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FPGA for Implementations of Data Encryption and
Cryptanalysis

Maryna Miroshnyk
dept. Specialized Computer Systems
Ukrainian State University of Railway
Transport
Kharkiv, Ukraine
marinagmiro@gmail.com

Abstract— This paper presents two original programmable
logic integrated circuits (FPGA) implementations of a DES
encryption/decryption core. This implementations are the
fastest ones known nowadays. In design, the plaintext, the key,
and the mode (encryption/decryption) can be changed with no
dead cycles. The resulting design is deployed on eight FPGAs
and allows us to find key bits.

Keywords— Cryptography, Data Encryption Standard
(DES), linear cryptanalysis, FPGA, efficient implementations

I. INTRODUCTION

The rapid growth of secure transmission is a critical point
nowadays. We have to exchange data securely at very high
data rates. Efficient solutions have to be hardware
implemented and flexible in order to evolve with the
permanent changes in norms. FPGA (Field Programmable
Gate Array) implementations of the triple-Data Encryption
Standard (triple-DES) efficiently meet these constraints.
Triple-DES is based on three consecutive DES (without
intermediate I[P and IP-1 permutations). DES is very well
suited for FPGA solutions. Some high-speed DES hardware
implementations have been published in the literature. These
designs unroll the 16 DES rounds and pipeline them.
Patterson made a key-dependent data path for encryption in
an FPGA which produces a bitstream of about 12 Gbps.
Nevertheless, the latency to change keys is tenth of
milliseconds. A DES implementation is also downloadable
from FreelP [12] and encrypts at 3.05 Gbps. Last known
implementations were announced by Xilinx company,
including FPGA implementations of a complete unrolled and
pipelined DES encryptor/decryptor. The 16-stage and 48-
stage pipelined ores could achieve data rates of, respectively,
8.4 Gbps and 2 Gbps. It also allowed changing the plaintext,
the key, and the encryption/decryption mode on a cycle-by-
cycle basis [1-3].

In this paper, author proposes new mathematical
descriptions to implement and optimize DES in an FPGA.
Author obtains two original designs. Both permit different
pipeline levels and encrypt with data rates of 14.5 Gbps and
21.3 Gbps with, respectively, 21 and 37 cycles of latency.

In the second part, this paper deals with linear
cryptanalysis. Linear cryptanalysis is a cryptanalytic
technique that takes advantage of possible input-output
correlations over a cipher. By evaluating the linear
approximation for a sufficient number of plaintext /
ciphertext pairs, it is possible to recover some bits of the key
faster than an exhaustive search. Matsui [4], [S] proposed a
known-plaintext linear attack against a full DES. It typically
requires 243 known plaintext/ciphertext pairs to recover
secret key bits. Recently, Knudsen and Mathiassen proposed
three chosen-plaintext attacks [1], the third one becoming the

Dmytro Fedorin
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Kharkiv, Ukraine
marinagmiro@gmail.com

Anatoliy Miroshnyk
dept. Automation and control in
technical systems
National Technical University "Kharkiv
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best chosen-plaintext attack against DES. Their first attack,
which turns out to be less efficient from a theoretical point of
view, gives birth to a very fast hardware implementation [6].
In fact, this attack requires only 212 chosen-
plaintext/ciphertext pairs, but recovers only seven key bits.
This attack allowed us [6] to recover the full key in less than
two hours with eight FPGAs used in parallel. We denote it
Knudsen's attack.

Although Matsui's linear cryptanalysis is the best known-
plaintext attack known against DES nowadays, this attack
still had a "theoretical" flavor, in the sense that very few
experimental applications have actually been performed: A
single known-plaintext experimentation for a full DES cipher
has been performed in [5] and, until recently, remained the
only practical test, to our knowledge. However, recent
technological advances have made the required computing
power reachable, as is witnessed by a set of 21 experiments
for Matsui's approximation [2], [3], using the idle time of 18
Intel Pentium III MMX, capable of performing an attack in
4.32 days. Based on our fast DES implementation, we
propose an FPGA implementation of Matsui's attack. It
recovers 12+1 key bits in about 2.3 hours working with eight
FPGAs. In terms of computation time, Knudsen's attack is
better than Matsui's. Nevertheless, according to the number
of plaintext / ciphertext pairs needed and the number of
secret key bits found, Matsui's attack gives better results. In
addition, Matsui's is a more realistic attack compared to
Knudsen's attack due to the known-plaintext context. Our
solution is very useful to perform practical tests, allowing a
comparison with theoretical estimations. We believe that our
implementations are the fastest implementations of Matsui's
linear cryptanalysis known so far.

II. THE DES ALGORITHM

The Data Encryption Standard (DES) algorithm was
adopted as a Federal Information Processing Standard for
unclassified government communication. It is still largely in
use. DES [10-11] encrypts 64-bit blocks with a 64-bit key,
only 56 bits of which are used. The other 8 bits are parity bits
for each byte. The algorithm has 16 rounds.

For the enciphering calculation, the plaintext is first
permuted by a fixed permutation IP. The result is next split
into the 32 left bits and the 32 right bits, respectively, L and
R. The R part is expanded to 48 bits with the E box by
doubling some R bits. Then, it performs a bitwise modulo 2
sum of the expanded R part and the 48-bit subkey Ki. The
result of the XOR function is sent to eight nonlinear S-boxes
(S). Each of them has six inputs bits and four outputs. The
result is then permuted in the box P. Finally, to obtain the R
part of the next round, a new modulo 2 sum is performed
between the P output and the R part of previous round. In the



last round, no interchange of the 16-round R and L is
performed; the ciphertext is calculated by applying the
inverse of the initial permutation IP to the result of the 16th
round. The secret key is expanded by the key schedule. The
key schedule calculation is first based on the S56-bit
permutation PC-1 whose output is split into 28-bit blocks C
and D. Then, C and D are left shifted once or twice,
depending on the index of the round. The 48-bit subkey is
obtained by a second permutation, denoted PC-2. The DES

algorithm is detailed in Fig. 1.
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Fig.1.the DES algorithm

II.  XILINX IMPLEMENTATIONS

The first proposed solution is a full unrolled and
pipelined DES implementation. It pipelines the data through
16 stages, putting registers after each enciphering/key round.
This increases the data rate hugely, but also the logic
requirement compared to a sequential design.

According to Fig. 4 and [14], the critical path through the
round is quite long. First, a multiplexer selects the correct
key bits depending on the encryptor/decryptor mode. The
selected key bits are XORed with the R part. The resulting 6-
bit fields are used to address the S-boxes whose critical path
is one LUT followed by two multiplexer functions. Finally,
output bits from the S-boxes are XORed with the L part.
Fig.2 details the critical path.

The first proposed way to reduce this critical path is to
combine the F6 function with the final XOR operator. The
resulting 4-bit input logic function that fits in an LUT and
eliminates the F6 delay. Another improvement is to decouple
the key from the enciphering calculation. This is done with a
precomputation of the key schedule. So, the multiplexer
selecting the key can be removed from the critical path,
putting registers after this multiplexer.

Xilinx also proposes a second implementation. To reach
higher data rates, one inserts a pipelined stage, respectively,
after the key XOR and after F5 functions. It results in a 3-
stage pipeline per round and a 48-stage pipeline ovd cipher.

Encryption
/ Decryption

Key_decr

Key_encr

A part

Fig.2. Critical part of the DES design

Nevertheless, after checking and simulating their aj able
source code on the web, we found two errors, are they forgot
to put a 1-stage pipeline after the XOR beta the key and R
part. Actually, Xilinx implemented in 1-stage pipeline, but
sent the XOR directly between that and R part into S-boxes,
in place of the correspond registered value. They also forgot
to register the key before the XOR function. Therefore, their
critical pal quite a bit longer. Finally, their solutions do not
imply a correct DES that can encrypt every cycle.

IV. PROPOSED FPGA DESIGNS

To be speed efficient, we propose designs that unroll the
16 DES rounds and pipeline them. In addition, we
implemented solutions that allow us to change the plaintext,
the key, and the encryption/decryption mode on a cycle-by-
cycle basis, with no dead cycle. As a result, we can achieve
very high data rates of encryption/decryption with exactly
the same interface as Xilinx.

All of our implementations are first based on new
mathematical representations of the DES algorithm. Indeed,
the original description of DES is not optimized for FPGA
implementation regarding the speed performance and the
number of LUTs used. An FPGA is based on slice composed
of two 4-bit LUTs (Look Up Tables) and two 1-bit registers.
Therefore, an optimal way to reduce the LUTs used is to
regroup all the logical operations in order to obtain a
minimum number of blocks that take 4-bit inputs and give 1-
bit outputs. In addition, we have to note that permutation and
expansion operations (typically, P, E, IP, IP-1, PC-1, and PC-
2) do not require additional LUTs, but only wire crossings.

A. First Solution

In [15], equivalent mathematical descriptions for DES are
proposed. Based on these transformations, we propose new
representations. First, we transform the round function of the
enciphering computation. This transformation has no impact
on the computed result of the round. Fig. 3. Modified
representation of one DES-round. Fig. 3 shows a modified
round representation, where we move the E box and the
XOR operation. This involves the definition of a new
function denoted R (like reduction):

R=E-1; ¥x, R(E(x))=x; Iy[ER(y)#y. (1)

Now, if we change all the enciphering parts of DES (see
Fig. 1) with this modified round function and if we combine
the E and XOR block with XOR block of the previous round,
we get the architecture detailed in Fig. 4.

In this new arrangement of the DES structure, the first
and last rounds are quite different from intermediate ones.
Therefore, we obtain an irregular architecture. In addition,



we increase the number of E and R blocks, which does not
alter the number of LUTs consumed. We also keep exactly
the same number of S-boxes, which is the expensive part of
the architecture. Finally, the number of modulo two sum
operators is slightly increased by 32 additional 2-bit XOR
operators. We can directly conclude that this design
consumes more logic than Xilinx implementations.

Fig. 4. First modified representation of the DES algorithm

The left part of Fig. 8 illustrates how the critical path, in
our solution, is hugely decreased. We only keep one S-box
operator and one XOR function. With this solution, we
obtain a 1-stage pipeline per round. Due to the irregular
structure of our design, we have to add an additional stage in
the first round. To be speed efficient for implementation
constraints, we also put a 2-stage pipeline, respectively, in
the input and in the output. As mentioned in the figure, first
and last registers are packed into IOBs. Therefore, we obtain
a 21-stage pipeline. In the right part of Fig. 5, we put an extra
pipelined stage in ach round in order to limit the critical path
to only one S-box. As a consequence, we get a 37-stage
pipelined design.

B. Second Solution

Another solution is to move the R and XOR of the right
part of the round into the left XOR operator of the previous
round. As a result, we obtain the architecture shown in Fig.
6. As Fig. 6 underlines, we again obtain an irregular
architecture. First and last rounds are quite different from
intermediate rounds. We also keep exactly the same number
of S-boxes as our precedent design. But, we really decrease
the number of modulo two sum operators. We spare 15 x 32
2-bit XOR and can directly conclude that this design
consumes less logic than Xilinx implementations.

Fig. 6 gives more details about the initial round of our
design. To conclude, we propose efficient and different
solutions in terms of space and data rate for the hardware
implementation of DES. Depending on environment
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constraints, we really believe that one of our designs should
be well appropriate. Especially, our second proposal is very
interesting in terms of speed, LUTs used, and registers. For
high ratio Throughput/Area, the second 37-stage pipelined
solution is very efficient.

21¢ycles of latency 37 cycles of latency

Registers packed
into 10Bs

Regslers packed
into 1088

Fig. 6. Second modified representation of the DES
algorithm.
V. LINEAR CRYPTANALYSIS

This section is a brief reminder of Matsui's linear
cryptanalysis [4], [5], [6] before explaining the resulting
VHDL design. Linear cryptanalysis is an attack based on the
existence of some unbalanced linear relationship between
inputs and outputs of a reduced-round version of the target
encryption scheme. In the case of DES, Matsui used the
relationship: PL[15]@©PH[7,18,24,29]®CL[7,18,24]=K1[22]
@  K3[22]@®K4[44]DKS5[22]DK7[22]DK8[44]DKI[22]®
@ K11[22]@ @ K12[44] ®K13[22], where X[7,18,24,29] :=
X[71©X[18]®X[24]©X[29]

Basically, this relationship means that the exclusive-or of
some well-chosen bits of the plaintext (namely, the seventh,
18th, 24th, 29th bits of its high-order part) and some well-
chosen bits of the ciphertext are equal to the exclusive-or of
some well-chosen secret bits of the key with probability
different from Y.



VI. FPGA IMPLEMENTATION OF MATSUIS

ATTACK

As previously described, Matsui's linear cryptanalysis
allows us to find 26 key bits with about 243 known-
plaintexts. We propose an FPGA implementation of Matsui's
attack that permits recovering 12 + 1 key bits with about 243
known-plaintexts. We did not use the second relation to
spare hardware resources and we decided to use our second
21-stage pipelined DES, which is the fewer resources
consuming design. In order to increase speed performances,
we parallelized two of them so that we got a data rate of two
encryptions per cycle. We also modified them in order to
gain resources space: The key schedule was simplified and
the input and output registers were removed.

Nevertheless, for a hardware implementation, the main
problem of this attack is the 212 counters needed to perform
the key guess. Knowing that about 24,000 LUTs available on
our FPGA, the implementation of 212 parallelized counters
is much too expensive to be realistic (at 65,000 LUTs). (We
have to keep a sufficient bits size, say 16 bits, for the
conounters to have an efficient and feasible implementation.)

This section will briefly introduce how we implement
Matsui's linear cryptanalysis without 4,096 parallel counters
in one FPGA board, keeping our very fast data throughput.
We do it with 4,096 RAM-based counters. (We configure all
the RAMs to have 8-bit address and 16-bit data.)

In practice, we need to implement 4,096 RAM based
counter values, with only 32 parallel access (with real and
writing operations; we use dual access RAMs). Therefore,
this operation can be performed in 128 clock cycles.

This is practically performed using a large serial/parallel
converter making the ciphertext bits involved in Matsui’s
linear approximation (4) available during 128 cycles.

By choosing the plaintext bits involved in the linear
approximation (4) such that they are fixed during the same
128 clock cycles, we avoid the need of a serial/parallel
converter for the plaintext bits. We also avoid the use of IOR
operators between plaintext and ciphertext parts. Therefore,
we spare a lot of hardware resources. We just need an n-
delay shift register (SR block) to synchronize the design.

To generate plaintext bits, we use an LFSR of 57 bits and
a 6-bit counter (the remaining bit is used for the two DES
parallelization). This counter controls the PL part used to
calculate F1[15], varying every 128 cycles. Therefore, we
obtain 128 successive cycles where the PL part of F1(PL,K1)
is constant. Knowing 256 parallelized results of
PL[7,18,24,29]1@®PH[15]®CH[7,18,24]®F16(CL,K16), we
have to count the number of bits equal to 0 and subtract 128,
thanks to the previous comment (we only store the bias). We
obtain 9-bit result, called bias in Fig. 11. Depending on the
32 parallelized values of F1(PL,K1+i) [15], we have to carry
out a subtraction or an addition between the 32 RAM values
stored (in the correct address) and the bias value. (We have i
= from 0 to 31 and K1 equal to 0 or 1.) Therefore, we get one
Matsui's attack implementation that allows us to recover 12 +
1 secret key bits. Our cryptanalysis design is based on a
sequentialized access of 4,096 counters, without altering the
encryption rate of two DES per cycle. To analyze our
experiments, the 4,096 RAMs stored results are sent to the
PC when one of them exceeds the 16-bit RAM data size. In
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addition, the PC can send the secret key to the FPGA board.
This allows us to perform very practical tests.

VII. EXPERIMENTAL RESULTS

In this section, we give the results we got running
Matsui's attack on eight Xilinx FPGAs (VIRTEX1000
bg560-4). We carried out the experiments at a work
frequency = 66.6 MHz (=226) (Because of the FPGA heat
running at 66 MHz, we do not carry experiments at higher
frequency. It is why we use our second 21-stage solution,
which is the less resource consuming design.). Therefore, we
are able to compute 2x226 equations per second. Using eight
FPGA boards, 243 evaluations take less than 2.3 hours. We
performed tests with 71 different keys. Table 7 summarizes
the experimental success rate of the attack for various
amounts N of chosen-plaintext/ciphertext pairs. These
experimental results suggest that Matsui's theoretical analysis
is quite good (see Tables 5 and 6). Indeed, our results are
very close to mathematical estimations.
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As the number of uses for 3D printing grows, so too will
it's reliance on data analysis. Forgoing the more technical
details, 3D printing is complex technology that now
requires more data to perform it's many capabilities. This
can probably best be seen in the manufacturing sector where
3D printing already has a firm foothold. Data analysis plays a
major role as a contributor to computer-aided design.

INTRODUCTION

The major challenge from this change in strategy comes
from storing the information for each customized product.
3D objects require a tremendous amount of data to print, and
the more complex the item, the more data is needed. But
even this challenge is one that can be overcome with 3D
printing as organizations have the potential to print out their
own electronics, including storage devices.

For the moment, it’s cheaper for businesses to simply
purchase the device instead of creating it for themselves, but
the cost of 3D printing continues to go down, especially in
manufacturing.

Data analysis also has a role to play in the quality control
aspect of 3D printing product creation. The act of 3D
printing a lego block, for example, is relatively simply with a
high degree margin of error, but what about items that are far
more complex, like car engine parts. An error in the
process could not only lead to a defective item but a
health and safety hazard depending on the item and what it’s
used for.

In the case of the most complex creations, an
alignment error or a fraction of a millimeter can be
dangerous. That doesn’t even include factors such as
temperature, expansion, structural integrity, and more.

II. BASICS AND DATA PREPARATION FOR TIME
SERIES FORCASTING

A. Time series forecasting is an important area of machine
learning that is often neglected.

A normal machine learning dataset is a collection of
observations. For example:

Observation #1,
Observation #2,
Observation #3.
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Time does play a role in normal machine learning
datasets.

Predictions are made for new data when the actual
outcome may not be known until some future date. The
future is being predicted, but all prior observations are
almost always treated equally. Perhaps with some very minor
temporal dynamics to overcome the idea of “concept drift”
such as only using the last year of observations rather than all
data available.

A time series dataset is different.

Time series adds an explicit order dependence between
observations: a time dimension. Time series analysis
involves developing models that best capture or describe an
observed time series in order to understand the underlying
causes. This field of study seeks the “why” behind a time
series dataset.

This often involves making assumptions about the form
of the data and decomposing the time series into constitution
components.

The quality of a descriptive model is determined by how
well it describes all available data and the interpretation it
provides to better inform the problem domain.

The primary objective of time series analysis is to
develop mathematical models that provide plausible
descriptions from sample data

Making predictions about the future is called
extrapolation in the classical statistical handling of time
series data.

More modern fields focus on the topic and refer to it as
time series forecasting. Forecasting involves taking models
fit on historical data and using them to predict future
observations.

Descriptive models can borrow for the future (i.e. to
smooth or remove noise), they only seek to best describe the
data.

An important distinction in forecasting is that the future
is completely unavailable and must only be estimated from
what has already happened.

The purpose of time series analysis is generally twofold:
to understand or model the stochastic mechanisms that gives
rise to an observed series and to predict or forecast the future
values of a series based on the history of that series. Time
series analysis provides a body of techniques to better
understand a dataset.

Perhaps the most useful of these is the decomposition of
a time series into 4 constituent parts:

e Level. The baseline value for the series if it were a

straight line.

e Trend. The optional and often linear increasing or

decreasing behavior of the series over time.



e Seasonality. The optional repeating patterns or cycles of
behavior overtime.

e Noise. The optional variability in the observations that
cannot be explained by the model.

All time series have a level, most have noise, and the
trend and seasonality are optional. There are few problems
here:

e LSTMs expect 3D input, and it can be challenging to get
head around this the first time.

e LSTMs don’t like sequences of more than 200-400 time
steps, so the data will need to be split into samples.

B. Preparing data for the LSTM network in Keras

e Load the Data
e Drop Time
e  Split Into Samples

e  Reshape Subsequences

III. OVERVIEW AND CONFIGURATION TOOLS FOR
TIME SERIES FOR FORCASTING

A. TensorFlow

TensorFlow is a fast, flexible, and scalable open source
machine learning library for research and production.

TensorFlow is an open source software library for
numerical computation using data flow graphs. Nodes in the
graph represent mathematical operations, while the graph
edges represent the multidimensional data arrays (tensors)
communicated between them. The flexible architecture
allows to deploy computation to one or more CPUs or GPUs
in a desktop, server, or mobile device with a single API.

B. Keras

TensorFlow is a fast, flexible, and scalable open source
machine learning library for research and production. Keras
is a high-level neural networks API, written in Python and
capable of running on top of TensorFlow, CNTK, or Theano.
It was developed with a focus on enabling fast
experimentation. Being able to go from idea to result with
the least possible delay is a key to doing good research.

Use Keras if there need a deep learning library that:

o Allows for easy and fast prototyping (through user
friendliness, modularity, and extensibility).

e Supports convolution networks and recurrent networks,
as well as combinations of the two.

e Runs seamlessly on CPU and GPU.

C. CUDA. TensorFlow performance test: CPU VS GPU

CUDA is a parallel computing platform and application
programming interface (API) model created by Nvidia. It
allows software developers and software engineers to use a
CUDA-enabled graphics processing unit (GPU) for general
purpose processing — an approach termed GPGPU (General-
Purpose computing on Graphics Processing Units). The
CUDA platform is a software layer that gives direct access to
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the GPU's virtual instruction set and parallel computational
elements, for the execution of compute kernels. Test
conditions and setup:

In order to test every piece of equipment fairly, decided
to focus on a common and reproducible deep learning task,
such as training CNN on Cifar-10 dataset using
tensorflow/models, which download on PC using git clone
https://github.com/tensorflow/models.git

To reproduce the test, require internet connection and a
python environment with installed tensorflow on top. Simply
go to directory tutorials/image/cifar10 and run the following
code from terminal python cifar10_train.py

Test metric:

A single comparison metric is number of examples
processed per second (the more the better).

Test notes

1.15-7300HQ

2018-05-20 14:19:03.298426: step 8010, loss = 1.68
(583.4 examples/sec; 0.219 sec/batch)

2018-05-20 14:19:06.423052:tep 8020, loss = 1.63
(409.1 examples/sec; 0.312 sec/batch)

2018-05-20 14:19:09.493130: step 8030, loss = 1.39
(416.9 examples/sec; 0.307 sec/batch)

2018-05-20 14:19:12.563831: step 8040, loss = 1.47
(416.8 examples/sec; 0.307 sec/batch)

2018-05-20 14:19:15.653078: step 8050, loss = 1.31
(414.3 examples/sec; 0.309 sec/batch)

2.13-7100

2018-05-30 19:12:03.298426: step 8010, loss = 1.68
(585.4 examples/sec; 0.221 sec/batch)

2018-05-30 19:12:06.425052:tep 8020, loss = 1.63
(404.6 examples/sec; 0.314 sec/batch)

2018-05-30 19:12:09.497130: step 8030, loss = 1.39
(416.9 examples/sec; 0.307 sec/batch)

2018-05-30 19:12:12.567831: step 8040, loss = 1.47
(416.8 examples/sec; 0.307 sec/batch)

2018-05-30 19:12:15.657078: step 8050, loss = 1.31
(414.3 examples/sec; 0.309 sec/batch)

3. GTX1050

2018-05-20 15:04:50.073763: step 8110, loss = 1.08
(4789.9 examples/sec; 0.026 sec/batch)

2018-05-20 15:04:50.329753: step 8120, loss = 0.90
(4807.1 examples/sec; 0.026 sec/batch)

2018-05-20 15:04:50.586215: step 8130, loss = 0.76
(4804.2 examples/sec; 0.026 sec/batch)

2018-05-20 15:04:50.842610: step 8140, loss = 0.90
(4804.6 examples/sec; 0.026 sec/batch)

2018-05-20 15:04:51.098361: step 8150, loss = 0.91

(4808.6 examples/sec; 0.026 sec/batch

GPUs have almost 200 times more processors per chip
than a CPU. For example, an Intel Xeon Platinum 8180
Processor has 28 Cores, while an NVIDIA Tesla



K80 has 4,992 CUDA cores. While a CPU core is more
powerful than a GPU core, the vast majority of this power
goes unused by applications. A CPU core is designed to
support an extremely broad variety of tasks (e.g., render a
webpage, drive word processors and enterprise software,
manage peripherals) in addition to performing computations,
whereas a GPU core is optimized exclusively for data
computations. Because of this singular focus, a GPU core is
simpler and has a smaller die area than a CPU, allowing
many more GPU cores to be crammed onto a single chip.
Consequently, applications, which perform large numbers of
computations on a vast amount of data, can see huge (i.e., 5
to 10 times) performance improvements when running on a
GPU versus a CPU.

IV. DEVELOPMENT TIME SERIES FORCASTING FOR
3D PRINTING DATA

It is common to use persistence or naive forecasts as a
first-cut forecast on time series problems.

A better first-cut forecast on time series data with a
seasonal component is to persist the observation for the
same time in the previous season. This is called seasonal
persistence.

It is important to evaluate time series forecasting models
consistently.

First, hold the last two years (2016 and 2017) of data
back and evaluate forecasts on this data. This works for both
monthly and daily data look at.

Use a walk-forward validation to evaluate model
performance. This means that each time step in the test
dataset will be enumerated, a model constructed on
historical data, and the forecast compared to the expected
value. The observation will then be added to the training
dataset and the process repeated.

Walk-forward validation is a realistic way to evaluate
time series forecast models as one would expect models to be
updated as new observations are made available.

Finally, forecasts will be evaluated using root mean
squared error, or RMSE. The benefit of RMSE is that it
penalizes large errors and the scores are in the same units as
the forecast values (car model sales per month).

Root mean squared error used to report model skill.
Case Study 1: Monthly Car Model Sales Dataset

The Monthly Car Model Sales Dataset describes the
number of car model sales between 2010 and 2017.

The units are a count of the number of sales and there are
108 observations.

A line plot of the data is also provided. Both are a yearly
seasonal component and an increasing trend.
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Fig. 1. Line Plot of Monthly Car Model Sales Dataset

The prior 24 months of data will be held back as
test data. Investigate seasonal persistence with a sliding
window from 1 to 5 years.

The results suggest that taking the average from the last
three years is a good starting model with an RMSE of 18.630
car sales.

A plot of the relationship of sliding window size to model
error is created.

The plot nicely shows the improvement with the sliding
window size to 3 years, then the rapid increase in error from
that point.
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Fig. 2. Sliding Window Size to RMSE for Monthly Car Sales

A. Time Series Forecasting with the Long Short-Term
Memory Network in Python

The Long Short-Term Memory recurrent neural network
has the promise of learning long sequences of observations.
It seems a perfect match for time series forecasting. Dataset
describes the monthly number of sales of model over a 3-
year period. The units are a sales count and there are 36
observations. A line plot of the series is then created showing
a clear increasing trend.
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Fig. 3. Line Plot of Monthly Model Sales Dataset

Split the Model Sales dataset into two parts: a training
and a test set. The first two years of data will be taken for the
training dataset and the remaining one year of data will be
used for the test set.

A rolling forecast scenario will be used, also called walk-
forward model validation.

Each time step of the test dataset will be walked one at a
time. A model will be used to make a forecast for the time
step, then the actual expected value from the test set will be
taken and made available to the model for the forecast on the
next time step.

This mimics a real-world scenario where new Model
Sales observations would be available each month and used
in the forecasting of the following month.

Finally, all forecasts on the test dataset will be collected
and an error score calculated to summarize the skill of the
model. The root mean squared error (RMSE) will be used as
it punishes large errors and results in a score that is in the
same units as the forecast data, namely monthly Model sales.

A good baseline forecast for a time series with a linear
increasing trend is a persistence forecast.

The persistence forecast is where the observation from
the prior time step (t-1) is used to predict the observation at
the current time step (t).

Implement this by taking the last observation from the
training data and history accumulated by walk-forward
validation and using that to predict the current time step.

Accumulate all predictions in an array so that they can be
directly compared to the test dataset.

Running the example prints the RMSE of about 136
monthly Model sales for the forecasts on the test dataset.

A line plot of the test dataset (blue) compared to the
predicted values (orange) is also created showing the
persistence model forecast in context.
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Dataset

Headings, or heads, are organizational devices that guide
the reader through your paper. There are two types:
component heads and text heads.

Before fit an LSTM model to the dataset, must transform
the data. This section is broken down into three steps:

e Transform the time series into a supervised
learning problem

e Transform the time series data so that it is
stationary.

e Transform the observations to have a specific
scale.

The Long Short-Term Memory network (LSTM) is a
type of Recurrent Neural Network (RNN).

A benefit of this type of network is that it can learn and
remember over long sequences and does not rely on a pre-
specified window lagged observation as input.

In Keras, this is referred to as stateful, and involves
setting the “stateful” argument to “True” when defining an
LSTM layer. Define a function called fit Istm () that trains
and returns an LSTM model. As arguments, it takes the
training dataset in a supervised learning format, a batch size,
a number of epochs, and a number of neurons.

The batch_size must be set to 1. This is because it must
be a factor of the size of the training and test datasets.

Predict () function on the model is also constrained by the
batch size; there it must be set to 1 because are interested in
making one-step forecasts on the test data.

Batch Size: 1
Neurons: 4

Once the LSTM model is fit to the training data, it can be
used to make forecasts.

In result prints the expected and predicted values for each
of the 12 months in the test dataset.

The example also prints the RMSE of all forecasts. The
model shows an RMSE of 71.721 monthly model sales,
which is better than the persistence model that achieved an
RMSE of 136.761 model sales.
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Fig. 5. Line Plot of LSTM Forecast vs Expected Values

A line plot of the test data (blue) vs the predicted values
(orange) is also created, providing context for the model
skill.

A difficulty with neural networks is that they give
different results with different starting conditions.

One approach might be to fix the random number seed
used by Keras to ensure the results are reproducible. Another
approach would be to control for the random initial
conditions using a different experimental setup.

Repeat the experiment from the previous section multiple
times, then take the average RMSE as an indication of how
well the configuration would be expected to perform on
unseen data on average.

This is often called multiple repeats or multiple restarts.

In result prints the RMSE score each repeat. The end of
the run provides summary statistics of the collected RMSE
scores.

Mean and standard deviation RMSE scores
138.491905 and 46.313783 monthly model
respectively.

are
sales

A box and whisker plot is created from the distribution
shown below. This captures the middle of the data as well as
the extents and outlier results.

This is a very useful result as it suggests the result
reported above was probably a statistical fluke. The
experiment suggests that the model is probably about as
good as the persistence model on average (136.761), if not
slightly worse.
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Fig. 6. LSTM Repeated Experiment Box and Whisker Plot
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CONCLUSION

Was implemented time series forecasting for printing
data and consists of seasonal persistence forecasting and time
series forecasting with the LSTM network in Python with
Keras on GPU.

The Long Short-Term Memory network (LSTM) is a
type of Recurrent Neural Network (RNN).

A benefit of this type of network is that it can learn and
remember over long sequences and does not rely on a pre-
specified window lagged observation as input.

e [oaded the dataset from CSV file.

e Transformed the dataset to make it suitable for
the LSTM model, including:

e Transforming the data to a supervised learning
problem.

e Transforming the data to be stationary.

e Transforming the data so that it has the scale -1
to 1.

e Fitting a stateful LSTM network model to the
training data.

e Evaluating the static LSTM model on the test
data.

e Report the performance of the forecasts.
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Analytics
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Anomayia—Yy pauiii poGoTi pPO3rasHYTI NMUTAHHSA IIOAO
3aCTOCYBAHHsSI NMPWJIAJOBHX NaHesdel 1151 BUpilIeHHs 3aga4
Oi3Hec-aHAJIi3y, IO 03BOJISI€ MOJINMIIMTH AKiCTh BHPilICHHS
3a/a4 YIPaBJIiHHS Ta aHAJI3Y JiVILHOCTI MiANpUeEMCcTBA.

Abstract—This paper considers the use of indicators
dashboards in order to solve business analysis problems. It
allows improving the quality of solving the management and
analysis problems related to enterprise activities. The
relevance of this research is defined by the need for continuous
improvement of business performance of Ukrainian and
foreign organizations due to the constant calls of the
competitive environment. Therefore, this paper discusses the
foundations of using dashboards in business analysis, their
purpose, and role in organizational management. According to
the considered survey, modern organizations tend to be
interested in applying dashboards systems. This growing
interest depends on huge analytical abilities of operational,
tactical, and strategic dashboards that provide information for
management decisions on each level of organizational
governance. As the example, this work considers the prototype
of the operational dashboard intended to visualize the selected
indicators of the supply process. The common procedure of
building the dashboard system based on indicators is outlined.

Knrouoei cnoea—naneni inouxamopis, Kio4o6i nOKa3HuKu
epekmuenocmi, makmuuni naneni, cmpameziuni naneni.

Keywords—indicators  dashboards, key  performance
indicators, tactical dashboards, strategic dashboards.

I. Bcryn

B yMoBax BHCOKOiI MIHJIMBOCTI CBITOBHX pPHHKIB
MIPOMIUCIIOBUX TOBApiB i MOCIYT, TMOCHJICHHS MiKXHAPOIHOT
KOHKYPEHIIIT 1 HU3bKOTO €KOHOMIYHOTO 3POCTaHHS 3HAYHO
3pOCTalOTh BHUMOTH JO MpPOLEOYp OLIHKH pe3yJbTaTiB
€KOHOMIYHOT ~ JiSUIHOCTI  YKpaiHCBKHUX  MiANPUEMCTB.
CucreMHa KpH3a SKOHOMIKM KpaiHH, MAIiHHS CIIOKHUBYHX
JIOXOJIB 1 BIJCYTHICTh MOMJIMBOCTCH [UIS 30BHIIIHBOTO
3all03MYCHHS  KalliTally MNpUBEIM JO TOTO, IO JUISA
KEpiBHHUILITBA MANPUEMCTB iHa MOMMJIKOBHUX
YIPaBIIHCHKUX pIllIeHb CTa€ YKpal BHCOKOK. ExoHOMIUHA 1
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¢iHaHCOBa HEBM3HAUCHICTH OOYMOBIIOE  TIEPEBEICHHS
HmiAnpueMcTB (akTHYHO Ha pydHe yrpasiuiHHs. [le o3Havae,
0 HAWBKIMBIMIOK YMOBOK 3M00YyTTI 00 €KTHBHOI
KapTHHU CIIpaB Ha MIiANPUEMCTBI CTa€ BIPOBAKECHHS
cUCcTEM MOHITOPHHTY TTOKAa3HUKIB e(heKTHBHOCTI,
MaKCHUMaJbHO HAOJIMKEHOTo JI0 peajlbHOro 4acy. 3aB/IaHHs
YIPaBIiHCHKOTO MOHITOPUHTY B IIHPOKOMY CEHCi HOJISrae B
TOMy, 100 peecTpyBaTd MEBHI MapaMmeTpd Npolecy, sKi
Ha3WBAIOTh KJIIOYOBHMH TOKa3HUKaMH a0o0 iHIUKAaTOpaMHu
epextuBHocTi (Key Performance Indicators, KPI), i B
HaouHiH QopMi HamgaBaTH iX KopucryBadeBi. lle mae
MO>KJIMBICTD B ONEPATHBHOMY PEXHMI HE JIMIIE OTPUMYBATH
CHTHAJIM NP0 MO>KJIMBI BIIIXWIICHHS, ajie 1 BCTAaHOBIIIOBATH 1X
NPUYMHA 1 HaAMaraTucs BUOPABUTH CHTyaIlifo. Takox
MOBHHHA ICHYBaTH MOXITUBICTB TIepeiadi pe3yabTatis [1].

Sk BimOMO, OJHMMH 3 OCHOBHHMX 3aBIaHb YIIPABIIHHS
CY4YacHUM MIINPUEMCTBOM € PETYJSIPHUH aHali3 i OIliHKa
e(eKTHBHOCTI YNPaBIiHCHKOI IISTBHOCTI, IO Iepeadadae
BUJUICHHSA KIIOYOBHX OI3HEC-TPOIECIB I IPUEMCTBA 1
KOHIIGHTPALII0 HA HUX 3yCHJIb BUKOHABUOTO MEHEIDKMEHTY.
Jliist peanizanii BCiX UX 3aBJaHb CHiBPOOITHUKAM HEOOXimHI
Cy4JacHi IHCTpYMEHTH KOHTPOJIO i aHami3y e(eKTHBHOCTI
KOMITaHii, TpeACTaBIeH] Yy BUNILAI Habopy maHenen
IHNKATOPIB.

II. METOJUVKA 1 PE3VJIbTATU JOCHIJPKEHHS

[MonsitTst «manens iHmukaropiB (indicator dashboard)»
NPUCYTHE B JIOCHI[DKEHHSX 0araTbOoX BITYM3HAHHAX 1
3apyOibkHUX (axiBIiB B oOJlacTi YNpaBiiHHS, HPH LBOMY
ICHYIOTh Di3HI MiAXOAW A0 HOTO TPakTyBaHHA. 3TIAHO 3
BU3HAYEHHSIM aMepHKaHCBhKOro jpociigaunka Y. Exkepcona
[2], mamemmo iHIMKATOpIB Ha3WBA€ThCA Oararomiapose
3acTocyBaHHS Ha 0a3i iH(pacTpykTypn Oi3Hecy-aHamizy i
iHTeTpalii JaHuX, SKe JO3BOIIIE OpraHi3amii 3IifiCHIOBATH
BUMIp, MOHITOPUHT 1 yIpaBiiHHA Oi3HECOM 3 OUIBIIOO
edexTuBHICTIO. THM caMuM iineTbes He Tpo Habip rpadivHol
i rTabmmuHOi  iHQopMamii, a TPO  KOPHOPATHBHY
iHpOpMaLliliHy CHCTEMy, IO [O3BOJISIE MCHEIKMCHTY



opraHizamii  MPOBOAWTH  ONEPATHBHE  YIPaBIiHHS 1
JIOOMBATUCSI IOCSITHEHHS MOCTABICHUX II1IEH.

[Taneni iHIUKATOPiB BHPIMIYyIOTH HACTYNHI 3aBIaHHS
iHpopManiifHoro 3a0e3neYeHHs i JIPHEMCTBA:

e  MOHITOPHHT TIOTOYHOI MisTTBHOCTI, a TaKOX
3iCTaBJIEHHS 3HAYCHb OTPHMAHNX MOKa3HUKIB 3 BEJIMYNHAMH,
BU3HAUYEHNMH B KOPIIOPATHBHIN cTpaTerii Ha MOTOYHUI
TIepiot.

e AHam3  OTPHUMaHHX  pe3yNbTaTiB  IUIIXOM
3aHYPCHHS KOPHCTYBauya CHCTEMHU Ha OyIb-sIKHHA pIBEHb
MOKAa3HWKIB 1 JaHumxX. KpiM Toro, maHemi iHAWKAaTOPiB
HAJAOTh KOPHCTYBauaM IHCTPYMEHT Uil TPOBEACHHS
Pi3HOTO pOAY PO3paxyHKiB, BKIFOYAIOUYM CTBOPSHHS 3aIHTiB,
aHaNiTHYHy OOpOOKYy AaHuX, (OpPMyBaHHS MOBIIOMIJICHB i
3BITIB 1 T. .

e  3a0esneyeHHs ~ KOPUCTyBauya  IHCTPYMEHTaMH
OIMEPATUBHOTO YIMPABIIHHS, OI[HKK pIllICHb, CKJIAJAHHS
CIICHApIiB PO3BHUTKY Oi3HECY, IO IO3BOJISE KEPiBHHUIITBY
opratizaiii BHOMpaTH MPaBWILHUNA HAMPSIM MOAAIBIIOTO
pyxy Oi3Hecy.

[Hdopmaris Ha TaHeNAX IHAWKATOPIB BiIOMBAETHCS B
TpPbOX po3pizax, abo mapax. [lepmmii map — y3araabHeHe
rpadiuHe mpencTaBieHHs, 3a3BHYAl € CIIMCKOM OKa3HHKIB,
SIKi 1CTOTHI JJIs OpraHi3aiii B MOTOYHHI mepiox yacy [2].
3HauYEHHSIM TMOKAa3HUKIB JIOJAI0Th CHELiaIbHAN KOJILOPOBHUN
¢oOH, 3aNeKHUU BiA BENMYMHM BIAXWICHHS aKTyaJIbHOTO
3HAUCHHS TIOKa3HWKAa Bi IUIaHOBHX (200 HOPMAaTHBHHX)
3Ha4YeHb [3].

BaraToBuMipHe MpeiCTaBICHHS AaHUX € IPYTHM IIapoM
maHeJed 1HOUKATOpIB 1 Ja€ AeTalpHImTy iHpopMaIiio mpo
NIPUYMHNA BUHUKHEHHS BiIXWIeHb. B pasi GararoBUMipHOTO
aHalli3y KOPUCTYBadi IEperyiifgaloTh JaHi 10  Pi3HUX
po3pi3aXx, Hampukiag, 1O  reorpa@iyHOMy  MICITIO
po3TamryBaHHSA, MO KIi€HTaX 1 T. ., IO JIO3BOJIIE
NpoaHajli3yBaTd  NPUYMHU  BUHUKHEHHS  BiJAXHJICHb,
NPOTJISHYBIIH PaxyHKH, JOKYMEHTH 1 OBIJOMJICHHSI.

Tperiit map m03BONsIE KOPHCTYBauaM TNeperyisigaTd
JNeTanbHI 3BITH Ta ONEPAaTHBHI TIOBIIOMIICHHS, HAJae
MOJKJIUBICTh BUKOHYBATH 3aIIUTH JI0 CXOBHIIA JaHUX [2].

Ko’kHa manenpb iHAMKATOpIB NpU3HAYEHA JUIsi BUKOHAHHS
TPbOX KOMIUIEKCIB (DYHKI[IOHAJIBHUX 3aBJaHb, a CaMe:

e  BixctexyBaHHS KpUTHYHO BAXKIMBUX Oi3Hec-
MPOLIECIB 1 BUIM IiSTIBHOCTI, BUKOPUCTOBYIOUHM MOKa3HHKU
e(eKTUBHOCTI, 10 3a0e3NeuyloTh 10/ady 3acTEePeXIMBUX
CUTHAJIIB IPH BUHUKHEHH] MOTEHIIIHHUX TPOOIIeM.

e  BusBneHHS NpUYMH BUHHUKHEHHS NpoOjeM uepe3
aHai3 peNeBaHTHOI i akTyajbHOI iH(opMawil mia pi3HUMHU
KyTaMH 1 3 pi3HUMH piBHAMH AeTaji3aiii.

e  VYmopaBiaiHHA JIFOABMH 1 MPOIECaMH Tak, 100
3HaXOJWUTH ONTHMaJIbHI PIlIEHHS, MaKCHMi3yBaTH e(dekT i
BECTH OpTaHI3alliio y HAIpsAMi JOCATHEHHS IIiseil.

HeoOximHo Bifg3HauuTH, 1[0 Oararo KOMIIAHIHM, IO
BHKOPHUCTOBYIOTh TMaHENl iHAWKATOPiB B CBOIM MiSUIBHOCTI,
Ipu X CTBOPEHHI YacTO CIMPAIOTHCS Ha 3alpOIIOHOBAaHy Ha
moyatky 90-x pp. XX cr. P. Kammmanowm i J[. Hopronom [4]
30aJIaHCOBaHy CHCTEMY I[IOKAa3HUKIB, IO € MEXaHi3MOM
MOCJTIIOBHOTO JIOBEJICHHS 70 MEPCOHATY CTPATEriYHUX I[iIeH
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KOMITaHil 1 KOHTPOJIEM iX JOCATHEHHS depe3 KIFOYOB1
MOKa3HUKU €(DEKTHBHOCTI.

3rigHO 3 pe3ynpTaTaMu JOCTIHKEHHS [5], mounHaroun 3
2013 poKy 3HOBY IIOYMHA€E CIOCTEPIraTHCSA 3POCTAHHS
3aIliKaBICHOCTI  OpraHizamiii y  BIOpPOBa/pKEHHI  Ta
BUKOPHUCTaHHI CUCTEM MaHeseH inaukaTopis (puc. 1).
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Puc. 1. 3uikaBieHicTs opraHi3awuiii y BIPOBa/UKEHHI Ta BHKOPUCTAaHHI
MaHeJNeH 1HIUKaTOPiB.

3i 116 opranizaniii, siKi IpUHHSIIN y4acTh B OIMHUTYBaHHI
y 2016 pori, 20 opranizaiiii B¢ BHKOPHCTOBYIOTH ITaHEIl
IHJIMKATOPIB Y CBOIHM MiSUTBHOCTI, @ TAKOX IIe 15 opraHizariii
IUVIAHYIOTh BUKOPUCTOBYBATH IaHeNl iHJIMKATOpiB Ui
YIIPaBJIiHHS Ta aHaNI3y AisIIBHOCTI MiIIPHEMCTBA.

III. YIIPABJIHHA IMIIIPUEMCTBOM HA OCHOBI
BUKOPUCTAHHS ITAHEJIEN IHIUKATOPIB

BaxmuBoro yMOBOIO  yCmimHOTO — (DYHKIIOHYBaHHS
naHeneil iHAuMKaropiB € enuHuil dopmar iHdopmarii, 1o
BBOAMTECS. s  3a0e3nedyeHHs €IUMHOTO IIAXO0Ay Y
BUKOPDHCTaHHI 1 TpejacTaBieHHI iH(popMalii HeoOXiaHO
peami3yBaTH CHCTEMY HOPMATHBHO-IOBIIKOBOI iH(opMarii
nignpuemcta (y ckiani enuHoi 0asu 3HaHb). 3IHCHIOIYH
BIPOBAPKCHHS NTAHENIeH 1HANKATOPIB, KOMITaHii OTPUMYIOTh
Ju1st ce0e HaCTyIIHI epeBar:

e  IndopmyBanHs cniBpoOiTHUKIB PO cTpaTerivyHi
niti. ITaneni iHIMKAaTOPIB NPENCTaBISIOTH KOPHOPATHBHY
CTpaTeriro Yepe3 BIUMIPIOBaHI TIOKAa3HUKH, I[UTHOBI 3HAYCHHS
1 pi3HI IHIMIATHBH Yy BUIJISIII, aanTOBAHOMY IJISi KOXHOT
rpyma  (abo piBHA) mepcoHanmy. Y Oymb-AKHi  dYac
CHiBpOOITHHK MiAMIPUEMCTBA, BiIKPUBIIH BiIIOBiIHY aHETb
IHIUKATOPIB, OTPUMYE SICHE YSBJICHHS IIPO CTpaTeriyHi L
KOMITaHil i Ipo Te, 110 BiH MOBUHEH 3pOOUTH B CBOii 00IacTi
JUISL TOCSITHEHHST LIUX ITiIeH.

e  KopexktyBaHHs cTparerii. KepiBaukn
BUKOPHCTOBYIOTh IaHENI I1HAWKATOPIB SIK 3aci0 «TOHKOTO
T ICTPOIOBAHHS IUTS BiOOpaskeHHS MTOCITIHOBHUX
KOPEeKTyBaHb Kypcy Ha NUIIXy IO CTpaTeriyHOl MeTH,
BHUKOPHCTOBYIOUH CTPATETIYHY KapTy IiJIPHEMCTBA.

. Po3mupenus 30HU BU/UMOCTI. [Manemni
IHAWKATOPIB PO3MHUPIOIOTh «30HY BHIUMOCTI» KEpIiBHHKIB 1
MEHE/KEpIiB CepPeHBOI JIAHKU 3 TIPUBOJLY SIKOCTI BUKOHAHHS
PYTHHHHX OIepamniii i onepaTHBHUX MOKA3HUKIB, CBOEYACHO
HaJafoyy JOCTOBIPHI JlaHi 1 NMPOTHO3YIOYM TEHJCHII, 10
CKJIAJal0THCS, BUXOMISYH 3 PEe3yIbTaTiB MUHYJIOL isTTBHOCTI.
Ile po3Boisie KOMMAHIsIM  3a3lalieriip  nependavaTu
npo0OJieMy, sSIKi MOTJIM O BIUIMHYTH HA KiHIEBI Pe3yJIbTaTH.

e  Tloxnimmennss B3aemonii mepconamy. OCKUIbKH
JTaHi PO €(PEeKTUBHICT TpaIli OKPEMHX CIIBPOOITHHKIB TIPH
BUKODHCTaHHI TaHeNieil 1HAMKATOpiB CTaloTh (HaKTUHHO
3araJbHOIOCTYITHUMH, 1€ CIIOHYKAa€ CIIBPOOITHUKIB Pi3HUX
BIZTUTIB /10 TicHilIol criBnpaui. Lle Takox crpusie po3BUTKY
Jiajory MiX MEHeDKEpaMH 1 PsIOBUMH CHiBPOOITHHKAMH



BIZIHOCHO pe3yJIbTariB poOOTH, MPOTrHO3IB, IO J03BOJIIE
MEHE/DKEpaM 4JacTillle 1 KOHCTPYKTUBHO aHaJli3yBaTu poOoTy
KOMIIaHii.

o  Tlocunenus MOTHBAaIi cniBpoOiTHUKIB.
Bizyanizytoun OIHHI TOKa3HUKH 1 pe3yIbTaTH pobotu
MEPCOHANTY, TAaHEeNi IHAWKATOPIB  MiJICKIIOKTH  HOTO
MOTHBAI[IF0 BHKOHYBaTH 3aBJaHHs OUIbLI ONTUMAaIbHUM
YMHOM, TpPHHAWMHI, B THUX O00JacTAX, J€ pe3yJbTaTu
MiATAI0ThCs BUMIpY. SKIMo ormara mparii Oyzne mpuB’s3aHa
JI0 pe3yJIbTaTiB POOOTH, TO BiIOMBAHI MAHEIUTIO 1HIUKATOPIB
JIaHI CMOHYKAIOTh CHIBPOOITHUKIB TpAIIOBAaTH Kpamie Uit
3100yTTS JOAATKOBOTO MPUOYTKY.

. CTBopeHHs1 €IuHOI iH(opManiiiHOI KapTHHU
(byHKumHyBaHHﬂ Oi3Hecy. [Maneni IHIUKATOPIB
KOHCOJI/IOTh 1 iHTErpyiOTh KOPIOPATHBHY iH(OpMaLLiio,
BUKOPHCTOBYIOUM 3arajbHi pPErjaMeHTH, HOpPMAaTHBU 1
MOKa3HWKM, M0 MiJaloThcs BUMIpy. B pesymbrarti
(GOpMy€eThCsl aKTyaldbHUH Ha0lp KOPIOPATHBHUX JaHHX,
SIKUIMHA KOPHUCTYIOTBCSL BCl CIIBPOOITHHKHM KOMIIaHii, TOMY
KOH(IIKTH cepel MEHEeKepiB 1 aHAIITHKIB 3BOIATHCS IO
MIHIMyMY.

Takum YUHOM, MaHesi IHAWKATOPIB HAJAOTh MOTPIOHY
iHpopMarmito X KOpHCTyBayaM B MOTpiOHWIA  dac,
3a0e3nevyoun MIEBHY ONTUMI3AIIi0 yXBaJIEHHS
YIPaBIIHCHKUX PpillIeHb, MiABUINYIOYH I1X e(EeKTHUBHICTH i
CHPUSIOYN TOCATHEHHIO MIJTbOBUX Pe3ynbTartiB [1, 2].

VY mpakTtuni nodynosu iHopmariitHoi iH(pacTpyKTypu

MATIPHEMCTB  PO3PI3HAIOTH TaHENi IHIUKaTOpiB TPHOX
OCHOBHHX THITIB: OTIEPATHBHI, TAKTUYHI i CTpaTErivHi.

A. Onepamueni nameni iHoukamopis

BukopHCTOBYIOTBCS CITIBPOOITHUKaMH HIIKUOT JIAHKH 1 TX
cyrepBaif3epaMu UII MOHITOPHHTY 1 ONTHMI3allii OCHOBHHX
pobounx MPOLIECIB. CriBpoOiTHHKH oprasizarii

CtS by Process Instance
600

400

SCT by Process

=

Instance

0 5 0

Puc. 2. [IporoTun po3po6iieHol naHesi iHAUKaTOpiB.

B. Taxmuuni naneni inouxamopis

BigcrexyroTh mporiecd 1 MPOSKTH Ha PiBHI BIAIUIB 1
MIPEICTABIAIOTE 1HTEpEC AJIs TIEBHOTO CETMEHTY OpraHi3arlil
abo oOmexenoi rpymu criBpoOiTHUKIB. MeHemkepu i
Oi3Hec-aHANITUKH  BHUKOPUCTOBYIOTh  TaKTH4YHI  IaHENI
IHJMKATOPIB U MOPIBHSIHHA MOKA3HUKIB B CBOIX MPOCKTAaX
ab0 30HAx BIANOBIJAILHOCTI 3 OOHKETHUMH ILJIaHAMU,

2 4 [ 8 10 12 14
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BHKOPHCTOBYIOTh onepaumm Ma”eni iHOWKATOpiB, 00
CTOXHTH 32 TPOLECAMH i omepauisiMu, iHpoOpMalis mpo
SAKUX, 3QJIOKHO BIJl XapakTepy INpolecy, BHBOAUTHCS Ha
iHpopManiiiHi maHel yepe3 JeKiIbKa CeKyH[, XBHJIMH a0o
roguH. 3a3BWYail iHpOpMAIis B OMNEpaAIlifHAX TAHEIAX
IHIMKATOPiB OHOBJIFOETHCSI aBTOMATHUYHO.

OnoByneHHS BinOyBaeThcs abd0 Binpa3y Icis HACTAHHS
noii, TOOTO MPaKTHYHO B PEXUMI peaslbHOro 4acy, abo x
yepe3 neskuil (ikcoBaHMH NPOMDKOK 4acy BIAIIOBIAHO 1O
BCTAaHOBJIEHOTO perjamenty. Haituacrime iHdopmanio Ha
orepamifHUX MaHeNsX IHAWKATOpiB  OHOBIIOIOTH, SIK
MiHIMYM, JBi4i B 100y [2].

[Mpuxnan po3pobieHoi onepaTHBHo'l' NaHel 1HAWKaTopiB
HaBE/ICHO Ha puc. 2. JlaHa MaHeNb iHAMKATOPIB NPU3HAYCHA
quist ananizy KPI mporecy mocrayaHHs MpoIyKIii, 3rifHO 3
mozesio SCOR (Supply Chain Operations Reference) [6],
Ta MPUHHATTS BIIMOBIIHUX yIIPaBIiHCHKUX PIlICHb:

e Burparu Ha nocrauanns (Cost to Supply, CtS).
e Yac mukiy nocrayanus (Supply Cycle Time, SCT).

e Bincorok 3aMOBJIEHb, MOCTAaBJICHHX Y [TOBHOMY
00cs3i ( Supplied in Full, OSF.,).

e Bincorok 3amoBieHb, nocTaBieHux BuacHo (Orders
Supplied in Time, OST.,).

Jnist nemMoHcTpanii NOKa3HUKIB BUKOPHUCTOBYIOThCS TaKi
3aco0m, sk cToBIMIacTa miarpama (s CtS), miniitani rpadik
(mmst SCT), a Ttakox cremiaigpHI 3aco0u Bisyamizamii —
Jaryuky abo BuMiproBanbHI npuitaan (st OSFy, Ta OSTy,),
sIKi Oynu oOpaHi Ha OCHOBI iX MOLIMPEHOCTI y rany3i 0i3Hec-
aHaNTITHKK Ta iHGopMaTHBHOCTI [7].
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NPOTHO3aMHU a00 Pe3yJIbTaTaMH, OTPUMAaHHMH 32 OCTAaHHIM
yac. 3a3BUYail TAKTHYHI MIaHEJl OHOBIIIOIOTHCS IOHE 1T 200
momicstaHo. OCHOBHA yBara B HHUX MPUAULIETHCS aHAMI3y 1
YIPaBJIiHHIO, @ HE MOHITOPHHTY.

TakTr4Hi MaHe Tl iHAWKATOPIB MOTPiOHI A TOTrO, 100
MEHEDKEPH 1 AaHATTHKA MOIJHM IIBHAKO OTPHUMATH



iH}opMalito, HEOOXIIHY M JUIsl YIIPaBIiHHS [TpOLIecaMu abo
OLIIHKH MipH BUPIIICHHS 3aBJaHb MiApo3aitiB [2].

Taxum
0CO0JIUBOIO

YMHOM, TaKTHUYHI TaHeN IHOUKAaToOpiB €

¢dopmoro  mperncraBieHHs — 3BiTiB.  Taki
IHTepaKTUBHI 3BITH JO3BOJISIIOTH MEHEMKepaM poOuTH
«MOMCHTAIIFHI ~ 3HIMKH»  JTaHUX  OyJIb-SIKOTO  piBHSI
y3arajbHEHHS 1 Ha X OCHOBi (hopMyBaTH 3BiTH HEOOXiITHOTO
piBHS JeTaii3alii, BiIIPAaBIATH iX MO CICKTPOHHIN MOIITI
a0o0 TpeACTaBILITH Ha caifTi opraHizamii. B mpomy BHmanmky
PI3HUILI MK 1HTEPAKTHBHHM 3BITOM 1 TAKTHYHOIO MAHEILIIO
IHIUKATOPIB IPAKTUYHO BiACYTHS.

C. Cmpameziuni naneni iHOukamopie

Jlo3BOJIAIOTH BIZICTE)XyBaTH NPOCYBaHHA bi (o
CTpaTeriyHuX HiIeH 1 4acTo CTBOPIOIOTHCS Ha 0asl cucremu
30aaHCOBaHUX  IIOKa3HHWKiB. ~ MeTa  BHKOPHCTaHHS
CTpaTeriyHoi MaHesl IHAMKATOpIB IOJSrae B TOMY, LI00
30pi€HTYBaTH  BCIO  OpraHi3alliilo Ha  JIOCATHCHHS
CTpaTeriyHux IieH 1 JoOuThCs, mod BCi IPYNH pyXajiucs B
omHOMY 1 TOMy X HampsMi. Jns mpOro B KOMIIaHil
CTBOPIOIOTHCS OKPEMI CIICIiani3oBaHi 30a1aHCOBaHI CHCTEMHU
TIOKa3HUKIB JUIsl KOXKHOT TPYIIH.

Taki kackaadi 30a7aHCOBAaHI CHCTEMM ITOKAa3HHKIB, IO

3a3BMYaii  OHOBJIIOIOTHCS  IOMICSYHO,  HAgalOThb B
PO3MOPS/PKEHHSI KEPIBHUKIB TOTYXHUIM 1HCTPYMEHT, IO
O3BOJISIE  «JOBOIUTH»  CTpaTeril0  KOMIaHii 1o i

CHIBPOOITHHKIB, YITKO 1 TIKOIIE YSBISTH cOOl BUKOHYBaHi
omeparnii i BUAUITH HAWBaXIMBINI YHHHUKA IIiIBUIICHHSI
e(eKTUBHOCTI 1 BapTOCTi Oi3HeCy. Y CTpaTeriyHuX MaHemsix
IHIMKATOPiB OLTBIINI aKIEHT POOUTHCS Ha YHpaBiliHHI, HIK
Ha MOHITOPHHTY 1 aHaJi31.

KiroyoBuM MOMEHTOM B Tpolleci peamizallii IpoexTy

BIIPOBA/DKCHHS ~ MaHened  iHAWKaTtopiB €  BUOip 1
3aTBEPIUKEHHS  KEPIBHUIITBOM  MIANPUEMCTBA  HAOOpY
OCHOBHHX ITOKa3HUKIB €)eKTUBHOCTI [2].
D. Knouosi noxazanuku epekmugnocmi

KirouoBi mokazauku edexruBHocTi (KPI) — me

MTOKA3HUKH, SKI MiJNAI0ThCS KITbKICHOMY BHMIPIOBAHHIO Ta
BBAKAIOTHCS  HAWOUIBII  BXJIMBUMHA  JUIA  OLIHKH
e(eKTUBHOCTI JisTIbHOCTI (ipMH, BIIAUTY YH OKPEMOIO
mpaniBauka. KPI — 1me mNOKa3HWKH, IOCATHEHHS SKHX
HEOoOXigHe I TOro, 1100 HAOIM3UTUCSA 0 ITOCTABJIIEHHX
e [2, 4].

3actocyBanns cucremu KPI B opranizamii jgae 3mory
oLiHIOBaTH ii cTaH Ta (OPMYBAaTH CTPATEril0 PO3BHUTKY;
JIOBECTH 1T BCiel opraHizamii 10 CTPYKTYpHHX MiIpO3/iliB
W OKpeMoro CHiBpOOITHHKA; KOHTPONIOBATH  MIiJIOBY
AKTHUBHICTh B PEXKHMI PEAIbHOTO 4acy; CTBOPUTH €(hEeKTHBHY
CHCTEMY BHHArOpOIM TMPALiBHUKIB; ONTHMi3yBatd (HOHI
BHUHAropoJI¥ NIePCOHATY B OpraHizaiii [4].

OcHoBHi erarm nooyxoBu cuctemu KPI:

. YTouHEHHS I1isIeil opraHi3anii.

e IlinTpumka  Ta 320X0YEHHS
oprasizarii.

e  dopmyBaHHS poOOYOI rPyITH.

e  DopmyBaHHA LTICHOI CTpaTerii BIPOBAKEHHS 1
po3sutky KPI.

° Po3poOka minel i 3aga9 MiAPO3AUTIB Ta TOKa3HHUKIB
X e()eKTUBHOCTI.

KepiBHHUITBA
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e Ommc mnpomecy 300py HMaHUX JUIL PO3PaXyHKY
npeMialbHUX BUILIAT.

e Omuc mnpomecy 300py HMaHuUX Ui PO3PaXyHKY
npeMianbHUX BUILIAT.

e  VY3ro/KeHHs IOKa3HUKIB e(peKTHBHOCTI poboTH Ta
iX BaXJIMBICTh (Bara — PO3MOAUIAETHCS Y BIICOTKAX MiXK
MOKa3HUKAMH TPYIIHN).

e  [lmanyBaHHA Ta PO3paxyHOK IpeMiaJbHOTO (GOHIY
oprasizarii Ta il miapo3IisiB.

° ®DopMyBaHHS €1MHOI 6231 JaHUX Ta BHECEHHS B Hel
BUPOOHNYNX TIOKa3HUKIB.

. Bigbip KIFOYOBMX MOKA3HUKIB €(EKTHBHOCTI IS
OpraHi3afii B I{JIOMY.

. Po3poOka BiAMOBITHIX TOKYMCHTIB.

e  [lpeseHTaliss po3po0IIOBaHOT CUCTEMU KEpiBHUKAM
Ta IHIIOMY TIePCOHAIY.

° Bnposamxenns KPI

° Kontpone 3a  pe3ynpraTaMd  BIPOBaKCHHSI
cuctemu KPI.
° YTOUHEHHS  TOKa3HWKIB  €QEKTUBHOCTI M

MATPUMKH 1X aKTyaJIbHOCTI.

I'onmoBHOIO 3a/1a4uero Mpy BIPOBaHKEHHI JaHOT CHCTEMH €
iHpopMmaniiina poboTa 3  MEpCOHAJOM  OpraHizalfii.
[IpaBunere QopmyBanns KPI nHabararo mokpamuTh
npodeciiHy  MISUTBHICTH ~ OKpEeMHMX  MpAIliBHUKIB  Ta
OpraHizariii B I{iiomy.

1V. BUCHOBKU

[Maneni iHOWKATOpiB € eQPEKTHBHUM IHCTPYMEHTOM
YIPaBJIiHHS, SIKUH y TOBHIH Mipi 3aJ0BOJBHSE MOTpebam
MEHE/DKMEHTY MIANPHEMCTBA, IO 3MIHIINCA B YMOBax
CKOHOMIYHOI ~ KpW3u.  3aJeXHO  BiJ]  IOCTAaBJICHUX
KEpPiBHUIITBOM i AIpUEMCTBA 3aBJIaHb MOXYTb
BUKOPHCTOBYBAaTUCS OIlEpalliiiHi, TaKTH4YHI 1 CTpaTeriyHi
TUIH TaHenew inaumkatopie. Ilepex yxBameHHAM pilIeHHS
MpO  BOPOBA/DKCHHS  CHUCTEM  MAHENEeHd  IHJAUKATOPIB
KEpIBHULTBO Mae OyTH YNEBHEHE B TOMY, IO OpraHi3amis
TOTOBa TEXHIYHO, TEXHOJOTIYHO 1 OpraHi3aIiifHO 1O TaKUX

3MidH. KirouoBy yBary TmpuM BOpPOBaDKCHHI MaHeel
IHAWKATOPIB  CNiJ TOPUAUINTH  Bigbopy  IOKAa3HUKIB.
PexomeHayeThes, 11100 B MaHeNl iHAWKATOPIB Oy MPUCYTHI
MOKA3HWKH, IO  BimoOpakaroTb  pi3HI  HEpPCIEKTUBH
TUSUTEHOCTI MiATIPHEMCTBA.
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Anomayia—Bu3HayeHO OCHOBHI mpo0jeMi ONiHIOBAaHHSA
BeO-caiiTiB. BiniOpani kpurepii oninroBanHsa. O0paHo MeTox
OniHIOBaHHA Ta mKajau kKpurepiiB. The main problem of
website evaluation was determined. Evaluation criteria were
selected. The method of evaluation and the scale of the criteria
were chosen.

Knrwwuoei cnosa—ouintoeanna akocmi, eed-caiim, kpumepiit,
azpezysanua Kpumepiis, 6azamoxkpumepiansHuil 06’ckm, quality
evaluation, website, criterion, criterion  aggregation,
multicriterion object

I. Bcryn

VY Ham yac BeO-callTH € OAHUM i3 Haie(eKTHBHIIINX
MapKETHHTOBHX IHCTPYMEHTIB Oi3HecCy, SIKMH Jomnomarae
HOMY BHTPUMYBATH KOHKYDPEHIIiI0 HAa PUHKY, PO3LINPIOBATH
BJIACHUH CETMEHT Yy JaHOMY DPHHKY, 30UIbIyBaTH 00’eM
NpoJaXy TOBapiB Ta (opMyBaTH BiacHui iMmimk. Kpim
TOro, caliT /J03BOJSIE  B3AEMOJISATH  KIIEHTaM  Ta
MOCTAYalIbHUKaM TOBapiB Ta TOCIyr Oe3 3ailBUX BUTpAT
qacy Ta pecypcis.

AKTyanmpHICT ~ poOOTH  3YMOBICHa  BaXKJIHMBICTIO
OIIIHIOBAHHS SIKOCTI BeO-CalTiB, IX MOPIBHIHHA, TOMY IO B
Haml 9ac 30UTBIIYEThCS KITBKICTh BeO-pecypciB, UL SKHUX
KPUTHYHO B)XXIUBHM € YTPHUMaHHsS KOPUCTYBadiB Ta PicT 1X
KUIBKOCTi, [0 MOXE TNPUHOCHTH TNPHOYTOK IS
MIAMPHEMCTRA, 110 00CIYTrOBYE CalT.

lonoBHOIO TIPO6IEMOIO YCiX pECypCiB /IS OIIHIOBAHHS
CaWiTIB € Te, II0 BOHH OLIHIOIOTH pecypcH 0e3 BpaxyBaHHs 1X
THUITy 32 TaKOIO CHCTEMOIO OILIHIOBaHHS, IO € aJICKBAaTHOIO
JIMIIE JJIS1 OTHOTO TUITY CaiTy.

IL.

3p0o3yMino, IO HEMOXJIHBO CTBOPHUTH YHIBEpCaIbHUN
METOJI, IKH{ J03BOJUB OW y OBHOMY 00CA31 OIIHUTH BEO-
caiiTH Pi3HOTO NPW3HAYEHHS, HANPUKIAA, CAWTH-BI3UTIBKH
Ta iHTEepHET-MarasuHu. ToMy HEOOXiZHO 30CepeAMTHCS Ha
(dbopMyBaHHI TakOI MHOXXHHHM KPHUTEPIiB OIIHIOBAaHHS, SKa
Oyna OW CHNBHOK sl OLNBIIOCTI CalTIB, HIO ICHYIOTH Y
Mepexi. Lli kpurepii BXOAATH 1O TPbOX OCHOBHHUX
CKJIAZIOBUX SIKOCTI CauTy:

IIOCTAHOBKA 3AJIAUI
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1) TexHiyHa peawizalis — KpHUTEpid, MIO0 BH3HAYAE
SKICHMH piBEHb PO3POOKH CalTy Ta y3araJbHIOE IIPOCTI
KpUTEPIl TEXHIYHOT'O XapaKTepy.

2) NpUIaTHICT, JO IHACKCYBaHHS — KpHUTEpid, w0
BU3HAYA€E CTEMIHb MPHUCTOCOBAHOCTI CAWTY JI0 HOTO SIKICHOTO
IHIIEKCYyBaHHS TOUTYKOBHMH CHCTEMaMH.

3) 3py4HICTh KOPUCTYBaHHsS — CKJIQJIOBa, 10 BH3HAYAE
CTEIliHb O3UTHBHOCTI IOCBi/ly KOPUCTYBAaYiB CaWTy.

BaxmBoro  CKIIAJIOBOIO  SKOCTI  CalTy TakoOX €
iH(opMaIIiifHa 3aXHUIICHICTH, aJe

omiHka iHdopMmauiiiHol Oe3neku st calTiB OaraTbox
KaTeropii 3a OJHMM JIMIIE METOJOM JacTh HETOYHHUH
pe3ynbTaT 3 NPUYMHM y3arajJbHEHOCTI CaMoi IpOLERypH,
o HE€ € KPUTUYHUM JId O]_IiH}OBaHHH BUIICHABECACHUX
CKJIaZIOBUX sIKOCTi. Bu3HauyeHi cKiIagoBi MOXYTh OyTH
Npe/CTaBIIeHI HACTYITHUM IIEPETiKOM NOKa3HHUKIB, IPUYOMY
MOKa3HUK MO’KE BIUIMBATH Ha JEKIJIbKa CKJIAJOBHX SKOCTI
oapa3sy:

1) «GZIP-apxiBamiss» - TMOKa3HUK, IO Ja€ 3HAHHA MPO
T€, YH BUKOPUCTOBYE CEPBEP METOIM CTHCHEHHS HaHHX VIS
NPHULIBHALICHHS pOOOTH KOPHCTYBayYa.

2) «O6podka momunku 404» — BimoOpakae HasBHICTH
KOPEKTHOI Ipoueaypu o6podku noMuiku 404. € BayIJIMBOIO
SK A iHAeKcamii  cality, Tak 1 Ui 3py4YHOCTI
BUKOPHCTAaHHS CaiTy.

3) «llepeanpecarist» — ITOKa3ye, Yd KOPEKTHO CEpBEp
00po0itoe IyOIbOBaHi 3aIuTh KOpHCTYyBaya.
[lepeanpecaniss € BaXKIMBAUM UYMHHUKOM ONTHUMAJIbHO]
IHEKCAIlii CalTy.

4) «OnruMizarist  300paKeHb» nokazye  o0csr
300pakeHsb, 10 ONTUMI30BaHi J1s1 00poOKK Opay3epom.

5) «O6csr onrtumizoBanux URL-ampec» — mokasye
00CsSI CTOPIHOK, IO MAalOTh 3PYYHUH ISl CHPUHHATTS
KOpHUCTyBaueM Qopmar.

6) «KoH}irypyBaHHS IOIIYKOBHUX CHCTEM» - IOKa3ye
HasIBHICTh (pailiiiB robots.txt/sitemap.xml, 1o J03BOJSIOTH
BKa3yBaTH MOLIYKOBIH CHCTEMI JIMILIE Ty YaCTHHY CalTy, 110
HeoOXigHO  iHaexkcyBatH. Lle  mo3Bossie  3aomaanuTH
oOMe)XeHHII Yac Ha IHIEKCAIIl0 Ta BUKOPHCTATH HOTO C
OUTPIIIOI0 KOPHCTIO [UISI OTPUMAaHHS BHCOKOI TO3MINI Yy
BHUJa4i MOIIYKOBHX CHCTEM.
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7) «O0csr neTaizoBaHUX MOCHIAHBY - 00CAT MOCHUIAHb,
OMHMC SKHUX BIIMOBiIa€ BUMOTraM JIAKOHIYHOCTI Ta
iH(OPMaTHBHOCTI.

8) «AnanrToBaHicTh» — BioOpakae 00CAT CTOPIHOK, II0
€ HAJAIITOBAaHMMHU JUIA TII0Ka3y Ha JHUCIUICAX Pi3HUX
PO3MIpIB 3a IOIIOMOTOF0 Melia-3aIHTiB.

9) «Peamizanisi Mera-TeriB» - 0OCST MPOTECTOBAHHX
CTOPIHOK CalTy, 1[0 MawTh MeTa-Teru description Ta
keywords, 1o cripusiroTh Kpariii iHaeKcarii canry.

10) «Peanizamiss  3aroioBKiB Ha  CTOpIHKax» —
BUPaXKAETBCS 4depe3 00cAr CTOPIHOK i3 TNPaBHIIBHOIO
CTPYKTYpOIO  3arojIOBKiB, SKa TMOJIMIIYE pe3yJbTaTh

IH7CKCaILlii CalTy.
BigHOmeHH M IOKAa3HKaMHU Ta CKIIAJOBUMH SIKOCTI
onwucani y Tabmuri 1.

TABLE 1. TIOKA3HUKU TA CKJIAJIOBI SIKOCTI CAUTY

HasBa
MOKA3HHKA

Cki1a/10Bi, Ha AIKi BILIUBa€

GZIP-apxiBaris |TexHiuHa peanizaiis

O6pobxa
nomuiku 404

TexHiYHA peanizaiis;
[IpugaTHiCTh 10 iHIEKCYBaHHS

Iepeanpecanis |TexHiuna peanizaiis

OnruMizaris TexHiYHA peanizaiis;

300paKeHb 3py4HicTs KOpHCTYBaHHS
O6csr TexHiuHa peaizaris;
onTtuMizoBaHux |[IpuaaTHIiCTH 10 iHAEKCYBaHHS,
URL-anpec 3py4HICTH KOPUCTYBAaHHS

Koudirypysanus
HOLIYKOBHX
CHCTEM

[IpugaTHiCTh 10 iHIEKCYBaHHS

O6csir
JIETAII30BaHUX
MOCHJIaHb

3py4HICTH KOPUCTYBAaHHS

AnanTtoBaHIiCTh  [3pYydYHICTH KOPHCTYBaHHS

Peaizariis MeTa-
TeriB

[TpupaTHICTB 10 1HICKCYBaHHS

Peanizamis [IpupaTHICTB 10 IHIEKCYBaHHS
3arojIOBKiB  Ha
CTOpiHKax
III. BUWPILIEHHS 3AJAYI BATATOKPUTEPIAJIBHOI'O

BUBOPY

3amada OaraToKpHTEpiaJbHOTO BHOOpPY (QOPMYETHCS
HACTYIHUM YMHOM. Jla€ThbCcs MHOXKHHA BapiaHTIB A, ... Ay,
KOXKEH 3 SIKHX XapaKTepU3yeTbCs IEBHUMH KPUTEPisIMU

K. ... K. Koxen kputepiit K; mae mkamy

X, ={xt, ., x8i=1,.m

IUCKpeTHI dYmcinoBi abo BepOaspHI Tpagamii B AKIH y
OUTBIIIOCTI BHUIAJKIB € BHOpsaKoBaHuMHU. HeoOximHo, Ha
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OCHOBI BIOJI00aHb 0COOM, siKa MPHUIIMAE PIIICHHS, 00paTH
oIuH abo JeKiNbKa HaWKpamux BapiaHTiB 13 MHOXWHH
Npe/ICTaBICHUX.

OCHOBHOIO CKJIQJHICTIO € T, 110 HEOOXiJHO OJHOYACHO
aHaJIi3yBaTH K KUIBKICHI, Tak 1 SKICHI ITOKa3HUKH Pi3HOTO
CTYNeHsS BaXIIMBOCTI, BEJMKA KUIBKICTh SKHX CHIIBHO
YCKIIaTHIOE OILIIHIOBAHHS BeO-CaliTiB. JlomaTkoBoIO
00CTaBMHOIO € Te, IO U1 OLIHKKA SKOCTI BeO-calTy He
iCHY€ €IMHO1 MOJETI1 OI[iHKH SIKOCTI.

Bupimenns moxiOHoi 3amadi MOXXKHA TOOYyIyBaTH Ha
OCHOBi 3a/adi MOMIYKy eKCTpeMyMy onHiei abo OaraThox
¢yHkuii kopucHocti(uiHHOCTI). JIns BUKOHAHHS 3anadi
HEOOXiTHO BHBECTH Yy3arajbHCHHH KpUTepid 13 4Yuciaa
0araTbOX YHUCIOBUX KPHUTEPIiB NUIIXOM iX 3ropTaHHs Ta
3HAXOJDKEHHS 3BaXkeHOi cymu. [Ipu BenMkid KiNbKOCTI
KPHUTEPIiB TaKUil METO]| € 3aHAJTO TPYIOMICTKHM, TOMY IO
motpedye BiJl aHANITHKA TPEAMETHOI OOJNACTI BEIUKUX
BUTpaT 4Yacy Ha BHUBEICHHS NpHOMM3HOI  (QyHKIIT
KOPHCHOCTI, a TakoX Koe]ilieHTiB BaKIMBOCTI(Barn), ski
HEOOXiTHO TPH3HAYUTH KOXHIA B3ATII J0  yBarm
BJIACTHBOCTI, 1110 CaMO 10 co0i € 3aJa4eio 3 HEOAHO3HAYHUM
pimenHsMm [1].

BukopucranHsi orpyOlieHHX MHOXHH Y Kiacudikaiii
GaraTokpHuTepiadbHUX 00 €KTiB TOJISATa€ y BHKOPHCTAHHI
HabopiB mpaBmi, mo Bu3Ha4dar0Thesd OIIP s BigHeceHHS
aNbTepHATHB JIO TIEBHOTO KJIacy 3 pI3HUM CTEleHeM
TOYHOCTI. MEeTOl € JOCTaTHBO CKJIQJHUM, TOMY IO BEJIHKE
YKHCI0 TpaBmil Kiacudikamii yckiamHioe ix axamiz. Kpim
TOrO, METOJX TMOoTpedye TONepeqHe HaNaro/UKeHHs Ha
MirOTOBJIEHUX MAacHUBax JAaHuX [2].

BpaxoByroun cnaOKy CTPyKTYpOBaHICTh 3a/adi, MOXHa
3BEPHYTHUCS JI0 METOJIOJIOTi] BepOaJbHOrO aHalli3y pillleHb.
3rinHo  miel  Meromosorii,  BIACTHBOCTI  BapiaHTIB
OTHCYIOTHCS 33 JTOTIOMOTOIO SIKICHUX KPHUTEPIiiB, SIKi MArOTh
cioBecHI (popMyIFOBaHHS Tpajalliii Ha IIKajax OLiHOK. B

TakKOMy BHIAIKy YHCIOBI Koe(ili€eHTH Ba)XJIMBOCTI
KPHUTEPIiB Ta I[IHHOCTI BapiaHTIB HE PO3PaXOBYIOTHCS Ta HE
BUKOPHCTOBYIOTBCS, a BepOanbHI OLIHKK O3HaK He

MEPETBOPIOIOTHCSL Y UHUCIIOBI TNMOKAa3HUKU. TakuM UYHHOM,
BUKOPHCTOBYIOYM TUIBKM SIKICHI BHMIpH, Ha MHOXHHI
KOpTEeXIB  OaraToKpuTepiajJbHUX  OLIHOK  33Jal0ThCs
BIJIHOILICHHS BEPXOBEHCTBA Ta EKBIBAJIEHTHOCTI BapiaHTIB
pIlIEHHs, 3a JIOTIOMOTOK SKUX MOXHA 3IIHCHUTH BUOIp
Kpaiioro BapiaHry.

OnianTH 0OaraToKpuTepialbHUN 00’€KT, SIKUM € BeO-
caiiT, mO Mae BENWKY KUIBKICTh SKICHHUX ITOKa3HUKIB,
MOKJIUBO 3a JIOTIOMOT'010 METOY ITAKC
(«ITocnenoBarensHoe ArpernpoBanne Kiaccudummpyembix
Cocrostamiiy) [3].

[Iponenypa OIiHIOBAaHHS OJHOTO CATy BKIIOYAE TakKi
eTarm:

1) CkopoyeHHS  pO3MIpHOCTI  BHXiZHOI  3ajadi,
HAalpHKIaJ 3a JOIOMOIOI0 BBEICHHS HOBUX KPHTEpIiB, IO
arperyroTh KpUTepii o4aTKOBOi TPYIH.

2) Po3poOka HOBHMX IMIKaJ OLIHIOBAHHS JJISI KPHUTEPIiB
Bumoro piBHs. KoxkHil rpajamii BUIOrO KpHUTEPiO
BINIOBIJa€  BJIACHMM  KOPTEX  Tpajaiiii  iepapxidHo
MIUIETIINX [TOKA3HUKIB.

OIIP BHM3HauYa€ TaKOX CMHCJIOBHHA 3MIiCT KPHUTEpiiB Ta
rpagariit mkan ouiHok. Kputepii HOBUHHI MaTh Taki MIKajIn
OIIIHOK, sIKi, 3 OJHOro OOKy, OyayTh BiJOOpaXKkaTH



arperoBaHi BJIacTHBOCTI 00'€KTIB, a 3 iHIIOrO OOKY, OyAyTb
3posyminai OIIP mnpu ocratoyHOMy BHOpSIKYBaHHI Ta
kacugikanii 00'ekTiB.

[licns BHUKOHAaHHA 1HMX KPOKIB MH  OTPHUMYEMO
MOXIJIUBICTh OIIIHIOBaHHS OKpeMoro caiity. 3 camoro
mouatky Metox I[TAKC OyB 3ampomoHOBaHWI SK METOX
arperariii JyMKHd OaraThbOX CKCHepTiB (OIIHOK, IO BOHH
3aIMpOTIOHYBAN) TIPH OI[IHIOBAaHHI Ta PaH)KyBaHHI 0araThox
anbTepHATHB. YCi albTEpPHATHBU BIOPSJKOBYBAIMCSA 32

momomoroto  Merony APAMUC  («ArperupoBaHme U
PanxxupoBanue AnpTepHATHB MHoronpu3HaKkoBBIX
Uneansupix Curyammit») [2] 3a 1uM  arperoBaHuM

MOKAa3HUKOM BIiJl TEOPETUYHO HAWTipIIOl 10 TEOPETUYHO
Haiminmroi 3 anerepHaruB. IlomiOHa Jorika Moxe OyTH
BUKOpHCTaHa, SKIIO JUIsi OLIHIOBaHHS calTy Oyxe
3alpOIIOHOBAHO KiJIbKa BapiaHTIB i€papxiil MOKa3HUKIB abo
IIKaJI OLIHIOBAHHS KPUTEPIiB.

A. Ilpuxnao acpezysanmus kpumepiig

Po3rissHeMO HEBENMKWN  UTIOCTPATUBHHUM — MPHKIIAL.
Hexaii OIIP HeoOximHO MOOYAyBaTH WIKAaNy CKJIAICHOTO
kputepito D 3 rpagamiii oriHOK 0a30BUX MOKa3HUKIB A, B i
C. Ilpumycrumo, o Bei kpurepii A, B, C i D mMatoTs mkanu
3 TpbOMa BepOAIbHUMH I'pa/allisiMU TOPSAKOBUX OLIHOK A
= {a®, a',a"}, B {B°,B", B*}, C = {c°, ', c*} iD= {d°,
d*, d%}, ne e” - Bimminno, &' - cepennbo, € - moraHo.

3acTocoByrOUM Ui TMOOYAOBH TOPSAKOBOI  IIKAIH
CKIIAICHOTO KPHUTEPil0 METOA cTpaTH]ikamii KopTexis [2],
OIIP mMoxe, HampuKian, oO0'€mIHATH Tpajamii OLIHOK
BHUXIIHUX KPWUTEpiiB B y3arajibHEHI rpajamii CKIaJeHOTO
KpUTEpil0 3a TaKUM NPUHIMIIOM: BCE Kpamli OI[iHKK 3a
0a30BMMH TNOKa3HMKAMHU YTBOPIOIOTH OJHY Kpally OLIHKY
[0 CKJIAJCHOMY KPHUTEPIIO, BCE CEpEHI OIIHKH - OIHY
Cepe/IHIO OLIHKY, BCE TipIli OLIHKH - OJHY TipIIy OIIHKY.

[puknag nOOYMOBM INKAaIM METOIOM  CTpaTU(iKaril
KOpTEXKiB 300pakeHuit Ha puc. 1.
a"b’c! b’ v’ aPh°° a'b’c?
a°’ o' a'b'c! .. bl PhF
a'p’e® a'b' a'b’c' b a*bc!
| d | o

Fig. 1. Tlpuxiax moOyxoBY IIKaIM METOJOM cTpatHdikanii KopTexin

VY Tabnuii 2 HaBEACHO IIKaIX BUMIPIOBAHHS KPHUTEPIiB,
11O BUKOPHUCTOBYIOTBHCA.

TABLE II. KPUTEPIi OLIIHIOBAHHS TA iX IIIKAJIA

3) mainuii — MeHIIe TIOJIOBHHU
CTOPIHOK MalOTh ONTHUMI30BaHi
aJIpecH.

Koudirypysanus 1
TOLIYKOBHX CHCTEM

1) BUKOHY€TbCS;
2) BIICYTHE;

OO6csr JieTanizoBaHnuX 1
MOCHIIAHb

1) Benukuit — 70-100% nocunanb
JIeTali30BaHi;

2) cepenniit — 30-70% nocunanb
JIeTaizoBaHi;

3) mainuii — 0-30% nocuiiaHb
JIeTaIi30BaHi.

AnanroBaHicTh 1 1) moBHa — aganTarris minx
cMapT(OHH Ta MIIAHIIETH;

2) 3a70BiJIbHA — a/IalITOBAHICTh
xo4a 0 Iijl OJIMH BU IPUCTPOIO
JTHCILICIO;

3) BiICYTHS — HEMAE KOTHOTO
MeJjia-3aIuTy HiJ] INIaHIeTH abo
cmapTdoHu

Peanizamis MeTa-Teris 1 1) moBHa — yci CTOPIHKH MaIOTh
KOPEKTHI 3ar0JIOBKH;

2) HenoBHa — xo4a 6 30%
CTOPIHOK MaIOTh 3ar0JIOBKH, alle €
CTOpIHKH 0€3 HHX;

3) ne3aznosinbHa — 0-30%
CTOPIHOK MalOTh 3ar0JIOBKU

Peaurizatist 3aroJjoBKiB Ha 1
CTOpIHKax

1) moBHa — yci CTOPIHKY MalOTh
KOPEKTHI 3aroJI0BKH;

2) 3apoBineHa — 30% cTOpiHOK
MalOTb 3aroJIOBKH, aJie € CTOPIHKH
0e3 HUX;

3) nezaznoinbHa — 0-30%
CTOPIHOK MAlOTh 3arOJIOBKH

TexnivyHa peanizariis 2 1) BigmiHHa;
2) nobpa;
3) 3a10BiJIbHA;

4) cnabka

ITpunatHicTs 10 2
iHICKCYBaHHS

1) BUCOKA IPUJIATHICTE;
2) 3a0BiIbHA IPUIATHICTB;
3) He3a10BiJIbHA IPUAATHICTD

3py4HICTh KOPHCTYBaHHS 2 1) Bucoka;
2) cepenHs;

3) HU3bKA

3araabHui MOKa3HUK 3
SIKOCTI

1) BimMiHHA SKICTB;
2) BHCOKa SIKiCTb;

3) nobpa SKiCTb;

4) 3a/10BiJIbHA SKICTD;
5) HU3bKA SAKICTh

Haspa kpurepiro PiBenn I'papaunii

GZIP-apxiBarist 1 1) BUKOHY€TBCSI;

2) BiACYTHS;

O6pobxa nommiku 404 1 1) BUKOHY€TBCS;

2) BiICYTHS;

Tepeanpecariis 1 1) BUKOHYETBCS;

2) BiICYTHS;

OnruMmi3alis 300paxeHb 1) Benukuit — 80-100%
300paKeHb HAJIAIITOBAHI;

2) cepenniit — 30-80% 300paxeHb
HaJIallTOBaHi;

3) manuii — 0-30% 300paskeHb

HaJIaITOBAHI.

OOCsr ONTUMI30BaHUX 1
URL-azpec

1) noBuuii — 100% cropinox
MaloTh TaKi aJpecy;

2) 4aCTKOBUI — MiHIMyM
MOJIOBMHA CTOPIHOK MAalOTh TaKi
ajipecH;
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BucHoBKku

IMpun ouiHtoBaHHI siKOocTi BeO-caiity BiH Moxke OyTn
MIPEJCTaBICHUN SIK OaraTOKpUTEepialbHUN 00’€KT, M0 Mae
BEJIMKHI 00CAT ITOKAa3HUKIB SIKICHOTO Xapaktepy. BeeneHHs
arperoBaHMX KpPUTEPIiB CHPOCTUTH IPOLEC OLIHIOBaHHS
aIbTEPHATHBH Y BUTIIAI BeO-pecypcey.

Bu6ip meromy [TAKC no3BonuTs OTpuMatu 3MiCTOBHY
Ta 3pO3YMUTYy OIIHKY Ha BENWKIH KUIBKOCTI KPHUTEpiiB 3
HaliMEHIIMMH BUTpaTaMH Yacy Ha TOOYIOBY CHCTEMH
OLIIHIOBaHHS ISl OCOOH 1110 NPUIIMae pillleHHs.
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Anomayia — B po0OTI PpPO3rJSIHYTO CY4YacHMIl CcTaH
MeTOly aKycTH4YHOI ewmicii, mpoHamizoBana ouiHka Ta
3aBJaHHA 1IbOr0 MeTOAY, 3AiliCHeHO oruasa icHylu4oi
aKyCTH4YHO-eMiciliHOI amapatypu. Ockinbkum Meron AE-
KOHTPOJII0O MO’Ke YCHillIHO 3aCTOCOBYBATHCH /IS BHSIBJICHHS
Ta JIOKaJdi3amii Micub NPOTiKaHHA NPOMHUCIOBUX Ta
TeXHOJIOTIYHMX TPyOONnpoBoliB, Taka podOTa € 0CO0JIHMBO
aKTyaJ bHOIO 3aa4el0 B HAIII Yac.

Abstract — In this work the present state of the acoustic
emission method is considered, the estimation and tasks of
this method are analyzed, an analysis of existing of acoustic
emission equipment is carried out. Because, the AE-control
method can be successfully used to identify and locate the
leaks locations of industrial and technological pipelines,
which is a particularly urgent task in our time.

Knrwuoei cnoea — akycmuuna emicia, HepyiHyouuil
KOHmMPOb, Memoo aKycmuunoi emicii, deghexmu, mpiugunu.

Keyword s— acoustic emission, non-destructive control,
acoustic emission method, leaks.

L Bctyn

Meron akyctuuynoi ewmicii (AE) 3acHoBaHumii Ha
peecTpariii i aHami3i aKyCTHYHHUX XBIJIb, 0 BUHUKAIOTH B
mporeci  ITacTHYHOI  gedopmamii 1 pyHHYyBaHHA
(3pocTaHHsA TpiMMH) KOHTposibOBaHMX 00'ekTiB. Ilomo
JIarHOCTYBaHHS TPYOONPOBOIB, TO OJHIEI0 3 NPHUYUH
3MIiHM TE€XHIYHOTO CTaHy TPyOOIIPOBO/IB € MOsBa BUTOKIB,
SIKI 3yMOBJICHI BUHHKHEHHSIM 1 PO3BHUTKOM JE(EeKTiB,
METEOPOJIOTIYHUMHM ~ YMOBAaMH, IIOLIIKO/PKEHHSIM — abo
HESIKICHIM TIPOBEACHHSIM PEMOHTHHX POOiT, MPOCiTaHHIM
I'PYHTY 4M HECaHKIIOHOBAaHWMH Bpi3aHHSIMHU. B 3B’s3Ky 3
UM MeTO AE-xoHTpOIIO MOXKe YCIIITHO
3aCTOCOBYBATHCH JUISi BHSIBIICHHS Ta JIOKaJi3awlil Miclb
MIPOTIKaHHSA TIPOMHUCIIOBUX Ta TEXHOJIOTYHIX
TPyOOIPOBO/IB, IO € OCOOJIHMBO aKTyaJIbHOIO 33aJaucio B
HaIl 4ac.

1I. 3ABJIAHHS METOY KOHTPOJIIO 3A
AKYCTUYHOIO EMICIEIO
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3aBmaHHAM KOHTPOIIIO 32 AaKyCTHYHOI €MICi€l0 €
BUSBJICHHS, BHM3HAYCHHS KOODJIMHAT 1 MOHITOPUHI 32
JDKepellaMd  aKyCTHYHOI — eMicii,  moB's3aHMMH 3
HECYLILHOCTSMM Ha TIOBEpXHI abo B 00'e€Mi CTiHKH
MIOCYTUHH, 3BapHOTO 3'€THAHHS 1 BUTOTOBJICHUX YaCTHH i
KOMIIOHEHTIB [4].

Hepyitayrounit  komtponms (HK) —  konTpons
BJIACTUBOCTEH 1 mapaMeTpiB O0'€KTy, INpHU SKOMY He
MOBHHHA OyTH TOpYyIIeHA MPUOATHICTE OO'€KTY 10
BUKOPHCTaHHS 1 eKCILTyarallii.

[Ipu BusBNCHHI cuTHAITY Ha 1-My i 2-My mpuiiMadax,
peecTpyeThes Yac mpuxoay curHaiy tl it2 BiamosigHo. [1o
3apeecTpoBaHUX tl 1 t2 BH3HAYAETBCS pI3HULA Yacy
npuxony curHainy At =t2 —t1 . Ilorim mo Bimomii
HIBUJIKOCTI XBWJII B Marepiaii 1 BiIOMHM KOOpJMHATAM

npuiiMadiB  OOYKCIIOIOTHCS ~ KOOPJAMHATH  JDKepesa
aKyCTHYHOI emicii [1].
I1I. IIOPAZIOK BACTOCYBAHHS METO1Y AKYCTHUYHOI

EMICII:

e AE KOHTpOIIb TIPOBOIATH y BCIX BHUIAJKaX, KOJH
BiH nependaueHnit HOPMaTHBHO-TEXHIYHUMH
JOKyMEHTaMH a00 TEXHIYHOI JOKYMEHTAIIEI Ha
00'€eKT.

e AE KOHTpOIIb TIPOBOIATH y BCIX BHUIIaJKaX, KOJH
HOPMaTHUBHO-TEXHIYHOIO JIOKYMEHTAI[I€I0 Ha 00'€KT

nependoavueHo MPOBEACHHS HEepYHHYIOUOTr0o
KOHTPOJIIO OJTHIM 3 METO/IIB, 1o
PETIaMEHTYIOThCS, alie 10 TeXHIYHUX a0o iHIIMM
OpUYAHAM MIPOBEICHHS TaKoro

KOHTPOJIIO HEMOKJIMBE.
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Puc. 1 — Cxema MeTory aKyCTHYHOI eMicii

1V. OLIHKA PE3VJIbTATIB AE KOHTPOJIIO

[Ticnst 0OpoOKM TPUHHATHX CUTHATIB PE3YNbTATH
KOHTPOJIO TPEACTABISAIOTh Y BUMILII 1ICHTH(IKOBAHUX i
knacugikoBanux mrepen AE [4]. il mepconamy, mo
PEKOMEHIYIOThCS, BUKOHYtoUoro AE KoHTponbs mpu
BUsiBJICHHI pkepen AE toro abo iHIIOro Kiacy, HaBeJICHI B
Tabm. 1.1:

TABJINLIA 1. TTopsiiok Aiii mepcoHaiy Mpy BHSIBICHHI
moxepen AE

Jxepeno Kiac Jii, 110 peKOMEeHAYOThCS

IMacuBHuit I pEeECTPYIOTH  JUIL  aHalli3y
IUHAMIKH WOro IOJAJIBIIOrO

PO3BUTKY

AKTUBHUA II 1. peecTpyroTh i CcTeXaTh 3a
PO3BUTKOM CHTYyalii B poreci
BUKOHAHHS JAHOTO KOHTPOJIIO;

2. Big3HAYalOTh B 3BITI 1
3aIUCYIOTh PEKOMEHAIl] 110
MIPOBEICHHIO JIOJaTKOBOTO
KOHTPOJKO 3 BUKOPHUCTAHHSIM
IHIIKX METO/IB.

Kpurnuno I 1. peectpyroTh 1 cTexarb 3a
AaKTUBHUUI PO3BHTKOM CHTYyalii B Kiacy
npoleci BUKOHAHHS JaHOTO
KOHTPOJIIO;

2. poOmATh 3aX01U 1o
MArOTOBII MOJKJINBOTO
CKUJAHHS HaBaHTAKEHHS.

Karactpodiuno v 1. mpoBomATH HeraifHe
AKTHBHHN 3MEHIIICHHS HABAHTAKEHHS JI0
0, ab0 10 BEMWYHMHU, MPH SIKii
knac jpkepena AE 3HU3UTHCS
1o pieas 11 abo 11 kmacy;

2. micid CKHIaHHS
HaBaHTAXKEHHS MIPOBOJISATH
orsim  ob'ekty 1 TpH
HeoOXiaHOCTI KOHTPOJIb
IHIIMMU METOAMH.

V.  OCOBJMBOCTI METOAY KOHTPOJIIO 3A
AKYCTUUYHOIO EMICIEIO

OCHOBHIUMH TIepeBaraMd METOIYy AaKyCTHYHOI eMicii
nepea  TPAAMIIHHUMH  METOAAMH  HEPYHHYHOUOTrO
KOHTPOJIIO € HACTYIIHI:

[HTerpanpHicTh METOMy, SKa IOJSIra€ B TOMY, IO,
BUKOPUCTOBYIOUM OIWH ab00  JeKiIbKa  JaTYHKiB,
BCTaHOBJICHUX HEPYXOMO Ha TIOBEpPXHI 00'€KTy, MOXHa
MIPOKOHTPOITIOBATH Bech 00'eKT 1inkoM (100% KOHTpPOIB).

Ha BigMiHy BiJl CKaHYHOUHX METOMIB HEPYHHYIOUOTO
KOHTpOJI0, MeTo AE He BuMarae peTenbHOl MirOTOBKU
MTOBEPXHI 00'€KTY KOHTPOJTIO.

BusBnenns i peecrpamis aedekTiB, MO ITO3BOISE
kiacu¢ikyBatu geeKTH He 110 po3Mipax, a o CTYIEHIO iX
HeOe3MeKH U1l KOHTPOJILOBAHOTO 00'€KTY.

Bucoka mpomykTHBHiICTB, IO y Oarato pa3iB
repeBepulye  IMPOMYKTHBHICTD  TPaJULIHHUX  METONIB
HEpPYHHYIOUOTO KOHTPOJIIO, TAKUX SIK YJIBTPa3ByKOBHH,
paniorpadivuHuii, BUXpPECTPYMOBOBHI1, MarHiTHUH 1 iH.

JucTaHniHICTE METOAY — MOJIIMBICT IMPOBEACHHS
KOHTPOJIIO TpU 3HAYHOMY BIJJaJICHHI omeparopa Bij
JOCIIPKYBaHOTO 00'EKTY.

MOXXJIMBICTh BIJICT€XKYBaHHS DI3HUX TEXHOJOTIYHHX
MIPOIIECIB 1 OI[IHKA TEXHIYHOTO CTaHy OO'€KTY B PEXHMIi
PEAILHOTO Yacy.

VI ICHYIOUI AKYCTUYHO-EMICIMHI CUCTEMI

Mamnaxit AC-15A
OCHOBHI niepeBary y BAKOpUCTaHHI cuctemu [3] :

e Peectpanis i BigoOpaxeHHsS (GopmMH XBWIi abo il
CHEKTPY B KOXKHOMY KaHANi B pealbHOMY Jaci

e CrinpHa po0OoTa MpUIIaI0BHUX OJIOKIB B OY/Ib-IKOMY
MO€AHAHH] 3 TOBLILHOIO KIJIBKICTIO KaHAIIB

e Awmmutyaauii  miamazon 100 nb  (muHamMiuHUi
aMIUTITYIHUN miama3oH 86ab 3 AHCKPETHICTIO
BumiproBanus 0,1 1b y BcboMy niamna3oHi)

e ®dikcoBaHi ab0 CIiOKyrOUi piBHI IOPOTIB y BCHOMY
Jliana3oHi aMILTITy T

e PeXuM aBTOMaTHYHOTO TECTYBaHHS JIaTYHKIB
e Hesenuki rabapuru i maca

o 3OBHIIIHIN BUTIISAA CHCTEMH HaBEJICHUH Ha PUC .



Puc. 2 — Cucrema «Mamnaxit AC-15A»

[Iporpama «Mamaxit»

[Mporpama «ManaxiT» BXOIUTh JIO0 CKJaay 0a30BOro
makery nporpam AE Studio. «Manaxit» € OCHOBHOIO
MPOTrpaMor0 300py i 0OPOOKH MaHUX aKyCTUKO-EMICIHHUX
cucreM. Cucremn «Manaxit AC-12A» 1 «Manaxit AC-
15A» mpamoroTh i ynpaBIiHHAM ONEpaiiHUX CHCTEM
Windows XP-Windows 10 (32-po3psimai 1 64-
po3psimHi)[3].

Ilepesaru :

e Pobota B aBTOHOMHOMY pexumi (6€3 KoMIT'IoTepa)
a00 B peXKMMi aKyCTHKO-eMiCIHHOT CHCTEMH

e BOymoBana mamM'sTh I
pe3yJbTaTiB BUIPOOYBaHb

30epiranHs 1o 63

e 3B's30k 3 koMmm'totepom o USB intepdeiicy

e 3ByKOBa 1 CBITJOBa IHAMKAIS TCPECBUIICHHSI
CHTHAJIOM TIOPOTOBOTO PiBHA

e IHTerpanpHi JATYMKK 3 PEKUMOM BHIPOMiHIOBaYa i
aBTOTECTOM
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Puc. 3— Ilporpama «Manaxit». ['onoBne BikHO.

BHCHOBOK:

Y naHiii poOOTI MpoaHai30BaHO CydYacHWH CTaH
CHCTEM aKyCTHKO-eMICIHHOTO METOAY BHSIBJICHHS TPIIIHH.

Iupoki MOXKIMBOCTI METOAY KOHTPOJIO aKyCTHYHOT
eMicii Hajmae i MpH JOCTIHKCHHI Pi3HUX BIIACTHBOCTEH
MaTepiamiB, pPeUOBHH, KOHCTpyKLid. Ha cporomHimmHini
IeHb 0e3 3acTOCyBaHHS aKyCTHYHOTO KOHTPOIIO i
MOHITOPDUHTY B)XX€ HEMOXJIMBI CTBOPEHHS 1 HajiiiHa
eKcIuTyartamiss 0araTbOX  BiNIOBiNANTBHUX
00'€eKTIB.
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Anomayia— Po3riisiHyTO 3ajady onTHMizalii TOMOJIOriYHMX
CTPYKTYp TPHPiBHEBHX MepeXK JOTICTHKH 3 TpPAMHUMH i

PeBEPCHBHUMH  NOTOKAMH Ta  PO3HECEHMMHM  LIEHTPaMH
BHpPOOHMUTBAa i mnepepoOku. 3anponoHoBaHo Moaugikauii
MojeJeit ISt OUiHKH NMOKA3HUKIB BUTpAT, yacy

TPAHCHOPTYBAHHS MOTOKIB Ta aHaNi3y IMHAMIKHM mNepexiIiHuX
npouecis.

Abstract—The problem of optimization of topological
structures of three-level networks of logistics with direct and
reverse flows and dilapidated production and processing centres
is considered. Modifications of the models for estimation of
expenses, time of transport of flows and analysis of dynamics of
transients are offered.

Knrouosi Cl108a—102ICMUYHA
mononozis, onmumizauis, mMooes.

Mepesica, cmpykmypa,

Keywords— logistics network, structure, topology, optimization,
model.

I. Bcryn

3pocTaHHs 00CSTIB CIIOKUBAHHS B YCiX cepax JHOICHKOT
IiSUTPHOCTI TPU3BOAUTE JIO BIATIOBIAHOTO 3pOCTaHHSA OOCSTIB
Tapu Ta BiAXOIB, 10 BUMAraroTh IOBEPHEHHS 0 KOMIIaHil-
BHPOOHMKIB UM IIyHKTIB YTHJIi3allii, BIIHOBICHHI a0o
permkiinry. B Hain yac 3amadi onTuMi3aIlii cxeMm MpsSMHuX i
3BOPOTHHUX IOTOKIB € NMPEAMETOM JOCIHIUKEHHS €KOJOTiYHOT
(3eneHoi) Ta peBepcuBHOL JOricTUKU [1]. MeTolo CTBOpEHHS
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MEpEeX PpEBEpCHBHOI JIOTICTHKH € 3a0e3Ne4eHHs YMOB
€KOJIOTIYHO Ta EKOHOMIYHO e(EeKTUBHOrO IMOBTOPHOTO
BUKOPHMCTaHHS BIIXOMIB TPOAYKIil 1 Tapu (YHMakoBKH) Yy
BHPOOHHYOMY muKii [2]. XapakTepHOIO OCOONMBICTIO 3ajgad
ONTUMI3alil TaKUX MEpPEeX € HENOBHA BHU3HAUYCHICTh JAHUX
1070 KiJIBKOCTI Ta SKOCTi TOBapiB, MPOAYKTIB, TAPH TOIIO, IO
MMOBEPTAIOTHCS BiJI CIIOKKMBaYa 0 LEHTPIB mepepodku [3]. Ha
NpaKkTULl €  MOXe  NPH3BOOUTH IO  CYTTEBOI
HECTalliOHAPHOCTI MPSIMUX 1 3BOPOTHHX IMOTOKIB Ta, SK
HacNmigoK, 10 pedinuTiB abo 3aToBapioBaHb B  MICIIX
BUpOOHMLITBa, 30epiraHHs, peamizamii ¥ yrwrizamii. s
3a0e3neueHHs] eQEeKTHBHOTO (YHKIIOHYBAaHHS JIOTICTHYHIX
Mepex 31 3BOPOTHUMH HOTOKaMHM HeoOXiJHa IX CTpPYKTypHa,
TOTIOJIOTIYHA, TIapaMeTpUYHa Ta TEXHOJIOTIYHA OITHMI3allid,
IO € CKJIATHOI0 HayKOBO-TPUKJIATHOIO MTPOOIEMOIO.

II. AHAJII3 CYYACHOT'O CTAHY ITPOBJIEMH

JlorictTnuHi Mepexi  ABIAIOTH COOOI0 TEPUTOPIATBLHO
posmnofisieHi 00’€KTH, eQEeKTHUBHICTh SKHX 0araro B 4YOMY
BH3HAYAETHCS iX TOIOJIOTIEI0 (TEPUTOPIATBHUAM PO3MILICHHAM
eJIeMEHTIB 1 3B’s3KiB Mk Humu) [4]. Tpamuuiitao
€(EKTHBHICTH CHCTEM JIOTICTHKH OI[IHIOETHCS 33 TIOKa3HUKAMU
BUTpaT Ta yacy Ha JOCTaBKY BaHTaXIB 3aJaHOro o0csry.
3amaui IX omTHMi3amii y HaHOUIBII 3aralbHOMY BHITAAKY
nependavyaoTh BU3HAYCHHS HAMKpaliX MiCIlb pO3TallyBaHHS
neHtpiB BupoOHunTBa (LIB) i mepepooku (LIII), kimpkocTi
TepMiHaiiB (cknaniB, xabiB) T, wmicup ix po3aranryBaHHS,
miAMHOXKAH KiHneBux cnoxwuBadiB (KC), mo o0cayroByroThcs
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KOXKHAM 3 TEPMIHATIB, THIIB TEPMIHAIIB Ta TPAHCIIOPTHHX
3aco0iB.

EdexTuBHICTE  TOMONOTIYHOI CTPYKTYPH JIOTiCTHYHOL
Mepexi 3anexuts Bif Tonojorii KC, posramryBanns 1B i LI,
o0cariB MpsIMAX 1 peBepcMBHUX MOTOKIB (puc. 1) [5]. 3a
pe3ysbTaTaMi CHUCTEMOJIOTIYHOTO aHaji3y Ta JIeKOMIO3HINT
mpobiemMu onTHMi3amii TaKuX 00’€KTIB BCTAHOBJICHO: TiCHHUHN
B3a€MO3B’SI30K  BHJIUICHMX  TMif3agad;  KOMOIHATOpHUI
XapakTep OUTBIIOCTI 3 HHX; TPHUCYTHICTH CYTTEBOI

HEBM3HAYCHOCTI BXIHUX [aHUX; MPAKTUYHY HENPUIATHICTH
AHATITHIHUX

s iX  aHa;ily  KIACHYHHX METOIIB

JoCTiKeHH [6].

Puc. 1. CrpykTypa Mepexi 3 IpSIMHUMH Ta PEBEPCHBHEMH ITOTOKAMH.

TpagumiiiHo 3amavi onTUMI3aIii JIOTICTUYHHUX MEPEK
PO3B’SI3yIOThCS B JIBa €Tl OKPEMO ISl IPSIMHUX 1 3BOPOTHHUX
motokiB [2, 3, 5]. OmamM 3 HaWOIMeImI e(eKTHBHUX 3a
KOMILIEKCHHM TIOKa3HHUKOM «TOYHICTh-CKJIAJHICTH» METOI0M
PO3B’SI3aHHS 3a7adyi CTPYKTYPHO-TOMOJOTIYHOI ONTHMI3amii
TPUPIBHEBUX OJHOHANPABICHUX MEPEX 3a KPUTEPIEM BHUTpPAT
BBYKAETHCSI METOJ] CIIPSAMOBAHOTO Tiepedopy [7]. Ans aHamizy
YacOBUX XapaKTEPUCTUK Mepex 3 Benukoro Kimpkictio KC Ta
iX JWHAMIYHUX BIIACTHBOCTEH €(EKTUBHUMHU BHSBISIOTHCS
METOJIM CUCTEMHOI JUHAMIKH [8].

HesBaxaroun Ha vuwncieHHi myOmikamii, TpUCBIYEHI
PO3B’S3aHHIO 3a[a4 MPOEKTYBAaHH:, ONTHMI3allii JTOTiICTUIHUX
MEpeX Ta YINPaBIiHHSA MOTOKAaMH, NOTPEOYIOTh OAAIBIIOTO
OCTI/KeHHS 3a/Javi ONTHMi3amii KOMOIHOBAaHMX Mepex 3
NPSMUMH 1 3BOPOTHMMHM TIOTOKaMHM, BKJIIOYAIOYHM aHAI3 iX
JMHAMIYHHUX BIIaCTUBOCTEH.

III. PE3YJIbTATU JOCIIJKEHHSI

3a pesyibTaTaMy aHaIi3y OCOOIMBOCTEH KOMILIEKCY
NpoOJeMHO MOB’S3aHMX 3afay BU3HAUYCHO BUMOTH, SKHM
NOBUHHI  3aJ0BOJBHATH  €(EeKTHUBHI  MpouUenypu  ix
PO3B’SI3aHHS: TICHUI B3a€MO3B'SI30K 3a7ad CUHTE3Y W aHaJi3y,
iXx HenoBHa iH¢oOpMaliifiHa BH3HAYEHICTH OOYMOBIIIOE
iTepariifHiii XapakTep METOHIB 1 MPOIexyp iX PO3B’sS3aHHS;
BHCOKa 4YacoBa M €MHICHa CKJIQJHICTh METOJiB, 00yMOBIIEHa
KOMOIHATOPHHM XapaKTepoM 3adad i IIUPOKHHA Mdiama3oH ix
po3MipHOCTI nependadaroTb BUKOPHCTaHHS MHOKHHU METOIIB
3 PI3HOI0 CKJIAIHICTIO 1 TOYHICTIO; 3 METOI BHUKOPHUCTAHHS
JIOCBily ~TPOCKTYBaJIbHUKIB, MEHEIDKEpIB 1 BpaxyBaHHS
YHHHUKIB, IO BaXXKKO MiIAAIOTHCA Qopmanizamii mporecu
onTUMi3alii MepeX JOIUIbHO OynyBaTH Ha  OCHOBI
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IHTepaKTUBHUX (JIOAMHO-MAIIMHHKUX) TMPOIEAyp; Ha BCIX
eTarax JOUIbHO BUKOPHCTOBYBAaTH NPUHOMH, IO 3HHKYIOTH
TPYIAOMICTKICTh PO3B’SI3aHHS 3aJa4 CHCTEMHOTO CHHTE3y W
aHaizy.

Butpati Ha neHTpai3oBaHy TPHDIBHEBY IOTiCTHUHY
MEpEeKY 3 MPAMHMH 1 3BOPOTHUMH NOTOKaMH (puc. 1) MoxkHA
NOAATH Yy BHIJIAAI CYMH HABEJCHHX BHTPAaT Ha IOCTaBKY
NpsSIMOTO TOTOKY BiJl LEHTPY BHPOOHMITBA 1O TEpMiHANIIB
Cy,, Ha 00poOKy B TepmiHanax C,, Ha JOCTaBKY IPSIMOTO

MOTOKY BiJ TepMiHANiB [0 KiHIEBHX croxuBadiB C,., Ha

JIOCTAaBKY 3BOPOTHOTO IOTOKY Bi KiHIIEBHUX CITOKHBAYiB [0
tepMiHaniB C.,, Ha JOCTaBKy 3BOPOTHOTO MOTOKY Bil

TepMiHaJIiB 10 LeHTpY nepepodku C,,, y BUIIIALL

C=Cy+C +Cpo +Cpp +Cpyy )

OnTuManpHIH 32 KpPUTEpiEM BUTpPAT  TOMOJOTIUHIN
CTpYKTypl Mepexi Biamoigae wminimym ¢ynkuii (1). Ilpu
BOMY CXEMH 3B'SI3KIB CIOXHBAdiB, TEPMIHATIB 1 LEHTPIB
BCTaHOBIIIOIOTHCSL 110 MIHIMYMY BapTOCTI TPaHCHOPTYBaHHS
MOTOKIB. 3 ypaxyBaHHSIM pi3HHX BapiaHTIB MOXKIHUBOTO
pO3MillleHH 7, TEepPMiHANIB 3aJexHicTh (yHKUil BUTpaT (1)

C(n;)
OararoexcTpeManbHO0. JlokanbHi MiHiMymMu ¢GyHKil (1)
BiJINIOBiJJAafOTh ONTHUMAIILHOMY PO3B’S3KY 3a/a4i PO3MIMICHHS
¢ikcoBaHOT KUIBKOCTI TepMiHamiB n, =1,2,3,.... Kimbkicts

Bif KIJIBKOCTI TEepMIHaIiB Mepexi €

MOXJIMBUX BapiaHTiB pO3MILIEHHA 7, TEpPMiHaliB Ha

MHOXUHI 3 7. MiCI[b JOPIiBHIOE YHCIy CIIOTY4YEHb 3 7. IO
Ay .

Burpatu Ha cTBOpeHH i (a060) eKkcIuTyaTalito TepMiHaliB
C,(n;) 3pocraioTh 31 30UIBLIEHHAM iX KUIBKOCTI ;. 3i

301IbIIEHHAM KUIBKOCTI TEpMiHAJIB B MEpeXi 7, BUTPATH Ha
MOTOKIB  MDK HUMH
30LIBIIYIOTECS, A

TPAHCIIOPTYBAHHS

Cor(np )+ Cpy(ny)
TPAHCIIOPTYBaHHs MOTOKIB MK KIiHIIEBUMH CIIO)KHBAYaMH i
tepMminanamMu  Cpo(ny )+ Cqp(ny) 3HIKYIOTBCA. IX cyma

ABJIA€ c00010 ofHOoeKkcTpeMalbHy QYHKII0 Cpyrery(hy) [9]. 3

Ta IICHTPaMHU
BUTPaTH  Ha

ypaxyBaHHSIM LbOTO OOBiJHA JIOKAIBHUX MIHIMyMiB (YHKIIT
(1) mpu dixcoBaHMX 3HAYEHHAX KITBKOCTI TEpMIHAIIB #, Yy

niamaszoHi Bim 1 mo n. Oyae TakoXX ORHOEKCTPEMAIIbHOIO

3anexHicTIO (puc. 2). lle mo3Bonsie BHKOpHCTATH IS
CTPYKTYPHO-TOIOJIOTTYHOT ONTHMI3alil JIOTICTUYHUX MEepex
TaKoOro BHIY ecpeKTI/IBm Monmbn(aun METOJLy CHPSMOBAHOTO
nepebopy BapiaHTIB 3a KUIBKICTIO BY3JIB Y Mepexi

r=1,2,..,n;,n, +1 [10].

Uac TpaHCHOPTYBaHHS TIOTOKIB [UIA S -TO BapiaHTy

moOyIOBH  Mepexi r,.l (s) Bim UeHTpY BUPOOHHUITBA 10

KOXKHOIO 3 KIHIEBUX CIOXUBAYiB 7,(s), i=1n. MOXKHa
NOJJaTH Y BUIISLI CYMH BiJIpi3KiB Yacy repeOyBaHHS IPsIMOTO
NOTOKY Ha KOXHOMY 3 CTalmiB JIAHLFOXKKA: «LEHTP
BUPOOHHMLITBA - TEPMIHADY, «TEPMiHA»; «TepMiHAT -

KIHIIEBUH CIIOXKHBAY»:



1 BT T TC .
T.(s)=1""(s)+z, (s)+7, (s), i=1Ln., 2)

BT T TC
ae 7, (s) 1, (s) 1, (s)
OpsAMOro ITOTOKY IO [ -TO CIIOKMBada Ha eTalax «LEeHTp
BUPOOHHMLITBA - TEPMIHAD)Y, «TEPMIHA»; «TEpMiHAT -
KIHIIEBUH CIIOXKHUBAYY.

BIIMOBITHO dYac mepeOyBaHHI

C(ny)
Cr(ny)

Corern(nr)

o o000 o o
o 000 o ©
000 0 000 O o©

© 0000 0 ©

@00 o oo
coo o ooo
000 o oo

000 o o
° 000 0 000 O ©

®ss 0 00 © 00
°° 000 0 000 O ©
° 0 000 0 ©

= 000 0 O

° 00 000

© 0 ees 0 0O

CBI'('HI (n, )

Cr(nr)

Puc. 2. O6BinHa joKaNbHUX MiHIMYMiB QyHKUIT BUTpaT C(n;) (1).

Yac TpaHCHOpTYBaHHS MOTOKIB JJIS
2
7(s)

CIIOJKMBAUiB JI0 LIEHTPIB IIepepodKu 7,(s), i = I,n, mnogamoy

§-r0 BapiaHTy

moOymoBH  Mepesxi Bl KOXHOIO 3 KIHIEBUX

BUTJISIII CYMH BiJIpi3KiB yacy rnepeOyBaHHs HPSMOIO MOTOKY

HAa KOXKHOMY 3 €TalliB JIAHI[IOXKKA: «KIHIEBUH CIIOXKHBAY —

TEPMIHAI»; «TEPMIHAIDY; KTEPMIHAI — [IEHTP IEPEPOOKI»:
2 CcT T i .
ti(s)=t"(s)+t, (s)+7, (s), i=1Ln., 3)

BT T TC . .
ae 7, (s)t;(s) r, (s) - BIONOBiZHO 4Yac NepeOyBaHHA
3BOPOTHOTO IOTOKY BiJ [-r0 CHOXHBa4ya Ha eramax

«KIHIIEBHH CIIOYKHMBAY - TEPMIHAI»; «TEPMiHAI»; «TEPMiHAI —
LEHTP TIEePePOOKM.

Busnauenns JIMHAMIKH HepexiHUX Npo1LIeciB
3MIACHIOETBCS 3 BUKOPUCTAHHAM MOIU(IKOBaHOI MO
BUPOOHNY0-30yTOBOT cuctem [8]. CyTh Moaudikanii nmosusrae
Yy BiJOOpaX€HHI MHOXXMHHU 3BOPOTHHX IIOTOKIB Ha MIUIIXY
«KIHIIEBUH CIIOKMBAY - TEPMiHA»; «TEpMiHAID; «TePMiHAT —
LEHTP NepepoOKm». 3 METOI0 CHPOIIEHHS MOZENi: BIIHOCHO
HEBENWMKI 32 3HAYEHHAM 3alli3HIOBAHHSI  IEPECHUIIaHHA
3aMOBJIEHb 3 YCIX JIAHOK MEpEeXi He BPaxOBYIOTHCS; JiHiMHI
JAHIIOXKKHM 3aIi3HIOBAaHb Yy Ipolecax (pOpMyBaHHS 3aMOBIICHb
B YyCIX JIaHKax Mepexi IOAaloThesl SK OJHE 3arajibHe
3aITi3HIOBAHHS; 3ali3HIOBAHHA y MapalelbHUX KaHalIax Pyxy
3aMOBJIEHb, TOBapiB, Tapu TOLIO OO'€JHYIOTHCS B OJHOMY
KaHai Ta TONAIOThCA ONHUM 3alli3HIOBAaHHA y 3arajJbHOMY
KaHaJI.

Juis oTpuMaHHS 3aJIeKHOCTI TEMITiB BHXIJHAX MTOTOKIB Bij
BXIJIHMX Ha BCIX eTamax JIOTICTHYHOI MEpEexXi Uil MOJEIi
MUHAMIKE HEOOXITHO 3a METOJOM HallMEHIIHMX KBaJpaTiB
BU3HAYWTH TOPSJKM Ta TMOCTIHHI BIAMOBIIHUX 3aIi3HCHb

(puc. 3):
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2

K=Zm:{y(tj)—FM[uM(tj),qM} —)rrqz‘m,

j=1 d

4)

Je j - HOMEp 4acoBOI TOYKM OLIHIOBAaHHS IOTOKY; m -
KUIBKICTb TOYOK OLIHIOBAHHS;, J(Z;) - 3HAYCHHS TEMILY
IIOTOKY B MOMEHT 4acy f,, j=1Im; F, - omeparop mozxeii
IIOKA3HUKOBOTO  3alli3HIOBAHHS; Uy, (1;) TEMI BXIIHOIO

q, - BEKTOp IapaMerpiB Mojeli
(TIOpsAIOK Ta cTana 3ami3HIOBaHH).

MMOTOKY JJISI MOJETi;

BUCHOBKU

Oprani3ailis JIOTICTUYHUX NPOLECIB Cy4aCHUX BUPOOHHYO-
30yTOBMX KOMIUIEKCIB BCe dacTimie mepeadavae CIIiIbHE
PO3B’sI3aHHSl 3a/lad ONTHMI3alii MepeX IMOTOKIB TOBapiB 1

MEpeX TIIOTOKIB Taph Ta BiOXOMAiB, IO MOTPEOYIOThH
nepepoOku. Jliast  cucteM 3 PO3HECEHUMH  LEHTPaMH
BHPOOHHIITBA 1 TIEpepOOKH 3ampoIrOHOBaHO Moan(iKarii
Mozened A OI[HKM  [OKa3HWKIB ~ BHUTpaT,  Yacy

TPaAHCIIOPTYBaHHs MOTOKIB Ta aHANi3y AWHAMIKU MEPEXiTHUX
MpOIECiB, MI0 O03BOJIATH MIABUINUTH  (PYHKI[IOHAIBHO-
BapTiCHI TOKa3HUKH KOMOIHOBaHUX JIOTICTUYHUAX MEPEK.
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Anomauia—Yy  naniii  poGoti  posriaAHYTO  3amauy U1 OaaHCYBaHHS HABaHTKCHHS B MEPEXKi 3 OpraHi3ami€ero

onTuMisanii MmapmpyTusanii B Mepe:xi IIJISX0M po30uTTA ii HAa
JOMEeHH MAPHIPYTH3auii 3 BU3HAYECHHAM Micls PO3TALIYyBAHHS
KoHTpoJiepa SDN. IlpencraBiieHi ocHOBHI KpuTepii, 3a IKUMH
NPOBOAMTHLCS PO30UTTS rpada Ha JOMeHH MapIIpyTH3alii.

Knrouoei cnoea—SDN, konmponep SDN, mapwpymuszayisn,
oomenu

1. Bcryn

CyyacHa  TEHJEHLIS 30UIBIICHHS po3MipHOCTI
KOMITIOTEPHUX MEpEeX MPU3BOMUTH N0 30UIBIIEHHS 00CATY
Tpadiky, SKuil nepenaerbcs (IS KOKHOTO THIY Tpadiky
BUCYBAIOThCS CBOi BHMOTH JO SIKOCTI OOCIyroBYBaHHS
(QoS)), a mpomec ymnpaBIiHHSI MEpEXeEl CTae Bce
CKIaMHIMNM 1 MEHII KOHTPOJHOBAaHWM. JIJsi BUpPIIICHHS
TaKoi 3a/1a4i He0OXi/THO BUKOPUCTOBYBATH HOBUH MiJIXi, IO
TO3BOJIUTH ~ KOHTPOJIIOBATH BCI TPOIECH B  MEpexki
onHOYacHO. B BupilIeHHI maHOi 3a7a4yi MOXKE JTOTIOMOTTH
SDN (Software-Defined Networking), Takwuii minxin mossrae
y BigmineHHi ¢yHKIIA nepenadi Tpadiky Bix (yHKIIH
YIpaBIiHHSL. v TpaaUIIHHAX KOMYyTaTopax i
MapIIpyTU3aTopax Iii MPOIEeCH HEBIAIUIbHI OJUH BiJl OJJHOTO
i peamizoBaHi B OJHOMY TPHCTPOI. 3TiHO 3 KOHIICIIIE0
SDN, Bcs norika ympaBiliHHS BHHOCHThCS B TakK 3BaHi
KOHTPOJIEPH, SKi 37aTHI Bi[CIiAKOBYBaTH pPOOOTY BCi€l
Mepexi.

[pu opranizarii Mepexi BETUKOi pO3MipHOCTi, KOHTPOJIb
Oyne 31iiiCHIOBaTUCS ACKIIbKOMa KOHTPOJIEpaMH, Y 3B'SI3KY 3
UM BHWHHUKAE€ HEOOXimHICTh B posmomiri SDN-mepexi Ha
ONTUMAJIbHY  KUIBKICTh JOMEHIB  MapIIpyTH3aiii, II1o
JI03BOJINTh  KOHTposiepam SDN  3miliCHIOBaTH MHUTTEBE
pearyBaHHs Ha 3MIiHH B TOIOJOIN MEpPEeKi Ta IOCATTH
PIBHOMIPHOTO 3aBaHTA)KCHHS B KOKHOMY JOMEHI Ta Mepexi
B IIJTOMY.

BpaxoBytoun HoBu3Hy Konuenuii SDN, ii crtpimkuit
PO3BUTOK 1 BIPOBA[DKEHHS BHMAraroTh YyJOCKOHAJICHHA
CHoco0iB Ta METOMAIB MapuIpyTH3alii i ajganTamiro ix min
HOBI ymoBH. 3amava Mapmpytusamnii B SDN Bupinryerscs
LEHTPAJII30BaHO Ha CHELiaJbHUX cepBepax, sKi € OuIbI
MIPOAYKTUBHUMH, HiK TpamumiiHi [P-mapmpyTtusatopu. Lle
JIO3BOJISIE BUKOPUCTOBYBATH OLTBIN (EKTHBHI i OJHOYACHO
OUThII CKJIAZHI 3 OOYHCITIOBATIBHOI TOYKU 30pY MPOTOKOJH
Mapiipytu3anii. Ha cpborofsimHii  JeHb NPOTOKONH
MapIIpyTu3arii 3 MeToro 3a10BosieHHS Q0S po3po0IAIOTECH
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OararonuisixoBoi MapmpyTtuzamii [1, 2].
O3BOJIUTh  TIABUIOUTH  ©(EKTHBHICTH  BHUKOPHUCTAHHS
NPOTOKOJIIB ~ MapupyTH3alii, a caMe JAWCTaHLiHHO-
BEKTOPHHX Ta 10 CTaHy KaHaITy B kKomyTaropax MPLS.
3abe3neueHHsT OalaHCYBaHHS HAaBAaHTAXCHHS [03BOJIIE
ONTHMI3yBaTH pIIIEHHS 3aBJAHHSA  MaplupyTusamii i
e(peKTUBHO BUKOPHCTOBYBATU PECYPCH MEPEXKi, B pe3yJIbTari
YOTO0 HOJIINIIYIOTHCS 3HAYEHHS KJIIOYOBHX MOKa3HUKIB QoS

SDN-koHTpoJep

II. TIOCTAHOBKA 3AJIAUI

Kirowoum npunnmmom SDN  Mmepexi €  posmofin
MPOIIEeCiB Tepenadi Ta yIpaBiiHHSI TaHuMu. Ha BiaMiHy Big
TpaauIiiHOTO  ysABJeHHs  Mepexi, SDN-koHTponep
3abe3reyye MOHITOPHHT, JOCTYI, YNpPaBIiHHS pecypcamu
Bci€i Mepexki, a He KOHKPETHOTO By3Jia. TakoX BaKIMBOIO
337a4€I0 3AIMIIAETHCA TUTAHHA TIPO MICIEpO3TAIlyBaHHS
KOHTpOJIepa B JIOMEHi, KW Bosojie iH(opMarliew mpo
TOTIOJIOTII0 MepeXi B OyIb-sIKH MOMEHT 4acy i MICTHTh
iHpopMalilo TPOo pO3MIlIEHHS KOPHCTYBayiB 1 cepBepiB,
IHIINX eJIEMEHTIB 1 CEpPBICIiB MEPEeXKi, a KPIM TOTO, IPUB'I3KY
MIDK IMCHaMH Ta aJJpeCaMu.

III. ®OPMYBAHHS JJOMEHIB MAPIIPYTU3ALIIT

B mpomeci ¢yHKIIOHyBaHHS KOMITIOTEPHOI Mepexi
pekoHdirypaiiss ~ TOMEHIB  3IIHCHIOETBCS 3  METOIO
CKOpOYCHHS dYacy Tmepenadi iHpopmarii Ta onTuMizarmii
MepexxeBoro Tpadiky. Sk Kpurepiii BHOOpPY CTPYKTYpH i
PO3MIpY JAOMEHIB CIIyKUTh €()EeKTHBHICTh Tepenadi JaHuX,
sika opiBHIOE [3]:

P
. OO
ne K,r — xoedinieHT eheKTUBHOCTI epeadi JaHuX.

OcHOBHI (pakTOpH, IIO BIUIMBAIOTH Ha 30UIBIICHHS
obcsry ciyx6oBoro Tpadiky B mpoieci pekoHpiryparii
JIOMEHY:

yacToTa peKoHQiryparii JomMeny;

KUTBKICTB BY3IIiB B JIOMCHI;

iHpopMallis, mepefaHa OJHUM BY3JIOM B MOMEHT
pexondiryparii.
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Omxke, AJsi 3MEHIICHHs 00CATY CIIy»)KO00BOro Tpadiky B
JIOMEHI, yacToTa peKkoH(irypamii Ha 3agaHOMy HIPOMDKKY
Yacy i KUTBKICTB BY3JIiB JOMEHY Ma€ MparHyTH J0 MiHIMyMY:

F,— min, V) — min

ne F,. —dgacroTa pekoHdirypamnii gomeny;V, — indopmarris,
riepesiaHa OJTHMM BY3JIOM B MOMEHT peKoH}irypartii.

TakuM 4MHOM, OCHOBHHMM IIapaMeTpaMH, 110 BILTUBAIOTH HA
BUOIp PO3MIpPY 1 CTPYKTYpH JOMEHY, €:

®  KUIBKICTh BY3JiB B JIOMEHI;
®  KUIBKICTh peKOH}Irypariii JoMeHy;
e  JiamMeTp JOMEHY;

®  CTYIiHb 3B'I3HOCTI BY3JIB JOMEHY.

OTxe, 3aBMaHHA po30UTTA rpada Ha miarpadu 3BOTUTHCS
J0 3ajadi mpencTaBieHHs BuximHoro rpapa G=(V,E) y
BUTJISII MHOKMHH TIAMHOXWH BepumwH V;, V...V, (r>1),
Takux, mo V, UV, U ..UV, =V, VinVi=Jkl=1,..,
k#L

[IpencTaBUMO OCHOBHI KpHTEPIi, 32 IKUMU IIPOBOJMTHCS
po30uTTs rpada Ha JoMeHN MapmpyTH3anii [4]:

®  IIUIBHICTH JOMCHY

2/Ei/

M= T D)

hGy) = max{s;}, i €V},

ne S; — cremninb BepmuH i €V, nomena G,=(V}, E;); niamerp
d(G;) nomena G;=(V;, Ei), cyma Bar BepiuH  g(Vy)=2en
W; B KOXXHOMY [IOMEHI TOBMHHI OyTH ONH3BKI OIUH [0
OJTHOTO:

max
1<k<r

{g(Vi)} - ;g{g {g(Vi)} —min

MapipyTtu3aris Biji OfHi€] BEpIIMHY A0 HIIOT MOBUHHA
cKiaiaTucs 3 Mapuipyrtusanii BcepeauHi gomeHy SDN i
MapIIpyTH3arii Mi>k HUIMH.

Bimomi Mmetomu [5] hopMyBaHHS TOMEHIB 1 BHOOPY MicCIIst
pO3TallyBaHHs 1X KOHTPOJIEPIB Manoe(eKTHBHI Ui MEpex,
CTPYKTYpa SIKMX NOCTIHHO 3MiHIOETECS. B mepnry uepry ne
MOB'A3aHO 3 THM, IO BiJOMi METOIM HE 3a0e3MedyIoTh
BHOOpY ONTHMAIFHOTO MICISI PO3TAallyBaHHS KOHTpOJEpa
nmomeHy. lle, sk mpaBwWio, MPHU3BOAWTH IO HEOOXITHOCTI
Oinpmr  wactoi pekoH(irypamii. 31 30UTbIICHHSM 4YHCIA
pexoHbirypariii gomMeHy, o0car ciyx0oBoro Tpadiky B
JIOMEHI 30UIbIIYETHCSI TI0 HENIHIHHOMY 3aKOHY, 332 PaXyHOK
4Oro pi3Ko nagae eheKTUBHICTH MTepeaadi JaHnX.

[Micnst po30HUTTS Mepexi Ha IOMEHM MaplIpyTh3allii,
Ba)XJIMBO BU3HAYNTH Micie posranryBanHs SDN-koHTposepa
B HbOMY. TakoX BU3HAUUTHU CTYIIiHb 3B'I3HOCTI BCIX BEPILIHH
rpada, TaKk SIK KOHTPOJIEp IMOBHHEH MaTH MaKCHMAIbHY
3B'SI3HICTH 3 yciMa By3JaMH ISl IOBHOTO KOHTPOJIIO.

Kpim Toro, mpu BubGopi Micus posramryBaHHs SDN-
KOHTpOJIepa, HEOOXIJIHO BpaxOBYBAaTH WMOBIPHICTH BHOOPY
BepHA SDN-KOHTpOJIEpOM, SIKY TIPEJICTAaBUMO Y BUIJISIL

K] = Ks : 5k(vm) + Ka A,
ne K; — koedimient Budbopy SDN-koHTpOIEpa;
K — BaroBuii koeQillieHT CTyIeHs;

K, — BaroBmii koeili€eHT a;;
Ox(Viy) — IIIJIBHICTH MEPEKEBOTr0 0TOYEHHS k-ro nopsaxy(1).
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Ha BigmiHy Bif iCHyIOUMX METOIB BH3HAYEHHS MicCIs
posramryBanHs SDN KoHTponepa «;, IS BEpIIMHU V,EV
BH3HAYMMO TaKOXX MHIUIBHICTE MEPENKEBOIO0 OTOYEHHS A-TO
HOPSIKY Ok(Vy).

