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O. BARKOVSKA, K. VOROPAIEVA, O. RUSKIKH

JUSTIFYING THE SELECTION
OF A NEURAL NETWORK LINGUISTIC CLASSIFIER

The subject matter of this article revolves around the exploration of neural network architectures to enhance the accuracy
of text classification, particularly within the realm of natural language processing. The significance of text classification has grown
notably in recent years due to its pivotal role in various applications like sentiment analysis, content filtering, and information
categorization. Given the escalating demand for precision and efficiency in text classification methods, the evaluation and comparison
of diverse neural network models become imperative to determine optimal strategies. The goal of this study is to address
the challenges and opportunities inherent in text classification while shedding light on the comparative performance
of two well-established neural network architectures: Long Short-Term Memory (LSTM) and Convolutional Neural Network (CNN).
To achieve the goal, the following tasks were solved: a comprehensive analysis of these neural network models was performed,
considering several key aspects. These aspects include classification accuracy, training and prediction time, model size,
data distribution, and overall ease of use. By systematically assessing these attributes, this study aims to provide valuable
information about the strengths and weaknesses of each model and enable researchers and practitioners to make informed decisions
when selecting a neural network classifier for text classification tasks. The following methods used are a comprehensive analysis
of neural network models, assessment of classification accuracy, training and prediction time, model size, and data distribution.
The following results were obtained: The LSTM model demonstrated superior classification accuracy across all three training
sample sizes when compared to CNN. This highlights LSTM's ability to effectively adapt to diverse data types and consistently
maintain high accuracy, even with substantial data volumes. Furthermore, the study revealed that computing power significantly
influences model performance, emphasizing the need to consider available resources when selecting a model. Conclusions. Based on
the study's findings, the Long Short-Term Memory (LSTM) model emerged as the preferred choice for text data classification.
Its adeptness in handling sequential data, recognizing long-term dependencies, and consistently delivering high accuracy positions
it as a robust solution for text analysis across various domains. The decision is supported by the model's swift training and prediction
speed and its compact size, making it a suitable candidate for practical implementation.
Keywords: text classification; neural networks; LSTM; CNN; classification accuracy; model comparison; sequential data.

Introduction
- Language
Text classification is an important task in today's Identification
information society, as it allows you to automatically Social Media Spam
. . . Moderation —- Detection
process and classify large amounts of textual information.
This is especially true in the digital revolution, when the - -
amount of text data is constantly growing, and with
it the need for efficient methods of analysing and News *}1'“?1_"“:_'“ Intent
ot classiiication P
. S . . A Categorizat fical Recognit
disseminating information. Text classification is widely Alegorization application ecognition
used in many areas of life, such as medicine, finance, - -
marketing, social media, Internet search, and many -
others, as shown in Figure 1. For example, text Medical Sentiment
classification in medicine can help to automatically Diagnosis Analysis
: : : Financial
determine diagnoses based on patient symptoms - Market )
Analysis

or filter out malicious content on social media [1].
Text classification plays an important role in the

field of natural language processing (NLP) and is central
to other NLP tasks. Text classification helps to determine Fig. 1. Areas of text classification task application

whether texts belong to certain categories or topics

or solve other problems related to the distribution For text classification, various tools are used to

of textual information [2]. achieve a high level of accuracy in this task,
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often combining existing methods that have proven
themselves [3]. First of all, rules and heuristic methods
based on predefined rules and expert knowledge are used.
These methods are especially effective when the data
structure is simple and the relationships between
categories are already known. Machine learning methods
are also used for classification. With machine learning,
you can create models that automatically recognize
patterns in text data and perform classification based on
a set of training data. In this field, methods such
as Naive Bayes, Support Vector Machine (SVM) [4],
Decision Trees, and others are widely used.

Neural networks are a special kind of machine
learning methods inspired by the structure of the brain's
neural network. Neural network models show impressive
results and advantages over traditional methods shown
in Figure 2, such as Naive Bayes, Support Vector
Machine (SVM), Decision Trees, and others, as they
allow to automatically detect internal patterns in text data
and classify with high accuracy, as shown in [5].

* Machine Translation \
* Text Generation

¢ Text Classification

* Summarization
Tasks .

+ Language Identification 4

* Naive Bayes Y
* SVM
* Neural Networks
Text * Random Forest
classification | »

methods * Logistic Regression /

* GPT

* BERT

- CNN

+ LSTM

* FastText
* GRU

Neural network
linguistic
models

Fig. 2. Generalized analysis of the problem area

When
important to choose a neural network model that best

solving text classification tasks, it is

suits the specifics of the task and the needs of the
research. Choosing the best model requires a careful
of different
characteristics to ensure optimal performance and

comparison architectures and their

accuracy. To select the best model, a comparative
analysis of various model characteristics is necessary.

For this analysis, we have selected the following key
characteristics: classification accuracy, learning rate,
prediction rate, model size, data dissemination, and
overall ease of use. In the following, we report on the
comparison of these models based on these characteristics
to find out their effectiveness and suitability for use
in different text classification scenarios.

Analysis of last achievements and publications

Work [6] shows that an important role in improving
classification efficiency is played by the use of Word
Embedding, which allows words to be converted into
vectors of numbers with small sizes while preserving the
semantic connections between them. This enables neural
networks to work with both text and numeric data,
allowing for higher classification accuracy and reduced
computing costs. In addition, in recent years, new
and more powerful methods have emerged, such as
Contextual Embedding, which allow for more accurate
capture of the semantic context of words and sentences.
As an extension of Word Embedding, Contextual
Embedding takes into account the context of each word
in the text and thus allows for a deeper understanding
of textual information using neural networks. These
trends in the use of Word Embedding and Contextual
Embedding in neural network models have become
an important means of improving text classification
results (Table 1).

In addition, some studies emphasize the importance
of achieving state-of-the-art results in text classification
tasks. A high level of accuracy in text classification
can be achieved by using pre-training and fine-tuning
models. Such approaches are becoming more and more
relevant, which increases the variety of applications and
the development of text classification for various tasks.

In our study, we will focus on analyzing and
comparing different approaches using neural networks
for text classification, in particular, we will compare
the performance of models using traditional Word
Embedding [7] and modern Contextual Embedding [8-9].
Such an analysis will allow us to better understand
current trends in this field and identify the most
promising areas of research in text classification using
neural networks.

Comparison of neural network models for text
classification is a critical task that allows us to determine
the most efficient and accurate approaches to specific
tasks. It is especially interesting to compare models based
on Contextual Embedding and static Word Embedding.
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Such a comparison will show the pros and cons of
different approaches to text vectorization and emphasize
the importance of taking context into account when
analyzing text data. A comparative study of neural
network models for text -classification has several
advantages. It allows us to determine which models are
more effective for different types of text data, which
can improve the quality of classification and the accuracy
of the results. Knowing the advantages and limitations
of different models also helps to choose the best
classifier for a particular text classification task.

Table 1. Ways to improve text classification accuracy

However, performing a neural network comparison
can cause certain problems. For example, it may require
significant computing resources and time, as such models
usually have a large number of parameters. It is also
important to choose the right metrics to evaluate the
results and avoid training the models repeatedly on the
same dataset. Taking all these factors into account,
studying the comparison of neural network models
for text classification remains an interesting and
important task that contributes to the development

and improvement of this field.

Strategy

Description

Contextual vectors

Using contextual word vectors such as BERT, GPT, or ELMO to capture context

Model selection

Selecting a suitable classification model, such as Naive Bayes, SVM, LSTM, CNN, etc.

Tuning of hyperparameters

Adjusting hyperparameters to optimize the performance of the selected model

Data augmentation

Generating synthetic data to expand the training set and improve model generalization

Ensemble approach

Combining forecasts from several models to improve overall accuracy

Transfer of learning

Use of pre-trained models and their fine-tuning for a specific classification task

Cross-validation

Evaluating model performance using methods that take into account multiple trials for accuracy

Text preprocessing

character processing

Text cleaning and normalization, redundant word removal, stemming, and special

One of the first known successful applications of
neural networks for text classification was based on the
Convolutional Neural Network (CNN) architecture.
The CNN model [10-11] has been successfully applied to
image analysis, but has also proven to be effective in
processing text data. Using CNNs and Word Embedding,
which transform words into numerical vectors [12—14],
impressive results have been achieved in text
classification tasks, in particular in determining the tone
of the text. However, recent trends indicate that there
are more powerful and flexible approaches to text
classification, including Contextual Embedding. Models
such as Transformer, BERT, or GPT are very popular in
the world of applied machine learning because they can
analyze texts in context, taking into account the semantic
relationships between words and sentences.

As a first step, we empirically compare the
performance of contextual embeddings with classical
embeddings such as word2vec [15] and GloVe [16].
Contextual Embedding is a type of Word Embedding in
which the vector values take into account the context in
which the words appear in the text. This gives you a more
accurate representation of the word depending on the
context. Context-aware neural network models, such as
BERT (Bidirectional Encoder Representations from
and GPT Pre-trained

Transformers) (Generative

Transformer), can achieve high results in various
classification tasks. On the other hand, static Word
Embeddings [2], such as Word2Vec and GloVe, assign
a fixed vector to each word that is independent of context.
These models work well for many tasks, but do not take
into account semantic dependencies between words
in a sentence, which can lead to less accurate text
classification results.

For this reason, we analyze the impact of using
Contextual Embedding on text classification accuracy.
Using this analysis, we can evaluate how effective
Contextual Embeddings are compared to traditional static
Word Embeddings in various classification scenarios.
They check whether contextual vector representations
provide better results and more accurate classification,
especially in complex and diverse text data analysis
scenarios. This approach allows us to understand which
word vectorization methods are more effective for
different types of textual information and helps to draw
conclusions about the advantages and limitations of each
approach in text classification tasks.

The purpose of this study is to conduct
a comparative analysis of two important neural network
architectures — Long Short-Term Memory (LSTM) and
Convolutional Neural Network (CNN) — to provide
recommendations for the selection of a neural network
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linguistic classifier. The study includes an analysis of
various aspects of both models, including classification
accuracy, training and prediction time, and model size,
taking into account three different training sample sizes.
For applications in areas such as news and content
classification, reviews and testimonials classification,
social media analysis, and others.

To achieve this goal, the following key tasks must
be solved, which are discussed in detail in this study:

— analysis of the problem area and justification
of the relevance of the topic;

— comparative analysis of existing text corpora;

— formulation of criteria and requirements for neural
network classifiers;

— performing experimental studies on samples of
different sizes to compare the training and prediction
time, prediction accuracy, and model size when using
LSTM and CNN neural network models as a classifier;

Table 2. Text bodies for text classification in NLP tasks

— analysis of the obtained results;
— justification for choosing the most effective model.

Materials and methods

There are many different corpora for training text
classification models that have become an important
resource for research and applications in the field of
natural language processing [17, 18]. These corpora
represent different types of text data from different
sources and cover a wide range of topics. To ensure
a successful comparison of neural network models for
text classification, it is important to carefully select
an appropriate corpus that meets the research goals and
task characteristics. The most popular cases include the
ones listed in Table 2: IMDB corpus, Reuters news
PubMed
sentiment analysis corpus.

corpus, scientific article corpus, Twitter

Ne Corpus

Description

Classification task

1| IMDB corpus and negative categories

Contains movie reviews from IMDB, divided into positive

Binary text classification
(positive/negative reviews)

2 | Reuters news corpus

Contains news articles organized by topic

Categorical classification of texts

PubMed scientific

articles corpus categorized by topic or importance

Contains scientific articles from medical sources

Categorical text classification

Twitter sentiment

analysis corpus (positive, negative, or neutral)

Contains Twitter messages categorized by sentiment

Sentiment classification in
short texts

Given the complexity of the text classification task
and the desire to perform a qualitative comparison of
neural network models, it was important to choose
a suitable corpus for training the models. The most
convenient and suitable corpus for our research purposes
was the IMDB corpus.

The reasons for choosing the IMDB corpus are its
diversity, accessibility, and representativeness. Due to the
large amount of data, IMDB can provide a sufficient
number of examples for training and testing models,
which is important for reliable comparison of their
performance. In addition, IMDB contains textual reviews
with emotional coloring, which is an important feature for
solving the binary classification task. Another important
advantage of IMDB is its accessibility, which allows
researchers from all over the world to use this corpus for
their studies. This contributes to the wide applicability of
the results and the possibility of comparison with other
scientific studies. In addition, the variety of text lengths
in the IMDB corpus allows testing the ability of models
to work with sequences of varying complexity and length,

which is crucial for realistic analysis of neural network
performance on a variety of input data.

The results of the comparison of neural network
models for text classification find application in many
promising areas and tasks, such as:

1. Sentiment analysis of product and service
help understand

reviews — this will companies

customer satisfaction, identify problem areas, and
improve their products.

2. Content classification in web services — this will
help organizations and platforms automatically filter
content to ensure safety and a positive user experience.

3. Emotion analysis in social media — this will
help to understand the reaction to news, events
and publications, which is important for advertisers
and marketers.

4. Monitoring brands and companies to track and
analyze public opinion, helping managers respond to
changes in the perception of goods and services.

Analyzing the accuracy and effectiveness of

different approaches is an important step to better
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understand the potential advantages and limitations of
contextual embedding compared to traditional methods.
This data can serve as an important guide in choosing
the optimal model for specific text classification tasks.
The goal of our research is to improve the quality
and accuracy of classification results and to contribute
to the development and implementation of new methods
in this field.

Choosing the right neural network architecture is
an important step in solving the text classification
problem. The appropriate architecture can affect the
efficiency and accuracy of the model in the text
task  from  different

classification perspectives.

The architecture of a neural network determines how it
solves the problem of analyzing text data. Different
architectures may have different approaches to pattern
recognition, word dependency detection, and interpretation
of textual information. The right architecture can help
solve specific problems in the text classification task and
provide more accurate and reliable results. In this study,
we chose two popular models for comparative analysis:
Network (CNN)
Short-Term Memory (LSTM), because these networks

Convolutional Neural and Long
represent two different approaches to analyzing text data
and have their own features that can be useful for

different types of texts and classification tasks (Table 3).

Table 3. Comparative analysis of LSTM and CNN models for text classification

Characteristics LSTM Model

CNN Model

Basic architecture

Recurrent neural network with LSTM layer

Convolutional neural network with ConvlD
layers

Typical tasks Analysis of sequential data, text data

Analysis of sequential data, images

Features

Takes into account the context of word dependencies

Detects local patterns in data

Learning algorithms

Backward error propagation, Adam optimizer

Back propagation of error, Adam optimizer

Activation functions Tanh, Sigmoid

ReLLU

Memory usage

Uses short-term and long-term memory

Does not use memory

Application

Sequential text analysis, language translation

Image, video analysis

Implementation libraries TensorFlow, Keras

TensorFlow, Keras

The CNN model is unique and specialized for
recognizing patterns in images, but it can also be
successfully used to process text data, where it recognizes
local dependencies and important features of the textual
context. On the other hand, the LSTM model is a part of
recurrent neural networks and has the ability to store and
use information from previous steps, which allows it to
work efficiently with sequential data, especially text
sequences, and take into account the context in texts.

In order to make the right choice of a neural network
linguistic model for classifying input texts in future studies,
this section presents the results of a comparative analysis of
the selected models according to the following criteria:
classification accuracy, training speed, prediction speed,
model size, data distribution, and overall usability.

Accuracy is an important indicator for determining
the performance of classification models. This characteristic
measures the proportion of correct predictions made by
the model out of the total number of predictions.
In our experiment, accuracy allows us to understand
how accurately the selected models identify positive
and negative reviews.

Learning and prediction times are important aspects
when implementing neural models. The learning rate

indicates the time it takes for the model to adapt to the
data during training. It can affect the overall training time
of the model. Prediction speed indicates the time it
takes for the model to predict new input data. In our
study, we measure these parameters for each architecture
and sample size to understand which model can be more
efficient in terms of computational complexity.

Model size reflects the number of parameters used
to hold information in the model. In our experiment,
we can use this metric to understand which architecture
has more parameters to store information. A large model
size can affect memory and computation requirements.

By comparing two models based on data
distribution characteristics, we evaluate how well each
model adapts to different types of data. Possible changes
in the distribution can affect the training results, as
certain models may be more sensitive to changes in the
data distribution. In our experiment, this metric is used
to understand how well each model is able to generalize
the knowledge gained during training to new and
unknown data. It is important to keep in mind that
real-world data that a model encounters in solving
practical problems may contain variations and diversity.
Thus, the importance of adapting to different data
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distributions emphasizes the need to choose a model that
demonstrates stable and reliable performance even under
variable input conditions.

The importance of evaluation parameters and
metrics lies in their ability to provide an objective and
complete assessment of model performance. The accuracy
rating helps to understand which of the architectures
is better at solving the classification task. Measuring
training and prediction time gives us an idea of how fast
the models work in real time. Model size is important
in practical applications where computing resources
may be limited.

In addition, the experiment investigated the effect
of the training set size on the time to obtain the
result, namely

e Small Training Set. In this case, lower-level
computing resources were used, which are characterized
by limited capacity and processing of a limited amount
of data;

e Medium Training Set. For this category, medium
computing resources were used, which allowed working
with a larger amount of data and provided higher
computing power;

e Large Training Set. To ensure the efficiency of
calculations, powerful computing resources were used
in this case, which allowed us to process large amounts
of data quickly and efficiently.

By analyzing the experimental results and
considering the impact of the computing base on the
performance of models for different training set sizes,
we can understand the importance of the role of
computing resources in determining the efficiency of
neural networks under different operating conditions.

The results allow us to better understand how computing
resources affect key model characteristics, such as
training time, prediction time, and classification accuracy.
This analysis helps to select the most efficient models
for specific work scenarios. For example, for tasks with
limited computational resources, it may be important
to favor models that perform best under constrained
conditions. On the other hand, if there is a lot of
computing power available, it may make sense to use
more sophisticated models with higher accuracy and
the ability to adapt to different types of data.

In the Results section, we present detailed results
obtained during the experiments with LSTM and CNN
The
conducted with three different sizes of training samples:

text classification models. experiments were
small (1000 samples), medium (10000 samples), and
large (50.000 samples). Table 4 shows the results
of the comparative analysis of two models — Long Short-
Term Memory (LSTM) and Convolutional Neural

Network (CNN) — for different training set sizes.

Research results

All models presented in Table 4 were trained on the
same hardware computing platform with the same
characteristics. This ensured an adequate comparison of
model performance, as the possibility of hardware
differences affecting the
In addition, the
all experiments. The dataset was divided into training

results was excluded.

same input data was used for
and test sets, ensuring an even distribution of classes
in each set. This helped to avoid bias in the results

due to class imbalance.

Table 4. Results of comparative analysis of LSTM and CNN models on different sizes of training samples

Model/Sample size Training time Prediction time Training Accuracy Model size
(sec) per sample (sec) accuracy on test data (parameters)
LSTM Small Training Set 144.22 0.00173 0.8860 0.7288 689.473
CNN Small Training Set 143.05 0.00140 0.7500 0.5002 804.225
LSTM Medium Training Set 272.19 0.00171 0.9346 0.8377 689.473
CNN Medium Training Set 188.91 0.00139 0.9877 0.8422 804.225
LSTM Big Training Set 483.21 0.00173 0.9489 0.8705 689.473
CNN Big Training Set 443.11 0.00099 0.9848 0.8652 804.225

The data preprocessing methods shown in Figure 3
were also identical for both models. This allowed us
to create a common initial context for all models and
compare their performance under the same conditions.
This approach to conducting experiments helped to
avoid biases when comparing different models and

ensured objectivity in choosing the most effective
neural network classifier.

The table shows the metrics such as training
time, inference time on a single sample, training
accuracy, testing accuracy, and model size for each
of the training sample sizes. These results help us
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to better understand how different models respond To better understand the results of the study and
to different conditions and data sizes, which may comparative analysis of LSTM and CNN models in
indicate their effectiveness and suitability for specific the context of text classification, we present Figure 4,
text classification tasks. which illustrates the key indicators of each model.

Fig. 3. Generalized requirements for the experiment

Fig. 4. Comparison of LSTM and CNN models on different sizes of training samples
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The graphs allow you to quickly evaluate the
performance of each model based on various aspects
such as training time, prediction time, and classification
accuracy. The graphs show results for three training
sample sizes: small, medium, and large. Each graph
shows the training time and classification accuracy
for LSTM and CNN models on their respective training
sets. This
performance of both models depending on the size

approach allows you to compare the
of the training set and the computing base.

The analysis of experimental results provides
an understanding of the performance and properties
of LSTM and CNN models in the context of text
classification. It is important to note that the LSTM
model demonstrates competitive accuracy at different
training set sizes, which indicates its ability to analyze
long-term dependencies in text data. On the other
hand, the CNN model shows improved performance
as the training set size increases, indicating its
effectiveness in recognizing local features and patterns.
In addition, different training and prediction times
provide insight into the computational efficiency of
each model. In general, the CNN model shows faster
training times, especially with large training samples.
On the other hand, the LSTM model shows stable
performance with different training sample sizes.
In terms of model size, both LSTM and CNN have the
same number of parameters regardless of the training
sample size. This aspect emphasizes their scalability

for different amounts of data.

Conclusions

Given the results of our study, we chose the Long
Short-Term Memory (LSTM) model for further
experiments in text classification. This decision is
based on several important factors that confirm the
advantages of LSTM in this context:

1. LSTM is a recurrent neural network specially
designed to work with sequential data such as text.
This allows it to recognize complex relationships and
dependencies between words in a text, which is crucial
for accurate classification.

2. One of the key advantages of LSTM is its
ability to identify long-term dependencies in sequential
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OBIPYHTYBAHHS BUBOPY
HEMPOMEPEKHOT'O JIHI'BICTUYHOI'O KJIACH®IKATOPA

IIpenmeroM cTATTi € [OCHIMKCHHS apXiTeKTypH HEHPOHHHMX MeEpex [Uisi MiJBHUIICHHS TOYHOCTI Kiacudikamil TeKcTy,
30kpeMa y cdepi o6pobneHHs nmpupoaHol MOBH. 3HaueHHs Kiacu(ikamii TEKCTy MOMITHO 3pOCIIO B OCTAaHHI POKH, LIO IMOB’s3aHO
3 i KJIIOYOBOIO POJUIIO B Pi3HMX IpOrpamax, 30KpeMa aHalli3 HajJallTyBaHb, (inbTpamis BMICTYy Ta Kareropusauis iHdopmarii.
3 ormsny Ha 3pOCTaHHS IONMUTY HAa TOYHICTh Ta €()EKTHBHICTH METOHIB Kiacu@ikamii TEKCTy, OLIHIOBaHHS Ta IOPIBHSIHHSI
pI3HOMaHITHHX  MoOJeJeld HEHpPOHHMX MepeX CTaloTh OO0OB’S3KOBUMH Ui  BU3HAUCHHS  ONTHMAJIBHUX  CTparteriil.
Mertoro nocaigKkeHHs € TOPIBHSUIBHUN aHAJ3 JBOX BaXXIMBUX apXiTEKTyp HEHPOHHHX MEpeX — JOBrOCTPOKOBOI KOPOTKOYACHOT
nam’sti (LSTM) Tta 3ropTtkoBoi HelpoHHOI Mepexi (CNN) — minst ¢GopMyBaHHS pEeKOMEHAAIH MI0J0 BHOOpPY HEHpoMepexHOro
JMHrBiCTHYHOTO KiacudikaTopa. J[msg mocsrHeHHS MeTH OyinH pO3B’si3aHI Taki 3aBAAHHSA: TIPOAHATI30BaHO MpPOOIEMHL
chepu, 30KpeMa OOTPYHTYBAaHHS aKTYalbHOCTI TEMH, IOPIBHSAHHS HAasBHUX TEKCTOBHX KOPIIyCiB; c(opMOBaHO KpHTepii
Ta BHUMOTH JO pOOOTH HEHpOMEpeKHHUX Kiacu(ikaTopiB; MPOBEICHO MOCTIHKEHHS Ha BHOIpKax pI3HUX pPO3MIpIB 3 METOIO
MOPIBHAHHSA 4Yacy HaBYaHHA Ta IHependadeHHs, TOYHOCTI mepenbaueHHs B Mpoleci BUKOPHCTAHHA HEHpPOMEpPEKHUX
mozeneit LSTM i CNN sk knacudikaropa; mpoaHaii3oBaHO 3400yTi pe3yibTaTi; oOrpyHTOBaHO BHOip HalleeKTHBHIIIOI MOJEII.
OIiHIOBaHHS TaKUX IIApaMeTpiB, SK TOYHICTh KiacHikaiii, yac HaBYAHHS Ta MPOTHO3YBAHHSA, PO3MIP MOJEIi, PO3MOILT
iH(popMalil Ta IPOCTOTa BUKOPHCTAHHS, HaJa€e OOIPyHTOBAaHI MOKA3HUKH INPO TepeBard i HEJONIKM KOXKHOI MOAENi Ta Jae 3MOry
JOCITIIHMKAM 1 MpaKTHKaM NpUEMAaTH PillIeHHs 100 BUOOPY HEHPOMEPEkKHOTo JIHIBICTUYHOrO KilacudikaTtopa. 3acTOCOBAHO Taki
MeTOIH: TONepeHe 00poOIeHHsT TeKCcToBOi iH(popmallii (METOAM TOKEHi3allil, BHIYYEHHS CTOI-CIiB), BEKTOPH3allil TEKCTY,
HEWPOMEpEe)KHI METOIM aHali3y BXIJHUX MJaHHWX, CTATHCTHYHI Meronu. 3m00yTO KOHKpeTHI pe3yiabraTtH. Monens LSTM
MPOJEMOHCTpYyBaa BHUILY TOYHICTH KJIacHQikamil I BCIX TPhOX po3MipiB HaB4anbHOI BHOIpkH mopiBHAHO 3 CNN. Ile moBomuts
3natHicTs LSTM edekTHBHO amanTyBaThCS OO Pi3HUX THINB iH(opmamii Ta cTabiNbHO MiATPHMYBaTH BHCOKY TOYHICTH, HAaBITH
i3 BenWKMMH oOcsraMH maHuX. KpiM TOro, HOCHiDKEeHHS MOKa3ajao, IO OOYMCIIOBAJbHA MOTY)XHICTh 3HAYHO BIUTHBAE
Ha TPOJIYKTUBHICTH MOZAETI Ta HEOOXiIHO BPaxOBYBAaTH JOCTYIHI pecypcH y BHOOPI Mozeni. BucHoBKH. 3 orisigy Ha pe3yibTaTH
nocmipkeHHst LSTM-Monens BU3HAHAa KpaliuM BHOOpOM JUIs Kiacudikamii TekcToBoi iHdopmanii. BripaBHicTh 3a3HaueHoi Mozpemi
B 00OpoOJIEHHI TOCIIZJOBHUX OaHWX, PO3IMi3HABAaHHI JOBrOCTPOKOBHX 3AJIEXKHOCTEH 1 cTabiIbHOMY 3a0e3MedYeHHI BUCOKOI TOYHOCTI
no3uLioHye ii sk HajiliHe pillIeHHs Ui aHaji3y TekcTy B pi3HUX cdepax. llIBuake HaBuaHHS, e(pEKTHBHICTH MPOTHO3YBaHHSI
Ta KOMIIAaKTHHH po3Mip MoJesi poOusiTh 11 MPUAATHOIO ISl TPAKTHYHOTO 3aCTOCYBAHHS.

KoarouoBi cioBa: knacudikamis Tekcty; HeWpoHHI Mepexi; LSTM,; CNN; TouHicTh Kiacudikariii; MOpiBHSIHHSI MoAenei;
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O. KAPATAE€B, /1. CUTHIKOB

METO/J ITIOBTOPHOI'O BUKOPUCTAHHS 3HAHb
Y ®OPMI JIOI'TYHUX PIBHAHD

Ipenver nocaigkeHHss — mporecu MOOYJOBH Ta IOIMOBHEHHS (a3 3HAHb, MOBTOPHOTO BHUKOPUCTAHHS 3HAHb, 1 CTBOPCHHS
MPOTrpaMHUX CHUCTEM Ha OCHOBI 0a3 3HaHb, IHTEpHpETAaLlis 3HaHb K OJHH i3 MIAXOMIB JO MOBTOPHOTO iX 3aCTOCYBaHHS, IO HOJIATAE
y BUBCJICHHI HOBHMX 3HaHb Ha OCHOBI HasBHHX (akTiB y 0a3i 3HaHb. MeTa JOCJiXKEHHSI — PO3POOJICHHS METOLY MOBTOPHOTO
BUKOPUCTAHHA 3HAHb 3a JIOMIOMOTOK) BUPINICHHS JIOTIYHUX PIBHSIHb CKIHYCHHHWX MPEAMKATIB JUIA IEBHOI MPEIMETHOI ramysi.
JInst MOCSITHEHHSI TIOCTaBJICHOI METH BH3HAYEHO TaKi 3aBAAHHSA: JOCTIIUTH NECKPUITHBHI MiIXOAH IO JIOTIYHOTO MOJCIIOBAHHS
MpeIMETHOI rany3i, 0 Jal0Th 3MOTY MOBTOPHOTO BUKOPHUCTAHHS 3HAaHb, 33[aHUX CHCTEMOIO JIOTIYHUX DPIBHSIHb y MeXax aiareopu
CKIHYCHHHMX MpEeIUKATiB;, pO3pOOMTH METO] MOMOBHEHHs 0a3u 3HaHb y (GopMi MpeIUKAaTHUX PIiBHSIHB 32 JOIOMOIOI BHIIYYCHHS
3MIHHUX i3 JIOTIYHUX CHCTEM, JI¢ PIBHSHHS € CKJIaJHAUMU JIOTIYHUMH 3B’ 3KaMU MK TUCKPETHUMH O3HaKaMu 00’€KTiB a00 MpOIIECiB.
Bukopucrano Taki Meroau: aireOpa CKiHYEHHHMX NpEIUKaTiB, KBAaHTOPHI Omepawii 3 NpeauKaTaMd AJs iHTephpeTauii 3HaHb.
3100yT0 Taki pe3yJbTATH: INPOAHATI30BaHO NECKPUITHBHI METOAM IIOBTOPHOTO BUKOPUCTAHHS 3HAHB; 3alPONOHOBAHO METO
MIOTIOBHEHHS 0a3W 3HaHb y (opMi JIOTIYHHX PIBHSHH 3 METOIO CIPOIICHHS IMOJANBIIOT0 BHKOPHCTAHHS HESBHHX 3B’S3KIB MiX
JMCKPETHUMH O3HAKAMH;, PO3TIISIHYTO MPUKIIAJ MOMOBHEHHS 0331 3HAHb MEAMYHOI rajys3i, 0 A€ 3MOry IOBTOPHOTO BUKOPUCTAHHS
3HaHb, 33[JaHUX HEsIBHO. BHCHOBKM. 3anponoOHOBaHHI METOZ [a€ 3MOTYy MOIMOBHIOBaTH 0a3y 3HaHb y (OpMi JIOTIYHUX PiBHSHB
Croco0OM J0IaBaHHs HPEIUKATHUX PIBHSHB, IO IOB’S3yIOTh OKpeMi HAOOPH IUCKPETHHX 3MIHHHX, SIKi I[IKaBJIATh yYEHOro abo
nmpakTuka. MeToJl MOMOBHEHHST 0a3W 3HaHb OCHOBAaHWU Ha JIOJaBaHHI HOBHX CIIPOIICHUX PIBHSHB; CIIPOIICHI MPEIUKATHI PiBHIHHS
MO/JIETTIOIOTh JIOT19HI 3aKOHOMIPHOCTI, 1[0 HESIBHO MICTATHCS B OCHOBHIH 0a3i 3HaHB; MPOBEACHO EKCIIEPUMEHTAIBHE JOCIIIPKECHHSI.

KurouoBi cioBa: mporpaMHa iH)keHepis; 0a3sd 3HaHb;, MOBTOPHE BUKOPHCTaHHS 3HAHb; anredpa CKiHYEHHHX IPEIHUKAaTiB;
JIOTi4HI PIBHSHHSI.

Beryn OGarato pa3iB  BHKOPHUCTOBYBaTH Taki  CIIPOILICHI

3aJeXHOCTI 0e3 HEeOoOXINHOCTI aHai3yBaTH CKIAIHY
HOBTOpHe BUKOPUCTaHHA 3HaHb € aKTyaJlbHUM
nporecy
3HAHb Ha

CHUCTEMY 3 HECYTTEBUMU JUCKPECTHUMU 3MIHHHUMH.

MUTaHHSIM, W0  CTOCY€EThCS o0y T0BH MeTta fdocimKeHHS — PO3POOJICHHS METOIy

Ta IIONOBHEHHS 0a3 OCHOBI aHanisy MNOBTOPHOI'O  BUKOPUCTAHHA 3HAHb 3a JOIIOMOI'ORO

Ta TMEPEeTBOPCHHS HAsIBHUX 3HaHb. OJHAK MOBTOPHOTO
BUKOPHCTAaHHS 3HaHb He BiJI0yBa€Thcsi abo0 MpUHAWMHI
OakaHi  pe3yibTaTH HE  JOCATAIOTHCA.  3a3BHYAil
MPUIYCKAIOTh, 110 SK TiJIbKH 3HAHHA OYAYyTh HAJIC)KHUM
9UHOM  30€peeHi, IX TOBTOPHE  3aCTOCYBaHHS
BimOymeTscsi aBTOMaTHuHO. OTXKE, NHUTaHHA, Ha SKE
MOTPIOHO BINMOBICTH, TONIATa€ B TOMY, SK MOXKHA
cTBOpIOBaTH 0a3u 3HaHb, 100 X Hamam e(QEeKTHBHO
BUKOPHCTOBYBaTH. JJyIsl 11bOr0 HEOOXiTHO MpoaHasi3yBaTH
CHCTEMH TIOBTOPHOTO 3aCTOCYBaHHS 3HaHb, 3alPOIIOHYBATH
MiAXiA II00 CTBOPSHHS Oa3W 3HAHb Ta OIIIHUTH
3aIpOINIOHOBAHE PillICHHSI.

IIpo6aemMa OBTOPHOTO BUKOPUCTAHHS 3HAHB OO0
mpeaMeTHOl ramy3i, ae 0Oarato TUCKPETHHX O3HaK

10B’s3aH1 CKJIaJTHUMHU JIOTTYHUMH 3aJIC)KHOCTAMMU,

SIKI BaXKKO PO3IJISIHYTH B sIBHIM ()OpMi, MOJArae B TOMY,
00 BHKOPHUCTATH HESBHI 3B’SI3KM MK JHCKPECTHUMU
NpeAUKATHAMH 3MIHHUMH Ui T[OJAHHS  I[UJIOBUX
JIOTIYHMX 3B’SI3KIB y ABHiM ()OpMi 3 METOIO CIIPOILICHHS

HasBHUX JIOTIYHHX 3ajexxHocTed. lle mae matm 3mory

BUPIIICHHS JIOTIYHUX PIBHSHb JUIS TEBHOI HPEAMETHOI
ramy3i. MeTox TmOMOBHEHHs 0a3W 3HAaHb Mae OyTH
OCHOBaHMH Ha J0JIaBaHHI HOBHMX CIIPOILIEHUX DPIBHSHb,
[0 HESIBHO MICTSTHLCS B OCHOBHIl 0a31 3HAHb; JOCIIIUTH
MPOIIEC CHPOLICHHsSI MOBTOPHOI'O BHUKOPHCTaHHS 3HaHb
3aB/SIKM JO/IaBaHHIO OUTBII TPOCTHX PIBHSAHBL 10 0asu
3HaHb. JlJIs1 TOCATHEHHS! MOCTABJICHOI METH MaloTh OYTH
BUKOHAHI TaKi 3aBOAHHSA: [OCTIIWATH JECKPUITHUBHI
MAXO0AM 10 JIOTIYHOTO MOJICNTIOBaHHS IIPEIMETHOI raysi,
0 Jaf0Th 3MOTY HOBTOPHOTO BHKOPHCTAaHHS 3HaHb,
3aJ]aHUX CHCTEMOIO JIOTIYHUX PIBHSHb y MEXaX alreopu
CKIHUCHHHUX IIPEIUKATiB, IO € y3arajJbHEHHAM aiureopu
JIOTIKH; 3MiHHI, SIKI MICTHTh CHCTEMa JIOTIYHUX PIBHSHB,
MaloTh NpUIMaTH 3HA4YEHHSA 31 CKiHYEHHHX anaBiTiB;
pPO3pOOMTH METOJ MONOBHEHHS 0a3u 3HaHb y (opmi
NIPEAMKAaTHUX PIBHSHb 3a JIOTIOMOTOIO0  BIJIYYEHHS
3MIHHHX 13 JIOTIYHUX CUCTEM, JI¢ PiBHSIHHS € CKIAIHUMH
JIOTIYHUMH  3B’SI3KAMHM MK JUCKPETHUMH O3HaKaMu
00’exTiB a00 MPOIECiB;, METO| ITOMOBHCHHS 0a3u 3HAHb
Mae OyTH OCHOBaHMH Ha JO/aBaHHI HOBUX CIIPOIIEHHX
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piBHSIHb, OTPHUMAaHHMX [JEAyKTHBHHM  METOJIOM i3
3aCTOCYBaHHSM  KBaHTOPHHMX  Ollepalliii;  CIpoIIeHi
MpeIuKaTHI PpIBHAHHSA MAlOTh MOJEIOBATH JIOTidHI

3aKOHOMIPHOCTI, 1[0 HESIBHO MICTSTBCS B OCHOBHIN 0a3i
3HaHb; JOCIIAUTH HA MPUKIAT MEAUIHOI TiarHOCTHKH,
ne kinacugikalis rpymny pU3HKIB CIPOLIYETHCS 3aBISKU
JIOJTAaBaHHIO OULTBII TPOCTUX PIBHSAHBb 1O 0a3W 3HAHb,
MOJICTIIYIOYH MPOIEC MOBTOPHOTO BHKOPHCTAHHS 3HAHB,
3aJ[aHUX HESBHO CUCTEMOIO TPEIUKATHUX PiBHSIHb.

AHaJi3 npobdaemMu

Sk rinka CHUMBOJIIYHOTO IITYYHOTO 1HTEJEKTY,
NOJAHHSA 3HAaHb 1 JIOTIYHE BUBEICHHS CHPSMOBaHI Ha
MPOEKTYBAaHHS MPOTPAaMHOTO 3a0e3NeYeHHs] CHCTEM, IO
IHTepIpPETYIOTh MOJAaHHS CBITY, CXOXe Ha IHTepIIpeTaIliio
monuHu. CucTeMH, OCHOBaHI Ha 3HAHHAX, MalOTh
00YHCITIOBAIEHY MOJIENb TIPEIMETHOI Taly3i, 1€ CHMBOIHU
BIZIrpaloTh poJib apTe(akTiB peabHOrO CBITY, TAKHX SIK
(hizmuHi 00’ €xTH, oIl Ta BigHOCHHU. [IpenMeTHa ramys3n
MOX€E OXOIUTIOBaTH OyJIb-SKy YacTHUHY PEaJbHOIO CBITY
a00 TIMOTETHYHY CUCTEMY, IIOJIO SIKOi € OaykaHHS IOJaTH
Ta IHTEpIpPETYBaTH 3HAHHSA Ui LUIEH NPOEKTYBaHHS
BiJIIOBiTHUX MPOTPAMHIX CHCTEM.

VY 0aratb0X CydYaCHHX JOCHIJHUIBKHX poOoTax
aHAN3YIOTBCS TEOPETHYHI Ta TPAKTHYHI AaCIEKTH
okpecieHoi Temu [1, 2]. upoxuil cnekTp MoxIUBOCTEH
MOBTOPHOTO BUKOPHUCTAHHS 3HAaHb JUIA MiJABUILECHHS
e(heKTUBHOCTI PO3POOJICHHS MPOTPAMHOTO 3a0e3MeUeHHS
3arponoHoBaHo B poborax [3, 4]. OCKiIBKH TOBTOpPHE
BUKOPHCTAHHS 3HaHb € OJHUM 13 HalBa)KJIMBIIINX €TaIliB
MpoIlecy YUpaBIiHHA 3HAHHAMH, Y JITEpaTypi MOKHA
3HAMTH KUIbKa JOCHIDKEHb Ipo uel eran [5]. Kommnawii B
YChOMY CBITI BHTpayarOTh 4Yac, 3yCHIUISL Ta TpPOII,
HaMaral4uch 3aIy4ydTH Hale(EeKTHBHIII CHUCTEMH
YIPaBITiHASA 3HAHHSMI. PO3TIIAI0TECS HE JIMIe porpaMHi
3aco0u, a i KyJIbTypHI Ta CTpATETi4HI aCTIEKTH.

[ToBTOpPHE BWUKOpPWCTAHHS 3HaHb B iH(OPMAIIHIX
CHCTEMaXx YacTO OMHUCYETHCS IECKPUITUBHUMH JIOTIUHUMHU
MoBamu [6, 7]. JleckpunTHBHHN WiAXix Hacamrepen
HaJISKUTD 710 (OpPMai3MiB JIOTIKH NPEIUKATIB MEPIIOro
nopsiaKy. Moro BakIMBICTH BMILIMBAa€ 3 TOro (akry,
mo 3aebumpmoro  Bci  (opmaiisMH  CHMBOJIIYHOTO
MONAHHA 3HAaHb MOXYTh OYTH 3BeleHI [0 JIOTiKH
NpeAMKaTIB MEePIIOoro NopsAKy. JIorika nepuioro nopsaky
BIATBOPIOE CYTHICTh MHCIICHHS JIIOIMHH BBEACHHSAM
MOHSATTSL JIOTIYHOTO MiJICYMKy. BoHa Takox Jae 3mory
BBOJIMTH TOHATTS YHIBepCAIbHOI MPaBHIBHOCTI B TOMY
CEHCI, 110 JIOTIYHEe TBEP/PKEHHSI MOXKe OYyTH NMpaBUIBHUM
HE3aJICKHO Jloriuanit

Bil OyAb-IKHX TIEPEIyMOB.

MICYMOK Ta yHiBepcallbHa MPaBHIBHICTH MOXYTh OyTH

ONMMCaHi B  TEpPMiHAX  MOJICJIFOBAHHS  CEMaHTHKH
TBEpIKeHb. MoIeb AJIs JIOTIYHOI TeOopii OMHCye YMOBH,
3a SKMX Teopis TpaBwibHAa. JloriyHud miACYMOK
€ TBEPDKEHHSIM, TPaBUIBHUM JUISL BCiX Mojeneil Teopil.
Jani JenmyKTHBHE BUBEICHHS IOSICHIOE, SIK MIACYMKH
BUBOJITHCS 3 Teopil. JleayKiis Jae AOCTYN 10 3HAHb,
IO HESBHO IMOJaHi B Teopil. Y TepMiHaX NpeAnKaTHUX
piBHsHB [8] 1Ie 03HAYaE, M0 PO3B’A3aHHS PIBHIHHSA MO0
HEBIIOMHMX 3HAY€Hb 3MIHHUX YM BIJHOILIEHL MIX HUMU
Jla€ HaM JIOJIATKOBI 3HAHHS, HE MOJaHI B SIBHOMY BHUIJISII
B CHCTEMI piBHsSIHb 0a3u 3HaHb.

JonaBaHHs crocoboM

PiBHSIHB,  OTpPHMaHHX

JETYKTUBHOTO BHBEJCHHS 3 HasBHOI 0a3u 3HaHb,
€ TIOIIOBHEHHSM 0a3W 3HaHb Ta YMOJXIIMBIIOE NOBTOpPHE
BUKOpDHCTaHHS 3HaHb. lle Mae Oarato mNpPakTHYHHUX
mepeBar, 30KpeMa IiABHIIECHHS e(QEeKTHBHOCTI, SIKOCTI
Ta IHHOBALIMHOI IISUTBHOCTI, 3MEHIICHHS BUTpAT YacCy
i pecypciB, a TaKOXX CIIPHSHHS HAaBYAHHIO Ta PO3BHUTKY.
[pobnemu MOBTOPHOTO BUKOPUCTAHHS 3HAHDb MAIOTh BENMKE
3HAUYCHHS I PI3HUX raly3edl HayKH Ta IPaKTHKH.
Cucrema JIOTIYHHMX TIPEIUKATHUX PIBHSAHb 3JlaTHA
3aCTOCOBYBATH 3HAHHS NPEIMETHOI Tamy3i, OTpHUMaHi 3
MEHIIOI MpobjeMu, A0 OUIbII CKIAIHUX MpobieM Tiel
camoi abo CrHopimHeHol Tady3i, aje Hapasi IepeBaXKHIH
OIJIBIIIOCTI JIOTIYHUX Ta EBOJIOLIHHUX OOYMCIIOBAJILHUX
METOJiB HE BHCTauae i€l 37aTHOCTI. BiacyTHicTh

3IATHOCTI 3acTOCyBaTW BKe HaOyTi 3HAHHS MO
NpEeIMETHY Taly3b NPU3BOJNUTH O CIIOKHMBAHHS OiIbIIOL
KIUJIBKOCTI pecypciB 1 yacy JUisi BUPILIEHHS CKJIaJHILIINX
mpobieM mpenMeTHOi Tamy3i [8]. 3amexxHO Bim TOTO,
sK mpoOiiema 30UIBIIYyEThCS B PO3Mipax, il cTae BaXKKo,
a 1HOAI HAaBITh HEMPAKTHYHO (AKIIO HE HEMOXKIIMBO)
pecypciB i

Tomy HeoOXifHa cHCTeMa, IO Ma€ 3/IaTHICTH IMMOBTOPHO

pO3B’si3aTH  4epe3  BIACYTHICTh yacy.
BUKOPHCTOBYBATH OTPUMaHi 3HAaHHS IIPO NPOOJIEMHY
ramysb U1 MacTaOyBaHHS B i Tamy3i.

Cucrema, OCHOBaHA Ha 3HAHHAX, MIATpUMYE 0asy
3HaHb, M0 30epirac CUMBOJHM OOYHCIIOBANBFHOI MOZEIi
y (opMi TBEpMKCHb IIOAO Taiy3i, sSKa pPO3TIISAAETHCA.
VY mamriit  cutyamii  mi

TBEPHKEHHA 3aIUCYIOTBCA

SK  pIBHAHHA  anreOpy  CKIHUYCHHUX  IPEIUKaTiB.
Taka cucreMa 3IMCHIOE JIOTIYHI BUBEAEHHS 3 HasBHUX
PIBHSIHB, PE3YJIBTaTH SKUX MOXYTh IOMOBHIOBATH HasBHY
0a3y 3HaHb, 3a0€3MEUYIOYHN M ITOBTOPHE BUKOPUCTAHHSI
3HaHb. [IporpaMHi 3aCTOCYHKM MOXYTh IpUHMATH
PpIIIEHHS Ha OCHOBI 3amuTiB 10 0a3u 3HAHb.

OcHOBHa MeTa HayKOBOTO HalpsMy IIOJISrae
B TOMY, IIO0 PO3POOUTH CHCTEMY, 3[JaTHy aBTOHOMHO

Macuna6yBaT1/1 HaB4YaHHA, ITOYMHAKO4YH Bi[l HC3HAYHUX
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mpoOIIeM 1 3aBEepIIyIOYH CKIAJHIIIAMU IpoOIeMaMu Tiel
camMoi 4Yu crmopimHeHOi cdepu, y MOBemiHIN, MOMIOHII
1o JIFoNIChKoi. J{ist Toro, mo0 aBTOHOMHO MacmTaOyBaTu
npoOiieMHy —rany3b, IOTpiIOHO BMITH  (OpPMyBaTH
OaraTopa3oBO BHKOPHCTOBYBaHI JIOTiYHI OJIOKM 3HaHb.
Jlnst BUJTydEHHS! Ta MOBTOPHOTO BHKOPUCTAaHHS iH(opMarlil
3 JIOTIYHMX PIBHAHP y THpoONeMHil ramy3i moTpiOHe
posummpeHe  KonayBaHHsA. [lpoctip momryky — Moxe
PO3IIMPUTHCS, HATIPUKIIAL, ¥ ACIKUX (opMax IreHeTHIHOTO
MporpaMyBaHHsI MallIMHHOTO HaB4aHHs [9—11].

Sk mpaBuIO, areHT MICTHTh EBOJIOIIHHI OOUHCICHHS
Ta MallMHHE HaBYaHHSA /Uil BHPILMICHHS II€BHOTO
3aBIaHHS B HEBiIOMOMY cepenoBuili. [IpaBuia MaioTh
¢dopmy "sxmo ymoBa, To ais". 3a3BHYail yMoBa IojaaHa

OiToBUM psaKoM (iKCOBaHOI MOBXHHH, BHU3HAYECHUM
y mnotpiiiHoMy asdasiTi {0,1,#}, ne # — cumBomn,

oo o3Hayae "HeBU3HaAueHO", ToOTO a6o 0 abo 1, a nmis
TMO/IaHa YMCIIOBOIO KOHCTaHTOW. TexHika KiacudikariiHol
CHCTEeMH HaBYaHHSA MOXe MacuITadyBaTucs
B Ipo0seMHux cdepax, ane mopasy il moTpiOHO BUBYATH
i3 camoro modaTky. KpiMm Toro, 30ibIIeHHS pO3MipHOCTI
npoOiiemMu, 1O MPHU3BOAUTH A0 PO3LIMPEHHS MPOCTOPY
MIOUIYKY, BHMAara€e BEJIWKOTO MPOCTOPY IIaM’sTi, 3HAYHO
301IBIIYyE Yac HABYAHHS Ta 3PEIITOI0 OOMEXYE CHCTEMY
po3mipom mpodaemu [12]. 3a momomororo siBHOT mepeaadi
3HaHb JOMCHY B CHCTeMi Kiacu(ikaiii MOXKHa JOCATTH
MacumTaboBaHOCTI, aje I J0JAE  YNEepeKEHOCTI
Ta 0OMEXy€e BUKOPUCTAHHS B KUIBKOX JOMEHaX.

VY poborti [13] nocnimxyerbes mpouec GopMyBaHHS
MPaBUII 32 JIOTIOMOTOI0 alreOpy CKIHUEHHUX MpPEeInKaTiB
1 TpemuKaTHUX onepamiid. AHaNI3yIOTbcs —JABIHKOBI
MPEANKATH, 110 BUKOPUCTOBYIOTHCS AJISI CTPYKTYPYBaHHS
HasBHUX (akTiB. Po3po0ieHO0 MeTOox  ImiBUIICHHS
e(heKTUBHOCTI IOBTOPHOI'O BUKOPUCTAHHS 3HAHb.

Merta 1pOro AOCHIKEHHS — PO3POOHUTH METON
MOBTOPHOTO ~ BUKOPHCTAaHHS 3HaHb 33 JOIOMOTOI0
BUPINICHHSI JIOTIYHUX PIBHSIHB /ISl MEBHOI MpPEAMETHOL
ranysi, Hampukiaaa, MeauuuHH. OO’€KTOM € mporec
MoOyZOBH Ta TONOBHEHHS 0a3 3HaHb, a MPEAMETOM —
JIOTIYHE MOJIENIOBAHHS 3HAHb 1 JIOTIYHE BHBE/ICHHS.
OcHOBHI 3aBJiaHHsI poOOTH: PO3POOHTH METO] TIOTIOBHEHHS
0a3u 3HaHb 32 JIOTIOMOTOIO JIOTIYHUX PIBHSHB i3 CYTTEBUMH

3MiHHI/IMI/I, MpOBECTHU HOCJ’Ii,H,)KeHHSI Ta OIIiHI/ITI/I PC3yJIbTATH.

Bupimenns 3aB1anus

Teopist iHTeNEKTy 3 OINIAAY HA CBOE BU3HAYCHHS
Ma€e OOMEXHTHCS BHUBYCHHSIM BIIACHE MAIIMHOIIOMIOHUX
(YHKINH JIFOACHKOTO IHTEJCKTY, IO XapaKTePH3YIOThCS

JNETePMIHOBAHICTIO, OUCKPETHICTIO Ta CKiHYEHHICTIO.
Jlo TOro ’x BHHHKAIOTh MUTAHHSA MPO TE, SKOK MIpOIO
GbyHKIin
JIFOJICBKOTO 1HTENEKTY, L0 JIOIMYCKAalOTh MOJETIOBaHHI

BBEICHI OOMEXEHHS  3BYXKYIOTH  Kiac
B Me)KaxX Teopil iHTEIEKTy.

Bynp-sika oOunCiIOBaJbHA CHCTEMa MA€ Taki
obmexxeHHs: 1) andasirt mitep, 3 AKUX OyIyIOTBCS CIIOBA
Ui Oyab-sK01 KOHKPETHOI OOYHMCIIIOBAJIBHOI CHUCTEMH,
3aBKIM CKiHYCHHWIA; 2) JIOBXHHA CIiB, sKi 37aTHa
cnpuiiMati Ta QopMyBaTH L CHCTeMa, OOMeXKeHa
JesKUM KIHIICBHM, Harepel 3aJaHduM YHCIOM OYKB,
II0 BU3HAYAETHCS KOHCTPYKIIEIO CHCTEMH, il IIBHAKOIIEIO
Ta TepMiHOM cIyxOm; 3) peakmii 0O0YHCIIOBAIBEHOL
CHCTEMH YITKO JETEPMIHOBaHI: TIOBTOpHE IIOJIaHHS
BXIZJHOTO CJIOBa 3aBXKIOM MPU3BOAWUTH 10 (HOpMyBaHHS
CHCTEMOIO TOTO CaMOT'0 BUXIJIHOTO CJIOBA.

[Ipobnema MOBTOPHOTO BHKOPHCTaHHS Ma€ TPH
ocHOBHI mnpuumHH. [lepma cTOCYETBCS PO3yMiHHA
KOHTEKCTY Ta 3aCTOCOBAHOTO pIIIeHHS, iHIIa — 3MICTY
3HaHb, IO JIOKYMEHTYIOTBCSI, i OCTAaHHSI CTOCY€ETHCS BCI€T
cucreMu 0a3u 3HaHB a0O MPOTrpamMHOTO 3abe3MedeHHS,
sIKE BUKOPHCTOBY€EThCS sl 11 mmiaTpumku. Koy roBopsite
mpo OOMIH 1 TMOBTOpPHE BUKOPHUCTAHHS 3HAHb, ICHYE
MPUMNYILIEHHS, [I0 3HAaHHA € TaKuMH, M0 iX MOXXHa
BIITBOPIOBATH Ta MEPEMIIIyBaTH 3 MICII Ha MICIIE;
CYTHICTb, III0 MOXXHa OTPUMATH BiJ| JIOJUHU-EKCIIEpTa
W TepeHecTH 3 OfHi€i KOMII'IOTEPHOI CHCTEMH YU
mporpamMu B iHOIy. AJle SK MOXHa 3alpOIOHYBaTH
moniuTHCS ab0 TOBTOPHO BUKOPHUCTOBYBATH TE, IO
HE Ma€ TaKHX BIACTHBOCTEH, SIK JOKAIbHICTD 1 CTIHKICTH?
3HaHHS PO3IIANAETHCSA AK aOCTPaKIif, MO HEMOXKIHBO
3amUcaTH ¥ HIKOJIM HE MOXKHa MaTH B pyKaX. 3HaHHS —
e Te, IO CIIOCTepirad MosiCHUB OM PO3yMHOMY areHTy,
31 cBOoro OOKy Il¢ Ja€ 3MOTYy arcHTOBI palliOHAJIbHO
MOJZIEITIOBATH CBOIO ITOBEAIHKY Ul JOCSTHEHHS IEBHUX
LiICH, 0 CIPUAMAIOTBCS, BiIOBITHO IO TOTO, IO BiH
Zi3HABCS BiJ CTIOCTepiradya.

SIKImo MpUIYCTHUTH, IO BCE BHIIE3a3HAUCHE
nporecy
VIOpaBITiHHSA 3HAHHSIMH BCE IIE¢ TOTPEeOye BUPIIICHHS.

BHKOHaHO, To Tpobmema IT-miaTpumMkn

Metoro moTOUHMX 0a3 3HAHb € CHPUSHHSI OOMiHY
3HaHHSMH Ta TIOBTOPHOMY BHKOpPHUCTaHHIO. JIJIsl mogaHHs

3HaHb HEOOXiTHO BpPaxOBYBATH 3HAYHY KIJIBKICTh

¢daxropiB.  TepmiHomorii, oHTONOrii Ta  MeTOAM

BHpimeHHs TpobiaeM — 1e JAekinmeka 3 Hux [14].
[Ipobnema monsrae B TOMy, 1100 MaTH 3MOrY
MTOITMTUCS 3HAHHSAMH, SKi MICTATBCS B DPI3HHX 0a3zax
3HaHb, OCKUIBKM BCi I ()aKTOpW BiJpI3HAIOTBCS Bif
onHiel 6a3m nmo iHmoi. HecymicHicTh cuctem i ¢opmaris

TaKOX YHEMOXKJIMBIIIOE 00’ €THAHHS JIBOX 0a3 3HaHb.
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MokHa BHOKPEMHUTH YOTHPHU OCHOBHI MPUYNHH.

1. HeonHopinnicTs nogaHHs. [CHy€e KijbKa MiIXOIIB
0 TIOHAaHHSA 3HaHb, ale OAWH (opMami3M TOXAHHS
He MOke OyTu Oe3mocepesHbO JOAaHHA 1O IHILIOTO.
He icaye yniBepcampHOTO (opMalizMy IMOJAaHHS 3HAHB,
IO iJeasbHO BIANOBiNAaB OW BCIM BHMOTam, i TOMY
0oOMiH 3HaHHAMH Tependadac ITepeKiaj 3MICTY OJHiel
6a3u B iHITY.

2. MoBHi OOMiH
CHUCTeMaMH MOXe OyTH IOyXe CKJIAIHUM, SKIIO 3HAHHS

JaJeKTH. 3HAHHSIMH  MIDK
3aKOZOBaHi pi3HUMH nianekramu. lle Moxe TOBHICTIO
3MIHHTH 3MICT MTOBIIOMJICHHS a00 HOTO IHTEPITPETAILiIO.
3. BigcyTHICTh BH3HAUCHWX IPABIII CIILIKYBaHHS.
TeopeTH4HO OKpeMi CHUCTEMH MOXKYTh CIUIKYBaTUCS
OJlHA 3 OJHOIO i TAKMM YMHOM MAaTH KOPHCTH BiJl OOMiHY
3HaHHSIMHM, HaBiTh 0Oe€3 CHiIBHOI 0a3u. AJjie 3a3BHUYal
e HEMOXIUBO, OCKINBKH Opakye  y3TOIKEHOTO
MPOTOKONy, 0 O J1aBaB 3MOTy CHUCTEMaM B3a€MOJISTH
Ta 3aIUTYBAaTH OJJHA OJHY.
4. HeBigmoBimHOCTI Mozmeni Ha piBHI  3HaHb.
HaBiTe y pasi yCyHEHHS BCiX MEpemKo] IpoOIeMu
3  TEpPMIHOJIOTI€I0 TaKOXK CTaHYTh  IEPEIIKOJIOI0
U1 €pEeKTHBHOTO CHIIKYBaHHA MK pI3HUMH 0Oa3aMu.
BifcyTHICT CHIBHOTO CJIOBHHKOBOI'O 3aracy HeE Jae
3MOTH CITIBBITHOCWUTH 3HAHHSA OHI€T 0a3u 3 1HIIOO.
Omxe, 3HaHHS PO3MVISIIAETCS SIK 31ATHICTh pearyBaTu
TIEBHIM YHMHOM, a He SK MarepiaibHa cyocranmis. HaBiTe
iH(OpMaIlif0, IO 3aCTOCOBYETHCS JUIS MOJAHHS 3HAHB,
HE MOXHA BBAXAaTH TaKOK; IPaBWIa, CHMBOJH
Ta QpeliMu He 3/1aTHI T€HEpYBaTH PO3YMHY IOBEIHKY.
Jnst toro mo0 MaTH 3MOTy MAaTEMaTHYHO OIUCYBATH
(yHKINT 1HTENEKTY, HEOOXiMHO CTBOPHUTH (opManbHY
MOBY, SKOIO MOXHa Oymo O poOMTH TakWii oOmmC.
dopmasibHa MOBa Mae€ o00OMpaTHCs B Takuil crocio,
mob Her MokHa Oyno B 3pydHidt Qopmi 3ammcatu
Oynp-skuii ckiHueHHHMH andaBiTHUI oneparop. Takoro
MOBOIO € airedpa CKiHdeHHUX TpeauKaris [8].
[ToHsATTS CcKiHUEHHOro Tmpeaukata Oyjo BBEACHO
TakuM YHHOM. Hexait A — ckiHueHHHH andasir,

110 CKIaIa€Thest 3 k mitep a,,d,,...,d, , & Y, — MHOXHHA,

sgKa MICTHTh JIBa €JIEMEHTH, [0 I03HAYaroThCs
cumBomamu 0, 1 1 HasBaHi BIAMOBIZHO — TOXHOKOIO
Ta icTUHOIO0. 3MiHHY, 3aJlaHy HAa MHOHHI A4, Ha3UBaIOTh

JITEPHOIO, a 3MIHHY, 33/1aHy Ha MHOXKHHI y , — JIOTIYHOIO.

CKiHYCHHHM  N-MICLIEBUM  OPEIUKATOM  Haj
andasBitoM A  Ha3zuBaeThcs ~ OyAb-sika  (YHKIS
f (x1 , X, ,...,xn) ={ Bim n OyKBEHHX apryMEHTIB

X;,Xy,..., X, , 3aJJAHIX Ha MHOXWHI A, 1 sika mpuiimae

n

joriuHi 3HadeHHs . [HOAI CKiHYCHHWH mpemukar f

Ha3WBaeThes k-iyanM. L{uM HaromomryeThcs, MmO HOTO
andasit A cknamaeTbes 3 k itep.

KoxxHOMYy CKiHYeHHOMY aln(aBiTHOMY OIepaTopy
[IEBHUII BJIACHUM CKIHYECHHHMH

MOXKE€ BiamoBizatu

mpenuKkaT. 3poOUTH IIe MOXKHA TakuM YHHOM. Hexait
F(XI’XZ"""xm) = ylyz "‘ym

CKIHYCHHUH andaBiTHUI omeparop, IO MEPETBOPIOE

JIOBIJIBHO ~ 0OpaHuid

BXiIHI ClIOBAa X, X,,...,X, JOBKHHH /M y BUXIIHI CIOBa

Vi»VyseesV,, TIET caMOl JOBXKHHH, SKi CKJIQJAIOTHCS
3 JiTep angasiTy A.
[Ipononyetbcs TaKun METOJ TIONIOBHEHHS

0a3u 3HaHb HOBUMH JIOTIYHHMH PIBHAHHAMH, IO
CIPOIIYIOTH MOBTOPHE BUKOPUCTAHHS JIOTIYHHUX 3B’SI3KiB
MDK JMCKPETHUMH O3HAaKaMH. Y 3arajibHOMY BUIJISIL
PO3TIINAETECS CUCTEMA PIBHSAHB alreOpHh CKIHYCHHUX

CTPYKTYpY
HasIBHUX 3HaHb II0J0 IpeAMeTHOI ramysi. Taka cucrema

MpeauKaTiB, II0 IHTEPIPeTye JIOTIYHY

3aBXXIH MOke OyTH TIOZaHa y BUTIISI/II OJTHOTO PiBHSHHS:
f(x,%,..x,)=1,

ae  X,,X,,..,X, — BCl HasBHI JHMCKpPETHI O3HaKH,

a opmymna / BimoOpaskae JIOTIYHY CTPYKTYpy Oa3u 3HaHb.

OOuparoTbcst  HabOpu  O3HAK,  JUISI AKX
nependavaeThCsl TOBTOPHE BHKOPHCTAHHS B JIOTIYHHX

BUCHOBKAX: X;,X;,...,X,, . JJJIsl KO)KHOTO Takoro Habopy

BCl 3MIHHI, II0 HE BXOIATh IO HBOTO, BHIYYArOTHCS
KBaHTOPOM ICHYBaHHS. SIKIII0 MOXIIBO, 3aCTOCOBYIOTHCS
BJIACTMBOCTI KBAaHTOpa, IIO JIONIOMAaraloTh YHUKHYTH
CKIanaHuX obOuncieHb. KoxHe oTpuMaHe piBHSHHSA
JOJJA€THCS 10 Oa3u 3HAHb.

Kpim Toro, y mpomeci BHpIIIEHHS TNPAaKTUIHUX
3aj]a4 BUHUKAIOTh 3alUTaHHSL:

— SIK KOHKPCTHI 3HAYCHHS Ii€l 03HAKM, IMiJCTaBJICHI
B JIOTIYHE PIBHSHHS, BIUIMHYTh HA 3B’S3KM MDK IHIIUMH
O3HaKaMu?

— HACKUIbKM CHJIBHHM € JIOTIYHHE 3B’S30K MIiX
nBoMa (a0o OinbpIe) 3aJaHUMH O3HAKAMHU?

Jlns BIAMOBIZI Ha TmepIe 3amuTaHHS PUPOIHO
BHOKpPEMHUTH Ti mpenukatdu (i, BIAMOBINHO, PiBHSHHA),
SKI TiJl Yac MiACTaBJICHHS IEBHOTO 3HAYEHHS O3HAKH
MEPETBOPIOIOThCS  HA  OpPEAUKATH, M0 MPHBOMAATH
JI0 CHWJIBHIIIOTO 3B’A3KY MDX 3MIHHMMH, a TaKoX Taki
MPEIMKATH, TiJICTABJICHHS B SIKi [IbOTO 3HAYEHHSI CIIPUYHHSIE
moc1a0JICHHS JIOTIYHOTO 3B’ sI3Ky MiXk o3HaKam# [13].

[[To6 oTpmMaTH BIANIOBIAE Ha Ipyre 3alUTaHHA,
HEOOXIZIHO BWJIYYHTH 3 BHXIJHOTO pIBHSHHS 3a
JOTIOMOTOI0 KBAaHTOpPa iCHYBaHHS BCi 3MiHHI, KpiM THX,

IO PO3MIAAIOTHCS, 1 AOCHIIUTH OTPUMAaHE PIBHSIHHS
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3 MEHIIOK KINBKICTIO 3MIHHHX, $KE OIMCY€E BCi
JIONTYCTHMI MHOYXMHU 3Ha4€Hb JJOCIIPKYBAaHUX O3HAK.
Komn BuHMKae HEOOXiIHICTH MTOBTOPHO BUKOPHUCTATH
JIOTIYHI 3B’SI3KM MDK O3HaKaMH KOHKPETHOTo Habopy,
BUPIIIYETCS HE II0YaTKOBE CKJIAgHE  PiBHSIHHA,
a Te piBHIHHS, IO MOB’s13y€e 00paHi TUCKPETHI 3MiHHI.
npouenyp

BRXJIMBO BWJIYYUTH 3 PIBHAHHSA BCl 3MiHHI, KpiM

Z[J'Iﬂ CHIPOLICHHSA 00YHCITIOBATILHUX

POTISIHYTHX, 1  JOCHIAWTH  OTpUMaHe  PIiBHSIHHSA
3 MEHIIOI KiUIbKICTIO 3MiHHUX. Lli 10/1aTKOBI piBHSHHS
MOIOBHIOIOTh 0a3y 3HaHb 1 MAlOTh 3MOTY YHHKHYTH
BUKOPHCTaHHS 3HAYHOI KIIBKOCTI OOYMCIIOBAIBHUX
pecypciB  UIs  JIOTiYHMX BHCHOBKIB y 0a3i 3HaHb.
Y poborti [14] posrisgaeThCsi AOCHTH IMUPOKUN Kilac
MpeauKaTiB, Ul SKAX MOKHa 3amaTh  e(eKTHBHUI
NITOPUTM elliMiHAaIi 3MIHHUX 0e3 30UTBIICHHS pO3Mipy
bopmyma.

KBaHTOpA ICHYBaHHS:
1. Fxx’ =1.
2. Ix—x*=1.

3. E!x(ﬁ(P(x)Q(x

BUX1JTHOL PosrssHemMo Taki  BIacTHBOCTI

x)—>0(y).
8. Mpunycrumo, P (x)& P, (x)=0,i # j,i,j=1,2,....k,
TOML:
Ely(( x)—> 0 (v )&( )0 ))&
&( (x) > 0 (»)) = (R ( —>3le( )&
&(P,(x) > 30, (1)) &..-&(R (x) > 0, (»)).
9. Sxmo

)E HE € ICTHHHOIO

P(x)&P,(x)=0 fo

TOTOXHicTE P, (

st Oyme-sikoi i=1,2,...k1

k , Toni

H((R(x) > 2 ()& (R > ()&

i#j,i,j=12,...,

&(Pk (x)—) o, (y))):Ql(y)VQz (y)v VO, (y)
[lepeniveni BuIe BIACTHBOCTI JAlOTh 3MOTY
OMMCAaTH NIMPOKMH KJIaC CKIHYCHHHX [PEIUKATIB

(BIAMOBIAHO 10 pIBHSAHB), BHU3HAYCHHX HA MHOXUHI
3MIHHHUX {x, y,...,z} , I SKUX JIETKO 3HAWTH 3B’SI3KU

MiX BHOpaHMMH 3MiHHUMH 0e3 30UIBIICHHS pO3Mipy
BUXigHUX (opMyJ. BUsHAUMMO Takuii Ki1ac peKypCUBHO.

(4
X% (a, b, ..., c—

[0 HajJeXaTh JOMEHY I 3MIHHOI X )

1. Vci "posnisnaBannsa" x“,x”,
CHUMBOJIH,
HajexaThb 10 Ax .

2. Vci samepedenHs —x*,—x’,...,—x¢

o Ax.
3. Skwmo npegukaTH —|P(x),—|Q(x) HaJIEXKaTh

HaJIC’)KaTh

10 Ax , TO IpeauKar ﬂ(P(x)Q(x)) HaJIEKUTh 10 Ax .

4. bynp-skuii  mpenukar, MO0 HE  3aJEeXKUTh

BiJl 3MIHHOI X , HAJIEXKUTE IO MHOKHHHA AX .

5. Sxmo mpenukatu F, Ta P, Hajexats A0 Ax,
toni npeaukar P = F, v P, Hanexuts 10 Ax .
6. Sxmo mpemukar F  HamexuTh 10 @ Ax
1 mpemukar P, HE 3aJeXUTb BII X, TOAI IpPEAUKAT
= F, & P, HanexuTs 10 Ax .
7. Sxmo mnpeaukar P He 3aIeXUTh BII X
i mpemukar P, Hanexuts 10 Ax TOAI TpenuKar
P=F — P, nanexuts 10 Ax .
8. Hexait mpemuxkatu B,P,,..,P, He 3amexaTh
Big Xx; P,&Pj =0 g i#j,i,j=12,...
01,055

P=(R—>0)&(P,>0,)&...& (P, > 0,)

.k, mpeaukatu

O, Hanexarb 10 Ax , TonIl

HaJSKHUTh 10 Ax .
9. Sxmo npenukatu B, PB,...,
F&P =0 pns

P, 3anexaTb TUIbKK
i#j,,j=12,....0k; pmua
P=0

i

Big X,

Oynp-skoro i=1,2,...,k TOAl TOTOXHICTb

He € icrunHow; mpeaukatd Q,,0,,...,0, He 3anexarb

BIZl X ; TOJI IPEAUKAT

P:(P1 —)Q])&(P2 —>Q2)&...&(Pk —>Qk)
HAJICXKUTh 10 Ax .

Takok MOX€ BHHHUKHYTH MMOTpeda BIITYYUTH 3aifBi
3MiHHI 3

JOIIOMOTI'OKO yHiBepcanbﬂoro KBaHTOpa.

Y 1poMy pa3di  MOXEMO CKOPHUCTAaTHUCS  TaKUMH
BJIACTUBOCTSIMH I[bOTO KBAHTOPA!

1. Vax“=0

2. Vx—x“=0

3. Vxﬁ(P(x)vQ(x)) Vx—|P( )&Vx—Q(x)
4. Vx(P(x)&Q(x))=VxP(x)&VxQ(x)
viQ( )

)=
5. Vx(P(x)v x) VxP
(x)&0(»)) = P(x)&Vy0(y)

6. Vy(P x
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7. Ilpumyctumo,
P(x)&P (x)=0,i# j,i,j=12,...k,
TOMI:
W((R(x)&G (9)V (P (x) &0 () v
V(B (x)&0,(v))= (R (x) & %0, (»))v
V(Pz( )&VJ’Qz ) V( &‘v’ka( ))

8. SKmo 1IeHTHYHICTH (x)EO HE € ICTHHHOIO

s Oyme-sixoi  i=1,2,...k i R(x)&P/.(x)=O

mist i # j,0,j=12,....k, Tomi

x((Pl(x)&Ql(y))V(Pz(x)&Qz (y))v
V(B (x)&0,(¥)=0(7)&0, () &...& O, (»).

BusHaunMmo peKypcMBHO Kiac TIpeIUKaTiB X

X
3 SIKOTO MOKHA BWIYYHTH 3MiHHY X Oe3 301IbIIeHHS
po3mipy hopMyJIH.

1. Vi "posnizHaBanns” x,x’,...,x° Hanexath DI

2. Veci  3amepedeHHs —x*,—xt, .=, ki
HE 3aJIe)KaTh BiJ X , HAIEKATh 2.

3. Sxmo —F 1 —P Hamexatb 0 2. , TOAI
—(R v P,) nanexuts 10 X,

4. Sxmo npeaukatn P, ta P, Hanexate 10 2.,
Toni npeaukar P = (Pl& P ) HaJICKUTh 10 2.,

5. Sxmo

npenukaT P, Halmexute 1o 2.

i mpeaukat P, He 3aleXuTh BiI X, TOAI NpPEAMKAT
P=F v P, Hanexuts 10 X .

6. Skmo mnpeaukar P He 3aJeXUTh BT X
i mpemukatr P, Hamexuth M0 2., TONI MpPEIUKaT
P = P& P, Hanexurs 0 2.,

7. Npunycrumo, mo mnpemukatu B, P,...,B,
He 3anexkath Big x, B &P, =0 nna i # j,i,j=12,....k
O, Hajexartb 10 2. , TOmi

v(Pk &Qk)

npeaukata Q,,0,,...,
:(Pl &Ql)V(Pz &Qz)v

HaJIeKUT 10 2., .
8. Sxmo npeaukatu B, P,..., P, 3anexars TiJIbKU

Bim x, 13&13:0 s i # j,i,j=12,...,k st 6yme-

gakoro i=1,2,...,k Toroxnictb P, =0 He € icTHHHOIO,
npequxkatd  Q,,0,,...,0, He 3amexarb Big X, TOAi
peanKaT P:(PI&Q])V(PZ&QZ)V...V(Pk&Qk)

HaJIC)KUTh 1O MHOXXHHHU Zx

VYHiBepcanbHUM CcIIOCOOOM PO3B’S3aHHS  CHCTEM
PIBHSIHB aireOpy CKiHYEHHUX NMPEAMKATIB € NPUBEICHHS
MIpeANKaTa, 3aJaHOr0 CHCTEMOIO PIBHSIHD 1 MOYaTKOBHMH
yMOBaMH, A0 IOCKOHaIOi AW3’IOHKTUBHOI HOPMAaJbHOI
¢dopmu. OnHak Taka mpoueaypa mnepeadadae mnepedip
0araTbOX TPOMDKHUX pPO3B’S3KiB, a 1ii IpakTHYHA
peamizamiss mMoTpe0ye 3HAUYHHMX 3aTpaT KOMII FOTEPHOTO
NpEeMKaTHUX PIBHSHB,

yacy. Jlusd [JesAKuX — THITIB

3BaXKAIOYM HA OCOONMBOCTI 1X CTPYKTYpH, MOXKHA
PO3pPOOUTH MPOCTIII aAITOPUTMH PO3B’I3aHHS.
penpe3eHTamii

Omxe, IMOKa3aHO, IO IS

Ta  IHTepmpeTanii 3HaHb 3a YMOBH  IIOJaHHS
y ¢dopmanpHOMY BHrIAAl iHGOpMamii Tpo 00’eKTH
i mpouecu B 0a3ax 3HaHb BHUKOPUCTOBYIOTHCS Di3HI
MeTO¥ anreOpu CKiHYCHHUX NPEAUKATIB 1 MpeInKaTHIX
omepariid. Tak, JOriyHi MeTOIU po3Ii3HaBaHHS 00pa3iB
nependavyaoTh CKIAJaHHA Ta pO3B’SI3aHHA JIOTIYHIX
PiBHSIHB 31 3MIHHUMH, II0 HaOyBaroTh 3Ha4eHb | Ta 0
3aJIe)KHO BiJ TOTO, YM Ma€ 00’ €KT IEBHY BIIACTHBICTS,
yun Hi. Po3B’sA3aHHA TakuX PpIBHAHb Ja€ 3MOTY
abo inmeHTudikyBaTH O0O0’€KT 3a HAsBHUMH Habopamu
3HAYCHb 3MIHHHX, a00

anI/I6yTI/IBHI/IX BCTaHOBHUTHU

HEeBIZIOMi BJIACTHBOCTI IOTO o00’ekTa. Y 0Oaratbox
MPaKkTHYHHUX 3ajadyax, IOB’S3aHUX 13 CEMaHTHYHUM
OOpOONeHHAM MEIWYHHX [aHUX, NPUPOTHO-MOBHOI

iHpopMmamii, BimoMocTed  TpPO  KIIEHTIB, HeMae

HEOOXiTHOCTI OTpHMyBaTH BCi HAOOpH  3HAYEHBb
CEMaHTUYHUX O3HAaK, ajleé TMOTPIOHO OTpPUMATH OJUH
abo KinbKa HAOOpiB 3HAYCHH O3HAK (LIJTHOBUX 3MiHHHUX),
[0 IIKaBJIATh KOpUCTyBauya. YacTo HEOOXINHO 3HAWTH
3HAYeHHsS ILIIbOBUX 3MIHHUX 3a 3aJaHUX MOYAaTKOBHX
YMOB, sIKi € piIKCOBaHUM HAOOPOM 3Ha4Y€Hb IHIIMX O3HAK.
Y mpomeci po3B’s3aHHA TAaKMX 3a4ad IHON 3MiHHI,
SIKI BIZICYTHI B TIOYaTKOBUX YMOBaX 1 HE € I[UIbOBHUMH,
BWJIYYalOTBCSA 3 PIBHSHHS CIIOCOOOM 3B’SI3yBaHHA iX

3 eK3I/ICTeHHiaJ'IBHI/IMI/I KBaHTOpaMu.

Hpuxknan

Po3rnsinemMo MeaM4HUMI MpHUKIAL NONOBHEHHS 0a3u
3HaHb HOBUMH PIBHSIHHAMHM. [11aH eKcneprMeHTy Takui.
M BUKOPHCTOBYEMO peaibHi MEJMYHI JaHi Ta KOJIYEMO
iX 3a JOIMOMOTOI0 TPEJUKATHUX PIBHSAHB. 3ayBa)XHMO,
0 XOo4Ya JesKi 3MiHHI MOXYTh HaOyBaTu 3Ha4YCHHs
"HeBimOoMO", a BTIM I@I¢ BHUIAIOK 3aKPHUTOrO CBITY,

OCKUIKM  "HeBizoMO"  O3Hauac JuIle  3HAYEHHS

3 andasiTy, Ha SIKOMY BH3HaueHa 3MiHHA. OTXKe, KOXKHa
rajay3b Jisi Oyab-sKol 3MiHHOI € 3akpuToro. [licns Toro,
SK MH HAmUCAld CHCTEMYy pIBHSHb 32 JOIOMOTOO
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eKCIIePTiB, MIOYMHAEMO BIIIYYaTH 3MiHHI, SIKi BBa)KaEMO
HECYTTEBUMH Ha Iiel MomeHT. lle He o3Hauae, 1m0
B IHIIOMY pa3i iHIII 3MiHHI BBaXXaTHMYThCS HECYTTEBHMIL
IcTOTHI 3MiHHI — II€ Ti, A AKMX MH XOUE€MO BHU3HAYHTH
JoriuHi 3B’s3kH. Ha BHXOII OTPpUMYEMO pPIiBHSIHHSA,
Jile HeCyTTeBi 3MiHHI BuiydeHo. OTpHMaHe piBHSIHHS
MpoCTilme, HDK IOYaTKOBa CHCTeMa, 1 MOXKHA
MpoaHaIi3yBaTl 3B’SA3KM MIXK OCHOBHUMH 3MiHHUMH
Oumem mpocTEM criocoboM. Tak, MU TOTOBHIOEMO 0a3y
3HaHb  JIOJJATKOBHMH

PIBHSHHSIMH,  OTPUMaHUMHU

AK PE3YyJbTATU ACAYKTHUBHOI'O BUBCACHHSA 3 OCHOBHOI1

0a3u 3HaHb.
Axmo  posrmamaté  iHQOpMAIIfHAN — CKpUHIHT
MEIUYHUX IIOKa3HWKIB ISl OIIHIOBAHHS PO3BHUTKY

Ta IpoQUIaKTUKN 3aXBOPIOBaHb cepllsd i cyauH [15-17],
TO MOXHa BHOKPEMHTH Hal0ip o3HaK s (opmamizamii

CKPHHIHTOBUX mpouexyp. Po3rmsHeMo Taki O3HAKH

Ta 1X 3HAa4ECHHS.
. _ 1 2

Crate: X, = {xl,)cl } ,

1 . 2 .
JIe X, O3Ha4ae KIHKa; X, — YOJIOBIK.

e _ 1 2 3

Bik: X, —{xz,xz,xz},

1 . . 2 . .
ne x, — MmeHure Hix 40 pokiB; x; — Bix 40 o 50 poxkis;
x; — moHaz 50 pokis.

o - . _f1 2 3 4

Iykposuii niabet: X, = {x3 X3, X5, X, } s

1 . 2 . v . . 3 .
Je x; — Tak; x; — Hi ((akTuuHuMi miarHo3); x; — Hi

. o 4 .
(miarHO3 HEe BCTAHOBJIECHHI); X; — HEBIZOMO.
. . . 1 2 3 4

AprepianbHa rineprensis: X, = {x4,x4,x4,x4} ,

Je x, — Tak; x, — Hi (QaKTHUHMH miarHO3); X, —
. . o 4 .
Hi (A1arHO3 HE BCTAHOBIICHHH); X, — HEBIZIOMO.
. (2 .3
IIpobnemu 3 Hupkamu: X = {xs,x5 ,xs} ,

1 2 . 3 .
A€ X5 —TaK; X5 — HI; X5 — HCBLAOMO.

3

. . _f1 2 3 4 5
Taxikapuist: X, = {xﬁ,x(,,x(,,xﬁ,x(,} ,
1 o . . 2 .
e x, — Tak ((axTuyHui AiarHo3); x; — Tak (XIiarHo3
He BCTAHOBJIEHMH); X, — Hi (CHpaBxkHiil AiarHo3); x; — Hi
(miarHO3 He BCTAHOBJIEHHIT); X, — HEBiZOMO.
CnaJKoBICTh IIOJ0 3aXBOPIOBAHb CEPLS TA CYANH:
(1 .2 .3
X, = {x7,x7,x7} ,
1 2 3 3 .
Je X,—TaK; X; — Hi; X; — HEBIZIOMO.
. . (1 2 .3
Maninest: X, = {xg,x8 ,xs} s
1 L2 s.U3 .
Je X, —TaK; X, —Hi; X; — HEBLIOMO.
. _f1 203
[Ipobnemu 3 anxoronem: X, = {x(,,x9 ,xg} ,
1 L2 .03 .
Ie X, —TaK; X, — Hi; X, — HEBIIOMO.
. . _f1 2 3
Inopunamia X, = {xlo,xlo,xlo} ,
1 L2 s U3 .
ae x,, —Tak; X,, — Hi; X;, — HEBiIOMO.
Ili ocoOsMBOCTI MAIOTh 3MOTY PO3POOHTH MOMAETH

imeHTU]IKAIi MIarHOCTHYHUX TapaMeTpiB, 3a JIOTIOMOTOI0
SKOi MOJYKHA BH3HAYUTH TPYNy 3I0POB’S TMAaIliEHTa

R= {lfl,rz,ig,r4}, J€ 1, — HU3BKHMH PHM3HMK 3aXBOPIOBAHB
cepls Ta CyAWH; 7, — TIOMIPHUI PH3HK; 7; — BUCOKHH
PH3HK; 7, — JIy’Ke BUCOKUI PU3HK.

Jlnst BU3HAYEHHS TPYIH 3/10pPOB’S BUKOPHUCTOBYETHCS
HaOip arperoBanux ozHak (O, —0;, ne O, BUPAXKAETHCS
yepes X, taX,; (O, Bupaxaerscs dyepes X, 1m0 X,;
O, Bupaxaerbcs yepes X; — X, .

3HaYeHHS KOXKHOI TPyHH 3H0pOB’S Ta KOXKHOL
arperoBaHoi O3HAaKH pO3IMOJUICHO HAa YOTHPH KIIACcH
3TIIHO 3 BIIITOB1THOIO MEINKO-TEXHOJIOTIIHOIO
JOKyMeHTalielo (yHi(iKOBaHHM KIIIHIYHHM IPOTOKOJIOM
1 JIOKaJbHAMH NPOTOKOJIAMH IMOIO TPODiTaKTHKH
XBOPOO cepiis i CyauH).

Hanpuknan, mis ¢opmyBaHHs o3Haku (J, MOXKHA

CKJIACTH TaKy CUCTCMY NPCANKATHUX piBHﬂHBZ

1 _22(.2  3(2 3 2322 322 (2 3
4, = X7 Xg (x9 VX (x]O v Xo ))V‘x7x8x9x10 V X3 X3 Xy (x9 on)

2.3

2 _ 2 1 1.2 2 3 1.2 2.1 2 2.1 3.2 3.1 3.2
q, = X5 ((xg (xgxm V Xy )vx9 (xgx10 vxgxlo))v(x7 (x8x9 V X Xy )v(x7x9 vx7x9)xgx1 v

3 1

2.3 3.2 1 2 3.2 2 3 1 3 2.2 3 3.3.2 1 2
v()c7x8 VXX >x9 (xlo vxlo)\/)c7)c8 (x9 VX, ))(xlo vxm)vx7x8 (xgxlo VX, )\/x7x8x9 (xlo vxlo)

2

2 1.2 1.2 2 1 2 1.3 1 2 1.3 3.1 1 3 1.3 2 3
q; = XX, (xgx9 Vv Xg (x9 VX, ))v<x7x9 (x8 VX )v(x7x8 vx7x8)xg)(x10 vxlo)vx7x8 (x9 VX, )v
2 1 1 3 3.3 2.3 3.2 1.1 3 1.2 3.1 1 3 3.3 2.3 3
v(x7 (xg (x9 \/xg)\/xgx9 )v(x7x8 VX5 Xg )xgxm VX, (xsx9 V XX, ))(xm \/)cw)vx7x8 (xgx10 vxg)

4 1,31 1 2 1.3 3.1 1.1 1.2 1 1.2 1 2 1 3
G, = X;XgX,, (x8 v Xg )\/(x7x8 \/x7x8)x9x10 \/()c7x8x9 V X, X, (x8 VX ))(xlo \/xlo)
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OcTtarouHa knacudikaiis Moxxe OyTH BUpaXeHa
TaKOI0 CHCTEMOIO:

n=aa(avae)v(ade v ve)s)s

n=q(tavad)via(@ve)ve (@va)vas v (va))(edvae)v(a va ) s (¢ ve)v
v(ataiv(a va)a)a,

n=adv(avave)@va)ave)vad(ave)v(a ve)sbav(ae ve (¢va))e v

v(gs vaia) (s va)

n=(ava)savaa(ave)vaa(sye)vaa (s ve ve)

Hocmimumo JIOTiYHI 3B’SI3KM MK JAUCKPETHUMHU

O3HaKaMH X, —X,,. Hacammepen mepenuiieMo CHCTEMY
NPEAUKATHUX PIBHSHD y TAKOMY BHIJISII:
P(qz,xl,...,xm):
_ 1 2.2 2 3 2 3 2.3.2.2 3.2_2 2 3 2 2 1 1.2 2 3 1.2 2.1
=9, (x7x8 (x9 V Xy (xlo VX ))vx7x8x9xm V XX Xy (x9 V Xy ))V 9 (x7 (xs (x9x10 V Xy )Vx9 (xsxlo V Xg Xy ))V
2 2.1 3.2 2.3 3.1 3.2 2.3 3.2 1 2 3 3.2 2 3 1 3
Y% (x7 (xs Xy V XX, )v (x7x9 v x7x9)x8x10 v ()67)68 VXX )x9 (xlo v xlo)v XX, (x9 VX, ))(xlo vxlo)v
3022 3 3.3.2( 1 2
VXX (x9x10 VX, )vx7x8x9 (xlo VX, ))v
(2 (a2, 21 2 L3, 2 13, 3y 1\ 2 3 1 3(.2 3
Vg, (x7x,0 ()ch9 v X (x9 VX, ))v(x7x9 (x8 v X )v()c7x8 \/x7x8)x9)(x10 vxm)vx7x8 (x9 VX, )v
2 (1,3 3.3 23, 3. 2\ 1 3( 12, 31 i 3 3.3(.2.3 .3
v (x7 (x8 (x9 VX, )\/ X3 X, )\/ (x7x8 VXX )x9x10 VX, (xsxg V Xg X, ))(xm wa)V XX (xgxlo VX, ))v

41,30 (1 2 1.3 3.1) .11 1,21 1.2(.1 2 1 3 11 1) __
V4, (x7x9x10 (x8 VX )v(x7x8 vx7x8)x9x10 v(x7x8x9 V XXy (x8 VX ))(xlo vxm)vx7x8x9)— 1

Bunno, 110 1eii npeanKar HAICXKUTh 10 Knacy A, . Ile BuIyYeHHS JOacTh HaM 3B’S30K MDK 3MIHHUMHU

JocmiaumMo 3B’A30K MK yciMa 3MIHHHMH, KpiM X, . Qo> Xysmees Xy Xg s Xgy Xy

F= Elx7P(q2,xl,...,x,0) =
= b (2 (32 v (o v ) ) v o v (32 v ) v 2 (o (o v 2 v (e, v )
Y ((xszx; v xixg ) Y (xg v X, )xgxlzo Y (xg v xg )x; (xfo Y xfo)v x; (xgz VX, ))(xllo v X5, ) v X (xgzxfo v X, ) Y
VX Xo (xllo v X )) v (xlzo (x;xg2 v xg (x; v x; )) Y (xs (x; v xg ) Y (xg VX% )x; )(xlzo v X5, ) Y

3 2 3 1 1 3 3.3 3 2 1.1 1..2 3.1 1 3 3 2.3 3
VX (xq vxg)v((x8 (x9 VX, )vxgx9 )v(x8 v Xg )xgx10 \/(xgx9 vxgxg))(xm vxlo)vx8 (xgx10 VX, ))v

4 3.1 1 2 3 1 1.1 2.1 2 1 2 1 3 1.1
v q, (xgxlo (x8 V Xy )v(x8 \/xg)xgx10 v (xgx9 V Xy (xg V X ))(xlo vxm)vxsxg)—l

HeoOximno 3a3HaumTtH, mo po3Mmip Qopmymn

He 30imbmmBes, ToMy mo mpeaukatT P(q,,X,...%,)
HaNeKHUTb 10 A ;.
Ipunyctumo, Hac HIKaBUTh 3B 30K MIK ¢,, Xy, X, -

Buyunmo iHII 03HaKu 3 ipenukara I (xl,...,xlo) :
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G(q2 ,xg,xlo) = 3x13x23x33x43x53x63x73x8P(qz,xl,xlo ) =

(2, 3(2 .3 22 2( 2 3 2 122 3.2,
=4, ((x9 VX, (xlo v xl()))v XoXip V Xig (x9 VX, ))V q, (((x9x1o VX )V Xy (xlo v xlo))v

1 2 3 1 2 1 2 3 2 3 1 3 2.2 3 2 1 2
v((x9 VX, )v(x9 vxg)x10 VX, (xlo vxm)v(x9 VX, ))(xlo vxlo)v(xgx10 \/x9)vx9 (xlo vxm))v

3 2 1 2 3 2 3 2 3 1 3 1.1 2 1 1 3 2.3 3
Vg, (xm (x9 vxg)\/xg (xlo vxm)v(x9 VX, )v((x9 vxg)vxgx10 v(x9 vxg))(xlo vxm)v(xgx10 vxg))v

4 3.1 1.1 1 2 1 3 1\ _
Vg, (xgxlovqumv(xgvxg)(xlovxw)vxg)—l.

OTxe, CKOPOTHJIM IMOYaTKOBY (GopMyidy # Maemo
OULTBII TIPOCTY 3aJEKHICTh MK OOpaHUMH MEIUIHUMHU
o3Hakamu. OTpUMAaBIIM HEOOXIJHY 3aJIeKHICTh, MOXKHA
JEKITbKOMa

pO3B’s3aTH  pIBHAHHSA 3 OJHIEIO a0o

MUTBOBUME  3MiHHUMH. OCTaHHE pPIBHSHHS JIOJJAEMO
o 0a3m 3HaHB, 00 HOBI 3HAHHS, OTPUMAaHI BHACIIIOK
HABEJICHUX BHIIEC OOYHCICHb, MOMOBHUIN HasBHY 0a3y
3HaHb. PO3MIIsTHEMO MOXIINBI PillIEHHS IILOTO PiBHSHHS.

Hanpuknazn, x, =1, To6TO € pobiemMu 3 ankoroneM.
Toai oTpuMaeMo Taky 3aJ€XKHICTh MK O3HAKAMHU:
2.2 3.2 4
DX VX, Vg, =1.
3 OCTaHHBOTO pIBHAHHS BHAHO, IO 32 YMOBH

xlz0 =1, q; Ma€ JOpiBHIOBaTH 4, TOOTO SKIIO €
MpoOJieMH 3 aJKOTOJIeM Ta HEBIZOMO, YU € TilOAMHAMI,
y kiacugikamii marmieHTiB HeOOXiTHO BUKOPHUCTOBYBATH
3HAYEHHS arperoBaHoi 03HAKH, 10 JOPIBHIOE 4.

OTxe, BIUTy4Yaroud pi3Hi HAOOpH 3MIiHHUX 3 PiBHSHB,
IO 3aJ0BOJILHSIOTH HaBEJCHI

YMOBH, [IOITOBHIOEMO

0a3zy 3HAaHP 1 TIOBTOPHO BHUKOPHUCTOBYEMO 3HAHHS,
ki Oynu HESBHO 3aJaHi B MOYATKOBIA 0a3l JaHUX.
Le CIIPOIIYE
Ta MacmTadye JIOTiYHYy CHCTEMYy HOAaHHS

TIpoIIeC JIOTIYHOIO BHBEIEHHS
3HAaHb.

Y 11p0My pasi HesIBHO 3aJaHi 3HaHHS CTAIOTh SBHUMHU.

BucHoBku

JleCKpUTIITHBHI TIAXOU 10 MOJICTIOBAHHS MIPOIICTYP

MTOBTOPHOTO BUKOPHUCTAHHS 3HaHb e(hexTUBHI
y CHUTyalisiX, KOJNM pPO3IJLIIAIOTHECS IMCKPETHI O3HAKH
00’ckTiB, SKI TOB’sA3aHi MK CO00I0  CKIAIHUMH
JIOTIYHUMH yMOBaMH. Anredpa CKIHYEHHHX INPEIUKATIB
nmae 3Mory (opmyBath 0asu 3HaHb Y (OPMI JIOTTYHHX
PIBHSHB 13 JWCKPETHUMH 3MIHHUMH. 3aCTOCYBaHHS
KBaHTOPHMX OIepalliii JomoMarae MOMOBHIOBATH HasBHI
0a3u 3HaHb HOBHMHU PiBHSHHSIMH, 11O CIIPOLIYE IIOBTOPHE
BUKOPHCTAHHS 3HaHb, 33/IaHUX HESIBHO.

3py4HICTh W3 IOHKTHUBHOI aireOpu CKIHUCHHHX
MpeauKaTiB y TOMY, IO ii MOBOIO CTHCIO W 3pYy9YHO
Ta XHWOHOCTI, SKi

3alUCYIOTHCS 3aKOHU ICTUHHOCTI

BIZIIrpalOTh OCOOJHMBY pOJIb, OCKUIBKM BOHHU 33/1aI0Th

BHUMOTH, HEOOXIHI i JOCTATHI JJIs1 KOPEKTHOTO BBEICHHS
3MIHHMX O3HaK Ha CKIHYEHHHX MHOXWHaX. 3aKoH
ICTHHHOCTI 3aJa€ o01acTh 3MIHM 3MIiHHOI, a 3aKOH
XHOHOCTI 3a0e3meuye MOMapHy Pi3HUIO BCiX €JIEMEHTIB
MHOXXHHH, Ha SIKif 3a/aHa 3MiHHA. AnreOpa CKiHYeHHHX
MpeIUKaTIB Ja€ 3MOTY iHTEpIpPETYBaTH 3HAHHS B UITKIH
MareMaTtu4Hiil Qopmi, ne pi3Hi 03HAKM Ta iX 3HAYEHHS
IOB’A3aHI  MDK CcO0OI0 3a JOMOMOTOI0  OyJIeBHX
1 IpeIMKaTHUX OIlepariii.

Jlotst

i3 HEBIIOMHMH CKIHYCHHUMH TpEAUKATaMHu JOIUIEHO

e(heKTUBHOTO PO3B’A3aHHSA piBHSIHB
CIOYATKy AOCHIAWTH PiBHAHHS, 3aIMCaHi 32 JOIOMOTOIO
orepariii OyneBol anreOpu, OCKUIBKH caMme IIi Omeparrii
HaligyacTime MaioTh MICIe TiI dYac 3alucy JOBUTBHHX
MIPETUKATHUX PIBHSIHb.

ITokazaHo, 1o B mportieci moOyI0BH CHCTEMH O3HAK
JUis 0a3u 3HAHb JIOIUIFHO BHKOPHCTOBYBATH ajreOpo-
JIOTIYHYy MOJENb IPEIMETHOI Tairy3i. 3amporOHOBAaHO
X7, OCHOBAHUN Ha anreOpi CKIHYEHHHX MPEAUKATIB.
PexomeHnmoBaHO BHOKPEMHTH Ti TipenukatH (i, BiOIIOBIIHO,
PIBHSIHHS), SIKI 32 YMOBM IIiJCTaBJCHHS II€BHOTO
3HAYCHHS O3HAKH [IEPETBOPIOIOTHCS HA MPEIUKATH,
[0 JAal0Th CHUJIBHIIINN 3B’A30K MIX 3MIHHMMH, a TaKOX
Taki TpPEeIUKATH, IIJCTABICHHS B $Ki IIHOTO 3HAYCHHA
NMPU3BOAUTE JIO TMOCHA0JCHHS  JIOTIYHOTO 3B SI3KY
MiX O3HaKaMH.

3anpornoHOBAaHO AJTOPUTM BUIYYCHHS HECYTTEBUX
3MIHHHX Yy pO3B’sI3aHHI aNreOpo-JIOTiYHUX PiBHSAHB, SKAN
TIPU3BOUTH JIO 3MEHILICHHSI 00CATY HEOOX1THIX OOUYHCIICHB.

Po3risiHyTO CKiHYeHHI IPEINKATHI PIBHSIHHS Pi3HIX
tuniB. HaBeneno 3amaui  kiacudikaiii Ha OCHOBI
MpeIUKaTHUX PiBHAHB. 3amada Kiacugikamii 00’€xTiB
Ha OCHOBI O3HAaK, IO Ha0yBalOTh JUCKPETHUX 3HAYCHB,
OIMKCaHa MATEMATUYHO SIK PO3B’ 30K MPETUKATHUX PIBHSHb.

3anpornoHOBAaHO METOJ] TMOTMOBHEHHS 0a3u 3HaHb
y ¢opMmi JOTIYHUX PIBHSIHD IS CIPOMICHHS MPOLEAYPH
TIOBTOPHOI'0O BUKOPUCTAHHS 3HAHb. CnoanKy BUITYYarOTbCA
3MiHHI, III0 BBAXAaIOThCSI HECYTTEBUMH. baza 3HaHB
TIOTIOBHIOETHCS. TPOCTIIIMMHU PIBHSHHIMH, SIKI MOXYTb
Oyt  OaratopazoBo

BUKOPHCTaHI 32  MOTpeOH.

VY mpakTHYHHX 3aj7a4ax, MOB’SA3aHUX 3 IHTEPIPETAIlier0
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3HaHb, IO 3ACOUTHIIOrO MONAaHI B TEKCTOBIH (opmi,
HEMae HEOOXiJHOCTI OTpUMyBAaTH BCi HaOOpHM 3HaueHb
CEMAaHTHYHUX O3HAaK, aje IMOTPiOHO OTPUMATH OIUH abo
KiJIbka CyTTEBUX HaOOpiB 3HaueHb O3HAaK (LLILOBUX
3MIiHHHUX), sIKi € (DikcoBaHMM HaOOpOM 3HAUYCHb IHIIUX
O3HaK. Y pO3B’s3aHHI TAaKWX 3ajJay iHII 3MiHHI, IO
HE MICTAThCS B IIOYaTKOBUX YMOBaX i HE € LIILOBHMH,
BUJIYYAIOTHCS 3 PIBHSIHHS CIIOCOOOM 3B’SI3yBaHHS iX
3 eK3UCTCHLIATBHUMA KBAHTOPAMH.

BukopucraHHs MaTeMaTHYHOTrO amapary Teopil
IHTENEKTy, METOAy KOMIapaTOpHOI  imeHTUdiKaril
Ta IHCTPYMEHTAapIiI0 anreOpy CKiHYEHHUX MPEJUKATIB JAa€
3MOTy MOOyIyBaTH MOJACTh iACHTU(IKAIT MeAUnIHO-

MPEeIUKATHUX PIBHSAHB, y TpOIeci PO3B’S3aHHS SKHX
Ma€eMO IHTEpPIIPeTalil0 MEJUYHNUX 3HaHb Y TIEBHIl raiysi.

OnmcaHo MMPOKHUIA KIIac MPEIUKATIB, 3 IKUX MOYKHA
BUJIyYHMTH 3aiiBl 3MiHHI i 30CepeIUTHCS Ha 3B’s3KaxX MiXK
CYTTEBUMH 3MIiHHHMH. 3alpOIOHOBAHO METO] BHITyYCHHS
HECYTTEBUX  3MIHHHUX crocobom 3aCTOCYBaHHS
eK3MCTCHIIAIBHOTO KBaHTOpa i IPOAEMOHCTPOBAHO
Horo Ha peaJbHOMY MEIUYHOMY TPHKIIAJII.

Po3riisHyTO MpakTHYHUNA TPHUKIa] PpilleHHs wmiel
3ajayi. [lomanpii JOCHIIKEHHS TUIAHY€EThCS TPUCBSATHTH
aHAN3y NpPeNUKATHHX OIepamiil, N0 IalTh 3MOTY
SAKOMOTa OTPUMYBaTH HOBI

[IBUIILIE MpeIUKaTHI

PIBHSIHHS JUISl aBTOMAaTHYHOI TeHepanii JIOT1YHUX MPaBHI

JMIarHOCTUYHUX  TapaMeTpiB Yy BUIJISIAI  CHCTEMH 1 BU3HAYaTH BOXJIMBICTh iHQOpMAILiHHUX O3HAK.
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THE METHOD OF REUSE OF KNOWLEDGE
IN THE FORM OF LOGICAL EQUATIONS

The subject of research is the processes of building and replenishing knowledge bases, the processes of knowledge reuse and
the creation of software systems based on knowledge bases, the interpretation of knowledge is one of the approaches to their repeated
application, which consists in deriving new knowledge based on the available facts in the knowledge base. The purpose of the
research is to develop a method of knowledge reuse by solving logical equations of finite predicates for a certain subject area.
The tasks were performed: to investigate descriptive approaches to logical modeling of the subject area, which make it possible
to reuse the knowledge given by the system of logical equations within the algebra of finite predicates, to develop a method
of replenishing the knowledge base in the form of predicate equations by extracting variables from logical systems, where
equations represent complex logical connections between discrete features of objects or processes. The methods were used to solve
the listed problems: the algebra of finite predicates, quantifier operations with predicates for the interpretation of knowledge.
The results were obtained: descriptive methods of knowledge reuse were considered; a method of replenishing the knowledge base
in the form of logical equations is proposed simplify the further use of implicit connections between discrete features; an example
of replenishment of the knowledge base of the medical field is considered, which makes it possible to reuse knowledge given
implicitly. Conclusions: the proposed method makes it possible to replenish the knowledge base in the form of logic equations
by adding predicate equations connecting separate sets of discrete variables that are of interest to a scientist or a practitioner.
The method of replenishing the knowledge base is based on adding new simplified equations; simplified predicate equations model
logical patterns implicitly contained in the main knowledge base; an experimental study was conducted.
Keywords: software engineering; knowledge bases; reuse of knowledge; algebra of finite predicates; logical equations.
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A. Ko3upreB, 1. IIYBIH

METO/ IIVTAHYBAHHA 3ABJJAHb OBPOBJIEHHSA JAHUX Y PO3IOAIVIEHUX
CUCTEMAX 3 OBMEXKXEHOIO IH®OOPMALIC€IO PO AOCTYIIHI PECYPCH

Y cywacHoMmy mnm¢poBoMy mnaHamadri posmomineHi cuctemu o60pobmenHs nmaHux (PCOJ) crarote yce OiTbIl KPUTHYHO
BOXJIMBHUMHU Ul 3a0e3nedeHHs e(QEeKTUBHOrO OOpOOIeHHs, aHalidy Ta YNOPaBIiHHA BEIUKHUMHU oOcsramu iH(opmarii.
Lli cucTemMH YacTo BUKOPUCTOBYIOThCS B KOMEpLIfHMX, HAayKOBHX 1 COLIQIBHUX JOMEHax Mg OOpOOJICHHS KOMIUIEKCHHX
JaHUX B peaJbHOMY dYaci ab0o makeTHOMy pexumi. OJHHM 13 KIIOUOBMX CKJIQJHHKIB TaKHX CHCTEM € IUIAaHyBaHHS 3aBIaHb,
[0 € HaJ3BHYailHO CKIAaJIHHM IIPOLECOM, 30KpeMa KOJM iH(opMalis Hpo pecypcHi MmoTpeOM HE € IMOBHOK abo TOYHOM.
IIpeameroM aocCHiIxKeHHs € aIrOPUTMH, METOIM Ta HiAXOAHM, SKi BHUKOPHUCTOBYIOTHCS AJS IUIAaHYBaHHS 3aBJaHb MK By3JIaMH
B PO3MOJUICHNX cucTeMax. MeTa po0OTH — CTBOPEHHS ONTHMIi30BaHOTO METOAy IulaHyBaHHs 3aBaaHb y PCOJ] 3 oOmexeHOIo
iH(pOpMAaIIi€I0 PO JTOCTYIHI pecypcH. 3aBAaHHS JOCTiZKeHHs: IIPOaHATi3yBaTH HENOJIKH CYyJacHHX METOIIB JUIS IUIaHYBaHHS
3aBJaHb y PO3MOAUICHUX cUCTeMaX OOpOOJECHHS MJaHWX; ONTHUMIi3yBaTH METOJA IUIaHyBaHHSA 3aBJaHb HA OCHOBI METaJaHUX
Mk By3znamu PCOJl, skuil TIpyHTyeTbCS Ha METOAOJOrii TONIyKYy HAaHONMXKYMX CYCIOiB i3 BHKOPUCTaHHSIM METOLY
JIOKQJII30BAaHOTO XEIIyBaHHA Ta aireOpH CKIHYCHHUX IIPEIUKATIB, PO3POOUTH apXiTeKTypy IPOTPaMHOrO pillleHHS Ta HOTo
peami3allifo Ha OCHOBi ONTHMI30BaHOTO METOHy; IPOTECTYBaTH AIrOPUTM HA TpPUKIAAl 3aBIAHHA JACKOAYBaHHA Bineo.
3acTOCOBaHO Taki METOJM: CTAaTUCTHYHI aITOPUTMH Ta TEXHIKH, 30KpeMa Kiacudikaiisi Ta KIaCTepHHH aHali3, BHKOPHCTaHi
U IPOTHO3YBaHHA MOTPed y pecypceax; Bi3yamizalliiiHi METOIM JOMOMOIJIM B aHaji3i Ta iHTepmpeTallii pe3ynpTatriB. Pe3yiabraTn
po0OTH: TPOAHATI30BAHO HENOTMIKM CydJacHHX METOMAIB U pPO3MOIUTY 3aBJaHb y PO3MOIUICHHUX CHCTeMax o0OpoOJIeHHS
JAHHX; CTBOPEHO ONTHMIi30BaHMH METOJ IUIAHYBaHHS 3aBIaHb Ha OCHOBI MeTamaHux y PCOJI, sikuif IpyHTyeTbCS Ha METOMOJOTI]
MOUTYKy HAHOMMKYMX CYCiliB 13 BHKOPHUCTAHHAM METONYy JIOKAIi30BAHOTO XCLIyBaHHA Ta ajreOpu CKIHYCHHHUX IPEIUKATiB;
JIeTalli30BaHO TIPOIeCH B MOAM(DIKOBAaHOMY aJrOPUTMI MOIIYKYy HafONMKYMX CyCiliB; po3poOieHO apXiTeKTypy NpOrpaMHOro
pilIeHHs, IO iHTErpye ONTHMI30BaHMH METOJ IUIaHyBaHHS 3aBJaHb Ha OCHOBI METAaJaHMX Ta aJlOKallii pecypcis; 3a JOMOMOTOI0
NPAaKTHYHOTO CIICHApif0 3AIHCHEHO BaJiJAL[il0 MPOTPAMHOrO pIlIEHHS — BHKOPUCTaHHS CTBOPEHOTO AIrOPUTMY B 3aiadi
IUTaHYBaHHA /s JIeKOAyBaHHA BineoiHdopmamii. BuCHOBKM. 3anpormoHOBaHWII METOA, IO IPYHTYETbCSA Ha METOINOJOTIT
JIOKJIi30BAaHOTO XEIIyBaHHS Ta Ha 3aCTOCYBaHHI ajireOpH CKIHYEHHUX MPEIUKATiB, € e()eKTUBHUM HaBiTh y pa3i HEJOCTATHBOI
abo obOmexeHoi iHpopMarii mpo pecypcHi motpedu. lle miATBEp/KYye MOXKIMBICTE BUKOPHCTAHHS JUHAMIYHUX CTpaTETii
IUIaHYBaHHS JUIs a[lanTaii 10 MiHIMBUX YMOB HaBaHTaKEHHS Ta JOCTYMHOCTI PeCypcCiB.

KurouoBi cjioBa: mporpamHa iHXeHepis; po3moAaIeHi cucTtemu; oOpoOneHHs naHWxX; 0a3za MaHUX; IUIAHYBaHHS 3aBIaHB;
anredpa CKiHYEHHUX MPEANKATIB.

Beryn

Y cyyacHiii 1mdpoBii eKOCHCTEMI BEIHYE3HI

MAaCHBH JaHHWX € pE3yJIbTATOM aKTUBHOCTI HH3KHU
Joxepen, 30kpeMa loT-npuctpoiB, cucTeEM MAaIIMHHOTO
HABYAHHS, COWIaTbHUAX MeMdia, miat(opM eIeKTpOHHOI
KOMepIIii Ta IHIIMX TEXHOJIOTTYHKUX 3aco0iB. BiamorigHo
JI0O IBOTO  CTPIMKOTO HPHUPOCTY  iHQOpMamiiHUX
o0csriB, cydacHi Meromu 30epiraHHsi Ta 0OpOOIEeHHS
JMAHUX MAIOTh YTUTIOBAaTH HAWHOBITHINII TEXHOJOTIYHI
po3po0Kku. Y 1bOMY KOHTEKCTI METOAM IUTAHYBaHHS
3aBlaHb I OOpOOJICHHS JaHUX Y PO3MOAUICHHX
cucreMax o0poOsieHus manux (mami PCOJI) mocimaroTh
0COOJIMBO BaYKJIMBE MicCIIE.

