MINISTRY
OF EDUCATION AND SCIENCE
OF UKRAINE

ACADEMY

OF TECHNICAL SCIENCES OF UKRAINE

INFORMATION

TECHNOLOGY

CCONNECTIVE

technologies

2023 2nd International
Conference on
Innovative Solutions in

Software Engineering
(ICISSE)

Conference Proceedings

November 29-30, 2023
lvano-Frankivsk, Ukraine



Issued by the decision of the Academic Board of the Faculty of Mathematics and Computer Science
(protocol #10, 2023-11-21)

This book and its papers are published under the Creative Commons License Attribution 4.0 International
(CCBY 4.0)

Editors
Mykola Kuz @ and Mykola Kozlenko

Department of Information Technology

Faculty of Mathematics and Computer Science
Vasyl Stefanyk Precarpatian National University
57 Shevchenka Street

Administration Building, Office #319
Ivano-Frankivsk, 76018, Ukraine

Tel: +380 (342) 59-60-58

E-mail: icisse@pnu.edu.ua

Papers are presented in authors’ edition. The authors are responsible for the content of their paper.
The organizers, committees, reviewers, or editors reserve the right not to be responsible for the
topicality, correctness, completeness or quality of the information provided.

M. Kuz and M. Kozlenko, Eds., 2023 2nd International Conference on
Innovative Solutions in Software Engineering (ICISSE), Ivano-Frankivsk, Ukraine:
Vasyl Stefanyk Precarpathian National University, 2023. [Online]. Available:
https://doi.org/10.5281/zen0d0.10397356. Accessed: Nov. 29, 2023,

ISBN 978-966-640-549-7
DOI 10.5281/zen0d0.10397356

The high-quality refereed papers appearing in this book compose the proceedings of the 2023 2™
International Conference on Innovative Solutions in Software Engineering (ICISSE). ICISSE is a forum
organized by the Department of Information Technology of Vasyl Stefanyk Precarpathian National
University. 2023 2nd ICISSE is held from November 29 to 30, 2023 in lvano-Frankivsk, Ukraine. The event
is intended to bring together researchers, scientists, and engineers to discuss experimental and theoretical
results, mainly in the area of software engineering. The conference also covers topics related to computer
science, computer engineering, systems analysis, cybersecurity, information systems and technology,
industrial automation, electronics, metrology, micro and nanosystems, telecommunications, radio frequency
engineering, IT entrepreneurship, and IT education. The conference is included into the list of scientific
conferences scheduled for 2023 by the Ministry of Education and Science of Ukraine.

Recommended paper citation template:

J. Authorl, K. Author2, and L. Author3, "Decapitalized title of the paper"”, 2023 2nd International Conference on
Innovative Solutions in Software Engineering (ICISSE), Vasyl Stefanyk Precarpathian National University, lvano-
Frankivsk, Ukraine, Nov. 29-30, 2023, pp. XXX-XXX.

ISBN 978-966-640-549-7 © Copyright for the individual papers by the papers' authors, 2023
© Copyright for the book as a collection by its editors, 2023
© Vasyl Stefanyk Precarpathian National University, 2023


https://orcid.org/0000-0002-9875-1579
https://orcid.org/0000-0002-2502-2447

COMMITTEES

General Chair:
Prof. Dr. Mykola Kuz

Technical Program Committee Chair:
Assoc. Prof. PhD Mykola Kozlenko

Local Organizing Committee Chair:
Mariia Dutchak

Publicication Chair:
Assoc. Prof. PhD Mykola Kozlenko

2023 2nd International Conference on Innovative Solutions in Software Engineering,
Ivano-Frankivsk, Ukraine, November 29-30, 2023



Preface

2023 2nd International Conference on Innovative Solutions in Software Engineering (ICISSE)
is a forum organized by the Department of Information Technology at Vasyl Stefanyk
Precarpathian National University. The university has more than 80 years of history. Its
inspirational success story was written by people who devoted themselves to science, education,
and culture.

This year, ICISSE was held from November 29 to 30, 2023 in Ivano-Frankivsk, Ukraine. The
event is intended to bring together researchers, scientists, and engineers to discuss experimental and
theoretical results, mainly in the area of software engineering. The conference also covers topics
related to computer science, computer engineering, systems analysis, cybersecurity, information
systems and technology, industrial automation, electronics, metrology, micro and nanosystems,
telecommunications, radio frequency engineering, IT entrepreneurship, and IT education. The
conference is included into the list of scientific conferences scheduled for 2023 by the Ministry of
Education and Science of Ukraine.

General Statistics: Submissions 77, Accepted 49, Acceptance rate 0.63.

Statistics by Country

country authors submitted accepted acceptance rate

Algeria 3 2.00 2.00 1.00
India 21 7.00 2.00 0.29
Morocco 3 1.00 1.00 1.00
Saudi Arabia 2 1.00 1.00 1.00
Sweden 1 0.25 0.25 1.00
Ukraine 115 63.75 41.75 0.65
United States 1 1.00 1.00 1.00

The organizers are grateful to participants for wonderful presentations and presence at the
event.
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Multi-Robot Control System Architecture

Concept for Industrial and IoT Applications
Volodymyr Nazarenko

Department of Computer systems, networks and cybersecurity
National University of Life and Environmental Sciences of Ukraine
Kyiv, Ukraine

Abstract—This article is about proposing new robot configuration by introducing a new plaining
algorithm. The scope of the paper research is the process of sequential part assembly in a multi-robot
environment. The focus is robot collaboration and proposition of optimal robot configuration
mechanism to overcome common problems.

Keywords—Computer Science, loT, Robotics, Computer Vision, SLAM, Swarm, System Architecture.

I. INTRODUCTION

The scope of this research proposal is limited to general software and system model concept. The
paper focuses on finding robot base and arm configuration for optimal task performance while
overcoming existing constraints. The main existing status quo constraints is that robots cannot
intersect with one another (having sequence of operations, it has to predict future states) [1]. When
moving to the next sequential operation robot has two possibilities: 1) change grasp position on the
part; 2) move part to next operation while maintaining same grip position. While humans can perform
both tasks simultaneously, robots must be programed to do one of them. This presents a problem for
teams of robots to decide and which task to perform. We will be examining this issue and how it can
be solved withing this paper.

II. RELATED WORK

The existing solutions mostly focus on and revolve around multi-robot grasp planning as
Constraint Satisfaction Problem (CSP); with each grasp position in each operation being a variable
[2]. This variable imposes two types of constraints: collision and transfer. In order to be able to locate
optimal solution to robot grasp planning paper presents solution algorithm, while assuming that robot
should preform regrasp between each of operations. This enables us to solve problems as a set of
smaller CSP, which can be solved separately for each assemble operation [3]. The advantage of the
commonly used algorithm is that anytime planner can be stopped at each given time stamp of the
computational process. With it the time of computation combined with the cost of removing excessive
regrasp operation gets larger than cost of performing certain singular specific operation. As input
existing algorithm takes sequence of relative positions of assembly parts. The problem which CSP
helps to solve is — find grasping configurations for all robots required by the assemblies in all
operations [4].

[II. METHODOLOGY

The goal of this research is to study and examine typical industrial or IoT application use case of
multi-robot configuration system. The aim is to look for optimal problem solution that allows for a
minimal number of robots regrasp operations. For this purpose, we consider a typical manufacturing
process. This process is carried out as a set of sequential assembly operations, each operation being
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either change grasp or move part to next operation without changing the grip [5]. To solve CSP
problem we examine two solutions: 1) backtracking search (worst case scenario — exponential in
number of variables); 2) local neighborhood computation (solve conflicts in local neighborhood of
the graph). The proposed algorithm starts from solving the easiest problem first: solve constraint graph
with no transfer constrains, then gradually add new ones and solves them. The flow of the algorithm
is 1) solve problems for each of connected components using Back Tracing search; 2) set collection
of solutions from sub operations (stepl) as current best solution; 3) start incremental addition of new
transfer constraints, reducing number of regrasps (this procedure tries to solve problems as fast as
possible, iterating over all valid combinations, prioritizing this solutions, in order to try to solve them
first, this reduces time as we conduct search only in local neighborhood of graph).

IV. RESULTS

Results of observed experimental data show that proposed algorithm concept works efficiently
and better than direct — brute-force computation. It generates the first “best” solution in approx. 4
seconds, in most cases optimal result required one regrasp operations. We believe that the optimal
case is to study robots’ cooperation and communication systems with reference to exiting
communication software architecture. As an example, we can use client-server architecture, where
robots that assemble product are clients, and we have Computational cluster with server running on
it. The communication between server and client is wireless, this requires examination possible
interferences to the network through various factory production elements. Going further in this theme
we can implement Swarm intelligence (derived from UAV) to robots and have robots exchange
information in real time between each other. This approach requires development of design making
process how and when robot can decide about his next set of action, while cooperating with others.
This will help to solve the problem when robots find themselves trapped inside the structure it is
assembling.

Also, in real world factory settings there are usually additional constraints: limited space for robot
navigation conveyor belts or moving parts [4]. Robots can be unable to place parts for regrasp
operations or they may encounter new obstacles while moving part to next production chain. This
setting requires additional improvements to the CSP algorithm.

As mentioned in the paper, in future we must consider robots that are used to insert fasteners.
They can be added as new variable to the equation, which can have several states: wait, fasten, and
move. For algorithm testing and evaluation such robots can either be stationary or they can be mobile
(on platforms). An example of stationary robot with arm that have only one degree of freedom vertical
or horizontal, to make it easier for other robots to bring parts for fastening operation. Also, this robot
can have a tracking laser to improve tracking. All this presents new challenges to the CSP algorithm.
We can add new variables which show robot current state or used to determine future states. This is
useful if robot can carry different tasks, It can be added to SolveTransferConstraints and used during
computation of new best solution, serving as transition between one point on the graph and next one
(next operation).

Besides we can add the number of robots to the equation, to calculate optimal number of robots
for the task. If robot can have to state either hold or insert fasteners, we can determine, which one of
the groups should be doing first task, which ones second. Of course, we must limit the number of
robots, have redefined maximum, minimum number for specific task, but equation will calculate
optimal number.

V. DISCUSSION

Robots have limited computational power, also if we take energy efficiency into account proposed
architecture can be helpful for future iterations of the multi-robot control system architecture for
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industrial and [oT applications. For example, if we go further in the topic of robots’ motion planning,
then robots should have better localization or perception systems.

VI. FUTURE RESEARCH

In future we plan to implement SLAM, to efficiency compute we need to gather all the
information from robots’ sensors pass it to computational unit which makes decision for them and
will assign unique task to each robot, improve their cooperation algorithm on the run. This can be
useful, if for instance, robots are responsible for several tasks during the assembly process. IN case
of single robot proposed approach allows it to carry out several unique tasks, even just fastening bolts
and bringing parts to the assembly. Secondly, this can improve algorithm computational time even
further, as we could use it in real time with low latency. Robots can have some small computational
units which have limited abilities but can make small decisions on their own. While exchanging
sensors and other information to server which can send this robot to different task or send additional
1 robots to help.

VII. CONCLUSION

The area of industrial and manufacturing robotics control systems is a complex multidisciplinary
field of study. To present a useful algorithm and system architecture of multi-robot control system
architecture for industrial and IoT applications we need to create a test set-up, that includes real world
physical robot manipulators, sample field typical use-case set-up. The presented algorithm and system
model are useful steppingstones for future work on finding optimal multirobot control model.
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Multimodal Radar Data Fusion for Human

Activity Recognition
Djazila Souhila Korti, Zohra Slimane

Department of Telecommunication, Faculty of Science and Technology, SSL Laboratory
Belhadj Bouchaib University
Ain-Temouchent, Algeria

Abstract— The growing interest in the use of multi-sensor data fusion technology is driven by the need
for accurate and reliable human activity recognition (HAR), which surpasses the capabilities of single-
sensor technology. In this study, a deep learning model is introduced to combine data from multiple
sensor systems and automatically extract features for human activity classification. This is achieved
using a public database comprising three datasets containing micro-Doppler signatures of human
activities. These datasets include frequency-modulated continuous waves (FMCW) at 77 GHz,
frequency-modulated continuous waves at 24 GHz and ultra-wideband radio pulses (IR-UWB) at 10
GHz. The model's performance is evaluated using different fusion strategies, including early, halfway
and decision fusion. The results indicate that halfway fusion is the most efficient approach for multi-
sensor fusion-based HAR, achieving the highest accuracy of 95.41%.

Keywords—Human activity recognition, multi-sensor, radar, multimodal, fusion, deep learning.
I. INTRODUCTION

Human activity recognition (HAR) is of paramount importance across diverse domains,
including healthcare, safety, and assistive technologies [1], [2]. Traditional HAR methods heavily
rely on single-source data, such as data from sensors like radars, accelerometers and cameras [3],
[4]. However, the advent of cutting-edge technologies has heralded a transformative era of
multimodal learning, which significantly enhance the precision and effectiveness of HAR systems

[51-[71

Multimodal learning is rooted in the concept of fusing rich data from multiple sensors [8]. By
integrating data from a variety of sources, researchers seek to obtain a holistic view of human
activities. This process extracts complex elements that clearly characterize human movement.
Thanks to this approach, HAR systems are able to provide more accurate, comprehensive and
contextual recognition of human activities. This is particularly useful in areas where accuracy is
paramount, underlining the importance of multimodal learning in the field of HAR.

On the other hand, radar sensors offer a unique perspective in HAR [9]-[11]. This approach
goes beyond conventional wearable sensors and cameras, providing a non-intrusive and versatile
method for monitoring human activities. Radar sensors emit radio waves and detect their
reflections, allowing them to capture detailed movement patterns without physical contact, ensuring
privacy preservation and user-friendliness. Furthermore, radar-based HAR systems are not affected
by environment conditions or obstructions, making them suitable for a wide range of environmental
scenarios.

Research in HAR using radar technology have developed numerous techniques to make activity
identification more accurate [12]. These techniques involve various deep learning methods to
extract valuable insights from extensive datasets. Some common methods used in this context
include Convolutional Neural Networks (CNN), Recurrent Neural Networks (RNN), and Hybrid
models. Hybrid models are gaining prominence because they combine different learning
approaches. Typically, these models use CNNSs to capture spatial information and merge them with
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other models like Long Short-Term Memory networks (LSTMSs), Support Vector Machines (SVM),
and Extra Trees (ETs) [13]-[15]. This fusion of techniques makes hybrid models a powerful tool for
improving the precision of HAR.

The main objective of this research study is to investigate different data fusion methodologies
for radar-based multimodal HAR systems. To achieve this objective, we have chosen to adopt three
distinct approaches, namely: 1) early fusion, 2) halfway-fusion and 3) decision fusion. The study
explores an alternative method for training a multiple-input hybrid model using a publicly available
database. Through a comprehensive analysis, we aim to discover the most effective way of fusing
data from multiple radar sources for accurate recognition of human activities.

Il. METHODOLOGY

A. Dataset

We used the multi-frequency RF sensor network's human activity database provided by Gurbuz
et al. [5]. The database consists of three datasets acquired from three synchronized radar sensors
operating in monostatic mode. The sensors include the Texas Instruments 77 GHz Frequency
Modulated Continuous Wave (FMCW) radar tuned to a central frequency of 77 GHz with a
bandwidth of 750 MHz, the Ancortek 24 GHz FMCW radar with a central frequency of 24 GHz and
a bandwidth of 1500 MHz, and the Ultra-Wide Band (UWB) XeThru X4 impulse radar transmitting
in a band of approximately 7 GHz - 10 GHz. During data acquisition, the sensors were placed side
by side at a height of 1 meter above the ground. Six participants of different ages, sizes, and weights
took part in this study. In total, 11 different activities were considered, namely WLKT (walking
towards the radar), WALKA (walking away from the radar), PICK (picking up an object from the
ground), BEND (bending over), SIT (sitting on a chair), KNEEL (kneeling), CRWL (crawling
towards the radar), LIMP (limping with a stiff right leg), WTOES (walking on both toes), SHTEPS
(walking with small steps), and SCSSR (walking with scissors). Each participant moved from 0.5 to
3 meters along the radar's line of sight and performed 10 repetitions of each activity. This resulted
in a total of 60 samples per class and per radar. Fig. 1 represents the micro-Doppler spectrograms of
different activities for each radar.

WALKA BEND CRWL KNEEL ~UMmP - PICK SCSSR SIT SHTEPS WTOES ~ WALKT

ot Mm_uumlﬂ mm

o D I D I s I
oo [ D I D D O

Fig. 1 Micro-Doppler signature for each radar/activity

B. Model description

In this work, we employ our previously published model known as the Multi-Input Multi-
Output Convolutional Extra Trees (MIMO-CxXT) [14]. This model has been specifically designed to
accommodate multi-sensor systems and efficiently handle data from multiple sources. MIMO-CXT
is a sophisticated fusion of CNN and the ETs algorithm. CNNs are adept at extracting spatial
features from data, making them ideal for tasks like image analysis. On the other hand, the Extra
Trees algorithm, a type of ensemble learning method, excels at making predictions based on
complex data relationships. By merging these two approaches, MIMO-CXT can effectively process
and analyze multi-source data from various sensors. The detailed structure of the MIMO-CXT is
depicted on Fig. 2.
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C. Fusion strategies

To assess the model's performance trained on multimodal datasets, we implemented three
distinct fusion techniques as depicted in Fig. 3.

- Early Fusion: In the early fusion approach, we combine the sensor data from different
frequencies at the beginning of the processing pipeline. This approach facilitates the incorporation
of data from diverse sensors into a unified representation right from the beginning.

- Decision Fusion: In the decision fusion approach, data integration takes place after the
individual processing of each sensor's output. This approach enables a more in-depth analysis of
the data from each sensor. The combined information is then used to make informed decisions
regarding human activity recognition.

- Halfway Fusion: The halfway fusion strategy strikes a balance between early and decision
fusion. It involves merging data from multiple sensors at an intermediate stage of the processing,
offering flexibility in feature extraction and integration.

| 1 .H R
l;| o i ) .4’4’4’ i
| 2 .]. .HH
(a) (b) (c)

Input Output | Intermediate layer @ Fusion
i

Fig. 3 Fusion strategy: (a) early, (b) halfway, (c) decision
D. Performance measure

In order to evaluate the performance of our proposed model, different metrics have been used
including: confusion matrix, accuracy, precision, recall, and F1-score. These metrics are based on
True Positives (T,), True Negatives (Ty), False Positives (F,), and False Negatives (Fy ).

Tp+Ty

Accuracy = — 8 (1)

To+Fp+Fy+Ty
.. _ I'P

Precision = 2

Tpt+Fp
- _TIr
Recall = 3
To+Fy
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E. Implementation details

The model is implemented in Python using Keras framework with Tensorflow backend. Other
libraries used include sklearn, Pandas, Numpy and Yellow brick. The hardware configuration is
based on a running environment of Intel (R) Core (TM) i5@2.40 GHz CPU, 16GBs of RAM, 1To
of hard disk and Windows 10. All the samples within the three datasets underwent a transformation,
being resized to dimensions of 75x75 and then converted into binary images. This conversion to
binary images serves several purposes, including faster inference, avoiding unnecessary pre-
processing steps, and reducing storage requirements. Following this, the converted samples were
subject to a random split, with 80% allocated for training and the remaining 20% for testing. To
ensure consistency across experiments, a random seed parameter was employed for the selection of
test samples. With the exception of replacing depth separable convolutional layers with
conventional convolutional layers and changing the number of units in the last dense layer to 150,
all the preset model configurations remain unchanged, as mentioned in [14].

I1l. RESULTS

The training procedure consists of two primary phases. Initially, the three-input CNN-Softmax
undergoes training for 100 epochs using the back-propagation algorithm, with a batch size of 16.
During this phase, it serves as a feature extractor and can follow one of three fusion strategies:
early, halfway, or decision fusion. In the second phase, Softmax is substituted with the ETs
classifier, which receives the features extracted and combined from the CNN branches.

The outcomes of individual experiments conducted under the chosen fusion strategy are
presented below:

A. Early fusion

The confusion matrix and the classification report obtained from the early fusion strategy are
depicted in Fig. 4 (A) and Fig. 5 (A), respectively.
B. Halfway fusion

The confusion matrix and the classification report obtained from the halfway fusion strategy are
depicted in Fig. 4 (B) and Fig. 5 (B), respectively.
C. Decision fusion

The confusion matrix and the classification report obtained from the decision fusion strategy are
depicted in Fig. 4 (C) and Fig. 5 (C), respectively.
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Fig. 4 Confusion matrix: (a) early, (b) halfway, (c) decision fusion
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D. Comparison

- Fusion strategy

To evaluate the model's performance across the different fusion strategies, we have assessed
several key parameters. These parameters encompass train accuracy, test accuracy, runtime
prediction, and the number of parameters of the CNN. The comparative analysis of performance is
presented in Table 1.

Table 1. Comparative analysis of performance for fusion strategy

] Runtime CNN NF° of
. Trainacc | Testacc ..
Fusion strategy (%) (%) prediction parameters
(s)
) 100 94.65 0.230664 87059
Early fusion
) 100 95.41 0.264935 254099
Halfway fusion
o ) 100 90.83 0.443204 257699
Decision fusion

- Previous work

The results of our model can be directly compared to the results of Mahbubur et al. [6], as this

work used the same dataset used in the experiments of this study. Table 2 summarizes the
performances of the models.

Table 2. Performance comparison

Model Accuracy
Cross model DNN [6] 93%
MIMO-CXT 95.41%
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1VV. DISCUSSION

When we evaluate the performance of a model using early, halfway and decision fusion
strategies, it's clear that the choice of fusion method has a significant impact on model efficiency.
Table 1 highlights that the halfway fusion strategy excels, achieving the highest accuracy at
95.41%. In this approach, individual modalities are initially processed independently, allowing for
the extraction of optimized features for each modality. The CNN branches are interconnected
midway in the process, utilizing data from all three modalities to train the remainder of the network.
This strategy not only capitalizes on correlations between data types but also reveals crucial patterns
within each unimodal dataset that may go unnoticed with early fusion techniques.

Comparing early and decision fusion, early fusion achieves the highest accuracy at
approximately 94.65%. It accomplishes this with a reduced number of training parameters and
faster runtime predictions compared to decision fusion. Early fusion integrates multimodal
information right at the start of data processing, conserving computational resources and ensuring
the model leverages all available information from the beginning. This aids in creating a
comprehensive understanding of the input, capturing intricate relationships and patterns that
decision fusion might overlook. Additionally, it eliminates the need to store and process redundant
data separately, saving both memory and processing power.

In summary, both early and halfway fusion techniques yield impressive accuracies. However,
halfway fusion emerges as a holistic and efficient fusion approach that bridges the gap between
early and decision fusion, showcasing its potential to enhance the analysis and classification of
multimodal data

Furthermore, our approach allows for a direct comparison with the findings of Mahbubur et al.
[6], as both models are trained on identical datasets without any parameter tuning. The MIMO-CxT
provided significantly better performance and outperformed it by a rate of 2.41%. Notably, the
MIMO-CXT boasts a lightweight architecture compared to the cross model DNN. This highlights
the significant potential and interest in the combination of CNN and ETs, which leads to achieving
outstanding performance.

V. CONCLUSION

In this work, an investigation was conducted to explore various fusion strategies for HAR using
multimodal radar data. The findings revealed that the halfway fusion approach proved to be highly
effective in combining features and information, ensuring that the model fully utilizes the available
data. Additionally, the study demonstrated that the integration of CNN and ETs offers a notable
performance improvement compared to using CNN alone. This suggests that the fusion of these
technologies enhances the overall performance of HAR models, making them more effective in
their tasks.
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Abstract—The rapid advancements in Artificial Intelligence, particularly Deep Learning, have
generated a rising demand for the development of automated tools for analyzing human behavior
using various sensor technologies. Human Activity Recognition (HAR) through Impulse Radio Ultra-
Wide Band (IR-UWB) has recently emerged as a compelling area of research. It offers numerous
benefits, such as safeguarding individual privacy and low energy consumption. IR-UWB-based HAR
holds promise in diverse applications, including eldercare, rehabilitation, and patient monitoring. The
primary aim of this study is to provide insight into the progress and potential of IR-UWB based HAR.
This investigation delves into its applications, challenges, and the role of deep learning in enhancing
recognition accuracy. To accomplish this, we conduct a brief survey of existing techniques and
applications in the realm of HAR using IR-UWB, focusing on data representation, feature extraction,
and activity classification methods.

Keywords—Human activity recognition, radar, ultra-wide band, machine learning, deep learning.
I.  INTRODUCTION

Human Activity Recognition (HAR) is known as the automatic process of understanding
people’s behaviors and their interactions with real world environment. It becomes an active and
emerging research area as it incorporates wide-ranging and potential applications uses in a variety
of domains, including health-care monitoring [1], sport [2], smart home [3], Human-Computer
Interaction (HCI) [4], virtual reality [5], surveillance and security [6].

An activity refers to the movement of the whole body and/or its limbs [7]. Based on the
complexity, the duration, and the involved body parts used for motion, we can distinguish different
categories of activities [7]:

* Gesture: defined as the elementary movement of only one human’s body limbs. It is generally
characterized by a low complexity and temporal duration.

* Action: defined as a simple activity, which combines a series of gestures, organized
temporally, and include the movement of more than one body part.

« Interaction: involves the presence of two subject; one must be a human, while the other can be
a human or an object. It could be a human-human interaction or a human-object interaction.

» Activity: often called an event, is a more complex bodily movement, which describes the
gestures or actions of one or multiple persons. An activity can include:

— a set of actions of a single person.
—an interaction or a set of interactions of a person with one or more objects.

—an interaction or set of interactions between several people and/or objects.
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» Group activity: known as the most complex type of activity. It can be seen as a set of
activities performed by groups of several people and/or objects.

A typical HAR system works in three basic steps, which involves: (1) Data collection; (2) Data
preprocessing; (3) Activities classification. However, for the data collection different sensing
technologies have been used, in order to extract accurate and opportune information based on
people’s activities. They can be divided into two major categories on the basis of the sensor’s
deployment, which are: i) wearable device and ii) device-free.

A significant amount of work has been done on activity recognition using wearable sensor-
based device such as, accelerometer, gyroscope, light sensor, temperature sensor, magnetometer and
smartphones [8]-[10]. However, these devices must be worn or attached to the user’s body, while it
performs any activity, which usually make it uncomfortable for 24/7 monitoring and feeling
constrained [10]. Moreover, in some cases wearing these devices is not feasible, for example the
case of elderly users, which usually forget to wear it [10], and premature infants due to skin
sensitivity [11]. To tackle the above-mentioned problems, researchers focused on developing
approaches based on device-free in which users are not required to carry any device with them. The
main idea is to deploy the sensors in the environment, and capture through them the data while the
subjects perform different activities [12].

Vision based systems, are widely applied in the field of HAR due to the advantage of
simplicity, direct perceiving and large amount of information it can capture. They use images and
video frames to distinguish human behaviors and movements recorded from cameras [13]. Despite
the high accuracy that such systems offer for identifying human activities, it is difficult to achieve
good results in some scenarios due to some limitations related to vision systems [13]. For example:

* Installed cameras in long distances and/or high places provide low-quality videos, where the
subject do not appear clear.

* Inappropriate light conditions make the cameras fail to work, especially at night.
* The demand of line-of-sight, which is not always obvious.
* The presence of severe occlusions in large and crowded places.

* The non-preservation of the individual’s privacy, when used in some places such as homes, or
bedrooms.

Non-contact sensors could be more favorable to use as they offer solutions to many problems
associated with wearable sensors and vision-based systems [14]. Impulse Radio Ultra-Wide Band
(IR-UWB) has recently emerged as one of the effective and promising non-contact sensors for
human activity recognition due to a number of advantages over the existing technologies [1]. IR-
UWB radars provide a simple and inexpensive system [1]; they are able to perform well in both
highly lit and dark environments due to the fact that they are not affected by the weather conditions
and the different light intensities [1]. IRUWB can completely avoid the problem of occlusion as it
offers the advantage of penetration through obstacles and walls as well as the personal privacy since
it deals only with signals [1]. Deep Learning techniques have achieved tremendous success in the
HAR field, with their ability to learn complex and hierarchical features automatically from IR-
UWB data and make predictions with high accuracy and less preprocessing compared to traditional
Machine Learning algorithms. Different models have been proposed including convolutional neural
networks (CNN) [15], Residual Networks [16], Long Short-Term Memory (LSTM) [17], Gated
Recurrent Unit (GRU) [18].
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Il. RELATED WORK

Researchers made significant contributions in the HAR field using IR-UWB, for different
applications, such as fall detection [19], apnea detection [20], elderly monitoring [21], etc.
However, a typical HAR system mostly follows three main phases including (1) Data collection, (2)
Data preprocessing, (3) Activities classification.

1) Data collection:

This first phase is very crucial and must be done in an appropriate way, as the whole HAR
process depends on the gathered data and their quality. Two important points should be taken in
consideration: the placement and the number of radars to use [17]. Incorrect selection of these two
latter may adversely affect the recognition performance. Due to lack of resources, researchers tend
in some cases to use public dataset, which allows their work 5 to go far beyond the initial results
found by other researchers and contribute to the pace of scientific discovery [22], [23].

2) Data preprocessing:

The collected raw data are reflected signals containing clutter as well as information related to
the motion. A filtering is required to eliminate the unwanted signals using different methods such as
loopback filter [1], DC removal [24], and averaging method [25]. After this the waveforms are
organized in a matrix form, which represents a sequence of range bins (Fast time), each associated
to a specific measurement time (Slow time). This matrix can be converted to different
representation format where useful features can be extracted for classification. The clutter removed
(Fast Time)-(SlowTime) matrix, known as time-series, is the simplest representation because of the
minimum processing it requires. It was successfully used for fall detection with high accuracy [16],
[26], [27]. However, such a representation is not widely used in activity recognition because of the
poor information it provides. For this reason, the 2D representation takes place, as it carries
sufficient human activity information from different domains namely: range-time (RT), Doppler-
time (DT), range-Doppler (RD), and Cadence Velocity Diagram (CVD) [28].

Range-time map is a two-dimensional matrix, obtained by performing the Fast Fourier
Transform (FFT) along the fast time axis. It results a 2D representation, which offers range
information varying in time between the human subject and the radar, in addition to the duration of
the activity [29]. Erol et al. [29], focused on using distance information in a fall detection algorithm
to distinguish a real fall from a sitting position to reduce the false alarm rate. It was deduced that a
real fall has twice the range of a sitting position. Shao et al. [30], used range-time maps to classify
seven predefined actions. The model was able to achieve good results. However, it was
demonstrated that the accuracy decreases when the subject is not on the same line of sight of the
radar.

Doppler-time map also known as micro-Doppler spectrograms (MDS) are obtained by
performing FFT with short and overlapped time windows on the range matrix [19]. It offers
discriminative information about the motion and micro-motions, such as the velocity of the different
body’s parts as legs and hands.

Range-Doppler map provides both range and velocity information of a moving target at a
specific time. It offers also the ability to measure the distance between the human subject and the
radar. Such a representation is very useful for applications like tracking and locating targets [31].
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Cadence Velocity Diagram (CVD) is obtained by applying FFT to the micro-Doppler
signatures, along the time axis for all Doppler bins. It shows useful features like the shape, the size,
and the frequency of the curves in the DT domain. Moreover, the velocities repeat created by the
moving body limbs of the target can be extracted [32].

However, using a single radar/domain representation is usually insufficient for activity
recognition, for example, when the target changes its distance and orientation in the same time with
respect to the radar line of sight. The data fusion is then required to improve the overall
classification performance by combining complementary information from different
radars/domains) [17]. Jokanovic et al. [33], showed the effectiveness of the human activity
classification based on a multi-domain representation, where range-time, Doppler-time and range-
Doppler information were combined for falls detection. M. Mostafa,and S. Chamaani [24], used the
combination of Doppler-time and Range-time for distinguishing between fall and non-fall actions
with 96.9% of accuracy. Bouchard et al. [34] proposed a system for movement recognition in a 40
meters apartment. A set of UWB radars was required to achieve an 80% accuracy. Li et al. [17],
fused different extracted features from Doppler-time map and CVD to classify both individual and
sequential human gait using a Frequency Modulated Continuous Wave (FMCW) radar and three
IR-UWB. The 3D representation combines the three variables: time, range and Doppler in a cube
format. It can be obtained by gathering Doppler-time maps that vary according to range [35], or
stacking range-Doppler maps as a function of time [36]. Despite the fact that it offers plentiful
information about the activity, it is not widely used due to the low number of algorithms that
directly process 3D data, and the complicated process used to extract significant features [13].

(3) Activities Classification:

Many approaches have been proposed in the literature, varying from traditional Machine
Learning, which required handcrafted features extraction to end-to-end automatic Deep Learning
classification approaches [28].

» Machine Learning in HAR:

Park et al. [37] extracted Principal Component Analysis (PCA) from the received IR-UWB signal
to classify hand gestures. A neural network containing one hidden layer, with nine units and an
output layer with six units corresponding to the number of gestures were trained on these features.
The model achieved an accuracy of 100%. However, it was tested on a reduced number of gestures
which is not very conclusive. Khan et al. [38] developed a five-hand gesture recognition algorithm
using one IR-UWB. Only three features, namely: variance of the Probability Density Function
(PDF) of the magnitude histogram, Time Of Arrival (TOA) variation and the frequency of the
reflected signal were used in addition to distance information as input parameter to K-means
clustering algorithm. Seifert et al. [39] obtained an average accuracy of 88%, using sum-of-
harmonics modelling as features extracted from the Doppler-time representation to classify the
different gait styles, namely: normal, pathological and cane-assisted gaits. G. Wang and Z. Zhu [40]
performed the recognition of human activities on the basis of temporal features, namely: energy,
mean, square mean, margin, kurtosis, skewness and variance, for training a decision tree. The
results show a poor accuracy when the target moves with tangential and radial motion. Ding et al.
[35] treated human activity recognition as a multi-stage classification problem. Different features
were extracted depending on the nature of the activity. Range-time maps were used in the first stage
to perform a binary classification of activities when the target is static or moving with an accuracy
of 99%. In the second stage, empirical physical characteristics and PCA were used to extract
features from Weighted Range-Time-Frequency Transformation (WRTFT) representation, in order
to classify 12 activities. They obtained an accuracy of 94,4% using K-Nearest Neighbors (KNN)
algorithm for the in-situ motion and 95,3% using Bagged Trees for the non-in-situ motion. Kumar
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et al. [41] classified four actions, with an accuracy of 85.25% using Doppler-time maps converted
to a vector of features, and used as input to a support vector machine (SVM). Li et al. [17] classified
individual and sequential gaits, using a Bi-LSTM (Bidirectional Long Short-Term Memory). 47
features from the Doppler-time and 7 features from the CVD were extracted to train the model. An
accuracy of 98,2% and 93% was obtained for the individual, and the sequential gaits respectively.
Chowdhury et al. [42] proposed a real-time human activity recognition. An accuracy of 86.4% was
obtained using the KNN algorithm, trained on features extracted using the 2D2D-PCA (Bi-
dimensional Principal Component Analysis) algorithm. Despite the good performance of Machine
Learning algorithms in the field of HAR, they are sometimes neglected because of the time
consumption, the selection of the appropriate features, the low capacity to manage large amounts of
data, and the accuracy of classification, which largely depends on the effect of the extracted and
selected features.

*  Deep Learning in HAR:

Recently, Deep Learning approaches have gained more attention, due to their ability to extract
robust and convenient features automatically without any prior domain knowledge [28]. The
multiple layers, which contain a deep learning model, allow it to perform many transformations on
the data, in order to learn low, middle, and high-level features. For that, difficult tasks such as HAR
could be easily solved. Sadreazami et al. [19] used Doppler-time maps to train capsule network for
fall detection. The hierarchical learned features make the model able to recognize with high
accuracy of 95,66%, activities at different distances from the radar. Chen et al. [43] used the
WRTFT representation as an input to a Deep Convolutional Neural Network (DCNN) for the
recognition of six human activity. The results show a good generalization with an accuracy of
92.8%. Piriyajitakonkij et al. [25] developed Sleep PoseNet, a DCNN for different postures
recognition during sleep. The model was trained on both time-difference and WRTFT
representation an attained a 73.4% of accuracy. The authors suggested to use it for sleep disorders
detection. Du et al. [44] proposed a Segmented Convolutional Gated Recurrent Neural Network
(SCGRNN), which is a combination of CNN and GRU. The CNN layers were used to extract
micro-Doppler spectrograms features. Based on these latter the GRU were used to calculate activity
classification scores. The model was able to achieve 88.19% of accuracy. Yang et al. [18] showed
the feasibility of using range profile for human motion recognition through the wall. They
combined an Auto-Encoder Network (AEN) with three dense layers, with a GRU network with two
hidden layers. The model achieved a 93% recognition accuracy within the initial 20% duration of
the activities. The work presented by Ahmed and Cho [45] consisted of converting IR-UWB radar
signal into grayscale images, then mapped this latter into (3D) RGB images for hand gesture
recognition. An inception module was trained on these RGB images, and showed great results of
about 95% accuracy. Khan et al. [46] implemented a system based on multiple IRUWB, able to
recognize alphanumeric characters based on the pattern drawn in air using a CNN. Skaria et al.
[47], presented the IR-UWB signature as a 3-dimensional tensor consisting of range-Doppler
frames, and fed as input to CNN-based classifiers for hand gesture classification. Four different
architectures were compared, and the CNN-LSTM achieved the highest accuracy of 96,15%.
Hamidreza et al. [15] designed a fall detection method, able to reach a high accuracy of 98.37%
based on time-frequency analysis. The Doppler-range maps were processed to obtain binary images
and used as inputs to a CNN.
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I1l. CONCLUSION

HAR serves as a fundamental step in understanding and interpreting human behavior. This
review offers a concise exploration of established methodologies centered around activity
recognition using IR-UWB. It delves into the fundamental elements shared by recognition systems,
encompassing data representation, feature extraction, and activity classification. By shedding light
on these key components, this review contributes to the comprehensive understanding of the HAR
process, demonstrating its significance in in a variety of fields.
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Abstract — This work studies cloud giants such as Amazon Web Services, Azure and Google Cloud
Platform and then compares them in detail. The work identifies 20 characteristics of their
performance. Providers are evaluated for competitiveness, which includes analysis of various aspects
and characteristics that are important for organizations and customers using cloud services. A
comparative table and diagram based on which, taking into account such key features as security,
impact of providers on business processes and IT infrastructure of company showed that each of them
has its own features and limitations, which must be known for optimal choice of cloud provider.
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I.  INTRODUCTION

Cloud Technology (CT) is nowadays important part of information systems (IS) and
technology as it provides infrastructure for data storage and processing [1, 2].

CTs have been widely implemented due to ability to store, process and provide access to data
and software solutions via Internet, which is convenient and has become particularly relevant in last
three years, which are characterized by fact that most people work remotely. CTs enable both
private enterprises and organizations:

- increase scale of their information systems;

- reduce hardware and support costs;

- increase availability of data and services to users.

Modern organizations use cloud platforms to develop and implement their information systems,
as well as to provide access to data and applications from any location and device, so topic of paper
is and will be relevant.

Informatization is key factor in today's world to improveefficiency and competitiveness of
organizations, with IS and cloud technologies interacting and importantly, complementing each
other [3, 4].

The topic of this work is cloud giants: Amazon Web Services (AWS), Azure and Google Cloud
Platform (GCP), as result of research conducted it is planned to highlight features of their
functioning; find out how they compete and what they offer to users; focus of paper will be on
security issues and impact of advanced cloud providers on business processes and information
technology infrastructure (IT infrastructure).

This topic aroused our interest, because in remote working environment, ability to respond
quickly to changes in business environment allows you to manage resources more efficiently and
reduce costs. And, as result, it will help you make decision on choosing cloud provider for your
business or project.

Therefore, we plan to: review the features of AWS, Azure and GCP; compare them.

Il. RELATED WORK

A number of papers have been devoted to study of cloud technologies and providers, where
authors reveal importance of choosing right cloud provider and emphasize that AWS, Azure, GCP
have their unique features and capabilities that can meet different user needs [5-9].

A review paper on cloud service providers-AWS, Azure, GCP [5]. The authors briefly
described: cloud architecture; cloud deployment models; cloud service models and compared AWS,
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Azure and GCP on 16 features, as result, they concluded that AWS has higher performance than
Azure and Google Cloud, however, security issues are not considered.

The study of cloud data analytics solution is investigated by [6] in which authors selected 20
features to compare Amazon Web Services, Google Cloud Platform, Microsoft Azure, authors,
make subjective conclusion that only reason why customers should choose GCP cloud provider is
because it has best pricing structure for services.

Another new study [7] focusing on performance evaluation when deploying dockerized web
application on AWS, GCP and Azure. The authors in this study tested JMeter, SysBench and
Apache Benchmark in Docker Container environment deployed on AWS, GCP and Azure,
however, nothing is said about limitations for testing.

In [8], performance of existing MQTT brokers operating in AWS, Microsoft Azure and Google
Cloud Platform cloud services is analyzed. The authors emphasize on IoT implementation which
requires MQTT protocol with high communication performance, fast response and small size.

Security issues and problems in cloud computing are analyzed in [9]. The authors reviewed
existing types of services.

Ill. METHODOLOGY

This research will conduct a comparative study of AWS, Microsoft Azure, and Google Cloud
Platform cloud providers to evaluate their features, capabilities, and performance. This type of
research will help users and organizations make more informed decisions about choosing cloud
provider based on their specific needs and requirements.

This study will address impact of advanced cloud providers on business processes and IT
infrastructure and as result, determine what are differences and similarities between AWS,
Microsoft Azure and GCP cloud providers in context of their performance, functionality and their
security.

First, quick word about AWS. AWS offers more than 200 services including computing,
storage, databases, analytics, artificial intelligence, Internet of Things (IoT), and more. AWS has
data centers in different parts of world [10, 11].

Users can increase or decrease capacity in real time, allowing for efficient resource utilization
and cost reduction. AWS provides wide range of tools and services to ensure data security and
privacy. They comply with standards and regulatory requirements, making them suitable for large
number of industries.

Azure and GCP also offer more than 200 services and services, just like AWS. Azure is
integrated with wide range of Microsoft products and services, including Windows Server, Active
Directory, SQL Server and many others, and this makes it easy to migrate existing applications and
infrastructure to cloud.

Azure supports hybrid cloud model, allowing organizations to combine cloud resources with
on-premises infrastructure. Microsoft is actively investing in Azure security, providing tools and
certifications to protect customer data and applications [13, 14].

Rounding out Google Cloud Platform. GCP has powerful resources and services that enable
development and deployment of machine learning applications and models, including tools like
TensorFlow, Al Platform and BigQuery ML.

GCP offers BigQuery, high-performance and scalable real-time data analytics system that
enables analysis and visualization of data large volumes. GCP also, like first two providers,
provides high level of security for its customers [14, 15].

Let's highlight characteristics by which comparison will be made (Table 1).

The main criterion is security of these providers and we will emphasize assessment of each
provider impact on business processes and IT infrastructure.

In Table 1: 1* Containerization is virtualization method that allows you to package and run
applications and their dependencies in isolated containers [16]; 2* Server less solutions is
architectural approach to developing and deploying applications where developers do not have to
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worry about managing infrastructure, including virtual servers (VMs) or containers. Instead,
developers focus on writing application code and its business logic, and cloud provider

automatically manages infrastructure, scaling, and execution of code [17, 18].

Table 1 — Comparison of cloud providers features

Ne Features AWS Azure GCP
aws A - 3
» Google Cloud
1 | Market leadership Largest provider, | The second largest | The third largest
market leader provider in market | provider in market
2 | Scalability 26  regions, 81| 60 regions, 140 24 regions, 76
available zones available zones available zones
3 | Service Level Subject to change depending on services
Agreement (SLA)
4 | Integration with Wide range of | Deep integration Many integrations
other services integrations  and | with Microsoft and services
services
5 | Virtual machines EC2 Virtual Machines | Compute Engine
6 | Network services VPC, Direct Virtual Network, | VPC, Interconnect
Connect ExpressRoute
7 | Databases RDS, DynamoDB | Azure SQL Cloud SQL,
Database, Cosmos | Firestore
DB
8 | Analytics and Amazon EMR, | Azure Machine Al Platform,
machine learning SageMaker Learning BigQuery
9 | Data storage S3, EBS, Glacier Azure Blob Cloud Storage,
Storage, Azure Persistent Disk
Disk
10 | Identification and IAM, Cognito Azure Active Identity and Access
access control Directory Management
11 | Containerization Amazon ECS, EKS | Azure Kubernetes | Google Kubernetes
(1%) Service (AKS) Engine (GKE)
12 | Serverless solutions | AWS Lambda Azure Functions Cloud Functions
(2*)
13 | Security AWS Identity and | Azure Active Google Cloud
Management Center | Access Directory (Azure | Identity and Access
Management AD) for access Management (IAM)
(1IAM) provides | control and provides flexible
flexible access | authorization. access control.
control. Provides flexible
access control.
14 | Data access AWS Identity and | Azure Active GCP Cloud Identity
Access Directory (Azure | & Access
Management AD) and Azure Management
(IAM) allows you | RBAC for access | provides granular
to customize access | control. access control.
policies.
15 | Physical security Ensures physical security of its data centers and networks.
16 | Data protection AWS also provides | Azure provides Google Cloud offers
means to encrypt | data encryption wide range of tools
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GuardDuty for

monitoring and

data in different | and key for encrypting data
layers. management tools. | at rest and in
motion.
17 | Monitoring and AWS offers | Azure Security Google Cloud offers
threat detection Amazon Center for threat Chronicle for threat

detection and

threat detection and | detection. analysis.
security
monitoring.

18 | Flexibility Highly flexible to | Mid-level Good flexibility,
respond quickly to | flexibility, more especially when
changing business | integrated with combined with
needs. Microsoft Kubernetes and

solutions. other tools.

19 | Deployment speed Rapid deployment | Deployment may | Relatively fast
of resources and | take longer, butis | deployment,
services, enabling | integrated with especially using
faster launch of | other Microsoft templates and
new products and | products. automation.
projects.

20 | Cost and economic | AWS provides | Azure also offers | GCP offers similar

efficiency wide range of | flexible pricing pricing options, with
pricing models and | options, but is emphasis on
payment  options | integrated with simplicity and
that can  help | other Microsoft transparency in
optimize costs. solutions. pricing.

The choice of cloud provider depends on project developers specific requirements, budget and
preferences.

The selected characteristics will help determine which cloud provider best meets the needs of
particular type of business and IT infrastructure. It is also important to consider specifics of
organization, project timelines and budget constraints.

IV. RESULTS

The results of research conducted will help determine characteristics of each these giants, and
hallmark of this study is to determine impact of these cloud providers on business processes and IT
infrastructure while taking into account security issues addressed. As result, choosing best partner
for cloud services.

So, having analyzed cloud providers according to selected criteria (Figure 1).

Figure 1 proposes diagram in which providers have been evaluated for competitiveness, which
includes analyzing various aspects and characteristics. The cloud providers (AWS, Azure and GCP)
are compared on a scale: 1 — best option, 2 — average option and 3 — worst option with emphasis on
security of these providers and evaluating impact each of them on business processes and IT
infrastructure.
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Figure 1 — Diagram comparing AWS, Azure, and GCP

Based on research conducted, following conclusions can be drawn:

- AWS is leader with high security, scalability, and wide range of integrated services. AWS is
rated by us as best option;

- Azure provides medium level of services and security, with deep integration into Microsoft
ecosystem — this is middle option;

- GCP provides good level of security and fast deployment, but is rated as worst option due to
lower scalability and service levels.

V. DISCUSSION

Taking into account results of research conducted to determine impact of advanced cloud
providers such as AWS, Azure, GCP on business processes, information technology infrastructure
and based on analysis conducted taking into account performance, functionality and security of
these providers, several key conclusions can be drawn:

- AWS is leading the way, as this result is evidenced by its high level of security, flexibility and
extensive set of integrated services. AWS gives companies ability to build and grow complex
information infrastructures with high degree of reliability and security. Companies that are
scalability-oriented and ready to invest in cloud solutions can find optimal partner in AWS;

- mid-tier — Azure, as Microsoft Azure provides mid-tier level of services and security. It stands
out for its deep integration into Microsoft ecosystem, making it attractive choice for companies that
already use Microsoft products or wish to integrate them into cloud environment. However, Azure
can be less flexible than AWS, which can require additional effort in planning and resource
management;

- relatively "low tier" — GCP, although this provider provides good level of security and fast
application deployment. However, GCP's ranking as worst option is due to its more limited
scalability and service levels. This provider may be attractive to innovation-oriented companies
willing to utilize Google's advanced technologies, but it may require additional effort to ensure
scalability as business grows.

In any case, it is important to consider specifics of each particular organization, project
timelines and budget constraints.
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VI. FUTURE RESEARCH
Future research can investigate timing of real-world projects and service level definitions.
VIl. CONCLUSION

As result of research conducted on cloud giants such as Amazon Web Services, Azure and
Google Cloud Platform and then comparing them in detail, 20 characteristics of their performance
are highlighted. A competitive evaluation of providers has been done, which includes analysis of
various aspects and characteristics that are important to organizations and customers using cloud
services. A comparative table and diagram based on which, taking into account such key features as
security, impact of providers on business processes and IT infrastructure of company showed that
each of them has its own features and limitations, is given.
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AJanTHBHUN 3aXHCT 1H(POpMAaIIli Ha MOOUTLHOMY

IIPUCTPOIL
€ren bposuenko, Banepiit Camapaii, Bonogumup IlaBienko

Incmumym Komn tomepHux mexHonoziu
Biokpumuii misicnapoonuil yrHigepcumem po36umky ir0OUHU « Ykpainay
KuiB, Ykpaina

AHortanis—/lana podora npucBsYeHa MpoldJeMi BUKOPHCTAHHS MOOITBHOIO NMPHCTPOI0 B yMOBax
AKTHBHOIO BIUIMBY Ta 3aXHCT HeCTPYKTypoBaHoi iHdopmamii. YBara mpumijieHa BHKOPHUCTAHHIO
MOOLIBHOTO NPHUCTPOI0 SIK YacTHHM iH(opMamiiiHOI cHcTeMH Ta MOMJIMBI 3aX0AM IIOJO 3aXHCTY
ingopmanii Bix nporunpasHux Aii. byna nposenena podoTa Mo BMBYEHHIO MPo0JeMH B pealbHUX
YMOBaxX BHKOpPHCTaHHA Ta B3aemopil. IIpomoHyeTrbcs Moaeap ajJropuTMy aganTHBHOIO 3aXHMCTY
ingopmauii. B ocHOBY Moze1i mokIafgeHa inest AMHAMIYHOI aganTalii CHCTeMH BHXOASYH 3 OTOYHOI 0
CTaHy Ta IPM YMOBi aKTHBHOTO BILIUBY.

Kniouoei cnosa—Mobinenini  npucmpiii, 3axucm ingopmauii, Hecmpykmyposana inghopmauis,
Kiboepoesneka.

LBcTyn

[ndopmariitHi TexHoyOrii Ta 0OYHCIIOBAIbHI CUCTEMHU 3 KOXHHM JHEM BCE OUIbIIE CTalOTh
HEBiJl’EMHOIO YaCTHHOIO KUTTSI JTIFOAMHU, HE3aMIHHIMY TOMIYHUKAMH a 1HOJI 1 JPKepesioM mpooeMm.
Bukopucranus cyyacHuX i1H(OpMAIifHMX TEXHOJIOTIH y OaraTbox cdepax >XHUTTS BUMArae BiJ
IH)KEHEpIB Ta PO3POOHHMKIB  HOBHMX pillleHb, HEOOXITHO 3aKJacTW MIUHUN (yHAaMeHT s
MOJAJIBIIONO PO3BUTKY Ta MOXKIHUBICTh €(PEKTHBHOIO YAOCKOHAJICHHS YU MIATPUMKH. PO3BUTOK
TEXHOJIOT1H BIIOYBAEThCS 31 MIBUAKICTIO OJMCKABKH Ta Ma€ BEJIMKUI BIUTUB Ha HAIE CYCIILCTBO,
KO)KHUH JIeHb MU Ma€MO MOXJIMBICTh CIIOCTEpIraTM HOBI TEXHI4YHI Ta I1H)KEHEPHI BUHOXOMM.
BukopucTaHHS MITY4YHOTO 1HTEJIEKTY Y MOBCSKACHHOMY JKUTTI BK€ HE € YUMOCHh (PAHTAaCTHUYHHM .
[Tpuyomy e Moxe OyTH sIK MEBHA iHTerparis y pobouunii mpouec — aBToMaTHU3allis MOBCAKIECHHOT
PYTHHH, TaK 1 YaCTHHA JIO3BLUIA — CIJIKYBaHHS Ta pO3Baru, TOIo. Bech KOMIUIEKC TEXHOJIOTIH Ta
CHCTEM TMOJINIIYIOTh Ta CIPOLIYIOTh BHMKOHAHHS TOBCAKICHHMX 3aj]ad, BIJKPHBAIOTh HOBI
MO>KJIMBOCTI Ta HPUOHMPAIOTh KOPAOHU. Baxxko ysaBUTH c00i cydacHy JoauHy Oe3 MOOUIBHOTrO
TenedoHy 4M IUIAHIIETY, 10 Ma€ Maibke Oe3nepepBHUMA Ta Oe3MiMITHUN JOCTYNOM A0 IHTepHeTy un
BCECBITHbO TNIOOANbHOI Mepeki. MoOUIBHUI NPHUCTPill TMOCiAae CBOE BaXJIMBE MICIE Y KHTTI
Cy4acHOI JIoAUHU. B mojanbuioMy iHTerpaiis JJI0JUHA Ta MOOIJIBHOTO MPUCTPOIO MAaTUME TIHOIINN
XapakTep Ta HemependauyBaHicTh. ToMy Tpeba po3risinaTH MOOLIBHUN MPUCTPIH K HE BiJ €MHY
CKJIagoBy cydyacHMU iH(opmaniiinux cucreM. CpOrogHi MOOUTBHMM NPUCTPii Mae NEBHUN
CakpaJbHUH CEHC, BIH MOK€ MICTUTH OaraTo pisHOMaHiTHOi iH(popmarii yn nanux. [Ipupona ta
BOXJIUBICTh IIi€1 iH(opMarii Moke OyTH PpI3HOIO, ajleé 3aXUCT Ma€ MPIOPUTETHE 3HAYCHHA. A
BpPaxOBYIOUHM JHMHAMIKy pPO3BUTY Ta HEBHU3HAYEHICTh AEAKHX IMpPOIECIB, Mepel IHXEHepamMHu Ta
PO3pOOHUKAMH CTOITh BaKKe Ta BAKJIMBE 3aBJaBaHHS [0 3aXUCTy 1HPOpPMAaLIWHUX CUCTEM Ta
3a0e3neueHHI0 HaiiHO1 po6oTH. [0 meBHOI Mipi MOOUTEHUM NPUCTPI MOKHA BBa)KaTH HANOLIBII
poOJEeMAaTUYHOIO CKJIQJO0BOIO, TOIMEPEH] PIMICHHS HE 3aBXIM MOXYTh 3a0e3MeuuTH OakaHuin
pesynbrar. Lleil mpuctpiii mae psii mepeBar Ta OCOONMBOCTEM — BIIacHE IIe i poOJIATH HOro
ypa3iMBUM Iepe]] MOTCHIIHHUMH 3JI0BMUCHUKAMU Ta ¥ i KOPUCTYBaya MOXKYTh CIIPHYUHHUTHU PSIIT
npobaem. Jlana poboTa mpucBsiueHa nmpodaeMaTuili BAKOPUCTAHHS MOOUIBHUX MPUCTPOIB Ta 3aXUCTY
HECTPYKTYpOBaHOI iH(opMarllii. 3aXucT HECTPYKTYypoBaHO1 iH(opMallii Ha MOOITEHOMY MPUCTPOT €
BOXJIMBUM 3aBJAaHHSM 3 TOUKU 30py KibepOesneku. HecTpykTypoBaHa iHpopmalis Moxe Oyt y
BUTJISIII TEKCTOBUX JJOKYMEHTIB, €JIEKTPOHHUX JIUCTIB, poTorpadiid, BiZeo, 31K CiB roJI0Cy Ta IHIIOTO
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KOHTEHTY, SIKHI 30epiraeTbCcsi Ha MOOUIBHUX MPHUCTPOsX. JJ0 OCHOBHMX MpOOJIEeM MOKHA BiTHECTH:
BTpara abo KpaJaiXKa MOOIIBHOTO MPUCTPOIO; BPA3JIMBOCTI ONEPaLiiHOI CUCTEMH Ta MPOTPAMHOTO
3a0e3neueHHs; HeJOCTaTHIM piBeHb MHM(pPYBaHHS Ta HEJOCTaTHIH DPIBEHb CKJIAJHOCTI HapoJIiB;
HEXTYBaHHs KiOepririeHoro. ICHyio4l iHXEHEepHO-apXiTeKTypHI pillIeHHS HE 3aBXId BHUKOHYIOTbH
MIOCTaBJICHY 3aJlauy Ta MOXKYTh MaTHu Mpo0JsieMu 3 inTerpauieto. He ciin 3a0yBaTh it Mpo eKOHOMIYHY
CKJIaJOBY. AHai3 MPUKIaIHOI 007acTi Ta pe3yabTaTh AOCHIHKEHHS TOBOPATH MPO TE, L0 3aXHCT
iHpopMalii B IIIOMY € BaXJIMBHM Ta € MOMUT HA IIBUJAKI Ta e()EeKTUBHI pillIEHHS 100 Oe3neKu
iH(pOpMaLiIHHUX CUCTEM B LIIJIOMY Ta MOOUIBHOTO MPUCTPOIO 30KpeMa. Tpeda 3a3HaunTH 1110 MTUTAHHS
0e3MeK € KOMIUIEKCHUM: TIOYMHAIOYH BiJl €Taly CTBOPEHHS Ta KOHTPOJb Ha eTalli eKCIulyartarii,
TaKOX JyXe BaXJIMBUM € iHPopMaLiifHa 0013HaHICTh Ta BiAMOBIIAIbHICTH KIHIIEBOTO KOPUCTYBayYa.
KiGepOe3neka BUXOAWTH HA NPUHIUIIOBO HOBUN piBeHb. JIMIIe KOMIUIEKCHUM MiIXix MoOxe
3abe3neunT eQeKkTuBHE pimeHHs. JuHamiuHa amanTanii cucteMu O€3MeKH Mae pO3TISAATUCH SK
OCHOBa CTal1IbHOT IHPOPMALIIHHOT CUCTEMHU.

I1. AHAJII3 OCTAHHIX JIOCJIJKEHB I ITYBJIIKALITMI

Byno mpoBeneHo TaHOOKE TEOpPETHYHE Ta MpPaKTHYHE MJOCHIHKEHE IpeIMeTHOI o0iacTi,
PO3IIISIHYTO OCOOJIMBOCTI BUKOPUCTAHHS MOOIIBHUX MPUCTPOIB K 1HIAMBITYyaTbHOIO BUKOPUCTAHHS
Tak 1 KopmopaTUBHOro piBHSA. Lle mamo 3Mory BH3HAUWTH 3arajibHi TEHICHINI 1 METOAM, SKi
BUKOPUCTOBYIOTHCS B 00JIaCTI aJallTUBHOTO 3aXUCTy iH(opMariii Ha MOOLIbHUX TPUCTPOsiX. OCHOBY
ckiasae OlIOMETpHYHUN MOCTYI. bioMeTpuyHi naHi, Taki SK BIIOWUTKH MAaIbLiB, PO3Mi3HABAHHS
o0nnyus Ta 1HII 610METPUYHI METOAM, IIMPOKO BUKOPUCTOBYIOThCA Ul 3a0€3MEUeHHS TOCTYIY 10
MOOUTEHUX MPUCTPOIB. JlocikeHHs B 00acTi 6ioMeTpii MOCTIMHO BJOCKOHAIOIOTH 111 TEXHOJIOT11
s 3a0e3rmeyeHHs O1bIIoT TOUYHOCTI Ta Oe3meku. 3BiCHO He Tpeba 3a0yBaTH Mpo MUPYBaHHS,
OCKUTBKM II€ BaXJIMBUI acmekT 3axucty iHdopmarnii Ha MoOiunbHUX mpuctposix. Lls obmacts
PO3BHUBAETHCS, AITOPUTMU MIH(PYBaHHS Ta METOAU 30epiraHHs KIIOYiB BJIOCKOHATIOIOTHCS
MOBCAKAEHHO. Jlemo HOBUM Al MOOUTPHOTO BHKOPHCTAHHS CTAJIM BipTyajbHI MPHUBATHI MEpexi
(VPN). Bukopucranuss VPN no3Bossie 3axumaTti iHhOpMaliito BiJ] HECAaHKI[IOHOBAHOTO JOCTYIY Ta
3a0e3mneuye NMPUBATHICTh KOPUCTYBAYa I1iJ] YaC BUKOPUCTaHHA IT100aJIbHOT MEpexi, ajie 1ie pillleHHs
HE 3aBXIH €(PEKTUBHO BHKOPHCTOBYETHCS KIHIEBUM KOpUCTyBadeM. HacTynmHUM KpOKOM MOXHA
BBAXaTHU 3aXMCT BiJX BipyciB 1 mkiamuBux nporpam. CydacHi BUeHI Ta creuiamictd B o0jacTi
KiOepOe3neKu IMOCTIMHO BHBYAIOTh HOBI 3arpo3, LIO0 CTOCYIOTHCS MOOUIBHUX MPHUCTPOIB, Ta
PO3pOOIIAIOTH MPOrpaMH Ta METOIM JUISl BUSIBIICHHS Ta BUJAJICHHs IIKIUIMBUX mporpam. Ilopsn 3
epeKTHBHICTIO OloMeTpii MOXHa IMOCTAaBUTH MYyJIbTU(AKTOpPHY ayTeHTU¢ikanito. Lleil Hanpsm
ayTeHTH(iIKalii MPOAOBXKYE PpO3BUBATH €()EKTUBHI METOAM, SKI BHUMAraioTh BiJl KOpHCTyBaua
MOJNaHHS JEKIMTbKOX (aKTOpiB, TaKUX SK Mapoib, OIOMETpHYHI JaHI Ta OJHOPA30BI KOIH.
Pi3HOMaHITTS pillleHb Ta piBEHb IHTETpalLlii IHKOJIHN YCKIAAHIOE CIIPUMHATTS KiHIIEBOTO KOPUCTYBaya,
a BUHAXIi/UIMBICTh 3JIOBMHUCHHUKIB MOXE CIPUYMHUTH BEJIMKI BTpaTH. SIK pe3ynbTaT aHamizy Oyio
BUSIBJICHO, 1110 aJANTHBHUN 3aXUCT Ma€ 3HANUTH e(eKTHBHE pIIICHHS Ha MOCTaBICHY MpoOiIemMy
3axucTy iH(popMmarii Ha MOOITbHOMY MpHCTpOi. Llst KoHIenis mossirae B ToMy, 100 3aCTOCOBYBAaTH
3axucT iH(opMalii B 3aJ€KHOCTI BiJ JUHAMIYHOTO KOHTEKCTY KOpHCTyBaya Ta CEpEOBHIIA.
Hanpuknan, 3axuct Moxke OyTH MOCHIICHO B 3aJISKHOCTI BiJI MICIIS pO3TalllyBaHHS KOPUCTYBaya, yacy
100u, CTaHy MPUCTPOIO TOIIIO.

IIL.LMETOIU

OOuucnioBajgbHa CHUCTEMa — II€ CYKYIHICTh amapaTHUX 1 MPOrpaMHHMX KOMITOHEHTIB, SKi
B3a€MOJIIOTh JUISI BUPIMICHHS OOYMCIIOBAIBHUX 3aBlaHb. OOYHCIIOBANbHI CHCTEMH MOXYTb
BKJIIOYATH PI3HOMAHITHI MPHUCTPOI, TaKi sIK KOMI'TOTepH, MOOLIbHI TeJeOHH, TUIAaHIIETH, CEPBEPH,
HOYTOYKH, cynepkoMmm'torep. CIiJl po3yMiTH, IO MEPENiK IUX CKIAJIOBUX MOXE 3MIHIOBATHCH,
NPUYOMY JIeSIKI TIPUCTPOi MOXKYTh 3HHMKATH, a IPO JAEAKI MM CbOTOJHI HaBITh 1 HE 3710TaJlyEMOCh.
OOumcnmioBaNbHI CHUCTEMH MOXYTh OyTHM BHMKOPHCTaHI Ui Pi3HOMAaHITHHX 3aBJaHb, TaKUX SIK
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00poOka 1aHuX, CTBOPEHHS TIOKYMEHTIB, Bizyasizalis iHpopMarllii, aHami3 qaHux, irpu Ta iame. Bonn
MOXYTh OyTH BHKOPHCTaHI B DI3HMX Traiy3siX, TakuX SK Hayka, Oi3HEC, MeIUWIMHA, TEXHiKa,
TpaHCHOPT, TOIO. PiBeHb iHTErpaii 00YNCIIOBATBHUX CUCTEM Y TOBCSIKICHHE )KUTTS 3 4acoM Oyze
nuie 301IbIIyBaTUCh Ta HAOyBaTH HOBUX PHC.

MoOGinbHul TpUCTpiii — 11€é MOPTATUBHUI ENEKTPOHHHMN MPHUCTPI, SKUA Ma€ MOXKIUBICTH
HAKIIOYEHHS 710 MepexXi 3B'sI3Ky Ta JAOCTYILY 0 PI3HOMaHITHUX CEpPBICIB Ta TOJATKIB. Y Cy4yacHOMY
CBITI MOOUTBhHI MPUCTPOI CTAM HEBIJ'€MHOIO YaCTUHOO JKUTTS JOJEH, 1 1€ 3MIHIIIO CIOCi0, SIKUM
MH CIIJIKYEMOCS, B3a€EMOJIEMO, MpPALIOEMO Ta po3Bakaemocss. OJHI€I0 3 OCHOBHHMX (DYHKIIN
MOOUTBHOTO MPUCTPOIO € 3a0e3neueHHs 3B'3KY, 1110 103BOJISIE KOPUCTYyBadaM 3/1IICHIOBATH JA3BIHKU
Ta BiZIeO A3BIHKM, HAJCHJIATH Ta OTPUMYBATH MOBIIOMJICHHS, €IEKTPOHHY HOMITY Ta iHII (OpPMH
KoMyHiKalii. MoOUIbHI TPUCTPOT TaKOK 3a0€3MeuyI0Th 10CTY 10 [HTepHeTY, 110 1a€ KOpUCTyBaYaM
MOKJIMBICTh IIyKaTH iH(OpMalilo, MeperisiaTH Bileo, IrpaThd B Irpd, CIyXaThd MY3HKY Ta
BUKOHYBATH iHIII J1ii. MOO1IbHI MPUCTPOi TAKOXK CTAIM HEOOXITHUM IHCTPYMEHTOM JUIsl poOOTH Ta
HaBYaHHS, JO3BOJISIOYM KOPUCTYBadaM IMIPALIOBATH 3 EJNEKTPOHHOIO TIOMITOI, TEKCTOBHMHU
JOKYMEHTAaMH, €JICKTPOHHUMHU TaONIMLSMU Ta IHIIMMH IporpamMamMu. BoHM MOXyTh OyTu
BUKOPHUCTAaHI JUIsl CIIOCTEPEIKEHHS 32 37J0POB'AM Ta (hiTHECOM, BEJICHHS I10/ICHHHKA, IJIAaHyBaHHS Ta
oprasizalii po3KkJiajy Ta IHIINX acHeKTiB KUTTsA. OHI€I0 3 OCHOBHUX IepeBar MOOIIbHUX MTPUCTPOIB
€ 1X TOPTAaTUBHICTh Ta JOCTYMHICTh, IO O3BOJSIE JIIOAAM OYyTH 3B'SI3aHUMHM Ta OTPUMYBATH
iHpopmanito B Oynp-sKOMy Micli Ta B OyAb-kuii 4ac. Y IiloMy, MOOUIbHI MPUCTPOi cTaiu
HEBI'€EMHOI0O YAaCTMHOIO >KUTTS CYYacHOi JIIOJMHM, 1 BOHHM IPOJOBXKYIOTH E€BOJIIOLIOHYBaTH Ta
BJJOCKOHAJIIOBATUCS. 3aBISKU iXHIH (PYHKLIIOHAIBHOCTI Ta 3PY4YHOCTI BHUKOPHCTAHHS, MOOUIbHI
MPUCTPOT TO3BOJISAIOTH JIOASIM OYTH OLIbII MPOAYKTUBHUMH Ta OPraHi30BaHUMH B IXHBOMY KHTTI Ta
po6oTi. MoHa BIAIIIMTH TaKi OCHOBHI THITH MOOUTBHUX MPUCTPOIB: CMapT(OH, IUIAHIIET, HOYTOYK,
yIbTpaOyK, PI3HOMAHITHI TaPKETH, SIKI MOXYThb OYTHM OAATHYTI Ha TiJI0, HANpPHKIAZ, CMapT-
TOAMHHUKHK, (QiTHec-Opacner. ICHylOTH OCHOBHI omepauiiiHi cucremu: Android, 10S,
Windows/Mobile, BlackBerry, KaiOS. PizHOMaHITTSI MOOUIBHUX NPHUCTPOIB 3 OJHOTO OOKY Hae
MOXITUBICT, 00paTH came Te, IO Tpebda KOpHCTyBady, 3 IHIIOTO OOKY YCKIQJHIOE POOOTY
MIPOEKTYBAJIbHUKIB Ta PO3POOHHUKIB.

Oco6umBy yBary ciia npuninutu Android Enterprise. Android Enterprise (panimie Bizomuii six
Android for Work) — ne mporpama ta HaOip ¢yHKIiH, po3pobieHunx kommaniero Google mis
HiANPUEMCTB, SIKI BUKOPUCTOBYIOTh MOOUIBHI mpucTpoi Ha 0a3i omepariiiHoi cucremu Android.
Android Enterprise Hazmae po3mMpeHi MOXKIMBOCTI KEpyBaHHSA 1 3aXUCTY JAHUX, IO JO3BOJISE
opraHizalism JIErKo 1 6e3MeYHO IHTerpyBaTH Ta KepyBaTH MpucTposiMu Android B KopropaTUBHOMY
CEePEeIOBHILLI.

Jesixi xkmouoBi pyHkii Ta MmoxknuBocti Android Enterprise BKIr04aroTh:

1. PoGoui mpodimni: 103BOJIsIE€ PO3AUTUTH OCOOMCTI JaHi i MpOrpaMu BiJ KOPIOPATUBHUX Ha
npuctpoi 3 Android. Ile no3Bomsie 36epiraTu 0coOUCTI JaHi OKPEMO BiJ KOPHMOPATUBHUX JAHHX 1
JOJaTKIB.

2. YrpaBiiHHS TPUCTPOSIMH: 3a0e3redye IeHTpalli3oBaHe YHPABIiHHA NPUCTPOSMH, IO
JI03BOJISIE ~ @/IMIHICTpaTOpaM BiIJaJeHO KEepyBaTH HANALITYBAaHHAMM, TOJITHUKAMU O€3MEKH,
BCTaHOBJIIOBATH AOAATKU Ta MPOBOJAUTH OHOBJICHHS.

3. IlomiTuku Oe3meKH: 03BOJISIE BCTAHOBIIOBATH TOJIITUKM O€3MEKH HA MPUCTPOSX, TaKi K
BHUMOTH JI0 TIAPOJIiB, UG PYBaHHS JaHUX, 0OMEeXEeHHs (PYHKILINA IPUCTPOIO Ta 1HIII 3aX0A1 OE3MEKH.

4. Mara3uH AOAATKIiB AJsl MiANMPHEMCTB: HAJa€ MOXIIUBICTH CTBOPIOBATH BJIACHUN MarasuH
JIOJATKIB JUIS MiANPUEMCTB, 1€ aIMIHICTPATOPU MOXYTh KOHTPOJIIOBAaTH AOCTYIHI IOJATKU Ta
BCTAHOBJIIOBATH 1X HA IIPUCTPOI.
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5. InTterpaunis 3 ob6nikoBumu 3amucamu Google Workspace: kommanii, siki BUKOPUCTOBYIOTb
Google Workspace (panime G Suite), MOXYTb JIETKO IHTETPYBAaTH CBOi KOPIIOpAaTHBHI OOJIIKOBI
3anucu 3 Android Enterprise i kepyBaTH JOCTYIIOM JI0 OOJIIKOBUX 3aIMCIiB Ta CEPBICIB.

6. 3axUCT TaHUX: MOKHA BUKOPUCTOBYBATHU Pi3HI METOAM 3aXHCTy JaHUX, TaKi sIK UPpPyBaHHS
IPUCTPOIB, BUMOTH IO TAapOiiB, OOMEXEHHs IpaB JOCTYIy Ta IHII MOJITHKH Oe3neku, 1100
3a0e3neunT KOH(DIIeHIIHHICT 1 MUTICHICTh JaHUX.

7. InTerpanis 3 I1HIIMMH CHCTEMaMH: MOXKE IHTETPYBAaTHUCS 3 PI3HUMH KOPIOPATUBHUMH
cHCTEMaMH, TAKUMU SIK CUCTEMH KepyBaHH ineHTudikaiiero (IAM), cucteMu e1eKTpOHHOI MOIITH
Ta KaJIeHAapsi, XMapHi cepBicH Jyis 30epiraHHs JaHuX Ta 0araTo iHIIOTo.

8. 3aBmaHHS Ta aBTOMATH3Allisl: CTBOPIOBAHHS PI3HMX 3aBJIaHb Ta aBTOMATH3yBaHHS IPOIIECIB
Ha MPHUCTPOSIX, 10 T03BOJISE MIABUIINUTH MPOJYKTUBHICTh Ta €PEKTHUBHICTH KOPUCTYBAUIB.

JUis 3aXUCTy MOOUIBHOTO MPHUCTPOI0 Ta iH(popMalii JOCUTh €(PEKTUBHOIO € BUKOPUCTAHHS
6iomerpuunoi imeHTudikamii. biomerpis — e BUKOpUCTaHHA (I3MYHMX ab0 MOBEIIHKOBUX
XapaKTepUCTUK JIIOAUHM Ui ineHTH(ikamii, ayreHTudikamii Ta aBropum3zamii. Ha cydacHux
MOOUTBHUX NPUCTPOSIX Bce OLIbIIE BHUKOPUCTOBYIOTHCS OIOMETPHUYHI METOIU Ul 3aXUCTY
HECTpyKTypoBaHoi iHdopmarii, mo 30epiraeThcsi Ha HUX. BUKOpHCTaHHS OloMeTpii HO3BOJISIE
HiABUIIUTH O€3MeKy 1 3py4HICTh TOCTYIy 0 i€l iHpopmarii.

TexHomorii 0iloMeTpUYHOI i1eHTH(IKAIIT HA MOOUIBHUX MPUCTPOSIX:

e (CkaHyBaHHA BIJOWUTKIB MAJbLIB: CKaHEp BOYJOBaHUI B CEHCOPHUI ekpaH a0o Ha 3aJHIl
naHesi NpucTporo. BinOUTOK manbisl MOpIBHIOETHCS 3 30€peKEHUMHU OlOMETPUYHUMHU
JAHUMH, 110 JI03BOJISIE BII3HATH KOPUCTYBaya.

e PosnizHaBaHHA OOMUYYS: Kamepa MPUCTPOI0 BUKOPUCTOBYETHCS Ui 3aXOIUICHHS
00JIMY4s KOPUCTYBAUa, sIKe OPIBHIOETHCSA 3 MONEPEIHBO 30€peKEHUMHU 010METPUIHUMHU
JTAaHUMU.

e PosmizHaBaHHS BiIOUTKIB Ouei: CITKIBKa MOXKe OyTH BUKOPHCTaHI AJs ileHTHdIKaMii
KopucTyBaya. CrieniajabHi KaMmepu a00 CEHCOPH 3aXOIUTIOIOTh JAeTali O4Yei 1 MOPiBHIOIOTh
ix 3 mabaoHamMu G1OMETPUYHUX JTAHHX.

e Posni3HaBaHHA rojiocy: BOYAOBaHMM MIKpO(OH 3alUCy€e TOJOC KOPUCTYyBaya, SKUN
MOPIBHIOETHCS 3 MONEPETHBO 30€PEKEHUMHU TOJIOCOBUMHU IIA0JIOHAMH.

[TepeBaru BukopucTaHHs 6i0MeTpii Ha MOOLTBHUX MPUCTPOSX:

e Bummii piBens 6e3nexu. biomeTpuyHi aHi € YHIKaJIbHUMHU JUIS KOXKHOI 0COOM 1 Maibxe
HEMOXJIMBO Tiapooutu abo miaMinuTH. Lle no3Boisie 3a0e3neunTH BUCOKHN pPiBEHBb
imenTudikamii Ta ayreHTudikauii KopucTyBaya.

e 3pyuHICTb BUKOpUCTaHHSA. Bukopucranus OiomeTpii Ha MOOUIBHUX NPUCTPOSIX
3a0e3neuye 3pyYHU Ta MBUIKUN JOCTYH 110 iH(pOopMaIlii.

e [3omboBaHicTh  30epiranHs. biomeTpumuni JaHi  3a3BUuUail  30epiraloTecsi B
3amM(poBaHOMY BHIIIAAI Ha camoMmy mpucTpoi. Lle 3MeHmye pusuk ix BUTOKY abo
HECAHKIII0HOBAHOTO JOCTYITY 710 HUX.

e MoxuuBocti 6ararodakTopHOi ayTeHTH(iKalio. bioMeTpuyHi MeToIu MOXYTh OyTH
MO€HAHI 3 IHIIMMUA METOJaMM ayTeHTH]iKallii, TAKUMHU SK MiH-KOJAW abo mapoui, s
CTBOPEHHS OUIBII HAAIMHOTO 1 6araTOeTarnHoOro Mporecy iAeHTHdIKalii.

e HeoOxigHicTh (i3UYHOTO NMPHCYTHOCTI. BukopuctanHs Oiomerpii BuMarae ¢izudHol
IPUCYTHOCTI 0co0M 1is ineHTHdikamii. Lle ycknaaHioe MOKIMBICTh HECAHKIIIOHOBAHOTO
JOCTYITY IO IPUCTPOIO a00 JaHUX.
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HactynHuM KpoOKOM MO’KHA BBa)KaTH 3aXHCT iHQOpMalii Ha piBHI onepauiiHOi CHCTEMHU YU
MoOUTbHO nonaTky. MAM (Mobile Application Management) € CKOpOYEHHSIM Bif aHTJIHCHKOTO
tepminy "Mobile Application Management". BiH BiIHOCHTBCS 10 WIAXOQY A0 YHpPaBIiHHA
MOOUTBHUMHU JOAAaTKaMu B oprasizamii. MAM BHKOPUCTOBY€ETHCS A1 KEPYBaHHS Ta KOHTPOIIIO
MOOUTHBHUMH JTOJIaTKaMH, $IKI BCTaHOBIIOIOTbCS Ha MPHUCTPOi KopucrtyBaua. lle moxe Oytu
3aCTOCYHOK JJIi BHYTPIIIHBOI'O BHUKOPUCTAHHSA B oOpraHizamii abo myOmiuHuM 10MATOK, SKUN
KOPUCTYBadl 3aBaHTaXyIOTh 3 MarasuHiB AoaatkiB. OcHoBHa Meta MAM mnonsrae B ynpaBiiHHI
JI0JaTKaMHd Ha PIBHI €aMoOro JOAATKy, HE3aJeXHO BiA MpuUCTpolo. BoHa Hamae MOXKIMBOCTI
3abe3neunT Oe3neKy, KOHTPOJIb Ta KOHQIrypawio T0JaTKiB, a TaKOXK 3A1HCHIOBATH MOHITOPHUHT,
OHOBJICHHS Ta BiJJIaJIeHE YNPAaBIIiHHS J0JAaTKaMU Ha MOOUIBHHUX NPHUCTPOsX. Jleski MOXKIUBOCTI
MAM MOXyTh BKJIIOYATH: MOJJIMBICTh BCTAHOBJCHHS Ta BUKOHAHHS IOJITHK, IO CTOCYIOTHCS
BUKOPUCTAHHS JOJIaTKiB, TaKMX SK OOMexeHHs (YHKIiH abo JOCTymy 10 daHUX; 3HaTHICTh
3abe3neuyBaT Oe3MEeKy MOJATKiB LUIIXOM BUKOPUCTaHHSA IIH(PYBaHHSA, KOHTPOJIIO JOCTYIy Ta
imeHTudikamii KOpUCTyBaviB; MOXKJIMBICTh PO3MOBCIOKEHHS JTOJIATKIB HA MPUCTPOi KOPUCTYBAYIB
4yepe3 MarasvHU JO0JaTKiB a00 KOPHOpaTHBHI KaHAIHM, a TaKOX BiJJaJieHe OHOBICHHS JOAATKIB;
3aTHICTh 30MpaTH J1aH1 PO BUKOPUCTAHHS J0/1aTKIB, IPOAYKTUBHICTh Ta MOBEIIHKY KOPHCTYBaUiB
Ul aHaNli3y Ta NPUHHATTA BignoBigHux pimenb. MDM (Mobile Device Management) €
CKOpPOYECHHSM Bij aHIIiHChKOro TepMiny "Mobile Device Management". Lle miaxig A0 ynpaBiiHHS
MOOUTBHUMHU TPUCTPOSMU B opradizanii. MDM BHKOPHUCTOBY€ThCS [UIs LEHTPAIi30BaHOTO
KepyBaHHS, KOHTPOJIIO Ta 3aXMCTy MOOUIBHUX MPHUCTPOIB, TAKUX K CMapT(OHM Ta IUIAHIIETH, L0
BUKOPHUCTOBYIOTHCSI B OpraHizaiii. BiH Hajlae MOXKIMBOCTI 3a0e3meueHHs: 0e3MeKy, HalalTyBaHHS,
MOHITOPUHTY Ta BiJJaJIEHOTO YHPaBIiHHA MOOUIBHUMH MPUCTPOSIMHU 3 OJHOTO LIEHTPAIi30BaHOTO
inTepdeiicy. OcnoBna Mmeta MDM mnosnsrae B 3a0e3nedenHi O6e3mexu, KoH(Irypamii Ta KepyBaHHS
MOOUTBHUMHU TIPUCTPOSIMU B opranizamii. Jleski moxmauBocti MDM BKIIOYAIOTh: MOXKJIMBICTD
peectparii MOOUIBHUX MPUCTPOIB B cucteMi MDM Ta iX npuB'si3ka 10 KOHKPETHUX KOPHCTYBauiB
a0o0 TpyII; 31aTHICTh BCTAHOBJICHHS Ta 3a0€3MEUCHHS MOMITUKUA Oe3MeKr Ha MOOLTBbHUX MPUCTPOSIX,
BKJIIOYAIOUM HANALITYBAaHHS NapoiiiB, MHU(pPyBaHHS NaHHUX, BiJjIajeHE BHIAICHHS TaHUX TOILIO;
MO>KJIMBICTh BIJJIQJICHO HATALITOBYBATH MPUCTPOI Ta BCTAHOBIIOBATU JOAATKH, KOHTPOJIOBATH
JOCTYIl 1O MarasuHiB JOAATKIB Ta OOMEXYyBAaTH BCTAaHOBJCHHA HeOe3neuyHuX abo HebakaHMX
JO0JATKIB; 3aTHICTh 30MpaTH JaHi MPO CTaH Ta BUKOPUCTAHHSI MOOLIBHUX MPHUCTPOIB, BKIIIOYAIOUN
iHpopMarito mpo 6aTapero, CUrHall MEPEsKi, BAKOPUCTAHHS ITaM'sTi.

He cnix 3a0yBartu # npo kopuctyBaua iHpopmaliifHux cucteM. KopucTtyBau mojmexyam Moxe
OyTH HaiicTaOKiIMM Ta Bpa3nuBimnM eneMeHToM. OOi3HaHICTh KOPUCTyBaya 1100 OE3MeKH Ipu
KOPUCTYBaHHI MOOIJIbHUM MPUCTPOEM € BXKJIMBUM aCIIEKTOM JIJIsl 3a0€3MeUeHHs 3aXHCTy 0COOUCTHX
JaHuX 1 3amo0iranHs KiGep3mouynHHOCTI. Bei mi MOMeHTH cimill 3a0e3nedyBaTi, KOHTPOJIIOBATH Ta
nojinmyBatd. MOXHa BHIUIMTH OCHOBHI AacCIeKTH: 3aXHMCT MapoJIl0: KOPHCTyBaudli MOBHMHHI
BCTaHOBJIIOBAaTH MIiIHI Tapoiii ab0 BUKOPUCTOBYBATH OIOMETpHYHI METOAM ayTeHTH]ikarmii s
3aXHCTy CBOIX NMPHUCTPOIB; BAXKIMBO BUKOPUCTOBYBATH YHIKaJIbHI Ta CKJIaJIHI Mapoi 1 He AUTUTUCS
HUMH 3 IHIIUMH OCO0AaMH; OHOBJIGHHS MPOTPaMHOr0 3a0e3NeueHHs PperyisipHe, OHOBJICHHS
onepaniiHOi CHUCTEMH Ta MPOrpPaMHOro 3a0e3MEeYeHHS Ha MPHUCTPOI € BAXKIUBUM, OCKUIBKU
BUPOOHUKH BUITYCKAIOTh OHOBJICHHSI Ta BUIIPABJICHHS JIJIS 3aIOBHEHHS MOTCHIIMHUX CIIA0KUX MICIIb;
BCTaHOBJICHHSI JOBIPDEHUX [OJATKiB, KOPHCTyBaudi MOBHMHHI 3aBAaHTAXXyBAaTH JOJATKUA TUIBKUA 3
oiniiHUX MarasuHiB A0AATKiB, Takux sk Google Play a6o App Store, i mepeBipATH peHTHHTH Ta
BIATYKM IHIIMX KOPHUCTYBAadiB IE€pel BCTAHOBJICHHAM; YBA)XKHICTh HpPU BIIKPUTTI MOCHJIAHb Ta
BiJpaBili ocoOuCTOi iH(pOpMaIlii, KOpUCTyBayli MOBUHHI OyTH OOEpPEKHUMH NPH HATUCKAHHI Ha
MOCHJIAaHHS B HEIOBIPEHOMY IOBIJOMJICHHI a00 EJEeKTPOHHINM MOINTI Ta YHWKATH HAJCHUIAHHS
0COOMCTHX YyTIMBHX JaHUX 4Yepe3 HEeHaMiHI KaHAIW KOMYHIKaIlil; BAKOPUCTAHHS aHTUBIPYCHOTO
NPOTPaMHOTO 3a0e3MeueHHs,, BCTAaHOBJIECHHS J00pe BiOMOrO AaHTUBIPYCHOI'O IMPOTPAMHOTO
3a0e3neueHHs] Ha MOOUIBHUN MPHUCTPi MOXE JOMOMOITH BHUSBUTH 1 3amoOirTv iHQiKyBaHHIO
IIK{TTUBUM MTPOTPAaMHHUM 320€31EeUCHHSIM.

2023 2nd International Conference on Innovative Solutions in Software Engineering
Ivano-Frankivsk, Ukraine, November 29-30, 2023

28



IV.PE3VJIBTATU

B pe3ynbTaTi npoBeaeHOro aHati3y Ta JOCTIKeHHs YOYJI0 3alpOIIOHOBAHO MOJIENb ATOPUTMY
aIalTUBHOTO 3aXUCTY iH(popMaii.

..... ”””E ~ e "

MeToa pocTyny . awanis
Ropecypcls [ttt 3arposn

A G "

Mai. 1

OCHOBHI KOMIIOHEHTH:

e Kopucrysau

e Merox AOCTYITy 0 peCypciB
e Mepexa

o Iudopmaris

e [Iporpamue 3a6e3neueHHS

e Iudpactpykrypa
e 3arposu

Ha ocHOBI MOHITOpPHHTY, aHaJIi3y Ta ONTHMi3alii IPUHMAETHCS PilIEHHS PO MEeBHUI HAOip aik
Ta MPOTHIIH 10 Ma€ MPU3BECTH 0 MiABUICHHA €(EKTUBHOCTI IUIAXOM aJanTallis 10 KOHKPETHUX
YMOB. YTIpaBJIiHHS POXOJUTh B aBTOMAaTHYHOMY, HAIliBABTOMAaTHYHOMY Ta pyYHOMY PEKUMI.

V.OBI'OBOPEHHS

3anponoHOBaHMK MiAXiA A€ MOXJIMBICTD IIBHJIKO pearyBaTH Ha OyAb-fKi 3MiHH, IO
BiIOYyBalOThCSI B CEpPEOUHI CHCTEMH, a TaKOX Ha BIUIMBM 30BHI. ApnanTaunis BiaOyBaeThCs 3
ypaxyBaHHJIM IOTOYHHUX TMOTped Ta MOMKIMBOCTEH KiHLEBOi iH(pacTpykrypu. KommoHeHTn Ta
B3a€MO/Iisl M)XK HUMU BiZIOYyBa€ThCS 3 ypaxyBaHHIM TBEP/KEHHS, 10 aTaKa Yd BUTIK BXKe BiIOYyBCH.
Lle no3BOMIsIE MIIaHyBaTH EBHY aBTOHOMHICTh Ta HE3aJIe)KHICTh, CTBOPIOBATH MOXKJIMBI CLIEHApIi.
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VLITEPCIEKTUBU MOJAJIBIINX JJOCTIKEHD

[TnanyeThcst CTBOPEHHS TOCIIIHOTO CTEHTy Ta MOAAJIbINA ONTHUMI3allisi MOJEMI.
VII.BUCHOBKU

MaiiGyTHe 3axucTy iH(popMalii Ha MOOITPHMX NPUCTPOSX OyAe 3aCHOBaHE Ha TOE€JIHAHHI
TEXHOJIOTIYHUX HOBOBBEJCHb Ta MiJABHIIECHHI 00i3HAHOCTI KOPHUCTYBayiB 3 NMUTaHb KiOepOe3meKH.
Jleski HanpsSIMKM PO3BUTKY BKIIIOYAIOTh 3aCTOCYBaHHA IITYy4yHOro iHTenekTy (Al) Ta mammHHOTrO
HaBuaHHSA: Al MOXe JTOMOMOrTH B PO3pOOIll PO3MIMPEHUX MEXaHI3MIB 3aXHUCTY, 110 aBTOMaTHYHO
BUSIBISIIOTH aHOMalbHI a00 mimo3pimi aii Ta OMOKYIOTh MOTEHIHHI 3arpo3u; OioMeTpuyHa
aBTeHTHU(IKaLlis, MOKPAIIEHHS TEXHOJIOTiH OloMeTpu4HOI aBTeHTU(IKaLlli, TAKUX SIK PO3II3HABAHHS
o0nuyusi, BIZOUTKIB MaJbIiB, MOXYTh 3a0€3MEUUTH OUIBII HATIHHHUIA 3aXUCT HECTPYKTYpOBAHOT
iHpopMalii; 3acTOCyBaHHS OJOKYEHH-TEXHOJOTIH: OJIOKYEHH MOXKE BiJirpaBaTH BaXXIUBY POJIb Y
3abe3neueHHi Oe3meku iHQOpMalii, OCKUIBKM BiH J03BOJIsiE€ 30epirath JaHi pPO3MOJUIEHO Ta
3aXHILIEHO BiJl 3MiH; PO3BUTOK KBAaHTOBO-CTIMKHMX aIrOPUTMIB IIN(PYBAHHS: 3 PO3BUTKOM KBAaHTOBHX
KOMIT'IOTEPIB CTBOPIOETHCSI MOTpeda B HOBUX AITOPUTMax MM(pyBaHHS, AKI MOXKYTh BUTPUMATH
MOTY>XKHICTh KBAaHTOBOTO 3JI0MYy; TIpUMBaTHICTh 3a 3amoBuyBaHHsAM (Privacy by Design):
MIPOEKTYBAaHHS MOOITBHHMX MPHUCTPOIB Ta 3aCTOCYHKIB 3 BPaxyBaHHSIM IPHUBATHOCTI KOPHCTYBauiB
CIPUATHME 3aXUCTY HECTPYKTYPOBaHOI iH(popMarii Ha MOOLTBHUX MPUCTPOSIX; OCBITA Ta 0013HAHICTh
KOPUCTYBAYiB: MiJABUIIEHHS OO0I3HAHOCTI KOPUCTYBayiB HIOZ0 KibepOesnekn Ta HaBYaHHA iX
e(peKTUBHUM METOJaM 3aXHCTy iH(opMallii Ha MOOUTBHUX MPUCTPOSX JOMOMOKE 3MEHIIUTH PU3HK
BUHUKHCHHS 1HITUJICHTIB, MOB'SA3aHUX 3 O€3MEK0I0; PO3BUTOK 3aKOHOJABCTBA Ta HOPMATUBHOI 0a3w,
BJIOCKOHAJICHHSI 3aKOHOAaBCTBA Ta HOPMATUBHOI 0a3M y rany3i kibepOesneku crpusaTumMe CTBOPEHHIO
HaIHHOTO CepeloBHILA Ui 3aXUCTY HECTPYKTYypoBaHOI iH(opMarii. 3aXxuCT HECTPYKTYpPOBaHOI
iHpopManii Ha MOOUTBHUX HPUCTPOSIX CIIUPATUMETHhCA Ha KOMOIHAIl TEXHOJIOTIYHOTO IMpOrpecy,
HaBYAaHHS KOPUCTYBayiB Ta CIHIBIpali MUK pPI3HUMH CTOPOHAMH, TaKUMH SIK PO3POOHMKH,
MOCTAaYaIbHUKM TIOCTYT Ta 3aKOHOMAABIN. 3a0e3redyeHHs OE3MeKH Ta NPHUBATHOCTI JaHUX B
U(PPOBOMY CBITI 3aJHMINAETHCS MPIOPUTETOM, OCKUIBKM KIJIBKICTH MOOUIBHHMX MPHUCTPOIB Ta iX
BUKOPUCTAHHS POJIOBXYIOTh 3pOCTaTH.

CyuacHMii KOpPUCTyBau MOOUIBHUX NPUCTPOIB Ma€ MEBHI BHMOTH, IIO CHApIOIOThCA Ha
eproHOMIKY Ta piBeHb iH(OpMaliitHOi 00i3HaHOCTI. PO3BUTOK Taiy3i B 1iJIOMy BUMarae MIBUAKHX,
Ha/IIHUX Ta €(PEeKTUBHUX PILIEHb, IO MOTPAIUIAIOTH HE JIUIIE B EKOHOMIYHY IUIOIIMHY, a i TUTOIIUHY
KibepOe3nexu. BukopuctanHs MOOUIBHUX MPHUCTPOIB MOXKE AJANTYBATUCS JO MIBUIKUX Cy4aCHUX
noTped Oe3neKu opraHizailii Ta Moke OyTH JIETKO HaJallTOBaHUH BiIMOBIIHO 10 KOHKPETHUX BHMOT.
MoOinbHUE TPUCTPI € 3pyYHHUM 1 JOCTYNMHUM [uis 0Oaratb0X KOPHUCTYBayiB, BiH 3a3BHYal
3HAXOAMTHCS MOPYY 3 KOPUCTYBAaYEM 1 MOXKE BUKOPUCTOBYBATHCS SIK JOJATKOBUHN €IEMEHT OE3IEKH.
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Abstract—We consider five types of entropies for Gaussian distribution: Shannon, Rényi, generalized
Rényi, Tsallis and Sharma—Mittal entropy, establishing their interrelations and their properties as the
functions of parameters. Then, we consider fractional Gaussian processes and compare the entropies
of one-dimensional distributions of these processes. In other words, we compare the information
connected to these processes.

Keywords—Shannon entropy; Rényi entropy; Tsallis entropy; Sharma—DMittal entropy; normal
distribution; fractional Brownian motion; subfractional Brownian motion; bifractional Brownian motion;
multifractional Brownian motion; tempered fractional Brownian motion.

I.INTRODUCTION

The concept of entropy for a random variable was introduced by Shannon [1] to characterize
the irreducible complexity inherent in a specific form of randomness. The concept of entropy as a
measure of the chaos of a dynamical system has been known for a long time, and this concept is
used in numerous applications, starting with the information theory, machine learning, information
security, cryptography [2] and continuing with environmental sciences, genetics [3], market
analysis [4], climate analysis [5], social network analysis [6], chemical reactions, medical
measurements [7,8]. Entropy plays a pivotal role in signal processing and network traffic analysis.
It is employed in the development of algorithms for detecting DDoS attacks [9], data compression,
decision tree construction [10]. Fractional processes serve as essential models for capturing long-
range dependence and self-similarity in diverse data types. Entropy plays a crucial role in
quantifying the complexity and information content of signals generated by fractional processes,
which proves invaluable for tasks like prediction, risk assessment and anomaly detection.

From a mathematical point of view, the entropy of a probability distribution is expressed in
terms of its density, given the specified density, and this entropy is not difficult to calculate for
specific distributions. Note, however, that there are many different approaches to determining the
entropy of a probability distribution, starting with Shannon entropy, and then this concept was
successively complicated and generalized by adding new parameters (Rényi, generalized Rényi,
Tsallis[11,12], Sharma—Mittal entropies [13, 14]). The various definitions of entropy share several
basic properties postulated by Alfred Rényi [15]. All of the indicated entropies can be successfully
calculated (and they have already been calculated, for example, in [16]) in the case of a Gaussian
distribution, which is the subject of this paper. However, in the presence of additional parameters of
the entropy itself (not the distribution), the question immediately arises about the behavior of
entropy as a function of the parameter. It is a well-known fact that the Rényi entropy as a function
of the parameter decreases. However, its convexity is not a universal property and, in general,
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depends on the distribution [17]. Therefore, if we concentrate on Gaussian distribution, we need to
investigate the properties of the introduced entropies in as much detail as possible.

Il. METHODOLOGY

Investigation of the properties of the various entropies for the centered Gaussian distribution
with respect to the parameters was generally done by applying calculus methods.

The entropy of vector fractional Gaussian noise is calculated using the formulas given in the
book [18]. However, firstly, these calculations are based on the fact that fractional Gaussian noise is
a stationary process, and secondly, using them to compare different processes, even fractional
Gaussian noise with different Hurst indices, is too complicated a problem for an analytical solution
[19]. The main difficulty is that the formula for the entropy of a Gaussian vector contains the
determinant of the covariance matrix, the calculation of which there are no simple proposals for at
the moment, except for cumbersome standard formulas, and at the same time, they do not make it
possible to compare these determinants. Therefore, having at our disposal several classes of
fractional processes that model a wide variety of processes, from physics to financial mathematics,
we set out to compare in as simple a way as possible the terms of the information they carry, or,
more simply, to compare their entropies. The comparisons of entropies presented are based on
calculating the variances of the corresponding processes.

It is worth noting that certain theoretical properties, particularly the convexity of the Tsallis
entropy, are challenging to analyze analytically. In such cases, we employ numerical investigations,
which offer insights into theoretical properties.

I11.RESULTS

We compare the entropies of the one-dimensional distributions of the following fractional
processes: fractional Brownian motion, subfractional Brownian motion, Riemann—Liouville
fractional Brownian motion, bifractional Brownian motion and three types of multifractional
Brownian motion (moving-average, Volterra-type and harmonizable), as well as tempered fractional
Brownian motions of the first and second kind.

We consider normalized versions of these processes to ensure their variances at t=1 to be
equal 1. After this normalization, we observe that fractional Brownian motion, subfractional
Brownian motion and Riemann-Liouville fractional Brownian motion share the same entropies.
Similar formulas apply to bifractional Brownian motion; furthermore, its entropies can be compared
to those of fractional Brownian motion depending on the values of t.

For multifractional Brownian motion, we have established that the moving-average and
harmonizable versions of this process have the same entropies. These entropies can be compared
with the corresponding entropies of Volterra-type multifractional Brownian motion, depending on
the behavior of the Hurst function.

Lastly, for two versions of tempered fractional Brownian motions, we can numerically compare
their entropies depending on the ratio between the multiplicative constants involved in their
definitions.

IVV. DISCUSSION

Our reason and goal of this comparison was to consider fractional processes from the point of
view of quantity of information contained in their one-dimensional distributions, because these
processes previously were mostly compared from the point of view of the behavior of their
trajectories that is interesting in financial applications, but entropy properties are more interesting in
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physical applications, for example, in the calculation of the fractal dimension of a solid sample.
However, there is also an application to financial models. Namely, the Hurst index of fractional
processes affects the behavior of their trajectories; its decrease leads to their irregularity and vice
versa. But from the point of view of entropies, the situation showed a dependence on time: near
zero, more precisely from zero to one, the variance, and therefore entropy, increases when the Hurst
index decreases, but when time passes through unity, the situation changes to the opposite. This
means that so-called rough volatility, which corresponds to the instability of the model, plays a
crucial role only on short time intervals.

V. FUTURE RESEARCH

Our research opens up possibilities for future extensions in several directions. Potential avenues
for further investigation include exploring various entropy measures for non-Gaussian processes,
nonstationary processes and processes with nonstationary increments. Additionally, we can delve
into the solutions of stochastic differential equations that describe the interactions of particle
systems within random environments.

V1. CONCLUSION

We examined five distinct entropy measures applied to the Gaussian distribution: Shannon
entropy, Rényi entropy, generalized Rényi entropy, Tsallis entropy and Sharma—Mittal entropy. We
investigated their interrelationships and analyzed their properties in terms of their dependence on
specific parameters. Our study extends to fractional Gaussian processes, encompassing fractional
Brownian motion, subfractional Brownian motion, bifractional Brownian motion, multifractional
Brownian motion and tempered fractional Brownian motion. We conducted a comparative analysis
of the entropies associated with the one-dimensional distributions of these processes.
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3acTOCyBaHHS aBTOMATH30BaHUX 3aCO0IB JIJIS
3a0€3I1eYCHHS NPUUHATTSA PillleHb NP1

B1IJAJICHOMY YIIPaBJI1HHI
Onmner IlocamkoB, Onexcanap Iumo6an

Kagheopa komn romepno-inmezposanux mexnonoeii, asmomamusayii ma pooomomexHiku
Xapxiscokutl HAYiOHANbHUL YHIBEpCUmMem paodioeleKmpOoHIKU.
XapkiB, Ykpaina

AHoTaniss — Y nboMy Te3uci po3risigacTbesi BHKOPUCTAHHS ABTOMATH30BAHUX 32c00iB /151 TPUITHATTA
pilieHb y BiggaseHoMy ynpap/iHHi. ABTOPH JOCTIKYIOTh e(eKTHBHICTH aBTOMATH3alii, a TaKoK
BHUAIBJISIOTH NPO0JIeMHU Ta NepPCHeKTHBU BIPOBAJKEHHS Wi€l npakTuku. JlocaigskeHHs: 0a3yeTbcsi Ha
aHaJI3i JiTepaTypu Ta BUKOPUCTAHHI NPAKTUYHUX MPUKJIALIB.

Knrowuosi cnoea — Aemomamuszauis, giooanene ynpaeiinns, epekmueHicmo, 6UKIUKU, HEPCHEKMUBH.
I.BcTyn

VY cBiTi Bij1aJIeHe YIPaBIIiHHS CTA€ JeJall BAXKJIMBIIINM €JIEMEHTOM OpraHi3amiiftHol TisUIbHOCTI.
3acToCcyBaHHS aBTOMAaTH30BAaHUX 3acO0iB 3a0€3MEUYCHHS MPUHHATTS PIMICHb TPH BiITAICHOMY
VIOpaBIiHHI T'pa€ KIOYOBY POJIb 3a0e3reueHHss eEeKTHBHOCTI IbOro mpolecy. B maHHii poOoTi
JOCITIJKYETbC ©(DEeKTUBHICTh aBTOMATH3allli y KOHTEKCTI BiJJAJIEHOTO YIPABIIHHS, a TaKOX
aHaJi3ye NEepCIeKTUBH PO3BUTKY IIi€l ramysi.

Il.  AHANI3 OCTAHHIX JOCJIIKEHbD I ITYBJIIKALIIA

Opniero 3 KIIOYOBUX IepeBar aBTOMaTH3alli y BIAJaJICHOMY YIpaBiIiHHI € 3IaTHICTb
0o0poOIsITH Ta aHaNi3yBaTH Benude3Hi oOcsru naHuX. CydacHi CHCTEMH IITYYHOTO IHTENEKTY Ta
AQHAIITUYHI 1HCTPYMEHTH JIO03BOJISIIOTH aBTOMATHYHO aHali3yBaTH 1H(OpPMALiI0 Ta BHUSBISTH
npuxoBaHi 3akoHoMipHOCTI [1]. Lle icTOTHO MiABHUINYE SKICTh MPUHHATHX pillleHb, OCOOJIHBO B
yMOBax BIJJaI€HOI poOOTH, [I€ JOCTYN [0 MJaHUX MOKe OyTH OOMEXKEHUH. 3acTOCYBaHHS
aBTOMaTH3allii y BiJJalieHOMY YIIPaBIiHHI TaKOX CIpHUS€E 3HWKCHHIO OINEpallifiHuX BUTpAT Ta
pY3HUKIB. ABTOMAaTH30BaH1 CHCTEMH MOXYTh IMpaIlOBaTH I1I0000BO 0e3 mepeps, 1o 3abe3nedye
Oe3nepepBHICTh Oi3HeC-TIpoIleCiB. binbIie TOro, 3HMKEHHS JIOACHKOTO BTPYYaHHS MOXKE CKOPOTHTH
HMOBIPHICTb JIOACHKUX TOMHIIOK, 1110 OCOOJIMBO BaKJIMBO Y KPUTUYHUX CUTYaLlISX.

.  MEgToau

Binnanene ympaBiiHHA Tepefdadae KepyBaHHS KOMI'TOTEPHUMU CHCTEMaMHU Ta MepeXaMu 3
BIJITaJICHOTO MICII€3HAXO/KEHHS. [CHye KiTbKa METOIIB, SIK1 TO3BOJISIOTH 3/IIMCHIOBATH BIAJICHHA
JOCTYT Ta yIPaBIiHHS:

— Bigmanenuit pobounii ctin (RDP) - no3Bosisie miakiro9aTucs 10 BiJIaICHUX KOMITIOTEPIB Ta
IpaioBaTH 3 HUMHU B rpadiunomy inTepdeiici. [Tlintpumyerscs B OC Windows.

— SSH - mporokon 3amm@poBaHOTO BiIJAJIEHOTO TOCTYIY, IO BHUKOPUCTOBYETHCS JUIS
TEKCTOBOTO 3'eqHaHHA Ta ynpasiiHHA. [lommpennii B OC Linux ta UNIX.

— Bipryansni npuBatHi Mepexi (VPN) - cTBoprotoTh 3ammndpoBaHuii KaHad MIXK MPUCTPOSMU
Ta HA/Ial0Th BIAJAICHUN JOCTYII J0 JOKAIBHUX MEPEXK.
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Jlyist aBTOMATH3AIIi1 IPOIECIB MPUIHATTS PIIIEHb MOXYTh 3aCTOCOBYBATHUCS JI0IATKOBI IPOTpamMHi
pimeHHs, Taki sk cucremu KoHTpodto Bepcii (Git, SVN), CI/CD cucremn (Jenkins, TeamCity),
cucremu MoHiTopuHTY (Nagios, Zabbix).

Omnepariiini cucreMu Windows Ta Linux MaroTeh BOyIOBaHI MEXaHI3MHU I OpraHizarii
BIJIIAJICHOTO JOCTYIy Ta yHpaBiiHHA. Linux Kpaie HigXOOuTh JUIS CTBOPCHHS MacIuTaOOBaHUX
1HQpacTpyKTyp 3aBISKH BIAKPUTOMY BHXIJIHOMY KOy, MOMKJIHMBOCTSAM KacTOMi3allii Ta Kpariii
MPOYKTHBHOCTI.

Jlnst BiggaJIeHOro KEpyBaHHsS pOOOTH30BaHUMHU 00’ €KTaMHM, K1 PO3TIISIAIOTHCS Y AOCIIIKEHHI,
o0pano nporokon SSH y moegHaHHI 3 OOPTOBOI CHCTEMOIO KOMII FOTEPHOrO 30py 1 JaTUMKAMU
Bizictani. OOpaHi 3acobu 3a0e3MeuyroTh TaKOXX HEOOXITHI MPOIECH MPUHHATTS PIICHb BiAAaleHO
KEpPOBaHOT'0 MOOUIBHOTO POOOTAa.

ABTOMaTH3allisg 3a0e3leuye 3HAYHE CKOPOYCHHS 4acy MPOBEIACHHS ONEpPaTHBHUX Ai [2], 1m0
IMPU3BOJUTE J0 IIABUIICHHS ITPOJYKTUBHOCTI Ta MiHIMi3allii MOXKJIMBOCTEH IOMHJIOK IEpCOHAIY.
JlomaTkoBO, aBTOMATH3allis 3MEHIITYE PU3HK JIFOJICBKUX TTOMIUIOK [3], 0COOJIMBO B yMOBaxX CTpecy Ta
MIJBHILNEHOI CKJIATHOCTI. ABTOMATHU30BaHI CHCTEMH JiIOTh IHJIMBIAyaJlbHO, FapaHTYIOUYH BHCOKY
TOYHICTh Ta HAJIIHHICTh. POo3po0iieHi pileHHs, 6a30BaHi Ha aBTOMATH3alli1, I03BOJISIOTH OpraHi3arisam
OTIEpaTHUBHO pearyBaTd Ha 3MIiHU B IIBHJIKO3MIHHOMY cepeloBHUIi [4], a TaKOX aJanTyBaTHCS 10
HOBHX BUMOT Ta HaJ[aBaTH aHAJITUYHI JaH1 JIJIs CTPATETIYHOTO MIPUHHATTS PIllICHb.

OrnucaHi METOIN PO3TIISIAIOTHCS 3 TOYKH 30PY iXHBOI 3aCTOCOBHOCTI JJIsI CTBOPCHHSI €()eKTHBHHUX
CUCTEM BiJJIaJICHOTO YIPaBIiHHS Ta 3a0e3MeYeHHs HaAIiMHOCTI Ta KOH(IASHIIHHOCTI 00pOo06It0BaHOI
iH(popMarIii.

V. PE3VYJIBTATU

AHalti3 METOMIB BiIJIaJICHOTO YIPaBIiHHA Ta MOMKJIMBOCTEH iX aBTOMAaTH3aIlii 3a JOIMOMOTOIO
IPOrpaMHUX PIlIEHb TOKA3Ye, 1110 ICHYIOTh €(hEeKTUBHI CITOCOOM opraHizallii 0e3eyHoro BiJAajJeHOro
aJAMIHICTpYBaHHS Ta IPUUHSITTS PilICHb.

Buxopucrtanns nportokonis Bignainesoro gocryny (RDP, SSH, VPN) B noegnanHi 3 cucremamu
MOHITOpUHTY, KOHTpomto Bepciid, CI/CD no3Bonse ontumizyBatu mnpouecu ynpasiaiHas [T
1H(PaCTPYKTYpOIO Ta PO3TOPTAaHHS IPOrPaMHOT0 3a0€3MeUeHHS.

Oco0nuBo e(heKTUBHUM € MOEIHAHHS BIAKPUTHUX Ta KaCTOMi30BaHMX pimieHb Ha 6a3i OC Linux
JUIsL CTBOPEHHS THYYKHX Ta MacIITaOOBaHUX 1HQPACTPYKTYP BIAJAIECHOTO yIPABIIHHS.

V.  OBI'OBOPEHHS

Opnak, BIPOBa/PKEHHs aBTOMaTH3allli y BiJlaleHe KepyBaHHS He 0e3 BUKJIMKIB Ta OOMEXEHb.
OauH 3 OCHOBHUX BHUKJIMKIB — II€ TTUTaHHs Oe3nekH AaHUX Ta KoH(iAeHIIHHOCTI iHGopMaii [5].
[lepenava Ta 30epiraHHs YyTIWBHX JaHUX MOXKYTh CTaTH MIMIEHHIO JUIsl KiOepaTak Ta BHUTOKIB
iHdopmarii. KpiMm Toro, BaXJIMBO BpaxOBYBaTH, III0 HE BCl pIllIEHHS Ta 3aBIaHHSI MOXYTh OyTH
aBTOMAaTH30BaH1 3 PiBHOIO epekTuBHICTIO. Hanmpuknan, y neskux BUIMAIKax, /1€ MOTPIOHUI BHCOKHI
piBEHb KpPEaTUBHOCTI YM MOPAJILHOTO PO3IJIALY, aBTOMAaTH3allisl MOke OyTH oOMexeHa.

VI.  IIEPCIIEKTUBU IIOJAJIBIINX JOCIKEHD

[lepcrieKTHBY BUKOPHCTAHHS aBTOMATH30BAHUX 3aCO0IB y BIJAJIEHOMY YIIPaBIIiHHI OOILSIIOTH
Oyt nyxe oOHamiinuBUMHU. PO3BUTOK MAaIIMHHOTO HAaBYAHHS Ta IITYYHOTO 1HTEJIEKTY CIIPHUITHME
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CTBOPEHHIO OUIBII 1HTENEKTYaIbHUX Ta aJalTHBHUX CHUCTEM [UIS TPUHHATTS pilieHs [6].
Po6otuzoBanuii mpouecHuii apromaru3aiiii (RPA) Oyzae BimirpaBatu Bce OUIBII BaXKJIWBY pPOJIb B
onTuMi3arii Oi3Hec-mporeciB. MalOyTHE BiJIaJICHOTO YIPABIIHHSA, HMOBIPHO, 3HAYHOIO MIPOO
BU3HAYaTUMETHCS TUM, HACKIJIBKH YCIIIIHO OpTraHi3allii 3M0XyTh BUKOPHUCTOBYBATH I1I TEXHOJIOTIT
JUISL IOKpAIIEHHS CBOET €()eKTUBHOCTI Ta KOHKYPEHTOCTIPOMOKHOCTI.

VII. BUCHOBKU

BukopucTanHs aBTOMAaTH30BaHUX 3aCO0IB JUIsl MPUHHATTS PIIICHb Y BIIJAJIECHOMY YIPAaBIIiHHI
CTa€ BCE OUIBII BKJIMBUM acCleKTOM CydacHi iHo(ppMmariiitHi cuctemu. [IpaBuibHEe BUKOPHUCTAHHS
aBTOMAaTHU3aIlll MOXKE MMIJIBUIINTH €()EKTUBHICTh OpraHizallii, IPUCKOPUTH MPOIIECH Ta 3a0€3MEUUTH
OutbIl THyYke Ta e(ekTUBHE BimmaneHe ympaBiiHHsA. OgHAK i JAOCATHEHHS MaKCHMAallbHUX
pe3ysIbTaTiB BXIIMBO BPaXOBYBAaTH BUKIIMKHU Ta CIIJKYBaTH 32 PO3BUTKOM TEXHOJIOTIH y il raiy3i.
Binnanene ympaBmiHHA poOOTaMH 1 TNPHHHATTS pilIeHb peai3oBaHOo moeaHaHHsIM SSH,
KOMII'FOTEPHOT0 30pPY 1 IaTYMKIB B1JICTaHI.
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Intelligent decision support system based on
recurrent neural networks and genetic algorithm

for stock trading
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Abstract—The study develops a system that combines an artificial intelligence genetic algorithm (GA)
with LSTM networks to optimise the prediction of OHLCV signals on the exchange. This system uses
real-time data via web sockets, which leads to increased accuracy, efficiency and effectiveness of
forecasting. This approach uniquely combines sequential machine learning techniques with a genetic
algorithm, which marks a significant advance in financial forecasting modelling.

