies that the object is well-matched
to its own cluster while being poorly matched to
neighboring clusters. By comparing various clustering
solutions for different values of k with the silhouette
score, it is possible to select the one that has the highest
score.

Conclusion

Topic modeling was done to get the most popular
keywords. In order to clearly see what our accumulated
scientific articles are about a modeling topic was
visualized.
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Also, the most popular authors were identified
who most often published their work and popular
keywords that are significant in scientific articles and
which, in turn, are trending for our data.

Silhouette Score for Text-Based Dataframe
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Fig.3- Silhouette Score for Text-Based Dateframe

In addition, clustering was used to divide the
collected articles into clusters based on the abstract of
scientific journals. After that, the identified clusters
were brought to a more human-readable form by
defining a research area for each cluster and plotting a
bar-plot to show which field of research was the most
popular on the site.

In order to see how significant the difference is in
the assignments of the research field from the person
himself in comparison with the model, the NMF method
is planned to be used for future work. As a result, it can
be concluded which of the methods is the best method
for assigning a study area.
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OBJECT ORIENTED PROGRAMMING IN MODERN ENTERPRISE WEB
APPLICATIONS

Abstract: this article discusses the object-oriented approach to software development, its use for the
development of modern corporate web applications. Advantages and disadvantages of using it to develop
enterprise web applications. It discusses common approaches and generally accepted practices for
developing corporate web applications. It also touches on the topic of design patterns and writing well-
maintained and easily extensible code based on fundamental books and articles from well-known authors

whose work has largely shaped the industry.

Keywords: object oriented programming, enterprise applications, web applications, development

patterns and principles
Introduction

The concept of an object-oriented approach to
software development is not new, as is its main
alternative the functional approach, and most
developers are familiar with them at the level of
understanding the concepts. At the same time, writing
high-quality code that meets modern requirements
requires a much deeper knowledge of the approach
itself, as well as related concepts, rules and principles
applicable in object-oriented development.

Goal

The main purpose of the work is to structure
knowledge about object-oriented programming and its
main principles, widely used patterns and approaches in
development. The result of a better assimilation of this
data should be an improvement in the quality of the
code and an acceleration of the development process,
which is a very important criterion for the level of a
software developer.

Main part

OOP (object-oriented programming) is a software
development paradigm based on the concept of objects,
which are a collection of data and operations on
them[1].

In contrast to the functional approach, the main
concept is the data itself, and not operations on them.

The concept is well suited to describe the external
world or its processes. Everything that surrounds us is
objects. Description of the type of this object, its
capabilities and features - classes. Each object contains
a set of characteristics or data - attributes. Finally, each
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object can perform some action or an action can be
performed on it - methods. So we come to the main
elements that make up a program written in the OOP
paradigm: classes, objects, attributes and methods.

Next, it is worth mentioning the key principles of
OOP and formulating an understanding of their purpose
and application. As a rule, four such principles are
distinguished:

e encapsulation - means that all important
information, as well as its behavior, must be defined
within the class itself;

e abstraction - objects give access only to
mechanisms that are important to other objects in this
case, hiding all their capabilities behind an interface;

e inheritance - allows a class to reuse the
functionality of another (parent or base) class;

e polymorphism - allows you to work with
objects that have a common interface as with the same
object;

The main advantages of the OOP approach is that
the solution is obtained: more flexible and extensible,
because a class is essentially an independent unit of
functionality; modularity and reuse - a class or set of
classes can be easily separated as a module and reused;
development productivity - follows from the previous
two points; abstraction from details - makes code easier
to read and maintain; security - implementation details
are hidden and not accessible from the outside;
flexibility - polymorphism allows one function to adapt
to the class it is in.

The disadvantages of this approach include an
increase in the time spent on design, as well as the
transfer of the data processing algorithm to the
background.
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Consider the principles without which the concepts
of OOP will be incomplete. The main, most important
and necessary to understand the set of principles
applicable to OOP is hidden behind the acronym
SOLID[2].

Single Responsibility Principle - a class should
only be responsible for one thing. Changes in one
subsystem shouldn’t lead to changes in another.

Open-Closed Principle - classes should be open for
extension, but not for modification.

Liskov Substitution Principle - the purpose of this
principle is that derived classes can be used in place of
the parent classes they are derived from without
breaking the program.

Interface Segregation Principle - create highly
specialized client-specific interfaces because clients
should not depend on interfaces they don't use.

Dependency Inversion Principle - upper-level
modules should not depend on lower-level modules.
Both types of modules must depend on abstractions.
Abstractions should not depend on details. Details
should depend on abstractions.

These principles are the basis for the development
of OOP code and allow you to largely avoid problems
with maintaining and expanding the system.

Going deeper into OOP, one can think about
applying the above principles and run into some
challenges that are common. One such challenge may
be the division of responsibilities between classes.
Fortunately, this problem has already been well studied
and solved. There is a whole set of templates for solving
common tasks of assigning responsibilities to classes
and objects - GRASP[3].

Information Expert - responsibility should be
assigned to the one who owns the maximum of the
necessary information for execution - the information
expert.

Creator - this template defines which object should
be responsible for creating another object.

Controller - this template defines an object that
coordinates actions between other objects.

Low Coupling - objects should be loosely coupled
to each other so that changes in one object do not lead to
unexpected changes in another object.

High Cohesion - this template specifies that related
objects must be together.

Polymorphism - allows you to use the same code
to work with different types of objects.

Pure Fabrication - this principle recommends
creating objects, methods and functions that do not exist
in reality, but are necessary for solving certain tasks,
they can imitate real entities, or provide an interface to
access other objects without revealing their internal
implementation.

Indirection - technique that allows you to hide the
concrete implementation of an object behind an
abstraction.
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Protected Variations - principle that recommends
designing a system in such a way that changes in one
part of it do not affect others.

Speaking about the commercial development of
large corporate systems, it is very important to work out
the details of the subject area, as well as an accurate
description of the business entities. To solve this
problem, domain driven design (DDD) allows you to
solve this problem[4]. DDD is a software development
methodology that pays special attention to the domain
that the system is focused on.

There are several concepts that you should know to
use DDD for application design:

e Domain - the logical area that defines the
problem you want to solve;

e Bounded Context - bounded context is the
logical boundary around the code that represents the
solution for that domain;

e Ubiquitous Language - DDD refers to the
Ubiquitous language as a must; The idea is that the
developer and the user need to speak the same language;

e Layered Architecture - the idea is to keep the
domain knowledge focused and not spread across
different application components;

e Entity is a domain object uniquely identified by
a unique identifier, not by its attributes;

e Value Object - an unchangeable object that has
attributes, but no distinct identity;

e Aggregate - group of objects that are combined
into a single entity and controlled by a root usage.
Aggregates require data consistency in the system.

Conclusion

Modern approaches to development allow you to
create huge systems and maintain them. But at the same
time, they leave a significant imprint on the amount of
information necessary for their application. This
material briefly describes the minimum set of
knowledge required to write code in accordance with
high standards.

References

1. Martin, Robert C. (2008). Clean Code: A Handbook
of Agile Software Craftsmanship — UK: Pearson, 464p.

2. Martin, Robert C. (2003). Agile Software
Development, Principles, Patterns, and Practices — US:
Prentice Hall, 95p.

3. Larman, Craig. (2004) Applying UML and Patterns
— Third Edition — UK: Pearson, 736p.

4. Evans, FEric. (2004) Domain-Driven Design
Reference: Definitions and Pattern Summaries — US: Addison-
Wesley Professional, 534p

Kadenpa indopmaniiiaux rexgonoriii, KHYFA




X MixkHapo/IHA HAYKOBO-IIpakTU4YHA KoHbepeHisa «YupasiiHHsg PO3BUTKOM TexXHoa0rii 2023

U.D.C. 004.5 + 004.8

Kovalenko Anton
Postgraduate student

Kyiv National University of Trade and Economics, Kyiv, Ukraine

USAGE OF MQTT INTERNET OF THINGS PROTOCOL IN AIR QUALITY
MONITORING SYSTEMS

Abstract: this article describes possible ways of MQOTT protocol usage in environmental monitoring
systems, namely, air quality control systems. The protocol was analyzed for suitability to transfer

messages in monitoring systems and correspondence to all needs for such systems. The air quality
monitoring system's network architecture has been designed, which utilizes MOTT as its primary protocol
for data transmission. The developed architecture meets all requirements for distributed, scalable, secure,

and reliable IoT monitoring system.

Keywords: MQTT, air quality monitoring, internet of things, automation.

Introduction

The Internet of Things (IoT) is an integral part of
of modern times, especially when it comes to
environmental monitoring systems like air or water
quality control systems. IoT uses different protocols for
communication between devices and servers. One of
them is MQTT. This protocol can be used in air quality
monitoring systems as the main way of transferring data
between monitoring devices (nodes) and servers.

Goal

The objective of this work is to accomplish the
following set of tasks: to analyze the usage of MQTT in
air quality monitoring systems; to propose an
architecture of IoT air quality control system based on
MQTT protocol.

Main part

A great part of modern air quality monitoring
systems (AQMS) uses IoT technologies to automate
data collection and transmit it to end users.

Most IoT AQMS architectures consist of devices
network to take measurements in different places. Each
device has a microcontroller with some external
connectivity module to transmit data (radio, WiFi,
GSM, etc.) and a collection of sensors to measure
different indicators of air cleanness.

The first variant of AQMS architecture is a
network of grouped and connected devices to the
“master” device, which stays as a proxy between a
server and the device itself. The master acts as an
Internet gateway that collects data from devices and
transmits it to a server via internet protocol (TCP/IP or
UDP). This type of architecture is commonly used in
systems that utilize short-range IoT protocols such as
LoRa [2] or Zigbee [3]. Also, the role of a master device
can be fulfilled by a WiFi router installed in the local
IoT network.
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The second possible variant of AQMS architecture
is a device connected to a server directly. It can be
implemented by using GSM networks and NBIoT
protocol. Such a variant is more expensive than the first
one because each monitoring device should be supplied
with a GSM module and a SIM card. But the main
advantage of using GSM implies the ability to locate a
device in any place where the GSM network operates.

One of the IoT protocols which can be used in both
variants of network architecture is MQTT [1] because it
works above TCP/IP protocol. It means the protocol can
be applied in WiFi and GSM networks. MQTT is a
lightweight, open-source, machine-to-machine message
transfer protocol that is widely used in IoT [4]. It
utilizes a message-broker server that implements
publish/subscribe data-transfer model and has the ability
to set three different levels of data consistency. Figure 1
shows the schema of message transferring with MQTT.

i MQTT
publish client
publish d subscribe
subscribg N O (o]
1H111=0 publish
MQTT 111=0 subscribe
client
MQTT Broker

MQTT
client

Figure 1 — MOTT message transferring schema

MQTT is one of the best choices for an AQMS
system because it is highly optimized to operate on
weak devices, has bi-directional communications, and
can guarantee message delivery.
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Additionally, MQTT makes it easy to encrypt
messages using TLS and authenticate clients using
modern authentication protocols, such as OAuth [5].
The most crucial advantage of MQTT is the ability to
scale to millions of devices simultaneously connected to
the server.

By implementing data-structure standards as
Homie convention [6], MQTT gives the ability to use
third-party services to control devices from a WEB
admin panel or mobile application. The node-RED
platform is an example of such a system.

Developed AQMS network architecture based on
the MQTT IoT protocol is presented below (Figure 2).

[ pub/sub
[ (] pub/sub
MQTT-
. Message-
Monitoring broker
device Shns
pub/sub
pub/sub — User
htt
Monitoring ﬁ P ®

Main server
Figure 2 — architecture of AQMS system with MOQTT

In the centre of architecture, the MQTT message
broker is located. It is responsible for data transmitting
from monitoring devices to the server and end-user
(mobile app or WEB-page). Broker implementation
allows direct connections from mobile applications and
other clients, which makes bi-directional connections
very easy to implement. This mechanism eliminates the
need to send data from one client to another because it
has already been done by the broker. Monitoring
devices, main server, and mobile application speak with
MQTT message-broker by publish/subscribe protocol.
Data transmission between the mobile application and
the main server is done by HTTP protocol because it is a
standard way for communication with API.

The monitoring device is built on an Arduino Uno
microcontroller which uses an ESP8266 module to
transfer data in a WiFi network. To measure fine dust
content (PM1.0, PM2.5, PM10), the Nova SDSO11
module was connected to a microcontroller. DHT11
sensor was used to measure air humidity and
temperature. For CO2 contamination measurements
MH-Z19B sensor is responsible. It is needed to install
the “arduino-mqtt” open-source library in a
microcontroller firmware to transmit messages via
MQTT protocol in an Arduino microcontroller.
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Conclusion

MQTT protocol plays a significant role in the
development of IoT technologies. It has plenty of
advantages over common protocols such as TCP/IP and
UDP for use in specific conditions of air quality
monitoring systems. High flexibility, data packet’s
lightweight, low latency and ability to guarantee data
transfer makes MQTT a great choice for an
environmental monitoring system which works within
WiFi/GSM networks. MQTT allows for AQMS to be
easier to develop, more appropriate for extending,
reliable and scalable to millions of devices.

The proposed architecture of the AQMS network
meets all requirements of distributed, scalable IoT
systems with bi-directional message transferring. It can
be used not only for AQMS but also for other
monitoring systems.
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A “WRAPPER” TECHNIQUE WITH BAYESIAN INFORMATION CRITERION FOR
FEATURE SELECTION

Abstract: this article discusses the problem in identification of the stop criteria while selecting features to
be included in machine learning model. For the “wrapper” technique is proposed a formal criterion to
define when feature selection search process to be finished in order a machine learning model to have a
high performance. The proposal is identified through solving the tasks: review and analysis a “wrapper”
technique, an identification the reasons why a “wrapper” technique today may fail to select a feature
subset that will predict a target class the best accuracy, propose enhancements to “wrapper” technique
and evaluate the proposal through experimental tests with classification machine learning models.

Keywords: Bayesian Information Criterion (BIC); Bayes factor, accuracy; BIC weight.

Introduction

Feature selection is a mandatory step of data pre-
processing phase in supervised machine learning life
cycle [1]. The goal of feature selection is to choose an
optimal feature subset according to predefined
evaluation criterion in order to improve a machine
learning model’s performance and reduce the
computational requirements of modelling solution.

The techniques to select features for machine
learning model are specified as: learning algorithm -
dependent (‘wrapper’, ‘embedded’), learning algorithm
- independent (‘filter’) and ‘hybrid’ [2]. The mentioned
techniques have four steps in common: 1) Starting
point; 2) Search organization; 3) Evaluation strategy; 4)
Stopping. The main difference between the techniques
is happening in step 3 when evaluation strategy is
applied: with the ‘wrapper’ method - an evaluation is
performed using the performance metrics of a learning
algorithm, e.g. an accuracy’s calculation of fit model
with proposed feature subset; with ‘embedded’ method
— features subset is selected by learning algorithm, e.g.
decision tree selects the most efficient features while
recursively partitioning the dataset to minimize split’s
impurity; ‘filter’ - undesirable features are filtered out of
the data as a result of measured dependency between
independent variables and target class. ‘Filter’ produces
score for each feature based on evaluated statistics. For
supervised machine learning ‘filter’ method uses
algorithms from: 1) information theory (Mutual
Information Maximisation, Joint Mutual Information,
Conditional Informative Feature Extraction, Interaction
Capping, Double Input Symmetrical Relevance and
others [3]); 2) similarity based theory (Laplacian score,
Fisher score, reliefF [4]); 3) statistical theory
(Correlation Based Filter, Chi Square, F-score, Gini
index, Low Variance, T-score [5]; 4) structure learning
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(graph structural feature selection, tree structural feature
selection [6]); “hybrid”-an evaluation strategy uses a
filter method and learning algorithm.

The condition when feature selection search to be
stopped is formalized only with ‘embedded’ method and
happens when learning algorithm completes fitting a
model. The other methods use either user’s predefined
threshold values or heuristics created to work with a
particular algorithm to identify when to stop a feature
subsets generation. The absence of a general may cause
that final set of features won’t predict the target class
with the best accuracy because user’s predefined
threshold value may fit differently depending on dataset.
So the development of the enhancements is required.

In current study we propose to use a Bayesian
Information Criterion (BIC) to formalize a stop process
in ‘wrapper’ technique. BIC is derived from Bayesian
statistical analysis and estimates and provides an
approximation to a Bayes factor, which has desirable
properties for hypothesis testing and model selection [7-
8]. BIC is calculated for each candidate model by
equation (1)

BIC, =—-2logL, + plogn (1)

where

L, is a maximized log-likelihood of d-the
candidate model; the number of features (p) which are
included in the model and (n) - the number of
observations in dataset;

d=1,..., 2, where D is a number of candidate
models.

When a classification model is built with
predictors matrix X € R™F and target ¥ € R™ then a
maximized log-likelihood from eq. 1 is calculated as a
logistic loss function (2).
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Ly(v,p)= Z— (vilog(p)+(1-y)log-p;))  (2)

i=1

where

P; 1s a probability with which a fit model predicts
1 .

L+exp(—X;w; —w;o) ’

a positive class p; =

i=1l.n, j=1.p, Fy”‘fﬁﬁ — coefficients of
the model. Considering equation 2 the equation 1 takes
a final look as specified in (3)

BIC; =-2logL4(y,p)+ plogn 3)
The model with the smallest BIC is preferable
because it won’t overfit data. The biggest value of BIC
identifies the complex models, that fit the data better, so
the first term in definition (3) will have a low value,
however the second - provides a way to penalize these
extra parameters, therefore causes BIC are increasing.
Candidate models’ comparison by B} is done by BIC

exp(— A))
weights denoted by w; = # , where &; is a
Zexp(——Al-)
r=1 2

difference between i-th candidate model with calculated
BIC; and the minimum value, denoted by BIC 4, BIC

weights are the probability that i-th candidate model is
the best among the set of candidate models. BIC
weights use Bayes factor grades to evaluate a candidate

model: 1) wy <2 @.5 - weak; 2) 0.5 < wy <= Q.75 -
positive; 3) @75 = wy = .90 - 4)
0.95 =~ wy = 0.9 - very strong.

Goal

strong;

Propose to use a ‘wrapper’ technique with
Bayesian Information Criterion and Bayes factor grades
to formalize a stop criterion process so that the high
model performance is achieved with the selected
features.

Main part

A ‘wrapper’ technique for feature selection
includes processes (fig. 1(a)): ‘feature subset generation’
specifies the algorithm for feature subset
identification. Commonly used types of search
algorithms are an exhaustive search; a complete search;
a random search and a heuristic search. “Modelling” — a
machine learning model is built with specific learner
algorithm and generated feature subset. ‘“Model
evaluation” — is done by using model’s performance
metric. “Stop criteria” — identifies if criteria to search
the feature subset is met by comparing the calculated
performance metrics with predefined values.
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On figure 1(b) is specified a diagram for the
proposed  “wrapper”  technique with Bayesian
Information Criterion. The flow doesn’t require “stop
criteria” process but includes a process which assigns
each candidate model a Bayes grades: {MI}
“positive”; {M2} — “strong”; {M3} — “very strong”.
Model(s) which is included in {M3} set is expected the
highest performance among all candidate models.

A process ‘Feature subset generation’ (fig. 1 (b))
selects a set with i-th features which received a
maximum CFS score among all possible combinations
with total number F of features in dataset. It is proposed
to use a complete search in order to have as many
candidate models as possible, however, other
approaches for feature subset generation can be used as
well. A process “Grade models by Bayes factor” (fig.
1(b)) - is organized by algorithm (fig. 2). Two vectors

are received as input parameters: S includes fitted

candidate models; E_:’-" — includes BIC of each model
from _E . In line 2 — BIC weight is calculated for i-th

model; in lines 3-5 each model is evaluated by Bayes
factor and saved in corresponding subsets.

To empirically test the proposed “wrapper”
technique with BIC four datasets are selected from UCI
Machine Learning Repository with characteristics from
table 1 and leaner algorithm naive Bayes. The selection
of the learner algorithm is dictated by the fact — naive
Bayes classification accuracy is negatively affected by
present of the redundant features as it breaks the
assumption that feature values are independent given
the class.

To study the result of features selection by
“wrapper” technique with BIC we will visualize and
analyse relationships between: 1) candidate model’s
BIC weigh and feature subset’s CFS score; 2) candidate
model’s accuracy and feature subset’s CFS score.

The results are presented on fig.3-fig.4. Dataset
‘audiology’ (fig. 3 (a)) BIC weight = 0.94 (Bayes grade
is ‘strong’) corresponds to CFS score = 0.43 and the
highest accuracy = 78% (fig. 3 (b)) corresponds the
same CFS score = 0.43. Dataset ‘horse-colic’ (fig. 3 (¢))
BIC weight 0.99 (Bayes grade is ‘very strong’)
corresponds to CFS score 0.16 and the highest
accuracy = 77% (fig. 3 (d)) corresponds the same CFS
score = 0.16. Dataset ‘soybean’ (fig. 4 (a)) BIC weight =
0.97 (Bayes grade is ‘very strong’) corresponds to CFS
score = 0.66 and the highest accuracy = 88% (fig. 4 (b))
corresponds the same CFS score = 0.66. Dataset ‘king-
rook vs. king-pawn’ (fig. 4 (c)) BIC weight = 1 (Bayes
grade is ‘very strong’) corresponds to CFS score=0.12
and the highest accuracy=86% corresponds the same
CFS score = 0.12 (fig. 4 (d)).

Kadenpa indopmaniiiaux rexgonoriii, KHYFA




X MixkHapo/IHA HAYKOBO-IIpakTU4YHA KoHbepeHisa «YupasiiHHsg PO3BUTKOM TexXHoa0rii 2023

(@) (b)

criteria
o Grade models
.| Feature subset -'< i=1..F >—> by Baiyies fetor {{M1},{M2).{M3}}
o generation ¥

L Feature subset
Modelling generation
No *

Modelling

v

BIC calcuation

Madel evaluation

Figure 1. (a) — ‘wrapper’ technique algorithm diagram with stop criteria process, (b)- ‘wrapper’ technique algorithm diagram
with BIC

1.FORmin §
2. calculate BIC w,,
3. IF w,;=>=0.5 && w,;;<0.75

add model object to E'
4. ELSEIF w,,>=0.75 && w,,;<0.95

add model object to E
5. ELSEIF w,>=0.95

add model object to E

Figure 2. Pseudocode of the algorithm to grade candidate models by Bayes factor

Table 1. — The characteristics of datasets with discrete and categorical features

Datasets n_observation | n_feature | Machine learning Feature Type
S s task
Discrete | Categorical

audiology 194 39 Multi classification +

horse-colic 299 12 Binary classification + +

king-rook vs. 3196 35 Binary classification +
king-pawn

soybean 306 35 Multi classification + +

(a) b) ©) i)
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08
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Figure 3. (a) - BIC weight vs CFS score of candidate models with dataset ‘audiology’; (b) - accuracy of naive Bayes vs CFS
score of candidate models with dataset ‘audiology’; (c) - BIC weight vs CFS score of candidate models with dataset ‘horse-

colic’; (d) - accuracy of naive Bayes vs CFS score of candidate models with dataset ‘horse-colic’.
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Figure 4. (a) - BIC weight vs CFS score of candidate models with dataset ‘soybean’; (b) - accuracy of naive Bayes vs CFS score
of candidate models with dataset ‘soybean’; (c) - BIC weight vs CFS score of candidate models with dataset ‘king-rook vs. king-
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pawn’; (d) - accuracy of naive Bayes vs CFS score of candidate models with dataset ‘king-rook vs. king-pawn’

The recorded results from the conducted tests
prove that when a candidate model is graded by Bays
factor as a ‘strong’ and ‘very strong’ then that model’s
performance is better than the performance of the other
candidates. So, Bayesian Information Criterion and
Bayes factor grades can be used as a “stop criteria”
process while selecting feature.

Conclusion

This paper has presented a “wrapper” technique
for feature subset selection, where Bayesian Information
Criterion and Bayes factor grades are used to evaluate a
candidate model with features’ sebset generated by CFS
‘filter’ method. The proposed ‘wrapper’ flow (fig. 1(b))
eliminates a stop criteria process from commonly used
flow (fig. 1(a)) in order to remove the necessity to use
user’s predefine values to stop the feature subset search.

The conducted experiments with four datasets and
classification algorithm naive Bayes have shown that
the candidate models evaluated as ‘strong’ and ‘very
strong’ by Bayes factor grade have a high accuracy of
naive Bayes classification learner algorithm which
proves the efficiency of Bayesian Information Criterion
as a stop criteria in feature subset search process.

The proposed flow is recommended for dataset
with a small number of observation but many features.
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PO3BUTOK BIM TEXHOJIOT'TA B YKPATHI

Anomayia: mema poszsumky BIM (sipmyanvHoi inocenepii ma mooeniosants) mexnonozii 6 Yxpaiui €
AKMyanrbHow 3 02150y HA WUPOKe 3ACMOCYBAHHA YUX MEXHON02il Y Oy0igHuymsi, MauuHo6y0yeamHi,
enepeemuyi ma inwux eanyssax. Memoio Oanoi pobomu € npoananizyeamu cmau pozeumky BIM
mexHono2il 6 Yxpaiwi ma ix 3acmocysanHs y pisHUX eanyssax. Y pobomi po3ensioaomecsi OCHOBHI

npunyunu podomu 3 BIM,

ix uUKOpUCMAaHHA Y NPOEKMY8AHHI, SUPOOHUYMEI ma exkchayamayii

KOHCmpyKyit. JlocniodcenHs nposedeHo HA OCHOBL aHANI3Yy HAYKOGUX NyOniKayitl ma npakmuyHo2o
0docsidy sacmocysanus BIM mexwnonoeiii ¢ Ykpaini.

Knruoei cnosa: BIM, BIM-mexnonozii, inghopmauiiine mooentosanus 6yoienuymea

Beryn
Y ceiti BIM (BipryampHa iHkeHepis Ta
MOJICITIOBAHHsI) ~ TEXHOJIOTIi  CTAalOTh  BCE  OUIBII

HONYJISIPHUMH Ta 3HAXOIATh BCE OUIbILE 3aCTOCYBaHb Yy
pisHEX Tamy3ax. B VkpaiHi TakoX crocTepiraeTbcs
3pocranHsi iHTepecy 10 BIM Texnonorii Ta ix
BUKOPHCTAHHSA B IIPAKTHIII.

Meta

Meroto pobotm € po3min  po3BUTKy BIM
TexHoNorii B VYkpaiHi. Mwu po3mIsiHEMO OCHOBHI
HarpsiMKd Bukopuctans BIM texHouoriit B YkpaiHi, a
TaKOX IX BIUIMB Ha PO3BUTOK PI3HUX Taly3ei.

T'osoBHA YacTHHA

PozBurok BIM  (BipryasibHOT — iHXeHepil
MOJICITIOBAHHSI) TEXHOJIOTIH € Ha3BUYAHHO aKTyaIlbHUM
MUTAHHSAM Y CY4YacHOMY CBITi, a/pKe Il TEXHOJOTil
3a0e3MeyuyoTh MiIBUILCHHS €()eKTHMBHOCTI Ta TOYHOCTI
MIPOEKTYBaHHS Ta BUPOOHHUIITBA Pi3HUX KOHCTPYKIii. B
VYkpaini BIM TexHosnorii no4anu akTHBHO pO3BHBATUCS
Ha movyatky 2000-X pOKiB Ta 3a OCTaHHI JECATHIITTSI
3HAYHO IporpecyBaiu. Y IbOMY ece OyayTh PO3IISHYTI
OCHOBHI TEHIEHINI Ta JOCSATHEHHS y po3BUTKy BIM
TEXHOJIOTI# B YKpaiHi.

[epmmm kpokom y po3sutky BIM TexHomoriii B
Vkpaini Oymno CTBOpPEHHS HEOOXITHHUX MPOrpaMHIX
3aco0iB, 1110 J03BOJISUIM CTBOPIOBATH BIPTyasbHI MO
pi3HHX 00'€KkTiB. B mpoMy HampsMKy mHpalfoBajlId Taki
kommanii, sk "Softline", "CSoft" Tta "Autodesk
Ukraine". Ha  cporomgmimHiii geHbP  yKpaiHCBKi
MPOrpaMiCTH CTBOPWJIM AEKIJIbKa BIACHUX MPOTPAMHUX
nponykTiB st BIM, cepen skux "SCAD Office", "SE-
Mentor", "FastSCAN" Ta iHi.

Ta
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OmHuM i3 HaWOUIBII 3HAYYNIMX JIOCATHEHb
ykpaincbknx BIM texHouoriit € cTBOpeHHs BipTyalbHOT
Mozen 00'eKTa, 110 A03BOJIIE CKOHOMUTH Yac Ta KOIITH
Ha #oro BupoOHMUTBO. Hanpukman, kommaHis
"Antonov" Bukopucropye BIM  TexHomorii s
CTBOPECHHSI BipTyaJ bHHX MOJENeH CBOIX JITakiB, IO
JI03BOJIsIE 3HAYHO 3MEHILUTH Yac Ha iX MPOEKTyBaHHA Ta
BUTOTOBJICHHS.

Takox BIM TEXHOJIIOT1 YCIIITHO
BUKOPHCTOBYIOTECS B OymiBHMOTBI.  Hampukian,
BipTyalibHI Mojzeni OymiBesb JO3BOJIIOTH 3MCHIIUTH
KIJIBKICTh TIOMIJIOK TIPH TIPOSKTYBAaHHI Ta OyliBHHUITBI,
o, B CBOIO 4Yepry, 3MCEHINyE BHUTpPaTH Ha iX
BUIIPABJICHHS Ta  3alo0irae  HENPUEMHOCTAM
Mai0y THEOMY.

Y chepi BupoOHunTBa BIM  TexHomorii
JO3BOJAIOTE  €(EKTUBHO  YIPABIATH  BUPOOHHYHM
MPOLIECOM Ta 3MEHIIYBAaTH Yac Ha IepeHaallTyBaHHs
yCTaTKyBaHHS TP BUPOOHMITBI Pi3HUX KOHCTPYKIIIH.
Hanpukian, kommasnist "Motor Sich" Bukopucrosye BIM
TEXHOJIOTIT TpPH TPOEKTyBaHHI CBOiX JITakiB Ta
BEPTOJILOTIB, IIO JIO3BOJISIE 3MEHIIUTH 4Yac Ha iX
BUPOOHHUIITBO Ta 3HM3UTH BHUTPATH HA Marepiaid Ta

B

EHeprilo.
IHmum  nmocsrHeHHaM — ykpaiHcekux — BIM
TEXHOJIOTI € iX BHKOpUCTaHHS B oOcBiTi. bararo

yHiBepcuTeTiB Ykpainu Bkiroummn BIM texHomorii go
CBOiX HABUAJIBHMX IUIaHIB Ta IMPOBOAATH KypcH 3 iX
BUKOpUCTaHHAM. Lle 1103BoMsie CTyAeHTaM OTpHUMYBATH
MPaKTHYHI HABUYKH y BUKOpucTanHi BIM TtexHomorii
Ta MiJrOTOBIIIOBATHCS JI0 POOOTH B Cy4aCHHX yMOBax.

Ha ¢oto Hmkye mokazaHo mporpamy uis poOooTh
Hax BIM ta 3D mopemsivu (puc. 1):

Kadenpa indopmariitaux rexgonoriii, KHYBA
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Pucynox 1 — BIM Collaborate Pro

3pocratoya  CKIAQUHICTh 1  KOMILUICKCHICTh
OymiBeNPHIX IPOCKTIB BCE OUIBIIE YCKIAIHIOIOTH
KOOPIHMHAIII0 POOOYMX TIPONECiB 3 BHKOPHCTAHHIM
ICHyIOUMX  MeTomiB  Ta  iHcTpyMmeHtiB.  OTxe,
He3alIaHOBaHI BUTpaTH, 3MiHa TEPMiHIB 1 HEIOCTaTHA
SKICTh CTBOPIOIOTH MPOOJIEMH JUIS BCIX YYaCHHKIB
peadizauii npoekry. BIM — 1ie BianoBiip Ha 11l BUKJIHMKHY,
SKi OlIbllle HE MOXYTh OyTH BHpILIEHI TpaJuLlidiHUMU
METO/IaMH. Ilimicau#  miaxig 1 MOXIMBICTH
napajenbHOTO MPOEKTYBAaHHS 3a0€31eUyIOTh Y3rOIKeHe
OyniBHULTBO 1 Oe3mnepebiiiHy poboty. Bukopucranus
"BipTyaJIbHOTO JBiHMKA" MPOTSATOM YCHOTO JKUTTEBOTO
UKy OymiBIIi TO3BOJISE BTUTMTH IPUHIHAII "'TTIOOYIyBaTH
i ekcrulyaryBaTM 3a IUIaHOM" 1 JIOCATTH  CTIHKi
pe3yabrary.

[Nepesaru 300paxeHi Hx4e (puc. 2):

Pucynox 2 — Ilepesazu BIM

Omxe, MOXHa 3poOMTH BHCHOBOK, o BIM
TEXHOJIOTiT aKTUBHO pO3BUBAIOTBCS B YKpaiHi Ta
3HAXOMSATh CBOE 3aCTOCYBAaHHS B PI3HHX Tally3sX, TAKHX
SK aBiaOyayBaHHS, OYOIBHHLTBO Ta BHPOOHHUIITBO.
VYkpaiHcbki  (axiBIi CTBOPIOIOTH BJACHI IpOrpamHi
NPOAYKTH Ta BHpoBaLKyIoTh BIM TexHonorii B
MPAaKTUKy POOOTH KOMIAHIA Ta yCTAaHOB, IO CBIIYUTH
NpO TO3WTHBHUHA TPEHJ y PO3BHUTKY M€l raimy3i B
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Vikpaini. OpnHak, I TOAANBIIOTO pPO3BUTKY BIM
TeXHONOTi B VYKpaiHi HEoOXiqHO 3amydard Oiiblie
IHBECTHIIIN Ta MATPUMKH 3 00Ky AeprkaBh. Timbkd TOmL
BOHM 3MOXYTb TMPOJOBXKYBATH  PO3BHBATUCI  Ta
3aCTOCOBYBaTUCS Y BCiX cdepax MPOMHUCIOBOCTI Ta
HayKH B KpaiHi.

BucnoBok

TakuMm unaoM, BIM TexHOOTIT CTaroTh BCe OLIBII
MOMYJSIPHUME B YKpaiHi Ta 3HAXOIATh Bce OuipIne
3aCTOCYBaHb y pI3HHX Tajly3sx. BipTyanpHi Mmopmeni
JIO3BOJISIIOTh  €(DEKTHBHO IUIaHYBaTH Ta BUKOHYBaTH
pobOTH, CKOPOUYYBaTH Yac PO3POOKH Ta BUITYCKY HOBHX

BAPOOIB HAa PHHOK, 3MCHIIYBAaTH BHTPAaTH Ha
eKCIUTyarallifo Ta yTpUMaHHs OyIiBenb Ta CIOpYH, a
TaKOXK TTiIBUIITYBaTH e(eKTUBHICTh pobotn
SIIEKTPUYHIX MEPEK.
Cnucok Jiteparypu
1. Aunpymak, A. BipryansHa imkeHepis Ta

MozenmoBanHs B OymiBHHLTBI / A. Anapymak, O. Topsako //
HayxoBo-texHiuHi BicTi. - 2017. - Ne 4. - C. 44-47.

2. Kocrtiok, B. L MogentoBanHs pobGotu
TEIUIOCHEPTeTHYHUX  O0'€KTiB  Ha BipTyaJbpHOT
imkenepii / B. I. Koctiok, O. O. Hectepenko, O. M. Jlazapepa
/| EHepreTrka: eKOHOMiKa, TEXHOJIOTII, €KOJIOTisl: HayKOBH
KypHal. - 2017. - Ne 3(51). - C. 38-45.

3. Pomaniox, B. M. Bukopucranas
BipTyalbHOI iMKeHepil [ MiABUINEHHS e(EeKTUBHOCTI
pO3pOOKM KOMIO3WTHHX KOHCTPYKILiH JjitakiB / B. M.
Pomantok, M. M. Jlyk’stHOB // ABialiifHO-KOCMiYHa TE€XHiKa Ta
TexHojoris. - 2018. - Ne 1(154). - C. 49-54.

4. SxoBmeB, B. B. BipryamsHa iHXeHepist
IHCTPYMEHT ONTHMIi3allii Ipolecy MpoeKkTyBaHHs cropyxn / B.
B. fxoexes, 1. B. Ianos, O. }0. Kouyp // HaykoBo-TexHiuHi
BicTi. - 2019. - Ne 3. - C. 57-61.

OCHOBI

TEXHOJIOTIT

SIK
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Kuzum Mukoisa OJiekcanapoBuy

II.€.H., Ipodecop, POPEKTOP 31 CTPATETITHOTO PO3BUTKY

Kuiscoruti nayionanvruil ynisepcumem 6yoisnuymea i apximexmypu, Kuig
Boiitymienko AnHa BorogumupiBHa

cTyaeHTKa 2-1o Kypey kadenpu [T

Kuiscoruii nayionanvruil ynisepcumem 6yoignuymea i apximexmypu, Kuig

TH®OPMAIIIMHI CUCTEMHU TA TEXHOJIOTI'T

B oaniti cmammi 0yOyme poseisHymi OCHO8I NONOXNCEHHA I[HOpMAYIUHUX cucmem I mMexao2iu.
Poszensinemo ocobrnusocmi i knacugpixayii Pozbepemo xooicHy xknacugixayiio i 0amo uimxe ROHHAMSL

Kniouoei cnosa: cucmemu; inghopmayia; agmomamu3zayis; mexnonocii.
pecypcu (JFOACHKi, TexHi4HI, (PIHAHCOBI TOIMIO), SKi

Beryn . . .
Ty 3a0e3MeuyroTh Ta MOIIUPIOITh HEOOXiAHY 1H(pOpMAaIIito.
B LIOMY p03ﬂiﬂi pO3MiHIy€TI)CH iH(bOpMaHiﬂ po IH(bOpMaHH/IHl CUCTEMHU CBOEYACHO 33663Heqy}0TL
CyTh iHCbOpMauiﬁHHX CUCTEM 1 TeXHOJIOFﬁ/'I, J'HO,Hef/‘I HaJIC)KHORO 1H(1)OpMau1€}0, TOOTO 3a10BOJIbHAOTH
ocoOnuBocTi kiacugikaiiii i oCHOBHI (QyHKIIT CBOI KOHKpETHI iHopmauiiiHi IOTpeOH y Mexax NeBHO
HpeAMETHOT 00J1acTi.
Mera

B npoMmy poszaini Ounbll JeTaibHO PO3MVISHEMO 1
poO3KkpueMO  Hamly — Temy. Po3misHeMo  cyTh 1
po3bepemMocs 3 OCHOBHUMH KpUTEPisIMHI
iHpOpMaliHHUX CUCTEM Ta TeXHOJIOTii. Poskaxemo i
po3bepemo (yHKIIIT i KiTacudikariii

OcHoBHA YacTHHA

Indopmaniiini cucremu - 1€ B3a€EMOIOB'A3aHa
CYKYyIHICTH 3ac00iB, METOOIB Ta TIEPCOHAITY, IO
BUKOPUCTOBYIOThCS JUIsl 30epiraHHs, 0OpoOKH Ta BHIa4i
iH(popMaii AJst ZOCSATHEHHS! METH YIPaBIIiHHS.

Y.

IIepeitnemo o croco0y IIPEJICTaBICHHS
iHpopmanii . Bona mnoxinserbcs Ha QakrorpadivHi
,JJOKYMEHTaJIbHI 1 reoindopmariiini. Pozbepemo koxHY
YaCTUHY JETaJbHO.

e @akrorpadiyi:

Peectpytotecst daxtu.Bimomocti 30epiraroTbcs y
3a3manerine oOymMoBiIeHUX (opmarax i iHpopMmarlis Mae
YiTKy CTPYKTYpY

e JIOKyMEHTaJIbHI:

Iadpopmariiss € CyKymHICTIO HECTPYKTYPOBaHHUX
TEKCTOBUX JIOKYMEHTIB (30IpHMKM CTareif, KHUIH,
pedepatu Tomio), ToOTO MeTa cHCTeMH — 1€ BHUjada
CIMCKIB  JIOKYMEHTIiB, sIKi BiJIOBialOTh yMOBaM,

LIs cucrema, pu3HaveHa Jist 30epiraHus, MoMyKy  COpMyIbOBAHMM 3aIIUTOM
Ta 00poOku iH(popMawii, Ta BiANOBiIHI OpraHizamiiHi e Teoindopmariiiii:
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[Ipuznaveni aist 30upanHs, 30epiraHHs, aHaizy Ta
rpa¢ivHOi Bizyasizalii IpoCTOPOBUX TaHUX

3acTOCOBYIOTBCS  y:  KapTorpadii,
METeOopoJIorii, 3eMJIEyCTpild, eKoJIOrii,

TeoJIorti,
TPaHCIIOPTI,

€KOHOMiIli, 00OPOHi.

PosrstHemo kinacudikarii

e 3a  (YHKUIOHAJBHUMH MPU3HAKAMHU:
BUPOOHHUYI ,MapKETUHTOBI ,()iHAHCOBI Ta Ka{pOBi
1. BupoOHudi:

[Nop's3aHi 3 Oe3nocepesHiM BHITYCKOM MPOIYKIIii
Ta il BHUKOPHCTAHHS CIPSIMOBaHE HA CTBOPCHHS Ta
BIPOBA/DKCHHSI Y BUPOOHHULTBO HAYKOBO-TEXHIYHHX
HOBOBBEJICHb

2. MapKeTHHIOBi :

Bonn  anamizyloTb  pMHOK  BHPOOHHKIB
CIOKHMBAYiB TPOAYKINi, 3MIMCHIOBATH aHAJ3 MPOAAXIB,
OpraHi30BYIOTh pEKJIAMHY KOMIIAHII0O 3 TpPOCYBaHHS

i

MPOIYKLIT Ta pauioHanbEHO OpraHi30BYIOTh
MaTepialbHO-TEXHIYHE IOCTa4aHHS.

3. dinaHCOBI :

Opranizailiss KOHTPOJIO Ta aHali3 (hiHAHCOBUX
pecypciB  ¢ipMup  Ha  OCHOBI  OyXraJTepchKoi,
CTaTUCTHYHOI, ONlepaTuBHOI iH(popMarii

4. Kapnposi:

Bonn cmpsmoBani Ha mindip Ta pO3MILEHHS
HeoOXimHmMX (¢ipMi (¢axiBHiB, a TaKOX BEICHHI
ciry00Boi okymeHTalii. Takox BinOyBaeTbcs aHai3
Ta TPOTHO3YyBaHHS NOTpeOM y TPYHOBUX pecypcax,
BE/ICHHS apXiBiB 3alMCiB IPO INEPCOHAN Ta aHaNi3 Ta
TUTAaHYBaHHS TiATOTOBKU KaJIpiB.

e 3a CTETIEHIO aBTOMarHU3allii: PYuHi,
ABTOMaTH30BaHi Ta aBTOMaTHYH1

1. Pyuni:

XapaKkTepHu3yoThCs BIZICYTHICTIO CY4acHHX
TEeXHIYHMX 3aco0iB  mepepoOku  iHdopmanmii  Ta

BHKOHAHHSM yCiX Omepariii IIIuHO0

2. ABTOMAaTH30BaHi:

BuxonytoTh BCi onepartii 00poOku iHGopMariii 6e3
y4acTi MIONTYKOBI  CUCTEMH

JIFOAWHU,  HalpukIiIag,

(nomrykoBuit podot Google)

3.  ABTOMaruuHi:

Ist migTemMa TiTUTHCS HA

3a  XapakTepoM  BHMKOPHUCTaHHS  iHQopmaii
(manpuxnan, ITIC y 6i6mioreni, aBiakacax)

3a ceporo 3acTocyBaHHS (HAPUKIIAL, MEIUTHI)

Tadpopmariiiai TEXHOJIOT1I-cucTeMa
B33a€EMOIIOB'SI3aHUX METOMIB Ta CHOCOOIB 30MpaHHs,
30epiraHHs,  HaKONHMYEHHS, TMOLIYKY, 00poOKH
indpopmamii Ha  OCHOBI  3acTocyBaHHS  3aco0iB

00YHCITIOBAIBHOT TEXHIKH.
Tunu xiacugikarriii:
e 3aMeromamu Ta 3ac00aMu 00pOOKH TaHUX

o 3a Bumamu 00poOIroBaHoi iHpOpMarii

e Ilo MIPEAMETHUM o0nactsim, o
00CITyTOBYIOTECS

e 3a tumnom iHTepdeiicy KoprcTyBada

3a Merozamu Ta 3acobamMu 0OpOOKH TaHKX:

o TnobGanehi IT

e bazosi IT

e Konkpersi IT

BucnoBkn

OTxe, miZBeAEMO MiJCYyMKH HAmoi TemMu . Mu
PO3ISHYIM 1 PO3KpWIM, IO Take iH(GOpPMAaLiHHI
CUCTEMH Ta TeXHOOrii. Po3muBummcs momo crnocoOiB
npejicTaBieHHs Hamol  iHdopMmalii, po3kpuiu U

apryMeHTyBaJli Bci Kiacudikalii 3a CTEleHeM Ta 3a
(hyHKI[IOHAJIBHAM NTPU3HAYCHHSM .

Cnucok jgireparypu

1. https://uk.wikipedia.org/wiki/%D0%86%D0%BD%
D1%84%D0%BE%D1%80%D0%BC%D0%B0%D1%86%D
1%96%D0%B9%D0%BD%D0%B0_%D1%81%D0%B8%D
1%81%D1%82%D0%B5%D0%BC%D0%B0
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Jem’sinoB HikiTa BikTopoBu4

cTyneHt 4-ro Kypey kadeapu iHpopMariiftHuX TeXHONOTH, orcid.org/0000-0003-4812-9025
Kuiscoruti nayionanvruil ynisepcumem 6yoisnuymea i apximexmypu, Kuig

Bosenko Tersina OuiekcanapiBHa

cTyaeHTKa 4-ro Kypey kKadenpu iHpopMaliiHIX TexXHooriH, orcid.org/0009-0009-5804-4843
Kuiscoruii nayionanvruil ynisepcumem 6yoignuymea i apximexmypu, Kuig

Pycan Irop BosionumupoBuy4
K.T.H., JIOIICHT, IekaH QakymsreTy AIT

Kuiscokuti nayionanvruil ynisepcumem 6yoignuymea i apximexmypu, Kuisg

IHTEPHET PEUYEN TA MOI'O BILIUB HA KOMIT'FOTEPHI HAYKH

Anomayis: y yii cmammi po3ensioaromscs meopemuyti gioomocmi wjooo inmepuemy peueii (loT), sxi
onucyloms 1020 AK MexHoN02io aKa 0036ona€ 00'conysamu Qizuuni npucmpoi 3 Inmepnemom, wod
3abe3neuumu HO8I MOXCIUB0OCMI 83aemo0ii ma 360py Oanux. L{a mexnonozia mac 3HauHUU 6NIUE HA
KOMR'tomepni HayKu, OCKiTbKU 6uMazae po3poOKu HOGUX ANCOPUMMIE, NPOMOKOAIE ma cucmem OJA
3a6e3neueHHs 63aEMO0LT MidC PIZHUMU NPUCMPOSIMU MA AHANIZY eelukux obcsieie danux. Kpim moeo, loT
CIMUMYTIIOE PO3GUMOK MAUWUHHO20 HABYAHHS, THMEEKMYANbHUX CUCHeM ma 00pOoOKU OAHUX, WO 6NIUBAE
HA PO36UMOK KOMA'TOMEPHUX HAYK MA PO3ULUPIOE iX MOJCIUBOCII.

Kniouogi cnosa: Inmepnem peueit, IoT, komntomepni nayku, mepesici, 30ip oanux, de3nexa.

Beryn

IHTEepHeT pedeil cyyacHOro yacy Lie TEXHOJOTidHE
SIBUIIIE, SIKE OIHCY€ MiIKITIOYEeHHS (i3MIHUX IPHCTPOIB
1o IaTepHeTy 3 MeTOI0 0OMiHY MAaHWMH Ta B3a€MOMIL 3
IHIDUMHU TTpUCTposiMU. HaztaHi MOXKIIMBOCTI 103BOJISIIOTH
MIAKITIOYaTH 0 MEpeXi HE TUTBKH KOMITIOTEPH Ta
cMapTdoHH, ane i BeCh CIEKTp pedeid - BiA JTOMAIIHIX
npuiaaiB 1o aBromoOiniB. [oT BinmkpuBae Oe3niy HOBUX
MOXKJIMBOCTEH JUISi PO3BUTKY KOMITTOTEPHUX HayK,
Takux AK 30ip iHpopMmalii, aHami3 JaHUX Ta Po3poOKa
HOBUX QJTOPUTMIB ISl KEpyBaHHS Ta B3aeMOAii 3
npuctposimu. [Ipore, Tako)k BHHUKAIOTh HOBI BHKIIMKH
Ta Mpo0IEeMH, TOB's13aHi 3 6€31eK0I0, KOH(IICHIIIHICTIO
Ta ETHKOI BHKODUCTaHHS [aHUX, LI0 MOTPeOyIOTh
yBaru JOCJIiTHHUKIB Ta PO3POOHHUKIB.

MeTta

MeTor0 TeMH € BHBYCHHS B3a€MO3BSI3KY MiX
TexHomoriero  IHTepHeTy pedyeli Ta  PO3BHUTKOM
HayKk. JocmimkeHHs 1iei  Temu
JIOTIOMOXKE B 3pO3yMiHHI TOro, sik 10T Moxe BrumBatu
Ha MalOyTHE KOMI'IOTEPHUX HayK Ta iHQopMauiiiHux
TEXHOJIOTiH BIIJIOMY.

KOMIT'FOTEPHIX

T'onoBHA yHCcTHHA

B ocHoBi gaHoi poboTH OyI0 BUPIMIEHO MPOBECTH
aHami3 Ta crartuctUky BiumBy loT Ha po3BHUTOK
KOMIT'IOTEPHUX HayK, IO BHSBWIO CIM OCHOBHHX
(hakTOpiB PO3BUTKY OOPAHOTO HAIPSIMKY:

e PosmmpenHs o0cATy JaHUX.
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Iarepuer peueit (IoT) 3abe3neuye 30ip BemMKOTO
o0csATy maHuX 3 PI3HUX JDKEped, TaKuX SK JaTIuKH,
MPUCTPOT MIAKIIOYEHI 0 cucteMu, Mepexi Tomo. Lle
30ipIIye 0OCAT NaHMX, MO MOTPiOHO 0OpoOIATH Ta
aHamizyBatd. CTBOpIOIOTBCS  HOBI  BHKIHKA  Ta
MOXKJIMBOCTI JUIsi PO3POOKM aHAJNITUYHUX METOHIB Ta
NTOPUTMIB  OOpOOKM  JTaHMX  BCEOIYHMX  JIAHOK
KOMIT FOTepHUX Hayk. Hampuknan, MalldHHE HaBYaHHS
Ta DIMOMHHE HAaBYaHHS, SKE BHUKOPHCTOBYIOTHCA IS
aHaNi3y JaHUX Ta MOOYI0BU MPOTHOCTUYHUX MOJICTICH.

40 g

20

Data volume (ZB)

08
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0'15.029. = [ — =
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Pucynok 1 — I'paghix koocnopiunozo 36inbuenis HeobXiono2o
06cs2y OaHux

e  PO03BHTOK HOBHX TEXHOJIOTIH.
Cucremr 1 OKpeMi MPHCTPOI  «POSYMHHX
MPUCTPOIB  CHPUSIIOTH PO3POOLI HOBHX TEXHOJIOTIH Ta
3ac00iB 300py, 00poOKkH Ta aHamni3y manux. Hanpukian,
TEXHOJIOTi] BUMIpIOBaHHS BiJICTaHi, BIIOMTTS CBiTJIA Ta
HIII  MeToau It

BUKOPHCTOBYIOTHCS pO3poOKH
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narunkiB [oT. Kpim Toro, po3poOHHKH CTBOPIOIOTH HOBI
MpoTpaMHi Ta amaparHi 3aco0W s MiAKIIOYCHHS,
00poOKH Ta Tepeaadi JaHUX, [0 B CBOIO YEPry iCTOTHO
301IblIy€E PiBeHb HEOOXIJHOCTI PO3BUTKY KOMII IOTEPHOT
HAYKH JI0 SIKO1 BiTHOCATH TE€H UM 1HIIUH MIPUCTPIi.

e Po3sBurok iHTEpdeiiciB.

IoT cnpusie poO3BUTKY HOBHX iHTEp(ENCIB Mix
NPUCTPOSIMH, IO 3a0e3nedyloTh Oinbll  eheKTHBHY
iHTepakIito Mk HUMH. Hampukianm, maTduku pyxy Ta
CBITJA, SIK 1 JIIOOMH THIIMKA TpUIIaJl, MOXKE B3aEMOMISATH
31 cMaprgoHaMHM Ta IHOIMMH IIPUCTPOSIMH 32
moromororo  Bluetooth Ta Wi-Fi. Kpim Toro, ms
TEXHONOTisI  Moxke  3abesmeunTHt  HOBI  popmu
iHTepdeiciB, Taki K TOJOCOBI ACHCTEHTH Ta BipTyallbHi
JIOTIOMIDKHI IPUCTPOT, UM HABITH Ti, IPO KU MU 3apa3 i
HE MHCIIIMO.

Pucynok 2 — Enemenmapha cxema usedents inmepgeticy

e  Po3BHTOK 0€3IPOTOBUX MEPEXK.

«Po3ymHI» pedi JO3BOJNAIOTH BHKOPHCTOBYBATH
0e31IpoTOBI  Mepexi, SKi CIPOUIYIOTh IIiAKITIOUYECHHS
PI3HHX TNPHUCTPOIB J0 MEpEeXi, a TaKoK MiIBUILYIOTh
MOOUTBHICT Ta THYdYKicTh Mepexi. Lle mo3Bomse
CTBOPIOBATH MEPEXi, III0 OXOILIIOIOTH BEIMKI TEPHUTOPIi,
Taki SK Micra, TpaHCHOPTHI Mepexi Tomo. Kpim Toro,
PO3POOHUKH CTBOPIOIOTH HOBI IPOTOKOJIM Ta CTaHAAPTH
Uit 3a0e3rmedeHHs Oe3leKu Ta 3aXUCTy MHaHUX Y
0e3pOTOBUX MEpexax.

f GHz?

158 RISz (uanals Gnakie
wont ol Lser coporkonoes

WiGig

Wi-Fi 6E
22and 5Gl 1z -SGHZ -
- e Gret For do by wve wrdl fumcticr ality;
Higiapa, i spoel ha il Wi-Fi 6 suppork ru Upleusers.
2.4 and 5 GHz
Sub-1Gl2
Gl ooz B~ decdy Ly gt . -
e e ww i By ek Bl Yo bol: I rangs. oo newrs
comnaciy by penatrdticn cheeg v s

Pucynox 3 — Cmpyxmypa pozsumxy inmepuem mepesxc.

e  P03BHUTOK OOUHMCITIOBAIBHOI MIOTYKHOCTI.

[oT  cTuMymOoe  PO3BHTOK  OOYHCITIOBAJIBLHOT
MOTYXXHOCTI TIPHUCTPOiB, IO JO3BOISE iM OOpOOIATH
BEJIMKI 0OCArM [aHUX Ta 3AIHMCHIOBATH  CKJIA[HI
omepamii. Ile  3a0e3meuye  Oumbll  e(EeKTUBHE
BUKOPUCTAaHHS pPECypCiB Ta MOXIHUBICTh peasizamii
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CKJIaJIHUX TIPOCKTIB IHTEPHETY peUei.

e  PO3BUTOK IHTEICKTYaJbHUX CHCTEM.