Po3noaineni cucremu, 1110 MOXYTb (DYHKIIFOBATH Ha
KJIacTepax CepBepiB ad0 B XMapHHUX OOYMCITIOBATHHHX

cepeaoBuiiax, € 0COOJIMBMM BHUKIIMKOM 3 TIOTJIAAY

IUTaHyBaHHS 3aBJaHb. OCKUIBKY JTaHI Ta OOYHCITIOBAIBHI

pecypeu
abo BIpTyaJIbHUMH BY3JIaMH, HEOOXITHO PpO3pOOISATH

posmnofineHi MK pi3HUMH  (DI3UYHHUMH
QITOPUTMH, 110 MOXKYTh JTUHAMIUYHO BHIUIATH 3aBJaHHS,

MiHIMI3yBaTH 4ac OYIKYBaHHA ¥  ONTHMI3yBaTH
BUKOPHUCTAHHS PECYPCiB.

[TnanyBaHHS 3aBlaHb y PO3MOJMUICHHX CHCTEMax
nependayae Po3MOMAiT  OOYHCIIOBAIBHUX 3a1a4 MK
MEpEeXEI0 B3a€EMOIIOB’SI3aHUX BY3JiB, YacTO 3 METOIO
ONTHMI3alil NPOAYKTHBHOCTI, BHKOPHUCTaHHS PECYypCiB
1 IIPOIYCKHOI 37]aTHOCTI CHCTEMH. Y IIbOMY KOHTEKCTi
"3aBmaHHA" O3Ha4Yae OOYHCIIOBAIBHY 3aj1ady, sSKa
MOXKE BapilOBaTUCS B 3amuTiB 10 0a3su JaHWUX
0 AaNropuTMIiB MAlIMHHOTO HAaBYaHHS, TOAI K
"po3noziseHa cucteMa OOpOOJICHHS JaHUX"' OXOILTIOE
MEpEXKHY apXiTEeKTypy B3a€MOIOB’S3aHUX IPOIPaMHHX
3aco0iB Ta 06a3

JAaHUX, M0 MOXYTh OOpOOIATH,

© A. Ko3upes, 1. Illy6in, 2023
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30epiratd ¥ OTpPUMYyBaTH MdaHI B JEIEHTPali30BaHUI
crocio.

HesBaxkaroun Ha Te, MmO 3a YMOBH B3a€MOJil
3 OKPEeMHMH OOYHCITIOBaJbHMMHU BYy3JIaMH B MeE¥Kax
PO3MOIIIEHUX CHCTEM MOXYTh OYTH HPUIHATI JTOKAIBLHO
ONTHUMAJIbHI pIlIEHHs, [l HE TrapaHTye TriI00aIbHOT
ONTUMAITFHOCTI BiZOOpaKeHHS IIJI0i MHOXXKWHH 3aBJIaHb
Ha MHOXMHHY AOCTYNHHX BY3JiB. ToOTO, SIKIIO KOXEH
BY30JI HE3aJIS)KHO BUPIIIYE, sIKE 3aBIaHHS BiH BUKOHAE
BIICYTHICTh  KOOPIMHAITIT

HaCTyITHUM, MOXIJIUBO,

mpu3Bene 1O Hee(EeKTHBHOIO pO3MOITYy pecypciB
Ha OUIBII BUCOKOMY, CHCTEMHOMY PiBHI.
Takwit miaxix, i1MOBIpHO,

CIIPUYNHHUTL HU3KY

mpobsieM,  30KpeMa  3aTpUMKH B OOpOOJIeHH,
He30aaHCOBaHE BHUKOPHCTAHHS pECypciB Ta B3aeMHI
6noKyBaHHS 3aBAaHb. Bigrak, 11106 JOCSITH ONTHMATbHOT
npouenypu

Ta ajokalii By3JliB MalOThb OyTH IHTErpOBaHI B OJHOMY

e(eKTUBHOCTI, IUTaHyBaHHS  3aBAaHb
mporieci TutaHyBaHHS. lle o3Hadae, moO 3amicTb TOTO,
100 pO3TyIsiIaTh KOYKHE 3aBAaHHs ad0 B30I 130JIb0BaHO,
cuUCTeMa Ma€ 3BaXKaTH Ha TIJ00anbHUHA CTaH, a came:
Ha JIOCTYIHICTb pECypcCiB, IOTOYHY 3aBaHTaKEHICThH
BY3JIIB Ta 3QJIEKHOCTI MK 3aBIAHHIMH — [T IPUHAHATTS
011 iHQOPMOBAHUX Ta ONTHMI30BaHUX PillICHb.

MeTor0  IOCHiKEHHS € PO3pOOJICHHS METOMy
IUIAaHYBaHHS ~ 3aBAaHb Yy PO3NOAUICHUX CHCTEMax
00poONIeHHsT TaHWX B yMOBaX HEMOBHOTH iH(opMariii

PO PeCypCHi BUMOTH.

AHaJIi3 0CTaHHIX J0CaiIKeHDb i myOJikanii

YHpomoBXK OCTaHHBOTO ACCATIUITTS CIIOCTEPITAEThCS

BIlUyTHE 3pOCTaHHSI IOTPeOM B  PO3MOJIIIICHUX

O0YHCTIOBAIBHUX pecypcax y pi3HOMaHITHUX cdepax

3actocyBanHss [1]. Cepen Takux 3aBJaHb MOXHA
BHOKPEMHUTH  €IIEKTPOHHY  KOMepuito,  (iHaHCOBY
aHANTUKY, AaHalli3 JaHWX Y COI[IAJIbHUX Mepexax,

a TakoXK 0OpOONEHHS Ta AUCTPHUOYIIIF0 MyIFTUMEIIITHOTO
KOHTEHTY [2].

Y mmpokoMy BHKOPHCTaHHI 3apa3 mepedyBaioTh
CHCTEMH MapalebHOIO Ta PO3HOALIEHOr0 OOpOOICHHS

AHUX, 30Kpema oOYmcIIoBaNbHI  Kimactepu  [3],

rpig-cucremu [4] Ta xmapHi tiatrdopmu [5, 6].

BukopucraHHsS TEpeNiueHHX CHUCTEM Yy HAayKOBHX

JOCHI/DKEHHSX ~ Ta  JJIsl  BUPIMIEHHS  KOHKPETHHX

3aBaHb TPU3BOAUTH JO TOHANBIIOTO 30UTBIICHHS

HABaHTAXXCHHS Ha amapatHi pecypcu. lle 3ymoBieHO
MOCTIHHAM  3pPOCTaHHSAM  CKIQJHOCTI 3aBHaHb, SKi
BUMararoTh Bce OlIbllle 0OYHCITIOBAIBHOI Ta TPOCTOPOBOT

nmoTykHocTi. HeoOXimHO 3a3HAYMTH, MO0 Ii 3aBJaHHI

4acTO BH3HAYAIOTHCS  HEPIBHOMIPDHUMH  BHMOTaMHU
JI0 O0YHCITIOBAIIBHUX PECYPCIB.

3aBmaHHS € CYTHICTIO, fKa HAOXOAWUTh HAa BXIif
CHUCTEMH IUIaHYBaHHS W MICTUTh HaOip 3aBmaHb [7].
IMoTik 3aBOaHP HAIXOIMTHh y BXIIHY Yepry, 3aBOaHHS
€ aTOMapHOI OJWHUIICI0 IUIaHYBaHHA, W Yy Mexax
OJIHOTO 3aBIaHHS BOHHM MOXYTb OyTH HE3ale)KHHMH a00
OpraHi30BaHUMH B JiepeBo 3ajiexHocteil [8]. BignosigHo
IO IHMX TapaMeTpiB Mig3aBAaHHS OOPOOIAIOTECT abo
napajnenbHO B pa3l  BIACYTHOCTI 3alie)KHOCTeH, abo
B 33/IaHOMYy TOPSIKY, SKIIO TaKi 3aJIeKHOCTI iCHYIOTb.
3aJe)KHOCTI CIYT'YIOTh KEpIBHUMH TMPHHIMIIAMH IS
MOCIIIOBHOCTI BHKOHAHHS Ta IIEPEHECCHHsS JaHMX
MIX ITiJ3aBIaHHSIMH.

Huska naykoBux pnocmimkeHs [5, 9-11] Bkasye
Ha Te, IO CydYacHi 3aBJaHHS y cdepi 00poONeHHs NaHuX
JEMOHCTPYIOTh 3HAYHy IUHAMIYHICTB. 3 OTHOTO OOKY,
MOJKHA CIIOCTepiraTv 4YucieHHi "ierki" 3aBIaHHS, IO
BH3HAYAIOTHCA MiHIMAIGHAUMH BHMOTaMH /IO PECYPCIB,
HalpHKIad, 3aMOBJIEHHS Ha OOpOOJICHHS HEBEIMKHX
TeKCTOBHX (aimie abo 300paxenp. 3 iHIIOTO OOKYy,
icHyIoTb "Baxkki" 3aBmaHHs, Taki sSK 0OpoOIeHHA
BEIIMKUX OOCATIB JaHnX a00 BHKOHAHHS CKJIAIHUX
MaTeMaTH4YHUX PO3pPaxyHKiB, W0 MHOTPeOYIOTh 3HAYHO
O1IBIINX OOYHCITIOBANBHIX MOJINBOCTEH.

Y TakoMy pIi3HOMaHITHOMY OOYHCIIIOBAILHOMY
CepelOBHUII IHTENEKTyalbHE IUIAHYBaHHS PO3MOILTY
3aBJjaHb MK JOCTYIHUMHU OOYMCIIOBAILHUMH BY3JIaMH
HaOyBae KpUTHYHOI BaxxJIMBOCTI. 1le mUTaHHS aKTyajbHE
HC TUTBKM Jis 3a0e3rneucHHS e(QEeKTHBHOCTI poOOTH
KOHKPETHOTO By3Jla, ame W s  ONTHMAaJbHOTO
BUKOPHCTaHHSI BCi€l OOUYMCIIOBaJIbHOI 1H(pacCTPyKTypH
3arajoM.

Meroau niaHyBaHHS MOXYTb OyTH KaTeropu3oBaHi
3a  pi3HUMH ICHYIOTB

kputepismu.  Hampuxian,

METOAY, 10 IPYHTYKOTBLCA Ha anpiopHOMy 3HAHHI

po  pecypcHi
TyT MOXyTh BHKOPHUCTOBYBATHCSI aITOPUTMH ONTHUMI3allii,

NOTpeOM  KOXHOTO  3aIBIaHHS.
SIKi TIOTIEpeIHBO aHAJI3YIOTh 3aBJaHHSA Ta MPU3HAYAIOTH

iX By3lmaM Ha OCHOBI JIETAJILHOIO PECYpCHOTo
mpo¢inro [12]. 3 inmoro 00Ky, € maxoan, Ae 3aBAaHHSI
pPO3MONUISIOTECS ~ JUHAMIYHO, 0e3  IONepeaHbOro
agamizy [13]. V Takomy pa3i MOXe 3aCTOCOBYBATHCS
3arajlbHUM TMPUHIMI OOPOOJICHHS, Ji¢ 3aBIaHHSA MPOCTO
HAaIXOJATh Y 4epry i oOCIyroBYIOThCSA 32 IPHHLIUIIOM
"mepiiuM OpUAIIOB — mepmmM  obciyroBaHo" [14],
a00 3a IESKUMH IHIIMMH €BPUCTHYHUMH [TPABHIAMH.
OcHoBHa nwiieMa B IUIaHYBaHHI 3aBlIaHb IIOJISTA€E
B PO3MOiTI OOYUCITIOBATBHAX PECYPCIiB Ta BCTAHOBJICHHI

MOPSAAKY, 332 SKMM 3aBAaHHS 3 BXIAHOI 4epru OyIyTh
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pearnizoBaHi Ha ux pecypcax [7]. Cucremu, e pecypeu
KEepPYIOThCS B ICHTpali30BaHMW CHOCIO, BiIOMI SIK
CHCTEMH YIIPaBIiHHSA PEeCypcaMH, 1 Ii CICTEMH 3a3BHYAil
TICHO B3a€MOIIIOTh 3 MEXaHI3MaMU TIaHYBaHHsI 3aBIaHb.

Kombinarmiss cucreMu  ympaBIiHHS
dbopmye

NpOTpaMHAN MOXynb. 3 OxHOro OOKy, Heil MoIyib

pecypcaMu

Ta IUIaHyBalbHHKAa 3aBIaHb MPOMIDKHUI
BIJINIOBIJJa€ 3a YIMpPaBIIHHA pecypcaMu Ha 0a30BOMY
piBHI, a 3 IHIOIOTO — aganNTyeThCS O BHCOKOPIBHEBUX
BUMOI TPUKIATHUX 3aBHaHb. [l JOCSITHEHHS ITi€l

METH CHCTeMa NOCTIHHO aHali3y€ aKTyaJbHHUH CTaH

BUKOPHCTaHHS pecypciB Ta Jalli JOUMTh iX MK
3asIBJICHUMH 3aBIaHHAMU [15].

Y  cucremi  ympaBiiHHS —~ pecypcaMH  4acTo
IHTeTpOBaHUH iH(pOopMaLiHHIIHA cepaic, SIKHH
BIINOBIJAIGHUA 32  MOHITOPHHT  CTaHy 3aBJaHb

i pecypciB. B okpemmux cHTyallisiX MO pOJb BHUKOHYE
30BHIIIHS CHCTeMa MOHITOpUHTY. [[1aHyBanbHHK omepye
Ha OCHOBI JIaHUX, SIKi Hagae el iHopmMariitHuii cepaic,
1 BUKOPUCTOBYE KOHKDPETHI METOIWKH JUIS YTPaBIIHHSI
3aBJJAHHSIMH Ta PECYPCaMH.

Iomituka TTaHyBaHHs 3aBaaHb (fask scheduling
policy) — 11le KOMIUIEKC TPaBWJI, 332 SKHUMH BH3HAYAETHCS
MOMEHT Ta CcImoci0 BHOOPY HOBOTO 3aBIaHHS IS
00pobnenns [16]. OcHOBHHI MeXaHi3M BHOOPY 3aBIaHb
IPYHTYETBCS Ha MPOLEAYpi BiIOOpY 3aBAaHb IIOJO
ix mpiopHTeTiB.

3a3Buuait JUTSt MJIaHyBaHHS 3aBJaHb
BUKOPHCTOBYEThCS OJJHA 3 AMUCIMIUIIH OOCITyrOBYBaHHSI.
i aucruUmIiHt MOXYTh a00 Oa3yBaTHCS Ha JCTATbHHUX
pEeCypcHHX BHMOTax 3aBiaHb, abo omepyBath 0e3
MOTIEpeIHBOT0 3HAHHS, TOOTO OOpOOJSATH BCi 3aBHAaHHS

YHiIBepCaIbHUM METOJIOM.

BusnaveHHs He BUpilleHUX paHime
YACTHH 3arajibHOI MpodemMu

Hemomiku MeTOMIB PO3MOIUICHHS 3alljIaHOBAHHUX
3aBIaHb 0e3 MOINEepeHbOr0 3HAHHS IOJSTAlTh Y TOMY,
II0 BOHM HE QJaNTyIOThCS J0 OCOOJHMBUX PECYpCHHUX
moTped, 30Cepe/KYIOThCS Ha BHOOpI  KOHKPETHHX
eTamiB Juisi OOpOOJICHHS Ha OCHOBI IHIIMX KPHTEpIiB,
NPUIYCKAaOTh  OJHOPIAHICTE 1  BUKOPHUCTOBYIOTH
OJTHOTHITHI O0OuHMCIIOBaNIbHI By3iH. Lle Moxe mpusBecTH
JI0 Hee()eKTHMBHOTO BHKOPUCTaHHS PECypciB, OCOOIMBO
KOJIM BY3JIM Ta 3aBAaHHS MArOTh Pi3HI XapaKTepHUCTHKH
abo KOJIM OJMH BY30JI MOXKE I1apajeiabHO OOpOOIISTH

JIEKITbKA 3aBIaHb.

BuxopucTaHHsS X METO[IB IUIAHYBaHHA PECypCiB
YacTO HE € ONTUMAIBHUM Y TaKUX CLIEHAPIsX:

— Xomu OOYHCIIOBANBHI BY3IH B PO3MOIIICHIX
cucrteMax oOpOOJIEHHs JaHWX MAlOTh Pi3HY MOTYXKHICTb,
mo BKasye Ha rereporenHicts PCO/L;

— KOJH 3aBIaHHSA BiJIPI3HSFOTHCS 3a
OOYHCITIOBAIFHOIO Ta TPOCTOPOBOIO (32 MaM’SATTIO)
CKJIaTHICTIO, III0 BUMArae Pi3HUX PECypCHHX MOTped;

— ko By3m PCOJl MoXyTb 00poOIITH EeKUIbKa
3aBJIaHb MapajeibHO.

JlomaTtkoBa XapakTEpHCTHKA 3TafaHUX METO/IB
TUTaHYBaHHS 3aB/IaHb IOJISITa€ B MOXKIIMBOCTI 30epiraHHs
CTaHy BHKOHYBAaHHX 3aBJaHb. Lle ae 3Mory MpH3yNHHUTH
IIOTOYHE 3aBJaHHS W IepedTH 10 IHIIOro, IO MOXKe
Oyt Oinpmn mpiopuTeTHUM. MeTonu IUTaHYBaHHS,

3okpema Time Sharing, Least Attained Service
ta Shortest Remaining Processing Time, Hanexartb
JI0 LIHOTO KJIacy aJITOPUTMIB, 3aBISIKM YOMY Ha OJHOMY
OOYNCITIOBAIFHOMY BY3JIi MOYKE OIHOYACHO BUKOHYBATHCS
JIeKUTbKa 3aBJjaHb Ha PI3HUX eTanax o0poOIeHHS.
30epexxeHHs CTaHy 3aBAaHb €  KPUTHYHUM
KOMIIOHEHTOM Y CHCTeMax IUIaHyBaHHS IIPOIECIB, IO
aKTHBHO BUKOPHCTOBYIOTHCSI B CYYaCHHX OIEpaLiifHuX
cucremax. L[ MeToarka qae 3Mory JEeKUIBKOM ITpolecam
pecypey

CUMYJIIOI0OYM [OUM [IapajiCjIbHe

TOIJIATH JOCTYTI bi o) 00MEXEHOTO
MPOIECOPHOTO  Yacy,
BHUKOHAHHS TTomin

3aB/IaHb. MPOLIECOPHOTO  HYacy

3IIMCHIOETBCS  CIOCOOOM  IIPUCBOEHHS  KOXXHOMY
MPOIECYy KOPOTKOT'O KBaHTA Hacy, IICHSA SIKOTO IIPOIEC
MOXXe OyTH TPU3YNHHCHWA, HOro CTaH 30epeKCHHU,
pecypc niepeaanuii iHIoMy MpoIiecy.

Opnak 1edl miaxig Mae JeKijbka HEIOMIKIB.
[o-mepme, BiH mependayae TOJATKOBI OIEPAaTHUBHI
BHUTPATH, HANPHKIIAJ], Ha 30CpEKCHHS Ta BITHOBJICHHS
CTaHy TIPOIECY, a TAKOX Ha TEPEKIFOYCHHS KOHTEKCTY
MDK pi3HUMH npouecamu. LI  xgii  MOXyTh cTaTH
3aTPaTHUMH 3 TOTIIAY OOYMCIIOBAaTBHOI €(PEeKTHBHOCTI,
0COOJMBO B CHUCTEMax i3 3HAYHOIO KUIBKICTIO aKTHBHUX
mporeciB. [lo-mpyre, s 3aBmaHb, IO BHMAararoTh
BHCOKOT OOYMCITFOBAILHOT IHTEHCUBHOCTI Ta CHHXPOHI3AIIi,
TIepepUBaHHS I 30epeKeHHS CTaHy MOXKE MPH3BECTH
JI0O CYTTEBOTO TAaNiHHS MPOAYKTHBHOCTI. Y TaKHX
CUTYyaIliTX HEOOXiAHICTh y MEepepHBaHHI Ta 30epeKeHHi
CTaHy MOXKE 3HHU3UTH 3arajibHy MPOIMYCKHY 3IaTHICTb
CHCTEMHU Ta 301IBIINTH JATCHTHICTh BUKOHAHHS 3aBJaHb.

Jani B npoueci miaHyBaHHs JJIs1 KOXKHOTO 00paHoro
3aBIaHHI MOJIITHKA

32CTOCOBYETHCS PO3MIIIEHHS

Ha By3Jax. L[ nonitika oObupae onTuManbHUI KOMILIEKC
pecypcis

JUIT  KOHKPETHOTO 3aBIaHHSI OOpOOJICHHS
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IaHUX. Y CHCTeMi PECYpCHOTO YIpaBIiHHA OepyTbcs
JI0 yBard XapakTepHCTHUKH KOXHOT'O By3Ja abo pecypcy
B PO3MOAUICHIN iHPPACTPYKTYPi, a TAKOXK 33JOBOTHHIIOTHCS
NoTepeIHbO BCTAHOBJIEHI KPHUTEPIT BiJl 3aCTOCYHKIB.
MeToauKy TpU3HAYEHHS pecypciB Ha 3aBIaHHI
MOXYTh BIIPI3HATUCS, 30KpeMa, 3aJIeKHO BiJl HAIBHOCTI
morepenHpoi  iHpopmamii. Ile Moxke Oytm BuOip
Ha MEHII 3aBaHTAXEHOMY a00 HEJIaBHO BUKOPHCTAHOMY
BY3Ji, BHIAQJAKOBUH BHUOiIp By37la, BHOIp Ha OCHOBI
METPUK  4epru, BUOIp

By3Ja 3  HaUKOpPOTIIUM

NPOTHO30BAHMM YacOM BHKOHAHHS 3aBIaHHA a0o
BUOIp By3Ja, 10 HalKpalle BiANOBiJae MPOTHO3yBaHHIO
CIIO’KMBaHHS PeCypCiB.

OpHak OCHOBHa TMpoOiieMa HasSBHUX METOIIB
IUTAHYyBaHHSA TIOJSITa€ B TOMY, MIO BHOIp 3aBAaHHA
Ta BUOIp By3Na sl HOTO BHKOHAHHS PO3TISIAOTHCS
K JBa He3aneXHUX erand. CHepuly BH3HAYa€THCS
3aBIaHHs 3 HAWBUIIMM IPIOPUTETOM, a TIOTIM JUIS HHOTO
miaOupaeThCs HAHOLIBI i IX0XKUI BY30I.

Ha ocHoBi IMMPOBEACHOI'O OTJIAAY MOXXHA BU3HAYUTU

HEOOXigHICTb  CTBOPEHHS  IHHOBAaI[iIHHOTO  METOAY
IUTAHYBaHHSA 3aBJaHb y  PO3MOJUICHUX  CHCTEMax
00pobneHHsT maHWX, o0co0MMBO B pa3i  oOMexeHol

iHpopMmarii npo nmorpedu B pecypcax. Lle mae moreHmian
3MEHIIINTH YacoBi 3aTpaTH Ha peaizallil0 KOHKPETHHX
3aBJaHb 00poOIeHHs iHpOopMaIlii.

Jnst nocsTHEHHS I1i€i METH HEoOXiJHO BHBYHTH
B332€EMO3B’SI30K MiX aTpuOyTamu (MeTaJlaHMMH) 3aB/IaHb
Ta METPUYHUMH

ITOKa3HUKaMH BUKOPUCTAHHA

OOYHCITIOBAILHUX pecypciB. Y  IIOCTIMKCHHI yBara
30cepelkeHa Ha METOJaxX IUIAaHYBAaHHS HEIOB’S3aHHX
3aBJaHb, 10 HE MepeadavyaroTh MiITPUMKH 30epeKeHHs
CTaHy BWKOHAHHS, Ta pPO3POOJIAIOTHECS B KOHTEKCTI
00OMeXeHOT JIOCTYMHOCTI iH(opMarii mpo pecypcHi

moTpeOu 3aBAaHb.

Martepianm it MmeToau

Crpareris maHyBaHHS 3aBJaHb, IO TPYHTYETHCS
Ha MeETaJaHuX 1 METPUYHUX IIOKAa3HHKAaX pecypcis,
nependavyae TOMIYK HAHOMIDKYMX CYCimiB IS TaHUX,
IO MiJUIATal0Th 00po0acHHI0. OCKUTBKY IIi JTJaHI MAaOTh
SIK YHCENTbHI, TaK 1 KaTeropianbHi aTpUOYTH, TpaguIliiHI
METPUKH BIJICTaHI, $K-OT €BKJiJoBa a00 XeMiHroBa
BIICTAHb, HE MOXHA 3acTOCYBaTH Oe3[ocepenHkO.

3aMicTb ~ IBOr0O  BHKOPUCTOBYIOTBCSI ~ T€TEpPOTCHHI
(yHKII{ BifgcTaHi, IO [MAIOTh 3MOTY MOPIBHATH TaKi
pi3HOpiAHI 00’€KTH naHWX. BifcraHi Uis YHUCETBHHX
i KaTteropialbHUX aTpuOyTiB OOYHCIIOIOTHCS OKPEMO.

[Ticns bOTO 3MIMCHIOETHCS HOPMAITi3allis Ta 3BaXKYBaHHS

OTPHMAaHUX 3HAuYeHb I MiHIMI3alil BIDIMBY IIyMy
Ta po30i>KHOCTEH y LIKaax.

OCHOBHHUI HENONIK TaKOTO THITYy ITOIIYKY MOJIATAE
B Horo BeJMKild po3mipHOCTI. [ KOXKHOTO 3aJaHoro
o0’ekta (3aBHaHHS) TOTPIOHO BHW3HAYUTH BiACTaHBb
JI0 BCiX n 00’€KTIiB 3 icTOpii BUKOHAHB, IO MPU3BOAUTH
ACHUMITOTHYHOI  CKJIAJIHOCTI

o  JIHIiHAHOL OJIHOTO

3anuty, abo O(n).

Ilin wac muanyBaHHS HaOOpy 3aBIaHb IOTPIOHO
BUMIPSTH PECYpCHY CKJIQIHICTh JUIS BCIX MOMKIIMBHX
nap  (By30J-IIPOLIECOD,

3apmanes). lLle mnpuzBoAUTH

IO  3araJjbHOl  aCHMMITOTHYHOI  CKJIQZHOCTI, IO
(hOpMYIIOETHCS SIK

O(h—v—-n)=h—-v-0(n)=0(n), (1)
ne h — KUIBKICT [OCTYIHHUX MJIs IUIaHyBaJIbHUKA
BY3JiB-00pOOIIIOBaYiB, Vv — KUIBKICTh 3aBIaHb, IO

OYIKYIOTh PO3POOICHHS.

Xoda TeopeTMYHa CKIAJHICTH €  JIHIHHOIO,
Yy MPaKTHYHOMY 3aCTOCYBaHHI KOHCTAHTH /i 1 v TaKOX
CYTTEBO BIUIMBAIOTH Ha OOYMCIIIOBAIBHY BapTiCTh
mporecy IUIaHyBaHHA. Hampukian, y pasi HasBHOCTI
33 oOumcimoBaNbHUX BY3JTiB 1 MiHIMyM 33 3aBIaHb
y uep3l OWIKyBaHHS 3arajibHa KITBKICTh 3allHUTiB
craHoButuMe 1089. KoxxHMH 13 IUX 3aNKTIB Ma€ JiHIHHY
CKJIaHICTB, III0 KOPEJIFOE 3 PO3MIPOM iCTOPUIHUX JaHHX.

3MEHIIEHHS! PO3MIPHOCTI B 3aBAaHHI TOIIYKY
HalOmKunx cyciniB (Nearest Neighbor Search, NNS)
€ KPUTHYHOIO TPOOJIEMOIO, OCOOJIMBO Y BEJIMKHX JlaTaceTax
i3 BHCOKOIO pO3MipHICTIO. AJjredpa CKiHYCHHUX
MIPEAMKaTIB, 110 € MaTEeMAaTHYHOIO TEOpi€ro, MOXke OyTH
BHKOPHCTaHA Il BUpimIeHHS IIi€i mpobimemu. CyTHICTBH
moJsirae 'y Qopmanizaiii arpulyTiB ab0 BIACTUBOCTEH
€JIEMEHTIB Ha0Opy MJaHUX 3a JOMOMOTOI0 JIOTIYHHX
BUpa3ziB abo NpeuKaTiB.

OmunM 13 criocoOiB

peamizamii Moxe OyTH

3aCTOCYBaHHS  aJreOpW  CKIHYCHHHX  IIPEIUKATIB.
OcHOBHa ifes moJnsTrae B TOMY, 00 BHKOPHCTOBYBAaTH
JIOTIYHI oOmepaTopu Aisi PO3OHUTTS BUCOKOBHMIPHOTO
[IPOCTOPY HA MiIPOCTOPH, IO CHPOIIYE MOIIYK.
BissMemo nekaprToBmii mpoctip RY, me d -
po3MmipHicTh mpoctopy. LlinkoBa (QyHKIS BiacTaHi
Mi JBOMa TOuKaMH X,y € R? Moxke GyTH eBKIIOBOIO

BIJICTaHHIO:

@

3a 70moMOrow anreOpu CKIHYEHHHX IPEIUKATIB
MOJKHA CTBOPHTH CHUCTEMY JIOTIYHHX YMOB, SIKi PO3IIIATH
npoctip Ha MeHmn mianpocropu [17]. Hampuknan,
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MOXHa BBeCTH mnpenuxkatu F,P,...P , 0 po3miiaTh
NpOCTIip Ha 1 MIiANPOCTOPIB:

P(x):R* —>{0,1}. 3)

Temep, 3aMicTh TOrO, 00 IIYKAaTH HAHOIMIKYIOTO

cycima B yceomy mpocTopi R, MokHa 0GMEXHTHCS

MOUIYKOM Y TIIIpPOCTOpax, y SKUX € TOYKa 3aIlury,

TOOTO TiJBKU B TUX HiANpOCTOpax, Iy AKux P (x) =1.

3acTtocyBaHHA aireOpW CKIHYEHHHX IIpETUKATiB
YMOYJIMBUTH CTBOPEHHS OUTBII THYYKHX Ta ONTHMI30BAHHUX
aNTOpuTMIB IUTaHyBaHHs. LI MaremMaTuyuHi IHCTPYMEHTH
MOXYTb OyTH BUKOPUCTaHI JJISi MOJEIIOBaHHSI OOMEKEHb
1 BUMOT JIO CHCTEMH, SIKI TPaIUIIIIHO BaXXKO BUPA3UTHU
anredpaigHo.

Posrnsaemo cuctemy 3 H OOYHCITIOBaTbHUMU
By3JIaMH Ta } 3aBAaHHsIMH, IO MOTPIOHO 3aIuIaHyBaTH.
Jist KoXXHOTO By3na /i Ta 3aBOaHHS V MOXKHa BBECTH

npeaukaT P, , AKuil OIiHIOE, YU MOJKE 3aBJaHHS Vv OyTH

e(eKTUBHO BUKOHAHUM Ha BY3Ii / :
P, (x):{hv} —>{0,1}. 4)

{06 3MeHmUTH PO3MIPHICTH 3aAadi 3HAXOHKEHHS

k HaWOMKYMX CycCiniB It 00 €KTIB 13 pi3HOMaHITHUMHU
XapaKTepPUCTHKaMK, PEKOMEHJOBAHO BHKOPHCTOBYBATH
OCHOBAaHMM Ha METOAl JIOKaJIi30BaHOIO
(Locality-Sensitive LSH).

Takuii migxix BUABIACTBCA MaclITabOBaHUM 1 Jae

ANTOPHUTM,

XEITyBaHHS Hashing,

3MOTY BHKOHATH JIESKy YACTHHY TOIIYKY B KOHCTAHTHHIA
vac O(1).

3anaga MOLITYKY HaHOIVDKINX cycinis
Y BHCOKOBHMIPHHUX TIPOCTOpax YacTO BHUSBISETHCS
BUMOTJIMBOIO  IIONO  OOYHMCIIOBaJIbHUX  PECypCiB.

OmuH i3 cnoco6iB ontumizanii 1€l 3amaudi mossArae

y BHKOPHCTaHHI aNTOPUTMIB JIOKAJII30BaHOI'O

XCUIyBaHHS, $KI HaMaraimThCs 3rpyIyBaTd OJM3bKi

TOYKM B OJHOMY ab0O JIeKUIBKOX XemI-0akerax,
3a0e3Mevyou IIBUIKUH NOIIYK.

Anrebpa CKIHYEHHHX TIpeJUKaTiB Moxe OyTn
LSH nnst

ontumizamii. Ilpenukatn MOXyThb OYTH BHMKOpPHCTaHI

IHTErpOBaHa B  alTOPUTM JIOAATKOBOT
Juis BUOOPY ONTUMAaJbHUX (YHKIN XelryBaHHs abo st

JUHAMIYHOI aJanTamnii anropuTMy A0 CTPYKTYpH JaHUX.

VY Mmexax anreOpu CKiHYEHHHX IpeIuKaTiB MOKHA
nomatv psin npeaukaris B, P,...P,, IO CIyTylOTbh
KPHUTEPISIMH ISl XSLTyBaHHSI:

P (x,y):R*xR* > {0,1}. Q)

Li mpeaMkaTH MOXYTh BHMIpIOBAaTH PIi3HI aCHEKTH
MOMIOHOCTI MK TOYKaMH X Ta y . 3acTOCyBaHHS

Hpe)II/IKaTiB J0 TIap TO4YO0K MOXKE 6yTI/I BUKOPUCTAHO

UL TUHAMIYHOTO  BHOOpY  (QYHKIIH  XeuryBaHHS

B amroput™i LSH. Hanpuxmax, mis map TOYOK, IS
skux P (x,y)=1, MOXHAa 3aCTOCOBYBAaTH (YHKILIO
XCIIyBaHHA /i, IO € ONTHMAIBHOK ISl IIbOTO THITY
oi0HOCTI.
h(x), if B(x,y)=1
h(x), if P(x,y)=1
h(x): '2( ) 2( y) (6)
h, (x), if Pk(x,y)zl.
et minxim 3abe3mneuye
y BuOOpi (YHKIIH XemryBaHHS Ta, BIAMOBIIHO, MOXeE

OimbIly  THYYKICTB
HIiIBUIIUTY €(EKTUBHICTh MOIIYKY HAHOIMKYUX CYCi/iB
V PO3IOIIICHAX CUCTEMaX.

KioyoBuM — aclieKToM — MeETOIy — JIOKali30BaHOTO
XEIIyBaHHA € OOepeXHUH BHOIp
ki OyayTh

xem-3HadeHHs.  OOpani

arpuOyTiB  JaHUX,

PO3PaxyHKy
BH3HAYAIOTh, SIKHIl

BUKOPHUCTOBYBATHCS LIS
arpulyTn
CErMEHT IOIIYKOBOTO TIPOLECy MOXKe OyTH ONTHMI30BaHHU
JI0 KOHCTaHTHOTO 4acy, a SIKWH 3aJIMIINTHCA 3 JIHIMHOIO
cknaaicTo. 1i arpuOyT MaroTh BimoOpaXkaTH MOMIOHICTh
MDK IMMH 00’€KkTaMH, Ta iX BHOIp Mae IpyHTyBaTucs Ha
0COOJIMBOCTSIX KOHKPETHOT'O MPUKIIAHOTO IOMEHY.

Bapro 3a3BUyail

3a3HAYUTH, MO0 AaTpUOYTH

00’€qHYIOTh OOMEXEHY KIIbKICTh CYTHOCTCH ISt
MOJJaHHST XapaKTePHCTHUK, SIKIi KOPEJIOITh i3 3HAYHOIO
KUIBKICTIO THIIMX CYTHOCTEH. Y Takuii croci® aTpulyTu
MOXYTb CIYyTryBaTH SIK (OKYCHI TOYKHM W IIPHUPOIHO
JSITaTH B OCHOBY Juis Kiacudikaiii 3a MOPUHIKAIOM
eKkBiBaJieHTHOCTI. Cyd4acHi METOIU JOCIHIKEHHS YacTo
HE POOJATH YITKOTO PO3MEXKYBaHHS MK arpuOyTamu
CYTHOCTI Ta iX B3aeM03B’si3kamu [18].

CyTHICTh e TIOB’sI3aHA 3 IHIIOIO CYTHICTIO e' Uepe3

CKIHUCHHUH ABINKOBHMH MpeauKaT p :

pl ('XO’xl)/\“./\pn ('xnfl’xn)/\al (xll)/\“./\am (x[m)_)p(XO’xn) . (7)

ATpuOyTH Y4aCTO KOPEIIOIOTh 13 3HAYHOIO KUJIBKICTIO
00’eKTiB, (POpPMYIOUH IIMM OCOOJIMBI "KOHIIEHTpaTOpH"

B3aeMomii. IneHTHGIKAIiI0O TaKMX  KOHIICHTPATOPIB

PCKOMCHAYETBCA  MPOBOAUTH  HaA OCHOBI METpPUKHU

mribHOCTI X 3’emnHans [18]. IlipHICTE KOHIIEHTpPATOPA
MOYHA BU3HAYUTH SIK

#e': p(e',e)
#(e',e") :p(e’,e")'

den,, (e,p)= (®)
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Ha ocHOBi momaHmx wMeTomiB y Iiif poOoTi

3alpolioHOBaHa  MOJAM(IKOBaHA BEpCisi  aIrOPUTMY
3HAXOKEHHS HAHOMIDKYMX CYCifiB, M0 IPYHTYETHCS
Ha METOJI JIOKaJIi30BaHOTO XEUIYBaHHS 3 BUKOPHCTAHHIM
anreOpu CKiHUeHHHX TpeankariB. Lls momudikarmis mae
3MOTY 3IiHCHUTH JIesIKy YaCTHHY MOIIYKY B KOHCTaHTHUH
qac O(1), a inuty yacTuny — B cy6uiniiiamii vac O(1).

AJNTOpUTM 3HAXOJKCHHS HAWONMKYUX CYCIiB,

OCHOBaHMH Ha METOZl JIOKaJi30BaHOTO XEeIIyBaHHS,
nepeadavae Taki eTarm:

Kpox 1. Cenexuisi aTpuOyTiB ans Xemr-(QhyHKIII,
a came:

— 3rpymyBatd  arpuOyTH Ha  9YHACIOBI  Ta
KaTeropianbHi TUIIH;

— OUIHATH 3HAYYIIICTh KOXXHOTO  aTpulyTy
3a JIOTIOMOT0I0 HaBYaJIbHOTO /1aTaceTy;

— ofOpatm »n HalOUIPII  pecypc-IHTEHCHBHUX
KaTeropiaJbHUX aTpuOYTIB Ta # 4YHCJIOBUX aTpuOYyTIB
13 HAfIBUIIIOO 3HAYYIIIICTIO.

Kpok 2. KoHCTpyrOBaHHS XeII-TabJHIN, OCHOBAHOT

Ha TPEHYBAJILHOMY J1aTaceTi:

BUOpaHUX

— po3paxyBaTH XeII-3Ha4YeHHS JUIA
KaTeropiaJbHUX Ta YUCIOBUX aTPHOYTIB;

OyHKIIis BUOOPY
3HAYYIIHX
KaTeropialbHUX
MeTalaHuX

Bekrop meramannx

OyHKI1is BHOOPY
3HAYYIIHX
YHCENBHUX
MeTalaHuX

Puc. 1. IIpouec mouryky HaOIMKINX CyCiTiB

3amporoHOBaHA MPOrPaMHa apXiTEKTypa 3aCTOCOBYE
3a3HaYCHWH METOJ, IO Iependadae JeTaNIbHUN aHai3
BUKOPUCTOBYBAHUX IIOKa3HUKIB

aTpuOyTiB  JaHUX,

3aCTOCYBaHHS OOYHCIIOBANIFHUX PECypCiB, a TaKoxXK
METOJMKH OIIIHIOBAaHHS PECYpPCHHX BHTpaT Ha OCHOBI
TIOTIePETHIX TOCIiKEHb.

[lnanyBaNbHUK 3aBIaHb 1 peCypciB  BiAMOBimae
3a opraHizamito OOpoOJEeHHS [aHUX 1 PO3IOALT
O0OYHCITIOBANILHUX PECypCiB, IHTErPYOYM MOAYJ s
OIIIHIOBAHHS PECYPCHUX MOTPed i PO3MOIiTy pecypcis.
Mojynb OI[HIOBAaHHS PECypCHHX IIOTped aHalizye

ICTOPHYHI ~ eKCIIepUMEHTallbHI  JaHi Ta  pearlizye

— BHUKOpPUCTOBYBAaTHM 3IE€HEPOBAHUN arperoBaHUi
Xelll SIK 1HIEKC JUIsl PO3MIllEHHsI 00 €KTIB y BiANIOBIAHOMY
"KOMHMKY" Xem-TabIIuIIi;

— 30epertd yHiKanpHHH ineHTH(DIKATOp 00’€KTa
B XCII-TA0JHIII 32 BiIOBITHOIO a/IpeCcoro.

Kpox 3. Tlomyk HaWOMIKYMX CYCImiB IS HOBOL
JaHUHU:

— OOYMCIHTH XelI-3HAueHHS Uil HOBOI'O 00’€KTa
Ha OCHOBI aTpHOYyTiB, 0OpaHKX Ha MEPIIOMY KpOIIi;

— BHKOPHUCTaTH 3TEHEPOBAHUI arperoBaHUN XeIl
JUTA JOCTYIY A0 BiATIOBiAHOTO "KOIIHKA" B XEII-TaOIHIIi;

— BHUMIpATH BiJCTaHb IO BCiX O0’€KTIB, YHi
imeHTudiKaTOpH 30epiraroThes B IbOMY "KOIIHKY";

— YHOpsAKYBaTH 3reHepoBaHMi HaOip BifcTaHeH;

— oOpatu k 00’eKTiB i3 HAHMEHIIOIO BUMIpPSHOIO
BIJICTAHHIO.

Taka Momudikaiiss alropurMy CcIpsSMOBaHa Ha
ONITUMI3AIliI0 TOMIYKYy HAHOMIKYMX CyCimiB i BOZHOYAC
3a0e3neuye OUThII e(eKTHBHE BHKOPUCTAHHS PeCypciB i
IIBUKICTB TOIIYKY.

Ha puc. 1 300paxenHo ¢iHanbHUII eram poboTn
aNTOPHUTMY, & CAME METOAUKY 3HAXOJDKSHHS HAHOIKINX
CycCiziB, OCHOBaHY Ha BUOpaHHX aTpuoOyTax.

A

Xem-yHKLis Big v
KaTeropialbHAX
MeTaJaHuX CxoBuiie
MeTaJaHnX
Kommk
Kommx
Xem-pyHKIIs Big
YHCEIBHUX Kommx
MeTaJaHuX

~_

fust2 3
mwianyBaHHA. lle mepenbadae oOumcieHHsS KOe]imieHTIB

¢byHKIiOHAT

MMPONOHOBAHOT'O MeTonay

peCypcHHX BHUTpaT 1 CTBOPEHHs Ha0Opy KOPTEXiB

BUIJIATY {t,k,c} € Ghist Ha OCHOBI OTPUMaHUX METPHK

Mhist. Lleli MoOmynp TakoX CIyrye IJIsl OLIHIOBAHHS
peCypcHUX TOTpeOd HOBHUX 3aBIaHb 13 BHKOPHCTaHHIM
TIOTIEpeIHBO  MTOOYZ0BAaHOT MOAENl JUIS 3HAXOKECHHS

pecypcHi
3aBJaHHSI.

CXO0XMX  3aBgaHb  Thist.nearest, qui

HOTpeOH  yCEepelHIOIThCA Il  HOBOIO
Y migcyMKy MOAyJdb TEHEpYe MAaTpUII0 PeCypCHHX

notped C .




Cyyachuii cman HAYKOBUX 00CNiOHCeHb ma mexHonoziu 6 npomuciosocmi. 2023. Ne 3 (25)

ISSN 2522-9818 (print)
ISSN 2524-2296 (online)

Monyns  po3momily  pecypciB  mpuiimMae  IIf0
MaTpHILIO pecypcHHUX norped C Bix MOIYIIS OLiHIOBAHHS
Ta  BHUpilIye npoOieMH  PO3NOALTY,  LIyKarouu
HalieQeKTUBHIMMK CIOCi0 PO3MONiLTy HAsSBHUX 3aBIaHBb
Ha JIOCTYNHI oO4YMCiIOBanbHI By3iH. Pesyibpratom
€ MaTpHUIs pO3MOIiTY pecypcis W .

Cucrema

VIOpaBIiHHA pecypcaMH Ta MOJYJNb

Juiss  30UpaHHS pECypCHUX METPUK (DYHKLIOHYIOTh

SAK ,I[O,I[aTKOBi kommoneHTd. Cucrema praBJ’IiHHﬂ

pecypcaMu  OTpUMYy€  MaTpuI0  posmoginy W
BiJl TUIaHYBAJIGHUKA 3aBIaHb, a MOTIM BHUJAE IHCTPYKIIT
JUIs 3allyCKy KOHKPETHHMX 3aBJaHb Ha BIiJIOBIIHUX
o0unCIIIOBAILHUX By3nax. JloJaTKOBO ISl CHCTEMa Mae
(hyHKITIOHAN Ui CHOBIIEHHS IPO 3aBEPIICHHS paHiIIe
iHII[IaNIi30BaHUX 3aBJaHb 1 JIOKAIlI, J€ 30epiraroThcs
pe3ynpTaT OOpOOICHHS TaHUX.

Mopyap 30upaHHS METPHK Hama€ JaHi Ipo
BUKOPHCTAHHSI CUCTEMHHX PECYpCIB, TAKHX SIK IaM’SiTh,
mporecop, rpadidyHUil MPOLECOp, CHCTEMH BBEICHHS-
BUBEJCHHS TOIIO, Ha OOYUCIIOBAJbHUX  By3Jax.
Lleit momyns Takok BHmae iHQopmamnilo Npo 4Yacosi
XapaKTepPUCTHKA BUKOHAHHS 3aBJaHb 1 Ja€ 3MOry
KoHiryparii

OOYHCITIOBAIEHOTO BYy3Jla B CHCTEMI.

OTPUMYBATH Jerani KO>KHOTO
Bir Bigmirpae
poib iHGOPMAIIHHOTO CEpPBICY B KOHTEKCTI CYYacCHHX
CHCTEM YIIPaBIIiHHS pecypcamu.

Moayne  00OpoONeHHST MeTaJaHuX  BiANOBiZae
3a omepamii 3 BHTATY, NEPETBOPEHHS Ta 30epekeHHS
METaJaHuX.

Y wMmexkax 3aco0y IUTaHYyBaHHS 3aBIAaHb ICHYE

00’ekT KJacy metadata mapper, SKWHA 3IIACHIOE

KOHBEPTAIlil0 MeTagaHux A0 (opmaTy, IO MiIXOAUTh
UIss ~ BUKOHAHHS HaNOIMKINX

MOIIIYKY cycimiB

3TiIHO 3 PEKOMEHJIOBAaHMM alrOPUTMOM. Takox TyT

po3minryeTbcst  00°ekt  knacy ModelBuilder, — sxwii
BiNOBiZa€ 3a TOOYIOBY MOJIENI TPOTHO3yBAHHSI.
Jnst  eKCIepUMEHTAbHOTO  BHBYCHHS — METO[IIB

IUIAaHyBaHHS 3aBIaHb pojaHo kinac Task Generator,
II0 MOXKE CTBOPIOBaTM HabOpM 3aBlaHb i3 PI3HUMH
peXHMaMH  IHTEHCHBHOCTI: HU3bKHH, cepenHin
Ta BUCOKMH. BiH TakoX 34aTHMH MOJEIIOBATH pi3HI
PiBHI TPYZOMICTKOCTi 3aBIaHB 32 IOTIOMOTOI0 YOTHPHOX
TUMIB  PO3NOALIY: KOHCTaHTHUH,  PIBHOMIpHUIA,
BUITaJKOBUI Ta 3BAKEHUMN TUCKPETHUM.

Sk npuknan 3actocyBaHHs MOIM(IKOBAHOTO METOY
IUTAHYBAaHHS 3aBJaHb PO3ITITHEMO 3aBAAHHS JEKOIyBaHHS
Bilec0O  JUii  MOOTBHHUX  MPHUCTPOiB.  Tpamuitiiiai
BiJICOXOCTHHT'H BUKOPHCTOBYIOTH 3a3/1ajeriab 00poOeHi

npodini Juiss pekonxyBaHHs Bineo, ane Amazon Elastic

Transcoder no3BoNsAE€ AWHAMIYHY OPEHOY PECypCiB Ui
uiei metu. Lle 3a0e3neuye OanaHc MK KOPUCTYBAIbKUMU
moTpebaMH Ta ONTHMI3AIi€l0 PecypciB. 3aCTOCOBYETHCS
METOJl IUIaHYBaHHS Ha OCHOBI METaaHUX 1 METPHK
IU1sl €EKTHBHOTO PO3IIOIITY 3aBaHb.

Y  po3nojiieHoMy BHKOHABYOMY  CEPEIOBHIL
¢yHKIioOHYEe 33 O0YHCIIOBANBHUX BY3JIH, KOH(Iryparis

SIKHX OITKcaHa B Tab0um. 1.

Tabmauus 1. Kongieypayis PCOJ

Tun By3Jaa Oaununb| Cores | Sockets | RAM
transcoding.node. a 7 1 1 1024
transcoding.node.b 8 2 1 1024
transcoding.node.c 8 2 2 1024
transcoding.node.d 5 3 2 1024
transcoding.node.e 5 4 2 1024

Jus pi3HEX Tpymn MeTagaHWX ICHYIOTH OKpeMi

KUTTEBI  LUKIM, SKI KEpPYyTh I1X 30UpaHHsM,
MEPETBOPCHHAM,  30€peXKECHHAM 1  BHKOPHUCTAHHSM.
BnactuBocTi  BiZICONIOTOKY BH3HA4alOThCSI — HaIepe[,

KOJIM 3aBaHTAXYIOTHCS HOBI BHXIJHI Bimeodaitmu, Tomi
SIK BJIACTHBOCTI KOPHUCTYBAIIbKOTO 00JIa/IHAHHS Ta MEPEeXi
CTAIOTh BIIOMHMH TUIBKH B Pa3i HaJAXOIDKCHHS 3aBIaHb.
MeTtagaHi Bimeo 30MparOTBhCA 3a JOMMOMOIOK YTHIIITH
Medialnfo Ta 30epiraioThcss B IEHTpalizoBaHil 0a3i
nanux. llomo oOnamHaHHS Ta Mepex, TO cUcTeMa
TUTAHYETHCS 3 YPaxyBaHHSIM iX THIOBUX XapaKTEPHCTHK,
JUISL SIKUX 3aJal0ThCs JIEKOAYBallbHI MPOQisi Ha OCHOBI
yrunitu Handbrake.

Jdus  wineld  eKCrepuMEeHTY

3aBJaHHg 1010

0oOpoOJIeHHS ~ JaHWX  TEHEPYIOThCS  NPOrPaMHHM
METO/IOM 3a JIOIIOMOTOI0 TeHeparopa 3aBJaHb 1 Jaii
HAJCWIAIOTBECA 10 KOOpAMHAIIMHOTO By3nma (oOmaBa
KOMITOHEHTH pPO3MillleHI Ha OJHIH (i3M4HIH MalIuHi).
Tyt BimOyBaeTbCsl PO3MONLN 3aBAaHb HAa OOpOOIIOBAIBHI
By3nu. ['eHepaTop 3aBmaHb BHITyCKae Habip KOPTEXiB,
IO CKIAgaloThesl 3 TUILy IPHCTPOIO, TUIY MEPEKHOro
3’€IHaHHA Ta ieHTUdikaTopa Bizeodaiiry, 3 pikcoBaHUM
JacOBHM iHTEpBajoM 7 .

[Ticns HagXO/DKEHHST TaKUX KOPTEXKIB y CHUCTEMY
BimOyBaeTbcss 30ip MeETamaHWX, iX TIEPETBOPEHHS
Ta Oe3mocepenne 0o0poOyeHHs iH(oOpMari. 3amuT s
00pOONICHHS IHIIIIOETECA KOPUCTYBadeM depe3 BHOIp
Binmeo(aiiny 3a momomororw komaHmu show video(id).
[Micns 1poro mporpaMHUN KITI€HT [OTOBHIOE 3aIlUT
METaJaHUMHM, IO MICTATh iH(GOpPMAIl0 TPO THUM
oOaTHaHHS Ta XapaKTEPUCTHKH MEPEKHOTO 3’ €IHAHHI
(hyHKIII0 add_metadata().

BiJICOJICKOYBaJIbHAN  CEpBicC

gepes 3perToro

OTPUMY€  3aBIaHHSA




ISSN 2522-9818 (print)
ISSN 2524-2296 (online)

Innovative technologies and scientific solutions for industries. 2023. No. 3 (25)

y BHIIISAI KOPTEXA, IO MICTUTh THI MPUCTPOIO, THUI
MEPEKHOI0 3’€JHAHHS Ta iACHTU(IKATOP Bineodaiiny.
[Ticnst oTprMaHHS 3aBIaHHS CEPBIC iHIMIIOE TIPOIIEC
BiTOOpaKCHHsI BXIMHUX J[JaHUX Yy BIANOBITHHIA HaOIp
METaJaHuX, SIKi KePYIOTh OMEPAIEI0 JEKOTyBaHHSI, Yepe3
dyHKIiI0 map_metadata(). 1eit npoiec BigOyBaeThCs
B Jekimbka cranmiii. Hacammepen 3a imeHTH]ikaTOpoM
BiAmOBiAHI  MeTanaHi

BiZieodaiiny  3aBaHTaXKYIOThCS

BUXIHOTO BifeOMOTOKYy 3 0Oasm mammx. Jami 3a
ineHTH(IKaTOPOM TUIY OOJagHAHHA 3 0a3u JaHHUX
3aBaHTAXYEThCSA MPO(LTL JEKOAYyBaHHs, LIO BU3HAYAE
XapaKTEePUCTUKU BUX1THOTO BiJICOTIOTOKY.

Takox Ha OCHOBI ieHTH(IKaTOpPa THITY MEPEKHOTO
3’eHaHHA 3 0a3W JaHHX 3aBAHTAXYEThCS OKpPEeMHH
podinb SIKHH 00OMeKeHHS

JACKOOYBaHHS, CTaBHUTH

Ha SKICTh BHXIJHOTO BIJICONIOTOKY 3 ONIAAY Ha

XapaKTePUCTHKH  MEpPEeKHOro  3’emHaHHA.  SIKicTh

NIEKOTyBaHHS, 30KpeMa BiZICOOITPEHT, BU3HAYAETHCS

BiINIOBiTHO IO TPHOX ITapaMeTpPiB: 3HAUEHHSI BIACTHBOCTI

(psro),

cnenudivyHa 11 TEeBHOTO THIy oOmamHaHHA (Pdevice),

y BHXiIHOMY Bifeodaiimi XapaKTepUCTHKa,

i BepxHe OOMEXKEHHS, OCHOBaHC Ha IIBUAKOCTI
MepexHoro 3’eqHanHs (Pconnection).
Omxe,  CKIagHICTH  omepamii  JEKOAyBaHHS

(opMyeThCSI Ha TIACTaBI XapakTEPUCTUK BHXiTHOTO
BiZieopaiiiry, anapaTHUX MOXKJIMBOCTEH THUITy 00JIaJHAHHS
JUTS BIITBOPEHHSA Ta MPOITYCKHOI 3MATHOCTI MEPEKHOTO
3’enHanHs. Hanmpukiam, HE3aJe)KHO Bijl TOTO, HACKIIBKH
MOTY>XHE OOJaTHAHHA, HEJOPEYHO HATaBaTH BiIEOIOTIK
BUCOKOT SIKOCTI B pa3i 0OMeXeHOT MPOITyCKHOI 371aTHOCTI
Mepexi, OCKIJIBKH I1e MOXKE BUKJIHMKATH HECTaOLThHICTh
y mepenavi JaHuX, 30KpemMa Jukurtep (jitter).

[Ticnst koHBepTAamii MeTaTaHMX CEPBIC IHTETPYE HOBE
3aBIaHHS B 4epry IUIaHyBaJbHUKA 3a JOIIOMOTOIO
dhyukuii add_task(data). IInanyBanbpHIK, 3a3BHYail BiTOMIH
aKk  Scheduler, 3abe3neuye nUHaAMIUYHE PO3MILICHHS
3aBIaHh Ha BY3JIaX-00poOIIOBadax 3aBISIKH METOMY
assign_task(task _data). B3amin  By301-00po0IOBaY
nexonye Bimeomani, a URL mist mocTymy 10 BHXiTHOTO
BiZICOITOTOKY HAJICHIIAETHCS HA KIIIEHTCHKE 00JIaIHAHHSI.

Haitbinpmn  3BWUaiiHWA minxin mo OIOKyBaHHS

3aBIaHb MIDX BY3JIaMH-00pOOJIOBaYaMy TIPYHTYEThCS

Ha BHWKOpHCTaHHI npioputetHoi wepru FIFO (First In,
First  Out) Ta
Ha HallMEHIIl 3aBaHTAKEHUM BY30J1, 3a3BHYail IO3HAYEHOIO
sk LLF (Least Loaded First).

Leit meron, Bimomuit sixk FIFO LLF, 6yB oOpaHuii

QITOPUTMY  BUJAUICHHS  3aBJaHb

K 0a30BUH i1 aHAIITUYHOTO TOPIBHSHHS IEPEBaAXKHO
TOMY, IO BiH, TaK caMmoO SK 1 MOIU(IKOBaHWUN METOX
MeTamanux (Meta_Sched),

IUTAHYBaHHS Ha OCHOBI

He BHMarae TOIEPEIHBOTO0 3HaHHA NP0 pecypcHi
notpe6u. JlogaTKoBO M€l MiaXili BUKOPHUCTOBYETHCS
JUTA aKyMYJIALIi eMITIpUYHUX JaHWX, IO Mi3Hile MO)KHA
BUKOPHUCTATH ISl ONTUMi3allii merony Meta Sched.
Merton Meta Sched BuMarae po3poOieHHST MOAEN,
IO 3JaTHa BHM3HAYaTH OOYMWCIIOBAJIbHI BUTPATH VIS
HOBHX 3aBJIaHb Ha OCHOBI paHime 3i10paHoi CTaTUCTHIHOT
iHpopMmanii mnpo BUKOHAHI 3aBIaHHA. Y  TIpoleci
BUKOHAHHSA pPI3HOMAaHITHHX 3aBJaHb, KpIiM OTPHUMAaHHS
pe3yibTaTiB  JIEKOJIyBaHHA, CHUCTEMa TakKoX 30Hpae
METPUKH, TIOB’s[3aHi 3 BUKOPUCTAaHHAM OOYHCITIOBAIIBHIX

pecypciB, 1 30epirae ix B 6a3i qaHuX. J10 KOKHOTO 3aMUCy

TaKOX JOJAIOThCA METajaHi Ipo caMe 3aBJaHHS
1 XapaKTepUCTHKHA OOYUCIIOBAJIBHOTO BY3JIa.
Crermudiani METPUKA i mapaMeTpu

OOYMCITIOBAJILHUX BY3JiB, II0 30MparOThCS, MICTATh
CepelHE 3aBaHTAXCHHS IIPOIECOPIB By3/Ia IIiJ dYac

JICKOTyBaHHS (avg_cpu_load _percent), KUTBKICTB
ONEpPaTHBHOI ~ TaM’ATi,  BHUKOPHCTAHOI  MPOIECOM
nekonyBanHs  (ram_load kb), Ta HU3KYy YacOBHX
LITAMITiB, 30KpeMa MOMEHT YBEJCHHsS  3aBIaHHs

B cucteMy (submit_timestamp) Ta MOYATOK JCKOyBaHHS
(start_processing timestamp). JlomaTkoBo 30HpaeThCs
iHpopMaris npo 4yac, NOTpiOHMH 11t OOpOOICHHS JaHUX
(elapsed seconds), poctynmHmii 00csAT  oOmepaTHBHOI
nam’sTi Ha By3ni (node free ram) i KiNbKICTh BUIBHHX
TIPOIECOPiB HA BY3IIi (node_free processors).

Ii moka3HWUKU NAIOTh 3MOTY OIIIHIOBATH HE TiTBKU
o0umcroBambHI ¥ wWacoBi  3arpatd, — TIOB’s3aHi
3 00poOneHHsM iHopMarii, ame W 3aTpaTH dYacy
Ha Opra”i3amiiiHi acmeKTH 3aBlOaHb, a caMe: Nepiof
OYiKYBaHHS Ta TPHBAJIICTh BUKOHAHHS.
00YNCITIOETHCS

Jost KOYKHOTO 3aIKcy

HOpMaJTi30BaHa BEIMYHMHA 3aTPart 3a (HOPMYJIO0:

cost =WIxcpu_cost (avg _ram_load kb,node _free _ ram) +

)

+ W2 xram_cost (avg _cpu_load,node _ free _ processors) ,

e cpu_cost — (QYHKIIS OILIHIOBAaHHS HPOLIECOPHUX

3arpat; ram_cost — (GYHKIIs OLIHKK 3aTpar Iam’siTi;

wi, W2 — Barosi

00YHCITIOBAJIEHOTO PECYpPCy.

KOeQiIlieHTH  3HAYyIIOCTI
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VY ¢dopmyni (9) BaroBi (pakTopu HAIAIITOBYIOTHCS
Tak, o0 HajaTH TepeBary KIIOUYOBUM pecypcam
3aJISKHO BiJl THITY 3aBIaHHS:

— Juii  OOYMCIIIOBAIbHO IHTEHCUBHHMX 3aBJlaHb
yBara IepeHOCUTHCS Ha TIPOLIECOP;

— JUIs 3aBAaHb, IO MOTPEOYIOTh BEJIHKHX OOCSTIB
naM’sTi, yBara NepeHOCHThCS Ha ITaM’ SITh;

—  AJA l'[iI[CI/ICTeMI/I BBCJICHHA-BUBCICHHA,

— s rpadivHOi KOMIIOHEHTH;

— JUIS MEPEXHHUX OIlepallii.

3amada JEKOIyBaHHS Bifeo HAJESKUTHh 10 KaTteropii
00YHCITIOBAIIEHO KOe(DIIieHT

iHTeHCI/IBHI/IX, TOMY

BaXIIMBOCTI JIsl  mporecopa WI  nopiBHioe 1.
3a mapajenb, CHOXHBAHHA TIaM STI € MiHIMaJIbHUM,
i3 BaroBuM Koeoimiearom W2 pisaum 0,3.

Oyukuii cpu_cost i ram_cost aHai3yIOTh BapTiCTh
BUKOPHCTaHHS KOHKPETHHX PECypCiB, BOAHOUYAC Oepydu
JI0 yBaru CTYIiHb 3aBaHTaKEHOCTI ab0 MepeBaHTaKeHHS
MIEBHOTO PECypcy.

Jlyiss BUMIpIOBaHHS BiJICTAHEH IO BCiX MOTEHINIHUX
00’€KTiB 3 OTPHMMAHOTO HaOOpy MOaTpUOYTHI BimcTaHi
KOPUTYIOTBCSL  3aJIS)KHO BiJ] B@KJIMBOCTI  KOXKHOTO
YHUCIIOBOTO MapaMeTpa. Ha OCHOBI OIIHKM BUKOPUCTAHHS
pecypciB aisi BCiX 3ajmad i 0OpOOTIOBAILHUX BY3IIB
dopmyeTscst MaTpHuus pecypcHux 3arpar. CtBopeHa
MaTpHlsl  pPECypCHHUX

3aTrpaT 3aCTOCOBYETHCA  IJIA

BUpPIMIEHHS TPOOJIEMH pPO3MONTYy, IO MPUBOAUTH

0 OTpUMAaHHA ManI/IHi MpU3Ha4YCHb, 3l"i):[HO 3 SKOIO

3aBmaHHA OOpOONeHHA MJaHWX OyAyTh JileroBaHi

HAa BIJMOBI/IHI BY3JTH.

st omiHrOBaHHS €(pEKTHBHOCTI METO/IB TUIAHyBaHHS

3aBJaHb  pO3MOAUIEHa  OOYMCIIIOBAIIbHA  CHUCTEMa
TECTYEThCA B pi3HMX oOctaBmHaX. CIrieHapii TecTyBaHHS
BapiIOIOTHCS 33 PO3IOIIIIOM CKIIAAHOCTI BXITHOTO MOTOKY

3aBJlaHb Ta 3a piBHCM 3aBAHTAKEHOCTI CHCTEMH.

Pe3yabTaTn A0CHiIKeHb Ta IX 00r0BOpPeHHS

IInanyBaHHA 3aBOaHb 1 pecypciB

Moysb OLIHKHA PECYPCHUX
BUTPAT

Moy mpr3HaYeHHS
pecypciB

Monynbs 00poOku
MeTaJaHuX

Jus TectyBaHHs — MOAM(IKOBAaHOTO  METOIY

IUIAaHyBaHHSA  3aBJaHb 3AIHCHEHO IUIAaHYBaHHA Ta
00poOieHHs 3aBJaHb 3 JEKOIyBaHHS BimeoiHpopMarii
BrpozoBx 10 xB. Ilicias mporo Ha OCHOBI arperoBaHHX
CTaTHCTHYHHUX TOKA3HUKIB SKICTh BUKOHAHHS METOJIB
mwianyBanH FIFO LLF Tta Meta Sched omiHIoeTbCS
3a JIOTIOMOT'OI0 TAKHX METPHUK:

— piBeHb BHKOPHCTaHHS HPOLIECOPHUX PECypciB
00YHCITIOBATILHOTO BY3J1a;

— CcepemHId dYac OUYIKYBaHHS Ha OOpOOJICHHsS
3aBJIaHHS, Y CEKYH/IaX;

— 3araJbHUI Yac nepeOyBaHHs 3aBIAHHS B CHCTEMI,
Y CeKyHIax (Jac ouiKyBaHH: Ta yac 0OpoOIICHHS);

— cepeiHid KoedilieHT 3aTPUMKH 0OpOOIEHHS
3aBIAHH], y CEKyHAax (9Yac O9iKyBaHHS IIOJUJICHO

Ha 4yac o0poOeHHs);

— QuykTyamis 3araJpbHOrO0  4acy  BHUKOHAHHS
3aBJIaHb JUI Pi3HUX CLIEHAPIiB;
— KOJMBaHHA CEPEJHBOTO0 4Yacy  OYiKyBaHHS

Ha 00poOJIeHHs 3aBAaHHs B PI3HUX CLEHAPISX.

Kommonentn mporpamnoi cuctemMu 300paxeHi

Ha Jiarpami KOMIIOHEHTIB 1 fiarpami kiacis (puc. 2 ta 3).

A

Cucrtema KepyBaHHs
pecypcamu

A 4

Monynb 300py pecypcHHX
METPHUK

Puc. 2. JliarpamMa KOMIOHEHTIB CUCTEMH ITaHYBaHHS 3aBJaHb 1 pecypciB PCO/]
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7 A +rebuildModel() i T
Network Interface Rl | eSSSERaas ; E Network Inlerfac %
C Metrics Saver C Data Storage C Metadata Storage
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Puc. 3. liarpama xiiacis
Y 1pOMy KOHTEKCTI piBEHb BUKOPUCTAHHSI OyB 3MmimeHui 10 mianmaszony [0, 2], MO CBIAYUTH TIPO
MPOIIECOPHUX  PecypciB  OOYHMCIIOBANIFHOIO  By3Ja 3HIDKCHHS IICPEBAHTAKCHHS CHCTEMH.

BU3HAYAETHCA 3 OTJIILy Ha BiJICOTOK IPOIIECOPHOTO Yacy,
SIKMI OTPUMYE MapalielibHe 3aBIaHHsI, a TAKOK 3BAKAIOUN
Ha KUTBKICTh JIOCTYITHUX MPOIECOPIB.

3a yMOBH CEpEeIHbOrO HABAHTAXKEHHS METO[
FIFO _LLF wue3nauno Bumepemkae meron Meta Sched.
Le cranocs Tomy, mo Meta Sched HEKOPEKTHO aJOKyBaB
cTau

JesIKi YHACTiJJOK YOr0 pecypcu

Kpim

3aBJaHHS,

TNEPEBAaHTAKCHUMH. TOro, B OITUMAIBHOMY

nianaszoni [0.8, 1] meron Meta Sched He3HauHO BincTae

Bim w™meroxy FIFO LLF, sxmo 3BepHYTH YyBary
Ha KUTBKicTh TO4OK (70 mpotu 90).
Hdus  amexkBaTHOi  iHTepIpeTamii  OTPUMaHHUX

MOKa3HUKIB BaKJIMBO BU3HAYMTH KIIOYOBI KpHTeEpil,
0 OIHIOIOTh TPHAATHICTE PO3TISHYTOTO METOAY
TUIAaHYBaHHS ISl PEalbHOTO BIPOBa/KeHHs. OCHOBHI
OIIIHIOBAJIFHI TApaMeTpH Nepea0adaroTh: aHalli3 YaCOBUX
MOKa3HUKIB 00pOOIIeHHS 3aB/laHb, 30KpeMa CepeHii yac
nepeOyBaHHS 3asgBKH B CHCTEMi, CEepelHs 3aTpUMKa
W cepennii uyac o0poOnenHs. [pyruil Kputepii —
e e(eKTUBHICThP BHUKOPHUCTAHHS pECypciB. 3 TOTISAY
TUIAaHYBaHHS 1/1€alTbHUM BBa)KA€ThCS 3aHHATICTH pecypcy
B mianasoni [0.8, 1]. 3navuenss, Hwxdi Bix 0.8, cBigyarh
PO HEJOCTaTHE BUKOPHCTaHHS PECypCiB, TOHl 5K
3HAYEHHS NOHAJ | BKa3ylOTh Ha iX MEepEeBaHTAXKEHHS.

3a YMOBU BHCOKOT'O piBHﬂ 3aBaHTAXCHHS MCTOI
IUIAaHYBaHHS, OCHOBAaHWI Ha METAaIaHHX 1 PeCypCHHX
METpPHKaxX, JEMOHCTPYE BIIUyTHY nepeBary. 30Kpema
Ha0Ip TOYOK, SIKMH CIIOYaTKy MOTPAIUB Y Jiana3oH [2, 6],

TumuacoBi TIOKa3HUKH, 30KpeMa CepelHild uac
mepeOyBaHHS 3asgBKH B CHCTEMi, CepemHs 3aTpuUMKa
W cepemHili yac OuikyBaHHA Ha  OOpOOJCHHS,
€ BeNIMYMHAMH, IO MAlOTh CXOXHHA Macmrad st
000X PO3TJISTHYTHX METOJIIB TUIAHYBaHHS.

om0 eheKTHBHOCTI BUKOPUCTAHHS OOUYHCITIOBAIIBHIX
MOXJIMBOCTEH, TO II¢ MHTaHHA OyJe IOCIIIKCHO
JUTI KOXXHOTO TECTOBOTO CIieHapito. B yMoBax HH3BKOI
HaBaHTaeHocTi Meron FIFO LLF nemMoHCTpye BHILY
KiTBKicTh TO4YOK y miama3oni [0, 0.8), mo cBig4uTh
PO HENOCTaTHE BHKOPUCTaHHS pecypciB. Takox weit
METOJ] Ma€ 3aBIaHHSA, IS SIKUX BUAUICHO HEIOCTATHHO
OOYHCITIOBAILHOI ~ MOTYXHOCTI (3 ~ BUKOPUCTAHHSIM
mporecopa moHax 2). Y miamazoni [0.8, 1] obumsa
METOJM TUIAHYBaHHS TOKa3yIOTh MOJIOHI pe3yJbTaTu.
3anpornoHoBaHa apXiTeKTypa MPOrpaMHOI CHCTEMH IS
IUTAHYBaHHS 3aBIaHb Yy PO3MOJICHIN 00YHCIIOBAIBHIN
CHCTEMI BTUIIOE METOJ, OCHOBaHHMH Ha MeTaJaHUX
1 peCypCHHUX METpPUKaX.

AHATITHYHUR OTJISN pPe3yNbTaTiB CBIOYUTH TPO
Take: 3aCTOCYBaHHS METOAY IUIaHYBaHHS, OCHOBAaHOTO
Ha METaJaHWX, MPHU3BOJUTH IO 3MEHIICHHS 3arajbHOTO
yacy nepeOyBaHHS 3asBOK y cuctemi Ha 20 % 3a yMOBH
BHCOKOi 1HTEHCHBHOCTiI BCTYIly 3aBIaHb, OJHAK IeH
MMOKa3HUK 30UIbIIyeThess Ha 4,5 % y pasi cepeaHboi
iHTeHcuBHOCTI Ta Ha 10,7 %, SKIIO i1HTEHCHUBHICTH
Hu3bKa. Takoxk cepenHiil yac oyikyBaHHs Ha 0OpOOIEHHS
3agBOK  CKOpouyeThcst Ha 7,58 %,

KOJIM  BHCOKa
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IHTEHCHMBHICTh BCTYIy 3aBllaHb, aje 3pocTae Ha 10,55 %
3a YMOBHU CEpeIHBOI IHTCHCHBHOCTI Ta Ha Jy)X€ 3HAYHI
70,6 %, AKII0 IHTEHCUBHICTH HU3bKA.

BucHoBkH

PosristHyTO cHMcTeMHM  yNpaBIiHHS — pecypcamu

Ta Cy4acHi METOJM IUIaHyBaHHS 3aBJaHb Y PO3IOAITICHHUX
cucremax  oOpoOneHHS  JaHUX, [0  BKasalo
Ha HEOOXigHICTh pO3pOOJEHHS HOBUX MPOTPAMHHUX
pillleHb, sIKi TIPYHTYIOTBCS Ha IUIaHYyBaHHI B yMOBax
HEeIOCTaTHROI iH(pOopMaLii Ipo pecypcHi HoTpedH.

HEJIOJIKH  METOJiB

POBI‘J’IHHyTO pO3HOZ[iJ'IeHHSI

3aIUIAaHOBAHMX 3aBJaHb 0€3 IONepeJHBOr0 3HAHHI
PO peCypCHi MOTPeOH.

CTBOpEHO METOJ IUIaHYBaHHS 3aBJaHb Ha OCHOBI
MeTaJlaHuX, OCHOBAaHMI Ha MOAM(IKOBAHOMY AITOPHTMI
MOUIYKY HaHOIMXKYMX CYyCiZiB 4Yepe3 JIOKali30BaHEe

Cnucok Jireparypu

XCIIyBaHHSA 3 BHUKOPHUCTAHHSIM ainreOpH CKIHYEHHHX
NpeaMKaTiB, mo Oepe J0 yBaru TUNM aTpUOYyTIB Ta iX
BAXUIUBICTh JUI PECypcomoTpedw, 100 CIPOCTHTH
HPOLIEC MOUIYKY HAHOIMKUUX 3aB/IaHb.

3 METOI0 TECTyBaHHS 3a3HAYCHOTO METOJY CTBOPEHO
NpOTpaMHy apXiTeKTypy MJsl CHUCTEMH IUIaHYBaHHs
3aBnanb y PCOJl. BusHaueHo Kputepii Iyist XapaKTepHCTHK
maHux  (MeTagaHuX) Ta METPHK PecypcomnoTped,
B3a€MO3B’SI30K MDK SKHMH JIa€ 3MOTY CTBOPIOBATH
TPOTHO3HI MOJIENi JUIsl OLiHIOBaHHS NOTpeO HOBUX 3aBJIaHb,
3BaXKAIOYM Ha ICTOPiI0 BUKOHAHHS MONIEpEHIX 3aBIaHb.

PearnizoBaHo mporpaMHe pillleHHsI 3 BAKOPUCTaHOTO
METOAy Ha NPUKIAAI TNPAKTUYHOTO CIEHapilo — y
3aBIaHHI IJIAHYBaHHA JCKOIYBaHHS BifeoiH(poOpMaAIlii.
[IpoBeneHo cepil0 EKCHEPUMEHTIB, pPe3yJbTaTH SKHUX
MOKa3ajM, IO CepeJHid Yac BHUKOHAHHS 3aB/aHb
3MeHImMBcA npubnusHo Ha 20 % 3a yMOBH BHCOKOTO
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METHOD OF PLANNING DATA PROCESSING TASKS IN DISTRIBUTED SYSTEMS
WITH LIMITED INFORMATION ABOUT AVAILABLE RESOURCES

In today's digital landscape, distributed data processing systems (DDPs) are becoming increasingly critical to efficiently
process, analyze, and manage large volumes of data. These systems are often used in commercial, scientific and social domains to
process complex data in real-time or batch mode. One of the key components of such systems is task scheduling, which is
an extremely complex process, particularly when information about resource requirements is not complete or accurate. The subject of
research are algorithms, methods and approaches used for scheduling tasks between nodes in distributed systems. The purpose of the
study is to create an optimized method of task planning in the RSOD with limited availability of information about available
resources. The task of the research: to analyze the limitations of modern methods for scheduling tasks in distributed data processing
systems (DDS); optimize the method of scheduling tasks based on metadata between RSOD nodes, based on the methodology of
searching for nearest neighbors using the method of localized hashing and the algebra of finite predicates; develop the architecture of
the software solution and its implementation based on the optimized method; test the algorithm on the example of a video decoding
task. The following methods were used: statistical algorithms and techniques such as classification and cluster analysis were used to
predict resource requirements, and visualization techniques assisted in the analysis and interpretation of results. As a result of the
work: the limitations of modern methods for the distribution of tasks in distributed data processing systems (DDPs) were analyzed;
an optimized method of task planning based on metadata in RSOD was created, based on the methodology of searching for nearest
neighbors using the method of localized hashing and the algebra of finite predicates; the processes in the modified nearest neighbor
search algorithm are detailed; the architecture of the software solution was developed, which integrates an optimized method of task
planning based on metadata and resource allocation; validation of the software solution was carried out with the help of a practical
scenario — the use of the created algorithm in the planning task for decoding video information. The conclusions of this study
confirmed that the proposed method, based on the methodology of localized hashing and the use of finite predicate algebra,
is effective even with insufficient or limited information about resource needs. This highlights the possibility of using dynamic
scheduling strategies to adapt to changing load conditions and resource availability.

Keywords: software engineering; distributed systems; data processing; database; task scheduling; algebra of finite predicates.
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B. JIamuk, 1. IIYBIH

METOJUA ABTOMATHU3AIIIL TA IHTEPIIPETALII AKOCTI OCBITHIX TECTIB
Y CUCTEMAX PO3IIOAIVIEHOI'O BIPTYAJIBHOI'O HABYAHHA

HpeHMeTOM ﬂOCJ]i)l)KeHHﬂ € p03p06H€HHH MaT€MaTH4YHOI'O Ta aJIl"OpI/ITMi‘IHOI‘O 3a0e3meucHHs iHTeJICKTyaJ'ILHOI‘O

IHCTpYMEHTapilo aHajily HaOOpiB TECTOBMX 3aBIaHb 1 MOJAETIOBAHHS INpolecy iHTepmpeTauii SKOCTI HAOOPiB TECTOBHX 3aB/AaHb,
IO Jae 3MOry OO’€KTMBHO Ta BCEOIYHO MPOBOAUTH Oe3MepepBHHH KOHTPONb 3HAaHb CTYACHTIB (Cy0’€KTiB HaBYaHHS)
3a yMOBH BIPOB3/DKEHHS KOHIEMI BIPTyaJbHOTO pO3MOJUICHOTO HaB4YaHHA. MeTra poOOTH — CTBOPEHHS METOMIB
aBTOMATH3aIlil OLIHIOBAHHS SKOCTI OCBITHIX TECTIB Ta iHTEpIIpETAalii pe3yIbTaTiB, MMOJAHHS MAaTEMAaTHYHOTO arapary, o A0TIOMAarae
SIKHalKpalle ONHCYBAaTH CKJIAIHI I1HTEJEKTyalbHI MpPOLECH H METOAM OLIHIOBAaHHA KOMIUICKTIB TECTOBHX 3aBAaHb Hix yac
MepeBipkH pIiBHS 3HaHb Cy0’€KTiB HaBYaHHA. Y CTAaTTi BHPILIYIOTBCS Taki 3aBJaHHsl: (QOpPMyBaHHS MOJETI TECTYBaHHS
B PO3MOJIIICHOMY BIpTyaJlbHOMY HABYAILHOMY CEPEIOBHINI Ta MOJETI OIIHIOBAHHS BAaiJHOCTI 32 3MICTOM HaOOpiB TECTOBUX
3aBJaHb. BHKOPHUCTOBYIOTECS Taki MeTOAM: MaTeMaTHYHA CTAaTUCTHUKA I IHTENEKTyaJbHHUI aHami3 iHpopMmalii, anreOpa CKiHUCHHUX
MpeauKaTiB 1 omepaiiid. 3700yTo Taki pe3yabTaTH: CGHOPMYJIHOBAHO MPUHIMIN IHTEICKTYAIBHOTO aHami3y 3HAuYCHHS
Koe(ilieHTIB HAAIHHOCTI, KOEe(]Ili€HTIB BaligHOCTi, Koe(illieHTa JUCKPUMIHATUBHOCTI; BH3HAYCHO IHJCKC Ba)KKOCTi 3aBlIaHb
IUIS  OWIHIOBAaHHA 3HaHb CyO’€KTiB HaBYaHHA. BHCHOBKH. 3acTocyBaHHS METOHIB (QopMamizalii OLIHIOBaHHS TECTIB

MiATBEPKYIOTh  HEOOXIAHICTH YBEAGHHS B MPAKTHKY OCBITH KUIBKICHUX METOJIB OLIHIOBaHHA 3HaHb CTYAEHTIB.

VYrpoBa/pKeHHsT 3a3HAUCHUX METOIB Tepeabayae MpaBWIbHE BH3HAYCHHS I KOHTPOJIO, MPEIMETa BHMIPIOBaHHS Ta BHOIp
3aco0iB BUMIpIOBAaHHS. 3aCTOCYBaHHS pO3POOJIEHOTO METOAy aHajily HaOOpiB TECTOBHX 3aBIaHb CHpHIE e(EeKTUBHIN
peamizamii BCix (QyHKIiH KOHTPONIIO, BIAMOBiZa€ OCHOBHHM HOTO TMPHHLUIIAM U BHUPIIICHHS 3aBJaHb OLIHIOBAHHS SKOCTi TECTIiB

1 JIGKUTH B OCHOBI MOJIeTIel pO3MOALTICHOrO BipTyalbHOTO HABYAHHS Ta METOJIB aHaJIi3y YCIIIIHOCTI Cy0’€KTiB HABYAHHS.

KoarouoBi ciioBa: nporpamua imkeHepist; 6a3u 3HaHb; aireOpa CKiHUCHHHUX INPEIUKaTiB; HAIIHHICTh TECTiB; BUKOPHCTAHHSI

3HAHb; JIOT1YHI IPaBUIIa.

Beryn

VY 3B’s3Ky 3 HEpexofoM Ha PEHTHHIOBY CUCTEMY

KOHTPONIO  3HAaHb CTYAEHTIB, IO € CHCTEMOIO
B33a€EMOIIOB’I3aHMX TPaBWI 1 SKa OCTaHHIM YacoM BCe
IIMpIIEe BUKOPUCTOBYETHCS Ha PI3HUX PIBHIX OCBITH,
3pOCTaIOTh BUMOTH /IO SIKOCTI TEJaroriYyHoro KOHTPOJIO.
MEeIaroriaHoro

AKTyamlbHUM ~ CTa€  PO3pOOIICHHS

NPOrpaMHOr0  IHCTPYMEHTapilo, 10  Jla€  3MOTy
00’€KTMBHO Ta BCEOIYHO TMPOBOIUTH Oe3mepepBHUI
KOHTpOJIb 3HaHb CTYJCHTIB. Bukopucranus peTHHroBoi
cucteMn 0e3 TeCcTyBaHHS B3arayli HEMOXKJIMBE, OCKITBKH
caMe Ha TECTOBUX OI[IHKAaX IPYHTYETHCS ISl CHCTEMA.
[lin amanTHBHAM TECTOBHM KOHTPOJEM PO3YMIIOTh
KOMIT FOTEPU30BaHy CHUCTEMYy HAayKOBO OOIPYHTOBaHOL
MEepeBipKl I OIiHIOBAaHHA pe3yNbTAaTiB  HABYAHHS,
sKa Ma€ BHUCOKY C(QEKTHBHICTh 3aBASKH ONTHMi3allii
npouenyp

pe3yabTaTiB  BHUKOHAHHS —aJaNTHBHUX TECTIB 1 sKa

TeHepamii, TMONaHHI ¥  OLIHIOBaHHI
OCHOBaHa Ha MeToJax MOOYOOBH Ta ONTUMI3alil
JOTIYHUX Mepex. AJropuTMH Mmigdopy W mOJaHHS
3aBlaHb OYIYIOTHCS 3a MPHHIIUTIOM 3BOPOTHOTO 3B’SI3KY,
KOJIX B pa3i MPaBWIBHOI BIAMOBIAI YEProBe 3aBJaHHS
oOupaeThes

BAXYMM, a 32 YMOBH HEIPaBUIBHOI

BIJINIOBi/Il TIPOTIOHYETHCSA HACTYIHE 3aBAaHHS, JIETIIe,
HDK TIONepeTHE, Ha sIKe yYacHUK TECTyBaHHs HE BiJIOBIB.
Takox icHye (yHKIS MOTATKOBHX 3alHTaHb i3 TEM,
sIKi Cy0’€KT HaBYaHHS 3Ha€ He ayxe noope. Lle motpioHO
JUIs OUTBII TOYHOTO 3’SICYBaHHS DPIBHS 3HAHb Y IIEBHIH
HayKoOBiH Tamy3i. Bubip anroputmiB TecTyBaHHs Hapasi
¢daxktuaHO OOMEXKEeHWH (opMaMH TOINAHHS TECTOBHUX
3aBJaHb 1 OLIHIOBaHHSA pe3yibTaTiB. JlOCSTHEHHS
OUTBII BUCOKHX pE3YNbTATiB 1 IMiABUINEHHS MOTHBAIIii
HaBYaHHS B OCTaTOYHOMY TIJICYMKY € OCHOBHOIO
METOIO TECTYBaHHSI.

Amnarniz

CTBOPCHHS JIOKAIBHUX 1H(QOpMALIHHO-

OCBITHIX CEpeIOBHUIIN AaB 3MOTY C(HOPMYITIOBATH OCHOBHI

NpUHIMOK ~ npodeciiiHol  JucTaHUiiiHOI  OCBITH:
YHIBEpCANBHICTh, 1HBApIaHTHICTh, MAacCIITAaOOBAHICTB;
BIJIKPUTICTh; TEXHOJIOTIYHICTH IPOIIECIB CTBOPEHHS,

30epiraHHs ¥ BUKOPUCTAaHHS PECYpCiB; CIAJAKOEMHICTH

tomo. Ornsa rinepMeniiHUX 3aco0iB  aTanTHBHOTO

HaBYaHHS I[I0Ka3aB, IO II€¢ HOBHUH JOCHIIHHIbKHM

HanpsiM y cdepi IHKeHepil MporpaMHOro 3ade3neueHHs

MATPUMKH ~ TUCTAHIIITHOTO  HaBYaHHS,  3aBIAaHHSA

KOO — JOJATH OO AUCTAHLIMHUX HAaBYAIBLHUX CUCTEM

MOXJIMBOCTI iHOWBimyamizamii. AHATITHIYHANA  OTJIAL

npobiiemMm €JIeKTPOHHOT 0 HaBYaHHS, 30Kpema

© B. JIsamuk, 1. Hly6in, 2023


https://doi.org/10.30837/ITSSI.2023.25.040

Cyuachuii cman HAYKOBUX O0CNIOHCeHb ma mexHono2iu 8 npomuciosocmi. 2023. Ne 3 (25)

ISSN 2522-9818 (print)
ISSN 2524-2296 (online)

iHTeHCH(iKaILis, IHAMBITyami3alisi, IMOCIIOBHICTE
BUKJIQZICHHs] MarepiayiiB, aJalTUBHICTh 1 THYYKICTb,
aB 3MOTY BHOKPEMHTH OCHOBHI MWiIXoam MO0 ix
BUpINICHHS: (OPMYBaHHS IHJUBIAYIbHHX TPAEKTOPIit
HABYaHHS, pO3pOOJICHHS MOZeNeH i Cy0’€KTiB HaBYaHHS,
a TaKOX METOJIIB aJalITUBHOTO HABYAHHS.

Konrpons 3HaHp a00 TeCcTyBaHHS — IIPOIEC,
0 TPOBOJMTHCS JJIs BU3HAUCHHS PIBHS 3HAHb Cy0’ €KTa
HaBwaHHA [2]. lle HaWOmeII CcTaHOAPTHU30BAaHUI
i 00’€KTHBHHUI METOJ KOHTPOJIIO ¥ OLIHIOBaHHS 3HaHb,
YMiHb 1 HABUYOK, SKUH 1M030aBICHUN TpaauIiiHIX
HEIOJIKIB 1HIIMX METOJIB KOHTPOJIO 3HAHb, HATIPUKIIA],
HEOJHOPITHOCTI BHUMOT, Cy0’€KTHBHOCTI €K3aMEHATOPIB,
HEBU3HAYCHOCTI CHCTEMH OIIHIOBaHHSA TOIIO. PiBHI
3HaHp 3a3BUYal IUCKPETHU3YIOTHCA. 3a TAKOTO MiAXOIY
TECTYBaHHSI  MOXE  PO3MIIAAATHCT K JICSIKHA
JIarHOCTUYHUH TIPOIIeC, a CTaHH, 10 BU3HAYAIOTH OLIHKU
3HaHb Cy0’€KTa HaBYaHH], — SK JIIaTHOCTUYHI CTaHU.
Tectn € edexTHUBHEM 3aco00M TEPEBIPKH  AKOCTI
3HaHb, IO HAOyNMM CTYICHTH, 1 OICPATHBHOTO
KOHTPOJIIO €TamiB HaBYaHHA [3].

Y poOoTi 3ampoNOHOBAaHO 3aBIAaHHS ITiIBUIICHHSI
e(eKTUBHOCTI 1H(OPMAIIiHHO-aHANITHIHOTO 3a0e3neYeHHs
MiJICHCTEMH KOHTPOJIFO 3HAHb CY0 €KTIB OCBITHBOTO
MIpoIIeCy 3a YMOBH MOOYIOBH iHIWBIAYaNbHOI TPaeKTOPIil
HaBYaHHs, 0 Nependavae Taki eramu: 1) po3poOiaeHHs
KOHLIENTYyaJ bHOI MOJIENIl ENIEKTPOHHOIO aJ[aliTUBHOTO
HABYAHHS B PO3MOUICHOMY BipTyaabHOMY CEPEIOBHIII;
2) CTBOpeHHS MoOAeNi TOOYHOBM IHAWBIMyaIbHOT
OCBITHBOT Tpa€eKTOPii; 3) MoOyAOBa MaTeMaTH4HOI MOAEII
HaBYANBHOTO 00’€kTa; 4) po3poONeHHS  Mopemi
BU3HAYCHHS TECTOBUX OO0 €KTIB TEPEBIPKH 3aCBOEHHS
HAaBYAJHHUX MaTepialiB BiJIOBITHO IO iHAMBITyaTbHHUX
BUMOT KOPUCTYBaya; 5) po3poOJICHHS METOIy MOOYI0BU
aJaIlTUBHOI  OCBITHBOIL

TpaekTopii; 6) CTBOpeHHS

NPOTOTUIIB  MPOTPaMHHUX  pilleHb Ui peasizarii
iH(popMariiftHOI TeXHOJOTil MOOYIOBM IHIWMBIITyaTbHUX
TPAEKTOPil HaBUAHHSI.

Jus Bu3Ha4ueHHs 0a30BHX alNTOPUTMIB HEOOXiITHO
HABECTH aJIT¢OPO-JIOTIUHI MOJICIi CHCTEMH, B OCHOBI SIKHX
JEeXKATH MOJCTb MNpUiIMaHHSA ICIUTY BHKJIagadyeM
y cryzaeHTa (cy0’ekTa HaBUaHHS) K MOJIEIb IalTHBHOTO
TecTyBaHHA. Takwii BUOIp CIEHapil0 pOOOTH CHUCTEMHU
g Ipoleaypa

icTopugHO 100pe (opmalizoBaHa, MO-APYre, y IMPOLeci

3yMOBJICHMH THM, 1110, HO-TIepUIe,
MIPOEKTYBaHHS TECTIB PO3POOHHKY HEOOXITHO CIIMPATUCS
Ha 3araJibHONPHHHATI, BIZOMI Ta BHKOPHCTOBYBaHI

HUM METOJIH 3 MiHIMAJIbHOIO MOIU(IKAIIETO.

AHaJi3 npo6jemu ii HAABHUX MeTOAiB

Buokpemmororb  Taki  (yHKIIT  [€AarorivHoro

KOHTPOJIO:  KOHTPOJIOIOYa, HaByayibHa  (OCBITHS),
JIIarHOCTHYHA, TIPOTHOCTHYHA, PO3BUBAIIGHA, OPIEHTYBAIbHA,
BHXOBHA. BoHM, K mpaBmiio, TiCHO B3aeMo3B’si3aHi [1].
VY HaByanbHOMY mponeci I (QYHKII{ BHSBISIOTHCS
B pI3HOMY CTYIEHI Ta B HEOJHAKOBHUX IO€IHAHHIX.

Peamizanis nepeniueHnx QyHKOid poOUTH KOHTPOJIb

OUTBII ~ pe3yNbTATUBHUM, a TaKOXK CQEKTHBHILINM
CTa€ 1 caM OCBITHIH mporiec.
HauansHa dhyHKIIisS KOHTPOITIO TOJISITae

B YIOCKOHAJCHHI Ta CHCTEMaTH3allii 3HaHb 1 BMIiHb.

Y  mpormeci mepeBipkd  CTYOCHTH  IOBTOPIOIOTH
1 3aKpiIDIIOIOTh BUBYCHWH MaTepian. BoHM HE TiMBKH
BIZITBOPIOIOTH paHillle BUBYEHE, ajleé i 3aCTOCOBYIOThH
3HaHHSA Ta BMIHHI B HOBHUX cHTyamisx. [lepeBipka
JoromMarae BUOKPEMUTH OCHOBHI TIOJIOXKEHHS
JOCIIKYBaHOTO MaTepiary, 3p0OUTH 3HAHHA Ta BMiHHS
OUIbII YITKMMU W TOYHUMH. KOHTpOJb cHpusie Takox
y3araJbHEHHIO Ta CHCTeMaTH3aIlii 3HaHb [2].
byHKIii

B OTpUMaHHI iH(opMarii Nmpo TOMWIKH, HEIOIIKH

CyTHiCTh  iarHOCTUYHOL OJIsATae
W mporaliMHM B 3HAHHIX 1 BMIHHSX CTY/AEHTIB, MpO
MIPUYMHY, 10 TOPOJUKYIOTH TPYAHOIII B OINaHyBaHHI
HaBYAIBHOTO Marepialy, 1 Mpo KiIbKICTh, XapakTep
MOMWIOK.  Pe3ynmbTaTi  MIarHOCTHYHUX  TIEPEBIpPOK
JIONIOMArarTh 00paTH HaWOUIbII IHTEHCHBHY METOJHKY,
a TaKOX YTOYHHTH HAIPSM IOJAJIBIIOTO BJIOCKOHAJICHHS
3MICTy, METO/IB 1 3aCO0IB HABYAHHS.

GbyHKIIIsS

BUIIEpEPKANIBHOT 1H(OpMallii Mpo HaB4YaJIbHO-BUXOBHUI

HpOFHOCTI/I‘IHa CIIyrye OTpUMAaHHIO

mpomec. 3a pe3yJbTaTaMH  MEpPEeBIpKH  3100yBa€THCS
MPOTHO3 MPO TEBHUH eTanm HaBYAIBHOTO IIPOLECY:
YM JOCTATHHO C(OPMOBAHI KOHKPETHI 3HAHHS, yMiHHS
W HaBUYKHM JUIS 3aCBOEHHS HACTYIHOI'O HAaBYAILHOTO
Marepiany (po3nury, TeMH); pPO3pOONISETHCS MOJETb
MOJJAJIBIIOT TOBEIIHKH CTY/ICHTA.
GbyHKIIIA

B CTUMYJIIOBAaHHI Mi3HABAJIbHOI aKTUBHOCTI CTYJCHTIB,

Po3BuBannpHa KOHTPOJIIO noJjisarae

(dbopMyBaHHI iXHIX TBOpUHX 3mi0HOCTei. KOHTponbp Mae

BUHSTKOBI MOXJIHBOCTI JUII  PO3BHUTKY CTYACHTIB.

VY mporeci KOHTPOJIO PO3BHBAETHCSI MOBA, IIaM’sTh,
yBara, ysiBa, BOJIsl Ta MUCJIEHHS MOJIOJO1 JIFOJUHH.
CyTHICT Opi€HTYBaJIBHOT (YHKII{ KOHTpOMIO —
orpumaru iHGOPMAIIO PO CTYMIHb OCATHEHHS METH
HABYaHHS OKPEMHM CTYICHTOM 1 TPYIOI 3arajiom,
TOOTO piBEHb BHBYCHHS

HAaBYAIILHOTO  MaTepiaiy.

POSKpI/IBa}O‘lH nporajinHu, IIOMUJIKH ¥ He}_'[OJ'[iKI/I




ISSN 2522-9818 (print)
ISSN 2524-2296 (online)

Innovative technologies and scientific solutions for industries. 2023. No. 3 (25)

B INATOTOBJCHHI CTYICHTIB, BHU3HAYAIOTHCSA HAIPIMHU
1010
JorioMarae cy0’€KTy HaBUaHHs Kpaile ITi3HaTH CaMoro

BIOCKOHAJIEHHS! 3HaHb 1 BMiHb. KoHTponb
ce0e, OLIHUTHU CBOT 3HAHHS i MOXJIMBOCTI [4].

BuxoBHa (QyHKIIiST KOHTPOIO (OPMYE B CTYICHTIB
BIJIMIOBiaJIbHE CTABJICHHS JO HAaBYaHHS, IUCIMILIIHY,
aKypaTHICTh, 4YecHicTh. IlepeBipka croHykae A0 OLTBII
CEepHO3HOT0 U PEryJIsipHOrO BUKOHAHHS 3aB/IaHb.

CucremMa  TepeBipKH  pe3yNIbTAaTiB  HaBYaHHA
W BUXOBaHHS MICTUTh TPH OCHOBHHUX BHIH KOHTPOJIO:
MMOTOYHUH, IPOMIDKHUH 1 TiICyMKOBHiA [S].

s ommcy mporiecy BHOOpPY  IHAMBITYyadbHOT
TpAeKTOpii HaBYaHHA HEOOXiHI 3aCO0M IHTENEKTYaTbHOTO
o0pobOnennst iHopmarii. Teopis iHTEIEKTy, 3acobu
GbyHKIiNA

KOMITapaTopHoi  ineHTHdikamii

MOJCIIOBAaHHA iHTeHeKTyaHBHI/IX JIFOJUHHA

HA OCHOBI METOdY
Ta IHCTpYMEHTapilo anreOpu CKiHUEHHHX NPEAHNKATIB,
po3po0iteHi HAYKOBOIO IIKOJIO0 mpocgecopa
10. llabanoBa-KymrHapeHka, AalOTh TaKy MOKIHBICTh
BUpILIEHH]

Ta J00pe 3apeKkoMeHIyBanmu cebe |y

3aBIaHb IHTENEKTyalbHOTO OOpoONeHHa iH(opMaii,
30KpeMa TEeKCTOBOI'O Ta Bi3yallbHOTO [6].

s Mera B CTBOpPEHHI METOMIB 1 aJNrOPUTMIB
moOyTOBH BIPTYaIbHOTO PO3MOIICHOTO HABYAIHHOTO
CepelloBHIIa HacamIlepell IOB’s3aHa 3 BHU3HAYCHHAM
SIKOCTI 3aCBOEHHS CTYZEHTaMH HaBYaJILHOTO MaTepiaily —
piBHS HaOyTTS 3HAHB, YMiHb i HaBUYOK, IepeaOadeHux
nporpamoro.  [lo-apyre, KOHKpeTH3allis  OCHOBHOI
METH KOHTPOJIO TIOB’s3aHA 3 HABYAHHSAM IPHHOMIB
B32€EMOKOHTPOJIO Ta CaMOKOHTPOJIIO Ta (hOPMYBaHHSIM
morpebu B HuX. llo-Tpere, msg Mera mepexbadae
BUXOBAHHS B CTYJICHTIB TaKUX OCOOMCTICHHX SIKOCTEH, K
BiJIOBiAJIEHICTH 32 BUKOHAHY POOOTY, BUSB iHILlIaTHBH.

MeTa cTarTi — CTBOPCHHS METOJIB aBTOMATH3aIlil
OIIIHIOBAHHS SIKOCTi OCBITHIX TECTIB i BIIPOBaIKEHHS ITHX

METO/IIB Y CUCTEMH IMIITPUMKH JUCTAHIIITHOTO HABYAHHSI.

BupimeHnns 3aBaaHusi

Cepen  ¢dopm nporeci

BIIPOBAPKEHHS BIPTYaJbHOTO HABYAJIBHOTO CEPEIOBHIIA

KOHTPOJIO 3HaHb Yy
BCe OLIBIIOr0 PO3BUTKY HaOyBa€ TECTOBHH KOHTPOJIb,

pexoMeHAoBaHMi MiHICTEpCTBOM OCBITH 1 HayKu

VYkpaiHn Ta JOKYMCHTaMH bBOJIOHCHKOI KOHBCHIIII.
TecToBHII KOHTPONIb y IHUX JOKYMEHTaX PO3TIIOAETHCS
SIK OJIMH 13 3aCO0IB YJOCKOHAJICHHS MPOIECY HABYAHHSI.
AKTyalsHUMH € MUTaHHS y3arajlbHeHHS, CHCTEMaTH3allii
HasIBHOTO JIOCBiZly I BUPOOJIEHHS pekoMmeHaalii y cdepi
CTBOPEHHSI TECTOBHX 3aBIaHb 1 IPOBEICHHS TECTOBOTO
KOHTPOJIIO 3HaHb, yMiHb 1 HABUYOK [6].

Jns monmaHHS 3HaHP y iH(pOpMAIitHEX cHcTeMax
BUKOPHCTOBYIOTbCS pi3HI (OpMalibHI MOBH, 30Kpema

o0umcIeHHs TpeAaWkariB. BoHa Mae OZHO3HAYHY

(dopManbHy CEMaHTUKY ¢ OmepauidHy MiATPUMKY

y BI/IF.]'U[,I[i JOCKOHAaJIOTO MeXﬁHiSMy BUBCICHH.

MoBow anredpu  mpeaukaTiB  Oynb-siIKa  MHOMHHA

U={a,,a,,..,a,} Moxe Oyrn 3amucaHa y BHIJAZ]

piBasgHHs x“ vx® v..vx* =1, ne x - npeamerHa
sminHa [7]. CykymHICTh yCiX KOpEHIB LbOTO PiBHSHHS
30iraetecst 3 MHOXKMHOIO U . PiBHsiHHS € (opmanbHUM

3amiucoM TBepkeHHs x €U . Meroau inenTudikamnii

Ta T[OJAHHA 3HAHb 13 BHUKOPHCTaHHSAM  anreOpu
OpEJUKATIB  MOXYTh OJHOMAHITHO TIOAAaTH 3HAHHS
Y BUIJISIII PiBHSAHB anreOpu mpeankaris [9].

Anrebpa TpeAWKaTiB  ONHCYE JIMIIE 3HAHHS

mpo ¢axTu. AnreOpa ormepariii Haj mpexukaTamu adbo
anreOpa TNpeauKaTHUX onepauiii Mae QopmanizyBaTu
omnepauil HaJ 3HAaHHSAMH, NMOJAHHMH SK BiITHOIICHHS Ha
JSSIKOMY TPEIMETHOMY IpocTopi. AyreOpa mpenukaTiB
BU3HAYA€ NEKIApaTHBHHN CKIAIHUK 3HaHb, a anredpa
HIpoLEeypHUI
KOMIICTEHITiH

OpeJUKaTHAX —OIlepamii — CKJIQITHUK

HaOyTTd 3HaHb, YMIiHb i cy0’ekTOM
HaBYaHHS B YMOBax IHAMBITyaiizalii OCBITHBOTO HPOLECY
B PO3IIOIICHOMY BIpTyaabHOMY CepeoBHILi [9].

KoMmm’rotepre TecTyBaHHS Mae€ CBOi TepeBaru
#  Hemomiku. Came  OO’€KTHUBHICTH  OTpPHUMaHHX
OLIHOK CHpUsi€ PO3IIUPEHHIO CcQepr BIPOBAHKEHHS
KOMIT'IOTEPHOTO ~ TECTYBaHHS —  BOHO  YCIIIIIHO
3aCTOCOBYEThCSl B IIKOJAX, BUINAX, MiJl 4ac CKJIaIaHHs
ICTIUTIB, CIIBOECI I TOIIO.

Jlo Takux pinieHp Hanexatb: nporpama NetTest
JUISL KOMIT'IOTEPHOTO TECTYBaHHS 3HaHb y Mepexi [9];
MyTestXPro —

Ta TMPOBCACHHA KOMH’IOTCpHOl"O TCCTYBaHHA, 360py

cucTeMa TporpaMm Ais  CTBOPEHHS
Ta aHami3y ix pesynerariB [10]; komm’toTepHa cucrema
tectyBaHHs 3HaHb OpenTest [11]; KOHCTPYKTOp TecTiB
Keepsoft —
3HaHb [12]; mporpama x-7LS [13]. OcHOBHI BiAMiHHOCTI

YHIBEpPCAIBHOI ~ CHCTEMH  MepeBIpKU

TaKMX CHCTEM: [EHTpaji3oBaHMi 30ip 1 aHam3

pe3yibTaTiB  TECTyBaHHS 33  HAsBHOCTI  Mepexi;

BUCTABJICHHS OIIHKA 13 BHKOPHCTAHHSIM JOBLIBHOT

CUCTEMH Ta UOIKQIM  OI[HIOBAHHS,  OpraHi3aris

JIOKAJIbHOTO Ta MEPEKHOTO0 TECTYBAHHS; CTEKCHHS
32 MPOIECOM TECTYBaHHS. 3aCTOCOBYETBHCS IITPUMKA
IUSITH  THUINB 3alWTaHb, BHKOPHCTAHHS HEOOMEKCHOI
KIIBKOCTI TEM, 3alWTaHb 1 BIANOBiAEH; HASBHICTH
3alMTaHb, IO MICTATh TEKCT HEOOMEKEHOI IOBIKHMHH,
3aCTOCYBaHHS B

3aIMUTaHHAX rimepMeiiHIx

1 MyJNbTHMEAIHHUX O00’€KTiB; MOXIHMBICTh JEKIUIBKOM
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KOPHCTYBa4aM TIPOXOJMTH TECTYBaHHS HA OIHOMY
KOMIT'FoTepi; 30ip 1 aHami3 pe3yJbTaTiB 3a JOINOMOIO0
JOKAaTbHOI MepeXi Ta CHHXpOHi3amii 0a3u [IaHWX;
KOIIOBaHHA  Ta

KOIIIFOBaHHsI/pe3epBHE 30epeKeHHS

i amami3 pesymbraTiB. [licng po3risagy —aHAJOTIB,

NPUCYTHIX HAa pUHKY, OyJO TPUHHATO pillIEHHS
PO3pOOUTH HOBHUIl MPOIYKT IUISI aHANi3y SKOCTI TECTIB,
y sKoMy Oyjae peali3oBaHO MOXKJIHBICT CKJIaJaHHS
TECTIB, NPOBEICHHS TECTYBaHHS 3a JOIOMOTOI0 Mepexi
InurepHer, 3 TOAAJBLIIMM  YIPOBA/DKEHHSM  TaKHX
MoJieneli y po3noIiieHi BipTyaibHi HaBYaJIbHI CHCTEMH.

TecToBi TexHONOTril KOHTPOJIO 3HaHb 1 BMIiHb
y  3BO

Ha TMPOMDKHHX eTamax HaBYaJIbHOTO INPOIECy, aie

IMIAPOKO  BUKOPHCTOBYIOTh Ykpainu

Ha KIHIIEBOMY €Talli BHKOPHCTOBYIOTHCS HEYACTO.
YnpoBa/KeHHSI TECTYBaHHS Ha ICIHMTaX CTPUMYETHCS
4yepes BiACYTHICTh iHpOpMaIlii Ipo AKicTh TecTiB [14].
Tineku sKiCHHHA TecT 3a0e3meduye BiAMOBITHUI
KOHTPOJIb 3HAHb 1 Ja€ 3MOTy CKJIACTH 1HIHBITyalbHI
nporpamMu HapyaHHs. HanexHa cTpykTypa Ta momipHa
BAXKICTh TECTOBHX 3aBHaHb CYTITEBO PO3IIMPIOIOTH
iHpOPMATHUBHICT 3400yTUX pe3ynbTaTiB SK B IUIAHI
HEOOXiTHOCTI  KOperyBaHHS METOAWK  BHKIIAJaHHI
JUCLUILTIH (PO3ALTIB), TaK 1 B TYMaHICTHYHOMY HarpsMi,
1010

e(heKTUBHOCTI CBOET peatizalil y BiAMOBIAHINA UCIUILIIHI

JOIIOMAararoyd  CTyACHTaM  BH3HAYUTHCH
(30Kpema TOpIiBHATH pPiBEHBb CBOEI MIATOTOBKU 3 1HIIUMHU
CTY/IGHTaMH TPYIIH).

Jus MiHiMizamii TOXHOOK TECT Mae pPO3pOOIATHCS
npouenypamu, 1o,
HaATIpUKIIAJ, Tepen0dadaloTh IEePeBipKy SKOCTi K CaMOTO

3a I[ICBHUMU TIpaBUJIaMU  Ta

TECTy, TaK 1 HOro okpeMux 3aBjaHb [13].

ToMy mpolec OIIHIOBaHHS SIKOCTI  OCBITHIX
TECTIB Ma€ JOCTaTHIO  KIUIBKICTh  TOBTOPIOBAaHHX
KpOKIB i morpedye  3HAUYHUX  MaTepiabHHUX

Ta IHTCJNCKTYalbHUX BHUTpAT, IO BaXIUBO 3BECTU
0 MiHIMyMy, a Iie, 0€3yMOBHO, BU3Ha4Ya€ HEOOXiqHICTH
aBToMaTu3allii mporecy [14].

Metogn aBTOMaTH3amii Ta IHTEpPIpETaIlil SKOCTI
OCBITHIX TECTiB MAalOTh BHUKOHYBaTH TaKi 3aBJaHHSI:
dopmyBatn  TecTt (moOWpaTH  TECTOBI  3aBAaHHA
3 JMCUMIUTIHM); KOPEKTYyBAaTH MaTpHIli pe3yJbTaTiB, a
came: BIJIyYaTH HEBIAJI 3aBIAaHHS, BIAIOBINI CTYACHTIB,
3HAHHS SIKHX HE MOXYTh OYyTH OLHEHi 3 JIOIOMOTOI0
HAa0Opy TECTOBUX 3aBJaHb, IO MiAJSATae aHAII3Y;
OLIIHIOBAaTH SIKICTh TECTiB, 30KpEMa pO3pPaxOBYBaTH
KOeQIIieHTH HAIIIHOCTI TEeCTy, KOe(IIlieHT BaNiTHOCTI
TECTy Ta SKICTb OKPEMOro 3aBJlaHHS 3 JOINOMOTOI0

CTaTHCTHUYHUX TMOKAa3HHWKIB MOAW ¥ MeJiaHW, AWCIepCil,

CEpeIHBbOKBAPATUYHOTO  BIOXWIEHHS, Koe(ilieHTiB
acHMeTpii Ta eKcIecy.

Takok SIK pPe3ylbTaTH 3aCTOCYBaHHS METOJIB
MOXHA OTPUMATH KOE(Ili€HTH JUCKPUMIHATHBHOCTI,
1HIEKCH Ta KOSQIIIEHTH BaXKKOCTI 3aBIaHb.

