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UDC 004.048
Boyko N.I., (Lviv Polytechnic National University, Ukraine)

PROBLEMS OF CLASSIFICATION OF MULTIMODAL DATA BY THE
METHOD OF RELEVANT VECTORS USING PARALLEL
CALCULATIONS.

The paper considers the recent development of a multi-core platform and low-cost clusters.
A description of the process that makes parallel computations extremely effective for use in this
study is provided. The use of hyperspectral images is given. Algorithms for classifying multimodal
data for detecting anomalies are analyzed. The application of parallel computations for multimodal
data classification problems is considered. The paper considers the RVM method using parallel
calculations. The study developed three parallel implementations of the RVM method. The
parallelization applied in working with matrices, multiclassifier strategy and strategy of "division-
victory-merger" is described. Testing of parallel RVM methods on multicore platforms and clusters
is considered. The obtained apparent increase in the efficiency of parallel RVM methods on
multicore platforms and clusters is analyzed.

Y pobomi poszensoaemuvcs newooasHs po3pooka bazamosdeproi niam@opmu ma Hedopocux
knacmepie. Haoanmo onuc npoyecy, sakuil pobums napanienvHi O00YUCTIEeHHA HAO3BUYAUHO
epekmusnumMu  ONsl  GUKOPUCMAHHA 8  YboMy  OocliodcenHi. Tlooano  eukopucmarms
einepcnekmpanvHux 306padicens. Ilpoananizoeano aneopummu Kiacugixayii mMyasmumoOoanbHux
OaHUX Onsi GUABNIEHHs aHoManil. Posensnymo 3acmocysanns napaneivHux oouuciensb 0as 3a0ay
MYTbmMUMoOanvhoi kiacugikayii oanux. Y pooomi poszensnymo memoo RVM 3 suxopucmanusm
napanenvHux po3paxyukise. ¥ oocniodxcenni pospooaeno mpu napanenvti peanizayii memoody RVM.
Onucano  posnapaneniosamHs,  sKe  3ACMOCOBYEMbCA — Npu  pobomi 3 Mampuysmu,
MyabmuKiacugixamopry cmpamezito ma cmpamezitio «nooii-nepemoza-snummsay. Pozensanymo
mecmyeganns napanervhux memooie RVM na 6acamosdepnux niamghopmax i Kiacmepax.
IIpoananizosano ompumane suoume nioguujenns egpexkmugnocmi napaneivHux memooie RVM na
bacamosioepHux niamgopmax i Kiacmepax.

Introduction. Nevertheless, the method of relevant vectors is the leading
technique for classifying hyperspectral images. The task of a hyperspectral image is
to obtain a spectrum for each pixel of the image to find objects, identify materials, or
carry out recognition processes. Using a sparse property, RVM can acquire a golden
state, which cannot be achieved by using the method of support vectors (SVM). The
light property requires significantly less time to create a prediction, making RVM a
potential leader for the classification of large-scale hyperspectral imaging. However,
RVM is not widely used due to its slow training process. To solve this problem, the
classification of hyperspectral images using RVM is accelerated by parallel
calculations. Parallelization is manifested in aspects of a multi-class strategy, a set of
several weak classifiers and operations with a matrix. Parallel RVM algorithms are
implemented using the C programming language, similar functions of linear algebra
packets and the interface library of message transmission. The methods proposed in
work are evaluated by the AVIRIS IndianPines data set on the Beowulf cluster and
multi-core platforms.

The work aims to investigate the problems of classification of multimodal data
and accelerate calculating the RVM method with the help of parallel calculations.



The main tasks for solving this goal are:

— consider the general Bayesian method for obtaining sparse solutions of

regression and classification problems using models with linear parameters;

— analyze the RVM machine learning algorithm and its application together

with some comparative benchmarks, including hyperspectral imaging;

— develop three parallel RVM implementations;

— apply methods of parallel calculations to work with matrices, multiclassifier

strategies and strategies of "division-victory-merger";

— to test parallel RVM methods on a multi-core platform and cluster.

Analysis of recent publications. His early research interests focused on neural
computing and probabilistic data visualization techniques and later expanded to
include more general machine learning methodology, particularly Bayesian statistical
assumptions. For many years, Tipping has worked on various thematic areas [], both
fundamental and applied, the most famous example of which is probably the
predicted model of RVM technology. Michael Tipping wrote an article on June 1,
2001, in which the term relevance vector machine (RVM) was first used.

The scientific work presented a general Bayesian method for obtaining sparse
solutions of regression and classification problems using models with linear
parameters. Although this method is primarily available, Tipping introduced an
approach with a specific feature, which he called the "method of relevant vectors"
(RVM). This model has an identical functional form to the famous (SVM). This has
been demonstrated using the probabilistic Bayesian method to obtain accurate models
for prediction, which typically use far fewer essential functions than SVM but
provide several additional advantages. These include the benefits of probabilistic
predictions, automatic evaluation of so-called "noise” parameters and the ability to
use arbitrary basic functions.

The article describes the Bayesian method and the associated machine learning
algorithm RVM and provides several illustrative examples of its application, along
with some comparative guidelines, including hyperspectral imaging.

Given the incredible amount of information stored in the hyperspectral image,
a huge number of training samples are needed for accurate classifier training.
Machine learning tasks, which involve learning the "natural state” on a finite number
of data samples in a property space with a high number of dimensions, usually
require a large amount of training data in order to provide at least a few samples with
different combinations of values. A typical rule is that in each dimension there should
be at least 5 training examples. With a fixed number of training samples, the
predictive power of a classifier or regressor first increases as the number of sizes /
functions used increases but then decreases. This problem is well known and is called
the Hugh phenomenon [1].

Collecting a sufficient number of training samples is quite a difficult task.
Therefore, the design of hyperspectral image classifiers, which will deal with a small
training set, has become a topic of the last ten years. The solution of this problem [2—
10] can be divided into four categories:

1. Regularization of the covariance matrix of the sample



2. Deleting a function or selecting a function
3. Expansion of training sessions through semi-control training
4. Low complexity classifiers such as SVM

Due to the advantages of the core, the Hugh phenomenon has a more negligible
effect on SVM. Maximizing the stocks of pairs of classes guarantees SVM low
training error and an excellent ability to generalize. SVM is superior to most
controlled classifiers in hyperspectral image classification [7-10].

Rarefied Bayesian training classifiers, represented by relevant vectors (RVM),
have appeared in the community since 2006 [11-13]. To avoid over fulfilment or so-
called "overtraining”, RVM limits the predicted model to automatic value selection
(ARD), which provides a sparse model. Compared to SVM, RVM can create a model
with a much rarer state with equivalent generalization ability. A light property can
compete with competing methods for classifying large-scale hyperspectral images
because it requires much less time to predict.

However, RVM is not very common due to its slow training procedure. At
each iteration, the RVM performs transposition, multiplication, and inversion
operations on the Hesse matrix NxN (a square matrix whose elements are partial
derivatives of some function), where N is the number of training samples. These
operations take a long time when the value of N is significant, which makes it
inefficient for a large data set.

To solve the problem, Tipping and Fowl proposed a quick method to maximize
the marginal probability by updating the coefficient one by one [14]. However, the
fast method performs a greedy search and quickly gets stuck in suboptimal solutions.
Scientist Leigh [15] avoided the costly inversion of the Hesse matrix by replacing the
Broyden-Fletcher-Goldfarb-Shanno (BFGS) algorithm with the method of repeated
iterative weighing of the smallest (IRLS). In turn, Seger and Ribeiro applied RVM to
large text sets using acceleration and increment methods, which adopt the so-called
separation-victory-merger strategy and allow RVM to process more than ten
thousand training samples [16]. The above strategy reduces the number of training
samples of each weak RVM process, which helps speed up the training procedure.
Den Young also offered a cursive decomposition of Cholesky for RVM and
implemented it on CPUs. It is proved that RVM based on CPUs is much faster for
single and double accuracy [17].

Statement of the problem. The recent development of a multi-core platform
and low-cost clusters makes parallel computing extremely popular in areas that use
hyperspectral images. Many anomaly classification and detection algorithms have
been successfully parallelized [18-20]. These cases motivate scientists to accelerate
the RVM method using parallel calculations. In this course work, three parallel RVM
implementations will be developed. Parallelization will be applied in the aspects of
working with matrices, multiclassifier strategy and division-victory-merger strategy.
Parallel RVM methods are being tested on a multi-core platform and cluster, with a
noticeable increase in inefficiency.

Description of methods and algorithms for their application. The
Relevance Vector Machine (RVM) method is a machine learning technique that uses
bypassing to obtain cost-effective regression and probabilistic classification solutions.



RVM has the same functional form as the reference vector method but provides a
probabilistic classification.

It is, in fact, equivalent to the Gaussian process model with the covariance
function (1):

k (X’ X,) = Z?’=1aij Y (.’Xf, X]) Q@ (xl,x]'), (1)

where ¢ is a nuclear function (usually Gaussian), «; is a variance of a priori

values of the elements of the vector of weight coefficients w ~ N(0,a"1 1), and
X1 - ... Xy are input vectors of the training set.