Keywords—Genetic Algorithms, LSTM Networks, Stock Prediction, OHLCV Signals, Real-time Data,
Websockets.

[. INTRODUCTION

With the advent of technology, the stock trading industry has undergone significant changes
[1]. Gone are the days when traders relied solely on intuition and basic tools; in the data age,
algorithmic trading based on artificial intelligence (Al) [2] is becoming the norm. Long Short-Term
Memory (LSTM) networks [3] have become the preferred choice for processing sequential data,
such as stock prices, due to their ability to remember patterns over long periods of time. However,
training such deep learning models requires significant computational resources and expertise in
tuning hyperparameters. Our research takes a deep dive into this problem by proposing an
innovative solution. Using a genetic algorithm (GA), we have created an optimised system tailored
to the nuances of the stock market. This system is further complemented by the use of real-time data
via web sockets [4], which ensures timely and accurate forecasting in an ever-changing market
environment.

II. RELATED WORK

In recent years, the domain of stock market prediction has witnessed a profound shift,
primarily driven by the advancements in Al. With vast amounts of financial data being generated
daily, there's a dire need for sophisticated methodologies capable of deciphering these intricate
patterns. Among these methods, Long Short-Term Memory (LSTM) networks have emerged as one
of the front runners [3]. Their inherent capability to deal with sequential data, remembering long-
term dependencies, and avoiding the pitfalls of traditional Recurrent Neural Networks (RNNs) [5],
such as the vanishing gradient problem, makes them aptly suited for the volatile world of stock
market data. However, while LSTMs have shown promise, there's a burgeoning interest in
enhancing their efficacy further [6-7].

[II. METHODOLOGY

The designed system uses genetic algorithms to optimise LSTM networks for stock
forecasting. This includes the following steps:
1. Data collection. It starts with collecting the necessary data for stock forecasting.
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2. Data pre-processing. Pre-processing steps are performed to clean and refine the data, such
as reducing noise in the data to ensure accuracy and normalising the data to bring all input
characteristics to a standard scale, which will help in efficient model training.

3. Data partitioning. The data set is split: 82% is allocated for training purposes to train the
model and 18% is reserved as test data to evaluate the model's performance on unseen data.

4. LSTM training:

4.1 Creating an initial population of LSTM models.

4.2. Training the LSTM model on the training data:

- The "fitness" of each model or the accuracy of stock price forecasting is evaluated.

- If the model is considered sub-optimal, it is transferred to genetic algorithm processes to
improve it.

5. Processes of the genetic algorithm:

- Selection. Selection of models based on their suitability for participation in the crossover
and mutation stages.

- Adaptive crossover. Combines the features of two parent models to create a new offspring
model.

- Adaptive mutation. Making minor random changes to the model to find new potential
solutions.

- After mutation, the new model is tested to see if it is optimal. If not, the process of
selection, crossover and mutation is repeated until the optimal model is found.

6. Forecasting. The optimal LSTM model is used to predict stock closing prices.

7. Trend analysis. Based on the forecasted closing prices, the price trend is determined,
indicating whether the stock is expected to rise, fall or remain stable.

8. Model evaluation. The efficiency of the model is evaluated using various metrics. An
evaluation score is calculated to determine how closely the model's predictions match actual stock
market trends.

Data
Praoc ing

Get / Data preprocessing Data Divide the
Sk data and noise reduction normalize data set 5% Testidsta

82%
¥ I
Train LSTM madel Initial I
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. “Whether i
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Select -
Forecast Calculate price
/ closing pric trend

Adaptive
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Parameter evaluation

optimization
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Mutate
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Figure 1. Scheme of architecture — interaction of GA and LSTM

Based on the developed approach, a system has been formulated that synergistically
combines the evolutionary optimisation capabilities of a genetic algorithm with the advantages of
sequential data processing of networks with long short-term memory LSTMs, which are adapted for
accurate stock market forecasting.

IV. RESULTS

The proposed GA-optimised LSTM model will allow to obtain in automatic regime 55-58%
accuracy rate in stock forecasting. The integration of real-time data via web sockets will further
ensure timely and accurate forecasts in a dynamic stock market environment.

2023 2nd International Conference on Innovative Solutions in Software Engineering
Ivano-Frankivsk, Ukraine, November 29-30, 2023

39



V. DISCUSSION

The study uses LSTM networks because of their ability to process time series data, which
makes them effective for stock market forecasting. The main disadvantage of LSTM network is the
need not only for knowledge of stock markets, but also deep knowledge of data science; in order to
obtain results with 60% accuracy, you need to have in-depth knowledge. On the other hand, the
genetic algorithm does not make it possible to complicate the model by adding layers of density,
and in this case the user cannot go beyond 58% accuracy.

VI. FUTURE RESEARCH

Further research could delve into hybrid AI models and their application in various financial
instruments.

VII. CONCLUSION

The combination of LSTM and GA-driven Al provides a robust system for stock prediction.
With the integration of websockets, the system stays relevant with real-time data, showcasing its
potential for real-world applications.
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BukoprcTaHHS THYYKHX KOMYTAIlIMHUX CTPYKTYP

y CKJIaJIl arapaTHOi YaCTUHHA MOOUIBHOTO po0oTa
Irop Hesntonios, Ipuna XKapikoBa, Aprem bpoHHikoB

Kagheopa komn tomepno-inmezposanux mexnonoeii, asmomamusayii ma MexampoHiku
Xapxkiscokuil HAYIOHANBbHULU YHIBEpCUMem padioenieKmpOoHiKu
XapkiB, Ykpaina

AHoTauis—Po6oTa npucBsiuena 3aMiHi JKOPCTKHUX KOMIIOHEHTIB anapaTypu Ha THY4Ki 3 MeTOI0
MiIBUINEHHS 1i SAKOCTi, (YHKUIOHAJBLHHUX MOXKJIMBOCTEH, HAMINHOCTI Ta 3MeEHIIEHHS
ra0apuTHO-MACOBHX NMOKA3HUKIB, 10 € 0COOJMBO AKTYAJbLHUM Ui MOOIJIBLHUX POOOTIB.
3aiiicHeHO Mig0ip KOMIOHEHTIB i pO3po0JiIeHO cXxeMy KOMYTalliiiHUX 3B’SI3KiB JIsI MOOIJIbHOL
miargopmu Keyestudio 4WD BT Robot car V2.0. IIpoBeneHo Moae1i0BaHHA KOMYTaliiiHOT
CHCTEMH, 30KpeMa BHKOHAHO JOCJIIKEHHSI KOHCTPYKUII By3J/la KOMYTalliHHUX 3B’SI3KIiB 1/
MOOiJILHOTO podoTa 3a fonomoroio cepeaosuma COMSOL Multiphysics.

Kntouosi cnosa—Asmomamusauia, mixc3’€OHanHA, NONIIMIOHA CMPYKmMypa, pooom, KoMymauiiHa
cucmema, Arduino.

I. Bcrynn

OnHi€0 3 OCHOBHMX TEHJCHIIIH PO3BUTKY TEXHIKM € MepexiJ] BiJ TpaaulliifHOi amapaTypu 0
eNIeKTPOHHUX 3acOo0iB HAa THYYKHX OCHOBAaX Y PaMKax PO3BUTKY B YChOMY CBITI HampsMy THYYKOI
riOpuaHOI enekTpoHiku. B ymMoBax MikpoMiHiaTIOpH3allii eeKTPOHHUX BUPOOIB 3aCTOCYBAaHHS THYYKUX
komyTtaniiaux cucteM (I'KC), no skuxX BITHOCATHCS THYYKI €JICKTPOHHI KOMITOHEHTH, CJICMEHTH
THYYKOI eJIEKTPOHIKH, APYKOBaHI IUIaTH i €IeMEeHTH MDK3 €JHaHb, 3a0e3reuye HU3Ky IepeBar Iij yac
CTBOpPEHHS SIK CTAL[IOHAPHUX, TaK 1 pyXOMHUX KOHCTPYKIIIH, 30KpeMa KOMYyTalli{HOT CUCTEMH MOOLITbHUX
pobotorexHiuHuX 11aTdGopMm. ToMy HOCITIDKEHHS y il ramy3i CbOroHi € BKpaii aktyaapHumy [1-5].

Il. AHAJI3 OCTAHHIX JOCJIXXEHb I ITYBJIIKALIII

VY KOMIOHEHTax I'Hy4YKoOi TOpUAHOT €IeKTPOHIKM BHUKOPHCTOBYIOTHCS ILTIBKOBI Ji€NEKTPUYHI
MaTepiaiy, THyYKl €JIEKTPOHHI KOMIIOHEHTH Ta PYXOMI KOHCTPYKIII MPUCTPOIB MIKPOCUCTEMHOI
TEXHIKM, THYYKI Ta THYYKO-XOPCTKI OaraTomiapoBi IpyKOBaHI IUIaTH Ta Huieigu. Y npomy
3aCTOCYBAaHHI BOHHM JO3BOJISIIOTH BUPIMIWTH NUTAHHS OUIbII HIUIBHOIO KOMIIOHYBaHHSI BY3IiB
arnaparypu, 3HI)KEHHS rabapUTHO-MaCOBUX XapaKTEPUCTHK MIK3 €IHaHb.

Sx  nienextpuuHa ocHoBa ['KC 3acTocOBYIOThCSI HaWpi3HOMAHITHILIL MOJIMEPHI MaTepiaiu:
nomiedipy, 30KkpemMa HojdieTuieHTepedranar, noiiiMia, ¢gropononimMepHi miisky, Ta iHmi. g 'KC
OUIBLIOCTI TPYH €JIEKTPOHHUX NPUCTPOIB BUKOPUCTOBYETHCS IMOJIIMIJT — BHCOKOTEMIIEpATypHHI
noiiMep. 3aBASKM BUKOPHCTAHHIO MOMIIMIIHMX CTPYKTYp MiJ 4Yac MOJIEpHi3alii poOOTOTEeXHIYHUX
waTgopM, iX KoMyTalliifHa cucteMa OyJie MaTH OUIBIIY XIMIUHY CTIHKICTb, BUCOKY MIIHICTb, CTIHKICTb
710 KOPO31HHX TIPOIIECIB Ta TapHi 30JIAIIHHI TapaMeTpy OCHOB JPYKOBAHUX IUIaT i nuteiidis [6].

MoOuTbHI pOOOTOTEXHIUHI CHCTEMH BIIPI3HAIOTHCS HASBHICTIO PYXOMOIO Iaci 3 aBTOMAaTUYHO
KEpOBaHUMHU NPHUBOAAMHU. BOHM MOXKyTh OyTH KOIICHUMHM, XOJITYMMHU, KOJICHO-XO/ISTYMMH 1 TYCEHUYHUMH.
Yacto MOOLIBHI POOOTH MarOTh MAHIIMYJIATOPH, 3aBISKH SKUM MOXXYTh 3aCTOCOBYBATHCS B TIOJIHOBHX
yMOBax — JUIs BIMCHKOBOI, MEAMYHOI UM arpapHoOi ramyseil, y KOCMIYHHX IOJIBOTaX, Ha MPOMHCIOBHX
IIIPUEMCTBAX, a TaKOXK y OyAIBHUIITBI Ta Ha TpaHcropTi. Ha BUpOOHWYMX MiATIPUEMCTBAX 00 €KTOM
POOOTOTEXHIKM € CTBOPEHHS aBTOMATMYHMX Bi3KIB (pOOOKapiB), IO PyXalOThCA B IEXY 3a 3aJaHOI0
nporpamMoro npu kepysarHi Bim EOM [7-12]. [Tporpama Moske JIerKo IepeHaaropKyBaTrucs. Y CKIIai
MOOUTBHUX pOOOTOTEXHIYHUX IIAT(OPM TAKOK MOXKYTh OyTH 60pTOBI KoMIT 10TepH, B sikux € [ KC.
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Toxx mnpeaMeTroM JOCHIDKEHHS € KOMYTalliifHa CcucTeMa MOOUTbHOI pOOOTOTEXHIYHOL
1aT(OpMHU Ha OCHOBI THYYKHUX MOJIIMITHUX CTPYKTYD.

. METOIM

Y X0l MOCHiIKEHHS BHKOHYBAjacs MOJIEPHi3allisi KOMYTAIIfHOI CHCTEMH i MOOUIBHOT
miathpopmu  Keyestudio 4WD BT Robot car V2.0, Ha puc. 1, a mnpexncraBieHa cxema ii
KOMyTaliiiHuX 3B s13KiB [13].

Puc. 1. Komyramiiini 38°s13ku Mo6u1bHOT tatopmu Keyestudio 4WD BT Robot car V2.0

Jlist oOTpyHTYBaHHS JIOIUTBHOCTI BHKOPHCTAHHS Y CKJIaAi MOOUTRHOTO poOoTa 0OpaHUX
CIEMECHTIB MK’ €JHaHb BUKOPHUCTAHO PO3PAaXyHKOBHH METOJI 1 METOJ KOMII FOTEPHOIO
MOJICTIFOBaHHs 3 BUKOpucTanHsIM cepenosuiia COMSOL Multiphysics.

IV. PE3YJIbTATU

MonepHizaliio KOMyTaliiHOI CUCTEMH BKa3aHOTO MOOUIBHOTO poOOTa MPOBOAMMO HA OCHOBI
3aMiHM HaBeJIeHWX Ha puc. 1, O MpoBOAIB Al 3’€IHAHHS KOPCTKOI JApykoBaHOi uatu 1 (MOIynb
Keyestudio Motor Driver Shield) 3 miaramu 2 (Mmomyns Keyestudio HM-10 Bluetooth-4.0) i 3 (Momysib
Keyestudio Line Tracking Sensor) Ha rayuki nueicdu 3 noniimigy mapku [IM-A tosumHoro 100 MkM.

JlocnipkyBaHuid THyYKUi 1UIeH( € CUCTEMOI0 MIJHHMX MPOBIIHUKIB, C(POPMOBAHMX HA THYUKIN
mienekTpuyHii miiBLi. O6paHoMy MaTepialy MpUTaMaHHI TapHi (i3UYHI XapaKTEePUCTUKH, € 30epexeHHs
€JTaCTUYHOCTI y IIMPOKOMY Jiara3oHi Temrneparyp. OCHOBa MaciocTiiKa, HE PO3YHMHSIETHCS B OPraHIdYHUX
PO3UMHHMKAX, TIOMIPHO CTilKa 10 KMCIIOT 1 JIyTiB, MA€ BUCOKY paJjiallifiHy CTIMKICTb.

VY cepenosuiri COMSOL Multiphysics moOymoBana Mojienb By3jia KOMyTaIlllMHUX 3B’ SI3KIB JIJIS
MoOutbHOTO podota Keyestudio 4WD BT Robot car V2.0, MoaepHi30BaHOTO 13 3aCTOCYBAaHHSAM
nomimigaux IKC (puc. 2).

a) 3’eqayBady XF2M-1015-1A 0) cnonmyueHHs nueida 31 3’ €AHyBaYeM
Puc. 2. ImiTaniiina Moaens KOMyTaliifHOI CUCTEMH MOO1IBHOI poOOTOTEXHIUHOT MIaTdopMu
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Y KoMyTaliiHii CHCTeM1 BUKOPHUCTOBYEMO IS 3’ € HAHHS MOIIMITHUX NIICH(IB 3 dKOPCTKUMHU
rtatamu 3 ennyBadi XF2M 3 10 BuBogamu ta kpokoM Mixk HUMH 0,5 MM BupoOHHIITBa OMRON.
Konekropu miei cepii 3abe3neuyroTh HamilHy dikcarlito mnuieiida Ta KOHTaKTHUH OMIp MEHIIE
100 MOM. Bim OKHCIIEHHST KOHTaKTH 3’€IHyBada 3aXHINAE MIap 30JI0Ta TOBIIUHOK OJIM3BKO
0,12 MxM...0,15 MKM MTOBepX HIKEIEBOTO MOKPUTTS 2 MKM.

V. OBrOBOPEHHS

Jns  3ampormoHOBaHOI CHUCTEMH MIDK3 €IHAHb IMOOYIOBaHO Tpadik 3aleKHOCTI OMNOpYy
CTAryBaHHS R.n BiJl KOHTaKTHOTO HaTHCKaHHs Fi (puc. 3).
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Puc. 3. 3mina onopy craryBanHs y koHTakTax I'KC 31 3011bII€HHSAM CHIM HATUCKAHHS

Jlns BU3HAuUEHHS XapakTepy 3aJIeKHOCTI KOHTAKTHE HATUCKAaHHS 3MIHIOBAJIOCS y Jlama3oHi
0,03...0,3 H. Paxiyc mmomi koHTakTHOI 30HH — 40 MkM. OTprMaHi 3Ha4eHHs OTIOPY CBIAYaTh PO
MPUITYCTUMY SIKICTh KOMyTalliiiHoOro 3’ €AHaHHA y 30H1 KOHTakTy ['KC 31 3’eiHyBaueM.

Jns mopemroBaHHs MexaHiyHMX BIUIMBIB Ha 'KC BHKOpHCTOBYBaBCS NMpOTpaMHMN KOMILIEKC
COMSOL Multiphysics 4.2. Pe3ynpTaT MOJENIOBaHHSA MexaHiuHoro BmumBy Yy 15H
Ha BukpuBieHHs [KC mnoxa3ano Ha puc.4. OTpumani pe3ylbTaTd TaKOX MIATBEPIKYIOTh
MoskuBicTh BukopuctanHsa 'KC y ckiiazai anapaTHOT 4aCTHHU JOCIIHKYBAHOTO MOOUIBHOTO poOOTa.
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Puc. 4. Pe3ynbrar MoJIeIOBaHHS CUJIM BUKPUBIIEHHS Ha THYYKUN Huten(
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[TpoBeneHi Ha PO3pPUBHIN MaIIMHI JOCTIKEHHS MMoka3anu, mo po3puB ['KC 3 donproBanoro
MiJIF0 ToJiiMiny BimOyBcsi mpu HaBaHTaxeHHI 130 Krc Ta micis MOIOBXKEHHs Horo Ha 14 M.
Takox MOkHa 3pOOUTH BHCHOBOK, IO JOCIIPKEHUH 3pa30K BUTPUMY€E HE KPUTUYHI HABaHTaKCHHSI
1o 40 krc 6e3 cyTreBux nedopMalliii CTPYKTYpH 130JISAIIHHOTO Ta MPOBIIHUKOBOTO MIapiB. Takox
PO3BUTOK  JIOCHI/DKEHb  MOMJIMBUH Yy  €KCIIEPUMEHTAILHOMY  BiIIpaIlOBaHHI  Pi3HUX
KoHCTpYKTUBHUX pimeHs ['KC st pisHMX BUAIB MOOUIBHUX pOOOTIB 3 METOIO OOTPYHTYBaHHS
JOITBHOCTI IXHBOT'O BUKOPUCTAHHSI Y CKJIA Il TTOMIOHUX KOHCTPYKITIH.

VI. BHCHOBKHU

TakuMm YMHOM, 32 pe3yJIbTaTaMH aHANi3y CyYaCHHX KOHCTPYKTUBHUX PillleHb JJISI MOOUIBHUX
poOOTIB pPI3HOTO MpHU3HAYCHHS OyJI0 BUKOHAHO MOJCPHI3AMIID KOMYTAIIMHOT CHUCTEMHU IS
pob6orotexniunoi miathpopmu Keyestudio 4WD BT Robot car V2.0 Ha OCHOBI BHUKOPHCTaHHS
NOJIIMIHUX ~ CTPYKTYp. 30Kpema, 3[OiHCHEHO miAldip KOMIIOHEHTIB 1 pO3po0JIeHO CcXeMmy
KOMYTAIIfHUX 3B’s13KiB. [IpoBeIeHO MOJENIOBaHHS KOMYTAIliHHOI CHCTEMH, a CaMe BHKOHAHO
JOCTIPKEHHST KOHCTPYKIII By3Jla KOMYTaliMHUX 3B’S3KIB JIJIT MOOUTEHOTO poOOTa 3a JAOMOMOTOK0
cepenosuma COMSOL Multiphysics.

[Momanpmi gocmimkeHHs OyayTh IpyHTyBaTHCsS Ha BuroTOBJIeHHI 3paskiB 'KC i mpoBeneHHi
CKCIIEPUMEHTAIIBHOTO BUBYCHHS HAIPYXEHO-1e()OPMOBAHOTO CTaHy MOJIIMiAy Ta MPOBIIHUKOBOI
CUCTEeMH 3 pI3HHX MaTepialiB — MiJi YU QTIOMIHIF0O — 3a pPI3HUX 30BHINIHIX MEXaHIYHUX
HaBaHTaXeHb. Pe3ynpTaTH TakuX AOCHIKEHb OyAyTh CHpsIMOBaHI Ha MiAOIp ONTUMAIbHOI
tomosorii 'KC i nmuisaxy ii mpokyiaganHs y KOHCTPYKIii MOOUITBHOT pOOOTH30BaHOT TIIATPOPMH.
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MeTton aHai3y CynyTHUKOBHX 3HIMKIB Ha
OCHOBI ITIMOWHHOTO HAaBYAHHS IS
3aCTOCYBaHHS B 000POHI1 KpaiHU

FOpiit Ymienko, Imutpo Yrpun, Bnagucnas JlamikeBuu
Kageopa komn romepnux nayx
Yepniseyvkutl Hayionanvrul yHieepcumem imeni FOpis @edvrkosuua
YepniBi, Ykpaina

Anoranis—IIpoBeneHo aocaigxKeHHS] TOTEHNUiaJy BMKOPHCTAHHSI TEeXHOJOTi IINOMHHOIO
HABYAHHSA [JIs1 AHAJI3y CYNYTHUKOBHX 3HIMKIB y BilicbkoBiil cdepi Ykpainu. 3 omisaay Ha
noctiiini 3arpo3u Oe3meni i moTpedy y BIOCKOHAJIEHHI OOOPOHHHUX MOKJIMBOCTEN,
BHKOPHCTAHHS IITYYHOIO iHTEJEKTy JJIsi 00pOOKH BeJNKOI KIJIBKOCTI JaHUX i 3a0e3nedeHHs
TOYHOI0 PO3Mi3HABAHHA 00'€KTIiB € KPUTHYHO BakiIuBHMM. B poOoTi mpencraBieHi meronn
MIMOMHHOTO HABYAHHA, fIKi MOXKYTb OyTH BHMKOpHMCTaHi Mada imeHTudikaunii BilicbKoBUX
00'eKTiB, NepeMilieHHs] Ta IHIIOI BaxJuBol iHdopMauii, 0 BUSAB/ISETHCA HA CYNYTHUKOBHUX
300paKeHHAX.

Kniouoei cnoea — Inubunne naseuannsa, Cynymuukoeuii amaniz, Biiicbkoei 3acmocysanus,
HImyunuit inmenexkm, Po3niznasanus oopasie.

1. Bervn

CydacHuil CBIT mpex'siBisS€ BHCOKI BUMOTH /IO HalllOHANIBbHOI Oe3meku Ta 000pOHH,
30KpeMa y KOHTEKCTI 1H¢opMmalliiiHoi BiMHM Ta BINCHKOBUX KOH(IIKTIB. YKpaiHa,
3ITKHYBIINCH 3 arpeciero, CTOITh Mepell BUKIMKOM 3a0e3nedyeHHsl e(heKTUBHOI 000pOHM Ta
Oe3neku cBO€T TepuTopii. BHUKOpHCTaHHA Cy4yaCHMX TEXHOJOTIYHHMX pIlleHb, 30KpeMa
aHaJi3y CYNyTHUKOBHMX 3HIMKIB 3a JONOMOTOI0 METONIB IIIMOMHHOTO HABYAHHS, MOXKE
ICTOTHO MOKPALIUTH MOKJIMBOCTI CIIOCTEPEKEHHS Ta pearyBaHHs. B po0oTi qocnipKyoThes
MOXJIMBOCTI 3aCTOCYBaHHS DNIMOMHHOTO HaBYaHHA M O0OpoOKM Ta iHTepnpeTarii
CYIMyTHUKOBUX JAaHUX 3 METOIO 1ICHTH(IKAII] MOTEHIIMHUX 3arpo3 1 MiABUIIICHHS TOYHOCTI
BIHCBKOBO-CTpATEeriyHUX pilleHb. [IpoBeAeHM aHami3 CydyacHOro CTaHy raiysi Ta
3alpONOHOBAHO HUISAXHU BIPOBA/KEHHS 1HQOPMAIIHUX TEXHOJIOTH IMMOMHHOTO HaBYAHHS
U1l 3aCTOCYBaHb B 0OOPOHHIM 1HAYCTpii YKpaiHu.

II. AHANI3 OCTAHHIX JOCJHIIKEHD I TTYBJIIKAIIIA

VY cdepi BICBKOBOIO 3aCTOCYBaHHS CYMYTHHKOBUX 3HIMKIB 1 IMIMOMHHOTO HABYaHHS,
OCTaHHE JECATHIITTA XapaKTepU3yeThCsl 3HAYHUMHU JOCATHEHHsSMHU. PaHHi poboTn
¢dokycyBanucs Ha 0a30BOMY BHKOPHCTAaHHI CYMyTHUKOBHUX JaHUX JUISI MOHITOPHUHTY
reorpaiyHUX 00JacTel 3 METOH PO3BIIKM 1 BU3HAYEHHs BIMCHKOBHX 00'ekTiB. OnHaK, 13
3pOCTaHHSIM OOCATIB JaHUX 1 MOSBOIO MOTY)XHIMIUX aJrOPUTMIB TIIMOMHHOTO HaBUaHHS,
TOCTIDKSHHS TIEPEHIIUTN IO BIOCKOHAICHHS METO/IIB MAIIMHHOTO 30py 1 aBTOMaTH30BaHOTO
po3mizHaBaHHs 00pasiB.
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Opniero 3 kIMO4OBUX poOIT y wik obmacti € crarts X. Zhou (2019), ska posrisnae
BUKOPUCTAHHS KOHBOJIOIIHHUX HEHMPOHHUX MEPEX JJIs 1eHTU(IKAIli BiliChKOBUX 00'€KTIB
Ha CYIyTHHKOBHX 300pa’kKeHHSX 3 BHMCOKOIO TouHicTio [1]. IX mimxin memoHcTpye 3HauHe
MOKPAIEHHST Y TIOPIBHSAHHI 3 TPaIUIIfHIMH MeToaMu OOpOOKH 300pa)KeHb 1 CITY)KUTh
OCHOBOIO JIJIsl 0araTh0X MOJAIBIINX JOCIHiHKEHb.

Ha mnporuBary upomy, mpamst E. Kalinicheva et al. (2020) 3ocepemkena Ha
BUKOPHCTAaHHI MacIITa0OBaHMX HEWPOHHUX MEpEeX Ui aHalily 4YacoBUX psIiB
CYITyTHHKOBUX JaHWX, JO3BOJISFOYU BUSIBIISATA Ta TependavdaTd MepeMilleHHS BiHCHKOBHX
TIIPO3AUTIB 3 TiABUIIEHOO TOYHICTIO [2].

HemonaBHo, 3ycriuis JOCITITHUKIB OyJTy HAIlUJIEHI HA IHTETPAIi0 NTMOMHHOTO HABYaHHS
13 3ac00aMU IITYYHOTO 1HTENIEKTY Ui CTBOPEHHS OUIbII IUHAMIYHUX 1 aalITUBHUX CUCTEM.
Hanpuxman, po6ora B. N. Pandey et al. (2023) BnpoBamkye iHHOBAIliHHY CHCTEMY, SKa
BHKOPUCTOBYE aHCaMOJICBI MoOJei TJIMOMHHOTO HaBYaHHS I OOpPOOKH CYNMYTHHKOBUX
3HIMKIB, 3HA4YHO ITiIBUIIYIOYH IIBHJIKICTh T4 TOYHICTh BUSIBIICHHS 3MiH y manamadTi [3].

III. MEeroau

Y upoMy JOCHIDKEHHI yBary 30CEpeXKCHO Ha BHUKOPHCTAHHI KOHBOJIOIIMHUX
HeripoHHux Mepex (CNN) mis igeHTHdiKalii BiMCBKOBUX 00'€KTIB Ha CYMYTHUKOBUX
3HiMKax. Llei migxin BuOpaHo 3 Oy Ha HOTO 3aTHICTh aBTOMATUYHO BUIUIATH BaXKJINBI
pUCH 13 300pakeHb, IO € KPUTHYHO BAXUIIMBUM JUIsI TOYHOTO PO3Mi3HABaHHS OO'€KTIB y
PI3HUX YMOBAX OCBITJICHHS Ta IPUXOBYBaHHS.

Jlns BUpIIICHHS] TMOCTABJICHOI 3a/a4i 00paHO KiUIBKICHHHM MOCTHiTHUIBKUN miaxia. Lle
J03BOJIMIIO 3i0patu OO'€KTHBHI JaHi Ta aHaNi3yBaTH iX 3a JONOMOIOI CTaTUCTHYHHUX
METO/IB.

MonepegHa 06po6ka 306paxeHb:
1. BukopucTaHHs GDAL/OGR, QGIS ans Poapo6ka Mogeni:
nonepeAHL0i 06POGKY | NPpYBEACHHS 1. BU3HaveHHs apxiTekTypu CNN 3
1c 5 306paxeHb [0 NOTPiGHOro dhopmary. HEOB6XiIAHUMU KOHBOOLINHUMY,

- CYMYTHUKOEI 300paXEHHA 2. CkpunT Ha Python Ans NyNiHrOBUMM Lapamu Ta
(Maxan qunet Labs) ) . BUJANEHHSA LWYMiB, HOpManizaLi i NOBHO3B'A3HUMM LapaMu.

2. BiakpuTi reonpoctoposi AaHi cTaHAapTU3aLi AaHNX. 2. BK/H04EHHA aKTUBaLifHOT GyHKLT
3. BU3HaUYEHHs KOHTYPIB BiCHKOBUX RelU, Ans AoaaHHs HeniHinHoCTi
0G'eKTiB Ha 306 paXEHHI.

36ip gaHux:

TecTyBaHHA Mopeni: PoaropTaHHa moaeni:
1. Ouivka 3gaTHoCTi Mogeni fio 1. 3a6ezneyeHHs cyMicHOCTi
KOpEeKTHOT po60TH 3 HOBUMU mogeni 3 iCHYr4 UMK
JAaHuMm. iHppacTpyKTypamu.
2. BUKOpUCTaHHA Mogeni ans [~ 2. Peanisauin 3axofiB 6e3neku
aHanisy po3BiayBanbHMX ANS 3aXMCTY MOZeNi Ta AaHux,
AaHuXx, oLjiHtoloun i 3aTHICTb Hajj IKMMU BOHa MpaLjloe.
ineHTUiKyBaTV BINCHKOBI 3. HanawTyBaHHs iHTepdeiica
06'eKTVN Ha NpaKTUL. ANA KiHUEBNX KOpUCTyBauiB

Banipauin Ta oyiHka:
1. Llocnip)xeHHA TUNOBUX
NOMUNOK, AIKi pPOBUTL MoAEeNb,
1406 BU3HAYUTH CNabKi CTOPOHU
i MOX/IMBOCTI AN NOAQNBLLIOTO
BAOCKOHanNeHHs
2. OuiHKa NpUHanexXHocTi
06'eKTiB A0 BiICLKOBUX

TpeHyBaHHA Mopeni:
1. HanawTyBaHHA rinepnapamMeTpis
2. EKCHSDVIMEHTYBBHHH 3 WBUAKICTHO |—
HaBYaHHs, PO3MIPOM NakeTy Ta
KiNbKICTIO enox.

Pucynoxk 1. [TocnigoBHicTs eramniB ais modynoBu CNN Mozeni aHalizy CyImyTHUKOBHX
3HIMKIB Ha OCHOB1 NIMOMHHOTO HABYAHHS

Jnst boro mocmipkeHHs Oyno crpoekToBaHo apxiTektypy CNN, sika BkItouae B cebe
crieniaiaizoBaHi Moxynii, 0a30BaHi Ha MPUHIMIAX [TMOMHHOrO HaBuaHHA. L{g apxiTekrypa
Oyla CTBOpeHa 3 METOI MIABUIICHHS TOYHOCTI Kiacudikarmii o00'€KTiB, OCOOIMBO B
CUTyallisfiX, KOJIU 300paKCHHA XapaKTepU3YIOThCS BHUCOKMM pIBHEM HEBHU3HAYCHOCTI,
HaINpuKJaj, 4epe3 IMoraHy BHJIUMICTh, 3MiHY OCBITJIEHHS a00 MacKyBaHHS 00'ekTiB. Lls
apxitektypa CNN Oyna po3poOiieHa 3 ypaxyBaHHAM AEKIIBKOX KIFOUOBHX XapaKTEPUCTHUK:
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1. bararomapoBicts: CKIaga€eThCs 3 JCKIIBKOX IMapiB, BKJIFOYAKOUM KOHBOJIOIIHHI
[mapy, MyJIIHT-IIApW, 1 TIOBHO3B'S3HI IIApW, IO J03BOJIA€ €()EKTHMBHO BHSBIATH 1
abCcTparyBaTH 0COOIMBOCTI 300paKeHHS Ha PI3HUX PIBHSX.

2. 'nmbunne waBuanHa: BukopuctoBye OararomapoBy CNN, ska aBTOMaTH3ye
BHSIBJICHHSI XapaKTEpUCTUK OO'€KTIB Ha 300pakeHHsIX. BiH BIPOBaKyE IMOCTIIOBHICTH
GIIBTPIB, IO CAMOCTIHHO aManTYIOThCS MiJ Yac TPEHYBAaHHS, 3a0€3MEeUyI0Yr BHUCOKY
TOYHICTh PO3Mi3HABAHHS.

3. Buxopucranns ReLU (rectified linear unit) sik ¢pyHKIit0 akTHBaLii 1151 320€3M€YSHHS
HEJIHIHHOCTI B MOJEII, IO JIO3BOJISE MEPEKi BUMTHCS OUIBII CKJIAJHUX IPEICTABIICHD
TaHUX.

4. 3acTocyBaHHsI METO/a peryispu3aiiii Dropout st yHUKHEHHS TIepeHaBYaHHS MOIEIT1
1 ABUINEHHS 11 3AaTHOCTI 10 y3arajabHCHHS.

Jns tpenyBanHs Ta Bamigariii CNN OyB BUKOPHUCTAHHMA CaMOCTIHHO pO3poOieHUi
JaraceT CymyTHUKOBUX 300paxkeHb. Llei naracer mictuth 61m3pko 1000 300pakeHb, KOXKHE
3 skuX Oyno aHOTOBaHe ekcrepramu. KoxkHe 300pakeHHS Oylio CTaHAapTU30BaHE [0
po3Mipy 256x256 mikceniB, o0 3a0e3MeunTH OAHAKOBI YMOBH Il 0OpOOKH BCiMa IIapaMu
CNN.

Jlaracer BKJIIOYa€ 5 OCHOBHHMX KJaciB BIMCHKOBUX O0O0'€KTiB: JIITaKH, TEIIKONTEPH,
BIMCHKOBI TPaHCHOPTHI 3aco0u, OyIiBIi Ta CTApTOBI KOMILIEKCH. Bynmo 3po0neHo 3ycuiis
s 3a0aaHCyBaHHS KUIBKOCTI 3pa3KiB y KOXXHOMY KJIaci, 100 YHUKHYTH yIEepPeKEHOCTI B
HaBYaHHI. 300pakeHHsS MJis jaraceTy Oynu 3i0paHi 3 PI3HUX CYIMYTHUKOBUX JDKEped,
3a0e3neyyour pi3HOMAHITHICTh YMOB 3WOMKH. [laraceT Oynno po3aijieHO Ha TPEHYBaJIbHUIA
(80%), Bamipamuiitaumii (10%) Ta recroBuii (10%) Habopu.

Bamnigarmist moaeni mpoBoauiacs 3 BUKOPUCTAHHSIM OKpeMOro Habopy 300pa)KeHb, IO
JI03BOJIMJIO TIEPEBIPUTH 3IATHICTH MOJIEINI JIO y3arajdbHEHHS Ha HOBUX JaHHX.

BcraHoBieHO HACTYIHI KpUTEPIi 47151 OLIHKY €(PeKTUBHOCTI MOJIENI:

1. TouHICTb: BIICOTOK MPaBUJILHO 1ICHTH(IKOBAaHUX 00'EKTIB.

2. UYyTnuBiCTH: CIPOMOXKHICTH MOJIEINI MIPABUIIBHO 11€HTH(IKYBAaTH MO3UTUBHI BUIIAJIKH.

3. CneuudiuHiCTh: 3MaTHICTH MOJIEI TPABUIIHLHO BIAKUIATH HETaTUBHI BUIAIKH.

4. OOrpyHTyBaHHS METOIIB.

OO6pani Meroau OOTpyHTOBaHI TMOTPeOO0 B aBTOMaTH3alii mporecy iaeHTudIKari
00'eKTiB Ta HEOOXITHICTIO BIIOPATHCS 3 BEIHMKOIO KUTBKICTIO JAHUX, K1 MOCTIHHO HAJXOIATh
3 CYIyTHUKOBHX JiKepesl. KoHBOMOMITHI HEHPOHHI MEPEXi € MepeaoBOI0 TEXHOJIOTIEIO B
o0iacTi KOMITHOTEPHOTO 30pYy, IO MiATBEPIKEHO UWCICHHUMH JOCTIDKEHHSIMU, SKi
JEMOHCTPYIOTh iX BUCOKY €(DEKTHUBHICTh Y TIOJIIOHUX 3aBJaHHSX.

Jnist 3a0e3nedeHHs BaiIHOCTI Ta HAAIMHOCTI pe3ysIbTaTiB 3aCTOCOBAHO KPOC-BaJIiIaLlito
Ta I0JIATKOBY MEPEBIPKY aJeKBATHOCTI MOEII 3 BUKOPUCTAHHSM HE3aICKHHUX JaHUX. Takoxk
BUKOPUCTAHO TEXHIKM 30UIBIICHHS NaHWX JUIS 3amoOiraHHs IEepeHaBYaHHIO MOJENi Ta
3a0e3mnedeHHsl 11 CTIMKOCTI 10 PI3HOMaHITHOCTI YMOB 300paXeHb.

IV. PE3viisTATH

3a ONOMOTOI0 paHilie OMUCAHOTO METOAY, OyJ0 MOCATHYTO TOYHOCTI 1MeHTHdIKaIi
BIHCHKOBHUX O0'€KTIB Ha CYNMYTHUKOBUX 300pakeHHAX Ha piBHI 80%. lle cTaHOBUTH
MOKpAIICHHSI TIOPIBHSAHO 3 TPAAUIIMHUMHU METOJaMH, A€ CEpPeIHs TOYHICTh CKJajana
o6mu3bko 70-75%.

Take 3HaYHE MIABUIIECHHS TOYHOCTI JEMOHCTPYE e(peKTUBHICTH 3acTocyBaHHsI CNN y
naHii o0JlacTi Ta BUCOKY AaJalTHUBHICTh JIO PI3HUX YMOB OCBITJICHHS Ta KamyQIisixky,
MIBUIYIOYH YyTJIMUBICTh Ta CHeHU(IYHICT, CHCTEMH. Bamigaliis Mojeni Ha He3aJeKHOMY
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HAaOOpl JaHWUX MmiATBepAWMia 11 34aTHICTh €(QEeKTUBHO y3araJbHIOBaTH HAaBYaHHS,
BIJIKPUBAIOYH IISX IS TIOAAIIBIIOTO PO3BUTKY IHCTPYMEHTIB CYITyTHUKOBOI PO3BIJIKH.

[Ipote, pe3ynbTaTH TaKOXK BUSBWIHM JIesKi OOMEXEHHs. 30KpeMa, MOJENb IoKa3aia
TouyHicTh (accuracy) mnpuoOmm3Ho 80%, mo, Xo4a ¥ € TMOKPAIICHHSM IOPIBHSHO 3
TPaIUIIHHUMUA METOaMH, BCE JK 3aJHUIIA€ TMPOCTIP Ui TOAAIBIIUX BIOCKOHAJICHB.
KirouoBrMy moka3HUKaMH SIKOCTI, TAKUMU K precision Ta recall, Oynmu BiamosigHo 78% Tta
75%. i pe3ynpraTd BKa3ylTh Ha Te, 10 MOAeNb €(EeKTUBHO 1IEHTH(]IKYe OUIBIIICTD
BIICBKOBUX OO0'€KTIB, aje BCe Ie Ma€ TPYAHOII 3 ACSIKAMH BHIAMU KaMmyQIismKy abo
00OMEKEeHHSIMHU OCBITJIICHHS.

Takum 9UHOM, X092 MOJIETTh 1 IEMOHCTPYE 3HAYHHIA MTporpec y cepi aBTOMATH30BAHOTO
pO3IMi3HaBaHHSA 00'€KTIB Ha CYNMyTHUKOBHX 3HIMKaX, BCE IE iICHY€E MOTpeda B MOAAIBIINAX
TOCTI/DKCHHSAX 1 BJIOCKOHAJCHHSX, 30KpeMa Yy BHIIPABICHHI IOMMJIOK, TOB'S3aHUX 3
00OMEKEHHMH YMOBaMHU Bi3yaJizalii Ta CKIaAHICTIO 00'€KTIB.

V. OBroBOPEHHS

OTpuMaHi pe3ysbTaTH JACMOHCTPYIOTh BKIIMBICTH I1HTErpallii HOBITHIX TEXHOJIOTiH
DIMOMHHOTO HaBYaHHA y cdepi BiHCHKOBOIO CYIyTHHKOBOTO CIIOCTEPEKCHHSA. 3HauHE
MIJIBUIEHHS TOYHOCTI 1eHTH(]iKkalii BKa3ye Ha MOTEHINaI 3aCTOCYBaHHS IUX TEXHOJIOTIN
JUI  TIONIMIIEHHS pO3BiqyBajbHOI iH(poOpMamlii Ta omepaTMBHOro pearyBaHHs. OjHak,
ICHYIOTh OOMEXEHHS, IOB's3aHI 3 OOPOOKOIO BEIMKHUX OOCATIB JaHUX Ta HEOOXITHICTIO
MOJANBINOT afanTamii alrOpUTMIB JJiI KOHKPETHHX CIEHApiiB BHKOPUCTaHHS. BakiuBo
3a3HAYUTH, IO 1€ JOCTIIKEHHS € KPOKOM JIO PO3POOKM OiIbIN CKIATHUX 1 aBTOHOMHHX
CUCTEM CIIOCTEPEIKCHHSI.

VI TIEPCEKTUBU NOJAJIBIIUX JOCKEHD

VY Mait0yTHOMY JOCIHIIKEHHS MOXYTb OyTH CHPSMOBAHI Ha ONTHMI3allil0 aJIrOPUTMIB
JUTSl TIPUCKOPEHHSI 0OpOOKM JaHUX y PEKHUMI PEasbHOTO 4Yacy, a TaKOXK PO3BUTKY METOIIB
MAIIMHHOTO HAaBYAHHS JJIS1 KPalloro po3yMiHHS KOHTEKCTY 300paxeHb. Lle 103BonuTh HE
JIUIIIE BUSBIIATH, @ i IPOTHO3YBATH MTOTEHITIHHI 3arpo3Hu.

VII. BucHoBKHU

JocnipkeHHs TATBEPAIIO TIMOTE3y PO e(PeKTUBHICTh BUKOPHUCTAHHS KOHBOFOIIIHHUX
HEHPOHHUX MEPEX y BilICbKOBOMY CYITyTHUKOBOMY pO3BiayBaHHi. B xozi nocmimkeHHs Oya0
MPOJIEMOHCTPOBAHO, IO IEW MiAXiJ MOXE ICTOTHO MiABUIIUTH TOYHICTH iMeHTHU]IKaIlii
00'extiB. KIlt0o4oBi apryMeHTH, HaBe/ICHI B JAOCIIIKEHHI, BKIIIOYAIOTh 3HAYHE MOKPAIICHHS
TOYHOCTI i7ieHTU(IKAIli1, 3MaTHICTh O MIBUIKOI aganTallii 70 HOBUX YMOB Ta MOTEHITIA JIJIs
nofanbioi ontuMizamii. OTKe, BUKOPUCTAHHS TIHMOWHHOTO HABYaHHS B CYIMYTHHUKOBHUX
CHUCTEMax BIMCHKOBOTO 3aCTOCYBaHHS BIJKpPUBA€ HOBI MOXJIMBOCTI IS PO3BIIKH Ta
Oe3IMeKH.
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Abstract—The subject matter of the article is fixed-width binning method with constant number of bins. In this paper
the focus is put on impact’s analysis of “fixed-width binning” method with ten intervals on the ROC convex hull when
the method is used to calibrate the predicted binary probabilities. The goal of work is study and prove that the method
may lead to inconsistences between ROC analysis’s results received on ROC curve. To meet the goal in the research were
used the methods: analysis of ROC construction algorithm and “fixed-width binning” method, experimental tests. It is
concluded that fixed-width binning method with ten bins may calibrate probabilities so that they are “too-smoothed”
which causes ROC convex hull is changed. The change in ROC convex hull leads to inconsistencies in ROC analysis
results. In the paper is recommended to calculate number of bin for “fixed-width binning” method based on simple
statistics of predicted uncalibrated binary probabilities.

Keywords—ROC curve, fixed-width binning, calibrated probabilities, true positive rate, false positive rate,
threshold.

I.INTRODUCTION

Calibrated probabilities are needed for ROC analysis when it is conducted with one of the goals:
1) to select regions where one machine learning classifier outperforms another; 2) to identify the
threshold that minimizes an error rate or for the given error rate to get the corresponding threshold
and use it to predict a target class [1].

In binary classification task the probability is considered as well calibrated when it’s value for
positive class is closed to 1 and for negative - is closed to 0. Such estimates for probability are returned
by Logistic regression classifier and Support Vector Machine Classifier (SVC), when SVC object is
created with a directive to calibrate probabilities. The probabilities which are estimated by machine
learning classifiers such as Random Forest Classifier (RFC) or Naive Bayes Classifier (GaussianNB)
are required to be calibrated by one of the methods: “Platt calibration”, “Isotonic regression” or
“fixed-width binning”.

“Platt calibration” and “Isotonic regression” methods are powerful calibration algorithms,
however, when may cause the following issues [2,3,4]:

o “Platt calibration” method: 1) it is the most efficient when distortion of predicted scores is
sigmoid-shaped; 2) if the data distribution changes over time then the coefficients of “Platt
calibration” may become incorrect and as a result the probabilities are not calibrated.

. “Isotonic regression” method may not be efficient for imbalanced dataset and can be
computationally intensive when dataset is large.

In research [5] was proved the efficiency of “fixed-width binning” method for classification
algorithms Random Forest Classifier (RFC) and Naive Bayes Classifier (GaussianNB) and
recommended to partition an interval [0..1] in ten bins.

However, a histogram to model a statistical properties must have a number of bins depending on
the actual data [6,7], therefore a division the interval [0..1] in ten bins for “fixed-width binning”
method to scale binary probabilities may not help to improve the reliability of predicted probabilities.

The current research objectives are to empirically study and prove that a “fixed-width binning”
method to scale binary probabilities with ten intervals may lead to inconsistences between ROC
analysis’s results received on ROC curve constructed with uncalibrated predicted probabilities and
ROC curve constructed with calibrated probabilities and to recommend a direction on how the
inconsistencies potentially to be avoided.
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I1.RELATED WORK

To calibrate probabilities which are predicted by classifiers: Random Forest Classifier (RFC) and
Naive Bayes Classifier (GaussianNB) in study [8] is proposed a scaling binning method. The method
improves “fixed-width binning” by calculating of the bin’s number depending on unscaled predicted
scores. The algorithm divides data into two subsets: probabilities which are predicted for the first
subset is calibrated by “Platt calibration” method and the probabilities which are predicted for the
second subset are used to choose the bins so that an equal number of points are landed in each bin.
The scaling binning method addresses two issues: reduces a calibration error and calculates bin width
which is adopted to already calibrated scores. However, as the algorithm uses “Platt calibration” its
results may be impacted by already mentioned problems associated with “Platt calibration”.

The related research [9] proves that the histogram binning method calibrates predicted
probability well, providing the number of bins is chosen appropriately, however the research doesn’t
focus on impact’s analysis of “fixed-width binning” with ten intervals on the ROC analysis results.

So, itis an actual task to study the impact of “fixed-width binning” with ten intervals on the ROC
analysis results and make the recommendations on how the impact can be reduced.

111.METHODOLOGY

To achieve the study’s goals, we will use the following methodology:
e Construct ROC convex hulls for unscaled and scaled predicted probabilities.
e Compare classifier’s performance based on ROC convex hulls and record the difference.
e |f the differences are found, then search for the reasons by analyzing the algorithm for ROC
convex hull’s construction.

The methodology to be executed through the steps:1). Generate input dataset to include 10
positive and 10 negative instances wit predicted class and corresponding uncalibrated probability. 2).
Calibrate probabilities with “fixed-width binning”. 3). Construct ROC convex hulls with calibrated
and not calibrated probabilities. 4). Fix the desired number of misclassified negatives and record the
required threshold on each ROC convex hull. 5). Compare the result and make the recommendations.

IV.MATERIALS

ROC curve depicts relation between true positive rate, defined according to equation 1, and false
positive rate (equation 2) depending on chosen value of threshold, where threshold defines the
minimum value of probabilities for ROC curve to indicate a positive instance.

ositive instance correctly classified
TPR =2 e correctly classi (1)
total positives instances
negative instance incorrectly classified
FPR =12 Y classif ()

total negative instances
Plot tpr on the Y axis and fpr are on the X axis enables to perform the analysis in order to select

that value for probabilities’ threshold which will guarantee a classification algorithm’s performance.
For example, in table 1 for 10 positive and 10 negative instances is specified a predicted class with
corresponding uncalibrated probability. Corresponding ROC curve on picture (a) from figure 1 at
threshold equal to 0.5 shows tpr is 0.7 (i.e., 7 positive instances were predicted correctly) and fpr is
0.3 (i.e. 3 negative instances were classified incorrectly). When a classifier is required to have less
than 3 misclassified negatives then its threshold must be set to 0.51; when it is required to have less
than 2 mistakes in positive class then its threshold must be 0.28. Thus, varying a threshold on ROC
curve graph a desired performance of classifier is achieved.

Tablel. Predicted an instance’s class with corresponding predicted unscaled probability.
score 9| 8|.75| 6|58 |.54|53|.52|51|5|.4|.3|.28|.27|.26]|.25|.24].23|.15].1
Predictedclass | 4 | 9] o] 1] 2| 1| o] 1] 1]o]1fo] 2] o o] o 1] of 1]o0

“Fixed-width binning” method with constant number of bins equal to 10 divides interval [0..1]
and for each predicted uncalibrated probability identifies its index of bin; then the probabilities which
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are in the same bin got calibrated by average from uncalibrated probabilities in the same bin. As a
result, calibrated probabilities in the same bin got the same value, i.e. there is no discrimination in
values of scaled probabilities in the same bin. When ROC curve is constructed for the sorted
calibrated probabilities, denoted as “calibrated_scores”, then only the 1% from the range of duplicated
probabilities is took (line 6 in algorithm 1)) and as a result a value of true positive rate is decreased
as line 9 is not hit.

Algorithm 1. ROC curve construction

Input: calibrated_scores,y_pred, n, p

Output: curve

1.y pred_sorted=sort y_pred by calibrated scores in descending order

2. FP=TP=i=0

3. calibrated_scores_prev =inf

4. curve=[]

5. while i<|]y_pred_sorted | do

6. if calibrated_scores[i]<> calibrated_scores_prev then
7. curve.add (FP/N, TP/P, calibrated_scores[i])
8. calibrated_scores_prev = calibrated_scoresJi]
8. endif

9. if calibrated_scores[i]=1 then tp++

10. else fp++

11. endif

12. i++

13. endwhile

The reduced value of tpr as a result of calibrated score’s are “too-smoothed” leads to changes in
ROC convex hull and as a result to of that change to inconsistences in required threshold’s value for
the same requirements to classifier’s performance when probabilities are calibrated and not calibrated.

V.RESULTS

The scores from Table 1 after calibrated by “fixed-width binning” method with ten intervals
are included in Table 2. Corresponding ROC curve on picture (b) of figure 1 shows that a threshold
equal to 0.75 must be set in order to have less than 3 misclassified negatives and a threshold equal to
0.28 is required to have less than 2 mistakes in positive class.

Table2. Predicted an instance’s class with corresponding predicted scaled probability.

score 9|8|.75| 54| 54| 54| 54|54|54|54|4|.2|.26|.26|.26|.26]|.26|.26].125] .125
Predicted
class 111 o 2| 1| 2| of 2| 1| ol 2| of 2| o] of of 1| o 1 0

VI1.DISCUSSION

From the results is visible that ROC analysis results for the same requirements to classifier
performance are different for graphs (a) and (b) from figure 1. To achieve the same performance to
predict negative instances the threshold equals to 0.51 is needed, however it’s values is changed to
0.75 after probabilities are calibrated. Similar, to achieve the same performance to predict positive
instances the threshold equals to 0.26 is changed to 0.28.

To avoid inconsistencies in ROC curve analysis results after binary predicted probabilities are
calibrated by “fixed-width binning” it is recommended to decide the number of intervals considering
statistical characteristics of predicted uncalibrated probabilities.
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(a)-ROC curve, uncalibrated scores

(b)-ROC curve, calibrated scores
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Figure 1. ROC convex hull for unscaled and scaled predicted probabilities.

VII.FUTURE RESEARCH
Future studies will be to propose an approach to calculate bin number for “fixed-width binning”

based on simple statistics of predicted uncalibrated binary probabilities.

VII1.CONCLUSION
In this paper is specified that the scaled predicted probabilities with “fixed-width binning” and

ten intervals may become “too-smoothed”, i.e. got assigned equal values. The logic of ROC curve
construction algorithm removes duplicates in sorted list of calibrated scores which changes ROC
convex hull and the change in convex hull causes inconsistences between ROC analysis’s results
received on ROC curve constructed with uncalibrated predicted scores and ROC curve constructed
with calibrated scores. To avoid the mentioned impact on ROC convex hull it is recommended to
calculate number of bins for “fixed-width binning” based on simple statistics of predicted
uncalibrated binary probabilities.
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CTpyKTypa MaTpHUIlb CUCTEMH JIHIAHUX
anreOpaiyHuX PIBHSAHB JJIS 3a]1a4l MOJICIFOBaHHS
MAacCOINEPEHOCY B HOPHUCTOMY CEPEIOBHUII HA

rpadi

Banepiit KonecHukoB

Kageopa npuxnaonoi mamemamuxu
Dakynomem KOMn 1OMepHUX HAYK Ma KiOepHemuKu
Kuiscoxuit nayionanonuu ynieepcumem imeni Tapaca lllesuenka
Kuis, Ykpaina

Anoranis—/lana po0ora MicTUTH aHATI3 CTPYKTYPHM MATPHIb CHCTeM JiHIHHX ajrefopaiuHmux
PiBHSIHb, 110 BUKOPUCTOBYIOTHCSI B YHCEJIbLHMX METOAAaX NPH 3HAXOI:KeHHI Ha0/IMKEHOro po3B’s3KYy
piBHsaHHA Piuapaca-Kurora Ha rpadi, ike onucye mpomec MaconepeHocy y cucTeMi KanJiipHUX TPYoO.
Tako:xk podoTra MicTHTHL onuc e(eKTUBHMX METOMIB /sl PO3B’A3KY JaHOI CcHCTeMH JiHiHHUX
anredpaiyHuX piBHAHB.

Kniouosi cnosa—Mamemamuune mooenwosanusn, Pienannua Piuapoca-Knioma, I'pagu, Cucmema
AiHiHUX anzeopaiunux pienans, Yucenvni memoou.

I. BcCrvin

IIpouec maconepeHocy B MOPUCTUX CEPENOBUIIAX 3 MEXECH HACHUEHHS ONMCYETHCS 3a3BUYal
3a monomororo piBHsHHA Piuapaca-Kimrora. [laHe piBHSAHHS € HETIHIWHUM eTINTUKO-TIapaboIiYHUM
PIBHSHHAM Y YaCTKOBUX IMOXIJHMX, Yepe3 IO BiAOMO JTyXKe Majlo aHAJITMYHHX PO3B’S3KIB L[LOTO
PIBHSIHHS, OLTBIIICTh 3 SIKMX OTPUMAaHI JJIs 1ealli30BaHUX MapameTpiB cepenoBumia. Lle € takox
MPUYMHOIO HEBEJIMKOT KUIBKOCTI alpiOpHUX OLIHOK JJISi PO3B’S3KIB PIBHSHHS, 3HAUHA KIJIBKICTH 3
AKuX c@opmyiaboBaHa s ci1aOKuX po3B’si3kiB. OCHOBHMM I1HCTPYMEHTOM Ui OTPUMAHHS
HaOIMKEHUX po3B’s3KiB piBHAHHSA Piuapaca-Kimora Ta MosientoBaHHS MacolepeHocy B HOPHUCTOMY
CepeIOBHUILI € yhceNbHI MeTou. [IpoTe 3a paXyHOK HENIHIHHOCTI NpOoIeC po3B’A3aHHS PIBHSAHHSA 32
JIONIOMOTOI0 YMCENIBHUX METO/IB 3aiiMae Jyke 0araro yacy, TOMY aKTYaJbHOIO NPOOJIEMOIO €
MIJIBUINEHHS €()eKTUBHOCTI 1ILOTO TpolieCy. 3a3BUYail YMCEIbHI METOAM 3BOJATH 3a7ady MOLIYKY
HaOJIM)KEHOTO PO3B’S3KY pIBHSHHA Ha HACTYIIHOMY KpOIll MO 4Yacy J0 3ajadl 3HAaXOJHKEHHS
pO3B’sI3Ky cucTeMH JiHIMHUX anredpaiyHux piBHAHb (CJIAP). Jlama poOoTa MICTUTH aHami3
crpykrypu Marpuii CJIAP nns piBHsHHS Piuapaca-Kimorta, 1o Mozemntoe nporec MaconepeHocy B
CUCTeM1 KamuigpHuUX TpyO, 1o 3’eqHaHl MK coboro. Lls cucrema TpyO MoaemoeTbes 3a
J0NOMOroro rpada, 1o BKIaJeHHH y TpuBUMIpHU# npocTip. Takox y poOoTi HaBeneHi epeKTUBHI
MeTo i po3B’a3aHHs CJIAP, BUxonsuu 3 pe3ynbTaTiB aHati3y i CTPYKTYpH.

Il. AHAJI3 OCTAHHIX JOCJIXEHD I ITYBJIIKALIIA

3a3BUyail y SKOCTI YHCEIbHUX METOMAIB U1 poO3B’si3aHHA piBHSIHHS Piuapaca-Kmora
BUKOPHUCTOBYIOTh METOJIM CKIHYEHHUX €JIeMEHTIB, CKIHUEHHUX 00’€MIB Ta CKIHYEHHUX PI3HUIIb 31
3BOPOTHUM CTaJIMM KPOKOM T10 dacy. [IpoGnemi migBuieHHs epeKTUBHOCTI MPOIECY MOIETIOBAHHS
MacoIepeHoCcy B MOPUCTOMY CEpEOBHUII MPUCBAYEHA HU3KA poOiT. Cepea HUX MOXKHA BUALIUTH
po6oty [1], B sKiii 3ampOMOHOBAHO aJaNTUBHUN KPOK IO 4acy, a Takox poboty [2], me omucana
nporenypa HaOMMKEHHS pPO3B’sA3Ky piBHsAHHS Pidapaca-Kimrora, pospobiieHa crnemiaabHO [Uist
HEOJHOPiIHUX cepenoBulll. OKpeMO MOXHAa PpO3MVISHYTH TaKOoX YHCENIbHI METOAU, WI0
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BUKOPHCTOBYIOTh CIIpOLICHHS piBHsHHs Pidapnca-Kmora. Tak, y poOoti [3] HaBeneni uncenbHi
METOAM JUIs JTiHeapu3arii piBusHHS Piuapaca-Kirora, a y po6orti [4] mpormoHyeThest CTilika cexma
JUIS  anpoKCcUMaIlii po3B’s3Ky piBHsSHHS Piuapnca-Knmrorta 3 MoaudikoBaHUM TPECTaBICHHIM
noteHmiany Tucky. Orisii cydaCHHX YHCEIbHHUX METOJIB JJIsl PO3B’si3aHHS pPiBHSHHS Piuapica-
Kirora MmoxHa 3HaiiTH y poborax [5-6].

I1l. Matpurs CJIAP

Jlyis omucy TpoIecy MacoIlepeHoCy y CHCTeMi KalliIsapHUX TPYyO0 MOKHa BHUKOPHUCTOBYBATH
TpuBHMIipHE piBHsAHHS Piuapaca-Kimrorta, mpoTe B TakoMy BHIAIKY KUIBKICTh BY3JIIB B TIPOCTOPI, B
SAKUX 3HAXOIUTHCA 3HAUYEHHS HAOIMKEHOTO PO3B’S3KY 3a JIOMOMOTOI0 YMCEIBHOI0 METonay, Oyne
Iy’*Ke BEJIMKUM, 1 THM CaMHUM TPOIEC 3HAXO/KEHHsS HAOMMKEHOTO pO3B’s3Ky Oyne
MasioePeKTUBHUM. AJle, SIKIIO AiaMeTpu TPyO HEXTOBHO Maii B MOPIBHSHHI 3 1X JOBXKHUHAMH, TO,
MIPUITYCKAIO4H, 10 3HAYeHHs PO3B’ 3Ky B MEBHIN TOULl TPyOU HE 3aJI€KUTh BiJ MOJOKEHHS TOUKU
Ha TONEpPEeYHOMY Tepepi3i TpyOu, TO MOXKHa ONKCATH TaKy CHCTEMY TpyO 3a JOIOMOTOI0
BKJIAJICHOTO Yy TPUBUMIpHUH ipocTip rpada. Toni A onucy MacorepeHocy B okpeMiid TpyOi Oyne
BUKOPHCTOBYBATHCS OJHOBUMIipHE piBHAHHA Piwapaca-Kmiora, a y BepmmHax rpady MOBHHHA
BHUKOHYBATHCSI PIBHICTb, IO OMHCYE OalaHC MOTOKY MacH uepe3 JaHy BepiiuHy. Bona Oyae matu
HACTyIIHUM BUTJISA.

> q.=0, )

eelnc(v)
7€ q, — IOTIK MacH JI0 BEpIIUHM vV 3 pedpa e , [0 iHIUAEHTHE JaHii BepuHi rpada.

Topmi, sSIKIIO0 BUKOPUCTOBYBATH YMCENIbHI METOIM JJIsi OHOBUMIpHUX piBHSHB Pivapaca-Kirora
Ha pebpax, To mpu Auckperusaiii piBaocti (1), sk i mpu AMCKpeTH3allii KpaiioBOi YMOBH JIPyroro
POy y BHIIAJKy 3BUYAHOTO OJHOBHUMIPHOTO PIBHSHHS, OyAyTh BHKOPHCTOBYBATHCS JIMIIE JBA
KpaifHiX BY3JIM MPOCTOPOBOI CITKM Ha KOKHOMY 3 pebep. OCKIIbKM y BHYTPILIHIX By3nax pedep
PIBHSIHHS allpOKCUMYETHCS] TOBHICTIO @HAJIOT1YHO /10 OJIHOBUMIPHOTO BUMAKY, To MaTpulst CJIAP,
1110 Oy/ie yTBOPIOBATHUCS Ha KOKHOMY KpOIIi 10 yacy, Oy/ie MaTH HaCTYIIHY CTPYKTYpY.

|(ai b, d, \|
| C, q bi |
I ¢, @ b I
| c, a b d, |
i c, a b I
| CI a'i bi |
A= | | 2

| c, a b |
| d, c, a b |
i c, a b d, I
I d, c, a b I

c, a b
L d, c, aiJ

TpuniaronanbHi OJOKM MaTpHIll BiANOBIIAIOTH anpokcumailii piBHsSHHS Piuapaca-Kmrora nHa
KOXHOMY 3 pebep, B TOM yac sIK 1HII PSAKKA MaTpULll, B IKUX OUIbIIE TPhOX HEHYJIbOBHUX €JIEMEHTIB,
BiJITIOBIIalOTh PIBHSIHHIO OayiaHCy MOTOKiB Macu (1) 1 KOXEH 3 IUX PSJIKIB BIJNOBIgae IEAKil
BepminHi rpada. Takum umbom, matpuiid (2) CJIAP, mo yTBOPIOETbCS TPH BHUKOPHUCTaHHI
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YHUCEIbHUX METOMIB JUIs pO3B’si3aHHS piBHsAHHA Piuapnca-Kimora wa rpadi, Mae HacTymHi
BJIACTUBOCTI:

1) A — pospimxeHa,
2) A — cUMeTpHYHa,
3) A Mae JiaroHaibHy IiepeBary,

4) KiBKICTh PSAAKIB y MaTpuii A 3 OUIbII HiXK TphOMa HCHYJIHOBHMH €JIEMEHTAMH HE
3aJISKUTH BiJl ApaMETPiB TUCKPETU3allil pIBHAHHSI, TOOTO HE 3aJEKUTH BiJl PO3MIpY camMoi
MaTpHIII.

VY Bumajaky TpuBuMipHOi anpokcumaiiii matpuisi CJIAP mae BinactuBocti 1)-3), 3a paxyHOK
qoro aus po3B’si3anHs CJIAP mMoxHa BUKOpHCTOBYBaTH MOJM(IKOBaHI sl PO3PIHKEHUX MaTPHIb
MeToau 3eiens Ta CHpsbKeHHX rpafieHtiB. IIpore, ockinbku ans piBHsAHHA Piuapaca-Kmora Ha
rpadi BUKOHYETBCS TaKoXX ymoBa 4), TO, Ha J0ojAadyy A0 LUX METOJIB, MOXKHA 3alPONOHYBATH
BUKOpHUCTOBYBaTH MeTo[ ["ayca, MomudikoBaHmii Ui po3piIKeHNX MaTpuilb. Toi, micis mpsiMoro
npoxoay merony ["ayca, mo 3aiimae yac O(n), Ie N — KUIBKICTD PSIIKIB Y MaTpHIL A , MATPHUIS A
HaOy/ie HACTYITHOTO BHUTJISAY.

(a/ b d/ \
oy |
| a/ b d/ |
I al b d/ d/ I
i al b d’ d’ I
A,:{ a/ b d d/ I )
| al b d/ |
| a/ b/ d’ |
I 0 al b d;I
| a/ b d/l
| a IDi,|
t )

3BopoTHuUi Xi7 MeTona [ayca Takox 3aiimatuMe yac O(n), TOMY 1 BeCh 4ac, BUTpAYCHHUI Ha
po3B’sizanHs CJIAP, MoxkHa omiHUTH K O(n) , IPUYOMY TOYHIIIE HOTO MOKHA OILIIHUTHU SIK |V | n,
ne V — MHOXHMHaA BepiuH rpady. Bapro 3a3HaunTH, 1m0 JaHWN METOA Ja€ TOYHUH PO3B’ 30K
CJIAP.
IV. PE3VJIBTATH

Hns piBHsHHS Piuapaca-Kmiora Ha rpadi mu orpumanu crpykrypy Mmarpuii CJIAP, mo
BUHUKAE HA KOXXHOMY KpOLll MO Yacy MpU BHUKOPUCTAHHI YUCETBbHUX METOJIB JJIS 3HAXOKEHHS
HaOJIMKEHOTO PO3B’A3KY DIBHSAHHSA. 3 BJIACTUBOCTEH 1€l CTPYKTypu Oyiau BH3HAUYEHI METOIU
po3B’s3anHsa CJIAP, mo MaroTe HailOUIbIYy e()eKTUBHICTh B JAHOMY BHUIAJIKY, CEpel SKUX: METOA
3eiinens, METOJl CIPSHKEHUX IPajieHTiB, MeTo [ayca.

V. OBIr'OBOPEHHS

a1 pe3ynpTaTé cTOCOBHO CTpYKTypu Marpuilli CJIAP, mo yTBOprOEThCS MpHU BUKOPUCTAHHI
YUCENBHUX METO/IIB JIJIs pO3B’si3aHHs piBHSAHHA Piuapaca-Kitora Ha rpadi, BKa3yioTh Ha Te, IO JIs
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epexTUBHOrO oTpuMaHHs po3B’s3Ky CJIAP moxHa He 0OMEXyBaTHCS CTaHAAPTHUMH METOJIaMH
3eifiienss Ta COPSHKEHUX TPATIEHTIB, SKI aKTUBHO BUKOPUCTOBYIOTHCS Y JBO- Ta TPUBHUMIPHUX
BUMAJIKaX, a pO3pOOIATH HOBI METOAM Ta MoIUdiKalii BXKe ICHYIOUHX METOJIB, 5IKi, MOXXJIHBO,
naBaTUMyTh TOYHHH po3B’s30k CJIAP Ta mpamtoBaTuMyTh 3a JTiHIHHUK yac. OgHUM 3 TaKuX
METO/IiB, SIK 1 Oy70 BKa3aHO B poOOTi, € Moau]iKOBaHMMA I pO3piIKeHUX MaTpullb Metoy ["ayca.
OCHOBHUM apryMeHTOM ISl JOBEACHHS €(EKTUBHOCTI JaHOTO MeToay Oyja BIAacTUBICTh 4)
matpuii CJIAP, o 1o3Bosinia OTpUMaTH JTiHINHY 3aJIeKHICTh BiJl pO3MIPHOCTI MaTpPHIIL JJIs 4acy,
[0 BUTPAYAETHCS HA BUKOHAHHS MoaudikoBaHoro metony ["ayca.

V1. TIEPCIIEKTHUBHU HOJAJIBIINX JOCIDKEHD

VY 4KOCTI TMOJAibIIMX HAMNPSMKIB JOCTIDKEHb MOJXKHA PO3IMVISHYTH TWTaHHS Moaudikartii
METOAY IPOTOHKH JJIsi MAaTPHIlb 31 CTPYKTYpOIO, MOAIOHOIO 10 CTPYKTypu (2), 1€ HEHYIbOBI
€JIEMEHTH 11032 TPhOMa T'OJOBHUMH JiarOHAISIMU PO3TAIIOBaHI CHMETPUYHO Ta KUIBKICTH iX He
3QJICKUTH BiJ po3MipHOCTI MaTpuill. Taka mMoaudikaris Mae naBatu TouHHUM po3B’si30k CJIAP Ta
MPaIIOBATH MBU/IIE 32 Moau(pikoBaHU MeTo ["ayca.

VIl. BUCHOBKU

st piBHssHHS Pigapnca-Kitora Ha rpadi Oyno npoananizoBano crpykrypy Matpuiii CJIAP, mo
BUHHKA€ HAa KOKHOMY KpOIIi 1O 4acy NMPH BHKOPUCTAHHI YMCEIBHHX METOIB JJIsi 3HAXOKCHHS
HAaONMKEHOTO0 pO3B’s3KYy piBHSHHS. Ll MaTpuus Mae BIIaCTUBOCTI, MIO JO03BOJSIOTH
BUKOPUCTOBYBaTH i po3B’sizanHs CJIAP mBuUAKI 4YUCENbHI METOAM 3eHIeNs Ta CIPSHKCHHX
rpagieHTiB, MOAUGIKOBaHI ISl PO3PIIKEHUX MATPHIlb. TakoXK CTPYKTypa MAaTpHIll J03BOJISE
BUKOPHUCTOBYBaTH MOIM(IKOBAHWHA Ui PO3PIHKEHUX MaTpuilb Meronx layca, mo H03BOJISIE
oTpumyBatu TOouHUU po3B’si30k CJIAP 1 ansa skoro Takox Oyna HaBeJeHa OI[IHKA yacy HOro
poboTtu, a came JiHiiHA 3anexHIicTh 4Yacy Bix posmipHocTi MaTpuii CJIAP 3 koedinieHTOM
MNPONOPLIMHOCTI, PIBHUM KIJIBKOCTI BEpIIMH rpady, B SKMX MOBUHHE BHKOHYBATHUCS DIBHSHHSA
OanaHcy Macu.
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Po3poOka aBTOMaTH30BaHO1 CUCTEMHU PO3PAXYHKY
Ta IPOTrHO3YBAaHHS IIOKA3HUKIB €KOJIOTTYHOIO
CTaHy

Anina OnbBiHCbKa, BikTopia PyBiHchka

Kageopa inocenepii npoepamnozo 3abe3nevenns
Hayionanvnuii ynisepcumem « Odecvka nonimexuikay
Opeca, Ykpaina

AHoTalnis — Bu3HauyeHO OCHOBHIi BHMOIHM J0 MPOrPAMHOr0 MPOAYKTY HA OCHOBI aHAJIi3y HAsIBHHX
pimiens B exoJioriuniii cgepi. ChopmoBano ocHoBHMI (PYHKUIOHAJ NPOrpaMHOro MPOAYKTY Ta
OOTPYHTOBAaHO METOAMKH Ta MojAedi, Mo OylyTb BHKOPHCTOBYBATHCS /Ui PO3PaxXyHKy Ta
NPOTrHO3YBAHHS MOKA3HUKIB €KOJIOTIYHOI0 CTaHY.

Kniouosi cnosa — Indicenepin npozpammnozo 3aoe3neuenns, Exonocia, Long short-term memory networks,
Aemomamu3zosana cucmema.

[.Bctyn

VY Ham 4ac MUTaHHS PO3BUTKY B €KOJIOTIYHOMY CEKTOpI € aKTyaJbHHM, Yepe3 ImpolieMu, 1o
BUIUIMBAIOTh 3 MOTAHOIO EKOJIOTIYHOTO CTaHy B OKPEMOMY DETiOHI, KpaiHi Ta 3arajioM y CBITI.
[Tomanpmuii pO3BUTOK Ta TOKPAIICHHS EKOJOTIYHOTO CTaHy B YKpaiHi BXe 3apa3 mnorpelye
CTBOPEHHS 1HCTPYMEHTIB Ta METOJOJIOT1H JJIsi CIPOIIEHHA Ta IMiIBUIIEHHS €(EeKTUBHOCTI MPOIIECIB,
10 HEOOX1AH1 JUIsl IPUUHATTS OLIbII €KOJOTTYHUX PIIIeHb MPU MOJAIbIIOMY PO3BUTKY KpaiHu. Lle
norpe0ye O3HAHOMIIEHHS 3 TMOKa3HUKaMH EKOJIOTIYHOTO CTaHy Ta BIUIMBY KOXXKHOTO 3 HHUX Ha
3arajbHUM eKoJMOoriyHuil cTaH KpaiHu. OHaK po3paxyHOK Ta MOJAAJbIIMKA aHal3 IHUX MOKa3HUKIB
norpedye poOOTH 3 BEJIMKUM MAacHBOM JaHHUX, OCOOJIMBO, KOJMU aHalli3 HEOOXiHO MPOBOIAUTH Ha
OCHOBI 1H(opMaIlil 3a KiIbKa POKIB Ta 3 AEKUIbKOX perioHiB. [IpuifHATTS pimieHs y cdepi exonorii
TAKO)K MOXe MOTpeOyBaTH MPOrHO3yBaHHS BIUIMBY 3MIH y TOKa3HMKax Ha 3MIHY 3arajlbHOTO
€KOJIOTIYHOTO CTaHy, II0 TaKOX MOTpedye pobotu 3 BenukuMm HabopoMm indopmarrii. Ile, 3BicHO,
NPUBOIUTH 0 BEJIMKHUX BHUTpAaT 4Yacy, pecypciB Ta 30UIbIIEHHS BIpOTigHOCTI momuiok. Jlis
MPUIIBUANICHHST PO3PAaxXyHKIB Ta OTPUMAaHHS JaHUX Yy Oararbox cepax MOKHa BHKOPHUCTOBYBAaTH
JIOTIOMOTY aBTOMAaTH30BaHUX CHCTEM. Taki CHCTEMM JOMOMAraroTh MOJETIIUTH TaKi MPOLECH SK
po3paxyHKu abo0 aHaji3 BEJIMKUX MacuBiB AaHUX. Jl0 TOTO K aBTOMAaTH4YHI PO3paxyHKH 3HAUYHO
HiABUILYIOTh HE TUIBKM €(QEeKTHBHICTh, aje N HaAiiHICTh Ta JOCTYIHICTh PO3PAaxXyHKY JUIs
KOpHUCTYBa4iB.

OpHak HasBHI NPOTpaMHi pillleHHs, 0 HaiyacTime € HaOOpoM pI3HHUX CTaTUCTHUYHHX
METOJ0JIOT1M, MOTpPeOyloTh CHEliaJIbHUX 3HaHb Ta HABUYOK, L0 3MEHIIYE JOCTYIHICTh JaHUX
pillieHb Ta 3MYIIy€e KOPUCTyBaya BUTpadaTH yac Ha MOUIYK HEOOXi1HOTO METOly Ta O3HAWOMIICHHS 3
HuM. Ha metri po3poOka MmporpamMHOr0 NHpPOAYKTY, SKHH HajaBaB OU KOPUCTYBady MOXIIUBICTb
pO3paxyBaTH, CIIPOTHO3YBATH Ta aHAi3yBaTd IMOKAa3HUKU €KOJIOTIYHOTO CTaHy 33JJaHOTO PETiOHYy Ha
OCHOBI BBeJIEHOT a00 3aBaHTaXKEHO1 1H(OpMaIlii 3a TOMOMOTok0 3a3/1aJIeTi/Ib HaJAIITOBAHNX METO/IIB
Ta MOJIEJIeH, a TAKOK HaJlaBaB KOPUCTyBauy HEOOXiAHY 1H(opMaIlito Mpo NOKa3HUKH Ta iX BIUIMB Ha
3arajbHUM €KOJIOTTYHUM CTaH y 3p03yMuIoMYy TpadiyHOMY BUIJISI.
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II. AHAI3 OCTAHHIX JOCIIKEHD I ITYBJIKAILI

Jlyist po3yMiHHSL BUMOT JI0 IPOTPAaMHOTO MPOAYKTY, IO po3po0iseThes, Oya0 IpoBeIeHO aHai3
HassBHUX PillIeHb Y cepi eKOJIOTIYHOro aHaji3y Ta IPOrHOo3yBaHHs. 3 OOKY aHalli3y Ta PO3PaXyHKIB
OyJ10 BHIUIEHO Taki 3arajbHi IpOrpaMu JUIsl CTaTUCTHYHOro aHamizy sk Genstat Ta Canoco Ta
nporpamy it OaratoBuMipHOTO aHamizy exonorivaux gaHux PC-ORD. Ilporpamu mis
CTaTUCTUYHOTO aHaJli3y HAJal0Th KOPUCTYyBady HaOlp CTATUCTUYHMX METOMAIB AJIS JTOCIiIKEHHS
3aBaHTaXeHOi iHopMaIlii Ta MalOTh IHCTPYMEHTH i Bizyamizamii pe3yisrariB. PC-ORD takox
HaJa€ Pi3HI METOIU sl CTATHCTUYHOTO aHai3y, ale 3 (POKycoM came Ha eKoJIoTiuHy cdepy. 3 60Ky
MMPOTHO3YBaHHS MaeMO Taki nmporpaMHi pimeHHs sk Minitab ta STATGRAPHICS. O6uaga pimeHHs
MaloTh BEJMKHUNA HaOip METOMIB K JUIS aHAIII3Y, TakK 1 JUIs MPOrHO3yBaHHs. [laHi mporpamHi pieHHs
TaKOXK HANAalTh MOXJIMBICTh Bi3yali3yBaTH OTPHUMAaHI MPOTHO3U. TakKMM YHWHOM BXE ICHYIOTH
pIIICHHST 711 aBTOMAaTH30BAHOTO CTATUCTHUYHOTO aHANi3y Ta, HaBiTh, IPOTHO3YBaHHS, ajie yCi BOHU
noTpeOyroTh caMe 3HaHb Ta HABHUYOK 31 CTAaTHCTHKU. 3 IHIIOTO OOKYy, poOOTa 3 €KOJOTIYHUMU
JTAaHUMH TaKo)K BUMAarae W eKoJNOTIYHMX 3HaHb. [laHWil mopir 3HaHh MOYKHA 3HU3UTH, SKIIO HAIATH
KOPHUCTYBady 3MCHIIICHHM, alie 30CEpeDKECHUH Ha 3aJaHOMYy 3aBlaHi, (YHKI[IOHAJI Ta HaJaTH
HeoOXiHy 1H(opMaIlifo PO HOTO YCEPEAHHI CaMOi IPOTPaMH.

III.METOIM

OTxe, SK pe3yapTar aHalidy aHaJjoriB CHCTEMH, IO pPO3POOISETHCSA, MOXKEMO 3pOOHUTH
BHCHOBOK, 1110 Halla cHcTeéMa MOBHHHA OyTH JOCTYITHOIO Ta 3pO3yMIJIOIO /ISl KOPUCTYBadiB, MaTH
e(eKTUBHUH, ajie IHTYITUBHO 3pO3yMUINI (DyHKI[IOHAJ Ta 3MEHILUTH BIUIMB JIFOACHKOTO (pakTopa Ha
IIPOLIEC PO3pPaxyHKy 3aBISKM HAJAaHHIO iM BXe roTOBUX (DYyHKILIH Ta Mozened A po3paxyHKY,
aHaJlizy Ta TPOTHO3YBaHHSA TIOKAa3HHKIB EKOJIOTIYHOTO CTaHy. TakuM YHHOM MAaeMO HaJIaTH
KOpHUCTYBady Takui (PyHKIIOHA:

- 3aBaHTaXEHHS JAHUX — CHUCTEMa MOBWMHHA OTpUMaTH (hail BiJ KOPUCTyBada Ta 3YUTATH
iH(pOpMaLli0 3 HOTO JI0 TaM’SITi IPOrpamMu Ui OAAIBIIOT0 BUKOPUCTAHHS;

- PpO3paxyHOK IMOKa3HHKIB — CHCTeMa IMOBHHHA PO3paxyBaTH MOKAa3HUKH €KOJIOTIYHOTO CTaHy
Ta IEMOHCTPYBAaTH PE3yIbTaTH KOPUCTYBAUY;

- TPOTHO3YBAaHHS TIOKa3HUKIB - CHCTEMa IOBHHHA IPOTHO3YBATH IWHAMIKY TOKa3HHUKIB
€KOJIOT1YHOTO CTaHy Ta IEMOHCTPYBATH KOPUCTYBauy pe3ybTaTH.

- aHaJNi3 MOKAa3HHWKIB — CHCTeMa TOBMHHA aHAJI3yBaTH SKI YMHHUKH HAHOIIBII HETaTWBHO
BITUHYJIM HA TIOKa3HUKU TOBITPA, BOIU Ta IPYHTY, @ TAKOXK HA 3araJIbHUN €KOJIOT1YHHIA CTaH.

- 30epexeHHs TaHuX — 30epekeHHs y (paiii moneperHb0 OTPUMaHUX JaHUX Y 3p03yMIIOMY Ta
CTaHAapTH30BaHOMY (hopMarTi.

VY pamkax 1€l po3poOku Oynae BHUKOPUCTOBYBATHCS IHTETPAJbHUIN IMOKA3HUK EKOJOTIYHOTO
CTaHy pETiOHIB, SKHH sBIS€ COOOI0 CEPEeAHBOTCOMETPUYHY 3 OKpPEeMHUX Koe(illieHTIB, IO
XapaKTepU3yIOTh CTAaH OKPEMHUX €JIEMEHTIB HABKOJIMIIHBOTO CEPEIOBUINA, a CaMe BOIHUX PECypCiB,
arMoc(epHOro MoBITPsI, 3eMENbHUX Ta JTICOBUX PECYpCiB:

=k *k *k_..*k,
1 2 3 n
ne k - HOpMOBaHWII TMOKa3HUK, IO XapaKTEPU3yE OKPEMi EJIEMEHTH HaBKOJIHUITHHOTO
CepeoBUILA.

OCKIIbKM TTOKAa3HUKH, IO XapaKTePH3YIOTh OKPEMi €EMEHTH HaBKOJIHMIIHBOTO CEpPElIOBHIIA
Iy’Ke pi3HOMaHiTHi, He0OXiTHO IPOBECTH HOPMYBAHHS 32 (hOPMYJIaMU:

JUIsl IOKAa3HKUKIB CTUMYJISITOPIB - K = ——,

max

JULSE TOKAa3HHKIB AECTHUMYJSITOPIB - K = — —

b

II€ X — MAKCMAIIbHE 3HAYCHHS MTOKa3HUKa cepeq] oonacTedt Ykpainu,
Xmin — MIHIMAJIbHE 3HAUEHHS MMOKa3HUKa cepen oonactel Ykpainu,

58



Po3paxyHOK JaHOro moka3HHKa Oyn0 3poOJIeHO 3a METOJMKOI IOOYIOBH 1HTErpalbHUX
noka3HukiB [1, p. 8]. Ha ocHOBI naHuX po3paxyHKIB MOYKHA MPOaHaIi3yBaTH BIUIMB MOKa3HUKIB Ha
3araJlbHUH €KOJIOT1UHUI CTaH PErioHy.

Jlnst mporuo3yBaHHs OyJle BUKOPHCTOBYBATHCS MOJIETh MAIIMHHOTO HaBYaHHA. AHai3 HasIBHUX
METO/IiB TI0KAa3aB, 10 Y MPOTHO3YyBaHHI €KOJOTIYHUX MPOIIECIB Ta BIJIMBY HA CTAH HAaBKOJIHUIIHHOTO
Cepe/loBHINla BXKE BHUKOPUCTOBYBaJMCS Taki momeni sk Random Forest Regression ta Long
Short-Term Memory networks (LSTM) [2]-[4]. B ocnoBi Random Forest nexars nepesa
NPUMHATTA pilleHb, sKi OyaylOThCS 3a JOMOMOIOI0 MAalIMHHOTO HaBYaHHS, ajieé BOHM abo He
BpaxoBYIOTh (pakTop uacy abo el ¢axTop orocepeaxkoBaHo. s eKoJoriyHuUX Mojeneil yac €
CYTTEBOIO XapaKTEPUCTUKOIO, Yepe3 Te, M0 EKOJOTIYHI MOKa3HWKH MaloTh MOCIIIOBHICTh y 4aci,
TOMY TaKOTO POAY JaHi JOUUIbHO NPEACTABIATH 33 JOIMOMOIOI0 YaCOBMX PSIIB SIK IMOCHITOBHOCTI
3HaueHb. LSTM mnepeBa)kHO BHUKOPHCTOBYIOTbCA JJsi BHMBYEHHS, OOpoOKM Ta Kiacudikarii
MOCIIZOBHUX JIaHUX, OCKUIBKM III MEpeXi MOXYThb BHBYAaTH JOBIOCTPOKOBI 3aJI€KHOCTI MIX
YaCOBUMH KpOKaMU JaHuX. UYepe3 MpUCYTHICTh 0ararboX IOB’A3aHMX MDK COOOI0 MOKa3HHKIB,
KOXKEH 3 SKHMX BIUIMBA€ Ha 3arajibHUil ctaH periony, LSTM kpaiue niaiiae 1uis OporHo3yBaHHs 3MiH
y SKOCTI €KOJOTIYHOIO CTaHy B 3aJIeXHOCTI BiJ 3MIH Y BIANOBIJHUX IOKAa3HUKaX y JESKOMY
IIPOMIXKKY 4acy.

IV.PE3ViIBTATU

Ha nanomy erami Oyn0 BM3HAu€HO OCHOBHI (YHKILIOHAJIBHI Ta HE(PYHKIIOHAIbHI BUMOTH 0
NPOTrpaMHOTO TPOXYKTY, a TaKoXK OOpaHO MeTOmOoJOrii Asi pO3paxyHKy Ta IPOTHO3YBaHHS
MMOKA3HUKIB €KOJIOT1YHOTO CTaHYy.

V.OBroBOPEHHS

3anponoHOBaHe MPOTrpaMHe PIICHHST MOXKE CIIPUSATH CHPOIIECHHIO Ta IPUIIBHIIICHHIO TIPOIIECY
PO3paxyHKy Ta aHali3y IMOKa3HUKIB €KOJOTIYHOTO CTaHy Ta OLIHKHU iX BIUIMBY Ha €KOJIOTIYHUN CTaH
OKpPEMHUX PETIOHIB Ta KpaiHW 3arajoM, a MOXKJIMBICTh MPOTHO3YBaTH IIi MOKa3HWKH Ha MailOyTHE
JIOTIOMOXKE Yy po3poOlll perioHajJbHUX MPOrpaM OXOPOHM HABKOJMIIHBOTO CEpEJOBHINA Ta
MPUAHATTS OOTPYHTOBAHMX YMPABIIHCHKUX PIIICHb K HA PET1OHATBLHOMY, TaK 1 JIEP>KaBHOMY PiBHI.

VI.IIEPCNIEKTUBU MONAIBIINX JOCIKEHD

[Toganpmuii  pO3BUTOK 3alpPOIOHOBAHOTO IPOrPaMHOIO pilleHHS MoTpedye po3poOKu
MPOTOTUIY TPOAYKTY, HOr0 TECTyBaHHS Ta MOAAJIBLIOTO TIOKPAIIEHHS Ha OCHOBI BIJATYKIB
TECTYBaJIbHUKIB.

VII.BucHOBKU

Bu3HaueHO OCHOBHI BUMOTH JI0 MPOTPAMHOTO MPOAYKTY HAa OCHOBI aHai3y HasBHUX PILICHb.
CdopmoBaHO OCHOBHUH (DYHKIIIOHAJ MPOTPAMHOTO MPOAYKTY Ta OOIPYHTOBAHO METOIUKH Ta
Mojneni, 10 OyayTh BHUKOPUCTOBYBATHUCS JJII PO3PAaXyHKYy Ta TMPOTHO3YBAHHS ITOKA3HUKIB
€KOJIOT1YHOTO CTaHy.
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Po3po0Oka cucteMu po3auIeHHS JKEPE 3BYKY Ha

OCHOBI1 METO/I1B MAIIIMHHOTO HABYAHHA
Opect Tkauyk

Kageopa ingpopmayiiinux mexnonoeii
Ipukapnamcoxuii HayionanvHull yHieepcumem imeni Bacuns Cmeganuxa
IBano-®paHKiBCHK, YKpaiHa

Anortanisa — Ig cTaTTs HaniJieHa Ha PO3IJIsiA MOKJIMBOCTell BHKOPHUCTAHHSA 3rOPTKOBMX HeHPOHHHUX
Mepe:xk (CNN) mist po3ijieHHs aKyCTHYHMX Jxepena y ayaiocuraanax. JlocuimkenHs 0azyerbes Ha
aHaJi3i oco0auBOCTeEH, sIKi MOKYTH OyTH BUAi/IEHI 3aBAAKH BUKOPUCTAHHIO BIKOHHOIO NMepeTBOPEHHS
@yp'e, MO0 HAJAE MOKIUBICTH AHATIZYBATH ayAiOCUTHAIN B 4aCOBO-4aCTOTHOMY JIOMEHi i po3kpuBae
iX 4YacoBi Ta 4YacTOTHi XapakTepucTHKH. J[0XaTKOBO, PO3IVIAJAETHCA MOXKJIUBICTH BHKOPUCTAHHA
OiIHApHUX MacOK SIK iHCTPYMEHTY JJisl CHPOIIEHHS 3aBJaHHS PO3JIIJIEeHHS aKyCTHYHHUX Jxepen. Lleit
MiJXi NOTeHUiHHO MOKe MOKPAIIUTH iCHYI0UYi MeTOAU PO3AiJIEHHS] AKYCTHYHHX J7KepeJ, PO3LIMPUTH
MOKJIMBOCTI 00pOOKH aydiOCUTHAJIB Yy Pi3HUX 3aCTOCYBAHHSAX TAa 3pOOUTH iX OLIbII e()eKTUBHUMM Ta
NOTY:;KHUMHU. [leTaJbHMii aHaJi3 Ta NMPAKTHYHI JOCHIIKeHHS PO3B'A3aHHA LHUX NUTAHb MOXKYTh
JAONMOMOITH BIOCKOHAJIMTH HASIBHI MeTO/IM Ta BU3HAYUTH HOBi NepCNeKTHBH B Liii 00J1acTi.

Kniouoei cnoea— Komn'tomepui nayku, IlImyunuii inmenexkm, 320pmkoei Heiipoui mepesxci, AHaniz
ayoio oanux, O6pooka aydiocuznanie, Po3zdinenns ayodio oxcepei.

I. Bcrvin

CydacHi TEXHOJIOTii B 00pOOIIi 3BYKY JO3BOJISIOTH JOCSATTH BUCOKOI SIKOCTI ayJlio Ta 3BYKOBUX
CUCTEM, HEOOXiIHOI JuIs OaraTboxX Tajy3ei, TaKuX sK Melia, TeJeKOMyHikarii Ta 0e3neka. OqHak
OJIHIEIO 3 BaXUIMBHMX BUKIIMKIB B LI cdepl € moTpeda B pO3JIJICHHI 3BYKOBUX JKEpENl Ha OKpeMi
KoMmrnoHeHTH. Hampuknaza, y My3uuHid oOpoOLi Y¥ poO3Mi3HABAHHI MOBJIEHHS 4acTO HEOOXiJTHO
BUJUIMTH OKpPEMI1 aKyCTUYHI JKepea, Kl HAKJIaJaloThCs OJTHE Ha OJHE Y BUXIJIHUX ayaiodaiiax.

Metonu po3niieHHs 3BYKOBUX JDKepell, 3HaXOAATh IIUPOKE 3aCTOCYBAHHS B PI3HUX Taly3siX.
Hanpuxmnan, B My3uuHiil 1HAYCTpli BOHM JIO3BOJISIIOTH ABTOMATUYHO BHUJAUIUTH OKpEMI
IHCTpYMEHTaJIbHI KOMIIOHEHTH ay/Ai103aluCiB Ul IXHBOTO peJaryBaHHs Ta MIKCYBaHHsS. Y raiysi
Oe3reKH, 11l METOIM BUKOPUCTOBYIOTHCS IS 1eHTU(]IKaIlll TOJIOCIB Ta BUIIJICHHS ayAi0CUTHAIIB,
10 MOXKe OyTH KOpUCHHMM Yy po3ciilyBaHHI. KpiM Toro, B MeIMIIMHI BOHM 3aCTOCOBYIOTHCS IS
BU/IIJICHHSI KOHKPETHUX 3BYKOBUX CUTHAJIIB, SIKI BUKOPUCTOBYIOTHCS B JIarHOCTHIIl Ta MOHITOPUHTY
NAIl€HTIB, TAaKUX SK ayJio3alHucu CepLEeBUX pUTMIB abo auxanpHuX QyHKUiH. i meroan
JI0TIOMararoTh MOJIIMIIMTH SKICTh Ta TOYHICTb OOpPOOKM ayJio Ta 3BYKY y PI3HHUX BaXKIMBHUX
KOHTEKCTax.

Jlyist BUpINICHHS I[bOTO 3aBJIaHHS, BAXKIIMBOTO JIIs 0araTbox cep, BHKOPUCTOBYIOTHCS METOIH
MalIMHHOTO HaBYaHHA. 30KpeMa, MNIMOOKEe HaBUaHHS Ta HEWPOHHI MEPEkKi JO3BOJSIOTH JOCATHYTH
BHCOKOi TOYHOCTI Yy PO3AUICHHI 3BYKOBHX JDKEPEN, PO3KPHMBAIOYM TOTEHINAN JIsl TOJAIBIIOTO
BJIOCKOHAJICHHS cCCTeM 00pOOKHU ay/io Ta 3BYKY.
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Il.  AHAJI3 OCTAHHIX JOCIIKEHb I TYBJIIKALIA

Pozninennst mxepen 3ByKy — akTyalibHa IpobiieMa B 00po011i 3ByKy. BoHa mosisrae B BUIIJICHH]
aynio-pKepen 31 3MmimaHoro marepiany. Lle 3aBgaHHS BapilOETHCS B 3aJIKHOCTI BiJl KOHTEKCTY,
BKJIIOYAIOUM BUAIJICHHS TOJIOCIB, ITyMY, MY3UYHHX 1HCTPYMEHTIB TOLIO.

[cCHYIOTH pi3HI METOIU Ta aJTOPUTMH IS PO3B'S3aHHs Ii€l 3a7adi, IPOTEe BOHA 3AJIUIIAETHCS
CKJIQJIHOI0 depe3 YHIKalbHI Bapiamii y 3aBHaHHSX. Y I[bOMY JOCTI/DKCHHI BHBUYEHO KiJTbKa
BOXJIMBUX CTaTeH, sSKi MalOTh B3a€EMO3B'A30K i3 JaHOK poboror. ABtopu [1] posrismanu
BUKOPUCTaHHA HeBiA'eMHOi MaTpu4HOi ¢akTopusainii (NMF) mis posninenns aymiomkepen. Bonu
3arponoHyBaiy HOBY Mojenb NMF, sika aBTOMaTHYHO BU3HAYa€ KUIBKICTh JDKEpET B CHTHAIII.
Opnak iX poboTa He BUpIIIYE BCi TEXHIYHI MPOOIEMH Ta HE MiIXOIUTH IS BCIX THUIIB JaHUX. Y
crarti [2] omucaHo HOBI MiAXOIU OO PO3AUICHHS MOBJICHHEBUX CHTHAIIB 3a JOIMOMOIOK MOZIENI
NMF, 1o noka3zanu nmokpameHHs skocTi. OaHaK 11i MEeToIu 0OMEeXeH1 y pa3i CX0KUX O3HAK Pi3HUX
mkepen. ABtopu [3] mponoHyOTh HamiBHABYAHHS, BUKOPUCTOBYIOUM Habip DNN st po3B'sizaHHs
poOJIeMH pO3Mi3HABAHHS MOBIICHHS B yMOBaX Pi3HOTO PiBHS CUTHAI-UTYM. BOHM JOCSTIIN Kpamux
pe3yJIbTaTiB, aje He BPaxOBYIOTh BCI aCIEKTH 3MilllyBaHHS MOBICHHSA. Y po0oTi [4] po3risiHyTo
PO3IICHHSI ayAiOCHTHAIIIB Ha MOBY, My3uky Ta myMm. Moxenr MTASSNet edextuBHa, ane €
0OMEKEHHS U CKJIAIHUX MIKCIB.

bararo minxoniB B pO3ALICHHI JUKEpENl 3BYKY BHUKOPHUCTOBYIOTH CTaHJApTHY HEBiI'€MHY
MaTpuuHy (akTopu3alliio, aje Ii METOIU MalTh OOMEXEHHs, OCOOIMBO y pa3l CXOXKUX O3HAK
pisHEX Kepen. OCTaHHIM YacoM CTalli MOMYJISPHUMH IIIXOAW 3 BHKOPUCTAHHSIM HEHPOHHUX
MepeK. IX BMKOPMCTaHHS MOKe JOIOMOITHM BHUPIIIMTH JesAKi NMpOOGIeMH, IO BHHUKAIOTH MU
Bukopuctanai NMF, mpore 1ie#l miaxix BUMarae JI0JaTKOBOTO JIOCIHIKCHHS Tineprapamerpis. Y
i CTAaTTi AOCHIIKYBAaTUMETbCS PO3IIMPEHE BUKOPUCTaHHA HelpoHHUX Mepex (NN) mmns
BUPIIICHHS 3a/1a41 PO3/AUICHHS DKEPET 3BYKY, 3 OCHOBHUM aKIIEHTOM Ha BUKOPHUCTaHHI 3TOPTKOBHX
HeliponHux Mepex (CNN) sk TOTeHLIHHOTO METOAY JJIsl MOKPAIEHHS pe3yNbTaTiB i€l 3a1aui.

. METoau

VY miit poboTi BUKOpUCTOBYeThCSI BikoHHE TepeTBopeHHs Dyp'e (STFT), sxe € edhekTuBHUM
IHCTPYMEHTOM JJIsl MIPE/ICTAaBICHHS ayJlOCUTHAIIB Y YacoBo-uyacToTHOMY nomeHi. STFT no3Bossie
aHaJII3yBaTU YaCTOTHI XapaKTEpUCTHKH 3BYKY B pi3HI MOMEHTH 4acy. Lle BakiIMBO, OCKUIBKH Pi3Hi
aKyCTHYH1 JDKepena MOKYThb MaTH pPI3HI 4acOBO-4acTOTHI OCOOJIMBOCTI, fIKI JJO3BOJIAIOTH IXHE
BujUIeHHs Ta po3auieHHs (puc.l). Crpykrypa STFT mae ¢popmyiy, 1m0 103Bojsie TPEACTABIATH
3BYKOBI CUTHAJIM Yepe3 YacoBl BIKHA Ta X YAaCTOTHI CKJIaJ0Bl. BikoHHE nepeTBOpeHHsI BUKOHYETHCA
BiJIMOBIAHO 70 BUPA3y:

F(w,b) = J- mf(x]w[x—b]e_m“dx
wi(x—

DyHKITIS b) g€ coboro ¢dyHKIIO0 (Y 3araJpHOMY BHUNAAKY KOMIUIEKCHY) BIKHA 3CYBY
MIEPETBOPEHHS 32 KOOPAUHATOIO X , JIe TapaMeTpoM b 3a/1atoThes (DiKCOBaHI 3HAYECHHS 3CYBY.

KpiM TOro, 3ropTkoBi HEHpOHHI MepeXi BHUKOPUCTOBYIOTHCA i OOpPOOKH CIEKTPOTpaM,
orpumanux B pe3yibTati STFT. e no3onsie CNN BUSBISATH aKyCTUYHI MIAaOJOHU 1 BIACTUBOCTI Y
BUTJISIZII 300pakeHb, IO BIAMOBITAE PI3HMM YacCOBHM Ta YAaCTOTHUM OCOOJUBOCTSM 3BYKOBUX
curHaniB. KomOinyBanHs STFT 3 CNN BiakpuBae HOBI MOMIJIMBOCTI JUIsl BH3HAYCHHS Ta
PO3ITICHHS PI3HUX JDKEPEN 3BYKY B ayioMarepiaiax.
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Puc.1. CnexTtporpama Bokaily 3 HO3HaUE€HHSIMHU aKyCTUYHUX OCOOIMBOCTEN

Jist epeKTHBHOI PEeKOHCTPYKIIii aKyCTHYHHX NaTepHiB, 300paxkennx Ha crnekTporpami STFT Ta
o0pobnenux 3a gomomororo CNN, BaJIMBO BpaxOBYBaTH, IO ISl 3aqadya MOXKE BHUSBUTHUCS
CKJIAJTHOIO JUIsl HEHPOHHOI Mepexi. Y 3B'3Ky 3 IMM MOXKHA PO3TJISIHYTH aJbTEPHATUBHUU IMiIXil,
SKUH TMONSArae B BU3HAUEHHI OIHApHMX MacoK. 3aMicTh CIOpoOu Oe3nocepeHhO0 PEKOHCTPYIOBATH
STFT nnis KOHKPETHOTO JDKepena, BU3HAYAE€Thes OiHapHA Macka, sika 1Mmokasye HasBHICTH (1) abo
BinCyTHICTh (0) KOXXHOrO JpKepeiaa 3BYKY Ui KOXKHOTO YacOBOTO KaJpy Ta YacTOTHOTO
mijyTiama3ony Ha BXifHiN crekrporpami. Ils Ginapra macka (B) po3paxoBYeThCsS 3a JTIOTIOMOTOIO

dbopmynu:
B=(S>T*M),

ne B — 6iHapHa mMacka, S — IHTEHCUBHICTb CUTHAIY BIIOKPEMJICHOT'O JyKepesa (HanpuKial, BOKay)
Ha BXIJHIA cmekTporpami, a M — IHTEHCHBHICTh CHUTHAJy CyMIlli ayJiOCHTHAJIB Ha BXIIHIN
CIEKTPOrpaMi.

I 6iHapHa Macka BUKOPUCTOBYETHCS Uil BUUIEHHS KOHKPETHHX JPKEpes Y BUX1THOMY MIKCI,
III0 JOTIOMArae MOKPAIIUTH PO3AUIEHHS PKEpeIT 3BYKY.

3a ponomororo CNN, mMozaens Moxke OyTH HaBu€Ha pO3IJISLAaTH HE JIMILIE OKpeMi BiKHA Mikca
JUId Tiepen0ayeHHs KOHKPETHOTO IHCTPYMEHTY, a BUKOPHCTOBYBAaTH 2-BUMIpPHI 300pa)KeHHS,
oTpuMaHi 3 Habopy BikoH. Llel miaxia qo3BoJsie 30epiraTu TeMIOpaIbHUNA KOHTEKCT, 110 MOKpAIIye
edexkTuBHICTh aHami3y (puc.2.). Kpim Toro, /st BUMaaKiB, KOJIM HEMOXKJIUBO B3ATH BiKHA 70 a00
icJIs, Takl K Ha MeXI 3alMcy, MOKHA MPoAyOJIIOBaTH BXKE HasBHI KpaifHi BikHa, 3a0e3nedyroun
30epexeHHsT KOPEKTHOCTI Tiepe10aueHb.

3aranpHa apxitektypa BukopuctaHoi CNN 300pakena Ha puc.3. JlaHa apXiTekTypa Mepexi
BKJIfOUYa€ JiBa OJIOKM 3 JBOMA IIapaMH 3TOPTKHU 1 OJHUM IIapOM MaKcC-TYJIHTY B KoxHOMY. Ilicns
MaKC-MyJIIHT'Y 3aCTOCOBYIOTbCs JpomnayT 31 3HadeHHsM 0.1 s perymapusamii. Jami gasi
MEPETBOPIOIOTHCS B OAHOBUMIPHUH (popmart, 1 0 HUX 3aCTOCOBYEThCS MOBHO3B si3HUH miap. [lotim
BUKOPHUCTOBYETHCS IIl€ OOWH JpomnayT 31 3HaueHHsAM 0.2 Juid mojanbIiol peryispusarii, i
3aBeplIaibHUN TOBHO3B SI3HUM 11ap reHepye BekTop 13 513 3HaueHb B moTpiOHOMY (popmari.
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128

1824

Puc.3. Apxitekrypa CNN 1y1st po3aisieHHs JoKepert

Ha6ip nanux MUSDBI18 [5], [6], BukopucTanuii y qaHiii cTaTTi, € 30ipKO0 aymiodaiiiis, sSKi
npencrasieHi y ¢opmari stem.mp4. i daitnu MicTaTh Habip aynio CTEMIB, IO PENPE3EHTYIOTh
OKpEMI 3BYKOBI1 JIOPI’KKH 3 OPUTTHAIBHUX MY3UYHUX KOMITO3UIIIH.

3a3HaueHni Habip naHux ckianaerbes 3 100 TpeHyBaibHUX Ta 50 TECTOBHX KOMITO3MIIN 3
gactotoro auckpernsarii 44100 ['n. KoskHa KOMITO3HITIS po3/aijieHa HAa OKPEeM1 ayaio-T0PIKKHA IS
pI3HUX KOMIIOHEHTIB MY3MYHHMX KOMIO3HMIIIH, TaKMX SK IHCTpyMEHTH Ta Bokail. Lle mo3Bonse
OKpEMO aHaJi3yBaTH Ta MaHINYJIIOBATH OKPEMUMH acleKTaMH 3BYKOBHMX 3allUCIB MiJ yac 0OpoOKHu
ayJiOCUTHANIB, K 1HCTpYMEHTaJbHI YAaCTMHM YH TOJIOCOBI Tpeku. s pobOTH 3 UM HabopoM
JaHUX TMOTPiIOHO BHUKOPHCTOBYBAaTH BiKOHHE mepeTBopeHHs Dyp'e, mo0 oTpuMaTu aMmInuIiTyIHO-
YacoBe IMPEeJICTaBIEHHS ayli0CUTHAIIIB Y BUIIIAI criekTporpaM. Lle 103BoiuTh aHami3yBaT 3MiHU
aMIUTITYJId CUTHAJIIB BIJIHOCHO Yacy Ta YacTOTH, IO € BAXKJIWUBHUM IS TOMANBIIOI 0OpOOKM Ta
aHaJi3y ay/io/laHuX.

VY naniii 3amadi nependoadeHHs OiHAPHOI MAacKM BUKOPHUCTOBYETHCS TIOPUAHUN MiIXif, IO
MOEJHYE €JIeMEHTH perpecii Ta knacudikarii. Mozaens npolye kinacu@pikyBaTH MiKCeTl Ha BUXOL,
II0JI0 TOTO, YM BOHHM BIJIHECEHI 10 KOHKPETHOro pKepena 4 Hi. OCKIIbKH KOHIIENTYaJIbHO
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3aBIaHHS JIMIIAETHCS perpeciiiHuM, (QyHKIsS BTpaT BU3HadaeTbes sk Mean Squared Error (MSE).
Jlnsi BUMIPIOBAaHHS TOYHOCTI pE3y/lbTaTH, OTPHUMaHi BiJ 3TOPTKOBOI HEHPOHHOI Mepexi,
OKPYTJTIOIOTHCS, 1 IEPEBIPSIETHCS, IKa YaCTHHA 3 HUX BIJIMIOBIZIa€ peaIbHUM JIaHUM, a sSKa — Hi.

IV. PE3YJIbTATU

PosrasiHeMo KOHKpETHI YHMCIIOBI IMapaMeTpH, sIKi BAKOPUCTOBYIOThCS Y JaHiid podoTi. YacTora
muckperu3amii (fs) cranoButs 22050 I'u, micnst 3umwkenHs ii 3 piBHA 44100 I'm. [yis BikoHHOTO
nepeTBopeHHss Dyp'e MU BHUKOPHCTOBYEMO po3Mip BikHa 1024 1 kpok 256, 10 NpHU3BOIUTH 0O
ctBopeHHs1 513 wyacroTHux niana3oniB. PosnminpHa 3matHicTe omHoro BikHa STFT cranoBuTh
npuom3Ho 11.6 mimicexkyna. st BUpIICHHS 3aBIaHHS MU BUKOPHUCTOBYEMO YaCOBHH KOHTEKCT
TpuBaiicTio npubauzno 300 mimicekyna, mo Bianosimae 25 Biknam STFT. [lnanoBana KiTbKiCTbh
HaBUYaJIbHUX NMpUKIaiB ckiagae 100 micenb mo 60 cekyHI KOKHa, 1m0 cTaHoBUTH 100 miceHp 1o
omuzpko 5000 BikoH STFT, abo Ommspko 0,5 MinbiioHa 3paskiB gaHux. Jlns mo3HaueHHS 1
CTBOpEHHS IIi€i KUIBKOCTI JAaHMX MPU BUKOPHUCTAHHI KOB3HOTO BiKHa 3 KpokoM | B yacoBomy
npoMikky STFT 3namoOuthes npubausno 1.6 roguan aymaiomarepiany (60 cexynn Ha koxHy 3 100
IiCCHB ).

BukopucToByoUH onrcaHy MOJENb 3rOPTKOBOT HEHPOHHOI Mepexki, OyI0 MPOBEIEHO HAaBYAHHS
Ha OKpPEeMHX TPEHYBAJIbHHX HaOopaxX JaHuX [Js KOXXHOTO Jpkepena 3ByKy. [Ipoiiec HaBuaHHS
TpuBaB 50 emox i BKJIIOYaB B ce0e BUKOPHCTAHHS CTOXAaCTUYHOTO rpajieHTHOro cmycky (SGD) sk
ONTHUMI3aTOpa Ta LMKIIYHOTO TUIaHyBaHHS oOuuchmoBanbHuX ImBHIKOcTel (CyclicLR) 3i
3HAUEHHSIMHU, 10 KoJImBanucs B aiama3oHi Bifg 0.1 mo 0.4. [[nst qogaTkoBoi peryisipu3arii Mojenei
TakoXx OyJI0 BAKOPUCTAHO LIapy BUKHIIB 3 YaCTKaMH BIIKIIOYEHb HEWpOHiB, a came 0.1, 0.1 ta 0.2.

Tab6.1. PesynpTaTt TOUHOCTI Ta (DYHKIIIT BTPAT U1 KOXKHOTO JIKepena

Tun oxcepena ona Tun na6opy nanux | TounicTb Pesyabrart pynkuii Brpat(MSE)
Bonayii
[3onayis éoxany TpenyBanbHUI 0.772 0.153
Baninamniianii 0.743 0.174
I3onayia bapabanis TpenyBanbHUI 0.766 0.159
Bauinamiitamii 0.685 0.203
I3onayia bacie TpenyBanbHUI 0.944 0.044
Bauinamiitamii 0.939 0.051
I3onayia pewmu TpenyBanbHMIA 0.764 0.158
Oocepen
Banigauiiiauit 0.732 0.1791
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VY 3B'S3Ky 3 TUM, IO 3arajbHANA MY3WYHHUHA TBIP TPEICTABISAE COOOKO CKIIATHY KOMOIHAIIIO
PI3HUX JDKEpel 3BYKY, MOXHA KOHCTaTyBaTH, 110 3arajbHa TOYHICTh Y BITOKPEMIJICHHI LIUX JKEpPe
MOXe OyTH OLliHEHA SIK CepeIHE 3HAYCHHS TOYHOCTI BUAIICHHS KO)KHOTO OKPEMOTO JKEepera.

Ta6.2. YcepeaneHi pe3yinbTaTi TOYHOCTI Ta (DYHKIIIT BTpat

Tun naoéopy oanux TouHicTh Pesyabrat pynkuii Brpar (MSE)
. 0.811 0.129
Tpenysanvruti
0.775 0.152
Banioayitinuii

3 OoTpUMaHUX pe3yNbTaTiB MOKHA mobauntu 1o Aana apxirekrypa CNN mobpe crnpaBumacs 3
HaxOJ/DKEHHSM OCOOJMBOCTEH B OIHapHUX MacKax JDKEpel, 1 37aTHa BHAUIATH OKpPEMI JDKepena 3
3araJibHOr0 MY3UYHOTO TBOPY.

V. OBrOBOPEHHS

Pesynpraru, mpencrasieHi B Tabnumsx 1 1 2, pO3KpUBAIOTh BAKIMBI ACTICKTH JIOCIIHKCHHS
1010 13071111 PI3HUX JPKEpeElT ayIiIoCUTHaNIB. BapTo BiA3HAYNTH JEKiIbKa KJIIOYOBUX MYHKTIB.

PesynbraTi BKa3yooTh Ha Te€, IO TOYHICTH MOJIENI BapilOETbCS B 3AIEKHOCTI Bil THILY
130/1bOBaHOTO ayfiomxepena. HaiiBuiry tounicte B 94% oTpumaHo mpu i3o0ismii 0aciB sSK Ha
TPEHYBAJILHOMY, TaK 1 Ha BadimamniiiHoMmy HaOopax maHuX. Lle CBIUUTH PO BHCOKY €PEKTHUBHICTD
MOJieJli Y BUIUICHHI BOTO ayA10KOMIIOHEHTA.

[{ikaBuM acrekToM € Tol (hakT, 110, He3BaKAOUX Ha BIIHOCHO HU3bKY TOYHICTH IPH 130JISII11
0apabaniB(76.6% Ha TpeHyBambHOMY 1 68.5% wHa BamimamiiiHoMy), aymio3amnuc, sSKuii OyB
130JIbOBaHMN 3 I[OTO JDKEpeNa, Ma€ JOCUTh YHCTUH 3BYK. CXOXHH €(QeKT CIOCTepiracTbes mpu
1305151111 6aciB, € 3BYK TaKOX 3aJHUIIAE€THCS JOCUTh YUCTHM, MPOTE Ha BiAMiHY Bif OapabaHiB
TOYHICTh TaM 3HauHO Buia. lle Moxke OyTH MOB'I3aHO 3 HU3BKUM PIBHEM MEPEKPUTTS MK PI3SHUMHU
ayJ10KOMIIOHEHTaMH, 110 MOJIeTHIYe iX 11eHTH]iKaLifo.