IoT crBOproe mepenymMoOBH Ui PO3BUTKY
IHTEJIEKTYaJIbHUX CUCTEM, SIKIi MOXYTh CaMOCTIHHO
BUPIITYBaTH 3aBIaHHS Ta 3MiMCHIOBATH [ii Ha OCHOBI
3i0paHMX [aHWX Ta aHamily KoHTekcTy. Lle moxke
BKJIIOYATH B ce0e CHUCTEMH JIOMAIIHLOI aBTOMAaTH3allil,
CHUCTEMH MOHITOPUHIY CTaHy HPOMHCIOBHX OO'E€KTIB,
CHCTEMH aBTOMATHYHOTO YIIPABIIHHS TPAaHCIOPTOM Ta
IHIII IHTENIEKTya bHI CUCTEMHU.

e  Po3BuTOK KiOepOe3neKH.

CucremMn pO3yMHHX peuell CTBOPIOIOTH HOBI
BUKIIMKH Ta MOXKIIMBOCTI IS KibepOe3neku. 3 OgHOTOo
00Ky, 30LIBIIYEThCS KUIBKICTh IPUCTPOIB, SIKI MOTPIOHO
3axuIaTy Bix kibeparak. 3 inmoro 6oky, [oT no3Bomnse
CTBOPIOBATH HOBi 3acO0M Ta METOIM 3aXHCTy JAaHUX Ta
MEpex.

Top Cybersecurity Threats

y [ X X
A P
MAN-IN-THE-MIDDLE
ATTACKS

o J

MALWARE PHISHING SPEAR PHISHING

° ”Q L/ 41-

DENIAL OF SERVICE SQL INJECTION DNS ATTACK

Pucynox 4 — Ilpodonemamuxa numarnus Kibepoesnexu
BucHoBok

AHamiz Ta IOCHIIKEHHS JaHOI TeMH BKa3ye, LIO
IUPOKWHA BIDIMB IHTEPHETY peded Ha 00macTh
KOMIT'IOTEPHUX HAayK € BCEOIYHHUM 1 BCEOXOILTIOIOYKM.
KoxHa JaHka KOHLCHINI YK peaji3aiii TeXHOJOril
«PO3YMHHX» peueil Mae BiJHOIICHHS OO HAIPsIMKY
JIOCHIJDKEHHS:  JaHl, iHTepdelcH, Mepexi, 3axmucT,
MOTYXHICTB, IHTEJIeKTyai3aris, Kibep3axucr,
CHCTeMaTH3allisl, MOIYIBHICTh; JIOOWI TEpMiH SIKUH
Moxe BimHecTH cebe a0 loT cytHOCTi, Oyne Matu 3mMory
3HaNTH 3B’5130K 31 cheporo Ta 00JaCTIO KOMIT FOTEPHHUX
HayK.

Tox 3 YHEBHIHICTIO MOXHA CKa3aTH , IO PO3BUTOK
IHTEpPHETY peyeid, IPHUHIC, TPUHOCUTD 1 Oyl PUHOCUTH
3HAYHUH BIUIMB HA PO3BHUTOK, B3aEMOJIIIO 1 peati3allito
i7Iei KOMIT FOTePHUX HayK.
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XMAPHI TEXHOJIOT'TI B OCBITIL. IEPEBATH TA HEJOJIIKHA

Anomayisa: 8 yii cmammi po32iAHymo GUKOPUCMAHHSA CYYACHUX MEXHON02I, a came XMAPHUX MexHon02il
8 CYYaAcHOMY OCIMHbOMY NpoYyeci; O0emanbHO pO32NAHYMO Nepesdacu XMAPHUX MeXHONoziti ma ix
HeOoNIKU, NPOAHANI308AHO, WO 8 eKCIIYAMAayii XMApHUX MexXHON02ill nompebye NOKPAUeHHs ma 3MIHU, d
Wo € iXHOW nepesazoio nepeo 38UHAUHUM HABYAHHAM, OYIHEHO CMAH GUKOPUCTAHHS XMAPHUX Cepeicis 6
cyyacHit oceimi; 0aHO OemanbHy OYIHKY WIOCAM Ma MIHYCAM BUKOPUCTNAHHS XMAPHUX Cepeicis y
CYYACHOMY HABYATILHOMY NPOYECI;, ONPAYbOBAHO Odicependa Jimepamypu 3 yiei memu, y3a2anibHeHHs mda

cucmemammauiﬂ NOHAMb.

Kniouogi cnosa: xmapni mexunonocii; oceima; mooinvnicms; epekmuenicmo.

Beryn

MoXxHBICTh BUKOPHCTOBYBATH CydacHe
o0najiHaHHs 3HAYHO MOKpallye SKICTh OCBITH, SIK JUISA
3m00yBavyiB Tak 1 Uis BUKIagadiB. B ocoOmmBOCTI,
3Ba)KAIOYM HA Te, IO 4Yepe3 KapaHTUHU Ta BilHY
3’SBUJIaCh  HarajibHa T1OTpeda y JMCTaHIIHHOMY
HaBYaHHI. BUKOPHUCTaHHS €JEKTPOHHOI TEXHIKH Jac
3MOTY BIPTyaJbHO CIUIKYBAaTHCS i OTPHMYBAaTH 3HAHHS
3 Oylb SIKOT TOUKH CBITY, IPH HAsBHOCTI iHTepHeTY. [l
TOTO, OO0 Taka MOXIMBICTH Oyna, 3°SIBIINCH XMapHi
TexHomorii. XMapHi TeXHOJIOTil e TEXHOIOTIT
posmoziieHoi 0OpOOKM JaHUX, B SKUX KOMII FOTEpHI
pecypcH HamalThes [HTepHET KOPUCTYBAUCBi K OHIAlH
cepsic [1]. To6TO 3a TOMOMOTOO HUX, 3100yBadi OCBITH
abo BuKIaAadi 3 OyAb-sIKOTO MPHUCTPOI0 MOMIH O MaTH
JIOCTYyIl 7O TOTPiOHMX IM pecypcaM. 3pydHICTh Ta
NPaKTUYHICTh  JIO3BOJIJIM  iM  CTard  YacTUHOO
Cy4acHOTO JKHTTS Ta oOcBiTH. Jlimepamu 3 HamaHHI
XMapHHUX TOCIYT JJIsl OCBITHIX 3aKIaiB Ta OCBITH €
kopriopauii Google Ta Microsoft.

Meta

MeTta HamucaHHS JaHOi poOOTH B TOMY, MO0
OIIIHUTH TIePEeBaru W HEMOJIKN BUKOPHUCTAHHS XMapHHUX
TEXHOJIOTIH B OCBITI.

OcHOBHA YacTHHA

XMapHi TeXHOJIOTi1 MaloTh SIK CBOi MEpeBary, Tax i
cBoi Hepomiku. [Tounemo 3 mepesar(puc. 1):

e JloCTyNHICTb i MOOUTBHICTB. 3aBISIKK XMapHUM
TEXHOJIOTISIM KOPHCTYBa4i MarOTh 3MOTY ITiKJIFOYUTUCH
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JI0 CHUIKYBaHHS y Oy[b-sIKili TOUL CBITY 3 Maike Oy/ib-
SIKOTO 00JaJHaHHS, BUKOHYIOUH MIPU IbOMY MiHIMaJIbHI
BrMOTH. [Ipy HasBHOCTI iHTEpHET 3’ €OHAHHS YUCHb YU
BYUTEJIh MOYKE MaTH JIOCTYII 10 poOOYMX Marepialis, sKi
IIPY IEOMY 3aiiMalOTh HEBEIUKHUI 00’ €M rmam’ siTi.

e ExoHOMis dacy. B mell myHKT BXOOUTH SIK
€KOHOMIsI Yacy Ha JAOpOTy 0 HaBYAJIBbHOIO 3aKJIamy TaK
i e(eKTHBHE BHKOPHUCTAHHS aBTOMAaTHYHUX IMPOILECIB,
0 € B HaBYAIBHUX IDIaTdopmax. [Ipu doMy eKoHOMis
SK 1 B y4yHsd Tak 1 Yy BHUKJIagada. ABTOMAaTH4HA
cucreMarmzanis iH(opMaIli Mox0 3aBIaHb, TECTIB,
NepeBIpOYHMX 3aBAAaHb TaK i KOHTPOJIb 3a YCIILIHICTIO
3100yBaviB OCBITH JOTIOMAararoTh e(eKTHBHO
BUKOPUCTOBYBaTH 4Yac. BuurTelb 1 y4YeHb MOXYTb
e(eKTHBHO CHIUJIKYBaTHUCh y OyIb-SKHH dYac, 0COOIHMBO
MIpU HarajubHIH moTpedi, 6e3 3aTpUMOK Ha IOPOTY UM
LIOCh HIIIE.

e EdekruBnicts 30epiranHs JaHUX Ta  ix
POBIIOBCIO/DKEHHS. 30epiraHHs JaHuX B XMapi € Jyke
MOUIMPEHUM 1 3py4YHHM, TOMy w0 iH(opMaris

30epiraeThcsi He Ha mpucTpoi. ToOTO cama cucrema
BiTHOCHO Hemopora, iH(pOpMAIlil0 MOXJIHBO BiTHOBUTH
3a JIOTIOMOTOI0 3ac00iB aBapiifHOTO BiAHOBIEHHS, 1 cami
JlaHi TOCTYIHI B OyIb-sIKUif 4ac Ta B Oy/b-sSIKOMY MICLIi.
Takox iH(pOpPMALIiFO, MOXHA IIBUAKO PO3MOBCIONUTH
cepel OTpUMYBadiB 3 MiHIMAaJbHAMH 3aTPUMKAMH B
yaci, 10 3aJeXarb TIALKKM BIiJ IIBUAKOCTI i
JIOCTYITHOCTI MEpEexKi.

e ExoHomis komriB 37100yBada ocBiTH. SIK yke
Oyno ckazaHo, cami XMapHi CHUCTEMH € BIJHOCHO
HEJIOPOrUMH, TOOTO 1X BHUKOPUCTAHHS HE € OCOOJIMBO
JIOPOTUM JIJIsl YUHIB.

Kadenpa indopmariitaux rexgonoriii, KHYBA
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o CriBnparg. OmHEM 3 OCHOBHHX IUTIOCIB

pobotH B XxMapi € OgHOYAacHa pOOOTa IEKITBKOX
KopuctyBadiB. [Ipu goMy, sIK TIpOCTO TO Bif€o, TaK i B
PpOOOTI 3 TOKYMEHTAMH ¥ 1HIIIHM.

e MacmraboBaHICTb. IIpu BUKOPHCTaHHI
XMapHUX TEXHOJOTi MacmTaboBaHICTF HEOOMEKEHa,
3a JIONOMOTOI0 4YOr0 HaBYaJbHI 3aKJIad MAaroTh
MOXJIMBICTh IIBHJKO HapOIyBaTd OOYMCIIIOBAIIBHI
nmotyxHocTi. [lpn BUKOpUCTaHHI caMoOi XMapHW MOXKHA
CIPABIATHCh 3 HEOYiKYBaHUMHU HABAaHTKEHHSIMH, 3a
JIOTIOMOT'0I0 TIEPEPO3IOALTIB 3alMTiB Ha Pi3HI cepBepr

[2].

JIOCTYIIIICTL

EKoIroMis gacy

EdekTHBHE
30epiraHHA JaHHX

EKOHOMIA KOIITIB
KODHCTYBada

Cribmpara

MacmTatoBaHiCTE

Pucynox 1 — Ilepesacu 8UKOpUCANHA XMAPHUX MEXHONO02IU 8
oceimi.

3 HenomikiB (puc.2), siKi MICTATbCS B BAKOPHCTAHHI
XMapHUX TEXHOJIOTIH, €:

e 3anexHicTs Bix iHTepHETY. OITHIM 3 TOTOBHHUX
MIHYCIB € BHCOKAa 3aJie)KHICTh Bij iHTepHery. be3
HAsBHOCTI  3’€JHAHHS KOPHCTyBaui HE MOXYTh
KOPHUCTYBATUCh XMAaPHUMH ITOCITyTaMH Ta PeCypCami.

e 3axuct panux. llpum 30epiranHi JaHuUX B
XMapHHX CEpPENOBHIAX € BIPOTIAHICTH 3J0MYy Ta
KpaJiXKI[l TaHUX 3 HUX.

e Burparn Ha BENHKY KUIBKICTh 30€peKCHHUX
JIAaHUX. XO0Y XMapHi CepeloBHIIA € IOCUTH JICIICBHMH,
TIPY BEIMKHH KUTBKOCTI TaHUX, SKi HEOOX1THO 30epertH,
I[iHa Ha TaKi MMOCITyTH 3HAYHO 3POCTAE.

e Baprictp s 3aki1aiB ocBiTH. Takoxk OIXHUM 3
MIHYCIB € Te, IO BapTICTh XMApHHUX MOCIYT IS
HEBEJMKUX HABYAJILHUX 3aKJAIIiB € JOCHTHh BHUCOKOIO, i
HE BCl MOXYTb ii cOO1 JI03BOJIUTH.

e TexHiuHi npobnemu Ta HecyMicHicTh. Ha xaib
HE Yy BCIX € MOMJIMBICTH IpuadaTi codi MpHCTpoOi, sIKi
MiAXOAATH i MiHIMaTbHI BUMOTH Ui BUKOPHCTAHHSI
TaKuX TMOCHYT, ajie L npoOlieMa BHPILIYEThCS 3a

JA0IOMOTOK0 ICPIKABHUX 3aKyHiB€J’IB.
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-

[rTepenT-3anenicTn

3axHCT JAIHX

BHTpaTH Ha BETHKY K-
Th JaHHX

BapTicTL 11T 3JaKTaIiB

HecyMmicHicTs

Pucynok 2 — Ilepesazu suxopucmaHmsi XmapHux mexHonoziil 6
oceimi.

BucHoBkn

BukopucraHHs XMapHHX TEXHOJIOTIH Hece 3a
co0010 SIK TIEpeBary, TaK 1 HEMOJIKH, ajle BCE XK TaKH iX
eKCIUTyaTallisi 3HAa4YHO TMIOKpaIly€ SKICThb Cy4YacHOI
OCBITH.

Cnucok Jiteparypu
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PO3POBKA CUCTEMM YITPABJITHHSI TPOT'PAMOIO JIOSIJIBHOCTI HA OCHOBI
TEXHOJIOI'Ti KPOC-YEMH TOKEHI3AIIII

Anomayisa: y yiti cmammi po32na0acmuvcsi po3pooKa CUCmeMU YRPAGIIHHA NPOSPAMOIO JIOSIbHOCHI HA
OCHO8i MeXHONO2I Kpoc-yelin MOKeHi3ayii.
MPAOUYIIHUMU CUCTNEMAMYU TOSTbHOCME. 3aNpONOHOBAHO MEXHIYHI PIULeHHS WO MOJICYMb NOKPAWUMU
be3neky, 30LbWUMU MACWMAOOBAHICb, 00380IUMU NPAYIOBAMU 3 BEIUKUM 00CA20M OaHUX md

Onucano nepesacu yiei cucmemu 6 HNOPIGHAHHI 3

Kopucmyeauis. Buxopucmanns mexuonocii kpoc-ueiin moxeHizayii 015 po3poOKu cucmem npozpam

JIOANLHOCME € NEePCREKMUGHUM HANPSIMKOM PO3GUMKY, WO MOJice OONOMOSMU KOMRAHIAM 30Ty4UMU
Oinvue Knienmie ma 30iibwUmu c8itl npuOYmoK.

Kniouogi cnosa: npozpama nosansnocmi, Kpoc-ueitn, mokeHnizayis, 010K4eiH

Beryn

VY cy4yacHOMy CBITI KOMITIOTEPHI TEXHOJIOTIi Ta
OporpaMyBaHHs €  HEOOXiJHUMH  KOMIIOHCHTaMH
6i3HECy, CeKOHOMIKH, HAyK{ Ta IHIMHX c(ep AISLTBHOCTI.
Po3BuTOK TeXHOMOriH Ta MOCTiliHE MOIIMOICHHS 3HAHD
y ramy3i iH(QOpPMAIiMHMX TEXHOJOTIH 3YMOBIIOE
HEOoOXiHICTh PO3pPOOKN HOBHMX IHHOBALIHHKUX PillIeHb Ta
MiAXOMIiB IO PO3B'SA3aHHA PI3HOMAaHITHHX 3amad. OmHUM
i3 HampsIMKiB, 10 aKTHBHO  PO3BUBAETHCS, €
BUKOPUCTAHHS TEXHOJIOTI] KpOC-4eWH TOKeHi3alil y
CHCTEMaXx JIOSUTBHOCTI.

Meta

Mertoro miei poOOTH € AOCHIHKEHHS IepeBar
CHCTEM JIOSIIBHOCTI MOOYZ0BAaHUX HA OCHOBI TEXHOJOTIT
KpOC-UeiH TOKeHi3alil B TMOpPIBHSHHI 31 3BUYAHHUMMU
CHCTEMaMH JIOSUTBHOCTI, a TaKOXK BHOIp TEXHOIOTIN s
pO3pOOKHM  CHCTEMH  YIpPaBIiHHS K& JIO3BOJIUTH
MOKPAIIUTH CPCKTUBHICTh Ta 3a0C3MCUUTH HAMIWHICTH
nporpamM  JIOSUTGHOCTI 3 BHKOPHCTAHHSIM  OJIOKYEHH
TEXHOJIOT 1.

OcHOBHA YacTHHA

3amaga pOo3poOKH e(hexTHBHOI CHCTEMH
JIOSUTBHOCT] Uil KJIEHTIB € BaXKJIMBOIO JUIsi Oararbox
KOMITaHi}, OTHaK KJIaCHYHI CHCTEMH JIOSUIBHOCTI MalOTh
KUTbKa HENOJIKIB, SIKi 3MEHINYIOTh 1X €(EeKTUBHICTh Ta
3py4HICTh ~ BUKOpUCTaHHA.  OCHOBHI  HEJIOJNIKH
KJIACUYHUX CHCTEM JIOSUIBHOCTI TIepes CHCTeMaMH
JOSTPHOCTI 3 KPOC-4eHH TOKCHI3ali€l0 MOXYTh OyTH
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OIMCaHi HACTYITHUM YHHOM:

OOMekeHI MOXIIMBOCTI OOMIiHY: y KIIaCHYHHX
CcHUCTeMax JOsIBHOCTI, 0OMiH OamiB abo Haropom 3a
TOBapW Ta TIOCIYTH OOMEKECHUH HAJEKHICTIO JI0
KOHKPETHOT KOMIIaHii, 10 TPU3BOIUTH JI0 OOMEKEHOCTI
MOXXJIMBOCTEH KIIEHTIB. Y CHCTEMax JOSIIBHOCTI 3
KpOC-YEeiH TOKEHI3alli€lo, TOKEHH MOXYTh OyTH
BUKOPUCTaHI JUis OOMIHY Ha TOBapd Ta MOCIYTH He
TIJIBKH B paMKaX KOHKPETHOI KOMITaHii, a i y IHPOKOMY
CHEKTpl MAapTHEPCHKMX KOMIAHii, 10 pO3IIUPIOE
MOYKJIMBOCTI KIJTI€HTIB.

Hwusbkuii piBeHb Oe3nekyn: y KIACHYHUX CHCTEMax
JOSUTHPHOCTI, HAaropoay Ta 0anyd MOXYTh OyTH BKpaJeHi
abo mizpobneHi. Y cucremax JOSUIBHOCTI 3 Kpoc-4eilH
TOKEHI3ali€l0, BUKOPUCTaHHS OJIOKYEHH TEXHOJIOTIH Ta
kpunrorpadii 3ade3nedye BHCOKHI piBeHb Oe3leKH Ta
HEJOCTYIHICTb JUIS IIaxpaiB.

HemocratHs mpo30picTh:  KJIACHYHI  CHCTEMHU
JOSLTHPHOCTI HE 3aBXKIH 3a0€31eUyIOTh PO30PIiCTh MOA0
TOro, K HAaropomy Ta OaJy HapaxoBYIOTbCA Ta K 1X
MOKHAa BUKOPHCTOBYBaru. Y CHCTEMax JIOSUIBHOCTI 3
KpOC-4eiH  TOKEHi3ali€lo, TPaHCIAPEHTHICTH
MIPO30PICTh 3a0e3Meay€eThCst 3a JIOTIOMOT 01O
BUKOPUCTaHHS PO3IOJUICHUX PEECTPIB, IO JI03BOJISIE
MUBUTHCS Ha TPAH3aKIIii Ta Ji3HABATHUCS OUTBIIE MPO IX

Ta

JDKeperIo.

OOMEXeHICTh ~ JIOCTYIly:  KIIACHMYHI  CHUCTEMH
JMOSITPHOCTI  MaroTh  OOMEXEHy  MacITabOBaHICTBh,
OCKUTBKM  1X  (YHKIIOHYBaHHS  3aJ€XHTh  Bij

LEHTPaIi30BaHol 1HQPACTPYKTypH Ta OOCIyrOBYyBaHHS
CTOPOHHIMH IIOCTa4aibHUKAaMU mociuyr. Lle 3HmKkye

Kadenpa indopmariitaux rexgonoriii, KHYBA
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e(PeKTUBHICTh CHUCTEMH Ta MOXE HNPUBOAUTH JIO
npo0iieM 3 6e3IeKOI0 JaHUX.

HaBmakm, cucreMu JOSUIBHOCTI 3  KpOcC-UeiiH
TOKEHI3ali€l0 IMPONOHYIOTH psii mepeBar.  Bonu
3abe3neuyroTh Oesneunimy [1] Ta Ot eQeKTUBHY
nepegadyy — JaHHX, a  TakoX  3a0e3medyroTh
JICIEHTpaJIi30BaHe YNPABIiHHS, 10 JO3BOJISIE KOKHOMY
YYacHHKY CHCTEMH NpPUHMAaTH pilIeHHs Ta BHOCHUTH
3MiHH B cucTeMy. Kpim Toro, Taki CHCTEeMH MarOTh BUIILY
MacITaboOBaHICTh, OCKUIBKM iX (YHKIIOHYBaHHS He
3aJIeXKHTH BiJI LIEHTPaJli30BaHOi iH(pacTpykTypH [2], m10
J03BOJISE iM MPAIfOBAaTH 3 BENUKHM OOCSATOM JaHHX Ta
OO0 KITBKICTIO YYaCHUKIB.

Tabauys 1 - Hopienanusa kpoc-ueiin niamgopm

DyHkuis Chainlink | Axelar Coinweb

Kpoc-ueiin +

TOKEHi3allis

Buninenuit
OJIOKUEHH

Macmrabye
HasBHI
OJIOKYEHHN

PeakruBHi
cMapT
KOHTPaKTH

SDK/API

[Micns  mocmijpkeHHs Ta NOpiBHSAHHS (Tadm. 1)
HasSBHUX Kpoc-4eH TmargopM Ta TPOTOKOMIB, 3a
OCHOBY OyJ10 00paHO MmIaThopMy Kpoc-4eiiH 00UUCIICHb
Coinweb [3]. Came us ruardopma yHiKaJbHA THM, IO
Ha/Jla€ MOXJIMBICTH CTBOPIOBATH TOKEHH SIKi OyoyTh
MIPAIIOBATH MK HECYMICHUMH OJIOKYCHHAMH.

Bukopucranns miarpopmu Coinweb  103BoJIsIE
3aCTOCYHKAaM JIETKO TIEPEMIIIaTHCS MiX ONOKIeHHAMH
JUIS  TATPUMKH  ONTHMANBHOI  (PyHKIIOHAJIBEHOCTI,
HEe3aJIeKHO BiJI TOTO, HACKIUJIbKH MOBIJIBHO
OHOBJIIOIOTHCSI OKpeMi OJIOKYeHHH. 3aCTOCYHKH MOXYTb
JIETKO MIrpyBaTy 3 OHOTO OJIOKYEHHY /0 1HIIOTO, SKIIO
MOTOYHMH OJIOKYEHH CTae HAATO TOBUIBHHM a0o
JoporuM. TakoX KOXKHA TpaH3aKLis BHUKOHYETHCS
mapajenbHO, HaBiTh AKIIO 11 iHIIIIO€ TOW caMUii cMapT-
KOHTPAKT.

Jnsi 1oOynoBM TOBHOI[IHHOT CHUCTEMH TaKOX
HEOOXiZTHO O0paTH CTEeK TEXHOJOTiH It iHTepdeicis,
0a3 naHux Ta cepBepHOI YaCTHHHU.

Bukopucranns ¢peiimBopky React aist ctBopeHHs
iHTepgeiiciB  mo3BoNsE  3a0e3MEUNTH 3pYYHHH Ta
IHTYITHBHO 3p03yMiani iHTepdeiic. React BinpizHseThCs
BUCOKOIO TIPOAYKTUBHICTIO, IIBHJIKICTIO poOOTH Ta
JIETKOK0 MAacIITa0OBaHICTIO, IO € BaXIUBUM IS
CHUCTEMH, 5Ka MOXE MICTUTH BEIUKY KUIBKICTh
KOPHCTYBaviB.
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Bukopucranns MoBu nporpamyBanHst JavaScript i
JUIl  CEpBEpPHOI 4YaCTWHM, a caMeé [pOorpamHoOiL
wtatdopmu node.js, TO3BOIUTH 3a0€3EUUTH MBUIKY Ta
eexkTuBHY po3poOKy cuctemu. JavaScript € myxke
MOIIMPEHOI0 MOBOIO HPOrpaMyBaHHS Ta Ma€ BEIHKY
KUTBKICTh TOTOBUX 0i0Ti0TEK Ta (pyHKIIIOHATY.

Bukopucranns 6a3u nannx PostgreSQL nozossie
3a0e3MeunTH HailiHy Ta cTaOLIbHY pPOOOTY CHUCTEMH.
PostgreSQL Mae BHCOKY IIBHAKICTH OOpOOKH 3amuTiB
Ta MOYKJIUBICTh PO3IIUPEHHS B MAHOYTHHOMY.

OTXe, BHKOPUCTaHHS OOpaHMUX  TEXHOJIOTIH
JIO3BOJISIE 3a0€3MeUnTH Oe3IeKy, IPO30PICTh, MIBUAKICTh
Ta HAJIHHICTh CHCTEMH, a TAaKOXK 3a0€3IeUUTH 3PYIHHI
Ta  IHTYITUBHO  3po3yMinMi  iHTepdelc  ais
KOPHCTYBaiB.

BucnoBkn

VY pesyiabTari MpoBEJEHOTO JOCHIDKEHHS MOXKHA
3pOOUTH HACTYIIHI BUCHOBKH:

e Po3poOka cucremu mporpam JOSJIBHOCTI Ha
OCHOBI  TeXHOJIOTil  Kpoc-uelH  ToKeHi3amii €
aKTyaJIbHOIO 33/1a4€i0, III0 MOXKE BHUPIMIATH HPOOIeMHI
3BUYAHHHUX CHCTEM JIOSIIBHOCTI.

e Kpoc-ueiiH TOKeHi3allisl J03BOJISIE CTBOPIOBATH
Oinbin eeKTUBHI Ta OE3INeYHi CUCTEMH JIOSIIBHOCTI 3a

paxyHOK 3a0e3ledeHHS IHTEepOomepabeTbHOCTI MiXK
pi3HUMU ONIOKYEHHAMM.

e Cucremu JIOSUTBHOCTI Ha Onokueitni
JIO3BOJISIFOTh  3MEHIIMTH BHUTPAaTH Ha omepamii 3
MPOTPaMoOI0  JIOSUTBHOCTi,  30UTBIIMTH  IIBHIKICTH
TpaH3aKIIii Ta 3a0e3MeunTH OUTBITY Oe3IeKy.

e BuxopuctaHHA Kpoc-ueiiH TOKeEHi3amii B

CHUCTEMaX JIOSUIFHOCTI MOXKE JIOTIOMOTTH 3aIy4UTH
OiNbIlIe KJIIEHTIB, MIABUIIUTH JIOSUIBHICTD Ta 30UIBIINTH
NpUOYTOK KOMITAHIH.

e HeBenmka KiNBKICTh TOTOBHX CTaHOApPTIB Ta
NPOTOKOJNIB ~ KPOC-YeHH TOKEHI3allli MOXe CTaTH
MEePEIIKOO0 Uil IUPOKOTO  BIIPOBAIDKEHHS  ITiET
TEXHOJIOT'I1 B Oi3HECI.

OTXe, BHKOPUCTAHHS TEXHOJIOTIi KpOC-4eiH
TOKEHi3awii Uil po3pOOKH CHCTEM MPOrpaM JIOSUIbHOCTI
€ TMEPCHCKTUBHUM HAMPSIMKOM PO3BUTKY, IO MOXE
JTOTIOMOTTH KOMITAHISIM 3aly4uTd OibIlle KIIE€HTIB Ta
30UIBIIUTH  CBid  mpuOyToK. OmHAaK, HEOOXiTHO
MPOBOIWTH JOAATKOBI JOCTIMKCHHS Ta PO3POOISATH
CTaHNApTH I MIHPOKOTO  BIPOBAKCHHS  ITi€T
TEXHOJIOTII.
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€pykaeB Anapiii BiranaiiioBuu
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Kuiscoruti nayionanvruil ynisepcumem 6yoisnuymea i apximexmypu, Kuig

CroBOyn Muxaiijo IOpiitoBu4

ctyneHt 5-ro kypey kadeapu IT, orcid.org/0000-0003-2807-3204
Kuiscoruii nayionanvruil ynisepcumem 6yoignuymea i apximexmypu, Kuig

OB’€EKTHO OPIEHTOBAHA TA ®YHKIHIOHAJIBHA TAPAJUTMHU B MOBAX
ITPOI'PAMYBAHHA

Anomayia: 6 yiti cmammi 00CaioHcyeEmMbca npodiema 8ubopy napaouemu po3poOHUKAMU HA PIZHUX MOBAX

npozpamyeanns.  Bubip
@yHKYiOHAbHE NPOSDAMYBAHHSL.

npedcmasieHuti  mioc — 0goma

cmunsamu: 06 ’€KmHO-0pl.€Hm0661H€ ma

Knruoei cnosa: Python, 06’ckmno-opienmoeane npozpamyeanus, (yHKyioHaibHe NPOZPAMYBAHHA,

napaouzma, Cmu.
Beryn

KoxkeH mporpamicT-nioyarkiBellb CTHKAEThCS 3
npoOsieMor0  pO3yMiHHS Ta BHOOpPY HapajurMu
po3po0IroroYr  CBOI  TepImi et
NPOEKTH ab0 BUKOHYIOUM J1abopaTopHi  poOOTH.
Haifyacrimme, BOHM TNPHUXOIATH [0 JIBOX CTHIICH:
00’eKTHO-OpieHTOBaHMI Ta QyHKHioHaNbHUHA. [IpoTe
SIKMH 3 HAX BUOpAaTH, Ta 9M MiAilAe BiH i1 BUKOHAHHS

MIpOrpaMyBaHHs,

IMeBHOI 3aJadi, 4YacTO BaXXKO BH3HAYUTH HAaBITH
JIOCBIZTYCHUM PO3POOHUKAM.
Merta
Metoro poboTH € JOCHDKEHHS 00’ €KTHO

OpieHTOBaHOI Ta (YHKIIOHATHHOI MApagWrM 3 TOYKH
30py BHOOpY opHi€l YW iHIIOI B 3aJIE)KHOCTI Bif
MOCTaBJICHUX 3a7ad Maibke B  OyIb-sikii  MOBI
HpOrpaMyBaHHS.

OcHOBHA YacTHHA

O06'extHO-OpieHTOBaHEe MporpamyBanas (OOII) -
e MiAXiJ [0 NporpamMyBaHHS, B SIKOMY MpOTpamu
CTBOPIOIOTHCS 32 JIOTIOMOT'OK0 00'E€KTIB, SKi B3aEMOIIIOTh
omuH 3 omuauM[1]. OOII BKIIOUaEe psa KOHIEMIINA Ta
moOyI0By MPOTPAMHOTO KOAY 3 BHKOPHCTAHHSM KIIACIB,
00'exTiB, HacijyBaHHs, NOMIMOP]I3M Ta IHKANCYJSALii
(puc. 1).

OO0'ekTH CTBOPIOIOTHCS Ha OCHOBI KiaciB. BoHm €
EK3eMILSIpAMU KJIACIB Ta MICTATh KOHKPETHI IaHi, sKi
BIJIPI3HSIOTH 1X BiJ iHIMX 00'ekTiB. OO'€KTH MOXYTh
B33a€EMOJIISITH OAMH 3 OJHUM, IIepelaBaTH Ta OTPUMYBATH
JlaHi Ta BUKOHYBaTH METOMH.

[MonmiMopdizM - Iie MOXKITHBICTE O0'€KTIB Pi3HHUX
KJaciB BMKOHYBaTW OJMH 1 TOM ke MeToi, aje Io-
pi3HOMY, B 3aJIEXKHOCTI BiJ iX KJacy.

HacninyBanus e MOXJIMBICTH CTBOPEHHS
HOBOTO KJIacy, SKHH YCIaJKOBY€ BIACTHBOCTI Ta METOIH
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IHIIIOTO KJIacy, IO JO3BOJISIE CTBOPIOBATH ie€papxil
KJIaCiB Ta 3MCHIITYBaTH TyOJIOBaHHS KOMY.

Pucynox 1 — Iapaouema OOII Ha mo8i npoepamysanis
Python
[HKancymALiss - Le MexaHi3M, SIKHHA JI03BOJISIE
oOMeXyBaTd JIOCTYIl 10 BIIACTUBOCTEH Ta METOMIB
KJIacy 330BHi.
Takox € 4eTBepTHl, HE MEHII Ba)JIMBUH, CTOBI

OO0Il aOCTpakiis, MeXaHi3M, SKHH J03BOJISIE
MPUXOBYBaTH JeTalli peamizamii Ta MPOMOHYBATH
iHTepdeiic it BUKOpPHCTaHHS (YHKLIOHAIy KJacy
(puc. 2).

Ahstraction
Encapsulation

\
Object
Pucynox 2 — Konyenmu OOI1
OOII - e MoTyXHUI IHCTPYMEHT, SIKMH JT03BOJISIE
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pO3pOOHUKAM CTBOPIOBATH THYYKi, MacIITaOOBaHi Ta
JIETKO 3pO3YMUII MporpaMu, 3MEHIIYBaTh JTyONFOBaHHS
KOy, MOJIETIIyBaTH poOOTYy 3 IAaHUMH Ta CTBOPIOBATH
e(eKTHBHI pillIeHHS JUIsl BEJTMKHUX MTPOEKTIB[2].

OyHKIIOHANEHA — MapagurMa  OpOrpaMyBaHHS
30cepekeHa Ha BUKOPHCTaHHI (PYHKIIH SIK OCHOBHOTO
3aco0y moOyI0BH IIPOTPaM.

OcHoOBHa izmesi mojsirac B TOMY, 1100 BHM3HA4aTH
¢byHKUii, sKi MpUAMalOTh Ha BXIA JaHi i MOBEPTAIOThH
pe3ynbraTu 00YHMCIIeHb, He 3MIHIOIOUH CTaHy MpPOrpaMu
abo 30BHINIHBOTO cepefoBHIIa. Y (YHKIIOHAJIBHOMY
IporpamMyBaHHI Jy)Xe€ BaXJINMBO, 100 QyHKUii Oymam
YUCTUMHU - TOOTO, OO BOHM HE 3aJIKalIH Bil CTaHy
CHUCTEMH Ta 3aBXIU IOBEpTaIM TOW CaMMM pe3yJbTar
JUISL OTHAKOBHX BXIJTHHUX JaHuX (puc. 3).

numbers = [-2, -1, 0,

positive numbers = list(filter( X! X > 0, numbers))

squared_numbers

ap(square, positive numbers))

rint(positive_numbers)

print(squared_numbers)

Pucynoxk 3 — Ilapaduema ¢ynxyionanvinozo npoecpamyeanHs
Ha mosi npozpamyeanns Python.

KOHITEHIIT
MPOrpaMyBaHHs BKJIIOUAIOTh!

e He 3MiHroiite cran cuctemu: QyHKIIT MOBUHHI
OyTH 4HCTUMH, TOOTO HE 3aJIe)KaTH BiJl CTaHy CHCTEMH
Ta He 3MIHIOBaTH HOro.

OcHoBHI (hyHKIIOHATTEHOTO

e Oynkuii nepmoro kiacy: GpyHKuil € 00'ekTaMu
MepIIoro Kiacy, M0 J03BOJsI€ IiepefaBaTH iX SK
apryMeHTH B iHII (QYHKII, ToBepTaTy (YHKINT 3 IHIIHX
¢byHK1ii Ta 30epiraty QYHKIIT B 3MiHHHUX.

Pexypcis: ¢dyHKIIOHaNbHA MapajurMa 4YacTo
BUKOPUCTOBY€ pPEKypCHBHI (QYHKII{ JUIs pO3B's3aHHA
3ajad.

JIsamOnma-¢yHkuii:  QyHKUii  MOXyTh  OyTH
CTBOpPEHI Ta MepefaHi SK apryMeHTH Oe3 BH3HAYeHHS
okpeMoi QyHKIIi.

Bubip Mk  (yHKIIOHAIBHOIO OO0I1
MapajiurMol0 3aJIeKHUTh BiJj KOHKPETHOTO 3aBJaHH, SIKE
moTpiOHO PO3B'A3aTH.

OyHKIIOHANBHE  NPOTpaMyBaHHs,  3a3BHYa,
Kpale MiaXoIuTh ISl CKJIQJIHUX OOUUCIICHB, SIKI MOXKHA
po36uTH Ha Oararo MOCIIJOBHUX KPOKIB, /Ie KOXEH KPOK
MOXKHA peaiidyBard sk okpemy ¢yHkuiro[3]. Taki
OOUYMCIICHHSI 4acTO MOXYTh OyTH BiIOKpEMJICHI OIWH
BiJl OTHOTO 1 BUKOHYBATHCSI MapalesIbHO, IO JI03BOJISIE
BHKOPHCTOBYBAaTH 0araTomoTOYHICTh Ta pPO3MOALICHI
CHCTEMH.

OOIl mimxoauTh Uit PpO3pOOKH mporpam  3i
CKJIATHOIO CTPYKTYpPOIO Ta BEJIMKUM OOCATOM JaHUX.
BiH 103BOIISIE CTBOPIOBATH KOMIIOHEHTH MPOTPaMHU, SKi

Ta
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MOXYTh OyTH I[OBTOPHO
MO (iKOBaHi.

OOII 3a6e3meuye eQeKTUBHY OpraHi3aImio Komy Ta
JIO3BOJISIE 3MCHIIMTH KUIBKICTh JYOJIOIOUOTO  KOIY.
Orxe, BuOip Mk ¢yHkmionansHolo Ta OOII
MapagurMoOl0  3alIeKHATh Bi TOTO, MO0 MOTPIOHO
peari3yBaru. SIKIIO 3aBIaHHS MOB'A3aHE 31 CKIIaJHUMH
OOYMCIICHHSIMH, ~ TO  MOXXHa  BHKOPHUCTOBYBATH
GyHKUiOHATIBHY mapagurMy. SIKmo K  3aBIaHHA
notpedye po3poOKH CKIIJHOI MPOTPaMu 31 CTPYKTYPOIO
Ta iepapxieto 00'ekriB, To OOII Oyne kpammm BUOOpOM
(puc. 4).

BUKOPUCTaHI Ta JIETKO

INPUT x
3 AN
=[]
s |
T |/
FUNCTION f: / \‘//
o]
(]
OUTPUT f(x)

Pucynok 4 — Mooenv 06 ekmno-opienmosanozo ma
yHKYyiOHATbHO2O NAmMepHIs.

[Ipore, iHKOMM TPAIUISIOTBCS TakKi INPOEKTH Ta
3ama4i, KOJIM BHUOIp JIMIIEC OAHIET TapamurMu, Oyme
xuOHNM, a00 BaXXYNM y pearizamii. B manomy Bumazxy,
MOXYTb BHKOPDHUCTYBAaTHCsl JeKibKa CTWIEH, 1 He
00oB’s13k0BO  TinbkHM nBa momaHi. Oxpim OOIl Ta
(YHKIIOHATFHOTO MOXKYTh BUKOPHCTYBaTHCS 1 1HIII,
HaIPUKIIaJ, CTPYKTYypHE a00 CKPHIITOBAHE.

BucHoBku

KoxHa 3 1mx mapaaurm mae cBoi IUIIOCH, 1 CBOI
MiHycH. /[ po3poOHMKa BaXJIMBO 3HATH iX Ta BMLIO
o0upaTl CTWII TPOrpaMyBaHHS B 3aJICKHOCTI Bif
00’eMy mpoexTy, abo ioro creriainizamnii. HemoxinBo
CKa3aTH sKa MapajurmMa Kpamia, a ska Tipma, Bce
3aJIeXKHUTh BiJl HABHYKIB Ta JOCBiJy MpOTpaMicTa, sSIKHi
il BukopucToBye. He icHye cramoro BUOOpY CTHIS AJIS
Tiel um iHmoi 3amadi. Po3poOHUK caMocTiitHO, abo 3
KOMaHZIOI0, Ma€ BHpILIyBaTH, SKHH 3poOHTH BHOIp,
BiIITOBXYIOUHCHh Bi BMiHb Ta BIIOJOOAHb KOXXHOTO
Y4YacHHKA IIPOEKTY.
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Binommubkuii Auapiii OnexkcanapoBuy
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Osgnaiit PocTtucaas

CTyIeHT 3-To Kypcy Kadeapu iHQopMamiifHUX TEXHONOTiH, orcid.org/0009-0006-6093-3701
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OBYUCJ/IIOBAJIBHA BIOJIOT'TSA TA TEHOMIKA: BUKOPUCTAHHSA
KOMIT'IOTEPHUX METOIIB JJIs1 BUBUEHHS BIOJIOT'TYHUX CUCTEM TA
MPOIIECIB, A TAKOX JJI51 AHAJII3Y TA IHTEPIIPETALII TEHOMHUX JIAHUX

Anomayis: y 0aniti HayKosii pobomi po32nsa0aemoves 3aCMOCY8AHHL KOMN TOmepHux Memooig y 6UGHeHHI
OionociyHux cucmem ma npoyecie, a Maxkoxc 6 auanizi ma iHmepnpemayii ceHomMHux Oanux. Bona
NpUCBAYena po3eisioy HOBUX HAnpamie y cghepi obuucmosanvhoi Oionoeii ma 2eHOMIKU, ONUCYEMbCS
OCHOBHI Memoou ma nioxoou, w0 SUKOPUCMOBYIOMbCA Y OAHIL 2any3i, A MAKOIC HABOOSMbCSA NPUKAAOU
NPAKMUYHO20 3ACTOCYBAHHSA YUX Memoois. B pe3yiomami 00cniodxiceHb 010 8UABLEHO, WO KOMN TOMepHI
MEMOOU € NOMYNHCHUM THCIMPYMEHMOM Yy OOCHIONCEHHI OION02IYHUX cucmeM, d iX 3acmocy8ants 0ae
MONCTUBICMb OMPUMYSAMU HOBL 3HAHHS NPO JHCUsi opeanizmu ma ix @yukyionyeanus. Omoice, dana
HAayKosa poboma € 8adCiusUM BHECKOM ) PO3BUMOK 0OYUCTIOBANbHOL Oiono2li ma 2eHOMIKU, A MAKOMC
BIOKPUBAE HOBI MOJICIUBOCHI OIS NOOANLUUX HAYKOBGUX OOCTIONCEHb Y Yill 2ATy3I.

Knwwuoei cnosa: oionozia, /IHK, zenom, mooenrosannsn
Beryn

VY cyuacHii 6i0J0Tii Ta TeHETHIIl, 3 TTOSBOI0 HOBHX
TexHonoriii cexkBenyBanHd JIHK Ta 30impmieHHsSIM
00'eMy  TEHOMHHX JaHHMX, CTaJ0  HEOOXiAHUM
BUKOPUCTaHHS KOMITIOTEPHUX METOAIB IJIsl aHAJ3y Ta
iHTepIperanii mux gaHux. OOUUCITIOBANEHA 010J0Tis Ta
TCHOMiKa - TII¢ IHTepAWUCIMIUIIHAPHA Taly3b, sKa
noejiHye 0i0JI0TiI0, MAaTEMAaTHKY, (Pi3UKy Ta KOMIT'IOTEpHI
HayKH, 3 METOI0 DPO3YMiHHS OIOJIOTIYHMX CHCTEM Ta
MIPOIIECiB Ha PiBHI MOJIEKYJ Ta TCHOMIB.

®opMy/IIOBaHHSA MeTH Te3

Metoro mi€i HaykoBOi pOOOTH €  pO3TIIiA
3aCTOCYBaHHS KOMIT'IOTEpPHHUX METO/IiB B
o0unciroBaIbHIM Oloyiorii Ta reHoMILi Ul BUBYEHHS
010JTOTIYHIX CHCTEM Ta MPOIECIB, a TAKOXK LIS aHAIIZY
Ta IHTepIpeTalil TCHOMHHX JaHUX.

Pucynok 1 — Komn tomepua mooens cepys, 3pobnena
naykosysmu /Jenicom Hobnem ma Petimonoom Yincnoy

KoMmm'toTepHi MeTOIM B OOYMCITIOBAIBHINA 0i0JOTiT

Ta TEHOMIIlI BKJIIOYAIOTh y ceOe alropuTMu ISl aHaAi3y
BukJj1aJ 0CHOBHOIO MaTepiary Ta OOpOOKM TEeHOMHHMX  JaHHMX,  MOJENIOBAaHHS
OloyIoriyHMX TIPOLECIB Ta CTBOpPEHHS iH(opMaliitHux

OGuucioBanbHa 6i0NOTis Ta ITCHOMIKA IOEAHYIOTh g3 nanux. OMHAM i3 HalOITBIT BaXKJIMBUX 3aCTOCYBaHb

B 00l Ol0JIOriYHI 3HAaHHA T4 MareMaTW4HI METOIU IS KOMI'IOTEPHHX MeToxiB € ananis JHK-nocinoBHOCTeHA,
aHaiizy OIONOTIYHMX CcHCTeM Ta mporeciB. OmuH 3 WO J03BONSE BUABNATH 3MiHM y TeHAaX Ta {HIIMX
OCHOBHHUX MeTO,Z[.iB o§qncntaHLHoi 6ionorii - UE  perysATOPHUX ENEMEHTAX, IO MOKYTh TPH3BECTH JIO
MOJICIIOBAHHS  OIONOTIYHUX ~ CHCTEM Ta  MPONECIB,  ho3pyTKy 3aXBOPIOBAHB. 3aCTOCYBYETHCS TAKOXK METOH
ananmizy PHK-nocnimoBHoOcTeid, siKi  JI03BOJISIOTH
BUBUUTH EKCIIPECII0 TEHIB - IPOIEC, 3a SKOro T'€HH

BUKOPHUCTOBYIOUM MaTeMaThuHi Mojesi. MojelroBaHHs
MOXe OyTH BUKOPHCTaHO ISl JOCTIKCHHS Pi3HHUX
010JIOTIUHUX CHUCTEM, TAKHX K MO30K, Ceplie, JIETeHi.
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MEPETBOPIOIOThCS Ha Oinku. binbm ckimamHi Metomu
00pOoOKM NaHWX, Taki SK MAaIIMHHE HAaBYAHHS Ta iHIII
ANTOPUTMIYHI ~ TIAXONM, BHUKOPHCTOBYIOTBCS IS
BUSIBIICHHSI MyTallili, aHaJIi3y B3a€Moii MK reHaMu Ta
ix ¢ynkuid. KpiMm Toro, 3acTocyBaHHS KOMII'IOTEPHHX
METONIB  JO3BOJSIE ~ TPOBOXMTH  NPOTHO3YBAaHHS
CTPYKTYpH OLJIKIB, 1110 MOXe OyTH KOPUCHUM Y pO3po0ii
HOBHX JIIKiB Ta JIKyBaHHI XBOPOO.

[HIIMM BaykJIMBMM 3aCTOCYBaHHSM KOMITTOTEPHHUX
METOJ[IB € MOJICNIIOBaHHSl  OIOJIOTIYHMX  MPOLECIB.
Hampuknan, 3acTocyBaHHs KOMITIOTEPHHX METOZIIB
JIO3BOJISIE MOJICTIFOBATH B3a€MOJII0 OUIKIB Ta I1HIIMX
MOJICKYJI, IO JOIOMara€ po3yMITH  MeXaHi3MH
O10JIOTIYHMX TPOLIECIB Ta PO3BUBATH HOBI METOIH
JIarHOCTHKK Ta JIiKyBaHHs XBopoO. I[lpukian takoro
MOJISITIOBaHHS IIPEICTaBIeHO Ha Puc. 2:

Pucynox 2 - bazamomacuimadne Mooeno8ants 63aemMo0ii
OInKI6 3 YYHKYIOHANI308AHUMU HAHOYACTHUHKAMU

OmHAM 3 BaXXIMBUX JOCITHEHH OOYMCIIOBAIBLHOL
GioJtorii Ta TEHOMIKH € TEHOMHE pe/laryBaHHsI - TEXHIKa,
sgKa JI03BOJISIE pelaryBaTH TeHH, Io 3abesrnedye
MOYKJIMBICTh JIIKyBaHHS Pi3HUX 3aXBOPIOBAaHb, TAKUX SK
pak, TeHEeTH4YHI 3aXBOPIOBaHHA Ta iHII. SIK mpaitoe
penaryBanns [JHK npencrasneno Ha Puc. 3:

DNA editing

A DNA editing technique, called CRISPR/Cas9, works like a biological version
of a word-processing programme’s “find and replace” function.

DNA-cutting
enzyme
Defective
DNA strand

An enzyme cuts off
the target DNA
strand.

HOW THE TECHNIQUE WORKS

s p,
Chromosome '% Ké

Guide
molecule

7

A specially designed
synthetic guide
molecule finds the
target DNA strand.

Healthy

A Str:
Niiclou DNA strand

The defective DNA
strand is replaced
with a healthy copy

Acellis transfected
with an enzyme
complex containing:

;Guwdo molecule
; Healthy DNA copy

B DNA-cutting

enzyme Sources: Reuters; Nature

Massachusetts Institute of Technoloe

Pucynox 3 — Peoazysanna JJHK

Takok, KOMI'IOTEPHI  METOOM  JO3BOJIIIOTH
cTBOpIOBaTy iHpoOpMamiiiHi 0a3uW NaHuX, MO MICTAThH
iHpopmamito Tpo TeHH, ix (yHKHmii Ta B3aeMOIi0 3
iHIUMKH MoJekyiaamu. Lli 6a3u naHux MOXyTh OyTH
KOPHCHMMH JJIsl BHBYEHHS TCHOMIB DI3HHUX BHIIB Ta
MOPIBHSHHA 1X MK c00010. Takox BOHH MOXYTb OyTH
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BUKOPUCTaHI IS TIPOTHO3yBaHHS (PYHKIi HEBiZOMHUX
TCHIB Ta BHSBICHHA 3B'SI3KIB MK TIeHaMH Ta
3aXBOPIOBaHHIMH.

Kpim Toro, obuucnroBanbHa 0i0JoTis Ta TeHOMIiKa
3HAMIIUTM 3aCTOCYBAaHHS B DI3HUX Taly3sX, TaKUX SK
(hapManeBTHKa, CUTIbCBKE TOCIOAApPCTBO, OXOpOHA
3M0poB's Ta iHI. Hanpukian, o64uciioBaibHI METOIU
MOXYTh OyTH BHUKOPHCTaHi i1 pO3pOOKH HOBHUX JIIKiB
Ta BakIWH, a TAaKOX JJIsI BHUSBICHHS 3aXBOPIOBAaHb Ha
paHHIX CTafisx Ta iX JIKyBaHHS.

BucHoBku

OOGuucmoBanbHa 0IOJIOTiE Ta TEHOMIKA - I
Ba)XKJTUBI HAYKOBI JUCIMIUTIHU, SKI BUKOPUCTOBYIOTHCS
JUTST BUBYCHHS OIOJIOTIYHUX CHCTEM Ta TIIPOLECIB, a
TaKOX JJIs aHANi3y Ta iHTEepHpeTamii TCHOMHAX NaHUX.
OpHi€ero 3 OCHOBHHUX METO/IB OOYHMCITIOBAILHOT 610J10TiT
€ MOJICTIOBaHHS OIOJIOTIYHAX CHCTEM Ta TIPOIECIB, a
TaKOX aHali3 TeHOMHUX JaHWX 32 JOMOMOTOIO0 Pi3HHX
oOuncroBaIbHUX MeToniB. OOuuciroBaibHA 01010Tis
Ta TCHOMiKa MAlOTh BCJIMKWN MOTEHIAN y Oararbox
ramy3six, BKIIOYaOdd  (apMareBTUKy,  CLIbCBKE
rOCIOJapCTBO,  OXOPOHY  3/I0pOB's ~ Ta  iHII.
3acTocyBaHHS METOIIB OOYMCIIIOBaJIbHOI Oiojorii Ta
TEHOMIKM MOXXYTh JIOHOMOTTH B PO3pOOIi HOBHX JIKiB
Ta BaKIIWH, BUSBICHHI 3aXBOPIOBaHb HA PAHHIX CTaIisX,
X JKyBaHHI Ta IOMEPEIKeHHI.

Hes3Baxkaroun Ha BENMKI JOCATHEHHS B 001acTi
00uKCIIOBAIILHOI 010/10T1] Ta TEHOMIKH, € TAKOXK IESIKI
BUKJIMKKA Ta TPOOJEeMH, sIKi MOTPeOyIOTh MONAIBIIOL
pPO3pOOKH Ta BIOCKOHAJICHHS METOIIB Ta AJITOPHTMIB.
OpnHi€0 3 HUX € HEOOXiIHICTh BUKOPUCTAHHS BEIHUKHX
00'eMiB JIAHUX, o notpedye MOTY>KHUX
OOYHCITIOBATIBHUX CHUCTEM Ta iH(pacTpykTypu. Takox
MOTPiOHI HOBI METOAM Ta IHCTPYMEHTH JUIS aHalli3y
CKIamHUX OIONOTIYHMX CHCTEM Ta TMPOIECiB, IO
BKJIFOYAIOTh B3a€EMOII0 MK O0i0J0TiYHMMH 00'€eKTaMu
Ha PI3HHUX PIBHSX.