Compared with the Support Vector Machines (SVM), the basic formulation of
RVM avoids a set of free parameters, as in SVM (which usually require post-
optimization based on cross-checking). However, RVM uses a training method
similar to expectation-maximization and is also prone to the risk of local minima.
This differs from standard algorithms based on minimum sequential optimization
(SMO), using RVM, which guarantees the optimum global location (for a convex
task).

SVM is quite popular in managed curricula and has recently been used for
regression and classification of multispectral and hyperspectral images. Although
SVM classification is successful, the results have several significant and practical
drawbacks:

— Although SVMs are relatively rare, the number of VMs usually increases
linearly with the size of the training set, and therefore SVM overuses
essential functions.

— Predictions are not probabilistic, and therefore SVM is not suitable for
classification tasks in which prior probabilities of class members are
required.

— In SVM, you need to estimate parameter C's margin error/error, which
usually entails cross-checking the procedure and wasting data on
calculations.

RVM was introduced by Tipping as a Bayesian alternative to SVM, which
does not suffer from the above limitations. RVM introduces priority over model
weight, controlled by a set of hyperparameters. One hyperparameter is associated
with each weight, and the most probable values are iteratively estimated from the
training data. The most compelling feature of RVM s that it usually uses
significantly fewer kernel functions than SVM, providing similar performance.

1. RVM classifier

For training samples {x,}Y_; and class notation {t,,}Y_; RVM uses a linear
combination of kernel functions K (x, x,,) to describe the 1/ O relationship (2):

N (2)
y (x,w) = Z wn K (x,x,) + w,,
n=1

and Bernoulli distribution for density construction of probability function (3):



N ©)
ptlw)= | [y (1= y)in
n=1
The symbols in formulas (1) -~ (2) are w = (wq, . - ;)T t=
(t1, oo e )T, and y, = of{y(x,; w)}.a(y) is a sigmoid function (continuously

differentiated monotonic nonlinear S-shaped function, which is often used to
"smooth" the values of a certain quantity), which is determined by the following
formula (4):

_ 1 (4)
o) = 1+ ev)’

placing y(x,; w) within [0, 1]. To ensure the ability to generalize weights ®
limited to (5):

n ©)
pla) = | [N@loa;h.
n=0

Then the probability density function p(w | t,a) can be obtained by the
Bayesian rule (6):

p(t|w)pw]|a) (6)
p(t]a)

By maximizing (6), the optimal ® can be found as follows.

Sequential binary classification algorithm RVM

1. Initialize (declare) o and a.

2. Correct a and update o using the following formula (7), (8):

rlwlta)=

g = VO) logp(w | tl a)lep = CDT(t - y) _A(U, (7)

H=9,Y,logp|ta)ly,,= —(P"BD + A), (8)

new old -1
wyp < wyp — Hg.

3. Correct ® and update o using the following formula (9):

1— a2 Ynn (9)

"}

new _—
an =

where ¥ = —H™ 1,

4. Repeat steps 2 - 3 until convergent.

5. Classify test samples according to the evaluation model.

2. Parallel optimization

RVM is a binary classifier. To solve the problem of multiclass should use "One
against one" (OAO) or "One against all" (OAA). Multiclass RVM consists of several
independent binary classifiers and can be processed by several units of processing



simultaneously. In [16], Zeger and Ribeiro applied RVM to large-scale text typing
using ensemble, accelerated and incremental methods. They divided the standard
RVM into several independent local RVMs. So it was decided to use this idea for
parallelization in this course work. RVM can also be accelerated by time-consuming
parallelizing operations with the matrix in formulas (6) - (8). More complex
parallelization could be implemented by combining the above strategies [20].

Parallel RVMs in this work focus on the learning phase. The testing phase is
not emphasized for two reasons. First, with an equivalent amount of training and test
samples, the optimization of ® and a is much slower than the predictions of test
samples. Second, even if tens of thousands of test specimens are involved, the
prediction of each test specimen is always independent. This is a typical parallel data
problem. This can be easily solved by simultaneously dividing the test set into several
subsets provided by several processing units [22].

2.1. Parallel multiclass strategy

RVM solves the problem of multiclass using OAO or OAA techniques. OAO
Is preferred because it handles smaller educational samples in each class [12].
Suppose there are Classes; multiclass RVM by OAO consists of (C - 1) C / 2
uncorrelated binary RVM. This is a typical parallel task and therefore abbreviated as
a parallel implementation of RVM-Multiclass. It is also extremely important to
monitor and adjust the load balance for the PRVM-Multiclass. With OAQ, pairs of
classes can vary significantly in the number of training samples. Varieties will cause
a significant difference between the CPU time spent on a team of classes. It is
impossible to ensure that the load balancer will permanently be settled if the pairs of
classes are evenly distributed in a parallel environment. To solve the problem,
pRVM-Multiclass organized in the model master-slave. All classes live in the master
(master) and wait for him to be sent to one non-working "slave". Each slave is a
tubular RVM. The master continuously sends untreated pairs of classes to non-
working slaves until all pairs of classes are sent. Slaves require a new pair of class
leader when he is idle. The results of the collection are collected and synthesized by
the leader for the classification map [21].

2.2. Parallelization of many weak RVMs

RVM extends to the processing of large-scale text datasets using acceleration,
ensemble and increment [16]. All these methods are based on the strategy of division-
victory-merger. The entire training dataset is divided into several small subsets of
sets. Each subset is used for weak RVM training and test set classification. Weak
RVMs cause a decrease in accuracy compared to serial RVM. The loss can be offset
by integration methods, such as majority voting. It is proved that the method of the
ensemble surpasses the rest [16, 20].

Thus, it is used to build weak classifiers in this work; the parallel
implementation is called pRVM-Ensemble. Each process randomly extracts from
each class p% of samples for training local RVM. Classmarks of the test set are
determined, respectively, weak RVM and then amplified by a majority vote [17].

Two parameters influence the pPRVM-Ensemble, the sampling rate p and the
number of weak classifiers M. Assume that the training set consists of N samples,
and the serial RVM spends T, seconds. With a large N, T, is mainly occupied by the



inversion of the Hesse matrix H in formula (7), the complexity of which is O (N3).
Ignoring the minor parts, the complexity of the weak RVM could be approximated to
O (p3N3). Therefore, the speed factor pPRVM-Ensemble determined by the formula
(10):

T, K (10)

p3TS= p3 XM’
Mx—K

T =

where K is a number of processes. Small p and M guarantee a high-speed
factor, the cost of loss of accuracy. In contrast, incorrect classifications decrease with
relatively low efficiency. Suppose weak RVMs contain copies of the entire training
set and are distributed across processes. In this extreme case, the pPRVM Ensemble
does not improve efficiency and accuracy. Fine-tuning is needed to balance the trade-
off between efficiency and accuracy.

2.3. Parallelization of operations with matrices

RVM is busy with operations with the matrix in formulas (7) - (9), especially
the time-consuming inversion of the Hessian matrix H. This could be quickly
accelerated by replacing the parallel functions of the matrix with sequential ones. We
called the parallelization RVM-MatOp. Parallel functions are implemented in many
parallel linear algebra packages, such as Intel's Math Kernel Library (MKL) and
automatically configured linear algebra software (ATLAS). Packages provide
optimized matrix multiplication and inversion functions for scale matrices. RVM-
MatOp is mentioned for two reasons. First, the parallel functions of the matrix are
implicitly controlled by well-designed packages. Researchers could quickly
implement PRMM-MatOp on multi-core platforms, even if they are not familiar with
parallel computing. Second, pPRVM-MatOp can be combined with pPRVM-Multiclass
and pRVM-Ensemble for better efficiency [18, 23].

2.4. Hybrid parallel RVM

Multiclass and pRVM-Ensemble to optimize binary RVM. A more complex
case is a combination of three parallel implementations. The ensemble is used to
decompose a serial RVM into several independent subtasks, a multi-class parallel
strategy optimizes weak local RVMs, and functions of a parallel matrix accelerate
binary RVMs. However, efficiency can be reduced due to a too complex parallel
strategy. ldeal case - a combination of RVM-MatOp with pRVM-Multiclass or
RVM-Ensemble. RVM is initially divided globally into several uncorrelated subtasks
using multi-class or ensemble methods. Then parallel functions of the matrix are used
to optimize local subtasks. The hybrid structure is famous in parallel programming
and is suitable for implementation on a cluster of multi-core computers [19].