S(vm) + Zv,-, v; et w,) €ij
S(v)

O(Vm)=
)

ne S(v,,) — MakCUMaJbHa CTYIIiHB 3B'I3HOCT] BEPIIMHHA V)
I(V,) — BIINOBIAHICTH NEPHIOTO TOPSAKY, MHOKHHI BCIX
BEPIIIHH, [OB'S3aHAX 3 BEPIIHHOIO Vy,, I - (Vi) = (T (V);

e; — 3B'30K MDK CYMDKHUMH BepIIMHaMH V; 1 V; 3
MaKCHMaJIbHIM CTYIICHEM;

k— TIOPSIOK MEPEKEBOTO OTOYCHHS BEPILIUHU V.

OcKinbkH
BUMAZa€E Ha
Oe3meky Ta

3HaYHEe HAaBAaHTAXCHHSI POOOTH BCi€i Mepexki
SDN koHTponep, HEOOXiZHO BpaxoBYBaTH
HAAIHHICTE [AHOTO BYy3JIa B MEpexi, Ta
JIOAATKOBO BUKOPHCTOBYBAaTH MporpamHi 3acoou
mmdpyBaHHS iHQOpMAIIT I 3aXUCTy BiJ 3JOBMHCHHUKIB.
Takox BUHHMKaE HEOOXINHICT y BHM3HAUEHHI HE TIIBKU
ocHOBHOTO SDN-KOHTpOIIepa a i pe3epBHOTO, KU 3MOXKE
NPOJOBXKUTH TMiATPUMYBATH MPALE3NATHICTh Mepexi y
BUIIAJIKY BiJMOBH OCHOBHOT'O KOHTPOJIEpA.

BHUCHOBOK

B poboti posrmsHyTa 3amada po3dutrs Tpada Ha
ONTHUMAaIbHY KUIBKICTP JOMEHIB MapumpyTusamii Ta
BHM3HAYCHI OCHOBHI KPHTEpiiB PO30OHUTTSA MepeKi Ha 30HH.
Takoxx  po3risiHyTa — 3agaya  BU3HAYEHHA  MicI
po3TairyBaHHS ~ KOHTposiepa  Mapuipytusamii.  SDN-
KOHTpOJIEp JO3BOJIATH ONTHUMI3YBAaTH HABAHTAKCHHS B
KOMI'IOTEPHUX MEpekax 3a paxyHOK PO3JILICHHS IPOIECiB
mepenadi Ta YOpaBiiHHS JaHMMH, a TaK CaMO 3a0€e3MeYUTh
MaKCHMaJIbHO ~ €(eKTHBHE BHKOPHUCTAHHS  CHUCTEMHHUX

pecypciB.
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Anomauia — Y cTATTi ONUCAHO AKTYAJIBHICTD JOKAaJi3anii, a
TakoxK icHy4i cmocodm Ta nuiAxu i peaJi3zamii.
3anponoHoBaHO YHiBepcaJbHY IJIaTGOpMY IJs JIOKaJizamil
Bed Ta MOOIILHUX /10JaTKiB HA OCHOBI 0araTomIapoBoi KJi€HT-
cepBepHOI apXiTeKTypH.

Knrouoei cnosea: nokanizauia, nepexnao, 2noéanizayis,
cepeic, NinzeicmuKa, RPOZPamyeants, niamepopma, mepeirica.

Abstract The article describes the relevance of
localization, as well as known methods and ways of its
implementation. A universal platform for localizing web and
mobile applications based on multi-layered client-server
architecture is proposed.

Keywords: localization, translation, globalization, service,
linguistics, programming, platform, network.

1. Bcryn

CyuacHi iHpopMauiiiHi TexHoJorii yBiOpain B cebe
JIABHHOTIOMIOHI ~ MOCSTHEHHsI  CJICKTPOHIKHM, a  TaKOX
MareMatukd, ¢inocodii, ncuxomorii Ta  ekoHomiku. B
yMOBax cyudacHoro Ttemiy po3Butky IT cymixHi chepu
OTPUMYIOTh ~ MOIITOBX  JO  PO3MOBCIOMKCHHS  Ta
TOMYJISIPU3ALLii:

A. Haykosa Oisinbuicmo

Bueni mo BChbOMY CBITY OTPUMYIOTH CHOCOOM JUIst
KOMYHIKaIlii, HOBITHI IporpamHi Ta amapaTtHi IHCTPYMEHTH
UL HPOBEICHHS JOCTIPKECHb, MO/ICITIOBAHHS
EKCIIEPUMEHTAIBHUX YMOB, 3[IHCHCHHS HOBHX BiIKPUTTIB.

B.  Ocegimui npoepamu

CTyneHTH Ta Yy4YHI MAaroTh JOCTYNl [0 HaBYAIBHUX
MarepialiB i3 HeBHYEPIHUX Jkeper iHdopmarii 3 Oyab sKoi
YaCTUHU 3€MJI, [0 MNPU3BOAWTH JIO MiABUIICHHA IX
kBani¢ikaii B Oyap-skiii cdepi.
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C. bisnec

Jlronu MaroTh 3MOTY PO3BHMBATH CBiil Oi3HEC Ta POOUTH
MPOAYKT CBOEI MisUTBHOCTI JOCTYITHUM 3a MEXaMH BJIACHOT
KpaiHu.

Takux cdep AisUIBHOCTI SK 1 NPUKIIAIIB BUKOPUCTaHHS
iHpOpMAIiITHUX TEXHOJOTIH y HIX MO)KHA Ha3BaTH Oe3mid i
o4YeBHAHUM € Te, mo 3 IT moacTBo mporpecye y Habararo
MIBUIIOMY TEMITi.

II. AKTYAJIBHICTb JIOKAJIIBALILL

Ha nmanmii MOMEHT, KUTBKICTh HATUBHHX HOCIiB MOBH Y
CBITI HE CHIBMA/AE 13 KUIbKICTIO MPOAYKTIB I[I€I0 MOBOIO, 110
BHUJIHO 3 Jliarpam, IpeJcTaBieHnx Ha pucynkax 112, Hane e

JICKIJIbKA TIPHYHH:
® DPO3BHMHEHICTb KpaiHH, 1€ CIIKYIOTHCS II€I0 MOBOIO;
® CKJIAIHICTH MOBH;

OCBIYEHICTH HACEJIEHH 1 T 1.

Puc. 1. [lonynsipHiCTE MOBH Y CBIT
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Puc. 2. [lonynsipHiCTE MOBH B IHTE€pHETI

Ha oxamp, me m0pw3BOAWTH [0 Ta

TPYIHOILIB
He3py4yHocTel. Ha pmany Temy Oyso mnpoBeneHO Oararto
JTOCTIKEHB, 3 METOI0 BH3HAYUTH HAa CKUTHKH KOMQOPTHIIIE

cnpuiiMatd  iHdopMario CcBoerd MOBOK. Och  JesiKi

BHCHOBKH 3 HUX:

e 80% KopuCTyBauiB, 5IKi KOPUCTYIOTHCSI MOOUILBHUMU
JI0JIATKaMU He aHTJIOMOBHI [1];

® JIOKaJi30BaHi Bepcii calTiB Ta JOJATKIB MalOTh Ha
42% Oureimii KoedilieHT KiiKiB Ta Ha 22% Oinblie
MePEXO0/1iB HiJK OJJHOMOBHI [2];

e 72% TMOKYyMIiB CTBEPIKYIOTh, III0 BOHH 3IHCHIOIOTH
MOKYIIKU JIMIIEe Y THX MarasuHax, JIe € OIHC TOBapy
ixHb0I0 MOBOO (Common Sense Advisory) [3];

e 56% TOKyNIiB BBa)XAIOTh HAsBHICTH INEpEKIaxy Ha
iXHIO MOBY BaXJIMBIIIOIO 32 IiHY IPOLYKTY
(Common Sense Advisory) [3].

Haouno npojeMoHCTpyBaTH aKTyallbHICTh JIOKasli3arii
MIEBHOTO CAalTy MOJXKHA 33 JOIOMOTOI0 (hopmyIH 1:

T = Qy— Qn
s (1)
Je a, — le 3arajlbHa KUIbKICTh KOPHCTYBAuiB ILIbOTO
caiiry,
a, — 1le KUIbKICTh HOCIIB MOBU caiiTy cepen
KOpPHCTYBauiB,

ky, — e xoedilieHT TOMYISIPHOCTI MOBH B CBITI, SIKUH B
CBOIO 4epry BU3HAYAETHCA 3a (hOpMyJIIOH0 2:

L L
w100

)

ne L — momysipHiCTE MOBH Y CBITi, SIKy MOKHA ITOOAYUTH
Ha PUCYHKY 1.

bepyun no ysarm ¢opmyny 1, MOXHa 3pO3yMiTH, IO
SKIIO aKTYAJIBHICTh JIOKaNi3alil HampsMmy 3ajJeXHTh Bij
KUTBKOCTI 1HO3EMHHX KOPHCTYBadiB IhOTO CalTy Ta
00epHEHO BiJl MOIMYJIAPHOCTI MOBH Y CBITI.
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3BaKaroum Ha Iie, CTa€ 3pPO3yMLIO, IO JIOKAJI3aIlist — 1Ie
HEBiJI’€MHA YaCTHHA YCIIiXy IPOrPaAMHOTO TPOIYKTY.

III. Crtocoru TA HITAXU JIOKAJIBALII

Haiinpocrimuit Bapiant — crBOpuTH nekinbka HTML
CTOPIHOK (7151 KO’KHOT MOBH OKPEMO) Ta JIOAATH MOXKJIUBICTh
NepeMUKaTi MOBY HEPEeXO/s4d Ha iHIIY CTOpiHKY. [laHwii
METOJl JyXe TNPOCTUH 1 He INOTpedye HISKMX OCOOIMBHX
HaBUYOK. AJie BiH 30BCiM He ontuMizoBanuii. [Ipu nepexomi
Ha iHIIy MOBY JOBEIEThCS IMOBHICTIO MEpPE3aBaHTAXyBaTH
Bcio HTML cropinky, a omxe i Bci pecypen. [lo Toro x 1e
HEHMOBIPHO Ba)XKO JUISl PO3POOHUKIB — BUPILIMBIIN 3MIHUTH
BEPCTKY JOBEAETHCS 3MiHIOBATH ii B KoxkHomy HTML daiini.

Hacrynuuit cioci6 — BUKopHcTaHHs (ailiniB JIoKamizalii.
QaiiitoM JoKadizamii Moxe BUCTymaté (ain y dopmarax
JSON, XML, YAML, CSV Tta iumi [4]. ['onoBHa BuMora a0
Takoro (ailily HasBHICTb MapH KIOY-3HAYCHHS, JE KIHOY
Oyne iICHTU(IKATOPOM CTPIYKH 1 Oyae OJHAKOBUM JUIs
KOXKHOI MOBH, a 3Ha4yeHHs Oyje MEepeKiIagoM CTPiuKH Ha
NIEBHY MOBY.

Hactynanm kpokoM ¢aiin stokamizawii min’ eqHyeTbes 10
HTML cropinku. Ile MokHAa 3poOMTH  AEKUIbKOMA
criocobamu (3a noromororo PHP, JavaScript ta/abo Ajax).
BukopucTanus ¢aiiny JToKami3aiii CyTTEBO CIPOIILYE MPOLEC
pO3pOOKH, MIATPUMKH Ta BHUKOPHUCTAHHS NPOIYKTY: TpH
HEOOXiTHOCTI 3MIHUTH CTPYKTYpPY MAOKYMEHTY MOTpiOHO
3poouTH MIHIMyM 3MiH, npu 3MiHi MOBH
nepe3aBaHTaXYy€eThCs Jnie (aiii Jiokaizawii (po3mip SKoro
B JIECSITKM MEHIIHH HiK po3Mip 1istoro HTML daitny).

IV. APXITEKTYPA CUCTEMHI

B ocHOBY po3po0/rOBaHOT CUCTEMH TMOKJIAJCHA KITI€HT-
CepBepHa apxiTeKTypa, SKa Ma€ psI IepeBar BiJHOCHO
BIZIOMHX TIPOrpaMHMX 3aco0iB JioKaji3awlii (3HMKEHHs
00’eMy JIaHWX, M0 TEpPENalOThCs, I30IAIIS  JTOCTYITY
KOpUCTYBada JI0 JaHUX Ta JIOTIKA OOpOOKHM 3amwuTiB,
MOJIMBICTh [TOJJaBaHHS KIII€HTIB IHIIOTO THITYy). Y CBOIO
Yepry KIIIEHT Ta cepBep TakoXX He MOHOmTHI. s
MiZICHICHHS aOCTpakIlii, 3MEHIICHHS KIUTBKOCTI KOIy Ta
30LTBIIEHHS] MPOAYKTHBHOCTI BOHM MOOYIOBaHI HA OCHOBI
matepHiB TpoeKkTyBaHHA. KpiM TOro, BOHM NOAIEHI Ha
mapy, IO IACHIIOE IHKAICYJIAILil0, POOUTH CHCTEMY
IHTYITHBHO 3pO3YMIJIOI0 Ta CIIPOIIYE MPOIeC 11 TeCTyBaHHS.
Jamni HaBeeHO 3ampoOIIOHOBAHY aBTOPaMH CTPYKTYpY IIapiB
KITIIEHTA 1 cepBepa.

[Mapu xmienTa:

e [Iap TPEACTABICHHA — BIAINOBiAa€ 3a 3OBHIIIHIN
BUTJISL IOAATKA;

e TPOMDKHMH mmIap — (OpMye 3alHTH JUIs cepBepa, Ta
00po0bi1sie BiAIOBIIi.

[Tapu cepBepa:

e TMPOMDKHHHM mmap — sBIsSE cobolo0 “BopoTa”, s
JOCTyIly JI0 cepBepa Ta IIepeBipse TpaBa
KOpHCTYBaua;

® [ap JIOTIKK — MICTUTB Yy c00i BCIO 00pOOKY JaHUX Ta
B3a€MOJII€E 13 BIITAJICHUM CEPBEPOM IJISi MAITHHHOTO
MepeKIay;



e map poOOTH 3 TaHUMH — 130JIF0€ CTAHJAPTHI Omeparii
po6oTu 3 raHuMu (CTBOPEHHS, peIaryBaHHSs, YATAHHS

Ta BUIAJICHHS).

OkpeMHM  MOJyJIeM  apXiTeKTypH  IpeicTaBJieHE
CXOBHINE, IO MICTUTh pemidHy 0a3y MmaHuX st
30epeEeHHsT BCIX JIaHUX Yy BIJHOIICHHSX, HEPEISLHHY
JIOKYMEHTO-Opi€HTOBaHy 0a3y HaHWX Ui 30epeeHHS
TEKCTIB Ta MEPEeKIaiB, a TAKOXK CXOBHIIE OiHapHUX (aiiiliB
Ta HOIIYKOBHH cepBep.

OKpiM TOro OCOOJIMBICTIO 3aIPOIIOHOBAHOI CHCTEMH €
BUKOPUCTAaHHS CTOPOHHIX XMapHHX CEpBiciB, a came
Firebase nns ayrenTudikamii KopucTyBada B CHUCTEMI Ta
Google Translate APl s 3pilicHeHHS MAaIIMHHOTO
HepeKiamty.

V. TIPOrPAMHA PEANIBALIIA

s peamizanii cepBepHOi yacTuHu OyB oOpammii .NET
Core Framework Tta moa C#. OcoOJMBICTIO JaHOTO
¢bpeliMBOpKY € KpocmiarGOpMEHICTh Ta ONTHMI3allis
nopiassHo i3 .NET Framework. V skocti ORM
BuKopHcToBYyeThesl Entity Framework Core, sikuii criporye
IIpoIIeC B3aEMOIIT 13 pessiuiiHo0 033010 JaHUX (CTBOPEHHS
Ta0ImuIh 13 KJIAaciB MOJETCH, MITpUMKa Mirparii) Ta
MongoDB Driver mis NoSQL 6a3u manux. OOMiH JaHUMHI
peainizoBaHwmii 3a momomororo Hancunanast HTTP 3amuramu
cepiamizoBannx nmaHmx y ¢opmari JSON, mo nHabarato
Oi7IBII ONITUMI30BaHMI HIXK HOTo Kiacn4Hui aHagor XML.

Jus peamizarii kiiieHTa BUKOpUCTOBYBaBcs Angular 6.
Knienr 3anporpamoBanuii  Ha TypeScript, skuii €
HACTYITHOIO CXOAMHKOI PO3BHUTKY Javascript i Ha BiAMiHY
BiZl CBOT0 “0aThka” Ma€ CTPOTY THINI3AIlil0, KpaIle peatizye
kourenuii  OOIl Ta H03BOJIAE  MIATPUMYBaTH  Ta
MacimtadyBaTh Koj 3HauHO Jjermie. Jlns iHTEepdeiicy
kopuctyBaya Bukopuctoryerbcsst HTML + SASS.

Jns 30epeskeHHsT TaHWX BHKOPUCTOBYIOTHCS MS SQL
(Bci pemnsuiiiai qani), MongoDB (moxymMeHTH 3 TEKCTOM Ta
nepeknanamu), Azure Blob Storage (kapTHHKHM ITPOEKTIB Ta
BKJIQZICHI 710 TeKCTy (paiinm). Takoxk IS MIBUAKOTO MOUTYKY
M0 JOKyMEHTaX BHKOPHUCTOBYETHCS IIOIIYKOBHH CEpBEp
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ElasticSearch, mis po3ropranHsi sikoro OyB BHKOPHUCTaHHIA
Docker.

3aBmsiku Oibmioreni SignalR nmocsirHyTo OOMIH AaHUX
MK cepBepoM 1 KJIiEHTOM Yy peailbHOMy 4daci (0e3
OHOBIICHHSI CTOPIHKH).

MamyHHMA TepeKnan peaiti3oBaHWH 3a JIOMOMOTOI0
xMmapHoro cepBicy — Google Translate API, nani Ha skuit
repecrnaroTk 3a normomororo HTTP 3anwuris.

Jns xopucryBaua Oylio  po3poOJCHO  CHEUialbHYy
MOJJIMBICTh, CEHC $KOI TOJIAra€ B CIOCTEPSIKECHHI 3a
MpOrpecoM BHKOHAHHS mepeknany. s 1mporo Oyio
MIPOaHaJII30BaHO BCi MOXKJIMBI BapiaHTH MEepeKiIaxy CTPIdKH
Ha 3a/1aHl MOBH, a CaMe:

® BHKOHAHO BCi IEPEKJIaaN AJIs OAHIET CTPIUKH;
BHUKOHAHO KiJIbKa IICPEKIa B /IS OMHIET CTPIUKH;

HE BHKOHAaHO Hi OJHOTO TMepeKiajy Juid OJHi€l
CTPIYKH.

BukopucroByroun 1i JaHi 0ysio BuBeneHo dhopmyiy 3, y
AKii | — 11e KUIBKICTh MOB y HPOEKTi, N — I KUIBKICTh
HEeNepeKIaIeHNX MOB IS CTPIYKH, S — II€ KUTBKICTh CTPIYOK
y IIPOEKTI, 1 — IIe IeBHA CTpivKa..
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Anomayiat—Po00Ta npucBsiueHa PO3B’A3AHHIO 3amavi HEOOXiMHICTIO BpaxyBaHHS [OMHJIOK pIi3HMX THITIB.
MOJIeJII0BAHHS *}aﬂiﬁHOCTi 6araToBUMIpHUX aJArOPUTMIB, OOMeXeHHSIM BiTOMHX METOJIB 3a0e3MedeHHs HaiifHOCTI
NpH BHUKOHAHHI SIKHX BHOCATBHCH, BHABJISIOTBCA Ta Al € Te, WO BOHA BPAXOBYKTh  I[OMHIKH

YCYBaWOThCS OJHOYACHO MOMWJIKM pizHuX TumiB. HaBeneni

. . (yHKIIOHYBaHHS 3a OIHAPHWM TIPHHITUIIOM: TIOMUIIKH €,
NpURJIAIA THIIOBHUX npeacraBHUKIB 6araTOBHMllele

abo Hemae. BoHM He BpaxoOBYIOTh, IO IJISl PI3HUX THIIIB

AJITOPUTMIYHMX  IIpoHeciB,  INPOAHANI30BAHO  MeETOAM . Y . -
OWIHIOBAHHSA Ta 3a0e3meveHHs iX HajiliHOCTI, MocTaBJeHi TOMHJIOK PISHATBCS HMOBIPHOCTI IX‘BHe,C"eHHH’ BI@BHGHH%"
3aMa4i 10C/TiIKEHHSL. BUNPABJIECHHA Ta BUTpaTH Ha i [iil. AHam3 Teopii
HAOIHHOCTI ~ aIrOPUTMIB  CBITYWTh, IO  HEOOXITHO
Abstract— The article is devoted to the solution of pPO3pOOUTH HOBHH METOA ISl CHHTE3Yy OaraTOBHMIpHHX
reliability modeling task of multidimensional algorithm i.e. All, onTuMaibHUX 3a KpHUTEPISIMH HAAIHHOCTI, Ta Ui
processes, when being performed, errors of different types NPOTHO3YBaHHS HafiiHOCcTi Takux AIl mpu HewiTKux

are noted, detected and deleted. The analyze of
multidimensional algorithmic process patterns was carried
out, estimation methods and providing of their reliability
were analyzed, research tasks were set.

II0YaTKOBUX JaHUX. PO3B’SI3KM IUX 3a1ad 3a0e3IEeUnTh
M ABHUIICHHS SIKOCTI poekTyBaHHs Al

II. TIOCTAHOBKA 3AJJAUI
Knwwuoei cnosa—anzopummu, anzopummiuni npouecu,

L . . . Onrumizanis All momnsirae y BU3HA4Y€HHI CTPYKTYpH
Haoiitnicmo aneopummie, NOMUJIKA pI3HUX MUNIe6.

npolecy, o 3ade3nedye HeoOXinHI piBHI HMOBipHICHO-
YacOBHX IIOKa3HWKIB HamidHOCTI (yHKHmioHyBaHHsA. Ha
MPAKTUI HAMOUTBII MONIMPEHUMH 3afadaMy ONTHMIi3arii
HaniitHocTi All € po3moniyl KOHTPOJIBHUX TOYOK Ta BUOIp
1. Bcrvi KpaTHOCTell koHTpoumiB. B mux 3amauax AIl mpencrasmse
co00I0 TOCIIIOBHE BHKOHAaHHS N pOOOYMX ONEpaTopiB

Keywords—algorithms, reliability, errors of different types

B po6ori ananizyroTecs anropurMivai mpormecu (All),

NpK BUKOHAHHI SIKHX MOXYTh BHOCHTHCS, BHUABJIATUCS Ta 4, 4,,...,A, . Tlpn BrxoHanui poSounx omneparopis B

yCyBaTHCS IOMWJIKU Pi3HUX THUIIB, aHATI3YIOTECS METOIN ATl MOXyTh OyTH BHECEHI IIOMUJIKU Pi3HUX THIIB. SIKICTh
OLIHIOBAaHHS ~ Ta  3a0e3meyeHHs X HalIMHOCT], BUKOHAaHHS po0OYOro —omeparopa Al. HepeBIPAETHCS
MPOMIOHYIOThCSL  TPHHIMIIM  MOJCTIOBaHHS  HaIiHHOCTI ) )
takux ATl Ta craBnsaThbes 3aqadi qocmimkenns [1]. KOHTpOJIEM (), X; -pas. Jlna 3ajaqi  po3momity
AHaji3 TMIOBHX IIPEACTABHUKIB 6al“a’leBI/IMlpH.I/IX AH KOHTPOJIBHHX TOHOK X, € {0’ 1} , a s 3azadi BUGOPY
II0Ka3aB, 0 TpH  MOJETIOBaHHI  HaAIHHOCTI —
BUKOPHUCTOBYIOTh TaKi IMOKA3HUKH: HWMOBIpHICTh KPaTHOCTEH KOHTPOIIB X, € {0, 1 2,~-~} , i=ln

0e3moMmIKoBOro BUKOHaHHS All; IMOBIpHICTh HAsSBHOCTI
MTOMIJIOK Pi3HHX THIB Ha Buxoai All; cepenniii gac abo
BapTicTh BUKOHaHHSA All. OCHOBHI TPYJHOIII OIIHIOBaHHS KOHTPOIIEM (),
Ta  3abe3medyeHHs ~ HaxgifHOcTi  AIl  0OymoBieHi

Omnepauist topobku U; BUIpaBIisiec MOMUIKH, SIKi BHSBICH]
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3HAXOUKEHHI TaKOrO BEKTOpa X = (x],xz,...,xn), 110
3abe3neuye [2]:

TIpsiMa IOCTaHOBKa:

C(X) — min,

. S (1)
p'(X)2P" 1ap”(X)2q,,j=Lm,
SBOpOTHa IIOCTAHOBKA.
p'(X) - max,
)

C(X)<C" 1a p"(X)<q,,j=1m,

ne C(X) —msapricts Bukonanus All, skuil 3amaHo
1 e
sekropom  X; p (X) —iiMoBipHiCTh  HpaBHIBHOrO

0, . .
sukonanns All; p /(X) — HMOBipHICTh MOMWJIKH j-TO
tuny ©Ha Buxoni All; P* —wminmimManeHO momycTrMa
iMOBipHiCTH GesnommkoBoro Bukonanms Al g (X) —
MaKCHMaJIbHO  JOIyCTHMa  HWMOBIPHICTh  HAsBHOCTI
MOMWIIKH j-Tro TUmy Ha Buxoni All; C* —mMakcumansHO
JIOIyCTUMI BUTpaTH Ha BuKoHaHHS All; m — KUIBKICTB
PI3HUX THIIB TOMHJIIOK.

III. MoAgm HAJUMHOCTI

[MporonyroThess Taki Mozedi LiboBOi (yHKUIT Ta
oOMeXeHHs 3a/1a4 onTuMizaii [1-3]:

Px)=[]P, -, +K" -P, )", 3)

i=l,n

C(X)=Z cyFx;cc, oy pi’(l—(k(ﬁl’)r’) )

i=l,n Jj=1

1 0, 0,
ne Py Py Py i
0 1 0
P, (x))=
0 0 1
1 0 0
p v v 0 | —xapakTepuCTHKM HaIiHHOCTI
=
T R

oneparopis 4, i U, :

0.
} .
p,  —WMOBIDHICTb BHECCHHS  OMEPAaTOPOM 4
TTOMUJIKH j-TO THITY;
1 o
P, — HMOBIpHICTb OE€3HOMHIKOBOIO BHKOHAHHS

o) o . .
omeparopa A, ; v/ (VUT) —IMOBIpHICTb yCyHEeHHS (HE

YCYHEHHST) IOMWJIKH j-T0 TUIy, J = 1, m ;
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kY0 0
k' 0 .. 0 o
g 00,
R R S I U L) 0 |_
K, = o
OIW Oom
0 0 k,, 0 0 k,
- . 117,10
XapaKTepucTHKK HapiitHocti xontpomo @, : k, \k, |-
1 1
WMOBIpHICTP ~ TOTO, IO  BiACYTHICTh  IOMHIIOK
imeHTH(IKOBAHO MIPaBUIILHO (HempaBUIIbHO);
O (5% . .
o, K, — UMOBIpHICTP TPOMYCKY (BHUSBICHHS)

Ta Cy,

nomwiku j-ro tamy, j=1lm ; c, ., c,

BapTiCTh BUKOHAHHs POGOYOro oreparopa A;, KOHTpoOIIO

®, inopobku U, Bignosiguo, i =1,n.

Qopmymu  (3)-(4)

3aCTOCYBaHHAM MOJIeJNIi HaAIHOCTI CTPYKTypu ‘“‘podora-
KOHTPOJIb-TOpOOKa”

oTpuMmaHi  X; -

: KpaTHAM

BucHoBku

B poboTi HaBEJICHO MoJIei HATIHHOCTI
Oararopumipanx All, gxi Ha BiZMiHy BiA ICHYIOYHX,
BPAaXOBYIOTh MOMWJIKM (DYHKIIOHYBaHHS PI3HUX THIIIB, 110
JNO3BOJIAIOTE  PO3B’SI3yBaTH  3amadi  3a0e3medeHHs
HAJIWHOCTI, HANpPHKIAM, 3aJa4a ONTHMI3allil pO3IMOaLTY
KOHTPOJIBHUX TOYOK Ta BHOOPY KPaTHOCTEH KOHTPOIIB B
Takux Tmpomecax. IIpakTWyHa IIHHICTH pe3yJbTaTy
MOJISITaE B TOMY, [0 HA HOTO OCHOBI MOXe 3/ifiCHFOBAaTHCS
ONCPAaTHUBHE YIPABIIHHI HAIIHHICTIO 0araTOBHUMIPHOTO
ATIL
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Abstract—A model for determining the equilibrium
price of electricity markets is proposed. The model includes
hedging risks using a portfolio of derivatives. The control of
model parameters makes it possible to restrict price changes by
bifurcations of the type of cycle birth.

Keywords: Integro-differential equation system, pricing
model, electricity market, derivative financial instruments.

Anomauyia — Y poboTi 3anpomoHOBaHa Mojeb
BU3HAYCHHS PiBHOBAXHOI LiHM HA €HEPrOPUHKAX. Y MoOJe/]b
BKJIIOYEHO XeKyBaHHSI PH3HKIB 3 BUKOPUCTAHHSIM TOPTdestst
JepUBATHBIB. YIpPaBJiHHS NapamMeTpaMH MOJeJi J03BOJIsA€
00MexuTH 3MiHy LiH 0idypranii THNY HAPOIKEHHS LUKJIY.

Keywords: Inmezpo-oughepenyianvna cucmema
PiGHAND, MOOei YIHOYMBEOPEHHA, e/1eKmpPoeHepzemudni punKu,
noxioni ¢pinancosi incmpymenmu.

I. INTRODUCTION

The modern electricity market assumes that the
supplier is fighting for its buyer. Companies generating
electricity corresponding to the price range for their
products. The buyer freely chooses the generator company
and enters into a supply contract with him in the appropriate
Internet platform. The power industry market is constantly
in dynamics.

The general model of competitive electricity markets
can have the following structure: the wholesale electricity
market, retail electricity markets, the capacity market, the
system services market, the market for financial
transmission rights, the derivatives market. Prices in all
these markets are interrelated [1].

Electricity production should respond quickly to real-
time changes in electricity consumption. Electricity can’t be
efficiently stored in large volumes. The process of
electricity consumption is nonlinear. Energy efficiency of
electric energy supply in modern electric networks should
take into account asymmetric, nonlinear and fast-moving
nature of the consumption of electric energy by modern
consumers. The main factors are human physiological
cycles, changing the time of day and seasonality, shift work.
The increasing complexity of the topology of electrical

Tersna 3aika
Daxynemem KoMn 1OMEPHUX HAVK | NPOSPAMHOIL THdceHepii
Hayionanvnoeo Texniunoeo Yuisepcumemy «Xapkiscokuii Ilonimexuiunuii Incmumympy,
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networks, the increase in the number of renewable energy
sources and the peculiarities of the electricity market leads
to the search for new methods and approaches for modeling
and forecasting the parameters of the power system.

Nowadays, the methods of calculating intelligence,
methods of game theory, fractal models, dynamical systems,
multiagents, etc. are used to rebuild the energy consumption
model [2-5].

Methods of computing intelligence are based on
heuristic algorithms that are used, for example, in fuzzy
logic, artificial neural networks and evolutionary simulation.

Creation of fractal models with a set of electric
power and heat networks capable of describing real
consumers with uneven loads and power points is a
promising direction. On the basis of fractal theory, methods
of short-term load forecasting are proposed.

To protect the integrity of the grid, it is important to
take into account the physical limitations and limitations for
network security. According to consumer demands for
electricity demand, the forecast of annual and monthly
balance of electric energy is formed [7]. Therefore, the
creation of an overload management scheme that addresses
the problem of limiting flows in power grids is one of the
most difficult tasks in the energy market structure.

Most existing energy market models either stationary
or dynamic linear feedbacks. They all apply the hypothesis
of the global asymptotic constancy of a closed energy
system. But in modern conditions, the use of this hypothesis
does not always allow the construction of sufficiently
adequate models of energy consumption.

Creating a model, it is necessary to compare the form
and complexity of its mathematical description with the
capabilities and specifics of the method that will be used to
analyze the dynamics of the new model.

II. THE MAIN RESULT

Taking into account the above, the purpose of the
work was to develop a non-linear model of the energy
market, which:
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1. The model assumes that the cost of electricity
includes the cost of services and financial rights;

2. The model assumes that the rate of price change
depends on weighted average prices in the past;

3. The model assumes that the weighted average
price in the capacity market is described by a well-known
function;

4. It is possible to hedge the risks of abrupt price
changes in the portfolio of futures and options;

5. There are control parameters that are determined
empirically.

Then, following the ideas developed in [6], we obtain
the following model:

0

) = 2q0[1- [q(t+ wl-r) de]- )t
B(t) = -ap(®) + Ap(H)a(t) - Kp(t), 1

where A, U, o, B are positive parameters, o> [3;

()

u is the bifurcation parameter;

q(t) is the weighted average supply price of the
wholesale electricity market;

p(t) is the weighted average supply price of the retail
electricity market;

w (1) is the weighted average supply price of the
wholesale capacity market;

f (p(t),t) is the price of the option premium.

The integral term in equation (1) is associated with
the need to take into account the dependence of the
instantaneous values of the characteristics on their
respective previous values, i.e., the impact on the current
state of the system of its prehistory is taken into account. In
congestion management, price is a deterrent to energy
consumption for consumers.

Connections in power systems are convenient to
represent in the form of graphs. Suppose that in modern
electrosystems, they consist of microgrid, which
subsequently unite into a common system. Restrictions are
imposed on the power generated, on the power line, on the
number of participants in the energy market. The
construction of a dynamic graph taking into account the
constraints and the balance of generation and consumption
of electricity is a promising and difficult task. In the
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dynamic graph, changes are constantly occurring, such as
the ribs appear and disappear (we will denote generators /
consumers), their weights change (we will denote the
amount of electricity that is transmitted). Changes need to
be processed quickly so that power supplies and their prices
are effective.

CONCLUSIONS

Model (1) has the only equilibrium price value. For
the kernel w(t) of a general form, the system is not finite-
dimensional. However, in special cases, the model can be
reduced to a system of four ordinary equations. In these
cases, the cycles are asymptotically orbitally stable, being
born with the bifurcation value A, of the parameter A.
Classical methods for evaluating financial derivatives do not
work well on the energy markets. Therefore, the actual task
is to build models for evaluating "energy" futures, options
and hedge portfolios.

Integro-differential models have advantages over
differential models with numerical implementation. But
problems of application and computer realization of integro-
differential models have not been solved yet. Researches of
such models are an important and relevant direction, and the
development of methods and tools for their computer
modeling is necessary for a wide range of application
development problems.
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Abstract—As a result of the spatial affine transformation  of the resulting image, is the algorithm for scaling the closest
implementation, proportional scaling of the digital image, the  neighbor. This algorithm deletes rows and columns when the
image size is resized with the proportional preservation of its  image is diminished and duplicates them when enlarged. The
content. To account for the content of a digital image when  j]gorithm of bilinear interpolation gives the best result due to
performing scaling, apply a non-proportionate or content-  the fact that when the image is enlarged, the voids formed
dependent scaling of the digital image. In the work presented, are not filled with duplicate adjacent pixels, but by their
the implementation of a disproportionate scaling of a digital averaged value. Similar to the algorithm bicubic
image is presented. The functions of determining the interpolation, but in it to create a new pixel not only
importance of .the image pi.xels constituting the basis of the neighbors, bl’lt also neighbors of the neighbors are used. And
presented algorithm are studied. finally, the most complex algorithm is fractal. Before scaling,
the picture is vectorized, and in the process of choosing the
color for new points, vectors whose edges make the contrast
more involved.

Keywords: digital image, proportional scaling, non-
proportional scaling, gradient, filter.

I. INTRODUCTION But all these methods have application in scaling the
image only if its dimensions vary proportionally both
horizontally and vertically. In the case of non-proportionate
scaling, using the above-mentioned algorithms, the context
of the digital image loses meaning. Therefore, scaling
algorithms, based on preliminary analysis of the image, are
of particular importance.

With the massive distribution various means of
reproduction and information transmission for various
formats (smart phones, mobile phones, tablets, laptops),
scaling of visual content became more widely used. In this
case, in addition to implementing the adaptive layout of the
corresponding interactive visual content, digital images that
cannot be displayed in full scale must be generated in the As a mathematical model of the image, regardless of the
appropriate format. registration method, as a result of sampling and quantization
of the continuous signal, the digital image is considered as a

In addition, an image magnification for a more detailed .
set of pixels.

examination of the entire image or its fragment, as the task is
used in various interactive visual content. At the same time, a As a result of the sampling procedure, the digital image is
very important task of any modern application should be  considered as a set of points located in a rectangular
fulfilled - saving of memory: there is a digital image of the  coordinate system. Adhere to the adopted coordinate system
size specified by the user at the moment not only opens from  with the beginning in the upper left corner of the image and
some archive, but should be generated automatically. with positive directions from this point downwards and to

Implementation of effective and fast interactive the right [1,2].
interaction of the user with visual content constantly requires As a result of the quantization procedure, depending on
qualitatively new methods of processing digital images. That the selected color model, the set of pixels forms a matrix or
is why the development of advanced scaling methods is very  several matrices of the brightness of the digital image. In the

important, which makes the topic of this work extremely color model of the grayscale F=(f ) — RxC the

relevant. . . - : .
v brightness matrix of the digital image with the

elementsfm €[0,2" -1], y=1,R, x:l,ic, n — the number

of bits is determined to hold the brightness value of one
pixel. Figure 1 shows a gray-scale digital image matrix,

II. STATEMENT OF THE MAIN MATERIAL

Different algorithms are used for scaling [1-3]. The
simplest and fastest, but simultaneously with the low quality
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which, as an example, will be used for further analysis and a
description of the algorithm for non-proportionate scaling.

Fig.1. Gray-scale digital image matrix

The geometric transformation of a digital image consists
of two main operations:

— the spatial transformation of a digital image, which
results in a change in the location of the set of image points
on a plane from one two-dimensional coordinate system to
another;

— restoring a digital image, that is, interpolating the
brightness values, which results in assigning the brightness
values of the image pixels that were subjected to spatial
transformation.

One of the most common classes of geometric
transformations is affine.

The affine transformation is the most general one-to-one
mapping of the plane onto the plane, as a result of which:
the straight line goes straight; parallel straight lines become
parallel; the ratio of the lengths of segments lying on one
line or parallel straight lines is preserved; the ratio of the
areas of the figures is preserved [3].

The affine transformation on the plane is described by
the equations [3]:

{x'=Ax+Cy+E (1)

y'=Bx+Dy+F’

where 4, B,C, D, E, F are constants;
(x,¥),(x',y") —initial and coordinate after the conversion.

It is convenient to write the affine transformation in the
matrix form. The constants A4,B,C,D,E,F form the
transformation matrix. To take into account the constants
E,F goes to the homogeneous coordinates, due to the
introduction of an additional line in the transformation
matrix, and the points of the plane are described by three-
dimensional vectors of the form (x,y,1) . Then, in

homogeneous coordinates, the affine transformation is
described [3]:
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The proportionate scaling of the digital image is
determined as follows:

{x'= Ax. 3)
y'=Dy
Proportionate  scaling matrix in  homogeneous
coordinates:
4)

A 0 0
T'=|0 D 0}
0 0 1

The first geometric transformation operation, the spatial
transformation of a digital image for non-proportionate
scaling, consists of the following steps [4,5]:

— determining the digital image gradient;

— constructing a matrix of minimal sums of importance
for pixels;

— determining the sequence of coordinates.

Let's consider each step in more detail.

Since the main purpose of the non-proportionate scaling
is to resize the image by changing the size of the
insignificant portions of the image without distorting the
content of the digital image, then the first step of non-
proportional scaling is the assignment to each pixel of the
digital image of its importance. A gradient is used to
determine the degree of importance of each pixel. The
digital image gradient represents the direction and norm of
the maximum brightness change rate in each pixel of the
digital image.

G, =(g,,) and

G =(g, )- y:l,_R, x:l,_C , according to the spatial

coordinates, are calculated as follows [1,2]:

®)
(6)

G, =F*S,8, =3 3 frves S0,

w=—nu=—n

= 2 2 S v S

W,
w=—nu=-n

Gv =F=* S‘, g,
yox

where is F the matrix of the brightness of the digital image
- 8,8, core of gradient filters;

— [*] operator of a two-dimensional correlation.

Norm G=(g,,) and angle A=(a, ), y= LR ,
xX= I,_C , image gradient [1,2]:
(7

(®)



The easiest way to calculate the gradient of an image
using a filter core [6]:

00 0 0 0 0
s.=lo 1 -1]>s,=l0o 1 of ®)
00 0 0 -1 0

The vector gradient field for the image and the
gradient’s norm is represented on the figure 2.

Fig.2. Digital image gradient research with a simplest filter core

Another common way to calculate the gradient of an
image using core of Roberts filter [6]:

0
0 (10)
-1

S:

g

0 0
0 1
00

The vector gradient field for the image and the
gradient’s norm is represented on the figure 3.

'

Fig.3. Digital image gradient researéh with a Robeﬁs ﬁltér core “

Another way to calculate the gradient of an image using
core of Pruitt filter [6]:

1 -1 -1 101
S =0 0 oS =/-101| (1n
111 101
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Fig.4. Digital image gradient research with a Pruitt filter core

Another common way to calculate the gradient of an
image using core of Sobel filters [6]:

-1 -2 -1 -1 0 1
s,=lo 0 ols=/-20 2 (2
12 -1 0 1

The vector gradient field for the image and the
gradient’s norm is represented on the figure 5.

4
, {i‘-:\
T

Fig.5. Digital image gradient research with a Sobel filter core

For a non-proportional scaling of a digital image, as a
result of increasing or decreasing the digital image, it is
necessary to determine the pixels with the least importance,
so that in addition to taking into account the contents of the
image, each row (column) is changed to the same number of
pixels.

Therefore, it is suggested in [4,5] to construct chains of
pixels - sequences of points, such that exactly one pixel is
selected in each line, and adjacent pixels in it are connected
by sides or corners. Therefore, the next step in the algorithm
of non-proportionate scaling is to build a matrix of
minimum sums of importance of pixels:

g,. ,y=1
(13)

1
g,, tmin(m,_, ),y #1

In figure 6 for the digital image matrixes of minimum
sums is represented for different gradients, which was
calculated by a two-dimensional correlation with using
cores of simplest, Roberts, Pruitt and Sobel filters
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Fig.6. Matrixes of minimum sums research

d)

The final step is to determine the sequence of
coordinates for further enlarging or reducing the image:

num(mcin(my ) Ly=R
I = S (14

y

1 R
num(rlgl}l‘l(my,lyﬂJrk ))’ Y= R— 1’1

The result of this step is shown in the figure 7.

e

c)

d)

Fig.7. Research of coordinates sequence for further enlarging or
reducing digital image
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CONCLUSION

In this paper, the first step is taken to achieve the main
goal [7] — to determine the violation of the integrity of the
digital image as a result of scaling. For this purpose, it was
implemented and investigated the various algorithms not
only proportional, but also the main non-proportionate
scaling.
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AHoTtanis—Y naniii po6oTi po3riasHyTa 3a1a4a He4iTKOro
JIOTIYHOT0 BHCHOBKY /ISl NPHIHATTA pilleHb B 3agavax
nmia0opy KOHTHHIEHTY CTYACHTIiB BHXOASIYM 3 BHMOT
NMOTeHUiHHNX po6OTOAABUIB, 110 JA03BOJISIE 3MEHIIUTH Yac Ha
00po0OKy iHdopmanii npo kKaHAMIATIB HA KOHKPETHY MoOcaay.

KnawuoBi cioBa: Bubip aabTepHATHB, HedyiTKa JIOrika,
aBTOMaTH30BaHa iHdopmaniiiHa cucTeMa, He4iTkHil BUCHOBOK,
HeYiTKi cy1’KeHHsl, arperyBaHHs aJlbTePHATHB.

Abstract—This paper considers the problem of the fuzzy
logic inference in order to support the decision making
procedure of students’ selection based on the requirements of
the potential employers. This approach allows reducing the
time spent on the processing of the information about
candidates for a certain position. The fuzzy characteristics of
the input data set are implemented, the set of fuzzy logic
inference rules is defined, the algorithm of fuzzy logic
inference, which allows selecting students that better suite for a
certain competence, is outlined. For the example we have
considered the problem of selection of the best candidate for
the position “Junior Front-End Developer” among the set of
four sample candidates. By using the set of required skills in
the field of front-end web development, we have applied the
proposed approach to estimate the scores of such skills for each
candidate in order to pick the candidates with the best score.

Keywords: choice of alternatives, fuzzy logic, automated
information system, fuzzy conclusion, fuzzy judgments,
aggregation of alternatives.

1. BBEJIEHHS

Cucremu, 3aCHOBaHI Ha HEUiTKiH Jorimi, po3poOieHi i
YCHIITHO BIIPOBA/KECHI B TaKUX OOJACTAX, SK YHpPaBIiHHS
TEXHOJIOTIYHUMH IIPOLIECAMH, TPAHCIIOPTOM, IOOYTOBOIO
TEXHIKOI0, METMYHA Ta TEXHIYHA JIarHOCTHKA, (hiHAHCOBHI
MEHE/DKMEHT, (DiHaHCOBHH aHaIi3, Oip»KOBe NPOrHO3YBaHHS,
po3mi3HaBaHHA  00pa3iB, MOCTIUKEHHS  PHU3UKOBUX 1
KPUTHYHHMX  ONepaliif, INpoTrHO3yBaHHS  3EMJICTPYCIB,
CKJIaJaHHs aBTOOYCHHX PO3KJIAAIB, KIIMATHYHUN KOHTPOJIH
B OymiBIIX.
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Binpmricte cydacHHMX 3aJad  yIpaBIiHHS MPOCTO HE
MOXYTb OYTH BHpILIIEH] KIAaCHYHUMH METOJIAaMU 4Yepe3 JIyxkKe
BENMKY CKJIAOHICTh MaTeMaTHYHHX MoJIeJed, o ix
OIHCYIOTb.

B ymoBax chorofieHHs, SIK HIKOJIHM aKTyaJbHAM IIOCTa€
PO3ryIsL MPoOIeMaTHKY NpalleBIaliTyBaHHs cryaeHTis BH3.
TakoX TOCTae MUTAaHHS IIONO INATOTOBKH CTYACHTIB, sIKa
[MOBMHHA MAaKCHMAaJLHO BIAMOBIJZaTH THM BHMOraM, SKi
BHCYBaIOTh POOOTOIABIII.

AKTyallbHUM € po3po0Ka MeXaHi3My NPHUHSTTS pillieHb
Juisi 00’ €EKTHBHOI OIIHKHM 3HAHb Ta HABUYOK CTYJCHTIB. Take
3aBaHHS € CIaboCTPyKTYpOBaHMM. B yMoBax HEMOBHOTH i
HETOYHOCTI iH(popMarii moOymIoBa TOYHOI MaTEeMaTHIHOT
MOJIENIi BUSBIAETHCA MPoOIeMaTHYHOIO. 3 iHIIOro OOKy,
CTBOPEHHS MOJETI CKIamHUX OO0’€KTIB, IO IMOTaHO
(dopMami3yloTeCsI, CTa€ BaXKKO 3MINCHEHHUM. Y TaKuX
BUTIAJIKAX HAWOUTBII C(PEKTHBHUMH € HEYITKI METOIH
MOJICITIOBAaHHA, SKi B 3HAYHIA Mipi 3acHOBaHI Ha 3HAHHSIX
eKCIIepTiB, Ha TMiJCTaBl SKUX, B CBOIO 4Yepry MOXYTb OyTH
OTpHMaHi TIO3WTHBHI pe3yJbTaTH B ITEPATHBHOMY IIpOIIEci
YTOUHEHHS HECyNepewInBOi Mopaemi. Y 3B’S3Ky 3 LM
JOLUTBHO BUKOPHCTOBYBAaTH METOJ] HEUITKOTO JIOTIYHOTO
BUCHOBKY JIJIsl BUPILIIEHHS 3aBJJaHHs OI[IHIOBaHHS Ta aHaJi3y
HaBMYOK Ta KOMIeTeHiH cryneHTiB BH3.

II.

3a ocraHHI pOKM 30UIBIIMIACS KUIBKICTH MyOJikamiil 3
TEOPETUYHUX Ta MPHUKJIAJHUX ACTIEKTIB CHCTeM O0OpOOJICHHS
HeuiTkoi iH(opmanii. Po3pobieni nporpamHi Ta anaparHo-
MPOTpPaMHi KOMIUIEKCH JJISl MiATPUMKH TPHHHATTSA pillleHb
Ha 0a3l HEYITKOi JIOTIKM Ta 3HaHb 3 PI3HUMHU DIBHIMH
iHTEeNeKTyanpHOCTi [1, 2].

AHAJII3 OCTAHHIX JJOCJIKEHD

[IpenmeTHOO 00JIACTIO OCTaHHIX JOCIIIKCHD € JOAATKU
y moOyTOBIl TEXHIIli, MEJUIMHI Ta iHIUX cepax JFOICHKOI
KHUTTEMISUILHOCTI [3-5]. HeoOXiqHO 3a3HAYMTH, 110 OCTaHHI
MPUKIaTHI Po3poOKH 00’€IHye HAMPsAMOK Ha peai3allifo
OIHI€ET 3 MOXKJIMBUX MOIU(IKAIH aNrOpUTMIB HEYITKOTO
JIOTiYHOrO BUCHOBKY, 8 CaMe — KOMIIO3HL[IHHOTO BUCHOBKY.



I1I.

Meroto naHoi poOOTHM € OOIpyHTYBaHHS JOLUIBHOCTI
MPAaKTUIHOTO BUKOPUCTAHHS HEYITKOTO JIOTIYHOTO BUCHOBKY
3 METOI0 INpPUIHATTA pilleHb B 33jadax BHOOpY HaiOUIbII
MATOTOBJICHUX CTYICHTIB A HpaneBnamuTyBaHHsS B IT-
kommanii. [le Tako JAOMOMOXE 3HU3UTH HABAHTAXKCHHS Ha
HR-MenemxkepiB Ta 3MEHIIMUTH Yac Ha IPOBEACHHSA
cmiBOeci.

META JIOCJIIPKEHHS

IV. BUKOPUCTAHHA HEUITKOI JIOT'IKU JJI OL{IHKH
KOMIIETEHLIIA

VY cydacHiil IpaKTHUIll HEYiTKA JIOTiKa 3aCTOCOBYETHCS Y
0araTbOX pI3HMX METOJaX OIIHKH, y TOMYy YHCIIi
AaHKETyBaHHS, IHTEpB’I0, TECTYyBAaHHS, OIMCOBHH METO/,
Meron kiacudikamii, mapHe IOpPIBHSHHS, PEHTHHIOBHN
METOA, AIJIOBI irpu Mozeni KoMIeTeHTHOCTi Tomio [5, 6].
KoxeH 3 MeroziB Mae cBOI IlepeBard Ta HEMOJIKH, aie
epeKTHBHI BOHH TUIBKA B CKJIaAli €IWHOI CHCTEMH
yhnpaBiiHHS TepcoHasioM. HeoOXigHo, 00 MeTOmoJIoris
OIIHKM, sKa 3a0esmedye Oa3zy i peamizamii QyHKITiH
YIIPaBIIiHHS TEPCOHAIOM:

e Oyna OCHOBaHa Ha 00’ €KTUBHIN iHPOpMAIIii Ta 1aBana

00’ €KTHBHI OLIIHKY KaHUIATiB;

CTHUMYIIIOBANIa THX, XTO 3MIHCHIOE Bigdip, IO
OOrpyHTYBaHHs pIILICHHS 3 YPaxyBaHHIM y3TO/PKEHOT
CHCTEMH KPHUTEPIiB;

3a0e3rneyniia B3a€EMOPO3YMIHHsSI CTOPIH IPH OLIHII
niepcoHaiy [7];

3abesrneunsia peaizariito 0OIPYHTOBAHHUX

YIPaBIiHCHKUX PIIICHb.

[Mpu anamizi pe3ynbTaTiB OIIHKK IEPCOHATY BHHHKAE
IeBHA CTYMiHb HEUITKOCTi. Sk Metom miust peamizaril
CHCTEMHOTO MiJIXOJly JI0 OLIHKH MEPCOHATY 3arpOIIOHOBAHO
BUKOPUCTOBYBATH HEUITKYy JIOTiKy, MaTeMAaTHYHH{ arapar,
SIKFHA J03BOJIsIE TOOYTyBaTH MOJENb 00’ €KTY, 3aCHOBaHy Ha
HEUiTKUX po3cyldax 1 mpaBwiax. Haiironosnima ymoBa
CTBOPEHHS TaKOI MOJENi MOJsrae B TOMy, OO mepeBecTH
HEYITKi, SKIiCHI OI[IHKH, IO 3aCTOCOBYIOTHCS JIFOJIHOIO, IO
MOBH MaTeMaTHKH, 3pO3yMiJioi KoM ioTepy [8, 9].
HocnipkeHHs: B 00J1acTi 3aCTOCYBaHHsSI HEYITKOI JIOTIKH B
comioekoHOMIUHUX cucteMax [10] IO3BOJSIOTE TOBOPHUTH
PO MOXKJIMBICTH 11 BUKOPUCTAaHHSI JJIsl OLIHKA KOMITETEHIIIN
crynentis BH3.

V. MATEMATUYHE 3ABE3INEYEHHS /15 BUPIIIEHHSI
3AIAY
Hexaii U — 0e3miu enemeHTiB, A — HOro HeYiTKa

MiZIMHOXKUHA, CTYIiHb NPHHAIEKHOCTI €JIEMEHTIB SKOr0 €
yucso 3 oxuHuyHoro iHtepBany [0,1]. IlinmMHOXMH A €
3HAUCHHSIMH JITHTBICTUYHOT 3MiHHOT X.

Hexaii 0e3miu pilieHb XapaKTepPU3YEThCS HAOOPOM
KkputepiiB X1, X,..., Xp, TOOTO JNIHIBICTUYHMX 3MIHHHX Ha
0azoBux MHOXxuHax Uy, Us,..., U, Bigmosimno. Habip 3
JIEKUTBKOX ~ KpUTEpilB 3  BIMNOBITHAMH  3HAYCHHSIMU
XapakTepPU3yIOTh VSBIECHHS MPO 3aJO0BUIBHICTH PIIICHHS.
MinnmuBa S «33aJJOBUTBHO» TaKOX € JIHTBICTHYHOIO. [IpuKimas
BHCJIOBJIIOBAHHS:

dy: «flkmo X; = uu3bka Ta X = rapHe, To § = BHCOKa».
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V 3aranbHOMY BHUIAJIKy BHUCIIOBIIIOBAaHHS Ma€ BUTIISL:
di«fxkmo Xy = Ay taX,; = Aj;1a.. X, = Ay, Tomi S = B,

[Mosnaunmo mnepetnH X; = Ay, iNX; =A45; N .. Xp = 4p;

yepes X = A; . Onepauil NepeTUHy HEUYITKUX MHOXHH
BIJMIOBia€  3HAXO/DKEHHS  MIiHIMyMy  iX  (QyHKIi#
MIPUHATISKHOCTI

1, ) = min {ps,, )t (02), o, 1, (1)},

ae V=U; xU; X..xXUp; = (ug,ug,..., up), ta(1y)
3HAYEHHs NPHMHAJNEKHOCTI €IEeMEHTa u; HEWiTKid MHOKMHI
A;;. Toni BUCTIOBIIOBaHHS HaOy/e BUTIISAIY:

d;: «Axkmo X = A;, T0S = B».
[MosHauumo 6a3oBy MHOxkuHy uepes W . Tomi A' —
HeJiTKa migMHOXkMHA W , B Tol wac sx B' — Heuirka
i AMHOKIMHA OJMHUYHOTO iHTEpBaiy I.

IMImiKamiss HEYiTKUX MHOXHH BHPAXA€ThCS B TaKUN
crocio:

uew, D) = minf1, (1 - pa(w) + ()},

ne H — "HeuiTke miaMHOXKUHA.

AHanoriYHMM 4YHHOM BHUCIOBMIOBaHHS di,d3,...,dq
IIePETBOPIOIOTHCA Y MHOKMHM Hy,Ho, ..., Hg.
Ix 06’ equanuam € MHOHHA D!
Ta U1 KoxkHoro (w,i) € W X [I:
up(w,i) = minfu,, (w,0)},i=12,..,q.
weW
Posriasinemo  BuOip anbTepHATWB, KOXKHA 3 SIKHX

OMHUCYETHCS HEUITKOIO MIAMHOXKHHOI C 3 migMHOXuHE W .
3aq0BUIBHICTh aNbTEPHATHBH BH3HAYAE€THCA HA OCHOBI
KOMITO3UIIIHHOTO NpaBuiia BUBeaeHHs. Toxi:

ug (i) = max, ey Amin{uc(w), up(w,i)}}

3icTaBieHHS aIbTEPHATHUB BIIOYBAa€THCS Ha OCHOBI
TOYKOBHX OILIIHOK.

A, = {x|lpy(x) = a,x €I}

Jist KokHOTO A, MOXHA OOYHCIHWTH CEpPEIHE YUCIIO
enemeHTiB M (4,):

%bi(bi +a;)

?zl(bi + a;[')

Toxl TouKOBE 3HAYEHHS [JIT MHOKHHH A:

Tmax
J- M(A)da,
0

n
i=1

M(Aa) =

M(A) =

“max
JI€ @y — SHAYCHHS, TIPU IKOMY 4 Ma€ MaKCUMYM.

Ilpu BuOOpi anbTepHAaTHB, JUIL KOXHOI 3 HHX
BU3HAYAECTHCA 3aI0BUIBHICTE 1 OOYHMCIIOETHCS BiIIOBIIHA
TOYKOBa OIfiHKa. Kpaiowo BBaXae€ThCsl albTepPHATHBA 3
HaHOUTBIIAM i 3HaYeHHM [11].



VI. 3ACTOCYBAHHS IHOOPMALIMHUX TEXHOJIOTTA 151
MIATPUMKU BUPILIEHHS 3AIAYI BUSIBJIEHHS HAMKPAILIOTO
IIPETEHJIEHTA

Jns  BupimeHHs 3amadi  BUABICHHSA  HAHKPAm[oro
IpeTeHJCHTa Ha  MEBHY  BAaKaHCII0  IPOIOHYETHCS
BHKOPHUCTAHHS KITI€HT-CEPBEPHOI TEXHOJOTI], Ska 60a3yeThCs
HAa BHKOPHCTaHHI cepBepy ©6a3 mammx MySQL, MoB

ge ge

¢ id_organizacii - int(11) [ @ id_navik : int(11)

ndb.organizaciya maindb navik

nporpamyBanas PHP, JS, CSS, HTML. V d¢parmenTi
MOJIeJIi JaHUX TPEJICTaBICH] HACTYIHI CyTHOCTI.

CrpykTypa 06a3u JaHHX LITIOCTPYEThCS (parMeHToM 0asu
JlaHUX, sIKa HaBeJieHa Ha pUcyHKy 1. HaBenenwii ¢parment
MOKa3y€e OCHOBHI CYTHOCTI (TaOJwili) 3a JOTIOMOTOK SKUX
30epirafoThcs JNaHHI PO  CTYACHTIB, iX HaBHUYKH,
KOMIIECTEHIIi1, piBHI KOMIICTEHIIii.

Oe

Y ¢ id_tip_nav : int(11)

Ho maindb.st

{2 ST_ID - int(10)

maindb tip_navika

nazvanie_organizaci - char(150) 2 nazvanie_navika - char(100) nazvanie_fip_nav : char(100) ST_F1R - char(20)

# id_tip_navika  int(11) 4 9 ST_F1U - char(20)

# skhala_ot - int(11) K g oaindo tip_podtvergd ST_F1E : char(20)

ﬂ & mandb vid_raboti 4 skhala_do - int(11) | ¢ id_tip_podtv : int(11) 5 ST_F2R : char(20)

* @ id_vida_raboti : int(11) nazvanie_tip_podtv : char(100) ST_F2U : char(20)

2 Nazvanie : char(100) 2 ST_F2E : char(20)

ﬂo nandh urovni_navikov lﬂ & mandb podtvergdenie_navik 5 ST_F3R : char(20)

Yo mand uroven_kompetencii | @ id_ur_nav _inl(11) @ id_podtv_nav : int(11) ST_F3U : char(20)

- g id_urov_komp - ini(11) # id_navika : int(11) 2 nazvanie_podv : char(100) 5 ST_F3E : char(20)

o Nz vairIe: RN RO CHATCT00) nazvaie_urov : char(150) ¢ 4 id_tip_poditv - int(11) ST_F4R - char(20)

# ocenka_ot : int(2) 5 organ_vidavshiy : char(100) 3 ST_F4U : char(20)

# ocenka_do © int(3) m data : date ST_F4E : char(20)

€ g id_nav_st : int(11) 5 ST_F5R : char(20)

-.'ﬂ O b kompetenciya ST_F5U - char(20)

@ id_kompet : int(11) r n & mandb sostav_kompet n £ mandb naviki_studentov 5 ST_FS5E : char(20)

€ 4 id_organizaci - int(11) @ 1d_sostava @ int(11) Y ¢ id_nav_st - int(11) # ST_CNTR : int(10)

@ nazvanie_komp - char(100) # id_urov_nav - int(11) 4 # id_st: int(11) 4 # ST_POL " int(11)

€ & vid_raboti : int(11) € 4 id_kompet : int(11) € w id_urov_nav : int(11) m ST _DR : date
l_‘ # uroven_kompetencii - int(11) # znachimost : int(11) # ocenka_st - int(3) ST_MR - text

Puc. 1. ®parMeHT Mozei 1aHHX.

[MocnigoBHicTh BUKOPHUCTAHHS MIPOrPaMHOTO
3abe3rneueHHs Moke Oyt HactynHa. CrymeHTH, sKi
pO3MIIAAIOThCS  SIK TOTEHLIMHI KaHIUIATH, CKJIAJAI0Th
TecTH abo0 3aloOBHIOIOTH AaHKETH Ha IJACTaBl  SKHX
¢dopmyeThcst 0a3oBa iHpOpMaLis IMOAO0 X KOMIICTEHIIIH,
3HaHb Ta HaBWYOK. Llg iHdopmaris morpamiie mo 0Oa3m
nmanux. [loTiM 3a JOMOMOTOIO MPOTpaMHOTO 3abe3MmedeHHs
peastizyeTbesl IEpBUHHA OIliHKAa KOHTHHICHTY CTYACHTIB, Ha
migcTaBi  sKOoi (OPMYETBCS CIHUCOK KaHAMIATIB, SKUH
PAHXY€ETHCS 3a 3HAUYCHHSIM TOYKOBOI ominku. Came I1i JaHi €
NEpBUHHUMH U BiIOOpYy HaWOLIbLI MEepPCIeKTHBHUX

KaHIUIATiB, 3 SKAMH I[IOTIM TPOBOAUTHCS HOAAaTKOBA
cmiBbeciza.
VII. PO3PAXYHOK KOHTPOJIBHOI'O IMPUKITALY

3aBIaHHA MOJIATAE B TOMY, 11100 BUKOPUCTOBYIOYH METO[
HEYITKOTO JIOTIYHOTO BHCHOBKY, BHSBHTH HaWKpaIloro
npereHenTa. [Ipukinan migbopy KaHIUIaTiB Ha KOHKPETHY
mocaxy «junior front-end developer», 0CHOBHUMH BUMOTaMH
SIKOT €:

e D;: «Ixmo kaHOWmAT Mae HABHYKH poOoTH 3 JS,
CSS3, HTMLS, to BiH 3a70BOJIbHSE (1[0 BIAMOBIIA€E
BHMOTaM)»,;

D,: «Skmio BiH 10 d1 Mae HaBuuku podotu ¢ JQuery,
TO BiH OUIBII HIK 3aI0BOJIBHSIC),

D;: «ixmo BiH mo dl Mae HaBuYkH poOOTH C
Bootstrap, To BiH OLTBII HiXK 33OBOJIHHSEY;

Dy: «SIkuio BiH mMae Bci 00ymoBiieHi HaBuukd B dl,
d2, d3, To BiH Oe3mOraHHMII,;

Ds: «Skmo He mae HaBu4KH pobotH 3 JS ado CSS3
a6o HTMLS, BiH HE 3a70BOJILHSIE.

Ananiz w’satu iHdopmariiiHux ¢parMeHTiB nae m’sTh
KPHTEPIiB, SIKi BUKOPUCTOBYIOTECS B YXBaJICHHI PiILICHHS:

e X, — HaBHuKa poboTH 3 JS;
e X, —HaBuuka pobotu 3 JQuery;

e X;— HaBnuka pobotu 3 CSS3;
e X, —naBuuka pobotu 3 HTMLS;
e X, — HaBH4Ka poboTH 3 Bootstrap.

Maemo 4 kaHauIaTy I OLHIOBAHHS 1X KOMIIETEHIIIN.

[ndopmamis mpo KaHAWZATIB U; — Uy € YMOBHOIO,
BUXOJSYH 3 OOMEXKEHb MIOJ0 PO3TOJIONICHHS NePCOHABHIX
jganux. OIIHKA KOXXHOTO KaHIuIara [peJCTaBleHl Y
Tabymmi 1.

TAE.HI/ILUI 1. OL[IHKI/I KOXHOT'O KAHIUJIATA I10 HABUYKAM
Kamarn HaBuuku
JS | JQuery | CSS3 | HTMLS5 | Bootstrap

u 0,8 0,5 0,5 0,1 0,3

u, 0,6 0,78 0,8 0,77 0,5

us 0,3 0,8 0,33 0,5 0,2

uy 0,3 0,2 0,75 0,78 0,8
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TakuM YMHOM, BHKOPHCTOBYIOYHM aJTOPUTM HEYITKOTO
BUBOAY JUIsl minbopy crynentiB BH3 Ha HeoOXinny mocany,
OTPUMYEMO TOYKOBI OIIHKM KaHIuAaTiB. To4YkoBa OIliHKa
33J0BUTBHOCTI ISl anbTepHATHBHU U; JopiBHIoE 0.3, mist u,
mopiearoe 0.7041, u; — 0.4257 ta uy — 0.4957. B sxocrti
HalKpamoi ajJbTepHaTHBH BHOMPAEMO TOTO KaHAWAATA, Y

SKOTO OIliHKa HaiiBumia. B Tabnmii 2 moka3aHO PeHTHHT
KaHIUIaTIB.

Ha pucynky 2 3o00pakeHa miarpama piBHIB HaBHYOK
KaHunariB. Take MpeacTaBiIeHHS MOXE ITiIBUIIUTH PiBEHb
HAOYHOCTI Ta TOMIIIIATH COPUAHATTS iH(OpMAIIii.

TABJIMLI 1. PEATUHT KAHIAUJATIB
HaBuuku .
KaHI[l/lI[aTﬂ ToukoBa oninka
JS | JQuery | CSS3 | HTMLS | Bootstrap
u 0,6 0,78 0,8 0,77 0,5 0.7041
uy 0,3 0,2 0,75 0,78 0,8 0.4957
u3 0,3 0,8 0,33 0,5 0,2 0.4425
u 0,8 0,5 0,5 0,1 0,3 0.3
w [Juw 4
93
Bootstrap I — S JQuery
HTML5 CSSs3
Puc. 2. [liarpama piBHIB HABHYOK KaHIHIATIB.
[2] W. U. Kosanenko, T. A. ®apuonosa, C. b. Ilpuxoabko, Memoowt
BHCHOBKU npunamus pewenuil. Yuebnoe nocobue, Hukonaes, HYK, 2009.

Pe3ynbraté  MpPOBEACHOTO JIOCHIDKEHHS  JI03BOJISIOTH
3pOOUTH BUCHOBOK, IO BHKOPUCTAHHS METOAY HEYiTKOi
JIOTIKH CIIpHsie MiI00py HAHOUIBII BiAITOBIMHIX KaHAWAATIB
Ha KOHKPETHY TOCaay i TUM CaMHM CIpHsSIE€ CKOPOYEHHIO
gyacy Ha 00poOky iHpopmamii mpo kaHaumatiB HR-
MeHeDKepPOM KOMITaHii, SKUi B3a€MOJII€ HE 3 JIECATKaMHU, a 3
coTHsAMH KaHaunatiB. [laHa metomoioris mae iH(opMariiro
PO KaHIWAATIB, a OCTATOYHE DIIICHHS NpHUIMAaE JIOIMHA,
sIKa Ma€ Ha 11 TOBHOBa)KEHHS.

PosrmsiHyTa  METOHONOTISL  OIHKA ~ KOMIIETEHTHOCTI
¢axiBuiB Moxke OyTH ajanToBaHa 1 I iHIHMX cdep 3
ypaxyBaHHSAM CIEIU(IKH MiIIPHEMCTBA Ta OCOOIMBOCTEH
CHCTEMH YIPABJIiHHS EPCOHATIOM.
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Anomauis - Po3riisiHyTe IMTAHHS PO BILUIHB aTMOchepHuX YMOBH Ta KUIbKICTh arMocdepHux onafniB. HeoOximHoO
onajaiB Ha I'PYHTOBHUH YKpHMB 3emJi, i Hacaiaku miaBUIIEHHS 3MOJIENTIOBATH JTaHy TEPUTOPIFO 3TiIHO HassBHUX
piBHS  miaTomdeHb i 3aTOmeHh Ha  RINAHLI  3eMJi.  XapaKTEpHMCTHK, Ta 3a 3aJaHUMHM yMOBaMM aTrMOCepHHX
3anponoHoBaHMii croci0 MoJe1I0BaHHSI NMOBepPXHEBUX CTOKiB omamiB  BifOOpasHTH TpOLEC IIOBEPXHEBOTO CTOKY Y

A5 TMependadyeHHsl NPoOJIeMHHX cHTyamiii Ha MicneBocTi 3pydHOMY [ aHAi3y BUIVIAAL, IO JO3BONMIO OH
9 1 . . .
HOB SI3aHUX 3 HA/IMIPHUMH OTIa1aMH. BU3HAYUTH KPUTWYHI TOYKM JAUISHKH, B SIKHX PIBEHb

Knouosi cnosa - mareMaTHdHe MOAEJIOBAHHS, ONAIH, 34TOIICHb MPUMMATUME HebaxaHi SHAYCHHL. )
3aTONJIEHHS], piBeHb BO/IH, Janamagr, NOBEpPXHS, BaxxinuBo BIA3HAYMTH, IO MAaKOTh MICLe ABa PI3HHUX
indpacTpyKkTypa, cilbchbKe rocnoaapcTso MIIXO0AHW 0 MTOCTAaHOBKH TaKoOl 3a7ad4l, a caMe JJIsi TEPUTOpPIl

CLIBCHKOTOCIIOIAPCHKOT NISUTBHOCTI Ta TEPUTOPIT MiCTa.
[Nepmmii BUMagoK OMMCYE MPUPOAHY TEPUTOPIIO TOINIB,
) ) ) JIyTiB, MACOBHUII Ta IHIIAX BHIIB CLIBCHKOTOCIOIAPCHKIX
CyuacHa HisTbHICTH T0Au  TICHO TNOB’s3aHA 3 TaKMM  yring. Jlani TepuTOpii MAKOTh NEPEBAKHO OXHOMAHITHHIA
ponecoM, sK aT.MOC(bele OIaad, BOHM X B KOHKPETHOMY penbed Ha OJHIM BH3HAYCHIN IUIAHIN, TOMY OCOOJHBHMH
BUNAJKy — Jouwi. B Garatbox BUMaIKaX HAaIMIPHI Omaau 30HAMH JIOCTI/DKCHHS TIOBEPXHEBUX CTOKIB OyIyTh MeXi
TPU3BOJIATH 10 HETATHBHUX HACHIIKIB, TAKHX K 3aTOINICHHS  pisypx JiIsHOK, A¢ Penbed) 3MIiHIOETBCS IS MEPEXOAy Y
i migronnenHs moBepxHi 3emm. Ichye .HCO6X1}1HICTI) HOBY AiIsHKy. Takox BaXJIMBO BPaxyBaTH, IO HA TAKHX
TIpOTHO3YBaHHsI MPOLCCIB MOBEPXHEBHUX CTOKIB y BUNAAKAX  ppuposHiX TEPUTOPIAX 3HAYHOW MIpO Ha MpPOLECH
IHTCHCHBHHX OMaJiB 3 MCTOI0 NPUHHATTS TPABHUIBHHX  [10BepXHEBOrO CTOKY BILIMBAC POCIMHHMII map, WO Oyje
pIICHE MOI0 3a1:1061ramm HCTaTUBHHX BIUIMBIB, TAKAX AK  cyTTeBO 3MIHIOBATH MOBEIIHKY IPOIECIB CTOKY 3TiIHO CBOiX
epo3is IPYHTIB 1 3aTOIICHHA TEpUTOpiil. Sk B ymoBax BiacTUBOCTed. TyT MOXKHA BiIMITUTH TUTAHHS TPO JiCOBI

1. Bcryn

MiCTOOYAyBaHHS TaK i B PO3BUTKY CLIECHKOTO TOCIIOIapCTBa, HACAUKCHHS, W10 3aBAAKH CBOIX CTPYKTYpPi ZO3BOJSIOTH B
BAXKIMBO  [PABUIILHO OLIHIOBATH OCOOIMBOCTI peﬂbﬂi)y 1 [eBHiif Mipi CIIMHUTH [POLECH TOBEPXHEBOTO CTOKY 3aBISKH
FOro B3a€MOJIII0 3 BOJHUMH MacaMu aTMOC()EPHUX ONaiB. BEJIMKIA KITBKOCTI BOJM, IO MOTJIMHAIOTHCS AepeBaMu. I3
LOBOr0 K NUTAHHS BHHHUKA€E CIOpIJHEHAa TeMa ITJHATTS

II. TTOCTAHOBKA IIPOBJIEMU piBHIB TPYHTOBHX BOJ Ta IOYaTOK TPOIECY 3a00JOYECHHS

MICLIEBOCTI BHACHIIZIOK BUPYOyBaHHs JICIB, IO BJIACHE i
BOJIM TTOTJIMHAJIH.

Jpyruit BUIIAJI0K CTOCY€ETHCS NPUHLMITIB
MicToOymyBaHHS. TyT OBEPXHEBUII IOKPUB TEPHUTOPIT SIBIISIE
coboto esiki OyniBenbHI MaTepiaiy, Taki sk acanbT, OETOH
ta iHmi. Ilpomecw iH}impTpamii (mpocodyBaHHS BOOM B
MOBEPXHIO) Ha JaHid Tepuropii OynyTh HaJI3BHUYAHO
MOBIIBHIMY, CHPHUSIOYM HAIMIPHOMY HAKONMYECHHIO BOJAU
Ha mnoBepxHi. CloM X AomaeTbcs TOM (akT, 110 3HAYHA
YacTHHA TEPHUTOpil Mae aBTOMATHYHO MO30aBISATHCS Bif
HaKoONWYeHHs BoAH. Lle B OCHOBHOMY CTOCYEThCS HaxiB
OyIWMHKIB, 3BiIKH CHCTEMH BOIOCTOKY CIIPaBJISIFOTH BOIY JIO
HmiIHDKOKS OyIuHKIB, a TOOTO ByiMipb Micta. Omke, Ha
MOBEpXHIO  JaHoi  Tepuropii  BinOymyTbcs — 3HaYHI
HABAaHTAXEHHSA 31 CTOPOHH BIUIMBY IIOBEPXHEBUX CTOKIB.
[Ilo6 yHMKHYTH Takoi cHTyalii HEOOXiHO peTeNIbHO
MIpOaHATI3yBaTH TEPUTOPIii MICTa, OIIHWTH BPA3IHMBI TOYKH
Ta MIATOTYBaTH POOOTO3[AaTHI CHCTEMH BOJIOCTOKY, IO
OyIyTb IIepEeHANPABIATH PyX BOAHUX Mac 3 BAXKIMBHX MiCLb
TEPUTOPIi, Taki K BYJUIN MicTa, y Oe3edHi A1 BiBESJICHHS
MICIISL, Taki SIK, HAPHUKIAA, PIYKH ad0 KaHaNU, K MOXYTh
OyTu Ha TepuTopii MicTa.

Sk 3po3ymislo, BHACHIZOK MPOXOKEHHsSI aTMOC(EpHUX
OIaiB BOJHI MacH B JIESKHUX CBOIX KIJIBKOCTSIX ONMHHSIOTHCS
Ha cyxomomi. Ilicms mim nmier0o CWIM TSOKIHHS 1 BOIU
MIPUPOJHBO PYXalOThCS Y BOAOWMH Ta 3HIDKEHHS penbedy.
Takwii pyx 1O MOBEPXHI 3eMJIi HAa3UBAETHCS MOBEPXHEBUIT
cTik. Po3pisHsIOTE TpH (a3M TOBEPXHEBOTO  CTOKY:
CXWJIOBHH, TaibpBeroBuil 1 piukoBuil. lloBepxHeBHil CTiK
BUPAXAIOTh Yepe3 TakKi IMOKa3HWKH: BUTpara Boau, 00'eM
CTOKY, MOIYJIb CTOKY, IIap CTOKY.

[ToBepxHeBHi CTIK Bifirpae myXe BaXIJIUBY pOJIb B
porieci Kpyroooiry, BU3HAYa0ul PO3IMOILT BOTHUX Mac 10
3eMHIill TOBEpXHi, IPYHTOBUX BOJAX i BojoiMax. | mroncpka
IiSTBHICTD TOYMHAE KOH(IIIKTYBATH 3 IIUM IIPOIIECOM.
[ToBepxHEBI CTOKM BpaXalTh CUIBCbKE TI'OCIOAAPCTBO,
MOPYIIyIOYd BONHUHA OajlaHC Ha TEPUTOPISIX  YTilb,
BUKJIMKAIOYH €pO3il0 IPYHTIB, 3HUIYIOUM HAsBHI ITOCIBH, Ta
MICBKY  iHQpacTpykKTypy, pO3MHBaroud  (pyHIaMEHTH
OyniBenb, 3aTOILUIIOIOYM BYJMII Ta CHHHSIOYM 3BUYHY
ISIIBHICT.

Mu Oynemo po3risiiaTd INeBHY 3aJaHy y 3aralibHOMy
BUNAAKy AUBIHKY Tepuropii. Bimommii i  penbed,
0COOJIMBOCTI  XapaKTePUCTHK MOBEPXHI, METEOpOJIOTiYHi
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OToX, MO YCYHEHHS HEraTUBHUX HACHIOKIB VLA
JUSUTBHOCTI JTFOJMHHU BiJl NPHPOJHUX IPOILECIB KPyrooodiry
BO/IM, HEOOX1THO MPABMIIFHO aHAJII3yBAaTH MOXIIUBI BHITAIKH
Ta Ha IX OCHOBI INpWIMaTH pIMIEHHS PO BCTAHOBJIECHHS
HEOOXiTHUX CHCTEM KOHTPOJIO PiBHA 3aTOIUICHb.

III. MATEMATUYHA MOJIEJIb 3AJIAUI

Jliist Toro, 11100 aHasIi3yBaTH MpOIeC TOBEPXHEBOTO CTOKY
1 piBeHb 3aTOILTIOBAHOCTI HEOOXiAHO CKIACTH MAaTEMATHIHY
MO/IETIb, B IKY BXOJUTHME!

HocmimkyBana  teputopis.  IloBepxHs, Ha  SKy
NOTpaIvIsiioTs  arMocepHi  omaam, i pembed Ta
XapakTepHCTHKa MOKpuBY. Ha mepmomy erami po3poOKu
MIPOEKTY BHKOPHCTAaEMO IEpepi3 TEpPHUTOpii, SIKMH MOXKHa
MPEICTaBUTA B JBOBHUMIPHOMY IIPOCTOpi 32 JIOITOMOTOIO
nesikoi MateMatndHoi ¢GyHKIii kpuBoi. Lle mocuts Bemuke
CIIPOLICHHS BCE JX JO3BOJNUTH SIKICHO OLIHWUTH IPOLECH
MMOBEPXHEBOI'0 CTOKY 1 JOCTIIUTH 3aKOHOMIPHOCTI, SIKi
Ii3HIIIe MOKHA Oylle PO3BUHYTH Y ITOBHOIIHHY TPHUBUMIPHY
3ajauy.

Jnst BH3HAa4YeHHS TaKOi TEpHUTOPIl y IBOBHMIpHOMY
BUIMAJKy Oy/e JOCTaTHBO BXITHOTO MAacHBY 3HaY€Hb BUCOTHU
Teputopii. Take mpenCTaBICHHS MOXXHA MaTEMAaTHYHO
IHTEpPIIOJIIOBaTH 1 OTPUMAaTH HEOOXiJHY alpoOKCHMAIIi0
JaHUX JJIS TOJAJBIIOl pOOOTH.

Kinbkictb armocdephux omnaniB. OCKilbKU HAC LIKaBUTh

3arajbHa  KIUIBKICTH  OHAdiB, iX  MOJKHA  3aJaBaTd
CTaH/IAPTHUMH 3HAUYEHHSMH MUIIMETPIB B TOJUHY, SIKE JIETKO
BAMIPIOETBCS ~ METEOPOJIOTIYHMMH  TIPUIIAIaMd  9d  3a

JIOCTyl'IHI/IMI/I JaHUMHU TUX CaMHUX MeTeOpOJ’[OFquI/IX CTaHLIiﬁ.

AJropuTM OOYHCIICHHS 3allOBHCHHS. ByJnemMo BBakaTH,
0 3alOBHEHHSI TEPHUTOPil MOYMHAETHCS 3 3arIMOMH, TOOTO
TOYOK JIOKAJIbHUX MIiHIMyMiB. 3aIllOBHCHHS TPOJIOBKYETHCS,
IIOKH KW BA3HAYEHNHM KUIBKICTIO OITamiB 00’€M BOIH HE
HATIOBHHUThH 3arIMOWHY, a00 He Oyae MOCATHYTHH MepIuuit
JIOKaJTbHAM MAaKCHMyM 3ariHOWHH, TOOTO MiCI Je Boja
MTOYHE TIePEIMBATUCS HAa CYCIHIO TUISHKY, 200 YTBOPIOBATH
UM HOBY, 00’ €JHaHy i OLTBITY 32 00’ €MOM.

A. [looamkogi ymosu

Takox BapTO BII3HAYUTH, IO B IIEPCIICKTUBAX PO3BHTKY
MOXKHa BBECTH JIOJJaTKOBI yMOBH, IO IOKPALIyIOTh
PO3paxyHOK piBHS 3aToruieHs. Cepel TaKuX:

e BunapoBysanHs. SIKio nependavacTbCs TPUBAIHN
Yac po3MIAy NPOLeCy 3aTOIUIeHHS, TO 3HAJZOOHTHCS

PO3paxyHOK  IIBMAKOCTI ~ BHIIAPOBYBaHHsS  BOJIOTH 3
BU3HAYEHOI JUITHKH.

o [HdinpTpamis. 3HayHa YJacTHHA BOJIOTH
NPOCOYYETBCS B IPYHT, BH3HAYAIOYM LUM IPOLECH

MIATOIUICHHS, MiJABUINEHHS DPIBHS TPYHTOBHX BOZ, a00 X
TMIOTIaIaHH y 1HIII APy MPOLECY MOBEPXHEBUX CTOKIB.

IV. AJITOPUTM 3ATIOBHEHH

PosmisitHeMO  omMH i3 pO3pOOJICHMX — AITOPUTMIB
3allOBHEHHA 3arnnOnHu. Hexaii B Hac BXe € 3agaHa B
JIBOBUMIPHOMY BUIAJIKy TepUTOpis, sIKa Oyna

IHTepIIoNIFOBaHA, 1 OTPUMaHa ampoKCcUMYyroda (DYyHKIIs, IO
ormcye ii penbed. Takox sl KOXKHOI TOYKH JIOKaJIBHOTO
MIHIMyMy € CBOSl BEJIHYMHAa O0’€My 3allOBHEHHA, sKa
OIUCYEThCS BIACTAHHIO MDK i TOUKaMH Makcumymy. Tomi
KO)KHA 3aryInOWHA MaTHMeE CBill iTbOBHI 00°eM, sxuii Oyne
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3alOBHEHMH BHACHIIOK il  Jeskoi
XapaKTepUCTHKU KUTBKOCTI ONaIiB.

BCIMYUHU V

Tenep MOXHa NPHUCTYNHTH IO MOJEIIOBAHHS HPOLECY
3aTOIUIEHHS JUIsl OJHIET BU3HAYEHOI 1-TOT JUISHKH:

OnmcyeMo IUISHKY TOYKOIO MIHIMyMY, CYCiTHIX TOYOK
MaKCHMyMiB, LTHOBUM 00’€MOM 3allOBHEHHS, KPOKOM
BEJIMYMHU 3allOBHEHHS, 110 JOPiBHIOBATHME THCSYHIN IO
PI3HMII MDK 3HaYEHHSIM BHCOTH MEHILOTO MaKCUMyMy Ta
MiHIMyMY.

[MovaTkoBuii piBeHb BOJM y 3ariMOMHI OPIBHIOE HYIIIO,
JmiBa 1 mpaBa Me)Ka BIMNOBITHO IOPIBHIOIOTH KOOPIUHATI
TOYKH MIHIMyMY.

Bepemo norounuii piBeHb BOJM 1 10Ja€MO JI0 HBOTO KPOK
3alOBHEHHS. 3HAXOAMMO JIBY 1 MpaBy TOYKY PiBHS BOIH 32
NPUHIUIIOM: TepeOMpaeMo apryMeHTH (YHKIII BIBO Bix
TOYKH MIHIMYMY, TIOKH PI3HHUIIS MK IOTOYHUM PIBHEM BOIM
Ta 3Ha4eHHAM QYHKLII He pocsrHe 3agaHoi TowHOCTi. B
TaKOMy BHIIAJKy MaeMO JIiBy MEXy HOBOTO PiBHS BOAH.

Slkmo OyB nMOCSTHYTHH JBMH Kpail, NpuUiMaeMo JiBY
MEXY TIOBEpPXHI BOAW 3a IIBUHA MaKCHUMYM, 3HAXOAUMO
MOTOYHUH 00°€M HANMOBHEHHS SIK IUIOIIy KPUBOJIIHIHHOT
Tpameuii, 0 YTBOpHWJIAcs MK BIIPi3KOM-DIBHEM BOJAU Ta
KPHUBOI IMOBEpXHi. Pi3HUIIO MK HITHOBUM 00’€MOM i THM,
mo HaOpaHWi, MepeJaeMo Ha CYCIHIO JIBY IUISHKY, a
MOTOYHY JUISTHKY BBa)KA€MO 3aIIOBHEHOIO.

AHanoriuHi MIpKyBaHHS NPOBOAATHECS MO0 MPaBOi
TOYKH PiBHS BOAM 3 BiANOBIHUMH MONPABKaMH, PyXaeMOCh
BIPAaBO, 1 YMOBOIO IEPEIIOBHEHHS Oy/Ie paBa Mexa.
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Puc.1 HanoBHeHHs 3arnuOuHu

BHUCHOBOK

B mporeci mocmimxenHs Oyno o0rpyHTOBaHE TEOPETUIHE
BUHHUKHEHHsS IIOBEPXHEBUX CTOKiB, iX BIUIMB Ha Micle
NPOXXKMBAaHHA JIOAeH y Mictax 1 cemax, Ha iCHyrody
iH(pacTpyKTYypy MiCTOOYyBaHHS Ta CLIBCBKOTO
TOCToiapcTBa. 3ampoloHOBaHI [0 pO3IIIAy OnHA i3
MaTeMaTHYHUX MOJIEJICH MPOIeCy MOBEPXHEBUX CTOKIB Ta il
MpoTrpaMHa peatizallisi A MOZICTIOBAaHHS 1 BiOOpaXKeHHS
pe3yJIbTaTy 3aTOIUICHb TEPUTOPil BHACIHIOK IHTEHCHBHUX
OIaiB.
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3aco0M MCeBAOHEICTEPMIHOBAHOIO IIOTOKOBOTO
mudpyBaHHS

Kapasan Bnanucnas Pycnanosuu
gaxynvmem iHpopMayiiiHuX MmexHono2itl ma KOMn 1omepHoi
inolceHepii
BiHHUIBbKNIT HALlIOHATIGHUH TEXHIYHUN YHIBEPCUTET
Binnuns, Ykpaina
vlad30.96.12@gmail.com

Anomayia—Po3rJIsiHyTO  aHAJi3 BiIOMHX IHOTOKOBHUX
mupis, AKi BUKOPUCTOBYIOTbCS IS 3aXUcTy iHdopmanii Big
HECAHKIIOHOBAHOr0 J0cTyny. Byiao po3podieHo cTpyKTypy
3aco0y mnceBIOHeIeTePMiHOBAHOT0 MOTOKOBOIO IIM(pPyBaHHS.
Buxopucranusi po3pod;eHoro 3aco0y [103BOJISIE JOCAITH
30i1bIICHHS] INIBUAKOCTI NOTOKOBOr0 MHU(PYBAHHS JAHMX, IO
MiATBEPIKEHO eKCIepNMeHTATbHIMH A0CTiKeHHAMM.

Kniouosi cnosa wugpysanns, nomokosi wiugpu,
ncee0oeunaoKosuil, Kpunmozpagis, ancopumm, 2eHepamop.

I. Bcrvn

CydacHi cucTeMH 3B’S3Ky OIEPYIOTh O€3IepepBHUM
IIOTOKOM JaHUX, a TaMm, Je BigOyBaeTbcs OOMIH
iHpopManiero, MOXIMBUA 1 i BuTIK. BukopucToByroun
BPA3JIMBOCT] JAHUX CHCTEM 3JIOBMHCHHUKH MOXKYTh OTPHUMaTH
HECAaHKIIOHOBaHMH  JIOCTYyNl ~ JI0  TNPHBAaTHUX  JaHUX
KopHCTyBauiB. TOMy € CEHC 3aXHIIATH CHCTEMH 3B’ 3Ky UL
YCYHEHHSI BUTOKY iH(poOpMaii 3 HUX.

Haitwacrime s peamizamii  mocraBieHoi — 3amadi
BUKOPHCTOBYIOTH Kpunrorpadiuti 3acoou. CTiHKICTh TaKux
3aco0iB  3alleKUTh BiI 00paHOrO  KpUOTOTpadidHOTO
MIepEeTBOPEHHSI, 30KpeMa MHdpyBaHHs. Y cHCcTeMaXx 3B SI3KY
Hal{gacTinie BUKOPHCTOBYIOTh IOTOKOBE IIN(PyBaHHS, aJDKe
JlaHi, 10 MIepeIAf0THCSI, HE € HallepeIBU3HAUCHUMH.

[puctpoi, mo peamizyroTh IaHI aNTOPUTMH, BiAIIOBIIHO
BTPaTWIN CBOIO aKTYaJIbHICTh, OCKUIBKM 3apa3 € Oararo
crocoOiB st ix o6xomy. ToMy mOHUTEHO pPO3POOHTH
CrHeliaJbHUI MPUCTPIA ISl TOTOKOBOTO INU(PYBaHHS Ha
6a3i HOBOro ayroputMmy. llceBroHeneTepMiHOBaHUH METO.
32 paXxyHOK CBOIX OCOOJHBOCTEH € JOBOJII CKJIQIHHM ISt
JOCIIUKEHHST 3JIOBMHCHUKOM, TOMY HOTO BHKOPHCTAHHS
3a0e3MeYnTh CUIIbHY CTIMKICTh PO3pOOJIEHOTO MPHUCTPOIO B
uitomy [1, 2].

OO0’€KTOM HaHOTO AOCIIMIKCHHS € MPOIEC MOTOKOBOIO
mmdpyBaHHS. IIpemmerom 3acobu
[ICeBIOHEACTEPMIHOBAHOTO TIOTOKOBOT'O IIH(DPYBaHHS.

MeToro  mOCHIIKEHHS 30UIBIIEHHS  IIBHUIKOCTIL

MOTOKOBOTO IU(PYBaHHS.

€

st T qocsrHeHHsT He0OXi1THO:

e TIpOAHANI3yBATH BiJIOMIi TIOTOKOBI mudpu

e po3pobutH METO[ TICEBIOHEICTEPMIHOBAHOTO
i pyBaHHS;
® pPO3pOOHMTH  TPHUCTPIH  ICEBIAOHEICTCPMIHOBAHOTO

MTOTOKOBOTO MIA()PYBaHHS;
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e peanidyBaTH NPUCTPIH 3a JOIMOMOTOI0 MOBH OITHUCY

amapatHoro 3a0e3medenus (HDL).

II.  AHAJI3 ITIPUCTPOIB HA OCHOBI [TOTOKOBOI'O

INNOPYBAHHA

[ToTokoBi mudpu — e Tpyna CAMETPUIHAX MIHPPIB, SKi
MIUPPYIOTH KOKEH CUMBOJ BIJIKPHTOTO TEKCTY HE3AJICIKHO
BiJ IHIIMX CHUMBOJIIB. B OCHOBI Takux mmdpiB € omeparis
XOR. 3 Tiero BiaMiHHICTIO, 1m0 rama mmst mudpy XOR
bopMyeTbCI 32  NEBHUM  QUTOPUTMOM,  SKHH €
KPHUIITOCTINKAM TeHEPaTOpOM [ICEBIOBUIIAIKOL
MOCTITOBHOCTI CUMBOJIB [3].

Ha croroaHi icHye 6arato mudpis JaHOTo Kiacy. biabin
crapi Ta HeHaniiiHi mmdpu — ne, Hampukiaag RC4 [4].
CyuacHiMM ¥ HaaifHIIMM  BBaXAlOTh, HANPUKIA,
Salsa20 [4].

A. Anapammuo-opienmogani nomokogi wiugpu

IcHytoTh mOTOKOBI mmM(pHU, sKi po3paxoBaHi Ha IX
anmapaTHy peamizamito. /o Takux mudpiB BigHOCATH AS,
ORYX, RC4 [5, 6].

Iudp AS5 BUKOPHCTOBYETHCS B CHUCTEMI MOOLIBHOTO
UQPPOBOTO 3B'SI3KY GSM TUTST 3a0e3neueHHs
KOH(QIICHIIITHOCTI JaHUX MiX TelneoHOM 1 0a30BOIO
cranmiero [5]. 1udp 3acHoBaHmii Ha mnOOITOBOMY
JOJlaBaHHI  3a  MOXYJeM JBa, IO TeHEPyeThCA
IICEBIOBUITAIKOBOIO IOCJIiTOBHICTIO. vy A5
TICEB/IOBUIIAIKOBA TIOCIIOBHICTE peaji3yeThCsl Ha OCHOBI
TPHOX PETICTPIB 3CYBY 3 IIHIHHAM 3BOPOTHIM 3B'I3KOM
(P3J133). Perictpu matotes moBxwmHHA 19, 22 1 23 OGitH
BiAmoBigHO [5].

[MTorokoBwuii mmbp ORYX nependavasocs
BUKOPHCTOBYBATH JUIsl 3aCEKPEUyBaHHs JIaHHUX, IEPEIaHNX B
aMEpPHKAHChKMX MEpeXax CTUIbHHKOBOTO MOOIJIBHOTO

3B'sI3ky [6]. o ckmamy reHepaTopa IICEBAOBUIAIKOBOL
nocnigoBHocti (IIBIT) ORYX BXomsiTh Tpu 32-po3psiaHUX
P3JI33 A, B i C, a Takox 8-po3psmuuii S-Omok 3
(ikcoBaHOlO TaOmumero 3aMiH. KiroueM € modaTkoBa
3anoBHeHHs1 Tphox P3JI33. B excropTHOMy BHKOHaAHHI
3aCTOCOBYETBCS ~ ITOPUTM  PO3TOPTaHHSA  KIIO4Ya, IO
CKOpOUYy€ KIIOYOBHH TMPOCTIp 0 po3Mipy, SKHH JETKO
TIEPEBIPAETHCS TPH MOITYKY KITF0Ya TIOBHUM ITepebopoMm.

B. Ilpoepammno-opicnosani nomoxosi wugpu

SEAL (Software-Optimized Encryption Algorithm) —
ONTHMI30BaHUN IIiJ] MPOTPAMHY peali3amil0 ITOTOKOBHUM



umgp, aBropu anropurmy @. Poryep i Jl. Konmepemir [6].
3a pomomorow BigHOCHO moBUILHOT onepauii SEAL Ha
MIOTIepETHLOMY €Talll IMEePEeTBOPIOE KIIIOYOBY iHPOpMaIio B
HaOip Tabnuk 3araneHUM o0csroM 3 K6. TToTim mi Tabmuri
BUKOPHCTOBYIOTBCSI ~ JUIi ~ MIBUAKOrO  IIHQpyBaHHA
iHpopmamii, BUTpadaroynm ONU3BKO II'SATH MAIIMHHUX
THCTpYKIil Ha OalT JaHUX.

OpmHi€r0 3 0COOIMBOCTEH IIHOTO UMDY € TE, IO BiH HE €
MTOTOKOBHUM IIH(POM B TPaAHULIHOMY CEHCI, a sBJsie cO00I0
ciMeiicTBO TIceBIOBUIAAKOBHUX GYyHKIIN. 160-0iToBHIA KITFOY
k i 32-6iToBe 3HaueHHs n (iHZeKkc) mudp mepeTBoproe B L-
6itoBuii psok k(n). L Moxe npuiiMaTu Oy/b-sike 3HAaUEHHS,
mo Menmie 64 kinobant. Ilependauaersbcs, mo sgkmo k
oOupaeTscst BUNAAKOBO, TO k(n) oOumcioBansHO HE Oyne
BiJIPi3HSITUCS Bi BUNaakoBoi L-0iToBOT PyHKIT Bix n [6].

Salsa20 cUcTeMa  IMOTOKOBOrO  IHMQpyBaHHS,
po3pobiena [lanienem beprmrefinom [7]. Anaroputm OyB
npezacrasiaeHnii Ha kKoHKypei «eSTREAM», MeToro sikoro
Oyll0  CTBOPEHHSI  €BPONEHCHKHX  CTAaHAApTIB  JUIA
muppyBaHHI JAaHWX, [0 MEPeJaroThCsl  IOITOBUMH
cucreMaMu. AINTOPUTM BHKOPHUCTOBYE Tem-(QYHKIO 3
JIBaAIITEMa LUKJIAMH. 3aBASKA TOMY, IO ITI€PETBOPEHHS
KOYKHOTO CTOBIIIS 1 KOKHOTO PsjiKa HE 3aJiekaTh OIHE Bif
OJTHOTO, OOYMCIIEHHS, HEOOXiqHI [uisi mupyBaHHSI, JIETKO
poszmnapanenuTy. Lle nae CyTTeBHii BUTpAI B IIBUIKOCTI JUIs
OuIBIIOCTI cydacHHX miatdopm [7].

HC-256 — Bnepue ony6mikoBanuii B 2004 pori. 128-
OiTHWiT BapianT OyB IpeNCTaBIEHHH Ha KOHKYpCi
eSTREAM, metoro sikoro Oyji0 CTBOPEHHSI €BPONEHCHKUX
CTaHIAPTIB JUIS CHUCTEM IIOTOKOBOro mudpyBaHHs [8].
[ToToxoBwi ardp HC-256 TeHepye KJIFOUOBY
mochimoBHicTE (keystream) moBxkwmHOIO 10 2128 Oit 3a
JIOTIOMOTO0 256-0iToBOrO Kitfoua (secret key) i 256-6iTHOTO
BeKTopa iHimiamizamii (initialization vector).

HC-256 micTuth nBi cekpeTHi Tabmwi, B KOXKHIN 3 KX
1024 32-6itHmx enemeHTa. llpW KOXHOMY  KpoIi
OHOBJIFOETHCS OJIUH €JIEMEHT 3 TaOJHIll 3a JIOMOMOTOO
HenmiHiiHOT  QyHkuii  3BopoTHOro 3B'sizky  (feedback
function). Yepe3 koxui 2048 KpOKIB BCi €IEMEHTH IBOX
TabaMIb OyIyTh OHOBIICHI.

OTxe, aHaNi3 MMOKa3aB, IO BCi BiJIOMi MOTOKOBI mm¢pu
BXe OynM 3JlaMaHi 3JI0BMHCHUKAMH, a TOMY Ma€ CEHC
PO3pOOUTH BIIACHUHA alTOPHUTM, KUK OyIe BIIKPUTUM IS
KOPHCTYBaYiB, 33 IS JOBEACHHS HOTO CTIHKOCTI, ajie HOro
KOHKpETHa peaizamis OylJe MaKCHMAaJbHO 3aXHWIICHA Bij
371aMy 37TI0BMHCHHKOM.

III.

s peamizaiiii ITaHOTO TPUCTPOIO OYyJI0 PO3pOOIICHO
Horo ysarajipHeHy cxeMmy. B 3arampHOMy 10 CKJIagy
MIPUCTPOIO TIOBUHHI BXOJAMUTH TaKi OJIOKH:

PO3POBKA CTPYKTYPU ITPUCTPOIO

e (IIOK reHepyBaHHS TaMH;
e OJIOK HaKJIaJaHHS TaMU;
e Ook iHTEpdEiicy.

VY3arajgpHeHy CTPYKTYPHY CXeMy IPHCTPOIO HaBEIEHO
Ha PUCYHKY 1.
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HaKJIaIaHHS
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iHTepdeiicy
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Puc. 1 — Y3araipHeHa CTPYyKTYpHA CXeMa IIPUCTPOIO.

o 670Ky iHTepdeiicy MOBHHEH HAAXOIUTH KIIIOY, SKHHA
motiM OyJie po30MBAaTUCSA Ha JeKiUIbKka yacThH. OTpuMaHi
YaCTHHU TMepelaloThcss Ha OJIOK TeHepyBaHHS ramMu. B
MEXax I[bOro  OJIOKYy  BimOyBaeThCcst — Oe3mocepenHe
dbopMyBaHHS TaMH, fKa TMOTIM HAIXOIUTh JO OJIOKY
HakyiaJaHHd ramu. Jlo nmaHoro OJOKYy TakoX HaaXxoIsTh
JlaHi, sKi HeoOximHO 3ammdpyBatu. B pesynprari nasi
HAKJIaJaroThes 3 TaMOKO 3a JomoMororo abo omepamii XOR,
abo omepanii imBepcHoro XOR. Ha Bubip ommiei 3 mmx
oreparii BIUIMBaTHME OJUH 3 PETICTPIB 3CyBY 3 JIHIHHUM
3BOPOTHIM 3B’s3k0M. OCHOBHHN (YHKIIOHAT MPUCTPOIO
mpumagae Ha OJOK TeHEpYBAaHHS TaMH Ta OJIOK HaKJIaJaHHS
TaMu.

A. Bnok cenepysanms 2amu

®dopmMmyBaHHA ramu BiZIOyBa€eThCS 3a
nceBioHeneTepMiHoBaHiM ~ Meromom  [1,  2].  Bmok
TCHEpYBaHHS TaMH CKIAIAa€ThCs 3 JBOX TPHOXOITHUX Ta
TPHOX BOCBMHOITHHUX PETiCTPIB 3CYBY 3 JIHIHHUM 3BOPOTHIM
3B’S13KOM Ta MYJIbTHILIEKCOPA.

Jo ycix pericTpiB HaAXOmATh 1X TIOYATKOBI CTaHU.
P3JI33 1, ta 1, popMyIOTh YKCIIO, SKE MOTIM HAIXOJUThH HA
P3JI33 2, Ta 2,. JlaHe 4mciIO 3a7a€ KUIBKICTH 3CYBIB, IO
Mmarote BukoHatn P3JI33 2, ta 2,. B pesynbrari Ha
MYJBTUILIEKCOP HAACWIAIOTBHCS [BI MOMXIIHMBI TaMH, IO
OyZyTb BHKOPHUCTOBYBATHCS Uil HakiIaaaHHA. Perictp
Select kepye BXomaMu MyJIBTHILIEKCOpPA, TOOTO 3aliMaETHC
BJIacCHE BUOOpOM onHi€l 3 oTpuMaHux Tram [2]. 3arampHa
cxeMa OJIOKy reHepyBaHHS TaMH HaBEACHO HA PUCYHKY 2.

% P3IT3 1,
% P31I33 1,

Cran

P3J133 2,

I

Cran

P3JI33 2,

I

P3J133 Select

Puc. 2 — CtpyxTypa 6510Ky TeHEepyBaHHSI TaMu

OTxe, Ha BUXOJI MYJIbTHILIEKCOPA OTPUMYEThCS [OTOBA
rama, 10 B pe3yJIbTaTi HAKJIaJAeThCs Ha JaHi.

B. Fnox naxnadanns 2amu

Cam mporec mudpyBaHHA BiIOYBa€eThCs Oe3mocepenHbo
y Ononi HaknanaHHs ramu. [laHuii GJIOK CKIaJaeThes 3 JBOX
BOCBMHOITHHX PETICTPiB, ABOX OINEPALIAHKX IPHUCTPOIB,



OJIHOTO BOCBMHOITHOTO pericrpy 3cCyBy 3 JIHIHHHM

3BOPOTHIM 3B’SI3KOM Ta MYJIbTHILIEKCOpA.

Jlo pericTpiB JaHUX Ta raM¥ HAAXOJATh BiIMIOBITHO JaHi
Ta rama, a 10 P3JI33 — mouarkoBuii ctaH. Jlani rama Ta maHi
moOiTOBO HaKIamamThesa 3a gomomororo XOR  abo
imBepcHoro XOR. Buxoau omepamiiHUX MPUCTPOIB €
BXOJJAMH MYJIBTHILIEKCOPA, SKUMH KEPY€E PETICTp 3CYBY 3
JMHIHHUM 3BOPOTHIM 3B’SI3KOM. 3arajbHa cxema OJOKy
HaKJIaJaHHI FaMH HaBeIeHO Ha PHCYHKY 3.

XOR

XOR

P3JI33
Operation

Puc. 3 — CtpykTypa 010Ky HaKJIagaHHS TaMU

Perictp ramu

Cran

OTxe, Ha BHUXOAI MYJIBTHIDICKCOPA OTPHUMYETHCS
MIU(PPOTEKCT, IO TOTOBUH Ul NepeNaBaHHS MO CHCTEMax
3B’A3KY.

1V. PE3YJIbTATU TECTYBAHHS

3anponoHoOBaHy CTPYKTYPY TIPUCTPOIO Oymno
peaiizoBaHo 3a nornomoroto I1JIIC 3 BUKOpHCTaHHSM MOBH
VHDL. CtpykTypy IpHCTPOIO peaii3oBaHO 3a JOIOMOTO0
TaKUX OCHOBHHUX CYTHOCTEMH:

e Zagalna;
o Twi;

e (Gamma;
e Encript.

Juis  mocmimkeHHS POOOTH peati30BaHOTO IPUCTPOIO
OyJno pO3pOOJEHO CYTHICTh, $Ka MOJEINIOE 30BHIIIHE
cepenosuiie. Ha pucyHky 4 HaBeIeHO 4acoBy aiarpamy
CHUTHAJIIB [IPUCTPOIO.

5| Wave - Default } Hl x|

[ ]

- )
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Puc. 4 — YacoBa nmiarpama CUTHAIIIB IPUCTPOTO

3 puc. 4 Ta MPOBEICHUX i Yac MOCTIIKEHb OIOYHOTO
Ta IHTETPamiHHOTO TECTYBaHHS  BHIHO, IO MPUCTPIH
Ipamioe KOPEKTHO Ta J03BOJIsE MM(PYBaTH IaHI, OIHAK
motpeOye OITBIIOr0 Yacy Ha TeHEpYyBaHHSA T'aMU MOPIBHIHO
3 BIIOMHMH amapaTHO-opieHToBaHUMH mmmppamu. Jlanwmit
HEIOJIK IMPOIMOHYETHCS YCYHYTH 32 PaxXyHOK 30UIbIICHHS
YaCTOTH CHHXPOCHTHAJIIB 0JIOKa TeHEpYBaHHS TaMH.

Kpim peanizamii sk creniajgizoBaHOro IPHCTPOIO,
3alpOIIOHOBAHUI METOJ] pEeali3oBaHO MPOrPaMHO  SIK
MOJyJb 3aco0y BiJyianeHoi aBTeHTHdiKalii KOpHCTyBadiB
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[9]. Pe3ynbTaTi TecTyBaHHS JAHOTO MOMAYJS TIOKA3aJH, 110
npu BUKOpucTaHHI kimowiB Ta P3JI33 3 pospsaHicTio,
KpaTHOIO PO3PSAHOCTI BUKOPUCTOBYBAHOI OOYHCIIIOBAIBHOT
raTopMu, TaHui 3acid He MOPOKYE TOAATKOBOI YaCOBOT
CKJIaZIHOCTI BUKOHAHHS aJrOPUTMY IpH poOOTi 3 GiTOBUMHU
MacuBaMH, SIK 1€ BHHHMKA€ 3 IHIIMMH arapaTHo-
OpIEHTOBAaHMMH NOTOKOBUMH INHU(pPaMH IIPHA IMPOTpaMHiN
peanizanii. BirnoigHo nanuii mmgp Moxe KOHKYpYBaTH 3
MPOTPaMHO-OPI€EHTOBAHIMH ITOTOKOBHUMH IIHUPpaMH B iX
NPUKIAJHAX TATy35X 3aCTOCYBaHHS.

BUCHOBKU

Amnani3 3aja4 nokazaB HEOOXiJHICTb PO3POOKH HOBUX
3aco0iB IMOTOKOBOrO INU(pPYBaHHA MJaHUX Y CYYacHHX
cucTeMax 3B’s3Ky. B ocHOBY po3poOKkH Takux 3ac00iB B3ATO
METOA MICEBIOHEICTEPMiHOBAHOTO MOTOKOBOT'O
mupyBaHHS.

Po3pobiieHo cTpyKTYpy MPUCTPOIO, IO peaizye AaHHH
MeToJ. AnapaTHa-OpieHTOBaHICTh JAHOTO METO/a IIOPOANIIA
HEOOXiTHICTH PO3POOKH CIIEIiali30BaHOTO 3ac00y Ha OCHOBI1
I[UIC. Kpim Toro, manmit Metrom Oyno peami30BaHO SK
NPOTPaMHMIl MOIYNb ULl PO3B’si3aHHs 3a4ad, sKi CTaBIATH
nepe]| porpaMHO-OpiEHTOBAHUMY ITOTOKOBUMH IIH(pamMu.

CrpoeKkToBaHHH Ta PO3POOJICHHUIA TMPHUCTPI MOXKHA
BHUKOPUCTOBYBAaTH B OyIb-SKHX cHCTeMax 3B’s3Ky. Lle Moxe
Oytu, Hampukian, umopyBanHs sk GSM  3B’sBKy y
TenepOHAX Ta CTaHLIAX MOOUIBHMX OIEpaTopiB, TaK i
JIAaHUX, 110 MEPeAalOThCs OpraHi3amisMi MK BiIJaJCHUMU
BiigaMu.
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The Throughout Modeling Of E-UTRA Network
with Adaptive Modulation
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Abstract — This paper focuses on the analysis of possible
throughout in network, that uses E-UTRA.

Previously, scientists considered the effectiveness of the
AMC system, it was calculated the throughout according to
Shannon's theorem in that research. The purpose of this work
is to compare the throughout according to Shannon's theorem
and real throughout according to the AMC system.

These results showed that even a smaller signal-to-noise
ratio is able to provide signal transmission by the channel with
acceptable errors.

Keywords—LTE, 4G, full frequency reuse, FFR, OFDM,
orthogonal frequency-division multiplexing, MCS, AMC, BLER,
block error rate, adaptive modulation and coding, E-UTRA,
throughout.

L

New generations of cellular communications appear
every year with a smaller interval between them.
Telecommunication companies are introducing new
technologies in this field. But as in any other area, the
question is to optimize the use of all resources with the
satisfaction of as many quality indicators as possible.

Recently, telecom operators in Ukraine began to provide
services of the 4G standard (LTE - long-term evolution).
This standard uses OFDM (orthogonal frequency-division
multiplexing) multiplexing (modulation).

One of the simplest methods of frequency domain
planning in OFDM systems is full frequency reuse (FFR).
This method has advantages and also disadvantages. The
benefits are simplicity and higher throughput compared to
other methods. A major disadvantage is the high level of
noise, because of the reason that it uses the same frequency
and as a result the signal / noise ratio (SNR) decreases.

The use of adaptive modulation and coding (AMC) also
helps to use the type of modulation that is optimal for a
certain signal / noise ratio. Such modulation should provide
the minimum possible value of the BLER (block error rate).

Previously, scientists considered the effectiveness of the
AMC system [1], it was calculated the throughout according
to Shannon's theorem in that research. The purpose of this
work is to compare the throughout according to Shannon's
theorem and real throughout according to the AMC
system.[2,3]

INTRODUCTION

II. THE IMPACT OF LOSSES ON THE AUTOMATIC CHOICE OF
MODULATION TYPE IN THE AMC SYSTEM

The design of LTE networks is to improve its physical
layer (E-UTRA Radio Access Network).

The E-UTRA network allows adapting to a subscriber
terminal by applying various types of modulation (Table.I).
[4] Each type can be used with a predetermined threshold
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value of signal / noise (SNR), that depends on the losses in
signal propagation.

The adaptive change of the modulation code scheme, as
the main part of the AMC procedure, includes the ability to
determine the SNR threshold value and, using the feedback
circut, change the transmission parameters and the type of
MCS.

MNéS M“‘:;‘l')aeﬁ"“ Code rate e?g:f;;:; SNR, dB
bit/s/Hz

1 QPSK 0.076 0.1523 6,8
2 QPSK 0.12 0.2344 52
3 QPSK 0.19 0.3770 3,1
4 QPSK 0.3 0.6016 22
5 QPSK 0.44 0.8770 0,8
6 QPSK 0.59 11758 1,4
7 16QAM 0.37 1.4766 33
8 16QAM 0.48 1.9141 53
9 16QAM 0.6 2.4063 7

10 64QAM 0.45 2.7305 10,5
1 64QAM 0.55 3.3223 11,6
12 64QAM 0.65 3.9023 14,1
13 64QAM 0.75 45234 16,8
14 64QAM 0.85 5.1152 18
15 64QAM 0.93 5.5547 21,5

III. THE SIGNAL POWER LOSSES

A. The losses in the main channel signal

This paper considered the changing parameters at 10
points (9 equal segments on the line of movement of the
mobile station), as shown in the figure (Fig.1)

The Extened Hata model for the medium-sized cities [5]
was used as the basis for calculating the power losses of the
signal. The input data are shown in the Table 2.

L=69.55+26.16 log( ) —13.821log(h, ) +

(1
+[44.9 - 6.55 log(h,)]log(d)’ - &

Where:
L :median propagation losses (dB);
f: frequency (MHz);



hy:transmitter antenna height above ground (m); from 1 and 2 cells it will be the same. The same can be noted

h.:receiver antenna height above ground (m); for the pairs 3,4 and 5,6.
d :distance between transmitter and receiver (km); .
b=1, if d<20km; R - 2J3-d +R2+2'2\/§'d 2 3 3)
a=(1.1-log(f)-0.7)h, —(1.56-log(f)-0.8)  (2) Lz~ 2 ' 2 )
TABLE II. INPUT DATA 2
R~ [2\/351] R? @)
Parameter Value
Frequency 1805-1880 MHz (Band3) 3. 2 NCY
. . R. = \3-d +R_2—ﬂ.]g,.£ %)
Maximum distance 1 km 56 2 ' 2 "2
Transmitting antenna height 30 m
— . Where:
Receiving antenna height 2m R; :distance from the antenna to 10 points on line of
Bandwidth 15 MHz movement (km)
Transmiter power 10 Wt Considering all the losses and noise from the signal
Antenna gain 16.5 dBi source and the sources of interferences, the signal-to-
interference-plus-noise ratio was calculated. (Table III)
Feeder Loss 2 dB
Bandwidth 4.5 MHz TABLEIIL.  SIGNAL/NOISE RATIO
Dist Signal/noise without Signal/noise with
. . . . . Istance, m interference, dB interference, dB
B. The summury interfering signal power including losses
There are six signals with the same frequency around the 100 499 394
central cell (Fig.1), that they make interferences for every 200 393 29.1
signal in the cell.[6]
300 33 233
400 28.7 19.1
500 253 15.8
600 22.5 13.1
700 20.1 10.7
800 18 8.5
900 16.3 6.5
1000 16.7 4.6

IV. THROUGHOUT

For the calculation of throughput, the Shannon theorem
was used.

_AF ‘log, (1+10%1") (6)

“3.10°

AF .
—1 f1 R, = 3.10° -log, (1+10"™") ()
—/1 f2 Where:

Rci: throughout without noise
| f 3 Re;: throughout with noise

P: power of transmitter

N: level of noise

h: signal-to-noise ratio
Fig. 1. Central cell with neighbour cells.

The distance from every neighbor interfering antenna to
every point of the movement is different, but we can say that
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But to compare the parameters was also used the The throughout of the channel calculated by real
calculation of throughout according to the adaptive MCS. indicators of AMC is much lower than that calculated by the
Shannon theorem. At the first calculated point, it differs
R.=y-AF (8) near 3 times more, at the second - about 2 times more, at the
third - by 1.5 times. As the receiving station becomes more
Where: distant from the transmitting station, the difference in
Rc: throughout according to the adaptive MCS throughout decreases. But this is true, only up to a certain
v: Spectral efficiency, bit/s/Hz distance. In the remaining gap, the difference between them
AF: bandwidth. is approximately the same (1.5 times).

100y T T
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Fig. 2. Throughout

From the graphs (Fig.2), it can be seen that the channel
throughout, calculated according to the Shannon theorem, in
the vicinity of the station is much larger than that calculated
by the real parameters of the MCS system.

The results of calculations , that is illustrated on Fig.2 is
in the Table IV

TABLE IV. THROUGHOUTS COMPARATION

Ra | Re | e | Mol Code | OIS SR
bit/s/Hz ’
82.86 65.42 25 64QAM 0.93 5.5547 21,5
65.24 48.43 25 64QAM 0.93 5.5547 21,5
54.94 38.66 25 64QAM 0.93 5.5547 21,5
47.64 31.79 23 64QAM 0.85 5.1152 18
41.98 26.47 17.6 64QAM 0.65 3.9023 14,1
37.37 22.1 15 64QAM 0.55 3.3223 11,6
33.48 18.37 12.3 64QAM 0.45 2.7305 10,5
30.13 15.13 10.8 16QAM 0.6 2.4063 7
27.19 123 8.6 16QAM 0.48 1.9141 5.3
24.56 9.85 6.6 16QAM 0.37 1.4766 33
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An Overview of the Methods of Modeling Capillary
Surfaces for the Method of Pendant Drop

Susak Y.Y.

Department of computer sciences and information systems
Vasyl Stefanyk Precarpathian National University
Ivano-Frankivsk, Ukraine
susak.slava@gmail.com

Anomayis—Bu3HayeHO MaTeMaTHYHI

BHCSY0I KpaIuIi.

OCHOBH MeTOay

KiwouoBi ciaoBa: BucAya Kpanis, aiamerp,
eKBaToOpiajJbHUil JAiaMeTp, KOHiIYHA Hacajaka,
IHITKOI0, KPYIJia TPyOKa.

eKBaTop,
Kpamis 3

Abstract— The mathematical foundations of the method of
pendant drop were determined.

Keywords: pendant drop, diameter, equator, equatorial
diameter, conical nozzle, drop with neck, circular tube.

I.  BCTVII

O06’€KTOM AOCIIIKEHHS B JaHii POOOTI € METO BHCAYO1
kparuri.[1]

Meton OyB ctBopenuit Emngpeacom, Xaycepom i
Takepom B XX CTOJNITTI i aKTUBHO PO3BHBAETHCS O IIHX
mip.

AKTyanpHICTh pOOOTH TOSCHIOETHCS — HEOOXITHICTIO
BUKOHYBATH CKJIaJHI PO3PaXyHKH CTaHy BHCSYOI Kparuti, 1o
BHMarae MareMaTHYHOTO MOJICJFOBaHHS.

Mertoro poOOTH € IPOBECTH aHaJ3 HAYKOBUX ITpallb, L0
ONHCYIOTh METOJ] BUCSYOI XBUJII Ta BUBECTU HEOOXIMHI JIs
MO/IEIIFOBaHHS MaTeMaTH4Hi GOpMYIIH.

PobGora moB’s3ana 3 HaykoBuMH mparsiMu Engpeca,
Xaycepa, Takepa, Yopriarrona, Micaka, Po, Bauerrn,
Pamakpimnana, ba0y.

II. OIJIAJMETOJY BUCSIUYOI KPATIJII

Mix¢asHa TeH310MeTpisi BUBYAE SIBHIIE MOBEPXHEBOTO
HaTATY.

[ToBepxHeBUil HATAT - TEPMOJMHAMIYHA XapaKTEPUCTHKA
MOBEPXHI MOJUTy JIBOX CEPENOBHIN, IO 3HAXOIATHCA B
piBHOBa3i a3, oOymoBiIeHa poOOTOI0  OOOPOTHOTO
130TEepMOKIHETIYECKOTO YTBOPCHHS OJAWHUIN TUTOMI ITi€l
MOBEpXHI MOJUTy 3a YMOBH, IO TeMIeparypa, oocsr
CHUCTEMH 1 XIMIYHI HMOTEHIIAJIM BCIX KOMIIOHEHTIB B 000X
(hazax 3aMMIIAIOThCA MOCTIHHUMU [2].
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[ToBepxHeBuUil HATAT Mae MOABIHHUIA (i3UUHHUN 3MiCT -
€HepreTUYHU (TepMorHAMIYHHIA) i CUIIOBUIL
(MexaHI4HMA). Enepreruune (TepMoMHAMIYHE)
BU3HAUYCHHS: TOBEPXHEBUH HATAr - ILie nuroMa podorta
30UIBIICHHST TIOBEPXHI MpH ii PO3TATYBaHHI 3a YMOBH
crajocti temrepatypu. CunoBe (MexaHiuHE) BH3HAUCHHS:
MOBEPXHEBUI HATAr - M€ CWiIa, IO i€ Ha OIMHHIIO
JTOBKWHH JiHii, Tka 0OMEKy€ TIOBEPXHIO PiAWHU.

Cuia MOBEpXHEBOTO HATATY CHPSIMOBAHA IO JOTHYHIN
0O TIOBEpXHI PIAWHHU, TEPIEHAUKYIAPHO OO0 JUISTHKA
KOHTYpPY, Ha SKHHA BOHA i€ 1 MpOmMOpLiiHA JOBXHHI i€l
quisiHk. KoediieHT mpomnopiiifHoCTI - cuJia, sika mpunajiae
Ha OJUHHUIO JOBXHHH KOHTYpPY -  Ha3UBAa€ThCA
Koe(illieHTOM MOBEPXHEBOI'O HATAry. BiH BHMIpIOETBCS B
HBIOTOHaX Ha MeTp. AJje OUIbII TPaBWIBHO JATH
BU3HAYCHHS IOBEPXHEBOrO HaTATy, sk eHeprii (Jx) Ha
pO3pHB OIWHHUII TOBEepXxHI (M?). Y 1[BOMYy BHNAIKy
3'IBISIETHCS SICHUH (PI3MYHMI 3MICT ITOHSATTS TIOBEPXHEBOTO

HATSITY.
Y 1983 pomi Oyno [HOBEOEHO TEOPETHMYHO 1
MiATBEPKCHO JNAaHUMH 3 JOBIJHHKIB, IO MOHATTS

MOBEPXHEBOTO HATATY PIITVMHH OJHO3HAYHO € YaCTHHOIO
TOHATTS BHYTPIIIHBOI eHeprii (xo4a i crenudiuHoro: st
CUMETPHYHUX MOJEKyn Omm3pkux 3a (Qopmoro 1o
Kyisictux). HaBemeHi B mili KypHaabHIH cTaTTi hopMysu
JNO3BOJAIOTH  [UI1  JAEIKMX  DPEYOBHH  TEOPETUYHO
PO3paxoByBaTH 3HAYEHHS HOBEPXHEBOI'O HATATY PIIMHHM 32
IHITUMH (i3UKO-XIMIYHUMH BIIACTUBOCTSIMH, HAIIPUKIIA, MO
TEIJIOTI MapOyTBOPEHHs ab0 M0 BHYTPILIHBOT eHeprii.

[ToBepxHeBuit Harsr Moxe OyTH Ha  KOPJIOHI
ra30moAiOHNX, PIAKKUX 1 TBEPIUX TUI. 3a3BUYall MAaeThCS Ha
yBa3i HOBEPXHEBHH HATST PIIKUX T HA KOPJOHI «piiuHa -
ra3». Y pasi piJKoi ITOBEpXHi PO3iTy IMOBEPXHEBUH HATSAT
NPaBOMIPHO TaKOX pO3DISAATH SK CWIy, IO i€ Ha
OJVMHHIIO JIOBKHHU KOHTYpPY TIIOBEpXHI 1 sKa IIparHe
CKOPOTUTH TOBEPXHIO 10 MIHIMyMY IpH 33JlaHUX 00csrax
thas.

VY 3aragpHOMY BHIIAOKY HpHIaj Ul BHMIPIOBaHHS
MIOBEPXHEBOT'O HATATY HA3UBAETHCS TEH3IOMETD.



OnHUMHU 3 OCHOBHHMX METOJIB, IIO 3aCTOCOBYIOThCS B
Mik(dasHiil TeH3ioMeTpil, € MeToAM Jexayoi Ta BUCIYOI
Kparnti. MeTox BUCSHOT Kparuti Oy/ie JeTallbHO PO3TIITHY THI
B IIili poOOTI.

TBopusMH MeToy BHCSYOI Kparuni HPUHHSATO BBaXKaTh
Ennpeca, Xaycepa i Takepa [3], sxi 3 aHamizy mpogiiro
BUCSYOI Kparuii BOepHIie OTPUMANH 3HAYCHHS IOBEPXHEBOTO
HATATYy 3 JOCTaTHBOIO TOYHICTIO. Pamimie momiOHi, ame
HEBAAJI CIPOOH 3AIHCHIOBANNCH HU3KOIO aBTOPIB, B TOMY
grcyi Yopriarronoum [4] 1 @epriocenom [5].

B po6Gori [3] BHUKOpHUCTOBYBAaNNCHh BHCAYI Kpayi 3
€KBaTOpOM, Ha Npo(diaI0 SKMX BUMIPSUIM €KBaTOpiaIbHUN
JiameTp 2X. 1 AiaMerp 2X(n) Ha BiACTaHi mX. (MpH m=2) Big
BEpLIMHY Kparuti, sk 300pa’keHo Ha puc. 1:

Zh
G :.’.]|
Vi

i
L

Puc. 1. IIpodine Bucsyoi kparuti

Kparuis 3Bucae 3 (hikcoBaHOTO KpyTJIOTO OTBOPY pajiycy
r, PO3MIIICHOTO Ha BHCOTI gy, A€ Z — KOOpAWHATA IIO
BepTHKaJi (HomaTHi HampsMm BBepx) i £ = 0 — piBeHb, Ha
SIKOMY THCK B PiMHI piBHUH HYITIO.

Sxmo V — “BumroBxyBaHui® 00’e€M pigmHH, (2 —
TIOBEPXHS Kparumi (MeXa CEepelOBHIN PiAWHA-TIOBITPS) Ta
|.Q| — IUIOma i€l TOBEpXHi, TO TOTEHIiadbHA EHEeprist
KoH(pirypauii 3aaeTbest Gopmyoro [6]

EO(Q)=0|Q|+p~gjde
X

JiIeé O — NOBEPXHEBUI HATAT,
p — TyTHHA PiHHH,
g — TIOCTIfHA CHIIN TSDKIHHSL.
YMOBOIO piBHOBarm € Te,

0 Tepma Bapiamis

noreHuianbHoi eneprii O(E, (€2, N)) piBua Hyiro s BCix
30ypens N nopepxni (| sxi nepneHmukynsapHi mo Hei i

CTalOTh piBHI HYyNIO Ha TpaHUIl OTBOPY. Biamosimno
piBusHHES Eftlepa MaTrMe HACTYITHUM BUTIISA

2H=—-yu
X=p -g/O‘ — [OCTiHHA.
Tyr H — cepelHs KpuUBH3HA IMOBEpxHI 2, 3HaK i€l

KPUBHM3HU BUOMpAEThCS Tak, 1100 BOHa Oyna J0AaTHS Ha
KiHYMKYy Kparui. BukoHaBum, sKkmo noTpiOHo, HeoOXiaHe
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HOPMYBaHHS, MOXXHa paxyBaTH, 0. YMOBa CTIMKOCTI
noJjsira€ B TOMYy, IO JIpyra Bapiailisi eHeprii JomaTHs IUis
OyAb-SIKOTO ~ HETPHUBIAUILHOIO  HOPMAJIBHOTO  30ypeHHs
MTOBEPXHI:

LO’E,(Q, N)>0 onaecix N #0

[Mpouenypa oGuucnenns y B [1] 3milicHioBaiach Ha
ocHOBI 3anexHocti 1/4cx.” Bix X(m) / Xe (OCTaHHS BeNMYMHA
3HAXOMUTBCS 3 eKcrepuMmeHTy). Llg 3anexnicts Oyna
3HalJieHa eMIIIpUYHAM LULIXOM, a came 3 He3MIiHHHX
JgiamerpiB 2x. 1 2x(ym A7 pi3HUX 1O po3Mipy 1 dopmi
Kpaneib Boau. IIpu 1boMy BEIMYUHA Xy / X, BapiloBaach
Big 0,7 mo 1.

B 6inbir mi3HIX poOOTaX OTPUMAHHSI 3aI€KHOCTI
1/4cx.” Bin X(m) / X TAKOXK IJTs1 m = 2 3[1HCHIOBAIOCH BiKE Ha
OCHOBI IHTErpyBaHHs TU(QEPEHIIaIbHOTO PiBHSIHHS

dy

a3) 2"_6(%)

B 0e3po3MipHOMY BHUTJSAAI. TOYHICTE OTPHMAaHUX JaHUX
Oyra BuIe, OUTBIIE TOTO, OXOILTIOBANACH IIUPIINA O0JIACTH
3MiHH X(m) / Xe .

Mucax B [7] Ha OCHOBI TaGIUUHKX 3aneKHOCTEH 1/4cx.” Bix
Xm) / Xe (11 m=2) oTpuMaB Habip anpoKCHUMaLilHUX
(hopMy, KOXKHA 3 IKAX JOOpE TMPAITfoe B IHTEPBATi:

(

sing __
7T =
b

_|_

0,32720

52,56651

) —0,975535% + 0, 840595 — 0, 18069

(nma 0,401 < S < 0, 46)

0,31968
§2,59725

(

) —0,468985% + 0, 500595 — 0, 13261

(s 0,46 < 5 <0,59)

T =

(U, 31522

82,62435

) — 0, 117145% 4 0, 147565 — 0, 05282
(s 0,59 < 5 <0,68)

0,31345
§2,64267

(

) —0,091558% 4 0, 147015 — 0,05877

(s 0,68 < 5 <0,9)

0,30715
92,8636

r—

e T=1/4cxe2.

MosxauBoCTi onrcaHoro B [3] migxomy Oysiu po3niupeHi
B poOorax [8], [9]: Hapsay 3 eKBaTOpiaIbHUM J1iaMETPOM
2X. B [5] mpomnoHyBaoch BUMIpIOBaTH AiaMeTp 2Xy,) Ha
BiJICTaHI MX, B/l BepIIMHA Kparwii it m = 1,6; 1,8; 2,2; 2.4
,aB[9]—mi m=1,25; 1,5; 1,75; 2,251 2,5 (B 060x poboTax
BHIIQJIOK M=2 Takox posrisiaascs). [llo crocyerbes
3aJISKHOCTI, TO B [5] BOHA Maia Takuil e (QpyHKIIOHATEHUI
BUTIIAA, IO 1 B [3], a B [9] Anst 3HAXOKEHHS Y
Bmg(;pI/ICTOByBaJIaCL Ta0JINYHA 3aJIEXKHICTD X(m) / Xe Bif
XeC .

) —0,691165° + 1,083155% — 0, 183415 — 0, 20970

(2 0,9<5<1)



THIImit BapiaHT METOaY BHUCSAYOI Kparuti
3anpornoHoBanuii Yinkesom [10]. [lns ¥oro peanizamis
HeoOXifHa Kparmis 3 IIUHKoIo (puc. 2), a BUMIPIOBaHUMHU
BEJIMYMHAMU CITy’)KaTh €KBAaTOPialbHUH JAlaMeTp Kpari 2X. i
JiaMeTp MUHKA 2X,,.
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Puc. 2. [Ipodine BUCAYOT KpaILTi 3 IIMHKOIO

Onucana B 1iil poOOTi cXeMa MOIIYKY BEJIMYHHH Y 3 2X, 1
2x,TI0 CYTi Taka X, 5K 1 B [3]: cno4yaTKy 3HaXOAUThCS
BiJTHOIIICHHS JiaMETPIB, MOTIM 3 3aJI€KHOCTI, IO TIOB’SI3y€
1€ BIJHOILICHHS 1 0€3pO3MipHUI eKBaTOpiaJIbHUH JliaMeTp
BH3HAYAETHCA C 1 3BIACH BIATIOBIIHO Y.

III. TIOPIBHAHHA BAPIAHTIB METOY

BUCSYOI KPATIJII I BUBEJIEHH S

DOOPMYVII

[NopiBHIOIOYH Ba BapiaHTH METOLYy — IpPEACTaBICHUI
B [3], [8], [9] i B [10], — BapTO 3a3Ha4YMTH, 110 BapiaHT
VYiHkesa, He3BaXKalo4u Ha TPyAHOLII B (POPMYyBaHHI CTIHKOT
Kparuli 3 IMUHKOI0, 3 eKCIIEPUMEHTAIBHOT TOYKH 30pY OLIbII
TOYHMH, 60 BUMIPIOBaHI B HBOMY BilIpi3KH 2Xc 1 2X () MAIOTh
OJIMHAKOBY NMOXUOKyY. B nmepiiomy BapiaHTi liaMeTp 2X(m)
BH3HAYAETHCS 3 OLIBLIO0 MMOXHOKOI0, OCKIIBKH JI0 BIACHOT
HOXUOKU 2X () AOJAETHCS OABOEHA IOXHOKA BUMIPIOBAHHS
2Xe.

PosrnsHeMO 1mIe oH BapiaHT METOy BUCSYOI Kparuti, B
SIKOMY, Ha BiIMiHY Bifl TPaJULIIIHHOrO C110c00Y (hOpMyBaHHS
Kparwii Ha KiHI[l KPYTJ0i TpyOKH, BAKOPUCTOBYEThCS
KoHi4HA Hacazaka [11]. ABTop 1iporo BapiaHnTy
3anpoINOHyBaB BUMIPIOBATH B XOJIi IOCBIAY BEJIMYMHH X 1 Z;
— JIGKapTOBI KOOPJMHATH BEpIIUHU KoHyca (puc. 3). [Ipu
LIOMY TIOBHHHI OyTH BiZJOMi KpaiioBuii KyT 0 1 KyT npu
BepLIMHI KoHYyca 2f3:

Puc. 3. IIpodine Bucs40i Kparuti Ha KOHIYHIN Haca I
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3 ypaxyBaHHIM BKa3aHMX BEJIMUYUH Napa JOAATKOBUX
yMOB Oy/ie MaTi BUTJISIL

b

:*-'!