Y 3araiabHOMY,
reHOMIKa BIJIKPUBAIOTh HOBI MOXKJIMBOCTI JIJIsl BUBYCHHSI
Oioyorii Ta MEIMIMHH, Ta MOXYTh CTaTH BaXKITUBHUM
IHCTPYMEHTOM y 60poTr0i 3 Gararbma
3aXBOPIOBAaHHAMHU. PO3BHTOK METOHIB Ta aJTOPUTMIB
o0uMCITIOBaNIbHOI  Oiojiorii  Ta  TeHOMIKM  Oyme
MPOJOBKYBATUCS, Ta MOXKE MPUBECTH JO HOBHUX
BIIKPHUTTIB Ta BIIKPUTTS HOBHUX MOMIIMBOCTEH B IIiit
raysi.

oOumciroBasbHa  Olooris  Ta
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TEXHOJIOTTYHI ACTIEKTH YIIPABJIIHHA PO3BUTKOM IT-TEXHOJIOT'TI

Anomayia: y yiti cmammi Mu 0O0CRIONCYEMO Meopemuyni achekmu YnpaeuinHa pozeumxom IT-
mexHono2iu. Mu poseisineMo 0CHO8HI NPUHYUNU, 5IKI BION0BI0AIOMb 30 eHEeKMUBHY Peanizayilo NPOeKmie 3
suxopucmannam IT-mexnonoeii, 8KouaO4U po3pooKy NpocpamHoco 3abe3neyenHs, catmis, MOOLIbHUX
dooamxie ma inwux IT-npooykmie. Mu 30cepedumocst na 8axciugocmi 6uOOPy npasuIbHOI MexHON02il ma
Memooonozii  po3pobku 0 3abe3neyenHs egexmusHoi ma npodykmusHoi pobomu. Mu maxoxc
PO32NAHEMO KAIOH06I NPUHYUNU YAPABTIHHA KOMAHOAMU, GIONOGIOANLHUMU 30 BRPOBAOINCEHHS NPOEKNLY,
8i0 NOYAMKOB020 NIAAHYBAHHA 00 OCIMAMOYHO20 8NPOBAONCeHHA. Posenanemo numantsa Oe3neku OaHux i
3abesneueHusi Kou@pidenyiunocmi Oanux Kiiemmie i kopucmyeauis. Iliokpeciumo eaxciugicme
epekmuHo20 CRiIKy8aHHs ma CRIBNPAYL MIdC KOMAHOOK PO3POOHUKIG | KIi€EHmoM O 3a0e3neyeHHs.
VCRIWHO20 368ePUIeHHs NPOEKMY Md GUKOHAHHS 8UMO2 KIIEHMA..

Knrwuosi cnoea: peanizayia npoexkmis; eubdip mexnonozi; ynpaeiinnHa Komanoamu; 6e3neka OaHux;

cnignpays.

[IpaBunpHE TTAaHYBaHHS, KOHTPONb 1 KOOpAWHAIIS

po3Butky IT-iHppacTpykTypy MOXe  JOHNOMOITH

3HHU3UTH BUTPATH 1 MiJBUIIUTH TNPOAYKTHBHICTh. M

JIOIIOMArac JTOCSI'TH BalllnX Oi3HEC-IIIIeH.
VYrpaBniHHS ~ PO3BUTKOM  Iepeadadae

Beryn

Y cyuyacHomy cBiti IT-TexHONOTil € BaXIMBUM
IHCTPYMEHTOM JJIs PO3BUTKY Oi3Hecy Ta 3abe3reueHHs

edpexktuBHOI poboTH kommadid. Tomy ympaBiiHHA OLIIHKY

B IT-cucremax 1 BU3HAYEHHSA

epomouiero [T-TexHomnoriii Mae BupillajJbHE 3HAYECHHS
JUtst Oymb-sIKO1 KOMITaHii, 110 mparfroe B ik ramysi. Comif
nam'stard, mo e(eKTHBHE BHKOPHCTAHHS PECypciB i
MIBUIIEHHS ~ KOHKYPEHTOCHPOMOXXHOCTI HAa  PHHKY
MOKHA 320€3MeUUTH JIMIIE 32 JOMOMOTOI0 IPaBHIBHOL
crparerii po3BUTKy I T-TexHOmMOT 1.

norped  Komraii
HalKpamoi crparerii ix po3Burky. Komnanii moBuHHI
MAaTH YiTKi [UTi Ta 3aBIAHHS, SKUX BOHH XOUYTh TOCITTH
3a joromoror IT-TexHouoriid, i BpaxoByBaTH Lie MpH
Po3po0IIi CBOET cTpaTerii.

Kpim Toro, mieit Harpsim Mae 3a0e3mednTn O0e3neKy
iHpopMmarii, mo 30epiraeTbcsi Ta OOpPOOISIETHCS B

Mera cucreMax kommanii. lle o3Hayae, 1m0 HEOOXigHO

Merolo wiei poGOTH € aHami3s  BaXUIMBOCTI po3pobuTH Ta  BUPOBAJMTH  32X0AU iHpopManiitHol

e(pEeKTHBHOTO yIpaBIiHHSA IT-Texmonoriuguyy ~ OC3MEKH,  sKi ._KOHTPO.HIOIOT.I: A0CTyll 10 NiaHUX Ta
po3poOKaMK B KOpPIIOpPAaTHBHINM  AisUIBHOCTI  Ta 3abesnedyiots ix KOan.ﬂeHmHHlCTL'

JOCII/UKEHHS METOMiB, AKi BHKOPHCTOBYIOTBCS IV BkJirouae yrnpaBiiHHS MPOCKTaMH, MOB'SI3aHUMH 3

JOCSATHEHHs1 ycmixy B 1id  cdepi. [lpu upomy
30cepenpTecsl MNEpeBaAXHO Ha THX aclekTrax, sKi
JOIOMArafoTh MiIBHIIMTH SKICTh IPOAYKTY, 3HU3UTH
BUTPAaTH Ha CTBOPEHHSA MPOAYKTY Ta IOKPALIUTH
KOMYHIKAIlil0 MiXK PI3HUMH YaCTHHAMH KOMIIaHii.

OcHoBHA YacTHHA

EdekruBne ynpapiinas po3sutkoM I T-texHonorii
JIO3BOJISIE  KOMITaHIsIM ~ 3a0€3MeYNTH  KOHKYPEHTHY
mepeBary Ha pUHKY, 3a0e3ledyloud IpaBHJIbHE
BUKOPUCTaHHs iH(OpMaLiiHUX TEXHOJOTIH 1 pecypciB.
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PO3po0KOIO, BIPOBAKEHHSIM 1 miATpUMKOIO [T-cuctem.
KepiBHHLITBO TPOEKTIB Mae 3a0e3MeUYUTH BUKOHAHHS
NPOEKTIB Yy 3alUlaHOBaHI TEPMIHM Ta OMOMKET 13
BHCOKOSKICHOIO ~ POOOTOI0O  Ta  BHKOPHCTAaHHIM
MepeoBUX TEXHOJIOTIH.

A TakoXX OpKAa€eThCs OI[IHKK PU3HKIB, MOB'S3aHUX 3
pPO3pOOKOI0 Ta BIPOBAIKEHHAM HOBUX TEXHOJOTIMH.
Komnanii moBuHHI 3abe3neuntr O€3MeKy Ta 3aXHCT
iHpopMmarlii, sika 0OpoOsieThCs B IXHIX iHQOpMALIITHIX
CHCTEMax.

Kadenpa indopmariitaux rexgonoriii, KHYBA




X MixHapo/1Ha HAYKOBO-IIpaKTHUYHA KoHMepeHis « Y upasiiHE PO3BUTKOM TexXHoaorii 2023»

Takok HEOOXiJHO BpaxoByBaTH TEXHIYHI Ta
(hiHaHCOBI 0OMEKEHHS, o0 3a0e3meuuTH
ONTUMAIGHUN OamaHCc MK AKICTIO Ta BapTICTIO
BIIPOBAJPKEHHS] HOBUX TEXHOJIOT1H.
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Pucynox 1 — Memoou 3abe3neuenns ingpopmayiiinoi 6esnexu

Hns  edextuBHOrOo ynpaeniHHS po3BuTkoM [T-
TEXHOJIOT1#1 HeOOXiTHO BPaxoByBaTH HACTYIIHI aCIeKTH:

4. Crpareriune 1UlaHyBaHHS  po3Butky [T-
TEXHONIOTIM, 1o BimoOpakae Wil KoMmaHii Ta
CHPSIMOBYE 3yCHIUTS Ha 1X JOCSTHEHHS;

5. TlocrtiiHO CTEXWTH 3a PHHKOM 1 HOBHMH
TEXHOJIOTISIMM, 10  JO3BOJIAE  TepeabadaTtd  Ta
aJIanTyBaTHCS 10 3MiH Tajy3i;

6. OOrpyHroBanmii  BUOIp  TEXHONIOTIH,  sIKi
BIJIMOBIAIOT,  TIOTpebaM  KOMIIaHII Ta  CIPHUSIOTH
JIOCSITHEHHIO MOCTABJICHHX I[iIeH;

7. EdextnBHe ympaBiiHHA ~TPOEKTaMH  JUIs

3a0e3MeueHHsT B3a€EMOJIi1 MiXK pi3HUMH KOMaHIaMH;
8. TlocriiiHO HaB4aHHS JOJEH BUKOPUCTOBYBATH
HOBI TEXHOJIOTIi Ta PO3pOOJIATH HOBI IPOLYKTH.

Iuityatop YnpasniHHA npoekTom
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Pucyrnok 2 — Cxema nomoxig oauux npu nobyoosi nacnopmy
npoexmy

He w™amo BaxiMBUM € Te, L0 YHpaBIiHHA

pozButkoM IT Mae OyTu opieHTOBaHMM Ha MaiOyTHE,

OCKUTBKH TEXHOIIOTii TMOCTIHHO pO3BHBAIOTHCS Ta

3MiHIOIOThCS. KoMmmaHil moBuHHI OyTH rOTOBI JI0 3MiH Ta
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IHHOBAIIiH, BUBYATH HOBI MOKJIMBOCTI Ta
BUKOPUCTOBYBaTH  iX  Jsl  TOKpalieHHs Oi3Hec-
MIPOIIECIB 1 KOHKYPEHTO CIIPOMOXHOCTI.

lle omHUM BaXIJIMBUM AacCHEKTOM YIPaBIiHHSI
po3ButkoM IT-TexHONOTIH € TOoCTiiHE BIOCKOHAICHHS
MpOIeCiB  Ta  METONIB  PO3POOKH  MPOTPaMHOTO
3abe3neueHHs. Lle nmepenbadae BUKOPUCTAHHS Cy4aCHHX
MeTonoJioriii, Takux sk Agile, Scrum, DevOps, ski
JIO3BOJISIIOTH  €(DEKTHBHIIIE OPraHi30ByBaTH PO3POOKY,
3HIKYIOTh PH3MKU Ta 3a0e3NeduyloTh OUIbLI SIKICHUH
nponykT. Kpim Toro, BaxinBo 3a0e3Me4nTH HaBYAHHS
Ta PO3BUTOK KOMAaHAM PO3POOHUKIB, IO JIO3BOJISIE
HiITPUMYBaTH iXHi 3HaHHS Ta HABUYKH HA aKTyalbHOMY
piBHI Ta 3a0e3neuye KOMIIaHii KOHKYpPEHTHY IepeBary

Ha PUHKY.
. e )
MHyu4ki meTogonorii poapoﬁ%ﬁg

o

Agile Umbrella

more rules

RUP has over 30 roles, over 20
activities, and over 70 artifacts

and few more.

fewer rules

Pucynok 3 — Cyuacni memooonoaii po3pobxu
BucHoBku

Tomy edekruBHe ympapiaiHHs po3ButkoM [T-
TEXHOJIOTI € KIIOYOBUM (HaKTOPOM YCHIXy Oyb-siKOT
kommanii B IT-cdepi. Ile mepembavae cTBOpeHHS Ta
PO3BUTOK  iH(GOpPMALIHHUX  CHUCTEM,  VIPABIiHHSA
pU3MKaMH, BpaxyBaHHS TEXHIYHMX 1 (iHAHCOBHX
0OME)XEeHb 1 MO3UIIIOHYBAHHS B IPABUILHOMY HaIPSIMKY
TEXHOJIOTIYHOTO PO3BHUTKY JUISA 3aJ0BOJICHHS MOTPEO
pHHKY Ta KiieHTiB. KpiM TOro, ympapiiHHS PO3BHTKOM
IT-TrexHonoriif mependavae MATPUMKY iHPOpMAIIHTHIX
CHCTEM KOMIaHii, mo0 MoxHa OyI0 IOCITTH
Oe3nepebiliHoi poOOTH Ta BHCOKOI MHPOAYKTHBHOCTI.
VYemimne — kepyBaHHs  eBomoliero  [T-texHonoriit
JorioMarae  MiANpUEMCTBaM  30epiratd  KOHKYpEHTHI
nepeBard Ta MIBUAKO i e(heKTHBHO pearyBaTd Ha 3MiHH
B TajIy3i.
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BAOCKOHAJIEHHSA HITYYHOI'O IHTEJIEKTY JJIA AOITIOMOI'M CTYAEHTAM
ITPH OCBITHBOMY ITPOLECI

Anomayis: 6 Oawuili npayi po3ensiOAEMbC  GUKOPUCTIAHHA WIMYYHO20 IHmMenekmy Oisl 00nomozu
cmyoenmam npu 0C8IMHbOMY Hpoyeci. 3a 0onoMo2u WMyYHO2O0 THMENEeKMY MOJNCHA 3MIHUMU CHOCIO
BUKIIAOAHHS 8YUMENi8 Ma HABYAHHA cmyOenmig. LIImyunuil inmenexm nosiibHo, ane HA0IUHO NPOHUKAE 8

yei chepu Hauto2o dHcummsi, GKIIOUAIOUU NOKYNKU 0052y, MOOLIbHUL OanKine i poboue cepedosuwye. 1]
HO8A MeXHONO2IsA € Oe3YNUHHOIO, Alle K 60HA OONOMA2AE B0OCKOHATSaMU OC8IMHIL npoyec?

Knrouoei cnosa: wumyunuit inmenexkm (LLL); oceéimmuiii npoyec; 600CKOHAIEHHA.

Beryn

Beryn: Ilty4Huil iHTEJIEKT  BiAirpae BaKIUBY
POJIb y BAOCKOHAJICHHI MPOLIECY HaBYaHHS Ta JOTIOMOTH
CTyAEHTaM y JOCSTHEHHI ycIliXy B OCBITi. IcHye KibKa
BapiaHTIB, SKi MOXHA BHKOPHUCTATH [UIS PO3BHTKY
IITYYHOTO HTENEKTY y LIISX HOJIMIIEHHS OCBITH.

Ii BapiaHTH BKJIIOYAIOTH  IIEPCOHATI30BaHI
HaBUANbHI ~ MaTepiany,  aHANITHKYy  HaBYaJIbHUX
JIOCSATHEHb, BIPTYyaJbHUX TMOMIYHHUKIB,
OIIHIOBAaHHS, BIPTyaJibHI  CEpPEIOBHIIA,
HABYAHHS,  ABTOMATHYHE  PO3Mi3HABAHHS
PEKOMEHaMiiHI CHCTEMH Ta BipTyalbHI TECTH.

Bei mi BapiaHTH MOXYTh 3HA4HO TIOJIIINTH
HAaBYAJIBHUIl MPOLIEC Ta CIPHATH KPaIlUM Pe3ysibTaTam
Y4HIB.

aBTOMaTHYHE
MaIllMHHE
MOBH,

Meta

Hocnmigut  ponp  IOTYYHOTO  IHTENEKTY Yy
CHPOILIEHHI OCBITHHOTO MPOLECY VIS CTY/IEHTIB.

OcHoBHA YacTHHA

s Ttema € akrtyanpHoro TOMYy, o IHI vy
BJIOCKOHAJIEHHI OCBITHBOTO MPOLECY BKJIIOYAaTUME B
cebe BHKOPHUCTAHHS TEPCOHATI30BaHUX HABYAIBHUX
MarepiayiiB, aHaJNITUKW  HABYAIBHUX  JIOCSTHEHB,
BIpPTYaJILHOTO MOMIYHHKa Ta CepeoBHUINa,
ABTOMAaTHYHOTO OLIIHIOBAHHSI, MAIIMHHOTO HaBYaHHS, Ta
CTBOPEHHS irop U1 HaBYaHHS TOLIO.

HITyyHuid iHTEJIEKT € NOHATTAM, SKE BKIIOYAE
Oy/b-sIKi TEXHOJIOTI], 110 MOXKYTh MOJIEITIOBATH JIIOICHKE
MHUCIICHHSI Ta HAaBHYKH, TakKi SK 3HATHICTH PO3YMITH
cKiIaaHy iH(OpMaIliio, CAMOCTIHHO NMPUIMATH pIllICHHS
Ta MPOBOANTH 3B'SI3HUH 1aJIOT.

Bimpmicte  mporpaM, IO — BHKOPHUCTOBYIOTH
IITYYHUH IHTEJIEKT, MOXKYTh OOpOOJISITH Ta aHANi3yBaTH
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HabOararo Ouiplie iH(OpMAIIii, HiX JIIOJAWHA, IO A€ M
3MOTY IIBHUJIIIC Ta TOYHIIIC BUKOHYBAaTH 3aBIaHHS.

Pucynox 1 — Imocmpayis euxopucmanus Al

HaImUumeMo sgKa

Mo dopmyaty,
nepenbavae Te, IO I BIOCKOHAJIEHHS IITYYHOIO
IHTEJIEKTY HEOOXIJIHO BHKOPHCTOBYBaTH iH(opMaiiiHi
pecypcH, [Ki CTYOeHT BHKOPUCTOBYE Ui HaBYaHHS, 1
30upard JaHi MPO CTYISHTCHKHH YCHiX, SIKi IOTIM
aHamizytotbcss Al Pesymeratom 1poro mporecy €
MOKPAIIEHHS PiBHSI PO3BUTKY IUTYYHOTO iHTENEKTY, IO
3abe3neuye OUThII e(heKTUBHY JOMOMOTY CTYISHTaM IIif
Yyac HaBYAHHSI. :

MPUKITay

Al (t+1) = f(AI(t), S, D) ne:

Al (t+1) - piBeHp PO3BUTKY IITYYHOTO iHTEIEKTY
Ha yac t+1

Al (t) - piBeHb PO3BUTKY IITYYHOTO IHTEJICKTY Ha
Jac t

S iHpopMmariiiHi
BUKOPUCTOBYE JUISI HABYaHHS

D - nani npo cTyneHTChKui ycIiX, siKi 30uparoThes
Ta aHami3yroThcs Al

ITyuynuid  iHTENEKT MoXe OyTH BaXKIMBUM
IHCTPYMEHTOM JUISl TIOKpAILEHHS IIPOIeCYy HaBYaHHS i

- SIKI

pecypcen, CTYZEHT

Kadenpa indopmamiitaux rexaoaorii, KHYBA
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JIOTIOMOTH CTYZIEHTaM B YCIIIIHOMY 3100yTTi OCBITH.
Ocp KibKa BapiaHTIB, SKI MOXYThb OyTH BHKOPHCTaHi
IITYYHUM 1HTEJIEKTOM 3 Ii€I0 METOIO:

1. TlepconanizoBaHi  HaBYaJbHI Marepiau:
ITyununii iHTENEKT Moke OyTH BHUKOPUCTAHMH JUIA
CTBOPCHHS IIEPCOHANII30BAHUX HABYAIBHUX MaTepiaiiB
Ha OCHOBI CTWJIIB HABYaHHS Ta 1HIUBIAyaJIbHHX MOTPEO
KO)KHOT'O CTYJCHTA.

2. AmHaniTHka HaBYANBHHUX TOCATHEHb: lIITydnuit
IHTEJIeKT MOXe OyTH BHUKOPHCTaHHWil AJisl 300Dy, aHAIi3y
Ta IHTepHpeTamii JaHWUX PO HABYAJIbHI JOCATHCHHS
crynenTiB. lle nomomMoke BUMTENSIM Ta  IIKOJIAM
BH3HAUaTH TCHIEHII Ta MOTPeOM Y4HIB i PO3pOOIATH
e(eKTUBHI METO/I HAaBYaHHSI.

3. Bipryansni nomiunuku: IlTyunwii iHTENEKT
MO)ke OyTH BUKOPHCTaHHUH JUI CTBOPEHHS BipTyalbHHX
MOMIYHKKIB, SKI MOXYTh HaJaBaTH CTyJCHTaM
MiATPUMKY Ta BIANOBINI Ha 3alUTaHHS y PEXUMI
peasbHOTO Yacy.

4. ABTOMarnyHe OLIHIOBAHHS: M tyuynunit
IHTEJIEKT MOXe OyTn BUKOPUCTaHHUN Ut
aBTOMAaTH30BAaHOTO OIIHIOBaHHS pOOIT Ta 3aBiaHb
cTyneHriB. Lle momomMoke 3MEHIIMTH HaBaHTAKEHHS Ha
BYMTEJIB Ta 3a0€3MEUUTH ILBUIKY Ta TOUHY OL[IHKY.

5. Bipryaneni cepemoBuma: IITy4ynuii iHTEICKT
MO)xe OyTH BUKOPHUCTaHHUH JUIl CTBOPEHHS BipTyalbHHX
CepeloBHI, SIKI MOXYTb JOIOMOITH CTyAEHTaM
3MIICHIOBAaTH IPAaKTHYHY PpOOOTY Ta EKCHEpUMEHTH.
Hanpuknan, BipryaneHa saboparopis Aisi BHUBYCHHS
(hizukm abo XiMii.

6. MammnHe wHaBuanss: LlTy4Huit iHTENeKT
MOXe OyTH BHKOPHCTaHMH Ul MAIIMHHOTO HABYaHHS,
10 JO3BOJIUTH MPOTpami 3pOOUTH BUCHOBKH Ha OCHOBI
aHaji3y BeNMKUX O00'€eMiB JaHWX, IO B CBOIO 4Yepry
JIOTIOMO’KE CTy/IeHTaM OiibIll €)EeKTUBHO BHBYATH IIEBHI
TEMH.

7. AmromaruuHe posmizHaBaHHs MOBU: llITy4Huii
IHTEJIEKT MOXKe OyTH BUKOPHCTAHHH JUISI aBTOMaTHYHOTO
pO3ITi3HaBaHHS MOBH, LIO JO3BOJUTH CTYICHTaM, SIKi
MaloTh OOMEXCHHS B MOBJICHHI abo CIyXy, 3py4HO
3100yBaTH 3HAHHSI.

8. Pexomenpaniiiai cucremu: llTy4nuil iHTENEKT
MOXeE Oyt BUKODHCTaHUA I pO3pOOKH
PEKOMEHIALIIHUX CHCTEM, IO JONOMOXYTh CTyAEHTaM
3HAWTH BIMOBIHI HaBYaJbHI MaTepiald Ta PEeCypcu
JUISl BUBYCHHSI KOHKPETHOI TEMH.

9. Bipryaneri Tectn: LTydHmi iHTETEKT MOXKe
OyTH BUKOPUCTaHMH JUIS CTBOPEHHS BIpTyaJbHUX
TECTIB, IO JONOMOXYTh CTYJCHTaM IIEpEeBIPUTH CBOI
3HAHHS Ta OTPUMATH HETaiHy 3BOPOTHY 3B'A30K IIOAO
TXHBOT yCITIIIHOCTI.

10. CrBopenns irop juisi HaBuanHs: LlTy4nuii
IHTENIEKT MO)Ke OyTH BHKOPHCTAHUHM ISl CTBOPEHHS

HAaBYAIBHUX Irop, M0 JONOMOXYTb CTyAEHTaM
HaBYAaTHCS 3 BHUKOPHCTaHHSM €JIEMEHTIB TIpU Ta
pO3BakabHUX €(EKTIB.
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Pucynox 2 — Inocmpayia Al

VYei mi igei MoXyThb OyTH BHKOPHUCTaHI ISt
BIOCKOHAJIEHHS INTYYHOTO IHTEJIEKTY 3  METOIo
MOKpAIIeHHsT  OCBITH Ta  3a0e3medeHHS  OLIBII

e(heKTHBHOTO HaBYaHHS /I CTYIACHTIB. BaximBo, mo6
IpU  BHUKOPHCTaHHI INTYYHOTO IHTENEKTy B OCBITI,
JOTPUMYBATHCh €THYHUX CTAaHIOAPTIB Ta 3a0€3IEeYUTH
3aXHCT CTYHCHTIB.

BucHoBku

OTKe, IITY4YHHUH THTENEKT MOXe OyTH BaKIMBUM
IHCTPYMEHTOM /ISl TIOKPAIIEHHS MIPOIeCy HaBYaHHS Ta
JIOTIOMOTH CTYyACHTaM B YCIIIITHOMY 3100yTTi OCBITH.

Buxopucranus IITY49HOTO IHTEJICKTY B
HABYAIBHOMY IPOICCi MOXKE 3a0€3MEYUTH OLTBII TOYHY
OLIIHKY, 3MCHIIWTH HABAaHTAXCHHS Ha BYHUTENIB Ta
JTOTIOMOTTH yYHSIM 3IIMCHIOBATH MPaKTHYHY POOOTY Ta
EKCIIEpUMEHTH. B HijoMy, IITY4YHUH IHTEIEKT MOXKe
3HAQYHO NOKPALIUTH SKICTh OCBITM Ta JOIIOMOTTH
CTyICHTaM JOCSTATH OLTBII YCIIITHUX PE3yIbTaTiB.

Cnucok Jiteparypu

1. "Artificial Intelligence in Education" B Journal of
Educational Technology Development and Exchange

2. "Artificial Intelligence and Its Role in Education"

3. "Artificial Intelligence in Education: Promises and
Implications"

4. "The Future of Learning: How Artificial Intelligence
Will Shape Edu
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YAK 004.5 + 004.8

rouwropa Muxkoaa Iroposuy

I.T.H., poctecop, npodecop xadenpu 1T, orcid.org/0000-0003-4713-7568
Kuiscoruti nayionanvruil ynisepcumem 6yoisnuymea i apximexmypu, Kuig

Casox Baaaucaas AnapiioBud

ctyneHt 2-ro kypey kadeapu IT, orcid.org/0009-0000-4421-9344
Kuiscoruii nayionanvruil ynisepcumem 6yoignuymea i apximexmypu, Kuig

Yepuenbknit Onexcanap FOpiiioBnu

cTyaeHtT 2-ro Kypey kadenpu IT, orcid.org/0009-0005-1115-5862
Kuiscokuti nayionanvruil ynisepcumem 6yoignuymea i apximexmypu, Kuisg

JlecHenko AHHa CepriiBHa

cryaenTka 2-ro kypey kabenpu 1T, orcid.org/0009-0006-0354-0426
Kuiscoruti nayionanvruil yHisepcumem 6yoisnuymea i apximexmypu, Kuig

OCOBJIMBOCTI JU3AHH MTPOLIECY Y BEB-PO3POBIII

Anomayisa: 6 Ooaniti cmammi 0y0ymb pO3SIAHYMI MEOPEMUYHi OCHO8U CMBOPEHHs OU3AUHY, NOPIGHAHHS
Pi3HUX 8udig ouzatiny ma ubopy HAU3PYUHIULO20 WAONIOHY 31 CIOPOHU KOPUCHY8AYd md pPO3POOHUKA.

Posenanemo oo ocobnusocmi ma nepesacu NOPIGHAHHO 3 IHWMUMU OU3AUHEPCLKUMU DILUEHAMU.

IHionimumo memy 3pyunocmi,

KpocniamgopmeHocmi,

Kpocopayseprocmi, GIOMIHOCMI 68 Ou3atHi

MOOINLHUX ma HACMITbHUX 6ecpiti eed-caumis. Cnisnpays ouzauHepa ma po3poOHUKA, BUKOPUCHAHHS
HTML, CSS i JavaScript. Cnignpays ouszaiinepa i po3poOoHuKa, wo € 2apaimom mo4Ho20 nepesedeHHs
ousauiny y gynxyionanrvruil koo. ITiompumka ma oHo8NeHHs 6e0-cailmy, npu aKitl 0006 S3K080 3aJy4eHUll

PO3POOHUK T Ou3aiiHep.

Knrouoei cnosa: ousaiin; 6e6-po3pooka; peanizayisn; niompumka.

Beryn

VY cydacHoMy 1(pOBOMY CepeloBHILl, PO3pOOKa
caifTiB HaJ3BUYAiTHO 3aTpeOyBaHa B yciX cdepax KUTTH,
MOYMHAIOYM  BiI MalMX IPOEKTIB, 3aKiHIYIOUH
BEIIMYE3HUMH  MeJia-TIopTalaMHy, MOXYTb
CKJIaZiaTHCsl 3 KUIBKOX JECATKIB CTOpiHOK. TyT y poJb

SIK1

BCTYNAIOTh BeO-IM3aifHepH, SKi PO3POONSAIOTH I
caiiTiB rapHy OOKIAQAWHKY, Ta TPHUEMHHH OKy
iHTepdeiic.

Mera

Mertoto po0OOTH € pO3yMiHHS IMpPU3HAYCHHS BeO-
caiiTy, BHOIp Ta po3poOKa AM3alHEPCHKOTO PILICHHS ITif
MeBHY 3afgady. Apanramis BeO-caliTy mim pi3Hi
iargopmu. BaknuBicTe cmiBmpaii po3poOHHMKA Ta
Ju3aiiHepa.

OcHoBHA YacTHHA

Y cydacHy 1umdpoBy emnoxy BeO-callT uacTto €
MEPIIOI0 TOYKOKO KOHTAKTy Mik Oi3HECOM Ta #oro
KIIieHTaMu. BaximBo CTBOpWUTH BeO-CaliT, SKUH He
JMIIe 9y[O0BO BUIIISAE, alie i 3a0e3nevuye BUHSITKOBUI
KOPHUCTYBallbKUM ~ 1ocBiM.  JlOTpUMYIOUMCH  YiTKO
BU3HAUCHOTO IMIPOLIECY MPOCKTYBaHHS, MH MOXEMO
CTBOPUTH BEO-CaiT, IKMI HE JIMIIE TapHO BHUIVIAJAE ajie
i Toromarae JI0CSITH Balux Oi3Hec-IiJIeH.
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Etamu po3poOku caiity: 1. BusHaueHHS MeTH
npoekty. 2. Pospobka T3 (Texmiunoro 3aBmanHs). 3.
[IpototumyBanns. 4. Bepctka Ta mporpamyBaHHS. 5.
HanoBuennsi ingopmanieto. 6. TecryBanus. 7. 3maya
MPOEKTY 3aMOBHHKY.

Po3pobka po3mounHAEThCS 3 TEXHITHOTO 3aBIAHHS.

OOroBOpIOIOTHCSI ~ BUMOTM ~ Ta LUl TPOEKTY.
Po3craBnsroTbcsl TEBHI paMKH, Taki SIK: BUMOTa JI0
J3aiiny, (yHKIIOHATIBHI MOXKJIMBOCTI, onuc

BHYTPIIIHIX CTOPIHOK CalTy, CTPYKTypa caiTy, TepMiH
BUKOHAHHS Ta TEPMiH 3/1a4i TOTOBOT pOOOTH.

Komm po3poOka koHmemmii caiiTy 3akiHYMIacs,
poboTra mepexomuTh Ha HacTymHUi eranm. Ha sxomy
J3aiiHep BIAETBhCS IO PO3POOKU KapKacy CaiTy, BiH
JloriomMarae CIIaHyBaTH B3a€MOJIIIO 3 KOPHCTyBaveM, Ta
Hadiramito Ha caiiti. CTBOPIOEMO Kapkac — IIOKasye
MPOCTE PO3MIILICHHS €JIEMEHTIB Ha YOPHO-OioMy (oHi.
3aBAsKM LBOMY JHM3alfHEP 3a0IIaKY€E Yac i pecypcu Ha
JIOBrOCTPOKOBIi IIEPCIEKTHBI, IPEICTaBICHO Ha MaJl. 1.

HactynmanM kpokoM am3aifHep oOupae cTpareriro

po3poOku  BeO-caliTy:  sIKy  BepCilo  CIO4YaTKy
pO3po0IATH, MOOUTBHY, YK KoMIT [oTepHy. [lounHary 3
po3poOku  MOOiIMBHOI ~ Bepcii  JOpedHo,  KOJU

BiABiTyBaHHSA KOpHCTyBauiB 3 Tenedony moHan 50%.
Takok MOXXKHA BpaxyBaTH MOXKIHBOCTI 1 OOMEKCHHSI
MOOUTBbHUX TpHCTpOiB. Ha xamb, 1med Mmeron He €
yHiBepcanpHUM, 00 JesKki caiiTm 3a 3agymMOoM He
pO3paxoBaHHI Ha Tepeniiy 3 MOOUIBHHUX MPHCTPOIB.

Kadenpa indbopmartiiaux texgonoriii, KHYBA
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Hampuknan caidTd 3 aHaliTHKOIO — JaHUX, He
Hali3py4HiIi  JuId  Tepeniigy  Ha  caMpTdoHax.
[MounaaT;t 3 KOMI'IOTEpHOi Bepcii, MOPEYHO, KOIHU
KOMIT'IOTEp CTa€ OCHOBHOIO IUIaTGOpPMyI0 Ha SIKiH
CTBODIOETBCST 0a30Ba KOMIIO3WILSI 1 TPOEKTYBaHHS.
MobGinmsHa Bepcisi NpH [HOMY PO3TISAAETHCS K
JIOIaTKOBA, IIPE/ICTABICHO Ha Mall. 2.

Po3pobka nu3aiiHy, 3HaXOMKEHHS MEX CTHIIIO,
TaKuX SIK KOMITO3HIIiS, KOJIEOPOBa HajliTpa, Tunorpadis.
Po3yMiHHS MeX J0NOMara€ BH3HAYUTTH TBOPUMIi
HATpsAM JUIs TU3aiH-TIPOMYKTY. JIM3aiiH-T0CIIIPKEHHS —
MoJIATae B TOMY 1100 HAMTH 1 OOIPYHTYBATH CTHIIICTHYHI
pimIeHHs.

Ju3aiiH-nipoLiec MPOXOAUTh MK 3 TAKUX €TalliB:

e bpud - ne vacto crucnuii onuc 3aBaaHHs, sIKe
CTOITh Tiepen nu3aitHepoM. BiH Moxe OyTu mepemaHuit
J3aiiHepy B Oararbox (opmax.

e Po30ip 3aBmanHs -  au3aiiHep cdopMyBaB
BJIaCHE PO3YMIHHS 33/a4i Ta MEPEeXOAUTh O JU3aiH-
IOCIIKEHHS.

e JluzaiiH-cTparerisi — ToJIOBHA 1IiJIb, HOJISATAE B
(hopMyBaHHI OLIBII SIKICHOTO, TIOBHOTO PO3YMIHHS TOTO,
SIK MOXK€ BHIVIAJATH JU3aHH-TIPOEKT.

Lorem ipsum dolor sit amet consectetur. Luctus leo at
semper urna ut aliquam morbi tellus. Ullamcorper
accumsan nibh aliquet eget quam sed. A sit consequat
nunc fames porttitor.

Lorem ipsum dolor sit amet consectetur.

Lorem ipsum dolor sit amet c

Pucynox 1 — Kapxac cavimy

s po3poOKu IU3aiH-TIPOEKTY BHKOPHUCTOBYIOTH
Figma, Sketch, Adobe XD, Balsamiq. Ha npomy erami
poboTa CTa€e KPOIITKOK, 3 ABISETHCS MEPETiK OKPEMHUX
KOMIIOHEHTIB MPOEKTY, 10 (IKCYIOThCS B JIOTOBOPI 3

3aMOBHUKOM. B  Hamomy TpOeKTI BHKOPHCTAIH
3acTocyHoKk Figma — oamH 13 HaWmomymspHImMX
OHJIAMH-CEpBICIB  IsI  pO3poOKum  iHTEepdeiiciB i1

MPOTOTHIIIB, 3 MOXJIUBICTIO POOOTH Y peaibHOMY 4Yaci.

IMin wac gu3aifH-mporiecy  OOOB’S3KOBO  Tpeba
BPaXOBYBaTH TaKi MOHSTTSL:
e Tunorpadis — CyKymnHICTh METONIB Ta

MPUHIUITB pOOOTH 3 TeKCTOM. J[ae 3MOry CTBOPUTH
rapMOHIYHY KOMITO3HIIIO.

e Ilpudt — nirepu, 3Haku, udpu, creuianpHi
3HAKH, 1[0 MAIOTh CIUIbHI PUCH.

e [lynkT — po3mip B mpudra B MM.
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e RGB - konipHa MOZEITb.

3BepraeMo yBary Ha Kombopu, HaBiTk RGB He
Oyoe MOCHTH KOpPEKTHO BimoOpakaTucsi, depe3 pi3Hi
Marpulli MOHITOPIB, BIANOBIIHO KOJBbOPOBA TMaJITpa
Oyme pizHa. s 1BOTO BHKOPHUCTOBYEMO METOJ
3MiITyBaHHs KOJIBOPIB.

[pouec Texuiunoi peanizanii cknaxerbes 3 HTML
BEPCTKU HarucaHHs koxy ©Ha HTML, morim
opOpMIICHHSI KOy 3a JAOMOMOTOI0 KacKaTHHUX TaOIUIlb
CSS. Iurerpamito BepcTKM B CHUCTEMY KepyBaHH:
caiiToM BHKOHyE TporpamicT. HamoBHeHHs —caifTy
KOHTEHTOM Ta HallOBHEHHS BMICTOM.

'WELCOME TO THE PLACE WHERE YOU CAN SEE AND
SUPPORT THOUSANDS OF INDEPENDENT ARTISTS IN
UKRAINE WITH JUST $2 PER MONTH

,;’ *
Pucynox 2 — Ilpukaao aoanmayii nio pisni naamgopmu.

RANSPARENT WAY TOHELP REAL

Posmimenass Ta BHOIp XOCTHHTY 1 JIOMEHY.
[MinTpumka, sika JOIMTbCs Ha  iHGOpMalidHy —Ta
TexHiuHy. [HopMmariitne oHOBieHHs — iH(OpMalis Ha
CaiiTi, KOHTIICHT HAMOBHEHHS. TeXHIYHA MigTpUMKA
BKJIFOYAE TTOBHUH MEPEITiK 3aX0/1iB MiTPUMKH.

BucHoBku

Tomy, Bmama koomepaTHBHa po0oTa  MiX
PO3POOHMKOM Ta JAW3aifHEpOM, PO3MOAUICHHS 3ajad,
METH Ta MiJIeH — BAaja CTPATeris CIIJIBHOI PO3pOOKH
BEO-TIPOEKTY,  SIKOKO ~ KOPHUCTYIOThCS  IpodeciiiHi
PO3pOOHUKH Ta KpymHi KomraHii [ T-puHKy.

Cnucok Jiteparypu

1. Horaunec Itren (1975) “Hayka ausaitny i hopmu”

2. Robbins, Jennifer Niederst (2012). Learning Web
Design. Fourth Edition. A Beginner’s Guide to HTML, CSS,
JavaScript, and Web Graphics. — Canada: O’Reilly Media, 603
p.

3. Creative practice (2020) “Komipna mogens RGB”

4. Creative practice (2020) “Kpoc6pay3epHicTs”

5. Creative practice (2020) “J{unami4Hi # iHTepaKTUBHI
eJIeMeHTH i 00’ekTH y BeOcaiirax”

6. Creative practice (2020) “Hagirauis y BeOcaiitax”

7. Creative practice (2020) “KommosumiiiHi 3aco0u
3pY4YHOCTI y BeOcaiiTax”

8. Creative practice (2020) “BiminHocTi B au3aiiHi
MOOIJIBHOI Ta HACTLIBEHOI Bepciii BeOcaiTy”

9. Creative practice (2020) “Tliz6ip wmpudrie Ta
mpupTOBHX Hap”

10. Creative practice (2020) “Knacudixarist mpudtis”

Kadenpa indbopmartiiaux texgonoriii, KHYBA
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VK 551.568.85

JIsmenko Tamapa OunekciiBHa

crapmmii Bukianad kadenpu 1T, orcid.org/0000-0001-9092-0297
Kuiscoruti nayionanvruil ynisepcumem 6yoisnuymea i apximexmypu, Kuig

KpaBuyk Anacracis

cTyaeHTKa 1-ro Kypey Kadeapy iHGOpMAIIHHIX TEXHOIOTIH
Kuiscoruii nayionanvruil ynisepcumem 6yoignuymea i apximexmypu, Kuieg

KoBTonok /liana

cTyaeHTKa 1-ro kypey kKadenpy iHGOpMAIIHIX TEXHOIOTIH
Kuiscokuti nayionanvruil ynisepcumem 6yoignuymea i apximexmypu, Kuisg

IHTEPHET PEYEH - IOMYJIAPHUMN TPEH/ CbOTI'OJEHHS

Anomayis: inmepnem peueil — ye mepexca, Wo CKIA0AEMbCA i3 83AEMONOB A3AHUX DI3UYHUX 00 €KMI8,
peueli abo npucmpois, AKi Maioms 66y0068aHi CEHCOPU, A MAKOXHC Npospamue 3abe3neuenis, wo 003601¢
30iticHIO8amu nepedawy i 0oMin OaHuMU MidC QizuuHuM ceimom i Komn tomepHumu cucmemamu. Tpero
inmepnemy peuell napasi nabupae ece 6invuioi nonyasipnocmi. Hattuacmiwe noussmms inmepnemy peue
HEpO3PUBHO NOG’SI3aHO 3 UYUMOCH PO3YMHUM. DPO3YMHI OYOUHKU; PO3YMHULL MPAHCROPM, PO3YMHI

nionpuemcmaa.

Kniouosi cnoea: inmepuem peueir (loT); npozpamue 3abe3neuenHsn; iHmenekmyanvHi npucmpoi;
PO3YMHI 6YOUHKU; PO3YMHUIL MPAHCROPM; PO3YMHI NIONPUEMCIEA

Beryn

Iarepuer peueit (IoT) — wne indopmariiiHo-
TEXHOJIOTIYHA KOHIIETIis MoOyJoBH iH(pOpPMALIHHUX 1
KOMYHIKaIl THAX iHppacTPyKTyp Ha OCHOBI
o0uHnCIIOBaJIbHOT Mepexi, sika 3’eaHye pedi (Qisuuni
00’eKkTH), OCHAIICHI iHPOPMAIIHHUMH TEXHOIOTIIMHI
JUIs  3IHCHEHHS KOMYHIKAIL[iifHOrO OOMiHY OAWMH 3
OJHUM 1 II00aNbHOI0 1H(OpPMAaILiITHO-KOMYHIKAIIIHOO
iHppacTpykTypoto abo Oe3mocepenHbo, abo uepes
IHTETrpoBaHi 3 HUMH iHII TPHUCTPOI, SKi MAIOTH alipecy
InrepHer mpoTokomy O3 ydacTi JIIOMUHHM 3 METO0
300py, epenadi, HAKOMMYEHHs Ta 00poOkH iH(opMmartii.

Opmanm 13 mepmux npukianis loT Ha mowarky
1980-x pokis Oyna mamuna Coca Cola, po3ramoBana B
VYuiBepcuteri Kapneri-Memiona. Micuesi nporpamicTa
HIIKITIOYanucss 1O  XOJNONWJIBHOTO TpHIady —depes
IHTepHeT i nepeBipsuIn, YU € B HASIBHOCTI Harlii 1 4u BiH
XOJIOJIHUIA, EPIIl HK BiNPABIATHCS 32 HUM.

KeBin Emron, BukonaBumii aupexrop Auto-ID
Labs MaccadyceTchbKoro TEXHOJIOTIYHOTO I1HCTUTYTY,
OyB mepiimM, xto onucaB [oT, poOmsun npe3eHTallio
s Procter & Gamble y 1999 pomi i BBiB (pazy
«IHTEpHET peuei».

Meta

Meta pochmimKeHHS TONATae y O3HAHOMIICHHI i3
3aBIaHHsIM CcHCTeMH [HTepHeT peueil, 3’sicyBaHHI
koHHemnuii [HrepHeTy pedel, sk BiH Ipaloe 1 HaBilIO
BiH OTPiOCH Ta BU3HAYCHI IIepeBar i HEAOMIKiB.
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OcHoBHA YacTHHA

Mu  mepebyBaemo 1opo3i  4eTBepToi
MPOMHUCIIOBOI  peBONOmLii. Y PO3BHHEHUX KpaiHax
HacTaHe OBHA aBTOMAaTH3allisl BAPOOHHILITBA.

[epenoBi nepkaBH i3 PO3BHHEHOIO EKOHOMIKOIO
pyXaroTbCsl BOEepeA 13 HEWMOBIPHOIO IMIBUAKICTIO.
Jecste pokiB ToMy Oyiao Onuszbko 500 MinbiiOHIB
MPUCTPOIB, MiJKIIOUYEHUX 10 Mepexi. ChOroHi iX yxke
omu3pko 1020 MimbspIiB.

Ianyctpis 4.0 mpusBene [0 ynbTpa aBTOMATH3AIlii
BUPOOHMYMX TIPOLECIB, 30LIBIICHHS TNPOXYKTUBHOCTI
mpari, EeKOHOMIYHOTO 3pOCTaHHS Ta KOHKYPEHTO-
CIIPOMO>KHOCTI TiATIPHEMCTB.

3 po3BUTKOM iH(pOpMAILiIHHUX TEXHOJOTIH CBiT
3MIHIOETbCS ~ KapAuHaIbHO. JSIKmo  padime  Juis
MOHITOPHHTY Ta OTPUMaHHS iH(pOpMAIIil 3 HABKOJIUIIHIX
00'eKTiB MOTPIOHO KiJIbKa THXHIB, NECATOK (haxiBIliB Ta
(iHAHCOBI BKJIAJICHHS, TO TEMEp JOCTaTHHO OJNHIET
I1aTHOPMH Ta TAPH «KITIKIBY» MHLIEIO.

IoT TexHomorii  BiAKpWBAOTH  (PaHTACTHYHI
MOXKIIMBOCTI yisi Oi3HECY Ta 3MIHIOIOTh CaMy MPHPOLY
MPOAYKTY, POOIATH XKUTTS JoauHA KoMmpopTHUM. s
i€l TeXHONOTii He MOTpiOHI MporpaMu, BOHA cama
aHayi3ye Tta nependavae nii kopuctyBada. Hampukian,
BU ifeTe 0AOMY CBOIM aBTO. ABTOMOOLIb MOBIJOMIISIE
JioMmy: rocrionap npuinge 3a 30 XBUJIMH, MOBJISIB, JaBai,

Ha

TOTYHCSI.
lonoBHa BinminHicTh IHTEepHeTy peueil Bin
3BUYAafHUX aBTOMAaTHW30BaHUX CHCTEM YIIPABIIiHHA

(ACY TII) y KimpKOCTi JaHHWX, IO OOPOOISIOTHCS.
CoTHI THCSY CHUTHAIIIB KOXHY CEKYHIy HAIXOAATh Ha
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cepBep 1 Bimpasy OOpOOSIOTBCA. 3aBOSKH  ILOMY
KOPHCTYBa4 y PEeXHMMi peaJbHOro 4yacy Oauuth poboTy
oOJaTHaHHA.

3BuuaiiHa 0aza nmannx SQL He chpaBiseTbes 3
TakuM obcsiroM iHpopmanii. OOpoOka 3aiiMae mysxe
Oararo yacy i maHi BTpadaroTh akTyambHIicTh. s IoT
BUKOPUCTOBYIOThCS HepersiuiHi (NoSQL) 6a3u panux.
Bonu He arperylorh iH(poOpMallifo, sSKka HaIXOTUTh Bij
NIPUCTPOIB, a 30epiraloTh ii y BUXIIHOMY BHIVISII, IIO
JIO3BOJISIE HAKOMIMYYBaTH TepabaiiTh curHaiiB 3a Oyjib-
akuid vac. Tak sK gaHi HE arperoBaHi, TO MOXKHa
3poOUTH 3pi3 3a OyIb-IKUM MapaMeTpPOM i 3aCTOCYBaTH
HOBHI aJITOPUTM 10 iCTOPHYHHUX CUTHAJIIB, IO JO3BOJISE
HIBUIKO 1 THYYKO MpalfoBaTh 3 iHdopmariieto.

[HTEepHeT peueil BHUKOPUCTOBYEThCS Yy Oyab-sKid
ramysi, ne I0Ch MOXKHa aBTomaru3yBaTH. OcoOmmBO
aktuBHO [0T pO3BHBaETbCS B arpapHoMy CeKTOpi,
sorictuni, Smart City. To6to Tam, ne € morpeda y
BiJ/TaJICHOMY MOHITOPHHTY CTaHy 00'€KTiB 4M 30MpaHHi
BEJIMKUX JIAHUX 3 METO0 mopaunbiioro anamzy. loT nmae
MOXKIIMBICTh €KOHOMUTH Ha o0cIyroByBaHHI
oOnasiHaHHS: AaTYNKK 30MpatoTh iH(pOpMaIlifo mpo Horo
CTaH, TOMYy  TeXOOCIyroByBaHHS Ta  PEMOHT
3MIMCHIOIOTBCS  caMe  TOHi, KOIM 1l MOTpiOHO.
[MpodinakTuka — 3aBKAM ACIICBIIA 38 PEMOHT.

TonoBanmu cxmagoBumu loT crarote mepemoBi
aHAJITUYHI  IHCTPYMEHTH, IITYYHHH IHTENEKT Ta
MallHHE HaBYaHHS. barato TianpueMCTB IaBHO
BUKOPUCTOBYIOTH IutaTdopmu OizHec-aHanmiTuku (BI) Ta
IHCTpYMEHTH iHTeNeKTyanbHoro BupoOHuITBa (EMI).

Cohepu 3acmocyeanns 10T y ceimi pisnomanimHi.

Micbkuii TpaHCHOPT 3 JAaTYUKaMU IEPEMiIICHHS,
CMITT€BI 0aKkW 3 NAaTYNKAMH HAIIOBHEHHS, IUIAaHYBaHHS
MaplIpyTiB TPAHCIOPTY Ha MIACTaBI JaHUX MPO
MepEeMILIeHHS JIIOIeH MO MICTY, Bi/I€OCIIOCTEPEKEHHS,
KOHTPOJIb 32 PIBHEM BOAM y BOAOIMAX, JAaTYUKU IIyMY
Ta 3a0pynHeHHs poOJisiTh MicTa 3py4YHINIMMH Ta
OesmeuHIlIMMH. A BENMKI JlaHi, SKi 30MparoThCs
BHACIIJIOK pOOOTH JMAaTYHKIB, TalOTh MOXIIUBICTD BIAIl
MiCTa Kparie po3yMiTH ITOTpeOn MEITKaHIIiB.

InTepHeT peueil Bce yacTillle BAKOPUCTOBYETHCS Y
po3mpibHiii TopriBm. Bim mo3Bomse 3abe3medynTH
MEPCOHATI30BaHI 3HIKKH, a TaKoX peaizyBaTH
aBTOMaTH30BaHI KaCH Ta PO3yMHI IOJIHIII, pOOOTH3AIIO
pobouMx  MiCIlb Ta  ONTHMI30BaHE  YIPABIiHHSI
JIAHITIO’KKaMHX TIOCTaBOK.

3aBosKK IHTEpHETY pedeil JOoCTaBKa Oyab-SKHX
TOBapiB 3 BUPOOHHIITBA a00 31 CKJIAJIB JO MarasuHiB
Habararo OUTBII mMepexdadyBaHa — IO BaXKIUBO SIK JUIS
KIiHIIEBOTO CMOKHMBada, Tak 1 it OizHecy. JlorictmuHi
KOMIIaHIT MOXYTb  BIJICT&XHTH, J€ 3HAXOJUTHCS
aBTOMOOUT, ab0 KoM HWoMy dac WiADKIDKaTH Ha
3aBaHTaXeHHS. KpiM BaHTaKHIX aBTOMOOLTIB, cHcTeMa
3aCTOCOBYETBCSI TAaKOXX Yy BOAHOMY TPAHCIOPTI — Yy
BaHT@)XHUX Cy[JHAX, HaNpHKiIan. Jlardnku MOHITOpSTH
CTaH Ta CTAaHOBHIIE AaBTOMOOIIA e mno30aBisie
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BJIACHUKIB JIOTICTUYHUX KOMIIAHIM Bij 3aiiBUX I3BIHKIB
Ta BUTPAT HA PEMOHT.

InTepHer peweil nomomarae pATyBaTH KUTTSL:
Hanpukian, HoBi Apple Watch mocTiiHO MOHITOPATH
CepUEeBHH PUTM, AOIOMAaralTh OOUMCIMTH apUTMIl0 Ta
1HIII 3aXBOPIOBAHHS.

Ane ocHOBHa mpoOiema ajisi IHTEPHETY pedei,
SIKIIIO TOBOPHTH HE PO JIOMAIITHE 3aCTOCYBaHHS, a IPO
Oi3HeC uM JepXkaBy, IIe pecypcH st 30epiraHHs Ta
00poOku iHpopmaii. BiacHa iHdpacTpykTypa BuMarae
BEJIMKUX 1HBECTHLIHN Binpasy i, nmpudoMmy OymyBaru ii

JIOBEIEThCSL PO 3arac», 4YacTHHa  OOJaJHaHHS
npoctoroBatuMe. Kpim Toro, Ha OyIiBHUIITBO, TCHICPH,
3aKyIliBIIO,  BCTAaHOBJIEHHA  Ta  HaJallTyBaHHA

obnasHanHS NoTpideH vac. Takox moTpiOHa KoMaH/a, a
Il 1 9ac Ha MOIIYK, i BUTPATH Ha 3apIUiaTy.

Tomy B epy iHTepHeTy peuell OaraTo KoOMIaHid
3BEpHYIM yBary Ha XMapHi TexHousorii. Bonwu
BUMAararoTh MiHIMyM 4Yacy Ha PO3TOPTaHHS, J03BOJISIOTh

KyIlyBaTH CTUIBKH PECypCiB, CKUIBKH HEOOXiIHO
KOMIIaHii Ha JaHWH MOMEHT. XMapu — L¢ Maibke
HeOOMEXXeHMH pecypc At 30upaHHS Ta aHalizy
BEJIMKUX  JaHWX. AHaI3 J03BONAE  3HAXOAUTH

MPUXOBaHi 3aKOHOMIPHOCTI Ta € JPKEPEJIOM 1HCAMTIB, sKi
JIOTIOMArafoTh Oi3HECY pO3BHBATHCS, ONTHUMi3yBaTH
BUTpPATH, 3HAXOAWTH MOTEHINHHI 3arpo3n Ta ciadki
Miclis, BUPILIyBaT Mpo0JieMH HECIIOAIBAHUM YHHOM.

BucHoBku

Ines IntepHery pedeld 3pmaTHa KapAMHAIBHO
BIUIMHYTH Ha PO3BUTOK CYYacHOIO CBITY, OCKUJIbKH
JIO3BOJINTH ~ OaraTboM  BHPOOHMYMM  IIpoLecam
BiZI0yBaTuCh O€3 y4acTi JIOANHH.

Haiiommwkuum  dyacom IHTepHeT pedell 3HaYHO
TpaHcdopMmye Oi3Hec 1 HaBiTh midi ramysi. L{g cucrema
JTOTIOMO>KE BHPIIIUTH [Ty HA3KY TIOOAIBHUX TpoOieM
CY4acHOTO0 BUPOOHHIITBA.

VYkpaiHa He CTOiTh OCTOPOHB CBITOBHUX TPEHJIB.
Benmki MicTa TOCTYIOBO CTarOTh  «PO3YMHUMIY,
¢narmanu pyxy — KuiB ta JIpBiB. X04a roBOpHTH TIPO
KOMIUIGKCHMH MiAXil Ta MacimTaOHe po3ropTaHHs
texHouoriit Smart City moku 3apaHo.

Taki TeXHONIOTIi KOPHCHI JMIIE 332 YMOBH, IO
CYCHUJILCTBO TOTOBE MIATPUMYBaTH Ta PO3BUBATH
TEXHOJIOTIYHY KyJIbTypy. 15 1boro moTpiOHa B3aeMoIist
Oi3HecCy, epKaBu Ta HACEICHHS.

Cnucok Jiteparypu

1. XKypaBceka .M. loT-mepexxa nHa 6a3i Bluetooth-
MOJIYJIiB Il aBTOMATH30BAaHOIO KEPYBAHHS CIIOKMBaHHAM
eHepropecypciB.  KoMm’roTepHO-IHTErpoBaHi  TEXHOJOTIi:
OCBiTa, Hayka, BUp-Bo. 2018. Ne 30/31. C. 37—44.