3aranpHi pe3yJbTaTH, yCEpeIHEHI JJisi TPEHYBAJIBHOTO Ta BaliJaIlliiHOTO HAaOOpIB JaHUX
cTaHoBJIATh 81% Ta 77% BIAMOBIIHO 1 AEMOHCTPYIOTh, 1110 JJaHA MOJIEJIb, HE3BAKAIOYH HA IPOCTOTY
apXITeKTypH, YCIIIIHO BHUPINIyE TOCTaBJIE€HY 3ajady. BapTo 3a3Ha4uTH, 10 OCHOBHHUM
OOMEXeHHsIM pPOOOTH € caMe MpoCTa apxiTeKTypa MOAeNl, 1 € MOTeHWiad [yl HOJabIIol
OINTHMI3allll Ta MOKPAILLEHHS pPe3yNbTaTIB.

VY ninomy, pe3yiabTaTd JOCHIIKEHHS BKa3ylOTh Ha MOTEHLIal TAKOTo MiJXOAY Y BHpIIICHHI
3a1a4l 130JSII0i1 ayJAlOCUTHAIB pi3HUX JpKeper. [lomanmbini TOCHIIKEHHS Ta PO3BUTOK IHOTO
HanpsMKY MOXKYTb IIPU3BECTH JI0 MOKPAILIEHHs Ta ONTUMi3alii pe3yibTaTiB y MailOyTHbOMY

VI. TIEPCHEKTHUBU HOJAJIBUINX JOCIKEHD

Y MaliOyTHIX JOCHIKEHHAX MOXIUBO PO3TISTHYTH PO3LIMPEHHS Ta ONTUMI3ALiI0 apXITEKTypH
3rOpTKOBOT HEMPOHHOI Mepeki. Y MOTOUHIA poOOTI BUKOPUCTOBYBAIACS BIIHOCHO MPOCTa MOJIENb 3
0OMEXKEHOI0 KUIBKICTIO IIapiB Ta MapaMeTpiB A KOMIAKTHOCTI 1 €(pEeKTUBHOCTI TPEHYBAHHS.
3011blIeHHs] TIMOMHU Ta JOJaBaHHS JOAATKOBUX IIApiB MOXeE JOIMOMOITH HEMpOHHIN Mepexi
BHSIBJISITH 111 OLTBIIE BAXIIMBUX OCOOJMBOCTEN Y BUXITHUX JaHUX.

KpiM TOro, BapTO pO3TISHYTH albTEPHATHBHI METOIU CTBOpEHHs OiHapHOi Macku. [loTouna
IMITJIEMEHTAIlisI HaJla€ BUCOKY JI€Taji3alliio, IpOTe MOXKE YCKIAIHUTH 3a7ady TepenOadeHHs s
HEHpOHHOT Mepexi. MOXIIUBO, BapTO PO3TISHYTU MiJXiJ, KU KePTBYE NEIKHUMH JETaIsIMH, SKi
MOXYTb 3/1aBaTUCSI CXOKUMH Ha IITyM, Ha KOPUCTh O1IbII €)EKTUBHOTO OIHUCY 3araIbHOI CTPYKTYpPH
JUKepena 3BYKY.
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Takox BapTO BUBUYNTH MOMIIMBICTH PO3POOKH apXiTEKTYPH 3TOPTKOBOT HEHPOHHOI MEpPEeXi, sKa
MpamoBaTUME 3 YSBHOIO YaCTHHOIO BIKOHHOTO mepeTBopeHHst Dyp'e. HaBiTh sKIIO I 9acTUHA
3a3BHYal HE PO3MISAAETHCS B 00pOOIli ayIiOCUTHAIIB, BOHA BCE III€ MICTUTh KOPUCHY 1H(DOpMaIrito,
sIKa MOXe€ TMOKPAIIUTH TIPOIEC BUAUICHHS 3BYKY Ta JDKepea.

VIl. BUCHOBKU

VY naniit poboti Oyna mocraBieHa 3aaaya i30JAMil pi3HUX DKEpeN ayAioCHTHaliB, 30KpeMa,
BOKally, OapabaHiB, 0aciB Ta IHIIUX KOMIOHEHTIB. ['imoTe3a mojsrama B TOMY, IO 3aCTOCYBaHHS
3TOPTKOBHX HEHPOHHUX MEpEeX JJ03BOJIUTh €()EeKTUBHO BH3HAUAaTH HAsBHICTH a0O0 BIiJCYTHICTh
KOYKHOTO 3 JDKEPEJI 3BYKY Ha BX1JIHIM CIIEKTPOrpami Ta BiJJOKPEMITFOBATH iX.

Jlist BupiteHHs i€l 3a1a4i 0yJI0 BUKOPUCTaHE BIKOHHE MepeTBopeHHs Dyp'e, sike T03BOISIIO
MPEACTABIISITH ayIIOCUTHAIM y 4aCOBO-4aCTOTHOMY JoMeHi. [loTiM 3ropTkoBi HEHPOHHI Mepexi
BUKOPUCTOBYBAIHCS JUIs OOpPOOKM OTPHMaHHMX CIIEKTporpaM. BukopucraHHs OIHapHUX MacoK
3amicTh nipsiMoro STFT mo3Bonuiio cipocTUTH 3aaqy 1 3MIHATH MMiIX11 Ha TIOPUIHUH, IO TTOETHYE
eJleMeHTH perpecii Ta kiracugikarii. Bukopucranas CNN 103BOJISUIO MOJICITI BUSBIISATH aKyCTUYHI
11a0JIOHU Ta BIACTUBOCTI HAa BXITHUX CHEKTPOrpaMax, 1o BiIMOBIAAIN PI3HUM JIKEpeaM 3BYKY.

Pe3ynbpTaT moka3anu BUCOKI IMOKAa3HUKHM TOYHOCTI JIJIS 130JIAIT PI3HUX JPKEPEIT ayaiOCUTHAIY.
30kpeMa, TOYHICTb JJIs 13011111 BOKaly ckianaia 6au3bko 77.1%, nns 6aciB — 6musbko 94.1%, mis
OapabaniB — Omu3pko 76.6%, 1 mig 1HmWWAX pkepen — Omm3pko 76.4%. Kpim  Toro,
CepeIHbOKBaIpaTHYHA MIOMIJIKA TAaKOXK OYJia JOCUTh HU3bKOK HAa TPEHYBAJILHOMY 1 BaJliIalliiHOMY
HaOopax JaHWX, 1 CTaHOBWIA B cepenHboMy Omu3pko 0.13 mns TpenyBampHOro i 0.16 mus
BaJIiIAIlIHHOTO HaOOPIB.
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Abstract

Mathematical simulation of critical phenomena in island systems was carried out with the aim
of predicting the occurrence of bifurcation phases and conditions for the simultaneous coexistence of
several phases in particle-like systems within the framework of general relativity. Based on the
generalization of the theory of Landau phase transitions and the provisions of Thom’s theory of
catastrophes, the fulfillment of the conditions of stability, singularity, and the emergence of phase
coexistence spaces for the family of solutions of the Plebanski and Demianski equations of Einstein-
Maxwell, which is a generalization of the Schwarzschild problem, was investigated. In this work, we
discuss the properties of electrovacuum island models with local curvature flows. An expression for
the Lagrangian of the considered systems is obtained for the purpose of further simulation of critical
phenomena taking into account the occurrence of space-time rotations and accelerated motion of
particle-like systems.

Keywords— mathematical modeling, phase transitions, phase coexistence, critical phenomena.
I. INTRODUCTION

Mathematical simulation of critical phenomena in systems that are described by island models
is relevant. This is due to the fact that island models can be used to predict unstable states of
elementary particles, which expands the possibilities of predicting processes in modern nuclear
power. The properties of the Plebanski-Demianski [1] island model were studied [2] using a non-
orthogonal gradient tetrad. The Plebanski-Demianski model (eight-parameter solution of vacuum
Einstein-Maxwell equations) was studied as a model of Schwardschild, which contains a local
singularity.

Il. RELATED WORK

Despite the large number of works related to modeling the processes leading to the emergence
and decay of elementary particles within the framework of general relativity, there are significant
difficulties in predicting the behavior of island systems to which they belong. This is due to the
emergence of singularities in solutions to equations or solutions containing complex quantities [1,
2], which reduces practical interest. In this regard, there is interest in alternative approaches that
make it possible to circumvent the problems of singularity and the appearance of complex quantities
in solutions [3, 8]. Such an approach could be modeling the phase states of space-time and critical
phenomena, which can be compared with the processes of emergence and decay of elementary
particles [4, 5, 15].

I1l. METHODOLOGY

In order to study the phase states and critical phenomena of the island system, the well-
known Plebanski-Demianski metric in real x' = (p,q,o,7) coordinates was presented in the form:
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2
dst=— 1 P goe P (g5 qidr)?

C(pray P 1+ (pa) 0
+1+(pq)2 dq2 _ Q (dT— pZdO_)Z}
Q 1+(pa)*

where the real functions of the coordinates are P =P(p), Q=0Q(q) and the signature has
the form (+, +, +, —) based on the gradient vectors:
1 2
m, = X _(1000), n =% ~(0100), p =X ~(0,010), s, = X _ 000D @
ox' ox' ox' ox'
According to the solution of Plebanski and Demianski [1 — 3], the energy-momentum tensor
was written in the form:

PP - 0 0
T O G c : ®
. 0 (a+ﬂ)% -
; 0 0 @ P g s

where «, f are constants, and
P(p) = (~(4/6) —@) +2np —&p” +2mp° + (—(1/6) - p) p*
Q(q) = (—(2/6) — @) +2nq — &q° +2mq’ + (—(1/6) - £)q"
and A, n, &, m are constants.

To determine the spaces in which the stability conditions are met on the phase diagram of
the T" components, a system of equations and inequalities was solved [4-12]:

(4)

ij ij 2Tij
or =0, all =0; detd Tz >0, (5)
op aq
: oTh ot . N i
where the expressions = denote the partial derivatives of the T" of the energy-
P q

momentum tensor with respect to independent p and g coordinates. To calculate the zero contours

of the first partial derivative components x and y, analytical expressions were found, which were
presented in the form:

oT _or?* _4C33

oTH el 22 CB?
oo op A - =4

oq o9 A

q°Bp p*Bqg
(1_ A )1 (1_ A )! (6)

where C=(-f—-a), A=p°g°+1, B=q+p.
2

In system (5), the expression det denotes the determinant of the matrix of the second

2

partial derivative components of the energy-momentum tensor T" along the coordinates p and q ,

that is, along X(p,q) . To solve system (5), its analytical form was found and presented in the
form:
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2T 11 2T 22 2p4
detdd;z :detdd;Z :16(;48 L - B(B+80) + ps e B(B+8p)+%]
144C*B* |, 2 0°B?
— 7 [l_ pq (1_ p q )]2 (7)
A A A
2T 33 2T 44 2T 11
detOI TZ =de td T ——detOI TZ
dx dx? dx

The matrix of partial derivatives of the momentum energy tensor used in (5) for the analysis
of the space signature of the phase diagram of the existence of the island system corresponding to
(1) — (3) was constructed according to the rule:

T (p,a) o°T"(p.q)

d2T? _ op’ apoq ®)
dx? | o°T"(p,q) o°T"(p,q)
aqop oq’

To determine the spaces in which the conditions for the existence of the bifurcation space
are met on the phase diagram of the T" components, a system of equations was solved by a method
similar to the solution of system (5) [4 — 12]:

ij i 2Ti
or —0; oT! —0 d td T
op aq dx?

To clarify the fulfillment of the conditions for the occurrence of phase coexistence spaces, a
system of equations and inequalities was solved, to which, in addition to the fulfillment of
conditions (9), the conditions of zero values of the third partial derivative components of the tensor
T' along the X(p,q) coordinates were added, as well as the condition of a positive signature was

added of the determinant of the fourth partial derivatives matrix:

-0 . 9)

ij ij 271 ij
or =0 aL—O de td ! =0,
op aq dx?
3T ij 3Tij 3T ij 3Tij 3T ij 3Tij 3T ij 3T ij
8T3 :O’GZT _o 0T :o,aTZ:o,aTZ:o, o°T :0,81 :0’6T3 =0, (10)
op op’6q  dpoqop  0pdq aqop aqopoq  6q°op aq
41 ij
detOI T >0,
dx*

4 ij
where detw is the determinant of the matrix of the fourth partial derivatives of the

components of T" along the X (p,q) coordinates [14]:

o'T"(p,q) 0T (p,q) | (0T (p,q) 2'T"(p.q)

op* op’oq dpoqop®  opaqopaq
o'T"(p,q) &'T"(p,a) | | 8 T"(p,@) 2°T"(p.0q)
4T op’oqop  op*oq’ opogop  opaq’
ax’ ) ) ) ) (11)
o'T"(p,q) 8'T"(p,a) | (0'T"(p,a) 2°T"(p.q)
oqop®  6qdp*aq 09°op®  0q°opdq
o'T"(p,a) &'T"(p,q) | | &'T"(p,q) 8°T"(p.q)
0qopagdp  Aqopaq” aq°op oq*
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System (10) defines the conditions when one stable state is replaced by another stable state.
This is a first-order transition where the two minima have the same depth. The location of the points
of the phase diagram where conditions (10) are fulfilled corresponds to the space of simultaneous
coexistence of two phases [5, 15].

IV. RESULTS

Taking into account that «, /£ are constants, the spaces in which the stable phase condition

(5) is fulfilled were determined, as shown in Fig. 1. The zero contours of the determinants (7) and

their topology were determined using the open computer algebra system MAXIMA [13] and direct
calculations around the found zero contours of the energy-momentum tensor components.

q . . . .

5
4
3+
2
1

P

0.5 1 1.5 2 2.5 3

Fig. 1. The phase diagram space in which the stable phase condition is satisfied for the T** and T **
components.

The results of solving system (9) are shown in Fig. 2:

4
3 — —
2

05 1 1.5 2 2.5 3

Fig. 2. The phase diagram space in which the bifurcation space condition for T** and T is satisfied.

The results of solving system (9) are shown in Fig. 2:

4
3 — —
2

0.5 1 1.5 2 2.5 3
Fig. 2. The phase diagram space in which the bifurcation space condition for T** and T *

is satisfied.
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V. DiscussioN

According to the provisions of Thom's theory of catastrophes and the generalization of the
theories of Ginsburg-Landau phase transitions using the differential topological approach, it was
found that the island system that corresponds to the Plebanski-Demianski metric has spaces on the
phase diagram of existence in which the conditions for the emergence of a stable phase, bifurcation
space and space of coexistence of at least two phases at the same time. Based on the results of
calculations of zero contours and the signature of the higher derivative components of the energy-
momentum tensor, the positions of the spaces on the phase diagram in the coordinates of the
Plebanski-Demianski metric, where the conditions for the existence of a stable phase of the system
are fulfilled, were obtained. The locations of the set of points of the phase diagram where the
conditions for the occurrence of the bifurcation space and the space of phase coexistence of order
two are fulfilled are calculated. Based on the obtained results of modeling the positions of spaces of
coexistence of phases of order two, it can be assumed that the model presented in the work can be
used to study the possibility of the emergence of spaces of coexistence of phases of higher orders. A
more detailed analysis of the simulation results as applied to specific cosmological objects is
associated with specifying specific values of the constants included in expressions (3) and (4). In
work (1), these constants correspond to the mass of the object under study, NUT parameter, angular
momentum per unit mass, acceleration, electric and magnetic charge.

VI. FUTURE RESEARCH

However, the results obtained do not take into account the effects that may arise due to the
rotational moment in the island system and accelerated motion. To take into account these effects,
an expression was obtained for the Lagrangian taking into account rotation and accelerated motion:

L, =1 {Z[D*(AC" +2BB" +CA*)+ F*(AC" + 2BB" + CA")— FB*> — DB*?]

° 2DF

FD” DF*’
o T F

_Z2[B2(FA'C" + DA® C* + 2FB"* + 2DB** ) + AC(FA'C" + DA* C*)] + 2

The symbols * and A mean differentiation with respect to the coordinates p and g, respectively.
Functions in metric (1) taking into account the effects of rotation and acceleration have the form:

P(p) = (~(A16)+y) —&p® +(~(A/6)~ ) p*

, (5)
Q(q) = (—(A/6)+y) +&q” +(—(216) - )q*
where
a’ —b? Y RPN 12
€=‘M{l‘§‘a +h )} 7= a0’ 6 (©)

The parameter a is related to the rotation (angular momentum per unit mass) and the parameter b
has the meaning of the inverse of the acceleration.

The next stage in the study of the phase states of particle-like systems is carried out in
accordance with the obtained expression for the Lagrangian of the system.

REFERENCES

1. Plebanski J.F., Demianski M. Rotating, Charged, and Uniformly Accelerating Mass in General Relativity /
Ann. Phys. (NY), 1976, V. 98, P. 98-127.

2. Shapovalov, G.V. 16-th Odessa Int. Astr. Gamow Conf.-School , 2016, P. 12.

3. Shapovlov H. Matematical modeling of critical phenomena according to the Plebiansky-Demyansky metric
/ Shapovlov H., Kazakov A., Oleynyk V., Zorilo V. // Technologies, Innovative And Modern Theories Of Scientists. —

2023 2nd International Conference on Innovative Solutions in Software Engineering
Ivano-Frankivsk, Ukraine, November 29-30, 2023

71


https://www.sciencedirect.com/science/article/pii/S0022024818305049?dgcid=author#!

Proceedings of the XX International Scientific and Practical Conference. — Graz, Austria. — May 23 — 26, 2023, P. 434 —
438

4. Cahn, J. On spinodal decomposition /J.Cahn // Acta Met. — 1961. — Vol. 9. — P. 795 — 801.

5. Okada, K. Classical calculations on the phase transition I. Phase diagram in four-dimensional space for the
system with one order parameter / K. Okada, 1. Suzuki // J. Phys. Soc. Jap. — 1982. — Vol. 51, Ne 10. — P. 3250 —
3257.

6. Laugier, A. Thermodynamics and phase diagram calculations in 11-VI and IV-VI ternary systems using an
associated solution model / A. Laugier // Revue De Physique Applique. — 1973. — Vol. 8, No 9 — P. 259-26.

7. Kazakov, A. Computer simulation for stability of quaternary solid solutions / A. Kazakov, I.Kishmar // J.
Crystal Growth. — 1991. — Vol. 110. — P. 803 — 814.

8. Kazakov, A. Stability analysis of quaternary alloys including the lattice mismatch strain energy /
A.Kazakov, I. Kishmar // J. Crystal Growth. — 1992. — Vol. 125. — P. 509 — 518.

9. Kazakov, A. Calculation of the phases coexistence spaces in the system Hg-Mn-Te-Se [Tekcr] / A.
Kazakov, D. Burtnyi, G. Shapovalov // Proceedings of Odessa Polytechnic University. — 2018. — T. 54, Ne 1. — C. 69
— 73

10. Kazakov, A.l. Computer simulation for formation of critical spaces in 11-VI solid solutions / A.l.Kazakov,
G.V.Shapovalov, P.P.Moskvin // Journal of Crystal Growth. — 2019. — V. 506 — P. 201 — 205.

11. Moskvin, P. P. Spinodal decomposition and composition modulation effect at the lowtemperature synthesis

of A°B} C® semiconductor solid solutions / Pavel P. Moskvin, Sergii I. Skurativskyi, Oleksandr P. Kravchenko,

Galyna V. Skyba, Hennadii V. Shapovalov // Journal of Crystal Growth. — 2019. — V. 510 — P. 40 — 46.

12. Shapovalov, G.V. Computer simulation for formation of critical spaces in 11-VI solid solutions /
A.l.Kazakov, G.V.Shapovalov, P.P.Moskvin // Journal of Crystal Growth. — 2019. — V. 506 — P. 201 — 205

13. http://maxima.sourceforge.net

14. Traat, |. Matrix calculus for multivariate distributions / 1. Traat // State University of Tartu — 1986. —
V.733. — P. 64 — 85.

15. Chang T. S. Generalized Scaling Hypothesis in Multicomponent Systems. I. Classification of Critical
Points by Order and Scaling at Tricritical Points / T. S. Chang, Alex Hankey, and H. Eugene Stanley / Phys. Rev. —
1973 - B 8. — P. 346.

2023 2nd International Conference on Innovative Solutions in Software Engineering
Ivano-Frankivsk, Ukraine, November 29-30, 2023

72


https://www.sciencedirect.com/science/article/pii/S0022024818305049?dgcid=author#!
https://www.sciencedirect.com/science/article/pii/S0022024818305049?dgcid=author#!
https://www.sciencedirect.com/science/article/pii/S0022024818305049?dgcid=author#!
https://www.sciencedirect.com/science/article/pii/S0022024818305049?dgcid=author#!
https://www.sciencedirect.com/science/article/pii/S0022024818305049?dgcid=author#!
https://www.sciencedirect.com/science/article/pii/S0022024818305049?dgcid=author#!
https://www.sciencedirect.com/science/article/pii/S0022024818305049?dgcid=author#!
https://www.sciencedirect.com/science/article/pii/S0022024818305049?dgcid=author#!
https://journals.aps.org/prb/abstract/10.1103/PhysRevB.8.346
https://journals.aps.org/prb/abstract/10.1103/PhysRevB.8.346

Po3po0Oka Ta onTuMI3allisi HEHPOHHOI MEpEexK1 JJIs
aBTOMaTUYHOI'0 BU3HAYECHHS 00'€KTIB HA
300paKEHHSX 3a JOIIOMOI0I0 TJIMOMHHOTO

HAaBUYaAHHJA
Januino Pynsara

Kagheopa npoepamnozco 3abezneuenns komn'romeprux cucmem
Yepniseyvkuil Hayionanvrull yuisepcumem imeni FOpis ®edvkosuua
YepniBmi, Ykpaina

AHoTtanis—B wiii HaykoBiii po0oTi moka3zaHo, 110 iH:KeHepisi MPOrpaMHOro 3ade3meyeHHs] MOXKe OyTH
BHKOPHCTaHa JJI5 PO3POOKHU MojeJieil MAIIMHHOIO HABYAHHSA, AKi MOXYTh PO3Mi3HABATH 00'€KTH Ha
300paskeHHsix. Po3podsiena Monzesib Ha OCHOBI 3rOpTKOBOI HEPOHHOI Mepeki 3 BHKOPHCTAHHAM
BEJMKOI0 Ha0opy JaHMX IOKa3aja BHMCOKY To4HicTb. Il poOora mae BaxauBe 3HAYEHHS [JIfA
PO3pO0KH HOBUX NMPOAYKTIB i MOCIYT, AKi BUKOPUCTOBYIOTH INTUOUHHE HABYAHHSA 1/l AaBTOMATHYHOIO
BU3HAYEHHS 00'€KTiB HA 300paKeHHSIX.

Kniouoei cnoea—Inscenepia npozpamnozo 3ade3neuenns, Komn'tomepui nayku, Mawiunne naguanns,
I'nubunne nasuanns, Pozniznasannsn 06'ekmis, 320pmrosa Heiiponna meperca, Benukuii nadip oanux

[.Bctyn

Tema mOCHIIUKEHHS, SKa TOJSATae B PO3pOOIi Ta oNTHUMI3alii HEHPOHHHX MEpEX JUIs
aBTOMAaTUYHOTO BH3HAYEHHS O0'€KTIB Ha 300pa)KCHHSX 3 BUKOPUCTAHHIM TIMOMHHOTO HAaBYAHHSA, €
HACYIIHO aKTyaJIbHOIO Y CBITI HIBHJIKOTO POCTY 0OCATIB IH(POBHUX 300pakeHb Ta HEOOXITHOCTI y
iXHBOMY TOYHOMY Ta HIBHAKOMY aHamizi. Lle mocimimKeHHS MpONOHye BHUPIIICHHS aKTyalbHUX
npobieM y raiy3i DIMOMHHOTO HAaBYaHHS Ta MAIIMHHOTO OaueHHs, SKi CTOCYIOTBCS CKJIaIHOCTI
Moyesel, HeIOCTaTHOCTI JaHUX Ta PECYPCOMICTKOCTI TPEHYBaHHS HEHPOHHUX MEPEK.

Hanpukmnan, mocmimpkeHHS MPONOHYE BHUKOPHUCTOBYBAaTH HOBI METOAM HABUYAHHS HEHPOHHUX
MEpex, SKi JO3BOJSIOTH 3HAYHO CKOPOTHTH 4Yac i pecypcu, HeoOXiqHi aisi HaB4aHHs Moxenei. Lle
MOX€E 3pOOUTH IIHMOMHHE HABUAHHS OUTBII TOCTYIHHMM ISl IIMPOKOTO Kojia KopHucTyBadiB. Kpim
TOTO, JOCIIDKEHHS PO3POOIIsIE HOBI apXiTEKTYpH HEHPOHHUX MEPEX, SKI € OLIbII TOYHHMH Ta
e(eKTUBHUMH, HIXK icHyIoui. Lle MoXe MpHu3BECTH 10 CTBOPEHHS HOBUX NMPOAYKTIB 1 MOCIYT, IO
BUKOPUCTOBYIOTh IJIMOWHHE HABYaHHS IS aBTOMATHYHOTO BH3HAUCHHs 00'€KTiB Ha 300pa’KeHHSX.
Pesynprary 1pOro JOCTIPKEHHS MOXKYTh BHECTH BaroMy JIaHKy B HayKOBHUH PO3BHTOK L€l raysi,
MPOTIOHYIOYM HOBI METOJW Ta MiJAXOIH J0 aBTOMAaTHYHOTO aHaJi3y 300pakeHb, [0 MA€ MPAKTUIHE
3HaYCHHS B pi3HUX cdepax, BKIOYAIOYU MEIUIMHY, aBTOHOMHE BOIIHHS Ta Oararo iHIIUX.
Hampuknan, nocmipkeHHS Moke OyTH BHKOPHCTaHO JUIi  pPO3POOKM HOBHX MEAMYHUX
JTIarHOCTUYHUX METOJIB, SIKi O3BOJSIFOTH aBTOMATHYHO BHSIBIISATH 3aXBOPIOBAHHS Ha MEIMYHHX
300paxenHsx. lle Moxke mpu3BeCTH A0 MINBUINEHHA SKOCTI Ta JOCTYITHOCTI MEIUYHOI
noroMoru. Takok TOCHiKeHHST MOXKe OyTH BHKOPUCTAHO JUIS PO3POOKH HOBUX CHCTEM aBTOHOMHOT
311, sIKi JO3BOJISIFOTH aBTOMOOLISIM Oe3neyHo Ta epeKTUBHO MepecyBaTHCs B CKIaJHUX yMoBax. Lle
MOX€ MPHU3BECTH 0 MiJABHUIICHHS OE3MEeKH JOPOKHBOTO PyXy Ta 3MeHmeHHs Kimbkocti JITII. B
IIJIOMyY, pe3yJbTaTH LBOTO JOCTIHKEHHS MalOTh IMOTEHIa] Ui 3HAYHOTO BIUIMBY Ha PO3BUTOK
ramy3i MIMOMHHOTO HAaBYAaHHS Ta MAIIMHHOTO Oa4eHHs B paMKax YKpaiHChKOi iHXeHepii
IPOTrPaMHOTO 3a0e3MeueHHS.
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II. AHAJI3 OCTAHHIX JOCIIDKEHD I ITYBJIKAILIIH

['muboke HaBYaHHS € OJHUM 3 HAHMEPCIEKTUBHINIMX HANPSMKIB MAIIMHHOTO HaBYaHHsS. BOHO
IIMPOKO BUKOPHCTOBYETHCS Ul BUPILICHHS PI3HUX 3aj]ad4, MOB'SI3aHUX 3 00poOKOI0 300pakeHb,
30KpeMa JUIsi aBTOMAaTHYHOTO BHU3HA4YeHHS O00'€kTiB Ha 300pakeHHsX. Ochb HaiBigoMinI
JOCTI/DKEHHST B Tajly3i IMUOMHHOTO HaBYaHHS JUIs aBTOMAaTHYHOIO BHM3HAYEHHS O00'€KTIB Ha
300paKeHHSIX:

AlexNet (2012) - ogHa 3 mepuIMX HEMPOHHUX MEPEX, sKa JOCAINIA 3HAYHUX YCIIXIB y 3ajadi
po3mi3HaBaHHS OO'€KTIB Ha 300pa)keHHSIX. AJIEKCHET BHKOPHCTOBYBaja apXiTEKTypy 3rOPTKOBHX
HEHpOHHUX Mepex 1 Oyna HaBueHa Ha HaOopi naHux ImageNet, 1110 MiCTUTh MUTBHOHU 300pakKeHb.

VGGNet (2014) - HeiiponHa Mepexa, sika Oyma po3poOsieHa aJisi TOKpPAIIeHHS TOYHOCTI
po3mi3HaBaHHs 00'exTiB Ha 300pakeHHAX. VGGNet BHKOPUCTOBYBala apXiTeKTypy 3TOPTKOBHX
HEHPOHHUX MEPEX 3 OUIBIIOI NIMOUHOI0, HIK AJIEKCHET.

YOLO (2016) - neiipoHHa Mepexka, sika Oyna po3poOneHa i MOKpAIIeHHS MIBHIKOCTI
po3mizHaBaHHs 00'ekTiB Ha 300pakeHHsAX. YOLO BuKOpHCTOBYBala apXiTEKTypy 3rOPTKOBHX
HEHPOHHUX MEpEeXK, SKa J03BOJIsLIa MEpexi 0OpoOIIATH 300paXkeHHS B peabHOMY 4aci.

SSD (2016) - wneliponHa wMepexa, sika Oyna po3poOieHa Il TMOKpAIIEHHS TOYHOCTI
po3mi3HaBaHHS O00'ekTiB Ha 300pakeHHAX. SSD BHUKOpHUCTOBYBaja apXiTEKTypy 3TOPTKOBHX
HEHPOHHUX MEPEX, Ka JO3BOJISIIa MEPEK] BUSBIIATU 00'€KTH HA PI3HUX MaclITadax.

Ili mociimkeHHs 3pOOMIM 3HAYHUI BHECOK y PO3BUTOK Taiy3l IIMOMHHOTO HaBYaHHS IS
aBTOMAaTUYHOTO BHU3HAUEHHS 00'€KTiB Ha 300pakeHHsAX. BoHU N03BONMMIM pO3poOUTH HEMPOHHI
Mepexi, Kl € OLIbII TOUHUMH, €HEKTUBHUMU 1 IIBUAKUMHU, HDK PaHILIe.

Pe3ynpratu mociimkeHp B raigy3l MIMOMHHOTO HABYAHHS JJII aBTOMAaTUYHOTO BU3HAYCHHS 00'€KTIB
Ha 300paKeHHSX MAIOTh LIMPOKE MPAKTHUYHE 3aCTOCYBaHHA. BOHM BHKOPHCTOBYIOTHCS B TaKHX
chepax, SK: MEIUIIMHA, aBTOMUIOT, PO3Mi3HaBaHHs 00inY, 00 €KTiB Ta ToBapiB. OUIKy€ThCS, 10 B
MailOyTHBOMY JOCTI/DKEHHS B Taly3l IIMOMHHOIO HaBYaHHS JUIsl aBTOMAaTMYHOTO BU3HAYCHHS
00'ekTiB Ha 300paXkeHHSIX OyayTh NMPOJOBKYBATUCS 1 MPU3BEAYTh /10 CTBOPEHHS 1€ O1bII TOYHUX,
e(eKTUBHMX 1 MIBUJIKUX HEWPOHHMX Mepex. Lle Moxke MaTu 3HaYHUI BIUIMB Ha PO3BUTOK PI3HUX
cdep, BKIIOYAIO4 MEAUIIMHY, aBTOHOMHE BOJIHHSI, PO3MOBHUM IITYYHUN 1HTEJIEKT Ta 1HIII.

III.METOIU

Jns mocmipkeHHsT BUKOpUCTOBYBaBcsi Python 3 OiOmiorekamu miis oOpoOku manux NumPy,
Pandas Ta SciPy. bibmioreku nis MammMHHOTO HaBYaHHSA, Tak sk scikit-learn, TensorFlow Tta
PyTorch. Biomioreku TensorFlow Ta PyTorch mns rmuGokoro HaBuaHHsS. BiAmoBigHO 10 cy9acHUX
TEHJIEHII y HAayKOBMX JOCIIJUKEHHSX, /Ul MPOBEAEHHS AOCIIKEHHsI BUKOpUCTOBYBaBcs Python
SK yHiBepcallbHa MOBa IPOTpaMyBaHHSI, Ka MPOCTa Y BUKOPUCTAHHI Ta Ma€ BEITUKE CITIBTOBAPUCTBO
po3poOHuKiB. s 00poOKM naHUX BUKOpUCTOBYyBanucs 0i0miorexkn NumPy, Pandas ta SciPy, ski
JI03BOJIAIOTH BHUKOHYBaTH IIMPOKHIA CHEKTp OIepamii 3 JaHWMH, 30KpeMa 3aBaHTa)KCHHS,
OYMILICHHS, aHali3 Ta Bidyamizamiro. /[7s MalIMHHOTO HABYAHHS BUKOPUCTOBYBATHCS 0107110TEKH
scikit-learn, TensorFlow Ta PyTorch, siki 103BOJISIOTH HaBYaTH MOJIEII MAIIMHHOTO HaBYaHHS Ha
nanux. biomioreku TensorFlow ta PyTorch e malimomynspHimimMu MOBaMH MPOTpPaMyBaHHS IS
deep learning. Bonn maroTh mmpokwii criekTp QyHKIINA 17151 po3poOKM Ta HaB4aHHS Mojeneit deep
learning. 3aBasku BukopuctanHio Python ta 6i0mioTex st 00poOKH JaHUX, MAIIMHHOTO HaBYaHHS
Ta TIMOMHHOTO HAaBYaHHSA, JOCITIDKCHHS Oylno TpOBENCHO €(PEKTHMBHO Ta 3 BHCOKHM pIiBHEM
TOYHOCTI.

2023 2nd International Conference on Innovative Solutions in Software Engineering
Ivano-Frankivsk, Ukraine, November 29-30, 2023

74



IV.PE3VIIBTATH

V]It pocnigxeHHs BUKopHcToByBaBcs Python 3 6i0miorekamu s 0OpoOku panux NumPy,
Pandas Ta SciPy. Bibmiorekn mis MammmHHOTO HaBYaHHS, Tak sk scikit-learn, TensorFlow Tta
PyTorch. bibmiorexu TensorFlow Ta PyTorch ans rmubokoro HaBuaHHs.

Hocnimkenns Oyno mpoBeaeHo B nBa eranu. Ha mepmomy erari Oyio 3i0paHO Ta OYMIIEHO
nani. Ha npyromy erami Oyno po3po0ieHO Ta MPOTECTOBAHO MOJETh TIIMOOKOTO HABYAHHS IS
po3Ii3HaBaHHS 00'€KTIB Ha 300paKCHHSX.

Hns nocmimpkeHHs Oyno BUKOpHcTaHO HabOilp ganux ImageNet, skuit MmicTuTh mnoHazn 14
MUTBHOHIB 300pakeHb, Mo3HaueHux 21 tucsyero kiaciB 00'extiB. Habip manux OyB posaiuieHuil Ha
Tpu yactuau: 70% st HaBaanHs, 20% a1 nepeBipku Ta 10% 11t TeCTyBaHHS.

Jns posmizHaBaHHS 00'€KTIB Ha 300pa)kKEHHSX BUKOPHCTOBYBAJach apXiTEKTypa 3TOPTKOBOI
neriponnoi Mepexi (CNN). Mogens Oyna HaBueHa Ha HaOopi nanux ImageNet 3a momomororo
METOJTy 3BOPOTHOTO MOIIHUPEHHSI.

TounicTe Mozieni Oyna oIiHeHa Ha HaOOpPi AaHUX JJIS TecTyBaHHS. Mojienb mokasajga TOUYHICTb
96,2%, 110 € XOpPOLINM PE3YyIBTATOM.

I sx BHCHOBKOM MOXHa KoHcCTaTyBatu mo Python Ta Gi6mioTexku nmsi 0OpOOKM NaHUX,
MalllMHHOTO HaByaHHA Ta deep learning € TNOTY)XHUMH IHCTPyMEHTaMH, $Ki MOXKHA
BUKOPHCTOBYBAaTH JUIsI TPOBENCHHS HAyKOBUX JOCTi/DKeHb. B pamkax mocmimpkeHHs Oyna
po3poOsieHa Ta MPOTECTOBaHA MOAETb I[NIMOOKOTO HaBUaHHS JUId PO3Mi3HAaBaHHS O0'€KTIB Ha
300pakeHHSIX, sIKa MMOKa3ajia BUCOKY TOYHICTb.

Kpim Toro, B pamkax gocmiykeHHs Oylii OTpUMaHi Taki JOAAaTKOBI Pe3yJabTaTH:
Byno moka3aHo, 110 TOYHICTh MOJIEN1 301IBITY€THCS 31 301TBIICHHSAM PO3Mipy Ha0Opy TaHUX.

A Takox IO apXiTEKTypa 3rOpTKOBOi HEMPOHHOI Mepexi € e()EeKTUBHOIO Ui pO3Mi3HABAHHS
00'ekTIB Ha 300paKEHHSX.

V.OBroBOPEHHS

OTtpumaHni pe3yabTaTd JOCTIIKEHHs cBiI4arh npo Te, mo Python ta 6i6miorexu st 00poOku
JAaHWX, MAIIMHHOTO HaB4YaHHSI Ta deep learning € MOTYXHUMH IHCTPyMEHTaMH, SKI MOXKHA
BUKOPUCTOBYBaTH /ISl TPOBEIEHHS HAyKOBUX JOCHIDKEHb Y Tamy3i ITMOMHHOTO HaBYaHHS.
Po3pobiena momens rMOOKOTO HaBYAaHHS TOKa3aja BUCOKY TOYHICTH PO3IMi3HABaHHS 00'€KTIB HA
300paxenHsx. Llei pe3ynbTar € 3Ha4yIIMM, OCKUTHKHU BiH CBIAYUTH PO T€, 10 ITHOWHHE HABYAHHS
MO)KHa BUKOPHUCTOBYBATH ISl BUPIIICHHSI MPAKTHYHUX 3a]1a4 PO3ITi3HABAaHHS 00'€KTIB.

BaxuBUM acTIeKTOM JIOCIIJKCHHSI € BUKOPHCTAHHS BEJIMKOTO HAObopy manux ImageNet, skwii
MICTHTh Pi3HOMaHITHI 300pa)keHHsI BUCOKOI sIKOCTI. Lle 103BoiMIO po3poOUTH MOneNb MHMOOKOTo
HABYAHHS, SKa MOYKE PO3ITi3HABATH 00'€KTH B PI3HUX YMOBaX.

[Ile omHMM BaXJIMBHM AaCHEKTOM IOCIHIKCHHS € BUKOPHUCTAHHS apXiTEKTYpH 3TOPTKOBOI
HetiponHoi Mepexi (CNN). CNN e edekTHBHOIO ISl pO3IMi3HABaHHS O0'€KTIB Ha 300pa)KEHHSX,
OCKUIBKHM BOHM MOXYTh BUTATYBAaTH O3HAKH 3 300pakeHb HA Pi3HUX PIBHAX aOCTpaKIIii.

Onne 3 oOMexxeHb poOOTH MOJIATAE B TOMY, 110 JOCIIKEHHs OyJI0 MPOBEeHO Ha HAbOpi JaHUX
ImageNet, sxuil MICTUTh 300pa’k€HHSI BUCOKOI SIKOCTI. Ba)KIMBO mepeBIpUTH TOUHICTH MOJENI Ha
Habopax JaHMX, AKi MICTATh 300pakeHHs HUXKYO] SKOCTI. [HIIIe 0OMeXeHHs! poOOTH MOJIATA€E B TOMY,
0 JOCIHIPKeHHA Oyllo MpPOBENEHO Ha apXITeKTypl 3rOpTKOBOiI HEHpOHHOI Mepexi. Baxinso
NEPEeBIPUTH TOUHICTh MOJIEJI Ha 1HIIMX apXiTEKTypax HEUPOHHUX MEpEX.

2023 2nd International Conference on Innovative Solutions in Software Engineering
Ivano-Frankivsk, Ukraine, November 29-30, 2023

75



JlocnikeHHs Ma€ BaXJIMBE 3HAYECHHS JUIs rajly3i MMOMHHOTO HaB4aHHS. BOHO mokasye, 1o
TMOMHHE HaBYAHHS MOXKHA BHKOPHCTOBYBATH JUIsl BUPINICHHS MPAKTUYHHUX 33734 PO3ITi3HABAHHS
00'exTiB. Pe3ynbraru AOCHIDKEHHS MOXYTh OyTH BUKOPHCTaHi JJsi PO3POOKM HOBHUX MPOJYKTIB 1
MOCTYT, SIKI BUKOPHCTOBYIOTh TIIMOWHHE HABYaHHS JJII aBTOMATUYHOTO BU3HAYEHHS 00'€KTIB Ha
300pakeHHsX. Hampukian, pe3ynbTatd JOCHIIKEHHS MOXYTh OyTH BUKOPHUCTaHI JUIsl po3poOKH
CUCTEM pO3Ii3HaBaHHs 0Ci0, pO3Mi3HAaBaHHS JOPOXKHIX 3HAKIB Ta PO3IMi3HABaHHS 3aXBOPIOBaHb Ha
MEIUYHUX 300paKEeHHSX.

VI.IIEPCIIEKTHUBHU MOAAJBIINX JOCIKEHD

MoykHa BUKOPHUCTOBYBAaTH HAOOPH JAHUX, SKi MICTATH 300pa)K€HHS Pi3HOI SKOCTi, BKIFOUAIOYU
300paskeHHsI HU3bKOI AKOCTi. Lle 103BOAMTH pO3poOMTH MOAETh IITMOOKOTO HABUAHHS, SIKa MOXKE
po3Ii3HaBaTH 00'€KTH Ha 300paKeHHSIX OyIb-SKOI SKOCTI. A TaKOX BUKOPHUCTOBYBATH apXiTEKTypH
HEHPOHHUX MepeXk, sIKi € OUThII e(EeKTUBHUMHM JJIsl pO3Mi3HABaHHA 00'€KTIB y CKIAJHHX yMOBaX,
TaKuX SK 3amymyieHi abo 3ariHeHi 300paxkeHHs. lle mo3BonmuTh po3poOUTH MONETH TIHOOKOTO
HABYAHHS, SIKa MOXKE PO3Ii3HABATH 00'EKTH B OLIBII ITMPOKOMY Jialla30Hi YMOB.

VII.BucHoBkU

Y BHCHOBKY, MPOBEACHE JIOCTIHKCHHS TOKa3allo, M0 1HXKEHEpis MPOTpaMHOTo 3a0e3MedeHHs
MoOXe OyTH BHKOPUCTaHa JUIsl PO3POOKM MOJeNiell MAaIllMHHOTO HAaBYaHHS, SIKi MOXKYTh pO3Mi3HaBaTH
o0'ektr Ha 300pakeHHsX. Po3poOneHa Mojenp Ha OCHOBI 3rOPTKOBOI HEWPOHHOI MeEpexi 3
BUKOPHCTAHHSM BEJIIMKOTO HabOpy JaHMX IMOKa3asla BUCOKY TOUHICTb. Llel pesynbrar Mae BaXKiIuBe
3HAYEHHS JJI1 PO3POOKH HOBUX MPOIYKTIB 1 TIOCIHYT, SIKI BAKOPUCTOBYIOTh TTTMOMHHE HABYAHHS IS
ABTOMATUYHOTO BU3HAYCHHS OO0'€KTiB Ha 300pakeHHsX. JlOCHiKEHHS Mae Taki OOMEXKEHHS, SK
BUKOPUCTAHHS HAOOPY JaHMX BHCOKOI SIKOCTI Ta apXiTEKTYpH 3rOPTKOBOI HEHPOHHOI Mepexi. Jlis
BUDIMIECHHS IMX OOMEXEHb MOXKIMBE BUKOPUCTAHHS HAOOpIB JaHUX HM3BKOI SKOCTI Ta IHIIMX
apxiTeKTyp HEWpPOHHUX Mepex. [lepCreKTHBH MOJANBIIMX JJOCHTIHKEHb BKJIIOYAIOTh PO3POOKY
Mojieneil IMOOKOr0 HaBYaHHS, sIKI MOXYTh PO3Ii3HABAaTH 00'€KTH B CKJIAJHUX YMOBaX, TAaKUX SIK
3amrymiieHi abo 3aTiHeHi 300pakKeHHS.
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JlocmimkeHHs epeBar BUKOPUCTaHHS
(dperiMBopKy Nuxt.Js y CTBOpPEHHI

Cy4acCHHMX BeO-/101aTKIB
Hmutpo Yrpun, Aprem Kapauesues

Kageopa komn'tomeprnux nayx
Yepuiseyvkuil HayionanvHuil yuisepcumem imeni FOpis @edvkosuya
YepniBui, YKpaina

Anoranis—IIpoBegeno fmociigkeHHs: PpiBHA Be0-NPOAYKTHBHOCTI OCHOBHMX Be0-NIOKa3HUKIB
(Performance, Accessibility, Best Practices, SEO) 3 Bukopucranusim texnosorii Lighthouse. Buznaueno
nepeBarn BUKOpUcTaHHs ¢peiiMBopky Nuxt.js y MOpiBHAHHI 3 BUKOPUCTAHHAM KJacuuHoro MPA
minxony (Laravel Blade Templates Ta JavaScript). OOrpyHTOBaHo mnepeBaru BHKOPUCTAHHA
¢peiimBopky Nuxt.js Ta REST API nopiBusino 3 Tpaguuiiitnum minxonom MPA, a came: mBuakoais,
nokpamenass SEO (3aBasku Server-Side Rendering), mpoctoTa ynpap/iHHSI CTaHOM Be0O-10AaTKY,
peakTuBHicTh. [IpuBeneHo nepesaru Bukopuctanus ¢ppeiimpopky Nuxt.js Ta REST API, siki MoxKyTh
OyTM KOPHCHMMM /UIi Be0-po3poOHMKIB, opraHizamii Ta BcCiX 3anmikaBJeHHMX Yy IOKpalleHHi
NPOAYKTUBHOCTI Ta IKOCTi Cy4YacHHUX Be0-101aTKiB.

Kniouosi cnosa—Beb-000amok, Laravel, SPA, Nuxt.js, SSR, REST API, Lighthouse, SEQO.
[L.BcTyn

Cy4acHa BeO-po3po0Ka MOCTIHHO €BOMIOIIOHYE, TPOMOHYIOYH HOBI TEXHOJIOT] Ta MiAXOAU TS
po3po0ku BUCOKOCHEKTHBHUX Ta (YHKIIOHATBHUX iH(popmMamiitHux cucteM [1-3]. Cepen mmx
IIIX0/11B, B KOHTEKCTI cTeKy ppeiiMBOpKYy Laravel, akTHBHO 0OTOBOPIOETHCS BUKOPUCTAHHS T IX0TY
Multi Page Application (MPA) 3 Bukopucranusm maobnonizatopy Blade Templates y moeqnansi 3
JavaScript a6o SPA 3 cepBepHUM pEeHIEPUHTOM, 3 BUKOpHCTaHHAM (peiimBopKy Nuxt.js Ta REST
APIL ITigxing SPA 3 cepBepHUM peHIepuHIOM, K y BUMaaky 3 Nuxt.js Ta REST API, no3Bomse
CTBOPIOBATH OLJBII 1HTEPAKTHUBHI Ta €(PEKTUBHI JOJATKH, OCKUIBKH 3aBaHTAXCHHS BEO-CTOPIHOK
3MIMCHIOETHCS JIUHAMIYHO, 0€3 HEOOXITHOCTI Mepe3aBaHTaKCHHS KOXKHOI cTopiHku. Lled mimxin
3a0e3nedye TMOKpalieHy MPOIYKTUBHICTh Ta 3PYYHHH KOPHUCTYBaIlbKHi J0CBiA. OCKIIbKH BeO-
PO3pOoOKa MOCTIHHO PO3BUBAETHCS, BAKIMBO MIPOBOAUTH MOPIBHSUIBHUAN aHAII3 WX IMIAXOJIB, MO0
BHOpaTH HAHOUIBI €(h)EKTUBHUMN TSI KOHKPETHOTO MPOCKTY, BPaXOBYIOUH SIK TEXHIYHI BUMOTH, TaK 1
KOPUCTYBAaIbKI OUiKYBaHHS.

II. AHAII3 OCTAHHIX JOCJIJ>KEHb I ITYBJIIKALIIIA

VY cydacHiii BeO-po3po0iii iCHYe JBa OCHOBHHX IMiXOH A0 CTBOPEHHS BeO-qo0maTKiB — Multi-
Page Application (MPA) Ta Single-Page Application 3 Server-Side Rendering (SPA + SSR). Jlani
MAXO0IU ABJISIIOTH COOOIO Pi3HI cTparerii 11t po3pooku BeO-goaatkis. [Tinxin SPA + SSR moxe Oytu
OUTBIII MPOAYKTUBHUM y TIopiBHsIHHI 3 MPA. HaBenemo niepernik nmpo6iem, siki Bupimnye miaxiag SPA
+ SSR y cyuacHiit Be6-po3po0iri.

[Tokpamena mpoaykTuBHICTh Ta mBUAKOIIsA. SPA + SSR moemnye mepeBarm SPA, Taki sk
IIBUJIKO/ISI Ta TIOKpAIlleHa B3aeMOIisl 3 KOpUCTyBadeM, i3 MoxkimBicTio Server-Side Rendering, mo
JI03BOJISIE CTBOPIOBATH IHTEPAKTUBHI BEO-MOJATKU, sKI IMIBHUAKO 3aBaHTaXYIOTbes [4]. OcHoBHa
BiIMIHHICTH B TOMY, IO miaxig SPA 3a3Buuaii BUMarae mOBHOTO 3aBaHTakeHHs JavaScript mis
nepioro peHaepunry, toai sk SPA + SSR moike 3ampornoHyBaTH CTOPIHKY 3 KOHTEHTOM IIE JI0
3aBaHTaXeHHS JavaScript ckpumtis [5].
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[TokpameHa moOmIyKoBa ONTHMI3AIisl Ta IHAEKCAIlisl BMICTY TOIIYKOBUMH CHCTEMaMH.
VY mnopiBasaHI 3 MPA, ne KoXHa CTOpiHKa BUMarae OKpeMoro 3amury Ha cepsep, SPA + SSR
JI03BOJISIE CTBOPIOBATH CTOPIHKH, SKI PEHIEPATHCS HA CEpBEpl Ta MAIOTh 3MOTY 1HJEKCYBATHCS
MOLIYKOBUMH cucTeMamu, mo mnominmye SEO Ta 3abesnedye Kpamly BUIAMMICT BMICTY ISt
MONITYKOBHX POOOTIB.

VYrpaBiiHHS CTaHOM Ta peakTuBHICTh: SPA + SSR nmo3Boinsie eheKTHBHO KepyBaTH CTaHOM
J0/IaTKy, 30epiraroyM CTaH K Ha KIEHTCHKIA, Tak 1 Ha CEpBEpPHIA CTOPOHI, 3aBISIKH 3aco0am
VIpaBIiHHA CTAaHOM, TakuM sk Vuex abo Pinia. Ile monermye poGoTy 3 IaHUMH Ta J103BOJISIE
MIATPUMYBATH X PEAKTHUBHICTb.

III.METO 1

JocnikeHHs, CpsIMOBaHE Ha TTOPIBHSJILHUIN aHalli3 piBHS BEO-TIPOTYKTUBHOCTI OCHOBHUX BEO-
noka3HukiB (Performance, Accessibility, Best Practices, SEO) npu Bukopucranui Nuxt.js, REST API
ta Laravel Blade Templates, JavaScript y ctBopeHH1 iHGOpMAaIiiHUX CUCTEM.

AHaii3 TeXHIYHUX MOXKIMBOCTEW: METOAWMKA BKJIIOYA€ BUBUCHHS Ta MOPIBHSHHS TEXHIYHUX
moxuBocter Nuxt.js + REST API 3 moxknuBoctsamu Blade temruielitiB y Laravel. Orinka Bkimrodae
aHaJi3 apXiTEeKTYPHUX OCOOJIMBOCTEH, MOXKIUBOCTI PO3UIMPEHHS Ta (YHKIIOHAJIBHI MOXIJIMBOCTI
KOYXHOTO 3 METO/IIB.

TecTyBaHHS IPOIYKTUBHOCTI: IPOBEIEHHS TECTIB JJIsl OL[IHKU MPOAYKTUBHOCTI 000X MiAXOiB Y
peanbHUX yMoOBax. Lle BKiIfouae BUMiprOBaHHS Yacy 3aBaHTaXCHHS CTOPIHOK, ONITUMI3allii0 peCcypciB
Ta BUKOPUCTAHHS IMaM'sT1 IJIs1 KOXKHOTO METOly 3 BUKOpHCTaHHIM TexHoorii Lighthouse.

[IpakTruHe BUKOPUCTAHHS: JOCIHIIKEHHS BKIIFOYA€ MPAKTUYHE 3aCTOCYBaHHS 000X MiIXOIB Y
CTBOpEHHI 1H(OpMaIliifHOT cUcTeMu s BigoOpaxkeHHs 1H(OpPMAIfHOI CHUCTEMH HOBHH.
AHaJI3yeThCA TPOIEC PO3POOKU, YIPABIIHHSI KOJOM, CKJIQJHICTh 1HTErpamii Ta 3pYy4HICTH IS
PO3pOOHUKIB.

[TopiBHSATBEHUN aHAII3 PE3YNHTATIB: HA OCHOBI OTPUMAaHHUX JaHMX Ta BUCHOBKIB MPOBOJAUTHCS
MOPIBHSUIBHUH aHali3 pe3yabTariB BUKopuctanus Nuxt.js + REST API ta Laravel Blade Temmeiiris.
OILIHIOIOThCS TIepeBard, HEAONIKM Ta MPAKTHYHICTh KOXKHOTO METOMy I KOHKPETHOI
iHpopMaLiiHOT cucTeMH.

IV.PE3VJIbTATU

Ha ocHOBI mpoBeAeHUX IOCHTIKEHb, PIBEHb BEO-IMPOMYKTHUBHOCTI OI[IHIOETHCSA 4Yepe3 pi3Hi
nmoka3Huku, Taki sk Performance, Accessibility, Best Practices ta SEO. JlocmimkeHHs 1ux
MOKAa3HHUKIB MOKE JJOTIOMOITH 3PO3YMITH, HACKUTBKU €(DEeKTUBHO BEO-I0aTOK BiANOBITa€ BUMOTaM
KOPUCTYBaYiB Ta MONIYKOBUM CHCTEMaM.

Sk BUIHO 3 pe3yNbTaTiB JOCIIIHKEHb, IO MPHUBEACHO HA pHUC.l, cUCTeMa 3 BUKOPUCTAHHSIM
nigxony MPA He BiamoBizae BUMOraM OCHOBHHX BEO-TIOKa3HUKIB, TOOTO TECTH a00 METPHUKH HE
BIJNIOBIJAIOTh BCTAHOBJIEHUM CTaHIApTaM 4YH KPHUTEpisiM SKOCTi, a BeO-momaTok mnorpelye
MOKpAIIeHb Ta ONTHMi3allii B THX aCMeKTax, JIe TeCT He BAaJIocs NpoiTu. Takuil BUNIAJIOK BKa3ye Ha
HeOOXiHICTh BHECEHHS 3MiH JIJISl BIAMOBITHOCTI CTaHIApTaM 1 MOKPAIICHHS 3arajibHOI SIKOCTi BeO-
JIOAATKY.

Pesynbrati nmocnmijkeHb piBHA  BEO-IPOJYKTHBHOCTI OCHOBHHUX BEO-TIOKa3HMKIB MpHU
3actocyBaHHI ¢peitmBopky Nuxt.js + REST API mpuseneno puc 2. SIk 6aunMo TecT OCHOBHUX BeO-
MMOKA3HUKIB MPOUIEHO 3 JOCUTH BICOKOIO OILIIHKOIO Ta 33/I0BOJILHSIE BCIM BCTAHOBJICHUM CTaHIaPTaM
YU KPUTEPISAM SKOCTI.
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Omxe Bukopucranusa gppeiimBopky Nuxt.js + REST API mae HacTymnHi nepeBaru:

1. Nuxt.js Hamae MOXXIUBICTH Server-Side Rendering, 1110 103Bos1sI€ BeO-CTOpiHKaM PEHIEPUTHUCS
Ha cepBepi mepel BiAMPaBKoOIO 10 KiIieHTa, 1o nmokpamnrye SEO 1 mBHIKICTh 3aBaHTaKCHHS.

2. KOHCUCTEHTHICTh KOy, TOOTO Ha0ip MpaBMII 1 KOHBEHIIIH, SIKI BU3HAYAIOTh, IKUM YHHOM CJIi[|
dbopmaTyBaTH 1 OpraHi3oByBaTH NporpaMHuil koa. Lle nomomarae 3a0e3meunTy €AHICTD Y BUTIISIL TA
CTPYKTYpl KOy B paMKax MPOEKTy abo cepen 6ararbox MpoekTiB. KOHCUCTEHTHUI KOJ MOJIErye
CHUIBHY pOOOTY KOMaHAM MPOTPaMICTIB, IMOJIETTIIYE PO3YMIHHS Ta CYMPOBIJI KOy, a TAKOX 3MEHIITYE
KUTBKICTh IOMUJIOK.

3. YnpaBniHHs cTaHOM. 3acO0M yMpaBIIiHHS CTaHOM, Taki sk Vuex abo Pinia, m03BOJSIOTH
e(eKTHBHO Ta CTPYKTYpPOBAaHO K€PYBaTH JAHUMH Ha KIII€HTCHKIN Ta CepBEPHiN YaCTHHI, CIPOIYIOUN
poOOTY 31 CTAHOM JOJATKY.

6. I'HydkicTh Ta mpocroTa po3poOku. ['oToBUiI HAGip IHCTPYMEHTIB Ta MOJIYNIB JIO3BOJISE
IIBUJIKO CTBOPIOBAaTH BEO-IOAATKHM 3 MIHIMAJIbHUMH 3ycwiuisaMmu. lle momermrye po3poOKy Ta
JI03BOJISIE€ IIBUKO BIIPOBAPKYBATH HOBI (DYHKIIIT Ta 3MiHU B MIPOEKTI.

7. PiznomanitHicTh maridiB. [llupokuit BuOIp miariHiB B ekocucTemi Nuxt.js, T03BOJISE
pO3MUpIOBaTH (DYHKI[IOHAIBHICTH MPOEKTY 32 JOMOMOIOI0 TOTOBHMX PIillleHb, L0 CIPOIIYE i
MIPUCKOPIOE PO3POOKY.

V.OBr'OBOPEHHS

[Ipobnema, sxy Nuxt.js Bupilye y mopiBHsHHI 3 BukopuctanusaMm Laravel Blade TemmeiiTis y
Laravel i3 JavaScript, nmossirae B onTuMi3aiii Ta CripoIieHHi mporecy po3poOku BeO-101aTKiB 3 TOUKU
30py B3a€EMOJIT M1k KIII€EHTCHKOIO Ta CEPBEPHOIO0 YaCTHHAMMU.

1. YrpaBniHHS CTOpiHKaMu:

[Ipob6nema: mpu BukopuctanHi Laravel Blade TemmeiTiB, cTOpiHKHM 3a3BHYail PeHACPATHCS
cepBepoM. [Ipu HeoOXigHOCTI AOAaTH KIIE€HTCHKY uacTHHY (JavaScript) Moxke NpU3BECTH 0
Hee(DEeKTUBHOTO YIPABIIHHS CTOPIHKAMHU Ta TIEPEX0aMHU MK HUMHU.

Bupimenns: Nuxt.js 103BoJisi€ CTBOPIOBATH BeO-/10/1aTKH, K1 CIIOYATKy PEHIEPATHCS Ha CepBepi,
a TOTIM CTalTh IHTepakTHBHUMU SPA, 3abe3nedyroun Tpu IIHOMY OINTHMI30BaHE KEpyBaHHS
CTOpIHKaMH Ta TUHAMIYHHM BMICTOM.

2. YrpaBiiHHS CTaHOM:

[Ipobnema: y Bumanky BukopucranHs Laravel Blade temmneiitiB i3 JavaScript, kepyBaHHS
CTAaHOM JIOJIaTKY MOE CTaTH CKJIQTHUM, OCKIJIBKH PEaKTUBHICTh Ta B3a€EMOJIisI MK KITIEHTCHKOIO Ta
CEpBEPHOIO YaCTMHAMHU MOXXYTh OyTH Hee()eKTHBHUMHU.

Bupimenns: Nuxt.js 3a momomoror BOyAOBaHUX 3aco0iB yIpaBIiHHS CTaHOM, HAJa€
CTPYKTYpOBaHMH MiAXix A 30epiraHHa Ta KepyBaHHS CTaHOM JOAATKY, MOJIETHIYIOYH POOOTY 3
JAHUMH Ta iX CHHXPOHI3aIllI0 MIXK KJIIEHTCHKOIO Ta CEPBEPHOIO0 YACTHHAMMU.

3. SEO ta mBuAKiCTh 3aBaHTAXKCHHS:

[Ipo6nema: mpu BukopuctanHi jumie Laravel Blade rtemmmeiitiB Ta JavaScript, MOXyTb
BUHUKATH MUTaHHA 111010 SEO Ta MBUAKOCTI 3aBaHTAKEHHS.

Bupimenns: BukopuctanHs Nuxt.js CTBOPIOBATH CTOPIHKH, SIKI 1HIAEKCYIOTHCS TOITYKOBHMH
CHCTEMaMHM Ta MalOTh BUIIY IIBUIKICTh 3aBAaHTAXKEHHSI, OCKIIbKM BOHH BKE MICTATh Y CO01 YaCTHHY
PEHIEPUHTY 3 cepBepa.

V IIEPCIIEKTUBU OJJAJIBIINX JJOCHIJXEHD

1. Posmmpennst obcary TecTyBaHHS: TOAATH TOJAATKOBI KPUTEPIl TECTYBaHHS, SKi BPaXOBYIOTh
crienr(ivHi aCTEeKTH BeO-MPOTyKTUBHOCTI.

2. Po3mmpeHHs aHai3y ayIuTy: BpaxyBaHHS JOAATKOBHX METPHK JUIS KO)KHOTO 3 TIOKA3HHKIB,
HaNpuKJIal, IMOMHA aHalli3y Ta PO3MIMPEHHS BIJCIIIKOBYBAHHS 3MiH.

3. Y10CKOHAJIEHHS IHCTPYMEHTIB: PO3TJIS] MOXKJIMBOCTEH HOBUX IHCTPYMEHTIB JJIs aHAJII3y BeO-
JOJATKIB, SIKI HAAAIOTh OUIbIIE AeTalel Ta TOYHIIII BIJMOBII HA MUTAHHS PO MPOAYKTHBHICTb.
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4. BuB4ueHHs BIUTMBY pi3HUX (HaKTOPIB: JOJATH aHAI3 BIUTMBY KOHKPETHHUX (DaKTOPIB Ha KIHIIEB1
MOKAa3HUKH, TaKUX SK BIUIUB MIPUQTIB Ha Yac 3aBaHTaKEHHS CTOPIHKM a0o0 BIUIMB aHiMalii Ha
3arajJbHUN JOCBIJ KOPUCTYyBaya.

5. Po3rnsg acmekTiB, sIKi BpaxOBYIOTh HOBI TEXHOJIOTIl: PO3IJIAJ Ta OLIHKA BIUIUBY HOBHUX
TexHouorii (Hanpukian, WebP s 300pakeHb, acCHHXpOHHI 3aBaHTakeHHs ckpuntiB, HTTP/2) na
MPOAYKTHUBHICTb.

6. IlimBuimeHHs KITBKOCTI TECTOBUX CIIEHApPIiB: MOJAaTH JOJAATKOBI TECTOBI CIEHapii, IO
BiJOOpaXaroTh Pi3HI YMOBH 3aBaHTa)KEHHS.

VI.BUCHOBKHU

1. SPA + SSR mpomnonye 3naromkene noemananus msuakonii Ta SEO. Ilinxix SPA ta SSR
BiloOpakae Haukpari skocti SPA, Taki Sk MBUAKICTh Ta IJIABHICTh B3a€EMOJIi, Ta OJHOYACHO
3abe3neuye MOIMBICTE SSR, 1110 OKpaiiye iHaeKcalio BMIiCTy nomykoBuMu cucreMamu 1a SEO,
10 € KPUTUYHUM Y KOHKYPEHTHOMY CEPEIOBHIII BeO-0/1aTKIB.

2. IlokpateHHsI KOPUCTYBALIBKOTO 1OCBiy Ta mpoaykTuBHocTi: SPA + SSR no3Bossie 36epertu
BHCOKY PEaKTUBHICTh BeO-10/1aTKIB, MPOMOHYIOYH BOIHOYAC MOYKJIMBICTh PEHIACPHHTY Ha CEpBeEpI.

3. MacmraboBaHIiCTb Ta yNpaBIliHHS CTaHOM. 3aco0u yrpasiiHHs ctaHoM B SPA + SSR, Taki sk
Vuex, Pinia, 103BOisAI0Th €PEKTHBHO KEpyBaTH CTAHOM JOAATKy SIK Ha KIIE€HTCHKIH, Tak 1 Ha
CEpBEpHill CTOPOHI, IO CTpHsie CTAOITFHOCTI Ta MaCIITAOOBAHOCTI MMPOCKTIB.

4. AnantuBHicTh Ta MOOLTBHICTE: SPA + SSR nmo3Bomsie cTBOproBaTH mOAaTKH, SK1 JIETKO
aIanTYIOTHCS 70 PI3HUX TUIIIB MPUCTPOIB. L{e BaXIIMBO y KOHTEKCT1 pOCTY BUKOPUCTaHHS MOOUTBHUX
MIPUCTPOIB Ta 3a0e3Meuye Kpamuidi KOPUCTYBAIIbKUI JTOCB1T Ha OyIb-IKOMY MPUCTPOI.
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MaremaTnyHa MOJIENIb IHTEIEKTYaIbHOTO

0OpOOHMKA 3aIIUTIB
Omnswra Tyzenxko, Harania CiqyH

Kageopa inpopmamuru
Hepoicasruii suwuti HaguanbHuil 3axk1a0 «lIpuazoscvkuil depicasHull mexHiYHULl YHIsepcumemy»
Mapiynons ([ninpo), Ykpaina

AHoTanis—Y naHuil podoTi po3podeHa MATeMATHYHA MOJAEJ]b iHTEeJeKTyaJbHOro 00poOHNKA
3anMTIiB KOPHCTYBAa4iB y MOOLTBHHX [J0OJATKax Ta 4Yar-00Tax y MeceHJKepax Ha OCHOBi
NMapajeJbHOI0 AJrOPUTMY Ta MiICHCTeMH MNPHPOAHOI MOBHOI 00poOkm. Hasemeno wiTke
OOIpYHTYBaHHSI TpPHM PO3MOAITI MapaMeTpiB IiajJory Ha MHOKMHH Ta OCHOBHI NPHHIMIHA
(pyHKIiOHYBaHHSA aJaropuTMiB. B3aemonis Misk 10XaTKOM Ta KOPHCTYBadeM MOJATa€ y Bianmosiai
HA NPHUPOAHO chopMy/IbOBaHI MUTAHHSA Bill KOPUCTYBa4Ya, HEYiTKI 3alIUTH, KOHTEKCTHO-3aJIe/KHI
3anMTH TOWIO.

Kniouosi cnoea—IIpupoona mosa, Moena mooens, Mosnuit inmepdgpeiic, Cunmaxcuunuii anaiz,
Cemanmuynuii ananiz, Ilpazmamuunuit ananiz, Cymunocmi, llapamempu, Hamipu xopucmysaua,
Konmexcm 3anumie, Cecin 63aemo0ii .

. Bcryn

[TuTanHa 3acTOCYBaHHS CHUCTEM BIPTYaJbHOTO CIUIKYBAaHHS Ha OCHOBI IITYYHOTO
IHTETIEKTY JOCIHIKYIOTh YNPOAOBK Oararbox pokiB. Ha choropnimHiii neHbp mpobiema
BIPTYyaJIbHOTO CIIUJIKYBAaHHS aKTyallbHa Yepe3 IIBUIKUHN JOCTyH 10 iH(pOpMalii, MOXIHBICTh
OZHOYACHOI poOOTH B cHcTeMi Oararb0X KOPUCTYBadiB, OOMiH iH(OpMAIIi€I0, B3aEMOIIIO 3
METOI0 BUPILICHHS OyAb-SKUX NMUTaHb, MIATPUMKY HaBUaHHs, KOMYHIKallii 3 KII€HTaMHU Ta
naptTHepamMu 1o Oi3Hecy, NpPOBEICHHS aHAJIITUYHUX JOCHIKEeHb, 300py HE0OXiTHOI
iHpopmanii, miaBUIIEeHH KBajidikamii Ta iHmMX nepesar. [IpoTsarom QBOX OCTaHHIX POKiB
CIpPaBXHIM MPOPUBOM SIK y TEXHOJOTISAX IUTYYHOTO IHTEIEKTy, TaK 1 y IHTepakuii Mix
KOPUCTYBa4eM 1 MpPOTpaMHUM 3a0€3MEeYeHHSIM CTajdl 4Yar-00TH Ha OCHOBI IITYYHOTO
iHTenekTy 1 6a3 3HaHb. [lounHarounm 3 HalmpocTimmx OOTIB, SIKI MOXYTh BiJINOBIIATH
3a3/1aJerib MPOMUCAHUM BIJIIOBIISIM HA TUTIOBI MUTAHHS, 1 3aKIHIYIOYH BETUKUMUA MOBHUMU
MOJICTISIMH, JONATKH Ha OCHOBI MOBHOTO YIIPaBIiHHS, OCOOJIMBO Ti, IIO IPYHTYIOTHCS Ha
NPUPOAHIA MOBI CHUIKYBaHHS, CTalOTh BCE OUIBII MOMYISIPHUM METOAOM B3a€MOJIIT MiX
JOIaTKOM Ta KOPUCTyBayeM Ta (OPMYIOTh Iy Traay3b, II0 CTPIMKO PO3BHBAETHCH,
MOPOKYIOYM HOBI MIAXOAM JO CTBOPEHHS NpOrpaM Ta BHMAaraioud HOBUX QJTOPUTMIB
00poOkH BXinHOI iH(opMarIii.

II. AHAJI3 OCTAHHIX JOCIIKEHD I ITYBIIKALLII

JlocaikeHHs: 00poOKHM MPUPOAHBOI MOBH MPOTATOM JIEKIIBKOX POKIB CKOHIIEHTPOBaHI
HE TUIBKM HABKOJIO TEpEKIany, KU TPaJULifHO € OCHOBHOIO C(eporo 00YMCITIOBAIBHOI
ninreictuky [1-2], ane i 0OpoOKHM AT MAIIMHHOTO «PO3YMiHHS» MOBHU [3], BIIOKpEMIICHHS
3MICTOBUX KOHCTPYKIIiH, pO3Mi3HaBaHHS HaMipiB, KOHTEKCTIB Ta IiJTEKCTIB y PO3MOBHIH 1
mUChMOBiIM MOBi [4]. Benuka KinbKiCTh poOIT 3 OOYMCIIOBAIBHOI JIIHTBICTHKK Ta Natural
Language Processing (NLP) y camoMy IIMpOKOMY CEHCI JaHMX TEPMIiHIB IPHCBAYCHA
PO3yMiHHIO He(pOpMalli3oBaHOT <« KHBOD» MOBH, a TaKOX TMOOyAyBaHHIO [iaJloriB 3
ypaxyBaHHSIM KOHTEKCTIB Ta MONepeaHboro qocBiay. LIIupoki ormsau mo/Io 0ro BUCBITIIOE
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Association for Computational Linguistics y NpUCBIYEHUX IIMM TeMaM IOPIYHUX
KOH(EpEeHIIsX, y AKUX BHUKJIAJCHI OCHOBHI JOCATHEHHS caMe y «po3yMiHHI» MoBH [3, 5]. B
oCTaHHI poku HaOyBalOTh BCE OLIBINOI MOMYJISPHOCTI 4aT-00TH Ta iHIII MOBHI iHTepdeicH.
BoHu [103BOJSIIOTH Y SKOCTI MeliymMa BHUKOPHCTOBYBaTW pI3HOMaHITHI CEpeOBHUINA
CMUJIKYBaHHS, TIOYMHAIOYH 3 COLIAJbHUX MEPEXK Ta MECEHKEPiB, Ta 3aKIHUYIOUH OKPEMHMHU
yataMl y MOOUIBHMX JOAaTKax Ta Ha caiTaXx. MoBHI iHTepdeiicu TakoX MNOTpedyroTh
CHCTEMAaTUYHOTO BHBYCHHS, OKPECJCHHS THUIOBHUX IMpoOJieM Ta IUISAXIB YIOCKOHAJCHHS
JOCBIly CIUIKYBaHHS KOPUCTyBaya 13 MOBHOIO MOJEJUIIO, SIK JIONMOBHEHOIO IITYYHUM
IHTEJIEKTOM YH POOOTOI0 3 BEIMKOI MOBHOK MOJEIUIIO, TaK 1 Ti€l0, M0 € OJUHOYHOIO 1
mpairoe 0e3MocepeIHbO y CEPeOBHILI T0aTKy, ab0 Ha Horo okpemomy cepsepi [6,7]. Lle
OHHUM BEJTUKUM MUTAHHAM € T€, YA MOXYTh CUCTEMH IITYYHOTO IHTEJIEKTY Ta BEJIMKI MOBHI
monemi, Hanmpukiana, ChatGPT abo Bard, crati equHuM pilieHHSM MUTaHb B3a€MOIi uepe3
OPUPOAHIA Jianor 1 3poOMTH JIOKaNbHI CHCTEMH HEaKTyaJbHUMH, a pO3pOoOKy Ta
BIOCKOHAJICHHS MiAXOAIB 0€3 BUKOPUCTAHHS MAIIMHHOTO HABUAHHS, IITYYHOTO 1HTENEKTYy Ta
iH. mapaumu. Crarts [8], npucBsdeHa il npobieMi, HE Aa€ OJHO3HAYHOI BiAMOBiAlI HA 1€
NUTAHHA, ajJ€ CTAaBUTh OKpeME MUTAHHS OLIJIBHOCTI BHUKOPHCTAHHS KOXXHOTO 3aco0y Y
KOHKPETHOMY TI0JTi 3a71ad.

III. METOIM

3aBaaHHg MAIIMHHOTO PO3YMIHHS IPUPOAHOT MOBU MOJIATAE Y BU3HAYECHH] aHAJII30BaHO1
iH(popMaIlii 3aKkIaJeHOI CMHCIOBOTO HaBaHTaeHHS. [licas Toro, SK MallWHI BAANOCS
«3pO3YMITH» CEHC MPOAHAII30BaHUX JAHUX, BOHA 3aITyCKa€e MPOLEC TeHEPYBAaHHS y 30BHIIIHE
cepeloBUILE BIAMOBIAHOT iHPOpMAILTii, TPEACTaBICHOI Y TEKCTOBIH UM akyCTHUHIH (opmi.

OCHOBHOIO CKJIQJHICTIO CTBOPEHHS [iaJloroBOro iHTepdeiicy € HeoaHO3HauHe
TPaKTyBaHHA TNPUPOTHOI MOBU. € BenuKa PI3HUIS MDK TEPEKIagoM 1 «PO3yMIHHSIM)
OKpeMHX CJiB 1 CkiIajaHHi (pa3su y 3aKkiHYeHUH 3MICTOBHUH Bupa3. be3 KoHTEKCTy Ta
MOBHOI[IHHOTO CEMaHTHYHOTO, JICKCHYHOTO Ta CHUHTAaKCHYHOTO PO300py HAaBiTh MPaBHIBHO
NEepeKyIaieHi CJI0Ba HE YTBOPIOIOTH IOBHOIIHHY 3MICTOBY KOHCTPYKLIIO 1 3pO3yMITH iX
HEMOXKITHBO.

Buxonsun 3 momiOHMX CKJIQIHOINIB, BUEHI IMOCTIMHO pO3pOOIISAIOTH Oe3iiu pi3HUX
METONIB 1 TEXHOJOTiH, IO J03BOJISIOTH KOMITIOTEPY «3pPO3YMITH» CEHC KOXKHOI (pasu
HaiftouyHime. Y miAXoAi, 0 HAaWOUIBII TOMYNAPHWNA Y JaHUA MOMEHT, NpH 00pooOIi
iHpopMalii, MpencTaBlIeHOi MPUPOAHOI MOBOIO, JaHI HMPOXOIATh uepe3 NeKUIbKa CTaaii
aHam3zy:

—nepBUHHA 00poOKa — MOAAHHS BXITHUX JaHUX y (popMi, MpUAATHINA I MAITUHHOTO
00poOIIeHHS;

—MopGoJIOTIUHUI aHai3 — MOALT aHATi30BaHO MOBH Ha a03aly, peYeHHs Ta CJIOBa;

—CUHTAKCUYHUHN aHAJI3 peYeHb Ta MOBHUX KOHCTPYKIIIH;

—CEMaHTUYHUI aHaJIi3 KOKHOTO CJIOBA Ta IX CYMICHOTO BUKOPUCTAHHS;

—aHaJli3 JTUCKYpPCY — aHali3 KOHTEKCTY MOTOYHOTO MAiajiory, MOMEpeAHiX AiajioriB Ta
ceciif;

—IparMaTHYHUM aHali3 — aHaji3 Jid, peakiiii, mepeTBOpPeHb, AKi MOBUHHA BUKOHATH
porpama BUXOJSIUHU 3 TIPOAHaTI30BaHUX 3aITUTIB.

Jliis mepBUHHOT OOPOOKM Ta OCHOBHHUX €TarliB JIIHIBICTUYHOTO aHaJi3y iCHYIOTh 100pe
¢dopmanizoBaHi Ta ONpabOBaHI METOJM, CTBOpEHI Oi0JIOTEKM Ml aHaji3y TeKCTiB,
NEPENuCoOK, MPUPOJHBOI MOBH Yy aymio ¢opmari Ta iH. AJje NparMaTUYHUA aHawi3
3aJMIIAETbCA Ceporo, e MIBHIKI 3MIHM BHMAaraioTh dYac BiJ 4Yacy MEpeOCMHCICHHS
ICHYIOUMX KJIACHYHHUX MiAXOAiB. Y IIbOMY BUIAJKy NMparMaTUYHUN aHaji3 MOXKHA PO3ALTUTH
Ha TaKi eTarmu:
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—BusBieHHs: Hamipis (Intent);

—Bu3HaueHHs [lapamerpis (Parameters);

—posmizHaBanHs CyTtHocteil (Entities);

—Binkputts Cecii (Session);

—popmysanns Konrekcry (Context);

—Bu3HaYuTH HeoOXiaHi [ii (Actions).

@DaKkTUYHO NEPBHUHHA 33/1a4a MOJISTAE Y BIIOKPEMIICHI TApaMEeTPiB Ta CyTHOCTEH, cepen
SKUX BUAUIAIOTECS HaMipu, sKI € MiIMHOXHUHOI CcyTHOCTe. Came y MpaBUIBHOMY
BU3HAYCHHI HaMIpiB TIONISATa€ pO3B’S3aHHS 3a]adi, SKa CTOITh TNepe]] MPOrpamor y
CIUJIKyBaHHI 3 KopucTyBaueM. Hamip € 0a30BHM KOHIIETITOM Yy JQHOMY CHOCO0I B3a€MOi.
[Topsix i3 HamipaMu BaXKJIMBO BU3HAYMTHU MApPaMETPHU 3aMUTy Ta CyTHOCTI, sIKi Oy/H 3rajgaHi y
3aluTi, Taki sIK mepcoHauii, reorpadiydi Ha3Bu a0o0 JOKaJIbHI TOMOHIMH, CITUCKH TEPMIHIB
npeametHoi obnacti Ta iH. [TapameTpamu B IbOMYy BHIIAAKY OyIyTh 4acoBi MeXi, JOAATKOBI
YMOBHM BUKOHAHHS 3aBJaHHA, a00 HamaHHs iH(opMmalii. [ToHsATTs cecii OaM3bKEe 10 MOHATTA
BeOcecii, 1€ KOHIIENT CEaHCy-pO3MOBH BiJ MOYATKy 10 BHUKOHAaHHS 3aBIaHHS, a00 IOKU
KOPHCTYBa4 HE IepepBe 10 po3MoBY. bkl ckinagnum € GopMyBaHHS KOHTEKCTY, TOMY IO
KOHTEKCTIB B KO)KHOMY Jiajio3i MOke OyTH JEKiJbKa, KOPHUCTyBa4 MOXE CTBOPIOBATH HOBI,
abo 3aKkpuBaTu cTapi BcepenuHI OAHIEI cecii, a TakoX JEKiIbKa PpI3HHUX Ceciii Moxe
00’eqHyBaTH OAMH KOHTEKCT. KoHTekcT me Halip mapamMeTpiB BIACTHBHM JaHId TeMi
PO3MOBH, sIKa JI03BOJISIE CTBOPUTH BHYTPILIHIM MPOCTiIp 3HaHb 1 HANOBHIOBATH MOTO
JeTansiMH, TakuMH sK napamerpu yacy (Komm?) ab6o wmicus ([e?). Kpim Toro, KOHTEKCT
JI03BOJISIE 3a1laM’ITOBYBAaTH TEMU PO3MOB 1 CTBOPIOE MPOCTIpP JAJIs1 YTOYHIOIOYMX 3alUTaHb 0e3
HEOOX1THOCTI MOBTOPIOBATH MUTAHHS Ta YMOBU KOXKEH pas3.

OCHOBHUM METOIOM JUIsl CTBOPEHHS JITOPUTMIB peajlizallii IparMaTuyHOro aHami3y y
pearlbHOMY KHTTI € po3poOKa MaTeMaTHUYHUX MOJIEIe Ha OCHOBI TEOPil MHOXHH Ta MPaBUII
Ha OCHOBI MareMaTH4HOi Ta (popManbHOI JOTIKH JUIs MPOIpPALIOBAHHSA YMOB 3ajadi, SIKY
CTaBUTh KOPHCTYBad y Jiasio3i.

IV. PE3VIIBTATU

Pesynbrarom poOOTH HajJ JaHUM MUTAHHSAM CTAJI0 CTBOPEHHS MAaTeMaTHYHOI MOAENI Ta
BIOCKOHAJICHHS MIJXOAY 0 BU3HAYEHHS MPABUJI Ta AITOPUTMY BUKOPUCTAHHS IIMX MPABUT Y
pealbHOMY MTPOrpaMHOMY 3a0€3MEeUYEHHI.

B ocHOBI Mozeni iHTeNEKTyaJbHOTO OOpOOHHMKA 3alMTIB Ha OCHOBI MapayeiabHOTOo
JITOPUTMY Ta MiJCUCTEMHU 0OpOOKH MPUPOIHOI MOBH JIKUTH (popMasbHa cHCTEMA BUIY:

MIP =< {I}{P}E LS UC AL R} >, (1

ne {I} — muoxuna Hamipie (Intent), {P} — muoxuHa mapamerpis (Parameters), {E} —
mHOoxkHHa cytHocTei (Entities), {S} — mHokuHa ceciii (Session); {C} — MHOXHHA KOHTEKCTY
(Context), {A} — muoxuna niii (Actions), {R} — Muokuna npasui (Rules).

MHOXHHA CYyTHOCTEH € MiIMHO)KMHOIO MHOKUHH MTapaMeTpiB:

{E} c {P}. 2)

TexcToBUIl 3amUT NPUPOTHOIO MOBOIO, TEPENAHUM KOPUCTyBaueM, MOXe OyTH
IIPEACTABICHUM CTABICHHAM:

T c {I} x {P}. 3)
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Jnst 30epexeHHsl MapaMeTpiB MK IOBIIOMJICHHSIMHU Ta 3B'SI3yBaHHS IOTOYHOTO
MOBIIOMJICHHS. 3 MHUHYJIUM BUKOPHCTOBYETHCS KOHTEKCT. KOHTEKCT I03BOJISIE CTBOPHUTHU
YMOBHHUI BIpTyaJbHUH TPOCTIp 3HAHb, Jid Ta MapaMmerpiB, MO0 CTald MOXIUBUMHU
YTOUHIOIOYI 3alTUTaHHs 200 KOPEeKLis Aiif, BUKOHAHUX MPOTPaMOI0 HEUiTKO:

C < {T} x {4} x {P}. )

[licna Toro, sk yci mapamerpu Oyau BH3HAueHi, Ta [if BHKOHAHA, KOHTEKCT
3aKpuBa€eThCS. KOpUCTyBau MOXKE 3MIHUTH KOHTEKCT Y Oylb-sikuii MOMEHT. Cecisi € PO3MOBOIO
BiJl IOYATKY /IO KIHIIS 1 BKIIFOYa€ 0€31i4 KOHTEKCTIB 1 BUKOHAHI IO HUX JIii:

Sc{chx{4}. (5)

Jii BUOMpalOThCS BUXOASYM 3 TpaBui. [IpaBuia € KIACHYHUMHU NPOAYKUIHHUMH
NpaBUJIaMH, SIKi J03BOJISIIOTH BCTAHOBIIOBATH BIJMOBITHOCTI MK HaMipaMH Ta CyTHOCTSIMH.
[IpaBuia 3amucyroThCS Y BUIIISI:

R < # >:1F"ycnosue"THEN"peweHue" (6)
J1J1s BCTaHOBJICHHS i1 BUKOPUCTOBYIOTHCS HACTYITHI TIPAaBHIIA!

Ry:IFCondition; = ;ANDCondition, = P,THENAction = Ay}
R;: IFCondition; = I;ANDCondition, = P;AND...Condition,, = P,THENAction = A;.
A e{A}L P e{P}A; € {A} (7)

3riiHO 3 1Li€I0 MAaTeMaTUYHOI0 MOJEIUTI0 MO)KHA CTBOPIOBATU JJOCUTH IIMPOKI HaOOpH
MIPaBHJI [Tl B3a€MOIii. A OCKUIBKY MHOXXHHU MapaMeTPiB € 3a37aeriib CHOPMOBAHUMH IS
cdepu, B AKIl moJArae 3a1ada, sKy 3aJa€ mporpami KOpUCTyBad, TO KUIBKICTh MpaBuil Oyne
koHeuHa. llell miaxix m03BONsE CTBOPUTH JOCHUTh THYYKHH iHTepdeiic, skuil micis
BU3HAUEHHs HaMIpiB, CYNMYTHIX J0 LIUX HaMipiB IapaMeTpiB Ta 3 ypaxyBaHHSIM KOHTEKCTY,
nig0depe 13 CHUCKY Take MPaBHJIO, SIKE JO03BOJUTHh BUKOHATH 3allUT KOPHCTYBada JIOCTATHBHO
YiTKO.

V. OBIOBOPEHHS

[ligxin, BuKiIageHW y pAaHid poOOTi, peayidye NparMaTHYHUA aHali3 3aluTiB
KOPUCTYBada, HE TIOKJIAJJAIOUMCh Ha BEJIMKI MOBHI MOJIEI, Kl JIIOTh JIEMIO0 B IHIIHNH crocib i
371aTHI ONpaIbOBYBATH 3HAYHO OUIBIIMKA 00’€M CyTHOCTEW, iX mMmapaMeTpiB 1 TOUHiIIe
pO3Mi3HaBaTH HaMmip, B OCHOBHOMY, 3a paxyHOK IIOCTIHHOTO BJOCKOHAJEHHS. Aje
BUKOPHCTAHHS MOBHUX Mojeneld mnorpeOye MNOCTIHHMX 3amuTIB y XMapHi cepBicH, SKi
HA/Ial0Th TMOCIYTH JIOCTYIy A0 Mojesed Ta ix 0a3 3HaHb. B pamkax uyar-00Ty, a 0COOIMBO
MOOLUTFHOTO JOJATKY, II€ HE 3aBKIU MOXIIUBO, OUTBII TOTO HE 3aBKIU pallioHANbHO. J{s
HEBEJIMKUX THUIOBUX 3a/ad paLIIOHaJILHO BmmyKyBaTH OamaHc MK OaXaHHSIM 3p061/1T1/1
J0/1aTOK MAaKCHMAJIbHO THYYKHM 1 HAJJIMIIKOBICTIO METOIB BEJIMKUX MOBHUX Mojeneil i
IITyYHOTO 1HTEJEKTY.

V1. TIEPCIEKTUBHU MOJAJIBIINX JOCIKEHD

3riJHO 3 JaHOI0 MOJIEIUTIO IUIAHYETHCS PO3POOUTH KIIIEHT-CEPBEPHHN JONATOK, SIKHIA
JO3BOJIUTH 3BEPTATHUCh O HHOTO 13 KITHKOX KaHANB B3a€MOJii, TAKUX SK MECEHIKEpPH,
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Hanpuknan, Telegram, Viber, a Takox yepe3 BeOiHTepdeiic, moOynoBaHNN Ha aCHHXPOHHIN
TEXHOJIOT1l, 110 J/J03BOJMUTH IMITyBaTu CHUIKyBaHHA. KpiM TOro, BIOCKOHAJIEHHS YMOB,
CTBOpEHHS 1 30epiraHHs KOHTEKCTIB Ta O3HAYEHHS CYTHOCTEH Ta MapaMeTpiB, a TaKOX
CTBOPEHHS IMPaBWJI, BIAKPUBAE IIMPOKE IMOJIE IS PO3BUTKY MiAXOMY 1 JaHOT MareMaTU4YHOl
MOAEI.

VII. BUCHOBKU

[IpoananizoBaHO CHUCTEMM MAIIMHHOTO HAaBYaHHSA, IUTYYHOTO IHTENEKTY Ta BEJIUKUX
MOBHHUX Mojeneil. BusBieHo, 1o akTyaabHUMHU 3aJIMIIAI0THCS MiAXOAN 0 pO3Mi3HABaHHA Ta
«PO3YMIHHS» MPUPOIHHOI MOBU KOPHCTYBaya, sIKi He 0a3yIOThCsl HA TEXHOJOTISX MAITMHHOTO
HaBYaHHS.

Busnaueno, mo miaxia, 3aCHOBAHHH Ha BIOMOBIOAX, SKI HAZAIOTHCS 34 JTOIOMOIOIO
3a3[aNeriib MPOMUCAHUX YMOBHHMX KOHCTPYKLINA Ta MpaBWJI, BUMAarae IUOWHHOTO aHaJi3y
MIPUPOAHBOTO TEKCTY, TOMY IIO BiH € HedopmanizoBaHuM. B Takux iHTepdeiicax HeoOXiTHO
BiJJOKPEMIIIOBATH CYTHOCTI 1 HaMipi.

3anponoHoBaHO 0O0pPOOKY MPUPOAHBOI MOBH y iHTep¢eiicax CHiJIKyBaHHS KOpUCTyBaya
13 CUCTEMOIO Yepe3 NMPUPOHIN Aiajor MPOBOAUTHECS Y JNEKUIbKA eTaliB: IepBUHHA 00poOKa
TEKCTY — BUOKPEMJICHHS JIEKCHYHUX KOHCTPYKIIN, (iIbTpyBaHHS CTOI-CIIiB, CHHTAKCHYHHIH
aHaJli3 TEKCTy — po30ip peueHb Ha CKJIAZOBI, CEMAaHTUYHMN aHali3 — crnpoda po3mi3HaTH
CEHCH BHUKOPHUCTAHHS CIIB Ta KOHCTPYKLIH, BHUPIIIUTH HEOAHO3HAYHOCTI Y 3MICTOBHX
KOHCTPYKI[ISIX, NMparMaTU4HUN aHalli3 — BU3HAYCHHA HaMIpiB KOPUCTyBada Ta HapaMeTpiB
3ajadi, Kl BiH 3aJa€ CHCTE€Mi, a TaKOXX CTBOPEHHS Ta 30€peKEeHHS KOHTEKCTY HAaBKOJIO
MOTOYHOTO 1 MOMEPEHIX JTOCBIIB CIIJIKYBaHHS.

BusiBieHo, 1o mparMaTUYHUR aHANi3 € HAWBAXKIMBINIOW CKIAJ0BOI  CEpel
DIMOMHHOTO aHalizy TeKCTy. BiH Takok Hajae Hafmupmie moje i PO3BUTKY Ta
BJIOCKOHAJICHHS PO3ITi3HABAaHHS 3MICTY TEKCTY Ta MOKPAIEHHS J11aJJOTOBUX SKOCTEH CHCTEMH.
Crhin TakoX NPUOUIMTH yBary NHTaHHSAM MION0 €(EeKTUBHOTO aHalidy, 30epiraHHs Ta
BUKOPHCTAHHS KOHTEKCTIB Y IPOIIeCi IHTepakLii Mk KOPHCTYyBa4eM Ta CUCTEMOIO.

Po3pobneno mMaTemMaTHyHy MOJENb IHTENEKTyaJIbHOTO OOpOOHMKA 3alUTIB Ha OCHOBI
napajeabHOro aJIrOpuTMy Ta MiJCHCTEMHU IMPHPOAHOI MOBHOI 00poOKu. Monenb BKIIOYae
MHOKHHU: HaMipiB, TapaMeTpiB, CyTHOCTEH, ceciil; KOHTEKCTiB, Aiii, mpaBwi. BuzHaueHo
KOXXKHY 3 MHOXKMH. PO3IIIsiHyTO pUHIMIH (PYyHKITIOHYBaHHS aJTOPUTMIB.
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Abstract—Voltage level translation in digital circuits is essential, but power consumption remains a
major concern. This article introduces a novel approach using the GAted LEakage TransistOR
(GALEOR) mechanism to reduce static power dissipation in voltage translators. The GALEOR
technique achieves approximately 25% and 18% reductions in leakage power for reference and
memory systems, with some added overhead. When integrated into the proposed architecture, this
technique results in a remarkable 40% reduction in circuit power consumption compared to high-
speed voltage level shifters. The experiments employ a low supply voltage of 0.6V, a high supply
voltage of 1V, and an input frequency of 1IMHz. The Cadence backend tool is used for circuit design.
This research offers a practical solution to the power dissipation challenge in VLSI technology,
improving power efficiency in voltage level shifting.

Keywords— Voltage Level Shifter, Digital Circuits, Power Consumption, GALEOR, Leakage Power,
VLSI, Low Supply Voltage, High Supply Voltage, Cadence, Power Efficiency.

I. INTRODUCTION

A shifter circuit, as the name suggests, is a fundamental component of digital electronics that
performs the crucial function of changing data from one voltage level to another. This is essential
when different parts of a digital system operate at distinct voltage levels, and data must be
seamlessly transferred between them. On the other hand, a voltage shifter is specifically designed to
alter the voltage levels themselves, making it a key element in adapting voltage to various
requirements within a circuit [1]. These circuits rely on a source voltage that can fluctuate between
different operational states. This variability is common in digital systems due to changes in loads,
power-saving modes, or other operational conditions. The ability to accommodate such variations is
a crucial aspect of their design and function. The output of these circuits is then processed by a
selection circuit, which is responsible for collecting the signal of interest and controlling the
switching of the latch stage. The latch stage is an important component that helps in the
stabilization of data and ensures that it is correctly sampled and stored for further processing.

One of the key challenges in digital circuit design is power consumption. High power usage not
only impacts the operational cost but can also lead to heat generation and affect the reliability of the
components. Hence, a significant focus in digital circuit design is to reduce both short-term power
consumption and dynamic power consumption. However, it's important to note that when you
reduce power supply levels, the time it takes for signals to propagate through the circuit increases.
In practical terms, this means that as you reduce the power supply, the margin for reliable signal
processing becomes narrower. To address these challenges, engineers have introduced dual supply
architecture in some digital circuits. This architecture involves distributing the power supply in a
way that allocates a minimal voltage to less critical paths within the circuit, while ensuring a stable
and sufficient power supply to the blocks where it's needed the most. This optimized distribution of
power allows the circuit to function efficiently while still meeting its performance requirements. By
making use of techniques like level shifters, which are essential for adapting voltages between
different sections of the circuit, it is possible to optimize power consumption [2].
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II. LOWPOWER VOLTAGE LEVEL SHIFTERS

Low power voltage level shifters are essential components in integrated circuits, facilitating
communication between different voltage domains while minimizing energy consumption. They
play a crucial role in enabling efficient and reliable data transfer within modern electronic systems.

1. Low Power and High Performance Voltage Level Translator

Short circuit and dynamic power consumption have been effectively mitigated through the
reduction of power supply levels. Simultaneously, meticulous control of voltage margin in the
analog circuit optimizes the sensitivity-to-noise ratio. The utilization of dual supply voltages, VppL
for noncritical routes in digital circuits and Vppy for high-speed blocks, facilitates diverse device
conduction speeds transitioning from low to high logic levels. To ensure optimal performance, it is
imperative to strategically place low-power consumption level shifters [3] that minimize
propagation delay and silicon area utilization. This architectural approach, when implemented in
low-power supply blocks, not only conserves high power but also significantly minimizes the
voltage shift required from Vppy to the source transistor threshold voltage.

Fig.1. Voltage Level Shifter Schematic with High Speed and Power Efficiency

Considering the schematic of the high-speed voltage level translator which is shown in figure 1, it is
imperative that the NM2 transistor be connected to the node linked with the output. The current
through NM1, denoted as IP1, and the current passing through MN2, termed as IP2, might
experience a reduction during specific instances. To address this intricate issue, a novel solution has
been proposed. This involves switching the input signal from a low to a high value, activating NM 1
while deactivating NM4. Consequently, current flows through transistors NM4, NM1, and PM1
when the output transition time mirrors that of previous outputs. This behavior can be attributed to
the comparatively lower overdrive voltage of transistor NM3 in contrast to PM3. Notably, the
current [IP1 demonstrates a reflective effect on transistor PM2, causing NM3 to lower its gate
voltage. Consequently, a continuous flow of current through the transistors NM4, NM1, and PM1 is
averted.
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2. Auxiliary Circuit-Based High-Speed Voltage Level Shifter

An auxiliary circuit[4] has been integrated into the high-speed voltage level shifter to mitigate
previous limitations and lower power consumption. This circuit transitions the input signal from a
logic high to low state, resulting in an output not directly comparable to the source signal. In this
configuration, PM6, NM6, and NM7 are active, while NM5 remains in a cut-off state. The
schematic in figure 2 illustrates the auxiliary circuit-based shifter. Its output waveform indicates
that a logic high source signal leads to a minimized voltage and an elevated Quiescent Current(QC).

This high-speed voltage shifter, with its auxiliary circuit, offers reduced power consumption and
signal delay.

|

_'l

&, W I,

Fig.2. Auxiliary Circuit-Based High-Speed Voltage Level Shifter

In the context of the simple voltage level shifter, it is noteworthy that the addition of MN2 and
MP4 transistors facilitates the downward pull of the output node. Consequently, the drain-source
voltage of transistor MP2 is correspondingly reduced. This supplemental circuit implementation
resulted in a power consumption of 180 nanowatts and an associated delay of 2.4 nanoseconds.

III. METHODOLOGY

In the initial stages of transistor operation, the sub-threshold current in the logical '0' state is
notably low, influenced by the transistor's physical dimensions. In technology with a 0.2V threshold
voltage, leakage current can account for over 50% of total power consumption due to the minimal
threshold voltage in high-density systems. Modern device and processor manufacturing prioritize
high-density designs with reduced dimensions and efficient power supply management through
scaling and sub-threshold voltage utilization. A recent technique, called GALEOR, minimizes static
power by inserting extra transistors between PMOS and NMOS components in the basic circuit
which is shown in figure 3. This design simplifies control logic and reduces spatial requirements,
enhancing circuit performance and reducing voltage fluctuations. The circuit operates in the sub-
threshold region, converting low input voltage to high output voltage using the GALEOR circuit. In
this design, two high threshold voltage (Vr) gated leakage transistors, NMOS and PMOS, are
strategically positioned between the midpoint of the pull-up and pull-down transistors.
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Fig.3. Low Power GALEOR Technique Voltage Level Shifter

This work presents a gate display design that operates bidirectionally, transitioning between
low and high states, with a focus on subthreshold voltage and leakage current characteristics. The
design, created using Cadence Virtuoso, maintains operational similarity to previous circuits.
Notably, during transitions where the input voltage (IN) goes from high to low and INB from low to
high, the GALEOR circuit effectively balances power consumption, resulting in reduced overall
power consumption.

IV. RESULTS

In figure 4, observe that the output voltage closely follows the phase of the input voltage,
indicating a synchronized relationship between the two signals. Notably, the output voltage is not
only synchronized but also exhibits higher amplitude than the input voltage, signifying an
amplification effect within the system.

Fig.4. Output waveforms of GALEOR Low Power Voltage Level Shifter

Furthermore, the QC level is closely linked to the amplitude of the output voltage. As the output
voltage varies, the QC level adjusts proportionally. However, what's intriguing is that these two
signals display an opposing phase relationship. This means that when one signal is at its peak, the
other is at its trough, and vice versa. This phase opposition is a significant feature of the system's
behavior, with potential implications for its operational characteristics and applications. Proposed
circuit have minimized power and maximized delay as shown in figure 5.
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Fig. 5. Delay and Power Measurement.
V. DISCUSSION

The proposed method results were meticulously evaluated and compared with the outputs
generated by previous techniques. Through this comparative analysis, a comprehensive
understanding of the effectiveness and potential advantages of the new approach was attained. This
process not only provided a clear indication of the progress made by the proposed method but also
enabled the identification of any notable disparities, thereby offering valuable insights for further
refinement and enhancement of the methodology. The table compares the areas of two different
efficient level shifter circuits in 180nm and 45nm technologies. The first circuit is a "low power
voltage level shifter using GALEOR" and the second circuit is a "high speed and power efficient
voltage level shifter circuit."

Table I. Comparison of areas of efficient level shifter with proposed technique in 180nm and
45nm technologies

Circuit 180nm(sq.um) | 45nm(sq.um)
High speed and power efficient voltage level shifter circuit 120.6 3.09
Low power voltage level shifter using GALEOR 130.2 3.27

The table I shows that the high speed and power efficient voltage level shifter circuit has a
smaller area than the low power voltage level shifter using GALEOR in both 180nm and 45nm
technologies. Specifically, the high speed and power efficient voltage level shifter circuit has an
area of 120.6 square micrometers in 180nm technology and an area of 3.09 square micrometers in
45nm technology, while the low power voltage level shifter using GALEOR has an area of 130.2
square micrometers in 180nm technology and an area of 3.27 square micrometers in 45nm
technology.

Table II. Comparison of delay and power values of all efficient voltage level shifters

Circuit Delay Power
Voltage level shifter with high speed and low power consumption 254ns 586nW
Voltage level shifter with auxiliary circuit, fast and energy efficient. | 2.45ns 180nW

Table II shows a comparison of the delay and power values of all efficient voltage level shifters.
The voltage level shifter with high speed and low power consumption has a delay of 254 ns and a
power consumption of 586 nW. The voltage level shifter with auxiliary circuit, fast and energy
efficient, has a delay of 2.45 ns and a power consumption of 180 nW. The table shows that the
voltage level shifter with auxiliary circuit, fast and energy efficient, is the fastest and most energy-
efficient voltage level shifter of the group. It is more than 100 times faster and more than 3 times
more energy-efficient than the voltage level shifter with high speed and low power consumption.
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TABLE III. Comparison of areas of efficient level shifter with proposed technique (180nm&45nm)

Circuit Power (nW) Delay (ns) Transistor count
vddh 04 | 06|08 |1.0] 04 [0.6| 0.8 |1.0 (number)
High speed
voltage level shifter 582 | 586 | 588 |691| 313 |254| 252 |251 10
Efficient voltage level shifter with
auxiliary circuit 154 | 180 | 205 (332 2.45 (2.45| 2.45 |2.45 16
Low power voltage level shifter using
GALEOR 71 | 109 | 161 |235| 1.8 |1.8] 1.8 | 1.8 18

The table shows that there is a trade-off between speed and power consumption for voltage level
shifters. When choosing a voltage level shifter, it is important to consider the specific requirements
of the application. If speed is the most important factor, then the voltage level shifter with auxiliary
circuit, fast and energy efficient, is the best choice. If power consumption is the most important
factor, then the voltage level shifter with high speed and low power consumption is a better choice.
Table IIT shows the comparison of areas of efficient level shifters with proposed techniques in
180nm and 45nm technologies.

VI. FUTURE RESEARCH

Future research opportunities for GALEOR encompass several promising directions. Firstly, there
is a need for continued optimization to enhance its efficiency and accuracy. Comparative studies
with alternative techniques could provide valuable insights into its strengths and weaknesses.
Additionally, investigating GALEOR's adaptability and effectiveness in diverse real-world
scenarios, such as healthcare, finance, and natural language processing, presents a compelling
avenue for future exploration. Moreover, the development of interpretability and explain ability
mechanisms for GALEOR could make it more accessible and trustworthy for practical applications.
Lastly, research on the scalability of GALEOR to handle larger and more complex datasets is a
critical area to ensure its viability in the era of big data

VII. CONCLUSION

In conclusion, the implementation of a level shifter using the GALEOR technique has proven
to be a power-efficient solution. This approach capitalizes on the stack effect between the pull-up
and pull-down transistors, effectively maximizing the resistance of the leakage path and thereby
optimizing power consumption. Furthermore, it exhibits minimal delay when compared to
alternative circuit designs. The outcome of this implementation is a remarkable power consumption
of 109.1nW and a low delay of 1.8ns, all within a compact area of 130.2 sq.um. These results
underscore the effectiveness of the GALEOR technique in achieving a balance between power
efficiency and performance, making it a promising choice for integrated circuit applications..
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Abstract — The article is devoted to the analysis of comparison of the architecture of two convolutional
neural networks, namely YOLOvV5 and YOLOVS. It was found that they do not make a very big
difference in the quality of clarity of the models. However, it was found that the sizes of both models
have a significant difference. To process the video stream, the YOLOVS8 convolutional neural network
was chosen. The article also provides an analysis of publications on the study of convolutional neural
networks.

Keywords— detecting objects, convolutional neural networks, training models, YOLOv5 and YOLOVS.
I. INTRODUCTION

The task of detecting objects in the modern world is very relevant and therefore very well
developed. There are many different approaches and ways to accomplish this task, from writing
your own model to using existing models. An important task is to recognize violations of individual
labor protection rules at work. In this case, it is necessary to identify the objects of personal
protection of the employee at the enterprise.

The obligatory care of the enterprise includes the creation of a comfortable and safe work
place, providing individual protection to your employees. Increasing the rules of safety will reduce
injury-prone situations in the workplace and improve the qualifications of workers. Approaches to
object detection also differ. It is important to choose the most effective method to solve the
problem.

Il. RELATED WORK

The main method for solving the problem of identifying objects is usually to use neural
networks. In article [1], the author decided to train models for identifying personal protective
equipment using the YOLO v5x and YOLO v5s models. The key feature is that he used a dataset
with high-quality images, which increased the quality of the model. The model comparison result
shows that YOLO v5x has the best MAP (86.55%) and YOLO v5s has high speed (52 FPS) on
GPU.

The study [2] provides a brief overview of the You Only Look Once (YOLO) algorithm and its
subsequent extended versions. The results show differences and similarities between versions of
YOLO, as well as between YOLO and convolutional neural networks (CNNs). The main idea is
that improvement of the YOLO algorithm is still ongoing. The paper discusses methods for target
recognition and feature selection.

The paper [3] presents real-time license plate detection for a helmetless motorcyclist using
YOLO. A centroid tracking method with a horizontal reference line was used to eliminate false
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positives generated by a helmeted motorcyclist as he leaves the video frames. The overall license
plate detection rate was 98.52%.

The work [4] provides an analysis of automatic recognition of license plates in real time. In the
technology under consideration, the recognition accuracy completely depends on the efficiency of
the localization stage. Vehicle detection was performed before license plate localization to eliminate
false positives generated by signs as they resemble license plates. The neural network achieved an
overall average accuracy of 98.6% with a training loss of 0.0231 for vehicle and license plate.

The work [5] discusses the use of an advanced convolutional network for real-time sonar-based
detection of a desired underwater target. YOLOVS5 is introduced as a core CNN network due to its
power, lightweight and high speed. Due to the turbidity and low light of the underwater
environment, some refinement mechanisms are added, and the structure of YOLOV5 is optimized to
improve the sonar image detector performance with 1-3% mAP increment, which can reach 80.2%
at an average speed of 0.025s (40 FPS) in built-in device.

The study [6] examines the challenge of identifying personal protective equipment such as face
masks, which is an effective measure to combat COVID-19. For recognition purposes, the authors
proposed YOLOvV5-M, a modified version of YOLOv5, for real-time detection of personal
protective equipment such as face masks. YOLOV5-M outperformed four other existing state-of-
the-art object detectors: Faster-RCNN, single object detectors, YOLOv3 and YOLOVS5 in terms of
training speed and model performance.

The work [7] authors propose a method for identifying small UAVs in complex airspace
backgrounds and changing lighting conditions. This paper proposes a tiny UAV detection method
based on the optimized YOLOvV8. The study shows that compared to the baseline model, the
developed method improves the performance by 11.9%, 15.2% and 9% in terms of P (Precision), R
(Recall) and mAP (Mean Average Precision), respectively. At the same time, the number of
parameters and the size of the model are reduced by 59.9% and 57.9%, respectively.

The objective of the study is to identify the optimal architecture of the neural network, which
will identify violations of labor protection rules, namely the incorrect use of personal protective
equipment at the enterprise. Since the key is the use of video cameras and analysis of the video
stream in real time, it was decided to use YOLO models. Because they are capable of processing
more than 60 frames per second.

I1l. METHODOLOGY

Analysis of the literature showed that the main models for comparison can be YOLOvV5 and
YOLOVS, since they are free and popular and can be trained well on out-of-the-box data. And
although YOLOVS is positioned as newer and more modern compared to YOLOV5, both versions
are actively developing.

Both selected versions of YOLO are interesting, but to solve the problem, namely identifying
violations of labor protection by enterprise employees, you need to choose one of the YOLO
versions. To do this, you need to compare the work on a test dataset, namely a dataset that includes
designated images with two classes: people with and without helmets. The labellmg program was
used to label the data. After preparing the data for training the yolov5 and yolov8 models, you need
to prepare the training environment. The Google Colab environment was used for training. This
environment provides power for performing operations related to training models and working with
artificial intelligence in general.
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The YOLO architecture has become popular due to the fact that the trained model weighs less
and the accuracy of class determination is higher. YOLO combines multiple processes into one,
using a single neural network to perform both classification and bounding box prediction for
detected objects. Therefore, YOLO is more optimized for fast detection and can run much faster.
This is achieved by repurposing traditional image classifiers for use in the regression task of
identifying object bounding boxes. The neural network provides an object class and a bounding box
for the provided object.

The result of YOLO is some vector of values containing information about the class, including:
the probability that the object is in the bounding box; x value for bounding box center; y value for
bounding box center; bounding box height; bounding box width; class name.

At the first stage, the algorithm divides the image into cells of size SxS. Each cell can contain
several different objects for recognition. This way you can get a large number of bounding boxes
for a single image. Each cell is faced with the task of predicting the number of bounding boxes. The
cell also determines the probability of finding an object in its area; if there is no object in the cell,
the probability of finding the object is lower.

The grid cell has one more task, it must perform class probability prediction. In the sense that
the cell assumes only the possibility of finding an object, and not that it contains some kind of
object. In order to validate model training, there are different metrics. Yolo uses a metric called
loU. loU (Intersection over Union) - is a metric that makes it possible to evaluate the correctness of
an object's entry into the bounding box. The loU value itself can range from 0 to 1. If the value is
greater than 0.5, it is considered that the detection is correct.

IV. RESULTS

The main goal of the experiment is to select the optimal training settings for the convolutional
neural network model and compare the architectures with each other. To train the convolutional
neural network model, we used a dataset containing 9 different classes: people with helmets on their
heads; people without helmets on their heads; people who smoke; people with dielectric gloves on
their hands; human hands; ordinary clothes; work clothes; Work shoes; regular shoes.

For each class, from 300 to 500 pictures were marked. The artificial intelligence service Google
Colab was used for training. The architecture of the convolutional neural network yolovs and
yolov8 is taken as a basis.

The training assessment was based on such metrics as the average accuracy of object
identification, the number of epochs, and training time. The mMAP@50 metric (the mean average
precision with loU threshold of 0.5) calculates the average accuracy of object detection in the range
from 0 to 1. The number of epochs started from 10 and changed in steps of 10 to 200 epochs. Model
training time indicates how much time was spent training the model. The results of training models
with different numbers of epochs and amounts of time are shown in Figure 1.

Based on the data obtained, we can conclude that the optimal number of epochs when training a
model for yolov5 is 80, and for yolov8 is 60 epochs. Because for this number of epochs the model
reaches mAP=0.702, and the training time is about 4 hours. Increasing the number of epochs only
increases the training time of the model, but does not significantly increase its accuracy.

To measure the quality of models on the Internet, 10 videos were selected that contained one of
the classes that was used to train the models - cigarettes. Each video was run through the models
and the percentage of the appearance of a cigarette (Ap) in the frame and the detection of a cigarette
by the model was calculated. Table 1 results.
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Figure 1 — The results of training models with different parameters

Table 1. Test results

Video number | Video quality, pixels | YOLOV5, Ap% | YOLOVS8, Ap%
1 720 81 90
2 360 67 66
3 720 91 96
4 720 90 92
5 720 93 95
6 480 71 78
7 360 68 67
8 480 72 72
9 720 85 88

10 720 90 94

Based on the obtained data, it can be concluded that the quality of the models in terms of
detecting objects in the video stream is approximately the same, but the difference is that the sizes
of the original models are different. The analysis of the obtained results shows that it will be
optimal to use a neural network version of yolo 8 in the software being developed, if the capabilities
of the equipment on which the software will be run are weak.

V. DISCUSSION

The YOLOV8 neural network model is the best choice in terms of accuracy and speed, which is
confirmed by experiment. Additionally, YOLOvV8 goes from 0 to 1 quickly and is highly tuning,
allowing hyperparameters to be tuned to further optimize its performance.

Also, the results of the experiment demonstrate that the size of the model and the training time
of the model are important indicators, this is due to the fact that in the future the model will be used
at state enterprises where there may be a shortage of capacity, so YOLOvVS8 also proved to be the
optimal model for the given practical task.

V1. FUTURE RESEARCH

In the future, it is planned to develop software that will include a trained neural network
YOLOVS to identify violations of labor protection rules at the enterprise. In addition, it is planned to
adjust the model more thoroughly and prepare data for training more thoroughly. Since the accuracy
of detecting violations depends on the quality of the data.

VIl. CONCLUSION

As part of this work, an analysis of the comparison of the architecture of two convolutional
neural networks, namely YOLOv5 and YOLOVS, was carried out. Thanks to the analysis of these
2023 2nd International Conference on Innovative Solutions in Software Engineering
Ivano-Frankivsk, Ukraine, November 29-30, 2023

97



models, it was established that they do not have a very large difference in the quality of the
definition of the models, but it was possible to establish that the sizes of both models have a
significant difference. This fact may affect the performance of the software using the trained model.
Since the trained model can be used in software that will process video streams at different
enterprises and inform the system about the violations that have occurred, the difference is
significant. Therefore, the YOLOV8 convolutional neural network was chosen for more accurate
object detection.
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Abstract— In this research paper, we investigate the efficacy of advanced NLP techniques, such as
Long Short-Term Memory (LSTM) networks, Named Entity Recognition (NER), and Conditional
Random Fields (CRF), for analyzing and interpreting high school students' feedback. Our focus is to
refine educational strategies and classroom interaction by employing these cutting-edge methods.