-
| T=E

=tgp

4 P=iPe= %— |_;|+ﬂ

3podumo 3aminy: x=x(@,b,c) , z-z, = z(x,b,c)-z. 3Bimcu
x/(z-z,)=f(9,b,c,z;), oTpEMy€EMO cucteMy anredpaiyHux
PIBHSIHB 3 1BOMa HEBiOMUMH b
[8] s ciporienHst po3paxyHkiB baOy
3HAMIIOB IHTEPNOJIALIIHI TONTiHOMIANBHI hOpMYIIH, SIKi
OMHCYIOTH OUNIBII YaCTUHY JAiana3ony z / Xy :
2

fn’\/{_ — d-] + dg? + dy. (ﬂ)
€It
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BUCHOBKM
B naniit po6oTi Oyno 3xificHEHO aHaii3 1 y3arajibHEHHS
HAYKOBHMX Npallb NPOBIJHUX BYEHHX, IO CTBOPIOBAIU 1
PO3BHMBAJIM METOJ BHUCAYOI Kparuli, BUBEICHO OCHOBHI

Zt

Iy

Zy

T

MarematnyHi Qopmynu 1 pIBHAHHS, 110 OIKUCYIOTh
MMOBENIHKN BUCSAYOI XBHIII.

Jlani pesynbraTH MOXKYTb OyTH BHKOpUCTaHI B
JIOCHI/DKEHHSIX METOJy BHCA40l Kpami B Mbk(asHii

TEH310MeTpii.

AKTyanpHICT pOOOTH TOSCHIOETBCS HEOOXITHICTIO
BUKOHYBATH CKJIa[HI PO3PaXYHKH CTaHY BHCSIYOI KpaIuli, 10
BUMarae MaTeMaTHYHOTO MOJICIFOBaHHSI.

[TpoBeneHHs [OCHIKEHb 32 JAHOK TEMAaTHKOIO €
JOUITPHUM, OCKUNBKH JIO3BOJISIE  CYTTEBO  CIIPOCTHTH
BUKOPHCTaHHSI METOJy BHCSYOI Kparuli B XiMii, [0 MOXe
MaTy BUKOPUCTAHHS B TEOPETHYHIHN XiMil, IpaknaaHii Ximii,
MEJUIIMHI Ta IHIIUX Taly3sX, 0 0B’ s3aHi 3 XIMi€lo.
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Anomauyis— B nauiii po0oti 31ilicHeHO aHAaJIi3 0CHOBHMX
niAXoAiB  NoOKpamleHHss  napaMeTpiB  (QyHKUiOHYBaHHS
CYYaCHHX aHaJOoro-uupoBuX IepeTBOPIOBAYIB  LLIAXOM
BBe/IeHHsI CTPYKTYPHOI Ha/UIMIIKOBOCTI, a caMe CTPYKTYpPHO-
CXeMOTEeXHi4HOi, (yHKIiOHAIBLHO-2JITOPUTMIYHOT Ta
indopmaniiiHoi HAIMIIKOBOCTI.

Knrouoei cnosa —ananozo- uyugposi nepemeopiosai,
CHIPYKMYPHO- CXEMOMEXHIYHA HAOUIMKOGICIb, PYHKUIOHAILHO
-aneopummiuna HaouwiKogicm, ingpopmauiitna
HaonuwiKosicms.

Abstract— In this paper, an analysis of the main
approaches to improving the parameters of the functioning of
modern analog-digital converters by introducing structural
redundancy, namely, structural-schematic, functional-
algorithmic and informational redundancy.

Keywords— analogue-digital converters, structural and
schematic redundancy, functional-algorithmic redundancy,
information redundancy.

L Beryn

Buxopucranus CTPYKTYPHO-CXEMOTEXHIYHOT,
(bYHKIIOHaJIBbHO-ITOPUTMIYHOT Ta iHpOpMaIiHHOT
HaUTMIIKOBOCTI [1] 103BOJIsIE OKPAIIUTH XapaKTEPUCTHKA
i mpumBHAUTH mepedir mpouecy ALl nmeperBopeHHs 3a
paxyHOK KOMIICHCYBaHHsS IIOXMOOK ab0 KOpUTyBaHHS
pe3ynbTaTy NMepeTBOPEHHS. 3aCTOCYBAHHS CUCTEM YHCIICHHS
3 BaroBoto HaamumkoBicTio (CUBH) y Texaimi AL 1 [TATT
3arogatkoBaHo B CPCP HaykoBoio mikonoro mpodecopa
O.I1. CraxoBa [2] Ta B HACTYITHOMY HPOJOBKEHO IITKOJIOIO
mpocgecopa O.J1. Azaposa [1,3] He3ameKHO Bi aHATOTIIHUX
po0iT, mo po3ropuynucs BogHodac y CIHA mocmigHuKaMu
¢ipmu Intersil Inc.

Taras Pivarchuk
Department of oil and gas geophysics
Ivano-Frankivsk National Technical
oil and gas University
Ivano-Frankivsk, Ukraine
taras.pivarchuk@gmail.com

58

Mykhailo Petryshyn
Department of Computer Science and
Information Systems
Vasyl Stefanyk Precarpathian National
University
Ivano-Frankivsk, Ukraine
m.Lpetryshyn@gmail.com

II. CTPYKTYPHO-CXEMOTEXHIYHA HAJJJIMIIIKOBICTb

CTpyKTypHO-CXEMOTEXHIYHA HAJUIUIIKOBICTh TMOJISTAE B
BUKOPHCTaHHI JIOJaTKOBOTO OOJaJHAHHS, OJHUM 3 METO/IB
peamizamii € KOMOIHyBaHHS aJITOPUTMIB TIEPETBOPEHHS
JAaHUX, IO Tependadae 3HAXOHKCHHS TaKUX KOMOiHAIlii
KJIACHYHUX aJTOPUTMIB, SKi J[O3BOJSIOTH 3a PaxyHOK
He3HayHOro yckuamHeHHs crpykrypu ATl ninsumurn
TOYHICTHP Ta MIBHIAKICTH mporecy All mepeTBopeHHS.
PisnomanitTst komOiHoBaHux Al 3yMoBIIeHE O€THAHHIM
31e0UIBIIOr0 JBOX ajJrOPUTMIB 3 TPHOX THIIOBHX, a caMe
METOJy TOCJIiIOBHOTO HAOJKEHHS; METO/Ly TOPO3PSAHOTO
BPIBHOB@XECHHSI Ta METOLy O€3I10CEPEIHBOTO MEPETBOPEHHS

[4]. MoxmuBuM € 1o0OynoBa HAcCTYyNHHX BapiaHTIB
kombOinoBarnx ALIT (KALII):

e KAIIl Ha OCHOBI MOPO3PSIITHOTO KOJXyBAaHHS
Ta  TOPO3PSITHOTO  BPIBHOB&XEHHS  (IIOCIiIOBHOTO
HaOJIMKEHHS ),

e KANII Ha OCHOBI MIOPO3PSAHOTO
BPIBHOB@)KCHHS (mocnimoBHOTO HaOJNM)KEHHS) Ta

0e3rnocepeAHFOT0 IIEPETBOPEHHS;

e KAIIIl Ha OCHOBI TMOPO3PSIHOTO KOIYyBaHHS
Ta 0e3MoCcepeJHHOr0 NEPETBOPEHHSI.

OynkuionyBanas KALIl monsrae B Tomy, o
Jiarna3oH TEpPEeTBOPEHHS, MPEACTABICHUN 7 po3psaamMu
BUXIJJHOTO KOJYy, PO30MBaEThCs Ha JBa MiAJialla30HU 3
PO3PAIHOCTSIMHU TEPETBOPEHHS /11 Ta M B CIIBBIIHOIICHHI,
3aKJIaJCHOMY apXiTeKTypaMH CKJIaJIOBUX KOMIIOHEHTIB
AL, mo 3abe3nedyioTh MaKCUMaJIbHUH BUTpanl dYacy
nmepeTBOopeHHd. To0To, B MiAmiama3oHi i3 pPO3PATHICTIO
MIEPETBOPEHHS /1; MIPALFOE OJJMH METOJ IIEPETBOPEHHS, B 71, —
iHmmi, BiAMIHHEN Big momnepenHsoro. [IpoTe icHYIOTH
TEXHIKH, KOJHU Jiarma3oH PO3PSTHOCTI # PO3OMBA€ETHCS Ha
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Kilbka pIBHMX MiJJiana3oHiB, B KOXHOMY 3
3aCTOCOBAHO OJIMH 1 TOH CaMuil METO/I IIePETBOPEHHS.
[lepciekTHBHUM MOpYY 3 METOJaMU KOMOIHOBaHHUX
CTPYKTYp € MiAXij, MOB'I3aHUH 3 BBEJCHHSIM CTPYKTYPHO-
CXEMOTEXHIYHOT HaJUIMIIKOBOCTI, SKHH JJO3BOJISIE YHUKHYTH
¢ismgHOorO BIIMBY Ha eneMeHTH cxeM[8, 9]. B pasi
BukopuctanHs L[AIl Ha oOCHOBI JBiiiKOBOI cHCTEMH
YHUCIIEHHSA, 3MEHIICHHS CTaTWYHUX ITOXHOOK JOCATAETHCS
KOPEKI[I€}0 BHXiJHOI BENMYMHHM IUIAXOM  BBEICHHS
MOTIPaBKM B aHAIOTOBiH  ¢Gopmi, MmO (HopMyeThCs
nmonmatkoBuM KoperyBatbHuM L[AIl. B mpomy Bumaaky
nepeTBoproBaHuil koJ kopekuii K, mnocrymae (puc. 1), Ha
Bxig ocHoBHOro IIAIl i B mudpoBHil 00YHCIIOBAIBLHUI
npuctpiii (LIOIT). Buxinuuii pe3ynpTaT nepeTBOpeHHS Agy,y
(opMyeThCs 32 JONIOMOT0I0 aHAJIOTOBOTO cymaTopa. Takuid
MPHUHIU miaBUIeHHs ToaHOCTI LIATI € po3noBcroKeHNM 1
3aCTOCOBYETHCS MIPOBITHUMH BHpoOHIKamu 3aco0iB [1D1.

K, LAII

OCHOBHHI

SAKUX

6ux

LAIT
KOperyrouuii

1OoII

Puc. 1 — KopuryBanns BuxinHoi Benuunnan [[ATT

AT 3 Kopekiielo MOXe MPaloBaTh y JBOX PEXKHMaX:
KamiOpyBaHHs, MIPH SIKOMY BiZIOYBA€THCS BU3HAYCHHS KOJIIB
BIJIXWJICHb Ta 0€3M0CepeIHbO MOPO3PSIIHOTO MEPETBOPEHHS
3 KOPCKTYBaHHSIM 3HAUCHb KOMIICHCAIli HETOYHOCTI
po3psAmiB. 3aCTOCYBaHHS TaKOro MIiAXONYy 3a3BHUYAl
JIO3BOJISIE TIOKPAIIUTH OJMUH 3 mapamerpiB. Hampuximag
migBHUIIEHHS TOoYHOCTI ALl mepeTBopeHHS TPU3BOAUTH JIO
MOTIpIIEHHS IHIMX [apamMeTpiB, a came, 3MEHIIYEThCS
mBHAKOAisE mporecy  All meperBopeHHss Ta  3pocTae
CKIIQIHICTh 00JaqHaHHs [2].

III. THOOPMALIHA HAJUIMIIKOBICTh

BBenennst indopManiiftHoi HaIUIMIIKOBOCTI y BHIJISI
HA/UIMIIKOBUX CHUCTEM YHCJICHHS J[I03BOJIE OpraHi3yBaTH
NpoLeaAypy caMoKaiiOpyBaHHS 1 KOMIeEHcalii AMHAMIYHUX
noxubok 3HaueHb po3psaniB ALl i BukopucroByBaTH i
NpUHOMOM sl po3poOku  Oararopospsimaux AL 3
BHCOKOIO TOYHICTIO Ta MBUAKOAI€I0. OCHOBHOO TEPEBAror0
BUKOpHCTaHHS JBilikoBoi cucremu uucineHHs y [1®I
mopiBHsSHO 3 HIICY Ta OCHOBOIO YHCICHHS BiIMIHHOIO Bif
IBiiKOBOI € KJlacM4yHa (HE TOMOB)KEHA) PO3psAHA Mepeka,
BiJICYTHICTB HEOOX1IHOCTI 30UIBIIIEHHS KIJIBKOCTI
obnmamHaHHA, a  TaKoX  BiNCYTHICTB  HEOOXiTHOCTI
MIEPEeTBOPEHHS OTPHMAHOTO KOIy B ABiikoBmil. BogHouac,
sSK omHy 3 mepeBar BukopuctanHs HIICYU 3 a<2 Baprto
BUIIJIUTA MOXIIMBICTh KOMIIEHCALIT JUHAMIYHUX MOXHUOOK |
il pony.

HepomikoM  ABIMKOBOI  CHUCTEMH  YMCIIEHHS
nopiBassHo 3 HIICY €  BiacyTHICTP  MOMKJIHMBOCTI
kopuryBanHss B ALl cratmyHMX NOXMOOK aHAJIOTOBUX
KOMITIOHEHTIB  0e3 3arpaT 4acy TIepeTBOpEHHs Ha
0o0YMCIICHHSI 1 BBEJCHHS KOPUTYBAJIBHUX BUIPABICHb Y
IpoIeci OCHOBHOTO mepeTBOopeHHs. Taki mpouenypu
BUKOHYIOTBCSI B PEXHMI CaMOKaJIiOpyBaHHS IIPHCTPOIO.
OmHak mpH IBOMY 4YacTHHY HammumkoBocti HIICYH
HEOOXiTHO 3aTpaTUTH AN 3a0C3MEUCHHS HEPO3PHUBHOCTI
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XapaKTePUCTHKH BX1I-BUXi] MepeTBOPIOBAYA,
100y JOBaHOTO Ha HETOYHUX aHAJOTOBUX KOMIIOHEHTAX.
[lepciekTMBHUM € HampsMOK BUKOPHCTAHHS CHCTEM
YHCJICHHS, BIIMIHHMX Bix ABiKKkoBOI. Tak, 3amponoHOBaHO
3aCTOCYBaHHsI TpiMKOBOro uucieHHs [5], Ha 0a3i sKoro
po3pobieHo  ajganTuBHHEA  TpidikoBuit Al mns
BUKOPHCTaHHS B IIMPOKOCMYTOBUX CHCTEMax 3B'I3Ky. B
BUCOKOIIBHU/KICHIA cHCTeMi 3B'A3Ky |-TpiTHHIl TepHapHHUI
ALl mae muHAMIYHY I[TOPOTOBY aJamTaIlifo i 3ade3medye
(hopMyBaHHS BUXIZHOTO KOAY Yy TPIMKOBIf cHUMETpHUHIN
¢dopmi [+1,0,—1]. TpiiikoBuit ALl Brmrowae mapy 1-
po3psagaux Oinapaux ALIIL, onnH 3 IKUX HAJTAMITOBYETHCS B
HeiHBepTOBaHii (opmi, a iHmMI - B iHBepToBaHiil. KoxkeH
Oinapuuii ALl oxoruleHHd 3BOPOTHHMM 3B'SI3KOM, IO
JO3BOJIAE OJHOYACHO 1 HE3AISKHO aJaNnTyBaTdH Iapy
MOPOTiB, KOMIIEHCYIOUH e(DEeKTH 3CYBY MOCTIHHOTO CTPyMY.
B po6otax[6,7] po3pobieno cxema ALl mopo3psmaHOTO
3pIBHOBOXCHHsSI [MOYMHAKOYM B HAWMOJIOANIMX  Bar
pO3psiIiB, IO TNPHUIIBHIIIYE MPOLEC NEPETBOPEHHS B
BY3bKHMX TiJl Jiara3oHax. BBeneHO 107aTKOBY JIaHKY, IO
BUKOHYE€ TIOPIBHSHHS Pi3HUII BXiJJHOT aHAJIOTOBOI BEJIMYNHA
Ta cQOpPMOBaHOI CyMH BaroBMX 3HA4Y€Hb 3 OJMHUYHHM
STAJOHHUM 3HAYEHHSM, [I0 JIO3BOJISIE 3aBEPIIHUTH IIPOLEC
MIEPETBOPEHHS 32 MEHIIY KibKICTh KPOKIB, IO B CBOIO
Yepry npu3Bele A0 MiIBUIICHHS [BHIKOIII.

BUCHOBKM

[TpoanamizoBaHo  WiIXOOM  LIOAO  IOKPAIICHHS
mapaMeTpiB MBHUAKOAII Ta TouHocTi ALl mepeTBOpeHHS.
BusHaueHo, 110 MOKpalIeHHs] TapaMeTpiB eeMeHTHOT 6a3H,
BBEJICHHA 1H(QOpPMAIIIITHOI Ta CTPYKTYPHOI HATHIIKOBOCTI,
a TakoX KOMOIHYBaHHS CTPYKTYpP JO3BOJISIOTH MOKPAIIUTH
mapametpu AIlIl, mpoTe KOXKEH 3 METOHIB BOJOIIE
BU3HAYECHUMH OOMEKECHHAMH.
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Ternary Wavelet Transform
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Anomauyia—HenepepBHe TpilikoBe cHMeTpUYHe BeiiBJieT-

nepeTBOPeHHs 3aCTOCOBAHO hEE: JAeTeKTYBaHHSA
BHCOKOYACTOTHUX  XaPaKTePUCTHK  IHM(POBHX  CHIHATIB.
3niiicHeHO aHaJi3 edexTHBHOCTI 3aMponoHOBAHOI0
3aCTOCYBAHHA Yy NOPIiBHSAHHI 3  iCHyl4YMMHM  BeiiBjer-
nepeTBOPEHHAMH.

Kirouosi ciaoBa—uudposa o6podka indopmanii; BeiiBiier-
NepeTBOPEHHs; TpilikoBe CHMeTpPHYHe BelBJIeT-NepPeTBOPEHHS;
BHCOKOYACTOTHI XapaKTepUCTHKU HU(POBUX CHTHAJIB

Abstract—Continuous symmetric ternary wavelet transform
was applied for detection of high-frequency characteristics of
digital signals. Effectiveness of the introduced application was
estimated in comparison with existing wavelet transforms.

Keywords—digital information processing; wavelet transform;

symmetric  ternary  wavelet  transform;  high-frequency
characteristics of digital signals
1. Bcryn

udposa 00pobka iHpOpMALIi € KIIIOYOBUM €JIEMEHTOM
0araTb0X TEXHIYHHUX CHCTEM, SKi BUKOPHCTOBYIOTHCS Y PI3HUX
rajgy3sx €KOHOMIKH, YIpaBJiHHS, BUPOOHHIITBA, 3B 53Ky Ta
veauuuan [1 — ]. EdextuBHI pimeHHS y ramy3i muQpoBoi
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00poOku iHdopManii MiIBUIYIOTh e(EeKTUBHICTh mepediry
MIPOIIECIB, SIKI BKJIIOYAIOTh HU(PPOBY 0OpoOKy iHpopmarii, y
NPUKJIAJHAX TATY35X.

OpHuM 13 aKTyalbHHX 3aBIaHb LU(POBOI 0OpoOKM
iHpopMmarii € JICTEKTYBaHHS BHCOKOYAaCTOTHUX
XapakTepucTuk nnupoBux curHaiis [1 — 6]. s po3B’a3aHHA
OBOTO  3aBAAaHHS  3aCTOCOBYIOTBCS  pi3HI  BEHBIET-

MIEPETBOPEHHS, NPUYOMY, KOXHE 3 HHX, IPHCTOCOBaHE IS
00pOOKM JHIE TEeBHOTO KJIacy CHTHAJiB, TOOTO, Mae
0OMEXEHUH CIeKTp 3acTocyBaHHS [3 —7]. 3BiJcCH BHUILIMBAE,
II0 aKTYaJIbHOIO € Mpo0JieMa IeTeKTYBaHHS BUCOKOYaCTOTHUX
XapaKTEepUCTUK LU(PPOBHUX CHUTHAIIB 3a JIOIIOMOTOI0 HOBHX
CHHTE30BaHUX BEHBIET-(PYHKIIH Ta BIAMOBIIHUX iM BEHBIET-
NIEpETBOPEHb.

AHami3 OCTaHHIX [OCHIMKEHb y Tally3i JeTeKTyBaHH:I
BHCOKOYACTOTHHX XapaKTEPUCTHK LU(PPOBUX CUIHANIB BKa3ye
Ha Te, M0 JOCII/DKSHHS 00 PO3B’SI3aHHS JTAaHOTO 3aBJaHHS
3a  JIONOMOTOI0  TPIMKOBOrO  CHMETPHUYHOTO  BEUBIIET-
neperBopeHas (TCBII) we mpoBoamiuchk [2 — 7]. BomHouac,
3aCTOCYBaHHSI MeTOJiB LU(ppoBoi 00poOku iHdopmauii Ha
OCHOBI TpPIMKOBUX CHMETPHUYHUX (YHKIIH BOJOMIE psSIOM
niepeBar [2, 3, 8], siki BKa3yloThb Ha NEPCIEKTHUBHICTh PO3BIJIOK
y JaHOMY Harpsmi.



Metoro OCIIKEHHS € aHaIi3 e(heKTUBHOCTI
3aCTOCYBaHHs CHUHTe30BaHOro HemnepepsHoro TCBIT s
JIETEKTYBaHHS BHCOKOYACTOTHUX XapaKTEPUCTHUK HUPPOBUX
CHUTHAJIIB.

HaykoBa HOBHM3Ha OTpUMaHHX pPE3YJIbTATIB MOJSTacE B
YCHIITHOMY JIOBEIEHH] e(heKTUBHOCTI 3aCTOCYBaHHS
cuHTe3oBaHoro HemepepsHoro TCBII, y mopiBHSHHI 3
HAWOUIBII ~ Y)KMUBAaHUMH  BCHBIICT-IICPETBOPCHHAMU,  JJIS
JIETEKTYBAaHHS BHCOKOYACTOTHHX XapaKTEPUCTUK HUPPOBUX
CUTHAJIIB.

II. HENEPEPBHE TPIMKOBE CUMETPUYHE BEIBJIET-

[IEPETBOPEHH
B OCHOBI [IOBIILHOIO BCHBIICT-IIEPETBOPEHHS JICIKHUTH
GyHKIISA, Ky Ha3WBalOTh MATEPUHCHKAM BEWBICTOM, a

BIJINIOBI/IHE BEWBJIET-NIEPETBOPEHHS CHUHTE3yEThCS Ha OCHOBI
cucteMH (QYHKIIH, SIKI € CTUCHEHMMH Ta 3CYHYTHMH IO OCi
gacy KOIisSIMH MaTepUHCHKOTO BeiiBiera [4 — 6].

HenepepBaum BeIBIIET-NIEPETBOPEHHAM GbyHkit
f(x)eL,(R) Ha3uBaIoTh (QyHKIIIO ABOX 3MiHHUX
W (ab)=(f(®)|v,, @) abeR,ax0, (1

ne BeWBneTH VY, ,(X) € MacmraboBaHMMH Ta 3CYHYTHMH

KOIiIMU MaTepUHCBKOTO BelBiera y(x) € L, (R)

W, (x)= \/HW( ) abeR,a#0. 2)
TpifikoBUii ~ CUMETPUYHMA  MAaTEpUHCBKUA  BeHBIET
BU3HAUYECHO y BUTIIsII [3]
3 1
—1= t€l0,-),
(Frend
3 2

1(¢) = —, te[—,]), 3
vl@) \/; [ 3 ) 3)

1, 2
0,t2[0,~)U[=, D).
0.V D

Henepepsue TCBII cuHTe30BaHO MiACTaHOBKOIO (yHKIIi
(3) y Bupaz (1), mo y iHTerpaipHiii Qopmi 3amucaHo
HaCTYITHUM YHHOM:

W(ab)= Tf(t)\yla,b 0dt,a,beR,a+0, 4

—0

ne seiiprerun yl, ,(x) € MacmTaboBaHUMHM Ta 3CyHYTUMH

KOIMIsIMH MaTePHUHCHKOTO BeiBieTa 1 (x)

)abeR a#0. &)

ab(x) \/le(
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ObepHene 10 (4) mepeTBOPEHHA BHU3HAYEHO HACTYIHHM
YHHOM:!

da db

f(x)~ 010996j jW (@b, ()=

—00 —00

(6)

Henepepsue TCBII y Burisai (4) BHUKOpPHCTaHO JUIst
MOANBIINX JTOCIKEHh e(DeKTUBHOCTI 3aCTOCYBaHHS JTaHOTO
MEepEeTBOPEHHsT Ui JICTEKTYBaHHS  BHUCOKOYACTOTHHX
XapaKTEPUCTHK MU(GPOBUX CUTHAIIB.

III. E®EKTUBHICTb 3ACTOCYBAHHS TPIKOBOI'O
CHUMETPUYHOI'O BEMBJIET-ITEPETBOPEHHS J1J1A
JETEKTYBAHHA BUCOKOYACTOTHUX XAPAKTEPUCTHK
MHUOPOBUX CUT'HAJIIB

Juisn ouinku edexruBHOcTi 3actocyBanHs TCBII (4)
3aCTOCOBAHO TMOPIBHSJIBHUI aHami3 CKeijgorpam  (aHri.
scalogramm) [4, 5], onep»aHWX JUISI MHOXHHH 3aJIaHHX
TECTOBHX CHUTHAIIB Ha OCHOBI mneperBopenHs (4) (ST) Ta
IHIIMX TIEPETBOPEHb Ha OCHOBI BelBieriB Xaapa (haar),
Hob6emi 2-ro mopsinky(db2), Hobemi 3-ro mopsaky (db3),

Hobemi  4-ro  mopsaky  (db4),  OiopTOroHaNIbHOTO
3 mapameTpamiu 1.3 (biorl.3), 06i0pTOrOHATEHOTO
3 mapameTpamu 2.2 (bior2.2), 010pPTOrOHAILHOTO

3 mapameTpamu 3.7 (bior3.7).

MHOXMHA TECTOBMX CHTHANIB IOJiIEHa Ha JBI TPyIu:
translated Ta superimposed. Curnamm 3 nepmm rpynu
CKIQNAlOThCS 3 JBOX KOMIM 3amaHoi XBWII, SKI €
3MaiTaboBaHUMHU (MAlOTh Pi3HI YaCTOTH) Ta 3MIMICHUMH I10
oci yacy. CurHajm 3 ApYyroi rpynu CKIaJaroThCs 3 ABOX KON
3a7aHol XBHJII, SIKi € 3MalITa00BaHUMH, ajie HE3MIICHUMH 110
4acoBiil oci, TOOTO, BiAOYBA€ThCS HAKIAAAHHS XBHJIb Pi3HOI
YaCTOTH.

1 —

® haar

mdb2

mdb3

mdba
bior1.3
bior2.2
bior3.7

0 1 2 3 4 5 6 7 8
Tectosi curHanu

Puc. 1. [liarpama nepeBaru HenepepBHUX BeiiBier-niepeTBopenb Hajg TCBIT
JUIS CHTHANIB TUITy translated («1» — mepeBara 3a1aHOTO IEPETBOPEHHS
Hax TCBII, «0» — nporuiexna curyanisi, «0,5» — OJIHAKOBHii piBeHb
e(peKTHBHOCTI)

VY BHTaKy TECTOBUX CHUTHANIB 3 rpymu translated (puc. 1),
[IPOaHaAIi30BaHl BEHMBJIET-IIEPETBOPEHHS JETEKTYIOTh OOW/BI
Komii XBWIi (3 PpI3HAMH YacTOTaMH) 3 OJHAKOBOIO
epextuBHicTIO. ToOTO, SKIIO  HENepepBHE  BEUBIET-
NIEPETBOPEHHS JICTEKTY€E HU3bKOYACTOTHY CKJIAJIOBY TECTOBOTO



CHT'HAJTY, TO BOHO JETEKTY€ 1 BUCOKOYACTOTHY CKJIaZ0BY 3 TOIO
camol0 eEeKTUBHICTIO. 3 JiarpaMy NepeBard HEMEepPEepBHOTO
TCBII Han iHIIMMH TEPETBOPEHHSIMH y BHIAAKY TECTOBUX
curHaiiB tuny translated (puc. 1) BummBae, mo TCBII (4)
Mae IepeBary y JeTeKTyBaHHI 130JIbOBAHUX BHCOKOYACTOTHHX
XapakTepucTuk Haj neperBopeHusamu db2, db3, db4 Ta bior2.2
JUTSL BCIX TECTOBHX CHTHANIB, 32 BHHATKOM CHTHAIy testsigd
translated. BonHnowac, neperBopenns haar, biorl.3 ta bior3.7
BosonitoTh mepeBaroro Hax TCBII y Bumaaky 78% TecToBHX
CUTHAJIB.

1 I

® haar
m db2
0,5 . H
mdb3
db4
bior1.3
bior2.2

bior3.7

0

s‘c s‘c s‘c s‘c s‘c s|c s‘c s|c s‘c

o 1 2 3 4 5 6 7 8
CKNapoBi TecToBOro CUrHany

Puc. 2. Jliarpama nepeBarn HelepepBHUX BelBiieT-nieperBopeHb Hajy TCBII
Ul cUrHaiB Tumy superimposed («S» — HH3BKOYACTOTHA CKIIAIOBa
CHTHAJLy, « » — BUCOKOYAaCTOTHA CKJIaJ[0Ba CUTHAITY)

y BUIIAJKY TECTOBUX CUTHAJTIB rpymnu
superimposed (puc. 2), mpoaHati30BaHi HEMEepPepBHI BEHBICT-
MIEPETBOPEHHS JETEKTYIOTh OOMJIBI KOMIOHEHTH CUTHAy 3
pi3HOIO eEeKTHBHICTIO. Y 3arajJbHOMY BHIIQJKY, MOKA3HHUKH
€(eKTUBHOCTI JICTEKTYBaHHsS HU3bKOYACTOTHUX CKJIJIOBHX 32
nmoromororo TCBII ananoriuHi MOKa3HUKAaM, OTPUMAaHUM IS
TECTOBMX curHaimiB Tuny translated. Bomnowac, TCBII
JETEKTy€ BHUCOKOUYACTOTHI CKJIQAOBI (SKi HaKIageHI Ha
HU3BKOYACTOTHI) 3 BHUINOIO €(PEKTUBHICTIO (3 OLIBIIMMH Ha
10%-30%  xoedilieHTaMH  TIEPETBOPEHHS), HDK  1HIN
MEPETBOPEHHS, y BHUIMAIKy BCIX TECTOBHUX CHTHANIIB, KpIM
testsig5 superimposed.

ST Wavelet

Puc. 3. Ckeiiorpamu TCBII Ta HemepepBHOro BeHBIIET-IIEPETBOPEHHS
Xaapa 17151 TeCTOBOTO cUrHaiy testsig® superimposed
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Hanpuknan, y BHIAagKy TECTOBOTO CHUTHAIy testsigd
superimposed TCBII Ta HemepepBHE BEWBIET-IICPETBOPEHHS
Xaapa JETeKTyIOTh HU3bKOYACTOTHY CKJIAJOBY 3 OJHAKOBOIO
edextuBHIcTIO (puc. 3). OnHak, y BHUIAJAKY IEPETBOPECHHS
Xaapa, BiICYTHI HOpMaii30BaHi KOe(II[IEHTH MEPETBOPEHHS
Oimpmmi, Hik 0,7, y 00nacTi, OJU3EKIHA 10 TOYKH JACTCKTYBaHHS
(imeaybHOTO CIIBBIIHOMICHHS MiJK MacIITa0OM Ta 3MIIICHHAM
BeiBlIeTa Ul JICTEKTYBaHHS XapaKTEPUCTUKH CHUTHAIY)
BHCOKOYACTOTHOI ~ CKJIaJOBOi CHTHaly, S$Ka II03HA4YeHa
31pOYKOI0 Ha BIAMOBIAHIN Ckeitmorpami (puc. 3). BogHouac, y
Bunagky TCBII, cnocrepiraeTbcsi JIOKaJbHUH MaKCHMyM
3HaueHb KOe]Iili€HTIB NEePETBOPEHHS y 00nacTi, OJIM3bKii 110
3a3HaueHoi Toukd (puc. 3). Bigmosigro, TCBII dirko
JIETEKTY€E Ta PO3ALIsiE OOMBI HAKJIA/IEH] CKIIaJI0OBI CUTHAITY.

BHCHOBKU

[IpoBenenuii anamniz edexruBHOCTI MoOKa3as, mo TCBII €
no0pe TpPUCTOCOBaHE JUIs JIETEKTYBaHHS XapaKTEePHCTHK
IUpPOBUX CHUTHANIB 1, y 3araibHOMY, 3a0e3ledye BHIITY
e(eKTHBHICTb 3aCTOCYBaHHS y IOPIBHSHHI 3 IHIIMMH BEUBIIET-
neperBopeHHsaMu 'y 50% Bumazakis. MakcumainbHa nepeBara
(mo 30%) TCBII pocsiraerbcsi y BHIIQAKY JETEKTYBaHHS
BHCOKOYAaCTOTHHX  XapaKTEPUCTUK, SAKI  HaKJIaJeHI Ha
Hu3bKo4acToTHI. BigmosinHo, TCBII moxe Oyt edexTHBHO
3aCTOCOBaHE y cucTeMax muppoBoi 0OpoOKu iHpopMarii s
MOHITOPDUHTY  JOBIOTEPMIHOBHX  IIPOILECIB,  OCKLUIBKH,
JIO3BOJINTH JETEKTYBaTH KOPOTKOTEPMIHOBI BIAXWICHHS y iX
niepeoiry.

[omampmi  MOCHIMKEHHS  TONATAlOTh y  BHUBYCHHI
BiacTuBocTeil Ta xapakrepuctuk TCBII, sxi  103BONATH
JIETAIbHO BHU3HAYUTH TICPCICKTHBY 3aCTOCYBaHHS JIaHOTO
MIEPETBOPEHHS.
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Anomayia—Po3podieHo npucrTpiii peamiszanii TpilikoBoro
CHMETPMYHOro BeliBieT-nepeTBopeHHsl. OuniHeHO eeKTHBHICTH
3aCTOCYBAHHSI PO3PO0OJICHOr0 NMPHUCTPOI0 y SIKOCTI KOMIOHEHTA
KOMILIEKCY 3aco0iB Ha3eMHOI0 KOHTPOJIKW i KepyBaHHS
npouecom 0ypinHs HadTOBHX i ra30BUX CBePAJIOBHH.

Abstract—Device for performing symmetric ternary wavelet
transform was synthesized. The introduced device was applied as
the component of the complex for ground-based control and
management of drilling oil and gas wells. Effectiveness of the
described application was estimated.

Keywords—digital information processing; discrete wavelet
transform; symmetric ternary wavelet transform; controlling the
drilling process for oil and gas wells

I. Bcryn
OmHuM i3 aKTyadbHHX 3aBHaHb IH(PPOBOi 0OPOOKH
inpopmanii (LIOI) € cruchenns nanux [1—3]. OgHum 3
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IUISIXIB O3B SI3aHHS [TaHOTO 3aBJAHHA € 3aCTOCYBAaHHS
BeiiBneT-nieperBopens (BII), npu sxomy 30epiratoTbcs He cami
JlaHi, a KOeQiIlieHTH BiIMOBITHOTO MEPETBOPEHHS, MPHUOMY,
OnM3bki 0  Hyns  KoediumieHTH — Bigkuparotees [1 —3].
BonmHowac, ycmimHMA CHHTE3 JUCKPETHOTO TpPIHKOBOTO
cumerpuuHoro BeiBrer-niepersopenss (TCBII) Tta nosenena
e(eKTHBHICT, #oro 3actocyBaHHs y cucremax L[OI[2]
BKa3yIOTh Ha  HEOOXIOHICTP  3aCTOCYBaHHA  JTaHOTO
TIepETBOPEHHS IS PO3B’I3aHHSI 3a1aHOT 33/1a4i.

MerToro HoCIiIKeHHS € Po3poOKa armapaTHO-IPOTPAMHOTO
3aco0y peamizamii TCBII Ta #oro 3acTocyBaHHS ISt
CTHCHEHHS JaHUX y KOMIDIEKCi 3aC00iB Ha3eMHOT'O KOHTPOITIO
1 KepyBaHHS TmporecoM OypiHHA HadTOBMX 1 Ta30BHX
CBEPIUIOBHUH.

HaykoBa HOBHM3Ha OTpUMaHHMX pE3YJIBTATiB IOJSTac B
yCHimHii po3poOiIli armapaTHO-IIPOrpaMHOTO 3aco0y peatizamii
TCBII Ta ¥oro 3actocyBaHHi ISl MiABUIIEHHS €(eKTUBHOCTI
(YHKIIOHYBaHHS KOMIUIEKCY 3aC00iB HA3€MHOTO KOHTPOITIO i
KEepyBaHHS mpolecoM OypiHHA HadTOBUX 1 Ta30BUX
CBEPIUIOBHUH.



II. OCHOBHA YACTHUHA

Jeraneny iHdopmanito npo TCBII ta mokasHuku i#oro
e(eKTUBHOCTI MOXHa 3HaWTH y [2]. 3 METOH CHpOIICHHS
anapartHoi peanizauii npuctporo I[OI nHa ocnosi TCBII,
BHKOPHCTAHO TUIaTy po3podku Arduino Mega 2560 Rev3, ska
MIiCTUTh ~ MikpokoHTpoiep  ATmega2560, 'y  sxocTi
00YHCITIOBAIBHOTO eNIeMeHTa, a MIKPOKOHTpOJIEp
ATmegal6U2 BukopucTaHo ajsi mepeTBopeHHs iHTepdeiiciB
3B’s3ky. s 3abesmedeHHS  B3aeMOJil  pO3pOOIIEHOTO
MIPUCTPOIO 3 KOMIT FOTEPOM Ta yIPaBJIiHHS MepediroM mporecy
LOI pos3pobreno mporpamumii 3acid «Symmetric Ternary
Wavelet Transform MC Performer», HamucaHuii MOBOIO
nporpamyBaHas C#.

Po3pobiieHnii anapaTHO-IPOTrpaMHUil 3aci0 3aCTOCOBAHO y
SIKOCTiI KOMITOHEHTa KOMIUIEKCY 3aC00iB HA3eMHOTO KOHTPOJIIO
i KepyBaHHS IpoliecoM OypiHHA HadTOBUX 1 Ta30BHX
ceepmioBuH CKYB-M2 [4] (puc. 1).

Brnok
CMOCTEPEKEHHS

[ynbT KOHTPOMO
Ta ynpasniHHsA

MpucTpiit peecTpauii
iHcbopmauii (MK)

AnapaTHo-nporpamHui
3aci6 peanisauii
BeViBNeT-NepeTBoOpeHHs

—

MpucTpiit 36opy
Ta

Mpunap peecTpytounii

06pobku AaHUX

KomnnekT nepBuHHNX BUMIptoBarbHUX NepeTBopioBaqia

Puc. 1. CrpykrypHa cxema komuiekcy CKYB-M2 3 BkioueHuUM 10 #oro
CKJIa[ly arapaTHO-IporpamMHuM 3acobom peamizauii TCBIT

@ysknii mpucTporo peectpauii iHpopMarii KOMIUIEKCY
CKYB-M2, siki crocyloThCsi BEACHHS apxiBy, IOB’si3aHi 3
JIaHUMH, $IKi, B OLUIBIIOCTI BWIAJKIB, € HAJIUIIKOBHUMH,
OCKUTBbKH, TIOB’S3aHi 3 IUKIIYHAMHU TIPOLIECAaMH y OypOBOMY
oOmagHaHHi, 1 JOMycKalOTh TOXMOKYy 10 5% mpm
CTHCHEHHI [5], 30Kpema, IIISIXOM BiIKWIAHHSA OJM3BKUX 0
HYJIs1 KOe(illiEHTIB BEHBIICT-IEPETBOPECHHSI.

Jis ouinioBaHHS e(deKTUBHOCTI po3pobieHoro 3acoly
3MIMICHEHO TOpIBHSHHS 3Ha4YeHb KPHUTEPIl0  CEepeaHbOl
abcomotHoi moxmbOkum y Bimcorkax MAPIiE (mean absolute
percentage error) BigHoBieHHs aaHux (1) [3] 3a wactuHOIO
koedinieHTiB meperBopenHs, ozxepxkannx s TCBIT (ST),
BetiBiera Xaapa (haar), Beiinera Jlo6erri 4-ro nopsaky (db4)
Ta OlOpTOTOHANBFHOTO BeliBiera 3 mapamerpamu 2.6 (bior2.6)
IPU BIJHOBJICHHI MOCIIOBHOCTEH 3HAYCHb TEXHOJOTIYHOTO
rapameTpa MOMEHTY MEXaHIYHOTO JIiBOTO

15X () - X, (i

MAPE:—ZM-IOO%, (1)
N3 X (@)

e N — KiTBKICTh BIUTIKIB Y BEKTOpi BXimZHUX maHuX X, X(i) —

BXifHI maHi, X,({) — BIIHOBICHI JaHi MiCIs 3MCHIICHHS

HAUIMIIKOBOCTI.
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Puc. 2. T'padik 3anexnocti KibkocTi curnanis, s sikux TCBII 3a6e3neuye
MiHIMaNbHy MOXHOKY BifHOBIeHHs (1), BiJ KUIBKOCTI 3aJMIIEHUX
koedinientis BIT

3 rpadika Ha pHUCYHKY 2 BHIUIMBA€, IO MiHIMallbHA
noxubka BimHOBIeHHs (1) 3abe3neuyerscst TCBIT mns 75%
TECTOBUX IMOCITOBHOCTEMN 3Ha4YEHD TEXHOJIOTTYHOTO
rapamMerpa MOMEHTY MEXaHIYHOIO JIBOTO, Y BHIAJKy
BigHOBNICHHS 3a 70% Ta 90% KoedimieHTIB IEpPETBOPEHHS.
MakcumainbHe 3MEHIIeHHS HaJTUIIKOBOCTI NP JIOIyCTUMHUX
3HAYCHHAX TIOXUOKM BITHOBJICHHS JIOCATAa€ThCS  yciMa
npoananizopanumu BII mpu 30epexenni 70% xoedilieHTiB
meperBopeHHs.  Ilpm  1mpomy, 3actocyBanHs  TCBII
3a0e3rneumino, B 3arajlbHOMY BHIAJKY, HACTYHNHUH HPUPICT
e(eKTUBHOCTI 32  KpUTEpiEM  MIHIMATBHOI  TOXHOKH
BigHoByeHHs (1): y mopiBusuHI 3 haar — 20%, db4 — 8%,
bior2.6 — 18,5%.

BUCHOBKU

TakuM 4YMHOM, 3aCTOCYBaHHsS PO3pOOJIEHOTrO arapaTHO-
mporpamMHoro komruiekcy peamizarii TCBII mist 3MeHmeHHs
HAUTUIIKOBOCTI ~ 3HAYCHb  TEXHOJOTIYHOTO  MapaMmerpa
MOMEHTY MEXaHIJHOTO JIBOTO y KOMIDIEKCI 3aco0iB
Ha3eMHOTO KOHTPOJIO 1 KepyBaHHS IIPOLIECOM OypiHHS
HapToBHX 1 razoBux ceepanoBuH CKVYB-M2 mo3Bommio
3MEHIIUTH MOXHOKY BimHOBieHHs 10 20%, y TOpIBHSIHHI 3
igmmvu  BII.  [omampmii  gocmimpkeHHS MONSATAlOTh Y
BJIOCKOHAJICHHI PO3pO0JICHOTO 3aco0y peaiisallii, a TakKoX, Y
HOro 3acTOCYBaHHI y SKOCTI KOMIIOHCHTa BiIMIHHHX BiJ
MIPOaHAII30BaHUX, KOMILJIEKCIB 00pOOKH IU(DPOBUX TAHUX.
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Application of Symmetric Ternary Orthogonal
Transform to Increase Operation Effectiveness of the
Devices for Gas Accounting and Transmission
Control

Artem Izmailov

dept. of Computer Science and Information Systems
Precarpathian National University
Ivano-Frankivsk, Ukraine
aiartefact@gmail.com

Anomayia—Po3podieHo npucrTpiii peamisanii TpilikoBoro 1. Bcrvi
CHMETPUYHOI0  OPTOrOHAJBLHOr0  mepeTBOpeHHsl. OuiHeHo . .
eeKTHBHICTH 3aCTOCYBaHHSI PO3PO0JIEHOr0 MPUCTPOIO Yy SIKOCTI ] OHHHM i3 akTyanbHMX 3aBlaHb LUQpPOBOI  0GPOOKH
KOMIIOHEHTY TPHCTPOIB 00JIiKY Ta KOHTPOJI mapamerpiB IHq)OPMaHﬁ (LOD) e crucHenns nanux [1-—4]. OHHHM 3
nepeaadi rasy. IOUIAXIB PO3B’S3aHHS JAaHOTO 3aBIAaHHS € 3HIKCHHS PIBHSA

KOpeJsmii BXiTHMX JaHUX 32 JOMOMOI'OK) OPTOTOHAIBHHX
Abstract—Device for performing symmetric ternary nieperBopens (OI1) [1 —4]. TIpu npomy, 30epiraroTbes He cami
orthogonal transform was synthesized. The introduced device naHi, a kKoe(illieHTH BiAMOBIAHOTO MepeTBOpeHHs. BoaHouac,
was applied as the component of the devices for gas accounting YCHIITHUA CHHTE3 AHUCKPETHOTO TPIHKOBOTO CHMETPHYHOTO
and transmission control. Effectiveness of the described oproronansioro neperBopenns (TCOII) Ta gosenena
application was estimated. edexTuBHiCT, #oro s3actocyBaHHs y cuctemax 11OI [2]
BKa3ylOThb ~ Ha  HEOOXINHICTh  3acCTOCYBaHHS  JAHOTO

Kniouogi cnosa—uughposa odpobdka ingopmauii; ouckpemmue TepETBOPEHHS VISl PO3B’ SI3aHHS 3a1aHOT 3a/1a4i.

opmozonaivue nepemeopenns; mpiiikoee cumempuune

0pMOZONAIbHE NEPemMEOPEHNA; RPUCHPOT 00TIKY 2a3y Metolo mocHiIKEHHS € PO3poOKa Ta MOJETIOBAHHS
npuctpoto peanizanii TCOIl Ta iforo 3acTocyBaHHA I
CTUCHEHHsI [JaHWX Yy TPUCTPOSIX OOJIKY Ta KOHTPOIIO
mapaMeTpiB mepeaadi rasy.

Keywords—digital information processing; discrete orthogonal
transform; symmetric ternary orthogonal transform; gas
accounting devices

HaykoBa HOBH3HA OTpPUMaHHMX pE3yJbTAaTiB IMOJATaE B
YCIIIHIA po3po0Li Ta MOJENIOBAaHHI NMPUCTPOIO pealtizarii
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TCOII Ta itoro 3acrocyBaHHi Jyisi MiJBHIICHHS €(eKTUBHOCTI
(YHKIIOHYBaHHS IIPUCTPOIB OOJIIKY Ta KOHTPOJIIO ITapaMeTpiB
nepenadi rasy.

II. OCHOBHA YACTHUHA

Jeraneny iHdopmanito npo TCOIl Ta mokasHukH #Horo
e(eKTUBHOCTI 3a PI3HUMH KPUTEPiIMH MOXKHA 3HAWTH Yy [2].
CTpyKTypHY CXEeMy pO3pOOJICHOTO TIPHCTPOIO peastizarii
TCOII naBeneHo Ha pUCYHKY 1.

Mux
18

3

gy
e

lData m' » Mux | [ RAM } [ Dmux Mux }7
1 " 3 4 20

Addr [
21 Musx
19)

Puc. 1. Crpykrypna cxema mpuctporo peaiizanii TCOIT

Y  sKOoCTI KOMIIOHEHTIiB  PO3pOOJICHOTO  TPHUCTPOIO
BHUKOPHCTAHO OIICPATHBHUI 3amaM’siTOBYrOUnil mpuctpii (3),
perictpu mam’sti  (7-12), wmymeramuiekcopu (2, 18-20),
JeMyJabTUIiekcopu  (4-6), reHepartop angpec (21) Ta
omepamiiHi OMOKW: f(Xg X5, X3)=(xptx;))+x; (13), f(xo x)=
=(xotx) (14, 17), fixo, x5, x)=(xotx)-2x; (15),
Jxo, x1)=(xptx;) (16).

EdexTnBHICTE 3aCTOCYBaHHS PO3POOJIEHOTO MPHUCTPOIO
OLIHEHa /ISl IPUCTPOIB KOMIUIEKTamii BY3JB OOJNIKy Ta
KOHTPOJIIO TapaMeTpiB mepemadi Taly. 30Kpema, OIiHEHO
e(eKTUBHICTh  3aCTOCYBaHHS  PO3POOJICHOTO  IIPHCTPOIO
pearizariii TepeTBOPEHHS y SAKOCTI KOMIIOHEHTa HACTYITHUX
npuctpoiB: OE-22JIA (oGuucmoBay 00’emy razy), OE-RW
(mpuctpiii mepenocy indopmanii), TEMP-OE (miumisHuK
ra30BUH POTOPHHH 3 €NEKTPOHHUM BiJJIKOBUM HPUCTPOEM).
[ToBHI Ha3BU Ta MPHU3HAYCHHS IUX IIPUCTPOIB HaBEIEHO y [5].

[NepeniueHi npucTpoi A03BOJIAIOTH apXiByBaTH 3HAUCHHS
MOKAa3HUKIB, fKi oTpuMaHi 3 ix momomororo (OE-22JIA,
TEMP-OE), Ta nepenaBaty i 3Ha4€HHSI HA BY3JI KOHTPOJIIO,
sSKi peamizoBaHi Ha ocHOBI Komm iotepa (OE-RW) [5].
3acrocyBanns mpuctporo peamizamii TCOIl  no3ponwmio
3HM3UTH 3HAYCHHS CTYTIEHS KOPEJAIii apXiBOBaHMX NaHUX 1,
BIJIMOBITHO, 30UIBIINTH CTYMIiHb iX CTHCHEHHs. Y pe3ylbTaTi,
30UIBIIEHO KUIBKICTh JaHUX, sIKI MOXYTh 30epiratucs y
mam’sTi TPUCTPOI0 OO0MiIKy 0e3 HEOOXIAHOCTI YBEICHHS
JIOJIATKOBHX ~ 3allaM’sSITOBYIOUMX  €JIEMEHTIB. Pesyibratn
OIIIHKM MPHPOCTY KIIBKOCTI JaHWX Ui 30epiraHHs y
NPUCTPOsIX OOJIIKYy Ta KOHTPOJIIO IapaMeTpiB mepenadi rasy
HaBeAeHO y Tabui 1.

[pupict edpexTuBHOCTI 30epiraHHs maHux y Tadmmmi 1
00YHCIIEHO 32 HACTYITHOIO (POPMYIIOI0

(g—])-lOO%. 1)
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TABJIMIS 1. TIPUPICT E®@EKTUBHOCTI 3BEPITAHHS JAHUX ITPUCTPOSIMU
OBJIIKY TA KOHTPOJIIO [TAPAMETPIB IEPEJIAUI I'A3Y (S — KJIBKICTb 3ATIUCIB
V APXIBI BE3 3ACTOCYBAHHS TCOII, T — KIJIBKICTD 3ATIMCIB V APXIBI I3

3ACTOCYBAHHSAM TCOIT)
Ne | Iudp Tun 3anucy | S T | Ipupict edpexTHBHOCTI
NPHCTPOIO 30epiraHHst JaHUX
1 | OE-22JIA JHob6oswuii 64 | 77 20,3125
2 | OE-RW - 8 9 12,5
| 3 | Jlo6oBunii 126 | 153 21,4286
4 3uina crany | g4, | ¢ 21,6667
| TEMP-OF | fiumbHHKa
3MiHa y
5 KoHQirypamii | 128 | 155 21,0938
JYHIbHAKA

PesynbraT npoBezieHoro anaiizy edekruBHOCTI (Tabdi. 1)
3acToCcyBaHHSA po3pobsieHoro mpuctporo peamizamii TCOII y
SKOCTI KOMIIOHEHTa IIPUCTPOiB OOJIKYy Ta KOHTPOJIIO
mapaMeTpiB Tepefadi Taly, BKa3add Ha IIiIBUIICHHS
e(eKTUBHOCT] 30epiraHHs JaHux B cepeanboMy Ha 20%. VY
BUITAJIKy MPUCTPOIB, JUIS SIKHX 3IIHCHIOBABCS aHAIi3, TaKHi
MIPUPICT 3yMOBHB BiANOBITHE 301IbIICHHS Yacy aBTOHOMHOTO
(YHKIIOHYBaHHS Ta MiIBUIICHHS TOYHOCTI OOJNIKY, Y 3B’SI3KY
3 MOXIHUBICTIO 30epeKeHHsI OiIbIIol KUTBKOCTI BIIJIIKIB
pobotu mpuctporo. BogHouac, 301MbIIEHHS KUTBKOCTI 3aIIHCiB
3MiH KOH(pIrypaii oO0JagHaHHSI PO3IIUPUIO MOMKIIMBOCTI
MOHITOPUHTY Ta JIarHOCTHKH OOJagHAaHHS 3 METOI0
BUSBJIICHHS BIIXWICHb Yy Tepediry mpoIeciB O0OJiKy, IO
3YMOBHJIO TiIBUIICHHS HAMIHHOCTI (PYHKI[IOHYBaHHS BY3IiB
00Ky Ta KOHTPOJIIO TIApaMETPIB B IIIOMY.

BHCHOBKU

Onep>kaHUMH ~ pe3yibTaTaMH  aHalily eQeKTHBHOCTI
(Tabi. 1) 3acToCyBaHHS PO3POOJICHOTO MPHUCTPOIO peaizariil
TCOII JIOBENIEHA e(eKTUBHICTH 3aCTOCYBaHHSA
3anpononoBanoro meroxay IOl y cucremax oOpoOku Ta
nepefavi  JaHUX, Yy SKUX TMPIOPUTETHUM  HAMpPSIMOM
ONTHMI3aIlii € CTUCHEHHS JaHWX NpU Mepemadi Ta/adbo
JTIOCTOBIPHICTB TIepeiadi JaHuX.

[Moganbmii [OCTIHKEHHS MOJSATal0Th y BJOCKOHAIICHHI
cTpykTypH po3podienoro TCOII Ta BiIIOBIAHOIO TPHCTPOIO
MIEPETBOPEHHS, a TaKOX, Y 3aCTOCYBaHHI PO3POOIIEHOTO
NPUCTPOI0 Yy  SKOCTI ~ KOMIIOHEHTa  BiIMIHHUX  BiA
MIpOaHaJIi30BaHUX, IPUCTPOIB 0OPOOKH MU(PPOBHUX JaHUX.
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VY3aransHena Metogomnorisa IlooynoBu Cucrem

[IpeaukTuBHOTO AHani3y Ha IIpuknasml I'ipcbkoro
YcrarkyBaHHsg B YMoBax BIG DATA

Amnppiit Kymin
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Kpusopizvkuii hayionanvhuil ynisepcumem
ByJ1. Biranis Marycesuua,11, m. Kpusuii Pir, Ykpaina
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Abstract It is necessary to determine the optimal
methodology for the system of predictive analysis of equipment to
prevent emergency situations. The system may include, in
particular: data input/reading from sensors, processing/storage
of information in a database using algorithms for processing Big
Data and decision trees [1]. Identifying possible types of
problems and making decisions on how to respond to them;
training the system for more accurate response and decision-
making.

Keywords—Industry 4.0; Big Data; Predictive analytics.

I. INTRODUCTION

The issue of introducing smart management of technical
maintenance services at large industrial enterprises on the basis
of new approaches within the framework of the modern
concept of Industry 4.0 is being considered.

The current trends in the scientific and technological
progress of the global industry are quite often described in such
terms as “Smart Plant”, “Smart Production”, “Smart Factory”
and “Factory of the Future”. At present, the development of
those research areas is quite well illustrated by the concept of
the 4th industrial revolution (Industry 4.0). The implementation
of that concept involves the use of some key technological
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trends, such as Big Data processing, cyber-physical systems,
autonomous robots with various smart sensors, simulators for
2D and/or 3D modeling, 3D printers, Internet things,
augmented reality, etc. Consequently, according to the
estimates of the world's leading experts, those trends will
determine the main vector of the modern competitive industries

[1].

The predictive analytics is a class of data analysis methods
that focuses on predicting the future behavior of objects and
subjects in order to make optimal decisions.

The predictive analytics uses statistical methods, smart data
analysis methods, analyzes current and historical facts to
compile predictions about future events. In business, predictive
models use patterns found in historical data and the data being
acted upon in order to identify risks and opportunities. Models
capture relationships among many factors to make possible
assessing risks or the potential associated with a particular set
of conditions thereby guiding decision making.

II. PROBLEM STATEMENT

Another task for the predictive algorithms is equipment
maintenance and repair. Companies mainly use basic control
mechanisms provided by equipment manufacturers. But the



potential of those means is limited, because they do not make it
possible to analyze additional factors influencing the state of
the equipment, and to predict a critical situation in advance. So,
the maintenance department employees receive a lot of data,
but they do not know how the items of that data are related to
each other. As a result, the response from the repair services
follows only after the actual equipment failure, which leads to
downtime and, consequently, additional costs. The predictive
analytics conducts, by means of machine learning and artificial
intelligence, continuous analysis of Big Data, performs data
visualization on the current state of the equipment, and predicts
scenarios for the occurrence of equipment failures. As a result,
unplanned downtime is reduced, equipment maintenance and
repair work are optimized, maintenance time is decreased, and
the management personnel receive an in-depth analysis of the
causes of equipment failures.

Modern IoT and Big Data capabilities, along with the
advanced predictive analytics methods, are becoming an
efficient tool to reduce costs, improve product quality and
increase company productivity. The predictive analytics has
become a new trend of modern times that opens up broad
prospects for the further development of companies. In
addition to manufacturing industry, forecast platforms are
successfully used in banking, insurance, retail, logistics,
marketing and many other areas. Thus, banks and other
financial institutions use the predictive analytics tools to
forecast their customers' behavior, e. g. to find out whether
they will acquire a new banking product or whether they will
continue to cooperate with the bank. Exploring their historical
behavior in conjunction with external factors, mathematical
algorithms can help make profitable personal offers, anticipate
sales increase, customer churn, etc. In marketing, mathematical
modeling makes it possible to segment customers by certain
characteristics, predict their future behavior (indicate customer
value, calculate the likelihood of another purchase, etc.) and
determine services and products that may be of interest to the
customers. Predictive models accurately determine the efficient
channels of interaction with the target groups. Analyzing social
media data helps marketing researchers better understand
customers and potential buyers. In retail business and logistics,
predictive models help forecast demand, optimize inventories
and analyze the risks of delays in deliveries [2].

When embarking on the introduction of a predictive
analytics system, it is necessary to keep in mind that such a
system cannot work without a large amount of the historical
data and continuous collection of the current data. The less data
is involved, the less accurate the predictions will be. When
promoting predictive analysis tools, companies often face the
problem of data shortage, which becomes an insurmountable
barrier to forecasting.

It is therefore necessary to start collecting data
immediately. Otherwise the company risks not sustaining
rivalry with more technologically equipped competitors.
Organizing stable high-quality data collection and storage is
the primary task that must be accomplished in the near future if
the company intends to remain on the market.
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III. DESCRIPTION OF CONTROL OBJECTS AND THEIR
MATHEMATICAL MODELS

Usually, concentrating plants are classified according to the
nature of the concentrating processes used (flotation,
gravitational, magnetic ones) or according to the raw material
being processed (coal, ore, etc.). For any type of concentrating
plants, the concentrating process technology is determined by a
large and diverse number of factors influencing the said
process.

The complexity of analyzing the mineral dressing
technology as an object of control makes it natural and
necessary to observe for its study a certain hierarchical
structure. The distinctive feature of such a structure is the
sequential division of the technical system into subsystems,
between which the relationships of subordination are
established. The hierarchical structure of ore concentrating
plants from the standpoint of control tasks can be represented
in the form of three stages [3]:

The lower stage is the so-called typical processes of the
mineral dressing technology (crushing, grinding, separation,
etc.);

The middle stage is a group of processes or pieces of
equipment that perform an independent technological process
task for the production of a given product, e. g. the flotation
area of an ore concentrating plant; grinding, classification and
magnetic separation stages of magnetic concentration plants;
ore concentrate drying area, etc.;

The upper stage is a technological line for dressing a
particular mineral raw material considered as a whole.

Each hierarchy of mineral dressing technology is
characterized by its own control tasks that involve their
respective functions, which actually determines the type of a
mathematical model describing the process of functioning of a
given object.

In general, the mathematical model of each stage of the
hierarchy can be viewed as a complex object of the mineral
dressing technology and presented as a function of variables.
Here, three types of actions serve as the input of the object:

1) uncontrolled (but monitored) input variables Y =
{y1,-..y:} constitute a disturbance vector and, as a rule,
characterize, as far as concentrating production is concerned,
quality indicators of the source material to be processed and
those of its intermediate products obtained during the
concentrating process;

2) controlled input variables U = {uy,...,u,} constitute a
control vector and characterize, as a rule, quantitative
indicators (expenditure) of material and energy flows;

3) the uncontrolled factors Z = {zi,...,z} constitute an
interference vector. Basically, this is a disturbance vector,
about which the developer of the control system knows very
little or nothing at all. Most often that vector is not taken into
account at all.
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Fig. 1 — The structure of a complex control object

The essence of any technological process, including the
process of concentrating mineral raw materials, is in converting
the ¥V, U, Z input actions into the X = {xy,...,X,,} output ones.
The X vector is called the state vector, and characterizes, as far
as concentrating production is concerned, qualitative and
quantitative features of the output products (concentrate,
tailings).

The objects of the concentrating process can be
conveniently represented in the form of models describing
typical processing operations, as far as the distribution of flows
of mineral raw materials or intermediate products is concerned,
resulting in a quantitative and qualitative change in the
parameters of those flows. In total, one can identify four typical
operations that characterize the mineral dressing technology:
simple, mixing, separating, and combination ones.

The mixing operation is characterized by the presence of
the "n" process flows Y = {yi,...ys} at the input of the object
and by one "x" output flow. The operation equation looks like
this:

x =/, U) ()

A mixing operation can be exemplified by a ball mill used
before the flotation operation. At its entrance, the mill is fed by
the flows of ore Q, (t/h), water W, (m3/h), and reactants W,,
i.e. Y ={Q, W,, W}, while at its exit, a flow "x" of the slurry
from finely ground particles of ore is formed. The control
actions can represented by the consumption Q, (t/h) of balls for
the mill, ore consumption (Q; (t'h), and water consumption W,
(m’/h), 1. e. U= {Q,, W,, W,}.

IV. SENSOR TYPES

A sensor is an item of a measuring, signaling, regulating or
controlling device that converts a monitored parameter
(temperature, pressure, frequency, luminous intensity, voltage,
current, etc.) into a signal convenient for measuring,
transmitting, storing, processing, recording, and sometimes for
influencing processes being controlled. Or more simply put, a
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sensor is a device that converts the input action of any physical
parameter into a signal convenient for further use.

The sensors used are very diverse, and can be classified
according to various criteria [4]:

Depending on the type of the input (measured) parameter,
the following sensors are identified: those of mechanical
displacements (linear and angular); pneumatic and electric
ones; flow meters; speed sensors; those of acceleration, force,
temperature, pressure, etc.

Currently, there is approximately the following distribution
of the shares of measurements of various physical parameters
in the industry: temperature — 50%, consumption (by mass and
by volume) — 15%, pressure — 10%, level — 5%, quantity (mass,
volume) — 5%, time — 4%, electrical and magnetic parameters —
less than 4%.

According to the type of the output, into which the input is
converted, non-clectrical and electrical sensors are
distinguished: direct current sensors (respective EMF or
voltage sensors), alternating current amplitude sensors
(respective  EMF or voltage sensors), alternating current
frequency sensors (respective EMF or voltage sensors),
resistance sensors (effective resistance sensors, inductance
sensors or capacitance sensors), etc.

Most sensors are electric. This is due to the following
advantages of electrical measurements:

e clectrical parameters are convenient to transmit over a

distance, with the transmission being carried out at a
high speed;

electrical parameters are universal in the sense that any
other parameters can be converted into electrical ones
and vice versa;

electrical parameters can be accurately converted into a
digital code, and make it possible to attain high
accuracy, sensitivity and operation speed of measuring
instruments

By the operating principle, the sensors can be divided into
two classes: generator and parametric ones (modulator
sensors). The generator sensors (transducers) directly convert
the input parameter into an electrical signal.

Parametric sensors convert an input parameter into the
change in some electrical parameter (R, L, or C) of the sensor.

According to the operating principle, the sensors can also
be divided into ohmic, rheostat, photoelectric (optical-
electronic), inductive, capacitive ones, etc.

Three classes of sensors are identified:

e analog sensors, i. e. sensors that produce an analog
signal that is proportional to the change in the input

parameter;

digital sensors generating a sequence of pulses or a
binary word,

binary sensors that produce a signal of only two levels:
"on/off" (in other words, "0" or "1"); they are
widespread due to their simplicity



Requirements for sensors:

e non-ambiguous one-to-one relationship between the

output parameter and the input one;
performance stability over time;
high sensitivity;

small size and weight;

no counter-effects on the process and the parameter
being controlled;

e  operation under various conditions;

e  various mounting options

Parametric sensors (modulator sensors) convert the X input
parameter into a change in some electrical parameter (R, L or
C) of the sensor. It is impossible to transmit over a distance a
change in the above sensor parameters without an electric
signal (voltage or current). It is possible to identify the change
in the corresponding sensor parameter only by the sensor's
response to current or voltage, since it is the above parameters
that characterize that response. Therefore, parametric sensors
require the use of special measuring circuits supplied by direct
or alternating current.

Ohmic (resistance) sensors — their operating principle is
based on the change in their effective resistance when the
length L, the sectional area S or the resistivity p change:

R=pl/S ©)

In addition, the relationship between the effective resistance
value and the contact pressure and the illumination of the
photocells is used. In accordance with that, ohmic sensors are
divided into contact, potentiometric (rheostat), strain gauge,
thermistor, and photo-resistor ones.

Contact sensors are the simplest type of resistor sensors
that convert the movement of a primary element into an abrupt
change in the resistance of an electrical circuit. With the help
of contact sensors, forces, displacements, temperature,
dimensions and shapes of objects, etc. are measured and
controlled. The contact sensors include position and limit
switches, contact thermometers and so-called electrode sensors
that are mainly used to measure the critical levels of
electrically conducting fluids.

Contact sensors can operate using both direct and
alternating current. Depending on the measurement range,
contact sensors can be single-range and multi-range ones. The
latter are used to measure values that vary significantly, with
the parts of resistor R incorporated into the electrical circuit
being successively short-circuited.

The disadvantage of contact sensors is the complexity of
continuous control and a limited service life of the contact
system. But owing to the extreme simplicity of those sensors,
they are widely used in automation systems.

Rheostat sensors are actually resistors with varying
effective resistance. The input parameter of the sensor is the
displacement of the contact, while the output one is the change
in its resistance value. The moving contact is mechanically
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connected with the object, whose displacement (angular or
linear) needs to be converted.

The most widespread is the potentiometric circuit for
operating a rheostat sensor, into which the rheostat is
incorporated according to the voltage divider circuit. It shall be
reminded that the voltage divider is an electrical device for
dividing DC or AC voltage into parts; the voltage divider
makes it possible to take up (to use) only a portion of the
available voltage through the items of an electrical circuit
consisting of resistors, capacitors or inductors. A variable
resistor included in the voltage divider circuit is called a
potentiometer.

Usually, rheostat sensors are used in mechanical measuring
devices to convert their readings into electrical parameters
(current or voltage), e. g. in float level meters for liquids, in
various pressure gauges, etc.

A sensor in the form of a simple rheostat is almost not used
due to the considerable nonlinearity of its static characteristic
line I, = f (x), where I, is the current in the load.

The output parameter of such a sensor is the voltage drop
U, between the movable contact and one of the fixed ones.
The relationship between the output voltage U, = f (x) and the
x displacement of the contact corresponds to the regularity of
the electrical resistance change along the potentiometer. The
regularity of the resistance distribution over the length of the
potentiometer that is determined by the design thereof can be
either linear or nonlinear.

Potentiometric sensors, that are constructively variable
resistors, are made of various materials, viz. winding wire,
metal films, semiconductors, etc.

Strain gauge resistors (strain gauge transducers) are used to
measure mechanical stresses, small deformations, and
vibration. The operating principle of strain gauges is based on
the strain-resistive effect, which is actually the change in the
effective resistance of conductor and semiconductor materials
under the influence of forces applied to them.

Thermometric sensors (thermistors) — their resistance
depends on temperature. Thermistors, as sensors, are used in
two ways:

1) The temperature of the thermal resistor is determined by
the environment; the current passing through the thermal
resistor is so small that it does not cause heating-up thereof. In
view of that, the thermal resistor is used as a temperature
sensor and is often called a "resistance thermometer".

2) The temperature of the thermal resistor is determined by
the degree of heating by constant-value current and cooling
conditions. In this case, the steady-state temperature is
determined by the heat transfer conditions of the thermal
resistor surface (the speed of the medium — gas or liquid —
relative to the thermal resistor, the density of the medium, its
viscosity and temperature); the thermal resistor can therefore
be used as a flow rate sensor, thermal conductivity sensor of
the medium, gas density sensor, etc. In sensors of such a type,
something like a two-step conversion occurs: the parameter
being measured is first converted into a change in the



temperature of the thermal resistor, which is then converted
into a change in the electrical resistance.

Thermal resistors are made both from pure metals and
semiconductors. The material, from which such sensors are
made, should have a high temperature resistance coefficient, a
linear, if possible, relationship between the electrical resistance
and the temperature, good reproducibility of properties and
inertness to environmental influences. Platinum satisfies all the
above properties to the highest degree, copper and nickel do
that to a slightly lesser degree.

Semiconductor thermal resistors (thermistors) have a
higher sensitivity as compared to metal ones.

Inductive sensors are used to receive information about the
movements of the working parts of machines, mechanisms,
robots, etc. in a contactless manner and to convert that
information into an electrical signal.

The operating principle of an inductive sensor is based on a
change in the magnetic core winding inductance relative to the
position of the individual elements of the magnetic circuit
(armature, core, etc.). In such sensors, linear or angular
displacement X (input parameter) is converted into a change in
inductance (L) of the sensor. Inductive sensors are used to
measure angular and linear displacements, deformations, for
dimensional control, etc.

In the simplest case, the inductive sensor is an inductance
coil with a magnetic core, the movable element of which
(armature) is displaced under the action of the parameter being
measured.

An inductive sensor recognizes all electrically conductive
objects and responds accordingly. An inductive sensor is
contactless, does not require mechanical action, and operates in
a contactless manner by utilizing changes in the
electromagnetic field.

Advantages:

e no mechanical wear and tear, no failures related to the
state of the mechanical contacts

e no contact rattling sound and false response
¢ high switching frequency of up to 3000 Hz
e resistant to mechanical effects

The disadvantages of inductive sensors are the relatively
low sensitivity, the relationship between the induction and the
frequency of the supply voltage, a significant reverse effect of
the sensor on the parameter being measured (due to the
attraction of the armature to the core).

Capacitive sensors — their operating is based on the
relationship between the capacitor capacitance and the size and
the relative position of its plates, as well as the permittivity of
the medium between the plates.

For a double-plate flat capacitor, the capacitance is
determined by the following formula:

C=¢eeS/h 3)
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where e, — the dielectric constant; e — the relative
permittivity of the medium between the plates; S — the effective
area of the plates; h — the distance between the plates of the
capacitor.

The C(S) and C (h) relationships are used to convert
mechanical displacements into changes in capacitance.

Capacitive sensors, as well as inductive ones, are supplied
with alternating voltage (usually of heightened frequency — up
to dozens of megahertz). As measuring circuits, bridge circuits
and resonant ones are usually used. In the latter case, the
relationship between the generator oscillation frequency and
the capacitance of the resonant circuit is as a rule used, i. e. the
sensor has a frequency output.

The advantages of capacitive sensors are their simplicity,
high sensitivity and low response time. Their disadvantages are
their propensity to the influence of external electric fields and
the relative complexity of measuring devices, into which they
are incorporated.

Capacitive sensors are used to measure angular
displacements, very small linear ones, vibrations, speeds of
movement, etc., as well as to reproduce given functions
(harmonic, saw-tooth, rectangular ones, etc.).

Capacitive transducers, whose permittivity e changes
relative to a displacement, deformation or changes in the
composition of the dielectric medium, are used as level sensors
of non-conducting fluids, bulk and powdery materials,
thickness sensors of the layer of non-conducting materials
(thickness gauges), as well as control devices for the humidity
and composition of a substance.

V. SUBSEQUENT INFORMATION PROCESSING

Interfaces control the data flow. A clear definition of the
required data and its connection to the network data world are
the basis for reliable data exchange over the network. That
being the case, an important role is played by the choice of the
correct data transfer protocols for a given section of the path.
The Ethernet-based solutions are at the forefront. But I0-Link
also makes connection to the network possible, especially for
devices that need only a reduced data transfer capability.

In smart manufacturing, many sensors collect a large
amount of data in many places. As a result, the importance of
decentralized data processing is rising. Additional interfaces in
the data or software systems make possible new analyses and
functions, help improve the flexibility, quality, efficiency and
transparency of the production.

Through the application field-oriented connection
technologies and bypassing the control system, the sensor data
can in the future be directed immediately into the cloud.

Thanks to the successful and comprehensive integration of
all sensors into a network with centralized or decentralized data
processing systems, a previously unknown number of solutions
appears, while the whole process becomes transparent due to
data transfer and communication protocols.

BIG DATA methods make it possible to handle structured
and unstructured data of very large volumes to obtain results
that are efficient under the conditions of continuous growth and



distributed over the nodes of the computing network. The need
for such methods is caused by the ever-increasing development
of technological processes and the equipment itself at the
companies. Those methods can be used to collect information
from sensors for the predictive analyses and data processing.
They are also used to improve security and modularity (e. g. for
the purpose of preventing equipment breakdowns).

The known technologies include [5]:

1) Recognition of graphic elements as a new part of
speech recognition implementation.

2) Adaptation operations and related automated vehicles.

3) Semi-automatic flexible machines for additional
services.

4) Fully automated quality assurance for adapting to rapid
changes in demand.

5) Smart automatic control
efficiency.

6) Enhancing security and modularity.

of objects for greater

Enhancing the safety of production is of prime importance.
The safety improvement is therefore possible mainly due to the
predictive analysis to prevent emergency situations.

In recent years, SAP Predictive Analytics [6] has focused
on the development of machine learning, Big Data processing
and the IoT development. Those are the three most important
technological areas, where the company is developing its
solutions. SAP works not only on the development of a tool,
but also on the application of the respective technologies in
practice. If you have a large number of customers, automating
your business processes with the use of SAP products allows
you to analyze customer needs in a comprehensive way and
offers you new approaches in utilizing client data to increase
the efficiency of those processes.

You can download a temporary series into a data analysis
tool, but without data pre-processing, the resulting model will
be of poor quality. When preparing data, it is necessary to
fulfill two stages of processing. The first stage is Data
Engineering, i. e. collecting, understanding, clearing and
primary data processing. The second stage is Feature
Engineering: the formation of descriptive data features that
contain information on various aspects of the behavior of the
object, whose model is under construction. In terms of the
CRISP-DM [2] methodology, those stages are similar to Data
Understanding and Data Preparation (cf. Fig. 2).
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Fig. 2 — Stages in the CRISP-DM methodology with the
possible transition paths between the stages [7]

An integral part of the initial stages of the machine learning
process is the feature selection, i. e. the selection of variables
on the basis of which the model undergoes the process of
learning. The selection can be done using various tools, and
also be dependent on many factors, e. g. the correlation of
features with the target variable or the data quality. The next
(and more important) step may be the creation of new features
based on the already existing ones, the so-called feature
engineering. That operation can allow engineers to improve the
quality of the model, while at the same time making it possible
to obtain a more complete explanation of the data, if the model
is interpreted. In our case, the first step in constructing a SAP
Predictive Analytics model was to create new features using
the built-in Data Manager solution.

In the data set prepared, there are indicators that affect the
target variable at the given moment of time. However, you can
get additional information if you determine the impact of those
indicators during a certain period up to the given moment. In
our case, the following time intervals were chosen: during 1
hour and 1 day until the given moment of time. Even more
informative may be the degree of the indicator change from the
moment in the past until the given moment. As part of the
method, the natural logarithm of the quotient of the current
indicators and those with an interval of 1 hour and 2 days was
selected. Consequently, we managed to obtain the degree of the
indicator change from the moment in the past (whether it had
increased or decreased and if so, then to what extent).

All modern techniques of working with Big Data invariably
follow the three principles given below. In order to comply
with them, it is necessary to use methods, techniques and
paradigms of data processing. One of the most established
methods is called MapReduce.

MapReduce is a distributed data processing model offered
by Google for processing large volumes of data in computer
clusters. MapReduce:
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MapReduce assumes that the data is organized in the form
of some entries. Data processing takes place in 3 stages:

1. The "Map" stage. At this stage, the data is converted
using the "map ()" function, which is defined by the
user. The role of this stage lies in the preliminary
processing and filtration of the data. This operation is
very similar to the "map" operation in functional
programming languages. This user-intended function is
applied to each input section.

The "map ()" function is applied to one input entry pair
and returns a set of key-value pairs. The word "set"
means that it may return only one entry, may not return
anything, and may return several key-value pairs. What
is in the key and in the value is defined by the user, but
the key is a very important thing, since the data with
one key will later on find its way into one instance of
the "reduce" function.

The "Shuffle" stage. It goes unnoticed by the user. At
this stage, the output of the "map" function is
"distributed into baskets" — each basket corresponds to
one output key of the "map" stage. Later on, those
baskets will serve as inputs for the "reduce" function.

The "Reduce" stage. Each "basket" with the values
formed at the "shuffle" stage finds its way into the
"reduce ()" function.

The "reduce" function is determined by the user, and
calculates the final result for a separate "basket". The set of all
values returned by the "reduce ()" function is the final result of
the MapReduce task.

VI. DEVELOPMENT OF KEY EFFICIENCY INDICATORS

The methodology and tools for working with structured
data have long been created. This is a relational data model and
database management systems. But under the present-day
conditions, companies need to process large amounts of
unstructured data of various types (Table 1), so the previous
methods are not quite suitable for that task. New methods of
handling data are needed. At present, the model of work with
Big Data implemented in the Apache Hadoop project is
becoming increasingly popular [9].

TABLE L. PREVAILING TYPES OF INFORMATION FOR VARIOUS
FIELDS OF ACTIVITY WITH THE DEGREE OF USE
Field of Video Images Audio Text/Numbers
activity\Type of
information

Banking sector Medium Medium Medium Medium
Insurance Low Low Low High
?:;:S:;ani:d Low Low Low High
Manufacture Medium Medium Low High
Retail trade Medium Low Low High
Wholesale trade Low Low Low High
SP;?:is:Slonal Medium Medium Medium High
Entertainment Medium Low Medium Medium
Healthcare Low High Low High
Transportation Medium Medium Low High
Mass media High Medium High High
Utilities Medium Medium Low High
Civil engineering Low High Low Medium
Resources Medium Medium Low High
Government High Medium High High
Education High Medium High Low
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Most products for working with Big Data have a highly
efficient system for processing huge amounts of information
and analyzing it in real time. The expected effect of the Big
Data implementation may vary depending on the type of
activity and the actual policy of a particular company (Fig. 4).
When working with Big Data, methods of knowledge
manipulation are used: various methods of the theory of
recognition and classification, methods of intelligence analysis
and data generalization, smart approaches in the form of
genetic algorithms, neural networks and other branches of
artificial intelligence. The sources indicate the relationship
between the expected effect of the Big Data implementation
and the field of activity and policy direction of a particular
company [9].

The main tasks of the Hadoop platform are data storage,
processing and management. The main components of the
Hadoop platform are:

Failure-resistant Hadoop Distributed File System
(HDFS), which is used for storage purposes;

The Map Reduce software interface, which is the basis
for writing applications that process in parallel large
volumes of structured and unstructured data on a
cluster of thousands of machines;

Apache Hadoop YARN performing data management
function.

This reflects the Google citation index (Fig. 4). The
Hadoop platform makes it possible to reduce the time for data
processing and preparing, expands the possibilities for analysis,
enables one to handle new information and unstructured data.
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The results of the project on the implementation of the
Hadoop technology confirm the feasibility of its use (Table 2).

| used.

TABLE II. PROJECT RESULTS [9]
Average
Description of | Approximate time for
Platform the cost of the one
equipment equipment, $ report,
min.
| Hi E |
Oracle TEnd Class | 305 thousand 59
database Server
Hadoop 10 . 7 thousand 66
cluster workstations
Optimized 10
Hadoop . 8 thousand 40
workstations
cluster

Solutions based on the Hadoop technology have a number
of significant advantages. The main ones are given in Table 3.

TABLE III. ADVANTAGES OF A SOLUTION BASED ON HADOOP
[9]
Advantage Short description
Reduced data processing | When processing data using a cluster, it
time is possible to significantly reduce the

time for data processing.

Reduced equipment cost | The use of the Hadoop technology makes
it possible to reduce the cost of
equipment required for data storage and

processing, by dozens of times.

Failure of one or several cluster nodes
affects only the system productivity,
while the system as such continues to
operate properly providing service to the

Increased failure
resistance; the
technology makes it
possible to come up with

a failure-resistant end users.
solution.
Linear scalability The solution makes it possible to

increase productivity simply by adding
new cluster nodes. With that said, cluster
productivity increases linearly.

Unstructured data
operation capability

The technology makes it possible to
conduct complex processing of any files
including unstructured ones, so that such
data can be efficiently processed and

74

The Big Data storage solution is based on business
requirements, workload management and smart storage ideas.
As shown here, end users have many reporting possibilities and
indicators that help them understand the use of tables, table
spaces and workloads, since they relate to the frequency of
access to data and its changes.

VII. CONCLUSION

Scientific methods aimed at introducing IT for processing
large amounts of data with a distributed infrastructure based on
smart agents and parallel algorithms have been examined. The
emphasis is laid upon innovative methods based on smart
agents and the principles of Industry 4.0. The implementation
and simulation of parallel processing algorithms for Big Data
and decision trees are being done.

The methods of operating BIG DATA have been
formulated. The SAP Predictive Analytics modeling will be
important in the process of collecting information from
equipment sensors and in terms of the possibility of the follow-
up analysis of the equipment, for example, for its proper
functionality.

A review of technologies and business process control
models has been carried out, during analysis of which
recommendations were given that would be used for the
predictive analysis in the BIG DATA environment.
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Anomauyia—Yy podOTI PO3IJISIHYTO 3a7a4y NPUAHATTSA JTO3BOJISIE IPUAMATH Kpallle PIillleHHs B OMUCAHUX CHUTYAIisIX

pilueHHsi Wox0 BHOOPY MapUWIPYTy sl NepeHanpaBJeHHs Ta CIOPOCTHTH 1 MiABHIIMTH €()EKTUBHICTh YIPaBIiHHS
Tpadiky 3 YyHWIKOIKeHOI IIIAHKH MepexXi 3 OLiHIOBAHHAM MepEeKerO.

KOKHOT0 BapiaHTy 3a JONOMOIOK 0OaraToKpuTepiajlbHOI

ominkH. 3anponoHoBaHi OCHOBHI MapaMeTpu MapuHIpyTiB, sIKi II. TIOCTAHOBKA 3AJJAUI

BILIMBAalOTh HA §oro omiHky Ta Ha0ip BapiaHTiB mMapumpyTiB

Tak K KOHTPOJIEP Ma€ BCKO HEOOXiAHY 1H(POPMALIIIO PO
TJIsI IepeHanpaBJIeHHs]. TpoJcp aHy iH(opMmal p

TOTIOJIOTII0 MEPEeXi, TO Y BHIAAKY BHHUKHEHHS IPOOIEMHOI

Knruoei cnosa— KOHCMPYHOGAHHA mpagixy, .. . i
. - . cuTyamii BIH MOX€ IIBUAKO ii BHUPIINUTH 3A1HCHUBIIN
nepenanpagienHs mpagixy, npuiiHamms piuienb, KOHmMpo.ep . . . .
SDN. peKOanEypam}o. MEpexKi Ta TepeHaNpaBICHHs Tpaq)n(y:
3a3BUuail € JAeKiNbKa BaplaHTIB Ul IIE€pPEHAIpaBJICHHS, 1
1. BcTyn KOHTpPOJIEP, MalOYH III00aTbHE MPEACTaBICHHS PO MEPEXKY,

MOXe 00paTn HalKpaIuii 3 HUX, 00 3a0e3MeUnTH IKOMOTa
Kpally Mnojansilly Iepenadyy AaHux. OTxe, BaXIUBOIO
337a4ei0 € TPUHHATTS pIlIeHHS I0J0 BHOOpPY BapiaHTy
MepeHanpaBiIeHHs Tpadiky.

I'onoBHMM 3aBIaHHIM KOMIT IOTEPHOT MEPEXKi € epenada
Tpadiky HalOUIBII edexkTHBHO, HAMIHHO Ta MIBHIKO.
KoncrpyroBanns tpadiky (Traffic Engineering, TE) € ogaum
3 TOJIOBHMX METOAIB JuIsl onTuMi3auii podorn mepexi [1].
3amagero KOHCTPYIOBaHHS Tpadiky € aHami3, nepeq6aquHx III. BUBIP BAPIAHTY TIEPEHATIPBAJIEHHS
Ta YOpaBIiHHA TOBEMIHKOIO JIAHUX Yy Mepexi, To0To
BUpIICHHS TOrO SKMM YHHOM IIepeaBaTd JaHi 10
BCTaHOBJICHMM MapuipyTaMm, SK pPO3AUIATH I JaHl MiX
MapupyTamH.

OCTaHHIM YacoM CIHOCTEpIra€ThCsi HEBIUHHUI Ipoliec
3pocTaHHsA 00’eMiB Tpadiky [2] IpU3BOIUTE 0 30LTBIICHHS
PO3MIPHOCTI Mepex 1 uepe3 Iie MAeiali CKIAIHIIINM CTae
HPOLEC KCpYBAHHI MEPEKCIO Ta KOHCTPYIOBAHHS Tpa(I’lKY Bona no3Bosste popmani3yBaTu Ta BHOPSIKYBATH IPOLIEC
Tomy TpapuuiiHi MiXOMM JIO apXITEKTypH MEPEKi TA  ppuiiHaTTs pillleHHs, 3aBIAKM HOMY NpOCTile OOMpaTH
KepYBaHHs HCI0 B HalOIIKIOMy MalHOyTHBOMY CTaHYTh  yajikpalie pilLCHHSL.
Hee(DeKTHBHUMHU, 4Yepe3 1ie BUHMKJIA HEOOXIIHICTh MOUIYKY ] . )
Ta TPUAHATTS HOBOI MEPEKEBOi MOIETI, SKa JO3BOJHTH T?OP“O TIPHUHATTA PUIICHE MOXHA 3aCTOCOBYBATH LA
MOJIETIIUTH MPOIIEC KePyBaHHS BEIMKUMHU MEpEXKaMu. 3aja4i BUOOPY HAMKpaLIoi cepel KUIbKOX anbTepHaTHB, a0

[lix uac QyHKIIOHYBaHHS Mepeki MOKYTh BMHMKAaTH  1X  BIIOPAIKYBAaHHS. '33331’1‘13171 Oynb-siknii  00’€KT
Taki cuTyamii (HampuKIag KOTM BY30J MEpEeKi UM KaHall XapaKkTCpU3y€TbCA  JNCKUIPKOMa  BIACTHBOCTAMH abo
3B’SI3KY BUXOJUTH 3 JiaJy abo uepe3 BUCOKY 3aBaHTaKECHICTh 1apaMeTpamu, 1 Ui TOTO U106_ NPUAHATE PILICHHS 6}’{10
TUISTHKY MapIIpyTy BUHUKAE 3arpo3a yTBOPEHHs 3aTopH [3]), SIKOMOTa  KpalliM MOTPIOHO OLIHIOBATH 06’€KT?1 [0 BCIM
KOJIM HEOOXiZHO TepeHanpaBuTh Tpagik 3 TOro MapupyTy 11apaMeTpaM, a HE JIMIIC TI0 OTHOMY. Taxox HOTP16H_0 Oparu
o0 SKOMY BiH TepelaBaBcs Ha iHMMHA. B Takux Bumagkax 10 YBard BIHOCHY B&IMBICTh OOpaHMX MapameTpiB OIUH
NPUCTpIH  Mepexi BHUpINIye sK HaWKkpaime «oOidTn» A0 OAHOIO . . o
MpoOJIeMHy IUITHKY, MAlOddl JIUIIE JIOKATBHY iH(OpMaIiio UPOHOHYCTBC’I _ 3aCTOCyBaTH  JaHuM — IJAXIL I
mpo Mepexy. Takuil MiAXig € TpagulidHuM, aie oo BUPIMCHHA  3ad4l _BH60PY KOHTPOJIEPOM  BapIaHTy
NPUHHATA Kpalle pidleHHS I[oJ0 IepeHanpaBICHH TepeHANpaBICHHs TPadiKy.
MOTPIOHO BUKOPHCTOBYBATH IiX1J MPU SKOMY MOKHA MaTH
riobansHe O0adeHHs cTaHy Mepexi, TOOTO MaT iH(opMaIlio
npo Bclo Mepexy. Takum mizxomom € SDN (Software-

Teopist NpUIHATTS pilIeHP € CWIBHAM MaTeMaTHYHUM
armaparoM, — Ie
HNOHATTS 1 METOOW MaTeMaTHKH,

CTaTUCTUKH, SKa BUBYAE 3aKOHOMIpHOCTI BHOOPY IUIAXiB
BUPIIICHHS DPI3HOTO pOJYy 3aBAaHb, a TAKOX JOCIIJDKYE
CHOCOOH MOITYKY HAHOLIBIT BUTITHUX 3 MOKJIMBUX PIllICHb

VY sgKoCTi BapiaHTIB MapuIpyTiB Ui TepeHANpPaBICHHS
MPOIIOHYETHCS 0OUpaTu:

Defined Networking), B HbOMY IUTIOIIMHA TIepeadi JaHUX Ta e  MapupyT, sIKMH OOXOZUTH NMPOOIEMHY OUISIHKY Ta
IUIOLIIMHA KEPYBaHHS MEPEKEI0 PpO3JIUIeHI, YIPaBIiHHA MIOBEPTAETHCS HA CBilf OYATKOBUH IIUIAX;
MEPEKEI0 3AIMCHIOE OKPEMUI MPUCTPI — KOHTpOJIEp SDN, ] MapIIpyT, SIKUI EPEXOAUTh Ha IHIIWI MapIpyT —

3aBISKH YOMY IOCSTAETHCS IICHTPANi30BaHUN KOHTPOIb, 1€ HaNHGIIMKYMIA 10 HAHOTO;
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MapIpyT, SKAH NMepexoUTh Ha IHIIUH MapipyT —
Jpyruil HailovoKunii 10 [aHoro.
Ha puc. 1 npoigrocTpoBaHi BKa3aHi BapiaHTH.

Puc. 1 — Imroctparist MapIipyTiB 1715 IepeHANPaBICHHS

Maemo MHOXUHY anbrepHatuB U = {u,; u,...,u,}, B
HAalOMy BHUIAJKy L€ MapmpyTH 10 SKUM MOJKHa
nepeHanpaButd Tpadik. [{od oOpaTu kpamry aabTepHATHBY
NOTPIOHO BHM3HAUUTH iX OWIHKK. J[JIsi BH3HAYEHHS OLIHOK
IbTEPHATHB HPOTIOHY€ETHCS BUKOPHCTATH METOA
BU3HAYEHHs OaraToKpHUTepiaabHOI HeUiTKOI OliHKH [4], foro
JOLTEHO BHKOPHCTOBYBAaTH TOMY, IO KOXKEH MapLIPyT
XapaKkTepu3yeThCs KilbkoMa napamerpamu. ToOTo noTpioHO
3poONTH BHOIp Ha OCHOBI CTYICHIO BiAIOBITHOCTI
aNbTEpPHATUB JesIKii cucteMi 3 m pi3Hux kputepiis Cj,
C,,...,.C,, AN KOXKHOTO 3 SIKHX OYIYyETbCS HEWiTKa
MHOXKHHA!

Ac = {Mcf(m)s Mcf(uz), oo Mcf(un)},

e He( )E[0,1] - ouiHka j-i albTEpHATUBH MO i-My KPHUTEPIO,
IHIIMMH CJIOBaMH L€ XapaKTepHCTHKA CTYNCHIO BiIMOBIIHOCTI
IbTEPHATHBH JAHOMY KPHTEpIIO.

KpurepisMu BHCTYIAIOTh:

o 3aBaHTAXKEHICTh — BKasye€ sKa 4YaCTHHa HpOHyCKHO.l.

CIIPOMOYKHOCTI MapIIPyTy 3aHHATA;
JIOBXKHHA — KUTBKICTB XOIIB y MapIipyTi;

gac mepeaadi — gac rmepegadi o JaHOMY MapIipyTy
y He3aBaHTaKeHIl Mepexi;

®  HaMIfHICTH — MPOIIEHT YCIIIIHO MTePEeIaHnX JaHUX.

Haiikpamioro ansTepHaTuBoOlO Oyne Ta, sika HalOLIBLIO
MIpOI0 3aZOBOJIBHAE yCili  MHOXHHI KpurepiiB. ToOTo
MPaBUJIO 3HAXO/KCHHS OIIHKM IO BCIM KpHUTEpisM Oyne
MaTH BUTJL:

D=Ac,NAcN...N A,
VY BigmoBigHOCTI A0 omepamii TEpeTHHY HEUITKHX

MHOXXUH (YHKI[S HaJeXKHOCTI Uil KOXXHOI ajbTepHATHBU
3HAXOJUTHCS 32 POPMYJIIOH0:

Hp(y) = min (u, (), j=1,n
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Haiikpaina anbrepHaTMBa BH3HAYA€ThCS 3a  (hopmylioro:
*)
By (W) = max (Wp (1)

Haiikpaiy anpTepHaTUBY MOXHA TaKO0X BU3HAUUTH
IHIIMM METOJIOM [5], 3TiTHO SIKOTO Ha MHOXHHI albTepHATHB
OyayeTbcsi HEUiTKe BigHOMIEHHS R 3 (DyHKII€I0 HaJeKHOCTI
Ur(u; w)€E[0, 1] 3HAYEHHs AKOi TPAKTYeThCs AK CTYMiHb
HiepeBary i-i aTepHATUBY HaJ j-10.

Jist moOynoBM BifHOMIEHHS R MOXXKHa BUKOPHUCTATH
OIIHKM aJbTEPHATHB OTPHMAaHi 3a JOMOMOTOI0 HABEICHOTO
BUIIE METOLY.

[Io BimHomenHro R Oymyerbcs HediTKa MHOXHHA
HE/IOMiHOBaHHX — anbrepHatnB  Ux™ < U,  ¢yskuis
HAIEKHOCTI 110 MHOKuHK Ug":

;z;;’(ug =mgz]{1 - ,Lt;(uj,u,)} =1- mgg{;fz(uj,u,-)}, u; €U
uj uj

JI1s1 KOXKHOT BEPIUMHH u; 3HAYCHHS g™ (1;) PO3yMieThes
SIK CTYIIHb HEJJOMIHOBAHOCTI.

OOwupaeTbcsl anbTepHATHBA 3 MHOXXHHH HEJIOMIHOBAHUX
3 HAWOUTBIIMM 3HaUCHHSM (PYHKIIIT HaIEKHOCTI:

* __ nd
u = argmax Uu;
gmax g (u;)

Taxuii crioci® BUOOpY MapuIpyTy JJisl IEpEeHANPaBICHHS
Tpadiky I03BOJNSE BpaxyBaTH HEOOXiTHY iH(OpMAIlio mpo
Mepexy Ta 00paTH HaWKpIHii BapiaHT.

BHCHOBOK

B poOori omnucaHa 3agaya NPUHHATTS PIlIEHHS MO0
BUOOpY HaMKpaImoro MapuipyTy Ui HepeHanpaBICHHS
Tpadiky 3 NpoOIeMHOT TIISTHKY. 3aponoHOBaHi MiIX0U JI0
ii BupimenHs. Apxirektypa SDN Hagae MOXIHBICTB
KOHTpOJIEpY Matd TiobajbHE NPEACTaBICHHA NP0 CTaH
TONONOTI] Mepexi, M0 JO3BOJNSE BUKOPUCTOBYBATH BCIO
HEOOXigHy I1HGOpPMAILI0 UIA MPUUHATTS PIMICHHS IIOIO
nmepeHanpaBieHHs Tpadiky TakuM YHHOM 100 He
BUKIIMKAaTH 3aTOpiB a00 TepeBaHTAXEHHS Ha IHIIAX
TIISHKAX.
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Anomauyia —  3anpoONOHOBAHO  CHCTEMY  3aXHCTY Toyni  BTpPaTH  YCTAaHOBUTH  HEMOXIIMBO  Yepe3
MPOrPaMHOro 3afe3leYyeHHs] HA OCHOBi KIIEHT — cepBepHOI Bi,I[CYTHiCTB IIOBHUX BIOMOCTEMN po YHCIIO0 “HipaTCLKI/IX”
apxitektypu. Peanizanisi cuctemMu 6a3yerbcsi Ha OCHOBI TOKeH KOIiH, ale BBAXKACThCS, IO 3 KOKHOT IPOTrPaMHM iX POOUTHCS
apropu3anii Ta dll-in’exuii. Bin 2 no 15. PO3pi3HAIOTH JEKiNbKa 3araibHUX METOJIB
3axucry 13 Big HCZ.
Abstract — The Software protection system based on
client-server architecture is proposed. The implementation of Mapompruit  3axuct. Takuif 3aXUCT € HaIIHHEM
the system is based on the token-authorization and dll- iHCprMeHTOM BiJ 3JIOBMI/ICHI/IKa-HeHPOCI)eCiOHaHa,
injection. MiHiMalbHi HE3PYYHOCTI i KOPHCTyBauya, MOYIIMBICTH

mepefadi mapois MO Mepeki, BiACYTHICTh KOHQUIKTIB 3

Kuiouosi cnosa — saxucm npozpamnozo sadesneuenns, cHcTeMHEM Ta mpuiameuM [13. JIo HeOMiKie MoXHa
Ki€nm—cepeéepna  apximexkmypa, moken-agmopusayis, dll- . . . .
in’exuin BIZIHECTH HU3bKY CTIHKICTh OUIBIIOCTI CUCTEM JIAHOTO THITY,
KOPHUCTYBa4eBi JIOBOANUTHCS 3al1aM’ ITOBYBATH Mapoiib /KOJI.
. . . 1

Keywords — software protection, client-server architecture, Cucremn «IIPUB A3KW» 113 no arapaTHoro
token-authorization, dll-injection. 3a0e3mnedenns. [Ipy TakoMy Migxoi HEe MOTPIOHI JOAATKOBI
amapatHi 3acoOW Uil opraHizauii 3aXHCTy, YCKJIaIHEHHS

HECaHKI[IOHOBAaHOTO JIOCTYIy M0 ckomioBanoro I13
. BCTVYII :

IpOCTOTa  3acTOCYBaHHA. HeJomikoM €  IOMMIIKOBI
IHd)OpMaHIﬁHl TEXHOJIOTIT AYyKE€ MIBUAKO PO3BUBAKOTHCA 1 CIIpallbOBYBaHHSA CHCTCMHM 3aXHCTY T13 npu 6y,m,-;11(1/1x
1X BUKOPHUCTAHHA Y PI3HUX o0acTsax JIIOACBKO1 OIAJIbHOCT1 3MiHaX B napamerpax HK’ MOKJIUBICTD KOH(i)HiKTiB 3
MIPHU3BOAUTE JI0 TOTO, IO KPiM 3a/1ad mepenadi, 30epexeHHs cucremunm I13 [2].
i 06poOKH iHdopMaIlii BUHMK/IA BAX/TMBA 3a1aua ii 3aXHCTY.. 3acobm 3axucty II3 Ha OCHOBI €NEKTPOHHUX KIIOUIB.
Iix piBHEM v6631'{eKIfI nporpamHoro 3abesnedenHs (I13) Takuit — miaxin  sabesmedye  3HauHe  yCKIAZHEHHS
POSYMIETECH UMOBIPHICTD TOTO, 1O IPH 3aMaHUX YMOBAX ¥ yeneranpmoro sukopuctanus 113, mo36aBieHHs BUPOOHHUKA
gpoueql Horo CKCILTyaTarll 6/}316 OTpUMAHIH I13 Bim po3poOKH BIACHOI CHCTEMH 3aXHCTy, BHCOKa
HKI[IOHAEHO TPHUIATHUHN PEe3yibTaT. AKTYaIbHICTh TEMH . .
YHEN Pt pesy. Yy R aBToMaTH3allis nporecy 3axucty 13, HasBricte API cuctem
aHoi poOOTH 3YMOBIIOETHCS THM, IO HA CHOTOIHINIHIN . .
JUIsl OLIBII TTMOOKOTO 3axucTy. Henonikamu € yckiaaHeHHs
JIeHb ~CHUCTEMH 3aXHCTy IPOTpaMHOro 3a0e3redeHHs .
. po3pobku 1 HamaromxkeHHs [13 yepe3 oOMexeHHS 3 OOKY

HaJ3BHYAMHO TIOMIMPEHI 1 3HAXOIAThCS B MOCTiHHOMY oi ) 6
PO3BHUTKY, a TAaKOX 3aBXKIM ICHYE B3aEMOJIisS M)XK PO3BUTKOM 3acODIB  3aXHCTy, JONATKOBI BUTpATH HA MNPHAOGAHHA
CHUCTEMH 3aXWCTy, 3HIKEHHs BiaMmoBocrtiiikocti II3,

3aXHCTy Ta crocobaMu Horo 3maMy. Meroro po6otd € - /
IBMILEHHS 3aXUIIEHOCTI MPOrPaMHOro 3a0e3NeYeH s Bif HECYMICHICTB ~ CHCTEM ~ 3aXHCTy 1 CHCTEeMHOro  abo

HECAHKI[IOHOBAHOTO JOCTYIYy 3 BHKOPHCTaHHSIM METOIIB npuknajHoro I13 kopucrysaya [3].
IIPUB’A3KHU JI0 CEPBEPY. Mepexepuii  3axucT. Jlo TEXHIYHHX IIepeBar LBOTO

MiAXOMy MOXKHA BITHECTH Te, IO Hi IEPEBCTAHOBIICHHS
NPOJAYKTYy, Hi YHCTKa PEECTPY HE IO03BOJSIIOTH MOBTOPHO
BHKOPHCTOBYBAaTH NpPOOHWHA Tmepiox aisd oxHiel i1 Tiel x
pobGouoi cranmii. JIo HEONIKIB 3aXMCTYy MOYKHA BiJHECTH
BUMOTY JIOCTYITy 1O Mepexi [HTepHeT Ha MOMEHT 3alycKy
3aXUIINEHOr0 NPOAYKTY (Y pa3i BIACYTHOCTI 3'€JHAHHS BiH HE
3allyCTUTBCS),  CKJIQJAHICTh  peamizauii  (HEoOXimHICTh
MATPUMKH Pi3HUX MEPEKEBHUX MPOTOKOIMIIB) [4].

II. Orjsag ICHYIOUUX METO/MIB 3AXHCTY IIPOTPAMHOI'O
3ABE3IEYEHHA BIJl HECAHKIIIOHOBAHOT'O JOCTYITY

3axucT mporpaMHOTrO MPOIYKTY Bill HECAHKI[IOHOBAHOTO
nocrynmy (HCJ) — axryanpHa 3amava y 3BS3Ky 3i
30epeKEeHHSIM KOMEpLIHHMX 1 aBTOPChKUX mpaB ¢ipMm i
pO3poOHMKIB. 3a BHCHOBKAMH 3aKOPJOHHHMX (haxiBIB,
€KOHOMIUHMHA 30WTOK BiJ TIPaTChKOTO  KOIIIOBaHHSI
MPOTPaMHOT0 3a0e3MeueHHs CKIaaae MuTbsipAn noiapis [1].
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I3 Bigx HCJ  mpomonyerchs
CKOPHUCTaTHUHUCS MepeKEeBUM MiIX010M HAOCHOBI
apxiTEeKTYpH KII€HT-cepBep, MNpH SKOMY ISl 3aIyCcKy
3aXMIIEHOI MporpaMu NOTpiOHO Oyne 3B’s3aTucs 3
cepBepoM I Tepenadi 1 MepeBipKH Kifoda JOCTYIY 10
3aXHUILIECHOI POTrPaMH.

s 3axucry

III. CTPYKTYPA CUCTEMU 3AXUCTY

MepexeBuil METOJ TIOJISTAE B BUKOPHUCTAHHI 3aXUCTY 3
IIPUB’S3KOI0 /10 cepBepa Ha OCHOBI JWT-TOKeHiB, SKUMH
oOmiHtoeThest  3axuiieHe [I13 3 cepBepom,  Juis
aBTeHTH(iKamii, BUKopucTaHHA [I3 3a mTpHU3HAYEHHSIM i
3aro0iraHHsl HECAHKIIOHOBAHOTO BUKOPHCTAHHSI.

Ha puc. 1 HaBezeHO 3araibHy cxemy poOOTH CHCTEMH
3aXHCTY.

brok
DLL
injector

Brnox
—>| |resepauii
DLL

Bukouysannit
aiin

1
— 3xumene 13 ||  Cepsep basa nannx

Puc. 1. Cxemy poOOTH CUCTEMH 3aXUCTY

Crnovarky BHOMpaeMO BUKOHYBaHMH  Qailn  ais
HaKJIaJaHHd Ha HbOro 3axucty. CTBOpIOEMO 3amuc Ha
cepBepi 3 JOTiHOM Ta mapoieM. Ha OCHOBI mHX DaHWX
BiIOYyBa€eThCSA (POPMYBAHHS BIIKPUTOTO KJIFOYA Ta TeHeparlii
dll-¢aitmy. 3renepoBanmii dll-daiin mpuB’sA3yeTHCT 11O
BUKOHYBAaHOTO (aiiily AIs HAKIagaHHS 3axXUCTy LUIIXOM
BukoHaHHA dll-in’ekmii. Otpumane 3axmmene [13
3BEPTAETBCS OO CepBepa Ta MEpEeNae BIAKPUTHH KIIOW.
Cepgep, miciasi OTPUMAaHHS BIIKPUTOTO KIIFOYA, 3BEPTAETHCS
0 0a3u JaHMX, JUIS OTPUMAHHS 3aKpUTOrO KIIOYa SIKUM
(dbopMyeThCSI HA OCHOBI BIIKPUTOr0 1 BiIOYBaeThCs
nepeBipka. OcTaHHIM KpPOKOM € BIiAIOBiOb BiJ cepBepa.
SIK1o0 BOHA MO3WTHBHA — HANAE MOMJIMBICTH JOCTYIy JIO
3axuineHoro [13, iHakie — BiIMOBIISIE B JOCTYIII.

Ha pucynky 2 300pakeHa CTPyKTypHa cXeMa CHCTEMH
3aXHCTY.

Brok renepanii Enpk b || Be6 - cepuep Cepaep 6a3
DIl injector JIAHHUX
Moy Monyns s
Ay npus’s3ku DIl Monyis Basa nanux

Buiok renepauii
JWT Toxeny

BCTAHOBJICHHS
3’€/IHAHHA 3
cepBepoM

BiJNOBigHOCTI
TOKEHIB

nepeBipku
TOKEHiB

JI0 TIPOrpaMH,
110
3aXHIAETChS

Puc. 2. CtpykTypHa cXeMa CHCTEMH 3aXUCTY MIPOTPaMHOTO
3a0e3neueHHs

Cucrema 3axucty (puc. 2) CKIagaeTsCs 3 4 TOJOBHHUX
KOMITOHEHTIB:

1) brnok remepamii dll, sxuii micTuTh Momymi uIA
reaepanii JWT-TokeHIB Ta BCTaHOBIICHHS 3 €IHAHHS i3
CepBEPOM.

2) bnok DLL-injector, sKuif MICTUTP MOZYJb
npuB’si3ku dll-daiimy mo mporpamm.

3) BeO-cepep, skwuit BUKOPHCTOBYETBCSA  JIJIS

OTpPHMAaHHS 3aluTy 10 mporpamu, mnepesipku JWT-Tokeny,
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1 BiJmpaBiieHHs] A03BOJY (UM HOro BiAXWJICHHS) Ha 3aIyCcK
nporpami.

4) basza maHuX, sKa € CXOBHWIIEM BIiAIOBIOHOCTEH
BIIKPUTUX TOKEHIB 70 3aKPUTHX.

Jns pobotu BeG-cepBepa MPOMOHYETHCS BHKOPHCTAHHS

Apache HTTP Server i CYBJl MySQL.

st BIpoBaKEHHsI 3aXUCTy BUKOpPUCTOBYeThesa DLL —
1H’ €KITisL.

DLL 010J110TEKA, JI03BOJISIE
GaraTopa3oBe BUKOPUCTAHHS Pi3HUMH IIPOTPaMaMHU.

Komn ¢ysknii B8 DLL 3MiHIOIOTBCS, MONATKH, SKi

IUHAMIYHA sIKa

BHUKOPHCTOBYIOTh iX, HE TIOTPEOYIOTh TTOBTOPHOI KOMITUISAILIT

abo MOBTOPHOTO KOMIIOHYBaHHS [0 THX Hip, IIOKH

napameTpu QYHKILIi, Yroad Npo BUKIMKW 1 3HAYECHHS, SIKi
MOBEPTAIOTHCS HE 3MIHATHCS;

JUii mepenmadi aHMX MDK IIPOrpaMor0 1 CepBEpOM
BUKOPHCTOBYETbCS CECIMHUH KIIIOY, SKHH TE€HEpPYETHCS B
cucremi 3axucty. g 6esneunoi nepenaqi JWT-TokeHy Bin
MpOrpaMH JI0 CepBEpa BHUKOPHCTOBYETHCS ACHMETPHUYHHNA
anmroput™m mmdpyBanas HS256. Tlpu mpoMy ceKpeTHHA
TOKEH MU pO3MU(pPYBaHHS 30€piracrbcs TITBKH Ha
cepBepi, a BigKpuTHil - mpuB's3yerbes mo dll-6i0mioTexn
JOJATKY.

[Ipu mepmoMy 3amycKy 3axuILEHOI Iporpamu, MOAYJb
nepeBipsie HasBHICTh 3aKpUTOro Kitova. Skio iforo Hemae,
BUKOHYIOTBCSI HACTYITHI JIii:

1) nporpama crBoproe 3’emHanHs 10 APl cepsepa, i
Bianpaesisie MAC-anpecy, sorin, 3renepoBanuiit JWT-Token
Ha cepsep.

2) BeO-cepBep OTpHMYE HaHi i MPOBOIUTH momryk B BJ] Ha
HasBHICTH BigmoBigHoTo JWT-TOKEHY;

3) SKmO TakWi TOKEH iCHYe, TO BeO-cepBep BiANpaBIsie
KOMaH/Ty IS TOJATBIIOTO 3aBAHTAXCHHS JJOAATKY;

4) TI3 oTpuMye BiANOBIIbL Bl CEpBEPY 1 Yac KUTTS TOKEHY,
1 TIpaIfioe y MOBHOMY (DYHKITIOHAJTI.

BUCHOBKU

[Ipencrapnennii MmiAXig MO0 3aXUCTy MPOTPAMHOTO
3abe3nedeHHs € e(EeKTHBHUM albTepPHATUBHAM BapiaHTOM
3aXHCTY Bij psiny 3rpo3 nopyuiensst HC/I, skuit Mmoxe OyTtn
BUKOPHCTaHWI KOMITaHIsIMH, IO 3aiiMaroOThCs pO3pOOKOIO
MPOrpaMHOro 3a0e3MeyYeHHs] Ta XO4YyTh 3aXHUCTUTH CBiH
MIPOIYKT.
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Elemental base and simulation of the prototype of the
device for non-invasive blood glucose control

Thor Kogut
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Anomauyia— B naniii podoTi BU3HAYEHO KJIIOYOBI eJIeMEHTH
HeiHBA3WBHOI0 NMPHUCTPOIO /ISl BUBHAYEHHHSI PiBHA TIJIIOKO3H B
KpoBi, 3a aomomoroio CAD-cucrtem 3aiiicHeHO BiljIaroaeHHs
napaMerpiB ix po0oTH, IPOMO/IEJIbOBAHO PEKUMH POOOTH JAHUX
NPUCTPOIB i BHU3HAYEHO ONTHUMAJbHI CKJAIOBi A5l MOOYI0BH
NMPOTOTHIY JAHOT0 BHJAY HPHCTPOIB, 3IiliCHEHO AaHAJIOrOBO-
uugpoBe IMepeTBOPeHHs] CUTHANLY, OTPHMAHOro i3 BHXOAY
¢oTOUyTIMBOIO ejieMeHTa.

Abstract— In this article are determined the key elements of
the non-invasive device for determining the level of glucose in the
blood , with the help of CAD-systems, was performed debugging
of their parameters, the operating modes of these devices were
modeled and the optimal components for constructing a
prototype of this type of devices were determined, analog-digital
transformation of the signal received from the output of a
photosensitive element is carried out..

Knrouoesi cnoea— HeineasusHuil, CAD-cucmemu,
6i011A20091CEHHA, MOOENI0BAHHS, NPOMOMUN

Keywords— non-invasive, CAD-systems, debugging, modeling,
prototype

I. Bcryn

[Ipo6eMa MOHITOPUHTY I[yKPOBOT'O /1ia0eTy 3yMOBJICHA 5K
3HAYHOK ITOLIMPEHICTIO 3aXBOPIOBAHHSA, TaK 1 PO3BUTKOM Ha
iif OCHOBI CKJIAJHUX CYIYTHIX YCKJIaJHEHb, DPaHHbOI
IHBaNTHOCTI Ta CMEpPTHOCTI. ToMy akTyalbHHM €
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OTepaTHBHUI Ta Oe3nepepBHUN KOHTPOJIb PIBHA TIIOKO3U B
kpoi (PT'K), 1m0 mIBUIIUTH TOKa3HUKU JIKyBaHHS
IyKpOBOTO Aiabery.

Ha pmanmii wac po3pobineHi ManorabapuTHi cHCTEMH
nmiarnoctukn PI'K sk m1s yMOB KIiHIK, TaK i OCOOHCTOTrO
KOpHCTYBaHHs. Taki CHCTEMU B OUIBIIOCTI € IHBa3UBHUMH,
0 BUMAraroTh Oe3mocepenHsoro 3abopy kposi. Bomnouac,
HaOyBalOTh PO3BHUTKY JiarHOCTUYHI MPHUCTPOI, B OCHOBI SKHX
JIeKaTh HEIHBAa3WBHI METOMH, SIKi 32 TOYHICTIO TOCTYMAIOTHCA
iHBa3MBHUM, aje € TEePCIEKTHBHIIINM, OCKUIBKH BOJIOIIIOTH
OUTPIIMMU (PYHKIIOHATPHUMH MOYKITUBOCTSAMH 3 TOYKH 30pYy
MPOCTOTH BUMIPIOBaHb, HAKOIMYEHHS 1 0OpPOOKH pe3yJIbTaTiB.
Taxi cucTeMu MICTATh BUMIPIOBATBHUIN MPUCTPIN Ta CCHCOPHI
enemeHTH. Ha aib, HeMae I0CTaTHBO JaHUX II0JI0 PO3POOKU
BITYM3HSIHAX ManorabapuTHUX MPUCTPOIB HEIHBA3UBHOTO
koHTpomo PI'K. [1-2]

Po3poOka Ta  BAOOCKOHAJEGHHS  MNPUCTPOIB  JUIs
Oe3nepepBHOrO MOHITOpUHTY ritoko3u B KpoBi (BMIK) B
JAHAH dYac € BaXJIMBUM HANpsSIMKOM JIOCHIDKEHb B
MIArHOCTHUIN mia0beTy. AKTYyalbHOIO 3aJIMIIAETHCS IPoOeMa
BJIOCKOHAJICHHS NTPHWIIAZIB A [itogoboBoro koutposo PI'K.
Baxxnueumu nepBuHHIME ceHcopHuMHU enemeHTamu (CE) s
HEIHBa3WBHHUX MpPHUCTPOiB KoHTpomo PI'K mromuanm €
¢doromionu i dorompuiimadi, siki QyHKIIOHYIOTh Ha TOBXKHHI
xBwial A=940 HM, Ha SIKii CHOCTEpIra€ThbCcs MaKCHMaJIbHE
3HAYCHHsS IIOTJIMHAHHS TJIIOKO3M Ta MiHIMaJNbHUIA BIUIUB



iHMMX (aKTOpiB, HANPHUKIAL, TAKUX SK BIUIUB ITOTJIMHAHHS
BOJIOI0 3 MaKCHMAJIbHOIO IHTEHCHBHICTIO Ha JIOBXHMHI XBHII
960 ©m. /[lng1 TOPTATUBHUX CHCTEM HEIHBa3HBHOTO
MoHiTOopuHry PI'K 3 aBTOHOMHHMM JUKEpEIOM IKHBJICHHS
KPUTUYHUM IIapaMeTpOM € CIOXHMBaHA MOTYXHICTb. Tomy
onHi€l0 i3 3amay  OyNo 3HW)KEHE EHEepProCIIOKHBaHHSI
pucTpoIo. [3-4]

I1. EJJEMEHTU HEIHBA3MBHOI'O ITPUCTPOIO
KOHTPOJIIO PIBHA T'JTFOKO3U B KPOBI

Po3pobxka arnapatHo-IporpaMoBaHoOl atdopmu
MPHUCTPOIB HEiHBa3MBHOro0 KOHTpo0 PI'K Ta ii enemeHTiB i
TPaKTIiB TIPOXOJUKEHHS CHTHAIIB € aKTYaJIbHOIO HayKOBO-
NIPUKJIAHOK 3a/1a40k0. [i BUPIIIEHHS J03BOJUTH OTPUMATH
CHeliaJli3oBaHy  eIeMEeHTHy ©0a3y Uil  NpPOEKTyBaHHS
aBTOMAaTH30BAHUX MIPUCTPOIB HEeiHBa3uBHOrO KOHTpOoro PI'K.

Byno pocmijkeHo, 10 MiKM TOMIMHAHHS TIIIOKO30I0
OMKHBOTO 1H(PauYepPBOHOTO BHUIPOMIHIOBAHHS CTAHOBIATH
650, 940, 1050 w©M BigmoBigHO. B 3B’sA3KYy i3 TakKoIO
3aJICKHICTIO [JOBXXMHHM BUIPOMIHIOBAaBHHSA BiJ KUIBKOCTB
TIOTJIMHAHHSA, OyJI0 00paHO ONTUMAJIBHY JOBXHHY XBHII - 940
HM. [5]. Tlpuctpiifi ckimamaerbes i3 TONOBHOTO OJOKY Ta
nepcoHambHOT ~ BYIIHOI  Kiincu. [6] TonoBHuid 6ok
moOymoBaHUH Ha 6a31 MikpoKoHTpoliepa cimetictea ATMega, i
NPU3HAYSHUH JUIS KEpyBaHHS MPOIECOM HEIHBA3UBHOTO
BUMIPIOBAHHS PIBHA TIIOKO3U B KPOBi, 3a/laBaHHS YKHUBJICHHS
cBiToniona 3a pomnomoror IIIIM-curnamy, 34yuTyBaHHS
CUTHAJTY i3 ()OTOUYTIMBOIO €JIEMEHTA Ta aHAIOTOBO-LIU(PPOBOT
00poOku curHany. [IpoTsarom mnpoiecy BHMIpIOBaHHS 3a
JIOTIOMOTOI0  CIICIIaJIbHOTO ~ ITPOTPaMHOro  3a0e3neyeHHs
npoBoauThess 30ip 300 pesynbTaTiB, SKi B MOJAIBIIOMY
MIepeialoThesl B MACHB, 1 MIKPOKOHTPOJIEP MPOBOANTH 00pPOOKY
JMAHUX Ta BHUBCACHHS 1X y MPHIATHIA IS YUTaHHSA (opMi Ha
LCD nucninei|[7]

III. PE3YJIBTATU CAD-MOJEJIFOBAHHS CKJIAJOBUX
IMPUCTPOXO TA MOT'O POBOTH B LIVIOMY

[IpoanamizyBaBcst CKJaIOBi CHCTEMH HEIHBAa3UBHOTO
KOHTPOJIIO PIiBHS TJIIOKO3M B KpoOBi, Oyino 3xilicneno PCB-
M3aiiH Ta MOJEIIOBaHHA muX ckiagoBux B CAD-cucremi, Ta
BIJUIaro/DKEHO TMapamMeTpu LUX €JEMEHTIB, 30KpeMa Oylio
migibpaHo  pesucTopum  OOB’S3KM ANl OMEpaLiifHOTO
migcuioBada. Pesynpratu PCB-mu3aiiHy Ta MOJAETIOBaHHS
poOOTH TPOTOTHUITy TPHUCTPOIO HEIHBAa3MBHOTO KOHTPOIIIO
PIBHSI TJIFOKO3H B KpOBi 300pakeHO Ha puc. 1.
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Puc. 1. Cxema, PCB-gu3aiiH Ta pe3ysibTaTH MOJENIOBAHHS  IPOTOTHUILY
MPUCTPOIO HEIHBa3HMBHOTO KOHTPOJIO PIiBHSA TIJIIOKO3W B  KpOBI,
nobynosaHoro B CAD cucremi.

Ha ocHOBI gaHuX MOAETIOBaHHS 1 aAu3aiiHy Oyjo 3i0paHO
EKCIIEpUMEHTABHUM 3pa30K IPOTOTHITY TPUCTPOIO IS

HEIHBa3WBHOT'O JIOCJI/DKEHHS PIBHS TIIIOKO3M B KpoBi. Moro
¢$oT0, a TAKOXK CKIIAJIOBHUX €IEMEHTIB 300pa)KeHO Ha pHC. 2.




Puc. 2. 3aranpHuii BUDISA @), MepCcOHalbHA ByLIHA Kiirca 0) Ta roJOBHHIT
MOJYJIb B) IPUCTPOIO HEIHBa3HBHOTO KOHTPOJIO PiBHS ITIOKO3U B KPOBI.

BHUCHOBKU

[Ipu mpoBeneHHI aHaNi3y EKCIIEPHIMEHTAIBFHOTO 3paska
MPOTOTUIYy TPHCTPOI0 HEIHBAa3UBHOTO KOHTPOJIO PIBHA
TIIFOKO3W B KPOBi OyJM BUSBIICHI OCHOBHI KOHCTPYKTHBHI Ta
TEXHOJIOTIYHI HEOJIIKM, NpPU YCYHEHHI SKUX MOXXHa Oyne
OYiKyBaTH CyTTEBE 30UIBIICHHS TOYHOCTI MOKA3aHH NPy,
1[0 B CBOIO Y€PTy AACTh 3MOT'Y BUKOPUCTOBYBATU JAHOTO BULY
TPUCTPOI JUIsi OCOOUCTOrO HEIHBAa3WBHOTO BH3HAYEHHS PIiBHS
[JIIOKO3H B KPOBI B JIOMAIIIHIX YMOBAaX 3 JIOCTATHHOIO TOHICTIO.
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30kpema, SIK OAHY i3 OCHOBHHX NPWYHMH BTPATH TOYHOCTI
MOKa3y MpPOTOTUIY TMpwWiagy OyJlno BHSBIEHO 3/aTHICTb
HAaBKOJIMIIHBOTO OCBITJICHHS BIUIMBAaTH Ha HOTO MOKa3aHHS.
Le#t Hemonmik Moke OYTH YCYHEHO 3a paxXyHOK OOJaTHaHHS
mpuiiMada ONTHYHOTO BHIIPOMIHEHHS CMYTOBHM (iIBTPOM,
pobouuii niama3oH KOTPOTO CIIBHANA€ i3 Jialma3oHOM IiKy
(hOTOUYTIMBOCTI YyTIMBOTO €JIEMEHTA. .
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Method for Improving Single Path Protocols
Dynamic Routing
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Anomayia:  IlpuHuun  QyHKIiOHYBaHHA  Cy4acHHX
NpPOTOKONiB  JUHAMiYHOI  MapmipyTu3auii Ta  cnocodu
NPU3HAYEHHS METPHK 3B’S3KiB, BUABHIM, 110 OLILLIICTD 3 HUX
€ OTHOLIIIXOBMMU, O0MPAIOTH OAHMH MAPUIPYT 3 MiHIMAJILHOIO
METPUKOI0 a00 31iliCHIOITH 0ajJJaHCYBaHHS MiK MapIIpyTaMu
3 O0JHAKOBOK MeTPHUKOW. Sk pe3yabrar (yHKUiOHYBAHHSA

Mepe:xki y Takuii cmocio CIPUYHHAE MAaKCHMaJIbHE
BHKOPHCTAHHS 3Hal/IeHoro Halikpalnoro abo
AJIbTEPHATHBHOIO 1LIAXy. Bupimenns niei npobdaemn
MOXJIMBO  31ilicHUTM  d4epe3  Moaudikauiro  npouecy
MapupyTu3anii, ckomMOiHyBaBmM Haiikpami ocodJauBoCTi
po310AiTeHoro Ta LEHTPATI30BAHOTO cnoco6iB
Mapumpytu3anii.  Ilicais  BOpoBagKeHH B Mepexky

LIEHTPAJLi30BAHOI0 KOHTpOJepa MapumipyTu3anii, Big Bcix
MAapUIPYTH3aTOPiB nepioanyHo HagxoauTuMe indopmania npo
ix ¢yskuionanbHuii cran. KoHTposiep npH BHHHKHEHHi
norpedu yepe3 nporokosa SNMP BHOCUTH 3MiHH B mapamMeTpu
MAapmIpyTH3aTOpa 3  NOAAJbIIOKW  3MiHOIO  Taldauub
MapupyTH3anii, a MoayJb KepyBaHHsl NPOBOAMThL aHATI3 Ta
PO3paxyHKH /I iHinioe 3MiHu.

KiwouoBi ciaoBa:  Tpadik, mNpoTOK0J, AUHAMIYHA
MapuIpyTH3anis, MeTPHKA, KOHTPOJEpP, MOIYJIb KepyBaHH,
0ajlaHCyBaHHS, AaJbTEPHATHBHI MapuIpyTH, oONTHMIi3auis
MOTOKY

Abstract: The principle of functioning of modern protocols
of dynamic routing and methods of assigning communication
metrics, found that most of them are one-way, choose one route
with a minimal metric or carry out balancing between routes
with the same metric. As a result of network operation in this
way causes the maximum use of the found best or alternative
path. This problem can be solved by modifying the routing
process by combining the best features of distributed and
centralized routing techniques. After the implementation of the
centralized router controller, all routers will periodically
receive information about their functional state. When
required by the controller, the SNMP changes the router's
parameters with the subsequent change of the routing tables,
and the control module conducts the analysis and calculations
to initiate the change.

Keywords: traffic, protocol, dynamic routing, metric,
controller, control module, balancing, alternative routes,
stream optimization
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1. Bcrvn

B Mepexi MOKe BUHHMKATH CUTYallis, KOJH 3arajJbHUH
Tpadik, MO MepenaeTscsi MO BHOPAHOMY HUIAXY € JIEII0
OUTPIIMM 32 TPOMYCKHY CIPOMOXHICTh KaHamiB. [l
YHUKHEHHS MIepeBaHTaXKEHHS HEOOXiTHO AUTUTH Tpadik Ha
YACTHHU 1 TNEPEeHANpPaBIsATH YacCTUHY IMAKeTiB IO IHIINM
nusixam. OJHaK MpH BUCOKIH IBUAKOCTI pyXy iH(poOpMarlii,
MaKeTH HaAXOAATh JO By3lla HE 4YacTHHAMHU, a Biapasy
noBHicTI0. B Takmx Bumangkax, Tpadik Mae BupaKeHHH
MyJIbCYIOYMHA  XapakTep, 10 IiJIBUILYE HMOBIpHICTb
NepeBaHTaKEHHS Ha BY3J1aX MEPEXi.

Jis yHUKHEHHS TlepeBaHTaKEHh HEOOXITHUMH HisiMU

1. 3mima MapmpyTy nepemadi JaHUX [UITXOM
nepeHanpasieHHs Tpadiky B 00Xig mpoOIeMHOro By3Ja.

2. [lepenanpaBieHHS BCHOTO MOTOKY Ha iHIIWI, MEHIII
Oe3neyHmiA MITsX.

3. Posnopinenust Tpadiky 3 OCHOBHOTO HUIIXY Ha BCI
HEe 3aBaHTa)XEHI MapUIpyTH, HE3aJIeXHO BiJ PpIBHA IX
Oe3mexu.

Pazom 3 THM, XapakTep HoOAii B Mepexi B IEBHUI
YaCOBHUI MPOMDKOK 3aJIC)KUTh BiJl MOMEPEIHIX BiTaJICHUX
nofiii. Ile o3Hauae, MO0 MPU BETUKUX MacHITadax MEpexi,
Tpadik HANUICHUH BIACTUBOCTAMH TNOHIOHOCTI, TOOTO
BUIJIAJa€ Maikeé OJHAaKOBO TMPH JOCTATHBO BEJIMKUX
MacmTabax 9acoBOro MpoMikKy.[1]

Jnst yCcyHeHHs HeINONIKy 3alUKIIOBAHHA IaKeTiB Y
OUX  MOJENAX, IO TPOSBISIBCA y  Mepexax 3
HaMiBIYIUIEKCHUMH 1 (a00) JyINIEKCHUMH KaHajlaMu 3B’ 3Ky
[1] mnpomoHyeTbCsl BBEIEHHS JOJATKOBHX HEJTIHIHHHX

oOMeXeHb, 10 TrapaHTyBaTHME€ BIJCYTHICTb  e(eKTy
3aIUKIIOBAHHS [MaKETIB 0e3 3HIDKCHHS SIKOCTI
OamaHCcyBaHHS.

IHmmit HeOMIK moNATaE B TOMY, IO MaKCHMAalbHE
MOKpPAIICHHS OaNaHCYBaHHS 10 KaHAlaM 3B’s3KYy MOXIIMBE
HE Ui BCiX TOmoJIorii Mepexi. OCOONMMBO KPUTHIHUM
3HIDKEHHSM SKOCTI OaaHCyBaHHS BiI0OYBaJIOCh Y MEpeXkax 3
HEOJHOPITHOIO TOIOJIOTIEI0, MPEACTABICHUX Yy BHIIISAAL
po3noaiieHoro rpada.

Jna miHiMi3amil ObOTO HEOOJIKY NPOIMOHYETHCS
3aMIHUTH [IEHTPaJIi30BaHEe KepyBaHHS METOJIOM
MapIipyTHU3aiii  «[Io MigMepeKam», OCKUIbKM IOBHA
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e(exTUBHICTh OaylaHCyBaHHs TpadiKy HanpsMmy 3aJIeKUTh
BiJ| SIKOCTI OaJlaHCYBaHHS Y «BY3bKHUX MICIIIX» MEpExi.,
0COOJIMBO 1€ CTOCYETHCS HEOMHOPITHUX MEPEK Yy BHITIII
posmozinenoro rpadall].

Crnig 3ayBaKWTH, U0 IOCTI/DKCHHS, IPOBEICHI 3
BH3HAYCHHS MPOOIIEM TpH Tepenadi iHpopmartlii B Mepexax
Ta TEPCHEKTHBHUX pillleHb HE B MOBHIH Mipi JH0O3BOJISIOTH
YCYHYTH BCi HMOBIpHI HENOJIKH, TOMY TEMaTHKa CTaTTi,
HpUCBSYEHA METOJy BIOCKOHAJIEHHS OIHOIIIAXOBHX
MPOTOKOMIB JMHAMIYHOI MapLIpyTH3allii JOLiTbHOI Ta
AKTYaJbHOIO.

II. ITPUHUMII PO3IOAUIEHO-L[EHTPAJIIBOBAHOI
MAPIIPYTU3ALIL 3 BIIPOBAIKEHHSM KOHTPOJIEPA
MAPIIPYTU3ALIT TA MOJYJISI YIIPABJITHHSL.

Juist yemimHoro aaMiHiCTpyBaHHS Mepeki HEOOXiIHO
3HATH CTaH KOXKHOTO 1i elleMeHTa 3 MOXKJIMBICTIO 3MIHIOBaTH
mapaMeTpu Horo (YHKIIOHYBaHHS. 3a3BH4ail Mepexa
CKIIANAEThCA 3  MPHUCTPOIB  PIi3HUX  BHUPOOHHKIB, 1
3MIACHIOBATH yTpaBIiHHA Heo Oymo O  Helerkum
3aBIAHHIM, SIKOM KOKEH 3 MEPEKEBUX IPUCTPOIB PO3YMIB
TIJIBKU CBOIO CHCTEMY KOMaH. ToMy BHHUKIIa HEOOXITHICTh
Yy CTBOPEHHI €IMHOI MOBH VIIPABIIHHSI MEpPEKEBUMHU
pecypcamu, siIKy O pO3yMiJHM BCi TPHCTPO, 1 sIKa B CHITY
LbOTO, BUKOPHCTOBYBaJacsi yciMa MakeTaMHu YIPaBIiHHS
MepeXer JUIs B3aEMOIIi 3 KOHKPETHHMH IIPHCTPOSIMH.
[MonioHoro moBoro craia SNMP Simple Network
Management Protocol.

SNMP Bukonye Taki QyHKIT:

- BigmpasneHHs Ta npuiiom makeriB SNMP uepe3

npotokoi IP;

- 30ip iHdopmamii mpo craryc i

KOH(}ITypaIiito MepexeBUX MpUCTPOiB;

- 3MiHa KoH(Qirypamnii MepeKeBHX MPUCTPOIB.®

Kpim YIpaBITiHHS MIPUCTPOSIMH, SNMP
BHKOPHCTOBYIOTh IJIi MOHITOPHHTY, OCKITBKHA BiH MOXeE
OTPUMYBATH pi3Hy iH(opMaIifo Bif OyIb-sIKIX MEPEKEBUX
mpuctpoiB  (poyrep, CBi4 abo KOMI'IOTEp, B SAKHX €
MATPUMKA JAaHOTO TPOTOKoNy). Bwmict oxmepxxysaHOl
iHpopMarii Moxke OyTH Pi3HUM, HANPUKIAJA : 4ac anTaim,
miumnebHUKK nponyktuBHocTi CPU, mMepexi Ta iH, MepexeBi
napameTpu IPUCTPOIB.

Jdns  BupimeHHS  mpoOJeMH  OJHOIUIIXOBUX
MPOTOKONIB ~ MaplIpyTH3allil TMPONOHYETHCS  3AIHCHUTH
CTPYKTYpPHI 3MiHH B MEPEXKi, a caMe MOJU]IKAIIIO IPoIiecy
MapIIpyTH3alil IUIIXOM  BIPOBKEHHS B  MEPEXKY
LEHTPATi30BaHOTO KOHTposiepa Mapupytu3amii (puc. 1).
Binm Bcix MapmpyTH3aTOpiB MEPiOAWYHO HAAXOIUTHME
iHpopMmamigs mpo ix ¢yHKIioHaNEHMA cTaH. KoHTpomep
HaJICWJIA€ 3aIlUTH JI0 MapIIpyTU3aTOPiB Ta IPH BHHUKHEHHI
noTpebu uepe3 mporokon SNMP Hajacuinae komMaHaw Ta
BHOCHTb 3MiHM B TapaMeTpy MaplpyTuzaTopa 3
MMOJANBIIO 3MIHOI TabMIb MapripyTusaiii. B cBor
4Yepry MapuHIpyTH3aTOpH TpU BHHUKHEHHI HeOa)XaHUX
N0, aHAJIOTIYHUM CIIOCOOOM HaJICHMIIAOTh 1H(popMalliiiHe
MOBIJOMJIEHHSI PO Le. MoIyjib KepyBaHHsS BCTyNae B
MEpEeXy B SIKOCTI JOMOMDKHOTO TIPUCTPOIO, SIKMH TIPOBOJIUTH
aHaJi3 OTPUMaHMX IapaMeTpiB, PO3PAXOBYE IIOPOTOBI
3HAYeHHS, HEOOXIJHI 3MIHM JI0 METPHUK MapupyTiB Ta
po3Mmip 3aBaHTakeHHsS Oydepy uepru A mepepo3noainy, B
OYIUIGKCHOMY peXHMi OOMIHIOETBCS —iHopMariero 3
KOHTPOJIEPOM.