2. Tomas Dominguez Minguez. (2020). Desarrollo de
aplicaciones IoT en la nube para Arduino y ESP8266.
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AHAJII3 BUKOPUCTAHHSA HITYYHOI'O IHTEJEKTY TA HEHPOHHUX MEPEXK
B COEPI MEAUIIMHU

Anomayia: ya cmamms HAO0AE NPUKAAOU 3ACMOCYBAHHS WMYYHO20 [HIMENEKMY MaA MOMCIUBOCTI 11020
sUKOpUCManHa 6 cghepi meduyuny. Onucye icHyloui eapianmu 6npoaOdCeHHsA CYUACHUX HEUPOHHUX
Mepedic 8 PIZHUX HANpAMKAx cgepu ma Haoae npukiadu ix inmezpayii 00 pobomu MeOUdHUX 3aKiadis.

THosicnioe npoyec cmeopenis HelipoHHUX Mepedic, ix nasyanns i kiacugixayiro. Poszensioae komnanii i ix

NPOOYKMU, WO 3aUMAOMbCs PO3GUMKOM WMYUHO20 THMENeKNTy Md 6NPOSAOICEHHAM 1020 PI3HUX ciepax
disnvHocmi. IlopigHioe cyuacHi cucmemu ma ix MOXCIUBOCHI, 8KA3YE HA ICHYIOUI nepesazu ma HeooliKu.
Hemoncmpye 30i6HOCMi HEUPOHHUX MEPEXC Y PI3HUX HANPAMKAX Chepu MeOUYUHU.

Kniouogi cnosa: wimyunuil inmenexkm; MeouyuHa; HeupoHHi Mepeici; WmyuHuil HelpoH.

Beryn

B cywacHomy cBiti I (mry4ynuii iHTenexr) Ta
HEHpOHHI MeEpeKi BUKOPHUCTOBYIOTBCS B 0ararbox
cdepax IisUIBHOCTI, BiJl CTBOPEHHS MOJIelieil TOBEIIHKH
TEXHIYHHUX IPOIECCIB JI0 iMiTalii XMBUX OPraHi3MiB.
OpHi€ro 3 OCHOBHUX c(ep BUKOPHCTAHHS X CHUCTEM €
MEIMIMHA, 1€ BOHH  BHKOPHCTOBYIOTBCS  IIPH
JIArHOCTHIII ~ 3aXBOPIOBaHb,  pO3poOLi  JKIB 1
npoBeneHHst omneparii. [IpucTpoi, cTBopeHi Ha OCHOBI
I, 3pmatHi aHami3yBaTH BEIUKY 3a  00cCATOM
iHpOpMallio, a TAKOXK MPUIMATH PIlIEHHS CAMOCTIHHO.
Ile mo3BoNsiE 3€KOHOMHUTH 4Yac, KOINTH 1 OiNbII
e(heKTUBHO 0OCITyTOBYBaTH MAIli€HTIB.

Meta

TonoBHa 1k miei poboTH 16 HagaHHA iHpOpMAIIii
Npo Cy4acHI CHCTEMH INTYYHOTO IHTEJEKTY Ta
HEHUPOHHHUX MEpEeX, L0 BUKOPHCTOBYIOThCS B cdepi
MEIMIHHH.

OcHoBHA YacTHHA

I Tyyanit HeWPOH € 6a30BUM MOAYJIEM HEHPOHHHUX
Mepexx. BiH Monentoe ocHoBHI (DYHKIIT, CKJIaJoOBi, a
TaKOX MPHUHIIUIH POOOTH MPUPOIHOTO HEHPOHA!

® TIPUITMaIOYi BXOJIH

e 00poOKka BXomiB

® TepeTBOPEHHS 0OPOOICHUX BXOIB Y BUXOIHN
®  CIEKTPOXIMIYHUIA IHIIUMH
HeWpoHaMu

[Tpn dyHKUIiIOHYBaHHI HEHPOH OHOYACHO OTPUMYE
0araro BXIJHHX CHTHAJIB, KOXXEH 3 SKHX Ma€ CBOIO
BIaCHy CHHAaNTH4YHY Bary, sika HaJa€ BXOLYy BIUIUB,

HeoOXinHuH 1 QyHKIii cymaropa eneMeHTa 00poOKu.

KOHTaKT 3

Barm € wMipolo cwiM BXiZHUX 3B'SI3KIB 1
MOJIEJIOI0Th PI3HOMaHITHI CHUHANTUYHI CHITH
OionoriyHMx  HeWpoHiB. Barm cyrreBoro  BXomy

MJICUITIOIOTBCS 1, HABIAKHM, Bara HECYTTEBOTO BXOMY
MPUMYCOBO 3MEHIIYETHCS, 110 BU3HAYAE IHTCHCUBHICTD
BX1IHOTO CUTHATY.

Bxinui 3BaKEHI BarOBHUMH
KoedimieHTaMH 3'€THAHHS Wpn IONAIOTHCS, MPOXOIITH
4yepe3 nepenatHy (QYHKIIO, T'€HEpYIOTh pe3ysibrar i
BHUBOIATHCA (puc. 1).
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Pucynox 1 - bazosuii wimyunuii Heupon
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B mporpamMHux peamizamisx ImTy4HI HEHpOHH
HA3WBAIOTh «eJIEMEHTaMH o0OpoOKkm» (puec. 2) abo
«mporecopamm» 1 BKJIAHalOTh B HHX  OuibIie

MOYJIMBOCTEH, HiXK B 0230BOMY IITYYHOMY HEHPOHI.

& ymruii cymaropa Mepegarm dymrmi

Tanrenc
——# Cyma rimeph omitot
Maxamya
B M iminryma Jirmitna B
X OfH ® C opemme HXT
Va 1 Curmoizs
| Afo
iHmIT Cinyc
Pﬂjmﬂﬂ HaBYaHHA Ta
JamaM T OBYE aHHA
3 H apuane Higl men
Pucynok 2 - Mooenv "enemenmy 06pobru”
Icayroui  mTyuni  HefipoHHI  Mepexi €
rPYNMyBaHHSAMHU IITyYHUX HEUPOHIB, 110 OOYMOBICHO
CTBOPEHHSIM 3’€[JHAHMX MK CcO0OI0 MPOIIAPKIB.

Binpuricte HEMPOHHHUX MEPEXK BUMAraroTh SIK MiHIHMyM
TPU HOPMAJBbHHX THIH [POLIAPKIB BXIiJIHUH,
npuxoBaHui 1 Buxiguuit (puc. 3). Ilepumii oTpumye
JaHi BiJ BXiZHUX (QaimiB, Apyruil sBise COOOFO
pi3HOMaTHI NPUXOBaHI BHYTPIIIHI CTPYKTYpH, a TPETii
nepecuitae iHPOpPMAIIiio 10 30BHIIIHFOTO CEPEIOBHUILA.

® | @
I o
o O
ST

Pucyrnox 3 — Tunu npowapkis

Baxippnil
EpoERpoK

HampsiMok 3B’A3Ky MiX HEHPOHAMH € Ba)KJIMBUM
aCIIeKTOM, KOKEH HEWpOH OTPUMYE CHUTHAIM BiJ YCIX
IHIIUX, IICIOS 4YOro Tmepeqae CBIH CHUTHAN yCiM
HACTYIIHUM, Ti K caMmi MpaBHWjia BUKOPHCTOBYIOTHCS 1
JUIs1 3BOPOTHBOTO 3B’ SI3KY (puc. 4).

HocBix mokazaB, 1o ycmimHe — MaiOyTHe
MPenn3iiHOi, TaK 3BaHOI «TOYHOI» MENWIIMHH, MOXKE
OyTH JAOCSTHYTO JIMILIE TIPH TICHINA B3a€MOIIT JIOMHHU Ta
I, 1o cTBOpeHi Ha OCHOBI IITYYHUX HEHPOMEPEXK.

OmHUM 3 TPOBIIHMX pIlICHb B PO3BUTKY J@HOI
ranysi € cepBic Arterys. Lle Al-rmardopma, sika BUTATYE
KOpHCHY iH(pOpMAII0 3 MEAUYHUX 300pakeHb, LI00
JofaTé M KIIHIYHY MIHHICTH, MOKPAIIATH NPUHHITTS
MIarHOCTHYHHUX pillleHb, MiABHIIUTH €(PEeKTUBHICTH 1
HPOAYKTHBHICT, CHCTEMH OXOpPOHH 3I0poB'a. Bona
JIO3BOJISIE IHTErpyBaTH MpPOBiAHI KIIIHIYHI TIpOTpaMu
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IITYYHOTO IHTENEKTY Oe3M0CepeHk0 B  ICHYIOUMH
poboumii sikapchKui mporec, mo keposaHuii PACS
(Picture archiving and communication system, Cucrema
apxiByBaHHS Ta pO3CWIaHHS 300paxenp) abo EHR

(Electronic  health record, Enexrponna icropis
XBOpOOH).
Secpommiln’mox
—
Secpommiln’mox

Pucynox 4 — Cxema 36 ’s13xi6 guumyunitl Hetipomepeici

Cardio Al — 3aci0, 1m0 [03BOJSE IIBUIKO
OoTpuMyBaTu rpadikud IHTEHCUBHOCTI CHUTHAIy Ta
HAMMBKUIBKICHUH ~ aHami3 3a  pesyasratamu  17-

CEerMEHTHHMX aBTOMAaTHYHUX Mojenedl aaHux mepdysil
(MeTron TiABeACHHS, NPOIYCKaHHA Ta MOCTA4aHHSI
KpOBi, KPOBO3aMIHHHMX PO3YHHIB 1 0I0JIOTIYHO aKTHBHUX
PCUOBUH uepe3 CYAWHHY CHCTEMYy OpraHiB 1 TKaHWUH
OpraHi3My B KIJIIHIYHUX a00 MPUPOTHUX YMOBAX).

e [lIBunke oGuucieHHs 00’€MiB mepeaceplpb 3a
nporomororo  GOirutaHapHoi  ¢ynkuii LAX 1 n;erke
pelaryBaHHsI KOHTYPIB 3 JOCTYIIOM JIO PE3YyJIbTATIB.

e ABTOMarMuHe BHMIpIOBaHHS TOBILIMHHU CTIHKH
MiOKap/a i TOBIIUHM CTIHKHU JJIs KiHIICBOI JIaCTOJIM Ta
CHCTONH 3 00’€MIB IIUTYHOUKIB.

e 2D i4D Flow Bi3yami3ariis Ta KiTbKiCHa OIliHKa
KPOBOTOKY B Oy/Ib-SIKOMY MicLii ceplis (puc. 5).

[HTYiTHBHO 3pO3yMUTMI NPOCTHH PO3paxyHOK
XapaKTEePUCTHK TKAHHH.

3 L.
Pucynox 5 — Bizyanizayis kpogomoxy

Chest | MSK Al — wHaniiiHuii JiarHOCTHYHUI
ITOMIYHUK TS YHUTaHHS PEHTTCHOJIOTIB 1
PEHTTCHIBCEKHUX 3HIMKIB Y BIIMUICHHSIX HEBIIKIATHOI
JIOTIOMOTH.
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AJITOPUTM HAaBYEHO BHSBISATH IEPEJIOM, BHBHX,
BUIIT y JIKTHOBOMY CYINIOOi (CHHOBIT), IUIEBpalbHHUHA
BUIIT, JIETGHEBUH BY30J, TIIOMYTHIHHS JIETCHIB 1
ITHEBMOTOpakc. BiH 31aTHWIA 34MTYBaTH pEHTIE€HIBCHKI
3HIMKH BCiX THMIB (pUC. 6), a TakoX 300pakeHHS 3
MOPTATUBHUX PEHTTEHIBCHKUX allapaTiB.

»

/0

Pucyrnox 6 — Ipuxiad 0b6poOKu peHmeeHi8CbKo20 3HIMKY

Lung Al nomomarae  mikapsM  BHSBISITH,
BAMIPIOBATH Ta TIIO3JOBKHBO BIiJICTEKYBAaTH JIETEHEBI
BY3IM 3a JOINOMOTOI0 AaBTOMAaTHYHOTO HigpaxyHKY
OamiB,  mpiopuTesamii  poOOYOro  CIHMCKy — Ta
IHTENEKTYaIbHOTO aHaJi3y/3BiTyBaHHA (puC. 7).

Pucynok 7 — Inmepgpeiic 3acmocynxy Lung Al

ITnargpopma Neuro Al — e KOMIUICKCHUE Habip
KJIIHIYHUX KOPHCHHUX IpOTpaM Ui HeHpoBizyaizarii,
SIKI CHPUSIIOTH JIArHOCTHII Ta JIKYBaHHIO IMAI[IEHTIB 3
IHCYJIBTOM, HEHpOMEereHepaTUBHUMH 3aXBOPIOBAHHIMH
Ta PO3CISTHUM CKJICPO30M.

Neuro-Oncology Suite € wactuHOI0O TIUIATGOPMHU
Neuro Al i Hajlae TakoXK IHCTPYMEHTH JUIS HEIHBA3UBHOT
JIarHOCTHKU Ta CIIOCTEPEKCHHS 32 MyXJIMHAMH MO3KY
(puc. 8). Lle pimeHHs MPOTOHYE HANIHHWHA aNTOPHTM,
110 BIJIPI3HSIE MyXJIMHU BiJ MICEBJONPOrPECii 3 TOUHICTIO
Oinbine HiX 95%.

. |

Pucynox 8 — Komn tomepna momoepagis mo3xy

Atomwise — Ie TexXHOJOriyHa (apMareBTHYHa
KOMITaHis, sKka BUKOpHCTOBYye MoximBocti LI mis
BIIKPHUTTS PEBOIOMINHIMINX MAJIOMOJCKYISIPHUX JIKiB.
TexHoorisi CTPYKTYPHOTrO AM3aiiHy JIKIB BiJl KOMaHIH
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Atomwise JIe)XUTh B OCHOBI HaiKpalloro B CBOEMY
KJacl MeXaHi3My JOCHIJDKeHHS, SKHH Bifpi3HA€ThCA
3MaTHICTIO 3HAXOAWTH Ta ONTHUMI3yBaTH HOBI XiMidHi
PEYOBHHHU.

Jannii Al-mMexaHi3M BiIKpHUTTIB, 3a0€31E€4UHB yCIiX
y Oimpm HiX 185 mpoekTax Ha CHOTONHINIHINA ICHB,
BKJIFOYAIOUHY [IMPOKHIA CIIEKTP BIAKPUTUX THUIIIB OULIKIB i
iHII yucneHHi mimeHi (bionoriuna MireHs — 11¢ Oy1b-
IO B JKUBOMY OPraHi3Mi, JI0 SIKOTO CIIpsiIMOBaHa Ta/abo

3B’S3y€ThCSl  SIKACh  IHIIA  CYTHICTh  (HAIpUKIa]
JIKapchKuH 3aci0).

VHIKaIbHAR IIX1 BIIHOCHO IHIIAX
OOYMCITIOBAJIGHUX METOMIB  BHSBIJIEHHS JIKIB A€
3JaTHICTD:

1. JlikyBaru mOraHO Kareropus3OBaHi TapreTu

(1ximmi).

e KpucraniuHa cTpyKTypa He NOTpiOHa.

e Jlami mpo JIOKAJBHE HAaBYaHHSA JIraHIy

(mornekyna, sika OOOpOTHO 3B'sI3aHa HE KOBAJICHTHUM
3B"s13Kk0M 3 Oinkom abo JIHK; puc. 9) He notpioHi.
2. JocimKyBaTy BeTMIC3HUA XIMIYHHUA TIPOCTIP.

e EdexruBHicTh oOumcieHp JIO3BOJISIE
MEePeBIipATH  TPWIBHOHH  CHONYK,  30UTBIIyIOYH
WMOBIPHICTb YCIHIXY.

e [IponemMoHCTpOBaHa  BHHITKOBA  TOYHICTb

MOZENl JO0JIa€ BUKIWKA IOB’A3aHl 3 IOSABOI0 «XHOHO
MO3UTHBHOTO» (TMIOMWIIKM B OiHapHii kiacudikanii, B
SKIfl  pe3ynbpTar TECTy HENPaBWIBLHO BKa3ye Ha
HAsIBHICTh SIKOTOCh CTaHy, TAKOrO SIK 3aXBOPIOBAHHS, B
TOW Yac SIK 1[bOT0 3aXBOPIOBAHHS HEMAE).

Pucyrnox 9 — 3D-moo0ens nieandy

BucHoBku

[poananizyBaBim cucremu Il mMoxxHa ckazary,
110 aBTOMAaTH3aIlisl MEAUMHCHKHX TPOLECIB CIIPUSITHME
e(eKTUBHOCTI pobOTH JiKapiB, JOMOMAraloun psATYBaTH
JKUTTS JIOEH Ta IPUCKOPIOIOYN PO3BUTOK MEIULIMHU.

Cnucok Jiteparypu

1. 3acTocyBaHHA IUTYYHOTO IHTEJIEKTY B MEIUIHI:
eheKkTHBHA JIarHOCTHKA 1 CTBOPCHHS HOBHUX  JIKIB
[EnexTponnuit pecype] peKIM JOCTYITY:
https://aiconference.com.ua/

2. Tpoupko B.B. Meroan IUTyYHOTO IHTENIEKTY:
HABYAJBHO-METOUYHII 1 MpakTHyHHHA TociOHMK. — Kwuis:
VuiBepcureT ekoHoMiku Ta paBa «KPOK», 2020 — 86 c.

3. https://www.atomwise.com/

4. https://www.arterys.com/
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VIIK 004

Iromopa CeiTiana BosionumupiBHa
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Heunnopyk Poman CepriiioBu4

acmipant 3-ro kypey kadenpu IT, orcid.org/0000-0001-5929-4734
Kuiscoruii nayionanvruil ynisepcumem 6yoignuymea i apximexmypu, Kuig

Cauenko Liiasg AnaroJiiioBuy

K.T.H., foreHt kapenpu IT, orcid.org/0000-0002-3716-0249
Kuiscokuti nayionanvruil ynisepcumem 6yoignuymea i apximexmypu, Kuieg

Pycan Hapnis IropiBna
PhD (Eng.), nouent kapenpu YII

Kuiscoruti nayionanvruil ynisepcumem 6yoisnuymea i apximexmypu, Kuig

THO®OPMAIIMHA TEXHOJIOI'ISI BATATOCIIEHAPHOI OPTAHI3AIIIT
OCBITHBOI'O ITPOIIECY

Anomayisa: ingopmayiina mexHonocisa 0azamocyeHapHoi opeanizayii 0CceimHb020 Npoyecy 003680J5€
BUKOPUCMOBYBAMU PI3HOMAHIMHI MemoOu | NPUioMU HAGYAHHS, GKIIOUAIOYU 2PYNOBY MA THOUBIOYAIbHY
pobomy, 0ocniodicenHs, OUCKYCIl, mecmysanHs moujo. 3acmocy8aHHs yici mexHonoii donomoeac
Cmeopumu  CHpUAmMIUGi yMO8U O PO3BUMKY KPeamusHOCMi ma CAMOPO3GUMKY VUHIB, a4 MAKOMC
00nomo2ac nioGUWUMY SKICHb HAGYAHHS Ma 3a0e3neyumu egheKmueHuil po36umox yunie. L{s mexnonozis

cnpuse gupiuleHH0 npoodnemu 3aOe3nedenHs ITHOUBIOYANbHUX NOMPed KONHCHO20 VUHA,

OCKIIbKU

3abe3neuye MOoNCIUGICMb BUKOHAHHS 3060AHb Y PISHUX CYEHAPIAX, Wo GI0N06i0aioms DI3HUM DIGHIM

30i6HOCmell.

Knwuosi cnosa: 6azamocuenapna opzauizauis; mexnonozii eipmyanvhoi peanvHocmi; oceéimuiii

npouec; eedinap.
Beryn

Indopmaniiini  TexHosorii €  HEBiJ €MHOIO
YAaCTHHOIO Cy4acHOl OoCBiTH. BOHM 1al0Th MOXJIMBICTB
pO3BHBAaTH TBOpYI Ta KpeaTWBHI 3ai0HOCTI y4HIB Ta
CTYICHTIB, a TAaKOX TIOKPAIIUTHA SKICTh HAaBYAHHS.
CporomHi  BHIII  HaBYaJbHI  3aKJagyl  aKTHBHO
BUKOPUCTOBYIOTh  iH(opMariiiiHi  TexHomorii s
GararocrieHapHOI OpraHi3amii OCBITHBOTO MPOIIECY.

OcBiTHill Tmpouec crae OUIBII THYYKHUM Ta
aJanTUBHUM, IO JIO3BOJISIE CTY[JCHTAaM HaBUaTHCA
BiJINIOBITHO /10 CBOIX BIIACHUX MOTpPed Ta 00CTaBHH.

Bararocuenapna oprasizaris HABYAJILHOIO
mpouiecy 3  BUKopucTaHHsM [T €  mOTyXHUM
IHCTpyMEHTOM NI TIOKpalleHHS  SKOCTI  Ta
e(heKTUBHOCTI OCBITH.

Merta

Meroro 1i€i TeMH € BIOCKOHAJICHHS OCBITH,
MiZBUIICHHS SKOCTI Ta C(QEKTHBHOCTI HABYaHHS B
BHMIIUX HABYAJLHHX 3aKJIafax, a TakoK 3a0e3redeHHs
CTY[ICHTIB Ta BHUKJIANA4iB MOXIIMBOCTI MpAIIOBATH 3
CY4YaCHHMH TEXHOJIOTISIMU Ta TIaTGOPMaMH.
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OcHOBHA YacTHHA

Buii HaBualbHI 3aKJIa/IM TOCTIHHO 3HAXOAATHCS Y
MOITYKy HOBHX IHCTPYMEHTIB Ta TEXHOJIOTiH, MI00

3a0e3MeUnTH MaKCUMaJbHO e()eKTHBHHHA  OCBITHIM
npouec Juisi CBOIX cTyaeHTiB. OpHi€lo 3 HaHOLIbII
NEePCIEKTHBHUX obnacreit € BUKOPHCTAHHS

iHpopMamiHHUX TEXHONIOTIH Ui  OararociieHapHOT
oprasizauii HaBuaHHs [1].

OCHOBHUMH CKJIAJJOBUMHA iH(pOopManiHHOT
TexHousorii OararocueHapHOi oOpraHizamii OCBITHBOTO
Hpolecy €:

1. OwnailH-Kypcu Ta eJIEKTPOHHI HaByYallbHI
wiardopmu. Lli iHCTpyMEHTH MO3BONSIOTH CTYIACHTaM
OTpHMaTH JOCTYyIl JI0 HAaBYAJIBHOTO Marepiaixy B Oyab
SKMA 4yac Ta 3 OyIp-SKOro Micls, L0 J03BOJISIE iM
3IIMICHIOBATH CaMOCTifHYy MiATOTOBKY IO 3aHSATH Ta
[JIMOLIC BUBYATH TEMH.

2. Bizeo Ta aynio marepianiu. Bonn MoxyTh OyTH
BUKOPDHCTAaHI K  JONMOMDKHHMH  Marepianm  ajs
HONTHOJICHOr0 BUBYCHHS IICBHOI TEMH, a TaKOXK IS
NIPOBEACHHSI BIAKPUTHX JICKIiH Ta ceMiHapiB.

3. BeGimapm Ta  ommaWH-koH(epeHmii.  Lli
IHCTPYMEHTH JO3BOJISIIOTH BUKJIAA4aM Ta CTYICHTaM 3i
CHUTBHUMH IHTEpECaMH B3aEMOMAISATH MDK C000I0 B
peajbHOMY 4Yaci, 0OroBOpIOBATH MUTAHHS Ta JUTHUTHCS
JIOCBIIOM.
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4. CouianpHi  Mepexi Ta  ¢opymu. Ll
IHCTPYMEHTH  MOXYTb  OyTH  BUKOpHCTaHi Ui
CIUIKYBaHHS CTYACHTIB MK C000F0, Al OOTOBOpEHHS
HaBYaJIbHUX NIUTAHb Ta BUPILICHHS CIIJIBHUX TPOOJIEM.

5. IamuBimyamizariss HaBY4aHHS. 3a JOMOMOTOIO
iHpOpMaLiHHUX  TEXHOJOTii  MOXIMNBO  CTBOPUTH
IH/IUBIyabHI nporpamMu  JJisi  KOXKHOTO
CTYyAEHTa, WO JIO3BOJUTH IMy 30CEPEIUTHCS Ha THX

HaBYaJIbHI

TeMaxX, fKi BiH BBa)Ka€ BAXIMBHUMHM, a TaKOX HaJaTh
HOMY MOXJIMBICTH BHOMpaTH TEMIl HaBYaHHS, IO

BIINIOBiJa€  HOTO  IHAWMBIAyaJbHUM TOTpedaM Ta
MOYKJIHBOCTSIM.

6. MyneruMeniiiai 3acobu HaByaHHSA. Jlo HHX
Halle)KaTh ~ PI3HOMAHITHI  IHTEPAaKTHUBHI  BIIPABH,

BiZICOypOKH, IrpH Ta CHMYIIALii, sIKi JOIIOMararoTh
3pO3YMITH CKJIaHI KOHIICTIII1 Ta IPOIIECH.

7. Xwmaphi TexHosorii Ta 30epiranns aanux. Lli
IHCTPYMEHTH JIO3BOJISIIOTH 30epiraté Ta o0OpoOIsiTH
BEJTHKI OOCATH JaHUX, 3a0€3MEeUyr04d IOCTYI A0 HHX 3
Oy/b-SIKOTO MicCIsl Ta Ha Oy/Ib-SIKOMY IIPUCTPOI.

8. AHamiTHKa Ta MOHITOPHHT  HABYAIHHOTO
mporecy.  [HQopMmarmiiiHi  TEeXHONOTii  JTO3BOJSIOTH
BHKIIaJlauaM Ta aIMIHICTpaIlil HaBYAIBHUX 3aKIIadiB
BIZICTEXKYBaTH TPOTPEC CTYICHTIB, aHai3yBaru IxHi
pE3yNbTaTH Ta BYACHO KOPUT'YBATH HABYATIBLHHIN MPOLIEC.

3araiom, BHKOPUCTAHHS iH(pOpMALITHIX
TEXHOJIOTIH U OararocreHapHoi oprasizauii
OCBITHBOTO TIPOIIECY [JO3BOJISE TIOKPAIIUTH SIKICTh
HaBYaHHS, 3a0e3meunTrt  OUTBIN  [IMOOKEe  Ta
iHAMBiTyasTi30BaHE 3aCBOEHHS HABYAIBHOTO Marepialiy,
a TakoX 3pOOWMTH HaBYaHHA OUIBII I[IKABUM Ta
JOCTYIHHM JUIS CTYACHTIB.

Takox MOXEMO PO3INISHYTH BHIOM HaBYaHHS, SIKi
MOXYTb BUKOPHUCTOBYBATHCS B KOHTEKCTI
OararociicHapHOT Oprasizaiii OCBITHBOTO IPOIIECY,
MOXKHA BiTHECTH TaKOX HACTYIIHI [2]:

1. Jucranuiiine HaBuaHHs. Lle popma HaBuaHHS,
IPH SKill CTYJICHTH OTPUMYIOTh JOCTYII 10 HABYAIHHOTO
Marepiajly Ta IHTEpakTHBHHMX 3aco0iB HaBYaHHS 4Yepes3
Iareprer. BoHm MOXyTh 3IiliCHIOBaTH CaMOCTIHHY
poboTy 3 OyaIb-SKOro Micus, [ie € AOCTYIl 10 [HTepHeTy,
Ta B3aEMOJISTH 3 BUKIIAJa4aMy Ta iHIIUMHU CTYICHTaMHU
3a JOMOMOTOI0 eIEKTPOHHOI MOIITH, YaTiB, (OpyMiB Ta

BiZIcoKOH(DepeHLIiH.
2. Ipynose HaBuanHs. lle hopma HaBuaHHs, pu
SAKIiH ~ CTYOGHTH TMpamioloTh pa3oM Yy  Ipylax,

B3a€MOIIOYN Ta OOMIHIOIOYMCH TOCBIAOM Ta 3HAHHSIMHU.
BukopucranHs TpynoBUX METOAIB HaBYaHHS MOXKe
cipusiTd  (OPMYBAHHIO KOMYHIKaTHBHUX HAaBHYOK Ta
PO3BUTKY COIIaJIbHOI KOMIIETEHTHOCTI CTY/ICHTIB.

3. TlpoextHe HaBuanHsi. lle ¢opma HaBuaHHS,
NpU SKIH CTYIEHTH NpAIIOI0Th HaJ TPOEKTaMH, IO
MICTSITh peajbHi 3aBJaHHA Ta MpodieMu. Bukoprucranas
IPOEKTHOTO HABYaHHA MOXeE CIPHATH (DOPMYBaHHIO
HaBUYOK  pO3B'A3yBaHHS  NpOOJEM,  KPUTHYHOTO
MUCJICHHS Ta TBOPUYOCTI.
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4. KonrekctHe HaBuaHHs. lle ¢opma HaBuaHHS,
IIpU SIKIA CTYIEHTH HAaBYAIOTHCS B KOHTEKCTI pealibHUX
cuTyamii Ta mpobieM. BuKOpHCTaHHS KOHTEKCTHOTO
HaBYaHHS MOXE JIONOMOTTH CTYAEHTaM 3pO3yMITH
3B'A30K MDK TEOpi€l0 Ta TMPAaKTHUKOIO, a TaKOX
3aCTOCYBATH 3HAHHS Ta HABUYKH y PEANBHUX CUTYaIlisX.

5. InmpuBimyanbHe  HaBuanuia. Lle  dopma
HABYAHHSI, MPHU SAKiil CTYJCHTH NPAIOIOTh CAMOCTIHHO 3
HaBYAJIbHUM MarepiaioM Ta 3IIACHIOIOTH

IHIMBIAYanbHY poOOoTY. [HAMBINya bHE HABUAHHS MOXKE
JIOTIOMOTTH ~ CTYJCHTaM pO3BHBATH CaMOCTiHHICTb,
CaMOKOHTPOITb Ta CAMOOPTaHi3allio.

6. IrpoBe mapuanus. lle dopma HaBuaHHA, TPHU
SKii ~ BHKOPHCTOBYIOTBCSL ITpH  AJsL  JIOCSITHEHH:I
HaBYAIBHUX LUIeH. IrpoBe HaByaHHA MOxe OyTH
e(heKTUBHIM CIOCOOOM aKTHBI3yBaTH CTYIOCHTIB Ta
CIIPHATH 3aCBOEHHIO HOBHX 3HAaHb Ta HABUYOK.

7. Texuomorii BipryassHOi peanbHocTi. Lle
dbopmMa HaBYaHHSA, TPH SKIH BHKOPUCTOBYIOTHCS
TEXHOJIOTIT BIPTyaJbHOT pPEAJLHOCTI JJIsi CTBOPEHHS
iMiTallii peajbHOTO CEepeloBHINA Ta B3aEMOJIl 3 HHM.
BukopucranHs TexXHONOTiH BIpTyajJbHOI pealbHOCTI
Moke OyTh edeKTHBHUM cHocoOoM  3arydeHHs
CTYICHTIB Ta CIPUATH IiJBHIICHHIO iX 3alliKaBICHOCTI
Ta MOTHBAIIIi 10 HABYAHHSI.

3acTocyBaHHS PI3HOMAaHITHHX ()OpM Ta METOIB
HABYAHHS MOXKE JOIMOMOITH 3aJly4YUTH CTYICHTIB O
aKTUBHOI ydyacTi B HaBYAILHOMY MPOIECI Ta CHOPHATH
JOCSITHEHHIO KPAaIllMX Pe3ylbTaTiB HaBYaHHA. BaxmBo
TaKOX  3a0€3MEYNTH  HAJNEKHUN  TEeXHIYHMA Ta
METOMUYHUI PpiBeHb MIATPUMKH BHUKOPHUCTOBYBaHHX
TEXHOJIOTIH Ta METO/IB HABYAHHS.

BucuoBkn

Bararocuienapue HaBu4aHHA €  eECKTUBHAM
METOIOM OpTraHi3alii OCBITHBOTO IIPOIECY B BHIIHUX
HaBYAIBHUX  3akimagax. lled  wmerom  nmo3BoIsie
BUKOPUCTOBYBaTH Pi3Hi (OPMH Ta METOIM HABYaHHS,
aJanTOBYIOYM iX IO KOHKPETHHX NOTped CTYICHTIB.
bararocrieHapHe HaBYaHHS CHPHAE PO3BUTKY TBOPYHX
Ta KPUTUYHUX 3IIOHOCTEH CTYICHTIB, pPO3BHBAE
HaBUYKHM CAaMOCTIHHOCTI Ta caMOpEryJ/Isiii y HaB4aHHi.

Ile#t wmertonm HaBYaHHS JIO3BOJISIE BUKIJIA/Ia4am
3aJydaTd CTYAEHTIB 1O aKTHBHOI yd4acTi B Tpoleci
HaBYaHHs], IO CIIPHSE IIiABUIICHHIO MOTHBAWii Ta
iHTEepecy A0 HaBYaHHS.

Cnucok Jiteparypu

1. Bomobam S.5. Opranizariss HaB4aJIbHOTO TPOLECY
y Bumux 3akianax ocsitu / S.5.Bomro6am / — K.: Kommac,
1997.

2. Pagpamsceka  O.0.  JlomineHICTE  CTBOPEHHS
OararociieHapHol iH(GOPMAIIfHOT TEXHOJOTIl yNIpaBIiHHS
HAaBYAIFHUM TIPOIIECOM Yy BHINUX HABUAJBHUX 3aKiIanax:
Mmarepiamn  XIX ~ MixnapoxHoi HayKOBO-IIPaKTUYHOL
koHQpepeHnii [«IHpopMariiiHi TeXHOJOTii B EKOHOMII,
MeHeDKMeHTI 1 Gi3Heci. [IpobiaeMu HayKu, IPaKTHUKH 1 OCBITH»
/ 0.0.Pagansceka), (Kuis, 2013).
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I'me6a imutpo CepriiioBuyu
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BUKOPUCTAHHSA WITYYHOI'O IHTEJIEKTY JJIA IIOKPAIIIEHHSA
E®PEKTUBHOCTI IPOI'PAMYBAHHSA

Anomayis: 'y yiti pobomi po3enidacmvCs GUKOPUCTNAHHS WIMYYHO20 IHMeNeKkmy Ofis NOKPAWEeHHs
ehexmusnocmi npoyecy npoepamyeanns. Llmyunuti inmenexkm mooice 3a6e3nequmu 3HA4Hy NiOMpPUMKY 8
HAnUCawui KOOy, a8mMOMAmusylouu 6azamo 3 PYMUHHUX 3a0a4 [ NiOSUWyIouU NpPOOYKMUGHICMb

npozpamicmis.

Y cmammi posensamymi cywacni pospobku 6 2any3i WMYYHO2O [HMeNeKmy, SKi

donomazaroms npocpamicmam 30cepeoumucs Ha Oilbl CKIAOHUX 3A80AHHAX, d MAKONXC CHPUSIOMb
NOKPAWEHHIO AKOCTI ma WeUOKOCMI HAnucauusa xoody. JJocniodcents nokasyiomvs, wjo UKOPUCMAHHA
WMYYHO20 IHMENeKMY y NPOSPAMYBAHHI MOdCe NOZUMUGHO SNIAUHYMU HA AKICMb PO3POOKU NPOSPAMHOZ0
3abe3neueHHss ma 3abe3neuumuy 3HAUHi eKOHOMIUHI 8U200U 0151 KOMNAHIU.

Kniouosi cnosa: wumyunuii inmenekm; npozpamy6anis; NOKpaujeHHs.

Beryn

[IporpamyBanHsT €  KIIOYOBOIO  CKJIAJI0OBOIO
pO3pOOKM HOBUX TPOrPaMHUX TPOAYKTIB Ta iX
migrpuMky. OpfHak, Ipolec NPOrpaMyBaHHS MOXKe
CHJIBHO BHUMaraimOud BiJ IPOTpaMmicTiB  BEIHUKOTO
Halpy>KeHHSI Ta 30CEPEPKEHOCTi. 3a  JIONOMOTOI0
mTyqHOoro iHTeNnekTy (Al) MOXKHAa 3HAYHO MOKPAIIUTH
e()eKTHUBHICTh TPOIECYy MPOrpaMyBaHHS, CIPOLIYIOYH
Oararo pi3HUX PYyTHHHHX 3aJi@a4 BOJHOYAC ITiABHUIIYIOYH
MPOXYKTHBHICTh MIPOTPaMICTIB. Buxopucranus
IITYYHOTO iHTENEeKTY A MpOrpaMyBaHHS BXKe 3apas

CTa€ BCC MOMYJSIPHINIAM, IO Ja€ MOXIIUBICTh
MiBUIIYBaTH  €(QEKTUBHICTH  ITPOIECYy  PO3POOKH
mporpaMHOro  3abesmedeHHs. Y Il cTtarTi MU

PO3IIISIHEMO, SIKi PIIIEHHS! 3 BUKOPUCTAHHSM IITYYHOTO
IHTEJIEKTY MOXYTb OyTH 3aCTOCOBaHI ISl TIOKPAIICHHS
e(heKTUBHOCTI IPOTpaMyBaHHS
BILIMHYTH Ha SKICTb Ta
HPOrpaMHOro 3a0e3MeYeHHS.

Ta SIK [e MOXe
HIBUAKICTE  PO3pOOKH

Meta

JIOCHiUTH MOMKIJIMBOCTI BUKOPHUCTAHHS HITYYHOTO
IHTENEKTy Ui aBTOMAaTH3allii Ta CIPOIICHHS MpoIecy
NpOrpaMyBaHHs, MOKPALICHHsS SKOCTI Ta IMIBHIKOCTI
PO3pOOKH IPOTPAMHOTO 3a0e3MeUCHHS.

OcHoBHA YacTHHA

s Tema € axTyampHOO TOMy, w0 Al vy
IporpamMyBaHHI MOXKE BKJIIOYATH B ceOe BUKOPUCTAHHS
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PI3HOMaHITHUX IHCTPYMEHTIB, TakKuX SK CHCTEMH
PEKOMEHIAMid, CHCTEMH Bill JIATO[KEHHS, CHUCTEMH
aBTOMATUYHOI I'eHeparlii Koy Ta 1HII.

OmHMM 3 B@KIMBHX AacleKTIB BHKOPHCTaHHS
IITyYHOTO IHTENEKTy B MPOTpPaMyBaHHI € 3MEHIICHHS
qacy, SIKMi MOTPIOeH JUIs HAIMCAHHS KOy Ta MOTro Bij
narojpkeHHs. 1le no3Bosise mporpamictaM OiTbIIe Yacy
NPUALIATH Po3poOILi OLIBII CKIaAHUX iHCTPYMEHTIB Ta
¢dyukuionany. Kpim Toro, Buxopuctanus Al no3Boiisie
3MCHIIUTH KUTBKICTh MOMHJIOK, MIO JOMYCKAalOTh
HpOrpaMicCTH, IO, B CBOK Yepry, MOXE IOMOMOITH
MONINIIUTH  SAKICTh Ta HAMIWHICTH MPOTPAMHOTO

3a0e3meueHHs. Takok HE Majgo BaXIUMBHM € Te 1o Al
JIy’K€ IIBUJIKO HABYAETHCS.

Pucynox 1 — Inocmpayis nasyanns Al

Hemaio BakHMM acrieKToM Ipu BUKOpHCTaHHI Al

B IpOrpaMyBaHHI II€ MOXJIIHMBICTh aBTOMaTHYHOL
reHepanii Kooy a Tako)K BHKOPHUCTAHHSA CHUCTEM
peKoMeHanii, SKi  JoloMaramTh  Iporpamicram

mMBUAIIC Ta TOYHIIIIE BUKOHYBATU CBOI 3aBJIaHHS. 3a
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noromMororo Al MokHa CTBOPIOBATH pi3HI IHCTPYMEHTH,
SKi 3a0e3MevyroTh ABTOMATHYHE BU3HAYCHHS THUILY
JTAaHWX, TeHepallifo MIa0IoHIB Ta 1HII QyHKIII].

3aranoM, BUKOPUCTAHHS IUTYYHOTO iHTENEKTY st
MOKpaIleHHs]  €(eKTUBHOCTI  MpOrpaMyBaHHS  Mae
3HAYHWH  HOTeHIian it 3a0e3mnmedyeHHss  OUIBIN
e(PeKTHBHOTO Ta NPOAYKTHBHOIO IPOLECY PO3POOKH
nporpaMHoro 3abe3neueHHs. Taki iHCTPYMEHTH MOXYTh
JOIIOMOITH 3MEHILIHUTH 4Yac BiJl JIArOMKECHHS Ta 3HAYHO
HOKPAIIUTh PE3yNbTaTh IPOrPaMHOT0 3a0e3MeUeHHS.

3peITor 10 IHIIMX acIeKTiB MOXKHA JOOAaBHTH,
mo BUKOpucTaHHsS Al Hagae 3Mory Uil NOKpAILCHHS
mporecy aHamizy Ta oOpoOkum maHwx. Hampukmam sk
BEJIMKI 00CATM JaHHX, SIKi 30MpalOThCs CyYaCHUMH
CHCTEMaMH, MOXYTb OyTH BHKOPHCTaHI JUIsi HaBYaHHS
CHCTEM LITYYHOro iHTenekty. Lle B cBOIO 4epry Moxe
JIOTIOMOITH  BUDIIIYBaTH CKJIAQJHI 3aBAaHHA aHalizy
JIAHUX, TaKi SIK TPOTHO3yBaHHS MOBEIIHKYA KOPUCTYBaUiB
Ta TPEHIIB, a TAKOXX BHSBIICHHS aHOMAJIii ITOKa3HHKIB.

I tyunuit IHTEJeKT TAKOX MOJKJIMBO
BUKOPUCTATHIUII ~ IIOKpAIGHHS  B3aEMOAIl  MiX
pPO3pOOHMKAMH Ta  KOPHCTyBadaMH  IIPOIPaMHOTO
3a0e3MeUCHHS. 3acrocyBaHHS TEXHOJIOT1H 3

BUKOPHCTAHHAM IITYYHOTO iHTEJIEKTY MOXE JOIOMOITH
pPO3pOOHUKAM 3pO3YMITH TIOTPEOM KOPHUCTYBa4iB Ta
moKpamuTé  ¢QyHKIioHan Hamoro [IO mporpamHoro
3a0e3leueH s, 10 B CBOIO 4epry 30UIbLIMTh
3aJI0BOJICHHS KOPUCTYBauiB BiJl HOro BUKOPHCTAHHSI.
SIKmo  po3mIsimaTM  OCHOBHI  3aCTOCYBaHHS
IITY9HOTO IHTEJEKTY TO BOHH MOXYTb OyTH IyXe
PI3HMMU Ta Pi3HOMaHITHUMH B 3aJIE)KHOCTI Bi o0iacTi

Ta HampsMy TMPOEKTy, aje i3 OCHOBHOTO BOHH
BKJIFOYAIOTh B cebe:
1. MamwmnHe HaByaHHA: ne ramy3s LI, mo

JIO3BOJISIE  TIpOTpaMicTaM CTBOPIOBaTHM CHUCTEMH, SIKi
MOXYTb HaBYaTHCS Ta PO3IMI3HABATH 3pa3Kd BXITHUX
JaHNX. DBHUKOPHUCTOBYIOUM aNrOPUTMH  MALIMHHOIO
HaBYaHH:, MO)KHA 3pOOUTH CHCTEMY OLIIBII a/Jal THBHOIO
JI0 3MiH, TOMy IO BOHa MOXXE HAaBUYMTHCS BUKOHYBaTH
HOBI 3aBIaHHI Ha OCHOBiI IONEPENHBOTO HOCBITY.
Hanpuxnan, MalliHHEe HaBYaHHS MOJXKe
BUKOPUCTOBYBATHCS JUIst CTBOpPEHHS cHucTeM
po3mi3HaBaHHS 00pa3iB, BUABJICHHS IIAOIOHIB Y JaHUX,
Kacudikaii KOpuCTyBa4iB Ta iHIIOTO.

2. HeiiponHi Mepexi: 1me MeXaHi3MH, LIO
IMITYIOTh pOOOTY JIFOACBKOTO MO3KY, SIKI MOXYTb
BUKOPHCTOBYBATUCS  [UIA  PO3II3HABaHHI  00pasiB,

NPOTHO3YBaHHs pe3ynbrariB Ta iH. HelipoHHi Mepexi
MOXXYTb JJOTIOMOI'TH BHPIIIIyBaTH 3aBIaHH, SIKi CKJIaJHO
(hopmarizyBati a00 BHpIIINTH aHAMITHYHO. Hanpukian,
HEMpOHHI MepeXi MOXYTh BHUKOPHUCTOBYBATUCS JIsI
NPOTHO3YBaHHS MalOyTHIX TEeHICHUIH y (iHAaHCOBIi
ctepi, kmacudikarii oOpa3iB Ta iHIIOTO.
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3. Ananmiz gmanmx: Il  moxe  gomomorta
aHaJi3yBaTH BENUKI OOCSTH JaHWX, IO JIO3BOJISE
BAPOONATH OUTBII TOYHI Ta 3pO3yMiTl MPOTHO3H Ta
pexomenpanii. IIII Moxe JONMOMOrTH  3HAXOAUTH
KOPHCHI 3aJIS)KHOCTI Ta 3aKOHOMIPHOCTI y NaHHX, SIKi
MOXYTh OyTH BaXMBiI Uia Oi3HEcC-aHaNi3y, HayKOBX
JOCIIIKEHD, MEAUYHOI 1IarHOCTUKH Ta 0ararbox 1HIIMX
cep.

4. PoGororexnika: I  Moxe  pmomomortn
CTBOpIOBaTH OimbIl  €EeKTMBHUX Ta aJalTHBHUX
poboriB. Poboru, mo BukopuctoByrors LI, MOXyTh
CaMOCTIHHO HaBYaTHCS Ta aJaNTyBaTHCA /O HOBHX
YMOB, OO [O3BOJSIE IM OUIBII TOYHO BHKOHYBATH
3aB/IaHHS.

5. Komn'totepHe 30poBe CHOpUIMAHHSA: L€ Taly3b
I, saxa mJO3BONIsIE KOMITIOTEpAM  pO3YMITH Ta
IHTEpIpeTyBaTu 300paKeHHS Ta Bijleo. 3acToCyBaHHS
TaKol TEXHOJIOTII MOXYTh BKJIIOYAaTH B ceOe CHUCTEMH
Oe3reky, po3nizHaBaHHS 00, BipTyalbHYy pealbHICTh
Ta iH.

6. Onrtumizauis: I Moxe JONOMOITH 3HAXOAUTH
HaMOUIBII ONTUMAJIBHI PIMICHHS NIPY BUPILIEHHI 3a/1a4i.
BuKopHCTOBYIOUM aNrOpUTMH ONTHUMI3aIii, MOXXHA
3HaWTH HaWOUIbII e(EeKTHBHHN IUIAX BHUKOHAHHS
3aBiaHHd a00 3HaWTH HaWKpaull Iapamerpu s
AHAJITHYHOI MOZEITI.

3 PpO3BHUTKOM TEXHOJIOTIH Ta PO3LIMPEHHAM
moxamBocredt 1III, HOBI 3acTocyBaHHS 3'SIBISIFOTHCS
MOCTIfHO, TOMYy MOXXHa O4IKyBaTH mIe OUIBIIOL
KiTpKocTi 3actocyBab LI B MalitOyTHEOMY.

BucHoBku

Otxe, MOXKHA 3pOOMTH BUCHOBOK, IO IITYyYHUH
inTenekt (ILI) BukopHCTOBYETHCS B IpOrpaMyBaHHI BCe
Oimpime 1 OunbIne, MO3BOJSIIOYM CTBOPIOBATH OUIBII
e(exkTHBHI, amanTWBHI Ta IHHOBAWiWHI TMPOTpaMHi
NPOAYKTH B PI3HUX Taly3sX, TaKuX SK TEXHOJOTII,
MeIUIHA, aBTOMaTH3allisl BUPOOHHIITBA, MAPKETHHT Ta
Gararo iHIIHX.

HII mMoxe DOMOMOITH HOKPAIIUTH SIKICTh >KUTTS
JIOZIeH, 3HU3UTH BUTPATH Ta MOKPAIIUTH €(PEKTUBHICTH
poborn B Oaratbox cdepax mismbHOCTI. OpHaK,
3poctanHs Bukopuctanss LI Takox BUMarae yBaru 1o
eTMYHUX, TIPaBOBHX Ta COLIaJbHUX [UTaHb, IO
TIOB's13aH] 3 II€I0 TEXHOJIOTIENO.

B zarampHomy, I € onmHiero 3 HaWOLTBII
BOXJIMBUX TEXHOJIOTIl Cy4acCHOTO CBITY, SIKa BXE Mae
3HAQYHWH BIUIMB Ha HAIly >XHUTTEMISIIBHICTH Ta Oyle
NPOIOBXKYBATH PO3BUBATUCS B MalOyTHEOMY.

Chnucoxk Jiteparypu

1. "Artificial Intelligence: A Modern Approach" by
Stuart Russell and Peter Norvig

2. "Python Machine Learning" by Sebastian Raschka
and Vahid Mirjalili
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VIIK 004

HIumuyk Ogaexcanap OnekcaHaApoOBUY

ctyneHt 4-ro kypey kadenpu 1T, orcid.org/0000-0002-2651-737X
Kuiscoruti nayionanvruil ynisepcumem 6yoisnuymea i apximexmypu, Kuig

®icbkoB Lnas CepriiioBuy

ctyneHt 4-ro kypey kadeapu IT, orcid.org/0009-0005-7050-3505
Kuiscoruii nayionanvruil ynisepcumem 6yoignuymea i apximexmypu, Kuig

HomnaBcebkuii OuiekcaHap AHATONIHOBHY

K.T.H., JOIeHT, noueHT kadenpu 1T, orcid.org/0000-0003-0465-6843
Kuiscokuti nayionanvruil ynisepcumem 6yoignuymea i apximexmypu, Kuisg

BUBIP MOBU ITPOTPAMYBAHHSA VIS CTBOPEHHSA CUCTEM YIIPABJIIHHAM
XMAPHUMHU TEXHOJIOT'TSAMU CTAHOM HA 2023 PIK

Anomayia: y it cmammi posensioaemuvcsa iHpopmayis wooo nepcnekmus po3eumky ma po3pooKu
cucmem ynpasiinHs XmapHumu mexuonozismu cmarvom na 2023 pik, coyianvro-cmamucmuyni 0ami, ma
cpepu suxopucmanns. La ingpopmayis euxoHye memy po3wupenHs oonacmi Ni3HAHHS IHGOpMayitiHOT
cpepu, a came — xmapHoi obnacmi, ma cmeopeHHs KOMPOPMHO20 cepedoguiya 0/ 8UOOPY HOBAUKAM

axkmyanvHoi memu 0Jisk BUBYEHHSL.

Kniouoei cnosa: Cucmemu ynpagiiHHA XMAPHUMU MEXHONO02IAMU, XMAPHI 004UC/IeHHA, Oe3neKa
000amKie 6 xmapi, epeKmueHicmy XMapHux 000amkKie, aws.

Beryn

Bubip ™MoBM mporpamyBaHHS S CTBOPEHHS
JIOOMX pedeil € BaXKIIMBUM Ta CKJIAJHUM 3aBAAHHAM I
PO3pOOHUKIB y KO)KHOMY porti. Ile Tomy, mo po3pobka B
CBOIM KOHIIENIl BHUMAara€ BHCOKOI IIBHIKOCTI Ta
e()eKTUBHOCTI, a TaKoX THYYKOCTI Ta MpPOCTOTH B
nporpamyBanHi Ta miarpummi. Tomi 1y upomy
KOHTEKCTi, BUOIp MPaBUIbHOI MOBH IPOrPaMyBaHHS AJIst
XMapHHX CHCTEM BIUIMHE Ha YCHIX MPOEKTy Ta
3a0e3Me4nTh MaKCUMAaIIbHY IPOIYKTUBHICTh. TOX, y il
TEMi MU PO3IISTHEMO KIIOYOBI (akTtopn BHOOPY MOBH
NporpaMyBaHHS [UIi CTBOPEHHS XMAapHHX CHCTEM
VIpPaBJIiHHS Ta 3aPOIIOHYEMO TPU OCHOBHI HAIPSIMKH
BHOODY.

Meta

MerToro AaHOI TEMU € BMBUYCHHS Cy4aCHOI'o CTaHy

PUHKY  XMapHMX  TEXHOJOTIH Ta  BHU3HAYCHH
ONITMMAJIBHOTO BapiaHTy MOBH IPOTPaMyBaHHS IS
CTBOPEHHS CUCTEM YIIpaBIiHHS XMapHUMHA

TexHomorissMu B 2023 pomi. s gocATHEHHS i€l METH
Oy70 TpOaHANI30BaHO TIEPEBard Ta HEMONIKA Pi3HHUX
MOB MPOrpaMyBaHHS JUIsi XMapHHUX JOAATKIB, OL[IHEHO iX
e(heKTUBHICT, MacmTabOBaHICTh, O€3MEeKy Ta iHIII
(hakTOpH, IO BIUIMBAIOTH HA PO3POOKY Ta YNpPaBIiHHI
XMapHUMH cucTeMamu. KpiMm TOro, mnpoaHamizoBaHO
WIaThopMHU  XMAapHHUX TEXHOJOTIM Ta PO3IVIHYTI
MUTAHHS MO0 PO3POOKU Ta MacIITaOyBaHHS JOJATKiB
B XMapi, 3a0e3neueHHs X 0e3neku Ta e(heKTUBHOCTI.

T'onoBHA yHCcTHHA

XMapHi TEXHOJNOTii HUHI € HEBiJl €MHOIO YaCTHHOIO
Oinmbimocti  Gi3HEC-CEKTOPIB  Ta  BiJKPUBAIOTH HOBI
MOXKJIMBOCTI JUIsi BUPIIICHHS IPOOJIEM, IMOB'A3aHUX 3
00po0OKoI0 JIaHHX, 30epeXEeHHM TaHUX Ta
iHppacTpykryporo. [Ipu po3poOii cucteM yrpapiiHHS
XMapHUM{ TEXHOJIOTISIMA KJIFOYOBUM 3aBJAaHHSIM €
BUOIp MOBHM TIpPOTPaMyBaHHS, sKa 3a0e3MEUNThH
e(eKkTUBHY pO3poOKy Ta e(eKTHBHY poOOTy CHCTEMHU.

Ha 2023 pix icHye Ge3:1id MOB IIporpamyBaHHsI, sIKi
MOXYTb OyTH BHKOPUCTaHI Uil PO3POOKH CHCTEM
VOpaBIiHHA  XMapHUMH  TexHojiorisma.  OnHak,
MIIXOJUTH 10 BUOOPY MOBH MOTPIOHO 3 00EpEKHICTIO,
OCKUIbKM HE KOXKHa MOBa MoOXe OyTH e()EeKTHBHOIO B
ycix  Bumaakax.  HaWnomymspHilIMMH ~ MOBaMu
IpOrpaMyBaHHs, 1[0 BUKOPUCTOBYIOTHCS IJIsl PO3POOKH
CHCTEM YIIPaBIiHHS XMapHUMH TEXHOJIOTisIMH, € Java,
Python Ta JavaScript. Boun MaioTh BenMKy CHUJIBHOTY
PO3pOOHUKIB, IO JO3BOJSE JIETKO 3HAWTH PIilICHHS Ha
(hopymax Ta pecypcax.