Experiments. Several experiments were performed on the data obtained by the
air-visible / infrared spectrometer (AVIRIS) to evaluate the proposed methods.
AVIRIS is the second in a series of imaging spectrometers developed in the Jet
Engines Laboratory (JPL) for remote sensing of the Earth. This tool simultaneously
uses scanning optics and four spectrometers to display a 6-pixel band in 224 adjacent
spectral bands. The test site for this task was the image of "IndianPines" [21, 24]. The
test site covers an area of 145 x 145 and 220 bands, ranging in size from 0.4 to 2.5



mcm (micrometre). It contains sixteen different land covers, some of which are
difficult to separate. Seven classes were rejected due to an insufficient number of
labelled samples. The remaining nine classes had 8,489 models and were divided into
training and test Kkits. Details of the data set are shown in Figure 1 and Table 1.

Table 1.
The number of samples in training and test kits

Class Name Training Test Total number
Cl Corn-notill 632 633 1265
C2 Corn-min 364 364 728
C3 Grass/Pasture 224 225 449
C4 Grass/Trees 335 336 671
C5 Hay-windrowed 228 228 456
C6 Soybeans-notill 425 424 849
C7 Soybeans-min 1133 1335 2268
C8 Soybeans-clean 289 288 577
C9 Woods 614 612 1226
Total number 4244 4225 8489

m o m o

Figure 1. a) Pseudo-color image; b) Distribution of nine typical classes.

1. Estimation of pPRVM

Table 2 shows the efficiency of parallel RVM. The RVM serial algorithm takes
3402.9 seconds. pPRVM-Multiclass and pRVM-MatOp are equal to serial RVM when
one processor is involved. pRVM-Ensemble was tested with three different sampling
rates, ranging from 20% to 60%. 32 were installed to balance the load. Processor time
pPRVM-Ensemble can be estimated by the formula M x p3 x Ty, which is equal to
871.1 seconds for p = 20%, 6969.1 seconds for p = 40% and 23520.8 seconds for p =
60%. The approximations are in the same order of magnitude as the values measured
in Table 2. The time costs of parallel RVMs decrease rapidly when more processors
are involved [22].

Table 2.
Execution time of parallel RVM in seconds for the whole training data set
CPUs nRVM — Ensemble with different p nRVM — Multiclass nRVM - MatOp
20% 40% 60%

1 1720.1 9164.3 26510.1 3402.9 3402.9
2 867.5 4638.6 13320.2 1886.4 2705.9
4 449.8 2319.3 3409.9 1139.8 1413.6
8 235.7 1214.4 1824.4 834.6 388.9




Using a low sampling rate, pPRVM-Ensemble acquires superlinear acceleration
coefficients when = 20%. The odds fall below the ideal for larger. The pRVM-
Multiclass curve decreases as the number of processors increases. With less than 8
processors, pRVM-Multiclass is faster than pRVM-Ensemble (p = 40% and p =
60%). However, it falls under pRVM-Ensemble (%) with 8 processors. The
phenomenon is caused by unbalanced class pairs of the educational setting. Table 3
shows the training time of each pair of classes with binary RVM. Grades 3 and 5
have the smallest number of samples. They only need 6.3 seconds to train binary
RVM. The features of classes 7 and 9 are quite similar. In addition, they have almost
the most samples. It takes 575.3 seconds to prepare a binary RVM (See Table 3).
Under the influence of a huge difference, the computing nodes could not achieve the
same number of tasks. pPRVM-MatOp is more effective than pRVM-MulticlassRV M-
Ensemble (p = 40% and p = 60%). To implement the functions of the parallel matrix
in the cluster, ScaLPACK introduces additional overhead costs in the network for
data exchange, which causes a slight decrease in the curve of the acceleration factor
PRVM-MatOp. The downward trend will increase even more with the number of
processors.

Table 3.
Time RVM for each pair of class
Class | 2 3 4 5 6 7 8 9
1 51.2 [ 37.7[50.7 | 38.8 | 63.5 | 269.1 | 45.8 | 284.9
2 13.7 [ 359|151 | 26.7 | 178.9 | 17.3 [ 189.5
3 11363 [175]1486[9.1 |36.1
4 12.4 | 23.2]163.6 | 15.3 | 102.4
5 19.6 | 163.6 | 11.1 | 102.4
6 197.1 | 20.4 | 2495
7 141.6 | 575.3
8 119.3

Table 4 shows the overall accuracy of the classification of parallel RVMs.
pRVM-Multiclass and pRVM-MatOp acquire the same accuracy as serial because
they do not change the logic of standard RVM. Training subsets of weak RVMs are
selectively selected in the PRVM Ensemble. This will make a difference in the
accuracy of local classifiers. When p = 20%, the minimum accuracy of weak RVM is
81.67%, and the maximum value is 84.43%. There is a gap of 2.76%. The gap
gradually decreases as the sampling frequency increases. The accuracy of the
ensemble after the majority vote is better than that of those (Min, Max and Aver)
weak RVM. It exceeds the consecutive when p = 60%. Accuracy does not increase
linearly with the sampling rate for the PRVM Ensemble. The increase is 2.85% when
ranging from 20% to 40%. It drops to 0.73% in the case of 40% -60%. The growth is
further reduced to 0.19% when it reaches 80%. However, this leads to a massive
increase in time with such a large p. Considering both efficiency and accuracy,
preference should be given to cases where p = 20% and p = 40%.



Table 4.

The general accuracy of classification by parallel RVM with the whole training

data set

p

nRVM - Ensemble

Min

Max

Average

Vote

nRVM - Multiclass

nRVM - MatOp

20%

81.67%

84.43%

82.85%

87.94%

40%

86.31%

88.55%

87.43%

90.79%

60%

88.36%

90.39%

89.28%

91.52%

80%

89.52%

90.86%

90.29%

91.71%

91.26%

91.26%

In Fig. 2 a) presents a graph of the accuracy of the model, which shows the
dependence of accuracy on the number of epochs. In Fig. 2 b) shows the model of
losses and the relationship between the change in losses and the number of epochs.

The performance of parallel RVMs for different data sizes was also measured.
Table 5 shows the speed coefficients of parallel implementations when 8 CPUs are
involved. The second column of the table shows the number of samples used to
prepare classifiers. The number in parentheses is the percentage of training samples
used compared to the entire training set in Table 1. The cost of consecutive RVMs
does not scale linearly with the number of training samples. Therefore, the
acceleration factor of the RVM-Ensemble is on the decreasing curve when the
training set decreases. pPRVM-Multiclass is stable when the data size changes. The
acceleration factor pPRVM-MatOp is reduced when using smaller training samples.

ccuracy of themodel . lossmocel

— train
test

1.00 4

—— train 1.2

test

0.95 4

[

0.90

0.85 4

0.80 1

0.75

0.70 1

0.65

0.60

a) '

20 40

60 80 100

Epoch

b)

1.0 1

0.8

0.6

0.4+

0.2+

0.04

Epoch

-

0 20

a0 60 100

Epoch

80

Figure 2. a) Graph of changes in the accuracy of learning from the number of epochs;
b) Graph of learning losses depending on the number of epochs

It is reduced to 2.3 for the most miniature DS-A data set (See Table 5). The
decrease can be explained in three respects. First, the parallel matrix functions used in
PRVM-MatOp are designed for a large matrix that is not suitable for too small a data
set. Second, the additional overhead costs caused by parallelization significantly
negatively impact the small training set. Third, pPRVM-MatOp only parallelizes the
operations with the matrix in formulas (7) - (9). For small data sets, non-parallel parts
could not be neglected. These factors significantly reduce the effectiveness of
PRVM-MatOp as soon as the data size decreases. The experiment indicates that
pRVM-Multiclass is generally insensitive to data size, but pRVM-Ensemble and
PRVM-MatOp are not suitable for too small data sets.

Table 5.
Acceleration factor of parallel RVM at different data sizes
. nRVM-Ensemble with different p .
Dataset Data size 20% 10% 60% nRVM - Multiclass | nRVM - MatOp
DS-A | 848 (20%) 2.96 1.55 1.13 5.7 2.3
DS -B | 1697 (40%) 11.91 3.31 1.36 5.2 4.7
DS - C | 2546 (60%) 17.05 4.04 1.46 5.3 6.4




DS-D | 3395 (80%) 26.13 5.45 1.82 5.6 7.9
DS - E | 4244 (100%) 28.10 5.52 1.87 5.4 8.8

2. Estimation of pRVM - MatOpna multicore platform

pRVM-MatOp was also tested on two multi-core platforms. One is a server
with a dual-core Intel E5500 processor and 2 GB of memory. The other is with a
quad-core Intel Q9400 processor and 4 GB of memory. pPRVM-Mat is performed and
connected to the Intel compiler under VisualStudio. The parallel functions of the
matrix come from the MKL package. The results are shown in Table 6.

As in the experiment in Table 5, different numbers of samples were also
obtained from the entire training set to evaluate the functions of the parallel matrix.
Time costs with a single core are equal to the costs of serial RVM on platforms. As
the data size decreases, the reduction in the acceleration factor is not significant for a
dual-core platform. This is due to too few cores. However, the quad-core platform
involves more processor units. The speed factor decreases sharply when the training
set is small. The above three factors can also explain this. For an extensive training
set, the cost is significantly reduced. Learning from all training models, RVM
improves from 1354.9 seconds to 1028.3 seconds on a dual-core E5500 server. He
gets a speed factor of 1.32. The time was further reduced from 1413.5 s to 559.3 s on

the quad-core Q9400 platform with a speed ratio of 2.53.
Table 6.