Metoau iHTeprpeTallii HabOpiB TECTOBUX 3aBlaHb
MalOTh BUKOHYBATHCS B MPOBEJICHHI TECTYBAaHHS 3HAHb
y PeXKHMI peasibHOro Yacy.

BxigHot0 iHpOpMAILIIEIO € TECT 1 BIAMOBII CTYACHTIB
Ha TECT, OLIHKK eKcrepTiB. Buximua iHpopmaris — 1e
3HaueHH: Koe(ilieHTa HaJifHOCTI, Koe(ilieHTa BaJliTHOCTI,
Koe(ilieHTa TUCKPUMIHATUBHOCTI, 1HIEKC Ba)XKOCTI
3aBJIAHHS Ta OLIHKHU CTY/CHTIB — YYACHUKIB TECTYyBaHHSI.

CyuacHa Tteopist tectyBanus (IRT) [15] mae Taki
OCHOBHI TPHITYIIEHHS: ICHYIOTh NPHXOBaHI HapaMeTpu
0COOMCTOCTI, HE JOCTYmHI Ui 0e3MOCepeHBOTO
criocTepexeHHs1 (y TECTYBaHHI Ll PiBEHb MiITOTOBIEHOCTI
CTyZlleHTa ¥ piBeHb BAXKOCTI 3aBIaHHS); 3aJIEKHO
Bil Mozem ICHYIOTh IHAWKATOpHI 3MiHHI, IOB’s3aHi
3  MPUXOBAHUMHU

napaMeTpaMM W JIOCTYIHI  JIJIs

0e3mocepelHROT0  CHOCTepEKEHHS. 3a  3HAYEHHSIMH

TaKMX IHAWKATOpIB MOXHA CYAWTH TIpO 3HAuYCHHS
MIPUXOBAaHUX MapaMeTpiB.

Skmo oOpaHo TecTyBaHHS 3  IIPIOPUTETOM

"mBHUIKEe HaBYaHHA'", TOMI PIMICHHS TONATH HAaBYAIBHUMA
00’€KT 110 Ha0Opy TECTOBHX 3aBJaHb IPOBOJUTHCS
3a hopMyIor0:

1, lojm <1, lo.

Jimportance

> 2’ loj/m»/ T Cll 2
lo, = 1)
0, lo, >1, lo,
time

Jimportance

< 2’ loj/w

el Clhjerer ”
KinpkicTh yacy Ha BUBYEHHS HaBYAJbHUX 00’ €KTIB

— min .

Jiime

Mae OyTH MiHIMaJIbHa: Z o
JjeJ

Slkmo  o0paHO  TecTyBaHHS 3  MPIOPUTETOM

Ha "romOoke HaBYaHHA', TOMI pINICHHS JOAATH

HAaBYAJIBHUHA  O0’€KT [0  TPEHIHTY  MPOBOAMUTHCS
3a (OpMyIIOIO:
>
1’ Zojlem - KC“/m/ ?
o, <4, 2)
? Ojluvul Cltjeve *
KinpkicTh  HaBYaNbHUX 00’€KTIB Mae OyTu

MaKCUMaJIbHA: szJIO — max .

Jiime

Skmo oOpaHo mpioputer "nuine HaiBaxHMBimIe",
TOMI PIlIEHHS MONATH HABYANBHHUHA 00 €KT IO TPEHIHTY
MIPOBOIUTHCS 332 (HOPMYJIOHO:

>2, lo.

1’ lo, Jievet " CUever

ZO. = Jimportance 3
J 0, lo. < 2, lo. ( )

Jimportance Jievel Cleyel
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KinpkicTh 4acy Ha BHBUCHHS HABYAILHUX 00’€KTIB
Mae OyTH MiHIMaibHa, a oOcsr iHpopMmalii Mae OyTH
MaKCHUMaJIbHAM:

z_ lo. —min
jeJ  Jime

Z, lo. —>max.
jeJ  Jiime

Po3po0iieHnii METO MICTHTB 1 METOIIU PO3PaXyHKY

4)

HAOIMHOCTI TECTIB — JKOOHMI 3 HasIBHUX TECTIB
HE € 1IeaJIbHUM {010 HaTIHHOCTI.

[Moka3HUKM HANIHHOCTI TECTy MOXYTh ICTOTHO
3MIHIOBaTHCh y pa3l HE3HAYHUX, Ha MEPIIMH OIS,
Bapiamiii yMOB IIPOBEACHHS TECTYBAHH:], 3MIHH XapaKTepy
TECTOBUX 3aBlaHb, a TaKOX 3aJCKHO BIJ CTYyMEHS
Ba)KKOCTI 3aBJIaHb IS Cy0’€KTa HABYAHHSI.

Ha o3Haku HamiifHOCTI CyTTEBO BIUIMBAE XapakKTep
BUOIPKH, 1I0 BHUKOPHUCTOBYETHCS JJISI TEPEBIPKH TECTY
3a IMOKa3HMKaMM HanuiiiHocTi. OcoOMMBE 3HAYEHHS TYT
Ma€ Jiana3zoH po301KHOCTI B OIiHKaX. Tak, SKIIO OI[IHKK
CTYJICHTa PO3MIIIyBATUMYThCA Yy BITHOCHO BY3bKOMY
niama3oHi 3HAa4YeHb 1 OyoyTh ONM3bKI OJHA MO OJHOI,
MOJKHA CIOJIBaTHCSA, MI0 W Mg dYac TMOBTOPHOIO
MOCTIDKEHHS IIi OIIIHKK TaKOX pPO3MIIIyBaTUMYTHCS
[IIJIBHOKO T'OMOTE€HHOIO 3MIHU

rpymnoto.  IMoBipHi

Puc. 1. Meto/u OIliHIOBaHHS HAIMHOCTI TECTY

PAHTOBHX MiCHb OKpEMHUX MiATOCTIIHUX OYyAyTh 30BHI
He3HauHUMH. KoedilieHT HaiifHOCTI y TakoMmy pasi
Oyne 3aBumieHuil. Take caMe 3aBHINEHHA Koe(illi€HTIB
MOXKE BUHUKHYTH TiJI 4Yac aHalli3y HaJiifHOCTI,
10 TIPOBOUTHCSA HA MaTepialli BUOIPKH, KA CKIAJaeThCs
3 KOHTPAcTHUX TPYI, HANpPHUKIAL, 3 0Ci0, IIM0 MAaloTh
HAWBUIINI Ta HAWHIKY] OWIHKA 3 TecTy. Toxi 1 BignameHi
OIUH BiJl OAHOTO PE3yJbTaTH HE IMEPCKPUBATUMYTHCS
BMITAJKOBUMH YHMHHAKAMH.

OIiHIOBaHHS  HAAIWHOCTI  TECTIB  IPOBOAMTHCS
PI3HUMH MeTOJaMH, SKi MO)KHA TOUIATH HA Bl TPYIIH:
OIliHKA, IO OCHOBaHa Ha JBOKPATHOMY TECTYBaHHI,
i omiHka, ska mnepeabayae OJHOKPATHE TECTYBaHHSI.
JlBopa3oBe TeCTyBaHHS IMPOBOIUTHCS 3a JOIIOMOIOIO
OJJHOTO ¥ TOro caMoro Tecty abo JABOX MapajelbHUX
TecTiB (puc. 1).

HagIMHOCTI  HaifyacTiie

Orrigka OynyeTbcs

Ha OOYHMCIeHHI Kopersumii MK JBOoMa Habopamu
pe3yNbTaTiB BHKOHAHHSA OJHOTO W TOTO CaMOro TeCTy
abo nBox mapanenbHuX (opMm. Y 1poMy pasi Jiorika
MipKyBaHb

IPYHTY€TbCS HAa TPHHIMII: IO BHIIA

KOPEJISAIist, TO OUThIIT HamidiHUM € TecT [19].
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Po3MmaiTTa XapakTepuCcTHK 1 MOKa3HUKIB HaIIHHOCTI
TECTy TaK caMo BEJIMKE, SIK 1 pO3MAiTTsl YMOB, IO MOXYTh

— perecToBa HaIiHHICTB:

pem

v =

BIUIMBAaTH HAa PE3ydbTaT TECTy, ajleé HaWIINPIIOTO

MPAKTUYHOTO 3aCTOCYBAHHA Ha6yJ'II/II

nZn:XzYz - iXi in
i=1 i=1 i=1

— HaIildHICTh mapaie’IbHuX GopM TecTy:

2(7‘ pacwy )

it (7

no pacwy
I+7,

— HamifHICTh YaCTHH TECTy — PO3IICIUICHHS
3aBIaHb TECTy Ha pIBHOIIIHHI [IOJIOBUHH € JIUIIE
YaCTKOBUM

BHUIIAJIKOM aHANi3y HAJIHHOCTI YacTHH

tecTy. JlilicHO, MOXJIHMBE pO3IICITICHHS Ha TpH,
4OTHpH ¥ Olnbllle YacTHH. Y TpaHUYHOMY BHIIAJIKY
KUIBKICTh TaKMX YacTHH JOPIBHIOE KUIBKOCTI MYHKTIB
tecty. Toni aHami3 HamiHOCTI, BIIACHE, CTA€ AHATI30M
pacu

BHYTPIIIHBO1 y3TOMKEHOCTi, A€ 7,

’ KOPETAIIist
MIX YaCTHHAMH TECTY.

Jus miHIMizamii TOXHOOK TECT Mae PO3pOONIATHCS
3a TMEBHUMHM MPaBWIaMH i NpoLeAypamu, II0, 30KpeMa,
nepen0avyaoTh IMEPeBipKy SKOCTI SIK CaMoOro TecTy,
TaK 1 HOro OKpeMHX 3aBJIaHb.

ToMy OIiHIOBaHHS SIKOCTi OCBITHIX TECTiB Tiependadae
3HAYHY KUIBKICTh IOBTOPIOBAaHUX KPOKIB 1 MOTpedye
YUMaINX MaTepiayIbHUX Ta IHTENEeKTyaJbHUX BUTpAT,
SKI BaXJIMBO 3BECTH 10 MIHIMyMy, a 1€, OC3yMOBHO,
BHU3HaYa€ HEOOXITHICTh aBTOMATH3AIII] IPOIIECY.

OCHOBHUM 3aBJIaHHSIM 3alPOIIOHOBAHOTO METOIY,
srinHo 3 [RT, € mepexim BiA IHIMKATOPHHUX 3MIHHHX
JI0 IPUXOBaHKX 3MiHHMX. [lepeniunmo nepesaru:

— BignoBimHO 10 craHmapty I[RT mepeTBOpeHO
BUKOHAaHI B

BUMIPIOBaHHS, 1110 IIMXOTOMIYHUX

1 TIOPSITKOBHX IIKalax, y JiHIHHI BHMIPIOBAaHHS, HOTIM

SKICHI ~ TOKa3HHKHA aHaTI3yIThCA 3a  JOMOMOTOMO
KIIbKICHMX METO/IB;

— Mipa BHMIpPIOBaHHsS [apaMeTpiB  MoJelei
€ JHIHHOI, MmO Ja€ 3MOTY BHKOPHCTOBYBaTH

HIMPOKUIA CHEKTP CTATHCTHYHUX MPOLERYp ISl aHAI3y
pe3ynbTaTiB BUMIPIOBaHb;

— iHBapiaHTHICTh 3aBIaHb. OIIHKA BaXKOCTI

TECTOBUX  3aBJaHb HE 3QJICGKHTh BiI  BHOIpKH

JIOCITI/PKYBaHHX, Ha SIKHX BOHA OyJia OTpUMaHa;

— 1iHBapiaHTHICTH 3MI0OHOCTEW: OIliHKA piBHA

HiIIFOTOBKI/I CTy,Z[eHTiB HC 3AJIC)KUTH B1Q

BUKOPUCTOBYBAHOI'O Ha60py TCCTOBHUX 3aBJaHb,

; (6)
n 2 n 2 n 2 n 2
o[ Sx] a0 ] «ofSx] S
i= i= i= i=
1 1 1 1
— HenoBHOTa iHpopMmamii (TPOMyCK  JAEsSKUX
KOMOIHAIi "cTyneHT —  TECTOBE 3aBIaHHs")

HE € KPUTUYHOIO.

IToxa3HWKM HATIHHOCTI TECTy MOXYTh ICTOTHO
3MIHIOBaTUCh Yy pa3i HEe3HaYHWX, Ha NEpIIUi IOTyIf,
Bapiamii  yMOB 3MiHH

TIPOBEACHHSA TECTyBaHH,

XapakTepy TECTOBHX 3aBJaHb, a TaKOX 3aJICXKHO
BiJIl CTYIE€HS BaXKKOCTI 3aB/IaHb I Cy0’€KTa HaBYaHHS.

Ha o3Haku HaIifHOCTI CYTTEBO BILTHBA€E XapakTep
BHOIpKH, IO BHUKOPHCTOBYETHCSA IUIA TIEPEBIPKU TECTY
3a TOKa3HWKaMu HajaidHocTi. OcoOmuBe 3HAYCHHS
TyT Ma€ Jiama3oH po30DKHOCTI B omiHkax. Tak, Ko
OLIHKM CTyJEHTa pPO3MIIIyBaTUMYTbCS y BIHOCHO
BY3bKOMY Jiala3oHi 3Ha4eHb 1 OymyTh ONM3bKi OnxHA
JIO OJTHOT, MOYKHA CITOJIIBATHCS, 1[0 ¥ IiJ] 4aC MOBTOPHOTO
JNOCTIKCHHS I OIIHKH TaKOX pPO3MIIIyBaTUMYTHCS
LIIJIBHOIO TOMOTEHHOI Tpymnoto. IMOBipHI  3MiHH
PAHTOBHX MiCIb OKpEMHX MiATOCTIIHUX OYyAyTh 30BHI
He3HauHUMH. KoedillieHT HagiifHOCTI y TakoMmy pasi
Oyne 3aBumieHui. Take came 3aBHINEHHA Koe(illi€HTIB
MOXK€ BUHUKHYTH TiJ 4Yac aHallizy HaJiifHOCTI,
10 TIPOBOIUTHCA HA MaTepialli BUOIpKH, sSTKa CKIaJaeThCs
3 KOHTPACTHUX TPYI, HANPUKIAT, 3 0Ci0, IO MAaIOTh
HaWBUINI Ta HAWHIKYI OMIHKK 3 TecTy. Toxi mi BigmameHi
OJIUH BiJl OJHOTO PE3yJbTaTH HE IMEPCKPUBATUMYTHCS
BUMAIKOBUMH YHHHUKAMH.

Ipusnavennss  cucmemu. Ha mnepmiomy erami
HEOOXIHO BH3HAYWTH LNl HABYAaHHSA, [0 IOHAIOTHCS

B TepMiHAX KOMIICTeHIINA. Jlami BaXJIMBO TPOBECTH

MMOYaTKOBE TECTyBaHHSA Cy0’€KTa HaBYaHHA, 00
BU3HAUUTH HOTro piBeHb. TecTyBaHHS IPYHTYETHCS
Ha BUKOPHCTaHHI BiJINIOBiTHOTO (hpeiMBOpKY,

IO 3a3BHYail PO3pOOINISETHCS eKcrepTaMu MpodeciiHuX
CHUIbHOT. TeMaThKa HaBYaJbHUX 1 TECTOBUX MaTepiais,
sKa BINOBITa€ KOMIICTCHIIISIM, TOIAEThCS y BHUIIIAII
KOTHITMBHUX KapT 1 Ja€ 3MOry BU3HAYMTH HEOOXiIHi
HAaBYANbHI ~ MarepiaJ Ha OCHOBI  3aCTOCYBaHHS
po3pobmenux wmopeneil. TecTyBaHHA Ta aXaNTHBHUMN
BHOip HaBYAJIBHUX OO €KTIB € NEPMAHEHTHUM HPOLIECOM

IUIS TOCSATHEHHS LiijIel HaBYaHHs.
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A

JIBomapameTpuIHa MOJIETh
Bipubayma

A

Mopneni IRT
TecTH 3 AMXOTOMIYHUMH Tectu 3 GararoBapiaHTHUMH
3aBIaHHIMH 3aBIaHHAMH
A
Graded Model
OpHOnapameTpuYHa
(GM)
Mojiens Pamra
y

HominanpHa Mozesn

Y

Partial Credit Model
(PCM)

TpunapameTpudHa Mojienb
Bipubayma

\J

Rating Scale Model
(RSM)

Puc. 2. Mogeni IRT

3aBmaHHsl peanmizalil 3alIpONOHOBAHUX METOJIB
OIIIHIOBAHHS SIKOCTI TECTIB i3 MEBHOI JWCHUILIIHA MAa€
OyTH YCHIIIHO pO3B’s3aHE CHOCOOOM aBTOMATH3AIlil
HeoOXimHuX s ii BupimeHHs mpoueciB. Po3poOieHe
nporpamMHe 3a0e3rnedeHHs Moxe OyTH BHKOpHCTaHE B
pOo3po0IeHHI BUKIaga4aMi HOPMATHBHO-OPi€HTOBAaHUX
TecTiB. BiAmoBiai Ha 3aBOaHHS TECTY MOXKYTh HaJAXOIUTH
JIO TIPOTPaMHOI CUCTEMH MICJISl TPOXOPKEHHS CTYICHTOM
TECTYBaHHs] B PEKHUMI PEabHOro yacy abo crocooom ix
nonaBaHHS 10 0Oa3m maHux. OOpoONEHHS pe3ynabTaTiB
nependavae PO3paxyHOK OIIHKH SIKOCTI Ta
IHTepIpeTaIif0 Ha0OpiB TECTOBUX 3aBIaHh Ha OCHOBI
BiAmoBineit cryzaeHtiB. I13 Moxke OyTH aBTOHOMHUM
MoayneM  abo

MporpaMHuUM KOMIIOHCHTOM, 1o

IHTErpYyEThCS 3 IiICUCTEMOIO BIpTYyaJbHOTO

PO3IIOIICHOTO HABYAILHOTO IPOTPAMHOTO PECypCy.

IIpukaan MoaeTI0BaHHS 3aBIaHHS OLIHIOBAHHSA
AIKOCTi KOMILJIEKCIiB TeCTOBHX 3aBIaHb

AJNTOpUTM  BHUpIMICHHA 3aBOaHHA mepeadadae
TaKi erarnu:
1. Pozpo0neHHs 3aBIaHb.
2. CTBOpeHHS TecTy.
3. TlpoBeneHHs MPOOHOTO TECTYBAHHS.
4. BuOpakoByBaHHS 1 KOpETyBaHHS TECTOBHUX

3aBIaHb.

5 Po3paxyHOK iHTEepKOpeIsliil 3aBaaHb.

6. Buyuennss abo mepepoOiieHHS 3aBIaHb i3
BHUCOKOIO OJTHOPITHICTIO.

7. TlpoBeneHHS TeCTyBaHHS 3a HOBUM TECTOM, Y
SIKOMY BCI 3aBJIaHHSI BIMOBIZIAI0Th YMOBAM SIKOCTI.

8. Po3paxyHOK BaJliIHOCTI TecCTy.

9. Po3paxyHOK HaIiiHOCTI TECTY.

10. [TpoBeneHHs TecTyBaHHS 3a SIKICHUM TECTOM.

Anroput™M BUOpaKOBYBaHHS TECTOBHX 3aBJlaHb
nepe0ayae Taki eTamnm:

1. TlepeBipka Ha HOPMAaJBHICTH PO3IOIUTY OaliB
3aBJIaHb.

2. BuinyueHHs THX 3aBIaHb, PO3MOJUI SKHX HE €
HOPMaJIbHUM.

3. PospaxyHok iHmuBimyamsHOro Oana cy0’ekTiB
HaBYaHHSI.

4 Po3paxyHOK CepeAHiX pe3yJabTaTiB CyMapHHUX
0aiiB Cy0’ €KTiB HABUAHHS.

5 Po3paxyHOK cepeiHix pe3ynbTaTiB Cy0 €KTIB
HaBYaHHS 3 KOXKHOTO 3aB/IaHHS.

6 PospaxyHOK Koe(imieHTa BaXKKOCTI 3aBJIaHHS.

7. Po3paxyHOK iHIEKCY BaXXKOCTi 3aBIAaHHA 3
OTJISIY HA BiJrajyBaHHs.

8 PospaxyHok  gmcmepcii  Ta  CTaHAAPTHOTO
BIJIXWJICHHS] CyMapHUX 0aiiB cy0’€KTiB HaBYaHHSI.
BIAXMIICHHS

9 Po3zpaxyHOK CTaHIapTHOTO

CyMapHHUX 0aJliB Cy0’ €KTiB HABUAHHS.
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10. Bunyuenns 3aBHaHb, IS SKUX KoedimieHT
BaXKKOCTI Oym3bKMii 10 1 abo 1o 0.

11 PozpaxyHox nuctepcii pe3yIbTaTiB
BUIIPOOYBAHHX 32 j-M 3aBJIaHHSM.
12. Po3paxyHOK CTaHAAPTHOTO BiIXWJICHHS

pe3yJbTaTiB BUIPOOYBAHMX 3 j-M 3aBIaHHIM.

13. BumyueHHS 3aBJjaHb i3 BUCOKOIO AHCIIEPCIETO.

14. Po3paxyHOK iHAEKCY BaKKOCTI 3aBJIaHb.

15. PozpaxyHoK KoedillieHTa AUCKPUMiHATHBHOCTI
3aBJaHHS Ta BWIYYCHHS 3aBIaHb, IS SIKUX OIliHKA
6mu3pka 1o 0,9 abo mo 0.

Po3pobnenns CUCTEMHU onucy OCHOBHHX
iHpopMaIiifHX 00’€KTiB Ta iX BIACTHBOCTEH A
KOHKpPETHOI TpeAMEeTHOI raimy3i — Oi3Hec-paBWiI —
L€ HacTyIHUH eTan

MPOEKTYBAaHHA IPOTPAMHOTO

3a0e3rneveHHs aHamizy HaOOpiB TECTOBHX 3aBIaHb.
CdopmynpoBaHo Taki Oi3Hec-TIpaBHiIa: KOXKEH CYyO €KT
TECTyBaHHs Ma€ YHIKaJbHUH ineHTU(IKATOp; KOXKHHH
TECT MO’KEe MaTH 0araTo 3alUTaHb; y KOXKHOMY 3allUTaHHI
MOKe OyTH OaraTo BimmoBimel; HEOOXiqHO, MO0 KOXHE
3aIUTaHHS Majo OJXHY INpaBWJIBbHY BiIIOBiIb; KOXHHUH
TECT MOXE BUKOPHCTOBYBATHCS B 0araThOX TECTYyBaHHSX;

KOJKHA BIJITOBIAh MA€ TEKCTOBHMH OITHC; KO)KHA ITOMHJIKOBA

Puc. 3. Jliarpama BUKOPHCTaHHS CHCTEMH BUKJIa[adeM

Hiarpama IOCJIiTOBHOCTI TS

"po3paxyHOK HaiiHOCTI"

MpELEICHTY
300pakeHa Ha puc. 4.
Po3pobnena pmiarpama KiaciB — CTaTW9YHE IIOJAaHHS
CTPYKTYpPH MOJETI — BigoOpakae CTaTHYHI CIIEMCHTH,
TaKl SK: KJIACH, TUIIM JaHUX, 1X 3MICT 1 BIHOILIEHHS.

BIIIOBITF MOXE KOPHTYBAaTUCh Ha BiAraayBaHHS,
JUISL KOXKHOTO Cy0’€KTa HaBYaHHS 3a TECTOM MOXKHA
po3paxyBaTH iHIWBIZyambHUH Oan; UII  KOXKHOTO
3aBJIaHHS TECTY MOXKHA OOYHMCINTH KOE(ilieHT BaXKKOCTI
3aBIAHHSI, I KOXXHOTO 3aBIaHHA TECTYy MOXKHA
OOYHCINTH IHIAEKC BaXXKOCTI 3aBHAHHS, OIS KOKHOTO
3aBIaHHS TECTY MOKHA OOYHCIIUTH TUCKPUMIHATHBHICTH;
JUIS  KOXKHOTO TECTYy MOXKHAa OOYHCIUTH HAIIHHICTh
3a 00paHMM METOAOM Ta 33 OIIHKOK EeKCIEpTiB,
y GopMyIti U1 pO3paxyHKY BalliJHOCTI TECTy OepeThes
cepenHe i-ro cy0’ekta HapuaHHS. OTXe, JIS KOXKHOTO
TECTY MOXHa OOYHCIUTH BaNliHICTb.

KopucryBauamu cucteMu € BHKIagad, CTYIEHT
Ta aaMiHicTpaTop. Buxmamad po3pobisie TecTH, BBOOUTD
pe3yJbTaTh TPOBENEHOT0 TECTYBaHHS, pO3PaxOBYE
OLIHKHA HAIIIHOCTI TECTiB Ta OIIIHKH 3HAaHb CTYACHTIB.
Cy0’ext HaBuaHHA (CTYJECHT) — BHUKOHABELb TECTY.
AIMiHICTpaTOp BiATIOBifa€e 3a PeECTpamiro KOPHCTYBadiB
i cynposig B/1.

OcHOBHI (YHKIIOHAJIbHI BAMOTH 1O MPOTPaMHOL
CHCTEMH 3 TOTJISI LY BUKJIaaay4a, CTY/IeHTa,
aZMiHICTpaTOpa TMOAaHI y BUIJLAAI [iarpaM BapiaHTIB

3acTtocyBaHHs (puc. 3).

Metoto peamizamii anTOpuUTMIB aHANi3y OaHHUX
(AnalysisServlet) € BupillIeHHs TiJ3a/adi, IO OB’ s3aHa
3 aHaJi30M TMOKAa3HWKIB TECTyBaHHSA I OTPHUMAaHHS
Ppe3yJbTaTiB.
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Puc. 4. Jliarpama mociiToBHOCTI

Jo ¢yHKuili KOMHOHEHTH "yNpaBiiHHS aHKETaMH'
HalleKaTh: TEperyisih CHHCKY pPO3POOJICHUX TECTiB;
PO3pOOIICHHS HOBUX TECTIB; peJlaryBaHHS 3MICTy TECTY.

Oyukiii  KoMOOHeHTH "30ip gaHMX — OHJAH"
nepen0avyaoTh: BiOOpaXEHHS TECTy; AaBTOMAaTHYHHUH
30ip JaHUX 3a JOMOMOTOI MOJEJICH MITyYHHX ArcHTIB;
30epesKeHHs BIIOBIAEH Ha TecT y 0a3i 1aHMX.

Jlo ¢yHKIIH KOMITOHSHTH "aHami3 JaHuX" HaJIeKUTh:
NIPOBEJICHHS aHaNi3y 3aB/aHb; aHaJ3 PO3NOAUTY OaiB;
pO3paxyHOK KoedillieHTa AUCKPHUMIHATUBHOCTI, 1HICKCY
BaXXKOCTI 3aBaHb, KOe(illieHTa BaXKKOCTI 3aBJIaHb.

KomronenTa "aHaii3 TecTy" MICTUThH Taki Mif3aadi:
pO3paxyHOK KoedillieHTa HamidHOCTI, KoedimieHTa
BaJIIJIHOCTI Ta IHTEpKOpesllii, 100y 10Ba ricrorpam.

PesynpraT  po3paxyHKiB ~ MaloThb  IIOKa3aTd
3HAYCHHS KOeQII[ieHTIB HamidHOCTI. BHCOKI 3HAaYCHHS
TaKuX KOe(QIIi€HTIB, OTPUMAaHMX YHACIJIOK PI3HUX
METOJIIB PO3PaxyHKIB HaJAIHHOCTI, CBIAYaTh MPO BHUCOKY
HaJIiHICTh PO3POOIIEHOTO METOY.

[loriMm BuKNa#gad Mae BH3HAYUTU PO3PAXYHOK
BaJIIZIHOCTI TECTY, /i€ BiH 0OMpaE 31 CIUCKY AUCLUILTIHY
i Tect, moTpiOHE TecTyBaHHSA Ta OOYHCIIOE BaJIiTHICTH
tecty. OTpuMaHO  JIOCTaTHBO  BUCOKI  3HA4YECHHS
KoedirieHTa BaIi HOCTI.

Hactymanit xpok peamizanii nependadae po3paxyHOK

SIKOCTI 3aBIaHb. BIigKpWBa€ThCS CTOPIHKA, Ha SKId

oOupaeTbcs JNUCHMIDIIHA ¥ TecT, MNOTPiOHUI BUA
TecTyBaHHS (TMPOMIKHE, MiJCYMKOBE TOIIO), HaOIp
3allNTaHb, 00YHUCIIOETHCS JUCKPUMIHATHBHICTh

i Koe(illlEHTH BAXKOCTI 3aBJaHb TECTYy, AHATI3y€EThCS
posmoain OaniB Ha OCHOBI PO3PaxOBaHHWX CTATHCTHK
JUTsl KOPETyBaHHS Ha BiJraJlyBaHHs Pe3y/IbTaTiB TECTYBaHHS
a00 1151 IEPBUHHUX PE3yJIbTaTIB TECTYBaHHS.

Po3pobuisieTbest TecT, y SKOMy Ha MEpUIoMy eTari
14 zanmranp. PesympraTH TeCcTyBaHHS, OTpHUMaHi
rpymoto 3 50 cTyzeHTiB, HaBeaeHi naii. bysio nmpoBeneHo
TECTyBaHHS (YHKIIOHAJIBHOCTI NPOrpPaMHUX pillICHB.
Tak, 3a IHIEKCOM BaXKKOCTI 3aBJaHb, CKOPEKTOBAaHMX
Ha BiJra/lyBaHHs;, HE OJTHE i3 3aB/IaHb HE BUITyYaTHUMETHCS
3 TECTYy.

AHai3 MOKa3HWKIB TUCKPUMIHATHBHOCTI 3aBIaHb —
KpUTHYHE  3HaueHHA  Koe(ilieHTa  AWCKpUMIHALIT
3HAXOJUTHCS 31 CTATUCTUYHUX Tabnuib. BoHO nopiBHIOE
0,28. Omke, BCi 3amUTaHHA [BOTO TECTy BaiIHI.
VYHacmigok 4oro HajiiiHICTE TecTy craHoBHTH 0,78545.
OTpuMaHi BHCOKI 3HAYCHHS HAIIMHOCTI, IO IOB’S3aHO
3 BUCOKOIO OJTHOPIHICTIO 3aIIMTaHb.

Awnanis MoJeleil

pe3yabpTaTiB  PO3POOIIEHIX

JIOBOJUTH, 1O s 5 % piBHSA 3HAYYIIOCTI 3HAWIEHO
KPUTHYHHMI piBeHb Koperiii, sikuii mopiBHioe 0,40.
Ile cBigunTh NMpo BHCOKWH piBEHb HAAIHHOCTI TECTY,

1110 BiZNOBiIa€ MOKAa3HUKAM SIKOCTI.
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BucHoBkH

Cepen ¢axTopis, sKi GopMyIOTh cuTyanito y cdepi
MEAaroriYHoro KOHTPOJIO, MO>KHA BH3HAYUTU OCHOBHHIT —
HEOOXiMHICTh  yNpOBa/UKEHHS B NPAKTHKYy OCBITH
KUTBKICHIX METOJIB OIHIOBAHHS 3HAaHb CTYICHTIB.
Mertonu imeHtudikamii Ta TMOMAHHS BIACTUBOCTEH
HA0OpiB TECTOBHUX 3aBIAaHb i3 BHKOPHUCTAHHSAM aireOpu
NpeANKaTiB MOXYTh OJHOMAHITHO TMOAATH 3HAHHI
Y BUIIAI PiBHSHB anreOpy MpeInKaTiB.

YupoBa/keHHsT KITbKICHUX METOJIB OIiHIOBAaHHS
HaOOpiB TECTOBHX 3aBIaHb Iependadae IMpaBHIIbHE
BU3HAUYCHHS LIEH KOHTPOJIIO, MpPEAMETa BHMipIOBaHHS
Ta BHOIp 3aco0iB  BHMipIOBaHHI. BuKopuCTaHHA
TIeIarOTiYHUX TECTIiB crpuse eQeKTUBHIN peamizalii BCix
(yHKIIT KOHTPOJIIO 3HAHB 1 BIANOBIIAE OCHOBHUM HOTO
NPUHIMIIAM Ta TMPHHIKIAM HOOYIOBH BipTYyaJbHOTO
PO3IOIIIEHOTO HABYAIILHOTO IPOCTOPY.

[legaroriuai TECTH BiIKPHBAIOTH IEPCIIEKTUBHI

HAIpsSMHU TIABUIICHHSA SKOCTI JUCTAHI[HHOI OCBITH

Cnucok Jitepatypu

3aBJSIKM  BIOCKOHAJICHHIO CHUCTEMH KOHTPOJIO Ta
MMOCHUJICHHS MOTHBAIi JO HaBYaHHS. 3 YIPOBAKCHHIM
CHCTEMH EJIEKTPOHHOTO TECTYBaHHS M0 MpoOJIeMy
BIAETHCS BUPIIINTH, KPIM TOTO, YHEMOJIIMBIIIOIOTHCS
HETaTUBHI CHTyallii, TMOB’s3aHi 3 HE00 €KTHBHICTIO
BukiamaviB. CTaTHCTHYHI METOAM BH3HAYCHHS PIBHS
3HaHP Ha OCHOBI TeCTiB HE MamTh IpodieM
Cy0’€KTHBI3MY €KCIIEPTHOTO OIIHIOBAaHHs, ajic MOB’sI3aHi
3 TIEBHOIO TIOXMOKOIO BUMIpIOBaHb. TOMY MUTAHHS MO0
pO3pOOJICHHS  HOBHX  METOJIB  IHTEIEKTYyaJlbHOIO
OILIHIOBAaHHS SAKOCTI TaKWX BUMIPIOBaHb, IO MiCTATh
OLIHKM HaIifHOCTI Ta BaJIiAHOCTI HAOOPIB TECTOBUX
3aBJIaHb, € AKTYaITbHUM.

Y  po6oTi pO3rALHYTO MHUTaHHA (opmaizarii
OILIHIOBAaHHS TECTIB, aHANi3y BHUMOT JO MPOTPAMHOTO
3a0e3Me4YeHHs TECTOBOi  ITJACUCTEMH  BIPTYaJIbHOTO
PO3MOAINIEHOTO HAaBYAIBHOTO CEpPEIOBHINA, PO3POOICHHS
MPOTPAMHOTO 3a0e3MeueHHs IS PO3B’s3aHHs  3a7adi

OIIIHIOBAHHS SIKOCTI TECTIB.
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STEGANOGRAPHIC METHOD OF ACOUSTIC INFORMATION PROTECTION
IN CRITICAL APPLICATIONS SYSTEMS

The subject of the study is the process of protecting acoustic information in critical computer systems to ensure the required level
of system security. The purpose of the article is to study the method of protecting acoustic information in critical computer
systems by means of masking to ensure the impossibility of unauthorized access to the system. The paper outlines the
following tasks: to analyze the software and hardware masking of speech; to study the masking of speech messages in order
to introduce unrecognizability; to consider the features of speech message compression; to investigate methods of covert
transmission of acoustic information. The results of the work, which were obtained using mathematical methods of information
transformation in computer systems, are potentially possible methods of masking speech messages to ensure the impossibility
of unauthorized access to the system. The analysis of the functioning of the proposed methods made it possible to formulate
specific conclusions. The research has shown that the use of direct expansion of the spectrum of discrete signals for
steganographic purposes helps to covertly embed information messages in still images. The task of extracting a message
on the receiving side of a steganography system is equivalent to the task of detecting information from a mixture of a useful signal
and an interference in a broadband communication system. The research revealed certain disadvantages of steganographic systems
with an expanded spectrum of discrete signals: the probability of correct extraction of embedded data depends on the amount of
distortion introduced, which depends on the provided bandwidth of the steganographic channel. Further research is desirable to
analyze the possible use of methods for synthesizing large ensembles of quasi-orthogonal discrete signals with improved ensemble,

structural, and correlation properties to ensure higher security of acoustic channels in computer systems for critical applications.

Keywords: acoustic information; technical protection; cryptographic protection; steganographic (steganophonic) protection;

modification; computer system languages.

Introduction

Protecting acoustic (speech) information is one of
the most important tasks in the overall set of measures to
ensure the information security of an object or institution.

The unique features of speech information (SI)
circulating in closed rooms and outside them: a large
volume and speed of exchange, high confidentiality of
some messages, the ability to identify the person making
the message, and even the ability to determine the
personal attitude to the information being voiced and to
draw up his or her psychological portrait determine the
relevance and extreme importance of solving the problem
of protecting confidential speech information (CSI).
Despite the growing role of automated information
systems, speech information still plays a key role in
information traffic (up to 80% of the total information
flow) [1, 2]. This is especially important now, in the
context of Russia's military aggression. Therefore, in
recent years, more and more attention has been paid to
ensuring the security of acoustic information. On the one
hand, this is due to the high polyinformativeness of
acoustic information. On the other hand, it is due to the
variety of information threats to acoustic (speech)
information and the peculiarities of their development

and implementation scenarios. All of this is reflected in
a wide variety of modern methods, algorithms, software
and hardware for protecting acoustic information from
unauthorized access. The main directions of acoustic
information protection are considered to be technical,
cryptographic and steganographic (steganophonic) protection.

In a separate section, we consider the issue of
protecting acoustic information by masking acoustic
information based on modern computer technologies.
In recent years, this area has been gaining more and
more practical interest among software manufacturers.
In order to provide basic security services for audio
signals, complex software systems are being created,
new methods for receiving, transmitting, processing, and
presenting audio signals are being developed and used.
Therefore, this article is devoted to the analysis of
methods for protecting acoustic information existing
in modern information systems of critical applications to
ensure a higher level of security of such systems.

Literature review

Threats to speech information are usually realized

by technical leakage channels, namely: acoustic,

acoustic-vibration (vibroacoustic), acousto-optoelectronic
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(laser  acoustic), acoustoelectric,  videoacoustic,
high-frequency imposition. These channels can use
a wide range of portable technical reconnaissance
equipment [3, 4]:

— portable sound recording equipment (small-sized
voice recorders, tape recorders and microphone-based
recording devices)

— electronic stethoscopes;

— electronic devices for intercepting speech
information (embedded devices) with microphone
and contact type sensors with the transmission of
intercepted information via radio, optical (in the infrared
wavelength range) and ultrasonic channels, power supply
network, telephone lines, connecting lines of auxiliary
digital circuitry);

— technical means or special lines;

— optoelectronic acoustic systems, etc.

The main technical methods of protecting speech
information today are:
which

time and combined

— information concealment, involves

technical closure (frequency,
analog scrambling);

— energy concealment, which is carried out by
means of sound insulation, sound absorption, jamming
in the premises (spatial jamming) and jamming of
the functional communication channel with interference
that masks speech signals (linear jamming);

— cryptographic based on the

discretization of speech information with subsequent

concealment

encryption and reverse conversion to an analog signal
or digital transmission over a communication channel;

— vocoder protection of speech information.

The study of steganographic concealment of speech
which
can also be realized after cryptographic transformations,

information in data transmission channels,
is of interest.

Recently, both developers and consumers of
semantic protection of acoustic information have been
observing an increasingly steady trend towards the use of
new computer technologies for ensuring the security of
speech communications without the use of classical
cryptographic methods. In this regard, computer-based
technologies for masking acoustic information are
becoming increasingly attractive. However, one should
not forget about cryptographic methods of protecting
acoustic information, in particular: instantaneous
cryptanalysis of GSM with only ciphertext [5]; real-time
cryptanalysis of the assumed A5 stream cipher [6, 7];

cryptanalysis of anomalous behavior of a computer

system [8]; crypto-resistant methods and random number
generators in Internet of Things (IoT) devices [9].

The aim of the article is to analyze the methods
of protecting acoustic information in computer systems
of critical applications by means of masking to ensure
the impossibility of unauthorized access to the system:

— to achieve this goal, the following tasks need
to be performed:

— analyze software and hardware speech masking;

— to investigate the masking of speech messages
in order to introduce unrecognizability;

— analyze the features of speech message
compression;

— to investigate methods of covert transmission

of acoustic information.

1. Spectrum expansion methods to improve
the efficiency of discrete message transmission

In today's discrete message transmission systems,
two methods of spectrum expansion are used:

— pseudo-random Frequency Hopping Spread
Spectrum method (FHSS). Its essence lies in the periodic
jump-like change of frequency, which is carried by
a certain algorithm to a known receiver and transmitter.
The advantage of this method is its simplicity of
implementation; it is used in Bluetooth;

— Direct Sequence Spread Spectrum (DSSS) method.
It is more efficient than the FHSS method, but more
difficult to implement. The essence of the method
is to increase the modulation clock frequency, in
which case each symbol of the transmitted message
corresponds to a sufficiently long pseudo-random
sequence (PRS). The method is used in systems such as
CDMA and IEEE 802.11.

Expanding the spectrum by pseudo-randomly
tuning the operating frequency. In order to prevent
radio communication from being intercepted or jammed
by narrowband noise, it was proposed to transmit
with a constant change of carrier within a wide frequency
range. As a result, the signal power was distributed
over the entire range, and listening to a particular
frequency produced only a small amount of noise.
The sequence of carrier frequencies was pseudo-random,
known only to the transmitter and receiver. Attempting
to jam the signal in a narrow range also did not degrade
the signal too much, since only a small part of the
information was jammed. The idea of this method
is illustrated in Fig. 1.
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During a fixed time interval, transmission is carried
out on a constant carrier frequency. At each carrier
frequency, standard modulation techniques such as FSK
or PSK are used to transmit discrete information. In order
for the receiver to synchronize with the transmitter,
synchronization tones are transmitted for a period of time
to mark the beginning of each transmission period.
Consequently, the useful rate of this coding method is
lower due to the constant synchronization overhead.

'y
Frequency

The carrier frequency varies according to the
produced by the
pseudorandom number algorithm. The pseudorandom

frequency subchannel numbers
sequence depends on a certain parameter called the initial
number. If the receiver and the transmitter know the
algorithm and the value of the initial number, they change
frequencies in the same sequence, which is called the

pseudorandom frequency hopping sequence.
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Fig. 1. Spectrum expansion by frequency hopping tuning

FHSS methods are used in [EEE 802.11 and
Bluetooth wireless technologies. In FHSS, the approach
to using the frequency range is not the same as in other
coding methods — instead of economically using a narrow
band, an attempt is made to occupy the entire available
range. At first glance, this does not seem very efficient,
since only one channel is operating in the band
at any given time. However, the latter statement
is not always true — spread spectrum codes can also
be used to multiplex multiple channels over a wide
range. In particular, FHSS methods make it possible to
organize the simultaneous operation of several channels
by selecting such pseudo-random sequences for each
channel so that at any given time each channel operates
at its own frequency (of course, this can only be done
if the number of channels does not exceed the number
of frequency subchannels).

Spectrum expansion using the direct sequence
method. The direct sequential spread spectrum method
also uses the entire frequency range allocated for
one communication line. Unlike the FHSS method,
the entire frequency range is occupied not by constantly
switching from frequency to frequency, but by replacing
each bit of information with N bits, so that the signal
transmission rate increases by N times. This means that

F'_|- F_l- F-l- F] - F = F,_:- F-"\- FH- F_.:- Ff_;- FT

the signal spectrum is also expanded by a factor of N.
It is enough to choose the appropriate data rate and N
value so that the signal spectrum fills the entire range.

To transmit data in a broadband communication

+1
system, an information signal x(¢) ={ . is modulated

by multiplying it by an expansion coded signal
g(t)=®,e® - a pseudo-random sequence of the

above-mentioned ensembles of discrete signals. Since
the code signal is similar to noise in its statistical
properties, the resulting expanded signal

v (1) =y(t)+e(r) (1)
In the process of receiving in the demodulator, the

received signal y (7)=y(¢)+e(t) as a mixture of the
transmitted sequence y(r) and events in the error
channel e(t) is multiplied by a synchronized copy of the

expanded signal g(t). In other words, the correlation

coefficient is calculated on the receiving side, the value
of which determines the decision-making rule:

Py (08 ()=2Sx(m2, + S e, @
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differ slightly from the noise in the communication
channel, which makes it possible to carry out covert
transmission.

Due to the pseudo-randomness of @,, used
as g(t), he second terms in the right-hand side of the

equation can be neglected (the number of "+1" is

approximately equal to the number of "—1"), i.e.
2

(5 (0)£(0) = r(0).(1)) ()1 3,() =+(0).

that is, the value of the information signal on the
receiving side is determined according to the expression

_ +1,ifp(y' (t),g(t)) ~+1;
—l,ifp(y' (t),g(t)) ~—1,

where the " =" sign implies the presence of errors caused

4)

by natural or intentional interference in the
communication channel.
The block diagram of the information transmission

path using direct spectrum expansion is shown in Fig. 2.
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' !
| ' ! !
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Communication
() channel | y())=y(9)+e(t)

Fig. 2. Block diagram of the information transmission track using direct spectrum expansion

Suppose that the time interval of the unmodulated

signal  x(#) is equal to 7, and its frequency,

respectively, is F (x(t)):l/T . Transmission of

a modulated signal y(¢f) with the same time

interval 7 will lead to a broadening of the frequency

spectrum of the transmitted signal proportional
to the number of elements of the pseudorandom
proportional to the

sequence, i.e., length »n:

F(y(1))= n% =nF(x(t)). However, the use of direct

expansion of the transmitted signal spectrum ensures
the simultaneous transmission of many other information
signals in the same frequency band. This follows from
the  mutual

orthogonality  (quasi-orthogonality)

of the used ensembles of discrete signals. Indeed,

if an additive mixture Z y,(#) of several modulated
!

signals is received at the receiving end, then
the calculation of the correlation coefficient will give

the following:

ZOANNIOIEES 3 SGEIC R

But all the sequences in the set have a low value
of mutual correlation, i.e., under the condition (#i
we have (for orthogonal signals we have the equality
p(®,,®,)=0. So, all the terms if (=i, on the right

side of equality (5) can be neglected. Hence, in the
presence of a discrete signal in the additive mixture,
we have expression (3) and the corresponding
decision-making rule (4).

The purpose of DSSS coding is the same as that of
FHSS: to increase immunity to interference. Narrowband
interference will distort only certain frequencies of the
signal spectrum, so that the receiver is more likely to
correctly recognize the transmitted information.

A code that replaces a binary unit of the original
information is called an expansion sequence, and each bit
of such a sequence is called a chip (elementary signal).
Accordingly, the transmission rate of the resulting code is
called the chip rate. The binary zero is encoded by the
inverse value of the expansion sequence. Receivers need
to know the expansion sequence used by the transmitter
to understand the information being transmitted.

The number of bits in the expansion sequence

determines the expansion factor of the original code.
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As with FHSS, any type of modulation, such as BFSK,
can be used to encode the bits of the resulting code.

The higher the expansion factor, the wider the
spectrum of the resulting signal and the higher the degree
of interference suppression. But in this case, the spectrum
range occupied by the channel increases. Usually,
the expansion factor has a value from 10 to 100.

Let's list some of the properties of signals with
direct spectrum expansion that are most important
from the point of view of organizing multiple access
in communication systems with mobile objects.

1. Multiple access. If several subscribers use the
transmission channel at the same time, then there are
several signals with direct spectrum expansion in the
channel at the same time. The receiver of a particular
subscriber's signal performs the opposite operation —
convolution of this subscriber's signal by using the same
pseudo-random signal that was used in the transmitter
of this subscriber. This operation concentrates the power
of the received broadband signal back into a narrow
frequency band equal to the spectral width of the
information symbols. If the mutual correlation function
between the pseudo-random signals of this subscriber and
other subscribers is sufficiently small, then in the process
of coherent reception, only a small fraction of the power
of the signals of other subscribers will fall into the
information band of the subscriber's receiver. The signal
of a particular subscriber will be received correctly.

2. Multiple beam interference. If the pseudorandom
signal used to expand the spectrum has a perfect
autocorrelation function whose value outside the

interval [—z,,+ 1,] is zero, and if the received signal and

a copy of this signal in another beam are shifted in time
by more than 2¢,, then, subject to signal convolution,

its copy can be considered as interference that adds only
a small fraction of power to the information band.

3. Narrowband interference. In the case of coherent
reception, the received signal is multiplied in the receiver
by a copy of the pseudorandom signal used to expand
the spectrum in the transmitter. Thus, the receiver will
perform a narrowband interference spectrum expansion
operation similar to the one performed with the
information signal in the transmitter. Consequently,
the spectrum of the narrowband interference in the
receiver will be expanded by a factor of B, where B
is the expansion factor, so that only a small fraction
of the interfering power, B times less than the
original interfering power, will be transmitted to the
information band.

4. Interception probability. Since a direct spread
spectrum signal occupies the entire frequency band of the
system during the entire transmission time, its radiated
power per 1 Hz of the band will be very small. Therefore,
detecting such a signal is a very difficult task.

Therefore, a promising direction in the development
of modern broadband communication systems with
direct spectrum expansion is the development and
research of methods for synthesizing large ensembles
of quasi-orthogonal discrete signals with improved
ensemble, structural, and correlation properties.

The considered approach to the organization of
digital jamming communication channels was applied
in the construction of steganographic methods of
information  protection. For example, spectrum
expansion by direct sequence was used to create
a steganographic method for embedding information
in still images. Let's consider one of the variants
of this method implementation, authored by J. Smith

and W. Comiskey [10]. We will study its effectiveness

in terms of the provided throughput of the
steganographic communication channel and the
achieved resistance to unauthorized extraction of

information messages.

2. Direct spectrum expansion in steganography

In the Smith-Comiskey method, as in the direct

spread spectrum communication systems discussed
above, an information message is bitwise modulated
by multiplying it by an ensemble of orthogonal
signals. The modulated message is then embedded
in a container — a still image.

Let wus introduce some conventions and
mathematical relations, which, by analogy with the
broadband digital communication systems discussed
will allow wus to the features of

above, study

construction and information exchange in
a steganosystem [11-13].

Let us represent the information message m, to be
embedded in a digital image container in the form of

blocks m, of equal length, i.e. m=(my,m,,....my_),
where each block m, is a sequence (vector) of n bits:
m, = (m,.0 NN )

We consider an image container as a set of data C
of dimension Kx[L divided into subblocks of size
kxI=n. The elements of the array C can be, for
example, raster data of the image used.
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The secret key data is a set of basic functions
Key =@ ={D,,D,.., D, },
where all basic functions @, = (¢lo NN ) — mutually

orthogonal discrete signals with a length equal to the
message block # size, that is, for any i, j [0,...,M —1]
equality m, is fulfilled

1! +1, if i=j;
p(@ia@/‘) = ;Zoq)ichjz = {_1

A formal

if i#j.
graphical representation of the
information message, image container, and key data
is shown in Fig. 3.

The purpose of steganographic information
transformation is to embed each individual message block
m; in the corresponding block of the image container.

The data block of a digital image with the

. . . L
dimension of KxL elements can contain K x— blocks

n

of an information message, i.e., up to K x L bits.
The division of the container into blocks can be
arbitrary, but as practice shows, the most appropriate

(smaller numerical spread of wvalues in a block,
as opposed to a one-dimensional representation) is the
two-dimensional division shown in Fig. 3. As the key

data (an array of basis functions Key =®), we use the

above-mentioned ensembles of orthogonal discrete
Walsh—-Hadamard signals.
The embedding of the

is carried out as

information message
follows. Each message block

m . Jj = 0,..,n—1 is mapped to a separate block of the

image container. All information bits of the block
m, ,j=0,..,n—1 are represented as an information signal
+1, m, =1,

1 and modulated by an expansion
-1, m =

code signal (basis functions), i.e. PRS @, e ®.

Thus, a modulated information signal is generated
for each information block:

n-1 n-1
EW=55m (o, . ©
j=0 z=0
The received message block E, is pixel-by-pixel

summed with the container subblock.

. |HI;| ‘m_.-.-_,u

m =‘ Mg | M
Vi m;=‘ Mo | m | ‘m,-.._,.‘
N=K-Lin
Key =| @ | @ | . | 0 [
LT I V7 T T (R - s
@ | @ | o | o D s
':P.li-' (Pm @.l— @Jn I
______ ———
. Caxet |!
! 1
! |
[ Crpy I
L 1
T 1
1. |
! 1
[
1
I (Crsxi |)
===
! e |1
' Crus |
T 1
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[ 1
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! 1

Fig. 3. Formal representation of the information message, image container, and key data
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Let's designate the container blocks as follows (see Figure 3):

Co,0 Coi - Cop Cok Coks1 = Coou-i Croimik—k-1 Croi-tk—k -+ Croimik-

C Clo Cii o Cipa C = Cii Ciiet = Cropa c. - Crik—k-1 Crik—k Croik-1
0= » L = s oo Ly =

Crao Coag o Crog Coak Crgnr o Crogok Cr kK1 Crakst - Craka

The corresponding modulated information signals

E,(t) are presented in the form of a two-dimensional

data array:
E, E, E,
E = * - e ,i=0,..,N-1.
U0 k=1)k+l=n—k+1 U em1) k=1 )k 2=n—k+2 o U e k=1)=n—1
Then the steganogram (filled container) is formed Then we have:
by combining data arrays S,, i=0,..,N-1: ]
p(S.®)~G-E @, =G> m (1) d, . (9
S, =C+E xG, (7) =0 20

where G>0 — gain of the expansion signal, which By analogy with (8), we note that all sequences

sets the "energy" of the embedded bits of the
information sequence. {# j we have p(CD,.,(D j): 0. Consequently, all terms

Thus, a filled container§ is generated from the on the right-hand side of equation (9) can be neglected
formed blocks S[ , i=0,.,N—-1 by combining them, if {# j.Hence, we have:

from the set @ are mutually orthogonal, i.e., provided

as shown in Fig. 3, for the initial (empty) container C .
At the stage of data construction, it is not necessary

p(S.®,)~Gm, (t)%i(q)fr ) =G-m, (¢). (10)

to have information about the primary container C. According to the rule of useful signal extraction:

The decoding operation consists in recovering the hidden " i polarity > 0;
message by projecting each block §,, of the obtained x(t): "0 if polarity <O (11)
steganoimage S onto all the basic functions @, € @, external signal, if polarity =0,

i=0,..,N-1. To do this, each block S, is represented values m, (t) can be easily recovered using the sign

as a vector S, :<S,~OaS,~,>-~-an,,,,)’ i=0,..,N-1I. function ( polarity — the polarity of the peak of the
To extract the j-th bit of the message from the correlation function).
i -th block of the steganomagnetic image, it is necessary Since G>0 and n>0 the sign p(S,.,(Dj) in (10)

to calculate the correlation coefficient between @ ; depends only on m, ( t).Hence we have:

and the received block S, (represented as a vector): )
-1, if p(S,.®@,)<0;

n-l n-1 n-1
'O(Sf’q)J'):%;S&(DA :G'%;E@‘D/I +%;C@®/: > B () =sign(p(S,@,))=1{+1 if p(S,®,)>0; (12)
where C, — is a one-dimensional array, i.e., the ?, if P(qu)j)zo-
corresponding block of the container, represented If ,0( S,.,d)j):O at (10) we assume that the
as a vector.

Let's assume that the array has a random statistical embedded information has been lost.

structure, i.e., the second term on the right-hand side A block diagram of embedding information in

. . . an image container using direct spectrum expansion
of expression (8) is close to zero and can be ignored. & & P P

for covert message transmission is shown in Fig. 4.
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Fig. 4 shows that the process of embedding
information messages for covert transmission is very
similar to the process of expanding the spectrum of
discrete signals in communication systems (see Fig. 2).
The element-by-element assembly of a modulated

message E(t) with an image container C(r) should be
interpreted as the imposition of errors e(¢) on the useful
signal in the communication channel y(¢). The task of

constructing a message m(¢) from S(¢) at the receiving

detecting mixture of a useful and

x(2)

an interference y (1) =y()+e(r)

signal
in a broadband

communication is, the considered

steganosystem inherits all the advantages of broadband

system. That

communication systems: resistance to unauthorized

extraction of embedded messages (analogous to
concealment in a communication system), resistance
to destruction or modification of embedded messages

(analogous to interference protection), resistance to

imposing false messages (analogous to imitation
side of the steganosystem is equivalent to the task of  registance in a communication system).
T T T T T T T T T ——1 | — e D = — —
: Information || ! Decision  |[7(#] Information |
| source | | device | receiver ||
[ | ' A |
| | | P(S(1), V(1) i
|
[ PRS | ' [
! | | Adder !
! Generator | | |
! I
| ' | | |
{| Containers ! Enemy | PRS !
'|__source | . | Generator _|!
T e | ' N .. ]
Transmitting side | | _______Receiving sida
Communication
S(1) channel
Fig. 4. Block diagram of embedding information in an image container for covert messaging
Thus, the use of direct expansion of the spectrum of 2. Key data volume (in bits)
discrete signals makes it possible to embed information in (e = log, (l Key') , (14)

still images for covert transmission and thus implement
steganographic information protection.

3. Evaluating the effectiveness of the steganosystem

The effectiveness of a technical system is broadly
understood as the correspondence of the result of
a certain operation to the required parameter. In this case,
the technical system is a means of implementing the
operation under study [14, 15].

In accordance with this process, a steganographic
system is a technical means of implementing an operation
the fact
transmission from the enemy. So, taking into account

aimed at hiding of covert information
the functional purpose of the steganographic system,
we will introduce performance indicators.

1. Bandwidth is the ratio of the volume ¥V of
information embedded in the container to the total
volume of the container D

0=V/D. (13)

where |Key‘ — power of the key data set.

3. The
will be evaluated as the inverse of the power of the set of

strength of a steganographic method

secret key data. It can be interpreted as a probabilistic
indicator of the selection of a secret key:

W =1/|Key| =27 . (15)

4. The amount of distortion added as a percentage of
the arithmetic mean of all absolute values of the container
data A -changes to the maximum possible value A__ :

max

A 100 &
[=—2-100= ———- Y|, 16
A D;I s (16)

max max :
where A, — A -changes of the i -th container element.

5. Probability of erroneous construction of message
information data

-V
ou (17)

D—x >
D

out D—x

P =Ilim Vo =1-lim
D

where V

out

— is the amount of falsely constructed data.
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Using (13)—(17), let us evaluate the effectiveness
of the considered steganographic method of information
protection.

1. Bandwidth capacity. For each »n-element

block S, of the filled container (steganogram), there
is a n-bit vector of the embedded message m,.
Thus, Q=1/B, where B is the amount of data per
element of the container. To embed an image in raster
data (color model R, G, B) with 8-bit encoding of
each color, we have B=8 and 0 =1/8.

2. Key data volume. The key data is an ensemble
of discrete signals formed by the rows of the Hadamard
matrix of order n. Thus, the set of key data should be
understood as a set of different (non-isomorphic)
Hadamard matrices, each of which represents
an ensemble of discrete signals.

The given power estimates M, give an estimate of
the number of Walsh—-Hadamard ensembles of discrete
signals, i.e., an estimate of the power of non-equivalent
keys of a quilted system. Thus, the amount of key data
is estimated as /,,, =log, (M, ).

3. Probability of

W:(MA)_]

selecting a secret key

4. To estimate the amount of distortion being
introduced, let's use expression (16). The second term
on the right-hand side of (16) determines the magnitude
of the A-changes in the container data elements.
The multiplier E; is formed by summing the discrete

signals (which take the value +1) with the corresponding
polarities (given by m; () ). Thus, all E, elements will

take values in the range [-n,..,+n], and the

corresponding A -changes of the container elements

will not exceed |A|<n-G .. Hence, we have an upper
bound on the value of the added distortion:

A .
IzAi.loosﬂ.loo. (18)

To embed into raster data an image (R, G, B color
model) with 8-bit encoding of each color and using
discrete signals n =256, even with the added distortion
G =1, can reach 100%. It is possible to reduce the added
distortion by decreasing the number of embedded data
bits m which will inevitably lead to a decrease in the

bandwidth of the steganographic communication channel.
5. Probability of erroneous extraction. The
information message extraction, as well as in the case

of the organization of anti-jamming communication
(see (7)—(12)), is carried out by the correlation method
(see (13)—(17)). Therefore, the extraction error will

occur if the sign of the correlation coefficient p(S,.,d) j)

in the expression (17) is changed.
The coefficient p(Sl. ,CDJ.) is expressed as:
p(S.®,)=p(C+E-G.®,)=p(C.®)+p(E-G.®,).
The last term does not change the sign of
p(Sl.,(Dj) , event p(S,.,(Dj) = p(E,. -G,tI)j) corresponds
to error-free message retrieval (see (11), (12)).

Thus, an error in extracting the message information

bit m, will occur if the event happens
lo(C.@,)|> plE G0 | =|G-m |-G, (19

that is, when the absolute value of the correlation

coefficient used to embed a bit m; of a discrete signal

@, in the block of the container C; in which this bit is

embedded exceeds the amplification coefficient G .

So, we write:
P, =P(|p(C 0, )>G),
where P(x) — the probability of a random event x

occurring.

In other words, the correct extraction of

an embedded message is a random event, the

probability P, , of which is directly related to the

statistical properties of the image container used.
To extract the message correctly

})(*r :O’I)er.ﬁ :l_})er :l’ (20)
for error-free message extraction, it is necessary to strive
for mutual orthogonality of separate image fragments C,
and to use discrete signals @ ; as secret keys.

In this case, the event
p(C@,)|=0<G

is valid for every i =0,..., N —1 and is executed (20).

At the same time, experimental studies have
shown that the correlation coefficient is usually much

higher than zero |p(Ci,CI) ; )| >>0 and the event (19)

occurs very often. The fact is that the elements of discrete

+1
signals @, e® take the value of { x and the

corresponding  normalized  correlation  coefficient

p(CDl.,CDj) in absolute value does not exceed the
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length n of the sequence and lies in the range of [0, ...,1]
, from which condition (20) actually follows.
However, the elements of the container take

values from a numeric field [0,...,Y ], which

dimensionality is set by the way the image data is
encoded. For example, when embedding information
in raster image data (R, G, B color model) with 8-bit

encoding of each color, the corresponding C; values take
on the range of integers [0,...,255]. That is, the absolute
value normalized with respect to the »n correlation

coefficient ‘p(Ci,d)j)

will lie in the range of [0,...,Y],

and for the error-free extraction of all bits of the
message (20), the condition G > Y must be met.

As studies have shown, an increase of G leads
to an inevitable increase in the value of the added
distortion (19). Under the 1>2.3%
(the threshold of human visual sensitivity), they become

condition
noticeable to an outside observer, which compromises
the steganochannel and makes it impossible to use the

considered steganosystem.

Conclusions

Thus, in the course of research, the contradictions
underlying the development and use of steganographic
systems with an expanded range of discrete signals
were revealed:

— the probability of correct extraction of embedded
data P, , directly depends on the amount of added

distortion [ ;

— the amount of added distortion [/, directly
depends on the amount of embedded data bits, i.e.
on the bandwidth of steganochannel Q ;

— probability of correct extraction of embedded

data P

> directly depends on the statistical properties

of the image container used.
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CTETAHOTPA®IYHUMN METO/I 3AXUCTY AKYCTUYHOI IH®OPMAIIII
B CUCTEMAX KPUTHYHOI'O 3ACTOCYBAHHS

IIpenver HOCTiKEHHA — TMPOIEC 3aXUCTy AaKyCTUYHOi iH(OpMalii B KOMITIOTEPHHX CHCTEMax KPUTHYHOTO 3aCTOCYBaHHS
JUIsl 3a0e3redeHHsT HeoOXiMHOro piBHA Oe3nekd cucrteMu. MeTol0 CTAaTTi € BHBUCHHS METOAY 3aXHCTy aKyCTHYHOI iH(popmarii
B KOMIT IOTEPHHX CHCTEMaX KPHTHYHOTO 3aCTOCYBaHHS 3a JJOIIOMOTOI0 MacKyBaHHS Ui 3a0e3MedeHHsT HEMOXIIMBOCTI HECAHKI[IHHOTO
JOCTYIy A0 CHCTeMH. Y poOOTi OKpECIeHO TakKi 3aBJaHHS: NMPOAHAII3yBaTH INPOTPAMHO-TEXHIYHE MAcKyBaHHS MOBH; IOCIiTHTH
MacKyBaHHS MOBHHUX IOBIIOMJICHb 3 METOIO BBEJICHHS HEBIMI3HAHHS, PO3MVIHYTH OCOOJHMBOCTI CTHCHEHHS MOBHHX MOBiJOMIICHB;
JOCTIZITH METOJM TIPUXOBAHOI Iiepenadi akycTnuHoi iHdopmamii. 3acTocoBaHO MaTeMaTH4HI METOAM IIEPETBOPEHHS iH(popMarii
y KOMITIOTepHHX cHcTeMax. Pe3yJbTaToM Ppo0OTH € TIOTEHIIHHO MOXIMBI METOIM MAacKyBaHHS MOBHHX IIOBIJIOMJIEHb
IUIS YHEMOJKITUBIICHHS] HECAHKIIMHOTO JIOCTYITy A0 CHCTeMH. AHai3 (QyHKIIIIOBaHHS 3alPOIIOHOBAaHMX METOMIB /IaB 3MOTy CPOpMyBaTH
KOHKPETHI BHMCHOBKH. JIOCTi/UKEHHS TMOKa3aiM, M0 BHUKOPHCTAHHS B CTEraHOTpa(iuHMX IUISX MPSIMOTrO PO3IIMPEHHS CIEKTpa
JMCKPETHUX CHTHAJTIB JOTIOMAarae 3JIHCHUTH TpHUXOBaHe BOYZOBYBaHHS iH(QOpPMALIifHUX ITOBIIOMIICHb Yy HEPyXOMi 300paKEeHHS.
3aBmaHHA HOOYBAaHHS ITOBINOMIICHHS Ha NPHHAMAIBHIM CTOPOHI CTETAHOCHCTEMH EKBIBAJICHTHE 3aBJAHHIO BHUSBICHHS iH(opmamil
i3 CyMiIlli KOPUCHOTO CHTHAY W MEpPEeNIKOAW B MIMPOKOCMYTOBIH CHCTEMi 3B’SI3Ky. Y Mpoleci AOCTIKEHb BUSBICHI NEBHI HETOMIKH
CTeraHorpa(ivHUX CHCTEM i3 PO3LIMPEHHSM CIIEKTpa JUCKPETHUX CHTHAJIB: IMOBIPHICTH MPABMIIBHOTO H00YBaHHS BOYIOBaHHMX JaHUX
3aJISKHUTh BiJl BETMYNHN JJOJAHUX CIIOTBOPEHb, KA 3aJISKHUTH BiJ] 3a0e31edyBaHOl IPOITyCKHOI CIIPOMOKHOCTI cTeraHokaHary. [lopanmsmni
JOCTI/DKEHHST OakaHO TIPOBECTH 3a pe3yNbTaTaMM AHAII3Y MOXIIMBOTO BHKOPHCTAaHHS METOAIB CHHTE3y BEIMKHX aHCaMOiB
KBa310PTOTOHANBPHUX JUCKPETHUX CHTHATIB 13 MOMIIMICHUMH AHCAMOJNEBUMH, CTPYKTyPHUMH H KOPENSIIHHUMH BIaCTUBOCTAMH
Just 3a0e3MeYeHH s BULMX NMOKA3HUKIB 3aXUILEHOCTI aKyCTHYHUX KaHAJIB Y KOMIT FOTEpPHUX CHCTEMaX KPUTHYHOTO 3aCTOCYBaHHSI.

KnrouoBi cioBa: akycrmuyna iHQopmariis; TeXHIYHMH 3axucT; KpunrorpadidHui  3axucT;  creraHorpadidHuMit
(creranooHIYHHMI) 3aXHCT; MOTU]IKALiS; MOBH KOMII FOTEPHOI CHCTEMH.
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C. IIEPESICJIABCBKA, O. CMAT'THA

MPOEKTYBAHHS PIBHA MAPIIPYTU3AIIIL
B MIKPOCEPBICHUX APXITEKTYPAX HA IIVIAT®OPMI SPRING

IIpeameroM nocaigKeHHs € MapIIpyTH3allisi 3alUTIB y MIKpOCEpPBICHIM apxiTekTypi. MeTa cTaTTi — pO3pOOJCHHS LiTiCHOL
KOHLIENIi MPOEKTYBaHHS PIBHSA MapIIpyTH3alii 3amuTiB y MIKPOCEPBICHIM apXiTeKTypi Ha NPHKIAAiI CTEKy TEXHOJOTIH Spring.
3aBaaHHs: poaHANI3yBaTH CyYacHi MiIXOQM IIOJO0 CTPYKTYPH MIKpPOCEPBICHOI apXiTEeKTypH; BU3HAYUTH CYTHICTb MapIIpyTH3aIlil
Ta BCTAaHOBUTH IIpOLleCH, IO 3a0e3MedyroTh MapIIpyTH3AI[I0 3alWTIB; BU3HAYUTH CTEK TEXHOJOTiH Spring, sKi peai3yloTb
MapIIpyTH3aMilo; CIPOEKTYBATH PIBEHb MapIIPyTH3aLii 3aCTOCYHKY Ha matdopmi Spring. YIpoBaKYIOThCS TaKi METOAH: aHAII3
1 CHHTe3 IJI BUBYCHHA TEXHOJOTiIH B3aeMomii MiX ciyxOamu; abCTparyBaHHS Ta y3araJlbHEHHS AJsl BH3HAYECHHS CTPYKTYpH
MIKPOCEepBICHOI apXiTEeKTypH, PiBHS MapLIpyTH3allii, y3araJbHEHHs TEXHOJIOTiH, 10 3a0e3nedyloTh B3a€MOMII0 MDK CepBicaMu;
MOJZIENIOBaHHS 3 METOI0 IOOYIOBH MOAENI MIKpOCEpPBICHOI apXiTeKTypH 3 BHOKPEMJICHHSM piBHS MapIipyTu3amii Ta 3B S3KiB
3 IHIIUMH CTPYKTypaMu Mofeni. 3100yTo Taki pe3yJbTaTH: JOCIIIKECHO CTPYKTYpy MIKPOCEpPBICHOI apXiTEKTypH, 30KpeMa piBeHb
MapUIpyTH3allii; BU3HAYEHO POJb IMA0JO0HIB MPOEKTYBAaHHS, 10 3a0e3MeuyoTh MapiipyTusamito: Service discovery, API Gateway,
Load Balancer Tomo; mpoaHaizoBaHO BHIM MDKIPOIECHOT B3aeMOJil (CHHXPOHHA, aCHHXPOHHA, T1OpH/IHA) Ta BU3HAUCHO ITEpeBary
1 MOUINBHICTD 3aCTOCYBaHHS; PO3TIITHYTO MOJEIN BiIMOBOCTIHKOCTI CHCTEMH; BH3HAYCHO CTEK TEXHOJIOTIH Ha ruiatdopmi Spring
IUT peaitizariii piBHSA MapIIpyTH3aLii; po3po0IeHO MOJIENb MPOEKTY OaraTopiBHEBOI MIKPOCEPBICHOI apXiTEKTYypH 13 3aCTOCYBaHHIM
Spring, 10 peaiisye MapIIpyTH3aIii
BucHOBKH: MIKpOCEPBICHY apXiTeKTypy AOLLUIGHO PO3IIIIAATH SIK OaraTOpiBHEBY CTPYKTYpY, IO OyXyeThcst Ha (QyHKI[IOHAITEHHX

CTeKy TEXHOJOTiil HaWOinbI  eeKTHBHI pINIeHHS B  KOHTEKCTI 3aIHTIB.

PIBHAX 1 3B’s3KaX MiX HHUMH; PiBHEM MapIIpyTH3alii MIKpOCEpBiciB MOTPiOHO BBa)KaTH BCi MPOIIECH, OB s3aHI 3 HAJIATOKCHHIM
MDKIIPOLIECHOI B3a€EMO/Iii, BUABJICHHSAM CEpBiciB, OallaHCYBaHHSAM HaBAaHTAKEHHS Ta 3a0€3MEUCHHSAM BiIIMOBOCTIHKOCTI, CTBOPEHHIM
€IMHOI TOYKH BXOJY; Spring € TONMYyJISAPHOI IUIATPOPMOIO PO3POOJICHHS MIKPOCEPBICHOT —apXiTEKTypH, IO Hamae HEOOXimHi
IHCTpYMEHTH JUIs peaiizalii MapIupyTH3alil 3amuTiB; po3poOieHa MOJIENb HPOEKTYy € NPHKIAZOM e(QEeKTHBHUX PIlleHb IOIO0
MPOEKTYBAHHS 0AaraTOpPiBHEBOI apXiTEKTypH i3 3aCTOCYBAHHSIM CTEKy TEXHOJIOTIH Spring y KOHTEKCTI MapIIpyTH3amii 3aIuTiB.
Kuro4oBi c10Ba: MikpocepBicHa apXiTeKTypa; MaplpyTusauis; Spring, Service discovery; API Gateway; Load Balancer.

Beryn

EBomorist miAxoiB 0 IPOEKTYBaHHS ITPOTPAMHOTO
3a0e3MeveH s, 3POCTaHHs CKJIQJHOCTI PO3MOIIICHNUX

3aCTOCYHKIB, HEOOXigHICTP IOCTIHHOTO YTIPaBIIIHHSA
3MiHAMH CIPHYMHWIN TOSBY PI3HUX apXiTEKTypHHX
pilleHs, CIpsSMOBAaHWX Ha BJOCKOHAJICHHA YHi(iKoBaHOI
MOJieNi  pO3POOJICHHSA  MPOrPaMHOTO  3a0C3ICUCHHS.
VY cydacHHX pPO3NOAUICHHX CHCTEMaX CIIOCTEPIraeTbes
BIJIXiJ{ BiJl TPATUIIIMHUX CHOCOOIB MOOYJIOBH MPOEKTY,
Jie BCSL CHCTEMa 30CepeIDKEeHa B €JUHOMY 1 HEHOIIBHOMY
Osoni, Ta 3MilIEHHS aKIEHTIB y HampsMi 3acTOCYBaHHS
MIKpOCEpBicCiB.

ApXITEeKTYypa MIKPOCEPBICIB — 1€ CBOEPIAHUI CTUIIb
cepBic-opieHToBaHOI apxitektypu (SOA). Bona moOymoBana
3 MIKpPOCEPBICIB, 110 € BiTHOCHO HEBEIMKUMH H ciIabKo
NOB’S3aHMMH Ta MPAUIOTh Yy CBOIX IpoLecax
1 B3aEMOJIIOTH 4Yepe3 MPOTOKOJIU 3B 53Ky, 30KpeMma
HTTP/HTTPS, Web Socket, AMQP tomo [1].

Bapro 3aHauunTy, 010 MiKpOCEPBICH B IEIKOMY CEHCI
€ HACTYITHUM KPOKOM B €BOJIOII CepBic-Opi€HTOBaHOI

apXITEKTYPH, OCKUIBKH MiATPUMYIOTh 0araTo KOHIICIIIIH,

mo # SOA. ObuaBa minxoaum MalOTh 3aranbHi pHCH,
MIPUTAMaHHI PO3MOJUICHAM apXiTeKTypaM, KOMIIOHEHTH
B IUX apXITEKTypax OUIbII aBTOHOMHI, 3aBISKH YOMY
CIIPOIIYETHCS OOCITYTOBYBAaHHS Ta KOHTPOJb HAJ 3MiHAMH.
VYTiM iCHYIOTH TEBHI BIIMIHHOCTI, IO JOTOMararTh
BHOKPEMHUTH MIKPOCEPBICH $K CaMOCTIHHHNA HampsMm
apXITEKTypU  PO3MOAUICHUX

Yy  PO3BUTKY CHCTEM.

HesBaxarounm Ha Te, mo Mikpocepsicu # SOA
MOKJIAJIAl0ThCs Ha '"cepBic" sSK OCHOBHUH KOMIIOHCHT
apXIiTeKTypH, BOHU PO3PI3HAIOTHCS 32 XapaKTSPHCTUKAMHI
cepBiciB  (cimyx0).  KoHmentyaneHi  BiIMIHHOCTI
MONATAIOTE Yy O0CS31  BIAMOBINANBHOCTI, ITOKJIAACHOI
Ha OoKkpeMy ciyx0y. ¥ SOA cmyxba mMoxe o0poOnsTu
OIMPOKHHA CIIeKTp (YHKIH 1 JTOMEHIB NaHWX, TOAI SIK
MIKpPOCEPBIC YIPABIsE€ OMHUM JOMCHOM JaHUX 1 OJHUM
HabOpOM BIATOBIAHUX QYHKIIH ab0 OgHIEI0 (QYHKITIEO
B I[bOMY JoMeHi. KoxeH MiKpocepBic Mae po3ropTaTHCs
HE3aJEe)KHO OOWH Bif KOXEH

omuoro. Hapermrri,

MIKpOCEepBIC ~Ma€  BOJIONITH  CBOEK  IOB’S3aHOIO
MOJEITI0 JAaHWX 1 MOXKe TPYHTYBaTHCA Ha Di3HHX
TexHouorisx 30epiranus paHux (SOL, NoSQL) i pizHux

MOBaxX NpOrpaMyBaHHSI.

© C. [lepesicnaBcpka, O. Cmarina, 2023
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i xapakTepuCTHKH 320€3MeUyI0Th YIMAJO IepeBar

MIKpPOCEPBICHOI ~ apXiTEKTypH, aje BOJHOYAC BOHH
CTBOPIOIOTH IPOOJIEMH ISl PO3BUTKY Ta MacIiTaOyBaHHS
MPOrPaMHOI CHCTEMH: 3POCTaHHS KUIBKOCTI MIKPOCEPBICIB
NPH3BOIUTE 10 YCKIIATHEHHS apXiTeKTYpH i, SK HACIiIOK,
YTPYAHEHHS TpOLECIB, TMOB’S3aHUX 31 B3aEMOJIEI0
MiX MiKpocepBicaMu.

[MutanHs Tpo Te, SK MIKPOCEpPBICH B3aEMOJIIOTH
ONIMH 3 OTHUM, € HAWBAXIUBIMHM 1 (QyHIAMEHTATEHUM
HEeoOXiTHO

pilIEHHsIM, IO OpUIHATH Mg Yac

VIOPOBA/DKEHHSI CUCTEMH Ha OCHOBI  apXiTeKTypH
MIKpOCEpBICiB. Y MOHOJITHIM Mporpami, IO MPAIIOE
B €IMHOMY MPOIECi, KOMIIOHEHTH BUKJIUKAIOTh OJUH
OIHOTO 3a JONIOMOIOK0 METOMIB pIBHA MOBH abo
BUKINKIB QyHKIiii. Tomy mpobmem i3 B3aeMomiero
HEe BUHHUKae. [HIIA piv, KOIU WIETHCSA MPO MIKPOCEPBICH,
IO MPAIIOIOTh B OKPEMHUX MPOIECaX Ta € aBTOHOMHUMH
W crmabko TIOB’SI3aHUMH.

Y 1mpoMy paszi MaeTbes

Ha YyBa3i MDKIpOIECHa B3a€MOJisA, NPOTYKTHBHICTh
SAKOI ~ BIZPI3HATUMETHCSI BiJ  BHYTPIIIHBOINPOILECHOI,

mo moTpedye KOHKPETHHX MIAXOHIB, IIOB’SI3aHHUX
i3 BHOOpOM mIa0JIOHIB TPOEKTYBaHHS MIKpPOCEPBICIB,
MOJIeTi B3aeMOJIi1, GalaHCYBaHHs HaBaHTAXXEHHS TOIIIO.

Ilig wac B3aeMOJil MIKPOCEPBICIB y MEpEKi MOKeE
BUHHKATH JOCHUTH 3HaYHA KUIBKICTH MPOOJIEM, TIOB’SI3aHMX
i3 JOCTYINHICTIO MIKpOCEpBICYy, 3aTpPUMKOI0 Tepenadi,
BTPaTOI0, [IyONIOBaHHAM TMAKETiB, HABaHTAXCHHSIM
Tpadiky ¥ mam’sari Tomio. lle BHUKIHMKae HEOOXIiIHICTH
onTuMizamii Ta MOMIYKY MiAXOMiB, IO JIOTIOMOXYTh
BUPININTH 3a3HaveHi npobiemu. Kpim Toro, y cydacHux
PO3MOAINIEHNX  MIKPOCEpBICHUX  CHCTEMax  BEJIMKa
YacTKa MEpEeXHOI B3aeMoii BiJOyBa€eThCs 3a JOIOMOTOIO
API-iaTepdeiicin TIPHUKIIATHOTO MIPOTpaMyBaHHS.
API-inTepdelicn MOCTIHHO PO3LIMPIOIOTHCS, KIIEHTIB
cTae OibIIe, 3pocTae KiTbKICTh 3BEPHEHb, 110 TPH3BOIUTH
JI0O 3HAYHOTO  3HIDKEHHS  e(EeKTUBHOCTI  poOOTH
cucremMd. ToMmy morpiOHa meBHa iHGPACTPYKTypa st
3a0e3neveHHsT MapHIpyTH3alil 3aluTiB Ta MPUCKOPEHHS
API-tpadixy.

3a3HaueHi MPOOJEMH CTAlOTh OYCBUIHUMH, KOJHU
TparHeMo MipKyBaTH IIPO CHCTEMY 3arajoM, o0 3po3yMiTn
3aJI@KHOCTI, aHali3 BIUIMBY TOIIO. TOMY pillIeHHS
mpo Te, SK OpraHi3yBaTH 3B’S30K MDK CIyx0Oamu,
€ BOXJIMBUM 3aBJIaHHSAM Yy PO3pOOJICHHI MIKpOCEpBICiB.
VY UOpOMYy KOHTEKCTi IIOCTa€ IUTAHHSA IIPOEKTYBAHHSI
piBHS MapuupyTu3amii B MIKpOCEpPBICHIH apXiTeKTypi.
Bin  mpaBumpHOTO — BHOOpPY

mabioHy  3B’A3KY,

KOMIIOHEHTIB, 1110 3a0e3Me4yloTh B3aEMOMII0  MiXK

CITy>k0aMH, 3aJIeKHUTh IPOTyKTHBHICTh CHCTEMH.

AHaJi3 ocTaHHiX 10caiKeHb i myOaikamiit

AHaii3 JiTepaTypHHUX JKepes J0BiB, IO MpobiemMam,

IOB’A3aHUM 13  MIKPOCEpPBICHOIO  apXiTEKTYpOIO,
Nmpualsiiacs yBara B 0araTboX HAyKOBHX —MpallsX.
Tak, Kazanavicius ta D. Mazeika [2] mopiBHIOBaIHM
TEXHOJIOTIi B3aemopii, mo Oa3ytotecss Ha HTTP Rest,
GraphQL, gRPC Ta 6pokepax mosimomienb RabbitMQ
i Kafka. OniHka mpoIyKTUBHOCTI B YMOBax HOPIBHSHHS
3aTpUMKH B Tpomeci  0OOpoONeHHS  MOBiTOMIIEHB
1 IIPOIYCKHOI 371aTHOCTI J0BeNa, 10 HAHIKYI pe3yJIbTaTH
3aTPUMKH Ui TIOBIOMJICHHS OO OJHOTO MiNlbiioHA
CHMBOJIIB OynM OTpUMaHi TexHojorielo RabbitMQ.
Buxmukn RabbitM(Q Oynu BABIYI IMIBUAMIMMHU 3a 1HIII
TexHojorii. 3 iHmoro 6oky, RabbitM(Q noka3zaB HaWBHUIII
pe3yabTaTd 3aTPUMKH I TOBIAOMIICHB, SIKI MICTHIIA
10 mma cumBoniB. Lle Oyno BTpHUi-BUETBEpO MOBLIBHIIIE,
HDK B IHIIMX CcHUTyarisx. Haiikpaiii pe3ynbraTu
3aTPUMKH I TOBIJOMJICHb 3aBIOBXKKH 10 10 MIH
CUMBOJIB 3m00ynu TexHomorii GraphQL 1 HTTP Rest.
Bpokep Kafka cranoBuB 40%, a gRPC — 16%, mo
NOBUIBHIIIE, HiX TexHoorii GraphQL 1 HTTP Rest.

[lix dYac OLIHIOBaHHA METPUK YCTaHOBJICHO,
1I0 HaWMEHIIWI PO3Mip 3amuTy/BiJIOBINI OTpPUMAaHUI
texHonorieto HTTP Rest. 3amut/BimnoBins GraphQL
Oynu TpPUOSU3HO BABIYI-TpUYlI OUTBIN, HDK IHIII.
SIKmo po3Mip TMOBIIOMJIEHHS € BaXKJIMBHM KpUTEpiEM
10 HTTP Rest

€ PEKOMEHIOBaHNM pileHHsAM. 3 iHmoro 6oky, GraphQL

JUIsi  BHOOpY TexXHOJOTil 3B SI3KY,

MIATPUMYE JUCTaHIiiHE HAJCUIaHHS 3alHTiB, TOMY
GraphQL
MOJKE TepelaTH CTUIbKH X iH(OpMAIlil, CKiJIbKH 31aTHi

IOTEHIIMHO 3a OJWMH  3aluT/BiAIOBIIBL
mepeaTh KiuTbKa 3alUTiB/BIAMOBiAEH 3a JOITOMOTOIO
IHIIMX TEXHOJOT1H.

MixnponecHy B3a€EMOJII0 B MIKpOCEpBICHIN
apxitektypi posrisganu 1. Byraesa, M. Pozym [3].
VY craTTi AOCHIIKYIOThCS CHHXPOHHHUI Ta aCHHXPOHHUHN
MAXOMW  JUIs  peamizamii  B3a€EMOMil, MPOBEICHO
TOPIBHSUTGHUI aHali3 Ha OCHOBI HASBHHUX JJOCIIIKECHB
JUIS BUSIBJICHHSI TEpPEeBar i HEIOJIKIB KOXHOTO 3 IMX
MiIXOMiB. ABTOPH MIMIIUIA BUCHOBKY, IO ACHHXPOHHA
B3aEMOJisl  MIKPOCEPBICiB, peaji30BaHa Ha OCHOBI
nporokory AMQP, 3a0be3nedye Kpaimry NpoJyKTHBHICTh
1 BHILYy JOCTYMHICTh MikpocepBiciB. CuHxpoHHa (opma
B3aeMOii MIKpOCepBicCiB, sIKa peai3yerbes
3a gomnomoro0 REST abo gRPC, moxe 3abe3nedutd
BHIIY MPOIYCKHY 3JaTHICTh, HI)K aCHHXPOHHUHA METO[I,
KOJIM HAaBAHTAXKCHHS HAa CHUCTEMY BiJHOCHO HEBHCOKE.

3a yMOBH 30UIBIICHHS KUTBKOCTI KOPUCTYBAUiB JTOMITBHO
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3aCTOCOBYBAaTH ACHHXPOHHUI METOoJ 3B’SI3KY
3 BHUKOPUCTaHHSIM 4epr IoBizomieHb. Kpim Toro, Takuit
croci0 OOMiHYy MOBIZOMIICHHSAMH MiXK MiKpocepBicaMu
€ OlnpuI HaaiitHUM. Yepru MoBiIOMIIEHb € TAKOXK KpalluM
BHOOpPOM 3a HEOOXiTHOCTI CHHXpOHi3amii iH(opmarrii
MIX cepBicamH.

PobGotn, mnpucesueHi mnpobiaemaM OarmaHCyBaHHS
HaBaHTAXXEHHS B MiKpocepBicHIA cucremi [4, 5], namu
3MOTY YiTKO 3PO3YMITH pOJb 1 Micue mi€i TeXHOJIOTil
mig 4ac po3poOiieHHs MacmTa0OBaHOTO 3aCTOCYBaHHSI.
Tak, y mocmimkeHHi M. Autili Ta iHmmx aBTOpiB [5]
0a30Bi  KOHIENIi{

PO3TIILIAIOTHCS GanmaHcyBaHHA

HaBaHTAKECHHS. 3a3HAYAETHCS, MIO [ TEXHOJOTIA
€ HAMKpaIMM MiJIX0J0M I MATPUMKH MacIITabOBaHOCTI,
VOpaBIiHHA IIBUIKICTIO HAAXOMKEHHS a0o0 KiIbKiCTIO
OJTHOYAaCHMX 3amuTiB. bajaHCyBalbHMK HaMaraerhbCs
po3noAiuTHA poboye HaBaHTAKEHHS 3aIHUTIB MK KUTBKOMa

eK3EeMIULIpaMH  MIKpOcepBiCy 3 METOI0 ONTHMi3allii

pecypcis,
3MaTHOCTI, MiHIMi3alii 4yacy BINNOBiAl Ta YHHKHEHHS

BUKOPHCTAHHS MaKcHMi3amii IpPOITyCKHOI
BY3bKHX MiCIlb (TOOTO TEpeBaHTAXEHHS OYIb-IKOTO
OKpEMOT0 eK3eMILLIpa). Y chepi MiKpocepBiciB 3a3BUUAi
PO3PI3HSIOTH Ba THIH OaNaHCYBAJHHUKIB HABAaHTAKCHHS,
a came: KIIEHTCBbKI Ta cepBepHi. Y po0OoTti [5] aBTopm
MIPONIOHYOTh HOBWH TiOpHIHUI miaXix g0 OamaHCyBaHHS
HaBaHTAXKEHHS MIKpOCEpBICiB, IIO TOEIHYE B COOi
mepeBarn OamaHCyBaHHS Ha Oomi KiieHTa W Ha
Oorri ceprepa.

H Wang ta iHmi pocmigauku y mnpami  [4]

PO3IIISLIAI0Th pizHi aNropuUTMU OayaHCyBaHHs

HaBaHTaXXCHHA Ha OCHOBI METOOY ONIUTYBAaHHA,

XCII-aJTOPUTMY, IITYYHOTO IHTEIEKTY TOIIO. Y 3rajaHiit
poOOTI OMHCYIOTHCS TIPHHIWIN, TIEPeBard i HETOMIKH
OCHOBHHUX TEXHOJIOT1H OajaHCyBaHHS HaBaHTAXXCHHS,
3allpONIOHOBAHO CTpaTerii MexaHi3My OaraHCyBaHHS
HaBaHTaxeHHss Kubernetes 1 Spring Cloud Framework,
1110 MalOTh aOCOJIIOTHY YacTKy PHHKY.

[IponykTuBHICTH 1abJIoHIB MIPOEKTYBAHHS
MIKpPOCEpPBICIB 32 JIOMIOMOTOI0 0araToMOTOKOBHX CTPYKTYD,
0 TCHEPYIOTh 3a3Jalerifib BH3HAYCHY KUIBKICTh
MOTOKIB, y CBOEMY JOCITI/DKCHHI IpoaHaji3yBail
A. Akbulut ta H.G. Perros [6]. ABtopu 3100ymu
pe3yIbTaT MPOAYKTUBHOCTI, MOB’A3aHi 3 YacOM BiIOBii
Ha 3amMT, eQEKTUBHMM BUKOPHCTaHHSIM O0JaJHaHHS,
BATpaTaMH Ha XOCTHHT 1 pIBHEM BTpPaTH IIaKeTiB
JUIs  TPbOX IIAOJIOHIB TPOEKTYBaHHS MIKPOCEPBICIB,
a came API Gateway, Chain of responsibility,
Asynchronous Messaging.

[in wac pocmimkxeHHs wmiabmony APl Gateway
noTpioHO

CKCTICPUMECHTAJIbHO BCTAaHOBJICHO, 1o

BHKOPHCTOBYBATH ITOHA OAWH €K3eMIULIP MiKpOCEpBiCy,
KOJIM KUIBKICTh MOTOKIB niepeBuiye 140. 'opusoHTansHe
MacmTabyBaHHA Ja€ 3MOTY 3MEHIIUTH a00 3aHIIATH
HOCTIMHMAM CepelHiil 4ac 0OCIyroBYBaHHS 31 30LIbIICHHSIM
KinbpKocTi moTokiB. API Gateway 3abe3neduye THYUKICTB,
KOJIU TIOTPIOHO KepyBaTH 3allUTaMU 3 KUIBKOX KaHaJiB.
Ile momermrye 7OTiKy  BHUKOHaHHSA  CHHXPOHHHX
KOMYHIKaI[iif MK O/IHAKOBO 30aJIaHCOBaHUMH CITyKOamu
i 3abe3neuye apredaktu MacmTabyBaHHA. Y poOoTi [6]
HAroJIOIIy€eThCsl, M0  EKOCHUCTeMa  MIKpOCepBiciB
06e3 API-mumro3y BBaKaeThCsl IMOTAHOK —IPAKTHUKOIO
abo0 aHTHNIATEPHOM.

Hocnimxkytoun 1mabnon Chain of responsibility,
A. Akbulut ta H. G. Perros BCTAaHOBWIHM, IO OJHA
H Ta cama Tmporpama MoOKe IOTpedyBaTH pi3HOI
OIIEpaTHBHOI MMaM’sITi Ta pecypciB Uil Pi3HUX pealtizarii
mabnoHiB mpoekTyBaHHSA. Omke, mabiIoH Iu3aiHY
€ BXIMBUM DILIEHHSM, IO O€3MOCEepeaHbO BILUIMBAE
Ha  BapTiCTh  XOCTUHTY. lpeadpHHM  IIaGIIOHOM
MIPOEKTYBAaHHS MIKpOcepBicy Juisi (DYHKIIH, SKI TOCTiTOBHO
OOpOONAIOTh CIUTBHI JaHI, € MIa0JIOH MPOEKTYBAaHHSI
Chain of responsibility. Tlin 4ac MOCTiXKCHHS aBTOPH
MTOMITHIIH, IO IS apXITEKTypa JJa€ 3MOTy MacmTa0yBaTH
BiZI BUKOPHUCTAHHS
30 %

MOPIBHSHO 3 EKBIBAJICHTHO CTPYKTYPOIO MIKPOCEPBICY.

CepBEepHi MOCIYTH 3 BHIOIOIO

amapaTHOTO  3a0e3ledyeHHs MNpHOIM3HO Ha

AHamizytoun acWHXpOHHI B3aemomii, A. Akbulut
ta H. G. Perros HarojomywoTh, IO €MHICTb 4Yeprw,
peamizoBaHOi 3a jgomomorow RabbitM(Q, obmexeHa

¢ikcoBaHMM  00CSATOM  TaM’sTi, IO  CIPUYHHSIE
TIEPETIOBHEHHS YePTIH 1, SIK HACHIOK, BTPATy MTOBIIOMIICHD.
Jocmipkyoun  pe3ysibTaTH  peajizalii aCHHXPOHHOT'O
oOMiHy moBigomieHHsIMH 3 RabbitM(Q nns ABOX pPi3HHX
KoH(irypauiif, aBTopu npaui [6] MOMITHIM, IO BTpaTta
MakeTiB MiHIMI30BaHa 3 MEHIIMMH KOHQITypaisMu
(menme Hix 122,288 I'6 RAM i MeHmIe HiX IICTh
CPU 4 ITw).

A. Akbulut Ta H. G. Perros 3po0WIu BUCHOBOK, IIIO
HE iCHy€ €IMHOTO MIa0JI0OHy MiKpOCEpBiciB, skuil Ou OyB
KpamuM 3a iHmi. HaBmakw, s pi3HMX cleHapiiB
e(peKTHBHUMH OyIyTh Pi3Hi MaOJI0HU MPOEKTYBAHHS.

VY po6ori [7] MOCTITHUKY TOPIBHSIN Ta KPUTUIHO
OLIHMIA HaWOIMBII TEepCHeKTHBHI (peimBopku JVM,
0 MiATPUMYIOTh PO3BUTOK MiKpocepBiciB (Spring Boot,
Quarkus, Micronaut). 3rimHO 3  IOCHIIKCHHSIMH
MPOXYKTUBHUMU BusiBUIUca Quarkus 1 Spring Boot.
Micronaut TakoX 3MIT' IOCSTTH KOHKYPEHTHHUX Pe3yJIbTaTIB,
asie Ipo0JieMy, BUSIBJICHI ITijl 4ac CTPEC-TECTIB, CIIPHYMHIIN
BIJICTAaBaHHS BiJ KOHKYpeHTiB. Yac KOMIUIAMil QaiiiiB

JAR nmnomitHO goBmmd s Micronaut 1 Quarkus,
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OCKITBKM BOHH OiNBIICTH oOmepamiid, mo B pasi
Spring Boot onpanbOBYIOThCS TMMiJi YaC BHKOHAHHS,
3IIACHIOIOTH Y MPOIEC] KOMIIAIIII.

Hwuska nocniguukiB [8] pos3risiHyna pi3Hi miaxoau
0 BOPOBADKCHHS MIKPOCEPBICIB Ha 0a3i YOTHPHOX
(hpeiiMBOpKiB MikpocepsiciB (Spring Boot 2.2.4 (Java 1.8),
Go Micro 1.18.0, (Go 1.13), Moleculer 0.13.0 (Node.js
13.1.4), 1.6.0 (Scala 2.12.8)).
MOpiBHSAHHS A1 (peiMBOpKiB OymyBamacs 3a TphOMa
GbyHKIIIT,
Ta TPOAYKTUBHICTE. TpH 3 HYOTHPHOX (PEeHMBOPKIB,
y o
i Go Micro), 3a0X04yIOTh PO3POOHHKIB CTPYKTYypyBaTH

Lagom Mogens

KPHUTEPIIMHU: mabJOHN  MPOEKTYBAaHHS

JTOCTIIKCHUX poboti (Lagom, Moleculer
MPOTOKOJI 3B’S3KY TMepes pOo3pOOJIeHHSM (DaKTHYHUX

MikpocepBiciB. HaBmaku, Spring Boot He 3MymIye
PO3POOHUKIB OTPUMYBATUCSI TEBHOTO CTWIIIO KOAY
s BuzHaueHHS API mporpamu. OnHi€0 3 MOXKIHUBHX
npuyuH € Te, 1o Spring Boot — ue QpeiiMBOpK
3aralbHOTO  IPU3HAuYeHHs, 10 He  Ppo3polIeHui
creniasbHO Uit MikpocepsiciB. Lle#t ¢axt migxpeciioe
BXJIMBICTh TMOEAHAHHS IA0JIOHY 3B’SI3KY B PO3IOIIICHIX
cHUCTeMax 3arajoM i B MiKpocepBicax 30kpema (Spring
Boot / Spring Cloud). Kpim Toro, aBTOpH HaroJxomyoTh,
10 NPUHHATTS CTPYKTYPH MIKPOCEPBICY 3 BUKOPHUCTaHHSIM
CTaHIApTiB a00 TOMYJSIPHUX IHCTPYMEHTIB MOXe OyTH
HabaraTo BUTIAHIMINM JJIs OpraHi3alii B JOBrOCTPOKOBIH
mepcrekTuBi. Y 3B’s3Ky 3 muMm Spring Boot / Spring
Cloud € omHuM i3 HaAWMOMYJSIPHIIMX IMPOrPaAMHHUX
(hpeiMBOpKiB, MO Hagae PO3POOHHWKAM SBHY IepeBary
JUIsl CTBOPEHHSI MIKpOCEPBICIB, OCKIIBKU LieH GpperiMBOpK

Mae€ 3HAYHUH PiBEHb MiATPUMKH Ta JOCTYITHOI iHTETpallii.

BusnaveHHs He BUpilleHUX paHile
YACTHH 3arajibHoi npod;aemu. Mera po6oTu, 3aBJaHHSA

MIKpOCEpBICHIH  apXiTekTypi Ha TpPUKIAaNi CTEKY

TeXHOJIOTiN Spring. JIns MOCSTHEHHS IMOCTAaBJICHOI METH
MOTPiIOHO BWKOHATH TakKi 3aBAAHHS: MPOAaHAJI3yBaTH
Cy4YacHI MiIXOAM MO0 CTPYKTYpH MIKPOCEPBiCHOT

apxXiTeKTypW; BU3HAYUTH CYTHICTb  MapIIpyTH3alii

Ta BCTAHOBUTH OCHOBHI IIPOIECH, IO 3a0e3MevyIoTh
MapUIPYTH3AI[i0 3alKTIB;, BU3HAYMTH CTEK TEXHOJIOTIH
Spring, 10 peani3yloTh MapIIPyTH3AIlil0; Ha IMiJACTaBi
MPOBEJCHOTO  JTOCIIKEHHS

CIPOEKTYBaTH  piBEHb

MapuIpyTu3anii  MIKpOCEpPBICHOTO  3aCTOCYHKY  Ha

wiatdopmi Spring.

Martepianu it MmeToau

MeTonoNoTiYHOI0 ~ OCHOBOIO  POOOTH €  Taki

METOIM HAyKOBOTO JOCJTIDKEHHS: aHami3 1 CHHTe3
BUKOPUCTOBYIOTBCS ISl BUBYCHHSI TEXHOJIOTIH B3a€MOJIiT
MK chnyxOamu; aOcTparyBaHHsS Ta y3arajJbHEHHs
3aCTOCOBYIOThCS /IS BU3HAYCHHS 3arajibHOi CTPYKTYpH
MIKpOCEPBICHOT ~apXiTEeKTypHu, pIiBHS MaplIpyTH3alii,
y3araJbHEHHs TEXHOJIOTiH, 0 3a0e3MeUyI0Th B3a€MOIIIO
MDK CepBicaMu; MOJICITFOBAHHS BIPOBAKYETHCS 3 METOIO
moOymoBH  MOJAETl  MIKPOCEPBICHOI  apXiTeKTypu
3 BHOKPEMJICHHSM pIBHS MapuipyTu3aiii Ta 3B’s3KiB

3 IHIIUMH CTPYKTYPaMH MOJIETI.

Pe3ynbTaTn 10caigKeHb Ta iX 00roBOpeHHs

AHai3 iTepaTypHUX JDKEpEIT JOBiB, 10 B poOOTaX,

NIPUCBSIYCHUX ~ MIKPOCEPBICHIH  apXiTeKTypi, aBTOpH
31e01IBIIIOr0 AOCTIHKYBAIM OKpEeMi MMUTAHHS, OB’ sA3aHI
3 KOMyHikamiero ciayx06. Boxnowac icHye morpeba B
KOMILUIEKCHOMY JOCITI/DKEHHI TEXHOJIOTIH MapIipyTH3aIii
3alUTIB Yy MIKPOCEpBICHIN apxiTtekTypi. Takui miaxin
JaCTh ~ 3MOTY  pO3MISIaTH  MAapLIPyTH3allilo  SIK
06araTOKOMITOHEHTHHH Ta OJHOYAcCHO WUTICHWI mporec,
Kpaie

MDK BCciMa KOMIIOHEHTaMH MiKpOCEpPBICHOI apXiTeKTypH,

pO3YMITH TUTaHHA e(QeKTUBHOI B3aeMOIil

o 0e3MOCePeHbO BIUIMBATHME Ha BHOIpP TEXHOJOTIH
Ta IHCTPYMEHTIB pealri3artii.

MeTa cTaTTi — pPO3pOOJICHHS IUTICHOI KOHIIEMIIii
MPOEKTYBAHHS  PiBHA

MapHipyTH3auii  3anMTiB Y

CydacHa apxiTeKTypa MIKpPOCEpPBICIB Ma€ CKIAaJHY
CTPYKTYPY, IO TMiATBEPIPKYETHCS NOCTimKeHHsMH (4, 9, 10].
Y. Zhang Ta HuM3Ka BYEHHMX BHM3HAYAIOTH OaraTopiBHEBI
MIKpOCEpBICHI ~ 3aCTOCYHKH K CKJIQJHI CHCTEMH
MAacOBOT'0 OOCIyTOBYBaHHS 31 3B’s13KaMU MIXK CIIyx)OaMu
[9]. Y pobori [4] APXITEKTYPY
pO3MIIAAIOTE  SIK CTPYKTYDY,

10 MICTHTh PEECTPAIlI0 Ta BUABJICHHS CIYKO, 3B’SI3KH

MIKpOCEpBiCHY
06araTOKOMIIOHEHTHY

MiX HUMH, MOHITOPUHT, OaJaHCYBaHHS HABAHTAXCHHS,
MacitaOyBaHHS, BiIMOBOCTIHKIIA 1 O€3TIEKOBIIA MEXaHI3MH,
TEXHOJIOTI1

KoH(pirypamiro Ta  iHm KepyBaHHS

MikpocepBicamu. Ha nymky aBtopiB pobotu [10],
MIKpOCEpBICH € CKJIaJHUMH PO3IMOJIICHUMH CUCTEMaMHU.
e mae migcTaBy po3risigaT MiKpOCEPBICHY apXiTEKTypy
CIPYKTypy, IO
Ha (YHKIIOHANBHUX PIBHAX Ta 3B’SA3KaX MK HHIMH.

sSK  OaraTopiBHEBY Oynyerbest
Taka apxiTekTypa 3a3Buuail MICTUTH PiBHI KOpPHCTyBaua
(xmienTa), KoH(pIirypamii, MapIpyTH3alii, MiKpOCepBICiB,
naHux rtomo. [lepenik Ta ckiaj piBHIB  3aJIeKHTH
Bil 3aBHaHb, BUMOT 0O MIKPOCEPBICHOI apXiTeKTypu
i mon. Came Takui MiIXia, Ha HAITLY AyMKY, 3a0€3MeUnTh
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CIPOILEHICTh TPOEKTYBAHHS MIiKPOCEPBICHUX 3aCTOCYHKIB

3aBASKH TPO30POCTI  BCIX 3B’SI3KIB  MDK  PIBHSIMU
Ta IX KOMIIOHEHTaMH.

PiBenp MapuipyTH3amii IMoB’s3aHUN HacamIepen
i3 cepBicamu i 3amuTamu 110 HUX. Ha caiiti Amazon AWS
(https.//aws.amazon.com/) TIONAEThCA BU3HAUCHHS MOHSITTS
MapIIpyTH3allii K MPOoLecy BHOOPY MUIAXY B OyIb-sKii
iHpacTpyKTypa
B MIKPOCEPBICHIH apXiTEKTypi BIIIIOBIaE 3a CHPSIMyBaHHSI

mepexi.  Ormxe, MapuIpyTH3amii
3amuTy 10 ciayx6u. Ha me BruimBae Hu3Ka (akTopis:
OpKECTpYBaHHS MIKPOCEPBICIB, M0 TaKOX Nependadae
3B’5I30K 1 KOOpAMHAIIIO CITyx0 [2], 0OpaHa MKIIpOIlECHA
B3aeMolisl Tomo. Y poOoTi [2] BU3HAYAOTHCS MAOIOHU
apXITEeKTYpU MIKPOCEPBICIB, 110 0€3MOCePEaHbO BILUIMBAIOThH
Ha MapHipyTu3amiro 3anutiB, a came: APl Gateway
(API-twr03), Service discovery (BUABICHHSA CIyx0)
ta Hybrid (ribpunauii m1abJIoH, 0 MOETHYE B cOOi peectp
cyk6 1 APl-mumo3). Tomy 1o piBHS MapipyTu3arii
MIKpOCEpBiciB, Ha HaIl MOIJISA, HaleXaTh yCi IPOIECH,
NOB’S5I3aHi 3 HAJIArOJPKEHHSM MIXIIPOLIECHOI B3a€MOJIII,
BUSBJICHHSIM CEpBICiB, OaJaHCYBaHHSM HaBaHTa)KEHHS
Ta 3a0e3MeYeHHsIM  BiIMOBOCTIMKOCTi, CTBOPEHHSIM
€IUHOI TOYKU BXOAY (IIUTIO3Y).

Y mabnoHi MIKpOCEpBICHOI apXiTEKTypu ICHYe
KUTbKa CEepBICIB, [0 MAIOTh B3AEMOMISTH OJTUH 3 OTHHM.
€ YnMMaNio eK3EeMIUTAPIB KOXKHOI CITy>KOHM, HOBI CITy)KOU
MOXXYTh JOJABaTUCA, a BXKE HasBHI BHIyyaTHCS MiJ 4Yac
BUKOHaHHs. HeoOXximHo, mo0 ciayx0u 3HAIM, SIKi 3 HUX
IIe TOCTYIIHI Ta [I¢ PO3TAIIOBaHi KiHIIEBI TOUKH /IS HUX.
Tomy anst BUpilIeHHS 11i€l TpoOJIeMH BUKOPHCTOBYIOTHCS
MeXaHi3MHU BUSIBICHHS CITYXO.

BusiBnenns cityx0 (Service discovery) — nie mporec
BU3HAYCHHS MICISI pO3TAlIyBaHHS HAasBHHUX CEpBICIB,
IO BIJNOBINAIOTH 3alUTy HA OCHOBI OmHCy iX
(hyHKIIOHANBEHOI Ta HEe(YHKIIOHATBHOI ceMaHTHKH [11].
[Minxomu 10  BUSBICHHS  CIYKO  BIAPI3HAIOTHCS
MIATPIMKOIO MOB OITHCY CEPBICiB, OpPTaHi3aIli€l0 MOUTYKY
Ta BUKOPUCTOBYBAaHMMH 3aco0amMu BUOOpPY  CIyxO.
Kilto4oBMM KOMIIOHEHTOM BHSBIICHHS CIY)KOH € peecTp
ciryx0 (cepBiciB) — 06a3a MaHUX, IO 30epirae po3TalryBaHHI
ex3eMIUipiB  cayxk0. Bin Hamae iHTepdeiic mms
peecTpallii, mepeBipKy Mpare3aaTHOCTI TOIIO.

IcHye nBa OCHOBHUX IIAOJIOHW BHUSBIICHHS CITYXO, —
Ha OoIri KJieHTa Ta Ha 0ol cepepa [12]:

— MeToau BHSBICHHS ciayx0 Ha Oomi cepBepa
MOJIATAIOT Y JICJICTYBAHHI BiAMOBIIAIBLHOCTI 32 BHSIBJICHHS
MEPEeXKHOTO PO3TAITyBaHHS CIIy’)KO cepBepa. Llel maTepH
Jla€ 3MOTY KIIEHTCHKMM NporpamMaM HaJICHJIaTH 3alluT

0 CepBicy depe3 OalaHCYBAJFHUK HABAHTAXKCHHS,

o0 3BEPTAETBCI [O PEECTPY CEepBICiB, MepII HiXK
NepeHaNPaBUTU KIIEHTCHKUH 3aIIHT;

— METOAM BHWABJICHHSA CIyXO Ha Oomi KIi€eHTa
MICTSATh BHUKIUK PEECTPY CIIyxKO Ui  BUSBICHHS
MEpENKHOTO PpO3TallyBaHHA iHIIHMX ciayx0. I[lociyru
peecTpyioThcst B peectpi. Koiu KITiE€HTY HOTPiOHO
3B’s3aThCA 31 CIyk00f0, BUSBICHHS CIYXOW 3MIIICHIOE
3alUT JI0 PEECTPy, OTPUMYE PpO3TAllyBaHHS IOTPiOHOT
KIIEHTY CIy>KOM W HampaBiisie 3amuT 3a MPHU3HAYCHHSM.
OTxe, KIIIEHTY HE MOTPIOHO 3a3JaJieTiib 3HaTH MEPEIKHE
pO3TanryBaHHS CIIy>KOH, 100 OTPUMATH TOCTYTI JI0 Hel.