NOTOYHY
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Momyms
KepYEaHHA

Puc. 1 — ®ynkuioHanpHa cxemMa Mepesxi miciist Moandikariii.

Y Bumaaky BuUXOLy 3 Jaay KOHTpoJiepa,
MapUIpyTH3aTOPH MPOAOBKYIOTh MPAIFOBATH aBTOHOMHO 32
JIOTIOMOT'OI0 TIPOTOKOJIIB AMHAMIYHOT MapupyTHu3arii, To0To
HENOJIK  IIEHTPAJli30BaHOTO  CIOCO0y — MapuipyTH3amii
(BTpara mpane3aaTHOCTI Mepeski 4epe3 BUXif 3 JIajy LEHTPY
VIpaBIiHHSA) B MOIU(IKOBAHOMY METO/I Oye YCYHYTO, SIK 1
HEJIOJIIK 3MIMIAHOTO CTIOCO0Y (CKIAmHICTh HMPOTHO3YBAHHS
CTaHy Mepexi), OCKUIPKM HpH MPaLoI0doMy KOHTpOJIEpi
3MiHH BUSBIISTIOTHECS MUTTEBO depe3 MOCTIHHUN MOHITOPHHT
3a JOMOMOTO0r0 TTpoTokory SNMP.

III. 3ABJJAHHSA MOJIUPIKOBAHOTIO ITPOIIECY
MAPIIPYTU3ALIITT

3arasom, JUTST M01aJIBIIOT peaizartii MEeToay
BJIOCKOHAJICHHSI OJIHOLUIIXOBHX IPOTOKOJIB JTMHAMIUHOI
MapuIpyTH3allii, TOCSTHEHHS! METH Ta MOIUdiKalii mpouecy
MapuIpyTH3anii HeoOXiIHO:

1. Bu3HaunTH MOXNIMBI BapiaHTH Ta O3HAKH 3a
JIOTIOMOTOI0 SIKHX MOJXKE 3JiHCHIOBATHCS NEpeBipKa CTaHY
npucTpoiB abo Tpadiky:

- UYepru HAKONIMYCHHS TAKeTiB Ha BXITHHUX
inTepdeiicax, B ToMy umcii OydepHi uepru.

- Craructuka mepemaHoro Tpadiky Ha iHTepdeiici
MapuIpyTH3aTOpA.

- 3aBaHTaXEHHS IIEHTPAILHOTO TIPOIecopa KOXKHOTO
MapuIpyTH3aTopa.

[Ipu BpaxyBaHHI BCiX O3HaK Ta HmapameTpiB, MOIYJb
KEepyBaHHS OTPUMA€E MOXIIUBICTh OUNBII TOBHO OIIHUTH
CTaH Mepexi Ta posmofinmutu Tpadik 0e3 HeraTHBHHX
HacHiAKiB. MaeTbcs Ha yBa3i B TaKWX CHUTYAIlisIX, KOJH
Yepru Ta HaBaHT)XEHHS Ha iHTepdeic He3HauHe, OJHAK Y
MPUCTPOi NEPEBAHTAXEHUM LEHTpalbHUM mpouecop. B
TaKOMY BUIAJKY MIBUAKOMIS MapHIpyTH3aTOpa
3MEHIIYETBCSA 1, WMOBIpHO, depe3 Ime Tpadik MOxKe
JIOCSITHYTH MOPOTOBUX 3HAY€Hb Ta MOXXE BHHUKHYTH
nepeBaHTaKEHHA. BupimeHHs 1iel mpoOieMH MOXKIIUBO
3OIACHAUTH 3a JOIIOMOTOK BBEAEHHS KOMOIHOBAHOIO
MOKa3HUKa, SIKMH BpaxOBYBaTHME BCI O3HAKH 3a pIBHEM
Ba)KJTMBOCTI, 30KpEMa, 3 BBEACHHSIM BaroBux Koe(illiEHTIB.

2. BusHauutm MapmpyTH IS TE€peHaIrpaBiIeHHs
Tpadiky.

[lepenanpaBieHHs  Tpadiky Mae  BimOyBaTHCS
posmoxineHo. Ha xokHWiA oOpaHWid IS NHOTO IIIAX,
moTpiOHO BHW3HAYMTH pO3Mip Tpadiky, SKHH MOXKe
nepenatucsi  0e3  INEPEBAHTaXKCHHS  INPUCTPOIB  Ta
JIOTPUMAHHS PiBHS MOPOTOBUX 3HAUCHb. AJKE KOXKEH IIUIAX
Ma€ pi3Hy TPOIYCKHY CIPOMOXHICTb, 1 Mapumpyt 3
OUTBIIOD  TPOMYCKHOK  CIPOMOXKHICTIO  HE  MOXE



repeiaBaTy Taky K KUIbKICTh HepeHanpaBieHoro tpadiky,
SK 1 MapumpyT 3 MEHIIOI MPOIYCKHOK CIIPOMOXKHICTIO

(puc. 2).

oz 1

100 M6

1 2
100 Mo 30 M6
o 2 o 2
A) Bimm E) Hepiznorrensi
PIEHOLIHEET MapupyT

MApUIpYT
Puc. 2— PiBHOLIHHI Ta HEpiBHOILIHHI albTepHATUBHI
LUTSIXH

B naHOMy BHMIaZKy KOHTPOJEpPY HEOOXiJHO 3HATH
KUTBKiCTh Tpadiky, SKHi BIiH MOXE IiepefaBaTH Ha
anpTepHAaTUBHI Mapmpytd. ns MoHiTopuHTYy Tpadiky B
Mepexi MOXKHa BHKOPHCTATH IIPOTIPIETapHUIN BiIKPUTHI
mpotokon NetFlow, pospobnenmii Cisco. Netflow Hamae
MOXKJIUBICTB aHANI3y MEpexeBoro Tpadiky Ha piBHI CEaHCIB,
pobuistum 3anuc npo koxkHy Tpanzakuito TCP / IP.

ApxiTekTypa CHCTeMH OyayeTbcs Ha CeHCopi,
KOJIEKTODI 1 aHasti3aTopi:
- CeHcop (BCTaHOBIIOETbCSI HAa  TPAaHUYHUX

MapHIpyTH3aTOpPaX CErMEHTIB Mepei) 30Mpae CTaTUCTHUKY
1o TpadiKy, SKUH MPOXOIUTH Yepe3 HbOTO.

- Konekrop 3aiiicHtoe 30ip iH(opMarii Bif CEHCOPIB.
OTtpumaHi JaHi BiH CKUAae B (paiiin 11 mogambinoi oOpoOKu.

- Amamizatop, abo cucremMa OOpOOKH, 3YHTy€e IIi
(aitnm 1 reHepye 3BITH y OLTBII 3pydHiit popmi.

Bci MapIIpyTU3aTOPU OynyThb nepeaaBaTu
iH(opMaIliF0 PO MOTOKH HAa KOHTPOJEP, TOAI KOHTPOJIEP
3Moke depe3 SNMP mogomaBaTé CTaTHYHI 3aluCH IS
MEBHUX TiAMepex, IMo0 WycTHTH el Tpadik IHIIUM
MapHIpyTOM, PO3JIUISIOYM HOTo BIANOBIIHO 10 MOMJIMBOI
KIJIBKOCTI TepenaBaHoro Tpadiky ©Oe3 mnepeBaHTaKeHHS
IBTEPHATUBHOTO MapILIPYTY.

3. Cnocobu mepeHanpaBieHHS TpadiKy Ta BapiaHTH
BIUINB Ha IHIII MAapUIPyTH3aTOPH [UIA OalaHCYBaHHS
Tpadixy Ta MATPUMKH 0araTOMUIIXOBOCTI.

- 3MiHA CTaHJApTHOI
poO3mapaetoBaHHs MOTOKIB.

- uepe3 mapamerp Unequal Cost Path Load
Balancing nunamiunoro nportokony mapuipyrusanii EIGRP.

- 3MiHa aJMIHICTPAaTHBHOI BIJICTaHI NPOTOKOIY
(cTymiHp JOBIpM IIPOTOKONY) — TEPEHANpPaBIeHHS BCHOTO
Tpadiky Ha iHmmi Mapmpyt. Ilpm omgHouacHili poborti
pizaux mporokomiB Mapmpytusanii (RIP, OSPF, EIGRP)
HEOOXiTHO BU3HAYMTH THX, KOMY BapTO BiJIaTH IepeBary.
[TnaBatoui mapmpytu (Floating Routes) - cratnunui
IUTABAIOYMI MapmipyT TaKHH caMui, SK 1 3BUYAWHUA
CTaTUYHUN MapUIpyT, 3a BHHATKOM TOIO, IO LEW TUI
MapmpyTy Ma€ aAMIiHICTpPAaTHBHY BiJCTaHb, SKiH MOXKHA
HajJamTyBaTd 3HaueHHA Bume 1. IlngxoMm 3MiHM LBOTO
[apaMeTpy MOXKHa IIPOBOAWTHU IIepeHalpaBieHHA Tpadiky
Ha iHIII OUTSIXH, 1€ PIIEHHS € CIIOcOO0M TMepeBU3HAYCHHS
MIPOTOKOJIIB MapIIpyTH3alii IS JesIKMX BUTIaIKIB.

BukopucraHHsi ~ CTaTUYHOrO  Mapupyty  siK
PE3EPBHOTO MAapIIPyT 3 3MIHIOBAHOK aJMIHICTPATHBHOIO

METPHKH
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BIZICTAHHIO JO3BOJIUTH IIOTIM BiJJaTH IepeBary IUIAXY,
akuii  miarpumye IGP  (Internal Gateway Protocol),
Hanpukian, OSPF. Bigomo, mio OinbmiicTe MapuIpyTiB,
orpuManux mporokoiom OSPF, maioTe anmiHiCTpaTuBHY
Binctaub 110. Y TakoMy BUDAaIKy aaMiHICTpaTHBHA
BiZICTaHb CTaTHYHOT'O MapUIpyTy HOBUHHA OyTH MeHie 110,
sixio MapipyT OSPF Ha meBHUiT yac mOTPiOHO BUKITIOYHTH
3 rTabiumi  Mapmpyrtuzamii. Y BHOAamKy — I[TOBHOTO
MEepeBaHTAKEHHS! MapUIPYTH3aTOpiB Ta dYepr, IOLLIBHO
BHUKOPHCTOBYBATH LIeH CIIOCIO MepeHarpaBiIeHHs.

BUCHOBKU

XapakTepucTHKa CydacHHX IMPOTOKOJIIB JIUHAMIUHOL
MapuipyTH3amii, TMoka3aja Mo OUIBIIICTE 3 HHX €
OJTHOLIIIXOBUMH, TOOTO BHOMparOTh OJMH MapUpyT 3
MiHIMaJBEHOI0 METPHKOIO, a00 3/IHCHIOIOTH OajlaHCyBaHHS
MDK MapuIpyTamHy 3 OJTHAKOBOIO METPHUKOIO, L0 CHPUYUHSE
MaKCUMaJIbHe BUKOPUCTAaHHs 3HAHJCHOro MapLipyTy, HOro
MEepeBaHTAKEHHSA, B TOM dYac sK IHIII pecypcH Mepexi
OyIyTh B CTaHI OYiKyBaHHS - HE 3a/IisHI B MPOIIECi mepenadi
Tpadiky.

Jns ycyHeHHS HeENONIKiB mepemadi iHpopmamii B
KOMI'IOTEPHHX  Mepexax, 3MEHIIEHHS  3aTPHMKH
nepenaBanHs Tpadiky nusixom Monxudikauii mpouecy
MmapuipyTusanii  0e3  BHECEHHs 3MiH B IPOTOKOJI
MapuIpyTu3amii, po3podJeH0 KOMOIHOBaHHMH PO3MOIIICHO-
LEHTPaII30BaHUl BapiaHT MapHIPyTH3aLil 3 IEeMOHCTpALi€l0
MOXITMBOCTI (DYHKIIOHYBaHHSI MOIU(IKOBAHOT MEPEXi.

BukopucraHHsl 3apoONOHOBAHOTO METOAY JIOLLIBHE B
npoueci  JOCATHEHHS CTaHy IIOBHOILIIHHOI pPiBHOBArd,
0aJaHCOBAHOTO pPO3NOALTY HaBaHTAXEHHSI MDK BciMa
MOXJIMUBHMH IbTEPHATUBHUMH HIISIXaMH.
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JocmimkenHss Marematuunoi Mogemi Ilpouecy
Temnonepenayl Ta Po3po0Oxka Ha 1i OCHOBI
[Ipuctporo mis Konrpomo Temnepatypu Piauau

Muxaiino [lleBuyk
Daxynvmem mamemamuxy ma ingpopmamuxu
JBH3 «[Ipuxapnamcekuii hayionanshuil ynieepcumem imeni Bacuna Cmepanuxa»
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Anomauia - Y cmammi po3znanymo mamemamuyny mooens
npouyecy mennonepeoaui ¢ piounax. Pozpoéneno npucmpiit ona
KOHmMPONI0 npoyecy menjionepeoadi 3 GUKOPUCMAHHAM 0A6ayie
memnepamypu DS18B20 ma Arduino-konmponepa.

Kniouosi cnosa—mamemamuuna moodens, menionepeoaua,
piouna, arduino, DS18B20

1. Bcryn

CydacHi TEXHOJIOTIi MaTeMaTHYHOIO 1 PO3PaxyHKOBOI'O
EKCIIEPUMEHTY € e(eKTHMBHUM IHCTPYMEHTOM JIOCIHiPKCHb,
0€e3 pPO3BHUTKY SIKOTO HEMO>KJIMBE T10/IANIbIIE BJOCKOHAJICHHS
NIPUIIAMIB Ta TEXHOJIOTIH, BUpIlICHHS (yHIaMEHTAIbHUX Ta
mpUKIagHuX Tpobimem. OpnHi€Er0 3 Takux mpodiIeM €
3a0e3meueHHs] HEOOXIAHMX TEIUIOBUX pEeXHUMIB. Takum
YUHOM, aKTyaJbHICTh BJOCKOHAJCHHA MaTeMaTHYHHX
Mojenel, METOiB Ta aJrOPUTMIB, PO3POOKH Ha iX OCHOBI
JIOCTITHUIIPKUX KOMIUIEKCIB MPOTpaMHOTO 3a0e3ledeHHs €
OYEBUTHOIO.

Ha ocHOBI Mopeseii, alropuTMiB Ta METOMIB aHATI3y
JIAHUX aBTOPOM IMPOBEACHO JOCIIKEHHS KOHBEKTHBHOTO
TEIUIOOOMIHY. 3aBIaHHAM [OCTIKCHHS € MiHIMI3aIlisa
BUKOPDHCTaHHS €Heprii /Ui HarpiBaHHS piAMHH  Ta
36unemmTi KK/ crcrem HarpiBaHHs.

OO0’eKTOM JOCTIDKEHHS € TpoLec Tervlonepenadi y
pianHax, sSiKi 3HAXOAATHCS y METAJIEBUX OaKax.

[IpeaMeToM [OCTI[PKEHHS € MaTreMaTHYHAa MOJENb
TeIuIonepeadi Ta MPHUCTPOi Ul KOHTPONIO TeMIEpaTypH
piauHU.

II. MPOLIEC IIEPEHECEHHS TEIUIA PIAUHAMMU

[ig KUmiHEAM PiIUHE PO3YMIIOTH I BUIIAPOBYBaHHA, III0
CYIIPOBOKYETBCSl IHTCHCMBHUM yTBOPEHHSIM IYXHPIIiB
napyd Ha IOBEpXHI J3epKajia piIuHM Ta B 00'emi miX
BIUIMBOM TeIlIa, IO TiJBOJMTHCS 4epe3 CTiHKy. Kuminus
piinHM BiOYBa€ThCS MPHU Takiil TemrepaTrypi Ta B TOMY
pasi, KONIM WapliadbHUi TUCK TApH PIIUHHM, IO
BUITAPOBYETHCS, TOPIBHIOE a00 MEPEBHUILYE 3arallbHAA THCK
y mapoBoMy mpoctopi [1]. OTe, KUMIHHS PiIUHA BHHUKAE
HAa MEXIi pO3IUTYy XOJOTHOTO TEIUIOHOCIA 3 HAarpiTo
CTiHKOIO, a TeMIepaTypa CTiHKH IOBHHHA OYTH BHIIOIO Bif
PIBHOB)XHOTO 3HAYEHHS TEMIEPATYpU NPH AAHOMY THCKY
JUIST KOHKPETHOI PEYOBMHH. PyIIiHHOIO CHIIOI0 TIpOoIeCy
TEIUIOBIJIa4l NPW KHUIIHHI € PI3HULS TeMIepaTyp MixK
rapsiuol0 CTIHKOIO W TeMIlepaTypol0 KHIIHHS CEepeOBHIIA.
[Tix BIMBOM PYIIIHHOT CHJIM Ha Tapsviid MOBEPXHI CTIHKH
BiIOyBa€TbCS ~ YTBOPEHHS  MApoBUX  IYXUPLIB, IO
BIJIpUBAIOTBCSL  BiJl CTIHKM, MiHIMAIOTBCI yropy u
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PO3IIUPIOIOTECS B 00'€eMi 32 PaxyHOK 3MEHIICHHS
TiAPOCTATHYHOTO THCKY.
IHTEeHCUBHICTD KMIIHHS 3QJIEKUTHL BiJ BEJIMYUHU

PYWIIHOT CHJIM Ta MUTOMOIO HABAHTAXXCHHS TEIUIOBOTO
MOTOKY, MPH LOMY PO3PI3HSIOTH MyXUPYACTE Ta IUTIBKOBE
KuImHAA.  J{OCTIDKEHHSIMA BCTAHOBJICHO, IO HaHOiIbIIa
IHTCHCHUBHICTh TEITIOOOMIHY Ha MEXi MK CEpeIOBHUIIEM i
CTIHKOIO [IOCATA€THCS TPH TEBHIH KPUTHYHIA Pi3HUII
TeMmepaTyp 1 TI€BHOMY KpPUTHYHOMY HaBaHTa)KeHHI
TETJIOBOTO TIOTOKY (i, (pHC. 1).

o, BT/(MzK) 9xpl Ip2 4, BT/MZ
I I
10° ——A 10°
a=jran | N\
5 tf | | 5
OL10 A Bf TCc' D 10
10 /Y | \ol= f(a1) 10
N T
102 | l I\'pl! Kp2 102
0.1 1.0 10 100 AT, K

Puc. 1. 3anexHiCTh LIIBHOCTI TEIUIOBOro MOTOKY (q) 1 Koedirienrta
TeIIoBiAnadi (o) IpH KUIIHHI BOJH BiA PI3HHII TeMIIEpaTyp Ta PeKHMiB
KUIHHSA: A — mpuponHa Kosewis; B — myxupuacre kuminas; C —
nepexinHa 06sacth; D- MITiBKOBE KUIIHHS

CTiHKa TIOKPUBA€ETHCA 130JIOI0YMM  IIApOM  TOHKOIL
MapoBOoi IUTIBKM 3 HU3BKOIO TEIJIOMPOBIAHICTIO, IO
NPU3BOJUTh JO TMeperpiBy CTIHKM W MOMJIMBOTO i
npuropanHs. [Ipy 3Ha4YeHHSAX pI3HHULI TeMreparyp i
HITBHOCTI TETUIOBOTO MOTOKY OLbIIE€ KPUTUUHHUX BEITMYHH
ATy 7a q1) KoediLieHT TEeTUIOBiAaY1 pi3ko
3MEHIIYETHCS, a MOTIM 30epirae Maiike NOCTilHE 3HAYECHHS.
SlBumie 3MeHIIEHHS — KoedillieHTa TEIUIOBLAMAYI  [pU
Mepexodi BiJl MyXHPYACTOTO pEXKHMY KHIIIHHSI [0
TUTIBKOBOTO PEKHMY OJIEp)KaJl0 Ha3BY KPHU3U TEIUIOOOMIHY.
Kputnuna pisHung temmeparyp i KpUTHYHA MIUTBHICTB
TEIUIOBOTO IIOTOKY 3aleXaTh BiJ HPUPOAU KHIULIYOL
piaMHHM, THCKy, MaTepiamy i1 craHy moBepxHi cTiHku. Ha
IIOPCTKYBaTHX 1 TMOPUCTHX CTIHKAX IyXHp4YacTe KUMIHHS
HacTae MpU MEHIIOMY Iepenaji TemrepaTryp 1 KoedilieHT
TEIUIOBIZIaul BHIIMH, HDK Ha TJagKuX criHkax [2].
Opebpenns MMOBEPXHI TEIUIO0OMiHY JIO3BOJISIE
iHTeHCH(DIKyBaTH MPOIIEC.

[HTEeHCHBHICTH TEIUIOOOMIHY NIPH KHIIHHI PiIMH MOXe
JIOCSITAaTH JJOCUTh BUCOKUX BEJIMYWH, IO BH3HAYAIOTHCS



U[TBHICTIO TUTOMOTO TEIUIOBOIO TOTOKY, OJH3BKOIO
10 ¢=10° Br/M’, Ta BemmumHOW KoedilieHTa TerIoBixIaUi
Ha pisHi a =5-10* Br/(M*K).

Y nOpoMHCIOBHMX TEIUIOOOMIHHUX —amapartax, Imo0
YHUKHYTH IIEPEXOTy 0 HeCTaOLIBHOTO ILTIBKOBOT'O PEIKUMY
KUIIIHHS Ta eperpiBaHHs CTIHOK, MPArHyTh NPAIFOBATH MPU
TEIUIOBUX HABAHTAXEHHSX, [0 HE MEPEBHUILYIOTh ¢ =
10°>Bt/M* Ta MeHII Bix KPUTHYHHX.

I1I. BUMIPFOBAHHS TEMIIEPATYPU

BumiproBatn Temmeparypy y TOOYTOBi cucTeMi
Terioo0MiHy Ha 0a3i Arduino-KOHTposepa MOXHA Pi3SHUMH
croco0aMu: 3a JJOMOMOTOI0 TEPMOIapH, TEPMOMETPA ONOPY
4yu 1upoBoro raBaya temmeparyp [3].

IIpn BuKOpHCTaHHI TepMOMETpa OIOPY MOTPIOHO
3abe3rneuynTH CcTabiiplIe JHKEPENno ONOpHOI  HampyrH,
3aCTOCYBaHH:A TepMonapu BHUMarae MOYKJIUBOCTI

BUMIPIOBaHHS HAIIPYTH.

Jnst oTpumaHHS (DAKTHYHHX 3HAYCHb TEMIIEpaTypH Y
BUIT4IKOBI BUKOPUCTAHHS TEPMiCTOPIB MOXKHA BUKOPUCTATH
piBusHHS CreifHxapra-XapTa, IO O3BOJSE peaji3yBaTh
JOCTAaTHBO TOYHY alpOKCUMAILIIF0 KOHBEPTOBAHUX 3HAYCHb.

PiBHsHHS TOTpeOye 3HAYCHb 3MIHHHX MapameTpiB, sKi
HE 3aBXKIM MOXYTb OyTH BIiJOMHUMH [UIsi KOHKPETHOTO
Tepmictopa [4]. Y TakoMy BHIIQIKOBI BHKOPHCTOBYIOTH
CIIPOILICHE PIBHSIHHS.

IMpoctuMm Ta HagiiHUM BapiaHTOM € BUKOPHCTAHHSI
uuQpoBoOro JaBada Temreparypu, Hanpukiaa, DS18B20.

Jliama3oH BUMIpPIOBaHHS TEMIIEPATypH CKIIQAae Bif -55
no +125 °C. Jusa miamazony Bix -10 mo +85 °C noxmbka He
nepesumye 0,5 °C.

Y koxHoi wMikpocxemun DS18B20 € yHikanpHUH
CepiiHUI KOA MOBXHHOIO 64 pO3psaH, SKHHA JJT03BOJISE
JEKIJTBKOM JlaBayaM BHMKOPHCTOBYBATH CIIUIBHY —LIMHY
nanux. ToOTo, Yepe3 OJMH MOPT MIKPOKOHTpOJIEpa MOXKHA
OOMIHIOBATUCh ~ JAHUMH 3  JEKIIbKOMAa  JaTYMKaMH,
pO3TAllIOBaHMMHU Ha PI3HUX BiAcTaHsAX. Takuil pexuM
3pYYHUI JUIi BUKOPHCTaHHS Y CHCTEMax MOHITOPHHIY
TEMIIepaTypH, By3/1ax 00JIaHaHHSI.

Oco6auBocti DS18B20:

- JUIA OJHOMpPOBimHOTO iHTep(elicy 1-Wire mocTatHBO
OJTHOTO TOPTY 3B’SI3KY 3 KOHTPOJICPOM;

- KOKEH TIpUCTPid Mae€ YHIKIbHUM CepiiHMHA KoA
JOBXKUHOIO 64 po3psim;

- MOXKJIMBICTD MiJKITIOYEHHS AEKITPKOX [aBadiB dYepes
OJTHY JTiHiIO 3B’SI3KY;

- HeMa€ MOTPeOH y 30BHIIIHIX KOMITOHEHTAX;

- MOXITUBICTh OTPUMYBATH JKHBJICHHS BiJ| JIiHIT 3B’ 5I3KY;

- Hampyra >KUBJICHHS MOKE 3MIHIOBATHCS Y Jlialta3oHi Bij
3,0 B 10 5,5 B;

- AiamasoH BUMIpIOBaHHS TeMmeparypu -55 ... +125 °C;

- yac 3aMipiB He niepeBuirye 750 mc;

- MOXKJIUBICTB IIPOTPaMyBaHHs MapaMeTpPiB TPUBOXKHOTO
CHTHAITY;

- TPMBOXKHHUII CHT'HAJI TIepefae daHi Ipo ajapecy laBady,
y SIKOTO TeMIIepaTypa BHHIUIA 32 3a/1aHi MEXi.

DS18B20 mis oOMmiHy maHWMHA
BUKOPHCTAaHO  CHELIaIi30BaHUA  MPOTOKOJI 1-Wire
kopnopauii Dallas. Yci npuctpoi ¢i3uuHO migxitodeHi 1o
onHi€T 3arajbHOI IIMHI 1 BUKOPUCTOBYIOTh BHXIJl 3 TpbOMa
cTaHaMM ab0 BHXiJ THUIy BIAKPUTHH Koyektop. Y i
CHUCTEMI 3 OJHI€I0 IINWHOK, MIKPOKOHTpOJiep (MaicTep)
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BU3HAYA€ HAsBHICTh MPHUCTPOIB Ha IIMHI 1 OOMIHIOETHCS 3
HUMH, BHKOPHCTOBYIOUM YHIKaIbHY aJpecy KOXHOTO
IIPUCTPOLO 64-pospsimauii kon.  OCKIUTBKM — KOXKEH
TEepMOJIaBa4y Ma€ yHIKaJIbHUH KOJ, TO KUIBKICTb HPUCTPOIB,
MIIKJIFOUYEHNX 10 IIHHU, TPAaKTHYHO HiYMM HE OOMEKeHa.

Jasaui TeMIepaTypu DS18B20 i1 € THYIOTh
napanenbHo, Ui HHUX JOCHTh OJHOTO pe3ucropa. 3a
nomoMororo  0iomorekn  OneWire MoXHA OZHOYACHO
OTpUMYBaTH [aHi 31 BcCiXx /gaBadiB. SIKIIO KiJBKICTh

mig’enHaHUX HaBadiB — moHax 10, morpibHO mimiGpaTh
pesuctop 3 omopoM He Oimpme 1,6 xkOwm. Takox mms
3a0e3Me4yeHHsl TOYHOCTI BHUMIPIOBaHHSI TEeMIIEpaTypd CIix
mia’eaHaTH qofatkoBuil pesucrop Ha 100 ... 120 Om mixk
BuxozoM data Ha Ttwiati ApayiHo 1 data Ha KOXHOMY
nmaBadeBi. [[i3HaTHCs, 3 IKOTO JlaBavya OTPUMAHO TC YM 1HIIE
3HAYEHHS, MOXKHA 3a JJONIOMOTOI0 YHIKaJbHOTO CepiifHOro
64-6iTHoro Kony, sKkuii Oyne BHUIAHMH B pe3yJbTATI
BUKOHAHHS TporpaMu. [IpuKimaj migKIFOueHHs MEKLTBKOX
JTaBadviB B OJTHY CXEMY HaBEJICHO Ha pHC. 2.

Vdd

Data

Ts4

GND
Puc. 2. Tlix’ennanns 4 gaBauis DS18B20

BucHoBKU

BukopucranHs MoJielli MONIMPEHHS TeIlia, OCOOIMBO y
BIZIKpUTIH CHCTEMi, J03BOJISIE KEpyHOUOMY KOHTPOJIEpPOBi
OINITHMI3yBaTH BUTPATH CHEPTii Ta 3MEHIIWTH Yac HarpiBy
PIIMHY 32 paxyHOK BpaxyBaHHS JIOKAIBHHUX OCOOJMBOCTEH
TEIUIONEPEHOCY.

KoHTposbOBaHe HarpiBaHHS IO3BOJISIE yPaXxOBYBATH
IHEepUiHHICTD TpolleCy, TAKIM YMHOM HarpiBad Moxke OyTH
BUMKHYTO paHille, HDK JOCATHEHHS BEPXHIMH IIapamu
PIAMHY 3a1aHOT TeMIIepaTypH.

MHoxuHa JaBayiB TeMIepaTypu 3abe3mneuye
MOKJIMBICTh JOCHIIKEHHS CHUCTEMHM Ha BiANOBIIHICTH
iieai3oBaHii MOJIEINi I 3aKPUTOI CHCTEMH Ta JIO3BOJISE
BpaxyBaTy HEBIIOBIIHICTh IPU BUKOPHUCTAHHS €HEPTii Mpu
HaTpiBaHHI PiTUHMA.
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Anomayia—Y  paHiii  crarTi  HaBegeHi  pe3yabTaTH
NpoeKTYBaHHs iHdopMaliiHOro nmporpaMHoro 3ade3nedeHHs!
JiSVILHOCTI MOPCBKOTO areHTa sK KJY0BOro ejJleMeHTa
cepBicHOI epraTu4yHoi cucremu. Onmucana ta ¢opmasizoBana
cnenudika  TiSAbHOCTI  MOpPCHKOro  areHTa, 3ailicHeHO
NMPOEKTYBAHHA CXeMH OCHOBHHX eTamiB po3podku Ta
po3podbJieHo aiarpamu 3acodamu moBu UML.

Kniouoei cnoea— cepeicni epeamuuni cucmemu, MopcvbKi
nepeesezenns, inghopmayinni cucmemu, MOpcoKi azenmu

1. AKTYAJIBHICTb TEMATHUKH

[igBumeHHs poii yIpaBIiHHS JIOACEKAMHI PECypcaMu B

MOPCBKHMX  KOMIIAHiIX  BHMara€ BpaxyBaHHS  pIBHA
npodecioHami3My i KOMIIETEHTHOCTI CIIy>KOOBLIB TIpH
BU3HAYEHHI BiAgmoBigHocTi I1X 3afiMaHUM  [OcajaM,
BUSIBJICHHS  cab0  BUpaKeHHMX  ab0  HeJOoCTaTHBO
PO3BHHEHUX SKOCTCH, BHPIIICHHS IHMTaHb AaTECTallii,
Kap'epHOTO MIPOCYBaHHS, MIEPEIiATOTOBKU [1].

3acTOCOBYBaHMI B JaHWH 4Yac AaHKCTHHH MigXiJ HE
3abe3nedye HeoOXimHoro piBHA imeHTHGIKAMIT (QyHKIIHT
MOCaay 3 BJIACTHBOCTSAMHM 1 SKOCTSIMH CaMOTO MpalliBHUKA
[2]. 3ramani oOcTaBWHHM 3a)kajayd CTBOPCHHS aJCKBAaTHUX
Mojeneil Ta 3aco0iB iH(opMamiiHOT MiATPUMKH Tpari
CITy>kOOBIIIB, SIKi JO3BOJSIFOTH BiIOOpaXkaTH BCi MpodeciitHo
HEOOXiTHI XapaKTepUCTHKH (axXiBIsL, 3 MOXKIHUBICTIO iX
¢dopmamizariii UIsi BUKOPUCTAHHS B CYyYaCHHX CEPBICHHX
eprarnaanx cuctemax (CEC). 3 orsiny Ha, o Taki Mozedi,
SK IpPaBWIO, € BepOAIbHUMHU 1 BiJPI3HSIOTHCS CIaOKOIO
CTPYKTYPOBAHICTIO,  3HAYHOK  YacTKOI0  HEYITKOCTI,
HEBU3HAYCHOCTI Ta Cy0'€KTHBHOCTI, po3po0Ka iX MoB's3aHa 3
neBHUMH TpynHomamu [3]. Li o6ctaBuHM 3yMOBWIH 3MiHU
B MiJXO0JaX JO OIIHKH JisUTbHOCTI (axiBIliB, 3aWHATHX B
CepBICHOMY CETMEHTI Ha MOPCHKOMY TPAHCIOPTI.

IL.

OcTaHHIM YacOM 3HAYHA yBara MPUIUISE€THCS TATAHHIM,
noB'sizanuM 3 iHopmamiianM 3abe3neueHHsM CEC Ha
MOpPCBKOMY  TpaHCHOpTi. [OJOBHMM cTae SKIiCTh 1
JOCTYNHICTh  iH(opMarii, 3pydHicTh 11 TOAaHHA Ta
BHKOPHCTaHHS B TMOBCSKACHHIN NisuTbHOCTI. [HpoOpMaris €
MOTYXHHAM PECYpPCOM, IO JO3BOJISIE KOMIAHISIM JOMOTTHCS
KOHKYpCHTHHUX TiepeBar. barato CepBiCHHX KOMIIaHii
MepeXosITh Ha HOBi CTaHOAPTH 1 TEXHOJOTii, MOB'S3aHi 3
BUKOPHCTaHHSM €JIEKTPOHHUX (opM 3a0e3neueHHs AIJIOBUX

CHELU®DIKA JISJIBHOCTI MOPCBKOI'O ATEHTA B CEC
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omepanii. [Tpuknagom ToMy € BIPOBaKEHHS B MOPCBKHX
moptax Ykpainu 3 cepras 2013 p [HpopmariitHoi cuctemu
noprooro cmiroBapuctea (ICIIC), ydacHukamu sKOi
CTal BJACHE TOPTH, MEPEBI3HWKU, KapaHTHUHHI CIyXOwu,
MiANPUEMHUIIBKI  CTPYKTYpPH, SIKi 3/1HCHIOIOTH CEepBICHE
obciyroByBanHs ¢uoty. 3a gomomororo ICIIC  wmix
KOHTpareHTaMu IOPTY MOXYTh OyTH 3JilficHeHI OOMiH,
mepeBipka, OGMOPMIIEHHS, pO3paxyHKH Ta Tmepemada
iH(opMarlii Oyb-sIKOTO BHIY, HCOOXITHUX JOKYMEHTIB, JIJIs
KOHTPOJIIO i O(GOpPMIICHHS BaHTaXiB, IO TEPEBO3ATHCA i
TPAHCIIOPTHHUX 3ac00iB, B CJIEKTPOHHOMY BHIIAmi [4].
BrpoBamkennst ICIIC mo3Bommino 3BecTd 10 MiHIMyMy
JIOKYMEHTOOOIr B mamnepoBiii ¢opmi 1 uyac odopmieHHs
BaHTaXiB, JIOTICTHYHO BJOCKOHAJIIOBAaTH Mpolec ix
JIOCTaBKH JI0 KIHIIGBOTO OJICp)KyBaya, CHPOCTHTH 1
30ayaHCyBaTH CXEMH 1 NpOLEAYypH NPOITYCKy BaHTAXIB
yepe3 MOpPTH YKpaiHW, i TakKMM YWHOM TIPUBECTH iX Yy
BiJINIOBiTHICTB 3 IPAKTUKOIO ITEPEIOBUX 3apyOiXKHUX ITOPTIB.
Lle 3axxanano Big ycix y4acHukiB ICIIC, B Tomy uucii Bin
CepBICHOTO  CEIMEHTY, CEepHO3HMX  3yCWIb  IIOJO
BIOCKOHAJICHHS iH(pOopMaIiHHOTO 3a0e3MeYeHHs
BUPOOHMYMX IIPOIIECiB, B TOMY 4YHCII IO pO3poOiIi,
MoJiepHi3alii Ta BHpoBa/KeHHS 0a3 manux. [IpoBimHOIO
MOCTaTTIO B HBOMY € MoOpchkuii areHT (MA), sk
«TIPEJICTaBHMK 1 TIOMIYHHUK CyJHOBJIACHUKA, SKHH BHCTYIIA€
Bil Horo iMeHi 1 3a HOro paxyHOK BIAMOBIIHO [0
TTOBHOBA)XCHB, 3aCHOBAaHUMH Ha 3aKOHi 200 TOTOBOPI, Y BCIX
crpaBax CY/JIHOBJIACHUKA KOMepLiitHOro Ta
aJMIiHICTPaTUBHOTO XapakTepy, SKi IMOB's3aHI 3 MOPCHKUM
MEPEeBE3CHHsIM BaHTaXIB abo macaxupie» [5]. YV cBorw
gepry, MA e emementom CEC, ii omepatopom. Jlns
3a0e3neveHHs SKICHOrO Ta e(eKTHUBHOro (YHKI[IOHYBaHHS
TaKAX CHCTEM NOBHHHI OyTH po3poOieHi 1 BpaxoBaHi
BUMOTH 0 HaBYaHHS, J000pY, PO3CTAHOBKH 1 MisJIBHOCTI
MA sk omepatopie CEC Ta 3acTocoBaHi BiImoBimHi
iH(pOpMAIliHI TEXHOJIOTI] 3 METOI MiATPHUMKH KIFOUYOBUX
BHPOOHUYNX IPOIIECIB.

III. TIPOEKTYBAHHS IHOOPMAILIIMHOTO [TIPOTPAMHOI'O
3ABE3IEUYEHH
Y  3BIBKYy 3  HasgBHICTIO  BEJIMKOIO  4HMCIa

(yHKIIOHATTFHUX OOOB'A3KIB, 10 BUKOHYIOThCI MA, sIKuil €
KIIouoBUM enemeHToM cydacHux CEC, HeoOximHuM €
aBTOMAaTH3allisl Tpolecy  O0OJiKy, MOHITOPHHTY Ta
YIpaBiiHHA BeNMMKUMH obcsramu  iHdopmarii. OcKigbku



JlaHi, M0 MiJJarThest 00podui MA, GopMyrOThCS Ha Pi3HUX
cranisx kurreBoro uukiay podorn CEC i moxyte Oytn
PI3HOpIAHMMH, BaXJIMBUM  aCHEKTOM €  CTBOPEHHS
¢ynkuioHanbHO1  iHGopMamiiiHoi  cuctemun  (IC) 3
YIPaBIiHHSA TAKUMH JaHUMH, IO BKIIOYAE IO CBOTO CKJIALy
cxouuie iHpopmamii y Burmagi 6asm ganmx (BJ) i
MIPU3HAYCHOTO IS KOPUCTyBada iHTep(deicy MpHKIagHOTO
MIPOTPaMHOT0 3aCTOCYBaHHSI.

3 T[OpuUYMHE  BiACYTHOCTI ICHYIOYHX DpIillleHb IO
3abe3neucHH0 ynpaBiaiHHa AanumMd CEC  mouiibHEM €
po3poOKka TOBHOLIHHOTO iHPOPMAIIHHOTO IMPOTPAMHOTO
3abesneuenns (II10), 3natHoro QyHKIIOHYBaTH Ha Pi3HUX
omepanifaux cucremax. PospobmroBane IT1O ympasminHs
CEC mae: OyTu CTIHKHM J0 NapajieIbHOrO BUKOPHCTaHHS
CHCTEMH PI3HHUMH KOPHUCTYBayaMH, 110 BOJOJIFOTH Pi3HUMH
mpaBaMu J0CTymy a0 iHpopmarlii; epeKTHBHO 00POOIIATH
MOJJIMBI TIO3AIITaTHI CIEHApil eKCIUTyaTamii i BHHSATKOBI
curyauii npu Momudikamii JaHUX [UIIXOM IHTerpaii
MEXaHi3MiB  MEpeBipKM  Ta  3aTBEp/DKCHHS  JIaHUX;
OTEpPaTHBHO PO3rOPTATHCS Ha POOOYMX  CTAHIIAX 1
MATPUMYBaTH (QYHKLIi TOIIYKY MaHWX 3a HEOOXiAHHUMH
KpUTEpiIMH. 3 METOK CTPYKTYPHOIO IPEJCTABICHHS

ocHOBHUX eTtamiB po3podku II13 CEC
OCHOBHMX 3aBIaHb, HaBeleHa Ha pHC.I.
€TarioM € TPOEKTYBaHHS CTPYKTypH
BIAMOBIAHUX MOJCNIECH JaHuWX, Ha Oasi

CKJIaJIcHa cXxeMa
[lepmoueprosum
B y Bunmsami
CTac MOXKIIMBUM

3MiACHEHHs po3poOku npoekTy [1O Ha OCHOBI 3aCTOCYBaHHS
MoBU MojentoBaHHs UML.
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Puc. 1. Cxema ronosHux eramiB po3po6ku 1113 CEC

IIpoextr II3 CEC wmoxe Oytu po3mIpeHuid 3a
JIOTIOMOT'OI0 PO3POOKH PSIY MTOJATKOBHX JiarpaM, 30Kpema,
CXeMH KIIOYOBHX KOMIIOHCHTIB cHucTeMH (puc.2), sKi
3MIACHIOIOTh MpoIlec OOMIHY JaHUMH MiX COOOH B
IMO3HAYEHIH ITOCIITOBHOCTI.
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Puc. 2. ®parmenT aiarpamu rojaoBHux komnoreHTis 1113 CEC
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Ile moB'13aHO 3 TWUM, IO B TMPOIECI PO3POOKH CHCTEMHU B
¢iznuHOMYy BUIIIAAI HEOOXimHO (hopMani3yBaTH KIIIOYOBI
€JIEMEHTH JIOT1YHOTO MPEJCTaBICHHS B IPOTPAMHI CyTHOCTI.
®isnune npexacraBneHHs 1npoekty wmozpeni [13 CEC
peamizyeTbcsi 3a JIOIOMOIOI0 JiarpaMd KOMIIOHEHTIB,
HaAWOIIBII 3HAYYIIMMHM 3 HHMX € HACTyINHI: peecTpamis Ta
aBTOPH3AIIisl, MICTATh B CBOEMY CKJIaJi MOIYJi BepHudikamii
JIaHWX, [0 BBOJSTHCS B MOJIS iHTepdelcy KopucTyBaya, a
TaKOXX BaNiJaTop HASBHOCTI QyOJIiB B HAasBHUX OOJIKOBHX
3amucax b/, mo0 YHUKHYTH NOpPYIIEHHS MLUTICHOCTI 1
OTHO3HAYHOCTI  30€peKeHWX  JIaHUX; (dbopMyBaHHS
iHTepdeiicy, MICTHTh MOIYJl PO3CTAHOBKH KOMIIOHEHTIB
rpadigroro iHTepdelicy KopuctyBaua GopMm 3 YIpaBIiHHSI
JMAHWUMHM, MOJYJI amamnTailii 0a30BHX BJIACTHBOCTEH 1 THIIB
mpu@TIB, KOMIPHAX CXEM i JIO3BONY CKpaHy; YIPaBIiHHS
JIAHUMH, BKJIIOYAE JI0 CBOTO CKJIaJy MOJYJI MO opraHizaii
ceaHciB 3B'13Ky 3 b/l 3a monomoror minkimoveHHs 10 Hei 3
mporpaMHoro  koxy, o6pooku CRUID  omepariiii
(TpaH3aKUifHNX 3aMMTIB PI3HOTO CTYMEHS BKJIAICHOCTI) i
3MIHCHEHHsS  TOIIYKy 3a  OOpaHMMH  KPHUTEPIisiMHU;
pe3epBYBaHHS JaHUX, MO MICTUTh MOJIYJl apXiByBaHHA
JaHuX, UpyBaHHsS 32 OOpaHUM KpunrorpapiuHUM
ITOPUTMOM 1 BiINPaBKM Ha BKa3aHWH BiJIaleHUN cepBep
a0  MepexeBy  aapecy;  JIOTYBaHHS  BHUKOHAaHHMX
KOpUCTYBa4eM B CHCTeMi Jiii 3 yNpaBiiHHS JaHUMHU 3
MoxyneM iHQOpPMyBaHHS B pa3i BUHHKHECHHS MPOTPAMHUX
KOJIi3i{, BUHSTKOBUX CUTYallil 1 MOMMUIOK OOPOOKH JaHUX;
TeHepais 3BiTiB, IO BKIOYAa€ MOAYJI HMOPIBHSIHHSA 3BITIB,
3IUTTS 1 CIIOJYYEHHS 3BEJCHUX TOJIB 1 eKCIOPTY OO0paHuX
MacuBiB JaHWX B aitmn oOpaHoro ¢opmary; o0poOka
EJIEKTPOHHUX JIOKYMEHTIB, III0 MICTUTh MOJIYJI MEperismny,
pemaryBaHHS 1 Bepudikamii BuOpaHumx QaimiB, sKi
peaizyloTh MOXMJIMBOCTI HAHECCHHS  CIICI[iaJli30BAHMX
BOJSHUX 3HAKIB IS 3aXHCTYy BiJl HECAHKIIOHOBAHOTO
KOIIIOBAHHS JAHUX.

IV. BHCHOBKH

Po3pobnena xoHmenmis iHPOPMAIIHOTO MIPOrPaMHOTO
3a0e3neyueH s JisJIbHOCTI MOPCHKOTO areHTa B CEpBICHIN
epraTu4Hif CUCTEMi € OCHOBOIO JUIS peajti3allii ITOBHOI[IHHOT
iHpopMaliiiHol cucTeMH, 3/1aTHOI IHTETPYBaTHCS B €JMHHIA
iHpOopMaLiitHUN TIPOCTip (€IMHE MOPCHKE BIKHO) B SIKOCTI
VHITADHOTO  By3/la.  BUKOpUCTaHHS  3alpONOHOBaHOL
KOHIICTIIi{ JO3BOJHUThH MiABUINUTH e(eKTHBHICTH mpari MA
sk mo4doBoi manku CEC B mporieci ympaBiiHHSA TEXHIKO-
OpraHi3allifHUMH JAHUMH 1 JOKYMECHTAMH B CICKTPOHHIM
thopwmi.
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Abstract—The article provides an analysis of the main
methods of information security risk assessment, identifying
their advantages and disadvantages. The authors presented a
technique that overcomes the uncertainty encountered in
assessing the degree of information security risk. The
presented technique provides the translation of the result
obtained in a linguistic form.

Keywords—information system, information security, risk
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I. INTRODUCTION

Information systems (IS) are now becoming increasingly
popular in solving the issues of providing information base
for various services that are engaged in solving technical,
economic and a number of other different tasks.

When designing and developing reliable IS systems, it is
necessary to anticipate a set of measures aimed at ensuring
their protection against intentional or accidental impacts,
which can lead to disruption of the system performance [1].
Such malfunctions in the work of IS incur serious losses in
the form of information or real assets deprivation, the
developer and owner of the IS reliability deterioration, and
decrease in user credibility. That is why the task of ensuring
Information Systems security is relevant.

Information security (InfoSec) assurance is part of the
management of the information system as a whole. At the
same time, one of the most important components of the
InfoSec management system is risk assessment, which is
designed to determine the effectiveness of the applied
protection mechanisms. In the modern scientific community
many scientists are engaged in the study of this issue. The
main concern is to analyze existing techniques and improve
their algorithms. For example, InfoSec risk analysis and the
risk analysis process were classified, a comparison of
software tools for managing InfoSec risks was presented in
article [2]. Another example of research in this subject area is
the work [3], which describes methods of risks assessment
and management. In article [4] the author described the
technique which uses.

In modern Information Systems, management functions
are distributed over their various components connected to a
common network. Unauthorized access by an attacker in
order to override IS functions control can be obtained by
directly manipulating applications or indirectly changing
control parameters, as well as interfering with the data
exchange between applications and devices. Therefore, it is
necessary to protect the very management applications, as
well as to protect the data exchange between applications and
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devices. Thus, the purpose of this article is to develop a
technique that allows to assess the degree of information
system security risk in a linguistic form, comprehensible to
the researcher.

II. INFORMATION SECURITY RISK ASSESSMENT TECHNIQUES
ANALYSIS

There are a great number of risk assessment techniques in
information systems. Consider a few of them.

The FAIR technique is based on the analysis of the
factors that influence the risk components. The technique is
divided into 4 stages: object assessment identification, threat
frequency assessment, the rate of the potential losses
probability assessment, risk results formalization [5].

The advantages of the technique include: complex
analysis, simulation model use, high efficiency.

The FAIR technique is often applied to large enterprises.
This technique is considered to be ineffective for small
enterprises.

During the risk assessment procedure according to the
MAGERIT technique, it is required to build an assessment
model, draw up a risk map, evaluate existing protection
mechanisms, and make an InfoSec risk rating. After that
generating a system exploit report and developing a security
plan is possible [6].

The advantages of the technique include: quantitative
evaluation, flexibility, systematic method of analysis.

MAGERIT pays particular attention to the selection of
participants in the InfoSec risk assessment process. The
disadvantage of the method lies in the human factor
influence on the resulting data.

Another popular technique for assessing the risk of
InfoSec is NIST. The method consists of several stages. The
initial steps determine the characteristics of the system, its
vulnerability and threats. Next, an analysis of existing
security measures and the threats realization likelihood is
carried out and the incurred losses are assessed. After that,
the risks magnitudes are determined and recommendations
for the implementation of security mechanisms are made.

NIST has the advantage of a possible risks detailed
description of the information assets suitable for IS of any
scale.

The disadvantages of the technique include a long
process of analysis, the lack of automation of some
functions.



Security risks of IS are closely related to uncertainty.
There are two cases of uncertainty: the identification of
current and future system states. The above techniques do
not take into account the uncertainty factor that must be
overcome by a special mathematical apparatus.

III. GIVEN TECHNIQUE DESCRIPTION

The given risk assessment method for information
systems can be determined by the sequence of the following
steps.

Stage 1. At the first stage, term sets are introduced to
describe the basic sets of the IS state and the subsets of states
described in natural language.

e The full set of the InfoSec state E of the Information
System assessment is divided into a subset of
estimates.

e The corresponding set E of the complete set of the IS
security risk degrees G is also divided into a subset of
estimates. Hereinafter, we assume that the index G
takes values from zero to one as defined.

e For an arbitrary given indicator of InfoSec estimate
Xi, the full set of its values Bi is divided into subsets.

An additional condition for the correspondence of sets B,
E and G of the following form is fulfilled: if all the indicators
in the course of analysis have, according to the classification,
the level of the subset Bj, then the InfoSec condition
qualifies as Ej, and the degree of InfoSec threat risk — as G;.
The fulfillment of this condition affects the correct
quantitative classification of the indicators levels and the
correct determination of the indicator significance level in
the assessment system.

Stage 2. A set of individual indicators X = {X;} is built
with the total number N, which, according to the expert
analyst, on the one hand, affect the InfoSec threat risk
assessment and, on the other hand, assess different in nature
IS InfoSec.

Stage 3. Each indicator significance level for the analysis
of r; is compared.

Stage 4. At this stage, a classification of the current value
g of the risk degree indicator G is made as a criterion for
dividing this set into subsets.

Stage 5. Current values classification of x indicators of X
is made as a criterion for dividing the full set of their values
into subsets of type B.

Stage 6. Current level of indicators assessment is done
and the obtained results are listed in a table, where each
name of the indicator is correlated to its current value.

Stage 7. Current values x are classified according to the
classification criterion corresponding to the fifth stage.

Stage 8. Bankruptcy risk assessment g is carried out at
this stage. The main point of the stage is to estimate the
importance coefficients of one or another subset B in
assessing the state of IS InfoSec E and estimating the risk
degree of IS InfoSec threats G.

These importance coefficients are further involved in
external direct summation to determine the average value of
g, where g; is nothing more than average estimate g.
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Stage 9. The obtained value of the IS InfoSec risk degree
is classified on the basis of the classification obtained in the
fourth stage. Thus, our conclusion about the threat risk
degree of IS InfoSec takes on a linguistic form.

CONCLUSION

Information is one of the most important resources in
modern IS, that is why it is necessary to assess the magnitude
of vulnerability risk to anomalies and attacks. In this regard,
already existing techniques for the information security risk
assessment such as FAIR, MAGERIT, NIST are often used.
At the same time, the above-mentioned methods do not take
into account the fact that the IS security risks are closely
related to the uncertainty that needs to be overcome. The
proposed technique for the information security risk
assessment can solve this problem — it overcomes the
uncertainty and allows the researcher to assess the risk
degree in a linguistic form. In the case of using the
technique, the researcher gets the opportunity to formulate
conclusions about the system security degree, and give
advice on how to implement the necessary security
mechanisms.
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Anomayia — B po0GoTi NPONOHYEThCS YAOCKOHAJIEHHS KOHTelHepa B cTeraHorpadii HaidacTilie BUKOPHCTOBYIOTh
CTEraHOAHAJITHYHOTO  MeTOAY, W0 3AilicHIoE  aHaJi3 uudposi  3o6paxenns (L3), pesymbrar BOymosu [I B
NpOCTOPoBOi  061acTi KOMIBOPOBHX UM(POBHX 300pakeHb,  koHTeiiHep OyaeMo Ha3uUBaTH cTeraHonosizomiaenHam (CIT).
HUIIXOM  PO3LIMPEHHSI HOro MOMKJIMBOCTEl 3 BHSIBJIEHHS )
CTeraHonoBioMiIeHb, cpopMOBaHHX BOYI0BOI 10JATKOBOI I[ﬂ’[ HONCPEIUKCHHSA  HCCAHKIIIOHOBAHOIO  OTPUMAaHHA
indopmanii B aBi Ta TpM KoxdipHi ckiagoBi. YaockonameHui KOHOIIEHIIHUX JaHUX 3J0BMHMCHMKAMU BAXKIHBHM €
MeTOx  3ale3meyye BHCOKY e(eKTHBHiCTh BUSIBJICHHSA PO3BUTOK CTeFaHO&HaﬂiSy, OCHOBHOK 3aIa4€r0 AKOIo €
CTEraHomoBiIOMJIeHh 32  YMOBH  Pi3HOr0  CTYNEHIO BUsBJICHHS (akTy HasiBHOCTI abo BiacyrtHocti JII B
HAaNlOBHEHOCTi KOHTeliHepiB. IUPPOBOMY KOHTEHTI, IO aHAMI3yeThes [1].

KurouoBi cjioBa — creranoanaJiz, uugpose 300paskeHH, Omum 3 CyYaCHHX  CTEraHOAHAITHYHMX METOIB €

MOCJIiI0BHI TpiaZW TPHILIETIB, MPOCTOPOBa 00.J1aCTh, (hopMar 3 METO/, 3aCHOBAHMH Ha aHall131 IOC/I0BHUX Tp1aJl TPUILICTIB
BTpatamu, Gopmat Ge3 BTpar. B MAaTpHLi YHIKQIBHUX KOJBOPIB [2], e(eKTHBHICTH SKOTO

3HAYHO TMCPEBUINYE ICHYIOUI aHAJIIOTH B YMOBaX MaHX

Abstract —The improving of the steganalytic method which 3HA4YEHb IPOIYCKHOi CIPOMOKHOCTI MPHUXOBAHOTO KaHAITY
analyzes of the spatial domain of color digital images is 3’s3ky (IIIIC) 3a ymoBu BOynoBu /Il B onHy OBLIBHY
presented. The developed method provides high efficiency in KomipHy ckiaagoBy L[3. OmHak o3HaYeHHWH MeTox He
detecting stego formed with different degree of container pO3IJIsiIa€  BUIAAKH, KOJH B IPOLECI cTeraHorpadiuyHoro
fullness without reducing the accuracy of identifying the filled nepersopenns (CI'TI) 3amisni aBi a60 TpU KOMIpHI CKIamoBi
color components if the additional information was embedded I3, mo 3abesmeuye NPUXOBYBAHHS OLIBIIOrO 06’€My

into only one color component of the digital images. iHpopMarii.
Keywords —steganalysis, digital image, sequential triads of Tomy Memoro pobotu € YAOCKOHAJICHHA
triplets, spatial domain, losses format, lossless format. CTETAaHOAHATITUIHOTO METOAY, 3aCHOBAaHOTO Ha aHami3i
MOCIHIIOBHUX ~ TpiaJl KOJIPHUX TPHUIUIETIB B MaTpUILi
L BcTvi VHIKQJIPHAX  KOJNBOPIB, MUIAXOM  PO3IMMUpPEHHS  HOro

MmoxJumBoctel y BussieHHi CII, chopmoBaHMx B ymoBax

BypxnmBuii po3BUTOK iH(pOPMAIIHHUX TEXHONIOTIH Ta PI3HOTO CTYIEHS HATOBHEHOCT] KOMBOPoBHX L13.

LIMPOKE MOUIMPEHHS €JIEKTPOHHOTO JOKYMEHTOOO0Iry B YCiX
chepax IKUTTS JFOJMHH CIPUSIOTH 3POCTAHHIO 3arpo3
iH(opMarii, o 30epiracTbcs, 00pOOIETHCS Ta MepeacThCs
MDK pI3HUMH BIAJJIaMH, YCTaHOBaMH, OpTaHi3allisIMH. B sixocTi koHTelHepiB Oynemo posrisaary L[3 B popmari
30KkpeMa, 3HAYHOTO MOIIMPCHHS HA0YJINM BUIAIKH KPaJiKKH 3 BTpaTamu Ta B popmari 6e3 BTpaT, MpeacTaBiIeHi KOJipHOO
KOH(DIASHIIHHNX JaHUX 3a JONOMOTroio creraHorpadii, ska  cxemoro RGB, ne koxumit mikcens L3 ¢dopmyerses 3i
3a0e3rneuyye MPUXOBYBaHHSA caMoro (pakTy HAasBHOCTI 3HA4YEHb SICKPABOCTI YEPBOHOI, 3€TE€HOI 1 CHHBOI KONIPHHUX
noaarkoBoi ingopmarii (1) B Oyap-sikoMy KOHTEHHEpI, CKIagoBUX — Tpumwier (7,,,8,..0,..) - Bcl yHikanbHi
SIKMH TIEPEAAETHCS 110 BIAKPUTOMY KaHaty 3B’s3Ky. B sikocTi

II. TEOPETHMYHI OCHOBU CTETAHOAHAJIITUYHOI'O METOIY

Tpumiety 1[3 OynemMo Ha3uBaTH YHIKaJIbHUMHU KOJIBOPAMH.
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B xomi creraHoaHamizy OOYHCIIOETHCS — KUIBKICTh
nociuinoBanx Red-, Green- 1 Blue-tpiax B Matpuui
yHikanpHUX KonbopiB UCT posmipom Ux3, sika mictuth U
YIOPAJKOBAHUX YHIKAJIBHUX TPUILIETIB (7;,g;,b;), l U,

ne mnig mocmimoBumMu Red-, Green- i Blue-Tplaz(aMH

po3ymieMo:

(rk,gk,b )eUCT&(rk Lg..b )eUCT& "
& (1, +1,g,,b,) e UCT, k =1,U;

(r,.8.b,) e UCT & (1, g, —1,b,) e UCT & o
&(rk,gk+1b )eUCT k—lU

(r,.8.b,) e UCT &(r,,g,.b, —1) e UCT & )
&(rk,gk,b +1)eUCT k—lU

BianoBigHo. [lpu mimpaxyBaHHI KUIBKOCTI MOCIIIOBHUX
TpiaJ TPUILICTIB MOCTIJOBHA TpiaJia aCOMIFOETHCS 3 CEPEIHIM
tpumieroM (7,,8,,b,) € UCT , s SKOro BHUKOHYIOTBCS
ymoBH (1), (2) abo (3) B 3aIeKHOCTI Bill BULY TpiadH.

[lycTuii koHTeiiHep B (opmaTi 3 BTparamMH MICTHTh He
Oimprre 2.5% cepeaHix TPUILIETIB, sKi BiAmoBimaioTh Red-,
Green- 1 Blue-tpianam, ane B pesynbrari Moaudikauii
mpoctopoBoi obmacti I[3 KiUTBKiCTP TOCHINOBHUX Tpiaf
3HAYHO 3pOCTaE, 0 BKa3y€ Ha MPOBEJCHI IEPETBOPEHHS B
KoMipHUX ckiamoBuxX L[3 Ta y BHmaaKy oHi€i 3alOBHEHOT
KOJIIPHOT CKJIaIOBOT OJHO3HAYHO BH3HA4Yae MOAU(DIKOBAHY
KoJipHy MaTpuiro. OJJHaK MPU BUKOPUCTAHHI KOHTEHHEPIB B
¢dopmarti 6e3 BTpaT KUTBKICTh MOCTIJOBHUX TpiaJl TPUILICTIB
MOYaTKoOBO Iyxke BUcoka (Bixg 40 mo 70%), mo He N03BOIIIE
Ha TaHWH Jac igeHTudiKyBaTH Taki 300paxxeHHs sk CII.

III. PE3YJIbTATU JJOCIIJKEHD

Ockineku B pesynbrari CI'TI mpoctopoBoi obmacti 113
CTETaHOIOBIIOMIICHHST 30epiraroThcss B Gopmati 06e3 BTpar,
CTEraHOAHANITHKY HEBIZIOMO, Yd € IHU(POBHH KOHTEHT, IO
aHai3yeThes, MyCTUM KOHTelHepoM B Qopmari 0e3 BTpar
abo xoHteHToM 3 /JII, ToMy Bu3HaueHHs Qopmary
OpHUTIHAIFHOTO KOHTEHWHEpPY TICHO TIOB’SI3aHO 3 IIPOIECOM
cTeraHoaHamizy. AJie xapakTep 3MiH y KUIBKOCTI cepemHix
TPUIDIETIB BIPI3HAETBCA B 3aJEKHOCTI Bix Qopmaty
OpPHTIHAIFHOTO KOHTEHHEpY Ta CTYIEHIO HAalOBHEHOCTI.
Puc. 1 imoctpye Bmict Red-, Green- i Blue-tpiag y
BUIAJKaX HE3allOBHEHOTO KOHTeWHepy B ¢opMmari 3
Brpartamu (I), xomn anms BOymoBm /Il Oyna 3amisHa mwmie
3eneHa KomipHa ckianoBa (II), 3amissHi yepBOHA 1 CHHSA
komipai ckmagosi (1), 3amisHi BCi TpH KOJMipHI CKIamOBi
(IV), mycroro xoHreitHepy B ¢opmati 6e3 Brpar (V). ¥V
punaakax 11, 111, IV IIIIC cranoButs 0.2 OiT/miKCEIb.

SAx BumHo 3 puc.l, npu BusHaueHni CII cuix
BpPAaxOBYBaTH pI3HUMIO Y KUIBKOCTI IOCIIOBHUX Tpiax
tpumietiB 13 B ¢opmari Ge3 BTpar Ta Moau¢ikoBaHHX
300pakeHb B popMarti 3 BTpaTamMH.

B xozi mpoBeJeHNX eKCIIEpUMEHTIB OYJIO BCTAaHOBJICHO,
mo nosTopHa BOyzmosa mosinbHOi JII B I3 B dopmarti 6e3
BTpaT HE NPHU3BEJE 10 3HAYYLIUX 3MIH y KUIBKOCTI cepeiHiX
TpumeriB, B Toii yac sk CII pearyloTb Ha IOBTOpHY
MoM(DiKaIli0 MKCEIB yXKe CUIBHO.

W Red-Tpiagn

49 29

Green-Tpiagu

883
o
99
M Blue-tpiagm
=
W
w
30‘
= tﬁ-n
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o o) o
=x-X-1
oo
o -
[\

Puc. 1. BwMicT nocnigoBHUX TpiaJl TPUILIETIB y MaTPHLI yHIKaJIbHUX
koJ160piB 113 3aJ1eXHO BiJ CTYHEHIO HATOBHEHOCTI

n
=]

5

33,29

29,64
29,53

22 38

[*]
=]

MaTpHLI YHIKaNbHKX Konbopis, %
]
13,56
14,

KinbKicTe nocnigoeHux Tpiag Tpunaetie y
s
=

Ha ocHOBI pe3yJsbTaTiB JOCITIPKEHHS XapakTepy 3MiH y

KUTBKOCTI TOCHIZOBHUX Tpiajy TPHUIUICTIB Yy MAaTpPHIl
YHIKaJIbHUX KOJIBODIB, Oyno yIIOCKOHAJIEHO
CTCTaHOAHANITUYHUK  Meron  anst  BuseieHHs  CII,

c(OpMOBaHMX B YMOBax PpI3HOTO CTYIEHIO HAIMOBHEHOCTI
113, sxuit MicTUTH HAaCTYTHI OJIOKH:

1) Obuucnennss kinbkocmi — cepeonix mpuniemis Y

Mampuyi YHIKANbHUX KOJbOPIS.

2)

3) Ilepesipka, uu cgpopmosane L3 66ydosorw [l 6 oony
KONIPHY CKAA008Y | GU3HAYEHHS Mampuyi, sika Oyia 3a0isiHa
6 npoyeci CI'TL

4) Bbyoosa odoginvnoi /[l ¢ mpu xonipni cxknadoei L3,
WO amHanizyEmvcsl.

5) Bidoxkpemnenns cme2anonogioomiienb, copmMosanux
8 YM0O8aXx 080X i MPbOi 3aNOGHEHUX KOIIPHUX MAMPUYb, 8I0
KoHmetHepie 6 popmami 6e3 empam.

Jns BukoHaHHA cTeranoaHamizy I[3 B cepemoBummi
MATLAB OyB peanizoBaHuii mporpaMHuil iHTEpdeiic,
TIpeCTaBICHUI Ha puc.2 i 3 I BHUIMAAKIB OMHIET Ta ITBOX
3alOBHEHUX KOJIIPHUX CKJIaJ0BuX 13.
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Puc. 2. Bussnenns CI1, chopmoBanoro BOynoBoro {1 B uepBoHy
KoJTipHY ckianoBy 113 B ¢popmari 3 Brpatamu Metogom S-Uniward [3]
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Puc. 3. Bussnenns CII, chopmoBanoro BoyoBoro JII B 3eieHy Ta CHHIO
KouipHi cknanoBi L[3 B ¢popmari 3 BTparamu metogom LSB Matching

IV. OLIIHKA EOEKTUBHOCTI Y JOCKOHAJIEHOI'O
CTETAHOAHAJIITUYHOI'O METO1Y

EdexTuBHICTh YIOCKOHAIEHOTO CTETAaHOAHATITHIHOTO
MeTOAy OyaeMo OI[iHIOBaTH Ha OCHOBI 718 He3amoBHEHHX
koHTeiHepiB Ta 2218 CII, chopMOBaHUX 3 Pi3HUM CTYIIEHEM
HAIOBHEHOCTI, 332 TPhOMa KPUTEPIsIMU:

e xputepiit 1 BiZJOKpEMJICHHS
konreiiHepis Bix CII,;

HEC3aIIOBHCHHUX

e kputepiii 2 — BumaBneHHs koiipHOi Marpumi CII y
Bunaaky BOynosu /{1 B omHy KomipHy ckianoBy 113;

e kputepiii 3 — BU3HAYEHHS (OPMATY OPUTIHAIBEHOTO
KOHTEHHEpY.

VY pasi kpurtepiiB 1 i 2 mix MOMWIKAMH MEPIIOTO POAY
Oynemo posymitu mnponyck CII, mig momMuikamu Apyroro
POy — BHU3HAUEHHs HE3allOBHEHOro KoHTeilHepa sik CII. ¥V
pa3i kpuTepiro 3 miJ MOMWIKaMHU TEpHIOro poxy Oyrmemo
PO3YMITH MpOMyCK (PaKTy CTHCKY 3a HOTO HAsBHOCTI, ITiJT
MOMHJIKAMU JPYroro poay — BHU3HA4YEHHA NU(POBOTO
KOHTEHTY SIK TaKoro, L0 HE Miianocs CTHCKYy, Y TOW yac
komu ctuck L3 BimOyBaBcs. Pesymbrat 004HCIIOBaIBHOTO
EKCIIEpUMEHTY HaBezleHi B Tabu. 1.

TABJIMIA 1. E®EKTUBHICTH BUSABJIEHHS CIT 1 BUSHAUEHHS ®OPMATY

OPUTTHAJIBHUX KOHTEWHEPIB JUJIs1 113,%
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Kpurepiii 1 Kpurepiii 2 Kpurepiii 3
ITIC 0.2 6im/nikcens
Iomunku 1-ro poxry 1.8485 0.3035 0.1022
IMomunku 2-ro poxy 2.3677 0.3549 16.9184
HIIC 0.1 6im/nixcens
IMomunxku 1-ro poxy 9.2425 0.8346 0.0341
IMomunku 2-ro poxy 2.3677 0.3549 16.9184
Sx BumgHO 3 TaOm. 1, mpoBeneHE YAOCKOHAJICHHS

CTEraHOQHANITHYHOTO  METONy  3a0e3ledye  BHCOKY
edexruBHicTh BusiBieHHs CII, chopmoBannx BOyoBoro /I B
KOHTeWHepr B Qopmari 3 BTpaTaMu, MpO IMIO0 CBigYaTh
MOMMJIKY TIEpIIOrO Ta JPYroro poxy 3a Kputepismu 1 i 2.
OpHak mpu  BU3HAYeHHI  (opMary  OPHTiHAIBHOTO
KOHTEHHEPY MOMMJIKH JPYroro poay ckiagaroTb 16.9184%,
II0 BHMAarae JIOAATKOBHX NOCITIDKEHb Ul 3a0e3NeueHHS
O1JIBII TOYHOTO BiIOKpEMIIEHHsT (JopMarTiB opuriHaiapHux 113,
SIKi BUKOPUCTOBYIOThCS B mporieci CI'TI.

BUCHOBKU

B pobori 3aIpOIIOHOBAHO YIOCKOHAJICHHS
CTEraHOAHAIITUYHOTO METOAy BHSBJICHHS BKIaneHp /I,
3aCHOBAHOTO Ha BpaxyBaHHI KUJIBKOCTI MOCIIJIOBHUX Tpial
TPUIUICTIB B MATpHIli YHIKaTbHUX KoibopiB 113, mumixom
pPO3LIMPEHHsST HOro 00JacTi 3acTOCYBaHHSA, a caMme
MoxxmBocTi BusiBiaTé CII, chopMoBaHi 3 pisHUM CTyIIeHEM
HaroBHEHOCTI IU(PPOBUX KOHTEHTIB.
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Analysis of the parameters of the hash-based digital
signature algorithm W-OTS

Oleksandr Marukhnenko
Kharkiv National University of
Radioelectronics
Kharkiv, Ukraine
oleksandr.marukhnenko@nure.ua

Anomayia - B uiii po0oTi HagaeTbes ONMUC AJTOPUTMY
oaHOpa30Boro uupposoro mianucy BinTepHina, mo 6azyerscs
Ha remysanHi. IIpoBoguThesl aHANI3 OCHOBHOIO CHCTEMHOIO
napaMerTpy Ta ioro BILUIMB HAa PO3MIp Hianucy Ta CKJIAJHICTH
004HUCJICHbD.

Knruosi cnoea - Ilionuc na ocnogi zewtysannsn, nionuc
Binmepniua, 00HOpa3zoeuil nionuc, nOCMKEanmoea
Kpunmozpagia.

Abstract— In this paper we give a description of the
algorithm of the Winternity one-time digital signature, based on
the hexification, is given. The analysis of the main system
parameter and its influence on signature size and complexity of
calculations are carried out.

Keywords— Hash-based signature, Winternit; signature,
onetime signature, postquantum cryptography.

I. BCTVYII

[ocriifiHnit  mporpec y  CTBOPEHHI  KBaHTOBHX
KOMIT'TOTEpIB y NMOETHAHHI 3 €()EeKTUBHO MPALIOI0YUM Ha HUX
anroputmMoM ¢aktopm3anii Illopa mpexacraBnsie cepio3Hy
HeOe3rmeKy ~ HaWOUIbII — MOUNIMPEHMM  aCHMETPUYHHM
kpunrocucreMam (RSA, DSA, ECDSA ta im nogibHi). Y
3B'I3Ky 3 IIMM B OCTaHHI POKH BEJETHCS aKTHBHHMH IOLIYK
IBTEPHATUBHUX KPUNTOAITOPUTMIB, CTIHKHX 10 KBAaHTOBUX
aTaK, TaK 3BaHUX "TIOCTKBAaHTOBUX aJrOPUTMIB".

OmarM 3 ICHYIOUMX  BapiaHTiB  ITOCTKBaHTOBOTO
uudposoro minnucy € cimedicteo LIII Ha ocHOBI rem-
GbyHKIIH. Brepmie o TiOHMH NTOPUTM OyB

3anporioHoBanuii Jlamnoprom mie B 1979 pomi [1], oxHak,
BiH MaB psA HENOMIKIB i He HaOyB momyssipHOCTi. [iddi
HEe3Ha4yHO Horo MoaudikyBaB, YTOUHHMBIIN BHMOTH JO Tell-
GyHKIIH, 1m0  BUKOPHCTOBYIOTBCA.  AmroputMm LI
BinTtepHina [2] Bixpi3HAETbCS Bijl NONEPEAHUKIB HAsIBHICTIO
iTepaTuBHOI Tem-QyHKII, JaHa MomUQIKaIis T03BOIHIA
3MEHIIUTH PO3MIp KJIFOUIB 1 mignucy. CepHo3HUM HEI0JIiKOM
JIaHUX ITOPUTMIB € iX "0JHOPa30BicTh", TOOTO KOXKHA Mapa
KJIFoYel Morja OyTH BHKOpUCTaHa IS MIANKCY JIMIIE
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Kharkiv, Ukraine
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95

Mikhailo Nakonechnyi
Kharkiv National University of
Radioelectronics
Kharkiv, Ukraine
mykhailo.nakonechnyi@nure.ua

OITHOTO TIOBiOMIIEHHS. PireHHsM 11i€l mpobnemu cTama igest
Mepkii [3] mpo BUKOPHCTaHHS TaK 3BaHMX Tell-JiepeB abo
nepeB Mepkti, iHITAM BapiaHTOM 06araTopa3zoBOTO MIIIHCY €
HORS [4]. B nanuii yac HaWOULIBIN TMEPCICKTUBHUMH €
cxemu XMSSMT [5], SPHINCS[6] Ta iioro moaubikariii
Gravity-SPHINCS[7] Ta SPHINCS+[8] , siki moOynoBani Ha
OCHOBI KOMITO3HIIi{ BKa3aHUX alTOPUTMIiB.

B naniii poOoTi HamaeThes omuC MUGPOBOrO MIiAMUCY
BinTepHia, HaBeIEHO 3aJEKHICTP MDK  3HAYCHHSIM
napamerpy  BiHTephina,  po3MipoM  mignucy = Ta
00YHCITIOBATIFHOIO CKIIAIHICTIO TEHepalii Ta TIepeBipKa
MIAUCY.

II. OII1C AJITOPUTMY

Posrisinemo anroputMm omHopaszoBoro L[I1 Bintephina
(W-OTS). B mopmamemiomMy ImijJ IMOBiTOMJICHHSM OyIeMO
MaTH Ha  yBa3i TeMI-3HAUYeHHA Big  (aKTUIHOTO
TIOBiTOMJICHHS, OTPUMAHOTO BUKOPHUCTAHHSIM
KkpunrorpadiuHoi reur-pyHKIii

H(M):{0,1}" - {0,1}".

3

3arajgbHOCHCTEMHI apaMeTpPH:
- ogHOCcTOopoHHS (yHkuis f :{0,1}" — {0,1}";

- mapamerp Bintepnina w>/ - KUIBKICTH OIT
MIOBIJOMJICHHSI, SIKi OyZyTh OJHOYACHO TIiJINFICaHi, B AEIKUX
IDKepeliax napameTpoM BiHTepHina Ha3uBarOTh 3HaueHHs 2%,
MU OyJeMO TOTPUMYBATHCS IEPIIOTO BapiaHTy.

[Tin irepaTrBHOIO rem-(QyHKIIE0 PO3YyMIiIOTh

=G S()) (M

BBosTh HACTYIIHI JOAATKOBI APAMETPH:

f = [%—| -

ITOBIIOMJIEHHI.

KIIBKICTE OITOBMX OJIOKIB IOBXHHH W B
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OJIOKOBAa  JIOB)KHMHA

w

.

KOHTpOJ'II:HOI CyMHu.

log, (1,(2" - 1))J ol

t=t +t, - OJOKOBa J[OBXHHA MOBIIOMJICHHS 3
KOHTPOIIBHOIO CYMOIO.

IIpuBaTHMI KiIIOY..

SK = (sky 5k, ,....sk,_,), sk, =1{0,1}" - @)

BUIIJIKOBI OITOBI [TOCIIJOBHOCTI

Jnst exoHOMIl mam'aTi B SIKOCTI CEKPETHOTO KIIOYa
MO)KHa BHKOPHCTOBYBAaTH OAHY BHMIIAAKOBY IIOCIiIOBHICTb,
siKa TIpx HeoOXifHOoCTI Oyze posropHyTa B SK 3a monomororo
reHepaTopa ICeBJOBHIIAIKOBHX ITOCTITOBHOCTEH.

[Ty6niunmii kimrou:

PK =(phy, phys..eo Pk.y), Pk =177 (sk)
CTBOpEHHS MiuUCy.

Bxingni gaui: M, H, SK.

€)

Buxingui gami: o .

1) IToBinomiieHHs1 pO30MBAETHCS Ha t; OJIOKIB IOBXKUHH W
0iT (Ipu HEOOXIMHOCTI B KiHII TOJAFOTHCS HYJII)

H(M):(ho,hl,...,htl_]). 4)
2) BuzHauaeThcs KOHTPOJIbHA CyMa
4
S=22"—1=h =(50,5,....5,) - )
i=0
3) KoHTponpHa cyMa NOa€eThes A0 OB IOMIICHHS
B=H(M)|S=(b,,b,....b_,), (6)

¢ || 03HaYa€e KOHKATCHAITITO.

4)O0UUCITIOETHCS i ITHIC

0 =(0,,045.20,,) = (f" (sky ), £ (5K, )sern £ (5K, )
(7)

[epeBipka mignucy.

Bxigui nani: M, H, o , PK.

BuxingHi naHi: Tak/Hi.

1) AnanoriuHo HornepeaHLoMy HyHKTam 1-3 anropurmy

reHeapuii mianucy o0unCIIoeThCs
B'=(b,,b,,...,b ). ®)

2) OGUUCHIOETBCS

Z=(20,21502) = (ST 70T (@) 7T (0,))

)
3) Axmo Z = PK , mianuc KOpEeKTHAH.

BukopuCTaHHS KOHTPOJIBHOI CyMHU J03BOJISIE€ 3aXUCTUTH
MAMAC BiJ MiAPOOKH: SKIIO 3JTOBMHICHUK Ma€ MPAaBUIBHUI
MiANKC, TO Yepe3 IeBHY KUIbKICTh OOYHCIEeHb BiH 3MOXeE
CTBOPHUTH TOBITOMJICHHS, 3 renr-3Ha4eHHIM

" o_ ropr ' 2
H(M") = (hg,h),...;h, ) , TakuM WO h/>h,, TakuM 4HHOM

MCNI  MOMATKOBHX ITepalii BUXIAHUN MIANHC CTaHE
NOpPaBUILHUM Ui moBimomienus M’ Omnak Tmipu
30UIbLICHH] /i, 3HAYEHHA KOHTPOJBHOI CYyMH 3MEHIIY€ETHCH,

OTXKe, €JIeMEHTH KIIo4a, M0 BHKOPHCTOBYIOTbCS VIS
MiNMCaHHS! KOHTPOJIBHOT CyMH, TIOBHHHI OYTH ITPOremoBaHi
MEHIITY KiJIbKICTh pa3iB, HUK Y BUXITHOMY HOBIIOMIICHHI, III0
3JIOBMHCHHK HE MOXe€ 3pOOMTH uepe3 OIHOCTOPOHHIN
xXapakTep QyHKIII.

Icuyroth pisni Mogudikanii EIIT Binrepnina, 3minu, sk
MpaBWIIO,  CTOCYIOTBCS  iTepaTWBHOI  (QYHKMIIi, IO
BUKOPHUCTOBYETHCS, CEPEl HUX:

- TepeJ YeproBUM TCIIyBaHHAM Ha YHCIO OIEpaliero
XOR HakmagaeTscst 0iTOBA Macka, IO J03BOJIAC 3HHM3UTH
BuMord o rem-¢yHkmii (anropurm  WOTSH,  sxwmit
BukopuctoByetbcss B miamuci  SPHINCS  ta  iioro
Moudikamisax) [9];

- BUKOPHCTaHHS KIIOYOBOI rem-GpyHKIi, 1¢ pe3yapTart
MOMNEePeHBOT iTepallii BUKOPUCTOBYETHCS K KIIOY, YKCIIO,
IO TCHIYEThCS TCHEPYETHCSA BHIIAJKOBO Ta IEPEIAETHCS
pa3oM 3 migmucom|2];

- 3MEHIICHHS PO3MIpiB BIOKPUTOTO KIIFOYA y ¢ pa3iB 3a
paxyHOK BHKOPHCTaHHSI MOJIU]iKoBaHOTO jaepeBa Mepkii —
L-nepesa [6].

III. PE3YJILTATU JOCIJIXKEHb

[Mapamerp BinTepHina BH3HA4Yae poO3MIp MAIHCY,
004YMCIIOBAJIBHY CKJIAHICTh T'eHepallii BiJKPUTOro KIIkoua,
CTBOpEHHS Ta TepeBipku mignucy. Po3mip migmucy
JIOpiBHIOE

SignSize=t*n (10)
0iT, I8 CTBOpEHHS Ta TMEpeBIPKH MIANUCY HEOOXiJIHO
BUKOHATH

N=t*(2"-1) (11
orepailii remryBaHHs. Po3paxyemo pgaHi mapameTpu uis
KOHKPETHOro mpukiany. Hexail, itepaTuBHa remi-QyHKIis
00YHCITIOE 3HAYEHHS TOBXUHOIO 256 Oit. Y tadmmix I ta 11
HaBeJICH] Pe3yJbTaTh YISl MiAMUCY TOBIIOMIICHD JIOBKHHOIO
256 Ta 512 6ir.

TABJINLA 1. PE3YJIBTATH PO3PAXYHKIB JIJIs1 TTOBIJIOMJIEHHSI JIOBXXUHOIO

256 BIT
w t Po3mip nixnucy KinbkicTb
(KGaiir) iTeparii

2 133 399
3 90 2.81 630
4 67 2.09 1005
5 55 1.72 1705
6 45 1.41 2835
7 39 1.22 4953
8 34 1.06 8670
9 31 0.97 15841
10 28 0.88 28644
16 18 0.56 1.18*10°
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TApMLA I1. PE3YJIBTATU PO3PAXYHKIB J1JI51 TOBIJOMJIEHHST IOBXKMHOIO

512 BIT
w t Po3mip nignucy Kinbkictb
(K6aiir) iTepartii
2 261 8.16 783
3 175 5.47 1225
4 131 4.09 1965
5 106 3.31 3286
6 89 2.78 5607
7 76 2.38 9652
8 66 2.06 16830
9 59 1.84 30149
10 54 1.69 55242
16 34 1.06 2.23*10°
3 Tabiaume BHOHO, IO HAa TPAKTHII  MOXHA

BHUKOPHCTOBYBATH JIMIIIE HEBEJIWKI 3HAYCHHS Iapamerpa
BiHTepHila, OCKINTBKM KUIBKICTB iTepamiii s TeHeparil
BIIKPUTOTO KITIOYa, CTBOPEHHS Ta TEPEBIpKH MiIMHCY
CKCTIOHCHITITHO 3aJIeXKWTh BiJl JaHOTO Mapamerpy, IIo
3HAYHO YMOBUNBHIOE Ii Tponecu. ONTUMaTbHUM, Ha HaIl
MOMIAN, € 3HA4YCHHS W = 4, po3Mip MiANHUCYy B TaKOMY
BHIIAJIKY CKJanmae 2 Kimobaiitu Ta motpedye Omu3pko 1000
omepariii TelIyBaHHsA, [0 € TPUAHATHOI BEIHMYHHOIO.
Po36utTst maHuX, M0 MiAMHUCYIOTHCS, HA 4-0iTHI OJIOKH JIETKO
pearti3yeThes SIK IPOrpaMHo, TakK 1 arapaTHo.
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Abstract— The purpose of this work is to test the expert
Adpvisor in real time using different methods of analysis. The
object of the research is Forex trading. The subject of the study
is a market Advisor.

Keywords— Forex, market, Advisor, method, analysis.

AHoTanisi— MeTta po0OTH - Lle TeCTYBaHHSl PaJHUKA B
peajibHOMY 4aci, II0 BHKOPHCTOBY€ Pi3Hi MeTOAM aHAJI3y.
O0'ekToM focHiTKeHHA € TOpPriBjasi Ha puHKy @Popekc.
IIpeaMeToM J0CIiIZKEHHSI € PAJIHUK PUHKY.

Knruoei cnosa-Dopexc, punok, paonuk, memoo, aHais.

I. INTRODUCTION

Currently, information technology has reached such a
level of development that it is possible to manage funds from
your personal computer. You can, without leaving your own
apartment, around the clock to buy or sell currency, making
transactions within a few seconds through the information
and trading terminal. Mechanical trading systems — expert
advisors are used to automate trading. Advisors, independent
work that perform all kinds of operations, from market
analysis, calculation of available capital, to the opening and
closing of transactions. Develop expert advisors based on
trading strategies that show positive results for a certain
period of time.

II. BENEFITS ADVISOR

Using expert advisors provides the following advantages:

e does not require a permanent stay at the computer;

e excludes the human factor;

e accelerates the process of making a profit;

reduces errors when opening and closing trades;

round the clock trade.

[II. DEVELOPMENT ADVISER

MACCISAR expert Advisor was developed for trading,
which uses Parabolic SAR, MA, CCI methods.

In order to start trading in real time, you first need to test
the EA in the previous period. For testing, the settings of
time interval, Deposit, currency pair, time frame,
leverage are set. First, the EA is tested without
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optimization, and then the parameters and optimization of
the EA are set. The result should be a Sharpe ratio greater
than one. The higher the profit when using a trading
strategy, the higher the risk. And at some point, the risk
of losing outweighs the probability of making a profit.
The Sharpe ratio is a parameter that shows how much the
income from the strategy relates to the potential risk.
What should be the Sharpe ratio:

e "1 and above" - the optimal value of the coefficient,
indicating a good strategy or high performance

portfolio management;

"0-1" - we can not say that the strategy is very good,
because the risks are too high, but its application is
possible;

"0 and below" - on Forex strategy is better not to
use, when investing in stock it is better to choose a
different portfolio.

IV. TRADING RESULT

For more relevant results of the EA, we will trade in real
time. The initial balance is $ 2000. Trading was performed
on EUR/USD, GBP/USD, USD/JPY currency pairs. The
trading period with 07.05.2018 for 17.05.2018. The trade
balance amounted to 2817,71$. In total, 90 trades were
made. Net profit amounted to 817,713, total profit 848,153,
the total loss -60,428. Of the 90 perfect trades 80 trades were
profitable. The biggest profit was $ 54.78, the biggest loss -
$5.60. The Sharpe ratio was 1.13 and this suggests that the
EA is now fully stable, the risks of its use are minimal.
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Abstract—There using open models for image
classification (VGG (Visual Graphics Group) - type models of
Oxford University) and their custom modifications to solve
image classification task are considered. The models are
trained on the open CINIC 10 data set and are tested using the
CINIC-10 test example. PyTorch framework is used for model
construction and training. The different training methods are
analyzed and described techniques to prepare datasets for
different type of tasks.
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I. INTRODUCTION

The widely used methods and solution graphs for popular
image processing task — image classification are analyzed.
This type of tasks can be used in different tasks, include
business and scientific tasks. Today, image classification
tasks solve with convolution neural networks that can be
used to solve large specter of image processing tasks with
impressive results. This networks become some “golden
standard” of solutions for image recognition tasks (image
classification, object detection, instance segmentation etc.),
text recognition tasks (use Recurrent Neural Networks
(RNN) as base solution) etc. From 2013 up to 2017 proposed
different convolution models with pretrained weights and
open datasets (with objective challenges), that should help to
increase model accuracy.

II. USED FRAMEWORK

PyTorch framework is used for model construction. This
is one of the most popular deep learning framework, that
used by outstanding companies like Facebook. The main
advantage of that library over other is that models in
PyTorch have dynamic computational graph. So, one can
change our computational graph without recompilation.
Moreover, PyTorch have many optimized pretrained
finetuning models that can be used as base for custom
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powerful models. Computational graph and learning process
plots can be visualized via compatible tensorboard interface.
Main type that used in computations is tensor (optimized for
GPU using multi-dimensional array).

III. USED MODEL

A. Convolutional classifier

Every convolutional classifier consist of two main parts:
feature extractor (convolutional layers, that transform our
RGB image array to maps that represent some features,
which found on our image. As classifier network use fully-
connected layers with special architecture: 2-3 layers with
classic sigmoid activation functions on first layers and
softmax function on last layer. The typical convolution
classifier architecture is presented on figure 1.

CNN Image Classifier Scheme

Features
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—
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FC Layers with Non-linear function ‘
FC Layer with Softmax Iuncnon‘

Fig. 1 Typical architecture of convolutional classifier

In 2018, there are many benchmarks for popular models
(that can be included in model embedded libraries or not),
which can be used by scientists to choose optimal model by
many parameters (model accuracy, model computational
complexity, hardware requirements etc). For 2018, one used
MS COCO (Microsoft Common Objects in Context) [3] and
PASCAL VOC 2012 [4] as top list of used models. In
addition, the benchmark [2] is analyzed.

Base architecture use simple sequential type of model with
one main flow and without any flops in convolutional block
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(as in ResNet architectures). Convolution block in model
VGG-16 consist of 5 subblocks with several separate
convolution operations layers that used nonlinear ReLU
functions to trim negative and separate main features. VGG-
net (VGG-16) architecture is presented on figure 2.

VGG-16 Architecture

Conv2D,3x3,512
Conv2D,3x3,512

Conv2D,3x3,512

Pooling 2x2

i
i

Fig. 2 Visual representation of VGG-16 architecture
B. Model overview

As one can see in picture 2, VGG-type architecture can be
separated into some blocks, each of them consist of 2 types
of layer — Convolution operation with using non-linear
function and pooling operation.
- Convolution operation. Typical convolution block consist
of two main parts: entire convolution, where our input
image in RGB matrix representation multiply with list of
filters—matrixes, which represent classic weights and
improve during learning. After that, we have an output
feature maps, which highlights some important pixels —
features, which can be used as identifier for certain classes
of images. Convolution operation realizes 3 main principles,
different from ANN:
1) Sparse interactions. Convolution kernels, which used in
this type of networks, help to reduce dimension of weights
compare to input tensor. This feature reduces computational
complexity of a task and reduces volume of memory in
RAM or GPU memory.
2) Parameters sharing — in classic networks every parameter
used only ones to compute neuron output. In convolution,
one kernel uses to compute output in every region of input
image. This feature helps to reduce computational
complexity of network too.
3) Eqvariance to broadcast — if input function transform,
then output function transform with the same method.
Convolution operation can be computed by following
formula:
Pooling. This operation apply function of maximum
function (Max Pooling), Average (average pooling), 12 —
norm or weighted average on feature maps. Functions of this
layer:
1) Reduce size of input tensor (list of feature maps after
convolution can use large volumes of memory)
2) Release independence from minor changes of input
tensor.
3) Distinguish entire entity rather than location of entity.
4) Help to disassociate local signs in favor of global signs.

S(i, )= (K *1)(i, j)= ; Z [(i=m,j=n)K(m,n)
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Fig. 3 Visualization of convolution

IV. LEARNING

A. Convolutional neural classifier learning process

To learn CNN there are special modifications of back
propagation method that allow learn a kernel matrixes to
highlights important features. On classifier stage one use
standard back propagation function for weights correction:

w= w+ Aw

Ny= —etaxdE
ow

For convolutional layers one used kernel correction based
on partial gradients of errors in feature map cells. Visual
representation of process is presented in Figure 4..

Input Image

Filter kernel

Output error

’dhll dhlZ‘

dh21 dh22

Fig. 4 Back propagation function for convolutional layer.

There are 2 main techniques that used to learn deep
learning system, based on convolutional neural networks:
- Training from scratch. Model weights with random values
and train model are initialized. This method help to train
best and most specific model for concrete task, but one
should use extremely large dataset (about 1000 images per
one class) with powerful hardware for training (what can be
expensive).
- Transfer learning. One can used pretrained model with
weights, which oriented on recognition of some features.
This method can be used for adjacent task. That model is
proposed for using and retraining only classifier layers
without training convolution kernels from scratch. That
feature can be used to improve general accuracy of this
model, reduce computational complexity of solutions and
reduce number of labeled images for training. There are 3
techniques of transfer learning method:
1) Using completed models from library. We just use model
from pretrained model list and replace standard classifier



with custom (based on our number of output classes of
images)

2) Design own model based on described architecture. One
can design model with specialized architecture and use
pretrained weights from popular competitions like MS
COCO, ImageNet, Pascal VOC, etc., which can be found on
official site of the competition.

3) Combining several models and use several archives of
weights.

V. HARDWARE RESOURCES

To design and train models one can use notebook Dell
Inspiron 7567. Characteristics of this computer presented in
table 1.

To improve speed of that model training one can use GPU
training with Nvidia CUDA software. This method widely
used in deep learning to improve training and recognition

speed.
TABLE 1 . USED HARDWARE RESOURCES
Parameter Value
Processor Intel Core 15 7300 HQ 2.5-
3.4 GHz
RAM 8 GB
ROM SSHD TOSHIBA
MQO02ABD1 1 Tb
GPU Nvidia GTX 1050 4 GB
CUDA v. 9.0.76 with CuDNN v.7.0
Driver GPU v.390.77
(N} Ubuntu 18.04
PyTorch 0.4.1.post2
Python 3.6.5

VI. COMPUTATIONAL EXPERIMENTS

For experiments we use new CINIC-10 dataset with 270000
images, separated into training set (90000), validation
(90000) and test (90000). For the first experiment we use
our custom architecture with two standard blocks of VGG
with 2 convolutional layers/ Kernel size — 2, count of filters
— 64 in all layers. To avoid overfitting of model we use
Dropout layers between convolutional blocks. We train this
model from scratch. Model hyperparameters:

1) Criterion: cross-entropy loss;

2) Learning rate: 0.001;

3) Momentum:0.9

4) Batch size: 4

In the second experiment use VGG-16 as the base classifier.
Here we apply transfer learning technique to provide
solution of this task.

Model hyperparameters:

1) Criterion: cross-entropy loss;

2) Learning rate: 0.001;
3) Momentum=0.9,

4) Weight decay=5¢-4
5) Batch size: 128
Learning results table 1.2

presented in

101

Method Model loss Validation accuracy
(90000 samples)
Custom model 0.864 63%
VGG-16 0.293 65.56%

Training plots for our custom model is presented in Figure
5.1 (Model Loss) and 5.2 (Model Training Accuracy)

running loss

Fig. 5.1 fraini{ig pl(r)‘f for Model Traiﬁing Lbss (4c“ustom
model)

training_accuracy

Fié 52 Training plot for Model Training Accuracy (custom
model).

CONCLUSION
Trained models demonstrate good results on large
validation dataset. Our model with pretrained weights on
ImageNet dataset and VGG-16 features extractor has higher
accuracy than custom model, but custom model has lower
computational complexity.

REFERENCES:

[1] Hui, J. (2018, March 28) Object detection: speed and accuracy
comparison (Faster R-CNN, R-FCN, SSD, FPN, RetinaNet and
YOLOV3). Retrieved from: jonathan hui/object-detection-speed-and-
accuracy-comparison-faster-r-cnn-r-fen-ssd-and-yolo-5425656ae359
Alfredo Canziani, Adam Paszke, Eugenio Culurciello (2017, April
14) An Analysis of Deep Neural Network Models for Practical
Applications. Retrieved from: https://arxiv.org/abs/1605.07678
COCO — Common Objects in Context. Retrieved from:
http://cocodataset.org/#home

Ian Goodfellow, Yoshua Bengio,Aaron Courville Deep Learning. A
MIT Press Book //Ian Goodfellow, Yoshua Bengio,Aaron Courville .
- MIT Press, 2016. - 716 p.

Brownlee, J. (2017, December 20) A Gentle Introduction to Transfer
Learning for Deep Learning

Retrieved from: https://machinelearningmastery.com/transfer-
learning-for-deep-learning/

Prateek Joshi OpenCV with Python By Example//Prateek Joshi. -
Packt Publishing, 2015. - 298p.

Siddharth, D. (2017, November 16) CNN Architectures: LeNet,
AlexNet, VGG, GoogLeNet, ResNet and more... Retrieved from:
https://medium.com/@sidereal/cnns-architectures-lenet-alexnet-vgg-
googlenet-resnet-and-more-666091488df5

PyTorch documentation Retrieved from:
https://pytorch.org/docs/stable/index.html

CINIC-10 dataset. Retrieved from:
https://github.com/BayesWatch/cinic-10#data-loading

(2]

[3]
(4]

[3]

(6]
[7]

(8]
9]



CucteMa Busnenns Atak Ha JIokajabHy
KoMmn’torepny Mepexy

Maiik MakciMoB
Kageopa mamemamuuno2o 3a0e3neyeHHs
KOMN tomepHux cucmem
Ooecvruil Hayionanvhull yHisepcumem im. 1.1 Meunuxoea
Opneca, Ykpaina
grendmike@gmail.com

Ipuna Illninapesa
Kageopa mamemamuunozo 3abe3neyenns
KOMN TOmepHux cucmem
Ooecvruti HayionanvHuil yHisepcumem im. 1.1 Meunuxosa
Opeca, Ykpaina
ishpinareva@gmail.com

Attack Detection System on Local Computer
Network

Mike Maksimov
Dept. of Mathematical Support of Computer Systems
Odessa I.1. Mechnikov National University
Odessa, Ukraine
grendmike@gmail.com

Anomauyia — IHCTPYMEHTH BHSIBJICHHS aTaK MAalOThb JyiKe
INMPOKUH  CHEKTp pillleHb, BiI 3acToCyBaHHsI NPaBHJI,
OTPHMAHHUX JOCBiIOM, 10 BHKOPHCTAHHS ME€TOAIB MAIIMHHOTO
HaBYaHHSl, BKJIOYal4YH KiJlbKa MeToAiB OioJioriuHoro
HATXHeHHs. 3ajnauyi 3a0e3meyeHHs] Oe3leKH KOPNMOPATUBHUX
indgopmauniiiHux cucTeM TpPaguUiiiHO BHPINIYEThCH HLISAXOM
nodyaoBu cuctemMu iHpopmamiiiHoi Oe3mexku, ae OJHUM 3
HAaliBaXKIUBIiIUMX acHeKkTiB Oe3nmekn € Oe3neka JIOKAJIbLHOI
KOMI'IOTepHOi Mepexi. CTaHOM Ha ChOrOAHINIHINA JeHb,
KUIbKICTh HOBHX aTaK HA KOPIOPATHBHI KOMII'IOTepHI Mepe:xi
3pocTa€  KOMKHOTO [HSI MIISIXOM BTOPTrHeHHSI y HHX 3a
JAONIOMOIOK0 MiAKJIIOYEHHs 10 iHTepHeTy. Y 3B’A3Ky 3 4YHM
iCHYIOUHM cHCTeMH He 3aB:KIM 3JaTHI BUSBUTH HAsIBHICTh aTaKku
i BMMaraioTh 3acTOCYBaHHSI HOBHX MeToliB i miaxoaiB 1o
BHUSIBJIEHHS aTaK.

MeTo10 POGOTH € CTBOPEHHSI CHCTEMH BHSIBJICHHSI aTaK Ha
JIOKATBHY KOMII'IOTEPHY Mepeiky 3a JAOMOMOIo IOUIIYKY
AHOMAJILHOI IIOBEJiHKH Mepe:Ki.

Abstract — Tools for detecting attacks have a very wide
range of solutions, from application of rules to experience, to
the use of machine learning techniques, including several
methods of biological inspiration. The tasks of security of
corporate information systems are traditionally solved by
building an information security system where one of the most
important aspects of security is the security of a local computer
network. As of today, the number of new attacks on corporate
computer networks is increasing every day by invading them
by connecting to the Internet. In connection with which
existing systems are not always able to detect the presence of an
attack and require the application of new methods and
approaches to detect attacks.

The purpose of the work is to create a system for detecting
attacks on the local computer network by searching for an
abnormal behavior of the network.

KDD, mamiuHHe
HaBuyanusa, TCP/IP.

Keywords — information security, intrusion detection,
artificial neural networks, KDD, machine learning, TCP/IP.
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I. BCTVYII
3 camoro movaTtky nepenaui iHdopmarnii 3a J0IOMOTro
KOMIT'FOTEpPHUX MEPEXKEBUX pecypciB  Oyau  pO3MISHYTI

MUTaHHSA TpO 3arpo3u Oesmeku iH(popMariiHOI cucTeMH 3a
JIOTIOMOT 010 pi3HUX METO/IIB, HaAHOLIBII 4acTo
BUKOPHCTOBYBaHUX Yy CHUCTEMax BHUSBIICHHs BTOprHeHb - IDS

[1].

AHamiTiuHI JaHi KommaHiil [2], mo chemiamizyloTsCs B
chepi 3axucry iHpopmamii, Takux sk McAfee, Symantec,
Trustware i Kaspersky Labs, mokasytoTs, mo mpotsrom 2017
POKY CTabUTBHO 3pOCTaia KUTbKICTh IHITUICHTIB, TOB'I3aHUX 31
cupobamu nopymieHHs 6e3mnexn iHpopmariitanx cucrem. Kpim
LIBOTO, CIOCTEPIraeThcsl BiTHOCHO CTaOUIBHMN PICT KINBKOCTI
HOBHX 3pa3KiB arakylo4Wx [iil. 3TigHO 3 MIKHApOIHUM
nocnimkennsm EY B maniit obnacri [3], y nepion 2016-2017
pp. KUIBKICTh aTak pPi3HUX THIIIB 3pOcia y CEepeIHhOMY Ha
neB’sth BifAcoTKiB. 1li mani mokasyroTs, mo icHyroui IDS He
MOXXYTh BUSBJISATH HOBI aTakk 1 HOBI DPIi3HOBHAM aTakK, Ta
BUMAaraloTh pPO3poOKy HOBUX METOJIB ISl TOKPAILICHHS
pe3yibTaTiB BUSBICHHS.

CraHoM Ha CHOTOJHINIHIA [I€Hb, ICHYIOTh JBa KJacu
METOMIB BUSBIIEHHS aTaK — METOJ 3JIOBKMBAaHHSI Ta METOL
aHoMaiiii. BugBIEHHS aTaKk METOJAaMH  3JIOBKHBAHHS
BHKOHYETBCS 32 JOMOMOTOIO TPABWJI OTPUMAHHX Ha OCHOBI
JOCBiLy ab0 3 BHUKOPUCTAHHSM aJrOPHUTMIB MAITHHHOTO
HAaBYAaHHSA BIONOBITHO [0 HA0OpiB JAaHWUX CHTHATYD,
OTPUMAaHUX 3 MEPEKEBUX CLEHApIiB 31 3BUUAiHUM TpadikoM i
3a JOIIOMOTOK IH'EKIIWHMX arak OO OJHOTO 1 TOro X
cueHapito. Llei kmac MeTomiB BUKOPHUCTOBYIOTH cydacHi IDS
JOTIOBHSIFOYM  HOTO  aHAN30oM Mepexi y sIKoi  BOHH
32CTOCOBYIOTHCSI.

Metoro poboT € po3pobka Ta peamizallisi CHCTEMH
BUSIBIICHHS. BTOPTHEHb SIKA& MOJE 3aJOBOJBHUTH HACTYITHI
BUMOTH:

e cuCTeMa IMOBHMHHA BHSBJIATH MOTPO3y 3aCTOCOBYIOHYH
METOY aHOMAJTIii;

® MaTH HU3bKY HMOBIpHICTH NOMIJIKOBO-IIO3UTHBHUX Ta
MIOMHITKOBO-HETAaTUBHUX PE3YIIbTATIB;

® BMITH BUSBIISITH HOBi Pi3HOBHIHOCTI OZIHI€T aTaKH.
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II. OIS METO/IIB AHOMAJIIA

A, Ananiz memoois anomanii

Metogu  aHOMaNlii  3acHOBaHI HAa  BHKOPHCTaHHI
iHpopMmanii npo "HOopMmaibHY" MOBEIIHKY CHCTEMH Ta i
MOPIBHSAHHI 3 TapaMeTpaMH CIIOCTEPEKYBaHOT IMOBEIIHKH.
Bonu opieHTOBaHI Ha MWOOYZOBY MOZENi INTaTHOTO abo
HOpPMaJIbHOTO (PYHKIIOHYBaHHs cUcTeMH ab0 KOpHCTyBaua.
J1o TakuX METOIB BiTHOCSATD:

1)  nosedinkosi memoou:BeliBier-anani3, CTaTUCTAYHHUIA
aHaJi3, aHaJli3 eHTPOIIii, CIEKTPAIIbHUIN aHaNi3, PPOHTAIBHIH
aHaJIi3 Ta KJIACTePHUN aHaIi3.

[lepeBar 1HMX METOMIB MOJNATAIOTH y MOMKIMBOCTI
BU3HAYHMTH PO3MOJAUICHI aTakyd, B TOMY 4YHCIi 1 B 4aci,
BU3HAYUTU B3AEMO3B'SI30K MDK PI3HHUMH MOMISIMH, & TaKOX
KOpEJISIIlis MO J03BOJIsiE BU3HAUMTH 3HAYYINI MOJIT cepen
JOCTIIKYBaHUX.

Jo HenonikiB BIAHOCATH MPOOJEMYy YYTIMBOCTI
METO/IIB, siKa 3aJICKUTh BiJ] 33/1aHOI BEJIMYMHH BiJXHUIICHD,
TOYHOCTI MOJET INTy4HOI Mepexi Ta Big QyHkuii
noi0HOCTI.

2)  MmMemoou MAWUHHO20 HAGYaHHA. JlepeBo pilleHb,
baecora mepexa, MAP-ciaiftHu, alropuTMH KiiacTepu3artii
Ta aJITOPUTMH perpecii.

Jlo mepeBarm [WX METOMIB BIiOHOCSATH: JIETKICTh
peaitizaiiii, HU3bKi BUMOTH JI0 MiArOTOBKH JaHUX, MAJIHA yac
00poOKM BenmmKkoi KiTbKOCTI iH(opMartii. BukopuctoByroTs
MO/IeJTb O1IOTO AIIMKA, IO JOITOMAarae MepeBipuTH MOJAECTb 3
BUKOPHUCTAHHSIM CTATHCTHYHHX TECTIB.

HenonikamMu MeToiB € mpobiieMa HaBYaHHS, 1110 BUMArae
peTenpHOTO TinOopy KoedimieHTiB Ta mpobieMa MOOYyIOBU
ONTUMAJILHUX MOJIEIICH.

3)  memoou obuucmosanvhozo inmenexmy. HeiiponHi
Mepexi, TeHeTHYHI aIrOpUTMH, HEYiTKa JIOTiKa, IMyHHI
CHCTEMH, METO]] OOPHHUX BEKTOPIB Ta POWOBI aJTOPUTMH.

[lepeBaraMn 1MX aJIrOPUTMIB € MOXJIHMBICTH OHCTpOI
00poOKM  BENMMKOi  PO3MIPHOCTI  JaHMX. Takox Yy
napayieIbHOMY —peXHMi Jlerki st peamizauii, 1o0pe
MpaIoIOTh HaBiTh Ha TOraHOMY HaOopi MJaHUX, 37aTHI
BUPINIyBaTH HEINHINHI 3a1a4i.

HenmonmikamMn MeTomiB € MOTPIOHICTH SK Yy MO3UTHUBHHUX,
TaKk 1 HEraTMBHUX IpHKJIanax. BoHu BumaraioTe Oarato
mamM'siTi 1 [poIlecOpHOro dYacy, MOTpeOyroTh BHOODI
ONTUMANBbHOI QYHKIIT si1pa a00 aKTHBAILi.

BpaxoByroun 1i ocobmmBoCTi, OyJ0  BHpimeHO
BUKOPHCTOBYBaTH HEHPOHHI Mepexi TUITy — OaratomapoBuii
MeplUenTpoH Pymenpxapra Ta HaBYaTH IX alrOPHUTMOM
3BOPOTHOI'O MOLIMPEHHS TOMHUJIKH.

III. BA3A JAHUX J1JI1 AHAJII3Y ATAK

NSL-KDD - ne Habip maHux, 3ampornoHoBanuii TaBanae
ta ap.[4]. Habip marux NSL-KDD € ckopouceHOIO Bepci€ro
opuriHaneHOr0 Habopy manmx KDD 99. Bin ckiagaeTses 3
tux camux ¢yHkuii, mo i KDD 99, 41 3miHHa Ta omHOTO
aTpubyTy Kiacy. ATpuOyTr kimacy mae 21 3Ha4deHb, IO
NOTPAIUISIOTh MiJ YOTHPH THIHK Hamany: Probe attack, User to
Root (U2R), Remote to Local(R2L) ta arakm Denial of
Service (DoS). Lleii Habip naHUX Ma€e aTpuOyT IBOPSIKOBOTO
knacy. KpiMm Toro, B HbOMy € JOCTaTHS KiJIbKiCTh HABYAJIBHUX
Ta TECTOBHUX IPHUKIIAAIB, 1[0 POOUTh MOXJIMBUM IPOBEICHHS
EKCIICPUMCHTIB.

A.  Onuc b6a3u oanux 6usA61EHHSA GMOPSHEHD

Bamucu 3 NSL-KDD

B.  Amaxu 6e3 konmenmy

VY medkux aTakax HaICWIIAETbCA iH(popMamis Buiie 4-ro
piBass  momemi  OSI, mo0 CKOpPUCTATHCS BPA3JIHMBICTIO
nporpaMd, TOMY JOBXHHA KOPHCHOTO HAaBaHTAKCHHS
YEeTBEPTOro piBHA, a caMe T[oJie CerMeHTa JIaHWX
(tcp.segment/tcp.payload) He mopokHe. Taki THIM HamamiB
3a3BMYail HA3WBAIOTh "aTakaMK Ha OCHOBI KOHTEHTY" [5].

3 iHmoro OOKy, € JesKi aTakh, SKAM He MNOTpiOHO
HaJicCWJIaTh iH(pOpMaIliI0 Ha piBeHb ceaHcy abo BHIIE, TOOTO
moJie cerMeHTa JaHux mycte. L{i Hamagu OynyTh Ha3WBaTHCS
aTakamM 0e3 KOHTEHTY.

OCKUTBKH aHai3yeThCs Tpadik JTOKATBHOI KOMI'TOTEPHOI
Mepexi, oTrpuMmard iH(GOpPMalil0 NPO KOHTEHT aTrakH, a
TOYHIIe, KOHTEHT IIePelaHOro IIaKeTa II0 MEpekKi Hemae
MOXITMBOCTi, B CIHIJICTBI 4Or0, IMOTPIOHO IpoaHaNi3yBaTH
icHyroumii Halip arak 1 BHOpaTH XapaKTePHUCTUKH, SKi HE
MOB'sI3aHi i3 KOHTeHTOM atakd. 3 41 mocTymHHX 3MiHHEX 13
Ha OCHOBI KOHTEHTY, I[I€é O3Hadae, 110 Taki JaHl HE €
HEOOXIMHMMH [UI1 BHUSBIEHHS aTaKk HE IIOB'I3aHUX 3
KOHTEHTOM. HaiiBa)<JIMBIIIOW OCOOJMBICTIO NMPH BHSBIICHHI
aTak 0e3 KOHTEHTY € Mpamop CTaTycy 3'€IHaHHA, TOOTO 4-a
0COOHMBICTE B HAOOPi JaHuX. HaliBaxXTUBIIII MOXIIUBI CTAaHH
mparopy crarycy HaBeneHi B Tabmmi 1.

TABJIMLUA L. ®nar Crany 3’enHaHHS
Cran 3HaueHHsI

SF Hopwmansae SYN/FIN 3aBepieHHs

IREJ 3’emHaHHs BiAXUUIEHO, MOYaTKOBH SYN BHUKIINKAB
Bigmosias RST

SO Cran 0: BimnpasuB SYN, BiAnoBiai Hema

S1 Ctan 1: 3’eqHanHs BcTaHOBNIEHO (0OMiHsuCh SYN),
OinTbIIe HisIKOT aKTHBHOCTIL

S2 CtaH 2: 3’€JHaHHS BCTAHOBJICHO, iHINIaTOP 3aKPHUB CBOIO
cTOpOoHY

S3 Cran 3: 3’€IHaHHS BCTAHOBJICHO, Bi/INOBIZa4 3aKPUB CBOIO
cTOpOoHY

IRSTO [HiLiaTOp OHOBIIIOE 3’€THAHHS

IRSTR  [BiamoBizau OHOBIIIOE 3’ €AHAHHSI

OTH Upyre, Leii cTaH He MiATPUMYETHCS.

IcTopuyHi ol MOXXYTh JOITOMOTTH B IPOLEC BUSBICHHS
atak, 00 geski aTakd NPUHAMAIOTH Pi3HI KpOKH, 00 OyTH
YCHIITHAMHA. AHANTi3yI09d KpPOKH, MOXXKHA Mi3HATHCH, IO B
MepexxeBoMy Tpadiky TparuisieTbesl och He Tak. Hanpukiasn,
B aTali 3 IOPTIB MOKJIMBO 3HAWTH 3alUTH, SKi HAAXOIATH 10
HE TIPONIOHOBAHOI CIIy)kKOW, BHUKIMKAOYM 3'€JHaHHI 3
pexumom REJ. Ile He 00OB'SI3KOBO O3HAYae, IMIO MPHUCYTHS
aTaka Ha TIOPTH portsweep, a MOXKJINBO, XTOCh HaMaraeTbes
OTpUMAaTH iH(POPMAIII0 TPO TOCIYTH, IO MPONOHYIOTHECS B
Mepexi.

Uepes xapakTep HamagiB Ha KOMIIBIOTEPHY MEpEKy Oy
00paHM yci XapaKTepUCTHKH, KpiM Xapakrepuctuk 10-22, siki
BIJHOCATBCS /0 aTak 3 KOHTEHTOM. Onucu KOXHOI
XapaKTepUCTUKHU MOKHA 3HAHTH B [6].

Iv. MOAYJI CUCTEMU
CrBopeHa cucTeMa 3aaTHa 30uparu iH(opmamioo 3
MEpPEKEBOr0 iHTepdeiicy. ApxitekTypa CHCTEMH

npeacrasieHa Ha Puc.l.

Mopyibp CEHCOpPY CKIIAAEThCs 3 3aCTOCYBaHHS YTHIIITH
Tshark. Ha MoMeHT nodaTtky poOOTH CHCTEMH 3aITyCKaeThCs
MOIyNb ceHcopy 1 moumHaeTbes mporec Tshark. Koxni 30
CeKyHJ cucrteMa 30epirae Tpadix Mepexi B 0OpaHOI mamii.
IMpu 3amycky 1IbOro MOZAYIIIO, 3aIlyCKA€ThCA POOOTa MOIYIIS
aHaji3aTopa MaKeTiB, KUl IHTepIIpeTye 30epeKeHi MakeTH y
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dhopmati XML, miciist yoro 30upae iH(pOpPMAIIiio PO HMaKeTH
Ta TIIepeae aHaIi3aTopy 3’ €IHAHb.

Mepewxesii Tpadix

U

BinoGpaxeHna pesyabTaTie

Anamiz
Cencop ATAKIL
Amnanizatop |::> AnanizaTop 35IpHIK
NAaKeTIE 3'cz}|am: CTATHCTHEIL

Puc. 1. liarpama MOJyJ1iB CUCTEMH

Monyns aHamizaTopy 3’€IHAHb OTPUMYE MaKeTH 1 B
3aJIe)KHOCTI BiJl TPamopiB, BCTAHOBICHUX B MAKETi, BUPIIIye
YW BCTAHOBUTH HOBE 3’€IHAHHS, OHOBHUTH iH(POPMAIIIO BKE

icHytoyoro abo Tpeba BumamuTH 3'eAHEHHA. MoTynb
aHaymizaTopy 3'€IHaHb BIACTEXYE CTaH 3'€THAHHSA II0
omucaHWM Tpamopam B Tabmmmi I A mami mepemae

iHpOpMaIlif0 Mpo 3'€IHAHHS MOJIYNIO 300py CTaTUCTUKH, a
TaKOXK, CIIJKYE 3a 4acOM 3’€THAHHS Ta BUKOHY€E pOOOTY IBOX
CeKYH/IHOTO BikHA. SIKIIo 3'eiHaHHS OyJ0 OHOBIJICHO IMOHAJ
JIBl CEKYHAU TOMY, TO 3'€JIHAHHS NEPEBIPSETHCS HA aTaky i
MICJII YOr0 BHUAANSETHCA 31 CHUCKY 3’€IHAHb. 30ipHHUK
CTaTUCTUKK 30Mpae CTaTUCTUYHI JJaHi IPOTATOM JIBOX CEKYH]I
3’€IHAHHS Ta YTBOPIOE BEKTOp 3 28-MH 3MIHHUMH, SKHH
TIePEeAETHCS. MOAYIIIO aHajli3y aTtaku. MoIynb aHajli3y aTaku
MICTHTh y cO0i Kackaja 3 JBOX HEHpoHHHMX Mepex. lleprra
Mepeka aHajJi3ye Ha HasBHICTh aTakW, Apyra Mepexka
KIacu]iKye THI aTaKH.

Cuctema Impaiioe y ABOX PEXHUMax: MEPUIMHA PEeXUM —
peXUM HAJAIITYBaHHS, SKUHA HABYa€ KOXKHY HEUPOHHY
Mepexy, IPyTuil pexuM — aHaii3 Tpadiky y peaJbHOMY 4aci.

V. TECTYBAHHA

A. Mempuxa 0na oyinku axocmi

Ji1st TOpiBHSTHHS POIYKTHUBHOCTI 1 €pEeKTUBHOCTI METOIIB
BUSIBJICHHS BTOPTHEHb B MEPEXi BHKOPHUCTOBYIOTHCS TaKi
merpuku [7]: ¥imoBipHOCTI icTMHHO-no3uTHBHUX (True
Positive Rate, TPR) Ta moMHIKOBO-TIO3UTUBHUX PE3YyIbTATIB
(False Positive Rate, FPR). FPR € iimMoBipHicTIO oTpumaru
OTIOBIMICHHS Yy pa3i MepeBipKd HOpMaibHOI MOBemiHKH. J[o
TOr0, WMOBIPHICTh MOMUJIKOBO-HeratusHoro pimeHHs (False
Negative Rage, FNR) o3Hauae, mo cumcremMa HE BHAAE

OTOBIMIEHHS Yy pa3li HAagBHOCTI 3JIOBMHCHOI ITOBEIIHKH.
PiBusaas (1) Ta (2) BimoOpaxytors FPR ta FNR:
number of falze positive
FPR = L TR PR (1)
NUMPEr af i’!F‘QEfII.-'F‘
number of false negative
FNR = LI T ()

nuimber of positive

3Bigcu, HMmoBipHiCTE TPR Ta iCTHHHO-HETaTHBHHX
pesyabTariB (True Negative Rate, TNR) nopiBHIOIOTb:

TPR=1—-FNRT1aTNR=1-FFPR 3)
Takox, [0 [MX TOKa3HHKIB MOXHA JOJaTH

HMoBipHicTh npaBwibHOI Kiacudikanii (True Rate, TR) i

HMoBipHIicTh moMUIKOBOI Kinacudikarii (False Rate, FR).

number of trus positive+number of trus negative
number of peitives+number of negatives

TR = “

FR=1-TRH

PiBasaHA (5) BimoOpakye mipy dyTamBOCTi (sensitivity),
SIKa BU3HAYAETHCA SIK YaCTKAa HOPMAJILHOT OBEIIHKN:

number of true positives
numberof true positives+number of folze negatives

Sensitivity = %)

Aue, 1151 Mipa HEJOCTAaTHBO 3MICTOBHA, OCKIJIBKU BOHA MOYKE
OyTH TpHBiaJbHO TOCATHYTA NUIAXOM Kiacuikaiii TOBEIIHKH
SIK 3JIOBMHCHOI.

IIle omna wMerpuka, wmipa cneuudiku (specificity). Lle
YacTKa CHpPaBXHIX HEraTuBiB BCi€l pO3MIISTHYTOI HEraTHBHOT
MOBEIIHKNA:

number of true negatives
number of trug negatives+number of false positives

Specificity =

(6)

[pu knacudikanii Bcboro Tpadiky sk HOPMAIBHOTO, Mipa
cnenniku JOCATAETHCS TOBHICTIO.

F-mipa € moka3HHKOM, IIO MO€JHAE MipH YyTJIMBOCTI Ta
crenudiku:

Ixsengitivity «specificity

F — measure = (7

sensitivity +cpecificity

B.  Tecmyesanus pisnux neiponnux mepestc

TectyBanHs 1 BUOIp poamipy, OyHKIIT aktuBamii Ta
MOKa3HMKa HaB4aHHA npooamwmnch y OC Windows® 10-64 3
npouecopom Intel Core 17 2600k (3.4 GHz), 12,0 T'6 O3VY.
Peanizanis HelipoHHUX Mepex Oyina CTBOpPEHa 3a JONOMOTOI0
Microsoft CNTK i peanizoBana Ha mMoBi C#. Cuctema Oyma
HaBueHa Ha 133504 Bekropax i mporectoBana Ha 15040. Cama
BubOipka BekTOpiB Mama 95% Bapiamiii 1 KOXEH BEKTOp
YHIKQJIbHUM, TOOTO BHOiIpKa HaBuasbHa 1 BHUOIpKa s
TECTyBaHHS HE MAlOTh OJJHAKOBHX BEKTOPIB.

Kackag ckmamaeTbes 3 OBOX HeHpoHHMX Mepex. [lepmia
HEHpOHHA Mepexa TOBUHHA BCTAHOBIIOBATH HASIBHICTh aTaKH,
a Jpyra MOBHHHA BCTAHOBJIIOBATH Kiac aTtakh. ToOTo, mepiia
HEHpOHHA Mepeka Ha BHXOMAI y SKOCTI pe3yibTaTy Haaae
BEKTOp 3 JBOX 3HAYCHb — € araka YW Hi, Apyra HEWpoHHa
Mepexa Yy SAKOCTI BIATOBiAI Hagae BEKTOp 3 II'sAThMa
3HaueHHsMu — Probe, R2L, U2R, DoS Ta «He € arakoroy.
[eprri 4oTHPH 3HAYCHHS BIAMOBINAIOTH KjacaM arak, a I'aTe
3HAYEHHS 3aCTOCOBYETBHCS JAJIsl HOABIMHOI TNEPEBipKH, SKIIO
mepia HepoHHA Mepeka IMOMILTKOBO BHPIMIMIA, MO 3B’ SI30K
HeOe3MeYHUH.

Jdns  BuOOpY CTPYKTypH HEHpOHHHX Mepex Oy
MPOTECTOBaHI II'ATh (QYHKIOIA  aKTWBamii 3  pI3HUMH
KoeQillieHTaMl HABYaHHS Ta KidbkocTi mapiB. Tabmuis 11
BIIMIOBIa€ TPHOX IIAPOBHM HEHPOHHUM MepekaMm 3
koedimienToM HaBuanHsa 0.02. Bxiguuii 1wrap Bimmoimae 28
3MIHHUM, [PYTU{ IIap MICTUTHh KUIBKICTH HEHPOHIB KpaTHHUX
TppoM(84), abo m’satu(140) Ta ocTaHHIW mIAp MICTHUTH IBa,
SKIOIO e Teplla HeHpoHHa Mepexa Ta I'ATh, SKIIO IPYyTa.
Kinbkicte HeHpoHIB y JpyroMy mapi Oyno BHOpaHO
EeMIIPUYHAM NUIIXOM Y XOHAi TecTyBaHHA. KiTbKiCTh miapiB
HEWPOHHUX MEPEX JOPIBHIOE TPHOM, IPHU CHPOO] 301IbLICHHS
1X KUIBKOCTI, IOKa3HUKK TOYHOCTI 3HAYHO I1a1aJIH.

[Mepia HeiipoHHa Mepexa ToKa3ajia HalKpallii pe3yabTaT
3a nokasHukamu Tr, Fr, TPR, FNR, Recall ta F-measure 3
¢yukmiero akrtuBanii ReLU Ta cepenHiM mmapom po3mipom 84
(tabn.Il). s neiiponHa mepexa Oyna oOpaHa sl MOYaTKy
Kackagy.
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Jpyra  HeiipoHHa  Mepeka  IOKazala  OUIhII
posnoaiieHuid pesynbTar. HelfipoHHa Mmepexa 3 (DyHKII€O
axtuBarii ReLU Ta 3 cepenHim mapom po3mipom 140 Bumae
Kpaiiii pe3yibrar 3a nokasaukamu TPR, FPR, Recall Ta F-
measure, a HEHpOHHA MepeXka 3 CepellHIM IIapoM pO3MipoM
84 Bumae Kpamriii pesynpTar 3a mokazHukamum Tr ta Fr.
OCKiTBKM TOJIOBHUMU JJIsl Hac € mokasHuka Tr ta Fr, y
AKOCTI Apyroi HeWpoHHOI Mepexi Oyma oOpaHa Mepexa 3
¢ynkuieto akruBanii ReLU, cepeanim mapom po3mipom 84
Ta koedinienrom HaByanus N=0.02 (ta0:1.I1I).

Takox KOXKHa HEHpOHHA Mepeka Oyia MpoTecToBaHA 3
koedimieaTom HauaHes 0.04 abo 0.08 Ta 3 OimbpmIoOIO
KiJbKicTIO ImapiB. IIpm BHKOpUCTaHHI TPHOX INApiB Ta
koedirienty HaByanus N=0.04 mokasuuku Tr Ta Fr marors

ripmmii pe3ynbraT y cepemHboMmy Ha 0.3 BincoTka, a mpH
30UblIeHHS KOe(DIlIEHTY HaBYaHHsS L MOKa3HUK 3HAYHO
3pocTae, TpoTe, NpH 30UIBIICHHI KUIBKOCTI mIapiB Ta
BHUKOpHCTaHHI KoedimienTy HaBdanHs 0.02, nmokasauku Tr Ta
Fr BigpizHstoThCs Bike Ha 10,3 BIZICOTKH y CEpPEeTHBOMY.

Tabmums IV pgemoHCTpye TOPIBHAHHA MK OOpaHUME
HEHPOHHUMH MepekaMH MEPILIOro 1 Ipyroro THIy OKPEMO, Ta
cTBOopeHnii 3 HHX Kackax. ReLU 1 — HeiipoHHa Mepexka
nepuoro Tumy, BianoBigHo ReLU 2 — HelipoHHa Mepexa
Ipyroro Tuiy. SIk MOkHa OauuTH 3 TaONHWIN, KacKam 3 LUX
MEpeX ToKa3aB Kpallui pe3ynbTar 3a mokasHukamu Tr, Fr,
TNR, Ta Precision. Ile mokasye, mo cTBOpeHU KacKas
Kpalle Tpalloe, a TAKOK MaE HIDKYY WMOBIPHICT IPUHHSITH
Oe3neunwmii Tpadik 3a HeOe3meTHui.

TABJIALA 1I. Oninka Skocti Ilepmoi Hetipornoi Mepexu (28/84/2) 3 Pizaumu ®Oynkiismu AxtuBanii Ta 1=0,02

Tr Fr TPR TNR FPR FNR Recall Precision F-measure
Tanh 96.85 3.15 93.51 99.78 6.49 0.22 93.51 99.78 96.54
ReLU 98.22 1.78 97.45 98.89 2.55 1.11 97.45 98.89 98.17
Sigmoid 97.00 3.00 94.63 99.08 5.37 0.92 94.63 99.08 96.80
ELU 96.66 3.34 93.02 99.85 6.98 0.15 93.02 99.85 96.32
SELU 96.29 3.71 92.08 99.98 7.92 0.02 92.08 99.98 95.87
TABJIULA 1. Ouinka Sxocti Apyroi Heiipornoi Mepesxu (28/84/5) 3 Pisaumu ®Oyskuismu AxtuBauii ta n=0,02
Tr Fr TPR TNR FPR FNR Recall Precision F-measure
Tanh 97.73 2.27 9591 99.38 4.09 0.62 9591 99.38 97.61
ReLU 97.83 217 96.64 98.96 3.36 1.04 96.64 98.96 97.79
Sigmoid 97.29 2.71 94.70 99.61 5.30 0.39 94.70 99.61 97.10
ELU 97.41 2.59 95.64 99.16 4.36 0.84 95.64 99.16 97.37
SELU 97.46 2.54 95.29 99.46 4.71 0.54 95.29 99.46 97.33
TABJIULIA IV. Topisusiaas Skocti Kacckany
Tr Fr TPR TNR FPR FNR Recall Precision F-measure
RelU_1 98.22 1.78 97.45 98.89 2.55 1.11 97.45 98.89 98.17
RelU_2 97.83 2.17 96.64 98.96 3.36 1.04 96.64 98.96 97.79
Casscade 98.46 1.54 96.48 99.34 3.52 0.66 96.48 99.34 97.89
. : 111° 1 . n 1
BUCHOBKH (31 Garuba, M.; Chunmei Liu; Fraites, D.; "Intrusion

Mertoro 1i€i pobOTH OyJO CTBOPHUTH CHCTEMY aHaJi3y
inTepHeT Tpadiky A BHSBICHHS aTaKd Ha JIOKaIbHY
KOMIT'FOTEpHY ~ Mepexy. B poOori s BHUSBICHHS
iHpOpMATUBHUX O3HAaK arak OyJM pO3MIAHYTH HEHPOHHI
MEpPEKH TPSMOTO TOWIMPEHHS 3 PI3HUMH  (QYHKIISIMHU
aKTHUBAIlii Ta KUTBKOCTI IIapiB, HA MiICTaBi IKUX OyB CTBOpPEH
KackaJl HeHPOHHUX MEPEX Y SIKOCTI HOBOro 3aco0y aHaiizy
JaHux Tpadiky. 3amporoHOBaHMK KacKaj] IOKa3aB Kpaliuid
pesynpTar — 98.46 BINCOTKIB, HIXXK BHKOPHCTAHHS KOXHOI
HEHpPOHHOI Mepexi okpemo. byna cTBopeHa cucrema aHamizy
MepexxeBoro Tpadiky A BHSBIEHHS arak. lTaka TOYHICTh
BUSBJICHHS aTaK, a TaKOXX THYYKICTh y HaJAIITyBaHHI IIif
MOTpeON KOHKPETHOI CHCTEMH JIEMOHCTPYE IMEPCHEKTUBHICTh
HEeHpoMepeX B TIOPIBHSHO i3 3a37aJieTigh 3aIpOorpaMOBaHUMHU
AJIropuTMaMu BUABJICHHS BTOPTHCHD.
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Anomauyia—Po3rasigaeTbesi miaxia g0 po3B’sizaHHA 3aaaui
napaMeTpM4HOro  CHHTe3y  Mojesdeil  0araTro)akTOpHOro
ONliHIOBAHHH, 3ACHOBAHMII HA 32CTOCYBAHHI IITYYHHUX HelipOHHHUX
Mepexk. 3anpolmOHOBAHO NPOLEAYPY BH3HAYEHHS BaroBHX
KoedilmieHTIB  4YacTKOBHX  KpHTepilB 3  BHKOPHCTAHHAM
TEeXHOJIOTii koMnapaTopHoi ineHTHdiKanii.

Abstract—An approach to solving the task of parametric
synthesis of multi-factor estimation models based on the
application of artificial neural networks is considered. The
procedure of determination of weight coefficients of partial
criteria using the technology of comparator identification is
proposed.

Keywords—the task of multicriteria assessment, model, utility
function, parametric synthesis, neural networks.

Knwwuoei cnoea—s3zadaua 6azamoxpumepianbnozo oyiHI06aHHs,

Moleny, (QyHKuyia  KopucHocmi, napamempuuHuii - CUHME3,
HelipoHHi Mepedci.
I. Bcryn
OpHi€0 3 aKTyaJIbHUX TPOOJIEM Teopil NPUHHATTS pillieHb
€ ¢opMamizamis INpoleciB  OLIHIOBAaHHS  AJbTEPHATHB.

KonctpykTrBHE BUpiIeHHS Iii€l mpobiiemu moTpedye CHHTE3Y
MoJeni 1t popMyBaHHS CKaJIIPHUX OLIIHOK SIKOCTI pillleHb 3a
MHOXXMHOIO  4acTkoBux kputepiiB [1-2]. IlpakTtuuna
3HAQUUMICTh TaKMX Mojeneil 00yMOBiIeHa HEOOXIJHICTIO
MiABUIIEHHS CTYyMeHsS eQEeKTHBHOCTI MPOLEAyp BHOOPY
pillIeHb B CHCTeMaXx IUIAaHyBaHHS, YIPABIIiHHS, TPOCKTYBaHHS
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COIIaTbHO-EKOHOMIYHAX 1 TEXHIYHHUX OO0 €KTiB, BUPIMICHHS
3a/a4 yIpaBIiHHSA TOBEHIHKOK comianphux rpyn [3]. Ilpu
BOMY SIK BXiZHI JaHi BUKOPHUCTOBYETHCS iH(OpMAIls 1010

LIHHOCTI OKpEMUX (hopmanizoBaHnX BIIACTUBOCTEN
(wacTkoBHX KpuTepiiB) 1 ix 3HadeHs. lle oOymoBO€E
aKTYaJIBHICTh ~ HAayKOBO-NIPUKJIAJAHUX  33had  CHHTE3y

e(heKTUBHIX 3a MMOKa3HUKAMH aJeKBaTHOCTI Ta EKOHOMIYHOCTI
MaTeMaTH4YHUX MOAeNeH Al KUIBKICHOTO OIHIOBAaHHS Ta
BHOOpPY  pilleHb 32  MHOXHHOIO  MOKAa3HHWKIB IS
aBTOMAaTHU30BaHUX CUCTEM IIPOCKTYBAaHHS 1 ynpaBiliHHs [4].

II. AHAJI3 CYYACHOI'O CTAHY TPOBJIEMU

B ocHOBI cyyacHMX Mojesnell IPUHHATTS pillleHb JIEKHUTh
napasiurmMa MakCHMizalii KopucHocTi. BBakaerbes, 110 ocoba,
ska npuiimae pimenns (OIIP), mpu BuOOpi BapiaHTIB 3
MHOXXHHH  JIOIlyCTHMHX X € X  TpuUmucye IM  JAesIKy
KOPHCHICTh (WiHHICTH) P(X ), 3HaYCHHS SKOi i BU3HAYAIOTH ii

Bubip x’ € X [4]:

Vx,yeX:x~y<> P(x)=P(y); x>y« P(x)>P(y),
xEy<—>P(x)2P(y);x":argmog(xP(x).