Acceleration of PRVM-MatOp multicore platform
Dataset Data size Dual-core Quad-core
DS—-A | 848 (20%) 16.5(1.30) 15.2(1.49)
DS-B | 1697 (40%) | 113.9(1.29) | 86.3(1.77)
DS-C | 2546 (60%) | 312.3(1.31) | 207.5(2.06)
DS-D | 3395 (80%) | 624.1(1.31) | 366.5(2.37)
DS - E | 4244 (100%) | 1028.3(1.32) | 559.3(2.53)

3. Analysis of results

Parallel implementations are summarized and compared in Table 7. pRVM-
MatOp and pRVM-Multiclass have the same logic as serial RVM. Therefore, they
were unable to process the large-scale training set. pRVM-Ensemble solves the
problem by dividing an extensive training set into small subsets. packets of linear
algebra control pRVM-MatOp. Parallelization is implicit for the researcher, which
makes pRVM-MatOp easy to use. pRVM-Multiclass and pRVM-Ensemble are
parallel with obtaining the MPI library. Designing this kind of parallel algorithm is
quite complex. Under the influence of unbalanced pairs of classes, pPRVM-Multiclass
could not achieve load balance. It also results in poor scalability and low parallel
efficiency. pPRVM-Ensemble is a load balance as long as they are installed correctly.
It is scalable and can achieve high parallel efficiency. Packets of linear algebra
control the load balance of PRVM-MatOp. Its scalability and efficiency are also

unsatisfactory due to unnecessary overhead and mismatches matrix operations.
Table 7.

Classification of parallel implementations
nRVM - MatOp nRVM - Multiclass nRVM - Ensemble

Training set scale Small Small Big




Easy to parallelize No Yes Yes
Easy to use Yes No No
Load balance Yes No Yes
Scalability Bad Bad Good
Parallel efficiency Low Low High

Given the easy-to-use feature, pPRVM-MatOp is preferred when a multi-core
platform is available. This could be easily implemented and adequate acceleration
achieved. The PRVM Ensemble on a cluster is highly recommended for a large-scale
training set due to its good scalability and high parallel efficiency.

CONCLUSION

In this work, parallel calculations were used to accelerate the classification of
hyperspectral images using the method of machine learning RVM. Parallelization
was used in matrix operations, multiclass strategies, and ensemble skills. Using
AVIRIS data, it was possible to prove that parallel RVMs proved to be more
efficient. It can also be concluded that the learning process is accelerated if more
cores or processors are involved. Future improvements can be made by designing and
evaluating a hybrid structure that is not included in the experiments due to the lack of
a platform for testing. RVM can be parallelized multiclass or ensemble method in the
global view and the functions of the parallel matrix in the local scenery. The hybrid
structure is suitable for a cluster of multi-core platforms, which is a trend of
supercomputers.
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EQUIPMENT FOR SMART TECHNOLOGIES OF RECONFIGURABLE
PRODUCTION

The analysis of management features precision machining with parallel kinematics with
CNC. The possibility of using Hopfield networks for the mathematical model error compensation
technology system. The approaches to the design of neural chips for control systems.

Ilpeocmaeneno amaniz ocobaueocmeri ynpaeiinus MOYHICMIO 0OPOOKU HA 6epcmamax 3
napaneibHow KIHeMAmuKol 3 YUCIOBUM NpOpaMHUM ynpaeninuam. Illokasana modrcaugicmo
3acmocysants mepedic Xonginoa o mamemamudnoi Mooeni KOMnencayii noXuOKU mexHona02iuHoi
cucmemu. Pozenamnymo nioxoou 0o npoexmyeanHs HeupoHHUX Yinie 0/ Kepyouux CUCMeM.

Presently for tooling of difficult surfaces of details of machines technological
equipment is used with a successive kinematics. However, in connection with
mushroom growth of modern engineer, requiring treatment with high exactness, for
one position, it is expedient to apply machine-tools possessing a hard enough spatial
form with the use of parallel kinematics chains. Small number of connections on the
way of shorting of forces in machine-tools with a parallel kinematics, results in less
deformations and more high-fidelity of motion. In addition, such machine-tools
possess enhance able reliability, possibility to manipulate the large loading. However,
for providing of exactness of treatment it is however necessary to manage coordinates
on that treatment is produced. Straight to manage errors, it is necessary to compensate
revolting influences. This task decides by application of reverse communication
network, principle of work based that on the row of successive actions:

1) Indignation;

2)  Rejection;

3)  Sensor of feed-back;

4)  Reaction of sensor;

5)  Signal on working off;

6)  Working of the system.

Apparently, such system with a counter coupling allows reacting on changes in
the system, however will manage to liquidate consequences indignations that can
happen in the system. On it all the expenses of time, plenty enough of the stages, will
be required. Therefore banal principle of feed-back today does not allow attaining the
required exactness. Stops in process such expensive equipment are un impossible [1,
2, 3].

In an order to conduct treatment of all surfaces of purveyance from one setting
to the machine-tool with a parallel kinematics and besides to get sufficient exactness,
it is necessary to forecast events in the system [4,5,6,7].



In the process of planning of trajectories of motion on the first plan problems
go out related to treatment of beyond measure plenty of the states of the possible
moving of device. Certain calculations must be executed in every state, for
verification of being admission in it models. Thus, the methods of smoothing out of
way splines or insufficient amount of calculations can result in problems with the
errors of treatment during realization of trajectories on the separate areas of way
[8,9,10,11,12].

In an order to forecast and foresee a future event in the system ticker-coil, it is
recommended to apply a neural network that will react on rejections and guess future
behavior on the basis of past experience, past working off after 10, 20 seconds, 1
minute etc. Depend on the capacity of memory in the computer system. Therefore,
the neural network plugged in a feed-back will be able to give out a signal about
working off yet then, when the consequences of indignation did not yet let know
about itself, i.e. they can happen at the simultaneous working off a model, a
necessary correction is produced as a result.

Adaptive feed-backs on the basis of neural networks can be built to the
different degree of complication for example, neural network on the basis of
microprocessor. It is a labor intensive enough process, although, at the construction
of compact small network with the least number of calculable processes, it is possible
to attain positive effect. For creation of neural network with the least amount of
processes it is necessary to choose the less number of neurons, i.e. architecture of
network must be minimized. The network of Hopfild, that are a matrix mathematical
construction by means of that there is possibility of accumulation of experience in a
form, corresponds this limitation. Such network can be built in the system, and it will
perform the correcting calculable duty. Thus, it is a neuron calculable construction on
the basis of ordinary computers with architecture Background of Neiman that works
on the basis of matrix transformations.

The second way is the use of neuron chip, being an element base of perspective
neuron calculator along with digital alarm processors (DAP). The use, both those and
other, allows today to realize neuron calculators functioning real-time. On the type of
logic of them it is possible to divide into digital, analog and hybrid. On the type of
realization of neuron algorithm: with fully a wvehicle realization and with
programmatic vehicle realization (when neuron algorithm is kept in ROM). By the
nature realization of nonlinear transformations: on neuron chip with the hard structure
of neurons (hard warily realized) and neuron chip with the influenced structure of
neurons. On possibilities of construction of neural network: neuron chips with a hard
and variable neural structure (neuron chips in that the topology of neural network is
realized hardly or flexibly).

Processor matrices (systole processors) are chips, usually near to the ordinary
RISC processors and uniting in the composition some number of processor elements,
all other logic, as a rule, must be realized on the base of peripheral charts.

In a separate class distinguish the so-called neuron alarm processors a kernel of
that is a model alarm processor, and the additional logic realized on a crystal provides
implementation of neural network operations (for example, additional vector
processor etc.).



Development of neuron chips conducted in many countries of the world. For
today distinguish two datum lines of development of the computer systems with mass
parallelism: with the modified successive algorithms characteristic for uniprocessor
algorithms of Fon Neiman on the basis of fundamentally new super parallel neuron
algorithms of decision of different tasks (on the base of neuron mathematics).

Neuron chip a characterized a bit, maximal amount of synapses, maximal
number of layers.

Now there are about 15 types of neuron chip, with built-in and external
memory, working on different frequencies, by the different amount of conclusions
and different form, measuring microcircuits.

For the estimation of the productivity of neuron calculators next indexes are
used:

- CUPS (connections update per second) is a number of the changed values of
scales in a second (estimates speed of educating).

- CPS (connections per second) is a number of connections (increases with an
accumulation) in a second (estimates the productivity).

- CPSPW = CPS/Nw, where Nw is a number of synapses in a neuron.

- CPPS is a number of connections of primitives in a second,
CPPS=CPS*Bw™*Bs, where Bw, Bs is a bit of scales and synapses.