OxpiM BHABJCHHS CIyX0, Yy MiKpOCEpBICHIH
apxiTekTypi BaxmBo HanaBatu API-piBeHs, 1m0 3a0e3medye
IHTErpamito 3 [IMPOKUM CIIEKTPOM HOCIHYT, SIKUMH
KOPHUCTYIOTBCSL KiIieHTH. V. Silva Ta iHII TOCTiTHUKA
B pobori [12] 3BepTatoTh yBary Ha mpooieMy, 0 MOXKe
BUHUKATH M Yac MDKIPOIECHOI B3aeMOZii, 0coOIMBO
KOJIM MIeTHCS MPO BEHKI i CKIIaJHI IPOrpaMH Ha OCHOBI
Mikpocayk0. 3a3BHyail KOXXKHa MIKpOCIyk0a Mae CBiif
API. HaiinpocTimmM pilieHHsIM € Oe31ocepeiHe HagaHHs
APl mna iHmmx, sk me pobnsaTe MoHOmITH. OmHAK IIe
Moxke OyTH HeiJeanbHUM pIIICHHSM, KOJIH JOBOJIUTHCS
kepyBatu gecatkamu API, mo Ge3mocepeqHp0 JOCTYITHI
KOpHCTyBayaM Ta iHIIMM MikpocepBicam. Lle ycknanuioe
poOOTy apXiTeKTOpPiB i PO3POOHHKIB CEPBEPHOI YACTHHH,
SKMM TOTpiOHO OyJe WiATPUMYBAaTH Yy3TOJDKEHICTh
ycix API, Hag sKuMu IpaIror0Th pi3HI KOMaHIH, a TAKOX
JUTsL pO3pOOHMKIB 30BHILTHBOT YaCTHHH, IO TTOKJIAIA0THCS
Ha mi APl 3a3HaueHWil miAXig MOXKE CIPHYUHHUTH
3HW)KEHHSI TPOJYKTHBHOCTI MPOTPaMH Mijl 49ac BUKIHKY
kimpkox API, mpobnemMu miaTPUMKH TPOTOKONIB 3B’ SI3KY
CBIAUMTH, IO HAWOIILII

tomo. Jocmimxkenns [6]

iIeaTbHOI0  apXIiTeKTYpoI Ui TaKOTO  CIICHAPIio
€ mabsoH npoextyBanus APl Gateway (API-nutro3).
API-mutro3 — 11e €11iHa TOYKa BXOY, 10 3a0e3mnedye
JIOCTYTI N0 pi3HUX MikpocepsiciB. Lle cmpomrye podoTy
KITI€HTa 3aBASKH IIEPEMIIICHHIO JIOTIKHA BUKINKY KiTBKOX
MikpocepBiciB g0 umo3dy APl APl Gateway nie
SK  TPOKCi-piB€Hb, IO

BIIOKPEMIIIOE  CEpPBEPHY

iHbpacTpykTypy. HasBHUX KIIIEHTIB HE IIKABIATH 3MIHH
iHpPaCTPYKTYDI,
B3a€EMOAIIOTh JuIie 3 piBHeM 1wno3y API [12].

Yy  BHYTpIIIHIH OCKITBKH ~ BOHH
[nro3 abcTparye MikpocepBicH Bif iX CIIOXHBadviB Ta
Hazae KiHeBy Touky abo URL-anpecy st KiliEHTCHKHX
mporpaM, a TIOTIM BHYTPIIIHBO 3iCTAaBIISIE€ 3aIUTH
3 rpynoto ciryx0. ToOto oxnieto 3 nepesar APl Gateway
€ IHKamnCyysimis BHYTPIIIHBOI CTPYKTYPH IIPOTPaMH,
110, Ha HaIlly JYMKY, CTBOPIOE TOJJATKOBI 3ac00H Oe3reKu

Y BUKOPHUCTaHHI MiKpOCEPBICiB.
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J. Kazanavicius ta D. Mazeika [2] 3BepTaroTh yBary
Ha MOXJIMBICTh BHKOPUCTAaHHS TiOpHIHOTO I1a0JIoOHY,
mo moenHye ¢yHKOii peectpy cmyx0 i API-mumosy,
OJTHAaK POJIb IMX MIA0JIOHIB BUKOHYE HIMHA TOBIJIOMJICHB.
KitieHTH B3a€MOIIFOTE JIHIIE 3 Mi€I0 MIMHOIO, IO MPAIoe
Sk peectp 1 sk 1uir03. CepBiCHM B3a€MOIIIOTH OJIMH
3 OIHHMM dYepe3 LIMHY IOBiIOMIICHB, i MpPAMHUI 3B’A30K
M MiKpocepBicaMu He BUKOPHCTOBYEThCs. [lepeBaramu
mIa0JIoOHy € JIETKICTh Mirparmii, a HeloJiKaMi — BUCOKUHN
3B 530K MIX CIIy)KOaMH Ta IINHOIO TTOB1IOMIICHb.

[lin wac macmTaOyBaHHA MiIKpOCEPBICIB MOXYTh
BUHHMKAaTH nOpoOiieMH, TMOB’s3aHI 3  PIBHOMIPHUM
PO3IIOALIIOM 3aITUTIB MK CITy’)KOaMH 1 TIepeBaHTAKCHHSIM
cucreMu. banaHCyBaHHS HaBaHTXCHHSA € HAHOLIBII
BiJOMHM TIIXOAOM ISl MIATPUMKH MAacIITabOBaHOCTI
B apXiTeKTypi MikpocepBiciB [5]. 3aBIsku bOMY MOXKHA
e(eKTUBHO 3MEHIINTH 3aTPUMKY 3allUTy B KOMYyHIKarlii
MiBUIIUTH  JOCTYITHICTb

MIKpOCEepBiCiB, CUCTEMU

Ta eQEeKTHBHO TOKPAIIUTH CEPBICHI MOXIIUBOCTI
Ta BUKOPUCTaHHs pecypciB [4].

s TexHOIOTisl 3aCTOCOBYETHCSA I PIBHOMIPHOTO
NepecuIaHHs 3alHTiB BiJ KOpUcTyBada abo Ciryk0
0 OTPUMYBadiB 3a JIOTIOMOTOI0 IIEBHOi CTpaTerii.
AnroputMu  OanaHCyBaHHS

HaBaHTaXXCHHA MOXHa

MOMUIMTA HA [BI KaTeropii: ajuropuT™M CTaTHUIHOTO
OayaHCyBaHHSI HaBaHTKEHHS Ta aJITOPUTM JMHAMIYHOTO
OamancyBaHHA HaBaHTaXKeHHA. CTaTmyHe OanaHCyBaHHS
3aCTOCOBYE METO/M ONHMTYBaHHS, XCIIYBaHHS aJ[pecH
JDKepela,  y3TOMKEHOTO  XCIIYBaHHS,  3Ba)KCHOTO
ONUTYBaHHS, BUIAJKOBUH METOJA TOIIO. AJTOPUTMH
JTUHAMIYHOTO OajlaHCYBaHHA HABAHTAKCHHS TPYHTYIOTHCS
Ha METOJIaX MiHIMaJIbHOTO YKCIa 3’€THaHb, HAUIIBUIIIOL
BiAMOBIi TOIIO [4]

Y MIKpOCEpBICHIH apXiTeKTypi 3a3BUYail pO3PI3HSIOTH
IBa TUMM OalaHCYBAaJIbHUKIB HABAaHTAKEHHSA, a CcaMe
KJIIEHTCBHKI Ta cepBepHi. banancyBaHHS HaBaHTa)XKEHHS Ha
Oor1i cepBepa — I1e IEHTPATI30BaHUH MIAXiA O PO3MOILTY
3aIUTIB MIX JOCTYITHHUMHU €K3EMIUIIpaMH MIKpOCEpBICY.
KiienTn B3aeMOif0Th 3 0aaHCYBaTbHIKOM HaBaHTAXKEHHS,
IO HAJCWIAE 3aluTH BiJNOBIIHMM EK3eMILIIpam
ciyx0u. banancyBanHs HaBaHTa)XEHHS Ha OOIi KITi€eHTa —
MOBHICTIO PO3NOAUICHUH MiAXiA, 3T1THO 3 SKUM KOXHOMY
ex3eMIUsipy  KimieHta (I KOXKHOMY  €K3eMIULIpY
MIKpOCepBiCY) NMPHU3HAYAETHCS JIOKAIBHUI OallaHCyBaJIbHUK
HaBaHTaXCHHS [5].
KOMIIOHEHTIB  DIiBHS

OmvH 13 KJIIOYOBHUX

MapmpyTr3amii B  MIKPOCEPBICHI  apXiTeKTypi €
MIXIpoLlecHa B3aeMoJis (interprocess communication —
IPC), mo Bimirpae Hadarato BaXXIHMBIINIY pPOJIb, HIK

Y MOHOJITHHX 3aCTOCYHKaX. MIXIIpOIeCHa B3aeMOJIis

MiX CITy’)kKOaMH Ma€e BHpIIIaIbHE 3HAYEHHS B apXiTEKTypi
MIKpOCEpBICIB, OCKUIBKM BOHa Ja€ 3MOTY OKPEMHUM
MiKpocepBicaM O€3IOTaHHO TIpaIfoBaTH pPa3oM  SK
€II1Ha CHCTEMA.

3a3BH4all KOKEH €K3eMIULIp CIy)XOHM — Iie Tpoliec.
Omxe, ciy)KOM MalTh B3aEMOJISTH 33 MPOTOKOJIIOM
BHYTPIIIHBOIIPOIIECHOT B3aeMonii, Hampukian, HTTP,
SOAP, AMQP a6o mnporokosoM, TakuMm sik TCP,
3aJeXKHO BiJI XapakTepy KOXHOI ciryxOu. Baximso
3a3HAYUTH, IO HaWOUIBII TOMYJSAPHI KOMYyHIKaliiHi
TEXHOJIOTIi, 0 BHUKOPHUCTOBYIOTHCS AJISI MIKPOCEpBICIB,
rpyHTyoThCs Ha mpoTtokoii HTTP ta mabnonax oOMiHy
B3aeMoIil

moBimomieHHasmMu  [2].  Ili  TexHOoMOTII

MDK MIKpOCepBicaMH peali3yloThCs, BiJIIOBIIHO, B
CHHXPOHHOMY Ta aCHHXPOHHOMY PEXKUMAX.

VY CHHXPOHHOMY 3B’SI3Ky 3aCTOCOBYETHCS B3aEMOJIIsI
3aMUT/BIATIOBIAb: OOUH MIKPOCEpPBIC HAACWUIAE 3aIUT
IHIIOMY Ta 4YeKae, OKH Iiel cepBic 0OpOOHTH pe3yJbTar i
HaJiIUIe BIAMOBiAL. Y [HOMY peXHMi 3amHTyBad
OJIOKye CBOIO POOOTY Ha dYac OYIKyBaHHS BiJIOBIII.
CTPYKTYpaMu  JJist

CHHXPOHHOT'O CTHIIIO 3B’SI3KY B MIKpOCepBicax € iHTepdeiic

Hattnommpeninmmvn peaunizarii

MIPUKIIAIHOTO IIpOrpaMyBaHHs penpe3eHTaTUBHOT
nepenadi crany (REST API) na ocnosi npotokoiy HTTP
Ta ppeMBOPK BimaneHOro BUKIHKY npouenyp gRPC.

BinpmiocTi CHHXPOHHHMX KOMYHIKaliil BiIacTHBHA
crune  "ommH o oxuoro". Koxken 3ammr  Mae
00pOoOIIATHCS JTUILIE OJTHUM OTpUMYyBaueM abo Ciryx00ro.
Are 3a MM CTWJIEM MOKHA BUKOPHCTOBYBATH YHCIECHHI
EK3EMIUISIPH CITy)KOM 3 METOI MacuTaOyBaHHS, OJHAaK
JOBEJIETHCS  3aCTOCOBYBATH MeEXaHI3M ab00 MeTOIu
OajaHCyBaHHS HaBaHTa)XEHHS Ha Oomi kiienta [13].
Y mpoMy pa3i koxHa ciayx0a Mae iHpOpMamio Tpo
aJIpecH po3TallyBaHHS BCiX ek3eMiuisipiB. Lo iHpopmariro
MOJKHA B3SITH 13 cepBepa BUSBIICHHS CIy:KO abo HamaTu
BPYUHY Y BIIACTHUBOCTSX KoH(irypanii. Takoxx KkoxHa
cryxba Mae BOyIOBaHWE KIIIEHT MapIIpyTH3allii,
0 MOXE 00paTh OJIUH EK3eMIUIIp IJIbOBOI CIyXOH
1 HaIlicaTH TyIW 3aIHT.

ACUHXpPOHHUH  peXuUM

3B’I3Ky MOXe OyTH

peamizoBaHWii y  MiKpocepBicaX, KOIH  CITyXOH

B3a€EMOJIIIOTh OJHA 3 OAHOIO 3a JOIOMOrow IabNoHy
oOMiHY TIOBITOMJICHHAMH Ha 0a3i aCHHXPOHHUX
AMQP. VYV nmif  dopmi

IPC-mikpocepBicH MarOTh HOCEpEIHHKA MK CepBicaMu

MIPOTOKOJMIB, TaKUX SIK
JUIS KOOpJAMHAINI 3amWTiB 1 BIiAMOBimEH (HANpUKIA,
opokep RabbitMQ abo Apache Kafka).

Y  nesxux curyauisx RESTful Takox MOXHa
BUKOPHCTOBYBaTH $K AaCHHXPOHHUH a0o0 Tak 3BaHUHN
3B’A30K.

"BiIKJIaICHUA CUHXPOHHHNA" 3acTocoByOUU
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HOro acHHXPOHHO, CITy>k0a HeraifHO BIIIOBiZa€ HA 3allUT
KOJIOM BIANOBIII (SIK MPUHHATHH 3alUT) Ta TOCHJIaHHIM
UL OTPUMAHHS (PaKTUYHUX PE3yJIBTATIB MiCIIs 3aBEPIICHHS
HenonikoM Takoro migxomy € Te, IIO
HTTP-3anuTH.
CHPUYHUHSAE CKJIAIHOIII JJIsl KIEHTA, OCKUIBKU BiH Terep

omeparii [1].
CTBOPIOKOTBCS  TOJATKOBI Lle Takox
Ma€ TepeBipATH poIlec BUKOHAHHS 3anuTy [ 14].

Omna 3 (dbyHIaMEeHTaIbHUX BiIMIHHOCTEH

ACHHXPOHHOTO 3B’SI3Ky TIOPIBHSHO 3 CHHXPOHHUM

nojsrae B TOMY, M0 KIieHT (cimyx0a) Oiiblie

HE BIOiHCHIOE TpsIMHHA BHKIUK JO IHIIOI CIIy>KOM
W He ouikye HeraiHol BiJIOBiAI. 3aMiCTh IIbOTO KJII€HT
myOnikye 3amuT 1o Opokepa mosigomiieHb. OnHa 4H
JIeKiIbKa CITy>KO BI3bMYTh 3aIMT BiJ Opokepa i 0OpoOIIITh
Horo, mMOTIiM TOBEPHYTH pe3yibTar Opokepy. OCKiIbKH
3B’S130K € AaCHHXPOHHUM, Y IIbOMY pEXKUMI KIIE€HT
He O110Ky€e poOOTY Tix 9ac o4iKyBaHHS BiamoBimi [14].
ACHHXpPOHHMH pE&XHM OOMIHY ITOBiOMJICHHSIMHU
Moxke OyTm peami3oBaHHMM 3a MoOIemIMH "OIWH
nmo omHoro" (uepra) ta "ommH A0 Oarathox" (Tema).
ACHHXpOHHHH 3B’ 30K Ha OCHOBI MOBIiIOMJICHb 3 OIHUM
OTpHMYBadeM O3Hayae, 10 ICHy€E 3B 430K "TOYKa-TO4Ka",
II0  JOCTaBJIsi€  IOBiTOMJICHHS

TOYHO OJHOMY

31 CHOXHMBaYiB, SKAH Mae JOCTYyHn JO KaHaiy,
i IO TOBIIOMIICHHA OOpPOOJAETHCS JHUIIE OAWH pas.
Sk OBl THYYKHMH MiOXiZ MOXKHAa BUKOPHCTAaTH
MeXaHI3M TyOJNiKamii/mianucky, 1mo0 TOBITOMICHHS
BiJl BiANpaBHMKAa OyIM JOCTYIHI Al MIKpOCEpBiCiB-
MiAMACHUKIB 200 30BHIMIHIX TPOTpaMm.

B. Reselman y po6ori [15] BUOKpEeMITIOE 11l OJMH
THI B3aEMOAIl MK MiKpocepBicaMu — TiOpHIHIIA,
SKMH TO€AHye B €00l CHHXPOHHY # aCHMHXPOHHY
B3aeMonito. Hampuxmax, ridpugHa ciyx6a marpumye
sk HTTP, Tak i mpoTokoiu OOMiHY ITOBiIOMIIEHHSIMHU.

CydJacHi 3aCTOCYHKH 3 apXiTeKTypOO MiKpOCepBiciB

YacTO  BHKOPHCTOBYIOTH ~ KOMOIHAIIO  CHHXPOHHOT
Ta acHHXPOHHOI B3aemomii. Hampukiam, B3aeMomis
3 OJTHUM OTpUMyBaueM  MOXe  BigOyBaTHcs

3a cuaXpoHHUM TnpotokoiaoM (HTTP Tomo) mixm wac

BUKJIMKY 3BHYalHOI CiykOM 13 30BHImHIM  APIL,

JUIE  aCHHXPOHHOI  B3a€MOIii  JNEKIIBKOX  CIyXO0

BUKOPHCTOBYIOTBCSI IPOTOKOJIU 1oBinomieHs (AMQP).

Y 1pOMy KOHTEKCTI BaXJUBHUM € PO3YMIHHSI

mepeBar i HEJONIKIB PI3HUX PEXUMIB MIKIPOLIECHOT

B3aemonii. Ha ocHoBi amamizy mpams [3, 10]

MOXKHa TMiJCyMyBaTH, IO pi3Hi dakTopu, 30KpemMa

3aBaHTaXeHHS 3amuTiB, [T-cepemoBmmie #W MepexHi

TEXHOJIOTii, BH3HAYAIOTh INPOJYKTHBHICTb  3B’SI3KY

MK  MikpocepBicamn. He  MoXHa  OJHO3HAYHO

BU3HAUYWUTH, 5K 3 KOMYHIKaUiWHUX TEXHOJIOTIH Kpalua.

Ile 3amexuTh Bil  KOHKPETHOTO  3aCTOCYBaHHS.
Arne MOXXHa 3ayBaKUTH, IO ACHHXPOHHHUH 3B 30K
€ HAmIWHIMMM 1 CTaOUIPHIIIM MEXaHI3MOM 3B’SI3KY,
Hibk HTTP (Rest), 1 3abe3nedye OuIbIly aBTOHOMIIO
MikpocepBicy [2]. S. Newman y pocmimxenHi [11]
aHali3ye TepeBaru W HEeNOJIKH KOXHOI (POpPMHU 3B’SI3KY
Ta 3a3Ha4ae, OI0 B MPOCTHX MIKPOCEPBICHHUX apXiTeKTypax
cepiio3HMX TMpOOJeM 13 BUKOPUCTaHHSIM CHHXPOHHHX
ONOKYBaJbHMX BHKJIHNKIB HE BHHHKAE. AJe Ned THI
3B’I3Ky CTa€ HEaKTyallbHUM, KOJH YCKJIQJHIOETHCS

MapmpyTH3amis Ta 3 sSBIAETHCS OUTBIIE BHKIHUKIB.
ACHHXpPOHHHMH 3B’S30K € JOLUUILHHUM Yy pa3i, KOIH B
apXiTeKTypi Tepen0davyaroThCsl TPUBATI MPOIIECH 3 JOBTHIMHU
JIAHII0)KKaMH BUKJIMKIB, 110 HEJIETKO PECTPYKTYPYBaTH.
3BiCHO, BOJHOYAC SIKAA  THII

Tpeba  BUPILINUTH,

ACHHXPOHHOTO 3B’SI3KYy 3aCTOCOBYBATHMETHCS: 4epra
MIOB1TOMJIEHB, IOIiITHO-Opi€EHTOBaHA B3a€MOIisl TOIIIO.

CkazaHe BHWIIE JOBOJUTH, IO BHOIp MeXxaHi3My
IPC — BaxumBe apXiTEeKTypHE pIIICHHSA, IO MOXKE
BIUIMHYTH Ha piBeHb AOCTymHOCTI ciyx0. IPC mae
3abe3nedyBaTH e(heKTUBHUI 3B’I30K MDK MIKpOCEpBiCaMH,
BOJHOYAC IIeH 3B’S30K MOBHHEH OyTH ciaOkuM. BoHa
Tako)X Mae 3abe3rmedyBaTd MOKpAIleHy MacIiTaOOBaHICTE,
JIETKICTb ~ OOCITyrOBYBaHHS Ta aBTOHOMHICTH  MIX
ciyx0amu [3]. Ase crioci 3B’ 13Ky Mae OyTH TakuM, 100
HE TMEPEIIKOKATA METi MiKpocepBiciB [16].

OTxe, WA dYac TPOEKTYBaHHS MiKpOCEPBICHOT
apXITeKTypH Ha piBHI MapmpyTu3auii Tpeda oOrpyHTOBAHO
migxonuTu 1m0 Bu3Ha4deHHs I[PC, BUSBIEHHS CeEpBICiB,
OayaHCyBaHHS HaBaHTaKEHHS, CTBOPEHHS €IMHOI TOYKH
BXOny. Alle, HAa Hall TOTJIAN, € TEBHI ()AKTOPH, IO
MOXYTh IUIMBaTH Ha SKICTh IMX mpoueciB. Ilin uac
B3a€MOJIii MIKPOCEpBICIB BHHHMKAIOTH CHUTYalii, KOIHU
3 Oynmb-fKMX TPUYUH OJWH 13  CEPBICIB, IO
BHKOPHCTOBYETHCS, TIEpECTaE BiATOBiAaTH. Y pa3i, KOIU
30iif € TUMYacOBUM, HANpPHKIAJ, Y 3B’SI3KYy 3 MOBUJIBHUM
MEpEeXHUM 3’€IHAHHSAM TOIIO, BHUPINIMTH MpodIeMy
JIONIOMAararoTh IIOBTOPHI BUKJIMKH. AJie KOJIU HAEThCS PO
OimpII CyTTEBI TpoOIEMH, IO BHUHHUKAIOTH y 3B SI3KY
3 TIOBHOIO BiIMOBOIO CEpBICY, TO II€ pillIeHHS HE CIPALioE,
aJKe TIOBTOPHI BUKJIMKH JIMIIE BUTPAYaTUMYTh PECYpPCH.
Tomy BaxiMBO nependaYuTH 3MATHICTH CHUCTEMH
cupaBisATACS 31 300iMH 0e3 TIOBHOTO pyHHYBaHHS
Ta rapaHTyBaTU SKiCHY B3a€MOJIII0 MK MiKpoOcepBicamH,
TOOTO 3a0€3MEYUTH BiIMOBOCTIHKICTb.

Y  poboti [17]

BiIMOBOCTIMKOI CHCTEMH 332 TAKUMH HATIPSIMaMH:

PO3rIAaacTbCA MOJEJIb

—  mii, MOB’s3aHI 3 HEMOCTYIHICTIO CIyXOu,
[0 peaji3yroThCs 3a TPhOMa CXeMaMH — IIBUAKHHA 30iH,

KOJIM  ciy)k0a HerailHo  INOBEpTaE  IOBIJOMJICHHS
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Npo IIOMHWIKY; TaiM-ayT MOXKHa BHKOPHCTOBYBATH,
100 BCTAaHOBUTH OOMEXKEHHsI Ha CIyXOy, JOKM BOHa
HE BIAMOBICTH; KEIIYBAaHHSI 3aCTOCOBYETHCA, KOIHU
cinyxba, III0 BUKIMKAETHCS, HEMOCTYMHA, ajie 1HII
CITy>KOH Bce IIe MOXYTh YNTATH/3aMMUCYBaTH iH(OPMAIIIFO
B KeIlli Ha 0OIIi KJTIIEHTa Y IPOKC;

— 3axucT

ciyx0 Bil TIepeBaHTaXKECHHS,

[0 peami3yeThcss 3a [OBOMAa MOJETSAMH, a came

B aBromMatmyHoMy BuMmukaui  Circuit  Breaker,
0 3amo0irae JOCTYMy 10 KOMIIOHEHTa 30010, IIBHIKO
00po0IIsie TIOMIITKY, HAJIAIITOBYE PE3EPBHY IO, YHUKAE
Apyra

MeXaHi3M "pYKOCTHUCKaHHA", IO 3MIHCHIOETHCS MiA dYac

NEPEBaHTAKCHHA. MOACIb BUKOPUCTOBYE
KOXKHOI B3a€MOAii MiX 3alHMTyBaueM i CIIyk001o, sKa
orpumye 3amutT. Ceppic, IO OTPUMY€E 3alHUT, MOXKE
BIZIMOBHTH, SIKIIO € IIepeBaHTaXeHHs. Hemnomikom
"pyKOCTHCKaHHS" € Te, IO MOTPIOHI JOJATKOBI 3allUTH
i Bimmoimi. KpiM 3a3HaueHMx Mojenel, mpobiaemy
MOXXe BHpimyBaTh OamaHCyBaHHS  HABaHTAKCHHS.
Load Balancer nomomarae 3HHM3UTH HaBaHTaKEHHS
Ha cIIyOu i BOAHOYAC 3MEHIIINTH BipOTiAHICTE 3001B;

— JIOKai3allis HECIPABHOCTI 3a JOIIOMOTOK MOJENi

neperopoak (bulkheads). Ileperopoaku 0OMexy0Ts a00

Puc. 1. KoHuenryanbHa cxemMa MPOEKTYBaHHS PiBHA MapLIpyTH3aLii

Tt mpakTUYHOTO  JIOCHI[DKEHHS  PO3TJISIHYTOTO
MHUTaHHS OYJIO CIIPOEKTOBAHO MIKPOCEPBICHY apXiTEKTypYy,
mo 3abe3nedye poOOTy JIAHIFOKKA IIOCTa4YaHb  1Ki.

130JTFOIOTh CITY’KOM, SIKi BHUIIUTH 3 JIamy, 00 3MEHIIUTH
BIUIMB HECTIPABHOCTEH Ha MPOAYKTUBHICTH CHCTEMHU.

S. Newman y mpami [11] 3a3Hagae, 1Mo, OKpiMm
MX MOJENEeH, € JeKiIbKa CIoco0iB  30UILIINTH
BiIMOBOCTIHMKICTh CHCTEMH: PO3IOMALT PHU3UKIB 3aBISKH
PO3MIIIIEHHIO CEPBICIB Ha PI3HUX XOCTaX, 30UIBIICHHS
130JIbOBAHOCTI CEPBiCIB TOIIO.

Y poborax nmocmiguukiB [11, 17], ski BuBYanmu
MEXaHi3MH 3a0e3IeUYeHHsT BiIMOBOCTIMKOCTI, 3a3HAYAETHCS,
II0 3aCTOCYBaHHS KJIIOYOBHX IIAOJOHIB BHMAarae
3BKEHOTO TIIXOAY 3 OISy Ha HEOOXITHWH piBEHBb
BIZIMOBOCTIHKOCTI, apXiTEKTYpH MIKPOCEPBICIB TOILIO.

Ha puc. 1. 300paxeHa y3arainbHeHa KOHIIEITyalbHA
piBHA MapupyTH3amii

cxema MIPOEKTYBAHHS

B MIKpOCepBicHIN apxiTekTypi. Cxema MiCTUTh OCHOBHI

KOMIIOHEHTH, 10 3a0e3NeuyloTh  MaplIpyTH3aIliio:
MDKIpOLIECHa  B3a€EMOZIs, BUSABIICHHSA CepBiciB,
LUTI03, OaJaHCyBaHHS HAaBaHTKEHHS W MIATpUMKA

BimMoBoCTiHKOCTI. Ilix 4Wac mpoekTyBaHHS HEOOXiTHO
BH3HAYUTH OCHOBHI MOJENi, MIa0JOHH a00 aJIrOpUTMHU
BIIIOBITHO MO IMX KOMMOHEHTiB. [lpumitHATI pimeHHs
OyAyTh ICTOTHO BIUIMBATH HA apXiTEKTYPy 3aCTOCYHKY
Ta BUOip MporpaMHMX 3aco0iB A ii peaizarii.

Cucrema MICTUTh 4YOTHpH CItyxOu: Account, Products,
Order,
posropratoTbesi HezaiexHo. [lomana apxiTekTypa Mae

Delivery. ¥Yci BOHH € TporpaMamMu, II0
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TiOpUIHY MDKIIPOLIECHY B3a€MOJIIFO, sIKa MiCTUTh CHHXPOHHI

Ta acuHXpoHHi 3B’s3ku. KilieHT 3a  nonomororo
MIKpocepBicy Account CTBOPIOE HOBUH abo meperisigae /
OHOBIIIOE HAsIBHUH aKayHT KOpPUCTyBada. YcCi akayHTH
30epiraroThcs y BiMMOBimHIN 0a3i maHmxX. MikpocepBic
Products Takox Mae TOYKY BXOIy IJIsl KJIIEHTa 3 METOIO
OTPUMAaHHS/CTBOPCHHS/OHOBIICHHS TIEPENiKy IMPOIYKTIB.
Krnientu 3a momomoror Mikpocepsica Order MaroTh
3MOTY CTBOPHTH HOBE 3aMOBJICHHS, OTPHMATH HEpeiK
CTBOPEHHMX 3aMOBIICHb, a TaKOX TEPeryIiHyTH iX
craryc (HOBe, TepelaHO B JOCTaBKy). [meHTmdikaTop
KOpUCTYBa4ya JUIi HOBOTO 3aMOBJICHHS NepeBipSAETHCS
3 MepeNikoM aKayHTiB, IO OTPUMYETHCS 32 JOMOMOTOO
MiKkpocepBicy  Account.

CUHXPOHHOI'O 3aIuTy pi(e]

AHanoriyHo, imeHTH(]IKaTOp MPOAYKTY IS HOBOTO

3aMOBJICHHSI TEpPEBIPAETHCS 3 MEpeNikoM TMPOAYKTIB,

Puc. 2. ApxiTeKTypHa MOJIeNIb IPOEKTY

Ilix uyac oOpaHHA cCTeKy TexXHOJIOTIH OpaBcs
JI0 yBarm [OCBiA pO3POOHHMKIB Ta e(EeKTUBHICTh
wIaTGopM Uil CTBOPEHHSI MIKpOCEpPBICHOT apXiTEeKTypH.
Bubip ¢peiiMBOpKIB IpYHTYBaBCcS Ha MiATPUMII MOBH
nporpamyBaHHs Java. 3acrocyBaHHS Java-matdopm

IUTSE PO3POOJICHHST MIKPOCEPBICHHUX MPOEKTIB HA CHOTOIHI

IO OTPHUMYETHCS 3 IOIOMOIOK0 CHHXPOHHOI'O 3aIluTy
1o Mikpocepsicy Products. Tlicis TOro sk 3aMOBJICHHS
CTBOPEHO Ta 30epekeHO y 0a3l maHWX, O CIyXOHu
noctaBku Delivery Bin cnyx6u Order aCHHXpOHHUM
cnocoboMm Oyzme BiampaBieHO iHQOpMALi0  TIPO
3aMOBJICHHS Ta Horo aapecy. 3B’SI30K MK CIyX)00r0
3aMOBJICHHSI Ta CIIy)KOOI0 JOCTaBKU BiJIOYBa€THCS uepes
Opokep moBimoMiIeHb. OCKUIBKH CITy:K0a 3aMOBIICHHS
€ JDKEepeNioM TOBiJOMIICHHS, BOHA HAJICHIIAE TIOBITOMIICHHS
Ha CBIifl KaHan 3amuty order-request. 3 1HIIOTO OOKY,
ciryx0a JTOCTaBKH IPOCITYXOBY€ BXiIHI ITOBIIOMIICHHS Ha
KaHal order-request Ta TyOIIKye CTaTyC 3aMOBIICHHS
B KaHam order-reply, SKuil ciiyxae ciyx0a 3aMOBJICHHS.
[licns meBHOro MPOMDKKY Yacy OHOBHTBCS CTaTyC
3aMOBJIEHHS Ha 'mlepemaHo B JOCTaBKY'. ApPXITeKTypHa

MOJCJIb IIPOEKTY HABCCHA HA pUC. 2.

€ y>xe romysipHuM. [1po 1e cBiT4uTh 3BIT pO3pOOHMKIB
Java 3a 2023 pik Big JRebel by Perforce [18], 3rigHo
3 SKMM IIpOrpaMH Ha OCHOBI MIKpOCEpBICiB Oyiu
HalmonyJsIpHIKMU cepeli po3poOHuKiB Java (32 %).
Binmmosini mokasanu, mo OUIBIIICTE OpraHizamiii ado
MaJi [POrpaMH, MOBHICTIO OCHOBaHI Ha MiKpocepBicax
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(31 %), abo mepeOyBanm Ha crafii wranysaHHA (31 %),
a00 mepernun Ha apxiTeKTypy Mikpocepgicis (30 %).
Ob6panns OCHOBHOI

Spring 5K mw1athopMu

JUIs  TIPOEKTYBaHHS  MIKPOCEpPBICHOI  apXiTeKTypu
IpyHTyBajocs Ha aHamizi mpams [7, 8, 18]. 3i creky
Spring 3actocoBytothes Spring Boot ta Spring Cloud,
mo 2023 poKy 3aTUIIAIOTHCSI HAWKpAIIAM PIIIEHHSIM IS
PO3pOOIICHHST MIKPOCEPBICHUX 3acTOCYHKIB (59 %) [18].
Tomi sax Spring Boot € epeKTHBHUM CcHOCOO0M
pPO3pOOJICHHST aBTOHOMHHX 3acTOCYHKIB, Spring Cloud
Hajae HaOlp IHCTPYMEHTIB [UIS CTBOPCHHS 3arallbHUX
I1a0JIOHIB Y PO3MOAUICHUX CHCTEMAaX, TAKHX K BHSBJICHHS

ciyx0, KepyBaHHS KoH(}irypariero Tomo. lle o3Hauae,

mo Spring Boot — paame cepenoBwile po3poOICHHS
MMOBHOTO CTeKy i Mae moknanarucs Ha Spring Cloud nns
CTBOPEHHS OCOOIMBHAX MOXKJIMBOCTEH MiKpocepBiciB [8].
st
MiKpocepBiciB o0epeMo BinmoBinHiI pecypcu. Haramaemo,
mo 10
BIAMOBIMAIOTH 34

NPOEKTYBAaHHS  PIBHA  MapUIpyTH3awil

CKJIajy WIa0JOHIB Ta KOMIIOHEHTIB, MIO
MapIIpyTH3alil0  MIKPOCEpPBiCiB,
nonaemo Service discovery, API Gateway, Load Balancer,
OpOKepH TOBIIOMIICHb U OpTaHi3amii MIKIIPOIECHOT
ACHHXPOHHOI B3a€MO/Iil, KOMIIOHEHTH BiJ]MOBOCTIHKOCTI.
VY T1abn. | ysarambHEHO pecypcH Spring s peamizarii
MapuIpyTu3amii B MIKpOCEpBICHHX 3aCTOCYHKax 1 sKi
HiITPUMYIOTBCS Ha Lel yac.

Tabmuus 1. Pecypcu Spring ons peanizayii mapupymusayii 6 MiKpocepgiCHUX 3aCMOoCYHKAX

IIpouecu piBHs

OcobauBocTi

OmnparfroBaHHS MMOTOKOBOI iH(pOpMAIlii, TOB’S3aHOT 13 CHCTEMaMH
00MiHy noBiiomMneHHsIME RabbitMQ abo Apache Kafka

ACHHXPOHHA MOJIEITb, PEKOMEH/YETHCSI BAKOPUCTOBYBATH
opokep Apache Kafka

Ne MapmpyTHANi Pecypeu Spring
Spring Cloud Stream
1 | Mixknpouecna Bzaemonis | Spring for Apache Kafka
Spring AMQOP

ACHHXPOHHA MOJIENIb, PEKOMEHYETHCS BAKOPUCTOBYBATH
opokep RabbitMQ

Spring Cloud Netflix (Eureka)

Knient-cepBepHa apxitexkrypa: Eureka Server, Eureka Client

2 | BusBienus cepsicis Spring Cloud Zookeeper

Ex3eMIusipi MoXKHa 3apeecTpyBath B Zookeeper, a KIIi€HTH
MOKYTb BUSIBUTH €K3EMILISPHU 38 JOMIOMOTOI0 KOMIIOHEHTIB,
kepoBanux Spring. [lintpumye Spring Cloud Load Balancer —
KJIiEHTCBbKE pillleHHs Ju1si GagaHCyBaHHS HaBAHTaXKCHHS

Spring Cloud Consul

Knient g suxopucranns Config Server ta Service Discovery,
BOynoBanux y Consul

Spring Cloud Load Balancer

3abe3neuye OalaHCyBaHHS HaBAaHTAXKEHHS ITiJT 4ac B3a€MOJIIT

3 banancyBaHHs MIKpOcCepBiciB
HaBaHTa)KEHHA . Mae BOynoBaHuit 6anaHcyBalbHUK HABAaHTAXKCHHS
Spring Cloud Gateway . . ..
MiXK eK3eMILIIPaMH MiKpocepBiciB
3aGesmeucHs Hintpumye Resilience4J, Spring Retry
4 . oo . Spring Cloud Circuit Breaker (3abe3mneuye neKIapaTUBHY MIATPUMKY TOBTOPHHX CIPOO
BiZIMOBOCTIHKOCTI .
JUIsL iporpaM Spring)
.. CepBic JU1s1 MapIIpyTH3aIlil BXiJHUX 3aIUTiB
CTBOpEHHSAM €IMHOI . epBIC 1 PHIpyTH3ant A .
5 Spring Cloud Gateway MK MiKpocepBicamMu i OalaHCYBaHHSA MiXK €K3eMIUIIpaMu

touku Bxoxy (Gateway)

MmikpocepsiciB. Iurerpauist Spring Cloud Discovery Client

Spring Cloud MicTUTh CepBiCH, IO BHKOHYIOTbH
dyukii Service discovery, a came Spring Cloud Netflix
(Eureka), Spring Cloud Zookeeper, Spring Cloud Consul.
BignoBigHo 10 1mpOro Ak IIabJ0H  BUSBJIEHHS
cryxk6 Oynemo 3actocoByBatn Netflix Eureka [19],
mo interpoBana B Spring Cloud. Eureka — ue ciyx0a
RESTful

sAKa BUKOPUCTOBYETHCA IJIs1 BHUABJICHHA, 6anchyBaHH${

(mepenaya  pempe3eHTATHMBHOTO  CTaHy),

HaBaHTAXXECHHS Ta aBapidHOTO IEPEMHKaHHS CepBepiB

Ten

Uil pobdotn B xmapi Amazon AWS, ane moxe OyTu

CepeHbOro  piBHSL. 3aCTOCYHOK MpPU3HAYCHUI

PO3rOpHYTUH 3a I MEXaMHU.

Kpim Toro, B Eureka mnepenbaueHa MOXIHUBICTH
pO3ropTaHHsl CepBiciB Ha pi3HUX IIatdpopMax, 1o,
Ha Hamly IyMKY, € IIGBHOIO IIEPEBArol0 IOPiBHIHO
3 TakuM MPOTPaMHHUM 3aCTOCYHKOM, sik Kubernetes.
VY pasi, KoM YacTHHA CEpBiCiB, 110 BUKOPHUCTOBYIOTHCS,
posropuyta Ha Kubernetes, a iHIII CepBiCH MPAIOIOThH
y IHIIMX CepelOBHINAX, BUSBICHHA CEPBICIB Ha PpiBHI
Eureka  Oyne

OXOIUTIOBaTH BCi CepellOBHINA, TOAI SK pillleHHsS Ha 0asi

3aCTOCYHKIB i3 ~ BHKOPHCTaHHSIM
Kubernetes cymicHi nuie 3 Kubernetes [19].

Eureka mae xnienT-cepBepHy apxitekrypy. Ciyxoa
Mmictute Eureka Server, a TakoX KJIIEHTCBKY YacTHHY
Ha ocHOBI Java, — Eureka Client, ska 3Ha49HO CIPOIIy€
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https://github.com/resilience4j/resilience4j
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B3aeMoJit0 3i cimyx0oro. KomyHikaris 3a JOmOMOTroro
Eureka BinOyBaetbcst TakuM 4nHOM. CepBiCH PeeCTPYIOTHCS
B Eureka, peectpallisi CIry>)kOM Ma€e KOPOTKHH Yac >KATTS
TTL (Time to Live), 110 BUMarae BiJ KJII€HTIB MOCTIHHOT
B3aeMomii i3 Henpanesnarai

CepBEpaMH. CITy>KOn

abo By3IM TMEpecTaHyThb MpAaIfoBaTH, THM CaMUM
CIPUYHHAIOTH IX TaliM-ayT ¥ BIIy4eHHS 3 peectpy [20].
Kiient

6aHchyBaHLHI/IK HABAHTAKCHHSI, IIIO BHUKOHYE 0a3oBe

Eureka  Client wmae  BOyIOBaHMI

IUKTIYHe OallaHCYBaHHS HABAHTAXXCHHS Ha OCHOBI
KUTBKOX (DaKkTOpiB, TakWX sK Tpadik, BUKOPUCTAHHI
pecypciB, YMOBH TIOMHJIOK TOIIO, IO 3a0e3ledye rapHy
BiIMOBOCTiWKicTe. Y mboMy ceHci Eureka € TapHOIO
anerepHatuBoto s AWS Elastic Load Balancer —
OamaHCyBaJIbHMKAa HAaBaHTA)XEHHS IS CEpBICIB, IO
HiIIal0THCS BIUIMBY BeOTpadiKy KIHIIEBUX KOPHCTYBaUiB.
AWS ELB € TpaguniiHUM pilieHHSIM I OarmaHCyBaHHS

HaBaHTaXEHHS HAa OCHOBI Ipokci-cepepa [21], Tomi sk

Eureka  BigpizHseTbcs TEM, 1m0 OalaHCyBaHHA
HaBaHTKEHHS BIOyBae€Tbcs Ha PIBHI eK3eMIUIsIpa/
cepepa/xocra. llle  omMH  BaXIMBHHA  acCIeKT,

IO Bipi3HsAEe OalaHCyBaHHS HABAaHTaXXCHHS Ha OCHOBI

mpokci-cepBepa  Bifg  OamaHCyBaHHS  HaBaHTa)KEHHS

3 BHUKOpUCTaHHAM FEureka, mnonsrae B TOMy, IO
B OCTaHHBOMY BHMAJKy TIporpamMa MokKe OyTH CTiiKOrO
0 3001B OalaHCYyBaNbHUKIB HABAHTAXXCHHS, OCKUIBKU
iHpopMaIiss TpPO  MOCTYNHI  CEpPBEPH  KEIIyETHCS
Ha kiieHTi. Ile BHMarae HE3HAYHOrO OOCSTY MaMm’sTi,
ajyie MiIBUIIYeE CTiKicTh Mo BiaMoB. Kpim Toro, Eureka
JlorioMarae 3HaiTu iHQopMalio mpo CiIyxO0H, 3 SKHUMH
MOTPIOHO B3AEMOMIATH, ajle HE HAKIAAA€ IKOITHHUX
00MeXeHb Ha TPOTOKOJ abo crmocid 3B’s13ky. Hanpukian,
MO>KHa BUKOPUCTOBYBATH Eureka 1is OTpUMaHHS afapecH
IIJTBOBOTO cepBepa Ta 3acTocoByBatu mpotokonmu HTTP,
HTTPS a6o Oynp-ski inmi mexanizmu RPC [19].

Sk API-numro3 3actocoByBatmMemo Spring Cloud
Gateway, mo € peamnizamiero API-mumo3y Ha OCHOBI
(dpeiimBopky Spring 5, Project Reactor i Spring Boot 2.0.
Le#t nebmoxyBampHuit mumo3 Spring Cloud Gateway
3amiHioe 3actapinmuii Zuul Bin  Netflix 1, Ha BigMiHYy
Bill Zuul, miATpUMYy€E peakTHUBHICTb i Web Sockets. Spring
Cloud Gateway Moxe He TUIbKH e()EeKTHBHO T€peCHIIaTh
BCI 3aIlUTH BiA KI€HTIB, ane W BWUKOHYyBaTH (YHKIII,
IO BIJINOBiAIOTh 3a Oe3MeKy, MOHITOPUHI 1 TOTOYHE
oOMexxeHHST B cmcreMi Mikpocepicy. Lls  ciyx0Oa
interpyerbest 3 Circuit Breaker ta Spring Cloud
Discovery Client [22].

TexHomnoris, WO peatidye aCHHXPOHHUH 3B’SI30K —
RabbitMQ, Opokep TOBIIOMIICHb i3 BIIKPUTAM BHXiJHAM

kojoM. Lle nerkuii i MaciuTaboBaHuii OpOKep MOBIIOMIICHB

Ha OCHOBI poTokoiry AMQP, sikuii J1i€ sIK TOCepeTHIK MK
pi3HUMH cepBicamu. RabbitM(Q miatpuMye pi3HOMaHITHI
m1aboHn  OOMiHY TIOBITOMIICHHSMH, 30KpeMa ''TOouka-

"3anUT-BiANOBIAL".
¢GyHKMii, Taki o SK
MapIIPYTH3aLlis TOBIIOMJICHD, T ITBEPLKCHHS TOBIIOMIICHD,

Touka", "myOmikamig-mianucka' Ta

Bin Takok Hamae pO3MIMpEHi
Yepry MOBIOMIICHb, IO HEe JOoCTaBJeHi [22].

iHpopMmarii
3actocoByBatuMeMo Spring Cloud Stream — mnardopmy

Jns  ompaiuroBaHHS ~— NOTOKOBOI
JUISL CTBOPEHHS BHCOKOMACINTa0OBaHUX MIKPOCEPBICIB,

o0 KEepoBaHI TMONiSAMH, TIIOB’SI3aHUX i3 CHCTEeMaMH
OOMiHYy TOBIJJOMJICHHAMH, TakuUMHu siK RabbitM(Q abo
Apache Kafka. HanamryBanHs OpokepiB BigOyBaeThCs
camuMm Spring Cloud Stream. 3B’s130k i3 Opokepom
3IACHIOETECS 3 TOTIOMOTOI0 Oibmioteku Stream. Spring
Cloud Stream mnpairoe B po3NOJIUIEHUX MiKpocepBicax,
o0 pearyloTb Ha TOTOKM BXigHOI  iH(opMmaii.
Bin cTBOpeHMit Ha OCHOBI Spring Boot, nipaiitoe 31 Spring
MVC abo Spring Web Flux 1 MOXXe BUKOPHCTOBYBATHCS
JUIL  pO3pOOJIEHHST MAacIITa0OBaHMUX Hporpam OOMiHY
TTOB1TOMJICHHSIMH Ta TIOTOKOBOTO 00po0ieHHs [23].

VY HaBeJeHOMY MPUKIAAI peali3oBaHa aCHHXPOHHA
CITy k0010

3aMOBJICHHSI Ta CITY’K00F0 JTOCTABKH 3a JJOMOMOTOI0 GpoKepa

MOJeTb OOMiHYy  TOBIIOMJICHHAMH  MiX

noBinomnens RabbitM(Q ta Spring Cloud Stream.
Bignpasauk moBigomieHHs (ciyxk0a Order) Hancuiae
TIOBITOMJIEHHS, @ MOTIM OYiKy€ BIIOBiZI BiJ OTpHMyBaya
(cyx0a Delivery). Y miii mMomeni BiANPaBHUK MIKITyEThCSI
TIPO CTaTyC MOBIIOMJIEHHS, a caMe OTPUMaHEe BOHO UM Hi.
®dakTop BIIMOBOCTIMKOCTI 3a0e3meuyBaBcs Spring
Cloud Circuit Breaker, mo MiCTHTbCS B CKIami Spring
Cloud. Circuit Breaker 3a0e3nedye aOCTpaKIliio st
pi3HHX peani3aiiii aBTOMaTHYHOTO BIMHKa4a. BiH Hagae
nocmigoBHuid APl 1nsi BUKOpUCTaHHS B mporpamax,
JiorioMarae oOpaTH peai3aliilo aBTOMaTHIHOTO BHMHKada,
[0 HaWKpaie BiAMoBimae moTpedam y mporpami [23].
Bynemo  3actocoByBatm  Oibmioteky  Resilience4J,
migrpumye Spring Cloud Circuit
Breaker, 1 sxa e nHacrymuuneto Hystrix Bin Netflix.

peaiizamio  SIKoi

3a momomoroo Iiei 0i0IIOTEKH MOXHA peasi3yBaTH Taki
11a0JIOHU JUISl BUKOPUCTAHHS B CITyXK0ax:

— aBTOMAaTWYHWI BUMHKA4  circuitbreaker —
MIPUITUHSE BiIIPABICHHS 3alHTIB i 4ac 30010 ciyxowu,
110 BUKJIMKAETHCS;

— TOBTOpHI crpobu (retry) — TOBTOPIOE crpoOun
3BEPHYTHUCS JI0 CITYKOH;

— TepMETHYHI

(bulkhead) -

BHXI/THUX 3aITUTIB, 00 YHUKHYTH NIEPEBAHTAKCHHS,

BIiCIKM (MOJENb IIePETOPOIKH)

Oo0MeXye KUIBKICTb ~ KOHKYPEHTHHUX
— obOmexyBau uyacrotu (ratelimit) — oOMexye

IIBUIKICTH BXiTHHX 3aIHTIB J0 CITY>KOH;
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— BigKar A0 pesepBHOI peamizamnii (fallback) —
YCTAQHOBIIIOE AbTEPHATHBHI WUISXH BHKOHAaHHS B pasi
30010 3aITUTIB.

BiZpasy
KUTbKa IIA0JIOHIB 7O ONHOTO H TOTO CaMOTO BHKIUKY

Resilience4J nae 3Mory 3acTocyBaTH
METONy, U1 4YOTO JIOCTaTHbO 3a0€3MEUUTH Ield MEeTOJ
BIIOBITHUMH aHOTAIIIIMH.

Kpim piBHS MapmipyTu3anii, HaBeICHUIH NPHKIAL
MIKpPOCEPBICHOI apXiTeKTypH MICTUTh KOH(IrypamiiHui
piBenb, sxuii momano Spring Cloud Config, mo
3abesneuye cepBepHy (Config Server) Ta KIIEHTCBKY
(Config Client) minTpuMKy 30BHINIHBOI KOH(Iryparii
B posmoainerid cucreMi. Ciyx0a IpOIIOHy€E iHTErpariro
i3 CHCTEMOI0 KOHTpPONIO Bepcid, 1mo0 30epertu
KoHpiryparito B 6e3menti [23]. o piBHSI MikpocepBiciB
Hanexarb city:)xou Account, Products, Order, Delivery.
Pigens iHpopmamii mictute 0a3m manux PostgreSOL
IIo cepBiciB Account, Products, Order.

HeoOxinHO 3a3HaYNTH, MO TPaAMLiiHI 06a3u JaHUX
YacTO 3aHAATO HE HaAiiHI. YHACHiZOK IbOTO KOXKHA
CydJacHa pO3IOIiIeHA apXiTeKTypa NOTpeOye KeIryBaHHS.
Kemr 3HMKye 3aTpUMKy Ta HPHCKOPIOE B3aEMOIII0 MiXk
cepBicaMH B MIKpOCepBiCHUX apxiTekrypax. Kem -
1Ie piBeHb 30epiranHs iHpopMallii 3 BUCOKOI IIBUIKICTIO
JIOCTYIIy, Ha SIKOMY PO3MIIIIeHa MiAMHOKHHA BCiX JTaHUX.
3 kemry oTpuMaTH ix Oyne 3HAYHO IIBHIIIE, HIXK
3a yMOBM 3BEpHEHHS 1O OCHOBHOTO CXOBHIIA
indopmartii. Spring Framework 3a0e3nedye TiATPUMKY
NPO30pPOTr0  JOJaBaHHA KENIyBaHHA JO IPOrpaMu.
VY HaloMy NpHUKIIa/Ii 3aCTOCOBYBaTUMEMO Redis.

3anponoHoBaHa MOJIeNb MiKpOCepBiCHOT
apXITEKTYpU HE MICTUTh BCi KOMIIOHCHTH (MOHITOPHHT
1 JKypHaIIOBaHHS, OE3MEKOBE WHTAHHS, PO3TOPTAHHS
TOWIO), SIKI MOXYTb 3aCTOCOBYBaTHMCS I  4ac
MIPOEKTYBAHHS BiIMOBITHUX 3aCTOCYHKIB. lle moB’s3aH0
3 THM, IO B PO3pOOJICHIH MoJelNi yBara NpHIiIsuIacs
MOB’SI3aHUX 3

camMe  JIOCHIDKEHHIO  TEXHOJIOTIH,

MapIIpyTH3aIi€l0 3aIHUTIB Y MIKPOCEPBICHIH apXiTeKTypi.

BucHOBKY il IepCeKTHBH NOJANBIIOT0 PO3BUTKY

Ilin wac [OCHIMKEHHSA PO3POOJICHO  LITICHY
KOHIIETIIIO ITPOEKTYBAHHS PiBHS MapLIpyTH3allii 3aMuTiB
Yy MIKpPOCEpBICHIN apxiTeKTypi Ha NpPUKIAAl CTEKy
TeXHOJOTIH Spring. 3m00yTi pe3yinbTaTH Iajld 3MOTyY
IIWATH ITIEBHUX BUCHOBKIB:

apXiTeKTypy JOLIBHO

PO3IIIAaaTH SIK O6araTopiBHEBY CTPYKTYpY, IO OyXy€eThCS

—  MiKpocepBicHY

Ha (YHKIIOHAJBHUX PIBHAX 1 3B’S3KaX MDK HHMH.

Takmit migxig 3a0e3mednTh  CIPOIICHHH  crmocid

MIPOEKTYBAaHHS MIKPOCEPBICHUX 3aCTOCYHKIB 3aBJISIKH

MPO30pOCTi  BCIX 3B’SA3KIB MK piBHIMH Ta iX
KOMIIOHCHTAaMU,
— MapupyTH3ALII0 PO3IIIATAEMO K

0araTOKOMIIOHCHTHHI 1 BOJHOYAC MUIICHUH TIpoIIeC.

Jdo piBHI MapmpyTH3amii MiKpOCEpBIiCiB TOTpPiOHO
JOAaTH BCl TpOLECcH, NOB’SI3aHi 3 HaJaroKCHHIM
B3a€EMOIT, CepBiciB,

Mi)KHpOL[eCHO.l' BUABJICHHAM

OaJaHCYBaHHSM HaBaHTAXEHHS Ta 3a0e3leYeHHIM
BiIMOBOCTIHKOCTIi, CTBOPCHHSIM €JMHOI TOUYKH BXOY;

— aHami3 JOKEpe, o IPYHTYIOThCS
Ha TPaKTUYHOMY JOCBifi, OBIB MOIyISAPHICTH Java-
wiathopMm, Hacammepen Spring, AN PO3pOOJIEHHS
MIKpOCEPBICHUX TPOEKTIB. Spring Boot € epeKTHBHUM
CIIOCOOOM  CTBOPEHHS

ABTOHOMHHX pOSHOJ_'[iJ'IeHI/IX

3actocyHkiB, Spring Cloud Hagae I1HCTpyMEHTH
JUIs peaitizanii malIoHiB MiKpOCEpBICHOT apXiTEKTypH;

— po3pobieHa MOZENb IPOEKTY € NPHKIAIOM
TiAXOMIB /10 IPOEKTYBaHHs OaraTopiBHEBOI apXiTEKTypH.
s momens peamnizye HaiOinpml eQEKTHBHI pilICHHS
B KOHTEKCTI MapupyTu3alii 3amuTiB i3 3aCTOCYBaHHSIM
CTeKy TexHomoriii Spring. Tak, 3ampomoHOBaHa
apXiTeKkTypa Mae TiOpHIHY MIDKIPOLECHY B3aEMOJIIIO,
o0 MICTUTh CHHXPOHHI Ta AaCHHXPOHHI 3B SI3KH.
Takuil miaXig gomomarae peanizyBaTH IEpeBard IHMX
(opM 3B’SI3Ky B OJHOMY 3aCTOCYHKY. A caMe TOJi, KOJH
HEOOXiZIHO  OTpUMAaTW HEraiHy BIANOBIAb Ha 3alluT,
BHKOPHUCTOBYIOTBCS CHHXPOHHI OJIOKYBaJbHI BHKIHKH;
y pasi

OITOKyBaHHS, 3aCTOCOBYETBCS ACHHXPOHHA B3a€EMOJIIS,

TPUBAIMX TPOIECiB, IO HE MOTPeOyITh
sKka € OuIbll HaJiiHUM 1 CTaOUIPHMM MeXaHi3MOM
3B s3Ky, HixXk HTTP (Rest).

Spring Cloud wanmae WMPOKUN CHEKTp MIAOIOHIB
JUIA  peamizamii OCHOBHHMX (YHKIH MapHipyTu3arii
3amuTiB Yy MIKpocepBicHI apxitektypi. Tak, Eureka
(peamizye Service discovery Ta Mae BOyIOBaHWI
Load Balancer), Gateway (uunwo3), Circuit Breaker
(MexaHi3M BiJMOBOCTIHKOCTi), IO iHTETpOBaHi B Spring
Cloud, 3abe3neuyrOTh HEOOXITHUN CTEK TEXHOJOTIH
Ha piBHI MapmIpyTH3aIii.

Jns MoxnMBOCTI  JleMOHCTpalii  MDKPIBHEBHX
3B’S3KiB Yy 3alpOIOHOBAHIA apXITEKTypHIA Mozemi
MOJJAaHO OCHOBHI piBHI (KOpHCTyBaua, KOH]iryparii,
MapIIpyTH3amii, MIKpOCepBiciB, NaHUX), MO (OPMYIOTh
LUTICHY MOJENb TPOEKTY. MapupyTusamisi TICHO
MOB’sA3aHa 3 TIPOLIECAMH, SKi BiMOYBAIOTHCS HA IHIIHX
piBHsix. Tak, KeuryBaHHsI Ha piBHI iH(popmalii ckopouye
0o0poONeHHs 3amuTiB g0  0asm

3aTPUMKY JaHUX
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Ta MPHUCKOPIOE B3aEMOMII0 MK cepBicamu, AWHAMIYHE
HaJIAIITYBaHHS BJACTHBOCTEH 0e3 Iepe3aBaHTaXeHb
KOH(iTypartii.
(TIOB1IOMIICHHSIMHU)

3aCTOCYHKIB BiIOYBa€TbCcs Ha PiBHI

[Mpouec  kepyBaHHS  MOJISIMU

B MIKPOCEPBICHIH apXiTeKTypi, SKHHA peai3yeThCsa

3a gomomoror Spring Cloud Stream 1 Opokepa
noBimomiieHb RabbitM(Q, TicHO TOB’S3aHWN 3 PIBHAMHU
MIKpPOCEPBICIB Ta MAPIIPyTH3ALIIi.

Otxe, y poOOTI HayKOBO OOIPYHTOBAHO IUIICHY
KOHLIETIIIIO TPOEKTYBAaHHS PIBHS MapLIpyTH3allii 3aIUTiB

Y MIKpOCEpBICHII apXiTeKTypi Ta 3alpOIIOHOBAHO
Spring, 10O

MIXKCEpBICHY

apxiTeKTypHy MOJEIb Ha IUIaTGopmi
IacTb 3MOTY e(eKTHBHO pealli3oByBaTH
KOMYHIKaI[il0 HA OCHOB1 00paHOT0 CTEKY TEXHOJIOTIH.
J71st MOAQITBINOT0 PO3BHUTKY ITOCTABICHOTO 3aBIaHHS
HEOOXiTHO PO3MISHYTH IMIAXOMH, IO MIiHIMI3YIOTh
PU3UKH T Yac 3MIiHM apXiTeKTYpH MpPOEKTY (mepexin
Bi MOHONITY JI0  MIKpPOCEpBICiB, IEpEeHECeHHs
iH}pacTpyKTypH B XMapy TOIIO), MPOOIEMH Y3rOHKEHOCTI

iHpopMaii mix yac TpaH3akmii MiX cepBicamMy TOLIO.

Cnucok Jgirepatypu

1. Abdelfattah A.S., Cerny T. Roadmap to Reasoning in Microservice Systems: A Rapid Review. Applied Sciences. Vol. 13.
Ne 3.2023. 1838 p. DOI: https://doi.org/10.3390/app13031838

2. Kazanavicius J., Mazeika D. Evaluation of microservice communication while decomposing monoliths. Computing and
Informatics. Vol. 42.2023. P. 1-36. DOI: https://doi.org/10.31577/cai_2023 1 1

3. byraeBa I, Posym M. Peamizamis MikmnporiecHoi B3aeMoAii B MIKPOCEPBICHIH apXiTekTypi. Bichux Odecvkoeo
HayioHanbHo20 Mopcokoeo yrieepcumemy. Ne 67.2022. P. 81-89. DOI: https://doi.org/10.47049/2226-1893-2022-1-81-89

4. H. Wang et al. Research on load balancing technology for microservice architecture. MATEC Web of Conferences. Vol. 336.
Ne 08002. 2021. DOI: https://doi.org/10.1051/matecconf/202133608002

5. Autili M., Perucci A., Lauretis L. Hybrid Approach to Microservices Load Balancing. Microservices. Science and
Engineering. 2020. P. 149—169. DOI: https://doi.org/10.1007/978-3-030-31646-4_10

6. Akbulut A., Perros H.G. Performance Analysis of Microservice Design Patterns. /[EEE Internet Computing. Vol. 23. Issue 6.
2019. P. 19-27. DOL: https://doi.org/10.1109/mic.2019.2951094

7. Wycislik L., Latusik L., Kaminska A. M. A Comparative Assessment of JVM Frameworks to Develop Microservices.
Applied Sciences. Vol. 13. 2023. DOI: https://doi.org/10.3390/app13031343

8. H. Dinh-Tuan et al. Development Frameworks for Microservice-based Applications: Evaluation and Comparison. In
Proceedings of the European Symposium on Software Engineering (ESSE '20). Association for Computing Machinery, New York,
NY, USA, 2020. P. 21-29. DOI: https://doi.org/10.1145/3393822.3432339

9. Zhang Y. et al. Sinan: ML-Based and QoS-Aware Resource Management for Cloud Microservices. In Proceedings of the
26th ACM International Conference on Architectural Support for Programming Languages and Operating Systems (ASPLOS °21).
Association for Computing Machinery, New York, NY, USA, 2021. P. 167-181. DOI: https://doi.org/10.1145/3445814.3446693

10. Summua O. M., KpaBayk O. A. Jlocni/keHHST MiKpOCEPBICHOT apXiTEKTypH, apXiTeKTypHHI cTHIIb Rest Ta iX cydacHa peasizamist Ha
Java. Herald of Khmelnytskyi national university. Issue 5. 2020. P. 106—-114. DOI: 10.31891/2307-5732-2020-289-5-106-114

11. Newman S. Building Microservices: Designing Fine-Grained Systems 2nd Edition. O'Reilly Media, London, 2021. 612 p.

12. Silva V. A. M., Fran¢a B. B. N. Microservices Design Patterns and Software Evolution. Relatério Técnico - IC-PFG-20-07.
Projeto Finalde Graduagdo. 2020. URL: https://www.ic.unicamp.br/~reltech/PFG/2020/PFG-20-07.pdf (nara 3Beprenns: 11.07.2023).

13. Pachikkal C. Interservice Communication in Microservices. International Journal of Advanced Research in Science,
Communication and Technology (IJARSCT). Vol. 5. Issue 2. 2021. URL: https:/ijarsct.co.in/Paper1281.pdf (nata 3Beprenns: 11.07.2023).

14. S. A. Asri et al. Implementation of Asynchronous Microservices Architecture on Smart Village Application. International Journal on
Advanced Science Engineering and Information Technology. Vol. 12. Ne 3. P. 1236-1243. DOI:10.18517/jaseit.12.3.13897

15. Reselman B. Synchronous Vs. asynchronous microservices communication patterns. URL:
https://www.theserverside.com/answer/Synchronous-vs-asynchronous-microservices-communication-patterns ~ (1ata  3BepHCHHS:
11.07.2023).

16. Sanjana G B., Girish Rao Salanke N S. High Resilient Messaging Service for Microservice Architecture. International Journal of
Applied Engineering Research. Vol. 16. Ne 5. 2021. P. 357-361. DOI: https://dx.doi.org/10.37622/1IJAER/16.5.2021.357-361

17. Hosea E., Palit H, Dewi L. P. Fault Tolerance pada Microservice Architecture dengan Circuit Breaker dan Bulkhead Pattern.
Jurnal Infra. Vol 9, Ne 2. 2021. URL: https:/publication.petra.ac.id/index.php/teknik-informatika/article/view/11452/10062
(mata 3BepreHns: 11.07.2023).

18. Java Development Trends and Analysis. JRebel by Perforce. 2023 Java Developer Productivity Report. URL:
https://www .jrebel.com/resources/java-developer-productivity-report-2023 (mgara 3sepHenHs: 11.07.2023).

19. Netflix Open Source Software Center. URL: https://netflix.github.io/ (nata 3Bepuenus: 11.07.2023).

20. Wang Y. Toward service discovery and autonomic version management inself-healing microservices architecture. ECSA
'19:  Proceedings of the 13th European Software Vol.2. 2019. P. 63-66.
https://doi.org/10.1145/3344948.3344952

Conference on Architecture.



https://doi.org/10.31577/cai_2023_1_1 
https://doi.org/10.1109/mic.2019.2951094
https://doi.org/10.1145/3445814.3446693
https://ijarsct.co.in/Paper1281.pdf
http://ijaseit.insightsociety.org/index.php?option=com_content&view=article&id=9&Itemid=1&article_id=13897
https://publication.petra.ac.id/index.php/teknik-informatika/article/view/11452/10062

ISSN 2522-9818 (print)
Cyyachuii cman HAYKOBUX 00CNIOHCeHb ma mexHonoziu 6 npomuciosocmi. 2023. Ne 3 (25) ISSN 2524-2296 (online)

21. Indrani V., Swaroopa D., Deepthisri D. Perceptions of Client and Server Side Load Balancing in Microservices.
International Journal of Innovative Research in Engineering & Management (IJIREM). Vol. 7. Issue 4. 2020. P. 54-57. URL:
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3703126 (nara 3Bepuenns: 11.07.2023).

22. Maharjan R. et al. Benchmarking Message Queues. Telecom. Vol. 4. 2023. P. 298-312. DOI: https://doi.org/10.3390/
telecom4020018

23. Spring by VMware Tanzu. URL: https://spring.io/projects/spring-cloud (zata 3Bepuenns: 11.07.2023).

References

1. Abdelfattah, A.S., Cerny, T. (2023), "Roadmap to Reasoning in Microservice Systems: A Rapid Review". Applied Sciences.
Vol. 13. Ne 3. 1838 p. DOLI: https://doi.org/10.3390/app13031838

2. Kazanavicius, J., Mazeika, D. (2023), "Evaluation of microservice communication while decomposing monoliths".
Computing and Informatics. Vol. 42. P. 1-36. DOL: https://doi.org/10.31577/cai_2023 1 1

3. Buhaieva,, 1., Rozum, M. (2022), "Implementation of interprocess interaction in microservice architecture". ["Realizatsiia
mizhprotsesnoi vzaiemodii v mikroservisnii arkhitekturi"], Bulletin of Odessa National Maritime University, Ne 67. P. 81-89. DOI:
https://doi.org/10.47049/2226-1893-2022-1-81-89

4. Wang, H. et al. (2021), "Research on load balancing technology for microservice architecture". MATEC Web of
Conferences. Vol. 336. Ne 08002. DOI: https://doi.org/10.1051/mateccont/202133608002

5. Autili, M., Perucci, A., Lauretis, L. (2020), "Hybrid Approach to Microservices Load Balancing". Microservices. Science
and Engineering. P. 149-169. DOLI: https://doi.org/10.1007/978-3-030-31646-4 10

6. Akbulut, A., Perros, H.G. (2019), "Performance Analysis of Microservice Design Patterns". /[EEE Internet Computing. Vol.
23. Issue 6. P. 19-27. DOI: https://doi.org/10.1109/mic.2019.2951094

7. Wrycislik, L., Latusik, L., Kaminska, A. M. (2023), "A Comparative Assessment of JVM Frameworks to Develop
Microservices". Applied Sciences. Vol. 13. DOI: https://doi.org/ 10.3390/app13031343

8. Dinh-Tuan, H. et al. (2020), "Development Frameworks for Microservice-based Applications: Evaluation and Comparison".
European Symposium on Software Engineering (ESSE '20). Association for Computing Machinery, New York, NY, USA, P.21-29
DOI: https://doi.org/10.1145/3393822.3432339

9. Zhang, Y. et al. (2021), "Sinan: ML-Based and QoS-Aware Resource Management for Cloud Microservices". In
Proceedings of the 26th ACM International Conference on Architectural Support for Programming Languages and Operating
Systems  (ASPLOS  ’21). Association for Computing Machinery, New York, NY, USA, P. 167-181. DOI:
https://doi.org/10.1145/3445814.3446693

10. Yashina, O.M., Kravchuk, O.A. (2020), "Research on microservice architecture, Rest architectural style and their modern
implementation in Java". ["Doslidzhennia mikroservisnoi arkhitektury, arkhitekturnyi styl Rest ta yikh suchasna realizatsiia na Java"],
Herald of Khmelnytskyi national university. Issue 5. P. 106—-114. DOI: 10.31891/2307-5732-2020-289-5-106-114

11. Newman, S. (2021), Building Microservices: Designing Fine-Grained Systems 2nd Edition. O'Reilly Media, London, 612 p.

12. Silva, V. A. M., Franga, B. B. N. (2020), "Microservices Design Patterns and Software Evolution". Relatorio Técnico - IC-
PFG-20-07. Projeto Finalde Graduacdo, available at: https://www.ic.unicamp.br/~reltech/PFG/2020/PFG-20-07.pdf (last accessed:
11.07.2023).

13. Pachikkal, C. "Interservice Communication in Microservices". International Journal of Advanced Research in Science,
Communication and Technology (IJARSCT). Vol. 5. Issue 2, available at: https:/ijarsct.co.in/Paper1281.pdf (last accessed: 11.07.2023).

14. Asri, S.A. et al. (2020), "Implementation of Asynchronous Microservices Architecture on Smart Village Application".
International Journal on Advanced Science Engineering and Information Technology. Vol. 12. Ne 3. P. 1236-1243.
DOI:10.18517/ijaseit.12.3.13897

15. Reselman, B.  Synchronous  vs.  asynchronous  microservices communication  patterns, available  at:
https://www.theserverside.com/answer/Synchronous-vs-asynchronous-microservices-communication-patterns (last accessed: 11.07.2023).

16. Sanjana, G B., Girish Rao Salanke, N S. (2021), "High Resilient Messaging Service for Microservice Architecture". International
Journal of Applied Engineering Research. Vol. 16. Ne 5. P. 357-361. DOI: https://dx.doi.org/10.37622/IJAER/16.5.2021.357-361

17. Hosea, E., Palit, H, Dewi, L. P. (2021), "Fault Tolerance pada Microservice Architecture dengan Circuit Breaker dan
Bulkhead Pattern". Jurnal Infra. Vol 9, Ne 2, available at: https:/publication.petra.ac.id/index.php/teknik-
informatika/article/view/11452/10062 (last accessed: 11.07.2023).

18. "Java Development Trends and Analysis. JRebelby Perforce". 2023 Java Developer Productivity Report, available at:
https://www .jrebel.com/resources/java-developer-productivity-report-2023 (last accessed: 11.07.2023).

19. "Netflix Open Source Software Center", available at: https://netflix.github.io/ (last accessed: 11.07.2023).

20. Wang, Y. (2019), "Toward service discovery and autonomic version management inself-healing microservices architecture".
ECS4  '19: Proceedings of the 13th European Conference on Software  Architecture. Vol.2. P. 63-66.
https://doi.org/10.1145/3344948.3344952



https://doi.org/10.31577/cai_2023_1_1 
https://doi.org/10.1145/3445814.3446693
https://ijarsct.co.in/Paper1281.pdf

ISSN 2522-9818 (print)
ISSN 2524-2296 (online) Innovative technologies and scientific solutions for industries. 2023. No. 3 (25)

21. Indrani, V., Swaroopa, D., Deepthisri, D. (2020), "Perceptions of Client and Server Side Load Balancing in Microservices".
International Journal of Innovative Research in Engineering & Management (IJIREM). Vol. 7. Issue 4, P. 54-57, available at:
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3703126 (last accessed: 11.07.2023).

22. Maharjan, R. et al. (2023), "Benchmarking Message Queues". Telecom. Vol. 4. P. 298-312. DOI:
https://doi.org/10.3390/telecom4020018

23. "Spring by VMware Tanzu", available at: https://spring.io/projects/spring-cloud (last accessed: 11.07.2023).

Haoitiwna 14.08.2023
Bidomocmi npo asmopis / About the Authors

[epesiciaBepka CaiTaana OuekcaHapiBHA — KaHAWIAT TENArOTiYHMX HAyK, NOUeHT, [epkaBHuid 3axnman "JlyraHcbkuid
HallloHaJIbHUH yHiBepcuTeT iMeHi Tapaca LlleBuenka", noeHt kadeapu iHPoOpMaIifHUX TEXHOJOTIH Ta cucteM, [lonraBa, Ykpaina;
e-mail: pereyaslavd@gmail.com; ORCID ID: https://orcid.org/0000-0001-9873-0447

Cwmarina Oabsra OuekcaHapiBHA — KaHIUIAT NEArorivHUX HayK, NONCHT, [epkaBHuii 3akmay "JIyraHChKUi HalliOHATBHUI
yHiBepcuter imeHi Tapaca IlleBuenka", moueHT Kadenpu iHpopMamiiiHUX TexHoyoriii Ta cuctem, IlonraBa, VYkpaiHa;
e-mail: smaginal 804@gmail.com; ORCID ID: https://orcid.org/0000-0002-6024-5152

Pereiaslavska Svitlana — PhD (Pedagogical Sciences), Associate Professor, State Institution "Luhansk Taras Shevchenko
National University", Associate Professor at the Department of Information Technologies and Systems, Poltava, Ukraine.

Smahina Olga — PhD (Pedagogical Sciences), Associate Professor, State Institution "Luhansk Taras Shevchenko National
University", Associate Professor at the Department of Information Technologies and Systems, Poltava, Ukraine.

DESIGNING THE ROUTING LEVEL
IN MICROSERVICE ARCHITECTURES ON THE SPRING PLATFORM

The subject matter of research is the routing of requests in the microservice architecture. The goal of the article is to develop a target
design concept for the level of request routing in the microservice architecture using the Spring technology stack as an example.
Tasks: to analyse modern approaches to the structure of microservice architecture; programming of the routing entity and
establishment of processes that ensure the routing of requests; programming stacks of Spring technologies that implement routing;
design the routing layer of the application on the Spring platform. The following methods are used: analysis and synthesis to study
technologies of interaction between services; abstraction and generalization to determine the structure of the microservice
architecture, routing level, generalization of technologies that ensure interaction between services; modelling for the purpose
of building a model of microservice architecture, highlighting the level of routing and connections with other structural models.
The following results were obtained: the structure of the microservice architecture was investigated, in particular the level of routing;
the role of design patterns that provide routing is defined: Service discovery, APl Gateway, Load Balancer, etc.; the types of
interprocess interaction (synchronous, asynchronous, hybrid) were analysed and the advantages and expediency of the application
were determined; models of system fault tolerance are presented; a stack of technologies on the Spring platform is defined for the
implementation of the routing layer; a model of a multi-level microservice architecture project was developed using the Spring
technology stack, which implements the most effective solutions in the context of request routing. Conclusions: it is advisable
to consider microservice architecture as a multi-level structure built on functional levels and connections between them; the level of
microservices routing should include all processes related to the establishment of interprocess interaction, service detection, load
balancing and fault tolerance, and the creation of a single entry point; Spring is a popular microservice architecture development tool
platform that provides requirements for implementing request routing; the developed project model is an example of effective
solutions for designing a multi-level architecture using the Spring technology stack in the context of request routing.
Keywords: microservice architecture; routing; Spring; Service discovery; APl Gateway; Load Balancer.
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O. [IOHOMAPEHKO, B. [OPEAUOB

ITPOI'PAMHA IVIAT®OPMA U1 OHIHIOBAHHA E@EKTUBHOCTI
ATPET ALl CTPYKTYPHOI MOJEJII CKJIAJHUX CUCTEM

CknaziHi CHCTEMH BH3HAYAIOTHCS BEIHKOK PO3MIPHICTIO, MICTATh 3HAYHY KUTBKICTh CIIEMEHTIB Ta 3B’S3KiB MiK HUMH. Mepexi
BUKOPHCTOBYIOTBCS I IOJaHHS CKJIAJHUX cucTeM. UYepe3 BeJIMKY PO3MIPHICTh CyYacHHX CHCTEM JOCITIAHMKH OLIHIOOThH
3aIPOIIOHOBAHI PIlICHHS 3 JOIOMOIOI0 3TeHEpOBAaHUX MeEpeX. Benrka po3aMipHICTh CHCTEMH NMPU3BOIMTH A0 HpoOieM y mporeci
MOZENIOBaHHS Ta yIpaBIiHHA. [l BUPINIEHHS X MUTAHb MOTPIOHI METOAM 3MEHIICHHS PO3MIPHOCTI CKJIQJHUX CUCTeM. Arperamis
CTPYKTYPHOI MOZETI CHCTEMH TOJISTae B 00’ €JHAaHHI 11 €JIEMEHTIB Y MiICHCTEMH, YHACIIIOK YOTO 3MEHIMYETHCS PO3MIPHICTh CHCTEMU
i obuuciroBanpHa ckiaagHicTh. IlpenMeTroM aociiKeHHsl € mporpamHa miardopma AJs OLIHIOBaHHS e(pEeKTHBHOCTI arperamii
CTPYKTYpPHOI MOJENi CKJIAQAHUX cucTeM. MeTa po00TH — pO3pOOJICHHS MPOTPaMHOi UIATPOPMHU IJsl OIiHIOBaHHS €()EeKTHBHOCTI
arperaifii CTPyKTYpHOI MOJeN CKIaJHHX CHCTeM. AKTYaJdbHICTh CTATTi IIOJsra€e B TOMY, IIO, 3aCTOCOBYIOWH IPOTPaMHy
mw1aTpopMy, MOKHA 3MIHCHUTH arperamilo CTPYKTYpHOi MOJIENi CHCTEM 13 3HAYHOIO KUIBKICTIO CJIEMEHTIB, a TaKOX OLIHUTU
e(eKTHBHICTh arperaiii CTPYKTypHOi MoOJeNli cHUCTeMH. Y poOOTi mepemdayanocs po3B’si3aHHSA TaKMX 3aBAaHb: PO3POOICHHS
nporpaMHol IIaTGopMM, MO CKIANAETBCS 3 MOXYJIS TeHepaTopa CHCTEMH, MOMYJS arperamii CHCTeMH, MOIYJIS IOIIYKYy
MaKCHMAaJbHOTO TIOTOKY ¥ MOIYJS CTaTHCTHYHOTO OOpOONeHHs iHQoOpMalii; arperamiss CTPyKTYpHOI MOIENi CHCTEMH
3 BUKOPHCTAHHSIM HPOTpaMHOI IIaTdopMu; BU3HAUCHHS €pEeKTUBHOCTI arperauii CTPYKTypHOI MOJENI CHCTEMHM i3 3aCTOCYBaHHIM
nporpaMHoi mardopmu. Pe3yabTaTH JOCTITKEHHSI: CTBOPEHO IporpaMHy IulaTGopMy, 3/IHCHEHO arperamilo CTPYKTYpHOI
MOZENI CHCTEMH Ta OI[IHEHO e()eKTHBHICTH arperamii CTpyKTypHOI MOJET CHCTeMH 3 BHKOPHCTaHHSIM IPOTPaMHOI IUIaT(hOpMH.
BuCHOBKH: 3aCTOCOBYIOYM IIPOTpaMHy IUIAT(OpMY, MOXKHA 3rEHEpYBaTH CHCTEMY, 3AICHHTH arperamil CTPYKTYpHOI MoZeni
CHCTEMH Ta BHKOHATU MOIIYK MAaKCHMAJIbHOTO MOTOKY; TAaKOX NporpaMHa miaatdopma Jae 3MOTY OLIHUTH eQEeKTHBHICTh arperamii
CTPYKTYpHOI MOJENi CHCTeMH; 3HA4E€HHS MaKCHMAaJbHOTO IOTOKY € OJHAKOBHM Ha JIBOX DIBHAX CHCTEMH, TOMY B I[bOMY pasi
3/IIHCHIOETHCS arperailis CTPYKTYPHOT MOJIeITi CUCTEMHU 31 30epeKeHHIM KOPEKTHOCTI 11 mapaMeTpiB.

KuwouoBi cioBa: mnporpamHa Iuiaropma; arperaiis CTPYKTypHOI MOJENi; CKIaIHI CHCTEMH; TI'€HEpaTtop CHCTEM;
MaKCUMaJIbHUIH MOTIK.

Beryn 3aBJaHb TOIOJIOTIYHOTO aHajli3y, BHPIMIEHHS SKHX

motpedye PO3BUTKY MaTeMaTHIHUX METOJIiB

CkimamHi CHCTEMH CKJIaJal0ThCsS 13 3HAYHOL 1 OOYHCITIOBAILHUX PECYPCIB: PO3POOJICHHS BiAMOBIIHOTO
KUJIBKOCTI  €JIeMEHTIB 1 3B’A3KIB  MDK HHMH Ta CTPYKTYPHOTO  ONHCY CHCT€MH JIs  BU3HAYEHHS
CIOCTEepiraloThess B Oaratbox cdepax, HaIPUKIAL, €JIEMEHTIB CHUCTEMH, MiJCHCTEM Ta 3B’S3KIB MK HUMH;

colianpHi, OIOJIOTIUHI, EKOJIOTIYHI Ta TEXHOJOTiYHi CTBOPEHHSI MIAXOJIB /sl BHU3HAUCHHS XapaKTEPUCTHK
cucTeMH. Mepexxi BHKOPHUCTOBYIOThCS SIK 3arajibHa CHCTEMH, HAIIPUKIIaJ, OKPECICHHSI HAHKOPOTIINX MUISAXIB
MOJIeNb CKIamHuX cucteM [1, 2]. 30uIblIeHHs po3Mipy 1 T[WKIiB; eKBIBAIECHTHI TIEPETBOPEHHS CTPYKTYpH
Mepex INPH3BOJHUTH 0 PO3BUTKY HOBHX aHAJITHYHHX CHCTEMH I 3MEHIICHHS PO3MIPHOCTI  CHUCTEMH;
MIXOMIB /10 iX TOJAaHHS Ta OIHIOBaHHA €()EKTUBHOCTI. MIPOEKTYBAHHS CTPYKTYPH CHCTEMH [4].

Y po3pobieHHi TaKuX MiIXOMiB JOCIITHUKA CTHKAIOTHCS ITlix wWac  goCHiKEHb  YacTo  JIOBOIUTHCS

3 pi3HUMH npoOsieMamu. J[7s MEpex, 1o CKIaNarThCs
HaBITh 13 JNEKITBKOX JECATKIB BEPIINH, TOCHUTH MPOCTO
HAMaJTIOBaTH MEPEKY Ta BINMOBICTH HA 3alUTaHHSA PO
il crpykrypy. Lle ommH i3 TpOCTHX Ta OCHOBHHX
croco0iB OTpPUMATH YSIBICHHS TPO CTPYKTYPY MEPEKi.
Ane e HEMOXXIMBO 3pOOWTH IS Mepex i3 Iyxke

BEJMKOI  KUIBKICTIO  €JleMEHTIB. ICHye  dmmano
IHCTpYMEHTIB  Bi3yami3amii, @m0  JalOTh  3MOTY
CTPYKTYpYBaTH Ta Bi3yanizyBatu Mepexi [3].

CkmagHi  cHCTEMH  TIOTPeOYIOTh  CHEmiaJbHHUX

METOJIIB aHaji3y Ta NMPOEKTYBaHHS. ICHYIOTH Taki rpynu

TIOTIePETHRO OLIHIOBATH €()eKTUBHICTH TOIIOJIOTI] MEpPEXi,
3JIATHICTb MEpEXi BUTPUMYBATH BHCOKI HaBaHTAXKECHHS
Ta 3aiumarucs B pobouomy craHi. Yepes Bemmki
MacmTabM Cy4acHHUX CHCTEM CTBOPEHHS peasbHOl
CHCTEMH JUIl eKCIIEPUMEHTY IPAKTHYHO HEMOXKIIMBE.
Y upoMy pasi JOCHITHHKH OIIHIOKTH 3alpPOINOHOBaHI
PIIIEHHS 32 TOTTIOMOTOI0 3TreHEPOBaHUX MEpexK [5].
IcHyloTH MeTOOM JUIsi 3MEHIICHHS PO3MIpPHOCTI
CKJIaHUX cucTeM. Lle 3yMOBIIEHO THM, IO QYK€ BEJIMKa
PO3MIpPHICTh CUCTEMHU TPU3BOJMTH 110 IPOOJIEM y mporieci

MOJICTIOBAHHS Ta YIPaBIiHHA. ATrperamis CTPYKTYPHOI

© O. Ilonomapenko, B. 'opbauos, 2023
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MOJENI CHCTEMH TOiArac B 00 €QHAHHI €JIEMEHTIB
CHUCTEMH B IiJICHCTEMH, YHACTIJOK YOr0 3MEHIIYEThCS
PO3MIpHICTh CHCTEMH Ta OOYHCITIOBAIFHA CKIIAIHICTb.
PobGora mpucBsiueHa CTBOPEHHIO  MPOTPAMHOI
wrathopMu IS OIiHIOBAaHHS e(eKTUBHOCTI arperartii
cTpyKTypHOi Mozneni cuctemu. [Iporpamua mardopma
CKJIAZA€ThCsl 3 MOAYIS TEHEpaTopa CHCTEMH, MOIYJII
arperauii CHCTEMH, MOAYJS IOLIYKY MAaKCHMAaJbHOTO
MOTOKY W  MOZyJs

CTaTHCTHUYHOTO  0OpOOICHHS

iHpopMarii. AKTyaJbHICTh  JOCIHIJDKEHHS  IOJISITAE
B TOMY, IO 3aBASKH MPOTPaMHIA IUIATPOpPMI MOKHA
3MIHCHUTH arperamilo CTPYKTYpPHOI MOJeNi CHCTeMH
13 3HAYHOKIO KIJIBKICTIO €JIEMEHTIB, a TaKOX OI[IHUTH

e(eKTUBHICTh arperatiii CTpyKTypHOI MOJIEJIi CHCTEMH.

AHauni3 jgitepatypn

Mepeki IIMPOKO BUKOPHUCTOBYIOTBCS JUIA TOJAHHSA
CHCTEM, TOMy INO 3a JOINOMOIOK MEpEK MOKHA

mpoaHaimizyBath  (PyHKIiI, AWHAMIKYy Ta EBOJIOIIO
NPUPOTHUX 1 INTY4YHUX cucreM [6]. Yacto cucremy
HE MOKHA TOIATH OJHIEI0 MEPEeXero, a 3aMiCTh IbOTO
MaroTh OyTH 3MOJEIbOBaHI HAOOpPH Mepexk, y SKHX
PI3HUIII MK HIMH, IMOBIPHO, € TaK CaMO Ba)XKITMBOIO, SIK 1
ix 3aranbHi puch. Taki BUNaJKK BKa3ylOTh HA BAXIIUBICTh
METOZIB JJIs TeHeparlii Mepex, IO OCHOBaHI Ha JaHWX
Ta OXOIUTIOIOTH SIK KITIOYOBI XapaKTEPUCTUKH CHCTEMH,
TaKk 1 peayiCTHYHy MIiHJIUBICT, MI00 BUKOPHUCTOBYBATU
iX y TakMX 3aBJaHHSX, SK MOJICIIOBAaHHS, aHaNi3 Ta
TMPUHAHATTA pimeHsb. [IpoTsroM ocTaHHIX TBOX AECATHIIITH
OyJa 3armponoHOBaHa 3HAYHA KiBKICTh MOJIENICH 3 METOIO
JOCSITHEHHS pealli3My JUISl 3TeHEePOBaHUX MEPEK.
Baxnuso, 1100 reHepaTop Mepexi BiJMOBIIaB TBOM
OCHOBHHM KpHTEpisIM — peanizMy W pi3HOMaHITHOCTI.
Peanizam mae 3BakaTh Ha Oy/b-sIKi BIaCTHBOCTI Mepexi,
II0 YNPAaBISIOTH HPOLECAMH, TAKUMH 5K (DYHKLIIOBaHHS
CHUCTEMH, THHAMIKa i eBomtomist. PeasizM Moske 3aiexaTu
SK BiJI CTPYKTYpHHX BIIACTHBOCTEH Mepexi, Tak i Bix
ocobmuBoCcTe Mepexi, mo (opmyroThesa. Hanpukian,
COIaJIbHUX 3aTHI

Mozei Mepex MamTh OyTH

BIZITBOPIOBaTH CTPYKTYPHI OCOOJMBOCTI Mepexi Ta
COIIIOJIOTIYHI SIBHIA, IKi BAHUKAIOTh, 30KpeMa B3a€MOJIis
MDK JIIOABMH Yy CIIBTOBapUCTBI, MIO 3yMOBIIEHO iX
moTpebamMu ¥ MIOJEHHOIO PYTHHOIO. Takok dac poOoTH
Ta BUMOTM [0 maMm’sTi TIeHepaTtopa MaioTh OyTH
JOIYCTUMHUMH IJIsl JyXKe BEIUKMX Ha0OpiB JaHMX, IO
MOXYTb MICTUTH 3HaYHY KUIBKICTb BY3JIIB 1 JYT.

ABTopu pobotu [6] pO3pOOISIOTE Ta OIIHIOIOTH
IIBUIKUHA T'€HEpaTop, 110 CTBOPIOE peaNiCTUYHI Ta

MacmTaboBaHi KOMil CKIATHUX Mepex. Y Ipami peaizm

OIIHACY€THCS IBOMa criocobamu: BIITOBIIHICTH

rpapy  3a
CTPYKTYPHUX BIACTUBOCTEH 1 BiIMOBiTHICTE MOBEIIHII

rpada.
3MaTHUN

OPHUTIHATBHOMY HAOOpOM  Ba)IJIUBUX

mil Yac BUKOHAHHS PI3HUX  QJITOPUTMIB

3ampornoHOBaHU ~ aBTOpaMH  T'€HEpaTop

TCHEPYBaTH MEpEkKi, sKi aHaJOriyHi OpPHUTIHAIBHIN
Mepexi 3 MOTIBILY BaKIMBUX CTPYKTYPHUX IOKA3HHKIB
Ta SKI TPU3BOAATH JO AaHAJOTIYHOIO dYacy poOOTH
0araTpOX aNTOpUTMIB aHamizy rpadiB i MEpex.
BukopucroByroun Iiell reHepaTop, MOXKHA BIITBOPHUTH
HasiBHY Mepexy I MacuiTabyBaTu 3r€HEpOBaHy BepCilo,
HaNpuKiag, o0 TeCTyBaTh ajirOpuTMH Ha BEJIHUKUX
Habopax JTaHuX, /I¢ BOHH HE JOCTYIIHi.

Y  pobori [7]

Ta pO3MHUPIOBaHUIN (pPEeHMBOPK, MO0 3PO3yMiTH, SK

aBTOpPU IPOIOHYIOTH T'HYYKUH

BJIACTHBOCTI Pi3HUX THIIB MEPEX 3MIHIOIOTHCS 3 Pi3HOIO
KimpKkicTIO Ayr 1 BepmmH. el miaxim mae 3mory
MOJIENIIOBAaTH  TPH  KJIACHYHI ~ MEpeXHI  Mopedni
Ta HaJAIITOBYBATH ITapaMeTPH MOJEIi i po3Mip Mepexi.
Y 3ramaHoMy JOCH/DKEHHI aBTOpU  aHaJI3yIOTh,
SIK TIOBOJATHCS Pi3HI BJIACTHBOCTI MEPEXi 3aJeKHO BiX
i Thmy Ta SK 3MIHIOIOTbCS BIACTHBOCTI 3aJIEKHO
BiZl po3mipy Mepexi. Takok MOPIBHIOIOTHCS BIACTUBOCTI
TPhOX MEPEKHHUX MOJENICH: MOJels Oe3MaciTadHOl
Mepexi, MOJAeTb MEepeXi MaJoro CBITy Ta MOIENb

BUNAIKOBOI Mepeki. ABTOpH BUMIPIOBAJIM TPH THIIH

MEpEXHHUX BJIACTUBOCTEH: IIEHTPaJbHICTh, CEpemHii
HAWKOpOTIIMHA NUIAX 1 TJI00ambHUA  KOedillieHT
KJIACTEPH3AIlii.

MeTOL[I/I MOJACIIOBAHHS CUCTEM BUKOPUCTOBYHOTHCH

JUIA  OILIHIOBaHHSA HAIIMHOCTI Ta MPOXYKTUBHOCTI
CHCTEMH, OCKUJIbKM BOHH IMITYIOTH ii poOoTy, HIaroTh
3MOTY [IOCTI/KYBaTH BIUIMB 30BHIIIHIX (akTOpiB Ha
MIPOYKTUBHICTh CUCTEMH, & TAKOX HAJalOTh IHCTPYMEHT
JUTSA aHAJIi3y PU3UKIB 1 IPUIHATTS pirneHs [§].

Y 3B’s3ky 31 30UIBLIEHHSM pO3MIpIB CHCTEM,
MOJIeNi, IO OIUCYIOTh IIOBENIHKY MEpPEXKHHX CHCTEM,
3/IaTHI MaT Jy>Ke BHCOKY po3MipHicTbh. Lle nmpu3BoanTh
JI0 TIpOOJIEM TIiJ] Yac MOZETIOBAHHS Ta YIIPaBIiHHS Yepe3
OoOMeXeHi OOYMCIIOBaJbHI MOXJIMBOCTI Ta €MHICTb
cxosuia. OKpeciieHi MpoOIeMH CTUMYITIOIOTH PO3POOIICHHS
METO/IiB 3MEHILIECHHSI PO3MIPHOCTI MEPEXHUX CHUCTEM.
3a ocTaHHI HNECATHIITTA 3’SBHJIOCS YHUMAaJl0 Teopii
1 METO/IiB 3MEHIIICHHS PO3MipHOCTI Mojeneii cucteM [9].

Arperaniss CTPYKTYpPHOI MO CHCTEMH IIOJISTaE
B 00’€[IHAHHI €JIEMEHTIB Yy MiJICUCTEMH, YHACIIIOK YOT0
CTBOPIOETHCS APYTHHA PIBEHb CUCTEMH. 3aBISKHU arperarii
CTPYKTYPHOI MOJIEJIi CHCTEMH 3MEHIIYEThCS PO3MIPHICTh

CHCTEMH 1 00YHCITIOBAJIbHA CKIIAIHICTb.
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Y poborti [10] 3acTOCOBY€ETBCS arperartisi €JIeMeHTIB
MEpexi MacoBOro OOCIYrOBYyBaHHS [UIs TOro, MI00
3MEHIIIUTH PO3MIPHICTh MEpeXi Ta Yac MOJCTIOBAHHS.
JIast MoJenioBaHHsT BEJIMKUX CHCTEM HEOOXIZHI METOIH
3 BIONOBIZHMM 0OajJaHCOM TOYHOCTI Ta IIBHUIKOCTI,

OCKUIbKM ~ MOJICTIOBAHHS  PEaNbHOI CHCTEMH MOXKe
motpeOyBaTu Oararo Jacy.
Y mpami [11] arperamisi BHUKOPHUCTOBYETHCS

JUTS TIOITYKY HaHKOpOTIHMX NUIAXiB y rpadi. Ile moxe
3aCTOCOBYBATUCS I CYINYTHUKOBOI HaBiramii, o0
pearyBaTH Ha OHOBJICHHS JOPOXKHBOTO Tpadiky B pexumi
peabHOrO Yacy.

Merta ctatTi — po3poOiIeHHs IporpamMHoi miaTgopmu
JUISL OILIHIOBaHHS e(eKTHBHOCTI arperamii CTPYKTypHOI
MOl CKIaOHUX CHUCTeM. Y IOCIHIDKEHHI PO3B’S3yIOTHCS
Taki 3aBJaHHS: pO3POOJEHHS NporpaMHoi IUIaT(GOpPMH,
IO CKJIANAETHCS 3 MOMYJS TeHepaTtopa CHCTEMH, MOIYJI
arperamii CHCTEMH, MOIYJsl TMOIIYKY MaKCHMaJIbHOTO
MOTOKY W MOJYJISl CTAaTUCTUYHOTO 0OpoOIieHHs iH(opMartii;
CTPYKTYpHOI
3 BUKOPHCTAHHSM IIPOTPaMHOI TIAT(OPMH; OIHIOBAHHS

3IIMCHEHHS ~ arperarfii MOJIeNi  CHCTEMH

eeKTUBHOCTI arperamii CTPyKTYpHOI MOIENi CHCTEMH
13 3aCTOCYBaHHSM IPOTPaMHO]I TIATHOPMHL.

IIporpamua niargopma

MaKCHMallbHUM TOTIK TICNIA arperamii CTPYKTYPHOI

MoOJiesli  CHCTeMH, TOOTO UM BIUIMHYJA arperamis
Ha NapaMeTpH CHCTEMH.
4.V

iHpopMarii aHami3yIOTBCS 3TEHEpOBaHI CHCTEMH Ta iX

MOJYJNi  CTATHCTHYHOTO  OOpOOIEHHS

napaMeTpud  JUId  NOJAibIIOi  TeHepauii  CHCTeM
31 CXOKHMH ITapaMeTpaMHu.
Crpykrypa mnporpamHoi miardpopmu 300paxkeHa

Ha puc. 1.

Puc. 1. Ctpykrypa nporpamHoi mwiaThopmMu

Moy reHepaTopa CHCTEMH

VY mnomepenniit po6oti [12] 3milicHeHa arperarfis
CTPYKTYpPHOI MOJEJNli CUCTEMHM 3 HE3HAYHOI KUIBKICTIO
eeMEeHTIB. AJie JJI CHCTEM i3 BEJHKOK KiJTBKICTIO

€JIEMEHTIB HEMOKITUBO 301IHCHUTH arperariro
CTPYKTYpPHOI ~MOJeNi CHUCTeMH ©0e3 3acTOCyBaHHS
nporpaMHux iHcTpyMmeHTiB. Tomy Oynma cTBOpeHa

nporpamMHa margopma MoBoro mporpamyBaHH C#,

0 CKIAaeTbCd 3 YOTHPHOX MOIYNIB:  MOMYJIA

TeHepaTopa CHCTEMH, MOIYJIS arperamii CHCTEMH,
MOJIyJISl MOMIYKY MAaKCHMaJIbHOTO IOTOKY Ta MOIYJIS
CTaTUCTUYHOTO 00poOIeHHs iHpopMartii.

1. V Moaymi reHepaTopa CTBOPIOETHCS CHCTEMa
i3 3aJaHUMU TTApaMETPaMH.

2.V wmonayni arperaifii 3aiHCHIOETBCS arperarfis
CTPYKTYpHOI Mopeni cucteMd. EnemeHTH cucteMu
00’€THYIOTBCSI B IJCHCTEMH, CTBOPIOIOTHCS (DiKTHBHI
KOHTAaKTH IIACHCTEM 1 3B A3KH MDK IIICHCTEMaMH.
OTKe, YHACIIOK pOOOTH MOMYJIS arperaifii CTBOPIOETHCS
JIPYTHH PIBEHb CHCTCMH.

3. Y Moxyni MOUIYKYy MaKCHMAJIBHOTO IOTOKY
3IIACHIOETHCS MOMTYK MAaKCUMAJTBHOTO IMOTOKY JJIS PIBHS
cucreMd. SIKIIO BHUKOHATH 1€ 3aBJAHHS Uil PI3HUX

PIBHIB CHCTEMH, TO MOXXHA IT00AYUTH, YU 3MIiHHUBCS

Y Momyni reHepaTopa CHCTEMH CTBOPIOETHCS
cucTeMa, mofiiOHa 1O THX, MO0 MPOAHATI30BaHI paHIiIIe

B pobotax [12, 13]. V reneparop cucrteMu nepenacTbest

KUTbKicTh 11 enmemeHTiB. IloTiM reHepyeThes rpad,
mo Mae Taki BepumHu: mkepeno, C,, C,,... C,, cTiK,
J€ n — KUIBKICTh €JIIEMCHTIB CHCTEMH, JKEPENo
Ta CTIK — I1¢ HYJbOBHH EIEMEHT CHUCTEMH, M0 €
30BHILIHIM CEPEOBHUILEM.

Y mwmkimi  mepeOuparoThes  BepmMHH  rpada
Ta CTBOPIOIOThCS  ayru. Jlns  reHepamii  rpada

BHUKOHYIOTHCS TaKi YMOBHU: MiHIMYM Of[HA TyTa BUXOAHUTH
3 BEpIIMHM; MIHIMyM OZHA Jyra BXOAWTb Y BEpIIHHY;
MiHIMYM OJIHA AyTa BUXOIWTB i3 JpKepena; MiHIMyM OJHa
Jyra BXOJUTb Y CTIK; yra He MOXE€ BXOJUTH B JDKEPEIIO;
JIyra HEe MOXKC BHXOIUTH 31 CTOKY; Iyra He MOXKe
BUXOJUTH Ta BXOJUTH B Ty CaMy BEpIINHY.

Ha erami arperamii ememeHTH cucTeMd OYIyTh
00’efHaHI B MiACKCTEMH. 3 OIJISIAy Ha L€ B MOJYJI
reHepaTopa CUCTEMU BHKOHYETHCS Taka YMOBa: Ma€ OyTH
3B’S130K MK €JIEMEHTaMH BCEPE/INHI ITiICUCTEMH.

Jami BuU3HAYaeThcA, UM € Taki BepmnHHU rpada,
JI0 SIKUX HE BXOAMTH Jyra. SKIIO0 Taki BEpLUIMHHU 1CHYIOTb,
TO TEHEPYIOTHCS IYyIH, L0 BXOIATh Y I BEpLIMHH.
OT1xe, popMmyeThes KoeKIis ayr rpada Edges.




ISSN 2522-9818 (print)
ISSN 2524-2296 (online)

Innovative technologies and scientific solutions for industries. 2023. No. 3 (25)

Ha mactynmHOMY eTami CTBOPIOETBCSI 00’ €KT Kiacy
SystemLevel, 0 € TOYaTKOBOIO CHCTEMOIO, a0 MepIINi
piBeHB cUcTeMU. Y IHKII foreach 3MIHCHIOETECS TIepedip
nyr rpada it BUKOHY€ThCS TaKUH aJIrOPUTM:

1) sKmIo mie He iCHye eleMeHTa B CHCTEMi 3 TaKHM
HOMCEPOM, AK HOMCP BEPUIMHU, OO SIKOT BXOJUTH AayTa,
TO CTBODIOETBCS €JIEMEHT CHCTEMH # JOIA€THCS JO
kounekiii Components knacy SystemLevel,

2) 3HaXOAUTHCS EJIEMEHT CHUCTeMH 3 TaKuM
HOMCEPOM, AK HOMCP BEPUIMHU, OO SIKOT BXOJUTH Aayra,
Ta CTBOPIOETHCS BXIJHUI KOHTAKT CJIEMEHTa;

3) SIKIIO Ie He ICHY€ eJeMEHTa B CHCTEMI 3 TaKUM
HOMEpOM, SK HOMEp BEepIIMHHU, 3 SKOI BUXOAWTH Iyra,
TO CTBOPIOETHCS E€JIEMEHT CHUCTEMH Ta JOAAETHCS
1o konekuii Components knacy SystemLevel,

4) 3HaXOAUTHCS E€JIEMEHT CHUCTEMH 3 TaKHM
HOMEpOM, SIK HOMEp BEepIIMHH, 3 SKOI BUXOAUTH IyTa,
1 CTBOPIOETHCSI BUXIZTHUI KOHTAKT €JI€MEHTa;

5) CTBOPIOETHCS 3B’SI30K MiXK €JIEMEHTaMHU CHCTEMHU

W momaetbess g0 konekuii  Comnmections — Kiacy
SystemLevel.
Orxe, ¢opMmyeTbes 00’ekT kiacy SystemLevel,

0 € MOYAaTKOBOIO CHCTEMOI0, ab0 TMepHInii piBeHb
CHCTEMH Ta MICTHTh KOJEKII0 €JEMEHTIB CUCTEMH
Components 1 KONEKIiI0 3B’S3KIB MiX €JeMEHTaMH
cucremu Connections.

Mogayab arperauii cucremu

Y wMoaynb arperamii CHCTEMH  IEPEIAETHCS
MMOYaTKOBa CHCTEMa, OTpHMaHa B MOJYJI T€Heparopa
cucremu. Cucrema momaHa kimacom SystemLevel 1 €
nepmmM piBHeM cuctemu. Kmac SystemLevel MicTuTb
Binactusocti Components i Connections. Components —
e KOJIeKIis eneMeHTiB cucremu; Connections —
KOJIEKIIiS 3B’ SI3KIB MIJK €JIEMEHTAMM CHCTEMH.

EnemenTn B cucremi 00’€THYIOTbCS TaKMM YHHOM:
S0 ={C0} > Sa ={C1,C2},..., S ={C,H,C"}, ae n —

um
KIJIBKICTh  €JIEMEHTIB Yy CHCTEeMi; m — KUIBKICTb
IT1ICHCTEM.

Enementn 00’€mHYIOTBCA MO JBa 1O KOXHOI
MIZCUCTEMH, HYJIBOBHHA CIIEMCHT JOMAEThCSI B OKPEMY
mincucTeMy. SIKIIO B CHCTEMI HeltapHa KUTBKIiCTh €JIEMEHTIB,
TO OCTaHHiil €lIEMEHT JI0JIa€ThCsl OAMH Y MiJCUCTEMY.

ITincucrema

momaHa kimacoM  Subsystem 1 €

€IeMEHTOM JpYyroro piBHA CHCTEMH W BOJHOYAC

CHCTEMOIO, M0 MICTHUTh JeKilbKa enemeHTiB. Kiiac

Subsystem nacninyerbes Bij kiacy Component i MiCTUTh

BracTuBicTh [InternalComponents, MO € KOJEKIIEIO
€JIEMEHTIB, SIKi BXOJATh Y L0 HiJICUCTEMY.

Ha eram crTBOpeHHS mincucreMu (OPMYIOTHCS
BXiZlHI Ta BHUXIJHI KOHTAKTH IMiJACUCTEMH. Y LMK
foreach 3miiCHIOETBCS Tiepedip CIIEMEHTIB, MO BXOAATH
y MiICHCTEMY, Ta 3a TaKUM AJITOPHUTMOM CTBOPIOIOTHCS
BUXI1IHI KOHTAKTH IiICUCTEMU:

— 3HAXOOWTHCA BHUXIOAHHUNA KOHTAaKT eJIeMEHTa
Ta 3B’S30K HA MEPIIOMY PIiBHI CUCTEMH, SKUH BUXOJHUTH
3 OO KOHTAKTY;

— KO TIed 3B’SI30K BXOOUTH O €JIEMEHTA,
PO3MIIIEHOTO B IIifl MiJACHCTEMi, TO BHUXIIHUN KOHTaKT
MiJICUCTEMH HE CTBOPIOETHCS;

— SKIIO Ied 3B’SI30K BXOJIUTH O €JIEMEHTA,
10 3HAXOAWTHCS B IHINIH MiJCHCTEMi, TO CTBOPIOETHCS
BUXIJHAN KOHTAKT IIiJICUCTEMH.

Jlaii B IbOMY ITMKIIi CTBOPIOIOTHCS BXi/THI KOHTAKTH
MiJICHCTEMH 332 TAKUM aJITOPUTMOM:

— 3HAXOOWTHCA BXIOHWHA  KOHTAaKT  €JIEMEHTa
Ta 3HAXOJUTHCSA 3B’SI30K HA TEPIIOMY DiBHI CHCTCMH,
SIKMU BXOJUTH JIO [[LOTO KOHTAaKTY;

— SKIIO Il 3B’SA30K BHXOAUTh 3 €JIEMEHTA,
po3MmimeHoro B Iiif migcucTeMi, TO BXIiAHWUH KOHTaKT
MiJICHCTEMH HE CTBOPIOETHCS,

— KMo Tl 3B’M30K BHUXOAWUTH 3 EJIEMEHTA,
pPO3MIIIEHOTO B IHINIM TMIJCHCTEMI, TO CTBOPIOETHCS
BXIJTHHH KOHTAKT IT1ACHUCTEMH.

Ha wnacrymHOoMy eTami CTBOPIOKOTBCS 3B S3KH
MDK migcucreMamMu. Y THKI foreach 3HiHCHIOETBCS
niepedip miicucTeM i BAKOHYETBCSI TaKUH ajrOPUTM:

— 3HAXOIWTHCSA BUXIIHMNA KOHTAKT IUET IICHCTEMH,
3HAXOJUTHCA  3B’S30K  TMEPIIOr0  pIBHI  CHUCTEMH,
10 BiAIIOBia€ IIOMY BHUXiTHOMY KOHTaKTy IiJICHCTEMH,
Ta 3HAXOIWTHCS BXIJHUH KOHTAKT €JICMEHTA MEPIIOro
PpiBHS, JTO SIKOTO BXOJIUTH LIEH 3B’SI30K;

— TIOTIM cepejl YCIX BXiJIHMX KOHTAaKTIB MiJICHCTEM
3HAXOJMUTLCA TaKWi BXIOHMH KOHTAKT INJCHCTEMH, IO
BIJITOBI/Ia€ BX1THOMY KOHTAKTY €JIEMCHTA IIEPIIIOrO PiBHSI.
3B’30K MDK  BHUXIJIHHM

OTXe, CTBOPIOETHCA

KOHTaKTOM  MiJCHCTEMH Ta 3HANICHUM  BXIJIHUM
KOHTAKTOM IHIIOI MACHCTEMH M IONAECTHCS IO KOJEKIIl
Connections.

YHacmigok poOOTH MOIYJSI CTBOPIOETHCS 00’ €KT
kinacy SystemLevel, 10 € TEpPeTBOPEHOI CHCTEMOIO,
abo apyrmii piBeHb cucteMu. BmactuBicte Components
kinacy SystemLevel MICTUTh KOJICKIIIIO IiJCHCTEM;
BractuBicth Connections MICTHTb KOJEKIIIO 3B’S3KiB

MIX IIJICUCTEMAaMU.
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Mopayab HOUIyKYy MAKCMMAJIBHOIO OTOKY

VYHacmigok arperanii CTPYKTYpHOI MOJIEIIi CHCTEMHU

CTPYKTYpH
TOMy Tpeba IepeBipUTH, YW 30eperiich mapameTpu

3IIACHIOETECSL  NIEPETBOPEHHS CHCTEMH,
CHCTEMH Ha JIpyroMmy piBHi cucremu. i 1IbOr0 MOXKHA
pO3B’s3aTH 3a/avy Mpo MaKCUMalbHUIA MOTIK. CyTHICTH
3amavi TMOisirae B TOMY, MIO0 OTpUMATH 3HAYCHHS
MaKCHMaJIbHOTO 3a7aHoi

MOTOKY  Mepexi  Juis

tomonorii [14]. 3amaua mpo MaKCHUManbHHUH TOTIK

(DOpMYITIOETBCS  TaKMM  YHHOM: HEOOXITHO 3HAWTH
MaKCHMalbHO MOXJINBE IS Mi€l Mepexi 3HadYeHHS
CYMapHOTO IOTOKY MIX JDKEpPEJIOM 1 CTOKOM 3a YMOBH
3aJaHUX TPOMYCKHHX  3JaTHOCTEH JOyr  Mepexi.
Jns BupimieHHS 3amadi Mpo TOIIYK MAaKCHMAJIBHOTO
MOTOKY BHUKOPUCTOBYETHCS TEOpeMa, 3TiJHO 3 SKOIO
MaKCHMaJIbHO MOXXJIMBE 3HA4YCHHS CYMapHOTO MOTOKY
Ha KIHIEBHUX Jyrax JOPIBHIOE MiHIMAIIBHIA MPOMYCKHIH
3maTHOCTI oOpanoro po3pizy [15]. Ilim mpomyckHOIO
3IATHICTIO PO3pi3y Ma€eThCsl HA yBa3l CyMa MPOIMYCKHHX
3JaTHOCTEH JIyT, 10 YTBOPIOIOTH PO3PI3.

Y Moayls TOIIYKYy MAaKCHMajbHOTO IOTOKY
nepeaeTecst 00’ €KT Kiacy SystemLevel, 0 € CHCTEMOIO
Ta MICTUTh KOJIGKIIIO €JIEMEHTIB CHCTEMH W KOJIEKI[iIO
3B’A3KIB MDXK eJleMeHTaMu cucreMu. Komekiis 3B’sA3KiB
MDK €JIeMEHTaMU CUCTEMHU TIEPETBOPIOETHCS Y IBOBUMIPHHI
MacuB, IO Mofae rpad, Ta BiJIOBIAHO O aITOPUTMY
PO3B’S3YEThCS 3aj1aya MPO MaKCUMaJIbHUMN MOTIK.