I[lpy 1npOMy  pPO3PI3HAIOTH  MIJXOAW  OILIIHIOBAHHS,
noOyZ0BaHI Ha OCHOBI OpAMHAIICTHYHOI (HOPSAKOBOT) 1
KapJIUHaIiCTHYHOI (KiJbKiCHOT) Teopii KopucHocTi. B pamkax
000X Teopii XapakTepUCTUKH AIBTEPHATHB X 13 JOMyCTUMOI
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MHOXXMHM X MOXYTh OyTH BUMIpsHI 200 MPUBENEHI IUIIXOM
€KCIIEPTHOT'O OLIIHIOBAHHS JI0 YUCEIBHOTO BUIIISY:

P(x)=F[ 4, k(x)], M

ne k(x), i=Im
(XapakTepHucTHK), OJHO3HAYHO BCTAHOBJIEHI IS KOXXHOTO
x€X; A, - BaroBi Koe(ilieHTH YaCTKOBUX KPHTEpiiB, 11O

3HAYCHHS YaCTKOBUX KPHTEPiiB

BpPaxOBYIOTh pi3HY IXHIO COIliaJibHY 3HAYUMICTh (Bary) B
y3arajgpHeHid omiHm P(x).

Jis IpaKTUYHOTO BHKOpHCTaHHA Moxene (1) HeoOXimHO
BU3HAUUTU IX CTPYKTYpy 1 mnapamerpu. Taki wmozedni
CHUHTE3YIOThCS Ha OCHOBI aJUTHUBHUX, MYJIbTHILTIKATUBHUX
abo 3Mimanux (yHKUIH 3aranbHOi KOpHCHOCTI. HaiiOinbin
YHIBEpCAIBHOIO BBaXKa€ThCsl (PYHKIIs 3arajbHOI KOPHUCHOCTI
P(x), nobymoBana Ha ocHOBI mosiHOMYy Komnmoroposa-

Tabopa [4]:

ii%'ii(x}é(xﬂ..., Q)

i=l j=i

P(x):iki-éi(x)—i—

Ae m - KUIbKICTb YaCTKOBHMX KpHTepiiB; A, A, - Barosi
koe(illieHTM 4YacTKOBHUX KpuUTepiiB k,(x) Ta ix noOyTKiB
Az20,%;20, i=Im; §(x) - OyHKU KOPUCHOCTI

4acTKOBOI'O KpuUTepito k,(x), i=1,m;

Opnniero 3 HalOLIbII NomMpeHUX (YHKLIH KOPUCHOCTI
YaCTKOBUX KPUTEPIIB € PyHKIIIs:

k(x)—k "
ki -k

i

& (x)= . 3)

ne k' k;

KPUTEPIIO; ¢, - mapaMeTp, 10 BU3HAYa€ B 3aJIKHOCTI (TIpU

- BIAMOBIHO HaWKpalle Ta HaHripiie 3HAYCHHS

o, =1 peani3yerscs JiHiMHA, npu 0 < @; < I — olyKia, Npu

o, > 1 — yBITHyTa 3aJIE)KHOCTI).

H_IHHXOM BBCACHHS ITO3HAYCHb:
E/(x)E(x)=E,,,(x), 7‘1,1 =NXiss
E.>1(x)'&.>2(x) = &.;mg(x)o 7L1,2 = lm” s eee s “

Mozenb (2) mMoxe OyTH TomaHa B TPAAWIINHIA aTUTHBHIN
dopmi:

P(q,x)=2 M & (x), )

ne N - 3arajgbHa KiTbKICTh JOAHKIB B CIIBBIAHOIICHHSX (4).

3amaua BU3HAYEHHs BeKTopa mapamerpis A=/[4,4, ],

i=1,m, j=i,m 3 obnacti JOMYCTUMHUX € HEKOPEKTHOI 32
Anamapowm. i perynapusanis moxe GyTn 3nilicHeHa, 30kpeMa
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JUIT  3aJad 3 BCTAHOBJICHMMH THapamMeTpamMu  (DyHKIIH
KOPUCHOCTI YaCTKOBHUX KpuTepiiB (3) NIIIXOM IOUIyKY
4eOnmoBCchKOi ToukH [4]. Lle 103BOsII0 3BECTH PO3B’A3yBaHy
3aja4y J10 33j1a4i JiHiifHOro nporpamyBaHHs [5, 6].

Bce Ounbll mMpOKe 3aCTOCYBaHHS B Cy4acHHX CHCTEMax
MIATPUMKH TPUHHATTA pillleHb 3HAXOJSTh I1HTENEKTyallbHi
TEXHOJIOTIi Ha OCHOBI IITYYHHUX HEHPOHHHX Mepex. Jlo
mepeBar ITYYHHX HEHPOHHUX MEpek Mepes] TPaaulliitHUMU
METOJIAMH PO3B’sI3aHHS MOAIOHMX 3a]1a4 BiTHOCATH: 3IaTHICTh
0 HABYaHHSA, 10 JO3BOJIIE  3HAXOJWUTH  HEBIIOMi
B3a€MO3B'SI3KM MK BXIJHAMH T4 BHXIIHHUMH JaHUMH;
CTIMKICTh IO IIYMIB y BXiTHHUX JaHUX; MOKIUBICTh peaizarii
IUIIXOM TTapajielbHO BUKOHYBaHUX omepartii [7].

III. PE3YJIbTATHU JOCJIJKEHHSA
Cy4JacHOIO0 aNbTEPHATHBOIO EKCIEPTHOMY OI[iHIOBAaHHIO
BaroBHX KOE(ILI€HTIB YACTKOBUX KPUTEPIiiB A, A, , i = Ime
TEXHOJIOTisT ~ KoMmmaparopHoi ifgeHtudikamii [4]. Bona

nependadae popmysanns OIIP OiHapHOrO BiTHOIICHHS Ha
MHOXWHI anbTepHaTHB R(X ) X xX ={<x,y>x,yeX}.

[TpukinagomM Moxke ciayryBaTtd OiHapHE BiJHOLIEHHS CTPOTOi
nepeBaru

Ri(X)={<x"y> x",yeX: x>y, VyeX}, (6)

sIKe MOKe OyTH BCTaHOBIEeHe mnurixoM BuOopy OIIP mmme
Kpamroi 32 MHOXXHHOKO YacTKOBHX KPHTEpiiB albTepHATHBU

x° € X . Jlna BigHOWEHHS (6) OTPUMAEMO CUCTEMH JIIHIHHUX
HEepiBHOCTEH 1 HOPMYIOUHX YMOB:

nj(x) = Z)\‘i E(x")> Z}\’i &(y)

j=1lng, <x",y>eRy(X); @)
N —
N (h)=2 0 =1 4,20,i=1N,
i=1
re A=[A, 4], i=lLm, j=im - WyKaHuii BEKTOP

napamerpiB  GyHkuii (2), ng - IOTYXHICTh OIHapHOroO
BigHomeHHs (6), ng = Card R¢(X ) .

3amada MomryKy BEKTOpa mapameTpiB A, mo 3aJ0BOJBHSE
cucteMi ooMexeHb (7) € HekopekTHOwo. i 11 perynspusanii
HalkpamuM OyJIeMO BBaKaTH TaKUi BEKTOpP BaroBUX
KoedimieHTiB A, MO MakCHMi3ye MiHIMalbHy BiJICTaHb

AP(\x°,y)=P(Mx")-P(Ly), <x°,y>eRy(X) mix
pimeHHsIME y GiHAPHOMY BiTHOIIEHHI CTPOroi mepesaru (6).

Jlist po3B’si3aHHs 33124l BUKOPHUCTAEMO arapar MITYyYHHUX
HelipoHHUX Mepex (puc. 1). HaBuanHs wmepexi Oymemo
3MIACHIOBATH 13 3aCTOCYBaHHSIM AalTOPUTMY 3BOPOTHOTO
PO3IOBCIOPKEHHS! TIOMUJIKH.

AJNTOPUTM HABYAaHHS peali3ye TPaJi€eHTHHH METOA
MiHIMI3alii  omykyioro  (3BMYallHOrO  KBaJpaTUYHOTIO)
¢ysakmioHany nommiku [7]. s 3abe3nedeHHs KOPEKTHOTO



HaBYaHHA Ta (YHKIIOHYBaHHS MepexXi BHKOPHUCTAEMO
curMoifanbHy (yHKLiIO akTHBalii, IO € MOHOTOHHO
3pOCTal0¥00 Ta Ma€ BiAMIHHI BiJ HyJIs HOXiAHI Ha BCId
00JacTi BU3HAUCHHS.

Puc. 1. BararomapoBa HeifpoHHa Mepexa JUII TPEXYACTKOBUX KPHUTEPIiB:

f j’ — ¢yHKOii akTHBauii HEHPOHIB.

[Ipouec HaBuaHHs MoOJsAraTMMeE y MoJadi Ha BXiJ Mepexi
iHpopMallii mOJ0 NOPIBHIOBAHHWX ajbTEPHATUB y BHIJISAIL
3Ha4eHb (YHKIiI KOPHUCHOCTI IX YAaCTKOBHX KpHUTEpiiB

[E1(X°).65(X° ), §,(x")] [&/(Y)&x(Y)s &u(¥)]

BHUBYEHHI peakiii Ha HUX Mepexi i KOpeKIii BIAIOBIIHO 110
peakmii BaroBux mapamerpiB. llepem modaTkoM HaBYAHHS
KOOpAWHATaM BaroBOrO BEKTOPa INPHUCBOIOIOTHCSA BHIIAJKOBI
3HaueHHA 3 pianazoHy Big 0 no 1. IcTtoTHOIO yMOBOIO
3aCTOCYBaHHA METOAY € Ou(epeHHiioBaHICTh aKTHBAIIHHOI
¢byHkuil. Sk GyHKIsSE aKTHBAIIT BAKOPUCTOBYETHCS CUTMOTI.
Jnst oOMekeHHsT POCTOPY IMOUIYKY Y IIpOLieci HaBYaHHS
CTaBUTHCS 3aBIaHHSA MiHiMi3amii HiTbOBOI (PYHKINT MOMILTKA

Ta

HEHPOHHOT MepexKi, sika 3HAXOJUTHCS 32 METOI0M HaMEHIITIX
KBaJIpaTiB:

gzéz(;;;_o; 2, ()
k

Je o] - 3HaueHHs Kk -ro BUXOAY MEpexi; ¢, - ILIIbOBE

3HA4eHHA k -TO BUXOMY; 7 - HOMEP OCTaHHBOT'O IIapy.

Jnsi OHOBJIEHHSI 3Ha4YeHb BEKTOPa BaroBHX KOe(ili€HTIB
BHUKOPHCTOBY€ETHCS ¢byHKIs MeEToy 3BOPOTHOI'O
PO3IIOBCIO/KEHHST ~ NMOMMWJIKM, 32  JIOIOMOTOIO  SIKOT
00YHCITIOETHCS BeNMYMHA A, HA SIKY NOTPIOHO 3MIHIOBATH iX
3HAYCHHS B MMOTOYHOMY LUK A=A+ AL [7]. B pesynbrarti

OTPUMAEMO  OI[IHKKA  IapaMeTpiB  BEKTOpa  BaroBHX
KOoe(IlliEHTIB YaCTKOBHX KPUTEPIiB, 10 3aJ0BOJBHSIOTH
ymoBaM (7) Ta MaKCHMI3yIOThb MIHIMaJIbHY PI3HHIO

AP(Mx°,y)=P(Mx")=P(Ly), <x’,y>eRy(X) mix
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anbTepHaTUBaMHU y OIHAPHOMY BiJHOILIEHHI CTPOTOI NepeBaru
(6), sike chopmoBaHe 0CO00I0, M0 MPUAMAE PILICHHSA,
eKcITepToM abo TPYIOI0 EKCIIEPTiB.

BrCHOBKH

OpepkaB TOJANBIIAN PO3BUTOK IMiAXiA KOMIIApaTOpHOL
ineHTuGikallii B yaCTUHI HOro 3aCTOCYBaHHS JI0 PO3B’sI3aHHS
3a7a4i MapaMeTPUYHOTO CHHTE3y aJUTHBHUX MOJENEeH
6araro()akTOPHOTO OI[IHIOBaHHS 3 BHUKOPHUCTAHHSIM INTYYHUX
HEHUPOHHUX MepeX. BHKOpUCTaHHS WTYYHUX HEHPOHHUX
MEpPEX J03BOJILE IHTCTPYBaTH CY4acHI METOIH IITYYHOTO
IHTEJIEKTY B aBTOMAaTH30BaHi CHCTEMHU IMIATPUMKH HIPUHHATTS
pimerb. OTpuMaHi pe3yJibTaTH MOXYTh OyTH BUKOPUCTaHI B y
cUcTeMax  IUIAaHyBaHHS,  yNPaBIiHHS,  NPOEKTYBaHHS
COMIaTbHO-EKOHOMIYHHX 1 OpraHi3alifHO-TeXHIYHUX 00’ €KTiB,
BUpIIICHHS 3aBJaHb YIPABIIHHS IOBEIIHKOK COIliaIbHUX
rpyn. Hanpsmkamu mopanbmux JOCHIIKEHb MOXYTb OyTH
peaiizartis IHTEIICKTYaTbHUX TEXHOJIOTIH IS
MapaMeTPUIHOTO CHHTE3Yy OUThII €(PEeKTHBHUX 3a MTOKA3HIKOM
«TOYHICTH-CKJIAJHICTE» (DYHKLIH KOPHUCHOCTI YacTKOBHX
kputepii [8—11].
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Abstract— This work examines possibilities of application
of big data information technologies for realization of
effective political digital campaigns on the basis of analysis of
information from virtual networks and hidden influence on
acceptance of irresponsible decisions by publicity.
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impact; political game.

I. INTRODUCTION

In wide sense modern society can be defined as clever
(smart), or servitive, society in that digital technologies are
widely used on all management levels. The internet and
social networks made the world more open and life more
comfortable. However, there is another one, dark side of
the newest technologies. Increasing of amount of the
Internet users and modern methods of analysis of users
behavior in the network gives an opportunity to influence
on society with stunning efficiency.

Big data technologies acquire the special actuality,
technologies that cardinally change ways of information
analyses and methods of making decision in all spheres of
human activity, in particular in economic and political.
Today it is possible to talk bravely not only about a digital
economy but also about digital politics.

II. BiG DATA AS NEW FORM OF DIGITAL POLITICS

Big data is a term that is used for denotation of data
analysis in prognostic analytics, intellectual data analysis
(data mining), in customer relationships
management(CRM - Customer Relationship Management)

(1].

In wide sense "large data" is the socio-economic
phenomenon related to appearance of technological
possibilities to analyse the enormous arrays of data. The
concept of big data envisages work with data of large
amounts and various composition, that are got from
different sources, in order to increase competitiveness and
efficiency of acceptance of administrative decisions.
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Strong people of this world actively form the so-called
servitive society, in that they offer comfort life, attractive
loans, unreal possibility to get all at once. Big data
technologies open for large business and politics new
instruments of secret influence on an audience, with the
purpose of management of their behavior, acts and even
choice. The use of the newest targeting methods assists
forming of consumers psychological dependence. Primary
purpose - to retain in the power a man that will not be able
to provide the further existence independently. Such
ideology of modern political forces and business is sent to
the receipt of maximal amount of supporters and reckless
superprofits [2].

Unlimited access to the array of digital tracks, consists
of consumers advantages and necessities, what they
lefteveryday in a network, carrying out searching queries,
bank payments, using GPS- and passing psychological
tests that contain many personal questions, opens unlimited
possibilities to influence and manipulate them. Well-
known world political leaders also use internet-marketing
technologies based on big data .As experience testifies,
victory is got by that, who uses the newest methods of
analytics and information technologies.

Growing popularity of social networks is not just a
change of method of communication, it is a change of
doing business method, way of life in society. It is a
change of the rhythm of modern life.

Connection to the network opens unlimited access to
personal users data. For example, the motion sensor in
smartphone shows, it is a smartphone swinged by a hand,
how far it moves (these actions correlate with emotional
instability). A smartphone is an original free questionnaire
that is willy-nilly filled by its proprietor. After its help it is
possible not only to form a psychological portrait from the
obtained data but also to choose necessary among these
portraits. It is the original searching system on people, that
is capable to find out trustful ones, apt to the spontaneous
actions, criminal intents and others like that.


mailto:masyonkova@gmail.com

At the use of big data technologies for social researches
a basic problem is collection of large arrays of the personal
information. However, with appearance of the Internet,
especially Facebook, Instagram, VKontakte, Odnoklassniki
and other social networks, the capture of data takes place
automatically - users do information about them popular
themselves.

Facebook is said to be the symbol of new generation,
epoch without physical borders. Most public conversations
passed to on-line services of social medias and other digital
platforms. Qualificatory role in forming of public opinion
is played by forums and chats of the Internet. However,
this powerful searching system on people can be used also
in criminal aims. Big data technologies for social networks
can carry a threat to prosperity, freedom and even life of
people.

So once again Facebook became the source of
psychological statistical data, by means of what Cambridge
Analytica realized manipulation technologies with the aim
of influence on the results of USA presidential elections in
2016 and referendum about the exit of Great Britain from
EU [3].

Technically companies that grant political services use
software of making decision strategy, that executes
statistical processing of large data, got or renewed by
means of different facilities for the digital profiling of
electorat. The aim of these instruments application for end-
user, for example, electoral campaign team, is forming of
the most exact and simple elements, that can be effectively
used for providing of communicative charts with electors.
On the basis of individual data analysis computer programs
create personalizing or reports,having special purpose -
electronic reports, phone calls or personal visits. Reverse
information that is used for further targeting has also an
important value.

Thus, knowledge, got by campaigns team, give an
opportunity to maximally adapt electoral discourse to the
necessities, beliefs, age and social status of respondents
with the aim of the hidden target influence.

A new form of the digital mediated politics is the key
component of fourth industrial revolution : the Internet is
already used for establishment of agenda from an
ascending level, grant to the citizens of possibilities to
express the opinions in network public sphere and organize
collective actions. In particular, social medias changed
character of political agitation and will continue to play an
important role in future elections and political campaigns
in the whole world.

However this technology also can be a platform for
conflicts and ill-intentioned agitation of right populists that
does not have functional possibilities for healthy
democratic discourse, while modern control system is
vulnerable to emotional splashes and populist motions that
arise up in social networks. Brexit witnessed that this speed
technology is open for all and can be used for affecting on
public opinion and referendums or elections results.

Big politics is one actor grandstanding, not only races
between parties. Boats with plenty of supporters that
distribute false news in the closed social networks groups
are ideal channels for disinformation.
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If before nobody could in earnest perceive information
that a post on Facebook or report in Twitter can entail
oscillation on elections, today the propagandist strategies
aims in social networks are sent to the real problems, such
as immigration, economic crisis, terrorism and social
inequality, in order to hiddenly influence on ideas and
behavior of millions of people and induce to the choice of
certain political procedure or point of view.

Big data technologies, that assisted Donald Trump's
victory on USA presidential elections in 2016, also can be
used during realization of electoral campaigns in other
countries.

In recent year big data analysis technologies became
popular or quite open. The hardware and softwear support
can be bought very cheaply. A competitive edge is
experience and knowledge, that is necessary for work with
big data. Almost all services, accessible today in the
Internet, are based on the big data analysis. Exactly today
the algorithms of machine studies, worked out in 1960-
70th of XXth century, are used for treatment of large data
arrays. New big data technologies find application in the
most various industries - from searching services,
translations and navigation to the use of the conformities,
educed in internet-environment, retail off-line sales and
targeting advertisement.

Experts forecast, that in a current decade this area will
make progress, generating new questions, in particular
how to solve the problems of personal data safety, who
does is the subject of these data disposing, how possible
separate methods of obtained data application can be and
others like that.

CONCLUSIONS

In the world, guided by data, the problems of data
economy (from the mass attempts of the unauthorized use
of data to intentional manipulation by on-line platforms)
grew as never before. Privacy, intimacy, arcana, personal
space - all these concepts lost sense in the epoch of digital
technologies.

Modern servitive society can by easily managed by
means of information. Data are constantly gathered,
accumulated and kept, and that, who has an access to these
data, owns the future. It is a group of multimillionaires that
use big data technologies for realization of global shadow
operations against democracy.

An only correct decision to prevent the threats of the
new digital world is protection of data and use and
development of effective strategies of information
enciphering and safety.

Big data technologies and artificial intelligence is a way
to the new innovations, extended access to possibilities and
solusion of the most actual problems of society.
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Abstract—The popularity of compression attacks in
steganography today is associated with the widespread
embedding of compression algorithms for lossy graphics files
for storing and forwarding information that does not attract
attention to these destination files, not only with the use of
hidden but also open data transmission. It was developed the
new effective stegoalgorithm that based on the SVD of the
matrix container. Efficiency is confirmed by computational
results PSNR, MSE, correlation coefficient, computational
complexity.

Keywords—stegoalgorithm, watermark, SVD, lossy format,
JPEG.

I. INTRODUCTION

The standing of information technology has given
impetus to the development of new modern methods aimed
to organize the security of data transmission by
telecommunication channels, which for today has become
widely used for paid purposes. A promising direction in the
organization of information security in advanced systems
and networks is the digital steganography.

The popularity of compression attacks in steganography
today is associated with the widespread embedding of
compression algorithms for lossy graphics files for storing
and forwarding information that does not attract attention to
these destination files, not only with the use of hidden but
also open data transmission. For example, when spreading of
information in public networks, protecting information and
ensuring its reliability are unresolved tasks today. Because of
this, to modern stegoalgorithms and methods a mandatory
requirement of resistance to violations, especially JPEG-
compression to exposure in the communication channel is
appointed.

II. MAIN PART

A. Aim and tasks of the research

The aim of this work is the development of new
stegoalgorithms based on the singular value decomposition
(SVD) of the matrix container and a comparative analysis
based on a practical experiment to determine the reliability of
the perception and stability of the stegoalgorithms in terms
using compress (JPEG-compress).

Methods of data hiding in the image spatial area are not
resistant to most of the known types of violations, especially,
to lossy compression format. So, the biggest interest in the
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area of digital imaging is the methods of embedding
information in image where there is loss of quality (popular
JPEG format). The methods used to hide the cover
information to frequency domain are more resistant to
various possible external influences on the image container.

Tasks according to the described aim:

o to define the effectiveness of the developed
stegoalgorithm by visual assessment of quality;

to define the effectiveness of the developed
stegoalgorithm by degree of reliability the perception
of stegomessage by calculation MSE, PSNR;

to define the -effectiveness of the developed
stegoalgorithm by degree of reliability of the
perception of stegomessage after compression with
varying degrees of compression, which does not lead
to a breach of reliability of perception due to JPEG-
compression by calculation MSE, PSNR;

to define the effectiveness of the developed
stegoalgorithm by calculation of the Correlation
Coefficient of a stegomessage by the proposed
stegoalgorithms without JPEG-compression (Q);

to define the -effectiveness of the developed
stegoalgorithm by  calculation = computational
complexity by the proposed stegoalgorithms.

B. Analise of litreture

In [2], sufficient conditions for the stability of quilted
methods and stegoalgorithms for compression are presented,
including significant coefficients that do not depend on
which domain of the digital image of the container (the
spatial domain or frequency domain) is used for the
integration of additional information.

Obtaining these conditions was the impetus for the
further development of a general approach to the analysis of
the state and technology of the functioning of information
systems, based on matrix analysis and perturbation theory,
and its adaptation for solving the problems of steganography

[3].

The new common approach for integrity checking of
digital images is developed [4]. The new features of formal
parameters defining image are revealed, theoretically
grounded and practically tested. The characteristics of the
mutual arrangement of left and right singular vectors
corresponding to the largest singular value of the image’s
matrix (block of matrix) and the vector composed of singular
numbers is obtained.



The results of scientiphic works are presented in [2,3] are
the basis for the theoretical developments of the new
stegomethod. There is proposed a stegoalgorithm, relying on
the developed stegomethod [3,5], the effectiveness will be
computing and analyzing in this work.

C. Theoretical part

Let the A is MxN matrix of the container. The general
steps of the proposed steganographic algorithm consists of
three ones.

1) First, we pre-break blue matrix of the image matrix A
into disjoint blocks f of a size 8 x 8. It is the standard size of
a block.

2) Further for each block we get singular value
decomposition:

f=UZV,
where U, V are orthogonal matrices of size n x n,
columns wuy, .., ug of the matrix U - left-handed
eigenvectors,
lexicographically positive (the columns vy, ..., vg of the

matrix V are called the right-handed eigenvectors of the
matrix f);

¥ = diag (o4, ..., 0g), 61 > ... > o3 > 0 — eigenvalues.

3) The maximum singular numbers get perturbation in
the form of cover information, depending on the value of the
bit of cover information, which does not lead to a breach of
the reliability the perception of the formed stegomessage.

The process of compression of the digital image will
make a certain way the perturbation of the eigenvalues of
block matrices. Since the sets of eigenvalues of matrices of
the digital image in the spatial and frequency domains
coincide, any perturbations of the eigenvalues are identical
for the of block matrices of digital image in the spatial and
frequency domaines. Therefore, the formalization of the
stegotransformation process in the form of a set of
perturbations of eigenvalues blocks does not depend on the
analyzed region of the image (spatial, frequency), which is a
significant advantage of the chosen method of formal
representation of the stegotransformation.

D. Practical part

Eigenvalue matrices are well-conditioned [5]. The most
vivid features of their perturbations are manifested during
compression for the smallest eigenvalues of matrix f. The
value of the smallest eigenvalue blocks of an image stored
in a lossy format can be compared with the error of their
rounding, which is not typical for lossless digital image-
blocks. In addition, the behavior of the smallest eigenvalues
(o6, 07, 0g) of image blocks, if we talk about standart block
splitting s = 8, saved with losses is qualitatively different
from the character of the eigenvalues with the same
numbers for image blocks saved without loss: the rate of
their change in the first case is much less than similar to the
second case.

The practical experiment was carried out in the
following way: the cover information was embeded out by
the proposed stegoalgorithm in the selected random image,
after which the secret message was stored in a lossless
format (TIF) or with loss format (JPEG) with different
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compression coefficients Q. Compression coefficients was
chosen with considering the saving of reliability perception
Q> 70%.

Developed stegoalgorithm implement block-by-block
stegotext  transformation/decoding. The number of
operations for processing one-block of the digital image
matrix in each of the stegoalgorithm does not depend on the
size of the whole matrix, it is determined a specific value -
a constant relative to the size of the digital image. Thus, the
computational complexity of algorithm will be determined
by the number of blocks 8 x 8 in the M x N digital image

T e

CONCLUSION

Practical experiment has shown high reliability of the
perception of the formed stegomessage in the proposed
algorithm. Computing of the reliability the perception
coefficient of the proposed algorithm for the shaped
stegomessage without compression and after compression
with different compression degrees are carried out. As a
result of the calculations for the PSNR, the following result
obtained: PSNR > 40 Db. Numerical evaluation of MSE also
gave good results. The estimation of the correlation
coefficient NC, while saving the stegomessage in a lossless
format NC = 1. Summary of all the evaluations confirmed
the efficiency of the developed stegoalgorithm. The
computational complexity of the developed algorithm is
defined as Q(Nz) , which means that all algorithms are

M

% | -0

polynomial of degree 2.
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Anomayia—Yy nyoJikamii PO3IISHYTO NHUTAHHA
Moaupikanii Takumx 3aco0iB  po3podkM  NPOrpamMHOro
3a0e3meyeHHsi, sk Bootstrap, Swagger Tta Handlebars.

[poananizoBano ocodauBoOCTi PpodoTH Ta (QyHKUHIOHATbHI
MOKJIHBOCTI IIMX 3aC00iB, a TAKOK BKA3aHO Ha iX HEJOJIKH.
3anponoHoBaHO HLIAXM JIKBiganii HeqouikiB OKpeMo s
KOKHOTO 3 IHHUX 3aco0iB, 10 [T03BOJHJIO0 MiABHIIUTH
e(eKTUBHICTh IX BUKOPHCTAHHSA K OKPeMO TAK i B KOMILIEKCi.

Abstract—The publication addresses the modifying
software development tools such as Bootstrap, Swagger, and
Handlebars. Analyzed the features of work and functionality
and the shortcomings of the mentioned software are identified.
The ways of eliminating these disadvantages separately for
each of these funds have been proposed, which made it possible
to increase the efficiency of their use both separately and in a
complex.

Knrouoei cnosa—niosuwienna egpekmuenocmi, po3pooka
npozpamnozo  3abesneuenHs,  open-source,  (peiumeopxu,
Bootstrap, Swagger, Handlebars

Keywords— increase efficiency, software development, open
source, frameworks

I.  BCTVII

EdexTuBHICTh pPO3POOKH IPOrPaMHOrO 3a0e3MEUCHHS
BU3HAYAETHCS TNPUHHATTAM DpillleHb Ha pIi3HUX eTamnax,
MTOYMHAIOYH 3 BHOOPY 1HCTPYMEHTIB 1 3ac00iB po3poOkm. Bix
LBOT0 3JICKHUTh APXITEKTypa MPOrpaMHOr0 3a0e3NeyeHHs,
CTPpYKTypa 1 TIpENCTaBICHHSA MJaHUX, (YHKI[IOHATBHI
MOJKJIMBOCTI Ta IIBUAKICTH PO3POOKH.

3a OCTaHHE ECATWIITTSI 3’ IBUJIOCH Oararo
pI3HOMAHITHUX  3acO0iB  Ta IHCTPYMEHTIB  pO3pOOKHU
NPOrpaMHOTO 3a0e3leUcHHs. 3HAYHE MICLEe Cepel TaKux
3aco0iB 3aiiMarOTh (QPEUMBOpPKH, IO IMKTYIOTh IpaBHiIa
moOyIOBH apXiTEKTYpH JOJATKY, 3aJaf0Th MMOBEIIHKY Pi3HUX
KOMIIOHEHTIB 3a MPOMOBYYBAaHHAM Ta (HOPMYIOTH Kapkac.
@OpeiiMBOPKH MOXYTh BKIIFOYAaTH JOTOMDKHI HPOTpaMH,
0i0yioTeKM, MOBM CLEHapiiB Ta IHII KOMIIOHEHTH, IO
MOJIETIIYIOTh PO3POOKY MPOrPaMHOTO 3a0e3IeUeHHS.

[Tpore npu BUKOpHCTaHHI (PEHMBOPKIB YacTO BHHHKAE
notpeda poO3MIMPIOBATH 1 3MIHIOBATH iX (DyHKIIIOHAJIBHICTH
BIJMIOBIIHO [0 BHMOI [IEBHOIO NPOEKTy. B myOsmikarrii
pO3IIsIIaroTECS Taki GperiMBOpKH, sIK Bootstrap, Swagger i
Handlebars ta mnponoHytoTbcst 3aranbHi Mojudikarii uis

T IBUIIICHHS e(eKTHBHOCTI, 10 MOXYTb
BUKOPHCTOBYBATUCh IIPU  PO3pOOI  LIMPOKOTO  KoJja
MIPOEKTIB.

II. AHAJI3 3ACOBIB OPEN-SOURCE

A.  Peanizayis aoanmusnocmi 3 suxopucmanusim Bootstrap

Bootstrap — me QpeiiMBOpPK 3 BIZKPUTHM KOIOM,
MPU3HAYCHUHA UII CTBOPCHHS BEO-CalTiB Ta BeO-IOMATKIB,
Mictuts mabiaorn CSS ta HTML mns tunorpadiku, dopwm,
KHOIIOK, HaBiramii Ta IHIIMX KOMIIOHCHTIB iHTepdeiicy, a
TaKOX JIOJIATKOBI po3mmpeHHs JavaScript [1].

st Toro, mo0 3po3yMITH, SK TPAIOE adallTHBHICTb,
moTpiOHO  po3iOpaTHCh 3 OCHOBHUMH  OYHiBETbHUMH
Onmokamu Ta BiIacTUBOCTAMH Bootstrap. [lnsi cTBopeHHS,
HaIpUKIaa TPhOX OJHAKOBHX IO-IIMPHHI KOJOHOK, SIKi
OynyTh cTaBaTH B OAMH DS Ha LIMPOKUX Ta CepeiHIX
MOHITOpaxX, MOTPIOHO BHKOPWUCTATH KIAcH BKa3aHi Ha
pucynky 1. Ha MOOITBHMX NPUCTPOSAX 1 IUIAHIIETaX ITi
KOJIOHKH OyIIyTh aBTOMAaTHYHO CKJI/IATHCh.

.col-md-4 | .col-md-4 | .col-md-4

Puc. 1. Tpu oxHakoBi konmoHkH Bootstrap citku

CTBOpEHHS IBOX KOJIOHOK 3 BKJIQJICHUMH KOJIOHKaMH, SIKI
OynyTh craBaTH B OAMH pPs Ha MIMPOKHX Ta CEpeIHiX
MOHITOpax 300pakeHO Ha puCyHKy 2. Ha MoOimpHHX
NPUCTPOSIX LI KOJIOHKH (B TOMY YHCHI 1 BKJIaJieHi) OyayTh
CKJIAJATHCh.

.col-md-8
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.col-md-4

Puc. 2. JIBi KOJIOHKH, SIKi BMILI[YIOTb 1€ JIBi KOJIOHKH



Cucrema citku Bootstrap Mae 4oTHpH piBHI KIaciB: XS
(tenedonn), sm (twraHmern), md (HacTUIBHI KOMITTOTEpH),
Ta lg (Benuki ekpanu). MoxHa MOEAHYBaTH Maike OyIb-5Ky
KOMOIHAIIIFO IIMX KJIAciB, JUI1 CTBOPCHHS OUTHII JUHAMIYHHX
Ta THYYKHX MakeTiB. [Ipy 1iboMy cyMa 3Ha4eHb KOJIOHOK HE
MIOBMHHA MEPEBHIITYBATH YNCIIO JIBAHAILSTD.

TABJIMIISII. CUCTEMA CITKHA BOOTSTRAP JIJISI PI3HUX ITPUCTPOIB
Mpuorpoi | Terebom | Maamern | (| RO
< >
(<768px) (2768p%) | (~992px) | (>1200px)
lpedixe .col-xs- .col-sm- .col-md- .col-lg-
Ki1acy
. CkJajieHa Crio4aTky, aje
IToBeninka T'opusonTansHa
. TOPH30HTAIbHA, KOJIH MIUPIIA 33
CciTKH 3aBKAU .
KOHTPOJIbHI TOYKH
Kinbkicts 12
KOJIOHOK
Ulupuna ABTOMaTHYHA ~62px ~81px ~97px
KOJIOHKH
I_Huprma 30px (15px 3 KOKHOT CTOPOHH KOJIOHKH)
HPOMIKKY
MoxyTb Tax
BKJIAJIATUCh
M9myTb Tax
3MIITyBaTHCh
Iopsnok Tax
KOJIOHOK

Citka Bootstrap mnepembadae, muire OAWH Kiac s
MOOUTbHUX TeneoHIB - col-Xxs, ane OUIBIIICTh Cy4acHUX
TeneoHiB  00JaTHAHHI aKCEICPOMETPOM, IO JIO3BOJISIE
3MIHIOBAaTH OpI€HTAIi0 300paKEeHHS B 3aJEKHOCTI Bif
MOJIOXKCHHST TeleoHy y MPOCTOpi. A I CTBOPIOE IEBHI
TPYAHOIIi, OCKUIBKH T€ 300paKeHHS, SKE aJeKBaTHO
BUIJIAZA€ TpU anb0OMHOMY TMeperisail Ha TenedoHi,
BUIJISAE Jy)K€ CTHCHYTUM MPHU MEPEriisijii B OPTPETHOMY
PEeXKHMMIi Ta TEKCT HAKIIQAAETHCSI 3 OJHOTO OJIOKY Ha IHILH.

OxpiM TOro mpM BHUKOPHUCTaHHI MOOLIBHOI Bepcii
opay3epy Chrome, po3mip BikHa Opay3epy 4acTO CTaHOBHUTH
mume 640x360 y ampObomHOMY peknmi Ta 360x640 y
MOPTPETHOMY PEXHUMI BiqmoBinHo. [Ipu npoMy po3mmpeHHs
camoro ekpary Moxxe Oytu 1920x1680.

VY 3B’A3Ky 3 1IUM, aBTOpOM IIyOmikallii MpornoHyeThCs
pimIeHHs Ay Kparoi MiATPUMKH MOOUTBHUX TPHUCTPOIB, IO
JIO3BOJIUTh CKOPOTHUTH YacoBI 3aTpaTd Ha pealri3alliio
aJalTUBHOCTI.

B.  Peanizayisn inmepaxmusHnoi 0okymenmayii 3
suxopucmanuam Swagger

Swagger sBiste co00I0 HadIp CKPHITIB, SIKI T€HEPYIOTH
IHTEepaKTHBHY JOKyMeHTamito st web-nomatkie 3 REST
API. IHTepaKkTHBHICTb TPOSIBIISIETHCS B TiM, IO 31 CTOPIHKH 3
JOKyMeHTaniero MoxkHa pooutn HTTP-3amuty, a cama
JIOKyMEHTAIlisl OHOBJIIOETHCS 3 KOMEHTApiB, 10 HAIMCaHi Y
Kozi nporpamu [2].

[lin wac BHKOpHCTaHHA MBOTO IHCTPYMEHTY 3HAHICHO
3HaYHUN HEHONIK, a caMe, Te, M0 OOOB’SI3KOBO IOTPIOHO
ONKCYBATH BapiaHTH BiJIOBiZEi BiJ cepBepy, BKIIOYAIOYN
KOIM IIOMHJIOK Ta caMi Mojelll o00’€KTiB, 0 MOXe
noBepratu cepsep. [Ipukian omucy BapiaHTIB BiAnoBizen
BiJl cepBepy HaBEJCHO HIDKYE!

# responses:
# 200:
# description: Token response
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schema:
type: object
properties:
token:
type: string
description: Authorization token that has to be placed into "X-Auth-
Token™ header

#
#
#
#
#
#

# 400:

# description: Wrong request format

# schema:

#  Sref: '#/definitions/errorResponse’

# 403:

# description: Authorization data is invalid or user not confirmed
# schema:

#  Sref: '#/definitions/errorResponse’

# 404:

# description: Specified user is not found
# schema:

#  Sref: '#/definitions/errorResponse’

Hagith fKIIO 3 CaMHUMH 3alUTOM NpPOOJIEM HEMae, ajie
BapiaHTH BIAIIOBiJEH Bijl cepBepy HE OIMCaHI TO MPH 3aIuTi
onepkyemo mnomuiky “Could not render Operation”
ABTOpPOM TIPONOHYETHCS 3POOMTH  OINLIOHAIBHUM  OIIHC
BapiaHTIB BiAmoBine#l Bij cepsepy. Lle no3BoimTh 3HAYHO
CKOPOTHTH Hac Ha peallizallifo iHTepakTUBHOI JJOKyMEHTaIlii.

C. Tobyoosa wiabnonie cmopinok 3 6UKOPUCAHHAM
Handlebars

Handlebars € oqauM 3 HaWOUIBII MOMYJISIPHUAX, IIBHIKUX
i OaratodyHKIioHaBHUX IaboHI3aTopiB Juist JavaScript
[3]. Handlebars pazom 3 Ajax € 4yJOBOIO aJbTEPHATHBOIO
3acTapiluM TexHoJorisM, TakuMm, sk: JSP, JSTL i
org.springframework.web.servlet. ModelAndView.

IMicns omepskaHHS BimmoBimi Bixg cepBepy y ¢opmari
JSON, Handlebars no3Bomsie noaiouo no JSTL npamtoBaTh 3
pizHUME 00’€KTaMH, HaIpPUKIA[ ONPAIbOBYBATH KOJEKIIil
JAaHUX 3 BUKOPUCTAaHHAM Tery {{#each ... }}. B cepenuni
tery {{#each ... }} MOXXHa omep)kaTH IHICKC EIEMEHTY 3
BHUKOPUCTAHHAM { {@index} }. @parMeHT KoIy:

{{##each this}}
<tr>
<td>{{@index}}</td>

<td>{{objectName}}</td>

<td><a><iid="editObject" data-id="{{id}}"
class="material-icons icon-styled">edit</i></a></td>

<td><a id="deleteObject" data-id="{{id}}"
class="modal-trigger">delete_forever</a></td>
</tr>
{{/each}}

Ane nipu BiToOpaskeHHI CIHCKY €JICMEHTIB JIFOIN 3BUKIIH
Oaunti He id emeMeHTIB 1 HE IHAGKC MacuBy, IO
nouynHaeTses 3 0, a 3BUYaiiHy HyMepalito MoYynHawdn 3 1.
Ha moment Hammcanus miei myOmikamii Handlebars ne
Ha/laBaB TaKy MOJJIMBICTb, TOMY aBTOPOM IPOIIOHY€ETHCS
Taka (YHKIIOHATBHICTh, IO JIO3BOJIUTH B IOJAIBIIOMY
CKOPOTHTH dYac Ha TOIIYK NUBIXiB peanizamii momibHoi
(hyHKIIOHATEHOI MOYJIUBOCTI.

1. IMABUIIEHHS EGEKTHUBHOCTI 3ACOFBIB

OPEN-SOURCE

A.  Moougixayis Bootstrap

it momonaHHsA —omucaHol  TpoOieMHu,
JIOJATKOBUH Kiac citku ayst Bootstrap.

peaiizoBaHO

HoBwuii kmac orpumas HasBy .col-1x. Ockinbkn col-xs-
o3Hayae extra small devices, To kmac .col-Ix o3Hauae less



than extra small, TOOTO MeHIIIe Hi’K CTAHTAPTHUI MOOLITBHUI
IBOOMHUI PEXHUM.

Peani3zoBaHo 11 HACTYITHUM YHHOM:

.col-Ix-1, .col-Ix-2, .col-Ix-3, .col-Ix-4, .col-Ix-5, .col-Ix-6, .col-Ix-7, .col-Ix-8, .col-
[x-9, .col-Ix-10, .col-Ix-11, .col-Ix-12 .col-xs-1 {
position: relative;
padding-right: 15px;
padding-left: 15px;
}
.col-Ix-1, .col-Ix-2, .col-Ix-3, .col-Ix-4, .col-Ix-5, .col-Ix-6, .col-Ix-7, .col-Ix-8, .col-
[x-9, .col-Ix-10, .col-Ix-11, .col-Ix-12 {
float: left;
}
.col-Ix-12 {
width: 100%;
}
.col-Ix-11 {
width: 91.66666667%;

}
.col-Ix-10{
width: 83.33333333%;

.col-Ix-3 {

width: 25%;

}

.col-Ix-2 {

width: 16.66666667%;

}

.col-Ix-1 {

width: 8.33333333%;

}

AJTanTUBHICTE TPAIIOE HE TUTHKA 3aBISKH BiJICOTKOBOMY

BKA3aHHIO INUPWHH U1 PI3HUX OJIOKIB, OCHOBHHMH pyIIiil
aJalTHBHOCTI 116 BUKOPUCTaHHS Melia-ceJiekTopiB (@media.

Yomy B momanomy Bume CSS-xomi, Hemae wMemia-
CENeKTOpY, MOKHA MOSICHUTH TM, o CSS-daiin yMoBHO
JIATBCA Ha Me/1ia-0I0KH, HACTYITHUM YHHOM:

@media (min-width: 768px) {.col-sm-...}
@media (min-width: 992px) {.col-md-...}
@media (min-width: 1200px) {.col-Ig-...}

Sk, BUOHO 13 HaBEICHO NPUKIANY, TyT HEMae Melia-
CeNeKTOpY ISl HallMEHILIOro CTaHJapTHOTrO OJIOKY .col-xs,

TOOTO BiH BUKOPHUCTOBYEThCS 3a 3aMOBUYBAHHSM, a IIPH
OLIBIIKMX eKpaHax CIPalbOBYE BiIOBIHUN Me/lia-CeIeKTop.

3a TakuM K€ TPUHIMIIOM pPEai30BaHO  HOBHU
HaiiMeHIMi 670K .col-1X, i3 3aaHHAM Meia-CeTIeKTopy st
CTaporo HalMEeHIoro OJIOKY .col-xs:

@media (min-width: 640px) {.col-xs...}

B.  Moougixayis Swagger

3MiHH ~ CTOCYIOTBCA  (paiimy
operation.jsx B peo3uTopii swagger-ui.

src/core/components/

import { OrderedMap } from "immutable"
Jo dynkuii render() norpidHo nonartu

if(responses === undefined) responses = new OrderedMap
if(response && response.size > 0) {
let notDocumented = (responses l== undefined)?

Iresponses.get(String(response.get("status"))) : true
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response = response.set("notDocumented", notDocumented)

3anporoHoBaHi MpaBKW poOONATH OMKMC  BapiaHTIB
BIIMOBiAEH Big cepBepy OMLIOHANGHUM, IO JO3BOJISIE
3HAYHO MPUCKOPUTH TPOICC HANAIITYBAHHS IHTCPAKTHBHOT
JIOKyMeHTamii 1 cBOiX mpoekTiB. Ilicis BHeceHHS 3MiH 1
nepe30ipku pecypciB 3aco0aMu npm TOMHIIKA OLTBIIE HE
BUHUKATHME.

C. Mooudgixayias Handlebars

Js  BupimeHHS — OmMMCaHOi
3apeecTpyBaTH cBiii BiacHui helper:

npo0ieMu,  MOXKHA

Handlebars.registerHelper({
'math': function(lvalue, operator, rvalue, opts) {
Ivalue = parseFloat(lvalue);
rvalue = parseFloat(rvalue);
return {
"+": lvalue + rvalue
Hoperator];
1;
1;
I mami pobutn Tak {{math @index "+" 1}}, ame me#t
BapiaHT CIPAIbOBYE HE 3aBXKJU 1 IPHU OHOBJICHHI CTOPIHOK,
JIEKOTM MU OTpuMyeMo ToMmuinky Missing helper: math.
Tomy  aBrOopoM  Te3  TPONOHYETbCS  Moauikaris
handlebars.js, a came ¢pynxii execlteration:

function execlteration(field, index, last) {
if (data) {
data.key = field;
data.index = index;
data.number = index + 1;
data.first = index === 0;
data.last = !llast;
if (contextPath) {

}
}
ret = ret + fn(context[field], {
data: data,
blockParams: _utils.blockParams([context[field], field], [contextPath +
field, null])
1;
}
[Micnst Takoi Moamdikamii MOXHa BHUKOPHUCTOBYBAaTH
{{@number}}, ne moTpiOHO BHUBECTH HOMEp EJEMEHTY B
CITUCKY.
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Bussnenns [lItyynux 3miHeHb B 300pakeHHAX 3a
Jlonomororo HenpoHuux Mepex
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Detection of Artificial Modifications of Images
Using Neural Networks

Hlaiboroda Maryna Vitaliivna
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Anomauia—Bunenenna wmyunux 3mineHs 6 300pajxceHHAX
GIOpI3HACMbCA 610 MPAOUYINIHOZ0 CEMAHMUYHO20 GUAGNEHHA
00’°ckmis,  OCKinbKU  60HO  npuodinac  Oinvwie  ysazu
CHOMGOPEHHAM, Hidc émicmy 300padicenns. Y pooomi onucana
osonomouna mepexca R-CNN 3 end-to-end naguanmnam, w06
eusenamu  pezionu 3 apmegakmamu Ha  RIOPOOIEHUX
300paxcennax. O0un 3 060x nomokie — ye nomix RGB, memoro
AKO20 € GUMAZYBAHHA (DYHKUI 3 6XIOH020 KO1b0OPOGO20
300padicennn 0na euagIenna odnacmeil cnomeopenna. Inwui —
ue nomiK wiymie, AKUI GUKOPUCHMOBYE WIYMOGI O03HAKU,
eumsaAzHymi 3 Qinompyouozo wapy mooeni cmezananizy, uj00
GUAGUIMU 3AULYMOBAHY HECYMICHICMb Midic A6MeHmMuUYHUMU MA
niopoonenumu  pecionamu.  Jlocnioywcennna 3 mpbvoma
CMAHOAPMHUMU HAOOPAMU OAHUX 300PAICEHb 3i WMYYHUMU
3MIHEHHAMU O0eMOHCPYIOMb, W{0 CHMEOPEHA O06ONOMOYHA
apximekmypa egexmueHiuia 3a KOMCHUIL OKpemuii nomix, a
makosic 3a0e3neuye UCOKy HpoOYKMUGHICMb.

Knrwuoei cnosa—uimyuni 3minennsa, 060nomouHi HeiipoHHI
Mmepedici, nomik RGB, wiymoeuii nomix, mawunne HAGYAHHA,
2/1uD0Ke HABYAHHA.

Abstract—Image manipulation detection is different from
traditional semantic object detection because it pays more
attention to tampering artifacts than to image content. In work
described a two-stream Faster R-CNN network trained end-to-
end to detect regions with artifacts given a manipulated image.
One of the two streams is an RGB stream whose purpose is to
extract features from the RGB image input to find tampering
regions. The other is a noise stream that leverages the noise
features extracted from a steganalysis rich model filter layer to
discover the noise inconsistency between authentic and tampered
regions. Experiments on three standard image manipulation
datasets demonstrate that created two-stream architecture
outperforms each individual stream, and also achieves high
performances.

Keywords—image  manipulation,  two-stream  neural
networks, RGB stream, noise stream, machine learning, deep
learning.

L

3aBIsiKM  JTOCSITHEHHSIM ~ TEXHOJIOTIH — pelaryBaHHs
300pakeHh 1 3pYYHOMY Yy BHUKOPHCTaHHI IPOTPAMHOMY
3a0e3MEeUeHHIO ISl pelaryBaHHs CTalM IIUPOKO JOCTYIHI
JIemIeBi MiApoOKH abo MaHINMyJAIMiiHI MPOIecH TeHeparii
300paxkenb. Cepen wmeroniB ¢anbcudikanii  HaHOUIBII
NOIIMPEHUMH € CKJICFOBAHHSI, KOMIIOBAHHS, IIEPEMIICHHS Ta

Bceryn
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BuzaicHHs. CKICIOBaHHS 300paKeHb MOJIATA€ B KOMIOBAHHI
PETIOHIB 3 aBTCHTUYHOTO 300pa’kKeHHS Ta BCTaBJICHHI iX Ha
iHm 300pakeHHs. KoritoBaHHS-NIEpEMIILlEHHS] TIOJISirae B
KOTIFOBAaHHI PETioHiB 300payKeHb Ta BCTABILIHHI iX B MeXax
OJTHOTO 300pa)KEeHHS, a BUJIYUEHHS — B BIJIYUCHH] PETiOHIB 3
ABTCHTHYHOTO 300pa)KCHHS 1 3aMaJIOBaHHI YTBOPEHUX
nporaiuH. [Ipuknaan ux MaHimyssnii mokasaxi Ha puc.l.
HagiTp mipu peTenpHIN TepeBipIll TOAIM BaXKO PO3Ii3HATH
3JI0BMHCHI MTiIpo0IIeHi perioHu.

Opwurinan Migpo6ka EtanoH

CKnetoBaHHA

KonitoBaHHs

BunyueHns

{22 =

Puc.1. Tlpukmagu migpoGieHHX 300pakeHb, IIO 3a3HANM Pi3HOMAHITHHX
MetoniB (Qanbcudikamii. 3Bepxy BHH3: CKJICIOBAHHS, KOMIIOBAHHSI Ta
BHJTy4CHHS

B pesynprari, Bigpi3HEHHsS aBTEHTUYHHX 300pa)<eHb Bil
MiApoONeHNX  cTae  Jmefalli  CKIAAHImWM.  (abImmBi
300pa)KeHHs BCE YacTillle 1 yacTillle BUKOPUCTOBYIOTHCS B
MOJITHYHUX MUBAX 1 A7 HECYMITIHHOTO BeleHHs crpas. e
CHIbHIIIE YCKJIQJHIOE CHTyalil0 Te, WNI0 HAaBiTh MpH
peTeNBHIN TepeBipIli JIOOUHI TyXKEe BaXKKO BH3HAYUTH
00pobuieHe Micuie Ha 300pakeHHI. Ha BiaMiHy Bif cydacHUX
Mepex BusBICHHS o0'extiB [1, 2, 3], sKki crnpsmoBaHi Ha
BUSIBJICHHS BCIX O0'€KTIB PI3HMX KaTeropidi Ha 300pa)keHHi,
Mepeka Ul BHSBIICHHS MAaHIITyJIOBAaHHS HA 300pakeHHSIX
Ma€e MeTy BUSIBJLITH JIMIIE MipoOIieH] obnacTi (SK mpaBuio,
o0'extr). B po0OTI MOCHIKYeEThCSI K BHOpaTH MeEpexy
BUSBJICHHS OO0'€KTIB JUIS BHSIBICHHA MAHINMyJALIA Ha
300pakeHHsIX HIIIXOM BHBYEHHS BMicTy 300paxeHHs RGB
Ta XapaKTePHCTHK IIyMiB 300paKeHb.

HemonasHo 3amponoHoBaHa apxitektypa [4], 3acHOBaHa
Ha cermenTax Long Short Term Memory Network (LSTM),
migpoOuia BUIIPaBIEHHS, JEMOHCTPYIOYHM CTIMKICTH 10
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KUIBKOX METOIIB BTPYYaHHs, HAaBYAIOUNCh BHUSBJICHHIO
migpobneHux kpaiB. B poOoTi mporoHyeThcs HOBa
CTPYKTYpa HEHpPOHHOT Mepexi /i BUSBJICHHS 3MiH 3 JBOMa
MOTOKAMH, SIKa HE TIJIbKH MOJICIIOE apTeakTH Bi3yalbHOTO
CHOTBOPEHHS, alie TakoK (IKCye HEBIAMOBIAHOCTI B
JIOKaJIbHHUX IIYMOBHX OCOOIHUBOCTSIX.

RPN layer

RGB stream input RGB Conv Layers

RGB Rol features

® = (o)

—>’/

Noise Rol features

0 —

Rolpooling aver

SR fer yer

Noise Conv Laver;

Noise stream input

Puc.2. ItocTpauist po3pobiieHHO1 1BoroToyHo1 Mepexi R-CNN

Ha wmamonky 2 RGB-motik Mojenioe BizyasbHi
CHOTBOpIOIOUi  apTeakTH, Taki SK HE3BUYHO BHUCOKHH
KOHTpacT Mo Kpasx o0'ekra, 1 perpecye oOMexyroui
NPSIMOKYTHHUKH /10 icTHHH. [10OTIK IIyMy CHOYaTKy OTpUMY€
KapTy  XapaKTepUCTUK  LIyMy, IIepelarodd  BXiJHE
300paxkenHs: RGB wepes map dinerpa SRM, i BUKOpUCTOBYE
¢byHkuii  wyMmy, mo0 HamaTd JOAATKOBI JIOKa3W JUis
knacudikanii Manimymsinii. RGB 1 mymoBi  morokum
BHUKOPHUCTOBYIOTh OZHI 1 Ti K MPOIO3UIIi PETiOHy 3 Mepexi
RPN, sxi BukopucToByIoTh Tiibku Qyskuii RGB B skocri
BXimHUX maHUX. Psamox 3rpymyBanHs Rol [5, 6] BuOupae
npoctopoBi QyHkuii sk 3 RGB, Tak i mIyMOBHX TOTOKIB.
[epenbadeni oOMexxyBanmbHI KOpoOKH (mmo3HaYeHi K 'bbx
pred') renepyrotbes 3 pynkuiii RGB Rol. bininiitauii myn [7,
8, 9] micns ob'emnanas Rol mosBomsie mepexi o0'emHaTH
POCTOPOBI (PYHKIIIT CIIIBHOTO BUHUKHEHHS 3 IBOX OTOKIB.
Haperuri, nepenatodn pe3ysibTaTd 3a JOIIOMOTOK HOBHICTIO
miAKIoYeHoro mapy Tta map softmax [10, 11], mepexa
BUpOOIIsiE Tiepe0adyBaHy MiTKy (To3HavaeThes sk 'cls pred’)
1 BU3Hauae, yu Oy 00po0OJIeHi mepeadadeHi 00aacTi UM Hi.

Byna nocmimkeHa MOXIHMBICTH aJanTarlii HEHpOMEpex,
SIKI BHKOPHCTOBYIOTBCS I AETEKIli 00pa3iB, 10 3amadi

BU3HAYEHHS minpoOiennx 300paxens. [IpomonoBaHuit
MiXiJ JI03BOJISIE BHUSIBUTH BCI TPH CHOCOOM 3MiHHM
300pakeHb: CKJICIOBAaHHS, KOIMiIOBaHHSA-TIEPEMILICHHS Ta
BUJTYYCHHSL.

II. 3AIIPOIIOHOBAHE PIILIEHHS

Y mpoMy po3mimi  ommcaHo 00paHy —apXiTEKTypy
JIBOMIOTOYHOI HeHpoMepexi, sika 00pooiisie oqHouacHo RGB-
300pakeHHS 1 HOro IIYMOBI  OCOONMHMBOCTI. Takox
nepepobaeno Faster R-CNN B 1BOmOTOUHY HEHpoMepexy 3
end-to-end HaBwaHHsMm. Ilepmmii  moTik  00poOIsIE
ocobmmBocti 3 RGB kaHamiB 11 BU3HAYEHHS Bi3yaJbHHUX
HEBI/IIIOBITHOCTEH Ha KOPAOHI BipelaroBaHux obiacTel, a
TaKOX JJIS peecTpartii po30iKHOCTI KOHTPACTy 00poOIeHNUX 1
OpHTIHAIFHUX YaCTHH 300paxkeHHs. [[pyruii motik ananizye
JIOKaJbHI IIyMOBiI 0COOIHMBOCTI. /[Ba MOTOKH IOIOBHIOIOTH
OJIMH OJTHOTO B MOINYKY (anmbcuikariii Ha 300paKeHHSIX.

Po3pobiena Heiipomepexka CKIamaeTeCsl 3  TPHOX
TOJIOBHUX OJIOKIB.
A. RGB-nomik

BianosinaneHuii 3a CEMaHTUYHE BU3HAUEHHS

BigpemaroBanux oOmacteil. OcobmmBocti BuximHoro RGB
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300pakeHHs MMOJAIOTHCS Ha BXin Hefipomepexi ResNet 101,
MOTIM BOHM BHKOPUCTOBYIOTHCS JUISi BH3HAUYEHHS METOIY
pemaryBaHHS 3a JONOMOIOI0 TexHikM bounding box
regression. Hetipomepe:ka RPN [12] 8 RGB notori takox
BHUKOPHUCTOBYE IIi 0COOIHMBOCTI AJIsI BU3HAYEHHS MOXKIIMBOTO
Rol (region of interest), sikuii Oyae BUKOPUCTaHUN B paMKax
miei TexHiku. ExcrmepumentH mokasyrors, 1mo RGB
0COOJIMBOCTI BH3HAYalOThCs Helipomepexxero RPN kpaire,
HIXX IIIyMOBi 0COOJIMBOCTI.

Onnoro RGB noToky HemocTaTHRO JJIsl BU3HAUEHHS THUX
oOmacTel pefaryBaHHs, e Oylia 3aCTOCOBaHA MOCT-00pOOKa
JUIA  3TVIQJDKYBaHHS KODPIOHIB BCTaBJICHOTO €JIEMCHTA 1
BUPiBHIOBaHHS Horo KOHTPAcCTy BIAIOBIIHO 3
300pakeHHsIM. ToMmy OyB BBEICHHIA APYTHi TOTIK.

B. llymosuii nomik

BBe}]eHI/Iﬁ JJIA BUSHAYCHHA ITYMOBHX, @ HC CEMaHTHYHUX
0co0JIMBOCTEH BXI1JTHOTO 300pakeHHSI. Tyt
BUKOPHCTOBYETHCS OCSATHCHHS CTeroaHaiiza (steganalysis
rich model (SRM)) [13, 14, 15, 16] i 3acrocoByeThest SRM-
¢uteTp [17] Anst CTBOpPEHHS LIYMOBUX OCOOJIMBOCTEH Ha
300pakeHHi. OTpuMyBaHI KapTH LIYMOBHX OCOOJIHMBOCTEH
MOKHA [M0OAYHUTH B TPETIi KOJIOHIII HA MATIOHKY 3.

[Iym cTBOPIOETHCS SIK PI3HULS MK 3HAYEHHSM ITKCEJs 1
OL[IHKOI0 HOro 3HA4YeHHS, OTPMMAHOTO 3a JOIOMOTOIO
IHTEpHOALil 3HAUYeHb CYCIAHIX IIKCemiB. Y IIyMOBOMY
MOTOL[ BUKOPHCTOBYETHCS TOH ke 00'equyrounii Rol miap
(Rol pooling layer na cxemi) [18], mo i B RGB noroui.

Iym

Puc.3. Inmtoctpauis apredaxtiB miapooku

C. IHlap 6ininitinoeo 06'conannus

BupobOiisie 3'enqnanns RGB 1 mymoBoro moTokiB B
meyrmotouHin  CHM 31 30epekeHHSAM  MPOCTOPOBOI
iHhopMalii IS TIBUINECHHS JJIOCTOBIPHOCTI BHSBJICHHS
BifpemaroBaHux obnacreil. Ha BuXin mboro mapy HaaXxomsuTh
ROI ocobmuBocti 000x moTOKIB. IloTiM mpOBOAMTHCS
HOpPMYBaHHS TIO KBaJpaTWU4Hi HOopMi i Hopmi L2, i mami
MEPENAlOThCsl B TOBHICTIO 3'€MHaHWN map. Y TeXHili
bounding box regression [19] BHKOPHCTOBYETBCS TiamaKa
¢ynkuist Brpat L1, a quis kinacudikanii MeToqy peiaryBaHHs
3acTocoBaHa (DYHKIIiS BTpaT MEPEXPECcHOl SHTPOIII.

III. EKCIIEPUMEHTU TA PE3VJIbTATU

Y 1upOMYy po3.ii MpUBEEHI Pe3yabTaTh eKCIEPHUMEHTIB
3 BHKOPHCTAHHSIM 3alpOIIOHOBAHMX METOMIB Ta BHOpaHOI
peadizarrii.

[IpencraBnennii Metox OyB TpWBENEHWH B KiTBbKiCHE
MOPIBHSHHA 3 IHIIMMH CYYaCHUMH METOJAaMH Ha TPHUKIAIl

Habopy manux NIST16, COVER i CASIA [20, 21, 22].



NIST16 — cxnanuuii Habip HaHUX, SKMH MiCTUTH BCI
TpH MeTomu NiapoOKu. MaHinymamii B LbOMY
HA0Opi JTaHUX TEHEPYIThCs Miciasi 00poOKH, 11100
NPUXOBaTH BUAMMI ciigd. BoHM TakoX HagaroTh
MAaCKH JJI1 YKPUTTS IIPaB Ha 3eMJIIO JUTSl OLiHKH.

CASIA Hazae ckieeHi i ckomioBaHi 300paskeHHs
pisaux o00'exTiB. PerempHo mimibpani obmacti
pETeNIbHO BIIOMPAIOTHCS, 1 TAKOXX 3aCTOCOBYETHCS
Jesika TocT-00poOka, Taka sK igpTpamis i
PO3MUTTS. Macku AJ1st HA3eMHOT iICTHHH OTPUMYIOTh
[OUIAXOM IIOpOTa PI3HMIN MK MiIpoOJICHUMH Ta
OpHTIHAILHUMH 300pakKeHHSAMH. 51 BUKOPHUCTOBYIO
CASIA 2.0 mma maBuamus 1 CASIA 1.0 mux
TECTYBaHHSI.

COVER - BigHOCHO HeBeNWKHH Halip MaHUX,
OpIEHTOBaHWH Ha KONiOBaHHA. BiH oXxormioe
aHaJoriuHi 00'€KTH, TaKi K BKJIaaeHi 00acTi, 1100
MPUXOBATH CHOTBOPIOBaHi apTedakTy (IUB. qpyruid

psmok ®Ha puc.l). Hagmarotbess wMacku i3
3a3eMIICHHM.
[opiBHsHHA OylNO BHKOHAaHO 13  3aCTOCYBaHHSIM

ouiHouHoi Merpuku Area Under the receiver operating
characteristic Curve (AUC).

Pospobiena wmomenr (RGB-N) Oyma mnpuBencHa B
nopiBHsiHHSA sk 3 iHIMMU Meronamu (ELA, NOIL, CFAl),
TaK i 3 oxHUM mrymoBuM mmotokoM (Noise Net) i 3 mogemo,
B sIKil peali3oBaHO IpsiMe 00'€THAHHS BCIiX 3apEECTPOBAHUX
Rol 3 RGB Net i Noise Net (Late fusion). Pesympratn
JTAHOTO MOPIBHSIHHS TPEICTABIICHI B TA0IUII 1.

TABJILISI 1. TIOPIBHSHHS IO METPULII AUC

NIST16 COVER CASIA

15214]? 0.429 0.583 0.613

NOIl 0.487 0.587 0.612
[24]

CFAl 0.501 0.485 0.522
[14]

Noise 0.881 0.753 0.693
Net

Late 0.924 0.793 0.777
Fusion

RGB-N 0.937 0.817 0.795

3 tabmmie BUAHO, o Mozxenbs RGB-N mepeBepirye Taki
saranpHOBU3HAHI Mertoawm, sk ELA, NOI1 i CFAI.
[IpuunHOfO IBOTO MOKE OyTH TOH (aKT, M0 BCi i METOIU
cokycoBaHi Ha crienudivyHnX apTedakTax pegaryBaHHs, sSKi
MICTATh TUIBKM YacTUHY iH(OpMalii Mpo JOKaIi3allilo
00po0GIIeHOTO perioHy.

Bixe 3rajana HelipoMepeka TaKoXX JO3BOJISIE BU3HAUUTH
METOJl, BHUKOPUCTAaHWH TP peAaryBaHHI 300pa’KeHHS.
BukopucroBytoun indopmariiro mrymoBoro i RGB motokis,
BOHa MOXE pO3DPI3HUTH CKICIOBaHHS, KOIIOBaHHS 1
BHAJICHHS, BUPOOJIeHI Ipu 00po01Ii 300pakeHb.

BHUCHOBOK

By posrmsHyTHII HOBHH MiAXiA 10 BU3HAYCHHS
aBTEHTUYHOCTI 300payKeHHs, KWK IMOKa3aB JOCUTHh BHCOKI
pe3ynbraTi. Takuii  pe3ylbTar JIOCATAEThCS — IUIIXOM
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noenHaHHs BOX pi3Hux notokiB (RGB 1 mymoBoro) mis
BUSIBJICHHS OCOOJIMBOCTEH, 1110 BUHUKAIOTH IIPH PEAaryBaHHi.
SIk BUIHO, Ba NOTOKH JOIOBHIOIOTH OAMH OJHOTO IIPH
BU3HA4YEHHI 00poOieHnx obnacreid 300paxeHHs. Lllymosi
ocobmmBocti, BusABIeHI SRM  QimbTpoM, HO3BOISIOTH
HEHpOMepexi MePEXOILTIOBATH IITyMOBI HEBIAMTOBITHOCTI MiXk
BiJjpearoBaHUM i OpUTiHAIBHUM PETioHaMH 300paKeHHSI.

Kpim Ttoro, RGB-N 3pmatHa po3pi3HATH MeETOIH
penaryBaHHs. TakuM 9YMHOM, BOHA HE TUIBKM BKazye, siKa
00acTh 300paXkeHHs Oysa 00poOJIcHa, a i TOBOPUTH, 5K IS
obmacte Oyma oOpoOnieHa: 4n OyB OO'€KT BCTaBIICHWH, IO
3HAaXOJMUThCS Ha BigcTaHi abo KomioBaTH. Tomy,
BUKOPHCTOBYIOUH TaKy HeWpoMepexy, MOKHa 0e3 3ychib
BIZPI3HUTH OpUTiHAILHE 300pa)KEHHS BT MiJPOOKH.
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The Support System For The Situational Center On
The Intelligent Cloud Technologies Base

Leonid Kupershtein
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Anomauisn 3anponoHOBaHO apXiTeKTypy cHCTeMH
MiATPUMKH aBTOMAaTH3aLii po00TH CUTYyaUiiHOro HEeHTPY MicTa
10 BUSIBICHHIO iHnuAeHTiB. Peanizanisa cucremu 6asyerbes Ha
iHTesIeKkTya/IbHOMY XMapHOMY cepBici Google Cloude Vision.

Abstract — The support system architecture for the
automation of the city situational center for the incidents
detection is proposed. The system implementation is based on
the intelligent technology — Google Cloude Vision.

Knwuogi cnoea — obesnexka micma cumyayiiinuii yenmp,
xmapni mexnonozii, Google Cloud Vision.

Keywords city security, situational center, cloud

technologies, Google Cloud Vision.

I.  BCTVII

[MuTtanHs Oe3neky Ha BYMUILIX MIiCT YKpaiHu 1 cBiTy Ha
CBOTOJHIIIHIA J€Hb € JOCUTHh BaXJIMBUM. KOHIENIis
cy4yacHOTO MicTa OyayeTbes Ha 3abe3nedeHHi KOM(OPTHUX
YMOB JKHTTSl HaceleHHs 3a JIONIOMOTOI0 IHHOBaliHHMX
TEXHOJIOTIH. BIpoBa/KeHHS TaKWX TEXHOJIOTIH TO3BOJISIE
€KOHOMIYHO Ta EeKOJOTIYHO BHKOPHUCTOBYBAaTH BCi MiCBKi
CHUCTEMH KHUTTENISUTBHOCTI.

OCHOBOIO CHCTEM CY4YaCHOTO MicTa €  iIeaJibHO
mpamroroya  cucremMa Oesnekn. 1{o6 30epertm  Oesmeky
rpOMaJIsiH BCE YacTillle MMoYajid BIOPOBaKYBATH CUTYyaliiiHi
Ta aHamiTU9Hi 1eHTpH [1]. [IpamiBHUKN HEHTPY MOHITOPSTH
MICI[SI HAWOUIBIIIOr0 CKYMYCHHS JifoAeH, O00’€KTiB, sKi
NOTpeOyIOTh TMOCHICHOI YBarMm 3 MODISAAY TIPOMAaIChKOT
Oesnekn. 30KpeMa, KaMepu BCTAHOBIIOIOTh Ha BHI3lax Ta
B’{30aX y MICTO, MariCTpalbHUX BYJHLX, HEPEXPECTsX,
IUIONIAX, BOK3aJIaX, 3yNIMHKAX, HABYAIbHHUX 3aKJ1aaxX TOILO.

Taki ycraHOBM € BiJHOCHO HOBMMH B YKpaiHi, a 3a
KOP/IOHOM II€ BXKE BiJJOMa MPaKTHKa. 3a3BHYail CUTYyaIliiHUN
LEHTp SBJIsg€ COOOI0 NHPOCTOpPY 3aily, /A€ B KUIbKa PpsaiB
po3MimIeHi MOHITOpH. 3a HHMH CIIOCTEpITaloTh JECATKH
OIepaTopiB, KOXKEH BIJMOBIAE 3a MEBHY AUISHKY, 32 SIKOIO
MOTPiOHO Iy’Ke MUIBHO CTSXKUTH, a 3arajbHa KapTHHA II0
MICTy BHBOIMTBCS Ha BeNWKe cIiibHe Bimeorabmo. Le e
JOCUTH BiATIOBiNanbHa poOOTa, TPH SIKi BaXkIiBa Oyab-sKa
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Computer Engineering
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neranb. ToMy NHTaHHS MOHITOPHHTY OO’€KTiB € JOCHTH
aKTyaJIbHUM.

II. TIOCTAHOBKA 3AJIAUI
Bapro  3a3HauMTH, IO  BHUKOPUCTaHHA  KaMmep
BIZICOCIIOCTEPE)KEHHSI €  JIOCUTh  €()EeKTHBHHM  3auls
30epexxeHHsT ~ Oe3MeKW TpoMajsH, ake Ie JO3BOJISIE

OllepaTWBHO pearyBaTH Ha Ti uM iHmi cutyanii. Ilpore,
CIIIKYBaTH 3a BCiMa y PEXHMi pEasbHOTO Hacy MpOCTO
HeMOXJINBO. Jly)Ke 4acTo KINBKICTh KaMep CArae KiTbKOX
COTEHb, IO TyXe YCKIATHIOE pOOOTY CUTYAIlIHHUX LIEHTPIB,
a/pke ToTpedye Oiiblie JIIOACBKMX pecypciB Ta 3HaYHI
00CSTH TEXHIYHOTO 00T IHAHHS.

SIKIo npaniBHUKK HEHTPY MOMIYaloTh IIPaBONOPYIICHHS
9l eKCTpeHy  CHTYyallifo, TMOBiJOMIIAIOTH  MOJIIIIO,
«inono6oBy BapTy» abo Ha rapsdy JIHIIO EKCTPEeHHX
CIy)0 Ul TOJANBIIOro BUpilleHHA. Takox, 3romoM,
AHAITHYHAN IICHTP TakKi JaHi CTPYKTYpyeE y 3BiTH a0o
dopmye BinkpuTi naxi (Open Data) y 3pyunomy dopmari. 3a
HEOOXiJHOCTI Il J1aHi MOXYTb HaJaBaTHCs 3allikaBJICHHM
ciyx0am NPaBOOXOPOHLISM, CHJIOBHKAM i
KOMYHQJIbHUKaM.

Ha cporomHimHiii JeHh CHTYyallifHHH IEHTP IPAIIOe
MEepEeBaXHO B PEXMMI BHUSBJICHHS MpaBoNopyuieHs [2]. Ase
IIbOTO HEJOCTaTHBO, a/PKE BAKIMBO TAKOX CIIIKYBaTH 3a
MOXKEKaMH, BUSBJICHHSIM CKYITYEHb JIIO/Icii Ta aBTOMOOLIIB B
neBHilt MicneBocti. Ha >kamb Tpu 1mbOMY HEraTHBHO
CIpaLbOBY€ JIIOACBKUNA (haKToOp, a caMe LBOr0 pecypcy Ta
BIZICYTHICT MOXJIMBOCTI IIBHIKO IIEPEBIPATH COTHI Kamep
Ta TPUAMATH OIEPaTHBHI pilIeHHS. TOMy aKTyalbHHM €
po3poOKka aBTOMAaTH30BAaHOI CUCTEMH, siKa O JO3BOJIMIIA
MIEPEeKIIaCTH Ha KOMIT' FOTEP YacCTHHY KpOITKOi poboTh Ta
3a0e3MeYnTH CBOEYACHE pearyBaHHs Ha IHIUICHTH.

III. PO3POBKA CUCTEMU
OmHUM 13 MiIXOJIB BHUPIIICHHS BHIICOIMCAHOI 3a1a4i €
BUKOPUCTAHHS  XMapHHX TEXHOIIOTIH Ta  IITYYHOTO

inTenekry. lLle no3BommTe y Oarato pasiB  30UTBIIMTH



e(eKTUBHICTH ~ pOOOTH  CHUTyalidHMX  IEHTpIB, HE
BUTpaYaloyn 0arato JIOJCHKUX pecypciB 1 yacy. 3aBIsSKH
TEXHOJIOTII MOKaJIpOBOr0 pO3IMi3HaBaHHA 00’€KTiB Ha BiZeo
MOXKHA 310paTW CTaTHCTHKY, 3POOHTH MPOTHO3YBAaHHS YU
nepeabaunTH HEeOe3MeKy (HapHKIaa, PO3Mi3HATH TOXKEXKY,
aBapilo TOIO) Ta, MOBIJIOMHUTH BiIIOBIAHY CIyXO0y. Binraxk,
MOYKHA CIIPOCTHUTH KOHTPOJIb 32 TPOMAJICBKHM TPaHCIIOPTOM,
TpadikoM Ha  KOHKPETHHX  HalpsMKax, poOOTOIO
KOMYHAIBHHKIB TOIIO. Hampukiaa, MOXXHA 3 TOYHICTIO JIO
99% pO3Ii3HATH MOXKEXKY Ha IMOYATKOBOMY €Tall 3aiiMaHHs
Ta 0JIpa3y CIOBICTUTH y TIOXKEKHY CITYKOY.

Buxomsun 3 1p0ro, Oymo po3pobICHO CHUCTeMy, sKa
sBIIsie c00010 BeO-cepBic. CHCTeMa CKITAAEThCSI 3 TPHOX
MOJIYJIiB: MOAYJb 300py MaHMX 3 KaMep, aHalli3y JaHHX,

¢dopMyBaHHA Ha0OpiB BIAKPUTHX MdaHUX. ApXiTeKTypa
CHUCTEeMH MIATPUMKA POOOTH  CHUTYalliiHOrO  IEHTPY
IpeJcTaBieHa Ha puc. 1.
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Puc. 1. Apxitektypa cuctemu

CepBep BCTaHOBJIIOE 3 €IHAHHS 3 KOXKHOKO KaMeporo i B
3aJIaHi MOMEHTH Yacy OTPHMY€E Kajp 3 Bijeo motoky. Llei
KaJp TepenaeTbcsi B MOAYJb aHali3y AaHHWX, 10 B CBOIO
4yepry Hajacwiae foro mis aHamizy B cepBic Google Cloud
Vision 1 otpumye pesynbrar. [ani BinOyBaeTbcst 0OpoOka
orpuMaHoi iHQopMamii Ha HagBHICT crerudigHIX
cyTHOCTeH. Y pasi BUSIBICHHs MoAiOHOTO hopMyeThCs 3BIT,
iH(pOpMAITis 3amCcy€eThCs B 0a3y JaHUX Ta BIAMPABISAETHCST Y
CUTYaiiHUHA HEHTp IS IEPEBIPKH JIFOANHOIO-OMIEPATOPOM.

CepBepHa uyacTMHa po3poOsmeHa MoBoro C# 3
BukopuctanusiM ¢ppeiimBopky ASP.NET Core, mo no3Bossie
BCTaHOBUTH HOro Ha cepBepi 3 OyAb-SKOIO OIepariiHO0

cucremoro [3]. BwumineHHs Kampy 3 TIOTOKY BiZeo
BinOyBaeThcsl 3aBASKM HaboOpy BUIbHHUX OiOmioTex 3
BigkpuTuM cupueBuM kojgom FFmpeg [4]. Cucrema

JIO3BOJISIE TOJIABATH HOBI KaMepu Jiist 300py iHdopMmartii.

Monyne anamizy manmx BukopucroBye Google Cloud
Vision API, mo mnpencraeinsie coboro n00pe HaBYEHY
HelipoHHy Mepexy [5]. Koxken kaxp aHamizyeTscs Ha
HasIBHICTh CYTHOCTEH (Hampukiaja, aBTOMOOUIb, Jopora,
JOAWHA, KOJip, TMOXKeka Tom[0). TOYHICTh TaKOTO aHaTi3y
300pakeHb € JOCHTh BHUCOKa. [IpoTe 3a BUKOPUCTaHHS
cepBicy HEOOXiZHO cIulauyBaTH IeBHy cymy: nepmi 1000
3anuTiB B Micslp € Oe3komroBHi, HacTymHi 1001-5000000
3aIUTiB KOWTYIOTh $1,5 3a KokHY THCsA4y, nami $1 3a koxHY
THcsdy  3ammTiB.  Il{oMicsuHa BapTICTh BHKOPHCTAHHS
cepBiCy 3aJeXWTh BiJ KUIBKOCTI Kamep, SKi Tpeba
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aHaJli3yBaTH Ta TPOMDKKY dHacy, 3 SKHM OepeTbcs Kaup
Bigeo. Hampuknan, sixio B Micti BcranoBneno 500 kamep Ta
aHaJ3yBaTH KOXHY 3 TIEPioIoM B 2 CEKyHIH, TO OTPUMAEMO
Bapticte $972 000 3a 30 nawmiB, a 3a pik — 331 128 000
TpuBeHb. SIKIIO BpaxyBatu pidHUI OrOIKeT MicTa (OI0KeT
M. Binnnni Ha 2018p. ckianae OJM3bKO 5 MIIPHA. TPUBEHB),
TO LISl CyMa € He3HAYHOIO.

Mopynb (opMyBaHHS € JOCHTh Ba)XKIMBOIO YaCTHHOIO
cucreMu. TYT AaHi HOPMATI3YIOTECS Ta 3alMCYIOTHCS y Oasy
maanx. Jns kokHOTO Kaapy 30epiraerbess dwac ioro
CTBOpPEHHS, Kamepa, 3 SIKOi BiH B3ATHH Ta MacuB PSJIKIB
(BusBneni cytHocTi). Ilpm mpoMy, SIKIIO BHSBIEHO SKYChH
HeOe3reKy 4M HaJ3BH4YaliHy CHUTYyalilo, GopMyeThcs 3BIT UL
BiIpaBlieHHA B CHUTyaumidHWi weHTp. Jami mpaiiBHUKH
3MOXYTh MOOAYUTH JETalbHy iH(GOPMAIiIO, IIBHIKO
MIEPEBIPUTH ii Ta ONIEPAaTHBHO 3pearyBaTH.

B sxocti cucremn kepyBaHHs 6a3oro nmanmx (CKBJI)
Oyno BukopuctaHo PostgreSQL

[6].
CrBopeHHst Tabmuip BinOyBanock depes EntityFramework,
0 JO3BOJISIE OMHCATH CYTHOCTI KJIacaMH 1 aBTOMATHYHO
sreHepyBaTH  BimmoBimHi  TaOmwmii.  PostgreSQL  He
KOHTPOJIFOEThCSl SIKOIOCh OJIHIEI0 KOMMaHi€ro, 1 po3poOka
MOJKJIMBA 3aBISKM CITIBOpAIll 0araTboxX JIFOACH Ta KOMIAHIH,
ki xouyTb BukoprcToByBaTH 10 CKB/] Ta BpoBapkyBaTH
y Hel HaWHOBIIII TOCSTHEHHS.

BUCHOBKU

[IpoananizyBaBmKM  aKTyambHICTH 1  BaXKJIHMBICTH
MOCTIDKYBAaHOT TeMH, OyJI0 pO3pOOJICHO CHCTEMY IS
CTBOpPEHHs1 HAOOpPIiB BIIKPUTUX IaHUX 3 BHUKOPUCTAHHAM
mTy4Horo  iHrenekry. CucremMa — IpU3HayeHa I
aBTOMaTH3alii 300py Ta 00poOKH iHdopMarlii 3 Kamep Bigeo
CTHIOCTEPEKEHHS JUIA aBTOMaTH3alii poOOTH CUTyauilHOTO
LEHTPY Ta HOro CBOEYACHOTO pearyBaHHsS Ha BHSBICHI
iHIMOeHTH.  [IpakThyHa  peaimisamiss ~ BHKOHaHa 3
BUKOPHCTAHHSM iHTeneKkTyansHoro moxyist Google Cloud
Vision. Cucrema 3 BHCOKOIO TOYHICTIO MOXE BHSBISTH
pi3HOMaHITHI HeOe3neuHi iHmuaeHTH. CUcTeMa pearizoBaHa
y Burmiai  web-cepBicy. Takoxk cucTtemMa  103BOJISIE
¢dopmyBaT HaOOPH BIAKPUTHX AaHUX Ha OCHOBI iH(opMmaril
3 KaMep CHOCTEPEXKEHHs, SKIi MOXKHAa BHKOPHCTOBYBaTH
PI3HUMH JOCTIIHHKAMH Ta aHANITHKAMH , HAMPUKIAJ, s

moOyJIOBH, TPOEKTYBAaHHA 1  HAaBYaHHI  MOOITHHUX
IHTENEKTYalIbHUX CUCTEM.
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Anomauia — Po0GoTa nmpucBsiueHa Ppo3poOJIEHHIO MoaeJi
MOTHUBYBAHHSI IHTeJEKTYaJbHOI KOMAaHIM HA OCHOBi THIIB
ocoducrocti i 4aeHiB. 3MomeaboBaHi MOXJIMBI  piBHI

32/10BOJIEHOCTi CHiBPOOITHMKIB B 3ajIesKHOCTI Bin o0paHuX
daxrTopiB MoTtuBanii Ta QyHKUiA 3pocTaHHA TPYAOBOI
MOTHBAaNIl IHIUBiIyyMa B 32JIe3KHOCTI Bi/l BK/IaJleHHX pecypciB.
Knrouoei cnoea — iHTeIeKTyaIbHA KOMaH/a,
Mo/Ie/TII0OBaHHSl, (PAKTOPH MOTHBANIi, THIIH 0COOMCTOCTI.

Abstract — The work is devoted to the development of a
motivation model of an intellectual team based on the types of
personality of its members. The possible levels of employee
satisfaction are modeled depending on the chosen motivation
factors and the function of growth of labor motivation of the
individual is modeled depending on the invested resources.

Keywords — intellectual team, modeling, motivation
factors, personality types.
1. Bcryn
Jnst ynpasiinHs OyJb-SIKHM IPOEKTOM Ha IepioJ] Horo
3MIMCHEHHS ~ CTBOPIOEThCS  CHEUM(iyHA  THMYacoBa
opraHizamiiHa  CTpYKTypa, OYOJIOBaHa  KEPiBHUKOM

npoekty. Haifuacrime BOHa Ha3MBAETHCS IPOEKTHOIO
koMaHjor. Komannma sBnse co0oro Tpymy JIIOACH, w10
OparHyTe 10 MAOCATHEHHS pe3ynbraTy. Ilix KoMaHIoIo
po3yMieTbcss  KONEKTHB  (00'€eqHaHHSA — Jromel,  IIo
3MIACHIOIOTh CHUIBHY NiSUIBHICTH 1 BOJOMIIOTH CIIUTBHUMH
iHTepecaMun), 3HAaTHUM JOCSATaTH METH AaBTOHOMHO W
Y3TOKEHO, TIPH MiHIMAIBHUX KePYIOUHX BIUTHBax [1].

Panime mpu ynpamiiHHI [POEKTaMH B Oprasizamil
CIIBPOOITHUKH  PO3TJBIOAINACA SIK  €JIEMEHT TEeXHIYHOT
CUCTEMH, 1 3aBJaHHS YIPaBJIiHHI KOMaH/IOK 3BOAMIACS JIO
3aJa4yi yNpaBJiHHS JIOJCBKHUMH pecypcamMH KoMIlaHii. Y
Cy4acHHX yMOBaxX Bce Oimblla yBara HpPUALIIETHCS
ocoOucToCTi  CHIBpOOITHWKA, 1 IEpcOHaNl  KOMIaHii
pPO3TILINAETECA  AK 1 IHTENEKTYalbHHH  KalliTall, IIIo
BU3HAYa€ AaKTyaJbHICTh MPOEKTHOIO MEHEIKMEHTY Ta
0e3mocepelHEO BIUIMBAE Ha €(EKTUBHICTh YIpPaBIiHHA
MIPOEKTOM 1 YCHIIIHICTh HOTo peai3arii.
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OCHOBHUM IHCTPYMEHTOM YIIpaBIiHHS
IHTEJIEKTyaIbHOI0 KOMAaH/AYI0 € MOTHBYBAaHHS 11 WICHIB.
Bupimennst 3aja4i MOTUBYBaHHS WICHIB IHTEIEKTYaIbHOT
KOMaHJIH CKJIaJIA€THCS 3 HACTYITHHUX CTAIliB:

1) Bu3HaYCHHA (hakTopiB MOTHUBAII1 ycix
CHIBpOOITHUKIB Y KOMaH/I];
2) imeHTH(diKamis CTYIEHS 3aJ0BOJICHOCTi, TOOTO

IIO4YaTKOBOT'O piBH}I MOTI/IBaI_[iI KOXXHOT'O 4JICHA KOMaHIu,

3) momyK KepylouyuX IapaMmeTpiB BIUIMBY Ha TPYIOBY
MOTHBAIIIIO YWICHIB IHTEJICKTYaIbHOT KOMAaHIH;

4)  Oe3mocepenHbO BIUIMB HA TPYIOBY MOTHBAIIO 3
ypaxyBaHHsM iHIUBITyalbHIX OCOOJIMBOCTEH MpaIliBHUKA;

5) ouiHka eeKTUBHOCTI BUOPAHUX 3aXOJiB BIUIUBY.

2. AHAJII3 BIAT'YKY IHMBIJY YMA HA 30BHILIHIN
BIUIVB
YcnimHiCcTh mporecy MOTHBYBaHHSA qIIeHa

IHTENEKTyaTbHOI KOMAaHIU 3HAYHOIO MIPOI0 3aJISKUTH BiJ
HOro O0COOUCTICHUX PHUC, TepeBar, MIHHOCTeH 1 yCTaHOBOK.
JlroauHa, sik CyO0'eKT aKTHBHOI CBIZOMOi isUTBHOCTI, Mae
KOHKPETHI CYKYITHOCTI collialibHO-3Hauymux puc. i pucu

dbopMyrOTBCA, 3 OIHOrO 0OOKy, Wil BIUIMBOM HOTO
MPHUPOTHIX BIIACTUBOCTEH (TcuxigHUX MPOIIECiB,
cnenudikk MaM'sATi, EMOIlif, IOYYTTiB, OCOOIUBOCTEH

cnpuitHATTA). i SAKOCTI yTBOPIOIOTH HE3MiHHI, 00'€KTHBHI
pucu  ocobucrtocti. 3 iHmoOro ©OOKy, IHAMBITYyMY
MpUTAMaHHI TaKi COMialdbHI MOMEHTH, SK JOCBiJ, 3HAHHS,
3BHYKH, 1/I€aJH, IHTEPECH, SKi € HAOYTUMH i 3MIHHIMH.

Bci pucm ocobuctocTi 1 iX OKpeMi MpOSBU TICHO
MOB's13aHi M’k COOOIO 1 BU3HAYAIOTh:

1) iHOUBIyabHICTB;
2) aKTHBHICTb 1 [[LIECTIPSIMOBAHICTB;

3) CTIHKICTh MOBEMIHKH, IO JO3BOJSIE Iepen0aynTh
HOTO B OCHOBHOMY, @, OTXe€, 31ICHIOBATH YIPABIIiHHS HUM,
BUKOPHCTOBYIOUYH Pi3HI METOIH BILUIUBY.
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MMoBipHicTh BiAryKy iHAMBiZyyMa Ha BJIACTHBOCTI
OTOYCHHS a00 Ha 3MIHU IIMX BJIACTHBOCTEH € (PYHKIIIEO
iHTeHcuBHOCTI BIMBY [2]. Llio  QyHKmito MoxHa
npeacTaBuTH rpadivHo (puc.l).

1,0{ o6'extu- 1,0 o6'exrn-
Bepci Bepcis
= &
Q> L o>
T X = X
E=a =l
g3 g =
m
= A =
= cy0'ekTu- = cy0'exTH-
Bepcis Bepcis

0 IurencusHicTh 1,0
BILIUBY

0 InrencusHicTh 1,0
BILIUBY

Puc. 1 — ®yHkis BIIryKY Ha OTOYCHHS

IpocTip BiATYKY HAa OTOYCHHS MOKHA PO3JIUIMTH HA B
PiBHI 4YacTWHHM JiarOHaJII0, ITPOBEICHOI0 3 HIDKHBOTO
JmiBOro y BepxHid mTpaBuii KyT. BepxHs uacTmHa
(ob'exTHBeEpCisl) BiAMOBIZA€ TMOPIBHIHO BUCOKOMY CTYIECHIO
YyTJIMBOCTI /IO OTOYEHHS, HIWXKHA (cyO'ektuBepcis) —
MOPIBHSHO HU3BKOMY CTYIIEHIO 9YyTIuBOCTI. To#l cammit
TIPOCTip MOXHA 0YJI0 O PO3AUIMTH TOPU3OHTAIHHOIO JTIHIETO,
MIPOBEJECHOI Yepe3 CepeiHIO TOUKY OpANHATH, aJie TiarOHAIb
Kpalla, Tak sik, cy0'eKTaMm BIACTHBO BiITI'YKYBaTHCS 4acTille
Ha OUThII IHTCHCHMBHI BIUIMBH. ToMy HaBiTh Iyxe
HEUYTJIIMBUHA 10 OTOYEHHS IHAMBIAYYM, LIBHJIIE 32 BCE,
BIJI'YKHETHCSl Ha YK€ CHIBHUHN BIUIMB. SICHO, IO 3 TOYKH
30py BXoAiB  (BIUIMBIB)  0O'eKTHBEpcis  BiAIOBiJae
eKcTpaBepcii, a cyObekTuBepcis — iHTpoBepcii. OTxe,
00'eKTHBEpT YyTAMBHH 1 CHPUHHATIMBUI 1O TOro, IIO
BiOYBa€TbCS HABKOJIIO HBOTO, TOMY OUIBII CXWIBHHH
MiAMagaTy i BIUTHB TOTO, MO BinOyBaeThes. CyO'eKTHBEPT
OimpIle CXWIBHUM JO caMoOaHalli3y Ta BIUIUBY CBOIX
BJIACHUX IYMOK 1 IIOYYTTiB, HI)K OTOYEHHS Ha HBOTO.
O6'exTuBepT 00'€KTHBHO CIPSMOBYETHCS i MOTHBYETHCS, B
TOM 4ac sIK Cy0'eKTHBEPT CHPSIMOBYETHCS i MOTHBYETHCS
Cy0'eKTHBHO.

Ha ocHOBI IMX ABOX THUIMIB OCOOMCTOCTI B COLOHIL
OyJI0 3ampOIOHOBAHO OLTBII AeTadbHY KiIacu(iKaIliio, 0
CKJIAMAETbCss 3 16 TMCHXOTHIIIB Ta B sKii BpaxoBaHi
3a3HAYCHI BHIIE OCOOJIHMBOCTI IHTUBIAYYMIB:, HAIPUKIAL,
IOTIKO-IHTYiTHBHHUE  €KCTPaBepT»,  «ETHKO-CEHCOPHHIA
IHTPOBEPTY, TOLIO.

3.

VY 3aranbHOMY BHIVISII 3QJISKHICTh PpE3YJIbTAaTUBHHUX
MOKA3HUKIB (DYHKIIOHYBaHHS CHCTEM BiJ] TOKa3HHKIB-
(haKkTOpiB ONMUCYETHCSI BUPOOHNUOIO (DYHKIIIE€I0, 200 KPUBOIO
3pocranss. Crnenngika BUpOOHHYNX (QYHKIIH B TOMY, IO B

METO/1 BUPILLIEHH S 3AJAYI MOJIEJIIOBAHH I
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SKOCTI HE3aJICKHHMX 3MIHHUX B HHX BHUCTYIAlOTh B
OCHOBHOMY Di3Hi pecypcH BupoOHuITBa [3]:

Y = f(x1,X2,...X0,Q1,02,...Q%), (1)
Iie Yy — pe3yIbTyounii hakTop;

x;, i=1,n— pecypcu;

a;, j=1,k— napamerpu ¢yHKii.

Sx mnpaBuno, npunymeHHs npo Bua  QyHkmii (1)
pOOUTBCS Ha OCHOBI aHali3y OCOOJIHMBOCTEH MPEAMETHOI
oOacTi: BU3Ha4Ya€eThCs 3MiHHA Y, icToTHI dakTopu x;, i=1,n
i obsacte Bu3HaueHHs (yHKUil. BupoOnuua Qyskuis mae
HACTYITHI BJIaCTHBOCTI:

1) HemepepBHa
MIpUHANMHI, ABIYi;

2) e pyHKITi€, siKa He yOoyBae, 10610 f(AX)=f(x), A>1;

i HemepepBHO nudepeHIliifoBaHa,

3) nmpyra moxigHa 02y/0x2, moYuHAIOYH 3 OYIb-SIKOTO
3HAYCHHA X; HE € MO3UTHUBHOW, TOOTO 0%y/0xi2<0, 1110
03HAyYa€ 3HIKCHHS €(DEKTUBHOCTI BUKOPUCTAHHS pPECypcy,
a00 JIOTICTHYHUIA 3aKOH.

Haituacrime BUKOPUCTOBYIOThCA TIOJTIHOMIaJbH,
eKCIIOHEHIiaJIbHI 1 S-00pa3Hi BupoOHUYi QyHKIII.

JlocaipKeHHsT JUHAMIKKA COLIAJBHUX 1 E€KOHOMIYHHX
MPOIIECIB BUSABUIO JOCUTh CHIIbHE IOMIUPEHHST e(eKTy
HACHUYEHHS, TOOTO BHXO/AY HAa ACHMIOTOTY IpPHU TOCATHEHHI
MEBHUX 3HAYEHDb PE3yJbTYIOUOr0 MOKA3HUKA.

y=r(

——

I nom X

Puc. 2 — S-o6pa3Ha kpuBa

[Ipu pOMY TOKa3HUK CIOYaTKy 3poctae HesHauHO (),
moTiM 3poctanHs npuckoproerses (1), crarounm mpakTUaHO
noctiftauM (III), a MOTiM 3HOBY CHOBITBHIOETHCS, MPArHyyi
1o sikoi-HeOyap Mexi (IV).

Jlyist MOZIeNIOBaHHSI TaKHMX IPOLIECIB BUKOPUCTOBYIOTHCS
JIOTICTHYHI KPHBI JAEKIIBKOX BB, HapuKian [4]:

y=K/(+ab ),
y=K/(1+10ab%)



a0y kpusa [lepna-Puna

y=K/(1+ae ™). @)

Jlorictnuna kpuBa (2) Mae TOYKY CHMETpii, mI0
30iraeThCsi 3 TOYKOI TeperuHy. s MoIemoBaHHS
MpoIeCy MOTHBYBaHHS Bi3bMEMO caMe ITI0 (PyHKITifo.

4. OIUC IMITALIMHOI MOJEJII MOTUBYBAHHS WIEHIB

IHTEJIEKTYAJIbHOT KOMAHJIN

PosrisiHemMo 3ajiauy  MOTHMBYBAHHS  IHTEJIEKTYaJIbHOT
KOMaH/AM B Takii TNOCTaHOBUI. Bimoma MHOXHHa Trpym
(axTopiB, 110 BIUIMBAIOTh HA TPYJOBY MoTHBaulito Y={y;},
j=l,m. Takox BiJjoMa MHOXHHa CHIiBpOOITHUKIB X={x;},
i=1,n. KoxxeH cHoiBpoOITHHK B XOZi IPOXOMIKCHHS
aHKeTyBaHHS a00 OyAb-SKUX IHIINX TCHXOJOTIYHUX TECTIiB
BHCJIOBJIIOE CTYMiHb 3aZIOBOJICHOCTI II0 KOXHIH 3 Tpym
¢axTopiB, 10 BioOpakae HOro moyaTkoBy MoTuBaio Uy 0

Micns PO3paxyHKy CTYIEHS 3aJI0BOJICHOCTI
CHIiBpOOITHUKIB 1 BUSBICHHS (aKkTOpiB MOTHUBaLii, sKi
3aJI0BOJICHI B HalMeHIIi Mipi, HEOOXiIHO BUPOOUTH
3aX0/11 BIUIMBY Ha TPYAOBY MOTHBALIO CITIBPOOITHHKIB IS
MiBUILIECHHS PIBHS TX 3aI0BOJICHOCTI.

OueBunHO, 1m0 OyJb-sKa MiJecCHpsSMOBaHA 3MiHA piBHS
3a[JOBOJICHOCTI ~ CHIBpOOiTHHMKa TOTpeOye  BKIAJCHHSI
pecypciB, MPUUOMY OTPUMAHUH e(EeKT BiJ BUTPAT ONHIET 1
Ti€l K iX KITBKOCTI U pi3HUX (PaKkTOpiB MoTHBAIii Oyme
pizHAM.

Toxi 3amady MOTHBYBaHHS IHTENEKTYaJbHOI KOMaHIU
MOYKHA PO3IJIAATH B ABOX IIOCTAHOBKAX:

1) BU3HAUYEHHS KUIBKOCTI HEOOXIZHUX pecypciB T AJIs
MTOBHOT'O 3a/I0BOJICHHS CITIBPOOITHHKA X;;

2) IpOrHO3yBaHHS 3pOCTAaHHS MOTHBALil CHiBpOOITHHKA
X; 3 ypaxyBaHHIM BKJIaJICHOI KIIBKOCTI PECypCiB 77;.

OyYHKIIII0 3aJIe)KHOCTI  PIiBHA  33J0BOJICHOCTI  i-TO
chiBpoOITHUKA BiJ BHUTpaT pecypciB Ha j-uil ¢axkrop
motuBauii  Uj(7;) MOXHA TPEINCTaBUTH JIOTICTUYHOIO
(byHKUI€0 BULY:

Uij (ryp) = 1/ (1+cie~bird), 3)
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JIe 7ij — KUJIbKICTh PECypCIB, 110 BUKOPUCTOBYETBCS IS
KOpEKIIil 3HaueHHsI piBHS 33JJ0BOJICHOCTI {-T0 CIIiBpOOITHHKA
10 j-ToMy (haKTOpy MOTHBAILLI;

ci,bij BiIOMi KUNBKICHI 3HAYeHHs MapaMmeTpiB, IO
BiJIIIOBiAIOTh THUITY OCOOMCTOCTI.

Gynknis mortuanii Uy(ry) Oyna 3MonenboBaHa I
pI3HUX KITBKICHMX IIOKa3HHKIB mapamerpa b, ToOTO
MICUXOTHUIIIB OCOOMCTOCTI WICHIB 1HTEJICKTYaJIbHOT KOMaH/IH.
PesynbraT MosentoBaHHs rpadiuHO MPECTABICHO Ha PHUC.3

» Iy
Puc. 3 — I'padik 3anexHocTi U;j(r;) Bia KiTbKOCTI pecypcis
7j IPU PI3HUX 3HAYCHHSAX IapameTpa b

Cynstun 3 HaBezneHOro rpadiky, B 3aJIEXKHOCTI BiJl THITY
0COOMCTOCTI Ui JIOCSTHEHHS MAaKCHUMAaJIbHOTO PIiBHA
BMOTHBOBAHOCTI ~ CIIBPOOITHHKIB MOTPIOHE  BKJIAJIaHHS
pI3HOT KIIBKOCTI pecypcy, aje Al JesiKHX ICHXOTHIIIB
MEHIIIOT, a JJIs1 iHIIUX 3HAYHO OLIBIIOT.

TakuM YMHOM, MalO4M 3HAHHS MPO IICUXOTHUIN WICHIB
IHTEJEeKTyalbHOI KOMaHAM Ta BHABMBIIM (akTopu ix
MOTHBaLil, MOXHa 3MOJEIIIOBATH 3aJEKHICTh  PIBHA
3aJJOBOJICHOCTI CITIBPOOITHHKA Bill BKIIAICHOTO PECypCcy Ta
CIPOTHO3YBaTH ONTHMAIILHUI PiBCHB.

JIITEPATYPA REFERENCES
[1]

Ilerpo 3.I. OpraHu3allMOHHOE YIIPABJIEHHE TOPOJOM U €ro
nojcucremamu : (Meroabl M anroputmsl) [Teker] / D. T'. Ilerpos. —

XapbkoB: Buma mik., 1986. - 143 c.

[2] Axodd P., Omepu ®. O neneycrpemuennsix cucremax [Texcer] / Ilep.
¢ anri1. nox pen. U. A. Yurakoa — M.: «Cos. paauo», 1974. — 272 c.

[3] ExoHOMiKO-MaTeMaTH4HI MeTOOH Ta Mojeni (S€KOHOMETPHKA):

HaByabHUH nocioruK [Tekcr] / O.B. Koszemenko, O.B. Ky3bpmeHnxko. —

Cymu: YuiBepcuteTchka kuura, 2014. — 406 c.

[4] Marematnuni Moeni Ta METOAM YNPABIiHHS  MOTHBALIEIO

nepconaiy: moHorpadis [Teker] / A. O. Azaposa, O. A. KoBaibuyk. —

Binnums: BHTY, 2014. — 140 c.



[Hpopmariitno-AHanmiTuyHa Ciyx0a sk EnemeHt
Kib6epOesneku JlepxkaBu

Mupontok Bitaniit
Kagedpa 3axucmy inpopmayii
Binnuyvxuii nayionanvrutl mexuiynuil ynigepcumem
Binnunns, Yxpaina
vitmirl001@gmail.com

Information-Analytical Service as an Element of
Cybersecurity of the State

Mironyuk Vitaliy
dept. of Information protection
Vinnytsia national technical university
Vinnitsya, Ukraine
vitmir1 001 @gmail.com

Annomayia — po3rasAHYTO OCHOBHi 0co01uBocTi Ta GyHKuii
indopmaniiino-aHaIiTHYHOY CJIyKOM, 3aMpoONOHOBAHO
y3arajibHeHy CTPYKTYPHY Mojeiab iHdopMmaniiiHo-aHaiTHYHOT
cHCTeMH

Knwwuoei cnosa — kivepoesnexa Oeprcaeu, ingopmauiino-
ananimuyna cayxycoa, ingpopmayiiino-ananimuuna cucmema

Abstract—main specifics and functions of informational-
analytical systems are reviewed. A generalized structural
model of the information-analytical system is proposed.

Keywords— state cybersecurity,
service, informational-analytical system

informational-analytical

L Bcryn
CyuacHi  iH(pOpMaLiiiHO-KOMYHIKaLlii{HI ~ TEXHOJIOT1l
BUKOPUCTOBYIOTHCSA JUTSt peaimizarii TEXHOJIOTIH

iHpopMamniiHoi BiftHH Ta iHpOpMAIifHOTO TPOTHOOPCTBA, a
KiOepIpocCTip BUKOPUCTOBYETHCS SIK CIICIU(ITHA apeHa s
MIPOBEACHHS crieriansHux iHpopmarniitanx onepariit (CIO),
SIKi CTIPSIMOBYIOTBCS Ha DPI3HOMAHITHI CHCTEMH, 30KpemMa
comioiadopmaniitai  (CIC), mo sKuUX BIOHOCSATBCA, SK
JIOKAIBH1 00’€KTH  3aXHCTY, HaTIpUKIA], pizHi
MiANPUEMCTBA, YCTAHOBHM 1 OpraHizaimii Tak 1 jaep)kaBa B
LIOMY.

3abe3neueHHs KOMIUDIEKCHOI iH(popMamiifHOi Oe3rmekn
JIeprKaBHU 1epeadayae CTBOPEHHSI CUCTEM 3aXHCTY, SIKI MatoTh
OyTH aganToBaHi i peaji3oBaHi Ha BCIX PIBHIX yNPaBIiHHA
iHpopMmaniiiHoro Oe3nexoro. HaliBaxiBimm KOMIIOHEHTOM
CHCTEMH OIIiHIOBaHHS Ta 3a0e3MEeYeHHS 3aJaHOTO piBHSA
KibepOe3neku € indopmariiiHo-ananiTyHa ciayxoa (IAC) Ta
BIOMOBiAHI  iH(QOpMamiHO-aHANITHYHI  CHCTEMH,  SKi
3a0e3NeuyloTh ~ KOPHCTYBauyiB ~ CBOEYACHOK  SIKICHOIO
iH(pOpMAITIEFO 1O AOCIIIKYBaHOMY ITUTAHHIO.

3 ypaxyBaHHSAM TOJOBHOI MeTH (PyHKUIOHYBaHHS
iHpOpMaIIiitHO-aHAITHYHOT CIykO0M, a TaKoXK 3amad, sKi
TIOKJIaJIeH1 Ha KOOpWHALIHHUIT HeHTp 3 KibepOe3neku, KU
BxoguTh y cTpykrypy PHBO Vkpainm [1], 30kpema Takwux,
SIK:

® TIPOTHO3YBaHHA Ta BHABJICHHA NOTCHLIHHHX Ta
peanbHUX 3arpo3 y chepi kibepOesneku YKpainy;
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OlepaTHBHE, iHopMauiitHo-aHaTI THYHE
3abe3neyeHHs Pamy HarlioHamBHOT Oe3meKw i 000pOHH
VYkpainu 3 nuraHb KibepOesrnex;

3a0e3neueHHs PO3BHUTKY iHpOopMartiitHOT
iHpPACTPYKTYpH JiepKaBH, Y3TOKEHHS i
KOOpIMHALII JisUTBHOCTI CYO'€KTIB CEKTOPY OE3IeKH i
000poHw, siKi 3a0e3reuytoTh KidbepOesneky Ykpainu,

AKTyampHOIO ~ 3ajadelo €  po3pobka  Mopemen
iHpopMaliiHO-aHAIITHYHOT ~ CIOy)O0M 1 BIIHOBIAHUX
iHpOpMaiHHO-aHATI THYHIX CHCTEM.

II. META TA I'OJIOBHI ®VHKIIIi THOOPMAILIITHO-
AHAJIITUYHOI CJIVKBU

lonoBHOIO TpoOLIEAYPOrO  THPOPMALIHHO-aHATI THIHOT
poOOTH € TpOBENEHHS TEPBHHHOTO aHamily Ta Bigdip
BaxxmBoi iH(opMmarii. Lls mnpomemypa € cBOepimHEM
(impTpOM, SKWUH BIOKUIAE HEMOTPiOHE, Ta 3axXUINAE
aHanmiTHKa Bix  iHpopMmamidHOi  HaaMipHOCTi. Taka
npoleaypa CKIaaeThes 3, HacaMmIiepe]], BCTAHOBJICHHS CYTi,
BaXXJIMBOCTI, TOYHOCTI, IOBHOTH Ta 3HAYYIIOCTi iH(hopMartii
Ha OCHOBI 11 pO3IO/IiICHHs Ta 3icTaBIeHHS [2].

BignoBigHo 1o crparterii  kibepOesmeku YKpaiHw,
Ki0ep3axucTy Jep)KaBHUX EJIEKTPOHHUX 1H(POPMAIIHHIX
pecypciB Ta iHdopmaniiiHoi iHGpacTpyKTypH, TPU3HAYECHOT
Uit oOpoOku iHpopMallii, BUMOra IIOAO 3aXUCTy SKOi
BCTAQHOBJICHA 3aKOHOJABCTBOM YKpaiHH, Ma€ MOJIATaTH,
30Kkpema, B [3]:

® VIOPOBADKCHHI  OpraHi3amifiHO-TEXHIYHOI  MOJeNi

HaIlOHAJIBHOT CHCTeMH KiOepOesIeKu, onmepaTuBHOMY
pearyBaHHI Ha KibepaTaky Ta KiOepiHIIUICHTH;

po3ropTaHHi (BIATIOBIZHO A0 KOMIMETEHIi) €IMHOI
CHCTEMH CHUTYalidHHUX LIEHTPIB NMPOQIILHUX OpraHiB
JepKaBHOI BIIaIM CEKTOpy Oe3meku i 0OOpOHH Ha
6a3i 3axunieHoi iH(GOpMAaliiHOT 1H(pPACTPYKTYpH.
OueBnaHO, MO pIlIEHHS BHUIIECHABEACHUX 3a/ad
MOXIHMBO JIMIIE 32 yYMOBM  oOprasizamii i
¢yskuionyBanus eexktuBHOI IAC.

MoskHa BHIIIMTA Taki OCHOBHI OCOOJHMBOCTI

¢dyuxmii IAC mgng sussensst CI1O:

Ta



enuHuiA croci0 HamaHHs iH(opMmarii 3 Ppi3HHX

JOKEpETT,

MOIIYK 1 HaBiramisi o BChOMY 00'€eMy PO3MOALICHOT
6a3u ganux CIO;

® KOMIUIEKCHA aHAIITHYHA 00po0Ka iHdopMmarrii.

[IpoBenenus iHpOopManifHO-aHATI THYHOT
nependayae BUKOHAHHS IIE€BHUX €TalliB, SKi
MIPEJCTaBUTH Y TaKil OCITiIOBHOCTI:[4]

1) 3acanvne snaiiomcmeso 3 CIO. lleii eran nependayae
BuBueHHA TOHATTAS CIO 3 MeTow CKJIajaHHS TUIaHy
BUKOHAHHS pPOOIT, OCHOBHUX JDKepen iH(opmalii, o
MOXYTb OyTH BUKOPHCTaHI, & TAKO’K BUKOHABIIIB.

2) BusHnauenHsi mMepMiHi@ i OCHOBHUX NOHAMb, U0
BUKOPUCMOBYIOMbCS. BUKOHAHHS LBOTO €Tamy JO3BOJHTH
JIKBIyBaTH Pi3HI TOJIKYBaHHS OCHOBHHX TEPMIHIB 1 IOHSATb,
10 BUKOPUCTOBYIOTHCS Y MPOLIECi pOOOTH.

3) 36ip gpaxmis. 11inGip (akTiB MOXKE 3AIHCHIOBATUCH Y

TaKUX pPeKUMax:
HETepepBHUNA peXuM abo PpEXUM MOHITOPHUHTY,
BUKOPHCTOBYETHCS TITBKA TSt 300py
HalBa)XIMBIMMX  (haKTopiB XapaKTepU3YyEThCS
HaAMOLIBIIIMMH 3aTpaTaMH;

pobotu
MOYKHa

.
i

(hokycHMII pexuM - BiAnoBigae 30opy iHpopMmarii o
KOXKHIH OKpeMiii 3aqaui;

MAKCTHUI PEKUM BIIOBIZa€ MapajeibHii poOoTi 3
NeKUTbKOMa 3afadaMd 1 moTpeOye 3BEpHEHHS [0
OJTHUX JKepen iHdopMalii.

4) Bueuennss ma obpobra ¢paxmis. Ha 1pomy erari
BUKOHY€ThCS  OLiHKa,  Kkimacudikamis,  aHami3  Ta
YCBIZIOMIICHHSI OTpUMaHOi iH(opMartii.

5) Iobyoosa zinomesu. BUKOPUCTOBYIOUH pE3yNIbTATH
BUKOHAHHSI IIONEPEIHBOTO €Tally MPONOHYEThCs poboUa
rimore3a. [loOynoBa poGouoi rinmoTe3n NOB’si3aHa 3
(dbopMyIIOBaHHSIM KOHKPETHHMX IHTaHb, BIAMOBIAI Ha sKi
BJIaCHE J03BOJISIIOTH IIEPEBIPUTH 1 CaMy TilnoTesy.

6) Bucnosxu. Ha upomy erami npoBOAWTBCS poboTa,
sKa HEOoOXigHa s JO0Ka3y abo CIPOCTYBaHHS TilmoTe3
BUCYHYTHX Ha TonepeqHpomy erami. TyT (opMymoroThes
KIHIIEBI BHCHOBKH, SIKi € 3aBEpPUICHHSAM OYIb-SKOTO
aHAJITUYHOTO IOKYMEHTA.

7) Buxnaodenns. CxiamaHHS JOKYMEHTA, SIKUH 3aBepIIye
poboty. Takuii TOKYMEHT-3BiT, MOXe OyTH 3-X TUIMIB:
TaKTHYHUHA ab0 OIepaTHBHUHN 3BIT, HEOOXiTHHUN LIS
TEPMIHOBOT'O IPUHHATTA PilICHHS;

CTpaTETiYHMI 3BIiT BMIIIy€e OUIBII TOBHY iH(OpMAIIit0
10 BIAMOBIIHOMY MTUTAHHIO;

TIePiOANYHUM 3BIT TOTY€ETHCS 38 IEBHUM TpadikoM.

I1I.

VYV namiii poOOTI MPOMOHYEThCS CTPYKTypHa MOZETH
iHdopmMamiiiHO-aHamiTHYHOT  cuctemMu  (puc. 1), 10
CKJIAIAETHCS 3 TPHOX B3AEMOIIOB'I3aHUX €IEMEHTIB [5]:

1) Mopeni CTpyKTypu MeTajaHUX, IO 3abe3medye
€/IMHE BioOpaXkeHHsI 1 onuc BCi€i pizHOPiIHOT iH(popMAaIlii;

2) OyHKIIOHAIBHOI MOJIEN, 10 OMUCYE MOBENIHKY Ta
CTaHIB CHCTEMH 1 CIIOCOOH Mepexoy Mi>K HUMH.

MOJEJb IHOOPMAIIITHO-AHAJIITUYHOT CUCTEMU
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3) Mogeni po3MeKyBaHHS [OCTYIy, IO 3a0e3meuye

YIOpaBiiHHA JIOCTYHNOM Ccy0'ekTiB 10  1H(pOpMaUiitHUX
pecypciB.
Morem: = gl Cragiac  [e——
METaJaHUuX 1 TaH 1
Ponb
Monens po3MexKyBaHHS I0CTyIIa 4
KopucryBau

Puc. 1. CrpykrypHa MoJielib iH(pOpMaliHHO-aHATI THYHOT CHCTEMHU

Bynp-sika aHAIITUYHA

KOMIIJICKCOM

pobora  3abe3medyeThes
00poOKu  iH(OpMartii,
LUTICHIN METOIOJIOTTUHIN
[HpopmaniiiHO-aHATITHYIHI TEXHOJIOTI] MOKHA BU3HAYUTH K
cucTeMy oreparin
JIO3BOJISIIOTH HA OCHOBI 3aJy4eHHs HEOOXiIHHX pecypciB
3a0e3neunTy HaWOIbIly e(QeKTUBHICTH TOTO YH IHIIOTO
BUJY JSUTBHOCTI.

Ane s mo06
TEXHOJIOTIi AIMCHO MOIJIM MpAIfOBATH B SIKOCTI CHUCTEMH

SIK1
6asi.

TEXHOJIOTIH
3aCHOBaHI Ha

3HaHb, METO/IB, 1 TmpaBwi, sKi

TOTO, iH(pOpMaIHO-aHATI THYHI
npoTUBOOOpCTBa iH(pOPMAIiiHIi 30poi, HEoOXigHO, HI00
aHAJITUK HETepepBHO 3/IMCHIOBAB KOHTPOJIb 32 CTaHOM
CBOTO MOJICIIBHOTO CBITY.

BUCHOBKU
B HPOTHBAry CIeLiaTbHIM JECTPYKTHBHHM
iHpOpMAaIIfHUM omeparisiM, SKi TPOBOIITHECA 3 METOIO
3MIHHM CBIZIOMOCTI comiyMmy, aectabinizamii Ta pyHHyBaHHS

Bciei CIC, icHyroTe 3aco0u, sKi cTabUTi3ylOTH Ta
OpraHi30BYIOTh IIPOIECH MHCJICHHS Ta IJICyTBOPEHHS.
Came TakmM 3acobom  mpotmBobopctBa CIO €

iH(pOpMaIiifHO-aHANITHYHI TEXHOJIOTII.
3anporoHoBaHa CTPYKTypHa MoAeIb iH(OPMAIHHO-

AHAIITHYHOT CHCTEMH MOXE OYTH BHUKOpHUCTaHA JUIs
moOymoBu edextuBHOi 1 HamiHoi IAC Ta cucremu
yIpaBIiHHSA KiOepOe3meKoro.
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I. BCTVYII
3 KOXHHM JIHEM 30UIBIIYEThCS 3arajlbHUH  0OCAT

o0poOroBanoi iHdopmariii, a 3 HE NPUXOIATh i HOBI
TEXHOJIOTii. 3 PO3BUTKOM HOBHUX TEXHOJIOTiH B3a€MOMIIOUUX
MiX cO0OI0 3a PI3HUMH CTaHIApTaMH, SIK1 3J1HCHIOIOTHCS Ha
OCHOBI KOHCEHCYCHOTO TMpOIeCy 1 MJOCTYymHI JJIs BCiX,
BIIOCKOHAJIIOIOTHCSI OOMIiH BCUIIKMMHU JAHHUMH B CBITI .

IIpocropoBi maHi e BIAOMOCTI MpPO CJIEMEHTH
BKJIFOYAIOTh B cebe pi3Hi mpocTopoBi Habopu. Lleit TepmiH €
¢dbyHIaMeHT iHpOpManiiHOTO CynpoOBOAY reoiHpOpMaLiHHIX
CHUCTEM.

besniv reoinpopMamiiHuX CUCTEM, BHECEHUX, 3aITMCAHUX
pPI3HUMH cIoco0amMHu, € TPOCTOPOBOIO 0a30l0 JIAHMX.
AxtyanpHi 0a3u JaHMX CTBOPIOIOTHCS 33 JIOMOMOTOFO
npodeciiinoro I10, sike mo3Bossie 00poOJIATH 30epexeHi
JlaHi, BKJIIOYAaI04Yu B ce0e MPOCTOPOBHI aHAIi3, BCE €IIEMEHTH
SIKOTO YIPABISIIOTHCS JIoTiuHo 3aransHoi B/ [1], [2], [3].
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B nmanuit wac cucremu yrpaBlliHHA 0a3aMu TaHUX MarOTh
BJIACTHBOCTI 1  SKOCTI  MPOCTOPOBUX  PO3IIUPECHB
TEOMETPUYHHUX THITIB JIAHUX 1 MPOCTOPOBHUX iHJAeKciB. Ha
MPUKJIAJI BUIBHOI PENSIIHHOT CUCTEMHU YNpaBJiHHSI 0a3zaMu
nanux - MySQL, sxuii npamroe 3 pi3HUMH THIIAMH JTaHHX,
MOYMHAIOYN 3 TOYKH, 3aKiHUYIOYHM pi3HUMH (irypamu i ix
MOEAHAHHS B PI3HUX Bapialisx Mix coboro. ['eomerpuuHi
MPUMITUBH 30epiratoTbesi B 0a3i JaHUX y BUIIIsLII OiHApHOTO
KoMy, aje Tako)K 3aarHi OyTHW TOKa3aHi B TEKCTOBOMY
dopmati WKT [4], [5].

POINT(15 2@)

LINESTRING(@ @, 10 10, 2@ 25, 50 60)

POLYGON( (@ @,10 @,1¢ 10,0 10,8 8),(5 5,7 5,7 7,57, 5 5))
MULTILINESTRING( (10 16, 20 20), (15 15, 30 15))
GEOMETRYCOLLECTION(POINT(10 18), POINT(3@ 30), LINESTRING(15 15, 20 20))

Puc. 1 — I'eomeTpuyHi IpUMITHBY B GiHApHOMY BUIIISAL

Crmcok CHUCTeM, IO B33aEMOJIIOTh 3 MPOCTOPOBUMH
0a3aMH TaHUX JOCUTH BEIUKHIA:

e Ile Bci HPOAYKTH SAKi 3aJOBOJBHSIOTH CTaHAAPTaM

I'NC. TIC — me wMiKHapoJgHa HEKOMepIliiiHa
oprasizaiis, NPUXWIbHA 3a0C3MCUCHHIO SKICHHX
BIJIKPUTHX CTaH/IapTiB JUIs r7100aNnbHOTO
TCONMPOCTPAHCTBEHHOTO  CHOUIBHOTH. Y  JaHid

opranizanii Oinbire 500 4o0BIK 3 Pi3HUX YPSIOBUX,
KOMEpUiHHHUX OopraHi3amiii, akaeMiYHUX Ta HAYKOBO-
JTOCTITHUX IHCTHTYTIB.

Binkpuri API nns pobotu 3 mpocTopoBuX 0a3 maHUX,
YaCTHHA 3 HassBHUX 3aJ0BOJbHsE crangaptam ['IC.



e Cucrema kepyBaHHs 0Oazamu ganux - Microsoft SQL
Server, 3 Bepcii 2008.

e PostgreSQL B sikoMy BHUKOPHCTOBYIOTH IPOCTOpPOBE
noroBHeHHs1 PostGIS ans morpibHOro Ham THIY
JaHUX geometry.

e MySQL mpamroe 3 THIOM [JaHUX geometry i
JIEKITPKOMa TPOCTOPOBAMH (PYHKIIISIMH, IO HE OyiH
3po0ueHi BiamoBigHo 10 ctangaptis I'IC [6], [7].

Cnuncok cuctem, Lo NpauoTb 3
npoctopoBumu bl

OGC » SQL Server

Making location count.

A
0 0
v
R

Puc. 2 — Cnucok cucreM

PostgreSQL My

BHCHOBOK

B xoxmi maHoi poGoTm MH OTpUMand HOBI 3HAHHA 3
MIPOCTOPOBUMHE JaHUMHU. A 30KpeMa poOoTy 3 pisHHUMHU O6a3aMu
nmannx, craggapramu ['IC, Bigkputumu API, cucremamu
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ynpaeiiaas SQL Server, posrisinynu gonoBHeHHs: PostGIS B
PostgreSQL, mizHanucs mpo podoty MySQL i Turom maHux
geometry.

[4]
[3]
[6]
[7]
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Abstract— This article is a review of some aspects of
functional data processing schemes, that are used for parallel
computation and creation of parallel and asynchronous
applications based on referential transparency, pure functions,
persistent data structures and data immutability using modern
LISP dialect Clojure. This is also a consideration of features that
functional data processing techniques such as Map/Reduce, and
its applicability to the large datasets.

Keywords  —  distributed  programming,  functional
programming, execution in parallel.
Anomayia — B crarTi po3riasHYTO JesKi acleKTH

(yHKLiOHAIBHUX cXeM 00pOo0KHU JNAHUX, IKi BUKOPHCTOBYHOThCS
IJ1s mapaJjienizanii 004uc/IeHb 3 J0I0MOI0K CYy4acHOro AiajeKTy
LISP - Clojure Tta ¢dopMyBaHHsI acCHHXPOHHHUX [0JATKiB Ha
OCHOBI IP0O30pOCTi MOCKHJIaHb, YHCTUX (PYHKIili; mepcHcTeHTHHX
CTPYKTYPH JaHMX Ta immyTadejbHicTi aanux. PosrasnyTto
000 1MBOCTI (PYHKHIOHAJBHUX AJTOPUTMIB /ISl MapaJiejbHol
00po0KH riraHTcbKUX Ha0OpiB JaHuX, Takux sik Map/Reduce.

Knrouoei  cnosa—  oucmpubymosane
¢yuxyionansne npozpamyseanns, napanenizm.

npozpamyeamns,

L

From the 1980-s the orders of growth of hardware
parameters like processor clock frequency, caches, and RAM
size [1] of information systems have allowed us to use
substandard software that lacked optimization. Software
performance defects were neglected due to the fast growth in
the computational power. The scale of data processed was not
very huge. the nature of the tasks that computers had to
perform was far from complex either permissible in the means
of time of execution. Recent development and comprehensive
nature of computer networks caused rapid change in the scale
of data that needed to be transmitted, stored and processed. At
the same time, orders of growth for capabilities of computers
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are not as high as the need for them, that requires
multithreading and clasterization efforts to be able to process
data streams coming in [2]. This makes parallel execution a
requirement for any modern system. Parallel execution can be
regarded as a powerful tool for making data processing more
efficient, but it also puts some additional requirements and
brings up issues that have never been a problem in sequential
programming. These problems mostly consist of modification
and access issues that can come to life in any system that
processes and stores data in parallel. Functional programming
and algorithms are the efficient way to handle such issues.

II.

Usual imperative paradigm, as well as object-oriented
paradigm is not very suitable for the distributed data
processing. Programs in these paradigms are sequential and
have side effects, that can make an effect on the process of
execution unexpectedly. On the other hand, functional
programs when composed in the right fashion, can make
parallelization much easier. There is a multitude of features
that are unique to the functional paradigm: immutability of
data, pure functions, referential transparency, recursive
algorithms, functors, convolutions and higher order functions,
persistent data structures. All these elements of functional
programming let us to avoid some classes of errors that are
usual for parallel execution, like deadlocks, data corruption on
simultaneous write, race conditions. Clojure as a functional
language with applicable data structures and inner structure
applies well for the following techniques and algorithms on it
benefit much from the way this LISP dialect is built. Also,
functional algorithms are better at scaling and distribution
amongst multiple computers. The main elements of functional
programming that provide us with advanced parallelization
techniques are [2]:

RESEARCH RELEVANCE



Pure functions. Pure functions are functions that do
not have IO side effects and memory (the are
stateless, which means that they don’t have any state
and return same values for different calls with same
arguments). They allow reinterpretations and
optimizations on the compile (interpreter processing)
stage. The result of pure function call can be cached
in a hash table, allowing substantial speed-up for
recursive algorithms. Also, such functions can be
considered thread-safe.

Referential transparency. Referential transparency is
one of the fundamental principles of the functional
programming; only referentially transparent functions
can be memorized (transformed into the equivalent
functions that use cached results). Some languages
provide the programmer with tools to guarantee this
structure. Some other on the other hand require
referential transparency in all functions. Since these
features require same output for same input in any
time, the referentially transparent expression is
determined by the definition. This allows the
programmer to avoid some extra calculations that
frequently appear in the flow of parallel
programming.[6]

Persistent data structures. Persistent data structures
are kind of data structures that retain access to the
previous versions. If we have the sequence of p
elements and we must change the element n in it, we
create the new version of the structure that is
different from the previous only be the value of the
nth element. As a result, we will have two versions of
the sequence with access to each one of them. This
technique lets the programmer keep the data structure
fast an immutable at the same time sparing memory
by reusing it.

Functors. Any class or data type, that stores values,
and implements method map is called a functor.
Also, functor should return the collection with the
same type to the collection passed to it [7]. For
example, array is a functor, because an array is data
structure that stores values and implements method
map that allows us to apply the function against the
values it stores. A benefit from such approach to the
parallelization lies in the fact that transformation of
the elements is independent which means that the
sequence can be divided into ranges each of which
would be transformed in parallel.

Monads. The main application of monads in the
functional programming is the isolation of the 10 and
stateful behavior. The principle of monad application
is the fact that function that don’t create the side
effect itself, it can create and can be used later. But
10 and presence of state are not the only use cases for
monads. They are useful when the programmer wants
to describe the calculations in purely functional
manner, at the same time executing other calculations
in parallel. [4] Thus, two main use cases of monads

129

are sequential calculations and handling of the
inherently side-effect generated data.

Xs ys

0.0 (%2

Fig 1. Representation of the work of persistent data structures (hash tables,
vectors, lists, etc.)

II1. PRACTICAL IMPLEMENTATION OF
FUNCTIONAL PROGRAMMING IN PARALLELIZATION

The most famous use of the ideas of functional
programming in parallel for relatively fast analysis and
processing of huge amounts of data is the Google MapReduce
algorithm.

This algorithm consists of two successive steps: the
clustering of functors to an array of data and subsequent
convolution, map steps and reduces accordingly (there can be
more than one functor, for example, on Figure 2. there are
three of them).

In the map step, a conversion is applied to each
element of an array of input data that changes its contents but
retains the number of elements. In the case of distributed
architecture, for the map step, the host computer receives the
input data array, marks it and distributes it between its nodes
by specifying the transformation. This process can take place
several times before the convolution.

In the reduce step, preprocessed data gets convoluted.
The main node receives responses from the working units and,
based on them, forms the result - a solution to the problem that
was initially formed.

The advantage of this algorithm is the possibility of
its almost unlimited scaling, the absence of a global state and
the possibility of an iterative data flow with multiple
transformations and reductions, of which even the hierarchical
system can be built [4].



Mapper Reducer

Input

TOKENZING <— OPTIONAL FOLD->

MAPPING

< TRANSFORMATION—> REDUCING

Fig. 2. Listing an application of the Map Reduce algorithm for counting words
in incoming texts with the ability of parallel procession on Clojure

Algorithm 1

(require '[clojure.string :as str])
;; Function for processing nodes
step.
(defn word-filter [words]

(filter #(re-matches #"\w*" %) words))
;; Function that is used by processing nodes on
the Map step
;; for data transformation into indexed original
form
(defn sanitize-map[words]

(map # (.toLowerCase %)
;7 Function for Reduce
data array convolution
map form.
(defn count-reduce[words]
(reduce # (assoc %1 %2 (inc

{}
words))

Reduce step function for the final merge and
of values of the first-step

on the Map

words) )
step that 1is
in the occurrence

used for
hash

I3
S

(81 %2 0)))

accumulation
convolutions
(defn merge-count-reduce[occurrence-maps]
(reduce # (merge-with + %1 %2)
(hash-map)
occurrence-maps))
(defn map-reduce[documents]
(merge—-count-reduce
(map
(comp
count-reduce
sanitize-map
word-filter) documents)))
(def docs [["a" "c"] ["mine"
"here" "a"ll)
(map-reduce docs)

won "

1ls

"token"

CONCLUSION

Functional programming is an effective paradigm for
software development, which is becoming more and more
important with the gradual deprecation of the Moore’s law and
a significant increase in the number of processed information.
Pipelining, which can be achieved with state-of-the-art
functionality, the ability to cache and memorize the results of
pure functions, the advantage of persistent data structures that
occupy significantly less memory and the unchangeability of
data with the isolation of the data in the individual elements of
the program allows you to develop faster and less prone to
program mistakes that allow you to avoid problems that are
traditionally encountered during parallelization.[3] The
functional approach allows you to create abstractions based on
data and perception of functions in the form of data, which

130

contributes to abstraction and allows you to use the
mathematical apparatus organically when solving practical
problems.

However, on the other hand, functional programming
is now faced with several problems that make it difficult to use
in the industry from a commercial point of view. First, this is
an inadequate qualification of most programmers who
traditionally use the imperative paradigm of programming and
its derivatives in the form of object-oriented languages. Also,
functional programming requires a lot of training in
connection with many fundamentally new concepts and
theoretical constructions that take time to soak in the mind or a
regular software engineer. Compilers and interceptors of such
languages are considerably more complex because they
require the implementation of different calculation procedures
simultaneously, the implementation of high-speed garbage
collector (GC) and the distribution of clean and
"contaminated" data zones [8].

Another problem with functional programming is the
complexity of simulating simulations and fast-changing
systems that make lazy computing and immutability a burden
rather than an advantage in connection with the constant
change of contexts and the complex indivisible
interconnections of such systems [5,6].

In general, the prospect of using functional
programming widely in the industry and academic
environment is likely to be the gradual incorporation of the
mature and appropriate elements of functional programming in
more common programming development languages, as well
as the formation of the appropriate ecosystems and
communities of purely functional programmers with respect to
tasks that are most in line with the rules. and points of benefit
from the use of this type of language.
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Anomauyia—/lana cTaTTA NPUCBSIYEHA CHCTEeMi IIBUAKOL Ta
sikicHoi 00poOku Beamkux ganux - ELK-crek. Y crarri
PO3IVISIHYTO TepeBard LbOro CTeKy Ta MPUKJAIU 30epiraHHs
Ta BisyaJizauii 1aHux 3a ioro 10noMoroxo.

Knrouoei cnosa—Benuxki oani, cmek, oopooka, 36epizanns,
eizyanizauin

Abstract—This article is devoted to the system of fast and
high-quality processing of Big data - ELK-stack. The article
outlines the advantages of this stack and examples of storing
and visualizing data using it.

Keywords—Big Data, stack, processing, storage, visualization

[. Bcryi.

VY cydacHOMy CBITI IIUPOKO PO3IMOBCIOKEHO 30ip Ta
aHaNli3 JaHWX pPI3HOI NPHUPOMU. 3a OCTAHHI AECATHIITTS
CKJIQJHICTh Ta 00’€M JaHUX 3pOCTAIOTh 3 HEHMOBIPHOIO
mBuakictio. Tomy, 30ip Ta aHami3 HasgBHOI iHpopMamii
SIBIIIIOTH COOOI0 CYTTEBY MNpoOJjeMy Ha erami 30epiraHHs
BenuKoro 00’emy manmx. [lomsatTs «Bemuki manmi» mis IT-
ingycrpii 3’sBunocst 'y 2011 powmi. 3 mosiBoro Benukux
(Bemukux 3a 00’€MOM, HECTPYKTYPOBaHHX 1 IIBHAKO
3pOCTAIOYMX) JJAHUX BHHUKIIA MOTpeda OOPOOKH IMX AaHMX
HOBHMH METOJAMH 3 BHKOPHUCTAHHSAM OUIBII MOTYKHHX
TEXHOJIOTiH, TOMY CTBOPIOIOTHCSI HOBI Ta BJIOCKOHATIOIOTHCS
paHine BiZOMi MOBHM IIporpaMyBaHHs. Y  0ararbox
myOmiKamisx BUKJIaCHI OIHCH pobiieM 1 mozeneit Big data
Ta MiAXOH A0 1X MPaKTUYHOTO BUPILIEHHS.

Tax y 2010 pori cTBopeHa MOTYyXKHA CHCTEMa THYYKOTO
momyky, 30epiranHs Ta Bisyamizamii maHmx ELK
(Elasticsearch, Logstash, Kibana). IIpoTsrom octaHHiX
I’SITM POKIB BOHA CTa€ Jy)Ke TOMYJISIPHOIO CepeJl aHaTITHKIB
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Benukux aaHux 3aBASKA CBOIM MOXJIMBOCTSIM, HPOCTOTI
OCBOEHHS 1 3acTocyBaHHI [ 1, 2].