- MMAC - millions of increases with an accumulation in a second.

Thus, neuron chips behave to the new type of unconventional computers,
unconventional comptrollers etc. With the use of neuron chip a machine-tool with a
parallel kinematics will purchase necessary properties, that any other machine-tool
will not have, processing a center on the basis of the well-known operating systems,
for example Sinumeric of and other [13.14].

For a decision the set problem it is necessary to build a model on the basis of
neuron chip. We will conduct the analysis of the well-known systems of
programming of neuron chip. At plugging of neuron chip in ports of computer,
programing them on the calculation of coefficients of neurons and applying
prognostication on the short interval of time, it is possible to get the fast-acting of the
system, exceeding in hundreds of one times. Thus, exactness of working off will be
higher. For prognostication of temporal row it is possible to use classic approach,
consisting in application of method of windows, that supposes the use of two
windows of Wi and Wo with the fixed sizes n and m accordingly. These windows are
able to move with some step on the temporal sequence of historical data, since the
first element, and intended for access to data of temporal row, thus the first window
of Wi, getting such data, passes them on the entrance of neural network, and second -
Wo - on an exit. Turning out on every step pair of Wi -> Wo is used as an element of
teaching selection (recognizable character, or supervision). The method of windows
uses one-step and multistep prognostication. Multistep prognostication allows doing
short- and medium-term prognoses, as substantial influence on exactness has an
accumulation of error on every step of prognostication. At application of long-term
multistep prognostication there is the characteristic for many forecasting systems
gradual fading of process, phase changes and other distortions of picture of
prognosis. Such type of prognostication befits for stationary temporal rows with a



small casual constituent.Prognostication with teaching allows at the large intervals of
passing removing fading of mnpornocrmueckux properties of network due to
permanent adjustment of gravimetric coefficients of synapse connections.

On included of network mode of functioning the last realization of teaching
great number of x (tn - 2) enters, x (tn - 1), x (tn). The forecast value of exit of x*
(tn+1) is put aside in the vector of the forecast output values and as reliable added to
the real values of teaching great number. A teaching great number increases on one
temporal window. There is a process of teaching of network on a megascopic
teaching great number during that the new gravimetric coefficients of k of synapse
connections and polynomials of transmission functions of neurons are determined.An
algorithm of multistep prognostication with teaching of network for the traditional
networks of direct distribution with the iterative educating is practically impracticable
through large dwells necessary on retuning of coefficients of network.Thus, building
a neuron model on the basis of teaching selection it is possible to forecast behavior of
the system in future moment of time. However, if to take into account that length of
row cannot be endless, then it is needed to use an idea about the structure of temporal
row. Here, important, a value acquires the concept of fractals. A fractal is a structure,
consisting of parts that in some sense are similar to unit. At the use of detains more
than 10 structure of temporal row is violated, thus an optimal amount (it separate
research of authors is sanctified to) is equal to 7. Using this method is possible and
for prognostication of exactness, wears of instrument, temperature deformations. And
applying the method of windows and neuron chips, possibility to create a reverse
communication network for a management by exactness of positioning of machine-
tool with a parallel kinematics appears. Thus, the increase of exactness can be even
programed in the cycle of work of machine-tool with a parallel kinematics. It is
possible to break up the problems of exactness on passage-ways, and if so that it can
hammer in distribution of npumyckos to providing of high exactness ticker-coil with
a neuron chip management so that on this machine-tool it is possible to process the
purveyance not robbed with maximal exactness. Having a hard machine-tool with
this system, it is possible to decrease the economic loading on mechanical part of
machine-tool and conduct preliminary and final treatment of purveyance on one
machine-tool, that especially topically for a machine-tool with a parallel kinematics.
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Duk V, Kovalevskyy S. (Donbass State Engineering Academy, Kramatorsk,
Ukraine)

NEURAL NETWORK MODELING OF THE STRESS STATE OF MACHINE
PARTS.

The paper proposes a method for stabilizing residual stresses. The influence of a high-
voltage electric discharge on the value of internal (residual) voltages is investigated. It can be used
to reduce residual stresses in real production.

Y pobomi 3anpononosano cnoci6 cmabinizayii 3anuwikogoi nanpyeu. Jocnioxceno enius
BUCOKOBOILIMHO20 €IeKMPUYHO20 PO3PAOY HA BeUYUHY 8HYMPIWHIX (3anruwkosux) Hanpye. Mooice
OYmMuU 3aCMOCOBAHUL 3HUIHCEHHS 3ATUUUKOBUX HANPY2 Y PealbHOMY 8UPOOHUYMEL.

The methods of stabilization of residual tension used today are, first of all,
power-intensive and labor-consuming and also not eco-friendly processes. Therefore
there is a need for search of resource-saving methods of stabilization of residual
tension. Thus, we are faced by a task to develop and investigate the method of
stabilization of residual tension allowing to reach the required effect on the basis of
Impact on a conducting surface of a detail the high-voltage category [1,2].

For this purpose in work the hypothesis that stabilization of residual tension in
a product, from metal materials, happens by impact on a conducting surface of a
product powerful, periodic categories of high voltage therefore grains of material
(alloy) are periodically reoriented is formulated, there is a periodic reorientation of
grains of material, consolidation of internal structure at preservation of its volume, at
the same time processes of reorientation of grains in the loaded layer can will cause a
stir from reorientation in an inside layer therefore perhaps partial hardening of an
external surface at the considerable duration of influence.

The technique of pilot studies which provides confirmation of the assumption
of impact of high-voltage electric discharge on stabilization of residual tension in
details of cars of type of levels was developed for confirmation of a main hypothesis
of work. For creation of the regulated, normalized internal tension and control
residual as a result of influence the high-voltage categories used compulsory
deformation of samples at the certain size controlled on a deflection arrow.

Use of a method of neural network modeling allows to create rather
informative model and to apply it to a research the nature of change of residual
tension [3].

The main objective of neural network modeling creation of the model
reflecting the impacts of high-voltage electric discharge on the size of internal
(residual) tension of samples by results of a pilot study — an arrow of a deflection of
experimental samples, tension, duration of impact on the experimental samples and
their amplitude-frequency characteristics excited by acoustic signals like "White
noise" at various values of internal tension of samples.



On the basis of the used table of basic data — trains (that is results of an
experiment with the known entrance impacts on samples and output indicators of
tension of samples) the neural network which contains information on associative
communications between the known vectors of entrances and exits of a technical
system and represents model of the studied process by means of which further
researches are conducted is trained.

On the basis of the made experiments and researches we received results
which demonstrate reduction of residual tension experimental samples of various
materials.

CONCLUSION
1. Neural network modeling of process of impact of high-voltage electric
discharge on stabilization of residual tension allows to define the impact of high-
voltage electric discharge on the size of internal (residual) tension.
2. The way of stabilization of residual tension offered in work, by results of a
research, can be used for reduction of residual tension in real production.
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Gitis V., Pudov O., Gitis I. (Donbas State Engineering Academy, Kramatorsk,
Ukraine) NEURAL

NETWORK SYSTEM FOR PREPARING STUDENTS FOR EXTERNAL
INDEPENDENT TESTING.

The peculiarities of students' preparation for external independent assessment are analyzed
in the work. The forecasting of points of external independent estimation and calculation of
competitive point with use of neural networks is offered. The computer implementation of the system
for predicting the competition score is presented. The developed system provides the user with tips
that will help them pass the test more successfully, which simplifies the process of preparing
students for admission to higher education institutions, as well as simplifies the work of teachers.

Y ecmammi npoananizoeani ocobiugocmi niocomoexku yuHie 00 306HIUHBLOCO HE3ANEHCHO20
OYIHI0BAHHA. 3anponoHO8aHO NPOSHO3Y8AHHA OAIE 308HIUHBLO20O HE3ANIeHCHO20 OYIHIOBAHH MA
PO3DAXYHKY  KOHKYPCHO20 Oany i3 BUKOPUCMAHHAM  HeUpoHnux mepedxc. Ilpedcmaenena
KOMN tomepHa peanizayis cucmemu 01 NpO2HO3V8AHHA KOHKYpPCHo20 bany. Po3pobnena cucmema
HAoace Kopucmyeauesi nopaou, SKi OONOMOXCYMb OLlbUl YCHIWHO NPOUmMu mecmy8anHs, o
onmuMizye npoyec ni02omosKu YuHie 00 6CMYNy 8 8ulyi HABUANbHI 3aKNA0U, A MAKONC CHPOULYE
npayro e4umernie.

Nowadays, there are many problems in the preparation of secondary school
students, one of which is the problem of preparing a school graduate for admission to
a university. The external independent testing (EIT) assessment has always been an
intriguing part for everyone who was going to get a higher education and enter a
university. It is difficult to foresee the assessment, because not everyone who had a
grade of 10-11 at school passes the EIT from this subject for 190-195 points, and
those who had 5-7 for 130-150. That is because there are too many factors that affect
the final grade, and a school grade is not always a direct guarantor of knowledge.