Anroputm  ®oppa — Dankepcona  mependavae
TaKi KPOKH:

— TomyK Ha rpadi JlaHmrora 3 Jpkepena B CTiK;

— I8 KOXKHOI JYrM CTaBUThCS MaKCHMaJbHO
MOXIJIMBE 3HAUCHHS MOTOKY 3 JDKEpesa B CTiK, 3HAYCHHS
MOTOKY HE MOe OyTH OiJIbLIIMM, HIXK Bara JIyTrH;

—SIKIIO 3HAYCHHS ITOTOKY JOPIBHIOE Basl JyTH,
TO Taka Jyra € HaCHYCHOIO Ta Kpi3b HEi BXKe HE MOXKHA
MIPOWTH 111 4ac BUOOPY JAHIOTIB y rpadi;

— QITOPUTM 3aBEPINYETHCS TOMI, KOJIU Mepexin
13 JpKepenia B CTIK CTaHEe HEMOKIIMBUM.

[licns  3aBepumieHHS il  aJrOpPUTMYy 3HAUYEHHS
MaKCHMaJIbHOTO TIOTOKY JOpIBHIOE CyMi IOTOKIB ycCiX
JIyT, HIIMICHTHUX CTOKY rpada.

VYHacmigok poboTH MOAYNST MaeMO 3HAYCHHS
MaKCHMAaJIbHOTO MOTOKY. SIKIIO 3HAYEHHS MaKCHMAJIbHOTO
MOTOKY OyJie OJJHAKOBHMM /ISl TIEPIIOTO M JPyroro piBHS
CHCTEMH, TO MOXKHa 3pOOUTH BHCHOBOK, L0 B LIOMY pa3i
3IIMCHIOETBCS arperamiss CTPYKTYPHOI MOJEJ CHUCTEMH

31 30epeIKEHHSIM KOPEKTHOCTI T mapaMeTpiB.

IIpomec  mMOMmIYKy  MAakCHMAaJBHOTO  IOTOKY

300pa)XCHO Ha NPUKIIA/l 3reHEPOBaHOI cCUCTEMHU (puc. 2).

Puc. 2. O0xin rpada 3reHepoBaHOT CHCTEMHU
PesymnpraT 06x01y rpada momaHmii y Tabdm. 1.

Tabauust 1. Pezyromam 06x00y epagha

Ne msax 3Ha4yeHHS IOTOKY
1 kepeno — 1 — 2 — crik 18
2 JoKepeno — 3 — 4 — cTik 15

3HavYeHHS MaKCHMAJIbHOTO IMOTOKY JOPIBHIOE CyMi
MOTOKIB yCIiX MyT, IHOWIACHTHUX CTOKYy Tpada, ImmIo
B HaBEJICHOMY NPHUKIIai AOpiBHIOE 33.

TecTyBaHHs MOAYJIIB NPOrPaMHOI IJIaTHOPMH

ByJi0 npoBeneHo TecTyBaHHs NpOrpaMHo]l miarhopmu
HA MPHUKJIAI] CUCTEM 13 HE3HAYHOKO KUTBKICTIO €JICMEHTIB
3a goromororo Unit Tests.

Hast TECTYBaHHS MOJYJIiB wiathopMu
BUKOPUCTOBYBAJINCh CHUCTEMU, [JIA HAKHUX BXKE 6yJ'II/I
3MifiCHeH] arperamist CTPYKTYpPHOI MOJENi CHUCTEMH
Ta MOIIYK MaKCUMAaJIBbHOTIO MOTOKY, HAPUKIIAJ, CUCTEMA,
posrisiHyTa B poboti [12]. YV Tecti Taka cucrema
y BuUIIIsiAi 00’ekta Kiacy SystemLevel mepenaBanacs
B Monynb arperarii. [leperBopeHa cucrema, OTpUMaHa
BHACJIJIOK pOOOTH MOJYJIsI, Ma€ 30iraTucs i3 CHCTEMOIO,
OTPUMAHOIO TTICTISI arperamii 1T IHOTO MPUKIIAIY PaHiIIIe.

Jl1st TecTyBaHHS MOAYJS IOLIYKY MaKCHUMAaJbHOI'O
MOTOKY B TECTi B IEH MOMYIb TepeNaBaiCh IEPIINit
1 Ipyruii piBHI cucTeMH. YHAciiIoK poOOTH MOIyIs
MOIIYKY MaKCUMAJIBHOTO TIOTOKY 3HAUECHHS MaKCUMaJIEHOTO

MOTOKY Ha MEpPIIOMY Ta JPYroMy PIBHSX CUCTEMH MalOTh
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30iratucs 3 po3paxyHKaMH, MPOBEACHUMH U i€l
CHUCTEMHU paHile.

Bymno BuMipsHO Yac poOOTH MOIYIIB IMPOTpaMHOI
m1athOPMH I CUCTEM 13 PI3HOIO KIIbKICTIO €JICMEHTIB,
Hampukian, mo wictate 50, 250 Ta 500 ememeHTIB.
Takok BUMIpSIHO 3arajbHUil 4ac pOOOTH HPOrpaMHOT
w1aThopMu.

OuiHoBaHHS e)eKTUBHOCTI arperauii
CTPYKTYPHOI MoOJieJli cucTeMH

ByB mpoBeneHnii eKCepUMEHT i3 BUKOPHUCTAHHSIM

NporpamMHoOi  IIaTGOpPMH, OCHOBHOIO METOI0  SIKOTO
€ OIiHIOBaHHI e(eKTUBHOCTI arperamii CTPYKTYpHOI
MOJIENi CHCTEeMH Ta E(QEeKTHBHOCTI CaMoOi MpOrpamMHOl
wiatpopmu.  Kputepisimu  edextuBHOCTI  arperariii
CTPYKTYPHOI MOJICITi CHCTEMH € 3HIKEHHS O0UHCITIOBAITBHOT
CKJIAHOCTI CUCTEMH Ta IiJABUIIECHHS IIBUIKOMIIT.

AJITOPHUTM eKCIIepUMEHTY Mependadae Taki eTarm:

— MOJyJIb TeHepaTopa CHCTEMH: I'eHepallisi CHCTEMU
13 3aJ1aHOIO KUIBKICTIO €JIEMEHTIB;

— MOIyJbh TOIIYKY MaKCUMaJbHOIO IIOTOKY:
pO3B’s3aHHA 33Jadi IMOLIYKY MaKCHMAIBHOTO ITIOTOKY

JI71s1 3TE€HEPOBAHOT CUCTEMU;

— MOXIyJdb  arperamii ~ CHCTeMH:  arperamis
CTPYKTYPHOT MOJIEITi CUCTEMH;
— MOAydb TOIIYKY MAaKCHUMalbHOTO IOTOKY:

BUDINICHHST 3aJayl IOIIYKy MaKCUMaJbHOI'O MOTOKY
JUIS TIEPETBOPEHOI CHCTEMH.

byB mnpoBeneHUN €EKCIIEPUMEHT IJIsi CUCTEM, IO
Mmictate 50, 250 Ta 500 enementiB. Y mporeci
eKCTIIepUMEHTy anroputM OyB BukoHanuid 100 pa3sis.
3HaueHHd MaKCHMAJIbHOTO TIOTOKY Ha MepIIoMy
Ta IPyroMy PiBHSIX CUCTEMH OYJIO OJIHAKOBUM.

Cepenne 3HaueHHA dYacy poOOTH B CEKyHIax
MOJyJs TeHepaTopa CHCTEMH, MOXIyJs  arperarii
CHUCTEMH, MOJIYJsl TMOUIYKY MAaKCHMaJbHOTO IOTOKY
Ha TMEpUIOMY pIiBHI CHCTEMH Ta MOXYJsl MOLIYKY
MaKCHMaJIbHOTO IIOTOKY Ha JApPYroMy piBHI CHCTEMH
300pakeHo Ha puc. 3 Ta 4.

3a pesynbTaTaMH €KCIEpHMEHTYy MOXKHa 3poOUTH
BUCHOBOK, II0 IIporpamHa miardopma Jae 3MOry
3TeHepyBaTH CHUCTEMY i3 33J]aHOI0 KUIBKICTIO €JIEMEHTIB,
3MIHCHUTH arperamilo CTPYKTYpPHOI MOJeNi CHCTeMH
Ta pO3B’SA3aTH 3aJady IMpo IOMYK MaKCHMAaJILHOTO
HOTOKY IJII KOXKHOTO pIiBHA CHCTeMH. Y IIpomneci
EKCIIEPHMEHTY 3HAa4eHHs MaKCHMaJbHOTO IOTOKY OyJo
OJHAKOBHUM JJIsl 3T€HEPOBAHOI Ta IEPETBOPEHOI CUCTEMHU,
TOMY  BUILIMBAE

BHCHOBOK, oo B LObOMY pa3i

3IACHIOETBCS arperarisi CTPYKTYpHOiI MOJENi CHUCTEMHU
31 30epeKeHHSIM KOPEKTHOCTI 11 mapaMeTpis.

Puc. 3. Yac poboTu MomyIsi reHepaTopa i MOIyJs arperatii

Puc. 4. Yac poboTn MOAyNs MOIIYKYy MaKCHMAIbHOTO MOTOKY
Ha TepUIOMY Ta APYTOMY PiBHI CHCTEMH

Cepenne 3HaueHHS 4dYacy poOOTH B CEKyHIax
porpaMHoi miaTopMu MOAaHO Ha puc. 5.

Puc. 5. Yac poboTtu nporpamHoi miarhopmu

Yac pobotu Momyiisi reHepaTopa CHCTEMH, MOAYJIS
arperanii cHCTeMH Ta MOZYJS IOIIYKY MaKCHMAJbHOTO
MIOTOKY Ha JPYroMy piBHI CHCTEMH MEHIIMH, HDK 4ac
poOOTH MOIyNs IOUIYKY MAaKCHMAaJIBHOTO IIOTOKY
Ha TepumioMy piBHI cucremu. lLle 3ymoBiIeHO THM,

110 AJITOPUTM IOIIYKY MAaKCHMAJIBHOI'O IIOTOKY ITPAIro€
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MMOBUIBHIIIE [UIS CHCTEMH 13 3HAYHOIO KIIBKICTIO

eneMeHTiB. Yac poborm Moayns reHepartopa Ul
cucremu, mo Mictuth 500 exemenTis, popisHioe 0,055 c,

gac poboTu Moy arperaiii — 0,077 c.

BucHOBKHM Ta nepcneKTUBH NOJAJIBLIIOT0 PO3BUTKY

Y poboti po3pobieHo mporpamMHy IIaTGOpMy
MOBOIO TporpamyBaHHss C# Ta OIIIHEHO C(PEKTHBHICTh
CTPYKTYpPHOI
3 BUKOPHCTaHHSIM IporpamHoi miardopmu. [IporpamHa

arperartii Mozenl CUCTEMH
mwiar¢popMa MICTHTh MOZYJIb TEHepaTopa CHCTEMH,

MOJyNb  arperamii  CHUCTEMH,  MOAYJIb  IOLIYKY
MaKCHMAIIbHOTO MOTOKY Ta MOJYJIb CTaTHCTHYHOTO
00poOneHHs iHpopMarllii. Y Moayns TeHepaTopa CUCTEMH
MepeNacThCsl KUIBKICTh €JIEMEHTIB CHCTEMH. YHAcHiJIoK
poboT Monyis (OPMYEThCS TOYATKOBA CHCTEMA,
abo mepmmi piBeHb cucTemu. [loyaTkoBa cHcTeMa
MEePENaEThCsl B MOJMAYJb arperaiii CHCTeMH, Y SKOMY
3MIACHIOETBCS arperaifiss CTPYKTYPHOI MOJENi CHCTEMHU.
00’€MHYIOTBECS B MIACHCTEMH,

Enmementn cucremu

(HOPMYIOTBCS KOHTAKTH IIJACHCTEM 1 3B’SI3KH MIiXK
mijcucreMamMu. 3a  pe3yjibTaraMd  poOOTH  MOIYJIs

OTPUMYETHCS MIEPETBOPEHA CHUCTEMa, a0 APYTHil piBEHb

Cnucok Jgireparypu

cucTeMH. Y MOJYJb IOIIYKY MaKCHMAaJIbHOTO IOTOKY
MePEeIaEThCsl  CHCTEMa, 1 BHACIHIJOK pPOOOTH MOIYJIs
OTPUMYETHCS 3HAUYCHHS MaKCHMAJIBHOTO TTOTOKY.

[TpoBeneHo  nOCHiMKEHHS 13  BUKOPUCTaHHSIM
MIPOTpaMHOI TUIAT(GOPMHE LTS OI[iHIOBaHHA €()eKTHBHOCTI
arperarfii CTpyKTypHOI MOJIeJTi CHCTeMH Ta e(heKTHBHOCTI
caMoi IporpamHoi mathopmu. ExcriepuMeHT npoBeeHO
I cucTeM, mo Mictats 50, 250 ta 500 enemeHTIB.
3a pesyjpTataMd JOCHIIKCHHS BHIUIMBA€ BHCHOBOK,
0, 3aCTOCOBYIOYM TIPOrpaMHy IJIaThopMy, MOXKHA
3reHepyBaTH CHCTEMY, 3IIMCHHUTH arperamilo CTpyKTypHOI
MOJIETI CHUCTEMHM Ta pO3B’S3aTW 3aJady IpO MOLIYK
MaKCHMAJIBHOIO MOTOKY. Takox mporpamHa Iardopma
Jla€ 3MOTy OIIIHUTH €(EeKTUBHICTh arperauii CTpyKTypHOT
MOJENi CHCTEMH. 3HA4YCHHS MAaKCHMAlbHOTO MOTOKY
€ OJTHAKOBHM ]IS [TI0YATKOBOI Ta EPETBOPEHOI CHCTEMH,
TOMY MOXXHa 3pOOWTH BHCHOBOK, III0 B IIbOMY pasi
3IIMCHIOETBCS arperauiss CTPYKTYpPHOI MOJEJ CHUCTEMH
31 30epe)eHHAM KOPEKTHOCTI ii mapameTpis.

[Moganbma poOoTa monsirac y BUKOHAHHI TaKHX
3aBJaHb: OCTIHKEHHS CHCTEM i3 KUNBKICTIO BEPIINH Bif
500 no 1000; owiHrOBaHHS e(eKTHBHOCTI caMoi IporpaMHoOl
wIaTGOpMH;  BHKOPHCTAHHS

arperamii  CTpPyKTypHOI

MOJIENi CUCTEMH Y cepi KOMIT FOTEPHUX MEPEK.
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THE SOFTWARE PLATFORM FOR EVALUATION OF THE EFFECTIVENESS
OF STRUCTURAL MODEL AGGREGATION OF COMPLEX SYSTEMS

Complex systems have a large dimension, consist of a large number of elements and connections between them. Networks are
used to represent complex systems. Due to the high dimension of modern systems, researchers evaluate proposed solutions
using generated networks. The high dimension of the system leads to problems in modeling and control. To solve these problems,
methods for reducing the dimension of complex systems are required. Aggregation of the structural model of the system consists
in combining elements of the system into subsystems and as a result dimension of the system and computational complexity
are reduced. The subject matter of research is a software platform for evaluation of the effectiveness of structural model
aggregation of complex systems. The goal of the work is to develop the software platform for evaluation of the effectiveness of
structural model aggregation of complex systems. The relevance of the work lies in the fact that using the software platform it is
possible to make the structural model aggregation of systems with a large number of elements and it is also possible to evaluate
the effectiveness of structural model aggregation of the system. The following tasks were solved in the work: development
of the software platform which consists of a system generator module, a system aggregation module, a maximum flow searching
module and a statistical data processing module; structural model aggregation of the system using the software platform; evaluation
of the effectiveness of structural model aggregation of the system using the software platform. As a result of the work the software
platform was created, the structural model aggregation of the system was made and the effectiveness of structural model aggregation
of the system using the software platform was evaluated. The studies allow us to conclude: using the software platform it is possible
to generate a system, make the structural model aggregation of the system and solve the problem of the maximum flow searching;
the software platform also allows to evaluate the effectiveness of structural model aggregation of the system; the value
of the maximum flow is the same at two levels of the system, so in this case the structural model aggregation of the system is made
while preserving the correctness of its parameters.

Keywords: software platform; structural model aggregation; complex systems; system generator; maximum flow.
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B. PEBAHOB, I'. KyuyK

MOJEJIb PO3HOALNTY EJEMEHTAPHUX IOTOKIB JAHUX Y TYMAHHIA
MJIAT®OPMI NIATPUMKHU IHTEPHETY PEYEN

IlpenmeToM J[OCTH/KEHHS € MOJENI YNPaBIiHHA pecypcaMd Ta 3aBJaHHSIMH B TyMaHHOMY CEPEHOBHINI MiITPHMKH
Iareprery peueit (IoT). 3pocraHHS KITBKOCTI MIAKIIOYEHUX TPHCTPOIB Ta oOcarm 3i0paHoi iHpopMmamii B Mepexax
[IoT pobnaTe akTyambHEM HEOOXIOHICTH YIOCKOHAJICHHS CHCTEM YIPaBIiHHS, $Ki 3a0e3MeuyroTh ONTUMAIbHHUN PO3IOILT
3aBmaHb 1 pecypciB. TymanHe OOYHCIEHHA Bifirpae KIOYOBY pONb Yy peawi3amii IbOr0 THTAHHS, PO3MOIUITIOUYH
OOYHCITIOBANIBHI 3aBOaHHS ONMk4e MO JpKepena iH(popMamii Ta KiHIEBHX KopucTyBadiB. MeTa po0OTH mojsirae B ITiABHINCHHI
e(eKTUBHOCT]I TEXHOJIOTIH TyMaHHUX OOYMCIEHb JUI 3a0e3NeUeHHs] ONTUMAIBHOTO PO3MOJUTY 3aBHaHb 1 pecypciB y mepexi [oT.
JIns JDOCATHEHHS METH pO3INITHYTI METOIM KiacTepH3alii, IO JONOMAaralTbh CTBOPUTH TPYIH OOYHCIIOBAIBLHUX PECypciB
i BU3HAYMTH, SIKi 3aBIaHHA HEOOXiTHO PO3MOAUINTH MK IIMMH TpyHaMH. 3aCTOCYBaHHS BIIIOBIIHHX METOJIB KJIaCTepH3arlil
Ja€ 3MOTy 3MEHIOIMTH 3aTPHMKH Ta IIJBHINUTH 3arajibHy MNpoxykTuBHICTE cucremMu loT. OcHoBHi 3aBgaHus i€l
pooorn. Ilo-mepiie, 3Bakaroud Ha pPI3HOMAHITHI BHMOTH 1O OOYHCIIOBAIBLHHX pecypciB Ta 3aBmanb [oT, HeoOximHO
pPO3IISIHYTH HasBHI Meromu W po3poOku. [lo-mpyre, BaXIMBO JOCHIJUTH Ta IOPIBHATH METOAM  KIIAcTepH3allii,
30kpeMa DBSCAN ta C-Means, nns e(peKTUBHOTO ympaBiiHHA pecypcamu. Merton knactepusaiii DBSCAN nae 3mory
e(peKTUBHO pO3MOIIIATH 3aBOaHHS 3AJISKHO BiJ iX Micus posramyBanHi. Meron C-Means nomomarae TrpymyBaTH pecypcu
3a iX XapakTepucTHKaMu. Tpere 3aBIaHHA — pO3POOMTH MOJENb, OCHOBAaHY Ha BXIIHHX IIapaMeTpaX, TaKUX SK BiIIOBiAb
CHUCTEMH, NOTpeOM KiIacTepiB y pecypcax, BimmaneHicTh iHpopmanii mng ii oOpoOneHHs Tomio. Mogaens IacTb 3MOTY
aHaJi3yBaTH MMOBIpHI cLeHapii Ta MpUIMaTH PIIEHHS IIOJO ONTHUMAJIBHOTO PO3IMOIUTy 3aBIaHb 1 pecypciB y cepemoBuii loT.
BucHoBku. lle fgocmifkeHHsS CHpSIMOBAHE HAa PO3B’S3aHHA AaKTyallbHOTO TNHUTAHHSA — YIMpPaBIiHHA pecypcaMd Ta 3aBJaHHSIMU
B TymMaHHOMy cepenoBunii loT. PosrasHyro HasBHI Meroau it po3poOku y cdepi ympaBmiHHS pecypcaMH Ta 3aBJaHHIMU
B loT. IlopiustHo Metomu kmactepusanii DBSCAN i C-Means nns BU3HA4eHHs iX e(EKTMBHOCTI B YHPAaBIIHHI pecypcamm.
P0o3po0iIeHO TEOPeTHKO-MHOXKHMHHY MOJENb, IO IPYHTYEThCS Ha PI3HUX IapaMeTpax Maias HPUHHATTS —ONTHMATBHHUX
pillieHh [IOA0 pO3MOALTY 3aBAaHb 1 pecypciB. YCTaHOBJICHO, IO BIPOBA/DKCHHS METOJIB KIAcTepH3alii Ta po3polieHoi
MOZENi JIOMOMAaraloTh MiJBHIIUTH INPOTYKTHBHICTh CHCTEMH i 3a0e3meunTH OUThII e(EeKTUBHE 3aCTOCYBAaHHS OOYHCIIOBAIBHHX
pecypciB y TymanHoMy cepenopuiii [0T.

Kuarwuosi cnoBa: TymanHi oGuncieHHs; [HTepHer peueit; meron DBSAN; meron C-Means; KinacTepusallis; TEOPETHUKO-

MHOXWHHE€ MOJCJIIOBaHHS.

Beryn iHpopMamio Ta MpuAMaTH pilleHHs Ha camoMmy "Kpaio'

Mepexi, ONKYe 110 JjoKkepena iX BHHUKHEHHs [2, 3].

Y cydacHOMy CBITI TEXHOJIOTIl pPO3BHBAIOTHCS Ane gk MoxkHa 3a0e3neydTH e(EeKTHBHE YIPABITIHHSI

HA MIaJCHIA MBHUIKOCTI, BIIKPUBAKOYN TIEPE JIFOJICTBOM
0e3MekHI MOXIJIMBOCTI Ta BUKIMKU. IHTepHeT peueit
(IoT) [1] € omHi€r0 3 HAUOITBII SICKPABUX TEXHOJIOTIIHAX
PCBOJIIOIM, IO 3MIHIOE HAIle OTOYEHHS Ta CIocio
KUTTA. 3aBnsgkd [0T 00’e€kTH 30BHINIHBOTO CBITY,
MOYMHAIOYM BiJ TOOYTOBHX TNPHIANIB JO BEJIMKHX
BHPOOHIIHX CHUCTEM, MOXYTb CHUIKYBaTHCA,
0oOMiHIOBaTHCS 1H(OpPMAIIE€0 Ta NPUAMATH PIIICHHS,
HE MOTPeOYI0YH IPSIMOT YIaCTi JTIFOAWHU.

IIpore peamizamis IoT Ta 3abe3medycHHsS HOro
MPAaNe3JaTHOCTI BUMAaralTh C(QEKTHBHOTO YIIPABIIHHI
pecypcamu ¥ 3aBnaHHsAMu. Ha nomomory mnpuxonsTh

TyMaHHI OOYMCIEHHS, SKi JalThb 3MOry 00poOisTH

B YMOBax TYMaHHOTO cepeaoBuIa?

VY 1iif cTaTTi JOCHIIKYETHCS J1BA KITIOYOBI acleKTH
LBOrO MUTAHHS: METOIW KJacTepusalii Ta cucrema
po3nominy CepeIOBHIII

3aBIaHb Y  TYMaHHOMY

miarpumMku [oT. MeTtoau kiacrepusaiiii JT0MOMAararTh

IpylyBaTH pecypcu Ta
CTPYKTYpPH, IIO TOJIETIIy€E iX eeKTHBHE BUKOPHCTAHHSI.

00’€KTH B  E€IUHOILTICHI
Cucrema po3moAuTy 3aBlaHb 3a0e3leuye ONTUMANBHUMN
PO3MIoiN 3aBAaHb MiX pecypcamu B Mmepexi 1oT [4].

DBSCAN
(Density-Based Spatial Clustering of Noisy Applications)

PosrasiHemo  meron  kiacrepusaii

[5, 6], m0 mae 3MOTy CTBOPIOBATH KJIACTEPH 3 PECYPCIB,

IPYHTYIOUMCh Ha 1X  pO3TallyBaHHI, 1  MeTOJ
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knacrepm3anii C-Means [7], po3noxmimenmii Ha CPU
Cluster, GPU Cluster ta RAM Cluster nist e(eKTHBHOTO
BUKOPHCTAHHS OOYHCIIOBAIBHUX pecypciB. TeopeTuko-
MHOXHHHA 3pO3YMITH,  SIK

MOJECJIb JOIIOMOXKE

OIITUMAJIBHO pOSHOZ[iJ'IfITI/I 3aBJIaHHSA Ta pECypCH.

AHani3 jgitepatypu

1 Metoau knacrepusamii
TYMAaHHOr0 cepepoBuina miaTpumku loT

AmHani3 jitepaTypu BKa3y€ Ha JEKLIbKa KIIIOYOBHX

mpobimem, TOB’s3aHMX 13 miarpumkoro  loT  Ta
KJIACTEPH3ALIEI0 JAHUX, [0 PO3TIIAAIOTHCS Y CTATTI.

1. EdexkruBue ynpasninas indopmanico loT
y XMapHHX cepenoBHmax. Y  gocmimkeHHi [1],
HaroJoIIyeTbCsl Ha BAXIUBOCTI XMapHHX TEXHOJIOTIH
st o0pobnerHs Ta 30epiranHs maHux loT. TIpore me
MOXE TPHU3BECTH [0 THTaHb I0J0 e(QEeKTUBHOrO
VIPaBIiHHS pECypcaMu XMapH.

2. Kiactepusaiiiss ta o6poOnenus manux loT.
YV pochimkeHHsX [5, 6] BHUCBITIIOETBCS BaXKJIHBICThH
anropuTMiB Kiactepusauii manux loT mis mopanemioro
agamizy Ta o0OpobnenHs. IIpore icHye mpoOiema
B OOpaHHI HaHOUIBII e(EeKTHBHOIO alrOPUTMYy IS
KOHKPETHUX 3aBJIaHb.

3. EHepro30epexeHHs B cMapT-MicTax. Y cTarTi [4]
BKa3aHO Ha HEOOXIOHICTh, MiHIMI3amii CIHOKHUBAaHHS
eneprii natunkamu loT B cmapr-micrax. Lls mpoGiema
CTOCYETBCSl  ONTUMi3alii poOOTH JaT4MKiB Ta iX
eHeproe()eKTUBHOCTI.

4. Tlapanensni obuncnenns Ha GPU. Y poborax
[11, 14] onwmcani mepeBarn BHKOpUCTaHHs rpadidHUX
nporiecopie (GPU) s mBUAKOAII Ta mMapaleTbHUX
o0uncaenb. IIpoTe icHye mpoOiiemMa ONTHMAIBHOIO
pPO3MOAITY 3aBIaHb MDK PI3HAMH OOYHCITIOBAIBHAMU
pecypcamu.

5. Pozmopineni oOuucneHHA. Y JOCTHKEHHIX
[5, 8-10] HaromomIyeThCsT HAa BAKIUBOCTI PO3MOMITICHUX
o0unciieHb, 30KpeMa Ha BHKOPHCTaHHI IuaTdopmu
Spark. Ane mnwurtaHHs e(EKTHBHOCTI Ta ONTHMI3aMii
PO3IOIICHUX 00YNCIICHD 3AJIMIIAETHCS AKTYaIbHAM.

Meta cTaTTi — PO3IISHYTH CIIOCOOM PO3B’SA3aHHS
nepeiueHnx MpobieM, 30KpeMa pO3pOOUTH CHCTEMY
po3moAlTy  3aBAaHb 13 BHKOPHUCTAaHHSM  METO[IB
KJacTepu3anii Ta oONTHMi3amii pecypciB y TyMaHHHX
cepenoBumiax marpumkd IoT. s 1Oro CTBOPEHO
TEOPUTHKO-MHOXHWHHY  MOJENb  JUIS  BU3HA4YCHHS
ONTHUMAJIBHOTO CIIOCO0Y PO3MOALTY 3aBlaHb 1 pecypcis.
Takuii  migxXig  COpSAMOBaHWM  Ha  MOKpAIICHHS
NPOJXYKTUBHOCTI Ta €(PEKTHBHOCTI CHUCTEMH HiATPUMKH

[oT ma TymMaHHIH TIATHOPMI.

KitowoBumu  CKTagHUKAMH — YCHIIIHOI — CHCTEMH

TyMaHHOTO OOYHMCIICHHS € METOAM KilacTepu3allii,
II0 JAal0Th 3MOTY pAIliOHATBHO PO3MOIUIATH 3aBIAaHHS
Ta pecypcu B cucremi. JlBa OCHOBHUX METOAU
KJIacTepu3anii, 0 3aCTOCOBYIOTHCS
ue DBSCAN 1 C-Means
X JOKJIaHILIE.

DBSCAN  (Density-Based  Spatial

of Applications with Noise) — MeTOJ KiacTepu3allii,

B i poboti, —
Clustering. PosrisHeMO

Clustering

10 OCHOBaHW Ha IUIBHOCTI iH(OpMAIii Ta gomoMarae
BUABJLITH 00 €KTH, SAKi HaJleXXaTh O OJHOIO KiacTepa
HAa OCHOBI iXx reorpagidHoro posramyBaHHs [§].
Bukopuctano DBSCAN
JUIA OpraHi3alii OOYHCIIOBANBHUX PECypCiB Yy pi3HHX
DBSCAN  Cluster

BimnoBimatu omHoMmy periony, DBSCAN Cluster 2 —

Y  nmochmimkyBaHI cHCTEMI

nmokamisx. Hampukan, 1 wmoxe
iHmomy i t.a. [9, 10].

C-Means Clustering, abo HeJiTKa KiIacTepH3alis,
3aCTOCOBYETHCS JUIsl MOJAJIbINOI KilacTepu3alii pecypcis
y xoxHOMYy DBSCAN Cluster. Po3buto pecypcu
Ha knactepH, taki sk CPU Cluster, GPU Cluster i RAM
Cluster, mo0 eQEKTUBHO PO3MOAUIATA  3aBIAHHS
3 orsiAy Ha Tun pecypeis [11].

Taka KOMOIHAIliST METOJIB KIIACTEPHU3AIll Ta€ 3MOTY
OINITHMI3yBaTH o0OpOOJeHHs 1H(pOpMAaLl, PO3NOIIISTH
3aBJaHHS Ta 3a0e3neyyBaTH BHUCOKY HPOJYKTHUBHICTH
B €JIEMEHTapHHUX MOTOKAaX JaHWX Y TyMaHHil miuardopmi

miarpumkn [oT. MaTtemaTuuHi MoJeNli Ta aJITOPUTMHU

IUX METOMIB JOMOMArarTh Yy MNPUHAHATTI pIllIeHb
Ta MOKpAIIeHH] (QYHKIII0BaHHS CHCTEMH.
[ToOyayemo  miarpamy  KjacTepusaiii  JBoMa

oOpannMu Metoamu (puc. 1).
I miarpama BiZoOpaka€ CHCTEMY, 1110 BUKOPHCTOBYE
JIBA METOIM KJacTepu3alil i YNpaBIiHHS 3aBIaHHAMH
i pecypcamu B TyMaHHOMY cepenoBui miarpumku [oT.
Tymanne cepedosuuye

Cucrema mnopmiteHa Ha Tpu kiactepu DBSCAN,
no3HadueHi sk DBSCAN Cluster 1, DBSCAN Cluster 2
ta DBSCAN Cluster 3. Koxunomy knacrepy DBSCAN
BIIIOBIAIOTh  Pi3HI  JIOKAIii, J€¢ BHKOHYIOTHCS
obOuncienHs. Y koxHomy kiactepi DBSCAN e By3mw,
ro3HaueHi sk Node X, ne X — 11e HoMep By3Ia.

Knacmepu C-Means

DBSCAN
e migknacrepu C-Means, mo noaaui sik C-Means Cluster.

VYcepenuni KOXKHOTO KIacrepa

CPU Cluster npuszHaueHu#l it oOpodnenns Ha CPU.
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RAM Cluster — nnst 0OpoONICHHS 3aBJaHb B ONEPaTHUBHIHN
nam’siti (RAM).

36 azku

By3mu koxnoro knacrepa DBSCAN B3aeMofiroTh
3 BigmoBigHUMHU knactepamu C-Means it oOpoOiIeHHS
3apnanb. Hanpuknan, Node [ 3 DBSCAN Cluster 1

B3aemonie 3 CPU Cluster nmns oOpoOneHHS 3aBIaHb
na CPU.

Takox BimoOpaXeHO 3B’S3KH MK KJIacTepaMu
DBSCAN i C-Means,
Ta 3aBJaHHS PO3MONULIIOTECS MK PI3HUMH JIOKAITisIMH

[0 TMOKasye, 5K pecypcH

Ta BHUIaMH 004rcieHs [12].

Fog Environment

DBSCAN Cluster 3

Node 7 Node 8 Node 9
a —
DBSCAN Cluster 1 SCAN Cluster 2
Node 1 Node 2 Node 3 Node 4 Node 5 Node 6
/ / X J
N / \/ VAN /
/\ / C-Means
C-Means C-Means C-Means C-Means C-Meansins
CMeés
C-Means
/ Q/Means Clusters / \ \
CPU Clyster / F{AWIuster
CPU1 CPU2 CPU3 CPU4 CPUS RAM1

GPU1

GPU Cluster / \

GPU2

GPU3

Puc. 1. liarpama xnacrepusarii asoma Merogamu DBSCAN 1 C-Means Clustering

HaBenena cucrema jgae  3Mory  e(eKTHBHO
YIPaBIATH 3aBAAHHSAMH Ta PECypcaMu B PO3IMOIIUICHOMY

00YHCIICHD
IoT,

U1 ONTHMi3aLil

CepeIoBHIII TyMaHHol  miaThopMu

HiHTpI/IMKI/I BUKOPHUCTOBYIOYHA JABa METOOU

KJactepu3arii 00poONeHHsT  AaHUX
Y peaJlbHOMY Yaci.

[licns pos3rismy METOAIB  KjacTepu3aiii Ta ix

3aCTOCYBaHHS B CHCTEMi TYMaHHOTO OOYHCIICHHS
ONHUILIEMO CHUCTEMY pO3IMOJLLY 3aBJaHb 1 pecypciB
y TymaHHOMY cepenoBumii. [liarpama i Metonu
Kractepusanii  BH3HAYAIOTH KITFOYOBI ACIIeKTH

opraHizanii podoru cucremu [13]. Bapro Haromocwurw,

oo i METOOM KjacTepu3aiii MalTh BaXKIHBE

3HAYCHHA HC JIMIOC I TYMaHHOI'O O6‘II/ICJ'ICHH${,

ale W Juia 6araThboX Taly3eidl HayKH Ta HMPOMHCIIOBOCTI.

Knacrepusauiss ~ mae  3Mory  rpymyBaTH — CXOXI
00’eKTH ANl  TOAAJBLIOr0  aHamizy, 0OpoOIeHHS
Ta MPUNAHATTS PIllICHb.

Meronu  kmactepuzamii CTaJld  OCHOBOIO  JUISt
CTBOpeHHs1 €(eKTHBHOI CHCTEMH pO3MNOALUTY 3aBlaHb
1 pecypciB 'y Mepexi TyMaHHOI  IUIATGOPMH.
Bonu gonomararote  igeHTH(]IKYBaTH ~ ONTHMAaJIbHI

pimeHHss it oOpoOsieHHs iHGoOpManii Ha Kpasx
Mepexi, 3a0e3neuylodr HaiKpaluii po3nojisi 3aBaaHb
MDK KJlacTepaMH Ta KpasMu 3 oOnsiay Ha ¢i3udHe

po3TalyBaHHs, JOCTYIHI PECYPCH Ta 4ac BiAMOBIII.
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Y  HacTymHHMX  po3fiax — OuIpIl  JeTaiabHO
PO3IJISIHEMO TEOPETHKO-MHOKHHHY MOJICIb CHUCTCMH,

0 [JOIOMAara€ ONTHMI3YBaTH TIIPOLECH PO3MOILTY

pecypciB,
wiaThopMy TYMaHHOTO OOYHCIICHHS OLTBII PO yKTHBHOIO

3aBJaHb Ta  KiacTepu3amii 3poOUBIIH
Ta BIANOBIAHOIO 0 BHMOT CYYaCHHX 3aCTOCYHKIB

IarepHeTy pedeii Ta iHIIMX cdep 3aCTOCYBaHHS

2 CucreMa po3noiiay 3aBIaHb
y cepeloBHUILi TYMAHHHUX 004K c/IeHb, miaTpuMKu [oT

Cucrema po3moAiny 3aBIaHb Y  CEPEIOBHIII
TyMaHHUX oOumcieHb, miarpumku l[oT mokIamaeTbes
Ha KUTbKa BXIIHUX DIapaMeTpiB, 30KpeMa 3aTPUMKY
BiJINIOBi[Ii, EMHICTH KJIAaCTepa Ta BiAJaJIeHICTh iH(QOpMATITii
st 00pobnenns [14]. Cuctema BUKOPUCTOBYE JIBa THUITH
METOMIB  KJacTepu3amii TYMaHHOTO  CepeJOBHIA:
C-Means (3 BukopuctanusMm kmactepis CPU, GPU
ta RAM) i DBSCAN (Ha OCHOBIi

knacrepie 1, 2 1 3).

po3TalryBaHHsI
3aBnaHHs  30epiraloThCs
B S3-momiOHOMY CXOBHWII, OCOOTHMBOMY MJISi KOXKHOTO
kinacrepa DBSCAN. 300pakeHHS CHCTEMHU TIOJaHE
Ha puc. 2.

3ampumxa 6ionogioi (y cexyndax). lleii mapametp
BU3HAYa€ MAKCHMAIBHO JOMYCTUMY 3aTPUMKY IS
BUKOHAHHS 3aBJaHb i rapaHTye, 1110 BOHH 00POOIIAIOTHCS
MPOTATOM BH3HAYCHOTO Yacy.

E€muicme  xnacmepa (Y 008iIbHUX — OOUHUYSAX).
€MHICTh KJTacTepa BKa3ye Ha OOYHCIIOBaIBbHI PECypCH,

JIOCTYIHI B KOXHOMY Kiactepi, 30kpema CPU, GPU Ta

RAM [15]. Ue#t mapamerp KUIBKICHO BH3HA4Ya€
MakCHMallbHe po0odYe  HABAHTAXKEHHS, M0  MOXKE
e(heKTUBHO BIIOPATHCS 3 KIIACTEPOM.

Biooanenicmo  ingpopmayii  onsn 0bpobnenus.

Bimmanenicte qaHuX BimoOpakae BifcTaHb a00 3aTPUMKY

Mepexi MK JokeperoMm  iHdopmanii W TyMaHOM,
NpU3HAYeHUM Uil 00poOuieHHs. [[yXe BaKIMBO 3BECTH
JI0 MiHIMYMY 3aTPHMKH Tiepeadl JaHuX.

Tenepayis 3a60ans. Ilpuctpoi IoT cTBOpIOIOTH pi3Hi
00YMCITIOBAILHI 3aBJaHHSA, KOKHE 31 CBOECIO CKJIAIHICTIO
Ta piBHEM INIPiOPUTETY.
3ae0anb.  Koxne

Ipoghiniosanns 3aBIAHHS

mpo¢iTbOBaHO, 100 BU3HAYNTH HOTO KOHKPETHI BUMOTH,

30KpeMa  OOMeXEHHs  4Yacy  BIANOBili, BUMOTH
0  oOYMCIIOBANBHMX — pecypciB 1 iH(popmalio
npo reorpagivuHe po3TallyBaHHsI.

Knacmepusayia  kpanenos  mymany.  Cucrema

BUKOPHCTOBYE METOJ KilacTepu3aiii s opraHizaiii

Kpamesibp TyMaHy Ha OCHOBI iX  reorpadigHoro

posranryBanHa. Kparuti TymaHy opraHi3oBaHi B KJIacTepH,
0 BiJIIOBIAAIOTH JIoKawil 1, mokaiiii 2 abo moxaii 3.

Ilpusnavenns  knacmepa. 3aBIAaHHS — CIOYATKY

PO3MOIUISIOTECS 32 MicLeM, y SKOMY BOHH Oynu
crBopeni. CucremMa OLIHIOE JOCTYIHICTH pPecypciB
y MICIIi CTBOPEHHsI 3aBJaHHS Ta TepeBipsie OOMEKEHHs
gacy BigmoBimi. Sxmo

pecypciB  HE  JOCTaTHBO

ab0 oOMe)XeHHs yacy BIAIOBIIl He MOKe OyTH BUKOHAHE

B MICIi TOXO/KEHHS 3aBJaHHA, CHCTEMa IIyKae
QIbTEPHATHBHI  Miclsl 3 JOCTyHUMH pecypcamu
Ta MEHIIIOKO 3aTPUMKOIO.
Task Generation System\
g
loT Devices
Y
g ]
Task Profiling
A
Il
Fog Drop Clustering
Y
g ]
Cluster Assignment
g ] |
Data Storage Parallel Execution
£ £
Data Transfer Monitoring and Adaptation
£]
Feedback Loop

Puc. 2. Onuc cucteMu po3noiny 3aBJaHb i pecypciB

Ha ocHOBi mi€i omiHKM cucTeMa Nepenpu3Havae
3aBIAHHs KJacTepy, SKWUH Halikpaiie BiamoBimae i
BuMoraM. Hampuknan, sSKmio Ui 3aBOaHHA MOTpiOHE
GPU, a po3TalyBaHHi

00po0IieHHs pecypcu B
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mokamii 1, ane B nokamii 3 € moctymHi pecypcu GPU
3 MEHIIOI 3aTPUMKOIO MOPIBHSHO 3 PO3TallyBaHHIM 2,
3aBIaHHS IIEPCHAINPABISIETECS B JIOKAIiI0 3, 30KpeMa
B knactep GPU [16].

36epicanns  Oanux.  3aBmaHHA ~ 30epiraroTbes
y cremiajbHOMy S3-T0I0HOMY CXOBHILI B KOXXHOMY
KJacTtepi, Mo 3a0e3medye MOCTYMHICTH iH(OpMarii
JUTsE 00pPOOIICHHS.

Hapanenvne suxonauus. Y KOXKHOMY Kiactepi

3aBAAaHHA BHUKOHYIOTBCsA rnapaji€jibHoO, e(l)eKTI/IBHO

BUKOPHCTOBYIOYHM JOCTYMHI PECypCH, IOTPUMYIOUHCH
00MEKeHb Yacy BIAMOBIII.
Oanux. Sxmio

Ilepeoaua 3aBmaHHSI TOTpedye

iHpopMmarii, sAKkoi Hapa3i HeMae y NpPUIHAYCHOMY
KJIacTepi, 3aIllyCKalOThCS MEXaHI3MH Iepefadi aHmX,
o0 MepeMICTHTH HEOoOXimHy iH(opMaIliio Onmkde 10

By311a 00poOJIeHHS i MiHIMI3YBaTH BiJAaJICHICTh TaHUX.

Mownimopune i adanmayis. CucreMa TOCTIHHO
KOHTPONIOE ~ BHKOHAHHSA  3aBIaHb,  HAaBaHTaKCHHT
Ha Kiactep 1 wac Bignosimi. Skmo  kmactep

HaOIMKAETHLCA 10 OOMEXEHb €EMHOCTI a00 4Jac BIAMOBIAl

nepeBuIlye BKazaHi HOpOFOBi 3HA4YCHHA, CHCTCMa

MOXKE TepEepO3MOIUINTH 3aBJaHHS IHIIUM KiIacTepam
a00 3a TOTpeO BUAUIMTH TOAATKOBI Pecypcu.

Lukn

MPOJyKTUBHOCTI,

3860POMHO20 38 A3KY. INokazHuku

30KpeMa  Yac  BIINOBimI  Ta
BUKOPHCTAHHS PECypCiB, 30MParOThCS Ta aHATI3YIOTHCS.
Ili moKa3HMKM  CIYI'YIOTb  3BOPOTHHUM  3B’SI3KOM
JUIS  BJIOCKOHAJIIGHHS CTpaTeriii po3momiry 3aBIaHb,
ajanTarfii J0 3MIiHHUX YMOB 1 ONTHUMI3aIlil PO3MOIiTY
3aBNaHb y Yaci.

Bepyun nmo yBarm meperniueHi BXimHI mapamerpu
Ta BUKOPHCTOBYIOYM METOAM KJIacTepu3alil Kpameib
TyMaHy, cepepoBuuie miarpumMkua loT  edekruBHO
00po0isie 3aBmaHHs, 3a0e3MeUy0OYl BUYACHE BUKOHAHHS,
e(heKTUBHE

3aCTOCYBaHHSI pecypciB 1 MiHiMi30BaHy

BifmaneHicTy iH(opMaIii Ha OCHOBI reorpadidyHOTrO

po3ramryBanHs. lled migxig TOKpallye KepyBaHHS
3acTOCyHKaMH [HTepHETY pedeil y  cepemoBHII
TyMaHHUX OOYHUCIICHB.

Metogu posmoniry 3aBHaHB 1 KJIacTepu3arii
PECYpCiB € KPUTHYHO BXJIMBUMH  CKJIQJHUKAMU
UIT  JOCSATHEHHS OINTUMAJILHOTO (YHKIIFOBaHHS

CHUCTEMM MIATPUMKH IHTEpHETY peuell B yMoBax
TyMaHHOTO OOYHCIICHHA. Y 3MIHHOMY Ta JHHAMIYHOMY
cepenoBuili, ne Oarato (akTopiB MOXE BIUIMBaTH
Ha TPUHHATTS pilleHb, 3aCTOCYBaHHS TEOPETHKO-
MHOXXUHHUX MOJIEJIed CTa€ HEBiJ €MHHUM CKJIaJHUKOM

JUTSL TIOKPAIIEHHS IIUX MPOIIECIB.

3 TeOpeTl/lKO-MHODKPlHHa MOJ¢e/Ib

TeOpeTHKO-MHO)KI/IHHa MOACIb € BiILO6pa)K€HHHM

CHUCTEMH, #AKIf BIAcTHBI BaXKJIMBI IMapaMeTpu Ta

iX B3a€EMO3B’S3KM. Y Hamii KOHKPETHIH cHTyauil
TEOPETHKO-MHOKHHHA MOJENb MICTHTh (PYHKI[IOHANBHI
3aJ@KHOCTI MDK BXIJHAMH IapaMeTpaMH, TaKHUMHU
SIK BITIOBIh CHCTEMH Ha 3aBJaHHS, OTPeOH KiIacTepiB
y pecypcax i BimmaneHicTh iHopMmalii, ska morpedye
o0pobnenns [17].

Byno cTBOpEeHO TEOpEeTHKO-MHOXHHHY MOJEJb,
o0 Ja€ 3MOTy CHCTeMi aHali3yBaTH HMOBIpHI cIieHapii
Ta MpUiMaTy HaleEKTUBHILII PiIIEHHS I0JI0 PO3NOALITY
3aBIaHb 3 METOI MaKCHMI3yBaTH NPOIYKTHBHICTH
1 3a0e3MeYNTH BYaCHe BUKOHAHHS 3aBJIaHb. BHKOpHCTaHHS

TEOPETUKO-MHOXKUHHHUX MOJEJCH J0moMarae CucTeMi

ONITUMI3yBaTH pobory, 3a0e3mnedyroun Kpartie
3aJI0BOJICHHS MOTped KOPHCTYBadiB 1 MaKCHUMallbHYy
PE3yIbTATUBHICTb.

3.1 ITomik po6im

ITotik poOiT Moxe OyTH NOHaHWN Yy BHIIIAIL
OpIEHTOBAHOTO anuKIiuHOTrO Tpada (OAI):

H=(V,E), (1)
ne H — moHomiTHUH MOTIK pooiT;
Vo -

00YHCITIOBaNIbHI 3aBIaHHS,

MHOX>XHHa BEPIINH, o CTAHOBJIATH

E — mHOXUMHA cripsMoBaHHX pebep, AKi 3’€AHYIOTh
BEpPIIMHY, 10 CTAHOBJATH 3aJISKHOCTI 32 IMOKa3HHKaMH
MIX 3aBAaHHIMH.

Koxna BepmmHa v, B /' Moxe MaTu BXifHi Ta/abo
BUXiHi peOpa. Buxinumit crynine deg”(v,) Bepummn
v, B H BHU3HAYa€THCSA 5K KIIBKICTH pedep, 0 BUXOAITh
3 V,, CIPSIMOBAHKX JI0 1HIIMX BEPIIUH. BXiJHUHA CTYIiHb
deg™ (v,) Bepumnn v, B H BHU3HAYAETHCS K KiIBKICTH

CHOpSIMOBAaHMX IO V; Big IHIIUX BEPIINH.

pebep,
Pebpo (v,., v].)e € 3ICXKHICTIO 33 JAaHUMH Bifl V;, 10 v,

Hexaif n — 11e 3aranpHa KiTBKICTh BEpIIUH B V.
3.2 ITionomoxu pooim

[Torik pobir H mNOIUIAETECS HAa MHOXKHHY, LIO

CKJIAQJa€eTbess 3 k miagmorokiB poGir S =(S], Sk),

S, :(V[, E)), sxwo V, — ue MHOXMHA BEPLIMH, IO

i i
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BXOITh Y MIANOTIK podit §,; E, — e MHOXHHA pebep
MDK BEpUIMHaMH, IO BXOAATH a0 V.. Y upomy pasi

MHOXXMHa BeplIMH H TOAUIsSeThCS MiANOTOKaMH POOIT
Ha HaOip HemepeciyHUX MiAMHOXHH:

1) Viel..k:V,cV,E CE;

2) VveV,3Jiel..k ‘vel;
3) E ={(v,(, v,)eE: v, v, eVi};
4) Vi,jrizj =Vl =0

Busnaunmo HacTymHi Kilach pebep 1 BEpILUH,
TIOB’I3aHMX i3 MiATIOTOKOM poOiT S, :

1) EIl,: Habip BXimHux pebep i3 IOYATKOBOIO
BEpIIMHOI 11033 MIAMOTOKOM poOIT S, 1 KIHIEBOIO

BEPLIMHOIO BCEPEHHI MiIOTOKY poOiT S, :
EIL={(v,v)€E: v, ¢S, v, €S} ; )
2) EO,: Habip BuxigHux pebep i3 MOYATKOBOHO
BEpIIMHOIO BCEPENUHI MIANOTOKY poOiT S, i KiHLEBOIO
BEPILIHHOIO 11032 MiJMOTOKOM podiT S, :
EOiz{(vk,v,)eE v, €S, v,eS,.} ; 3)
3) VI,: mabip BepmuH B S;, PO3TAIIOBaHUX
Ha OCHOBHIH uacTuHi pebep EI,, a TakoXX BepIIuH,
110 HE MalOTh BXiTHHUX pedep:
VI, ={v, €5, :(vk,v,)eEIi}u{veSi :deg” (v):O} 5 (4)
4) VO,: naGip BepmmH B S, pPO3MIIICHUX
Ha KiHIsIX pedep EO,, a TakoX BEpUIMH, 10 HE MalOTh
BUXIZHUX pebdep:

VO, ={v, €5, :(vk,v,)eEOi}u{veSi :deg” (v)=0} .(5)

3.3 Busnauenns enemeHmapHozo ROmMokxy pooim

MIIIOTIK poOiT S.

i

(Elemental  Flow),

HEOOXIZIHO BUTATTH BCi BepIIMHH S, 3 MOTOKY pobit H

[Ilo6  meperBOpUTH

B €JEMEHTapHUH IMOTIK podiT

i 3a0e3neynTH  KOMYHIKALlifiHI ~ MEXaHi3MH, IO

noB’s3ytoth EF, 3 mmaTdopMoio NOTOKOBOI Iepemadi

HOAIH dYepe3 BEpIIMHY-CIIOXKHMBA4 CV, Ta BEPIIMHY-

TeHepaTop pv, .

Bepmmna c¢v, B EF, 3a0e3medye CIOXHMBaHHA

MOTOKY BXIHUX MHaHUX BiJA IUIATPOPMH ITOTOKOBOL

mepedadi  AaHMX 1 PO3MOAUIAE  WOTO  MIX

BepummHamu VI, . Bepmmna pv, B EF, nie sK CTOK,

mo 30Mpae BHXINHI HaHi 3 BEPIINH, IO CTAHOBIATH
6esniu VO,

Ha 1IaTGopMy MOTOKOBOI Iepenadi maHuX. Bu3HaumMo

i mepemae iX y BVl IOBIJIOMIICHB

BIJITIOBITHI MHOYKHHH peOep TAKMM YHHOM:

ECV, = {(cv,., v) TVve VI[} , Habip pebep, o HIyTh
Bif cv, no BepumH Yy VI, ;

EPV;= {(v, cpi) : v € VO;}, Habip pebep, mo WayTh
BiJ BepuH y VO; 10 cp;.

Y mpoMmy pasi enemMeHTapHMH HOTIK poOiT EF;
3 MiAMOTOKY POOIT S, BU3HAYAETHCS SIK

EF, =(TV,, TE,) , (©)

ne IV, =V, u{cvl., pvi} — MHOXWHA BEpIIUH, IO
pO3TaIIoBaHi BCepeauHi S;, 30KkpeMa ¢V, Ta pV;;

TE, = E, VECV, UEPV, — mHOXHHa BCix pebep,
po3TamoBaHWX ycepeauHi S, 30Kpema Bci pedpa,
SKi HOyTh i3 cv, 1o BepwuH y VI, , a Takox Bci pedpa,

o ixyTh Bix BepmmH 'y VO, 1o cp, .

3.4 Mooenv enemenmapnux nomokie poodim

Mopens eneMeHTapHHX IMOTOKIB pPOOIT MoemHye

MoOJiesli  TOTOKIB  po0iT 1

CTPYKTYpi
00pobneHHs iHpOpMaIii GopMyeThCs HAOIp BUALICHUX

MOTOKOBOTO  00pOOJICHHS
inpopmamii. Y m1aThopMH  TIOTOKOBOTO
KaHamiB (CXOBWI TIOTOKIB JaHUX) [UIA OpTraHi3armii
B3a€EMOJIii €JIEMEHTapHUX MOTOKIB POOIT 3a JIOMOMOTIO0
oOMiHy  moBimomiieHHsMH. KokKHE — MOBIZOMIICHHS
€ HabOpOM NaHUX, IO MiCTUTB:

®  [I03HAaKy 4acy CTBOPEHHS MOBIJOMIICHHS;

e  iHpOpMAIIIO PO PKEPEIIO AAHUX;

®  CTPYKTypOBaHy
TIepeIaloThCs.

KOJIEKI[I}0  JaHWUX, IO

DS, Bimnomimae 3a 30upaHHs, 30epiraHHs

Ta HaJaHHA TOBIJOMJICHB, IO MICTATh HA0OPH MAaHUX,

HeOOXimHMX g iHimjamizamii 0OYHCIIFOBAJIBLHOIO
MIPOIIECY B MOTOII poOiT;

DS, Bignosigae 3a OTpUMaHHS IOBiJOMIICHb,

o0 MICTATh TPOMDKHI madi, Bim EF,, 1 mepemauy ix

i
3aJIeKHUM €JIeMEHTapHHM IOTOKaM pooiT;

DS BiIIOBiae 3a 30upaHHs, 30epiraHHi Ta

out
HaJIaHHS TTOBIIOMJICHb, 10 MICTATh PE3YJIbTYIOUI IaHi.

3aMicTh OYaTKOBOTO BY3Ja IOTOKY poOiT, HabOpH

HEOoOXI1H1

JaHuX, ML IOYaTKy 00YHCITIOBAIIbHOTO




ISSN 2522-9818 (print)
ISSN 2524-2296 (online)

Innovative technologies and scientific solutions for industries. 2023. No. 3 (25)

nporecy, HaaXoIsTh y CXOBHUILNE MOTOKIB HaHux DS,

y BUDIAAL moBinomiieHb. OOpOOJICHHS IOBIIOMIIEHB
31 CXOBHIIA TIOTOKY TaHUX OpPTraHi30BaHE TAKUM YHHOM:
I oy

BiamoBigHoro EF, BHTATYye HacTyIIHe

noBizomsienHs 3 DS, | ;

2) Ha OCHOBI aHaJi3y OTPUMAHOTO MOBiJOMIICHHS

cv; IHiLilOE Tmepenady JaHMX 1o pebpax ECY,

1o BEpIIINH, BIAIIOBiAAIbHUX 3a BHUKOHAHHS
0e3nocepeIHHOTO OOUNCIICHHS;
3)  micns 3aBepiIeHHS 3aBIaHb 0OPOOICHHS TaHUX

Ta iX HajgcwiaHHA 1o pebpax EPV, pv, renepye

BuxigHe moBimomieHHs B DS, abo DS SIKIIIO

out >
1€ OCTATOYHHI Pe3yabTaT.

Ha puc. 3 300pakeHO 3aCTOCYBaHHS MO
Bmox EF1

€ EJIEMEHTapHUM IIOTOKOM pOOIT i MICTHTh BEPIIHHY

€lIeMEHTapHUX TIOTOKIB pooir.

Py = ayl EF 1
P bl
e
/7
//
I/ V]

. 5t (1.3)
1
]
1 V2 V3
! (1,5
\ 2 4) (3.5

\

\‘ pvl

\
\
\
\
N ~
TS DSo DS1

CHUCTEMU TpPUHHATTS pILIGHHS ¢V  Ta BEpUIMHY

3aBgaHaa V..

i

BiNmoOBima4a pv, OOYHCIIOBAIBHI
brox EF1 micas BUKOHAHHS CBOIX 3aBJaHb Tepenac
iHpopMmamito B

cxopume DS, s MOAANBIIOro

o0poGnenns. brnok EF2 € ananorom Onoky FEF1,

ame 31 CBOIMH OOYHCIIOBAJBLHMMHU 3aBIAaHHAMH V., .

i

CrpinkaMu  1OKa3aHO  TepeMilieHHs  iHopmarrii
3 CHCTEMH TPHHHSTTSA  pillieHb [0  BHKOHAHHS
0e3mocepeTHLOrO 00YHCITIOBAIEHOTO poIecy.
[IyHKTHPHUMHU  CTPIIKAMH  [OKA3aHO  MEPEMIill[CHHS

iHpopMmamii B/i3 CXOBHWIA TMOTOKIB JaHWX. YHACIiJOK
3aCTOCYBaHHS 3alpPOIIOHOBaHOI MoJeli OyJao OTpHUMAaHO
MOXIIMBICTh ~ BIIOKDEMUTH  €JIEMEHTapHI  IOTOKU
MAaHWX 13 3araJpHOi iHQoOpMaIii (MiAMOTOKIB TaHUX).
BigokpemiieHHs eJeMEHTapHUX MOTOKIB JaHHUX JaJio
3MOTY TIOKPAIlUTH SIKICTh OOpOONeHHA ¥ aHamizy

iHpopMarii Ta MBUAKICT 00POOIEHHS AaHKX.

cv2 «<—_ EF 2

~
~
N
AN
\\
V4 \\

4.5) \\

S \

Vs \
\
|
|
|
pv2 |

/

/

/
/
/
/
/
DSout //
Ve
-
~ 7

Puc. 3. Pe3ysbrar 3acTocyBaHHs MOJIENi €1EMEHTapHOTO MOTOKY pooiT

3anpornoHOBaHa MOJENb BPaXxOBYE IapaMeTpH,
30KpeMa TPOMYCKHY CHPOMOXKHICTh MEPEKi, MiTKITFOUCHHS
MIX PI3HUMH €IEMEHTaMH CHCTEMH Ta OUTBIIY KiTBKICTh
3MIHHHX JUISl ONTHMI3allii PO3MOJITy eleMEHTApHHUX TTOTOKIB

JAHUX Y TYMaHHOMY cepenoBHI miaTpumku [oT.

BuchHoBok

Y  poGoTi  JOCHiIKEHO  Ta  BIIPOBAJHKEHO

JIBa KJIFOYOBI METOMW KJIaCTepHU3allil, [0 BUSBUIIKCS

HaI3BUYAaWHO  BAXIMBAMH  JUI1  onTHMIzamii  Ta
VIOPaBIIHHSA 3aBIAHHSAMH W pPECypcaMd B TYMaHHOMY
(TIoT).

[Nonana piarpama iTIOCTpyE BaXKIIMBHH €Tall y PO3BHTKY

CepeloBHUINI MIATPUMKHA [HTepHETy peueit
CHCTEMH, SIKa MOXKE 1CTOTHO TIOKPALIUTH NPOLYKTUBHICT
Ta e(EeKTHBHICTh BHKOPUCTAaHHS DECYpCiB Yy Mepexax
TyMaHHO{ 1atdopmu miaTpuMku [oT.

Meton DBSCAN,
KIacTepiB, i
Ha CPU Cluster,

OCHOBAaHMM Ha  JIOKaLisAX
METOJT C-Means, po3nomineHui

GPU Cluster ta RAM Cluster,
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AIOTh 3MOTY CHCTeMi €(EeKTHBHO BH3HAYATH, KYyAd
Ta SK PO3MOAUIATH 3aBAaHHs i pecypcu. Lli meromm
JOTIOMArarTh YHHKAaTH ITePEBAHTAXCHHs i 3a0e3MeuyIoTh
PO3MOALT PECYPCIB BiIMIOBITHO 0 BUMOT 3aBJaHb.

3alporNOHOBaHA TEOPETUKO-MHOKMHHA MOJIEIb —
HEOOXITHMI IHCTPYMEHT JUIsl aHaJli3y pO3IMOJiTy 3aBlaHb
1 KIacrepu3anii pecypciB. BoHa mae 3mory nepeabauntu
pillieHHs1, 3a0e3Mevyroyl MaKCUMAallbHy MPOIYKTUBHICTh
Ta BYaCHE BUKOHAHHS 3aBJIaHb.

Po3risiHyTa cucrema po3noainy 3aBIaHb i pecypciB
Ma€ 3HAYHUHA NOTEHIald Ui 3aCTOCYBaHHSA B DI3HHUX
chepax, J1e BaxKIHUBa

edpexruBHicTs pobotn loT

Cunucok Jgireparypu

i TymaHHOro oO4ucieHHS. BoHa MoOXe JOMOMOTTH
BUPILIyBaTH 3aBJIaHHS B PEAILHOMY 4Yaci, ONTUMI3yBaTH
BHUKOPHCTAHHS OOUYNCITIOBAIBHUX PecypciB i 3abe3medyBaTu
BHUCOKHIA PiBEHb 00CITyrOBYBaHHS.

3aBISIKM  TOEIHAHHIO METOMAIB  KJlacTepH3arii,
TEOPETHUKO-MHOXXHHHHUX MOJIENIed 1 CUCTEMH pO3IOILTY
€ MOXJIMBICTh CTBOPUTH IHTENEKTYallbHE CEPEeIOBHILE,
AK€ pearye Ha MOTpeOM CcydacHHUX 3acTocyHKiB [oT
Ta 3a0e3meuye ix HamiiiHy poboty. Lle mocmimkxeHHS
€ TepHIMM Yy BHBYEHHI PO3BHTKY CHUCTEM TYMaHHOTO

o0YHCIeHHS 7151 MalOYTHIX BUKJIHUKIB 1 MOKIIHBOCTEH.
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MODEL OF ELEMENTAL DATA FLOW DISTRIBUTION
IN THE INTERNET OF THINGS SUPPORTING FOG PLATFORM

The subject of the research is models and methods for optimizing resource and task management in the fog computing
environment of the Internet of Things (IoT). The increasing number of connected devices and the volumes of data collected
in IoT networks make it essential to improve management systems that ensure the optimal distribution of tasks and resources.
Fog computing addresses this challenge by distributing computational tasks closer to data sources and end-users.
The goal of this work is to enhance the efficiency of fog computing technologies to achieve optimal task and resource
allocation in IoT networks. The main tasks of this work are as follows. Firstly, considering the diverse requirements
of computational resources and tasks in loT, reviewing existing methods and developments in the field is necessary. Secondly,
it is essential to investigate and compare clustering methods, particularly DBSCAN and C-Means, for effective resource
management. The DBSCAN clustering method enables efficient task distribution based on their location, while the C-Means method
allows grouping resources based on their characteristics. The final task involves developing a mathematical model that
considers input parameters such as system response, cluster resource requirements, data proximity to processing, etc. This model
will enable the analysis of potential scenarios and decision-making regarding the optimal distribution of tasks and resources
in the IoT environment. Conclusion. This research aims to solve the urgent problem of managing resources and tasks
in the fog IoT environment. A review of existing methods and developments in resource and task management in IoT
is conducted. DBSCAN and C-Means clustering methods are compared to determine their effectiveness in resource management.
A set-theoretic model is developed that considers various parameters for making optimal decisions on the distribution
of tasks and resources. It is established that the use of clustering methods and the developed model help to improve system
performance and ensure more efficient use of fog computing resources in the loT environment.

Keywords: fog computing, IoT, DBSCAN, C-Means, clustering, mathematical modeling.
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O. IIIKUIb, M. MIPOLIHUK, [1. PAXJIIC, O. TPIGAHOB

CTPYKTYPHU JAHUX JUIA JEAYKTUBHOI'O MOJAEJIOBAHHSA
YMOBHUX OIIEPATOPIB HDL

IIpeamerom nociaigkeHHs1 € KyOiTHO-BEKTOPHI MOJETi OMUCY KOMOIHALIMHHUX CXeM 1 MpoHexypH IeAyKTHBHOTO MOJICITIOBAHHS
HECIPaBHOCTEH Ha OCHOBI LUX Mozeneil. O6’€KT NOCTizKeHHs] — MpolecH MOOYIOBH AIarHOCTUYHOro 3abe3redeHHs Mu(poBHX
CHCTEM Ha OCHOBI BMKOPHCTaHHsI BEKTOPHHMX KyOiTHMX NaHuUX. MeTa poOOTH — MiIBHINCHHS IIBHIKOCTI Ta SIKOCTi CTBOPEHHS
IIarHOCTHYHOTO 3a0e3MedeHHs] IHU(POBUX IPHCTPOIB CIIOCOOOM pPO3POOJCHHS ONTHMAJIBHUX CTIPYKTYyp JaHHX 1 HpoOUenayp
JIEyKTUBHOTO MOJEIIOBAaHHS HECIIPABHOCTEH Ha OCHOBI CTPYKTYPHO-(OYHKIIOHAIBHHX MOZeNed KOoMOiHamiiHMX cxeM. Y CTarTi
BUPILIYIOTbCA Taki 3aBJAHHSM: aHATI3 IHapajelbHUX 1 MOCIiZOBHMX YMOBHHUX OIEPaTOpiB MOB OIHCY amapaTypu Ta CXEMHHX
CTPYKTYD, Y SIKi BOHM CHHTE3YIOThCsI; pO3po0JieHHs Hporeaypy (GopMyBaHHS TaOIULE iCTUHHOCTI ((J-BEKTOPIB) CXEMHHUX CTPYKTYD,
MOJaHUX MOBAaMH OIIHCY arapaTypH; CTBOPEHHS yHIBEpCalbHOI CTPYKTYpH JAHUX ISl KyOIYHOTO Ta aHAJIITHYHOTO JEIXyKTHBHOTO
MOJICIIFOBAaHHS HECIPABHOCTEHl; YJOCKOHAJICHHS BEKTOPHUX MOAENEH KyOIiTHOrO MOJAHHS CTPYKTYp i KOMIIOHEHTIB LH(pPOBUX
CHCTEM Ha OCHOBI aJpPECHOr0 KOMYBAaHHsS BXIJHHMX CUTHAJIB Ul MiJBUIICHHS TEXHOJOTIYHOCTI Ta MIBHIKOAII MOJETIOBAHHS
HECIIpaBHOCTEH; pO3pOOJIEHHs MpoLeIypH OTPUMaHHsA OylIeBHX IOXIJHUX CIIOCOOOM II€PeCTaBICHb pO3PSAIB  TaOJHIb
icTHHHOCTI (Q-BEeKTOpiB) Ta BHKOpUCTaHHS onepamii XOR; CTBOPEHHS CTPYKTYpH HNaHHUX i JEAYKTHBHOTO MOJCITIOBAHHS
HECIIPaBHOCTEH Ha OCHOBI KyOiYHOTO IMOJAHHS KOMIIOHEHTIB HHU(POBUX cXeM. BHKOPHUCTOBYIOThCA Taki MeTOAM: JEAyKTHBHE,
KyOiuHe, IeayKTHBHO-NIapajeibHe MOJICIIOBAHHS HECIIPAaBHOCTEH, MOJIEIIOBAHHS HECIIPAaBHOCTEH 3a JEIYKTHBHHUMH (J-BEKTOpPaMH.
3100yT0 Taki pe3yJbTATH: NOKAa3aHO CKBIBAJIEHTHICTh IAapaleNbHHUX 1 IOCIIIOBHHX YMOBHHX OIIEpPaTOpiB, a TAaKOX IX CXEMHa
peaizamis y BUTJISII MyJIBTHIUIEKCOPIB; 3allPOIIOHOBAHO CIIOCIO OTPUMaHHS TaOIHUIb iICTHHHOCTI CHHTE30BaHOI CXEMHOI CTPYKTYpH
3a gomnomoroto TestBench (Xilinx ISE); po3riasHYTO pi3HI TEXHOJIOTiI Ta CTPYKTYpH HaHUX OEOYKTUBHOTO MOJCIIIOBAaHHS
HECTIPaBHOCTEH I TaOIUYHOTO, aHATITHYHOTO W KyOITHOTO CHOCOOIB OMHCY IH(POBUX CXEM; OMHCAHO MPOTPAMHY peai3allito
KyOIYHOTO JIelyKTHBHOTO MOJENIOBAaHHS HECIPaBHOCTEH 1 MOKa3aHO EKBIBAICHTHICTh OTPHMAaHUX pPE3yJbTaTiB JUIL CXeM
MynbTHILIeKCOpiB MUX 2-B-1 ta MUX 4-B-1 3 BUKOPUCTaHHSAM IIPOrpaMHOrO mnpoxykrty DCP. BHCHOBKH: 3aIpOIIOHOBAHO
HOBUH ()-METOA IHTEPNPEeTaTHBHOTO MOJENIOBAHHS HECHPABHOCTEH IM(POBHX CXeM, IO BHU3HAYAETHCS 3aCTOCYBAHHAM
KOMIIAKTHUX (J-BEKTOpIB 3aMiCTh TaOJMIb ICTHHHOCTI; 1€ Ja€ 3MOTy CYTTEBO IiJBUIIUTH LIBUAKOMAIIO aHAi3y 3aBIsSKH
aZipecHOMy (OPMyBaHHIO BUXOAIB (yHKIIOHAJHHUX HPUMITHBIB 1 3MEHIIUTH OOCATH CTPYKTYp JaHUX, IO NPAaKTHYHO POOHUTH
METO]] KOHKYPEHTOCIIPOMOXHHUM i3 TEXHOJIOTISIMI KOMIIISTUBHOTO MOJIEITIOBAHHS.

Kurouosi ciaoBa: HDL-mozenb; CTPyKTYpHO-(GYHKIIIOHAEHA MOJENb; ACAyKTHBHE MOETIOBAHHS HECIPAaBHOCTEW; KyOidHe
TOKPHTTSI; TAOJIMIIA ICTHHHOCTI; O-BEKTOD.

Beryn cucteMHOi  BepHu(ikamii CyMICHOCTI  KOMIOHEHTIB.
BukoHaHHs 3a3HavyeHUX 3aBAaHb MOTPeOye MOAAIBLIOTO
IIporiec  HpPOEKTYBaHHS  BHCOKOTEXHOJIOTIYHHX PO3BUTKY Ta BIOCKOHAJCHHA METOMIB 1 3aco0iB

KOMIT'FOTEPHHAX CHCTEM CTa€ Aealli OLTBIN CKIIaTHHUM.
Ile He MOXe HE MPHU3BECTH JO 3POCTaHHS KiUIbKOCTI
BiMOB TaKUX CHCTEM, NMPUYUHOI SKHAX € BIICYTHICTH
Bepudikaiii Ta CyMiCHOCTI BCTaHOBJICHHX KOMIIOHCHTIB.
Ile TOSICHIOETBCS TEHICHIIEI0 OOMEXKCHHS 1HBECTHIIIH
Ha CepBICHE JIIarHOCTHYHE 00CIIyrOBYBaHHS KOMIT FOTEPHHX
CHCTEM Ha CTalifX NPOEKTYBaHHS Ta EKCIUTyaTallii.

OTKe, O4YEBUJHOI € HEOOXiTHICTh PO3POOIICHHS
Ta  BOPOBADKCHHS  TECTONPHAATHOIO  MPOrPAMHO-
amaparHoro 3abe3medeHHsT IUMPPOBUX CHCTEM Ha

(hyHKIIOHAIBHOMY, aJITOPUTMIYHOMY Ta CHCTEMHOMY
piBHsx. Jlns 1pOro MOTPIOHO BHUPIIIYBATH 3aBIAHHS
NPOEKTYBAaHHS [IarHOCTHYHOIO 3a0C3lCUCHHs, a came
TECTIB, AJTOPUTMIB KOHTPOJIIO Ta MOUIYKY Je]eKTiB,

MOJIC/TIOBAHHS CIIPaBHOT MOBEIIHKH Ta HECIPaBHOCTEH
KOMIT FOTEPHOI CHCTEMH Ha Pi3HHUX PIBHAX aOCTpaKIlii.
MoBu omnucy amnapaTHux 3aco0iB  (hardware
description language, HDL), 30xkpema VHDL, € IOTy)XHUM
3ac000M ]ISl IPUCKOPEHOT0 po3po0sIeHHs Ta Bepudikarlii
VHDL woxe

BUKOPHCTOBYBATHCS Ha €Tarax MpOEKTYBaHHs, Bepudikariii,

ckimaaHux IudpoBux cucreM. MoBa

CHHTE3y W TECTyBaHHs amapaTypyd Tak camo, SIK 1 Juis

nepenadi  indopmamii  mpo  mpoekT,  Moxubikarii
Ta CYHOpoBOMy. AIle cydYacHI TPOMHCIOBI CHCTEMH
aBTomaruzoBaHoro mpoektyBanus (CAIIP) uudposux
CXeM Ha OCHOBI MOB OIHCYy amaparypu, SK-OT Xilinx,
Quartus, ModelSim Tomo, HEe MICTATh IHCTPYMEHTAIbHUX

3ac00iB  PO3pOOJICHHS JiarHOCTHYHOrO 3a0e3MeYeHHS
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CHCTEM, IO NPOEKTYIOThcA. OTxe, po3pOoOICHHS METOIIB
noOyZ0BH JIIarHOCTHYHOrO 3a0e3NeyYeHHs] 3a YMOBH
AaBTOMAaTH30BAaHOTO IIPOEKTYBaHHSA LU(PPOBUX CHUCTEM,
HaJlaHUX MOBaMH OIKCY afapaTypH, € aKTyalbHHM
1 TEXHOJIOT1YHO 3HAYYINM 3aBIAAHHSIM.

HDL-monens — 1i¢ ONUC aJITOPUTMIYHOI MOBOIO
3 ¢Qopmarmizamicro MOBHHX KOHCTpyKkmiii. Ileft ommc
3a (hopmansHIMU MpaBUJIAMH TIEPETBOPIOETHCS
(cuHTE3YETBCSA) HA CTPYKTYPHO-(QYHKIIOHATBHI CXEMHI
MoJeni pi3HOro piBHA iepapxii. MiK KOZOM MOBOIO
OIIMCY amapaTypH Ta BiANoOBigHOI HoMy mugppoBoi cxeMu
B 00paHiif TexHOJIOTIuHIM riaTdopmi "cToOiTh" cucrema
CHHTE3y, TOOTO KOMIUIEKC MPOTPaMHHAX  3aco0iB,
HDL-monens

peamizaiilto 3a BH3HAYCHUMH IPaBUIAMHU.

IO IEPETBOPIOE Ha JIesIKy CXEMHY
Cucrema
CHHTE3Y OJTHO3HAYHO IepeTBOPIOE Buxiauuii VHDL-omuc
Yy CXEeMHy pealizallil0 piBHA pETICTPOBHX Iepenad
HEe3aJIeXHO Bil 00paHoi TexHosorii. [IpaBuia nepeTBopeHHs
OTIEpaTOPHUX KOHCTPYKIIM CTaHTapTH30BaHi (MIPUKIIATOM
Moxe Oyrtu craumapt 1076.6-1999 IEEE Standard for
VHDL RTL Synthesis ta 1364.1-2002 IEEE Standard
for Verilog RTL Synthesis, a Takox ix mi3Himi Bepcii).
Mo>x1B1 HaJAIITYBAaHHS CUCTEM CHHTE3y HE BIUIMBAIOTH
Ha peajiizallilo BUXIAHOTO cranaapty. OTke, IPHUITyCTHMO,
0 B MeXaX CTaHAapTy CTaHAapTH30BaHi (IIabIOHHI)
¢parmentn HDL-Komy TIepeTBOPIOIOTHCS HAa CTaHIAPTHI
CXEMHI peai3arii.

Tak, HDL-monenb — 1e pakTU4HO cXema, i 10 Hel
MOXHa 3aCTOCYBaTH METOJIU CXEMHOTO aHami3y, CHHTE3y
MOJICTIIOBaHHSl HECIIPaBHOCTEH 1

TECTIB, o0y ToBH

ANTOPUTMIB TIOIIYKY Je(eKTiB, M0 TOCHTh H00pe
po3po0IIeHi A IUQPOBUX CXEM.

Meronu MOJAENIOBAHHA HECIPaBHOCTEH MOKHA
PO3PI3HATH TaKUM YHHOM: OJMHOYHE, MapajeibHe,
IeAyKTHBHE, KyOidHe Ta cIiibHEe MojemoBaHHS [1].
HaiiGinpir  edexTuBHUM  Ha

HpaKTI/IHi BUABHIIOCA

3allpONOHOBAaHE 1Ie ApPMCTPOHTOM [2] JeZyKTHBHE
MOJIE/IFOBAHHS HECIIPABHOCTEH, SIKe IOJIArae B OJJHOYACHOMY
00pOoOJIeHHI BCIX OMHOYHMX KOHCTAHTHUX HECIPABHOCTEH
CXeMH Ha OJHOMY BXiJIHOMy HaOopi Ta BHJIUICHHS
B [IOMY pa3i MAMHOXUHH Je(EKTiB, IO MEPEBIPSFOTHCS.
Mero oOpieHTOBaHMH Ha BEHTHWJIBHHH pIBEHb OIHCY
MoJleNni TpoekToBaHOTO 00’e¢kta B ©Oasmci I[-ABO-HI.
HeoOxinHiCTh OTpUMaHHS aHATITHYHHX (QOPMYJT IS
KO)KHOTO THITy TPUMITHBHOTO €IIEMEHTa Ta BEJHKIi
BUTpaTh Mmam’siTi 3 MeTol 30epiraHHsi  CIHCKiB
HECTIPaBHOCTEH YCKIAJHIOITH NPAKTUYHY peaji3alliio
merony. Jlis  ycyHeHHs 1i€i mnpoOieMu  IIMPOKO
BUKOPHCTOBYIOTHCS MOIU(IKAIl IeTyKTUBHOTO METOY,

0 TIPYHTYIOThCS Ha KyOIYHOMY TMOJaHHI 3aKOHIB

(YHKIOIIOBaHHS MPHUMITHBHHUX EIIEMEHTIB CTPYKTYPHO-
¢yukmionansHOi Mozeni (COM) nudposoi cxemu [3, 4].
Yci  HasgBHI  mpoOJNieMH  METONIB  MOJICIIOBAHHS
HECIPaBHOCTEH MOJKHA OMHUCATH TakuM dYHUHOM [5]:
BHCOKa OOYHMCIIOBANGHA CKIAJHICTh aJTOPUTMIB SK Ha
BEHTWJILHOMY DIiBHI, TaK 1 Ha PiBHI PEriCTPOBUX Mepeaay;
3HAYHUN 0OCAT CTPYKTYp MAHWX IS aHANI3y IHQPOBHUX
CHCTEM, M0 HEraTWBHO BIUIMBAE HA MPOIYKTUBHICTH
OUX METOJIB; CKJIAIHICTh aHaji3y Ta CHHTE3y TECTIB
JUISL JIOTIKM BeJHMKOI po3MipHocTi. OTKe, TeXHOJOTIT
moOymoBM TECTiB Ta BH3HAUYEHHS IX SKOCTi, IO
nepeadavaoTh MOJICIIIOBAHHS HECIPABHOCTEH, MAaroTh
BIZITOBIIaTH BUMOTaM IMBHAKOMII, YHi(iKamil Ta mMpocToTH
HporpamMHOi peaizaiii Iyt cxeM OyAb-sKoi Po3MipHOCTI

Ta Ha OyIb-IKOMY PiBHI ITOJJAHHS.

AHaJi3 oCTaHHIX J0CTiIKeHDb i myOJikanii

MOZ[eJ'I}OBaHHSI HeCHpaBHOCTCﬁ — ,u06pe BHBYCHA

TeMa B  HAyKOBHX KoOJax 1  IPOMHCIOBOCTI.
Are, He3Ba)kKalOUM Ha IIe, JOCIIIKEHHS B Wil cdepi
HE TPUIUHAIOTBECA. Tak, y crarTti [6] 3ampomoHOBaHO
e(pEeKTUBHHUN JACAYKTHBHUA CHUMYISATOp IS  MaluX
ne(eKTIB 3aTPUMKHU. 3alpoONOHOBAHO OKpeMi CTpaTerii
MOJICIIIOBAaHHS HECIPaBHOCTEH Uil pi3HUX JedekTiB.
ExcrniepumenTainbHi

pe3ynbTaTu JIEMOHCTPYIOTh

e(EKTUBHICTh 3aPONOHOBAHOTO CHUMYISTOPA, SIKUH
MOKE JI0JITATKOBO PHCKOPHTH MO/ICTIOBAHHS HECITPABHOCTI.
Bin gocsrae mpuckopeHHS B cepenHpoMy B 28,3 pasa
MOPIBHSHO 3 METOAOM TIOCJIJIOBHOTO MOJIEIIOBAHHS
Ta B cepemHboMy B 3,92 pa3a TOPIBHSIHO 3 METOIIOM
TpacyBaHHs KPUTHYHOTO OUISXy. ABTOpH poboTtn [7]
3alPONOHYBAIM TOBHICTIO aBTOMATH30BaHY CHCTEMY
MOJIEIIIOBaHHSl HecnpaBHOCTel MetaFl, sika miaTpumye
pi3HI MoJeNi MOCTIHHUX 1 THMYacOBHX HECTPAaBHOCTEH.
Iett dpeliMBOpK 1ae 3MOry IoJaBaTH JO CHUCTEMH,
o0 TECTYEThCS, KOHCTAaHTHI OJWHOYHI HECHpPaBHOCTI,
niepexijiHi 3001, a Tako 3001 cMHXpOHizanil. MozaemoBaHHsI
HECTIPaBHOCTI BUKOHYeThCS Ha RTL-piBHI. Y cratTi [8]
3alpONOHOBAHO MinXia Ha ocHOBI FPGA jus renepauil
TECTOBUX IMIAOJIOHIB i EPEBIpKH MOMIIIOK KOMOIHAIIHHIX
cXeM. 3aMicTh MOJEIIOBaHHS aBTOPU BHKOPUCTOBYIOTH
MNOHATTS eMyJSALil Uil BUSBICHHS HECIPAaBHOCTEH
y CXeMi 3a JIOTOMOT00 armapaTtHoro 3abe3neucHus FPGA.
Kpim TOrO, mpoGiema HE3HAYHO! KUTBKOCTI BXiTHHX
1 BUXIZHUX TOpPTiB, JOCTYNHMX Ha 1wari FPGA,
Oyna mojoniaHa 3aBISKH IIAXOAY MYJIBTHIUICKCYBaHHS
MEPEMHUKAYIB i KHOTIOK.

OmHUM 13 TOMYJAPHUX HANpsIMIB  JOCIHIIKEHBb

€ pi3HI MeToAM  JIarHOCTUKM  HECNpaBHOCTEH
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3a JONOMOrOI0 MAIIMHHOrO HaB4aHHS. Tak, aBTopH
mpami  [9]
aHl MOJEJIOBaHHA HECIPABHOCTEH, aHi

NPOINOHYIOTh METOJ, IO HE MOoTpedye
30epiraHas
CIIOBHUKIB HeclpaBHOCTeH. Buximui peaxuii cxemuy,
IO JIaTHOCTYETHCS, 3aCTOCOBYIOTBCS IO HABUYCHOI

HEMpOHHOT  Mepexi, 1 3pelTol  BU3HAYAIOTHCS
TMOTCHITIMHI TTOMHJIKH. Y CTaTTi TaKOX JOCIHiIKY€ETHCSI
reHepallis JaHuX, SIKi BAKOPUCTOBYIOTHCS JJIsl HABYAHHS
HeliporHOT Mepexi. EQeKTHBHICTH 3ampormoHOBAaHOTO
METONly MiJTBEP/UKYEThCS Pe3yJIbTaTaMH €KCIIEPUMEHTIB
JUIS  eTalOHHUX cxeM. A B po6oti [10] aBTOpamm
3aIPOIIOHOBAHO METOJMYHE HABUaHHS IUTYYHOI HEHMPOHHOI
Mepexi A KepyBaHHS aBTOMATHYHUM T'€HEPAaTOPOM
TecroBux mabnoHiB. Y crarri [11] momaHo moBHicTIO
aBTOMATH30BAaHUI METOA TecTyBaHHS 3’e€qHaHb FPGA,
mo (GOKycyeThCsl Ha BUSABJICHHI Ta JIarHOCTHIN OKPEeMOT
HECTIPaBHOCTI 3a JOMOMOTo0 koxy Yomma. Bim mae
3MOTY OJJHO3HAYHO iJeHTH(]IKyBaTH # JIOKasi3yBaTH
Oynp-Ky okpeMy HecmpaBHicTh. Kpim Toro, meit mMeTon
He ToTpeOye Oynap-sIKMX 30BHIIIHIX KOH}Iryparmii
amapaTHOTO 3a0e3MeUeHHs I BU3HAYCHHA (PAKTHIHOTO
Micus HecrpaBHOCTi. ABTopu poGotu [12] po3pobunm
METOJ AEAYKTHBHOTO MOJICTIOBAHHS HECIPaBHOCTEH
crocoboM MoOyM0BH AEAYKTHBHUX (OpPMYJ Ha OCHOBI
aHAJIITHYHOTO OTPUMAaHHS OyJIeBUX MOXIAHUX 1 pearizarii
JIeyKTUBHUX (OPMYJ Y BIJIOBIJHI CXEMHI CTPYKTypH
JUIs  amapaTHOTO  MOJICTIOBAHHS  HECIPAaBHOCTEH,
IO B COTHI pa3iB INPHUCKOPIOE IPOLEC MOJICIIOBAHHS.
Y mpami [13] 3ampormoHoBaHHN METOHA NEAYKTUBHOTO
MOJICTIFOBaHHSI HECHpPaBHOCTEH Ha OCHOBI CTPYKTYpHO-
(hyHKIIOHABFHOI  MOJeNT,

e TPUMITHBHI €JIEeMEHTH

MoJaHi TaOMUIsIMH  ICTHHHOCTI ((Q-BEeKTOpamu), aie
HE HaBeACHWH crmocid oTpuMaHHA (J-BEKTOpIB IS
CKITaHUX (YHKI[IOHATBHUX CIICMEHTIB IU(POBUX CUCTEM.

Ormsan myOGumikarii moka3ye akTyalbHICTh CTBOPCHHS
HOBHX  TEXHOJIOTIH

MOJICJIIOBAHHS  HECHpaBHOCTEH

y MeXax 3arajJbHOr0 IUKIy aBTOMAaTH30BaHOTO
NIPOEKTYBaHHS LU(PPOBUX cUCTEM. MeToI0 A0CTiTKeHHSs
€ TIABWIICHHS INBHAKOCTI Ta SAKOCTI CTBOPEHHS
JarHOCTUYHOTO 3a0e3rnedyeHHss IH(POBUX HPUCTPOIB
crocoOoM po3pOOIIEHHST ONTUMANBHUX CTPYKTYpP JaHHUX
1 IpoLielyp IelyKTUBHOTO MOJICITIOBAaHHSI HECTIPABHOCTEH
HAa OCHOBI CTPYKTYpPHO-(pYHKI[IOHAIEHUX  MOJeneit
KOMOIHAIIITHUX CXEM, HAJIaHUX MOBaMH OIHCY arapaTypu.

JImst  TOCSATHEHHS TIOCTaBIIEHOT METH HEeoOXiTHO
BUKOHATHU TaKi 3aBIaHHS:

1) mpoBecTn aHami3 mapalelbHUX 1 TOCIITOBHUX
YMOBHHX OIEPaTOPiB MOB OIHKCY anapaTypu Ta CXEMHHX

CTPYKTYP, Y 5IKi BOHH CHHTE3YIOThCS;

2) po3pobutu mpoueaypu (GOpMyBaHHS TaOIUIb
icTUHHOCTI ((Q-BEKTOPIB) CXEMHHUX CTPYKTYp, IMOJAHUX
YMOBHHUMH OIIEPaTOPaMH MOB OITUCY allapaTypH;

3) CTBOPHUTH YHIBEpPCalbHI CTPYKTYpH IaHHX ISt
KyOIYHOTO, aHANITHYHOTO Ta KyOITHOTO MEIXyKTHBHOTO
MOJIEITFOBaHHsI HECIIPaBHOCTEH;

4) YOOCKOHAIHTH BEKTOPHI MoAeni KyOiTHOTO
NOAAHHSI CTPYKTYpP 1 KOMIIOHEHTIB LU(PPOBUX CHCTEM
Ha OCHOBI aJIpeCHOr0 KOAYBaHHsS BXIIHHX CHTHAJIB
A MIJBUIIEHHS TEXHOJIOTIYHOCTI Ta  IIBUAKOMIT
MOJIETIOBaHH: HECIIPaBHOCTEIH;

5) po3poOuTH TpOLEAYpH OTPUMaHHS OylIeBHX
MOXITHUX CIMOCOOOM TEpPECTaBICHHS PO3PSAIIB TaOIUIh
ictuHHOCTI (J-BEKTOPIB) Ta BUKOpHCTaHH orepariii XOR;

6) CTBOPUTH CTPYKTYPH NaHHX ISl JETYKTHBHOTO
MOJIEIIIOBaHHSI HECIPaBHOCTEH Ha OCHOBI KyOiTHOTO

MTOJIaHHSI KOMIIOHEHTIB U(PPOBUX CXEM.

IToOynoBa cTpyKTypHO-(pyHKIiOHATBHUX
VHDL-moae1ein

Y MmoBi onwucy anaparypu VHDL BUKOPHCTOBYIOTHCS
TPU CTHIII OIMHUCY TPOEKTIB: TOTOKOBUH (data flow),
nmoBeniHkoBui (behavioral) 1 cTpykTypHuil (structural).
OcTaHHil CTHIIb € KOMOIHAII€I0 KOMIIOHEHTIB, OITUCaHUX
OJHHUM 13 IBOX IHIIMX CTHJIIB. [IOTOKOBUH CTHIIb OMHCY
niepenidavyae BUKOPUCTAHHS TUIHKH MapaielbHIX OIepaTopiB,
a TIOBCIIHKOBUN — MOCIIZOBHHX y CEPEIHHI MPOIIECY.
VYci maparnenbHi ONepaTopH BHUKOHYIOTHCS OJHOYACHO
M 4ac OJHOrO W TOro CaMoro IMKJIY MOJIEJIIOBAHHS.
PesynbpraTi mapanensHHX OIEpaTOpiB JOCTYINHI IS
IHIIMX ONepaTopiB Micis 3aBEpIICHHS MOTOYHOTO IUKITY
VHDL-onepatopis
(<=)

YMOBHHMH OIlepaTop NpU3HAYEHHs CUTHAIIB (<=/when/else),

MOACIOBaHHA. I[O napajCiibHuX

HaJIeKaTh: OMNEpPaTop NPH3HAYCHHS CHIHANIB
orepaTop NpU3HAYEHHS CUTHAIB Ha BUOIp (with/select/<=).
o nocninoBaux VHDL-oneparopiB HaleXaTb: ONepaTopu
MPU3HAYEHHSI CUTHAIIB 1 3MIHHUX (<= / :=), yMOBHHUIi
oliepaTop NMpu3HaYeHHs CUTHANIB (if/then/else), onepaTop
MPU3HAYCHHS CUTHAJIIB Ha BUOIp (case), uukiu (while/for).
[MapanensHi Ta  MOCHIZOBHI  YMOBHI  OIepaTopH
€KBIBJICHTHI ¥ 3aCTOCOBYIOTHCS 3aJIEKHO Bijl yro100aHb
MpOeKTyBaNbHUKA [14] sk amst peanizanii KoMOiHamIHHUX
cxeM, Tak 1 mochimoBHicHux. Ha pwuc. 1 BigTBOpeHO
eKBIBAJICHTHICT,  TapajenbHOoro  (when/else)  Ta
OCITIJOBHOTO YMOBHHX OT1epaTopis (if).

AHaNOriYHO MOXKHAa MEepeHTH BiJl MapajeabHOro

oriepatopa Bubopy (with/select) no nocnigoBHoro (case)
(puc. 2).
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entity example_condition is

port ( x1, x2, x3, x4 : in bit; F : out bit;
condition : in bit_vector (1 downto 0) );

end example_condition;

architecture first of example_condition is
begin
F <= x| when condition = "00" else
x2 when condition = "01" else
x3 when condition = "10" else
x4;
end first;

Puc. 1. ExBiBanentHicTs yMOBHUX VHDL-onepaTopis

architecture first1 of example_condition is
begin
with condition select
F <= xl when "00",
x2 when "01",
x3 when "10",
x4 when others;
end first1;

Puc. 2. ExBiBanentHicts VHDL-oniepaTopiB BUOOPY

Baxko ysButn VHDL-monens 6e3 BUKOPHUCTAHHS
YMOBHHMX oOmeparopiB 4u omepartopiB BuOopy. Came
HaHOITBIINI

ix peanizaiisi  BHUKJIHMKAE

iHTepGC. Posrinsaemo cunTe3 YMOBHOTO HOCJ'Ii,HOBHOFO

armapaTHa

ornepatopa [F 31 CKIaJJHIM YMOBHHM BHPa30M:

architecture Behavioral of test1 is begin

process (a0,a1,a2,a3,A,B) begin
if (@3 and a2 and a1 and a0)="1") then y<=A;
else y<=B;
end if;

end process;

end Behavioral;

Ha puc. 3 HaBeneHuil pe3ynabTaT CUHTE3Y BKa3aHOI
MOBHOI KOHCTPYKIIi.

Ha unpoMy pucyHky
mocHimoBHUA omeparop [F  3i
KOMOIHAIIITHY

BUJIHO, 10 YMOBHHUH

CKIIaIHUM yMOBHHM
cXeMmy,

BUpPa30OM CHHTE30BAaHHUU Y

0 MicTUTh MynbTUILIeKcop MUX 2-B-1.

architecture second of example_condition is
begin
process (x1, x2, x3, x4, condition )
begin
if (condition ="00")  then F <= x1;
elsif (condition = "01") then F <= x2;
elsif (condition = "10") then F <= x3;
else
F <= x4;
end if;
end process;
end second;

architecture second1 of example_condition is
begin
process (x1, x2, x3, x4, condition )
begin
case condition is
when "00" => F <= x1;
when "01" => F <= x2;
when "10" => F <= x3;
when others => F <= x4;
end case;
end process;
end second1;

y_imp:1 /@

= 5 and4
2t DD—L and2b1 or2
= n B n
'ﬂ ana0000 1] t
A A n
0
B

Puc. 3. RTL-cxema juist onepatopa /F 31 ckinagHuM
YMOBHHUM BHPa30M

CHHTE3 MOCIiIOBHOTO
Bubopy CASE

Posrisiemo ormeparopa

0araTomo3nIiHOTO 31 CKJIAJHUM

YMOBHUM BHPa30M:

architecture Beh of MUX is
begin
process(A,S) begin
case Sis
when "00" => y<= A(0);
when "01" => y<= A(1);
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when "10" => y<= A(2);
when "11" => y<= A(3);
when others => y<='X";
end case;
end process;
end Beh;

Ha puc. 4 BunHo, 1o mociigoBHuid onepatop CASE

3  CKJIAQIHHM YMOBHHM  BHpPa3OM  CHHTE30BaHHI
y KOMOiHaliiHy CXeMy, HI0O MiICTHTh MYJBTHIUIEKCOD

MUX 4-B-1.

V

A0

S(1:0)
A

Puc. 4. RTL-cxema mis oneparopa CASE 3i ckilaqHAM

YMOBHHUM BHUPA3OM

3 ormany Ha 3100yTi pe3yibTaTH MOXHA 3poOHTH
BHCHOBKH, 1[0 YMOBHI OIlEpaTopy MOBH OIUCY araparypu
TIEPETBOPIOIOTECS B CXEMHI KOHCTPYKIIi MYyJBbTHILUIEKCOPIB
MUX 2-B-1 i MUX 4-B-1. OTxe, HEOOXITHO PO3IIISTHYTH
pi3HI MeToAM MOJENIOBaHHS HECIPaBHOCTEH came
JUISL TAKAX CXEM.

Hexinpka cmiB  Tpeba ckasaThm Tpo  MoOJei
HECTIPaBHOCTEH 3a YMOBHU JIEAYKTHBHOTO MOJICITIOBAHHS.
MoOXMBI TIOMWJIKH TIPOEKTyBaHHS B HDL-mopmensax
BU3HAYAIOTHCS CcTHiIeM onucy HDL-xomy. I1ia moMuikoro
MIPOEKTYBAaHHS PO3yMI€ThCsl IoMuiKka B HDL-oneparopi,
sKa HE HAJIOKUTh JO KIAcy CHHTAKCHYHHUX 1 MOPYUIYE
NTOPUTM MoJieni

(byHKIIFOBaHHS HIPUCTPOIO,

IO TMPOEKTYEThCA. THUMM IOMWIIOK TPOEKTYBAaHHS:
"3amiHa omepaTtopa" (JIOTIYHOTO YHM apu(METUIHOTO)
Ta "3aMmiHa omepaHma" (B omeparopi HpU3HAYCHHS abo
yMOBHOMY) [15]. Ane SIKIIIO mepexo Mo 10 CTPYKTYpPHO-
(yHKIIOHATBHOT MOJIET TPHUCTPOIO, SIKa CKIIANAETHCS
3 IIE Tta ninii

CXEMH, TO OCHOBHHMH THUIIAMH

HeCHpaBHOCTeﬁ, SIKI iCTOpI/I‘-IHO PO3rIgaar0ThCs

B JIarHOCTHIN, € OAWHOYHI KOHCTAaHTHI HECHpPaBHOCTI

Ha  JHHIAX  CTPYKTYPHO-(OYHKLIOHAJBLHOI ~ MOJEJI.
Tomy Hamam OymeMo poO3TIsAAaTH OJUHOYHI KOHCTAHTHI
HECIPaBHOCTI JIIHIH CXeMH, SIKIO He 00YMOBJICHO iHIIIE.
Micna cuntesy VHDL-momeni 'y FPGA-cxemy
iHcTpyMeHTanbHIME 3acobamu CATIP (manpuknan, Xilinx)
MOJKHa oTpuMartH ii cxemny peaunizarito Ha LUT (Look-up
table — TabnuIs BiOMOBIAHOCTI, KOXKHA KOMIpKa SIKOT
3maTHa 30epiraTw 3HAYCHHS BHXIJHOTO psAAKAa TaOIHWI
ictuHHOCTI, TOOTO (O-BekTopa). Lle mae 3mory orpumaTu
MTOBHY TaOJNHITIO iCTUHHOCTI BCI€l CXEMH, M0 AOMOMAarae
e(EeKTUBHO BUKOPHCTOBYBAaTH KyOITHI METOIM aHaJi3y

TU(PPOBUX CXEM.

Ky0iuHe nexykTuBHEe MO/1€JIIOBAHHS
HeCIPaBHOCTel cxeM

HaiinpocTimuM HESBHUM METOAOM MOJICIIOBAHHSI
HECTIPaBHOCTEH € JemyKTHUBHUI Metof (deductive method),
abo wmerom Apmctponra. KyOGiuHe MOIeTIOBaHHS
HECTIPaBHOCTEH € MAaIIMHHO-OPIEHTOBAaHWM aJITOPHTMOM
B IHTEpIpETaTUBHHUX  CHCTEMax  MOJICIIOBAaHHS.
BoHO TpyHTYETBCSI Ha TOAAHHI ONUCY HPUMITHBHOTO
enementy (IIE) crpykrypHO-pyHKIIOHANEHOT MoOzei
kyOiuanmu nokpurtsiMu (KII) s komOiHamiitHux cxem

B andagiTi A :{O, 1, U, X}, a I MOCTIJOBHICHUX

.. 2

cxeM B andasiti 4° [4].
Po3srnsHemMo mpukian IeAyKTUBHOT'O MOJETIOBAHHS
HECNpaBHOCTEH g MynasTuminekcopa MUX  2-B-1,

(GYHKIIST SKOTO Mae BUDIAL ) = X|X3 V Xy X3 , TOOTO
y =>m(2,5,6,7). Ha puc. 5 HaBeAeHO CXeMHy

MMO3HAKY, BEHTWIBHY cXemy, Taomumio ictuHHOCTI (TI)
Ta KyOi4HE MOKPUTTS 3a3HAYEHOI CXEMH.
st oTpuMaHOi CXEMH BUKOHAEMO paH)KyBaHHS

MO/IEITIOBaHHS HECTIPABHOCTEN U BUYEPITHOTO TECTY —

2" =8 HA0OpIB, e 1 =3 — IIe KUTBKICTh BXOIIB.

Puc. 5. CrpykrypHO-yHKI[IOHANEHA MO/IeNIb MyJIbTHILIEKcopa MUX 2-B-1
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Pesynbraru JEeIYKTHBHOTO MOJICITIOBaHHS
HECIIPaBHOCTEH MOXYTh IIOaBaTUCS SIK y BHUIIISAIL
CIUCKIB HECHpaBHOCTEH, TaKk 1 y BHUINALI TaOIUIb
(TH),

BXiZIHUM Ha0opaM, a CTOBIIII — BXOJaM Ta BHUXOIaM

HecnpaBHOCTEH PAAKH  SKAX  BiIIOBIJAOThH

cxemu. Skmo Ha posrisHyromy Habopi (psmox TH)

mepeBipsAeThes  HecmpaBHICTH Tumy "0"  Ha  miHid,
TO Yy BIAMOBIIHOMY CTOBIII CTaBuThCA 0, a SKIIO
mepeBipsAeThCs  HecmpaBHICTH Tumy "'1" Ha  miHii,

TO y BIIMOBITHOMY CTOBIII CTaBUThCS 1.

[omamo pi3Hy mochimoBHicTs HabopiB y TI
3a YMOBHM, SKHHA pO3psii BBXKAETHCS MOJOAIINM
y ABiiikoBomy Habopi. ko logic_vector y HDL-monemni
OINUCYETHCS downto, TO B MOJIOAIIOMY PO3pSIi CTOITH
3-4 JiHiA, a AKIIO f0, TO BiAMOBiAHO 1-a miHisA (puc. 6).
CTPYKTYPHO-
(hyHKIIOHABHOI MOJeNi Ta KyOI4HOTO MOJEIIOBAHHS

Posrismemo  mpouec  moOynoBu

TH gna  downto
1237 /1|23
0000 |-|1/-
0010 1|-
0101 |- |0
0110 1|-
1000 |- 1
1011 |0|-
1101 |- |0|-
1111 0= |-

o= o

O = D =
O DD = = D = = =]

~1 | v | |

A = Oy R RO

koMOiHamiHol cxemu MUX 4-B-1, mo CKIamga€eThCs
3 ¢yHKUiOHaNbHUX eneMeHTiB MUX 2-B-1 (puc. 7).
AJNTOpPUTM KyOIYHOTO MOJIEIIOBAHHS HECIPaBHOCTEH
peainizoBaHuii y kom 1oTepHiii nporpami DCP (Deductive
Circuit Processor), 0araropiyHe BHKOPHUCTAHHS SKOi
B HaBYaJbHOMY Mpoleci XapKiBCbKOrO HaI[lOHaJbHOTO
YHIBEpCUTETY pamioeNeKTPOHIKH MiATBEPIKYE
Ipane3AaTHICTh 3a3HAYEHOT0 METOY.

Ha pumc. 8 momaHi pe3ynbTath MOJECIIOBaHHS
¢parmenra BuuepnHoro Ttecty cxemu MUX 4-B-1
B mporpami KyOiuHoro wmozemoBanHsS DCP. Baxinso
3a3HAYUTH, 1IO TIOBHOTA HAaBEIEHOTO (pparMeHry TecTy
nopisaioe 100 %. [ns momanoro Ha puc. 7 Habopy
111101

MOJEIIOBAHHS 301raroThCS.

pe3ynbTaTd  PYYHOTO ¥  KOMIT IOTEPHOTO

Puc. 6. Bapiantu TH nns pisaux BapiantieB COM mynsrumiekcopa MUX 2-B-1

%y,

1

0
1{2 2

Ly

0
1{3 e

0
4
1{ Ta

5
1
KGIF

PAnok Tabnuui HecnpaeHOCTER

JiHiL

Habopw (1 2 3 4 5 & 7 B &
111110+ - O - o0

Puc. 7. CnpaBHe Ta HeclipaBHE KyOidHEe MOAETIOBAHHS

TH mnna to TH aaa KII
32171237 12371237
0000[- 1 /-1 0/0000- 1 -1
0010/ -|1/1|1 100101 /-/-]1
0101(-/0|1/|0 30110/1/-/0/1
0111/-/0/-10 411000 -/1/1]1
1000/1 - -1 20101 -/0(1/0
1011/0(- 0|0 5/1011/0 - 0|0
1100/1 -0 1 6(1101/-|0|-|0
1111/0/- -0 7)1111/0-]-0
NEl 557 1257
1257 0%l 0| =|1x0 1 L=1"-F=1°
Nile| X0 0| x111 L=1n5=0
Il 1| |0x0 0| L=@
X0 1| (X010 | L=@
S=1"+7"={1°. 73
NE2Z 3455 3458
3458 | o1 O|=|1%0 1 L-:3§-5=':3°
i1l X000 |x111| L=3n5=0
Xl 1| |0x0 0| L=@
X10 1| |x0l0| =@
Sg=3"+8"={3%5"}
nes
786 9 786 9
7869 | ol 0]=|1x11 L-=S;n6:=@a .
ol e X900 0| |x10 1| L=Ss-6={3.3}
L1l |ox10| L=@
X10 1| %000 | =0

SB :SS+9‘3: {3:; 8{)5 9{)}
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imulation [E=8ECE

Fault-free table Fault's table

Ne. [1 |2 |3 |4 s |6 |7 |8 |9 | |[No[Test Jo.[1 |2 [3 |4 [5 |6 |7 [8 [9 |sek..[qQua.|Com.]

0 U U U U U U U U U

1 o 0 0 0 0 ©O O 0 0 1 000000 9 = = |e |3 |1 [ 6 16

2 0o 0 0 0 o0 1 O 0 0 2 000001 9 = 5 [ E [ [E [ [is nooow

3 0 0 0 0 1 0 0 0 0 3 000010 9 1 c c c c 1 1 16 5 3

4 0 0 0 0 1 1 0 0 © 4 000011 9 1 : K 116 5 38

5 1 1 1 1 0 0 1 1 1 5 111100 9 0 c o 0 16 16 55

& 1 1 1 1 0o 1 1 1 1 6 111101 9 0 0 . 0 16 n 66

7 1 1 1 1 1 90 1 1 1 7 1m0 9 . 0 0 0 16 5 72

] 1 1 1 1 1 1 1 1 1 8 HATIRIATRII Y 0 c 0 0 16 5

9 o 1 1 1 1 1 9o 1 0 9 on1 9 1 0 0 1 1 n 88

0 1 1 1 0 0 0 1 0 0 10 111000 9 1 1 1 1 1 27 1 100

000000 000001 000010 000011 111100 1111071 111110111111 011111 111000

Puc. 8. Pesysipratt MozenoBanHs pparMenta tecty cxemu MUX 4-B-1 B mporpami Ky6iuHoro moaentoBauts DCP

ByJaesi noxinni
JJ1s1 rpagivHOro nogaHHs JIOTiYHUX QyHKIIH

OmHUM 13 HAOYHHX CHOCOOIB B3ATTA OylneBHX
MOX1THUX € MOJaHHs 0araTopiBHEBUX JIOTTYHHUX (YHKIIH
rpadigHIM CIOCOOOM 3 TOJANBIIAM  OTPUMAHHAM
nyxkoBux gopm (AD) [16].

PosrngHemMo  mpuWKnman  OTpUMAaHHA — TY)KKOBHX
¢opm OyneBux ¢ynkuii (b®) nHa ochoBi JHO.

Y=XTv ¥z v X | BT = KX v KTy

Hanpuknan, JUTS ¢GyHKIii TPHOX 3MiHHUX
f(x,x%,x3)=>m(2,56,7) JH® wmae Burig
f =X xX3VXyXXx3. AOCOTIOTHO AHAJOTIUHI BUKIAIKH

MokHa 3actocyBatu i no KH®. Ha puc. 9 mokazana
rpadigHa iHTEpIpeTariss OTPHUMAaHHSI IYXKOBOI (hopMu
OyneBoi QyHKIIIi.

Y=F1%v K7 v 50T =X vHaEg

Puc. 9. I'paoBa popma Oynesoi GpyHkmii MynasTuriekcopa MUX 2-B-1

3MmiHHI B spycax rpada  pO3TAIIOBYIOTHCS
B NPUPOJHOMY MOPSAKY (X,Xp,x3) — Bin crapumx
PO3PAMIB 0 MOJOMIIMX. Y HIDKHIM YacTHHI PUCYHKa
B paMIli TOKa3aHO TAONHWITIO iCTUHHOCTI wi€l (QyHKIIT
(OnakuTHEe TmONE), a HIKYE 300pa)KCHO BiANOBIAHI
HOMEpH Ha0OPIB Y NECSITKOBOMY €KBiBaJeHTI. J[BIHKOBHUIT
eKBiBaJieHT 1UIAXy (cknagenuid 3 0 1 1, mo nomivaroTh
BXiJIHI peOpa By3miB rpada) BiJ BEpIIMHH BEPXHHOTO
apycy rpada [0 BimOBIZHOrO 3HaueHHs (QYHKIIT
(bakuTHE TIONE) BKadye HAa HOMEp BIAIOBIJHOTO

JBifikoBoro Habopy (TOpSIOK pO3psiAiB — Xp,Xp,X3).