# python” (N 2.05%
L R
N : 2%
Ct CE
@ I
C G
R G o
objective-c (D 3.15%
B switt @D 2.56%
T @ >.04% e
TypeScrip: (@D 1.57% A
4a [ REE

Pucynox 1 — I'paghix mendenyii 6ubopy mMosu npoepamyeans
0714 peanizayii XMapHux cucmenm.
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Java wmae goBry icTopito BUKOpUCTaHHA B
EHTEepIIPai3-po3podIli Ta € OCHOBHOIO MOBOIO JUIA
CTBOpEHHSI 0araThOX BEJMKHX 3aCTOCYHKiB. BoHa Mae
BEJIMKY KUIBKICTh ()PEHMBOPKIB, IO JTO3BOJISIE MIBUIKO

CTBOPIOBATH HAilHI Ta €()EKTHBHI CHCTEMHU.

= Broad
Network Access

On-Demand
Capabilities

. Measured
Service

Rapid
Elasticity

Resource
Pooling |

03

Pucynok 2 — Ocobausocmi euxopucmanns Java 6 xmapi.

Python mae mpocrtuii cuHTaKcuc, IO JO3BOJISIE
MIBUJIKO CTBOPIOBATH MPOTOTUIN Ta €KCIIEPUMEHTYBATH
31 cTpykTyporo gaHux. lle 3a0e3nedye BHCOKY
NPOAYKTHBHICTb PO3POOKM Ta MOMIIMBICTH HIBHIKO
BiITyKyBAaTHCh Ha 3MiHIOBaHI BIMOTH.

> ()» aWs

Boto 3

python

Pucynok 3 — Ilpocma diacpama onucy 63aemo0ii python y
aws.

JavaScript 3a3BMuaii  BUKOPHUCTOBYETbCS  JUISI
pO3pOOKHM BEO-ZIONATKIB Ta Mae€ BEIUKY CHUIBHOTY
pPO3pOOHUKIB, IO MO3BONSE MIBHAKO 3HAXOAWTH
pilieHHss Ha (opymMax Ta BUKOPHCTOBYBaTd Oararo
rotoBux Oibmiorek. Kpim Toro, JavaScript € MmoBoro, sika
HaMOLIBIIE M IXOAUTD I B3a€MOIIi 3 KOPUCTYBaYeM Ta
3a0e3IeyeH s JUHAMIYHOI B3aeMoOil MK KIIIEHTOM Ta
cepBepoM.

-
pode
Amazon 83 Amazon EC2
A ¢ y .
AWS idamtity & Accesa  Amazon SQS Other services
A5 Marasgament (M)
AWS SDK
for JavaScript QQ @
Browser scripis Amazon Amazon
- CloudWatch DynamoDB

JavaScript environments Amazon Web Services

Pucynok 4 — Cxema suxopucmanus 0ibniomex js 6 aws
MOOVIISAX.

OnHak, mpu BHOOpI MOBM TIPOTpaMyBaHHS IS

CHUCTEM  VIOpaBIiHHA  XMapHAMH  TEXHOJOTiSIMHU,
HEOOXiJJTHO BpaxOBYBaTH HE TUIbKM IepeBard, aie i
HENONIKA Ta  OCOONMBOCTI  HAampsAMKy  pOOOTH

po3pobistemoro nponykry . Hampuximan, Java ta Python
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€ MOBaMHU, SIKi BUMAararTh BEJIMKOI KIJILKOCTI HaM'sTi Ta
pecypciB, TOMy MOXYTb OyTH MeHII e()eKTHBHHUMHU B
oOMexxeHNX cepepoBumax. JavaScript Moxke MaTH
npoOsieMn 3 OE€3IeKo0, SIKIIO0 HEOOXiITHO 00polIsTH
KOH(iIeHIiiHI ]aHi Ha CTOPOHI KIIi€HTa.

[
Resource Pooling |- o @ Automatic System

On-Demand Economical

Self-Service
s S
Pay As You Go

Large Network
o

Access
PucyHOK 5 — Ocobnusocmi ma nepeesazu cucmem ynpaeﬂinnﬂ

Availability
XMAPHUM NPOSPAMYEAHHSM.

Data
Flair

®

&

Featuresof
Cloud Computing

Kpim Toro, Ha BHOIp MOBH IpOrpaMyBaHHS
BIUIMBA€ TEXHIYHA EKCIIEPTH3a KOMaHIN PO3POOHHKIB,
JIOCTYIHICTh (peiiMBOpKIB Ta O0iONiOTEeK Uil MOBH,
BiJINIOBiTHICTH MOBHU TIOTpeOaM Ta IIJISIM IIPOCKTY.

Orxe, mpu BuUOOpI MOBHM TpOrpaMyBaHHS IS
CHUCTEM  VOpaBIiHHA  XMapHUMH  TEXHOIOTiSIMH
HEOoOXiZJTHO BPaxOBYBaTH IEpeBark Ta HEHOJIKH Pi3HUX
MOB IIPOTpaMyBaHHS, TEXHIUYHY EKCIIEpPTHU3Y KOMaHIH
pO3pOOHUKIB Ta BIAMOBIMHICTE MOBH MOTpedam
npoekty. KpiM TOro, MOXIHMBO BapTo pPO3MISAHYTH
KOMOIHALil0 MOB IpOrpaMyBaHHs ISl JIOCSITHEHHS
KpalluX pe3yJabTaTiB.

BucnoBok

OTXe, TMpoaHANI3yBaBIIM PHHOK, 1 KOPOTKO
OINHUCABIIM TPU OCHOBHUX HANpPSIMKHA BUOOPY MOBH i
MPOrpaMHOro cepepoBHila craHoM Ha 2023 pik, MOXKHa
3poOMTH BHUCHOBOK, IO TyT TaHye MpOCTOTa i
CKIAmHICTP B  ONHIM  CyTHOCTi, amKe, Taki
XapaKTepUCTUKK SIK: 0araro3alayHicTh, CKIAIHICTB,
HasIBHICTb 1 TOCTYITHICTh (PpeiMBOPKIB, KOPHUCTYBaIlbKa
0a3a, mepeBarm i HENONIKH, OCOOHMCTI BHOHZOOAHHS,
OHOBJIIOBAHICTB, Oe3nexa JIaHKX, 00J1aCTh
BUKOPUCTaHHS, MPHUHIMI POOOTH 1 Oararo iHIIMX, HE
MEHIII BYKIMBUX AacCIIEKTiB MOTPIOHO aHami3yBaTH st
KO)KHOTO 3 Hac, Iepex BHOOPOM 1 BHMBYGHHAM JAaHOL
obmacti 3HaHb. ToOTO ocTaTtouHMii BUOIp NOBHHEH
0azyBaTiCch 3  ypaxyBaHHAM  BCIX  ONHCaHHX
XapaKTePUCTHUK BHUIIE.

Cnucok Jiteparypu

1. "XmapHi OOYMCIICHHSA: TPUHLIUIHN Ta MapagurMu"
aBropiB Rajkumar Buyya, Christian Vecchiola ta S. Thamarai
Selvi.

2. "XwmapHi 0OYHMCIIEHHS: NPAKTHYHUH MiaXia" aBTOpiB
Enrowni T. Benre, To6i [x. Bente Ta PoGepra Ensennerepa.

«Cloud Native: BUKOPHCTaHHS KOHTEIHEpIiB, QyHKIH i
JAaHUX JUI1 CTBOPEHHS IIPOrpaM HACTYIHOTO IOKOJiHHS»
asropiB bopuc lomn, Tpent CBoncon Ta Ilitep Sycosek.
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YAK 005.8:005.22

Iromopa CeiTiana BosionumupiBHa

I.T.H., pocdecop, 3aBimysad kadenpu 1T, orcid.org/0000-0002-4270-7405
Kuiscoruti nayionanvruil ynisepcumem 6yoisnuymea i apximexmypu, Kuig

Ceparox Maprapura
cryaenTka 1-ro kypey kadenpu [T

Kuiscoruii nayionanvruil ynisepcumem 6yoignuymea i apximexmypu, Kuieg

Ko3auenko Ouiekcanapa
cryaenTka 1-ro kypey kadenpu IT

Kuiscokuti nayionanvruil ynisepcumem 6yoignuymea i apximexmypu, Kuig

I'on Braaucias Bosionumuposuy

K.T.H., JOUEHT, noueHt kadenpu 1T, orcid.org/0000-0003-4384-4011
Kuiscoruti nayionanvruil yHisepcumem 6yoisnuymea i apximexmypu, Kuig

TH®OPMAIIIAHI TEXHOJIOI'TI PO3BUTKY B OCBITI

Anomayis: ingopmayiini mexHonoii 3a3HANU 3HAYHO20 PO3GUMK)Y 6 OCHIAHHI OecaAmunimms, [ 60HU
Maome nomeHyian 018 3MIHU MPAOUYiiHUX nioxooie 00 oceimu. JlocniodceHHs NOKA3YIOmMb, WO

BUKOPUCMAHHA KOMI'TOMEPHUX NPOSPam, OHLAUH-KYPCI8, 8I0e0yPOKi6 ma iHwuX (hopmamie enekmpoHHOT
0C8imu Modice NOKPAWUmMuy sKKiCmb HA8YauHs. ma 3pobumu 1o2o oitbw oocmynuum. OOHAK, HeobXiOHO
8PAX08YEAMU, WO 6NPOBAOICEHHS THPOPMAYILIHUX MEXHONO02IH MAKONHC NOmpedye 000amKOSUx GUMpam i
Pecypeis, a makodc Modce CMEOPIGAmU HOBL GUKIUKU O euumenie ma yunie. Takum uyuHom,

iHGhopmayitini mexHonoz2ii Maroms GeIUKULL NOMEHYIAL Yy PO3BUMKY OCGIMuU, ane iX 6npo8a0NCeHHs.
nompeoye pemenbHo20 NAAHYS8AHHS MA AHATLI3Y.

Knrwuosi cnosa: inghopmauiiini mexnonoczii; neoazoziuni mexnonocii; ingpopmamusayia oceimu;
oucmanyiiina oceima; WMy4HuUll iHmeneKm; gioKpuma oceima

Beryn
CroromHi Haml CBIT TeEpeXHBaE OypXJIMBHUIA
PO3BHTOK  TEXHOJIOTIH, IO PpOOUTH  MOXKIMBUM

peaiizamito pi3HOMaHITHHX 3aIyMiB Ta iged B Pi3HUX
rajnyssx JisuibHOCTi. HesamepeuHum ¢akrtom € Te, IO
IT-TexHOMNOTIi 3aiMAaOTh MPOBIMHI TO3UIIT Y LHOMY
po3BuTKy. Bukopucranus mepenoBux IT-TexHomorii
Jla€  MOXJIMBICTH Ha  Oinblnl  edexkTHBHY  Ta
KOHKYPEHTHOCIIPOMOXKHY TIPaIi0 B pi3HUX cdepax, Bif
Oi3HECy M0 TIPOMHUCIOBOCTI Ta Haykd. B 1mpomy
KOHTEKCTi, BEJIMKa yBara MPHIUIIETHCS pO3poOLi Ta
BIIPOBAJPKEHHIO HOBITHIX pimens B [T-cdepi. YV Ham
yac, [T-TexHONoOrii IO3BOJSAIOTH CTBOPIOBaTH HOBI
MOKJIMBOCTI Ta 3MIHIOBaTH CBIT HABKOJIO Hac.

Meta

Merta pmocmimpkeHHs TOJNATaE y O3HAHOMIICHHI Ta
npe3eHTalii Aeskux mepenoBux [T-texHomorii, 1m0
MOKa3y€ MOXIIUBICTh X BIUIMBY Ha PO3BUTOK Pi3HHX
ray3eil TisUTbHOCTI y HAIIOMY JKHTT.

OcHOBHA YacTHHA

Buxopucranas HOBITHIX IT-rexHoMOT1i
oromMarae 1 IBULLIATH e(peKTUBHICTh oCBiTH,
ONTHUMI3yBaTH  TPOIECH Ta  3a0E3MEYUTH  HOBI

MOYJIMBOCTI B Hayli. BupimeHnas mpobiem, OB’ s;3aHIX
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3 BHUKOPDHCTaHHSIM TmiepenoBux IT-rexHomorii Ta ix
BIUIMB Ha CYYacHE CYyCIiJIbCTBO, JO3BOIUTH ayAUTOPIil
Oytn mo0Ope iHQOPMOBAHOI TMPO TEPCIEKTHBU Ta
PHU3UKH BUKOPHUCTaHHS IuX TexHojorii. Ilepemosi IT-
TEXHOJIOTI] MarOTh TepeBary, a iX BUKOPUCTAHHI MOXE
CTaTH KIKYOBUM (PaKTOPOM PO3BUTKY Y MaiiOyTHHOMY.

IT-TexHoMOTIT — KIIOYOBUII YMHHUK €(QEKTUBHOT
pobotn cydacHoro OizHecy. BukopucraHHs XMapHHX
TEXHOJIOTiH 103BOJsIE 30UTBIITH OOCSATH 30epiraHHs i
0o0poOkn jmaHmx Ta 3HWKye Burparh Ha IT-
iH(pacTpyKTypy.

ITyyanit iHTEJIEKT Ta MAaIIWHHE HABYAHHI
3a0e3MeuyroTh OUTbIl TOYHI 1 MBHIAKI [pPOLIECH
NPUHHATTA pillleHb Ta aBToMaru3alii Oi3Hec-NpoLeciB.
Blockchain  TexHomorii  O3BOJISIIOTE  CTBOPIOBATH
JIeLIEHTpaJTi30BaHi Ta Oe3neyHi CUCTEMU OOMIHY TaHUMU
Ta QiHaHCaMHU.

[HTepHeT peueii 1o3BoIsiE 30MpaTH Ta aHAIi3yBaTH
BeIMKI OOCSATH [aHWX, W0 [O3BOJSIE E(QEKTUBHO
BUKOPHCTOBYBATH pecypcu Ta 3abe3neuye
ABTOMATH3AIlil0 POLECIB y PI3HUX Tay3sX.

BuxopucranHs  BipTyadbHOi Ta  IOTIOBHEHOI
peabHOCTI J03BOJISIE MOKPAIIUTH JIOCBIJ] KOPHUCTYBAYiB
Ta pO3BHMBaTH HOBI (hOPMHU KOMYHIKallii Ta po3Bar.

Bukopucranus iHpOpMamiiHMX TEXHONOTIH B
OCBITI [omoMarae 3poOWTH MPOIEC HaBYAaHHS OLTBIT
JIOCTYITHUM Ta ehekTuBHUM. Po3po0ka crierianizoBaHIX
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mporpaM Ta IUIATGOPM  JUIS  OCBITH  JIO3BOJISIE
CTBOPIOBATH IHAWMBIMyadbHI HABYANBHI IUTAHH IS
KOXXHOTO  y4YHS. BHKOpHUCTaHHS  BIZCOYpOKiB Ta

IHTCPAKTUBHHUX MaTepiaiiB 3a0e3rledye 3pydyHHid Ta
e(eKTUBHUHA JgocTyn a0 iHpopMamii aus ydHIB 3
PI3HUMH PIBHSMH IiATOTOBKH. PO3BUTOK OHJIAWH-KYpCiB
Ta  BIOKpUTHX  IUIAaTGOPM  HABYAHHS  JIO3BOJISIE
OTPUMYBATH 3HaHHS HE3AJIC)KHO BiJl MiCIIsS TPOKUBAHHS
Ta po3KiIaay. IHTepaKTUBHICTD Ta MOMKIIHUBICTD B3aEMOJIIT
3 BHUKJIAIa4aMM Ta IHIIUMHU YYHSAMH 3a0e3NedyeThes 3a
JIOTIOMOTOI0  CIleliaii3oBaHuX  IiathopM s
JUCTAHIIHHOTO HABYaHHSI.

Po3BuToK iH(pOpMAIIfHUX TEXHONOTIH y OCBITI
CIpHs€ PO3BUTKY KPEAaTUBHOCTI Ta KPUTHYHOIO
MHCJICHHS Y4YHIB. A BHKOpPHCTaHHS iH(opMaiiitHuX
TEXHONOTii y HaBYANBHOMY TIpOLIECi  IIiABHIIYE
MOTHBAI[II0 JI0 HAaBYaHHS Ta PO3BUTKY Y4HIB. Takox
PO3BUTOK iH(MOPMAIIHHUX TEXHOJOTIH y HAaBYAIHHOMY
HpOLECi CIPHUSE PO3BUTKY KOMYHIKATHBHHX HABHYOK Ta
IIBUIICHHIO PIBHSI MOBJICHHEBOT KYJIBTYPH YUHIB.

Bukopucranus iHpOpMamiiHMX TEXHOJOTIH Yy
HaBYaJHHOMY  TpOLIECi  JlolloMara€  3MEHIINTH
HABaHTAXCHHS Ha BYUTEINA Ta IiIBUIIATH €(PEKTUBHICTh
Woro pobotu. IHdopmariiiHi TEXHOJOTIi ITO3BOJSIOTH
MPOBOIUTH MOHITOPUHI Ta aHalli3 YCIILIHOCTI Y4HiB,
0 CHpHsi€ PO3BUTKY iHAMBIMTyadbHHUX IiIXOIB B OCBITI
Ta BUSABICHHIO NpoOJieM, IO MOXYTh BHHHKATH Yy
npoueci  HaByaHHA. [lpm X  BHKOpHCTaHHI Y
HaBYaJHHOMY  TIpomeci  3pocta€  e(eKTHBHICTB
CaMOCTIHHOI POOOTH YYHIB Ta PO3BUTKY iX HABHYOK
caMoopraHizariii.

Iadopmaniiini TEXHOJIOTI1 JIO3BOJISIFOTH
CTBOPIOBaTH IHTEPAKTWBHI TECTOBI 3aBOaHHA Ta
OLIIHIOBATH 3HAHHS YYHIB Y PEXKHUMI OHJIAIH, 1110 CIIpUsIE
OiTbII 00'€KTHBHOMY OLIIHIOBaHHIO 3HAHb.

Bukopucranus iHQOpMamiiHUX TEXHOJOTIH Yy
HaBYaJILHOMY TPOLEC JONOMAarae CTBOPUTH 3py4Hi Ta
e(eKTHBHI 3aco0u 30epiranHs Ta 00poOKH iHpopMallii.

Po3BuTok iH(OpPMAIIHHIX TEXHOJIOTIH y OCBITI
CIpuWs€ MiABHUINCHHIO KUTHKOCTI BIAKPUTHX JOaHHUX Ta
iHpOpMaliiHUX pecypciB, HIO JOCTYIHI Uil Y4HIB Ta
BHUKJIa1a4iB.

BuxopucrtanHs iHQOpMAIIIfHUX TEXHOJNOTIH Yy
HAaBYAJIBHOMY MpoLeci JoroMarae 3MEHIIUTH BUTPATH
Ha HaBYaHHS Ta 3a0e3nedye OUIbII NIMPOKUHA JOCTYI JI0
SIKICHOI INCTAHIIHHOI OCBITH.

Benmkoi momyssipHOCTI B OCTaHHI pPOKH HaOyna
BIIKpUTAa JAWCTaHIiiHA OCBiTa. 3a  JIONOMOTOI0
iHpopMamiiHUX  TEXHOJOridH  BoHa  3abe3medye
pIBHOIIPaBHY MOXUIMBICT 3MOOYTTS OCBITH BCIM
Kareropiii rpomajsiH 0e3 BHHATKY. Ll MOXIHUBICTH €
IIHHOK UIA OCi0, sKi (hi3UYHO HE MOXKYTh JICTATHCS

Miciii HapyaHHA. Jlo 1€l kareropii Haiexars,
HalpuKiag,  ocodu, sIKi  MalTh  OOMEXKEHHs
MEpeCcyBaHHs 3a CTaHOM 370POB's; o0codu, sKi

npafgrorTb 3a BAXTOBUM MCTOIOM. FHyLIKI YMOBHU
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(hopMyBaHHsI BJIACHOI OCBITHBOI HMPOTpaMH 3aJTy4arOTh
JIEPKABHHUX CITY>KOOBIIIB, IHKCHEPIB, ITEArOTiB, a TAKOX
mionedt, sKi OakaloTh TINBUIIMTH KBadidikamiro 3a
TUIAaHOM, HaWOUIbII NMpUAHATHUM a1t HUX. CBoOoxa y
BUOOpI dYacy, MicUs Ta TEMIB HaBYAHHS 3a]Iy4aroTh
O6e3miy  ocid, OCBITHI TOTpeOW SKUX MOTPIOHO
3aJIOBUIBHUTU BHACIIIOK HEMOXKIJIMBOCTI TEpepUBAHHS
iX OCHOBHOI MisIBHOCTI. 3MeOLIBIIOrO Iie podoTa YU
JIOTVISA]] 32 AUTHHOIO YW XBOPOIO JIFOIMHOIO.

Inest GesnepepBHOi OCBITH mependadac PO3BUTOK
Ta BIOCKOHAJCHHS KOXKHOI JIIOAMHH HPOTITOM YCHOTO
KUTTA. Binkpura OCBiTa peaizye i7er0
BHIIEPEIKYBaJIbHOI OCBITH, IO € BHUMOTOI0 dYacy. 3a
TBEpKCHHIM (DaxiBIiB, TEXHOJIOTI4HI 3HAHHS CTAPIlOTh
KOXHI 2 — 3 poKW, 1 SIK HACHIOK — HEOOXiTHICTH
MiABWINEHHA  KBamiikamii, TOOTO  HEOOXimHICTPH
BIZIKPUTOTO OCBITHBOTO IIPOCTODY.

Bigkpura ocBiTa nepenbadae BiIbHWIT BHOIp
abiTypi€eHTOM OCBITHBOTO 3aKJagy 1 OE3KOHKYPCHHM
BCTYI JO HBOIO. 3axifiHi By3d, WIO peai3yloTh
nporpaMmy BiIKPUTOI OCBITH, BUXOISITh HA YKPATHCHKUIA
PHHOK  OCBITHIX TOCIYr 1 CTalOTh NPSIMHMH
KOHKYPEHTaMH BIiTUYM3HAHOI oOcBitTH. ChOrogHimHii
aliTypieHT, HE BHUXOISYM 3 JIOMY, MOXKE BCTYIIHTH Ta
VCIIIIHO HABYATHCS, HAMPUKIAA, Yy MPOBIAHOMY
amepukaHcbkomy  KamiopHiiickkoMy — BipTyanbHOMY
YHIBEPCUTETI, OTPUMYIOUMM B PE3YyNbTaTi IUILIOM, IO
KOTHUPYETHCSI HA CBITOBOMY PUHKY.

BucHoBku

[epenoBi IT-TexHonorii CyTTEBO MOJETHIYIOTH
pi3Hi cdepu mismIBHOCTI Jrofel, 0coOIMBO B OCBITI,
JIOIIOMAararTh 3a0e3IeYnTn OLIIbIII e(eKTuBHE
BUKOPUCTAaHHS PECypciB, 3MEHIIMTH BHUTpaTd Ta
MiIBUIINTH KOHKYPEHTOCTIPOMOXKHICTh Pi3HHUX Traiy3eu.
IT-TexHOMNOTii TaKoX BIUIMBAIOTH HA CYCIIJIBCTBO B
LJIOMY, 1110 MA€ThCS Ha yBa3i pO3yMiHHS iX BIUIMBY Ha
Hally KyJIBTYpy Ta ITOBEIIHKY.

OpnHak, HeOOXiTHO TaM'aTaTH, IO MepeXil Ha HOBi
TEXHOJIOTIT He JIErKUi, TOMY TIOBUHEH OyTH 3/1iCHEHU
yBakHO Ta edekrtuBHO. J[Isi 1bOro HEOOXigHO OyTH
OCBIJIOMJICHUIMH TIPO MOXJIMBI PH3MKH Ta BHKIIHKH,
MoB'si3aHi 3 BUKOpHCTaHHAM [T-TexHojorii, 00
3HANTH BIANOBIZl HA HUX MPH X BIPOBA/KEHI.

Y minomy mnepenoBi IT-TexHOMOTIT CTaHOBIATH
BEJIMKHWIA TTOTEHINiaNl U1 PO3BHUTKY PI3HHX Taly3ed Ta
HOKPAILEHHS SKOCTI KUTTS JIIOHCH.
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AJJAIITUBHA ®LUIBTPALIA. ®LJIBTP KAJIMAHA

Anomayia: npedcmasneno ananiz adanmusHoi ginempayii cuenanie 3a oonomozor Qinempa Kanmana.
Posiopano ocnosui mepminu adanmusnoi girempayii, npeocmaeneno cxemu pobomu aoanmueHO2o
Ginompa ma ginompa Karmana, posiopano emanu ¢inempayii

Knruoei cnosa: adanmuena inompauis; ginomp Kanmana; xosapiayis

Beryn

AnantuBHa (QiTBTpamis — € HANPsIMKOM Cy4acHOI
0o0poOKM  CHTrHANIB, SKHH  BHUKOPHCTOBYETHCS B
iHpOpMaLiHHUX TEXHOJIOTIAX, PaJiOTEeXHIll, 3B S3KY.
OmHnM 13 BigoMHX anropuTMmiB (GigeTpamii € (QimsTp
Kanmana. ApantuBHui (QUIBTp JI€XKHTh B OCHOBI
NPUCTPOiB  ajmanTuBHO  (inbrpamii, HWoro Barosi
KoeimieHTH 00paxoBYIOTHCS i Yac Horo pobotu abo
HaJNAITyBaHHSA. BUKOHY€ThCS amanTuBHA (DIIBTPALis SK
UQpPOBUM TakK i aHAJIOrOBUM criocodbamu. B choropeHHi
B TPHUCTPOSIX, SIKI € aJANTHBHUMH BHKOPHCTOBYHOTbH
3a3Buuail mudposi agantuHi GinsTpu. Jami mpuctpoi
ABJIAIOTHCS. HEB1J' €MHUMH €JIEMEHTaMH CHUCTEM 3B SI3KY,
rinpo, paxmio ta mianoBepxHeBoi Jokauii. [Ipu upomy
iXHI BHCOKI TEXHIUHI XapaKTEepHCTHKH HOCSTaOTHCS
4yepe3 BUKOPHUCTAHHS aJalTHBHOI OOPOOKH CHUTHAIIIB Ta
Oynmn O HENOCSHKHMMH 0Oe3 ajanTHBHOI  0OpOOKH
CHUTHAJIB.

Qimerp Kanmana, Bimomuii TakoX SK JiHIHHO-
KkBazpariuHe oniHioBaHHs (linear quadratic estimation,
LQE), e alroOpuT™M, 10 BHUKOPUCTOBYE
MOCITIIOBHOCTI BUMIPIOBAaHb MPOTATOM Hacy, SKi MiCTATh
myM (BHUIAQJIKOBI BiJXWIJICHHS) Ta IHIII HETOYHOCTI, i
BUJA€ OIL[HKM 3MIHHHX, SKIi € HEBIJOMHMH, IO
SIBJISIETHCS MOTEHIIMHO TOYHIIINM aHIXK bl, SKI 0a30BaHi
JUIIE Ha CaMHUX BUMIpIOBaHHAX. DopManbHilie, QirsTp
Kanmana npaitoe peKypcuBHO Ha OTOKax 3amlyMIICHUX
BXiJIJHUX JaHHX, 1 BUIA€ CTATHCTUYHO ONTHMAIbHY
OIHKY 0a30Boro crany cucremMu. DimsTp Ha3BaHO Ha
yecTb Pynmompda Kanmana, ogHOro 3 TOJOBHHX
PO3POOHUKIB HOTO TEOPIi.

Meta

[IpoBectu anani3 aganTUBHOI (GUIBTpaLii CUTHAIIB
Ta BUKopuctaHasa (insrpa Kanmana st qasoi 3amadi.
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OcHOBHA YacTHHA

VY ¢inprpi Kanvana BUKOPUCTOBY€ETHCS TUHAMIYHI
MOJZIeNi CUCTEeMH (SIK MPUKIa MOXXKHA HaBeCTH (i3uuHi
3aKOHH PYXY), TAKOX BiZIOMi BIUTUBH KEPYBaHHS Ha JaHY
CHCTEMY, Ta HEOTHOPA30Bi ITOCIIIOBHI BHMipIOBAHHS
(Bim naBauiB) 1uisi MPaBHIIBHOTO C(OPMYBAHHS OLIHKH
BEJIMYMH CHCTEMH, IO 3MIHIOWOTECS (MIeThcs mpo
CTaH), 1 IIc BCE SBIAETBCA KpaluM 3a OI[IHOYHE
TBEP/DKCHHS, sIKe Oyll0 OTpUMaHe IO pe3yJabraram
BuMipioBanb. OTxe, (QUIbTp siBisie co0O0I0 3arajbHUil
ANTOPHUTM 3JTUTTS TABaviB 1 JaHUX.

CHHTEe30M JNaHHHUX [NAaTYMKIB HA3MBAETHCS IMPOIIEC
ix oOemHaHHS abo X mpolec O0€qHAHHS THX JaHHUX,
aki  Oyau OTpuMaHi 3  PI3HOMa@HITHUX  JDKEpes
iHpopmanii, To6TOo iH(OpPMALis, SIKYy OTpUMaM MEHII
HEBU3Ha4YeHA. Ane IKOM BUKOPHCTOBYBAJHCA Kepela
OKpeMo, To mpobiiema icHyBana 0.To0To, Ko 310patu
JaHl 3 BiJicOKaMep Ta 3 CHTHAJIB JIOKamizarii wifl, ki
SIBIISTIOTH cO00T0 JKepena iHdopMmarii, 11 IpuKiIaLy, To
cTasio 0 MOXKJIMBUM OTPHUMaHHS OUIbII TOYHOI OLIHKH
Miclid, Jie 3HaXOAUThCS 00 €KT.

TToHATTS 3MUTTS OaHUX SBISIE COOOX0 OO€IHAHHS
3HaHb, 10 JAI0Th OMHUC OJHOMY 1 TOMY CaMOMy OOEKTY
PEAILHOTO CBITY Y 1X KOPHCHOMY 1 IMOCITIJJOBHO TOYHOMY
Bursini. JlaHi mpoIriec 3IUTTS MOMUISIOTH HA HU3BKI,
MPOMIDKHI 9M BUCOKI. 3aJIeXKUTh TaHEe PO3MOMIICHHS Bif
ctaaii 00poOKH, Ii/T Yac SKOT IPOXOTUTH 3ITUTTS.

3a momomorow ¢insrpa KanMana ycepeaHioeTbes
nependadeHHss  CHCTEMHOrO  CTaHy 3  HOBUMH
BUMIPIOBAHHSIMHU Yepe3 CepPeIHE 3BAIKCHE.

CepenHe 3BaKCHE 3HAYCHHS JUISL JTIHCHUX YHCEN
xl,..., xn 3 BaroBuMH KoedimieHTaMun Wwl,...wn
BU3HAYAETHCS SIK

wiTy + waky + 0+ Wely
wy +wg 4+ Wy

=

Barogi xoedimieHTH 00YUCITIOIOTHCS 3 KOBapiartii,
Kogapiamieto HA3UBAIOTh Mipy CIUTBHOT
MIHJIMBOCTI IBOX 3MIHHHX, IIIO € BUIIaJKOBUMH.
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BusHaueHicTh
BUMIPSITU  TOYHO,
moBeIiHKa  (imsTpa
Koe(illieHTy.

[epenaBanbuuii  koeillieHTOM  HA3UBAETHCS
BiTHOIIICHHS 3HAYCHHS CHUTHAIY HA BHXOOI OKpeMoi
CHCTEMH JIO BiJIMOBiTHOTO CHTHATY Ha BXOIL.

®insrp Kanmana BiiOyBaeThCs B /iBa €Taru:

1. Tlepmum € eram mporHO3yBaHHS, TOOTO (QIIBETP
Jae nepenbavyeHHs HA HACTYIHHUN CTaH, B SKOMy Oyne
3HAXOIMTHCSl CHCTEMa, a TaKOXX BPAXOBYE OMEpEIHi

BUMIpDIOBaHb  4YacTO  CKJIaJHO
TOMY 3a3BHU4Yail  pPO3IVIANAETHCA
B TepMiHaxX MepenaBaIbHOTO

BUMIpIOBaHHSI.
2. JlpyruMm eramom SBISIETbCS €Tall OHOBJICHHS,
mij  4ac sKoro (QUIBTPOM MPOBOIUTHCS — OILIHKA

MOTOYHOTO CTaHy CHUCTEMH, BPAaXOBYIOYM BHMipIOBaHHS
Ha TaHOMY BiZpi3Ky 4acy.

Tak sx 3a gomomoror (Qinerpa Kanmana
BiZIOyBa€ThCsS OHOBJICHHS MepeadadeHb 3IMHHUX CTaHY,
SKE OCHOBYETHCY Ha CIIOCTEPEKEHHI MUHYJIOTO KPOKY,
¢ineTp Kanmana mnotpeOye 30epexeHHs IOIepeaHoi
omiHoyHOI iH(opmarii. Hacniakom € Te, mo QinsTp He
BHMArae BEJIMKOI IMOTY>KHOCTI OOYNCIICHb

®ineTp He NOTpedye TOAATKOBOTO MIPOCTOPY 3a1Is
Toro, moO 30epiraTh Bci JaHi, 3a SKUMH BEJIOCH
croctepekeHHs. lle € edexkTHBHMM 3 TOYKH 30py
obumcmioBanHs, ToMy mo ¢insrp Kanmana He Mae
MoTpeON y BHKOPUCTAHHI TOMEPEAHIX BUMIPSHUX YU
OLIIHEHMX JaHMXHA KOKHOMY BIJIPi3Ky CaMoro mpoiecy
NPOTHO3YBAaHHS.

[Ba Buxomu ¢dinbrpa Kanmana:

e OIliHKa CTaHy CUCTEMH
HeBusHaueHiCTh OLIIHKT

QinsTp Kanmana Mae
00UHMCITIOBAJIBHOIO CTIHKICTIO.

Kogapiamis mrymy mporecy (mo3Hadaerbes sik Q)
MOXe OyTH Majol, B TaKOMy BHUIIaJKy MNOXHOKa
OKPYIVICHHS 3a3BHYail MPU3BOMUTH 10 OOYHCITIOBAHHS

npoOiemy 3

JONAaTHHUX, MaJMX, BJIACHUX 3HA4YEeHb BiI'€EMHHUMH.
3aBIAKM IIBOMY CTa€  HEBH3HAYCHUM  YHCIIOBE
NpEe/ACTaBICHHS  Marpuui  kopapiamii  crany  (

no3Hayaetbes sik P). Crpamxkusi ¢opma P siBisiersest
J0IaTHHOBHU3HAYCHOIO.

MarpunsaM, 10 MawTh  JONATHHOBU3HAYCHY
¢opMmy BiacTMBe Te, WO LI MaTpPHIli MalOTh KOPiHb
KBAJIpaTHUH  TPUKyTHOI  Marpumi(to6to P =S-ST
).O04uCITIOBaHHS MOYXKE TIPOBOIUTHCS €)EKTHBHO, SKIIO
BHUKOPHCTOBYBATH AITOPUTM po3Knany
Xoneupkoro.BaxxBum € Te, 1110 KoBapiallis HIKOJIM He
Oyzne MaTH BiZiEMHOI JioHau, Ko Oyne 30epirarucs B
TaKoMy BUTIISITE i HE Oyne
acuMeTpuuHOI0. EkBiBaieHTOM, SIKUM JIOIyCKa€e
VHUKHEHHs1 OaraTthOX orepariiii 3 JoOyBaHHS KOpPEHS
KBaJIpaTHOTO, SIKi OTPIOHI 3317151 KOPEHsT KBaApaTHOTO 3
Marpull, Npu LbOMYy Wae 30epiraHHs OakaHUX
YUCIIOBUX BJACTUBOCTEH, sBisgeThcs ¢(opma U-D-
posknany, (popmyna: P=U-D-UT). D - ue niaronansxa
Mmarpuil, a U — yHITPUKyTHa MaTpuus 3 JiaroHasulo,
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SKa € OIMHUYHOIO.
Mix YHITPHUKYTHOIO MAaTpHIICIO Ta JiarOHAILHOIO
(axTopuzamis Oyne BUKOPUCTOBYBATH TOM caMuil oOcsT
maMm siTi, a TakoX Oyae MaTh MEHIIWH BiJCOTOK
O0YMCIIeHb, Ta  SBISETBCS  KBAJAPAaTHOKOPEHEBYIO
(hopMOI0, SIKY BUKOPHCTOBYIOTh HAWYACTIIIIE.
IaryiTMBHE  mOsicHeHHS — QIUIBTPY
npezcTaBiaeHo y Bunisii cxemu (Puc. 1):

Kanmana

OUTPUTS INPUTS
INITIALIZE

Initial State
Initial State Uncertainty

System State Estimate
Estimate Uncertainty

KALMAN FILTER i

1
NPUTS 1

MEASURE UPDATE

Measured Parameter
Moasured Parameter
Uncertainty

| Uit Delay
| (n—ene1)

Pucynox 1 — Cxema pobomu pinempy Karmana

3aranpHe IPENCTaBICHHS ANTOPUTMY aJalTUBHOL
¢imprpamii (Puc. 2).

Desired signal
dk)
Input Signal / Output Signal <
X(K) FIR Adaptive YK N
Filter . -
Adapting
Algorithm Error Signal
e(k)

Pucynox 2 — npoyec adanmuenoi ¢pinempayii
BuchoBok

Qinmerp Kanmana — 1e mpocTuii anropurtm, sSKuit

Npaiioe B [UKIT  «Iepefn0aueHHs-TIPABUIbHE»  JUTS
BimcTexxeHHs o0’ektiB. lle BuMarae HeBEITUKOL
00YHCITIOBATIbHOI  TOTYKHOCTI, MO0  BIICTEXXyBaTH

00’exTH, Oepydr 3alTyMIICHI BXiTHI IaHI Ta OI[IHIOKOYH
TOYHIIII Ta MEHII 3amrymieHi BuxiaHi nani. Kpok
NPOTHO3YBaHHS Iepedayac HACTYMHUH CTaH CHCTEMH
Ha OCHOBI IIONEPEAHBOTO BHUMIPIOBaHHS, a KpOK
OHOBJICHHSI OIIIHIOE ITOTOYHHI CTaH CUCTEMH Ha OCHOBI
BUMIPIOBAaHHS Ha IbOMY KpOIIi 4acy.

Cnucoxk Jgiteparypu

1. Benokons C.A. [u ap.]. HUcnonp3oBanue ¢puibrpa
Kanmana B cucTeMe ympaBieHHs! TPACKTOPHBIM JBIDKEHHEM //
Astometpus. 2013. T. 49, Ne 6. C. 14-24.

2. Arasaratnam, I., Haykin, S. Cubature Kalman filters
// IEEE Trans. Automat. Control. 2009. V. 54, N 6. P. 1254—
1269.

3. https://arshren.medium.com/an-easy-explanation-of-
kalman-filter-ec2ccb759¢46

4. https://au.mathworks.com/help/dsp/ug/overview-of-
adaptive-filters-and-applications.html
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YAK 004.5 + 004.8

Aramanenko €Bren Pycianosuu

ctyneHt 3-ro kypey kadenpu IT, orcid.org/0000-0002-9115-2346
Kuiscoruti nayionanvrutl ynisepcumem 6yoisnuymea i apximexmypu, Kuig

ITomoBu4 HartaJjia JleonTtiiBHa

K.T.H., TOIeHT, noueHT kadenpu 1T, orcid.org/0000-0002-0485-8464
Kuiscoruii nayionanvruil ynisepcumem 6yoignuymea i apximexmypu, Kuig

Jannaummun Cepriid MukosaioBu4

acmipanT 3-ro kypey kadenpu 1T, orcid.org/0000-0001-7907-7104
Kuiscokuti nayionanvruil ynisepcumem 6yoignuymea i apximexmypu, Kuisg

AHAJII3 3ACTOCYBAHHS PEJAIIAHUX BA3 TAHUX

Anomayis: 6 yiti cmammi po32isiHymo 6UKOPUCIANHSL CY4ACHUX 6a3 OaHUX, a came persayiini 6asu Oanux,

0emanbHo po32NAHYMO nepesazu perayitinux 6a3 Oanux
basax oanux nompebye NOKpawjeHHs ma 3MiHU, d WO € IXHbOIO nepeeazolo nepeo

penayiiuHux

ma ix HeOONiKU, NPOAHANI308AHO, WO 6

36uYAtHUMU Oa3amMu OAHUX;, OYIHEHO CMAH GUKOPUCTMAHHS PelAYiiHUX 643 OaHUX 6 CY4ACHIU 0Ceimi;
0aHo Oemanviy OYIHKY HAIOCAM MA MIHYCAM SUKOPUCIMAHHS PETAYIUHUX O0a3 OAHUX CYHYACHOMY Npoyeci,
onpaybo8aro ddicepena iimepamypu 3 yiei memu, y3a2aibHeHHs ma CUCHEeMAMU3AYIsA NOHAMDb.

Knrwuoei cnosa: ILliniaa wacmuna, imenoeana MHOMcua nap, CMPYKMypHA YACIMUHA MOOeTi

Beryn

Pensuiiina 6a3a gaHux - 1€ TUII 0a3d JaHHX, sKa
OyIyeTbCcs HAa OCHOBI pesiidHoi moxeni. ToOTo, Mae
TaOMUYHUN criocid BucTaBu gaHuX. [Ipu 3ammci maHWx
MOYKHA HANIAIITYBaTH B3a€MO3B'SI3KM MK OKPEMUMH
Tabmuisivu.  Hampuknag, 1e  HEOOXigHO s
3a0e3reueH sl MUIICHOCTI (aiimiB, i OiIbII 3py4HOL
B3aeMoii 3 6a30r0.

MeTta

Meta HammcaHHS JaHOi POOOTH B TOMY, OO
HEepPEeKOHATHCS. B IIepeBarax Ta IOCIIIUTH CTPYKTYpY,
MaJlinyJsIMiiHy YacTHHY Ta IUTICHY YacTHHY Ta 3HAHWTH
TepeBary Ta HEJOIIKH.

OcHOBHA YacTHHA

CTpykTypHa dYacTHHa MOJENI BH3HAYAE, IO
€IMHOI0 CTPYKTypOl0 JaHUX € HOpMalli30BaHe
BIIHOIICHHA 3 N MacuBiB. BimHOmEHHS 3pydYHO
MPEICTABIATH y BUNIAAI TaONHI, € KOKEH PSAIOK €
KOpPTeXeM, a KOXEH CTOBIEIb aTpuOyTOM,
BU3HAYCHHM y  MEBHOMY  jiama3oHi.  Takwuii
HehOpMaIbHUN HiAXiA MO pesmiMHNX KOHLENIIH nae
pO3pOOHIKAM 1 KOpUCTyBadaM O1NBII 3BHYHE ySIBICHHS
npo Te, WO pensmiiHa 0a3za JaHUX CKIAJAETHCS 3
KiHIIeBOTO HAaOOpy TaONHIIb.

OmnepamiifHa dYacTWHA MOZAENI BH3HAYA€ JIBa
OCHOBHI MEXaHI3MH MaHIMYJIIOBaHHS JIaHUMH
pensiiiiHy anreOpy Ta pensiiiiae yucieHHs. OCHOBHA
(hyHKOis omepaniiHOI YacTMHHM pesLiiiHoT Moxeni
MOJISITAE B TOMY, 1100 3a0e3neYuTH Mipy pessiiiHOCTi
KOHKPETHOT MOBH UTs pesisiiiHol 0a3u maHux: Skio
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MOBa Ma€ 3aco00M BUPAXKEHHS 1 NPOJYKTUBHICTb, 110 HE
MOCTYMAIOThCSL  3acobam  pernsiliiiHoi  anredpu  abo
peNSLIHHOTO  YHCJIEHHS, TO BOHAa HAa3HMBAETHCA
PEISLIHHOI0 MOBOIO.

YactrHa MOJETi, IO CTOCYETHCS LLTICHOCTI,
BH3HAYa€ BUMOTH JI0 IUTICHOCTI, CYTHOCTEH Ta 3B'S3KiB.
KokeH KOpTeX KOXKHOTO  BIZHOIICHHS IIOBHHEH
BIJIPI3HATHUCS OJMH BiJl OHOTO IHIIIOTO KOPTEKY IHOTO
BiTHOIIICHHS, IHIIMMHU CJIOBaMH, KOXXHE BiIHOIICHHS
MOBUHHO MaTH TEPBUHHHMN KIo4. Bumora wmimicHOCTI
BIJIHOLLICHHS, TIIOJSITa€ B TOMY, MIO YCI 3Ha4eHHs
30BHINIHBOTO KJIIOYA, SKE 3'SBISETHCS Y IOB'SI3aHOMY
BiTHOIIICHHI, IOBUHHI ICHYBaTH 3HaUY€HHS 30BHIITHHOTO
KJII04a IIOBMHHO OyTH HEBH3HA4€HUM . ICHye aHaioris
MDK eJeMEeHTaMM peJsLidHOT Monelli JaHuX Ta
eJIeMEHTaMH PEIIiHOI MOJENi CYyTHOCTEH. 3B'SI30K
BiJIMOBiIa€ HAOOpY CYTHOCTEH, a KOPTEeX BiJIOBinae
cytHOCTi. ToMy CTOBHIN TaONWIl, SKI MPEICTABISIOTH
persLiiiHi 3B'13KM, HA3WBAIOTHCS aTpUOyTaMH, TaK CaMo
SIK 1 B MOZET "CyTHICTB-3B'S30K".

OCKIJTbKH KOKEH aTpuOyT BU3HA4Y€HO B JIOMEHI, €
Ha0ipoM JIOIyCTUMHUX 3HAYCHb JJIs JAaHOTO aTpulyTa.

Kinmpka aTpuOyTiB omHOTO 3B'SM3KYy ab0 pi3HHX
3B'SI3KIB TAKOXK MOXKYTh BH3Hau€Hi B OJIHOMY JIOMEHI.

[Ipu noriyHOMy NpOEKTyBaHHI pensuiiiHoi 6azn
JaHHUX BH3HAYAETHCS i BUOyIOBYeTBCS cxema
BIIHOIIGHHS Yy paMKaX JedKOro  MPOTrpaMHOro
3a0e3MeUeHHs,TAKOK TI'PyNye aTrpuOyTH. Y 3arajJbHOMY
3MICTI TIPOEKTYBaHHsS peALiiiHOl 0a3M [MaHHUX €
MpaBWIBLHUN BHUOIp CXeM BIOHOIIECHHS 3 O€3Iidi pi3HUX
BapiaHTiB CXeM.

[MoOymoBa soriyroi Momemi 0a3W  JaHHUX,
BUKOHYETbCS 32 YMOBH BHKOHAHHS [IBOX BHMOTL:
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BUKITIOUUTH HAJMIPHICTh 1 MAKCHUMAJbHO ITi{BUIIUTH
HaJiiHICTh JaHuX. 1[I BUMOTH BUWILTMBAIOTH i3 BUMOTH
KOJICKTUBHOTO ~ BHKOPHCTaHHS  JaHUX  TPYIOIO
KOpHUCTYBayiB.

Bynp-sike ampiopHe 3HaHHS TIPO  OOMEKECHHS
NpOrpaMHOro  3a0es3NeyeHHs, M[I0 HAKJIaJalTh HE
B3Aa€EMO3B'3KM MDK JaHUMH # 3HAUCHHS JaHUX,
3HaHHA PO X BJACTHBOCTI 1 B3AEMUHH M)XK HIMH MOJXE
3irpaTH IMEBHY pOJb Y AOTPUMaHHI 3a3HAYECHHX BHILE
BuMmor. s dopmanizaiiss 1bOro anpiopHOro 3HaHHS
BJIACTHBOCTEH JIaHUX y MPOTrpaMHOMY 3abe3redueHHi 6a:
JAaHUX BiOOpakaeTbcsi B TOHATTI  (PyHKIIOHAIBHO]
3aJISKHOCTI JaHUX.

Koprex 3B’s13KiB MOXe 3allMCyBaTd 3B’SI3KH Midk
EK3eMIISIpaMH TIPOTPaMHOi CYTHOCTI. SIKIIO KOpTex:
30irafOThCS 3 CXEMHU 3B’S3Ky Ta BHOpaHi 3 HiHCHOTC
JIOMEHY, JKOJIeH 13 HUX He Oy/e MOTOYHUM 3HAUCHHSM
3B’s3Ky. Y PIIKICHHX BUIaKax Jitoau crapiie 120 pokik
abo OIMH IJIOT HE MOXYTH JIITaTH JBOMAa DPI3HUME
peiicamu onmHouacHO. Taki OOMEXKEHHS Ha CEMaHTHKY
JIOMEHY (haKTHMYHO HE BIUIMBAIOTH Ha BUOIp Tiel 4w
iHIIOI CXeMH BigHOWIEHHS. BoHM TpencTaBisIOTE
OOMEXEeHHSI THITY TaHUX.

Ockinbkd  (YHKIIOHAJbHI  3aJIEKHOCTI  MOMKHE
HaJaTH y GOpMi TaOJHIIl, a TAOIUIIS € IPEACTABICHHIM
3B’S3KY, 3B’SI3KH MiXK (DYHKIIOHAJTHPHUMH 3aJI€KHOCTIMHI
Ta 3B’A3KaMHU CTAIOTh OYEBHIHUMHU. BiTHOCHHHM MOXYTh
BU3HauaTH (DYHKIIOHAJBHI 3aIeKHOCTI. [le TBepmKkeHHS
€ TIEPIIIOI0 KOHCTPYKTHBHOIO 1I€€T0.

TLTrOCH penAmiiHol
MoJem

NpPOCTOTA 1 AOCTYIHICTD IS
PO3YMIHHA

CYBOpIi IIpaBHIA
MIPOEKTYBAHHA

M0BHA HE3aIEIIA OPraHi3amil

3AIHTIB

Pucynox 1 — Ilepesazu pensayitinoi mooeni

3aranoM persmiiHa MOAENh MOIUIAETHCI HA TPH
YaCTHHHU, SIKI BPaXOBYIOTh KJIaCH 00'€KTIB ,y3TOPKEHICTh
Ta ONEpaTopH. BHKOPHCTOBYIOThCA TaKi TEPMIiHH, SK

BIJTHOIICHHS, KOPTEX,PaJliKC,aTpUOyT,4acTOTa,JOMCHI
HNEPBUHHUM KITIOY.

_
MinycH
pemiitHol
MOJIE

JATeKO He 3aBKIN MpPeaIMeTHA 06IacTh Moke GyTH
IPEACTABIEHA Y BHILIL «Ta0IIHIIb)

B pe3ynbTaTi NOri4YHOro NPOeKTyBaHHA
3'ABNAETLHCA MHOMXMHAE «Tabamub»

B/ 3aiMae BigHOCHO Barato
30BHIiLLUHbOI Nam'aTi;

BIQHOCHO HU3bKa WBUAKICTb AOCTYNYy
00 JaHuX.

Pucynok 2 — Heooniku pensyitinoi mooeni

ba3u maHmMX BHKOPHCTOBYIOTHCS B iH(OpPMALIHHO-
MOIIYKOBUX CHUCTEMAax, TAKHUX 5K €JICKTPOHHI KaTajoru,
KapTOTEKH, KaTajJord. B aepornopTy 4u Ha BOK3ali BH
MOJKETEe OTpUMATH Ha muciuiei iHdopMmariro mpo BiTbHI
Miclsl, po3KiiaJ peiiciB 4K MOI3/iB y NOTPIOHOMY Bam
HarpssMKy. CpOToJHI 32 JOIOMOIOI0 KOMII IOoTepa
MOXXKHa PpOOWTH TOKYNIKM, HE BHXOISYH 3 JIOMY.
[Mepernsinatoun UTIOCTpaLiiHy bazy JIAaHUX
(enmeKTpOHHMH Karajor), BM MOXETe BHOparu TOBap,
omsir abo MozeNb aBTOMOOIISI Ta OpraHi3yBaTH
BIIMIOBiTHE 3aMOBIICHHS, OIDIATY Ta [IOCTAaBKY depe3
Inrepuer. [lani B 6a3l JaHUX MaiOTh OyTH HOBHHMH,
JI00pe OpraHi3oBaHMMH Ta MPOCTHMH Y BUKOPHCTAHHI.
Jauux Mmoxe Oyt Garato. Ix moTpi6HO perynspHO
OHOBIIOBAaTH. TOMy BOHHM 30€piratoThCs y 30BHIIIHIM
nam’sITi SIK aiiy 1aHuX i3 po3mmpeHHsM .mbd.

BucnoBok

BuxopucranHs  penAniiiHux 0a3 JaH uUX AK 1
MepeBaru Tak i HEJOMIKM B i poOOTI MU 3HAWIUIK Ta
NOCHIUIN iX ,0ToKE MH MOXKEMO I00auuTH OlIblie
TUTIOCIB YUM MiHYCIiB

Chnucoxk Jiteparypu

1. «An Introduction to Database Systems» C. J.
Date. ISBN 0-321-19784-4

2. XomoneHko, A. basu nanux [Teker]. - CII6, Kopona
npuHT, 2010. - 736 c. - ISBN 978-5-7931-0838-6. br/>

3. Porau I. ®., Cenmsrok M. A., AnronHiok B. A.
[Hdopmaniiini cucremu y (QpiHaHCOBO-KPEAUTHHUX yCTaHOBaX:
Hanu. noci6uMK. — 2-re BUj.

Kadenpa indbopmartiiiaux texgonoriii, KHYBA




X MikHapoaHa HAYKOBO-IIpaKTUYHA KOHDepeH s « YIIPaBIiHHS PO3BUTKOM TEXHOIOTIHA 2023

VIIK 004

Heunnopyxk IOais FOpiiBna

acmipanTka 3-ro xypcy kadenpu 1T, orcid.org/0000-0002-5892-4535
Kuiscoruti nayionanvruil ynisepcumem 6yoisnuymea i apximexmypu, Kuig

Tumenko JImutpo Osexkcanaposuy

K.C.H., Jo1eHT, noueHT kadenapu II13taK, orcid.org/0000-0002-2193-9012
lepoicagnuii mopeieenbHo-exoHomiyHuil ynisepcumem, Kuig

®panuyk Tamapa MuxaiiiiiBHa

K.€.H., cTapmmii Bukiaaad kadenpu II13rakK, orcid.org/0000-0001-7615-1276
eporcasruii mopeigenvro-ekonomiunutl yrnigepcumem, Kuig

MOJEJIOBAHHSI IHOOPMAIIMHOI TEXHOJIOT'TI ®OPMYBAHHS KOHTEHTY
HAYKOBUX IIYBJIKAIIN IJIS1 BIIOBPA’KEHHS B HAYKOMETPUUYHHUX BA3AX
JTAHUX

Anomayia: y pamkax 0O0CRiOJNCeHHs pPO321A0AOMbCsi OCHOBHI NPUHYUNU MA Memoou MOOeN08aAHH s

HAayKosux nyonikayii, 30Kpemda

ix cmpykmypyeanHs ma oOpeaHizayilo 8iON0BIOHO 00  8UMO2

HaykomempuyHux 6a3 oanux. Taxoow posensioaiomvcs inghopmayitini mexHonoeii, aKi 6UKOPUCIOBYIOMbCSL
ons asmomamu3ayii npoyecy popmysarnts KOHMeHmy Haykogux nyonikayii. /locnioscenns yici memu mae
8adiCIUBe 3HAUEHHA O/ 8UEHUX A HAYKOBUX YCMAHOB, OCKIIbKU 8i000pAdCEeHHS HAYKOBUX NyOnikayill 6

HAYKOMEMPUUHUX 6a3ax Oanux 00nomMazac 30ibuumuy ix enaug ma petimune, o 6 ol uepey niosuiye

MOANCIUBOCI OJ1sL OMPUMAHHSL (DIHAHCYBAHHS MA CRIBNPAYT 3 THUUMU HAYKOBUMU YCIMAHOBAMU.