Therefore, the aim of the work was to develop an intellectual system to ensure
the quality of students' preparation for external independent testing, which will make
it possible to increase the efficiency of the secondary school.

The final competitive score will be calculated according to the formula:

CS=((C1 x$1)+(C2xS2) +(C3xS3)+(Cyqg xGPA) +
(C5xSG) +(CexCps))x(CRG xCs xCR xCp),

where C;, C,, Cs, C4, Cs, Cg are the coefficients established by the institution of
higher education and are specified in the admission rules of the educational
institution for each competitive offer with an accuracy of 0.01;

S;, S,, Sz are assessments of external independent assessment in subjects
(Ukrainian, English and mathematics), which will be predicted using a neural
network;

GPA is for a great point average;



SG is a grade for successful completion in the year of entry of preparatory
courses of a higher education institution for entry into it (on a scale from 100 to 200
points) in case of admission to the specialties (specializations) specified in the list of
specialties that are provided with special support;

CSA is for points for special achievements;

Crs, Cs, Cg, Cp are coefficients by which the competitive score is finally
multiplied, namely regional (Cgg), sectoral (Cs), rural (Cg) and priority (Cp).

To solve the problem, a neural network was created to predict the expected EIT
scores, and taking them into account, to calculate the student's competitive score. At
the heart of the neural network training sample, there were samples from school
students who had already passed the EIT.

Figure 1 shows a diagram of the system's use cases.
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Figure 1. Diagram of use cases

To make the program work, you have to first specify personal indicators such
as:

— type of temperament (sanguine, phlegmatic, choleric, melancholic);

— stress resistance (weak, medium, good);

—1Q level.

Next, you need to indicate the presence of a tutor in all three subjects and direct
report card grades, namely:

— Ukrainian language assessment;

— English language assessment;

— assessment in mathematics;

— great point average.

In Fig. 2 shows the result of predicting the EIT scores by the program.



Next, all the necessary fields are filled in to calculate the competitive score, the
values obtained at the first stage are substituted, the desired competitive score is
entered, based on the competitive results of the previous year in the university chosen
for admission in a certain specialty.

The user will need to fill in the fields, specifying such data as:

— predicted EIT scores, which were calculated by the neural network at the first
stage in Ukrainian, English and mathematics;

— great point average in all subjects;

— grade for preparatory courses;

— grade for special achievements.

For all these points, it is necessary to specify the appropriate coefficients that
each university sets individually. Finally, the competitive score is multiplied by
regional, sectoral, rural and priority coefficients.

Figure 3 shows the result of the calculation of the competitive score by the
program according to the predicted EIT scores.

Figure 2. The result of neural network prediction of EIT scores

Next, the user can open recommendations, where some related tips are indicated that will
help pass the test more successfully.

Basic tips:

— raise grades in three subjects to the required;

—sign up for a tutor in a subject that is lagging behind;

— improve your stress tolerance if it is weak;



— sign up for preparatory courses;

— take part in school and extracurricular activities to earn points for special achievements, if
they were absent.

Figure 4 shows an example of recommendations to a student.
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Figure 3. Calculation of the competitive score by the program based on the predicted
EIT scores

[lna Toro, yToBkl AOCTUMHYTE KENGEMOTD KOHKYpCHOro Ganna, Bl JOMKHEL
uMmeTe Bannsl BHO no yepannckomy: 156, aHranickony: 171 w matematiee: 152,
Jna 3Toro eam HECBXOAMMO MMETE OLEHKY N0 YKPaUHCKoMy: 7.6, anranickomy:
9.1, matemaruke: 7.2 n noagTaHyTe cBOH cpegrni Bann go 9.1 . Tacke

NOCTApaATECk: YYYLIWTE CTRECCOYCTOAYNBOCTE, BOSMOMHGD, BAM CTOMT
33aMWCATBCA K PENETUTOPY MO MaTEMaTEE U npuobpect Gannel 3a ocobele

WCTIEXM.

Figure 4. Recommendations to the student on raising the competitive score



CONCLUSIONS
1. Using the proposed neural network system allows you to predict the scores
of an external independent testing, and taking them into account, calculate the
student's competitive score.
2. The developed program provides the user with tips that will help to pass the
test more successfully, which optimizes the process of preparing students for
admission to higher education institutions, as well as simplifies the work of teachers.
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DESCRIPTION OF MECHANISM TRAJECTORIES USING NEURAL
NETWORKS

B pabome paccmompeno osuoicenue mena 6 cunogom none. Cuna F, Oeivicmgyrowas Ha
MAMEPUATLHYIO MOYKY, SGIAeMCs 6eKMOPHOU (DYHKYuel MOYKU NPOCMPAHCMBA T, GeKmopd
ckopocmu osudicenus dr | dt u epemenu t, me.  F =F (r,dr / dt, t). B oonux cnyuwasx ¢pynxkyus F
3a8uUcum moJibko Om ¥, KaK, Hanpumep, Cuia msaeomeHust HenOOBUICHO20 YEHMPA, 8 OPYIUX CAVUASIX
F sasucum monvko om cxopocmu dr | dt, xax nanpumep, 6 ciyuae c60600n020 Oudicenusmena 6
conpomusnsiioweticsi  cpede. Paccmompusanu omoenvHble cyuau, Hanpumep, OBUICEHUE 8
YEHMPATbHOM CUTOBOM NOJe, OBUNCEHUE 8 NAPALLETbHOM CUL080M NOJe, O8UNCEHUE MAMEPUATLHOU
MOuUKU 6 Noje Cul MsAoOmeHus, OBUJICEHUEe HeCmuybl ¢ JNeKMPU4ecKuM 3apsioom 6
NEKMPOMACHUMHOM NOJe,08UNCEHUE YeCMUYbL 8 NOCHOSHHOM JJIeKMPOMASHUMHOM NOJe.

The paper considers the motion of a body in the field of forces. The force F acting on a
material point is a vector function of a point in space r, a vector of the velocity dr / dt and time t, ie.
F =F (r, dr / dt, t). In some cases the function F depends only on r, such as, for example, the
gravitational force of a stationary center, in other cases F depends only on the velocity dr / dt, as,
for example, in the case of free motion of a body with resistance from the environment in which it is
located.We have considered individual cases, for example, motion in the central force field, motion
in the parallel force field, motion of a material point in the gravitational force field, motion of
electrically charged particles in an electromagnetic field, motion of particles in a constant
electromagnetic field.
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HaIPABJICH 10 KAaCaTEIbHOU NMPAMON K KPUBOM V:

— ! —
V=T =Ty

av o o
Bekrop yckopenus —; IeKUT B CONPUKACAIOMEHCATIIOCKOCTH KPHBOH
2 2
av ., _ ds da<s
== () +nas
Tak kak 1o 3akoHy HprOoTOHa yCKOpeHHE NpOnOpLUOHAIbHO JASUCTBYIOIIEN Ha
Teno cuie F,ro yeM Oosbllie UCKpEBIIEHA TPAEKTOPHS JBUXKEHHUS, TEM OOoJbllas Cuiia
JNEUCTBYET Ha JBWXKYIIYIOCA TOUKYy. EcCiam marepuaiibHas TOYKA JBWXAETCS I10

o o ds
KPHBOHU C IMOCTOAHHON CKOPOCTBIOV = a = C, TO BCKTOp YCKOPCHHA HAIIPaBJICH IIO

o o 2
IIaBHOW HOpMAJIX KPUBOHWIIPUYCM BCIIMYMHA YCKOPCHUSA paBHaA Kc F,I[GKKpI/IBPBHa
KpHBOfI. Takoe ABWIKCHUC OIIMCBIBACT, HAIIPUMEP,YaCTUlld C SJICKTPUUICCKUM 3apsa10M
B MaroMmTHOM IIOJIC.



Teno aBuXkaercs Moj JSUCTBUEM KaK BHENIHUX CHUJI (B CHJIOBOM IIOJIE),TaK W
MO/ AEUCTBUEM BHYTPEHHUX CUJI,HAIIPUMEP PEAKTUBHBIX CHUII.
PaccMoTpuM IBUKEHHE Tela B CUJIOBOM Itone. byaem cuurarb, 4ro cuia

F.,noeiicTByromas Ha MaTepuaIbHYK TOUYKY, SIBJSETCS BEKTOPHOW (PYHKIMEH TOYKHU

dar
OPOCTPAHCTBA,BEKTOPA CKOPOCTU ABWXKEHUS W BpemeHu t, t.e. F =F (r,g,t). B
OJHUX ciydasx (yHKUus F3aBUCHUT TONBKO OT I,KaK,HanmpuMep,cuja TIATOTEHUs

dr
HETOABMIKHOI'O ILIEHTPa,B APYTrUx cnyqa;[xF 3aBUCHUT TOJIBKO OT CKOpPOCTHU o
KaK,HallpuMep,B ciIyvdae CBOOOIHOIO IBW)KEHUS Tejia B COINPOTUBIISIFOIIEUCS CPELIE.
3anuiinem YpaBHEHUS IBUKECHUS B 00111eEM BUJIE:
d?r dr
m—= F(r,—,t) .
dt? dt
PaccmoTpuMm oTAEnbHBIE ClTyYaH.