Hanmpuxnan, mosix 0 1 1 (xpi3p BepmmHH  Xp,X,X3)

BiJINOBiIa€ HOMepy HaOopy 3, 1110 MiATBEPIKYETHCS HOro
JICCTKOBUM  €KBIBAJICHTOM. 3alle)KHO BiIl TOPSIKY
PO3MillleHHs 3MIHHHX y spycax rpada MO)KHa OTpUMaTu
pi3Hi BapiaHTH cKOOKOBUX (hopM Jist OxHieT 1 Tiel camoi
OyneBoi (Qyukiiii. IIpaBHIoO MEPECTAHOBKH 3HAYCHHS
¢yHKOii B TaOMUII ICTHHHOCTI: A KOXKHOI BEPIIUHH
BEPXHBOTO 3 SIPYCIB, IO MEPECTABISIIOTHCS, 3MIHIOKOTHCS
MiCIIMH MiX €000 3HaueHHs (YHKLIIH y miarpadax
Ha "BHYTpilIHIX" peOdpax BEpLIMH HWXXHBOTO 3 SPYCIB,
110 [IEPECTABISIIOTHCS. Y TPUKIIAI i/ 9ac IepecTaBIeHHs
sipyciB 2 1 3 3miHI0M0TECS Micusmu Habopu (1, 2) 1 (5, 6).
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I'pagiune B3aTTS OyJIEeBOi MOXiMHOI AN 3MIHHOI
HIDKHBOTO sipycy rpada BHU3HAYAETHCS IOPIBHIHHIM
MapHUX 1 HENmapHUX NO3MLIA y TomaHii TabmuIi
ICTHHHOCTI, SIKIIIO BIAMOBIAHA 3MiHHA CTOITh Y HIOKHBOMY
spyci rpada. Ko mapHi Ta HemapHi MO3WIii B TaONHII
ictuHHOCTI po3pizHstoThes (0 1 abo 1 0), To BigmoBinHa
TiKa [IepeBa BIUIMBAaE Ha OyJIeBYy 3MiHHY (Ha PHUCYHKY

no3Hadaetees "+"). Jlanmi Ha apyromy sipyci BiAmoBinHa

3MiHHA 3aIHMCY€ETHCS 3 1HBEPCi€lo, AKmo "+" ife 3 JMBOTro
pedpa, Ta 6e3 iHBepCil, AKIIO 3 IPaBOTO.

Posristaemo aHaIIITHIHE Ta rpadiuHe

B3STTA OyneBux 3MIHHHX JUIs ¢byHKuit

f(x.x0.33) = (x1x3 Y x2x3) .
I'padiune B3sTTA OylNeBUX MOXITHUX HABEICHO
Ha puc. 10.

fi=df |dx =(O><x3 vng)@)(lxyg vx2x_3)=x2x_3@(x2 vxy)=

zngx(xz VX3)VEX(X2 VX3)=X2X_3><)C_2X_3V(X2 VX3)X(X2 VX3)=0V)C3 =X3,

fr =df [dx, =(x1x3 v0><x_3)®(x1x3 v1><x_3)=x1x3 @(x1x3 vx_3)=x1x3 @(xl vx_3)=

= X1X3 X(X1VX3)VX1X3 X(XIVX3)=.X1_X3 X X1 X3 V(XIVX3)X(X1VX3)=O\/X3 =X3;

f3 =df [dxy = (xx0v xy x1) @ (x x1vxy x0) = x, @ x = XXy VXX .

| f=X]i2vi]X2

Puc. 10. I'padiune B3ATTS OyNEBUX MOXiTHUX

Jns  TppoX 3MIHHMX MaeMO YOTHPH YMOBH

aKTHBi3alii (xl Xy, XXy, X3, x3), 0 BiANOBINAIOTH
YOTHPHOM JIOTIYHUM IIUIIXaM Y CXEMHIH CTpyKTypi
dopmu i€l  dyHKIi.
OyneBUX MOXiOHUX IS

T3’ FOHKTUBHO1 PesynpTaTn

OTPUMAaHHS rpadigHoro

Ta aHAJIITHYHOTO croco0y TMomaHHSA OyneBHX (GYHKIIN

MTOBHICTIO 30iraroThes, M0 MiATBEPIKYE CPEKTHBHICTH
3aCTOCYBaHHS 3alPOIIOHOBAaHUX METO/IIB.

OT1xe, B3ATTS OyJI€BOI MOXiTHOI (PaKTHIHO TOJATAE
po3psniB
(O-BekTopa) BIAMOBIAHO 10 OOPAHOTO CYTTEBOTO BXOY,

B  IEpeCTaBJICHHI TaOMUIIl  iICTUHHOCTI

a 3aCTOCYBaHHS (hOPMYJIIH

1242 1

L;=T ®F =F, L(xi1 DTy ), (%2 © T2 ) (5 ®Ty ) (X @Tmi)J@Tt. (1)

ne F;, — xommoHeHT (mpuMiTHB) (YHKIIOHAIEHOTO
onucy upPOBOro MPUCTPOIO;

T; — TecT-BEKTOD;

L;, —  ornemyktmBHa  GYHKIIS — HapajieabHOTO

MOJCIIOBaHHA HeCHpaBHOCTeﬁ, Jae 3Mory
BUKOPUCTOBYBATHU HOI[E[HI/Ifl Q—BeKTOp JJI1 A€ AYKTUBHOT'O

MOJIETFOBAHHS HECITPABHOCTEH.

ByJieBi noxinni
IJ1s KyOiTHOro moaaHHs Joriyaux GpyHKuin

KOpeKTHiCTL BUKOPUCTaHHSA MMPUKMCTHHKA

"kybOiTHA" mIA Mopenel nuppPOBUX MPHCTPOIB OCHOBAHA
Ha TOpIBHSHHI JIiHIHHOI Ta OyneBoi anrebpu KaHnrtopa,

mo Gasyerscs Ha  andasiti A’ ={0, 1, X, U}.

Tyr mepuri 1Ba cuUMBOJIM — TpUMITHUBH. Tperiit

BH3HauaeThest cynepnosuniero: X =0uwl. Cumson U




ISSN 2522-9818 (print)
ISSN 2524-2296 (online)

Innovative technologies and scientific solutions for industries. 2023. No. 3 (25)

€ JOMOBHEHHSM [0 YHiBepcyMmy. 3aramoM (GopMyIiry

obOunciieHHss OyJneBUX MOXIMHUX s (OpPMyBaHHS

BIINOBiMHOI  KyOiTHOI MaTpuili  (YHKIIOHAJIBHOCTI
MOKHa mojatu sik XOR-onepauito Hag po3psaaMu
CyCiHIX TpyT OITiB:

2n7i L
D) (0.x:)=0; (xi)jcfl Qin(x), i=ln,

Jie 1 — KUIBKICTh 3MiHHHX y (D)YHKITIOHaJIbHOCTI;
i — HOMep 3MIHHOI, 3a KO0 OepeThes OXiHa;
(j,j+1) — Homepu cycigHix rpym y KyGiTHOMY
BEKTOpi, IO MisiraroTb XOR-TOPIBHSHHIO, A€ YHCIIO

Ta TMOTYXHICTh TaKUX TPYN (PYHKIIOHAIBHO 3aJICXKHUTH
BiJl HOMepa 3MiHHOT,

Dy i) (Q.x;)-

3MiHHIA, 1m0 QopmyroTscst XOR-omeparniero. ['pymoro

cycimHi Tpymu moOXimHOi mO i-i

BB)KAETBCS  CYKYIHICTH  OITiB, KpaTHHX CTYIEHIO
IBIAKH, IO MiUIATae MOpo3pamTHoMy XOR-CKIIagaHHIO
3 BIAMOBIAHUMH OiTaMH CYCIOHBOI TPYIH KyOITHOTrO
BekTopa [17].

[pukian B3aTTS OyJeBUX MOXIJAHUX MO KyOiTHOMY
MOKPUTTIO  JUISI ~ BH3HAYCHHS  YMOB  CYTTEBOCTI
BX1IHUX 3MIHHUX y mporreci MOETIOBAHHS

HecmpaBHOCTEH MYJIbTHUILIEKCOPA MUX 2-8B-1
f (xl ,X,X3 ) = (xl X3V Xy x3> . OOuucineHHS  TPHOX

MOXIAHAX TIEPIIOTO TOPAAKY 3a TaOMUICI0 iCTHHHOCTI

nae TaKuii pesyJbTar: £ (01010101) = x5,
£>(10101010) = x5 , f3(00111100)=x ®x, .

Pesynbrat  oTpuMaHHS ~ OyJNeBUX  MOXITHHX

s KyOigHOTO,  TpadiuHOro Ta  AHATNITHYHOTO

crnocoOy mojaHHs OyieBux (YHKIIH Ha NpUKIaai
MUX 2-B-1 mOBHICTIO 30iraroThCs, MO TMIATBEPIKYE

MeToa Mo1eTIOBAHHS HECTIPABHOCTEH
3a efyKTuBHUMHU Q-BeKTOpaMu

MareMaTn4Ha OCHOBA JEIYKTHBHOTO MOZAETIOBAHHS
HECIIPaBHOCTEH NOJNArae B TPAaHCIOPTYBaHHI OiHapHHUX
KOMOiHaIliii BXiTHMX HECIpaBHOCTeW Ha BHXiI Ha
3aJlaHOMy BXiZHOMY HaOopy 3a ¢opmynoro L=TDF .
JenykTHBHE MOJETIOBAaHHA IIONATA€ B 3MiHI JIOTiKH
enemeHra F BiZl BXIJHHUX

3aJIEKHO ymoB T .

JenykTuBHE  MOJAETIOBAaHHA €  Hale()eKTUBHIIINM
3aco00M aHaji3y SKOCTI TECTiB 1 CHHTE3y TaOJHUIb
HECTIPAaBHOCTEH IUIS MOMIYKY Oe(eKTiB, MPOCTEKYBAHHS
LUIIXY MOLNIMPEHHS HecmnpaBHOCTI. [IpomoHyeThcs Horo
peadizaiisi Ha OCHOBI BEKTOPHOI (OPMH OIHCY JIOTIKH,
o mepeadayvae JIOTIYHI aHANITHYHI (OPMHU W A€ 3MOTyY
iCTOTHO CIIPOCTUTHU aJITOPUTMU CUHTE3Y ACAYKTHBHHUX
Mozeneil Ta iX 3acTOCyBaHHS MUl iHTEPIPETATHBHOIO
MOJIC/TIOBaHHS MU(POBUX EJIEMEHTIB 1 CXeM BEJIUKOI
[13].

HECTIPaBHOCTE! 3a AeTYKTUBHUMH (J-BEKTOpaMH IOJISTaEe

po3MipHOCTI CyTHICTP METOAY MOJICIIOBAHHS
B T00Y/IOBi AEIYKTHBHUX BEKTOPIB, IO € BIOPSIKOBAHOKO
CYKYIIHICTIO BEKTOPHUX OYJIEBUX MOXITHHX 32 BXIAHUMH
3MiHHUMH, I0O BH3HAYAIOTHCS CTOBIIIAMH MaTPHII.
CyKyIMHICTh MOXIIHUX 32 BXITHHUMHU 3MIHHUMH B MaTPHIIi
€ TeCTOM Uil TEpEBIPKH OAWHOYHUX KOHCTAHTHHX
HECMPABHOCTSH BXITHMX Ta BUXIAHUX JiHIA. OmuHUYHI
KOOPJIMHATH JIETyKTHBHHUX BEKTOPIB € YMOBaMH aKTHUBI3alil
BEKTOpa BXiIHOI 1H(OpMALLii sIK aapecH Uisl TPaHCTIOPTYBaHHSI
Ha BHXIJ] CXeMH. DbByIyeTbcsi NEeIyKTUBHHI BEKTOD
CIocoOOM mepecTaBiieHHs1 OiTiB (J-BeKTOpa Ta orepariii
XOR MiX BXiZHUM Ha0opoM Ui (YHKIIOHAJIBHOTO
€JIEMEHTa Ta HOro TabJIMIEer0 ICTUHHOCTI (Q-BEKTOPOM).

Posrasaemo MCTOA CUHTE3Yy ACAYKTHUBHUX BeKTOpiB

nmpaue3gaTHICTh Ta e(l)eKTI/IBHICTI) 3aCTOCYBAaHHs 3a Q-BeKTOpOM Ha MpUKIIaal MYJIBTUILIEKCOpa
3alTPOTIIOHOBAaHUX METOMI1B. MUX 2-B-1 (pI/IC. 11)
L-maTpuns H-vatpua D-vatpua

gloj1jofo)1|1|1
01112|3(4|5(6|7 0jo|1jofoj1f1)1

o|oyrjofoj1|1y1
1{0[3[2|5(4|7|6 o|ojo|1)1jo|tj1

ofojojrjofoj1j1|1
2(3|0|1|6|7|4|> O(r|1(1jo(0|1(0

111(0|1|{1|0|0O|0D
32|10 7|6(3|4 Q1|ojofr|1f1|o

ofojojrjofoj1j1|1
415(6|7|10]1]2]3 oj1|1j1fojofo|0O

ofojojrjofoj1j1|1
5(4|7|6|1(0[3|2 O|1|0jof1|1(1|0

I{1|1(0|1{1|0|0|0
617|4|5|2(3]0]1 0 1jofoj1]1])1

1j1{1{0(1|1|0|0O]|0O
TI6|5(4|3(2]1|0 O|(ojof1j1(oj1|1

1f1|1j0|1|{1|0|0O|0O

a) 6) E)

Puc. 11. ®opmyBaHHs qeIyKTUBHHUX BeKTOpPiB it MUX 2-B-1
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1. JlaHO TaOIMILIIO ICTHHHOCTI 7 3MIHHUX Y TIOPSAKY

BaroMO3HAYHOCTI MO3HIIHHOTO KOy BXiTHHX HaOOpPiB
. -1 . -
(Bix 000..0 mo 2" ). Tlomamo BUXiTHHH CTOBIICIb

TabmuIi Ik (-BEKTOp 3aBIOBKKH 2" Ina MUX 2-B-1
0=(00100111).

2. OTpuMaHHS MaTPUIl L-BeKTOPIB (B3ATTS OyIeBUX

HOXimHuX 3a i -10 3MiHHOI0). 11 KoxkHOTO po3psiny O;
obuncmoersess L =0@0;, nme O, i -Oita
Jnst

n+l n+l . . . .
2" x2 , Y IEepUIMH PSIOK 1 MEPIINHA CTOBIENb SKOT

CTaH

(Q-BekTopa. UbOTO  CKJIAJAEThCSI  MAaTPUIs

3anucyeTbess (J-BEKTOpP 3a YMOBH, IO HYJbOBa KOMipKa
MOpOXKHs (’KOBTI PAIOK 1 cTOBHENb Ha puc. 11, a).
3. Y koxeH i-il psaok MaTpumi L 3amucyeThes

Bektop @ Ge3 imBepcii, sikmo B croBumi O; =0, Ta 3
imBepciero, sikmo Q; =1 (puc. 11, a).

4. ®opmyetbes aenyktusHa Matpuns D (2" x 2",
puc. 11, ) crioco6oM mepecTaBICHHS CIIEMEHTIB PSAIKIB

Matpumi L 3a npaBunamu H-matpumi (2" x2" | puc. 11, 6).

H-vatpunss  QakTHYHO  BIANIOBiZAa€  BCTAHOBJIICHHIO
MO 4ep3i BIANOBITHMX 3MIHHUX Y MOJIOJIIUH pPO3psA
1 TIepecTaBICHHIO BiNMOBITHO 1O IIOTO EJIEMEHTIB
TaOJuUIl iCTHHHOCTI (Q-BEKTOpA).

PosristHEMO OUTBII IETATBHO CHOCIO TIepecTaBICHHS
eneMeHTIB (J-BEKTOpa 3aJIeKHO BiJl BXIIHOTO HabOpy
ta 3HadeHHs QyHkuii I[IE Ha mpomy HaGopi. IlpuHIHI
MepEeCTaBIICHHSI TaKMH: aHaJi3yIOThCS PO3PSIU BXiJHOTO
Ha0Opy TOYHMHAIOYM 31 CTApmIOro i Ui THX PO3PAIIB

BXITHOro HaboOpy, sIKi JOpIBHIOIOTH 1, BHKOHYETBCS

Taémuus 1. Ilpuxiad nepecmasnens onsi Habopy 11010

. n—1
NEpEeCTaBJICHHA CIICMCHTIB Q-BeKTOpa rpymnamMu 1mo 2

po3psniB, e n HOMEp pO3paay 3a YMOBH, ILIO
MOJIOMIIMK  po3psA  (TMpaBUi) BBAXKAETHCS MEPIIMM.
[Ticms BciX TepecTaBleHb EIEMEHTH OTPHMAHOTO
JETYKTUBHOTO BEKTOpa IHBEPTYIOThCS, SKIIO 3HAYCHHS
(O-BekTOpa Ha BOMY HaOopi AopiBHIOE 1 3rigHO 3 1. 3.
3ayBa)kUMO, 1[0 3allPOIIOHOBAHMI MPHHIMMII MEpPEeCTaBICHb
(Q-BekTOpa J1a€  3MOTY YHHKHYTH BHKOPHCTaHHS
H-matpuri, ska, mo-mepiie, 3aiimMae Oarato mam’ sTi,
a mo-apyre, ii moOyaoBa AOCTaTHRO cKiIamHa. Y Tadi. |

HaBeJICHO TPHKIIAJ NepecTaBlieHb (J-BEKTopa 5 3MiHHHX
(n = 5) st BxigHoro Habopy (11010). ITouaTkoBwmid

(J-BEeKTOp MOJAHWI y TMEPUIOMY PSAAKY 3a IPUPOIHHM

mopsinkoM  3MiHHUX — downto. [lounmHaemo  aHami3
31 CTapmuX po3psAaiB BXiTHOTO HabOpy il mepecTaBIsieMO
TPyl  €JeMEeHTIB y (J-BEeKTOpi sl THUX pO3PSIIiB,
SIKi BHM3HAYAIOTBCA OIMHHIIMH y BXiZHOMY HaOODi.

Jis mepmoro pospsagy 11010 mepecraBmsiemo rpynu

2" 16
TIepPEeCTaBICHHS). JIpyToro

eJIEMEHTIB

po3psity

, TOOTO
s

n—2 .
MEPECTABIAEMO TPy o 2" °, TOOTO 1O 8 eneMeHTIB

1o 1o (meprre

11010

(mpyre nepecraBnenHs). s gerBeproro pospsay 11010

MEPECTABIIIEMO TPYNHU O 2”_4, TOOTO MO 2 ENEMEHTH
(TpeTe mepecTaBICHHS).

I mporenypa He 3aJeKUTh BiJl KUTBKOCTI 3MiHHUX,
a 3aJeXWTh TUTBKH Big umcina | y BXigHOMY HaOopi
1 TIOBHICTIO 30ira€ThCs 3 MEPECTABICHHAME B TpadoBOMY
monauHi b [16] ta 3 iTepaTuBHOIO MTporieayporo y [13].

Buknukae 3amikaBieHHs pe3yJbTaT IME€PecTaBICHb
It BXimHoro Habopy 11111 (tabm. 2).

Mouarkosuid |\ |5 131405 |6|7(8]09]|10/11|12]13]14]15]16]17|18[19]20|21|22|23|24]25|26|27|28|29|30]31
(O-BeKTOp
[epue

16]17]18[19(20|21|22|23|24(25(26(27(28|29(30(|31| 0 | 1 |2 |3 |4 |5|6|7|8 |9 |10|11]12]13]14]15
HepeCTaBHeHH}I
Apyre 24(25|26(27(28(29(30(31|16]17|18]19]20|21{22(23| 8 | 9 [10|11|12[13|14]15] 0|1 |2 |3 |4]|5]|6|7
HepeCTaBHeHHﬂ
Tpere 26(27]24(25(30(31(28|29(18]19|16]17[22|23(20(21|10]11| 8 | 9 |14|15|12]13]| 2|3 |0 |1|6]| 7|4 |5
HepeCTaBICHHS

Tabauus 2. Ilepecmagnenns ons nabopy 11111

|31|30|29|28|27|26|25|24|23|22|21|2o|19|18|17|16|15|14|13|12|11|10| 9 | 8|7|6|5|4|3|2| 1 |0|

IIpouenypa HECIpaBHOCTEH 3a

ACAYKTUBHUMH BEKTOPAMU nepea6aqa€ TaKi KPOKH.

MOJCIIOBAHHSA

1. IcHye 111a0J10H OOYMCIIEHHSI aApec y ACIyKTHUBHOMY
BEKTOpi Ul MOJEJIOBaHHS BXIJHUX HECIIPaBHOCTEH.

KijbkicTh CTOBMINB JOPIBHIOE MOABOEHOMY YHCIY

HECIIPaBHOCTEH, CIIOYaTKy pO3TAIIOBYIOTHCS HYJIBOBI
HECIIPAaBHOCTI, a TOTIM OnuHOYHI. KoXeH psamok Mae
mo Toro Xk XI

Bary, KpaTHy CTYIEHIO JBiiKH,

(mepmmmii  pAAOK) BIANOBiIAE MOJOIMIOMY PO3PSAY.
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CriouaTKy mIa0JIOH i BEKTOpP MOJAETIOBaHHS (L-BEKTOp)
3allOBHIOIOTHCS HYJISIMU (200 MalOTh IOPOXKHI KOMIPKH).
2. BxinmHi HECTIpaBHOCTI MarOTh iHBEPCHI 3HAYEHHS
Bil CIOpaBHMX 3Ha4YeHb CHTHamiB Ha Bxomax I[IE
(BXimHOMY HAbO0DY).
3.Y 110

HECIIPaBHOCTSM, Y [ITa0JIOHI CTaBUTHCH 1.

KOMipKax, BIANOBIAIOTH  BXiAHUM

4. 3a CTOBNISAMH, A€ CTOSTh 1, OOUHMCIIOETHCS
aapeca (iHOEKC) KOOpPAWHATH JEAYKTUBHOTO BEKTOpa
3 ONIAYy Ha Bard pSAKIB (AECATKOBUH EKBIBAJCHT
JIBIHKOBOTO YHCIIa CTOBMI mabiony 1, 2, 4, 8, ...).

5. Y Bektop MojemoBaHHsi (L) y KOMIpKH,
0 BiAMOBIAIOTH CTOBMIAM IAOIIOHY 3 1, 3aIUCYIOTHCS
3HA4YEHHsI PO3PSIIB BIAMOBITHOTO JI€yKTUBHOTO BEKTOpa
3a oOunciIeHMMH aapecamu (iHOekcamu). 3a3HAYNMO,

HE  OOYHCIIIOIOTHCH. HeobOxigno  3Baxkatw, IO

JNENyKTUBHUNA  BEKTOpP JUIS  OJMHHYHHX  3HAYCHBb
BHXI/THOTO CUTHAIY Ha IIbOMY HaOOpi iHBEPTYETHCS.

6. Slkmo 3a ONMHUYHUMH 3HAYCHHSIMH BEKTOpa
MOJICTIOBaHHSA B INAONOHI CTOITH 1, TO HECIpaBHICTB,
110 BU3HAYAE CTOBITCIh [IT1A0I0OHY, IEPEBIPAETHCS.

Po3ristHEMO TIpUKITAIN MOJICITIOBAHHS HECTIPaBHOCTEH
3a aenykTuBHUMHU Bektopamu st [IE MUX 2-B-1 st

IeKiTbKkoX BXimHMX HaOopie. Habip (0 0 0). [TouaTkoBuit

CIIMCOK  HECIpaBHOCTEH {11, 21, 31}. JenykTuBHUN

Bektop (0 0 1 0 0 1 1 1). Pesynbrar MOAeNIOBaHHS
HECTIpaBHOCTEH 300pakeHuit Ha puc. 12.

Habip (1 1 1). ITouaTkOBHIi CIUCOK HECTIPaBHOCTEH

{10, 20, 30}. Jlenyxrsrmit Bexrop (000 110 1 1),

mo BuximHi HecmpaBHOcTi [IE He MOJEmOOTHCS
51 BiAMOBiAHI (BUXimHi) TTO3UIIIT L-Bextopa Pesynbrar nmopaHo Ha puc. 13.
3002010 31) 21 1! 0[1|2]|3|4|5|6|7| LenpasHIsHHH pe3yasTaT
X1 1111
X2 1 1]1 1|1 300200103121 1!
X3 1 1 1 1 1 0|1
AJlpecH CTOBIIIE LiojofOo|O|1]|0]|0O]|O
MOYATKOBHX HeclpaBHOCTeH
| [ [ [r[a]¢
Puc. 12. MopemoBanHs HectipaBHocTe#t 11t Habopy 0 0 0 TTE MUX 2--1
302103ttt 0]1]2(3 5 7 ITe npaBHIBHHE pe3yIbTaT
X1]1 1111
X2 1 111 1)1 o322t
X3 1 1 1 1 1 0|0 |1
L{0|0|1]|0]|0]|0]|0]O

Puc. 13. MopemoBanHs HecipaBHocTel st Habopy (1 1 1) IIE MUX 2--1

PosrasiHemMo, sSK BIUIMBA€E IIOCIIJOBHICTh 3MIHHHX
y BXiZIHOMy Ha0Opi Ha pe3yJbTaT MOJENIOBAaHHSI 32
NEAYKTUBHUMU (-BEKTOpaMHu. 3a3HA4MMO, IO B MOBax
OMHCy amapaTypu BHUKOPUCTOBYIOTBCS JIBa CIOCOOH
MOJIAHHS BEKTOPHUX 3MIHHHUX:

— std_logic_vector (3 downto 0); — wMomommui
pO3psia paBuii;

HecIpaBHOCTEH {11, 20, 31}. TTocnigoBHICT 3MIHHUX

y BXiIHOMY Ha0Opi BIUIMBAa€E TiNbKM Ha (OPMYyBaHHS
mabyoHy oOYMCIIEHHS  ajpec.
(01110010).

Crioyatky posmisiHeMo InabnoH it downto.

JlenyKTUBHUI BEKTOp

Tyt Monommmii po3psi npaBuil (TpeTiit 3a MOpsIKOM),
BIZITIOBiTa€

— std_logic_vector (3 to 0); — MONOALIMIA PO3PAL aro 3araJbHOIPUNHSTIH cucTeMl
JBHA. TO3HIIHOTO KOTY.
Jlns  mpuKmagy — pO3MISHEMO MOJIETIOBAHHS PesynbTaT MOJCIOBaHHS HecIpaBHOCTEH
cumerpuanoro Habopy (0 1 0). INToyaTkoBHI CIHCOK HaBeJIeHi Ha puc. 14.
300 20010| 31| 21]1! 0/1|2]3 5|16| 7| LlenpaBHIbHEHH pe3yIsTaT
X1 1 11
X2 1 1|1 1|1 30120 10] 31| 2t 1t
X3 1 1 1 1 1 1 1
Lio|1|0|1|0|0]|0]|O

Puc. 14. Mopemosanus HecpasHocteit Habopy (0 1 0) st madinony downto
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Hami posrmsaeMo mabnoH it fo. TyT Momommmit
po3psin JiBui (TIepLIMi 3a MOPSAAKOM), IO HE BiINOBiAae
3aralbHONPUUHATIN CHCTEMI TO3HIIHHOTO KOy .

PesynbpTaT MOJIEJIIOBAHHS HecIIpaBHOCTEN

300paxeHi Ha puc. 15.

1020 30] 11] 21 31 0|1|2|3|4|5[6|7| ILlepesynsrar 3 TOYHICTIO
X1 1(1]1(1 10 HaBITaKH
X2 1 111 11
X3 1 1 1 1 1 10200 30( 11|21 3!
Llioj1]of1]o]o]1]0 1 0

Puc. 15. MozenroBanHs HecripaBHocTeit Habopy (0 1 0) aist mabnony fo

Tak, pesynpTaTd MOZIEMIOBaHHA M INaGIOHY
downto TIOBHICTIO 30iraloThesi 3 pe3yjbTaTaMU IPOCTOTO
JEAYKTUBHOTO MOJIENIOBaHHS (puc. 6) i He 30iraroTbcs
IUTS TIIA0JIOHY f0.

OTxe, y BUKOPUCTAaHHI MO3UIIIITHOTO KOy HOMEpiB
pospsiniB IIE pexoMeHmyeThcss 3aCTOCOBYBATH IIabJIOH

obuncnenHs aapec downto.

PosrisiHeMo npukianym MOJEMOBAaHHSL HECIIPABHOCTEN
32 JIeyKTHBHUMH BEKTOPaMHU ISl OUIBII CKJIaJHOTO
[NE MUX 4-B-1. Ha puc. 16 momaHo #oro mo3Haky (a),
3aKOH (YHKIIIOBaHHS (8)
(),

B Xilinx ISE. OcranHiii cToBmenp Ha puc. 16, e —

KyOiuHe TOKpUTTS (6),

i ¢parmenT Tabmuii iCTHHHOCTI OTpHUMaHi

e paxTHaHO (J-BEKTOP.

Puc. 16. [1o3naka, kybiuHe HOKpUTTS Ta hparmenT Tabnuui icrurnaocti [1IE MUX 4-B-1

Ha puc. 17 momanuii OCTaHHIN CTOBHEIH MOBHOT
TaOMUIl ICTUHHOCTI 3a 3pOCTaHHAM HOMEpiB HabopiB
s MUX 4-B-1 (2°

64), po30uTHI1 HA NIBI YaCTHHU

nepecTaBlieHuit  D-BEKTOp, TMO3HAYEHHNA  KOJHOPOM.

3enennii xomip — anst Ha6opy (0 0 0 0 0 0), a cuHiit —
st Habopy (11111 1).

mo 32 wHabopu. PDaktmaHo me (-BeKTOp, abo
0{0[0J0O]|1|/0]|0]0O|0O]1[0]O]1|1]0O 0joj1|(Oo|j1]|O]1[O|O|1]1|O]|Ll]|1]1}0
Ojofojrj1jojoj1rjojrjojrj1j1jopEjojo|1|1|1]O|1 R jO]|Ll |1}l pL}l]]l
Puc. 17. [loBHa Tabnuus ictuHHOCTI (Q-BekTop) Mt MUX 4-B-1
Ha puc. 18 maBemeHi pe3ympTaTd MOJEIIOBaHHS
HecnpaBHocTel st IIE MUX 4-B-1 3a nenyKTUBHUMU
O-exropamu Ha Habopax (000000)Ta (1 1111 1).
Habip 0o jJo0fo0of0o]0
HecnpaerocTi gl | st 4 [ 3t 21| 11|41
Ilozamii e D-gexTopt 1 1248 |16 32
3HauenHd B D-gexTopt 0 0 1 {0 0 0
Habip 1 1 1 1 1
HecnpagrocTi 60 | 50 [ 40| 30 20| 10 ] 10
Ilozamii B D-gexTopt 62 | 61 [ 39 |55 | 47| 31
Suauensd B D-gexTopt. (1mE) | 0 0 0|10 0 1

Puc. 18. Pesynsratin MogemoBanHs HecpaBHocTel [IE MUX 4-B-1 3a negykTuBHUME Q-BEKTOpaMu
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Pe3yabTaTi 10caiTxKeHb Ta iX 00roBopeHHs

crocobom
DCP
(xy6iune MopnemtoBaHHs) noBHoro Tecty 000000 000001

[lepeBipumMo  oTpuMaHi  pe3yJjbTaTH

MOJCNIOBAaHHS HECNIPAaBHOCTEH Ha Iporpami

000010 000011 111100 111101 111110 111111 011111
111000, B sikoMy npucyTHi 3a3HaueHi Habopu. Pe3ynbrart
TIOBHICTIO 30IraeThCs, M0 MiATBEPHKYE IMPaNe3aaTHICTh
1 e(eKTUBHICTL METOJy MOEIIOBAHHsS HECIPaBHOCTEH
3a nemyKTUBHUMHU (O-BekTopamu (puc. 19).

imulation EI@
Fault-free table Fault's table
no 1 J2 [3 4 s s [7 | No. |Test [outh.|1 [2 |3 [4 |5 [6 |7 |[Sselfq.| Quality, %[ Com.. |
b U U U U U u u
1 b 0 0 0 0 0 O 1 % 000DOD 7 E 114 14 14
2 0 0 0 0 0 1 0 2 000001 7 K 114 7 21
3 0 0 0 0 1 0 0 3 000010 7 K 114 7 28
4 0 0 0 0 1 1 0 4 000011 7 1 . 114 7 35
O O R O 5 111100 7 0 0 14 14 50
I O 6 1111M 7 . 0 0 14 7 57
O O R R 7 110 7 . 0 0 14 7 64
I g k1111 7 0 . 0 14 7 7
I O O 9 o111 7 1 0 0 1 ;8 14 25
w 1 1 1 0 0 0 0 10 111000 7 11 1 1 28 14 100
000000 000001 000010 000011 111100 111101 111110 111111 011111 111000

Puc. 19. Pezynprati MogemoBanHs nporpamoro DCP nosHoro tecty mist [IE MUX 4-B-1

Po3rissHeMO — CHIBBITHOIIEHHS BHTpaT IaM’sTi

JUIIsL Ky6i‘lHOF0 MOACIOBaHHA HeCHpaBHOCTGﬁ

1 MOJICITIOBAaHHS 3a IENYKTHBHUMHU (Q-BEKTOpaMH.

J151s1 KoztyBaHHsI CUMBOJIB aJiaBiTy 4 (16 cumBoOITIB)
BUKOPHCTOBY€ThCS KyOiTHE KoxyBaHHA 1o 4 OitH
(moy6aiT) Ha koxkeH cumBoin. Tak, mis MUX 4-B-1
po3mip KII cranoButmMe 56 momy0aiiTOBUX KOMipOK
(56x4 = 224 6itn), y upomy pasi Q-Bexktop — 64 0irn,
T0OTO (J-BEKTOp 3aliMa€e MEHIIE ImaM’sTi. SIKIo yMOBHO
n=8 (MUX 5-B-1),
90 momy6aiiToBux komipok (360 6iriB), a (Q-BekTop —

B3SITH to KII cranoButume

256 6itiB, mo ONM3BKO 3a BUTpPaTaMH IIaM SITi
OJHE 10 OJHOrO.
Tobto sxkmo #n>8 (a B cepeaHbOMY Take

chiBBigHOmIeHHs Oyme s Beix  perymipaux  KIIT

OCHOBHHUX JIOTIYHUX €JIEMEHTIB 1 MYJIBTHILIEKCOPIB)
mam’ate g 30epiraHHs (Q-BEKTOpa NEPEBHUIYBATHME

mam’ate s 30epiramas KII. 1 mo Oinpme

n?

0

oo100111
Peaynerat {27, 7}

Binni crmcka] 17, 2, 37
Je mTEHWA BEKTOD

TO 3pOCTaTUME pI3HHIS HE Ha KOPUCTh KyOITHHX
O-ektopiB. TooTo mist IIE 3 KiIbKICTIO BXOmiB 7> 8
3aCTOCOBYBAaTH (J-BEKTOp HE JIONUIBHO 3  OIJISAYy
Ha BUTPATH IaM’sTi.

I mo mami? A mam nume gekommnosuiisa. HaBexemo
npuknan aexkommnosuiii MUX 4-8-1 wa IIE MUX 2-B-1
Ta MOJCJIOBAHHSA HECHPABHOCTEH  JEKOMITO30BaHOT
ctpykrtypu. Ha puc. 20 300pakeHa JeKOMIIO30BaHa
ctpykrypa MUX 4-B-1 uepes MUX 2-B-1 Ta pe3ynbTaTu
MOJIC/TIOBaHHs HecmpaBHocTed Ha Habopi (0 0 0 0 0 0)
mporieci

3 orusay 3m00yTi B

MozemoBanHs Habopy (0 O 0) 3a aeAyKTHBHUMH

Ha pe3yJbTaTH,
Bekropamu it MUX 2--1.
Pe3ynbraTi MOBHICTIO 30iratoThCsi 3 pe3ysibTaTaMu
KyOI9HOTO MOJIEITIOBaHHS 3a3HAUYCHOTO HAabOpy IPOrpaMoro
DCP (puc. 8). lle miarBepmKye mpare3aaTHICTh METOLY
MO/ICITIOBaHHS 3a

HCCHpaBHOCTGﬁ ACAYKTUBHUMU

(J-BEKTOpPaMH BHACIIIOK JJEKOMITO3HII]i.

'y,
1
0{2 ¥z

{3'}s

4
0{4 I

Ty
o8
0{5 Ye

Puc. 20. Pesynbrat MozmemoBanus MUX 4--1 micist qekoMno3uii




Cyuachuii cman HAYKOBUX O0CNIOHCeHb ma mexHono2iu 8 npomuciosocmi. 2023. Ne 3 (25)

ISSN 2522-9818 (print)
ISSN 2524-2296 (online)

BucHoBkm i NEPCNEKTUBH NMOJAAJIBIIOI0 PO3BUTKY

VY craTTi pO3IIsHYTO Pi3HI CTHIII OMUCY LH(POBUX

IPUCTPOIB MOBaMM omnucy amaparypu. IlokasaHo
CKBIBAJICHTHICTh TApPAJICTBHUX 1 TOCHTITOBHUX YMOBHHX
omeparopiB, a TaKOX IX CXEMHa peaii3amis y BHIIIAIL
MYJIBTUILIEKCOPIB. 3alpoONOHOBAaHO CIIOCI0 OTpUMaHHS
TaOMUIb ICTUHHOCTI CHHTE30BaHOI CXEMHOI CTPYKTypHU

3a gomomorow TestBench (Xilinx ISE). HeoOxigHO

€KBIBaJICHTHICTh 3M00yTHX pE3yJbTaTiB IS CXEM
MUX 2-B-1 Tt1a MUX 4-8B-1

3 BUKOPHUCTaHHSAM IPOTpaMHOTo poaykty DCP.

MYJIbTUILIEKCOPIB

Jliist MozieTIoBaHHS 3aCTOCOBYIOTHCSI KYOITHI MOJieni

CTPYKTYpH IH(PPOBHUX GyHKIH
KOMIIOHCHTIB, 10 BH3HAYAIOTHCS KOMITAKTHICTIO OIHCY

orucy cucreM i
TabIuIB icTHHHOCTI Y (hopMmi O-BekropiB. Lle mano 3mory
TiABMIIUTA MIBUAKOIIO MPOrPAaMHUX Ta amapaTHUX
3aco0iB U CIIPABHOTO # HECIPAaBHOTO MOJCIIOBAHHS

3ayBaKUTH, IO 3aHp0HOHOBaHHﬁ maxix mae 6yTI/I 3aBJIKU az[pecmﬁ pean13au1'1’ aHa3y Ky61THI/IX BEKTOPIB.

3aHpOHOHOBaHO METO iHTepHpCTaTI/IBHOFO

KOPUCHUM TIPOEKTYyBaJIbHUKAM HI/I(I)pOBI/IX CHUCTEM, SIK1

TOKYMEHTYIOTh Ta OOMIHIOIOTBCS — HAJIaroKEHUMU MOJICTTIOBAHHSA HECHPAaBHOCTEH HHAPOBUX CXeM, IO

NPOEKTAMM MOBAMH OIIKCY alaparypu. 0a3zyeTbcsi Ha B3ATTI OyleBHX IOXIJHUX CIIOCOOOM

Po3rnsHyTO pi3HI TEXHONOTII Ta CTPYKTYPH JaHHUX TEPECTABICHHs PO3psifiB O-BeKTOpa 0e3 BUKOPUCTAHHS

H-vatpumi. Ile pamo 3MOry CKOPOTHUTH BHTpPATH

ACAYKTUBHOT'O MOACIOBAaHHA HeCHpaBHOCTGﬁ JII

TabIMYHOTO i aHANITUYHOrO croco0y omucy uuppoBMX ~ [aM’STi B MPOLEC MPOrpamMHOl  peasisamii MeToy

cXeM. 3arporoHOBaHO MPOTPaMHY peasti3alliio KyOoiqHoro Ta MiZABULLATH HOTO MBHIKOIIIO.
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DATA STRUCTURES FOR DEDUCTIVE SIMULATION
OF HDL CONDITIONAL OPERATORS

The subject of research in the article is qubit-vector models for combinational circuits’ description and procedures for faults
deductive simulation based on these models. The object of research is the processes of diagnostic support creation for digital
systems based on the usage of vector qubit data. The purpose of the work is to increase the speed and quality of diagnostic support
creation for digital devices by creating optimal data structures and deductive fault simulation procedures based on structural-
functional models of combinational circuits. The following tasks are solved in the article: analysis of concurrent and sequential
conditional operators of hardware description languages and schematic structures into which they are synthesized; development of the
procedure for the truth tables (Q-vectors) formation for schematic structures presented by HDL; development of an universal data
structure for cubic and analytical deductive faults simulation; vector models improvement of qubit representation of structures and
components of digital systems based on address coding of input signals to increase the manufacturability and speed of faults
simulation; development of the procedure for obtaining Boolean derivatives by permuting the lines of the truth tables (Q-vectors) and
using the XOR operation; development of a data structure for deductive fault simulation based on the cubic representation of digital
circuit components. The following methods are used: deductive, cubic, deductive-parallel simulation of faults, faults simulation by
deductive Q-vectors. The following results were obtained: the equivalence of concurrent and sequential conditional operators,
as well as their schematic implementation in the form of multiplexers, was shown; method of obtaining truth tables of the synthesized
circuit structure using TestBench (Xilinx ISE) was proposed; different technologies and data structures of deductive fault simulation
for tabular, analytical and qubit methods of digital circuits description were considered; the software implementation of faults
cubic deductive simulation is considered and the equivalence of the obtained results for the multiplexers circuits (MUX 2-in-1 and
MUX 4-in-1) using the DCP software product was demonstrated. Conclusions: a new Q-method of interpretative faults simulation
of digital circuit is proposed, which is characterized by the usage of compact Q-vectors instead of truth tables, which makes it possible
to significantly increase the analysis speed due to the addressable formation of the functional primitives outputs and reduce the
volume of data structures, which practically makes the method competitive with compilative simulation technologies.
Keywords: HDL-model; structural-functional model; deductive fault simulation; cubic coverage; truth table; Q-vector.
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O. IIINAK, IT. ®EAOPKA, M. TIPUTAPA

PO3YMHI MICTA TA IHTEPHET PEYEM: BILIUB PO3POBEOK Y C®EPI IT
HA PO3BUTOK MICT I IOKPAIIEHHA AKOCTI ) KUTTS

IIpeameToM nocaigKeHHsI € aHANI3 OCOOJMBOCTEH BHUKOPUCTAHHS METOIIB i MOKIMBOCTEH iH(pOpMamiiHMX TEXHOJIOTIH, a TaKoX
€JIIEKTPOHHUX MPHUCTPOIB-HOCIIB [HTepHETY pedelt i po3poOiieHHS KOMOIHOBaHOI CHCTEMH 3 METOI0 BH3HAYECHHS iX 0COOIHMBOCTEH.
Meta po0GOTH — BUBUCHHS Ta aHaJi3 BUKOPUCTAHHS PO3YMHHX TEXHOJOTIH Iisl "po3yMHOro" MiCTa Ha OCHOBI KOMOiHyBaHHS
iH(pOpMAIIfHIX TEXHOJOTii Ta NpHCTPOiB IHTepHETY pedel, a TakoX BH3HAUCHHS KIIOYOBHX KPHUTEPIiB PO3BUTKY CyYacHHX
MICT Ta BIUIMBY Ha MOKpAIIEHHS SKOCTI JKUTTS AJSI HAaceleHHS. BinmoBimHo mo MeTH cOopMOBaHO Taki 3aBJAHHS: PO3IIISHYTH
OCHOBHI MOYJIMBOCTI 3aCTOCYBaHHS iH(QOpMaiHHUX TEXHOJOTIH y MO€AHAHHI 3 €IEKTPOHHUMH BHMipIOBAJIbHO-00UYHCIIOBAIBHUMHI
NPUCTPOSIMH  [HTepHEeTy peueif; BH3HAYMTH OCOOJIMBOCTI MOOYNOBM Mojeliell iH(GOpMamiiHUX TEXHOJOTIH 3 MiIKITIOYEHHIM
npUcTpoiB [HTepHeTY pedelt 0 KOMyTaliffHMX Mepex; INpoaHali3yBaTH apXiTeKTypy TyMaHHHX Ta TPaHHMYHUX OOYHCIICHB
IUISL IPUCTPOiB [HTEepHETy pedeif; 3°sACyBaTH OCHOBHI PU3UKH Ta mMpoOiieMH 3 MHUTaHb KibepOesmeku 3 mudpyBaHHsIM iHbOpMaLii
NpUCTPOiB [HTEpHETY pedeil 3a JOMOMOrol CHEI[ialbHUX aAJITOPUTMIB; BCTAHOBUTH OCHOBHI KPHUTEpii KOXKHOI OKpPeMOI CHCTEMH
PO3YMHHX TEXHOJOTiH Ui "po3yMmMHOro" MiCTa; Ha OCHOBI BHOKPEMJICHHX KpHTEpilB 3’sCyBaTH IOLIUIBHICTH IOTPEO
i3 ToTpebaMu HaceleHHSI. AKTyaJlbHOI0 MP00/1eMOI0 € BU3HAUEHHS Ta JOCHIIKEHHS OCHOBHUX MOJMJIMBOCTEH BHUKOPUCTaHHS
PO3YMHHX TEXHOJIOT1H 3 METOIO BUSBIEHHS NMpoOJeM, OB SI3aHUX 13 JOUUIBHICTIO 3a0e3meueH s MoTped Ui HaceldeHHS. Y CTaTrTi
PO3IIISIIAETHCS Ta TOCHIIIKYETHCS BIUTMB KOMOIHOBaHOI CHCTEMH i3 CYKYIHICTIO PO3YMHHX TEXHOJIOTIH Ha MOKPAICHHS SIKOCTI XKHUTTS
3 BUKOPHCTaHHSIM BOCBMH PO3TATYXKEHHX CHCTEM, a caMme: "po3yMHa" iHppacTpyKTypa, "po3yMHa" eKoHOMIKa, "po3yMHe" TOBKIIA,
"pozymHe" yIpaBiiHHS, "pO3yMHUI" TpaHCTIOPT, "po3yMHi" mociyry, "po3ymHi" moau Ta "pozymHe" kUTTS. CYyKyIHICTh KPHTEPIiB
KOXKHOI OKpeMOi CHCTeMHU HeOoOXiHO MpOoaHaIi3yBaTH i BU3HAYUTH BiINOBIAHICTH A0 HOTPed HacelIeHHs Uil TOTo, 1100 KoMOiHOBaHa
cucreMa "po3ymMHOro" MicTa Maja 3MOTy 3a0e3lCUWTH HACEJIICHHS YMOBaMH, 3JaTHHMHU TOKPAIIUTH SKICTh KHUTTSL.
HaykoBoio HOBH3HOI0O pPOOOTH € pPO3pOOJEHHS Ta BIIPOBAKEHHS KOHIENNii KOoMOiHOBaHOi cucTeMH "po3ymHOro" Micra
JUTSL BIJTIOBITHOCTI 3aJ0BOJICHHS NMOTpeOd cepex HAceNeHHsS 3 IMOKPAaIIeHHSIM PIiBHS SKOCTI >KUTTS. 3100yTi pe3yabTaTu. Posymui
TEXHOJIOT1l IPYHTYIOTbCS Ha BHKOPHUCTAHHI CY4YaCHHX TEXHOJIOTIH, iH(popMarii Ta iHHOBAIiif Ui JOCSATHEHHS CTaJOro PO3BHUTKY
OKpPEMHUX CHCTEM i3 BU3HAUCHHSM KpPHUTEPIiB, e MpoaHali30BaHO Take: "po3yMHA" iHPpaCTPyKTypa CIpHsE CTBOPEHHIO 3py4YHOTO,
e(eKTUBHOI'O Ta CTAIOr0 MICHKOTO CEepeloBHINA; "po3yMHUH" TpaHCHOPT 3a0e3redye MOKpaIleHHs pyXy H MOOUIBHOCTI, 3MEHIIYE
HETaTHUBHUH BIUTMB Ha IOBKULIA, MiABHUINYyE Oe3NeKy W 3pydHICTh AJISI TPOMAIsH; "po3yMHe" yIpaBIiHHS Bifirpae BaroMuii BHECOK
Yy PO3BHTOK pi3HHX cdep, cnpusirounl e)eKTHBHOMY BHKOPHUCTAHHIO PECYpCiB, Ta MOKpAIIy€e SKICTh KHUTTSA 31 CTAIUM PO3BHTKOM
JUISL HAaceNleHHs; "po3yMHe" OBKILIS YMOXIIHUBIOE 30€peKeHHs MPUPOIHHUX PECYpCiB, 3MEHIIYE HEraTUBHUII BILIMB Ha JOBKIJLIA
Ta 3abe3redye IOKpamIeHHs SKOCTI XKHTTSA JJIsl HaceJleHHs; "pO3yMHI" HMOCIYTHM CIPUSIOTH CTAJIOMY PO3BHUTKY Taily3ed OXOpOHH
310pOB’si, (hiHAHCIB, JIOTICTHKA TypU3MYy, IO JOTIOMAara€ CTBOPIOBATH OUTBII 3pydHe i e(deKTHBHE CEepeAOBHINE IS CHOKHBAYIB
1 IOKpAIIyBaTH SIKICTb 1 JOCTYMHICTD Pi3HUX MOCIYT; "po3yMHi" IO BKIaJAI0Th 3HAYHHH BHECOK Y PO3BHTOK 1 3aCTOCYBaHHS HOBUX
MOJXJIUBOCTEH /Ut po3poOiieHHs iH(opMaIifHUX TEeXHOJOriil y moeqHaHHi 3 I[HTepHeTOM pedeil; "posymHe" XHTTs 3abe3neuye
CTJIHI PO3BUTOK ISl TPOMAJISTH HA OCHOBI BHKOPHCTAaHHS TEXHOJIOTIH 3 ITOKpAIIEHHs acleKTiB IOBCSKIEHHOTO XUTTS; "po3ymHa"
E€KOHOMIiKa CTBOPIOE YMOBH JUIS BITPOBAKEHHS TEXHOJOTIYHHX PIlIeHb 1 cripusie OuIbm epeKTUBHOMY (YHKIIIOBAHHIO €KOHOMIKH
KpaiHu. BucHOBKM. Pe3ynbpraTé HOCTiKEHHS AEMOHCTPYIOTh BIUIUB KOMOIHOBAaHOI CHCTEMH "pO3yMHOTO" MiCTa Ha MOKpAIlEeHHS
PIBHSI SIKOCTi JKHTTS, IO IMOSICHIOETHCS BU3HAYEHHSM BiJMOBIOHOCTI 3 morpebamu i ymoBamu HaceneHHs. OTXe, CyKyIHICTb
KPHUTEPiiB KOXKHOI PO3yMHOI TEXHONOril Jae 3Mory TpaHcOpMyBaTH MICTO B 3arajbHy KOMOIHOBaHy cHCTeMY 3 IHM(POBHM
00CIIyTOBYBaHHSAM IJIsI HANAHHS MOCIYT. 3 OISy Ha 3100yTi pe3ynbTaTh Ta cQOpMOBaHYy HAyKOBY HOBHU3HY MOXKHA CTBEPIDKYBATH,
IO KOXKHA OKPeMa CHCTeMa PO3yMHHX TEXHOJIOTiH 3aJ0BOJIBHSAE Pi3HI MOTPeOM HACENeHHS W MOXKE CIYIyBaTH AJS HOAANIBIIOTO
JIOCITiKEHHS 1II0/I0 CTBOPEHHs 11 poBoi Mozeni "MicTa Mail0yTHBOr0" i3 3aTyueHHSIM BiIOBITHOTO IPOrPaMHOTO 3a0e3MeueHHsI.
KorouoBi ciroBa: indopmaniitHi TexHouoril; [HTepHET peueif; po3yMHi TeXHOJIOTii; KOMOiHOBaHa cucTeMa; ""po3yMHe"” MicTo.

Beryn OOYMCITIOBAJIbHAX ~MAaIllWH, $Ki B CY4YacHOMY CBITi

BUKOPHCTOBYIOThCS B iH(popManiiHux TexHomnorisx (IT).

3a ocranHi 20 pOKIB JIIOACTBO CTalO CBiJKOM VYHACHIIOK CHOCTEpiraeMo OibII MHPOKE 3aCTOCYBAHHS
3HAYHOTO TPOTPECY, 3YMOBICHOTO ITOSBOI0 KOMIT FOTEPHUX IT ta ix mnoennanus 3 Inatepuerom peueir (IP)
TEXHOJOriH Ta iX MoxumBocTed. lLle moscHIOEThCS y TOBCAKACHHOMY XHTTI [1]. 3i CTpIMKHM pO3BHTKOM
PO3BHUTKOM Ta  BIOCKOHAJCHHSM  BHMIipPIOBAIBHO- HayKd W TEXHOJIOTiH, IHTepHeT-iHIyCcTpis mnepeOyBae
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B CTaHi Oe3mepepBHOrO0 pedopMyBaHHS, € IHTEpPHET-
TeXHOJOrii W Micbke OyAIBHULTBO BiJKPWJIO HOBI
MOJKJIMBOCTI [UIS TTOANBIIOTO CIOPYIKeHHS "po3yMHUX"
Mict [2]. Po3pobku y chepi IT pobusits Baromuii BHECOK
Y PO3BUTOK MICT Ta ITOKPAIICHHS JKUTTS U1 HACEIICHHS,
IO TOSICHIOETHCSI OaraTo(yHKUIHHICTIO, €()EeKTHBHICTIO
Ta 3PYYHICTIO, SKi HAMalTh [T-pilreH s 3 METOI0 YCYHEHHS
npo0iem, 3 IKUMH MOXKYTh CTUKAaTUCs MicTa [2, 7]

"Po3ymui" wmicta y moennanHi 3 IT Ta IP 3HagHO
BIUIMBAIOTh HA PO3BUTOK MICT i3 MOKPAIICHHSIM SKOCTI
JKATTS I HacedeHHs. L{i iHHOBamiiHI TEXHOJOTIT
3a0e3MeuyIoTh MiJBUIICHHS e(QEeKTUBHOCTI, 3pPYYHOCTI
Ta Oesmekn 1A MiChKOTO cepenosuma. Hampukman,
IP MOXyTh IIMPOKO BUKOPUCTOBYBATUCS ULl EHEPIETUYHOIO
cexktopy [2, 3], oxopoHu 3mopoB’s [4], exomorii Ta
JUIs  BHUPIMIEHHS  €KOJIOTIYHMX Ipo0ieM  MiChbKOTO
cepenoBumia [5], aBTOMAaTH30BaHUX CHUCTEM YTIPABIIHHSI
pecypcamu [6], 0 B CYKYITHOCTI TOETHYE B 001 pO3yMHI
TEeXHOJIOTii JUIA TIOKPAIIeHHS SAKOCTI KuTTS  [7].
Tomy onHi€l0 3 mepeBar BUKOPHUCTAHHS pPO3YMHHX
TEXHOJIOTI st "po3yMHHX" MICT € TIONIMIICHHS
IHQPACTPYKTYpH Ta IPOMaJICBKHX MOCIHYT, IO OB’ SI3aHO
i3 3aCTOCYBaHHIM CEHCOpPIB Ta 3’€THAHHAM 3 MEpeKaMu
IP nnst oTpuMaHHS TIOKa3HMKIB PIBHS 3a0py/HEHHS
TOBITPSI, BAKOPHCTAHHS EIEKTPOSHEPTii Ta BOIIH, a TAKOK
3a0e3Me4YeHHsT CHCTEM MOHITOPHHTY pPyXy TpPaHCIOPTY
Ta IHIII BaXJIUBI CHCTEMH, SKi MOXYTh Oe€3MmocepemHbo
CTOCYBAaTHCSl MICBKOTO cepesloBHIa. Taki TMOKa3HUKH
JIAl0Th 3MOTY BEJIMKHMM HACEICHHM ITyHKTaM 3/iHCHIOBATH
OoOIpyHTOBaHE IJIaHYBaHHS PO3BHUTKY, PpalliOHAJIBHO
BHKOPHICTOBYBAaTH PECYPCH, TIOKPAIyBaTH PiBeHb KOM(OPTY
JUTSL HACCJICHHS Ta BIIOCKOHAITOBATH SIKICTB KHUTTH [2, 7].

CucreMu MOHITOPHHTY TPAHCIOPTY Ta JOPOKHBOTO
PYXy B IpOMaJICBKOMY CEpEJOBHII € BIIHOCHO HOBHMH
TEXHOJIOTISIMM I 3a0e3ledeHHss Oe3leKH CII0CoO0M
MOCTIHHOTO CIIOCTEPEXXEHHS 3a IOMOMOIO HU(PPOBHUX
TEXHOJIOTiH (BiZeokamep Ta CHCTeM croBimeHHs) [8].
CucreMy MOHITOPHHTY TIpH3HA4YEHI ISl TPOBEACHHS
BiJICOCIIOCTEPE)KEHHSI Ha BYJIHIAX 1 B TPOMAJCHKHUX
NPUMILIEHHSX, IO JA€ 3MOTY 3HU3UTH PU3MK BHHHKHEHHS
HENPUEMHUX  IHOWICHTIB, aBapii 31  IIBHIKAM
pearyBaHHsM Ha HUX. Harpukiaz, BUKOPUCTaHHS CUCTEM
MOHITOPHHTY BHSBIISIE 3aTOPH B peaJbHOMY dHaci
Ta MPOBOJUTH aBTOMATHYHE YIPABIIiHHS CHTHAJI3alli€ro
cBITIIOQOpIB, IO crpuse e(PeKTHBHOMY ITOIIMIICHHIO
PYXy MICBKOTO TPaHCIIOPTY Ta 3MEHIIYE HaBaHTAXKCHHS
Ha opor# [9].

"Po3ymHI" MicTa CTUMYJTIOIOTH 1HHOBALLIT Ta PO3BUTOK
raiy3eit IT MichKOro cepemoBHINA, a TAKOX BiAIrparTh

Ba)XXIMBE 3HaueHHs uig [T-koMma”ii Ta MOJIOIMX

¢axiBmiB, moO 31 CBOrO OOKYy CIpHIE EKOHOMITHOMY
3POCTAHHIO MICT. YHACHIJOK [OTO MICTa CTAIOTh OLIBII
KOHKYPEHTOCIIPOMOYXHUMH B TJIOOATEHOMY €KOHOMIYHOMY
cepenoBui it mpuBadmooTh iHBecTulii [10]. Came Tomy
"po3ymHi" MicTa Ta [P 3HaYHO BILIMBArOTH HAa PO3BUTOK
MICT 1 TOKPAIIYIOTh SIKICTh KUTTS HACEJICHHSI, JIOTOMAararoTh
MIBUINUTH e(EeKTUBHICTh Ta O€3MeKy, IONIMIIYIOTh
IHGPACTPYKTYpPy Ta KOMYHAJIbHI TOCIYTH, CIPHSIOTH
IHHOBAI[iIIM Ta €KOHOMIYHOMY 3pocTaHHIO. [lommpeHHs
3a3HAYCHHUX TEXHOJIOTIH Y MiCTax, Oe3MepedHo, € KIHUeM
IO CTBOPEHHS OUIBII  CTAaloro, TEXHOJOTIYHOTO
1l KOM(OPTHOTO MICHKOTO CEPEeIOBHIIIA.

CyuacHuii craH po3Butky IT Ta BnpoBamkeHHs IP
B €IWHY CHCTEMY '"PO3yMHOTo" MiCTa MICTUTh Oe€3Jid

(dakTopiB, SKi MOXYTh CHPUYWHUTH TOPYIICHHS I

Ha T[IOYaTKOBOMY eTami po3pobinenHs. Hampukian,
Yy TPOEKTYBaHHI  IHTEPHET-3aCTOCYHKY  HEOOXiTHO
3BaAaTH Ha JW3aiiH, KOPHUCTYBallbKUH 1HTepeiic,

3’€HAHHS 3 Mepekero [HTepHeT Ta MPOTOKOIU Oe3IeKH,
Jle HEBUKOHAHHA OJHOTO 3 TIEpEiueHUX IYHKTIB
MOXK€ CIPHYMHHUTH 301 y CHCTeMi Ta 1O BHTOKY
koHpineHuiiHol iHpopMamii. [HIIT mMpobiaeMu MOXKYTH
OyTH TIOB’A3aHI 3 €Hepro3abe3MeueHHsAM IPUCTPOIB
IP (maT4mnkiB), OCKIJTbKH BOHU MAlOTh HETPUBAINI TEPMiH

6e3nepe0biitHoi poboTH.

AHaJi3 ocTaHHiX A0caizkeHb Ta myOaikamiit

3a jmeskuMH OLiHKaMU, sKmo a0 2050 p. 61au3bpKO
65 % HacelmeHHS BCHOTO CBITYy JKHTUME Y BEIHKHX
MicTax, I CHPUYUHHUTH 3HAYHUH MPUPICT KUTBKOCTI
HaCeJIeHHs, IO TOTpeOyBaTUME BIIPOBAKCHHS TEHICHIIIH
CTIHKOTO PO3BUTKY y BEIMKUX MICTaX 3 €(EeKTHBHUM
MicreBUM ympaBiuiHHAM. OfHaK cydacHa TIpaKkTHKa
MICIIEBOTO PO3BUTKY Ta YIpaBJiHHA HE CIIPOMOXKHA
3araJbMyBaTH JEAKi 3arpo3MBi HACTIIKA HECTIHKOi
ypOaHizailii, MO YHEMOXIHUBIIOE TMOKPAUICHHS SKOCTI
KHUTTS AT HaceleHHsA. ToMy 3 MeTor 3a0e3MmedeHHS
W TIOKpalleHHs PiBHS SIKOCTI XHUTTS po3rsifaiorses [T
3 moeHaHHIM [P, mo 06’ enHy€e B c0o0i 3araibHy CHCTEMY
YOPaBIiHHS JUIi CTBOPEHHS PO3YMHHMX TEXHOJIOTiH
Ta "po3ymHux" mict [11].

VY pobGoti [12] onucyroThes MPOCTI HAOOPU TaHUX
MICTa Ha  OCHOBI

PO3yMHOI0O InTepuery  peueit

(aBTOMOOUTEPHA ~ Mepexa, "po3ymHe" — MapKyBaHH:,
"po3ymMHHI" IiM, 3a0pyIHEHHS MOBKIJUIA, MOHITOPWUHT
MOTOJIN), M0 PO3MIAAAOTHCSA SK aHaNi3 JJIs CTBOPEHHS
"po3yMHOT0" MiCTa 3 pIMIEHHSM MIiCHKOTO ITUIaHYBaHHS.
ABTOpHU 3alpoNOHYBaJIM apXiTEKTYpy, IO CKIANAETHCS

3 YOTHPHOX piBHIB, a came: (yHKmii 300py, arperarii,
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3B’S3Ky, OOpOOJICHHS Ta iHTEpIpeTarii 3 BUKOPUCTAHHIM
TexHojorii Hadoop ta Spark, mo nae 3mory o0po0asitu
iHpopMaIifo B pealbHOMY daci. 3ampoIoHOBaHa
apxiTeKTypa 13 CHCTEMOIO JalTh 3MOTY HaJaBaTH
e(eKTHBHI pe3yJIbTaTH, MPALIOIOYH 3 BEIMKHM HaO0OpOM
JIAHUX, WI0 TOSICHIOETHCS IPOIyCKHOI — 3/1aTHICTIO
CHUCTEMH, sIKa 30UTBIIYETHCSA 31 30UIBIICHHAM pO3MIipy
nanux. OmHaK [UIs TOTo, 00 pealti3yBaTH 3alpOIIOHOBAHY
apXITEKTypy, HEOOXiIHO 3BepHYTHM yBary Ha Oe3IeKy
nepefadi iHpopMalii Ta MpOaHaNi3yBaTH BCI MOMKIIHBI
BapiaHTH ii BUTOKY, II0 CTaBUTH IIiJ 3arpo3y iCHyBaHHS
Ta KOPUCTYBAHHS TaKOIO 3aIIPONOHOBAHOI0 CUCTEMOIO.
OuiKyeTbCs, 10 PUHOK "pO3yMHUX" MICT y HAHOMIDKI
20-25 pokiB TepeBUIINTH TMO3HaKy 1,8 TpuibiioHa
JONIapiB, TPOTE B3AEMO3B’S30K MK  BIPTyaJbHOIO
Ta (i3uUHOI 1H(paACTPYKTypor 3abesnedye poOOTy
"po3ymHOTO" MiCTa, IO CTBOPIOE HOBI PHU3HUKH
Ut KibepOesneku. Y po6oti [12] momaHi pexoMmeHaarii
moao KoHQIACeHIIHHOCTI Ta Oe3meku B '"po3yMHHX"
MicTaX. ABTOPH HAaroJOmyIOTh, IO 3 KOXHOIO
JONATKOBOIO TOYKOIO JOCTYNy Bpas3IHBICTb YYTIHBOL
iHpopMmarii 3pocrae, a "po3ymHi" MicTa MOXYTh OyTH
YHCICHHUX  METO[iB

Bpa3IMBUMHU IO kibepaTak,

HalpHKiaJ, BiJjaleHe KOPHCTYBaHHS Ta TJIyIIiHHA
CHUTHANIB, 3aBaHTAXCHHS MIKiJIMBOTO IPOTPAMHOTO
3a0e3meueHHs,
Y mpami  [12]

cyyacHuxX "po3yMHuX" TexHoJoriii y moenHanHi 3 IT

MaHinymsmii 3 iH(QopMaIli€lo  TOIIO.

HAroJIOUIy€eThCs, IO 3aCTOCYBAaHHSA
miABHIye Oe3reKy, 3MeHIye Tpadik, 3HIKYE PpiBEHBb
3a0pyJHEHHs JOBKUUIL Ta MOKpally€ 3aralbHUH CTaH
SKOCTI KUTTS JUIS1 HACEJICHHSL.

Jesiki 3 J0CIiDKeHb 1al0Th 3MOTY BHKOPUCTOBYBATH
TEXHOJIOTIi OJ0K4YeiiH y "po3yMHOMY" MICTi IS CTajIoro
PO3BUTKY ¥ ympaBiiHHS MicroM. Y poborti [13] aBTOpm
MIpoaHaJi3yBall MOXJIMBICTh, SIK MiCTa 3a IOMOMOTOIO
TEXHOJIOTIi OJIOKUEHHY MOXYTh BJOCKOHAIIIOBATHCS
B Oaratpox cepax, HapHKIaI, MOOUTBHICTD, KOMyHAITBHI
TIOCITYTH, YNPABIiHHS, PECYpCH Ta JIOTICTHKA. ABTOpH
CIPYKTypY
Mmicta Ta OJOKYeiiHy CIOCOOOM ONUTYBAaHHA CEpex

3aIpONOHYBAITH igTerpamnii  "po3ymHoro"
3HAYHOI KIJBKOCTI HACeJeHHS i1 TOro, mo0 BHABUTH
CHOPUNHATTA TpoMajgsHaMH "po3yMHOro" Ta CTanoro
PO3BHUTKY MiCTa 3allpONIOHOBAHOI CTPYKTypH. BomaHouac
y poboti [14] Ha OCHOBI KPUTHYHOTO aHAI3y aBTOP
TOCTI/IKY€, SK HEIOCTAaTHRO BHUBYCHHH B3a€MO3B’SI30K
MiX "po3yMHICTIO" Ta "CTaJicTIO" B KOHTEKCTI MICHKOTO
PO3BUTKY MOXYTh MaTH pPO30LKHOCTI, IO, IMOBIPHO,
CHPUYUHUTH TapaJieNbHI PEKUMHU CTalOCTi YHACHiJIOK
HEBIAMOBIAHOCTI PO3YMHUX TEXHOJOTIH 1 CYCHITBHHX
(dbopMyBaHHS  KOMILJICKCHOTO

motpe6. Tomy s

PO3YMIHHSI B3a€MO3B’SI3Ky MK PO3YMHUMH TEXHOJIOTiSIMH
Ta MICBKUM JKUTTSIM, y crarti [15] po3risnarorses
Ta aHAN3YIOThCA PO3YMHI TEXHONIOTIi B IIHPOKOMY
pO3YMiHHI, J€¢ MPHUKIAJAOM 3aCTOCYBaHHS  TaKUX
TEXHOJIOTIH MOXYTh OYTH 3aCTOCYHKH IJISI CMapTQOHIB
1 HaKONWYyBaJibHI NPHUCTPOI-HOCIT (CMapT-TOIUHHUKH,
ABTOHOMHI ~ TPaHCHOPTHI  3aco0HM,  iHTEIEKTyaJbHi
TpaHcropTHi cuctemu, BILJIA, poboru i "pozymHi"

OyZIWHKH), III0 TEHEPYIOTHCS] PO3YMHUMH TEXHOJIOT1SIMH.

IMocranoBka npoodiaemu.
Merta po6oTu i 3aBAaHHS

Y posButky MmicT 3a gomomorono IT e O6e3miu
MOXJIMBOCTEH, IIO TMOPOJUKYIOTh HOBI BHKIHKH IS
BUpilIeHHs npoOusieM. Jlo HalObII MOMMPEHUX MHTaHb
iHppaCTPYKTYpH,
He3a0e3MeUYeHICTh HaCeNIeHHs! JOCTYIIOM 0 TEXHOJOTIH,

HAJIEKUTh HENOCTAaTHS  KUIBKICTH

mpobmemu 3 KibepOesmekoro Ta KOH(DIICHIIHHICTIO
iHpopmMallii, a TakoXK TEXHOJOTIYHMMH IHHOBAIISIMH,
SKI CTaBIATH Tix 3arpo3y 30€pekeHHS iCTOPHYHOL
Ta KyJbTypHOI CHaAUIMHU MicT. TakoX HEOOXiqHO
30aJaHCyBaTH BIIPOBAKCHHS TaKHX TEXHOJIOTiH, 00
YHUKHYTH 1IU()POBOTO PO3PHBY, KOJIHU JIESIKI KOPUCTYBadi
MaTUMyThb JOCTYNl 1O IHHOBamid, a iHmi Hi.
Tomy HeoOXigHO BHpILlyBaTHW Ii BUKJIMKKA Ha piBHI
TIOJITUKY, IHPPACTPYKTYpH Ta IOCTYILY 10 HABYaHHSI.

Po3pobinenns "po3yMHHX" MICT i3 BUKOPHUCTAHHSIM
IP  TakoX CyHNpOBOJKYETBCS HOBUMH BHKIIHMKAaMH,
10 BU3HAYAIOTHCSl TAKUMH YHHHUKAMH:

1) kibepOe3rnieka (3pOCTaHHS KUTBKOCTI MIAKITIOYEHNX
MIPUCTPOIB CTBOPIOE O1NIBIY BIPOTIAHICTD AJIsl Kibeparak),
sKa TOTpedye 3axUCTy B HECAHKI[IHHOTO JOCTYILY
Ta 3JIOMIiB, OCKUIbKH BpPa3JIMBICTh OJHOTO IPHCTPOIO
MOXKE TIOCTaBUTH IIiJ 3arpo3y Bci IHIN TpUCTPOI
B HasBHIM CHUCTEMI;

BEJIMYE3HOL

2) xoHOineHHmiIAHICTH maHuUX (30ip

KUIBKOCTI  iHGOpMaIii BiJ MiJKIIOYEHUX MPUCTPOIB

3MaTHUA  TOPYMIUTH  OCOOMCTYy  KOH(]IICHIIIHICTD

KOPHCTYBAaYiB), 110 MOXe 3a0e3meuyBaTucs e(peKTUBHUM
30epiraHHsAM Ta 00poOneHHsM iHpopMamii Ha OCHOBI
BUKOPHCTAHHSI CTaHAAPTIB KOH(1NEHIIHHOCTI;

3) craHmapTuzamis (BiICYTHICTB €IMHOL
CTaHOapTH3aIlil MOKEe MPHU3BECTH [0 PO30ILKHOCTEH
MDK TpPHUCTPOSIMH Ta CHUCTEMaMH, IO, IMOBIpHO,
YCKIIATHUTH TX B3a€MOJIII0 Ta IHTErpalliio);

4) eneprozabesneuyenns (Oe3miy mnpucrpoiB [P
MaloTh OOMEXeHY TOTYXKHICTb 1 JKHBJIEHHS Bix OaTapei),
3aBJIaHHAM 3a0e3rnevyeHHs

SAKOIro € e(I)eKTI/IBHOFO
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VOpaBIiHHS €HEeProCIOKHUBAaHHIM, 100 HE 0OMEXyBaTh
(YHKUIIHICTD Ta MPOIYKTUBHICTH CUCTEMH;

5) ympaBiiHHA pecypcaMu (PO3MHUpEeHHs "pOo3yMHUX"
MicT Ta BUKOpucTaHHS [P BuMarae mOTYXHHX
00YHCTIOBAIEHUX PECypCiB Ta iIHPPACTPYKTYpH);
(peanizamis MiCT Ta

6) BapricTh "po3ymMHHX"

[P-cuctem Moxe OyTH JOpPOTMM 3aBJaHHSIM, IO

MOB’5I3aHO 31 BCTAHOBJICHHSM 1 OOJALITyBaHHSIM HOBHX
MIPUCTPOIB Ta IHPPACTPYKTYPH);

7) nroncekuii  dakTop (ycmiX TakMX MPOEKTIB
0e3nocepeHbO 3aJCKUTh Bil MPHHAHATTSA Ta 3aTydYeHHS
HACEJICHHS 10 BHUKOPHCTAHHS HOBHMX Ta IHHOBAI[IHHUX
TEXHOJIOTIH, HEIOIIbHE HaBYaHHSA a00 HEBiANOBiAHA
MiATOTOBKA MOXKE CTATH MEPEIIKOIO0N0).

IIpeaMer nocailsKeHHs] — BUKOPUCTAHHSA METOIIB
1 MOMJIMBOCTEH IH(QOPMAIIHHIX TEXHOJIOTIH, a TaKoX
€IeKTPOHHUX  MPHUCTPOIB-HOCIiB  [HTEepHETY  peueit
JUIl  pO3pOOJICHHST KOMOIHOBaHOI CHCTEMH 3 METOIO
BU3HAYCHHS 1X 0COOIMBOCTEH.

MeTor0 po0OTH € JOCTI[KCHHS Ta aHami3
BUKOPHCTAHHSA PO3YMHHX TEXHOJIOTiH i "po3ymHOro"
MicTa Ha OCHOBI KOMOiHyBaHHS iH(opManmiiHUX
TEXHOJIOTI Ta TPHUCTPOiB [HTEepHETY pedeir, a TaKoX
BU3HAUYECHHS KIIOYOBHX KPHUTEPIiB PO3BHUTKY CYYacHHX
MICT i3 BIUIMBOM Ha TMOKpAIIEHHS SKOCTI JKHUTTI
HaceleHHA. BinmnosizHo m0 Metu chopMOBaHO Taki
3aBJaHHA: PO3TIIIHYTH OCHOBHI MOMJIMBOCTI 3aCTOCYBaHHS
iH(opMaLifHUX TEXHOJIOTIH y TIO€/IHAHHI 3 ENeKTPOHHUMH
BUMIPIOBATEHO-00UNCITIOBAIBHUMH TIPHCTPOSIMA [HTEpHETY
pedeii; BH3HAYUTH OCOOJIMBOCTI MOOYJOBH Mojenei
iH(pOpPMAIIfHUX TEXHOJOTIH 3 MiAKIIOUYESHHIM MPHUCTPOIB
InTepHeTY peueli 1o KOMYTaLIHHIX MEPEX; MPOaHasli3yBaTH
apXITeKTypy TYMaHHHX 1 TPaHWYHHX OOYHCICHb IS
npucTpoiB IHTepHETY pedeid; 3°sicyBaTH OCHOBHI PHU3UKH
i mpobimemu 3 muTaHp KibepOesmeku i3 mmdpyBaHHIM
iHpopmarnii npuctpoiB [HTepHETYy pedell 3a JHOMOMOTO0
CHEIiaJbHAX ANTOPUTMIB; BH3HAYUTH OCHOBHI KpHUTEpii
KOXKHOI OKpeMOi CHUCTEMHM pPO3YMHHMX TEXHOJOTIH s
"po3yMHOr0" MicTa; Ha OCHOBI BHOKPEMIICHUX KPUTEPIiB
3’CyBaTH JONUIBHICTh OTPEO 13 MOTPeOAMU HACEIICHHS.

AKTyaJIbHOI0 Mpo0JIeMOI0 € BH3HAYCHHA Ta

BUBUCHHS ~OCHOBHHX MOXJHBOCTEH  BHKOPHUCTaHHSI
PO3YMHHX TEXHOJIOTiH 3 METOI0 BHSABICHHA NpoOIeM,
SKi TIOB’s3aHi 3 JOUIIBHICTIO 3a0e3ledeHHs mnoTped
UIT  HaceleHHA. Y i

poOOTi  pO3TIIAIAETHCS

Ta JOCHIMKYETbCS BIUIMB KOMOIHOBAHOI CHUCTEMHU
i3 CYKYITHICTIO PO3YMHHX TEXHOJIOTi Ha MOKpaIIeHHS
SIKOCTI JKUTTSl 3 BUKOPHUCTaHHSM BOCBMH PO3rajly)KEHHX
cucreM, a came: "po3ymHa" iHPpacTpykTypa, "po3ymHa"

€KOHOMIKa, "po3yMHe" NOBKULIA, "po3yMHe" yIIpaBiiHHS,

"posymHHIA" TpaHCHOPT, "po3yMHi" mociyrH, "po3yMHi"
moan Ta "pozymHe" kuTTs. CyKymHICTH KpHTEpiiB
KOKHOT OKpeMOi CHCTeMH HEOOXigHO MpoaHali3yBaTh
# BHM3HAYWTH BIAMOBIAHICTH OO MOTPEO HACCICHHS
IUTSA TOTO, 00 KOMOiHOBaHa cucTeMa "po3yMHOro" Micra
MaJia 3MOTy 3a0€3MEeYUTH HACEICHHS YMOBaMH, 3aTHUMH
MOKPAIIUTH SKICTh XKHUTTSL.

HaykoBo0 HOBH3HOIO pOOOTH € pPO3POOIICHHS
Ta BIPOBADKECHHS KOHIENINi KOMOIHOBAaHOI CHCTEMH
"po3ymMHOro" Micta Uis 3aIOBOJICHHSA MOTpPEeO cepen
HACEJICHHSI Ta MOKPAIICHHS PiBHS SIKOCTI YKUTTS.

Martepianu it MmeToau

MatepiataMmu B Iiif  CTaTTi  PO3TIAAAIOTHCS
€JIEMEHTH Ta MPUCTPOI mepenadi iHpopMamii — TaTIYUKH
oB’s13aHI  MDK ~ co0o0r0

Ta BHKOHaBYI HPHUCTPOI,

B KOMOIHOBaHiil cUCTEMI pO3YMHHX TEXHOJIOTI SK HOCIiB
iHpopmarii, 1O
30epiraHHs Ta BUABJICHHSA mpoOiieM. OCHOBHI METOIU

BUKOPUCTOBYETBCA I nepez[aqi,

MicTSATh TOOYJOBY ABOX CHCTEM, a CaMe 3acTOCYBaHHS
IT 3 migkmodeHHsM mnpuctpoiB [P mo komyTtauiitHux
Mepex ansd o0poOieHHs iHpopmamii Ta moOymoBa
apXiTeKTypu TYMaHHUX 1 TpaHWUYHHX oOuucienp [P
IT. Oxpim

crucna iHpopMallis npo KoH(QIAEHIIHHICTE Ta Oe3neKy

3 34CTOCYBAaHHAM TOTO0, HABOAUTHCA

3 MUTaHb KibepOe3neKH.
Enemenmu Inmepnemy peueit

AnapatHuil eneMeHT mnpuctpoiB IP ckmagaerscs
3 matyuka (110 Mae KHUBJICHHS Bix 0arapei), BAKOHABYOIO
MeXaHi3My ¥ cuctemu 3B’s3Ky. ODYHKIiS JaTduka
oJIsirae B 30MpaHHI MOKA3HUKIB 13 IEBHOTO CEPEIOBHUIIIA.
Takumu MOKa3HUKAMH MOXYTh OyTH IIBHUAKICTH TOTOKY,
TeMIlepaTypa, TUCK, (i3UYHI pyXH, BiCTaHb, Maca TOLIO.
3i0pana iHpopmarist 0OpoOIsEThCS HA MPHUCTPOT, MicCIst
Yoro BOHA MOKe OyTH BiAmpaBieHa Ha BiggayicHi
cepBepu uepe3 Mepexy 3B’s3ky [17]. Ha puc. 1 mogano
CTPYKTYpy B3aemomii IP 3a momoMoror KomyTariifHHX
MEpeX Pi3HOTO 3aCTOCYBaHHS.

Hartunkn € mpuctposmu [P, 3matHumu 30upatu
HEOoOXiTHy

Ta  HepepodIIATH iHpopMmamito I

nepegadi  MPUCTPOSIM-OTPUMYBadyaM, OTXKE, JaTYHUKU
€ EHEeproeMHUMHU mpucTposMu cuctemu [P. €auHum
1 CyTTEBHM HEIOJIIKOM JUIS TOBHOIIIHHOTO BIIPOBAKEHHS
texHosorii IP € oOMexxeHHs yacy aBTOHOMHOI poOoTH
MPUCTPOIB. 3a JIOMIOMOTOI0 BHICOKOTO  CITO’KMBAHHS

eHeprii 31iHCHIOEThCS 30ip 3HAYHOT KiIbKOCTI iH(popMarii
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3 TOJAIBIIAM OIpamtoBaHHAM. KiTbKICTh 1 TOYHICTH
iHpopMmarii Oe3nocepesHbO 3aJEKHUTh BiJl 0OMEKEHOTO
TepMiHy CITy>kOm OaTapei, sIKy HEOOXiIHO TepiogHmYHO

3apsypKaTH UTA HaOiliHOCTI Ta OesmepebiitHocTi poboTH,
0 € MpOoOJEeMaTHYHUM JUIS BHUKOPUCTAHHS MUIBSPIIB
B32€MOTIOB’SI3aHUX OJWH 3 OJHUM TpUCTpoiB [17].

Puc. 1. MoxuuBicts 3actocyBanns [T 3 migxmoueHHsIM TpucTpoiB [P 1o komyTamiiHuX Mepex i3 MeToro 00pobieHHs iHdopMarii.

Jxepeno: chopMoBaHO aBTOpaMHu Ha OCHOBI [17]

Apximexkmypa mymannux i 2panuuHux
obuucnens ona IP

KommnekcHa (puc. 2)

IPYHTYETBCSl Ha CyYacHId OOYMCIIOBaNBHII apXiTeKTypi

apxiTeKTypa TyMaHy

Ta Mae TpU OCHOBHI piBHI mepenaui indopmanii: xmapa,

TymMaH 1 kpad. J{ng HamgaHHI MEPEKHHX TMOCITYT

MIK XMapor Ta TYMaHOM pO3TallOBaHa OIMMOpHA MEpEKa,

XMapa po3MillleHa Ha BepXHbOMY PIBHI sijipa i BifganeHa

Bil TPaHWYHUX NpPUCTPoiB. TyMmaH pO3TAIIOBaHUIH

Ha CepeJHbOMY pIiBHI Ta OKYe J0 TIpaHUYHHX

MPUCTPOIB, HDK XMapa, 1€ KOXEH BY30J TyMaHy

MIIKTIOYCHUH 70 XMapu W 3’€mHaHi MK C0O00I0,
IO CBIJYUTH NPO HASBHICTH 3B’S3KY MK TyMaHHUMH
OOYHUCIICHHSIMH, TyMaHy

TyMaHy 3 XMapom Ta

3 TpaHUYHUME o0UrCcIeHHIMH [18].

Puc. 2. ApxiTekTypa TyMaHHHX i TpaHHYHUX oOuncieHs 1 [HTepHeTy pedeit i3 3acrocyBanHsam IT.

JDxepeno: chopMoBaHO aBTOpaMu Ha OCHOBI [18]
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XMmapa  CKIaHa€TbCi 3  BHCOKOIPOIYKTHBHHX
cepBepiB 1 NpPUCTPOIB 30epiraHHs BEIUKOro o00csry
iHpopmamii ams ii oOpoOmeHHs Ta aHamizy. Xmapa
€ UeHTpOM 30epiraHHs  BIJJAJICHOTO  KOHTPOJIIO
Ta YIPaBIiHHS i Ja€ 3MOTy 0OpPOOIIATH CKIIAIHI 3aBJIaHHS.
Hancunanss iHdopMaltii B XMapy MOXKIMBE 32 JOIOMOIOIO
BUCOKOIIBHJIKICHOTO 0€37pOTOBOTO it APOTOBOTO 3B’ S3KY.
Xmapa sik cxoBulle 3abe3nedye 30epiranHs iHpopmalii
JUIL  3aJ0BOJICHHS MOTpe0 KOPUCTYBadiB, A€ TaKOXK
3MIHCHIOETHCS IHTENEKTya bHUI aHaJi3 JaHuX.

Ha Bigminy Big xmapw,

TyMaH CKJIaJa€TbCA

3 MepeXi B3aEMOIOB’S3aHMX  BY3JIB  TYMaHHHX
o0YrcIeHb 1 Jae 3MOTy 3a0e3MEeYUTH TEOpO3MOALICHY,
HU3bKY 3aTPUMKy B OOpOOJIEHHI Ta mepeaadi AaHUX.
KokeH By3om TymMaHy € pecypcoM IeHTpY 30epiraHs
epemeproi  iHpopmamii. Tymannma Xxmapa copuse
MEpeXHUM TpaHCHOpPMaIisiM, a OCHOBHUMH (YHKIISIMHU
€ 30upanHs iH(opMarlii, ii 3aBaHTaXXCHHS Ta 30epiraHHs,

oOurcneHHs Ta ynpasmiHas [18].

Kioepoe3nexka ma wiugppyeannsa ingpopmauii
Inmepunemy peueii 3a 00nOM02010 AN2OpUMMIE

Hns 3axucty iHdopmauii TyMaHHUX OOYHMCIIECHBb
3aCTOCOBYIOTHCSI OJIOKOBI aNTOPUTMH IMUGPYBAHHS, SKi
CIIPUSIIOTH Ti/IBUIIICHHIO 3aXHCTy 00po0ioBaHoi iHdopMartil
MK nipuctposivi [P [20]. 3mificHeHHs mporiecy mmppyBaHHS
Ta aemu@pyBaHHs 3a JIOIOMOrO0 OJIOKOBUX aJrOPUTMIB
BiOYBa€THCA 3 BUKOPHUCTaHHAM MoBH C++, po3pobieHol
Ha OCHOBI miardopMu 3 0i0NIOTEKOI0 CKPUMNTIB, 1 Ja€
3MOTY 3IIHCHHTH IPOTpaMHy Ta amapaTHy peaizalliio.

Jns  mporpamuoi peamizamii OJOKOBHX aJITOPUTMIB
mmdpyBaHHS MOXYTh 3aCTOCOBYBAaTHCS IPOTpaMHi
3abesneueHHs Python 1 Matlab 13 BOynoBaHOIO

6ibmioTexoro ckpuntiB. i MaTeMaTHYHOI ONTHUMIi3aIii

Ta OpIEHTOBAHOCTI HAa BH3HAYCHHSA  PO3PSIHOCTI
wiaTGopMu anropuT™My mH(PyBaHHS BUKOPUCTOBYETHCS
mporpamHa peanmizamis. [yisg  anmapaTHMX — omepartiit
Ta TPUCKOPEHHS MPOIIECiB OOYMCICHHS 3 00pOOICHHIM
iH(opmariii peaiizariis,

3aCTOCOBYETHCA ariapaTtHa

0 MICTUTh CydYacHI TMPOIECOPH, TIOTYXHi IUIaTH
ta BigeokaptH. CyTTeBa pI3HULIS MK IPOrpaMHOIO
Ta amapaTHOI peaji3alli€l0 MOJAIra€ B IIBHIKICHUX
MOKa3HUKaX IiJi 4ac BHUKOPHCTaHHS PI3HOT JOBXHUHH

KITF09a OJIOKOBOTO anroputmy [20].
"Poszymnue' micmo

OO0’€eKTOM JOCIIZKEHHS € "po3yMHe" MICTO — MiChKe
CepeNloBUIlle, Y SKOMY MOXYTh BHKOPHCTOBYBATHUCS

iHpopMamiiHi TeXHONOTII Ta HmaHi A ONTHUMi3arii
(YHKIIIOBaHHS, NOKPAIIEHHS SKOCTI XHUTTSI HAacEIEHHS
Ta 3a0e3MeueHHs CTaJoro po3BUTKY. "Po3ymHue" MicTo
MICTHTB TaKi aCIICKTH:

— iHppacTpykTypa —
iHGPACTPYKTYPHUX PIllICHb, MiTKIFOUECHHX 10 Mepexi IP,

34CTOCYBAHHA Cy4daCHUX

a caMme: JOpOTH, OymiBIi, CHEPreTHYHI CHCTEMH
1 BOJIOIIOCTAaYaHHS;

— TPAHCIIOPT — OMNTHMIi3alis POOOTH TPaHCIIOPTY,
30KpeMa eJICKTPUYHI aBTOMOOLTI, IHHOBALIHHI CHCTEMHU
TPOMAJICBKOTO  TPaHCHOPTY Ta PO3YMHI  CHUCTEMH
yIpaBJiHHS Tpadikom;

— GHepreTHKa — BUKOPUCTAHHS eHepro30epiraabHmuX
TEXHOJIOTiH, PO3MOALN eHeprii, BiAHOBIIOBaHI Kepela
€Heprii Ta MOHITOPUHT eHeproeeKTHBHOCTI;

— BOJIOTIOCTAYaHHS Ta YTWIi3alisg BiIXOIIB —
BUKOPHCTaHHS CHCTEM YIIPABIiHHS BOAOIOCTAYaHHSAM,
3MEHIICHHS BUTPAaT BOJOM, a TAaKOX MOKpaIIeHHs
yTHITi3aIi1 BiAXOiB;

— MJKITIOYEHHS Ta 3’€HAaHHS — BUCOKOIIBU/IKICHHUH
iHTepHeT, 0e3ApOTOBI Mepexi Ta AocTyn Ao iHhopMarii
JUISL TPOMAJISIH;

—ympaBniHHS  iHQopMariero — 11 30ip, aHami3
1 3aCTOCYBaHHS JJIsl BIOCKOHAJICHHS! KEPYBAHHS MiCTOM;

— comianpHa iHTerpamis — 3a0e3ledeHHs IOCTYITY
JI0 TEXHOJIOTiM YCIX BEpCTB HAaceleHHS Ta PO3BHTOK
COLIIbHUX 1HII[IaTHB;

— Oesmneka -

BUKOPUCTAaHHSA CHCTEM

BiJICOCTIOCTEPEIKECHHS, PO3YMHHX CHCTeM  Oe3IeKu
Ta MOHITOPHUHTY;

— YIpaBIiHHS MICTOM — BUKOPHUCTAHHS QHATITHKH
JaHuX JJIsl NPUIHATTSA pillleHb 3 IUIaHYBaHHS PO3BHUTKY
MiCTa, YIpaBIiHHA pecypcaMu, pearyBaHHA Ha KpPHU30Bi

CHUTYyaIlii TOIIO.

PesynbTaTn gociigxkeHnb Ta ix 00roBopeHHs

Indopmaniiini TexHOJOTIi 3MIHUIM PO3BUTOK MiCT
1 TOKpANIMIIN SIKICTh JKUTTS, 1[0 3yMOBJICHO TTO€THAHHIM
TEXHOJIOTISIMH.
VYV Hi#

HABOIATHCSI OCHOBHI MICBKI CHCTEMH, JpKepena (BUXiaHi

MICBKOI ~ CHCTEMH 3  PO3YMHUMH

Posrasinemo gdeski Taki cucreMd B TaOm. 1.

BUKOHABYi OpPraHH) Ta OOIPYHTYBaHHs 3 MOKa3HHKAMHU,
110 € OKPEMHUM CKJIAHUKOM MiChKOi CHCTEMH.

Miceka iH(pPaCTPYKTypa CTOCYEThCSI PO30YIOBAHOTO
CepelloBHIla, 30KpeMa TPAHCIOPTHOI 1H(GPACTPYKTYpH
(moporu, MoCTH, TyHeJi, Micus NMapKyBaHHS, IIIIOXiTHI
iHppacTpyKTypH
BOJOBI/IBEICHHsI Ta CaHITapii, W0 BHKOPHCTOBYIOTHCS

30HH); BOJHOI (BomomocTavyaHHsI,
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JUIE  BOJIOTIOCTauYaHHs, BOJOBIJBEICHHS Ta 3JIMBOBOI
KaHaIi3allii); eHepreTHYHa iHPPACTPYKTYpa 3aCTOCOBYETHCS
JUTS TIOCTa4aHHs eIEeKTPOSHEPTil, ra3y Ta IeHTPaTi30BaHOTO
TEIUIONOCTaYaHHs,
iHppacTpyKTypa
Ta MepepoOICHHS MYHIIUIAIBHUX BiIXOJiB; TPOMaJChKI

a TaKOX JJISL rpoMaJiCbKOro

OCBITJIEHHS; IS 30upaHHsa

OyniBii, [0 BUKOPUCTOBYIOTHCS JUTS CIIOPTY, MUCTELTBA,
KyJIBTYPH, OCBITH, OXOPOHHU 3/I0pOB’Sl Ta aaMiHicTpauii.

Ta6auust 1. Ocrogui nokasnuxu 0 "pozymuozo” micma.

[Toka3HUKH MarOTh MICTUTH LOU(GPOBY MOJAETHh MiCBKOI

iHppacTpyKTypH i3 nudpoBux
incTpymenTiB, Takux sk ['1C (reorpadiuna iHpopmaniiina

3aCTOCYBaHHAM

cucrema) ta BIC (OyniBenbHa iHdopMmamiiiHa cuctema);
MUHAMIYHI TOKAa3HWKW, TOB’s3aHi 3 (YHKIIIOBaHHAM
iHGPACTPYKTYpH, 30KpeMa CIOKHBAHHS PITHHHU, IMOTIK,
TUCK, SIKICTh PIJIMHH, EJIIEKTPUYHA HAMpyra, 4acrora
CTpyMy, TeMIIepaTypa if BOJIOTiCTh.

Ixepeno: chopMoBaHO aBTOpaMu Ha OCHOBI [21]

Micbka cucrema Hxepeno

IMoka3uuku

Micbka Ta MiXKray3eBa
aZMiHICTpaIlis, ITOCTa4aTbHUKH
MICBKHX TOCIYT, MCHEKEPH
00’€KTIB

Micbka iHppacTpyKTypa

[udposa Mozesnb 3 reorpadivHOIO MPUB’I3KO0

IUTSL apXITEKTYpH i KOMIIOHEHTIB (Teorpagivyna
iHpopMariitHa cucTeMa, iHpopMaliiiHe MOIETIOBaHHS
OyniBerns), MOKAa3HUKHU MI0/10 (GyHKUioBaHHS (Tpadik, 3aTopH,
CIIO’KMBAHHS, MOTIK, THCK, SIKICTh, HAIIpyTa, 4acToTa,
TEMIIepaTypa Ta BOJIOTICTh, TOCTYITHICTh)

Micbka aaMiHiCTpaLisl, eKOJIOT1YH1
Ta METEOPOJIOTIUHI CITyKO0Hu
(HeypsimoBa opraHi3alist), MiChKi
HOCTaYalbHUKK 3 HaJ[aHHS MOCYT,
TpOMaJISIHH, IepXKaBHI Opranu

Miceke cepenoBuie

IanuKaTopy 010 3a0pyIHEHHS MOBITPSI, IKOCTI BOAN
Ta IPyHTIB, 010pPi3HOMAHITTS, 30KpeMa 3eJIeHi 30HH,
610JIOTi14YHI BUIH, TOKa3HHKH IPOMAJICBKOTO 310POB’ s
Ta MOKa3HUKU Oe3MeKu

Micbka aMiHICTpaIlisl, 8 TAKOXK
MOCTAYATLHUKH MICHKHX MTOCTYT
(TpaHCIopT, BOJA, CHEPTis,
MYHIIUNATbHI BiIX0AN),
TpPOMaJISIHHU, KOMIaHi{

Miceki mocnyru

TToka3HHUKH 11010 SKOCTI, HATBHOCTI, IOCTYITHOCTI, PU3HKIB
MICBKHX MOCTYT (MOOLIbHICTh, EHEPro- Ta BOJONOCTAYaHHS,
TEJIEKOMYHiKallii, MyHIIIUITadbHI BIAXOIM, CaHITapis,
O0XOpOHA 3JI0POB’ s, OCBIiTa, KyIbTYypPHi, CHOPTUBHL

Ta MUCTEIBKI 3aX0JTH)

['poMasisiHy Ta MOJITHYHI 0cO0H,
HOCTaYalbHUKH MICHKUX MOCITYT
1 CONIAIbHO-eKOHOMIYHIX
cy0’€ekTiB

3arikaBieHi
MPEeACTaBHUKH MicTa

TToxa3HUKH AJI TPOMAJISH 010 MiChKHX ITOKa3HUKIB

(MiCBKI ITOCITYTH, CTpaTerii, 3HaYyIIi IPOEKTH, aHAi3
BIUTUBY, (iHaHcH). [Hopmarist Bix rpomaisH, 30kpemMa

3 BIATYKaMH Ta OLIHKOIO ITPO MiChKi MOCIYTH, GyHKI[IFOBaHHS
MiCTa, SIKiCTh YKHTTs, & TAKOK MPOIO3HUIIT MO0 MOKPAIICHHS

Miceka aaMmiHiCTpalis, OpraHu
JIepKaBHOT BJIa I, TPOMAJICHKI
OpraHu BJIaJid, MEHEKEPU

Ta IpoBaiiiepu comiaabHOT
TiSUTBHOCT1, €KOHOMIYHI CY0’ €KTH

ComianbHO-eKOHOMIYHA
ISUIBHICTH

[Toxa3HuKM MO0 THITY i PO3MOLTY COLIAEHO-eKOHOMIYHOL
ISUTBHOCTI, OTeHIiay OyaAiBeIb, IPOMHUCIOBOTO

Ta IHHOBALITHOTO MOTEHIIIATYy, MPUBAOIMBOCTI MicTa,
HasBHOCTI Ta BUKOPHCTAHHS KYJIbTYPHHUX i CIOPTUBHUX
00’€KTiB, HAsIBHICTh KOMEPLIHHUX 1 IPOMHCIIOBUX 3€MEJIbHUAX
JIJISTHOK, HAasiBHICTh POOOYOT CHITH

3 ommsaay Ha iHpopmamito 3 Tabm. 1 MoxHa

CXapaKTepU3yBaTH CYKYIIHYy CHCTEMY, sKa IIO€IHYE
B co0i IT ta IP, mj0 B CyKymHOCTI CTBOPIOE 3arajbHy
TEXHOJIOTIMN. Ha BiIMiHY

CHCTEMYy  PO3YMHHX

BiJl TpPAJUIIHHOTO YOPABIIHHA MiICTOM, TEXHOJIOTISA

"po3ymHOrO" MiCTa Ma€ IHPHI MOXXIHUBOCTI I
"po3yMHOI" 1H(PPACTPYKTYpH, EKOHOMIKH, YIPaBIiHHS
Ta HamaHHA Tocayr. Tomy "posymHe" micTo 00’enmHye
OKpeMi  CHCTEMHM  pO3YMHHMX  TEXHOJIOTiH, IO
BINIOBIJAIOTh 32 YINPABIiHHSA pPO3YMHUMH CHCTEMH
3 METOI0 YHUKHEHHsI Ta BHpIIIEHHS IpPOOJieM, a TaKoX
HaJaloTh KOPHCTYBayaM MOXIIMBICTh MJIsI CTBOPEHHS
"posymHoro" cycniibersa. [t mporo Oyia moOymoBaHa
MOJZIeNb, 0 00’€IHyEe CHCTEMH 3 iX KOMIIOHCHTaMHU
B €IUHE Lle W MICTHTh B3a€EMO3AJISKHICT OJHA

3 OJTHOIO, SIK TIOKA3aHO Ha puC. 3.

iHppacTpyKTypa €
iH(pOpMAaiHHUMH

"Po3zymna" Cy4YacHOIO
iHppacTpyKTyporo, 1m0 obJaxHaHa
TEXHOJIOTISIMM ¥ CEeHcOopamu, SIKi Jal0Th 3MOTy 30HMpat,
aHali3yBaTH  Ta  BHUKOPUCTOBYBATH  iH(OpMAIIFO
JUIS ONTUMI3aIiil, QyHKI[IIOBAaHHS Ta MOKPAIICHHS SIKOCTI
MOCHYT UIA TpoMansH. Y TaOi. 2 HaBemeHi OCHOBHI
03HaKu "po3yMHoOI" iH}pacTpyKTypH.

"Po3zymHa" eKOHOMIKa CKIIAAETHCS 3 KOHIICTIIIi1, 110
IPYHTYETBCSl HA BUKOPUCTaHHI 1H(OPMAIIHHAX TEXHOJIOTIH,
MMOKa3HUKIB Ta IHHOBANiA MJIs CTaJorO 3POCTAaHHS,
TIOKpAIIEHHS SKOCTI J)KUTTS Ta ONTHUMAJILHOTO 3aCTOCYBaHHS
pecypciB.
€ BIPOBA/KECHHS TEXHOJOTIYHUX PIllIEHb, 10 CHPUSIIOTH

OcHOBHOIO ifie€t0  "po3yMHOI" EKOHOMIKH

Oimpmr  eeKTHBHOMY  (DYHKIIIIOBAaHHIO  EKOHOMIKH

Ha KOPUCTh Ui KpaiHu. Y TaOil. 3 HaBeICHO OCHOBHI
O3HaKH "PO3yMHOI" €KOHOMIKH.
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Puc. 3. 3actocyBaHHSA pO3yMHHX TE€XHOIOTiH y cepi iHGopMaIiitHIX TeXHOOTiH Ta IX MOMIINBOCTI

Taomuust 2. Ocnogni oznaxu "posymnoi” inghpacmpyxmypu

OsHaka HosicHeHHst
"Po3ymHa" iHppacTpyKTypa IPYHTYETHCS Ha MiJKIIIOUCHH] PI3HUX €JIEMEHTIB — Big A0pir
[TigxmouenicTs 1 OyIiBeJb IO EHEPreTHYHHUX CUCTEM 1 BOJIOTIOCTaYaHHs 1o Mepexi [P, mo nae 3mory

30upatH iHpopMallifo Ta 0OMIHIOBATHCS HEIO AJIsl ONTUMI3aLlil ypaBliHHS

CeHCOpH Ta TaTINKH

"Po3ymHa" iH(pacTpyKTypa MiCTHT Pi3HOMaHITHI CEHCOPH i AATYUKH, 110 30UPAIOTH
MOKA3HUKH NP0 CTaH Pi3HUX eleMeHTiB iHppacTpykTypu. Lle moxke OyTu iHdopmaris
PO PyX TPAHCIIOPTY, SAKICTh MOBITPsl, BOJM, PiBEHb BOAU y BOAOHMAX TOLIO

Amnaii3 NoKa3HUKIB

3i0paHi MOKAa3HUKH aHAII3YIOTHCS 32 JIOMOMOT OO0 Pi3HHUX ITOPUTMIB I IITYYHOTO IHTEIEKTY
JUTSL BUSIBIICHHS TIATEPHIB, TEHJICHIIIN 1 MOXJIMBUX mpobiniem. Lle gae 3mory
npuiiMaTé 00TPYHTOBaHI PillleHHS

Onrtumizaltist Ta ynpasiiHHA

"Po3ymHa" iHppacTpyKTypa 1omomMarae onTHMi3yBaTi BUKOPHCTAHHS PECypCiB,
3MEHIIUTH BUTPATH CHEPTii, HOKPALIUTH pOOOTY TPAHCHOPTY, 3a0e3MeUnTH ePeKTUBHE
BOJIOTIOCTaYaHHsI Ta BiIBEICHHS CTIYHUX BOJ TOIIO

[MokparteHHs TKOCTI KHUTTS

"Po3ymHa" iH(pacTpyKTypa CIpusie 3pOCTaHHIO 3pyYHOCTEH Ut rpoMansH. Hampuknan,
BOHa MOXe 3a0e3neuyBaTy iH(pOpMaNilo po TPaHCIIOPT, JOTIOMAaraTH MIBU/IIE pearyBaTH
Ha aBapilHi cUTYyaii, MOKPaIlyBaTH SKICTh BOJONOCTAYaHH TOIIO

Cramicts

"Po3ymHa" iHppacTpyKTypa MOXKe CIIPUATH 30EpEIKSHHIO PECYPCIB i BAKOPHCTAHHIO €HEeprii
OisIbIL CTAIO

CrpusiHHS iIHHOBAIiSIM

"Po3ymHa" iH(pacTpyKTypa CTBOPIOE HOBI MOYKIIMBOCTI JJIsl PO3BUTKY TEXHOJIOTIH
Ta IHHOBALIHUX MIAXOMIB y PI3HUX Tally3iX

besnexka if 3axucT iHpopmarii

Baxnmsuii acniekt "po3ymHoi" iHPpacTpyKTypH — Iie 3aXUCT iHpopMaLii Ta 3a0e3neyeHHs
KibepOe3neKy, OCKIIbKH 3HaYHA KiJIbKICTh IiJKII0YEHNX CUCTEM MOXKE CTaTH
00’€eKTOM KibepaTak
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Tabauus 3. Ocnosni osnaxu "posymnoi” exonomixu

O3naka IlosicHenHs1
VnpoBamkeHHs HUQPOBUX TEXHOJIOTIH, INTYYHOT0 iHTENEKTY, aHaui3 iHpopmanii
Ludposa Tpanchopmartis Ta aBTOMAaTH3alii JomoMarae ONTUMi3yBaTu Oi3HEC-IPOLECH, HiABUILUTH

MIPOAYKTHBHICTH 1 320e3neunTy O1IbII TOYHE NPUHHATTS PillICHb

IaHoBaIIT

CrpustHHS PO3BUTKY HOBHX 1/1€H, TEXHOJIOTIH 1 IPOYKTIB € KIIOYOBHM aCIIEKTOM
"po3yMHOI" eKOHOMIKH. |HBeCTYBaHHS B TOCIIKEHHS T4 PO3BUTOK, ITIATPUMKA
CTapTalliB i CHiBIpals MiXK HAyKOBHMH raTy3sMU i 0i3HECOM CTHMYIIIOIOTh
iHHOBAIIIHIH PO3BUTOK

CranicTh Ta e()eKTHBHICTh PeCypCiB

"Po3ymHa" ekoHOMiKa, CIpSMOBaHa Ha 3MEHILCHHS BUTPAT PECypciB, eHeprii
Ta BUPOOHUITBA BiIX0iB. 3aCTOCYBaHHA "3eJeHUX" TEXHOJOTIN 1 MPAKTUK J0TIOMarae
30epiraTé JOBKIULIS Ta OKPAIIYE CTATICTh Ta €(pEeKTUBHICTh pecypciB

I'Hy4KicTh Ta aJanTHBHICTH

"Po3ymHa" eKOHOMIKa CIIPOMO’KHA IIBHU/IKO aJalTyBaTHCs 10 3MiH Y CYCIIJIbCTBI
Ta PUHKOBUX YMOB. ' HyUKICTh YIIpaBITiHHS Ta 34ATHICTH JI0 pearyBaHHs Ha 3MiHH
BHUMaralTh HalMEHIINX BUTPAT

Bigkputnii goctyn mo indpopmarii

Tadopmaliis € [iHHUM aKTHBOM "po3yMHOI" eKOHOMIKH. 3a0e3neueHHs! JOCTYITy
1o iHpopmarii Ta ii 06poOIeHHs JonOMararoTh BUSABISATH TeHICHIII1, TPOTHO3yBaTH
PH3UKH ¥ pO3BHBATH HOBI MOYKJIMBOCTI

ComianbHa iHTETparLis

"Po3yMHa" ekOHOMiKa Ma€ BpaxOBYBATH IMOTPEOH Pi3HUX BEPCTB CYyCIILIBCTBA,
3a0€3MEeUyI0YH JIOCTYII IO TEXHOJIOTIH Ta MOKIMBOCTI JIJISI BCIX

CTBOpEHHS! HOBUX PHHKIB

"Po3ymHa" eKOHOMIKa CIIpHsie BHHUKHEHHIO HOBHX CEKTOPIB i PHHKIB,
10 TPYHTYIOTHCS HAa IHHOBALIAX 1 TEXHOJIOTISX

Opnak ympoBapkeHHS "po3ymHOI" E€KOHOMIKH

TAaKOXKX CTBOPHOE HOBI BUKJIMKH, 30Kpe€Ma TIIUTaHHA

KoH(imeHIitHOCTI iH(OpMAIli, perymoBaHHS HOBHX
TEXHOJIOTIH Ta afamnTaisi poo04oi CHIIM IO HOBHX BUMOT.
"Po3ymHi" mogm — 1e KOPHUCTyBadi, IO MAaroTh
JIOCBIJT Y 3aCTOCYBaHHI PO3YMHHUX TEXHOJIOTiH, a TAKOX
(haxiBiii, sixi mparroroTs y cepi IT Ta IP i BuKOpHCTOBYIOTH
TEXHOJIOTIi JUIs BUPIIIEHHS pI3HOMAHITHUX 3aBJaHb,
aki me He Oymu po3msHyTi. besmiu  iHkeHepiB,
PO3pOOHUKIB MPOTPaMHOTO 3a0e3MeUCHHS, JOCITITHUKIB
Ta aHATITHKIB MPOEKTYIOTH HOBI TEXHOJOTIi (CTBOPIOIOTH
amapaTHi Ta TPOTPaMHI pIMICHHS, IO JAal0Th 3MOTY
pI3HUM  TIPHCTPOSIM 1 CEHCOopaM  MiAKITIOYaTHCS
no mepexi IP); anamizyrore iHpopmariro (00poOIsIIOTH
3Ha4yHi 0oO0csTH iH(popMarii, 3i0paHOi 3 MiAKIIOYCHUX
NIPUCTPOIB JUIS BUSIBJICHHS TEHJEHIIIT Ta B3a€MO3B’A3KY);
pO3poOISIIOTE  pimeHHS [UIs  Oi3Hecy, IOIOMararoyuu
MiJANMPUEMCTBAM 1 KJIi€EHTaM; 3aliMarOThCsS aHATITUKOIO
Ta IITYYHUM I1HTEJIEKTOM, 3aIy4af04d METOAW IITYyYHOTO
IHTENeKTy JUIs TIoKpatieHHs QyHkuiid IP i aBromaTuyHOro
VIpaBIiHHA Ta NPOTHO3YBaHHA HECIPaBHOCTEH TOLIO;
NPOEKTYIOTh  HOBI  3aCTOCYHKH JJIsl  HOKpAaIIEHHS
PI3HUX AacCMeKTiB JKHUTTS Bill CUTBCBKOTO TOCIIOAAapCTBa
O  MEIWIMHM;  JOCHDKYIOTh  HOBI  TEXHOJIOTII
Ta iHHOBAIii s po3BuUTKy I[P Ta 3abe3meuyroTs iforo
edpexruBHicTh. OKpiM TOro, (haxiBIi TAaKOXX BHUBYAIOTH
Oe3neky Ta BIPOBAKYIOTH HOBI METOAM W 3aXO0IU
Ui 3a0e3nedyeHHs: kibepOesrmexku B mepexi [P,
100 3armo0irTy 370MaM i HECAaHKIIHHOMY TOCTYITY.
"Po3ymHe" KUTTS CKIQNAEThCS 3 KOHIEMIIl, IO

nependayae BHUKOPHUCTAHHA 1HQOPMALIHIX TEXHOIOTIH

Ta IHHOBAIlill IS TIOKPALICHHS SKOCTi KHUTTS TPOMAJISH,
3a0e3MeveHHst 3pYyYHOCTi, OE3MEeKH Ta CTaJoro PO3BUTKY.
s xoHImemisa mependadae BIPOBAIKCHHS PI3HUX PIllICHb
1 TEXHOJIOTIH, IO JOIOMararoTh 3pOOUTH MOBCSKAECHHE
KUTTSA OUTBII KOM(POPTHAM Ta e(eKTUBHHM. JI0 OCHOBHHX
ACMeKTIB HaJNeXaTh: 3PYYHICTb (MJaTexi, IMOKYIKH,
pe3epsarii); TOKpameHHS KOoMQOPTY (BHKOPHCTaHHS
ABTOMATH30BaHUX CHCTEM JJIsi KOHTPOJIIO 32 JOMAIIHIM
OTOYEHHSIM, OCBITJICHHSIM, TEMIIEPATYPOIO TOIIO); 3I0POB’S
Ta g00poOyT (3acTocyBaHHS [IaTYMKIB 1 IIPHCTPOIB
JUTA BIICTE)KEHHS CTaHy 370pPOB’S, (i3WYHOI aKTUBHOCTI
Ta 3abe3nedeHHs 3710pOBOro crocoly JKUTTs); Oesreka
(BHKOPHCTaHHS CHICTEM BiIEOCIIOCTEPEKEHHS, CHTHAI3AMII]
Ta IHIIMX TEXHOJIOTiH ocobmcToi Oe3mekn); edeKkTuBHE
3aCTOCYBaHHS PecypciB (3HIDKEHHS BUTPAT €HEprii, BOAH,
MarepiajgiB TOIIO); MICTATh MOXiuBOCTI ("po3ymHi"
MicTa Ta

rpoMagnd HAJAlOTb HACCJICHHIO HOOCTYII

JO 1HHOBallill, Cy4YacHMX CEpBICIB 1 MOXKIIMBOCTEH
JUISL OCBITH, PO3Bar Ta PO3BUTKY); €KOJIOTiYHA CTaJlCTh
(BUKOpUCTaHHSI TEXHOJIOTIM JUIs MiATPUMAaHHS CTaJIOTO
PO3BUTKY Ta  MiHIMi3amii HETaTHBHOTO  BILTHBY
Ha JIOBKUUISA); B3aEMOJIS 3 TPOMajior (yHIpOBaJKCHHS
muppoBUX IUIATGOPM [UIS  CHUIKYBAaHHS, 3aly4eHHS
TpPOMaJSIH  JI0 TPUHHATTA pillleHb 1 PO3B’I3aHHS
BOKJIMBUX ITUTAHb).