II. CKJIAZIB3AEMOIA TIACUCTEM ELK

Crek ELK cknagaetses 3 TphOX TOJOBHUX KOMIIOHCHTIB,
skl Ha BeneHi Ha Puc.1.

% ELK

| ElasticSearch

- 36epiraHHa AaHux

Kibana

- Bizyanizauis aaHux
- MOHITOpWHT cucTem

Logstash

- 3UMTYBaHHA AaHWMX
- Monepeans 0bpobka
- 3aBaHTaxeHHA AaHMX

Puc. 1. Crpykrypa nincucremu ELK

[Mincuctema Logstash mae 3mory mnepeaatu jaHi,
BIJIYYHTH iX 3 0a3m HaHux, 3 (airy, abo 3 BCTAHOBICHOTO
KJIIEHTY, 110 30UpaE JIOTH, a TAKOXX MOXKE TIEPETBOPIOBATH 1X
Ha TOTPiOHMI (GopMaT YM CTPYKTYpy Ta 3aBAaHTKHUTH Y
Oynp-sike cxoBuile AaHux. KpiM Toro, BoHa I03BOJISE Y
Oynp-sKuif 9ac mepenaTu dani 10 migcucremu Elasticsearch.

3a cBoimu (Qynkiismu Logstash — 11e moBo mpocTHid
IHCTPYMEHT, SIKMH Mepelac JaHi 3 OJHOro 4u 0arathbox
BXOJIB Ta BUBOJIUTEL 1X HAa ONMH, YM JEKiabKa BuxoaiB. Ha
BXOJlaX MOXYTh OyTH OyIb-iKi JpKepella NaHWX, TakKi sK
¢aiim xypramiB abo noru. Ilicnsa Toro sk BXimHi HaHi
Oynyts 3umTaHi, logstash amamizye iX 3a JOIOMOIOIO
KoJiekiB, Takux sk JSON [2].

Komm nani mepemiugyroTbCcs 3 JDKEpena B CXOBHIIE,
¢imeTpm Logstash ~ aHamiz3yloTh ~ KOXHY — TOZIfO,
IICHTU(IKYIOTh HA3BU TOJIB U1 NOOYIOBU CTPYKTYpH Ta



MEPETBOPIOIOTh 1X Yy 3arajibHuil (hopmar Jyisi MOJETIIEHHS,
npuckopeHoro ananizy. Logstash nuramiuHOo Tpancdopmye
Ta TOTYE JaHi HE3aJeXHO Bij ¢GopMaTy abo CKJIaJHOCTI:
CTBOPIOE  CTPYKTYpy 3  HECTPYKTypOBaHHMX  JIaHUX,
po3umdpoBye reorpadidHi KOOpAMHATH, aHOHIMI3YE IaHi.
IIpn upoMy xapakTepHOIO € mpocTtoTa OO0pOOKM JaHuX
HE3aJIEKHO BiJ [pKepesa JaHuX, GopMaTy 4u CXEMH.

MoxnuBHi BUIIISA CTPYKTypH (aitnmy koHpiryparii
Logstash naBenenuii Ha Puc.2.

input{
file {
path => "/

start_position b ﬁnmq‘

#ﬂ&pua YaCTHHA (O'Ifl‘] QBNW CKNBNAETbCA 3 KOMAHA, WO 34MTYOTb 1HOpMaUll 3 MOTP1OHOrO Xepena AaHMx

"timestamp" , "dd/ yyyy:HH:nm:ss.5SS" ]

wHa config ainy exmeyae B cebe GLNbTPYBEHHA MAHHX.

output{
elasticsearch {
hosts => ["localhost:9200"]

# Tpera vactuia config gailny cknapaetbca 3

}
!

BUBE[IEHHA NaHMX B HEODX1jHE CXOBMUE.

Puc. 2. Tlpuxnan daitny kondirypauii Logstash.

Kpim Toro, Logstash Bifcrexye BBemeHi aaHi, siKi BiH
00pobisie. ToMy HOTO MOXKHA TIEPE3aIyCTHTH 0€3 PH3HKY
nyonroBanHs gaHux. Xoua Logstash nammcano B Ruby,
MpaIoe BiH JyXe MBHIKO. [lakeTHa Bepcis 3amycKaeThes
Ha JRuby, i BOoHa BUKOpPHUCTOBYe MOxJuBOocTi JVM B
MOTOIi, BUKHUAAIOYM JCCATKH TMOTOKIB JUIA Tapalienizamii
00pOOKH TaHUX.

Logstash moxe 30epiratu mani y Omomi Elasticsearch,
SIKMM TaKOXK 3aIlyIleHH Ha MallvHi, ae mpaiioe Logstash.
Elasticsearch Bukonye posnp cxoBuia ganux. ElasticSearch
— me He 0a3a OaHMX, fKa MOXE CHPHUHMATH Bce, IO
KopHuCcTyBay 3a0akae MMOMICTHUTH JIO Hel, ane BiH MaciTaldye
JIaHi, KO Iie MOTPiOHO.

Cran Elasticsearch [3] - 1me KOpOTKe, OTHOPSIIKOBE
BimoOpaxenns iHpopmarmii ( / _cluster / health) (ams.
Puc.3) mpo craryc, ouikyBaHHs iHdopMaii, 3alHATHI
o0cr mam’sTi, TOIIO.

&« C | @ localhost:3200/ cat/healtt

: Apps

1536588559 17:09:19 elasticsearch yellow 1 1 351 351 6 © 356 @ - 50.1%

Puc. 3. Bino6paxenns crany Elasticsearch y 6pay3epi.

3a nmomomoroto mpoctoi komanu (/_cat/indeces) MoxxHa
nobaynTy HacTynHy iH(popmalito (puc. 4): cTaH iHJIEKCY,
CTaTyc, Ha3By, 00 €M, KUIbKICTh PSIIKIB, pPO3MIp Ha JIUCKY,
TOLIO.
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& C  © localhost:9200/ ca e

1 Apps

yellow open rsts- 51 4749387 19 1.4gb 1.4gb
yellow open -2013 51 178 0 320.9kb 326.9kb
yellow open -2016 51 | 0 10.5kb 16.5kb
yellow open -2017 51 4 0 37.3kb 37.3kb
yellow open -1992 51 2 & 17kb  17kb
yellow open -2015 51 43 6 314.6kb 314.6kb
yellow open -1986 51 11 6 102.4kb 102.4kb
yellow open wnloa 51 787365 127856 295.1mb 295.1mb
yellow open -2036 51 1 8 10.4kb 16.4kb
yellow open -2019 51 3 0 28.8kb 28.8kb
yellow open -2017 51 5 0 46.4kb 46.4kb
yellow open -2019 151 1 0 10.4kb 16.4kb
yellow open wnloa 51 72926 17 24.7mb 24.7mb
yellow open -2010 51 112 0 268.1kb 268.1kb
yellow open -1981 # w51 1 0 10.4kb 16.4kb
yellow open -2017 B 5 1 3 0 18.6kb 18.6kb
yellow open -2024 igg 51 X 0 10.4kb 16.4kb
yellow open rsts- 5.990 5 1 28846444 51 8.8gb 8.8gb
yellow open -2019 g 51 5 0 47.2kb 47.2kb

Puc. 4. BinoOpaxenns inaekciB Elasticsearch Ta indopmanii npo HUX Y
Opaysepi.

OcTaHHIM KPOKOM € BiJIoOOpaKeHHsI ~pe3yJIbTaTiB
ananizy. Kibana e nos’s3ana 3 ElasticSearch, Tomy Bci
IH/IEKCH B)XKE€ 3HAXOMASAThCS B Hill, TOXK TpeOa Jiuie BUOpaTu
TOM, IKMH y TojabIiii poOoTi HeOOXiqHUH IS aHAIIRY.

Kibana mae noOpuit iHTepdeiic s Bizyaumizanii
BEJIMYE3HOI KUIBKOCTI JJAHUX 1 JTO3BOJIE Kpalie 3po3yMiTh
JaHl yepe3 aHalli3 Ta Bizyajli3allifo, 10 MOKHA CTBOPHUTH 3a
JiueHi XBWIMHHM. He3Baxaioum Ha MPOCTOTY JaHUX
IHCTpYMEHTIB, BOHH IyXe NOTyXHi. HasBHICTh mabioHiB
pO3rOpTaHHs JIO3BOJIAE JITKO BUOpaTd amapaTtHi Ta
apxiTeKTypHi mpo¢im, #AKi HalKpame BigIOBITaOTH
noTpedaM KopucTyBaya.

Kibana - enuHWI KOMIIOHEHT, KU HE PE3epPBYETHCH,
TaK SIK BHXI1Jl HOro 3 JiaJy He BIUIMBA€E Ha Ipolecu 300py i
00po0OKu iH(opMaIii.
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Puc. 5. Ilpuknax oxuHM4HOI Bi3yanizamnii 3a ronomororo Kibana.

Kibana no3Bonsie [4] 6yz[yBaTH aHaji3 3a TaKUMHU
HanpsMKaMH, K Te0JOKalis, KiUIbKiCTh, YaCOBi MPOMIXKH,
touio (puc.5). OkpiM 1bOT0, BCi 300pa)KeHHs MalOTh TapHy
rpadiky. Ix MoxHa 06’eaHyBaTH y iHdopmariiini manemni
dashboards, 3aBzsiku YoMy Bechb HEOOXiTHHMN aHA3 MOXe
OyTu 3i10paHuii Ha onHIN cTopiHi (JUB. puc.6).



ELK-crek npusHa4deHuii Uil BUCTEXKYBaHHs iHPopMarliii
Yy peaJbHOMY 4aci, TOMY IICJIA 3aIyCKy yCiX KOMIIOHEHT,
SKIO JpKepello Bxoay iHdopmaliii Oyne MOMOBHIOBATHCS
HOBUMH JIJAHUMH, yCi KOMIIOHEHTH OYyyTh BiJICTEXKYBATH iX,
JI0JIaBaTH y CXOBHILE Ta BiZoOpa)kaTh Ha Bizyaiizaiisx 0e3
mepe3amycky ix cammx. lle ayxke 3py4HO, SKIIO JaHi
HAAXOIATH ITOCTIMHO.

III. 3ACTOCYBAHHSI ELK-CTEKY .

Hdus  marmamHOi memoHcrpamii  pobotm  ELK-creky
oOpaHi JaHi Npo KpaiHW, SIKi IOJIOOJSIOTH BiJIBiAYyBaTH

TypucTH. Puc. 7 CBigYMTh, IO KUIBKICTH TYPHCTIB, SIKi
npuOynu 3a onuH aeHb no luaii, Tainanmy, ABcrpanii ta
SnoHii nepeBaxkae MOKa3HUKH 1HIINX KpaiH.

KpiM BifBiTyBaHOCTi, TaKOX € CTaTUCTHKA 3allUTiB B
IHTEpHETI TpO HaMNpuBaOIMBILI KpaiHW JUIS TYPHCTIB.
KinbkicTs 3anMTiB Ha JeHb NepeBaXxae y Tainanmy, mpo mo
cBimuaTh JgaHi HaBemeHi Ha puc.§. Takoxk BaxIMBO
BpaxoOBYBAaTH HE TUIbKHM 3alMTH, ajle 1 peajbHI JaHi Ipo
KpaiHH Ta iX MicTa, SKi HOMYJSApHI cepe TypPHUCTiB, PO IO
rTapHO CBiAYUTH MOABiiHA KpyroBa miarpamia. Ha puc.9
KpaiH# Ta MicTa YMOBHO ITO3HAY€HI YUCIaMH.
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Puc. 6. Ilpuxman naHensHoI Bisyani3amii 3a gomomororo Kibana.
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Puc. 7. Bisyauizanist KUIbKOCTI BiIBilyBaHb KpaiH 32 OJIMH JCHb.
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Puc. 9. .Kpyrosa fiarpama nomyJIsIpHOCTI MICT Ta KpaiH.

[BuakicTh poboTH Ta Bizyamizaii 3a gonomorow ELK-
CTeKy [IIHCHO Bpakae. AOHM 3aBaHTAXWUTU JaHi Ta
noOyayBatu 3po3ymini rpadiku, 3HaHOOWIOCS 2 TOMWHH.
[MpuToMy, 1o KUIBKICTH AaHMX csAraga npubausno 30
MminbioHiB. ELK-cTek mo3Boise He TUIbKM OyayBaTu
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Puc. 8. KinbKicTh 3amuTiB B iHTEpHETI LI0/I0 MOJAOPOXKEN 10 KPaiH 3a OJUH
JIeHb

KpyroBi abo CTOBMYACTI Aiarpamu, ane i Ja€ 3MOry 4iTKO
Bi3yai3yBaTH JaHi 3 TeorpaiuHIMH OISIMA Ha JETaTbHIN
mari cBiTy. OKpiM sickpaBoi Ta 3po3yminoi rpadiku, Kibana
MOX€ BHBOIWTH 3TPYIOBaHI Ta BIiJCOPTOBaHI MmaHi Yy
TaOJUISIX, METPUKAX ab0 CTPOKax.

BHUCHOBOK.

ELK-cTex € DOCTYmHHM, BHCOKOSKICHUM, HaIiiHUM i
NPOCTHUM Yy OOCIYyroBYBaHHI IHCTPYMEHTOM, SIKMHA Haaae
MOJKJIMBICTD 3a JIIYeHI XBWJIMHHU JOCTABHUTH, BIOPSIKYBaTH
Ta BisyanmisyBatu Benuki mani. Jlana cuctema Hazae HOBI
MOJKJIBOCTI JUTSI CTBOPEHHSI KOMEPIIIHIX 3BiTiB (YHIKaIbHI
mipaxyHKH, TOCTIIOBHOCTI MepexoiB Tomro). Bona mobpe
3axMIIeHa Ta MIBUJIKO TMPAIIOE, 10 IYXKE BAXKIUBO [UIs
cucteM 00poOku Benukux naHux.
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Abstract—The article describes an expert system for
monitoring and preventing natural emergency situations on
automobile roads. A method for generating fuzzy SOL queries,
based on standard language constructs, is developed. An example
of constructing a fuzzy logic based selection of projects on
preventing natural emergency situations on automobile roads is
considered. The direction for further work is related to the
development of an intelligent interface for the expert system for
monitoring and preventing natural emergency situations on
automobile highways.

Keywords—natural emergency situations, fuzzy logic, fuzzy
set, membership function

L.

Modern automobile highways (AHs) are the driver of
development of the Ukrainian economy. To increase the
volume of transportation and improve the investment
climate, it is necessary to create a modern network of AHs.

However, the condition of a vast majority of AHs with
respect to their use for traffic is unsatisfactory. Moreover,
97 % of all AHs are completely worn down and require
capital repair or maintenance. Ukraine ranks 132" in the
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world in terms of the level of development of AHs. In
addition, more than 9.6 thousand bridges in terms of
technical parameters do not meet the requirements of modern
standards and actual load, 1923 bridges require urgent
repairs, and 86 bridges are in unsafe condition. Such a
position of public roads and bridges does not ensure to the
full extent a speedy, comfortable, economical, and safe
transport of passengers and freight, development of transit
traffic; creates social tension; reduces the competitiveness of
the Ukrainian economy; hinders the further socio-economic
development of Ukraine and its integration into the European
community. To solve the problem, the Government of
Ukraine approved the Concept of the state target economic
program for the development of public roads for 2018-2022

[1].

In the last decade, there observed a steady trend of
increasing anthropogenic pressures on the environment, land
degradation, global climate change. All these causes
activation and intensive development of dangerous natural
processes and phenomena, increases the vulnerability of the
population and territories to natural emergency situations
(NES). The insufficient efficiency and development of
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systems for monitoring potentially dangerous natural
processes and phenomena, absence or poor condition of
protective engineering structures are also important factors
that affect material losses, and in some cases also human
ones [2].

The implementation of preventive measures, projects,
programs and strategies for protecting the population and
territories reduces potentially negative consequences of
emergency situations. The strategy for preventing NESs is
aimed at solving the following tasks: prevention of causes of
NESs; prevention of NESs and maximum mitigation of their
consequences. The unstable economic situation in Ukraine
makes it difficult to fully protect the population and
territories from NESs. In addition, all existing projects on
preventing NESs are very expensive and require significant
financial, material, technical and human resources.

Particular attention should be paid to monitoring and
preventing NESs. The problem of monitoring and predicting
potentially dangerous sources of possible NESs can be
solved by conducting multi-criteria analysis of various
situations and making scientifically based effective
decisions.

The main tasks of the system for monitoring the threat of
NESs on AHs are [2]: conducting observations of sources of
NESs and AHs; collecting, processing and analyzing
information on sources of NESs and AHs; creating a data
bank on sources of NESs and condition of AHs; predicting
NESs on AHs; providing government bodies and other state
organizations subordinated to the Government of Ukraine,
local executive and regulatory bodies with information on
the threat or occurrence of NESs on AHs [2].

II. PROBLEM STATEMENT

Based on the monitoring and expertize of sources of
NESs on AHs and condition of the roads, there identified the
AR sections and roadside facilities that require
implementation of preventive measures and works
considered as a set of possible projects on preventing NESs
on AHs.

All of these projects define a strategy for preventing
NESs on AHs. The strategy for preventing NESs is aimed at
creating sustainable development conditions and ensuring a
significant mitigation of risk and decrease of losses from
NESs.

Due to the lack of financial resources for the
implementation of the whole range of measures to minimize
the risk of occurrence of NESs, the task of optimal
distribution of the allocated financial, material, technical and
human resources among all possible projects on preventing
NESs on AHs comes to the fore.

For this purpose, the evaluation and ranking of possible
projects on preventing NESs on AHs is performed, with
regard to multi-criteria analysis of all possible projects on
preventing NESs on AHs, based on expert information, i.e.,
their advantages and disadvantages are considered from the
system point of view. The evaluation of possible projects on
preventing NESs on AHs can be carried out according to the
following criteria: frequency of occurrence of NESs on the
given section of the AR; damage in the event of NES on the
given section of the AR; capital costs for the implementation
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of works to prevent NESs on the given section of the AR,
etc.

For carrying out multi-criteria evaluation of possible
projects on preventing NESs on AHs, it is suggested to use
the hierarchy analysis method, which, based on expert data,
allows ranking projects on preventing NES by their
significance based on the given criteria.

The prediction and prevention of NESs is currently being
implemented largely on the basis of poorly formalizable and
completely non-formalizable knowledge, which are the result
of years of observations, experience and intuition of various
specialists [3]. Under these conditions, expert systems (ESs)
are an important tool to solve problems of modeling and
predicting dangerous events.

ESs for monitoring and preventing NESs on AHs are
sophisticated software packages intended for collecting,
processing and generalizing poorly formalizable knowledge
of experts. Therefore, when developing a knowledge base for
ESs, it is necessary to use the fuzzy logic technique that will
allow formalizing the procedure for evaluating sources of
NESs on AHs and make scientifically based decisions to
prevent NESs on AHs. A fuzzy ES for monitoring and
preventing NESs on AHs uses knowledge representation in
the form of fuzzy products and linguistic variables [3].

Figure 1 presents a fuzzy logic structural model of an ES
for monitoring and preventing NESs on ARs [3].

III. THE METHOD FOR FUZZY SELECTION OF PROJECTS ON
PREVENTING NESS ON AHS

One of the elements of the system under consideration is
the knowledge base. It is necessary to develop means to
form a strategy, which contains projects on preventing NESs
on AHs, based on fuzzy logic inference in the relational
database. Fuzzy logic search and inference is based on the
theory of fuzzy sets and is implemented through fuzzy SQL
queries [4]-[7].

Sources of natural
emergency situations

Select a project to prevent
of natural emergency
situations

Automobile highways
sections

A 4

Interface

A

Defuzzification

i

Fuzzification

\

A

Fuzzy Rules Base

Knowledge base, data
and precedents

»

Fig. 1 The fuzzy logic structural model of an ES for monitoring and
preventing NESs on ARs

The final decision-making takes into account the whole
set of criteria for the implementation of measures, even, at



first glance, insignificant ones, which makes the decision
most suitable to the reality.

After the synthesis of resulting (generalized) estimates
and the ranking of projects, it is necessary to formulate a
strategy for preventing NESs on AHs for the future,
representing the portfolio of projects.

Based on the received portfolio of projects on preventing
NESs on AHs, it is necessary to form a portfolio of projects
on preventing NESs for the current period, which requires
more detailed and accurate information.

In work [2] the information and reference support for the
technique for monitoring and preventing NESs on AHs was
developed. Information on sources of possible NESs,
operating conditions is stored in relational databases. There
is also a database of possible projects on preventing NESs on
AHs. When developing a strategy for preventing NESs on
AHs and a program for preventing NESs on AHs, it is
necessary to select from the database of possible projects
those that have the best value/cost ratio. This choice is
supposed to be carried out using fuzzy queries.

The method of fuzzy data selection is based on the theory
of fuzzy sets, which was first proposed by Lotfi Zadeh [9]-
[11]. To implement fuzzy queries, it is necessary to formally
describe the sets of values of terms in a logical expression.
The model of such structures is the linguistic variable (LV)
corresponding to the used fuzzy concepts of “low cost”,
“high value” [4]. In this case, there should be defined
universal sets of these variables, sets of basic terms, and
membership functions for each term, taking into account the
requirements imposed on them [4].

Let us consider an example of a fuzzy selection of
projects on preventing NESs on AHs. Fuzzy data selection in
the relational database is performed through SQL queries.
All information about possible projects on preventing NESs
on AHs is stored in the database in the table TProject (Tbl.
1), which has the following columns: id — the number of the
projects on preventing NESs on.

AHs, TWorth — the value of the projects on preventing
NESs on AHs, TValue - cost (UAH ths).

TABLE I. INFORMATION ON PROJECTS ON PREVENTING NESS ON AHS

s

TWorth TValue
1 0,20 60
2 0,17 35
3 0,16 50
4 0,11 18
5 0,1 45
6 0,07 18
7 0,06 30
8 0,05 6
9 0,04 25
10 0,03 25

To implement fuzzy queries, we formalize two linguistic
variables: “Cost” and ‘“Value”. The linguistic variable
“Value” has the following form:

To implement fuzzy queries, we formalize two linguistic
variables: “Cost” and “Value”. The linguistic variable
“Value” has the following form:
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<BY,T.G,M>, (D

where B - “Value”; ¥ =[0.03;0.20] - the scope of

definition of the linguistic variable; 7={“high”, “medium”,
“low”}; G - the syntactic procedure for the formation of
new terms with the help of the connectives “AND”, “OR”
and the modifiers “NO”, “VERY”, “MORE OR LESS”; M -
the procedure for setting on the set W the fuzzy sets
A="“low”, B="medium”, C="high”, and fuzzy sets for terms
according to the rules for translating fuzzy connectives and
modifiers and other operations on fuzzy sets.

Let us define trapezoidal membership functions for the
variable “Value™:

I, xe[0,0,03]

1, (1) =1(006-%/0.03, xe(003006]; @)
0, x>006
0, x<0,05x>0,12
(x—0,05)/0.03, x [0,05,0,08)

oD =91 L c0.08:0.1] )
(0,12—x)/0.02, xe(0,1:0,12]
0, x<0,1

Ho()=1(x=011)/0.04, xe[0]11,015). 4)
1, x€[0]15,02]

The graphs of the membership functions are shown in
Figure 2.
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Fig. 2. The membership function of terms of the variable “Value

The linguistic variable “Cost” has the form:

<y,I,T,G,M >, (5)

where ¥ - “Cost”; I' =[6;60] ; T={*low”; “medium”;
“high”}; G- the syntactic procedure for the formation of
new terms with the help of the connectives “AND”, “OR”
and the modifiers “NO”, “VERY”, “MORE OR LESS”;
M - the procedure for setting on the set I' the fuzzy sets
D="“low”, E=“medium”, F="high”, and fuzzy sets for terms
G(T) according to the rules for translating fuzzy
connectives and modifiers and other operations on fuzzy
sets.

Let us define trapezoidal membership functions for the
variable “Cost”:



1, yel6l5]
Hy(=4(20-3)/5, ye(1520]; (6)
0, x>20
0, y<l18;y>40
(y—18)/4, ye[18;22)
n(»= . ; (7
1, ye[22:35]
(40— y)/5, ye(35;40]
0, y<38
(N =1(y-38)/7, ye[3845); (3)
1, ye[4560]

The graphs of the membership functions are shown in
Figure 3.
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Figure 3 - The membership function of terms of the variable “Cost”
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Table 2 presents the projects and the calculated degrees
of membership.

TABLE II.
PROJECTS AND THE CALCULATED DEGREES OF MEMBERSHIP
TWorth TValue
id TWorth TValue
u/l uH l"l'c p[? H'E ”’F

1 0,20 60 0 0 1 0 0 1
2 0,17 35 0 0 1 0 1 0
3 0,16 50 0 0 1 0 0 1
4 0,11 18 0 0,5 0 0,4 0 0
5 0,1 45 0 1,0 0 0 0 1
6 0,07 18 0 0,67 0 0,4 0 0
7 0,06 30 0 0,33 0 0 1 0
8 0,05 6 0,33 0 0 1,0 0 0
9 0,04 25 0,67 0 0 0 1,0 0
10 0,03 25 1,00 0 0 0 1,0 0

Let us consider a fuzzy selection in the form of the SQL
query “to find all projects of medium value and low cost:

select * from TProject where (TWorth ="cpenusisn™ and
TValue="uuszkas”);

The fuzzy selection result is presented in Tabl. 3.

In this query, the two parameters are determined by the
degree of membership and the operator “and” is defined as
the Cartesian product of fuzzy sets.

Fuzzy queries can be used effectively to select
information from relational databases using qualitative
criteria and fuzzy conditions/
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TABLE IIT THE RESULT OF A FUZZY SELECTION OF PROJECTS ON
PREVENTING NESS ON AHS

TWorth TValue
ld TWOI’th TValue M A l’l' B “ C l’l' D “ E l"’ F
4 0,11 18 0 0,5 0 0,4 0 0
6 0,07 18 0 0,67 | 0 0,4 0 0
CONCLUSION

In the article, a structural model of the expert system for
monitoring and preventing natural emergency situations on
automobile highways is developed, which, unlike known
ones, is based on fuzzy logic. The method for fuzzy selection
of projects in the expert system for monitoring and
preventing natural emergency situations on automobile
highways is elaborated, which, unlike known ones, is based
on the value/cost fuzzy evaluation of possible projects on
preventing natural emergency situations on automobile
highways. This allows to adequately assess sources of natural
emergency situations and condition of automobile highways
and on this basis choose effective projects. An example of
constructing a fuzzy query for the selection of projects on
preventing natural emergency situations on automobile
highways is considered. The processing of fuzzy queries
results in an intelligent search, when the exact request
attributes are fuzzy or undefined. This significantly
simplifies the work with large volumes of various data for
experts. The direction of further work is related to the
development of an intelligent interface for the expert system.

REFERENCES JIITEPATYPA
[1]

Pro skhvalennia Kontseptsii Derzhavnoi tsilovoi ekonomichnoi
prohramy rozvytku avtomobilnykh dorih zahalnoho korystuvannia
derzhavnoho znachennia na 2018-2022 roky. Available at:
http://zakon3.rada.gov.ua/laws/show/34-2018-p. Accessed: 2 March

2018.

Nefedov, L. 1., Fil’, N. Yu., Gubin, Yu. L., Mel’nichenko Ye. M.
(2011). Modeli i metody upravleniya chrezvychaynymi situatsiyami
na magistral’nych avtomobil 'nych dorogach. KhNADU, 136.

Drobnohod, N. I. (2001). Ustoychivoye ekologicheski bezopasnoye
razvitiye: ukrainskiy kontekst. Zerkalo nedeli, 21, 15. Accessed: 2
March 2018.

Shtovba, S. D. Vvedeniye v teoriyu nechetkikh mnozhestv i
nechetkuyu logiku. [Introduction to the theory of fuzzy sets and fuzzy
logic.] Available at: http://matlab.exponenta.ru/fuzzylogic/bookl.
Accessed: 2 March 2018.

Paklin, N. B. Nechetkiye zaprosy k relyatsionnym bazam dannykh.
[Fuzzy demands to relational databases.] Available at:
http://www.basegroup.ru. Accessed: 2 March 2018.

(2]

B3]

(4]

[3]

[6] Chuykova, E. N., Molchanov, A. A. Formirovaniye nechetkikh
zaprosov k baze dannykh. [Assignment of fuzzy demands to the
database.] Sbornik konkursnykh rabot Vserossiyskogo
smotrakonkursa nauchno-tekhnicheskogo tvorchestva studentov
vysshikh uchebnykh zavedeniy «Evrika-2007». [Collection of entries
of the All-Russian competition of sci and tech creativity of university

students “Eureka-2007".] Novocherkassk : Oniks+, 2007, pp. 38-40.

Moiseyenko, S. I., Levchenko, V. A. Translyatsiya operatorov
relyatsionnoy algebry v SQLoperatory. [Translation of relation
algebra statements to SQL — statements.] Vestnik of DSTU, 2005,
vol. 1, no. 1, pp. 691-696.

Zadeh, L. A. The concept of a linguistic variable and its application to
approximate reasoning - I Information Sciences, 1975, vol. 8, iss. 3,
pp. 199-249.

Zadeh, L. A. The concept of a linguistic variable and its application to
approximate reasoning - /1. Information Sciences, 1975, vol. 8, iss. 4,
pp. 301-357.

[10] Zadeh, L. A. The concept of a linguistic variable and its application

to approximate reasoning - III. Information Sciences, 1975, vol. 9, iss.
1, pp. 43-80

(7]

(8]

9]



OcobmmBocTi MoaentoBanHs IIporecis
OuinroBaHHs [loTounoro 1 IIporaozoBaHoro
Texniunoro Crany ABTOTpaHCHOPTY IIPH
Jl1arHocTyBaHHI

O. B. Jlaniina

Ooecvra deporcasna akademis
MEXHIYHO20 Pe2yNI06aHHs Ma AKOCHI,
Opeca, Ykpaina
elapina@ukr.net

. M. Aunpina
Ooecvka deporcasna akademis
MEXHIYHO20 Pe2yNIOBAHHS Ma AKOCI,
Opeca, Ykpaina
andritsa@gmail.com

K. P. Jlanin
Ooecvka depacasna axademis
MEXHIYHO20 Pe2yNI06aHHsA Ma AKOCHII,
Opeca, Ykpaina
lapinkaren@gmail.com,

4. 1O. AnekceHko
Ooecvra deporcasna akademis
MEXHIYHO20 pe2y08aHHs ma SKOCMi,
Opeca, Ykpaina
yaroslav_barcafans@gmail.com

Features of Modeling Processes Estimation of
Current and Forecast Technical Condition of Motor
Transport at Diagnosis

Elena Lapina

Odessa State Academy of Technical Regulation and Quality,
Odessa, Ukraine
elapina@ukr.net

Dmitry Andritsa
Odessa State Academy of Technical Regulation and Quality,
Odessa, Ukraine Oneca, Ykpaina
andritsa@gmail.com

Anomauia — Posenanymi acnexkmu mooent06anna npu
OUIHIO6AHHI NOMOYHO20 i NPOZHO306AHOZ0 MEXHIUHO20 CMAHY
asmomodina  npu  OiazHOCMYGaHHI. Ilpoananizosano
npogedenHs KOHMPONI0 napamempie cmawy MpaHCROPMHUX
3acobie ¢ cucmemi iHghopmauinnozo 3a6e3neuenna MexHiuHozo
diaznocmyeanns.

Knwuoei cnoea — moodentosanns, 006ciyz08yeanns, mooenn,
diacHocmyeanns, MpPancnoOpmuuil 3acié, mexHiYHuil cmau,
npayezoamuicme, Haldilinicmb, napamemp, OiaZHOCMUYHA
Mooeny.

Abstract - The aspects of modeling are considered in the
estimation of the current and predicted technical condition of the
car during diagnosis. The control of parameters of the state of
vehicles in the system of information provision of technical
diagnostics has been analyzed.

Keywords - modeling, maintenance, model, diagnosis, vehicle,
technical condition, performance, reliability, parameter,
diagnostic model.
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Jnst  eeKTUBHOTO OLIHIOBAaHHS TEXHIYHOTO
aBTOTPAHCIIOPTY  HEOOXIMHO  PEryIsIpHO  TPOBOAUTH
KOHCTPYKTHBHY  MOJCPHI3allil0  3aco0iB  TEXHIYHOTO
NiarHOCTYBaHHA. 3aCTOCYBaHHS HOBHX TEXHOJIOTIYHHX Ta
iHdopmauiitHnx MeTozaiB BUOOPY cTparerii 00CIyroByBaHHs
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Ta PEMOHTY aBTOTPAHCIOPTY CIPHUS€ YIOCKOHAJIEHHIO
TEXHIYHOTO  JiarHOCTyBaHHS.  TOYHICTh  pe3yJbTaTiB
MIarHOCTYBaHHS  3aJICKHUTh  BiJ  BIPHOCTI  BHOOpPY
MepeBIipsiEMHUX MapaMeTpiB, SKI 3YMOBIIOIOTh METOJUYHY
MOXMOKY, Ta CTYIICHS JTIOCKOHAJIOCTI 3aco0iB
JIarHOCTYBaHHS, SIKI  3yMOBJIOIOTh  IHCTPYMEHTAJbHY
moxuOKy. Bemwki mOXwOKH BUMIpIOBaHb IPU3BOISATH [0
MOMHJIOK TPH OIIHIOBaHHI HOTOYHOTO 1 MPOTHO30BAHOTO
TEXHIYHOTO CTaHy aBTOTPAHCIOPTY.

IL

CrpiMKi TeMIH PO3BUTKY 1 BIPOBaKEHHS B yci cdepu

OCHOBHA YACTHUHA

IISUTGHOCTI CyYaCHHMX TEXHIYHHX CHCTeM, Oe3lepepBHe
3pOCTaHHA iX CTPYKTYpHOI CKJIaJHOCTI 1 pPO3MIpHOCTI,
CHeIiaNi3oBaHi yMOBH 3aCTOCYBaHHS 1 BHUMOTH [0
0e3BiZIMOBHOCTI ~ BUKOHYBaHMX  (QYHKIIH  BH3HAYaAIOTh

aKTyalbHICTh TPOOJIEMH HAIIHHOCTI, SAKOCTI 1 Oe3meKu
eKCIUTyaTalii TEeXHIYHMX 3aco0iB. Benuke 3HauceHHS B
YCIINTHOMY BHUPIIICHHI WX 3aBAaHb HAJICKHUTH METOAaM 1
3ac00aM KOHTPOJIIO 1 TEXHIYHOI 1IarHOCTHKH.

ITpu excrutyaramii ciniJ BpaXOBYBaTH BUMOTH TEXHIYHOTO
KOHTPOJIFO - CBOEYAaCHO BU3HAYaTH AIHCHUII CTaH 00'ekTa
(ctipaBHUM, MOMYCTUMUH, TIepeaaBapiiHui, aBapiitHuil), i, B
pasi HeCNpaBHOCTI, €EKTUBHO BHSBIIATH 1 yCyBaTH BUHUKII
TeeKTu.
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[mKeHepHa TpakTHKAa BCE YacTille CTUKAEThCA 3
npoGIiemMoro BUPIIICHHS 3aBJIaHb JIIarHOCTHUKH
TPAHCHOPTHUX 3aCO0IB 3 BEIUKUM YHCIOM MOXIIUBHX
MOIIKO/UKEHb, MI0 BHMAararoTh MIBWAKOI JIOKamizarii Juis
3armo0iraHds Cepio3HMX aBapiHUX HaCHiAKIB. BupimeHHs
LUX 3aBAaHb BHMarae po3poOKH MaTeMaTHYHHX MOJEINeH,
METOMIB 1 aNropuTMiB €()DEeKTUBHOTO BUSBICHHS AE(EKTiB,
SIKI MOYKHA 3aCTOCYBATH HE TUIbKHM B KOHKPETHIH NPUKIIaIHIHA
00J1acTi, ajne [0 BOJOMIIOTh BIACTHMBICTIO CIIIBLHOCTI IS
BEJIMKOT'O KJIACY TEXHIYHUX CUCTEM.

[Ipobnema onrTumizarmii crparterii miarHOCTYBaHHS 3
METOI0 OIIEPaTUBHOI JIOKaJIi3allil Ta YCYHEHHs TOIIKO/PKEHb
ICTOTHO 3aroCTpPIOETHCS, 3 OTJLILYy HAa BUMOTH HAIiHHOCTI.
BupimieHHss 1pOro 3aBIaHHs MPUAMAaE MEPIIOUEPrOBOTO
3HAYeHHS U1 3aco0iB, SAKICTh (DYHKIIOHYBaHHS SKHX
iICTOTHO BIUIMBA€E Ha €KOJIOT1YHY OOCTAHOBKY, 1 HECBOEYACHE
BUSIBJICHHS JIeEKTIB MOXKE TPHU3BECTH N0 HebaKaHUX
HACJTIIKIB. Onrumizanis YIPaBIIHCHKUX pilleHb,
3a0e3IeYeHHs] ONEePATHBHOIO KOHTPOIO Ta JIIarHOCTYBAHHS
TEXHIYHOTO CTaHy TPAHCIIOPTHUX 3aCODIB € aKTyalIbHOIO, 1110
BUMarae ocoOJIMBOI yBaru pooIeMoro.

Oco0aHBICTIO OYIb-IKOT TEXHIYHOI CHCTEMH 5K 00'ekTa
JIarHOCTYBaHHS € TICHHI B3a€MO3B'S30K EJIEKTPUYHHX,
SJIEKTPOMEXAHIYHNX 1 MEXaHIYHUX HPHUCTPOIB 1 EIIEMEHTIB,
IO BIAPIBHAIOTBECS  (YHKIIOHAILHUM TNpPU3HAYCHHAM 1
npuHImoM aii. Ilpm ommci X TEXHIYHOTO CTaHy JIOTIYHO
3aCTOCOBYBAaTH Ti MaTeMarnydHi (opMmyisH i amaparu, sKi O
HaMKpamyuM YUHOM BiIMOBINANH MOMIYKY Ne(PEKTy B LEOMY
puCTpoi (IUdepeHIiabHi, PI3HUIECBI, JIOTIUHI PIBHSIHH,
(YHKIIOHANBHI, CTPYKTYpPHI CXEMH, Opi€HTOBaHI rpadmu,
KIHIICBI aBTOMATH 1 T.I1.)

[Ipu MoznemoBaHHI BiIOYBA€ThCS CIPOIICHUHA TIi€0 YX
IHIIIOI0 MIPOXO0 PO3MIISJ SIBHIIA, SKE JOCIIKYEThCsA. [Ipu
n0oMy TOTpPIOHO BH3HAYHTH OCHOBHI 3aKOHOMIPHOCTI
00'€KTY TOCTIIKCHHSL.

MopentoBaHHSAM BBaXKalOTh OyIb-IKy (OpMani3oBaHy
CyTHiCTh  (Hampukiaa, Oe3miy  mapamerpiB 1 ix
B32€EMO3B'S3KIB), 110 XapaKTEPHU3Ye JAEsKi MEBHI BIACTUBOCTI
peanpHOTO 00'€KTa (TIpOIIECY), MPEACTaBICHI B MPUAHATHIN
abo HaouHil (opmi.

3 MeTor CKOpodeHHS o0cary pobiT B mporeci
JliarHOCTYBaHHS 00'€KTa, BCTAHOBJICHHSI B3a€EMO3B'SI3KY MIX
mapamMeTpaMiu, PO3KPUTTS (Pi3MYHOI CyTHOCTI MPOIIECiB, SKi
BiIOYBArOTHCs, iAeHTH(IKAIl BHUMIPIOBAHUX BEJIMYHH 1
mapamMeTpiB TEXHIYHOTO CTaHy, 3aCTOCOBYIOTh METOIHU
MaTeMaTHYHOI'0 MOJICJIIOBaHHS.

Excnmyartamiss  TpaHCHOPTHHMX — 3aco0iB BUMAarae
MIOCTIHHOTO MOHITOPHHTY TEXHIYHHX rapaMmeTpiB
(aKTHYHOTO CTaHy, MPOBEACHHS HEOOXITHUX TEXHIYHHUX il
3 oOcCmyroByBaHHS  Juii  3a0C3MCUCHHS  HAJICKHOTO
Npane3aTHOro CraHy. BuimesasHaueHe MOXKIMBE JIMIIE 32
YMOB PEryJSPHOTO MOHITOPHHTY TEXHIYHOTO CTaHy, SIKHi

notpedye TOCTIHHOI [JIarHOCTMKM Ta IPOTHO3YBaHHS
nmapameTpis.
CnpaBHuit abo HecrmpaBHHH 00'€ekT Moxe OyTh

NpeICTaBIeHNH K AUHAMIYHA CHUCTeMa, CTaH sKoi B Oymb-
SIKM MOMEHT 4Yacy BH3HAYaeThCsl BXIJHHUX, BHYTPIIIHIX i
BHXITHHX MTapaMeTpiB.

[ToOynoBi miarHOCTHYHOI MOJEINi TOBHMHHI IepeayBaTh
Ppi3HI JOCHIKEHHS, B PE3yNbTaTi SKUX HE0OXigHO 3'scyBaTu
CTPYKTYpy 00'ekta, (DyHKII, 5SIKi BHOHYIOThCS OJIOKaMH Ta
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00'€KTOM B MUIOMY, PEKUM POOOTH, CKIAJ EIEMEHTIB 1
3B'A30K MDK HHMH, HasSBHICTb 3BOPOTHHX 3B'SI3KIB 1
MOXJIMBOCTI 1X pO3pHMBY Ha 4ac JiarHOCTYBaHHs, O3HAKU Ta
napaMeTpu  HOPMAaIbHOrO  (DYHKIIOHYBaHHs,  poOoui
CHTHAJIHM, Jliara3oH BUMIpY MapaMeTpiB NpH HOPMAJIbHOMY
(GyHKIIIOHYBaHHI, XapakTepHI BIJIMOBM €JEMEHTIB Ta IX
KOMOiHallii, HAsBHICTD BY3JIiB PEryJIIOBaHHS.

Marematnyay Mojens 00'€KTa IiarHOCTYBAaHHS MOXKHA
MOJIATH B aHANITHYHIH, rpadivHiii, BEeKTOpHIH a00 TabIuuHii
¢dopmax. Ilo3Hauumo cumBONIOM X n.MIPHUI BEKTOD,
KOMIIOHEHTAMHU SIKOIO € 3HAYEHHsS 7 BXIOHUX 3MIHHUX X,
X5..%, (puc.1).

n ) K R
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x—b l 1 LI I l l e
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— R —
X1 Ob&'ekm diazHoCMysaHHA
— —
Xy Zi

/ /
Puc. 1 — MaremarndHa MoJeNb 00’ €KTa iarHOCTyBaHHS

Amnanoriuno Y € m-MIpHHUM BEKTOPOM 3HA4Y€Hb M
BHYTDIlIHIX 3MIHHUX Y/, V2...Vm, & Z - k-MIDHMM BEKTOpPOM
3HAUYeHb k BUXiOTHUX QYHKUIN z;, z z; BUXiOZHa (QYHKILSL
Z=p (X, Yiw t) € MaTEeMaTUYHOIO MOJIEIUIIO CIPABHOTO
o0’exra. Ilpu pomy Y, BimoOpaxkae moyaTkoBe 3HAYCHHS
BHYTpIIIHIX 3MIHHHX MapameTpiB o0’ekrta, a ¢ — akrop
gacy. B mpomeci pobotu 00'ekTa BinOyBaeThcs 3MiHA
BHYTPIIIHIX 3MIHHUX  V;, V2..), 1 MOXIJIMBA TIOSBa
MOOJWHOKAX a00 KpartHux BiaMoB. [lix OXWHOYHOIO
HECTIPABHICTIO PO3YMIIOTH €JIEMEHTApHY BiIMOBY, sIKa HE €
CYKYITHICTIO HEBEJIMKAX HE3HAYHUX HecnpaBHOcTel. KpaTtHa
HECTIPABHICTh € CYKYIHICTIO OJHOYacHOI MOSBM JBOX Ta
OiJIbIIIe TTOOAMHOKUX HECTIPABHOCTEH.

MarematnyHy Mopaenb 00’€KTa JiarHOCTYBaHHS MOXKHA
nojaTH B TaONM4HIA (QopMi 3 BUKOPUCTaHHSIM pE3yJbTaTiB
eIeMEeHTapHUX nepeBipok. BigmoBa xowa 6 omHOro 3
CJICMCHTIB CHCTEMH MPHU3BECTH ii 10 HEPOOOYOro CTaHy, IO
MOXKHAa BH3HAYUTH SK 3a [IOIIOMOTOI0 TaOMUIi (QyHKITiH
HECHPaBHOCTEH, Tak W aHaNITMUHMM criocodoM. Ho 3amis
noOyayBaHHS ONTHMAJbHUX A&JTOPHTMIB IiarHOCTYBaHHS
00’eKTy HEOOXiTHO BpaxoBYyBaTH MapaMeTpH HaJiHHOCTI
00’ekTa, Taki sSK: WMOBIPHICTH BiIIMOBH, YacTOTa BiIMOB,
BUXOASYM 3 BIMOBIAHOTO 3aKOHY pO3MOMALIY, Ta iHIII
napamMeTpH.

BusHauumMo Iii BEIMYMHHM IS JOBUIGHMX 3aKOHIB
HAJIIHHOCTI €NEeMEHTIB O00’€KTa, JUII YOrO PO3TIITHEMO
HEBEJICUKHI BIJIPI30K yacy, 0OMeXeHHI To4YKaMu ¢ Ta t+At.
BBememo BumankoBy BenWuMHY 1 — Yac BHHUKHCHHS
BigMoBH B 00’€KTi. ﬁMOBipHiCTL [OMalaHHsA BIIMOBHU B
MIPOMIKOK Yacy [f, t+At] moznauumo P(t < T < t+A1).

Jlis  Oymb-skOi BIAAKOBOI BCIHYMHHM 3 IIUIBHICTIO
posmoniny, ska pgopiBHIoe F(¢), ne F’(t) — 3akoH il
po3monity, HMOBIPHICT TOMAAaHHSI B HEBEIUKHHA BIAPI30K
At NOpiBHIOE
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Ileit Bupa3 no3BOJISIE CTBEPKYBATH, 10 ONTUMAJILHUN
QITOPUTM  TIEPEBIPOK  CHUCTEMH,  TOOyAOBaHWMH i3
BpaxyBaHHsIM HMOBIpHOCTEH, Oyle ONTHMalbHUM il Yac
BCBOTO MEpioza eKCILTyaTarii CHCTEMH.

IBuaKicT, pPO3BUTKY HECHpaBHOCTEH 1 poOoumnx
MpoIIeciB BU3HAYAE€ HEOOXITHICTh BpaxXyBaHHS JUHAMIYHHUX
e(eKTiB IpU MOICTIOBAHHI.

BukopucToByroun  MareMaTHYHy ~Mojenb  00’€kTa
KOHTPOJIsI, MOJKHA CTBOPUTH HaHOLIbII palioHaIbHI METOAN
IarHOCTYBaHHS KOHKPETHOI CHCTEeMH B IIJIOMy a0o
okpeMuXx 11 (PyHKI[IOHAIBHHUX BY3JIiB Ta OJIOKIB.

B mporieci moOyIOBU MaTeMaTHYHOI  MoOJel
PO3MIIANAOTBCSA  CYTTEBI BJIACTHBOCTI 00’€KTa, HEOOXImHI
JUIL TIOCTAHOBKH MiarHO3y. 3aMiHa pealbHUX O00’€KTiB iX
MOJIEIIAIMH, SIK1 171e€aai30oBaHl, JO3BOJSIOTH BIIBOJIKTHCS BiJl
X (hi3nUHOT MPHUPOH 1 32 JOTIOMOTOI0 PiI3HUX MaTeMaTHYHUX
METOMIB pO3B’S3aTH JIarHOCTHYHI 3amadi  (OpMaTbHUM
YHUHOM.

s BuOOpy THITy MOJeli OTpiOHO MpoaHaNi3yBaTH Psijl
YMHHMKIB: YMOBH €KCIUTyaTallil MallMHH, KOHCTPYKTHUBHE
BHKOHAHHS, YACTOTHHUH J[iara30H BiOpaIliif, o TeHepyIOThCS
Hero, 1 Tomy momioHe [8]. [l cTBOpeHHass po3paxyHKOBOT
Mojeni (CXeMH) HeOOXiTHO BpaxyBaTH HaHOUIBII iCTOTHI
BJIACTHUBOCTI 00’€KTy, L0 BW3HAYalOTh HOTo JWHAMIUHY
MTOBEJIIHKY.

3a JI0MOMOroK  PO3pPaxyHKOBOI MOJENI  MOJKJIMBA
TEOPETUYHA OIliHKa BiOpomapaMeTpiB 00’ €KTy (KOIMBAIBHOI
MOTY)KHOCTI, BIOPOIIBUIKOCTI, BiOpONepeMilleHHs 1 Tak
qaui). JIns boro HeoOXiTHO BU3HAYUTH BUMYIICHI 3HAYCHHS
CWJI, TapaMeTpH BHMYIUEHHX KOJMBaHb, BJACHI 4YacTOTH
BUIBHHMX KOJIMBaHb BiOPOAKTUBHHUX KOHCTPYKTHBHHX BY3IiB
1 IeTajei.

AmHani3 JlarHOCTHYHUX Monellied 00’

Pe3ynbrar  [iarHOCTMYHOTO — EKCIIEPUMEHTY  3aBXKIU
BUNAJKOBUHA, TaK SK SKIO BiH IEPEAyMOBICHUH, TO
MIPOBOIUTH HOrO Hema ceHCy. TakuM YHMHOM, OyIb-sSKuil
IIpOLIEC  JIarHOCTYBaHHS CKJIAJA€TBCSl 3  IOCITIJOBHOCTI
€JIEMCHTapHHUX IEPEBIPOK 13 JaHUM HAOOPOM KOHTPOJIBHUX
TOYOK Ta TPH OJHAKOBHX yMOBax. B Mexax CTpyKTypHOTO
MIIXO/ly TIOHATTSI «eJIEMEHTapHa IMepeBipKa» 3aCTOCOBYIOTh
TaKOX JI0 OKPEMHUX YacTWH 00’€KTa JiarHocTyBaHHS abo ix
CYKYIHOCTI.B IbOMY BHUIIaJKy I€pea0adaeThCs MOXKIHMBICTh
BXOJIB Ta BHXOJIB IMX YacTHH. [IOTYXHICTh MHOXHHU
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MOXIIMBUX €JIEMEHTapHHUX IIEPEBIPOK XapaKTepPH3YeEThCS
TPaHUYHOI0 MHOKHMHOIO NTapaMeTpiB.

[Tpu nocnijkeHHi pealbHUX 00’ €KTIB JIarHOCTYBaHHS HE
BCl TEPEeBIpKH MOXYTh OyTH TEXHIYHO pealli3oBaHi, TOMY
(opMasibHa TTOCTaHOBKA MMUTAHHS ITOBUHHA OYTH JIOTTIOBHEHA
KOHKPETHHUM JIOCTIKEHHSIM 00’ €KTa TiarHOCTyBaHHS.

B zamexHocTi  Bim  XapakTepa  IOCIHIJOBHOCTI
€IIEMEHTAapHUX TIEePEBIPOK PO3PI3HAIOTH JIBa OCHOBHHX
cnocoOM  momyky — aedeKTiB:  KOMOIHAIWHUA  Ta

mociigoBHUH. [lpn 3acTocyBaHHI KOMOIHAIIMHOTO CIIOCOOY
CTaH 00’€KTa [IarHOCTYBaHHS BHM3HAYAETHCS IUIIXOM
BUKOHAHHS 3aJaHOI KIIbKOCTI eJeMEHTapHUX HepeBipoK,
MOCIIIOBHICTh ~BUKOHAHHS ~SIKHX HE Ma€ 3HA4YeHH:.
BusBneHHs nmedekTHHX ~ OJNOKIB  3IIMCHIOETBCS — TICTISA
MPOBEACHHS BCIX 3aJaHKMX CIIEMCHTAPHHUX MEPEBIPOK. 3 IIEH0
METOI0 BHKOHYETHCSI aHali3 pe3yJbTaTiB IPOBEJCHUX
niepeBipok. J{ist nanoro crocoba XapakTepHi Taki CHUTyalli,
KON HE BCl pe3yibTaTH TPOBEJCHUX IIEPEBIPOK HE €
HEOOXiTHUMHU JUIS BU3HAYCHHS crany  o0’ekta
niarHoctyBaHHs. [Ipy BUKOpHCTaHHI MOCTIZOBHOTO criocoda
MEepeBipKH, 3OIMCHEHHS SKUX JOCTaTHbO IS JUIs
BU3HAYECHHS BCIX Hamepe] 33JaHUX PO3PI3HAEMHX CTaHIB
00’€KTa, BHKOHYIOTBCA B JEAKOMY IOpAAKYy. Pesynbrar
KO’KHOX eJIeMEHTapHO1 MepeBipKH aHaNI3y€eThCS
Oe3mocepenHpO MicIst HOro OTPUMAaHHS.

Cuctema MOHITOPHUHTY TEXHIYHOTO
ABTOTPAHCIIOPTY B  pEAIbHUX yMOBAax  eKCIUTyaramil
CKIIQJAa€ThC 3  BEIUKOI  KIJIBKOCTI  €JEMEHTIB,  sKi
XapaKTepU3yIOTECS BIAMOBITHAMH BUXITHAMH yMOBAaMH,
3HAXOJSIThCS HA PI3HMX I€PApXiYHUX DIBHAX 1 MarOTh CBOI
ocobmmBocTi ¢QyHKIIOHYBaHHS. Lle € cxiagHa muHaMivYHA 1
iHpopMmaniiiHa cucreMa i3 YITKO  BIOPSAKOBAHOIO
IEPAPXIYHOI0  CTPYKTYpPOIO,  PO3TATYKEHOI  MEPEXKEro
B32€EMO3B’SI3KIB MIX 11 €JeMEHTaMH, IO PO3BUBAETHCS B
npocropi i Jaci. HispHICTh CKIIAMHOI BUPOOHIYIOI CHCTEMH
BU3HAYAETHCS TEXHOJIOTIYHUMH TIPOIIECAMH, SKI PEaTi3yIOTh
ii cy0'eKTH BIIMOBITHO 10 IUTBOBOI CIIPSIMOBAHOCTI B paMKax
npeamerHoi obmacti [4]. KokeH cy0'eKT MOHITOPHHTY Mae

CTaHy

BJIACTHBI NpOUENYpH — aJrOpUTMH (YHKIIOHYBaHHS,
pO3paxyHKy, pe3yJbTaTH SKHX BHKOPHCTOBYIOTHCS B
aIropuTMax CyO0'eKTIB Tpolecy MOHITOPHHTY —Pi3HHX
iepapxiuamx  piBHiB. Ilicas  3aBepIieHHS  MPOIEXYp

YIPaBJIiHHS Ta YIOCKOHAJICHHS BIAMOBIAHUX TEXHOJIOTTYHUX
MPOIIEeCiB BiAOYBA€ThCSA 3MiHA CTaHy HpeAMETHOI obiacTi,
TOOTO 3MiHa (IIBUILIEHHS) PIBHA OLIHKU Ipale3laTHOCTI
00’€eKTa IOCIIDKEHHS.

Y  minomy Mozmenb  (YHKIIOHyBaHHS  CyO'eKTiB
MOHITOPHHTY e(eKTHBHOCTI (DYHKIIOHYBaHHS MOXe OyTH 3
BUIMOJ[AHA SIK CYKYIHICTh TAKHX KOMIIOHEHTIB: MOJeNi
00'eKTiB, IO OEPyTh YIaCTh Y CTPYKTYPHHUX 3B'I3KaxX; MOAEMI
napameTpiB, 10 BU3HAYAIOTh PE3YJIbTATH (YHKI[IOHYBaHHS
Cy0'eKTiB; MOJENIOIOYHX aJITOPUTMIB, IO BCTAHOBIIOIOTH
mpaBuiIa (QYHKI[IOHYBaHHS OO'€KTIB 1 3MIHH 3HAYCHb iX
napamerpie Tomo. Taka MoJens € IUHAMIYHOK Ta
iHhOpMaIiiiHOIO 1 BigoOpa)kae He JIMIIE MOTOYHHH CTaH
TPaHCIIOPTHHX 3ac00iB 1 YMOB €KCIUTyaTallii, aje i 3MiHy ixX
craHy B 4yaci. TakuM 4YMHOM, y 3arajJbHOMY pO3yMiHHI
MPOLIEC MOHITOPHHTY TEXHIYHOTO CTaHy aBTOTPAHCIIOPTY Y
peanbHUX yMOBaX eKCIUTyaTallii € mporecoM TpaHchopmariii
iHpopManii mapaMeTpiB TEXHIYHOTO CTaHy 1 HpoLeciB
¢byHKIioHyBaHHS TpaHcnopTHUX 3aco6iB (T3) ta ymoB ix
ekcrutyaraiii. ©opMalibHO 11e BiToOpayKeHHS Ma€ BUTJIS:



F 13—-TCVE

OQr3ve

Qv Fyve_rove

Puc.2 — BinobpaskeHHs nporecy Tpancdopmanii iHpopmaii mapamerpis
TEXHIYHOr'0 CTaHy i NpoLeciB (pyHKIIOHYBaHHS aBTOTPAHCIIOPTY Ta YMOB iX
eKCIUTyaTanii

ne Q13— MHOXXHMHA MOJIENIEH mapaMeTpiB TEXHIYHOTO CTaHy 1
MpoIeciB (PYHKIIOHYBaHHS TPAHCHOPTHUX 3ac00iB; Qyg —
MHOKMHA MOJIeNel TapaMeTpiB yMOB eKcInTyaTamii; Qr3 yg
— MHOXMHA MOJZEJIeH mapaMeTpiB TexHi4HOro ctany 13 y
BINOBITHMX  YMOBaXx  eKCIUTyaTarlii; Frs_teve
¢dyHKUIOHabHE — BIOOpaXKEHHsT  MoOJeNedl  mapaMmeTpiB
TEXHIYHOTO CTaHy 1 mporeciB (QyHkiionyBanus T3;
Fyve_tcye (yHKIIOHAIbHE ~ BiJOOpaKCHHS  MOJEJeH
napameTpiB yMoB ekcruryaratii T3.

OCHOBHE TpHU3HAYCHHS MAaTEeMAaTHYHOI MOJeNi — Iie
BCTAaHOBJICHHA 3B’H3Ky MK 3HAYCHHAMHU ):liaFHOCTI/I‘IHI/IX
rnapameTpiB Ta 3HAUYEHHSMH MapaMeTpiB TEXHIYHOTO CTaHy
(abo Ge3nocepeIHBO 13 TEXHIYHUM CTaHOM). TakuM YUHOM,
MpoLEeC OILIHIOBAHHSA Ta BHU3HAYCHHS MOXKHA BiJ0Opa3suTH
HACTYIHHM YHHOM (puc.3).

7H1

7M
MM P

OK

Puc.3 — CxemartuuHe ysBICHHS IIPOLECY BU3HAUYCHHS TEXHIYHOTO CTAHY

Ha o0’ekr xouTpomo (OK) 3 mapameTpamMu
TEXHIYHOTO CTaHy Z [ie 30BHiImmHEe 30ypeHHs X. 3a
JIOTIOMOTOF0 3aco0iB BHUMIPIOBaHHS BH3HAYAIOTh
JiarHOCTUYHI TapameTpu Y. 3HAa4YeHHA IMX TMapaMeTpiB 3
BHKOPHUCTaHHAM MaTeMaTHIHO1 Mozei (MM)
NEPETBOPIOIOTECS. B 3HAUCHHS MapaMeTpiB  TEXHIYHOTO
crany Z"”. Jlani 1i 3HaueHHS TOPIBHIOIOTHCA 3i 3HAYCHHAMH
napamerpiB  TexHiuHoro crany (7C), ki  3anaHi
HOPMATHBHO-TEXHIUHOK  JOKyMeHTamiero Z%, Tta 3a
pe3ysbTaTaMH IbOTO TIOPIBHSHHS POOWUTHCS BHCHOBOK IIPO
TEXHIYHUA CTaH O00’€KTa KOHTPOIIO Ta TEXHIYHOTO
JIarHOCTYBaHHS.

BHMCHOBKU

[lpu nmiarHOCTYBaHHI CKJIAIHHUX JIMHAMIYHHX OO €KTIB,
SKUMH €  aBTOMOOUIbHI ~ 3aco0M,  BHKOPHCTAaHHS
MaTeMaTHYHOTO  MOJICIIOBAHHS  YCKJIAJCHE  3aBISKH
CKJIAJHOCTI BH3HAYCHHS AaHAMITHYHUX 3aJIEKHOCTEH, SKi
MOB’SA3yIOTh  30BHINIHI  O3HAKK Ta  BIAMOBIAHI 1M
HECMPABHOCTI B JieTalsiX Ta By3nax 00’exta. HaBemeHi Ta

142

PO3IISIHYTI
OIL[HIOBAHHS IIOTOYHOIO 1

0COOJIMBOCTI ~ MOJEJIOBAHHA  IPOIIECIB

MPOTHO30BAaHOTO TEXHIYHOTO

CTaHy aBTOTPAHCIOPTY IPH AiarHOCTyBaHHI.

(1]

(2]

B3]

(4]

(3]

(6]

(7]
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Abstract - The paper considers the solution of the task of
creating a neural network for the text document recognition. A
research was conducted of existing models of neural networks,
methods of vector to text representation. As a result of the
experiment were identified the advantages and disadvantages of
selected algorithms. Although an original algorithm for classifying
texts using a neural network, using a perceptron with
backpropagation method of training was developed.

Keywords: neural network, perceptron, classification

1. INTRODUCTION

The usage and improvement of computer technology opens
up a range of new features for human, but with this there are a
number of other problems associated with the growth of
processed arrays of text documents. Working with full-text
databases brings a problem of searching and classification of
documents according to their content. Therefore, the task was
to develop an algorithm capable of classifying text
information.

Classification of documents - this is one of the tasks of
information search, which consists in enrolling a document in
one of several categories based on its content.

Classification tasks:

. Creating thematic directories

. Spam filtering

. Electronic systems of document flow
. Tagging

. Automatic text translation [1].

To solve this problem, were considered the most popular
classification methods such as: classification using the
decision tree, Bayesian classification method, reference vector
method, k-neighbor method and artificial neural networks.

II. MAIN PART

The method of classification in the program is the neural
network. Compared to other methods of classification, the
neural network has the greatest accuracy, but requires high
computing power.

An artificial neural network is an adaptive system that consists
of a group of connected artificial neurons. [2]
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Neural networks can be used to solve many tasks of
information processing. As is known [3], an artificial
(mathematical) neuron performs the transformation of the
input vector of signals, as follows (1):

y= 1(5);S = waxfa ()

w; - Weighing vector of a neuron (weights of synaptic
bonds);

S - Result of weighted addition;
I — neuron activation function.

Functionality of a neuron is simple, so neurons unite in
networks for solving specific problems. Neural network
learning is reduced to the selection of the weight coefficients
of each neuron, provided that the chosen topology of the
network and the selected activation function I [4].

The main types of classifying neural networks are: single-
layer and multi-layer perceptron, a neural network Gaussian
classifier, a Kohonen network, a network of embedded
distribution, a cascade network [5].

To solve the problem were analyzed the different types of
existing neural networks, their ability to perform the task and
features. Methods of neural network learning and ways of
converting text into a signal were also analyzed. As a result,
the perceptron was chosen as a model of the neural network.

The developed model of neural network consist of three
layers of neurons such as input, hidden and output.

The first two layers are dynamic, that’s means that they
can change the number of neurons depending on the size of
the dictionary. The hidden layer is setting up depending on the
input in the proportion of 2: 3. This gives the neural network
some flexibility and adaptability.

The output layer has a fixed number of 3 neurons, but can
be changed depending on user needs. The neuronal network
with 3 output neurons can take up to 8 different results, but to
facilitate learning in the developed model, each source neuron
corresponds to a separate classification category.

The activation function in the model is sigmoidal function.
This is an S-shaped, continuously differentiated, monotonous
increasing function that can take values from 0 to 1
(2).Sigmoid function has the ability to amplify weak signals
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better than large ones and prevents saturation from large
signals.

1
1+e ¥

f) = 2

Creation of input signal vector requires a dictionary. It
must be created manually, or the program (you need to
download the document with the data) can automatically
create it. For better productivity it is desirable to use
documents of similar subjects to the analyzed texts. The
dictionary is created using N-grams, such as unigrams. The
uploaded document is split into separate words, and then
algorithm removes repetitions, symbols, and characters. Then
they are copied to a separate document that can be edited
optionally.

During the program, the documents subject to
classification will be compared with this dictionary and as a
result, a text document vector will be created.

The back propagation method is used in project as a
learning method. This method is the most popular of learning
multilayer perceptron. It can teach all layers of the neural
network, but needs a continuous activation function to perform
a gradient descent to set the weights of the neurons.

Was created an application that is capable to perform any
number of any number of experiments with current neural
network to test the system properly. The program is very
flexible in setting up so you can set the number of neurons in
the NN layers, the number of training periods, the number of
training data and the number of experiments. You don’t need
text documents to train the program. Vectors are automatically
generated and randomly assigned to a category. You can
specify their number in the Train set field. Result sets field
determines the number of vectors that will be generated for
testing the trained network.

The result of the program is the average error of the neural
network.

With this program were conducted several experiments
with different data and the accuracy of the system was
determined depending on the number of neurons on the layers
of the neural network. For the accuracy of the results, the
experiment was conducted several times (Fig. 2). As a result,
it was found that with increasing number of Input neurons,
reduced accuracy of the network. With 20 Input Neurons and
12 Outputs, the error was 1% and the training lasted 10
seconds. With 40 Input Neurons and 26 Outputs, the error was
already 6%, training lasted 5 minutes 20 seconds. At 100 and
66 neurons, the error was 20% and the duration of training
exceeded 8 hours (Tab. 1). According to the obtained data, we
can conclude that the neural network will best recognize the
small documents.
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TABLE 1. EXPERIMENT RESULTS.

4 Experiment results
Neuron Input/Hidden Time Accuracy
1 20/12 10s 99%
2 30/20 1m 96%
3 40/26 5m20s 94%
4 50/33 9m30s 92%
5 60/40 45m 88%
6 70/46 2h 86%
7 100/66 8h 80%
6 &3
Input layer 120 Experiment #7 %=0,0209267744156189 A
Experiment #7 %=0,0107802250146376
- Experiment #7 %=0,0108366299613891
Ladenaveigy 12 Experiment #7 %=0,0120274063904653
Experiment #7 %=0,0252611697637934
Epoch 100000 Experiment #8 %=0,0167139945624804
Experiment #8 %=0,0195083720555139
Quantity 20 Experiment #8 %=0,0100904325053214
Experiment #8 %=0,0101448311064259
Trainset 6 Experiment #8 %=0,0112402480405473
Experiment #8 %=0,0235523951314155
Experiment #3 %=0,0157118936682449
e © Experiment #9 %=0 0183369232110673 v
Start Average 0,01 003373986075‘
Status #

Fig 1. Program interface.

CONCLUSION

The result of the work is creation of a software product
capable of classifying text documents by predefined
categories. The system tests were performed, accuracy
checked and all the advantages and disadvantages of the
perceptron, the method of training the network and the
vectorization of information were revealed. It have been
proved experimentally that the system is better able to classify
documents of a small volume.
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Anomayia— OcTaHHiM 4acoM Bce OiIbINIOro NMOIIMPEHHS
Ha0yBalOTh aBTOMATHYHI CHCTeMHM pO3Mi3HABaHHS 3BYKY,
300pa:keHb, Bineo. Cepex MeTOIiB, 10 3aCTOCOBYIOTHCSH Y
TAKHUX 3a7a4ax, cJiJ BUAUIMTH MeTOAH MAIIMHHOIO HABYAHHS,
sIK Hai0inbm momysasipHi Ta mepcnekTHBHL. Y  podoti
NMPOMOHYEThCH  MiAXiA 10  3aCTOCYBaHHS  3rOPTKOBHX
HeHPOHHUX Mepex B 3aJauax kiacudikauii 3ByKy.

Knwuoei cnosa aKycmu4Hi
MAWUHHUIL CTIYX, MAWUHHE HABYAHHS

oani, Knacugpikayis,

Abstract— Machine learning methods like K-means, SVM,
KNN, decision trees etc. are traditionally used in audio
classification. In the last two decades, the deep learning based
methods have also gained popularity for audio tagging, for
example, convolutional neural networks or recurrent neural
networks. Deep neural networks can operate on both raw
acoustical signal and features extracted from the signal.
Further we build a proof-of-concept system for the
classification of acoustic data on the basis of convolutional
neural networks and construct a neural network ensemble. In
addition, we outline a direction for further development of
machine hearing systems based on our analysis and
experimental model. The approach which follows this direction
can use different types of ensemble learning methods with
classifiers based on feature extraction and deep neural
networks.

Keywords— acoustic data, classification, machine hearing,
machine learning

1. Bcryn

AHaii3 MyJIbTUMENIHHUX JaHHX, 30KpeMa, aKyCTHYHHUX
3aIMCIB € JIOCUTH aKTyalbHOIO 3ajnauero. lle moB’s3aHo,
Hacamrepen, 3 BHOYXOBHM pPOCTOM KiJIBKOCTI 3BYKOBOI
iHpopmanii B Mepexi [HTepHeT (My3wuHI 3ammcH, 3aIricu
JIEKIiH, gomoBigel Tomo). s MOKIMBOCTI MOIIYKY Cepen
TaKUX JaHWX, 3a3BHYal, BUKOPHCTOBYIOTHCS METajaHi, sKi
OMHCYIOTH B TEKCTOBOMY BHIJIAI BMICT BiATIOBIIHOTO aysio
¢aiimy. Po3poOka aBTOMAaTM30BaHWX CHUCTEM AaHOTYBAHHS
TaKMX aKyCTHYHUX JaHUX, TOOTO (hOpMyBaHHS METaJaHUX
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sgKi O OmHMCyBadM B TEKCTOBOMY BHJI 3MICT aymiogailly €
JOCHTB IIEPCTIEKTUBHUM HAIPSIMOM JOCITiIKEHb.

II. OrJisag nyBJIKALL

I[Tpornec aHami3y aKyCTHYHHUX JAHUX MOKHA IOIUTMTH Ha
nekinbka eramiB. CrHodaTKy, BHKOHYETHCS IOIEPETHS
00poOka HeNepepBHOr0 aKyCTHYHOTO CHUTHATY 3 METOH0
NPEJICTaBJICHHST HOT0 Yy JMCKPETHOMY IM(POBOMY BHUIJISIII.
[Tpu 1boMy 3a3BUuall BUKOPHCTOBYETHCS PSAJl CTAHJIAPTHUX
migxoxis [1, 2]. Hami, BUAIISAIOTECA O3HAKHM AKyCTHIHOTO
CUTHaly, CYTT€BI J/JIs PO3B’s3aHHS IIOCTAaBJIEHOI 3aj1adi
agamizy. Cepen HafOUTBII IHMPOKO BXMBAHUX O3HAK
BUKOPHCTOBYIOTECSI KoedilieHTH mneperBopeHHst Dyp’e Ta
ABTOKOPEIIAL, MeI-KEeNCTPaJIbHi KOe]ili€eHTH, XPOMOTPaMH.
[MTicnst wporo, OTpUMaHI O3HAKM BUKOPHUCTOBYIOTBCS SIK
BXiHI TapaMeTpu MaTeMaTH4YHOI Mojeni (HampuKiIaz,
anroputMy Kinacudikarii, kmacrepusanii abo HeWpOHHOT
Mepexi). Ha 3akmounoMy erami, BUKOHYETBCS BeprdiKallist
OTPUMaHUX pe3yNbTaTIiB Ta BIPOBAPKEHHS PO3POOIEHOT
CHCTEMH aKyCTUYHOTO aHaNi3y.

Ha panuii MoMeHT ommyOJiKOBaHO JOCHTH Oarato
CHEHiaNbHUX Ta OTJBIIOBUX POOIT, MPHUCBSIYEHUX TEMATHIIL
po3poOKu cucteM kimacuikamii 3BykKy. Tak, B OIISIOBHX
crartax [3, 4, 5] HaBOAUTBCA OMUC KOMIIOHEHT CUCTEMH
aBTOMaTH4HOI Kiacu(ikaiii 3BYKiB, sika MICTHTh MOy
nonepenHeoi  00poOKM, eKCTpakiii O3HaK, aIroOpUTM
HaBYaHHs Ta MOAYJb 00UHCIICHb.

B [3] metanpHO pO3TIITHYTO MiIXOAH 0 BUIUICHHS O3HAK

curHanmy. HaBomstbess  kputepii, 3a SKUMH  MOXKHA
ki1acudikyBaTH MOBY, My3HKy Ta IPHPOJIHI 3BYKH.
BuminsaroTeess  MeTOOM, — 3acHOBaHI  Ha  (DI3MYHHX

BJIACTUBOCTAX CHTHATIB Ta OCOOJMBOCTSAX JIFOJCHKOTO
CIPUUAHSTTS 3BYKiB. Yacrilie 3a Bce BHKOPHCTOBYIOTHCS
METOJH BHJUICHHS O3HAK, SIKi MPEACTABISIOTh aKyCTUYHHNA
CHTHaJl y Takux OONacTsIX: YacoBild, UACTOTHIH,
KEICTPAJIbHIN Ta BEHBIICT.

Ormsiou [4, 5] MICTATh aHami3 3arajbHUX MiAXOIB Ta
nmy0JiKaniit 3 aBToMaTH4HOl Kitacuikariii My3n4HHX 3aIiciB



3a  okaHpamu. lIpomoHyeThCSI ~ MHOXHMHA  HAHOLTBII
IHPOPMATUBHUX MITOK, SIKi MOXYTb BUKOPHUCTOBYBATHCh SIK
KJacd TIpH HaB4YaHHI KiacudikatopiB. Posrmsgarorecs
HaWOIIBII BXKMBaHI JDKepena pPO3MIUYEHHMX aKyCTHYHHUX
JaHUX, SKI MOXYTb BHKOPHCTOBYBAaTHUCS B CHCTEMax
HaBYaHHs 3 BUMTENEM. 3a3BUYaii, 11 BIAKPUTI My3n4H1 0a3n
B Mepexi IHTepHeT, po3MiueHi KOpPHCTyBayaMH 3allHCH,
HATIPUKJIAA, Yy COLIANBHUX Mepekax Ta JaHi, sKi
3rEHepPOBaHO  CIeHiallbHO Ul PO3B’s3aHHSA  3a1a4
MAIlIMHHOTO CIyXy. B po0oTi [5] OKpeMo po3risgaeThest
MMUTaHHS OIIHKA e(EeKTUBHOCTI cHCTeM Kiacugikaril
My3U4HUX (ailiB 3a )xaHpaMu.

s xracudikarii JaHUX 3a IEBHAMA 03HAKaMH, MOXKYTh
BUKOPUCTOBYBATHCS SIK CTATHCTHUYHI MeToau (kimacudikartop
Baeca [6, 7], muckpuminanTHui aHami3 [8], EM amroputm
TOLIO), TAaK 1 METOIH, SIKi IPYHTYIOTHCSI Ha Mipax CX0XOCTi Ta
BigMiHHOCTI (Meton k-cepemHix, METOA OIOPHHUX BEKTOPIB,
MeToA K Haibmmkuux cycinis [9] Toro).

B ocramni pokm Bce Outblie poOIT TPHUCBIYCHO
BUKOPHCTAHHIO HEHPOHHUX MEPEX SK IPH BIIyYSHHI O3HAK
3 IaHMX, TaK 1 Oe3nocepeHpo nmpu knacudikamii [10, 11, 12].

Mertoro 1aHOi poOOTH € MO0y IOBa CUCTEMH Kitacuikarii
aKyCTHYHHX JIAHUX pI3HOTO IIOXO/DKEHHS Ha OCHOBI
3TOPTKOBHX HEHPOHHHX MEPEeK Ta 3aCTOCYBaHHS MIIXOIY
[13] nmns moOynmoBu aHcaMONII0 HEWPOHHHX  MEpEK.
[lepeBaroro Takoro miIXxoay € HOTo BHCOKA €(pEeKTHBHICTH Ta
aNanTHBHICTH 3  TOYKH  30py  BUMOIJIMBOCTI  JIO
O0YHCITIOBaTIBHAX PECYPCiB, OCKUIBKH, 3a HEOOXIiTHICTIO,
MOXKHa KOPHUI'YBAaTH KUIbKICTh KJIacH(iKaTopiB, sSKi BXOIATH
JI0 aHCaMOTIO.

III. OTMC TECTOBOI'O HABOPY AKYCTUYHUX JIAHUX TA
IMTPOI'PAMHA PEAJIIBAILS KIIACUDIKATOPA

Jns TecTyBaHHS 3alpOTIOHOBAaHMX IIIXOIIB, B POOOTI
BUKOPUCTOBYIOThCSI JaHI 3 pecypcy www.kaggle.com, a
came — HabGip manmx Urban Sound Classification. Habip
nmaHux Mictuth 3449 3BykoBuX (adinu y gopmati .wav it
HAaBYaHHS Ta TECTYBaHHs cHCTeMH. Bubipka Ui HaBYaHHS
MICTUTB 3BYKOBI (haiinu 3 9 kaTeropiii.

IMpn mporpamHiii peamizarii BUKOPHUCTOBYBAJIMCS Taki
6i6miorekn MOBH mporpamyBaHHi Python: NumPy, Pandas,
Librosa, Keras.

[loBHa  peamizamis  HaBemZeHa 32  TOCIJIAHHAM
https://www .kaggle.com/avk256/fork-of-urban-sound-class-
using-cnn-snapshot-ensem?scriptVersionld=5625604.
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Abstract—Method for performing automatic cardiograms
classification was synthesized. Effectiveness of the described
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[TnardopmMu MAIIMHHOTO HABYAHHS € OJHUMHU 3 HAMOUIBII
KOHKYPEHTOCIIPOMOXXHHUX c(ep HisIIbHOCTI KOPHOPAaTHBHHUX
TEXHOJIOTIH, cepel SIKMX HaHOuIbmIi Kopropalii B Tamy3sx
HaYKH 1 MEIMIIMHY TOTYIOTHCS TIEPEBECTH KIIIE€HTIB Ha MOCIYTH
ABTOMATHYHUX IUIATGOPM, IO OXOIUIIOIOTH BECh CIEKTP
(GyHKIIH MalIMHHOIO HABYaHHS, BKJIIOYalo4M 30ip 1
MiATOTOBKY HAaHWX, AIarHOCTYBAaHHS 3aXBOPIOBaHB, 1MOOYI0Ba
MoJedi, 1l HaBYaHHs Ta 3aCTOCYBAHHS B IPAKTUYHI MeIULIMHI.

Tomy Taka TemaTHKa JOCIIIKEHb € aKTyaJbHOIO, OCKUITBKH
B CyYacHHUX CBITOBHX YMOBaX JOMIHYIOYOI OCHOBOIO BCi€i
MEIUIMHA ~ TOCTYNOBO CTa€ MAIIMHHE HABYaHHSA Ta
aBTOMATH3allisl pOOOTH 3 MAIliEHTAMH, HAJIAIITYBaHHS MIPOIICCIB
JUTA TIBUIKOTO 1 SIKICHOTO HaJaHHS JIIKYBaJIbHUX IOCIYT, IUIA
4OTro HEOOXiJTHE OTPUMaHHsS TOYHOTrO J[iarHO3y B HAaHKOPOTIIi
TEePMiHH.

II. OCHOBHA YACTHUHA

Enexrpokapniorpama (EKI') sBase coGoro rpadiune
300paKE€HHS TOB'SI3aHOTO 3 CEPIICBUM M'SI30M EJIEKTPUIHOTO
CUTHaJy, BHUMIPIOBAHOTO  IIPOTATOM  JAEJKOro  dyacy.
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3acrocyBanns EKI' - BiJ MOHITOPHHTY CEpIIEBOTO PUTMY JIO
JIIarHOCTUKN KOHKPETHUX CEplEeBUX 3axBOpioBaHb. OCHOBU
BuMiproBarHs EKI omHakoBi U BCiX BHIIAAKIB, ane JeTaii
Ta BHMOTH [0 CJCKTPHYHHUX KOMIIOHCHTIB  3HAYHO
BiZIPi3HSIOTHCS.

Kpim Oionoriunux curHaiiB, Oimpimicte EKI  Takox
BUSBISIOTH JIBa TEXHOTCHHHX CHUTHANMW. HaliBaknmmBimmii 3
UX CHUTHAJIIB MMOXOIUTh Bif IMILIAHTOBAHUX
KapAioCTUMYIATOPiB 1 HasmBaeThes "Temmnom'". IlIBmnmkwmit
CHUTHAI BITHOCHO KOPOTKHH, JECATKA MIKPOCEKYHI, a
aMILTITy1a KOJIMBAETHCS BiJl JEKIIFKOX MUTIBOJIBT IO Maibke 1
Bosibta. Yacro EKI' moBMHHA BHSIBHTH HAsBHICTH CHUTHAIY
MIBHIKOCTI, OJIHOYACHO 3aro0iraroyn npu BOMY
CIIOTBOPEHHIO  IHMMX CHUTHamiB Big cepmid. Cxema
BumiptoBanHss EKI' Ta THmoBe BXijHe KoJlo, HaBe/leHI Ha
pucysky 1.[1, 2]

Rx1
0 220kq2

N

C1
R1 R3
O'H‘F 10k 22k Ra
Ll 6.98k< é

R4 R
10 22k
 A—

+5V
0

Rx3
220k

Rx2 Q
22062 SV

Puc. 1. Cxema BumiproBaunst EKI™ Ta THmoBe BXigHe Koio

[Ipu peamnizauii anropuT™MiB, SKi BUKOPHCTOBYIOTHCS IpH
MPOEKTYBaHHI KapaiorpadiyHUX CHCTEM 3aCTOCOBYIOTHCS
cremianizopani AL [5], mudposi xBuiesi ¢inerpu [4,6],
METO/IU CTUCHEHHS CUTHaIIB [3], Ta CHeriaii3oBaHi CUCTEMH
konxyBaHHs iH(opmanii [7]. TwumoBmit BuUrIAn ¢parMeHty
EKT naBeneHo Ha pUCYHKY 2.
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Puc. 2.®parment EKI'

Jns  peamizamii anroputMy po3mi3HaBaHHS BHOpaHO
anmroputm CART. Kiacudikariiiai ta perpeciiiai mepea adbo
CART pansi KOpPOTKOCTPOKOBHUX BHUMIPIOBAHUX JaHHX - 1€
TepMmiH, mpenctaBineHuit Jleo BpeiimanoM mns mo3HaueHHS
ITOPUTMIB JiepeBa pillieHb, SIKIi MOXYTb OYTH BHMKOpPHCTaHI
JUTS 337129 TIPOTHO3YBAHHS, MOJICIIOBAaHHS, Kiacudikarii abo
perpecii. KnacuyHo i anropuTMu OTpuUMaiM Ha3By "nepeBa
pimens", ajxe Ha neskux IiatgopMax, TakuxX sK R, BoHH
Ha3uBalOThCst OUIbII cydacHMM TepMmiHoM CART. Anroputm
CART € 0CHOBOIO JUTS BaXKJIMBHX allTOPUTMIB, TakuxX random
forest Ta decision trees.

[pencrasnenns moxeni CART - me aBiiikoBe nepeBo, 1o
CKJIAJa€ThCsl 3 QITOPUTMIB 1 CTPYKTyp JHaHuX. KoxeH
KOpEHEBUIl By30J MPEACTABIsIE COOOI0 €IMHY BXiTHY 3MIHHY
(X) 1 TouKy po30OHTTSI Iyisi 1€l 3MiHHOT (TIPHUITYCKAaO4H, L0
3MiHHA 4YHCIOBA). JIMCTSAHI By3IM AepeBa MICTATh BUXITHY
3MiHHY (Y), fSIKa BHUKOPHCTOBYETbCS JUIsS IPOTHO3YBaHHS.
Janwuii HaOip maHWX 3 BXOAAaMH (X), B3SITUH O€3MOoCepeHbo 3
peamizamiii anTopuTMy 1 € TPHKIAZAOM OiHapHOTO JaepeBa
pillleHb, 300paKEHOTO HA PUCYHKY 3.

Is QRS >= 0.58B338323353287
--» True:
Predict
--> False:
Is 5 »= B.9419792538275276172
--» True:
Predict
--» False:
Is S »= -8.188367515582p58387
--» True:
Predict {'Miccardiac Infarction': 7}
--» False:
Predict {'Sinus Bradycardia':

{"Ventricular Tachycardia': 16}

{'Sinus Bradycardia': 3}

3}
Puc. 3. BinapHe JepeBo pilieHb

3 mpexacrasneHHsM OiHapHoro aepesa it mozaeni CART,
omucaHol BHIIE, NPOTHO3YBAHHA € BIAHOCHO IPOCTHUM.
BpaxoByroun HOBI BXiJHI JaHi, J€peBO IMPOXOJUTH 4Yepes3
OLIHKY KOHKPETHOTO HOBOTO 3HAY€HHS, pPO3I0OYaToro B
KOpEHEeBOMY BY31i JiepeBa. BuBueHHs OiHapHOTO JiepeBa
HACTpaBAl € PO3MOMAITIOM BXIZHOTO TpocTopy. MoxkHa
NpUAYMaTH KOXKHY BXiJHY 3MIHHY SK PO3MIpHICTE y p-
BUMipHOMY TpocTopi. JlepeBoM pilmieHb TPOBOIUTHCS
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po30uBKa pO3MIPHOCTI Ha MTPSAMOKYTHHKH (p = 2 BXIiIHHX
3MIHHHX) a00 Ha Tilep-NPSIMOKYTHHK 3 OIJIBIIOI KUIBKICTIO
BXITHUX JaHUX

Hogi naHi QinbeTpyroTbes yepes 1epeBo i BBOISATHCS B OJTHY
3 TPSAMOKYTHHKIB, a BHUXiIHE 3HA4eHHA JUI1 LHOTO
NPSIMOKYTHHUKa €  TPOTHO30M, 3pOOJICHUM  MOAEIUIIO.
CrBopennst wmogzeni CART mepembauae BuOip BXiTHHX
3MIHHMX Ta PO3MOALT TOYOK Ha IIi 3MiHHI, JIOKM He Oyne
moOyIoBaHO BIATIOBiIHE NepeBo. Bubip BXigHOI 3MiHHOT, IO
BUKOPHCTOBYEThCSI, T KOHKPETHOI PO3/1IIbHOT 200 po3AiIbHOT
TOYKH BHOHMPAETHCS 3 JIOMOMOIOI0 «KaIiOHOTO» ajIropuTMY,
100 MiHIMI3yBaTH (DYHKIIIIO BAPTOCTI.

Jns perpeciiiHuX 3amad MPOTHO3YBAHHS MOJICIIIOBAHHS
(byHKIIsT BapTOCTI, sIKa 3BOAUTHCS 10 BUOOPY PO3MOAIICHUX
TOYOK, € KBaJIPaTHYHOIO MOMMIIKOIO CYMH Y BCIX HaBUIBHHUX
3pasKax, siKi BXOJSTh y MPSIMOKYTHHK:

)2

Z (Yactual -Y

P
— BUXIIHMH CHTHaN IS 3pa3ka TPEeHyBaHb, a

(D
e Y.

actual

Y » - IPOTHO30BAHMI PE3Y/IBTAT 3 MPSIMOKY THHKA.

Jns xnacudikarii BUKOPUCTOBYETHCS (QYHKIIS 1HAEKCY
JbxuHi a60 HeBM3HaueHICTh J[KWHI, sKa Jae BKa3iBKy Ha Te,
gk "gucri" By3MM JMCTS  (SK  3MiIAHI JJaHi  HaBYaHHS,
TIPU3HAYCHI IS KOKHOTO BY3JIa).

p
Gini:l—Z:(pz)2

i=1

2

nme Gini - iHgexc JkuHI Hax yciMa KJlacaMd, p - JacTKa
HaBYAJIBHUX €K3EMIULIPIB KJacy i y HPSMOKYTHHKY. Y BY3Ii,
0 Ma€ BCi KJIACH OJHOTO THITy (ifeajbHa YHCTOTa KIacy),
oyne mat G = 0, B Toii yac sik G, sxuil Mae 50-50 po3ouTTA

KimaciB i 3amavi  OiHapHOi Kkiacudikamii  (Hariprmmoi
4qucTOTH), OyAe mati G = 0.5.
Pospaxynok inmekcy JDKHHI s KOXHOTO  By3ja

3BaXYETHCSI HAa 3arajbHy KiJbKICTh BHIAJKIB Y TOJOBHOMY
By3mi. Omxe, koedimient JkuHI it 0OpaHOi pPO3AUTHHOI
TOYKM B 3a/adi JBIMKOBOi Kiacudikaiii po3paxoBYyETHCS
TaKUM YHHOM:

3)

Hns  peamizamii mocraBieHoi 3amadi  OyJo BHUPIIIEHO
BUKOpHCTaTH MOBY mporpamyBaHus Python epcii 3.6.4, 3
BUKOPHMCTaHHSIM MEHEJPKepa KepyBaHHs IakeTaMu Anaconda.
bnok cxema peani30BaHOTO aJrOpUTMy HaBeleHa Ha
PUCYHKY 4.
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Puc. 4.Po6ounit anroput™ 11t Kinacudikanii kKapaiorpam

BHCHOBKH

Po3B’s3anHs mpoOiemu aBTOMAaTHU3alii AiarHOCTYBaHHS
3aXBOPIOBaHb  CEPLEBO-CYIMHHOI CHCTEMH [0 CHTHAIy
KapJiorpaMyd Ha OCHOBI PO3POOKM BUKOPHCTAHHS Mapajurm
MAalIMHHOTO HaBYaHHS JI03BOJMJIO BHUSBHTH, IO JOMIHYHOUY
pOJIb Yy BHpINICHHI MOCTABICHOI 3aaa4i OyJi0 BHU3HAUCHHS
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ONTHMAIBHOTO  ITOPUTMY IO BHU3HAYAE IPOTPAMHY
peamizanito. Byno o0pano amroputm CART, mnepearamu
SKOr0 € TMpOCTOTa y BHUKOPHUCTaHHI Ta e(eKTUBHICTh
knacudikamii gaHux. HemomikoM IbOro MigXxoay BUSBUIACH
CKJIaJHa MIATOTOBKA NaHWX A OOpPOOKH anropuTMoM, Ta
ineHTH(IKaIlis HEOOX1THUX CETMEHTIB Y Bi/IMTOBITHUX T1UTKAX.

Jns mokpamenHs igeHTH(iKaii HEOOXiTHIMX CETMEHTIB
KOXKHOTO CEpIeBOro LUKy, OyJ0 3aCTOCOBaHO METOIH
HOpMami3amii 3 BHUKOPHCTAHHSIM b-croiaiiH — QyHKIl i
KOMILUTIEKCHOTO METOIy OOpOOKHM CHTHajly s BU3HAYCHHS
HeoOXimamx maHuX. OxpiM 1BOro OyJNO 3aCTOCOBAaHO
cerMeHTarop ['amibTOHa, Uil GLIBII TOYHOTO BiJMEXKYBaHHS
KOXKHOTO CEpPLEBOro MUKy, 10 AaJ0 3MOTY Kpalle BUIUIUTH
OCHOBHI CErMeHTH 1 3yOIIi.

B pesynbrari Oysn0 peanizoBaHO ONTHMAaJbHY MiJrOTOBKY
JAHUX Ta TiIiOpaHO KOPEKTHY MHOXHHY 3HAa4YeHb IS
OTPUMAaHHS JOCTOBIPHHUX JiarHOo3iB. 3HAaYCHHA HA BHUXOII
BUSIBUJIMCH JIOCTOBIPHUMH JIO aKTYaJIbHUX JIarHO31B, 3TiJHO 3
SKMMH OyJI0 TPOBEJECHO TECTYyBAaHHS POOOTH IMPOTpamH, II0
JIOBOJIUTh Te, IO peaisalliss ajiroputMy € e(QeKTHBHUM
3ac000M JIarHOCTYBAHHSI 3aXBOPIOBAaHb CEPLEBO-CYINHHOL
CUCTEMH
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Abstract— The article considers the system of distance
learning Moodle and a plugin for automated testing tasks of
CodeRunner, on the example creation of a distance course in the
Python programming language.
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1. Bcryn
[Ipobmema BHOOPY CHCTEMH IUCTAHIIIMHOTO HABYAHHS
HA  TOYaTKOBOMY  e€Talli  BUMarae  oOpaTm  Mix

O€3KOIITOBHIUMH Ta IUIATHUMH cHcTeMamu. Ha OCHOBI
aHaNizy OE3KOIITOBHMX CHCTEM Bi3HAYCHO IE€pPEBaru
CHCTEMH IUCTaHIiitHOrO HaB4aHHA Moodle — MoxgyIpHOTO
00’ €EKTHO-OPi€EHTOBAHOTO IUHAMIYHOTO HaBYaJILHOTO
Cepe/IoBHIIIE, SKE € Y BUIBHOMY JOCTYII Ta BIAHOCUTBCS JIO
aBTOMaTU30BaHUX iH(pOpMaliifHUX cucteM kiacy LMS
(Learning Management System) — cucTeM YIIPaBIiHHSI
HaB4aHHsM [1].

Cucrema nucranniiinoro HaB4anHs Moodle opieHTOBaHa
Ha OpraHi3allilo B3aeMOAii MK BYMTEJIEM Ta y4YHEM B
TpoIieci HaBYaHHS, a TAKOX IS OpTaHi3allii TpaauIliitHUX
JMCTaHIIHUX KypCiB, OYHOTO Ta 320YHOTO HABYAHHSL.
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II. MOXJIMBOCTI CUCTEMM JUCTAHLIMHOI'O HABUAHHSI
MOODLE

Moodle HaByanpHa IUIATGOpPMA MPH3HAYCHA IS
00’eTHAHHA BYMTENIB, agMIHICTPAaTOPiB Ta YYHIB B OJHY
CHUCTEMY JUUIsl CTBOPCHHS IEPCOHAII30BAHOI0 HABYAIBHOTO
cepeqoBHUIIa. 3aCTOCOBYEThCs y Oinbiie, HixK 200 kpainax
cBiTy. Ponb BuUMTENs TMOJSArae MiABHINCHHI MOTHBAI]
MIATPUMIN ~ YYHIB 4Yepe3 MiATOTOBKY 3aBIaHb  JUIS
CaMOCTIIHOTO OTIpAIlfOBaHHS, OI[IHIOBAHHS pPE3YJIbTAaTiB iX
JUSUTBHOCTI Ta KOPUTYBAHHS 3HaHb. | HaHOLIBII pe3yabpTaTh
JOCATAIOTHCS KOJM YYHI HaBYAIOTHCS B CITIBIIPALll, TUTATHCS
CBOIM JIOCBIZIOM 1 TyMKaMH.

Cucrema  AUCTaHIIHHOIO HaBYaHHS BIIOBigaE
OCHOBHHM KpHUTEpisM, SKi BUMAararoTbCsi B CHCTEM
JIHACTAHIIIIHOTO HABYaHHS, a CaMe:

(hYHKIIOHANBHICTh — HasBHICTD BUOOPY (QyHKIIIH
pi3Horo piBHSA, (HOPYMH, YaTH, KEPYBAHHS KypCcaMH);

HaJiHICTD 3pYYHICTh aJMIHICTPYBaHHS Ta
KepyBaHHS HABYaHHSM, IPOCTOTa B OHOBJICHHI KOHTEHTY Ha
6a3i mabyIoOHIB, 3aXHMCT KypCiB BiJI HECAHKIIOHOBAaHOTO
JIOCTYILY;

CTaOLIbHICTP — BUCOKHN PiBEHBb CTIHKOCTI POOOTH
CHCTEMH Yy PI3HHX pEXHMax poOOTH Ta aKTUBHOCTSIX
KOPHCTYBadiB,;

BapTiCTh — BHKOPHUCTaHHSA CHCTEMH OE3KOIITOBHE,
BUTpATH Ha ii BIPOBAKEHHS, PO3POOKY KypCiB Ta CYIPOBiz
— MiHIMaJbHI;

Kypcy;

BIZICYTHICTh OOMEXEHb Ha KUIbKICTh YYaCHUKIB



MOJYJIBHICTh — HasBHICTh B HaBUAJIBHHX Kypcax
OJOKIB Marepially, sIKi MOXYThb BHKOPHCTOBYBATHCH B
IHIIUX Kypcax;

HasiBHICTH BOYJOBaHMX 3aco0iB  poO3poOKHM Ta
penaryBaHHsS HaBYaJIbHOTO KOHTEHTY;

HASBHICTh CHCTEMH TEpPEBIPKH Ta OIIHIOBAHHSI
3HaHb Y peXXHMi OHJIAWH (TECTyBaHHsI, 3aBJJaHHS Ta iH.);

3pYYHICTB 1 MPOCTOTA BUKOPUCTAHHS Ta HABIrarii;

Cucrema mucraiiiimoro HaBuyaHHS Moodle Hamae
MOJUJIMBICTh  TIOBHOLIIHHO  OpPTaHi3yBaTH  HaBYAIBHUI
MpOIIEC, BKIIOYAIOYM 3aco0M Uil HaBYAHHS, CHUCTEMY
KOHTPOJIIO Ta OIL[IHIOBaHHS HABYAIBbHOI MISIBHOCTI yUHIB, a
TaKoK  1HII  HEoOXigHi  CKJamoBi  JMCTAHI[HHOIO
HaByaHHI.[2, 3]

B cucremi Moodle nporonytotecst Ha BUOIp 3 THIH
¢dopmaTiB KypciB: ¢GopyMm, CTpyKTypa (HaB4aibHi MOy
0e3 IpuB’sI3KH 10 KaJIeH 1aps), KaJleHaap (HaByaabHi MOy
3 IPUB’A3KOI0 JI0 KaJeHaps).

ITII. PO3POBKA JIMCTAHLIIMHOTO KYPCY /151 BABYUEHHS MOBH
TMTPOTPAMYBAHHS PYTHON

Jlns BuBueHHS MOBH mporpamyBaHHs Python Ha ocHOBI
BHIIIE BKa3aHOI CHCTEMH [JUCTAHIIIHHOTO HaBYaHHS
PO3pO0JICHO MPAKTUYHUN KypC JJIS YUHIB 3arajlbHOOCBITHIX
KT Ta CTYACHTIB BUIIMX HABYAIBHHUX 3aKJIaJiB, KU
MICTHTB: BiCIM KOHCIICKTIB-JICKIIIH Ha KOXHY IMiITEMY, B

SKMX TIOJaHO TEOPEeTHMYHMH Marepian; Ha  OCHOBI
TEOPETUYHOI0 MaTepiay po3po0JieHO IPaKTUYHI Ta TECTOBI
3aBIaHH], SKI OLIHIOIOTBCS y  12-0anbHil  IIKani;

BHCBITJICHO JOIATKOBHI MaTepian, AN THX, XTO Oakae
3HaTH OUIbIIE, a caMe€ BiJeo-JeKIll, IMOCHIaHHS Ha IHIII
IHTepHeT-pecypCcH, IHIII AWCTAHIIAHI KypcH, sKi He
OXOIUTIOIOTh HIKITBHY TEMY.

VY TeopeTnaHOMY MaTepiaii mepenoadeHo MiArOTOBKY 10
BUBYEHHS MOBM THporpamyBaHHs Python 3 mnouartkoBoro
piBus: Bix BcranoBieHHs IDLE 10 CTBOpEHHS MOBHOIIIHHOT
nporpamu. KoxxHe 3aHsTTS nojaHo y HeoOXigHoMy Qopmari
i3 eNeMEeHTaMH CaMOCTiHHMX 3aBJaHb IS 3alliKaBJICHHS
YUHIB Ta CTY/ICHTIB.

JIns miATPUMKH JTUCTAHIIIHHOTO HaBYaHHS CTBOPCHO
caiiT Ha 0a3l cUCTEeMHU OMCTaHIiiHOro HaB4yaHHs Moodle,

KU 3HAXOJUTHCS 3a aJlpecoro
http://138.68.105.99/moodle/.
B saxocti cepBepy it Moodle BHKOpHCTOBaHO

omepamiiiHy cucreMy Linux 3 BukopucTanHsM Apache,
MySQL, PHP (Linux + Apache + MySQL + PHP =
LAMP).

Y sKocTi cepBepa BHKOpUCTOBYBaHO cepBic Digital
Ocean, skuil Hajgae THYYKY MOXJIMBICTH KOHQIryparmii
CepBepy Ta CaiTiB, AKi HA HhOMY 3HAXOIATHCS.

IMix  yac  mpoBeneHHS NpaKTHYHUX  3aHATh
BUKOPHCTOBYIOThCSI Monmyii «3aBmaHHs» Ta «Tecy.
3aBaaHHs 0 BUKOHAHHS NMPAKTUYHUX POOIT PO3MILLYIOTHCS
B C/IH Moodle. ITpu miarorosui 10 NpakTHYHOTO 3aHATTS
VUHI Ta CTYISHTH 3HAHOMIIATBCA 31 3MICTOM 3aBIaHb, MPU
HEOOXiZHOCTI TOBTOPIOIOTH TEOPETHYHHMH Marepian i
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MPOXOAATh TpoOHe TecTyBaHHA. KiNBKICTH MOCTYHMHHX
CIIpo0 BCTAHOBITIOETHCS HANAIITYBAHHIMH TECTY.

Jli1st momaBaHHS «3aBIaHHM HEOOXITHO:

- BBITH B PEXKHUM pelaryBaHHs KypCy, B MEHIO «I0JaTH
JUSUTBHICTB 200 pecypc o0paTH «3aBaaHHs» (puc. 1);

| Jopatu aisneHicTb ao pecype
[

BUOY QIANBHOCTI Mopyrs AiANsHOCTI 3a88HHA N03B0MAE
— BKTLEIAW BHIBEATA IEENAHHA, SOMPETH
== B5asaaHnx .
g POBGOTY, OLHIOBATH X Ta 3MALATH BIATYKA

| Busp Ha Ll posoTH.

Biri CTYAeHTY MOXYTS BIANPABNATA Oyl-AkMi
“ L®POBMH KOHTEHT (chaiinu), Tarui Ak

Tocapifi TEXCTOB] FORYMEHTY, eNeKTROHH] TaonuLL

| KaDTHH, Y210 Ta Bl a. Kpii T0T0
® -
MO¥HE FOSBQITY CyaeHTalM 8503

380pOTHM
38’30k

517108015 5B3NOCEDSNHEO 8 PEIAKTODI HE

caiiTi. Takoy

E1EHKA MOXE CTYTYERTH

TSRS HATAYBEHHAN (17 CTYEHTIE, W0 I

MIOTDIGHO 3pOOHTH & “peansHoly Cairi

OocTexeHHA HanpuKraa, AKack TBOPYa POOOTa, FKa He.
MO¥E OLDPORAHOTO BAY.
Cemirap

[Py POIMALI 33BAHHA BUKNALAYT MOXYTs
Tecr i
SANULIATH TEKCTOBI BiAryki 800 Maini 3

WK E

Ypox ZIeTaNLHM POYACHeHHAM N0 poSOTI

CTymeHTa. 33B1aHHA MOXYTL OYTH OLjHeHI B T

ﬂ\)ﬂm CKACYBaT)

Puc. 1 — BikHo mogaBaHHs «3aBIaHH»

y BiKHI, IO BiJIKpWJIOCh, BBECTU Ha3BYy 3aBJIaHHS,
omuc, BiaMiTuTH «Iloka3zyBaTu onuc Ha CTOPIHI KypCy»;

SIKIIIO HEOOXI/IHI TEPMiHU 371a4i BUKOHAHHUX POOIT,
oOupaere HEOOXiHI JaTM B HaJalITyBaHHIX, Iepen ix
BUOOpOM HEOOXiJHO aKTUBYBaTH omuilo «Bkimrouutny,
TICIIS 3aKiHYCHHS KiHIIEBOTO TEPMIHY MOJAHHS POOIT, yUeHb
OinbIIe He 3MOKE HA/TICIATH CBOIO POOOTY;

y rpadi «OmiHka» BKa3ylOTHCS MaKCHUMaJbHI Oaiu
3a BUKOHaHy po0oTy.

g nogaBaHHS MATaHb 10 OAHKY MUTaHb HEOOXiTHO:

B Oori AnMiHicTpyBaHHS BUOpaTH baHk muTans —
IMutanns (puc.2) ;

[0 ] .

Puc. 2 — Bank nutaHb

B MEHIO pefaryBaHHs OaHKy NUTaHb HEOOXiTHO
oOpatu Kareropito, B 5Ky Oyzae I0OAaBaTHCh NUTAaHHS Ta
HaTUCHYTH «CTBOPUTH HOBE ITUTAHHS»;

y BiKHI BHOOpPY THITy WHTaHHS HaldJacTime
BUKOPUCTOBYIOTBCSI HACTYNHI THOM TUTaHb: BOYZOBaHi
BiJINIOBi[i, BIIOBIIHICTh, KOPOTKA BiIOBiIh, MHOKXHHHUI
BHOip, mpaBmiIsHO/HenpaBmibHO, CodeRunner;

Jns aBTomMaTM30BaHOI TEpeBIpKH 3aBHaHb  OyJO
MPOAHAI30BaHO HACTYIHI IUIariHu (HaaOymoBW), a came:
Code Runner (puc. 3) ta Virtual Programming Lab (VLP).

(4]



Question1 ‘Write a Pythond function sqr(n) tha returms the square of ts numeric parameter .
For example:

Test Result

Test Expected | Got

print(sqr(-3)) |9

print(sar(0)) |0

Passed al tests!

Puc. 3 — Ilpuknaj 3aBranus 3 BUKopucTanusaM miariny CodeRunner

Amnaiiz mokasas, mo miarii CodeRunner mae Oiblie
BOynoBanux QyHKIIi, anix VLP.

CodeRunner — tunoBuii Tun 3anutadds Moodle, sikuii
JIO3BOJISIE BUMTEIISIM 3aITyCKATH MPOTpamy, 1100 OI[iHIOBATH
BIINOBIb CcTyAeHTa. Ha ChOrOmHINIHIA [IeHh HAWOLIBII
momupeHuM  BukopuctanHsiM  CodeRunner €  kypcu
MporpamMyBaHHs, B SKHX CTYJICHTAM MPOIOHYETHCS
HATIMCATH IPOTPAMHUIA KOJ 10 NeSKUX crierudikarii, i Tomi
el koJ1 Ki1acu(ikyeThesl, BAKOHYIOUH HOTO B cepii TECTiB.

CodeRunner napasi miarpumye Python2 (BBakaeTbcs
3acrapimim), Python3, C, C ++, Java, PHP, JavaScript
(NodeJS), Octave ta Matlab Ta inmi. ApxiTeKTypa J03BOJISIE
JIETKO PO3IMIMPIOBATH iHIIII MOBH.

Tun 3anutanHs CodeRunner Mo)kHa BCTAaHOBUTH Ha
Oynp-sikiii cydacHiit cuctemi Moodle (Bepcii 2.9 abo
Mi3HINIOI, BKIMOYa4n Bepcito 3.2), Ha Linux, Windows i
Mac.

Jns  cTBOpeHHS  3aBAaHb 3  aBTOMAaTH30BaHOIO
MEPEBIPKOI0  BUKOPUCTOBYBABCS ~ OE3KOIITOBHHIA  TAariH
CodeRunner (puc. 4), sKMid HATPUMYE KOMIUTIOBAHHS
0araTbOX MOB IpOrpaMyBaHHsl, 30kpema Python 3.

CodeRunner question type

Queston type
Customisation

Tempate debugging

Answer box

Precheck

Warking

Timplate params

Twg controls @ ¢ Hos:

Question type details

aranshe

Puc.4 — CtBopenns nuranus y CodeRunner

Y mynkti  Question type BHOMpaeThCs ~ MOBa
nporpaMyBaHHsl Ha sSKii OyayTh BiANpPaBIsATUCS BiIIOBIAL
Ha cepBep, y HamoMy Bunaaky — python3 w_input. Mozayins
CodeRunner, Takox, mnepeabdayae MOXIHMBITH CTBOPEHHS
TeCT-KeiciB  (puc. S5) pAnsd TepeBipKd MPaBHIBHOCTI
BUKOHAHHS IIPOTPaMHU Ta Ha OCHOBI pe3yNbTaTy OLIHIOBAHHS
poOOTH y IIKaTi, KA 331A€ThCS IPU CTBOPSHHI MTUTaHHSL.

Answer box preload
Test cases

Tetesse |
sunesenpu
Expetasoupt
Exta g s

Ttpropaees: O o useseanpe Degy ST *| 0 Hoeresatc ovemy

Puc. 5 — CTBOpeHHS «TecT-Keiicy»

VY moni Test case 1 3anmcyeTbcsi BUKIMK (DYHKLIT, SIKY
NMOBUHEH KOPUCTYyBad Hamucatd 1 TapamMeTpH, sKi
nepenatoTbesi. Y expected output — pe3yabpTaT BUKOHAHHS
¢ynkuii. Takux TecT-KelciB MOKHA CTBOPIOBATH Oe3id.

BHCHOBKU

[TincymoByroun BHIE CKa3aHe, MOXKHa CTBEPIUKYBAaTH,
II0 [poLeC HaBYaHHA 3 BHKOPHCTAHHAM IIPOTPaMHO-
IHCTPYMEHTAIBHOI MIaT(GOpMU OUCTAHIIIMHOTO HaBYAHHS
Moodle mae psng cyTTeBUX mepeBar Ta 3pydHi 3acodu
YIpaBJiHHS KOHTEHTOM 1 pi3Hi (opmu opraHizaiii 3aHsTb.
JlaHa cucrtemMa 4acTO BHMKOPHCTOBYETBHCS MJIsI CTBOPEHHS
iH(pOPMAaIIfHO-OCBITHROTO ~ CEepellOBUIA  HAaBYaJbHOTO
3aKjagy, 1 OpIEHTOBaHa, HacamIiepel, Ha 3a0e3ledeHHs
IHTEPaKTUBHOI B3a€MOJil MK y4YaCHHKaMH HaBYaJbHOTO
NPOLIECY, 3aCTOCOBYETHCS Ul OpraHi3alii Sk 3a04HOrO Ta
JUCTAHLUIHHOTO HABYAHHA, TaK 1 Ui IMIATPUMKH OYHOIO
HaByaHHiA Ha ocHOBiI JgaHoi cucTeMH pO3pOOJIEHO Ta
anpoOoBaHO Ha 0a3i 3araJbHOOCBITHIX IIKiIA MicTa [BaHo-
®paHKiBCBK ~ HAaBYAJIbHO-METOMWYHI  Marepiamy Ui
BUBUYCHHS MOBH IIporpamyBaHHs1 Python, B KX monaeTbest
TEOPETHYHHUHA MaTepiay, IpaKTUYHI 3aBJaHHS Ta 3aBIAHHS
JUTS TIEPEBIPKM 3HAHb YYHIB, BCi BOHH HAIOBHIOIOTH CaWT
JUIS JUCTAaHIIHHOTO HaBYaHHS, IO 3HAXOMUTHCA 32 aPecolo
http://138.68.105.99/moodle.
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AHoTanis—Y podoTi yBara 3ocepeIKy€eTbcsi Ha npodiaemi
kiacudikauii  ypaykeHp  IIKipH, 30KpeMa  MeJAaHOMHU.
I[IpononyeTbesi po3GMTTS 1EPMOCKONIYHOIO 300pa’keHHs, IO
MICTUTB 3JI05IKiCHE 4YM [J00pOfIKiCHe YIIKOIKeHHS WIKipHu.
3anponoHoBaHe pilleHHs1 MO0YJ0BAHO HA OCHOBI apXiTeKTypH
3ropTkoBoi HeiipoHHoI Mepexi VGGNet.

KiouoBi cioBa—ypaxkeHHsi WIKipH, MeJaHOMa, MeIH4YHi
CHCTEMH NATPUMKH NPUAHATTA pillleHb, 3rOPTKOBI HelpOHHI
Mepeaxi.

Abstract—The work focuses on the problem of classification
of skin lesions, in particular melanomas. It is suggested to split
a dermoscopic image containing malignant or benign skin
damage. The proposed solution is based on the architecture of
the convolutional neural network VGGNet.

Keywords—skin lesions, melanoma, medical decision support
systems, convolutional neural networks.

1. Bcryn

Menanoma € (atanbHOO (OPMOIO pPaKy IIKIpH, sKa
9acTo HE MIarHOCTYEThCA a00 HENMPABMIIFHO JiaTHOCTYETHCS
K J00pOsSIKICHE YpakKeHHs WIKIpU. 3a ONpPUIIOAHECHUMH
omiakamu [1], B Cnomyuenux Illtatax ¢ikcyerbes 76 380
HOBHX BHITQJIKiB MeJlaHOMH Ta 6750 cmepteil Ha pik. Panne
BUSBJICHHSA HEOOXIOHO, TOMY IO OKUTTS TMAI€HTIB 3
MEJIAHOMOIO 3aJIe)KUTh BiJl TOYHOI 1 paHHBOI JIarHOCTHKH.
Jlikapi wacTo TOKIAmarOTECA HA OCOOMCTHH JOCBim Ta
OLIIHIOIOTh PIBEHb YPKEHHS B KOXKHOMY KOHKPETHOMY
BUIIAJIKY, OEpydn 10 yBaru JIOKaJdbHI Ypa)KEHHS TaIlieHTa B
MOPiBHSHHI 3 yCiM TitoM [2].

bes koOMO'IOTEpHOI IIOTIOMOTH TOYHICTh KIIIHIYHOTO
JiarHo3y AJIS BUSIBICHHS MEJTaHOMH CTaHOBHTH 65- 80% [3].
BukopucTaHHS JEPMOCKOMIYHUX 300paKCHb IOKPAIIye
JIarHOCTHYHY TOYHICTh ypaxeHb MmKipm Ha 49% [4].
BisyasbHi BIIMIHHOCTI MK MEJIAHOMOIO 1 JTOOPOSKICHUMH
YPOKEHHSIMA UIKIpH MOXYTh OyTH MAyKe HE3HAYHUMH
(puc. 1), 10 YyCKIaJHIOE BCTAHOBJICHHS I1X BiJMIHHOCTI
HAaBITh MIATOTOBICHUMH MEIMIHUMHU SKCIICPTAMH.
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Memnaroma JobpoaricHmit HEBYC

ST L
e B

Puc. 1. 3pa3ok 300pakeHb, CTBOpeHUit 3 Habopy aanux apxiBy ISIC [5]

VY naniii poOOTI MHPOIOHYETHCSI MeTon Kiacudikaii
TIOIIKO/I’KCHb H_IKlpI/l 3a JOIIOMOI'OHO TIIMOMHHOTO BHBYCHHA,
SIKHHA OXOIUTIOE 3aTaJBHOIOCTYITHHIA AEPMOCKOIIIYHIN Ha0ip
300pakeHb IIKIPHUX MOKPOBIB - Habip Aanux apxiy ISIC
[5]. Bin BUKOpPHCTOBYE IiCHYIOUy apXiTEKTypy 3TOPTKOBOI
HeliponHoi Mepexxi VGGNet, ska € pyxe TNIMOMHHOIO
3TOPTKOBOI0 MEPEKEI0 BEIMKOMACIITaOHOIO Bi3yallbHOTO
PO3Mi3HABAHHS.

II. 3AIPOIIOHOBAHE PILLIEHHSI

JInst  BUKOHAaHHS BHWIIEBKAa3aHOI 3amadi  HEOOXiTHO
PO3IISIHYTH apXiTeKTypy 3roptkoBoi Mepexi (ConvNet) Ta
TIPOSICHATH aCTIeKTH 11 pearizarii.

A.  Apximexmypa ConvNet
VGGNet € nobpe 3aJJOKyMEHTOBaHOIO Ta
3arajibHONPUIHATOI ~ apXITEKTypOK Ui 3FOPTKOBHX

HeripoHHX Mepex [6]. s ConvNet crama nomyssipHa
3aBJSIKM  JJOCSITHEHHIO JIMBOBIDKHOI IPOJYKTUBHOCTI Ha
Habopi mammx ImageNet [7]. Bona mocraBnseTbcs B
JIEKIJIbKOX BapiaHTax, 3 sSIKMX /Bl HalledekruBHimi (3 161 19
BaroBUMH Iapamu) OyIi ONpruTioAHeHI. Y il podoti Oyna
obpana apxitekrypa VGG16 ananroBana 3 [6] (puc. 2),
OCKLUTBKH BOHa Oyia 1oOpe BIIOpsAAKOBaHA B IHIINX Ha0Opax
JaHuX. BxigHuit map Mepexi yekae 300pakeHHs y popmari
RGB 224x224 mikceniB. BxigHe 300pakeHHS MPOXOAUTH
4yepe3 I'ATh 3rOPTKOBUX OJIOKIB. BukopucToBylOThCS
HEBEINKI 3TOPTKOBiI ()UIBTPU 3 PEIENTHBHAM IoJieM 3x3.
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Kosken 30ipHuii 010K BKiIFOYa€e B cebe omeparito 2D-3ropTku
(KimbKicTh  UIBTPIB  3MIHIOETBCST MK Onokamu). Beci
npuxoBaHi wmrapu obiagHani ReLU  (pektudikoBaHMM
JMiHIHHUM ~ OJIOKOM) Ui BUKOHAaHHA (QYHKUIIH  piBHA
aKTUBalii, BKIIOYAIOTh IIPOCTOPOBHH ITyJl 3a JIOIIOMOTOIO
BUKOPUCTAHHS MAaKCHMAIbHOTO 00'€qHAHHs Imapy. Mepexa
OB’ SI3YEThCS 3 OJIOKOM KJIacH(]ikaTopiB, M0 CKIANAETHCS 3
Tpbox mapiB Fully-Connected (FC).

Opurinaneanit  VGG16  moBuHeH OyTu  3MiHEHHE
BIJITIOBIZHO JI0 HAIIKX MOTPEO:
e (OcCTarToOYHHMII MOBHICTIO IMAKIIOYEHUNA BHUXITHUNA

piBeHb NMOBUHEH BHKOHYBaTH OiHapHYy KiacH]iKaIliro
(oOposKiCHE TIPOTH 3IIOSIKICHOTO).

e OyHkuis akTUBaLii B MoAK(iKOBaHOMY LIapi 3MiHEHa

Ha CUTMOTIONIOHY.

B.  Ilepsunna obpobra ma 36invuienHs OaHux

BxinHi 300pakeHHS TOTIEPEIHRO OOPOOIIIOTH MIISIXOM:
(I) Hopmanizauii 3HayeHs mikcendiB jpo aiamnaszony [0,1]; (II)
00pi3aHHs 300pakeHHS /O KBaJpaTHOTO CITiBBiTHOIICHHS
cropiH (pu HeoOxiguocTi); (I1I) 3MiHM po3mipy 300paxeHHs
IO OYiKyBaHOTO po3Mipy 224%224 mikceiB.

Imprut Layer
I S
Conyolulson2
Coiiv block .
II-\-I--||I|‘-\.II-II|.I1- Ciomvaluson s
MaxPoolmg 20y
|
1
—
Convolution2y
Conw block 2 -
11258 gusipnn (Hliers) Conyoluton(D
Nolaw Posn mp 200
—
1
% @
Cionvalusonlls
Cony Block 1 Lot alulson I
2346 outgant fikicrs) y
L AL Tier Convolutson2d
'\.rjl.r"‘ulll'.y]'.'b
r
Convolutson2
Conw block 4 Comvolulson2D
512 quitpnnt fihers
L PREAN T} Consululion2DD
Max Poolmg21
1
I B
Comvolulson 2
Uaiiv Block § Lonvoluison iy
5132 ilicrs
(512 output filters) Compeohutson 20y
Man Poolimp2 D
¥
Flamen
Fu ||:. conreecled L
i lamesi Ther  —
[Fn o

Puc. 2. Apxitekrypa VGG16

154

[I[o6 MakCHMMAaJIbHO BHKOPHUCTATH KiIbKAa HABYAIbHHX
MIPUKJIAIB Ta MiABHIIUTH TOYHICTH MOJEINI, JaHi 30UThIICHI
3a JIONIOMOIOI0 psijly BHIIQJIKOBUX IEPETBOPEHb. Bubpani
TaKi METOJM 30UTBIICHHS JaHUX: TIOBTOPHE MACIITa0yBaHHS
po3mipy, obepranus  40°, TOpPU3OHTAJBHHUI  3CYB,
MacmTa0yBaHHS 300paKeHHS Ta TOPHU30HTAIEHE
nepeBepTanHA. KpiM TOro, odiKyeTsCs, IO 30UTBIICHHS
KUTBKOCTI JTAaHWX TaKOX Ma€ JOMOMOITH YHUKHYTH
MepeHaBUaHHs (3arajibHa mpobieMa 3 MaauMu Habopamu
JaHuX, KOJW MOJenb IMiggaHa 3aHaaro Mailiid KiJbKOCTI
NPUKJIA/IB Ta BUBYAE CXEMH, SIKI HE y3arajbHIOIOTh HOBI
JaHi), 1 3 Ii€i MPUYMHU MOKPAIIUTh 3AaTHICTH MOJIENICH 10
y3arajJbHEHHS.

C.  Hanawmyeanmus mepesici

OmHPM i3 TIOIMPEHWX METONIB IepeAadi HaBYaHHS
MOJSITa€ HE JIMIIE B MEPEHiAroTOBIN Kiacudikatopa y
BEpXHii JacTHHI Mepexi 3 HOBUM HaOOpPOM JaHUX, alle i B
3aCTOCYBaHHI TOHKOI HACTPOMKH MEPEeXi IUIIXOM HaBYaHHS
JIMIIE YACTHHH BEPXHBOTO pIBHSA 3rOPTKOBUX IIApiB Ta
MIPOIOBKEHHS 3BOPOTHOTO PO3MOBCIODKEHHS. Y Iiif poOoTi
MIPOTIOHYETHCS 3aMOPOXKYBATH PIBHI HIDKIOTO PIBHSI MEPEKi,
OCKIJIbKA BOHHM MICTSTh OUIbIIE 3arajlbHUX XapaKTEPUCTHUK
Habopy naHux. Hac 1ikaBUTH TpeHYBaHHS JIMIIE BEpXHIX
mapiB Mepexi 4epe3 iX 37aTHICTh BUKOHYBAaTH BHIIYYCHHS
Oinpm cnenudivanX QyHKOIA. Y opOMy MiOXo4i mepii
YOTHPU 3rOPTKOBI IIApH B  OCTATOYHIM  apXiTEeKTypi
iHimiami3yoThes 3 BaramMu 3 Habopy naHux ImageNet.
[T'ssTuii  3rOpTKOBUIT OJIOK IHIIIAMI3YETHCS BHIIAIKOBAMH
Baramu.

D.  Acnexmu peanizayii

Jmnsa  peamizamii  apxiTekTypu HEHpOHHOI  Mepexi
nponoHyroTbesi Bukopuctatn Keras [20]. Bin 3abesmeuye
map  abcrpakmiii  moBepx  Theano  [21],  sxwmif

BUKOPUCTOBYETBCSI SIK OCHOBHA CTPYKTypa HEHPOHHOL
MEpEexKi.

Keras nomyckae:

- MOJYJIBHICTB - KOPUCTYBa4i MOKYTh CTBOPIOBATH CBOIO
MEpPEeXKY IMOCIITOBHOCTI, sIKa MPEACTaBiIsie COOOK JIIHIHHUIA
cTeK MpHUQTIB;

- MiHIMaJi3M ¢dyHkii,
JIO3BOJISIIOTH ~ KOPHCTYBaueBi
3MIHIOBAaTH MEPEIKEBI PiBHI;

- PO3IIMPIOBAHICTS - MIOJCHHI OHOBJICHHS 3a0€3M1eUyIOTh
BUPIIICHHS MOTOYHHUX MPOOJieM, 3 SKHMH 3yCTPidaroThes
IOCHITHUKY TIIMOMHHOIO HABYAaHHS.

Kpim Toro, Keras npairoe B cepenosumii Python, mo mae
KOPHCTyBa4aM  CBOOOILY  BHKOPHCTAaHHSA  JOIATKOBHX
3anexHocreit Python, Bkimtouaroun SciPy [22] i1 PIL [23]. B
nonarok o Keras, Heooxinni 6i6mioreku CUDA [24] mis
ynpaiinHs rpadiuaumu npouecopamu NVIDIA GeForce
GTX 1080 Ti, mo0 BUKOPHCTOBYIOTHCS JJIsI HaBYaHHS Ta
OIIIHKHM peaizamii [25].

BKJIIOUEHI B 0i0JioTeKy,
JITKO  CTBOPIOBAaTH  Ta

III. EKCIIEPUMEHTHU TA PE3VJIbTATH

Jns  npakTH4HOI IEpeBIPKH  TMO3HAYEHOTO  MiJIXOIy
NpoBefieHa HU3KA EKCIIEPUMEHTIB 3  BUKOPHCTAHHIM
3alpOIIOHOBaHUX METO/IIB TA BKA3aHMX aCIEKTIB peaizallii.



A.

Jis excriepuMeHTiB OyB BHKOpUCTaHME Halip JaHUX
ISBI 2016 poky i aHamily MOUIKOPKEHb IIKIpH Ha
MpeJIMeT BHSBICHHSA MedaHomu. Habip naHWX MICTUTH
penpe3eHTaTHBHY CyMiml 300pakeHb, IO3HAYCHHUX SIK
JI0OposKicHI a00 3JI0SIKICHI, TOTIEPEAHBO PO3OUTI HA TPYIH 3
900 HaBuampHHUX 300pakeHs i 379 TecToBUX 300paxeHs [5].

Habip oanux

B.  llapamempu

Bci meronu Oynu peanizoBani B Keras. ®Dyskuiero
ornrumizanii BuOpana RMSProp [26], ¢yHkmis Brpar
onwmcana B [27]. s onrTumiszaiii BUIIQAaHHS B TIOBHICTIO
MAKITIOYEHUX IapaXx BHKOPUCTOBYEThCS 3HadeHHs 0,5.
Po3mip mapTii 3 16 300pakeHp 0OpaHMiA Yepe3 HEBETUKUI

po3mip icHyrodoro Habopy manmx. Habip maHmx
30aJaHCOBaHMH 3a  JIOOMOTOKW  JUCKperm3amii. B
andaBiTHOMy ToOpanky Oymm BimiOpami mepmi 173

300pakeHHS 3 KOXHOTO Kjacy B Ha0Opi HaBYaIbHHUX
MaTepiainiB, i Oyiu obpani nepii 75 300pakeHb B KOKHOMY
KJiaci 3 Habopy TecToBHX JaHuX. [lincymMKkoBuii HaOip JaHUX
cknanascs 3 346 HaBuanmbHUX 300paxkeHb 1 150 TecToBUX
300paxkeHb. Jlyisi 30UIbIIEHHS JaHMX BHKOPUCTaHI Taki
BapiaHTH: MacITa0yBaHHS pO3MIpiB, HOBOPOTH (KYTH),
TOPU3OHTAIBHUN 3CyB, MacmrtaOyBaHHs (koedilieHT) i
TOPU3OHTAIBHE BiIOOpakKeHHSI.

C. Pesynbmamu

Omiaka MoJeni BHUKOHYETBCS 3  BHUKOPHCTaHHSIM
HABYAIBHOTO Ta TECTOBOTO HAOOPIB, sIKi BUKOPUCTOBYIOTHCS
B Habopi manux ISIC.

BuHKOpPHCTOBYIOTBCSI HACTYITHI MOKA3HHUKH:

e (OyHKIIST BTpaTH, BHW3HAUYCHA SK KUIbKICHA OIliHKA
Y3TO[DKEHHSI MIXK NPOTHO30BaHUMHU 300payKEHHSIMHU Ta
ICTHHHUMH MITKaMH.

® YyTJIMBICTh, YacTKa CIPaBXHIX MO3UTHBHHUX (DaKTiB,
KOTpi TIPaBWIBHO iMeHTU(IKOBAHI.

® TOYHICTh, YAacTKa 3aBAHTAKCHUX CK3EMIULAPIB, SKi €
pETIeBaHTHUMH.

e criel(ivyHICTh, YacTKa CHpPaBXKHIX HEraTHBIB,
MPaBUIIEHO 1IeHTH(]IKYIOTBCS.

® TOYHICTb, KUIBKICTh MPAaBWIBHUX IMPOTHO3IB, MOAIIEHHX
Ha 3aTraJIbHy KUJIbKICTh MPOTHO3IB.

K1

Pe3ysnbrati HaBYaHHS Ta TECTYyBaHHS MPEJACTABICHI B
TaOymmni 1.

TABJIMLISI 1. OLUHKA MOJEJI
. . TouHicTh
TounicTh 3ac00iB .
Tloxubxa . YyTausicTs pe3yabTary
BUMIPIOBAHHS A
BUMIPIOBaHHS
Hapuanehinil| ) 1991 76.88% 0.6903 0.8259
Habip
Tectosnit | 4337 81.33% 0.7866 0.7974
HaOip
BUCHOBKH

[TpoanamnizoBaHi iCHYIO4i METOJM AIarHOCTHUII ypa)KeHb
mkipu. PospoGnennit nBoxiacoBuid kiacudikarop, SKUNA
OTPUMY€E BXiJHI 3HIMKH 3 YIIKO/DKEHHAMH IIKIpH, Oymye
MOJIETb 3 BHKOPUCTaHHSIM TJIMOMHHHMX HEHPOHHHX MEpex
3CYBY Ta BHKOPHCTOBYE IO MOJENb ISl IIPOTHO3YBAaHHS
TOTO, YH € ypaKeHHS LIKIpH JOOPOSKICHUM a00 3II0SKiCHHUM.
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3anponoHOBaHUHA MiAXiA Jae 6aratoobilsf0di pe3yapTaTH -
Horo 3HadeHHs uyymmBocTi 78,66% Ta TowHOCTI 79,74%
3HAYHO BHWIIi, HDX Cy4YacHHH CTaH PO3Mi3HABaHHS I[HOTO
Habopy nanux (50,7% Ta 63,7%, BiIIOBIAHO).
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Anomayia—Yy poGoTi BHU3HAYEHA POJb CTeMiHIy A Jlronceka MOBa € Iy)e Pi3HOOIYHOIO, 1 YacTo T€, IO MU
NMOBHOTEKCTOBOI0 TMOIIYKY Ta 3arajbHi mnpolijevMu mnpH IIYKAEMO, MOKe OYTH MPUCYTHIM Y TEKCTi B pi3HUX (popMax.
BHKOpHCTaHHI creMinry. PosrusiHyTi pisHi  anropurvm Hampuxian, konu Mu IIYKaEMO JAOKYMEHTH 3a CJIOBOM
CTEeMIHTY /ISl aHIJIilcbKOI MOBH, 30KpeMa, HasiBHi y 0ibtioTeni «relax», HaM Oyne Bce OfHO, YU HAMMCAHE Lie CJIOBO B

Apache Lucene, BUsABJIEHi ocoﬁ.n.lmocn aJlIropuTMiB, ix JMOKYMEHTI 3 Maiyioi Jjitepu (B CEpeadHI PEUCHHS) YH 3

nepesaru Ta Heodiku. Copmobani npuuuMnK A1 BUGOPY  pepyxoi nitepu (Ha mouatky peucHHs). Takoxk, cKOpil 3a

TG CReNTIBIOTO STODITAY CTOVIT) 0 SMICKNOCT e, s AT AOKYMENT, 1€ 6 G080 TDICYT
A y /1o porp : TpeTii 0cobi — «relaxes» — uu B iHIIOMY 4aci — «relaxed».

Knrouoei cnosa—nosnomexkcmosuii noutyk, cmemine. TakuM YHHOM, MOWIYK MO OJHOMY CIIOBY HacIpasi
MOJKE 03HAYATH TIOMIYK 110 0araTboX, Xo4ya i CXOXKHX CIOBaX.

text search and common problems with using stemming.  ° CYCTEMaX IOBHOTEKCTOBOTO NOMIYKY LE BHPILIYEThCs
Different algorithms of stemming for English language are ~ WWIXOM BHKODHCTaHHs moOnepeiboi o0podkn ciis juis
considered, in particular, available in the library of Apache  TEPETBOPEHHS iX Ha TEpPMH, WO NOTiM OyiyTh 3amucani B
Lucene, features of algorithms, their advantages and inBeproBanmui  injmexc.  Ilomepenns — obpoOka  Moke
disadvantages are revealed. The established principles for BKJIO4ATH:

choosing the most effective stemming algorithm depending on
the existing conditions and requirements for the software

Abstract—The paper identifies the role of stemming for full

—  IrnopyBanHs crom-ciiB, abo mymoBux ciiB. e
CJIOBa, [I0 HE HECYThb CMHCIOBOTO HAaBAHTAXKCHHS, TOMY X

system. KOPUCTh Ta POJb JUIs TOIIYKY HE CYTTEBA. 3a3BHYail IIe
Keywords—full-text search, stemming. aprukii (a, an, the), cnonyunnkn (and, or), IpUAMEHHHKH
(in, on), 3aiimennuku (I, he, she), popmu miecnona to be (be,

1. Bervi have, had). Lli cmoBa mpocTo HE BKIIOYAIOTECA MO

. . IHBEPTOBAHOI'O 1HJIEKCY.
Ha paHuii MOMEHT TIOBHOTEKCTOBHH TIOMIYK €

HA/I3BUYAWHO TOMYJISIPHAM. BiH aKTHBHO BUKOPHCTOBYETHCS —  3HaXOKCHHS CHHOHIMIB JI0 CIIOBA Y CHELiaIbHOMY
y Ppi3HOMaHITHUX iHOpMaIiiHUX cHCTEMaxX, i MOXHAa 3  CIOBHHMKY CHMHOHIMiB. J[yisi cioBa «relax» MM MOKEMO TaKoxk
BIIEBHEHICTIO OYIKyBaTH, M0 HOTO PO3MOBCIOKEHICTH Oy/e BiIHAWTH CIOBO «resty.

IIe 3pOCTaTh. AJPKE MPHU POOOTI 3 BEIHKOIO KUTBKICTIO TAHUX
HabaraTo 3pydYHIINIe MaTH MOTYXHHHN, THYYKHHA Ta IIBHIKAI
IHCTpYMEHT IOLIYKY, cxoxuil Ha Google, aHik 0OMeXyBaTn
ce0e TONIYKOM JIMIIE 32 TOYHUM BXOJDKCHHSIM cJoBa abo
BUKOPHCTOBYBATH PETYIISIPHI BUPa3H, BUKOHAHHS SKUX MOXeE
OyTH TIOBUTEHIM.

—  IlepeBipka cnoBa Ha oapyk. lLle monomoxe
BUSIBUTH, 1[0 HANTMCABIIN «realxy», JIOAMHA Ha CIIpaBIi Maia
Ha yBas3i «relaxy.

- Creminr, abo 3BeACHHS CIIOBa JO HOTO KOpPEHS.
CreMiHT TIepeTBOPUTH ciioBa «relaxy, «relaxes» Ta «relaxed»

Jlist 3a6€3IIeUCHHsT BUCOKOT BHAKOCTI 00po0KM 3anutip ~ HA OJIMH 1 TOH e TepM «relaxy, M0 € KOPEHEM LbOro CII0Ba.
Y CHCTEMax MOBHOTEKCTOBOTO IOWIYKY BHKODHCTOBYEThCS — 1AKHM YHHOM Y iHJEKC MOTpamisie jmuie obpisana dopma
TakKa CTPYKTypa sK iHBeproBaHuH iHzaekc [1]. [HBepTOBaHMiA «relax», a OCh MOCUJIAHH BUL LIHOI0 TEPMY B IHJCKCL OynyTs
{HIEKC CKIAaeThes 31 CHMCKY BCIX CIIiB, sIKi MicTsiThes B MPHMCYTHI HA BCi IOKYMEHTH, /i€ € CJIOBO «relaxy B Oy ab-sKux
Oyab-sIKOMY TOKYMEHTI, 1 I KOXKHOTO CJIOBa 30€piraeThCs 0c001 200 aci.
CIIUCOK JOKYMEHTIB, B SIKHX CJIOBO MPHUCYTHE. JIOKYMEHT y
JAHOMY BHIIAJKY — LI€ OJMHHII JaHUX, KOTPY MHU IIYKaEMO,
HAIPUKIIA]], HAyKOBa CTAaTTA 4 KyliHapHuil peuernt. CIoBa,
I110 MOTPAIUISIOTH Y iHAEKC, HA3HUBAIOTHCS TEPMaMHL.