Keywords—Natural Language Processing, Sentiment Analysis, Software Tools.
I. INTRODUCTION

Sentiment analysis in education is emerging as a pivotal tool in understanding and improving
the learning environment. By harnessing the power of Natural Language Processing (NLP),
educators can gain nuanced insights into students' emotional responses to teaching methods, course
content, and overall classroom dynamics. This research explores the potential of sentiment analysis
to interpret high school students' feedback, offering a data-driven approach to tailor educational
strategies for enhanced student engagement and academic success.

Il. RELATED WORK

Traditional methods of capturing student feedback have been reliant on manual reviews and
observational techniques (Richardson, 2005). Recent studies have begun exploring the use of NLP
in educational settings (Shaik, 2022). Our work builds upon these foundations, particularly focusing
on the application of LSTM, NER, and CRF techniques in sentiment analysis (Gandhi, 2020).

I1l. METHODOLOGY

The research adopts a mixed-methods design to explore the application of Natural Language
Processing (NLP) in high school educational settings, specifically assessing its impact on teacher
instruction and student engagement.

Data were systematically collected from three distinct streams: student feedback forms,
transcripts of chat communications during class discussions, and 'point of view' submissions within
the LMS. Feedback forms and chat transcripts provided a wealth of data for sentiment analysis,
capturing spontaneous student reactions and engagement levels. The 'point of view' forms, designed
to prompt reflective and thoughtful responses, allowed for deeper insight into the students’
perceptions of the teaching process.The dataset comprised 200 student feedback forms, 180 chat
transcripts, and 500 ‘point of view’ reactions, providing a diverse range of linguistic expressions.

Quantitative data from student feedback forms and chat transcripts were analyzed using NLP
techniques to categorize sentiments into positive, negative, and neutral classifications. The LMS
‘point of view' forms were qualitatively evaluated, with the textual data being coded for recurring
themes related to the effectiveness and reception of NLP-supported teaching methods. Cross-
analysis was conducted to triangulate findings from the quantitative sentiment analysis with the
qualitative themes, providing a multifaceted understanding of the NLP's impact.

For extracting specific information from chat transcripts or feedback forms, like names, places,
or subjects being discussed, Named Entity Recognition (NER) technique using CRF (Conditional
Random Fields) algorithm was used to label patterns of words in a sentence that are significant. The
next step should be training the Long Short-Term Memory (LSTM) model (a type of Recurrent
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Neural Network, - RNN) on a labeled dataset of student feedback to classify the sentiment as
positive, negative, or neutral effectively. The LSTM model used featured three layers with 128
nodes each, and the preprocessing involved tokenization and normalization of the text. Post-
processing included categorizing sentiments into positive, negative, and neutral. Time complexity
was evaluated, noting that the model processed each entry in approximately 0.5 seconds.

To validate the sentiment analysis, a subset of data from both student feedback forms and chat
transcripts was independently assessed by a secondary researcher to determine inter-rater reliability.

Ethical guidelines were strictly adhered to, with all student data anonymized to protect privacy.
Participants were informed of the study's scope and provided consent for their data to be used for
research purposes, in compliance with institutional and educational standards for ethical research.

IV. RESULTS

The development and further deployment of the EduMood Tracker application within the
classroom setting allowed for real-time sentiment analysis of student feedback and classroom chat
discussions. The EduMood Tracker demonstrated an accuracy of 85%, with a precision of 80%,
recall of 78%, and an Fl-score of 79%. These results indicate a high correlation between the
application's sentiment analysis and the students' engagement levels, providing educators with
actionable insights to tailor their teaching methods for improved learning outcomes.

V. DiscussioN

Our research recognizes limitations in the scope of data collected, which may not capture the
full spectrum of student and teacher experiences with NLP tools. Our analysis reveals the potential
of using advanced NLP techniques in educational settings. While the results are promising, the
scope of data and potential biases in self-reporting highlight the need for a broader application to
fully understand the impact of these tools in diverse educational environments.

VI. FUTURE RESEARCH

Future research will focus on enhancing the EduMood Tracker's algorithmic sophistication to
distinguish between complex emotional states and to integrate predictive analytics for proactively
shaping educational strategies.

VIl. CONCLUSION

The use of the EduMood Tracker for sentiment analysis in high school classrooms offers a
valuable tool for teachers to understand and improve the educational experience based on student
feedback.
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OOepTaIbHUN KPUIITOAHAI3 ACIKUX (PYHKITIN

yckiagaeHHss ARX-kpunrocucreM
Cepriit Sxoies, [lennc Kobernpb

Kageopa mamemamuunux memoois saxucmy inghopmayii
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Kwuis, Ykpaina

AHoTanis—Y nxaniii po6oTi po3riAaalTHCS NMEePeTBOPEHHA, AKI € aHAJOraMH MHOKEHHS HA MaJi
KOHCTAHTH, ajle BUKOPHCTOBYIOTh TiJIbKM omepauii joriku. Taki nmepeTBopeHHsI € MepcneKTHBHUMH
AJis no0ynoBU WBUAKKUX Ta HagiHuX ARX-kpunrtocucrem. /L1 ycix nepeTBopeHb, siki po3riisiiainch,
3HAli/IeHo YHCceJbHi 3HAYeHHS MapaMeTPiB CTiiiKOCTi 10 00epTaIbHOT0 KPUNTOAHAI3Y.

Knrouoei cnosa—ARX-kpunmocucmemu, Byneei ghyynkuii, Obepmanvruii Kpunmoanais.
I. Bcryn

ARX-kpunrocucremMu OynyrOTbCS Ha OCHOBI BHKIIIOYHO IMPOCTHX ONEpalliif, JOCTYHHX Ha
PiBHI IHCTPYKIi OOYUCITIOBAIBHHUX TPOIECOPIB: MOIYIBLHOTO JIOJAAaBaHHS, MOOITOBOTO J0JaBaHHS,
UUKIIYHUX 3CYBIB Ta, y pO3MUPEHOMY po3yMiHHI, iHmmx omepamiii noriku (TA, ABO,
HEIUKIIYHUX 3CYBIB TOmI0). Uepes mpocTy peamizaiilo Ta HAJIBHUCOKY MIBHUIKICTH POOOTH TaKi
KPHUIITOCHCTEMH CTald BaXKJIIMBOK YaCTHHOK TakK 3BaHOI «iIerkoi kpumrorpadii» (lightweight
cryptography) — HampsiMKy, TPUCBSYCHOMY PO3pOOLI HAMIMHUX AJITOPUTMIB Ui MAaJOPECYPCHHX
MPUCTPOIB Ta [HTEpHETY peueil.

Anrebpaiuna cTpykrypa ARX-cucreM nmpu3Bena 0 MOSBUA  CHENUQPIYHOTO  THITY
KPHUIITOAHAI3y, TaK 3BaHOro oOOepTadbHOro KpumnroaHamizy (rotational cryptanalysis), skwuit
JOCHIJKYE OCOOJIMBOCTI 3MIHM Tap TEKCTIiB, SKI BIAPI3HAIOTHCA NUKIIYHUM 3CYBOM, IIiJI 4ac
BUKOHaHHsI oOuuncienb. OOepTanpbHUN KpUNTOAHANI3 [103BOJIsiE OynyBaTH e(EKTHBHI aTaku Ha
ARX-cucreMu, TOMy 3aXHIIEHICTh BiJl HHOTO Hapasi € OJHI€I0 3 000B’I3KOBUX YMOB JJIsl HAIHHUX
KPUNTOCHCTEM JIAHOTO THITY.

VY naHiif poOGOTI PO3IIAAAIOTHCS HENIHINHI MEepEeTBOPEHHS CHEIialbHOIO THUIY, SIKI IMITYIOTh
OIepallil0 MHOXKEHHS Ha MajJy KOHCTAaHTy, ajleé 3 BUKOPUCTaHHAM CyTO omepariil joriku. Taxi
MIEPETBOPEHHSI MOKYTh BUKOPUCTOBYBATUCH IS MIABUIIEHHS MIBUAKOA1T ARX-kpunrocuctem npu
30epexeHHl piBHA CTIMKOCTi. s Takux MmepeTBOpeHb 3HAW/IEHO IMOBIPHOCTI MPOXOKEHHS Map
o0epTaHHs, 110 A03BOJUTH OL[IHIOBATH CTIMKICTh 10 00€pTaIbHOTO KPUIITOAHATIZY.

Il.  AHAJI3 OCTAHHIX JOCIKEHb I ITYBJIIKALA

Ob6epranbauii  kpunroaHaniz ARX-kpunrocucreM OyB 3alpONOHOBAaHUI Ta PO3BUHEHHM
J1. XoBparoBuueM Ta I. Hikoniuem y pobotax [1-3]. ¥V manux poboTax akleHT poOHMBCS, B HeEpILy
4yepry, Ha aHalli3 BJIACTMBOCTEW (YHKINT TOJaBaHHS 3a MOJYJIEM SIK OCHOBHOTO HEJIHIHHOTO
neperBopeHHss ARX-kpunrocuctem. Ha OCHOBI oJepkaHHX TEOPETHUYHHMX pe3yJabTaTiB Oyio
MIPOBEJICHO aHali3 CTIMKOCTI 6araTb0X KpUITOCUCTEM JaHOTO THUITY.

CyuacHi ARX-KpUNTOCHCTEMH MOXKYTh BUKOPHUCTOBYBAaTH OKpiM abo0 3aMicTh JOJaBaHHS 3a
MOJIyJIeM iHIII HemiHiiHI meperBopeHHs. Tak, po3poonuku mudpy NORX [4] 3anpomonyBamu
CreliajbHy OIepalliio, sKa anmpoKCHUMYeE IOJaBaHHA 3a MOJYJEM, OJHAK BHUKOPHUCTOBYE TLIbKH
oreparii JOTiKd, M0 JO3BOJHWJIO MiJBHIIMTH MIBHIKICTH poOOTH naHoro mmdpy; y poooTi [4]
JOCHIJUKEHO  CTIMKICTh ~ 3alpONOHOBAaHOI  ampOKCHMYIOUOi  omepamii 10  00epTaJbHOTO
KpurnToaHaizy. Y kpunrtocuctemi Shabal BUKOpHUCTOBYIOTBCS TaKi EPETBOPEHHS, IK MHOKSHHS Ha
MaJli KOHCTaHTHU 3 Ta 5; Taki MepeTBOPEHHS BUPAXKAIOTHCS Yepe3 MOIYJIbHE JI0JJaBaHHs Ta oneparii
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Joriku 1 30epiraloTb YacTUHY KpUOTOrpaiyHUX BJIACTUBOCTEH MOAYJIBHOTO JI0/IaBaHHS.
VY po6ori [5] T'. Ban AcCe HaBiB pe3y/bTaTH aHATI3y CTIMKOCTI TaKUX OMepalliii 10 00epTaIbHOrO
KPHUITOAHATI3Y.

VY naHiii poOOTI PO3MIIANAIOTLCSA IMEPETBOPEHHS, SKI MOJEIIOIOTH OIEpaIlil0 MHOXKEHHS Ha
KOHCTaHTy 3, ajie i3 BUKOPUCTAHHSAM TUIBKM omepauiid joriku. s Takux mepeTBopeHb Oyne
MIPOBEACHO aHaJIi3 CTIMKOCTI 10 00epTaIbHOTO KPUITOAHAIIZY.

I1l.  OCHOBHI PE3YJIbTATH

n o o
Hexait V, = {0, 1} . Koxen enmemenT x € V,, po3risimaeTbcs sk JBIMKOBUM BEKTOp Ta SIK

JBIMKOBUIA 3aIiC IEBHOTO HATYpaJIbHOTO 4yKcia 3 inTepBaiy Bix 0 go 2"-1:
— — n-1
X = (Xp_1,Xn_2, w0, X1,X0) =Xo+ X1 -2+ -+ x,_4-2"" "

Han nBifikoBUMH BEKTOpaMU pO3TIISIaloThes JorivHi (abo 6iToBi) omeparrii: moriune TA (&),
noriune ABO (V), crpinky Ilipca (1), mrpux leddepa (]), immrikarii (—,<), ukimoune ABO (D)
Ta eKBIBAJIEHTHICTH (~); s jtoriuHoro TA OyaeMo Tako BUKOPHCTOBYBATH CIIPOIIEHUI 3aIIKC XY
3amicTh Xx&y. 3amepedyeHHs OiTiB BekTopy X (iHBepcis) Mo3Ha4YaeThcs K X. YCi 1i omneparii
BUKOHYIOTBCSI OKPEMO HaJ] KOXXHHM OiToM aprymentiB. CuMBoiamu >>> Ta <<< I03HA4alOTbCs
IUKIIIYHI 3CYBU BEKTOPIB, > Ta <K — HEUUKIIIYHI 3CyBH BeKTOpiB. [y BekTopy x € V,, mo3Hauumo
HOro IUKJIIYHUEN 3CYB Ha T MO3UIii Ik x” = x <<< r. [lapy BektopiB (x,x") OyaeMo Ha3HBaTH
napoio obepmanusi.

OCHOBHUM TMapaMeTpoM, SKAH XapakTepusye CTilkicte BimoOpaxkenus f:V, =V, no
00epTaIbHOr0 KPUIITOAHAN3Y, € IMOBIPHICTh MPOXOXKEHHS Mapu o0epTaHHs yepes f:

rpf(r) = Pr{f(x") = (f) ).

PosrisHemo ¢yukmii Buay f(x) = x * (x < 1), me * mo3Havae aesKy OiHAPHY OIEpAIlito
noriku. Taki ¢pyHKii € aHanoraMu GyHKIIT MHOKXEHHS Ha Maly KOHCTaHTy 3:

3x=x+2x=x+ (x K1) (mod 2™);

ajie 3aMicTh BIJJHOCHO CKJIaJHOi omepaiii MOJIYJIbHOIrO J0/aBaHHS OyJIyTh BHUKOPUCTOBYBATHCH
OUIBII IPOCTI omeparii JOTiKH.

[Moznaunmo u = f(x"), v = (f(x))r; TOJI

i=0: Uy = X, x 0, Vo = Xp * Xp_q;
lsi<n-r: Up = Xpy1 * Xpgi—1, Vi = Xpi1 * Xpyio1;
i=n-—r: Up_yr = Xo * Xn_1, VUp—y = X * 0;
n—r<i<n: U = Xi—(n-r) * Xi—(n—r)-1, Vi = Xi—(n—r) * Xi—(n-r)—-1-

bauumo, 110 BEKTOPH U Ta ¥ MOXKYTh BiJIPI3HATUCEH JIUIIE B ABOX NMO3UIisX: i = 0Tai =n—r;
3B1JICH BUILJIMBAE, 1110

rpf(r) =Pry{u = v} =Pr{x, 0 = x, *xr_q, X0 *0 =x0*xp_1}.

I[lpu 2 <r <n-—2 HaBeAeHI pIBHOCTI He3alexHI, aie npu r=1 Ta r=n—1 BoHHU
BUKOPUCTOBYIOTH CIUIBbHI O1TH. BianosiaHo, Maemo:

rpf(l) = Pl‘x{xl * (0 = X1 *Xg, Xg* 0= Xg * xn_l},
rpf(n —1) =Pry{xp_ 1 *0 =21 ¥ x5, X0 * 0 =2¢* x4},
Tpf(T) = Prx{ Xy * 0 = x, * xr—l} : Prx{ Xo * 0= Xo * xn—l}
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mis 2 <r <n-—2. 3ayBaXuMO, M0 3 HABEICHUX BUPA3iB BUILIMBAE, IO 3HAYCHHS rpf (1) Ta
rpf (n — 1) nns 3aganoro kiaacy QYHKIIN 3aBKIM CIIBIANAIOTh, a Uit 2 < 7 < n — 2 clpaBeuinBa
piBricTs rp/ (r) = p?, ne p == Pr{x, * 0 = xy * x,,_1}. lle cnpomrye obumcienHs iMOBipHOCTEH
nap obepTaHHS.

Posristemo f(x) = x & (x «< 1). 3 HaBeIeHUX CITiBBiTHOIIEHH MAEMO:
rpf (1) = Pr{0 = xox;, 0 = xoX,_1}, p = Pr{0 = xox,_1}-

CkiagemMo TaOJULI0 ICTUHHOCTI:

Xo | X1 | Xp—1 | XoX1 | XoXp—1
0 0 0 0 0
0 0 1 0 0
0 1 0 0 0
0 1 1 0 0
1 0 0 0 0
1 0 1 0 1
1 1 0 1 0
1 1 1 1 1

. . f 5 3 .
3 tabaumii 6e3mocepenHiM obuncaeHHsM 3Haxoaumo 1rpl (1) = 3 P =7 3BUIKH OfIepiKyeMO
9
rpf (r) = p? =—mpu2<r<n-2.
AmHasnoriygo posrisgaeMo Uit moOymaoBd  BimoOpaxkens Buay f(x) = x* (x K 1) inmi

ormeparii JOriKA Ta 3HaXOAMMO 3HAUEHHS IMOBIPHOCTEH MPOXO/DKEHHs map obepraHHS. Yci
oJIeprKaHi pe3yabTaTH HaBeeHO y Tabmmii 1.

TABINIA 1. IMOBIpHOCTI TPOXOJKEHHS Map 0OEPTaHHS Yepe3 HENiHiIHI NePEeTBOPEHHS BHILY
f(x) = x * (x K 1) aust ycix MOKJIMBUX 3HAYCHD 3CYBY BEKTOPIB.

DynkLis rpf (D), rp/(n—-1) | rpf(r), 2<r<n-2
FOO) =x& (x < 1) . -
fx)=xv(x K1 % %
FOO) =xl(x«<1) - >
fo)=x](x <D ; T
FOO) =x - (x € 1) . >
FOO) =x & (x < 1) . =
fO) =x® (x < 1) : :
FOO) = x~ (x < 1) : :
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IV. OBrOBOPEHHS TA MEPCIEKTUBU ITOJAJIBIINX JOCJIJIKEHD

Hageneni y tabmuiti 1 pe3ynapTaTu MOKa3ylOTh, IO yCi MEPETBOPEHHS, SIKI PO3TISIAIOTHCS,
MOJKHA pO30MTH Ha JBa KJIacu: HemiHidHi (3 &,V, !, |, =, <) Ta miniitHi (3 @, ~), y BiANOBiIHOCTI 10
anreOpaiyHuX BJIIACTUBOCTEH BHKOPHCTAHOI orepaiii. IMOBIpHOCTI MPOXOKEHHS Mapu o0epTaHHS
Yyepe3 HeNiHIWHI MepeTBOpeHHs ckianaioTh He MeHme 0.5 1 He Oumpme 0.625; mikaBo, mo i
HalMEHIII, 1 HaWO1IBII 3HAYEHHS JOCITAI0ThHCS sl HAMMEHIIINX 3CYBiB y mapi o0epTaHHs (Ha OJIHY
MO3MIII0 JiBOPYY 4M mpaBopy4). i niHIHHUX NEpeTBOPEHb IMOBIPHICTH MPOXOKEHHS Mapu
obepranns 3agxau 0.25 mas Oyab-sSKuX 3HaYeHb 3CyBiB. OkpeMo Tpeba Bi3HAYHMTH, 10 3HAYCHHS
IMOBIpHOCTEW map oOepTaHHsS HE 3aJeKaTh BiJ JIOBXHHU BEKTOPIB, TOMY JlaHi pe3yJlbTaTh
HE0OMEeXEeHO MacIITa0yrOThCSI.

Y poboti [5] mokazaHo, 1m0 IMOBIPHOCTI NPOXO/KCHHS mHap oOepraHHs uepe3 (yHKIIi0
f(x) = 3x mod 2™ 3anexkarp Big n, ane MPAMYIOTh 10 3HadcHHs 1/3. BiamosimHo, HemiHiiHI
aHAJIOTH JaHOTO BiOOpakeHHS MAlOTh BUILY IMOBIPHICTh MPOXOJ/UKEHHS Map OOEpTaHHA, IO
MOJKHA PO3IIIAJATH SIK MIEBHY IUIATY 3a OLIBII MPOCTY Ta MBUAKO OOYMCIIOBaHY CTPYKTYpPY. B TO#
K€ Yac JIHIAHI TEepeTBOPEHHS MAalOTh HIKYY IMOBIPHICTH MPOXOJDKEHHS Map oOepTaHHs 1,
BIJIMOB1/THO, HAJAIOTh OLIBIIE CTIHKOCTI 10 00epTaIbHOTO KpunToaHaizy. OaHak Tpeba mam’siTaT,
IO JTiHIMHI NEePEeTBOPEHHs] HE HAJA0Th CTIHKOCTI 10 IHIIMX BH[IB KPHUITOAHAJI3y, TaKUX SK
mudepeHuianbHuil  Ta  JTiHiAHWE.  BignosimHo, mnpu  moOymoBi  ARX-kpunrocuctem 13
BUKOPHCTAaHHSAM aHAJIOTIB MHOXKEHHS Ha KOHCTaHTH OakaHO KOMOIHYBaTH HEJiHIMHI Ta JiHIHHI
orepariii, o0 JOCATTH MOTPIOHOTO PiBHA CTIHKOCTI 10 YCiX BH/IIB KPUIITOAHATI3Y.

Sk HanpsSMKH TONAJBIIAX JOCIIIPKCHb MOXKHA OKPECIUTH Y3araJIbHEHHS OJIepPiKaHUX
pe3yIbTaTiB HA IHIII BHIU MEPETBOPEHb, 30KpeMa, OUIBbII CKIAIHOI CTPYKTYpH, Ta OJCPIKAHHS
OLIHOK CTIHKOCTI 70 KOMOIHOBAaHMX METOJIB KpPUITOAHANI3Yy, TaKWX SAK JU(epeHIiaTbHO-
obOepTanbHUN KpUTITOAHATI3.

V. BUHCHOBKHU

VY naniil poOOTI pO3IJISHYTO MEPETBOPEHHS, K1 € aHaJOraMHU MHOXKEHHS Ha KOHCTaHTYy 3, aje
BUKOPHUCTOBYIOTh TUIBKHU omepauii Joriku. Taki nepeTBOpeHHs € NepCrneKTUBHUMU JIs OO0YI0BU
mBUAKUX Ta 3axunieHnx ARX-kpunrocucrem. s qaHux rnepeTBOopeHs Oyio 3HAWACHO 3HAUYCHHS
napameTpiB, SKi XapakTepU3yloTh CTIHKICTh 10 00epTanbHOro KpunroaHaiizy. IlokazaHo, mo aaHi
3HAYEHHS HE 3aJIeXKaTh Bl JIOBXKHHHU BEKTOPY 1 Ui HEJIHINHUX MEPETBOPEHbD, K1 PO3IIIAIAINC,
MOCTYMAOTHCS TPAJULIHOMY MHOXEHHIO Ha KOHCTAaHTYy 3, OJHaK JUIsl JIHIMHUX MEpeTBOPEHb €
kpammu. OpepikaHi pe3ysibTaTH J03BOJSATh MPOBOAWTH aHalli3 Ta OyayBaTh eQEeKTUBHI 3a
IIBUJIKOIIEIO 1 3aXUIIIEH] B1JT 00epTambHOro KpunroaHanizy ARX-kpuntocuctemu.

VI. Tloggku

ABtopu BrsguHi Makcumy Hepoxnito, 6akanaspy HH ®TI KIII im. Irops Cikopcekoro, 3a
JIOTIOMOTY Y MiATOTOBIII AaHOT AOMOBiAL 0 myOmiKarii.
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[Tligxoau 10 aBTEHTU(PIKOBAHOTO MU (PPYBaHHS
Harania [yp

Kageopa xomn tomepnoi inocenepii ma xibepoesnexu
eporcasnuu yHigepcumem « Kumomupcoka noaimextika»
XKurtomup, Ykpaina

AHoTaunis—Y po6oTi po3risHyTOo 0a30Bi KOHUeNnuii Ta NPUHUUIK, IO JEXKATbh B OCHOBI
aBTeHTH(iKoBaHOr0o mHppyBanHda. HaBeneHo mnpukaagym BiAOMHX AJTOPUTMIB, fIKi OAHOYACHO
3a0e3me4y0Th SIK KOH(pineHuiiiHicTh JaHUX, Tak i iX winticHicTb. IIpoananizoBaHo 0cHOBHI miaxoau 10
aBTeHTH(]IKOBAHOTO MM (PYBaHHS, OMUCAHO NepeBaru Ta HedoJdiku KokHoro miaxoay. IlpeacraBieno
NporpamMHy peaJiizamito aBreHTu(dikoBaHoro mudpysanns 3a aaropurmom AES-GCM.

Kniouoei cnosa—cumempuune wiugpysanns, asmenmugpixosane wugppysannsn, AEAD.
I. Bctyn

udpyBanHa Biairpae BaXXIMBY pojb Yy 3a0e3neueHHl KOHQIACHIIMHOCTI NaHUX, SIKI
nepesalThes uepe3 Mepexy IHrepHer abo 30epiraroThCsi B KOMITIOTEPHMX CHUCTEMax. 3a
JIOTIOMOTOI0  TIpaBWJI MWH(PY (JIropuTMy HH(PPYBaHHS) 1 CEKPETHOrO KIIIOYa, MOBITOMIICHHS
(BIIKpUTHI TEKCT) NEPETBOPIOIOTHCS Y 3alnpoBaHuil BUIsA (mudpoTekct). Xouya mudpyBaHHS
IIpU3HAYEHEe ISl TOro, 00 HeaBTOPU30BaHI OCOOM HE MOIVIM MPOYUTATH OTPUMaHI HUMHU JaHi, Yy
JESIKUX BUIAJKaX 3JIOBMUCHUK MOTEHLIHHO MOXXE 3MIHMTH 3alIM(poBaHUN TEKCT abo miapoOuTH
Horo Oe3 3HaHHS Kimoya. Jlo Toro », iHOJII OTpUMyBad HE MOXKE OyTH BIIEBHEHHUM, IIIO
MOBIIOMJICHHST OyJIO HajiclaHe came BIJNPaBHUKOM 1 He Oyno migpobiieHe abo 3MiHEHE MpH
nepenayi. BpaxoByroun 1i Henoniku, aBreHTHdikoBaHe mudpyBanHs (Authenticated Encryption,
AE) cTano mmpoko BUKOPUCTOBYBAaHUM METOJIOM, SKHH OHOYACHO 3abe3neuye KOH(pieHIIHHICTD
JaHUX, X LUTICHICTb T TAPAHTY€ aBTEHTUYHICTb.

Il.  AHAII3 OCTAHHIX JOCJIIIKEHD I ITYBJIIKALIIN

ABTeHTH(1KOBaHE MIU(PYBAHHS € aKTyaJbHOIO TEMOIO JOCIIKEHHS B Tajy3i Kpunrorpadii,
sKa BUBYA€ METOJM 3aXHCTy iH(opmalii Bii HECAHKLIOHOBAHOTO JOCTYIy, 3MiHH a00 MigpOOKH.
bararo HaykoBIIIB 3 pi3HUX KpaiH Ta opraHizaiiii MPUCBATUIN CBOi poOOTH po3poOlli, aHAII3Yy Ta
3aCTOCYBaHHIO aJITOPUTMIB aBTEHTH(iIKOBaHOTO MIM(PYBaHHS AJIs pi3HUX CHEHAPIiB 1 MoTpeo.

3HaYHMA BHECOK Y JOCTIIHPKCHHS OCHOBHMX KOHIIEMIIIA Ta aJrOPUTMIB aBTEHTHU(IKOBAHOTO
mmdpyBanus 3podum Taki BueHi sik J.Black [1], P.Rogaway [2], M.Bellare [3] Ta ixmmi. ABTop
crarti [2] 3ampormoHyBaB TepIN MPaKTHYHI CXeMH aBTEHTH(IKOBaHOro MMdpyBaHHS i3
NpUEIHAHUMHE JTaHUMHU. Y poboti [4] mnpencraBiaeHo 3aranbHy Kiacuikaiiro Ta OIS
aBTeHTH(iKOBaHOTO MMHU(pPYyBaHHSI, HOTO OCHOBHUX XapaKTEPHCTHK, MapaMeTpiB O€3MeKu Ta
(GyHKIIOHAIBHUX BIIACTUBOCTEH. Y cTaTTi [5] posrmsmaroTbess cTaHmaptHi anroputmu AE,
HEJOJIKU KIIACUYHUX Mojenel 6e3neku ams anroputMmiB AE Ta MoxInBI aTaku.

1. IMPUHIOUIIN ABTEHTU®IKOBAHOI'O ILIM®PYBAHHA

ABteHTH(}IKOBaHE MHU(PpPYyBaHHSI KOMOIHYeE SK MUGPYyBaHHS, TaK 1 aBTCHTHQIKAIIO B OJJHOMY
KpunrorpadiuHoMmy anroputmi. s mepeBipkH aBTEHTUYHOCTI JaHUX BHUKOPHUCTOBYETHCS KOJ
aBreHTH(]iKamii moBimomieHHs1 (Message Authentication Code, MAC), sikuii TakoX Ha3MBaIOTh
TeroMm aBreHTH(]iKarii. OOuucieHHs KOAIB ayTeHTH(iKaIil 3a3Bu4aii BiZOyBaeThCS 3a JOMOMOTOIO
kpuntorpadiunaux GyHkuid xeuryBanns, Hanpukiaax, HMAC (Hash-based Message Authentication
Code). MAC € yHiKanbHUM 3HauYeHHS (DIKCOBAHOTO pO3Mipy, sKe 3abe3rneuye MUTiCHICTh
MOB1OMJICHHSI, OCKIJIbKY OY/b-s1Ka 3MiHa TOB1IOMJICHHSI MPU3Be/E A0 iHIoro 3Hadenns MAC.
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Kon aBrenTHdiKarii 10o1a€ThCs 10 3aMU(POBAHOTO MOBIIOMIICHHS 1 CITY)KHTh JIJIsl TIEPEBIPKHU
HOro CrpaBXHOCTI Ta IUTICHOCTI MpH JemupyBaHHi. SIKIIO Kox aBTeHTH]IKAIil He CHiBMagae 3
OUYIKyBaHUM, II€ O3HA4a€, IO TOBIAOMJIEHHS OyJ0 3MiHEHO abo MiAPOOJIEHO, 1 TOMY BOHO
BIIXUWIAECTHCA.

Jlns npaBuiibHOI po6oTu AE Tako 4acTo BUKOPHCTOBYIOTh NONCE — YHIKAJIbHE 3HAUYEHHS, SIKE
3aCTOCOBYETHCSI OJMH Pa3 Ui KOXKHOTO MOBIIOMIICHHS. Nonce CIIy>KUTh JUIsl 3al00iraHHs aTakam
abo aHamizy, KOJM 3JIOBMHCHUK HaMaraeTbcsd BHMKOPHCTAaTH OJHE 1 Te X 3amupoBaHe
MOBIIOMJICHHST KiJIbKa pa3iB a00 TMOpIBHATH pi3HI 3amu@poBaHi MOBIIOMICHHS 3 OJHAKOBHM
KITHOYEM.

[Mpuknagamu AE anroputmis e€:

=  AES-GCM: cknanaetscst 3 6mokoBoro mmppy AES y pexumi miunnsauka (CTR, Counter
Mode) mnst mudpyBansas ta ¢yskiii xenryBanas GHASH (Galois Hash) mist oGuncieHns
tery aBreHTHdikamii. GCM € onHI€0 3 HAUNOMyNSPHINIMX CXEM aBTEHTH(IKOBAHOTO
mmdpyBanns, mo crannapruzoBaHa NIST 1 BukopuctoByerhesi B npotokonax TLS, IPSec,
SSH Tomo.

= AES-CCM: noennye 6110koBe mudpyBaHHS B PEKUMI JTUMIbHHUKA 3 aBTeHTH(iKaniio CBC-
MAC. AES-CCM uacTo BUKOPUCTOBY€EThCS It 6e31poToBUX Mepex 1 loT mpuctpois, ane €
MmeHI epextuBHuM 32 AES-GCM.

= ChaCha20-Poly1305: morokoBuii mudp ChaCha20 3 ¢ynkuiero Poly1305 mis obuucneHHs
MAC. ChaCha20 npu6nu3zHo BTpuul mBuamuid 3a AES Ha nmnatgopmax, siki HE MaroTh
amapaTHUX KpunTonpuckoproBauiB AES.

IV. PE3VIIBTATH

EdextuBHicTh aBTeHTH(IKOBAHOTO UG PYBaHHS 3aJI€KUTh BiJ IPaBUJILHOIO BUOOPY METOJIIB
Ta XHPOTO BUKOPHCTAHHS Ui 3aXUCTYy JIJaHUX B PI3HUX CHUTyalisiXx. ICHye KuibKka MiIXOJIiB 110
aBTEHTU(IKOBAHOTO MH(PyBaHHS 1 BUOIp KOHKPETHOTO BapiaHTa 3aJIeKHUTh Bl MOTped Oe3mexH,
MPOAYKTUBHOCTI Ta BUMOT J10 Tu1aTGopMu ab0 MPOTOKOIY, Y SIKOMY BiH Oyie BAKOPUCTOBYBATHUCH.

3awugppysanns, nomim obuucrennss MAC (Encrypt-then-MAC, EtM). Bigkpurtuii tekct
CroyaTKy MHUQPYEThCS 13 3aCTOCYBAHHSAM CEKPETHOrO KJlo4ya Ta alroputmy mmdpysBaHHs. Ha
OCHOBI OTpUMaHOro 3ammudpoBaHoro tekcry odouucmoerscst MAC (puc. 1). 3ayBakumo, mo s
mmbpyBanHs Ta xeuryBaHHs (o6unciernss MAC) BUKOPHCTOBYIOTBCS Pi3HI KITkOUi. 3amnppoBaHuii
TekcT Ta Horo MAC HaacunaroThess pazoMm. Lle MIMpOKO BUKOPUCTOBYBAHMH MiJXiN, SKHHA
3abe3medye YiTke po3MEeXyBaHHS MK ITpoliecamu mudpyBaHHs Ta aBTEHTU(IKAIIII.

BinkpuTHii TeKCT

v

Hlugpppysanns [« Kirou 1
7 Kirou 2
Xew-¢hynkyis 4—'
A 4 v

MudpporekcT MAC

Puc. 1. Cxema aBreHTH(]iKOBaHOTO MHM(PYBaHHS 3rinHO miaxony EtM
3awuppysanns ma obuucrenns MAC (Encrypt-and-MAC, E&M). MAC o0uncaroeTbess Ha
OCHOBI BIZIKPUTOTO TEKCTYy. Y CBOIO U€pry BIAKpUTHI TeKcT mmdpyerses okpemo 6e3 MAC. MAC
BIIKPUTOTO TEKCTy Ta 3amM(pOBaHM TEKCT HAIACWUIAIOThCA paszoMm. [l mmdpyBaHHS Ta
XCUIyBaHHS BUKOPHCTOBYEThCS OJWH 1 Toi camuii kiarou (puc. 2). Xoua med MOiAXix MeHII
MOIIMPEHUA dYepe3 TOTEHIIHY Bpas3lMBICTh, BIH MOXXe OyTH O€3MeYyHHUM, SKIIO HOro
3aCTOCOBYBATH 00EPEKHO.
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Binkpurtuii TekcT

A 4

v

HIugpysanns ¢ Kimrou P Xew-gyuxyis
|
v v
HIudpoTekcT MAC

Puc. 2. Cxema aBreHTH(]iIKOBaHOTO mH(pYBaHHS 3rinHO miaxony E&M
Obuyucnenna MAC, nomim 3awugpysanns (MAC-then-Encrypt, MtE). Ha ocHoBi Bigkputoro
TekcTty obuncioerbess MAC, micas voro Binkputuil TekcT 1 MAC 00’€qHYIOTHCS 1 BXKE pa3oM
mMQPPYIOTECS CUMETPHYHUM anroputMoM 1mudpysanus (puc. 3). Kimtou mmdpyBaHHS Moxke
30iratucst abo He 30iratucs 3 KIOYeM, 10 BUKOpUCTOBYeThes uist ctBopeHHs MAC. Llel minxin
BBAXKAE€THCSI MEHII OE3MEUHUM 1 HE PEKOMEHAYEThCS, OCKUJIBKM BiH MOXKE NMPHU3BECTH IO BUTOKY
iH(popMalii PO BIAKPUTHH TEKCT.

Kirou

BinkpuTHii TeKCT

¥

Xew-pynxyis

]
A 4

MAC

BinkpuTwHii TEKCT

v

Hlugppysanns

v
[Mudporexct

A

Puc. 3. Cxema aBreHTH(]iKOBaHOTO MUGPYBaHHS 3rigHO miaxoxy MIE
[lopiBHSHHS MiAXOJIB /10 aBTEHTH(IKOBAHOTO IMUGpPYBaHHS, X NepeBarn Ta HEIOJIKU

HaBeJIeHO y Tab. 1.

Ta0mums 1

ITepeBaru Ta HETOMIKM MiAXOAIB 10 aBTeHTH(IKOBAHOTO MU(PyBaHHS

Ha3zga migxomy

[TepeBaru

Henomixu

Encrypt-then-MAC

ABTeHTH(}I1KALlIS] BAKOHYETHCS Ha
OCHOBI IU(POTEKCTY, TOMY Oy/1b-
sIKa TTIOMIJIKA aBTeHTU(]IKaIii Moxke
OyTH BUsIBIICHA 710 PO3LIM(pyBaHHS
IOB1IOMJIEHHSI

Bumarae nBa xirodi (oguH s
mupyBaHHS, IHIIAN A5
aBTeHTH(iKaIii), 1110 MOXKE
MIPU3BECTH J10 3HIDKCHHS
MPOJIYKTUBHOCTI

Encrypt-and-MAC

[TapanenbHe BUKOHAHHS olepaiii
mHUQppyBaHHS Ta ayTeHTU(IKaLii

ABTteHTH (1Kl BAKOHYETHCS Ha
OCHOBI BIIKpUTOT'O TEKCTY, LII0 MOXKe
MIPU3BECTH JI0 aTAKM Ha IIUJTICHICTh

MAC-then-Encrypt

J103BoJIsIE 3aCTOCYBATH
ayTeHTU(IKAIIIIO 10 YiTKO
BU3HAYCHOT TOYKH JaHUX MEPe]]
mmdpyBaHHIM

Hecritikuii 1o 0arathbox artak,
30KpeMa JI0 aTaK O1YHUMHU KaHATaMH
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PosrimsiHeMo — HadmpocTimmi - BapiaHT  peamizamii - migxomy — Encrypt-then-MAC s
ONTUMAJILHOTO TO€AHAaHHS mudpyBanHs Ta oOuucaeHas MAC  (puc.4). Mu Oymemo
BUKOPHCTOBYBaTH MOBY mporpamyBanHs Phyton Ta 6ibmioreky pycryptodome, ska miarpumye
anroput™ aBTeHTU(ikoBaHOrOo mudpysanus AES-GCM. [lns BcTanoBieHHs 0i01i0TeKH TOTPiOHO
BIJIKPUTH KOMaHIHHU PSIOK Ta BBeCTH KomMaHy Pip install pycryptodome.

@yukuis encrypt AES_GCM(msg, secretKey) mmdppye MOBiIOMICHHS, BHKOPUCTOBYIOYH
KITI0Y I (pyBaHHs, Ta IOBEPTAE MUPPOTEKCT, YHIKATLHUI NONCE (BUKOPUCTOBYETHCS TIJIHKU OJHH
pa3 ans koHkpetHoro moBigomsieHHs) Ta MAC. B pexumi GCM ter aBrentudikarii (MAC)
OO0YHCITIOETHCS HA OCHOBI MIU(POTEKCTY.

Oyukmis  decrypt AES_GCM(encryptedMsg,  secretKey)  nemmudpye — mmdpoTekcr,
BUKOPUCTOBYIOUH KIFOY K pyBaHHs, nonce Ta MAC, Ta moBepTae BiKPUTHUI TEKCT.

rypto.Cipher img
t binascii, os

= Y e AES.MODE_GCM)
xt, authTag ipher rypt and digest (msg)
(ciphertext, aesCipher.no , authTaqg)

(encryptedMsg, secretKey):
(ciphertext, 0 authTag)
aesCip S. se tKey, AES.MODE GCM, nonce)
ypt and verify(ciphertext, authTag)

Puc. 4. ABrentudikoBane mudpysanns 3a anroputMmom AES-GCM
PesynbraTt poboTH anroputMmy aBreHTH(ikoBaHOTrO K pyBaHHs AES-GCM nHaBeneHo Huxue
(puc.5). Sk BumHO, mporpama reHepye 256-0iToBHH BHMIIAJAKOBHI KoY mudpyBaHHS 3a
noromororo ¢yHKIii os.urandom(32).

Kmou mudpyBaHHA: ) : 1c6aeb ) 55 1£59c2f4bbdb9

Puc. 5. Pe3ynbrat pobotu anropurmy aBreHTU(ikoBaHOoTrO mMppyBanus AES-GCM

V. OBIrOBOPEHHS

Haii6inpm Oe3nedyHuM MiAXoIoM 0 aBTeHTH(iIKOBaHOTO MIM(PYBaHHS BBakaeThcs ENcCrypt-
then-MAC. Bin rapantye 1imicHicTh mudpoTekcty, ockiibku MAC mepeBipseTbes Tepen
posmmdpyBanHsam. Lel miaxin 3abe3nedye KOH(IACHLIMHICTE BIAKPUTOTO TEKCTY, OCKUIBKH
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mmdpyBanus Bukonyetbes nepen MAC. Encrypt-then-MAC 1o3Bossie BUKOPHCTOBYBAaTH OYib-
KU alTOpUTM MUPpyBaHHA 1 Oyab-akuid anroput™M MAC, ToMy 110 BOHHU MPALIOIOTH HE3aJIEKHO
OJIMH Bia ogHOTO. Lle 3a0e3neuye rHydKICTh 1 CyMICHICTh PI3HUX aJTOPUTMIB.

Takox, Ha CBOTOJHINIHIA JeHb BCE OUIBIIOI TOMYJNSIPHOCTI HaOyBae asmenmugikosane
wugpysanns 3 npueonanumu oanumu (Authenticated Encryption with Associated Data, AEAD),
SIKE JI03BOJIsI€ aBTCHTU(IKYBATH HE JIMIIEC caMe TMOBIAOMJICHHS, ajie ¥ JOAATKOBI JaHi, SKI HE
miaararTh mudpysanHio. Lle kKopucHO B 0aratboX KOHTEKCTaX, HAPUKIIA, Y pa3i BAKOPHCTAHHS
AEAD nns 3aXucTy MEpeKeBOro makera. SIKIIO JaHi MaKeTyIOTbCS Ta HAJCHIIAIOTHCS dYepe3
MEpEeXy, MaKeT 4acTO MICTHUTh 3aroJiOBOK i3 METaJaHMMH, TAKUMHU SK aJPECH BiANpaBHHKA Ta
onepkyBada. Ili maHi He MOXyTh OyTH 3amUPOBaHI i1 Yac HAJICHIAHHS, OCKUTLKH 1HII BY3JIM Ha
MapIpyTi MOBHHHI MaTh MOXIMBICTH MPOYHMTATH L0 1HGOpMalilo, 100 makeT MokHa Oyio
HAJICJIaTH NMPaBUIBHOMY IYHKTY NMPU3HAYCHHS. TaKM YHHOM IPHUETHAH] JaHI BHKOPUCTOBYIOTHCS
U1 3aXUCTy iH(popmartlii, sika moTpedye aBTeHTH]IKAL, ane He Mae OyTH KOH(1ICHIIIHHOIO.

VI. TIEPCHEKTHUBU MOJAJIBIINX JOCHIKEHD

ABTeHTH(1KOBaHE MU(PYBaHHS 3aIHMILAETHCS KIIOUOBUM KOMIIOHEHTOM Ui 3a0e3MeyYeHHs
KOH(]iIeHIIHHOCTI Ta wigicHOCTI iH(popMalii B cydacHOMY LH(POBOMY CBiTi, BHMarar4u
IIOCTIHHOI'O BMBUYEHHSI, BJOCKOHAJEHHS Ta MPUCTOCYBaHHS /10 HOBMX BUKIIMKIB T4 MOKIMBOCTEH.
[TepcnieKTUBY MOJANIBIIMX JOCTIKEHb MOJISATaTUMYTh y OIVIAI 3aCTOCYBaHb aBTEHTH()IKOBAHOT'O
mupyBaHHS y HOBHX 00JIaCTAX, 30KpeMa TaKHMX sK JISTKOBaroBa Kpumnrorpadisi.

VIlI. BHUCHOBKU

Bubip minxomy o aBTeHTH(IKOBAHOTO MH(PPYBaHHS 3aJEKHUTh BiJi KOHKPETHHX BHUMOT
nmporpamu, 0a3oBHX KpunTorpadiyHUX MPHUMITHBIB 1 MOJEN 3arpo3u. BakiauBo AOTpUMyBaTHCS
BCTAaHOBJICHUX KpUNTOrpaiyHUX CTaHAApPTIB 1 HAWKpamMX NpaKTUK IIiJ] Yac BIPOBAKEHHS
aBTeHTH(iKOBaHOTO MU PYBaHHSA, 100 320€3MeUnTH Horo Oe3neKy Ta MPOTyKTUBHICTb.
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Abstract— With the development of advanced telecommunications, the widespread availability of high-speed
networks, smartphones, and smart devices, the term "Internet of Things" (1oT) has emerged along with the
importance of data generated by it. This importance has increased significantly with the notable increase in the
guantity of data, now commonly referred to as "big data’. Various studies have emerged that seek to utilize 10T
data to drive development in various fields, thus necessitating frameworks that combine big data technologies
and loT services. One of the challenges of dealing with 10T data is its fast flow and the need to collect and process
itin real-time. Suitable big data frameworks have been studied to address this challenge. This research compared
the Hadoop and Spark systems to select the most appropriate framework for loT data that meets the
requirements for fast flow and analysis, as well as ease of use. The results showed that Spark outperforms
Hadoop, particularly in its ability to enable real-time data analysis, speed of processing, and efficient memory

usage.

Keywords— 10T (Internet of Things)-Big Data - Hadoop — Spark.

l. INTRODUCTION

Big Data (the new oil)" is one of the most common terms nowadays [1], as it sheds light on the importance
of data in a world where digital information is present and ingrained in all aspects of our lives and society. It
appears that the growth in information production cannot be stopped, as companies continue to gather data
such as sales data, operational data, financial data, human resource data, consumer data, and more, with the
aim of analyzing it, gaining specific insights, and using it to make decisions. Social media platforms are one
of the main sources of data. Every day, 500 million new tweets, 294 billion emails, 4 million gigabytes of
Facebook data, 65 billion WhatsApp messages, and 720,000 hours of new content are added to YouTube [2].
All of this is without mentioning the spread of 10T devices that has led to an explosion of digital data that was
previously not available. The quantity of data that is generated, collected, duplicated, and utilized worldwide
is expanding at a rapid pace [3]. By the year 2020, the size of data had reached 64.2 zettabytes, marking a
new threshold. This growth surpassed previous projections, primarily due to the COVID-19 pandemic, which
caused a surge in demand as more individuals began working and learning from home, as well as increasing
their use of home entertainment services.

It is expected that the growth and volume of this data will continue to increase, reaching over 180
zettabytes over the next four years until 2025 (see Figure 1).
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Figure 1. Data production from 2010 to 2025 in zettabytes [23].

Since data is information in a raw form, it was necessary to use scientific methods, processing techniques,
algorithms, and systems to extract the knowledge and ideas necessary for development in all fields. This was
previously done using traditional storage and display methods that are no longer suitable due to the enormous
increase in the amount of data produced and its diverse sources, which has led to the term "Big Data".
Specialized platforms are now required to deal with this data (storage, analysis, and representation) in order
to obtain useful results. In recent years, the 10T has exploded, contributing to the massive increase in the
quantity and diversity of data. Any physical object can be easily transformed into a part of the 1oT by
connecting it to a sensor device [2].

It is expected that the amount of data generated by IoT devices will reach 79.4 zettabytes of data by the
year 2025 [4]. Additionally, the number of I0T devices worldwide is also expected to nearly triple from 8.74
billion in 2020 to over 25.4 billion devices by the year 2030 (see Figure 2). Not only 10T networks will be in
the future, but 5G and 6G networks will generate hybrid data and needs what is called network slicing concept
[3]. By 2025, 30% of all data will be real-time data, with 10T representing nearly 95% of it, and 20% of all
data will be critical, with 10% being highly important [4].

50

25.44

Cornected devices in b llions
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Figure 2 . number of connected 10T devices from 2019 to 2030 [23].
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The data generated by 10T devices is considered more diverse and voluminous compared to other types
of data, as it can be connected to any physical device. Therefore, 10T data is diverse, precise, and flows
rapidly, resulting in a vast amount of data that requires analysis. 10T devices are used in various industry
sectors and consumer markets, such as major industries like electricity, gas, steam, air conditioning, water
supply, waste management, as well as in retail, wholesale, transportation, storage, and government. For
example, smart buildings can collect data related to environmental conditions, such as air quality, pollution
levels, temperature, humidity, and brightness, to determine what needs to be changed for human safety and
comfort. They can also monitor energy usage patterns to determine when and how a building uses energy and
take steps to improve energy efficiency. Additionally, they can monitor water usage and use information for
predictive maintenance of building equipment. The collection and analysis of I0T data is facilitated by many
loT platforms, which use machine learning to analyze the data. For instance, sensor data that measures
equipment vibrations and other factors can help detect anomalies and predict issues before serious problems
arise. The ability to use all of this data results in more actionable insights and a greater return on investment.
I0T devices, especially 10T sensors that capture valuable data, generate high-speed massive data streams that
require processing and analysis in real-time. This involves monitoring values and detecting anomalies, and
using them for mathematical and aggregation operations, among other use cases that help gain insights and
understand reality faster. Since the value of 10T in smart environments comes from the knowledge derived
from analyzing the data it provides, we need to analyze this data efficiently to support real-time processing
operations, achieve maximum benefits, and obtain the best results quickly. This has led to an urgent need for
frameworks that combine big data technologies and 10T services.

A Research problem

As the number of loT devices, including sensors and others, increases in smart environments, the amount
of data flowing also increases, with different types that cannot be dealt with using traditional methods. The
main challenge of 10T data is its real-time nature, requiring processing and analysis in real-time. Companies
must perform real-time analytics to benefit from these types of data. There is a need for new techniques to
process this data and to present the results more efficiently. Hence, this study raises the following question:
What is the effectiveness of current data analysis frameworks in analyzing massive 10T data in real-time?

B. research goals

The purpose of this research is to investigate data analysis systems and evaluate their ability and efficiency
in analyzing large amounts of real-time data generated by the 10T, which is constantly increasing with the
growing number of network-connected devices, as well as to improve the monitoring of results and extracting
information from loT. This is accomplished by researching current data analysis systems, evaluating their
efficiency in analyzing large amounts of 10T data, and determining their ability and suitability to analyses
real-time loT data.

Il. USED RESEARCH PRINCIPLES

A. loT and Smart Environment

The 10T is a system of computing devices, mechanical and digital machines, objects, animals, or people
that are interconnected and have the ability to transfer data over a network without the need for human
interaction. It provides unique identifiers (IP) to connect devices to the internet and interact with the external
environment[5]. The thing can be a person with a heart monitor sensor or a car with an integrated pressure
sensor to alert the driver to low tire pressure. Therefore, the thing is any device, terminal, or similar that can
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be defined on the internet through an IP address and helps interact with the external environment. The concept
of a smart environment is based on the initial idea of computing everywhere, promoting the idea of a world
filled with sensors and devices connected to each other and integrated into our daily lives through a permanent
and continuous network." The definition of a smart environment is also characterized as a small world where
different types of smart devices work together to make human life more comfortable[6]. Figure 3 depicts
some of the applications of smart environments that have spread widely due to their advanced features, such
as remote-control devices for communication, interconnecting devices using middleware, gathering
information through sensors, and transmitting it, and predictive capabilities and the ability to make
decisions|[7].

loT-based
Smart
Environments

Sma

Smart Industry

Smart Home

Smart Grid

Figure 3.Smart environment applications [24].

B. Big Data

Big data refers to a large set of data that is difficult to store on a single device due to its size or complexity.
It requires a cluster of devices (called clusters) and is challenging to process and quickly access using
conventional tools or applications for data management[8]. Data flows at a high rate (meaning the rate at
which it is generated and changed), and it must be processed with minimal response time. Big data requires
special and advanced technologies and new forms of processing to analyze it and extract results. Its
importance lies in the added value of understanding it, as it enhances the decision-making process and deepens
understanding in various fields.
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I1l. FRAMEWORK FOR BIG DATA PROCESSING SPARK AND HADOOP

Today, there are many frameworks for processing big data such as Apache Hadoop, Apache Cassandra,
Apache Hive, Apache Spark, and others. The most common and widely used ones are Apache Spark and
Apache Hadoop frameworks. Both are used in various studies that deal with processing big data in general
and big data resulting from the 10T in particular. As they are our primary frameworks, we always question
which framework to use. Therefore, we will define each framework and its components and make a
comparison to determine which framework, Spark or Hadoop, is more suitable for processing data resulting
from the 10T [9][10].

1. Hadoop

Apache Hadoop is a powerful framework that facilitates the distributed processing of large datasets across
a cluster of machines, utilizing the MapReduce algorithm. This method separates the data into blocks and
distributes them to various nodes within the cluster. This facilitates the processing of data in parallel on each
node, which ultimately leads to distinct outputs from the algorithm. Hadoop stores data on every machine in
the cluster and manages the files through the Hadoop Distributed File System (HDFS), which provides a
scalable series of devices that can start with a single machine and expand to thousands, including any type of
device produced by different companies. To ensure fault tolerance, Hadoop is equipped with a system that
handles application-layer failure cases by copying data across the cluster when a device fails. This mechanism
enables the framework to rebuild the missing component from another location, thereby preventing data loss.

The Apache Hadoop project consists of four primary units, each designed to fulfill a unique purpose. One
of these units, HDFS, is responsible for managing the storage of large data sets across the cluster. HDFS is
capable of handling both structured and unstructured data, as well as various storage devices, ranging from
individual hard drives to enterprise-level drives. Hadoop's MapReduce component divides data chunks across
the cluster, allowing for parallel processing by the nodes in the cluster, which then combine the results to
produce the desired output. Yet Another Resource Negotiator, or YARN for short, is another component that
oversees resource management, computation, and the scheduling of jobs. In conclusion, the Hadoop Common
library provides a collection of tools and libraries that are designed for public use in order to support all of
the Hadoop components. One of these fundamental components is the Hadoop core, which is also provided
by the Hadoop common library.

2. Spark

Apache Spark is an open-source tool for processing data that can be utilized in a standalone mode or on
cloud infrastructure. It is specifically designed for high-performance computing, utilizing in-memory random
access storage to efficiently store and process large data sets. Spark supports various types of big data
workloads, such as batch processing similar to MapReduce, real-time stream processing, machine learning,
graph processing, and interactive queries. Spark offers easy-to-use and high-level APIs, which enable
seamless integration with various libraries, including PyTorch and TensorFlow. The MapReduce algorithm
provided the inspiration for the Spark engine, which was designed to increase the algorithm's effectiveness
while preserving its advantages. Spark is able to access data that is stored on many storage systems despite
the fact that it does not have its own file system. Spark'’s fundamental data structure is referred to as Resilient
Distributed Datasets (RDDs for short) (RDD). The following are the five primary parts that make up Apache
Spark:

Apache Spark is a distributed computing framework consisting of various components. The Spark Core is
the foundation of the project, providing essential functions such as task dispatching, scheduling, error
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recovery, and input/output operations. Spark Streaming is a component that facilitates real-time data
processing, enabling data to be generated from various sources. Spark SQL is used for structured data
processing and collects information about organized data and its processing requirements. MLIib is a library
for machine learning that provides a variety of algorithms that were developed with the goal of making
machine learning more approachable and scalable. Lastly, GraphX is a collection of application programming
interfaces that are used for graph analytics jobs.

IV. THE PRIMARY DISTINCTIONS BETWEEN HADOOP AND SPARK

The following sections clarify the main similarities and differences between the two frameworks. We will
examine Spark vs Hadoop from various angles such as performance, cost, and ease of use to find the most
suitable framework for handling loT data[11]. The Hadoop framework operates by accessing data that is
stored on the HDFS hard disk, while Spark utilizes in-memory processing. According to Apache, Spark is
significantly faster than Hadoop with MapReduce, performing 100 times faster when using Random Access
Memory (RAM) for computation. Spark requires less hardware and can process 100 terabytes of data on
HDFS ten times faster than Hadoop. The primary reason for Spark's superiority is that it uses RAM instead
of reading and writing intermediate data to disk like Hadoop, making it more efficient in handling fast-
producing 10T data that require speedy processing.

Both systems may be utilized without cost, but in order to evaluate the overall cost, it is necessary to take
into account the expenses associated with the infrastructure, the maintenance, and the development of the
system. The underlying hardware that is necessary to operate these products is the most important
consideration when it comes to the cost category. Spark's costs are greater because it relies on in-memory
computing for real-time data processing, but Hadoop's operational costs are very cheap since it can employ
any form of disc storage for data processing. In contrast, Hadoop's cost of operation is quite low.

While both Hadoop and Spark are capable of managing data in a distributed setting, Hadoop is better suited
for processing data in batches, whereas real-time processing is where Spark really shines. In contrast to
MapReduce, Hadoop stores data in clusters and performs analysis on it in parallel, although MapReduce does
not need a significant amount of RAM to process massive amounts of data. Spark is able to effectively manage
direct data streams because of its utilization of in-memory calculations and high-level application
programming interfaces. This differentiates Spark from other data processing frameworks, particularly when
working with data from Internet of Things devices.

Scalability is where Hadoop and Spark differ, with Hadoop using the Hadoop Distributed File System
(HDFS) to handle massive amounts of data, while Spark relies on the HDFS when dealing with extremely
large amounts of data. Clusters in both frameworks can scale up by adding more nodes to the network, with
no fixed limit on the number of nodes or the amount of data that can be processed. Scala, which is Spark'’s
native language, along with Java, Spark SQL, R, and Python are among the various programming languages
that are supported by Spark. In comparison, Hadoop mostly uses Java or Python for developing MapReduce
code. Spark shell may be used to do data analysis in an interactive manner using either Scala or Python. This
enables users to get immediate feedback on their queries and makes Spark more user-friendly than Hadoop.
In addition, programmers can reuse previously written code when it is required, which cuts down on the
amount of time required to build apps. Integration of historical and flowing data is also possible, which makes
this process more efficient overall, particularly when used to applications for the Internet of Things.
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Machine learning algorithms operate better with computational calculations in memory, making Spark a
faster solution for this field. When workloads are broken up into parallel processes using the Hadoop
MapReduce framework, the resulting processes may sometimes be too large for machine learning algorithms,
which can lead to worries about the framework's input and output performance. Spark comes with the virtual
machine learning library MLIib, which is empowered with computational calculations in memory and
includes tools for regression, classification, constructing pipelines, evaluating, and much more. Spark,
together with MLIib, is the preferred choice for machine learning and gives it an advantage in dealing with
loT data, which is often used for classification and prediction operations.

1. Hadoop vs. Spark use cases

Based on the comparison between Hadoop and Spark in the aforementioned domains, we can extract some
usage scenarios for each framework.
Use cases for Hadoop include building the infrastructure for data analysis on a limited budget, completing
jobs that do not require immediate results and where time is not a constraint, processing batches of data while
leveraging disk 1/0 operations, and analyzing historical and archival data.

The following usage scenario can be separated, where Spark outperforms Hadoop:

Real-time streaming data analysis. When time is critical, Spark provides fast results with in-memory
computational operations, handling parallel workflows using algorithmic techniques, parallel processing of
graphical data for data modeling, and all machine learning applications.

V. LITERATURE REVIEW

The purpose of this literature review is to explain the importance and methods of analyzing big data in
various fields and different types of data. The platforms used for analysis vary, with Hadoop and Spark being
the most common. The sources of big data also vary, including data generated by companies, customer
transactions, banking transactions, social media, and others in general, as well as data generated by IoT
devices in particular. This section sheds light on a set of studies that were classified into studies that used data
from public sources and studies that specialized in the field of 10T, along with the platforms used for analysis.

A general data

Retail companies understand the need for analyzing and predicting their sales and customer behavior
towards their products and product categories. With the assistance of big data frameworks, retail companies
can create customized deals and promotional offers for their customers, allowing them to handle large sales
volumes more efficiently. Apache Spark framework was used to analyze Black Friday[12] sales data, and
machine learning models were trained using the built-in MLIib library to predict future prices and sales. Linear
regression[13] and Random Forest models[14] were first implemented without using Spark framework,
achieving an accuracy of 68% and 74%, respectively. These models were then trained on the Spark machine
learning framework, achieving better results with an accuracy of 72% for linear regression and 81% for
Random Forest models. The batch processing approach was used without taking advantage of Spark’s real-
time processing capabilities.

In another field, sentiment analysis is the most common trend in today's world, where a lot of work has
been done in this sector. Social media platforms are a vital source of information in this case, and Twitter
receives millions of tweets every day. Different industries attempt to use this massive textual data to extract
people's opinions towards their products. Hadoop framework was used to analyze a large number of tweets

116



that express users' opinions, classify them, and allocate polarity to each tweet, whether the user expresses
positive or negative opinions[15]. The average accuracy in classifying opinion as positive, negative, or neutral
was 72.27, attempting to achieve an acceptable response time by reducing disk access operations.

B. loT data

The evolution of electronics, networks, and communication technology has paved the way for the
integration of 10T in various fields such as life, service, industry, and healthcare. To effectively manage 10T-
generated data, a framework has been proposed that leverages distributed data processing[16] . This
framework comprises multiple layers, with a primary focus on addressing challenges related to smart cities
and decision-making capabilities. The first layer is responsible for communication and data generation, while
the second layer focuses on collecting and storing data in a distributed environment. The third layer employs
big data techniques like MapReduce for processing the stored data. MapReduce is a parallel processing model
that offers high scalability and is widely used in the Hadoop system.

The analysis layer is the last layer and provides a means for people and devices to interact directly to make
decisions, predictions, create reports, and recommendations. This study has mapped out a roadmap for
researchers in the field of big data processing resulting from 1oT. However, it has not been applied to real
data, and thus the accuracy of the results cannot be verified.

The importance of conserving energy cannot be overstated, and as such, a proposed solution for smart
homes is the implementation of an Energy Management System (EMS)[17]. Under this system, each
household device is linked to a data acquisition unit, with every device functioning as an 10T object and
assigned a unique IP address. This results in a vast wireless network of devices. The data acquisition unit
retrieves energy consumption data from every smart device in each household and transmits the data to a
central server for analysis and further processing. This data accumulates as big data in the server, which is
then analyzed using Business Intelligence (BI) software and big data analytics to optimize energy
consumption and meet consumer demand. Given that air conditioning accounts for 60% of electricity
consumption in Arab Gulf states, HVAC units (heating, ventilation, and air conditioning) were utilized as a
case study to validate the effectiveness of the proposed system. A preliminary model was developed and
tested in the laboratory to simulate HVAC systems in small residential areas. Homeowners are able to monitor
their daily, monthly, and yearly energy consumption through graphical charts, while officials in the city's
electricity sector can review home consumption in specific areas using geographic charts. It was observed
that an increasing number of customers negatively impacts data transfer and resource consumption, ultimately
increasing access time. The study primarily focused on the infrastructure, transport protocols, and display
methods.

In the field of smart tourism and sustainable cultural heritage, the TreSight system [18]has been introduced
in Trento, Italy, combining the 10T and big data analytics. This system provides recommendations for tourists
by utilizing data from OpenData Trentino, including points of interest, climate, recommended typical
restaurants, and more. It has been further enhanced with additional data collected through sensors dispersed
throughout the city, including a wearable wristband, to provide more detailed and precise information related
to weather, crowd levels, and tracking tourist activities. Hadoop and other tools were used for processing both
static and dynamic data to provide advanced analysis and knowledge extraction. The TreSight system is an
effective system currently in use in the city of Trento.

In the field of environment, with the spread of pollutants and the deterioration of air quality, the need to
take action to reduce pollution and the emission of toxic gases has become imperative. Thus, it was necessary
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to use 10T sensors to measure the level of each pollutant in the air. The possibility of integrating big data and
IoT concepts in predicting air pollution caused by harmful gases such as SO2, NO2, and others was studied.
An alert is raised when a certain threshold (critical level) is reached. Apache Spark and its integrated library,
Spark MLLIib, were used to build the prediction model [19]. Data stored previously were used without delving
into the importance of real-time data processing, with a root-mean-square error (RMSE) of 0.13, which is
considered good as long as it is less than 0.3.

From a human perspective, the 10T is being used in conjunction with big data analytics to monitor patients
in remote areas. Vital patient data is collected using 10T sensors and transmitted in real-time. The information
is immediately analyzed using machine learning techniques in Apache Mahout to determine the severity of the
patient's condition within an acceptable response time[20]. Analysis results are then transmitted to nearby
primary healthcare physicians, as well as the responsible physician and the patient's family, enabling prompt
transfer of critically ill patients to the hospital or immediate response by the physician for first aid and treatment
in less severe cases. Ongoing studies continue to explore ways to reduce response time and achieve greater
accuracy in matters related to human life.

In industry, loT and big data analytics go hand in hand to play a significant role in industrial sectors.
Analyzing the performance of the two technologies is essential for achieving sustainability in industrial
production. Updating industries with machines equipped with embedded sensors has led to a rapid increase
in data generation and the need for processing. Hadoop has been proposed as a system for dealing with vast
amounts of data, along with machine learning tools for predicting faults and other issues[21]. This has resulted
in energy savings, good response times, and minimal delays, while increasing overall production and reducing
waste output.

V1. METHODOLOGY

In this section, a comparison is conducted between the performance of Hadoop and Spark for big data
analytics, focusing on Spark's privacy capabilities in handling streaming data obtained from the 10T. The
performance comparison is executed on a ready-made CSV file of data sourced from an American government
organization, the U.S. Environmental Protection Agency (EPA), which was collected using 10T sensors
distributed throughout various regions in the United States. These sensors measure the levels of gases in the
air, particularly toxic gases such as NO3, SO2, CO, and O, every day from the year 2000 to 2016.

This dataset comprises more than 1.7 million records with 29 columns containing information such as the
date, location number, and detailed information about the sensor location (state, county, and area). It also
includes columns containing the recorded values for each gas (NO3, SO2, CO, and O), as well as their quality
indicators.

Prior to conducting the experiment, the data underwent pre-processing to identify and clean it. The open-
source Pandas library, which was built using the powerful, flexible, and user-friendly Python language, was
used to analyze and process the data. Pandas provide numerous features that facilitate data file analysis,
exploration, and modification. The file was read, its contents reviewed, and variable patterns identified. The
necessary columns, such as date and gas quality index, were retained, and their patterns were converted from
string values to numeric values. Additionally, a large number of records were found to contain null values in
the SO2 and CO columns, requiring processing through replacement with the most common value within the
column. A new column was also created that represents the overall air quality index (AQI) based on the
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quality indicators for all gases. The experiment was performed using a Windows 11 laptop computer, and
Table 1 in the specifications shows the computer's details.

Table 1. Device specifications

Num Device Specifications
1 processor Intel Cori7 -11370H
@3.3GHz
RAM 8.00 GB
Hard 512 SDD

The Spark framework version 3.1.1 was used along with Jupyter command-line interface, and the Hadoop
framework version 3.1.1 was used with the Windows 10 operating system command prompt. Python language
was used in both frameworks to read the dataset and find the number of records in the dataset. Then, statistical
information, including the maximum value NO2_max, the minimum value NO2_min, and the standard
deviation NO2_sd for the NO2 gas variable, were calculated. The time taken for each framework was recorded
separately. The experiment was conducted on the Hadoop framework using the map-reduce processing
method, which is the adopted processing method for this framework.

We conducted performance testing for both frameworks in machine learning operations, particularly in
machine learning algorithms. We used the built-in sparkML library with the Spark framework, while we
needed external libraries to accomplish the same work on the Hadoop framework. We built two classification
models: the first using the Random Forest Classifier algorithm, and the second using the Decision Tree
Classifier algorithm. We trained the models using the columns we selected, which included all the gas quality
index columns and the overall air quality index column. We later tested them using all the gas quality index
columns to give us the overall air quality index.

It's worth noting that we simulated the process of receiving I0T data in the Spark system using the Spark
Streaming component, which allows for real-time data reception and processing. This was not possible in the
Hadoop system due to a lack of components that support real-time streaming operations. To achieve the data
streaming topic as if it were coming from real sensors, we used Netcat, a tool that reads and writes data over
network connections using the UDP or TCP protocol. We opened a port with an identifier of 9999 and wrote
the data to it, with Spark listening on the port and receiving the data to display it as an interactive graph within
a web browser. We used Plotly, an open-source interactive library that helps to draw various types of charts,
to draw the interactive chart. It includes the hover tool capabilities, which allow us to detect any outliers or
anomalies in a large number of data points. We also used Dash, a Python framework created by Plotly for
building interactive web applications, developed using Flask web framework and Plotly.js and React.js
libraries. Dash is open source and displays its results in a tab within a web browser. Thus, we were able to
display the chart within a tab in the browser. By doing so, we were able to display the graphical chart in a tab
within the browser. The following are the most important results we obtained from analyzing the data and
obtaining NO2 levels in the dataset, as well as machine learning using both mentioned frameworks, Hadoop
and Spark, and also displaying streaming data in Spark.
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VII.RESULTS

This involves reading a dataset and finding the number of records in the dataset, then obtaining statistical
information such as the maximum value, minimum value, and standard deviation of the variable that
represents the NO2 gas values. The data will be processed to identify the key statistical measures related to
the variable of interest.

A. Execution time

The execution time refers to the time taken to obtain the mentioned statistical information for the analysis
of NO2 levels when using both Hadoop and Spark frameworks from the beginning of data reading until
printing the results and obtaining the report.

Table 2 shows the execution time for both frameworks.

Table 2. Execution time

frameworks Execution time/second
Hadoop (map-reduce) 136.27
Spark 67

Hadoop took twice the amount of time that Spark system took to perform the same task. Specifically,
Hadoop took two minutes and a few seconds, whereas Spark took only a minute and a few seconds. The time
taken by both frameworks is illustrated in Figure 4, which clearly demonstrates the difference between them.

Execution Time

160
140
120
100
80
60
40
20

Spark Hadoop

Figure 4.Time taken to perform the task.
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1. Resource utilization

It is well-known that the Map-Reduce programming paradigm operates in two stages: mapping, followed
by reducing. The intermediate output generated by the mapper is stored on the hard disk, which is then read
by the reducer to complete the process[22]. On the other hand, the in-memory processing approach adopted
by Spark retains data in memory without the use of the hard disk. This is the main reason for the speed in task
performance using Spark. Apache Spark provides a web interface (Spark Ul) to monitor the status of the
running Spark application (jobs, stages, tasks, etc.) and resource consumption. It is available at
http://[driver]:4040 by default. By monitoring the performance of the experiment using Spark Ul, we can see
from Table 3 that the task was completed using only memory without the need for the hard disk during

execution.
Table 3.Use the hard drive in Spark.
Address Statues | RDD | Storage | Disk | Cores
Blocks Memory | Used
DEDKTOP- Active 0 884 | 0.0B 1
HIKELC7:12665 KiB/
366.3
MiB
B. Second Experiment (Iterative Processes)

The significance of the framework's capacity to handle multiple tasks, such as machine learning operations,
is reflected in numerous instances. It is widely known that these tasks perform optimally when computational
memory is employed, as evidenced by the results in Table 4 when using the Random Forest Classifier

algorithm.

Table 4. Execution time Random Forest Classifier.

frameworks Execution time/second
Hadoop 240
Spark 67

Based on the information provided, it appears that Spark had the best performance compared to Hadoop
when executing the Decision Tree Classifier algorithm, which consumed less time than its predecessor. The

results, as shown in Table 5, demonstrate Spark's superiority as well.
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Table 5.. Execution time decision Tree Classifier.

frameworks

Execution time/second

Hadoop

90

Spark

58

Figure 5 illustrates the performance of both frameworks in machine learning and shows the difference

between them.

Execution time of machine learning

300

250

200

150

100

50

Spark

B Random Forest

Hadoop

decioinTree

Figure 5. Execution time of machine learning.

C. Third experience (data flow)

Here, Spark's uniqueness in dealing with 10T data is evident, as it is characterized by a constant flow of
data that we were able to simulate, analyze, and present graphically in real-time. We created a Live Chart that
constantly updates to depict the new value of NO2 gas upon arrival, as shown in Figure 6. The X-axis
represents the moment of arrival, while the Y-axis represents the value received. The chart is interactive,
allowing us to obtain the recorded value at a specific point by hovering over it with the mouse cursor.
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The new value of NO2 gas upon arrival
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The moment of arrival
Figure 6.The flowing NO2 gas values.

It has been observed that Spark surpasses Hadoop in terms of speed, completing tasks in almost half the
time required by Hadoop. Additionally, Spark operates using memory without resorting to the hard disk.
Spark also boasts the integrated machine learning library, MLlib, and the Spark Streaming component, which
enables us to receive and process streaming data in real-time.

VIII. DiscussION

A. Execution Time

The results presented in Table 2 clearly indicate a substantial difference in execution time between Hadoop
and Spark frameworks. Hadoop took 136.27 seconds, while Spark completed the same task in 67 seconds.
This stark contrast highlights the efficiency of Spark over Hadoop in processing and analyzing NO2 gas
levels. The graphical representation in Figure 4 visually reinforces this point. The efficiency gain observed in
Spark can be attributed to its in-memory processing approach, as opposed to Hadoop's reliance on
intermediate data storage on the hard disk. This difference in resource utilization is a key factor contributing
to Spark's faster execution time.

B. Second Experiment (Iterative Processes)

In the second experiment, where iterative processes, specifically machine learning operations, were
employed, Spark once again demonstrated superior performance over Hadoop. Table 4 reveals that Spark
outperformed Hadoop significantly in executing the Random Forest Classifier algorithm, taking only 67
seconds compared to Hadoop's 240 seconds. The advantage persisted in the Decision Tree Classifier
algorithm, as shown in Table 5, with Spark completing the task in 58 seconds compared to Hadoop's 90
seconds. The graphical representation in Figure 5 underscores Spark's dominance in handling machine
learning tasks efficiently. The ability to handle iterative processes with such speed is crucial for real-time
applications and scenarios that require quick decision-making.

C. Third Experience (Data Flow)

The third experiment focused on Spark’s capability to handle a constant flow of 10T data. As illustrated in
Figure 6, Spark demonstrated its prowess in processing and presenting real-time data, outperforming Hadoop
in terms of speed and responsiveness. The Live Chart depicted the NO2 gas values arriving in real-time,
showcasing Spark's ability to analyze and visualize data as it flows. This experiment highlights Spark's
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strengths in dealing with streaming data, a crucial aspect in loT applications. The observed speed advantage,
combined with Spark's ability to operate solely in memory without resorting to the hard disk, positions it as a
robust solution for real-time data processing.

In conclusion, the experiments clearly demonstrate that Spark, with its in-memory processing, excels over
Hadoop in terms of execution time, resource utilization, and handling iterative processes. The ability to
efficiently process streaming data further solidifies Spark as a powerful framework for applications requiring
speed, responsiveness, and real-time analytics.

IX. CONCLUSION

In conclusion, this paper conducted a comprehensive theoretical comparison between Apache Spark and
Apache Hadoop to evaluate their suitability for analyzing loT data. The comparison highlighted the
advantages of Spark in terms of speed, ease of use, real-time data processing, machine learning capabilities,
and cost efficiency. Based on these findings, it can be concluded that Spark is the more appropriate framework
for analyzing large-scale streaming loT data, and it has the potential to enable the development of
architectures that can analyze real-time data effectively. As IoT data continues to grow in volume and
complexity, the importance of using appropriate big data frameworks for 10T data analysis cannot be
overstated. Therefore, the findings of this study have significant implications for researchers, practitioners,
and decision-makers who are involved in lIoT data analysis.

X. FUTURE WORKS

It is necessary to continue working on the Spark framework and present the graphs in a way that displays
the necessary statistical values in real-time, allowing for possible critical situations to be addressed.
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Abstract—Anomalies in the realm of communication and network systems pose significant security
and reliability challenges. This work explores anomaly detection techniques in communication and
network systems. Various methods and approaches aimed at identifying unusual and potentially
hazardous events in network communications are investigated. The paper introduces data analysis
methods for detecting abnormal changes in communication and network systems. The results obtained
demonstrate a minimal occurrence of false alarms across all three datasets, with corresponding rates
of 0.0039, 0.0076, and 0.0009, while simultaneously achieving an impressive accuracy of 99.7% across
the entirety of the datasets. To strengthen and consolidate the role of artificial intelligence in network
security, this work examines how artificial intelligence can be employed in the field of network
security. As a result, a new anomaly detection system for communication networks based on ensemble
learning has been developed. The findings of this work can be valuable for enhancing the security and
efficiency of communication and network systems, particularly in detecting attacks, internal
anomalies, and system failures.

Keywords—Network anomaly, communication systems, communication networks, data analysis, artificial
intelligence.

|.INTRODUCTION

The general concept of a network anomaly refers to an event that deviates from the network's
usual behavior [1]. However, because there are no established models for defining what constitutes
normal network behavior, developing a highly rigorous anomaly detector is a challenging task.
Depending on the inherent complexity of characterizing typical network behavior, the issue of
anomaly detection can be divided into two categories: model-based and non-model-based. Model-
based anomaly detectors operate on the assumption that a recognized model exists for the regular
behavior of specific aspects of the network, and any deviation is treated as an anomaly [2]. In cases
where network behavior cannot be described using a model, non-model-based approaches are
employed. These non-model-based approaches can be further classified into those tailored to
specific implementations and those that impose accuracy constraints on the detector.

In situations where statistical analysis of network anomalies is necessary for network
monitoring, having a predefined model is not obligatory. However, a statistical anomaly detector
requires access to a substantial volume of data to gather the necessary samples for accurately
assessing typical network behavior. Nevertheless, with the increasing speeds of network links,
achieving the desired accuracy through sampling rates may become impractical. Monitoring large
network links in real-time necessitates the processing of each packet, along with the management of
a considerable amount of state information in memory. As a result, resource limitations restrict
sampling rates. In such cases, it's more practical to employ anomaly detection methods that can
process continuous data streams with minimal memory requirements and limited state information.
Thus, resource-constrained online anomaly detection involves specific data queries that are better
suited for discrete algorithms capable of handling streaming data. When compared to statistical
sampling, stream analysis examines every data element for the most critical information, whereas
sampling processes only a small portion of data and retains all the information within them [3].
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The goal of our work is to develop data analysis methods for detecting anomalous changes in
communication systems and networks. To achieve this goal, we conducted research and analysis of
existing anomaly detection methods and also developed new data analysis methods that provide
more precise and effective anomaly detection in communication systems and networks.

The research methods include machine learning algorithms used in data analysis and image
processing.

The novelty of this research lies in the development of new methods and algorithms for
anomaly detection in communication systems and networks. These methods take into account the
specific characteristics and capabilities of modern communication systems and networks, making
them more effective compared to existing approaches.

The practical value of this work lies in its potential to enhance the reliability and security of
communication systems and networks. The developed methods enable the timely detection and
mitigation of anomalies, helping to prevent serious disruptions and issues in the operation of
networks and communication systems. Additionally, a novel architecture of a combined neural
network has been developed, allowing for effective real-time anomaly detection.

II.RELATED WORK

Based on a literature review on the research topic, six articles directly related to the research
theme were selected. They are summarized in Table 1 below.

Table 1

Existing Work Review

Ne Name Instrumentation Problem Year Reference

An Innovative . L.
Detecting anomalies in

Approach to Anomaly communication networks
1 Detection in MATLAB, R Ta C++ 2020 [4]

o using multifractal
Communication Networks characteristics analysis
Using Multifractal Analysis ysis.

An adaptive
protection system for Creating a new method
2 sensor networks based on Java, Apache Hadoop, for protecting wireless sensor 2021 [5]
X . - Apache Storm
analysis of neighboring networks from attacks.
nodes
Design and Testing
Novel One-Class Classifier Classification for
Based on P(_)Iynomlal Python, NumPy ta solving the problem of
3 Interpolation with SciPy, Scikit-learn anomaly detection in 2022 [6]
Application to Networking Y ' Y .
Securi Wireshark networks using polynomial
ecurity . .
interpolation.
Anomaly Detection
Framework in Fog-to- Python, Pandas,
Things Communication for L Ensuring reliability and
4 Industrial Internet of Sukg—ll\?érn, PCA security in "Fog-to-Things" 2022 [7]
Things ’ systems.
k-means, DBSCAN
Cybersecurity of The authors do not use c bersetiﬁ?tearigguzrs] in
5 Industrial Cyber-Physical any specific tools or iné/ustrial c b){er- hvsical 2022 [8]
Systems: A Review instrumentation in this yoer-phy

article. It is a theoretical and systems.

2023 2nd International Conference on Innovative Solutions in Software Engineering

Ivano-Frankivsk, Ukraine, November 29-30, 2023
127



review article.

Python, TensorFlow,

Deep Learning-Based Research on adaptive

; g Keras :
Adaptive Compression and compression and anomaly
6 Anomaly Detection for For neural networks detection methods based on 2023 [9]
Smart B5G Use Cases deep learning for use in 5G
. LSTM, GRU, and
Operation networks.
Autoencoder.

In modern communication networks and communication systems, various anomalous changes
occur, such as intruder attacks, equipment malfunctions, intentional or unintentional user errors, and
more. These anomalies can lead to disruptions in the normal operation of the network and serious
communication issues. Therefore, the development of effective data analysis methods for detecting
abnormal changes in communication systems and networks is a relevant issue to ensure stability and
security in communication networks.

111.METHODOLOGY

The proposed system architecture comprises multiple components for anomaly detection. The
initial component in the system involves intrusion detection, with databases situated behind a
firewall, and the network data is preprocessed. Post preprocessing, it is essential to identify and
replace any null values with alternative values after confirming the presence of missing data in the
system. By default, mean values are used, and duplicate entries are eliminated from the dataset.
Subsequently, data dimensionality reduction is applied to encoded data to facilitate efficient data
management. Feature optimization is then carried out to emphasize the most relevant characteristics
for anomaly detection.

The refined data proceeds to the next stage, where a method known as CFS-RF is exclusively
employed to select significant features that contribute to the results. To distinguish between
legitimate activities and potential attacks, the system utilizes modified hybrid algorithms, namely
AdaBoosting and Bagging (HABBAS), as classifiers. This process is broken down into several
phases, each of which performs a specific task in a sequential series of stages, with the output of the
previous step serving as the input for the subsequent stage. Following an analysis of the collected
datasets, including NSL_KDD [10], UNSW_NB2015 [11], and CIC_IDS2017 [12], three primary
preprocessing steps, namely filtration, transformation, and normalization, are executed.

Data preprocessing transforms raw data into a suitable format for analysis and machine
learning. It consists of three stages:

Filtering Stage

Filtering removes redundant or unnecessary material from the data, simplifying datasets for
ease of use and understanding. It classifies the remaining data and redistributes it into categorized
groups.

Transformation Stage

Transformation converts categorical feature data into numeric format using algorithms like
one-hot encoding. For example, it is used to convert various protocols, such as Transmission
Control Protocol (TCP) and User Datagram Protocol (UDP), into numerical data.

Normalization Stage

To scale numeric values between 0 and 1, the Min-Max function is used to ensure consistent
data ranges for analysis.

These preprocessing stages are crucial for converting raw data into a structured format that can
be effectively utilized for analysis and machine learning applications.

This algorithm is designed for preprocessing datasets, specifically datasets D1 (NSL KDD), D2
(CIC IDS2017), D3 (UNSW NB2015). Its purpose is to calculate the worth (usefulness) of features
in these datasets, likely for feature selection or dimensionality reduction.

Here's a description of the algorithm:
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Input: Datasets D1, D2, D3.
Output: X;, which represents the worth or usefulness of features.
Algorithm Steps:
1. Loop: This algorithm processes each dataset in a loop.
2. Step 1 and Step 2: These steps involve data preprocessing.
e Filtration: Remove unnecessary or pointless occurrences from the dataset.
e Data Transformation: Prepare the data for further analysis.
e Distribution Classification: Organize the data for further processing.
3. Step 3: Normative Adjustment:
e Using the minimum and maximum values found in the dataset:
o Determine the highest value (Max).
o Determine the lowest value (Min).
X;—Min

e Calculate the worth (usefulness) of features, using the formula: X; = i

4. Continue these measures until all features in the dataset have been processed.

Return the X;, which represents the worth or usefulness of features after preprocessing.

This algorithm appears to be a process for feature selection and evaluation using the CFS-RF
(Correlation-Based Feature Selection — Random Forest) method. Let's break down the steps:

1. The algorithm begins by applying the CFS-RF algorithm to select a set of "XiBest" features
for each dataset. These features are presumably the most relevant features for further
analysis.

The algorithm proceeds to iterate through each of the selected "XiBest" features.
Each "XiBest" feature is assigned an initial weight value of w;, which is set to 0.
4. A new RF is created by applying a specific equation and generating 10 separate forest

models. The weight values for all "XiBest" features remain O.

5. The algorithm iterates through each "XiBest" feature in the training set, which was produced
from the Random Forest created in the previous step.

6. For each "XiBest" feature, the algorithm calculates a value w. If the calculated value o is

greater than 0, the following steps are executed.

For each "XiBest" feature, the weight value w is updated.

8. The algorithm concludes by performing measurement computations, including accuracy,
detection rate (DR), and false alarm rate (FAR) to assess the performance of the selected
features and the Random Forest model.

In order to maximize the effectiveness of these upgraded classifiers, the revised model
combines them to operate in parallel as bagging and employs a weighted average voting approach.
By adjusting the weights, it transforms the Random Forest (RF) to work sequentially as
AdaBoosting. The aggregation technique is then applied to these updated classifiers, using weighted
averages to achieve optimal results in terms of variance and bias. This modified algorithm version
leads to enhanced outcomes with reduced error rates.

wn

~

IV.RESULTS

As a result, a system has been developed that is more resilient to new threats and clearly
distinguishes between normal and anomalous activities. However, the research has certain
limitations: when using attacks from the dataset, the system performs well but does not consider
additional attacks launched from external networks (if any).

The number of selected features, False Alarm Rate (FAR), Detection Rate (DR), and the
accuracy of the updated method were analyzed and compared with existing research (see Table 2).
During testing, the detection accuracy was 90%, while during training, it was 99%. This led to a
higher DR value with a lower FAR value compared to the one-step technique.

Furthermore, the system consistently achieved the highest levels of accuracy, DR, and FAR
compared to previous research. The detection accuracy during training was 99%, and during testing,
it was 90%. This resulted in a higher FAR value compared to DR, which was lower than in the one-
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step technique. Additionally, compared to past research, the system consistently reached the highest
levels of accuracy, DR, and FAR.

Table 2

Comparison of the system's results with the results of other research

Number of

Systems Dataset FS Accurancy, % FAR,% DR, %
[13] NSL_KDD N/A 81.00 N/A 82.00
[14]] NSL_KDD 16 84.00 4.85 83.01

NSL_KDD 42 5.12 96.30
[15] UNSW_NB2015 13 95.20 N/A 96.65
CIC_IDS2017 8 N/A 98.94
[16] CIC_IDS2017 N/A 99.00 N/A N/A
NSL_KDD 87.00 0.004 99.02

[17] 30
UNSW_NB2015 85.00 N/A N/A
NSL_KDD, 30 99.40 0.004  99.90
[18] UNSW_NB2015 35 99.80 0.008 99.60
CIC_IDS2017 40 99.70 0.0012  99.40
NSL_KDD, 30 99.54 0.0038  99.90
Our System  UNSW_NB2015 35 99.93 0.0076  99.73
CIC_IDS2017 40 99.84 0.0009  99.55

V.DISCUSSION

The hybrid CFS-RF method reduces dimensionality and eliminates unnecessary attributes from
the dataset. At this stage, the analysis and distribution of datasets using the proposed CFS-RF
method result in 30 features for NSL_KDD, 35 features for UNSW_NB2015, and 40 features for
CIC_IDS2017.

Table 3 demonstrates performance measurements and execution times in three states (i.e., all
30, 35, and 40 features). They show that the selected 30, 35, and 40 features are optimal for
assessing system measurements (i.e., accuracy, F-measure, and DR detection speed — 99%).
Additionally, they are the best features for reducing execution time to 0.539, 0.839, and
0.931 seconds.

Table 3

Performance result CFS_RF

DR detection

Dataset (features)  Accuracy  F-measure rate Error rate FAR  Execution time
NSL_KDD (30) 0.995 0.995 0.998 0.004 0.539
UNSW_NB2015 (35) 0.99 0.992 0.99 0.008 0.839
CIC_IDS2017(40) 0.998 0.99 0.99 0.001 0.931
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Testing on three datasets allows for a comparison of the proposed CFS-RF with several
common feature selection methods, such as Information Gain (IG), Information Gain Ratio (IGR),
Genetic Algorithm (GA), Particle Swarm Optimization (PSO), Neural Network (NN), and Auto

Encoder (AE) (see Figure 1).

IG

= NSL_KDD = UNSW_BN2015

100

8

=]

6

=]

4

o

2

o

o

A NN AE

IGR G PSO

CIC_IDS2017

CFS_RF

Fig. 1. Comparison of CFS_RF accuracy with other feature selection methods

Table 4 displays the accuracy of each attack in the dataset measured by the F-measure. It also
highlights the best results for all classes when applying the proposed system, reaching 100% for
XXS and Bot. This indicates that the number of features is ideal and beneficial for identifying all

forms of attacks.
Table 4

Attack accuracy and F- measure when using the proposed system

id Types of attacks Accuracy, %

F-measure, %

0 DDoS 98
1 Port Scan 100
2 Brute Force 98.4
3 Dos Hulk 99
4 DoS GoldenEye 98.9
5 Bot 100
6 DoS slow loris 99
7 PTP Patator 98
8 SSH-Patator 99
9 XSS 100
10 Benign 99

99

99
100
99
99
100
99
99
99
100
99

VI.FUTURE RESEARCH

For further research, it is possible to thoroughly study and apply more machine learning and
deep learning methods to address various security challenges in different domains, such as the
Internet of Things, smart cities, API call-based approaches, mobile communication networks, and

smart power grids.

VI11.CONCLUSION

Contemporary Intrusion Detection Systems continue to face challenges in their effectiveness,
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mainly due to vulnerabilities in emerging wireless paradigms. Despite the integration of various
machine learning techniques to enhance their performance, these systems remain susceptible to
threats. In this research, we leveraged the datasets, which encompasses a broader spectrum of
attacks, including DDoS, DosS, brute force, XSS, SQL injection, botnets.

We developed a novel IDS technique that addresses imbalanced feature selection and employs
hybrid strategies based on high-dimensional traffic with reduced detection rates. This involved
using samples from datasets like NSL KDD, UNSW NB 2015, CIC_IDS2017 to extract 30, 35 and
40 optimal features, respectively.

Our results show a low false alarm rate for all datasets, with values of 0.0039, 0.0076, 0.0009,
respectively, while maintaining an impressive accuracy of 99.7% across all datasets. The results
comparison table provides additional parametric insights. Notably, the number of selected records
inversely correlates with the difficulty level of categorization in the original KDDCup’99 dataset.
This method offers an excellent and dependable approach for swiftly and accurately identifying
network breaches.
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dopMyBaHHS UILOBOI PYHKIT BU3HAYCHHS
ONTUMAJIBHOI 3apsJIKH JITIH-10HHHAX

aKyMYJIATOPIB
Cepriit bypsik, Okcana ['osiono0oBa

Kadgheopa aemomamuxu ma menexomynixayii
Ykpaincokuti oepocasnuii yHigepcumem HAyKu i mexHo102iu
Huinpo, Ykpaina

AHoTanis—OaHuUM i3 HaWBAXKIUBIIMX eKCIJyaTaliiHUX NHUTAHL BUKOPUCTAHHS JiTiii-lOHHHX
AKyMYJISITOPIiB € BU3HAYEeHHSI ONTHMAJIBLHOr0 PiBHA CTpyMy 3apsifku. Bin iforo 3HaveHHs 3a/1e:KNTH
IIBHM/KICTH BiTHOBJIEHHS 3apsAay, a OTKe i Yac MOBEPHEHHS AKYMYJISITOPIB 10 BUKOHAHHA MOKJIaIeHUX
HA HUX 3aBIaHb. CKOpPOYeHHS TPUBAJOCTI 3apsiAKM MOKHA JOCATITH HIJIAXOM 30UIbIIEHHS CTPyMY
3apsaay. lIpore ne npu3BoauTh 10 30I/IbIIEHHS] PYIHIBHUX NMPoIeciB ycepeanHi aKyMyJIATOPIB Ta Moxke
CTaTH NMPUYMHOI0 iX MepeI4YacHOro BUXOAY 3 Jaay. MeTorw JaHOro J0CTiI:KeHHSI € BCTAHOBJIEHHS
TAKOT0 3HAYEHHS CTPYMY, MPU AKOMY 3aps/Ka aKyMyJsaToOpiB Oyde TPUBATH sIKHAiMeHIIe 32 YMOBH
BiZICyTHOCTI iX mepeBaHTa’keHHS B Mpolleci, A1 30epeskeHH 3aKJIaJeHOr0 MPOAYKTUBHOIO pecypcy.

Knrouosi cnoea—Axymynamop, Pexcumu pooomu, Cmpym 3apsaoxu, Ilepeeanmadricenns, Onmumanvni
ymosu, Cmpok ekcniyamauit.

I. Bcrvil

JIiTiii-l0HHI aKyMyJISITOPM CTajdd OJIHIEI0 3 HaWOUIBII 3aTpedyBaHUX AaKyMYJISATOPHUX
TEXHOJIOT 3aBASKU iX BUCOKIN IIUTBHOCTI €HEPrii Ta MOTYXHOCTI, TPUBAJIOMY TEPMIHY CIYKOH Ta
HU3bKIH mBuAKocTi camopospsay [4]. Ilpore Boum wMmaroTh cBOi ocobmuBocTi. OmHicro 3
HaWBXJIMBIIUX € PEXKHUM 3apsSaKd, s SKOrO0 XapaKTepHO OOMEXKEHHS B CIIPOMOKHOCTI
BIIHOBIIIOBATH 3apsj 3a CTPyMOM 1 Hampyroro. HamMmipHi 3HaYeHHS IMX CKIJIAJIOBUX MOXYTh
MTOIIKOUTH, a00 BUBECTH 3 JIaJy HAKONMMWUYyBad. 3 IHIIOTO OOKY JaHe OOMEXKEHHS MPHU3BOIUTH 0
30UTBIIICHHST TPHUBAJIOCTI 3apsay aKyMyJsiTopa, IO CTPUMYE HOTO TOJajbllie TMONIMPEHHS Ta
nomyJsipu3anio. MeTorw TOCTi/DKECHHS € BCTAHOBICHHSI ONTHMAJIBbHUX YMOB BIJTHOBJIICHHS 3apsiay
JITIA-IOHHUX aKyMYJISTOPIB 3 MIHIMI3AIIED MOXKJIMBOCTI pYHHYBaHb, BHKIMKAHUX HAJIMIPHUMH
3HAYCHHSIMU TIOKAa3HUKIB E€JIEKTPHUYHOTO CTPYMY.

I.  AHAJI3 OCTAHHIX JOCJIJDKEHD I ITYBJIIK AL

JIOCSATHEHHST ONTHMAJbHOT 3apsAAKH aKyMyJsITopa 3 ypaxyBaHHSIM pIi3HHUX OOMEKEHb JUIs
Oe3reyHoi, eekTUBHOI Ta HaIIHOT PoOOTH € CKIAJHOI 3ajavycto. BoHa po3risimaeTbes siK
CKiazoBa (PyHKIliSA, IO BPaXxOBYe TPH IUIi, a came: 4yac 3apsiiKh, BTPATH €HEeprii Ta IMiJBUIICHHS
TEMIIEPaTypH SIK YCepeIuHi, Tak i Ha moBepxHi [7]. Sk i TemmepaTypa akymyssiTopa Ha MOBEPXHI,
Tak 1 il BHYTpINIHS TeMIleparypa MOXYTh IEPEBHINYBATH JONYCTUMHUN pIBEHb NpPH 3apsilli
BEJIMKKM CTPYMOM, IO TPUCKOPIOE MPOIEC CTApPIHHA aKyMyJIATOpa 1 HABiTh MOYE BUKIHKATH
BUOYX YH TOKEXKY B HA/JI3BUYAIHUX cUTyalisx [8].

HaiinmonynsipHiloo cTpareri€lo 3apsakd JITIH-IOHHUX aKyMyJsSTOpiB cTaja cTpaTerisi —
NOCTIHMI CTpyM — NOCTiiiHa Hampyra. Y mii crparerii 3apsika BiOyBaeTbCsl B JIBa €TallH.
CrnouaTKy Ha aKyMyJsATOp HOJA€ThCS MOCTIHHHMMA CTpyM, NMpHM LIbOMY Hampyra Ha HOro kiemax
30UTBIIYEThCA JIOTH, JTIOKM HE JOCATHE MaKCHUMalbHOro Oe3meyHoro nopory. IloTiM akymynsrop
MOYMHAE 3apsAPKATUCS BiJ MOCTIHHOT HANPYTH, JOKH €MHICTh aKyMYJIsTOpa HE JIOCSTHE LLIOBOTO
3Ha4yeHHs. [loBHUI 3apsn BiiOYBa€eThCs, KOJIM aKyMYJISTOP JOCATa€ MOPOrOBOT HANIPYTH Ta CTPYM
nazae 10 3-5% Big HoMiHanbHOTO [2].
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AKyMyJIATOp TaKOX BB@KAETHCA TOBHICTIO 3aps/DKCHHM, SKIIO 3HAYCHHS CTPyMY
CTa0UTI3YeTbCA 1 BXKE HE MOXeE 3MEHIIyBaTtuch jami. [IpuumHoro Takoi curyamii Moxke OyTu
MiIBUIIEHUN camopo3psia. JIiTii-ioHHUN aKyMynsTop, M0 OTPUMaB TOBHICTIO HACHMUYCHHH 3apsil,
30epiraTuMe MIOBUINEHY HAMPYry JOBIIE, HDK aKyMylIsaTop, IO HE OTPUMaB HACHYCHHS.
JlonaBaHHs TOBHOTO HACHYEHHS NPHU 3alaHid Hampysi 30UIbIIYE €MHICTh aKyMYJISATOPa BCHOTO
npubimsno Ha 10%, ane i miABUIIye HABaHTAKEHHS Yepe3 BUCOKY HANPYTy, a BIITaK MPUIIBHUIIIYE
pYHHYBaHHS CKJIQJIOBHX elIeMeHTIB [1].

Xoua JaHa CTpareris mpocTa y 3acTOCYBaHHI, BIIKPUTOIO MPOOIEMOI0 € BHOIp BiIIOBIAHOTO
3apsIHOTO CTpyMy Ha i1 mepmioMy etami. 3 iHIIOTo OOKy, HHM3BKHH 3apsSHUN CTPYyM MOXeE
30UTBIIMTH Yac 3apAIKd aKyMyJsTOpa, BIUIMHYTH HA 3pYYHICTh HOTO BUKOPUCTAHHS Ta OOMEXHUTH
chepu 3acTocyBaHHA. TOMY JyXKe BKIUBO PO3POOUTH HAWKpAIly CTPATETiF0 Ha OCHOBI JaHOTO
METOTy, II00 TMOKPAalIUTH 3arajibHy MPOAYKTUBHICTh 3apsIKH Ta TapaHTyBaTH Oe3neKy
eKCIUTyaTallli akyMyJsTopa.

. METOIU

3MEHILEeHHs 4Yacy 3apsiku 30UIblIye 3apsgHUN  CTpyM, LI0 MIABUIIYE TEMIEpaTypy
akymyisTopa. Bimomo, mo ug JuHaMiKa € KJIIOYOBUM YHMHHUKOM TIPUCKOPEHHS CTapiHHS
akymyJisTopiB. PekomMeH10BaHa MIBUIKICTh 3apsaaku akymysstopa ctaHoButh Bin 0,5C go 1C, ne
C — emHuicTh akymyssTopa. [loBHUIT "ac 3apsaku ckiagae O1u3bko 2-3 roawH. BucokomBuakicHa
3apsjika, BUINE 32 HOMIHAJBHY MIBHIKICTH 3apsay C, HETaTHBHO BIUIMBAa€ Ha TPOJTYKTHBHICTh
aKyMyJjsTopa, MpUCKoproroun 3Hoc [5]. ToMy BHPOOHHMKH PEKOMEHAYIOTh 3apsKaTH CTPYMOM He
pumie 0,8C, mo6 HpoAOBXKUTH TEpMIH CIyKOM akymyistopa. He3akarouum Ha 11e, OUIBIIICTH
CHJIOBUX €JIEMEHTIB MOXYTb BUTPUMYBATH OUIbII BUCOKY IIBUIKICTH 3apsiAIKM 3 HEBEIUKUM
nepeBaHTaXkeHHAM. [Ipu poMy 11 €(peKTUBHICTH MPAKTHYHO HE BTPAYAETHCS 1 CTAHOBUTH OJIM3bKO
99%, a aKyMyJsTOp 3aTHIIAETHCS X0JIOMHUM [1].

JliTiii-loHHUH aKyMyJsTOp HE Moke OyTu mepesapsmpkeHuM. [Ipu TOBHIN 3apsiami cTpyMm
3apsiku Mae OyTu BUMKHeHUH. be3nepepBHa KpamesbHa 3apsjika MOK€ MPU3BECTH 10 YTBOPEHHs
METAaJIEBOTO JIITII0 Ta MOCTaBUTH IIij] 3arpo3y Oe3meKky HOro MOJaIbIIOT0 BHUKOPHCTAHHS. SIKIO
MPUCTPOi epeOyBaIOTh Y CTaH1 Mi3APSAAKH B YBIMKHEHOMY IOJIOKEHHI, TO CTPYM, 110 TPOXOIUTH
qyepe3 MPUCTPId, HA3UBAETHCS Napa3UTHUM HABAaHTAKEHHSM 1 MOXKE CHOTBOPUTU LUK 3apsiKH.
[ToTpiOHO yHHMKATH Mapa3UTHUX HaBaHTAXEHB 1 Yac 3apsIKW, OCKUTbKA BOHHM BHKJIMKAIOTh MiHI-
HUKIM. PiBeHb HABaHTa)XXEHHS Ha aKyMYJISTOD IPHU [IbOMY BUCOKHUH, OCKUIbKU LUKIN BiIOYBarOThCA
Ha 1opo3i BUCOKOT Hanpyru [3].

AxyMynaTop noBUHEH OyTH BUMKHEHUH mix yac 3apsiaku. Lle no3Bossie oMy 6e3nepenkoaHo
J0CAraTH BCTAHOBJIEHOIO IOPOra HANpyrn Ta TOYKM HacU4eHHs cTpymoM. IlapasutHe
HaBaHTAKCHHSI 3aBakKae 3apsAHOMY HPUCTPOIO, 3HIKYKOUM HAIPYry akyMmyiiaropa Ta He
JI03BOJISIOYM CTPYMY Ha CTajli HAaCMYEHHS BIACTH JOCUTh HM3bKO 3a PAXyHOK CTPYMY BHTOKY.
AKyMynaTop Mo)ke OyTH TOBHICTIO 3aps/UKEHUH, ajle yMOBU pPOOOTH MpH MiJKIIOUEHOMY
3apsiIHOMY NPUCTPOi BUMAraroTh MPOJIOBXKEHHS 3apsAAKH, 1110 IPU3BOAUTH J0 NEPEBAHTAXKECHHS.

HenouinbHO OLiHIOBATH 3aps/ LUISIXOM BU3HAYCHHS HANPYr'y aKyMYJISITOPa, KU 3HAXOJUThCS
y mporieci 3apsakd. Haitoineimn iHpopMaTUBHO BUMIPIOBATH HAMPYTY XOJOCTOTO XOJy MICHs TOTO,
K aKyMyJIATOp nepe0yBaB y CTaHi CIIOKOIO MPOTIAroM AEKUIbKOX rojauH. Ha Hampyry xomocToro
X0y BIUIMBAE TeMIEpaTypa, a TaKoX AaKTUBHUU JITIH-i0HHMHA MaTepias. OcoOMUBICTIO Mpolecy
NepUIoi 3apsAAKH aKyMYJIsTOpa € pi3ke 3pOCTaHHS HANpyrd. €MHICTh 3pEUITOI0 BIIHOBUTHCS, KOJIH
aKymyJsaTop Oyne Maibke MoBHICTIO 3apspkeHuil. Huspki Temneparypu abo 3apsjika eleMeHTa 3
BHCOKHM BHYTPIIIHIM OTIOPOM MIICHITIONOTH Liei edexT [6, 8].

o6 cdopmynoBaTH ONTUMI30BaHY 3apAgKy aKyMyJsTOpa, HEOOXITHO BHU3HAYUTH JAEsKI
MOKa3HUKHU MPOJYKTUBHOCTI. Yac 3apsku aKkyMmyJsiTopa € KIIOYOBHM MOKa3HUKOM €(EeKTHBHOCTI
3apsiiky, 1 6axaHo, o0 BiH OyB sikomora KopoTiuM. Ille oHUM KIF0UOBUM MOKAa3HUKOM € BTPATH
eHeprii akymyssaTopa (CHOXKMBaHa MOTY)KHICTh) Yy Hpoleci 3apsaku. Bemuki BTpatu eHeprii
MPU3BOJATH 10 HU3bKOT €(heKTUBHOCTI 3apsi Ik akymyisiTopa. OHaK Yac 3apsiiki akyMyJssITopa Ta

2023 2nd International Conference on Innovative Solutions in Software Engineering
Ivano-Frankivsk, Ukraine, November 29-30, 2023

135



BTpAaTU CEHEpPrii € JBOMa CymepewMBMMHU IHissMU. KpiM TOTO, MiIBUIICHHS TEMIIEPATypH SK
BCEPEIMHI aKyMyJsTOpa, TaK 1 HA HOTO TOBEPXHI MiJ Yac 3apsaKd, TaKOX € BaXJIUBUM
MOKa3HUKOM, SIKMM HEOOXiHO BpaxoByBaTH B mpoilieci 3apsaku. Ciia 3a3HAuuTH, IO PI3HULSA
TEMIIEpaTyp yCepeaHHi Ta MOBEPXHI aKyMyJIsTOpa B MPOIIECi 3apsAIKd MOXKe OyTH JIyXkKe 3HAYHOIO.
Hanmipna Ttemmeparypa, OCOOJMBO BHYTpILIHS, MNPHU3BOJUTH JO 3HAYHOTO MOUIKOJHKEHHS
MPOAYKTHBHOCTI Ta TEPMIHY CIYXKOW aKyMyJsiTOpa 1 HaBiTh MOXE NPU3BECTH OO CEPHO3HUX
npobiem 3 Oesmekoro. OTke, yac 3apsAAKH aKyMyJsTOpa, BTpaTH €Heprii Ta ITiBUIICHHS
TemmepaTypu (SIK ycepeauHi, Tak 1 Ha TIOBEPXHI) MOBHHHI BPaXOBYBATUCS B IUTBOBIH (QYHKITIT s
ONTUMI3AIii TPOLECY 3aPSIKH.

Bucoxuii cTpym MOKE€ NpPHU3BECTH A0 BEIMKUX BTpAaT EHEpPrii, a TemIeparypa MOXe
MEPEBUIINTH JOIYCTHMI PiBHi, 0COOIMBO y CIIOKMBAYIB 3 BUCOKOIO NOTYXHicTi0. Corin 3ranaTtu, mo
JesKi JITi-I0HHI aKyMyJIsITOPM BCE K Takd MOXYTh 3a3HABaTH IMIIBUIICHHS TEMIIEPATypH
npuoim3no Ha 5°C (9°F) mpu nmocsArHeHHI MOBHOI 3apsiAiku. Taky CHUTYyalil0 MOXKHa BBaXUTHU
HOPMOIO, OCKUTHKHU JIaHE SIBUIIE MOKE OYTH TMOB'SI3aHO 13 3aXMCHOIO CXEMOIO Ta/ab0 MiIBUIIEHUM
BHYTpIHIM omopoM. [lpunuHEHHS BUKOPUCTaHHS aKyMyisaTopa abo 3apsIHOTO MPUCTPOIO
MOTPIOHO TOJI, KOJU Horo Temneparypa migHiMeTscss Outbin HDK Ha 10°C (18°F) mpu momipHii
MIBHKOCTI 3apsiaku [1].

IV. PE3VJIBTATU

30UIbIIEHHS CTPYMY 3apsiIKM HE MPUCKOPIOE CTaH MOBHOTO 3apsiAy. Xouya akKyMyJsITOp AOocsrae
MKy HaNpyrd MIBHIIE, TPOTE 3aps]l HACUUEHHS 3aiiMe BIANOBIAHO OUIbIIE Yacy B HACTYITHOMY
kpoui. IIpu BumomMy cTpyMmi mepimia cTalis KOpOTila, ajie HaCMYEHHS Ha Apyrid cranuii 3aiime
Ourpiie yacy. OnHak, 3apsijika BEIMKUM CTPYMOM LIBUIIE 3alIOBHUTH aKyMYJsTOp 1 HOTO 3apsia B
KIHI[l IEPIIOT CTaAll BXKE MOXKE TOCATTH 3HA4eHHS O11st 75%.

V. OBI'OBOPEHHS

JIiTiii-l0HHUI aKyMYJISITOp HE BUMArae OBHOT 3apsAKH, K Y BUTIAJIKY 31 CBUHIIEBO-KUCIOTHUM
aKyMyJIATOpPOM, 1 1€ HaBiTh HeOaxxaHo. HacmpaBi kparie Horo He 3apspKaTy MOBHICTIO, TOMY IO
BHCOKA HaIpyra € HaJAMIPHUM HaBaHTAXKCHHSAM JUIsl HbOro. BuOip HM)XYOro mopora Hampyru ado
MOBHE BUKJIFOUEHHS 3apsiy HACHYCHHS MPOJIOBXKYE 3arajbHHUI TEPMIH CIY)KOM aKyMyisTopa, aje,
3BICHO, CKOpouye e(eKTUBHMA dYac poOOTH. 3apsaHi TPHUCTPOi ISl CIIOKHUBUMX TOBapiB
pO3paxoBaHi HA MAaKCUMaJIbHY MOTY)KHICTh Ta HE IMISATAIOTh PETYIIOBAHHIO, a 30UTbIIEHUNH TepMiH
CIIy’)KOM BB@KAETBCSA JUII HUX MEHII BaXJIMBUM. [IpoTe Takué Minxil HEMOXIUBHA Ha
MMPOMHUCIIOBOMY BHPOOHHIITBI, Yy KOCMIYHIM Tamy3i Ta B ycCiX IHIIMX cdepax, Ae TOJOBHUM
napaMmeTpoM (YHKIIIOHYBaHHS HAKOIUYYBayiB EJIEKTPHYHOI CHEPrii € TPUBAIICTh 3araJbHOTO
KHUTTEBOTO ITUKITY, & HE MaKCUMaJIbHA MPOIYKTUBHA 3/IaTHICTh OJTHOTO IUKITY 3apsi-pO3psi.

VI. TIEPCIHEKTHBU HOJAJIBIINX JOCIIKEHDb

Konueniis ontumizamii 3apsaKy JiTiH-I0HHUX aKyMYJSITOPIB HaJa€ MOXJIHMBICTb BU3HAYCHHS
BaroMUX YMOB, SIKi BIUIMBAaIOTh HA CTaH aKyMYJIATOPIB Ta TPUBAIICTh BIJHOBJICHHs 3apsay. BoHu
3anexarb K Bil eKCIUTyaTal[ifHUX YMOB 3aCTOCYBaHHsI, TaK 1 Bil ocoOnMBOCTEH MOOYAOBH, IIO
MO>Ke OyTH BPaxOBaHO Ta PO3BUHYTO B MOJAIBIINX BHINTYKYBaHHSX.

VIl. BHUCHOBKHU

TakuMm YMHOM, BEJMKHH CTPYM 3apsiIKU J03BOJISIE JOCSITTH OUIBLIOrO 3HAUYEHHS CTaHy 3apsary
aKyMyJIsiTOpa Ha MEepUIOMY eTami 3apsAJKd — 0 MOMEHTY JOCSTHEHHS MOpPOrOBOTO 3HAYEeHHS
Hanpyry, OJHAaK He BIUIMBA€ HA 3arajbHy TPUBAIICTb 3apsJIKU aKyMYJSATOpa 0 MOBHOI 3apsJIKy,
OCKUIBKM B TaKOMYy BHUNAJKY 30UIBLIYETHCS TPUBATICTH IPYroro eramy 3apsiakd — J0 TMOBHOTO
HacuueHHs. OTxe, NPU BU3HAUYEHHI ONTUMAIBHUX YMOB 3apsiKH aKyMYJIATOPIB CIiJ KepyBaTUCS
TaKUMHU 3HAUYEHHSAMM CTPyMy, IpU SKUX He BiIOYyBaeTbcs iX HaAALIBUAKE CTapiHHA, 1100 He
CKOPOTHUTH 3aKJIaJIcHUi TepMiH ekciutyaTauii. Lle 103BoiuTh He 30UIbIIYyBaTH Yac 3apsiiKy MOHA
HEOOXIJJTHOTO Ta 3 IHIIOT CTOPOHU HE MPHU3BEJIE /10 MOIIKOKEHb aKyMYJIATOPIB.

2023 2nd International Conference on Innovative Solutions in Software Engineering
Ivano-Frankivsk, Ukraine, November 29-30, 2023

136



Takox cmig 3a3HAa4WTH, [0 BU3HAYATHLHUM YHHHUKOM JUISL 3apsiiKH  aKyMyJsTopa €

TEMIIEpaTypa, OCKUIBKH 3aHAJITO BUCOKE ab0 HU3bKE il 3HAYCHHS MOXKE CTaTH MPHUYMHOIO HOTO
MMOLIKO/IKECHHS.
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Abstract—In this paper, we introduce a novel approach for modeling dispersive media by employing
the Transmission Line Matrix (TLM) technique enhanced with the symmetrical condensed node
(SCN-TLM) technique. This method effectively simulates electromagnetic wave interactions with
Lorentz and Drude media through a scattered-field formulation. Our algorithm leverages polarization
current within the media and integrates the auxiliary differential equation (ADE) method to handle
scattering during the conventional discretization process. By optimizing the number of operations
required for each iteration, we have significantly reduced computational overhead. The effectiveness
and accuracy of our approach are demonstrated through the agreement between the calculated
reflection coefficient utilizing the New ADE-TLM method and analytical solutions for both Lorentz
and Drude media.

Keywords—Auxiliary Differential Equation (ADE), Drude medium, Lorentz medium, Transmission Line
Matrix (TLM), Scattered-field.

l. INTRODUCTION

The Transmission Line Matrix (TLM) approach was designed to present a direct comparison
between the fundamentals of electromagnetic wave propagation and the rules that regulate electrical
currents and voltages within a network of interconnected transmission lines [1, 2]. This network,
which demonstrates the discretization of the physical environment studied, is composed of
interconnected transmission lines, which serve as fundamental components called nodes [3, 4].