Kniouosi cnoea: naykomempuuni 6a3u OaHux; CmMaHOapmu3oeani gopmamu; a6mMOMaAmu306aHuil

npouec.
Beryn

ChOro/iHi HayKOBI JTOCII/KEHHS CTalOTh BCE OLIBLI
CKJIATHIMH Ta PO3TaTy)KCHHUMH, a OTPHMaHI Pe3yJIbTaTH
MOBHHHI OyTH TIPEACTaBICHI BIATIOBIAHAM YHHOM.
OpHUM 3 KIIIOYOBUX €TaliB Mpolecy € myOmikaris
HAayKOBMX CTareii B  HAyKOBHX JKypHajax Ta
KkoHQepeHwisx. OgHaK, OKpIM IbOTO, IyXe BaKINBUM
€TalloM € TMOofaNblla BiTOOpaXeHHA NHUX CTaTed B
HAayKOMETPUYHHUX 0a3ax JaHuX, SKi JIO3BOJISIOTH
BU3HAYHUTH BIUIMB Ta PSHTHHT HAyKOBHUX JOCIIDKCHb Ta
BUCHUX.

Hns Ttoro, o6 crarti Oynu  epeKTUBHO
BiZIOOpaXKEHI B  HAayKOMETPUYHUX 0Oa3ax JaHUX,
HEOOXiZTHO JOTPUMYBATHCS TMEBHUX BHMOT MO iX
CTPYKTYpHU Ta KOHTEHTY. BillloBiZIHO 10 1[bOTO, BUHHKAE
HEOOXITHICTh y PO3poO0Ili TEXHOJIOTiIH Ta METOMIB, SKi
JIO3BOJISIIOTH  aBTOMATH3yBaTH TIpolec  (HOpMyBaHHS
KOHTCHTY HayKOBUX myOumikariit Ta i
CTPYKTYpPH3YBaHHS 3 METOI0 IX  ONTHMAaJbHOIO
BiZIOOpayKeHHsI B HAYKOMETPUYHMX 0a3zax JaHUX.

VY 1iif Temi OymyTh pO3MISHYTI OCHOBHI MiAXOAX 10
MoJIeNIoBaHHs 1H(OopMaliifHOi TexHoIOoriT (hopMyBaHHS
KOHTEHTY HayKOBHX IyOINIKalliii 3 METOI MOKPAaIlIeHHS
X BioOpa’keHHS B HAYyKOMETPHYHUX 0a3ax JaHUX.

1X

Meta

Metoro i€l TeMH € pO3DIAL MOXKIHBOCTEH
BUKOPUCTaHHS  1H(QOpMAIIHUX  TEXHOJNOTiH s
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(opMyBaHHS KOHTEHTYy HAayKOBHUX NyOmikamii Ta ix
BiMOOpaXeHHST B HAayKOMETPHYHHX 0a3ax JaHUX.
KoHkpeTrHo,  MeTO0O €  JOCHI/DKeHHS  PI3HHX
IHCTPYMEHTIB, SIKi MOXYyTb OyTH BHUKOpPHCTaHi JJIs
MOKpAIICHHsI SKOCTI Ta eQEeKTUBHOCTI HAayKOBHX
myOITiKaIiif, 30KkpemMa 3MEHIIIEHHsI KUTBKOCTI TTOMIJIOK Ta
3a0e3reueHHss  BIANOBiAHOCTI  QopmaryBaHHS  Ta
CTPYKTYpH IyONiKaliii BUMOraM HayKOMETpHYHHX 0a3
JaHUX.

OcHOBHA YacTHHA

MonemnroBaHus iH(popMamiHHOT TEXHOJIOTIT
(GopMyBaHHS KOHTEHTY HAyKOBUX IyONiKaI(iii Juis
BiZIOOpaXXEHHsI B HAayKOMETPUYHUX 0a3zaX JlaHWX
nepeabagae po3poOKy KOMIUIEKCHOI METOMOJIOTI, Ka O

BPaxoByBaJIa sIK HAYKOBI, TaK 1 TEXHIYHI aCIIEKTH.

OcHOBHI ~ eTamM  CTBOpeHHs  iH(opMauiiHOT
TEXHOJIOTII:

1. BusHaueHHs BHMOr 10  (OpMAaTyBaHHA
HAyKOBHX  TyOImikaliid, 110 BiZoOpaxawThcs B

HAyKOMETpUYHUX 0Oazax nanux. lle MoXyTh OyTH
BAMOTH 10 O(GOPMIICHHS METaJAaHWX, KIIFOYOBUX CIB,
pedepary, aBTOPCBKOTO aHOTallii, TEKCTy CTaTrTi Ta
IHIIUX KOMIIOHEHTIB.

2. Po3poOka 1mabmoniB s QopMmaryBaHHS
HAyKOBHMX MyONiKallii, sKi BIANOBIAAIOTH BUMOram
HAyKOMETPHUUYHHX 0a3 JaHuX.

3. Po3poOka mporpamHOro 3a0e3medeHHS It
aBTOMAaTH30BaHOIO (hopmaryBaHHs HayKOBHX
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myOJTiKaIiil 3 BUKOPUCTaHHSM pO3pOOJICHUX a0IOHIB.

4. BBemeHHS KOHTPOIIO SKOCTI IS BIAIIOBIAHOCTI
HayKOBUX ITyOmiKallii BUMOTaM HAayKOMETPUIHHX 0a3
JIAHUX.

5. Pozpobka cuctemu KOHTpOJIO 3a iH(OpMamii-
HOIO Oe3rekoro, o6 3a0e3meunT KOH(iACHITIHHICTh Ta
LUTICHICTh HAyKOBHX JJAHHUX.

6. Po3poOka MeromiB aHamizy JaHMX, SKi
OTPUMYIOTbCS 3 HAyKOMETpUYHHMX  0a3, Ui
3a0e3reueHHs: e()eKTUBHOTO BUKOPUCTaHHs iH(opMaIrii.

7. TlpoBenmeHHS TeCTyBaHHA CHCTeMH Ta ii
MiATPUMEKA.

Pesynprarom  BmpoBamkeHHA — iH(OpMAamiiHOL
TexHonorii  (hopMyBaHHs KOHTEHTy  HayKOBHUX
nmyOmikamiii Uit BimoOpakeHHS B HAayKOMETPHYHHX
0a3zax JaHWX € TIOBUIICHHA SKOCTI Ta  piBHA
BiZIOOpa)KEHHsSI HAyKOBHX [OCSATHEHb, IO CIPHUSITHME
I/IBUIIEHHIO PEHTHHTY HAayKOBHX YCTQHOB Ta BUCHH, a
TaKOX TMOJICTIINTE TOCTYII A0 HAayKoBOI iH(opMarii s
CHEeLIaTICTIB Ta rpoMaJIchbKocTi [2].

Ho nepesar iH(opMamiiHOT TEXHOJIOTI1
(hopMyBaHHS KOHTEHTY HAayKOBHX ITyOJiKamiidi s
BiTOOpaXeHHSI B HAYKOMETPUYHUX 0a3axX JaHWX MOXKHA
BiJHECTH:

1. ABromaruzoBanuii mpounec (opmaTyBaHHS
HAyKOBUX MyOJiKamii, mo 3a0e3nedye iX BiAMOBIIHICTH
BUMOTaM HAyKOMETPUYHHMX 0a3 JaHMX Ta IOJErLIye
pOOOTY BUCHHX.

2. TlokpameHHst SIKOCTI HayKOBHX ITyOJiKamii
3aBISIKM BBEICHHIO KOHTPONIO SIKOCTI Ta CHCTEMH
KOHTPOJIIO 32 iH(opMaIiiiHOI0 Oe3eKoro.

3. IlinBumeHHs e(eKTUBHOCTI BHKOPHUCTAHHS
HayKoBOi iHGopMariii 3aBOSKd po3poOIli MeTOmiB
aHaNi3y JaHHUX, OTPUMAHHX 3 HAYKOMETPUYHHX 0a3.

4. TlonermeHHs AOCTYIly 0 HAayKOBOI iH(popmarii
JUTS  CTICIHIAJIICTIB Ta TPOMAACHKOCTi, IIO CIPHITAME
PO3BUTKY HayKH Ta TEXHOJOTIH.

VY uinomy, iHopmariitHa TeXHOJOTIsE OpMyBaHHS
KOHTEGHTY HAyKOBHMX ITyOMiKamiil 1yt BifoOpaskeHHS B
HAayKOMETPHYHUX 0a3aX IaHUX € BOXIIMBUM SJIEMEHTOM
PO3BUTKY HayKH Ta TEXHOJOTIH, SKUH CIpUsSTHME
Mi/IBUIIEHHIO Ee(EKTUBHOCTI BUKOPUCTAHHS HayKOBOI

iHdopmamii Ta TOKPAIICHHIO SKOCTI  HAayKOBHX
yOsiKaIii.

Takok  jomoMarac  BUSHMM  MIATPUMYBAaTH
iHpopmaniiiHy 6a3y 3HaHb 1 30epiratm 3i0paHy

iHpopmamnito B omHoMy wMicmi. lle 3abesmedye OimbIn
MIBUAKUNA Ta 3pyYHHH AOCTYyN J0 iHpoOpMarii, a TaKox
JIO3BOJISIE TIIBUIUTY PiBEHb CITIBITPAIli MiXK BUCHUMH.

Crpusie  CTBOPEHHIO CHCTEMH  MOHITOPHHTY
HAayKOBOI JiSUIHOCTI, 1O J03BOJISE BIJCTEXKYBaTu Ta
aHaJi3yBaTH pe3ysibTaTd HAayKOBUX JOCHipKeHb. Lle
3a0e3meuye MOXIIUBICTh MPOBOOUTH HAYKOMETPUIHHUI
aHaji3 HayKOBUX JIOCHIDKEHb, a TakKmK JI03BOJISIE
pO3po0IATH CcTparerii po3BUTKY HayKH Ta TEXHOJOTiH
Ha OCHOBI aHaJi3y OTPUMAHUX JAHUX.
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Onnak, iHpopMariiiHa TexHoJoris (GopmyBaHHS
KOHTEHTY HAayKOBHX IyOJNiKamiifi Takok Mae CcBOi
Hemonmikd. Hampukmaa, MOXKIMBICTE BHUKOPHCTAHHS
AaBTOMATHU30BaHUX  CHCTEM  (OpPMATYBaHHS  MOXKE
NPU3BECTH JI0 HEAOCTaTHhOI yBaru A0 CTHJIICTHKU Ta
MOBHOTO O(OPMJICHHS HayKoBHX myOmikamiii. Kpim
Toro, iHdopmarliiiHa TeXHOJOTis (OpMyBaHHS KOHTEHTY
HayKOBHX IMyONiKaliii Moxke OyTH JOCHTH CKIIQJHOIO Ta
BUMAratd Bill BYCHOTO IEBHOTO PIBHSA KOMII'FOTEPHOL
IPaMOTHOCTI Ta HaBUYOK pOOOTH 3 MNPOrpaMHUMH
MPOAYKTaMHU.

OOHHAM 3 OCHOBHHX CJIEMCHTIB € BUKOPHCTAHHS
CTaHIapTU30BaHUX (opmariB, Takux sk XML, @i
30epexxenHss Ta 0o0poOku nanux. XML (Extensible
Markup Language) - me MoBa pO3MITKHM HaHUX, IO
JO3BOJISIE CTBOPIOBAaTH CTPYKTYPOBaHI JOKYMEHTH 3
BUKOPUCTaHHSM 3pO3YMLUIMX JIFOASIM TeriB [1].

BukopuctaHHs ~— craHOapTH30BaHHX  (opMmaTiB
JI03BOJISIE aBTOMATH3YBaTH MPOLECcH 0OPOOKH Ta aHAIIi3y
HayKOBHX JJaHHX, 1[0 3MEHIYE MOXKJIUBICTh IOMUJIOK Ta
3a0e3reuye OUIBII TOYHHN Ta INBUIAKUN aHAJI3 NaHHX.
KpiMm TOro, BUKOpHCTaHHS CTaHAAPTH30BaHUX (HOpMATIB
JTO3BOJISIE 320€3MeUnTH OLbII MIBUAKUNA Ta MPOCTIIIAN
OOMiH IaHMH MIiX PI3HUMH HAyKOBUMH 0a3aMu JaHUX.

BucHoBku
Y wii Temi Oylo PO3MISHYTO MOXJIHMBOCTI
BUKOPUCTAaHHA  1HQOpPMAIIfHUX  TEXHONOTIH Ui

(dopMyBaHHS KOHTEHTY HAyKOBHX ITyOmikamiii Ta ix
BiZIOOpa)KeHHsSI B HAyKOMETpUUYHHX Oazax aaHux. byno
BUCBITJIICHO PI3HOMAaHITHI I1HCTPYMEHTH, SIKI MOXYTb
OyTn BHKOpPHCTaHI JUIi TIOKpalleHHS SKOCTI Ta
e(eKTUBHOCTI ~ HAyKOBHMX  myOmikaimii, 30Kkpema
3MEHIICHHS KIUIBKOCTI IOMIJIOK Ta 3a0e3nedeHHs
BIZIMOBITHOCTI popMaTyBaHHS Ta CTPYKTYPH IyOmiKarii
BAMOTaM HayKOMETpHYHHX 0a3 nanmx. Takox Oyrmo
IOCIIIKEHO MOYJIUBOCTI BUKOPUCTAHHS
iHhOpMaIIHHUX TEXHOJOTIA JJIS IiIBUINCHHS SKOCTI
HAayKOBUX  IyOmiKamiii  IDIIXOM ~ aBTOMATHYHOTO
MEepeBIpKM  MPABOINUCY, TPAMaTUKH Ta CTHJIICTHUKH
TEKCTY, a TaKkoX JUisl BHSABJICHHS Iulariaty Ta
BiJINIOBiTHOT IIUTYBaHHS JKEPEIL.

OTXe, BUKOPUCTaHHA iHQOPMAIIHHUX TEXHOJOTIH
Juist GOpMyBaHHSI Ta IMOKPAIEHHS HAYKOBUX IMyOJiKaIii
€ BWOKIMBUM C€IEMEHTOM pO3BHTKY HAayKH Ta
JOCIIIKEHbD.
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BITPOBAIKEHHSI CLOUD-TEXHOJIOI'TA ¥V BIBHEC-IIPOIIECAX: IIEPEBATH TA
PU3UKHU

Anomayia: y yiu cmammi oocnioxcyemoca mema enpogadxcenns Cloud-mexnonozitl y 0iznec-npoyecax,

WO € AKMyanbHOI 8 CYHacHOMY ceimi, e Oi3Hec-npoyecu HEPO3PUBHO NOB'S3AHI 31 CEIMOBOIO MEPEICEIO

Iumepnem..

Knrouoei cnosa: cloud-mexnonocii, 6isnec ma IT

Beryn
CroromuimHid  Oi3HeC Bce Oinbllie  poO3yMie
nepeBard, SKi MOXYTh OyTH OTpHMaHi 3aBISKH
Bukopuctanuio  Cloud-texnomoriii. Ilpm  mpomy,

PO3YMIHHS PH3HKIB, MOB'SI3aHAX 3 iX BUKOPUCTAHHSM, €
TaK caMmo BRXJIMBUM. Y Wil poOOTi OymyTh IOCIIIHKEH]
nepeBaru Ta pusnku BrposamkeHHs Cloud-texHonorii
y Oi3Hec-Tporecax.

Meta

Meroto poOOTH € JOCHKeHHsS TmepeBar Ta
pmsukiB BukopucranHs Cloud-texHonorii y 06i3Hec-
TpoIiecax, OMUC MOXIIMBHX BapiaHTIB BIIPOBAKCHHS Ta
BH3HAUCHHS PEKOMEHIAMIN IS IX BUKOPHUCTAHHS.

T'otoBHA yacTHHA

Cloud-texHomorii crajii  HEOOXimHicTIO  IUIA
Oi3HECY B OCTaHHI POKH, OCKIIBKH BOHH JIO3BOJSIIOTH
KOMIIaHISIM 3MCHIINTA BHUTPATH Ha OONAJHAHHI Ta
nporpamMHe 3a0e3ledeHHs, MiJABUIINTH e(EeKTHUBHICTD
poOOTH KOMaHIM, MpALoBaTH 3 OyIb-SKOro Micls Ta
NPUCTPOIO, ABTOMATUYHO OHOBIIIOBATH IPOrpaMHE
3a0e3neueHHs Ta 3a0e3medyBard Oe3leKy MJaHuX, a
TaKOK 3a0e3redyBaTd MacIITa0OBaHICTh Ta THYYKIiCTh
Oi3HEC-TIPOIIECIB.

[TepeBaru Cloud-TexHooriit OYEBUIHI:
3MEHIIICHHS BHTpaT Ha OOJamgHaHHA Ta IIPOTrpPaMHE
3a0e3MeUCHHsT JI03BOJISIE KOMIIAHIsIM CKOHIICHTPYBaTH
CBOI pecypcu Ha OiTbII BaXKIMBHX 3a7adax. Hanpukinan,
BiIKJIa[ICHI BUTPATH HA OHOBJIICHHS OOJIAIHAHHS MOXKHA
BUTPaTUTH Ha PO3pOOKY HOBOIO IpOaykTy abo Ha
MOKpalIeHHs KIieHTchKoro cepsicy. Kpim Toro, Cloud-
TEXHOJNOTIl  MiABHIYIOTH  e(eKTUBHICTH  poboTH
KOMaHI¥, MO3BOJIIFOYM IM IIpalfoBaTd 3 OyIb-sKOTO
Micigi Ta npuctporo. Ile 3MmeHIye dvac Ha OOMIH
iHpopmamiero Ta 30UIBIIye IMBHIAKICTH NPUAHATTS
pillieHb, IO JI03BOJISIE KOMIAHIl OUIbII ePEeKTHBHO
BHKOPHCTOBYBATH CBiif 4ac Ta pecypcu.

Kpim  Toro, Cloud-texHonorii  J0O3BOJISIIOTH
aBTOMAaTUYHO OHOBIIIOBATH IpOrpaMHe 3a0e3nedeHHs Ta
3abe3rneuyBarn Oe3reky JaHux. lle o3Hauae, 110
KOMITaHil MOXKyTh OyTH BIEBHEHI B TOMY, IO IXHI JaHi
3aXMIIEHI Ta 0[I0 BOHM TMpPALIOIOTh 3 OCTaHHIMH
BepcisiMH TporpamHoro 3abesneueHHs. Kpim Toro,
Cloud-TexHosorii 3abe3nedyioTh MacmTaboBaHICTh Ta
THYYKICTh Oi3Hec-Tporieci

IammMm  HemomikoM  Moke  OyTH  HEBMIiHHS
KOPHUCTYBa4iB IpAIfOBATH 3 XMapHHMHU CepBicaMu.
Sknio kommaHis 3MiHIOE CBiM MiAXin 10 poOoTH, TO
CHIBpOOITHUKM MOXYTh BiJUyTH HEOOXIJHICTH Y
JIOJATKOBIM IMIATOTOBII Ta HABYAHHI, [0 BUMAarae 4acy
Ta KOILITIB.

Kpim TOro, BakimBo 3abe3nmeuntd Oe3reKy Ta
KOH(IIeHIIWHICTh JaHUX B XMapHOMY cepgici. Lle moxe
OyTH CKJIAIHO, OCKUIBKM KOMIIaHii HE MalOTh MOBHOTO
KOHTPOJIIO HaJ| iHPPaCTPyKTypOIO Ta MpOLEecaMu, IO
BiIOyBalOTbCS Ha XMapHHX cepBepax. ToMy BaKIIHBO
BUOMpATH HaJIHUX TPOBaiiiepiB XMapHUX MOCIYT, sIKi
3a0e3neuyloTh  JOCTaTHIM  piBeHb  Oe3neku  Ta
KOH(11eHIIHHOCTI JaHUX.

BonHouac, mepeBarn BHKOPHCTAaHHS XMapHHX
TEXHOJIOTI y Oi3Heci € O4YEeBMAHMUMH. 30Kpema, e
migBuIIye  e(eKTHBHICTH poOOTH  KOMaHAM, IO
3HAXOOIThCA B PIBHHX MICIAX, a TaKOX Ja€ 3MOTY
npamioBaTd 3 OyIb-SIKOTO TIPHCTPOIO Ta Micusd 3
noctynom o Intepuery. Kpim TOro, 3meHmryrorscs
BUTpaTH HA OONaJHAHHS Ta MPOrpaMHe 3a0e3NCUYCHHS,
OCKUTBKH BOHH 3HAXOIATHCS B XMapi.

Takox BaXKJIMBO 3a3HAYMUTH, LI0 XMapHI TEXHOJIOTIT
JIO3BOJISIIOTE  3a0e3MmeynTH  MacITa0OBaHICTh — Ta
THYUKIiCTh Oi3Hec-miporieciB. [Ipu 30imbireHHI 00cCATIB
naHux a0o HeoOXigHOCTI BHUKOHAHHS JOJATKOBUX
3aB/iaHb, KOMIIaHII MOXYTb JIETKO MaciTaOyBaTH CBOI
XMapHi 1HQPACTPYKTypH Ta OTPUMYBaTH HEOOXiTHY
€MHICTb.
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Pucynox 1 — Cmoponns xmapa cninbrnomu

OnHak, pa3oM 13 3pOCTaHHSIM HOMYJSPHOCTI
Cloud-TexHoI0Ti# 3pOCTalOTh 1 PU3MKH, TOB'SI3aHi 3 iX
BUKOPUCTaHHAM.  OCHOBHI ~ PH3MKH  BKJIIOYAIOTh
MOXJIMBICTh BUTOKY KOH(]ineHuiiinoi iHdopmaii,
BTpary JAOCTYyIly /O JaHMX y pasi BiIIMOBH CeEpBICY,
HEIOCTATHil 3aXUCT AaHUX BiA KibepaTak Ta mpoOiieMu

31 CYMICHICTIO 31  CTOPOHHIM  IpPOIpaMHHUM
3a0e31eueHHSIM.
OmaM 3 HaWOUTBII  CepHO3HHMX  PUBHKIB

Bukopucrans Cloud-TexHoNOrii € MOXIJIUBICTh BUTOKY
KOH(ineHIiHHOT iHpopMaii. Kommanii, o
BukopuctoByoTh Cloud-TexHonorii, mnepenaioTb cBOi
JlaHI HA CepBepH CTOPOHHIX KOMMaHid, 1HOMI
po3TalioBaHUX B iHIIKX KpaiHaX. Lle Moxxe mpusBecTH
J0 TOro, IO KoHQineHHilHAa iHpoOpMamis Moxe
NOTPaNUTH B PYKH 3JOBMHCHHKIB, II0 MOXE 3aBIATH
HETOINPABHOT MIKOAN KOMITaHii.

[HIIUM CEepHO3HUM PU3UKOM € MOXIIMBICTH BTpPATH
JOCTYIly A0 AaHUX y pasi BimMoBH cepeicy. Skmmio
cepsic Cloud-texHouoriii mepecTane NpaioBaTu, TO
KOMITaHisi MOXKE BTPATHTH JOCTYI J0 CBOiX NaHHX, IIO
MOXXE 3HaYHO YCKJIAIHUTH ii poOOTY Ta 3aBIATH IIKOIH
Gi3Hecy.

KpiMm Toro, HemocTtaTHiifi 3aXWCT IaHUX Bif
Kibeparak MOXe TPH3BECTH IO TOTO, IO 3JI0BMUCHUKH
MOXYTh OTPUMATH JIOCTym OO0 KOH(]IiIEHIIHHOT
iHpopmanii kommnanii. Taki kibepaTraku MOXyTh OyTH
HACJIJIKOM HEJO0CKOHAJIOTO MPOTPaMHOr0 3a0e3IeyeHHs,
SKe BUKOpUCTOBYeThcs st poborm 3 Cloud-
TEXHOJIOTISIMH, a00 HETOCKOHAJIOI CHCTEMH O€3IIEKH.

Hespaxkaroun Ha mi pusuku, Cloud-TexHomorii Bce
me € JyXe [ONyJSIpHUMH cepel  KOMIaHii.
[TignpuemcTBa po3ymiroth, mo Bukopuctanas Cloud-
cucteM Moxe 3abe3meunTd iM 3HAYHI HepeBard B
3abe3reueHH e()eKTHBHOCTI Ta KOHKYPEHTHOI MepeBaru
Ha pueKy. o0 3MEHIIMTH pU3WKHA, TMOB'S3aHI 3
BukopuctanusM Cloud-cucrem, KoMmnaHii MMOBHHHI
MPOBOJIUTH JICTATBHY OI[HKY MOCTa4YalbHUKIB MOCIYT,
BUBYaTH IXHIM piBeHp O€3MeKH Ta JOTPUMAaHHI
3aKOHOJABCTBA, a TaKOX BHKOHYBaTH pe3epBHE
KOIFOBaHHSI JJAHUX Ta PO3POONATH TUIAHH BiJHOBIICHHSI
B pasi BiIMOBU CHCTEMH.

Otxe, Cloud-Texnomnorii €
IHCTPYMEHTOM JIJIsI MIAMPUEMCTB y TIOJIIIICHHI Oi3Hec-

BAXJIMBUM
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mpoIeciB Ta 3a0e3leueHHI KOHKYPEHTHOI TMepeBary.
Opnak, BopoBamkeHHs Cloud-cucrem TmoB'si3aHe 3
MIEBHIMH PU3UKAMH, TAKAMH SK BHUTIK KOH(]iIEHIIHHOT
iHdopmailii, BTpara AOCTyIy J0 JaHUX Ta MPOOJIeMH 3i
CYMICHICTIO 31 CTOPOHHIM NPOTPaMHHUM 3a0€311CUCHHSIM.
[[lo6 3MeHmWMTH 1 pPHU3WKHW, KOMIIaHii ITOBHHHI
MPOBOJIUTU JETAIbHY OI[IHKY MOCTa4ajbHUKIB MOCIYT
Ta PO3POOJATA IUIAHM BiTHOBJICHHS B pasi BiIMOBHU
CHUCTEMH.

BucnoBok

BmpoBamxennst Cloud-texnonoriit y 0Oi3Hec-
nporecax MOXKe NMPUHECTH 3HauHi IepeBar, Taki sK
3MEHIIICHHS BUTPAT Ta 301IbIICHHS JOCTYTHOCTI JaHUX.
OnHak, iCHYIOTh PHU3MKH, IOB's3aHi 3 Oe3NeKoro Ta
3aJISKHICTIO BiJ MOCTa4aJIbHUKIB MOCTYT. BpaxoByroun
i (akTopu, HEOOXiIHO IPOBECTH pETEIBHUI aHai3
nepen BuOOpoM Tumy Ta mnocradansHuka Cloud-
TexHonoriil. Pexomennamii momxo suxopucranas Cloud-
TEXHOJIOTIl MatoTh OyTHM BHM3HA4YEHI BIAMOBITHO JIO
morped OisHecy Ta 3a0c3MeucHHS MAaKCHMAJIBHOT
Oe3MeKN TaHnuX
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HAHWBLIBII PA3IIOBCIOIKEHI AJITOPUTMHU MACIITABYBAHHSI 305PA)KEHD

Anomayia: yci modu 8iodaroms nepesazy 4imkiuum 300paAdiCeHHAM, MAl 0emani AKUX 0HU MOJiCYMb

posenedimu. Ane 6u koau-nebyob namasanuca 30invuumu 306paxcenus? Konu mu iio2o 30ineuyemo, mu

PAaHo uu Ni3HO OMPUMAEMO Ppo3Mume ma cnomeopene 300padcents. Lle 6i0bysacmvcs momy, wo
300padicents He Mae OOCMAMHIO KIIbKICMb NiKcenis 0/ 8i0ME0peHHs 6CiX OpIOHUX demaneli 0Opanoeo
300padicentsi. Aneopummu, maxi Ax OLIHIHA IHMEPRONSYIs 00360MAIOMb NIOBUWUMU SKICTb BUXIOHO20

300padicentst Ol KOPUCIY8ayYa WIIAXOM 30LIbuerHs. 1020 po30inbHOl 30amuocmi. AKICHO 30inbuiueuiu
PO3OINbHY 30aMHICIb 300PANCEHHS, MU MONCEMO NOKPAWUMU 1020 3A2ATbHE CRPULIHAMMSL

Knrouoei cnosa: 306pasxicenns; macuimady8annsn; anzopummu.

Beryn

MacmTaOyBaHHs  300pakKeHHS Ba)KJIUBOIO
YaCTUHOIWO  OOpOOKM  300pakeHHsS.  300pakeHHs
MOTPiOHO 301MBIMTH 200 3MEHIINTH 3 KUTBKOX ITPUYHH.
Mu posmisiHeMO pi3HI  MeTomm  MacmTaOyBaHHS
300paKeHHs 1 3pOOMMO BHCHOBKH.

€

Meta

Po3noBicty npo HaWnomyssipHimi icHyroui 6a30Bi
METONH 30UTBIICHHS PO3IUTHHOT 3IaTHOCTI 300pakeHb.

OcHoBHA YacTHHA

MacmrabyBaHHS 32 HaHOIVDKIIM CycizioM

Hatinpocrima ta HalimBHoma peasi3alis TEeXHIKI
MacmTabyBaHHs 300paxkeHHs. € IqyXKe 3pY4HOIO0, KOJIH
MIBUJIKICTH € OCHOBHOK MPOOJIEMOI0, HANPHKIA, KOJIH
MacImTabyeThCsl 300pakeHHS IS peAaryBaHHs a0o st
norepeHboro  mnepersiay  Miniariop.  KomepuiliHa
peaiizaiis MO)XKC MaTH TaK 3BaHWHA aJaNTHBHUN
AITOPUTM, J¢ BIH Mae MOXIHBICTb 3aCTOCOBYBATH
pi3HHMIl piBeHb IHTEpHONALIT Ha PI3HUX JUISTHKAX
300paskeHHS.

w, —4 w, —8
-4 L I
e L

Pucynox 1 - Ipuxiao pobomu po3ensadaemozo aneopummy.
[puHnun MacitabyBaHHS 300pa)KCHHS MOJIATAE B
TOMy, @00 MaTd CTaJlOHHe 300paXCHHS  Ta
BUKOPHCTOBYBATH II¢ 300pa)KCHHS SK OCHOBY IS
CTBOPEHHSI HOBOT'O MaclITabOBaHOTO 300payKEeHHs.
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CrBopeHe 300pakeHHS Oyjie MEHIIUM, OiLTBIIUM
abo pIBHHM 3a pPO3MIPOM 3aJIEKHO Bif KoedilieHTa
MacmtaOyBaHHS.

301bLIyI0YH 300paXKeHHsI, MU (JaKTUYHO BBOAUMO
MOPOXKHI MicIsi B BHXigHe 0a3oBe 300paxeHHs. Ha
300pakeHH] BHIIE 300pakeHHs po3MipoM (Wl =4, hl =
4) mae Oytu 30utbmIeHo g0 (w2 = 8, h2 = 8). YopHni
MiKCeNl NPeNCTaBIAI0Th MOPOXKHI Miclsl, Ae MmoTpiOHa
IHTEPIIOJISALSl, a TIOBHE 300paXEHHS € pPEe3yIbTaToM
IHTePIOJIAMIT 32 HAHOIMMKINM CyCiZIoM.

AnropuT™M MaciuTaOyBaHHs IOJISITa€E B TOMY, 1100
3HAMTH BIATIOBIOHE MicIe VIS PO3MILICHHS IOPOXKHIX
MPOCTOPIB yCEepPEeOUHI OPHUTiHAIBFHOTO 300pakeHHS Ta
3aMOBHUTH BCI 11i IPOCTOPH OUIBII KUBUMH KOJIbOPAMH.
JIis TeXHIKM HAMOJIMKYIOTO Cycifa MOPOXKHI Micis Oyme
3aMiHEHO HAWOMIDKYIMM CYCiTHIM TIKCEIleM, 3BiIKA 1
Ha3Ba. lle npu3BOAMTH 0 pI3KOro, ajie HEPiBHOTO
300paxkeHHs, 1 KO0 MaciTad 30UTBIIEHHS AOPiBHIOE
JIBOM, 372€ThCSI, 110 KOXKEH ITiKCEIb MOABOIBCS.

3MeHmIeHHs, 3 iHmOro Ooky, mependadae
3MEHILICHHS! KUIbKOCTI IKCENiB 1 O3Ha4ae BTpaTy
iHpopMmamii, SKy HEMOMJIMBO BIZHOBHTH. Y IIbOMY
BUIIA/IKy aJlTOPUTM MacITaOyBaHHS MOJIATAE Y MOIIYKY
MOTPIOHMX MIKCENIB JJIsl BUAAICHHS.

OO0uucieHHs CITIBBIHOIIIEHHS IS
TOPH30HTANBHOI, TAaK 1 JJI1 BEPTUKAJIBHOI IUIOLIMHU
3amaeThes 3a popMyInoro :

SIK

_ 1

CH]BELEIHOI.UE‘HHH = —

Wy

_ 1

CHIBELEIHOI.U@-HHH = —

i

Wy, i, =0

[lmtocoM paHoOro airopuTMy € Te€, IO BiH
MPALIOBaTHME HE3aJIOKHO BiJl TIHOMHUA  KOJIBOPY.
HaitOmmxumii  cycim Tmpaitoe, KOMIIOWYH CyCiTHi
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MIKCeJi, JKOAHUM YHHOM HE 3MIHIOIOYH KOJIp, TOMY
KOJIbOPOBUI POCTIp HE Ma€ 3HAYCHHS.

AdnroputMm 6iniHiiHOTO MacITaOyBaHHS

Bininiiine MacutabyBaHHs 300paKeHHs
NpUOIH3HO TaKe X, AK MacTaOyBaHHS 300paKeHHS 3a
HaHOMMKINM CyciioM, 32 BHHATKOM IHTepIOsIii. Aje
3aMICTh KOIIOBaHHS CYCIIHIX TIKCceTiB (L0 4acTo
MIPU3BOAUTH 0 HEpiBHOTO 300paxxeHHs),
BUKOPUCTOBY€EThCS TEXHIKa IHTEPIHOJAMii HAa OCHOBI

OTOYYHOUHX MIKCEIIiB U OlLIbIII [IJIABHOTO
MacuTadyBaHHSI.
Xoua OiminiiiHe MacmTaOyBaHHS HE 30BCIM

CKJIQZHE, 1€ CKJIAJEHUN aIropuT™M, 3aCHOBAHMNA Ha
iHIIIN OUIbI 6a30Bii QyHKLIl. Sk 3po3yMino 3 Ha3Bw,
ANTOPUTM € KOMOIHAII€I0 BOX JIHIHHUX 1HTEPIIOJISIIH.
Jms Toro, mo6 Kpaime 3po3yMiTH, SK MpAIioe TaHUN
QITOPUTM — CIIOYATKy po30epeMocs, SIK MPaLItoe MpocTa
JIHIMHA THTEPIIOJISLIS.

: L
i ¥ B

Ful '
" -

Pucynox 2 - Ax suatimu xonip Y ?

B

Jlinitina
OBUIBHOT
Po3misiHeMO Bl TOUKH KOJILOPIB Ha TIOJIOTHI, YEPBOHUIA
1 3eJICHUH.

Ha miif imrocTpamii me HeBimoMa KOJOpPOBa TOUKa
Y poamimieHa nech Mk A (depBonmii) i B (3enenwuit).
Ille omgna Bimoma piu — 1e BifcTaHb MK A i B, sika
nmopiBHIOe L, i Bincranp Mix A 1Y, sxa mopisaroe 1. Ili€i
iHpopmamii mOCTaTHRO A TMOOYZOBH TakK 3BaHOI
GbyHKUIT TiHIHHOT IHTEPIIONSLIIT.

¥-4 B-A4
L

1% (B - A4)
Y A

IHTepIONSAIIS — 1€ METON OIiHKA
TOYKM MDK JBOMa IHIIMMH TOYKaMH.

V=4

HaBenena ¢QyHKIiss 3Mo0Xe HaM  JIOTIOMOI'TH
BU3HAYUTH KOJIip Y.

[loBepuemocss 10  OUTIHIHHOTO  AITOPUTMY.
MacmitaOyBaHHsi 300payKeHHsI BiOyBaeThCs JIBOMaA
criocobamu: 30iIbIIEHHAM ~ a00  3MEHIICHHSM.
30ipIIyroun 300paXKeHHs, 32 JOIOMOTOIO 1HTEPITOISAIIIT
CTBOPIOETBCS KIJIbKa HOBUX ITIKCEIIB. 3MEHIIYIOYH, MU
BIZIUYBAEMO CIIOKYCy JyMarH, L0 NpaBHJIbHI MiKCei
BUOMPAIOTBCS IS 30€peXeHHs, a IHIII BUKHAAIOTHCS,
ane ne He Tak. Ha BigMiHy BIiI CKOpOYEHHs

HAHONMMXKYOro cycima, Je IHKCeTl BUKUIAIOTHCH,

OinmiHiiHE CKOPOYEHHS OI[HIOE MEHIIy pPO3ALIBHY
371aTHICTh BUXIJTHOTO 300pa’keHHSI.

HesBaxaroun Ha Te, IO JeTali BTPayarOTHCS,
Maiike BCi HOBi MiKcedl Ha 3MEHIIEHOMY 300pakKeHHi
MOXOAATh HE 0Oe3nocepenHh0 3 OPHUTIHAIBHOTO
300pakeHHsI, a IHTEpPIIONIOIOTHCS, OIOCEPEAKOBAHO
30epiraoud BJIACTUBOCTI BTpadeHHMX mikcenmiB. Cuif
pO3yMiTH, IO L€ HEe 3aBKIH TaK, 3MEHIICHHS
300paXeHHs 10 TOJIOBMHM po3Mipy (i MEHIIE) 3Ha4HO
HOripIlye  SKiCTh  300paKeHHS Ta HE  CHJIBHO
BIZIpI3HAETHCS BiJ peajizauii aaroputMy HalOIHKYOTO
cycina.

—_—T

B i El[
h
LB W=1
CD Y lH H=1
3

Pucynox 3 - Ipuxnao pobomu po3enadaemozo anzopummy.

3rigHo it uiei  poGoru MOSICHEHHS
BiZIOyBaTUMEThCS MPO PO3IIMPEHHS 300paxkeHHs. OTxe,
MH TIOYMHAEMO 31 30UTBIICHHS HEBEIHKOI TEKCTYPH, K
MTOKa3aHO Ha PUCYHKY 3.

BuxopucroBytouu (dyHKIIIFO JHHIHHOT
IHTepIOJIAMLii, IKy MH BHBEIH pPaHIIIe, MH OTPUMY€EMO
TaKi piBHIHHS :

w(b —4)

W
i=4+w X (B —A4) < 1pieHAEEA

i=A4+

Po6umo Tex came st C, j Ta D, oTpumaemo :
j-€ DP-C

W W
j=C+wx(D—-C) e 2 pipaanna

Temep Mm MaemMo paBa PpIBHSHHS JIiHIHHOI
inTeprorsamii. Jlami moTpiOHO mMoeAHATH IBa PiBHSHHA,
YTBODHUBIIM  OAHE  DIBHSHHA,  fKe
OLITIHIHOO (QYHKITIETO.

Ha3MBAETHCA

fe H
Y=i+hX({j—i) < 3 pieeauna

[Mincransiemo piBHsHHA 1 12y 3, MU OTpUMYEMO:
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F=a+wx@E-D+rx(C+wx@-C - (A+wx(B-4))

F=a4x{1—-wix{(1-+Bxwlx(1—hl+Cx(Ix(1-w)
+ D x{wxh)

BukopucroByroun 11e OCTaHHE piBHSHHS,
poOiy Tenep MOXHA 3pyYHO IHTEPIIOIIOBATH.

BixkyOi4HMI aITOPUTM MacIuTaOyBaHHS

BikyOiuHMii anropuT™ WHae Ha KpOK Jani, HDX
OlmiHIHHMIA, pO3MIsIaroYn HalOMmK4e oTodeHHs - 4x4
BiIOMHUX IiKCeNiB, TOOTO 3arajoM 16 IIKCEIiB.
OCKUIbKM BOHU 3HaXOASATHCSI HA PI3HUX BIJICTAHSAX Bij
HEBIJIOMOTO TIKCENs, ONMKYMM ITKCENISIM HaJaeThCs
Oimprra Bara B oOumciieHHi. [laHWid adTOpuUTM CTBOPIOE
MOMITHO WITKIII 300pa)keHHs, HDK TONEpEHi [Ba
MeTOonu, i, MalyTh, € iJCalbHUM IIOETHAHHAM dYacy
00poOKHM Ta SKOCTI BUBEICHHS. 3 L€l MPUYMHH BiH €
CTaHIapTOM y 0araTboX Iporpamax Uil pelaryBaHHS
300paxkens (Brimouatoun Adobe Photoshop), npaiiBepax
MIPUHTEPIB Ta IHTEPIIOJLIT Y KaMepax.

3aMicTh MaJIOBaHHS JiHIH MK TOYKaMH KyOidHa
CIUTAH-THTepHOIAis Maroe miafki kpusi. LI maaki
KPHBI € MOJIHOMaMH 3-TO CTYIEHSI.

yci

Fle) = ax® + x? +ex +d

[HTeprionsaniss KyOGiuHMM clulaiiHoM BuMarae 4
cycigHix TouoK. A 4 koedimieHTH PO3pPaxOBYIOTHCS 3a
TaKHX YMOB!

e [loxigHa y JBOX BHYTPIIIHIX CYCIIHIX TOUKaX €

Tpaji€eHTOM MDK BHYTDIIIHIMH Ta  30BHILIHIMH
cyciamu.
e BHyTpimHi cycigu TOBHHHI OyTH YacTHHOIO
KpUBOI.
Q2
E ]
‘ @ O

@

Pucynox 4 - Ipukaao 6iky6iunol inmepnonsiyii 4omupbox
MOYOK.

YMOBH ~ MO)XXHa ~ IepeBecTH y  (opmynn,
OOYMCIMBIIM TOXiZHI Ta BCTAHOBMBIIM iX pPIBHUMH
rpaJieHTaM, a TaKoX IDIIXOM OIIHKA KyOigHOI
(opMynu y BHYTpIIIHIX CycigHix Toukax. Y 2D me
BKItoYaTuMe 16 Touok. Mu BHKOHAaEMO KyOidHY
CIUTaH-IHTEpHOJAiI0 HAa 4 psnkax TOYOK, a MOTIM
BHKOHA€EMO OCTAHHIO KyOiuHY CIUTafH-1HTEpIIOJAIII0 Ha
HOBUX 4 IHTEPIOJIbOBAHMX TOUKaX, rpadiuHO 1e
MIPE/ICTABJICHO Ha PUCYHKY 5.

74

Pucynox 5 - Ipuxnao 6ikybiunoi inmepnoaayii Ha niowuni.
BucHoBku

[omani B mifi pobOTi aMropuTMH € HOBOII
e(eKTUBHIUMHU JJIsl IIBUAKOI 0OpoOKHM LU(pPOBUX
300payKeHb Ta BHKOPHCTOBYIOTHCSI B Oararbox cgepax.
[TpoGnemoro BCiX IMX MiAXOAIB € iX HE THYYKICTH B
00po0mi 300pakeHHs, IO MaibKe 3aBKIN A€ He
iIeabHU  pe3yJbTar, L0 CHPUYMHHUIO PO3BHTOK
BUKOPUCTaHHS HEHpoMepex it oOpoOkn HudpoBHX
300pakeHb.

Cnucoxk Jiteparypu

1. Jain AXK. Fundamentals of Digital
Processing. - Prentice- Hall, Inc., USA, — 1989.

2. Pratt W.K. Digital Image Processing. - John Wiley
and Sons, Inc., USA, — 1978.
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YIK 681.306

Baaina Onena IBaniBHa

K.T.H., JOUEHT, noueHT kadenpu [TIItallM, orcid.org/0000-0001-6925-0794
Kuiscoruti nayionanvruil ynisepcumem 6yoisnuymea i apximexmypu, Kuig
Bbe3kiyoenko Ipuna CepriiBna

K.T.H., T01eHT, noueHT kadenpu [TIITallM, orcid.org/0000-0002-9149-4178
Kuiscoruti nayionanvruil ynisepcumem 6yoignuymea i apximexmypu, Kuisg
I'eryn I'aiuna BsaveciaBiBHa

K.T.H., ipodecop, npodecop kadenpu AK, orcid.org/0000-0002-3317-3456
Kuiscokuti nayionanvnuil ynisepcumem 6yoienuymea i apximexmypu, Kuig
CunoBuaa BikrTopis €BreniBna

cTapiuuii BuKknajaay, orcid.org/0000-0002-5539-2588

Biticvrosuii incmumym menexomynixayii ma ingpopmamuzayii, Kuie

OCOBJIMBOCTI JUCTAHLIITHOT'O BUKJIAIAHHS
MATEMATHYHUX KYPCIB B IHHKEHEPHOMY BUILLIOMY
HABYAJILHOMY 3AKJIAII

Anomayis: asmopamu posznanymi akmyanibHi npoonemu 8npoeaotceHHs OUCTNAHYINHUX MEeXHONO02Il Y
suwiii oceimi. Cmamms npuceésyena MONCIUBOCHIAM OUCIAHYIUHO20 SUKIAOAHHA MATMEMATMUYHUX KVDCIG
8 IHICEHEPHOMY BUWOMY HABUATLHOMY 3ax00i. Posenamymo nepegacu «OUCMAHYIUKUY, 00 AKUX
BIOHOCAMbCA  HACAMNEpeo EHYUKICMb  PO3NOOiLy uacy CMyoOeHmis, MOMCIUBICMb ONePAmueHO20
HAaNOGHeHHs. 3MICIMOGHOI YACMUHYU HAGYATIbHUX NIAHIE MA 8PAXYBAHHA CReYUDIKU BUMO2 00 HAGUAILHUX
npozpam, ocoonueo npu nepegpopmamysanui cneyianrviocmeu. OKpecieHo KOO Npobnem, nog’sazawe 3
BNPOBAOHCEHHAM OUCMAHYIUIHO20 SUKIAOAHHA MAMEMAMUYHUX KYPCI6 6 6UUOMY HABYATLHOMY 3AX00i, a
came- ocobnusocmi opeanizayii camocmiunol pobomu cmydenmie ma ix oyiHEaHHs. 3anponoHO8AHO
OCHOBHI NPpUHYUNU NIOX00Y 00 BUPIULEHHS YUX NPOOIeM.

Kniouogi cnosa: oucmanuyiiini mexnonozii, euwia oceima, momueayis cmyoenmis, gi0eokongepenyis.
(cpspkeHi) 13 KIIACHYHUME Tiaxomamu. Po3risim takmx
npoOlieM BeNbMH aKkTyallbHUH B CBITI TOro, IO

Tpamuuiiiao BUKJIAIAHHS MaTeMaTHKU y  Boposakenns [ITBO, sike cTae Bce MMPIINM, BUMArae
TeXHIYHOMY By3i Oy/0 MiANOpsAAKOBaHE ABOM IiisM. AL KOXHOI 3ajisHOI Kadenpu, Qaxyisrery, BHUIIOIO
Ho-nepme, e 3a0e3eueHHs 3pOCTaHHs yq60B0r0 3aKjialy BUKOHAaHHSA IOCUTH prZ[OMiCTKI/IX
3arajlbHOOCBITHBOTO PIBHS CTYICHTIB IUITXOM BUBUCHHSI pOOIT MOB’sA3aHMX 3 X METOAMYHUM 3a0E3NECYECHHIM
QopmamizoBanoi  (ditko Bu3HaueHa Tepmimonoris, [1,2]. Haxommuenuii aBropamu JOCBiL  103BOIISE
JIOTiYHA EBOJTIOLLIS, KOPCTKI BHMOTH n0  BU3HAYUTH NIPHHLMUIOBI MOMEHTH, fKi, HA HAIl MO,

OOIPYHTOBAHOCTI  TBep/UKeHb) mucimmiiam. Crixg ~— OOOB’S3KOBO MaioTh OyTH BpaxoBaHi [PH LBOMY.

Beryn

3a3HAYUTH, IO 3aXOIUICHI BIATYKH PO MaTeMaTHKy Mera

BUJATHUX IHXKCHEPIB y BENWKIHA Mipi MOB’s3aHI came 3

LI€I0 CTOPOHOI0 MareMaTHMYHUX KYypCIB — «YHUCTOIO Meroto poboTH € aHajdi3 MOXIMBOCTEH Ta
MAaTEeMaTHKOIO». pO3po0Ka KITFOYOBHX TMPHHIIUIIB CHCTEMHOTO MiAXOIY

[o-npyre, BuKkmIamaHHs  MareMaTHMKd Majgo A0 BupimeHHs mpotmem JATBO mnpu BuKIanaHHI
3a0e3MeUNTH HANIeKHI MiJBAJMHU JUIS KypCIB BJIACHE  MAaTEMaTHYHHUX KypCiB B BHUIIMX HABYAIBHHX 3aKJaJax..
IHKEHepHOI migrotoBku. Taka Mmarematuka «uaias  BWABATH 3aBHaHHA Ta 3OIMCHUTH BHUOIp HUIAXIB iX
CHOXKHBA4a», 3PO3YyMIJO, € >XUTTEBO HEOOXIAHOIO y  BHpINICHHS, HAa OCHOBI SIKMX pPO3pOOWTH OCHOBHI
CTPYKTypi BHIIOI OCBITH, OCOONMHMBO SIKIIO BOHA MPHUHIWIKA Ta 3alpPONOHOBATH pPEKOMEHIAIl, sKi
MaKCUMaJIbHO HACHYY€ThCS BIAMOBIIHUMH NPUKIAJAAMH  JIO3BOJISITH  MIJIBUIIUTH €(EKTHBHICTh HAaBYaIBHOTO

Ta 3a7a9aMu IpodeciiiHo-opieHTOBaHOTO XapakTepy [1].  mporecy, TTOKPAIIATH SIKICTD JMCTAHIIIIHOIO
Jucrantiiiai TexHoNmoOrii y BHUINIA OCBITI (Hamajdi  BHKIAJaHHS Ta IiIBUIIATH MOTHUBAIIIO CTYICHTIB
ATBO) €,  OesmepedHo,  MNPOTPECHUBHUM  Ta

MEPCIEeKTUBHUM HAIPSIMKOM 11 po3BHUTKY. B Toit ke yac
Hapa3i BUHMKAIOTH IIEBHI IPOOJeMHU MNpH iX IO€JHaHHI
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OcHOBHA YacTHHA

Bim3naunmo, mo-mepmie, mo SK CTYOCHTH, SKi
MaloTh HABYATHCh AHMCTAHIINHO, Tak 1 iX BHKIamadi
MalTh JOCBiJl JIMIIE TPAAULIHHUX (OpPM yuOOBOTO
mporecy. 3po3yMiio, 10 IS CTYIEHTIB, «IHCTaHIIIHKa)
BUIISIIA€ Jy>Ke NPHUBAOIMBO 3 TOYKH 30py THYYKOCTI
posmoniy iXx wuacy. lle TuMm OULIBII iCTOTHO depe3
cnenr(iKy KOHTHHTCHTY TaKWX CTYIEHTIB: HAIl JOCBif
BKa3ye, IO Ii JIFOMM ICTOTHO CTapili 3a BIKOM, HIX
HaBITh CTYJEHTH 3a04HOi (OPMH HAaBYAHHSI, MPALIOIOTH,
yacTim 3a Bce, 3a (axom, B OararbOX BHIIAJKaX
HaOyBaroTh APYTy BHIILY OCBITY. B mpuHIuMI, THyYKICTH
IpU PO3MOIUIl Yacy Majia O BUIISIATH NPHBAOIHMBO i
JUIs. BUKJIAJIauiB, SKIIO O el po3Hoiin He BHUSBISBCS
pe3ynbTaToM AMKTaTy CTyAeHTiB. JloOpe Bimoma Bcim
BUKIIaJ]a4aM «apUTMIYHICTB» IPH NOJa4i 320YHUKAMH iX
JIOMAIIHIX POOIT B TOBHIM Mipi CTOCY€EThCS 1 CTY/IEHTIB -
«IUCTAHIIIHUKIBY.

[lpupomHUM pO3BUTKOM MEPIIOr0 MYHKTY €
Ipyrui. SIK cTygeHTam, Tak 1 BHKJIajgayaM iCTOTHO He
BUCTa4a€ «KOJICKTUBHOIO HACTPOIO HA POOOTY», KU €
IPEAMETOM  3aCNyXXEHHX TOPIOIIB  JOCBIAYEHHX
BUKJIa/IadiB Ta iICTOTHUM (pakTOpOM Kpamioro 3acBOEHHS
Mmarepiany mns crygeHtiB [3]. Bigeokondepenuii He
3aMiHIOIOTh CIUTBHOI POOOTH B ayOHTOPIsSX, Y9acTh y
HUX CTYJICHTIB ci1a0Ka.

[lo-Tpete, cmim 3ayBakuTH, LIO CTPYKTypa Ta
00’eM wMarepiaiiB, IO agPeCyOTBECA CTyACHTaM
JUCTaHLiHOT (opMM HaBUaHHA Yy BEIMKIH Mipi
MPOJUKTOBAHI CTEPEOTHIIAMH IX BHKJIAJa4iB: PO3JIOTi
CIIICKH PEKOMEHIOBAHOI JIITepaTypd, TECTH Ta 3ajadi,
JOCTaTHI JUTA KOMIUICKTAlil 3aJa4HiKa, IPU3HAYCHOTO
JUIs CTalliOHapHOTO HaB4yaHHS. Ha Ham mommsinm, TyT
HEOOXiTHO OOMEKHUTHUCh MaKCHMAJIbHO JIalligapHUMH
TEKCTOM JICKIIii, TMOCIOHMKOM 3 pO3B’S3aHHS 3ajad,
Ha0OpOM TeCTiB Ta NpaKTUYHUX 3aBAaHb. He Baprto
MmiJaBaTl  HACMpaBAi  BAXKUM  BHIIPOOYBaHHSIM
MOTHUBAIIIO CTYHCHTIB. «JIMCTaHIIHHUKY» BiIMOBHUTHUCH
BiJl TMPOJOBXKEHHS OCBITH TaM, T WOro SBHO
HePEBaHTaXKYIOTh, &K 3aHATO IPOCTO.

UeTBepTOrO MPOOIEMHOIO TTO3UIEI0 €, 3BUYAIHO,
¢opMa TpoBeAEHHS  3aiKiB Ta  ICHOHUTIB  IpH
JMUCTAHIIMHOMY  HaBYaHHI. MeToau  aKTUBI3aIlii
BHBYCHHS CTYJCHTaMH TEOPETHYIHOTO MaTepiary moope
BiIOMi — II¢ ONMUTYBaHHSA HA JICKI[ISIX Ta MPAKTUIHUX
3aHATTSAX, MATEMATHYHI JUKTAHTH, KOJOKBIyMH Ta iHIIIE.

be3snepedHo  KODUCHHMH €  KOHTPONb  BEICHHA
CTyICHTAMH KOHCIICKTIB JICKUId Ta HaJaHHA IM
MOXJIMBOCTI ~ JOCTYmy  JO  IHMX  KOHCIICKTIB,
MiITOTOBJICHUX  BHKIANadeM Yy  [anepoBiil  4u
eNeKTPOHHIN  Qopmi. Ame cimig 3 OPUKPICTIO
KOHCTaTyBaTH, IO Hapasl Wi TpamumidiHi MeToau

CTPIMKO BTpa4aloTh CBOIWO edekTuBHICT. CTyneHTH
MPOCTO HE pO3YMIIOTh, MO0 BiA HUX BHMAraroTh,
BUSBISIFOTECS HE B 3MO31 MPOTSTOM KITBKOX IHIB
(MakCMMyM — JIBOX-TPbOX THIKHIB), BIJIMOBUTHCH Bij
3BHYOK, SIKI POKAMH CKJIQJAIHCh y IIKOJII Ta MiIHO

76

3adikcyBanmucst 3a dvac miarotoBku jo 3HO. VY i
cUTYyalil, SIK HaM 3[a€ThCsl, HEOOXITHUI MOLIYK IIUIAXIB
«TIOM SIKIAHHS» 7S CTYACHTIB epEeXOAy Bi MIKITHBHUX
CTEPEOTUMIB [0 YHIBEPCHUTCTCHKHX CTaHAAPTIiB, HE
BIZICTYNalO4M IPH I[bOMY BiJl OCTaHHIX. 3BICHO,
izeansHIM BUXOAOM Oyna 6 3MiHa mapaguTMA MIKUTHHOT
OCBITH IUIsl LIKOJISPIiB, OPI€EHTOBAHUX HA TPOIOBKCHHS
HaBYaHHSI B  yHiBepcuTerax, abo, MpHHANMHI,
MpOIEeypH iX BCTYIy IO YHIBEpCHTETIB, alle Hapasi Ie
HE BHIAETHCS PCATBHUM.