CIiCcOK MEeTOIB MOTepeTHb01 00pOOKH HE OOMEKYETHCS
BUILCHA3BAaHUMH, OJHAK MU PO3IJITHEMO JETalbHINIE came
CTEMIHT.
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II. CYTHICTb CTEMIHTY

CyTHICTh cTeMIHTy nojisrae y crpoOi 3MEHIIUTH KOXKHE
CJIOBO JI0 oro kKopeHeBoi popmu, abo Gopmu, OIM3BKOT 10
kopeHeBoi [2]. TakuM YMHOM MH 3BOJMMO pIi3HI, aje
OJTHOKOPEHEBI CJIOBa JI0 €IMHOTO 3arajJbHOro TepMmy. B
AHIUIICBKIA MOBI HaWOUIbII PO3MOBCIO/KEHUMHU € Taki
3MiHH (OPMH CIIOBA!

Pi3ni vactuam moBu: add, addition, additive.
Ocoba: play, plays.

Yac: play, played, playing.

Yuco: cat, cats.

['omoBHa i€ MOXITMBOCTI CTEMIHTY TIOJISITa€ B TOMY,
IO caMe KOPiHb € OCHOBHOIO 3HAYYIIOK0 YaCTHHOIO CJIOBA, 1
BIAKMHYBLIM iHIIE, y OaraTboX BHUN3JAKaX MH 3MOXKEMO
30eperTd CMUCIOBY CYTHICTh CIIOBA.

OpHak 1€ HE MOKPHBAE BCI BHUIAIAKH, 1 TAKMM YHHOM
MOXKE BUHHKHYTH MpoOieMa Ha/UIMIIKOBOTO CTEMIHTY
(overstemming). HammumikoBuii CTEMIHT MOJSTa€ B TOMY,
oo 4Yepe3 oOpi3aHHSA NBOX CIIiB 3 PI3HUM 3HAYCHHSIM MU
3BOIUMO 1X JIO €JJMHOTO TEPMY 1 TAaKHM YHHOM 3MIIIyeEMO
3MICT cJTiB B 0JjvH. Lle MO)kHa MpOUTIOCTpyBaTH Ha TIPUKIIATi
CIIiB «universe» Ta «university». SIKImo Hama cucreMa 3Hae,
110 JIiTEpa «€» YacTo MPHUCYTHs HAPUKIHII JIIECHTIB, a «ity»
— HaIpUKIHI IMEHHHKIB, Ta Il 9aCTKHA HE MAIOTh iICTOTHOTO
3MICTy, 00MIBa Haml ciioBa OyAyTh 3MEHIIEHI J0 TepMy
«universy. Temep NMpu MONIYKy 1O OJHOMY i3 IIHX CIiB MH
Oy/eMO 3HaXOAMTH i JJOKyMEHTH, Jie IPUCYTHE «university»,
i TOKyMeHTH 3 «universe». OmHAK 1€ € TOMHJIKOIO, aJlKe
MIOYATKOBI CJIOBA MAIOTh Pi3HE 3HAUCHHSI.

Just 6opoTsOH 3 MPOOIEMOI0 HAITUIIKOBOTO CTEMIHTY,
MOXHa 3MCHIINTH CTYHiHb OOpi3aHHs CIiB, TOOTO
«HOM'AKIIATH» ~ CTEMIiHI, OJHAK IIpd [bOMY MOXKE
BUHHUKHYTH MPOTHIIEKHA MPOOJeMa — HEJOCTATHIA CTEMIHT
(understemming). BoHa xapakTepu3y€eThCs THM, IO CIOBA 3
OJTHAKOBHM 3HAYCHHSM MPUBOJSTHCS HE JIO OJJHOTO TEPMY, a
10 pi3HUX. Hampukiazn, mpu gyxe M SIKOMY CTEMIHTY Halla
cucTeMa Moria 0 He IoB’s3aTH M co00ro cioBa «relaxed»
Ta «relaxingy, BBaKar4n iX aOCONIOTHO BiMIHHAMHU.

IcHYIOTH pi3HI aNrOPpUTMH CTEMIHTY, a KOMII IOTepHA
mporpama, IO pealli3ye TEBHUH TakKWUM  alTOPHUTM,
HA3UBAETHCS CTEMEPOM.

III. OCHOBHI BU/I11 CTEMEPIB

Cremepn MOXHa TONUINTH Ha IBI BEIUKI TPYIH:
aJITOPUTMIYHI Ta CIOBHUKOBI.

AJNTOPUTMIYHI CTEMEPH MICTATH y coO0i sl MpaBHII, SKi
3aCTOCOBYIOTH JIO CJIiB, HANIPHUKIIA] BIIKUIAHHS «S» 3 KIHIIS
cnoBa, mo0 TpuOpaTH 3aKiHUYEHHS TPEeThoi ocoOu. Bonu
JIOCUTH IIBUKI, HE MOTPEOYIOTh OaraTo J0JaTKOBOI mam’sITi
IUTSE CBO€T pOOOTH, HE MICTATh Hiskoi iH(opMarii mpo
OKpeMi CIIOBa, JIMIIe 3arajbHi npaBwia. OQHAK BaXKIMBUM
HEJONIKOM € Te, IO Ii CTeMepd HE MOXYTh H00pe
00po0JIATH HenpaBmiIbHI (irregular) ciioBa, Taki K Ji€cioBa
«eaty — «atey, a00 IMEHHHKH Ha KIITAIT «toothy — «teethy.

CJIOBHHMKOBI cTeMepH, Ha BiIMIHY BiJl alTOpPUTMIYHHUX,
HE MICTATh Maifke KOJHHX NpaBWI. IX CyTh ToJArae y
BUKOPHUCTaHHI CJIOBHHKA, IO IOIEPEIHBO 3alOBHIOETHCS
MOXJIMBUMHU ()OpPMAMH CJIB, SIKIi MH OYiKYEMO 3YCTPITH B
KopIryci TokyMeHTiB. KoxHe Take CJI0BO y CIIOBHHKY BKa3ye
Ha IUTbOBY 00pi3aHy Bepcito ciosa. e mo3Boisie cremepy
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MPaBHILHO OOPOOISATH HETIPaBHUIIBHI CIIOBA («eaty — «atey)
Ta PO3PI3HATH CJIOBA, CXOXi 3a (QOpMOI0, ane pi3Hi 3a
3HAYCHHAM («universe» — «university»). 'onoBHII Hemomik
TaKUX CTEMEpIB - JOCUTh BAXKO 3amucatd yci (OopMH CIiB,
IO OYIKYIOTBCSI, TOOTO SKICTHh pPOOOTH cTeMepa IyxKe
CHJIBHO 3aJISKUTh BiJl SKOCTI 3allOBHEHOTO CIJIOBHHKA.
CyTT€BO, IO MiITPUMKa TAKOTO CJIOBHHKA Ta IIBHIKOTO
JIOCTYILy J10 HbOTO BUMarae 3Ha4YHUX BUTPAT I10 IaM SITi.

VY GuIbIIOCTI BUIMA/IKIB 1711 BAKOPUCTAHHS y IPOTPaMHIN
cucremi Oyzie 0OpaHuiil came anropuTMIdHHIA cTemep.

Po3srisiHemMo HalOiIbII BiJOMI NTOPUTMIYHI CTEMEpPH,
HasIBHI 711 aHIJIIHCHKOT MOBH.

A. Cmewmep Jlosinca (Lovins stemmer) [3]

e mepmmii omyOJiKOBaHMH aNropuT™M cTeMiHry. Bin
Oy ommcanmii /Ix. JloBincom y 1968 pomi s 3akiaB
OCHOBHM /JJIsl TOMYJSIpHUX 3apa3 creMepiB. Ha crorommi
cremep JIoBiHCa BBaXKa€TbCs TPOMI3AKMM Ta HE JyXKe
HaJIHHUM: 17151 CBOET poOOTH BiH BUKOPUCTOBYE TabIHIIIO, y
skiit 3i0pano npuOmu3Ho 300 icHyrouumx CcyQikciB CIIiB.
AJNTOPUTM HaMaraeTbCsl BHpI3aTH 31 CJIOBa HANIOBIIWIT
MOKJIMBHH Cy(QiKC.

OpnHak HaBiTh TabnWMIsA TaKoro po3Mipy He €
BUYEPITHOIO, TOXX YacTHHA CyQiKCiB B Hil BiICYTHS, IO
3HWXKYE SKiCTh creminry. Cremep JloBiHca € mgocuTh
KOPCTKHM, 1HOAI MOXKE€ JaBaTH I 30BCIM HEOYiKyBaHi
pe3yabTaTH, Iy>Ke CHIBHO 00Pi3al0vH CIOBO.

b. Cmewmep I[lopmepa (Porter stemmer) [4]

Cremep Iloprepa 06a3yeThCsi Ha anropuTMmi cremepa
JloBiHCca, oOgHAK 3 AESIKUMH B@KJIUBUMH  3MiHaMH.
OCHOBOTIOJIOKHOIO i7Ie€l0 € Te, MO icHye Oarato cygikcis
AHIMTIHCHKOT MOBH, KOXKEH 3 SIKHX HacIpaBii po30MBAa€THCS

Ha [JeKigpbKka MajeHbkux cydikciB. ILle mo3Bommio
cnpocTUTH Tabnuio cydikciB, IO MIATPUMYIOTBCS, Ta
3poOMTH TpaBWiIa MO BiACIYEHHIO Cy(QiKCiB  OimbIn

3arajJbHUMH. Lleil anropuT™M BUKOHYE MOMITHO M’SKiIIMA
CTEeMIHT, HiXk anroputm JIoBiHca.

B. Cmewmep I[lopmepa 2 (Porter2 stemmer)

HapieHi 31 ctemepom Iloprepa Oyna po3pobiena apyra,
Tpoxu MoJu(iKOBaHA BepCisl I[LOI'O AITOPUTMY — CTEMep
IToprepa 2 (Porter2 stemmer). Porter2 Biapi3HsA€ThCS Bif
Porter TuM, 1m0 cTeMiHTr BiOYBa€ThCs NEKiJIbKa INBHJIIIE,
ane 1 € IeKUIbKa JKOPCTKIIINM.

Ha nanmit MmomeHT 00uzBi Bepcii anroputmy [loptepa €
HaOLIBII TOMYJSIpHUMH. Y Tabnumi | HaBeAEHI pe3ynbTaTH
pob6oTu cremepa Porter2 Ha pi3Hux dopmax ciiB.

MoxHa mobaunty, mo B 1ioMy cremep Porter2 moGpe
CIPaBIISIETHCS 31 CBOEIO 3a/1aueto. AJle B pe3ysibTarax HasiBHI
TIOMIJIKH SIK HEOCTATHBOTO CTeMiHTy («adding) 3BOANUTHCS
mo «ad», a «adds» mo «add»), Tak 1 HaIJIMIIKOBOIO
(«universe» Ta «university»), Tox Tpeda OyIu TOTOBUM [0
BOTO.

3aranom mpobieMa HaJJIMIIKOBOTO CTEMIHTY € INOCHTh
HEMPHEMHOI0. AJDKe HaBps/ UM JIFOJIUHA 3aX04e 3HAXOAUTH
JaHI TIPO SKHUKCH YHIBEpCUTET («university»), sSKIO0 BOHA
pobuna momyk mpo kocMoc («universe»), Ta HaBmaku. Lle
0cO0NHMBO CYTTEBO, KOJM HEOOXiOHMII MOIIYK 32 TOYHHUMH
HAYKOBHMH TEPMIHaAMH, a HE MPOCTO 32 CXOXKUMH CIIOBAMH.



TABJIULUA 1. BUKOPUCTAHHS PORTER2 HA PI3HUX ®OPMAX CJIIB

HO:;OT:;)BC Porter2 Ho:;;:;me Porter2
marker mark added ad
markers adds add
market market user’s user
add add organijzation organ
addition addit organ organ
additive addit university univers
adding ad universe univers

s 6inpm ToyHoro nomyky Oibmioreka Apache Lucene
HaJa€e CIpPOIIeHI peamizamii anropurMmivyHuX cremepiB. Lli
CTEMEpU MICTATh MEHIIY KUIBKICTh NMPaBWJI Ta BUKOHYIOTbH
M SIKIMMKA cTeMiHT. Po3risiHeMo 1i cTeMepd B TOPSIKY
3MEHIICHHS 1X >KOPCTKOCTI.

I Kstem

Le#t cremep mnoeaHye y coOi anroputMmiuHuid Ta
CIIOBHHKOBHH MiAXOMU. 3arajoM BiH BHKOPHCTOBYE JIHIIIE
TPU TIPOCTi TNpaBWia: 3BEJCHHS MHOXHHU [0 OJHUHH
(«books» — «book»), mepeTBOpeHHS] MHHYJIOIO Hacy Ha
tenepimHii  («looked» — «look») Ta mnpubmpaHHs
3akinueHHs -ing («looking» — «look»). Takox meit cremep
MICTUTh y c00i OOMEXEHHH CIIOBHUK, IO JO3BOJISIE
3HAXOAUTH BIAMOBIOHICTE MIDK TaKMMH CJIOBAMH  SIK
«amplification» Ta «amplify», «european» ta «europe».

. Minimanonuii (Minimal, EnglishMinimalStemmer)

Le#t cremep BUKOHYe MiHIMaJIBHY (YHKIIOHAJIBHICTD,
1O TIOJIATAE B 3BEAEHH] 10 oqHUHA: «books» — «booky.

E. Ilpucsitinui (Possessive, EnglishPossessiveFilter)

Cremep mpuOMpae O3HaKM TNpHCBiitHOT (opmu cioBa:
«User’s» — «user».

Pesynpratm poOOTH CHpOIIEHWX CTEMEpIB HA Pi3HHUX
¢dopmax ciiB npuBeieHi y Tadmumi 2. s TecTyBaHHS OyiH
BUKOPUCTAaHI Ti JX caMi cJOBa, MO 1 U TIEPEeBipKH
anroputMy Porter2 (tabmums 1), BimcyTHI ciioBa, mo s
yCiX cTeMepiB 3aTUIIMINCS HE3MIHHUMH ITICJIS CTEMIHTY.

TABJINIA 2. BUKOPUCTAHHS CITPOLEHMX CTEMEPIB HA PI3HUX ®OPMAX

CJIB
Ho:::::ne Kstem Minimal Possessive
markers marker marker markers
adding add adding adding
added add added added
adds add add add
user’s user's user’ user

Moxna momituTe, 1m0 MiHIMaIbHUN CTeMep € [emo
rpyOuM, ajpke MPHUCBiHA (GopMa «user’s» oOpizaHa MpoCTo
LUISIXOM BUKHIAHHS OCTAaHHBOI OYKBH «S», 1 OTpUMAaHH
TEpM, J0 SKOTO YBIHIIOB amocTpod. Yci Tpu cTeMepHu He
MarTh TMOMHIIKM HAUIMIIKOBOTO CTEMIHTY, a/pKe CJIOBa
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«university», «universe», «organization», «organ» He
HinagaoTh Mix XKoaHe iX mpaBuio. Takox Uil creMepy
Kstem BigcyTHs mpobieMa HEJOCTaTHBOTO CTEMIHTY, 1 BCi
thopmu niecnosa «add» IpUBOAATHCS 10 €MHOTO TEPMY.

IV. BUBIP OITUMAJIbHOI'O CTEMEPY

Bu0Oip neBHOro aJirOpUTMy CTEMIHTY 3JISKHUTh B TIEPIILY
4epry BiJ] TOTO, SIKHH CTYIIHb >KOPCTKOCTI OOpi3aHHs CIIiB €
HAWOIBII CHPHSTIAMBAM JUIi KOPHUCTYBadiB IPOrpamMHOI
cucremu. Ilpu 3HaUHOMY pO3Mipi KOpITyCy JOKYMEHTIB Ha
BUOIp aJIropuTMy TaKOXX MOXKYTb BIUIMBAaTH BHUMOTH 1O
IIBUIKOCTI Ta HasiBHI TEXHIYHI PeCypcH, 30KpeMa ram’siThb.

Tyr BXe TmocTae THTAaHHA BiTHAWACHHSA MEBHOI
piBHOBaru. JKopcTkuii cTremMep MOXe MPHU3BECTH 1O
3HAXOHKEHHS HEepeIeBaHTHUX pe3ynbTaTiB gepe3

3MIlIyBaHHA 3MICTy pi3HHX ciiB. M’sSkuil cTemep Moxe
3HAXOJUTH MEHIIE Pe3yibTaTiB, HiX XOTiocs O, 60 Oyne
BBO)XATH CXOXI CIIOBa 30BCIM pI3HMMH Ta I1HIEKCYBaTH
OKPEMO, JI0 TOTO K PO3Mip TaKoro iHIEKCY MOxe OyTH Iyxe
BEJIUKHM.

Bukopucranns sxopctroro cremepy (Lovins abo Porter2)
Ma€ CeHC JIsl MaKCUMAaJIbHOTO YIPYIyBaHHs CXOXHX CIIB Y
337a4i TMOIIYKYy KIOYOBHX ciiB [5]. Bimem arpecnBHmit
CTEMIHI' TaKOX KOPHUCHUH Yy BHINaJKaxX, KOJIH PE3yJbTaTH
TMOIIYKY HAaIIPaBIISIIOTHCS Ha MOJAIbLIy MAlIMHHY 0OpOOKy,
HAIPUKIIaJ, CIIOKHUBAIOTHCS AJITOPUTMOM KIIaCTepH3allii.

Y BUMaaKy KOJIM pe3ysIbTaTH IMOUIYKY HpH3HAYEHI IS
CTIOKMBaHHS JIIOJIMHOI0, M SIKHU cTeMep 3a3BuYail Oyne
NPU3BOINTH JI0 Kpalux pe3ynsTaris [6]. HaitOlnbmr M’ sikum
cepex oMy sIpHUX cTeMepiB € Porter.

SIKIo x mporpaMHa CHCTeMa BHUMAarae Jy)Ke «TOHKOTO»
MOIIYKY, TOOTO HAJ3BUYAWHO BAXIINBO, 00 OyJo 3HaineHe
caMe Te, IO LIYKA€EThCs, a HE CXOXi CJIOBA, TOAI MOYKHA
BHKOPHCTOBYBATH CTEMEPH 31 CIIPOLICHUM HaOOPOM TPaBHIL,
mo, 30kpeMa, Hamae Apache Lucene. Ilpukiagom Moxe
OyTH cHcTeMa 3 TOIIYKOM 10 TOYHHX HAYKOBHX TEpMiHAX y
MEIWYHUX TCKCTaXx.

BUCHOBKU

PosrnsgHyra posme  cTeMIHTY Uil ITOBHOTEKCTOBOTO
NOIIYKY, NpOaHaTi30BaHi IIOIYJSIPHI CTEMEPH, a TaKOoX
CIPOIICHI aJTOPUTMH, IO HAJAIOTh AY)KE M KUl CTEMiHT.
BcraHoBneHo, 1m0 He ICHYe €IMHOTO ONTHMAJIBLHOTO
ANTOPUTMY CTEMIHTY, IO MiTIHIIOB 61 KOXKHIH MpOrpaMHii
cucreMi. Ha BuOip anropurMy Moske BIUIMBATH crienudika
TEKCTY TOKYMEHTIB, HasBHI OOMEXEHHsS MIOAO IIBHIKOCTI
MOIIYKY Ta JOCTYNHOI Mam’siTi, a TaKoX Te, SIK came
BHKOPHCTOBYIOTBCS PE3yJIbTATH ITOLIYKY.
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Anomayia—B ocHoBi CQRS JekuTh npocre NOHATTA

BHKOPHCTOBYBAHHsI Pi3HMX Mojeseil sl NMOHOBJEHHS i II. OCHOBHA TEOPIA CQRS

yutaHHsa indopmauii. OgHak He mpocte MOHATTHA Bede 10

Cepiio3HMX HACTIAKIBE B NpoeKTyBaHHi iHdopmauiiinux A. CQORS ua pisni memodie knacy

cucreM. Ili HacaiAKH pO3rIAHYTI HA NPUKJIALi 10JATKY, IO

B3aemonie 3 CRM-cucremamu. Posrisaemo mnpuniun Command-query separation
(CQS). OcuosHra ines CQS, 3rimno [1, 2], mossrae B

Kniouosi cnosa — CORS, CRM, apximexmypa, cxosuute TOMY, LIO B 00'€KTI METOJM MOXKYTh OyTH IBOX THITiB:
OaHux.

Abstract—At the heart of CQRS is a simple notion of * Quprles: Meroan  moBepTalOTh  pesyibTar, He
using different models for wupdating and reading 3MIHIOIOYH CTaH o6'exra. Immmmu croBamw, y
information. However, this simple concept leads to serious Query He icHye Oyab saxux side effects.
consequences in the design of information systems. These
implications are discussed on an example application that e Commands: Meroau 3MiHIOIOTh CTaH 00'€KTa, HE
interacts with CRM systems. MOBEpPTAOUM 3HA4YeHHA. HacmpaBii KopeKTHime

HasuBaTh I Metoau modifiers abo mutators, aje

Keywords - CORS, CRM, Architecture, Data Warehouse. .
TAK ICTOPAYHO CKJIAJIOCHA, IO BOHWU HAa3MBAIOTHCS

L Bervi KOMaHIaMH.
Command-query separation (CQS) abo command- HAnst mpuknagxy posrmsHemo kimac User 3 ofHEM
query responsibility segregation (CQRS) — ue npunumn metozoM IsEmail Valid:
IMIIEpaTUBHOTO IPOrpaMyBaHHsl, BUHaleHuii beprpanom
Metiepom [1] mix wac poGOTH HajJ MOBOIO ITPOTrpaMyBaHHs public class User
Eiffel. IlpuHunn Bkasye, 1o MeTo] MOBHHEH OyTH abo {
KOMaHJIOK, SIKa BHKOHYE SKYyCh Mif0, a00 3amuToM, IO public string Email { get; private set; }
TOBEPTAC JIaHi, Jle HE OJIHOYACHO i THM, 1 THIIKM. Inakmure public bool ISEmail Valid(string email) // Query
KaKy4H, 3alaBaHHSI NHTAaHHSI HE IMOBHHHO 3MiHIOBAaTH {
BimnoBige. bimemr ¢opmambHO, TMOBepTaTH 3HAYEHHS return Regex.IsMatch("email pattern", email);
MOJKHA TUIBKM YHCTMMHU METOJAaMH, TOOTO TaKMMH, SIKI HE }
MaK?TB no6itHmX ed)eKTlB' V’/:[aHm p060Tl UCH MIXIX public void ChangeEmail(string email) / Command
MTOPIBHIOETHCA 3 KJIACHYHHUM IIXOAO0M 10 3YUTYBaHHS Ta {
3aMlucy aHuX. if (IsEmailValid(email) == false)
. throw new ArgumentOutOfRangeException(email);
HagiTh 32 MeXaMU KOHTPAKTHOTO MPOTpaMyBaHHS, Email = email;
3aCTOCYBaHHA CQRS PO3TISIIAEThCA foro }
MPUXWIPHUKAMH SIK  CIOCIO  CIIPOIIEHHS TPOTPaMH, b

pobustam octyn o ii cranHy (uepe3 3amuTH) 1 3MiHY 11
cTaHy (uepe3 KOMaH¥) OUTBII 3pO3yMUIMMH, aHAIOTIYHO
TOMY SIK YHUKHCHHS BHKOPUCTaHHS KOMaHIM goto
CIIPOILYE PO3YMIHHS TOTO, K IIPOrpamMa BUKOHYETHCSL.

Mu 3anmuTyemMo y KopuctyBada (podumo Query) 4u €
nificanMm email. SIkmo Tak, To YekaeMo y BIATIOBIG true,
inakmre false. KpiM moBepHeHHs 3HA4YCHHS, HPOTPAMICT,
akuii mmcaB Merox IsEmailValid, BupimmB B pasi
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BajiHOro email Bifipa3y MpPUBIACHIOBATH HOTO 3HAYCHHS
(pobumo Command) mosito Email.

Ckopucraemocst mpuaiunoMm CQS i
Metoau Ha Command i Query:

PO3ILIHMO

public class User

{

public string Email { get; private set; }

public bool IsEmailValid(string email) // Query
{

return Regex.IsMatch("email pattern", email);

}

public void ChangeEmail(string email) / Command

if (IsEmailValid(email) == false)
throw new ArgumentOutOfRangeException(email);
Email = email;

}

B. CORS na pisni ousaiiny oooamxa

TouHo Taka X imes JIKUTH B OCHOBI IPUHLUITY
Command Query Responsibility Segregation (CQRS). Ae
B I[FOMY BHIAJIKy TPHHIIUI IiAHIMAETECS Ha pIBEHb
o0'ekTiB, a He MeToAiB B 00'exti. [nst 3MiHM cTaHy
cuctemMu pooutbest kinac Command, a asst BUOIPKH JaHUX
kiac Query. TakuM YMHOM, MU OTPHMY€EMO Halip 00'eKTIB,
SKi 3MIHIOIOTH CTaH CHCTeMH, 1 Halip 00'exTiB, sKi
MIOBEPTAIOTh JaHi.

Sxmo kmac onmcyetbes sk Command, To BiH:
e 3MIHIOE CTaH CUCTEMHU.
e Higoro He moBepTae.

e JloOpe ommucye TpeaMETHY 00J7acTh,
KOPHCTYBAUiB HaJl CHCTEMOIO.

aK il

e Konrekcr komanau 30epirae mnoTpiOHi s 11
BHUKOHAHHS JaHi.

Ipuknan knacy, sSIKUi € KOMaHOIO:

public class DeleteUserCommand : ICommand<DeleteUserContext>

{

private readonly ISession session;

public DeleteUserCommand(ISession session)

{

this.session = session;

}

public void Execute(DeleteUserContext context)

{

session.Delete<User>(context.Userld);

}
}

3ayBanmo, 1o y kiaci tumy ICommand € TinpKu oguH
meron Execute, sxuii moseprac void [3]. Tak
BUIIISJIATUMYTh BCi KOMaHIM B Bamiomy mpoekti. Kiac
DeleteUserContext — 11e TOM caMuii KOHTEKCT, SIKHi HECE B
c001 1aHi, HeoOXiAHI 1711 KOMaHIH.

Skiro kiac onmucyeThest sk Query, TO BiH:

e He 3minroe cran cucremu. Hiskux side effects.
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e Konteker 3amury 30epirae moTpiOHI A 11
BUKOHAHHS AaHi (MeHHKKHT, QUIBTPH 1 T.11.).

e [loBeprae pe3ynbTar.

[puxnan knacy, sSIKUH € 3aIUTOM:

public class FindUserByldQuery : IQuery<FindByIdContext, User>
{

private readonly ISession session;

public FindUserByldQuery(ISession session)
{

}

public User Ask(FindByldContext context)
{

this.session = session;

return session.Query<User>()
.SingleOrDefault(x => x.Id == context.Id);

BayBakuMo, 110 y Kiaci tumy IQuery € TUIbKH OOMH
meron Ask, sxkuii moBeprac naHi. Tak BUINNIAZATUMYThH BCl
samutd B Bamomy mnpoekti. Kmac FindByldContext - e
KOHTEKCT, SIKUI Hece B co01 TaHi, HeOOXiIHI A1 3aIHTYy.

III. TTPOBJIEMHUIA LIABJIOH REPOSITORY

Peanizaniss mabnony Repository [4] ¢axTuuHO
MIEPETBOPIOETHCS B CTATUYHUH KJIac (HaBiTh, SKIIO Y HHOTO
HeMae cJIoBa static) 3 BEJIMKOIO KUIBKICTIO MeToJiB. Kpim
BPOTO, BHWHUKAE HHU3Ka MpoOJIeM Mix dYac pearizarmii
mabnoHy Repository, Ha sIKi HEMa€ NMPOCTUX BIATIOBIZEH.
Hasenemo nexinpka 3 HUX:

e Hespozywmiso, KN came peno3uTopin
BHUKOPHCTOBYBATH, SKIIIO METOJ BUOIPKH IPAIIoe 3
JIEKIJIbBKOMa CYyTHOCTSIMH.

e He3sposymino, mo poOHUTH, KoMK pi3HI perno3uropii
MOBUHHI BHKOPHCTOBYBaTH 3aKpUTI METOAM OAWH
OJIHOTO.

e TspKKO 3pO3yMITH 4YM HEOOXiqHMI B3arayi wmiap
CEpPBUCIB.

HaiinpocrimmiM ~ poOoyrM  pillIEHHAM €  TOJUI
PEeTNO3UTOPiiB HA HEBENHKi 00'€KT-3amuTH. Y TPOEKTi I
pearmizaliisi TICHO meperutitaeTbess 3 kouremniiero CQRS.
Cytb B Tomy, 0 Y CQRS € Habip 00'€KTiB, KOKEH 3 IKUX
poOUTh ONHY omepaiilo YuTaHHsA. TibkM uuTaHHS, Oe€3
3ammcy. OmHa JOTiYHA oOmepamis YHTaHHA JOPiBHIOE
OJTHOMY O0'€KTy 3aIuTy.

IV. TIPUKJIAJTI 3ACTOCYBAHHA CQRS

Higxix CQRS Oyno BHpimIeHO BUKOPUCTOBYBATH i
yac po3poOKH MpoeKTy, 110 B3aemogie 3 CRM-cucremoro.
OCHOBHOIO 3a/1a9€i0 BeO-caiiTy Oyiio 3UNTYBaHHS AHHX 3
CRM, iX KOpeKkTHe BiOOpa)KeHHsI Ta 3aluc YCiX 3MiH
JaHHX.

Bigomo [5], mo CRM - ympaBmiHHS BiJHOCHMHAMH 3
kmiearamu  (Customer relationship management) — 1e
[IOHATTS, 10 OXOIUIIOE KOHIIEMNIIII, IKI BAKOPUCTOBYIOTHCS
KOMITAHISIMHA JUIA YIIPaBIIHHSA B3a€MOBIIHOCHHAMH 31
CIIOKMBA4YaMM, BKIJIFOUAarOuM 301p, 30epiraHHs W aHami3
iH(bOpPMAIIT TIPO CIIOKUBAYIB, TOCTAYAIBHUKIB, TAPTHEPIB
Ta iH(opMallii PO B3a€MOBIIHOCHHH 3 HUMH.
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Puc. 1 — ApxitekTypa npoexty

Sk Gaummo, I KOKHOI il € cBiii Business Action,
10 BUKOHYE Jumie ofHy mito. Lle mo3Bonse koMOiHyBaTH
Taki emeMeHTapHi nii B mapi cepsuciB (LeadService nHa
puc. 1). PosrisiHeMo npukiia)] Takoro KOMOiHyBaHHS:

public BaseLeadModel CreateLead(CreateLeadRequest
request)

/I create lead
var leadld = _createLeadBusinessAction.Execute(request);

var company =
_getCompanyByldBusinessAction.Execute(new
GetCompanyByldRequest(request.Data.Companyld));

// set the same company industry if it is not set
if (company.InheritPropertiesFromLead())
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{
_setInheritedPropertiesFromLeadBusinessAction.Execute(
new UpdatelnheritedFieldsRequest(
company.ld,
request.Data.Industry?.Id,
request.Data.Potential?.1d));
}

/I create activity notifying about status
_addChangePropertyActivityBusinessAction.Execute(
new AddChangePropertyActivityRequest

NewValue = ((int)LeadStatus.Assigned).ToString(),
Property = PropertyChange.Status,

RegardingObjectType = Constants.LeadLogicalName,
Subject = $'"'Status changed to
{LeadStatus.Assigned.ToString()}"

s

// return new lead
return _getLeadByldBusinessAction.Execute(new
GetLeadByldRequest(leadId));
}

Sk 0auumMo, B METO/AI CTBOPEHHS CYTHOCTI
BUKOPHCTOBYIOTBCSL Jii 3 OTpPHMaHHs], CTBOPEHHS Ta
OHOBJICHHsI cyTHOcTel. Takuii miaXiJ PoOUTH KOJ JIETKO
3pO3yMUINM, JIETKO MamTadyeMHM Ta 3HIKYE IIOpIT
03HAIOMJIEHHS 3 IPOEKTOM.

BUCHOBKU

CQRS-miaxix mobpe mMiaXOmuUTh UII METOMOJOTI]
00'eKTHO-OPiEHTOBAHOTO MPOTPAMyBaHH:, alie MOXKe OyTH
3actocoBanuit i mo3za OOII, amke Moaia BCix omnepariiid Ha
KoMaHu 1 3anuté He Bumarae OOIL.

CQRS-miaxin Moxxe OyTH 3aCTOCOBaHMH B Oy/ib-
SKIH ~ mapagurmi - [porpamyBaHHs, J€  IOTpiOHO
TypOyBaTHCh PO MOOIYHI ePEKTH.
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Anomayia—Po00Ta NpUcBsIYeHA MUTAHHAM BUKOPHCTAHHSA ) )
TexHoJoriii Data Mining y crpaxoBiii raaysi, 3okpema, nis II. AHAJI3 PUBHKIB CTPAXOBOI KOMIAHII

aHAJII3y CTPAXOBUX PUINKIB. PosrnsiHeMO Ha MPaKTHLI MPOLEC aHaJi3y CTPaxOBUX

Knwuosi cnosa—cmpaxosi pusuxu, Big Data, mexnonocii ~ PU3HKIB 3 yPaxXyBaHHAM HAMIOIIMPEHIIIMX XapaKTCPUCTHK
Data Mining. kiieHTiB. J{ns mpukiany 3aBantaxkumo "HaOip maHuWx uist
MPOTHO3YBAHHS 3BEPHEHP IOJI0 CTPAXOBHX BHIUIAT', SIKHA

Abstract— The work is devoted to the use of Data Mining MICTHTb HACTYIIHI JIaHi IIPO KITi€HTIB:

technologies in the insurance industry, in particular, for the
analysis of insurance risks. age: BiK;

sex: crath (kiHka = 0, 4oyoBik = 1);

bmi: iHAeKCc MacH Tina;

children : kinbKicTb fiTel

smoker (1e manuts = 0; manuth = 1);

region: KOJ )KHTJIOBOTO paioHy;

charges: cyma CTpaxOBKH;

insuranceclaim: crpaxosi nperensii (tak = 1, Hi = 0).

Keywords—insurance risks, Big Data, Data Mining
technologies.

1. Bcryn

Pu3uk craB 00’€KTHBHOIO MEPEIyMOBOI0 BHHHKHEHHS
ctpaxoBoi crpasu. CTpaxoBi KOMITIaHil, HaTar0Un KIIEHTaM
Pi3HI MOCIYTM CTpaxyBaHHS, HAMararThCsl 3HHU3UTH CBOI IIpakTnuHy peanizaulilo NPOrpaMHOr0 KOAY BHKOHAEMO
MOTCHIIIHI BWUTpAaTH, IO TIOB’S3aHI 3 BHIUIATOI CYM, 3a gomomoror xmapHoi mrardpopmu IBM Bluemix Ta
nepe0adeHux 3000B’A3aHHSIME, MPH HACTAHHI CTPaXOBHX cepsicy Apache Spark.
BunaAkiB. i1 1poro icHye HaOip Mojelell PHU3HKIB IpHU .
nax .I[ I Y p a ]P . pu 3aBaHTaXXyeMoO (haii:
3MIHCHEHHI NeBHOro BUAy CTpaxysanns. Taki mozen df <- read.df(
BpPaxOBYHOTb MMOBIPHICTh HACTAHHA CTPAaXOBHUX BHUIIAJKIB B cos$url("test-donotdelete-pr-cjtekg95pwogsc", "insurance2.csv"),
3IEKHOCTI BiZI PALy XapaKTEPUCTHK KJTI€EHTIB. SIKi MOXYTb source = "org.apache.spark.sql.execution.datasources.csv.CSVFileFormat",
9

. header = "true"
BILIMHYTH HA 4aC HACTAHHs CTPAXOBOTO BUIAJIKY Ta PO3MIP head(df) )
CyMH BigmKkomyBaHHA 30uTKiB. IloOymoBa Takmx mopeneit nrow(df)

S : Obtaining Spark session....

a3yeTbCd Ha IIOII HbOM 1:311 axOBHKIB Ta > ;
6 3ye c.,. a6 ONCPEAHEOMY  IOCBIAL - CTPAXO . Spark session obtained.
T?XHOHOFI% po OTH.’U 1o 3aT.]iepL[>KeHa." AJBL - TIPAKTHHOL age sex bmi  children smoker region charges insuranceclaim
JISJIBHOCTI y OKpPEMIM CTpaxoB1i KOMIaHII.

PN RPN =

19 0 279 0 1 3 16884.924 1
HinecnpsimoBani xii 3 oOMexeHHS abo MiHiMi3amii 18 1 33771 0 2 1725.5523 1
pU3MKYy B CHCTEMi EKOHOMIYHHMX BiJJHOCUH Ha3HBalOTh 28 1 33 3 0 2 4449.462 0
YIPaBIiHHIM PHU3UKOM a00 PU3UK-MEHEIKMEHTOM. Pu3mk- 1338
MEHE/KMEHT Ha TNPaKTULl sBIsie cOo0OK  CyKYIHICTh Jlis MOYaTKy aHATi3y NAHAX BHKOPHCTAEMO METOX

aHaJIITUYHUX, opraljiaauiﬁynx, (biiHaHCOBI/IX 3aX0JiB, MO gnacrepusanil k-cepenmix Max-Kina [2], B sikomy cam
MAIOTh KOMIUICKCHHH IOCIIIOBHHH XapakTep, CIPAMOBAHUH  opycTyBay MOBMHEH 3aiaTH IUyKaHe YACIO KiHLEBHX
Ha 3MCHIICHHS a0 3amo0iraHHs HEraTWBHMX HACTIIKIB  yyacrepis, mo nosHauaersest gk "k". [OIOBHOIO IEpeBaroo
HacTaHHs pusukiB [1]. 3aBaskum Texmomoriam Big Data  porg METOy € MOXJIHMBICTh OOpOOJIATH JyKe BENHKI
MOXHA OTPUMYBAaTH Ta OOpOOJSITH BenMuesHi 06csru MacCHBH JaHUX, OCKIJIBKM HeMa€e HeoOXiTHOCTI 30epiraTtu B

HECTPYKTYPOBAHHX, MOCTIHiHO OOHOBTIOBAHMX JIAHMX, WO an'sTi KOMITIOTEPA BCKO MATPHLIO BiACTAHEH LITKOM.
BiIKpHBa€ HOBiI MOXJIMBOCTI JUIS IHTEIEKTYaJbHOTO aHAJIi3y

nanux - Data Mining [2]. Benuue3ni oOCsri HaKOMHYSHUX Hopmanisyemo nani.
JIQHUX y Tajly3i CTpaxyBaHHs MOTPEOYIOTh BUKOPUCTAHHS SIK df.stand <- as.data.frame (scale (df))
okpemux meroniB Data Mining, Tak i ix kombiHarii [3]. health<-select (df.stand, "age", "sex", "bmi",

"children", "smoker", "region", "charges")
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Jlis  BU3HAYEHHS ONTUMAIBHOI KUIBKOCTI KJIacTepiB
Bukopucraemo Mmeron "miktsa" (elbow method), sxwuit
PO3IIBIIAE XapakTep 3MiHu po3kuay Wtotal 31 301IbIIICHHAM
yucna rpyn k. OG'eqHaBIIM BCi N CHOCTEPE)XEHb B OJHY
rpynmy, MH MAEMO HaWOUIbIIY BHYTPINIHBOKIACTEPHY
qucriepcito [2], sika mpu

k — n) 6yne 3umKyBatncs 1o 0.

k.max <- 15 # mMakcuMasibHa KijJbkicTb KylacTepis
wss <- sapply(l:k.max, function (k)
+ {kmeans (df.stand, k, nstart=10 )S$tot.withinss})

Bynyemo rpadik (puc. 1).

plot (l:k.max, wss, type="b", pch = 19, frame

FALSE,

+ xlab="ximpkicTh KJlACTepiB K",
+ ylab="3arasyibHa BHYyTPlIHLOTPYNIOBa CyMa KBamparTis')
.
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Puc. 1

VY HanioMmy BUNaAKy OOTPYHTOBaHO 3 KIacTepu

km <- kmeans (health,
km S$size
[1] 562 502 274

3)

3HaXO0MMO LIEHTPHU KJIACTEPiB:

km$centers
age sex bmi children smoker region charges
1 0.80187302 -0.11007238 0.257996573 0.0969114 -
0.5072734 0.111409764 -0.1437772
2 -0.87081483  0.04131626 -0.292865189 -0.1167444 -
0.5072734 -0.122381053 -0.6854731
3 -0.04928319 0.15007267 0.0073877717 0.0151149
1.9698501 -0.004295617 1.5507673

OckinbKM Hamii JaHi CTaHOApTH30BaHi, MO3UTUBHI
3HaUEHHS TOTO YM IHIIOTO TIOKa3HUKA IMOKAa3ye, IO
BINIOBiTHA BENMYMHA BWIIC CEPEIHHOTO 3HAYCHHS,

HEeraTWBHI 3Ha4YeHHs BKa3ylOTh Ha Te, L0 BOHA HIDKYE
CepelHbOro, a HYJIbOBE 3HAUEHHS II0Ka3ye, IO BOHA
30iraeTecst 13 cepenmuim. JlomaBimm HOMEp KIIacTepy [0
HAIUX JaHUX, MH MOXEMO aHAJli3yBaTH MOKA3HUKHA B TOMY
YH THIIOMY KJIacTepi.

DF<-data.frame (df, km$cluster)

DF[1:5,c("km.cluster", "sex", "age","smoker", '"charges",
"insuranceclaim") ]

km.cluster sex age smoker charges insuranceclaim

1 2 0 19 1 16884.924 1

2 3 1 18 0 1725.552 1

3 3 1 28 0 4449.462 0

4 2 1 33 0 21984.471 0

5 3 1 32 0 3866.855 1
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TakuM YUHOM, MOXKHA IOZIUTUTH CTPaxOBHil mopTdenb
3a rpynamu pu3UKy JUIS pOo3paxyHKy MOTEHIIHHUX 30UTKiB,
9u IS PO3POOKM CTPaxOBUX IPOAYKTIB HALIICHUX Ha
neBHy Tpymny kiieHTiB. OTpuMaHi TaknM YHMHOM JlaHi €
TaKoXX JpKeperoM iHdopmariii Ans pU3HK-MEHEIKMEHTY
KOMIIaHii.

s nepexnOadeHHs KiacTepy, 10 sl KOro IOTPanuTh I0-
TEHI[ITHUN KJIIEHT, BUKOPHCTAEMO Oi0NIOTEKY MAIIHHHOTO
HaBuanHs MLIib, BOynoBany B Apache Spark. Jlinnmo nani
Ha JIBl BUOIpKU: TpeHyBaJIbHY (train) Ta TeCTOBY (test):

df list <- randomSplit (df,
train <- df list[[1]]

test <- df list[[2]]
kmModel <- spark.kmeans(train, insuranceclaim ~ age +sex+
bmi+children+smoker+region+charges, k = 3)
kmPrediction<-kmPredict (kmModel, newData=test)

c(8,2), 2)

AHami3yroun [aHi, OTpPHMaHi TpPH KIACTepPHU3AIiil
TECTOBOT BMOIPKM, 3HaXOJUMO, Y IIEpUIOMY KJacTepi
KIJIBKICTh 3BEpHEHb 32 BIAMIKOAYBaHHAM ckiama 50%, y
npyromy - 97%, y tpetbomMy - 72%.

TakuM YHWHOM, KIIEHTIB B KJIacTepaXx YMOBHO MOXKHA
PO3IUTUTH HA TPYIU PU3KKY 3 MOJAIBIINM BUKOPHCTAHHIM
i€l iHdopMmariii B poOoOTi.

Hdns  mepenbadeHHsT  WMOBIPHOCTI  3BEpHEHHs  3a
CTPaxOBHM  BIIIIKOMYBAHHSIM  CIOYATKy  3aCTOCYEMO
JIOTICTHYHY PErpecio, 10 HIMPOKO BUKOPUCTOBYIOTHCS LIS
JTOCTIKSHHS CTPaX0BOTO PHUHKY [3].

logModel <- spark.logit(train, insuranceclaim ~ age +sex+t
bmi+children+smoker+regiontcharges, regParam = 0.5)
LogPrediction<-logPredict (logModel, newData=test)

BincoTok BipHOTO nependayeHHs 3BepHeHHs - 77,37%.

JUis  TOKpaiueHHS ~— pe3ysbTaTiB  IepeadavyeHHs
cnpoOy€eMO BUKOPHCTATH alTOPUTM MAIIMHHOTO HAaBYaHHI
random forest (3a ngaHumu [4] BiH € eQEKTHBHUM
IHCTPYMEHTOM IPOTHO3YBaHHS Ta Ma€ CTIHKICTh 10 IIyMY).

rfModel<-
spark.randomForest (train, insuranceclaim~age+sex+
bmi+children+smoker+region+charges, "classification
", numTrees 10)
rfPrediction<-rfPredict (rfModel,

newData=test)

Bincotok BipHOTo nependayeHHs 3sepHeHHs - 90,88%.

BHCHOBKU

OTpuMaHi pe3ysbTaTH IATBEPIPKYIOTh MOXKIUBICTH
BUKOPHCTAaHHS BHIIE HABENCHUX MoOJeleil Ul aHawizy
PH3HKIB CTpaxoBoi koMmnaHii. OTpUMaHi TaKMM YHHOM JaHi
MOKHa BHKOPHCTOBYBATH SIK aHANITH4HY iH(opMalito s
IUTEH pU3UK-MEHEKMEHTY, 00 KOMIUICKCHO SIK BXiTHI JIaHi
JUIsL aBTOMATH30BaHUX CHCTEM CTPaxyBaHHS.
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Abstract — Today, many people are using file messengers.
We convey information without even thinking about its
security. Compare two messengers - Telegram and Viber. We
find out their security and reliability of encryption.

Keywords — Telegram, Viber, MTProto.

I. BCTVYII

CroroaHi Joctyn 10 Oyab-sikoi iHpopMalii 1ocTynHui
Ko)XKHOMY. Bce MokHa ni3Hatucst B iHTepHeTi. Aune €
iHpopMallist, 10 SKOI JOCTYN NOBHHEH OyTH OOMEXKCHHIA.
Indopmaniiina Oesmeka sSK pa3 1 3axuIiae Hac, BCIX
KOpPHUCTYBAaYiB COLIIAJIbHOT TaBYTHHHU.

[ndopmaniiina  Oesneka NpakTHKa 3arno0iraHHs
HECAHKLIOHOBAHOTO JIOCTYIy, BHKOPHCTaHHS, PO3KPHTT,
CIIOTBOPEHHS, 3MiHH, JOCITI/DKCHHS, 3allucy a00 3HUILCHHS
iHpopmamii. Hixto He xoye, moO iX MepcoOHaNBbHI HaHi
HOTPANUIM 10 PYK YyXKHX Jrojel abo 3I0BMUCHUKIB. Tomy
KOXKeH HamaraeTbcsi yoesnmeuutn cebe Ik mMoxe. OCHOBHe
3aBIaHHs iHpopMamiiHOi 6e3mekn - 30araHCOBAaHHUHA 3aXHCT
KOH(DIACHIIIHOCTI, WITICHOCTI 1 MOCTYMHOCTI JaHUX, 3
ypaxyBaHHSIM JIOIIHOCTI 3aCTOCYBaHHs 1 0e3 Oyab-sKol
LIKOJAM TIPOAYKTHBHOCTI OpraHi3ariii.

II. TTOCTAHOBKA ITPOBJIEMU

IMopiBusiemo HaniitHicte Telegram i Viber. Telegram -
0e3KOMTOBHUN OaraToruiaTpOpMOBHA  MECEHIKEp, IO
JI03BOJIsIE OOMIHIOBATHCS MOBIZIOMIICHHSIMH 1 Meniadaiiiamu
pizaux  ¢dopmariB. 3acHoBHUKOM € [laBmo  [lypos.
He3sBaxkarouu Ha Te, 1110 OO MECEH/PKEP BUMIILIOB Ha PUHOK
I3HIIIEe CBOIX TOJOBHHX KOHKypeHTiB WhatsApp i Viber,
BiH JIOCUTh HIBUAKO HaOyB pemyTailii OJHOTO 3 HailOLIbII
6e3meunnx cepsiciB. [loans cepBic MONoBHIOIOTE 350 THCSY
HOBUX KOPHCTYBadiB, a CEPBEPU JOCTABISIOTH ONU3bKO 15
MUIBSIpAIB TIOBiOMIIEHb Ha 100y. 3poOMBIIN MOPIBHIEHUN
anami3 Telegram Ta iHMMX MeCEHIHKEPIB MU BUAUIIIN TaKi
Horo nepesaru:

Davydova Veronika Pavlovna
Kharkiv National University of Radio
Electronics
Faculty of Computer Sciences
Kharkiv, Ukraine
veronika.davydova@nure.ua
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Moroz Dmytro Dmytrovich
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dmytro.moroz@nure.ua

Tpadik HIKOMY He BAAJIOCS pO3MN(pyBaTH;
BIIKPUTHH KO
BIZICYTHSI peKiiama;

®  CepBEpH 3HAXOIATHCA B 5 PI3HUX TOUKAX CBITY;

e 110 200 yyacHUKIB B OZHi Oecii.

Telegram BHKOPUCTOBYE, CIIELiabHO CTBOPEHUH ISt
nmonmaTtka, mpotokon 3B'sisky MTProto. V' mecenmxkepi €
XMapHi 1 CeKpeTHI 4yaTtu. B ocTaHHIX BHKOPHCTOBYETHCS
mupyBaHHI end-to-end, TOOTO TIOBIZIOMJICHHS
muppyeThes Ha TenedoHi BiJIIPaBHUKA, a
po3IU(pPOBYEThCA TUTBKK Yy onepKyBaua. Telegram He
0auuTh BMICT MOBIZOMIICHHS, TUIBKHA METafaHi, TOOTO XTO,
KOMY 1 KOJIM HaIlicaB, a TaKOX NMPUOIU3HUN OOCST TEKCTY,
BOHH MHUQPYIOTECA 1 HE 3aJMINAIOTh HIAKUX CIITiB Ha
cepBepax, He 30epiraloTbcs B XMapi 1 MOXYTb OyTH
aBTOMATHYHO 3HUIIECHI MIicIs MpodnTaHHs. Pemrra datiB, y
TOMY YHUCII HPUBATHI TMOBIJIOMJICHHS, KaHAIM 1 TPymud —
XMapHi, BOHH IUQPYIOThcs Ha TenedoHi, nepenaroTbes 3a
nornomororo nportokosny MTProto Ha cepBepu MeceHaxepa,
TaM po3mupPOBYIOTECA 1 30epiraroThes. ToOTO KITFOYI Bif
HUX € B posnopsypkeHHi Telegram. Ha cBoemy caiiri
PO3POOHUK CTBEpJKY€e, LIO €IMHA peajbHAa HebesIeKa,
TMOB'si3aHa 3 BUTOKOM JIaHUX, - II€ JIIOJIHA, sIKa CTOITh y Bac
3a CIIMHOIO 1 YnTa€ Bamli nmoBimomiieHHs. Yu Tak me?

Proto KpuntorpadiuHUi  TPOTOKON,  SIKMH
BUKOPUCTOBYETBCS B CHCTEMI OOMIHY ITOBiIOMIICHHSMH
Telegram nns mwMdpyBaHHS JIMCTYBaHHS KOPHCTYBAdiB.
[IpoTtoxon MTProto BUKOPHCTOBYE ABa MIapu Mu(pyBaHHS -
cepBep-cepBep 1 KiieHT-cepBep. BiH Tmpaifoe Ha OCHOBI
HACTYITHUX aJITOPUTMIB:

AES CHUMETpUYHUI  256-0iTHUIA
npuitasTail ypsagom CIHIA sk cranmapr;

ANTOPUTM,
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RSA — kpuntorpadiuyauii anroputM, B OCHOBI SIKOTO

JIOKUTh OOYMCIIOBAJIbHA  CKJIAJHICTh  3aBJAHHS
(bakTopH3allil BEIUKHUX LIINX YUCEIT;
e Meroxg Hidpdi-Xemmana - m03BONSE OTpUMATH

JIBOM 1 OiJIbIII CIIBPO3MOBHHMKAM CEKPETHUH KITIOY
10 HE3aXWIIEHOMY BiJI MPOCIYyXOBYBaHHS, OIHAK
3aXHIEHOMY BiJI TAMIHHA KaHAJy 3B'S3KY;

e SHA-1, MD5 - Xel-aJITOPUTMH,
BUKOPHCTOBYIOTBCSI B 0araTbox KpunTorpapiuHux
MPOTOKOJIAX 1 JofJaTkax i OE3IeYHOro
XCIITyBaHHS.

Ha Bimminy Big mnportokosny Double Ratchet, sxwuii
3actocoByeTbesi WhatsApp 1 Bke BCTHT  OTpUMATH
CXBaJICHHS BiJOMHX (DaxiBIiB B 00J1acTi 3axucty iHdopmarii,
po3pobHukn MTProto He moCHiNIarOTh HAJABaTH CBii
NPOJIYKT Ul HE3aJEKHOTO ayauTy. 3 OAHOro OOKy, Iie
pOOUTH ANTOPUTM TOTSHIIHHO Bpa3IMBHM Ul aTak, 3
IHIIIOTO - Ha CHOTOIHINIHIA IeHb HE 3a(iKCOBAHO KOIHOT
YCHIOTHOT i1, 0 MPHU3BeNa 10 PO3MHU(POBKH ITOBIIOMIICHb.

Uu peanbHUi B310M?

Jani B jgata-nieHTpax 30epiraroThCs Ha JHCKaxX B
3amupoBaHOMY BUTJIIAAI, KOKEH KiacTep 3ammdpoBaHUil
OKpEeMHM KIIIOYeM, SIKWi 30epiraeTscst B iHIIOMY KiacTepi
mig iHmMWH opucoukiiero. ToOTO HABITH SKIIO XTOCH
pykamu mobeperscss MO IMX MHUCKIB, iM Ie JOBEHNETHCS
MO30K 3JIlaMaTH, o0 Balle MOBIIOMIICHHS MEpeYnTaTH. A
MOBIIOMJICHHS, IO CAMOJIKBIAYIOTBCS HE 30epiraroThCs
HiJE.

TBopIii MeceHKepa 3asABISIFOTh PO TapaHTIl OC3MEKH Y
BIMHOIICHHI nepemayi 3amudpoBaHux  maHuXx. s
MiATBepKeHHs CBOiX ciiB [laBno JlypoB mepiomuvHO
OpraHi30By€ KOHKYPCH, B SIKMX yYaCHHKAaM IPOMOHYETHCS
po3mudpyBaTH  JUCTYBaHHS JBOX  CIIBPO3MOBHHKIB.
[puzosuit popn cranoButs 200 THC. AoNapiB, OMHAK IO
TEMEPINTHBOTO Yacy JKOJCH XaKep HE 3MIl IPOYUTATH
3amu(poBaHi MOB1TOMIIEHHS.

HaBite skmo mnpuitHITH 5K akciomy, mo MTProto
IifiCHO Mae Kpallli IapaMeTpH 3axHCTy Cepel CyJacHHX
MECEH/IKEpPIB, 3JI0BMHCHUKH BCE X MAalOTh MOJJIUBICTH
371aMaTH aKkayHT KopHcTyBada. [Ipuw 1ibOMy caM IpOTOKOI
TyT a0CONIOTHO Hi O YOTO. Ypa3iHWBiCTE MOXJIIMBA TPH
aBTOpu3alii KOpUCTyBaua, ab0o MpHU peasbHId Kpaaixii
TenedoHy.

Posristnemo Viber. Viber — e MoOIIBHUN JOIATOK, IO
JTO3BOJISIE I3BOHUTH 1 BINIPABISATH TEKCTOBI MOBIIOMIICHHS
IHITUM KOPHCTyBadaM IFOTO MeECCHIDKepa OE3KOIITOBHO.
KopucryBatucss HuM MoxkHa depe3 Wi-Fi a6o MoOiIbHUMI
inteprer. Moro 3acmysamu i3painetsan TamsMoH Mapko i
Irop Marasinnik. Viber Hanmiuye 6mm3bko 450 MITH aKTHBHUX
kopuctyBauiB. [IepeBaru Viber:

e  MO)KHA 3IIMCHIOBATH IUIATHI I3BIHKA Ha MICBKI 1

MOOIIBHI TeneoHH;
e  BeNMYE3Ha KUIbKICTh KOPHCTYBaUiB;
e  JIOCTYITHICTP Ha BCiX IIaTdopmax.
Okxkpim miepeBar Viber Mae TakoX 1 HSJIOTIKH:

®  BiACYTHICTH O€Kara JaHuX;
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e  [IOraHWH 3B'30K IPH TOJIOCOBHX 1 BiZICO I3BIHKAX;

e  (araTo pekiamu.

Temep po3moBiMO TIpO TPHUXOBaHI MOXxIuBOCTI Viber,
IO CTOCYIOThCS Oe3meku. Y Viber TeX MKIYIOTBECA TIPO
Oe3leKy CBOiX KopucTyBadiB. Tak, TYyT BCE TEKCTOBRI,
TrOJI0COBI Ta BizeoyaTu 3axXUILIEH] HACKPI3HUM
mmpyBaHHsIM, TOOTO BCi JaHi (BCI TUNH MOBiJOMIICHb,
¢doro, Bimeo, ToNOCOBI 1 BiJEOA3BIHKH) MHU(PYIOTHCS B
MOMEHT  BIANPaBKM 3  BalIoro  MPUCTPOKO 1
po3mIM(ppPOBYIOTECS. B MOMEHT IPUHOMY Ha NPUCTPId
onepxxyBada. OTike, HisIka TpeTss CTOpOHa HE 3MOXe
po3mwmdpyBarn i mpounTaTH AaHi Hix Yac iX mepenadi, a
TUTBKH yYaCHUKH 4aTy. Take mmpyBaHHs 30iHCHIOETHCS K
B 0COOMCTHX, TaK i B TpymnoBux yarax. Kpim Toro, cucrema
Ocsneku Viber 3alesmedye muppyBaHHA [TaHHUX, IO
MepeNaroThc MDK MPUCTPOSIMH, TOOTO  KIFOYI  JIJIsA
mmdpyBanHs / AemmdpyBaHHS MOBIIOMICHb € TIIBKH Ha
MPUCTPOSIX BiMIpaBHUKA 1 ofepKyBada. ToMy HiXTO, HaBiTh
cniBpoOiTHUKK Viber, He 3MOXYTbh 37aMaTH IU(PPYBaHHS i
MiICTyXaTH Ballly PO3MOBY.

Ha Bigminy Bin Telegram, sikuii BUKOPHCTOBYE B SIKOCTI
nporokony end-to-end mmdpyBaHHS, peai3allild CBOTO
anroputMy aBtopu Viber Hamucamu 3 Hyns. [Ipu mpomy,
MM(pPYBaHHIO MiJJIAI0THCSL:

®  TEKCTOBI ITOBIJJOMJIEHHS;

e  JI3BIHKH;

e (aim.

Jns opranizanii end-to-end mmdpyBaHHS KOXEH 3
KIIIEHTIB BUKOPHUCTOBYE Tapy KIIOUiB: BIAKPUTHH 1
3akputHid. g mapa kirodiB anroputMmy mudpyBaHHI 256-
bit Curve-25519 (ID «xmowa) pns  kimeHta Viber
TeHEepPYEThC TNPH YCTAHOBLI MECEHIKepa Ha OCHOBHHI
npuctpiid. [TyOniuHa uyacTMHA KITfOYa BIINPABISIETHCS Ha
cepep Viber, a mpuBaTHa 30epiracrbcs Ha IPUCTPOL
KJIi€HTa Ul pO3MH(POBKU MOBIIOMIIEHb, IO HMPUXOASTH.
[Hon mpucTpoi, sKi MpamoTh 3 UM akkayHToMm Viber,
TaKOX OTPUMYIOTH KOIIiI0 3aKPUTOTO KIIIOYa BiJ OCHOBHOTO
HPUCTPOIO 3 BUKOPHCTaHHSIM CHeLiaJIbHOTO
KpunrorpagiyHoro  anropurmy.  Viber  BCTaHOBIIOE
3aXMIICHEe IJKIIOYEHHST 3 YCiMa NPUCTPOSIMH KIIEHTIB,
KOJIM BOHHM 3aX04yTh OOMIHATHCS NOBimomieHHsIMHU. Lle
O3Hayae, IO, SKIIO Y OJHIEl CTOPOHM MECCHIKEp
BCTaHOBJICHUI Ha OCHOBHOMY npucTpoi, Ha [1K i mnaxmeri,
a B IHIIOrO TaKO)XX BHKOPHUCTOBYEThCA Ha IEKUTBKOX
MIPHUCTPOSIX, 3aXUIIEHE MIKIIOUEHHs Oyle BCTaHOBJIECHO
MiX KOXXHHM 3 IPUCTPOIB MPOTHIICKHUX CTOPIH.

Ane 3 koH(}imeHmilHIcTIO B Viber MOXXyTh OyTH TEBHI
npoOsieMu. AJpDKE CTOBIJCOTKOBOI TapaHTii Mpo 3axHcT
BalllMX JIAHUX HIXTO HE JacTb. BapTo Bi3HAYMTH, 110 OJIMH 3
JONIOMDKHUX cepBiciB Viber Support OyB 371amaHuii B JIMIHI
2013 poky rpymoto, ska HazBamaca CupiiiceKoro
CJICKTPOHHOIO apmieto. Boum 3mamanu caiit  Viber i
OTpUMaJIH JOCTyN 10 O0a3u nanux. Ha BeO-pecypci komnaHii
BOHHM 3aJMIIMIM TmoBigmomiieHHs: «Ha sxanp, He 3Moriu
35aMaTH Bci cucTeMu Viber». 3a clioBaMH 3JIOBMHCHHKIB,
BOHM YCIIIIHO 33aBaHTAXWIM KiJIbKa PE3CPBHUX KOMiKA 3
JaHUMU Tpo TenedoHHI HOMEpH Ta ajpecH eJIeKTPOHHOI
HOIITH KOPHUCTYBadiB. BUCHOBOK



Viber. Sk Bu po3ymiere, IUIOCH €, aje MiHYCiB OibLIe.
XTOCh He 3BepTaE yBary Ha IIi HEJOJIKH, a Uil KOTOCh BOHH
MalOTh  BEJUKEC 3HAYCHHA, IO 3MYIIye IIOBHICTIO
BIZIMOBIISITUCS BiJi BUKOPUCTaHHS LOFO MECCHKEpa, Ha
kopucth iHmmX. Came 3 wiei npuumnn Viber He €
HaWMOMYJSPHIIIUM CEPBICOM JUTS CITUIKYBaHHS.

Crymine 3axumieHocTi manux B Telegram, € ogauMm 3
kpamux. ToMy JaHU# MeceHIDKEp - [Ie HalKparie pilieHHI
JUTSA 3aXHCTY BAIINX TAHUX i JINCTYBaHHI.
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Anomayia - TlpoaHani3oBaHO BIUIMB XapaKTePUCTHK
aBTOMO0i/1s1 Ha Jioro edpexkTUBHICTL ekcmnyaranii. Po3podeno
web-1ogaTokx ISt aBTOMATHYHOTO PO3paxyHKy

eKCIUTyaTaliiiHUX BJIACTHUBOCTEH aBTOMODIIS. (

Abstrac — The influence of car parameters (characteristics)
on its efficiency of operation is analyzed. A web application has
been developed for the automatic calculation of vehicle
operation properties.

Knrouogi cnosa—excnayamauiini enracmueocmi, 00podscHbO-
mpancnopmui npuzoou, zpagix npucxkopens, web-oooamox

traffic

Key words— operation properties, accidents,

acceleration schedule, web-application.

L

CporoziHi aBTOTPAHCIOPTHI 3acO0M MalOTh BEJIHMKUI
BIUTHB Ha MOOYT KOXHOTO 3 Hac. [l BUpIIICHHS MIOACHHUX
3aBJlaHb HOr0 BHKOPHCTOBYE CIIbCBKE TI'OCIIONAPCTBO,
TIepeBe3CHHS MacaXUPIB 1 iHIII 007acTi AISUTFHOCTI JIIOAMHU.
ABTOMOOINTBHA I1HIYCTPist CTPIMKO PO3BHUBAETHCA, aje He
MOXkHa 3a0yBatm Tpo  Oe3meky. ABTOTpaHCIIOpTHE
HiIIPUEMCTBO TOBHHHO IPABWJIBHO BH3HAYHMTH CKIIa[
TPAHCIIOPTHHUX 3ac00iB, SKi O BIAMOBITATM KOHKPETHUM
BUMOTaM 1 3a0e3nedyBajin e)eKTUBHICTh eKCILTyaTallii.

Bceryn

HocmijkeHHs:  napameTpiB  pyxy  aBToMoOuIs 3
ypaxyBaHHSIM BCiX 3B'I3KiB MDK HOro OKpeMHUMH
€JIEMEHTaMH SIBJIIE COOOI0 33j1a4y BEJIMKOi CKJIAJHOCTI.
Tomy mpu JocimipkeHHI OyAb-SIKMX —eKCILTyaTalliifHuX
BJIACTHBOCTEH, B TOMY 4HMCIi 1 HOro KepoBaHOCTI 1
CTIMKOCTI, aBTOMOOLTb  3aMIHIOETHCS  PO3PAXYHKOBOIO

Leonid Nefodov
Automation and Computer-Integrated
Technologies
Kharkiv National Automobile and
Highway University
Kharkov, Ukraine
nefedovli@i.ua
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MOJEIIIO, sKa B OUIbINA 9M MEHIIHA Mipi BimoOpakae
peanbHui aBTOMOO1IE. CKIaaHICTh PO3PaxXyHKOBOT MOAETI 1
CTYHiHb 11 HaONIKEHHS JI0 pEalbHOr0 aBTOMOOLIIO
JUKTYETBCS ~ PSJIOM  pO3MipKoByBaHb. Ilpm  BuOODI
PO3paxyHKOBOT MOJIENI TIEPI 332 BCE CIiJl BpaXOBYBaTH I
3aBJIaHHSI, SIKE BUPIIIYETHCS.

II. AHAJII3 1 TIOCTAHOBKA TTPOBJIEMU

ITin ywac ekcruryaTamii aBTOMOOLIS TOTPIOHO MOCTIHHO
BIZICTIIKOBYBAaTH 0arato HOTro BIACTHBOCTEH, OCKIJIBKH II€

CKIamHUi  MexaHi3M. Teopis aBTOMOOUIL — PO3risLmae
HaMBAaKIUBIIIMH  aCllEKT —  BH3HAYEHHS TOTOBHOCTI
TPAHCHOPTHOTO 3aco0y 70 eKcILTyaTaii [1].
ExcrnmyatanmifiHi  XapakTepUCTHKH  JTUIATH  HA  TaKi
BJIACTUBOCTI:

TATOBO-IIBUIKICHI;
E€KOHOMIYHICTh BUTPATH MTAJTHBA;
IUTaBHICTh TIEPECYBaHHS;
PO3TiH-TaJIbMOBI Ta iH.

E. A. YynmakoB B 1935-my pori Brepine copmyiioBaB
OCHOBHI TOHSTTS HAyKH i Ha3BOIO «TEOPis aBTOMOOLISI»
[2], BumaBmim onmHOWMEHHY KHHUTY. Teopis aBTOMOOLIA
MOCTYIIOBO PO3MINPIOBAJIACS, PO3BUBAINCS 3aKiajieHl B Hel
inei. B moganpoMy BUXOIWIIH TIPalli, IPUCBAYCHI METOIAM:
pospaxyuky mmiaBHocti xomy (P. B. Porenbepr [3]),
kepoBaHocTi 1 criiikocti (A.C. JlutBuHOB [4]), owiHKK
npoximHocti (SI. E. ®apobiH) 1 po3paxyHKy TSATOBO-
MIBUAKICHUX BJIACTUBOCTEH aBTOMOOLIS.

o6  camocTiiiHO  po3paxyBaTh  eKCIUTyaTalliiHi

BJIACTHUBOCTI, HOTPIOHO BUTPATHTH Oarato vacy i 3BepTaTucs
JI0 IOJATKOBHX JIITEPATypHHUX JKepes. MeTor TOCITiIKESHHS
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€ po3poOka  mporpamMHOro  3abe3medeHHs  BHOOpY
TPaHCIIOPTHHX 3ac00iB JUIsl aBTOTPAHCIIOPTHHUX MiATIPUEMCTB
3a JOIIOMOT'OK0 BEO-TEXHOJIOTIH.

III. PO3POBEKA WEB-JIOJIATKA

®opma, 3 sIKOIO B3aeMojie KopucTyBad (puc. 1), mae
KHOTIKY "3poOuTH po3paxyHKH", NpW HATHCKaHHI Ha Hel
BiJIOYBa€TbCS aBTOMATHYHE OOYHMCICHHS MO 33/IaHUM
napamerpam i nmooyzaosa rpagikiB. Knonka "File" Binkpusae
CTaHAApPTHUH Opay3ep (aiiliB JOKAIFHOTO MPHCTPOIO, IO
JO3BOJISIE  3aBAHTAXHUTU 30CPEXKCHI paHilie maHi s
MOBTOPHOT'O BUKOPHCTAHHS.

Hwxye po3ramoBaHuii CIIMCOK MoOJeNiel aBTOMOOLIA,
IO BHMAJa€ 3 TEPElTiKOM 3a3JajieTib  3aHECEHUX
po3pobnukoM B BJI aBromoO6inis. Ilicis Bubopy notpioHOT
MOJIeNIi Maike BCi MOJIA, SIKi BIITHOCSITHCS 10 XapaKTEPUCTHK
aBTOTPAHCIOPTY,  3aOBHATHCS ~ aBTOMAaTHYHO,  IIOTIM
3aIUIIAETHECS BUOPATH 30BHIIHI (PaKTOpH OMOPY PyXy.

INepepaxyBaHHS IOJIB JaHHX:

BikHO «/laHi aBTOMOOIIS, IO PO3TOPTAETHCS TPHU
HATHCKaHHI Ha Hel (puc. 2). Y mpoMy BiKHI IPUCYTHI TaKi
monst  BBeneHHs: «[loBHa Maca  aBTOMOOLNS,  KI»,
«MakcumarnbHa TOTYKHiCTh, KBT», «Yactora obOepraHHs
BaJly JBUTYHA IIPH MakKc. IOTyX., 00/XB.», «IlepenaBanbHe
yucino [onoBHoi mnepemaui», «IlepenaBanbHe wucno I-oi
nepenaui», «llepenaBanbHe uymcno Il-of  mepenaui»,
«IlepenaBanpue umcno IIl-of mepenaui», «IlepemaBayibHe

yucno IV-oi mepenaui» «llepenaBanpHe umcio  V-oi
nepenaui», «Bucora, m», «llupuna, m» i nepemukau «Tum
JIBUTYHa»;

- niaJoTOBHI CIIICOK «KK TpaHcMicil
aBTOMOOLIISA;

JIIAIOTOBUH CIUCOK « THM Ky30Ba aBTOMOOIIISN;
IianmoroBuil cmmucok «Twm i cTaH ITOPOKHBOTO
HOKPUTTS;
JIaNoroBui cricok «Kareropist AUTTHKN,
OiryHoK «YXui goporu 'y %o»;
JaoroBuii cnucok «Po3mip muny;
ONOK 3 TepepaxyBaHHAM [ESIKUX [MiIKA30K st
KOpHCTYBayYa.

Bci 3HaueHHS B HAJAHUX [OJSIX BBEIACHHS MOXKHA
3MIiHIOBaTH BPY4YHY y paMKax BKa3aHoOro (opmMary.

Web-nogatok Ans OLiHIOBaHHS

TAroBO-LUBMAKICHUX BIaCTUBOCTEN aBTOTPAHCMOPTHUX
3acobiB

‘Cunoswit 6ananc asTomosing

Puc. 1 — BeO-cTopiHka B HOpMAJIGHOMY BHTJISII, 11O
3aBaHTa)keHa Yepe3 Opay3ep KOPUCTYBaueM
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Chnoewit Ganac asTom

Duvawiawa xay JpaKTepHCTHKa aBTOME wo6ina

T i

Puc. 2 — Bikno «/lani aBTOMOOLIIS»

JlonaTok crpaBHO BiZjoOpaXkaeThcsi Ha HOYTOYII
(1366x768 nikceniB), miaHieTi i cMapTdoHi (puc. 3).

TInanmer (768x1024 mikcenis) CwmaprdoH (320x568 mikceris)

Web
TATOBO-WBMAKICHNX BAACTWBOCTER
s

‘asToTpamcriopTHX

Puc. 3 — Be6-101aT0OK, IO BIAKPUTO Ha €KpaHi
IaHmera i cMaprdona

[Micns mpaBWIIFHOTO 3amOBHEHHS (OPMH 1 HATUCKAHHSA
Ha KHOIIKY "3poOHTH po3paxyHKH'", 3'SIBISETHCS AiaIOTOBE
BikHO (puc. 4), sKe 03BOJsiE 30€perTd IoYaTKoBi 1
OTpHMaHi B KiHIlI 00YKCIICHb JaHi y BUIIIAL 3BiTY (pHC. 5)
hopmaty «.xIs».

Web
TAroBO-LUBUAKICH

Cunoowh Gananc asTomoSing

Puc. 4 — Jlianorose BikHO 30epexeHHs (arimy
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Puc. 5 — Bayrpimomas ctpykrypa Excel-3BiTy

VY pesynbTari crpaBa ekpaHy 10 HHUM OYIyeThCs
Tpu rpadika 3 mig3aronoBkamu: "CuioBuit  OanaHc
aBToMOOUIs", "JlMHaMiYHA XapaKTepHCTHKa aBTOMOOLIA" i
"I"pacik npuckopeHb aBToMo0LIA" (puUc. 6).

Web-aoaaToK Ans OLiHKOBaHHS

TAroBO-LIBUAKICHUX B/TAaCTUBOCTElH aBTOTPaAHCMOPTHUX
3acobiB

Cunosi Gananc asrowmoGina

V. kuj

Dowaniswa xapacrepucTiea asTomoGina

Vo

Fpagi npuckopens aBTomoGina

Puc. 6 — Kinueswuii pe3ysnbTar 3 nodyn0BaHUME rpadikaMu

BUCHOBKU

Po3pobneno  mporpamHe — 3abe3nedyeHHs — BUOOpY
TPaHCIIOPTHHX 3aCO0IB JUIsl aBTOTPAHCIIOPTHHX ITiANPUEMCTB
32 JOIOMOIOK BEO-TEXHOJIOTIH, IO BiNPI3HAETHCS Bif
ICHyIOUMX aHaJoTiB TOTOBOIO ©0a30l0 aBTOMOOITMB i
JIOCTYIIHICTIO JUIsl KOPUCTYBaya.

KopuctyBau BpaxoBye po3paxoBaHi eKCIUTyaTarliiHi
BJIACTUBOCTI KOHKPETHOTO TPAHCIIOPTHOTO 3aco0y MpH
MPOEKTYBaHHi, 100 TOMOTTHCS KpaIoi MPOTyKTUBHOCTI.
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Parameterization of high speed counters PLC
Simatic S7-1200 for control systems with pulsed
transducers

Nykolajchuk M.Y.
Department of Information and Telecommunication
Technologies and Systems
Ivano-Frankivsk National Technical University of Oil and Gas
Ivano-Frankivsk, Ukraine
nmj_2010@ukr.net

Anomauyis—po3pod/1eH0 anapaTHO-NpOrpamMHi 3acodu i
METOAMKY NapamMeTpyBaHHs  INBMAKICHMX  JIiYMJIbHUKIB
nporpamoBanux Joriyaux koHtposepis (IIVIK) ans cucrem
ynpaBJiiHHA 3 iMIyJIbCHUMH BUTPAaTOMipaMu.

Abstract—hardware and software tools and method of
parameterization of high speed counters of programmable
logic controllers (PLC) for control systems with pulsed
flowmeters have been developed.

KirouoBi cioBa—cHcTeMH YNpaBiliHHA, NPOrpamMoBaHMii
goriynuii koutpoJiep (IIVIK), napamerpyBaHHsi IIBUAKICHHX
JiYHIBHUKIB, IMITyJIbCHI BUTpaTOMipH.

Keywords—control systems, programmable logic
controller (PLC), parameterization of high speed counters,
pulsed flowmeters.

I.  BCTVII

O0’exTOM [MOCHIIKEHHS € iH(OpMAIliifHi mpolecH B
cHUCTeMaxX YIpaBIiHHI, TIOB’s3aHI 3 MeTomamu 300py,
00poOKHM 1 mepenaui AaHMX B CHCTEMax YIPABIIHHA 3
BHUTPATOMIPHUMH IMITYJIbCHUMH TI€PETBOPIOBAYAMHU.

AkTyanmpHICTE poboTH mONSAraE B HEOOXIAHOCTI
NMOoOYZAOBH  pO3MONUIEHHX  CHCTEM  YNpaBIiHHSI 3
BUTPATOMIPHUMH MEpPETBOPIOBAYaMKM Ha OCHOBI HOBITHIX
amapaTHO-pOrpaMHUX  3aco0iB 1 TeXHOJOrid 3
PO3UIMPEHUMH (YHKIIOHATBHUMH MOYKIIMBOCTSIMH.

Meroro poOOTH € CTBOPEHHS anapaTHO-IPOrPaMHOIO
KOMIUIEKCY JUIS JIOCTIJDKEHHs 1H(OpMaliiiHuX mporeciB
IIpY TIapaMeTpyBaHHI IMBUAKICHUX JidwipHUKIB PLC Ta
PO3LIMPEHHS (yHKITIOHATTBHAX MOXJIUBOCTEH
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POBIIOIICHUX CHCTEM YINPAaBIiHHS 33 PaxyHOK opraHizarii
nokansHOoro WEB-cepBepa Ha PLC i BigkpuToi “Open User

Communication” KoMyHiKamii Ha OCHOBI IPOTOKOIIB
TCP/IP [1].
II. OBI'PYHTYBAHHA 3ACTOCYBAHHS IJIK

JJIA CUCTEM VYIIPABJIIHHA

[ToOynoBa cydyacHHX cHCTEM yIpaBiliHHS nepeadadae ix
OararopiBHEBY CTPYKTYpPY (piBenb MIEPBUHHUX
NepeTBOPIOBAaYiB 1 BUKOHABYMX MeXaHi3MiB, piBeHb PLC,
KOMYHIKaIlifHUA piBeHb, BEpXHiil piBeHb Ha 0a3i cepBEpHUX
pobounx cranmiit i SCADA-cuctem).

Jlns oprasnizarii i amapaTHO-TIPOTPaMHOTO 3a0e3NeUeHHS
BKa3aHO! CTPYKTypH, Ha OCHOBI CBITOBOTO [OCBimy i
Cy4JacHHX TEHJCHIIIH PO3BUTKY iH(POPMAIiTHIX TEXHOJIOTIH,
MepeBaXHUM 1 ONTHManbHUM € 3actocyBaHHI PLC Ha
BIZINOBITHOMY CTPYKTYPHOMY DiBHi.

Oco6muBoctamMu  3actocyBanHs PLC B
YIPaBIIiHHS, TOPIBHSIHO 3 MIKPOKOHTPOJIEPHUMH €:
MOJyJbHA KOHCTPYKIlis (3a0e3rmeuye MOXKIIMBICTh
noOyZoBH  pI3HOPIAHMX KOHIirypawiii s pobotn 3
pI3HMMH THNIAMK CUTHajiiB, (QyHKOIH 1 KOMYHIKalliifHUX
3amay);

CIPOIIEHHS NPOEKTHHX MpPOLEAYyp 3a paxyHOK
MIATPUMKH ~ YHI(IKOBaHOTO  BEPTHKAIBHO-IHTETPOBAHOTO
nporpamuoro 3abesnedeHns (Simatic TIA Portal) [2];

- cragmapTu3oBani MoBu nporpamyBanas IEC 61131-3;
MATPAMKA TMPOMHUCIOBHX KOMYHIKaiHHUX IIWH
(Industrial Ethernet, ProfiBus-DP, AS-interface, ModBus
RTU, ModBus TCP Ta inm1.);

- BOynoBani WEB-cepsepu 3 miarpumkoro HTML-5 i
JavaScript [3].

CHUCTEMAX



1. TTAPAMETPYBAHHA HNIBUAKICHUX

JIYNJIBHUKIB SIMATIC S7-1200

PLC Simatic S7-1200 migTpuMyOTh IIiCTh MIBUIKICHUX
JIYMIBHUKIB 3 BX1IHOI0 YactoToro 1o 100 xI'm (CPU 1217 —
1o 1 MI'r). OcoOnuBicCTIO IBUAKICHUX JIYAIHHUAKIB
Simatic S7-1200 € ix amapatHa peaiizamis B ckiani PLC 3
MIPOTPaMHHAM KEPYBaHHAM, IO 3a0e3Medy€e MOXIUBICTD iX
(GyHKIIOHYBaHHS 1M03a mporpaMHnM koM PLC, mo
CKJIajiae OAMHULI MiTiceKkyH [4].

[MapamerpyBanHs MIBUAKICHUX JiumibHUKIB PLC
S7 1200 mae posmmpeHy QyHKIIOHATBHICTD 1 BAKOHY€EThCS
3a TphOMa THIAMH:

- IPSIMUIA 1 peBepCUBHUI paXyHOK B Jiana3oHi (Bif -
2147483648 no +2147483647);

- BuMiproBaHHs yactoty (it nepioxy 0.01, 0.11 1.0 ¢);

- BuMiproBaHHs nepiony (Bin 0 1o 4294967280 He).

Ha puc. 1 HaBeneHo KoH(irypaIllito amapanux 3aco0iB Ha
6a3i PLC S7-1200, mo Brirouae asa PLC (Master CPU
1214C i PLC_2 CPU 1212C), cepBepHy poOOUy CTaHIIIIO
SIMATIC PC Station 31 SCADA-cucteMoro Ta IpOMHUCIIOBY
mepexxy PN/IE 1.

Master
CPU 1214C

PLC_2
CPU 1212C

Master

PN/IE_1

DESKTOP-AIPM...
SIMATIC PC Stat...

CcP
IE

WinCC
RT Prof

Puc. 1. Kondiryparuis anapanux 3aco0iB Ha 6a3i PLC S7-
1200

Jlis xepyBaHHS IIBUAKICHUMHE JiunnbHuKaMu PLC
BUKOHAHO IapaMeTpyBaHHs MPOrPaMHro OJIOKY Ha MOBI
FBD (Functional Block Diagram) (puc. 2). [Tapamerpu
BKIIIOYAIOTh anapatHuil inentudikarop «Local~HSC 4y,
inenTudikaTop ex3eMIULIpHOro (instance) 6J0Ky AaHUX
«Data block 4 HSC 4 EXT», Ta 1iarHOCTH4HI BUXOH
(DONE, BUSY, ERROR i STATUS) [5].

KpiMm TOro, s mapaMeTpyBaHHS  IIBHUJAKICHUX
JYWIBHUKIB JUII CHCTEM YIpPaBIiHHA 3 IMITyJbCHUMH
MEPEeTBOPIOBAYaMU 1 PO3MIMPEHHA X (YHKIIOHATHHUX
MOXJIMBOCTEH,  peamizoBaHo  (yHKIII  mepepuBaHHI
OCHOBHOTO TIporpamHoro Imkiry PLC 3a mgocsrHeHHSIM
3aJ]aHOT0 3HAYEeHHs, CTapT-CTONHI omepamil, QyHKuii
BHYTPIIIHBOI Ta 30BHINIHBOT CHHXPOHI3ALII].

TakuM YHMHOM, peayi30BaHO Ta anpoOOBAHO METOIM
opraHizamii Ta mNapaMeTpyBaHHS KOMIIOHEHTIB CHCTEM
YIPaBIIHHS 3 IMITyJbCHUMH NEpETBOpIOBaYaMH Ha OCHOBI
HIBUAKICHUX JiumibHuKkiB PLC, mo mnpamoomTe mo3a
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nporpamMuuM  mukinoMm  PLC 1 MaiTh  po3mIMpeHy
(DyHKIOHANBHICTh TIOPIBHSHO 31 CTAaHIAPTHUMH LH(PPOBUMHU
BXOJIAMH.

%DB7
*CTRL_HSC_
EXT_DB_3"

CTRL_HSC_EXT

“CTRL_HSC_

EXT_DB_3".
DONE — DONE
"CTRL_HSC_
EXT_DB_3".
BUSY — BUSY
"CTRL_HSC_
EXT DB_3".
ERROR

. —EMN

260
"Local~H5C_4'

ERROR —

LR “CTRL_HSC_

EXT_DB_3".

"Data_hlock_4_
STATUS

HSC_4_EXT.
HSC 4 EXT o

STATUS
ENO —

Puc. 2 TlporpaMHuuii GJI0K 1711 TapaMeTpyBaHHS
MIBHIKICHOTO JiumibHEKa Ha MOBI FBD (Functional Block
Diagram)

BUCHOBKU

B po06oTi BUKOHaHO OTJIsiA TEXHOJIOTiH 300py, 00poOKH 1
mepenadi  JaHMX 3 IONYJbCHUX — BUTPATOMIPHHUX
NIepEeTBOPIOBAYIB.

OOrpynToBano 3actocyBanHss PLC nns BupileHHS
3amad MOOYMOBH CHCTEM VIPABIIHHA 3 IMIIyJIbCHUMH
BUTPAaTOMIPHUMH [IEPETBOPIOBAYAMH.

Po3pobneHo amapaTHO-TIporpaMHi 3aco0r IS peaizamii
ANTOPUTMIB 300py JTAHIX 3 BHUTPATOMIipHIX
MepeTBOPIOBayiB, opraHizamii okansHoro WEB-cepBepa Ta
Open User Communication Ha 6a3i PLC S7-1200.

Pesynbrati pobOoTH ampoOOBaHi B JIAOOPATOPHHX Ta
MPOMHUCIIOBHX YMOBax 1 MOXYTb OYTH KOPHUCHHMH JUIs
BUPIIICHHS aHAJOTIYHUX  3aja4y 1 JOCIHiKEeHb
iH(pOPMAIIHHUX MPOIECIB B CUCTEMAaX yIPaBJIiHHS.

[1] Open User Communication with TSEND C and TRCV_C. Simatic
S7-1200 CPU (V1.0, Item ID: 67196808). SIEMENS: — FAQ Jenuary

—2013-22p.

[2] Siemens. STEP 7 and WinCC Engineering V15.1. System Manual
10/2018. - P. 79-189.

[3] Siemens. Creating User-defined Web Pages on S7-1200 / S7-1500.
(Entry ID: 68011496, V2.2), 04/2017. — 34 p.

[4] SIMATIC S7. S7-1200 Programmable Controller. System Manual:
Siemens (A5E02486680-AK). — 09/2016. — P. 555-588.

[5] Siemens. Application examples for High-Speed Counters (HSC)

Application ExamplelAPortal, S7-1200 V4.2 Entry ID: 109742346,
V1.0, 11/2016. —24 p.



Cucrtema AHTUIIOMIAXKHOTO 3aXUCTY

["a3onepekauyBaibHOr0o Arperaty Ha basi
AnapatHo-IIporpamuux 3aco0iB Siemens

Tatapun T.M., IBantok H.I.
Kadenpa indopmariiiHo-TeeKOMyHIKAI[IHHIX TEXHOJIOTIH i CHCTEM
IBaHO-PpaHKIBCHKHH HAIIOHAIBHUI TEXHIYHUN YHIBEPCUTET
HadTH i rasy
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Kadenpa indopmariiiHo-TeleKOMyHIKAI[IHHIX TEXHOJIOTIH i CHCTEM
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Anti-Surge Protection System
for Gas-Pumping Unit on the Basis
of Siemens Hardware and Software

Tataryn T.M., Ivanuyk N.L.
Department of Information and Telecommnication
Technulogies and Systems
Ivano-Frankivsk National Technical University of Oil and Gas
Ivano-Frankivsk, Ukraine
taras_tataryn@ukr.net

Abstract - 3anponoHoBaHa cucremMa
AHTUIIOMIIA’KHOTO  3aXHCTy  ra3onepeKkaqyyBajJbHOIO
arperaty (I'TTA), BU3HaYeHi KOHTPOJII0OEMiI mapamMeTpH,
OOTPYHTOBAHMIl aJrOPUTM NPOTHO3YBAHHS NMOMIAXKY Ta
ioro nmporpamua peaiizaunisgs. The system of anti-surge
protection of gas pumping unit (GPA) is given. The
controlled parameters are defined. Surge prediction
algorithm and its software are substantiated.

Keywords-nomnasic, mexnonoziuni napamempu, zazonepexa
uyaaﬂbuuﬁ azpezam, cucmema, RNPOZHO3Y6AHHA, AJ12OpUMM,
npozpamne 3a6e3nelteuml, AHMUNOMNANCHUIL 3AXUCHIL. Surge,
technological parameters, gas-pumping unit, system, prediction,
algorithm, software, anti-surge protection.

I. BCTVIL

O06’€KTOM IOCHIKEHHS € MPOLEC 3pUBY MOTOKY Ta3y 3
jornaTok Koneca HarHiTaya ['TIA 3 MOXJIMBHM NPOPHBOM
HOro 3 HarHiTaJbHOro narpyOka y BCMOKTYIOUHH, IO
CYIIPOBOKYETHCSI 3HAYHOIO BiOpalli€ro, IIyMOM 1 PI3KOIO
3MiHOI pobounx mapamerpiB I'TIA Ta Moxke MpHU3BECTH JIO
BUHHMKHEHHS aBapiiHuX cutyanii. Koxen nommaxuuii ynap
smeHIrye Motopecypc ['TIA minimym Ha 50 MoToroauH [1].

B razorpancnopTHiii cuctemi YKpaiHU Ipaioe 3HayHa
kimpkicTe ['TIA pi3HOTO THITY, HAWOULTEII YHCETHPHUMHU 3
skux € ['TIA 3 razoTypOiHHEM TpuBoIOM. Pexxum pobotu
gargitaya ITIA  1mocTiiHO  3MIHIOETBCA  IIiJ  4ac
eKCIUTyaTallii, o TOB'SA3aHO i3 3MIHOIO CIIOXKHBAHHS Ta3y,
Horo CKJIazy, yMOB HaBKOJMIIIHBOTO CEPEJOBHUINA, & TAKOXK
3MiHOIO TexHiYHOTO cTaHy ITIA B mpomeci ekcruryarariii.
Takum umHOM, 3abe3nedeHHs HamidHOCTI pobotn [TIA,
30KpeMa HOro 3axMCTy BiJ] MOMIAXYy, € aKTYyaJIbHOIO
po0IeMOI0.

MeTor0 poOOTH € pPO3poOKa CHCTEMH aHTHUIIOMITIAKHOTO
3axucty I'TIA Ha 0a3i cy4yacHHMX amapaTHO-IIPOTPaMHUX
3aco0iB ¢ipMu Siemens 3 BHKOPUCTAHHSM, SIK OJHOTO i3

Zamikhovskyi L.M.
Department of Information and Telecommnication
Technulogies and Systems
Ivano-Frankivsk National Technical University of Oil and Gas
Ivano-Frankivsk, Ukraine
leozam@ukr.net

iHpOpPMaTHBHUX IapaMeTpiB, BIOpaUiHUX NPOLECIB, IO
CyNpOBOIXKYIOTE poboTy ['TIA, anroputMy HmpOrHO3YBaHHS
MOMIaXy Ta Horo nporpamMHoi peaizarii.

II. CTAH TIPOBJIEMU AHTUIIOMITAXHOI'O
3AXUCTY I'TIA

AHai3 JTiTepaTypHHX [DKEepesl IOKaszye, IO METOAH
imeHTHIKaIii MOMITa)Xy PO3BHBAIOTHECS B JIBOX HAMPSMKax
[2,3,411H ]:

- LUIIXOM aHalli3y NOTOYHOIO CTaHy HarHitada Ta
MOPIBHSHHS 1OT0 CTaHy 3 Hamepea BiIOMUM, JUIS 4YOTO
BHKOPHCTOBYIOTH PO3IIOMALT O0JIACTi JOIMyCTUMHX PEXKHIMiB
poborn I'TIA Ha oOmnacti cTiiikoi Ta HecTiiikoi poOoTH
HarHiTa4a. [lepeBaroro MeTony € MOJKIMBICTh BH3HAUCHHS
po6oY0i TOUKH 3a MapaMeTpaMH HarHiTaya, o HiAJsaraloTh
BHUMIPIOBaHHIO, a HEIOJIIKOM - BHCOKA UyTJIHBICTH METOIY
0 TOXMOKM BHMIPIOBaHb Ta 3MiHI XapaKTEPHUCTHK
HarHitraya BiJ yacy HOro HarpaioBaHHS;

- IUIIXOM aHaji3y MapamerpiB KOJMBaHb (aMILITYyIH,
YaCTOTH) TEXHOJIOTIYHHMX MapamMeTpiB, CHEUUPIUHHUX VIS
ABTOKOJIMBaHb T'a30/IMHAMIYHOI CHUCTEMH, SIKMH JO3BOJIUTH
3pOOMTH BHCHOBOK TIpO BHHUKHEHHS IOMOaxy. Tak,
myJbcalii BUTpAaTH Ta THUCKY NMPU3BOIATH JO BUHHKHEHHS
MyJbcamii TOTYXHOCTi, 00EpTOBOTO MOMEHTY, OCHOBHX
3ycwib Yy NiAIIMIHHUKAX, TEMIIEpaTypu 3a TypOiHOIO
HU3BKOTO THCKY Ta {HIINX MapaMeTpiB HarHiTa4ya i MPUBOLY,
110 3B’s13aHI (QYHKIIIOHATEHIMH 3aJIS)KHOCTSIMH 3 BUTPATOIO.
Pimenns mpo Te, sAKkUH 3 TapamMeTpiB BHOpaTH SIK
iHQopMaIiifHUN, 3aJIeKUTh BiJ] BUMOT WOTO HaIiHOTO
KoHTpomo. IlepeBara MeTomy mojsrae B TOMY, ILIO VA
imeHTHdIKaIil MOMIaXXy HE BUKOPHUCTOBYIOTHCS BUTPATHO-
HaripHi XapaKTepUCTUKU HAarHiTa4ya, OT)Ke, Ha pe3yJbTaTh
aHajizy He BIUIMBAaE JApeild (akTUUHMX XapaKTEepUCTHUK
I'TIA.
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I1I. IOCTAHOBKA 3AJIAUI JIOCJIIJDKEHD

Buxonsun 3 BuKIameHOro, B poOOTI  HEOOXiTHO
oOrpyHryBatn BHOIp iHpOpMamiHHMX  TEXHOJOTIYHUX
mapameTpiB [TIA, po3poOUTH anTOpUTM NPOTHO3YBAHHS
mapaMeTpiB  iX KONWBaHb (aMIUIITYAW, 4YacTOTH) I
TIOTICPe/DKEHHS] BHHWKHEHHS TIOMITaXy, a TaKoX MHOTro
MIPOTPaMHY 1 TEXHIYHY peatizallio.

IV OTPUMAHI PE3YJIbTATH

3 wMerow BHOOpPY iH(GOPMAaTHBHUX TEXHOJIOTIYHUX
napameTpiB podotu I'TIA, crocono I'TIA-II-16C, Oys
MPOBEACHUI aHalli3 3MIHM HOro mapameTpiB mepes
BUHUKHCHHSM MTOMITA)KHUX KOJIMBaHb y HarHiTadi. Ha puc. 1
300pakeHe BIKHO pEECTPYBAaHHS MapaMeTpiB MpoIecy
perymoBanas [TIA-I[-16C ct. Ne3 mpm momMmaxkHid
curyamii #wa KC-3  Jlommacekoro JIBYMIT  VYMI

«IIpukapaTTpaHcras».
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Pucynox 1 — Tpenx pobotu I'TIA-I[-16C mpu momnaxkHiit
cutyarii Ha KC-3

Amnamizi mapamerpiB pobotu I'TIA mokazas, mo nepen
MTOSIBOIO TTOMITAYKHUX KOJIMBaHb B HarHiTadi 301IbIIyeTHCS
piBeHp mapamerpa BiOpauii (BiOpomepeMillleHHs1) Ha Bally
Horo 3a1HBOI ONOpU Ta OChOBUil 3cyB HarHitaua ['TIA-LI-
16C, a iHII NOKa3HUKH 3aJUIIAOTECS B HOpMI. [Ipn ipomy
TAaKOXX BapTO BiI3HAYWTH, IO HE3MIHHUMH 3aJIMIIAIOTHCS
MIOKa3HUKH BiOpaii nepeIHp01 OIopH HarHiTaya.

PosrnsHemMo  nmertanmpHINIE TeEpeNiK - TEXHOJOTIYHUX
napamerpiB TTIA-I[-16C, sxi MOXXHAa BHKOPUCTAaTH SK
iHpOpMaTHBHI AJIs1 TPOTHO3YBAaHHS BUHUKHEHHS ITOMIIaXY,
a TaKOX iX Jiarma30H BUMipIOBaHHS:

- mepemam THCKY Ha KoHQY30pi — [miama3oH
BHUMIpIOBaHHSA Bixr 0 1o 1 KFC/CMZ, poboua
TOUYKa «onTHManbHay - 0.2 Kre/cM’, icTOTHA 3MiHA B MeXkax
10-15%;

- obeprm  TypOiHM  Har"iraya —  Jiana3oH
BuMiproBanHs  Bim 0 70 5200 00/xB, poboya TOYKa
«ontuMaibHay - 5000 06/xB, icToTHa 3MiHa B Mexax 10 -
15%;
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- OCBhOBHI1 3CYB HarHiTaua — Jialla30H BUMIPIOBAHHS Bi[
-500 mxm go +500 mkm, 3arasom 1 MM, pobouda Touka
«igeanpHay - 0 MM, icToTHA 3MiHA B Mexkax 10%;

- BiOpomepeMmimeHHs] 3aIHbOI ONOpM HarHiTaya (10
TOPU3OHTAJIl Ta BEPTHKai) — Jliara3oH BUMIipoBaHHs Bix 0
mo 80 MM, poboya Touka «imeambHa» - 40 MKM, iCTOTHa
3MiHa B Mexkax 10%.

B nmamoMy BHIagKy TIOHATTS  «iJeallbHOI»  Ta
«ONTHEMAaJbHOI POOOYOI TOYKM O3HAYAIOTH HACTYITHE:
«imeampHay - TApaMeTpH SAKi MOXKHA OTPHMATH IIPH
po0orTi arperary 3a BiICYTHOCTi Ie(eKTiB, MOUIKO/HKEHb Ta
iH.; «ONTHMalbHA» - MapaMeTpu MHPHU SKUX OTPHUMYETHCS
MaKCHMallbHa TIPOYKTHBHICTh POOOTH arperary.

JUii  mporHO3yBaHHS  3MiHH PO3MIITHYTHX — BHIIE
mapameTpiB ~ OyB ~ BUKOPUCTAHUHM  IHTEPHOJISLIHHUHA
MHOrowreH Jlarpamka mepmioro MOPSAKY, OCKIUIBKH
nojinomu  Jlarpamxka — 3pydyHO  3aCTOCOBYBaTH  JUIs
IHTEPMOJIAIil, a TaKOX YHCENbHOTO IHTErpyBaHHS [5].
ExcrpamnossiiiiHa MoJelb, 10 BHUKOPHCTOBYE MOJIHOMHU
Jlarpanxa, Ma€e BUTJIA:

n

F(8) = ) 50i(0) = 5000(6) + 5101(6) + =+ 50, (),
i=0

ac

(t=to)(t = t1) o (= )t = Li4q) . (L= 1)

P = TG =) - (= ) (G = o) - (= )
(t— 1)
(O]

j=0,j=1
i = 0,n, & —3HaueHHA {(?), B MOMEHT 4acy 4, € T.

B pO3ropHyTOMYy BUIVIAAI €KCTPANONALiiiHy MOJeb
3aIUCYIOTh HACTYIIHUM YHHOM:
(C—t)(t—t)..(t—t,)
F(t) =
(to — t1) (o — t2) .. (tg — tp)

(€= L)t = t3) e (L = )

)6 =) - (G gy )t
(t—t)@—ty) .. (C—tp_y)

o= t0) = 0) - (en = ) oL

Crmocid o0YuCIeHHs MHOTOYJICHIB, 10 OyB
3anpoINOHOBaHM JlarpamkoM, € 3pydHHM [uIsl peanizamii 3a
JIOTIOMOT'OI0 MOB IPOTpaMyBaHHS BUCOKOTO PiBHS, 30KpeMa
mis  moBu mporpamyBanHs SCL  (Structured Control
Language) — BucokopiBHeBa, Pascal-opieHTOBaHa MOBa
nporpamyBaHHs, ska nopsa i3 LAD ta FBD e ogmiero i3
MOB, L0 IpHU3HA4Y€Ha s CTBOpeHHs mporpam ans [IJIK
¢ipmu  Siemens. B poboTi po3rmsmaeThcs Tpouemypa
MPOTHO3YBaHHsI 3MiHM BUOpaHuX napamerpi podotu ['TIA 3
BUKOPHCTAHHSM JIaHOT MOJETI.

Byna po3pobinieHa cucTeMa aHTHIIOMIAKHOTO 3aXHCTY
I'TIA, ska peanidye po3DIIHYTY MoOJedb. AmapaTHe
3a0e3MeueHHs] CUCTEMH CKJIQIAETHCS 3 KOHTpoJiepa Siemens
S7-1200 3 CPU 1212C AC/DC/Rly, ananoroBoro mMomyJs
BBOAY A  MAKIIOYCHHS  JaBadiB  TEXHOJOTIYHUX
napametpiB I'TIA 3 yHidikoBaHNM BUXiZHUM curHainoMm 4-20
MA, a TakoX iHHOBaIiHOTO BiOpamiiHOro Monymsi SM
1281 Bix ¢ipmu Siemens (puc. 2).

&(to) +




Jis po3poOKH TPOTrpaMHOro 3a0E3MEUYCHHS CHCTEMH
YIPaBIiHHSA HA OCHOBI TEXHOJIOTIYHOTO MoayJist SM 1281

SIEMENS SIMATIC 57-1200

.
=

SM 1231 SM 1281
Al Condition Monitaring

PucyHoxk 2 — AnapaTHe 3a0e31€4eHHs CHCTEMH
aHTUNOMMaxHoro 3axucty I'TIA
BUKOPHCTOBY€eThc mporpamMHuid  maker TIA Portal -
IHTErpoBaHE  CEPEAOBHIIEC  PO3POOKH  MPOrpaMHOTO
3a0e3NeUYeHHs CHCTEM aBTOMAaTH3allli  TEeXHOJOTIYHHX
mporeciB. CTpykTypa mpoekty B cepenosummi TIA Portal
V14 Burnsamae HACTYITHAM YHHOM (puc. 3).

~ i@ PLC_1 [CPU 1212C AC/DC/Rly]

[I'f Device configuration
4| Online & diagnostics
~ r:al Pragram blocks

ﬁ Add new block

48 Main [0B1]

2 5M1281_Channel [FC12811]

4 DP_scaling [FB3]

4 Init_values [FB4]

4 Integration [FB10]

& Program [FB1]

2 5M1281_Module [FB12810]
DP_scaling_DE [DB2]
Integration_DB [DBB]
Pragram_DB [DE1]
SM1281_Backup [DBE12813]
SAM1281_Module_DB [DBS]
SA1281_Status [DB12812]
b [ system blocks

oYveoeE

Pucynox 3 — CtpykTypa npoexTy

Jns  mporpamyBaHHS KOHTposiepa Siemens S7-1200
BHKOPHUCTOBYETHCS MMPOTPAMHHN TakeT Step 7, a y BUMAIKY
peaiizaiii BEpXHBOTO PIBHS CHCTEMH - JUIs Bizyamizatii
TEXHOJIOTIYHOTO MPOILeCcy Ta 3a0e3neueHHs] pOOOTH CHCTEMH
B pEXHMI pealbHOr0 dYacy, a TakoX apXiByBaHHA
inpopmariii mpo cran I[TIA mMoxe OyTH BHKOpPHCTaHa
SCADA-cucrema Simatic WinCC.

[lepmmm eramoM TPOTHO3YBaHHS € HAKOIMYCHHS
iHpopMalist mpo 3MiHy 3HaueHHs mnapamerpiB ['TIA. B
pO3po0JIeHil mporpaMi I JOCSTaeThbcs 3a JOIOMOTIOI0
3amUcy BHMIPSHUX 3HA4Y€Hb I1apaMeTpiB y BiIMOBIIHUN
MAacHUB JIAaHUX, B SKOMY 30epiraloThbCsi OYATKOBI 3HAUCHHS
JUTSL MOXKJIMBOCTI 1X MMOJANBLIOTO IPOrHO3yBaHHsL. [Ipuyomy,
IUIsE OUTBII KOPEKTHOTO (OPMYBAHHS EKCTPAIOIIAIIHHOT
MoJeNi 3IIACHIOETHCS BUMIPIOBAHHS KITBKOX 3HAYCHB IS
OIHOTO TexHoyoriyHoro mapamerpa [TIA B muckperHi
MOMEHTH 4acy, Ta 3HaXOAUTHCS iX cepenHe 3HaYeHHS.
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[Micnst Toro, sik Oynu oOpaxoBaHi MOYATKOBI 3HAYCHHS
TEXHOJOTIYHUX TapaMeTpiB Ui I[POTHO3YBaHHSI, 3a
JIOTIOMOTOI0 1HTEpHOJIALIHOTO MoiHOMY JlarpaH:ka Mo>KHa
noOyAyBaTH eKCTPANoJBILiiHy MOJENb Uil BH3HAYEHHS
3HAYCHb BUOpPAHMX TEXHOJIOTIYHHMX IMapaMmeTpiB poOOTH
I'TTA na wMaiiOyTHIH MOMeHT 4yacy. B pesynbrarti
NPOTHO3YBaHHS  OTPUMYEMO  IIPOTHO30BaHI  3HAYCHHS
napaMeTpiB Ha IIEBHUM, Haniepe | 3alaHui, MPOMIXOK 4acy i,
MCNS JTOCATHEHHS I[bOTO MOMEHTY dYacy, IpPOTHO30BaHE
3HAYEHHS ITOPIBHIOETHCA 13 (pakTHuHMM. SIKImIo oTprmane
3HAYEHHS a0ComroTHOI  MOXMOKM  3HAXOOUTHCS B
JomycTUMUX — Mexax  (3a3Bmuait  10-15%), pobuthes
BHCHOBOK 010 KOPEKTHOCTI o0y 1oBaHOT
SKCTPAIOJIAIIHHOT Momeai 1 3HIHCHIOETBCS HACTYMHUI
MPOTHO3 Ha MOJAIBIINI MPOMIKOK 4acy. 3a pe3yJibTaTaMu
HACTYITHHX iTepaliii pOOUTHCS BUCHOBOK I110JI0 MOMIIUBOCTI
BUHUKHEHHs sBumia nomnaxy [TIA. Takum uuHOM,
BUKOPHCTOBYIOYM  DPE3yJbTaTH MPOTHO3YBAaHHS  3MIHH
iHQOpMAIIfHUX ~ TEXHOJOTIYHMUX  MapaMmeTpiB  POOOTH
Bi[CHTPOBOTO HAarHiTa4a B 4Yaci, MOXHA IOICPEIUTH
BUHHUKHEHHS SIBHIA TOMIIAXY.

BN CHOBKU

[IpoBeneHuit aHali3 TEXHOJOTIYHIX MMapaMeTpiB poOOTH
I'TIA  no3BonmuB  OOrpyHTYBaTH  BHOIp  J0JATKOBHX
iHpOpMAIIfHUX MapaMeTpiB - OCHOBOTO 3CYBY HarHiTaya Ta
napameTpiB BiOpailii HOro 3aJHb0T ONOPH B BEPTUKAILHOMY
i TOPM3OHTAJIPHOMY HAmNpsMKax OO OCi HarHitaya s
BU3HAYEHHSI MOMEHTY BUHUKHEHHS SBUILA IOMIIAXY.

Po3pobnena mpouexypa NPOTHO3YBaHHS BHUHUKHEHHS
SBUIIA TOMIIaXy 3 BHKOPHCTAHHAM EKCTPAMOJIALIAHOI
Mojeni Ha 6a3i momiHoMiB Jlarpanxa.

CrBopeHna cuctema aHTunommaxsoro 3axucty ['TIA Ha
0a3l CcydacHHMX amapaTHO-POTpaMHUX 3aco0iB  (ipmu
Siemens Ta po3poOyieHO ii mporpamHe 3a0e3ledeHHs 3
BHKOpHCTaHHAM IporpamHoro nakety TIA Portal V14.
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I BCTVYII

Anomayia—Po3po6jiecHO ABTOHOMHHUI NPUCTPili Ha
0a3i Mmikpokonrposepa ESP-8266 pnasi MoHiTOpMHTY
Temnepatypu. Ilependaueno MokJIMBicTH qUCTAHIIHHOTO
KEPYBaHHS  TeMIIEPATYPHMM  PeKHMMOM  LIISIXOM
nepelaBaHHsl KepyK4HX KOMAaHJA 4epe3 iHdpayepBoHMIi
npoToko. no mepe:xki Internet.

Knrwuoei cnoea — inmepnem peueii, 06e30pomosi
mMexHoN02il nepedasantsa 0anux, UMIPIOGANbHI nPUCMPOL.

CroromHi  3HaYyHOI  NOMYJSIPHOCTI  HaOyBae
konuenuiss Iatepuery peueit (IoT). A i3 mosBoro
JICIEBUX, JIOCTaTHHO IIPOAYKTUBHHUX IPHUCTPOIB, 3
MaJIIMU po3MipamMH 1 3 BOYZOBaHUM O€3NPOBITHUM
MEpeXKEeBUM iHTepecoM, 3’SBISETBCS MOXKIHBICTH
BrpoBapkeHHss koHmemmii loT B yci mpucTpoi ski
JOTEIep He MaJi TaKoT MOXKIMBOCTI.

Taxi mnpucTpoi, 30Kpema,
iHpOpMaIlil0o TPO HABKOJNHWIIHE CEPEIOBHINE, Ta
e(peKTHBHO  YNPABISITH CHUCTEMOIO  OOIrpiBy Ta
KOHJUWIIOBAHHSA, 1 CTaHyTh JOOpPUM CTHMYJIOM [0
€()eKTUBHOIO  BIIPOBA/DKEHHS  €Heproe()eKTHBHUX
TEXHOJIOTIH.

MOXYTh  30HpaTu

BripoBa/keHHSI €HEPreTHYHOIO MOHITOPUHTY €
IHCTPYMEHTOM CKOPOYEHHsI CIIOXKHMBAHHSI €Heprili Ta
MiJABUIICHHSIM e(QEeKTUBHOCTI ii BHKOPUCTAHHS, A€
3MOTY OTPUMATH JICTalbHY KApTHHY CIIOKUBAHHS

pecypcis.
I TIOCTAHOBKA 3ABJJAHHS

Ha cporozHilHiii MOMEHT Haii0iNbIIi BUPOOHUKH
nmoOyToBOI ~ TEXHIKM,  CHCTEM  ONAJIEHHS  Ta
KOHJTUIIFOBAHHS MAlOTh CBOI PIICHHS IS KOHIICTIT
IHTepHery peuedt ane iHTepdelic B3aemomii IUX
MIPUCTPOiB BUMAarae yHigikamii, mo TArHe 3a co00I0
BHOOpPY OTHOTO BHPOOHMKA, IJISI BCiX HPHUCTPOIB. Sk
HacJiIOK Bech [HTEepHET pedell oOpieHTOBaHMH Ha
MIPOCTE YNPABIIHHS IUMH HPUCTPOSIMHA KOPHCTYBadeM
yepe3 WEB, Ta if iHa nux mpuiaaiB HaITO BUCOKA.

Jis cuctemu omaneHHS icHye mpoOiema
MOHITOPHHTY TEMIIEpaTypH B MICIIX KiHIIEBOTO TETLIO
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00MiHY, Ky Iye BaXKO BHpimmTH 0e3 moromoru loT
TaK SIK KIHIIEBUH TETTIOOOMIH MOXE pO3MIIyBaTHCS Ha
IOCHUThH BIJJAJIEHIH BIJCTaHI Bif IIMX CHUCTEM, a TAKOX
KUTBKICTh KIHIEBUX TEIUIOOOMIHHUKIB MOXe OyTu
JIOCUTH BEITUKOIO.

3rigHO 3 BHIIE CKa3aHHWM IUIAHYBaJIOCh PO3POOUTH
MPUCTPIH KUK aBTOHOMHO MOHITOPHUTBH TEMIEPATypy B
MiCISIX KiHIIEBOTO TEINIO0OOMiHY, OTPUMYBATH BKa3iBKU
Bil KopucTyBaua 3a jgomnomororo WEB intepdeiicy,
nepenaBaTd JAaHi Oe3MPOBITHMM CHOCOOOM dYepe3
[HTEpHEeT 10 MPUCTPOIO YHpaBIiHHS, Ta peaji3yBaTh
iHTepdelc ymnpaBiIiHHS LUM IPUCTPOEM CHCTEMOIO
00IrpiBy Ta KOHIUIIFOBAHHS.

11 [TIPOTTOHOBAHUI TIIAXIJ]

Jns BupimieHHs 3afgaqi Oyllo poO3DISTHYTO pi3Hi
NpUCTPOi, Ta 3 HEOOXIMHUMHU MapameTpaMu 1 3
IOCTYIHOIO IIiHOI0 BusiBuBcs npuctpii ESP12E Bin
kommaHii Ai-thinker [1]. Ilpuctpiii mae WiFi Moy,
Ta INPONYKTHBHICT HOro MJOCTaTHA [UIsi 3aIlyCKy
CKpPHUIITOBOTO iHTeprperaTopa, Ta 3amycky WEB
cepBepa, Ul OTPUMaHHSA  HaJAITyBaHb  BiJ
KOPHCTYyBa4a.

MOXITHBOCTI CTaHAAPTHOI TPOIIMBKK BHOPAHOTO
WiFi momyns He naBaau 3MOTHM BHKOPHCTOBYBAaTH
MOAYJIb SIK TIOBHOI[IHHMI aBTOHOMHHH MPHCTPIH, TOMY
OyJ0 BHpINICHO 3aMIHHUTH ii Ha MPOUIMBKY BiJ

NodeMcu [2] 3 IHTEpIIPETaTopOM MOBH
nporpamyBanHs LUA | 110 J03BOJNMIO MOJNETIIHTH
npolec porpaMyBaHHS, a TaKOX

MeperporpaMoByBaTH IPUCTPii HE MPOIINBAIOYH HOTO.

Byno Bukopucrano nasaui temmneparypu DS18B20
B CHIIy CBO€l JOCTYIHOCTi, & TaKOX MiATPUMKOIO
mudposoro iHTepdeiicy 1-Wire, mo 3abe3mnednso
3MCHIIICHHS KIIBKOCTI OKPEMHX KOMIIOHCHTIB Ta
BHBOJIiB TOJIOBHOTO MOy [4].

[IpoananizyBaBiiu iHTepQeiicu 3a JOIOMOTOI0 SIKHX
MOYKHA 3/11HCHIOBAaTH YINPAaBIiHHS CHCTEMOIO ODIrpiBy
Ta KOH/WIiF0BaHHs Oya0 BuOpaHo iH¢ppauepBonuii (1Y)
MPOTOKON [5], BHKOPUCTAHO CTOPOHHIO OiOTIOTEKY


mailto:yuriy.pankiv@gmail.com
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IRremoteESP8266 [6]. Ilpuctpoi o00’emHyeThCS B
MEpEexKy, SIK IToKa3aHo Ha puc.l.

CrcTeMa [TinTepdeiic Moaym ESP12E
T +—p .
obirpisy Ta (}TIDE.BII].EI.HH.
KOHIULBaHHA CHCTEMOR) 0Birpisy)
TCP/TP
Kopucrysau Moaym ESP12E

(mpuctpiii | [JCP/IP WEB cepsep, Ta
A WEB) | ®|  MOHITOD TEMIIEpaTypH

Puc.1 - Cxema B3aemomii mpuCTpoiB

IV o171 4 MAKETHOI'O ITPCTPOTO

CxeMy eNeKTpHUYHY CTPYKTYPHY HaBEIEHO Ha puc. 2.

HacTpoika ikTepbeicis
(PullUP/PullDown)

1

KHomes ympasmema
Womymem,
IlepesaBaHTAREHIT
Buin B cemsiramp gt peamm

HMBAEHHA

IMiHHMA
mogyns ESP12E

ry

v
Bxoaw —BuxomM
nAaTH
4 mopyns tg—!
Masay TEMNEPATYTH
v DS18B20
A |lg—1

Puc. 2 - CtpykTypHa cxeMa IpoeKTOBaHOTO

TIIPUCTPOIO
IIpunnunosa cxema 3HIMHOI'O MOJYJIIO
300pakeHa Ha puc 3.
U1
ESP8266-12E/ESP-12E
JP1 JP2
Female Female
O? ; REST TXD gf ;O
06— 3 ADC RXD 2 —SO
05 | cH-PD GPIO05 [ 9
Oy < GPIot6 GPIO04 |— =0
O3 & GPlo14 GPIOO [—= 6O
02 -—| GPlO12 GPIO02 — 70
03 5| GPlo13 GPIOIS [—2 50
O \eld] GND O
z S x
882358

®|o~—‘(\l|m v|

Puc. 3 - 3uiMHHH MOIYITB, CXEMa €JIEKTPUYHA

MPHUHITUIIOBA
3a JOnmOMOToI0 Takoi peaiizalii cxeMu OyIo
3MEHIIICHO  IUIONIy  OCHOBHOI  IUIATH  IUISXOM
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OararoriapoBocTi. [[puHIIMIIOBA cXeMa OCHOBHOI IIaTH
300pakeHa Ha puc. 4.

X1

CON1 Vs )
Va3

o feo [no

o
o
i

i
PN87520-S

123

SRR
]
mﬂ

1 2
GND cony CoNg
1 7ol Blal.
[

Puc. 4 - OcHOBHUI MOTY/Ib, CX€Ma EJIEKTPUYHA
MIPUHIIMIIOBA

Burnsan peanizoBaHMX 3MIHHOTO Ta TOJIOBHOTO
MOJYIIiB TIOKa3aHO Ha pHC. 5

Puc. 5 - Burmsin peanizoBaHUX 3MiHHOTO Ta TOJIOBHOTO

MOJYITiB
BUCHOBOK
Po3poOnenuit  mpucTpiii UIT  aBTOHOMHOTO
MOHITOPHHTY  TEMIEpaTypHHX  IIOKa3HWKIB  Ta

VIOpaBIiHHSA CHCTEMOIO OOIrpiBy Ta KOHAWIIIOBaHHS
yepe3 mocmigoBHui [Y  iHTepdeiic. Ilomampmri
JOCHIDKeHHsT Oy/yTh TOB’s3aHi 13 YJOCKOHAJCHHSIM
METOMIB CTATUCTHYHOTO aHAJi3y Ta YAOCKOHAJICHHSM
MPOTPAMHOTO TAKeTy JJisi BUPIIICHHS IOCTABICHUX
3amad.
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Anomauia. Y uiii cmammi nHagooumvca Kopomkuil onuc
a6MoMamu306anoi  cucmemu Kepyeamus peadinimayiiHum
mepaneemom ma nepeeazu 0anoi cucmemu.

Knrouosi cnoea: asemomamusosana cucmema yYnpasiiHHs,
ineaniou, epekmugnicmo peadinimauyii, nepesazu.

Abstract— This article is a brief description of an
automated control system for a rehabilitation therapist and the
advantages of this system.

Keywords— automated control system, disabled people,
rehabilitation effectiveness, advantages.

L.

30epekeHHs 370POB'sE 3HAYHOIO MIPOIO 3aJICKHUTh Bif
CepelIoBUIA MPOKUBAHHS JIIOAWHU. BUAULIIOT TpU Tpynu
(hakTOpiB, IO BIUIMBAIOTH HA 30POB'S JTFOIUHH:

Bctyn

e  (i3uuHi (3a0pyAHEHHsS TMOBITPS, BOAM, IPYHTY,
XapuoBUX IMPOJYKTIB, IIyM, €JIEKTPOMArHiTHI HOJIsl, pajiaris
Ta iH.;
e  mcuUXOJIOTiuHI (TpyHOBi, CiMelHi, 0COOHUCTICHI,
KyIBTYPHI BiTHOCHHH, TICHXOEMOIIii{Hi BIUTUBY Ta iH.);
e comianpHi  (coIliaibHI  Ta  TOJITHYHI

0e3po0iTTs, medimuT Jacy, eHeprii Ta iH.);

3MiHH,

Pi3Hi 0OCTaBUHM MOXYTh TPHUBECTH 1O 3HAYHOTO
TIOTiPIICHHS 37I0POB’ Sl JIFOIHH.

Ha croroamimHiii neHb B YKpaiHi CHUTyallis HaBKOJIO
T/ 3 OOMEKCHUMU MOMIIMBOCTSIMH M’SKO KaXy4dd He
Iy’)ke CIpHUHSTINBA. TakuM JronsM Tpeba OTpUMYBAaTH HE
TUIBKY MICUXOJIOTIYHY MIATPUMKY, aie i ¢iznuny. Came Tomy
3apa3 3arpebdyBaHO0 cTae mpodecis TpeHepa-peadiniTosora.
e cnemiamict, SKWil 3aiiMa€eThCsS aTalNTHBHOK (Di3MIHOIO
KyJbTYpOIO 3 JIIOJbMH 3 OOMEKEHHMH MOMIIMBOCTSIMU Ta
ocobamy, MO MAalOTh BIAXWICHHS B CTaHi 3J0pPOB'S, BCIX
BIKOBHX 1 HO30JIOTIYHHX T'PYIl 3 METOI CTBOPEHHSI peajlbHUX
MOXKJIMBOCTEH JUIsl IX 1HTerpaii B CyCIijIbCTBO.
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Opmpa3y BHWHHKae TOTpeda y po3podmi HEoOXiTHOTO
MPOTpaMHOTO 3a0e3MeUeHHs JUIS TpeHepa-peadinitosiora, a
came iHpopmamiiiHo-ypaBisodoi cuctemu obmiky (IYC) Ta
KOHTPOJIIO Tpoliecy pealuriTalii KI€HTIB (Tali€HTIB).

II. TIEPEBATYM CUCTEMU
IYC mnoBuHHa MaTH apXiTeKTypy, IIO 3aJ0BOJBHSE
BAMOTaM  BiJKPHTOCTI,  CTaHJAPTHOCTi,  MOJYJIBHOCTI,

PO3MOAIIEHOCT] Ta IHIIMM BUMOTaM, IO MPE. SIBISIOTHCS 10
Cy4YacHUX CHCTEMaM aBTOMATHU3AIlii.

3acrocoByBani mpu po3podui ACY iHCTpyMeHTanbHI
3aco0u Ta iHpOpMaliifHi TEXHOJIOTI] MOBHHHI 3a0e3euyBaTi
peaiizariro OCHOBHUX BUMOT. PO3risiHEMO OCHOBHI IlepeBaru
TaKOi CUCTEMH SIK JUISl MAIIEHTA, TaK 1 U1 TpeHepa:

3py4HicTe, MBHAKICTE 1 moBHOTa. CHcTeMa MOBHHHA
MICTHTH KapTOTEKY MAIli€HTIB, [0 BKIIFOYAE B ce0C HE TUTBKU
CTaHIApTHI JaHi mpo marieHTa (iM’s, MicCIe TPOKUBAHHS,
HOMep TenedoHa, Tomo), ajic ¥ JaHi MPo HOro MEPBHHHUI
CTaH 3JI0pOB’s, a TAKOX MOXIIMBICTH BilICTIJKOBYBAaTH CTaH
MPOTATOM IMPOXOKEHHsI MallieHToM peadititanii. 3amucu y
Takif KapToTelli MOXXKHAa IIBHAKO BiJICOPTOBYBAaTH 1
3HAXOJUTH HEOOXi/HI 1aHi IO OYAb-sIKMM 3 IOJIB.

Amnaniz qanux npo peabimiramito. Came aHaii3 JaHUX PO
peabimitamito TaiieHTa, Npo sAKWH Oyslo cKa3aHO Y
MOTIePETHBOMY MYHKTI € BaYKJIUBHM IUTFOCOM TaKOi CHCTEMH.
3amucaHi JaHl y MpoIeci aHali3y CKOpOYYIOTh YacTKy
PYTHHHOI pOOOTH TpeHepa, 3MCHIIYIOTh HMOBIPHICTh
MMOMUJIOK, 1X HE MO)KHA BTPaTHTH, a iH(poOpMaIllss MOXKe
BHKOPHCTOBYBATHCS HABITh B POOOTI OTHOYACHO JIEKLTEKOMA
TpeHepaMu a00 HajaHa Jikapro. TakoK MOXKJIMBICTh
BIZICJTI/IKOBYBaHHSI IpOrpecy JIKYBaHHS 3BICHO JIONIOMOXeE
Mo0aunTH SIK TPOXOTUTH peadimitamis. 3a IMMH JaHUMHU
TPEHEp Ma€ 3MOry TEpPEKOHATHCS, M0 pealdimiTaris
MPOXOMUTh TPABUIBHO YW  3aikcyBaTh  HEHOCTATHI
MO3UTHBHI 3MiHH, a00 HaBITH MOTIPIIEHHS CTaHy KIi€HTA i
TONi, 3pOOWBIIM TIEBHI BHCHOBKH, IOIATH HOBI (i3mdHi
HaBaHTA)XEHHs a00 3MIHUTH B)KE BUKOPHUCTaHI paHilie.



Cdepa 3aCTOCYBaHHS. Cucrema MOXKe
BUKOPHCTOBYBATUCh TPEHEPAMH-PEaOUIITOIOraMK HE TIIBKU
y peaOimiTamifHUX EHTPaX i CIIOPTHBHAX KOMITICKCAX, a i y
COLIAIbHUX IICHTpaxX aJanTaiii JoAed 3 OOMEXCHUMHU
MOJUIMBOCTSIMH, ~ CIICIialli30BaHUX IOKOJMAX 1 AUTIIAX
caJKax, CaHaTOPHO-KYPOPTHUX KOMIUIEKCAX.

Hapitiamii 3axwer 1 Jserkicte Momudikamii. [Hydka i
BHUCOKOHAJIfHa cucreMa ayTeHTH(diKamii HeoOXimHa myst
MiITPUMKN PI3HUX 3aCTOCOBYBaHMX B peadiiTamiiHOMy
mporieci MoJeneil aBTopu3allii Ta Mpoueayp pPo3MeKyBaHHS
jpocrymy. Takox cucTemMa IOBMHHA BIiANOBIAATH TaKUM
mapameTpaM, K MacmTaboBaHICTh, MOIYIBHICTh 1 JIETKICT
Moaudikanii cucteMu. A il iHTepdelc OyTh IHTYiTHBHO-
3pPO3YMIJIMM i JIETKUM B OCBO€HHI i po6oTi[1, 2].

III. ITPUHLIMIIA POBOTU CUCTEMHA

Tpenep TOBMHEH He TUIbKM 3i0paTH  HEOOXigHYy
iHpopMaLilo TpO TmalieHTa Ta 3aHECTH ii y CHCTEMY,
OYEBH/IHO, 110 B TaKiii cucTeMi HeMae€ HEOOXITHOCTI, aKe
iHdopMallio PO 3MiHK CTaHy 3/10pOB’st Tpeda 00poOISITH Ta
BUKOPHUCTOBYBATH JJIs IOKpAIIaHH MpoIiecy peadiiTarii.

IMpouec ¢izuuHOi peabimitanii  000B’SI3KOBO MOBUHEH
CYIIPOBO/DKYBATUCS  (DIKCAIli€l0 OCHOBHHX  ITOKAa3HHKIB
310poB’sl. TakuMHU MOKa3HUKaMU MOXYTb OyTH:

e  Maca Tina;

e  aprepiaybHUII THCK CUCTOJIIYHHH (BEpXHiii);

JKMTTEBA EMHICTD JIETE€HIB;
CHUJIa KHCTI;

4acToTa CepIeBHX CKOPOYEHb (TMPH BHUKOHAHHI
PI3HMX BIpaB, a TAKOXK Y CHOKITHOMY CTaHi);

TPHUBAJICTH CHY;

(yHKI[IOHANBHUI CTaH OpraHiB i CHUCTEM: HOpMa
CIIOKOIO, HOpMa peaxilii, pe3epBHI MOXKIMBOCTI Ta
iH.

Takox Tpeba MaTum Ha YyBa3i, IO M JIEOACH 3
O0OMEKEHIMH MOXKJIMBOCTSMHU OUIBIIICTh TOKA3HHUKIB Oye
BIIPI3HATHCA BiJl CTaHIApPTIB 3A0POBOI JIIOJUHH, & TOMY
ITOPUTM POOOTH cUCTeMU 0a3yeThCsl caMe Ha MOKa3HUKax
JUTSL JTFOZICH 3 0OMEXEHUMH MOXKJITHBOCTSIMH[3].

[TokazHuKM CTaHy 3I0pOB’S JAIOTh 3MOTY CHCTEMi, Ha
OCHOBI BBEICHMX TPEHEPOM JaHHWX BIJCIIIKOBYBaTH
eheKTHBHICTh peabimiTamii. EdekTHBHICTE — CKIaIHHUIMA
(eHOMEH, BiH BH3HAYa€ThCS MEpUI 3a BCE IMOCTABICHUMH
LUIIMH 1 JOCSTHEHHUMH pe3yJIbTaTaMu, TOOTO e(eKTHUBHICTh
MOXHa PO3IJIIIATH SIK CTYIIHB peanizarii MeTH abo CTyHiHb
JOCSTHEHHS OYIKYBaHUX Pe3yJIbTAaTIB.

Ouinka edekTuBHOCTI peabimiTanii HemoximBa 0e3
BUKOPUCTAHHS KpUTEpiiB 1 MOKa3HHUKIB, CYTHICTh SKHX
MoJIATae B TOMY, III0 BOHM TMOKAa3ylOThb, HA CKUIBKM KIHIIEBI
pe3ynbpTaTH  30irafoThcsi 3 TMOCTaBieHOIO MerTor. Came
KOpHCTYBad CHCTeMH (TpeHep) BCTaHOBIIOE METy
HeoOXiHi KiHIIeBi, 200 MPOMIXKHI pe3yibTaTH peadimiTartii.

MaremaTnyna peaiizaiis 3HAXOMKCHHS C(EKTHBHOCTI
pealimitamii Ha TepIIXi TOTIAN QyXKe MPOCTa, ale i y ToH
caMuii yac pamioHajgpHa i edekThBHa. KoXeH MOKa3HUK
CTaHy 3/I0POB’S OLIHIOETHCS 32 TAKUMH TIPABHIIAMH:
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SIKIIO TTOKa3HWKH KPHUTEPII0 OIIHKA MOBHICTIO
3a[I0BOJILHSIOTH ITOCTABJICHHM IUIIM, TO TaKOMY
KpHUTepiro Bignosigae 1 6an omiHKy;

SIKIIIO YaCTKOBO 3a70BOJIbHsE, TO 0,5 Oana;

e  SKIIIO 30BCIM HE 3aJ0BOJIbHSE, TO () OamiB;

Pe3ynbraté OLIHKM 1O OKPeMHM KpuUTepisMm (B Oanax)
CYMYIOTBCS 1 JIIAThCS Ha KUTBKICTh OLIHIOBAaHUX KPUTEPIiB:

E= (N, + N+ . +N/n,
ne E - epexruBHicTs peabimiTariii;
N, + N.+..+N, - cyma KiITbKiCHUX TTOKa3HUKIB KPUTEPIiB;
11 — KUTbKICTh OLIIHIOBAHUX KPUTEPIiB.

OtpuMaHuil KIHIEBUH pe3yJbTaT OIIHIOETHCS TaKUM
YHHOM:

BUCOKAa e(EeKTUBHICTb peabumiTamii - MicyMKOBe
3HayeHHsa B Mexax 0,9 - 1 Oaiis;

nomipHa e(eKTUBHICTh peadimiTamii - miacyMKoBe
3HaueHHs B Mexxax 0,7 - 0,89 Oais;

HEIOCTATHS e(peKTUBHICTh peabumitarii
migicyMKoBe 3Ha4eHHS B Mexax 0,5 - 0,69 Gais;

HHU3bKa e(eKTHBHICTh peadimiTalii - migcyMKoBe
3HayeHHs B Mexkax 0,3 - 0,49 Gainis;

Hee(pekTUBHA pealiTiTallisl - MiJCYMKOBE 3HAYCHHS
arkue 0,3 Oana.

TakuM YUHOM HEOOXimHI KpHTepii Ta METOIU OLIHKH
e(eKTHBHOCTI peadimiTamii MarOTh BUCOKY iHPOPMATHBHICTD
1 IPAaKTUYHY 3MiCTOBHICTb, 10 J03BOJISIE TPEHEPY CBOEYACHO
BHOCHTH KOPEKTHBH B TIpoliec peadimiranii[4].

BUCHOBKM

3anporionoBana [YC BHKOHye aHaji3  BBEICHHX
TPEHEPOM [aHWX, MIOAO Ipolecy peabimirarii, mo poouTh
MOXIIMBAM OTPHMATH TIOKa3HUKH e(heKTUBHOCTI peadimiTawii
Ta 3pOOMTH HA OCHOBI LMX JaHUX BHCHOBKH, IIOJO
YCHIITHOTO MPOXOKEHHS peadimiTarii.

Meron pospaxyBaHHs e(EKTHBHOCTI peaOumiTamii €
e(peKTHBHUM DIIICHHAM OIIIHKH SKOCTI CaMoOro IMpoIecy
peabimitauii. Ho #ioro ocHoBi TpeHepy HabaraTo 3py4Hille
IUTaHYBaTH MPOTIKaHHS IPOIECy i KOpEeryBaTH HOTO st
JIOCSITHEHHS TIOCTaBJICHUX IIJICH.
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Abstract— Relevance of marketing researches for any
enterprise activity is an important tool in the complex solution
of such tasks as: drawing up market characteristics, its
potential opportunities, research on the distribution of market
shares among different firms, sales variant, careful study of
business activity trends, the discovery of competitors' goods.
Research results on target possibility assessment of marketing
information systems introduction in enterprises operating in
uncertainty conditions of competition in the market is given. It
is proposed to use the findings on companies state analysis of
Acer and Lenovo based on the method of assessing the degree
and level of risk when disclosing the uncertainty of
counterparties.

Keywords—marketing information systems, decision making
tasks, marketing decisions.