J/IBH:KeHMe B IEHTPAJIbLHOM CHJIOBOM I0JIe

[Tycth cuna F,mpunoxenHas Kk TOYKE,IPOXOAUT depe3 (PUKCUPOBAHHYIO TOUKY
IPOCTPaHCTBA,HAIPUMED Yepe3 HavYaJlo KOOPAUHAT. DTO 03HavyaeT,uto F = A(r,v) r,
riae A(r,v) ckamspHas GyHkims. Torga TpaeKTOpHs ABMIKCHHS JIEKHAT B HEKOTOPOM
TUTOCKOCTH,ITPOXOISIIIEH Yepe3 Hauallo KOOpAUHAT.

VYpaBHEeHUE ABUKEHUS UMEET BUJT
d?r
m—— = A(r,v)r. (1)
dr o
[Tokaxxem,4TO BEKTOPHOE MPOU3BEICHHE [r, 5] €CThb TMOCTOSIHBIM BEKTOP.
HeiictBuTenbHo B cuny (1) umeem
d dr d3r A

a[’”’a = ["E] =nnrl=0.

dr
Urak, [r, E] = ¢.YMHO)as 3TO YPaBHEHUE CKAJIAPHO Ha T, IOJIy4YaeM

([r,%],r) =0=(cr).

CrnenoBaTenbHO, KOOPAUHATEI TOYKH TPACKTOPUM YA OBJIETBOPSIOT YPABHEHUIO
IJIOCKOCTH,IIPOXOJAIIEH YEpPE3 HAYAIO KOOPAMHAT. JTa IUIOCKOCTh ONPENEINSETCs
HayaJIbHbIM IOJIO)KEHUEM TOYKM M HadaJlbHbIM BEKTOPOM CKOpocTH. MiMeer mecto u
oOpaTHOoe yTBepxkaeHHE: FEcau 6ce mpaeKkmopuu MamepualbHou  MouKu,
Haxoo0sauwuecs 8 NOCMOAHHOM CUTO80M NoJe, ABIAIOMCA NIOCKUMU KDUBLIMU, MO 8CE
CUTIbL NOJISL NPOXOOSIM Yepe3 OOHY U MY dHce HeNOOBUNCHYIO MOYUKY UIU NAPALlelbHbl
NOCMOSAHHOM) EKMOP).

JIBH:KeHHE B MapajjieJibHOM CHJI0BOM I10JIe

[Tycte cwiia F mapasuienbHa MOCTOSSHHOMY BeKTOpy a ,T.€. F = A(7,Vv) a, rae
A(r,v) — ckamsapHas ¢yHKuug. Torga KpuBas JISKUT B TUIOCKOCTH,MApaICIbHOM
BEKTOpY d.

Brone Tpaektopuu nBwkenus r(t) QyHkmus A(r,v) Oyaer HEKOTOpoi
(GyHKIIMEH BpeMEHH t.

O603HaYNM

o) = f; A(r(®),v(D)dt.



Wurerpupys ypaBuenue (1), nonyyaem
ar ar
m—(t) = —(to)m + ap(t) . t
mr(t) = r(ty)m + mvyt + afto p(t)dt .

CrnenoBarenbHO, TPaeKTOPHs JEKHUT B IUIOCKOCTH BEKTOpa a M HayajabHOIO
BEKTOpPA CKOPOCTH V.

I[BI/DKEHI/IC MaTepHaﬂbHOﬁ TOYKH B I10JI¢ CHJI TATOTCHUSA

r
[Tonoxum F = — /:—3,rzxe Il - HEKOTOPOE MOCTOSHHOE IMOJIOKUTEIBHOE YUCIIO.
YpaBHEHHE NBUKECHUS
d’r _  ur
datz 73
YMHOXXHUM ckaysipHO Ha dr/dt. Toraa momy4yum
2 2
d (dr u dar d 1
mo(Z) =-£ =2 2
dt \dt r3 dt H dt |r| (2)

BBeneM koopauHaThl B MPOCTPAHCTBE TaK,UTOOBI TUIOCKOCTH X, Y COBMajia C
IUIOCKOCTBIO JIBUYKEHUS TOYKH, U B 3TOM IUIOCKOCTH BBEJEM IOJISPHBIE KOOPAUHATHI
pu . [lomoxum x = pcose, y = psing

Torna
dr\? _ (dp 2 + 2 dg 2.
HNuterpupys ypaBHEECIi{tH)e (2),E16211t"1/1)21eM (dt)
2 2
m|() +02 () = a5 ®

dr
rac A — HCKOTOpasd HOCTOHHHaﬂ.BBIIHe MBI HAllJIU COOTHOLICHHUC [7‘, E] =_C.

[IpoekTupys ero Ha ocb Z, IOJy4aeM YpaBHEHUE

X dy dx c
dt at ~ 9
B monsipHBIX KOOpAUHATAX OHO 3aMCHIBAETCSA POCTO
2do
— = Cp. 4
0 — ¢, (4)

d
Bripasum orcrona d—f u noactaBuM B (3).Torna nomyuum
2 2
d
m[(—p) +C—‘;] =A+*%,
dt p p

o a dt
OTCIOI[a Hanjacem d_l: ,IIOJTYIYCHHOC BBIPAKCHUC YMHOXUM Ha % H,yIUTbIBasA

(4), Haiigem
1\ 2
d; 1 2
— ] =—c (—+c) +c3,
do 15T 3
rae Ci — MOCTOsHHBbIE. VHTErpupys 3TO ypaBHEHHE,IIOJIydYaeM ypaBHEHHE
TPACKTOPHHU

1
5= Ca + \/C_3COS(§0 — @o),

['ne ¢y—HavanpHOE 3HaYEHHE yria . DTO ypaBHEHHE KOHUYECKOTO CEUEHHUS C
(doKkycoMm B mosoce.



JIBMKEeHHE YACTHLBI C JJIEKTPHUYECKUM 3aPA/IOM B 3JIEKTPOMATHUTHOM II0JIe
[IycTp wacTMma Maccel M W ¢ BIEKTPUYECKUM 3apsiioM e JABUKETCA B

MPOCTPAHCTBE NOJA JeUCTBHEM dJiekTpuueckoro mnoiss E u maramutHoro mons H.

DJeKTpUUecKas CHIIA,JIeUCTBYIONIAs HA YaCTHUILy CO CTOPOHbl MAarHUTHOr'O MOJIS,IO

e dr
3aKOHY HopeHua paBHa z [H ) E]’ rae C — CKOpOCTh CB€Ta. CJIGJ:[OB&TCJILHO,MO)KHO
3aImucaTsb YpaBHCHHUEC JBUKCHUA .

d?r e dr
m— =eFE +- [H —1. 5
dt? cl ’dt ()
dr
YMHOKast 3T0 YPAaBHEHHE CKAIPHO HA — , TIOIydaeM
dvim

= e(E,dr),

i€ V— CKOPOCTh YacTuIbl. OTCIOa BEITEKAET CIIEAYIOIIEE YTBEPIKICHHUE.

Eciu siekTpudeckoe II0j€ paBHO HYIIIO, T.€. YaCTHIA C DIEKTPHUYCCKUM
3apsAA0M ABHKETCS B MATHUTHOM I10JI€,TO CKOPOCTD JBMKEHHS [TOCTOSHHA: V=COnSt.

Torma MOXKHO HCKIIIOUNTH BPEMSL,HCIOIB3YS AYLY S KPUBOM,OMHCHIBAEMOI
TOUKOM: 5=Vg(t-1p).

Jomyctum,uto MaruutHoe moiae H co3maercs eQMHCTBEHHBIM MAarHUTHBIM
HOMIOCOM. PacmosioKuM Hadanao KOoOpAuHAT B MarHuTHOM momroce.Torma H umeer

cwioByto ¢yHkimoo U = S, rnep =+/x2+y%+z2 e H= —#k, k=const.