In recent years, we report a many TLM-based approaches for the analysis of a dispersive
medium. We find: the use of Constant Recursive Convolution (CRC) [5], the Current Density
Recursive Convolution (CDRC) technique [6], the Piecewise Linear Recursive Convolution
(PLRC) technique [7], the Piecewise Linear Current Density Recursive Convolution (PLCDRC-
TLM) technique [8] , the application of the Z-transform approach [9] to characterize the electric
properties of the dispersive media, and the other technique includes the JE convolution (JEC) with
voltage sources method [10] which is applied to model isotropic plasma.

1. RELATED WORK

The auxiliary differential equation (ADE-TLM) technique is employed to model chiral media
[11], Lorentz and Drude media [12, 13], by applying the ADE approximation, and it is additionally
used to represent Cole-Cole media [14].

This paper introduces a novel advancement in the ADE-TLM framework, offering an innovative
formulation designed for modeling environments characterized by Lorentz and Drude properties.
This approach utilizes a unique ADE-TLM algorithm that exploits polarization current density and
the fundamental relationships between voltage (V) and polarization current density (J). Built upon
the SCN-TLM, it employs 12 principal ports to model free space and incorporates 3 additional ports
as voltage sources to characterize the properties of Drude and Lorentz media.
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The efficacy of the proposed ADE-TLM formulation is demonstrated through excellent agreement
between calculated results and analytical solutions for the reflection coefficient of Lorentz and
Drude media. This paper further elaborates on the methodology and presents validation results,
contributing to the growing body of knowledge in the field.

Il. METHODOLOGY

In this methodology section, we delve into the innovative approach of modeling Lorentz and
Drude media through the New Auxiliary Differential Equation-Transmission Line Matrix (ADE-
TLM) algorithm. This novel technique, aimed at accurately representing dispersive media
interactions, involves a sophisticated formulation incorporating both the Lorentz and Drude media
characteristics. The core of our methodology lies in the development of equations that seamlessly
integrate the auxiliary differential equation concept with the Transmission Line Matrix method.
Through a meticulous process, we have devised a comprehensive algorithm capable of capturing the
intricate behaviors of both Lorentz and Drude media, offering a robust foundation for our
subsequent analyses and simulations.

1. Formulations and equations

The magnetic and electric fields are separated into incident and scattered terms, resulting in
[15]:

E E.+E

total — Sinc scat  and

Huw = Hine +H

total — inc scat

In the case of an incident field propagating in free space, Ampere's Law can be expressed as
follows:

VxE=—p I ®

The polarization current density is described by Maxwell equations as follows [16]:

OE
VtzgoswE+ZJp 2

p=1

Where E is the electric field strength, H represents the magnetic field strength, &, is the

permittivity of vacuum, ¢, is the relative permittivity at infinite frequency, f, is the magnetic

permeability of vacuum, J is the polarization current density and p denotes each Lorentz pole-pair
or Drude pole.

1.1 Linear Drude

For the Drude media, the following relation is employed for the polarization current density in
Eq. (2) [17, 18]:

0%J 0J
P t+r —ngocoz% 3)

ot " ot P ot
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Where 7, is the relaxation time for each Drude pole and @, represents the resonant frequency.

The updated equation is:

Iyt =a,d) +hb, (E™ +E") (4)
With the coefficients:
a0 = 2— rpAt .
¢ 2+Z'pAt (5a)
3 50a)§At -
C 2+ 7,At (50)

We obtain the polarization current:

n+1 1 n+l n
Jp2=E(J +3") (6)

We obtain by substituting Eq.(4) in Eq.(6):

1
n+E:1

1, E[(1+ad)Jg+|od(E"*1+E“)] (7

The temporal discretization at step n+1/2 of Eq.(2) using Eq.(7) is :

VAl zgg [ EE ] M1 a ) o (440
L A +E[( +a,)d)+ d( - ﬂ (8)
We obtain from Eq.(8) :
1
L R [ R NV TP TR )
26,6, + Ath, 26,6, + Ath, 2
We convert the electric field to a voltage utilizing the following equation:
Vn
E" = 10
A (10)
Substituting Eq.(10) in EQ.(9), we obtain:
26,6, — A 2AAI |
yrto| b VAH 2-Z(L+a,)]) (11)
26,6, + At 26,6, + At 2

We introduce this Eq.(12) in Eq.(11) :
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n+

& n+1 n n
VAR = [V -2 v ] (12)

The total voltage is written as follows:

N |-

r “n+1
2 V) +V) V]V lvsx
/e 4+Y,, 2 7]
X r —n+1
v | =| 2 VRVIIRYIERVIENEY (13)
y - 44+Y 3 4 8 11 2 sy
Vzn+l oy L -
2 I i i i i 1 T
A4Y _V5 +Vg +V, +V,, +§Vsz_

Yo Yoy, and Y, indicate the normalized admittances.

By comparing Egs. (11) and (13), the normalized admittances Y,,, Yo, and Y,,, and the voltage
sources V,,, Vy,, and V,, are represented respectively as follows:

YOu = 4[M — j (14)
2¢,
VARERYAL —4{—Atbd V) + Atal (1+a, )Jp”} (15)
“ & 2¢,

With: ue{x,y,z}.

1.2 Linear Lorentz

For Lorentz media, the update equations man be written in the same way as the Drude model.
The polarization current density term in Eq. (2) [18]:

0J 0%J OE
2 2
0, d, +25, —F+—F =g Ae,0f — (16)

Where, & is the static permittivity, @, is the angular resonant frequency for the p'th Lorentz
characteristic, and J, is the damping factor.

We obtain by using the finite difference time in Eq. (16) at time step n+1:

Jn+1+Jn Jn+l_Jn—1 Jn+l_2Jn+Jn—l i pen-l
o | 2L |+26,| | +| = gAe, 0 E B (17)
2 2At ( At) 2At

The updated equation is:

L L En+1_En—l
Jo =yt 6, +}/P(2—MJ (18)
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With the coefficients:

0 - 2 - o (AL)?

19a
P 1+ oAt (192)
O At-1
=1y 5, At (19b)
oAe, @] (At)?
=— P > 7 19c
7 1+, At (19¢)
The time discretization of Eq. (2) gives:
A ~ WL
E”+1:E”+—t[V/\Hn2—Jn2j (20)
o
We obtain the polarization current from Eqg. (18):
37z L(gma g 21

We convert the electric field to a voltage utilizing the following equation:

E“—V

_— (22)

Where Al is the space step, and V is the electric voltage.

By substituting Eq. (22) in Eq. (18) and Eqg. (20) respectively, we find:

Vn+l _Vn—l
n+l n n-1
It =a,dp+ £ 4y, (W} (23)
1 1
Vn+1 :Vn + AIAt [V/\H +E _J +2J (24)
&o

We update Eq. (23), and we find by utilizing the average approximation defined in [19]:

n+1 n-1
yr =YV (25)
2
We obtain by substituting Eq. (25) into Eqg. (23):
n+1 n n-1 \ " -V -
Jo =y +6,d + e AlAL (26)

We find by utilizing the SCN-TLM method [20] to Eq. (1):
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1
VAR | oAl

net
&

V/\Hy 2=

V- )

n_

_(v; TR Tk +v1;)”_ 27)

1
N+

VAH, 2 & (VSI AV 4V +V1;)“*1_(v;+v; +V7r+V1[))

Applying the charge conservation's laws:
VATV ViR i (VARSI VLV LY
1 TV TV TV 1 TV T Ty 5

r r r r i i i i

Vo 4V +Vg V| = VeV Vg +V | 4|V (28)

r r r r [ i i i

Vo V4V 4V )\ V4V )V

Sz

Replacing Eq. (27) in Eq. (24), employing Eqg. (28), and we find the total voltage by utilizing
the Symmetrical Condensed Node (SCN):

— —n+1

2 VARRVIERVINE VISV
e 4+vY, ||L 2 7]
Xn+l 2 [ i i i i 1 I
A i ey, V) +V,) +V +V) + EVSy (29)
VZn+1 oy - —
2 [ i i i i 1 I
24V _V5 +Vg +V, +V,, + EVSZ_

Yo, Yoy, and Y, indicate the normalized admittances.

The normalized admittancesY,,, Yo, and Y, can be written after comparing between Eq. (24)
and Eq.(29) as:

Y, =4(c, -1) (30)

And the voltage sourcesV,,, Vs, and V,, are:

SX 1

p
Vs:+l = _Vnsu - AZIgAt Z(‘] ;:1 +J ;u) (31)
0 p=l

V. RESULTS

To evaluate the efficiency and validity of the New ADE-TLM algorithm presented in Section 2,
which includes voltage sources for the Lorentz and Drude media. We simulate the reflection
coefficient of plane wave incident from vacuum onto either a single pole-pair Lorentz half-space or
a Drude half-space employing a one-dimensional, the results obtained are compared to the
analytical solutions to validate and make comparisons.

The TLM network is divided in (1,1,1000) Al , with the time step: At=0.4166 ps, and the
space step: Al =250um,
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We partitioned the one-dimensional computational space into 1000 cells, with 500 cells
represented to simulating air and the other 500 cells are occupied by Lorentz and Drude media.

Similar to [21], the following parameters describe the Lorentz media:
£ =30,¢, =15, @ =27r%x25GHz, and o, =0.1a,.

While the Drude half space is defined by:

£=30,¢6,=10, r,=2x10"s

Fig. 1 shows waveforms calculated using the New ADE-TLM method. These waveforms show
the behavior in the free-space of the scattered electric fields when interacting with both the Lorentz
and Drude half-space models. This figure demonstrates the presence of attenuation and dispersion
influences.

- Lorentz Model
Drude Model

e
-

——
—
1

s

Scattered value of Ez (V/im)
1) &
(] N

s
-

b
o

-0-6 1 1 1 1 1 1 1 1 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Time (ns)

Fig. 1. New ADE-TLM calculated time-waveforms of the scattered electricfield for both the Lorentz and
Drude half-space examples

We calculate the analytical solution for the reflection coefficient, utilizing the formulation [22]:

o AT
I

Where ¢ *(a)) is the complex permittivity.

Fig. 2. Compares the reflection coefficient for both the Lorentz and Drude instances utilizing
New ADE-TLM and accurate analytical results.
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Fig. 2. Comparison of the new ADE-TLM and exact theoretical resultsfrom for the reflection coefficient for
both the Lorentz and Drude half-space examples.

V. DISCUSSION

An efficient agreement was noted between the exact theoretical results as defined by Eq. (24) and
the new ADE-TLM results for both the Lorentz and Drude examples. This result agrees very well
[21].

VI. CONCLUSION

In this study, we provide a novel ADE-TLM approach for modeling Lorentz and
DrudeDispersive media. This approach employs the connection between centered derivatives
approximations, polarization current density J, and electrical voltage. In our technique, we used
voltage sources that model linear characteristics and utilized the principle of variable admittance.
The results obtained utilizing our New ADE-TLM method are in excellent agreement with the
analytical values of the reflection coefficient demonstrating the validity of the proposed method.
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CTBOpEHHS TPEHYBaJIbHUX J1aTACETIB JJIS

KOPEKILIMHUX BEIMKHX MOBHMX MOJEIICH
Hecrepenko Bonogumup

Kageopa padioghizuxu ma komn'tomeprux mexnonoeii
JIvsiscokuil HayionanvHuu yHieepcumem imeri leana @pauka
JIbBiB, YKpaina

AHoTanis—YyY po0oTi po3risiHyTo NpoljeMaTHKy reHepamii HaOoOpiB AaHMX IS JOTPeHyBaHHSI
BeJIMKUX MOBHMX Mojesieil /A5 BUpilIeHHA KOHKpeTHOro 3aBiaaHHs. IlepeBipeno pawnime
3anpornoHOBaHi MiAX01H 10 BUPillleHHA Hi€l mpodJieMHu, 110 IPYHTYIOThHCS Ha BUKOPUCTAaHHI open-source
3ac00iB Ta iHCTPYMEHTIB 00po0KH NMPUPOIHOT MOBH.

Kniouoei cnoea—Inrcenepia npozpamnozo 3zavesneuennsn, Komn'tomepui nayku, Mawiunne Haguanus,
Benuxi moeni mooeni, Obpoora oanux, Oouucnioeansvna ninzeicmuka.

I.BcTyn

Cepen BenHKOi KiTbKOCTI 33/1a4 BETTMKUX MOBHUX MOJIEINICH € BUIIPABJICHHS TIOMHJIOK y TEKCTI Ta
CHIKYBaHHs y pouti moMiuyHuKa. [ToetHaHHs TX 1BOX MOJsirae y CTBOPEHH1 4aT-00Ta, AKUil BUIIPABIISIE
PI3HOTO POy MOMUJIKH y TIOBIJOMJICHHSAX KOPUCTYBada. Takuil MpoOrpaMHUN MPOJIYKT € KOPUCHUM
IIpY BUBYECHHI 1HO3€MHOI MOBH JI 3pYYHOTO MPAKTUYHOTO 3aCTOCYBAaHHS PO3MOBHOI JIEKCUKH Ta
HaOyTTS HEOOXigHOro JOCBiqy. Po3poOka omucaHOro MPOrpaMHOrO MPOAYKTY TOTpeOye
JOTPEHYBAaHHS BEIMKOI MOBHOI MOJIEN1 Ha BIAMOBIAHUX CTPYKTYpPOBAaHUX JAHUX, IO MPEICTaBIICHI
HabopoMm TpeHyBanbHUX map [1]. TpeHyBambHI mapu y TakoMy BHIAAKY CKJIaJarOThCs 3
MOBIZOMJICHHSI KOpHUCTyBada Ta BIAMOBiAl 4yaT-0oTa. ['eHepallis TpeHyBaJlbHOTO HAOOPY JaHUX
JOCTaTHBOTO PO3MIpY Ta SKOCTI € OJHHMM 3 HAWBaXIMBIIIKMX €TaliB TpPEeHyBaHHS Mojenen
MalIMHHOIO HaBYaHHSA, TOMY B L1l poOOTI Oyze nepeBipeHo KUIbKa MIIXOIB 10 BUPIIIEHHS 1[bOTO
3aBJIaHHs Ta OL[IHEHO IX 3aCTOCOBHICTb.

I1.AHAJII3 OCTAHHIX JIOCJIIJKEHD I ITYBJITKALITIA

AKTyanbHICTh BEJIMKHMX MOBHHMX MOJENiell B Cy4yaCHOMY CBITI 3pocTa€e 3 KOXXKHUM jaHeM. lle
miATBep/KyeThes momyisipHicTio mozaenmi ChatGPT rta gocmimkennsmu Big Google Cloud Al
Research, OpenAl, Language Technologies Institute, Tomo [2]. V [eskuX HemoaaBHIX
JOCIPKEHHAX OyJI0 TaKoX 3alpolOHOBAHO pI3HI METOAM 3MIHM TEKCTy 3 METOI0 TeHepallii,
ayrMeHTaIlil TaHUX Ta 3aXUCTy aBTOPChKOro mpasa [3; 4; 5]. HaBeneHi B HUX MiIX0IU 3aCHOBaHI Ha
BUKOPHUCTAHHI K MPOCTUX AJITOPUTMIB TaK 1 CTATUCTUYHUX MIAXOJIB 3 MAIIMHHUM HaBYaHHAM 1
MOKJIMKaH1 30UTBIINTH PI3HOMAHITHICTh TEKCTIB JUIS TTOIATBIIIOTO BUKOPUCTAaHHS. AHATI3 Ha KITBKOX
MOBHHX PIBHSIX, @ TAKOX IHCTPYMEHTH CTBOPEHHS BEKTOPHHX MPEICTABICHbD, ONICAH] Y PO3TIITHYTHX
CTaTTAX, OyJIM BUKOPUCTaHI Ui (OpMyBaHHS TPEHYBaJIbHUX HAOOPIB JaHUX 1 BUPIIICHHS 3aBJaHHS
OIMCAHOTO B IIiif poOOTi.

IHI.METOIM

MoBHHIT MOMIYHUK MPOSKTYETHCS JUTS HIMEI[bKOI MOBH Ta 3 BUKOPHCTAHHSIM BEIMKOT MOBHOT
mozeni «TheBloke/em_german_leo_mistral-GGUF». BpaxoByroun npuHIHMIN POOOTH BEIHKHX
MOBHHUX Mojieneit [6] Ta moOMMIIKH, 110 HaWYacTille IOMYCKAIOThCA Y TEKCTax, JJs (popMyBaHHS
TPEHYBILHOTO HAa0OpYy JaHMX OyJl0 BHKOPUCTAHO KiJlbKa METOMIB CIOTBOPEHHS TEKCTY:
JemMaTHu3alisl BUMAJKOBOIO CJI0BA, 3MIHA BEKTOPHOI'O MPEJICTaBICHHS TEKCTY, 3MiHA MOPSIKY CIiB,
3aMiHa JIeSKUX CJIB Ta BUAAJICHHS BUIIAKOBOTO ciioBa. HaBeneHi MeTOIM BUKOPHCTOBYIOTBCS IS
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CUMYJISIIIT TIOMHJIOK, IO MO’K€ JOIYCKAaTH JIOJAuHA Tpu (HOpMyJtOBaHHI TOBigoMIICHHS. JlJis
OTpUMaHHs BEKTOPHOTO ITpeicTaBlIeHHs OyJ10 BUKoprctano incTpyMeHT huggingface. AutoTokenizer
mozeni «bert-base-german-cased». CrioTBOpeHHsI BEKTOPHOTO MPEACTABICHHS TEKCTY BigOyBaocs
[UISXOM 3MIiHM BHIIAQJKOBOTO 3HAYEHHS BEKTOPY HAa BHIIAJKOBY I[UIy BEJIHYMHY, IO OMHUCYETHCS
posmoxaiiom Ilyacona. Jlemarusamis Ta 3MiHa TOPSIKY CIIB 3 ypaxyBaHHSM CHHTaKCUYHHX
3aJIeKHOCTEH OyJsiM MpOBeCHI 3a jonoMororw 6idmiorekn SPaCy 3 mozemno «de_Core_News_Smy.
3amiHa CJIiB MPOBOAMIIACS JJISl ApTUKIIIB, TPUHMEHHHUKIB Ta 3aiiMEHHUKIB 3 BUTIAIKOBHM iX BHOOPOM.
Mipa CXOXOCTi CIIOTBOPEHHX TEKCTIB Ha OpHUTIHAIbHI OOYMCIIOBAJIACS LUIIXOM OTPUMAaHHA
BEKTOPHUX MPEACTABICHb 3a JIONMOMOroI00 IHCTpyMeHTy Sentence transformers 3 mogemrto «T-
Systems-onsite/german-roberta-sentence-transformer-v2» Ta 3HaXOJKCHHSM OI[IHKH CXOXKOCTI Ha
OCHOB1 1X KOCHHYCY MOIIOHOCTI. Y SKOCTI KOPITyCy TEKCTiB OyJI0 BHKOPHUCTAHO 52 miajiord
HIMEIBKOIO MOBOIO 13 HABYAJILHOTO PECypCy 3 BUIBHUM JlocTymnoM. [licis ix 06poOku Oyiio oTpuMano
1610 TekcTiB, YOTO AOCTATHBO LIS MOTEPEIHBOT IEPEBIPKHU TIIIOTE3H PO 3aCTOCOBHICTH KOXKHOTO 3
METO/IB CIIOTBOPEHHS TEKCTIB.

IV.PE3VJIBTATH

JJig onmrcaHuX METO/IB Y pe3yibTari 0yJI0 OTPUMAHO CIIOTBOPEHI PEUECHHS 3 TAKUMU CePeIHIMU
MipaMHu CXO0KOCTi Ha opuTiHanbHI: emaru3anis — 0.994, cnoTBOpeHHsI BEKTOPHUX MPECTABICHD —
0.842, nepecranoBka — 0.99, 3amina — 0.977, Buganenns — 0.945, ne mipa cxosxocti 1 BiamoBigae
IICHTHYHUM pedeHHsIM, a 0 — a0COIFOTHO HECXOIKHM.

V.OBr'OBOPEHHS

OTtpumaHi pe3yJabTaTH CB1I4YaTh MPO TE, 1[0 HABITH HE3HAYHA 3MiHA BEKTOPHOT'O MPEICTABICHHS
TEKCTy MPU3BOJIUTH 10 MOro CyTTeBOI 3MiHU. BonHouac, mpu AeTaqbHOMY aHami3i CIIOTBOPEHUX
peYeHb, MOXHA MTOMITHTH, 1110 3MiHU B PEUYCHHSX € JOBOJI JAJICKHUMH BiJl TUX IIOMIJIOK, 110 3a3BUYaii
poOsaTh NMoau. Binbin mpaBmonoiOHI MOMUIIKKM OTPUMYIOTHCS 32 JIOMOMOTOIO JeMarTu3allii Ta
3aMiHM, X0Ya I[i 3MIHH 1 CIIPUYUHSIOTh HA0AraTo MEHII 3MiHH B TEKCTaX. BapTo 3ayBakuTH, 10
pe3yNbTaTu JOCTIKEHHSI HE 3MYIIYIOTh HAC BIIMOBHUTHCS BiJ OyAb-SIKOTO 3 METOJIB, OCKIUIbKU y
TPEHYBaJIbHUX JTAHUX BAKIIMBO HABECTU SK MPABIONOAIOHI MOMUIIKHU, TaK 1 IEBHOTO POy BUKHUIU
Ta KpaiHi BUMA K1, a0W MOJIeNb MICIs JOTPEHYBaHHS MOTIJIA IIPAaBUIJIBHO pearyBaTH Ha Pi3HI JaHi.

V |.ITEPCIIEKTHBU TOJAJIBIINX JOCIDKEHD

AHami3 pe3ysibTaTiB IMOKa3ye, M0 BUKOPHUCTAHHS HABEJIEHUX METOIIB CIIOTBOPEHHS JaHUX
noTpedye pi3HOT YacTOTH 3aCTOCYBaHHS 4epe3 pPi3Hy Mipy CHOTBOPEHHSI, 110 BOHH BHOCSTH, Ta
MOAIOHICTh JO CHPaBXHIX JIOJCHKUX IMOMUJIOK. YacTtoTa Ta CrmOCOOM 3aCTOCYBaHHS METOJIIB
CIIOTBOPEHHSI MOX€E OyTH BH3HAU€Ha CTATUCTUYHHUMH METOAaMH, 1[0 1 OyAe OfHielo0 3 TeM
MOJAIBIINX JOCIIIIKEHD.

VI1.BUCHOBKU

VY Xxoni mpoBeneHHs NOCTiKEHHsI OyJo 3’COBaHO, IO MPEACTaBIE€HI METOAM CIHOTBOPEHHS
PI3HOIO MIpPOIO BIUIMBAIOTh HA TEKCT, Yepe3 110 NOBUHHI BUKOPUCTOBYBATHCS 10 pisHOMY. [loganbiie
(dbopMyBaHHSI TPEHYBaJIbHOTO HAa0OPY JAaHUX JUIl BEJIMKOI MOBHOI Mojeni Oyne BinOyBatucs 3
ypaxyBaHHSIM MipU CIIOTBOPEHHS KOXKHOTO 3 METO/I1B 3MIHU TEKCTY.
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BI/IKOpI/ICTaHHH MAUIMHHOI'O HaBYaHHA HJIA

YIPABIIIHHS OPOLIECAMH arpapHOi €KOHOMIKH
ITerpo I'puirox, Makcum I"aBpuittok

Kageopa komn’romeprux mexnonozitt ma eKoHoOMiuHOI KibepHemuKu
Hayionanvuuil ynigepcumem 600H020 20cno0apcmea ma npupoOoKOpUCYBaHHs,
PiBue, Ykpaina

AHoTanis—BpoxaiiHicTh nmeHuui B YKpaiHi B OCTaHHi ABAAUATL POKIB 3HA4YHO 3pociia
3aBASIKH 3HAYHUM IHBeCTHLiHHMM HAIXO/AKEHHAM Ta NOKPALLEHHIO TEXHOJIOTil BUPOLIYBAHHS,
30upaHHs Ta 30epiraHHsa Bpoxkaiw. Pazom 3 TuM, BpokalHiCTh 3a3HA€ 3HAYHUX KOJIUBAHb, AKI
3yMOBJIEHi BIUIMBOM KJIiMaTHYHHX (akrTopiB. B poloti npoBeaeHo aociailzkeHHs] BILIUBY
KJIMATUYHUX (PAKTOPiB Ha KOJIMBAHHSI BPOKAWHOCTI 03MMOI NMIIEHHMUI y Pi3HHX perioHax
Ykpainu. IHcTpyMeHTOM [OCTiXKeHb BHCTYHNAJIH MeTOAW MAIIMHHOIO HaB4yaHHA. [las
peaJtizauii 1aHoi MeTOAUKHU 0yj1a MpoBeieHA OiHApU3allisi 3HAYEHb BPOKAIHOCTI.

Knrwouoei cnoea—Bpooscaiinicme nwenuyi, Knimamuuni ¢gaxmopu, Mawunne HaguaHus,
binapusauia epoxcaiinocmi, Knacugpixauia.

I. Bcrvin

BuxopucranHs MalmMHHOTO HaBYaHHS B arpapHiid €eKOHOMIII BIIKPUBAE MTUPOKI MOMIIMBOCTI JIJIst
ONTUMI3AIIIT Ta YNPaBIiHHS PI3HOMAHITHUMH acleKTaMH CLIbCHKOTOCIOIAPCHKOT MisuTbHOCTI. Monermi
MAIIIMHHOTO HAaBYaHHS MOJKYTh aHAJII3yBaTH BEJIMKI OOCATH JaHWX IMPO IPYHTH, KIIMAaTHYHI YMOBH Ta
HII akTopH, M0 BIUIMBAIOTH HA YpOXKaWHICTh. Lle m03BoOJIsE CUTBrOCIBUPOOHNKAM 3pOOUTH OUTBIII
TOYHI MMPOTHO3M Ta BXKUTH HEOOXITH1 3aX0/1 JUISl SMEHITICHHSI PU3HKIB.

BupoOHHUIITBO 3epHa € OJIHIE€I0 3 HAHBKIMBINIMX Taly3ed €KOHOMIKH YKpaiHu, o 3abe3nedye
MIPOJIOBOJIbY1 TIOTPeOM HAceleHHS Ta CTaOUIbHMK NpUIUMB BamoTd. CepeaHbOpiyHE BHUPOOHHMIITBO
3epHOBHX B YKpaiHi 3a 2019-2021 poku gocsrio piBHS 75 MIIH TOH, a CEPEIHBOPIYHHIA SKCIIOPT 3a IeH
yac ckiaB 50 muH TOH. OCHOBHOIO 3€pHOBOIO KYJIBTYpOIO B YKpaiHi € mmreHur. CepemHbopiuHe
BUPOOHUITBO MieHHI B Ykpaini 3a 2019-2021 poku nocsrio piBas 26,5 mutH ToH [1].

3 TOYKH 30py MNPHUPOJHO-KITIMATUYHUX XapaKTEPUCTUK, SIKI BIUIMBAIOTh Ha BHUPOIIYBAHHSA
3epHOBUX KYJIbTYp, TEPUTOPII0 YKpAiHU YMOBHO MOKHA PO3AUTUTH HA TPU BEJIMKHX 30HU : CTEIIOBA
3oHa (KipoBorpanceka, JHimpomeTpoBcbka, 3amopizbka, XepcoHChbka, MukomnaiBcbka, Ojnecbka
obnacri), micocrenoBa dYopHo3emHa 30Ha (YUepniriBceka, Cymcbka, IlontaBchka, XapkiBchbka,
KwuiBcbka, Yepkacbka, BinHumbka oOnacti) Ta 3axigHuii perioH (BoamHchka, PiBHEHCBKa,
JKuromupceka, JIbBiBCcbka, IBaHO-®paHKiBCchbKa, TepHOMUIbCbKA Ta XMENbHHUIIbKA 00JIACTI).
3akapriatchka Ta YepHiBerbka 00JacTi MarOTh BIAMIHHI KIIMAaTHYHI XapaKTEPUCTHKH 1 He
BIZTHOCSITHCSI JIO KOJJHOTO 3 Ha3BaHUX BHIIIE KIIACTEPIB.

["010BHOIO TIEpeyMOBOIO XOPOIIOT BPOXKAMHHOCTI MILIEHUIII € 11 yCITiIIHa BereTalis y BeCHSIHO-
miTHi nepioa. Ha xokHoMmy erami Beretamii iCHye BIKHO ONTHMaJbHUX 3HAu€Hb KIIMAaTHUYHHMX
¢axTopiB. Buxin hakTopiB 3a MeXi IOTO BiKHA IPUBOAUTSH JI0 3HWKEHHS BposkaitHOCTI. J{71s1 aHamizy
Ta MOJICJIIOBAHHS BIUIMBY KJIIMaTMYHUX (DAKTOpPIB Ha KOJMBAHHS BPOXKAWHOCTI MIIEHHUIT MU
BUKOPHUCTAJIM MacuB JaHuXx 3a rnepio 2000 — 2021 poku. Mu BUKOPUCTOBYBAJIM HACTYIIHI KJIIMaTUYH1
(dakTopu : cepeIHbOJICKaIHA TeMIIepaTypa 3a KBITeHb, TPABEHb Ta YEPBEHb Ta MICSYHI CYMU OTa/liB
3a Il %K MICSIII.

Il. AHAJI3 OCTAHHIX JOCJI)KEHb
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BupoOGHHUIITBO MIIEHUII € OCHOBOIO YKPaiHCHKOTO CUTBCHKOT'O TOCTIOIAPCTBA, ajle 3MiHU KIIIMaTy
3arpoXyloTh HOMY B JESKUX perioHax Ykpainu. barato mocimipkeHb OCTaHHIX POKIB MPUCBSIYCHO
JOCIIDKEHHIO BIUIMBY KIIMAaTUYHUX (PAKTOPIB HA BPOXKANHICTH CUTBCHKOTOCTIOAAPCHKUX KYIBTYDP.
BrmB 3MiHHM KJTiMaTy Ha BPOXKAMHICTH 03UMOI MIICHUII B YKpaiHi Ta OKPEMO JJIsl TPbOX OKPEMHUX
€KOJIOTIYHUX 30H YKpaiHu OyJI0 OI[IHEHO Y BETMKOMY aHAJIITHYHOMY OTJISsIIL, TPOBEACHOMY B paMKax
npoekty «HiMenpko-yKpaiHChKHI arpapHO-NOMITHYHUKA gianor» [2]. 3a BHUCHOBKOM aBTOPIB,
TOJIOBHE 3aHETIOKOEHHS BUKITMKAE POIOYA CTENIOBA 30HA, /I KIIIMAT OUTBII KapKUK 1 CyXHid, a TAaKOX
CTIOCTEPIratoThCs YacTi Mocyxu. MaiOyTHI 3MiHU KJIIMaTy MOKYTb TIOCHIJIUTH I1i HETaTUBHI HACIIIKH
Ta CIIPUYMHUTH OITyCTEIIOBAHHS [[LOTO PETIOHY.

VY pob6oti [3] aHami3yeThCs BIUIMB KIIMAaTy Ha PIYHY MIHJIMBICTH YpPO’KaHOCTI OCHOBHHX
cutbchbkorocnonapchbkux KynapTyp y CIIIA. Pe3synbTaTé anamizy cBigdarh Mpo Te, M0 KIIMaTHYHI
3MIHM BIUTMBAIOTh HA PIBEHb 1 KOJMBAHHS BPOXKAMHOCTI CUIBCHKOTOCTIONAPCHKUX KYIBTYP.
30UTbIIIEHHS YaCTOTH TMOCYX B OCTaHHI POKH PO3TISIAETHCS SIK TOJIOBHA 3arpo3a JUisl CUTbCHKOTO
rocrnojapcrsa Ha poOoti [4]. ABTOp AOCHIIMB BIUIMB 3MIHM KJIIMaTy Ha pIBEHb BUPOOHHUIITBA
OCHOBHUX CLICHKOTOCHOIaPCHKUX KYNIBTYp, a Takok Ha BBII Yropmuzu.

HaykoBo-TexHIYHHI TIpOTpec CHPHUSIB HAIXOHKCHHIO BEJIHKHX OOCSTIB CTATUCTUYHHUX TAHHX 3
pI3HUX Tamy3ell CUIbCHKOTO TocmojapcTBa. Lle 3HaYHO PO3MMPHIO MOMKIMBOCTI BUKOPHUCTAHHS
KOMIT IOTEPHUX TEXHOJIOTIH JJIs aHali3y Ta MOJENIOBAHHS KJIIMAaTUYHHUX BIJIUBIB Ha BPOXKaWHICTb
CUTBCHKOTOCTIONAPCHKUX KyIbTYp. [losiBa TEXHOJOTIT BEMTMKUX JaHUX IMPH3BENA JIO MOSIBH HOBHX
MOTY)KHUX AaHAJITUYHUX IHCTPYMEHTIB, TaKMX SK METOJM MAIIMHHOTO HAaBYaHHS, SKI paHilIe
MO3UTUBHO 3apeKOMEHyBalu cebe B MeIuIIMHI, (iHaHcax 1 61oJ0rii [5]. B ocTanHi poku 3’ siBumimcs
nyOikaiii, B SIKUX OMHCYETbCS 3aCTOCYBAHHS METOJIB MAalIMHHOTO HaBYaHHS Ul MIPOTHO3YBaHHS
BpPOKaHOCTI1 CUTBCHKOTOCTIONAPCHKUX KYIbTYp. AHAIITUYHI MOJIEIII, TaKi K MOJICNIb JIepeBa PillieHb,
MO/IENTh BUMAJAKOBOTO JIICY, MallliHA OTIOPHUX BEKTOPIB, OAECOBCHKI MEPEXi Ta MTYYHI HEHPOHHI
MepexXi, BAKOPUCTOBYIOTHCS JIJISl aHAJTI3y KIIOUOBUX (DaKTOPIB, IO BIUIMBAIOTH HA BPOXKAKUHICTE. L1
METOJM JAI0Th 3MOTY aHaNi3yBaTH TPYHTOBHUH, KIIMAaTHUYHUN 1 BOJHUN PEKHUMH, SIKI CYTTEBO
BIUIMBAIOTh Ha PICT 1 BPOXKaWHICTh KynbTyp. B ormsami [6] mpenctaBieHi MiAXOMd MaIIMHHOTO
HaBYaHHsI JI0 BUPIMICHHS ITi€] 337191 3 TOYKH 30py MPUKIATHOTO €KOHOMICTA.

VY nocnimpkeHHi [7] 3alIpoOHOBAHO CUCTEMY ITPOTHO3YBAHHS HAa OCHOB1 MAIlIMHHOTO HABYaHHS
U1 nepenadadyeHHsl BPOXKAMHOCTI LIECTH CUIbCbKOTOCHOAAPCHKUX KYJIbTYp Yy KpaiHax 3axinHoi
Adpuku. [ns moOymoBu Takoi cucteMu Oyiaud BUKOPHCTaHI JepeBa pilleHb, OaraTOBUMIpHA
JIOTICTUYHA perpeciss Ta MOJAEIb HAWOMMKYUX CycimiB. byllo BHUABIEHO, IO peE3YJIbTATH
MIPOTHO3YBAaHHS MOJIEJi JepeBa pimieHb 1 mojaeni k -Nearest Neighbor kopentorOTh 3 04iKyBaHUMH
JAHUMH.

CrpykTypa riuOOKOro HaBYaHHS JUIsl POTHO3YBAHHSI BPOXKAMHOCTI 3 BUKOPUCTAHHSAM JaHUX
JMCTAHIIMHOTO 30HIYBaHHS IpeJCTaBiIeHa B poOoTi [8]. 3amponoHOBaHO MiAXiA IO 3MEHLIEHHS
PO3MIPHOCTI HAa OCHOBI r'iCTOrpaM Ta IPOAEMOHCTPOBAHO CTPYKTYpPY IIIMOOKOr0 raycoBOIr0O MPOLECY,
3a JIONOMOTOIO SIKOTO YCYBAalOThbCS IPOCTOPOBO KOPEJIbOBAHI MOXUOKM Ta 3HAYHO MiJBUILYETHCS
TOYHICTh IPOrHO3YBaHHS BpoxkaiHoCTI coi B rpaderBax CILA.

OnHuM 13 HAUNOTYXKHIMKX IHCTPYMEHTIB MAIIMHHOTO HAaBYaHHS € LITYYH1 HEHPOHHI Mepexi. Y
cTarTi [9] BUKOPHCTOBYEThCS HaIlIBIIApaMETPUYHUN BapiaHT IITMO0KOT HEHPOHHOT Mepexi, sika MOXKe
OJIHOYACHO BpaxOBYBaTH CKJIAJHI HENIHINHI 3B’A3KM y MacHBax IaHUX BEJIHMKOi PO3MIPHOCTI.
BukopucroByroun 1aHi mpo BpoxkaitHicTh KyKypya3u Ha Cepenabomy 3axoai CHIA, 6yno noka3zaso,
1110 NIPHU IPOTHO3YBaHH1 BPOKAWHOCTI LeH MiAX1/1 epeBeplIye K KIaCH4H1 CTATUCTUYHI METO/IH, TaK
1 HemapameTpHuHI HEHpoHHI Mepexi. Y pobotax [10-12] Takok BUKOPUCTOBYBAJIMCS MOJENI
HITYYHOT HEHPOHHOT MepeKi 1151 MOJIEITIOBaHHS TMHAMIKA BPOXKAHOCTI.

1. METOOU

AHaniz TuHaMIKM BpOXKaWHOCTI MIIEHUII B perioHax YKpaiHu 3a OCTaHHI 22 POKHU MOKa3ye, 110
BpOKalHICTh 3pocTae [13]. [TligBuieHHs BpoKaifHOCTI CTAI0 HACTIAKOM MiIBUIEHHS IHBECTULIIHHOT
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MpUBAaOIMBOCTI 3€PHOBOT raiy3i Ta 3HAYHMX IHBECTHLIH, SIKI HaIiimuIM B ramy3b. B pesynbrari
MOKpammiacs HaciHHeBa 0a3a, MIIBULIMIIACH arpoOTeXHIYHA KyJIbTypa Ta PO3BUHYJACS JIOTICTHYHA

tr,

Mepeka (eleBaTopH, 3€pHOBO3U, MOpPTH). JlJIs MOIETIOBaHHS TPEHIY BpOXKAWHOCTI ¢ MH

BUKOPHUCTAJIU JIIHIMHY MOJIETTh

tr, =a, +ta, . 1

40

35

30

u/ra

25

20

BPOXKaMHiCTb,

15

10

5
2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022

Puc. 1. lunamika BpoxkaifHOCTI mieHuni y XepcoHchbKii o0nacti. LllTpuxosa niHis 300paxae
niH1HUN Tpena. [lyHkTupHi JiHi{ 300pakyr0Th MeX1 HU3bKOI Ta BUCOKOT BPOKaHHOCTI.
Po3paxoBano aBropamu 3a JanuMu [1]

[IpoTe TeHIEHIs MO MiABHIICHHS BPOXKAWHOCTI Y; CYMPOBOJIKYETHCS 3HAYHUMH KOJMBAHHIMHU
BPOKAHOCTI, TPUYMHOIO SIKUX 3JCOUTHIIION0 € BIUIUB IOTOMHO-KIIMAaTHYHUX dakropiB. [li
KOJIMBAHHS € BINXWJICHHSIMH Bill TPEHIY EPS

eps; =Y, _trt' (2)

Jlis MopenmOBaHHS KOMIIOHEHTH BpOKaWHOCTI €pS, sika BimoOpakae BIUIMB KIIIMary, MH
BUKOPHUCTAJIM CTATUCTUKY BPOXKAMHOCTI MIICHUIII Ta KIIMATHYHI JaHi Juisi objacTedt YkpaiHu 3a
nepiog 2000 — 2021 poxu. KimiMatuuHi XapakTepUCTUKH B3sATI HaMH 3 pecypcy [14], mani mpo
BpOKaMHICTB B3ATI 3 pecypey [1]. BupimansHuii BIJIUB HAa BPOXKAWHICTh MIIEHUII Mae€ i1 yCIilIHa
BereTallis B Mepio 3 KBITHs MO YepBeHb. JIJIsl OIIHKM BIUTMBY KJIIMaTy Ha BPOXKAWHICTh MIIESHUII MU
BUKOPUCTOBYBAJIM CEPEAHbOJCKAIH1 3HAUCHHS TEeMIIepaTypu KBITHS, TPaBHs, YEPBHS Ta MICAYHI
CYMH OTaJliB 3a Iieil nepioa. Yposkail niieHuli GopMyeThCs i BIUTUBOM 12 KIIMaTHYHUX (aKkTopiB
(9 remmnieparypHux i 3 moB’a3aHux 3 onagamu). [Ipu npomy BiAryk €ps moB’si3aHuil yepe3 piBHAHHS
MHOXHHHOT perpecii 3 (akTOpHUMH O3HaKaMH ti,t,,ts, t,, ts, t, ty, tg, to, Rig, R2o, R39. Monenb
3JIC)KHOCTI BIIXHJICHHSI BPOXKAHOCTI €PS BiJ KJIIMAaTHYHUX (AKTOPIB MA€ BUTJISL:

eps = B, + Bt + Bot, + Bty + Bty + Bits + Bt + Bt +
+ Bty + Boty + BioRig + BroRog + B Rep + €.

OnHi€r0 3 MEePEeNIKo/ s BAKOPUCTAHHS MAIIMHHOTO HAaBYAaHHS B 33/1a4aX Ce30HHOT'O IPOTHO3yBaHHS
€ oOMexxeHHH po3mip BHOIpkM AaHuUX crnocrepexeHb. 11106 yHukHyTH 1€l mpobiemu, MU
peanizyBanu MojeJbHE HaBYaHHS Ha 00 ’€THAHUX aHCAMONSAX BHUOIPOK, AKI MOEIHYIOTh HaHl 3
cyciiHix oOnacTeif 13 MoAIOHMMHU MOTOAHUMH Ta KIIIMaTHYHUMHU YyMOBaMH Ta TUIAaMHU I'PyHTIB [15].
Mu oTpumanu Taki BUOipkH, 00’ €qHyI0YHM 067acTi YKpaiHu y arpokyiiMaTUYH1 30HHU, ONTUCaHI BUILIE.
BinmoBigni Bubipku manux OyayTh MicTUTH Big 132 no 154 3paskiB, KOXKEH 3 SIKUX MICTUTh
JIETPEHI0BaHy BpOKalHICTh €PS 1 12 kiiMaTHYHUX (PaKTOpIB.

(3)
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IV. PE3VJIbTATU

J1st 0OpoOKM MacUBIB JaHUX MU BUKOPHCTAIN CEPEJOBHIIIE TIPOTpaMmyBaHHA R 13 po3mmpeHHsIM
RStudio. KopensuiiiHo-perpeciiinuii aHami3 JO3BOJIMB BHUSBUTH Ti (DakTopw, sKi BilirparoTh
BUPIIIAIFHUI BIUIMB Ha 3MIHM BpOXaiHOCTI mimeHuti (Tabm. 1). 3Hak «+» mo3Hayae MO3UTUBHUMA
BIUTHB (paKkTOpa, 3HAK «-» - HEraTUBHHUH BILIUB (pakTopa.

Tabmuus 1. BrumB kimiMatnyaux GakTopiB Ha BPOXKAHHICT MIIEHUII

tl t2 t3 t4 t5 t6 t7 t8 t9 | R10 | R20 | R30
Cren — — +
Jicocren + — —
Saxifg — —

Jlia BupimieHHs OaraTbox mpoOsieM IMpH IJIaHYBaHHI arpapHoro Oi3Hecy, HeMae HeoOXiIHOCTI
MaTu TOYHHUH MPOrHO3 BpokalHOCTIL. J{J1 yCHiITHOTo yrnpaBiaiHHS (IHAHCOBUM PHU3UKOM Ba)KJIMBO
nepe0auyuTH HEraTUBHE BIIXWJICHHS B TPEHAY, TOOTO HM3bKE 3HAUE€HHs BpoxkaiiHocTi. Tomy
TOJIOBHUM 3aBJIAaHHSIM JIAHOTO JOCITIDKEHHS € MPOTHO3YBAHHS HU3BKUX IMOKA3HUKIB BPOXKAHHOCTI
nmeHui. Jlo rpynu «Hu3bKa BPOXKAMHICTE» MU BIJHOCHMO Ti 3HAYEHHS BPOXKAWHOCTI, JJIS SKHUX
BUKOHYEThCsE yMoBa F (eps) < 0.33. Tyr F(x) — iHTerpaiabHa (GyHKI[iss HOPMAIBHOTO PO3IMOILITY
TPEHI0BUX 3AJIMIIKIB BPOKAMHOCTI eps.

Jnst peanizanii kiacugIKaiitHOro MAX0Qy M0 TependadeHHs BPOKAWHOCTI, MU BBOJIUMO
JBIAKOBY 3MIHHY epsl , sika Mae nuine aBa 3Ha4eHHs: | ( «Hu3bKa BpoxkaiHICTE» ) 1 0 ( «BHCOKa
BpOKalHICTBY) [13]. 3HaueHHs 3MiHHOI eps] BU3HAYAETHCS 3a IPABUIIOM

1= {1, if F(eps) < 0.33; 3
®PSE =00, if F(eps) = 0.33. (3)

Jlnst  KateropialibHOTO MPOTHO3YBaHHS BPOXKAWMHOCTI MIIEHHWIIIT MU BHKOPHUCTAIN JCKUIbKA
anroputmiB kinacudikamii : LDA — miHiliHUNA aucKkpuMiHaHTHHMA aHanmi3, SVL — MeTron omopHUX
BeKkTOpiB (MiHIMHUN 6a3uc), SVR — meron onmopaux BekTopiB (pamiansHuii 6a3uc), CART — meton
nepeBa pimenb, RF — meron BunaakosBoro jicy, GLM — meron norictuunoi perpecii. Iy omiHku
MPOJAYKTUBHOCTI MOOYTOBAaHUX HAMHU KIacH(IKaTOpiB BUKOPHUCTOBYIOTHCS HACTYIHI TOKA3HHUKU:
MaTpuIll HetouHocTe# (confusion matrix), TouHicTh, 4yTauBICTD, crienudiunicts i AUC - miomia
nix kpuBoro ROC (receiver operating characteristic). ITnoma mig kpusoro ROC € yHiBepcanibHUM
KpUTEpieM OIIHKHU Kiacudikaropa [16].

Jlnst mopiBHSHHSA €(PEKTUBHOCTI PI3HUX METOAIB MAaIIMHHOTO HABUYaHHS MH BHUKOPHCTAIH
METOJUKy, onucany y [17]. ¥V skocti uUmrocTpariii HIK4Ye HaBEIEHI pe3yJbTaTH MPOTHOCTUYHOT
kinacudikaiii BpoXKaWHOCTI MIIEHWI 3 BHKOPHCTAHHSIM METOJIB MAaIIMHHOTO HABYaHHS IS
crenoBoro periony (tabm. 2). Cepen BHKOPUCTaHHUX HAMH METOJIB HaiBHIy TO4YHICTH (84%)
MIPOJIEMOHCTPYBAJIN METOJ BUIIAIKOBOTO JIICY Ta METOJI OTIOPHUX BEKTOPIB.

Taomuus 2
Kpurepii sskocTi METO1iB MAIIMHHOTO HABYAHHS

Accuracy | Sensitivity | Sensitivity | AUC
LDA 0.812 0.846 0.667 0.853
SVL 0.844 0.828 1.000 0.853
SVR 0.844 0.828 1.000 0.993
CART 0.781 0.840 0.571 0.749
RF 0.844 0.828 1.000 0.987
GLM 0.812 0.846 0.667 0.987
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V.BUCHOBKH

[Iporuo3yBaHHs BpOKaHOCTI 13 BpaXyBaHHSM BIUIMBY KJIIMaTHYHUX (AKTOPIB € ePEeKTUBHUM
IHCTpYMEHTOM yIpaBiiHHSA 30UpaHHSAM, 30€piraHHsAM Ta HACTYMHOIO JIOTICTUKOIO BpOXKAro
CUTbCHKOTOCTIOIAPCHKHX KYJIBTYP B YMOBax 3MiHU Kiimary. [loOymnoBaHi HaMu MoJei JO3BOJISIOTh
3a3panerine (3a 3 Micsii) OIIHMTH MaWOYTHIO BpPOXKAWHICTh, IO JO3BOJIIE ONTHMI3YBaTH
IHBECTHUIIII{HI Ta MApKETUHTOBI pillIeHHs. 3anpoNOHOBaHY HAMU METOJMKY MOKHA PO3IIUPUTH IS
kinacuikamii BpoxKaifHOCTI Ha TPU KaTEropii: «BUCOKA BPOKAWHICTB», «CEpeIHsI BPOXKAWHICTHY i
«HU3bKa BpOKaWHICTH». llel IHCTPYMEHT J03BOJHMTH KEpPyBaTH pPH3HKAMH Ta 30UTBIIYBAaTH
NpUOYTKOBICTh 36pHOBHPOOHHIITBA. TaKUM YMHOM, MPOTHO3YBAHHS BPOKAWHOCTI 32 JIOTIOMOTOIO
MAIIMHHOTO HABYaHHS € BKJIMBHM IHCTPYMEHTOM €(EKTHBHOTO YIPABIIIHHS MPOIECAMH arpapHoi
CKOHOMIKH.

B iHmux Hammx poOOoTax MM JAOCIIDKYBAJIM BIUIMB KIIMAaTUYHMX (PAKTOPIB HA KOJIMBAHHSA
BpO’KalHOCTI MILIEHUIII B YOPHO3EMHII 30H1 YKpaiHu Ta y 3ax1IHOMY perioHi Ykpainu. PezynbTatu
IIUX OCTIHKEHB 3apa3 mepe0yBatoTh y Apyli. TakuM YMHOM, MU 3aCTOCYBAIT METOIMKY MAIIMHHOTO
HaBYaHHS /10 BUBYEHHS BIUIMBY KJIIMaTy Ha KOJMBAHHS BPOXKaHOCTI MIIEHUI[l B PI3HUX perioHax
Vkpainu. Hamii JgocnipkeHHs € BHECKOM Y BHpIIIEHHS MNpoOjgeMu 3a0e3NedyeHHs CTajlocTi
BUpPOOHHUIITBA 3€pHAa B YKpaiHl. 3ampoloHOBaHa HAMM METOAMKA MoOXKe OyTH MOIIMpeHa Ha
JOCTIIKEHHS BIUTUBY KJIiMaTy Ha CUIbCHKOTOCTIOAAPCHKI KYJIBTYPU B PI3HUX perioHax 1 KpaiHax.
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Abstract—This paper provides a novel method for improving public safety and security by
leveraging smart eyewear with built-in cameras for real-time analysis of people in crowded places.
The system uses advanced face recognition algorithms and artificial intelligence to detect people
with prior criminal records in a crowd, allowing for a proactive reaction to possible security risks.
The technology ensures continuous surveillance without infringing on private rights by including
strong data protection mechanisms as well as ethical concerns. The system's accuracy and
dependability are carefully verified by combining cutting-edge deep learning techniques and varied
datasets. The findings of this study have important implications for law enforcement, enabling
proactive measures to prevent criminal activity while also contributing to the ongoing debate about
balancing security needs with individual privacy rights in the responsible use of emerging
surveillance technologies.

Keywords—ML-Machine Learning, Al-Artificial Intelligence, DL-Deep Learning.

I.INTRODUCTION

The confluence of artificial intelligence and surveillance technologies has altered public
safety paradigms in an era of rapid technology breakthroughs. One such game-changing
breakthrough is the incorporation of smart glasses with miniature built-in cameras, which
presents a disruptive approach for increasing security in congested areas. The primary goal of
this research is to use the capabilities of these smart glasses to undertake real-time analysis of
persons within dense crowds, with a particular emphasis on identifying those with prior
criminal records. Traditional methods of criminal identification and crowd surveillance have
frequently proved inefficient, time-consuming, and ineffective. These smart glasses give law
enforcement and security officers unparalleled capabilities by utilizing cutting-edge facial
recognition algorithms and deep learning techniques[1]. The device can assess large crowds
in a covert and inconspicuous manner, instantaneously comparing facial features against a
comprehensive criminal database. This rapid identification of people with a history of
criminal activity allows for pre-emptive actions, reducing potential risks before they escalate.
Furthermore, the incorporation of ethical considerations and strong data protection standards
ensures that individual privacy rights are honoured, addressing common worries about such
advanced monitoring technologies[2]. This project not only marks a substantial advancement
in public safety, but it also adds to the continuing discussion about the appropriate and
accountable use of developing technologies. This research, by diving into the complicated
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balance between security imperatives and civil rights, places it at the forefront of new
solutions, paving the way for a future in which smart glasses play a critical role in
guaranteeing the safety and security of our communities.

I1.LITERATURE REVIEW

Advances in surveillance technologies, particularly those based on artificial intelligence (Al)
and facial recognition algorithms, have spurred heated debates about public safety, privacy,
and ethical concerns in recent years. The introduction of wearable gadgets such as smart
glasses with miniature built-in cameras has provided new opportunities for law enforcement
authorities to improve security measures, particularly in congested areas. This literature
review investigates the present studies, obstacles, and ethical concerns about the use of smart
glasses in densely populated regions to analyse individuals with prior criminal records[2].

Smart Glasses Technological Advancements

Smart glasses with miniature cameras have made significant advances in their capabilities,
making them into sophisticated tools for real-time data analysis. These gadgets have high-
resolution cameras, microprocessors, and connection capabilities, allowing for simple
integration with facial recognition software[3]. Researchers have proved the use of smart
glasses in a variety of applications, ranging from assisting visually impaired people to
improving situational awareness for military troops.

Technology for Facial Recognition

Deep learning algorithms have aided in the advancement of facial recognition technology, a
subset of Al. These techniques, notably convolutional neural networks (CNNs), have
demonstrated outstanding accuracy in detecting and recognizing faces in photos and
videos[4]. Many research have looked into the use of facial recognition in law enforcement,
from identifying suspects in criminal investigations to monitoring public spaces for security.

Surveillance and Public Safety

Public safety in congested areas is a serious concern for law enforcement authorities all
around the world. Traditional surveillance technologies, such as closed-circuit television
(CCTV) cameras, have real-time analysis and accuracy constraints. Smart glasses with face
recognition capabilities take a more proactive approach, allowing for the quick identification
of people with criminal backgrounds. This is especially important in areas like airports, train
stations, and large-scale events where a big number of individuals must be analysed quickly.
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Ethical Issues and Difficulties

While there are obvious benefits to using smart glasses for criminal record analysis, various
obstacles and ethical considerations must be addressed. One important source of concern is
the accuracy of facial recognition algorithms, which have been shown to contain biases,
particularly regarding gender and ethnicity[3]. Researchers and politicians are working hard
to reduce these biases in order to ensure fair and unbiased identification processes. Concerns
about privacy also loom prominently in the context of facial recognition technologies.
Individuals are always being watched, which raises concerns about their right to privacy and
the potential misuse of personal data[5]. Balancing public safety and private privacy rights is
a critical issue that governments and technology must address. To handle these challenges
appropriately, ethical frameworks, legal rules, and transparent methods are required[4].

111.METHODOLOGY

The methodology in this research comprises using the Haar Cascade algorithm to match
individuals' faces taken by smart glasses with photographs saved in a cloud server database.
To ensure precision and dependability in recognizing persons with criminal histories among a
crowd, the process of matching faces goes through multiple sophisticated processes.

The Haar Cascade technique is used for face detection which is an important phase in the
process[4]. Haar features, which are essentially filters, are used to recognize facial features
such as the eyes, nose, and mouth. To distinguish between faces and non-faces in images,
these attributes are fed into a cascade classifier. The system examines the input image at
multiple sizes with a sliding window technique, detecting probable face regions based on the
trained attributes.

Once a face is detected, numerous facial traits like as the distance between the eyes, the
curvature of the lips, and the shape of the nose are retrieved. These characteristics are then
encoded into a distinct numerical representation, frequently employing techniques such as
Local Binary Patterns (LBP) or Histogram of Oriented Gradients (HOG). This encoding
converts the facial traits into a format that can be compared and analysed. To quantify the
similarity of facial feature encodings, matching techniques such as Euclidean distance or
Cosine similarity are commonly used.

To assess the level of similarity required for a match, a preset threshold is set. A notification
is generated if the calculated similarity score exceeds this level, indicating a substantial match
between the detected face and a record in the database. This notification is sent as a text
message to the associated mobile device, alerting authorities to the identified individual with
a criminal record. Additional tests and verifications can be added to reduce false positives.
These could include taking numerous photographs of the recognized face from various
angles, or using additional biometric indicators such as iris recognition to improve
identification accuracy.

Concurrently, the smart glass gadget connects to the cloud server, retrieving the pre-
processed face images and related encodings from the criminal records database. The
encoded facial features of the smart glass-detected face are then compared to the encodings of
individuals in the database. Fine-tuning algorithm parameters and continual training on varied
datasets are also important in lowering false positives. This methodology ensures precise
matching of individuals in busy areas by applying the Haar Cascade algorithm for face
identification and establishing a robust comparison mechanism, permitting quick and
accurate warnings to law enforcement agencies for preventive security steps. The project's
heart is a complete approach to facial recognition that enables rapid and reliable detection of
persons with criminal records utilizing smart glasses linked to a cloud server.
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Libraries Used:

Face Recognition
PushBullet
OpenCv

Steps those have been followed:

1. Capture real time video through the camera

2. Encode the images of dataset before storing in a 2D array

3. Analyse the faces in real time video through Open Cv.

4. Match the features with the help of face recognition library from the available dataset.

5. On identifying the match; trigger a beep and display the name of the suspect found

6. Using the pushbullet library and API call, it will generate a notification to the mobile
device to ping the authorities regarding the match with the details of the suspect found.

Fig:1- Assembles Eye Wear Glass with Wi-Fi Enables Camera
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IV.RESULTS

Since no prior research of a similar nature has been located, the study is extremely recent.
This research will assist law enforcement officials in identifying offenders and suspects in
congested areas. The nation's safety will be enhanced by it. Our accuracy is 98.89% using
Open CV and Pushbullet libraries.

V.CONCLUSION

Finally, with the creative integration of smart glasses, facial recognition technology and cloud
computing, this paper marks a significant step toward improving public safety and security in
congested areas. The system offers a strong way for identifying persons with criminal records
by applying the Haar Cascade algorithm for exact face identification and comparison. The
continuous connection to a cloud server, which allows for real-time database retrieval and
matching, assures fast and accurate results. The study not only demonstrates the promise of
developing technology in law enforcement, but it also stresses the significance of responsible
deployment by addressing issues like as accuracy, bias, and privacy concerns. This initiative
serves as a pioneering example of utilizing new technologies for the greater good of society,
providing a pattern for future advancements in the field of public safety and surveillance by
striking a balance between security imperatives and individual rights.
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3aCTOCYBAaHHS
Grasshopper Optimization Algorithm

[IpH HaBYAHHI HEHPOHHUX MEPEK
Annpiii JIsmkesua', Anacracisa Jeitnexo” , IOmis [leBuyk'

" Kageopa cucmemmnozo ananizy ma meopii nputinammsi piuienso
Kuiscorkuu nayionanvnuu ynisepcumem imeni Tapaca lllesuenka
Kuis, Ykpaina
2 IT CTEII Vuisepcumem
JIbBiB, YKpaina

AHoTauis— Y paniii po0oTi NPONOHY€EThCSI MeTOA PO3B'AAI3aHHSA NMPOOJeMH MOIIYKY II0O0AJLHMX Ta
JIOKAJBHHUX eKCTpeMyMiB ()yHKIil MOMHWJIKH NMPH HABYAHHI HelipOHHHMX MepeK, sIKMii 0a3yeTbcsd HA
BUKoOpucTaHHI Mmoaudikauii Grasshopper Optimization Algorithm nna Forward-Forward Neural
Network. Taxo:xk HaBeleHO NOKPOKOBHUI aJropuTM BUKOHAHHSA JaHOTO0 METOY.

Kniouosi cnoea — Grasshopper Optimization Algorithm, Neural Network, Neural Network Optimizer,
Forward-Forward Neural Network.

[.Bctyn

[Ipouiec 3HaXOmKeHHS HaWKpalmMx 3HAUYeHb 3MIHHUX TEBHOI 3ajadi JAjs MiHiMizalmii abo
MakcuMi3aiii MiTb0BOT (PyHKINT Ha3WMBa€ThCs omnTuMizaiicro. OnTuMizariiiHi 3agadi ICHYIOTh Y
pi3HuX ramy3sx 3HaHb. 1{00 po3B's3aru onTuMizauiiiHy 3ajady, HOTpiOHO 3pOOUTH KiIbKa KPOKIB.
[To-nepie, ciif BU3HAUYUTH NapaMeTpH 3ajadi. 3alie)KHO Bl MPUPOAM MapaMeTpiB 3ajadl MOXKHA
KiacuikyBaTu Ha HemepepBHI Ta AucKpeTHi. Ilo-apyre, HEOOXiIHO PO3MiI3HATH OOMEXKEHHS, SKi
HaKJIalaloThCsl Ha mapameTpu [1]. OOMexxeHHsI TOMIIAIOTh ONTHUMI3alliiHI 3a/1a4l Ha OOMEXeH1 Ta
HeoOMexeHi. [lo-TpeTe, HEOOX1IHO TOCHIIUTH Ta BpaxyBaTH LI JaHOI 3a/adi. Y IbOMY BHUIAAKY
ONTHUMI3aIiiTHI 33134l KI1acu(iKyIOThCS Ha OHOIIBOBI Ta OararomiiroBi [2]. HapemTi, Ha ocHOBI
BU3HAYCHUX THUIIB TMapaMmeTpiB, OOMEXeHb Ta KIIbKOCTI IIIeld cmifg oOparu BiAMOBITHUMN
ONTHUMI3ATOop, IKUN OyZe BUKOPUCTOBYBATHCS JUIsl pO3B'A3aHHS 3a/1a4l.

MaremarnyHa ONTHMi3allisi B OCHOBHOMY CIHMpAa€TbCs Ha TpajieHTHE (OPMYyBaHHA
BIAMOBIAHMX (PYHKUINA JUIsI 3HAXOKEHHSI ONTHMAJbHOIO pIlIeHHS. Xoda Taki METOIU BCE LIe
BUKOPHCTOBYIOTbCS PI3HUMU JOCIIAHUKAMHU, BOHU MalOTh MEBHI HeAomikH. [linxoqun MareMaTtnyHol
ONTHUMI3AII] CTPAKIAIOTh BiJl 3aXOIUICHHS JIOKaJbHUX ONTUMyMiB. lle o3Hauae, 1mo aaroputm
MIPUITYCKAE, 110 JOKATbHUN PO3B'A30K € MI00ATBHUM PO3B'SI3KOM, 1 TAKUM YHHOM HE MOXKE OTPUMATH
mo0anbHUii onTUMYyM. BOHM TakoX dYacto € HeedeKTMBHUMHU IS 3a7ad 3 HEBIAOMHUMH abo
OOUYHUCIIIOBAJIBHO JOPOIMMHU DPO3B's3KaMHM MOXiAHUX [3]. [HIIMM THUHOM aiaropurMy onTumizanii,
SIKUH yCyBae 111 IBa HEJOIIKHU, € CTOXacTUYHa onTuMizauis [4].

CroxacTMyHI METOAM MOKJIAJAIOTHCA Ha BUIIAJKOBI ONEPATOpH, sIKi J03BOJSIOTH IM YHUKATH
JIOKAJIbHUX ONTUMYMIB. BCl BOHM IMOYMHAIOTH IpOLIEC ONTUMI3aLii 31 CTBOPEHHS OAHOro abo
Habopy BUIAJIKOBUX PO3B'sI3KiB 3a7a4i. Ha BiAMiHYy BiJ MaTeMaTMYHMX METOJIB ONTHUMI3allil, iM He
MOTPIOHO OOUMCIIIOBATH TPAIIEHT PO3B'SI3KY, BOHU IPOCTO OLIHIOIOTH PO3B'SI3KH 3a JOMOMOIOI0
uinboBoi GyHKuUIT (QyHKii). PimeHHs npo Te, K MOKpaIlUTH PO3B'SI3KU, MPUMMAIOTHCSI HA OCHOBI
PO3paxoBaHUX IIILOBUX 3HAYECHb. TaKUM YHHOM, NMPOOJIEMa PO3MIAIAETHCS SIK YOPHHUHN SIUK, 110 €
Iy’Ke KOPHCHHM MEXaHI3MOM IpU DPO3B'S3aHHI NMPOOJEM 3 HEBIJOMHUMM INPOCTOPAMH IOMIYKY.
3aBOsSKU IIUM TIepeBaraM METOIU CTOXaCTHYHOI ONTHUMI3allii CTalN JyXKe MOMYIIPHAMHU MPOTSITOM
OCTaHHIX JBOX JECATHIITH [5].
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Cepen migxomiB J0 CTOXACTUYHOI ONTHUMI3allli HAaWOUIBII TOMYISIPHUMH € MOMYJISLiiHI
aJITOPUTMH, HaTXHEHH1 mpupoaoro [6]. Taki TexHONOTIi IMITYIOTh HMPUPOAHI METOAU PO3B'S3aHHS
npo6ieM, 4acTo Ti, 0 BUKOPUCTOBYIOTHCS >KMBUMHU ICTOTaMHU. BYWKHMBaHHS - TOJIOBHA MeTa s
Bcix ictoT. Illo6 pmocsartu 1mi€i MeTH, BOHM E€BOJIOIIOHYIOTH 1 NPUCTOCOBYIOTHCS DPI3HUMHU
cnocobamu. ToMy pO3yMHO IIyKaTd HATXHEHHS y NPUPOAM SK HAHKpamoro i Haiicrapimoro
ONTHMI3aTopa Ha IUTaHeTl. Taki aNropuTMH MOAUISIIOTHCS Ha JIB1 OCHOBHI T'PYNH: HA OCHOBI OHOTO
pillIeHHsS Ta HAa OCHOBI JIEKUIBKOX pillleHb. Y MEpIIOMY KJIaci JJisi KOHKPETHOI 3a/1aui TeHepyeThes 1
BIOCKOHATIOETHCS €IMHUM BUITAJIKOBUN PO3B'A30K. Y JpyroMy Kjaci, HaBIaKW, I 3ajadi
TeHEPYEThCS 1 MOKPAILYEThCS JIEeKiIbKa PO3B'A3KIB. AJTOPUTMU Ha OCHOBI JIEKUIBKOX pIllIEHb €
OUIbLI MOMYJISIPHUMH, HK aJITOPUTMHU Ha OCHOBI OJJHOTO pillIEHHS, SIK TIOKa3ye Jiteparypa [7].

AnroputMmu, 1o 6a3yloThcs Ha JEKUIBKOX PO3B'A3Kax, 32 CBOEIO CYTTIO MAIOTh BUIIMN PiBEHb
YHUKHEHHSl JIOKaJbHHX ONTHUMYMIB 3aBISKHA TIOKPAIIEHHIO MHOXHHHUX pilleHb TiJ dYac
onrtuMmizaiii. ¥ 1poMy BUIAJIKy PO3B'S30K, 1[0 TMOTPANUB y MACTKY B JOKAJbHOMY ONTHMYMi, MOXE
OTpUMATH JOMOMOTY BiJl IHIIHUX PO3B'S3KiB, II00 BUCKOUHUTH 3 JOKAJIILHOTO ONTHUMYMY.

bararopa3oBi pillleHHS AOCTIUKYIOTh OUIBLIY YacTHHY MPOCTOPY IMOIIYKY IOPIBHSAHO 3
aIropuTMaMH, 10 0a3ylThCS Ha OJHOMY PIIICHHI, TOMYy WMOBIPHICTbh 3HAXOJKEHHS IT100aIbHOTO
ontumMyMmy € BHCOKO. KpiMm Toro, iHdopmariist mpo mpocTip HOUIYKYy MOXKe OOMIHIOBAaTHCS MiX
JIeKTBKOMa PIMICHHSMH, IO MPU3BOAUTH JI0 IIBUAKOTO PYXy JO ONTUMYMY. XOua aJirOPUTMHU Ha
OCHOBI JIEKUIBKOX PO3B'S3KIB MAalOTh psj NEpeBar, BOHM BUMAaralTh OUIBIIOI KUIBKOCTI OLIHOK
GbyHKIIIH.

II.Grasshopper Optimization Algorithm (GOA)

HalinonynsipHimyMu airopuTMaMu Ha ocHOBI ofHoro pimeHHs € hill climbing [8] Ta simulated
annealing [9]. OOuaBa anropuTMu JOTPUMYIOTbCS CXOXKOi i7ei, ajle YHUKHEHHs JIOKaJIbHHX
OoNnTUMYyMIB y SA € BHUIIUM Yepe3 CTOXaCTUYHMM (akTop oxonomkeHHs. Halinomynsphimmmun
aNropuTMaMM Ha OCHOBI JAekinbkox pimenb € Genetic Algorithms (GA) [10], Particle Swarm
Optimization (PSO) [11], Ant Colony Optimisation (ACO) [12], and Differential Evolution (DE)
[13]. Anroputm GA OyB HAaTXHEHHHMH JapBiHIBCHKOIO TEOPI€I0 €BOJIOLII. Y LbOMY aJIrOpUTMI
PO3B'A3KM PO3INISLIAIOTHCA SIK OCOOMHM, a MapaMeTpu pO3B'A3KIB 3aMIHIOIOTh 1XHI FreHH. BrkuBaHHs
HalDKUPHIIIMX OCOOMH € OCHOBHHUM HATXHEHHSM IIbOTO aJTOpPUTMY, J€ HalKpalll OCOOMHH, SIK
MpaBmwiIo, OepyTh OUIBIIY y4YacTh Yy MOKpalleHHI moraHux po3B'sa3kiB. Anroputm PSO mopemnioe
CTapiHHS cTaj NTaxiB abo 3rpail OJeHiB.

Posrstremo mani geraneHinme Grasshopper Optimization Algorithm (GOA).

CtpubyHui - ne komaxu. BoHM BBaXkaroTbcs LIKITHUKAMU 4epe3 LIKOIH, SIKy BOHHU 3aBIalOTh
POCITMHHHITBY Ta CUIBCBKOMY TOCHOAApCTBY. Xo4a CTpHOYHIIIB Yy TpUpoxi 3a3Buyail Oadarb
MOOIMHIII, BOHU 00'€IHYIOTHCSI B OIMH 3 HaWO1bIIUX poiB cepex ycix ictot [14]. Po3mip poro moxe
MaTd KOHTHHEHTAJbHI MacmTaOu Ta OyTH XaXJIMBHM JUIS MacIiiTa0y KOHTHHEHTY 1 € CHpaBXHIM
KomMapoM i pepMepiB. YHIKaJIbHICTh POIO CTPUOYHIIB MOJSATrae B TOMY, 110 POiloBa MoBeIiHKA
MpUTaMaHHa AK y HiM, Tak i B iMaro [15]. Minbiionn cTpuOyHIiB-HIM(} cTpHOAIOTH 1 pyXaroThCs,
K LWTHIPH, 110 KOTAThCS. Ha cBOeMy WIISAXy BOHM MOiAal0Th Maibke BCIO POCIMHHICTB. [licis
TaKOi MOBEIIHKH, KOJIM BOHH CTAIOTh IOPOCIUMH, BOHU YTBOPIOIOTH pill y moBiTpi. Tak cTpuOyHIi
MITPYIOTh Ha BETUKI BiJICTaHi.

OCHOBHOIO XapaKTEPHCTUKOIO POI0 Ha CTajii JMYUHKU € TMOBUIBHHHA PyX 1 MaJIeHbKi KPOKH
ctpulyHuiB. Ha mpotuBary 11,oMy, BelIHKi BiJICTaHi Ta Pi3Ki pyXH Ha BENMKI BiJICTaHI € OCHOBHOIO
pucoio poro y mopociiomy Bimi. Ille omHi€r0 BaXKITMBOIO XapaKTEPUCTHKOIO POIO € TIOHIYK JHKEpel
ki, SIk MU BKe OOTrOBOPIOBANM y BCTYIIl, aITOPUTMH, HATXHEHHI MPUPOIOI0, JIOTIYHO MOALISIOTH
mpolec TMOIIyKy Ha JBI TEHJCHIII: PO3BIAKY Ta eKcIuryatariro. [lix gac excruryaraiii monrykoBi
areHTH 3a0XO04YyIOThCA 70 MOLIYKy, B TOH dYac, K IiJl 4ac eKcIUlyaralii BOHM, K IMpaBHIIO,
pyxaroTbcs okanbHO. Lli nBi (yHKIII, a Takok MONIYK Hijiei, CTpUOYHIII BUKOHYIOTh PUPOIHUM
YUHOM. TOMy, SIKIIO MM 3HaiJeMo croci0 MaTeMaTMYHOro MOJEIIOBaHHS Ili€l NOBEAIHKH, MU
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3MOXXKEMO pO3pOOMTH TIOBEAIHKY, MM 3MOXEMO pO3pOOUTH HOBUH aJITOPUTM, HATXHECHHUH
MIPHUPOJIOTO.
MarematuyHa MoOj€ib, II0 BUKOPUCTOBYETHCS JUISI MOJICJIOBAHHS POMOBOI IOBEIIHKU
CTpUOYHIIIB BUITISZIA€ HACTYITHUM YMHOM [16]:
X=5S+G +A,
1 1 L i
ne X ; BU3HAYAE MTOTOXKCHHS i-ro cTpuOyHus, S - coliaibHa B3a€EMOJIis, Gi - cuJia rpaBiTarlii Ha
i-TO CTpUOYHIIA, iAi MIOKA3y€e aJBEKIIIO BITPY.

[TorpiOHO 3a3HAUMTH, IO JaHA MOJEJb BPAaXOBY€ PpO3TAIIyBaHHS MHOTOYHOTO CTPUOYHII
BIIHOCHO 1HIIUX CTpUOYyHIIB. PAaKTUYHO, MU PO3IISHYJIM CTaH yciX CTpUOYHIIB, 1100 BU3HAYUTU
MicrenepeOyBaHHs IMOLIYKOBHX areHTiB HaBkoso Ium. Lle Binmpisuserscs Big PSO sk HallOiabIn
BHU3HAHOIO B JIITEpPATypl METOAQy poiioBoi po3Biaku. Y PSO s KOKHOI YACTMHKH € J1Ba BEKTOPH:
No3uLis 1 BeKTop 1 BekTop MicuenepeOdyBanHs. Onnak y GOA 11 KOXHOIO areHTa MOIIyKy € JIUIIe
OJTMH BEKTOP TMOJIOKEHHS MONTykoBoro arenta B GOA. [HIa ocHOBHA BIIMIHHICTh MK IIUMH JIBOMa
QITOPUTMAMHU TOJIATa€ B TOMY, 110 PSO OHOBJIOE MOJIOKEHHS YACTUHOK 3 MOBTOPHUM MOTOYHOTO
MOJIOKEHHSI, 0COOKMCTOrO Ta I100aIbHOTO HaliKkpamux pe3yapTariB. Omgaak, GOA OHOBIIOE MO3HIIIO
MIOIIIYKOBOT'O areHTa Ha OCHOBI HOro MOTOYHOi Ha OCHOBI MOro MOTOYHOI MO3HUIi, M00AJIBHOTO
HaMKpaloro pesyiabraTy Ta MO3ULINA BCIX IHIIMX MOUIYKOBUX areHTiB. lle o3nauae, mo B PSO
KOJIHA 3 1HIIMX YACTMHOK HE POOUTH BHECKY B OHOBJICHHIO TOJIOKEHHSI YaCTMHKH, ToAl sk GOA
BUMarae, 1100 yci MOIIYKOBI areHTH OepyTh y4acTb y BH3HAUEHH! HACTYMHOI MO3ULII KOXKHOTO
MOIITYKOBOro areHTa, Toi sik GOA Bumarae, 100 yci HOUIYKOBI areHTH Opaji y4acTh y BU3HAYCHHI
HACTYITHOTO IOJIO’KEHHS KO)KHOTO.

II1. Anroput™m HaBuaHHs HelipoHHOT Mepexi Forward-Forward

Anroput™m Forward-Forward — ne »xanibHa GararomapoBa Hpoleypa HaBYaHHS, HATXHEHHA
MamrHaMu bonbiiMana ta Noise Contrastive Estimation. Ines momnsirae B Tomy, 100 3aMIHUTH
npsMui 1 3BOpPOTHHH mpoxoau backpropagation nBOMa HpPSIMHUMH HpPOXOJAaMHU BIEpend, sKi
Mpaliol0Th TOYHO TakK caMo, SIK 1 OJUH, ajle Ha PI3HUX JAaHUX 1 3 MNPOTUIC)KHUMU LUISIMH.
[To3uTuUBHUI TPOXiA MpaIioe 3 peaTbHUMHU JaHUMH 1 KOPUTY€E Bard, 100 MiABUILUTH SIKICTh
KOYKHOTO MpUXOBaHOro mapy. HeraruHuil npoxija onepye 3 "HeraTMBHUMHU JaHUMH'" 1 KOPUTY€E Baru
JUIS 3MEHILEHHs SKOCTI B KOXXHOMY IPUXOBAaHOMY IIapi. Y LIl CTaTTI AOCHTIJKYIOThCS /Bl pi3HI
MIpH SKOCTI — CyMa KBaJlpaTiB HEHPOHHUX aKTUBHOCTEH Ta BiA'€eMHa cyma KBaJpaTiB aKTUBHOCTEH,
aje icHye 0ararto 1HIINX Mip.

[Tpumyctumo, mo (QyHKIS KOPUCHOCTI JJIS MIapy € MPOCTO CyMOIO KBaapaTiB aKTHBHOCTEH
BUIPSIMIICHUX JIHIMHUX HEHPOHIB y LbOMY HIapi. MeTa HaBYaHHA MOJSTa€e y TOMY, 00 3po0uTH
(GYHKIIII0 JTOOPOSIKICHOCTI 3HAYHO BUIIOIO 32 JIESIKE MOPOTOBE 3HAUCHHS IS PEATbHUX JAaHUX 1
3HAYHO HIDKYOIO 3a 1€ 3HAYCHHS Ui BiA'€MHUX NaHUX. TOYHIIIE, METa MOJSIrae B TOMY, 100
MPAaBWIBHO KJIacH(iKyBaTH BXiJHI BEKTOPHU SK TO3WTHBHI a00 HEraTWBHI JIaHi, KOJU HMOBIPHICTh
TOTO, IO BXIJHUWA BEKTOP € TO3UTUBHUM (TOOTO peajbHHUM), 33JJA€ThCS IIISXOM 3aCTOCYBaHHS
JoricTuuHO1 QYHKINT O 10 IKOCTi, MIHYC JIeSIKUI TIOpir, 0:

s 2
p(positive) = o Zyj - 0],
J
ney, - aKTUBHICTh PUXOBAHOI OIMHUII J 10 HOpMalizauii mapy. HerarusHi 1aHi MOXyTh OyTH

nependadeHi HEUPOHHOIO MEPEKEIO 32 JOMTOMOTOI0 HU3XIHHX 3B'SI3KiB 200 OTpUMaHi 330BHi.
HapuanHs nekiUIbKOX IIapiB MPEACTABICHHS 3a JOMOMOTOI IMPOCTOI MOIIapoBOi (GyHKIIT
TOOPOSKICHOCTI
Jlerxo moGauuTH, M0 OMUH MPUXOBAHUH IIap MOXKHA BUBUUTH, SIKIIO 3pOOUTH TakK, MO0 cyma
KBaIIpaTiB aKTUBHOCTEU MPUXOBAHUX OAHWHUIIb 6yna BHCOKOIO IJId AOJAaTHUX NaHUX i HHU3BKOKO JIs1
BiI'eMHHX. AJI€ SKIIIO aKTUBHICTH MEPIIOTo MPUXOBAHOTO MIAPy BUKOPUCTOBYIOTHCS SIK BX1JHI J1aHi
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JUI. APYTOTO MPHUXOBAHOTO IIapy, TO BiAPI3HWUTH MO3UTHBHI JIaHI BiJl HETAaTUBHUX JaHMX, MPOCTO
BUKOPHCTOBYIOUM JOBXHHY BEKTOpa aKTHBHOCTI B TIEpIIOMY NpUXOBaHOMY mmapi. Hewmae
HeoOXiTHOCTI BHBYATH OyIb-siki HOBI o3Haku. [1lo6 3amobirtu mpomy, FF HOpManizye mOBXKUHY
MPUXOBAHOTO BEKTOpa Iepel] BUKOPHCTAHHSIM HOTO SIK BXIJHI JaHi s HacTymHoro mrapy. Lle
BUJaNs€ BCIO iH(popMalio, sika Oyla BHKOPUCTaHA s BHU3HAYEHHS JTOOPOTH B IEPIIOMY
MIPUXOBAHOMY IIapi, 1 3MyIly€e HACTYHUWA MPUXOBAHUU IIap BUKOPUCTOBYBATH 1H(OpMAIIiI0 PO
BITHOCHY AaKTHMBHICTh HEHpOHIB Yy MepuIoMy NpuxoBaHOMY miapi. L{g BiHOCHa akTHBHICTH HE
3aJIeXKUTh Bl HOpMai3alii mapiB. [HIIMMU clioBaMU, BEKTOP aKTUBHOCTI y MEPIIOMY IPUXOBAHOMY
11api Mae JOBXHHY Ta opieHTalito. JIoBKHHA BUKOPUCTOBYETHCS JJIsl BU3HAYCHHS J10OPOUYECHOCTI
JUISL bOTO 1Py, 1 JIUILIE OpI€HTALlIS TIepeaaeTbCs HACTYITHOMY ILapy.

IV.FFNN-ontumizauii Grasshopper Optimization Algorithm

B xonTekcti FFNN-ontumizanii Grasshopper Optimisation Algorithm 3acTocoBaHo HacTyITHUM
YHHOM:

1. Imimiamizarmis: BumaakoBum 4wHOM iHIiMiami3yroTbes Baru Ta 3mimieHHs FFNN B mexax
3aJaHOTO Jiama3oHy. [ eHepyeThCsl MOYaTKOBa MOMYIALs CTPUOYHIIB, KOKEH 3 SKUX IpPEICTaBIIsIe
MOTEHITIHHUN PO3B'A30K.

2. Ominka: OIIHIOETBCS TMPHIATHICTH KOXHOTO CTpUOYHIS nuisixoM HaBuyaHHs FFNN 3
BUKOPUCTAaHHSM MOTOYHOrO HaOopy Bar Ta 3MmimieHb. [IpucTocoBaHicTh 3a3BUYall BU3HAYAETHCS
MIPOIYKTUBHICTIO MEPEXi Ha MepeBipkoBOMY HaOOpi JaHUX, JIe MEHIIIa MOMUJIKA a00 BUINA TOUHICTb
BKa3ye Ha Kpaly MPUCTOCOBAHICTD.

3. Pyx crpubynus: GOA BUKOPHUCTOBY€ pi3HI CTparerii pyxy Ajsl JOCTIKEHHS MPOCTOPY
nomryky. Lli cTparerii BKIFOUarOTh MOIIYK TIJISTHOK 3 1KEt0 (TOOTO JIOKAJbHUN TIOIIYK), CJIITyBaHHS
3a HalKpalMMu KOHUKaMH (TOOTO I100anbHUM MOIIYK) Ta CTPHOKK Ha HOBI MO3UIII.

4. JloxanpHuii momyk: BumamkoBuii BUOIp AESKUX CTPUOYHINB JUIsl JIOKAJIHHOTO TOIIYKY
IUIAXOM 3MIHM iXHIX MO3MIIH y MeXax HeBeIMKoro paiony. Lle momomarae BHKOpPHCTOBYBAaTH
JIOKaJTbH1 00J1aCT1 MOUTYKOBOTO TPOCTOPY 1 BAOCKOHAIIOBATH PIIICHHS.

5. I'noGanpuuii nomyk: Buznauntu Haiikpamioro ctpuOyHIst 3 HaBUIIKM fitness 3HaUCHHSIM Ta
OHOBHUTH TO3UIlli IHIIUX CTPUOYHIIIB, 100 HAOIMU3UTHUCS 0 MO3UIlii Halkpamioro cTpulyHIs. Lle
320X0Uye€ JOCIIKEHHS IEPCIEKTUBHUX 001acTell y MpOCTOpi MOIIYKY.

6. Crpubku: BunaakoBuwii BuOIp ACIKMX CTPUOYHIIIB JJIi BUKOHAHHS CTPHOKIB ILIAXOM
BUIIA/IKOBOTO OHOBJICHHS IXHIX MO3MLIN y mpocTopi mouryky. Lle 103Boisie anroputMmy yHUKaTu
JIOKaJIbHUX ONTUMYMIB 1 TOCIKYBaTH HOB1 PET10OHHU.

7. OnoButu FFNN: Ilicns nepemimieHHst cTpuOyHIIIB OHOBIIOEMO Baru Ta 3cyBu FFNN Ha
OCHOBI mO3WIliK cTpuOyHIiB. Lleli kpok mependadae KOpUTyBaHHS MAapaMeTpiB 3a JOIMOMOTOIO
BIJIMIOBITHMX MaTeMaTWYHMUX OIEpaliil, TAKUX SK KPOCOBEP 1 MyTallisl, AJs MOKPAIIEHHs 3arajibHOl
MIPUCTOCOBAHOCTI MEPEKI.

8. 3aBepuieHHst podotu: [ToBroproeMo Kpoku 2-7 10 THUX Mip, MOKU HE Oy/ie BUKOHAHO YMOBY
3aBEPIICHHS, HANPHUKJIAA, JOCITHEHHS MaKCHMaJIbHOI KUIBKOCTI iTepamiii abo OakaHOro pPiBHSA
npucrocoBanocTi. B kinmi mporecy ontumizariii FFNN orpuMae onTumi3zoBaHi Baru Ta 3MiIIEHHS,
SIKI MOYKHa BUKOPUCTOBYBATH JIJIsl TOYHHUX TPOTHO31B Ha HEBHIUMHUX JIaHUX.
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V.IIEPCIEKTMBU HNOAAJBIINX JOCJKEHDb

Cepen  KIIOYOBMX  HampsMiB  MOJNANBLIOTO  PO3BUTKY MOJENi HEHpOHHOI  Mepexi
Forward-Forward, sika BukopucTtoBye anroput™m ontumizamii Grasshopper Optimization Algorithm
(GOA) - po3mupeHHs apXiTeKTypH Mepexi, onTuMizauis napamerpiB GOA, 3acTocyBaHHS MOzeNi
70 peaslbHUX JaHWX, MOPIBHAHHS 3 IHITUMH alTOPUTMaMH, po3poOka nomarkoBux (yskmiin GOA,
BUKOPUCTAaHHS aHCaMOJEeBMX MoJeJeld Ta ajanTallis 10 pi3HUX 3aBIaHb. BUKOHaHHS IMX
JOCTI/DKEHh Ma€ IMOTEHIliaJl TOKPAIIUTH €(PEeKTUBHICTh Ta YHIBEpCAIBbHICTh PO3pPOOICHOT MOIETI,
CTIPHSIFOYH PO3BUTKY 00JIACTi MAaITMHHOTO HaBYAHHS.

VI1.BucHoBku

VY naniii poboTi mpencTaBieHo HeHpoHHY Mepexy tuny Forward-Forward i3 BukopucTanHiIM
Grasshopper Optimization Algorithm sk onrtumizatopa. JlaHa HeWpoHHa Mepexa CIpHse
e(eKTUBHOMY pO3B’SI3aHHIO 3a7ad SKI CTaBIATHCA Nepe]] HEMPOHHMMM MEpeXaMH, a TaKOXK
PO3BUTKY HEHPOHHUX MEPEX Ta ONTUMI3aTOPIB PO3MIHYTUX THUIIIB Ta MOXe OyTH KOPHCHOIO JUIs
HAyKOBI[IB, aHAJITUKIB Ta IHIIMX (axiBI[B, IO MPAIIOOTh y JaHiil ramysi. Jns momampmioro
PO3BHUTKY JaHOi poOOTH y MailOyTHbOMY, MOXKHA 3acTOCYBaTH NpuHLUNM snapshot unsambly ta
cycle learning rate, 1110 MOBUHHO 30UIBIINTH €(PEKTUBHICTH HEUPOHHOT MEPEXKI.
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Teopis Ta npakTHKa peanizamii 0a30BUX () YHKI[IMI
1HTENEeKTYAIbHOT ACY B HEMPOMEPEKEBOMY

0azuci
Cepriit Anbomun, Osnena ["aiitan

Kageopa komn tomeprux ma ingpopmayitinux mexnonozii i cucmem
Hayionanvnuii ynisepcumem «llonmaecvrka nonimexuixa imeni IOpia Konopamiwokay
ITonraBa, Ykpaina

AnoTtanis—Po0oTa mnpucBsiueHa Yy3araJibHeHHI0O Ta cHcCTeMaTu3alii mnpoiuecy CHHTe3y Mojesieii
0azoBuX (QyHKUi ynpaB/jiHHA 00'€KTaMM B iHTeleKTyaJlbHUX aBTOMATH30BAHHUX CHCTEMAax
ynpaBiainasa (IACY) aas pisHMX NpeAMeTHHX rajiy3eid y 0a3uci cTaHgapTHMX HelpoeMyJsiTOpiB
HeliponHux Mepesxk (Matlab, Statistika Ta in.). Takuii miaxix He BUMarae 3HaYHUX BUTPAT, OCKUIBKH Ii
NaKeTH aHAJTi3y JaHUX € y BigkpuTomy aoctymi. CHHTe3 HelipoMosesieil y uiil cutyamii cnmpaerbes
TBOpYMii miaxix y BuOopi Tmmy Mepexi, ii ckJagHocTi, MeTOAy HaBYaHHA, (PYHKUII akTuUBauii,
NMO0YaTKOBUX YMOB Ta iHIIIUX.

Knrouosi cnosa—Inmenexkmyanvna ACY, Heiiponna mepesxnca, bazosi ¢pynkuii, Knacugpixamop, Kepyroui
enaugu.

I. Bcryn

Y cydacHMX yMoOBax HaOWpae pO3BUTKY TEXHOJOTIYHHHA YKJIaJ, IO TPYHTYETbCS Ha
BMPOBA/DKEHHI Yy BHUPOOHMIITBO Ta  YHOpaBJIHHA HOBHX IH(QOpPMAIIWHUX  TEXHOJIOTIH,
IHTEJICKTyaJIbHIX aBTOMATU30BaHMX CHUCTEM YIpaBiiHHA. [Ipu 11boMy € HEOOXITHICTh MOCTIHHOTO
MOIIYKY KOMIIPOMICY y JuieMmi: «e(eKTUBHICTh — BapTicTh». Buxim — 3HaWTH ONTUMAIbHY
TEXHOJIOTII0 Ta IHCTPYMEHTapid, M0 3aJ0BOJBHSAIOTH OOPAaHOMY KpHUTEpiI0 «e()EKTHUBHICTh —
BapTICTHY.

HampsiMok fociipkeHHsT — CHHTE3 MoJieneil 0a30BUX (YHKIM yrpaBiiHHA (pO3IMi3HABaHHS,
MPOTHO3YBAHHS, aJamnTaiis BXiTHUX (akTopiB A0 MUILOBOI (YHKII) HA OCHOBI BIJOMHX
ONTHUMAIBHUX BUPIIAIbHUX NpaBuil ((yHKIII MpaBAomoaiOHOCTI, amocTepiopHOi HMOBIPHOCTI,
CepeHROTO PH3MKY TOINO) Ha 0a3i CTaHAApPTHUX I[AKETiB TEXHIYHOTO aHali3y JaHHX
(HefipoeMynATOpiB). 3 Ii€f0 METOK OYylI0 CHCTEMAaTH30BaHO AITOPUTM CHHTE3y MOJENeH Ta
MOKa3aHO Ha MPHUKIA/IaX peai3oBaHICTh Ta €PEKTUBHICTh TAKOTO MiIXOTY.

Il.  AHAJI3 OCTAHHIX JOCJIJ?KEHb I ITYBJIIKALIIA

[Tutanns peanizanii 6a30BUX (QYHKIINA IHTENEKTyalbHUX CUCTEM YIPABIIHHS PO3TJISHYTO B
OaraTtb0X poOOTax 3aKOPJAOHHHUX Ta YKpaiHCHKUX MocmigHuKiB. [IpoTe yHiBepcanbHOI mporpaMHoi
06a3u cuHTe3y Mojenel 0a30BuUX (YHKLIN ymnpaBiiHHA o0'€ekTaMu JUIsd pi3HUX cdep AiSUIBHOCTI Y
BIIKPUTUX MyOJdiKalisx He mporisgaerbes. [lng KoxkHOi mpeameTrHoi o00iacTi HE0OXiIHO
CHUHTE3yBaTH BJACHI MOJENi, 1[0 BpaxOBYIOTh MOTY)XHICTh BHOIPDKM MpElENeHTIB, iX
1HQOPMATUBHICTb, THUIIM 3MIHHUX Ta X PO3MIPHICTb, B3AaEMHY KOPEIALI0, BHUJ PO3MOALLY Ta
aMILTITYly po3Maxy.

BpaxoByroun mpoBeaeHUH aHalli3 OCTaHHIX JOCHKEHb 1 myOumikamiid, Oyl0 BHIUIEHO METY
JOCITI/DKeHHS. MeTa JOCHiKEHHsT — 3allpONOHYBAaTH METOJMKY Ta IHCTPYMEHTapiii MOJIEIIOBAHHS
6a30BHX MpOIECIB 00'€KTIB PI3HOT MPUPOAU Y CEPEIOBHII CTAHTAPTHUX EMYIATOPIB HEHPOHHHUX
Mepex 13 3a0e3MedeHHsIM BUXIIHUX YMOB SIKOCT1 Ta BapTOCTI.

2023 2nd International Conference on Innovative Solutions in Software Engineering
Ivano-Frankivsk, Ukraine, November 29-30, 2023

167



. METOIU

ITix yac crBopeHHs iHTenekTyanbHOi ACY MOCIIAOBHO CTaBIATHCS 1 BUPIIYIOTHCS TaKi 3amadi
[1,2]:

1. 1. @opmanizayia npeomemnoi 2any3si

ITo cyri, e 3aBmaHHs € 3aBAaHHSAM KOAyBaHHsA. CKIIQAA€THCS CIHMCOK y3arallbHEHUX KJaciB, J10
SKHX MOXYTh HaJIe)KaTH KOHKPETHI peaiizailii 00'eKTiB, a TAKOXK CITUCOK O3HAK, IKUMHU IIi 00'€KTH B
MPUHIUII MOKYTh MaTH.

1.2. opmysanns penpezeHmamusHol HA84AIbLHOT BUOIPKU

HaBuanbHa BuOipka € 0a3010 AAaHMX, 110 MICTUTh OMHUCH KOHKPETHHMX peaiizaiiil o0'ekTiB
MOBOIO O3HAaK, JIOMOBHEHY IH(OpMAIi€l0 TMPO HAJIEKHICTh IUX OO'€KTIB 10 TEBHUX KJaciB
pO3Ii3HABAHHS.

1.3. Hasuanns xnacughixamopa

HaBuanbHa BuOIpka BUKOPHCTOBYEThCS sl (DOpMyBaHHS y3arajlbHEHHX 00pa3iB KiaciB
pO3Mi3HAaBaHHS Ha OCHOBI y3arajJbHEHHS iH(pOpMallii Ipo Te, sIKi 03HAKKU MaloTh 00'€KTH HaBYAJIbHO1
BHOIPKH, 110 HAJIEKATH JI0 IIHOTO KJIACY Ta IHIIMX KJIACIB.

1.4. Oyinka ma eubip po3mipHocmi nPOCmMopy 03HAK

[Ticnst HaBYaHHS CUCTEMH pO3Mi3HaBaHHS (OTPUMaHHS CTaTUCTUKU PO3IOJLTY YAaCTOT O3HAK 3a
KJIacaMH) CTa€ MOKJIMBUM BU3HAUUTH JUIsI KOXKHOI O3HAKM HOTO I[HHICTH JUIsl PO3B'A3aHHS 3a/1adi
posmizHaBaHHA. [licis MbOTO HAMMEHI IIHHI O3HAKM MOXYTh OyTH BHIAJICHI 13 CHCTEMH O3HAK.
[ToTiM cucTema po3mi3HaBaHHS MOBHMHHA OyTHM HaBUEHA 3aHOBO, TaK SK B Pe3y/ibTaTi BUAAJICHHS
JeSIKUX O3HAaK CTAaTUCTUKA PO3MOJLUTY O3HAaK, IO 3aJUIIMIINCS, 3a KilacaMu 3MiHIoeThes. Lleit
MPOIIEC MOKE MMOBTOPIOBATHCS, TOOTO OYTH ITEpaIliiiHUM.

1.5. Cunmes mooeni ma demoncmpayis ii a0ekeamHocmi

Peanizyerscss y ¢opmari ampokcumariii ckiiagHoi QyHKII 3B'SI3KYy HUTbOBUX IHAMKATOPIB 3
BEKTOPOM MHOKHMHHU BXiTHUX (aktopiB. [liciiss BcTaHOBIEHHS IETEPMIHOBAHOTO 3B'S3KY (DaKTOPIB
Ta cTaHiB 00'eKTa HEOOXITHO 3a0€3MEeUNTH Ta OOTPYHTYBATH aJCKBATHICTh MOJICIII.

1.6. Texnonozist 3Hax002iceH s Kepyouux hakmopis

3aBnanHs Kinacuikaiii moyusrae y ToMmy, 1o JUisi JaHOTO 00'eKTa 3a Oro BiIOMUMHU O3HAKaMH
CHCTEMOI0 BCTAHOBIIFOETHCS WOTO HAJICKHICTh JIO JESIKOTO paHilie HeBimoMoro kiacy. Ilotim
HEUPOMEPEIKEBOI0 MOJICIII0O BCTAHOBJIIOETHCSA, SIKI O3HAKWM HAWOUIBIN XapaKTepHi g 00'€KTiB
JAHOTO KJIacy, a siki Hi (200 siki 00'eKTH HaBYaJIbHOI BUOIPKH BIJHOCATHCA JI0 I[HOTO KIIACY).

[Ipu crBopenHi Ta ekcruryaTanii ACY KII040BOIO MiICHCTEMOIO BBAXKAIOTh aBTOMATHU30BaHY
cucteMmy kiacudikanii Ta aganraiii BXoAiB 10 IiIb0BOT PyHKIIIT a00 il KOHKPETHUX 1HAUKATOPIB.
Cxema peanizauii JaHUX aHATITUYHUX (YHKLIH IpeAcTaBiIeHa Ta PO3KPUTA JOCTAaTHBHOIO MIpPOIO Y
pobortax [3,6] 1 B JaHOMYy BHMNAgKy MOXe OyTH 3aJisiHa Uil NMPaKTHUYHOTO 3alycKy 0a30BHX
¢ynkuiit IACY (puc. 1).

Jlauuii y3aranbHeHUN MiIXiA 10 BUPINIEHHS 3aBIAaHb aHANI3y BXITHUX JaHUX, Kiacuikarlii
CTaHIB, PErpecifHOrO aHamizy, MOIIYKY KepylouHuX (akTopiB aJeKBaTHUX LLUIbOBOT (QYHKIIT Ta
BX1/IHI JlaH1 BUKOPHCTOBYETbCS y IIUPOKOMY CHEKTpi cdep AisuibHOCTI. Buxonsuu 3 3asBieHUX
1IN 1 3aBJjaHb MOJIETIOBAHHS 0a30BHX MPOIECiB 00’€KTIB Pi3HOT MPUPOIU, BUKOPUCTOBYIOTHCS
BX1/IH1 IaH1 B PI3HUX IPEeIMETHUX 00IacTsIX 1 BIAMOBIIHI TaKeTH HAOOPIB JaHUX.
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npocTopi BucHoBOK: oNTUMAaNLHA a0anTalid EXiQHOMo
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?—f(x,: XionX.) noBepxHi hYHKUiT HEB'A3KW B NPOCTOPI BXIAHWX
V(. x,) = |6 thakTopis

Pucynoxk 1. Y3aranpHena cxema peainizanii anamiTiaHux Qynkuiin [ACY

3okpema, JUIsi MOJETIOBaHHS EKOHOMIYHHX TIOKa3HHWKIB Oyl0 BHUKOPHUCTAHO JaTa CeT 3
exonoMiku Ta ¢inancis Quandl (https://www.quandl.com/), mkepeno ekoHOMIUHHX Ta (IHAHCOBUX
JTaHUX Mpu NoOyIOB1 MOJIeNIel sl MPOTHO3YBAHHSI €KOHOMIUHUX MOKa3HMKIB a0o0 1iH Ha aKIii, Ta
IMF Data (https://www.imf.org/en/Data), o mMicTuTh JaHi mpo MbKHApPOIHI GiHAHCH, TTOKA3HUKH
Oopry, BaJIIOTHI pe3epBH, IHBECTHUIII] Ta I[IHM HA CAPOBUHHI TOBAPH.

OO0rpynTyBaHHs Ta peaJizanis 6azosux ¢pynkuiii IACY

[HCTpyMEHTANBHO 3aBIAaHHS BUPINIYEThCS Y 0a3UCl ICHYIOUMX T'PaIEHTHUX METOJIIB HaBYaHHS
MITYYHOT HEHPOHHOT MEPEKi AITOPUTMOM 3BOPOTHOTO TIOIIMPSHHS TOMUIIKH [5-7].

Jlnst MonemoBaHHSL KiacudikaTopa TOMUIBHO JOCTIIATA MOMKJIMBOCTI TAKETy TEXHIYHOTO
aHanizy manux StatSoft 3 meiipomepexesum moayieM STATISTICA Neural Networks [4,5]. Toxi
CHHTE3 Mojejei 0a30BHX MPOIECIB Peai3yeThCsi y MPOCTOPI MPOIEdyp, MO MPUCKOPIOIOTH
aJanTarliro MoJiee y Mexax oOpaHuX 0OMEKEeHb.

Ha BXig Mepexi HaAXOIWTh MHOKMHA Iap HaBYaIbHHMX BEKTOpiB {X, d}, me {X} — BXimHmii
BEeKTOp, a {d} — iCTMHHUI BHUXITHHMI BEKTOp O3HAaK 00'€KTa, IO JOCIIKYEThCS, {Y} — MHOXHHA
peakiiii Heiponnoi mMepexi Ha Bxim {X}. Pizmuns mibk {y} ta {d} (E=|ly - d ||) — momunka
HaB4yaHHs. [Ipu cepenniii kBagpaTuuHiid GopMi MipH MIOMUIIKA OTPHMAEMO:

1 3 S i i\2
E=S—MZ 2 (yj—dj)*, (1)

i=1 j=l

1e S — YiCcIo HaBYaIbHUX Map, M — po3MIpHICTh BUXIAHOTO BEKTOpA.

3aBAaHHA HaBYaHHS HEWPOHHOT MeEpek i 3BOAMUTHCS JO TMOIIYKY TAaKHX 3HAYEHb BaroBHX
xoedimienTiB Wij®, o6 mommuaka maBuanHa E crama MeHIIOO 3a JedKe IOMYCTHME 3HAYEHHS &
(E <¢)[4-5].

PeanizyBaTu HaB4aHHS aHCaMOIII0 MoOJeNed O3BOJIAIOTH BiOMI HIBUIKOMIIOUI CIPOIIEHI
QITOPUTMHU HaBUaHHS [4], ANs SIKUX BUCOKA IIBHUJKICTh 301)KHOCTI, SIK KIFOYOBHUI KpUTEPIH SKOCTI,
3a0e3MmeuyeThCcsl MPH HU3BKUX BUMOTAX MOXUOKM OOYHMCIEHHS TpaieHTa. Hampukman, airoputm
RPROP (resilient back propagation) [4] BupilIye 3aBJaHHS, PO3PaxOBYIOUHU JHUIIE 3HAKH I'PATIEHTIB
1 HE 3aJIeKUTh BiJl TOYHOCTI PO3PaxyHKY BEIUYMH MOXIJHHMX, a aHANI3ye€ JIMILIE CIIBBITHOLICHHS
3HAKIB PUPOIIEHB 32 MPABUIIOM:
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77+A(i—1) if aE(W)(i_l) . aE(W)(i) >0
e ow, ow,
A9 =L, i BT BT @)
| | 8W| 8W,
KT GEw) EW)" _ 0
- ow, ow,

ne 0 <1 <1 <n" i BU3HAYAETHCS EMIIPUYHUM NUIIXOM. BenuumHa 30UTBIIEHHS KOPHUIYETHCS
(ikcOBaHUM 3HAYEHHSM 1° Y TOMY BHUIIAJIKY, KOJIU aJTOPUTM CXOJUTHCSA JI0 MiHIMyMYy i TIOXiqHa He
3MiHIO€E 3HaK. Lle mpuckoproe mpoliec Ha MIOCKUX AUISTHKAX 1 YIOBUIBHIOE TOIITYK Y pa3i MPOIyCKYy
JIOKaJIbHOTO MIHIMYMY.

[ToTiM BU3HAYaIOTHCS BEJIMYMHM 3MIH Bar BIAMOBIIHO A0 HAIPSIMY 3MEHILEHHS PaJl€HTa!

) O] (i-1) ()
AD -sgn OE(w) ’ JE(w)"™ OE(W) >0
0) | ow, ow,
i GE(W) D OE(w)® ’ ©
—AD,f : <0
ow, ow,

ne sgn [*] — 3Hak ¢yHKUil. 3MiHA 3HAaKa MOX1IHOT MOMMJIKM IiJ] 4aC HACTYIHOI'O KPOKY CBIIYUTH
Mpo MPOXOPKEHHS MiHIMyMy ¢yHKIT. [leli pe3ynpTaT BMMarae MOBEpHEHHsI O TMOTEPEIHBOTO
snagenns Baru W™D, Anroput™ rpyHTyeThCs Ha BM3HAUYEHHI NMINE 3HAKA JOOYTKY MOXiTHUX
(GyHKII HA TTOTOYHOMY Ta TMOMEPEAHbOMY Kpolll. Moaudikailis CHHAITUYHOTO MPOCTOPY TaKUM
crocoO0OM BHMara€ 3HAYHO MEHIIIOTO 4YHCJIa OTNepallii, B TOPIBHAHHI KJIACHYHHM METOJIOM
3BOPOTHOT'O TOIIUPEHHS TOMUIIKH [4-6].

AHaTITUYHUN 3B 30K KepyrouuxX (akTopiB 3 IUIHOBOK (DYHKIIIEIO CJiJi BCTAaHOBWTH,
cnuparoduch Ha TeopeMy KoimMoropoBa-ApHonbla Tpo TpeACTaBiICHHs (QYHKIT KLTBKOX
apryMeHTIB Yepe3 CyMy KOMMO3UIIiN QyHKIiH oHIeT 3MIHHOT Ta ii amanTalii 10 HEHPOMEPEIKEBOTO
dbopmaty Xext-Hinbcena [4,5]:

H
y(x)= ayv, (W X, + WX, + .+ W X, + UL )

= ! (4)

ne H — nmoTyXHICTh HaBYaNbHOT BUOIPKH, @, V — apaMeTpH HelipoMepexki, N — KUIbKICTh HEUPOHIB,
Wi1, Wi2, ..., Win — BaroBi KoeiI[i€HTH HEHPOHIB.

JdemoHcTpanisa AKoCTi HABYAHHSA BapiaHTIB MojaeJieil

Mpacmk obyyernns ans [6.MLP 4-4.-3]

Ipacbuk oBysenms ans [11.MLP 8-7-2]
Yucno caenaHHeix anox 15

Yuecno caenaHHiIx anox 81

ons owwnbok
[lons clwnBok

Bribopku 10
—— OBy4alowas
Tectosan

BbiBOpKY
OByqaouas
Tectosas

] 2 4 6 8 10 12 14 16

Bnoxu oByseHns:

[} 20 40 60 80 100 120 140

3noxu oBy-eHms
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Tpadhuk oByqeHms Ans [140.MLP 12-5-3) Tpacmik oByeHus Ans [125.MLP 12-15-3)

YWGNO GAENaHHbIX ANOX 88 Uueno caenanHsix anox 107
75 75
70 70

65

60
o 55 L
50
50 |1 L
45| %
45 U}
40 |
351 |
30 I\". A/
25 AN

fons owwBok
Dons ownGok

\_ h N A - LA o L.
2: \,ﬂu\/ A AN I
1 S P . -
B - 5 T
10 SN ; .
s ﬁ_ s
0 Buifopku: -10 BuiGopku:

0 20 40 60 80 100 ORI 0 20 40 60 80 100 120 140 __geiiiiag
3noxu o6y4eHms —— TecToBas 3noxXU oByyeHus TecTosan

Pucynox 2. Bizyanizarist tuHamiku 30DKHOCTI POIIeCy HaBYaHHS MOJETIeH

Ananrauisi BXitHux ¢akTopis 10 niiboBoi pyHKILIT

Ile 3aBgaHHsS BUPIIYETHCS MIICTPOIOBAHHSIM BXIIHOTO BEKTOpa (hakToOpiB yepe3 TpajieHT
(GyHKIIIT MTOMUJIKY 32 BXIIHUMHU CUTHAJIaMU Mepexi [4].

3agaBanucs IHIUKATOPH, IO BIAMOBIAAIOTH HEOOXITHOMY KJIacy CTaHy 00'€KTa, Ta MOJAaBaIHCs
Ha BXi@ HaBYeHOI Mepexi. Maroun 3amaHy BIANOBIAL Ta BIANOBIAL, BUIAHY MEPEXEO,
oOumCIIoBaBCcs TpalieHT (YHKIIT MOMUJIKK 3a BXIIHUMHU CHTHaJaMH MEpPEeXi 3a TEXHOJIOTIEIO
METOJly HaBaHTXEHUX MBOICTUX Mepex [4,5]. BimmoBimHO 10 3HAYEHHS €JIEMEHTIB TpajicHTa
3MIHIOBAJIMCS 3HAYCHHS BXIIHUX CHUTHAIIB MEPEXI B HANPSAMKY 3HIKCHHS TIOMUJIKH, 110 JIO3BOJISIE
ITepaIliitHO OTPUMATH BEKTOP BXIAHUX CUTHAIB, 1110 TTOPOJHKYIOTh HEOOX1THY BiIMOBIIb.

Takum ymHOM, 3HAYCHHS BXITHUX (DAKTOPIB MMICIs 3aKiHUYCHHS MPOIEAYPH MIACTPOIOBAHHS €
pe3ynbTaTOM TPUUHSTTS PINICHHS HEUPOHHOIO MEPEXKEI0 MIOA0 MEPEBEJCHHS CHUCTEMH 3 OJHOTO
cTany (KJ1acy) B HIIIH.

hﬁ Heliponnbe cetn -Pesynerarer Insdat B =
AKTiBres CETH

Cete |0 Apssmextyps Nposissoa...  Kodtp .. Tecr. npows..  Aaropsme Pus o AET. CHpbL..  AET. BbbL_.

1 MLF 4.4-3 91.509434 100,000... 90,9003 BFGS 4 CE Munepdonu...  Coprmasc
[mE Eridpates\CHaTs coTy I [ﬁ Haamire cete
M0 Me30BAT & NCH AR HERDOHHARA CETE [ ABTOMATHIMDOBAHHAR HEFDOHHAR CATE ] [Idia'rcu rvmmp-srmrmauﬁnmu:

ﬂpem:nnuﬂue| l'pe-dh«ul Wroru mmu| Muproses kapTel  HafmogeHa NoNLS0BaTE |
E Mrord mogens

Fon-eo HatnooeHi Ana NporHoza; 1 EI DSUCTUTE NOSEYLIAS SHAEHHA [ B Copewm cem - ]
| Tel  Jnaverse nonesosarens J [m [penck ssasae sHauEHAR ] Ormena
1Knscc SEPAL  SEPALW PETAL  PETAL. = Orusan -]

3200000 1 400000 0200000
SETOSA 5000000 3300000 1400000 0.200000

(L RE_ PR 4

SETOSA 4500000 3200000 1.300000  0.100000 5_‘*"5“9""‘

SETOSA  S300000 3000000 1000000 0100000 1] Dieitpemsou aa

VIRGIMNIC E500000 3000000 4000000 2000000 1| Konrponesian
Tecrossn

Mporg, ssayeH1a

Pucynox 3. Ilanens nomyky ¢axtopis, agekBaTHuX 1Hu1boBo1 pyHKil [ACY,
Ta nMpod b HaHOLIBII eEeKTUBHOT MOJIEN]

IV. PE3VJIbTATH
Jis pi3HUX YMOB MOJIENIOBaHHA Ha TECTOBMX BHOIpKaxX MPHUKIAAIB OTPUMAHO aHCamOJb
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NPOAYKTHUBHUX HEHpOMepex, sAKi SKICHO MIiATBEP/UKYIOTh Mpale3daTHICTh 3alpONOHOBAHOT
TEXHOJIOT1] CHHTEe3y KiIacu@ikaropa B PeXHMi pealbHOro yacy. 30epiraéMo Mojeli 3 HaWOUTbII
BHUCOKOIO MTPOAYKTHBHICTIO:

AKTUBHESE CETH

Cere D ApssmerTypa [powssscd.. Fodrp n..  Tecr. npowes., Acropure Py oo, AT cEpel., AET, BeB, )

1 MLP 10-111 0.5962930 0, a0 0,000 BFGS 2 Cird. kA T o ecTs. T o ecT

2 MLP 10-4-1 0armas 0, DeDaDN000 0,000 BFGS 3 Cuyprd. kA TosnecTs,., TomaecT.,

3 MLF 101241 0346550 0, 0000 (3, CaEa000 BFGS 2 Ly kea .. [osgecTs... TomgecT..,

4 MLP 1031 0937385 0000000 0000000 BFGS 3 Cogpakea.. Tomgects.. Tomgect..

5 LAl B 01,4, N ST NONEWWI ) S BERES T Cios yan  Trvengers T evwrar et
ﬂﬁ BrpareiCHare catu ﬁ Yaamme cete
MonespesTanscr.an HEFDOHHSA CETE -ﬁmumﬁiﬂﬂ HERDOHHSA CETE Meroa PR O AT HE D mﬁm

MNpeacyasarHee | rpamul Mrory ananes | Hadmoneres n:r.rlbal:-mnﬂ|

Pucynox 4. TIpodini moaeneit i3 HAMOLTBIIT BUCOKOIO MPOIYKTUBHICTIO

AJIEKBAaTHICTh MOJICITIOBAHHSI BCTAHOBIIOETHCS 32 TPOJYKTHBHICTIO Ta TIOMWJIKAMHA Ha
HaBYAJHHUX Ta TECTOBMX MHOXKMHAX, MIO JO3BOJSIE CTBEPIUKYBAaTH TIPO  CIPOMOXKHICTP
MozentoBaHHs 6a3oBux (yHkuiii IACY mono HaOopiB mpeneeHTiB 3B'A3Ky (DakTOpiB Ta CTaHIB
JOCITIDKYBaHUX 00'€KTIB TS IMPOKOTO CIEKTPY MPEAMETHHX 00acTei aisibHOCTI [3-6].

Takum uwmHOM, peanidoBaHi ©0a3oBi @Qynkuii AICY B cepemoBuill CTaHAAPTHUX
Heiipoemysatopis Statistika Neural Network, i3 3a1aHo0 poyKTHBHICTIO i TOYHICTIO.