Anomayia— AKTyaJbHICTb MapKEeTHHIOBHX JOCJIiIAKeHb
ANs1  JiIbHOCTI  OyAb-SIKOTO MIANPHEMCTBA € BaXJIMBUM
iHCTPYMEHTOM NpPH KOMILIEKCHOMY BHpillleHHi TaKHX 3aBJaHb
SIK: CKJIAIAHHS XAapPaKTEePUCTUKH PHHKY, HOro moTeHUiHHMX
MOZKJINBOCTEH, TOCTIIKEHHSI 3 PO3MOJiTY YAacTOK PUHKY MixkK
pisaumu  ¢gipmamu, BapianT 30yTy, peTelbH¢ BHBYCHHS

TeHJeHIid  [OlJI0BOI  AKTHBHOCTI, BHSABJICHH  TOBapiB
KOHKYPEHTIB. TpeJIcTaBJieHi pe3yJbTaTH AOCTiIKeHb 3a
OI[IHKOI0 HiJILOBOT MOSKJIUBOCTI BIIPOBA/’KEHHS

MapKeTHHroBHX iHGopMaUiliHUX cHcTeM Ha MiANPHEMCTBAX,
10 NpAlITh B YMOBAX HEBM3HAYEHOCTI KOHKYpeHHii Ha
punky. Ilpm 1nbOMy 3anpoNOHOBAHO BHKOPHUCTOBYBATH
BHCHOBKH WIOJI0 aHAMi3y cTaHy kommaHniii Acer i Lenovo Ha
OCHOBi MeTOoay OWLIHKH CTyneHs Ta piBHA PHU3HMKY mig 4ac
PO3KPUTTS HEBU3HAYEHOCTI Jili NPOTUAIIOYNX CTOPIH.

Knrouogi cnoea — mapkemunzogi ingpopmauiiuni cucmemu,
3a0aui npuiinammsn pivieHb, MapKemuHnzo6i piuieHns,
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L.

Relevance of marketing researches for any enterprise
activity is an important tool in the complex solution of such
tasks as: drawing up market characteristics, its potential
opportunities, research on the distribution of market shares
among different firms, sales variant, careful study of
business activity trends, the discovery of competitors' goods.
Marketing is becoming more diverse and complex form of
activity, which requires a continuously integrated
information process. It is imperative that the company
develop and use a system of continuous environmental
monitoring and data storage so that they can be analyzed in
the future. A marketing information system can be defined
as a set of procedures and methods designed to create,
analyze and disseminate information for proactive
marketing decisions on a regular, regular basis [1].

INTRODUCTION

II. AIM

The aim of this work is to analyze the situation of certain
quality goods sales, oriented to the needs of the market in the
context of limited production opportunities, based on the
inclusion of information components in the decision-making
system (DM) in the market research opportunities for
supplying products of the required quality.

III. PROBLEM FORMULATION

In this paper, it is proposed to solve the following
problems in achieving the objectives of marketing
information systems (MIS):

1) give a description of the MIS capabilities in solving
the tasks of marketing research at enterprises in solving the
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product promotion problems in the conditions of competitor
existence in the market;

2) determine the decision making strategy by the
manufacturer in uncertainty conditions of action against the
manufacturer.

IV. RESULTS OF THE RESEARCH AND THEIR ANALYSIS

The traditional MIS model consists of four subsystems,
each of which performs its task (Fig. 1) [2]: internal
reporting; external marketing information (marketing
surveillance or intelligence); marketing research; marketing
information analysis.

Marketing information system

NN

Subsystem Subsystem of Subsystem of Subsystem of
of internal external marketing analysis of
reporting marketing researches marketing
information information
Fig. 1. Marketing information system

The basis of marketing information analysis subsystem is
the bank of methods and models.

Bank of methods — a set of modern methods of statistical
information processing, allowing to produce arithmetic
operations, graphical and statistical processing of data and
establish the degree of their statistical reliability. These
techniques are used to solve tasks such as [3]:

1) variables definition that influence the sales and
determine the significance of each of them;

2) dependence establishment of sales volume on the
price and cost of advertising and promotion;

3) optimal  variables determination for market

segmentation, etc.

The practice of creating and using the MIS by foreign
companies highlighted a number of problems associated
with its operation. These include, in the first place, the rigid
information system structure, which does not allow to
change data format, as well as methods and models of
analysis. Another disadvantage is the complexity of system's
development, and it is virtually impossible to create a
system data format that is optimal for all users [4].

When creating the MIS, there are transparent factors,
methods of analysis and models that guide managers of
different levels when making decisions on specific issues.
Not everyone is ready to disclose their experiences and
secrets, and without it it's almost impossible to develop
satisfactory reports forms. It should be noted high material
and time costs necessary to develop, install and study the
use of application software packages. All these problems
determine the need to look for other variants of information
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systems for implementation in the system of decision
making in enterprises operating in market uncertainty
conditions with competitors. To do this, the paper proposes
to assess the level and degree of risk when disclosing the
counteraction uncertainty of the firm, for example, firms
Acer and Lenovo [5].

When disclosing the counterparty uncertainty, there is a
task of system risk level and degree assessment. The
approach does not take into account the probability of
choosing an opposing firm for a particular strategy, that is,

. .y * ek
the choice probability, x, =x, , x, =x, or any other
sekok . . .o, . . . ..
X, =x, actions in competitive disinformation conditions
at market.

In the real firms counteraction conditions situation on
information space of economic activity of enterprises or
firms associated with intentional information "leakage"
about the technical products characteristics, in particular
functional features of the laptop, which does not correspond
to reality, and so on. The risk degree in the case of
counteracting the parties depends both on the probability of
the opponent's a particular strategy choice, and on the
decision recognition likelihood. Risk level determines the
size of each firm loss. To solve the problem of minimizing
the losses risk and economic losses of firms Acer and
Lenovo in a competitive market in which misinformation is
present, it is proposed to employ system analysis tools in the
part of assessing method the level and degree of risk in
disclosure counterparties uncertainty.

. . k3
For example, the second firm made a decision x, =x, ,

and the first has built a strategy on condition x, = x, , then

the loss level U, of the first firm is defined as

U, = A1 =maxﬁ(xl,x;*)—rrialtxfl(xl,x;) 1)

X1

The first firm is likely to make a decision x, = x; , and

the second builds the strategy provided that x; = x;k . In this
case, the level of loss U, of the second company is

Uy =4, =n};lez(xf*,xz)—rr;&zlez(x;*,xz) 2

Accepted estimates (1) and (2) show how much the
result exceeds the guaranteed, that is, they are estimates
below.

In the this method framework of market situation
analysis, another approach is proposed to determine the
level of risk — a results compare with the potentially
achievable, that is, how much the result is approaching the
maximum possible.

In this case, it is assumed that the maximum possible
value of the target function of the first firm will be the
highest priority



*
fi = maxmaxfl(xl,xz),
X1 R%)

Then company loss level will determine the extent to
which the result is different from the potentially achievable.

Level of loss U 1* for the first firm subject to the choice

of actions x, the second company in the form x, :x; is
determined by the ratio

* kk
U = £ —mgxﬁ(xl,xz ),

X1

For the second firm, the loss rate is

)

where the maximum possible value of the target function is
defined as

* sk
Uy=/, —maxfz(xl > X
X2

maxfz(xl,xz),

*
Jf, =max
X2 X1

For critical situations analysis, when one firm causes
irreparable harm to another, with this description, the
relationship between sales companies is determined as the
situation approaches the critical, which is characterized by
an absolute minimum. The absolute minimum for the first
firm is calculated from the condition

= minminfl(xl, xz),
X1 X

Then value U; will determine difference level between
the target functions of the situation and the critical situation

Ur = filxl x3)- £

where x{, x, — numerical values x;, x,, that correspond to
the situation that occurred for the first firm.
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The second firm state is determined on the condition of
such losses existence

U, :fz(xlnax;)_fzia

where the absolute minimum equals

f5 =minmin f, (xl, xz),
X1 X2

”

where x{, x" — numerical values x;, x, in the situation that

occurred for the second firm.

Thus, the applied situation analysis on the sales market
of HP and Lenovo firms by the level and degree risk
assessment method in disclosure of uncertainty actions
counter parties can give a basis for making decisions on the
certain quality products preparation for its effective
marketing on the market in a competitive environment.

CONCULUSIONS

In this paper, research results on target possibility
assessment of marketing information systems introduction
in enterprises operating in uncertainty conditions of
competition in the market is given. It is proposed to use the
findings on companies state analysis of Acer and Lenovo
based on the method of assessing the degree and level of
risk when disclosing the uncertainty of counterparties.
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Anomauis —JocninzkeHi oCHOBHI MeTOAMKH JJIsl OUIHKH

ncuxogiziosoriusoro  crany JroauHu.  Ha  ocHoBI
pe3yJbTartiB po3pod.ieHo cHCTEMY TeCTYBAaHHA
ncuxogiziosioriyunux BiacTuBocrei BoaiiB. [1s TecTtyBaHHS
BOJis (AN o0pani HANIPSIMKH OLIiHIOBAHHA:
iHTeIeKTya bHMii PO3BHTOK, MCHXOMOTOPHI
XapaKTepPUCTHKHU, 0COOJIMBOCTI 0COOUCTOCTI.

Knwuoei  cnosa—Ilcuxogpizionoziuni  Baacmueocmi,
Booiii, Tecmysanns, Yeaza, 3ip, Peaxuia, /lanomonizm,

3uanns Ilpasun /loposcuvozo Pyxy.

I. Bcryn

[IpoGiiema Ge3rexu ITOPOXKHBOTO PYXY 3 POKY B DIK
cTae OuTbII TOCTPOr0. Y (YHKIIOHAIBHIA CHCTEMI «BOIIN
— aBTOMOOIJIb — CEpElOBUIIE PYXY» OJHIEI0 3 OCHOBHHX
JIAHOK 3a0e3MneyeHHs Oe3NeKH pyXy € BoAid. 3a JaHuMH
VYnpasmiHaS Oe3MeKd TOpoKHBOTO pyxy Yipainu y JTII 3
mocTpaXxnamumMu Tpuomu3Ho 48,5% BHIAIKIB CKO€HI 3
BUHH BOZIiB.

II. ITIOCTAHOBA 3AJIAUI

Mera pobOotu — po3poOKa CHUCTEMH TECTYBaHHS
1cuxo(hi3i0I0TiYHUX BIACTUBOCTEH BOIIB.

Jis MoCATHEHHS 3a3HAYeHOI METH OyJM TOCTaBJICHI
OCHOBHI 3a/1a4i:

e sKiCHa Ta IIBHJKA OI[iHKAa NcHX0(]i3ioIoriyHoro
CTaHy BOJIif;

e iHpopMyBaHHS BOZIiB mpo ncuxodizionoriyni
0C00JIMBOCTI IX Oprai3my;

® MiJBHIICHHS PiBHS OC3MEKH JOPOKHBOIO PYXY.

B X0l  po3poOKKM  peai30BaHO
(YHKIIOHAIEHI MOXKJIMBOCTI CUCTEMHU:

HACTYTIHI
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® TECTyBaHHS BOIiA 3a OOpaHWM BHIOM TECTy B
o0paHiii Kkareropii;

e 3a0e3nedyeHHs (QikcyBaHHsA iHpopMmanii mix dvac
TecTyBaHHs Ta ii mBHIKa 00po0Ka;

e oOIepaTMBHA BHAAYa OTPHMAaHHX peE3yJbTaTiB Yy
BUIVISIAI  TIPOTOKOJY Ta  MOXJIMBICTE — HOTO
30epesxenHs y popmari PDF;

® TiATPUMKA YKPaiHCBHKOI, POCIMCHKOI Ta aHTIIHCHKOT
JIOKaJIi3ariii.

III. CUCTEMA TECTYBAHHA BO/JI{IB

Oninka ncuxodizionorivamx ocobmmBocter [1] Ta
orrc 00CTE)XYBAaHOTO Yy PO3POOIIIOBaHIM CHCTEMI TTOBUHHI
BHUKOHYBATHUCS 3 TOUKHU 30DY:

® [ICHXOMOTOPHHUX XapaKTEPUCTHK;

e 0co0NMMBOCTEH OCOOHMCTOCTI, Y TOMY YHCIi TaKHX,
K 3IaTHICTh [MiSTH B CKIAJHUX CHTYaIlisx i
coliajgbpHa 3piticTh TICUXOMOTOPHHUX
XapaKTEePUCTHK;

® IHTEJIEKTYaJILHOTO NpOLECIB

Mi3HAHHS.

pPO3BUTKY  Ta

Jns tectyBaHHS BOXIIB OOpaHO HACTYNHI Tpynu i
BUOM TecTiB [2-5], pe3ympTatd SIKUX OI[HIOIOTHCA 3a
BIAMOBITHUMU (DOpMyIIaMHu:

1) «YBara» — tabmumi LynsTe:

K, =1/30, (1)
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Jle T— 4Yac NPOXOJHKEHHS TECTY, C.

CyTb TecTy: sKHaimBHame odpatu uucna (Big 1 1o
25) y nopsiaky 3pocraHHs / ciagans. OnTUMalIbHUN Yac
sl BUKOHaHHsS 3aBaHHs — 30 cekynna. Pesynbrar
TEeCTy — KOC(DILI€HT, 10 OOYUCITIOETHCS SK BIIHOIICHHS
pealbHOrOo  4acy BHKOHAHHS TECTYy  BOMIEM  JIO
OINTUMAJIBHOT'O Yacy.

2) «3ip» — xinbusg Jlangonera:

K, = E;ﬂ{% + k)
JIe m — KUTBKICTh MPaBHJILHHUX BiIIMOBIEH;
7 — 3arajibHa KUIBKICTDH BIAIIOBIIEH;
k — HOMED eTamy TECTYBaHHS.

CyTb 3aBIaHHs: 00paTh KiJblLs MOTPIOHOTO BHIIIANY.
TectyBaHHA MPOXOAUTH B TpH eTanu. Ha kokHOMY erari
Ha eKpaH BUBOJAUTHCS KOMOIHAIIIS 3 N-01 KIJIBKOCTI KiJIelb.
Pesymbrar Tecty — KOeQIIli€eHT, IO OOYHCIIOETHCS SIK
CcyMa IPOMDKHHX Pe3yJIbTaTiB Ha KO)KHOMY €Talli.

3) «Peaxirisi» — TECT YSPBOHUX 1 YOPHUX KBAIPATIB:

K3:(:—;II +ﬂ—f)/2,

n

JIe M — KUTbKICTh MPaBHJIBLHKUX BiAMOBIIEH;
7 — 3arajibHa KUIBKICTBH BIAITOBIIEH.

Tect mpoxoauts B nBa eranu. Ha ekpani po3mimeHO
KBaJlpaTl YEpPBOHOTO Ta dYOpHOTro Kojibopy. CyTb
3aBIaHHSI: Ha MEPIIOMY eTarl MoTpiOHO 00paTH KBaapaTH
TUIBKM 4YEPBOHOTO KOJILOPY, Ha JPYyroMy — TUIbKH
qopHOTrOo. Pesymprar Tecty —  KoedimieHT, IO
O0OYHCITIOETECS SIK CepeHe apu(METHYHE BiJl MPOMIXHUX
pe3yIbTaTiB Ha KOXKHOMY €Talli.

4) «JlanbroHizm» — Tabnuui PaOkiHa:

Wi+ W et Wl
Ky=—"7"7"-,

¢)

A€ 1 — HOMEP NUTAHHA;

p — 3arajgbHa KUTbKICTb BIIOBIACH;

{EI , AKINO BiOmosigs HempasHIbHA
m, =

1, sxmo ignoeiss OpaERILHA.

5) «3HaHHSI TpPaBWI JOPOKHBOTO PYXY» — TECTYBaHHA
Y BUIJISIII TIMTAHb 3 KUTBKOMA BapiaHTaMH BiIIOBI ICH:

Ks=m/mn *100% ,

JIe m — KUTBKICTh NTPaBHJIFHAUX BiAIOBIiEH;
1 — 3arajibHa KUIbKICTb BiAIIOBiIEH.

Tect mpoBomuThCS B n-Hy KiIbKicTh ertamiB. Ha
KOJKHOMY €Talli Ha eKpaH BHBOIMTHCS KapTHHKA, B SKiH
samudpoBana mnesHa nudpa. JlroauHa 3 TOPYIICHUM
KOIIbOPOBUM  CIIPUHHATTAM HE 3MOXE IOOaYHuTH
MpaBUIIbHY BiANOBib. Pe3ynbraT Tecty — KoedilieHT, 1o
OOYHCITIOETHCS SIK cepeqHe apu(METHYHE BiJl IPOMIKHHAX
pe3yJIbTaTiB HAa KOXKHOMY €Talli.

@)

3

“)

(&)
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1V. TIPOrPAMHA PEAJII3ILIIA

it po3poOkm  cHUCTeMH  ICHUXO0(i3i0J0riYHOr0
KOHTPOJTIO BOAIiB [6] Oyi0 00paHO MOBY mporpaMyBaHHS
JavaScript Ta cneuiansauii ¢ppeiimBopk Electron.js, sikuii
J03BOJIIE  3allyCKaTH MPOTPaMHMIl  3aCTOCYHOK Ha
HalOUIBII ~ TONYJSIPHUX  CYYacCHHX  OIEpalifHIX
cucreMax. J{is poGotu 3 6azaMu maHUX A 30€perKeHHS
pe3yNbTaTiB MPOXOHKEHHS TeCTiB OyJI0 00paHO CHCTEMY
MongoDB, saxa 3a0e3medye MmBHIKY poOOTy Ta
OHOBJICHHS 0a3M JaHHX.
[To 3akiHYEHHIO TECTYyBaHHS BOJIS BHIAETHCS IMPOTOKOI
TECTYBaHHS, W10 CKJIAJAa€Tbcsl 3 OCOOMCTHX —JIaHWX
TECTOBAHOTO 1 TAaONUIN 3 PE3yNbTaTOM MpPOHIECHUX HUM
tectiB. CHCTeMa Ma€ MOXIMBICTH HOro 30epexeHHs Y
¢dopmati PDF. Tabaust MicTUTD HACTYIIHI KOJOHKH: Ha3Ba
TECTY, pe3yJIbTaT TECTOBAHOI'O 1 HOpMa TECTYBaHHSI.
Tectn, sKki MalOTh HE3aJOBUIBHMH pe3yibTar, OyAyTb
BUJUIEHI 1 B KIHII MOpPOTOKONYy OyayTh —3auILeHI
peKoMeHalii MI0/10 MOJMNINIIEHHs TOTOYHUX IOKa3HHUKIB.
Po3pobnena cucreMa Mae MIATPUMKY  YKPaiHCBKOI,
POCIHCBKOI Ta aHTITIHCHKOT JIOKAJTi3aIlii.

V. OBIOBOPEHHS

KepyBanHst aBroMoOuIeM 3000B’S3y€ MaTH TOCTpPHA
3ip, MIBHIKY PEAaKIli, 30CEpPe/DKeHY yBary, 3HATH
npaBWja JIOPOXKHBOTO  pyxXy. 3BHUYaliHO, HE BCi
BUILICONHMCAH] XapaKTEPUCTUKN MalOTh OYTH 1/1eabHUMH.
Ane, 3Hal4M TPO CBOI HENONIKH, BOJIH MOXe
KOMIICHCYBAaTH iX OULIBIIOI0 OOEpPEeXHICTIO abo CTHIIeM
BOMiHHS. J[OCHIIKEHHS BYCHHX TOBENHM, IO KOJH BOIIi
npoiH(popMoBaHi Ipo Ncux0odi3ionoriuyHi 0CoOIMBOCTI iX
OpraHi3my, aBapiiHICTh 3MEHIIYETHCS Ha Bl TPETHHHU.

BUCHOBKU

Jus  sgkicHOi Ta IOBUAKOI OIIHKA CTaHy BOJIS
HeoOXiZJHa CHCTeMa TECTYBaHHA iX NCHX0(i3i0I0TigHOTO
CTaHy, sKa BKJIIOYae B ceOe TecTH Ha yBary, Ha 3ip i
peakIiro, Ha MAIbTOHI3M 1 3HAHHS IPAaBHWI JOPOKHBOTO

Pyxy.

3acTocyBaHHS TaKOi CHCTEMH IMPUBEIE O 3HUKCHHS
MOMWJIKOBUX il BOAIIB, Big SKHX O€3MOCEPEIHBO
3aJIeKUTH Oe3MeKa JOPOKHBOTO PYXY.
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I. Bctyn
Anomayin — PoGoTa npucBsideHa CTBOPEHHIO MPOTPaMHO- Ilpu BupilleHHI 3aBOaHb YNPABIiHHA Ta NPUUHATTSA

anapaTHoro kommiekcy “Posymumii niM”, a Ttakoxk po3pooui

. . pillleHp B yMOBaxX HEYITKOCTI (HEHAIIMHOCTi) BUXITHHUX
nporpamuux  moayJais  UIlY jana  ynpaBiaiHHA  num

KOMIUIEKCOM. KIII0UOBOI0 METOI0 [JaHOI0 INPOEKTy, CTaHe JAaHHX BaXKO, a 4acTo 1 HCMOXIIHMBO BHKOPHCTOBYBATH
BIPOBA’KEHHsI METOIB LUTYYHOro iHTeJeKTY B NPAKTHKY  TOYHI MeTOAW. Y TaKWX BHIAIKAaX XOpOII pe3yabTaTh
ABTOMATHUHOT0  YNPABTIHHS  CKIATHHMH  TeXHIYHHMH oo

00'ektoM «Po3ymHmMii 1iM, a Takoxk reHepanlis Kepyo4ux
KOMAH] /UISl allapaTHOr0 KOMILIEKCY, 10 3a0e3mevyioTh ioro
KOpeKTHY poGotry i meperuisim iHdopmanii mpo craH CHUCTEM, HaIIPUKJIIAJ - METOJIH, 3aCHOBaHI Ha HEUITKIH JIOTIIT.
NpUMillleHHs] HA OCHOBi JaTYHKIB.

OTpuUMAaTHh, BHUKOPHUCTOBYIOUU MCTOAU iHTGJ’ICKTyaJ’ILHI/IX

Knrouoei cnosa—Po3ymnuii oim, Heuimka nozika, noziunui II. PEAI3BAIISA 3AJIAUI

sucnosox Mamoanoi . ..
PoGoTa mpucesueHa po3poOIi MporpaMHO-arnapaTHOl

Abstract—The work is devoted to the creation of software MOJIENTi  yIPAB/IiHHS POGOTOTEXHHYECKOH CHCTEMOIO, SIKa
and hardware complex "Smart Home, as well as the
development of CNC software modules to control this complex.
The key objective of this project will be the introduction of OynuukoM" [1]. OCHOBOK NMPOrpamMHOI YaCTHHU CHCTEMH €
artificial intelligence methods into the practice of automatic IHTEpIIPETAaTOp 3aBAaHb HEYITKOrO  YIPaBIIHHS, IO
control of complex technical objects "Smart House'", as well as

the generation of control commands for the hardware complex, M LTI
ensuring its correct operation and viewing information about BrcroBox Mamzani [2]. TIporpamua cucTema npusHatena,

the state of the room based on sensors. JUTSI BAKOPUCTAHHS Ha OTHOIUIAaTHOMY KoMITtoTepi Arduino,
sKa 3a0e3Medyloe MOJAETIOBaHHA 0araTo(yHKI[iOHATBHOTO
aJanTUBHOT'O HEYITKOTO KOHTpoJepy (puc. 1).

Moxke OyTH IIOKJIaJieHa B OCHOBY YIpaBiiHHS "Po3ymMHHM

BUKOPHCTOBY€E HEYITKy 0a3y 3HaHb 1 HEUITKHH JIOTIYHHIt

Keywords—Smart House, Fuzzy Logic, Mamdani fuzzy logic
conclusion
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Mo6inbHuIn goaaTok

Oneparop

Kopa dopmaty MatLab

Ha Bxoai iHTeprperarop mpuiiMae Koj Ha MOBI OITUCY
Mojeni HewiTkoi cucrteMu ympaeiiHHsA. KoxHa Monenb
3MaTHA TEHEepyBaTH 1 MIATPUMYBAaTH pPOOOTY OKPEMOro
MIPOrPaMHOT0 KOHTpPOJIEPa HAa OCHOBI HEYITKOI JIOTIKH, IO
B3a€EMOJII€ 3 allapaTHOIO YaCTHHOIO cUCTeMH. CTBOPUTH KOA
3 ONHCOM HEYITKOi CHCTEMH YIpPaBIiHHA MOXKHA JIBOMa
criocobamu:

e BpyuHy, 33/aBIIN cHenialbHi KOMaHAW 1 IPOBIBIIN
HaJIAIITYBaHHS yepe3 MOOUTEHUI 10JIaTOK.
e B maxkeri Fuzzy Logic Toolbox depes cremianizoBane

nporpamue 3abe3nedyenHs - MatLab [3].

Jist poGoTH cucteMHu TOTpiOEH YITKO 3aJaHUi HaOip
BXIJTHUX TapaMeTpiB, sIKi MOXYTh OyTH 30KpeMa I00yTi 3
pI3HMX JaT4YMKIB (JAaTYMK pyXy, BIJICTaHI, TeMmeparypH i
1.1..). Ha BUXOni Oyme oTpuMaHU#l CrelliaIbHUI CHTHAT SIK
pe3yiabTaT  HEYiTKOrO  BHUBENCHHA U1 (OpMyBaHHI
Kepyrouoro currany [4]. Lle# kepyrounii CUTHAII TOTPAIINTh
HA IUIaTy YOpPaBJIiHHSA, a TOTIM Tijie Ha 00'€KT yIpaBIIiHHS.

s 3pyaHOoi poOOTH KOpHCTYBada 3 CHCTEMOIO, a TAKOX
TIOTIePETHROI HACTPONKH 1 TeperisimLy CTaTUCTHKH Oyze
CTBOPCHO MOOLTBHMN 1omaToK. MOOUTBHUI 1OJaTOK B
JTAHOMY TIPOEKTI Tpa€ KJIIOYOBY POJIb, TaK K € MPOIIApKOM
MDK arnapaTHOI0 YacTHHOIO TPOEKTY, SK IOCTa4albHUK
JaHUX 1 033010 JaHWX, K OOPOOHHK 1 CXOBHIIE JaHUX [5].
3aBAsKH HAsABHOCTI Yy KI€HTA IHTYITHBHO 3PO3yMLJIOrO
iHTepdelicy, KopucTyBau Moke 0e3 OyAp-sKHX MpoliemM
3HaiiTH MoTpiOHY Homy iH(popMmarito. MoOiINBHUIA 101aTOK
Oyze peanizoBaHuii Ha onepaniifHii cuctemi Android.

III. TTPAKTUYHE 3ACTOCYBAHHS

[HTepnpeTaTop MOBHM HEYITKOI JIOTiKHM, MOXe OyTh
BUKOPUCTaHUIA ISl PO3pOOKH 1 HaJaroKEHHS CHCTEM
HEYITKOTO YMNPaBIiHHA B CaMHX PIi3HHX TNPEAMETHHX
o0nacTsx.

Pi3HOMaHITHUM MOXe OyTH 3aCTOCYBaHHS CHCTEMH B
o0opoHHIl chepi. JJaHUM KOMIUIEKCOM MOXKHA OOJagHATH
THIIA Oapaku, cKiIaad Ta  iHII

pi3Hi MIPUMIILEHb:

HeuiTkui noriyHui
BUCHOBOK

06'eKT ynpaBniHHA

[atymkun

N =—

Puc. 1. Apxitekrypa komiuiekcy «Po3ymHuuii Oy IMHOK»
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NPUMILIEHHS, B SKUX MOTPIOHO aBTOMAaTHU3alis MpoLecy
30epeKeHHsl CTaH CEPeAOBHINA, CIPOLICHHS YIPaBIiHHSI
MOOYTOBOIO TEXHIKOK, (YHKIIT OXOPOHM Ha BEIHKHX

mpoctopax.  Ilpocte  ympaBmiHHS 1 MOXKJIHBICTB
HalalITYBaHHS 4epe3 MOOUIBHUI MNpPUCTPI  CHIBHO
COpPOCTHTH ~ po0OTYy  omeparopa  JaHOI  CHCTEMH.
Buxopucranas  HewiTkoi 06a3um  3HaHb,  JIOTIOMOXE

HANAIITYBaTHCSA IIiJ Pi3HI yYMOBH CEpEAOBHINA i YMOBH
3amaHi omeparopoM. TakoX, I CHCTEMH MOXe OyTH
BUKOpUCTaHa  JUIst minei. Hampukman,
CIIPOCTHUTH JKUTTS YYaCHUKAM OOMOBUX [iHi, SIKi IOCTPOIAIA
ITiJ] Yac HEeCCHHsI 00HOBOT cryxk0u [6].

IIpu ynockoHaJeHHI CHCTEMH, B MaiOyTHhROMY, Oyme
JIOCTYITHO TMIIKIFOYEHHS OUIBIIOI KUTBKOCTI NATYMKIB, SKE
ICTOTHO PO3IIMPHUTH MOMKIIUBOCTI CHCTEMH.
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Anomauia—PoboTa NpUCBsSYeHa MaTeMaTHYHOMY
MOJEJIIOBAHHIO  3aJa4i IUIAHYBaHHST Ta  ONTHMAJbLHOIO
po3MillleHHST Tpyn HOCTOSUIBIIB B CHCTeMaX KepyBaHHS

roreJbHUM OisHecoM. Jlnd NiATPUMKHM TpyNOBHX PpPO3MillleHb
JIoJeid 3a roTeJbHUMH HOMepaMH B Po0OTi po3rJisiHyTa 3agaya
KAJIeHJAPHOro INIAHYBAHHSA 3 eJ1eMeHTaMH 0araTokpuTepiajbHOI
onTuMizanii Ha 6a3i aANTUBHOI 3TrOPTKU.

Abstract—The work is devoted to mathematical modeling of
the problem of planning and optimal placement of groups of
guests in hotel business management systems. To support group
allocations of people by hotel numbers, the task of scheduling
with elements of multicriteria optimization based on additive
convolution is considered.

Knrouosi cnosa—mareMaTHyHa MoaeJb, 3a/1a4a NJIaHyBaHHS,

0araTokpuTepiajbHa onTuMizauis, KpuTepii, IJ1aH,
OpoHIOBaHHS, FOTEJbHUI HOMEP.
Keywords—mathematical model, planning  problem,

multicriteria optimization, criteria, plan, reservation, hotel room.

L.

loTenpHMIT 6i3HEC 32 MOMYIISPHICTIO 3aiiMae mepiie MicIe
B CBITI, a B 0araTbox KpaiHax € OCHOBOIO €KOHOMIKH. I 0Jl0BHa
MeTa YCHimHOI opraHi3amii TOTensHOro Oi3Hecy e
NIParHeHHsl JI0 PpIBHOMIPHOTO 3allOBHEHHS BCIX HOMEpIB,
HE3BAXAIOUM HAa CE30HHWH XapakTep MAISIIBHOCTI B IbOMY
cerMeHTi. OpHI€I0 3 HaWBaXIMBIMMX (QYHKLIH yHpaBiIiHHA

BcTtyn
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rotereM € OpoHIOBAaHHS Ta YNPABIIHHA TOTEIHHUMHU
HOMEpaMH.
Ha cporommi ycmimmHi B CBOill Tamy3i roremi

BUKOPHCTOBYIOTh BeO-II0JJaTKH, IO HAJalOTh MOXKJIHBICTh
KIIIEHTaM MIBHIKO Ta 3pYYHO OOMpaTH HOMEpH, OpOHIOBATH iX
[2]. YupaBminHS HOMepHMM (OHAOM TOTENO Mependavae
o0cTyroByBaHHS 3asfBOK, B TOMY 4YHCIi, i Ha TpyIOBe
3aceNieHHs] KJIIEHTIB. AJle e(eKTMBHE TpPYIOBE 3aceleHHS 3
ypaxoBaHHAM YCiX MOTpeO KII€HTIB MITPUMAETHCS NAIEKO HE
B yCiX TporpamMHuX jojaTkax. Hampukman, cucrema
www.booking.com cmpsiMOBaHa Ha TIOINIYK HOMEpIB Yy
3a3HaUEHMX MicTax Ta iX mopiBHSHHSA, a cucrema kharkiv-
palace.phnr.com — e THnoBHi BeO-I0AATOK, LIO MIATPUMYE
6azoBi QyHkuii rorenro. 3a3Bu4ail, QyHKUis OpOHIOBaHHS B
TaKUX CHCTeMax € abo BTOPUHHOIO, a00 HE JI03BOJISIE POOUTH
OLJIbII CKIJIAJHI 3aIIUTH HA OPOHIOBAHHS, IO HE B MOBHil Mipi
BiToOpaxkae yci MOMKIIMBOCTI OKPEMHX T'OTEIIB.

II.  HAVYKOBA ITPOBJIEMATUKA
HaykoBo-00rpyHTOBaHE  IUIaHYBaHHS  PO3CENICHHS 3
ypaxyBaHHSAM ycCiXx TOTpe0 KII€HTIB Ta ONTHMAaJbHE

HaBaHT@KEHHS HOMEPIB € BAXIMBUM UYMHHUKOM YCIIXy Ta
MTOKpAIICHHS iSUTBHOCTI TOTEIBHOTO Oi3Hecy. ICHYIOTH pi3Hi
BUAM IUIaHYBaHHSA, SKi DPO3PI3HSIOTBCS 32 METOI0, PIBHEM,
NpeIMETOM, TIePioJIoM, TPU3HAYCHHAM Ta BMICTOM.

KaneH):LapHe IJIaHyBaHHS JO3BOJII€ MOACITIOBATH MTPOLECU
BU3HAYCHHA ‘IepFOBOCTi BUKOPUCTAHHSA MaTCpiaJ'IBHI/IX i


http://www.booking.com/

BHPOOHHYHX pPECypCiB Ha NEBHHH YaCOBHH MEPIOT 3 METOIO
3a0e3MeueHHsl 3a/IaHuX TEPMiHIB BUKOHAHHS 3aMOBIJICHB [1].
OTxe, KaJeHAapHE IUIAaHYBaHHS € OJHHM MEepPCIECKTHBHUX
HANPSMKIB, SKHA JT03BOJUTH €()EKTHBHO MPOMOJICIIOBATH
3aJady TPYNOBOI'O 3acelieHHsS KII€HTIB Ta BpaxyBaTu
PO3MOMINICHI 3a 4YacoM 3aceliecHHS Ta OpOHI TOTEIBHUX
HOMEDIB.

Kpim TOro, edexkruBHe OOCIYroBYBaHHS TIPYHOBHX
3aceleHb Tependadae HEOOXIMHICTh BpaxyBaTH IepeBaru
117101 HU3KH KIIIEHTIB: THX, IO 3aCEIAIOTHCS TPYIOI0, Ta THX,
SKMX Il 3aceleHHI MOXYyTh HOTypOyBatH. OTXe, icHye
HEOoOXIIHICTh B OaraToKpuTepiaibHiil onTUMi3anii MOXKIMBUX
TUTaHIB 3aceJeHHS. Teopis KOPHCHOCTI Ta 11
OaraTokpuTepiaJibHi  3rOPTKH  JO3BOJSIOTH  €(EKTUBHO
BHpIITYBaTH ONTHMI3amiiHI 3amadi, MO0 XapaKTepPU3YIOTHCS
ITOMIPHOO MHOXXHHOO KUIbKICHUX KPUTEPiiB [4].

Jiis cucTeMH MITPUMKH TDIAHYBaHHS PO3CENICHHA OYyIIo
00paHO KaJeHAApHE IUIAHYBAaHHSA, BPAaXOBYIOUM TE, IO
3afHATICTH HOMEPIB YIOPSAAKOBaHA B Yaci. [ 3HaXOMKCHHS
ONTUMAJBHOIO IUIaHY poO3CelieHHs OyJo o00paHo MeTox
0araTOKpUTEPiaIbHOTO MPUUHATTS PINICHb 3 BUKOPHUCTAHHSIM
JIHIHHOT aTUTHUBHOT 3ropTKH [3].

III. TIOCTAHOBKA 3AJJAYU
B pobori Oyma mocraBieHa 3agaya MOOyAyBaTH
MaTeMaTU4iHy MO/J€CJIb 3auaqi IIaHyBaHHSA TpynoBux

pO3MIIlleHh KII€HTIB Ta MiATPUMATH BHOIp ONTHMAIBHOTO
IUTaHYy 3 ypaxXyBaHHSAM IepeBar KiieHTtiB. Po3pobiena Moenb
Oyne BHKOpHCTaHa I 4ac PO3POOKHM HPOrpaMHOI CHCTEMH
YIPaBJIiHHS TOTENbHUM Oi3HecoM. Taka cucTeMa Mae CTaTH
3pYYHUM IHCTPYMEHTOM JJIsi MEHEDKEPIB TOTENI0 Ta I1HIINX
MpaliBHUKIB, 3a JOMOMOTOI0 $KOTO BOHH 3MOINIH Ou
noOyayBaTH ONTHMaJbHUN IIaH 3aceleHb HOMEpIB Ha
oOpaHuii mepion, y skux Tpeba BpaxoBYyBaTH IMOOaKaHHS
KJIIEHTIB, HaJaBaTH MOXXJIMBICTH KOHTPOJIO 1 YHpaBIJIiHHA
HOMEpaMH.
JIyist TOCSTHEHHS TTIOCTaBJIEHOT METH HEOOX1THO:

e pO3pOOUTH MaTeMAaTUYHYy MOAETH 33a/adi IIaHyBaHHS

PO3CeTIeHHS;

e po3podutn onTHUMIizaIiiHy MOJIeNb BHOODPY
HaWKpamoro miaHy po3ceJIeHHs;

e TIIPpOTpaMHO  peami3yBaTH CHCTEMY Ha  OCHOBI

PO3pOOICHUX MOJIEIICH.

IV. MOJEIIOBAHHA

3anava MmIaHyBaHHsS Z PO3CENICHHS B CHCTEMI TOTEIHHOIO
0i3Hecy MoXke OYTH PO3IJISIHYTA SIK:
Z =< HyH, PP =,
ne Hy — novaTtkoBa cuTyartist OpOHIOBAaHHS B TOTEII,
— KiHIIeBa cUTyallisi OpOHIOBaHHS B TOTElII,

PPt _ onTuManbHui (HalKpalIuii) MaH 3 JOCATHEHHs
pesyabTyiouoi curyanii - PFE 1 Hy — H,.

Curyanis H B roTeni ckiagaeTbesi 3 TaKUX BaXIUBHX
YaCTHH, K OpOHIOBaHHs], HAsBHI 3asBKM Ha 3acelieHHS Ta
XapaKkTepUCTUKH HOMEpiB Ha JdaHWil MoMeHT dyacy. ToOTo
curyanito B roreni H = H(f)} B MoMeHT yacy t MOXHA
OITUCATH SIK:
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H=H(t) = H{R({E), N Al t. 0,

ne R(t) — cykymmicts GponroBans B MOMeHT wacy t, NV —
HasBHI HOMepa Ta ix xapaktepuctukm, A(t) — 3asBa mHa
3aceJIeHHS Ha MPOMIKOK 4Jacy Bif g 1o £g.

BaxnuBoro CkI1aloBOIO CHTYyaIlil B TOTEINI € OPOHIOBaHHS
HOMEpIB Ha NEBHUI MPOMIDKOK Yacy, TOOTO 4ac, SIKUil TIeBHUIM
HOMep 3aiHATHI HUHI a00 y MaliOyTHROMY. CaMe MiIaHyBaHHS
po3Kiany OpOHIOBaHb € OCHOBHOK) METOIO JaHOI poOoTH. AJe
B HAIill cUTyallil HaM Ba)XJIMBO BPaxOBYBaTW HE TIJIbKH 4ac
OpOHIOBaHHS, ale d MOMEHT 4acy t, y SIKHH pO3IJIsOacThCs
3asBKa, 0100 MaTH MpaBHJIbHE YSABJICHHS NPO Ti OPOHIOBAHHS,
SKI MOKHA 3MiHIOBaTH, a sKi Hi. CyKymHICTh OpOHIOBaHb y
roTeli MOYKHA BUPA3UTH SIK:

R(t) = (Rt e 00,

ae F; — KOHKpeTHe i -Te OpOHIOBaHHS HOMEPY,

t; — TemepinTHii gac a00 yac poO3TIIAIaHHS 3aSBKH,

t. — nara BUi3ny,

7 — 3arajbHa KUTBKICTh OPOHIOBAHb.

[leBHe OpoHIOBaHHA Yy TOTeNi
HACTYITHUM YHHOM:

Rt t,) =< Nltp. t. L. B.C.K =,

ge t; — TemepimHiil yac a00 Yac po3rIIIAHHS 3asBKH,

tp — nara 3aisgy,

t. — nara BHi3ny,

N — BiacHe HOMED,

E — MiTka OpOHIOBaHHS,

C — KIIi€HT, Ha IKOro 0(hOpMIICHO OPOHIOBAHHS,

K — xinpKicTh KITi€EKTIB.

3asBa Ha OPOHIOBAHHS A TAKOXK € BAKIMBOI YaCTHHOO
cuTyalii, aJpke came Yepe3 BUKOHAHHS 3asB 3MiHIOETBHCS
CUTYyallisl B TOTEJi Ta 3 SBISIOTHCS/3MIHIOIOTECSI OPOHIOBAHHS
B roreiyi. 3asBy Ha 3aCElICHHS MOKHA OMNMCATH HACTYITHUM
YHHOM:!

MOXHa BHU3HA4YUTH

Alty.t.)=<C,D.Q.F =,

nie ty — maTa 3acerneHHs,

t. — nara Bui3Ny,

C — KJIi€HT, Ha SIKOTO 0POPMIICHO 3asBY,

D' — cykynHicTs BUMOT,

{J — 3arajgbpHa KiIBKICTB JIIOJEH,

F — Gaxxanuit noBepx.

Ha pucynky 1 mnokazaHo, $IK MOXYTb HakKJIaJaTHCS
OpOHIOBaHHS Ta HOBI 3asIBM OJIMH Ha OJIHE.

CyKymHICTP BHUMOT, IO HEOOXiITHO BpaxyBaTH IIif

yac 00CITyroByBaHHS 3asiBU BUIVISIAE SIK:

D= D
JIe 11 — 3arajibHa KUIbKICTH BUMOT.
R(tp, te)
B
A(tb, te)
t; ty te

Puc. 1. — I'padix HaknagaHHs OPOHIOBaHHS Ta 3asBKH Yy
Yaci Ui OJJHOTO HOMEPY



B cBOO uepry oiHy KOHKpETHY BUMOI'Y MOKHA OIUCATH
SK:

Di =< 0.0y Ly . T Uy (N} =,

ne O — 3aranpHa KUIBKICTH JIIOfAEH, s SIKMX Tpeda
BUKOHATH BUMOTY,

0y — OaxkaHa KiJBKICTh JIOJICH Y HOMEDY,

L, — 6axcaHuii HoBepx,

Ty — Gaxanuit piBeHb KOMQOpTY,

U, — 6axani 3py4HocrTi,

[N} — MHOUHA 3aIIPOIIOHOBAHUX HOMEPIB.

VY xoni pimeHHS 3a/1a9i MH MaeMO OTPUMATH MHOKUHY
wianiB P, i3 skux noriM Oyme BHOpaHO ONTUMATbHUIL.
Muoxuny nnanis F onumiemo sx:

P = (P},

ne F; — KOHKpeTHHH i-THi TU1aH,

k — 3aranpHa KiIBKICTh TUIAHIB.

[T1aH i3 MHOXHHHU MOXe OyTH OIMCAHUH TAKUM YHHOM:

, P, =<P.F >,

ne B — MHOXHHa 3aceJIeHb i-TOro IUIaHy,

P! — MHOXWHA TIepECesIeHb i ~TOTO ILIaHy.

MHOXHHA 3acesieHb IPEACTABUMO y BUIJIA:

g =z}

e & — 3araJIbHA KiIbKICTh HEOOXITHUX 3aCEIICHb.

AHaJ'IOFilIHS MPEICTaBUMO MHOKHHY TEpECeseHb:

E=1{ri}_,

Ie g — 3arajbHa KUTbKICTh HEOOXIHHUX MEePECEIICHb.

Y CBOIO Yepry KOKHE 3aCeJICHHs IPENCTaBIIIE COO0K0:

B =<CN >,

ne C — KJI€eHT, Ha SIKOTO 0(OPMIICHO 3asIBY,

N — HOMep, y sIKUil BUKOHY€EThCS 3aCEIICHHSI.

[lepecenenns MOKHA 300pa3uTH Tak:

Bi==< C.N' =< C,N ==,

ne C — KIT€HT, Ha IKOTO 0(hOPMIICHO 3a5BY,

N — HoMep, y sIKMi BUKOHYETBCS 3aCEIICHHS,

N' — HOMep, 3 IKOTO BUKOHYEThCS BUCEJIEHHS.

Ha pucysky 2 300pakeHO cXxeMaTHYHE HaIaHHS
3acelieHb Ta IepecelieHb, SIKi MOXYThb BXOAUTH IO CKIaIy
MIEBHOTO TUIAHY 3 PO3CEIICHHS TPYIH KIIIEHTIB.

Onrumanbauit mnan PPY 3aceneHHs 3 MHOXHHH ILIaHIB
P wmoxe Oyrtu 3HaiijieHo Ha 0a3i HACTYMHOI ONTUMI3ALiiHOT
MOJE:

=1’

extremum Q(F;)
PP e p
ne P — MHOXKMHA IUIaHIB 3aCEIEHHS;
) — QYHKIIiS OI[HKH SKOCTI TUIAHY 3aCEeNICHHSL.
JIis  OIiHKM  ONTUMANBHOCTI  IUTaHy  Oymemo
BHKOPHCTOBYBaTH METOJ QJWUTHBHOI 3rOPTKA 3 BaroBHMU
KoedilieHTaMH, OTXKE :

n
> @ik @),
Z

i
4

PD;II? =

E

ax
PD;‘.‘IL‘ =

e T — KUIBKICTh KPUTEPIIB,
#1 — KiJIBKICTh IUIAHIB,
t; — HOPMOBAaHHI MHOXHIIK,
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_EJ.- — BaroBUH KOEiIieHT,
K;(F;) — ouinka mnany F; sa wputepienm K.

N5 o 5
P

N4 | * ; >

N3 & T\//l >

N2 E | i | | >

o - e :

t; t, te !

Puc. 2 — CxemaTtnyHe HaJjaHHS 3aCeJIeHb Ta MepPECceseHb
BIJINIOBITHO JIO IUIAHY
Cykynnicts kpurepiie K = {K;}1, neoOxinna s

TOro, 00 BHU3HAYMTH SIKWH i3 3alPOIMOHOBAaHMX IUIAHIB
MaKCHMAJIbHO BJOBOJIbHSIE BUMOTAM Ta € ONTHMAIbHUM.

Just maHoi 3amadi OysiM BM3HA4€HI HACTYNHI KpuTepil
SIKOCTI:

- K,(P;) = ming — kinbkicTs mepecesnens (Haikparoro
BBa)KAETHCS MIHIMAJIbHA KUIBKICTB TIEpECcelICHb),

- K,(PR)=F(T) — BIOBONEHHS BHMOT 3a THIIOM
HOMEDIB,

K;(F;) = F(L) — BIOBOJICHHS BUMOT 33 IOBEPXOM,

K,(F;) = F(U) — BIOBOJICHHS BUMOT 3a 3PyYHOCTSIMH B
HOMEpax,

K;(P) =F(0) — BnoBomeHHs BHMOI 3a KilIbKiCTIO
JII0JIed y HoMepax.
IV PEAJIIBAIISI CUCTEMUA

Cucrema yHOpaBIsSIHHA TOTENBHHM Oi3HecoM Oyma
po3pobiena y Burisini BeO-momatky. s ii peamizarii Oyio
BUKOPHCTAHO KJIEHT-CEPBEPHY apXiTEKTypy, LIO € OAHUM i3
apXITeKTYpHUX IIA0JIOHIB MPOTPaMHOrO 3a0e3IeueHHs] Ta €
JIOMIHYIOYOI0 ~ KOHLENIIEI0 y CTBOPEHHI PO3MOIUICHUX
MEpEXKHHUX JONATKIB 1 Tepemdadae B3aEMOMIID Ta OOMiH
IAaHUMH MDK HAMU.

Jns 30epiraHHd JaHWX, IO HEOOXimHI Tix dac
IUIaHyBaHb 3aCeliCHHA Ta B LUIOMY JUIA  YIPaBIISHHS
roTelbHUM  Oi3HecoMm, Oyna pospobnena 0Oa3a jaHHX,
OCHOBHMUMH TabmuisiMu sikoi € «KopucrtyBaw», «Homepy,
«3asBKay, «Bumoray, «BpoHIOBaHHS.

Cythicte  «bpoHIOBaHHS», fSKa HeoOXimHa  IJIs
3aKpiIUICHHs] KOHKPETHOTO HOMEpY 32 KOHKPETHHUM KII€HTOM
Ha TEBHUH NPOMDKOK 4acy, MaTHMe€ HACTYIHI aTpuOyTH:
VHIKaJbHUI 1eHTU(IKaTop OpOHIOBaHHSI, 1IeHTU(IKATOp
KIIIEHTY; HOMEp; JlaTa 3ai3fy; JaTa BUI3Ay; KUIBKICTb JIIOJEH;
BiZIMiTKa OpPOHIOBaHHS; CyMa; TEPMiH OIUIATH; CILIaY€HO.



A cytHicTh «3asBKa», npu3HadeHa it (HOpMyBaHHS
3asBOK Ha 3acelieHHs 13 T00aXaHHSIMH KIi€HTa Ta
MOJABIIOMY X PO3IJISIAHHIO MaTHME HAacTYITHI aTpHOyTH:
VHIKaJIbHUH ieHTU]IKaTOp 3asBKH; 1AEHTH(DIKATOP KIIEHTY;
KIJIBKICTB JII0ZIe; OakaHWH MOBepX; JaTa 3ai3y; Aara BHi3Ly;
PO3IJISHYTO YH Hi.

CyTHicTh «BHUMOTa» € CKIIaJ0BOI YaCTHHOK 3asSBKH Ta
BHIUIIE HACTYNHI aTpUOYTH: YHIKANbHUH imeHTH]IKaTOp
BUMOTH; iIeHTH(IKaTOp 3asBKH; 3arajibHa KUTBKICTh JIOACH
JUTST BUMOTH; OakaHa KUIBKICTh JIIOACH y HOMepy; OarkaHMi
moBepx; OaykaHUH piBeHb KOM(OPTY; 3pyIHOCTI.

Cucrema TOAUISAETbCS Ha OKpeMi (YHKIIOHAIBHO-
HE3aJIeKHI MOAYJI, cepell SIKHX MOJyJb B3aemMojii 3 0a3oro
JIAHWUX, cepBicu, KoMaHmu i BeO-iHTepdelic cucremu. Take
PO3MOIUICHHS HA OKPEMi YaCTHHHU JTO3BOJISIE 3aCTOCOBYBATH B
cUCTeMi He TUIBKM BEpPTUKAIbHE, aje W TOpPH30HTAIbHE
MacmTadyBaHHSI.

Peamizanis mpoekTy BinOyBamacst 3a JOINOMOTOI0 MOBH
nporpamyBanHas Java, JSONa, six opmarom nepenadi 1aHHX,
npotokona HTTP, ta HTML sk MoBu po3MiTku iHTepdeicy
kopuctyBada. Ilix wac pobOotm BukKopucroByBamaca IDE
Eclipse. V sikocti CKB/] Buctynmae MySq]l.

BUCHOBKH

B npoueci BukoHaHHs poO6oTH OyB NpPOBEICHUH aHai3
METOJIB  KaJeHJapHOro IUIaHyBaHHA Ta  po3poOiieHa
MaTreMaTH4Ha MOJIeNb IUIaHYBaHHS PO3CEJICHHs IPYIH JIFOJIeH
Ta BHM3HAUYe€Ha MOJAEIb BHOOPY ONTHMAJIbHOTO IUIAHY
poscenienHs. JlaHumit miaxix B MOJETIOBaHHS JO3BOJISIE HE
TITPKM BpaxyBaTH TOTpeOM TpyNW KII€HTIB Tix dYac
po3celeHHA, a W ONTHMaJbHHM YHHOM BpaxyBaTH
0cO0IMBOCTI 00CITYrOBYBaHHS TaKHX IPYIIOBUX 3aMOBJICHb.
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B xoni po6oTu Oyiu BUKOHaHI HACTYIIHI 3aBJaHHS:

a) TPOBENEHO aHalli3 Ta MOJENIOBAaHHS MpPEAMETHOL
raiy3i yopaBIiHHS TOTSILHUM Oi3HECOM;

0) mpoBeJeHO aHalli3 METOJIB IUIaHyBaHHs, oOpaHO Ta
peasi3oBaHO METO/1 KJICHIapPHOTO TUIaHyBaHHS;

B) p0o3p0o0JICHO MaTeMaTHYHy MOJICITb 331a4i IIaHyBaHHS
TPYIOBHX pO3CENIeHb, a TaKOX ONTHMIi3alUiiHy MOJeNb
MOIIYKY ONTHMAJIBHOTO TIIaHY;

€) TIpOrpaMHO pealti3oBaHO BeO-T0aTOK OPOHIOBAHHS Ta
YOpaBIiHHSA TOTEIHPHHIMH HOMEpaMH Ha OCHOBiI pO3pOOIEeHMX
MOJIENEN.

Po3pobneni B xoai poOOTH MOJIENI IPEACTABIISIOTH
c000I0 MaTeMaTHYHUI OMKC CHUTYyallil B TOTENi Ta BUPIIICHHS
3aa4i TPYMOBOIO PO3CENCHHS. BOHHM MOXYTh MOCIYKHTH
OCHOBOIO JUIsi PO3POOKH OULIBII CKIIAJAHUX BapiaHTIB 3amadi
PO3CelIeHHs TPYIIH JIIoAeH 32 00paHUMU KPUTEPISIMH.
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Anomauyia — PoOora nmpucBsiyeHa po3polUi KoMII’HOTepHOI
CHCTEMHM /ISl MOJeJTIOBAHHS AUHAMIKHU 0io-moaidHUX npoueciB Ta
cTpYKTYp. B skocti Merogy MoneqwBaHHS 00paHO MeTOX
pyXoMHuxX KJITHHHHX aBTOMATiB, 10 /03BOJISIE ONHCYBATH
JOCHizKyBaHi mnpouecu HaGopom GyHKUili B3aemoniii Mik
cyciaHiMu KJIiTHHAMM (areHTaMHu).

Abstract— The work is devoted to the development of a
computer system for modeling the dynamics of bio-like processes
and structures. As a method of modeling, the method of movable
cellular automata is chosen, that allows describing the
investigated processes by a set of interactions' functions between
adjacent cells (agents).

Knrouogi cnosa— pyxomi knimunni agmomamu, mMooeio8anns
bionoziunux npoyecis, CAD-cucmema

Keywords— movable cellular automata; simulation biological
proces; CAD-system

1. Bcryn

BuBueHHs mporeciB, IO BiAOYBAaHOTECA B KUBUX
OprafHi3Max Ta MOJENIOBaHHS BIANOBITHUX MITy4YHUX Oio-
cUCTeM Ha0yBae Bce OUTBIIOrO 3HAYCHHS HA CYY4acHOMY eTarli
PO3BUTKY iH(OPMAIHUX TEXHOJOTIM Ta HPHU CTPIMKOMY
3pOCTaHHI  OOYMCIIIOBAIBHMX  IOTYXHOCTEH  IUQpoBOi
texHikn. Cepenl KOMIT'IOTEpHHUX Mojenel Oio-mporeciB Ta
CHCTEM MOKHA BHIUINTH [Ba OCHOBHI THIIM — KUIBKICHI
mozem Ta sKkicHl. SkicHI Momem 3a  JOIIOMOTOIO
KOMIT'ToTepHOI rpadiky AaloTh 3MOTY PO3KPHBaTH HEBiIOMI
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JIOCI BJIACTHUBOCTI CKJIAQJHOI CUCTEMU: 11 CTPYKTYPY, IUHAMIKY
PO3BHUTKY, CTiHKicTh, IiTicHiCTh Tomo. KinbkicHi Momemi
MaloTh IEPEBAXHO XapakTep NPOrHO3y MalOyTHIX 4H
MOSICHEHHSI MUHYJIMX 3HAYCHb 3MIHHHUX, II0 XapaKTePH3YIOTh
cuctemy [1,2]. Cnig 3ayBakuTH, 10 KOXKHA 13 TAKUX MOJEIEH
XapaKTEepU3y€eThCs OKPEMUMH MiAXOJOM Ta METOIOM [0
po3poOku. TakuM UYMHOM, aKTyaJlbHUIM € CTBOPCHHS
YHIBEPCAIBHOTO 3PyYHOTO MPOTrPaMHOTO 3aco0y, 110 Ha/JIaBaB
Ou pmochmimHMKaM y Tamy3i OloiHKeHepil MOJXKIJIHMBICTh
Bi3yamizamii JWHAMIKE (OpMyBaHHS HaWPI3ZHOMAaHITHIIIIX
010-110JI0HKX MPOLIECIB Ta CTPYKTYP.

II. TIOHIEPEJHI JOCHIJPKEHHAI

Ha  croromHimmHiii  O€HP  METOOA  MOIEIIOBAHHS
010JIOTIYHUX TPOLECIB 1 CHCTEM HIMPOKO PO3BHUBAIOTHCS, Ta
moTpeOyroTh OUIBII CKIAAHUX OOYHMCICHb 1 TpagumiiHi
MiXOMW CTalOTh MEHII e(ekTuBHUMH. B 1ii  oOmacti
JOCIIJUKYIOTbCS. HOBI  CHOCOOM BIOCKOHAJIMTH KJIACHYHY
NpsMy IMITallil0 IUIIXOM PIi3HMX MIAXOMIB JIO EBOJIIOLII Ta
PO3BUTKY IITYYHHUX OpraHi3MiB (HENpsMe KOTyBaHHS).
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IHTErpye JeKijbka MareMartuuHux Mojened. Jlo Hux
BigHocuThcst Mojenb Cells Potts, ska MoOxe MOJEIOBATH
KJIACTEePH3AIii0 KIITHH, PICT, MOMUI, CMEPTh, 3YCIUICHHS Ta
oOMekeHHST 00'eMy Ta IUIOLII IOBEpXHi; a TaKoX MOJIYJb
3HAXO/DKEHHS PO3B’s3KiB  Au(epeHlialbHUX PIBHAHL 3
YaCTUHHUMHU TIOXITHUMH JJIsI MOJIEIIIOBAHHS  PO3IOJLTY
30BHINIHIX XIMIYHUX TOJIB Ta Au(epeHIialii THITIB KT THH.

CompuCell3D Hamae MOXIHUBICTh SKCIIEPHMEHTYBaTH Ta
TecTyBaTH 010JOTIYHI MOJIEN, 3a0e3Meuyrou THyYKUi MakeT
i3 OaraThbMa pI3HUMH DPIBHSIMH KEpyBaHHSI, II0 MOXe OyTH
PO3LIMPEHU Ipy MOoTpeOi.

B pobotax [4,5] BUKOpUCTOBY€ETHCS 2-MipHa peaizallis,
X04a aBTOpaMH po3pobieHo 1 3-MipHY Bepciro MOZEdi.
[TyxnmuHa y Mozeni mogaHa sIK KITHHHA TUTacka 001acTh, M0
JIO3BOJISIE BUBYATH TIOOAJBHY €BOJIIOLIHHY AMHAMIKY 3HAYHO

OimpIIoi  KITBKOCTI  PaKOBHUX  KIITHH,  HOKPAIIyIOYd
OOYHCITIOBAIEHI ~ MOXKIHBOCTI.  JIOCHITHUKAMH — CXOXKHX
areHTONONIOHNX  MOZENeH  IMyXJIMHHOTO  pocTy  Oyio

JIOBEZICHO, 110 €KBIBAJICHTHI Pe3yJbTaTH MOXKHA OTPHUMATH SIK
JUTSL TBO-, TAK 1 AJIs1 TPH- MIPHOTO BUIAIKiB.

Po3pobxka Java 3D Bizyamizauii pakoBuX ITyXJIMH OIMCaHa
y [6]. Tlpu w™omemroBanHi Oyj0 BpaxoBaHo, IO ¢opma
NyXJIMHH 3aJIOKHTh BiA il THIY i OTOYYIOYOIO CepelOBHIIA.
(kpoBorIOCTa4aHHs, KIiCTKAa, TKaHWHA, BHYTPIMIHINA MPOCTIp
Tina Tomo). st onucy MyXJIMHHUX KITHH OYyJI0 3aCTOCOBAHO
MpPOCTI  MaTeMaTH4Hi  MOZET, M0  BHUKOPHUCTOBYIOTH
€JIEMEHTapHy TEOMETPi0 Uil OOYMCICHHS PpO3TallyBaHHS
BokcemiB. Ile 103BOIMIO  3MEHIIUTH  OOYHCIIOBAJIBbHI
MOXJIMBOCTI Ta MIABUIIUTH IIBUAKICTh BiJOOpaKCHHS
TPUBHUMIPHOI Bi3yamizarii myximHu. BisyamizoBano 4 oCHOBHi
TUIH TEOMETPUYHOI (PopMH POCTY MyXJIHMHH y ChHEepHUIHOMY,
JHIHHOMY, IJIOCKOMY Ta JIOBUIbHOMY BHIaIKaX.

Y poboti [7] 3ampormoHOBaHO TOHATTS JABOBHMIPHOTO
IUHAMIYHOTO KIiTHHHOrO aBromara ([IKA) 3 omHOpimHOMO
CTPYKTYPOIO, SIKE PO3MINPIOE MOKIMBOCTI qBOBEMIpHHX KA i
JIO3BOJISIE 3aCTOCOBYBATH KJIITUHHO-aBTOMATHHH MIIXiJ 10
3aBJIaHb, MOB'SI3aHUX 3 JUHAMIKOIO CTPYKTYPH MOJICIILOBAHOTO
MPOCTOPY B JIBOBUMIDHOMY BHIIQJKy. Takox po3poOrieHa
nBopiBeBa JIKA-momens pocty Ta Toauly  KINTHH
niaHobakTepii Anabaena catenula. B mpomeci mocmigHHIBKOT
poOOTH PO3POOJICHO TMPOTPaMHUIA KOMIUIEKC, IO JTO3BOJISE
KOpHCTYBa4deBi IporpamyBaTH [IBOBHMipHI cratnyHi KA-
MoJedi, 1BoBuMipHi JIKA-Mozeni 3 0JJHOPIAHOIO CTPYKTYpPOIO
i tpuBuMmipHi KA-Mmomemi 3 &IWHAMiIYHOIO HEOTHOPITHOIO
CTPYKTYPOIO OCEPE/IKIB.

VYci 3raaHi BUIe MOJIENI BOJIOJIIOTH SIK 1 IIepeBaraMu Tak
i Hemomikamu. OCHOBOIO Ui iX CTBOPEHHS CIyryBasa
KOHKpEeTHa 3afada, a OTXe, 1 pe3ynbTaT HauiJIeHHHd Ha
CHELIaTiCTIB Yy KOHKpPETHIH o00xacTi (MeAWIMHA, TEeHETHKa,
Tomo). Y  maHif  poOOTI  MPONOHYETHCS  PO3poOKa
YHIBEpCAIbHOI KOMIT'IOTEPHOI CHCTeMH, sika O J03BOJsIIA
JOCTITHUKAM Bi3yalli3yBaTH MOJENH HE JIHIIE 32 JOIOMOTOIO
HaOopy BOyHOBaHWX (YHKINH B3aEMOMiA, a ¥ CTBOPCHHS
BJIACHHX.

III. ®YHKIIOHAJBHE ITPEJACTABJIEHHSA CAD-CUCTEMU

VYHIBepCANBHICTP Ta 3pPYYHICTH HPOTPAMHOTO 3aco0y
MOJIEIIIOBaHHSI 00YyMOBIIIOE HEOOXIIHICTh HOro moOymoBH Ha
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OCHOBI JOCUTh TIPOCTUX Ta YHIBEPCAJbHHX METOMIB.
Camoopranizaniss B OpUpoAHuX cucremax  (¢izuuHa,
6iooriyHa, EKOJIOTidHA, COIliajbHA) HYacTO OIUPAEThCS Ha
MipiaAd iIEHTHYHUX areHTiB 1, MO CYTi, CTOXacCTHYHY
nuHaMiKy. HerpuBianpHi mabMoHM 1 KOJNEKTHBHA MOBEAIHKA
MOXYTh BUHMKATH 3 BIZIHOCHO ITPOCTUX IIPABMII JJIsI OKPEMHUX
areHTiB — (akT, SIKUH XapakTepusye CKIamHI CHCTEMH.
CkJaiHicTh BUBYEHHS IMX MEXaHI3MIB MOJIATAE B TOMY, IO B
Na0OpaTOpHUX yMOBaxX Maike HEMOXIINBO —BiICTESKUTH
JMUHAMIKY OKPEMHX YaCTHHOK, SIKI BXOIATH J0 CKIAAy IHX
MexaHi3MiB. TakoXX CIil BpaXxyBaTH 3BOPOTHiH 3B'I30K MiX
IIUMH CaMOOpPTaHi3allifHUMHU MeXaHi3MaMH, 1, 0€3M0CepeHbO,
CaMHMH TIpOLIECAaMH, IO BiAOYBAaOTECA B  OpTraHi3Mi
(HanpuKIaja, pyX, picT, MOALT KJIITHHH, Ta iH.).

ACHHXPOHHI CTOXAaCTHWYHI KIITHHHO-aBTOMATHI MOJENI €
HalOUIBII BXXMBAaHMMHU [PH  MOJICIIOBaHHI  OiOJOTTYHUX
CHCTEM, OCKINIBKH BiIOOpa)karoTh HE [eTCpPMIHOBAHICTH, a
CTOXaCTUYHICTh OUIBIIOCTI MpHUPOAHIX mpoueciB. Tomy, s
IOCT/DKEHHS  TOB'SI3aHOTO 3  JWHAMIKOIO  CTPYKTYpH
MOJIENIbOBAHOTO ~ TIPOCTOPY, OOpaHO  METOJ  PYXOMHX
kiiTHHHAX aBToMmariB (PKA), mo mo3Boisie BUKOPHUCTOBYBATH
KOHIICTIIIIFO  CYCIZICTBAa Ta ONHCYBaTH TPOIECH, IO
BimOyBaloThCst y  Oilo-CTpykTypax, HabopoMm  (YHKIIH
B3a€MOJIIH MiXK CYCITHIMHU arecHTaMu (KIIITHHAMH).

Opradiudi  MOJEKYJSIpHI KOMILICKCH MetogoM PKA
MOXYTb  OyTH  3MOJICNIbOBAaHI  AHAJOTIYHO  METOAaM
MOJICKYJIIPHOT JIMHAMIKH, OJHOKIITHHHI OPraHi3MH MOXYTb
OyTH TIpencTaBiieHI TaKOXX Ha ICEBIOMOJIEKYJSIPHOMY piBHI
(uMTOCKENeT y BUIIISI JIaHIoriB Ta Mepex 3 PKA, memOpana
sk MHoknHa PKA y Bummanl mapy i3 pi3HOMaHITHUMH
BKIIFOYCHHSMH TOIIO), a OaraTOKIITHHHI MIKPOOPraHi3Mu
MPUPOIHIM YMHOM CITiJ| peAcTaBisiTH MHOXKHHAMu PKA, 1110
IMITYIOTh BIAMOBIHI KJITHHH Ta X AUHAMIKY.

Y poboti [§8] ommcaHo anropuTM BHU3HAYCHHSA CYCiTHIX
KJITUH, SKUH HaJali BUKOPHCTOBYETHCS NPU MOETIOBAHHI.
Bin mae MOXIHMBICTE e(DeKTHBHO OOYHMCIIOBATH CYCIICTBO Ha
JIBOBUMIPHOMY HEOJHOPIJIHOMY MAacCHBi KJIITHH 1 HE BHMarae
3HAQUHUX BUTpaT OOYMCIIOBAIBHUX pecypciB. OCHOBHOIO
MepeBarol0 TakKOrO IMiAXOMy € OpraHi30BaHWU CHeliaIbHUM
YMHOM MacWB, SKHH JI03BOJISIE YacTKOBO 3MIHIOBAaTH
CTPYKTYPY MOJENbOBAHOI IIOBEPXHI, HE MepeOyI0BYIOUN NPH
[[bOMY BCIO IOBEPXHIO IIIJIKOM.

OCHOBHMM MOJyJIEM, 3alpONOHOBAHOTO MPOrPaMHOTO
3ac00y € MOJyJb, SIKMA MICTUTh KJIAaCH, IO BH3HAYAIOTH
0a30Bi CTPYKTypH HaHWUX I TMPEIACTABICHHS MOJCICH Ha
OCHOBI pyxoMuxX KiiTHHHuUX aBToMaTiB (PKA-monmemeit) i
Ha0ip OCHOBHHX alroputMmiB ix B3aemonii. Mopens €
KOHKpeTHO pearizariero PKA-Momeni Ta mpaBui B3a€EMOII.
Bona cknagaerbest i3 0a30BMX KOHCTPYKIIH 1 ajrOpHTMIB,
ommcannx B OcHOBHOMY Mopyni. Jlami mpormoHyeTbes ommc
METOJy Ta MiAXOAy i MoOyIOBM MOJAEICH Ta aJrOPUTMIB
OCHOBHOT'O MOJTYJISI.

Sk Bimomo, ocHoBHa BiaminHicTe PKA Big KiaacuuHHX
KIITHHHUX aBTOMATiB mossrae B 3matHocTi PKA mpuitmatn
JIOBIJIbHI HENEpepBHI 3HA4YCHHS KOOpJHMHAT B mpocropi. B
3B'SI3KYy 3 IIIM BHHUKA€ HEOOXiMHICTh BUIUICHHS JOJATKOBHX
rapameTpiB y CTPYKTypax JAaHHX, 10 30epiraloTh iHpopMariito
npo crtan Bcboro kommiekcy PKA. Mu BukopuctoByBanu
IUHAMIYHUN 1HIEKCHUI MacuB, [0 JO3BOJSE HE TUILKH



inentudikyBatu Oynb-skuit PKA y cucremi, ane i micTuTh
iHIeKCH Horo HanOmmK4mX cyciais (puc.l).

OcHOBHa CyTb poOOTH QJIrOpuTMy — iTepauiiiHa
Monudikarlis BMICTY iHOeKCHOro macuBy. ns mporo Oyio
peasizoBaHO ACHHXPOHHHUHN miaxin, pu SKOMY

piBHOWMOBipHiICHIM unHOM OYB BHOpanuit ogmH 3 N PKA i
o/iuH 3 M 1oro HaOIMKINX CYCiiB:

for 1 = random (1 N)
j = MCA [i, P - random (1 M) + 1]
endfor

Tyt i — ingekc obpanoro PKA; j — ingekc itoro cycina;
MCA (Movable Cellular Automata) — macuB, mo 30epirae
iHgeKcH cycimiB. 3a iHgekcamMu ABOX oOpanmx PKA
BU3Ha4aroThCA ix THou: a8 = MCA [i; s]; a° = MCA [j; s], ne s
— tu1 (ctaH) i-ro i j-ro PKA.

Ilapamerpn PKA

Tun

PKA Koopauratn

Tuzexcu cyciIiB

Innexcu PKA

N; P] ne N
kinekicts PKA, P — kinbKicTh mapametpis

Bubip acMHXpOHHOTO MiIXOAY MPH PO3POOIi AITOPUTMY
PKA o0ymoOBieHHMI THM, IIO JO3BOJISIE YHHKHYTH KOJIi3ii,
TOOTO 3a7OBOEHUTH KpI/ITepII/I KOpCKTHOCTl (ae Oyme >xomHOT
crpoOH 3MIHUTH CTaH OJHIET 1 Ti€T K KINITHHU OLIBLI HIXK OJIUH
pa3 B OMH 1 TOI caMuii MOMEHT Hacy t).

KniTuHHO-aBTOMAaTHA MOJIENb JIOMYCKA€ Kk MOMKIIMBUX
CTaHIB PYXOMHX KIITHHHHX aBTOMATIB, SIKi OMHCYIOTBHCS 32
nmoromororo andasity 4 = {aj; a; ... ; ax} 1 MalOTh pi3HE
npu3HaueHHss 1 (QyHKLOIOHAN, TakoK st audepeHmiarii
MPU3HAYCHHSI MOXXHA BUKOPHCTOBYBATH Pi3HHI pajiyc cdep,
10 € TEOMETPUYHUM IpecTaBIeHHAM PKA.

Onucana THII3allis HACTIIOK NPAarHEHHs MaKCHMAalbHO-
MOXIIMBOTO  CIIPOILIEHHS  MOJENi, BHUIUICHHS B  HIi
HalicyTTeBimoro. Ilicna Bubopy mBox cycimHix PKA
peanizyetrbes (GyHKIis B3aemoziin F. Ls (yHKIS 3a1eKuTh
Bin THmiB B3aemonitounx PKA. Ilpm mpomMy B JesKHX
BHITAJIKaX, B3aEMOJIT 3MIHCHIOIOTHCS 3@ y4acTiOo OLIBIIE TBOX
PKA. Koxna 3 ¢yakmii F KOMIO3HINS — OKPEMHUX
€JIeMEHTAPHUX OIEpalliii, M0 3AIHCHIOITHCS IPU B3aEMOJIISIX
BimnoBigHUX THmiB. [Ipw3HadeHHs (QYHKIIH MOXYTh OyTH
pizHOMaHITHUMHA. Hampukiag: iMiTarlisi TEIUIOBHX KOJMBAaHb;
BiqmToBXyBaHHS 1BOX I[IKA mnpu iX B3a€eMONpPOHMKHEHHI;
BIMIITOBXYBaHHSA TpH 30MIKEHHI 1 TPUTATYBaHHSI WpU
BUAAIEHHI (HAIPUKIIAA TIPH MOETIOBAHHI YepBSIKONOAIOHOTO
pyxy[9]); BupiBHroBanus [IKA (Hanmpukiam Ay MOAETIOBAHHS
NPY)KHUX  BJIACTUBOCTEH  HHUTOK  LUTOCKENETy  IpH
MOJIITIOBaHHI aMe0omoaiOHOTO pyXYy); meperBopeHHs PKA
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OJTHOTO THITY Y PKA inmoro tumy; YTBOPCHHS HOBHX PKA.
[pu 11bOMY CITiJT TAKOXK BPAaXOBYBATH i TIEBHI OOMEXKCHHS, 1[0
BUHHMKAIOTh 13 BJIACTHBOCTEH MOJIEIHOBAHOTO CEPEJOBHIIA,
HATIPUKJIa]l OOMEKEHHS Ha KUTBKICTh CYCi/IiB, TOIIO.

BHCHOBKH

PosrnsimaeTsest cygacHuit ctaH nmpobOsiemu iH(GopMaIiifHuX
TEXHOJIOTiH B OloimkeHepii. HaBoxsAThCs pUKIIaAN CTBOPEHHS
BIINOBITHIX MAaTEMAaTHYHHX 1 KOMII IOTEPHHX MoOJelel Ta
nporpaMm B pi3HuMX Kpainax. [logano ommc mnporpamHOro
3aco0y Ui KOMITIOTEpPHOTO MOZETIOBAHHS  JHHAMIKA
010JIOTIYHHX TIPOLIECIB Ta CHCTEM.

Po3pobka  mporpamMHOro  3aco0y  KOMII FOTEPHOTO
MOJCIOBaHHS  JIO3BOJIUTH ~ KOPUCTYBady  JOCIIJKYBaTh
JMUHAMIYHI O10JOTiYHI MPOIECH Ta CTPYKTYPH. BilbIn wiTke
PO3YMiHHS MEXaHI3MiB, SIKi KEPYIOTh PO3BHTKOM OiOJOTI9HUX
CHUCTEM, CIPUSTHME CTBOPEHHIO HOBUX €(EKTHBHHUX BaKIMH B
60poTh0i 3 OakTepianbHUMH 1H()EKIiAMH, TyXJIUHAMHA Ta
IHIIUMH ~ XBOPOOaMH, MOKPALIUTh HPOJYKTHBHICTH IPH
BHKOPHCTaHHI 0i0JOTiYHOTO Martepially B cdepi TisUTbHOCTI
JIOIMHYU 1 MOXe JTaTH 6araTo ifiel Ta apXiTeKTypHHX DillleHb B
Ki6epHeTHui i pobotoTexHnini. Jlomomarae Ha HpaKTI/IHI
MEPEBIPUTH TiMOTE3M Ta TEOPETHYHi NPHIYIICHHA, K
JIOTIOMAraloTb y BHBYEHHI pI3HMX OIOJIOTIYHUX IPOIECIB.
Takox KOMIT'IoTepHa MOZENb Aa€ 3MOTY BUSBUTH HOBI SIBHILA
B MOBEIIHIII JJOCIKYBAHIX CHCTEM.
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Abstract—The article describes an expert system for
monitoring and preventing natural emergency situations on
automobile roads. A method for generating fuzzy SOL queries,
based on standard language constructs, is developed. An example
of constructing a fuzzy logic based selection of projects on
preventing natural emergency situations on automobile roads is
considered. The direction for further work is related to the
development of an intelligent interface for the expert system for
monitoring and preventing natural emergency situations on
automobile highways.

Keywords—natural emergency situations, fuzzy logic, fuzzy
set, membership function

L.

Modern automobile highways (AHs) are the driver of
development of the Ukrainian economy. To increase the
volume of transportation and improve the investment
climate, it is necessary to create a modern network of AHs.

However, the condition of a vast majority of AHs with
respect to their use for traffic is unsatisfactory. Moreover,
97 % of all AHs are completely worn down and require
capital repair or maintenance. Ukraine ranks 132" in the
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world in terms of the level of development of AHs. In
addition, more than 9.6 thousand bridges in terms of
technical parameters do not meet the requirements of modern
standards and actual load, 1923 bridges require urgent
repairs, and 86 bridges are in unsafe condition. Such a
position of public roads and bridges does not ensure to the
full extent a speedy, comfortable, economical, and safe
transport of passengers and freight, development of transit
traffic; creates social tension; reduces the competitiveness of
the Ukrainian economy; hinders the further socio-economic
development of Ukraine and its integration into the European
community. To solve the problem, the Government of
Ukraine approved the Concept of the state target economic
program for the development of public roads for 2018-2022

[1].

In the last decade, there observed a steady trend of
increasing anthropogenic pressures on the environment, land
degradation, global climate change. All these causes
activation and intensive development of dangerous natural
processes and phenomena, increases the vulnerability of the
population and territories to natural emergency situations
(NES). The insufficient efficiency and development of
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systems for monitoring potentially dangerous natural
processes and phenomena, absence or poor condition of
protective engineering structures are also important factors
that affect material losses, and in some cases also human
ones [2].

The implementation of preventive measures, projects,
programs and strategies for protecting the population and
territories reduces potentially negative consequences of
emergency situations. The strategy for preventing NESs is
aimed at solving the following tasks: prevention of causes of
NESs; prevention of NESs and maximum mitigation of their
consequences. The unstable economic situation in Ukraine
makes it difficult to fully protect the population and
territories from NESs. In addition, all existing projects on
preventing NESs are very expensive and require significant
financial, material, technical and human resources.

Particular attention should be paid to monitoring and
preventing NESs. The problem of monitoring and predicting
potentially dangerous sources of possible NESs can be
solved by conducting multi-criteria analysis of various
situations and making scientifically based effective
decisions.

The main tasks of the system for monitoring the threat of
NESs on AHs are [2]: conducting observations of sources of
NESs and AHs; collecting, processing and analyzing
information on sources of NESs and AHs; creating a data
bank on sources of NESs and condition of AHs; predicting
NESs on AHs; providing government bodies and other state
organizations subordinated to the Government of Ukraine,
local executive and regulatory bodies with information on
the threat or occurrence of NESs on AHs [2].

II. PROBLEM STATEMENT

Based on the monitoring and expertize of sources of
NESs on AHs and condition of the roads, there identified the
AR sections and roadside facilities that require
implementation of preventive measures and works
considered as a set of possible projects on preventing NESs
on AHs.

All of these projects define a strategy for preventing
NESs on AHs. The strategy for preventing NESs is aimed at
creating sustainable development conditions and ensuring a
significant mitigation of risk and decrease of losses from
NESs.

Due to the lack of financial resources for the
implementation of the whole range of measures to minimize
the risk of occurrence of NESs, the task of optimal
distribution of the allocated financial, material, technical and
human resources among all possible projects on preventing
NESs on AHs comes to the fore.

For this purpose, the evaluation and ranking of possible
projects on preventing NESs on AHs is performed, with
regard to multi-criteria analysis of all possible projects on
preventing NESs on AHs, based on expert information, i.e.,
their advantages and disadvantages are considered from the
system point of view. The evaluation of possible projects on
preventing NESs on AHs can be carried out according to the
following criteria: frequency of occurrence of NESs on the
given section of the AR; damage in the event of NES on the
given section of the AR; capital costs for the implementation
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of works to prevent NESs on the given section of the AR,
etc.

For carrying out multi-criteria evaluation of possible
projects on preventing NESs on AHs, it is suggested to use
the hierarchy analysis method, which, based on expert data,
allows ranking projects on preventing NES by their
significance based on the given criteria.

The prediction and prevention of NESs is currently being
implemented largely on the basis of poorly formalizable and
completely non-formalizable knowledge, which are the result
of years of observations, experience and intuition of various
specialists [3]. Under these conditions, expert systems (ESs)
are an important tool to solve problems of modeling and
predicting dangerous events.

ESs for monitoring and preventing NESs on AHs are
sophisticated software packages intended for collecting,
processing and generalizing poorly formalizable knowledge
of experts. Therefore, when developing a knowledge base for
ESs, it is necessary to use the fuzzy logic technique that will
allow formalizing the procedure for evaluating sources of
NESs on AHs and make scientifically based decisions to
prevent NESs on AHs. A fuzzy ES for monitoring and
preventing NESs on AHs uses knowledge representation in
the form of fuzzy products and linguistic variables [3].

Figure 1 presents a fuzzy logic structural model of an ES
for monitoring and preventing NESs on ARs [3].

III. THE METHOD FOR FUZZY SELECTION OF PROJECTS ON
PREVENTING NESS ON AHS

One of the elements of the system under consideration is
the knowledge base. It is necessary to develop means to
form a strategy, which contains projects on preventing NESs
on AHs, based on fuzzy logic inference in the relational
database. Fuzzy logic search and inference is based on the
theory of fuzzy sets and is implemented through fuzzy SQL
queries [4]-[7].

Sources of natural
emergency situations

Select a project to prevent
of natural emergency
situations

Automobile highways
sections

A 4

Interface

A

Defuzzification

i

Fuzzification

\

A

Fuzzy Rules Base

Knowledge base, data
and precedents

»

Fig. 1 The fuzzy logic structural model of an ES for monitoring and
preventing NESs on ARs

The final decision-making takes into account the whole
set of criteria for the implementation of measures, even, at



first glance, insignificant ones, which makes the decision
most suitable to the reality.

After the synthesis of resulting (generalized) estimates
and the ranking of projects, it is necessary to formulate a
strategy for preventing NESs on AHs for the future,
representing the portfolio of projects.

Based on the received portfolio of projects on preventing
NESs on AHs, it is necessary to form a portfolio of projects
on preventing NESs for the current period, which requires
more detailed and accurate information.

In work [2] the information and reference support for the
technique for monitoring and preventing NESs on AHs was
developed. Information on sources of possible NESs,
operating conditions is stored in relational databases. There
is also a database of possible projects on preventing NESs on
AHs. When developing a strategy for preventing NESs on
AHs and a program for preventing NESs on AHs, it is
necessary to select from the database of possible projects
those that have the best value/cost ratio. This choice is
supposed to be carried out using fuzzy queries.

The method of fuzzy data selection is based on the theory
of fuzzy sets, which was first proposed by Lotfi Zadeh [9]-
[11]. To implement fuzzy queries, it is necessary to formally
describe the sets of values of terms in a logical expression.
The model of such structures is the linguistic variable (LV)
corresponding to the used fuzzy concepts of “low cost”,
“high value” [4]. In this case, there should be defined
universal sets of these variables, sets of basic terms, and
membership functions for each term, taking into account the
requirements imposed on them [4].

Let us consider an example of a fuzzy selection of
projects on preventing NESs on AHs. Fuzzy data selection in
the relational database is performed through SQL queries.
All information about possible projects on preventing NESs
on AHs is stored in the database in the table TProject (Tbl.
1), which has the following columns: id — the number of the
projects on preventing NESs on.

AHs, TWorth — the value of the projects on preventing
NESs on AHs, TValue - cost (UAH ths).

TABLE I. INFORMATION ON PROJECTS ON PREVENTING NESS ON AHS

s

TWorth ‘ TValue
1 0,20 60
2 0,17 35
3 0,16 50
4 0,11 18
5 0,1 45
6 0,07 18
7 0,06 30
8 0,05 6
9 0,04 25
10 0,03 25

To implement fuzzy queries, we formalize two linguistic
variables: “Cost” and ‘“Value”. The linguistic variable
“Value” has the following form:

To implement fuzzy queries, we formalize two linguistic
variables: “Cost” and “Value”. The linguistic variable
“Value” has the following form:
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<BY,T.G,M>, (D

where B - “Value”; ¥ =[0.03;0.20] - the scope of

definition of the linguistic variable; 7={“high”, “medium”,
“low”}; G - the syntactic procedure for the formation of
new terms with the help of the connectives “AND”, “OR”
and the modifiers “NO”, “VERY”, “MORE OR LESS”; M -
the procedure for setting on the set W the fuzzy sets
A="“low”, B="medium”, C="high”, and fuzzy sets for terms
according to the rules for translating fuzzy connectives and
modifiers and other operations on fuzzy sets.

Let us define trapezoidal membership functions for the
variable “Value™:

I, xe[0,0,03]

1, () =1(006— %7003, xe(003,006]; ?)
0, x>006
0, x<0,05x>0,12
(x=0,05)/0.03, x €[0,05:0,08)

oD =91 L c0.08:0.1] : )
(0,12-%/0.02, xe(0,1:0,12]
0, x<0,11

Ho () =1(x=0,11)/0.04, xe[0]1,0,5). )
1, x€[0]15,02]

The graphs of the membership functions are shown in
Figure 2.
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Fig. 2. The membership function of terms of the variable “Value

The linguistic variable “Cost” has the form:

<y,I,T,G,M >, (5)

where ¥ - “Cost”; I' =[6;60] ; T={*low”; “medium”;
“high”}; G- the syntactic procedure for the formation of
new terms with the help of the connectives “AND”, “OR”
and the modifiers “NO”, “VERY”, “MORE OR LESS”;
M - the procedure for setting on the set I' the fuzzy sets
D="“low”, E=“medium”, F="high”, and fuzzy sets for terms
G(T) according to the rules for translating fuzzy
connectives and modifiers and other operations on fuzzy
sets.

Let us define trapezoidal membership functions for the
variable “Cost”:



1, yel6l5]
H,(1)=1(20- /5, ye(1520] (6)
0, x>20
0, y<l18;y>40
(y-18)/4, ye[18;22)
n(»= . ; (7
1, ye[22:35]
(40— y)/5, ye(35;40]
0, y<38
(N =1(y-38)/7, ye[3845); (3)
1, ye[4560]

The graphs of the membership functions are shown in
Figure 3.
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Figure 3 - The membership function of terms of the variable “Cost”
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Table 2 presents the projects and the calculated degrees
of membership.

TABLE II.
PROJECTS AND THE CALCULATED DEGREES OF MEMBERSHIP
TWorth TValue
id TWorth TValue
u/l uH l"l'c p[? H'E ”’F

1 0,20 60 0 0 1 0 0 1
2 0,17 35 0 0 1 0 1 0
3 0,16 50 0 0 1 0 0 1
4 0,11 18 0 0,5 0 0,4 0 0
5 0,1 45 0 1,0 0 0 0 1
6 0,07 18 0 0,67 0 0,4 0 0
7 0,06 30 0 0,33 0 0 1 0
8 0,05 6 0,33 0 0 1,0 0 0
9 0,04 25 0,67 0 0 0 1,0 0
10 0,03 25 1,00 0 0 0 1,0 0

Let us consider a fuzzy selection in the form of the SQL
query “to find all projects of medium value and low cost:

select * from TProject where (TWorth ="cpenusisn™ and
TValue="uuszkas”);

The fuzzy selection result is presented in Tabl. 3.

In this query, the two parameters are determined by the
degree of membership and the operator “and” is defined as
the Cartesian product of fuzzy sets.

Fuzzy queries can be used effectively to select
information from relational databases using qualitative
criteria and fuzzy conditions/

TABLE IIT THE RESULT OF A FUZZY SELECTION OF PROJECTS ON
PREVENTING NESS ON AHS
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TWorth TValue
ld TWOI’th TValue M A l’l' B “ C l’l' D “ E l"’ F
4 0,11 18 0 0,5 0 0,4 0 0
6 0,07 18 0 0,67 | 0 0,4 0 0
CONCLUSION

In the article, a structural model of the expert system for
monitoring and preventing natural emergency situations on
automobile highways is developed, which, unlike known
ones, is based on fuzzy logic. The method for fuzzy selection
of projects in the expert system for monitoring and
preventing natural emergency situations on automobile
highways is elaborated, which, unlike known ones, is based
on the value/cost fuzzy evaluation of possible projects on
preventing natural emergency situations on automobile
highways. This allows to adequately assess sources of natural
emergency situations and condition of automobile highways
and on this basis choose effective projects. An example of
constructing a fuzzy query for the selection of projects on
preventing natural emergency situations on automobile
highways is considered. The processing of fuzzy queries
results in an intelligent search, when the exact request
attributes are fuzzy or undefined. This significantly
simplifies the work with large volumes of various data for
experts. The direction of further work is related to the
development of an intelligent interface for the expert system.
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Abstract— In the work the author proposed an automated
microprocessor system for light therapy with frequency
scanning of the irradiated areas, which provides determination
frequencies of maximum absorption, which provides an
increase in the effectiveness of treatment. The structural
scheme of the system is given and the principle of its work is
described as well as experimental patterns of frequency
scanning of some areas of the human body.

Keywords—light
frequency scanning.

therapy, microprocessor  system,

Anomayia—B  poGoTi  PO3IVIAHYTO  3alPONOHOBAHY
aBTOPaMH aBTOMATH30BaHY MiKpONPOLIECOPHY CHCTeMY ISl
cBiTJIOTepamili 3  YaCTOTHMM  CKAHYBaHHAM  JUISIHKH
onpoMiHeHHsl, fKa  3a0e3nedye  BH3HAYeHHsI  4YacToOT
MAKCHMAJILHOTO MOIJIUHAHHS, 10 3a0e3nedyye MNiIBUILEHHS
epexTuBHOCTI JikyBaHHs. IlpuBeneHa CTpPYKTypHa cxeMa
CHCTEMH Ta ONHMCAHO NPUHIMO ii podoTH a TaKoK
eKCIIePUMEHTAIbHI rpadikyu 4acTOTHOr0 CKAaHYBAHHS JAESIKHX
TIJISTHOK TiJIa JIKOIUHH.

KuiouoBi ciioBa—cBiTs10TEepanisi, MikponpouecopHa cucre-
Ma, YaCTOTHE CKAHYBaHHSI.

L.

In our time, the use of light therapy is quite widespread.
This therapy is based on the influence of light energy of the
corresponding intensity (usually low intensity) and the
wavelength on certain areas of the patient's body [1]. These
can be active zones or biologically active points of the
human body.

INTRODUCTION

An important role in this case is to choose the frequency
of modulation of the light flux, which according to [2] is
within the range of 0.1-100 Hz. The specified range is
biologically active with maximum sensitivity for brain tissue
in the range of 6-20 Hz. In addition, pulsed modulation leads
to clear biological effects, which are confirmed
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experimentally and can reduce the level of electromagnetic
effects while preserving its effectiveness.

The maximum effect of light therapy arises from the
largest (or resonant) absorption of the energy of the
illuminating signal. In [3] variants of matrix radiation of the
selected body region at a fixed frequency are considered
without determining the absorption level. The authors
analyzed the main photobiological methods of the influence
of optical radiation of the ultraviolet range of waves (250-
400 nm), which are used to irradiate the affected skin. Since
the ultraviolet range, whose signals cause mainly superficial
action, is considered, the task of the work was to achieve a
uniform distribution of power, which was achieved through
the use of LED dies.

A similar solution is used in the range of visible light in
the matrices and apparatus "Barva" Korobova [4]. The use of
light waves with longer wavelengths that penetrate more
deeply into the biofilm requires a different approach.

The authors [5] developed a device that allows to
determine the absorption, but because of the functional
construction of the circuit of the device with switching
modulation conversion of probes and received signals and
the presence of sample elements, such measurement can be
carried out only at a fixed modulation frequency.

The indicated disadvantages considerably limit the
possibilities and effectiveness of these schemes of light
therapy.

The authors of this work proposed a system for light
therapy, which in an automated mode provides the
possibility of scanning of modulation frequencies with the
parallel definition of optimal (with maximum absorption)
frequencies for therapy in the selected area of the body.
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II. MAINBODY

An automated system for light therapy, which provides
the ability to automatically modulate the frequency of
modulation in a range close to the human biorhythm
frequencies with the simultaneous measurement of the level
of absorbed light flux by the biological object, is presented in
Fig. 1. The scheme includes elements for generating the light
flux, its modulation, an optoelectronic transducer consisting
of two lenses and a measuring sensor (photocell) and a
control unit (microcontroller).

The measurement results are processed by a personal
computer.

11

A
A4

10

Fig. 1. Scheme of automated system for light therapy

Symbols on Fig. 1: 1 LED, the authors selected red
(wavelength ~ 660 nm) because it provides penetration into
the body of the human body to a depth of about 8-10 mm,
2.3 - a system of focusing lenses, 4 - a biological object, 5 -
Cleaning lens, 6 - Optical sensor, 10 - Microcontroller, 11 -
PC.

The scheme operates as follows. The supply voltage of
red light diode 1 is modulated by human biorhythm
frequencies, 1-100 Hz, using a sufficiently accessible
microcontroller Arduino Uno 10. Modulated light flux
through a system of focusing lenses 2, 3 is directed to a
specific area or BAT of a biological object 4. Part of the light
the flow is absorbed by the bio-object, and the part is
reflected.

The reflected light with the help of a collecting lens 5
enters the optical sensor 6. In turn, the optical sensor 6 with
high frequency (kHz) carries surface images and
independently treats them, since it contains three main
blocks: the Serial port 9, the system of reception and image
processing of Image Processor 7, consisting of a DSP
processor and a built-in light signal receiver (IAS), and a
Voltage Regulatorand Power Control 8 power control
system.

On the basis of the analysis of the received sequential
images (representing a square matrix of pixels of different
brightness in grayscale, from 0 - "complete black” to 63 -
"complete white"), the integrated DSP processor 7 calculates
the resulting values, that is, the value of the brightness of the
entire matrix at certain moments time Due to the possibility
of programming the sensor, we obtain (expect) the average
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values of the result indicators at the required flashing
frequency of the LED.

Next, the transfer of the results of the DSP processor 7,
through the microcontroller 10, to the personal computer 11
using serial port Serial Port 9. And as a result, at the output,
we obtain the value of relative brightness (a measure
indicating the amount absorbed by the biological object
light) at each of the required frequencies within 1-100 Hz.
That will determine the most effective frequencies for the
patient's light therapy.

B. Sensor description

As an optical sensor, the AVAGO TECHNOLOGIES
chip [6] ADNS-2610 was used. It has a resolution of up to
400 cpi (countsperinch), and an image capture rate of 1500
frames per second.

Although the sensor and "sees" the image black and
white, however, the sensitivity of the matrix depends on the
wavelength. On Fig. 2 shows the characteristic of the
selected sensor.
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Fig. 2. Dependence of sensitivity of the sensor on the wavelength

As can be seen from the characteristic, the sensitivity of
the greatest sensitivity is at wavelengths equal to 600-700
nm. Therefore, the LED with the largest wavelength (660
nm) was chosen. Because, when using the LEDs of another
wave of a wave, it is necessary to carry out additional
amplification of the reflected signals or to introduce a digital
correction of the nonlinearity of the graph, since the
sensitivity can decrease by 2-3 times.

The sensor summarizes the brightness of all 324 pixels in
the current frame. Then programmed the calculation of the
average brightness, which is made by the formula:

A=X=*128/324 (1

where: A- the average value of the brightness of the
pixels, X - the current value of the register (multiplied by
128 because of the present number shift relative to the
register on 2 * 7).

On Fig. 3 example image as the sensor sees the surface
that it scans. It is a square matrix of pixels of different
brightness in grayscale grays of 18x18.



Fig. 3. An example image obtained by the sensor (matrix pixels 18x18)

III.  ALGORITHM OF THE INFORMATION PROCESS
PROGRAM

The program for managing and processing metering
information is developed in the Arduino IDE environment.
The program functions as follows

First, the Timer One library is introduced. This library
allows you to use a 16-bit timer in the AVR microcontroller
installed on the Arduino boards. It is used for PIM in the
analog Write function. Also introduced functions that
describe the operation of the sensor. Then global variables
are announced to represent the array with frequencies that
will integrate our measurements of the relative light
absorption intensity and reserve a place under the two
dimensional array for recording the measurement results.

In the main body of the program, the speed of the serial
port is declared, and the timer initialization subroutine is
started at intervals of 1 s (equal to 1 Hz) and the PWM
signals are set to the LED output with a fill factor of 50%. A
subroutine measuring 5 values of relative brightness at a
given frequency is called, which is due to reading
information from the sensor register at 0x07 Pixel sum
(which is the count average pixel value). After that, the first
cycle begins, in which there is a change of frequency from 1
to 100 Hz, and each time a subroutine for measuring the
values at each of the frequencies is started.

Next, a second cycle begins in which of the measured
values at each frequency is the average value and their output
is. The processing of the results of the five measurements
increases the accuracy of the determination of the intensity
on the frequency coordinate grid. Although it is possible to
increase the number of measurements at each of the
frequencies, but this is not a good idea, as it will greatly
increase the time to obtain the resulting performance.

The algorithm of the program in the form of a block
diagram is depicted in Fig. 4.

200

timer by 1 Hz

Measurament
of v alues

Change of

frequencies from 10

to 100 Hz

Measurament
of v alues

Caleulation of
the amount

v

i a

Caleulation of
av aragevalue

Fig. 4. The algorithm of the program




IV. EXPERIMENTAL STUDIES

A. Results of work

After the development of the scheme and layout of the
device, experimental research was carried out on various
biological objects. As a biological object, the reverse side of
the palm is selected - Fig. 5, soft handkerchiefs - Fig. 6, and
soft tissue of the thigh - Fig. 7. Experiments are carried out at
a change in frequency from 1 to 100 Hz, which corresponds
to most biological rhythms of the human body.
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Fig. 5. Back side of the palm with a small amount of muscle tissue
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Fig. 6. Soft tissues of the hand

Fig. 7. Soft tissue hip

From the drawings it is seen that the greatest absorption
capacity of human body biotransformation is within
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35-65 Hz. Increasing the modulation frequency to 100 Hz
results in a smooth growth of the reflecting component.

Examination of the absorption capacity of the swine fat
tissue sample Fig. 8 showed that in addition to the first
maximum absorption (resonance), there is still a similar
absorption area in the frequency range of 75-85 Hz, but there
is also a frequency modulation frequency range in the range
of 60-75 Hz where the maximum reflection of the global
flow occurs. Experimental measurements were performed on
the body parts of a young healthy respondent without a fatty
layer of skin.
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Fig. 8. Porcine fatty tissue

CONCLUSIONS

1) The developed system allows, in practically real-
time, to determine the frequencies of maximum absorption
of the selected area of the patient's body. The time taken for
the measurement and construction of the absorption
schedule is 4-5 minutes.

2) Experimental verification showed that the maximum
absorption of the power of the light flux is at frequencies
close to 30-60 Hz, which corresponds to the smallest value
of the relative brightness (0 - completely black, 63 -
completely white) on the sensor, since the reflected power at
these frequencies is the smallest.

3) The presence of the fatty layer can lead to the
appearance and shift of the maximal absorption frequencies.
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Anomayis—Po3rasiHyTO ocoéuuBOCTI  PO3pOG/IEHHS KyIllye, 9OMy KYIye, 1€ KyIye, IO caMme Kymye i T. .

iHTesIekTyaIbHOI iH(oOpMauiiiHOol cucTeMH aHaJi3y BMicTy [lianpuemili BUMYIIEHI PO3POOJIATH BCE HOBI METOIH
KOIIHKA MOKYIIsl CynepMapKeTy. 3aJIy4€HHsI HOBHUX KIIIE€HTIB Ta YTpUMaHHS iCHYIO‘II/IX. Jnst
. . . N 30epeKeHHs KITIEHTIB HEOOXiZIHO BpaxoBYBaTH iX iHTepecH.

Kniouosi  cnosa—  inmenexmyanena  inpopmauiiing  Agne ppaxoByBaTH iHTEPECH KOXKHOTO KITIEHTA € METOIO, SIKY

cucmema,  KOWUK  NOKYRUA  cynepmapkemy,  Kuienm,

, . BaXKO  JOocsATHYTH [3].  AJBTEpHATHBHHM  3aco00M
acoylamuenl npasunda.

PO3B’si3aHHS 1€l MPOOJIEMH € 3aCTOCYBaHHS aHai3y BMICTY
KOIIIMKA MOKYMI cyrnepMapkery. Jlanuil minxig mornomarae
I. Bctyn BMBYATH CMaK{ KJIIEHTIB Ta OCOOJUBOCTI iX MOBEIIHKH, IO

IIpoTAroM OCTaHHIX POKiB OCHOBHOI TeHieHmicro ~ CHPHMAE  CTBOPEHHIO  BIINOBIAHOTO ~ACOPTMMEHTY, IUIAHY
PO3BHUTKY OITOBO-PO3APiGHOI TOPTiBIi € CTBOPEHHs Beaukux ~—~ POSTAUIYBaHHA ~ TOBapiB 1 HPOBCNCHHI  aKIIM, K1
TopriBensHUX miampueMcTs. CrokuBadi modanu Hajgasatu — CHUPUATHMYTb 30UIBIICHHIO AK KITBKOCTI MOKYIIIB, TaK i

HepeBary CymepMapkeTaM Ta rinepMapKeTaM. HpI/I6yTK\}'/ M.eTOIO 'aHan13y pI/IHI.<OB01"O KOIIMKa € BUABJICHHA
acomlamii - MDK  PISHUMHA  TIOAIAMH, TOOTO 3HaXOXKCHHA

Mera crarri  — npoananisyBatH  (yHKIIOHAJIBHI npaBWia IJIsl KUIBKICHOTO OMNHKCY B3a€EMHOTO 3B’SI3KY MIX
XapaKTEPHCTUKA iHTEEKTyanbHOI iHpOpMaNiiHOi cucTeMH mBoma abo Oimpmie momisimu. Taki mpaBmia Ha3UBAFOTHCS
aHai3y BMICTy KOIIMKA IOKYIILS CY[ePMapKETy. acoliaTMBHUMHK TIpaBwiamu (association rules). bazorum

TMOHATTSAM y TEOpil acOmiaTHBHUX TIPABHJ € TPAH3AKINA —
II. BUKJIAJl OCHOBHOT'O MATEPIAJTY Jiesika MHOYKHHA TOJiH, 110 BiOyBarThes criibHO. Tunosa

TpaH3aKIlis — HOKYIKa KJII€HTOM TOBapy B cynepMapkeri. ¥
nepeBakHill OUTBIIOCTI BHIAAKIB KIIEHT KyIye HE OIUH
ToBap, a HaOip TOBapiB, IO HA3UBAETHCS PUHKOBUM
xommKkoM. [IpH HpOMy BHHHKAa€ NUTAHHS: YU € IIOKYyIKa

Benmki TopriBenbHI MiANPHEMCTBA XapaKTEPU3YIOTHCS
BEJIMKOI0 ~ KUIBKICTIO TOBapiB, HW)KYMM pIiBHEM IiH,
BUTITHAMHA MapKeTHHIOBHMH  IPOINO3ULISAMH, 3pYYHHM
PO3MIILIEHHSIM Ta HasIBHICTIO aBTOCTOSHOK. IX mepeBaroto €: -

) . . OJTHOTO TOBapy B KOWIMKY HACHiAKOM ab0 NPHYHHOIO
e(eKTHBHO OpraHi3oBaHMil TPOIEC, HASBHICTH BJIACHHUX : \ . . o
. . . HOKYIKH 1HIIOTO TOBapy, TOOTO, YM IOB'A3aHi JNaHi MOii?

TOProBUX MapoK, MPOCTOpI MNPUMILIEHHS, [IMPOKHUIA o ) . - /
Lleii 3B'SI30K 1 BCTaHOBIIOIOTH acCOIIaTHBHI IpaBHJIA.

ACOPTHMEHT TOBApiB, OpI€HTAlis HAa KOXXHOTO CITO’KHBAYa .
[1] Hamnpuknan, Moxe OyTH BUSIBICHE acolLliaTUBHE IIPaBUIIO,
: KOTpEe CTBEpPKY€, IO KIIEHT, SIKUM KyIOMB MOJIOKO, 3

CymiepMapkeT — e BEJUKUI MarasuH iMOBipHicTIO 75 % KymuTh 1 xmi0. J[nsg XapakTepucTHKH
€aMOOOCIyroByBaHHs, CIELiali3allicl0 AKOro € TOPriBis  ACOLIaTHBHUX IIPaBUJ BUKOPHCTOBYIOThCS TaKi MOKA3HUKH:
TOBapaMu TIOBCSKACHHOTO TIOTHTY (mepeBaxHO

e 3HayeHHs jgocroBipHocTi (confidence), sike mokazye
HMOBIpHICTB, 3 SIKOIO, B Pa3i MOKYIKH mpenMeTra A
Takox OyJie nmpuaoanuii npeamer b;

MpOAOBOIbYMMHK). BiH € omHuM i3 cydacHuX (HopMm
KOHIIeHTparlii Toprieiui [2]. BHaCIiIOK CTPIMKOTO PO3BHUTKY
PHHKOBHX BIJIHOCHH 1 MOCHIICHHS KOHKYPEHTHHX IPOLECIB

MDK ~ TOProBEeJIbHMMM  MEpeXaMu  aKTyali3yBalach e BEIMYMHA INATPHMKH (Support), BH3HAYACThCA SK
HEOOXiIHICTh BUBYEHHS 1 PO3YMiHHs IICUXOJIOTIi ClO)KUBaya BIIHOIIEHHS  KUIBKOCTI  TpaH3akiii, B  SAKHX
Ta [PUYMH INPUUHATTA HUM DillleHb WIOJ0 IpUAOaHHA 3HAXOIUTLCA MPEIMET YM TIPyla IPEIAMETIB [0
TOBapiB. VY KOHKYPEHTHIH €KOHOMIYHIA cHUCTeMl I 3arajbHOI KiJIbKOCTI yCiX TpaH3aKIIii.

BW)KMBAHHS 1 PO3BUTKY KEpPIBHHITBY MiANPUEMCTBA

HeoOXilHE TOYHE PO3YyMiHHs MOBEJIHKU CIOXHBAYA: K BiH AHalli3 PUHKOBOTO KOIIMKA — le aHali3 HabopiB Manmx

JUIA TIeBHOI KoMmOiHamii ToBapiB, MOB'SI3aHUX MIX COOOIO.
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[HmmMu  cioBaMH,  BHKOHYEThCS — IIOLIYK  TOBApiB,
NIPUCYTHICTh SIKMX Yy TpaH3aKIii BIUIMBa€ Ha MMOBIPHICTH
HAsIBHOCTI 1HIIMX TOBapiB abo KoMOiHaiii ToBapis. CydacHi
KacoBi amapaTH B CyIepMapKeTax JJ03BOJIIIOTH 30uparn
iH}opMalLito Mpo TOKYIKH, 0 MOXe 30epiratics B 0asi
nanux. [ToTiM HaKONMYEH] JaHi MOYKYTh BUKOPHUCTOBYBATUCS
IUIA TOOYJOBU CHCTEM IIOIIYKY acOIiaTHBHHUX TmpaBwi [4].
Came sl  aBTOMATH30BaHOTO — aHANI3y IMX JAHUX
po3pobiieHa CHCTeMa aHai3y BMICTY KOLIMKA IOKYIIIIS
cynepmapkety (Puc. 1). OcHOBHUMYU (YHKIIISIMU CHCTEMH €:

MOMIYK  ACOI[IaTUBHUX TIPAaBWJI, CTBOPEHHS AaKIIHHHX
nporo3uuiii, ABC Ta XYZ anam3. [ngd momyky
TIoWYK NOMYNAPHMX
Hadopie ToBapis /. —eo... include
extend T inc_lude
CTEODEHHA axRUiiHM:
NponoaMLii
inclqde"’
KopucTyeay =

“include

DOPMYBAHHR X, Y, Z
rpyn

acoIliaTUBHUX MPaBWI Ta NOMYSIpHEX HabopiB Oyio
peamizoBaHo anroput™  Apriori. KopuctyBau = Moxe
HaJlAIITYBaTH TMapaMeTpH TMOMmyKy dYepe3 iHTepdeiic
(MiHIMaNbHA Ta MaKCHUMainbHa IiATPUMKA, MiHIMajbHA Ta
MaKCHMaJbHA [OCTOBIPHICTh, MaKCHMallbHa TIOTY>KHICTb
LIYKaHUX MHOXKHH, SIKI 4acTo 3ycTpidaioThbesi). CTBOpEHHs
BUTITHUX AaKIIHHUX MPOIO3UIA Ta IMOIIYK AacCOIiaTHBHHUX
NpaBW 3IHCHIOETHCS HAa OCHOBI 3HAWAEHHMX MOMYJSPHUX
HabopiB. 3a nonomororo ABC-anainizy MokHa aHaji3yBaTu
BHECOK TOBapy B pe3ysbTaT poOoTH miampuemctsa, a XYZ-
aHami3 Jae iHdopMamilo Mpo CcTabUIBHICTH IPOAAXKIB

MIEBHOTO TOBApY.

oYK acouiaTHBHMX
npasun

JACTOCYEEHHR
anroputMmy Apriori

JUMTYEAHHA QEHWK 3
Daam gaHux

BigodpaseHHR
pe3ynLTaTIE

Puc. 1. UML niarpama cucteMy aHaitisy BMiCTy KOLIHKA TOKYIILSI CylIepMapKeTy.

Jns peamizamii JaHOTO TPOTPAMHOTO MPOAYKTY OyiH
3acTocoBaHi Taki TexHousorii: Angular 5, HTML, CSS,
Bootstrap, C#, ASP.NET WebApi.

BHCHOBKH

B Ham wac cynepMapKeTH € BaXKIMBHM OCEPEIKOM
TOBapooOiry. BHacmimok cBoei MacmTaOHOCTI dYacTo
3aJIMINAIOTBCA 3 mpoOieMamMu 3aiiBUX ab0 HEIOCTaTHIX
3aKyIiBellb, II0 B CBOK YEpPry € MPUYMHOI 3MCHIICHHS
iXHpOI peHTabenpHOCTI. 3 Oy Ha T, AaKTyaJbHHUM
3aBJaHHSAM € aHali3 KOIIMKa IOKYIIS CylepMapKeTry, IIo
cnpusie 30UTBIICHHIO TOBapoOOiry, BpaxOBYIOUH IOTPEOH
CHOXXKUBAYiB, Ta 3MEHIITY€ MaTepiaJIbHI 30MTKH.
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Anomayias—Onucani HOBi MOXKJIHUBOCTI B HaBYaHHi oci0 3
O0MEKEeHMMHM  MOMKJIMBOCTSAMM, fIKi  31iliCHeHHI  3aBAsSIKH
BHKOPHMCTAHHIO MYJIbTHMEIIHUX cHCTeM i TeXHOJIOTiA.

Abstract—The paper describes new opportunities for training
disabled people through multimedia systems and technologies.

Knrwuoei cnosa— mynvmumediiinicmes, 0ocmynuicms, 0owiKka
iHmepaxkmueHna, cmyoenmu 3 0CoOIUSUMU ROMpedamu.

Keywords— multimedia, board interactive,

students with special needs.

accessibility,

MynbTHMeiHHI TEXHOJIOTT 3HaX0AATh CBOE 3aCTOCYBAHHS
B pI3HHX MNPEAMETHHX OOJACTAX JONOMAararydd KpamoMmy
3aCBOEHHIO SIK OKPEMHX TEM, TaK 1 JUCHHUIUIH, IO
BHBYAIOThCA B HitoMy. OcoOM i3 3aXBOPIOBaHHSIMH OpTaHiB
30py, CIIyXy, OMOPHO-PYXOBOTO amapary B CHily crenudiku
YCKJIaJHEHb  OOMEXeHI B  MOXJIMBOCTSAX  OTPUMAaHHS
iHpopmamii B 3BHUaiiHOMY po3yMiHHi. OCHOBHOIO METOIO
IHTETpOBaHOT OCBITH € 301HCHEHHS KOMILIEKCHOT
IICUXOJIOTIYHOT 1  comiajdbHOI ajamTamii CTyAeHTIB 3
0COOJIMBIMHU OCBITHIMH TNOTpedaMu B yMoBax mpodeciiiHol
MiATOTOBKKA. MyJNbTHMEZia TEXHOJOTIl - CImoci® MiArOTOBKH
CNIEKTPOHHUX JIOKYMEHTIB, M0 BKIIOYAIOTh Bi3yalbHI 1
3BYKOBI €()eKTH, MyJIbTHOPOTPAMYBAHHS PI3HUX CHTYyAIlii,
JUISL TIOJITIIEHHS CIpUiHATTA iHopMaii 1 i goctymHocTi [1].

Bcrvin

[Hxoro3MBHA  OCBiTa sBiIsIE cOOOI0 TaKy OpraHi3amiro
MpoIleCy HaBYaHHS, NMpH SIKIH BCl y4HI, HE3aJIEKHO Bim ix
GI3MYHNX,  TICUXIYHHMX,  IHTENEKTyaJbHHUX,  KYJIBTYpHO-
€THIYHMX, MOBHUX Ta IHIIUX OCOOJMBOCTEH, HAaBYAIOTHCS
pa3oM 3i CBOIMH OJHOJITKAMH B OCBITHIX YCTaHOBaX, fKi
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BpPaxoBYIOTb iX 0coONMBI OCBITHI MOTpeOM 1 HaAaIOThH
HEOOXigHy  mATpUMKy. ToMy  CBOTOAHI  TOJOBHHMH
3aBIaHHSIMH OCBITH € TIATOTOBKa Y4YHIB [0 IIBUAKOTO
CHPUAHATTA 1 00poOKH BETMHMKHUX 00CATIB iHPOpMAILii B piBHUX
yMoBax [2].

Omiaky noTtped y BiINOBITHHUX IOCITyrax 1 MPOAYKTaX, a
TaKoXX BHOIp HUIAXIB IOxOJaHHS iH(pOpMaIiifHUX Oap'epiB
CTOCOBHO CTYAEHTaM 3 OCOOJHBHMHK OCBITHIMH HOTpebamu
HEeoOXiZHO 3niiicHIOBaTH, cChnupaw4uch Ha MiKHApOIHY

kiacuikamiro (hyHKIIOHYBaHHS, oOMeKeHHS
JKUTTENSUIBHOCTI  Ta 370pOB'S, NpUIHATY BcecBiTHROIO
opranizaniero oxoponu 310pos's (ICF).

Y mporeci HaBYaHHS ~ CTYAEHTIB 3 OOMEKEHUMH
MOXJIMBOCTSMH ~ 3JIOPOB'S  IICHXOJIOTH  PEKOMEHIYIOTh

PO3BHBATH CHPUHHATTA, SKE MOB'3aHe 3 (YHKIIOHYBaHHSIM
PI3HMX CEHCOPHHMX CHCTEM: Bi3yaslbHOI, ayauanbHOI Ta
oco0muBo kiHecreriynoi. Came KIHECTETMYHA CHCTEMa
MOB'AI3aHA 3 MOTOPHOIO MAM'ITTIO 1 J0MOMarae J0BECTH
HaBUYKH JIO  aBTOMAaTW3My, TMEpeBECTH Ha  pIiBEHb
IMiICBIIOMOCTI.

Ha cporoHiniHiil 1eHb aKTyalbHUM € 3a0e3Me4eHHs BCiX
CTY/ICHTIB PIBHAMH MOJJIMBOCTSIMH OTPUMAaHHS  SIKICHOL
OCBITH.

Il. MOXJIMBOCTI TA IEPEBAT' MYJIbTUMEJIIMHNX

TEXHOJIOTTI 115 THKJTFO3UBHOT OCBITH

MynbpTHMEIHHI CHCTEMH - CUCTEMH, SKi BILTHBAIOTH Opa3y
M0 JEKITBKOX KaHajax: BiZIco, aymaio, TEKCT, a TAKOXK YacTo
JTAIOTh MOXIIUBICTh THTEPAKTHBHOI B3a€MOJIil, HANPHKIIAM, B
mpoleci TIpyd TpUM HaBYaHHI. bBinbll CKIAQJAHUM piBHEM
MyJbTHME][ia BBAXKAIOTHCS IHTEICKTYallbHI CHCTEMH, SIKi HE
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TUIBKA ~ TpaHCIIOOTh  iHQopmamito, a HW  MOXYTh
LEHTPAJII30BaHO KEPYyBAaTH HEIO 3a JOIOMOIO0 IEHTPAILHOTO
koMmI'torepa [3].

[HTepakTHBHI JOILKH JO3BOJIATD BUBECTH
MYJIBTUMEIIMHICTh Ha SKICHO HOBHH pPiBEHb, BKIIOYAIOYH B
MPOILEC CIPHAHATTS iHGOpMAaILii HE OIHIET JIOIUHH, a BECh
KOJIEKTHB YYHIB JUIS IMOJAJbIIOrO CIUJIBHOTO OOTrOBOPEHHS
HaBYaJBbHOTO Martepiany. [HTepakTHBHI HOLIKH IO3BOJISIOTH
BHBOJHUTH 300payKEHHS 3 KOMIT'TOTEpa, BijJjeoMarHiroona abo
DVD-nporpaBaua, BUKOHYBaTH Oy/b-siKi KOJIBOPOBI rpadidHi
KOMEHTapi. 3a J[OIOMOro0 CIeLiajibHOI IporpaMHu  Bce
HalmjcaHe Ha BEIMKOMY €KpaHI MOXXHa IiepelaTd Ha
MepCOHANbHI  KOMI'IOTEPH, IUIAHIIETH CTYJCHTIB  abo
PO3APYKYBaTH JEKIIIIO.

IHTCpaKTI/IBHi JOIIKU AO3BOJIAIOTH OAHOYACHO YTPUMYBATU

yBary Bcix yuHiB. lle migBumye MOMXIHBOCTI OOMiHY
iHpopmamiero.  KpiMm  Toro,  J03BOJSIFOTH  IMOCTIHHO
MIKPIIDTIOBATH 1 OMMOBHIOBATH TIOSICHIOETHCS  MaTepia

BI3yaJIbHUMH 3ac00aMu, 3a0€3MeUyr0UH II1e OJTHUM CEHCOPHUM
KaHaJIOM, KU JOTIOMarae 3acBOIOBaTH iH(QOpMAIIifo.

OyHKIT MOMIKH JO3BOJSIFOTH BHUKOHYBAaTH iMiTaIliiiHe
MO/IEITIOBaHHS PeaJIbHUX 00'€KTiB, Mporiecis, siBuml. CTyIeHTH
MOXYTh  KOJIGKTHBHO  B3a€MOJISATH 3  MOJEIbOBAHUMH
mporecaMu 1 06'ekTamMu, 0OTOBOPIOIOYH OTPUMAaHI PE3YIIbTaTH.

3aBIsIKM BUKOPUCTAHHIO MYJIBTUMEITHUX CUCTEM, MOYKHA
aJanTyBaTH Marepian Uil Y4HIB 31 cmabKuM  30poM,
3MIHIOBaTH pO3MIp TeKcTy abo rpadiuHux 300pakeHb 1
KOPHUTYBAaTH SICKPaBIiCTh 1 KOHTPACTHICTH B Mipy HEOOXiTHOCTI.
€ MOXIIMBICTH BITBOPIOBATH BifieoMaTepiaiu, 30UIbIIYIOYH
300pakeHHs, MO0 YYHI MOTJIM PO3TIITHYTH JAETalli, TOOauuTH
iHpopMariro, sika Oyna 6 HEZOCTYIHOIO, a TAKOX B3aEMOMIATH
3 eKpaHHUMH O00'€KTaMu, NpUIMAOud Ha TPAKTULl OijbIn
MTOBHOIIHHY y4acTh [4].

[epeBaru BukoprcTaHHs MyJIbTUMEIIHHNX TEXHOJIOTIH:
- pOOUTH 3aHATTS LIKaBUMH 1 PO3BHBA€ MOTHBALIIIO;

- Hajae OibIIEe MOMJIMBOCTEH AJIS Y4acTi B KOJEKTUBHIN
po0oTi, pO3BUTKY OCOOMCTHX 1 COMiaJbHUX HABUYOK;

- CTYZAEHTH JIeTIIe CHPUMMAIOTh 1 3aCBOIOIOTH CKIIAJHI
MUTaHHA B pe3yJibTaTi Oinmbm sCHOI0, e(eKTHBHOI Ta
JTUHAMIYHOT TO1a4i MaTepiany;

- JIO3BOJISIE BHKOPHCTOBYBAaTH pi3HI CTWII HaBYaHHS,
BUKJIaJayl MOXYTh 3BEpPTaTHCSl /0 BCULIKHX pECypCiB,
MIPHCTOCOBYIOYHCH 10 TIEBHUX MOTPEO CTYACHTIB,;

- CTYACHTH TNOYHMHAIOTH MPAIIOBATH OUIBII TBOPYO i
CTarOTh BIIEBHEHUMU B CO01;

- HaJaHHA CTyJACHTaM 3 O6MC)KGHI/IMI/I MOXJIINBOCTAMUAU
3JIOPOB'SL PIBHUX MOJIMBOCTEU OCBITH TOPSA 3 1X 3JOPOBUME
OJIHOJTITKAMH;

- YHUKHYTH TIOSIBM BIZUYTTS 130JIbOBAHOCTI HIUISXOM
CTBOpPEHHSI YMOB B ayIUTOpii, MAKCUMAIIbHOT JJOCTYITHOCTI;

MiABUINCHHS MOTHBAIii YYHIB 1 MaKCHMAaJIbHOTO
3aJy4eHHs iX B HABUAIBHHMH MpOIEeC HUIIXOM 3a0e3reyeHHs
MOJJIMBOCTI OpraHizamii Bcix (opM HaBYaHHS: BiJeOJeKIii,
BiZleoceMiHapH, TPaKTU4HI pPoOOOTH B  IHTEPAKTHBHOMY
PEeXUMi, OHJIAHH KOHTPOJIb 3HAHb.
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3a gomoMoror o0'eqHAaHHS OE3POTOBOI0  MEpPEKEIO
LEHTPAILHOTO KOMITHOTEpa 3 MOPTATHBHUMHU TaDKETaMU Ta
IHTEPAKTUBHOIO JOIIKOIO 3'SBISETHCA MOXIIUBICTh CTBOPCHHS
ISt CTYZICHTIB 3 00MEKEHNMHU MOJKJIMBOCTSIMH
aBTOMATH30BaHOI'O0 HABUYaJbHOrO Micusd. JlaHWi  migxig
3abe3nevye MOXKIMBICTH OTpUMaHHs iHQopmarii, HOBHX
HABUYOK 1 TMIOBHOI[IHHE, OC3MEepEIIKOAHE CIUIKYBaHHS 3
OTHOTPYITHUKAMU oe3 HO30JIOTIYHUX 0COOIMBOCTEI.
ABTOMATH30BaHEe HABYallbHE MiCIlE, IO CKJIAJA€ThCI 3
HACTUIBHOTO KOMIT'IOTEpa, OCHAIIIEHOTO MOHITOPOM,
KJIABIaTypol0 1 MporpaMHUM 3a0e3leYeHHSIM CSKPaHHOTO
IocTymy, € (YHKIIOHANBHUM DIlIeHHSIM Ui 3a0e3MeueHHS
IHKJIFO3MBHOI OCBITH.

ABTOMAaTHM30BaHE HaBYaNbHE Miclleé I CTYJCHTIB 3
MOPYIICHHSM OIOpPHO-pyXoBoro amapary ta LT mo3Bomauth
YYHSM 31 CTaOKMM 30pOM 3IIIHCHIOBATH IIBUIKY HaBITaIlIO 1O
Mepexi [HTepHeT, mparroBatd B cepenoBuini Windows i 3
oiCHIMHU TOaTKAMH.

BukopucroByroun — criemianizoBaHi IporpamMM, MOXKHa
pO3MHUPUTH Teorpadiro ayauTopii i MPOBOIWUTH HaBYAHHSI
JUCTAHLIHHO 13 3aCTOCYBaHHSAM OHJIAMH-TIepenadi JaHuX.
Y4acHUKN HaBYaHHS MOXKYTh MaHIITyJIOBaTH iH(pOpMAI€Io 31
CBOiX MOHITOpIB, aKTHBHO OpaTH ydyacTh B OOTrOBOpEHHI
Matepiaimis [5].

[MporpamMHi TPOAYKTH, SIKi BHITYCKAIOTBCS CEPIHHO s
IHTePAKTUBHHUX JIOIIOK, MOXKHA aJanTyBaTd JUIs HaBYAHHS
CTYJICHTIB 3 PI3HUMH HO30JIOTiIMH. MOXIIUBICTh 00'€THAHHS
MEpEXEI0 1HTEPHET OCHOBHOTO KOMITIOTEpa 1 MOPTATUBHHUX
raJUKeTIB J03BOJIIE TOTYBaTH JOCUTh CKIAQJHI 3aBOaHHSA 3
IEeKUTbKOMa  BapiaHTaMH  BiAmoBimedl Ta  3abe3mednTH
CTyICHTaM 3 OOMEXEHUMH MOKIMBOCTSIMH JOBUTHHI BBEICHHS
1 BuOip HeoOXinHOT iH(opMarIii.

BUCHOBOK

MyabTUMEIHHI CHCTEMH 1 TEXHOJIOT1] HAAIOTh IUPOKUI
BHOIp MiAXONiB OO HAaBYaHHSA CTYICHTIB 3 OOMEKECHHMH
MOYKTHBOCTSIMHU. J103BONIIIOTH YHUKHYTH BTy TTS
130JIbOBAHOCTI IIISXOM CTBOPEHHS YMOB MaKCHUMAJIbHOL
JIOCTYTIHOCTI iHpopmaii B ayauTopii, JOCATTH
KOMIICHCATOPHOTO  €(EeKTy MpH  COPUAHATTI  HUMH
HABYAJIILHOTO MaTepiajy, BKIIOYAIO4d B IMPOLEC CIPUHHSTTS
iH(opMaIlii He OJHI€T JIFOTUHH, @ BCHOTO KOJICKTUBY YUHIB.
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Abstract—Despite high rates of past success, the majority of
polling agencies were unable to predict the outcome of the 2016
United States presidential election between Hillary Clinton and
Donald Trump. Further research has hypothesized that these
agencies underestimated the amount of support for Trump and
overestimated the representation of recent college graduates.
Sentiment analysis of posts on popular social media sites presents
promising possibilities for better gauging public opinion. In our
research, we analyze positive and negative sentiment in Reddit
posts from key dates during the 2016 election that mention
either candidate. The results of our study match the results
of a poll conducted by the New York Times, which showed
that public opinion for Trump tended to stay consistent while
Clintons positive sentiment decreased over time. Our study
also shows that public opinion expressed on Reddit changed
drastically in accordance to major events, like debates and email
controversies. Alone, our work in sentiment analysis does not
produce statistically significant enough results to predict the final
outcome of an election, but having the ability to gauge public
opinion through social networks is a powerful way that polling
agencies and researchers can strengthen their predictions in real
time.

Index Terms—sentiment analysis, election prediction, social
media, Reddit, Aylien

I. INTRODUCTION

Despite prior consistent success in predicting the outcomes
of presidential elections, only fifteen out of 150 polls predicted
Donald Trumps victory in the 2016 race [19]. This is a
remarkable decrease from the 80% of pollsters that accurately
predicted Barack Obamas victory against Mitt Romney in
2012 [19]. The American Association of Public Opinion
Research conducted a study on this seemingly irrational result
that narrowed down the the cause to three main reasons:
the nonresponse bias, Shy Trumper hypothesis, and social
desirability bias [16].

The nonresponse bias is the idea that people continually
refuse to respond to surveys, which caused pollsters to over-
estimate the number of college graduate voters [16]. The
Shy Trumper hypothesis states that Trump advocates hide
their preference for Trump and is closely related to the
social desirability bias, which is the idea that people vote
for the candidate that is more favorably viewed by society
[16]. Combined, the Shy Trumper hypothesis and the social
desirability bias caused pollsters to underestimate the number
of Trump supporters.

The presence of social media is quickly becoming influential
in major elections. Both Barack Obama and Mitt Romney
used social media sites like YouTube, Instagram, Facebook,
Twitter, Tumblr, Pinterest, and Spotify to reach their younger
constituents, but Obama had a much higher follower count:
compare 18.5 million to 850 thousand followers [17]. More
recently, Donald Trump used his Twitter feed to reach his 15.4
million followers.

In this study, we aim to evaluate the use of social media to
predict the outcome of presidential elections. We use Google
BigQuery and SQL to analyze sentiment on Reddit, a popular
online forum. Reddit contains threads with diverse topics and
is a far-reaching social media site, which gives us a variety
and abundance of natural language data.

II. RELATED WORKS

The relationship between the sentiment analysis of social
media posts and the offline political landscape has been a
controversial matter. A few political analysts claim that the
Twittersphere shows political opinion to a certain extent, but
others fear that the majority of comments on social media
compose a pointless bubble. Tumasjan et al., however, have
found that the frequency a political party is mentioned online
has high correlation with the actual offline political landscape;
most of the time, these numbers were found to be similar to
the traditional election poll results and were sometimes found
to have a higher correspondence to the true results than the
traditional election polls.

Previous research done by Tumasjan et al. involved acquir-
ing Tweets and checking if online Tweets mirrored offline
political sentiment [23]. They used the Linguistic Inquiry and
Word Count text analysis to determine if the sentiment of each
message was positive, negative, or neutral towards a certain
political party or politician. They concluded that Twitter was
indeed used for political deliberation and reflected the offline
political landscape.

We combine these two methods to analyze Reddit data: the
volume of data and a sentiment analysis algorithm used by
Gayo-Avello et al.

III. METHODOLOGY

We analyze the frequency of certain occurrences and the
sentiment of politically-related posts on Reddit, a popular
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internet forum. We use Reddit because it has high traffic and
organizes its conversations by topic, which would give us a
large amount of data about public opinion.

A. Dataset

We gather original posts (OPs) and responses to OPs that
contain any combination of Donald, Trump, Hillary, or Clinton
(case insensitive). We also restrict our data to a few key dates
from the 2016 presidential election, presented in Table 1.

TABLE I
KEY DATES FROM THE PRESIDENTIAL ELECTION

Date

July 18-21, 2016

July 25-28, 2016
September 9, 2016
September 26, 2016

October 7, 2016

October 9, 2016
October 28, 2016
November 7, 2016

Event
Republican National Convention
Democratic National Convention
Clinton calls Trump voters ignorant deplorables
First presidential debate
Trumps grab her by the pussy remarks surface
Second presidential debate
FBI reviewed new evidence Clinton emails
Day before the election

B. Volume Analysis

We first analyzed the Reddit traffic each candidate received
and then compared it to the actual election. In a simple meta-
analysis, we check if the number of times a candidate is
mentioned online, without analyzing for sentiment, can predict
the outcome of an election.

C. Sentiment Analysis

We use Aylien to classify each post as containing positive,
negative, or neutral sentiment towards Clinton or Trump. We
discard the neutral posts. The probability of candidate cl
winning the election is proposed to be

B pos(cl) + neg(cl)
p(cl) = pos(cl) 4+ neg(cl) 4 pos(c2) + neg(c2)

where the positive/negative value of a candidate is the percent-
age of data for that candidate with that sentiment multiplied
by the number of Reddit posts that candidate has.

IV. RESULTS AND DISCUSSION

A. Volume Analysis

In the entire dataset we collected, Clinton and Trump were
mentioned approximately equally as many times, with Trumps
name being more frequent on July 18th-21st and October 7th
and Clintons name being more frequent on September 9th and
October 28th. These results, however, had a mean absolute
error (MAE) of 18.5%. With such a high MAE, we conclude
that volume analysis alone is not enough to predict who will
win the election and move on to sentiment analysis.

2016 Presidential Election Sentiment Timeline

Fig. 1. Positive Sentiment for Donald Trump

2016 Presidential Election Sentiment Timeline

Fig. 2. Positive Sentiment for Hillary Clinton

B. Sentiment Analysis

According to our data, the trend for people who positively
viewed Trump was very consistent with only a few variances
near the end of the campaigning period. However, the trend
for people who positively viewed Clinton depreciated as time
went by. We hypothesize that this is because of the email
scandal that she suffered.

Figures 1 and 2 above show the positive sentiment for both
candidates. The average positive sentiment was 42.8% for
Trump and 34.3% for Clinton; interestingly, the majority of
users seemed to dislike both candidates. The results in Figures
1 and 2 correlate with the results from a New York Times
exit poll: 73% of the people who voted for Trump believed
that Clinton was neither honest nor trustworthy, and 71% of
Clinton voters thought the same of Trump [25]. In the same
study, when asked if Clinton was more qualified to serve as
president, 89% of Trump voters responded that she was not,
with similar results for Clinton voters [25].

The data from Reddit reflects a similar trend, showing
that both candidates had mostly negative comments written
about them. The graph presented in Figure 2 demonstrates
that Trump had the least positive comments on October 7th,
2016, the same day that the video of Trump bragging about
groping women surfaced on the internet. At this point of the
presidential election, FiveThirtyEight gave Trump an 18.2%
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chance of winning the election. After this day, Trumps positive
sentiment rises until election day.

In Figure 2, CLinton hits her lowest point in positive
sentiment on September 9th, which was when Clinton called
Trump supporters deplorables. On the other hand, her highest
point was on July 20th, the day Trump was announced as the
Republican candidate at the RNC, even though she had not
been officially announced as the Democratic candidate yet.
However, Clintons positive sentiment declined when the DNC
chair Wasserman Schultz resigned after an email leak on July
25th; afterwards, Clinton was unable to achieve increasing
or constant positive sentiment.In the end, she trailed behind
Trump by 11.1% the day before the election.

2016 Presidential Election Sentiment Timeline

Fig. 3. Combined Positive Sentiment for Both Candidates

Figure 3 shows the combined results for positive sentiment.
Trumps positive sentiment was higher than Clintons for the
majority of the campaign season, especially in the month
before election day. Trumps steady upwards trend in positive
sentiment may have been a crucial factor in his victory. This
analysis was conducted after the election had ended, but
analyzing sentiment during the campaign season might have
been a powerful tool to help each candidate monitor their self-
image and aid pollsters with their predictions.

V. CONCLUSIONS AND FURTHER STUDIES

Our research shows that the sentiment of relevant Reddit
posts corresponded with results from election polls during
the campaign season, which suggests that sentiment analysis
is a viable avenue for predicting election results. We do,
however, need to address some challenges if we are going to
use sentiment analysis as a major tool for election prediction.

The first is that Reddit offers no location data, but location
is an important part of the United States electoral college.
Because the US does not elect presidents with the popular vote,
who voted where matters. We also have no way of knowing
if some geographical regions are overrepresented.

We also have to consider the prevalence of fake news,
robots, and Russian interference. Fake accounts can corrupt
data by misrepresenting the views of real people, and Russian
interference, a heated topic during the election, can manipulate

other peoples thoughts. Russian interference was a significant
problem for Twitter, which admitted that over 50,000 accounts
were involved. Another source states that up to 45% of Trumps
follower base could be made up of spam or fake accounts,
which could have inflated his Reddit positive sentiment. Elimi-
nating bias and filtering unwanted data is an important issue in
sentiment analysis, but sentiment analysis is proving itself to
be a successful way of gauging the publics view of presidential
candidates. With improvement, sentiment analysis could be
used during the election cycle to help understand how much
the population likes a candidate, which seems to be the most
important factor in winning an election.
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