"Po3ymui" mociyru 3acrocoBytorh [T, anamituky
Ta IHHOBAIlil JJII TOKPANICHHS SKOCTI Ta €(QeKTHBHOCTI
HAJaHHSA TMOCIYr TrpoMajsiHaM, Oi3HeCy Ta IHIIUM

CIOXKMBAuaM, 10 [PYHTYIOTbCS HA BHKOPUCTaHHI
indopmarlii 3 HaAaHHAM IHAMBIIYalbHO HAJIAIITOBAHUX

OIITUMAJIBHUX piH.ICHL. I[O OCHOBHHX ACIIEKTIB HAJIE)KATh:
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MIepCOHATI3AIliS; B3aEMOJIIsA Ta KOMYHIKaIIis
(BuKOpuCTaHHA LUPPOBUX TIATGOPM /I 3a0e3MeHeHHS
e(eKTUBHOI B3aeMOJii MK TpoBaliepaMHu MOCIYT i
CIIOXKHMBAYaMH1); NIBUJIKICTD 1 3pY4HICTh (PO3YyMHI MOCIYTH
CHPOLIYIOTh MPOLECH Ta POOIATH IX OIIBII JOCTYHHUMHU
W 3pyYyHMMH IJIsl KOPUCTYBadiB); IOKpAILEHHS SKOCTI
(BUKOpUCTAaHHS iH(popMarii UL MTOCTIHHOTO
BJIOCKOHAJICHHS SIKOCT1 HaJIaHHS TIOCITYT); CIIOKUBAHHS 32
3amuToM ("'po3yMHI" TOCITYTH HAIarOThCSA 33 MOTPEOOI0
Ta Ha 3alUT KOPHCTYBauiB); MOKpaIleHHS e()eKTHBHOCTI

(BUKOpUCTAaHHS TEXHOJOTIM AN ONTHUMI3aIlii IPOIECiB

Ta6auus 4. OcHosni o3naxu "posymuoeo" ynpagninus

1 3HIDKEHHS BWTpPAT); MPOTHO3YBaHHSA (BHUKOPHCTAHHSI
AQHAJITUYHUX IHCTPYMEHTIB JJIs NPOTHO3YBaHHs MOTPeO
1 pO3BUTKY TIOITUTY HA TOCTYTH).

"Po3ymue" ynpaBiiHHs 3aidydae BUKopuctaHHs [T
3 MeTor aHamizy iHdopmamii 1 omTuMizarii
YIPaBIIHCBKUX IPOIECIB, NPHUUHATTSA OOIPYHTOBAHHX
pimeHs i mokparieHHs epeKTUBHOCTI pi3HHUX cdep, 30KpeMa
0i3HeC, TPOMAJCHKY aIMIHICTpAIlifo, OpraHizaiii TOIIO.
"Po3ymHe" yIpaBIiHHS AOTOMAara€ 3HHU3UTH BUTpATH,
TIOKPAIIUTH SKICTh MOCIYT 1 3a0e3ne4ynTH cTamicTb. OCHOBHI

03HaK# "po3yMHOTO" YIpaBIiHHA HaBeleHi B Ta0OM. 4.

O3Haku

IMosicHenHs1

36ip Ta aHami3 iHpopMarii

BukopucranHs ceHCOpiB, JaTYHKIB Ta IHIIOr0 o0JIa HAHHS I 30MpaHHs iHpopManii
PO MPOIIECH, SKOCTI, B3aEMOJIIFO TOIIO. AHAI3 i€l iHopMallii Jormomarae oTpuMaTi
iHCAWTH (CIPUHHATTS YOrOCh HEOUEBHIHOT0) JUIsl IPUIHATTS pillieHb

L Ty4yHnii iHTENEKT i aHATITHKA

BHKOpHCTaHHH aJ'll"OpPlTMiB MalIMHHOI'O HaBYaHHA Ta ITYYHOT'O iHTeJ’[eKTy JUIsL
BUSBJICHHS l'IaTepHiB, IPOrHOo3yBaHHs TCHZ[QHL[iﬁ Ta BI/IpiIJ_IeHHH CKJIaJHUX 3aBAaHb

ABTOMaTu3aLisa

YnpoBapKeHHs] aBTOMAaTHYHUX ITPOLECiB 1 poOOTH3aLLIT IS TOKpaIieHHs e(heKTUBHOCTI
Ta 3HWKEHHS PU3UKIB TOMIJIOK

Bzaemonist 3 rpoMagsHaMu

BukopucranHs HU(GPOBUX KaHATIB KOMYHIKamil 1uist 3a0e3nedeHHst e()eKTHBHOTO
CIIIKYBAHHS T 3aJIy4€HHs I'POMaJsiH 0 NPHHHATTS pillleHb

Onrtumizaliis pecypcis L
BOJIH, MaTepiaiB TONIO

3acrocyBaHHS iH(pOPMAIil UTI ONITHMI3allii BAKOPUCTAHHS pecypcCiB, 30KpeMa eHeprii,

[IpornosyBanus

BukopHcTaHHs aHANITHIHUX IHCTPYMEHTIB JUIsl IPOTHO3YBaHHSI MOIH,
3MiH i pO3BHTKY CHTYyaIliil

MOHITOPHHT Ta yNpaBIiHHS

CucTeMn MOHITOPHHTY  KepyBaHHS, 0 JAIOTh 3MOTY BiACTE)KYBATH Pi3HI MapamMeTpu
Ta BTPYYaTHUCS B IPOLIECH 32 HEOOXITHOCTI

[Toxpamienns nociayr

3acTocyBaHHs TEXHOJIOTIH IS HOMIIIICHHS IKOCTI HaJ[aHHS MTOCHYT,
sIKi 320€3MEeUYIOThCS OpraHi3allisMi Ta YCTAHOBAMH

"Po3ymMHHMI" TpaHCHOPT CKIANAEThCS 3 KOHIECIIL
Bukopucranns 1T Ta indopmanii s onTumizaii pyxy
TPAHCIIOPTY, 3a0e3MeUeHHsI Oe3MeKH, TOKPAIIECHHS STKOCTI
MOCNYr Ta 3MEHIIEHHs BIUIMBY Ha JOBKULIL. Mera
"po3yMHOr0" TPaHCIIOPTY MOJNATAaE B TOMY, 100 3poOUTH
MICBKHH pyX OIblI e()EeKTHMBHUM, 3PYYHUM 1 CTaIHM.
J10 OCHOBHHX O3HaK "pO3yMHOro" TPaHCIIOPTY HAJIEXKATh!
BiZicTe)xeHHs:  (3actocyBanHs GPS i1 ceHcopiB
JUI BIZICTE)KEHHS MicCLsl PO3TallyBaHHS TPaHCIOPTHHX
3aco0iB y pexXuMi peanbHOro 4acy); Tpadik i HaBiraris
(BuKOpHCTaHHA iH(OPMAILIT PO PyX TPAHCIIOPTY Ta CTaH
Jopir
Ta YHUKHEHHS

JUIs  BU3HAUEHHS ONTHMAIbHUX  MapUIPYTiB

3aTOpiB); EJEKTpUYHA MOOIJIBHICTD
(po3po0ICHHS MOMyJIApHU3allii eACKTPUIHUX aBTOMOOLIIIB,
3abe3nedeHHs iHPPaCTPYKTYpH IS iX 3apsiIKH); CIUTbHE
BHUKOPUCTaHHS TPAHCIOPTY (PO3BHTOK MOCIYT CHLIBHOTO
3aCTOCYBaHHSl TPaHCIOPTY, IO JONOMAarae 3MEHIINTH
KIIBKICTh aBTOMOOLTIB  Ha

MIPUBATHUX JIOpoTax);

Oe3niioTHE ympaBmiHHS  (pO3pOOJIEHHS aBTOHOMHHX
aBTOMOOUTIB 1 CHCTEM aBTOMAaTHYHOTO YIPaBJIiHHS,

II0 MOXYTh 3HM3UTH KUIbKICTh aBapii 1 MOKpaIIUTH

e(eKTUBHICTh pyX); Oe3reka (BUKOPHUCTAHHS CHCTEMH
BIZICOCIIOCTEPEIKEHHS, CHUCTEM EKCTPEHOI CHrHasi3amii
Ta B3a€EMOJIiI TPAHCHOPTHHUX 3ac00iB ISl TOKpAIICHHS
Oe3rekn); eeKTUBHE YIPaBIiHHS MyOIiYHIM TPAHCTIOPTOM
(3acTocyBaHHs iH(pOpMAIii Ta TEXHOJIOTIH TS TIOKPAIICHHS
rpadikiB, pyxy # cepBiCy IpOMa/ICbKOIO TPaHCIIOPTY);
3MEHIICHHS

3a0pynuenHs  ("po3yMHHuil"  TpaHCHOpPT

nepeadayae  PO3BUTOK  EKOJOTIYHHMX  TPAHCIIOPTHHX
3ac0o0iB Ta 3aXO0I¥ I 3MCHIICHHS BUKUIIB PCUYOBHH-
3a0py/IHIOBa4IB); YIIPABIIHHS MApKyBaHHSAM (BUKOPUCTAHHS
JMATYUKIB Ta iHpopMamii UIS ONTHMi3amii MapKyBaHHSI
Ta 3MCHIICHHS MONTYKY MICI[b JIsl CTOSTHKH).

Orxe, "po3syMHHI" TpaHCHOPT CHpPSMOBAHUUI
Ha TOKpAlICHHS pyXy © MOOUIBHOCTI, 3MEHIICHHS
HETaTUBHOTO BIUTUBY Ha JOBKULIA, IMiIBUIICHHSI OC3MCKU
Ta 3pydHOCTI st rpomaisH. lle BaxiuBuil acmekt
CTaJIOTO PO3BUTKY MICT 1 CY4YacCHOTO TPaHCIOPTHOTO
CepeIoBHIIIA.

"PozymHe" JOBKULIA CKIIQAAETHCS 3 KOHIEHIIIT
IHHOBaLil 1A

Bukopuctanus IT Ta CTBOPEHHS

epeKTUBHUX 1 CTaJMX B3AEMOMIA MK JIFOJBMH,
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TEXHOJIOTIAIMA Ta TPUPOAHHMM CepenoBuimeM. Mera
nojsirae B 3a0e3Me4eHH] OUIbII eKOJIOTivHOi, 370pOBOI

Ta CTajoi CIUIBHOTH, M€ TEeXHOJOTil CHpHSAIOTH
MOKPAIICHHIO SKOCTI JIOBKIILIS.
[lepenmiunmo  ocHOBHI  acmektH  "po3yMHOTO"

HaBKOJIMIIHBOTO CEPEJIOBHIIIA.

1. MoHiTOpHHT TIPUPOTHUX pecypciB. BukopucranHs
CeHCOpIB 1 JarT4WkiB Juiss 30upaHHs iH(popMauii mnpo
SKICTh TIOBITpS, BOAW, TPYHTY Ta IHIIUX NPUPOIHUX
pecypciB, 10 JonoMarae BiJICTEXyBaTH 3a0pyIHEHHS
Ta CIPUSE KPAIIOMY YIIPaBIiHHIO TOBKIILIAM.

2. Exonoriunuii qu3aiiH. 3aCTOCYBaHHSI TEXHOJIOTIN
Ta iHHOBAIill B apXiTeKTypi, OyMiBHUITBI Ta AU3alHI I
CTBOPEHHSI €KOJIOTIYHO YKCTHUX 1 eHEProe(hEeKTUBHKX CIIOPYI,.

3. ExeproeeKTHBHICTh. YTIPOBAXKEHHS PO3YMHHUX
CHCTEM KepyBaHHsI €HEpri€r0, BAKOPUCTAHHS BiTHOBITIOBAHNX
JOKEpell eHeprii Ta 3MEHIIEHHS BUTPAT €Heprii.

4. Po3yMHe ympaBIiHHS BiIXOJaMH. 3aCTOCYBaHHSI
TEXHOJIOTIH IS OTITUMI3aIlii COPTYBaHH, epepoOIeHHS
Ta yTHIi3alii BiIXO/iB.

5. Exonoriunuit TPAHCIIOPT. [omynspuzamis
CNICKTPUYHUX, TIOPUAHUX Ta IHIIAX CEKOJOTIYHHX BHUJIIB
TPaHCIIOPTY.

6. CucreMn KOHTpOJIO 3a0pyaHeHHs. Bukopucranus
MOHITOPHHTOBHX CHCTEM Ta iH()OPMAIIfHUX TEXHOIOTiH
JUIs  BUSIBJICHHS 3a0pyIHEHHS Ta IIBHJIKOI peakmil
Ha eKOJIOT19Hi KpH3H.

7. 3axyueHHs TpOMaisiH. Y IPOBaKEHHS IIU(DPOBUX
IHCTPYMEHTIB JJIS iJBUIIEHHS E€KOJOTiYHOI CBiZIOMOCTI
Ta 3aJTy4eHHs] IPOMAJISH JI0 [ JIS TOKPAIEHHS JOBKILIS.

8. Cimbcbke  TOCHOAAPCTBO Ta  BUPOIIYBaHHA
NpoAyKTiB. Bukopucranus texHomoriit "pozymuux" depm
JUTSL OTITUMI3aIlil BUPOLTYBAaHHS ¥ MOJIMIICHHS BPOXKAL0.
KITIFOUOBI

3 ormay Ha  PO3MNISHYTI aCTMeKTH

"po3ymMHOTO" JOBKULII MOXXHa 3pOOHUTH BHCHOBOK,
IO LSl TEXHOJIOTis 3abe3rneuye 30epeXeHHs NPUPOTHUX
pecypciB, 3MEHIye HEraTHBHUI BIUIMB HA HABKOJMIIHE
Cepe/loBHIIE Ta IOKpAIly€e SKICTh XHUTTS. ToMy Taka
cucreMa 1HHOBAIIT

3IaTHa TIOENHYBaTH B  coOi

3 EKOJIOTIYHOIO  BIJIOBINANBHICTIO Ui  CTBOPEHHS
OLTBII cTaNoTo i 3A0POBOTO MatOyTHHOTO.
[IpoananizyBaBImM 3arajibHy CHCTEMY PO3YMHHX
TEXHOJIOTiH, MPHITyCTUMO, M0 KOXKHAa OKpeMa cHcTeMa
B33a€EMOIIOB’I3aHA OJHA 3 OJHOI0 ¥ 3aJIEKUTH Bij
HasIBHOCTI €JICKTPOHHO-BUMIPIOBATFHUX 1 OOUHCITIOBAIHHIX
NPUCTPOIB, 3a JIONOMOIOI0 SKHUX BHUXiJHA iH(pOpMALis
(ikcyeTbcss Ta  OOpOONIOETBCS AN BUBEACHHS
KOpHUCTYBa4yeBi HUMPOBUX JaHUX. AHAI3 OCHOBHHX
O3HAK Ta aCIEKTIB KOXKHOI CHCTEMH II0Ka3aB, IO SKICTh

KHTTS aKTHBHO IPOHMKAE SK y MICbKe, TaK i B CLIbChKE

cepenoBhile. Micta € BY3JIOBUMH TOYKaMH JUIA
LUBUIBHUX CIIYK0, TaKUX sIK Oe3reKa, 0XOpoHa 3710pOB’s,
CaHiTapisl, eNeKTPOINOCTadYaHHs, BOIOMOCTAadYaHHS TOIIO.
SIKicTh KWTTsL OaraToBUMipHAa I 3aJIeKUTh BiJ PIBHS
peamizamii  OCHOBHHX  mOTped, BHMOT  OE€3IEKH,
colfiasizaii Ta ICUXOCOIiaTbHUX YNHHHUKIB.

ABTtopu B po0oTi [7] po3rismaroTh, K B Hami THI
SKICTb JKUTTSI MOXKHA JIOCSTTH B MaiOyTHIX "po3ymMHUX"
MicTaX, 1 MATBEpIKYIOTH I 3BITAMH IPO MPAKTHKA
SIKOCTI MicTi.  3aBIsKH

KUITI B "po3ymMHOMY"

TEXHOJIOTIYHIH  pEBOMIONII  BigOyBaeThCA  3HAYHE
€KOHOMIYHE MiJIHECEHHs Cepe]] HAaCEeIeHHs, SIKe TOTOBE
BUTPATHTH X HA TONINIICHHS SIKOCTI CBOTO JKHTTS.
OmnucaHo, SK KOPIOPaTHBHUM TiraHTaM JIOBOAMTHCS
CIIBIPAITIOBATH 3 MICIIEBUMH MIiCHKIUMH OyIiBETbHUKAMHI
abo Oi3HeCMeHaMHM, IO TPAlOIOTh 3 HEPYXOMICTIO
JUTA TOTO, 00 OyHiBETFHUKH MOTTH OTPHMATH OHOBIICHI
3HaHHS IIPO PO3TOPTaHHS HOBHX TexHouorii IP 3 meroro
MiABUIIEHHS e(QEeKTHBHOCTI poOOTH MicTa B MaHOyTHIX
MICBKHX TpocTopax. Jlo HHX HajexaTb CMapT-KapTKH
sl OOCTYIy B

Oyapb-IKOMYy MiCIli, a CHCTeMH

BifleocmocTepekeHHs, [P-kamepu mans  3a0e3medeHHs
Oe3mnexn TpoMajsiH, aBTeHTH]IKAIisA 00’ €KTIB 1 MOHITOPHUHT
MOIH € IHIIMMH Ba)KITMBUMH aclieKTamu, a Takox RFID,

I'IC i GPS — g moricTHKH i TPaHCIIOPTY.

BucHoBknm it NEePCNEeKTUBU NMOAAJIBIIOI0 PO3BUTKY

Y crarTi ommMcaHO Ta PO3MIAHYTO MOJKIJIMBICTH
BUKOPHCTaHHS 1H(pOpPMAIiHHUX TEXHOJOTIH 3 eJIeMEeHTaMH
CJICKTPOHHHUX MPUCTPOIB JuId 30MpaHHs iHpOpMamii
(maTuukiB). Bu3HaueHO OCHOBHI HEIOJIKH, a came:
JAaTYUKH MalOTh JKMBJICHHS BiJ OaTtapei Ta HalexaTb
JI0O EHEPrOEMHUX MPUCTPOIB 3 OOMEKEHHM YacoM
ABTOHOMHOI pOOOTH; KIJBKICTh 1 TOUHICTH iH(OpMaii
Oe3nocepeIHbO  3aJekKaTh BiJl OOMEXKEHOro TEpMIiHY
ciryx0u Oatapei, sIKiif BITacTHBO 3 YacOM PO3PSIKaTHUCS;
TEepMiH poOOTH OaTtapei mae 3a0e3redyBaTH HAIIHHICTH
6e3nepebiiiHoT poOOTH 3B’SI3aHNX MPHUCTPOIB MiXk c00010;
JIesIKi MOYKITUBOCTI BUKOPHCTAHHS JIATYMKIB MOXKYTh OYTH
00MEeXEeHUMHA

abo HEAOCTYITHUMMU. TOMy CYTTE€EBUM

HEJIOJIIKOM ~ 3acTOCyBaHHS iH(OpMAIIMHUX TEXHOJOTIH
y TO€JHAHHI 3 TPUCTPOsIMU [HTEpHETY peueii € HasBHICTh
1 poBUX

BIOCKOHAJIIOBATU Ta MIyKaTH HOB1 piHIeHHSI moao

3acTapiiux NPUCTPOIB, sIKI  HEOOXIIHO

3a0e3neueHHs  '"pozymHoro" Micra  Oe3mnepeOiiiHUM

MoHiTOopuHroM. Okpim ejnemeHTiB IHTepHETY peueH,
y CTaTTi PO3MIIIHYTO KOMIUIEKCHY apXiTeKTypy TyMaHy
3 ONHCaHUM MOKa3HUKIB,

MPUHIUIIOM  Tepenadi
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IO CKIIAAETBCA 3 TPHOX PIiBHIB (XMapa, TyMaH i Kpaif),
a TaKoX OINKCAHO MOXIIUBOCTI BHKOPHCTAHHS METOIB
mmdpyBanHs iHPopMmanii [HTEpHETY pedel 3 mHTaHB
KibepOe3neKu A MiABHMINCHHS PIBHSA 3aXUCTy A 4ac
00pobeHHs iHpopMarIii.

Po3yMHI TeXHOJOTIi IPYHTYIOTBCSI Ha 3aCTOCYBaHHI
IT, indopmarii Ta iHHOBAIH IS JOCATHEHHS CTAlIOTO
PO3BUTKY OKpPEMHUX CHCTEM. BH3Ha4eHO BIUIMB KOXHOI
OKpEMOi CHCTEMH 3 BH3HAYCHHAM KPHUTEPIiiB BiIIIOBITHOCTI:
iHppacTpyKTypa
3py4YHOT0, €()EKTHBHOTO I CTAJIOr0 MICBKOTO CEPEelOBHIII;

"po3ymHa" 3abe3nevye  CTBOPEHHS
"po3yMHHMH" TpaHCHOPT Jda€ 3MOTy IOKpAIIUTH pPyX

1 MOOLTBHICTB, 3MEHIITY€ HETATUBHUH BIUTUB Ha TOBKIJLIA,

miBUILye Oe3leKky Ta 3pYYHICTh JUisi TPOMAJIsH;,
"po3ymHe" ympaBmiHHS 3IIHCHBE BAaroMUii BHECOK
Yy PO3BUTOK pi3HHX cdep, crpusie eheKTUBHOMY

BUKOPHCTAHHIO PECYpPCiB 1 TOKpAaIlye SKICTh JKATTS 31
CTaJIMM PO3BHUTKOM JUISl HAceNeHHs; "po3yMHe" TOBKLLIA
n6ae mpo 30epexeHHs NPUPOAHUX PECypciB, 3MEHIIYE
HEeraTMBHUH BIUIMB Ha JIOBKULIT Ta 3abe3medye
MOKPAIIEHHS SIKOCTI JKUTTA U1 HaceleHHs; "po3ymHi"
MOCIYTH CTBOPIOIOTH YMOBH JUISL CTAJIOTO PO3BHUTKY
Tajy3el OXOPOHH 370pOB’s, (PIHAHCIB, JIOTICTUKH TYpU3MY,
IO CIpusie 3pYyYHOMY H e(QEeKTHBHOMY CEpellOBUIILY
JUTSL CTIOYKMBAYIB, SIKOCTI Ta JOCTYITHOCTI Pi3HHUX ITOCIYT;
"po3yMHi" 1011 BKJIaJaf0Th 3HAYHUH BHECOK y PO3BUTOK

1 3aCTOCYBaHHS HOBHX MOXKIMBOCTEH IS PO3POOICHHS

Cnucok Jgireparypu

iHpOopMaiHHUX TEXHOJOTiH y moeaHaHHI 3 [HTEepHETOM
peueii; "po3yMHe" KHUTTA 3a0e3Meuye CTATU PO3BUTOK
JUIA TPOMaIsiH Ha OCHOBI BUKOPHCTAHHS TEXHOIOTIiH
3 TIOKPAIICHHS aCIEKTIB IMTOBCAKIACHHOTO JKUTTS; ""po3yMHa"
€KOHOMIKa MICTHTh BarOMHH BHECOK JJISI BIPOBADKECHHSA
TEXHOJIOTIYHUX PillleHb 1 cOpusie OUIbIl e(heKTHBHOMY
(YHKIIFOBaHHIO €KOHOMIKH KpaiHu.

Ha ocHOBI mpoaHaii30BaHMX [DKEpEN BH3HAUYEHO
0COOTMBOCTI 3aCTOCYBaHHS IH(POPMALIHHIX TEXHOJOTIH
Ta €JEKTPOHHUX NPHUCTPOIB-HOCIIB IHTEepHETY peueii
3 MOJJIMBICTIO PO3pOOJICHHS KOMOIHOBaHOI CHCTEMH
"po3ymMHe" MiCTO, e OyJi0o pO3IJISHYTO CYKYIHICTh
KpHUTEpiiB KOXKHOI pO3YMHOI TEXHOJOTIT OKpemo. PesynpraTn
JMOCTIKCHHS  JIEMOHCTPYIOTh  BIUIMB ~ KOMOIHOBaHOI
cucteMu "po3yMHOro" MicTa AJsl MOKpAIIeHHS SKOCTI
KHUTTSI, IO TOSICHIOETHCS BHU3HAYEHHSM BiJIIOBIIHOCTI
no moTtped Ta ymMoB HacemeHHS. OTXe, CYKYIHICTh
KpPHUTEpiiB KOXXHOI PO3YMHOI TEXHOJIOTII Ja€ 3MOory
TpaHcopMyBaTH MICTO B 3arajlbHy KOMOIHOBaHY
cucTeMy 3 LU(QPOBUM OOCIyroByBaHHSIM ISl HaJaHHA
mocuyr. I3 3mo0yTmx pe3ympTaTiB 1 copMoBaHOI
HayKOBOI HOBHM3HM MOYXHA CTBEP/KYBATH, IO CHUCTEMH
PO3YMHHUX TEXHOJIOTIH, SKi BiIMOBINAIOTH 3aJ0BOJICHHIO
norped cepel HaceNeHHsS, MOXYTh CIyryBaTH s
MTOJIANBIIOTO JIOCTIIKEHHST [IOJ0 CTBOPEHHS HH(pOoBOi
Mojieri "MicTa MaOyTHBOTO" 13 3aJTyUCHHSIM BiJIIOBITHOTO

MIPOTPaMHOTO 3a0e3meYeHHs.
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SMART CITIES AND THE INTERNET OF THINGS:
THE IMPACT OF IT DEVELOPMENTS
ON THE DEVELOPMENT OF CITIES AND IMPROVING THE QUALITY OF LIFE

The subject of the article's research is the methods and capabilities of information technologies and electronic
devices-carriers of the Internet of Things to develop a combined system with the aim of determining the characteristic
features. The purpose of the work is to study and analyse the use of smart technologies for a smart city based
on a combination of information technologies and Internet of Things devices, as well as to identify key criteria
for the development of modern cities with an impact on improving the quality of life for the population. In accordance
with the objective, the following tasks have been formulated: to consider the main possibilities of using information
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technologies in combination with electronic measuring and computing devices of the Internet of Things; to determine
the features of building information technology models with the connection of Internet of Things devices to switching
networks; analyse the architecture of fog and edge computing for Internet of Things devices; to identify the main risks
and cybersecurity issues with encryption of Internet of Things device data using encryption algorithms; to determine
the main criteria for each individual system of smart technologies for a smart city; to determine the feasibility
of needs with the needs of the population based on the defined criteria. An urgent problem is to identify and study the
main possibilities of using smart technologies in order to identify problems related to the feasibility of meeting the
needs of the population. This paper considers and investigates the impact of a combined system with a set of smart
technologies on improving the quality of life using eight branched systems, namely: "smart" infrastructure, "smart"
economy, "smart" environment, "smart" governance, "smart" transport, "smart" services, "smart" people and "smart"
life. The set of criteria of each system needs to be analysed and matched with the needs of the population so that
the combined smart city system can provide the population with conditions that can improve the quality of life.
The scientific novelty of this paper is the development and implementation of the concept of a combined smart city
system to meet the needs of the population while improving the quality of life. Results achieved. Smart technologies
are based on the use of information technology, data and innovation to achieve sustainable development of individual
systems with the definition of criteria, which analyses the following: "smart" infrastructure contributes to the creation
of a convenient, efficient and sustainable urban environment; "smart" transport improves traffic and mobility, reduces
the negative impact on the environment, increases safety and convenience for citizens; "smart” governance makes
a significant contribution to the development of various sectors, promoting the efficient use of resources and improving
the quality of life with sustainable development for the population; "smart" environment contributes to the conservation
of natural resources, reduces the negative impact on the environment and ensures an improved quality of life
for the population; "smart" services ensure the sustainable development of healthcare, finance, tourism logistics,
which helps to create a more convenient and efficient environment for consumers, contributing to the improvement
of the quality and availability of various services; "smart" people make a significant contribution to the development
and application of new opportunities for the development of information technologies in combination with
the Internet of Things; "smart" life ensures sustainable development for citizens through the use of technology
to improve aspects of everyday life; "smart" economy makes a significant contribution to the implementation
of technological solutions and contributes to a more efficient functioning of the country's economy.
Conclusions. The results of the study demonstrate the impact of the combined smart city system on improving
the quality of life, which is explained by determining the compliance with the needs and conditions of the population.
Thus, the combination of criteria of each smart technology allows transforming the city into a general combined
system with digital services for the provision of services. The vector of further research will be aimed at developing
the considered combined system using digital technologies in order to create a digital model of the "city of the future
using appropriate software.

Keywords: information technologies; Internet of things; smart technologies; combined system; "smart" city.

bionioepaghiuni onucu / Bibliographic descriptions

[Mnak O. I., ®enopka II. I1., TIpurapa M. I1. Po3ymHui micta Ta IHTepHeT peueii: BmmB po3pobok y chepi IT Ha po3BuTOK
MICT 1 MOKpAIIeHHs SIKOCTi XUTTA. CyuacHuil cman HAyKogux O0ocniodcenb ma mexnonoeit ¢ npomuciogocmi. 2023. Ne 3 (25).
C. 114-128. DOLI: https://doi.org/10.30837/ITSS1.2023.25.114

Shpak, O., Fedorka, P., Prygara, M. (2023), "Smart cities and the internet of things: the impact of it developments

on the development of cities and improving the quality of life", Innovative Technologies and Scientific Solutions for Industries,
No. 3 (25), P. 114-128. DOI: https://doi.org/10.30837/ITSSI.2023.25.114



https://doi.org/10.30837/ITSSI.2023.25.114
https://doi.org/10.30837/ITSSI.2023.25.114

ISSN 2522-9818 (print)

Cyuachuii cman HAYKOBUX O0CNIOHCeHb ma mexHono2iu 8 npomuciosocmi. 2023. Ne 3 (25) ISSN 2524-2296 (online)

YK 330.4 DOI: https://doi.org/10.30837/ITSS1.2023.25.129

H. Tosrorout, O. TIEPECAJIA, 1. TIPIBUJILHOBA

MOJEJIb ITIPOI'HO3YBAHHSA OBCAI'Y PUHKY PO3BAKAJIBHUX ITOCJIYT
3A HEAETEPMIHOBAHUX YMOB

IIpeameToM JOCHKEHHS B CTaTTi € TEOPETHKO-METOIAMYHI Ta TPUKIAJHI 3acagd MOJCNIOBAaHHS i IPOTHO3YBaHHS
MOKA3HUKIB OOCSTY PHUHKY pPO3BaKaTbHUX NOCIyr. MeTa po0OTH — 3HAaXOKEHHS MeXaHi3My, WO JacThb 3MOTy BH3HAuYaTH
oOcCsTM MiANHUCHUKIB, Oepydd [J0 yBard €K30T€HHI 3MiHHI, OCOONMBO IMiJ dYac COLIaJbHO HECTaOUTPHUX CHUTYyalid, SK-OT:
HmaHAeMis, BiifHa, KaTakIi3MH TOIIO. Y CTaTTi pO3B’A3YIOThCA Taki 3aBAaHHA: (OPMyBaHHS KpPUTEpiiB KOMIaHiM,
UL SKUX IUTaHYETBCS 3aCTOCOBYBATHCS CTBOPIOBAaHMM MeEXaHi3M; 3IIMCHEHHsS OIIaay O0a30BHX aBTOPETPEeCiiHUX MOJeNei;
BU3HA4YeHHs (aKTOpiB, II0 MAlOTh CIYryBaTH 3OBHIIIHIM BIUIMBOM Yy IIPOTHO3YBaHHI KUIBKOCTI MiAMHCHHKIB; YTBOPEHHS
3aga4qi  GaraTOKpUTEpialIbHOTO BHOOpY; TIPOBEJCHHS EKCIICPHMEHTIB 3a 3alpOIIOHOBAHOIO METOJWKOI0 ISl HepeBipKH
BUCYHYTHX TiIIOTE3 1 CHCTEMaTH3yBaHHS 3[00yTHX pe3yJbTaTiB. BUKOPHCTOBYIOTECS Taki MeTOAM: aHATITHYHMM Ta IHIYKTHBHHH —
s GopMyBaHHS (PaKTOpIB 30BHINIHBOTO BIUIMBY Ta ONKCY IUJIbOBHX KOMIIaHIH; E€KCIIEpPTHE OI[IHIOBAaHHS — IS BH3HAYCHHS
HAMOUTHII BIUIMBOBHX 3OBHINIHIX ITOKAa3HHKIB, EKCIEPHMCHTANBbHUN, OaraTOKpUTEpialbHOTO OI[iHIOBAaHHS Ta CTaTHCTHYHI
METOAU OOpOOJCHHS YacOBHX PANIB — JUIA BH3HAYCHHS HAWOUMBII e(eKTHUBHOI aBTOperpeciiiHoi mMopmeni. 3700yTO KOHKpETHI
pesyabtati. CdopMoBaHO  (akTOpU  30BHILIHBOTO 30BHIIIHIME ~ 3MIHHUMH  OyJl0  BHpILIEHO
MPOAYKTY,

iHgekcy S&P500 Ta mepeTBOpPEHI B UWCIOBHUN BHIVIAA HOBHHH 3 HAHOLIBLIIMX HOBHHHHX areHTCTB cBiTy. CTBOpeHO Halbip

BIUIHBY. oOpatu:

IUHAMIKy 3aXBOPIOBAaHOCTI Ha KOpPOHAaBipyC, TEMIHM 3MiHM CBITOBOIO BajJOBOI'O BHYTPIIIHHOTO 3MiHa

KpPUTEpiiB TOPIBHAHHA MOJENel: eKOHOMisi 4Yacy IpOTHO3YBaHHS, TOYHICTh, MOXJIUBICT ypaxyBaHHS 30BHILIHBOTO

BIUIUBY ¥ OCOOJMBICTH #Oro BpaxyBaHHs. Bu3HAueHO, 10 HAHOLIBII TOYHOI MOJICIUI0 € aBTOPErpecis pPyXOMOro
CEpEe/IHBOTO, sIKa BOJHOYAC € HAWOUTHII e(QEKTHBHOK MOJCIUNI0 3 OISy Ha YTBOPEHY 3ajady 0araToKpHTEpiabHOTO

BUOOpPY. YCTaHOBICHO CXOXICTh 3700yTHX pe3yJbTaTiB CKCIICPUMEHTIB 13  3arajlbHOCBITOBUMH Ta  BITYM3HSHUMH

JOCII/UKEHHSIMH. BHCHOBKHM: 3aCTOCYBaHHS aHAJIITUYHOTO Ta IHAYKTUBHOIO METOMIB Y TIOEAHAHHI 3 EKCIEePUMEHTAIEHHM
MiIXOJOM JaM 3MOTY OTpHMarH e(eKTHBHHI (3 TOUHICTIO MoHAX 95 %) MexaHi3M I 3AiHCHEHHS IPOTHO3YBAaHHS 00CATY

PHHKY KOMIaHiH, 10 (YHKIIOHYIOTh y KIHOIHAYyCTpii Ta MalOThb WiJNHCHY MOJENb I[IHOYTBOPEHHA. 3100yTHH pe3ymnbTar

acTh 3MOTY MEHIIOMY 3a OOCSArOM pHHKY TpaBIsIM HE BTpadyaTH pO3MIpH CBO€i ayauTopii uepe3 HecTaOUIbHICTh

30BHIIIHBOTO CEPEIOBHIIA i, BIIMOBIAHO, CTUMYJIIOBATH PO3BHTOK 1HAYCTpii 3araiom.

KirouoBi cioBa:  aBToperpecis;  KiHOIHIYCTpis;

PO3BaXAITBHHX MOCIYT.

Beryn

MiAMICHA

OcraHHI pOKHM CBITOBa €KOHOMIKa IIOCTYIIOBO

MepexoquTh i3  IUIONIMHH  peaJbHUX  TOBapiB
JI0 BipTyanpHOTro cBiTy. Y jociijukeHHi [1] aBTOpmM
IPYHTOBHO pPO3DIIAAIOTE 1€ NHTAaHHSA, 30CEPEIKyIOUuH
yBary Ha TOMY, 10, OKpiM O€3I0CepeHbO IOSBU CYTO
IUPPOBUX Oyar Ta TMOCHYT, PO3BHUTOK TEXHOIOTIH
CYTTEBO BIUIMHYB 1 Ha BXXE JJOCTaTHHO PO3BUHEHI PHHKH.
OmHuM i3 TakuMX € CyOpHHOK PHHKY pPO3Ba)KallbHUX
MOCTYT — KIHOIHAYCTpisi. 3 MOYATKy MHHYJIOTO CTOJIITTS
meil BUA MO3BULIA CTpIMKO HaOyBaB IIOMYJISIPHOCTI
W moctynoBo cdopMmyBaBcs SK OAWH 13 HaHOLIbII
npudyTKoBUX [2]. BogHOUAC 3 TOsSBOIO MaiiKe 10 BCHOMY
CBITY CTaOUIBHOIO Ta IUBUJAKOIO IHTEPHET-3’€HAHHS
MOYAJTM 3’ SBJIATHCS HEJIETAIbHI PeCypcH JUIs Meperiisiny

¢inpmiB. Brpara komTiB 4epe3 mnoaiOHe MmipaTcTBO,

MOZENb  I[IHOYTBOPEHHS; IMPOTHO3YBaHHS; PHHOK

PO3BHTOK COIiaJIbHUX MEPEXX PI3HOTO pOAy i 3arajbHe

3EIIEBICHHS TEXHOJIOTIH i KiHOBHPOOHHIITBA

CTHUMYJIFOBaTM  TOSIBY  JICTAlbHUX  CTPUMIHTOBHX
atdopwm, sk, Hanpuknan, Netflix un Amazon Prime [3].
Jo Ttoro x mepmri 3 HUX (PAKTHYHO EBOIIOIIOHYBAIH
3 PUHKY KiHOIIPOKaTYy.

B ocHOBi momiOHWMX CcepBiciB JEKUTH MiIIHCHA
MOJIeNb HiHOYTBOpeHHs. Lle (hakTHYHO € 3aralbHOCBITOBHM
TPEeHJOM, KOJM JIIOAM IUIATATh 3a TIEBHUHA  4ac
KopuctyBaHHs. JlocniHUKK 3 yHiBepcuteTy micta ['parg
(ABcTpis) 3a3HaYaIOTh, IO TOMIMPEHHS IBOTO IiIXOIY
3 0OKy KOMIIaHIf MOSCHIOEThCS MOXKIIUBICTIO MOCTIHHO
OTPUMYBAaTH II€BHUI CTaOUTbHWI TpUOYTOK, a 3 OOKy
KIIEHTIB — JOCTYIHICTIO OIIlii KOPHCTYBATUCS YUMOCH
JIMIIE IEKUTbKa MICAIIIB Y1 HAaBIiTh JHIB [4].

3a BKa3aHUX yMOB PWHOK KiHOIHAYCTpii Ta BCi

tioro ckimamgauky 2020 p. 3IIITOBXHYIHCSA i3 COLIATEHOIO
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maanemicro  COVID-19.

3MYCHJIM  OUTBIIICTh

karactpodoro  — CyBopi

00OMeeHHs JIo/ieil  3BEpHYTH
yBary Ha CTPHUMIHTOBI cepBiCH 1 BOJHOYAC CYTTEBO
YCKJIATHWIN TPOTHO3YBaHHA SK IOKA3HHUKIB IiJIOBOT
aKTUBHOCTI  Oi3Hecy, Tak 1 3araioM KUTBKOCTI
mianucHUKIB. ['pyna a3ificbkux y4eHUX 3MOrja J0BECTH,
mo TmodidHa CHTyamis 3H0pPOKUye METOOM aHalli3zy
iHpopMarlii 1y HOKpaleHHs: poOOTH 31 CIIOKMBaYaMH Ta
nmotpedye 0OpoOIIeHHs CYyTTEBUX 00CsTiB iHpOpMaTii [5],
JI0O TOro K cama KaracTpoda MOXe BIUTUBATH
HA TOBEiHKY MUJTLOBOT ayAUTOPII 1 MICIHA 1i 3aBEpIICHHS.

Tpeba TakoX 3ayBa)KUTH, IO MOMIOHI CIUICCKH
KOPHCTYBALlbKOT aKTUBHOCTI MOXYTh BHHHKAaTH H 0e3
BIUIMBY COIJIBHUX KaTacTpod, HANPUKIAA, SK PEaKIis
Ha IIeBHI HOBHHH YM IOABY HA/3BHYAHHO IOMYJISPHOTO
¢ineMy Ha BiAmoBinHiN mardopmi. Skmo Taki cuTyarii
HE TMPOTHO3YBAaTH 3a3Jalerillb, MOXYTh 3 SIBHTHUCS
npoOiemMu, TOB’s3aHI 3 TEPEHaBaHTAXKEHHIM, a Ie
HETaTHBHO JIOCBIA

BIUIMHE Ha  KOPUCTYBALbKUH

i, BiAMOBIAHO, MOXKE 3MEHIIIUTH iIMOBIpPHICTB
MPOAOBKEHHS MiINUCKH. Y IbOMY pa3i MPOTHO3YBaHHSI
00CSriB LITBOBOIO PHHKY € JIOBOJI KOMIIEKCHUM
3aBIaHHAM 1 TOTpedye 3acCTOCYBAaHHS BigIOBITHOTO
MaTeMaTU4HOrO arapary.

3 ormAny Ha HasBHI NMPOOIEMH CydacHI HayKOBi
JIOCHI/DKEHHSI BHOKPEMIIIOIOTH TPH OCHOBHHUX HAarpsMHu
JUTS BUPIIICHHS IIbOTO 3aBAaHHA [6, 7]:

— MallMHHE HaBYaHHS;

— IMOBIipHICHUH i IXiT;

— aBTOperpeciitHui miaxis.

MamuHHEe HaBYaHHA 32 CBOEID  CYTHICTIO
norpedye JOCTaTHbO 3HAa4HUX o0O0cATIB iH(popManii
JUISL TOCSTHEHHS TO3WTHBHOTO (TOYHICTH TOoHAA 95 %)
pe3yabTaTy NPOTHO3YBaHHS, O TOTO X BOHO € JIOBOJI
YyTIUBAM [0 BHUKHAIB MaHWUX. 3 OISy Ha oOpaHy
crerudiky ned migxii MnpoOJIeMaTUYHO 3aCTOCYBATH
IUIsL TIOCTaBiieHOTO 3aBfaHHiA. lLle y cBoid mpami

MPOJEMOHCTPYBal  eKoHomicth 3 [lakucrany
ta [liBmennoi Kopei [8].

BopHo4yac BUKOpHCTaHHsST WMOBIpPHICHOTO MiAXOAY
Jano 6 3MOr'y OTPUMATH BHIIY TOYHICTH MPOTHO3YBaHHSI
3a oOMexeHHx oOcsriB iHpopmanii. OgHak y mpoueci
pO3TIBITy  XPOHOJIOTIYHMX  TPOMDKKIB,  IOB’SI3aHUX
i3 COLaJbHUMH KatacTpodaMy Ta IHIIMMH CIIECKaMH

aKTUBHOCTI, 3a3HAYEHUH ITiIXiJl MOTpeOyBaTUME CYTTEBOT

KubkocTi  iH(opMmanii Tpo  30BHINIHI  [TOKa3HUKU.
[oxniory mpobiemMy OIIHACYIOTh TIPeICTaBHUKU
KopHeniBcbkoro — yHiBepcutery [9], Harojouryrouu,

IO il Yac PO3TIBIAY 3ahadi 3 0OMEXEHOI0 30BHINTHBOIO

iH(pOpMAIIi€I0 TOYHICTh LBOTO MiAXOAY CYTTEBO IAMae.
Y Mexax crarTi po3risiIaTUMYThCs IIOMIOHI YMOBH
HaOMM3NTH

UL TOro, mI00 poboTy  anroputMmy

JO sikoMora Oumplnl peanbHOl cuTyamii. 3 orusmy
Ha CKa3zaHe BHPIIICHO BHUKOPHCTOBYBATH CIMEHCTBO
aBTOpETPeCciiHIX Moenei JUTSt 3MIACHeHHS
MIPOTHO3YBAHHSI [[LIbOBUX MOKA3HHUKIB KOMITAHIT HA PHHKY
BIZICOXOCTHHTIB. JIOIINBHICTh 3aCTOCYBaHHS OOpaHUX
Moneneld Oyna [goBeneHAa B TPOIECI JOCHTIKCHHS,
yniBepcutetiB  [llanxato

IMPOBEACHOI'O0  HAYKOBISIMU

ta Ilekiny [10], Xo4a BOHH pO3MIIAHANH OUTBII
JNETePMIHOBAHE CEPEIOBHINE;, TaKOX yueHi 3 Smonii
ta bBanrmamemy 3morim  fgoBecTH  eEKTHBHICTbH
3a3HAUYEHHX QITOPUTMIB B yMOBax iX BHUKOPUCTAaHHS

IISUTBHOCTL MHIAIUCHUX

rpymna
JOCIITHUKIB MPOJEMOHCTpYBaia, o oOpaHe ciMeicTBO

TSt MIPOTHO3YBaHHS

cepBiciB  [11].  Boamnouac YKpaiHCBKHUX

AITOPUTMIB, 30KpeMa aBTOperpecis pyXomoro
CepeaHbOT0, Ta€ 3MOTY NOCATTH MOHanm 95 % ToyHOCTI
3a HECTAOUTLHUX €KOHOMIYHUX YMOB [12].

Moo iHMHUX MOXJIMBUX BapiaHTIB BHPIMIEHHS
MTOCTaBJICHOT MpoOJIeMH, TO Tpeba 3ayBasKUTH: OCKUIBKU
COLIAJIBHOT

B Il cTaTTi pO3MIANAIOTECA MEepPioau

HECTaOUTBHOCTI, JOIIBHICTh X BUKOPUCTAHHS IS
PO3B’sI3aHHA OKPECICHOI METH TIIIA€ThCS CYMHIBY
i € ;moBoyi CKJIQIHUM mpouecoM. ['pyma KuTaichKux
yueHnx y poboti [13] ommcama mozmibHy mpobremy
JUTs OaraTOBUMIpPHOT JTiHIHHOT perpecii.

3ara;om 3a3HadyeHa mpobiemMa W ITOAABIIUI

PO3BUTOK OOpaHOTO pHHKY 3yMOBIIIOE aKTYaJIbHICTh

HAIIOrO JochipkeHHs. Moro Mera — 3HAXOMKEHHS
ABTOPETPECIHOTO  MEXaHi3My, 10  Ja€  3MOry
MPOTHO3YBAaTH  OOCSTH  KOPHCTYBadiB,  BOIHOYAC

3BaKAl0OYM Ha 30BHIIIHIA BIUIMB 1 HE MNOTpeOyroun

3HAYHOTO dYacy YH pecypciB s  0OpoOJICHHS.
Ile nmomoMoke HEBEJMKUM KOMITaHIsIM 30€perTH CBOIO
YacTKy PUHKY, & MOXJIHMBO, i 30UIBIINTH KOHKYPEHIIIIO,
MIPOCTUMYJIIOBABIIY IOSBY OUIBII SIKICHOTO CEpBicy.
o6 peamizyBaTH 3a3HAa4eHy MeTy, c(opMOBaHO
HU3KY 3aBJIaHb, [0 HEOOXIIHO BUPIIIUTH B Iil poOOTI:

— BU3HAYUTH HaOip 0OMEXeHB, sIKi HAKIIATArOThCS

Ha IIbOBI KOMIIAHIT JJIS JOCSTHCHHS HANKpaIioro

pe3yibTaTy;
—  PO3TIISTHYTH ITOPUTMHU 3a3Ha4YEeHOro
ciMeiicTBa, Ha OCHOBI SKOTO C(OpPMYBaTH 3agady

0araToKpUTepialIbHOr0 BUOOPY;
— BU3HAUMTH Ha0ip 30BHINIHIX MOKA3HHKIB IS

MIPOrHO3yBaHHS;
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— chopmyBaTu IIaH €KCHEPHMEHTY Ta HPOBECTH

Horo il  BUOKpPEMJIEHHS HalOuibml  edexkTHBHOT
MO ISl JOCSTHEHHS [TOCTABJICHOT METH.
Ilepeiinemo bi (o) IIOCTYIIOBOTO BUKOHAHHS

IIOCTABJICHUX 3aBAaHb.

MeToau aocaiTKeHHs

Ilepen TuM, SK PO3MVIAHYTH 3aCTOCOBaHI METOM,

HEOOXiMHO  BU3HAYUTH,  SKI came 0OMEXEHHS

HaKJIQIAl0ThCsl Ha MPOQ1ib HIBOBOT KOMITaHii y mporeci

3aCTOCYBaHHS OOpaHOro CiMe#cTBa NPOTHOCTUYHUX
ANTOPUTMIB:
— THI IHOYTBOPEHHS: MOZETh IINHCKH 3

HeoOMe)XEHHM BUKOPHUCTAHHSIM 32 (DiIKCOBaHOIO CTAaBKOIO;
y pa3i po3risiny IuBepcr(iKOBAHOTO MIAMUCHOTO TUIAHY

Dyy, =Py, ++ D@y,

e y; — N -MipHHH YacoBHH psiz;
D;,0 i - HEBUPO/KCHI MAaTpuIli Koe(ilieHTiB
aBToperpecii po3MipHocTi N x N ;
i=lLp, j=Lq;
u; — N -MipHUi1 BeKTOp 6iJI0TO LIyMY.

TyT BapTO 3ayBaXKHTH, M0, OCKIIBKH MAaTPHII
Koe(illieHTIB He BHPOIPKEHI, iX JIETKO HOpMalli3yBaTH

HEOOXiTHO 3IICHIOBATH TIPOTHO3YBAHHSA MJISI KOXHOI
IPYITU OKPEMO;
— o0car: kommaHis Mae  (YHKIIOBaTH  Ha
JEeKUTbKOX HAlllOHAIPHUX pHHKaX, a He JIMIIe Ha
BHYTPIIIHEOMY; TIOOANBHICTh KOMIIAHIT 3YMOBIIOETHCS
THM, [0 HOBHHH 1HIIUX JCP)KaB, HABITh 32 130JbOBAHOCTI
0i3Hecy, MOXKYTh BIUIMBATH Ha KUTBKICTh KOPHCTYBAdiB,
OJTHAK POCTEKHUTH 33 IIUM BILUTMBOM 3HAYHO CKJIAJIHIIIE;
—  CTIeTiami3amis: po3rIBIIaloThCS JIUIIE TUIaT(OPMI,
SKi PO3MIILYIOTh (DiTbMH, 30pIEHTOBaHI Ha MacoOBY
ayauTopiro, OUTBII CHemiali30BaHI CHCTEMH MOXYTh
moTpeOyBaTH HIIUX CIOCOOIB PO3PAXYHKY.
BuokpemuBmm  crienudiky KOMIaHid, MOXEMO

nepeiTH  Oe3mocepenHbO 10 00paHOro  cimeiictsa

mozened. @DopMarbHO HOro MOXXHA IOJATH TaKUM
YHHOM:

+Oqu; + O+ + O, (D

B Mexax Bix 0 o 1. Mogeins (1) MO)KHa BUKOPHCTOBYBAaTH
B Tpomeci po3rIIIy KOPOTKOCTPOKOBHX —INEpiOfiB,
JI0 TOTO X IMOTPIOHO TapaHTyBaTH BIJCYTHICTb abo0 X
HEICTOTHICTh 30BHIIIHBOTO BIUIMBY. OCKUTBKH B MeEXax
uiei poOOTHM BUPIMIEHO pPO3MISHYTH CEPEeAHbO- Ta
JOBTOCTPOKOBY  TEpPCHEKTHBH,  MOTPIOHO  3HAWTH
nenbTy MK (1) Ta mMporHo3oM Ha HONepenHid IMepiof,

10010 D) y,_1 . OTKE, MAEMO TaKy GopMyIIy:

q)OAyl = Hyt—l + \PAy[—l +eeet ‘{Ip—lyl—p-i—] + ®Out + ®lut_1 +oeeet ®qut_q . (2)

ne = _(q)o Y S (Dp) : 131111?10131/11{1 KpI/'ITepll HOplB'HS{HHSI Ta iX MIPIOPUTETHICTH
(ominka MIPIOPUTETHOCTI BHU3HAYaTUMEThCS 3a

Yi= —((Dl- gt ®, ) ; 10-6anpHOIO mIKANOI0). Bapro Takoxk 3ayBakHTH,

i=Lp-1.

Otpumani MaTtpumi  KoeillieHTIB 32  yYMOBH
3arajibHOI KUIBKOCTI HEBIIOMHX, 110 MOTPiOHO Opartu
JIO YBar# IIiji 4ac MpOTHO3yBaHHs, MOXXYTh 3MiHIOBAaTHCS
3aICKHO  BiJ oOpanoi Mogenmi. Y  Mexax I[bOro
JIOCITI/PKEHHS pO3TIIAaTUMYThCSI Taki Bapiarlii:

— TIpoCTa aBTOpErpecis;

— CEe30HHa aBTOpPErpecis;

— aBTOperpecis po3MOALICHOTO JIary;

— aBTOpErpecis pyXoMOI0 CEpPEAHBOTO0;

— aBTOpErpecis IHTETPOBAHOTO PYXOMOTO
CepeHbOTO.

[Ifo6 matm 3Mory oOpaTH €AWHYy MOJENb Cepen
3aIIpONOHOBAHOTO HEeoOXiHO

HIepeliKy, BU3HAYUTH

0 JUIs TIOPIBHSHHS BHpIIIEHO 00paTd 3a OCHOBY

ONTUMI3AIlIfHAN  NPUHOUO  MaKCUMI3amil  JTiHIHHOT
AJIUTUBHOI 3TOPTKH 3 BarOBUMH KOE(II[IEHTAMH.
Exonomia uacy po6omu mooeni
SIk  BXKe 3a3HayajgoCs, dYac JOBOJI BaKIUBHMA
32 HEOOXIZHOCTI IIBHJIKOIO NPUHHATTA  pillIeHHS,

omHaK Tpeba 3ayBakWTH, IO 3 ONAY Ha BigoMmi
nociikeHHst [14] pi3HHI HE € HACTUIBKH Baromoro,
TO)K MOJXKEMO BCTAHOBHTH TNPIOpUTET Ha piBHI 4.
[loka3HuMK dYacy BHMIpPIOEMO B MiTICEKyHIaX, a w100
BIANIOBIIaTH ~ OOpaHOMY  TPHHIUIYY  ONTHMI3allil,
PO3IJISIHEMO, HACKIIBKA MEHIIE 4Yacy BHTPAdya€eThbesi

11010 HAMIIOBINBHILIOTO alrOPUTMY.
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Tounicms npoznozy

[Muranus TouHOCTI B TOOYHOBI aBTOperpecii

€ JIOBOJI KOMIUIEKCHOI0O TpPOOJIEeMOI0, OCKINBKH IIe
He € 3ajgauero Kiacudikamii. 3Bakaroud Ha Te, IO
UIBOBUM ITOKa3HUKOM € OOCST IIAMMCHHUKIB, TOIIJIBHO
3aCTOCYBATH CepeIHbOKBAIPaTHYHY MOXUOKY. 11106 MaTH
3MOry 11 BHUKOpPHCTaTH SIK KpUTepil, 3HAYCHHS IiCIs
obOumcnenHs Oyne HOpMyBatucs. TOYHICTH MPOTHO3Y
€ HaiOnpll TPIOPUTETHUM TIOKA3HMKOM Yy IUTaHHI
MIPOTHO3YBAHHS KIUTBKOCTI IMANMUACHUKIB, TOX MOXEMO

BCTaHOBUTH NpiopuTeT Ha piBHi 10.
Cmynins ypaxyeanHus ek302eHHUX 3MIHHUX

Sk BKe 3a3HaYyaNoCs, aBTOpPErpeciiiHi Mojeni
BHJIO3MIHIOIOTECSL 3QJIEKHO BiJ KUTBKOCTI TapaMeTpis,
TOX HACMpaBAi HE BCI 3 HUX 3JaTHI TMOBHOLIHHO
BpaxyBaTu 30BHIlIHIK BB, TOMy MpPOMOHYEMO TaKy
0 -

HE BPaxoOBYIOTbCA, | — BpaxoByroThcs. [Ipiopurer 1mp0ro

CHUCTEMYy  OI[IHFOBaHHS: €K30TCHHI  3MiHHI

MOKa3HMKa BCTAHOBUMO Ha piBHi 8.

Xapakmep YPAXY6AHHA €K302CHHUX 3MIHHUX

OxpiM MOXIIMBOCTI BpaxyBaHHs, MOJEIb MOXeE
BHMaraTv OCOOJIMBHX 30BHIIIHIX 3MIHHHX, SIK-OT CE30HHA
aBroperpecis. [lis 1iie€i curyamii TeX 3amporoHyeEMO
OiHapHy 3MiHHY: 1 — He BUMarae OCOOJMBMX 30BHIMIHIX
sminaux, 0 — Bumarae. BugosMida 30BHIIIHIX 3MIHHHX
moTpeOyBaTUMe TOJATKOBHUX PECYpCiB, OAHAK, OCKUTBKH
Yyac Uil HacC HE € HaiOUIbII MPUHIMIOBUM, MOXEMO
BCTaHOBUTH MPIOPUTET HA PiBHI 3.

[Ticns BH3HAUeHHS 3HAYEHb KOXKHOTO 3 KPHUTEPIiB
IIg KOKHOI 3 Moneled  HEeoOXigHO  3IIMCHUTH
¢inbTpariro pe3ysNbTaTiB 32 JIONOMOTOI0 TPHHIHITY
ITapero ¥ Oe3mocepeqHbO 3HAWUTH 3HAYCHHS JIHIHHOT
aanTUBHOI 3ropTkH. BaroBi koedimienTn 3 ormsamy
Ha MPIOPUTETHICTh OYAYTh TAKUMH:

—  eKOHOMis yacy po6oTtn Mojen — 4/25=0.16;

—  TouHicTh mporuHosy — 10/25=0.4;

— CTYHiHb ypaxyBaHHS €K30I€HHMX 3MIHHUX —
8/25=0.32;

— XapakTep ypaxyBaHHS E€K30I'€HHHX 3MIHHHUX —
3/25=0.12.

om0 3ac00iB BUKOPUCTAHUX ISl MOJICITIOBAHHS Ta
moOyIoBH, TO BUpIOIEHO 00OpaTH MOBY IPOTpaMyBaHHS
Python3 3
sklearn, polars, time.

BIMOBITHUMHK ~ OiOIiOTEKaMH, 30KpemMa

LinpoBuME  3MIiHHUMH  OyIOyTh  3aCTOCOBaHi
2012-2022 pp. woa0

kopuctyBauiB Netflix ta Amazon Prime,

MOKAa3HUKKA 34 KIJIBKOCTI

OCKIIBKH

3a3HaueHi  CepBiCM  MalOTh  HaiIoBHIy  icTOpirO

icHyBaHHS. Y IIbOMY pa3i 100 MaTu 3MOTY OI[HUTH
To4HiCTh, 80 % JaT pO3MIANaTUMYThCS SK HaBYaJbHI,
a e 20 % — 5K TecToBi.

Jus  BUOOpY 30BHIIIHIX 3MIHHMX  BHPILIEHO

34CTOCYBATH METO CKCIICPTHOTO OLIiHIOBaHHH.

OnuryBaHHs TnpoBeneHO cepen 10 pH3HK-MeHemKepiB,
COLII0JIOTIB

10 ¢pimancoBux  aHamiTukiB Ta 10

3 XapkiBcbkoi,  JIpBiBchkoi,  JIHimpomneTpoBchKOT

ta KwuiBcpkoi oOmacreii. BigmoBimHO 10 pe3ynbTaTiB

BCTAHOBJIEHO, 0 SK 30BHIIIHI 3MIHHI HEOOXiTHO
BUKOPHUCTATH:
— KUIBKICTP HOBHUX BHIIQJKIB  KOPOHaBIpyCy

(I71s1 KOPEKTHOTO BiIPAITIOBAHHS aJTOPUTMIB IMOKA3HUKHI
OyZIyTh TOTIOBHEHI HEICTOTHUMH HYJISIMN);

— auHamika 3minu csitoBoro BBIIT;
S&P500
postamoBani B CIIIA);

— IHJIEKC (OCKiTBKH KOMITaHii
— HOBWHHU 3 HalObIINX iHPOPMALIHHIX areHTCTB
CBITY, IEPETBOPEHUX Y YHUCIOBHH BUIIIAA 32 JIOIOMOTOIO
ITOPUTMY 3alpONIOHOBAHOTO BYEHUMH XapKiBCHKOTO
HAI[IOHAIBHOTO YHIBEPCHUTETY pajioeneKTpoHiku [15].
BusHauuMBIIM KJIFOYOBI OCOOJIMBOCTI Ta METOJH,

MOXKEMO MePEeUTH Oe3I0CcepeIHBO 10 SKCIICPHMEHTY.

Pe3yabTaTn

[Toynemo 3 moka3Huka To4HOCTI. SIk 3a3Hauanocs
BHUIIIE, JJIsI HOTO 3HAXO/KEHHS! BUKOPHUCTAHO JIBI BUOIPKH
3 MOKa3HUKaMM IIOJAO KIJIBKOCTI HIAMUCHUKIB Amazon
Prime Tta Netflix. LliTbOBUM TIOKa3HMKOM TOYHOCTI
3aCTOCOBYBAJIOCS ~ CEPEAHBOKBAJPATUYHE  BIAXHIICHHS.
Jns mpocToTH TOPIBHSHHS Y TaOn. | MOKa3HUKH IO/aHi
B HOpMali3oBaHOMY BHWIUIsiI, Yy Mexax Big 0 mo 1.
OxpemMo  HEOOXiTHO

HaroJoCuTH, Ji(e] BI/IpiIHGHO

BUKOPDHCTOBYBaTH HalKpalle 3Ha4deHHs '"TOYHOCTI",
3HAWJCHEe MUIIXOM KpOC-BaNijamii IITFOBHX MOJENEH
i3 pI3HUMH TineprapaMeTpamu.

3 oAy Ha cepelHi 3HAYCHHS ITOKAa3HUKa TOYHOCTI
JUIS TBOX BHOIPOK, MOXHA 3ayBa)KMTH, IO HaKOLIBII
e(eKTUBHUM OyJie aBTOPErpecisi pyXoMoTo CeperHbOro,
SK KJIAaCM4Ha, Tak 1 iHTerpoBana. Ll Mozenb nae 3mory
BpaxyBaTH CEPEeIHHOCTPOKOBY BOJIATHIIBHICTH IUIHOBOT
3MiHHOi. HaiiMeHIie 3HaueHHS B MPOCTOi aBTOperpecii,
OCKIJIbKA BOHA HE

o BaKOHOMipHO, BpaxoBye€

30BHIIIHBOIO BIUIMBY. SIKIIO X Ka3aTW IIPO CE30HHY
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aBTOpErpecito, TO TYT BapTO 3ayBaXKWTH, IO TMia Yac
pO3IIIsiy TMOKAa3HUKIB Oe3 ypaxyBaHHS POKIB HaHAEMil

TOYHICTH cTaHOBMIA (.93, 0 MOSCHIOETHCS 3arajlbHOIO
CE30HHICTIO MAKPOCKOHOMIYHUX ITOKA3HHUKIB.

Ta6auus 1. Hopmanizosane cepednvoxsadpamuune gioxunents (po3poobieno agmopami)

. . ABTOperpecis
. Ce3oHHa ABTOperpecis ABTOperpecis .
IMoka3Huku ABTOperpecis . . IHTErpOBaHOI0 PYXOMOI'0
aBTOperpecisi | po3MoOAiIeHOro Jary | pyXoMoro cepeiHboro
cepeHbOro
Netflix 0.76 0.84 0.87 0.95 0.96
Amazon Prime 0.77 0.86 0.90 0.96 0.95
Cepene 0.77 0.85 0.89 0.96 0.96
[lepetinemo 10 MOKa3HUKA €KOHOMii dacy poOOTH 3HAYCHHSM TII'STH 3aMipiB 4Yacy IPOTHO3YBaHHS).

anroputMy. Jns

mume  BuOipky 3 iHQopmamiero momo  Netflix.
3 ormny 3100yTi TIOKa3HHKH BCTaHOBJICHO,
OI0 HAWMOBUIBHINIMM alNTOPUTMOM € aBTOpPErpecis aBToperpecii

Horo

3HaXO/JKCHHA

3aCTOCOBaHO

BimmoBimHo 1edl  amroput™m i

IHTETPOBAaHOTO

PyXoMOro

cTaHe 0Oa3ucoM s
3HaxXOpKeHHs "exoHowii gacy". Pesympratn o0uncieHHS
HaBeJCHO B Tabl. 2, y IbOMY pasi iHpopMmallis II0a0

CEepeIHBOro

IHTETPOBAHOTO PYXOMOTO CEpeAHBOro (3a CepeaHiM

OITYCKA€THCA AK HEICTOTHA.

Ta6mauus 2. Exonomis uacy npoenozysarnis (po3pobieno agmopamiu)

ABtoperpecisi | Ce30HHa aBTOperpeciss | ABToperpecisi po3noaiieHoro Jjary ABTOperpecisi pyxoMoro cepeiHboro
0.039¢ 0.030 ¢ 0.008 ¢ 0.002 ¢
0.040 ¢ 0.030 ¢ 0.009 ¢ 0.002 ¢
0.038 ¢ 0.028 ¢ 0.007 ¢ 0.001 ¢
0.040 ¢ 0.029 ¢ 0.008 ¢ 0.003 ¢
0.041 ¢ 0.032¢ 0.008 ¢ 0.001 ¢
CepenHe (oxpyaneno 00 mucsuHux)
0.040 c 0.030 ¢ 0.008 ¢ ’ 0.002 ¢
[loBinbHICTE  pOOOTH  aNTrOPUTMIB  PYyXOMOTO He Mae crnenu(iuHuX MIOA0 IHIMNX OOPaHWX aITOPHUTMIB

CEPEHBOI0, MOPIBHAHO 3 IHIIMMH, MOSICHIOETHCS THM,
0 BOHH OOYHCIIOIOTH CEPEIHE, BPAXOBYIOUH OKLI
MOTOYHOTO 3HAYCHHS, TOMI SIK MPOCTa aBTOpPErpecis

o6uucnenb. ToMy 1 € HAWIIBU/ILIOHO.
BuKoOHaBIIIH 3aMipH, MOXKEMO TiepeiiTi 10 (hopMyBaHHS
Tab. 3 31 3HAYEHHSIMHU BCiX 00paHUX KPHUTEPIiB.

Taoauus 3. 3nauvenns ecix Kpumepiie 04 KOH#CHOI 3 anbmepuamus (Po3podaeHo agmopamil)

Exonomist yacy HopmanizoBana YpaxyBanus Xapakrep
NPOTrHO3YBaHHA TOYHICTH 30BHIlIHHOT0 BIVIUBY | 30BHIIIHBOIO BILIUBY
ABTOperpecis 0.040 ¢ 0.77 0 1
Ce3oHHa aBTOpeErpecis 0.030 ¢ 0.85 1 0
ABroperpeciz 0.020 ¢ 0.89 1 1
PO3IOIIIEHOTO JIary
ABToperpeciz 0.008 ¢ 0.96 1 1
PYXOMOTO CEpPEHBOTO
ABTOpErpecist iIHTErpOBaHOTO 0.000 ¢ 0.96 1 1
PYXOMOT'O CEpeIHbOTO

Cepexn 3amponoOHOBAaHHMX alIbTEPHATHB NpHOEpeMo
Ti, SIKi 32 BCiMa KPHUTEPisIMH € TipIIMMHU 32 X04a O OIWH

3 iHmwmx BapianTiB. Cepel 1’TH MOJIeJiel 32 NPUHIIUIIOM

PYXOMOTro

CepeHbOrO.

MIePETBOPUTH B TabI1. 4.

Orxe,

[Mapero BinginbTPOBYETHCSI aBTOpErpecis IHTErpPOBAHOTO

Tabn. 3 MOXKHa
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Ta6muus 4. 3uauenns ecix kpumepiis 0na KodcHOI 3 arbmepramus onmumanvhux 3a Ilapemo (po3pobaeno asmopamu)

Exonomist HopmauizoBana YpaxyBauus Xapaxkrep
Yacy NporHo3yBaHHsI TOYHICTh 30BHIIIHHOT'O BILUIUBY 30BHIIIHBOT'O BILUIUBY

ABTOperpecis 0.040 ¢ 0.77 0 1
Ce30oHHa aBTOperpecis 0.030 c 0.85 1 0
ABTOperpecis po3noiIeHOro

Perpectt postion 0.008 ¢ 0.89 1 1
nary
ABToperpecis

perp 0.002 ¢ 0.96 1 1
PYXOMOTO CEpPEHBOTO

3HavyeHHs JIBOX OCTaHHIX KpUTEpiiB € OiHapHUMH, €KOHOMII Yacy NIpOTHO3YBaHHA. BimmoBimHI pe3ynbTaTH
a TIOKa3HUK TOYHOCTI BXE € HOPMaJi30BaHHM. HaBeJeHi B TabJ. 5.

3amumaeTbes  3MIMCHUTH — HOPMANi3aIlilo  MMOKa3HUKa

Ta6auus 5. Hopmanizoeani 3HauenHs: Kpumepiie 0Jig KOJ#CHOI 3 anbmeprHamug (po3podieno agmopami)

Exonomisn HopmauizoBana YpaxyBanus Xapakrep
Jacy nNporHodyBaHHsl TOYHICTH 30BHIIIHHOT'0 BILIUBY 30BHIIIHHOI'0 BILUIUBY
ABTOperpecis 0.95 0.77 0 1
Ce30HHa aBTOperpecis 0.71 0.85 1 0
posntsiaenoro rary 020 089 ! !
st sepesunor 005 096 ! !
3HalIeMO 3HAYCHHS JIHIAHOI aJUTHUBHOI 3TOPTKU — IV xBapran 2022: 229 miH oci0 — 3HAYCHHS,
JUTSL KOXKHOT 13 OAaHuX y Tabi. 5 Mopeneit: MIPOTHO30BaHE KOMIaHi€et, —224.
— IIpOCTa aBTOpErpecis: Bonnouac miist Amazon Prime NOKa3HUKY TaKi:
0.95x0.16+0.77%x0.4+0.12=0.58 ; — I xmapram 2022: 155 mmH o0Cci0 — peanbHe
— CEe30HHa aBTOpPErpecis: 3HaueHHs 153;
0.71x0.16 +0.85x0.4+0.32 =0.7736; — 1II xBapram 2022: 156 mmH oci6 — peanbHe
—  aBTOpErpecis PO3MOiIEHOrO Nary: 3Ha4eHHs 153;
0.20x0.16+0.89x0.4+0.32+0.12 =0.828 ; — I xsapran 2022: 158 maH ocib — peanbHe
— aBTOpEerpecis pyXoMOro cepeaHbOro: 3HaueHHs 155;
0.05%x0.16+0.96x0.4+0.32+0.12=0.832. — IV ksapran 2022: 160 mun ocid — 3Hauenns,
OTxe, aBTOpErpecis  PyXoMOro  CEpeIHBOTO IPOrHO30BaHEe KOMIaHi€0, — 157.
€ HalOIIbl e(EeKTHBHOK MOJCIUTI0 Uit  OOpaHHUX 3 ormsay Ha 3a3HAYCHE BHIIE MOXKHA 3ayBKHUTH,
30BHILIHIX MOKa3HUKIB 1 1iJb0BOI iH(OpMalii, 0co0nmBoO 1110 00paHi METO/I JUIsl BUKOHAHHSI [IOCTABIICHHX 3aB/laHb
B YMOBAX COLIATBbHAX KATacTpod. BIANOBINAIOTH HALIOHAJBHOMY Ta 3arajJbHOCBITOBOMY
Tenep cnpoOyemMo 3acTocyBaTd II0 MOJENb JUIS HAayKOBOMY JIOCBIJly i HE Cylepeyars Homy..
MPOTHO3YBAaHHS KIMBKOCTI MiAmucHUKIB 3a 2022 p.
Maemo taxki pesyabratu st Netflix: Bucnobku
— 1 xmapram 2022: 222 mmH ocid — peanbHe
3HavyeHHs 222; PesynpTaT mpoBeIeHOro eKCIEPUMEHTY IOBOASTH
— 11 xeapran 2022: 223 MiH oci6 — peaibHe JIOLTBHICTh BUKOPHCTaHHS aBTOPErPECIHHUX aIrOpUTMIB,
snavenns 221; 30KpeMa aBTOperpecii pyXoMOro CepeaHboro, s
— I xeapran 2022: 225 MuH 0ci6 — peaibHe MIPOTHO3YBAaHHS KIUIBKOCTI TIJIHMCHHUKIB CEpBICIB Ha

3HAYEHHS 223’ PUHKY pO3BaaJIbHUX ITOCIYT 34 HEBU3ZHAYCHUX YMOB.
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3aramoM Mojeni OoOpaHOTO ciMeicTBa Jamu 3MOTy
npocsartd Tounocti Big 0.77 mo 0.96, 3Baykaroun Ha MOKa3HUK
CepeIHbOKBAIPATUYHOI MOXUOKH, JJIsl HU3KH TTOKa3HHKIB
Amazon Prime ta Netflix y mepiog 2012-2022 pp.
Kpim Toro, sik 30BHIIIHI 3MiHHI PO3TIIAIANC:

— KUIBKICTh HOBHX BHITAJKIB KOPOHABIPYCY;

— JIMHaMika 3MiHu cBiToBoro BBIT;

— imgexc S&P500;

— HOBUHH 3 HAWOIMBIINX iH(QOpMAIIITHUX areHTCTB
CBITY, TICPETBOPEHUX y YHCIOBUIN BUIJISI.

PesynbTaT 1OCHIHKEHHS MOKHA BUKOPHUCTOBYBATH

miamuckn. TakoX pe3ysibTaTH MPOTHO3YBAaHHS MJAlOTh

3MOTry CKOperyBaTH MOJITUKY LIHOYTBOPEHHS

Ta MapKETHHTOBY CTPATETii0 IS ITOM SKIICHHS PU3UKIB
MiJ] 49aCc KPUTHYHHX COILIaJbHUX YMOB 1 JOCATHEHHS
ONITUMAIIFHOTO PiBHS NPUOYTKY / BUTpAT.

3 MeTor MOJINMUIeHHS 3000yTHX pe3yJbTaTiB
MOXXKHa 30UTBIINTH YACTOTY IIOKA3HHUKIB, HANPUKIAI,
3a JIONIOMOTOI0 apryMeHTaIlii, Ta OOCSIIW 30BHIIIHIX
Mmoka3HuKiB.  Okpim

LBOTO0, I IOJAJIBIIOro

JIOCITIPKEHHS BUPIIIEHO HOPYLINTH MUTaHHA

30UIBIIEHHS KUJIBKOCTI IIUIBOBHX 3MIHHHUX 1 BIJIOBITHO

JUTSL BIPOBADKEHHS OCOOIMBUX YMOB MiJMUCHOT MOJIEII, NEPEXONy 0 BEKTOPHUX aBTOPEIrPECIMHUX MOJCIICH.

30KpeMa aKkmii 3 T[poOHUM TepiogoM UM CiMenHi
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A MODEL FOR FORECASTING THE VOLUME OF THE ENTERTAINMENT
SERVICES MARKET UNDER NON-DETERMINATIVE CONDITIONS

The subject matter of the article is the theoretical-methodical and applied principles of modelling and forecasting
indicators of the market volume of entertainment services. The goal of the work is to find a mechanism that will
allow determining the volume of subscribers, taking into account exogenous variables, especially during socially unstable
situations, such as a pandemic, war, cataclysms, etc. The following tasks are solved in the article: formation of criteria
for companies for which the created mechanism is planned to be applied; review of basic autoregression models;
determination of factors that should serve as an external influence when predicting the number of subscribers; creation
of a multi-criteria choice problem; conducting experiments according to the proposed methodology to test the proposed
hypotheses and systematize the obtained results. The following methods are used: analytical and inductive methods
for forming factors of external influence and description of target companies; expert evaluation method for determining
the most influential external indicators; experimental method, statistical methods of processing time series and methods
of multi-criteria evaluation to determine the most effective autoregression model. The following results were obtained:
the factors of external influence were formed: As external variables, it was decided to choose: the dynamics of the
incidence of coronavirus, the rate of change in the global gross domestic product, the change in the S&P500 index, and
the news from the world's largest news agencies converted into numerical form; a set of criteria for comparing models
was created, saving forecasting time, accuracy, the possibility of taking into account external influence and the specificity
of taking it into account; it was determined that the most accurate model is autoregression of the moving average, which
at the same time is the most effective model given the created problem of multi-criteria selection; the similarity of the
obtained results of experiments with global and domestic research is established. Conclusions: the use of analytical and
inductive methods in combination with an experimental approach made it possible to obtain an effective (with an accuracy
of more than 95%) mechanism for forecasting the market volume of companies that operate in the film industry and have
a signature pricing model. The obtained result will allow players with a smaller market volume not to lose their audience due
to the instability of the external environment, and, accordingly, will stimulate the development of the industry in general.
Keywords: autoregression; film industry; subscription pricing model; forecasting; entertainment market.
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V. IVANENKO

ENHANCING ASPECT-BASED FINANCIAL SENTIMENT ANALYSIS
THROUGH CONTRASTIVE LEARNING

The subject of research in the article explores the specialized application of Aspect-Based Financial Sentiment Analysis
(ABFSA), focusing on the intricate and multifaceted emotional landscape of financial textual data. The study extends the current
understanding of sentiment analysis by addressing its limitations and opportunities within a financial context. The purpose of the
work is to advance the field of Aspect-Based Financial Sentiment Analysis by developing a more nuanced and effective methodology
for analyzing sentiments in financial news. Additionally, the study aims to assess the efficacy of recent advancements in Natural
Language Processing (NLP) and machine learning for enhancing ABFSA models. The article deals with the following tasks: Firstly,
the study focuses on the rigorous pre-processing of the SEntFiN dataset to make it more amenable to advanced machine
learning techniques, specifically contrastive learning methodologies. Secondly, it aims to architect a unified model that integrates
state-of-the-art machine learning techniques, including DeBERTa v3, C’L contrast learning, and LoRa fine-tuning. Lastly, the
research critically evaluates the proposed model's performance metrics across the test dataset and compares them with existing
methodologies. The following methods are used: Firstly, the study employs pre-processing techniques tailored for the SEntFiN
dataset, which is explicitly designed for entity-sensitive sentiment analysis in financial news. Secondly, it utilizes advanced machine
learning techniques such as DeBERTa v3 for language model pre-training, C’L contrast learning for focusing on causal
relationships, and LoRa for fine-tuning large language models. Lastly, performance evaluation methods are used to assess the efficacy
of the proposed model, including comparisons with existing methodologies in the field.The following results were obtained:
The study reveals that the proposed pre-processing framework successfully accommodates the variable number of entities present in
financial news, thereby improving the granularity of sentiment classification. Furthermore, the integration of advanced NLP and
machine learning techniques significantly enhances the accuracy and efficiency of ABFSA models. Conclusions: The paper
concludes that specialized ABFSA methodologies, when augmented with advanced NLP techniques and a robust pre-processing
framework, can offer a more nuanced and accurate representation of sentiment in financial narratives. The study lays the groundwork
for future research in this nascent yet crucial interdisciplinary field, providing actionable insights for stakeholders ranging from
investors to financial analysts.

Keywords: Aspect-based Financial Sentiment Analysis; Contrastive Learning; Text Classification.

Introduction

Sentiment analysis, a traditional subfield of Natural
Language Processing (NLP), focuses on identifying
and quantifying the affective and subjective nuances
present in textual data. While its applications encompass
diverse fields such as social media analytics, consumer
feedback assessment, and political opinion mining,
the financial sector is a particularly intriguing but
underexplored domain.

Economic indices, corporate performance metrics,
and geopolitical developments, among others, contribute
to the inherent complexity of the financial markets.
In the midst of these complexities, human emotion
has come to be recognized as a crucial, albeit volatile,
factor capable of influencing market dynamics.
As a result, market participants such as investors, traders,
and financial analysts are increasingly turning to
quantitative methodologies to evaluate market sentiment,

highlighting the importance of automated sentiment

analysis in financial contexts. This lays the groundwork
for a study of Aspect-based Financial Sentiment Analysis.
Historically, the financial sector has relied mainly
on human expertise for the interpretation of various
informational sources, ranging from reports and corporate
releases to social media discourse, in order to forecast
market trends. Although valuable, this method is labor-
intensive and susceptible to cognitive biases. Advanced
computational methods, particularly those based on
natural language processing, offer an attractive
alternative. These algorithms provide benefits in terms
of speed and scalability, and they also mitigate human
error to some extent. In spite of this, the diverse and
complex nature of financial textual data, which includes
news reports, trading summaries, and opinionated articles,
among others, presents specific challenges that generic
sentiment analysis models are frequently incapable
of addressing. This circumstance necessitates the
development of sentiment analysis methodologies that are

tailored to the specific needs of the financial industry.

© V. Ivanenko, 2023
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In order to navigate the application of sentiment
analysis to financial text, "aspect-based" scrutiny is
required. Traditional models for sentiment analysis typically
divide textual data into broad affective categories, such as
positive, negative, or neutral. Nevertheless, Aspect-Based
Sentiment Analysis (ABSA) provides a more nuanced
perspective by identifying sentiments associated with
distinct entities or aspects of the text. For instance,
a financial news article may simultaneously report the
rapid growth of a technology company (a positive
sentiment aspect) and upcoming regulatory challenges
(a negative sentiment aspect). In such a situation,
a conventional sentiment analysis algorithm might fail to
capture this contradictory sentiment landscape, whereas
an ABSA model would provide a segmented and
multidimensional emotional profile.

The present study is motivated by both the latent
potential of ABSA and the existing methodological
limitations when operating in a financial environment.
While general research on sentiment analysis has been
exhaustive, its application to financial news and market
dynamics is still in its infancy. Modern models frequently
fail to comprehend the nuanced and diverse emotions
embedded in financial narratives. This deficiency is
primarily attributable to two limitations: the lack of
specialized training datasets for financial sentiment
analysis and the inadequacy of current NLP techniques
for deciphering complex entity relationships.

The SEntFiN dataset [4] arises as a crucial asset in
this context. Specifically designed for entity-sensitive
sentiment analysis in the realm of financial news, this
dataset is an indispensable resource for the development
and evaluation of algorithms specifically tuned for the
finance industry. The SEntFiN dataset is not, however,
devoid of its own set of complexities. The variable
number of entities featured in financial news headlines
presents a significant difficulty, which complicates
the algorithmic task of sentiment classification.

In addition, the advent of recent innovations in
machine learning and Natural Language Processing
(NLP) namely, the DeBERTa v3 model [3], C°L
contrast learning [2], and LoRa fine-tuning [1] — ushers
in novel paradigms for executing Aspect-Based
Sentiment Analysis (ABSA). Each of these technological
advancements contributes distinct capabilities to the
analytical toolkit. For instance, DeBERTa v3 enhances
language model pre-training through its gradient-disjoint
embedding sharing. C’L contrast learning, on the other
hand, augments text classification by focusing on causal

relationships. LoRa contributes by fine-tuning large
language models to be more amenable to specialized
tasks like ABSA. The synergistic amalgamation of these
advanced techniques holds promise for considerably
elevating the efficacy of ABSA models within the
financial sphere.

Analysis of last achievements and publications

Historically, the finance sector has primarily been
the arena of quantitative data analysis, with an emphasis
on numerical indicators such as stock prices, trade
Nonetheless, the
burgeoning awareness that market dynamics are also

volumes, and economic indices.
significantly influenced by human sentiment has led to
the emergence of a specialized field: financial sentiment
analysis. One of the seminal contributions in this arena
was made by Tetlock in 2007, who demonstrated the
considerable impact of media content on market
fluctuations. This groundbreaking work underscored the
necessity for automated sentiment analysis methodologies
within the financial sector. Additionally, influential
research by Antweiler and Frank in 2004 probed the
ramifications of user-generated content in online forums
and message boards on stock market volatility.
Their findings corroborated the hypothesis that textual
data could offer complementary insights beyond what
is conveyed by numerical indicators alone, thereby
reinforcing the critical role of sentiment analysis in

financial decision-making processes.

Financial Sentiment Analysis

Within the domain of sentiment analysis, the niche
focus on financial texts has evolved into a distinct
sub-discipline termed financial sentiment analysis.
A diverse array of methodological paradigms has been
advanced in scholarly literature to address this domain's
FinBERT  [8]
occupies a pivotal position, having been tailored around
the BERT

pre-training on a substantial corpus of financial text and

unique complexities. Among these,

architecture. This model undergoes
is further fine-tuned to excel in financial sentiment
analysis tasks. It has consistently yielded state-of-the-art
results across multiple evaluative benchmarks.
Complementing the capabilities of FinBERT is
FinBERT-MRC [9],

entity recognition. It leverages the BERT architecture

designed for financial named

within the milieu of machine reading comprehension.
Empirical assessments corroborate that FinBERT-MRC
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outperforms its antecedents in the accuracy of financial
named entity recognition tasks. A more recent
contribution to this evolving field is MFinBERT [11],
a multilingual pre-trained language model. MFinBERT
is calibrated on a voluminous multilingual corpus
of financial text and has registered state-of-the-art
achievements across a gamut of financial tasks, including
but not limited to sentiment analysis.

Another innovative direction in financial sentiment
analysis is instruction-based fine-tuning, as exemplified
by Zhang et al's Instruct-FinGPT [20]. This model
showcases adeptness in extracting nuanced sentiments
from financial articles, news dispatches, and social
media dialogues, thereby contributing to a nuanced
understanding of market dynamics.

Among specialized language models,
BloombergGPT by Wu et al. is particularly noteworthy.
This colossal model, featuring 50 billion parameters, is
explicitly trained on a heterogeneous corpus of financial
data. BloombergGPT excels not only in sentiment
analysis but also in other tasks such as named entity
recognition within the financial sector [21].

On the frontier of open-source contributions,
Yang et al's FinGPT represents a seminal initiative.
While not exclusively confined to sentiment analysis,
this large-scale language model is uniquely oriented
toward financial applications. It epitomizes a community-
driven methodology in financial data analytics, thereby
offering a resource-rich avenue for further research
and development [19].

Language Models in Financial Entity Recognition

FiNER and SEC-BERT [7] represent specialized
approaches in the realm of financial numeric entity
BERT
architecture, these models excel at identifying and

recognition. Harnessing the power of the
categorizing relevant entities within financial reports.
Notably, they have demonstrated state-of-the-art
efficacy in tasks related to XBRL tagging. T-NER [10]
stands as a versatile Python library, offering a suite
of transformer-based pre-trained models tailored for
named entity recognition across various sectors, including
finance. The architecture of these models facilitates
fine-tuning for specific tasks, thereby elevating their
performance in financial named entity recognition.

Extensions into Other Specialized Domains

While financial sector-specific language models
have witnessed considerable advancements, parallel

developments have occurred in other specialized sectors
as well. For instance, BioBERT [13] serves as a domain-
specific language model curated for the field of
biomedical text mining. Pre-trained on an expansive
BioBERT has
consistently achieved state-of-the-art results on multiple

corpus of biomedical literature,
text-mining tasks within the biomedical domain.

Similar in purpose but distinct in focus, SCiBERT
[12] and Galactica [14] are pre-trained language models
engineered specifically for scientific text analysis.
SciBERT undergoes training on an extensive corpus of
scientific literature, outpacing generic models in a variety
of scientific text-mining applications. Galactica, on the
other hand, is trained on a broadly diversified corpus
of scientific articles and has been benchmarked to
deliver state-of-the-art outcomes in multiple scientific
text-mining operations.

These domain-specific language models, each
fine-tuned to the nuances of their respective fields,
collectively illustrate the expanding horizons and
increasing sophistication of language model applications

across disciplines.

Contrastive Learning Techniques

Chen et al. introduced a significant contribution
to NLP with CLUSE [22]. Their novel approach
employs dual encoder networks and diverse similarity
metrics for positive and negative samples, enabling
nuanced linguistic feature capture. Empirical evaluation
on benchmarks showcases its superiority over
existing models.

In a related study, Chen et al. presented the
SimCLR [23] framework in "A Simple Framework for
Contrastive Learning of Visual Representations" (2020),
later adapted for NLP SimCSE [24]. SimCLR employs
contrastive loss in a normalized latent space, initially
for visuals and then for text, including sentence and
document embeddings. This framework establishes
a baseline for contrastive learning's effectiveness, proving
valuable for various NLP tasks.

Within the broader context of text classification, the
intersection of contrastive learning and counterfactual

augmentation is noteworthy, exemplified by the proposed
C’L Contrastive learning method [2]. The contemporary
landscape is characterized by the remarkable accuracy
of deep models in various NLP tasks. However, this
proficiency is shadowed by concerns related to
vulnerabilities arising from their reliance on spurious

patterns. In response, the authors embark on a pioneering
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journey by orchestrating a methodology that synergistically
integrates the potency of contrastive learning and
counterfactual augmentation. By contextualizing their
work amidst prior research, they position their study
within a continuum of scholarly endeavors aimed at
enhancing the robustness and efficacy of NLP models.

Summary and Gap Identification

Within  the body of
an encompassing foundation pertaining to sentiment

current literature,
analysis has been established, ranging from general
contexts to more intricate domains such as finance.
Despite this progress, there persist certain noteworthy
gaps that have yet to be effectively addressed:

1. Firstly, the potential synergy resulting from the
convergence of advanced machine learning techniques,
such as DeBERTa v3 and C’L, within the realm of
financial sentiment analysis remains largely unexplored.
This uncharted
innovative insights and advancements.

territory offers opportunities for

2. Secondly, a discernible deficiency exists in
terms of robust pre-processing methodologies capable of
adapting to the inherent variability in the count of entities
present within financial news articles. This adaptability
is of paramount importance for the pursuit of Aspect-
Based Financial Sentiment Analysis within this context.

3. Thirdly, the untapped potential inherent within
the SEntFiN dataset is a conspicuous gap, particularly
with regard to its incorporation in conjunction with
contemporary machine-learning techniques. This latent
opportunity holds promise for enhancing the accuracy
and effectiveness of sentiment analysis.

The aim of the work

Considering the aforementioned gaps, the primary
aim of the work is to advance the state of the art in
aspect-based sentiment analysis as it relates to financial
news. The specific objectives are

1. To rigorously pre-process the SEntFiN dataset,
rendering it more receptive to contrastive learning

methodologies.

2. To architect a unified model that integrates
advanced machine learning techniques, particularly
DeBERTa v3, C°L contrast learning, and LoRa

fine-tuning.

3. To critically evaluate the performance metrics
of the proposed model across diverse benchmarks
and juxtapose it with extant methodologies.

Through the realization of these objectives, the
present study aspires to bridge an identified lacuna in the
existing literature. It aims to proffer a methodologically
robust, effective, and adaptable framework for
conducting aspect-based sentiment analysis in the realm
of finance. Ultimately, this research seeks to enrich
ongoing endeavors to enhance the precision, reliability,
and depth of machine-driven financial analyses, thereby
fortifying the decision-making processes within the
high-risk landscape of financial markets.

Therefore, the article addresses the subsequent
tasks: The primary objective of this study is to enhance
the SEntFiN dataset through a comprehensive pre-
processing approach, thereby optimizing its compatibility
with advanced machine learning techniques, particularly
contrastive learning methodologies. Furthermore, the
objective is to design a cohesive framework that
incorporates cutting-edge machine learning methodologies
such as DeBERTa v3, C’L contrast learning, and LoRa
fine-tuning. Finally, the study conducts a critical
evaluation of the performance metrics of the proposed
model on the test dataset and compares them with those

of established methodologies.

Materials and methods

The materials and methods section delineates the
technical framework adopted for this research, aimed at
advancing aspect-based Financial Sentiment Analysis.
The research design integrates three key components:
data pre-processing of the SEntFiN dataset, the
implementation of a hybrid model
DeBERTa v3, C’L contrast learning, and LoRa fine-
tuning, and an extensive evaluation strategy. Each of

comprising

these components plays a critical role in achieving the
study's objectives, as outlined in the Introduction.

Mathematical statement of the problem

To provide a clear and precise definition of the
research problem, I will outline its mathematical
framework. This model will serve as the foundation
for algorithmic development as well as for the empirical
assessment of the study's outcomes. The components

of this mathematical model are defined as follows:

. D{(x, y)}: Represents the dataset of financial

news titles paired with labels, where (x,,y,)eD

andi= 1, 2, ..., n;
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e L: Multi-class label set { Positive, Negative, Neutral} ;

o Tokenizer(x;)—>1,: Tokenazer which creates the sequence of tokens from x,, where ¢, :[tl.],t,.z,...tq

and 7 is the max size of the sequence;

i

. Encoder(ti ) —> e, : The encoded representation of ¢,, where e, = [e}.‘ , e,.2 yes .el,T] ;

e X/ : Positive sample of x, ;

e x; : Negative sample of x, ;

o f, (x) : text classifier with the model parameters 6 ;

o L, (x, x+,x_;¢9> = Z:Zlmax (0, Am+s, (xl.,x;' ) —S, (xl.,x,.' )) : The C?’L Contrastive Learning loss function,

where Am is a margin value, and s, denotes the distance between the representations;

o L(x,y;0)=L; +L : The overall text classification loss, where L, is Cross-Entropy loss.

This mathematical system provides the foundation
for robust algorithmic developments and empirical
assessments in this field.

Dataset Pre-processing

In this section, we detail the comprehensive
pre-processing methodology applied to the SEntFiN
dataset to facilitate contrastive learning for aspect-based
financial sentiment analysis. The objective is to generate
a transformed dataset that adheres to the requirements
of the proposed approach, thereby enabling effective
training and evaluation of the model. The dataset was
prepared following a systematic procedure, which
involved the following steps:

Step 1: Data Upload and Initial Columns.
The original dataset consists of financial news headlines,
each annotated with a dictionary labeled "Decisions".
The dictionary contains entities (companies) as keys and
sentiment labels (positive, negative, neutral) as corresponding
values. The dataset was uploaded and stored in CSV
format with two initial columns: "Title" and "Decisions".

Step 2: Counting Entities. To quantify the number
of entities in each sentence, a new column
"Num_Entities" was introduced. The values in this
column represent the count of unique entities present
in the respective sentence.

Step 3: Creating the Transformed Dataset.
The transformed dataset was generated with the following
"label",

"negative_sample". The process of creating this new

columns: "target", "positive_sample", and
dataset is described as follows:
o Single Entity Sentences: In sentences with just

one entity, positive and negative samples are chosen

through a two-step C’L approach. Initially, candidate
tokens get selected based on their attribute scores,
calculated using magnitude gradients in relation to
labels. Next, these tokens undergo an individual
treatment effect (ITE) test with a pre-trained DeBERTa
model. This test checks whether altering a high-
attribution word changes its predicted label and if the
masked text can generate multiple examples belonging
to various classes. If a causal link exists, these tokens
help in creating positive and negative sentence samples.
In all instances, entity names get swapped out for
a "[TARGET]" placeholder, and the original sentiment
label of the sentence serves as the "label".

e Multiple Entity Sentences: For sentences

containing multiple entities, new examples were
generated for each entity. If two entities shared the same
label, they were treated as positive examples for each
other. Conversely, if two entities had differing labels,

they were considered negative examples. If a sentence
lacked positive or negative examples, the C°L approach
was used to generate missed samples.

e Labeling Non-Targeted Entities: Entities that
were not the target of analysis were designated
as "[OTHER]".

In essence, the dataset pre-processing involved
systematically transforming the original SEntFiN dataset
to align with the requirements of the proposed contrastive
learning approach. The new dataset enabled the
generation of positive and negative examples based on
entity-level sentiment labels, while also accounting
for cases of single and multiple entities in sentences.
This pre-processing methodology ensures that the dataset

is suited for training and evaluating the C’L contrast

learning  approach, LoRa fine-tuning, and the
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DeBERTa V3 pre-trained model
financial sentiment analysis.

in aspect-based

Model Architecture

In order to advance aspect-based sentiment analysis
in financial news, a model with a complex architecture
(Figure 1) was developed. The core of the model was the
pre-trained DeBERTa v3 language model. DeBERTa v3
served as an excellent starting point for achieving high
performance in sentiment classification due to its deep
transformer layers and capacity to comprehend context-
rich text. The model was initialized with weights from
DeBERTa v3, giving it a significant advantage in its
ability to comprehend the complex linguistic patterns
typically found in financial text.

The next layer of complexity was introduced
through C°L . Here, the idea was to teach the model
to better discern relationships among different entities
and sentiments by leveraging contrastive learning
techniques. During the training phase, the model was
presented with positive and negative examples to
understand the causality between entities and their
associated sentiments (Fig. 2). This technique proved

instrumental in enhancing the model’s capability to
differentiate between similar but contextually distinct
financial terms and events, making it highly effective for
aspect-based analysis.

Predicted label
(Positive/Negative/Neutral)

L

Classification Layer (MLP+Softmax)

b

[Few ]l & Jl = s |- [=
= 4

DeBERTa Encoder

o) ([t e - ()
- AN

DeBERTa Tokenizer

(], m

N

()

Input text
(Example: ‘[TARGET] beats profit estimates, cuts sales outlook”)

b

Fig. 1. Architecture of Text Classifier: From Input Text
to Predicted Labels

Fig. 2. Architecture of FinABSA-DeBERTa Text Classifier Incorporating C’L Contrastive Learning: From Input Text

with Contrastive Samples to Predicted Labels

Furthermore, the model underwent fine-tuning using
the LoRa (Low-rank adaptation) approach. LoRa is
specifically designed to adapt large pre-trained models
like DeBERTa v3 for domain-specific tasks without
losing their pre-trained capabilities. In this case, LoRa
enabled the model to become more attuned to the
lexicon, syntax, and semantics that are specific to

financial news, thereby enhancing its predictive accuracy
for this specialized domain.

The data pre-processing phase also played a critical
role in shaping the model architecture. Utilizing the
SEntFiN dataset, sentences were parsed for multiple
entities and associated sentiments. To handle the varying
number of entities found in financial news, the data
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was pre-processed to generate examples for both single
and multiple-entity sentences. A uniform labeling scheme
was implemented for non-targeted entities as "[OTHER]"
and "[TARGETT]" assisting the model in drawing a clear
distinction between targeted and non-targeted entities.

The model was trained on a split of 80% of the dataset,
validated on 10%, and tested on the remaining 10%. During
the training phase, various optimization techniques were
employed, including Adam optimizer with a learning rate of
2e-5 and a batch size of 16. The model underwent several
epochs until validation loss reached a minimum, at which
point it was evaluated on the test set.

In summary, the model architecture was a blend
of a robust pre-trained language model (DeBERTa v3),
enhanced by C’L contrast learning for causality and

relationship understanding, and fine-tuned through
LoRa for domain-specific adaptability. This intricate
architecture was instrumental in enabling the model to
understand and classify complex financial news articles,
successfully achieving the research objectives, and setting
a new performance benchmark in aspect-based sentiment

analysis for the financial domain.

Evaluation Metricss

In evaluating the performance of the model, we
focused solely on the F-score metric. The choice of using
only the F-score as the evaluation metric was driven by
its capability to provide a balanced measure of both
precision and recall, thereby offering a comprehensive
view of the model's performance. In essence, the F-score
harmonizes these two crucial metrics into a single value
that ranges from 0 to 1, with 1 indicating perfect
precision and recall.

Given the complexity of financial news — which
often involves multiple entities, intricate relationships,
and varied sentiments — a high F-score is indicative
of a model's robust capability to accurately identify
targeted sentiments across diverse scenarios. As a metric,
F-score is especially valuable for the task of aspect-based
sentiment analysis where both false positives and false
negatives can have significant implications. In the context
of financial markets, missing a critical sentiment
(low recall) or misclassifying a neutral or positive
statement as negative (low precision) could potentially
lead to

market analyses.

erroneous trading decisions or skewed

In the experiments, the model achieved an F-score
of 94.8% on the SEntFiN dataset. This outstanding

performance outperformed the previous state-of-the-art
models by a significant margin and validated the
research hypothesis. The high F-score reflects the model's
ability to accurately and consistently identify the
sentiments associated with different financial entities,
thus proving its effectiveness for real-world applications
in the financial domain.

By zeroing in on the F-score as the sole metric
for evaluation, we ensured a rigorous and focused
assessment of the model's ability to deliver on the
primary objective of this research, which is to advance
the field of aspect-based sentiment analysis in financial
news. This approach leaves no room for ambiguity in
interpreting the model's capabilities, thus setting a clear
benchmark for future work in this specialized field.

Study results and their discussion

In this section, we delve into the results obtained
from the experiments and discuss their implications.
The overarching goal was to leverage DeBERTa v3 with
C’L contrast learning and LoRa fine-tuning to enhance
the state-of-the-art aspect-based sentiment analysis (ABSA)
in financial news. The results indicate a significant
improvement over existing models, serving as a testament
to the efficacy of the methodologies employed.

Experimental Setup

Before discussing the results, it's crucial to outline
the experimental setup. The model was implemented
using Python 3.8, and PyTorch 1.9 was used for deep
learning operations. The hardware consisted of
one NVIDIA Tesla V100 GPU with 32GB of memory.
The dataset was split into a 70-15-15 ratio for training,
validation, and testing. The model was trained for
30 epochs with a learning rate of 2e-5.

Model Performance Metrics and Comparison

On the SEntFiN dataset, the model achieved
an accuracy of 95.7%, and an Fl-score of 94.8%.
These metrics outperform the previous state-of-the-art
by a noteworthy margin, with improvements ranging
from 1-3% across various metrics. This performance gain
is especially remarkable given that financial news is rife
with intricate language, multiple entities, and a variety of
sentiment polarities directed toward different aspects.
The model was also particularly adept at identifying
multiple sentiments in a single sentence, a complex task
that often confounds simpler models.
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Table 1: Comparison of model performance on the SEntFiN dataset. The table highlights the improvements our model has

achieved over the previous state-of-the-art (SOTA) models in terms of accuracy and F1-Score

Positive Negative Neutral
Learning Scheme Accuracy F-score Accuracy F-score Accuracy F-score
finBERT[8] 90.58% 92.80% 93.22% 95.11% 89.45% 91.90%
SEntFiN-RoBERTa[4] 95.38% 93.60% 95.10% 90.50% 92.41% 90.10%
SEntFiN-DistilBERT[4] 94.55% 92.40% 94.34% 89.00% 90.82% 88.00%
FinABSA-DeBERTa 96.14% 94.45% 96.70% 95.91% 94.10% 92.83%

The superior performance can be attributed to
multiple factors. First, the use of DeBERTa v3 as the
foundational architecture endowed the model with
a robust capability for contextual understanding. The depth
and complexity of this pre-trained model enable it to
grasp the nuances of financial news efficiently. Second,
the C’L contrast learning technique was instrumental
in teaching the model to discern between different
sentiments effectively. By creating positive and negative
pairs during the training phase, the model learned to
differentiate sentiments toward different entities in
a more refined manner. Lastly, the LoRa fine-tuning
process proved invaluable. This technique ensured that
the model was specifically tailored to handle the
intricacies of the financial news domain.

Another noteworthy observation was the model's
performance on sentences containing multiple entities.
The uniform labeling of non-targeted entities as
[OTHER] made it possible for the model to clearly
distinguish between target and non-target entities.
This led to a better understanding of sentiment
relationships among different entities, fulfilling one of the
primary objectives of aspect-based sentiment analysis.

However, it’s important to note that while the model
performed exceptionally well in most cases, there were
instances where it struggled to accurately capture the
sentiment. These cases were generally those where the
sentiment was implied rather than explicitly stated, or
where there was a complex interplay of multiple sentiments
and entities. Despite these challenges, the model's overall
performance indicates its readiness for more complex,
real-world applications in the financial domain.

In summary, the results offer compelling evidence
that the combined approach of using DeBERTa v3,
C’L contrast learning, and LoRa fine-tuning can
significantly advance the field of aspect-based sentiment
analysis in financial news. The improved performance
metrics not only validate the research hypothesis but
also set a new benchmark for future work in this area.
The findings suggest that the methodologies employed

in this study can be generalized to create more effective
and reliable sentiment analysis tools for financial
markets, thereby opening the door to more informed
and data-driven decision-making in this sector.

Conclusion and perspectives of further development

In concluding this study, it is essential to revisit
the original objectives and assess how they have been
met. This research aimed to significantly advance
the domain of aspect-based sentiment analysis (ABSA)
in financial news by employing a sophisticated
methodology that combines innovative pre-processing
techniques  with  cutting-edge machine learning
algorithms. Specifically, the study successfully integrated

the power of the DeBERTa v3 pre-trained model with
C’L contrast learning and LoRa fine-tuning. Through
meticulous experimentation and evaluation, the model
state-of-the-art
performance

consistently  outperformed existing

approaches across multiple metrics,
including accuracy, precision, recall, and F1-score.

One of the most striking contributions of this
research lies in its theoretical foundation. It demonstrated
the robustness of employing contrastive learning,
traditionally used in other natural language processing
tasks and computer vision, in the realm of sentiment
analysis. Furthermore, it
DeBERTa v3 in ABSA,

adaptability and effectiveness. The study also highlighted

pioneered the wuse of
showcasing the model's

the beneficial impact of LoRa fine-tuning in making
the model highly adaptive to the complexities and unique
requirements of financial news.

From a practical standpoint, the model's stellar
performance paves the way for its utilization in various
Whether it's in
automating trading decisions or in risk assessment

real-world financial applications.
algorithms, the model's capabilities to accurately dissect
and understand financial news make it an invaluable
tool. Hedge fund managers, investment planners, and
financial analysts could also benefit from the model's
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nuanced aspect-level sentiment identification, allowing
for more informed decision-making.

However, it is important to note the limitations of
this research. The model is confined to analyzing English-
language financial news, restricting its global applicability.
Furthermore, the study did not explore the model's real-
time performance in live trading environments, leaving
room for future research in this area. Another limitation
was the dataset; while the SEntFiN dataset is quite
comprehensive, it does not encapsulate all the complexities
of financial news, making the model potentially susceptible
to unseen data types and structures.

Looking towards the future, this research provides
fertile ground for further explorations. A multilingual
extension of the model could be developed to accommodate
the global nature of financial markets. Real-world, real-time
deployment in trading environments would provide
invaluable insights into the model's practical utility.
Expanding the training data to include more diverse types of
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MOKPAIIIEHHS ACHEKTHO-OPIEHTOBAHOI'O AHAJII3Y ®IHAHCOBHUX HACTPOIB
3A TOHHOMOT' OO KOHTPACTHOI'O HABYHAHHSA

IIpenMerom mociikeHHsi 1iei poGOTH € creliaigi3oBaHe 3aCTOCYBaHHs AaCIEKTHOTO aHawi3y (inaHcoBUX HAcTpoiB (ABFSA),
30Ccepe/KeHe Ha CKIaJHOMY Ta OaraTorpaHHOMYy eMOLiHHOMY JaHgmadTi (iHAHCOBHX TEKCTOBHX MaHHX. JlOCIIIDKEHHS
PO3LIMPIOE CydYacHE PO3YMIHHS aHaNi3y HACTPOiB, PO3TILINAIOYM HOTO OOMEKEHHS Ta MOJMJIIMBOCTI Yy (DiHAHCOBOMY KOHTEKCTI.
Merta po6orm — moKpaiieHHs cdepu acmekTHOro aHamizy (IiHAHCOBMX HACTPOiB CIOCOOOM po3poOJieHHsT OiIbII TOHKOT
Ta e(peKTHBHOI METOAOJIOTIT U aHaji3y HACTPOiB y (iHAHCOBMX HOBHHaX. KpiM TOro, DOCHi/KCHHS Ma€ Ha METi OIHUTH
e(EeKTHBHICTh OCTAaHHIX JOCATHEHb B 00poOieHHI mpupomHoi MoBH (NLP) 1 B MallMHHOMY HAaBYaHHI Ui BJOCKOHAJIECHHS
Mozeneit ABFSA. Y crarTi po3B’s3y€eThCs KijbKa 3aBAanb. [lo-miepiie, ociipKeHHs 30cepe/Ky€e€ThCsl Ha PETeTbHOMY TOTIepEeAHBOMY
00pobnenni Habopy nmanux SEntFiN, mo6 3poOuty Horo OUTBIN NMPHIATHAM JUIS ITIEPEIOBHX METOAIB MAIIMHHOTO HABYAHHS,
30KpeMa METOJOJIOTiii KOHTpacTHOro HaB4aHHs. [lo-Apyre, BOHO CIpsSMOBaHE Ha CTBOPEHHsS yHi()ikOBaHOI MOJENi, L0 iHTErpye
HaliCyJacHil MeTOM MAIIMHHOTO HaBYaHHs, 30kpemMa DeBERTa v3, xontpactHe Hasuauus C’L i Toune mamamryBanus LoRa.
Hapemri, nocmimkeHHS KPUTHYHO OIIHIOE METPUKH TPOAYKTHBHOCTI 3aIllpOTIOHOBAHOI MOJENI Ha TECTOBOMY Ha0Opi HdaHUX
i MOpPIBHIOE TX i3 HAsSBHUMH METOAOJIOTiIIMH. BHKOPHCTOBYIOThCS Taki METOAM: IOINEPETHBHOTO OOpPOOJCHHS, IO ananToBaHi
it HaOopy naHux SEntFiN, sxkvuii TpU3Ha4YeHWH JUIS aHANi3y HACTPOIB, YyTIMBHX 10 CyO0’€KTiB, y (DIHAHCOBMX HOBHHAX;
MepeIoBl METOIM MAIIMHHOTO HaBYaHHSA, Taki sk DeBERTa v3, 1 monepeAHbOr0 HaBYaHHS MOBHOI MOJIeNi, KOHTPACTHE HaBUYAHHS
C’L nna 30cepekeHHs HA NPHYMHHO-HACTIIKOBHX 3B’A3kaX i LoRa 1y TOYHOrO HANAIITYBAHHS BENHMKMX MOBHMX MOJENEN;
METOJH OI[IHIOBaHHS MPOJIYKTHBHOCTI, IO 3aCTOCOBYIOTbCS JUIi BHM3HA4YeHHS e(EeKTHBHOCTI 3alpoIIOHOBAaHOI Mozei,
30KpeMa TOpiBHSAHHSA 3 HAasBHUMH METOJIOJIOTISIMH B HiH ramy3i. 3100yTO KOHKpeTHi pe3yJbTaTH. [loCHimkeHHS MOKa3ao,
IO 3alpONOHOBaHA CUCTEMa MOMEPEIHBOrO OOPOOIECHHS YCIIIIHO CIPAaBISEThCS 31 3MIHHOK KUTBKICTIO 00’€KTiB, MPHCYTHIX
y (IHAHCOBMX HOBWHAX, TUM CaMHUM IIOKpAIyIO4YH JeTamizalilo kKiracudikamii HacTpoiB. Kpim Toro, iHTerpamis mnepemoBHX
MetoniB NLP i MallMHHOrO HAaBYaHHS 3HAYHO MiJBUIIYE TOYHICTH i edekTHBHICTh Mozxeneii ABFSA. BucHoBku. CrerianizoBaHi
mertonouorii ABFSA, nomoBHeHI mnepenoBUMH MeTonamMu NLP i HafifHOIO CHCTEMOIO IIONepeIHBOro OOpOOIEHHS, MOXYTh
3allpONOHYBaTH OMBII TOHKE K TOYHE TMOJAHHA HACTPOiB y (iHaHCOBMX HapaTuBax. Pesymbratu poOOTH 3aK/IaalOTh OCHOBY
UL MaMOyTHIX JMOCHIIDKeHb y I HOBIH, ane Iy)Xe BaXJIMBIH MDKIMCUMIUTIHAPHIA Taily3i, HaJaro4d IPAaKTHYHI BHCHOBKH
JUTS 3aIIKaBIICHUX CTOPiH — BiJl iHBECTOPIB 110 (hJiHAHCOBUX aHATITHKIB.
Kiio4oBi cjioBa: acrniekTHUiT aHali3 piHAaHCOBUX HACTPOIB; KOHTPACTHE HABYAaHHS; KiacH(iKalis TeKCTiB.
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MODERN DEFINING CHARACTERISTICS
OF INNOVATIVE DEVELOPMENT OF THE UKRAINIAN ECONOMY:
THEORETICAL AND PRACTICAL ASPECTS

The subject of the article is theoretical substantiation, methodological support, and practical proposals for studying the
innovative development of the economy in modern conditions. The aim of the study is to generalize and improve the theoretical
foundations of innovative development, identify the main influencing factors and defining characteristics of its course
and develop proposals to ensure innovative development of Ukraine's economy in the current conditions. The following tasks
have been defined: to find out the attitude of specialists to the possibility and necessity of supporting innovative development
in today's difficult military conditions; to summarize the theoretical basis of innovative development and improve its
definition and group existing concepts; to substantiate the most influential factors that determine the intensification
and/or containment of innovative development of the Ukrainian economy; to identify its defining characteristics, which are used
to generate measures to ensure innovative development of the economy in wartime conditions. To solve the tasks, the following
methods were used: theoretical generalization, analysis, synthesis, induction, deduction, structural and logical analysis, systemic
and situational approaches, economic and statistical analysis, correlation analysis, multivariate regression analysis, graphical method.
The following results have been obtained: the definition of the concept of "innovative development" has been improved;
the concepts of innovative development have been analyzed; the main factors influencing the course of innovative development
in Ukraine have been identified; multivariate regression models have been built according to the influential factors
of innovative development and the most important of them have been substantiated; the current defining features
of innovative development of the Ukrainian economy have been identified by significant factors and their specification has been
carried out in accordance with the measures to ensure it in the conditions of military operations. Conclusions. It is proved that
the improved concept of "innovative development" is that it characterizes the resolution of obvious and hidden contradictions
on the basis of qualitative changes in the economic system through the accumulation of quantitative transformations in its components
and/or factors of innovation processes, intellectual property, the latest technologies and products. In accordance with the above
generalized concepts of innovation development, the author investigates the factors influencing this phenomenon based
on the dynamics of the components of the global innovation index and statistical indicators of Ukraine's economy for the
period 2015-2022. The most influential factors according to the outlined indicators are identified and multivariate regression
models are built, which reveal the following modern leading features of innovation development: formation and maintenance
of solvent demand of end users (customers) of innovations for the acquisition of intellectual property. With this in mind,
the author proposes measures to ensure and intensify innovative development in the context of military operations in Ukraine.
Keywords: innovative development; global innovation index; modern defining features; measures; military actions.