V. TIEPCIIEKTUBH ITOJAJIBIINX JOCIIPKEHD

[Momanpiri AOCHIPKEHHST BUKOPUCTAHHS HEHPOMEPEKEBOTO MIAXOAY B IHTEIEKTYaTbHUX
ABTOMATHM30BaHUX CHUCTEMax YMIPABIIHHSA JAOIUILHO HAIUIMTH HAa YacTKOBY a0O HAaBITh TOBHY
aBTOMaTu3alliro 0a30BUX MPOIIECIB MPHU BHUPIINICHHI PI3HUX aHATITUYHUX 3aBJaHb y 3a3HAYCHUX
BHIIIE TIPEIMETHHX O0JIACTSIX, HA MAaKCUMAJIbHO TOYHI OIIIHKH CTaHIB 00’ €KTIB aHAIi3y, MPOTHO3HU
JTMHAMIKH iX 3MiH Ta 3HaXOJDKEHHS BXITHUX YMOB Ta 3HAYE€Hb KEPYIOUUX (PaKkTOpiB, IO J03BOJISIOTH
3MIHIOBaTH CTaH (mapameTpu) o0'€KTiB y 3amaHuXx Mexax. [[oBHa aBTOMaTH3allisl peani3yeThbes B
paMKax HaBeJIeHO1 METOIMKH aHaNI3y JaHUX Ta CIPUSE MiBUIICHHIO KOHKYPEHTOCIPOMOXHOCTI Ta
3HIDKCHHIO BUTPAT BiJl yHUKHEHHSI PYYHOT Mparlli Ta CKOPOUYCHHS 4acy Ha MPUHHSTTS PillICHHS.

VI. BHCHOBKU

HeiipomepexxeBa minTpumka peanizanii 0a3oBux ¢yHKIiH iHTenekryanbHoi ACY ycHilHo
BUPIIIYEThCS 13 3aCTOCYBAaHHSAM KJIACHMYHUX TAKETIB TEXHIYHOro aHanmizy naHux. CHHTe30BaHi
Mozeni 6a3zoBux ¢yukuiii [ACY nokazanu NpuiHATHY Ui TPAKTHKU Mpane3faTHicts. [lpu npomy
OCHOBHI 3yCHJUISL CIifi cIpsMyBaTH Ha (opmyBaHHS 0a3u OCTaTHHOI 1H(POpMATHBHOI BUOIPKHU
Mpele/IeHTIB, a CHHTe3 MOJeNel 3M1iCHIOBaTH cepell CTaHIapTHUX HEHPOeMyIsSTOpiB, IO ICTOTHO
CKOpOYYe BUTPATH 1 Yac MpH 30epe’keHH] MPUHHATHOI ISl TPAKTUKH €()EKTUBHOCTI.
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BukopucTanHsa 1HpOpMaLIHHOT CUCTEMHU A1
(bopMyBaHHS 1HAUBIIYaJIbHOI OCBITHBOI

TpaEKTOPIi
Cepriit [llapos

Kageopa komn’romeprnux nayx
Taspiticokuti OepacasHull azpomexnoociunuil ynisepcumem imeni JImumpa Momoprnozco
3anopixoks, YKpaina

AHOTanis—Y CTaTTi MOBiOMJIAETHECA MPO Po3po0Ky Beb-opieHTOBaHOI iHGopMaNiiiHOI cucTeMu AJs
(opmyBaHHs IHIMBIIYaJBHOI OCBITHBOI TpaekTOpii 3100yBaviB BHIOI OcCBiTH. 3’sicoBaHo, IO
iHauBiTyajJbHA OCBITHS TpaeKTOpifA [103Bojsie 3a0e3meyuTd mnpodeciiine CTAHOBJEHHS Ta
CaMOPO3BHUTOK 3100yBaya BHIIOI OCBiTH. 3a3HAYA€THCS, 110 BUKOPUCTAHHA iHdopMaLiiiHUX cUCTEM B
OCBITHbOMY TIpouleci J03BoJisiE 3a0e3Me4YWTH MiJABHIIEHHS] SIKOCTI YNpPaBJiHCbKOI, OCBITHbLOI,
indopmaniiinoi aissbHOCTI 3akiaagy BUIIOI ocBiTH. OmHcaHO iHCTPyMeHTadbHI 3aco0u, Mo OyJin
BHKOPHCTaHi AJs po3podku indopmaniiiHol cucteMu. Y NoAaJbIINX JOCTIIUKEHHAX IUIAHYEThCS
JAOCJHIIUTH Mpane3IaTHICTh podoTH iH(opmaniiiHoi cucTeMn B peajTbHUX YMOBAaX.

Kniouoei cnosa—Inousioyanvna oceimua mpackmopin, 3000ysau euwioi oceimu, Ilpozpamne
3abe3neuenna, Ingpopmauiiina cucmema, Komn'romepni nayxu.

I. Bcryn

CyudacHi peanii BUINOI OCBITM aKTyali3yBajJd MOTpeOy y po3poOIi Ta BIPOBAKEHHI
e(eKTUBHUX TEXHOJIOT1H Ta METOAOJIOTIH MATOTOBKYM Maii0yTHiX (axiBIliB, 37aTHUX A0 €(PEKTUBHOT
KOMYHIKallli Ta BAKOHAaHHs CBOiX NMpodeciiiHuX 000B’sA3KiB, CAMOPO3BUTKY Ta CAMOBIOCKOHAJICHHS.
OcobmuBo 1e crocyerbest [T-¢axiBiiB, sKi MOBHUHHI TMOCTIMHO CIIIKYBaTH 3a TEXHOJOTTYHUM
PO3BHUTKOM, OyTH 0013HAHMMH Yy Cy4acHHX IM(POBUX TEXHOJOTISAX, MPUCTPOAX, METOAAX 0OpOOKU
1H(popMmalii To1o.

JlieBUMHU HampsiMaMH Oprasi3allii OCBITHBOI'O MPOIECY € 3aCTOCYBAaHHS KOMIIETEHTHICHOTO Ta
0COOMCTICHO-OPIEHTOBAHOTO MiAX0AIB. MoxuBicTh (OpPMYBaHHS IHAUBIAYabHOI OCBITHBOI
TpaekTopii Hajgae 3700yBauaM BHIOi OCBITH MOKJIMBOCTI PO3pOOJIATH BIACHI OCBITHI MpPOrpamH,
SIK1 CKJIAJIalOThCSl 3 000B’I3KOBUX OCBITHIX KOMITOHEHT, a TAKOXX JIUCUHUILIIH BUIbHOTO BHOODY. Lle
JI03BOJIUTH C(OPMYBATH CYKYMHICTh ()aXxOBUX Ta 3arajlbHUX KOMIIETEHTHOCTEH, ki 3abe3nedarsb
YCHIIIHE MpaleBJalITyBaHHs Ta MNpodeciiiHy MisIbHICTh. 3adydyeHHs 3400yBauiB OCBITH [0
(opMyBaHHS BIIACHOTO NMpodeciitHOro 3pOCTaHHs CYHNpPOBOJKYEThCS IIJIBUIIEHHAM MOTHUBAIl Ta
BI/IMMOBITAJILHOCTI 32 BJIACHI Pe3yIbTAaTH HAaBUAHHSI.

CTpiMKHii TEXHOJIOTIYHUN Ta TEXHIYHUH PO3BUTOK CHIPHUSIOTH (OPMYBaHHIO iH(POpMaIiIHHOTO
CyCHUIbCTBA Ta IMIUPOKOMY BUKOPHCTAaHHIO 1H(OpMaIli, Mo € HEeBHYEPITHUM Ta TOHOBIIOBAHUM
pecypcoM JII0/ICTBA pa3oM 3 €HEpriero Ta MarepiaibHUMH pecypcamiu. Lle akTyanizauie notpedy y
pO3poOIIl Ta OHOBIIEHHI PI3HOMAHITHUX MPOrpaMHUX NPOAYKTIB Ta €JIEKTPOHHUX PECYpPCIB, IIO
JI03BOJISIFOTh HAKOMUYyBaTH, 00po0aTH, nepenasatu iHgopmariito. /o Takux mporpaMHux 3aco0iB
BiiHOCAThCS 1H(popManiiiHi cucteMu (IC), ski 3HalIUIM CBOE 3aCTOCYBAaHHSA Y PI3HOMaHITHUX
o0jacTax, 30KpeMa OCBITI, BUPOOHHIITBI, €KOHOMIYHIN MHisybHOCTI Tomio. BomHouac, Opakye
€JIIEKTPOHHUX peCcypciB, sKi O J03BOJSUIM (OPMYBATH 1HAMBIIYallbHY OCBITHIO TPAEKTOPIIO
3100yBauiB BHIOi OCBITH, BPAaxOBYIOUM OCBITHIO IpOrpamy CIELiaJIbHOCTI Ta Mo0aXaHHs
MaiOyTHIX (axiBIliB.

2023 2nd International Conference on Innovative Solutions in Software Engineering
Ivano-Frankivsk, Ukraine, November 29-30, 2023

174



Il.  AHAJI3 OCTAHHIX JOCJIKEHB I ITYBJIIKALIA

I. KanpkoBcwkuit, M. Ilikymsk, I1. @enopyk, JI. Hemenp, K. Ceriga mocnimpkyBaiu MUTaHHS,
MPUCBSYCHI aHaJi3y POJi 1HAMBITYyaIBHUX OCBITHIX TPA€KTOPId g 3a0e3medeHHsT SKOCTI BHIIOT
ocBitu. [ peanizanii iHAWBITYaIbHOTO MiIXOAY Ta OLIBII SIKICHOTO HABYAHHS BUKOPHCTOBYIOTHCS
PI3HOMaHITHI MPOTPaMHi 3aCO0M Ta €JIEKTPOHHI pecypcH, 30KpeMa MporpaMHO-TIeIaroriyti 3acoou
(B. Jlanincekuit). Ins moOynoBU iHAWBIAYabHOI OCBITHBOT TPAEKTOPIl YUHIB BUKOPHCTOBYIOTHCS
MOXJIMBOCT1 1HTerpoBaHoro iHdopmarniiinoro pecypey (FO. boraukos, B. Mwuamenko Ta iH.),
SCORM nmnakeru (A. MartBiituyk). Peanizarisi iHAuBigyanbHOI OCBITHBOI TPAaeKTOpii B 3aKiaji
BUIIOT OCBITH 3JIIHCHIOETHCS Yepe3 KOMIUIEKC CEPBICIB B MEXKaX CUCTEMH EJICKTPOHHOTO HABYAHHS
(T. T'opbau), 3acTocyBaHHS MPOrpaMHO-Tiearorigyaux 3aco0is (B. I'purop’esa).

MoxBOCTI 1HGOPMAIIMHUX CHCTEM B PI3HUX cdepax MiSIbHOCTI 3aKjiaay BHINOI OCBITH
nocmikyBanu T. Bakamok, M. Binauk, B. I'punenko, A. Mopo3zos, M. [TonTopauskuii. Haykosii
H. 3agopoxna, B. Ilerpymko, C. Tykano nocmiaxyBaiu BUKOPUCTaHHS 1HOOPMALIIMHUX CUCTEM Y
HAyKOBIM IisibHOCTI. BomHOdYac, He 3BaKalOUM HA PI3HOMAHITTS CJICKTPOHHHX PECypCiB s
3a0e3neyeHHs] OCBITHBOI  JiSUIBHOCTI, Opakye JOCHIIKEHb, MPUCBIYCHUX po3poOdIi Ta
BUKOPHCTAHHIO iH(QOpMAIiiHUX cucTeM st GOpPMYyBaHHS 1HIUBIAYyaIbHOI OCBITHBOI TPAEKTOPIT y
BUILIN IKOJI.

BpaxoByroun 3a3HadeHi BUIIE TCHJIEHIIT, METOIO HAIIOI CTATTi € IOBIJIOMJICHHS TIPO PO3POOKY
iH(popMaLiiHOT cuctemMu uis GOpMyBaHHS 1HIUBITYalbHOI OCBITHBOI TPA€KTOPii 3100yBava BUIIOT
OCBITH.

. METoOau

Jlnia peanizalii HOCTaBIEHOI METH HaMH OyJIM BUKOPUCTaHI TEOPETHUYHI Ta EMITIPUYHI METOIU.
30Kkpema, aHajli3 Ta CUHTE3 HAayKOBOI Ta CIeEIalbHOI JiTepaTypu 3 iH()OPMATUKH 3/1HCHIOBABCS 3
METOI0 BU3HAYEHHS CYyTHOCTI 1HUBIYaJbHOI OCBITHBOI TPAEKTOPIi, IPU3HAUYEHHS Ta 0COOIMBOCTEN
iHpopMmaniiHuX cucteM. [ BU3HAYeHHS BHUOIPKOBUX OCBITHIX KOMIIOHEHTIB Oyio 37iliCHEHO
aHaI3 OCBITHBOI TpPOrpaMH Ta HABYAJbHMX IUIAHIB TIJATOTOBKH 3/100yBadiB BHIIOI OCBITH
cneuianbHOoCcTl 122 «Komm’roTepHi Haykm». Takox Oyiau BUKOPUCTaHI EMIIPUYHI METONU:
ONMUTYBaHHS 3/100yBayiB OCBITH IIOAO PpO3YMIHHS I1HAMBIAYaldbHOI OCBITHBOI TPaEeKTOPI;
NOPIBHSAHHS MOJMJIMBOCTEH 1HCTPYMEHTAJIbHMX 3aco0iB Ui PO3pOOKH  BeO-Opi€EHTOBAHOL
1H(popMaLiiHOT cucTeMu A1 (GOpMyBaHHS 1HAMBIIYaJIbHOT OCBITHBOI TPAEKTOPI].

VY BiANOBITHOCTI JI0 €TamiB )KHUTTEBOTO LUKIY iHPOpPMALIHHOI cMCTeMH, HAMU OyJIM MpOBeJIeH1
HACTYIIHI BUJIU poOIT: aHali3 OCBITHBOI nporpamu «Komm’roTepHi HayKu», 3a SIKOIO 31MCHIOETbCA
niaroroka 3700yBayiB BUIoi ocBiTH y TIATY imeni Imurpa MoTopHOTro; BU3HAYEHHS OCHOBHHUX
MoayiB 1H(GOpMaIIiHOT cucTeMH, 1110 OyyTh 3a0e3neuyBaTH peaiizaliio oCHOBHOI MeTu AaHoi [C;
MIPOEKTYBAaHHS Ta po3podOka iHPopMaLiiftHOi cucTeMu uid GOpMyBaHHS 1HIUBIAYaIbHOT OCBITHBOL
TPAEKTOPIi; YaCTKOBE HANIOBHEHHS CUCTEMHM 1H(OpPMAIIEI0 MPO OCBITHI KOMIOHEHTH, BUKIIJayiB,
3100yBayiB OCBITH; MEpEBipKa MPaLe3JaTHOCTI PO3pOOIIEHOT CUCTEMHU Ha JIOKAJIbHOMY CepBepi.
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IV. PE3VYJIBTATU

HaykoBii HarosjomyoTh Ha BaXJIHBOCTI (OpPMYBaHHS 1HIMBIAyadbHOI OCBITHBOI TPAEKTOPIi
3100yBaviB BUIIIOT OCBITH, OCKUIBKH 11€ HA/IaCTh MOXKJIMBICTD 3a0€3MEUNTH 1X 3arajibHOKYJIbTYPHUH,
npodeciiHnii, 0COOMCTICHUN PO3BHUTOK Ta CaAaMOPO3BUTOK. Peaiizallis iHAMBITyaJbHOI OCBITHBOT
TPa€eKTOpii JO3BOJIUTH CTUMYJIOBATH Y 3700yBadiB BHIIOi OCBITH OUIBIIYy CaMOCTIHHICTH [0
AKTUBHOI Y4acTi y MpoIieci MPOEeKTYBaHHS BIACHOI OCBITHBOI MisLTBHOCTI.

3a BU3HAYEHHSM, MiJ 1HIUBIAYAIbHOI OCBITHBOIO TPAEKTOPIEI0 PO3YMIETHCS MEPCOHATBHUN
HuUIsX 3100yBayva OCBITH 10 peattizalii Horo 0cOOMCTICHOTO MOTEHILIaly, 0 IPYHTYEThCS Ha BUOOpI
dbopm, MeTOTIB Ta 3ac001B HABUAHHS, OCBITHIX IMPOTpaM Ta HaBYAJILHUX JUCIUILIIH, IO BXOATH JI0
ix cxmamy [1]; oOpanuii 3a BiacHUM OaxaHHAM pyX TO JOCATHEHHs pIiBHSA mpodeciitnoi
KOMITETEHTHOCTI y BIIMOBIIHOCTI JI0 CTaHAApPTy OCBITH IPH MOCTIHHIN Negaroriddii, npodeciitHii
HIATPUMIIL Ta KOHTpOIi [2]; mepcoHANBHUE pyX 3700yBada OCBITH IO 0COOUCTICHO-TIPOdeciiHOrO
3pOCTaHHS, IO XapaKTEePHU3Yy€EThCS CAMOCTIHHICTIO, aKTUBHICTIO Ta BiNOBIIATBHICTIO 32 CBiil BUOIp.

Ha nymky B. JlamiHchKOT0, Hapasi CIIOCTEPIra€ThCs CUTYallis, Ky MOKHA OXapaKTepU3yBaTH
SIK 3apPOJPKEHHSI HOBOTO OCBITHBOTO CEPEIOBHUIIA, HEOOXITHUMH CKJIAIOBUMHU SIKOTO Ha BCIX PIBHAX
cTanu  iHdopmMariitHo-komyHikanitini Texmomorii (IKT) [3]. Ix ympoBamkxenns y mpomec
OIaHYBaHHS OCBITHIMH KOMIIOHCHTaMH BiJIKpUBA€ Baromi MepCrieKTUBU MMOKPALICHHS TEOPETHYHOI
0a3u 3HAaHb Ta MPAKTUYHOI CIPSAMOBAHOCTI HABUAHHS, PO3KPUTTS KpPEATHBHOTO IOTEHIIATY
3100yBaviB OCBITM Ta BHKJIAJayiB y BIIMOBIAHOCTI MO iX iHAMBIAYyaJdbHHX 3alHTIB, HAXWUIIB Ta
3nioHOCTel. BomHodac, SKIIO paHille MOEJHAHHS TPamWIiMHMX (OpM 1 METOIIB HaBUAHHS 3
KOMIT IOTEPHUMHU TEXHOJIOTIIMH BiOyBajocs Ha piBHI 3a0e3MeueHHs] KOHTPOJIO 3HAaHb Yy BHUIJISAL
KOMIT FOTEPHOTO T€CTYBaHHS a00 MMOIaHHs HABYAIBHOTO MaTepialy B eEKTPOHHOMY BHIJIAII, 3apa3
3BEpTaEMO yBary Ha 3HauHe posmupeHHs MoxiauBocteil IKT miomo opranizamii OCBITHHOTO
mporiecy Ta 3a0e3NeueHHs POIeCy ONaHyBaHHS 3HAHHSAMHU.

Sxuio 6patu A0 yBaru iH(oOpMalliiiHi CHCTEMH, TO IX BUKOPUCTAHHS B OCBITI Ta HaYIl JO3BOJISE
aBTOMaTHU3YyBaTH YIPaBIIHCBKY, OCBITHIO Ta iH(OpMaLiiHy TiSUIbHICTb 3aKJIaay OCBITH, 3A1MCHUTH
Jl€BI KPOKM Ha LUIIXY 3a0e3nedyeHHs LUdpoBizalii ocBiTH. Sk 3a3HadaeThcs y poOoti [4],
iHpopMalliiiHi CUCTEMH YCHIIIHO BIIPOBAPKYIOThCS Ha PIBHI 3aKJaay BHUILOi OCBITH. BoHM MaioTh
0araTroMoayJbHY CTPYKTYpy Ta B 3alleKHOCTI Bl MacmTady MOXKYTh CKIAgaTUCA 3
YIPaBJIIHCBKOTO, OpraHi3allifHOro, OCBITHHOI'O Ta HAyKOBOI'O MOAYJIB. PO3BHUTOK IITYyYHOIO
IHTEJIEKTY BIUIMHYB Ha MOSIBY Cy4aCHUX 1H(POpMAIIHHO-aHATITUYHUX CUCTEM YIIPaBIIHHS 3aKJIaJ10M
BUIIOI OCBITH [5]. ABTOpoM Oylla YCHIIIHO BIOPOBaKEHa iH(opMaliliHa cucTeMa y IMpolec
MIPOXO/KEHHSI HaBYAJIbHO-BUPOOHWYMX TNpakTUK. BoHa 3abe3nedyBana opoOpMIIEHHS 3BITHOCTI 3
BUPOOHMYOI MPAKTHKH B eleKTpoHHOMY (opmarti [6]. [Hmuit Tun IC MoxHa BUKOPHCTOBYBATH AJIS
(hopMyBaHHS pEUTHHTY 3/100yBadiB BHUILOI OCBITH 3a PI3HUMHU KPUTEPISIMHU, 30KpeMa pe3ysibTaTaMu
KOHTPOJBbHHX 3aX0/1iB [7]. B KOHTEKCTI HAYKOBOI AisIBHOCTI OTpUMaia BU3HAHHS 3 OOKY HAyKOBIIIB
iH(popMaliiiHa cUCTeMa MEHEI)KMEHTY HayKOBUX JociipkeHb [8]. Bcece me cBiguuTh mpo
pi3HOMaHITHICTH cdep 3actocyBaHHs cydacHuX IC Ta ix akTyanbHicTh. Cria 3a3HaYMTH, 11O BCl
BUIIIE TNepepaxoBaHi I1HQOpMaIliiiHI CcUCTeMH € BeO-OpIEHTOBAaHMMHM, IO 3apa3 B YMOBax
JTMCTAHIITHOTO HaBYaHHS POOUTBH iX JOBOJII aKTyalbHUMHU Ta KOPUCHUMHU.
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BpaxoByroun mmpoki MOMIIMBOCTI 1H(GOPMAIIHO-KOMYHIKAIIMHUX TEXHOJOTIH 3 METOI0
MPUCKOPEHHS Tpolecy (OopMyBaHHS 1HIUBIAYaJIbHOTO HAaBYAJIHHOTO IUIAHY CIELIaTbHOCTI, HAMU
Oyna po3pobieHa iHpopmaliiiHa cuctema s GOpMyBaHHS 1HIWBIIYaIbHOI OCBITHBOI TPAEKTOPIl
3100yBaviB Jpyroro (MaricTepchbKoro) piBHS BUINOI OCBITH. [0JIOBHE 3aBHaHHS EIEKTPOHHOTO
pecypcey monsrae 'y 3a0e3mnedeHHi BHOOpPY 3700yBadyaMu OCBITH JUCIUIUIIH, SKi BOHH OYIyTh
BUBYATH y MEXax OCBITHBOI mporpamu crnenianbHOCTi 122 «Komm’totepHi Haykm». Takox B
CHCTEMI pealli3oBaHa MOKJIMBICTh CTBOPEHHS Ta pelaryBaHHs HABYAILHOTO TUIAHY, BiJOOpaKCHHS
JMCLUIUTIH, 110 BXOJSATH IO HABYAIBHOTO IUIaHY, aHOTAlil A0 HUX (Y MPOLEC] MOAaIbIIoi po3poOKU
a”oTallil mepeadayaeThCs 3aMIiHUTH cuIa0ycaMH) Ta BHKJIAJadiB, IO 3aKpilUleHi 3a IMMH
JIMCLUUIUTIHAMY, BiOOpaXXEHHS JMCLUIUIIH, OOpaHMX 3apeecTpoBaHUM 37100yBaueM OCBITH,
dopMyBaHHs 3BIiTiB Ha OCHOBi 30epeKEHHX NaHUX. VOro BHKOPHMCTAHHS MOBMHHO BIUIMHYTH HA
AKICHI TIOKa3HMKM HaBYAJIBLHOTO TIIPOLECY, 30KpeMa Ha MIiJBUIICHHS YCIIIIHOCTI 3 OKpPEeMHX
JUCITUTLIIH BUTLHOTO BUOODY.

3aranbHU TPUHLOUI POOOTH 3 1H(OPMAIIIHOI CHUCTEMOIO HACTYMHHUN: aJMiHICTPaTOp
(mpeAcTaBHUK JIEKaHATY, 3aBiayBad Kadeapu, rapaHT) CTBOPIOE HAaBUAIbHI IUIAHU 3 IEPEITIKOM
JUCIUIUTIH BUIBHOTO BUOOPY CTYAEHTIB, Impu3Hauae iM BukiaagadiB. Ilicis mporo BimOyBaeTbes
peectpariist 3100yBadiB BUIIOI OCBITH B CUCTEMI, IICIISI YO0 BOHM OOMPAIOTh HEOOXITHY KUIBKICTH
JUCIUIUIIH BUIBHOTO BUOOPY 3 ypaxyBaHHSM 3arajibHOI KUTBKOCTI KpeauTiB. Ilicis 3amoBHEHHS
3m100yBayaMH OCBITH BIIACHOT OCBITHBOI TPAa€KTOpPii aJMIHICTPAaTOpP Ma€ MOXIIUBICTh MOOAYUTH
oOpaHi MUCHUIUTIHM, KUIbKICTh 300yBayiB OCBITH, SIKi IJaHYIOTh ii BMBYATH, BHUKJIAAadyiB, sKi
OTPUMAIOTh HABAaHTAXKEHHS TOIIO.

OCKiTbKH TEXHIYHUM 3aBJIaHHSAM Nepeadaydanocs, mo iHdopMalliiiHa cucreMa Oy/e mpaioBaT
y BiAzaneHoMy Ta 0araTOKOPHCTYBAallbKOMY peXHMax, Y SKOCTI IHCTPYMEHTaJIbHOTO 3aco0y s
po3pobku  Web-pecypcy Oyia BHKOpHCTaHa OC3KOIITOBHA MoBa mporpamyBanus PHP. Jlani
3100yBaviB OCBITH, a TakKoX ciy>kOoBa iHpopmanis iHopmariiiHoi cuctemu 30epiraeTbcs y
BUIBHOMY mporpamMHomy 3abe3nedeHHi MYSQL. Jns po3poOku CTpykTypu 0Oazu gaHUX OyJio
BUKOPUCTaHO O€3KOITOBHMI mporpaMHuil mpoaykt PhpMyAdmin. [lns 3a0e3nedeHHs 3aXUCTY
NepcoHaNbHOI 1H(GOpMallli Ta BUKIOYEHHS MOXJIMBOCTI 1HTerpauii SQL-iH’exkuiii B poboTy
iHpopmaniiiHoi cucremu, Oyna Bukopuctana Oi6miotreku PDO (PHP Data Objects). binbm
JeTabHUN OoNHC (PYHKIIOHAIBHUX MOKJIMBOCTEN po3po0seHoi 1HPOopMaIIiiHOI cuCcTeMH OJaHUH Yy
pobori [9].

V. OBIrOBOPEHHS

Ha namy nymky, po3poOsieHa iHpopMaliiiHa CUCTeMa J103BOJISIE BUPIIIUTH JEKIJIbKa 3a/1au B
pi3HUX BuUMipax. 3 ogHOro OOKy, 32 JONOMOroo iH(opMaliiiHoi cuctemu 3100yBay BUILOI OCBITH
CTBOPIOE BJIACHY OCBITHIO TPA€EKTOPIIO, OA4WTh, SIKI OCBITHI KOMIIOHEHTH WOMY HEOOXITHI st
PO3BHUTKY NMpodeciiHNX Ta KIIUOBUX KoMIleTeHTHocTel. Jls 3aBigyBada kadenpu iHdopmaliiiHa
CHCTEMa TeX JIOBOJII KOPUCHA, aJDKE O3BOJIE CTBOPIOBATH HABAHTAXXEHHS MO Kadenpi Ha OCHOBI
o0paHuXx 3700yBayaMu OCBITH BUOIpKOBUX AuciuIUIiH [9]. s rapanTa ocBITHBOI IpOrpamMu JaHa
iH(popMaliiiHa cucTeMa KOpUCHA THM, 1110 PO Hei MOXKHa OyJie HamucaTH B 3BITI caMOaHali3y mpu
akpeauTaiii OcBiTHbOI mporpamu. [lis 3akiaay BUILOI OCBITH, 32 YMOBHM BHECEHHS IaHUX 3a
PI3HUMHU OCBITHIMH IpOrpaMamMy, 3a0e3edyeThes npoliec HudpoBizalii ynpaBiaiHChKOT A1SUITBHOCTI.
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Crin 3a3HaUMTH, IO peajizallis 1HAUBITYyaTbHOI OCBITHROT TPAEKTOPIT 3a3BUYall 3A1HCHIOETHCS
y IBOX HampsiMkax. Ilepmmii HampsMok mependavae iHIUBiAyalli3allil0o OCBITHBOTO IPOLECY B
Me)XaxX BHMBUCHHS OKPEMHUX IHCHHMIUTIH. B naHoMy Bumaaky 3700yBad BHINOiI OCBITH B MeEXax
aKaJIeMiqHOT CBOOOAM MOKE OOMpaTH CHOCOOM BHpIIIEHHS HaBYAJIBHUX 3aBJaHb, 31HCHIOBATH
CaMOOIIIHIOBaHHS, OpaTH y4yacTh y HedopManbHIH OCBiTi, OpaTH y4acTh B KOJICKTHUBHIM pOOOTI,
TPEHYIOUM TaKUM YMHOM M’SIKI HABMYKHM Ta iH. [HIIMI HampsMoK mousisArae y MoOYJOBi BIACHOTO
OCBITHBOTO IIJISAXY Yepe3 BUOIP MeperniKy BHOIPKOBHX OCBITHIX KOMITIOHEHT (IUCIUILIIH BUIBHOTO
BUOOpY 37100yBaviB BUIOT OCBiTH). TakuM unHOM, 3100yBay OCBiTH Oy/e pO3BUBATH Y cO0i came Ti
KOMITETEHTHOCTI, SIKI HAMOUIBII BiAMOBIIAIOTh HOTO MOMJIMBOCTSM Ta HaxwuiaMm. 3BICHO, Ha BHOIp
3100yBadeM OCBITH KOHKPETHOI JUCHUIUTIHHM, KpiM Horo Oa)kaHHS, BIUIMBAIOTh TAaKOX 1HII
(dakTopu, 30KpeMa SKICTh BHKJIAQJaHHS IUCHUIUIIHM, TpodecioHali3M BHKIana4da, 3MiCTOBE
HarlOBHEHHS Kypcy Tomo. BojmHouac, HalOUIbII eQEeKTHBHUM BapiaHTOM MNOOYJOBH BIIACHOTO
OCBITHBOTO Ta Kap’€PHOTO IUISIXY € OJHOYACHE BUKOPHCTAHHS JIBOX BHINE 3a3HAYCHUX HATPSMKIB.

VI. TIEPCIIEKTUBU HOJAIBIINX JOCIIKEHD

3apa3 aBTOpPW 3HAXOMATHCS HA 3aBEPIIALHOMY €Talli CTBOPCHHS METOJUYHHX BKa3iBOK IO
BUKOPUCTaHHA 1H(GOPMAIIifHOI CUCTEMH, MICIs YO0 MependadaeTbes ii IMIUIEMEeHTaIlisl B OCBITHIN
nporec. ToMy y MoAanblIIMX OCTIDKEHHSX IUIAHYETHCS JOCTIOUTH Tpale3JaTHICTh POOOTH
iHpOpMaNiiiHOI CHCTEMH B peallbHUX YMOBAX.

VIl. BHUCHOBKHU

OT1xe, BUKOpHUCTaHHA 1H()OPMALIHHUX CUCTEM B OCBITHBOMY MPOIlECi Ta HAYKOBIH MisILHOCTI
JI03BOJISIE 3a0€3MEUNTH TTiIBUIICHHS SKOCT1 YIPaBIiHCHKOi, OCBITHBOI, iH()OPMAIiHOI TisSUTBHOCTI
3aKiany BUIOI OCBiTH. Bukopucrtanus iHpopmariiiHoi cuctemu 1uisi popMyBaHHS 1HAUBIAYaIbHOT
OCBITHBOI TpaekTOpii Oyne Ha KOpUCTh Oe3mocepeqHbo 3700yBady OCBITH, 3aBimyBauy Kadenpwu,
azMiHicTpanii yHiBepcuTeTy. Bukopuctanusa moBu nporpamyBanHs PHP, 6asum manux MySQL,
nporpaMHoro 3abe3neyeHHss PhpMyAdmin, 6i10mxiorekn PDO Ta 1HIIMX 1HCTpYMEHTaIbHHUX 3ac001B
JI03BOJISIIO 3a0€3MEeUNTH KICHY poOOoTy 1H()OpPMAIiIfHOT CUCTEMH B OHJIAMH PEeXHUMI.
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OHJIATH HAaBYaHHSI
Onpra Uy6', Mapuna HoBoxxuiosa?

Ykagpeopa meopemuunoi ma npuxnaonoi cucmemomexmixu
Xaprxiscokuu nayionanvnut yHieepcumem imeni B.H.Kapasina
XapkiB, Ykpaina

2raghedpa Komn 1omepHUX HAYK M IHPOPMAYIIHUX MEXHON02il
Xapxkiscokuil HAYiOHANbHUU YHIBEpcUmem micbko2o ecocnooapcmea imerni O.M.bexemosa
XapkiB, Ykpaina

AHoTauniss—Po00Ty NpHCBAYEHO BHM3HAYEHHIO OCOOJIMBOCTEeli Ta OCHOBHMX BHMMOI 0 CTPYKTypH
XMapHOro iH(opManiiiHOro OCBITHHOIO cepefOBMINA, 110 3a0e3Mevy€e PO3BUTOK HABHYOK KOMAHIHOL
po6oTu ctyaeHTiB. IIpoBoauThes aHadi3 0a30BOro iHCTPyMeHTApil0 KOPNOPATUBHOI iHpopMaliiHOL
cHUCTeMH YHiBepCHTETY Ta 3aco0iB xmapHoi TexHosorii Google Colab, mo ymMokiuBI00TH PO3BUTOK
HABHYOK KOMAaHIHOI po0OTHM fIK MiJl KEePiBHMUTBOM BHKJIAJa4ya, TaK i B OKpPeMOI KOMaHI0I0
CTY/IEHTIB B paMKax caMOCTiiiHOI po0oTH.

Kniouoei cnoea— Xmapui mexnonocii, Ounaiin océima, M’axi komnemenmnocmi, Po6oma ¢ komanoi.
. Bcrvn

[Tix miero 30BHIMHIX (hakTOpiB HEMEPEeOOPHOT II00ATBEHOT CHITH, 110 0e3MocepeTHhO BILTUHYIH
Ha 70% y4HIB Ta CTyJIEHTIB y BCchoMy CBITi [1], ocBita B miomy, 1 IT ocBita 30kpema, cTpiMKO
HaOyBaOTh SIK OHJIAWH, TaK 1 AUCTAHLIAHY GopMmy.

I sxmo monut puHKY mpartli Ha Tak 3BaHi hard skills — TexHiuH1 HaBUYKH, TpodeciiiHi 3HaHHS
3aJIMIIAETHCS IEPMAaHEHTHO BUCOKHM, 3MIHIOIOUUCH B JIETAJISIX Ta PO3MOBCIODKYIOUYHCH HAa CyMIKHI
OpeIMETHI raiy3i, TO pojb THYYKHX HABHYOK, «M’SIKHX KOMIETEHTHOCTei», ToOTo soft skills
(aHry.) — 3HAYHO T1BUIIUIACE.

Ha Biaminy Big npodeciitnux komnereHTHocTel (hard skills), siki MoXHa 4iTKO BUMIPATH, 1 SKi
3aJIMIIAIOTHCSl HE3MIHHMMHU HE3aJIe’KHO B1Jl KoMmmaHii-poboTtonasus, soft skills € yHiBepcanbHuMu
KOMIIETEHTHOCTSIMHU, sIKi HabaraTo Baku€ BHUMIPSITH KUTbKICHUMU TMOKAa3HUKaMH, 1 siKi OijbIie
3aJeXaTh B1Jl CUTYyallli, B1J] OTOUEHHS, KOPIIOPATUBHOI KYJIbTYpH.

OpHi€I0 3 TaKUX M SIKUX KOMIIETEHTHOCTEH, MOXKIIMBO, HAWBAXIIMBILIOKO 1 y3arajibHIOIOUOI0, €
BMIHHS [IPAIfOBaTH B KOMaH/II.

Il. AHAII3 OCTAHHIX JOCJIJKEHbD I ITYBJIIKALIIA

PobGoTta B kOMaHI1 — 110 MKy KOMIETEHTHICTb Ui MallOyTHHOTO Mporpamicta, (axiBus 3
PO3pOOJIEHHST KOMIT IOTEPHHUX IpOorpamM BaKo MepeouiHuTH. Tomy npu miaroroBmi CraHaapTis
BUIIOT OCBITM YKpaiHM [UIsi YOTHPHOX 0a30BUX cremianbHOcTedl ramy3t 12 Indopmariiini
texHozorii: 121 Imxkenepis mporpamuoro 3abesmedenHs [2], 122 Komm’totepni Hayku [3], 123
Komm’rotepna imxkenepis [4], 124 Cucremnnii aHamiz [5], a TakoX IS TPAJAMIIIHHO CyMiXKHOT
cnieianbHOCTI 174 ABTOMaTH3allis, KOMII IOTEpPHO-IHTETPOBaHI TEXHOJIOTIi Ta pPOOOTOTEXHiKa
BU3HAYECHO, IO OJIHIEI0 3 OOOB’SI3KOBUX 3arajbHUX KOMIETEHTHOCTEH, OOYMOBICHMX IIMMHU
Crannmapramu, € 3/aTHICTh MpalroBaTd B KoMmaHAl. Lle € BIZOMTTSAM 3araJbHOCBITOBOTO JIOCBITY
CKJIaJJaHHS BiJIOBITHMX HOPMAaTUBHUX JOKYMEHTIB Ta PETJIAMEHTIB.

3a3HauyuMO, IO BMIHHSA TIPAIfOBaTH B KOMaHAI € OJHHUM 13 BHUMIPIB y3araJlbHEHOL
YOTHUPUBUMIpHOT Mojieni HaB4aHHs LleHTpy peausaiiny HapuanbHux miaaHiB (Center for Curriculum
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Redesign (CCR) in Boston, MA) [6, 7], sixka 3a0e3medye opraHi3alfiiiHi paMKH KOMITETCHTHOCTEH,
HEOOXiTHUX B 21-My cTOpiudi, 1 BKJIIOYAE HACTYITHE:

* 3nHanHHs, K 0a30B1 TaK 1 mpodeciitHi, TpaauIliiHI 1 HOB1 MPEIMETH, MIKAUCITUIUTIHAPHICTD.

* HaBuuku. KpeaTuBHICTP 1 KpUTHYHE MUCIEHHS, YMIHHS NpaLOBaTH B KOMaHII
(K0TabOpaTHBHICTD) 1 YMIHHS CIIIJIKYBAaTHCS (KOMYHIKAOCIBHICTB).

» XapakTep: IONMMUTIMBICTH 1 HANOJETIMBICTh, 1HIIATUBHICT 1 CAMOPETYJIALisA, THYUYKICTh i
aJanTUBHICTb, JIAEPCTBO 1 BIAMOBIAIbHICTh, TPOMAJITHCHKICTD 1 KYJIBTYPHA CB1JIOMICTb.

* MeranaBuaHHs. 3MaTHICTh 10 HaBYaHHS a00 Te, SK JIOAW PO3YMIIOTh 1 alanTyHOThCS O
HaByaHHs. BoHa 0a3yeTbcs Ha METaKOTHITMBHIA aKTUBHOCTI, 3JaTHOCTI CTPATETi4YHO MUCIHTH,
IUTaHYBaTH, KOHTPOJIIOBATHU Ta OLIIHIOBATH OCOOMCTHIA IPOTPEC, a TAKOK Oa)KaHHS BUUTHCA.

Crarts [8] nmpucBsiYeHa TEOPETUYHOMY aHAII3y OCHOBHUX MOMKJIMBOCTEH HMH(PPOBHX OCBITHIX
cepBiciB, nu(PpoBUX MIaTGOPM 1 peCypciB B yMOBAX PO3BUTKY TEXHOJIOTIH OHJIAH HABYAHHSL.

B ny6umikarii [9] nmpoBeneHo aHaii3z HeoOXigHUX KoMmrieTeHmin s [T npodecionanis B ramysi
Hayku mpo nani (Data science), sika HalOUIBII MOKA30BOI0, MKIUCIMIUTIHAPHOIO, IO 00 €IHY€
TaKi ranysi, K iHhopMaTHKa, aHaJIi3 JaHUX 1 CTATUCTHKA, 1 IOETHYE 1X 3 IHIIUMH CIEIliaTi3alisiMu,
AKI MOXXYTh BKIJIFOYaTH (YHKIIi KOPIIOPATHBHOI MiITPUMKH, TaKi K CTPYKTYpyBaHHS, aHAJi3 Ta
yHOpaBIiHHS JaHUMH, Bi3yali3aliio JaHUX, YIIPaBIiHHS 0a3aMu JaHUX Ta aHali3 MPOIECIB TOLIO.

[ToBepTarouuch 10 Cy4yaCHHMX yMOB HaBUaHHS Ta BUKOHAHHS MPOo(deciiHUX 3aBIaHb B IIOMY,
HEOOX1THO BIA3HAYUTH, 10 30epeKeHHs HemepepBHOCTI OcBiTH 3a ymoB manaemii COVID-19 ta
MOBHOMACIITAOHOT BiifHM B YKpaiHU CTaB MOMUIMBHM TiJIbKH 3aBISKH MPOTPECY B raiay3i XMapHUX
TEXHOJIOT1H.

Il. METOIM

JIocBig aBTOpIB BHKIQJaHHSA SK 0a30BUX, TaK MpoQeCiiHO-OpIEHTOBAHUX IUCITUIUIIH
CHeIaIbHOCTEH rany3i 3HaHb 12 [HpopmariitHi TeXHOIOTIT B yMOBax 3a0e3eUCHHSI OHJIAH OCBITH
JI03BOJIMB  JIOCHITHUM ULUIAXOM C(OPMYJIFOBATH OCHOBHI BHUMOTH JI0 CTPYKTYPH XMapHOI'O
iH(pOpMaLifHOTO OCBITHBOTO cepeoBUIIa. TaKMMHU BUMOTaMH €:

* THYYKICTh Y BUKOPHCTaHHI,

* 3a0e3nevyeHHs HeTepepBHOCTI HABUAHHS,

* MIHIMYM [IPOrpaMHHUX 3ac00iB, 1110 BAKOPUCTOBYIOThCH,

*  MIHIMYM OOYHCIIIOBaIbHO-aapaTHUX PECYPCIB YUYACHHUKIB OCBITHBOTO MPOLIECY,

* 3aXHUCT NEPCOHAIBHOI iHPOpMALLii.

BuxonaHHs caMe 1UX YMOB J03BOJIsiE€ 3a0€e3M€UUTH €(DEeKTUBHICTh OCBITHBOTO MIPOIECY, SKUM
MIPOBOJIUTHCS B OHJIAMH (hopMmari.

CporogHi cmekTp 3aco0iB MpOrpaMHO-anapaTHOro 3a0e3MEeYeHHs JIOCUTh IIMPOKHUM, IO
YMOXJIMBIIIOE Pi3HI KOH(]Iirypaiiii oCBITHROTO cepefoBuia. Kepyrodnch MOCBIIOM BHUKOPUCTAHHS
PI3HUX HaJjalliTyBaHb, MOKHA 3alPONOHYBAaTH HACTYIHY CTPYKTYpY XMapHOro iHpopMaiiiHOro
OCBITHBOTO cepeloBHIa (puc. 1), 10 MICTUTh KOPIOpPAaTHUBHY CHUCTEMY 3aKjajay BHILIOI OCBITH,
cepenosuiie MS TEAMS, cuctemy Moodle, siki B I[IoMy CKJIaalOTh CTPYHKY CUCTEMY MiITPUMKHI
OCBITHBOTO TIPOLIECY.

CTopoHHIM, aie qye BaXIUBUM EIIEMEHTOM Ili€l CHCTEMH aBTOPH BBa)KAIOTh 3aCTOCYBaHHS
nporpamHoro cepenosuima Google Colaboratory [10] sk ©6a3oBoro 3aco0y 3a0e3nedyeHHS
IHTEpaKTUBHOCTI HaBUYaHHS, Ooprasizaiii poOOTH B KOMaH[l, PO3BUTKY KpPEaTUBHOCTI MHCIIEHHS,
KOMYHIKALIHHUX KOMIIETEHTHOCTEH, HaOyTTs HABHYOK pO3MOJUTY 3ajad Ta OOOB’SI3KIB MpHU
CTBOpPEHHI MPOTrPaMHOT0 MPOAYKTY 32 KOPOTKHUI BU3HAUYEHUH Yac.

I1l.  PE3VJIbTATH
Google Colaboratory a6o Colab [10] — e iHTerpoBaHe cepeoBHIINEe PO3POOKH, IO MICTHTH

PEAAaKTOP NOYATKOBOI'O KOAY, d TAKOXK iHCTp}IMeHTI/I JJIsA aBTOMaTI/ISaI_Iﬁ CKJIaJTaHHA Ta TCCTyBaHHSA
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KopmopatireHa imdopmariiiia crerema
3aKTIaTy BHINOL OCBITH

MS TEAMS
CepermopHIIE TTPOBEN €HH

Kopnoparuesnii

o Hoemmm aKayHT CTVIEHTa TEKINTHIK Ta TPAKTHUHIK
o HapuampHITIT TTTaH OCBITHEOI TIPOTPaMIL 3AHITE
e Cirabycn

. PO?I\"J'IﬂI[ 3AHATE

KopnoparueHui
aKayHT CTyaeHTa

Google Colaboratory

N XMapHe cepemoBHIIe
CrcreMa Moodle — cxoprmme

LOpIopaTHBHILIL
AKayHT CTY/IeHTa

. _ T TPHMEKI 0CBITHBOTO TIPOTIECY
KOHTPOTEO TIEKIIITHITX KYPCIB

1 HAVKOBUY 00CTIONCeHD

VCITIHOCTI Ta PoOIT CTYIEHTIB

Gdisk /content — GitHub —
KOpeHeBa TeKAa Bi;[;[a:r_[eHe

Goo Colab
Joogle Colat CXOBIHIIIE JTaHIX

|
|
|
| CTVIEHTa
|
I

Puc. 1 — [ndonoriyaa Moens XMapHOTo iHPOPMAIIHHOTO OCBITHHOTO CEPEIOBHUIIA

nporpam. Lle cepenouie € 6€3K0MTOBHUM XMapHUM cepBicoM BiJ Google Research, 3acHoBanumM
Ha Jupyter Notebook (http://www.jupyter.org).

Cepenosuiie Colab no3Bosisie HamamTyBaTH CyMiCHY KOMaHIHY poOOTY Uil TPYIH CTY/AEHTIB,
a TaKoXX CyMICHY poOOTYy CTYAEHTIB Ta BMKJIaJada HaJ OAHMM (ailioM abo oJHi€I0 3ajauero.
HpyxHiil iHTepdeiic Colab no3Bosse HamamTyBaHHS CyMicHOI poOOTH Haja (ainamu 3 1HIIMMH
KOpHUCTYBadaMHU, CTBOPIOBAaTHM KOMEHTapi, KOperyBaTh KoJ 1 B IJIOMY pOOUTH BCe, L0 MOXHA
BukoHyBaTH y Google Jlokymenrax. Tomy npu 3araisHoMy foctymi 10 6iokHoTy Colab Bech ioro
BMICT OyJIe IOCTYITHUM 1HIIIUM 4YIeHaM KOMaHIH (TeKCT, KOJl, KOMEHTapi, BUX1HI J1aHi).

V. OBrOBOPEHHS

Google Colaboratory sk xmapHuil 101aTOK, BUMarae MiHIMYyM amapaTHUX pecypciB. Lls
IporpamMa Ipaioe B IHTEpHET-Opay3epax sk Ha HacTiipHUX [IK, Tak 1 HAa MOOUIBHUX MPUCTPOSX.
O3Hakor0 HAIIOr0 4Yacy € 3aCTOCYBAaHHS CTYJEHTaMH CBOIX MOOUIBHMX MPHUCTPOIB MiJl Yac
HaBuaHHs, ToMmy cepenoBuiie Colab He3amiHHE y IIbOMY BHIIAJIKY, TO3BOJISIIOUM CTYJIEHTaAM
KepyBaTH HaBYaHHSAM 3a JOMOMOTOK CBOro MobOinpHOro Tenedony. Google Colab moctyn mo
OE3KOIITOBHOTO XMAapHOTO CXOBHIIA, IO JO3BOJISE TpaIfoBaTH 0€3 BUKOPUCTAHHS 30BHIIIHIX
MPUCTPOIB 30epiranHs.

[IpoBamkeHHs iHCTpyMeHTaIbHOTO 3aco0y Google Colab sk ckmamgoBoi iHpogoriuHOT Mozesi
XMapHOTro 1H(QOPMALIHHOIO OCBITHBOTO CEpPEJOBUINA B Talmy3i 1H(GOpMAIIHUX TEXHOJIOTIH
J03BOJISIE TAKOXK OpPTaHi3aliio Ta JTOKYMEHTYBaHHS O€3M0CcepeIHhOr0 3BOPOTHBOTO 3B 3Ky K MiXK
CTYZICHTaMH Ta BHUKJIAJa4yeM, TaK 1 y TPyIi CTyJAeHTiB. Takuii 3BOPOTHIH 3B'S30K JJa€ MOKJIMBICTh
BUKJIaIady KOpPEryBaTH TUIaH HaBYaHHS, a CTyJEHTaM — PO3BHBATH Ta pealli3yBaTH Ie OJIHY
BOXJIUBY M Ky HAaBHYKY — BMIHHS KOMYHIKYBaTH 3 IHIIMMH WIEHAMHM KOMaHAM Ta 3HAXOJIUTH
CHUIbHI PIIIEHHS Ha BCIX €Tarax CTBOPEHHS IPOTrPAMHOT0 3a0€3MeYEeHHS.
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V. TIEPCIIEKTHBHU ITIOJAJIBIINX JOCJII/KEHD

3ampornoHOBaHa CTPYKTypa iH(OpPMALIMHOTO CepeloBHINA € JOCUTh THY4YKO. B
MOJTAJIBIIIOMY TIepe10avaeThcsl HANAIITYBAHHS BUKOPUCTAHHS I1i€l iH(QOpMAIiitHOI CTPYKTYpH SIK
wiathopMu Ui HaBYAHHS CTYICHTIB OCHOBAM IMPOBEIEHHS HAYKOBUX JOCIHIIKEHb, 30KpeMa y
rajy3i 1HTEJIEKTYaJIbHOTO aHaJi3y AaHUX 3 PI3HUX MPEAMETHUX 00JIaCTeH MisJILHOCTI JIFOJAWHH,
MAIIMHHOTO HAaBYaHHS, NapayienbHuX oOuncienb. [1oOymoBi Takoi iHHOBamiliHOI iH(OpMALiHHOT
TEXHOJIOT1l CHOPUATHME MOMUIMBICTh TIJAKIIOUEHHS OC3KOIITOBHUX IMOTY)XHHX TpadiuHux
nporecopis GPU (3a0e3nedye mapasnenizaniio BUKOHaHHS 3aBaanb) Ta TPU (TenzopHuii mporecop,
po3pobka Google, mpu3HaueHuit i TpeHyBaHHs Heripomepex). Kpim toro, Google Colaboratory
703BoJIsiE BUKOpUCTOBYBaTH Seedbank — pemosutopiii mpukiamiB iHTEPAKTHBHOTO MAIIUHHOTO
HaBYaHHS, SIKI MOYKHA 3aITyCKaTH y CBOEMY Opay3epi 0e3 HajamTyBaHb sIK 0a3y Ui pO3IIUPEHHS Ta
CTBOPEHHS BJIACHHX IPOEKTIB Ta i€l CTYyIEHTIB, IO € TEXHIYHOI Ta iH(opmariiiHo 06a3010
PO3BHUTKY KPEaTUBHOTO MHUCIICHHSI CTY/ICHTIB.

V1. BUCHOBKU

CTBOpeHO Ta MPOTECTOBAHO 1H(DOIOTIYHY MOAENh XMapHOro iHGOPMAIIHHOTO OCBITHHOTO
Cepe/IOBUINA, SIKa BIAMOBia€ BU3HAYEHWM BHMOTaM Ta JO3BOJSE BHPOOHTH y CTYIEHTIB Ta
BUKJIQJIa4iB JyX KOPHOpAaTUBHOI KyiabTypu. [Ipu 1poMy HaiOuIbII €()EKTHUBHUM € CHHXPOHHE
HaBYaHHS, KOJNHM B3a€EMOJisl MK BHKIAQJa4eM i CTYJICHTOM, a TaKOX CTYJEHTaMH MK c000r0
(rpymoBe HaBYaHHs) BIAOYBAETHCS «TYT 1 3apa3y», IK B oiaiiH pexumi.

3acrocyBanHs xmapHoi TexHosorii Google Colaboratory mo3BoJIsIE OTpUMATH OYEBUIHHMA
CUHepreTuuHui eekt, TOOTO eeKT BiJ CHiIbHOT pOOOTH KOMAaH/IU SIKICHO TiepeBepIlye eeKT Bif
poboTtu okpemux mozeir. OTke, podoTa B KOMaHIi, CIiIbHA poOOTa CTYJCHTIB MOXE B CyMi JIaTH
HabaraTo Oiblle, HXK pe3yNbTaTH iX pOOOTH MOOAMHIII.
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[TopiBHSIHHS €(DEKTUBHOCTI 3aCTOCYBAaHHSI
TE€XHOJIOT1HM IITPUXOBOro koayBaHHs Ta RFID y

JOTICTUYHHX IpoLecax
Irop Hesmronio, Auapiit Citocap, Codis XpycranboBa, Kupuio
XpycranboB, Biktop Kocenko

Kagheopa xomn romepno-inmeeposanux mexunonoziu, asmomamuzayii ma pooomomexHiku
Xapxiscokutl HayioHabHULL YHIBepcumem padioeieKmpoHiKu
XapkiB, YkpaiHa

AHoTalis—YyY cydacHoMmy CBiTi JOricTHYHi mpoumecu CTalOThL Bce Oilbllle ABTOMATU30BAHUMM, i
TeXHOJIOTisl Tpa€c BaXKJIUBY PoOJb y HbOMY KoOHTeKcTi. Llsi cTarTa mnpucBsiYueHa NOPIBHAHHIO
e(peKTHUBHOCTI 3aCTOCYBaHHSl /IBOX OCHOBHHMX TEXHOJIOTiH iZeHTH(}ikanii ToBapiB—IITPHX0OBOro
koayBanHs i RFID—y norictnunux npounecax.

Kniouosi cnosa—/lozicmuuni npouyecu, Idenmugpixauin, Illmpuxoee «rooyeanusn, TexHonozisn
padiouacmomnoi ioenmudpixayii, Bupoonuua nozicmuxka.

I. Bcrvia

JloricT4yHl TIPOIIECH CTalM HEBIA'€MHOIO CKJIAIOBOIO CYYaCHOTO BHUPOOHHMIITBA, SIKi
31€0LIBIIIOT0 CIPSAMOBAHI HA OMTHMI3AIliI0 Ta aBTOMATH3AIIII0 3 METOI0 3a0e3MeUeHHsT HalBHIIIOTO
PIBHSI TIPOJYKTHUBHOCTI 1 BUPOOHWYOI sKOCTL. [locTiifHI 3MiHM B Oi3HEC-CEpeJIOBHIII, MOCUJICHI
BUMOTH JI0 IIBHJKOCTI 1 TOYHOCTI BUPOOHHMIITBA, a TaKOXX MOTPeOHM y e€(HEeKTUBHOMY YIpaBIIiHHI
3armacaMy Ta JIOTICTHIl CTAaBJIATH IMEpea IMiIPUEMCTBAMU HU3KY CKJIQJHUX 3aBlIaHb. B IboMy
KOHTEKCTI BUOIp TEXHOJIOTIH imeHTHU]iKaIlil TOBapiB CTAa€ KPUTHYHUM 3aBIAHHSIM IS J0CSATHEHHS
KOHKYPEHTHOI repeBarv. OHMM 3 KIIOYOBHX aCIEKTIB YIPABIIHHS JIOTICTHYHHMHM IPOIECAMH €
igeHTudIkaIis Ta BIACTS)KCHHS TOBApiB HAa PI3HMX €Tamax BHPOOHUIITBA Ta mocradaHHs. [ls
omeparliss BUMarae TOYHOCTI, HQAIMHOCT1 Ta €(heKTUBHOCTI, OCKUILKH TTOMUJIKH B ineHTU(DiKaIlii a60
BIJICTeXKEHH1 TOBapiB MOXXYTh IMPHU3BECTH JIO CEPHO3HMX BTpAT Ta MOMUJIOK B ympaBiiHHI. [[Ba
OCHOBHUX METOJM imeHTU(iKalii, sIKi 3aCTOCOBYIOTHCS Y BHUPOOHMIITBI Ta JIOTICTHI, — II€
mrpuxoBe koayBanus ta RFID (Radio-Frequency Identification). IllTpuxoBe KoAyBaHHS BiKE JaBHO
BUKOPHUCTOBYETHCS B Pi3HUX c(epax, i BOHO BiJOME CBOEIO MPOCTOTOO, JOCTYIHICTIO Ta HU3bKUMHU
BUTpaTaMH Ha oOJiagHaHHS Ta iHTerpaimiro. 3 iHmoro 6oky, TexHonoriss RFID Hagae MoXIUBICTD
0E3KOHTAKTHO ieHTH(IKYBaTH TOBAapH Ta 30MpaTH JaHi B PEKHUMI PEAIbHOTO 4acy, ajieé BUMarae
crienianaizoBaHoro oOJaHaHHS Ta MPOTpaMHOro 3abe3reuyeHHs. J[nsg OaraThOoX MiAIPHUEMCTB
BUHUKA€E THUTAHHS: sKa 3 IUX TEXHOJIOTIH € OuIbIl e()EeKTUBHOI B KOHKPETHUX YMOBax
BHPOOHUIITBA Ta JIOTICTUKH ?

Mertoro naHO1 poOOTH € MPOBEAEHHS MOPIBHAIBHOIO aHali3y €(pEeKTUBHOCTI 3aCTOCYBAaHHS
TEXHOJIOTIi IITPUXOBOro KoayBaHHs Ta TexHojorii RFID B norictTHuHuX BUPOOHMUYHUX IMpOIECax 3
METO0 BU3HAYEHHS IXHIX MepeBar Ta HeJIOJIIKIB y PI3HUX CIEHApisIX BUPOOHUIITBA Ta YIPABIIHHA
JmaHIforoM mnocradaHHs. [l poOota posrnsgae mUTaHHS BUTpAT, MIBUAKOCTI imeHTHU(IKAIIII,
HAJIMHOCTI, MOKIIMBOCTI IHTErpallii Ta iHIIUX aCMeKTiB, sIKi BILTMBAIOTh Ha BUOIp MK IIUMHU JBOMA
TEXHOJOTISIMA. BCTaHOBUTH, fKa 3 LUX TEXHOJOTIH € OUIbII BUTIAHOIO B KOHKPETHHUX YMOBax
BUPOOHUIITBA Ta JIOTICTUKHA, MOKE JIOTIOMOTTH MiJNPHEMCTBAM TMiJABUIIUTH €(QEKTUBHICTh
BUPOOHUIITBA, 3MEHIINTH BUTPATH Ta MOKPAIIUTH YIPABIiHHS JAHIFOTOM TMOCTAa4YaHHs, 10 CTa€
KIIFOYOBUMH 3aBJIaHHSMH B Cy4acHOMY Oi3Hec-cepemoBuili. ['imoTe3a MOCHiHKEHHS MOJSrae B

2023 2nd International Conference on Innovative Solutions in Software Engineering
Ivano-Frankivsk, Ukraine, November 29-30, 2023

183



toMmy, mo RFID moxe Oyru Ounbll €(pEeKTHBHOIO TEXHOJIOTiEI0 imeHTH(]ikamii Ta BiICTEKEHHS
TOBApIB y MOPIBHSIHHI 3 IITPHXOBUM KO/TYBAHHSIM.

Il.  AHAJI3 OCTAHHIX JOCJIKEHD I ITYBJIIKALIIA

Posrnsigaroun ocTaHHI JOCHIDKEHHS Ta myOumikamii 3 oOnacti MOpiBHSHHS €(eKTHBHOCTI
TEXHOJIOTIi MITPUXOBOTO KoAyBaHHsS 1 TexHosorii RFID B norictThyHMX BHpOOHMYMX TMpoliecax,
MO>KHA BH3HAYUTH KUTbKa KITFOYOBHX TCHJICHI[IN Ta BUCHOBKIB.

[lepmmii BayKIMBHI acleKT IMOJIATA€ B TOMY, IO OOM/BI TEXHOJIOTII MAOTh IIUPOKUH CIIEKTP
3aCTOCYBaHb 1 TOKa3ylOTh CBOIO €(EKTHUBHICTh y PI3HUX Taly3siX BHPOOHMITBA Ta JIOTICTHKH.
OpHak cy4yacHI JIOCHIDKEHHsI BKa3yloTh Ha Te, mo RFID gocuTe wacto mepeBaxae y BUMIpax
MPOJYKTUBHOCTI Ta TOYHOCTI 1A€HTU(]IKAIii B MOPIBHSHHI 3 IITPUXOBUM KoAyBaHHsAM. Lle
0COOJIMBO aKTyaJIbHO y cepax, € BUMAraeThCsl MIBUIKE Ta TOYHE BIJICTEKEHHS BEIMKUX OOCSTIB
TOBapiB abo Jie MoTpidHA peasibHa YacoBa iHpOpMaIlist TPo pyx ToBapis [1].

Jlpyruii acnekT CTOCYeTbCs BUTpPAT Ha BIPOBAHKEHHS 1 0OCIyroByBaHHS 000X TEXHOJOTIH.
JIOCHiIHUKK HAroJIolyloTh, LI0 IITPUXOBE KOJYBaHHS Ma€ 3HAYHO MEHIII BUTpaTH Ha
1HpacTpyKTypy Ta 06JaaaHaHHA. TakoXX BOHO BXKe IIHPOKO BUKOPUCTOBYETHCS Y Oararbox raiayssax
1 Mae MeHIIy TO4YaTKOBY Oap'epHy BapTicTh Ajis BHpoBajykeHHS. Y Toi yac sik RFID moxe
noTpeOyBaTH 3HaYHUX IHBECTHIIIM y crelianizoBane o0jgalHaHHs Ta MporpamMHe 3a0e3rneueHHs .

Tperiit acnekT, fKkuii BapTO BPaxOBYBaTH, I[OJIATAE B TEXHIYHUX OOMEXKEHHSAX 000X
texHouorii. IlITpuxoBwii KOJ BUMarae mpsiMOro BUAMMOTO KOHTAKTY i3 CKAaHEpOM, TOMY B HbOMY
MOXYTh BHHHUKATH MPOOJIEMHU 3 YMTAHHSIM TPH 3HOIIYBaHHI a00 TMONIKO/KEHHI. 3 1HIIOTO OOKY,
RFID Moxe BHSBIATH 0OMEKEHHS B p0oOOTI B METAJICBUX a00 BOJIOTHX CEPEOBHUIIAX, a TAKOX MPHU
BHCOKHX IIBHIKOCTSIX PyXy ToBapiB [2].

CydacHl AOCHIDKEHHSI TaKOXX BIJI3HAYAIOTH TEHICHIIIIO /10 TMOEIHAHHS 000X TEXHOJIOTIH B
KOMIUIEKCHUX CHCTeMax iIeHTHdIKaiii Ta BiacTexkeHHs. Lle 103BoJIsie BUKOPUCTOBYBATH MEpEeBaru
000X TEXHOJIOTIH 1 3MEHIIYE PU3UKH 3aJICKHOCTI Bif oaHIET 3 HUX. OHAK Taki PIIEHHS MOXYTh
OyTH CKJIQJHIIMIMMHU B IHTErpalii Ta ymnpapiiHHI. 3arajaoM, OCTaHHI JOCIIDKEHHsS Ta ITyOJIiKaIlii
MATBEPIKYIOTh, IO BHUOIp MDK TEXHOJOTIE INTpuxoBoro komayBaHHs Ta RFID mnoBuHen
0azyBaTHCs Ha KOHKPETHHX BHMOTax Ta YMOBax BUPOOHMITBA. [IpWUIHSTTS pillICHHS BHMarae
3BaKEHHS [T€pPeBar Ta HeJOJIKIB KOKHOT TEXHOJIOTIT B KOHTEKCTI KOHKpeTHOI cuTyariii [3].

. MEeETOM

VY TemepimHiii yac Ha MIANPUEMCTBAX TOPTIBIL 3aCTOCOBYETHCS TEXHOJIOTiSA IMITPUXOBOTO
KonyBaHHA. lle HaWOUTPII BUKOPHUCTOBYBAaHA TEXHOJIOTiA aBTOMATUYHOI ineHTUdIKalil, sKa
3'spuiiacs moHad 30 pokiB ToMy. Y Hii ans ineHTHdiIKanii (i3sudHUX 00'€KTIB 3aCTOCOBYIOTHCS
CBITJIOBI XBWII. 3BUYAMHHUI WITPUX-KOA — ABIMKOBUN KO, SKHI BimOOpakaeTbCs Yy BUTIIAII
BIIOPSZIKOBAHUX MapaleiabHUX JIiHIN, po3AuieHux npobitamu. JlaHa cTpykTypa sBiisie co6010 Habip
udp abo 3HaKiB, MPH LILOMY CMYTH 1 MPOOUIN MarOTh pi3HY MHPHHY [4]. YV mpoleci ckaHyBaHHS
3YUTYyBau BUMIPIOE CHJIy CBITJIA, 11O BiJOMBAETHCS BiJ] YOPHUX 1 OUIMX IUISHOK INTPUX-KOIY.
TemHuMil mMTpUX TMOTJIHMHAE CBITIO, a CBITJIMI MpoOin #oro BimoOpaxkae. DOTOMION TEPETBOPIOE
CBITJIO Takoi CTPYKTYpU B eNEKTpUYHMH cTpyM (abo aHanoroBuil curhain). [loTiM enexTpuyHa
cxema JieKoaye BHpoOiroBaHMi cTpyM y umdposi nani. Lli naHi 1 € TuM, mo Oyno crHovatky
3aKOJIOBaHO MITPUX-KoJoM. HaifmommumpeHimoo cepex cUCTeM KOAYBaHHA 3 BHKOPHCTAHHSIM
IITPUX-KOMIB € JiHiiiHa cuctema koxyBaHHs EAN (European Article Number), mo 3'siBuiacs B
1976 p. i Oyna mpu3HauyeHa [uId TOPriBI NPOAOBOJLYMMHU ToBapamu. LlTpux-koaum Hemopori y
BUPOOHMUIITBI, TOYHO BiJOOpaxaroTh iHPOpMAaLLiO.
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Ils TexHoJIOTIS Ja€ 3MOTYy JOCATTH HACTYIMHHX IE€peBar HpU Mepexoji Ha Oe3manepoBuii
nokyMmeHTooOir: Bim 10% mo 20% 301mbIIyeThCsl MPOMYCKHA CIIPOMOXKHICTh CKJIQy; CEpEeIHii Jac
CTaHJAPTHHUX oOrmepauiid (mpuiiMaHHS, BiABaHTaXXCHHsA, nepemimeHHs) y 3 pasu; Ha 40 %
3HMXKYETBCS PECypC CKIAJCBKOTO 3aracy; Ha 4YBEPTh 3MEHIIYEThCS KUIBKICTh CKJIQACHKOTO
MEPCOHANTY; MarnepoOBUN JOKYMEHTOOOII CKOPOUYETHCS 0 MIHIMYMY. AJie HaBiTh yci mepeniueHi
nepeBaru He MOXKYTh KOMIICHCYBAaTH Taki HEJOJIKH, sIK HEBEIHMKHIA oOcsr 30epexenoi iHpopmarrii
Ta BIICYTHICTb MOXJIMBOCTI 3amUCy HOBUX JaHHX. KpiM IIbOr0, TEXHOJIOTIS HITPUXOBOTO
KOJIyBaHHsSI HE JI03BOJISIE BIJICTEXKYBATH TOBAp y PYCi MO BCbOMY JIOTICTUYHOMY JIAHIIOXKKY [5].
Tomy Oymnu 3po0OJieH] KpOKHM IJIst MOLTYKY HOBHUX TEXHOJIOTIH, sIKi O YCYHYJM HEOJIIKU, MPUTAMaHHI
cECTeMaM IITPUXOBOTO KOJTYBaHHS.

OnmauM 13 Takux HUIAXiB BupimieHHs € texnosoris RFID (Radio Frequency lIdentification) —
TEXHOJIOTISl pajioyacToTHOI ineHTUdikanii. BoHa 3abe3neuye iHQopMaliiiHy mpo30picTh Ha BCIX
TUISTHKaX JIAHIF)KKa CTBOPEHHS BapTOCTI BiJl OCTa4YalbHUKIB JI0 KIHIIEBOTO crioxuBauda. ba3osa
RFID-cucrema npaiftoe HacTynmHUM YMHOM. PamloTeXHIYHUM MPUCTPIN, MITKA, TPUKPIILUIIOETHCS 10
o0'exTa, SKUH HEOOXITHO IAEHTH(IKYBaTH. YHIKaIbHI 1AeHTU(IKALIMHI JaHl 1po 00'eKT
30epiratotbess B MiTii. Konm mno3HaueHuii 00'€KT MIAHOCUTHCA A0 3YUTYBAJIBHOIO IPHUCTPOIO
(pimepa), MiTKa mepenae Ii JaHi B piaep Yepe3 aHTeHHY pinaepa. [lani BinOyBaeTbcs 3UMTYBaHHS
JAHUX PIIEpOM Ta IX peTpaHCisLis NPUKIAAHIA mporpami, 0 BUKOHYETHCS Ha KOMIT'IOTEP] yepes
MEBHI KaHamu 3B'I3Ky (MepexeBe abo mociuigoBHe 3'enHanHs). Ilicngs wnporo mporpama
BUKOPUCTOBYE OTpHMaH1 BIAOMOCTI ajs iAeHTU(ikaiii ob'ekra, migHeceHoro 1o piaepa. Kpim
1[bOTO, IPOrpaMa MOKe€ OHOBJIIOBATH 1H(OpMaIlito B 6a31 JaHUX MPO Miclle po3TaulyBaHHs 00'€KTa,
HAJICWJIATH CUTHAJ TPUBOTH TMEpcoHaTy abo mpocto irHopyBatu naHi. RFID-cucrema — me Habip
KOMIIOHEHTIB, 1[0 CTAHOBHTH €IWHE IIiIe, KU peanizye Oyab-ske RFID-pimenns. Bona Bkimtouae
Taki KOMIIOHEHTH: MiTKa, piJiep, aHTCHHAa piaepa, CUCTEMa XOCT-KOM'IOTepa 1 MIPOrpamMHOTO
3abe3nevueHds. RFID-cucrema miarpumye ABOCTOpOHHIM OOMIH iHGoOpMAIli€r0 Bix piaepiB 10
aBTOMAaTH30BaHOI 1H(POPMAIIMHOT CHCTEMH Ta BiJ aBTOMAaTH30BaHOI iH(OpMaIiiHOI cucTeMH 10
pinepis [6].

Jlai HaBeIGHO MOPIBHSJIBHUM aHAIII3 TEXHOJIOTIH mTpruxoBoro koayBanHs Ta RFID (tab6m. 1).

Tabmuust 1 — TlopiBHAIBHMM aHAI3 OCHOBHUX TEXHIKO-CKOHOMIYHUX IMOKA3HUKIB TEXHOJIOTIH
TPUXOBOTO KoayBaHHs Ta RFID

IMapamertp RFID IITpuxoBe KOAYBaHHS
. 8 € craTUYHAM 1 He ITiIrae
[TinTpuMKa qaHuXx BaratopazoBuii niepe3amnuc .
3MIHEHHIO
Bugumicts s .
. . He notpedye 3aBxau HeoOXigHa
3YUTYBAHHS JAHUX
JlucraHilis 3YNTyBaHHS Bin 9 M 1091 Mm o 9m
006’em 30epiraHHs JaHUX Maiixe HeoOMeXeHHIT Jlo 3750 cumBoOIIIB JaHUX

JlexinbKa MITOK 3a JyKe
KOPOTKHH MIPOMDKOK Yacy 3
BUKOPUCTAHHSAM
AHTUKOJI31MHOT PyHKILIT

3YUTYBaHHS MITOK OnvH WTPUX-KOA

CTIKICTD IO BIJIUBY

Bucoxka JIerko momkoKyeThes
HaBKOJIUILIHBOTO CEPENOBHUIIA

[HTEenekryansHe 3aCTOCOBYETHCS ISl € nume 3aco0oM
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3aCTOCYBaHHS

BUKOHAHHS HIIHUX 33734 OKPIM
30epiraHHs Ta MepeHeCceHHs
JIaHuX (CIIOCTEPEKEHHS 32
XapaKTePUCTUKAMU
HABKOJIMIITHBOTO CEPEIOBUIIA)

30epiraHHs JaHUX

TounicTh 3UnTyBaHHS

100 %

Bin 90 % no 98 %

Brmus tuny marepiany

Baxxxo 3uutyeTbes HA
METai Ta IeSIKUX PiAnHAX B
YIBTPAaBUCOKOYACTOTHOMY Ta
MIKpPOXBHJILOBOMY Jiara3oHax

MoHa po3MilryBaT Ha
00’€eKT Maiike i3 OylIb-IKOTO
MmaTtepiany

MbkHapoH1 TPaBOB1
0OMeXeHHS

He cranpaptuzoBano
3arajibHi po0Ooyi Jliara3oHu
ygacToT 175t podotu RFID y

cBITOBOMY MaciTabi. YacToTHi
Jliara30HU B OJTHIN KpaiHi
MOXYTb OyTH FOPUIUYHO
HECYMICHMMH B IHIIIH KpaiHi

J1s1 9acToOT CBITIOBOTO
Jiana3oHy He ICHye
MDKHapOJHUX OOMEXEHb

Crymisb 3piocTi

TexHoJIoriA, 10
3apOIKY€EThCS, HEBEJIUKA
KUIBKICTh THUIIIB MPUKIAJIHUX

Icnye Oinbiie 30 pokis,
HIMPOKO BUKOPUCTOBYETHCS
oupiie 50 cranaaprTis,

TEXHOJIOT11 . . . .
CHUCTEM, BiJICYTHICTh OUTBIIICTH 3 AKUX — IO BCHOMY
r00anbHUX CTaHIAPTIB CBITY
Bapricts Bucoka Huzbka
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1IV. PE3VJIBTATHU

[TopiBHIOIOUM TEXHOJOTI0 IITPUXOBOTO KOAyBaHHS 1 TexHosorito RFID B morictmyHmMx
mporecax, 0yJao IpOBEICHO aHai3 MOPIBHAILHUX XapaKTEPUCTUK OCHOBHUX TEXHIKO-€KOHOMIYHHX
MOKa3HHUKIB. 3a pe3ylbTaTaMH I[HOTO aHajli3y MO)XKHAa 3pOOMTH BHCHOBKM IIOAO TOPIBHSHHS
BUIIE3TraJaHuX TEXHOJIOTIH 32 HACTYITHUMHU NapaMeTPaMHu:

— mBHAKICT ineHTH}iKamii: BukopuctanHs RFID no3Bosise ineHTH(IKyBaTH TOBapU
MPAaKTUYHO MHUTTEBO, B TOHM Yac SK IITPUXOBE KOAYBaHHsS BHUMarae ()i3MYHOTO KOHTAKTY 1 4acy Ha
ckanyBaHHs. Lle poouts RFID Oinbimn edexTHBHUM Uil CHTYallid, J€¢ MBUAKICTH Tpa€ KIOYOBY
POJIb, HATIPUKJIIA/I, Y BEJIMKUX JIOTICTUYHUX LIEHTPAX;

— TouHicTh ineHTHdiKaii: RFID mae Bumyy TouHICTh 11eHTH(IKALl, OCKUIbKM BOHO HE
BUMArae npsiMoro BHAUMOIO KOHTAaKTy 1 MOKE€ IpalfoBaTH B yMOBax, JI€ IITPUXOBI KOJAU MOXKYTb
OyTH TIOIIKOKEeH1 200 HEMPOUYUTaHi,

— BUTpATHU HA BHOPOBA/PKCHHA: IITPUXOBEC KOAYBAHHA MaAE€ MEHIIII BUTpATU Ha BIPOBAIKCHHA,
OCKLUTHKH BOHO BK€ IITUPOKO BUKOPUCTOBYETHCS Ta HE BUMArae CIeriaiizoBaHoro 00JiafHaHHs;

— BUTpaTU Ha OOCIYroByBaHHS: BUTpaTH Ha oOciyroByBaHHs RFID Bxirouaorh B cebe
MATPUMKY cucteMu Ta 3aminy RFID-mitok, mo Moxe OyTH BHIIMMH B TMOPIBHAHHI 3
00CIyroByBaHHSIM HITPUXOBUX KOJIIB;

— maciraboBanicte: RFID moxe OyTi OubIl €EeKTUBHUM B BEMKHUX 0Ocsrax, e MOoTpiOHO
BIJICTEKYBaTH 0arato ToBapiB OJHOYACHO B peasibHOMY yaci. ILITpuxoBi Koau MOKYTh OYTH MEHIII
e(EeKTUBHUMHU B TAKHX YMOBAX.

Takox 3a pe3yabTaTaMu JOCTIDKCHHS 3alpOIIOHOBAHO CTPYKTYpHY CXEMY CKIAJChKOT
norictuku 3 Bukopuctanasam RFID (puc. 1).

h 4

IHTepHeT

Cepeep cHCTEMH

30BHIlLHI BOpOTa

30Ha Bifrpy3KM/3ar pyaku

F3

A

Moayne poGodoro Micua
HauankHKKa NOToKY

:

Manetu

CTauioHapHUA 3UMTYBaY -
RFID-MiToK RFID-popoTa

O6'EKT W iLeHT Wik ALl

3oHa 3bepiraHHa

Pucynox 1 — CtpykTypHa cxema CKJIaJIChbKO1 JOTICTUKHU 3 BUKOpucTaHHaM RFID

Hns peanizanii TexHosorii RFID y nmorictuyHoMy ckiiaai Oyina CTBOpEHa CTPYKTypHa CXeMa,
sIKa BKJIFOYA€ HACTYIHI KOMIIOHEHTH:

— MOJylbh poO0OYOro MICIS HaYaIbHHUKA MOTOKY: 1€l MOIYy/h BKJIIOYA€E B ceOe CrelianizoBany
pobouy cTaHIlito, e HaYallbHUK MOTOKY MOK€ KOHTPOJIIOBATHU Ta BiICTE)KYBATH MOTIK TOBAPIB;
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— cranionapuuii 3untyBad RFID-MiTok: cramioHapHuid 34MTyBad BCTAHOBJICHHN HA KIFOUOBHX
TOYKaxX CKJIay 1 MpU3HAYCHUH 11 iieHTrudikanii ToBapis, sSKi MPOXOIATh Yepe3 HbOTO;

— RFID-BopoTa: BoHHM po3TamoBaHi Ha BXO/i Ta BUXOJ 31 CKJIQAy 1 103BOJISIIOTH ABTOMATUYHO
imeHTu(diKyBaTH TOBapH, SKi B'DKHKAIOTH Ta BUDKIKAIOTH;,

— CepBep CUCTEMH: IICHTPAIBHUN CEpPBEP CUCTEMHU 3a0e3neuye 30ip Ta 00poOKy TaHUX, a TAKOK
IHTerpaIito 3 IHIIUMHU CHCTEMaMU;

— 30Ha 3aBaHTa)KeHHfI/pOBBaHTa)KeHHSIZ s 30Ha IHpU3HA4YCHA [JIA HABAHTAXKXCHHS Ta
PO3BAHTAXKCHHSA TOBapiB Ha MaJIcTu,

— 30Ha 30epiraHHs: B JaHIil 30HI pO3MIlllEHI TOBapu, SKI NIATalOTh 1AeHTU(IKalil Ta
BIJICTEKEHHIO 3 BUKopuctanHsaMm RFID;

— Mepexa I[HTepHeT: Mepexka IuTepHeT 3abesneuye 3B'I30K MOIYAs pPoOOYOro MicCIs
HadYaJIbHHUKa IIOTOKY 3 Bi)II[aJ'ICHI/IMI/I CUCTEMaMU.

CrpykrypHa cxema 3 BukopuctanasM RFID no3Bonsie 3a6e3neuntn ehekTUBHY 11eHTH(IKAIIIIO
Ta BIJICTEKEHHS TOBApiB HA CKJIa/1 B peXKUMI pealbHOTO 4acy, 10 CIOpUs€E ONTUMI3ALlI] TOTICTUYHUX
MIPOLIECIB Ta 3HWKEHHIO IOMUJIOK B YIIPaBJIiHHI CKJIAJICHKOIO JIOTICTUKOIO.

V. OBIrOBOPEHHS

OtpuMaHi pe3yapTaTH AOCITIKEHHS NOPIBHAHHSA €(EeKTUBHOCTI TEXHOJIOTii IITPUXOBOIO
konyBaHHs 1 TexHojorii RFID y morictTuuHMX mporecax BIIKPUBAIOTH I[IHHY iH(OpPMAIIIIO 1100
MOXJTMBOCTEH 1 OOMEXKEHbh KOXHOI 3 IIMX TEXHOJIOTIA Ta iX BIUIMBY Ha JIOTICTHYHI Tpollecu. B
IIbOMY PO3/UTI MPOTOHYETHCS THTEPIPETAIs PE3YIbTATIB, PO3TIAAAIOTHCS KIFOUYOBI aclEKTH Ta
HIOQHCH JIOCTIDKEHHSI, a TAKOK 00TOBOPIOIOTHCS X MOJKIIMBI HACTIIKK Ta OOMEKEHHSI, a caMe:

1. IIBuakicth Ta TOUHICTh imeHTUdiKamii. PesynpTaTu migrBepmkytoTh, mo RFID mepeBaxkae
IITPUXOBE KOJYBAaHHS B IUIaHI IIBHJIKOCTI Ta TOYHOCTI imeHTH(ikamii ToBapiB. Lle ocobiauBo
BaXXUJIMBO B CY4aCHHUX YMOBaX, JI¢ JIOTICTHYHI BUPOOHUYI MPOLIECH BUMAraloTh BEIUKOI TOYHOCTI Ta
edexkTuBHOCTI. 3 11bOTO BUILIMBAE, 1110 RFID Moske 3a0e3neuntu OUThIT BUCOKY MPOTYKTUBHICTH Ta
3HU3HUTH PU3HUK TIOMIJIOK Y Mpoliecax iIeHTrdIKaiii Topapis.

2. Butpatu Ha BHpoBaJpKeHHS Ta 00ciayroByBaHHs. IITpuxoBe KOAyBaHHS BUIPAE B acCIEKTi
BHUTpaT Ha BIPOBAPKECHHS 4Yepe3 CBOIO JOCTYIHICTh Ta He MOTpeOye 3HAYHMX iHBecTHI. [Ipore,
pe3ysIbTaTH TAKOX MOKA3aJId, 10 BUTPATH Ha oOciyroByBaHHs RFID MoxyTh OyTH BUIIMMH Yepes3
HEOOXIMHICTh MATPUMKH cucteMu Ta 3aminn RFID-mitok. Ig iHdopmalis BaxiauBa yis
MITPUEMCTB, K1 PO3IJISAAI0TH BHOIP TEXHOJIOTII.

3. MacmrraboBanicte. OMH 3 BaXJIMBUX BHCHOBKIB moJjsirae B Tomy, mo RFID moxe O0ytu
OuThIl e(eKTHBHUM B BEIMKHX OOCSrax TOBapiB 1 CUTYyalisX, A€ MOTPIOHO BIACTEKYBaTH iX Yy
pexxuMmi peanbHOro uyacy. lle BaxuMBO JuIs JIOTICTUYHUX KOMMAHIH Ta BHUPOOHUKIB, SKi
OTNTUMI3YBaJIH CBOI IPOLIECH AJIsl BETHUKUX 00CSTIB BUPOOHHUIITBA Ta MOCTAYaHHS.

4. Crnenudika pobodoro cepenoBuiria. Takox Oyj0 BUSBIEHO, IO OOMJIBI TEXHOJOTI MalOTh
cBOi oOMexeHHs B cnenM(iuHuX pobounx ymoBax. LlITpuxoBe KoIyBaHHS MOXXe OyTH MEHIUI
e(peKTUBHUM B yYMOBaXx, Ji¢ IUTPUXOBI KOJIU MiJIat0Thesl momko pkeHHto. RFID, 3 iHmoro 6oky,
MO’K€ MaTl OOMEKEHHsI B MeTalleBUX a00 BOJIOTHX CEpeOBHIIaX.
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5. IlepcnexTrBY KOMOIHYBaHHS TEXHOJIOTIH. Pe3ynbTaTu AOCHIIKEHHS BKa3yIOTh HA TIOTEHITial
KOMOIHYBaHHSI 000X TEXHOJIOTIH B OJHINA cuCTeMi, 11100 BUKOPHCTOBYBATH MEpPEBaru KOXHOI 3 HUX.
Ile MoXe JOMOMOITH 3MEHIIUTH PH3UKU Ta 30UIBIIUTH e(QEKTHBHICT, B ineHTHIKAIil Ta
BIJICTEI)KEHHI1 TOBapiB.

VI. IIEPCIIEKTUBU IIOJAJIBIINX JJOCJIJIKEHD

HeoOxigHo BpaxoByBaTH, M0 1€ JOCTIHKEHHS MPOBOJWIOCS B TIEBHHX YMOBax Ta 3a
oOMexxeHUMH 00cTaBUHAMU. Pe3ynbTaTi MOXKYTh BapilOBaTHCS B 3aJIC)KHOCTI BiJ] KOHKPETHUX YMOB
BUPOOHMIITBA Ta JOTICTUKU. KpiM TOro, pO3BUTOK TEXHOJIOTIH MOXE MPHU3BECTH A0 3MIH Y
MOPIBHSUIBHUX TMOKa3HUKaX 000X TEXHOJIOTIH y MailOyTHpoMy. MOXHa pO3IIISIHYTH MOXKIIUBICTH
BKJIIOYCHHSI JIOJIATKOBHX TEXHOJIOTIH 1 MeToniB imeHTHdikamii ToBapiB, Takux sk QR-komwm,
Bluetooth-mitku, a6o inmi RFID-texuonorii. Lle momomoxe matu Outbinl OO'€KTHBHY OIIHKY
JOCTYITHUX BapiaHTIB. TakoX AJi OTpUMaHHS OUIBII JOCTOBIPHUX PE3YJIbTATIB MOKHA PO3TIISHYTH
MOJXJIUBICTh TPOBEACHHS IOCIKEHHS B peallbHUX BHUPOOHMYMX a0O0 JIOTICTUYHUX YMOBax 3
BUKOPHUCTAHHSIM IIPOMHUCIIOBOIO 00JIaIHAaHHS Ta CUCTEM LACHTH(IKaIIi.

VIlI. BHUCHOBKHU

VY nmanoMy AOCHIIKEHHI Oys0 MPOBEIACHO TOPIBHUIBHUM aHami3 €PEeKTUBHOCTI TEXHOJOTIi
HITPUXOBOro KoayBaHHS Ta TexHosorii RFID B jorictuunHux BHUpoOHHYMX mpouecax. ['onoBHOIO
MeTOI0 OylI0O BHU3HAUUTH, sSIKA 3 LUX TEXHOJOrIM € Oulblll e(EeKTUBHOI Ta MPUIATHOIO JUIf
3aCTOCYBaHHS B PI3HHUX Tally3sX BUPOOHMIITBA Ta JIOTICTUKH. [ImMOTe3a MOCHIPKEHHS ToJisAraia B
tomy, mo RFID moxe Oyru Outhll €EKTHBHOIO TEXHOJOTIEK iMeHTU(]IKaIii Ta BiICTEKEHHS
TOBapiB y MOPIBHSHHI 3 IITPUXOBUM KoayBaHHSAM. OTpuMaHi pe3ylbTaTd MIATBEPAWIN L0
rimoresy.

Pesynpratn mocmimkenns mokazanu, mo RFID 3abe3nedye OuibIy MIBHUAKICTH Ta TOYHICTH
imeHTudIkaIlli ToBapiB, MO POOUTH WOTO OUTHII MPUAATHUM JUISI BUMOT CYYaCHHUX JIOTICTUYHHX
BUpoOHMYMX mporeciB. LlITpuxoBe KoayBaHHS MOXe OyTH MEHII BUTPATHUM Ha BIPOBADKCHHS,
ane oocinyrosyBanHsi RFID mMoske BUMaraTu BUIIIMX BUTPAT Y JIOBTOCTPOKOBIH mepcrekTuBi. Bemnki
JIOTICTUYHI IIEHTPH Ta BHUPOOHWYI MIAMPUEMCTBA MOXKYTh 3700yTH OUIBINY KOPHUCTH BIJ
3actocyBanHsa RFID 3aBusku 1oro 37aTHOCTI €pEKTUBHO BIJCTE)KYBATH BEJWKI 00CATH TOBapiB B
peanbHOMY Yaci. BakimBo BpaxoByBaTH YMOBH POOOYOrO CEepeOoBHINA IMPH BUOOPI TEXHOJIOTII.
RFID moske OyTtu OUIbII MPUAATHUM ISl YMOB, JI€ IITPUXOBI KO MIIAF0THCS MOIIKOHKEHHIO.

Orxe, nmocimiukeHHs miaATBepauiao rinore3y, mo RFID moxe Oyru Ounbimn eheKTHUBHOIO
TEXHOJIOTIE€r0 1MeHTHdiKalil Ta BiJCTE)KEHHsI TOBapiB Yy IMOPIBHSHHI 3 IITPUXOBUM KOJTYBAaHHSM.
Pesynbpratu moCHiKeHHS MOXYTh OyTM KOPUCHUMHM JAJSl MIANPUEMCTB, K1 PO3MIISIAIOTH BUOIP
TEXHOJIOTIT JUIsl ONTHUMI3allii CBOIX JIOTICTUYHUX BHPOOHMYMX mpolneciB. OmHaK BaXKJIMBO
BpaxoBYBaTH, IO BHOIp TEXHOJIOTII MOBUHEH 0a3yBaTHCS Ha KOHKPETHHX BHMOTaxX Ta yMOBax
BUPOOHMIITBA. JIOCTIIDKCHHSI TaKOX BKa3ye Ha MOMJIMBOCTI MOJAIBIIONO PO3BUTKY IHHOBAIIHHUX
pilleHb Ta KOMOIHYBaHHS pI3HUX TEXHOJOTIA M TOKpAIEHHS JOTICTUYHHMX TPOIECIB 1
OnTHMI3allii BUPOOHHUIITBA.
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MoO11pHUI 3aCTOCYHOK JJ151 BAMIPIOBAHHSA

3eMEJILbHUX OUITHOK
Mepiak Irop

Kageopa xomn tomeprux nayx ma inghopmayitinux mexronoeii
XapKiBChKUH HalllIOHAJIBHUN YHIBEPCUTET MICBKOTO rocrojapcersa imeHi O. M. bekerosa
XapkiB, YkpaiHna

AHoTanis—B mnpencraBjieHOMY MaTepiani po3rVIAA€ETHCS PO3podKa MOOIILHOIO 3aCTOCYHKY VIS
BUMIPIOBAHHSI 3eMeJIbHUX JTUISIHOK, 32 IONOMOIOI0 SIKOT0 KOPHUCTYBa4Y MOKe OTPUMATH pe3yJbTaTH
po3paxyHKiB nepuMeTpy a0o Mo 3eMeJIbHOL AITAHKH; BiICTaHI MiX 3aJaHUMH TOYKAMU; MOOAYUTH
cXeMy TepuTOopii Ta, 32 He0OXiAHICTIO, BHBECTH L0 CXeMY Ha KapTYy.

Kniouoei cnosa—Mobinvhuit 3acmocynok, O6’ckmno-opicnmoeane npoeKknmysanHs, 3emenvHa OiNAHKA,
Huxniunuii cnucok.

I. BcCrvin

[IBuakuii pO3BUTOK (YHKI[IOHATY MOOUIBHHX MPUCTPOIB MPU3BIB 10 PO3POOKH MPUKIATHUX
3aCTOCYHKIB, SIKI MOKYThb OyTH 3aCTOCOBaHI y Pi3HHX c(epax MPaKTUYHOI MiSTIBHOCTI JIFOJMHH.
Po3mupenHs KyabTypH 1 BUKOPUCTaHHS CMapT(OHIB CTBOPHJIO HOBY TiJIKY MOJJIMBOCTEH i
KopuctyBadiB. OCOOIMBO THX, XTO HE MIT JO3BOJIUTH €001 Jopore mpodeciiine obmagHaHHs s
TaKUX 3aBJaHb, IK BUMIPIOBaHHs BeJUKUX mowl. /lo enoxu aBToMaTru3anii BUMIpIOBaHHS IUIOLI Ta
NEepUMETPY 3€Mellb  BHUKOHYBAJIHUCS AY)KE€ NPUMITHBHHUMH IHCTPYMEHTaMH, TaKHUMH SIK
BUMIpIOBaJIbHA CTpiuka abo pyserka. Lle mpu3BOIWIO 10 BEIUYE3HHMX BHUTpAT 4acy Ta BEIMKHX
MOXUOOK y pO3paxyHKax.

B nmanwmii yac poOWTH BUMIipIOBaHHS MOKHA POOWMTH MIBHJIIE, TOYHINIE 1 HAbaraTo MpOCTIIIE.
GPS-cucremu [1] maw0Th MOMIIMBICTh BHMIPIOBATH IUIOILY MAaKCUMalIbHO TOYHO, €IWHOIO
pobJIeMOI0 € HEHMOBIPHO BHCOKA BapTICTh 00JalHAHHS, KA MOXE CATaTH JIECATKIB THCAY €BPO.
3po3yMiJIo, IO Takl BUTPATH OYJIU HEIOCSKHUMH JUJIi MaJIOTO Ta cepeaHboro OizHecy. Bemmki
3MIHHU BiI0y/MCS KOJIM HAa PUHOK BUHIILIM JOCTYIHI cMapThonu 3 miarpumkoro GPS. Po3poOHuku
MOOUIBHUX  3aCTOCYHKIB ~ IPOMOHYIOTH  PI3HOMAHITHI  IHCTPYMEHTH U1  HIABUIIEHHS
IPOAYKTUBHOCTI, B TOMY YHCII ¥ JUId BUMIpIOBaHHA. 3aBAaHHs, AKi paHille MOIIM OyTH BUKOHAHI
JUIIE CHeliali30BaHUMHU MIANPUEMCTBAMH a00 HEBEJIMKOI KUIBKICTIO (DaxiBLIB, Temep JIErkKo
BUKOHYIOTBCS 32 JIOTIOMOT'0I0 CMapT(QOHIB.

[l.  AHAJI3 OCTAHHIX JOCJIJDKEHD I ITYBJIIKALIIA

BukopuctanHs MOOUIBHHUX TPHUCTPOIB B KHUTTI CY4acHO! JIIOJUHM HE BUKJIHMKA€E MKOIHHUX
cymHiBIB. ChOTOJIHI y CBITI HAMIYYETHCS OJMM3BKO 3,5 MUTBAP/IiB KOopucTyBadiB cMapTdoniB. Google
Android i Apple iOS pa3om cranoBmsITe 99% CBITOBOrO PUHKY MOOLIRHOTO 3B’s13Ky. BiamosimHo,
MOOUTHHI 3aCTOCYHKH CTaJM HEBiJ€MHOIO YaCTHHOIO HAIIOr0 MOBCSAKACHHOTO XHUTTSA. | mpo 11e
cBimuuTh cratuctuka. 3a 2020 pik Oyno Onm3bko 218 MimbSApIAIB 3aBaHTAXKEHb MOOIIBHHX
3actocyHkiB. KinpkicTh 3aBanTaxeHb y 2022 pomi ckmamana Oumemie 200 mapa. A 3rigHO 3
ocTaHHIM gociikeHHsM data.ai mepma nonoBuHa 2023 poKy CBIJUUTH MPO MOBEPHEHHS BUCOKUX
TEMITiB 3pOCTAHHS: CIIOYKMBYI BUTPATH CTAHOBWIIM peKkopaHi $67,5 Mips, a KiTbKICTh 3aBaHTaKEHb
3acTOCyHKIB y Bcbomy cBiTi B 10S Ta Google Play carayna 76,8 mupn. V mepmomy miBpiudi
3arajibHi CIIOKUBY1 BUTPATU 3pOcin Ha 5,3% MOPIBHAHO 3 aHAJIOTIYHUM IEPi00M MUHYIIOTO POKY,
30KpeMa Ha 3acTocyHku Ha 16%. KinbkicTh 3aBaHTakeHb TakoXx 3pocia Ha 3,2% [2]. Yacrtka
MoOuThbHOTO Tpadiky y 2022 pori cranoButh Outbine 60% mpotu 10% y 2011. Jloxin Ha pUHKY
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MOOUTBHUX 3aCTOCYHKIB carHe 420 mupa. noa 'y 2023 pori, i 10 2026 04iKyeThCsl HOTO 301IbIICHHS
10 542 mapa. [3]. Lli crarucTiyHi AaHi TOBOPSATH PO HEMOXUJIEHE 3POCTAaHHS BHKOPHCTAHHS Ta
3aliKaBJICHOCTI B 30IbIIEHHI MOOLTBHUX 3aCTOCYHKIB 32 PI3HUMH HAIIPSIMaMHU.

. METOIM

Jlis  BU3HAUYEHHS OCHOBHMX (YHKII MOOUIBHOTO 3acCTOCYHKYy Oyna moOymoBaHa
(GyHKILIOHaIbHA MOJIENIb CUCTEMH, 110 MpeicTaBieHa 3a qonomororo UML aiarpamu BUKOpUCTaHHS
[4] Ta BuaineHi 11 ocHOBHI akTopH. SIK i B OUIBIIOCTI MOOLIBHUX 3aCTOCYHKIB, aKTOPOM CHUCTEMH € 11
kopuctyBady. OCHOBHUMH (QYHKIIISIMH CHCTEMH € 00poOKa MPOEKTIB, 110 MICTATH iH(OpMaIlito Mpo
3eMeINbHI AUIAHKA. HaliBaXJIMBIlIO0 € QYHKIIS CTBOPEHHS MPOEKTY, sIKa mependavae BUOIp TUIY
IIPOEKTY Ta JIOJIaBaHHS TOYOK, IO XapaKTepU3ylOTh 3eMesbHY AUISHKY. DyHkuis «OO0paxyHOK
MIPOEKTY» peaiizye OOUHMCICHHSI TEOMETPHUYHUX XAPAKTEPUCTHK 3eMENbHOI JAUISHKH a00 JlaMaHofi,
IUI1 4Or0 BHMKOHYETBbCSI IepeTBOpeHHsA koopauHatr. DyHkuis «llepernisy NpoexkTy» H03BOIISE
KOPUCTYBady MEPErissHyTH KOOPAMHATH Ta 300pakKeHHS TOYOK 3 CTBOPEHOTO ab0 3aBaHTAXKEHOTO
MIPOEKTY, BUKOHATH TpadiuHe BIIOOPAKECHHS IMPOEKTY HA Mami abo cXemi, a TaKOX IMOO0a4YHTH
pe3ynbTaTé po3paxyHkiB. DYyHKIT poOOTH 3 633010 JaHUX JO3BOJISIOTH KOPHCTYBAa4y BUKOHYBATH
30epeXEeHHsT HOBHUX IIPOEKTIB Ta 3aBAHTA)XEHHS paHIllleé CTBOPEHUX IPOEKTIB 3 30BHIIIHBOTO
CXOBHIIA.

[Iponiec BuOOpY airopuTMiB A PO3B’s3aHHS 3a4adl po3risiHyTo 3a jpomnomororo UML
Jiarpamu JisUTBHOCTI KOPUCTYBaya MOOUTEHOTO 3aCTOCYHKY. [lepmmM KpokoM poOOTH 3 CHCTEMOIO
€ 0O0paHHS THITY MPOEKTY: 3eMeNbHA IIISHKY a0o0 Jamana JiHis. J{ami KopucTyBaueM BHKOHYETHCS
[UKIIIYHE JOJaBaHHS Yy MPOEKT HEOOXiMHOT KUTBKOCTI KyTOBUX TOYOK. JloJaBaHHS KOXKHOI TOYKH
BKJItO4Ya€e oTpuManHs ii GPS-koopanHaT Ta GoTO31HOMKY Micls po3TallyBaHHS TOUukd. PoTo3iiomMKa
MICIIsl PO3TallyBaHHS TOYKH JO3BOJIUTH KOPUCTYBady y MaHOyTHbOMY 30pIEHTYBATHCS IOJO
MIOJIOKEHHSI 3€MeNIbHOI TUISIHKM Ha MicueBocTi. Ha HacTymHOMY KpoIlli BUKOHYIOThCS Aii I110J0
neperBopeHHs GPS-koopauHAT TOYOK y NEKapTOBY CHUCTEMY, IO JO3BOJISIE B TOAAIBIIOMY
BUKOHATH OOYMCIIEHHS TE€OMETPUYHUX XapaKTEepUCTUK JUISHKA Ta BigoOpakeHHs ii cxeMu y
JeKapToBii cucTeMi KoopauHat. Ilicis BUKOHAHHS PO3paxyHKIB KOPHCTYyBad MOXKE BiJOOpa3HTH
IPOEKT Y BUIIIAAL cXeMH a00 Ha Mami, a TakoX IEPeryIsHYTH XapaKTepPUCTHKU Ta 300pa)KeHHs
TOYOK TPOEKTY.

Jns po3poOKH MOOUTBHOTO 3aCTOCYHKY JJIsi BUMIPIOBAHHS 3E€MENIbHUX JUISHOK Oyio
MPOBEACHO aHalli3 mpeaMeTHoi obacTi. Ha ocHOBI mpoBeaeHOro aHamizy Oyja0 BU3HAYEHO BXIJHI
JaHi a7 poOOTH MOOIITBHOTO 3aCTOCYHKY. BXiTHUMM TaHUMHU, SIKUMU 33a€ThCs 3eMeNbHA AUISHKA,
€ 1H(opMalis Ipo TOYKH, a caMe 3HAUYEHHS iX reorpadiyHUX KOOPAUHAT — JOBTOTH Ta LIUPOTH Y
¢dopmari GPS (tun ganux — aiiicHe ymcino). Jlo Ko’KHOT TOUKM MOXKHA MPUB’s13aTH ii hoTorpadiune
300paXkeHHs, SIKEe MOTIM MOXK€ OYTH BHBEIEHO Y MOOLIBHOMY 3acTOCYHKY. OJUH HPOEKT MOXeE
mictutd 710 100 Towok. OOMexeHHS Ha po3mip Ta ¢opmar reorpadiyHUX KOOPIHHAT
BCTaHOBJIIOIOTHCS BIATIOBITHO JIO CTAaHAAPTYy BCeCBITHROI cucteMu koopamHat WGS 84. Ilix gac
30epexKeHHsl MPOEKTY y 0a3y JaHMX KOPHCTYBAyeM 33Ja€ThCs 1M sl MPOEKTY Y BUIJISLI TEKCTOBOTO
psaKa, TOBXKHUHOIO 10 255 CUMBOJIIB.

BuxigHuM#U TaHUMHU 3aCTOCYHKY €:

— PpO3paxyHKOBI 3HAYEHHS MEPUMETPY Ta IOl 3€MENIbHOI JUITHKA a00 JOBXUHU JIAMaHOi
JiHii (AifcHI yKncna);

— 3agaHi reorpadiuHi GPS-koopauHAaTH TOUOK MEPEBOAATHCS Yy JAEKapTOBY CUCTEMY
koopauHaT XY (TUM TaHUX — JifiCHE YMCII0) 1 MOXKYTh BBRKATUCS MIPOMIXHUMHU JAHUMU;

— 30epekeHHs yciX BXIHHUX MapaMeTpiB MPOEKTY B 0a3l JaHUX;

— mnoOy/J0Ba cxeMu TepHuTopii Ta BioOpakeHHs ii Ha Google-Mmari.

Jns opranizamii 30epekeHHs 1 HOJAJIBIIOrO 3aBaHTAXEHHS BXITHUX JAHUX THPOEKTY 3
30BHIIIHBOTO CXOBUIIA Oysi0 po3pobieHo 0a3zy JaHHMX, CTPYKTypa skoi HaBeneHa Ha ER-miarpami

(puc. 1).
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Pucynoxk 1 — ER-miarpama 6a3u ganux

Po3pobnena 6a3a naHUX CKIAAAETHCS 3 JIBOX TaONUIb, SKI B3aEMOMAIIOTH OJHA 3 OJHOIO Y
BIJTHOIIIEHH] «OIWAH 10 0ararbox)».

Ha ocHOBI mpoBeeHOTO aHami3y MpeAMETHOI 007acTi OyI0 BUKOHAHO 00’ €KTHO-OPiEHTOBaHE
MPOEKTYBaHHSI CHUCTEMH Ta TMoOymoBaHa ii 00 ’€KTHO-OopieHTOBaHa Mojenb [5]. Ilim dac
MPOEKTYBAHHS OyJI0 BHILJICHO 4 KJIACH Ta TPU KOPUCTYBAIIBKHX THIHM JaHHWX, SIKI HABEJACHO Ha
miarpami (puc. 2).
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Pucynok 2 — Jliarpama kJacis

Jigs  oOuucineHHd 1mouyl OaraTOKyTHUKa, SKUHW ysBiIsie €000 3€MEeNbHY JUISIHKY,
BUKOPHUCTOBYETHCS METOJI Tpameuid. 3 MeTOr0 MOCHiA0BHOr0 00XOAY BEpIIMH OaraToKyTHHKa Ta
(dbopMyBaHHS Tpareuiil 0araTOKyTHUK YSBISIETbCS Y BUIVISII CTPYKTYPH JaHUX OJHOIIOB’SI3aHUMN
LIUKITIYHUM CIHMCOK, SIK Takoi, 110 BiANOBiAae rpadidyHoMy BifoOpaXkeHHIO OaraTokyTHuka. [lyis
poOOTH 3 IUKIIYHUM CIHUCKOM OYlIM pPO3poO0JIeH] 3 alrOpUTMH: AJITOPUTM JOJaBaHHS HOBOTO
€JIEMEHTY y LUUKIIYHUN CIHUCOK, AJITOPUTM MEPEerisay HUKIIUHOTO CIIUCKY Ta alrOPUTM BHIAJIEHHS
JIHIMHOTO CITHCKY.

Jlist peamizanii MeTO/IiB BimoOpakeHHsI TOUYOK MpoekTy Ha Google-manax OyB po3poOsieHwHi
aITOPUTM TeHepallii Web-3amnuris.

IVV. PE3VJIBTATU

SIk pe3ynmpTaT TpeAcTaBICHOI POOOTM MOKHA BHU3HAUMTH HacTymHe. [IpoBemeHo anami3
MPEeIMETHOTO CEPEJIOBUINA, B pe3yjbTaTi SKOro Oyiu BH3HAueHI (AaKTOpU Ta HEOOXiIHI YMOBH
(GyHKIIIOHYBaHHS MOOUTIBHOTO 3aCTOCYHKY JUISI BUMIPIOBAHHS 3€MEJIbHUX IUISHOK, 32 JOIOMOTOO
SKOTO KOPHUCTYBa4 MOXKE€ OTPUMATH PE3yJIbTaTH PO3PaxXyHKIB MEpUMETpy a0 IUIONIi 3eMeNbHOI
JUISTHKY; BIACTaHI MK 3aJlaHUMH TOYKAaMU; MOOAYUTH CXeMy TepUTOpii Ta, 3a HEOOXIiJIHICTIO,
BUBECTH II0 cxeMy Ha Kapry. [IpoaHamizoBaHa mpeaMeTHa 00JIacTh, Ha OCHOBI TPOBEIECHOTO
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aHaJi3y BM3HAYEHI BXiJHI Ta BUXIJHI JaHI CHCTEMH, IO MPOEKTYETHCS, NMPOBEICHO 00 €KTHO-
OpIEHTOBAHE MPOEKTYBAHHS CUCTEMHU Ta MOOyJoBaHa 1i 00’ €KTHO-OpiEHTOBaHA MOJieib. Ha OCcHOBI
JaHWX, OTPUMaHMUX B TpoLeci aHamizy, Oylo cGOpMyIbOBaHO BiJNOBiIHI MaTeMaTW4YHI METOIU
O0OYHCIICHHSI XapaKTePUCTUK TEOMETPUYHUX (Giryp. 3 METOH IMOCHIAOBHOTO 00XOAy BEpPIIHUH
0araTokyTHUKa Ta (OpPMYBaHHS Tpareuiid 6araTOKyTHUK YSIBIISIETHCS Y BUTIISAL OJHOCTIPSIMOBAHOTO
IUKITIYHOTO CcrucKy. [ peamizamii MeTomiB kiaciB cucreMd Oylio MOOYJOBaHO HACTYITHI
AITOPUTMU: JOJAaBaHHS €JIEMEHTAa Yy IUKIIYHUA CIUCOK, TEperjsiiy LIHUKIIYHOTO CIIHCKY,
BUIAJICHHS JIHIHHOTO CITUCKY; TeHeparii Web-3anuris.

V. OBIr'OBOPEHHS

Po3pobiieHa 00’€KTHO-OpiEHTOBaHA MOJEb MOOUTPHOTO 3aCTOCYHKY JJIi BHMIPIOBAaHHS
3eMENbHUX MUISHOK MOKe OyTHM BHKOPHCTaHa B TIO€JHAaHHI 3 T€OAE3MYHOI0 3HOMKOIO IS
¢ikcyBaHHs naHuX. [Jisg BOTO JOCTaTHHO JOAATH I0JIe B MOOUTBHUI 3aCTOCYHOK JUIsi BHECEHHS
pe3yabTaTiB TEONE3WYHOI 3HOMKM JJIs MOJANBIIMX PO3PAaXyHKIB KIJIBKOCTI 3eMili, SKy Tpeoa,
MPUITYCTUMO, 3HSATH JJIsi BHPIBHIOBaHHS IUISHKH. TakoX € MOMIJIHMBICTh BHUKOPUCTAHHS TaKOTO
MOOUTBHOTO 3aCTOCYHKY B CLIBCHKO-TOCIOJAPCHKOMY CEKTOpi sl MOOYIOBH CXEMH, MPUITYCTUMO,
TUISTHOK, 3aCITHUX PI3HUMHU KYJIbTYpPaMHU.

VI. TIEPCIIEKTHUBU HOJAJIBIINX JOCIDKEHD

HactynmHuM etamoM B po3poOili MOOLIBHOIO 3aCTOCYHKY € TWporpaMHa peanmizamis 3i
CTBOPEHHSIM IPOrpaMHOro 3aco0y, BIAMOBIIHO 10 MOOYAOBaHOI 00’ €KTHO-OPIEHTOBAHOI MOJETI, 3
JeTalbHUM KEPIBHUIITBOM KOPHUCTYBayva.

VIl. BUCHOBKU

Sk 3arajybHUN BUCHOBOK MO’KHA BU3HAYHMTH HACTyIHE. B po0OTI OOIPYHTOBaHO aKTYaJIbHICTh
PO3POOKH — BUKOPUCTAHHS MOOUTBHOTO 3aCTOCYHKY SIK Ba)XKJIMBOTO Ta HEOOXiAHOrO 3acoly s
MOKpameHHs: mnpoayktuBHocTi. [lig wac peamizamii mocrtaBieHOl 3amadi  JUisl  ySBJICHHS
0araTOKyTHUKa BUKOPHUCTOBYETHCS CTPYKTYpa JaHMX IOB’SA3aHUI OJHOCHPSAMOBAHMUN LUKIIUHUIMI
cnucok. llepeBaramMu BHKOPHCTaHHSI OJHOIIOB’S3aHOTO LUKJIIYHOTO CIHCKY Iepel KIaCHYHUMHU
JHIMHUMHU TOCHIJOBHUMH CTPYKTypaMHM JaHMX €: BIJICYTHICTh BHPaXEHOI'O MOYATKYy Ta KIHLS
CIIMCKY; MOXJIMBICTh BUKOPUCTAaHHS Oy/Ib-SKOT'0 By3Jla Y SIKOCTI II0YAaTKOBOT'O; JIETKICTh BUJAJIEHHS
Oy/b-KOTO BY3Jla CIHCKY, SIKa He MOTpedye 3CYBY YCIX €JIEMEHTIB; JIETKICTh J10/laBaHHS OyIlb-
SIKOTO BY3J1a CIIUCKY, sIKa HE IOTpeOye 3CYBY YCIX €IEMEHTIB.
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[HTENeKTyalIbHE YIPABJIIHHSI MICHKOIO
1HQOPMAIINHOIO THPPACTPYKTYPOIO

Haramist bparepcrka

Kageopa komn’romeprux nayk ma inghopmayitinux mexuonozit
Xapxiscokutl HayioHATbHUL YHIBepcumem micbko2o cocnodapcmea imeni O. M. Bexemosa
XapkiB, YkpaiHa

AHoTaniss — Po0oTa npucBsiueHa aHAJi3y PO3BUTKY iHTeJNeKTYaJbHUX TEXHOJIOTiH yNpaBJiHHS Ta
BIIPOBA/’KeHHs iX y MichbKe yNpaBJiHHf, OTJIAYy KJIIOYOBMX KOMIIOHEHTIB Smart-micra, MeroaiB Ta
iHCTpyMeHTIB onTuMi3anii GpyHKUIIOBAHHA TAa NMOKPALIeHH:A MicbKoOI iHppacTpyKTypH i3 3a/y4YeHHIM
iHTeIeKTyaIbHOI0 YNPABJIiHHS.

Kniouosi cnosa — Inmenexmyanvue ynpaeninus, Micoka ingpacmpyxkmypa, Ingopmauiiina
ingppacmpyxmypa, Smart-micmo, Inmepuem peueii, Illmyunuii inmenexm.