MaOyTb, 111 pi3HMX IpeAMeTiB (IyMaHITapHUX,
byHIaMEeHTalbHUX Ta 1H.) MIAXOOM MAalTh OyTH
pisHMMH. ABTOpaMm, 3BHYaiHO, XoTutocs O Maru
MaKCHMalbHO MOXJIMBHHA OCOOMCTHH KOHTaKkT i3
cryaenTamu ocing 3HO cBiquuTh, 1110 IepeBipKa 3HaAHb
3 MaTeMaTHKH T€CTOBOTO THITy (HABITh i3 BKIIIOYCHHSIM
TECTIB BiJKPUTOTO THITY Ta YKOPCTKUM KOHTPOJIEM TIpH il
NPOBENICHH]) MOXKE PO3MISANATHCh JIMIIE K [EepBHHHA,
BOHA € (POPMOIO JIOITYCKY [0 3aJliKy UM eK3aMeHy, ale XK
HE 3aMiHIOFOYH iX.

BucHoBku
Pestomyroun ckazane Buie, Cc(HOPMYITIOEMO
HACTYITHI peKOMeHaLlil.
1. Jns crymeHTiB, mo oOpaium ans  cebe
JTUCTaHIIIHY bopmy HABYAHHS, a0COIIOTHO

HEOOXiJTHUM € KOHTPOJIb PiBHS IX 3HaHb i3 IpenMera,
110 BUBYAETHCSL.

2. Meronnune 3abesnedenHs JTBO moBuHHO
HAJlABaTH CTYJACHTY, 3a HOro Oa)KaHHSIM, MOXIIHUBICThH
OTPUMaHHSl MiHIMaJbHO HEOOXiJHOTO PIBHS 3HaHb 3
mpeaMera A OTPUMAaHHS MiHIMAIBHOI ITO3UTHBHOI
OIIHKM (CTUCIHIA KOHCIICKT, MiHiMi30BaHUI HaOip
KOHTPOJIPHUX MMUTAHb Ta BIPAB).

3. 3a HasBHOCTI  TexHiuHOi  (¢piHaHCOBOT)
MOXJIMBOCTI CTY/IIEHT IIOBHHEH MaTH MOXJIUBICTh
CIUIKYBAaTHCS 3 BUKJIAZa4eM SK HaiJacTiIle.
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®OPMYBAHHSI KOMITIETEHIIINA YIIPABJIIHHS PO3BUTKOM TEXHOJIOI'TH HA
OCHOBI 3HAHb

Anomayis: opmysannsn xomnemenyiti w000 YNPAGIiHHA PO3GUIMKOM MEXHON02Il hepedbaiae po3gumox
3HAHL, HABUYOK MA NPAKMUYHO20 00CGI0Y 8 2asy3i YHPAGNIHHA NPOEKMaMmu, po3eUmMKY IHHOBAYil ma
mexHono2iu. OCHOBHI KPOKU, AKI MOJNMCHA SUKOHAMU Oiisi POPpMYSAHHSA KOMHemeHYili uo00 YNPAasiiHHA
DO3BUIMKOM MEXHONO02T Ye. HABUAHHA Y 6uiA0i 000AmMKO80i 0C8imu, GopmysaHHa NPoGecilinux HagUHOK
0N eqheKmueHo20 YNPAGNIHHA PO3GUIMKOM TEXHON02Id, poboma 6 npoekmax 3 po3pooKu ma
BNPOBAOICEHH HOBUX MEXHOLO2I, MEHMOPCMEo 3a0sA Chienpayi 3 00csioueHuMy (axisyamu y 2any3si
VAPABAIHHA PO3BUINKOM MEXHON02IH, NPAKMUYHA OINbHICING HA OCHOSI pe2yapHOi npaKmuxu.

Kniouogi cnosa: komnemenuyii; po3eumox mexHonoziil; 3HaHHA; HAGUYKU.

Beryn

@dopMyBaHHS KOMIICTCHIIH OO YIPaBIiHHS
PO3BUTKOM TEXHOJOTIA TMependadae PO3BUTOK 3HAHB,
HABHYOK Ta MPAKTUYHOTO JOCBINy B ranysi yHnpapBJiHHS
MPOEKTaMH, PO3BUTKY I1HHOBAIii Ta TexHojiorid [1].
OCHOBHI KPOKH, IKi MO’KHA BUKOHAaTH JJIs1 ()OPMyBaHHS
KOMIIETEHIIi} 00 YIPABIiHHS PO3BUTKOM TEXHOJOTIH,
HACTYTIHI:

® HaBUAHHI: JIOJAaTKOBa OCBITa MOXE BKJIIOYATH
KypCH, CeMiHapH, TPEHIHTY Ta iHIII (GOPMH HABYaHHS B
rajgy3i yrnpapJiHHS NPOEKTaMH, PO3BUTKY TEXHOJIOTIH,
IHHOBAIli{ Ta CTPATEriYHOTO TUIAaHyBaHHS.

® pO3BUTOK  TpodeciifHuX TUTS
e()eKTUBHOTO  YNPABIiHHS PO3BUTKOM TEXHOJIOTIH,
HEOOXiJTHO MaTW HaBUYKH YIPABIIHHS IMPOEKTaMH,

KOMYHIKaIIii, JTiIEPCTBA Ta iHIIINX BAXJIMBUX HABUYOK.

HaBHUYOK:

e po0oTa B TPOEKTaX: akKTHBHA Y4YacTb Y
NpOEeKTaX 3 PpO3pOOKM Ta BIPOB3KCHHS HOBHX
TEXHOJIOTiH 03BOJISIE OTPUMATH MPAKTHYHHUN TOCBII Ta
3HAOMCTBO 3 PI3HUMH €TanaMH OPOEKTY.

MEHTOPCTBO:  CHIBIpals 3  JIOCBIIUYEHUMH
(haxiBUSMHU y Taiy3i yIpaBIiHHS PO3BUTKOM TEXHOJIOTIH

MOXE€ JONOMOITH OTPHMAard KOPHCHI Topagu Ta

pekoMeHjanii, a TakmK MOAUIUTHCA NPAKTUYHUM
JIOCBIJIOM.
® T[OCIOHMKM Ta  PEeCypcH:  BHUKOPHUCTAHHS

PI3HOMAHITHUX MOCIOHWKIB, KHUT, KypHAIIB Ta 1HIIIX
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pEeCypciB MOXKE [OTIOMOITH 30UIBIIMTH 3HAHHA Ta
PO3YMiHHS yNpPAaBJIiHHS PO3BUTKOM TEXHOJOTIH Ta
IHHOBAIIiH.

® [IpaKTHYHA JAISUTBHICTB: PEryJsipHa MPAKTHKA B
PO3BUTKY TEXHOJNOTIH Ta  IHHOBAIii  JO3BOJISIE
3aKpIIUTIOBATH Ta PO3BUBATH OTPUMaHI HABUYKH Ta
3HAHHS

[HHOBAIIT Ta PO3BHTOK TEXHONOTIH € KIIOYOBUMHU
(akropamu, sSIKi BIUIMBAIOTh HA €KOHOMIYHHUN PO3BHTOK
KpaiH, 3MIHIOIOTh KHTTS JIFONCH Ta PO3B'S3YIOTh
BOXJIMBI MI00abHI MPOOIEMH, Taki SK 3MiHA KIiMary,
eHepreTnyHa  e(eKTHUBHICTH ~ Ta  3a0e3nedeHHs
TIPOJIOBOJIBCTBA.

[HHOBALIT € MPOLIECOM BIIPOBAKCHHS HOBHX iJICH,
METONIB, TEXHOJOTiH Ta pPHHKOBHX MOIENeH, sKi
HPUBOIATH OO PO3BUTKY HOBHX IPOAYKTIB, HOCIYT Ta
puHKIB. IHHOBalii MOXyThb OyTH pO3yMHI SIK HOBI
BIIKPHUTTS B HAyIli Ta TEXHOJOTISAX, a00 SK HOBI MiIX0IN
Jlo Oi3Hecy Ta oprasizauii podortu [2].

Po3BUTOK TEXHOJOTIH, Yy CBOIO Yepry, mnepeadadae
BIOCKOHAJICHHSI iCHYIOYHMX TEXHOJIOTid Ta CTBOPCHHS
HOBHX, OumpIl  edekTuBHUX. BiH  3a0e3meuye
IHHOBaLilHy 0a3y Ui BIPOBaXKCHHS HOBUX IPOAYKTIB
Ta TOCIYT, 0 BiANOBINAIOTh HAPOIICHHIO IOMUTY Ta
motrpebam puHKY [3].

Po3BHTOK TEXHONOTH € BaXJIMBUM (DaKTOpPOM
3MiHM KOHKYPEHTHOI CHTyauii Ha pHHKY. |HHOBamiiiHi
TEXHOJNOTII  JO3BOJIIOTH  KOMIIAHIsIM  301TBIIyBaTH
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NPOJAYKTHBHICTb, 3HI)KYBaTH BUTPATH Ta MOKpPAIIyBaTH
SKICTh MPOAYKTY a00 MOCIYTH, MO0 POOHTH iX OiibII
KOHKypeHTOoCIpoMOKHUMH ~ [4].  TakoX  pO3BHTOK
TEXHOJIOTIl MOXKE CHPHSTH 3HW)KCHHIO HEraTHBHOTO
BIDIHMBY JIFOJICHKOT MIsUTPHOCTI HA JTOBKLJLIS.

Meta

Y cydacHOMy CBIiTi iHHOBalii Ta PO3BUTOK
TEXHOJIOTIi € OCHOBOIO [UIS [IOCSTHEHHS YCIIXy B
Oi3Heci, HAayKOBUX JOCHIDKCHHSIX Ta [IOOaJIbHOMY
po3BuTKy. IlpaBuibHE cHpsMyBaHHS iHHOBaliHHHX
3yCHIIb T PO3BUTKY.

Memoto Oocnidscensy € 1o0OyIOBa XOJMICTUYHOTO
OaueHHs Ha (OpMyBaHHS KOMIICTCHIIH 3 YIpaBIiHHS
PO3BUTKOM  TEXHOJOTIH B  yMOBax  NIIOOAJIbHOI
niritamizarii, iHHOBaIlif Ta 3aCTOCYBaHHS CyYacHHX
CHCTEM IITYYHOTO IHTEJIEKTY y BUIJIS/IL 4apT OOTiB.

3HaHHA Yy PO3BUTKY TeXHOJIOTIH

Possutoxk  TexHOIOrIN 3 CKJIAJHAM Ta
OararorpaHHUM TPOIIECOM, SIKAI morpedye
cnenmu(iYHUX ~ KOMIICTEHIIH Ta  HAaBUYOK I

epexruBHOro ympapiinHs [5]. Jlesxi 3 KJIOUOBHX
KOMITCTCHII, SKI MOXYTh MJOIMOMOITH y PO3BUTKY
TEXHOJIOT1H, BKIIIOYalOTh HACTYITHE:

® pPO3YMIHHS TEXHOJNOTIYHUX TEHICHLIH Ta
TPEHAIB: I €(QEeKTUBHOIO PO3BUTKY TEXHOJIOTIH
HEOOXiTHO MaTh NIMOOKEe PO3YMIHHS TEXHOJOTIYHHX
TEHJICHLIII Ta HOBUX TEXHOJIOTIH, 10 MOXYTh Maru

BIUTHB Ha Oi3HEC-CcepeoBHIIIE.

e VYNpaBIiHHSA  NPOEKTaMH:  po3poOka  Ta
BIIPOBA/PKCHHS! HOBHX TEXHOJOTIH 4YacTo BHMarae
VOpaBIiHHA [POEKTaMH, IO HOTpedye  3HaHHA

MPOEKTHOr0 MEHEDKMEHTY Ta HABUYOK YIPABIIHHS
KOMaH/I0I0.

e KOMyHIKalii: e(peKTUBHE CIHUIKyBaHHA 3

pi3HMMH  3aIliKaBJIEHUMH CTOPOHAMHM, BKJIIOYAIOUH
KOMaHy, KII€HTIB, NTApTHEPIB Ta IHIIMX YYaCHUKIB, €
KPUTUYHHUM JIJIsl PO3BUTKY TEXHOJIOTIH.
JOCITI/DKCHHS Ta aHaNi3: 3J[aTHICTh IO aHaJi3y
JAHUX Ta JOCI/DKCHHS PUHKY € BaXIMBUM ISt
PO3YMIHHA TIOTCHINaly TEXHOJOTIH Ta pPO3BUTKY
CTparerii uist IXHbOTO BIPOBA/KESHHS.

e JIAEpPCTBO: 3HATHICTH JO JIJepcTBa Ta
MOTHBAI] KOMaHIM I JOCSTHEHHS CHUIBHHUX IIJIEH €
Ba)KJIMBOIO JIJIs YCIIIIIHOTO PO3BUTKY TEXHOJIOTIH.
THYYKICTh Ta aJanTHBHICTh: 3IATHICTH IO
ajianTaigii 10 3MiH Ta THYYKOTO IJXOAY € KPUTHYHUM
JUIL PO3BUTKY TEXHOJIOTIH B IIBUAKO 3MiHIOBAJILHOMY
Oi3HEC-CcepeIOBHIIT.

e |HHOBALIWHICTH: 3JATHICTG O IHHOBALIMHOIO
MUCJICHHSI Ta CTBOPEHHSI HOBUX 1/1€i.

VYrpaBniHHS 3HAHHSAMH 1 KOMIIETEHIISIMH Tpae
BOXJIMBY pOJb B PO3BUTKY TexHosoriit. TexHomorii
MOCTIHHO PO3BUBAIOTHCA, 1 I TOro, moO OyTu
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VYCHIIIHUM B [BOMY TMPOIECi, OpraHizamii MOBHHHI

3a0€3MCYUTH  CBOIX  TIpAIiBHUKIB HEOOXIITHUMU
3HAHHSIMH 1 KOMITETEHITisMH [6].
VYnpaBniHHA =~ 3HaHHAMHM  1riepepbavae  30ip,

30epiraHHs, po3MOBCIOJDKEHHS 1 BUKOPHCTAHHS 3HaHb B
opranizamii. Ile MoXxe BKIIOYaTH Taki MPOIECH, SK
HaBYaHH], OOMIH 3HaHHSAMHM, 30epiraHHs JOCBIAY,
CTBOpeHHs ©0a3 gaHux Ttomo [7]. YmpaBmiHHS
KOMIIETEHIIISIMH, 3 IHIIOTO OOKY, O3Ha4yae 3a0e3nedeHHS
NpaIiBHUKIB HEOOXIJIHUMHM HABUYKaMH 1 BMIHHSIMH JJIsI
BUKOHAHHS iXHIX poO04YHX 00OB'S3KIB.

YrpaBiaiHHS 3HAHHSIMH | KOMIICTCHITISIMA BKITIOUAE
B cebe:

® OLIHKY NOTped y 3HAHHAX 1 KOMIIETEHIisIX:
opraHizamii TOBWHHI BH3HAUUTH, SKi 3HAHHI Ta
KOMIIETEHIIT HEOOX1AHI IS OOCSTHEHHS CBOIX Ol3HEC-
LiIeH.

® pO3poOKy IUIAHIB HaBYaHHS Ta PO3BUTKY:
opraHizanii MOBHHHI PO3pOOJATH IUIaHM HABYAHHS Ta
PO3BHUTKY, SIKI BIAMOBIZAIOTh IXHIM MOTpedaM y 3HaHHIX
Ta KOMIIETEHIIIsIX.

e 3a0e3neueHHs  JOCTYIy 1O  pecypcis:
opraHizamii TOBHWHHI 3a0e3ledyBaTd MpalliBHUKAM
JIOCTYI J0 PEecypciB, siKi JOMOMOXYTh iM OTpHUMATH
HeOoOXIHI 3HAHHS Ta KOMIIETEHIIIT.

® MOHITOPHUHT Ta OIHKY.
e omiHKa e(eKTUBHOCTI yIPABIiHHS 3HAHHIMH Y
PO3BUTKY TEXHOJOTIH € BaXJIMBUM MPOLIECOM, SKHUM
JIO3BOJISIE OLIHUTH Ta MOKPAIIUTH PE3yJIbTaTHBHICTh
VIpaBJiHHS 3HAHHAMH B OpraHizauii, IO CIPHUSE
PO3BUTKY TEXHOJIOTIH.

Icuye xinpka miAXomiB 10 OLIHKK e(EeKTHBHOCTI
YIpaBITiHHS 3HAHHIMH Y PO3BUTKY TE€XHOJIOT1H, OCHOBHI
3 HUX:

® OIlliHKa Pe3yJaBTaTUBHOCTI YIpaBJIiHHS
3HAaHHSIMH: OIliHKA e()eKTUBHOCTI YIIPAaBIiHHI 3HAHHIMHI
3MICHIOETHCS IIUISIXOM TOPIBHSIHHSL PE3yJbTaTIB, sKi
OyiM TOCSITHYTI B Pe3yJIbTaTi BUKOPUCTAHHS YIIPABIiHHS
3HAaHHSAMHU, 3 THMH, SKi Oynu © MocsTHEeHi 0e3 HBOTO.
JIms OIiHKH pe3yibTaTiB BUKOPUCTOBYIOTHCA KITBKiCHI
MOKa3HUKH, Taki SK 30UIbLIEHHS NPOAYKTHBHOCTI,
3HIDKCHHS 4Yacy BHpPOOHHMITBA, 30UIBIICHHS pIiBHA
1HHOBAIII# TOIIO.

e OIlliHKAa BiAAadi BijJ 1HBECTHLIN B yIpaBIiHHSI
3HAaHHAMU: 1IeH MiJIXiJ MOJsrae y BU3HAYEHHI BapTOCTI
pe3ynbTariB, sAKi Oynmm JOCATHYTI B pe3ylbrari
BUKOPUCTAHHS YIIPABJIiHHS 3HAHHIMH, 1 TIOPIBHSHHI 1X 3
BUTpaTaMl Ha peali3alil0 MpOLECIB  YIpaBIiHHI
3HaHHAMU. SIKIIO Bijjada BiJ IHBECTHIN IEPEBHUIINYE
BUTPAaTH, TO MOXKHa TOBOPUTH TPO €(PEKTUBHICTH
YIPaBIIiHHA 3HAHHAMH.

OLlIHKa PIBHA 3Iy4EHOCTI NEpPCOHATY JI0
VOpaBITiHHSA 3HAHHAMH: M€l miaxig momsrae y
BU3HAYEHHI PIBHSA 3aMy4EHOCTI MpAIiBHHUKIB JIO
MPOIICCIB YIPABIiHHA 3HAHHAMH. SIKIIO TMparliBHUKH
aKTMBHO OepyThb ydYacTb Yy LHUX IIpolecax Ta
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BUKOPUCTOBYIOTh 3HAHHS JJIsi PO3B'SI3aHHS 3ajad, TO
MOXHAa TOBOPHTH TIpO €(EKTUBHICTh YIPABIiHHA
3HAHHIMH.

® BUMIpIOBaHHS 3HaHb € CKJIaJHUM 3aBJIaHHSM,
OCKUTBKH 3HAaHHS - 11€ BHYTPILIHIN NPOLEC JIIONNHH, 1110
HE 3aBKIUM MO)KHA Oe3mocepelHbo crocTepirati abo
Bumipsith.  Tomy, IS BHMIpIOBaHHS  3HaHb
BUKOPUCTOBYIOTBCS Pi3HI METO/IM Ta ITiJIXO/H, 30KpeMa:

® TECTyBaHHS: ONWH 3 HAMITOIIUPEHIIINX METOIIB
BUMIPIOBaHHSl 3HaHb, M0 TMOJNATa€ Yy MPOBEICHHI
TECTyBaHHsI Ha 3HaHHS NIEBHOI TeMHU a0o npeamery. Tect
Moxe OyTH y (opMi MUCHMOBHUX 3alUTaHb, BiIMOBIiIEH
Ha TECTOBI KapTKH, TECTY 3 BHOOPOM OfHi€T a00 KiIBKOX
BiAIIOBiIEH TOLLIO.

e 00'eKTUBHI MeTOIM: Ii MeToaM 0a3yloThCsS Ha
CIIOCTEPEKECHHI Ta  OLIHII  pe3ylbTarTiB  TEBHOI
JisuibHOCT. Hampukman, BUMIpIOBaHHS 3HaHb MOXE
OyTH  TpOBEIECHE NUISIXOM  CIIOCTEPEXEHHS  3a
BUKOHAaHHSIM TICBHOT 3amga4i abo  BUMIpIOBaAHHS
pe3ynbrariB  poOOTM 3  BHUKOPUCTAHHSIM  IEBHOT
TEXHOJIOTI.

® GKCIIEpTHA OIiHKA: Led MeTox mnepeadaqae
BiIBIAyBaHHA eKCIEPTiB, SKi MalOTh BIAMOBIIHUI
JIOCBIJI Ta 3HAHHS Yy TEBHIil rajiy3i, Uil OL[HKU PiBHS
3HaHb IEBHOT 0COOU 200 TPYITH.

e CaMOOIliHKa: mel MeTon mependadae OLIHKY
piBHA 3HaHb JIOAMHOIO CaMOI0 CO000I0, MIIAXOM
3allOBHEHHSI aHKETH YW BHKOHAHHS II€BHOTO 3aBJaHHSI.
OpHak, OCKUTBKM ~ CaMOOLliHKa  MoXxe  OyTH
Cy0'€KTHBHOIO, 1Ieil METOIl BUMIPIOBAHHS 3HAaHb MOXKE
OyTH MEHII TOYHUM.

e OIiHKa pe3yJibTaTiB: LEH MeTox NOoJsrae y
BAMIPIOBaHHI PE3YIIbTaTiB POOOTH MEBHOI JIOOWHUA YU
TPylH, $Ka BHUKOPHCTOBYE€ 3HAaHHA Y NPaKTHYHIH

IISUIBHOCTI.

Hiritanizanisa sk apaiiBep po3BUTKY
TEeXHOJIOT i

Jiritanizauis € BaXIMBUM (aKTOPOM Y PO3BUTKY
TexHonorii. lle o3Ha4Yae TEPEeTBOPEHHS aHAIOTOBOI
iHdopmamii Ta mporeciB Ha UTUPPOBi, MO HO3BOISIE
CTBODIOBATH HOBI MOKJIMBOCTI JUIsi BIOCKOHAJCHHS
TEXHOJIOTIH Ta IXHROTO BUKOPUCTAHHS [8].

Ocb KillbKa CII0C00iB, SIK Airitaiizallis BILIMBA€ HA
PO3BUTOK TEXHOJIOTIH:

e BJIOCKOHAJICHHS MIPOIIECIB: JliriTamzarris
JTO3BOJISIE ABTOMATHU3yBaTH 0araro MpoIeciB, MO POOUTH
ix OimpIn eeKTHBHUMH Ta IIBUAKUMH. lle no3Bossie
30CEPCIUTHCS HAa PO3BUTKY OUIBII CKJIAJHHX Ta
BHCOKOTEXHOJIOTIYHUX TPOIIECIB.

e TMOKpameHHs  JAocTynHocTi:  Jliritami3zamis
3abe3neuye noctymn 1o iHdopmalii Ta TeXHOJIOTIH A
OibIIOi  KUIBKOCTI JIIOAEH, 10 30UIbIIye KUIBKICTB
KOPHUCTYBAYiB Ta MATPUMY€E PO3BUTOK TEXHOIOTH.
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® pO3IIUpPEHHS MOXJIUBOCTeH:  Jliritamizamis
JIO3BOJISIE PO3ILUPIOBATH MOXKJIMBOCTI 32 JIOTIOMOTOFO
MONATKOBUX (YHKIIH Ta iHTerpamii 3  IHIINMH
TexHonorisiMu.  Hampuknan, po3poOka — IITY4HOTO
IHTENIEKTY Ta MAaNIMHHOTO HABYAaHHS BiJIKpUBAE HOBI
MOXJIMBOCTI [T PO3BUTKY aBTOMATH30BAaHHUX IPOIIECIB
Ta MOKPAIEHHS TEXHOJIOTIH.

® DO3BUTOK HOBUX NpoAykTiB: Jliritamizamis
CTHMYITIOE PO3BUTOK HOBHX IPOMYKTIB Ta CEpPBiCiB, AKi
BIJIMOBIIAIOTh HA HOBI MOTPEOM Ta BHMOTH PHUHKY.
Hampuknan, po3BUTOK JIOAATKIB Ta IIPOrPaMHOrO
3abe3reueHHsl Il MOOUIBHMX TIPHCTPOiB 3abe3mneuye
HOB1 MOUIMBOCTI JJISI PO3BUTKY TEXHOJIOTIH Ta iXHBOTO

BHUKOpHCTaHHS [9].

ApxiTeKTypa iIHHOBaLiil B PO3BUTKY
TeXHOJIOT i

ApxiTekTypa iHHOBAllii B PO3BUTKY TEXHOJOTiH
MOX€ MaTH pi3Hi (OPMHU Ta KOMIOHEHTH, aje 3arajom
BOHA CKJIAJIAE€THCS 3 ACKIIBKOX CTaIliB:

® JIOCHIJHUIBKWHA eTam: [e eTam, Ha SKOMY
MPOBOJISITHCSl HAYKOBI JOCIIPKEHHS Ta EKCIIEPUMEHTH 3
METOIO 3PO3yMITH IPOOIIEMY Ta 3HAWTH MOXKIIHBI IUIIXHU
ii  pupimenHs. Ha  1mpomMy  eram — MOXYTh
BUKOPUCTOBYBATHCS Pi3HI METOJIM Ta TEXHOJIOTT, TaKi 5K
MOJICJIIOBAaHHS, aHali3 JaHUX, CTaTUCTUYHI MeETOIH
TOLIO.

. erari

qu

pO3poOKa  NPOTOTHILy: HA  LBOMY
pO3pOOJIIETHCS  MPOTOTUI  HOBOI  TEXHOJIOTIT
HPOAYKTY, SIKMH NOTPIOCH IS MONANbIIOTO TECTYBAHHS
Ta BIOCKOHAJEHHA. [IpoTOoTHH MOXe MaTH pi3Hy
CKJIAZHICTh Ta (YHKIIOHAJIBHICTh, 3QJIC)KHO BiJ THITY
TEXHOJIOTIT YH IPOIYKTY, IO PO3POOIISETHCS.

® TECTyBaHHS BIOCKOHAJICHHS:  MiciA
PO3POOKKM IPOTOTUILy TPOBOIATHCS TECTYBaHHA Ta
aHaii3 pesynerariB. Ha mpomy erami MoxyTh OyTH
BUSBJICHI HEMOJIKM Ta TIOMIUIKH, SKi MOTPIOHO
BUIIPABHUTH, & TAKOX MOXYTh OyTH BHECEHI JOAaTKOBi
3MiHHU Ta BIOCKOHAJICHHS.

Ta

e MacmTaOyBaHHS Ta KOMepIiaiizamis: Kol
TEXHOJIOTISl YW TPOAYKT MPOMIIOB YCHIIIHUHA TMPOIEC
TECTYBaHHS Ta BIOCKOHAJICHHS, BOHAa MOXe OyTH
rOTOBOIO JI0 MacuitaOyBaHHsS Ta KoMepuiamizamii. Ha
IBOMY eTami po3polmseTsesi Oi3Hec-cTpareris, IUIaH
MapKeTHHIY Ta MPOAAXIB, a TaKOX CTBOPIOETHCS
iHppacTpyKTypa Ui BHPOOHHMITBA Ta MOCTa4aHHS
MPOAYKTY YH IOCIYTH Ha PUHKY.

Yci etanu apXiTeKTypy iHHOBAIiA B3a€MOTIOB's13aH1
Ta BUMAraroTh CIiBIpalll MK PI3HUMHU IUCHUIUTIHAMM.

Amxaia Tpaicopmanisi y po3BUTKY
TEeXHOJIOT i
Ajpxaiin TpanchopMallis B pO3BUTKY TEXHOJIOTIH €

JIOCHTH MOIIUPEHOO MPAKTHKOIO B Cy4acHOMY CBiTi. LIs
METOJIOJIOTISI PO3POOKU MPOTPaMHOTO  3a0e3MeueHHs
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Oyna cTBOpeHa 3 MCTOIO TONIMIICHHS ¢(hEKTHBHOCTI Ta
SKOCTI pO3pOOKM TPOrpaMHHUX TNPOAYKTiB. BoHa
3aCHOBaHA Ha imei JUHAMIYHOI Ta iTeparmiiHol
PO3pOOKH, KOJIU PO3POOHHKH CTBOPIOIOTH MPOrPaAMHUMN
NPOAYKT y HEBENMKUX iTepalisiX, KOKHA 3 SKHUX MOXE
BKITIOYATH B ce0€ BECh ITUKI PO3POOKH, TIOUNHAIOYH Bif
aHaJi3y Ta MPOEKTYBaHHs 1 3aKIHYYIOYM TECTYyBaHHIM
Ta BUIIYCKOM HOBOI Bepcii mporpaMHoro npoaykry [10].

OcHoBHa inest ajpkaiin TpaHchopmalii nonsarae B
TOMY, III0 KOMaH/1a PO3POOHUKIB 3aliMa€eThCsl PO3POOKOIO
MPOrPaMHOTrO MPOIYKTY y CIIBIIpall 3 3aMOBHHUKOM Ta

IHIDMMH ~ 3aliKaBJICHUMH CTOPOHAMH, TAaKUMH SK
TEeCTYBAIbHUKH, AHANITHKH Ta iHII. Bcl ydJacHuUKH
MPOEKTYy AaKTUBHO B3aEMOMIIOTH MK co0ol0 Ta

3aJIy4aloThCsl O MPUIHATTS PilllcHb.

Apxaitn Tpancdopmaliisi Moke OyTH BUKOpPHCTaHA
He JIMIIE B pO3po0Li MPOrpaMHOro 3a0e3neueHHs, a i y
pi3HMX ranmy3sx, Je HeoOXiHO po3polisiTH Ta
BIOCKOHAJIOBaTH  TexHouorii. Bona Moxe OytH
KOPHUCHOIO ISl KOMaHJ PO3POOHUKIB, SIKi MPAIIOIOTh
HaJ PO3POOKOIO anapaTHOro 3a0e3ICUcHHS, IHTCPHET-
pillleHb Ta IHIMIMX TNPOEKTIB. ApKaia TpaHchopmarlis
JTO3BOJISIE PO3POOHMKAM IIBUIKO BIATIOBiAAaTH Ha 3MiHHI
BUMOTH pHHKY Ta 3a0e3ledyBaTH BHCOKY SIKICTh
MPOIYKTY.

BucnoBkn

VYrpaBniHHA PO3BUTKOM TEXHOJIOTii Ha OCHOBI
3HaHb € KIIOYOBHM €IIEMEHTOM B EKOHOMIYHOMY,
coLiaIbHOMY Ta HAayKOBOMY pO3BHTKY. OCHOBHa ijest
NoJArae y TOMY, LIO 3HAHHS € OCHOBOIO PO3BHTKY
TEXHOJIOTIH, 1 TOMy HAJICXKHTh NPHIUIATH BEJIHUKY YBary
PO3yMIHHIO Ta BHKOPHCTaHHIO 3HaHb Yy TpoLECi
PO3BUTKY TEXHOJIOTiH.

OmHuM i3 KIIIOYOBMX AaCHEKTIiB  yNPaBIiHHS
PO3BUTKOM TEXHOJIOTil Ha OCHOBI 3HAHB € 3a0€3MEUCHHS
JIOCTYIIHOCTI 3HaHb Ta iHQopMallii, MO CTOCYIOTHCS
TEXHOJIOTIYHOTO PO3BUTKY. Lle Moxe OyTH 3abe3neueHo
gepe3 30ip Ta aHaNi3 JaHWX, PO3BHTOK CHCTEM 300py,
00pOOKH Ta PO3MOBCIO/PKEHHS 3HaHb, & TAKOXK PO3BUTOK
e(PeKTUBHUX METO/IB KOMYHiKalii Ta 0OMiHy 3HAHHSIMH.

Takoxk BaXJIUBHM acIeKTOM € 3a0e3MeyeHHs
CTifiKor0o Ta e(eKTUBHOTO PO3BUTKY TEXHOJOTIH Ha
OCHOBI 3HaHb, KU MOXe OYTH JOCSTHYTHH IUIIXOM
BUKOPHCTAHHS METOJIB TIPOTHO3YBAaHHS, OLIHKH Ta
aHaNli3y pPHU3HKIB, a TaKoK BHUBYCHHAM TMIPHYUH Ta
HACJIAKIB TEXHOJIOTIYHHUX 3MiH.

YeminiHe ynpaBTiHHSA PO3BUTKOM TEXHOJIOTIA Ha
OCHOBI 3HaHb TAKO)K BIMAra€e pO3yMiHHS Ta yTPaBIiHHI
COLiaJIbHUMU Ta €KOHOMIYHUMU HACJIiAKaMu
TEXHOJIOTIYHOTO PO3BUTKY. Lle Moxe OyTH HOCATHYTO
IUIIXOM PO3BUTKY €(EKTHBHHX METOIB BU3HAYCHHS Ta
OI[IHKH COIlaJIbHUX T4 €KOHOMIYHHMX HACNIJKIB, a TaKOX
PO3po0OKH cTparerid MiHiMi3allii HEraTUBHUX HACIIAKIB
TEXHOJIOTIYHOTO PO3BUTKY.
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HNEPCIHHEKTUBU BUKOPUCTAHHSA CUCTEM IITYYHOI'O IHTEJIEKTY B
CYYACHUX THOOPMAIIMHUX CUCTEMAX

Anomayis: ceim amintoemocs. Kojcnoeo Ousa Hayka ompumye HOBI GuKauKY. [ 6upiluenHs Hosux, Oiibiu
CKIAOHUX, 3a80aHb mpeba 8UHAXo0umu Hogi, Oinbul NPOOYKmMueHi, memoou. He omunyna ysa npobnema i

chepy po3pobku npoepamnoeco 3abesneuwenna. Ocmanni 0ecAMUIImms 0yxce Yacmo 2080PAMs NPo 3aAMiHY

modell pobomamu, aie Ha CbO2OOHI 8UNA0AE OLIbUL PealiCMUYHUM CUMOIO3 PO3POOHUKA 31 WMYYHUM
iHmenekmom, wo 003601A€ OilbUl AKICHO BUKOPUCMOBYBAU HAABHI pecypcu O1i GUPIUEHHS

PI3HOMAHIMHUX 300a4.

Kniouogi cnoea: wmyunuii inmenexm, ChatGPT, mawunne nasuanusa, wam-oomu, ingopmayinni
cucmemu, Heiponni mepesci, Bing, Copilot X, Bard.

Beryn

ITyyanii iHTEIEKT HA CHOTONHIIIHIN JEHD € ITyKe
BOXIMBUM  IHCTpyMEHTOM Juisi  Oaratbox  cdep
JUSUTBHOCTI JIIOMWHM Ta rainy3ed Hayku. BiH ycminiHo
3aCTOCOBYETHCS y BHUPOOHHIITBI, MeIAIIHI,
ABTOMOOUIBHIM TPOMHCIOBOCTI, TOpriBii, (iHaHCaX,
TOIO. 3a JOTNOMOTOI0 IITYYHOTO IHTEJEKTY BIAETHCS
JocsraTh HEOadeHWX paHillle Pe3yAbTaTiB  3aBISKU
30UIBIICHHIO MPOXYKTUBHOCTI Ta ONTHUMI3allii pPi3HUX
MPOLIECIB.

MeTta

Mertoro pobOTH € TOCTIIKEHHSI CyYacHUX CHCTEM
IITYYHOTO 1HTEJIEKTY, TX MepeBar Ta HEIOMIKIB, a TAKOX
X BIUIMB Ha po3poOKy 1H(QOPMAIIIHUX CHCTEM.

OcHoBHA YacTHHA

Ityunwuit  igTenext(1LI) e 3IaTHICTH
arapaTHO-MIPOrPAMHOTO KOMIUICKCY aHaJIi3yBaTH BEJIMKI
MacuBu iH(popmarlii, oOpolmsiTi X Ta poOUTH IEeBHI
BHCHOBKH Ha IJICTaBl SKAX MOXKHA MpUAMATH OLIBIT
skicHi pimenHs [1]. OcHOBHa XapaKTEpUCTHKAa CHUCTEM
noOyZI0OBaHUX HA INTYYHOMY IHTEJEKTI 1€ IOCTiliHe
HABUAHHS, HAKONMYCHHSA iHQopMarii Ta ycmimee Ii
3acTocoByBaHHs. CBOTOJHI Majo KOTro  3IUBYELI
HasiBHICTIO Moxymo I B Oynmp-sikidi iH(popMarliiiiHiit
cucreMi. Mu 3BUKIH, IO KapTOrpadiuyHUii ITOJATOK
YCHIIIHO MPOKIaAe MapuipyT 0 pOOOTH, OMHHAKOYH
KOpKH, 10 CydacHe IIporpaMHe 3a0e3MeucHH
aBTOMOOINI JTOIIOMOXKE 3 JIETKICTIO 3alapKyBaTHCs, a
OaHKIBCbKa CHCTEMa MpPOPAXy€e BCI PHU3HKU IUIATEKY.
OKpeMO TakOX BapTO 3raJlaTH TOJIOCOBI TOMIYHHUKH.
[Hdopmariiiai cuctemMu ski He BHKOPUCTOBYIOTH LI
IPOrpaloTh B IIBHJIKOCTI, THYYKOCTI ¥ BiIMOBiAHO
0i3Hec BTpayae a00 HEAOOTPUMYE JOXiJ.
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[epmi  gOCHiPKEHHST  IITYYHOTO — IHTENEKTY
MoYaucsl e Ha modyatky XX CTomiTrsa. barbkom
IITYYHOTO 1HTEJIEKTY HEeOEe3ITiICTaBHO BBaXKAIOTh [I>koHa
MakKapri. Came BiH CTBOPHB MOBY IpOIpamyBaHH:I
LISP mns poOoTu Haj IITYYHAM IHTEIEKTOM SKa 1 IO
CBOTOJHIIIHIK  JE€Hb € ONHMUM 13  OCHOBHHX
IHCTPYMEHTAJIbHUX 3aC00iB B 11iii ramy3si [2].

Ane y XXI cTomitTTi y 3B’A3KY 3 BEIHYE3HUMH
TEMIIaMH  PO3BUTKY TEXHOJOIIYHOTO CEKTOpy IS
IITYYHOTO IHTEJIEKTy BUHUKAIOTh HOBI BUKIIUKH.
OpHielo 3 Takux cdep € CTBOPEHHS MPOrPaMHOTO
3abe3neueHHs. IcHye mekinpka BapiaHTiB ydacti I y
CTBOpPEHHI IIPOIPaMHOTO 3a0e3Ie4eHHSI.

1. ApromatmuHe cTBOpeHHS komy. IIII moxe
CTBOPIOBaTH TICBHI MOMyJi Ha TIACTaBI HaTaHUX
BX1JTHMX BUMOT. Hanpukiaz, 3a 1omoMOror MamiHHOTO
HAaBYaHHA Ta HaOOpy BHMOI CHCTEMH MOXYTb
TeHEepYBaTH KO Ha OCHOBI BKE iCHYIOUOTO.

2. Ontumizanis koxy. Moxke BHKOPHCTOBYBATHCS
Ui peaKTOPUHTY Ta ONTHMI3allil KOAy HAaIMCcaHOro
monesMH a00 MITyYHHM IHTEIEKTOM. 3a JIOTIOMOTOIO
MalIMHHOTO HABYaHHS MOXKE IPOBOAWTHCS aHAII3
BY3bKHX MICIIb Y KOJIi.

3. Apromarnune tectyBaHHA. Ockinpku 1111 Moxxe
Hanucary Ko, TO Maro4di BUMOTH JO IEBHOTO MOMYJISA
BiH TakO)X MOXKE HaIKMCaTH aBTOMATHYHI TECTH M
TIEPEBIPKU KOPEKTHOCTI pOOOTH KOIY.

4. Apromarnuna pokymeHtanis. Cucremu 111
BUKOPUCTOBYIOTbCS  JUII  CTBOPEHHS aBTOMaTHYHOL
JOKyMeHTalii 1o koay. HaiiBigoMimmMu TakuMH
cucremami € Javadoc ta swagger.

5. Homomora po3pobHuky. Cuctemu IIII maroum
BeJMKi 00csry iH(opMallii 1 BAKOPUCTOBYHOYH MalllMHHE
HAaBYaHHS MOXYTh HaJaBaTH PO3POOHHUKY JOIOMOTY 3
NPUBOAY TOTO SKAM YHHOM, a00 Ha SIKii TeXHOJOTil
Kpaie noOyayBaTH Ty YH IHIIY CHCTEMY (CBOTO POy
ACHCTEHTH PO3POOHHKA).
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B umimomy Bukopucranns I B pospoOui
IpOrpaMHOro  3a0e3le4eHHS  JO3BOMSE  3HAYHO
MiABUIMUTH SKICTh KOXY, 30UIBIIUTH TPOXYKTUBHICTH
CHCTEMH a TAaKOXK HaBiTh MEPEKJIACTH Ha HHOTO YaCTHHY
poboTH (HampHUKIa TECTYBaHHS). OpHak
Bukopuctopyroun LI cmig mam’statw, mo Ha BiAMIiHY
BiJl JIFOMMHM MalllHA HE MOX€ HECTHU BIAIOBINAIBHOCTI,
TOMY Ba)KJIMBO Jly>K€ YBa)XHO BHKopucToByBatu LI y
cdepax e € KPUTUIHUMH IOMIIIKY (MEIULMHA, SAepHA
€HepreTrKa, aBToIIOTH, TOIIO).

3 KOKHUM JIHEM KIJIBKICTh CHCTEM, 1110 TIOOYI0BaH1
na UII, 30inbiyerbcs. BoHM HajgaroTh JIIOACTBY BCE
OinbIe 1 OUTBIIIE MOXKIIMBOCTEH y BCiX cepax.

Po3risinemMo netasbHilIe HAUMOMYJSIPHILI 3 HUX.

ChatGPT — ue moTy»HHH IHCTPYMEHT, 10 MOXe
BHKOPHCTOBYBATUCh Y Oi3HEC pIMICHHSAX TaKuX SK
MOKPAIIICHHST OOCIYrOBYBaHHS KIII€HTIB, OITHUMI3aIlis
MEBHUX TMPOLECIB 30UIBLICHHS TMPOAYKTUBHOCTI Ta
Oararo iHmoro. OCKIIBKHA TEXHOJIOTIS JO3BOJISAE IIIBUIKO
00poOnsiTi Benuki 00’emu iH(opMarii To BoHa MOXKe
3aCTOCOBYyBaTucs B Oyap-ski cdepi ne me HeoOXimHO
3poOMTH 32 HEBEMUKWH TpPOMDKOK dacy. He e
BUKITIOUEHHSM 1 nporpamua imxkenepis. ChatGPT moxke
YCIHINIHO 3reHepyBaTd KOJA 3a JOBUIBHHM OIIHCOM,
BHOCHTH B HBOTO NPaBKH 32 YTOUHCHHSIMH. Tako BiH
MOXE YCITIITHO THCaTH aBTOMATHYHI TecTH. AJie OLIBIT
LIKaBOIO BUIVISIAE MOKJIMBICTB CIUIKYBaTUCS 3 OOTOM 3
NPUBOAY  BHpILIEHHS  MeBHUX  mpolmem,  abo
BHKOPHCTaHHS TEBHUX TEXHONOTiH. Maroum y cBoeMy
po3IopsIKeHHI Benuki 00’eMu iH(opManii Ta DIBHIKO
aHaJI3yIouu iX, CHCTeMa MOXE JaBaTv SKIiCHI BiIIOBiAi
HAa HETPHBIaNbHI TEXHIYHI MUTAHHSA CHOPSDKAIOYH iX
NpUKIagaMi Kooy, B MalOyTHbOMY Le IIJIKOM MOXe
CTaTH  aJbTEPHATHBOI0  CTaHAAPTHOMY  IHTEpHET
NOIIYKOBHKY, B sSIKOMy OyBae IyKe CKJIaJHO 3HAWTH
HACTUIBKU PEJICBaHTHY iH(OpMaIIiIo.

Came Tak 1 Bupimwia kopropauis Microsoft
BOYy/lyBaBIIM IITYYHUI IHTENEKT y CBid MOIIYKOBHK
Bing. Ile mnpusBeno m0 pocTy BiABIOyBaHHA Ha
15,8% [3]. Taki moka3HMKM CBig4aTh HpO Te, IO Ha
PHMHKY IOILIYKOBUKIB BinOyBaroThest 3minu 1 Google, sk
0e3yMOBHHU Jifiep paHime, 3apa3 BTpadae mo3uiii. Lle
4yJ0Ba Harofa [yl Kopropauii Microsoft ckopucrarucs
CUTyali€lo 1 3aiHATH Hilly, TUM Oijblie, MO0 Ha
ceoromHi Google BincTae y MHUTaHHSIX BIPOBAKECHHS
I B MOUIyKOBUK, aje Yac pO3CTaBUTH BCE IO MICIIX.
Takox 1rikaBuM BHIIAmae cepsic Bing Image Creator.
Bin nmo3Bonse rTeHepyBaTHm 300pa)KCHHS Ha MiJACTaBi
TEKCTOBHX 3allUTiB, HANABIIM TaKOX JONATKOBHI
KOHTEKCT. B mepcnekTuBi 1ie MoXke 4aCTKOBO 3aMIHUTH
pPYTHHHY poOOTy MpPOAYKTOBHX  JIU3alHEpIB IO
CTBOPEHHIO JISSIKUX PECypCiB, TOLIO.

Jliis po3poOHMKIB Oyne OLIbII I[IKABUM IIE OIUH
npoekt Bin Microsoft — Copilot X, mo nosuiionye
cebe sSK TOMIYHMK mporpamicta. Po3poOHuUK MOXke
criikyBatucs 3 111 y Bunagkax BUHUKHEHHS mpoOiieM,
0e3  HeoOXimHOCTI  BiABIAYBaHHA  NPOQUILHUX
pecypciB — cucTeMa MifKaxe SK BUKOHATH Ty Y iHIITY
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Iir0 Mg vac HamucaHHS Komy. CHCTEM IHTErpyeThes
OPSIMO Y PENAKTOp KOAY Ul MAKCUMAalIbHOTO KOM(OPTY
PO3pOOKH.

Bard NPOAYKT BiJl BCECBITHHO BIJIOMOTO
nourykoBoro riranra Google. O6MexeHuid JOCTyN /0
npoekTy Oyno Biakputo smme 21 6epesns 2023 poky
TOMY TOBOPHUTH PO (DYHKIIOHAJ 1 SIKICTH MPOrPaMHOTo
NPOAYKTY IIOKM 10 3apaHo. Ilpore BiH Takox
moOyoBaHUM 3a NpUHOUIOM dar OoTy. Xoua Ha
CBOTOJHIIIHIA JeHb (HAKTUYHO HEMae MOXKIIMBOCTI
MPOTECTYBATH NPOIYKT, B iloMy Bard 6e3 cymHiBy Mae
noteHiias. OCKUIbKM BiH TNOOYIOBaHMH Ha MOBHIi
mozmemi LaMDA, To peanizoBaHuid (QyHKIIOHAN
noBuHeH Oyt He MeHI LikaBuM HiX y ChatGPT.

BucHoBku

TexHomorii  IITYYHOTO  IHTENEKTy  IOCTIHHO
PO3BHUBAIOTHCS, 3’ SIBILTIOTHCS HOBI OUTBIN BIOCKOHAJICHI
MOBHi Mozeni. Ha chorofHiiHiii 1eHb MOBa He ijie po
crpoOy 3aMIiHATH PO3POOHHKIB IITYYHWM IHTEIEKTOM.
IcHyr04i IHCTPYMEHTH NMOKJIMKAaHI 3HAaYHO ITOKPAIIUTH i
CHpOCTUTH  po0OTy  PO3poOHHKA (nm3aiinepa,
TECTYBaJIBHMKA) 1 B TOH k€ Yac MiABHUIMBINY ii SKiCTh
Ta MPOAYKTHBHICTh. HacTymuuii Tpenx — 00’ erHaHHS
MallvH 1 JIFOACH I MiJBUINCHHS  KOTHITHBHOT
MPOIYKTHBHOCTI.

Croromai MO)kHA 0Oe3 TepeOiTbIIeHHST CKa3aTH, 10
royvajacsi epa LITyYHOIO iHTENeKTy. BukopucTtoByBaTH
IITYYHUH IHTENIEKT B Cy4YacHMX iHQopmaiiitnux
CHCTeMaX YW Hi — BHpINIyBaTH KOXXHOMY, aiie Tpeba
pO3yMiTH, [IO B JEAKWA BHIAAKaX L€ J03BOJHUTH
BUDINIMTH 3aJa4i sIKi paHilie He BHpilryBanucs, ado
BHpimIyBanmcs ayxe noero. OmHak, mepen TUM SK
NPUHHSTH PILICHHS PO BUKOPHCTAHHS [IUX TEXHOJIOTH,
Tpeba JeTalbHO TIpOaHaji3yBaTH CBOi NOTpedu i
MOXJIMBOCTI Ui iX peamizamii ¥ iHTerpamii y GizHec-
npouecd. Pobutm 1me morpiOHO 3  00epekHicTIO,
OCKIJTbKH B KDHUTHYHHX HampsAMKax 1€ MOXe
NPU3BOJMTH JIO TEBHUX 3001B 1 BTpar, ockimbku II
MOJKEe HaJaBaTH HE JOCUTH TOYHY, a iHKONHU i BiABEpTO
XHOHY iH(pOpMaIilo.

CBiT 3MIHIOETBCA 3 KOXKHUM JHEM. Mu
3MIHIOEMOCH pa3oM 3 HUM. Po3poOHuKH, K mpodecis,
HE 3HUKHYTh B HailOMMKYMI MNEepCHeKTHBi, aje IM
JIOBEIEThCSl  MIJUIAIITOBYBaTUCS IMiJi HOBI peamil i
CIIBIPAITIOBATH TUTIY O IJTIY 31 INTYYHUM iHTEIIEKTOM.
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THOOPMAIIMHA EBOJIIOLISI POHOBUX METO/IIB
META®OPUYHOI ONTUMIBAIIII

Anomayis: nepcnekmueHUM HANPAMOM GUDIUEHH CKIAOHUX 3060aHb ONMUMI3ayii € eepucmuxa,
MeXaHizMoM KO 3anedicums 6i0 npobniemu aneopummiyHol CMpPYKmMypor 6UCOKO20 Di6Hs 5K HAOOpY
NPUHYUNIE KepyBanHsa abo cmpamezitl po3pooKu anreopummy memaghopuunoi onmumizayii. Ingpopmayitini
MEXHON02I, WO BUEHUAIOMb €BONIOYIIHI Npoyecu Onmumizayii 003601510Mb NPUCKOPUMU  GUKOHAHHSL
npoyec OmMpUMAHHS Pe3yIbInamy 3d PAXyHOK GUKOPUCHMAHHS AN2OPUMMIE [ Mexauizmie obpoOKu
iH(hopmayii, saKi nputiuiy mpusanuti 6i00Ip y Jcusiti npupooi.

Kniouogi cnosa: ingpopmauisn, esonroyis, piii, memaghopa, onmumizayis

Beryn

ChorofHi OUTBIIICTh 3aBlaHb, IO CTABUTH Iepen
HaMHM SKHTTA BigHocsaThes g0 NP-ckimagHux 3ajad,
HAMpPUKIAJ, 3aBIaHHS KOMIBOSDKEpA, 3aBAaHHS MO
paHellb, 3aBJaHHS [P0 TMPH3HAYCHHS, TeHeparis
CTPYKTYPU HEMPOHHUX MEPEXK, HABYAHHS HEHPOMEPEIKI.
YV Takumx 3amadax IiIbOBa (DYHKINS JISUTBHOCTI €
CKJIaJIHOI, 0araro eKCTPeMalIbHOI0, 3 pPO3PUBAMH,
nepemkogamu. [Ipuuomy, y OLIBIIOCTI BUNA/IKIB BOHA €
OararokpuTepiaNbHOIO, 1HOMI  CITAa0KO  BHW3HAYCHI.
MeraeBprucTika, 3acHOBaHa Ha MeTaopi IEBHOTO
MNPUPOJHOTO YHM INTYYHOI'O MPOLECY, SK OCHOBA JJIsl
CXEMH ONTHMI3allii, € TAPHOK SPEKTUBHOI 0a3010 IS
BUDINICHHST ~ KOHKPETHHUX  3aBJaHb  EBOJIOIMIHHOIO
MTOXO/KCHHS.

MeTta

Busnauutu, MO>KJIMBOCTI
CBOJIIOI[ITHAX ~ BJACTHBOCTEH y POEBHX  METOAAX
MeTaQOpUYHOi ~ ONTUMI3aIii  Jume Ha  piBHI
iHpOopMaiHHIX TIOTOKIB 3 METOI0 3a0e3ledeHHs iX
aJIalTHBHOCTI.

BpaxyBaHHs

OcHoBHA YacTHHA

3aBnaHHs K iHQOpPMAIIHHUI 00'€KT, MPEICTABIISAE
MeTy y QopMali3oBaHOMY BHIVIAIL 1 TpencTaBise
Moaens mpoOnemMHoi curyarii. CTpyKTypy 3aBHaHHS
BU3HAYa€ B3a€MO3B'SI30K MPOLECIB, IO MOJIEIIOIOTHCS.
B 3aBmaHHsX onrtuMmizanii KpuTepii BHCTYNAlOTh Y
SKOCTI  (YHKIII-METpUK, IO 3aJafoTbCsS  30BHI
BUpINIAJBHUM [paBWJIaM LION0 HOro mijed Ta
MOXKJIMBOCTEH, a TaKO)X OIUCYIOTh SIKICTh PO3B'S3aHHS
3agaui. HassBHICT, HEBH3HAYEHOCTEH B caMmii 3amayi Ta
ii mocTaHOBI 0OYMOBIICHAa HACTYITHUMHU (PaKTOpaMHU:

BEJIMKOIO  KUIBKICTIO —TapameTpiB, BXiJTHHX

JIaHMX Ta iX 3HA4YEeHb IJI1 MOZEI 00'€KTa;
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®  HasBHICTIO CTOXaCTHYHOTO XapakTepy
30BHIIIHIX BIUIMBIB Ha 00'€KT;
® HEBHM3HAUCHICTIO BHOOpPY BIacHe  MoJedi

00'eKTy Ta, IK HACJIIIOK, HEBU3HAUCHOCTI MOJIS 3aBIaHb
B 0CHOBI NOBEAIHKH YaCTUHKHU POIO JICHKUT:

® CXOXICTH (pedeKcist cTaHy IHIOI YaCTHHKU 3
METOI0 TOOYAOBH MPOCTOi KOHIIENTYadbHOI MOAEi
TTOBE/IHKH);

e aHayorig (HACIiTyBaHHSA JI€I0);
e momiOHICTh (MacIITaOOBaHICTh HAa BCI YACTHHKH
pOIO B YMOBaX MapH KPHUTEPiiB: rojof-3aI0BOJICHHS Ta
CTpax-BH)KHBAHHS).