Relevance of the article to innovative development and the need for its

implementation as an objective need. This is confirmed

The difficult economic conditions of Ukraine in the by the fact that in today's military environment,

course of military operations bring to the fore a global
question: is innovative development of the economic
sphere urgent right now? After all, to ensure the country's
innovative development, it is advisable to determine the
opinion of consumers, customers and implementers
of such development at the microeconomic level.
The Institute for
experiments and policy consultations [2] at the request

of the Ukrainian Cluster Alliance. In April-May 2023,
about 500 industrial enterprises took part in the survey.

Economic Research conducted

The results of the research show that the owners and
managers of enterprises have an ambiguous attitude

enterprises mainly strive for survival, but the more they
are internationalized, the higher their need for innovative
development. Business owners and managers see the
need to overcome the unstable situation, a significant
drop in demand, and an unfavorable regulatory climate
as more urgent. These are the issues that need to be
overcome in order to increase production and ensure
innovative development. In other words, in today's
environment, production growth is one of the main tasks
of business entities, which they seek to realize. But it is
impossible to achieve it without innovative development,
although managers and owners do not publicly recognize

© O. lastremska, L. Malyarets, O. lastremska, 1. Barannik, 2023
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23 %
enterprises, innovations remain relevant for ensuring

this. Nevertheless, for of large exporting
development. That is, the focus on cooperation with
foreign partners creates an objective real need for
innovative development to ensure not only survival but
also the formation of a powerful mainstream of
qualitative changes. An important incentive for the
innovative development of enterprises is the need for
innovation among end users and their effective demand.
The main document supporting innovation development
is the National Economic Strategy 2030, in particular its
improved part in the direction of selectivity of the
following institutions: the State Agency for Industry 4.0
Development, the Digital Innovation Hub network,
a network of innovation clusters, industry incubators
and  accelerators, retraining programs, export-
internationalization programs, programs to stimulate
customer demand through regular events and meetings
with developers in the format of technological and
Thus, the

following issues of innovation development are urgent:

innovation days, brokerage events, etc.

changing the state's approaches to innovation, identifying
influential factors that facilitate export-import activities
to find end users interested in innovation, consolidating
different
economic levels to focus on achieving joint priority

representatives of innovation systems at
actions to lobby for innovation interests to stimulate
effective demand for innovative results. Such views are
mainly shared by the export communities of industry.
For this purpose, it is important to form and obtain
financial

support from government organizations

and investment donors.

Analysis of recent research and publications

The works of the classics of innovation theory
J. Schumpeter [30], B. Santo [27, 43], B. Twiss [47] are
of great importance in substantiating the general
theoretical foundations of innovative development for
the economy as a whole and enterprises in particular.
Based on their works, the peculiarity of innovative
development in today's difficult conditions and its
categorical apparatus continue to be studied. The research
of these scientists is the basis for modern scientific,
theoretical and practical achievements. Among the
domestic scholars who study innovative development
and activities of business entities at the macro-
and microeconomic levels, it is important to mention

V. Heets [7], A. Kniazevych [16], N. Ilyashenko [11-14],

S. Ilyashenko, Y. Shipulina [13, 14]. They comprehensively
studied the phenomenon of innovative development,
developing the classical views of their predecessors.

The war globally slows down economic recovery
and slows down GDP growth, as many scholars have
written about, for example, 1. Ludvik [19]. The scientist
points to a significant decline in GDP and negative trends
that are systemic in nature. After all, science, technology
and innovation, which are crucial for the development
of modern society and the acceleration of innovation
processes, are not limited to the Ukrainian economy,
but also apply to developed countries. This is especially
true of trends in export and import activities in conceptual
and practical terms [23]. The authors of the article [23]
paid considerable attention to the streamlining of
innovation development strategies and the development
of their own concept of transformation of innovation
development in export-import activities in wartime.
The proposed concept specifies export-import processes
and increases the relevance of their implementation
in the context of a complex course of these processes
and the imposition of an embargo on certain types of
products. The peculiarities of innovative development in
the context of globalization were studied in the scientific
works of M. Bohun [5], O. Dyba [9], A. Kovpak [17],
who identified the main conditions for achieving
competitiveness through the introduction of innovations
in the global space. O. Kvasha [15] identified the
directions and mechanisms for enhancing innovative
development in the national context, emphasized the
importance of implementing the world experience of
innovative transformations in Ukraine.

Opportunities and directions of economic development
during the war are proposed in an international collective
monograph edited by V. Nebrat [6]. This work formulates
a new model of the economy capable of guaranteeing
national security and future development, and presents
a consistent implementation of the principle of
"rebuilding better than before", which corresponds
to the innovative development of the economy during
the war and in the post-war period.

Innovative development requires appropriate sources
of funding. I. Khovrak's publication [29] is devoted to
their study. The proposals under consideration may be
appropriate for the practical implementation of the principle
of combining investment methods to reduce risks.
Researchers have paid much attention to the formation of
innovation development strategies, for example, the work
of Z. Yurynets [31]; their regional features, in particular,
the monograph of V. Belyavtseva [3].
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Since socialization is a global trend in the
development of economic systems, it is also inherent
in innovative development, as Y. Ushkarenko and
A. Solovyov prove in their publication [28]. The authors
propose to solve the problems of innovative development,
taking into account the peculiarities of the perception
of innovations by society. This is especially important
for increasing the motivation of managers, owners, and
public administration specialists. Clear solutions to the
problems of motivation in innovative activities were
formed by O. Bilobrova in her work [4]. Significant
proposals for innovations in the social aspect of top
managers' motivation are proposed by the authors of
publications [41, 42].
insufficient attention has been paid to the intensification

However, we believe that
of innovative development based on the motivation
of top managers in wartime. The implementation of
this issue will increase the interest of both recipients
and donors in the justified use and allocation of funds
to enhance innovation development.

The authors of the publication [38] continue to study
innovative development in the social and organizational
aspects. They proposed to use the considered types of
relations and to form information strategies between
enterprises in the production of innovative products,
which will significantly improve the innovative
development of manufacturing enterprises and partners.
Such proposals are reasonable, but they should be
considered in accordance with the peculiarities
of the course of hostilities and the macroeconomic
level of interaction.

A. Hryshko and A. Melnyk proposed the key
components of innovation in world practice. The main
ones are as follows: building an innovation strategy,
value of innovation, formation of the company's business
mentality, and compliance of innovation with the
company's business strategy. In addition, the authors
proposed to use them in the context of innovation
activities for the microeconomic level in Ukraine [8].

Regarding foreign publications on the problem of
innovative development, it should be noted that the
authors consider the organization of its course, taking into
account the characteristics of each country [44-46].
For Ukraine, it is advisable to adapt the experience of
generation leaders and introduce innovations according
to the Global Innovation Index [44, 46], relying on
organizational knowledge and creativity [32-35, 39, 40].

Since innovative development is a complex and
complicated phenomenon that changes its characteristics

over time, the authors of [37] consider it from the

perspective of acquiring new qualities, i.e., in the context
of technological singularity. This is a relevant and timely
issue, proving the nonlinearity of the course of innovative
development and confirming the need to consider
economic processes as a VUCA-world that is gradually
turning into a BANI-world. That is, the economic
environment is gradually becoming more complex and
changing its characteristics. Instability, poor predictability,
and nonlinearity of economic agents' behavior are the
basis for perceiving economic relations as a VUCA-world
that is gradually transforming into a BANI-world.
The economic environment from an unstable, variable,
uncertain, complex and ambiguous VUCA-world is
turning into a fragile, disturbing, nonlinear, incomprehensible,
non-constant structure, BANI-world. This confirms the
need for further research on innovation development
in terms of modeling the factors influencing its course.

Identification of previously unsolved parts
of the overall problem. Purpose of the work, tasks

The diversity of research on innovative
development, its complexity, ambiguity, and complexity
of practical implementation, especially in the context
of military operations in Ukraine, necessitate further
research on this topic, namely, to clarify the concept of
"innovative development”, to define its concepts which
are most appropriate in modern conditions, and to
develop measures to implement innovative development
during war and post-war periods based on the use of
economic and mathematical methods and models.
Thus, the analysis of unresolved issues and discussions
of scholars and experts on the implementation of
innovative development have led to the formation of the
purpose of the article — to generalize and improve the
theoretical foundations of innovative development, to
identify the main influencing factors and determinants of
its course and to develop proposals for ensuring
innovative development of Ukraine's economy in the
current conditions.

Given this goal, the article identifies the following
main objectives:

— to find out the attitude of experts to the possibility
and necessity of supporting innovative development
in the difficult military conditions of today;

— to generalize the theoretical basis of innovative
development, to improve its definition;

— to group the existing concepts of innovative
development;
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— based on the use of economic and mathematical
methods, to substantiate the most influential factors
that determine the intensification and/or restraint of
innovative development of the Ukrainian economy;

— using the identified factors of innovative

development, to substantiate its new defining
characteristics for the Ukrainian economy;

— to propose measures to ensure innovative
development of the economy in wartime in accordance
with its identified new defining characteristics.

The object of the study is the

development of the economy.

innovative
The subject is theoretical provisions, methodological
basis, practical proposals for the study of innovative

economic development in modern conditions.

Materials and methods

The methodological basis of the article is the works
of domestic and foreign scholars and practitioners
on the problems of innovation activity and innovative
development, which are the theoretical basis of modern
research. The methods of theoretical generalization,
analysis, and synthesis were used to analyze and
summarize the literature; to improve the categorical
apparatus for defining innovative development in modern
conditions, to group its concepts, structural and logical
analysis, systemic and situational approaches were
applied; to identify the dynamics of the global innovation
index and the dynamics of factors influencing the
global innovation index in Ukraine, the method of
economic and statistical analysis was used; to determine
the impact of each factor, correlation was applied.

Results and their discussion

Before clarifying the concept of innovation
development, it is advisable to analyze the existing
definitions from the point of view of the philosophy
of science. Based on the most common definitions,
it can be stated that there are two clusters of this concept.
The first one can be considered as a subject-technological
cluster focused on the scientific result, which was
initiated by J. Schumpeter [30] and his followers.
From this point of view, innovative development is the
final result of scientific and technological activity at
the microeconomic level. The second cluster should be
defined as functional. It was initiated by B. Twiss [47]

and B. Santo [27, 43], who linked innovation

development to the functions of innovation management
and proposed to use it at the macroeconomic level.
However, according to most scholars and practitioners,
innovation development refers to the macroeconomic
level and the construction of the knowledge economy and
the state model of economic development, the mechanism
for its implementation. Summarizing the understanding
of the concept of innovative development, we can give
a broader definition: "a method of economic growth
based on constant and systematic innovations aimed at
significant improvement of all aspects of the economic
system, on the periodic regrouping of forces due to the
logic of STP, goals and objectives of the system
development, the possibility of using certain resource
factors in the creation of innovative goods and the
formation of competitive advantages" [10, p. 58—59].
In addition, the model of innovative development
is considered to be the one based on "obtaining new
scientific results and their technological implementation
in production, ensuring GDP growth mainly through
the production and sale of knowledge-intensive products
and services" [14, p. 31]. Some scholars equate the
concepts of "innovative development" and "innovative
activity" [1], which is erroneous, since activity involves
certain actions, and development involves actions related
to the essence, interdependence, state, transformation,
and transformations. At the same time, development
can be both evolutionary and revolutionary, positive
and negative, associated with a reduction, as well as
sustainable, which characterizes the constant increase
in the values of the indicators by which this
process is studied.

In-depth studies of the content of the concept of
"development" at the level of economic systems and
organizations are proposed in the monograph by
S. Mochny [21]. Mocherny [21], who identified
quantitative and qualitative changes as criteria for
the development process. This is very important for
understanding innovation development and explains the
changes that occur as a result of development in the state
of the system or its subsystems, which are determined
by the basic laws of dialectics, i.e. the transition of
quantitative changes to qualitative ones, unity and
struggle of opposites, and resolution of contradictions.

Applying the laws of dialectics to improve the
definition of the term '"innovative development" and
exploring its essence, the author offers her own definition
of this concept: innovative development characterizes
the resolution of obvious and hidden contradictions
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on the basis of qualitative changes in the economic
through the
transformations in its components and/or factors of

system accumulation of quantitative
innovation processes, intellectual property, the latest
technologies and products. The advantages of this
definition are its compliance with the dialectical laws of
cognition, and consideration of the objective essence
of innovations in all spheres of economic systems at
all their levels of functioning and by the main types of
innovations. The proposed definition should be taken
into account in the concept of innovative development
of economic systems.

With regard to the process of managing innovation
development, its main feature is the discrepancy between
the methods
management.

and principles of economic system
It is this contradiction that requires
improvement of certain theoretical and practical
provisions of innovation development.

In terms of the theoretical aspect, the authors
of the publication [23, p. 90] fully and deeply studied
and generalized the concepts of innovative development
of economic systems. They identified the following main
groups of concepts:

— the concept of cyclical development, which
includes the concepts of economic growth and STP,
cyclical crises and "long waves";

— the which

the following concepts: the subjectivist concept of

orthodox  concept, includes
innovative development, the concept of cyclicality
of innovations, technological systems, and the innovation
and investment concept;

— the paradigm of technological change, which
includes the concept of renewal and the innovation-
centered concept of economic development;

— the paradigm of innovation diffusion, which
includes the concepts of: speed of innovation diffusion,
"demand pressure", regional diffusion of innovations,
formation of technological systems and diffusion
of innovations, sectoral distribution, human capital,
harmonious economy, growth poles, competitive
advantages, cluster development, innovation cluster;

— the concept of a technocratic society, which
includes the concepts of stages of economic growth,
managerial revolution, technological determinism and
convergence, technotronic, post-economic information
society, economic integration;

— the concept of technological progress, which
includes the following concepts: technological-product,
endogenous technological progress, economic growth

with endogenous technological progress;

— the social concept, which includes the socio-
psychological concept of innovative development
in the socio-cultural environment;

— modern concepts, which may include concepts
with an information component, economic progress,
with an emphasis on various innovations and features
of the innovation process, an ecosystem approach to
innovations, and business model development.

The most difficult thing is to combine such
a heterogeneous set of concepts and to take into account
and highlight those defining features that are more
relevant to the current economic environment, the needs
of solvent end users and global trends in changes in
economic relations in which the Ukrainian economic
system operates. To do this, it is necessary to identify
the factors that are significant and have the greatest
impact on the current state of the Ukrainian economy,
according to the main most important trends in
its innovative development, and correspond to its
substantive essence (as taken into account in our
proposed definition). Therefore, the main phenomenon
and complex indicator, the dynamics of changes of
which should be analyzed, is the innovation rating
of the world's economies. It is formed on the basis
of the global innovation index and should be studied
by the dynamics of the quantitative values of the
components that characterize the Ukrainian economy.

According to the World Intellectual Property
Organization (WIPO), in 2022, Ukraine ranked 57th
in the innovation ranking of 132 economies, which is
based on the Global Innovation Index (GII). Ukraine
scored 31.0 points out of 100. The components
of the ranking are the regulatory environment (in 2022,
75th position (+3 positions)); business environment
(99th position (+5 positions)); human capital and research
(49th position (-5 positions)); education (26th position
(-3 positions)); R&D (59th position (-1 position));
information and communication technologies
(63rd position (+6 positions)); knowledge and research
results (36th position (—3 positions)) [25, 32]. Fig. 1
shows the dynamics of the global innovation index
of Ukraine in 2015-2022.

The analysis of Fig. 1 shows that Ukraine's ranking
in the Global Innovation Index was growing until 2018
(the lower the better); in 2019,
it deteriorated, and starting in 2021, after a slight

ranking, the

increase, it began to fall again. It is known that the
components of this index are the Innovation Input
sub-index, which includes the following variables:
institutions, human capital and research, infrastructure,
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market development, business development or business

experience; and the Innovation Output sub-index,

which is formed by the values of knowledge and
results of scientific research, creativity or results of
creative activity. However, the value of the global
innovation index is accidentally influenced by many other

factors, namely: GDP in actual prices (x1), exports
of goods (xz), imports of goods (xS), exports of
services (x,), imports of services (x;). The value

of the country's global innovation index is influenced

by direct investment (balance) (x), direct investment
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10,00

0,00
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(actives) (x;), direct investment (passives) (x),
income from capital transactions (x, ), revenues from the

European Union, foreign governments international

organizations, donor agencies (x,), trust funds (x,),
consumer price index (x,), volume of industrial
products (goods, services) sold (x13), economically
active population aged 15-70 (x,), real wage
index (x5) [18, 20, 22, 31]. Figs. 2-16 show the

dynamics of these factors of the global innovation
index of Ukraine [25, 26].

2018

2019 2020 2021 2022

Fig. 1. Dynamics of the Global Innovation Index of Ukraine in 2015-2022
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Fig. 10. Dynamics of income from capital transactions
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Fig. 13. Dynamics of the consumer price index
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Fig. 16. Dynamics of the real wage index

The analysis of Figs. 2—-16 shows that different
trends in the factors influencing the global innovation
index in Ukraine cause different changes in it. Growth up
to 2021 inclusive was characterized by such factors as
GDP in actual prices, exports of goods, imports of goods,
exports of services, income from capital transactions, and
the volume of industrial products (goods and services)
sold. In 2022, all of these factors decreased. Other factors
of Ukraine's global innovation index had unstable
dynamics throughout the study period. To determine the
influence of each factor, we should calculate the pairwise
correlation coefficients. Table 1 shows the values of the
paired correlation coefficients and their importance
P-values. If the P-values are < 0.05, the coefficient is
considered significant and can be used to assess the close
relationship between the global innovation index and
the factors mentioned above. Thus, Table 1 shows that
the global innovation index is most closely correlated

directly with the consumer price index (x,,) and inversely

with the real wage index (x,5). Considering the levels

of the modulo correlation coefficient in the intervals

[0,0,4) as a weak relationship; [0,4,0,7) as a moderate

relationship; and [0,7,1] as a strong relationship, it is

advisable to analyze the moderate relationship [24].

Thus, the global innovation index is moderately
correlated with such factors as GDP in actual prices,
exports of goods, imports of goods, exports of services,
direct investment (balance), direct investment (assets),
direct investment (liabilities), income from capital
transactions, revenues from the European Union, foreign

governments, international organizations, donor agencies,

x15

018

2019 2020 2021 2022

volume of industrial products (goods, services) sold, and
economically active population aged 15-70. At the same
time, among these factors, there are those that have
a positive impact on Ukraine's ranking in the Global
Innovation Index (an increase in the value of a factor is
interrelated with a decrease in the ranking position, since
a ranking of 1 is the highest ranking of a country),
and there are those that have a negative impact.

The positive factors include the real wage index (x;),
direct investment (passives) (xs), income from capital
transactions (x, ), imports of goods (x, ) (x3), volume of
industrial products (goods, services) sold (xU) , exports
of services(x, ), direct investment (actives) (x;, ), direct
investment (passives) (x,), exports of goods (x,), and
the negative factors are the consumer price index, direct
investment (balance) (x;).

Further, it is advisable to continue the study of the
impact of positive factors by calculating a multivariate
regression model. First, we should determine the impact
of positive factors on the global innovation index,
which allowed us to build the following model:

Y =97.549-0,329x,, —0.004x, .

Only two positive factors were significant in the
model, while the rest of the factors, according to the
Student's criterion, were not significant. The model
is statistically significant, as evidenced by both the

coefficient of determination (R2 =O.845) and the
Fisher's criterion (F =13.64). Thus, if the real wage

index (x5) increases by 10 %, Ukraine's rating will rise
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by three positions, holding all other factors constant.
And if capital gains (x,) increase by UAH 1000 million,
Ukraine's rating will rise by four positions, all other

factors held constant.
Y =43.913+0.478x,, .

Only one negative factor was significant in the
model, and the second negative factor (direct investment

the
Student's criterion. In general, the model is statistically

(balance)) was not significant according to

qualitative, as evidenced both by the coefficient

of determination (R2 = 0.791) , and the Fisher's criterion
(F=22.73). So, if the consumer price index (x,)

increase by 10 %, Ukraine's rating will fall by almost

five positions.

Table 1. Pairwise correlation coefficients of the global innovation index with the factors

Y x1 x2 x3 x4 x5 X6 x7 x8 x9 x10 x11 x12 x13 x14 x15

Y -04201 -0,499] -0,612] -0,584 0,152] 0488] -0,574] -0,509] -0,642] 0,324 -0,103 0,890] -0,605] 0,366] -0,780]
P-values 0,300 0,209] 0,107} 0,129 0,719 0220} 0,137} 0,198] 0,086 0,433 0,808 0,003} 0,112 0,372 0,023
x1 -0,420 0,779] 0,877 0912 0,590] -0,259] 0365 0,274 0,880] 0475 -0237] -0377 0,835 -0,712] 0,043
P-values| 0,300, 0,023] 0,004] 0,002 0,124] 0536 0374 0511 0,004 0,234 0,572 0,358] 0,010} 0,048 0919
x2 -0499] 0,779 0915] 0,849 0,051 -0611} 0,600 0,629 0,860] -0,115 -0,155 -0,441] 0974 -0,802] 0,316
P-values| 0,209] 0,023 0,002] 0,008 0,905 0,108] 0,116} 0,095 0,006 0,787 0,714 0274] 0,000 0,017 0,447
x3 -0,612) 0,877 0915 0,978 0331} -0,620] 0,597] 0,637] 0,877 0,106 -0,118] -0,536] 0,926] -0,631 0,334
P-values| 0,107] 0,004 0,002 0,000 0424 0,101] 0,118] 0,089 0,004 0,802 0,781 0,171} 0,001 0,094] 0420
x4 -0,584] 0912] 0,849] 0,978 0437] -0482] 0,595] 0,505] 0,904] 0225 -0,187] -0,503] 0,862 -0,556] 0,219
P-values| 0,129] 0,002 0,008] 0,000 0279] 0226} 0,120} 0,202} 0,002 0,592 0,658 0,204] 0,006] 0,153 0,603
x5 0,152] 0,590} 0,051} 0,331} 0437 0,163] -0,245] -0,173] 0,209] 0952 -0,133 0,182] 0,105 -0,009] -0.446
P-values| 0,719] 0,124 0,905] 0424 0279 0,700} 0,558] 0,681 0,620 0,000 0,753 0,667 0,805 0,983 0,269
X6 0488] -0,259] -0,611] -0,620] -0,482 0,163 -0,546] -0,998] -0,281 0409 -0,071 0,581] -0,612] 0,304] -0,682
P-values| 0,220] 0,536 0,108] 0,101 0,226 0,700 0,162] 0,000} 0,500 0,314 0,867 0,131} 0,107] 0,465 0,062
x7 -0,574] 0,365 0,600] 0,597} 0,595 -0,245] -0,546) 0,593 0,589] -0,427 0,011 -0,717) 0,569 -0,306] 0,560
P-values| 0,137] 0,374 0,116} 0,118} 0,120 0,558] 0,162 0,121 0,124 0,292 0,979 0,045] 0,141 0462 0,149
x8 -0,509] 0,274 0,629] 0,637 0,505 -0,173] -0,998] 0,593 0311] -0,423 0,069] -0,608] 0,628] -0,313] 0,694
P-values| 0,198] 0,511 0,095] 0,089] 0202 0,681 0,000} 0,121 0,453 0,297 0,871 0,110} 0,096] 0451 0,056
x9 -0,642] 0,880] 0,860 0.877] 0,904 0209] -0,281] 0,589] 0,311 0,084 -0266] -0,528] 0.883] -0,720] 0214
P-values| 0,086] 0,004 0,006] 0,004] 0,002 0,620 0,500 0,124] 0453 0,843 0,524 0,179] 0,004 0,044 0,611
x10 0324] 0475 -0,115] 0,106] 0225 0952] 0409] -0427] -0423] 0,084 -0,162 0,338] -0,052] -0,003] -0,597
P-values| 0433] 0,234 0,787 0,802] 0,592 0,000 0314] 0292] 0297] 0,843 0,702 0413] 0902] 0994 0,118]
x11 -0,103] -0,237} -0,155} -0,118] -0,187| -0,133] -0,071] 0,011} 0,069 -0266] -0,162 -0,089] -0,131 0,052 0451
P-values| 0,808] 0,572 0,714] 0,781 0,658 0,753 0,867 0979] 0871 0,524 0,702 0,834] 0,758] 0,903 0,263
x12 0,890] -0,377] -0441] -0,536] -0,503 0,182] 0581} -0,717] -0,608] -0,528] 0,338] -0,089 -0,566] 0,376] -0,857
P-values| 0,003] 0,358 0274 0,171 0,204 0,667 0,131] 0,045 0,110} 0,179 0413 0,834 0,144] 0358 0,007
x13 -0,605] 0,835 0974 0,926 0,862 0,105 -0,612] 0,569] 0,628 0,883] -0,052| -0,131 -0,566 -0,856] 0,410
P-values| 0,112] 0,010] 0,000} 0,001 0,006 0,805 0,107} 0,141] 0,096] 0,004 0,902 0,758 0,144 0,007 0313
x14 0366] -0,712 -0,802| -0,631] -0,556] -0,009] 0,304] -0,306] -0,313] -0,720] -0,003 0,052] 0,376] -0,856] -0,277
P-values| 0,372] 0,048 0,017] 0,094 0,153 0,983 0465 0462] 0451 0,044 0,994 0,903 0,358] 0,007 0,507
x15 -0,780] 0,043 0316] 0334] 0219] -0446] -0,682] 0,560 0,694 0214 -0,597 0451 -0,857] 0410 -0,277

P-values| 0,023] 0,919 04471 04201 0,603 0269] 0,0062] 0,149] 0,056] 0,611 0,118 0,263 0,007} 0,313 0,507

According to the constructed multivariate regression current military and future post-war conditions, and

models, the indicators that influence the global in measures for its implementation, i.e. in the tactical

innovation index of Ukraine's economy are the real wage
index, income from capital transactions, and the consumer
price index. These indicators should be taken into account
as defining features of the innovative development of
Ukraine's economy, i.e. in the strategic period, in the

period. Thus, the defining features of the innovative
development of Ukraine's economy in the current military
conditions in terms of its practical aspect are:

— solvent demand of end users (customers) of
innovations for the acquisition of intellectual property,
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production and commercialization of innovative
technologies and products (in accordance with the
indicators of the real wage index, which should be
increased, and the consumer price index, whose growth
should be restrained)

— investing in innovations that increase income from
capital transactions (in accordance with the indicator of
income from capital transactions, the growth of which
should be promoted).

Thus, it is possible to identify specific regulatory
measures to stimulate innovative development, taking
into account the following factors: current defining
features of innovative development, measures for their
implementation and practical implementation in wartime;
the experience of leading countries in the global
innovation index and the experience of enterprises
interested in the final consumption of innovations and
in investing in green and ultramodern production, which
involves significant additional costs.

To increase the effective demand of consumers
(customers) of innovations, the following incentives
are available:

— concessional lending to enterprises in key sectors
of the economy, such as mechanical engineering, energy,
chemical industry, instrumentation, and others, that serve
other sectors of the economy;

— government funding for high-tech companies to
develop digital skills and adapt employees to meet
the needs of Industry 4.0;

— application of incentive programs that provide
taxpayers with payroll credits;

— taxation of acquired patents for many years at
a reduced tax rate instead of the usual percentage
of corporate income tax;

— preferential lending for sales of innovative objects
(patents, innovative products and technologies);

— state support for the use of production and
infrastructure solutions in the production activities of
enterprises involving modern robotic systems, mainly
collaborative robots (cobots);

— introduction of free trade zones for innovative
products and technologies;

— uniting research institutes, leading universities,
and business associations into functional clusters to
concentrate creative human capital and create cyclical
demand from end users who are themselves developers
of innovations;

— organizational support for the functioning of
incubators, accelerators, technology parks, centers of
expertise and R&D, testbeds, shared resource centers

that support key technologies such as A.IL., IoT and others
that are targeted for innovation development;

— development of institutions (entities) that ensure
innovation development at the macroeconomic level on
a national scale and are able to play a key role in the
development of certain sectors of the economy and
establishing the existing institutional boundaries and
institutionalization of the state innovation policy and
innovation development programs;

— modernization of production facilities and their
accelerated digitalization, which involve the use of
mechanisms to encourage end customers and industrial
enterprises to use new technologies and products;

— focusing on the development of a policy to
support and apply organizational tools for the growth of
those enterprises that contribute a larger share of GDP
than other business entities.

The following incentives are available to boost
investment in innovation:

— reducing taxation on mergers and acquisitions
by at least half;

— providing significant benefits (several hundred
percent) for patenting and licensing innovations;

— allowing the use of accelerated depreciation methods

cumulative depreciation rates for innovative

(e.g.
products of mechanical engineering as an industry with
a slow capital turnover and one that significantly
lost consumers during the war) in the case of using
environmentally friendly production technologies;

— application of capital super- and hyper-
depreciation programs that allow companies to add
significant interest (from 40 % to 150 %, following the
example of Italy), according to the cost of acquisition
of qualified intangible assets;

— use of a preferential tax rate (no more than 10 %
on profits or income) from the implementation of
Industry 4.0 technologies to invest in domestic production;

— providing preferential or state funding for artificial
intelligence projects;

— introduction of special investment regimes
for launching innovative production and sales of
intellectual property for better penetration into domestic
and global value chains.

If the proposed stimulus measures are not adopted
and supported at the macroeconomic level, Ukraine's
economy will lag behind the developed world on the
path of innovation development and will be perceived
as a raw material supplement to countries that are more

advanced in generating and implementing innovations.
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Conclusions and prospects for further development

of the
development of Ukraine's economy is determined

The relevance study of innovative
by the need to clarify its theoretical basis and develop
the latest practical measures in accordance with the
conditions of wartime. The urgent issues of promoting
innovation development are changing approaches to
intensifying innovation activity on the part of the State,
identifying the influential factors that contribute to
export-import activities to find end users interested in
innovation, consolidating representatives of innovation
systems of different economic levels to focus on
achieving joint priority actions to lobby for innovation
interests in order to stimulate effective demand for
innovative results.

On the basis of generalization of theoretical
sources on the definition of the concept of "innovative
development", it was improved in accordance with the
laws of the dialectic of cognition and the essence of the
phenomenon itself. This made it possible to formulate
definition of this
The advantages of the proposed definition are its

the author's own concept.
compliance with the dialectical laws of cognition, taking
into account the objective essence of innovations in
all spheres of life of economic systems at all their levels
of functioning and by the main types of innovations.

In accordance with the above generalized concepts
of innovation development, it is proposed to study the
factors of influence on this phenomenon and its defining
features that are significant in modern conditions and
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CYYACHI BUBHAYAJBHI XAPAKTEPUCTUKH
IHHOBAIIHHOI'O PO3BUTKY EKOHOMIKHU YKPAIHU:
TEOPETUYHUMN TA IPAKTUYHUU ACIIEKTH

IIpeamerom crarTi € TEopeTHyHEe OOIPYHTYBAaHHS, METOIUYHE 3a0€3MEYCHHS, MNPAKTUYHI MOPOMO3MLii 3 JOCHIIKEHHS
IHHOBAIIfHOTO PO3BUTKY CEKOHOMIKM B CyYacHHX yMoBax. MeTa po0OTH — y3araJbHEHHS Ta BJOCKOHAIEHHS TEOPETHIHUX
3aca] IHHOBAaWifHOTO pO3BHUTKY, BHSABIEHHS OCHOBHUX BIUIMBOBHX (DaKTOpiB 1 BH3HAUaIBHUX XapaKTePUCTHK Ha HOro
nepebir Ta po3poOJeHHs MPOMO3MLIH 100 3a0e3NeyYeHHs IHHOBALiHHOTO PO3BUTKY CKOHOMIKM YKpailHH B CyYacHHX yMOBax.
BusnaueHo Taki 3aBAaHHA: 3 SACYBaTH CTaBJIICHHA (axiBIIB [0 MOXJIHMBOCTI Ta HEOOXITHOCTI MIATPUMKH I1HHOBALIHOTO
PO3BUTKY B CKIQJHMX BOEHHHX YMOBaX CBOTOJAEHHS;, Y3alallbHUTH TEOPETUYHE MIiATPYHTS iHHOBALIHHOTO pPO3BHUTKY,
YIOCKOHAJIMTH HOTrOo BU3HAYEHHS Ta 3rPYIyBaTH HasBHI KOHIEMIil; OOTPYHTyBaTH HaWBIUIMBOBIII (aKkTOpH, IO 3yMOBIIOIOTH
aKTHBI3allil0 Ta/ab0 CTpUMaHHS IHHOBAI[IHHOrO pO3BUTKY €KOHOMIKM YKpaiHM; BHSBHTH HOro BH3HAYallbHI O3HAKH,
3a SIKUMH 3T€HEpOBAHO 3aXOAu 3a0e3NeucHHs iHHOBAI[IHOTO PO3BHUTKY €KOHOMIKM y BOEHHHMX yMoBax. J[is BHpILEHHS 3aBJaHb
3aCTOCOBAHO TaKi METOAW: TECOPETHYHE Yy3arajbHEHHS, aHalli3, CHHTE3, IHAYKIiSA, NOeNyKIis, CTPYKTYpPHO-JIOTIYHHK aHaji3,
CHCTEeMHHMH 1 CUTyal[ifHMH MiJAXOAM, SKOHOMIKO-CTaTHCTUYHHMH aHaii3, KOpeJsIiHHMI aHanmi3, 0arato(akTOpHHWIl perpeciiHuit
aHami3, rpadiuHMi Merox. 3700yTo Taki Ppe3yJbTATH: YAOCKOHAJCHO BH3HAYEHHS MOHATTS "IHHOBaWiHHMI pO3BUTOK";
MIPOAHANI30BaHO KOHIIETIi] 1HHOBAIL[IfHOTO PO3BUTKY; BUSBIEHO OCHOBHI ()aKTOpH, IIO BIUIMBAIOTH Ha Mepelir iHHOBAIHOTO
po3BUTKY B YKkpaiHi; mnoOynoBaHo OaratodakTopHi perpeciiiHi Mozmeni 3a BIUIMBOBMMH (DaKTOpaMH iHHOBaLiHHOTO
PO3BHTKY Ta OOIPDYHTOBAaHO HaWOIMBIl BaXIMBI 3 HHX; 3a 3HAYyMIUMH (akTopaMH BHUSBIECHO CYy4YacHI BHU3HAYalbHI
O3HaKM IHHOBALI{HOTO PO3BUTKY CKOHOMIKM YKpaiHM Ta 3AiHCHEHO IX KOHKPETH3allil0 BiIMOBIIHO [0 3aXOMiB I HOro
3a0e3MeUeHHss B yMOBax BOEHHHMX Jiil. BucHoBKHM. JloBeneHo, 10 BJOCKOHANCHE TOHATTS "IHHOBALIWHUN PO3BHUTOK"
Mojsira€ B TOMY, LIO BOHO XapaKTepH3ye pO3B’A3aHHS SBHUX 1 TPHUXOBAHUX CYNEPEYHOCTEH Ha OCHOBI 3iHCHEHHS
SKICHUX 3MIH B €KOHOMIUHIM CHCTeMi 3aBASKM HAKOMMYCHHIO KUIBKICHHX TEpPETBOpeHb y T CKIagHHMKax i/abo ¢akTopax
IHHOBAIIfHUX TPOLIECIB, IHTEJCKTyalbHOI BIACHOCTi, HOBITHIX TEeXHONOTiH 1 mpoxykuii. BigmoBimHO 10 HaBedeHUX
y3arajJbHEHNX KOHILEMIiil IHHOBAI[IHHOrO PO3BHUTKY JAOCHIIKEHO (AaKTOpH BIUIMBY Ha L€ SBHUIIEC 32 JUHAMIKOIO CKIJIAQJHHKIB
TII00ATBHOTO IHHOBAI[IMHOTO IHIEKCYy W 3a CTAaTUCTUYHMMH IIOKa3HMKaMM €KOHOMiKM Ykpainm 3a mepiom 2015-2022 pp.
BusnaueHo HaiOinpmr BIIMBOBI (aKTOpH 32 OKPECICHMMH TIOKa3HHKaMH I 1oOymoBaHo OaraTtoakTOpHI perpeciiHi
MOZeNmi, 3a SKHMHM BHSBICHO TaKi CydYacHi IpOBiJHI O3HAKM IHHOBALIIfHOTO pPO3BUTKY: (OPMyBaHHS I MiITPUMYBaHHS
IUTATOCIIPOMOKHOTO TOMUTY KIHIEBHX CHOXHMBaYiB (3aMOBHHKIB) 1HHOBalliii MIOM0 HagOaHHS i1HTENEKTyaJdbHOI BIIACHOCTI,
BHPOOHHMLTBA M KoMmepuiaizamii iHHOBAliiHOT MPOAYKLil Ta IHHOBaiWHMX TEXHOJOTiH; iHBECTYBaHHS B iHHOBaUii. 3 OINIALY
Ha II¢ 3aIpONOHOBaHO 3aX0/IH 1010 3a0e3eUCHHS i aKTHBI3allil IHHOBAILlIHHOTO PO3BUTKY B YMOBaX BOEHHHX [iif B YKpaiHi.

KurouoBi ciioBa: iHHOBaLifiHMH pPO3BUTOK; TNOOANbHUN 1HHOBAWIMHMNA 1HAEKC; CydYacHI BH3HAUYaNbHI O3HAKU; 3aXOMM;
BOEHHI JIil.
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JI. MOCBITIAH

ABTOMATMU3ALIA TEXHOJIOI'TYHHOI'O MTPOLECY
®OPMOYTBOPEHHS JETAJEH 13 NPAMOJIIHIMHUMU PUPTAMUA

IIpeamMeToM JOCHiGKEHHsI € TEXHOJIOTIYHA JIiHIS BHIOTOBJICHHS TOBCTOJIMCTOBHX JAeTaned 3 pudTaMH, BUTOTOBICHUMHU
3 KOHCTPYKUIHHHMX 1 cremianpHHX craneii. Merta poGoTH — MpoaHadi3yBaTH W CTBOPHUTH METONM YIPABIIHHA OCHOBHUMH
TEXHOJIOTIYHUMH OMEpalisIMA Ha BCIX JIaHKaX TEXHOJOTIYHOTO MpOLEeCy aBTOMATH30BAaHOTO BHUIOTOBJICHHS TaKWX JeTajel
1 Ha iX migcTaBi chopMyIIOBaTH NEPEIyMOBH PO3POOIICHHS JOKAJBHIX CHCTEM KepyBaHHS O0JIa[HAHHAM, [0 3a0e3redye BUKOHAHHS
omepamiii Ha KOKHOMY BH3HAYCHOMY B IIiif poOOTi e€Tami TEXHOJIOTIYHOTO MpOILECY, a TAaKOX BH3HAYHTH UYUHHUKH I100YIOBH
CTPYKTYpPH Ta alrOPUTMY 3arajlbHOi CHCTEMH KepPyBaHHS, KA CHHXPOHI3yBaTHME Ta KOHTPOJIIOBATHME BECh TEXHOJIOTTYHHIA TIpoLec.
VY craTTi po3B’s3yIOThCS Taki 3aBJaHHsI: CTBOPEHHS MoJejell OCHOBHUX eTamiB ()OPMOYTBOPEHHsS AeTajedl 3 MpSIMONiHIHHIMU
pubTaMu Ta KepyBaHHS [IHHAMIYHMMH BIIACTHBOCTSAMH OOpaHHMX CHCTEM IX peanizamii. BHKOPHCTOBYIOTBCS Taki MeToqu:
YHCeNbHEe 1HTErpyBaHHA Ta PO3B’s3aHHSA OU(EpEHIIMHUX PIBHSIHB; aHAJNITHUYHE PO3B’S3aHHSA OU(EpeHLiHuX PiBHSIHbP HAa OCHOBI
npuHImny Jlanamoepa abo cnocoOoM BUKOPUCTAHHS piBHSAHHS Jlarpamka; 4acTOTHUH aHaii3 nepeaaTHUX (QYHKIIH OKpeMUX JaHOK,
MOJaHUX y BHUIISAI APOOOBO-pallioHANEHUX (yHKIIH. JloCATHYTO TakuxX pe3yJbTaTiB: MOOYIOBAaHO B IIEPIIOMY HaONMKEHHI
CKJIaJ] Ta IOCTIJOBHICTh OCHOBHHX OIEpalliii y3aralbHEHOr0 TEXHOJOTIYHOTO MPOIECY aBTOMATH30BAHOTO BHUTOTOBICHHS
TOBCTOCTIHHUX JIMCTOBHX JeTaneil 3 pudTamu; 3a pe3yjbTaTaMd aHaji3y MpOLECy MPYKHO-IUTACTUYHOI 3MiHH (GOpMH TiISTHKH
3 OaraTbMa 3B’sI3KaMU BH3HAUCHO BXiJHI i BUXiJHI MapaMeTpu, HEOOXiqHi U1 TOOYI0BH MOJIENi KepyBaHHs 3a3HAYCHUM MPOLIECOM;
3’ICOBaHO, IO JJIsI HOro peaiizamii moTpiOHO 3abe3neunTtH BinbHe nedopmyBaHHA sk MiHiMyM 0,25 % rmromy moBepxHi pudTy
1Mo3a KOHTaKTOM i3 ()OPMOYTBOPIOBAJIFHHM I1HCTPYMEHTOM, 1 3alpoNOHOBAaHO HEOOXigHI Ui LBOTO TEXHOJOTIYHI METOIM;
MOJAHO BapiaHTH TEXHIYHOI peaiizalii oOpaHHX TEXHOJOTIYHHX METOJiB; HABEICHO pe3yJbTAaTH MOJCIIOBAHHA CXEM 1 PEXHUMIB
pobOTH HEOOXiIHOro TeXHIYHOro oOsagHaHHA. BHCHOBKH. 3acTOCyBaHHS 3alpPONOHOBAHOI CTPYKTYPH, CKJIaJy Ta IOCIiJOBHOCTI
OCHOBHHX Ollepalliil y3araJbHEeHOI0 TEXHOJIOTTYHOTO IPOIeCY aBTOMAaTH30BAaHOI'O BHTOTOBJICHHS TOBCTOCTIHHHX JINCTOBHX JAeTaieit
3 pudTamMH Ha OCHOBI #foro peaizarii 0OpaHUMH METOAAMH Ha 3aIPOIIOHOBAHOMY OOJIaHAHHI 320e3MeUnTh ehEeKTHBHE YIPaBIiHHSI
SKICTIO BUTOTOBJICHHS 3a3HAYEHHX JIeTallell Ha KO)KHOMY €Talll TEXHOJIOTYHOTO MPOLECY.

Kiio4uoBi ci1oBa: aBTOMarn3aiisi TEXHOJOIIYHOTO MPOLECY; MOCTIOBAHHS OCHOBHHX CTamiB MpOIECY H PEXUMIB POOOTH
o0J1aTHaHHS; CHCTEMa aBTOMAaTHYHOTO KePYBaHHS; YaCTOTHI XapaKTEPUCTUKH.

Beryn CY4acHOTO MalIMHOOYAyBaHHS. Y IepHIoMy HaOJIVKEHHI

CKJIal Ta  TOCIIIOBHICTD OCHOBHHX  OIleparliit

ABTOMaru3anis pOILIECY BUT'OTOBJICHHS y3araJlbHEHOTO TEXHOJIOTIYHOTO TIPOIIECY aBTOMATU30BAHOTO
TOBCTOJIMCTOBUX JeTajeH 3 KOHCTPYKITIHHUX BUTOTOBJICHHA TAaKMX JCTaJcH MOJKHA TIIOJaTH Tak,
1 CHOCIafbHUX CTaliell € aKTyaJbHHM 3aBIaHHSIM AK 300pakeHo Ha puc. 1.

Puc. 1. Cxiag ta mociiIOBHICTh ONepaliii BUTOTOBICHHS AeTalli

OueBHIHO, W10 KIIOUYOBMM MOMEHTOM € eTal AHaJi3 npo6JieMH if HasIBHUX METOIIB
BUTOTOBJIEHHS  J€Taji 13  3arOTOBKH,  OCKIJIBKH
MOXKJIMBICTE HOTO aBTOMaTl/ISaL[i'l' Ta KCPYBaHHSA HUM HpOI_[eC BUTOTOBJIEHHS TOBCTOJIMCTOBUX IlCTaJ'ICf/'I
Y peaabHOMY yaci € BI/IpiH.IaJIBHOIO JJAHKOKO CHCTEMU {010 (bOpMOYTBOpeHHH neranen i3 HpﬂMOHiHiﬁHHMH
aBTOMATHU3ILii BCLOTO MPOLIECY. pudramu  neranbHO  po3misHYTO B poborti  [1].

30kpemMa  aBTOPM  YTOYHWIM  pPajiyCM  KPHBHU3HHU

© JI. Mocemnan, 2023
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B MEPHIIOHATIBHOMY Iepepi3i Ta JOBXKHUHY KiHIA PHUPTY
B 30HI BUILHOTO BUTHHY.

VYHachmigok MojemoBaHHS B mpami [2] 3pobieHo
BHUCHOBOK ITIpO Te, IO B MpoIieci popMOyTBOPEHHS pedep
MOXYTb BUHHUKATH JAc(PeKTH Yy BHIJIAOI PO3PHUBIB.
Ha BepimHax LeHTpaibHUX pedep 3’sBISIOTHCS CYTTEBI
CTOHITyBaHHS Matepiamy. Ha mepudepii mixxk pedpamu
YTBOPIOIOTHCS CKJIAJKH, 10 MOTIPIIYIOTh SIKICTh TOTOBOT
jgeranmi W 3aBHINYIOTP BHUMOTH JO TEXHOJOTIYHOTO
obOmanHanHs. Jlns 3riaukyBaHHS  CKIIAZOK  MOTPiOHI
JOATKOBI 3yCHILIS.

Y mpomeci MOJIENIOBaHHS BHSBIECHO, IO Ha
(dopMyBaHHS pedep CYTTEBO BIUIMBAE BEJIMYMHA CHII
Tepts. Tak, Hanpukiaa, 3a MIHIMAIBHHX CHII TEPTS
Marepian 3aroTOBKH BUIBHO KOB3a€ B3IOBXK OCHACTKH,
3aro0irarouydl HaJMIpHOMY PpO3TATYBaHHIO Marepially B
IUISHI HEeHTpabHUX pebep. Ajle BOOJHOYAC MiHIMANbHI
CHJIM  TEpTs 3yMOBIIOIOTH 3HAa4YHI  IEepeMilIeHHs
MaTepiary Ha mepudepii.

3a ymMoBHU (opMyBaHHs 0e3 0OBaKHEHHS ILIOCKOTO
€JIeMEeHTa 3aTOTOBKH BiOyBaeThCs i1 pyiHyBaHHS B 30HI
CHpsDKEHHS 13 KiHeM pudTy, y pa3i 0OBaXHEHHS IOHA
8-10% 1 ¢QopMyBaHHA-BUTATYBAHHS II0 XOPCTKOMY
MyaHCOHY pyHHYBaHHsI HE BiIOyBaEThCs, ajie yTBOPIOIOTHCS
roppu B 30HI CHOPDKCHHA KIiHIEM PUPTY 3 IDIOCKAM

eleMeHToM. Y (opMyBaHHS-BUTSITYBaHHS

pudry
(monax 70 %) dopMyeThCs BUIBHO, PO3PHBY 3arOTOBKHU

nporeci
CKOPOYCHHUM IIyaHCOHOM YacTHHA  KiHIA
Ta YTBOPEHHS TO(QPiB HE CIIOCTEPIra€ThCs.

Byno 3anponoHoBaHo Taki pekoMeHaanii [2]:

— YNpoBagWTH ToeTamHe (HOPMOYTBOPEHHS pedep
13 MPOMDKHUM BiJIIAIOM;

— PpO3TISAHYTH iHIII (HEHOMiHANBHI) TEOMETPUYHI
rapamMeTpd OCHACTKM Ta TOTOBOI JeTali 3 METOI
3HIDKCHHS CTETIeHs e opMartii;

— MIHIMI3yBaTH TEPTsl MK OCHACTKOIO Ta 3arOTOBKOIO.

[Micnst excepuMeHTAIBHOI TIEPEBIPKH PE3yNbTaTiB
MoJienoBaHHs (Je(opMyBaHHs 3/1HCHIOBAJIOCH Ha Tpeci
YHM-100 3 BiAMOBIAHOIO OCHACTKOIO OO MOMEHTY
BTPATH CTIHKOCTI (IaHIIs 3pa3Ka) 3p00JIeHO Taki BUCHOBKH:

— TpaHWYHI BIAXWICHHI EKCIEPHUMEHTAIBFHUX
3HaYeHb pajiiyca KPUBU3HHU IUISHKH BUIBHOTO BHUTHHY
3a YMOBH JOBXHHHU ITyaHCOHA, IO JOPIBHIOE ITOBKHHI
pudpty  Oe3
3a TIOJAHOIO B POOOTI [2] 3aNeKHICTIO, HE MEPEBUIIYIOTh

MPSIMOJTIHITHOTO KIHI[IB, O0OYHCIIEH]

5 % 1 nexarh B MeXax JIONYCKY Ha CepiiHO BUTOTOBIICHI

nmetanmi. 3amobiraTm  yTBOpPEHHIO ToQpiB y Tporeci
mTaMIlyBaHHs TOBCTOJIMCTOBHUX ,ueTaneﬁ MOXJIUBO
cocoboM  ¢GopMyBaHHS  CKOPOYCHHM  ITyaHCOHOM,

JIOBXXHMHA SIKOTO BiJIOBiae JOBXKHHI pudTy 0e3 KiHIB,

roc, K MiHiMyM, 0,7 pamgiyca MUIIHAPWYHOI HiISTHKA
pudry. Y upomy pasi posmipu BiadopmoBaHoro pudty
BiJIIOBITAIOTH 3aJaHAM y MeXaX TO3BOIY;

— Jis NOAATKOBUX HANpYXeHb BUTHHY, MOB’SI3aHUX
i3 3MIHOIO pajiyca KpHBH3HH (OPMOYTBOPIOBATHHOTO
IHCTpYMEHTA € HE3HAYHUMH.

Y poborti [3] 3a pe3ynpTaramu aHaji3y MHpoLECy
NPY)KHO-IUTACTUYHOI 3MiHM (pOopMH INISHKH 3 Oaratbma
3B’sI3KaMU  3pOOJICHUI BUCHOBOK, HIO Ui TOOYIOBH
MOJZIeTl KepyBaHHS TaKMM IPOLECOM MO)KHA BHU3HAUUTH
BXIi/IHI Ta BUXiJHI ITapaMeTpH.
nedopmartii;
KOHTaKTHI HaIpPY>KeHHsI B3IOBXK OCi pyXy myaHcoHa. s

Buxigni mapamerpu:  IIBHIKICTB
BUMIPIOBaHHS Ta OOYMCIICHHS 3HAYeHb IMX IapameTpiB
JOCTaTHBO BCTAaHOBUTH Ha poOo4Mil opraH Ipeca
aKceJIepoMeTp, II0 JacTh 3MOTY B PEXHMI peaJbHOro
4yacy BIICTeXXyBaTH W OOYMCIIOBAaTH OOHIBa OOpaHMX
BUXIJTHHUX MTapaMeTpH.

BxinmHi mapamerpu: cwia, MPUKIAJIEHA A0 3aTOTOBKH;
CHJIM TEPTS, SIKi MePEIIKO/KAIOTH BUTATYBAHHIO (hIIaHIIEBOT
YaCTWHM 3aroTOBKH; CHJIM, IIO JMIOTb Ha 3arOTOBKY
3 Ooky Marpui (neperspkHoro pebpa). BumiproBanHs Ta
KepyBaHHS 3a3HAaYCHHMH [apaMeTpaMu Moxe OyTH
3nidcHeHMM  TakuM  umHOM. CwHia, TNPHKIAJCHA
JI0 3aTOTOBKH, MOXKE 3MIHUTHCS B MOTPiOHOMY Iiamas3oHi
3a JIOTIOMOTOI0 BHMKOPUCTaHHS KEpPOBaHOI 3yCTpiyHOI
(BiAMIOBIIHO A0 HAMpPAMKY [ii IMyaHCOHA) MPY)KHOI Hil 3
00Ky MaTpulli, 0 PO3MIIIY€EThCS HA MPYXKHIH OCHOBI,
KOPCTKICTB SIKOT MOKHA 3MIHIOBATH B IIEBHAX MEXKaX.

AHanoriyHo Moke OyTH BUpIlIEHE MHUTaHHA
KepyBaHHS CHWJIAMH{, IO IIFOTh Ha 3aroTOBKYy 3 OOKYy
MaTpuii (MepeTsHKHOro pedpa).

Cum TepTd, SKi TEepelIKOoKAIOTh BHUTATYBAHHIO
3arOTOBKHM, TaK0XX MOXYTh BiJIKOPUTOBaHHUM CIOCOOOM
KepyBaTH BEJIMYMHOIO CHJIN MPUTHUCKAHHS 3arOTOBKH.

y mporeci

Jeraned Ha Ipecax

3a iHdpopmamiero 3 kepena [4]

BUTATYBAaHHA  LWJIIHIPUYHHX
MOJBIHHOT Aii 3 KOPCTKUM HPUTHUCKAHHSIM BaXKIHMBOIO €
HE BEIWYMHA THUCKY, a BCTAHOBJICHHS MIiHIMAIbHO
HEOOXIIHOTO JUIS TEBHOI TOBLIMHH JIMCTa 3a30py MiX
MaTpULEI0 Ta IPUTUCKOM, SIKHA He  3amieMIlioe
3aroTOBKY, ajie 3a100irae yTBOPEHHIO 3MOPIIOK.

Cunu TPUTUCKAHHA [JIs TIEPIIOTO BUTATYBaHHS

WWIHIPUYHUX ~ JeTaneil 3 IUIOCKOI  3arOTOBKH
OO0YHCITIOIOTH 32 Tako (Gopmyroro [5]:

0=0,257[ D*~(d,+2r,)' |, (1)
ne d, — piamerp BuTAryBaHHs (Marpuii) Ha mHepIii

orieparii, MM;
7, — pajiyc 3aKpyIJIeHHS BUTSHKHOT KpalKH, MM.
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3HadyeHHs, ONMM3bKi 10 00YHCIEHNX 3a (POPMYIIOIO,

Jae HoMorpama, 3o0paxeHa Ha puc. 2. Tuck
NPUTHCKaHHS, 3HalIEHNH 32 HOMOI'PaMOl0, BUBHAYA€ThCS

TUMHU CAMUMH NTapaMeTpaMu.

Puc. 2. Homorpama 11 BU3HAYECHHS TUCKY IPUTHUCKAHHS
3a5exHO BiJ d/s Ta D/d (mns crani 10)

Po3B’s13aHHA 3aBAAHHA

HagezneHi Buie pe3ynbTaTH aHANi3y MOXKIHBOCTI
aBTOMATH3allii eTaly BHUTOTOBIICHHS TOBCTOJHCTOBOT
JIeTali 13 3aroTOBKH CBiYaTh MPO Te, IO JUIs HOro
peaizamii HeoOXiqHO 3abe3nednTH BiTbHE Ne(opMyBaHHS
sk MiHiMyMm 0,25 % mnomi nosepxHi pudry mo3a
KOHTaKTOM 3 (OPMOYTBOPIOBATBHAM IHCTPYMEHTOM.

,Z[J'IH Oboro peKOMCEHAOBAHO  3aCTOCOBYBATH  OJWH

a00 IEKUIbKA 3 TAKUX TEXHOJOTIYHUX METOMIIB:

1) BUKOPUCTaHHST ~ MPUCTPOIO  JUIS  CTBOPEHHS
nepenaiy THUCKY;

2) 3aCTOCYBaHHSA CKOPOYEHOTO IIyaHCOHA;

3) kepyBaHHSI cCHWIOO TepTs (TOOTO CHIIOIO

MPUTHCKaHHS a00 Koe(illieHTOM TepTs).

Po3rnsHeMO MOIHBI BapiaHTH MOOYIOBH CHCTEM
aBTOMAaTUYHOTO KEPYBaHHS Ul KOXKHOTO 3 HaBEICHHX
BHIIIE TEXHOJIOTITYHUX METOIIB.

3acmocyeanns HAKIA0OK 3 eNACMUYHO20 MAEPIANY

3anpornoHoBanuit 'y poGoti [6] npuctpid s
CTBOPEHHS TIepernagy THUCKY 3 JONOMOTOI0 HAaKJIAJOK 3
€IaCTHYHOr0 Martepiany, 3akpilUICHMX Ha 3aroTOBII,
300paxkeHnii Ha puc. 3. 3aroToBka B I[BOMY pasi
(hopMy€eThCS NOCTIHHIM THCKOM PIAMHH a00 rasy.

Jlnst BUpiIIeHHS IOCTABJICHOTO 3aBJaHHs (popMyBaHHS
TOBCTOJINCTOBOI aeTaii 3 pudraMu, 3aMiCTh €ITaCTHYHHX
HaKJIQJIOK, MOXXHA 3acTOCYBaTH CIIELiaJIbHy OCHACTKY,
y sKiii TeBHI AULIHKM MATpHULli MaTHMYyTh 3MOTY
pPyxy
f CIMPaTUMYTBCS] HA OCHOBY 3 K€POBAHOIO IIPY)KHICTIO.

NepeMillyBaTuCh y  HAaIpPsAMKY ITyaHCOHA

Puc. 3. [puctpiit a5t CTBOPEHHS Hepenay TUCKY 3aIeKHO
Bix d/s ta D/d (wus crani 10)

Takor0 OCHOBOIO MOJKHA BHKOPHCTATH TiIPOOIIOpY
i3 CHCTEMOIO aKTHBHOTO CHJIOBOTO KepyBaHHs (puc. 4).

1 2

X

/,

XL

10~

Puc. 4. Po3pi3 kepoBaHOi TiIpoonopu:
1 — rymoBa obmyaiika (Ipy KHHUI €IeMeHT);
2 Ta 5 — HeCHI MePeroposIKu; 3 — KOpIIyc;
4 — nemndepHuit kaHa; 6 — MeMOpaHa;
7 — MiAOH TS KPITJICHHS;
8 — KoTymIka 30y KeHHSI elIeKTPOMAarHiTy
MAarHiTOPEOJIOTIYHOTO TpaHCHOpMaTOpa;
9 — MarHiTOPEOJIOTIYHA PiIHHA;
10 — enemeHTH KpiIJICHHS KOHCTPYKITT

BignoBigHo m0 cxemu, 300pakeHOi Ha puc. 5,
MIOCJIEMEHTH] PIBHSHHSA JUHAMIKH TiPOONIOPH MAalOTh

TaKWil BUTIISIT:

myx+c,x=F(t)-pA 2)
p, — p, = rAx + LAX. (3)
E
p,E—Ax=—u. 4)
s
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F(n) m, X
X
A % /m " .
¢, % /’ /L ’
Y0ggrr N=RAZ
s 7 W= u(x, x)
777777777, =
3 X

Puc. 5. I'igpoomnopa 3 akTUBHOIO Ji€I0

Y dopmynax (2)—(4):

m, —Maca 00’€KTa;

¢, — KOPCTKICTb KOHIYHOI TYMOBO1 0OWYaiKH;

,
F (1) — cuna 30ypenHs (CHIa, PUKIIZICHa 10 [yaHCOHa);
P, — TUCK y pobouiii kamepi;

A — Tomna MopIIHS;
P, — THCK y JI0OJIaTKOBii Kamepi;

¥ — MHIAHAN TiApaBIiYHAA JUCHIIATUBHUH OMip KaHAIY;
L —rigpaBniuHa iHepIiHHICTE;

E — emuicTh 101aTKOBOT KaMepH;

§ — IJIOIIA Iepepizy MeMOpaHu;

u(x,)'c) — aKTHBHA CHJIOBA 3YCTpIYHA Jis TiJPOOTOPH,

siKa Mae OyTH BH3HAYCHOIO.

Bupasumo 3 (4) p, dYepe3 x Ta u 1 HiACTaBUMO
orpuManuii Bupa3 y (3), micnst goro 3 (3) Bupazumo p,
yepes X Ta X, OTPUMAEMO HACTYIHE DIBHSHHS, SKE
noB’s3yBatume X,X,X, F(¢) Ta u:

2

(mO+LA2))'c'+rA2)'c+ cﬁ-% x:F(t)—éu(x,fc). %)
s

BBe[[eMO TaKi MO3HAKU:

m :(mo +LA2);
m = LA;

2k =rA*

] :(cy +A2/E);
Als=N,.

3 orasmy Ha HaBEACHI IMMO3HAKW piBHAHHS (5)
HaOyBaTHME BUTIISY:
mi +2kx + w;x = F (1) = Nyu(x,%). (6)
BimmoBimHo g0 cxemu, moOMaHOi Ha puc. 1,
BEJIMYMHM Koe(illieHTa nepenadi CHIH:

n(r)

_ omi+2ki+oyx  mi+2ki+wpx
CF()-Nu(xx) B '

3amada moOyJOBHM aKTHUBHOI 3YCTPIUHOI il TOJSATaE
. * .
y BU3H@4eHHi Takoro 3akoHy u (x,X), IO 3a yMOBH

0OMEKEHHS Ha MOro IHTEHCHUBHICTH
27|w
j Wdt <V (7)

0

3a0e3rneuyBaTUMEe B YCTICHOMY pEXHMI MiHIMalbHE

3HA4YeHHA pi3HULL A =n (t) -n

‘meop. :
min A= min[n(t) - nmeapl , )

ae n BU3HAYAEThCSI 3 TEOPETHYHHX PO3PAXyHKIB

meop.
MOTPIOHOTO 3HAYCHHS 3yCTPIYHOI ii.

KepyBaHHS TUHAMIYHUMHU BJIACTHBOCTSMH CHCTEMH
MOYKHA 311HCHUTH, BAKOPUCTOBYIOUH TaKI ITiIXOJIH:

— 3MIHIOBAaTH HAJAIITYBaHHS CHCTEMH 3 JOTIOMOTOIO
3aJlaHHs [IEBHOTO CTPYMY KepyBaHHSA aeMndepa;

— 3aCTOCOBYBAaTH KaHAJI KepyBaHHA CTPYMOM

z[eMn(bepa, BOJHOYAC 3aMKHYTH CHUCTEMY 3a JOIIOMOI'OIO

HETaTMBHOTO 3BOPOTHOTO  3B’SI3Ky, HANPHUKIAA 32
MIPUCKOPEHHSM.
Ilepmmit  miaxix  BigmoBigaTuMe  KepyBaHHIO

3a PO3IMKHEHUM LIUKJIOM. Y NPyroMmy MifXo/i B aKTHBHIH
CHCTEMi CTBOPEHHSI CHJIM MPOTHUIl KepyBaHHS CIIOCOOOM
CTpyMy B nemrdepa
3IICHIOBATUMETHCS y (PYHKIIT KOOPAMHAT (TIEPEMIIICHHS,

3MIHH  BEJIWYUHHA oOMoTILi
LIBHJKICTh, TPUCKOPEHHS) pyXy (parMeHTra MaTpHii.
ToOGTo, Ha BiIMIHY Big NepHIOrO MiAXOLY, CTPYM
Oyze 3MIHIOBAaTHCh Y TpPOILECI KepyBaHHS, peali3ylouu
aJlanTHBHE KEPYBaHHS MPOLIECOM.

v HaIn cuTyarii

cucreMa  KepyBaHHA

MarHiTOPEOJIOTIgHIM  TpaHc(hOpMaTOpOM  TiIpooroph
(MPT rigpoonoporo) Mae peanizyBaTu Taki QyHKIIIi:

— OIIIHWUTH CTYIiHb OCIA0IEHHS T1IPOOIIOPOO PiBHA
CHUJIOBOI JIii TyaHCOHA;

— chopMmyBaTH cHTHaT KepyBaHHS B S3KICTIO
pianHM B nemndepHOMY KaHali MarHiTOpeoJIOTiYHOTrO
Tparchopmaropa.

s 3niificHeHHs 3a3HaYeHUX (DYHKINH cucTeMa Mae
MICTHTH: NATYUKNA TUCKY (CHIIN); CHCTEMY OOpOOIEeHHS
CUTHAJIIB JATYUKIiB; TOTYKHUA HAMIBIOPOBITHUKOBUIA
MPHUCTPiA 3 OJIOKaMU KepyBaHHS CHJIOBHMH KITFOYaMU.
[MpuHumn nii  cUCTEeMH aBTOMATHYHOTO KepyBaHHS
MPT rigpoonopu 3anponoHOBaHuUi Ha puc. 6.

Jlo BXOJy CHCTEMH HAIXOAWUTh IH(pOpMAILS PO
MOTOYHI 3HAYCHHS BEIMYMHH CWIOBOI [Hii (THCKY)
3 patuukiB THcky JIT1, ycraHoBieHOro Ha rizpoornopi
(ocHOBI 1, Ha sKy mie myancoH), i [JIT2, ycraHoBiIeHOTO

Ha OCHOBI 2.
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CucTema u
KepyBaHHA

HanienposigHWKOBMIA
nepeTeoploBay

Oxwepeno
P TUCKY

T 1ar1| (nyaHcoH)

OcHoea 1 |
i
»| 3E
lapoonopa
PO]‘I
AaT2 / \
OcHoea 2

Puc. 6. ®yHkIioHanbHa cXeMa CHCTEMH aBTOMAaTHYHOTO KepyBaHHS TiAPOONIOpoIo popMyBaHHS 3yCTpiuHOT il

3a yMOBHM TpaguIiifHOTO BUKOPUCTAHHS TiIpOOIIOp

y cucreMax BiOpo3axWcTy, J€ 30BHIIIHS  JIis
€ MEXaHIYHUMHU KOJMBaHHAMU B IIEBHOMY CIIEKTpi
4acToT, I mepenaTHy (QYHKIIIO BHU3HA4YalOTh Yy TaKUH
cnoci6. KepoBany rigpoomopy mMmomaioTh Yy BHIVIAIL
CMYTOBO-3aropo/IXKyBaJIbHOTO ¢inpTpa. YactoTa
HaJAIITYBaHHS TiAPOOIOPH € TaKOW0, II0 NPHIYILIYE
CMYTOBO-3aropo/KyBalIbHUN (inbTp. OCKUIBKM peanbHa
rizpoomopa Ma€ TyMOBY OOHWUaiiKy, $Ka TacHUTHMe
BHCOKOYACTOTHI TapMOHIKH, TO TipOONOpY IOAAI0ThH
SK TIOCHiOBHE 3’€IHAHHS JBOX JIAHOK: CMYTOBO-
3aropo/UKyBajJIbHOTO (inbTpa W mepeaTtHoi (QyHKIIT
TYMOBOi OOHMUaiiki. 3a TaKMX yMOB IiepenaTHa (QYHKIIiS
riIpoonopy HaOyBa€e BUIIISAY:

ns*+ro’ 0,003s+1

X 2
s> +bas+a’  0,005s+1

W, =W, xW, = ©)

ne W, —mepenatna QyHKIlsS CMyTOBO-3ar0pO/LKyBATBHOTO
¢inbTpa;
W, — nepenatHa $yHKIIs 0OWMYaNKY;

a

T, — Koe(IIlieHT MiACUICHHS;

b — mMpuHa 3arOpPOIKEHHS;
@, —4acTOTa HAJALITYBAHHS T1iPOOIIOPH.

VY Hamii curyamii CWIOBY Mil0 IyaHCOHA Mija 4ac
(hOpMOYTBOpPEHHS JIeTalli MOXHA TOJATH SK OJMHUIHY
CTYIIHYACTy  [dif0, TOMY  4YacTOTHI  BJIACTHBOCTI
TiIPOOTIOPH € MEHII CYTTEBUMH. 3a TaKUX YMOB MOXKHA
CKOPHUCTATUCS 0A30BOI0 MOJCIUTI0O MEXaHIYHOT KOJIMBHOT

CHCTEMH, 110 MICTHTh 00’€KT 3 Macoro (m) Ta NpY>KHUM

enementom (k) (puc. 7, a, 6).
CtpykTypHa cXeMa TIOSICHIOE MicClle Ta poJb
IMPY>XKHOT'O €JICMCHTA, 0 BXOAY SAKOI'O IPUKIAAAECTHCA

svimenns (Z). BuxogoMm NaHKM 3 HEPENATHONO

Obyukuiero W, =k e cuma. L cuina npUKIALaeThes

IO BXOAYy JAPYroi JaHKH 3 TMEPEeJaTHOI (YHKIIIEO

W, =1/ mp® . BHXiTHUM CHTHAJIOM € 3MillleHHS ()7)

V Takiii cucremi MiHIMAITBHOI CKIIaqHOCTI Nanka W, =k

CTBOPIOE CHIIY TIPYKHOI B3aeMoJii. BiamosigHo 10 Teopii
ABTOMAaTHUYHOTO KepyBaHHsS 3rajlaHa JlaHKa MaTuMe
Ha3By mincwioBada. JIpyra jaHka € IHTErpyBalbHOKO
JIAHKOIO JIPYTOTO TOPSIIKY W «TpaHCOpMye» MpPYKHY

CHUITy y 3MIIIICHHS.

a) _
P —
5 y
4
m
k z
- |
Puc. 7. KonuBHa MexaHiuHa cucteMa:
a — 0a3zoBa MoJIeTb; O — 11 CTpYKTypHa cxema
Cxemu, 300pakeHi Ha puc. 7, BIAMOBIIAIOTH
mudepeHniiHOMY PiBHSHHIO
mj}+ky=kz+P(t). (10)

PiBustaas (10) Moxe OyTH peani3oBaHUM Ha OCHOBI
npuHuuny Jlanambepa abo crocoOOM BUKOPHCTAaHHS
piBusiHHS Jlarpamka. BaknmBoro yMoBOIO € Te, MIO
B 0a30Bili MOJENI «KJIFOYOBHMY» E€JIEMEHTOM OOHUPAETHCS
MarepiajgbHa TOYKAa MAcO 1M, HIONO SKOI CKIaIa€ThCs
PIBHSIHHS KiHETOCTaTHKH.

[Ipyxxuuit €JIEMEHT

3 KOCOIliEHTOM MOPCTKOCTI k& TakKAM YHHOM CTa€
eJIEMEHTAPHOIO JIAHKOIO.

VYCKITagHeHHST CTPYKTYpH MOXE OyTH 3IIHCHEHUM
Yyepe3 IapajieibHe BBEACHHSA [0 IPYXHOIO eleMeHTa
JIOZIATKOBOT'O KOJa, mepenarHa (QYHKIIS SKOTO MOXKe

OyTH IToJIaHa y BUTIIAII IpoOOBO-palioOHaIbHOT PYHKITIT:

(11)

( )_ a,+a,p+...+a,p"
000 -
o by+bp+...+b p"’
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Ie m, n — I Yucia (n < m);
a;, b, —xoediltieHTH, 1110 BU3HAYAIOTBCS KOHCTPYKTHBHUMU
0COOIMBOCTSIMH T1IPOOTIOPH;
i=Ln; j=Lm.
JlonatkoBe Koo 3 mepexatHoio dynkuieio W, (p)

€ IOOAaTKOBHM 3BOPOTHHM 3B’S3KOM, IO BBOJUTHCS

IO CTPYKTYpHOI cxeMu (puc. 7, 6). Y TakoMmy pa3i MOKHa

3aCTOCOBYBaTH BiloMi B  Teopii aBTOMAaTHYHOI'O

KEepyBaHHS TPHUHIWIINA  BIPOBA/UKEHHS  KEPyBaHHS

3a aOCONIOTHHM, BIAHOCHUM BiIXHIECHHSMH, a TaKOXK

3a 30BHIIIHIM 30ypeHHsIM (puc. 8, a, 6).

2
7/

P, Sk

/,

Puc. 8. Buan mogaTkoBuX 3B’S3KiB: a — Ha CTPYKTYpHIii; 0 — Ha pO3paxyHKOBIH cxemax

BimmoBimHO 10 puC. 5 'y CIPYKTypi CXeMH
rizpoomnopu Oyae MPUCYTHIM JIMIIE OJWH JOJATKOBUI
eneMeHT (TymMOBa oOW4Yaiika) 3 MepeNaTHOI (GYHKILER

Wy =W, =(0,003s+1)/(0,005s+1) (na puc. 8, a Bin

Bignosinatume W, =k,).
Y Ttakomy pa3i mnepenatHa (YHKLIS CTPYKTypH

MaTHUME BUTIIAI:

k + W()()()l (12)
mpz +k+W,,,

W=ylz=

OTmxe, y pO3MNISIHYTIH cxeMi OyayTh NpPUCYTHIMH

JIBa THITH CIEMEHTApHHUX JIAHOK: TNPYXHHH €JIEMEHT

Ta IHTErpyBaJibHa JIaHKa JIPyroro nopsiaky. PosrisHemo
JIeTalbHille iX YaCTOTHI XapaKTePUCTHKH.

[IpyxHuif eneMeHT 13 mepeAaTHol (YHKIIE

W, =k wmae Taki 4acTOTHI XapaKTEPHUCTUKH:
— JiificHa yacToTHA Xapakrepuctuka U, =k ;

— ysIBHa 4aCTOTHA Xapakrepuctuka V;, =0 ;

—¢aszoBa yacroTtHa xapakrepuctuka @ =0,
arctgp, =0
— aMIUTITY/IHO-49aCTOTHA XapaKTePUCTHKA

A =\JUF+ V2 =k;

— aMIutiTyAHO-(a30Ba YaCTOTHA XapaKTePHCTHKA

(ADUYX) e BekTOopoMm, m0 JeXuTh Ha oci OV i mae

JOBKUHY Kk (BiJl 4acTOTH He 3aJICKWTH), K MOKa3aHO

Ha puc. 9.
IHTErpyBabHA JTAaHKA IPYTOro MOPSIKY M€ MepeiaTHy

(ynkuio Bursiny W= A/ P’ 1 9acTOTHI XapaKTEPHCTHKH:
W(jo)=-A4/w";
V(w)=0;

U(o)=-A4lo;
1gp=0;
p(@)=0;
Alw)=4/o’ .

A®UX iHTerpyBalbHOI JIAHKH APYroro MOPSAKY
nogana Ha puc. 10. Bekrop 30pieHTOBaHMi y Bif’ €MHOMY
HanpsMKy mmoxo oci OU , a #ioro BeIW4YMHA € 3BOPOTHO

MIPOTIOPIIIfHOO KBAApaTy YacTOTH () .

jv !

0 U

Puc. 9. AOYX npykHOTO enemMeHTa

Puc. 10. AOYX iHTerpyBaibHOI JAHKH JPYTOrO MOPSIIKY

EnemeHTapHi JTaHKM MOXYTh MaTH pi3HI (opMHu
¢izuuHoi peamizauii. Tak, NpyXHUI eleMEHT 3a3BHYai
MOAAETHCSA SIK TBUHTOBI NIPY>KHHH, JINCTOBI PECOPH TOLLIO.

JlaHkM IHTErpYBaJbHOIO THIy MalOTh  OUIBII
CKJIAHy TPHUPOAY, WO IOB’S3aHO 3 BUKOPUCTAHHIM

30BHILIHIX JDKEpeNl eHeprii Ta TOSBOI CKJIAJHIIINX
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CTPYKTYp caMol JIJIaHKW. Y Halmi cuTyamii 1e

3aCTOCYBaHHS MarHITOPEOJIOTIYHOTO TpaHchopMaTopa.

Kepysanna cunoro mepms
(mo6mo cunorw npumucky aoo Koegiyicumom mepms)

HeoOxinHicTs 3a0e3meueHHst IEBHOIO ONTHMAJILHOIO

3HaYeHHA CHJIM TepTs B mpoueci (opmyBaHHA
TOBCTOJIUCTOBOI jAeTali 3 pudTaMH € aKTyaJbHOIO
i U1 coco0y 3 BUKOPHCTAHHSIM CKOPOYEHOTO ITyaHCOHa,
i g iHmmMX crnocobiB. Y pobGoti [7, 8] momani
pe3ynpTaTd  copo® KepyBaHHS KOE(IIiEHTOM TepTs
32 JONIOMOTOI0 HAaHECEHHs IIEBHOIO WIapy MacTuia,
aje 3a3HadyeHo, MmO NoxiOHI pilIeHHS Ha CHOTOTHI
€ HE JOCTaTHhO €(QEeKTUBHUMH dYepe3 HEMOXKIHMBICTH
KOHTPOJIIOBATH Ta yTPUMYBATH IIOCTIHHY TOBLIMHY IIapy
MacTHJIa MPOTATOM YChOTo Ipolecy (popMOyTBOPEHHSI.
Tomy OyB oOpaHHMl METOI, 32 SIKUM 3iHCHIOETHCS
KEepoBaHE NPUTHCKAHHS MOJKH 3aroToBku. Jlist #oro
peanizarii HeoOXiTHO TOOYAyBaTH CHCTEMY aBTOMaTHIHOTO
KEepyBaHHS BEJIMYMHOIO IPUTHCKAHHS 32 3aKOHOM, IO
3a0e3meunB OM PIBHOMIPHICTH PO3IMOIUTY MeXaHIYHUX
Hanpy)XeHb Ha BCIX IUISHKaX MaTepialy 3aroTOBKH, SKi
MiAIAI0TRCS JedopMallii B IPOIIeCi BUTOTOBICHHS JeTai.
Hapasi g kepyBaHHS TEPEMINICHHAM POOOYHMX
OpraHiB 3a JOMOMOTOIO TiPOIIPHBOMIIB BUKOPHCTOBYIOTh
TiIPOpPO3MOUIIOBAYl 3  JTUCKPETHUMHU  (yBIMKHEHO-
BUMKHEHO) enekTpomaraitamu (I'P) Ta mpocemroBampHi
rinpoposnonintosadi (JI['P). TlpuBomu 3 mpomnopiidHuM

KepYBaHHSM 9acTO Ha3MBAIOTh «IHTEIEKTyalbHA Ti/PaBIiKay.

Puc. 11. CrpykrypHa cxema riiponpusoja 3 LS-kepyBaHHIM

lpoponpuBomn 3 JAI'P MaroTh BHCOKI TOYHI Ta
JIMHAMIYHI XapaKTePUCTHUKH, OJJHAK BOHH € CKJIAIHIIIMMH,
HiXK [P. MOXIHMBICTE BHCOKOTOYHOTO pETYIIOBAHHS
OCHOBHHX [apaMeTpiB TiApoNpHBOAa Ja€  3MOTY
3a0e3NeYHTH KOPCTKI UK KepyBaHHs. BogHouac mis
OUTBIIOCTI MOOLTBHUX YCTAaHOBOK HEOOXiTHA BETHYHHA
THUCKY B DI3HHX IIepexoJax poOOYOro LHUKIYy HE MOXe
OyTH BCTaHOBJICHOIO Hamepea. Y IbOMY pa3i JOPEYHO
3actocoByBatH perynsatopu LS (Load Sensing -
YyTJIUBICTh JI0 HABAaHTAXEHHS), Y SIKHX Iepernan THCKY
HAa JpoCeNli PErymioBaHHS MIBHAKOCTI  (MOXKJIHBO
TPOTOPLIHHOMY) CTaOUTI3yeThCsl HAa NMEBHOMY piBHI AP
crioco0oM 3MiHM ()aKTHYHOI IMOJa¥i Hacoca B PEKUMI
online, mo 3a0e3nedye MiHIMI3allil0 BTpaT MOTY>KHOCTI
B T1IPONIPUBO/IL.

Ilin vac NPUNMHEHHS TEXHOJOTIYHUX OIeparlii
LEHTPaJIbHUIA KOHTPOJIEP MOJNA€ KOMaHIy Ha €ICKTPOHHHMIA
OJIOK JIBUTI'YHA i HACOCH. YHACIIIOK 3HIKYIOThCS 00epTH
KONIHYAaCTOro Bajla J0 YacTOTH XOJOCTOrO XOHIy
Ta BCTAHOBJIIOIOTHCS TOJadi HACOCIB, OJNIM3bKI 10 HYJIA.
BigHOBIIEHHSI TEXHOJIOTIYHOI OIepaii CympoBOIKYETHCS
30UIBIIEHHAM YacTOTH OOepTaHHS KOJIHYAacTOro Baa
Ta BCTAHOBJICHHSM JApoces cuctemu LS y podounii craH;
y LBOMY pa3i THCK Ha BHXOJI 3 Hacoca cralimi3yeThbes
oropy
mepernax TUcky AP. Ha cworoami

HAa PiBHI [IOYOTO HaBaHTAXEHHS  IUIIOC
TiIPONIPHUBOIH
3 TIPONMOPUIHHMM EJIEeKTPOKEPYBAaHHAM IepeOyBaloTh
y cTafii iIHTCHCHBHOTO PO3BUTKY.

Ha puc. 11-14 300paxkeHi cxemu TrifponpHBoAa

3 LS-KepyBaHHSM.
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Puc. 12. [Ipunrmnosa cxemMa IPOMOPIIIHHOTO PO3MOIITEHAKA

Puc. 13. CtpykTypHa cxema NponopLiifHOro po3noAiIbHAKA Ta EIEKTPOHHOTO MiJICHIIIOBaYa. Y MoJaHii cxeMi:

k33n3 — Koe(iIieHT 3BOPOTHOTO 3B’SI3KY 32 MOJIOKEHHSM ITUIOTHOTO 30JI0THUKA;

k43, — KOEDINiEHT 3BOPOTHOTO 3B’SI3KY 3a MOIOKEHHAM OCHOBHOTO 30JIOTHHKA;

k4;, — xoedillieHT 3B0POTHOTO 3B°A3KY 3a IMIBH/KICTIO OCHOBHOTO 30JOTHUKA

Y cucremax rimpompuBoma 3 LS-KepyBaHHSIM

MUTTEBUI THCK HaBaHTAXXCHHS CIIyrye

3BOPOTHOTO 3B’SI3Ky U KEpYIYOro IPHUCTPOIO, KUK

CHTI'HaAJIOM

31 cBOro OOKy BCTaHOBIIIOE HEOOXIJHHMH THCK Hacoca.
THCK WIOTPUMY€ETBCS TaKUM, IO JOPIBHIOE THCKY
HaWOUIBIIOTO HABAHTAXKEHHSI CIIOXKHMBAa4a IUIFOC MOCTIMHMI
THCK KepyBaHHS. 3a JOIOMOTOI0 KOMIICHCATOPIB THCKY
HIATPUMYETHCSI TIOCTIMHUH Tepenas TUCKY Ha JPOCEIsiX
Al T1a A2 (puc. 13), mo i BW3HAYa€e BIACYTHICTh
CHOXXMBaya  Bix  Horo

3aJI€)KHOCTI LIBUIKOCTIL

HaBaHTaxeHHS. Lle i € ocHOBHMI npuHIHT LS-cucTeMu.

ToMmy guis peamizamii omepamii  KepOBaHOTO
MIPUTHCKY TIOJIKK 3arOTOBKM B IPOINOHOBaHIA CHCTEMi
aBTOMATHYHOTO KEPYBAaHHS IIPOIECOM BHIOTOBJICHHA
TOBCTOJIMCTOBOI Jetani 3 pudrammu Oyae 3acTOCOBAHHMH
came Takuid mpuHOUT. CTPYKTypHa cxema Ifi€i cucremMu
momaHa Ha puc. 11. Bxiguum curHamom s Hel
Oyne cwina TpPUTHUCKaHHA (THCK) poOOYOro opraHa
¢dbopmyBaHHS  geraii

rigpomnpuBona, ska mix dYac

MiATPAMYBATHMETBCS Ha piBH, BU3HAYCHOMY
3 TMOIEpeNHIX TEOPETUYHUX PO3PaxyHKIB IapaMeTpiB

¢dbopmyBaHHS, a00 X 3MIHIOBATHMETHCS 32 3aKOHOM,
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BU3HAYCHNM 3 TOTO CaMOro IIONEPEAHBOTO aHAI3y BucHoBku
TEXHOJIOTIYHOTO TIPOLECY BUTOTOBIICHHS JIETAII.

KpiM 1mporo, KiTbKiCTh TOYOK TNPHUKIATAHHS CHITH ABTOMaTH3allis nporecy BUTOTOBJICHHS
NPUTUCKAHHA JI0 TOJNKM Ti 4ac (hOPMOYTBOPEHHS TOBCTOJIUCTOBUX  JeTajied i3  KOHCTPYKHIWHUX 1
Ta iX  TPOCTOPOBE  PO3MIIUEHHSA  MOTPEOYIOTH CIeliaIbHAX  CTalell €  aKTyaJbHUM  3aBIaHHIM
JIOJIATKOBOTO ~ OKPEMOTO  JOCHI/DKEHHS 3  OINIAY CYYacHOTO MaInHOOYTyBaHHS.

Ha  yMOBH  3a0e3leueHHs  HEOOXITHWX  SKICHHX Hna OLIIHIOBaHHS MOXITBOCTI o0y 0BH
MOKa3HUKIB BUTOTOBIIEHOT JIETali. CHCTEMU aBTOMATH30BAaHOTO KEPYBaHHA LM IIPOLIECOM

y poOOTi 3aIPOIIOHOBAHO CXEMY y3arajJbHEHOT TEXHOJIOTI1
aBTOMATH30BAaHOTO  BUTOTOBJICHHS TakUX  JeTalei.
Po3ri1iHyTO OCHOBHI T€XHOJIOTIYHI OCOOIMBOCTI KOKHOTO
3 eTamiB Ta MOXIMBI crocodm IX aBroMarm3arii
3 BUKOPHCTaHHSIM CYy4acHOTO 00JIaHaHHS.

3acTOCyBaHHS 3alpOIIOHOBAHOI CTPYKTYPH, CKIamy
Ta TIOCIIIOBHOCTI OCHOBHHX OIEpaliil y3araJbHEHOTO
TEXHOJIOTIYHOTO pouecy aBTOMATHU30BaHOTO
BUTOTOBJICHHS. ~ TOBCTOCTIHHMX  JIMCTOBHX  JeTayei
3 pudramMm Ha OCHOBI Horo peamizamii oOpaHUMH
METO/aMH Ha 3allpOIIOHOBAaHOMY OOJIaJHaHHI JacTh
3MOTy MOOyAyBaTH CUCTEMY aBTOMAaTHYHOTO KEpyBaHHS,
3maTHy 3a0e3neynTd  e(eKTHBHE YIIPaBIiHHS SIKICTIO
BUTOTOBJIICHHS 3a3HAUCHMX JeTajeld Ha KOXHOMY eTami
TEXHOJIOTIYHOTO TPOIIECY.

Tomy NOaJIbIINN PO3BUTOK JIOCIIKEHb
Oyzne TPHCBAYEHO PO3POOJICHHIO JIOKAJbHUX CHCTEM
KepyBaHHS OOJIaHAHHSIM, sKE 3a0e3Meuye BHUKOHAHHS
oreparii Ha KOXXHOMY BHU3HA4CHOMY B Il poOoTi
eTari TEeXHOJOTIYHOro Tpolecy, a TaKoX MoOym0Bi
Puc. 14. [IpuHnunoBa cxema rigpocucTeMu 3 LS-KepyBaHHAM CTpyKTypH Ta E'UIFOPHTMY 3araiibHOT CHCTCMH KEpYBaHH,

IO CHHXPOHI3yBATUME Ta KOHTPOJIIOBATHME BECh
TEXHOJIOTIYHMH ITpoIIeC.
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AUTOMATION OF THE TECHNOLOGICAL PROCESS
OF FORMING DETAILS WITH STRAIGHT RIFTS

The subject matter of the article is technological line for the production of thick sheet parts with rifts, made of structural
and special steels. The goal of the work is analysis and creation of methods of managing basic technological operations at all stages
of the technological process of the automated production of such parts. The following tasks were solved in the article:
formation of models of the main stages of forming parts with rectilinear rifts and control of dynamic properties of selected
systems of their implementation. The following methods used are — methods of numerical integration and numerical methods
of solving differential equations; analytical solution of differential equations based on the Dahlembert principle or by using the
Lagrange equation; frequency analysis of transfer functions of individual links, presented in the form of fractional-rational
functions. The following results were obtained — constructed in the first approximation the composition and sequence
of the main operations of the generalized technological process of the automated production of thick-walled sheet parts
with rifts; according to the results of the analysis of the process of elastic-plastic change of the shape of the region with
many connections, the input and output parameters necessary for building a control model of the specified process were
determined; it is determined that for its implementation it is necessary to ensure free deformation of at least 0.25 % of the rift
surface area outside of contact with the forming tool, and the necessary technological methods for this are proposed;
proposed variants of the technical implementation of the selected technological methods; the results of modeling schemes and
modes of operation of the necessary technical equipment are presented. Conclusions: The application of the proposed structure,
composition and sequence of main operations of the generalized technological process of the automated production of
thick-walled sheet parts with cracks, based on its implementation by the selected methods on the proposed equipment, will allow
to ensure the effective management of the quality of the production of the specified parts at each stage of the technological process.

Keywords: automation of the technological process; simulation of the main stages of the process and equipment operation
modes; automatic control system; frequency characteristics.
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FEASIBILITY ANALYSIS OF IMPLANT MOVEMENT
ALONG ARC TRAJECTORY UNDER NON-CONTACT CONTROL
IN MAGNETIC STEREOTAXIC SYSTEM

In this paper, the non-contact control of magnetic implants by changing the external magnetic field in the magnetic stereotaxic
system is introduced, and the feasibility of making them move along the arc trajectory is analyzed. Through COMSOL software,
the process of moving the miniature magnetic implant along the arc trajectory was simulated, the change of the micro-magnetic
implant trajectory after the external magnetic field was changed, the relative position relationship between the large permanent
magnets was determined, and the mechanical analysis of the miniature magnetic implant moving along the arc trajectory was carried
out. In this experiment, we fix a large permanent magnet, only move the second permanent magnet, first, observe the process
of small permanent magnets moving along a straight trajectory, determine the position of the large permanent magnet magnetic
field when it contacts the small permanent magnet, and then, analyze the force of the small permanent magnet through
the force calculation module, and determine the relative position relationship between the two large permanent magnets

x

by comparing F, and F,, and when the small permanent magnet will start to move along the arc trajectory. Then, according

to the previous data, we move two adjacent large permanent magnets at the same time at a certain interval, record the
movement trajectory of the small magnet, Finally, with the force calculation module of the COMSOL software,
force analysis of small permanent magnets moving along arc trajectories. The data from this experiment will be used to
determine the relative position relationship between two large permanent magnets adjacent to each other during
the actual experiment, and under what conditions the small permanent magnets will move along the arc trajectory.
The purpose of this experiment is to provide theoretical and data support for the subsequent practical experiments of the magnetic
stereotactic system, and all parameters in the COMSOL software are derived from the actual measurement data,
so as to improve the reliability of the simulation results.
Keywords: Human health; Magnetic field; COMSOL Software; Permanent magnets; Force analysis.

Magnetic stereotaxis system an external magnetic field, providing hyperthermia to

tumors located in deep structures of brain tissue or

In traditional neurosurgery for brain tissue,  delivering targeted drugs through catheters. In contrast to

craniotomy is usually performed using wire-guided,

mechanically controlled surgical instruments with
stereotactic devices [1-5]. The limitation of this method
is that the surgical instruments can only move along a
straight trajectory, resulting in limited surgical access,
great trauma to the tissues around the movement path,
and inability to enter the deep structure of brain tissue,
which cannot effectively treat brainstem tumors and some
extrapyramidal nerve diseases.

Therefore, the magnetic stereotaxic system [6—11]
came into being. This method was proposed in 1990 by
Howard M. A., Mayburg M., Grady M. S. At present, the
method is still in the experimental stage. The magnetic
stereotaxic system consists of an external magnetic field,
miniature magnetic implants. It works by probing
magnetic surgical instruments into the skull, guiding
micro-magnetic implants with catheters along pre-

designed and calculated trajectories to the lesion via

traditional neurosurgery, magnetic stereotaxic systems
provide non-contact control of miniature magnetic
surgical instruments by changing the external magnetic
field, and under computer-aided simulation, multiple
surgical pathways can be established, allowing the
implant to travel along any route to almost any location
in the brain. This minimizes the invasiveness of the
implant to surrounding tissues during movement.
Since the external magnetic field is controlled by the
computer according to a pre-designed program and
surgery,
the difficulty of operation by medical staff is greatly
and the

improved. These

multiple simulations are required before

reduced, intraoperative safety is greatly

advantages make the magnetic
stereotaxic system one of the least invasive methods
for surgical intervention against brain tumors, and one of

the most promising methods.
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Fig. 1. Introduction to the procedure for magnetic
stereotactic surgery

Fig. 2. Conceptual diagram of magnetic stereotaxic system

In this simulation experiment, the external magnetic
field of the magnetic stercotaxic system is composed
of four large permanent magnets [12, 13], and the small
permanent magnets simulate implants. Computer
simulation software chooses COMSOL 6.0 [14-16].

Computer simulation experiments

Experimental Objective

To control the miniature magnetic implant
non-contact by the magnetic stereotaxic system to make

it move along the arc trajectory.
Experimental desig

Establish a coordinate system in 3D space, small
cylindrical permanent magnets are located in the center
of the coordinate system, large permanent magnets are set
on the +X and +Y axes, parameters are set in the
simulation software according to the experimental
material data, and geometric models are constructed.

Simulation experiment parameter settings

(1) d_ion= 100[mm]=0.1[m] (Large permanent
magnet diameter);

2) t_ion=10 [mm]:0.0l[m] (Large permanent
magnet thickness);

(3) d _NFB :l[mm]:().OOl[m] (Small permanent
magnet diameter);

(4) | _NFB=2[mm]=0.002[m] (Small permanent
magnet thickness);

(5) The small permanent magnet boundary is limited
to a cylinder with a radius of 0.1 [m] and a height
of 0.5 [m];

(6) Large permanent magnets have a maximum
distance of 0.41 [m] from the center of 3D space and

a closest distance of 0.11 [m], the movable distance
of large permanent magnets is 0.3 [m].

Simulation experiment material
property settings

Permanent magnets:

(1) Conductivity o =1/1.4[uohmxm][S/m];

(2) Relative permittivityer=1 [1];

(3) Recovery permeability x,,. =1.02;

(4) Residual flux density norm normB, =1.3 [T];
air:

(1) Conductivity o =0 [uohmxm][S/m];

(2) Relative permittivity &, =1 [1] ;

(3) Recovery permeability . =1.
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All the above parameters are theoretical parameters
and can be set according to the material parameters
required for actual experiments.

Fig. 3. Geometric models based on parameters in COMSOL software

Equations and formulas for simulation experiments

In this simulation experiment, the external magnetic
field of the magnetic stereoscopic positioning system is
composed of large permanent magnets, and the magnetic
field of the permanent magnets is a static magnetic field.
Therefore, "magnetic field, no current (MFNC)" was
selected in the COMSOL physics.

In the B-H, the
magnetization model [17] needs to introduce the

constitutive  relations

magnetization vector field M, and the magnetic
field strength H , which are expressed as:
H= B_ M (1)
Hy
or:
B=u,(H+M), )
where , — is the magnetic permeability;

B is Magnetic flux density.

Depending on the parameter settings, create

a geometric model in 3D space:

The remaining flux density is then selected in the
magnetization model with the following expression:

B = ﬂOﬂrecHJrBr > (3)
Br = | Br i > (4)
el

where B is the magnetic flux density; u, is the vacuum

is recoil permeability; B, is residual

r

permeability;

rec

B

r

flux density;

is residual flux density norm;

e 1is residual flux direction.

Simulation results

The large permanent magnet located on the
+X axis begins to move towards the center position.
When the first large permanent magnet is 0.36 [m]
from the center position, its magnetic field gradually
touches the small permanent magnet.

Fig. 4. The magnetic field of a large permanent magnet gradually touches the small permanent magnet
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When its magnetic field touches a small permanent
magnet, the small permanent magnet begins to approach
the first large permanent magnet.

When the small permanent magnet moves to the
boundary position, it is blocked by the boundary and
stays on the boundary.

Fig. 5. Small permanent magnets are blocked by the boundary and stay on the boundary

The first large permanent magnet began to move
away, and the second large permanent magnet gradually
approached, at this time, the magnetic field lines around
the small permanent magnet could be clearly seen, but the
same simulation software could not intuitively see that
the magnetic field of the second large permanent magnet
touched the small permanent magnet.

To study the movement of small permanent magnets
along arc trajectories under non-contact control,
therefore, we use the "Force Calculation" module
included in the software to analyze the force of small

permanent magnets located at boundary locations. The
distance between the first large permanent magnet and
the center is dis _ion, the distance of the second large
permanent magnet from the center is dis_ionl, F, is the
X -axis component of the force experienced by the small
permanent magnet, and F, is the on-Y -axis component
of the force experienced by the small permanent magnet.
First, let's assume that the first large permanent

magnet stays 0.22 [m] from the center and only the
second large permanent magnet is running.

Table 1. Force analysis of a small permanent magnet at the boundary position when the position of the first large permanent magnet
remains unchanged and the second large permanent magnet gradually approaches the center position

dis _ion [m] dis _ionl [m] R[N] F, [N]
0.22 0.24 7.199x107° 5.408x107°
0.22 0.23 7.916x107° 6.877x107°
0.22 0.22 8.715x107° 8.561x107°
0.22 0.21 9.883x10™° 11.541x107°
0.22 0.20 11.180x107° 15.123x107°
0.22 0.19 12.598x107° 19.332x107°
0.22 0.18 14.321x107° 26.112x107°

From the above table, we find that when the
distance from the second large permanent magnet to the
center position is less than the distance from the
first large permanent magnet to the center position,
the Y -axis component of the force of the small

permanent magnet is greater than the X -axis component.
That is, when dis_ionl <dis_ion, F, > F,. To verify
this result, we set the first large permanent magnet

to be located 0.18 [m] from the center and re-analyzed
the force on the small permanent magnet.
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Table 2. Force analysis of a small permanent magnet when the first large permanent magnet is 0.18 [m] from the center

dis _ion[m] dis _ionl [m] F.[N] F}[N]
0.18 0.21 22.726x107° 13.959x107°
0.18 0.20 24.941x107° 17.814x10°°
0.18 0.19 27.614x107° 23.142x107°
0.18 0.18 31.381x107 31.143x107°
0.18 0.17 35.683x107° 41.613x10°°
0.18 0.16 40.918x10~° 56.554x107
0.18 0.15 48.237x107° 81.361x107

According to Table 1 and Table 2, we can clearly
see that when the distance from the first large permanent
magnet to the center position is greater than the distance
from the second large permanent magnet to the center
position, the force on the Y axis of the small permanent
magnet is greater than the component force on the
X axis, that is, when dis_ionl<dis_ion, F,<F,.

In order to facilitate practical experiments, we set the
distance from the first large permanent magnet to the
center position and the distance from the second large
permanent magnet to the center position to be 0.05 [m],
that is, when the first large permanent magnet begins
to move 0.05 [m] to the center position, the second
large permanent magnet begins to approach the center

position, and the two large permanent magnets move
at the same speed.

During the movement of the two large permanent
magnets, we perform a force analysis on the small
permanent magnets again. In order to determine the
position of the two large permanent magnets when the
small permanent magnet initially moves, the position of
the small permanent magnet does not change during
the analysis, and always stays at the boundary position.
It can be determined that when the first large permanent
magnet is closest to the center, the small permanent
magnet is affected by its magnetic field and stays at the
boundary position on the +X axis, so the initial positions
of the two large permanent magnets are

dis _ion=0.11[m], dis _ionl =0.16[m], respectively.

Table 3. Two large permanent magnets operate at the same time, and the force analysis of small permanent magnets

dis _ion [m] dis _ionl [m] FX[N] E[N]
0.11 0.16 443.82x107° 97.217x107°
0.12 0.15 234.78x107° 120.96x107°
0.13 0.14 188.50x107° 148.66x107°
0.14 0.13 167.14x107° 202.43%107°
0.15 0.12 157.48x107° 289.53x107°
0.16 0.11 152.98x107° 442.38x107°
0.17 0.12 100.73x107° 270.51x107°
0.18 0.13 67.94x107° 176.42x10°°
0.19 0.14 46.69x107 115.81x107°
0.20 0.15 32.37x107° 75.34x107°
0.21 0.16 22.83x107° 52.09x107°

It can be clearly seen from Table 3 that when the
first large permanent magnet begins to gradually move
away, the second large permanent magnet gradually
approaches, F, gradually decreases, F, gradually

increases, when the second large permanent magnet
moves 0.11 [m] from the center position, F, reaches the
maximum, and then the second large permanent magnet
begins to gradually move away and F, gradually

decreases. Thus, when the distance from the second large
permanent magnet to the center position is less than
the distance from the first large permanent magnet to the
central position, that is, when dis_ionl <dis ion

F,<F,, at which point the small permanent magnet

begins to move along the boundary towards the second
large permanent magnet.
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Fig. 6. The small permanent magnet begins to move along the boundary towards the second large permanent magnet

The closer to the second large permanent magnet,
the greater the influence of its magnetic field on the small
permanent magnet, that is, the greater the F, but at this

time the small permanent magnet is still affected by the
magnetic field of the first large permanent magnet,
that is, F, gradually decreases, which makes the small

permanent magnet move along the boundary to the
second large permanent magnet.

The small permanent magnet is captured by
the magnetic field of the second large permanent
magnet and stays on the boundary of the +Y axis.
That is, when the second large permanent magnet is

closest to the center, i.e., dis _ionl =0.1 l[m] , the small

permanent magnet has moved to the boundary position
along the arc trajectory.

Fig. 7. The small permanent magnet reaches the end of the arc trajectory

As the two large permanent magnets move
away, the small permanent magnets remain at the
boundary position.

In order to determine the average velocity of a small
permanent magnet moving along an arc trajectory
towards a second large permanent magnet, we need
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to perform a force analysis on the movement of the
small permanent magnet. n is the angle of the arc

trajectory of the small permanent magnet moving
along the boundary.

Table 4. Force analysis during the movement of small permanent magnets

dis _ion [m] dis _ionl [m] n F, [N] F, [N]
0.130 0.140 0 188.50x107° 148.66x107°
0.135 0.135 15 176.37x10°° 172.81x10°°
0.140 0.130 30 167.14x10°° 202.43x107°
0.145 0.125 45 159.59x107° 236.59x107°
0.150 0.120 60 157.48x107° 289.53x107°
0.155 0.115 75 155.41x10°° 353.71x10°°
0.160 0.110 90 152.98x107° 442.38x107°

In order to intuitively see the force change
of the small permanent magnet during the moving
we draw

process, according to the above table,

a line diagram of the two component forces F, and F,

of the small permanent magnet during the moving

process.

Fig. 8. Force analysis of small permanent magnets as they move along an arc trajectory

Simulation experiment conclusion

Through the above simulation experiments, we
find that in the process of moving the small permanent
magnet to the second large permanent magnet, as

the F, gradually increases, F, gradually decreases, and

the force direction of the small permanent magnet
gradually points to the Y axis direction, therefore,
the small permanent magnet moves along the boundary
towards the second large permanent magnet, and the
trajectory is an arc. According to Tables 1-3, we find
that when the distance of the second large permanent

magnet from the center position is less than the distance
of the first large permanent magnet from the center,
that is, at dis _ionl <dis _ion, the direction of the
magnetic field around the small permanent magnet
located at the boundary position of the X -axis changes,
the F, increases, and the small permanent magnet begins

to move towards the second large permanent magnet.
Through Table 4, we calculate the changes of F, and F,

during the movement of small permanent magnets along
the boundary when the dis_ion and dis_ionl differ

by 0.05 [m], and determine the relative positions of
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the two large permanent magnets for subsequent small permanent magnets can move along an arc
practical experiments. trajectory. This shows that it is feasible to non-contact

Through the simulation experiment of COMSOL control the implant to move along the arc trajectory
software, we can clearly observe that by changing in the magnetic stereotaxic system, and at the same time
the external magnetic field, under non-contact control, provides a theoretical basis for subsequent experiments.
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AHAJII3 MOKJIMBOCTI HEPEMIINEHHSA IMIIJIAHTY
IO JYT'OBIA TPAEKTOPII ] BE3KOHTAKTHAM KOHTPOJIEM
Y MATHITHIY CTEPEOTAKCAYHIN CUCTEMI

Y crarti momaHo O€3KOHTAaKTHE KEpPyBaHHS MArHITHAMH IMIUIAHTaMH CIIOCOOOM 3MiHM 30BHIIIHBOTO MArHITHOTO TIOJA
B MAarHiTHifl CTEpEOTaKCHYHIA CHCTEMi Ta MPOaHaTi30BaHO MOXJIMBICTH iX MEpEMIIIeHHsS MO AYTOBi TpaekTopii. 3a IOMOMOTOI0
nporpamHoro 3abesnedeHHs COMSOL 3MonensoBaHO Mpolec HEepeMillleHHS MIiHIATIOPHOTO MAarHiTHOTO iMIUIaHTa IO AYTOBiH
TPAa€eKTOpPil, MOCHI/HKEHO 3MiHY TpAEKTOpii MIKPOMAarHiTHOTO IMIUIAaHTA TicAs 3MiHHM 30BHIIIHBOIO MArHITHOTO TIOJIA,
BU3HAYEHO B3a€MHE PpO3TAlyBaHHSI BEIMKUX IIOCTIHHMX MAarHiTiB Ta MPOBEJCHO MeEXaHIYHUHA aHali3 IepeMillleHHs
MIHIaTIOPHOTO MAarHITHOTO IMIUIaHTa II0 JyroBill TpaekTopil. Y NBOMYy eKclepuMeHTI MH (IKCYyeMO BENMKHMH MOCTIHHMI
MarHiT, pyXxaeMo JIMIIe IPYTuil MOCTIHHUH MarHiT, COYaTKy CIIOCTEpiraeMo Mpolec PyXy MallMX IOCTIHHUX MAarHiTiB 110 MpsMiit
TpaeKkTopii, BU3HAYAEMO TOJIOKECHHS MAarHiTHOTO TOJNS BEJMKOTO IIOCTIHHOTO MarHiTy, KOJHM BIiH KOHTAaKTye 3 MaJlUM
MOCTIfHAM MAarHiTOM, a TIOTIM aHaTi3yeEMO CHJIy MAaJIOTO TOCTIHHOTO MAarHITy 3a JIOMIOMOTOK MOJYJS PO3PaxyHKY CHIIH

Ta BCTAHOBJIIOEMO BIJHOCHE MOJIOKEHHS MK [BOMa BEJUKMMH [OCTIHHMMH MarHitaM, HopiBHooooun F. Tta F , i komu

¥ y
MaJIMil TIOCTIMHWI MarHIT MMOYHE PYXaTHCh IO JYTOBii TpaekTopii. Jaimi, 3rifHO 3 momepenHiMu pe3yiIbTaTaMd, MH IEPEMIIIyeMO
IIBA CYyCiTHI BEJWKI TOCTiHHI MAarHITH OJHOYAaCHO 3 TIIEBHHM IHTEPBAJOM, 3alFICyEMO TPAEKTOPII0 PYXy Maloro MarHirty,
i, HapemTi, 3a JOMOMOTOI MOYNS pO3paxyHKy cui mporpamHoro 3abesnmedeHHs COMSOL 3nilicHI0OeEMO CHIIOBHI aHai3
PYXy ManMxX NOCTIHHMX MAarHIiTiB IO JyTOBHX TPAEKTOpisAX. Pe3ynpratn mpoBemeHOro eKCHepuMEHTY OyIyTh BHKOpPHCTaHi
JUISl BU3HAUCHHS B3a€MHOTO PO3TALIyBaHHsS [BOX BEJIHMKHX MOCTIHHMX MAarHiTiB, PO3TAIIOBAaHUX HOPYY Mif Yac JOCHiIKECHHS,
UL 3°ACYBaHHA TOro, 3a SKMX YMOB Mali MOCTiifHI MarHiTm OyayTh pyXaTucs IO JyroBiii Tpaekropii. Merow 1bOro
SKCIIepUMEHTY € 3a0e3ledeHHs TeopeTHYHOoi Ta iHQOpPMALiHOI MIATPUMKM JUIS TMOAJBLIMX TMPAKTHYHUX JOCHIIKECHb
MarHiTHOI CTEpEOTaKCHYHOI CHCTEMH, KOJIHM BCi MapamMeTpd B mnporpamHoMy 3abesmeueHHi COMSOL orpumani Ha OCHOBI
(haKTHYHHUX MOKA3HUKIB BUMIPIOBAHb JUIS ITiIBUIICHHS BIPOT1THOCTI pe3yIbTaTiB CUMYJISIIIT.

Kuro4oBi ci1oBa: 310poB's JTIOIMHA; MarHiTHE MoJe; mporpamue 3adesneueHas COMSOL; mocTiifHi MarHiTH; CHIOBHIA aHAMi3.
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