I. BcTyn

Micska iHpopmaniiiHa iHppacTPyKTypa € HEBI' €MHOIO YACTUHOIO CYy4aCHOTO KHTTS, 1 B OCTaHH1
JNECATWIITTS BOHA CTaja Ie¢ OUIBII Ba)UIMBOKO JUIsl (DYHKIIOHYBAaHHS MICT y IHUGPOBY €IOXY.
[IBuAKUI TEXHONOTTUYHUI TpOrpec i 3pocTaroya KUIbKICTh KUTEJIB Y MICTaX CTBOPIOIOTH BETUKUI
MONNT Ha IHHOBALIMHI MiAXOI¥ A0 YIPaBIiHHSA Li€I0 CTPYKTyporo. IHpopmartiitna iHppacTpykTypa —
e KOMIUIEKC 1H(QOpMAIiiHUX TEXHOJIOTiH, cHCTeM Ta IHQPACTPYKTYpPHUX pecypciB, sKi
BUKOPHUCTOBYIOTHCS JUIsl 3a0€3MeYEeHHS PI3HUX acTeKTiB (QyHKIIOHYyBaHHS Ta yIPaBJIiHHSA MiCTaMHU Ta
MYHIIMOATITETAaMH.  YIPABIIHHSA MICBKOIO 1H(QPACTPYKTypOIO B3araji MOKE BHUKOPHCTOBYBATH
iH(dopmariiiHi TexHOJOTIi, ajle He 000B'SI3KOBO 3aCHOBaHE HAa HUX. B CBOIO 4epry, iHTEJIEKTyaJIbHE
YIpaBIiHHA 1HQPACTPYKTYPOIO MICT mNepeadadyae BUKOPUCTAHHS CYYaCHHUX TEXHOJIOTiHM, TaKHUX K
IaTepner peueit (IoT), mryunuii iHTeNnekT (Al) Ta Mamuue HaBuanus (ML), nis aBTomaTu3aiii Ta
ONTUMI3aIil YNpaBIiHHA MICBKMMH CHCTEMaMH. Smart-MiCTO — L€ MICTO, SK€ BHUKOPHCTOBYE
TEXHOJIOTii Ta METOAM IHTEJEKTYaIbHOTO YHPABIIHHS IS JOCATHEHHS KOHKPETHUX ITiJICH.
IHTENneKTyanbHe YHpaBIiHHA MOXKE JOMOMOITH MICTaM MiJBUIIMTH €(EKTHBHICTh BHUKOPUCTAHHS
pecypciB, SMEHIIUTH BUTPATH Ta MOKPAIUTH SKICTh )KUTTS, IO BiTOOPAKAETHCS 3arajlbHUM CTaHOM
Ta 33I0BOJICHHSAM JIFOACH 1HAMBITyaJbHUMH Ta COLIaJbHUMU )KUTTEBUMH YMOBaMHU.

II. AHAJI

Ha croromHimHiit 1eHp, nepes MicTaMu Y BCbOMY CBITI IOCTalOTh CEpP03H1 BUKIMKH, MOB'SA3aHi
3 3pOCTAHHSIM HaceJIeHHS Ta MOTIpLICHHSIM CTaHy HaBKOJIMIIHBOTO CEpeOBHILIA. Y BIANOBLAb Ha Ll
BUKJIMKH, 06araro MIiCT 3BEpTalOThCA 0 PO3BUTKY "smart-MicT", siki 0a3yl0TbCcsl Ha BUKOPUCTaHHI
IITY4YHOTO 1HTEJIEKTY AJIi CTBOPEHHsI OUIbII CTIMKOTO Ta KUTTE3JATHOTO MICHKOIO CEpEeOBHUINA.
Smart-micta BUKOpucToBY10Th Al 111 300py Ta aHaIi3y HaHUX 3 PI3HUX JPKEpEN, TAaKUX K JaHi PO
MIOTO.TY, SIKICTh TTOBITPS, CXEMH PyXy Ta CIIO’KUBaHHS eHeprii. L1 m1ani MoXXyTh OyTH BUKOPUCTAHI JJIs
aBTOMATHU30BAaHOTO MPHUUHSATTS pillleHb 1 JoAaTKiB "smart-micTa", sIKi HiABHILYIOTh CTIHKICTH, IO
BU3HAYAETHCSA 3ATHICTIO CUCTEMU JI0 30€PEKEeHHsI CTAOUIPHOCTI B YMOBAaX HEBU3HAYCHOCTI, 1 SIKICTh
KHUTTS. [HTeNeKTyanbHe YNpaBlliHHSA MICBKOIO 1H(GOPMaLiHHOI 1HQPACTPYKTYPOIO y CBOIO Yepry
MO>XX€ TIPUHECTH PSJI IIEpeBar MicTam, 30KpeMa: IiJIBUIIUTHA €(PEKTUBHICTh POOOTH MICBKHX CHCTEM,
TaKUX K TPAHCIIOPT, EHEPris, BOAOIOCTaYaHHs Ta YNPaBIiHHS B1IXOJaMH; 3MEHIIUTH BUTPATH HA
yTpUMaHHA 1HQPACTPYKTypH; IMOKPALIUTU SIKICTh JKUTTS B MICTAaX, HANpUKIAJ, 3MEHIIMBIIY
3a0pyAHEHHS MOBITPA 1 UIyM. AJie BOIHOYAC IHTEJIEKTyalbHE YIPABIiHHI MOXKe OyTH MOB’s3aHE 3
PSAIOM BUKJIMKIB, TAKUMH SIK: JI0pOra BapTICTh BIPOBAIKEHHS; CKJIAJHI HEIOCKOHAJ TEXHOJIOTII;
BIIPOBQ/KCHHS MOXKE BHKJIMKATH COLIaJdbHI Ta MOMITUYHI KOH(IIKTH IHTEpECiB pPI3HUX TPyl
HacesneHHs [1-3].
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3rilHO 3 JOCIHIUKCHHSM KOHCAJITHHTOBOTO areHTcTBa Navigant Research, smart-micta
BKJIFOUAIOTh TaKi KJIFOYOBI KOMIIOHCHTH[4]:

- PosymHa eHeprisi: KOMIUIEKC pillleHb y cdepl E€HEepromocTadyaHHs Ta €HEPro30epeKeHHs
(mporpaMu ympaBIliHHS TIOTMIUTOM, EHEProe(eKTUBHICTh, IHTErpallis BiIHOBIIOBAHUX JDKEPET
eHeprii);

- Po3ymHa Boma: ympaBIiiHHS BOAHHMH pecypcamu (MOACpHI3AIis CUCTEM BOIOTOCTAYaHHS,
MOHITOPHHT T'alTy3€BOT0 BOJIOCIOKUBaHHS, €KOJIOTiyHa Oe3MeKa, CUCTEMH 3ao0iraHHs maBoJKaM);

- PozymHi OyniBii: BKIItO4a€e okpeMi OyiBeNIbHI KOHCTPYKLIi Ta YCTAaHOBKH, JI€ BCI IHKEHEPHI
Ta iH(oOpMaliiiHi cucTeMu 00'€HaHI Ta 1HTErpoBaHiI B €IuHYy cucTteMy ympaniinHg (Building
Management System: BMS).Taki cuctemu MOXyThb, HalIpUKIIaA, 00irpiBaTi OyaiBIIO B HEOOXiIHI
po0oYi TOMUHY BIAMOBITHO IO KUTBKOCTI JIFOIeH B Oy/IiBIIi, peTryatOBaTH MOTYKHICTD 1 IKICTh MOBITPA
B CHCTEMaX BEHTWJISIIII 00 aBTOMAaTUYHO IEPEXOUTH B PEXKUM SHEPro30epeKeHHS , KO B Oy/IiBIIi
HEMae JIoei;

- Po3ymHUIl TpaHCHOPT: iHTENEKTyaJlbHI TPAHCIOPTHI Ta JIOTICTHYHI CUCTEMHU MOXYTh OyTH
noOyioBaH1 JUIsi MOHITOPUHTY Ta YIPaBIIHHA JOPOXKHIM PyXOM, IO JI03BOJIIE KOHTPOIIOBATU
[[IHOYTBOPEHHSI HA IOpOTax, pearyBaHHs HA HaJ3BUYAifHI CUTYyaIlil Ta CUTHaJIi3amito. [HTeneKTyanpHi
CUCTEeMH TMapKyBaHHS Ta CIOBIIICHHS PO 3yMUHKHA TPOMAJICBKOTO TPAHCIOPTY TaKOX YacTo
PO3MISAAAIOTHCA B IMiH cdepi;

- Po3ymHe ypsimyBaHHS: BUKOPHCTAaHHS 1HGOPMAIIITHIX TEXHOIOT1H A1 HaJaHHS JepKaBHUX
MOCIYT IMIMPOKOMY KOJTy 0C10 Ta onTuMizallii poOOTH pi3HUX CEKTOPIB.

1I. MEgTOIM

Micbka iH(pacTpyKTypa cTa€e Bce OLIBII CKIAJHOIO 1 BUMara€ iHHOBAaLIWHUX MIAXOMIB JUIA 11
KepyBaHHS. [HTeNeKTyalbHE yIpaBiIiHHA — 1€ OAMH 3 Takux migxomiB. Cepem MeETONIB Ta
1HCTpYMEHTIB onTUMi3alii PyHKIIFOBAaHHA Ta MOKpaIleHHs 1HQpacTpyKTypH MicTa, MO)KHA BHILITUTH
HactynHi [1,5]:

1. Bukopucranus cencopiB Ta Intepuer peueii (Internet of Things):

OnuH 13 KJIFOYOBHUX METOJIB 1HTEJIEKTYaJIbHOTO YIIPaBIiHHSA — II€ BCTAHOBJICHHS CEHCOPIB 1
cucreM IutepHer peueit (IoT) anst MoHiTOpHHTY Ta 300py JaHHMX 3 PI3HHUX AaCHEKTIB MICBKOT
iHppacTpykTypu. CEeHCOpH MOXXYTh BUMIPIOBAaTH PyX TPAHCIIOPTY, PiBE€Hb BOJHM, SKICTh IMOBITPS,
BUTpaTH eHeprii Tomo. L{i maHi HAAXOAATH B peajbHOMY Yaci i CTalOTh BAXKIMBHUM JHKEPEIIOM IS
MIPUAHATTS PIlICHb.

2. Benwuki naHi Ta aHaNiTHKA:

OO6pobka Ta anamiz Beiaukux o0caAriB nanux (Big Data) BUKOPUCTOBYIOTHCS ISl BUTSITHEHHS
[iHHOI iH(pOpMallii 3 CCHCOPHUX Ta 1HIIMX JaHUX. METOIN aHAMITUKY JAHUX, BKIIOUAIOUM MAITMHHE
HaBUYaHHS Ta IUTYYHUH 1HTENEKT, JO3BOJIAIOTh BUSBIIATU NATEPHU T4 POOUTH MIPOTHO3HU LIO/I0 CTAHY
1H(PACTPYKTYpH Ta PECYypCiB.

3. Cucremu reoindopmarniit (GIS):

leoindopmaniiiHi cUCTEMH BUKOPHCTOBYIOTH reorpadiuny iHpOpMamio g aHamizy Ta
Bigyamizamii Micbkoi 1H(pacTpykTypu. BoHHM [pomomMararoTb y pO3MIlllEHHI 1 IUTaHyBaHHI
1H(QPaCTPyKTYpHHUX 00'€KTIB, MOHITOPUHTY IXHBOTO CTaHy Ta KOOpAMHALI /11 B peaJbHOMY Yaci.

4. YnpaBiiHHS TPaHCIOPTOM:

[HTENeKTYyaNbHE YNpPABIiHHS TPAHCIOPTOM BKIIOYa€ B ceOE CHCTEMH KOHTPOIIO PYXY,
OINTUMI3AIlil0 MapIIPYTiB, YHOpPaBIiHHA CBITIOQOpaMU Ta 3MEHIIEHHS TPAaHCHOPTHHUX 3aropis. Lle
CIpHUs€ MOKPALEHHIO MOO1JIBHOCTI Ta 3MEHIIEHHIO 3a0pYy/IHEHHS JOBKULIS.

5. Eneproz0epekeHHs Ta CTaliCTh:

BukopucTaHHS IHTENEKTYaIbHUX CHUCTEM YIPABIiHHS J103BOJSIE €(EKTUBHO BHKOPHUCTOBYBATH
€Hepriio, BIIPOBAKyBAaTH BIJHOBIIOBaHI JKepena eHeprii Ta 3MeHmyBatd Bukuau COz s
3a0€e3Me4YeHHsI CTaJIOr0 PO3BUTKY.

6. EdexTruBHE BogonocTauaHHs Ta BOJOBI/IBEICHHS:

MeToau 1HTENEKTYalbHOTO YNPABIiHHS IPOBOIUTH MOHITOPUHT SIKOCTI BOJM, BUSIBICHHS
BUTOKIB Ta aBapiif B CHCTEMax BOAONOCTAYaHHS Ta BOAOBIABEICHHS.
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7. 3any4eHHs TPOMaJsH:

Miceki 1uiatopMu Ta MOOUTBHI 3aCTOCYHKH JO3BOJIIIOTH TpoMajsHaM OyTH aKTHBHUMH
Y4aCHHUKaMH IpoLecy 300py AaHUX, CIIOBIIICHHS PO MPOOIeMHU Ta B3a€MOJIT 3 MiCHKOIO BIIAJOK0.

8. Kibep3axucr:

3axuct Big KiOep3arpo3 CTa€ BCE BAXKIMBIIIMM B KOHTEKCTI MIAKIIOYCHHS MICHKOI
iHppacTpyKTypH 10 [HTEepHETY Ta 0OMiHY JaHUMHU.

IV. TIEPCHEKTHUBU IIOJAJBIINX JOCIIKEHD

VY nopanbioMy HanmpsiM AOCHTIKEHb IIAHYEThCS 30CEPETUTH CaMe Ta METO/IaX Ta IHCTPYMEHTax
IHTEJIEKTYyaJIbHOTO YIIPABIIIHHA SIKICTIO MICBHKOT 1H(PAcCTpyKTypH 3arajoM Ta OKPEMO MIChKOI
iHpopmaniiiHoi iHPpacTpykTypu. PesynbTatu Takux AOCHIKEHb 3a0e3nedarh 3A1MCHUTH aHaui3
ICHYIOUMX METOJIB Ta Ha IX OCHOBI PO3pOOUTH HOBI MIAXOAM, SKI HOCHPUSIOTH €()EKTUBHO
MOKPAIIXTH Ta BAOCKOHAIUTH SIKICTh 1H()OpMaIiifHOT iHPpacTPyKTypH MicTa.

V. BHCHOBKU

P03BHTOK iHTENEKTyaIbHUX TEXHOJIOTIH Ta BIPOBA/KEHHS 1X y MiChKE YITPABITiHHS € KIIFOYOBUMH
KpPOKaMH y HanpsiMKy CTBOPEHHS OLIbIN CTIHKUX Ta SIKICHUX MICT JJis HaceneHHs. [IpoTe, BaymBo
BPaxOBYBATH BCi BUKJIMKH Ta MUTAHHS, TTOB'SI3aHi 3 I[MM IPOLECOM, 1 JJONATH IX MUIIXOM CIIJIBHUX
3yCHIIb BJIQJIH, TPOMAJISTH Ta Oi3HECY.
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MeToau aBTOMaTH3aIlli Ta ONITUMI3allll MO0y 0BU
HaBYaJIbHOTO MaTeplaly B IHTEJIEKTyaJlbHUX

aTalTUBHUX BeOCHUCTEMAX CAMOOCBITH
Mapis Hyruak, Aaapiit Aaaud, Oner Ko3uu

Kageopa inghopmayitinux mexuonoeiu
Ipuxapnamcokuii Hayionanvruil ynigepcumem imeni Bacuns Cmeganuxa
IBano-®paHKiBCHK, YKpaiHa

AHoTanisi— Y CTATTi NpOBeleHO AHAJI3 CYYACHOI'0 CTAHY Ta NEPCHEeKTHB PO3BUTKY WITYYHOIO
iHTelleKTy B BeOcHCTeMax CaMOOCBITM Ta ONHMCAHO 3aNpONOHOBAHMN MeTOJ ABTOMATH3OBAHOI
no0yaoBu, onTuMiszauii Ta BUOOpPY Kpaioi 3a NeBHUM KPUTEPieM aJanTHBHOI TPAEKTOPii HABYAHHA
IJISIXOM aBToMaTH3alii Ta onTuMizanii mMoOyIoBM HAaBYAJBLHOr0 MaTepiajy B iHTeJIeKTYyaJIbHUX
aJanTHBHUX Be0CHCTEMAX CaMOOCBITH.

Kniouosi cnoea— inmenexkmyanvni adanmueHi eebcucmemu camooceimu, WImMydHUIl IHMeETeKm,
adanmueHa mpacKmopisa HAGUAHHA, ORMUMIZAYIA HAGUATILHO20 MAmMepiay.

I. Bcryn

Po3Burok wmepexi IHTepHET, XMapHi OOYMCICHHS, TEXHOJOrl BEJIMKHX JaHUX 1 3HAYHI
JOCSATHEHHS B raiy3i mry4dHoro iHtenekty (IIII) 3minunm ocBity. OCTaHHIMH pOKaMu 3’sBHIIOCS
Oarato myOImiKarii, sIKi ONMUCYIOTh OUIBII JOCKOHAJI HABYAJIbHI CUCTEMH 3 MIATPHUMKOIO IITYYHOTO
IHTEJIeKTY, sIK1 HaOyBaIOTh MOMYISIPHOCTI 3aBASIKM CBOil 3aTHOCTI HA/IaBaTH HABYAJIbHUN KOHTEHT 1
aJanTyBaTHCS JO IHIWBITyadbHUX MOTpeO 3700yBauiB ocBith. [IpoTe, He3BaXkaroyu Ha Te, IO i
Cy4acHI CUCTEMHU HaBYAaHHS € KOPUCHMMHU OCBITHIMHU IUIaT(OpPMaMH, SIKi TO3BOJSIOTh MOKPAIUTH
AKICTh HaJaHHS OCBITHIX TOCHYT, iCHye 0arato mpoOijem i moTped, BHpIIIEHHS SKUX 3MOIJIO O
HiAHATU JaHOTO KJIAcy CHUCTEMM Ha SIKICHO HOBUHM piBEHb HaJaHHs OCBITHIX IOCIYT, 30Kpema y
HampsIMKy pPO3BUTKY METOJIB aBTOMaTH3alli MOOyJOBM aJanTHBHOI TPAaeKTOpii HaBUaHHS 13
3MEHIIEHHSAM MOTpeOH BTpyYaHHs Y HaBYAIbHUI MPOLIEC BUKJIAAAa4uiB UM iH)KEHEPIB 31 3HAHb.

DyHKIIOHYBaHHS 1HTEJIEKTYyaIbHUX ananTtuBHUX BeOcuctem camoocBiTh (IABCC) Mmoxha
OIUCATH K MOCTiMHE MPUHHATTA PillleHb 11010 MOOYI0BH aJalTUBHOIO HABYAJIBHOTO MPOIECY Ha
OCHOBI HAaKOMMYCHHWX 3HAHb Ta aHANI3y MOTOYHUX CUTYAIlld JJIsi JTOCATHEHHS TOCTABICHOI METH.
OnHuM 13 BaXJIMBUX KpuUTepii SKOCTI JaHUX CHCTEM € MOXJIMBICTh CaMOHAaBUaHHS Ta
CaMOBJIOCKOHAJICHHS B MIPOIIEC] MPOXOKEHHSI 3aHATh CTyAeHTaMu [1].

Il.  AHAJI3 OCTAHHIX JOCJIKEHD I ITYBJIIKALIIIA

I'pymioro aBTopiB y ckiani T. Kabudi, I. Pappas, D. Olsen [2] 3a pe3ynbTaMu aHami3y JOCTaTHBO
BEJIMKOI KIUIBKOCTI HAayKOBHMX NyOumikamiii Oyiau BUAUIEHI BUKOPUCTOBYBaHI METOAM IITYYHOTO
IHTEJIEKTY Ta aHami3y AaHuX. Haitgacrimie 3rajgyBaHOIO0 Yy JTOCHIDKCHHSIX BHUSBHJIACH TEXHOJIOTIS
OaiieciBChbKUX Mepex. HacTynmHO0 Hail01IbI 4acTo 3ragyBaHOI0 TEXHIKOIO Oy HEHPOHHI MEpexi.
JlepeBa pimieHb, reHEeTHYHI anroputMu Ta Mmetonu K-naitOmmxumx cyciaiB (KNN) takox Oynu
ineHTudikoBaHi B IbOMY AoCTiKeHHI. [ani #ayTh JOCHiKeHHS, SKi IPYHTYIOTBCS Ha BEKTOPHUX
MamuHax (SVM) 1 GaiieciBchkoMy BizctekeHHI 3HaHb (BKT), a Takox y JgocCiiKeHHI HaBEIEHO
0araTo iHITMX MEHII YacTO 3raJlyBaHUX METOJIHK.

[Ipote, Ha mymKy Oaratbox aBTOpiB [3-5], skl mocmimkyBaau BrpoBakeHHS MmetoxiB LI y
peasbHO Jif0Yi HAaBYaJbHI CHCTEMH, OUTBIIICTh AJaNTHBHUX CHCTEM HAaBUaHHS Ha MPAKTHUII
(YHKIIOHYIOTh TIPOCTO SK 3BUYAiHI HaBuaibHI TuIaTGopMu. 3a3HAYAETHCA, MIO ICHYIOTh 3HAYHI
2023 2nd International Conference on Innovative Solutions in Software Engineering
Ivano-Frankivsk, Ukraine, November 29-30, 2023

198



PO301KHOCTI MIX TUM, 1110 MOKYTh POOUTH OMHUCAHI Y JIITEPaTypl HABYAJIbHI CUCTEMH 3 TIATPUMKOIO
1T, 1 TuM, siK BOHH (PAKTUYHO BIPOBAKEHI 1 aTpoOOBaHi Ha IPAKTHIIL.

OKpiM TOTO, ICHYIOU1 OCBITHI CHCTEMH BUKOPHCTOBYIOT, SIK IIPABUJIO, CTAHAAPTU30BaHI METOIH
HaBYaHHS, K1 HE BIAMOBIIAIOTh 1HAUBITYyaJIbHUM OCOOJIMBOCTSM KOXKHOTO 3/100yBaya ocBitH [6]. Lle
HAKPECIIOE HEOOXIHICTh PO3POOKH Ta BUKOPUCTAHHS HOBHX METO/IIB IITYYHOI'O 1HTEIEKTY i/l 4ac
moOynoBu HapuanmbHOTO mporecy 3acobamu [ABCC, mo6 maHi cucTeMH HaBYaHHS MOTJIH
3aJJOBOJIBHSATH Pi3HI HOTPEOH Ta OCOOIMBOCTI KOXKHOTO 13 37100yBayiB OCBITH.

OTxe, MPOBEACHUN aHaII3 CTaHy PO3POOKH Ta BIPOBAKEHHS METOIB Ta MoJieliel o0yI0BH
IHTENIEKTYaJIbHOTO AJIalITUBHOTO HABYaHHS IOKa3aB MOTpe0y B X MOAANbIIOMY PO3BUTKY Ta
BNpOBaUKeHHIO TepenoBux TexHosoriid LI 3okpema akTyanpHOIO € TpoOiema aBTOMAaTH3AIlil
noOyJOBH 1HIWBIAYyalli30BaHOTO HAaBYaHHA, L0 IOJIATA€ B CTBOPEHHI 1 3a0€3Me4YeHHI CTYJCHTIB
HaBUYaJLHUM MaTepiajoM, KWW BIAMOBIZA€ X MOMXJIMBOCTSIM Ta METI HaBYAHHS 13 BpaxyBaHHSIM
aKaJeMiYHUX BUMOT.

IHHL.METOO1

VY naniii nmyOmikauii MPONMOHYETbCS METOJ IMOOYAOBH Ta BHOOPY ONTHMMAIbHOI aJarnTUBHOI
TpaekTopii HaBuaHHS (ATH) B po3mmpeHux 0a3ax HaBYAJbHMX MaTepiajiB, B SIKUX MOJXJIMBA
HAsIBHICTh JCKUIbKOX HaBuanbHHX OyiokiB (HB), mo noscHioroTh onHe i Te x mousaTTs. Taki Hb
MO>KYTb BIAPI3HATUCS TUMH UM HIIMMH apaMeTpaMH, HaIPUKIaJ, piBHEM 3B'A3HOCTI 3 iHIMMU Hb
Ta KIIOYOBHUMH MOHATTSAMH, CKIAQJHICTIO, JOCTYITHICTIO BUKJIAIy, aKTyaJIbHICTIO HABYAJIHHOTO
MaTepiaiy, TPUBAIICTIO BUBYEHHS, BAPTICTIO 1 T.JI.

Jnsa Bubopy ontumanbHux mnapamerpiB ATH BHUKOpPHCTOBYETHCS OIlIHKa HMOBIpHOCTEH
JOCATHEHHS TIOCTaBJIEHOI METH MpH PI3HUX CIEHApisX HaBYaHHSA Ta oONTUMI3alis (QyHKII
MIPHUCTOCOBAHOCTI 3ac00aMU KBAHTOBOTO T€HETUYHOTO aJITOPUTMY BUIIHMX MOPsAKiB. OCHOBOIO /s
(opMyBaHHS KEpYIOUHX BIUIMBIB € MOXIIMBOCTI Ta ME€Ta HaBUYAHHS CTy/AEHTA. [7]

Posrnsinemo meton nmobynosu ATH. 3aBmanns moOynosu ATH dopmymntoerbest B Takuid
croci0: mo0y/10BaHO Ta 3aIIOBHEHO HEOOX1/IHI CJIOTH CEMaHTHUYHOI MEpeXi HaBYaIbHOT O MaTepianry
(CMHM) [8]. 3amano MHOXHHY KItO40BUX MOHATH Ciey. [TOTPiOHO MOOYAyBaTH ONTUMABbHUI
niarpad CMHM, 1110 MiCTUTB TPAEKTOPIIO MEPEXOTY BiJl BUXIIHUX MOHATH (200 BiJl MOHSATS, SIKi HE
MarOTh BXOJIB, HEOOXITHUX JJIi 3aCBOECHHS CTYJICHTaMH) J0 KOXXHOTO KIFOYOBOTO TOHSTTS.
OueBHIHO, 110 B 3araJbHOMY BHIAJIKY 3a/a4ya Mae Oarato pimenb. Cepea HUX MOTPiOHO BHOpaTH
OJIHE, ONITUMAJIbHE 10 3aIaHOMY KPUTEPIIO.

[osicuennst mouATh MicTaThes B HB. [[71s Toro, mo6 6yno BuBuene nouarts Ci moTpiOHO B
TpaekTopii HaBUaHHs MaTu xo4a 6 oguH Hb, mo moscHioe 1ie mouaTTs. [ammmu cioBamu, mo6 Ci-
3MiHHA MaJia 3Ha4eHHs true, MOTpiOHe MPUHHATTA 3HaYeHHs true xo4ya O ofHi€l 3 b-3MiIHHUX THX
HBb, B sixux Bu3zHavaetwcs Ci. 3 inmoro 6oky, mo6 Hb, skuit MicTuTh nosicueHHast moHaTTs Ci (Hexait
e HB bijj) OyB 3po3yminuii cTymeHTy, CTYJIEHT MOBUHEH 3HATH a00 MOMEPEIHbO BUBYMTH BXIJIHI
st HB bijj moustTTst. 3MiHHI IUX MOHATH MOBUHHI MATH 3HAYCHHS true.

OTxe, aBTOMaTH30BaHa MOOYyIOBa TPAEKTOpPii HAaBYAaHHS TOBMHHA 3MIMCHIOBATHCS 3
JTOTPUMaHHAM HACTYITHOTO TpaBHJIa:

Crey i = Iljes, bij + Xjey, rer; bij I cjr + [jey, bij(zk; j41) = true, 1)
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ne Ckey i— I-Te KimtouoBe MOHATTS; bjj — j-it HB, sikmii € Bxiguum st i-ro HB, J1 — Muoxkuna HB, siki
nepenytoTh B iepapxii Hb 610Ky, B sikomy BusHaueHe Crey j, 1014 akux zk,; = 1; J2 — MHOkuHa HB,
B SIKUX Bu3HaueHe MOHATTA Crey i, Rj — MHOXMHA BXigHux 11t HB bjj mousTe; J3— muoxuna HB, siki
3MicToBO-3B’s13H1 3 HbB, B sxomy BuzHaueHne Cpey i, 11 akux zks > 0.

[ToGynoBa HaBYANBHOT TPAEKTOPIi MOYMHAETHCS 3 BUOOPY KIIOUOBHX NMOHATH. Lleit BuOip
BUKOHY€ BHUKJIa/1a4, OPIEHTYIOUUCH Ha akaaeMiuHi BuMoru. [Ipu caMooCBiTi, CTYJJ€HT CaMOCTIiHO
BHOMpA€E KIIOYOBI MOHSATTS, SIKI € KIHIIEBOIO METOI HaBYaHHA. Jlani BUKOHYETHCS ITUKIIYHHI
obumcoBanbHul npoiec Bubopy Hb Ha ocHOBI popmynu (1) 11t KOKHOTO KIFOYOBOTO MOHSATTS 3
MOCJTIJOBHOIO 3aMiHOO B MTPAaBMX YaCTHHAaX (GOPMYIT c-3MiHHUX Ha D -3MiHHI 1 HOBI c-3MiHHI. [lei
MpoLeC TPUBAE IO TUX Mip, OKH B KpalHIX MpaBUX YacTHHAX HE Oyjae 3MIHHMX IHIIUX MOHATH 1
HbB, oxpiM mouyaTkoBUX, TOOTO THX, B SKHUX BIJICYTHI BXiAHI MOHSATTS, Kl HEOOXiTHO BUBYHTH
CTYICHTY.

Onrtumizaris 1 BuOip omHiei 3 MOOYAOBaHWUX TPAEKTOPI HABUYAHHS BUKOHYETHCS Y
BIJIMOBIAHOCTI 70 cOpMyIbOBaHOI MeTH HaBuaHHSA. Hexaili MeTO0 HaBYaHHA € 3aCBOEHHS
MaKCHMAJIBHOTO 00CSTY HABYAJIbHOTO MaTepially Kypcy Ta TOCATHEHHS MaKCHMAJIBHOTO PiBHS 3HaHb
Q mpu BU3HAYEHIH TPUBAIOCTI HABYAHHS 1 Ta MEPENiKy KIOYOBUX KOMITETEHITIH.

(DYHKI_IiH HpI/ICTOCOBaHOCTi MaTHUMC BUTJIAO:

Q=Xr,CLy, »max,nmpu Y, t; <T, Ly >d;, (2)

Zik

ae Ltzik— HaWiIMOBIpHIIIMI PiBEHb 3aCBOEHHS HaBuanbHOro Mmatepiany (HM) i-ro samstrs K-i

CKJIAJIHOCTI 3a 4ac t IesIKUM CTYIEHTOM, N — KiJIbKICTh 3aHATh, C; — PiBEHb BXKJIUBOCTI I-I'0 3aHATTS,

di — MiHIMaJbHE 3HAa4YCHHs piBHS 3acBoeHHS HM I-ro 3aHATTS, NpU SIKOMY 3aHITTS MOXE OyTH

3apaxOBaHUM. LtZl-k JIOPIBHIOE PiBHIO 3acBOEHHS HM, /11 IKOTO OIliHKa WMOBIPHOCTI, O0YHCIIeHa 32

dbopmynoro (2) Oyne HalBUIIOKO.

OujiHka iMOBIPHOCTI TOTO, 10 B MOMEHT 4acy t CTy/ieHT nepeOyBae B CTaHi L, BASHAYAEThCs

3a (hopmystoro [9]:
JOEPWACL Q)

. o . . . . B t .
ne p;(0) — ouinka AMOBIPHOCTI TepeOyBaHHs CTyNEHTa B i-My CTaHi 3aCBOEHHs, [)j; — OILIHKa

YMOBHHUX IMOBIpPHOCTEH MEPEX0/IiB 13 OJHOr0 CTaHy B 1HIIUH JIJIs 3aHATH TPbOX PIBHIB CKJIAJHOCTI.

Jng ontumizanii (GyHKIIT IPUCTOCOBAHOCTI Oys0 po3po0JeHO 1 BUKOPUCTAaHO KBAHTOBUI
reHeTHYHui anroput™ Buinux nopsakis (QGA), sikuit 3a6e3mneuye riIo0anbHUR MOMIYK PO3B’I3KY
IpU MIBUAKINA 301KHOCTI Ta HEBEJIMKOMY PO3Mipl MOMyJAlii (BUMAAKOBUM YUHOM 3TE€HEpPOBaHA
MHOKHHA MOYITUBHX PO3B’s3KiB, 3@ TOTIOMOTOIO SIKOT JOCIIKY€EThest 001acTh norryky) [10].
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IV. PE3VJIBTATU

Po3pobiieni Mmonem ta mMetonu Oynu armpoOOBaHi Mij Yac Opraxizallii HaBYaJbHOTO IMPOIECY
CTyzeHTIB cneuiagbHocTe 121 Imxenepiss mporpamuoro 3abesneueHHs Ta 113 Ilpukmagxa
MareMmatuka [IpukaprnaTchbkoro HamioHaJIbHOTO yHiBepcuTeTy iMeHl Bacuns Credannka (M. IBaHO-
®pankiBebk) 3 auctuiniia «Front-end pospookay», «IIporpamysanns IarepueT», «IIporpamyBanHs
MoBoto PHP» Ta «BeG-tiporpamyBaHHS».

JIOCHIJKEHHSI TaKUX TMOKAa3HHKIB K «pEJIeBAaHTHICTh MOOYIOBAHOI aaNTUBHOI TPaeKTOPii
HaBUYaHHS» Ta «IIUTICHICTh MPEACTABICHHS aJalTOBAHOTO HABUAJIBLHOTO MaTepiaay», MPOBOIUIOCH
[UITXOM OMUTYBAHHS CTYJCHTIB 3 BUCTaBJICHHIM OIIHKH MO KOXKHOMY mapameTtpy 3a 100-6anpHO0
IIKAJI00, 1 OYJIM BUCOKO HUMHU OI[IHEHI.

OmiHKy BIUIMBY Ha SIKICTh 3acBoeHHs HM Oyno mpoBeneHO METOJOM CIUTIT-TecTyBaHHS (A/B
TecTyBaHHs). CTaTHCTHYHI OOYMCIICHHS BUKOHAHI Ha OCHOBI BHOIPKM PE3y/IbTAaTiB HaBYAaHHS 3-0X
IpyIl 3a3HaYeHMX BHIE crienianbHocTell y 2021/2022 H. p. Ta 3-0X IHIIMX TPYH 3a MEPIIU ceMecTp
2022/2023 . p. [TopiBHSAHHS BUOIPOK CTYJICHTIB 0 €KCIIEPUMEHTY MMPOBOIMIOCH 3 BUKOPUCTAHHSIM
t-kputepiro CterofienTa Ta Kpurepito [lipcona Xi-kBaapart (x2) [9].

V. OBI'OBOPEHHS

AHaJi3 JaHOTO JTOCITIPKEHHS TT0Ka3aB, 110 IiJ] Yac OpraHi3allii HaB4aHHs 3aco0amMu po3po0aeHol
cUCTeMH, SKICTh 3acBoeHHS HM crynentamm 30impmmiace Ha 15%, T0OTO BimOyBes mepexin
CTyZIeHTIB 13 kareropiit E 1 D B oany i3 kateropiii A, B, C, 1m0 CBiTuNUTh PO CYTTEBUH BIUIMB Ha
piBEHb 3aCBO€HHS CTYJCHTIB, SIKi HaJeXaTh 10 MaHUX Karteropiid. CepemHe apudMeTHUHE piBHS
3acBoeHHs HM y ekcnepuMeHTanbHIM rpyni 30umbmmnock Ha 6,7% Ta Ha 5,2% y NoOpiBHSHHI
BiJITIOBITHO 13 TIEPIIIOIO Ta JPYror0 KOHTPOJIEHIUMH TPyIaMH.

BripoBaikeHHS 1 BUKOpHCTaHHS po3poOsieHnx MetoniB moOymoBu [TH mo3Bossie miaBUIUTH
SKICTh aBTOMAaTHYHO OPraHi30BaHOTO0 HABYAJIBHOI'O IPOIECY, PalliOHAJbHIIIe BHKOPUCTOBYBATH
TPYZOBI 1 TEXHIYHI PeCypCH 3aKJIa/liB Ta CHCTEM OCBITH IIJISIXOM aBTOMATH3alliil Ta aanTamii mpouecy
OBOJIOJIIHHS 3HAHHSIMHU.

VI.  TIEPCHEKTUBHU ITOJAJIBIINX JOCIIXEHD

[lepcnieKTHBHUM HANpPSIMOM TIOJAITBIIAX JOCITIKEHb € PO3BUTOK 1 BIIPOBAPKEHHS METO/IIB Ta
3ac00iB aHaII3y JaHUX Ta 1HIIMX METOMAIB IITYYHOTO 1HTEJIEKTY 3 METOIO ONTUMI3alii 1 MiABUICHHS
SKOCTI HaBYaHHS cTyeHTiB 3acobamu [ABCC.

VI1I. BUCHOBKHA

OTxe, IpeaCTaBICHE JOCTIIKEHHS CIPUSE TOJATBIIOMY PO3BHTKY METOJIB aBTOMATH30BAHOI
MoOyTOBM HABUAJBLHOTO MaTtepially 13 HasBHMX HaBYaJIbHUX OJIOKIB (MoxayniB). Takox Oyio
3aMpOIOHOBAHO yJOCKOHAJICHY MOJIEIh HABUAJIBHOI'O MaTepially Ta YAOCKOHAJICHHA METO
BCTAHOBJICHHS 3MICTOBHMX KOE(IIIEHTIB 3B’S3Ky MiX HaBUaJbHUMH OJIOKAMH, IO JIO3BOJISE
MiABUIIUTH KOPEKTHICTh Ta ONTHUMAJIBHICTh aBTOMAaTHYHO C(POPMOBAHHMX BapiaHTIB HAaBYAIHHHX
TPAEKTOPIH.

3anponoHOBaHO yJOCKOHAJICHUI METOJl aBTOMAaTHU30BaHOI MOOYIOBH, ONTHMI3allli Ta BUOOPY
kpaioi 3a neBHuM ATH, SKUii 1Ta€ MOXKITUBICTb IMiIBUIIATH SKICTh TPOIIECY OBOJIOIIHHS 3HAHHIMHU
B IHTEJIEKTyallbHUX aJIaTUBHUX BeOcrcTeMax camoocBiTH. Jlanuit meton no3Bomsie 6ymyBatu ATH
B 3JIEKHOCTI BiJl MapaMeTpiB MOJIENi CTYACHTA, BUSBICHOTO PiBHS 3HAHb KIIOYOBUX Ta MPOMIKHUX
MOHATh T4 aKaJEMIYHHX BUMOT, a TaKO)XK KOMIIAKTHIIIE PO3MINIyBaTH OUTBIN 3B’SI3HI HAaBYAIIBHI
OJIOKH, CIIPUSIIOYHM TaM CAMUM KPAIIOMY 1X 3aCBOEHHIO.
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Ceptu@ikaliiiHa MOJI€Ib aBTOMaTHU30BaHOI1

IPOTPAMHOI CHCTEMU YIIPaBIIHHSI HaBYaAJIbHUM
3aximagom WEBportal ITHY

Pycnan 3anyxmnsk, Mukona Ky3p, Mukona Koznenko, Muxomna ITikynsk,
Irop JlazapoBuu, Banepiit Tkauyk, bopuc Hezamaii

Kageopa ingpopmayitinux mexnonocii
Ipukapnamcoxuii HayionanvHull yHieepcumem imeni Bacuns Cmeganuxa
IBano-®paHKiBChK, YKpaiHa

Anortanis—/loBeneHo HeoOXigHicTL mnpoBedeHHs cepTudikanii nporpamHoro 3ade3meyeHHS
yIPpaBJIiHHA HaBYAJIbHUM 3aKJjanoM. IlodygoBana iepapxiuna MoJeJib SIKOCTi IPOrPpaMHMX NPOAYKTIB,
10 BCTAHOBJIIOE B3a€EMO3B’I3KH MiXK XaPAKTEPUCTHMKAMM, HMiAXapPAKTEPHUCTHKAMM, BJIACTUBOCTAMM
SAKOCTI, 2 TAK0K MeTPUKAMM BUMIpPIOBAHHSl BJIACTHBOCTEl SKOCTI Ta BaroBUMH KoedilmieHTaMu.
Po3pobaena moaesn sikocti nporpamaoro 3adesneyedns ACY WEBportal, mo € Bi1acHo0 po3podkoro
IIpukapnarcbKoro HauioHAJbLHOro YyHiBepcurery imeHi Bacuiass Credanuka. Po3podiaena
cepTudikaniiiHa MoJelb SAKOCTI JaHOr0 NPOrpamMHOro 3a0e3neveHHsl, II0 BCTAHOBJIIE 4YiTKY
npouenypy ceprudikauiiinunx gocaixxens nporpamuoro 3adesneuyennss ACY WEBportal.

Kniouoei cnosa—Mooensv axocmi, Ilepapxiuna modenv akocmi, Cepmudpikauyiiina moodenv akocmi,
Asmomamu3o08ana cucmema ynpaeiinHa HAGYATbHUM 3AKTAOOM.

I. Bcrvi

[TpoBamkeHHs OCBITHROT AISUTHHOCTI B 3aKJIaJIaX BUIIO1 OCBITH 31MCHIOETHCS 3 BUKOPUCTAHHSAM
OaraTboX MporpamMHMx 3acobiB 1 cucreMm. s iX epexkTuBHOro (YHKIIOHYBaHHS HEOOXITHO
OLIIHIOBAaTH 1X BIANOBIJHICTh HOPMATHUBHUM JOKYMEHTaM, 1110 BCTAaHOBJIIOIOTh BUMOTH JO TaKHX
IpOrpaMHUX MNpPOAYKTiB. OcCOOMMBO Il akTyalbHO Ul NPOrpaMHOro 3a0e3NedyeHHs BIAcHOT
pO3po0KHM HAaBUATBHUX 3aKJIafiB. [[s 3a0e3nedueHHs Halkpaloi 00’ €KTUBHOI OIIHKHU BiJIMOBITHOCTI
IIPOrpaMHUX 3ac00iB 1 CHCTEM BUMOraM HOPMAaTHMBHHUX JOKYMEHTIB € Mpoleaypa ix ceprudikarii.
Jlia ineHTugikaii MOKa3HUKIB SKOCTI MPOTPaMHMX IMPOJYKTIB, (OpMyBaHHS BHUMOT O HHUX Ta
KPUTEPIiB IX OLIHKYA NPUHHATO BUKOPUCTOBYBATH MOJEII SKOCTI.

[l.  AHAJI3 OCTAHHIX JOCJIDKEHD I ITYBJIIKALII

Bumorn 110 SIKOCTiI cuCTeM i MporpaMHUX 3aco0iB HaBeAEHI B MiXHapoaHOMY craHmapti [1].
[lett HOpMaTUBHUHN JOKYMEHT TaKOX MICTHUTBH MOJENI SIKOCTI Ta cepy ix 3actocyBanHs. CTaHgapT
[1] € HOpMaTMBHMM JOKYMEHTOM, SIKMi 3aMiHIOE COOOK IHINMKA MDKHapoAHWH craHmapt [2]
IISIXOM HOTO OHOBJICHHS. Y CTaHAAPTI [2] J0MydeHo psif XapaKTepPUCTHK Ta IiIXapaKTEePUCTHK
SKOCTI, Y TOpIBHSHHI 13 craHmapToM [l], a Takok 00’€iHAHHI JBa TOHATTS: 3OBHINIHSA Ta
BHYTPILIHS SIKICTh B OJIHE TIOHATTS: SKICTh POTPAMHUX MPOAYKTIB.

Onnak nmokymeHT [2], a takox [3] i [4] pernameHTyIOTh TiUNBKH 3aralbHy HOMEHKJIATYPY
MMOKA3HUKIB SIKOCTI MPOTPaMHMUX MPOAYKTIB, aj€ HE HABOJAATH MEpeNiK IMOKa3HHUKIB SKOCTI, SIKi
HEOOXITHO BM3HA4YaTW MpPU TMPOBEICHHI OIIHKH (cepTuikalii) TOro 4YM I1HIIOTO MPOTPAMHOTO
MPOAYKTY.

Jlns BUpINIEHHS LBOTO THTaHHA B POOOTI [5] mpomoHyeTbes po3polbisiTH cepTudikaiiiiny
MOJIeTh SIKOCTI TIporpaMHuX cucteM. B [5] Takoxk HaBeneHa KOHIEMIis MOOYI0BH TaKOT MOJIEITI.
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. METOIM

B po6Gori [5] 3ampornonoBana MeTouKa MOOYAOBH 3arajbHOl i€epapXxidHoi MOAENi SKOCTI, II0
3aMHUCYEThCS Y BUTTISAI MHOXKHUHH 1, Y HAIIOMY BUTNIAKY, MA€ HACTYITHUIA BUTJISI:

Q= {Ci {Sij {Pijk {M ijkl ’Wijkl },LEZ }:31 }?_l}:_l J 1)

ne C; — i-ta xapaktepuctuka; S; — ] -Ta HifixapakTepucTuka i-toi xapakrepuctuku; Py — K-Ta
BJIACTHMBICTh  AKOCTI | -TOi MifXapakTepucTuka i-toi xapakrepuctuku; My, — MeTpukn

i Ky Jiy | — KimbkicTs

BUMIPIOBaHHs BIAaCTUBOCTEN sikocti; Wy — Barosi koedimientu, L
METPUK BHUMIPIOBAaHHsS BJIACTMBOCTEH sKocTi (moumHaroun 3 | =1), BmacTuBOCTEH SKOCTI,

M IXapaKTEPUCTHK, XapaKTEPUCTHUK BiJIITOBITHO.
IV. PE3VIILTATH

3anpornoHoBaHa KOHIEMIis AJisi MOOYyAOBH cepTU(IKaliifiHOT MOAeNni SKOCTI Jla€ 3MOTY
PO3POOHTH TaKy MOJIENb JIJIsl IEBHOTO MPOTPAMHOI0 MPOJIYKTI 3 BpaXyBaHHSIM BHMOT Mi>XKHAPOTHUX
crangaptiB [1, 3, 4]. Ha puc. 1 300pakeHO MO€Ib SKOCTI mporpamHoro 3abesmeuenus ACY
WEBportal, mo € BrnacHor po3poOkoro [IpukaprnaTchbKoro HaiioHaJIBHOTO YHIBEPCHTETY iMEHi
Bacuns Credanuxa.

IIporpanmme 3aGezmeuennn
ACY WEBportal ITHY
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! g B 8 E !
IR A . | | REEEIEEE
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i BE'g KabiHeT : KabiHeT : i
- BHKIagaua» I CTYZCHTa» I i
= 1 4]
? £ : i
h ] - I
TS il lgel s | g oE g |
BE||EE || B 5 || E g 5 5|
: &5 E 2] & ) 2 g :
h < - ] =) = =) I
; g 2 ™ E || &5 g = i
E SxicTs MPOrPpAMHOTO 30 e3TeeHHA i
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Pucynok 1 - Mogens sikocti mporpamuoro 3abesneuends ACY WEBportal
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Mogenb sikocti (puc. 1) mictute mepenik moxymie ACY WEBportal, a takox mnepemik
XapaKTEPUCTHUK AKOCTI MPOrpaMHOro 3a0e3MeUYeHHs, perJaMeHTOBAHUX MDKHAPOJHUM CTaHJapTOM
[3], Ta xapakTepuCTHK SKOCTI MPOrpaMHOro 3a0E3MEuUeHHsS IiJl Yac 3aCTOCYBaHHS,
pernamentoBanux B [4]. Mopnens (puc. 1) BCTaHOBIIOE JIi KOXKHOTO MOAYJS IEpertiK
XapaKTePUCTHK SIKOCTI, SIKi OyayTh OILIHEHI MiJ Yac MpOBEACHHS cepTU(IKAIHHUX BUIPOOYBaHb.
Ak BUAHO 13 puC. 1, yHIKaIbHUM € MOAYJIb «EJIeKTpOoHHNI KabIHET CTyAeHTay, SKUH Ha BIIMIHY Bij
IHIIUX MOJIYJIB, € BUKIIOYHO KOPHCTYBALbKMM. TOMY B IIbOMY MOJYJi 3aCTOCOBYIOTHCS TIIBKH
XapaKTEPUCTUKH SAKOCTI IPOrpaMHOro 3a0e3MeUeHHs il Yyac 3aCTOCYBAHHS.

Lls Mozens € MepumuM eTanoM Ui po3poOJieHHs cepTH]IKaIiifHOT MOAeNi, CTpyKTypa sIKOi
HaBezleHa Ha puc. 2.
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Pucynok 2 — Ceprudikariiina Mojiesb sKoCTi mporpamuoro 3ade3neucHas ACY WEBportal
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V. OBI'OBOPEHHS

Po3pobiiena ceprudikarmiiitna Momeiab SIKOCTI (pUC. 2) BCTAHOBIIIOE YITKY MPOIEAYPY
ceprudikaiinux gociaimpkeHsb nporpamaoro 3adesnedueHnss ACY WEBportal y po3pi3i Bu3HaueHHs
AKICHUX TIOKa3HHMKIB KOXXHOTO 3 MOYNIB IIbOrO MPOTPaMHOTO TPONYKTY. BukopucraHas
po3pobieHoi cepTudikamiiHoi Mojeni Moxe OyTH OCHOBOK ISl 3AIMCHEHHS MpOIEaypr
ceprudikarii mporpamHoro 3abesneueHHs ACY WEBportal uwm iHImIOro mporpaMHOro
3a0e3neueHHs aHAIOTIYHOTO ITPU3HAYEHHS.

V1. TIEPCIIEKTHUBU HOJAJIBIINX JOCIDKEHD

[IpeameToM mMojanbIIMX HAYKOBUX JOCHIDKEHb Oyne po3poOJeHHS METOMOJIOTIi OIlIHKH
BJIACTUBOCTEH SIKOCTI Ta BaroBHX KOEQIMIEHTIB XapaKTEPUCTHK Ta IMiAXapaKTEPUCTHUK SKOCTI
MPOTPaMHUX MPOIYKTIB.

VIl. BUCHOBKHU

EdexTuBHicTh (DyHKITIOHYBaHHS MPOTPaAaMHOTO 3a0€3MEYECHHS HANpsAMY 3aJIC)KHUTh BiJ HOTO
BiJITIOBITHOCTI HOPMATUBHUM JOKYMEHTaM, IO BCTAHOBIIOKTH BHMOTH J0 Hboro. Jlis
3a0e3neueHHs] HalKpamoi 00 €KTUBHOI OLIHKM BiIMOBIIHOCTI MPOTrPaMHUX 3acO0IB 1 CHCTEM X
yac ix cepTudikaiii NPUAHATO BUKOPUCTOBYBATHU MOJENI SKOCTI. 3 Ii€0 METOK MOoOyAoBaHa
iepapxiyHa MOJENb SKOCTI TMPOTPAMHHMX IPOJIYKTIB, IO BCTAHOBIIOE B3a€EMO3B 3K MiXK
XapaKTePUCTHKAMHU, IIXapAKTEPUCTHKAMH, BIIACTHBOCTSAMH SKOCTi, a TaKOX METPUKaMHU
BUMIPIOBaHHS BIJIACTHBOCTEH SIKOCTI Ta BAaroBUMHU KoedilieHTamu; po3poOjeHa MOJENb SIKOCTI
MporpaMHOTO  3a0e3leyeHHss Ta cepTHdikamiiiHa MOJACIb SKOCTI JIaHOTO  IPOrPaMHOTO
3a0e3neueHHs, 1[0 BCTAHOBIIIOE YiTKY MPOLENYpPY cepTU(IKALIHHUX TOCTIHKEHb.

JITEPATYPA

[11 Systems and software engineering — Systems and software Quality Requirements and Evaluation (SQuaRE) —
Systems and software Quality models, ISO/IEC 25010,2011

[21 Software engineering — Product quality — Part 1: Quality model, ISO/IEC 9126-1,2001

[3] Systems and software engineering — Systems and software Quality Requirements and Evaluation (SQuaRE) —
Measurement of quality in use, ISO/IEC 25022,2016

[4] Systems and software engineering — Systems and software Quality Requirements and Evaluation (SQuaRE) —
Measurement of system and software product quality, ISO/IEC 25023,2016

[5] I Paitues, O. Xapuenko, “Konuermis mooynoBu ceptudikamiiHoi MO SKOCTI MporpaMHuX cucteM,” IIpobrnemu
npoepamyeanns, N0. 2-3, 275-281, 2006
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JloCIIPKEHHS aCHHXPOHHHUX METO/I1B CEPBICHOT

B3a€EMO/11 y B€O-g0JaTKax
Mukona [likynsik, CtaniciaaB JlomOpoBChKHiA

Kageopa inpopmayiiinux mexuonocii
Ipuxapnamcokuil HayionanvrHuil yHieepcumem imeni Bacuna Cmeganuka
IBano-®dpaHkiBChK, YKpaiHa

Anortanis—IIpoBegeHo TNOPIBHSVIBHUN aHaJi3 NPOTOKOJIB ACHHXPOHHOI B3aeMopil cepsiciB, 110
A03BOJINJIO BHUAIJMTH iIXHi MO3UTHBHI TA HeraTMBHI CTOPOHH. Bu3HayeHo HampsMOK NMOKpalleHHS
cepBicHOi B3aeMoaii y BeO-I01aTKaxX, HampaBjeHMii Ha PoO3poOKYy MeToAy 3 BHKOPUCTAHHAM
nporokoay gRPC Ha ocHoBi Hamucanux protobuf cepsiciB Ta renepamii Java kiaacis. Bukonano
TeCTYBAHHSI PO3PO0JIEHOr0 METOAY Y Be0-101aTKY 1JI1 AHOHIMHMX JAUCKYCiil, AKMI HATA€ MOKIUBICTH
CINIJIKYBATHCh KOPHCTyBayaM 3a AONOMOrorw 4atry. OTpuMaHO pe3yJbTaTH AOCTiAKeHHs, AKi
niaTBepAWIN e(eKTHBHICTh 32CTOCYBAHHS 3alIPONIOHOBAHOI0 METOAY, OCKLIbKM HOro BUKOPUCTAHHS
A03BOJINJIO IPH HABAHTA’KEHHi 3MEHIINTH SIK 4YaC CTBOPEHHS 00’€KTIB Tak i 4Yac OTPUMaHHS 3HAYEHHSA
atpudyTa B 10aaTKy. TakoK NOKpPAaLIeHHA 03BOJIWIO 30LIBIINTH MPONYCKHY 3JaTHICTh NPH BeJIUKIii
KIIBKOCTI  mapajejbHUX HNiAK/IK4YeHb. BH3HAYEeHO NEpPCHeKTHBH NOJAJBIIMX JOCJHiIKEeHb,
HANPABJIEHUX HAa PO3PO0KY HOBHX METOAIB NOKPAILUEHHSI AJsl IHIIMX MOB NPOrpaMyBaHH$, SIKi
niaTpumyroTs resepaniio gRPC cepsicis.

Kniouoei cnosa— Ilpomokonu cepgicnoi e3aemodii, Memoo noxpauieHna acuHXponnoi 63aemodii, Beo-
oooamku, Knienmcuoki knacu, Cepsephi knacu.

I. Bcrvo

VY cyyacHOMY CBITI PI3HOTO POJy BEO-IOJAATKH CTAIOTh BCE MOMYJISPHIIIMMHU Ta OXOILUTIOIOTH
BCE IIUPIII MpeAMEeTHI 00JacTi 3acTOCYBaHHA. Y 3B’SI3Ky 3 IIMM BHUHHUKA€ HEOOXIJHICTb aHaNi3y
MIpoLIeCy B3a€MOJII MK KIIIEHTOM Ta CEPBEPOM, OCKUIBKHU 1€ € KPUTHUHO BaXJIMBUM JJIsl YCHIIIHOI
pobotu Oyab SKOro 1oAaTKy. Takoxk 3pocTaroua KidbKiCTh BeO-A0JaTKIB CTUKAETHCS 3 MPOOIEMOIO
BEJIMKOI KIJIbKOCTI 3aIlHTIB, sIK1 BIAMPABIISIOTHCS HA CEPBED.

Tomy cborosHi NpoBOJUTHCA 0arato po3poOOK, METOI SKHX € BUKOPHCTaHHS AaCMHXPOHHMX
METO/JIIB CEPBICHOI B3a€MO/IIi, K1 JI03BOJISIIOTH BUKOHYBAaTH OUIbII €(EKTHUBHI 3allUTHU IO CEpBEpa,
BUKOPHCTOBYIOYH MEHIIIE PECYPCIB Ta 3MEHILYIOUH TPUBANICTh OOPOOKH.

ACHHXPOHHICTh € KOHIIETIII€I0 MPOrpaMyBaHHs, sIKa O3HA4ae, MO il MOXXYTh BHKOHYBATHCS
napajieJibHO Ta HE3aJIeKHO OJIHA BiJ OAHOI. ¥ KOHTEKCTI BeO-0/1aTKiB, aCHHXPOHHICTh TOJISATAE B
TOMY, L0 3alIUTH KJII€EHTa MOXYTh OyTH 00poOJIeH] MapajaeabHo 3 IHIIMMHU 3allUTaMM, 10 J03BOJIsIE
3MEHIIUTHY Yac OYiKyBaHHS BiIOBII Ta MOKPAIIUTH MPOIYKTUBHICTH BeO-101aTKYy [1].

JloCIiDKeHHS! aCHUHXPOHHUX METOJIB CEpBICHOI B3a€MOJIi TaKOX JIO3BOJISIE PO3TIISHYTH
MUTaHHS Oe3MeKu Ta CTIMKOCTI BeO-A0aTKiB. BUKOpUCTaHHS aCHHXPOHHUX METO/IB TaKOX MOXeE
JIOTIOMOTTH  3a0€3MEYUTH PO3LIMPIOBAHICT Ta MPOCTOTY MaclITadyBaHHS BeO-A0AaTKa, IO
3abe3nedye oMy poOOTy 3 OUTHIIMM OOCSATOM JTAHUX Ta OUTBIIO0 KUTBKICTIO KOPUCTYBAYiB.

Il.  AHAJI3 OCTAHHIX JOCJIKEHD I ITYBJIIKALIA

CTOCOBHO CHHXPOHHOI Ta aCHMHXPOHHOI OOpOOKM 3amuTiB y BeO-I0/aTKax Ha JaHUM dYac €
JIOCTaTHHO 0arato JOCHIIKeHb Ta PO3POOJICHO psJi METOJMIB, HAMPABICHWX HA BUKOPHUCTAHHS
PI3HOTO PO MPOTOKOJIIB 3 METOIO TIOKPAIIIEHHS B3aEMOIii MK KOPUCTyBadaMu Ta cepBicamu [2].

30kpema, B poOoTi [1] po3rasHYTO MOXKIHMBOCTI 3a0e3MeueHHsS HaIidHOCTI Ta Oe3reKn
3aCTOCYBaHHS ACHMHXPOHHOI TexHoJjorii, B [3] — mpoaHasli3oBaHO MOKJIHMBICTh BUKOPHUCTAHHS
KeILIyBaHHsI pe3yJIbTaTiB Be0-CepBiCiB JIJIsl 3MEHIIIEHHS Yacy BiJMOBIL.
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Jlnst 3a0e3redyeH s aCHHXPOHHOT B3a€MOIii CepBICiB CHOT'OIHI BUKOPUCTOBYIOTHCS Taki BioMi
MPOTOKOJIH:

e gRPC: BiakpuTuii mpoTokon, po3poOieHuii kommanielo Google. Bin 0a3yerscs Ha
npotokoyii HTTP/2 Ta miaTrpumye pi3ni MoBu nporpamyBanHs. gRPC BukopucroBye Protobuf mis
cepianizanii JaHUX Ta HAJIA€ MIATPUMKY aCHHXPOHHOT'O IPOTpaMyBaHHA 3a JJOMTOMOTOI0 MTPOMICIB Ta
oToKiB [4].

e  WebSocket: mpoToKoI BIIKPUTOTO KOY JUTsl IBOCTOPOHHBOI KOMYHIKAI[iT MK KJIIIEHTOM Ta
CepBEPOM B PEXKUMI peanbHOTo Yacy [5]. BiH Moke BUKOPHCTOBYBATHCH IS Iiepeayi pi3HUX TUIIIB
JaHUX, BKJIIOYaroud TekcT, OiHapHi mani, JSON, XML Ttomo. WebSocket Takoxx miarpumye
ACMHXPOHHY B3a€MO/JIit0 MIXK KIIIEHTOM Ta CEPBEPOM.

e MQTT: nerkuii mpotokoa miast [oT-mpuCTpoiB Ta MEpexki, AKUH MATPUMYE aCUHXPOHHY
B3aemoiro. MQTT BukopucToBye Moaeb "MiAMUCKU/TIYOIKaIi" JuIsl mepeaadi MOBIIOMIICHb MiX
KJIIEHTaMH Ta cepBepamu [6].

e AMQP: npoTokos s aCHHXPOHHOT B3a€MOJI1i, KU MIATPUMYE PO3MOJIIEHY 00pOoOKYy
MOBIAOMJICHb Ta Pi3HI TUNU ToBimoMiIeHb. AMQP BUKOPHCTOBYeTbCS Uisl MOOYIOBH BEIUKHX
cHCTEM 3 00POOKOIO MOBIJOMIICHB Ta MIKPOCEPBICIB [ 7].

e Apache Kafka: posnoninena miardgopma s oOpoOKHM TOBIIOMIICHB, sIKa MiATPUMYE
aCHHXPOHHY B3a€MOJi0 Ta 3a0e3meuye 30epekeHHS TMOBIIOMIIEHb Ha cepBepl. Bona
BUKOPUCTOBYETBCS JJII OOpPOOKM BEJIMKUX TIOTOKIB JaHWUX Ta MOOYJAOBH MOTY)KHHX CHCTEM 3
00pOOKH TIOBIJOMJICHb.

Bubip mpotokony abo (peiiMBOpKY /il aCHMHXPOHHOI B3a€EMOJII CEPBICIB 3aJICKHUTHh BiJ
KOHKPETHUX NOTPeO Ta HAIPSMKY IMPOCKTY, OCKIIBKH OIMMCaHI MPOTOKOJIM MAalOTh CBOI IEpPEeBary Ta
neponiku. Hampukman, gRPC moxe OyTH KOpHCHUM JUisi BeO-IONATKIB, SKI MAlOTh BEJIHKY
KUIBKICTh MIKpPOCEpBICIB Ta MOTPEeOYIOTh IIBUAKOI Ta epEeKTUBHOI B3aeMojii MiX HUMHU. Bin
BUKOpUCTOBYE OiHapHHil (opmaT oOMiHy naHumu Protobuf, mo 3meHmye po3mip maHux Ta
301IbIIY€E MPOTYKTUBHICTH TIepeayi.

WebSocket, 3 inmoro 06oky, Moxe OyTH KOPHCHUM JUIsi BEO-IONATKiB, SIKi MOTPEOYIOTH
Ha/IHHOTO Ta TPUBAJIOr0 3B’SI3Ky MK KIIEHTOM Ta CEPBEPOM, 3 MOXKIMBICTIO OOMIHY JaHHUMHU B
PEXHUMI pealIbHOTO Yacy.

[TepeBaroto AMQP € 3abe3mneueHHs] 3aXUCTy MOBIJOMIIEHb 3a JIOTIOMOTOI0 IUGPYBaHHS Ta
aBTeHTU(]IKaIl1, [0 BaXXJIMBO YISl porpaM, jae Oe3meka mgaHux € kiouoBoro. Kafka 3abesneuye
BHUCOKHUU PiBEHb HAIHHOCTI, 3aBJIKH PEILTIKAIlil Ta PO3MOICHI apXiTeKTypi.

ToMy mojanbii JOCHIKEHHS] aCUHXPOHHUX METOIB CEpBICHOI B3aeMojii y BeO-AoJaTKax,
HampaBlIEHUX Ha MiABUIICHHS MPOAYKTUBHOCTI Ta €(EKTUBHOCTI iX BHUKOPUCTAHHS, 3MEHIICHHS
9acy O4iKyBaHHS Ta MOKPAIIEHHS! KOPUCTYBAIBKOTO JJOCBIYy € aKTYaJIbHOIO 3a/1a4€to, sSika IoTpedye
MOJIAJIBIINX K TEOPETHUHUX PO3POOOK TaK 1 MPAKTUYHUX BIOCKOHAIICHb.

. METOaM

B ocHOBI gocmikeHHsT € po3poOKa METoay JAJs MOKpAIleHHS aCMHXPOHHOI B3a€MOJil BeO-
cepBiciB 3 BUKopucTaHHAM TpoTokony gRPC pazom 3 Protobuf, mo gae MOXIHUBICT MiABUIIUTH
MPOAYKTHBHICTb Ta €PeKTHBHICTh Y BeO-/10/1aTKaX 32 paXyHOK IOKpallleHHs TeHepalii Java Kiacis
Ha OCHOBI HamucaHux protobuf cepBicis.

Jnst anamizy Ta nokpaieHHs nporokony gRPC 6yno po3pobiieHo Be6-101aTOK, AKUI J03BOJISIE
3a0e3MeynTH aCHHXPOHHY Nepeaavy JaHuX BiJ] KIIEHTA JI0 cepBepa Ta MiXK cepBiCaMU JOJIaTKy IpH
OJTHOYACHOMY BUKOPHUCTaHHI. 3a OCHOBY JUIsl MOKpaleHHs Oya0 oOpaHO AOAATOK Jisi aHOHIMHHMX
JUCKYCIH, COUIKYBaHHS MK KOPUCTYBa4aMH B IKOMY OPT'aHI30BaHO 3a JOMOMOIOI0 YaTy.

3anponoHOBaHUN  KIIIEHT-CEPBEPHUN  JOAATOK TMOOYJOBaHUII Ha OCHOBI (pEerMBOpPKY
SpringBoot ta npotokoniB gRPC ta Protobuf, nonatkoBo Bukopucrano nporokon WebSocket nms
OTpUMaHHS aKTyaJdbHOI iH(QopMmamii s yariB. Taka apxiTekTypa J03BOJSE 3 JIETKICTIO
KOHTaKTyBaTH 3 BeO-ppoHTeHa0M 3a nomomororo REST mimxomy Ta cimiakyBaTH 3a MPaBHIIBHOIO
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poboTor0 MoAaTKy. 3 1HIIOI CTOPOHU BEO-CEPBIC KOHTAKTYE 3 JOMIOMIXXHUMH YaT CEPBICOM Ta JIOTiH
cepBicom 3a gormomMororo nporokony gRPC ta orpumye BianoBiaHy iHGopmarrito (puc. 1):

Pucynok 1 — Apxitektypa BeO-10AaTKy

Jlna 36epiranHs iHopmaiii mMpo YaTu, KIIE€HTIB Ta MUTAaHHA Oyll0 BUKOPUCTaHO 0a3zy JaHUX
PostgreSQL Tta crBopeno BiamoBigHi Tabmmmi chats, chat clients, chat questions. IlepeBaroro
BukopucranHus PostgreSQL € Te, mo ngoctyn 3 mporpam a0 0a3u JaHHX 3HiHCHIOETHCS 3a
JOMIOMOT OO CTICIIAIBHOTO MPOIIEeCy, MiJ] Yac SKOr0 KIIEHTCHKI MPOTrpaMu HE MOXKYTh OTPHUMYBATH
CaMOCTIMHUH JOCTYIl 10 JaHHUX HaBiTh y TOMY BUIAJKY, SKIIO BOHU (PYHKIIOHYIOTb Ha TOMY
camomy [IK, Ha ssTKOMY 311CHIOETHCSI CEPBEPHUI MPOIIEC.

Onniero 3 kmodoBux ocobiuBocteit gRPC € MOXIUBICTH I'eHEpyBaTH KIIEHTCHKHHM KOA
pi3HuMu MoBamH, Takumu sik C++, Java, Python [8].

Ilepecunka nosinomiieHs protobuf 3a nomomororo nporokony gRPC B mporpamHoMy BUTIISAL
BiTOYBA€ThCSl NUITXOM BHKOPHCTAaHHS aBTOMATHYHO 3TE€HEPOBAHMX KIIIEHTCHKUX Ta CEPBEPHHX
KJIaciB, CTBOPEHHUX HAa OCHOBI OTOJIOIIEHb CEPBICY Ta MOBiIOMIIEHb Y (paiiiax .proto.

[ToBinomnennst Protocol Buffers (protobuf) mpeacraBnsitorbes y OiHapHOMY, KOMIAKTHOMY
¢dopmari. KoxkeH THN JaHMX Ta MOBIIOMJIEHHS MAlOTh CBiMl BHYTpilIHINA OaifToBuil (opmar ams
cepiaizaltii Ta aecepiamizaiii nanux (tadm.l).

Tabauys 1 — I'pynu sminnux y baiimosomy gopmami

Tun 3HaueHHS BukopucroByeTbes 11
0 Varint int32, int64, uint32, uint64, sint32, sint64, bool, enum
1 64-bit fixed64, sfixed64, double
2 Length-delimited string, bytes, embedded messages, packed repeated fields
3 Start group groups (3acTapiuii THIT)
4 End group groups (3acTapiuid THIT)
5 32-bit fixed32, sfixed32, float

VY protobuf koxkeH elneMeHT JaHUX Ma€ CBiM K04 (LlJIe YHCIO), SKE 1IeHTU(DIKYE €IeMEeHT i
TUN JAaHUX, SKUA BHU3HA4ae€, SKI JIaHI MOXYTh OYTH BKJIIOYEHI B L€l eneMeHT. Tumum JaHux
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BKJIIOYAIOTh 1T YKCTIa, 3MIHHI JOBXHHHU, (PIKCOBaH1 JOBXHHH, YUCIIA 3 PyXOMOIO KOMOIO, OyieBi
3HAYCHHS 1 PSJIKH.

Opnniero 3 neHTpanbHux ckiaanoBux gRPC e reneparist koay Ais KIEHTCHKUX Ta CEPBEPHUX
nonatkis. L{el koJ reHepyeThCsl KOMIIATOPOM protoc 3 (aiisis .proto.

Ha nepmmii nornsn, gRPC Burisinae sik izeanbHe pillleHHs, ajie € MeBHI Mpo0yieMH, HE MPSIMO
noB’si3aHi 3 gRPC abo Protobuf, ane 3 Bubopamu, 3po0aeHUMHU KOHKPETHO B TEHEPOBAHOMY KOJIi.

Byno BHpIIIEHO MOKpANUTH T'eHEpalilo KOy Ui CTPYKTYp 3 makery com.google.protobuf,
OCKIJTbKH (PYHKITIOHAT MOYKHA 3aJIUIITUTH HE3MIHHUM, aJie CIIPOCTHTH CTPYKTYPY KJIaciB.

Jns  npuknagy posdepemo monie  “‘question” Tumy “‘com.google.protobuf.StringValue”.
['enepoBaHMii KO HaJa€ MOXIUBICTh BH3HAYUTH, Y TOJIC MICTUTh IEBHE 3HAYCHHS, OTPUMATH
3HAUEHHS y BUIJISIII CTPYKTYpH “‘com.google.protobuf.StringValue” Ta momMicTUTH 3HAYEHHS TOTO XK
THUITY.

boolean hasQuestion();
com.google.protobuf.StringValue getQuestion();
public Builder setQuestion(com.google.protobuf.StringValue value);

Came meronu get Ta set € He 3aBXKAM 3pYYHUMH 1 ONTHMAJIbHUMH, OCKUTBKU ISl TIOJIB THITY
string OTpUMYBATH CKIAAHY CTPYKTYPY, B AKil MICTUTbCS MOTPiOHE 3HAUCHHS, € 3alBUM.

Tex came CTOCOBHO METOAY set; IUIsl TOrO MO0 MOMICTUTH 3HAYEHHS, MOTPIOHO BHKIIMKATH
oingep kmacy StringValue Ta BUKOHATH JOAATKOBI omeparii. J{as gaHOTro MpHUKIaay CTBOPEHHS
00’exra tuiry ChatQuestions 3 mosem Question Oyje MaTH TaKUH BUTIIS;

ChatQuestions.newBuilder ()
.setQuestion (StringValue.newBuilder ()
.setValue ("value")

Lbuild())
Louild () ;

[Tin naHUM TOKpaIlleHHs] Ma€ThCsl HA YBa3l 3MIHUTH TeHepallito Koay Java KiaciB onucy proto
CTPYKTYp JUIl KOMIUIEKCHMX CTPYKTyp Tumy ...Value, 3 JoJaBaHHAM JONOMDKHUX METOJIIB
get...Value Ta set...Value, sixi 6 mpuiiMaiiu Ta BifgaBaiu MpoCcTi TUIH 0e3 HAIO0YI0B.

Take mokpalleHHs HalpaBjeHE Ha 3MEHIIEHHS KUIBKOCTI orepaiii miJ Yac CTBOPEHHs Ta
OTPUMAaHHS 00’ €KTIB, SIKI MICTATH ...Value momst st 30UIblIeHHsT nepdOpMEHCY, a TaKOX IS
CIIPOIIEHHS HalMCaHHS MporpaM — onTHMizauii foctymy 1o naHux. [lokpaleHi Kiacu HaaaayTh
OUIBII IBUJIKUH Ta 3py4HUM AOCTYI O JAHUX, 10 CIPHUSIE MIBUIICHHIO IPOAYKTUBHOCTI 10AATKY,
a TaKOX TIOKpallleHHd TeHepalii Koay IpH3Bele A0 3MEHIICHHS CHOXHUBaHHA IaMm’sTi Ta
00YHCITIOBAJIBHUX pecypcax.

IV. PE3VIILTATU

st nocnimkeHHs 0ya0 oOpaHO HaBaHTaXKyBajbHE Ta 00’ €MHE TECTYBaHHS.

HaBaHTaxxyBajgbHE TECTyBaHHS BHKOHYETBHCS IUIS OIIHKM TOBENIHKHA JONATKy 13 3aJaHuM
OYIKyBaHMM HaBaHTaXXeHHAM. Hampukia, KUIbKICTIO KOPHCTYBAYiB, sIKi BUKOPUCTOBYIOTh CUCTEMY
onHouacHo. O0’eMHe TecTyBaHHS Nependadae 3MiHYy pO3MIPY JaHUX, SIKI BUKOPUCTOBYIOTHCS IS
OLIIHKU TIOBEJIIHKH CUCTEMH.

B pesynbraTi mpoBeNeHOro OCIHIIKEHHI 13 BUKOPHCTAHHSM 3BHYAaHOTO Ta IMOKPAILEHOTO
METOAIB OyJ0 MNPOTECTOBAHO Yac CTBOPEHHS OO’€KTIB 3 PI3HOIO KIJIBKICTIO KOPHCTYBayiB Ta
KUIBKICTIO JaHHX.

Jlns BUMIPIOBAHHS TOKA3HUKIB MPH HABAHTAXKEHHI MPOEKTY A0 MOKpAIIEHHS Ta micus Oyno
BUKopucTaHo cepBic Guava Big Google, OCKUTEKH BiH € MPOCTHM IHCTPYMEHTOM JIJIsl BUMipIOBaHHS
yacy Ta KOPMCHUM JJisi BUKOPUCTaHHA B Oyab-sikoMy Micii nporpamu. lLleil iHCTpymeHT €
MMOTOKOOE3MEYHNM, TOMY MOXXHA BUKOPHUCTOBYBATH KiJIbKa CEKYHJIOMIpIB MapajeinbHO 0€3 BIIUBY
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Ha TPOAYKTHBHICTb. KokHe 3aBmaHHS, sSKe MOTPIOHO BUMIPATH 3a JOIMOMOIOI0 CEKyHAOMIpa,
30epiraeThcst B Hashtable.

[Tig wac mopiBHSAHHA OyJIO MPOBEACHO aHali3 4acy moOymoBu protobuf o6’exTiB 3 Ta 6€3
mokpartients B po3mipi 500000 06’extiB (puc. 2):

29

27

25

23

21

15

17

15
MC 1 2 3 4 5 6 7 8

—— Spries] —s—Series?

Pucynok 2 — [1opiBHSIHHS POIYKTUBHOCTI CTBOPEHHS 00’ €KTIB

CrtBopeHO piarpamy Juid JeMOHCTpalii pe3yiabTariB MopiBHsAHHA. [Ipu BochbMM mepeBipkax
pe3yabTaTH Majld TEBHY PO30ODKHICTH Ta B CEPEIHHOMY pe3yJbTaT MOKa3ye, IO IMOKPAIICHHS
IIPU3BEIIO JIO 3MEHILIEHHS Yacy CTBOPEHHS 00’€KTIB B JOAATKY NPU HaBaHTa)keHH1 Ha 2.8%.

JIy1st HacTymHOTO TTOPIBHSHHSIM OYyJI0 TTPOBEICHO aHAJli3 Yacy OTPUMAHHS 3HAYCHHS aTpuoOyTa 3
yxe cTBopeHoro protobuf 00’ekra 3 Ta 6e3 mokpatieHHs B po3mipi 500000 pa3is (puc. 3):

8.5

7.5

6.5

5.5

4.5

McC 1 2 3 4 5 6 7 8

——Sorjes] e Serijes?

Pucynok 3 — IlopiBHSHHS IPOAYKTUBHOCTI OTPUMaHHS 3HaYeHHs aTpuOyTa

CtBOpeHO aiarpamy AJsl IEMOHCTpalii pe3ynbTariB MopiBHAHHS. KiIbKICTh MEpeBIpOK Taka
cama, pe3yJIbTaTH TaK0X MaJli MEeBHY po30DKHICTh. [IpoTe B cepeaHboMy pe3yibTaT MOKa3ye, M0
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MOKpAIEHHsI MPU3BENO A0 3MEHIICHHS Yacy OTPUMAaHHs 3HAYCHHS aTpuOyTa B JOJATKy MpH
HaBaHTakeHH1 Ha 0.4%

Takox 1751 MOPIBHSHHA pe3yJbTaTiB Mepeadi JaHWX Bijl KII€HTa 0 cepBepa MPOTOKOJIOM
gRPC Oyio BUpIIIEHO MEpeBipUTH Ha MPHUKIAIl TBOX TECTOBUX CIIEHAPIiB 3 PI3HOI KUIBKICTIO
KopucTyBadiB. B nepmomy cuenapii Opanucs g0 yBaru 10 kopuctysadis, B Apyromy 100. Koxxuuit
KOpUCTyBa4 OyB MPE/ICTABICHUH SIK OKpEMUIl MOTIK Java, ajie JaHi neperaBaiuch 4epe3 OJHAKOBHIA
CepBEpHUI CTPIM Ta po3Mip MOBIIOMIICHb OYB OJTHAKOBUH JJIsi KOXKHOTO 3 HUX.

[IIo6 BUBYMTH 3aJEKHICTh MPOAYKTHBHOCTI MPOTOKOJY BiJ KUIBKOCTI MOBiIOMJIEHH OYJI0
BUPIIIEHO PO3JIUIMTH TECTOBI JaHi Ha JBa pi3HI HaOopu maHux. Takum YMHOM, pe3yIbTATOM
MIEePIIIOro TeCTy OyJI0 OTPUMAHHS BiJl CEPBEpA MaJIOi KiIIBKOCTI MOBiIOMJIEHB B po3Mipi 100 mTyk Ta
1000 mTyK B APYyroMy TECTi.

Kosken Habip JaHMX MMepeBipsABCA OKPEMO B PI3HOMY TECTOBOMY clieHapii (tadu. 2-3).

Tabauys 2 — Pezynomamu nopieusanHs 0151 Manoi KiibKocmi napaneibHux nioxurodens (10)

100 noBizoMIIEHb 1000 noBizOMIIEHE
bes 3 HoKpareHHsIM bes 3 moKpaIeHHsIM
TTOKpaICHHS pat MTOKpaICHHS paill
CepenHiii yac nepeiaui, 0.029 0.028 197 194
e . . . .

3rigHo Tabauii 2 MOKHA CTBEPXKYBATH, 1110 MOKPAILIEHHS A€ MeBHE 30UTbIICHHS TPOMYCKHOT
3naTHOCTI. [Ipu Maiii KiTbKOCTI OTpUMaHMX MOBIIOMIIEHb TOKpaIeHHs motpedye Ha 3.5% MeHIe
qacy Ta Ha 2.4% MeHIIe yacy npu OUIbIIiN KITbKOCTI HalICTaHUX JaHUX.

Tabnuys 3 — Pe3ynomamu nopigHanHs 0115 8eluKoi Kibkocmi napanenvHux niokaodens (100)

100 moBiTOMJIEHD 1000 moBitOMIEHD
bes bes
3 MOKpaIleHHSIM 3 NOKpAILEHHSIM
MTOKpaIeHHs MOKPAIICHHS
o
Cepenmiid uac 0.66 0.64 9.5 9.3
nepenayi, Mc

BianoBinHO 10 pe3ynbTaTiB, NPEACTABICHUX B TaOMUII 3 BUAHO, 110 MOKPAIEHHS J03BOJISIE
301IBIINTH MPOMYCKHY 3/aTHICTh TaKOXK MPU BEJIMKIN KUIBKOCTI MapaneabHuX HiAKiIoueHb. [Ipu
MaJliii KUUTBKOCTI OTPUMAaHMX IMOBIIOMIIEHb MOKpalleHHs NoTpedye Ha 3% MeHIIe yacy Ta Ha 2.1%
MEHIIIE Yacy HiXk MpHu OUIbLITN KIJIBKOCT] HaJICIIaHUX JIaHUX.

V. OBrOBOPEHHS

OTtpumaHi pe3ylbTaTH JIEMOHCTPYIOTh BaKJIWBICTh BUKOPUCTAHHS ACHHXPOHHUX METO/IIB
CEepBICHOI B3aeMOJIii y BeO-10/1aTKaX, OCKUIBKU JAIOTh MOMJIMBICTh ONMTHMIi3yBaTH BUKOPHCTAHHS
CHUCTEMHHUX PEeCypcCiB, MiJBUIIUTHA MPOIYKTUBHICTh Ta €(EKTHUBHICTH MiJ Yac mepefadl JaHUX Bij
KIII€HTa JI0 CepBepa Ta MIXK CepBiCaMH JOJATKy. 3aCTOCYBaHHS 3alPOMOHOBAHOTO MOKPAIIEHOTO
METOJly 3 BUKOPHCTAaHHSAM TeHepallii Java KiaciB J03BOJIsi€ OTpUMATH OLIbII IIBUIKHUHA Ta 3py4yHUN
JOCTYNl 10 JAaHHX, IO CIpHsS€ 3MEHIICHHIO CHOKMBAaHHS TMaM'STi Ta 30UIBIIEHHIO MPOMYCKHOI
3/1aTHOCTI MPH BEJIMKIM KUIBKOCTI apajiesIbHUX IMiJIKJIF0OUEHb.
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VI. TEPCIEKTUBU JOCJIKEHD

[ToganpmM HaPSIMKOM JTOCHIJDKEHHsSI Oyne po3poOkKa METOAIB, SIKi JTO3BOJISATH OLIIHHWTH Ta
MOKPAIMTH YacOBi IMapaMeTpu CEPBICHOI B3a€MOJII ITiJ| YaC HABAHTAXYBAJIBHOIO Ta 00 €MHOTO
TECTYBaHHS JUIS 1HIIUX MOB IIPOrpaMyBaHHS, SKi MATPUMYIOTh reHepaitito gRPC npoTokois.

VII. BUCHOBKU

B po06oTi BUKOHAHO aHaIIi3 MPOTOKOJB ACHHXPOHHOI B3aEMOJIi1, SIKi BAKOPUCTOBYIOTHCS y BEO-
J07aTKax 3 METO IMiJBUIIECHHS e()EeKTUBHOCTI IX BUKOPUCTAHHSI.

3anpornoHOBaHO  METOJ JUId TIOKpalleHHs aCHMHXPOHHOI B3aeMojii  BeO-CepBiCiB 3
BUKOpHUCTaHHAIM TpoTokony gRPC Ha ocHoOBI Hamucanux protobuf cepiciB Ta reHeparii Java
KJIaciB, IO JO3BOJIMJIO HaJaTH OUIBII INIBUIKUN Ta 3pYyYHHHA JOCTYN IO JNAHUX Ta ITiABHIIUTH
MPOAYKTHUBHICTH JJOJATKY.

TectyBanHs po3pobIECHOrO METOIy OYJIO BUKOHAHO 33 JJOTIOMOTOI0 PO3POOJICHOTO BEO-10AaTKY
JUIT aHOHIMHHX JUCKYCIiH, KM HaJla€ MOJJIMBICTH CIIUJIKYBaTHCh KOPHCTYyBadaM 3a JIOTIOMOTOIO
gary. OTpuMaHi pe3yiabTaTH JOCIIDKEHHS, MpoBeaeHoro y cepsici Guava i3 BHKOPUCTaHHSM
3BHYAIHOTO Ta MOKPAIICHOTO METO/IIB MOKa3aliv, 0 BUKOPHCTaHHS PO3POOJICHOr0 MOKPAIICHOTO
METOAY J03BOJIJIO 3MEHIIUTH Yac CTBOPEHHS 00’€KTiB B JIOJATKy MpH HaBaHTaXeHHI Ha 2.8%, a
yac OTpPUMAaHHS 3HAueHHs aTpuOyTa B JOAATKYy Npu HaBaHTaxeHHI 3MeHmMTH Ha 0.4%. Takox
MOKPAIICHHS J03BOJIJIO 30UIBIIMTH TPOIYCKHY 3JaTHICTh MPU BEJNHKIH KUIBKOCTI MapajelbHUX
MIIKJIFOYEHD.
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CUCTEMHMI AHAJII3 AKBAIIOHHUX CUCTEM

Poman 3ano3nunii, Hatamnig 3aens

Kageopa aemomamuxu ma pobomomexuiunux cucmem imeni axademira 1.1 Mapmunenxa
Hayionanvnuii ynisepcumem oiopecypcis i npupoooxopucmysanns Yxpainu
KwuiB, Ykpaina

AxBamnoHika - me iHHOBamiiiHa, po3yMHa Ta CTiliKa CiIbCHKOrOCHOAAPCHKA TEXHOJIOTif, fIKa
iHTerpye akBakyJabTypy (po3BeleHHsi puOHM) 3 TiAPONMOHIKOI y CHMOIOTHYHOMY BHPOLIYBaHHI
0BOYeBHX KYJbTYP. Oco0/IuBicTh aKBAOHHUX CHCTEM MOJISITAE Y TOMY, 10 BOHU € 3aMKHEHUMH
OMKJAMHM 3 BeJHKOI KiJbKicTI0O 3MiHHEHX. Tomy s ineHTHdikanii KJIOYOBHX ejileMeHTIB Ta
B32€MO3B’A3KIiB 0yJi0 po3podJieno rpagoBy Moaeab.Bukopucranusa rpadgosoi moaesi 3ade3neuye
MOKJIMBICTh MOOYT0BM MATPHIi IJISIXiB, 1[0 B CBOIO YEPry Ja€ MOKJIMBICTH POOUTH BUCHOBKH PO
CKJIATHICTH CHCTEMH 3 TOYKH 30pYy CHCTEMHOI0 aHAJI3Y.

Knrwouosi cnoea— Axeanonna cucmema, Cucmemnuii ananiz, I pagposa mooenv, Mampuysn winnaxie
I.BcTvyn

AKBaroHika cTa€ Bce OUIBII TMOMYJISPHOK Ta BAXJIMBOK B Tally3l CTaJIOr0 PO3BHUTKY
CUTBCHKOTO TOCIIOJIAPCTBA Ta BUPOOHUIITBA MPOIYKTIB XapuyBaHHs. llpu mocimikeHHI Ta
PO3po0IIi aKBAITOHHUX CUCTEM BAXKIIMBY POJIb BiIirpae CUCTeMHU aHami3. OCKUIbKH aKBaroHIKa
00’€JIHyE aKBaKyJIbTYpPY, TIAPOTOHIKY Ta MUPKYJIALIIO BOJAU, O CTBOPIOE CKIAIHY B3a€EMOIIO
MK KHBHMHU OpPraHi3MaMH, POCIIMHAMH, BOJIOK, JOOPUBAMH Ta IHIIMMHU CIIEMCHTAMHU CHUCTCMH.
CucreMHUI aHaAI3 JO3BOJISIE BUSBUTH B3a€MO3B’SI3KH Ta 3AJICIKHOCTI MIXK €JIEMCHTAMH CHCTEMH,
BUSIBUTH €JIEMEHTH CHUCTEMH, K1 MOXKYTh OyTH ONTUMI30BaHi, 00 MiABUIIUTU MPOIYKTUBHICTh
Ta €(PEKTUBHICTh TEXHOJIOTTYHOTO MPOIIECY..

Il.  AHAII3 OCTAHHIX JOCJIKEHb I ITYBJIIKALIIA

IcHyroul mocaiKeHHS B Taily3l aKkBaKyJdbTypH, TIIPONOHIKM Ta AKBANOHIKHU, SIK €IMHOI
IHTETpOBaHOI CHUCTEMHM, IOKa3yloTh, L0 PO3pOOKa MaTeMaTMYHUX MOjeled Ta IMPOBEICHHS
CHCTEMHOTO aHaji3y € MOYAaTKOBHUM KPOKOM Y HAIpPSIMKY CTBOPEHHS HAJiHHOI Ta eQEeKTHBHOI
CHCTEMH YIPaBIiHHS TEXHOJOTIYHUM IPOLIECOM.

BinpuiicTh ICHYIOUMX AOCHIDKEHb Y Il 00JacTl MOXHa PO3AUINTU Ha KUIbKa KaTeropiw.
[lepmra xateropiss crtareil NpHCBsUEHA CHCTEMaM YIPABIiHHS, BKJIIOYAOYM BUKOPUCTAHHS
Iutepnery peueil. 3okpema, y poborax [3, 8, 15] BHpoBajKe€HO CUCTEMH MOHITOPUHTY
TEXHOJIOTIYHUX TapaMeTpiB y peaJlbHOMY 4Yaci, L0 MPHU3BENIO A0 MiABMIIEHHS €()EeKTUBHOCTI
AKBAaIlOHIKH Ta 3MEHIIICHHS BUTPAT.

Inma kareropist JOCHIKEHb IPUCBAYEHA ONTUMI3AIli] MapaMeTpiB TEXHOJIOTIYHUX MPOIIECIB,
IpU 1IbOMY TOJIOBHUMH IapaMeTpamMH B aKBAallOHHUX CHCTEMax € TIAPOXIMIYHI MapaMeTpu.
Po6otu [4, 10] po3rasmaroTh OCHOBHI TEXHOJOTIYHI AaCHeKTH AaKBaloOHIKM 1 pa3oM 3
BUKOPHUCTAHHAM TEXHOJIOT1 [HTepHeTy peueill cnpusioTh SAKICHOMY BHpOOHMUTBY. JlaHi cTaTTl
TAaKOX HAJalOTh 3arajibHi [Jiama3oHW Uil MIATPUMKM TapaMmeTpiB, TakuX sK piBeHb pH,
TEeMIIepaTypa, OCBITIEHICTh, JY)KHICTh Ta 1HII KIIOUOBI MapaMeTpu JUIsl OUIBIIOCTI POCTHUH 1
riIpo6iOHTIB.

[TinTprMKa ONTUMANBHUX MApaMEeTPIB Ui POCIUH Ta pUO TaKOX Ma€ BIUIMB HA 1X 3/10pOB'S.
VY poGorax [7, 9] npeacTaBieHi pe3yJbTaTH JOCTIKEHb BIUIMUBY TOOPHUB Ha SKUTTS TiAPOOIOHTIB.
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.  MEgToan

CucteMHU aHami3 J03BOJISIE BU3HAUWTH OCHOBHI B3a€EMO3B’SI3KM Y TEXHOJIOTIYHOMY
nporeci. A BHUKOpUCTaHHS TpadoBoi Teopii € ePeKTHBHUM IHCTPYMEHTOM il BU3HAYCHHS
CKJIaTHOCTI CHCTEMH.

I'padoBi Mozeni IO3BOJSAIOTH 300pa3sUTH CKIAAHY CTPYKTYPY CHCTEMH Yy 3pO3YyMiTiid Ta
3pyuniii ¢opmi. Ile m03BOJsEe Jerie po3yMITH B3a€EMO3B'SI3KM Ta B3a€EMOJII0 00'€KTIB.
3aCcTOCOBYIOUYM aITrOPUTMHU rpadOBOTrO aHATI3Y, MOKHA BHSIBUTH KIFOYOBI €JIEMEHTH, 3HAXOIUTH
IUISIXY CIIOJTYYSHHSI, BA3HAYATH BIUIMB 00'€KTIB HA CHCTEMY TOIO. Y CBOIO YEpry II€ Ja€ 3MOTY
IPOTHO3YBATH MOBEAIHKY CUCTEMH Ta BUKOHYBATH ONTUMI3allil0 TapaMeTpiB.

CrtBopeHHs TpadoBOi MOJENI MOXIMBE JIMIIE MPH PETEILHOMY JOCHIHKEHHI CTPYKTYpH
AKBAllOHHUX CHUCTEM.. 3arajioM, y aKBallOHHMX CHUCT€MaxX MO)KHA BHUIUIUTH TPU OCHOBHI Tpynu
MiJICHCTEMH, HABKOJIO SKUX 1 3MIMHIOETHCA (PYHKIIOHYBaHHS TEXHOJIOTiYHOro mpouecy. lle:
cUCTEeMa aKBaKyJbTYPH, CHCTEMA T'iIPOTIOHIKHU Ta CHCTEMa KepyBaHHSI.

V. PE3VJILTATU

JUist cCTeMHOTO aHalli3y aKBAloOHIKHU JOIIFHO BUKOPUCTOBYBATH TeOpito rpadis, K oauH
3 METOJIIB MaTeMAaTUYHOTO OMHCY 3B'A3KiB MK mijgcuctemMamu. ['padoBi Mojeni MOEIHYIOTh B
co0i XapaKkTepHCTHUKU TpadiyHOTO Ta MHOXHHHOTO IPEJICTABICHHS, a TaKOX (OPMYIOTh
JOTIOMIXHI1 MaTpHIli, SKi 3pyYHO BUKOPHCTOBYBATH Ui aHalli3y, CHHTE3y Ta YIPABIIHHIL..
AKBaItOHHHH KOMITJIEKC - II€ CKJIa{Ha CUCTEMa, 1[0 BKIIOYa€ B ce0e TaKi eJIeMEHTH:
1) Harumk piBHs ocBiTieHocTi; 2) Jdaruuk kucHio; 3) JlaTuuk Bojorocti mositps; 4) Jaruumk
piBHsI Boau pociunu; 5) JlaTuuk piBHs Boau pubu; 6) Jatumk temneparypu Boau; 7) JlaTumk
temrepaTypu noitpst; 8) Jlatuuk mposignocti Boau; 9) Hdarumk pH; 10) Cucrema mrydHoro
ocBiTiieHHs pociuH; 11) Aeparop; 12) Cucrema nonaui kopmy; 13) Hacoc npsimuii; 14) ®inbtp
Bigxonis; 15) BiodinsTp; 16) Hacoc 3BopotHiii; 17) Hacoc 3oBuimmniii; 18) ITigirpis Boau; 19)
[Minirpie nositps; 20) Cucrema mojpavi 10JaTKOBUX MiHepasiB; 21) 3BosoxyBau moBiTps; 22)
PesepByap 3 pubamu; 23) CructeMa aBTOMaTHYHOTO KEPYBaHHs TEXHOJOTTYHHUM Tpoiiecom; 24)
PesepByap 3 pocinaamu.

KoxHa migcucrema, sika BHIUICHA, € BAaXJIMBOK CKJIAOBOI0 aKBAIlOHIKK. AHaTi3 IMX
HIJICUCTEM CHPUATUME OTPUMAHHIO OUIBII MOBHOTO PO3YMIHHS CAMOI'O MPOIECY Ta MOMJIUBOCTI
foro perymoBaHHa. LIngxXoM mNpoBelEeHHS TEXHOJIOTIYHOTO Ta CTPYKTYpPHOTO aHamizy OyB
CKJIaJIeHu! rpad CTPYKTYpH akBamoHHOi cuctemu (puc. 1), me (GyHKIIOHANBHI €EeMEHTH €
BEPIIMHAMH, a 3B'SI3KM MK HUIMH TTO3HAYAIOTHCS YT aMHU.

Pucynok 2 — I'pajpoBa Moe/ib CTPYKTYPH AKBAIIOHHOI CHCTEMU
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V.  OBI'OBOPEHHS

B cTpykTypi akBamoHHOI CHCTEMH BUAULIETHCS IBAALSTH JBI OKpPEMi MIJICHCTEMH Ta TPH
KOMIUTIEKCH: 22 - pe3epByap 3 pubamu, 23 - cucrema KepyBaHHS 1 24 - pe3epByap 3 POCIHHAMH.
Oxpemi miJICHCTEMH, K MTOKa3aHo Ha Puc.1, € He3ane)KHUMH KOMIIOHEHTaMH akBanoHiku. OTxe,
Ui 3a0e3meyeHHs iXHbOi CTaOlIbHOCTI MOTpiOHE OKpeme KepyBaHHA. Lle yckianHioe cam
mpoiiec, aje 3adesrneuye OLIbITy CTAOUIBHICTH CHUCTEMH 1 CHPOINYE BIPOBAIKCHHS CHCTEMHU
KEepyBaHHSI.

[Ticns anamizy rpadoBoi Mozmeni CTPYKTypH aKBallOHHOI CHCTEMH, MATpHUIll IUIIXIB Ta
JOTIOMIdHOI MaTpUIll CTa€ OYECBHIHUM, IO AKBAIIOHHA CHCTEMa MOBHHHA BPaXOBYBAaTH BILIUB
OKpEMHUX KOMITOHEHTIB MiJICHCTEMH Ha 3arajlbHUH pPEXHM POOOTH KOMIUIEKCY, BKIIOYAIOUU
B3a€EMOJII0 MDK pe3epByapoM 3 pubaMu Ta pe3epByapoM 3 pPOCIMHAMH, a TaKOX
(GYHKIIOHYBaHHS KOMITOHEHTIB, SIKI € YaCTHHOK 000X IMJICHCTEM 1 CHCTEMH KEpyBaHHS. 3
ypaxyBaHHSM TOTO, 1110 22 Ta 24 (3rimHo 3 Puc. 1) MOXyTh (yHKITIOHYBaTH HE3aIEKHO, CHCTEMA
KEepYBaHHS Mae€ 3/I1iCHIOBATH KOMITCHCAIIIF0 B3aEMHUX MEPEIIKO]] Ta OKPEMHX (IIYKTYAITii.

VI.  TIEPCHEKTUBHU ITOJAJIBIINX JOCTDKEHD

[Tonanpii TOCHIIKEHHS Y rajly3l aKBallOHIKH CIPUSITUMYTh PO3pOOLi CUCTEMH YIIPaBIiHHS,
IO JTO3BOJHTH JOCSTTH ONTUMAJIbHUX YIPABIIHCHKHX IapaMeTpiB Ta BCTAHOBUTH OallaHC MiX
BIUIMBAMHU BCIX MIJCHUCTEM Ha 3arajbHUid pexuM (¢QyHKHioHyBaHHS. CHCTEMHHMH aHaii3
aKBaIllOHHUX CHUCTEM Jonomarae c(OpMYNIIOBaTH KIIOYOBI eTamu Juisi  3a0e3MedYeHHS
e(eKTUBHOCTI BUPOOHHUITBA: iACHTU(IKAIS CKIATOBHX CHUCTEMH, MOETAIHY OLIHKY BUTpAaT
eHeprii, OLIHKY MPOAYKTUBHOCTI, ONTHUMI3aIlil0, MOHITOPUHT Ta YIpPABIiHHS CHUCTEMaMH, a
TaKOX BIIPOBA/DKEHHS CUCTEMHOTO MiIXOY..

VII. BUCHOBKU

AHati3 103BOJISIE IPUNATH 10 BUCHOBKY, IO PO3TISTYBAHUN 00'€KT € CKIAQAHOI CHCTEMOIO,
IO CKJIAAETHCS 3 22 OKPEMHX MiJICUCTEM 1 TPbOX KOMIUIEKCIB: KOMILJIEKCY 13 pe3epByapoM Uit
pu0, KOMITICKCY 13 pe3epByapOM JUIsl POCIIUH 1 CHCTEMHU KePyBaHHSL.

[IpoBenenns anamizy rpady Ta MaTpullb MUISXIB J03BOJSIE€ PO3POOUTH 1 BIPOBAIUTHU
MPAKTUYHI aCMeKTH YNpaBiiHHA, 30Kkpema: CHIpocTUTH MpoLEeC YIpaBiIiHHS Ta 3a0e3MeunuTH
OULTBIIMI KOHTPOJIb HAJl KOXXHOKO CKJIQJI0OBOIO CHUCTEMH. 3IIHCHIOBATH aHaNi3 MIarHOCTHKU Ta
BUSIBIICHHS MOJJIMBUX HECIPABHOCTEH OKpEeMO I IUX IMJCUCTEM Ta KOMIUICKCIB, IO
JOTIOMarae BYacHO BUSIBIISITH MPOOJIEMH Ta YHUKATH X MOUIMPEHHS Ha 1HIII YaCTUHU CHCTEMHU.
Onrtumi3zyBaTé pecypcu JJis 3a0€3MeUeHHsT ONTUMAIBHOTO (PYHKI[IOHYBAHHS BCHOTO KOMIUICKCY.
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Po3poOka MeTo10JI0T1i aBTOMAaTHU30BAHOI0
TE€CTyBaHHSI MOOUIBHHUX 3aCTOCYHKIB

OctpaxxHoB Bnanucnas

Kagheopa iHpopmauiliHux mexHonoeili
MpukapnamceKuli HayioHaneHUl yHisepcumem imeHi Bacunsa CmegaHuka
IBaHO-PpaHKiBCbK, YKpaiHa

AHoTtanis — Po6ora nprcBsidyeHa po3podui cucTeMH aBTOMATH30BAHOI0 TeCTYBAHHA MOOITbHUX
3aCTOCYHKIB. Y KOHTEKCTi IIBHAKOrO0 POCTY MOOLILHUX TeXHOJIOTiii, 3a0e3mevyeHHs SKOCTI
NPOrpaMHoOro 3ade3meveHHs1 s MOOLIbBHMX IIaTGopM cTae Oedajdi BaKJIMBIIIOI 3agayvero.
PosrusiaoTeest cydacHi MeToaM Ta MiAX0AM [0 AaBTOMATH30BAHOIO TECTYBAHHS, a TaKOXK
NpeAcCTABJIeHA INPONOHOBAHA CHUCTEMA, IO A03BOJISAE e()EKTMBHO BHKOHYBATH TEeCTYBAHHSI Ha
Pi3HHUX MOOIILHMX NPHUCTPOAX TA MIaTdopmax.

Kniouoei cnosa — Inocenepia npozpammnozo 3abesneuenus, Tecmyeanus, Asmomamusoeane
mecmyesanns, Mooinoni 3acmocynxu, Axicmos npozpamnozo 3ade3neuenns.

I. BCTVII

Ha cporoanimHiii neHb MOOUTBHHN TeNneQOH CTaB HEBiJ €MHOIO YAaCTHHOK BEJIHMKOI
KUIBKOCT1 JIOJICH 3aBASKM MOOUIBHMM JO0JaTKaM, BiH JoIloMarae 3a0e3NeYuTH OpraHi30BaHe
KUTTS. [Ipo 11e CBITYUTh HASBHICTH MPOTrpaM JUIsl KOHTAKTIB, BiIMTOBIAHUX MPOCKTIB Ta TMOJIH,
ocobucroi iHpopmarlii y mooinpHuX Tenedonax. Lleit Habip iHdopMmallii MOBHICTIO 30epiraeThes
Ha Hammx TenedoHax 1 MOXKe JOIMOMOTTH HaM IUIAaHYBAaTH JKUTTS, THM CAMHM ITOJICTIIYIOUN
HaJIeXKHE YIpaBIiHHS yacoM. IcHye Oarato mporpam, Taki sIK TOroja, KajJeHJaap 3yCTpiueH,
CIUCKU CIpaB Ta BCl TUNH JAOAATKIB JJIs CIOBIIIEHb, SIKI MOKHA 3alporpamMyBaTH Ha Hail
IHAMBIyalbHI MOTpEOM Ta BHUMOTH, pOONSAYM JKUTTA KOMQOPTHIMIUM, MPOCTIIIUM Ta
nponyktuHimuM [1,2]. Came TOMy akTyaibHICTh PO3POOKH TOJATKIB 3AJTHIIAETHCS 10 IIeH Yac.
Ha ¢oni Benukoi KiMbKICTIO MOAATKIB TUIBKM Maluil BIJCOTOK MOKPUTHUH TECTamH, IO, 5K
HACJTIZOK TPUBOIUTH JO TOSIBU HEIOCKOHAIWHM, HE3py4YHHX abo B3araji MPOJYKTIB, IO HE
MOKHAa BHUKOPHUCTOBYBaTH. JlJisi TOKpaIIeHHS SKOCTI MPOIYKTYy Ta BHSBJICHHS ycix OariB
NOTPIOHO 3BUKOPUCTOBYBATH aBTOMATH30BAHEO TECTYBAaHHS, SKe NIl OUIBIIOCTI pO3POOHUKIB €
HAJTO Yac03aTPATHUM Ta IOPOTHM.

ToOTo akTyanbHHM € po3poOKa CHCTEM aBTOMAaTH30BAHOTO TECTYBAHHS, SIKi JI03BOJISIOTH
3MEHIIUTH 4Yac CTBOPEHHS Ta BUKOHAHHS CaMHUX TECTIiB, 110 B Pe3yJbTaTi JO3BOJIUTH OXOMHUTH
3HAYHY KUIbKICTh T0JaTKiB [3].

1. AHAJII3 OCTAHHIX JJOCJIIJKEHB 1 ITYBJIIKALIIA

B pesynbraTti mpoBeieHOro aHalizy MyOJiKamiii Ta MiIXOAiB 10 aBTOMAaTH30BAaHOTO
TECTyBaHHs, OyJI0 3Hal/JIeHOro METOAMKY, sKa BKJIIOYae B cebe BHUKOpHCTaHHs Appium
npaiiBepa, ¢peiimBopka TeStNG Tta moBu nporpamyBanHs Java. OcoOIMBOCTAME Ii€] METOAUKH
€ HAalMCaHHSA TECTIB TOCIIZIOBHO 3apaxyHOK MPOIMUCYBaHHS HampsAMy I1IE€HTH(IKaTOpiB Yy
TECTOBOMY KJIaci, JaHWil crnocid jomoMarae y HamMcaHHI JEKUIbKOX IIBHUIKUX TECTIB JUIs
NEePEeBIPKH JEIKOro (YHKIIIOHATY, aje 1€ HaJATO JIOBro MpH HAlNHMCaHHI OUIbIIE TMSTH TECTIB.
TakoX OAZHMM 3 MIHYCIB JIaHOTO METOAY II€ CTBOPEHHS IIMX CAMHUX aBTOTECTIB 0e3 3aBYacHO
NPOJYMaHHS Ta HAITUCAHHS TECTOBOTO IUIAHY, IIO YaCTO MOXE MPHU3BECTH J0 MAJIOTO BiJICOTKA
HOKPUTTSI MOOLTBHOTO 3aCTOCYHKA TECTaMHU.
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OcTraHHIM MIHYCOM Y 3HAWACHIA METOIMII SBJIAETHCS 3alyCK TECTIB y TOCIITOBHOMY
peKUMi, 3aMiCTh TMapaJieIbHOTO, LI0 CYTTEBO CIIOBUIbHIOE BUKOHAHHS aBTOMAaTH30BAaHOTO
TECTyBaHHs. BiNMOBIIHO aKTyalbHICTh BIPOBA/PKCHHS METOAOJIOTII B aBTOMAaTH30BAaHOMY
TECTyBaHHI, sika 0 3MEHIyBaja yac Ha HAIMCAHHS aBTOTECTIB Ta iX BUKOHAHHS, a TaKOX Oyna
a0COJIIOTHO 3pO3yMiJia IS CIICHIAIICTIB Yy LiK cdepi, € Ay’Ke BUCOKOIO.

1. METOA1

OcHOBHa MeTa IMPOMOHOBAHOI METOJWKHU TOJISATaE y CKOPOUYCHHI 4Yacy Ha HaIHMCaHHS
ABTOMATHU30BaHUX TecTiB. OCHOBHUM KpPUTEPIEM, IO CBIAYUTH MPO €(PEKTUBHICTH MPOBEIACHOTO
JOCITIJIKCHHS, € 3aTPaTh 4acy HAIMCAHHS aBTOTECTIB 3TiJHO CTAaHJIAPTHOI METOJMKH Ta 4acy, 3a
SIKMI MOKJIMBO HAIIMCATH Ti CaMi TECTU 3 BUKOPUCTAHHSAM IPOIIOHOBAHOI MeTOA0OTii. OaHUM 13
KJIIOYOBUX €JIEMEHTIB METOJIOJIOTIi, 10 CKOPOTHTh Yac aBTOMAaTH30BAaHOTO TECTYBAaHHS SIK
TaKOT0, MOJIATAE Y 3aIyCKY TECTIB IMapajesIbHO.

IV. PE3VIJIbTATHU

[lepmum kpokoM OyJio TPYIyBaHHS BCiX CTOPIHOK 3aCTOCYHKY IO KJiacax, IO Ja€ YiTKe
PO3yMIHHS PO3TAITyBaHHS BCIX EJIEMEHTIB 1 CTOPIHOK JIOJATKy, Ta JO3BOJSE MPOIUCATH
JIOKaTOpH TUTBKA OJMH pa3 Ul €JNEeMEHTIB Ta Mi3Hille iX MepeBUKOPUCTOBYBAaTH OaxxaHy
KUTBKICTH pas3iB.

JlpyruM KpOKOM TiJICS TPYIyBaHHS KJaciB, MPOBEIEHO MOMEpPEAHI0 iHiIiami3alio Ta
CTBOpPEHHS HEOOX1THUX METO/IB, 1[0 3MEHIITY€ KITbKICTh KPOKIB JIO HATUCAHHS 0€3I10CePeTHBO Y
TECTOBOMY KJaci, iX IOBTOpPEHHS Y pa3i NEepEeBUKOPUCTAHHS Ta HEAKTYalbHICTh IOLIYKY
imeHTr(iKaToOpiB Y TECTOBOMY KJIaci, Tak SK yci ieHTu(ikaTopu Ha MOTPiIOHUX CTOPIHKAaX BXKe
OyJu mpomKcaHi Ta 3HaAHCHI.

Tperim KpokoMm OyB 3aBYaCHO HANHMCAaHUI BPYYHY TECTOBHM IUIAaH Ta TECTOBI CLEHApIii,
AKl CTPYKTYpPYIOTh HallUCAHUN TECTOBMM Kjac, HOro MOpsIOK, BIICOTOK MOKPUTTS 3aCTOCYHKY
TECTaMH 3 PI3HUMHU KelicaMH, SK HETaTUBHUMH, TaK 1 IO3UTHBHUMHU III0 BiOOpa’kae W4iTKUH Ta
3pO3yMLIH TOPSIOK TECTIB.

YerBepTuM Ta (iHATBHUM KPOKOM OyJIO BIIPOBAKEHO MapalieIbHUI 3allyCKy TECTIB, 10
JIO3BOJIMJIO B KiJIbKa pa3iB 30UIBIIUTH MIBUIKICTh BUKOHAHHS TECTIB MOPIBHSIHO 13 MOCTITOBHUM
METOJIOM 3aITyCKY.

V. ObBI'OBOPEHHA

3anponoHoBaHa MOJ€b, 3TIHO OTPUMAHUX pe3yJbTaTiB, J03BOJILE PO3POOJATH Ta
BUKOHYBaTH aBTOTECTU LIBUIIE Yy MOPIBHSIHHI 13 TPAAULIMHUMU MiAXoJaMH. SIK HaCHiJIOK, e
JO3BOJIUTh OXOMHUTH OLTBIIMKA BiJICOTOK MOOITBHUX 3aCTOCYHKIB, MOKPALIUTH iX SKICTh, 00
JTO3BOJIMTH 3MIHUTH CTaBJICHHS PO3POOHUKIB JI0 CHCTEM aBTOMAaTH30BAHOTO TECTYBaHHS SIK IO
HEOOX1JJHOI Ta HEBIAEMHOI YaCTUHHU PO3POOKH MOOUIBHOTO 3aCTOCYHKY.

3riHO TPOBEAECHMUX JOCTII)KEHb Ta BUKOPHUCTAHHS METOJIOJIOTII 3allpOlOHOBAHOI B
1HTepHEeTI Ta po3pobiaeHoi MeToo0ril, OyJI0 BUKOHAHO HAIMMCAHHS aBTO TECTIB Ta iX 3aIlycK 3
OJIHMM 1 TUM CaMUM CI€HapieM, BIAIOBIIHO /10 IIMX Pe3yJbTaTiB Oysi0 CTBOpeHO aiarpamy 5.1,
Jie OIliHKa 5 € HaiiBuor0 Ta 0 BiANOBIAHO HAWHIKYOIO.
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[iarpama nopiBHAHHA eEKTUBHOCTI ABOX METOA0/OrIN

4
3
2
1
0
LLIBMAKICTb HANMCaHHA BigcoTok nokputTA Yac Ha OCBOEHHA Yac BUKOHaHHA aBTO TeCTiB
aBTO TECTIB TecTamm meTozonorii

m CTaHgapTHa MeToLo/10riA M BnpoBageHa MeTo00risA

Hiarpama 5.1 — [1opiBHsAHHS €(EKTUBHOCTI ABOX METOOJIOTIH

3rilHO MpEeJCTaBJIEHOI JiarpaMd MOKHA 3pOOUTH BHCHOBOK IO METOAOJOTIS Jae
BEJIMKHIA TIPUPICT B €(hEKTUBHOCTI IS KOKHOI 3 METPUK, OKPIM Yacy Ha OCBOEHHS METOMOJIOTI],
aJpke BCe TaKU BOHA € KPAIIOK 3a CTaHAApPTHY 1 TPOXM CKIAJHINIA BiANOBIAHO, aje 3TiAHO
OLIIHKM BTPATH HE € CyTTEBUMH. TakoX HEOOXiIHO 3BEpHYTH yBary Ha IMyHKT “Yac BHKOHaHHS
aBTO TECTIB”, Y BOPOBAKEHIM METPUIIl JIe BUKOPUCTOBYETHCS MapaiebHUM 3aMyCK aBTO TECTIB
OyJl0 BUKOPUCTAHO BJIACHUHA KOMII'IOTEp, BIAMOBIAHO TPH BHUKOPUCTAHHI TOTYXKHIIIOTO
KOMIT'}0Tepa ILIBUJKICTh BUKOHAHHS aBTO TECTIB MOXKE€ 3pPOCTH MOPIBHSHO 3 IOCIIJOBHUM
3aITyCKOM TECTiB.

VI. IIEPCIIEKTUBU ITOAAJIBIIINX JOCIIII)KEHD

HactynmHuM KpoKOM jisi TIOKpAIIeHHS MPOIOHOBAHOI METOJOJIOTiT MOKe OyTH IMOBHA
peaizailisi yTHIIITH, sIKa BKITIOYaina Ou B cebe yci BimactuBocti Appium server, Appium inspector,
Browser Stack Ta MmoxiHBicTh BitoOpakeHHs iIeHTH(IKaTOPIB €JIEMEHTIB NP BiICYTHOCTI id.