IndopmariiiHa eBoOMIOLS POMOBHX YaCTOK MOXE
OyTH npecTaBIeHa Y BUIVISAI HACTYITHOTO JIAHIIFOKKA:
3oBHinHe cepenosunie — (I'pynu) — (Jlinepu rpym) —

— (Jlizep xoHIIIOMEparii rpy).

Indopmarniiina EBOJIIOLIS BCBHOT'O

BiZI0OpaXkaeThCsl HACTYITHOO MOCITIJOBHICTIO!
(Jlinep xourmmomepanii rpymn) —(Emnita) — (Poit).

B sKocTi 30BHIIIHBOTO cepeloBuile  OyneMo
obupat Ti (hakTOpH CEpeIOBHINA, IO JIFOTh Ha POEBI
YaCTUHKH:

poro

(I'pymm) - {Hocii o3Hak}.

(Jlinepu tpyn) — {TpeHmu BigOOpy O3HAK 3a
TpyYIIOIO0, TIPOLIECH CaMOoOpraHi3amii Tpynu}.

EdexTnBHICTP TPYMOBOi IiSUTBHOCTI 32 CXEMOIO
Jiep — CepeloBHIIEe — IOCTIJOBHUKH BHU3HAYAETHCS
JMUHAMIYHUM TpOIleCOM OOMiHy iH(popMmallii, B SKOMY
Jiep Ta MOCTiTOBHUKH B3a€EMO3AIICHKHI.

Jlo cTpyKTypH JifiepcTBa BXOAATH I'SITh OCHOBHUX
CJIEMCHTIB: JIJCp, NOCTIMOBHHUKH, 3aBJaHHS, TIpyIIa,
JIiiep — cepeJOBUILE — ITOCTIIOBHUKH.

JlinepctBO — TpymoBe SBHUIIE, Yy  SKOMY
HAMIYalOThCd LUIAXU 1 3aco0M 3amid  JOCSATHEHHS
TpyNOBHX  HIeH 1  pealizyeTbcs  KOOpIMHALLSL

ISUTBHOCTI WICHIB TPYIIH.
(JTinep wonrmomepanii rpyn) — {Tpenau BinbGopy
03HaK 3a Jiijgepamu rpyi. [lo3wmiis gifgepa 3a1eKuTh Bif

Kadenpa indbopmartiiaux texgonoriii, KHYBA
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CTYIEHSl B3a€MO3AJEKHOCTI WICHIB TPYNH OJHMH Bij
OZIHOTO Ta B3AEMOBIIHOCHH TPYNH 3 HAaBKOJIHIIHIM
CepEIOBUIIIEM } .

(Enita) — {CraOumizauiss BigOopy AOMiHaHTHHX
O3HAaK Ha HOCIAX O3HAaK, CIPSIMOBYIOYM 3YCHJUIS Ha
JTOCSITHEHHS ITLTCH } .

(Piin) {®opmyBanHs Ta  crabumizamis
JIOMIHAHTHUX O3HAK Ha HOCIAX o3HaK. JoCBim oOmHi€l
YAaCTHHKH PO HPOTH MHOXHHHOTO POEBOTO JIOCBIY,
mo 3a0e3nmeyye IMBHAKHH TOMYK 3 IPOCTOpPY
BUIIPOOYBAaHb. }

Jlizep 3HAYHOK MIpOK BIUIMBAE€ HA MPOLECH
camoopranizamii  rpymu, (OpMyBaHHS  TPYHOBHX
LIHHOCTE# Ta Ha MOBENIHKY WICHIB rpynu. Y 3B'S3Ky 3
UM JIiJepu Ta caM (EeHOMEH JIiiepcTBa TPaaMIiiHO
MPUBEPTAIOTh yBary AOCTITHHUKIB. Y LHOMY TMOJISTAE
AKTYaJIbHICTb Ii€T TEMH.

Benuki comianbHi rpymnu € HA0AraTto CKJIaJIHIIIAMU
CHCTEMaMH CaMOOpraHizallis Ta PpO3BUTOK SKHX HE
MOJKe IPYHTYBATHCS JIMIIE HA IPUPOAHUX (HaKTOpax.

YitkicTe BHIUICHHS TO3MIII YacCTUHKHU-JIiZCpa
3aJeKATIME B CTYNCHS B3a€MO3AJICKHOCTI UJICHIB
TPyIH ONWH BiA ONHOTO Ta B3a€EMOBITHOCHH TPYITH
3arajioM i3 HaBKOJHMIIHIM cepenoBuiieM. YacTuHKa-
Jijep — WieH Tpyny YacTHHOK, 3a SIKHM BOHA BH3HAE
MpaBO MPUIMATH BiNMOBINANBHI PIMICHHS Yy 3HAYAMHX
CUTyallisIX, TOOTO. HAWOUIBII aBTOPUTETHA YaCTHHKA-
Jigep, W0 peajbHO BiAIrpae IIEHTPAJbHY pOJIb B
opraHizamii  cmibHOI  pobOTH 1 perysroBaHHI
B3aeMoBinHocHH Tpynu [3]. Lle MOSACHIOETBCSA THM, IO
(heHoMeH JiepCTBa, CTaBJICHHS JigepcTBa
HPOSIBISIFOTHCS 3aBXKIM 1 CKPi3b, JIe TPYIi YACTHHOK POIO
JIOBOIMTHCS ~ BHUPINIYBAaTH  SAKiCh  MpoOJeMH, IO
3a4iMarTh IHTEPECH BCiX ab0 OLIBLIOCTI IPYIH.

JlinepcTBO — 3MATHICTh BIUIMBATH HAa OKpEMi
YaCTHHKH Ta TPYIH, CHOPSIMOBYIOUM IX 3yCHIUIA Ha
JIOCSITHEHHS 1[IJIEH.

EdexruBHicTh TpymnoBoi AiSUIBHOCTI 32 CXEMOIO
Jigep — cepenoBHIIC — MOCHIIOBHHKHA BU3HAYa€THCS
HACTYITHUMH YHHHUKAMH:

® CTyIEHEeM CTPYKTYpOBaHOCTI 3aja4i;

® B3a€MOBITHOCHHAMHU WICHIB IPYyIIH;
e CrifikicTIO TmTO3WIi Jimepa 3a yMOB il
(akTopiB,lI0 BU3HAYAIOTH 3MiHH Y MTOBEAIHII IPYIIH.

JluHaMiYHMH aHaNi3 JIgepCTBA — II€ MPOIEC
oOMiHy iH(OpMaLi€ro, y SIKOMY YaCTHHKH-JTIJCPH Ta
WOTro MOCIiJOBHUKH B3a€EMO3AJIEKHI.

JlinepctBO — OOMH 13 cmoco0iB audepeHtianii

TPyIId B Ppe3yibTaTi [iSUIBHOCTI, CHUIKYBaHHSA Ta
B3a€MOII] YaCTHHOK.
Jost IOCSITHEHHS METH YaCTHHI-TIEPY

HEeoOXiZTHO BHUpIIIyBaTH NpOOJIeMH 1 IpUHMaTH pilIeHHS
B Ipymi 4YacTHHOK. ToMmy Uit PO3BHTKY IHIWBiAA SK
0COOHMCTOCTI TpyIa € HE3aMIHHOIO.

Jlo cTpyKTypH JifiepcTBa BXOAATH I'SITh OCHOBHUX

€JIEMEHTIB: ‘IaCTKa-J’Iiﬂep, HOCHi,HOBHI/IKI/I, 3aBJIaHHA,
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rpyna, BiJHOLIEHHS  JIiAEp
TIOCHIIOBHUKH.

Y wMipy KITBKICHOTO 3pOCTaHHS TpymH Ta il
cTabimi3alli cepel WICHIB TPYIH CKJIAJAETHCS PAHTOBA
iepapxis (emiTa), 1 poib YacTHHKH-JIiZEepa HalOyBae
BHPIMIANGHOTO  3HAYCHHS Yy  JOUBUIBHOCTI  TPYTH.
YacTuHKa-nigep Ta CTWIb ii MOBEIIHKH K JAOMIHAHTH
0araro B 4OMy BH3HA4alOTh JIOJIIO KOYKHOTO Y4acHHKa Ta
Bciei rpymm 3aranoM. YacTuMHKa-JIiAep BIUIMBAaE Ha
coliamizanio iHauBiAiB.

YacTUHKHU-JTiAEpH 3aBISKKM CBOIH LIEHTpaJbHIN
MO3WIII BiJIrpaloTh BXKINMBY poib Yy (HOpMyBaHHI
TPYNOBUX MiJieH, iH(QOpMAIHHOTO TIIONs, a TaKoXK

CCpCaAOBUIIIC

opraHizamii CTPYKTYypu Ta CHUIBHOI  JiSUTBHOCTI
YaCTHHOK TPYIIH.
Yactka migep — ¢axiBemp i3 3aBmaHHI Ta

peryJIoBaHHS BiIHOCUH y TPYIIi.

CHpHiHATTS YaCTUHKHU-JIiIepa IPYIIOL0:

®  YaCTHHKa-Jijep
YaCTHHKA POIO.

® YacTHHKa-JTiJiep OCOONMBO BTUIIOE Yy co0i
HOPMH Ta I[IHHOCTI, II0 MalOTh HAHOLIbIIC 3HAYCHHS
JUTsl TPYTIH YaCTUHOK.

Konnenuis YaCTHHKHU-JIiiepa nependauae
MOXIMBICTh HAB'I3yBaTH TPyYII CBOI MO3MIIi, BIAIOYHCH
0 BIAaOW, BIACTHBOI craHOBHWITY (crarycy). Imma
CTOpOHA — IpyIia 3aBXK/1 CHJIbHIIIA 32 YaCTHHKY-JiJepa
1 BiH 3MYIIEHHH TPUHHSATH HOPMH, TIPUHHSATI B TPYIIi.

YacTka-yijiepa Ma€ BHUIPABIOBYBATH OUiKyBaHHS
MOCTiAOBHUKIB. JlimepcTBO HEOOXITHO PO3MISIIATH SK
TPYIIOBE SIBUIIE Ta K (PEHOMEH IPyMOBOrO PO3BHTKY.

CHprIMaTHMeTLCSI K

BucnoBok

MeTtaeBpucTrKa, 3aCHOBaHa Ha MeTadopi AKOrOCh
NPUPOJHOTO YH INTYYHOTO NPOLECY, SIK OCHOBA JUIA
CXeMH aJanTHBHOI ONTHMi3alii, € peai30BaHOI0 Ta
e(eKTUBHOI 0a3010 Ui BHPILMICHHS KOHKPETHHX
3aB/1aHb Yepe3 eBOJIOLIHHE TTOXOHKEHHSI.

I'pyna craHOBUTBCA pOEM  IpU
MmexaHismy Jlunep — Enita — Piit.

BpaxyBaHHI
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BUKOPUCTAHHS HEUPOHHUX MEXAHI3MIB IITYYHOI'O IHTEJEKTY JIJIS
KJIACTEPU3ALII BY3JIIB TA MAPIIPYTHU3AIIIL JAHUX Y BE3JPOTOBUX
CEHCOPHUX MEPEXAX

Anomayia: y yiti cmammi po3ensioaomscs meopemuyHi OCHO8U BUKOPUCHAHHSA HEUPOHHUX MeXaHizmie
WwmyuHo2o inmenexkmy O Kiacmepuzayii 6y3nie ma mapuipymusayii 0anux y 6e30pomoeux CeHCOPHUX
mepedxcadic. Tonoguumu ocobausocmamu 0e30pOmMOGUX CEHCOPHUX MePexNcadc € iX camoopeauizayis,
HaOdiliHiCMb ma cMmitikicms 00 i0MOBU, 3ACHOBAHA HA CAMOOP2AHI3AYil, ABMOHOMHICb — HAAGHICMb
B/IACHUX ABMOHOMHUX OHCEPel HCUBNEHHS, MACUMADO8AHICMb — MOXCIUBICMb 30LIbUIEHHS KITbKOCT
BY311I8 Mepedici; 36'130K — MOJICIUBICMb nepemiljents 8Y3Nie Mepexci 8 NPOCmopi, He NOPYULyIouU npu

n02i A
bOMY NI02IYH020 383Ky Mepeici

Kniouosi cnosa: neiiponna mepeica, Knacmepuzayis, 0e30pomosi mepedxyci, ceHcopHi mepeici,

wmy4Hul inmenexkm

Beryn
B nanmit wac Ha eramni mio6aapHOT iH(OpMAaTH3AIIii
Ta  CTAaHOBJCHHA  iH(OpPMAIIHOTO  CyCIHiJIbCTBA
BiZIOyBa€eThCs AKTHBHUMA PO3BUTOK €IMHOTO

iHpopMmaniiiHoro cepenopumia. [arepuet peueii (Internet
Of Things) € 0CHOBHOIO KOHLIETIIIEIO JAHOTO PO3BUTKY,
3iJHO 3 SIKOK IUIAHYETBCS NPAKTUYHO  KOXKCH
moOyTOBUH TPUCTPiN, OCHAIICHUH IiJKIIOUCHHIM JI0
Iarepuery. [Ipn npoMy mpucTpoi HAa3MBAIOTh peyaMu —
npeaMeraMu (i3HIHOTO YM iH(QOPMAIIHHOTO CBiTY, AKi
MOXYTb OyTH iIeHTH(IKOBaHI Ta IHTErpOBaHi y Mepexi
3B'SI3KY.

Meta

Meroto pobotu € 3abe3nedeHHst Tepepadi Ta
00poOKHM HaHMX y GEe3APOTOBHX CEHCOPHHUX MEpexax 3
SIKOMOTa OUIBIIOK €(QEeKTUBHICTIO Ta ONTUMI3alis ix
poOOTH,  3aBASKA  BHKOPDHUCTAHHIO  HEHPOHHHUX
MEXaHI3MIB MITYYHOTO IHTEJEKTY JUIsi KiacTepu3amii
BY3JIB Ta MaplIpyTu3alii JaHux Yy Oe3IpOoTOBUX
CCHCOPHHX MEpexax.

OcHoBHA YacTHHA

BesnpotoBi cencopui wmepexi (BCM) — 1e
PO3TOiICHI, MacitaboBaHi Mepexi, 110
CaMOOPTaHi30BYIOTBCSI 1 CKJIAaJalOThcs 3 0ararbox

aBTOHOMHHX CEHCOPIB (CEHCOPHHX BY3IIB), 00'€/IHAHNX
3a JIOTIOMOTOI0 pajioKaHany. By3nn € aBTOHOMHUMH
LIOJ0 €JIEKTPOKMBJIEHHA. Ha naHuil MOMEHT 4acThHa
BY3JIB, 13 3arajpHOi KIIBKOCTI IJKIIOUYEHHUX JIO
Inrepuery peueit, € By3mamu BCM, ockijgbku TaKi
Mepexi € OJHMM i3 HampsAMKIB PO3BUTKY IHTepHeTy
peden.
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Cdepu 3acrocyBamrs BCM pi3Hi: MOHITOpHHT

MPOMHCIIOBOCTI Ta BUPOOHHMIITBA, Mepexi
TEXHOJIOTIYHOTO  KOHTPOJIO,  OXOpPOHa  3/I0pOB'A,
BICBHKOBI TEXHOJIOTII, MOHITOPHMHI HABKOJHIIHHOTO

CepeNoBHUIIa, CHCTEMH <«IHTEIEeKTyadbHHH (PO3yMHHIA)
OyAMHOK», JIOTICTUKA Ta HaBiraiiss ta 0Oararo iHIIMX.
BCM 103BONSAIOTE IPOBOAUTH MOHITOPHHT Ta KOHTPOJIb
(hizmuHNX TapameTpiB abo 00'€KTIB Ha PI3HHUX PIBHAX
Juisl BupitieHHs pi3Hux 3axa4 [1]. CencopHuit By30d1 —
MigimMaiabHa oguauig BCM, 3a  [0mMOMOrorn  sKoi
YTBOPIOETHCSI MEPerKa, PU PO3TOPTaHHI TAKUX BY3JIB Y
IEBHIM LJIbOBIA 00nacTi Ta BCTAHOBJIEHHS MK HUMH
pamiokanany [2]. CeHCOpHi By3IH, 3a JOIOMOTOK
JIaTYMKIB (CEHCOpIB), BUKOHYIOTH 30ip iH(opmamii i3
30BHIIIHBFOTO CEPEIOBHINA 1 MIEPEAAIOTH 11, SIK MPaBUIIO,
Ha O0azoBy craHniio (BC), skow MoXe CIyXdTH
NepCOHAJIbHUN  KOMIT'IOTEp, HOYTOyK, IUIaHIIeT. Y
0e31pOTOBUX CEHCOPHUX MEpekax TOJIOBHE 3aBIAHHS
CEHCOPHOTO By3Ja - ie BUABJICHHS JAHUX 1 mepenada ix
Ha 0a30By CTaHIiI0 B 0araro-CKaiykoBOMY CEpEOBHILI,
JUIS  SIKOTO HEOOXiTHWHA mUIfX MapmpyTu3amii. s
0o0YMCIIeHHS NDIIXYy MAapHIpyTH3amii Bif BUXITHOTO
By3Jia 10 0a30BOI CTaHLil iCHy€ BeJIMUe3Ha KiIbKICTh
3aIpOITIOHOBAHMX NPOTOKOJIB MapmpyTtu3auii [3]. Crek
MPOTOKOINIB, SKHHA BHKOPHUCTOBYETHCA MpHIMaueM Ta
CEHCOPHHUMHU BY3JIaMH, TIOEJHYE B 001 iH(pOPMAILiI0 PO
MOTY)XHICTh Ta MaplIpyTH3allilo, IHTETpye JaHi 3
MEPEXKEBUMH IPOTOKOIaMH 1 €(QEeKTHBHO Tiepenae
SHeprilo 3a JOIOMOro Oe3IPOTOBOrO CEepeIOBHILA.
KoHcTpykmist ~ mpoTokoyiB ~ MapuipyTuzamii s
0e31pOTOBMX CEHCOPHHX MEPEX IMOBHHHA BPAaXOBYBATH
OOMEXXEHHSI IIOTY)KHOCTI Ta PEcypciB MepeKeBHX

BY3JIIB.
OcTaHHIM YacOM MPOBOAUTHCS OE3IIY TOCIiKEHb
obmacTi i€papXiYHMX TPOTOKOIIB  MAapHIpyTH3alil,
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OCKUIBKH 1I€H KJIac IPOTOKOJIIB € €HEeproe)eKTUBHUM.
Pazom 3 TuM, iCHye KiIbKa KIIIOYOBHX IIpOOJIEM IIpH
camooprasizamnii Ta MapmpyTtusaimii gaanx y bCM: mpu
camooprasizalii 4acTvHa By3JiB MO)Xe OyTH He 3ajisHa
Ta ONMHUTUCA 10332 CKJIAJOM Mepexi; 0Oararo
MIPOTOKOIIIB MapIIPyTU3aIlil He 31aTHI aAanTyBaTUCS 10
3MiHM po3ramryBaHHs BC; y Ieskux IpoTOKoNax IpH
nepenayi JaHuX Bijg By3ia A 70 By3na B BuTpauaerhcs
EHEprisi BCIX MPOMDKHHX BYy3JiB, II0 HETaTHBHO
BIUIMBA€ HA Yac JKUTTS Bciei Mepexi; y Oararbox
iepapXiyHKUX MMPOTOKOJIaX YaCTHUHA BY3JIiB ab0 BCi By3IH,
BKJIIOYCHI JIO CKIagy Kiactepa, 4acTo HE MOXYTh
mepefaBaTH  JaHi MDK CO00I0, OCKUIBKH  IIpH
KJacTepu3aiii He BUKOPUCTOBYETHCS Pa/liOBHIUMICTb
By3nmiB. KpiM TOrO, SKIO 17T BU3HAYCHHS CYCLTHIX
BY3JIiB BUKOPHCTOBY€ETHCS HASIBHICTH PaJiOCUTHAIY, TO B
TaKuX MPOTOKOJAX, SIK MNpaBWio, npu (opMyBaHHI
KJIacTepiB He OepeThes 710 yBaru HasIBHICTH/BIJICYTHICTb
Ta piBEHb TNOTYXXKHOCTI paJiOCHTHAIy BCIX IHIIMX
BY3JIB, IO BEIEC 10 HENPaBWILHOrO (HOopMyBaHH:
KJIACTEpiB Ta iCHy€e MpobjeMa Moo MacIiTabOBaHOCTI
Mepexi [4].

Jis iepapXi9HUX TPOTOKOIIB 3 METOIO MOOYTOBH
iepapxii OZHIEI0 13 OCHOBHHUX 3a/lad € KJlacTepu3allis
BY3JIiB, OCKIJIBKHY BiJ] HET 3aJICKUTh MaCIITa00BaHICTh Ta
edexTuBHICT poboTH Mepexki. ToMy KiacTepHu3ami€eio B
BCM Ha3uBaroTh O BY3JIiB MEPEXi Ha OKpeMi IpyIH
(xi1acTepr), Ha 4YOJ KOXKHOI 3 SKHUX TNPHU3HAYAETHCS
rosioBHUH kiactepuuid By3on (I'KB), sikumit 3xiiicHioe
MapIIpyTU3aIlil0 JaHWX MDK By3JIaMH KJacTepy Ta
nepenae arperoBani gani Ha BC. Sk iHCTpymMeHTH
KJlacTepu3arii B iepapXiqHHX IIPOTOKOJIAX
MapIIpyTu3amii BHKOPUCTOBYIOTBCS Pi3HI CHOCOOW.
JlocuTh mommMpeHuM € crocid kiacrepusallii, B SKOMY
MPOTOHYEThCS BUKOPHCTOBYBATH MEXAHI3MH IITYyYHOTO
IHTEJIEKTY, BUPaKEeHI y BUIJIS/II MAaTeMaTHYHOT Mozelti —
mry4dnoi HedponHoi Mepexi (IIIHM) i mpomnonyerscst
MPOTOKOJI MAapIIpyTU3allii, M0 peali3y€ MOXKIHBOCTI
Takoro minxomy. Helipomepexxnuii Ta MarpudyHHi
KJacTepusamii  TO3BOJSIIOTE  (popMyBaTH
knactepu 3 By3niB BCM  Ha mincraBi  marpwuii
panioBUANMOCTI, SIKa € aHATITHYHUM YSBICHHSM Tpada,
0 OMHCy€ 3B'S30K MDK yciMa BYy3JaMH MEPExKi.
HasiBHiCTh MaTpHLli PaJiOBUIUMOCTI SK BXIJIHUX JAaHHX,
J03BOJISIE TP (POPMYyBaHHI KJIACTEPIB BPaXOBYBaTH
3HAHHS MPO BCi BY3JIM MEpEXi IJIs TOro, M00 KOPEKTHO
BAAIMMTH Kiactepu [3]. A iepapxidHi TPOTOKOIN €
HaOIIbIl eEeKTHBHUMH 3a paxyHOK arperaiii Ta

crocoou

CTUCHEHHSI JIaHUX JiMlie Ha neBHux Bysnax — ['KB, mo
JTO3BOJISIE OTITUMI3YBaTH BUKOPUCTAHHS €HEpTii.
[porokonu mapuipytuzaiii B BCM BianoBigamots
32 MIATPUMKY MapHIpyTiB B Mepexi Ta IOBHHHI
TapaHTyBaTd HaOifHWKA 3B'I30K HABITH Y JKOPCTKHX
HECIPUATIUBHX YMOBaXx. bararo IPOTOKOJIB
MapuIpyTu3alii Oy cremiajabHo po3podieHi mist BCM,
Jie eHepro30epexeHHss € CyTTEBOIO IpoOIeMolo, Ha

BUPILICHHSI SKOi HarpaBieHa poOoTa X MPOTOKOJIIB.
Tomy e(heKTHBHICTB, aJIeKBaTHICTh OACPKYBAaHUX JTAHUX
momo kuTTeBoro 1mukiry bBCM  ©esmocepenHbo
3aJIOKUTh B TPOTOKOJY MapuupyTu3auii, SKHd Mae
Oytn mpaBWwIbHO OOpaHMi, 3TigHO 3  33ja4ero
MOHITOPHHTY a00 KOHTPOJIO MapaMeTpiB 30BHINTHHOTO
cepenoBuia, abo  BiH Mae OyTH B JAesKid Mipi
yHiBepcanbHui. TOIi JKUTTEBUM IMKIOM OE€3pOTOBOI
CCHCOpPHOI Mepeki Ha3MBAIOTh IHTEpBAT dYacy MiX
MOYaTKOM (DyHKI[IOHYBaHHS Ta 3HUKHEHHSM OCTaHHBOTO
3 (YHKIIOHYIOYMX CEHCOpPHUX By3iiB [5]. IIpoTokonu
MapmpyTusamii  3abesneuyiots pobory BCM  Ta
BHPINMIYIOTHh Taki 3adavi SK CaMOOpPTaHi3amii0 BY3IIiB
Mepexi  (caMOKOH(GIrypyBaHHs, —CaMOBIJJHOBIICHHS);
MapIIpyTH3aIiio Ta aJIpecalriio By3liB; MiHIMi3alio
CHEePrOCTIOKMBAHHS BY3JIiB Mepeki Ta 30iIbIICHHS
3arajibHOr0 4acy OKHTTS Bciei Mepexi; 30ip Ta
arperauilo JaHuX; IIBHIKICTh mHepenadi Ta 0OpoOKH
JAaHUX y MEpexXi; MaKCHMI3allil0 30HH ITOKPHUTTS
Mepexi; SIKICTh 00CITyroByBaHHs

BucHoBku

TakuM YHHOM TPOTOKON MapUIPyTH3aIil MOXKe
BUKOPUCTOBYBaTH HEHpOMEpe:KHHH abo MaTpU4HUH
MeToJ| KiacTepu3allii. 3aBIsIKH I[bOMY HPOTOKOIy €
MOXJIUBICTh ONTHUMI3yBaTH Iepenady AaHUX Y MEpexi,
MiIBUIIMTH T 9ac JKUTTS Ta KHUBYYiCTh. lepapxiuHa
HalpaBJIEHICTh  TIPOTOKOJIy  3a0e3ledye  BHUCOKY
MaciTadoBaHICTh Mepexi Ta JI03BOJISIE
BUKOPUCTOBYBaTH MOOUIbHY 0a30By craHmito. Takwii
MPOTOKOJI MapIpyTH3alii Moke OyTH BHUKOPHCTaHUH Y
HOBOMY KJlaci CEHCOPHHX YIIPaBIIHCBKHX MEpex
(CYM), a takox 3aBasiku Horo opientoBanocti Ha BCM
Moke OyTH BHUKOPHCTAaHMH Yy TPHUCTPOSX, IO
PO3POOIIAIOTHCS 3TiTHO 3 KOHIIETIIIEI0 [HTepHETY peyeid.
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KOI'HITUBHA MOJAEJIb ®OPMYBAHHA BA3U 3HAHD

Anomayis:

npobiemamuxa OMPUMAanHs  OOCHMOGIPHOT

NpOCHO3HOI  OYiHKU Yy npoyeci aHaunizy

RIAAMOCTIPOMONICHOCIE OY0b-5K020 CYD'€Kma 20cnooapcvbkoi OisLIbHOCHI 00CT 3ATUMAEMbCS AKMYATbHOTO.
Taxi 3a60anns, nos'szami 3 NPOSHO3VEAHHAM MA AHANIZ30M OMPUMAHUX De3YNbmamis, 0036018I0Nb
Qaxisyam eogopumu npo cmabinbHicmeb abo HecmabiibHiCmMb 8i0N06I0H020 CY0'ekma 20cno0apcbKoi
oistteHocmi. A ye, y c8oio uepey, modice Oymu 8ancausum OJisi OYiHIOBAHHS, HANPUKLAO, THEeCMUYIUHOL
npusabiusocmi 06'ekma ananizy ma OYIHIOBAHHS 3 NO2IA0Y U020 (QIHAHCO8020 CMAHYy md  00380J5E
nIOSUWUMU  PO3YMIHHA AHANI306AHUX EKOHOMIYHUX Npoyecis, No8's3anux i3 (IHAHCOBUM CMAHOM

cyb’ekmy 20cno0apro8aHHsI.

Kniouogi cnosa: xoznimusena mooenv; hinancosuii cmaucyd’ckmy 20cnooaproganHsa; 06aza 3HAHbL;
ROHAMMEBUI acneKkm; QYHKYIOHAIbHUIL acneKm

Beryn

[Ipobnematrka
MPOTHO3HOI OIIIHKH y mporeci
TUIATOCTIPOMOXKHOCTI Oy/1ib-SIKOTO
TOCHONApChKOI  JISTIBHOCTI  JIOCI  3aJIMIIAETHCS
aKTyalbHOI0.  3ayBa)KMMO,  II0  TaKOro  pOXy
NPOTHO3YBaHHS Ta aHalli3 OTPUMAaHHUX Ppe3yJIbTaTiB
JIO3BOJISIFOTH (paxiBLSIM TOBOPUTH NPO CTaOLIBHICTh YM
HEeCTaOIIbHICTh BIJIOBIIHOTO Cy0'eKTa TrOCIIONapChKOL
JUSUTBHOCTI. A 1ie, Y CBOIO Yepry, Moxe OyTH BaKJIMBUM
JUIs OLIIHIOBaHHSI, HanpHKIaj, IHBECTHUIIHHOT
npuBaOIMBOCTI 00'€eKTa aHANi3y Ta OLIHIOBAHHS 3
norsiay oro ¢inancoBoro crany (DC).

Meroponoriynuit IHCTpYMEHTapii, SKUN
BUKOPUCTOBYEThCS. B TIPOIIECI BUPILIEHHS IOAIOHOTO
3aBIAHHS, JOCHUTh  LIMPOKHH, TIOYMHAIOYH  Bij
perpeciitnux ~ momeneit  [1, 2] 1 3akiH4ylOuH
3aCTOCYBAaHHAM IUTYYHUX HEHPOHHUX Mepex [3, 4]. Bee
1 JIMIIE MiIKPECTIOE aKTyalbHICTh HOBHUX JIOCIIJKEHb
y npoMy HarpsMi. [IpadoMy, SIKIO BpaxyBaTH CTPIMKHI
pO3BUTOK  iHQOpMALIiHUX  TEXHONOTiH,  i1HTEpec
NPE/CTAaBIsIE TAaKWH aCMEKT 3arajlbHOTO 3aBIaHHA
omiaku ®PC cyl'exTa rocmomaproBaHHs, SIK BHUBUYCHHSI
MOXKJIMBOCTI 3aCTOCYBAaHHS HOBHX KOTHITUBHUX CHCTEM
Ta TeXHOJOTiH y npoueci ominku ®C Ta NporHo3yBaHHs
cTabinpHOI poboTH 00'€KTa aHAMTI3Y.

OTpHUMaHHs JIOCTOBIpHOT
aHaizy

cy0'exra

Meta

Po3pobutin Momens omucy y TOHSATIHHOMY Ta
(YHKIIIOHAJIBPHOMY acIieKTi mpouecy (QOopMyBaHHS Ta
3aCTOCYBaHHS 0a3u 3HaHb JUIS CHUCTEMH IiJITPUMKH
NPUAHATTA PILICHb TiJl Yac OIiHIOBaHHS (HiHAHCOBOTO
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cTaHy cy0'eKTa roCImoAapChKOl TisUTBHOCTI.
OcHoBHA yacTHHA

31€01JIBIIIOTO
BUKOHYETHLCS 3 YPaxyBaHHSM 3aCTOCYBaHHS CHCTEMHOTO
migxomy [13, 14]. CucreMHHH MiaXid, Y CBOI YEpry,
3aCHOBaHMH Ha CYKyHHOCTI METONiB, Mojeneil Ta
3aco0iB, sKi J03BOJISIIOTH JIOCIIJDKYBAaTH BJIACTHUBOCTI,
CTPYKTYpy Ta (yHKUil pi3HUX 00'eKTiB. 3 iHIIOrO OOKY,
32 JOMOMOTOI0 METOIB CHCTEMHOTO aHalli3y MOXKHA
JIOCHI/DKYBATH SIBUIA YM TMPOLIECH 3arajioM, 30Kpema,
[OB'3aHI 3 E€KOHOMIYHHMMH IIOKa3HUKAMHU iSUIBHOCTI
cucremu. Ilpu 1BOMY oo CHCTeMa
OIUCYETHCS 3 yciMa CKJIaJIHUMH
MIXKEJICMEHTHUMH 3B'si3kamu [ 15].

3 CyyYacHHMX CBITOIVISIJHUX TIO3HIIIA CHUCTCMHUUN
MiAX1A Ja€ JOCTiTHIKAM MOKIIMBOCTI OI[iHIOBaTH OyIIb-
SKI CKJaIHl CHCTEMH, 1 Ha IIiACTaBl Takol OLIHKH
BUPOOUTH palioHaNbHI CHOCOOM JJIsl  YIpaBJiHHS
cucremami [16].

3 BUKOPHUCTaHHAM CHCTEMHOTO IIXOAy y 3ajadi
ominku @®C akIEeHT pPOOHMTHCS Ha aHaNi3l LUTICHUX
IHTETpAJIbHUX BJIACTUBOCTEH Cy0'€eKTa roCIogapchKoi
nmismepHOCTI [16]. Ile mo3Boisie BUSBIATH BCi HOTO
KJIFOYOBI CTPYKTYpH Ta (QYHKIIIT.

3ayBakxuMo, IO BJIACTHBOCTI Oy/b-sIKOI CHCTEMH,
30KpeMa eKOHOMIYHOI, BH3HAYAIOTBCS HE TLIBKH
BJIACTUBOCTIMH  1i BaxnuBy, dkmo He
MEPIIOPSIIHY, POJb TPAIOTh BIACTUBOCTI CTPYKTYPH
cucTeMd sK emuHOro Irimoro. I[lpm mpomy mmifg
CTPYKTYPOIO CHCTEMH TPHHHATO PO3YMITH CYKYITHICTH
€JEMEHTIB, 3B'I3KiB Ta BIJHOCHMH MDK  LIMMH
eneMeHtamu [15].

CuHTE3  KOTHITHBHHX  CHCTEM

Ba)KJIMBO,
CBOIMH

€JIEMEHTIB.
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Crpykrypa  Oymp-sikoi  CKJIagHOI  CHUCTEMH
HaTOBHEHA pi3HUM 3MicToM. Lleit 3MicT Oarato B uoMy
3aJeKUTh Bi CTymeHs QopMamizamii mpomeciB, IIo
BiZIOYBarOTHCSI BCEPEIUHI OKPEMHUX €JIEMEHTIB CHCTEMHU.
B nmanmii yac cepex ¢axiBIiB 3 CHCTEMHOTO aHali3y
NPUIHATO PO3MOAUIATH CHUCTEMH IO BHBYAIOTBCA Ha
TpH cTyneHi Gopmaizarii.

VY cucremi nmiaTpuMkH npuidHATT pitens (CIITIP)
y xomi omiaka @OC cyl'ekta TOCHOIAprOBaHHS
npoleaypa CTPYKTypH3alil CHUTyalii, pO3IISHEMO Y
(hyHKIIOHAJILHOMY Ta CTPYKTYPHOMY KOHTEKCTaX.

BapianT = cTpyKTypHOTO  MiAXOOy  J03BOJISIE
BUKOHATH JEKOMIIO3UIlifo curyarii B omiHii ®C Ta
MIPOTHO3YBaHHS PO3BUTKY CTaHy cy0'exra
rocmojapchkoi  misutbHOCTI. lle mae  MOXIHBiCTH
MIpOaHaJi3yBaTH CTPYKTYpHO-(ODYHKIIOHATBHI
BIJHOCMHU  CKJAJOBUX 11 KOMIIOHEHTiB. Bindip
KOMTIOHEHTIB  (se; ) , CIIIIP,

MPE/ICTABICHUI i€papXivHOI0 KOMIOHEHTOI «YacTuHa -
Line» [14-18],

peastizoBaHUH i

(D

ne PA= {pai} — uinie (MHOXHHA 4¥ andasiT (Sei ) ;
WH —
andasiti P4,i=1,...,n.

(P4, wH),

BITHOIIIEHHS «Yactuna-1line» Ha

Jnst cutyatii, Koju HEOOXiHO OTPUMATH CLeHApii
TpaHcdopMmaii cuTyamii, BUXiTHUMHU JTaHUMH €:
MHOXHHA (akTopis S/ = {Sii };

wKanu GaxkTopis X ; ;

MOYAaTKOBUH  cTaH Cy0’e€KTy  TOCIIONapChKOi
misiibHOcTi  (CI/l) 1O BUHMKHEHHS CHTYyalii, IO
aHAITI3YEThCS

X(t9) = (X1 5ee0r X ) 5 ()

MC AM z‘amijsl ©)

>

ne 1, S — HOMep MOHATTS;
],l — HOMEp TPU3HAKY CYKEHHs, 3 HOMEpaMu

1V'S pigmosigHo.

B zarampHOMY BHIAgKy TOTPiOHO BHU3HAYUTH
BEKTOD JIOMaHHS MIPU3HAKIB (BAIT)

V(t), V(t + 1),...,V(l + n) Ta BiICIAKYBaTH 3MiHH CTaHy
CIJl ans Bxiguux napamerpis X1 (t ), X (t + 1), s X (t + n)

B MOMeHTH [,....,[ + 1

Jnst BupilleHHs 3aja4i 3acTOCOBYBaBCS METOJ
MOCHIIOBHUX iTepaliid, y xoni skux B/II1 Bu3HauaBcs 3
BUpasy:
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V(e+1)=v(t)o aM .
“

Cran CIJ B MOMEHT ¢+1, XapaKTepU3yeThCS
criBBigHOIEHHIM X (t + 1) =X (t ) +V(+1).

JJIs1 TIOBUTHBHUX Ta
nxn

Koxna MC AM :|amw,

HETraTUBHUX KOMIIOHCHT HepeTBopIOCTLC;I HpI/I
HACTYIHHUX yMOBAax:
if ang >0 thenan y; oy =ang . oo =ang;
%)

if ang <0 thenangy, oy =—ang, aro, o =—ang,
JO TO3MTUBHO BU3HAYCHOI TMONBIMHHOI MarpHili

r_ '
AM' = ‘amijsl

2nx2n

BucHoBku

3arporoHOBaHO MOJIEINb ONKCY y MOHATIHHOMY Ta
(hyHKIIOHaIbHOMY acIiekTi mpouecy (OpMyBaHHSA Ta
3aCTOCYBaHHS 0a3uW 3HAHb [UISI CHCTEMH MiATPUMKH
NPUAHATTS PILICHb Y XOZl OLIHIOBaHHS (hIHAHCOBOTO
CTaHy MigIpUEMCTBA a00 KOMIIAHIT Ui OOCTaBUH,
TOB'SI3aHUX 3 BUSIBJICHHAM OKPEMHX
caboCTPYKTYpOBaHHUX (PAaKTOPiB (03HAK), IIO JIO3BOJISIE
MiZBUIIUTH PO3YMIHHA aHATi30BaHMX CKOHOMIYHHX
npouecis, nop'szanux i3 PC cy0'exTiB rocrogapcbkoi
ISITBHOCTI.
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OCBITHI MECEH/I’)KEPU THHOBAIIMHAN HATIPSAMOK eLEARNING INDUSTRY

Anomayis: 6 cmammi po3ensioaiomsbCs MeopemuyHi OCHOGU 8NPOBAOICEHHS. 6 OCGIMHIL npoyec yam-
bomis, sax inHosayiinul Hanpsamox eLearning Industry, cnpamosanuil Ha niOSUWeHHsL Y8azu Cmyoemis 00
HABUAILHO20 NpOYecy, CMBOPEeHHs NO3UMUBHOI ammocghepu ma UCOKOI aKMUBHOCHI CHyOeHmis Ha

3AHAMMAX.

Kniouogi cnosa: eLearning Industry, oceimni uam-o6omu, mecenoicepu, yupposi mexHonoziy

Beryn

[NosiBa nocTymHUX MOOLTEHUX TeNe(OHIB € OTHUM
i3 HaWBaXXIMBIMINX IMOBOPOTHHX MOMEHTIB B icTOpii
OCBITH. Y LIUX paHHIX MPUCTPOsX He Oyio [HTepHeTy, Ha
ix ekpaHi Oynu 4YOpHi JiiTepw, LUPpPU Ta 3eJeHe
migcBiuyBanHs. HaBite 1i mpocti Tenedonn mornu 6
JIETKO BiIBEPHYTH yBary CTYACHTIB 3a gomomMororo SMS
Ta IMPOCTHUX Irop, TakuxX sIK TETpic, MiHHE IOJe YU
3MiliKa.

Cporogui 6arato BUKJIaLavyiB CTUKAIOTHCS 3 TICIO K
npobnemoto. MoOineHI  Tenedonu cranm Habararo
PO3YMHIIINMH, i CTYACHTH BHKOPHUCTOBYIOTH iX IS
mepersiay — Bieo,  IPOCIYXOBYBaHHS — MY3HKH,
TpaHCIAIIT TOAIN, TNeperisiay COLIalbHUX MEpex 1
00MiHY MUTTEBUMH ITOB1IOMJICHHSIMH.

Tenedonu — HE €qUHE, IO 3MIHUIIOCS. 3a OCTAaHHI
KIJIbKa  JECATWIIITH  CTaBJIEHHS  BHKJIAJa4iB 0
MOOITBHHUX TEXHOJIOTiH 3Ha4HO 3MiHMIOCS. Bonu minumm
BiJl 3a00pOHM Ta KOH(icKalil TenedoHIB CTyAEHTIB 10
3a0XOUEHHS iX BHKOPHCTAaHHS B OCBITHIX MUIIX.
CpOrojiHi MOXKHa 3HAWTH KUIbKa NECSTKIB CTAaTed Mpo
eLearning Industry, ski mnpomaryiorb MoOOUIbHE
HAaBYaHHS Ta OOrOBOPIOIOTH IOro BIPOBAJKEHHS B
OCBITHBOMY IPOIIECI.

MeTta

BripoBa/pkeHHsT B HaBYaJIbHUI TPOLEC OCBITHIX
4aT-00TIB Ta BUKOPUCTAHHS MECEH/KEPIB — Iporpam
MHUTTEBOTO  OOMiHYy  TOBIIOMJICHHSMH  MiJl  4ac
OCBITHBOTO  IIpOLECY €  HaWNepCHEeKTHBHHIINM
HanpsmkoM eLearning Industry.

OcHoBHA YacTHHA

OcHOBHa yBara Ili€el CTarTi — HE BIYHO MOJHE
MIUTaHHI «MOOIIBHUH Tesie()OH B OCBITHHOMY IPOLIECI»,

&9

a BHUKODUCTaHHS MECEHKEpIB — Mporpam
MHTTEBUMH MOBIIOMIICHHAMU 111/l Yac HaBYaHHS.

Hapcunatm TekCTOBI TNOBIZOMIJICHHS CTy/leHTaM
yepe3 ixHi ymroOneHi mporpamMu Oyno O BaXKo
(ocobnmMBO y BeNMMKHAX TIOTOKAax) 1 JUBHO. AlJe
CTBOPEHHSI NpOrpamu, sika Oylae HaJCWIIaTh JIeKUil Y
BUTJISIIII TEKCTiB, 300pakeHb, ayaio Ta Bimeo (aimiB i
MEepeBIipATH 3HAHHSA CTYICHTIB, MaOyTs,
PO3yMHiIlIE PillIeHHSI.

CTBOpEHHSI IHTEPaKTUBHOTO Kiacy, N CTYICHTH

0OMiHy

Habararo

YUTAFOTh JICKIIHHWA Marepial, HaliCITaHui Jar-00TaMu
B iXHiil yiI00NeHNIT MECeHpKep — IOAATOK Ui OOMiHY
MUTTEBUMH TOBIZIOMJICHHSIMH, 1 TPOCSATH BHKJIaIadya
HIITPUMKA B 4YaTi, KOJM BOHH HATPAIUIIOTh Ha
mpobieMy, sIKy HE MOXYTh BUPIIIUTH. Y TOH e dac
BOHM TaKOX MOXYTb CIUIKyBaTtucs 3
CTYAEHTAaMH B IPyIi Ta MPAaLIOBaTH B TPyIax.

OxpiM CTBOpEHHS HOBOTO KaHAJy Ta BiIBOJIKAHHS
yBark CTYICHTIB BiJ] 4Yary MHTTEBUX IMOBIJIOMJICHB,
OCBITHI 4ar-00TH NPUHOCSTH PsiJ IHIIHNX IepeBar:

1. Bukiagadi mMaTuMyTh OUIbIIIE Yacy MpaiioBaTH
3 OKpPEeMHMH JIONPMH Ta CTSKUTH, OO HIXTO HE
BiJICTaBaB.

IHIIAMHA

2. CryneHTH ananTyloTh CBili TeMI HaBYaHHS
BiJINIOBiTHO /10 CBOIX MOTpPEO 1 pO3KIIamy.

3. Koen Oaxarounii 3MOXXe OTPUMATH JOCTYII J10
3aHSATh 1 KOHTPOJIBHUX POOIT y Oyab-sIKHii 4ac JOOH.

4. CTymeHTH 3MOXYTH OTHUM KIIFMKOM 3B’SI3aTHCS
31 CBOIMHM OJHOTPYIHHKAMH 4YM BHKJIaJadaMd Ta
TIOTIPOCHUTH JIOTIOMOTH

5. Buxiagaui MOXyTh IIBHAKO 1 OE3KOIITOBHO
CTBOPIOBATH CBOI 9aT-00TH.

Yar-00TH MeceHMKepiB B TpEHIi, TOJIOBHHUM
YHHOM dYepe3 MepeBard, SKi BOHHM IIPHHOCATH Oi3Hec-
CTPYKTypaM. IX BUKOPHCTaHHS B OCBITi € HACTITBKH XK

BUIIHMM 1 Ha0arato IiHHOBALIWHIIINM, OCKUIBKH
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MPOEKTU PO3BUTKY HE OOYMOBIIIOIOTHCS OYiKYBaHOIO
pUOYTKOBICTIO iHBECTHIIIH.

TexHomoriss ~ po3poOkm  4ar-00TiB  3aiimnia
HACTUIBKM JIaJIeKO, IO Terep HaBiTh BHKIanadi 0e3
JIOCBily  KOOYBaHHS  MOXYTh  CTBOPDIOBaTM  Ta
BHKOPHCTOBYBAaTH OOTH Ha pi3HUX KaHamax 3B s3Ky. Jo
HHUX HaJIeKaTh YAroOJIeHI porpaMu 0OMiHy MUTTEBUMH
MOBIZIOMJICHHSIMH, Taki sik Messenger, Skype, Telegram,
Viber, a Takox BeO-calTH Ta BiKHA 4aTy B Iporpami Ta
KIMHATH 4ary.

Boru Ha ocHoBi npaBui. bukliicTe 4ar-060TiB He
BKJIFOYAIOTh IITyYHHH 1HTENEeKT a00 00poOKy npupoaHOi
MOBH. PimeHHS ans 4ar-O00TiB Ha OCHOBI MpaBHII
CKIAJAIOThCA 13 3a34alierifh HAIMCAHUX ITOBIJIOMIICHB
(B3aeMopiif), fAKi CHiIYIOTH I€BHOMY IIaOJIOHY Ta
BUKIIMKAIOTHCS KOPHUCTYBauyaMH KIAIlaHHAM MHII a0o
BBE/ICHOMY TeKcTy. Po6oTa po3poOHHKIB 4aT-00TiB, 110
0a3yroThCs Ha NMpaBHiIax, 3a3BMYail BKIIIOYA€ HAITUCAHHS
B3a€EMOJIiH1 1 X 3B’sI3yBaHH: 3a JOIIOMOTOIO ITyHKTIB «if).
Ile waOip mnoHepeqHbO BU3HAYEHHX MPABUI, SIKi
3’€IHYIOTh  TOBIOMJICHHS ©OOTa 3  BiIIOBIIIMH
KopHucTyBaviB. Komu HeoOXimHO 3aomamuTy 4ac i OyTu
OLITBII KOHKPETHUMH, MO)KHA CKOPHCTATUCS (YHKITIEIO
MIBUAKOT BIJMOBIM, SIKA TPOMOHYETHCS HA OLIBLIOCTI
wiatpopM 31 CcTBOpeHHS dar-O00TiB. Ll  dyHKIis
3aMOpPOXXY€ IOJIE BBEICHHS Ta HaJae KOPHCTyBaueBi
BUOIp Y BUIVIAJI MEHIO, SIKE MOXKEe MICTHTH Bix 1 10 6
KHOTIOK.

[eperBopenns jnekuii Ha ceancu yar-6ota. [I[o0
MIEPETBOPUTH OIHY JICKIII0 Ha CEaHC 4aT-00Ta, IMPOCTO
MOTPIOHO CKOIIIOBATH TEKCT, 300pakKCHHs, BiNCO- YU
ayiOBMICT 1 BCTAaBUTH HOTO y KOHCTPYKTOp 4ar-0oTy,
110014} CTBOPHUTHU aBTOMaTH30BaH1 JIAHIIOKKHA
noBiziomyieHb. JlomaBaHHS BCBOTO TEKCTYy BiIpasy
CTBOPHUTH BEIIMYE3HI TOBIJOMIJICHHS, 5Ki Oyme Jyxke
Ba)KKO MPOYUTATH T 3PO3YMITH.

3aMiCTh 1IOTO HEOOXIIHO PO3AUIMTH JIeKLii Ha
0e3J1i4 HEBEJIMKUX ITTOBIIOMIICHD 1 3pOOUTH TX CXOXKHUMHU
Ha 3BUYaiiHy po3MOBY B 4YaTi. [liciisi KOXKHOI YacTHHH
JIeKI[ii MOJKHA TIOCTAaBUTH OHE a00 JBa 3alMTaHH], 1100
BU3HAYUTH HPIOPUTETH VISl CTYIEHTIB, NIEPEBIPUTH IXHI
3HAHHS Ta JaTH M PO3’SICHEHHS TOTrO Marepiainy, sKWii
BOHH HE 3pO3yMLIH.

[lepeBipka 3HaHHS Y4HIB 3a JIOIIOMOTOI0 4aT-00Ta.
ABTroMarnzoBaHi ImIaTGopmMu 4ar-OOTIB € iJeaIbHUM
CEpEeIOBHILIEM JUIsi CTBOPEHHS CKJIaJHHUX TecTiB. BoHm
HA/IAI0Th MATPUMKY PO3ITi3HABAaHHSA TEKCTy Ha cepBepi,
i, IOAABIIN KiJIbKa JONATKOBUX (OPMYJ JIO CIIEHapilo,
MOXXHA IIBHIKO HABYUTU CBOIO 4aT-00Ta OOUHCIIOBATH
IMO3WTHUBHI Ta HETaTWBHI BIANOBIAI Ta OIIHIOBAaTH
YCHIMIHICTh CTY/IEHTIB.

Hemonasuo aBropu ctBopuinu Test Bot, mpotoTun
gar-60Ta, pO3pOOJIEHOrO0 AN TEpEeBIpKH  3HAHBb
CTyAEHTIB. BOT Jierko HalalToOBYEThCS M OyAb-SKHUiA
IHIIMA TpeAMeT, BiH MOXE 3ajJaBaTH 3alUTaHHA Ta

90

MIEPEBIPATH K TEKCTOBI, TaK 1 YMCIIOBI BiIOBIII.

[Toku cTymeHTH BigNOBITAOTh Ha 3amuTaHHA, Test
Bot cTexkuTh 3a iXHBOIO YCIIIIHICTIO Ta HAPHUKIHII
ouiHtoe 3HaHHA. g QyHKIIS mparoe 3aBAsKu MPOCTIi
jorini Ta apudMeTHYHMM (QYHKLIAM, SKi HamaloTh
Gararo Oe3KOMTOBHUX IUIATPOPM JUII CTBOPCHHS dYarT-
00TiB.

3alie)KHO BiJl BIAIOBIMI, CTYICHT IMEPEXOIUTH JIO
B3a€EMOJIIT «TIpaBIIIbHA» a00 «HETPABIIBHA BiAIOBIABY,
3BIIKHM BIH MOXE JIETKO TIEPEeHTH A0 HACTYIHOTO
3alUTaHHS JIMIIC OJHUM KJIAllaHHAM MuIni. B3aemosis
«TpaBWIIbHA BIITOBIIBY JOAA€ ONUH Oal 1O OI[IHKH
CTYICHTA, 110 BHU3HAYAETHCS SIK 3MIHHA HA II0YATKY
Tecty. B3aemonist «HenpaBwibHA Binnosiab» noxae 0
GaniB. BuxopuctoByroun Ty camy Qopmyiay, MOXKHA
BapiroBaTé Oany 3a HEMpPaBWIBbHI BiANOBIl Ta 3pOOUTH
TeCT OLIbII CKIAIHUM.

OcraHHs B3aeMOJIisl TIOKa3ye Oajii KOPUCTYBadiB i
Ja€ IM KOpPOTKY OIIHKY 3HaHb. [IpoTOTHI TECTOBOTO
00Ta MOXKHA 3aCTOCOBYBaTW JUIsS OLIHIOBAHHS 3HAaHb
CTY[ICHTIB 3 IHIIUX IAWCHUIUTIH. [ mbOro HeoOXimTHO
MPOCTO 3MIHUTH TUTAHHSA, 3B’S3KH B3aEMOMIi Ta
OTPUMYETHCS TIOBHICTIO HAJAIITOBAHUN TECTOBHA OOT.

BucHoBku

CporofiHi BUKJIa/1adi BUKOPHCTOBYIOTh 4aT-00TH Ha
OCHOBI TpaBWJI; 3aBTpa BOHHM 3MOXYTh CTBOPIOBATH
MOBHO(YHKITIOHAJIbHI MOZAENI IITYYHOTO IHTEJEKTY.
Bararo aBromMarm3oBaHHX TUTATPOpPM dUaT-O0OTIB yiKe
iHTerpyBain  00poOKy NpPUPOAHOI MOBH Y CBOIO
B33a€EMOJIII0, a Il O3Hayae, IO He3adapoM BHKJIaladvi
3MOXYTh CTBOPIOBaTH BJACHHX POOOTIB-IOMIYHHKIB
«Jlxumn Yorcony.

B emoxy mmpoBUX TEXHOJOTIH BUKIamadi
MOBUHHI TaK CaMO CTaBUTHCS 10 cBoe€i mpodecii Ta
MOCTIHHO aJanTyBaTH CBOi METOOM JO OCTaHHIX
TEHJIeHLI Ta IiHTepeciB cTyaeHTiB. /[l HUX 1e
HalKkpamiiii ~ crmoci®0  MIATPUMYBard  TMO3UTHBHY
atMocepy Ta BHCOKY AaKTHBHICTh CTYISHTIB Ha
3aHATTAX. HOBITHI TeXHOJOTIi JOMOMOXYTh OyTH
OMMKYMMHU IO CTYJCHTIB 1 MOCIYXHTb y pPO3poOLi
OLIBII IMHAMIYHHMX Ta I[IKaBUX JIEKIIH.
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