VII. BUCHOBKH

[TpoBeneHi MOCTiKEHHS TO3BOJIMIIN Pealli3yBaTH METOJIOJIOTII0, IIBUAKICTh HATTMCAHHS
Ta BUKOHAHHS aBTOMAaTHU30BAaHOTO TECTYBAaHHS 3aBISKU 4 3alpONOHOBAaHUM KpPOKaM, 3HAYHO
3pocia. IlepmuM KpokoM Oyjo dUiTKe TpyIyBaHHS KIAaciB Ta 3aBYacHE 3HAXO/DKEHHS
1IeHTH(IKaTOpIB €NEeMEeHTIB, APYTUM - IHIIIami3alis KIaciB Ta CTBOPEHHS METOMIB s
MOJAJIBIIINX aBTOTECTIB, TPETIM - PO3POOKA YITKUX CIIEHAPIIB 3TiHO SKUX MUIITYTHCS aBTOTECTH
Ta YeTBEPTHUM - TapaielbHUN 3alyCK TECTiB.
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Abstract— The article considers a method of forming a stream of secret matrix keys in the form of
permutation matrices. On the basis of consideration of the advantages of matrix models and
cryptosystems for masking video frames, the urgent need to form a stream of secret matrix keys
(MKSs) is stressed. It is shown that, taking into account of crypto-transformations in matrix affine-
permutation ciphers, a number of keys in the form of permutation matrices (MPs) are required for the
successful use of the latter in frame masking tasks. To solve this problem the article proposes a
approach of generating a series of MKs (MPs). The method is based on the use of a series of crypto-
transformations of the base key using affine encryption while changing the keys of this cipher in
accordance with the generated random sequence. Functionality and advantages of the proposed
method are demonstrated by model experiments in the Mathcad, screenshots from the created
modules. The properties of a set of generated MKs (MPs) were investigated using mutual correlation
and equivalence normalized functions. Adequacy and stability of the method were confirmed. The
advantage of the method is the focus on parallel processing, ease of adaptation to different formats of
images, isomorphism of visualization of keys.

Keywords—Cryptography transformations, Secret matrix key, Permutation matrix, Keys stream, Matrix
model, Encryption-decryption, Masking of video frames, Cipher, Spatial equivalence function.

I. INTRODUCTION
A Review of the publication

Today, the most prevalent type of data used in various fields, including industry, science,
technical development, and everyday life, is digital visual information in the form of images and
video frames. A vast number of documents containing scientific, technical, educational, and other
data include diverse images of objects, diagrams, schematics, drawings, and photographs, both
halftone and color [1-6]. Cryptographic methods for protecting information must be used today in a
significant number of information technologies and areas of their application. These areas include
the Internet of Things (loT), intelligent sensors and devices for collecting, processing and
transmitting information, microcontrollers and devices for diagnostics and monitoring in medicine,
military equipment, RFID tags, network information and communication technologies, geo-
information systems for remote monitoring [4-7].

Taking into account the diversity and specificity of these areas, different requirements are
placed on cryptographic algorithms, models and systems. But there are also general requirements,
such as stability and sustainability. The latter in most known cryptosystems significantly depend on
the quality of the generated keys, for example, the gamma in stream ciphers [4, 6-9]. Determining
the randomness and characteristics of the generated sequences is one of the priority tasks. A good
generation of a pseudo-random sequence is one for which it is impossible to predict the next values
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without knowledge of the seed, knowing the entire history of previous values. There are known
works in which the statistical properties of pseudorandom sequences generated by the
corresponding stream cryptographic algorithms and their hardware and software implementations
were studied. Independent testing by the authors of the properties of such algorithms and generators
in identical universal conditions made it possible to obtain objective and independent results of a
comparative analysis and substantiate the principles of creating a new stream cryptographic
algorithm, which can be the basis of the national standard of Ukraine [8, 9]. This is explained by the
fact that the study of the “Strumok™ algorithm, developed by Ukrainian scientists, showed that its
statistical and other characteristics correspond to the best algorithms in the world [8. 9]. And
therefore, in our work, we will show how to build new pseudo-random streams based on such
generators, but not simple bit or numerical values, but secret keys of a special format

Despite the diversity of such information and the formats in which it is presented, all these text-
graphic documents (TGD) are represented as sets of page images or their fragments, which are
stored and displayed using various devices, including computer monitors and displays.

And this will make it possible to process large data sets or whole streams of video frames at an
accelerated pace, to solve new and more complex tasks. The main aspect of relevance is the
improvement of the basic characteristics of transmission processes, protection against unauthorized
access and information hiding in telecommunication systems based on matrix models, their new
transformation procedures. One of the urgent issues is the study of the prospects for the application
of matrix models and transformations in algorithms for compression, masking of images and video
frames, which requires separate research. Solving this issue will significantly increase the security
of transmission of digital visual information in telecommunication channels.

The constant increase in the bandwidth of information transmission channels and the speed of
its processing in communication systems, in hardware and software accelerators and computer
architectures is compensated, firstly, by the constant growth of the volume of both public and
confidential visual digital information, and secondly, the increasing requirements for the
dimensionality and resolution of such information. This leads to the necessity improving, and often,
revising the foundations of building methods and means of transforming such information in objects
of distributed systems.

The fundamental image processing operations include compression and protection against
unauthorized access and the influence of natural and artificial factors, and for this purpose, matrix
transformations such as orthogonal and affine transformations are used.

Today, researchers are showing significant interest in discrete matrix transformations of
information, both in a general context and in the realm of cryptography, for information encryption
and protection. Expanding the set of basic matrix operations allows for selecting the most suitable
operation for a specific task, and modern processors and programmable logic contribute to the
implementation of these operations at the hardware level, enabling more efficient processing of
large volumes of data, TGD, and video streams.

However, the primary challenge lies in enhancing the transmission, protection, and
concealment of information in telecommunication systems using matrix models, their operations,
and transformations. One of the urgent problems is the research and assessment of the possibilities
of using an extended family of matrix models and transformations in algorithms for compression,
hiding and protection of visual data, taking into account their features and properties. This requires
additional research. Solving this problem will help to significantly increase the security of
transmission of digital visual information through telecommunication channels.
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Development of a method of frame-by-frame masking matrix transformation of visual data to
protect against unauthorized access when storing images or video files and transferring them in
open communications is a very urgent task, which has already been studied at the level of crypto-
transformation models of individual images or individual frames. However, for the direct or reverse
crypto-transformation of the entire flow of frames or image matrices based on new matrix models,
additional research is required.

The solving of such a task, as forming a series of frame-by-frame masking encryption-
decryption keys is required.

Advantages of cryptographic transformations (CT) of textographic documents (TGD) with
visas, signatures, images (1), tables, diagrams, etc., in cryptosystems of the matrix type (MT) [10,
11, 13, 14] based on algorithms and matrix-algebraic models (MAMs), including generalized matrix
affine and affine-permutation ciphers were demonstrated in works [11-15].

Modifications of MAM were used in the creation of blind and other digital signatures [16], they
allow checking the presence of distortions in cryptograms of black and white and color images,
their integrity [11], creating block [13-14], multifunctional parametric models [13], multi-page [14]
and investigate their stability characteristics. The basic operations of MAM are element-by-element
multiplication, addition modulo matrices, and matrix permutation models (MP_M) with matrix
multiplication procedures.

For security purposes technologies of cryptography, tools for CTs and protocols for the
formation of keys and their exchange [15-17] are used, but only small part is devoted to methods
oriented on matrix models (MMs) [10] and tools. In work [15] generalized algorithms for CTs, so-
called matrix affine-permutation ciphers (MAPCs) based matrix affinity ciphers (MACs), were
proposed. The results of simulation [9] of CTs used such MMs have shown their significant
advantages: greater stability, increase in speed. In our works based on of MACs the algorithm for
creating digital blind signature (DBS) is proposed.

To implement cryptographic transformations, it is necessary to produce byte matrices,
permutation matrices, and image matrices representing characters, codes, and bytes through
permutations. To achieve uniform alignment of histograms of image spectral components and
increase the entropy of the image cryptogram using matrix-algebraic model transformations, the
decomposition of R, G, B channels and their bit components is required [18, 19]. This necessitates
the generation of numerous matrix keys and vectors. In other words, there is a need to develop a
series of matrix transformations and keys to address these tasks.

B Problem Statement

Creation of generators of sequences of random numbers evenly distributed in a given interval is
one of the main problems of developing information protection systems. Generating long random
sequences is one of the important problems of classical cryptography [16, 17]. Pseudorandom
sequence generators (PSGs) are widely used to solve this problem. Generators of pseudo-random
sequences must meet certain conditions [16, 17, 20, 21]. Sequences obtained with their help should
have a uniform distribution (or at least close to uniform). This means that the number of zeros in the
generated binary sequence should be approximately equal to the number of ones contained in the
sequence.

The gamma must be unpredictable, which means that it is impossible to predict the next bits of
the sequence (gamma) by the previous segments of its bits, even if the type of the generator or the
algorithm of its operation are known. To create an almost unpredictable gamut, it must, at a
minimum have a very large period and a uniform law of distribution of bits or possible values of
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numbers or code words from the alphabet, in general, over the entire length of the gamut. In
addition, the random values that make up the generated sequence must be statistically independent.
This requirement means that there should be no correlation between individual bits and between
groups of bits. These requirements are provided by the application of one-sided and
computationally complex mathematical problems, for example, quadratic remainders modulo, the
complexity of solving the problem of factorization of numbers. In order for the generator to be
efficient, it must generate a very long sequence in the shortest possible time. For real-time systems,
this requirement is particularly important. At the same time, for the use of generators in
cryptography, they must be resistant to various attacks and non-standard situations and have a
sufficiently long sequence period.

Protocols for creating keys in the form of a bit sequence and the mathematical foundations of
such protocols are considered in works [21-23], but they only partially consider the creation of
permutation matrices, or simple bit sequences.

At the same time, in this paper, we solve the problem of generating a sequence of permutations
in their various isomorphic representations, not numbers or bits, as in traditional and well-known
HPPs. We can use the latter only as arguments or seeds, based on of which a tuple-flow of vectors
is formed, which are essentially permutations, or matrices of permutations, which are an isomorphic
representation of permutations.

Since in [15, 17], the issues of coordinating only the main matrix permutation of the general
type were considered, and not a sequence (stream) of matrix permutations, the aim of this work is to
model and study the processes of creating a sequence of matrix permutations for matrix-algebraic
methods of cryptographic transformation in matrix-based systems, as well as to analyze the
statistical and correlation characteristics of this sequence.

Il. PRESENTATION OF THE MAIN MATERIAL AND RESEARCH RESULTS

Let's consider a situation where we use matrix permutations (MP) for cryptographic
transformation of data blocks of size 256x256 bytes, which can be represented as either grayscale
images or vectors of length 256 bytes (2048 bits). These matrix permutations and the processes of
their creation are described in references [10, 15], which also provide detailed instructions on their
generation and use for cryptographic transformations.

Since each data block undergoing multiple rounds of cyclic cryptographic transformations
requires its own sequence of matrix keys (MK), there is a need to investigate the process of efficient
and reliable generation of such a sequence of MK in the form of MP. Let the number of these MK
also be equal to 256.

In Fig.1 the results of modeling the process of generating a sequence of MK for such a case,
performed in Mathcad using formulas and MP matrices are shown. If the main MK is a randomly
generated matrix permutation KPX (Fig. 1), it is uniquely mapped to a vector permutation V_KPX
with 256 components, as well as in the form of an image or a matrix of bytes of size 16x16. An
important feature is that all 256 intensity levels in this image are unique.
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xa = 17 xm = 13 vai=7 vm = 5
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KPX-255 C _MEKa- 253 C MEKm-235

Fig. 1. Results of modeling the processes of generating an set-stream of MKs (MPs).

By utilizing the coordinated scalars xa and xm, raised to the power, we obtain two additional
matrices, denoted as C_MKa and C_MKm (see Fig. 1), along with corresponding vectors denoted
as V_CMKa and V_CMKm. These matrices and vectors, together with the vector V_KPX (which is
the vector representation of KPX), are depicted in Fig. 2. Histograms of all these vectors (primary
ones!) are horizontal lines, just like the vector representations of the created permutations, which
are formed from V_KPX using an affine cipher and a pair of their vector components from vectors
V_CMKa and V_CMKm (additional and multiplicative components).

These generated permutations are also represented as binary matrices, for example, KeyCmaP
with a size of 256x256 (see Fig. 1), and labeled as KeyCmaP1-254.

In Fig. 3 Fragments from Mathcad windows are shown. Since the histograms of all PMs (their
vectors) are horizontal lines, and their entropy is equal to 8 bits, crypto-analysis based on them is
impossible. In addition, the main and two auxiliary MKs are secret, allowing only parties to the CT
to create or have this series of MKs (PMs). In principle, only the master and the aforementioned xa
and xm scalar keys can be secret or negotiated parties. To study the quality of MKs (PMs) of the
created series, to study their properties, we calculated all their possible mutual-correlation and
normalized equivalence functions, which in Fig. 4 the Fragments from Mathcad windows are
shown.

Note that the obtained results and their comparison also indicate that mutual-equivalence
normalized functions are better than mutual-correlation functions. For better perception and more
effective transmission of basic MK (PM) and the sequence of created PMs, the latter are converted
with the help of software modules into color or black and white image, shown in fig.5 and can go as
frames of a video stream (colored image corresponds to three basic MKSs).
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0 50 100 150 200 250

Fig. 2. Basic MKs for forming an array of MKs (MPS) in vector representations.

Since the histograms of all permutation matrix (their vectors) are horizontal lines, and their
entropy is 8 bits, this means that cryptanalysis based on them becomes practically impossible.
Furthermore, the main key and the two auxiliary keys are strictly confidential, allowing only
authorized parties to create or have access to this sequence of matrix keys (MPs). In general, only
the main key and the aforementioned scalar keys xa and xm can be secret or agreed upon parties.

To assess the quality of the created sequences of matrix keys (MK) or matrix permutations
(MP), we calculated all possible normalized cross-correlation and equivalence functions. These
results are presented in fragments from the Mathcad program in Fig. 5-6 and confirm the high
quality of these sequences. It should be noted that the comparison of the obtained results indicates
the superiority of normalized equivalence functions over cross-correlation functions.

Observing Fig.s 6-7, one can notice that one of the matrix keys (in this experiment, the 200-th)
has a similar appearance to another key. However, this can be explained by the fact that in this case,
xm equals "1." This similarity can be easily eliminated by reducing the number of matrix keys in
the sequence from 256 to 255, as specified in the chosen modeling and described in this context
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Fig. 3. Histograms of vector representations of basic and some generated MK (MP).
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Fig. 4. Mathcad window fragments: one of the key generation procedures (left) and vector

representations of some (zero-th, first, 255-th) generated (right) MK (MP).
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Fig. 5. Formulas from Mathcad window and representation of auto-correlation function
CFa_Cma and cross-correlation function CFv_Cma depending on cyclic shift, displacement of
elements in the MP vectors.
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Fig. 6. Formulas from Mathcad window and form of cross-equivalence functions CFv_CmaG
depending on the MP number (i) and cyclic shift, displacement of elements in the MP vectors.

For ease of comprehension and more efficient transmission of the main matrix keys (MK) and
sequences of created matrix permutations (MP), the latter are transformed into color or grayscale
images using software modules, as shown in Fig. 7. These images can be transmitted as frames of a
video stream (color image corresponds to the three main matrix keys). The BP_MAPC simulation
with the generated keyset was done using Mathcad. Windows for GT simulation will be presented
in the report. The essence of BP_MAPC is to apply to blocks, as a set of bytes (PIC_S), procedures
for pixel-by-pixel multiplication / addition modulo with MK (direct / inverse). Simulation of the
processes of direct / reverse CT TGD, images confirm the correctness of the models.
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Fig. 7. Mathcad window fragments: Matrix representation of basic MK and a series of MPs.

In order to improve the algorithm, we propose to apply various current MKs to blocks and
increase the size of MKs, blocks up to 256x256 bytes. Thus, the idea of BP_MAP ciphers of CT is
to use the functional dependencies of their parameters on block indices and additional vector keys
(VC). MP in the generally accepted form should be square with elements N x N (0" or "1"), where
N = 216, The power of the set of MPs, that is, their number, is estimated as N!, which gives huge
values. Each block address can be represented by two bytes denoting two block coordinates. In [24,
25] questions were considered of creating by the parties a secret MMK of type P with isomorphic
representations and the synthesis of set number of sub-keys of a similar type from it (will be
covered in the report).

I11. DISCUSSION

Within the framework of this work, the set goal has been achieved, namely, a method for
generating a stream of a special type of keys for masking video frames is described. At the same
time, some aspects important for further expansion of areas of use remained unexplored. This
includes testing the created sequence and its resistance to various types of attacks.

IVV. FUTURE RESEARCH

In future research, it will be possible to address these important questions and perform a series
of simulations to test the quality of the generated streams for the masking processes of real video
files.

V. CONCLUSION

A method of generating a series of matrix keys in the form of permutation matrices and their
isomorphic representations, which are necessary for multi-page, block, matrix affine-permutation
algorithms and matrix-algebraic models of cryptographic transformations, is proposed. The method
is modeled in Mathcad. The properties of the pseudo-random sequence of generated matrix keys in
the form of permutation matrices are investigated using mutual correlation and equivalence
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normalized functions, and the advantages of equivalence versus correlation are shown. The obtained
results confirm the adequacy and reliability of this method.
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Abstract—T he scientific work is devoted to the improvement of models for forecasting the use of energy
resources based on machine learning. The study included the application of various methods and
algorithms of machine learning, among which the approach based on random forests turned out to be
the most effective. As a result of the application of this method of prediction, development, and
application of additional features, it was possible to achieve an improvement in accuracy compared to
other algorithms. This shows the high potential of using machine learning to optimize the use of energy
resources in household conditions.

Keywords—Machine Learning, Random Forest, Forecasting the use of energy resources, Feature
engineering.

I.INTRODUCTION

In the modern world, the problems of energy efficiency and rational use of energy resources are
relevant to the development of society. The need for accurate forecasting of utility consumption is
due to many factors. From an economic point of view, such forecasting will improve the efficiency
of households. It will allow you to plan and manage your expenses. If necessary, optimize the use of
housing and communal resources. This is even more useful when there are several households in the
property, and then the management of all utility services becomes exponentially more difficult.
Taking into account the growth of the number of household consumers and the increase in their needs
for electricity, gas, water, and other energy resources, it is necessary to ensure their efficient and
rational use.

I1.RELATED WORK

In recent years, interest in the use of machine learning methods for the classification and
regression of energy consumption has increased. Konstantin Hopf [1] investigates the problem of
classification of the efficiency of energy consumption based on data on monthly electricity
consumption. He developed new geographic and weather-based features and then trained and
compared single, ensemble, and hybrid models with single-family home data. In works [2, 3], various
models of deep learning models were used for data processing and forecasting: Deep Fully
Connected, Convolutional, and Long Short-Term Memory Neural Networks. In particular, the energy
consumption forecasting approach proposed by the authors of [2] can predict monthly energy
consumption with an absolute error of 31.83 kWh and a relative error of 17.29%. A review of the
literature indicates a good potential for the use of machine tools for forecasting the energy
consumption of residential buildings. In particular, neural network methods, support vector machine,
and ensemble methods (mainly XGBoost and random forests) were the most popular algorithms due
to their powerful capabilities to solve complex nonlinear dependencies between different parameters.
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I11.METHODOLOGY

Since the data on the consumption of communal resources for households is confidential
information, such data are not publicly available. Therefore, to collect such data, a questionnaire was
developed that contains the following questions: date, gas and electricity consumption during a given
month, household area, number of people living in a given household, settlement. Using this method,
gas and electricity consumption data were collected for 2 years for 7 households.

Spatial-temporal measurements of consumption data allow additional data sources to be added
to reveal hidden information from environmental data. Environmental information, such as weather
observations, has a significant impact on energy use and can help remove environment-related
variations in the data (e.g., energy consumption suddenly increases as temperature drops). Because
the captured data is time-stamped and geo-located, it can be associated with weather conditions.
Previous research [4] found a positive correlation between electricity consumption and weather data.

Each of the categories of communal services has at least annual data on the consumption of the
corresponding resource. Even this small piece of information contains valuable details about
customers, but it needs to be further processed to extract information. Annual consumption
information is usually derived from manual meter readings. Since the number of days in each month
is different, the time intervals of measurements may differ. Thus, the first goal of data preparation is
to bring this information together. The second purpose of data processing is to remove redundancy
from the data. Namely, the fact that consumption data over successive years are highly correlated
since household characteristics and consumption behavior do not change much over time. The
observation that consumption values are correlated across several years is supported by theory, as
household characteristics and people's living situations — the main causes of energy or water
consumption — do not change much over time [5]. A third purpose of feature extraction from annual
data is to include information about other customers in the variables for analysis. To understand this,
it is useful to set the consumption of each household in relation to the consumption of neighboring
households. To achieve the three objectives of data preparation, the following characteristics are used:

e normalized consumption per day;
e annual consumption trend;

o the deviation of the mean (logarithm) consumption to the mean consumption of all
neighbors, expressed as a multiple of the standard deviations, to quantify the household’s
consumption deviation from its neighborhood.

Investigating the seasonality of energy consumption, one can see a clear annual cycle. When
dealing with a characteristic such as the "Month", which has an annual seasonality, it is customary to
present it in such a way as to reflect its cyclical nature. One effective way to do this is to use sine and
cosine transformations:

1)
(2)

MonthSin =sin (Z*E*m) ,

MonthCos =cos (Z*H*m) ,

where m - month index.

Incorporating these transformed features into our machine learning model should help capture
annual seasonality more effectively than using raw "Month" values. This approach prevents the model
from treating December and January as very distant points, although they are close in a cyclical sense.

Figure 1 shows all the features used to train machine learning models.
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Figure 1 — List of all the features used for forecasting

Next, a study was conducted on how different machine learning methods cope with the
forecasting of electricity and gas consumption. A cross-validation method was used to calculate the
performance indicators, namely 80% of the data was used for training and 20% for testing. Indicators
were calculated using mean absolute error (MAE) and mean percentage error (MAPE):

n . .
MAE = Yi=1 lactual; forecatl|’ (3)
n
n lactual;—forecat;|
i=1 ;
MAPE == R — % 100, (4)

where n — number of values, actuali— actual value, forecast; — forecast value.

IV.RESULTS
Table 1 shows the cross-validation results of various machine learning models.

Table 1 — Cross-validation results of electricity usage forecasting

Method MAE MAPE
Linear regression 18.154 18.43%
Decision tree 22.333 22.25%
Random forest 17.137 17.13%
XGBoost 20.763 20.43%
Support vector machine 19.651 24.72%
Feedforward neural network 22.734 23.19%

As we can see, random forests showed the best result on the prepared data. Figure 2 shows the
results of 1 month-ahead forecasting for one consumer for the period from November 2022 to October
2023.
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Figure 2— Graph of predicted and actual electricity consumption for one user.
Forecasting gas usage showed a slightly worse result. The random forest method was also the

most accurate with a result of 24.2%. In fig. 3 shows the forecast of gas consumption for one
consumer for the period from November 2022 to October 2023.
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Figure 3— Graph of predicted and actual gas consumption for one user.
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V.DISCUSSION

A study of the accuracy of forecasting for the given models was conducted, which allowed us to
conclude that in the conditions of a limited amount of dataset for model training, the minimum
forecasting error is given by the method of random forests. Due to feature engineering [6, 7], managed
to improve the accuracy of electricity usage prediction by 1% compared to [2], using the same dataset
for both models. It is also worth noting that fewer computing resources are used to train the model
using random forests and make predictions.

VI|.FUTURE RESEARCH

Considering the small amount of data sample for model training, it is necessary to investigate the
behavior of the proposed approach on more voluminous data. It is also advisable to investigate in
more detail the influence of various holiday periods, such as Easter, on the consumption of energy
resources.

VII.CONCLUSION

The article investigates the accuracy of energy resource consumption forecasting using various
machine learning models under the conditions of a limited dataset. Using feature engineering,
accuracy was improved, and the use of random forests reduced the computational complexity of the
prediction.
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BuO1p HeyHKIIIOHATLHUX BUMOT IIPpHA PO3pOOITI

IIPOrpaMHOI0 3a0€31eUCHHS
Bonogumup Kimak

Kageopa ingpopmayiiinux mexnonoeii
Ipukapnamcoxuii HayionanbHull yHieepcumem imeni Bacuns Cmeghanuka
IBano-®paHKiBCHK, YKpaiHa

AHoTanis—B g1aHomy mociifKeHHI MpoaHaai30BaHO npouec BHOOPY HeyHKIIOHATLHMX BHMOT NPH
po3po0ui mporpaMHoro 3ade3meyeHHsl. 3aNpPONOHOBAHO HOBHUM MeTO] /Ui BU3HAYEHHSI JKepesia
He(pyHKIIOHATBHUX BUMOT, IKHH 0a3y€eThcsl HA BIAOMHUX apaMeTpax MPOeKTy.

Kniouoei cnosa — Po3podka npozpamnozo 3abde3neuennsa, 30ip ma ananiz eumoz, Hepynxuyionanoni
eumozu, Ilapamempu ma oomesxicennn npoexkmy, Axicmo npozpammnozo 3ade3neuenns.

I. Bcrynn

Bumoru io0 mporpamHoro 3abe3rnedeHHs (aHrI. Software requirements) 30cepeKyIOThCS Ha
notpebax, SfKi MOBHHHI BHPINIYBaTUCA LIMM IMPOTPAMHHUM 3a0€3MEUYEHHSAM HOro MOTCHIIMHUMHU
KOPHCTYBa4aMH, a TaKOX MICTHTH BJIACTHBOCTI, SKOCTI Ta KOHKpeTHI ¢yHkuii [1]. IIpu po3poodui
OpOrpaMHOro  3a0e3NeueHHs HalmepmMM KpOKOM € 30ip Ta BH3HAUY€HHS BHMOT 3
HaAMPI3HOMAHITHIIIKX JOKepen iHdopMarlii, Takux sIK Marepianu Oi3Hec-aHATITHKIB, JEKOMITO3HLILS
3aBIaHb Ta (PyHKIUIN, TeXHIUHI criBOeciau 3 Oi3Hec-eKkcrnepTaMu, ab0 BiAMOBIJAILHUMU 0CO0AMU 3a
neBHU HaOip 3aBnansb [2]. Lle oguH 3 HAMBaKIMBIIIMX KPOKIB, OCKUJIBKH BECh MPOIYKT 3aJICKUTh
Bi 3i10panmx Bumor. Ilicns Ttoro, sk BuMoru OynyTh 3i0paHi, BOHM aHANI3YIOThCA 1
JOKYMEHTYIOThCS B CHEIHM(iKallii BAMOT JI0 MPOTPaMHOTO 3a0e3redeHHs. BUMOrH MOXKHA TIOUTUTH
Ha JIBI TPYIH, TaKi K (QyHKIIOHANbHI Ta He(YHKIIOHAIEHI BUMOTH.

OyukmionanbHi Bumoru (anra. Functional requirements) - me mepenik ¢yHkiiin ado
CepBICiB, SKI MOBMHHA HA/IaBaTH CHCTEMa, a TaKOXX OOMEXEeHb Ha JlaHl 1 MOBEAIHKY CUCTEMHU IpHU
ixHpoMy BHKOHaHHI. Chernudikanis (yHKIIOHAIBHUX BUMOI - ONUC QYHKIIH Ta iXHIX
BJIACTUBOCTEH, SIKI HE MICTATh y cOO1 MPOTHPIY 1 BUKIIOYEHb. BOHM BiINOBIJalOTh HAa MUTAHHS
“mo” MoOBUHHA POOUTH CHCTEMA.

Hedyukiionaneui Bumoru (anrn. Non-functional requirements) Bu3HAuYawoOTh SIKiCHI
XapaKTEPUCTHUKA CHUCTeMH (Halpukian, Oe3neka, MBUIKOJIA, 3PYYHICTH KOPHCTYBaHHS) Ta
oOMeXeHHsI HakjajJeHI Ha Hel (Hampukiaa, cepenoBuilne, ceprudikamii). Ili  Bumorn
XapaKTepU3yIOTh NIPUHLUIIN B3a€MO/II BCEPEIUMHI CUCTEMM Ta IHTErpauii 3 iHIIMMU CUCTEMaMH, a
TaKO’X BU3HAYAIOTh MOKA3HUKU Yacy poOOTH, 3aXMUCTYy AAHUX 1 JOCATHEHHS SKOCTI 3 ypaxXyBaHHAM
peKOMeH/Ialliii BUKOPUCTOBYBAHOTO CTaHIAPTy. BOHM BHpakaloThCs K y aOCOMIOTHUX 3HAYEHHSX
(HampuKIaa, yac OYIKyBaHHS BIJIMOBiAl, KUTBKICTh KIIEHTIB, 110 OOCITYrOBYIOTHCSA 1 1H.) Tak i
BIJICOTKOBHX (HampHKIaJ, MOKAa3HUK HAAIMHOCTI YM TapaHTOBAaHMM MMOKa3HUK POOOTO3JaTHOCTI
(anrnm Service level agreement) [3]). BoHu BinMoBigarOTh Ha MHUTaHHS “‘SK”° MOBWHHA IMPAIFOBATH
cucTema.

Il. AHAJI3 OCTAHHIX JOCJIXEHD I ITYBJIIKALIIIA

€ gexunbka pi3HMX Kiacugikamiii  HedyHKUIOHANIbHUX BuUMOr. Haseny oany 3
HalnmonysspHimumx kiuacudikaniii [4]. B Hilf BU3HaueH1 HACTYIHI KpUTEPii BUMOT:
* TpoAyKTUBHICTH (performance) —
* wMmacmraboBaHicTh (scalability)
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* mopTaTtuBHICTH (portability)

* cymicHicTb (compatibility)

* HaguikHICTh (reliability)

* miaTpuMyBaHicTh (maintainability)

* nocTymHIcTh (availability)

+ Oesmeka (security)

» gjoxkamizamis (localization)

* 3py4YHICTh Y KOpucTyBaHHi (usability)

Jns iamux kaacu@ikaiiidi MOXyTh BUKOPHUCTOBYBATUCH SIK KPUTEPii THIH/KATeropii BUMOT
srigHo [5] uum [6].

[ToTpiOHO 3ayBakKMTH IO HE BCl KPUTEPii OJHAKOBO BAXIJIMBI JIJII KOKHOTO MPOEKTY. Y
KO>)KHOMY KOHKPETHOMY BHITAJKy Pi3HI KpUTepii OTPUMYIOTh PI3HHNA MPIOPUTET Yy 3aJEKHOCTI BiJ
cnenudikd 1bOro MpoekTy uu Bumaaky. lle Tak 3BaHi kommpowmicu (anria. trade-off), ski
NPUEMAIOTECST TIPH PO3POOLI apXiTEKTYpH MpoekTy. OAuH 31 croco0iB BU3HAUYEHHS BaXKIMBOCTI
KpUTEpIiB Ta OIIHKM IXHBOI Baru onucanuii y [1]. Ines nonsarae B Tomy, mo0 BigoOpa3uTu Kputepii
y BHIJIAJI MAaTPHIi, KA TTO3HaYa€ BUMOTH, SIKi MAlOTh MPIOPUTET HAJ IHITUMH, KOJIM BOHH MArOTh
CYIepewINBUI BIUIMB Ha cucTeMy. Hampukiiaa, mpoayKTUBHICTh 1 O€3MeKa CUCTEMH, 3aBXKIH MiX
c00010 KOH(DIIKTYIOTh, TaK SK MEpeBipKa Ta BaliJallisi BUTPA4YarOTh JOJATKOBHH 4Yac, i MOTPiOHO
BUPIIINTU y KOKHOMY BUTAJKY, /1€ MOTPiIOHO BUOpATH MPOyKTUBHICTS, a Jie Oe3MeKy.

Ha nanmii MmomeHT po3po0ieHo Oarato migxoniB mo0 BH3HAYUTH Ti KpUTEpii, ki OyayTh
peali3oBaHi y KOHKpPETHOMY MpoekTi. HaBeny nekinbka BapiaHTIB, sIKi 3yCTPI4alOThCs Ha peabHUX
MIPOEKTAaX.

» Iliaxig y BUIIAII ONUTYBaJbHUKA 1 MalicTep Kiacy 300paskeHoro Ha puc. 1 3
BU3HAa4YeHHs1 aTpuOyTiB skocti [7]. Llel mimxim momomarae BiamoBicTm Ha Oarato
MUTaHb, aJie BIH € JIOCUTh 3aTPATHHUM I10 Yacy 1 pecypcam.

Quality Attribute Workshop Process

Prepare for Brainstorm QA Prioritize QA Refine QA Approve QA
QAW in Offline Scenarios with Scenarios with Scenarios in Scenarios with

Start QAW Mode Stakeholders Stakeholders Offline Mede Stakeholders Complete

QAW

QAW Inputs Utility Tree Scenario Priorities Complete Utility
Tree
Functionality Quality )
mportance
Attributes Refined QA
T Scenarios
Concerns QA prioritized
Scenarios Compaxity
Constraints Risks
Architecture =
Legend
Meeting with Stakeholders
Scenario Hotes Offline Mode
Templates QAW Inputs
QAW Outputs

Puc. 1 — Jliarpama maiictep-kiacy 3 BUOOpyY Ta mpioputesailii He()yHKIIOHAIbHIX BUMOT [7]

* Iliaxig, xomum HedyHKIIOHANBHI BUMOTH (OPMYIOTHCS MiJ 4ac peaiizauii
MPOEKTY, aje Hakanb Ied MiAXiaA B pe3ynbpTaTi Ja€ TUIbKM YacTKOBUM pe3yibTar i
JIOCUTH YacTO MPOEKT MEePENUCY€ETHCS He TIWIIOBIIN 10 a3y BIPOBATKEHHS.

» [Iligxin, mpu sIKOMYy BHUKOPHCTOBYIOTbCS CTaHAapTH [5] um [6] mis BuGopy
BHUMOT 3a JJOTIOMOT'0I0 ONUTYBaHHS BCIX 3alliKaBJIEHUX CTOPIH.
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e Iligxing, mpum sgkoMy HEPYHKIIOHATBHI BHMOTH  OIUCYIOTBCS  SK
(GyHKIIOHANBHI Y BUTJISAAL ICTOPii KOPUCTYBaUiB, HANPHUKIAL «51, IK KOPUCTYyBad, X04y
mo0 calT 3aBaHTaXyBaBCsS IIBUJAKO, IO MEHI JO3BOJHMTH 3€KOHOMHTH 4Yac IS
OTpUMaHHS iH(OpMaLii», mpodieMa JaHOTO MiAXOLY B TOMY IO MOTPIOHO J0AAaTKOBO
BU3HAUUTH SIK BUMIPIOBATH KOPEKTHICTh Ta PaBHJIBLHUN pe3yIbTaT LUX iCTOPIi.

. METOIM

B miif poGoTi NMPOMOHYETHCS aNTOPUTM JUISI BHU3HAYEHHS JDKepesia He(YHKIIOHAIbHHUX
BUMOT, SIKUI 0a3yeThCsl HAa BIIOMUX MapaMeTpax MPOEKTy. SIK BiTOMO, KOXKEH MPOEKT € BiTHOCHO
YHIKQJIBHUM 3 TOYKH 30py PO3POOKH, OCKUIbKU BiH MICTUTh IIEBHUIM BU3HAUYCHUN HAOIp mapaMeTpiB,
cepes SIKUX BapTO BUAUTUTH HACTYIIHI:

* crienrdika TOMEHY Ta KOHTEKCTY 3aCTOCYBaHHS CHCTEMU;

* IOTpeOU Ta OUiKyBaHHS KIIIEHTIB,

* OIOJKET, TEPMIHH Ta PECYpCH, BUILICHI ISl pO3POOKHU;

* PU3UKH, 110 TIOB’s13aH1 3 HEIOTPHUMAHHAM a00 HEBUKOHAHHSAM HE(DYHKI[IOHAITBHUX BUMOT.

Ha ocHOBI nux mapameTpiB MM MOXXEMO BU3HAUMUTH HaMOUIbLI NpUAATHE JKEPEIO BUMOT.
Hanpuknan, npu mamomy OOJUKETI Ta KOPOTKHX TEPMiHAX HEMOXKJIMBO IMPOBECTH MOBHOIIHHHUNA
Maiicrep-kjlac 4Yd BMKOPHMCTAaTH T'OTOBMM CTaHJapT, BIINOBIHO JOBEIETHbCS BIIPOBAIKYBATU
He(yHKIIOHAJIbHI BUMOTH Ha CTaJlii pO3pOOKH IPOCKTY.

[HmMM npukiiagoM Moxxke OyTH poboTa 3 JOMEHOM, II0 BUMarae CTporux (pyHKLIOHAJIbHUX
BHMOT, 3pa3KOM TaKOT0 JOMEHY € OaHKIBCHKUH, epKaBHUM Ta iHIII. B TakoMy BHIaaKy HEOOXiTHO
IIPOBOJIUTH MTOBHOLIHHUI MaiicTep-KJac.

Ha pucynky 2 300paxeHa cXema aJIropuTMy, IO po3poOJieHMid B Mmiid poOoti. Bin
[IOYMHAETHCSI 3 BU3HAYEHHS IapaMeTpiB MPOEKTy, M SIKOI'O BHKOHYEThCS IUIAaHYBaHHS.
[TapameTpamMu MOXYTh BHCTYIIaTH JOMEHHa 00JacTh, OWiKYBaHHS KJII€HTIB, OIOJDKET, PU3UKU Ta
iHIi. {711 KOXKHOTO 3 IMX MapaMeTpiB € BU3HAUEHA Bara, sika MHOXKUTHCSI Ha 3HAUEHHS NapameTpy.
Bara motpibHa ToMy, IO mMapaMeTpu HE € B3a€EMO3aMIHHMMHU Ta piBHOIIHHMMH. Hanpukian,
O10JKET 1 TEPMIHM MalOTh BEJIMKY Bary, OCKUIbKM NPH BUXO/II 32 MeX1 OIOKETy Ta TEpMiHIB iCHY€
Iy’Ke BEITMKHUI PU3UK HE BUITYCTUTH MPOAYKT B IIPHHIIATI.

I[Ticns 3actocyBaHHs Bar mOTpiOHO MPOCYyMyBaTH BCl OTpMMaHi 3HAUYEHHS Ta BU3HAYUTH
koeQiuieHT. Yum MeHIMH KoedilieHT TUM MpOCTIHUM Oyie TKepeno HeyHKIIOHAIbHUX METPUK.
VY aHOMY BHUIAJKY MPOCTOTA BiJICHIJKOBY€ETHCSI HACTYITHUM YHHOM:

* BH3HAuY€HHS HEQYHKIIOHAIbHUX BUMOT 1] 4ac po3poOKH — HAMMPOCTIIIE IKEPETIO;

* KOHCYJIbTAIlisl 3 3alliKaBICHUMU CTOPOHAMHM Ta BUKOPHCTAHHS TOTOBUX CTaHIApTIB,;

* TIPOBENEHHS MalCTep-KJIacy — HalCKIIHIIIE JHKEPEIIO.
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Puc. 2 — meron Bubopy mxepena HeyHKIIOHAIBHUX BUMOT B 3aJIEKHOCTI B/l TapaMeTpiB IPOEKTY

Po3pobnennit Mmetoa 103BosIsI€ €PEeKTUBHO BU3HAUATH HAHOUIBII MIAXOAIIE JXKEPEIo
He(PYHKIIOHATBHIX BUMOT JUIsI KOHKPETHOTO MIPOEKTY Ha CTaii IUIaHyBaHHSI.

IV. PE3VJIBTATU

B naniit po0OoTi Oysio mpoaHanizoBaHO ICHYIOYI MIAXOAM Ui PO3pOOKH He(YHKIIOHAIBHUX
BuMor. OmnucaHo HOBUH MiAXiJ Ta 3a0pONOHOBAHO METOJ JUIsl BH3HAYEHHS JKepena
He(yHKIIOHAJIbHUX BUMOT, KMl 0a3y€ThCs HAa BIIOMUX ITapaMeTpax MpOeKTy.

V. OBIrOBOPEHHS

BuxopucranHs 3amponOHOBAHOTO METOAY I BHM3HAUEHHS JDKEpeNa JO03BOJIAE€ JOCUTh
JIETKO 3PO3YMITH, K BapTO BUOMpATH He(YHKLIOHAIbHI BUMOTH Ui TPOEKTY, TaK SK BiH
3aCHOBAHUH Ha TUX MapaMeTpax MPOEKTY, sKi BiJOMI MPAKTHYHO 3pa3y, Taki sIK JOMEH MPOEKTY Ta
foro OroKeT 1 TepMiHU, a00 ONHUCaH1 y IPOEKTHIN TOKyMeHTallil, Taki K (QyHKI[IOHAJIbHI BUMOTH.
Ile o3Hauae, 110 BOPOBAHKEHHS LIbOTO MiIXOJY HAa MPAKTULI HE 3aliMe OaraTo 4acy i JO3BOJHTH
MOKPAIUTH SIKICTh PO3POOIIFOBAHOTO MPOTPAMHOI0 3a0€3MEUECHHS.
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VI. TIEPCHEKTHBU HOJAJIBIINX JOCIIIKEHD

[Ipy mojmanpIIMX MOCTIDKEHHSIX MOMKJIMBO TMOKPAIIWTH MiAXIJ IIJISXOM BBEJICHHS HOBHX

KpPOKIB B alrOpUTM JI MOKpPAIIEHHS HOro TOYHOCTi, @ TaKOXX MOKJIMBA MOJAJbIIa PO3poOKa
TaOJIMI 3 BaraMu.

VIl. BUCHOBKU

Po3poOka He(yHKIIOHATBHUX BHMOT € OOOB’S3KOBOIO YAaCTHHOIO PO3POOKH OyIb-SIKOTO

npoekTy. Bubip miaxoay mis BU3HaA4eHHS HEPYHKIIOHATHBHUX BUMOT € YK€ BaKJIMBHUM, OCKUTBKH
HENPaBWIBHO MiNiOpaHi HEPYHKIIOHATBHI BUMOTH MOXYTh MPHUBECTU J0 MPOBATY MPOEKTY MIiCIA
penizy. BukopuctanHs HaWOUIBII MIAXOIAMIOTO MIAXOMAY JUIsl BHU3HAYEHHS HE(YHKIIIOHATBHUX
BUMOT JIO3BOJISIE TApaHTYBaTH SKICTh MPOEKTY IIICIS BUITYCKY Ta SKICHO IUIaHYBaTH Yac JUIs
pO3po0KH.

(1]
[2]
(3]
[4]
(5]
[6]

[7]
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MoaenaroBaHHs A1HIA po3a1ay (pUIbTpaLliHNUX
MOTOKIB 3@ YMOBH BIACYTHOCTI MEPETOKY 13
IKepesIoM 30ypeHHS

Cepriii Kamran

Huxnoea xomicis mamemamuxy, iHopmamuxy ma Qisuxu
Biookpemnenuti cmpykmypruil niopo3oin « Pienencoxuti mexuiuynuil gpaxosuii Koneoxc
Hayionanvroco yHigepcumeny 600H020 20CnoOapCmMaa ma npupoOOKopUCHY8AHH »

PiBue, Ykpaina

AHotamig—Y polGoTi AOCTITKYIOTBCH ideabHI Ta KBasiileaJbHi IToJIs HPH HAasIBHOCTI I:Kepemaa
MoTiepevHnX 30ypeHs B odjacTsx o0MesKeHHX JIHIIMH Tedii Ta eKBiloTeHIiaILHHMHA JiHigvHa. B
3aJ1€:KHOCTI BiJl 3HaA4YeHb NOTEHUIATIB Ha CEKBIOTEHUIAALHUX JIiHIAX, MOAIMBI pi3HI BHIAIKH
dopMyBaHH JiHil po3miny GiabTpanilinmx noTokiB v ¢izuuHiil odaacTi, a oTike — modya0BH odmacTi
KBa3iKoMILIeKCHoro nmotenmiamy. HaGmxkennii po3p’ 30k kpaiiopoi 3agadi i3 giIsiHKoro 36ypeHAs Ha
JiHil Teqii oTpHMaHO 3a AOMOMOT0I0 PO3POLIEHOTO MPOrPAMHOT0 MPOAYKTY, OOy I0BAHOTO HA OCHORBI
AJITOPUTMY, SIKHil IPYHTYETHCSI Ha IMOYEProBiil nmapaMerpusanii BeJmunH koHGopMHUX iHBapiaHTIB,
rPAHHYMHUX i BHYTPIMHIX BY3TiB ciTkoBOT 00/1acTi 3 BHKOPUCTAHHAM iTeil MeToay 6JI0THOT iTepartii.

Kmouosi cnesa—Mooenoeanns, Qinsmpaiini nomoxu, Kondepmui eidobparcenns, Qbepneni 3aoati,
ncepeno 30ypens, Qucnosi memoou.

. BcCTvil

B Oararb0ox BHNAAKax MPAKTHKH (OPMYJIH HA 3HAXOMKCHHS XapPAKTEPHCTHK CEPEIOBHILA
noTPeOVIOTh 3aJaHHs (QyHKUI mBHAKOCTL. B peanbHuX (DI3HMHHX 3a7a4ax, 30KpeMa B 3a1avax
(pinbTpauii, rigponorii, yacro e 3poOuTH ab0 HEMOXIMBO, abd0 Oy’Ke CKIagHO. Tomy
3aMpPONIOHOBAHO MIAXIA, MPH AKOMY IO BIIOMHX 3HAYCHHAX MOTCHIIANIB HA KOMKHIH 13 JUISHOK
BUTOKY Ta BTOKY PIAMHH B JOCHHKYBaHY o001actb OyayeTbCs  BIAMOBIAHA 00JacThb
KBA31KOMILICKCHOTO IIOTCHIIATY.

II.  AHAJI3 OCTAHHIX JOCJIJDKEHE 1 TTVEJIKAIIH

VY poGoti [1] ommcano po3poOiacHHH METOA OOCPHEHHX KpaloBHX 3aJay (KOH(POPMHHX 1
KBA3IKOH(POPMHUX  BIOOpakeHB) AAd NOOYAOBH  JUHAMIYHOI CITKM TOTCHLIHHHUX — Ta
KBA3IMOTEHUINHUX MOJIB, MOOYAOBH PI3HOTO poAay Mpo(imiB Ta MO IBHAKOCTI 13 MApaieTbHUM
PO3PaxyHKOM PI3HHX XapaKTCPUCTHK mponecy. TyT, mix 0OCpHCHHAM TaKOTO POAY 3aAad MAETbCS
HA yBa3l K TEPEXIia BLA MPSIMHX 327124 0 3a7a4 Ha KOH(OPMHE BiIOOPaKCHHS BIAMOBITHOI 001MacTl
KOMIUICKCHOTO MOTEHLIAAy Ha BHXIAHY 00MacTh, Tak 1 TOH (pakT, 110 BOHH MICTATH HEBLIOMI
HapaMETPH MPH TOAATKOBHX BIAOMOCTAX MPO iX PO3B’A3KH.

Meroauky HaOIMKCHHS PO3B A3KIB KpaHOBHX CIINTHYHHMX 33Ja4, MOXKHA IEPSCHECTH 1 HA
KpaioBl 3a1a4i, SIKI 3BOJATHCS 10 KOH(POPMHHX BIAOOPAKEHb MOBLILHOI KPHBOJIHIIHOT 001aCTI,
0OMCIKCHOI THIAMH TCUIi Ta CKBIMOTCHLIAMBHHUMH JTiHIAMH Ha 00JIACTh KOMIIJICKCHOTO ITOTCHLIAIY,
0 MA€ BHUTJA MHOTOKYTHHKA, TPAHHUIIA SKOTO CKIATAETHCA 13 BEPTHKATLHUX Ta TOPH30HTATBHHX
BIAPI3KiB, MPOMEHIB, 13 AEKIIbKOMA HEBIIOMHMHU MPH BIAMOBIIHOCTI BEPIUUH.

YV pobortax [2, 3] po3B’s3aHa npoOneMa HEMIHIHHOTO OOEpPHEHHA KpaHoBUX 3a7a4 Ha
KOH()OPMHI BIZOOPAKCHHS B 001aCTAX, OOMCKCHHUX JHIAMH TEUli Ta CKBIMOTCHIIATPHIMH TiHLIMH
3 TIOTCHITIAIOM KePYBaHHs HA JULSHIN OJHIET 13 MHIH Teuii. OKpIM IIyKaHOTO MOTEHINATY 1 (PyHKITT
Teuii, y pe3yabTaTi moOyJOBAHO INE H XapakTEpUCTHUHY (DYHKLIKO, ONMMCAHI YCI MOXKIUBI
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XapakTepHl BUNAAKU (POPMYBAHH TeUil B 3a7€KHOCTI Bl 3aJaHMX 3HAYECHb MOTCHUIANY KEPYBaHHS,
HABOJATHCA CXEMH MOOYI0BH AUHAMIMHOI CITKH, ()OPMYBAHHS BIAMOBIAHUX NEPETOKIB. [Ipu npomy,
BUJLIEHO THNMH 33434 (KIHOYOBUX) HA 3HAXOMKEHHS THX 3HAYEHb MOTEHLIANY KEPYBAHHSA, IO
3a0e3MeyuyI0Th ONTHMIZALI0 NEBHUX (DYHKLIOHAMIB (BUTPAT, BUTOKIB, BTOKIB, IEPETOKIB, 1H.).

ITI. TIOCTAHOBKA 3AJIAUI

PosrisiHeMO MOJEIBHY 34134y HA BIOIIYKAHHA rapMOHIYHOL QyHKUIT ¢ = (p(x, y) (moTeHUiaNy)
B CKIHUCHIi OJHO3B'I3HIA KPHUBOMiHIHHIH 001aCcT] (IIACT, IO MIJAETHCA IICBHOMY BILIHBY, HAIIP.,
smini, aedopmaunii) G, =ABMNKCD (z=x+iy), OOMCKCHIH YOTHPMA TIAJAKHUMU KPUBUMH
(auB. puc. 1):

AB= {z : filx,y)=x-1-sin % = 0}, BMNKC = {z:f2(x,y)= y—1§— N0 =0},

CD={z: f3(x,y):x—20—cos%=0}, DA={z: falx,y)= y—l—cos§=0}
NpH YMOBAx

(PIAB:(P*:Ov (P‘CD:(P* =1, <P(MN =¢,

dol  _dei  _do|  _,
dnips dnlygc  dnlgy
JIc 1 — 30BHIITHA HOPMAJTh 0 BiAMOBLIHOT KpuBoi [1, 2, 3].
Y (z)
ya)
M N C
!
L1 |
!
!
A D

i ®

Puc.1. Jlinii posoiny ginempayiiinux nomoxie ma cimxa @isudnoi obracmi G,

TyT 3HAYCHHA TOTEHIIATY ¢° (P, <@ <@ ) € HACTIIBKH BCTHKHM, IO BiACYTHi MEpPETOKH
MDK aurstHKaMu MN ta CD, a Touka K — TOUKa po3airy (UIbTpAifHUX MOTOKIB Ta 3HAYCHHS
MOTCHINATY V Hilf (b ¢ = — BH3HAYAIOTHCA Y MPOIIECi PO3B'A3aHHA 3a1a4i. Y poooTi [4] po3B'sa3aHa

2023 2nd International Conference on Innovative Solutions in Software Engineering
Ivano-Frankivsk, Ukraine, November 29-30, 2023

243



3aJaya, Kkoqd Touyka K cmiBmazae 3 TOYKOW N Ta 3HAHAGHO 3HAYCHHA NOTCHLIATY
(dMN :(Pc z0,716
IV. METOMM

BBiBmM rapMOHIYHY (YHKOIIO [ = \p(x, y) (pyHKLIFO TeYii), KOMIUIEKCHO CIPSZKEHY [0
(pyHKII (p:cp(x, y), 1 3aMIHHBIIH OCTAHHI TPYU MPAHUYHI YMOBH HAa YMOBH

‘VlDA =0, ‘V|NKC =01 W‘BM =0,

ac @, Q, — senuuHMHHA (PLIBTPALIHHUX MOTOKIB (HEBIIOMI NAPAMETPH), O 33444y 3aMiHEMO [1, 2,
3] OiapIn 3araibHO0 3a1a4CH HA KOH(OPMHE Bi;[06pa3KeHH;1 ®»= co(z) = (p(x, y)—|— iw(x, y) (pi3muHOL

o0macti G, Ha 00JACTh KOMILICKCHOTO moTeHuiany G, UG(Z )

{ ~
GO = {pw): < p<g’.0<y <0 .
5 ~
G ={(py): . <o<P,0<y <O },
G ={( @) e <p<P O < W< 05},

4 ~ )
G(f))={(<p,w):<p<cp<cp ,Q1£W<Q2}.

Toai, BianmoBigHa  oOepHEHa  KpaloBa 3agaya Ha  KOH(POpPMHE  BIIOOpAKEHHS
z=z(®)=x(cp,tp)+iy( ,w) obmacti G, wa G_ npu Hesigomux ¢, O, O y audepeHmiaTbHik
(hopMi 3aMHMIIECTHCS Y BUTILIL:

oy _ox  x Oy
_:__’ ) G 3
{a\v 29" oy dg (@) G
filx(@e ) y(puo W) =0, 0<y<0,,
/2 Ps < 0

o

xgcp,in,y (p,ng P,
X wiyle w =0 1S\|ISQ2

fa :

S (.01 -0), (9,0, - . pes<q,
f2 x{(P,QﬁO() e, 1+0)) 0 p<o=q’,
f3lrde” wly @ w)iO, 0<y<Q,

Fa(d00).(@0)=0.  @.<p<o".

HabmkeHudl po3B 430K MOCTaBACHOI 3aJa4yi OTPUMAHO 3a JONOMOTOK PO3POOJICHOrO
OPOTPAMHOTO MPOAYKTY, TOOYIOBAHOTO HA OCHOBL amroputMy |[1]. Akl IPyHTYETHCA HA
NOYEProBiil mapaMeTpu3auii BETHYMH KOH(POPMHUX 1HBAPIAHTIB, TPAHWYHKX 1 BHYTPILIHIX BY371B
CITKOBOT 0011acTi (5, 3 BUKOPHCTAHHSAM iIeH MeTOIy OmouHoi iTepamii [S].

V. PE3VILTATHU
[TpoBiBIIM 4YKCIOBI PO3PAXYHKH HA MOOYIOBY AWHAMIYHOI CITKH 3 TOYHICTIO € = 107* s

MapaMeTpiB PO30HTTA o0macti mig =26, ny =27, m=30, ny =18, n=26 (zus. puc. 2) npu
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noteHiiani kepypamns ¢ =0,9, Tako’k 3HAMACHO 3HAYCHHS MOTCHIATY y TOHII PO3ALTY
dimsTpaniiirux motokis @~ (0,86, BuTpary BXimHOTO TOTOKY () ~1,277, BHTpaTy BHXiTHOTO
noroky () ~ 0,804, mo no3BONAE OOUMCTHTH BUTpaATy MKepena 30ypeHnsa (O, —Q; ~0,473. Ipu
ObOMY, BCIHYHMHA HEB A3KH KBA3IKOH()OPMHOCTI OTPUMAHOI JAUHAMIYHOI CITKH CTAHOBHTh
£, =107,

Y
1.277|5 A
4
O .804 g M i
rl,
Ap.0 D.'E]IE-SLDCP

Puc.2. JJunamivna cimxa obnacmi xomnnexcrozo nomenyiany G,

V1. OBroBOPEHHY

AHANI3YIOUH OTPUMAHI y Wi podoTi Ta y [4] pe3yabTaTH MOKHA 3pOOUTH BUCHOBOK, INO JIiHIT
po3ainy (inbTpamiHHMX MOTOKIB 32 YMOBH BIACYTHOCTI NMEPETOKY 13 KepeaoM 30ypeHHa MN
OyIyTh YyTBOPHOBATHCA 34 MOMIOHHM Tpodinem y ¢isuuHii 0bnacti G, . [1pu YoMy, OCHOBHA TOYKa

ix po3ainy — Touka K — Oyae mpoOiraru Big Toukd N 10 Touku C, a 3HAUCHHS MOTCHIIATY (p| K=
3HAXOJUTHMETBCA V MEKax (p| MN S(p| K £(|J|CD, [0 BHU3HAYATHME KIIOYOBI BUMNAAKU. Y LHX

BUIIAJKAX 3HAYCHHSA NOTCHUIATY (p 3HAXOAMTBLCH B IPOLECI PO3B’A3aHHA BiANOBIIHOI 3a1a4i IpH
J0JaTKOBIH (“KOMIEHCALIHIH ) YMOBI PO BLAOME MOJIOKECHHS TOUKH K.

. *
Takok, KIIIOUYOBHAM BHIAAKOM OyI¢ CHTYAII, KOH (p| co :(p| MN :(p° =¢ =1.YVY upomy x
BUINIAJAKY B MPOLECI pPO3B s3aHHA BIAMOBIAHOI 3a4a4l BH3HAYAETHCA NOJOKEHHA TOYKM K. Takum

YHHOM, B 3a7€KHOCTI BiJl 3HAYEHb TMOTEHLHAAy (P  HA JOJATKOBHX EKBIMOTEHIIATBHUX TiHiAX
(mxepenax 30ypeHHa MN ) npu 301TbIIEH] KITBKOCTI €EKBINOTEHUIATbHUX AUTSTHOK IPaHUI 00JaCTi,

a TakoXK i 73B’A3HOCTI, 0OMACTh KoMImekcHoro motermiany G, =G, \@ | 6yayersca

iHaHBiIyanbHO. V GiNBII IHPIIOMY CEHCI, B 3A/ICKHOCTI Bifl SHAYCHHA MOTCHIIATY —o0 < (<490,

MOKIHBI Pi3Hl BHNAAKH (POopMyBaHHA Teuii y (PizwuHiil 001acTi, a 0TS — MOOYIOBH 00MACTI
KBA31KOMILIEKCHOTO moTeHuiamy [1].
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3anponoOHOBAHA METOJMKA, OKPIM 3HAXOMKCHHSA XapaKTepHCTU4HOI (yHKIII Tewii Ta
KOMIUICKCHOTO MOTCHLIANY, J03BOJIAE OJHOYACHO OyIyBATH B 3QJaHIN 00IACTi AMHAMIYHY CITKY Ta
MOJETIOBATH JiHIl Po3ainy (iIbTpauifHUX MOTOKIB, PO3PaxyBaTH MOJE MBHAKOCTI (inpTpauii, a
TAKOK PO3PAxOBYBATH OOYHCIOBAIbHI (ITCpawiiiHI) XapakTCPHCTHKA Ta JOCTLIKYBaTH 1
AHATI3YBATH MPOIICCH 1X 301KHOCTI 1 CTIHKOCTI.

PosrmsHyTa METOAHKA HAOMMKCHHS PO3B A3KIB KPAHOBUX CAINTHYHHUX 33a4, MEPCHOCHTHCA 1
HA KpaiioBi 3a1a4i, AKi 3BOAATHCS 10 KOHPOPMHUX BiI0OPAKEHb AOBLIBHOI KPHBOMIHIHHOT 001aCTI,
OOMEKEHOT JHHIAMH Teuil TA €KBIMOTCHIIAIBHUMH JIHIAMH HA 00JIACTh KOMIICKCHOTO MOTCHLIATY,
IO MA€ BUIJIA MHOTOKYTHHKA, TPAHULI AKOTO CKIAJAETHCA 13 BEPTHKAIBHUX Ta TOPU30HTATIBHHX
BIJPI3KiB, MPOMEHIB, 13 ACKLIbKOMA HEBIIOMHMH IPHU BIANOBIAHOCTI BepimH. [Ipobiema icHyBaHHA
PO3B’A3KIB TAKOTO POAY 3a7a¥ € JaBHO PO3B A3aHOI0 JHIIC B 3aralbHOMY. B KOKHOMY
KOHKPETHOMY BHINAAKY pO3B SA3HICTh 3aJayl 3a0€3MEUYeThCAd LUIAXOM MiAOOPY BIAMOBIAHHUX
napaMeTpiB.

VII. TIEPCIIEKTHBH ITOJAJILIINX NOCJIJKEHD

VYV nepcrnekTuBl — MOACTIOBAHHA TAa MPOTHO3YBAHHS POOOTH CAA0OMPOBIAHHX (OJIM3BKUX 10
CAHICBHX) TIACTIB B YMOBAX TIAPOPO3PUBY, a TAKOK — TOOYA0BA TiHIA PO3ALTY PI3HOKOIBOPOBHX
pIOIMH NpH TPOTHO3YBAHHI KBazliAeadbHOI Teull y BOAOMMAX, OOMEXKEHHMX MiHISMHM Tedvii Ta
CKBIMOTCHIATBHUMH JIHIAMH.

VIII. BHCHOBKH

UncensHuilt MeT0a KOH()OPMHHX BiZOOpaKeHb BUKOPUCTAHO A1 MOOYIOBH AMHAMIYHOI CITKH
HOTCHIMIHUX TA KBA3IMOTCHUIIHUX MOMIB, MOOYIOBH PI3HOTO poay Hpodimp (30KpeMa — KPHBHX
po3aiay (pimeTpanifHUX MOTOKIB) TA MO IBHAKOCTI 13 MapaJeabHHUM PO3PaxyHKOM Pi3HOTO POy
XAPaKTEPUCTHK (IIOTCHLIAIIB, BUTPAT, ICPETOKIB 1 T.1H.).

PospoOacHa MeToauMKa pO3B'A3aHHA HENMIHIHHUX KPalOBHX 3aJa4d J03BOJLIE PO3PaxoBYBATH
KOOPAHHATH BY3MiB TIAPOAWHAMIMHOI CITKM, OOYMCTIOBATH (DLIBTpAIlifHI BUTPATH, BCIUYHHH
MIBHAKOCTI PyXy Ta 1HOI MapaMeTpH JOCTI/KYBAHHX TPOLECIB, a TAKOX MOJCTIOBATH KPHUBI
po3ainy (pimbTpaniHHAX TOTOKIB.
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[TiagBUIICHHS HAIMHOCTI CUCTEMHM JIOTYBaHHSI
IBan Cagka, Tapac IBanumunH

Kageopa ingpopmayitinux mexnonociu
Ipuxapnamcokuil Hayionanvruil yHieepcumem imeni Bacuns Cmeganuka
IBano-®dpaHkiBChK, YKpaiHa

AHoTtanis—B [JaHoOMy [0CHiI:KeHHI NPOAHANI30BAHO ACNEKTH HAAIHHOCTI NPOrpPaMHOro
3a0e3meyeHHsl, 30KpeMa y CMCTeMaxX JOryBaHHs. 3allPONIOHOBAHO APXITEKTYpPY CHCTEMH, KA
A03B0JIsI€ 30LIBIINTH CTIMKICTH Ta JOCTYIHICTH NMpoLecy JOryBaHHS.

Kniouoei cnoea—IIpozpamne 3aoe3neuennsn, Jlozysanns, Haoiiinicms, Cmiiikicmes, /Jlocmynnicme.
I.BcTyn

B enoxy mudposoi Tpanchopmariii, Ko JaHl MarOTh BEIMKE 3HAYEHHS, 3/1aTHICTh HAJIWHO 1
epeKTHBHO 00pOoOIIATH BenHKi 00csaTH iH(pOpMaIIii cTae KPUTUIHO BAXINBOIO. OTHUM 3 KIIFOUYOBHX
aCIIEKTIB LbOT'O MPOLECY € JIOTYBAaHHS, SIKE T03BOJISIE CUCTEMaM BiJCTEXKYBaTH Ta aHAJIi3yBaTH CBOIO
nisutbHICT. OHAK, 31 30UTBIICHHSIM HAaBaHTAXXCHHS HA CHCTEMH, TPAIMINIIHI METOIU JIOTYBaHHS
MOXYTh CTaTH HEJOCTaTHIMHU, L0 NPU3BOAMUTH 0 BTPATHU BAXKJIMBOI 1H(pOpMaLii Ta 3HUKEHHA
npoayKTUBHOCTI [1]. Tomy 30ibLICHHS HAAIHHOCTI JIOTYBaHHS B PO3MOUJICHUX CHCTEMaX BUCOKOTO
HaBaHTAXEHHS CTa€ aKTYaJIbHOIO Ta HaraJbHOI Npo0seMoro. Y AaHiil poOOTI pO3IIISIHYTO K Cy4acH1
mijxoau, Tak i rexnonorii Graylog Forwarder, siki MOXyTb JOIOMOITH BUPILIMTH IO MPOOIEMY,
30KpeMa, po3Mo/IiJIeHe JOI'yBaHHs, BUKOPUCTaHHS CUCTEMH YIPaBIiHHS 0a3aMU IaHUX B peaIbHOMY
yaci Ta iHmi. Ha OCHOBI IbOr0O 3ampONOHOBAHO WIISXHM MOKpAIEHHS HaJIMHOCTI JIOTYBaHHS B
crcTeMaX BUCOKOI'O HABAHTA)KEHHS, a TAKOXK HABEJICHO MOXKJIMBI BUKJIMKH Ta MEPELIKOJIH.

I1.AHAJII3 OCTAHHIX ITYBJIIKALIA

HaniiiHicTh y mporpamax, 110 IpamiolTh Y XMapHUX IulaTdopmax — 1ie Mipa WMOBIPHOCTI TOTO,
10 XMapHa CUCTEMa HaJla€e OCIYTH, JUIsl IKUX BOHA OyJia po3po0ieHa, y Oyab-sIKuii IeBHUM MOMEHT
yacy. Lle o3Hauae, mo ceppic Mae OyTH AOCTYNHHMM, (PYHKIIOHAIBHUM Ta MPOJYKTUBHUM HaBiTh Y
pa3i BUHMKHEHHS HECIOMIBAaHUX HECTpaBHOCTEH y cuctemi [2, 3].

Cepen OCHOBHHMX aCHEKTIB HaAIMHOCTI BapTO BUJUIMTU CTIHKICTh Ta JOCTYMHICTb. CTIHKICTH
BU3HAYa€ METOIH Ta MiIXOIH JJIsl YHUKHEHHS HECTIPaBHOCTEH Ta BiTHOBJICHHS ITiCIIS iX BUHUKHEHHS,
a IOCTYIIHICTh TPYIY€ METOIU JUIs MiJXOAU /171l 3a0e3MeueHHs MMOCTIHHOro T0CTYILy 10 CEepBiCiB.

JloryBaHHSA — 1I€ MPOIEC CTBOPEHHS, 3aMUCy Ta 0OPOOKHU 3aMuCiB MO0 PI3HOMaHITHI MOAIT Ta
nporiecy, sKi BigOyBaroTbcs Beepeauti [13. 3arainom oCHOBHOIO ayTUTOPI€IO IIUX 3aITUCIB € iHXKEeHEepH
Ta cUCTeMHI ajMinicTparopu [4]. KoxkHe MOBITIOMICHHS Ma€ PiBeHb, SIKHI PENPE3eHTYE BAXKIIUBICTh
MOB1IOMJICHHSI, PIBEHb MO’KE€ 03HAYATH SIK IPOCTE J1arHOCTUYHE IOBIJOMIIEHHS, TaK 1 TOBIJOMJICHHS
po KpuTuyHUii 301 B po0oTi [13. 3a3Buyaii B mpoi1ieci J0ryBaHHS CTBOPIOIOTHCS MTOBIAOMIICHHS, 110
MICTSTh HACTYNHY 1H(QOpPMAILIil0, ajie He OOMEXYIOThCSI HEIO:

® J1aTa CTBOPEHHS MOBIJOMJICHHS;
e piBEHb NOBIIOMJICHHS;

® JDKEpeo;

® TEKCTOBUU OIIKC.

OCKiIbKH KOXKHE MOBIIOMIICHHSI MOKE MOTEHIIHO MICTUTH KPUTUYHO BaXJIMBY iH(pOpMalliio,
TO HEe0OXiIHO 3a0e3MeUNTH HOro rapaHTOBaHEe BiANpaBiIeHHs i 00poOKy [5].

VY pobori [6] 3anmponoHOBaHO MiAXij, 0 BBOIUTH MOHSTTS arcHTa, KUl BAKOHYE 00pOOKy
BXITHUX TIOBIJIOMJICHh Ta BIANpaBisie iX y BimmaneHe cxoBumie. Llel miaxig BUKOPHUCTOBYE
TPAHCHOPTHUN MPOTOKOI JUIsl OpKECTpalii 300py, TPaHCIOPTYBaHHSI Ta 30epiraHHs JaHUX KypHATY.
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Ile rapanTtye, 1Mo BCi KOMIOHEHTH CHCTEMH TMPAIfOIOTh pa3oM Oe3nepebiifHO Ta MOXYyTh OyTH
KOHTPOJIbOBaHI 3aCTOCYHKAMHU OPKECTpaIlii .

VY rtexnomnorii Graylog Forwarder [9] BHKOpUCTOBYIOTbCS MiAXOIM, SIKi TOJATAIOTH B
pO3ropTaHHI MPOMDKHHUX CEPBICIB, 3aBJaHHSAM SKHX € TapaHTisA JOCTABKH IOBIJIOMJICHHS B KiHIICBY
cucremy Uil oOpoOku Ta 30epexeHHs. HaBeaeHwil nami miaxina T03BOJISIE 30UTBIINTE HAIHHICTh
CHCTEMH IUIIXOM BUKOPUCTAHHS HAJUTHITKOBUX CXOBHII[ Ta aCHHXPOHHOT BiIITPABKH MTOBI1IOMIICHb.

IHI.METOIU

B naniit po60Ti MpOMOHYETHCS MOKPAIIUTH Ta 30UIBIIUTH CTIHKICTh Ta JOCTYIHICTh CUCTEMU
JIOTYBaHHs IIIJISIXOM CTBOPEHHS MIJICHCTEMH, IO OyJe CIyryBaTH NPOKCI MiX KJII€HTaMH Ta
cepBepoM, sIKHit Gyie 06po6IsiTH Ta 36epiraTi moBigoMueHHs. Moro poss moasraTuMe B HaJiitHOMY
MIPOMDKHOMY 30€peKeHH1 Ta BiANPABJICHHI MOBIIOMJICHB B KIHIIEBY CUCTEMY. APXITEKTypa CUCTEMH
nepeadavyae BUCOKY HAIIHHICTD Ta TOCTYITHICTH 32 PaXyHOK MPOCTOTH Ta BUKOPUCTAHHS MiJAXO/IIB
JUTSL TIOKPAIIEHHS IUX SKOCTEW B CHCTEMI. ApXITEKTypa CUCTeMH 300pakeHa Ha PucyHky 1.

Webserver 1

Receiver 1

Webserver 2
Log handling

Receiver
system

load
balancer

h

@]
o
o

[oNeNe]

Receiver K

Webserver 3

Receivers Relays

— N

Persistent
distributed
outbox
storage

Webserver N

h

\ Servers / Forwarding facility

Pucynok 1 — ApxiTekTypa npoKcCi-cCUCTEeMH Il HalitHOTO 30epeKeHHs Ta BIIPaBKU
MMOB1JOMJIEHb.

Hanmit miaxin BukopuctoBye mnpocti Web-APl ceppicu, mo0 3amucatu oOTpuMaHe
TTOBIJIOMJICHHS Y BUCOKOJIOCTYITHE CXOBHIIE JUIS JIAHUX, IO 3a0e3reuye iX BUCOKY JOCTYITHICTD Y
BUIAJKy KPUTUYHUX HecMpaBHOCTEH iHGpacTpykTypH. Takoxk, y BUMAIKY SIKIIO BHCOKOAOCTYITHE
CXOBHWINE HEIOCTYIHE, 3amuc BiAOYyBae€ThCA B pE3EpBHE JIOKAJTBHE CXOBHWINE, IICISI YOTO
MIEPEHOCUTHCS Y TOJIOBHE CXOBHIIIE, SIK TUTHKU BOHO BiTHOBUTH poOoTy. [1icis 3anucy moBiqoMiIeHHs
3YATYIOTHCS Ta BiJIMPABISIOTHCS HA areHTH, €MHOIO 33/1a4€l0 SIKUX € BIAMPABUTH 11 TTOBITOMJICHHS
B CHCTeMy npu3HaueHHs [7]. YV BUMajKy, SKIIO KiHIIEBA CHCTEMA € HEIOCTYITHOI, areHTH 3a3HAI0Th
TTOMUJIKH, aJIe )KOHE MOBIIOMJICHHS HE BTPAYa€ThCs, TIPOIIEC TOCTABKHU Oy 1€ BITHOBICHUH K TUTHKH
KIHIIEBa CHCTEMA BiJHOBUTH CBOIO JOCTYITHICTD.

Ha wiii cxemi orpumyBau (Receiver) oTpumye JOrH depe3 MEeBHUH MEPEKHUIN MPOTOKOJ Ta
3MIACHIOE CIIPO0Y 3amucaTy iX B PO3MOAUIEHE cXOBHUIIE. SKio cpoba BUSBISETHCS HEBIAIOK Y
3B’SI3KYy 3 HECIIPAaBHOCTSMHU CXOBHIIA, TO 3aMUC BIAOYBAETHCS B JOKAJIbHE CXOBUIIE, SIKUM MOXE
BUCTYynaTu (aitn abo iHIIMH cepBic, 110 MPaLOe B TOMY KOHTEKCTI, 0 H OoTpuMyBadyi. SIK TiJIbKU
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CXOBMILE CTAa€ JOCTYIHHM 3HOBY, OTpPUMYBadi 3IiHCHIOIOTH CIPOOY 3YMTATH MOBIJIOMJICHHS 3
PE3EPBHOrO CXOBHIIA/CXOBUI 1 30epert B ocHOBHE. Bimmpasuuk (Relay) saificHioe 00poOKy
MOB1IOMJICHB, 1110 OYJIM 3amKcaHi B ocHOBHE cxoBwuie. OOpoOKa mossirae y BiANpaBIili MOBIJOMIICHHS
B KIHIIEBY cHCTeMY i 00poOku. [IpukiamoM po3moAiIeHOro CXOBHINA MOXKE BHCTymatu Azure
Cosmos DB. Ile posnoainena 6a3a gaHux, sika rapantye Bucokuii SLA 99.99%. Takox 1 cucrema
B/l mae nyxe xopucHy ¢yHnkiro mia HazBoro Change Feed, mo 103BoJIsI€ YHUKHYTH BUKOPUCTAHHS
Opokepa MoBIIOMIICHB TIPH peajizaii onucanoi apxirektypu [10].

[Ipy BUKOPUCTAaHHI TEOPEILTIKOBAHOTO OCHOBHOTO CXOBHINA MOXHA JOCSTTH BHCOKOI
JOCTYIHOCTI CHCTEMH JIOTYBaHHs. 30KpeMa, MOXIUBO Oye PeruIiKyBaTh CHCTEMY MK Pi3HUMHU
TCOBIAIAJICHUMH PETiOHaMH, IO 3HAYHO 3OUIBIIUTH HAIIWHICTh, OCKUIBKH KOXEH EK3eMILISP
cucteMu OyJe HE3aICKHUM OJIMH BiJ] OJHOTO, & TAKOXK 3HAYHO 30LIBIIUTH AOCTYIHICTh, OCKUIBKU
3MEHIINTHLCS Yac BiArYKy HABKOT'O TOYOK reoperutikarii [8].

TakuM YHMHOM, ONMCAHWH MiIXiJ BU3HAYA€ CUCTEMY JJisi IPOKCYBAaHHS TOBIJIOMJICHb, IO
rapaHTye J0CTaBKY MOBIIOMIICHb, HE3aJICKHO Bijl TOTO, UM KiHIIEBA CUCTEMa CIPABHO ()YHKIIIOHYE.

IV .PE3VJIbTATU

B naniii po6oti Oyno mpoaHanmi3oBaHO acMeKTH HAAIMHOCTI B PO3MOAUICHUX XMapHUX
crcTeMax, 30KpeMa y cucTemi JioryBanHas. OmnucaHo HOBUH MiAXiJ Ta 3allPOIIOHOBAHO apXITEKTYPY
CUCTEMH, SIKa JO3BOJIAE 301IBIINUTH CTIMKICTh Ta JOCTYIHICTH MPOLIECY JOTYBaHHS.

BaxmBo 3ayBaKUTH, 10 IMIUIEMEHTALIS BOTO MiAXOJy Ma€ TEBHI CKIAIHOIII, 3 SIKHX
MOYKHA BHJIIJIUTH KOMIUIEKCHICTh CHUCTEMH, KA YCKIAQJHIOE ii PO3rOPTaHHS Ta MiATPUMKY, Ta
BITHOCHO BHUCOKY IMiHY iH(PAacTpyKTypH, sKa YacTKOBO KOMIIEHCYETHCS HUIIXOM CIIIJIBHOTO
BUKOPUCTAHHS PECYPCIB.

V. IIEPCIIEKTUBHU MOJIAJIBIINX TOCIIKEHD

[Ipu mopanbmIvX JOCHIIKEHHSX, MOKPAIICHHS IMiIX0Ay MOXXE MIJBUIIUTH WOTO IIIHOBY
e(eKTUBHICTb, @ TAKOXK MPU3BECTH JI0 MOAAIBIIOTO 301IbIIEHHS HAAIMHOCTI.

VI1.BUCHOBKHU

HaniliHiCTh € KpUTUYHUM acreKToOM JUIst OyJib-sIKO1 pO3MOLIEHOI CUCTEMH, OCKIJIbKH BOHA
penpe3eHTye ii poO0TO3/1aTHICTh. A JIOTYBaHHS CTaHIB CUCTEMH € TAKOXK BaXKJIMBOIO, aJPKE€ CaMe BOHA
€ MEepLIMM JPKepesoM iH(opmalii mpo HecnpaBHOCTI y poboTi cuctemu. KirouoBoro mepeBaroro
3aCTOCYBAaHHS CTIMKOi 1 JOCTYNHOI CHUCTEMM JIOTYBaHHSI € TapaHTisd KIHIEBOI KOHCUCTEHTHOCTI
iHpopMaii, ska MOKe OYTH KPUTHYHO BaXJIMBOIO JUISL KJIIEHTA Ta HOTO KOMaHIH.
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MOHOTOHHI IIpeAUKATHA B TEOPIi 1IrOP
Okcana Mukuiien

Kageopa ancebpu ma ceomempii
Ipukapnamcoxuii HayionaneHull yHieepcumem imeni Bacuns Cmeghanuka
IBano-®paHKiBCHK, YKpaiHa

AHoTaniss — MOHOTOHHI NpeAWKATH 3aCTOCOBAHO Yy CHTYyalisix HeNMOBHOI a00 HETOYHOI
indopmanii, HanpukIag, y irpax Asox rpasuis. Onuc HenoBHOI iHGopManii mpo mo3umiro rpasud y rpi
3a I0NOMOroI0 HellepepBHUX HAMIBrpaTok. OTpMMAaHO aNPOKCUMATHBHY TeopeMy NMpo MiHiMaKc.

Kniouoei cnosa. Monomonnuii npeouxam, Henepepena naniezpamca, Izpu 3 nenosnoro inghopmauicro.
I. Bcryn

Mertoro poOoTH € 3aCTOCYBaHHS CTaHAAPTHOTO IHCTPYMEHTAPIIO ICHOTAI[IHOT CEMaHTHKH MOB
porpaMmyBaHHs, a caMe MOHOTOHHHUX IPEIUKaTIB Ha HENEPEepPBHUX HAIIBrpaTKax, 0 TEopii irop.
Ile maibke HeMae CEHCY Ui irop 3 MOBHOIO iH(GOpPMAIIi€l0, ale BCE CTa€ 1HAKIIE, SKIIO TPpaBIli
MalOTh JIMIIIE YACTKOBY iH(pOpMaIlito Mpo (aKkTUUHI MO3UIT Y Tl 1, KPIM TOT0, MAIOTh OOMEXEHHI
KOHTPOJIb HAJ] 3MiHAMH IMX TTO3ULIIH.

Il.  AHAJI3 OCTAHHIX JOCJLKEHB I ITYBJIIKALIA

E. JifikcTpa B cBoiit mpamni [1] 3ayBakuB, 1110 3MICT KOXKHOI MPOrPaMU BU3HAYAETHCS TUM, SIK
ICTUHHICTh TNpHUMIYLIeHb (IPEeIUKaTiB) MpO BXiJHI JaHl BIUIMBA€ Ha ICTUHHICTh NPUNYIIECHB
(mpeaukaTiB) mpo pe3yibTar ii podoTu. Bei MoxmBi (IMOBipHO, HETMOBHI) — mopIii iHpopMarrii"
PO AaHI YU CTAH CUCTEMH Y JESIKUI MOMEHT yTBOPIOIOTh 00J1acTh oOuuciaeHHs. Ha uiit MHOXUHI €
MPUPOJHUN YAaCTKOBUM TOPSNIOK, SIKUW BiAOMBae lepapxito iH(opMalii 4¥ 3HaHHA: 110 OlIblle
iHpopManii Hece eneMeHT (1o OiIbIl OOMeXyrouum/crenupiyHUM BiH €), TO OUIBIIMM MM HOro
BBakaemo. Y [2] Takox 0OrpyHTOBaHO, YOMY HPUPOTHO BUMAraTH, o0 001acTb 004KCIIeHHs Oyiia
HETEePEePBHOIO HAIIIPATKOI Y CeHCl Teopii obmacteld, siky ctBopuB Jana Ckorr [3]. BixmosigHo,
¢byHKIIIO, sIKa KOXKHIA ~ mopuii iHdopMarii" 3icTaBise ii * CTymiHb MpaBAMBOCTI", MU, CIIIYIOUU
[4], HazuBaeMO MOHOTOHHHM TPEIUKATOM Ha 001acTi OOuKcieHHS. MOHOTOHHI NpeIUKaTd Ha
HENEepepBHUX HaMIBrpaTKax 31 3HAYEHHSMU y IUIKOM AMCTPUOYTHUBHUX TIpaTkaXx HEMHHYyYe
BUHUKAIOTh Y IIbOMY KOHTEKCTI.

I11. PE3VJILTATU

Hexait S — HenmepepBHa HamiBrpaTka 3 HUXKHIM €JI€MEHTOM, SIKy MOKHA BBa)KaTH MHO>KHHOIO
BCIX MOPILIi HenoBHOI iH(popMallii, IKy MOXHa OTPUMAaTH B MEBHUM MOMEHT 4acy. MHOXHHY BCIX
HenepepBHUX 3a CKOTTOM B1JI0OpakeHb 3 HAIIBIpaTkd S B KOMIIAKTHY rayciopdoBy rparky
Jloycona L mosnaummo [S — L]. Enementn [S — L°P]°P [4] wHasuBaemo L-HeUiTKUMH
MOHOTOHHMMH IpeIMKaTaMu Ha S.

MHOXUHY BCIX L-HEUITKMX HOPMOBAaHHMX MOHOTOHHMX IIPEIMKATIB Ha HENepepBHiN
HAIBrpaTui S no3Hauumo Mp,;S = [S — L°P1F.

Posrnsinemo rpy6i irpu BOX TpaBLiB Y po3UIMpeHid GopMmi, KOIM MepHIuil 1 Apyruil rpaslii
XOSATh MO Yep3i, a pe3yJIbTaT I'PH € eIEMEHTOM LIJIKOM AUCTPUOYTUBHOI IpaTKH L.

Mownoronnuit ipemukar R; (x;) = m, g € M[jS_; TOBHICTIO OMHCY€E MO3MIIIKO y TPi 3 TOUKH
30py  JApyroro  rpaBus  micias  Xomy — X; € S5; mepmoro  rpa.lisl. I  naBmakwu,
R_i(x_;) = my_p , € M[;;S;;, 300paxye MO3MILIIO MEPIIOTO IPABILS MICIA X0y X _; IPYTOTO.
[ToGy10oBaHO MOHOTOHHI MPEAUKATH BUILIAT W; € M1:5; iw_; EM ]S-i

2023 2nd International Conference on Innovative Solutions in Software Engineering
Ivano-Frankivsk, Ukraine, November 29-30, 2023

251



w;(x;) = supfw; (X)|x € S;,x < x;} i W—(x—) =stp{w_;(x)|x € S_;,x < x_;},
110 OMUCYIOTh HIDKHI OOMEXEHHS Ha pe3yJIbTaTy IpU MPaBUIIbHIN Tpi.

3HANIEHO PEKYPEHTHI CITIIBBIAHOIICHHS, SKi JO3BOJSIOTH OOYHMCIUTH 1[I TMPEANKATH,
PYXarOUHUCh Bl OCTAHHHOT'O MOKIIUBOTO XOY TPH.

Teopema. [{ns ckiHYeHHOI OCTIAOBHOCTI S, S_4, S5, S_5, ... HETIEPEPBHUX HAIMIBIPaTOK 3
HYJSIMU 1 TpyOOi Tpu JIBOX TPaBIIB y pO3MUpeHid GopMi, y sIKid MOYATKOBHA CTaH 3a1a€ThCS
MOHOTOHHUM TIPEAMKATOM Mgy € M[;)S;, @ XOAM TPaBUiB — HEOAHO3HAYHUMHU 300paKEHHIMHU

R;: 5; =Y S, i R_;:5S5_; =t 5S,,,, nmnpemukary BUIIaT 3aJ0BOJBHSIOTH PEKYPCUBHI
CIIBBITHOIIICHHS
w; (x;) = SUpgey, Inf{R; ) viw_;(x_) [ x_; € S_;}

w_;(x_;)= Sﬁpx«x_!- inf{R ; () (ri1) Ywyyg (pq) [ 501 € Sipqd
3ayBaxuMo, M0 CympeMyMHu Ta iHQIMyMH y Teopemi He 00O0B’si3k0BO gocsikHi. OTxe,
OTPUMAHO ' alPOKCHUMATHBHY TeOpeMy Ipo MiHIMakc": /[[n1 epyOoi cKinuenHoi OilCHO3ZHAYHOI 2pu
POo3UuUpenoi popmu 3 HYIbOBOI CYMOIO, HAUMEHUIOI0 8EPXHBLOIO 2PAHHIO MIHIMANILHO20 8ucpauty
nepuLo2o 2pasysl € HAuOIILULA HUNCHS 2PAHb MAKCUMATILHO20 NPOSPauLy 0py2o20 2pasysi.

1V. OBrOBOPEHHS

PosrimsinemMo sik 3acTocoByBaTH omnucaHi Buimie (yHKIii, mo0 oTpuMaTH y Tpi Kpamii
pesynbratu. [ CHpOIICHHS MPHITyCTUMO, M0 TpaTka L JiHIAHO BIOPSAKOBaHA, HANPHKIAL,
L=1[0;1] i m_g(l} = a. llepmmii rpaBenp MOXKE BHABUTUCA HE3JATHHUM  OTPUMAaTH
a, TOMy 00epeMo sK 3aBrogHo Onm3bke a’ < a. Ockinbku wg(1) > ', icHye Take x; € §;, 10
mp(x;) A w(x;) > o. Hexail mepimii rpaBens 3poOUTh CBili BHOIp X;. SIKIIO Apyruil rpaBelb
MOTOUTRCST HA My (x1) > o 1 Buiie 3 TpH, TO MepIInii OTprMae He MeHIIe HiK o . [HakIme 3a UM
crigye Xig x_y € S_4, 1e wq(x;) > a’ i, Kemo mocirabuBIIM X; J0 X, MOKEMO PO3paxOByBaTH Ha
Ry(x)(x_y)Vo_1(x_y) = " dxmo R,(x)(x_;) > o, To mepmmii rpaBemb MOKE BHUTH 3 I'PH 3
pesynbratom > o, abo, 3aBIIKH w_;(x_;)>a', BiH o00epe Take x5 €S,, 1O
R_;(x_1)(x3) ANws(x5) = ', i T.1. Tak mepiuuii rpaBellb MOKE rapaHTyBaTH JOBUIBHUIA pe3yIbTar
a' < a.

3 iHmoro 60Ky, 3 wg(1) = a BummBae mg(x,) Aw;(x;) < a g BCIX XOmiB x; € S;.
Orxe, MCIS KOXKHOTO X0y JAPYTHUil rpaBelb MoXxe abo oTpuMatu my(x,) < @, ab0 CKOPUCTATHCH 3
wi(xy) <a, mob6 3HalTH I KOKHOro o > o Takmid  xim x_y €S_4, 1O
Ri(x)(x_))Vw_;(x_;) < o'. Tlicns nporo xomy NepIIdii rpaBelb MoOXe abo B3SITH
Ry(x)(x_;)Vw_;(x_;) < " i BuiiTH, a00 TMPOJOBKHUTH TPy, i, OCKUTBKH w_;(x_;) < o', B 060X
BUIIQ/IKaX pe3yJIbTaT Jpyroro rpaslisd Oyjae He TipimuM Big a’ > o

V. BUCHOBKU

PesynbraTt poOOTH € BHECKOM y TEOpPi0 HEMEPEpBHUX 0ONacTel 1 BIIKPUBAIOTh MOXKIUBOCTI
3aCTOCYBaHHS T'PAaTKO3HAYHUX MOHOTOHHHUX TIPEIUKATIB y MOJENIOBaHHI MPHUHHATTS pIllIeHb B
yMOBaX HEBU3HAUEHOCTI, 30KpeMa, B yMOBaX irop 3 HEMOBHOIO 1H(opMaIi€ro.
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VI. TIEPCIIEKTUBU HOJAIBIINX JOCIIKEHb

[lepcnekTrBY MOANBIIMX JOCTIIKEHb IIOB'S3aHI 3 TOCIAOJICHHSIM JESIKUX BHUMOT [0

HAIIBIPaToK Ta iX BiOOpakeHb, a TAKOX 3 MIIMOIINM aHaJTi30M MOHOTOHHUX MPEIUKATIB 3 MOTIIATY
1 3acobamu Teopii KaTeropii.

(1]

[2]

(3]

(4]

(5]

[6]
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Abstract—A great number of analog and digital data communications schemes use the sinusoidal
waveform as a basic elementary signal, including the spread spectrum data exchange techniques.
Detection of the presence of the sinusoidal waveform in a mixture of signal and noise is a common
task, regardless the specific modulation scheme. This paper presents the machine learning-based
approach for detection of the sinusoidal wave. It presents the structure of the convolutional neural
network, as well as the performance metrics for the sinusoidal signals detection. The paper provides
an assessment of the overall accuracy for the binary signals. It reports the overall accuracy value of
0.93 for the sinusoidal signal detection in the presence of additive white Gaussian noise at the signal-to-
noise ratio value of —20 dB for a balanced dataset.

Keywords—digital communications, modulation, manipulation keying, demodulation, detection, bit
error rate, machine learning, deep learning, convolutional neural network, JT65

I. INTRODUCTION

The most fundamental digital modulation techniques are based on the use of sinusoidal
waveform as a carrier [1], [2]. Automatic information extraction in signal monitoring requires some
intermediate steps such as modulation classification, signal identification [3], etc. Demodulation
includes the estimation of sinusoidal waveform parameters, such as amplitude, phase, and
frequency. This paper presents the method for detection of the presence of the sinusoidal
component in the mixture of signal and noise. It can be implemented in the software-defined radios,
cognitive radios, and wireless sensor networks. The presented method of the detection of the
continuous sinusoidal wave is also applicable in radiotelegraphy as well as in radiolocation.

Il. RELATED WORK

Paper [4] presents a novel signal extraction algorithm from chaotic background using wavelet
packet transform. In [5], the authors present a new method for the detection of signals in "noise”,
which is based on the premise that the "noise™ is chaotic with at least one positive Lyapunov
exponent. A novel method of detection, extraction, and estimation of amplitude, phase and
frequency of sinusoids of time-varying nature is presented in [6]. In the paper [7], the problem of
non-coherent detection of a sinusoidal carrier is considered in the presence of Gaussian noise. The
author of [8] investigates the convexity properties of error probability in the detection of binary-
valued scalar signals corrupted by additive noise. The paper [9] solves the problem of weak radio
signals demodulation for Frequency Shift Keying (FSK) and Phase Shift Keying (PSK) signals with
Machine Learning (ML) using perceptron model with randomization. Paper [10] provides the bit-
error-rate performance of the spread spectrum binary communication system with noise shift keying
scheme using the entropy demodulation. Reference [11] presents the idea of using CNNs with deep
learning structure to predict future symbols based on the received signal, to further reduce inter-
symbol interference and to obtain a better Bit Error Rate (BER) performance in chaotic baseband
wireless communication systems.
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I1l. METHODOLOGY

Fig. 1 shows the time domain waveform and the spectrogram of the mixture of signal and
Additive White Gaussian Noise (AWGN) at SNR —20 dB.

Signal Waveform in Time Domain Spectrogram
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Fig. 1. Time domain waveform and the spectrogram of the mixture of signal and AWGN

Fig. 2 shows the structure of the convolutional neural network that is used for the detection.

Layer (type) Output Shape Param i
reshape (Reshape) None, 4096, 1) 0

batch normalization None, 4096, 1) 4
convld (ConvlD) None, 4096, 128) 2176
max poolingld None, 2048, 128) 0
dropout (Dropout) None, 2048, 128) 0

batch normalization 1 None, 2048, 128) 512

convld 1 (ConvlD) None, 2048, 64) 131136

(

(

(

(

(

(

(
max poolingld 1 (None, 1024, 64) 0
dropout 1 (Dropout) (None, 1024, 64) 0
batch normalization 2 (None, 1024, 64) 256
convld 2 (ConvlD) (None, 1024, 32) 32800
max poolingld 2 (None, 512, 32) 0
dropout 2 (Dropout) (None, 512, 32) 0
flatten (Flatten) (None, 16384) 0
batch normalization 3 (None, 16384) 65536
dense (Dense) (None, 64) 1048640
batch normalization 4 (None, 64) 256
dense 1 (Dense) (None, 2) 130

Total params: 1281446 (4.89 MB)
Trainable params: 1248164 (4.76 MB)
Non-trainable params: 33282 (130.01 KB)

Fig. 2. Structure of the convolutional neural network

In this research, the modulation scheme is On-Off-Keying (OOK). The main baseband
frequency is 1270.5 Hz. The baseband bandwidth is 5,512.5 Hz. The sampling rate is 11,025.0 Hz.
The bit duration time is 0.3715 s, 4096 samples (exactly as it is in JT65 protocol [12, 13]). The bit
rate is 2.6917 bit/s. The signal-to-noise ratio (SNR) is —20 dB, the normalized signal-to-noise ratio
(Ep/No) is +13.1 dB, and the spreading factor is +33.1 dB). The size of the training dataset is 10720
records, the validation set size is 2680, and the test set size is 6600 records. Initial training/test split
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ratio is 0.33; training/validation split ratio is 0.2. The loss function: sparse categorical cross-
entropy, optimizer: adam. Two separate output neurons are used in the model. There is no need for
one-hot encoding for labels due to the sparse loss function. The binary model can be easily
converted to a multiclass classifier for m-ary signals.

IV. RESULTS

The classification report for the test data is shown in Table 1, the confusion matrix - in Table 2.

TABLE 1. CLASSIFICATION REPORT TABLE 2. CONFUSION MATRIX
Classification Metric Predicted
Precision | Recall | F1-Score | Support 0 1 All
0 "space” 0.89 | 098 093 | 3351 0 (3273 | 78 | 331
1 410 | 2839 | 3249
1 - "mark" 0.97 0.87 0.92 3249
All 3683 | 2917 | 6600
Accuracy 0.93 6600
Macro avg 0.93 0.93 0.93 6600
Weighted avg 0.93 0.93 0.93 6600

V. DISCUSSION

The purpose of this study was to gain a better understanding of the ability of machine learning
algorithms to detect the baseband sinusoidal signals. The result of the present study supports the
hypothesis that the presence of sinusoidal signal can be detected with ML techniques. The results of
this research provide supporting evidence that it is possible even in the presence of noise. This is the
main take away from this paper. This pattern of results is consistent with our previous works those
deal with ML-based demodulation for frequency shift keying modulation scheme. These results
represent the direct demonstration of sinusoidal signal detection within the scope of the ML
approach. There are at least three potential limitations concerning the results of this study. A first
limitation is that we used signals generated with the same power. A second potential limitation is
that we used supervised machine learning approach. This means that the algorithm should be
trained on previously known data. Unsupervised approach looks like more promising technique.
The third limitation is that we considered only the case of AWGN interference. Despite these
limitations, the results suggest practical implication that sinusoidal signals can be detected using
ML.

VI. FUTURE RESEARCH

In terms of future research, it would be useful to use the quantum optimization algorithms [14].
The results might be applied in data communication applications in mobile robotics [15]. Also, it
would be useful to research the ability of unsupervised ML [16] approach in the context of this task.
Other types of interferences (chaotic [4, 5], intermodulation distortion [17], etc.) should be studied
as well.

VII. CONCLUSION
The main conclusion that can be drawn is that sinusoidal baseband signals can be detected

using supervised machine learning approach. In summary, this paper presents the values of quality
metrics. The overall accuracy 0.93 and minimum F1-score is 0.92 at SNR value of —20 dB.
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	I. Introduction
	II. Related work
	In recent years, the domain of stock market prediction has witnessed a profound shift, primarily driven by the advancements in AI. With vast amounts of financial data being generated daily, there's a dire need for sophisticated methodologies capable of deciphering these intricate patterns. Among these methods, Long Short-Term Memory (LSTM) networks have emerged as one of the front runners [3]. Their inherent capability to deal with sequential data, remembering long-term dependencies, and avoiding the pitfalls of traditional Recurrent Neural Networks (RNNs) [5], such as the vanishing gradient problem, makes them aptly suited for the volatile world of stock market data. However, while LSTMs have shown promise, there's a burgeoning interest in enhancing their efficacy further [6-7].
	III. Methodology
	The designed system uses genetic algorithms to optimise LSTM networks for stock forecasting. This includes the following steps:
	1. Data collection. It starts with collecting the necessary data for stock forecasting.
	2. Data pre-processing. Pre-processing steps are performed to clean and refine the data, such as reducing noise in the data to ensure accuracy and normalising the data to bring all input characteristics to a standard scale, which will help in efficient model training.
	3. Data partitioning. The data set is split: 82% is allocated for training purposes to train the model and 18% is reserved as test data to evaluate the model's performance on unseen data.
	4. LSTM training:
	4.1 Creating an initial population of LSTM models.
	4. 2. Training the LSTM model on the training data:
	- The "fitness" of each model or the accuracy of stock price forecasting is evaluated.
	- If the model is considered sub-optimal, it is transferred to genetic algorithm processes to improve it.
	5. Processes of the genetic algorithm:
	- Selection. Selection of models based on their suitability for participation in the crossover and mutation stages.
	- Adaptive crossover. Combines the features of two parent models to create a new offspring model.
	- Adaptive mutation. Making minor random changes to the model to find new potential solutions.
	- After mutation, the new model is tested to see if it is optimal. If not, the process of selection, crossover and mutation is repeated until the optimal model is found.
	6. Forecasting. The optimal LSTM model is used to predict stock closing prices.
	7. Trend analysis. Based on the forecasted closing prices, the price trend is determined, indicating whether the stock is expected to rise, fall or remain stable.
	8. Model evaluation. The efficiency of the model is evaluated using various metrics. An evaluation score is calculated to determine how closely the model's predictions match actual stock market trends.
	IV. Results
	V. Discussion
	The study uses LSTM networks because of their ability to process time series data, which makes them effective for stock market forecasting. The main disadvantage of LSTM network is the need not only for knowledge of stock markets, but also deep knowledge of data science; in order to obtain results with 60% accuracy, you need to have in-depth knowledge. On the other hand, the genetic algorithm does not make it possible to complicate the model by adding layers of density, and in this case the user cannot go beyond 58% accuracy.
	VI. Future research
	Further research could delve into hybrid AI models and their application in various financial instruments.
	VII. Conclusion
	The combination of LSTM and GA-driven AI provides a robust system for stock prediction. With the integration of websockets, the system stays relevant with real-time data, showcasing its potential for real-world applications.
	VIII. Acknowledgment
	This study was carried out with the dedication and commitment of the research team. The authors extend their sincere appreciation to the Department of Data Science and Artificial Intelligence at Yuriy Fedkovych National University for their insightful guidance and profound expertise throughout the research process.
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	References
	I. Introduction
	II. Related work
	Despite the large number of works related to modeling the processes leading to the emergence and decay of elementary particles within the framework of general relativity, there are significant difficulties in predicting the behavior of island systems ...
	III. Methodology
	IV. Results
	V. Discussion
	According to the provisions of Thom's theory of catastrophes and the generalization of the theories of Ginsburg-Landau phase transitions using the differential topological approach, it was found that the island system that corresponds to the Plebański...
	VI. Future research
	However, the results obtained do not take into account the effects that may arise due to the rotational moment in the island system and accelerated motion. To take into account these effects, an expression was obtained for the Lagrangian taking into a...
	The symbols * and ∆ mean differentiation with respect to the coordinates p and q, respectively. Functions in metric (1) taking into account the effects of rotation and acceleration have the form:
	References
	I. Introduction

	II. LOW POWER VOLTAGE LEVEL SHIFTERS

	Low power voltage level shifters are essential components in integrated circuits, facilitating communication between diferent voltage domains while minimizing energy consumption. They play a crucial role in enabling efficient and reliable data transfer within modern electronic systems.

	1. Low Power and High Performance Voltage Level Translator

	Short circuit and dynamic power consumption have been effectively mitigated through the reduction of power supply levels Simultaneously, meticulous control of voltage margin in the analog circuit optimizes the sensitivity-to-noise ratio. The utilization of dual supply voltages, VDDL for noncritical routes in digital circuits and VDDH for high-speed blocks, facilitates diverse device conduction speeds transitioning from low to high logic levels. To ensure optimal performance, it is imperative to strategically place low-power consumption level shifters [3] that minimize propagation delay and silicon area utilization. This architectural approach, when implemented in low-power supply blocks, not only conserves high power but also significantly minimizes the voltage shift required from VDDL to the source transistor threshold voltage.

	Fig.1. Voltage Level Shifter Schematic with High Speed and Power Efficiency

	Considering the schematic of the high-speed voltage level translator which is shown in figure 1, it is imperative that te NM2 transistor be connected to the node linked with the output. The current through NM1, denoted as IP1, and the current passing through MN2, termed as IP2, might experience a reduction during specific instances. To address this intricate issue, a novel solution has been proposed. This involves switching the input signal from a low to a high value, activating NM1 while deactivating NM4. Consequently, current flows through transistors NM4, NM1, and PM1 when the output transition time mirrors that of previous outputs. This behavior can be attributed to the comparatively lower overdrive voltage of transistor NM3 in contrast to PM3. Notably, the current IP1 demonstrates a reflective effect on transistor PM2, causing NM3 to lower its gate voltage. Consequently, a continuous flow of current through the transistors NM4, NM1, and PM1 is averted.

	2. Auxiliary Circuit-Based High-Speed Voltage Level Shifter

	An auxiliary circuit[4] has been integrated into the high-speed voltage level shifter to mitigate previous limitations ad lower power consumption. This circuit transitions the input signal from a logic high to low state, resulting in an output not directly comparable to the source signal. In this configuration, PM6, NM6, and NM7 are active, while NM5 remains in a cut-off state. The schematic in figure 2 illustrates the auxiliary circuit-based shifter. Its output waveform indicates that a logic high source signal leads to a minimized voltage and an elevated Quiescent Current(QC). 

	This high-speed voltage shifter, with its auxiliary circuit, offers reduced power consumption and signal delay.

	Fig.2. Auxiliary Circuit-Based High-Speed Voltage Level Shifter

	In the context of the simple voltage level shifter, it is noteworthy that the addition of MN2 and MP4 transistors faciliates the downward pull of the output node. Consequently, the drain-source voltage of transistor MP2 is correspondingly reduced. This supplemental circuit implementation resulted in a power consumption of 180 nanowatts and an associated delay of 2.4 nanoseconds.

	III. Methodology

	IV. Results

	In figure 4, observe that the output voltage closely follows the phase of the input voltage, indicating a synchronized rlationship between the two signals. Notably, the output voltage is not only synchronized but also exhibits higher amplitude than the input voltage, signifying an amplification effect within the system.

	Fig. 5. Delay and Power Measurement.

	V. Discussion

	The proposed method results were meticulously evaluated and compared with the outputs generated by previous techniques. hrough this comparative analysis, a comprehensive understanding of the effectiveness and potential advantages of the new approach was attained. This process not only provided a clear indication of the progress made by the proposed method but also enabled the identification of any notable disparities, thereby offering valuable insights for further refinement and enhancement of the methodology. The table compares the areas of two different efficient level shifter circuits in 180nm and 45nm technologies. The first circuit is a "low power voltage level shifter using GALEOR" and the second circuit is a "high speed and power efficient voltage level shifter circuit."

	The table I shows that the high speed and power efficient voltage level shifter circuit has a smaller area than the low ower voltage level shifter using GALEOR in both 180nm and 45nm technologies. Specifically, the high speed and power efficient voltage level shifter circuit has an area of 120.6 square micrometers in 180nm technology and an area of 3.09 square micrometers in 45nm technology, while the low power voltage level shifter using GALEOR has an area of 130.2 square micrometers in 180nm technology and an area of 3.27 square micrometers in 45nm technology. 

	VI. Future research

	VII. Conclusion

	In conclusion, the implementation of a level shifter using the GALEOR technique has proven to be a power-efficient soluton. This approach capitalizes on the stack effect between the pull-up and pull-down transistors, effectively maximizing the resistance of the leakage path and thereby optimizing power consumption. Furthermore, it exhibits minimal delay when compared to alternative circuit designs. The outcome of this implementation is a remarkable power consumption of 109.1nW and a low delay of 1.8ns, all within a compact area of 130.2 sq.um. These results underscore the effectiveness of the GALEOR technique in achieving a balance between power efficiency and performance, making it a promising choice for integrated circuit applications..
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	Під час створення інтелектуальної АСУ послідовно ставляться і вирішуються такі задачі [1,2]:
	1.1.Формалізація предметної галузі
	По суті, це завдання є завданням кодування. Складається список узагальнених класів, до яких можуть належати конкретні реалізації об'єктів, а також список ознак, якими ці об'єкти в принципі можуть мати.
	1.2. Формування репрезентативної навчальної вибірки
	Навчальна вибірка є базою даних, що містить описи конкретних реалізацій об'єктів мовою ознак, доповнену інформацією про належність цих об'єктів до певних класів розпізнавання.
	1.3. Навчання класифікатора
	Навчальна вибірка використовується для формування узагальнених образів класів розпізнавання на основі узагальнення інформації про те, які ознаки мають об'єкти навчальної вибірки, що належать до цього класу та інших класів.
	1.4. Оцінка та вибір розмірності простору ознак
	Після навчання системи розпізнавання (отримання статистики розподілу частот ознак за класами) стає можливим визначити для кожної ознаки його цінність для розв'язання задачі розпізнавання. Після цього найменш цінні ознаки можуть бути видалені із систем...
	1.5. Синтез моделі та демонстрація її адекватності
	Реалізується у форматі апроксимації складної функції зв'язку цільових індикаторів з вектором множини вхідних факторів. Після встановлення детермінованого зв'язку факторів та станів об'єкта необхідно забезпечити та обґрунтувати адекватність моделі.
	1.6. Технологія знаходження керуючих факторів
	Завдання класифікації полягає у тому, що для даного об'єкта за його відомими ознаками системою встановлюється його належність до деякого раніше невідомого класу. Потім нейромережевою моделлю встановлюється, які ознаки найбільш характерні для об'єктів ...
	Обґрунтування та реалізація базових функцій ІАСУ
	Інструментально завдання вирішується у базисі існуючих градієнтних методів навчання штучної нейронної мережі алгоритмом зворотного поширення помилки [5-7].
	Для моделювання класифікатора доцільно дослідити можливості пакету технічного аналізу даних StatSoft з нейромережевим модулем STATISTICA Neural Networks [4,5]. Тоді синтез моделей базових процесів реалізується у просторі процедур, що прискорюють адапт...
	На вхід мережі надходить множина пар навчальних векторів {x, d}, де {x} – вхідний вектор, а {d} – істинний вихідний вектор ознак об'єкта, що досліджується, {y} – множина реакцій нейронної мережі на вхід {x}.  Різниця між {y} та {d} (E=||y - d ||) – по...
	Реалізувати навчання ансамблю моделей дозволяють відомі швидкодіючі спрощені алгоритми навчання [4], для яких висока швидкість збіжності, як ключовий критерій якості, забезпечується при низьких вимогах похибки обчислення градієнта. Наприклад, алгоритм...
	Потім визначаються величини змін ваг відповідно до напряму зменшення градієнта:
	Аналітичний зв’язок керуючих факторів з цільовою функцією слід встановити, спираючись на теорему Колмогорова-Арнольда про представлення функції кількох аргументів через суму композицій функцій однієї змінної та її адаптації до нейромережевого формату ...
	де Н – потужність навчальної вибірки, α, v – параметри нейромережі, n – кількість нейронів, wi1, wi2, …, win – вагові коефіцієнти нейронів.
	Демонстрація якості навчання варіантів моделей
	Адаптація вхідних факторів до цільової функції
	Це завдання вирішується підстроюванням вхідного вектора факторів через градієнт функції помилки за вхідними сигналами мережі [4].
	Задавалися індикатори, що відповідають необхідному класу стану об'єкта, та подавалися на вхід навченої мережі. Маючи задану відповідь та відповідь, видану мережею, обчислювався градієнт функції помилки за вхідними сигналами мережі за технологією метод...
	Таким чином, значення вхідних факторів після закінчення процедури підстроювання є результатом прийняття рішення нейронною мережею щодо переведення системи з одного стану (класу) в інший.
	IV. Результати
	Для різних умов моделювання на тестових вибірках прикладів отримано ансамбль продуктивних нейромереж, які якісно підтверджують працездатність запропонованої технології синтезу класифікатора в режимі реального часу. Зберігаємо моделі з найбільш високою...
	Адекватність моделювання встановлюється за продуктивністю та помилками на навчальних та тестових множинах, що дозволяє стверджувати про спроможність моделювання базових функцій ІАСУ щодо наборів прецедентів зв'язку факторів та станів досліджуваних об'...
	Таким чином, реалізовані базові функції АІСУ в середовищі стандартних нейроемуляторів Statistika Neural Network, із заданою продуктивністю і точністю.
	V. Перспективи подальших досліджень
	VI. Висновки
	Нейромережева підтримка реалізації базових функцій інтелектуальної АСУ успішно вирішується із застосуванням класичних пакетів технічного аналізу даних. Синтезовані моделі базових функцій ІАСУ показали прийнятну для практики працездатність. При цьому о...
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	Ігор Невлюдов, Андрій Слюсар, Софія Хрустальова, Кирило Хрустальов, Віктор Косенко
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	Анотація—У сучасному світі логістичні процеси стають все більше автоматизованими, і технологія грає важливу роль у цьому контексті. Ця стаття присвячена порівнянню ефективності застосування двох основних технологій ідентифікації товарів—штрихового код...
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	I. Вступ
	II. Аналіз останніх досліджень і публікацій
	Розглядаючи останні дослідження та публікації з області порівняння ефективності технології штрихового кодування і технології RFID в логістичних виробничих процесах, можна визначити кілька ключових тенденцій та висновків.
	Перший важливий аспект полягає в тому, що обидві технології мають широкий спектр застосувань і показують свою ефективність у різних галузях виробництва та логістики. Однак сучасні дослідження вказують на те, що RFID досить часто переважає у вимірах пр...
	Другий аспект стосується витрат на впровадження і обслуговування обох технологій. Дослідники наголошують, що штрихове кодування має значно менші витрати на інфраструктуру та обладнання. Також воно вже широко використовується у багатьох галузях і має м...
	Третій аспект, який варто враховувати, полягає в технічних обмеженнях обох технологій. Штриховий код вимагає прямого видимого контакту із сканером, тому в ньому можуть виникати проблеми з читанням при зношуванні або пошкодженні. З іншого боку, RFID мо...
	Сучасні дослідження також відзначають тенденцію до поєднання обох технологій в комплексних системах ідентифікації та відстеження. Це дозволяє використовувати переваги обох технологій і зменшує ризики залежності від однієї з них. Однак такі рішення мож...
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	Порівнюючи технологію штрихового кодування і технологію RFID в логістичних процесах, було проведено аналіз порівняльних характеристик основних техніко-економічних показників. За результатами цього аналізу можна зробити висновки щодо порівняння вищезга...
	– швидкість ідентифікації: використання RFID дозволяє ідентифікувати товари практично миттєво, в той час як штрихове кодування вимагає фізичного контакту і часу на сканування. Це робить RFID більш ефективним для ситуацій, де швидкість грає ключову рол...
	– точність ідентифікації: RFID має вищу точність ідентифікації, оскільки воно не вимагає прямого видимого контакту і може працювати в умовах, де штрихові коди можуть бути пошкоджені або непрочитані;
	– витрати на впровадження: штрихове кодування має менші витрати на впровадження, оскільки воно вже широко використовується та не вимагає спеціалізованого обладнання;
	– витрати на обслуговування: витрати на обслуговування RFID включають в себе підтримку системи та заміну RFID-міток, що може бути вищими в порівнянні з обслуговуванням штрихових кодів;
	– масштабованість: RFID може бути більш ефективним в великих обсягах, де потрібно відстежувати багато товарів одночасно в реальному часі. Штрихові коди можуть бути менш ефективними в таких умовах.
	Також за результатами дослідження запропоновано структурну схему складської логістики з використанням RFID (рис. 1).
	Рисунок 1 – Структурна схема складської логістики з використанням RFID
	Для реалізації технології RFID у логістичному складі була створена структурна схема, яка включає наступні компоненти:
	– модуль робочого місця начальника потоку: цей модуль включає в себе спеціалізовану робочу станцію, де начальник потоку може контролювати та відстежувати потік товарів;
	– стаціонарний зчитувач RFID-міток: стаціонарний зчитувач встановлений на ключових точках складу і призначений для ідентифікації товарів, які проходять через нього;
	– RFID-ворота: вони розташовані на вході та виході зі складу і дозволяють автоматично ідентифікувати товари, які в'їжджають та виїжджають;
	– сервер системи: центральний сервер системи забезпечує збір та обробку даних, а також інтеграцію з іншими системами;
	– зона завантаження/розвантаження: ця зона призначена для навантаження та розвантаження товарів на палети;
	– зона зберігання: в даній зоні розміщені товари, які підлягають ідентифікації та відстеженню з використанням RFID;
	– мережа Інтернет: мережа Інтернет забезпечує зв'язок модуля робочого місця начальника потоку з віддаленими системами.
	Структурна схема з використанням RFID дозволяє забезпечити ефективну ідентифікацію та відстеження товарів на складі в режимі реального часу, що сприяє оптимізації логістичних процесів та зниженню помилок в управлінні складською логістикою.
	V. Обговорення
	Отримані результати дослідження порівняння ефективності технології штрихового кодування і технології RFID у логістичних процесах відкривають цінну інформацію щодо можливостей і обмежень кожної з цих технологій та їх впливу на логістичні процеси. В цьо...
	1. Швидкість та точність ідентифікації. Результати підтверджують, що RFID переважає штрихове кодування в плані швидкості та точності ідентифікації товарів. Це особливо важливо в сучасних умовах, де логістичні виробничі процеси вимагають великої точнос...
	2. Витрати на впровадження та обслуговування. Штрихове кодування виграє в аспекті витрат на впровадження через свою доступність та не потребує значних інвестицій. Проте, результати також показали, що витрати на обслуговування RFID можуть бути вищими ч...
	3. Масштабованість. Один з важливих висновків полягає в тому, що RFID може бути більш ефективним в великих обсягах товарів і ситуаціях, де потрібно відстежувати їх у режимі реального часу. Це важливо для логістичних компаній та виробників, які оптиміз...
	4. Специфіка робочого середовища. Також було виявлено, що обидві технології мають свої обмеження в специфічних робочих умовах. Штрихове кодування може бути менш ефективним в умовах, де штрихові коди піддаються пошкодженню. RFID, з іншого боку, може ма...
	5. Перспективи комбінування технологій. Результати дослідження вказують на потенціал комбінування обох технологій в одній системі, щоб використовувати переваги кожної з них. Це може допомогти зменшити ризики та збільшити ефективність в ідентифікації т...
	VI. Перспективи подальших досліджень
	Необхідно враховувати, що це дослідження проводилося в певних умовах та за обмеженими обставинами. Результати можуть варіюватися в залежності від конкретних умов виробництва та логістики. Крім того, розвиток технологій може призвести до змін у порівня...
	VII. Висновки
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