YpaBHEHHE ABUKEHUSA UMEET BU/T
d?r dr] 1
asz [T'E p3
I7I€ UL - HTOCTOSIHHOE YHCII0. Y MHOXKHM 3TO YpaBHEHHE BEKTOPHO Ha I'. [Tomyuum
d [dr 1 ( pdr rdr? 1dr 7 dp d (r
ds E'T] :F{r E_EE} ~pds prds %(Z) '
HHTerpupyst 3T0 ypaBHEHHE, HAUAEM
U [%, r] = % +a,
I7I€ a — IOCTOSIHHBIN BEKTOP. Y MHOKasl CKAJIIPHO Ha I, HAXOAUM
p+ (a,r)=0. (6)
DTO ypaBHECHHME ITOKA3bIBACT,YTO OTHOIICHHE PACCTOSAHUS OT JBWXKYIIECHCS
ToukH (X, Y, Z) 10 HayaJia KOOPJIMHAT K PACCTOSTHUIO OT 3TOH TOYKH JI0 TUIOCKOCTH (a,
r)=0 nocTosiHHO,T.¢. (6) — ypaBHEHHUE KPYroBoro konyca.Cie1oBaTebHO, TPacKTOPHS
TOYKH JIEKUT HA KPYTOBOM KOHYCE€ C BEPIIMHOW B Hayajie KOOPAUHAT—B MArHUTHOM
nojtoce. OJTa TpPaeKTOpus HE MOXET OBbITh MPOW3BOJIBHOM KPUBOM  Ha
KOHYCE:mpaeKmopusi s8Nsemcs 2e00e3udecKoll JuHuell KOHyca,m.e. JTuHUel, Komopas
nocie pazeopavuéanus KOHyca Ha NI0CKOCHb nepetioen 8 npsamyio.
JBUKeHnEe YaCTUIbI B TOCTOSTHHOM JIEKTPOMATHUTHOM I0JIE

[Iycte ot E m H mocTOossHHBI BO BpEMEHM M B NPOCTPAHCTBE. 3ANMILEM

YPaBHEHUS IBUKCHUS

d?r

dr d
m—— = eE +”[H’E] = eE+,uE[H,r] ,

I € ¥ | - HoCcTOsiHHBIE. IHTErpupys ypaBHEHUE, HailieM

m%= eEt + u[H,r]+c.



Hanee ymoOHO HCMONB30BaTh  CHEIUAIBHBIA  BBIOOp KOOpPAMHAT B
npoctpancTBe. HarpaBuMm ock Z B 1016 BekTopa H, 0ch Y - OpTOroHanbHO MIOCKOCTH
BekTopoB E n H. ITpu TakoM BeIOOpE KOOpIUHAT

E ={E,,0,E5}, H=1{0,0,Hs}.

TOFJIa MOXHO 3a1iucaTthb
dx

m—= eEqt — Hyyu + ¢q
dy
m—-= Hzxu + ¢y,
(7) )
md—i = eEst + ¢35 .
Huddepennupys nepBoe ypaBHEHUE U UCTIONB3Ys BTOPOE,HAXOUM
ax _ _ 2 _ Hap
=~ (x+p) a=-—"=,

II€ @ U p — HEKOTOpbIe MOCTOsAHHbIE. BBenem (yHKImMio X+pP=U, kotopas

yIIOBJIETBOPSIET YPABHEHUIO
d?u 2
W = —au.
Pemrast 5T0 ypaBHEHHE, TTOTydaeM
x = —p+sin(at + a)A .
[ToxcraBisist 3TO BbIpaXXeHUE BO BTOpoe ypaBHeHue (7) U 3aTeM
UHTETPUPYS,HAXOTUM
y =—qt+ b —cos(at + a)A.
Hakoner, Tperbe ypaBHEHHE JaeT
zZ=At?>+vt +71,

rie BEMWYUHBI p, ¢,b, A, v u T moctossHHBIE. [lomydeHHOE NBIKEHHUE MOXHO

MIPEICTaBUTh B BUJIE CYMMBI JBHKEHUH—PaBHOMEPHOTO JBMKEHUS TTO OKPYKHOCTH
x = Asin(at + a) ,
y = —Acos(at + a) .

U JBWKCHHS OKPY)KHOCTH,IICHTP KOTOPOW MepeMeNIaeTcs mo MKpuBoi X=-p,
y=-qt+b, z=AP vttt IIpy 3TOM OKpYKHOCTH BCE BpPEMsI OCTAeTCsl MapajuieIbHOU
IUIOCKOCTU X, Y. B ToMm ciydae,korma mocTosiHHbIE A M (] paBHBI HYIIIO,9acTHIIA
JIBYKETCS TI0O BUHTOBOM JIMHUU.

3AK/IIOYEHUE

Teno gBMXKETCs MO IEUCTBUEM KaK BHEIIHMX CHJI B CMJIOBOM ITOJIE,TAK U MOJ
JNEUCTBUEM BHYTPEHHUX CWJI, HIIP.pEAKTUBHBIX CWI. PaccMOTpuBanu ABU)KEHUE Tela
B CWJIOBOM IIOJIE.

KoopauHaTel TOYKM TPAEeKTOPHUM YA OBJIETBOPSIOT YPaBHEHHUE IUIOCKOCTH,
KOTOpasi MPOXOAUT 4Yepe3 Ha4yalo KOOPAMHAT. ITO IUIOCKOCTh OIpEeneisieTcs
HAYaJbHBIM BEKTOPOM CKOpocTH. OOpaTHO,ecii BCE TPAEKTOPUM MaTepUaTbHOU
TOYKH,HAXOISIMECS B [IOCTOSSHHOM CUJIOBOM I10JIE,ABIISIFOTCS INIOCKUMU KPUBBIMU,TO
BCE CWJIBI IIOJISI MPOXOIAT 4YE€pe3 OAHY U Ty XKE€ HENOABWXKHYK TOYKY WIH
IapajuIesIbHbI IIOCTOSHHOMY BEKTODY.

Ecnu snexktpruueckoe IMojie paBHO HYJIO, T.€. YAaCTHIA C JIIEKTPUUYECKUM
3apsiIOM IBHOKETCSI B MATHUTHOM I10JIE€, TO CKOPOCTh JABMKEHHSI IOCTOSIHHA.
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UDC 004.78
Kosheva L. (Donbass State Engineering Academy, Kramatorsk, Ukraine)

NEURAL NETWORK STUDY OF THE NATURE OF ORGANIZATION
MANAGEMENT

The article contains the new materials reflecting application of neural network models in
designing of innovative processes in pedagogic. Such approach, according to authors' point of
view, is actual because it is very important to provide quantitative estimations along with quality
standards for management of pedagogical processes. They allow to reveal tendencies of innovative
pedagogical approaches in education of new generation of young men, but also to correspond to
their aspirations, supporting the positive of their socioeconomic influence in every possible way.

Y cmammi nagedeno nosi mamepianu, wo 8i0o6padcaiomev 3aCMoCYB8aAHHI HEUPOMEPEHCEBUX
Mooenell npu NpoeKmyB8arHi IHHOBAYIIHUX npoyecis y neoazoziunii disivrocmi. Takuil nioxio, Ha
OYMKY A8mopis, € akmyaibHUM, OCKIIbKU OVIHCce 8ANHCIUBO 3aDe3neyumu KilbKiCHI OYIHKU nopso i3
cmanoapmamu AKOCMI  YNPAeNinHie Neoa2o2idHumMu npoyecamu. Bonu o0ozeonsroms eussumu
meHOeHYii IHHOBAYIUHUX Ne0a2o2iuHux Nioxo0i8 y GUXOBAHHI HOB020 NOKOJIIHHA IOHAKI8, A MAKO}C
gionosioamu iXHiM NPACHEHHAM, 6CIIAKO NIOMPUMYIOYU NOUMUE IX COYIANTbHO-eKOHOMIYHO20
BNIUBY.

Native culture conception of production (of corporative culture) foresees a systematic
characteristic all totality of enterprise’s activity, taking into account a cultural level of workers,
degree of their professional skill, creative side of production process. System of progress criteria
which is in part of criteria of corporative culture and also considerably wider of corporative culture
frames as a complex of its all-cultural and corporative values.

Today the culture of corporation is defined by the presence of flexible, movable
interrelations in its organizational structure, favorable moral and psychological climate in the
collective, tight contacts of workers during the process of innovations coming, constructive links of
corporation with external organizations.

The notion of «corporative culture)» assumes presence of a system which is defined by
behaviour of collaborators of an enterprise or a firm. This system is formed by a language, speech,
way of behaviour, main values, stable norms, life principles and principles of an organization’s
activity — all this reflects the culture of organization and all this differs one organization from
another, and also essentially influences the development and survival of organization in along-term
perspective. In fact it is a system of values accepted by all the collaborators of organization. And
the more successful is a firm, the higher is level of its organizational culture. Undoubtedly subduing
to a certain values system, members of organization are bearers and creators of changes of these
values.

Any enterprise philosophy is the basis of its existence that defines relations between
administration and collaborators, between suppliers and consumers, and also prestige of the whole
enterprise. In fact an enterprise’s philosophy defines an array of values, bearers of which are its
collaborators.

Despite divergence in approaches concerning determination one should differentiate notions
of organizing culture and corporative culture.

Last years corporative culture has been recognized as a main index which is necessary not
only for proper understanding and management of organizing behavior but for motivation of
collaborators.

Corporative culture studies common approaches, principles, laws and regularities in such
approaches: a person in organization; group behavior in organization; behavior of a manager in



organization; adaptation of organization to internal and external environment, rising of
organizational efficiency in organization’s activity.

Corporate culture is a complex multi-aspect phenomenon, an important direction of effective
organizational policy, which includes moral standards and values, existing behavior as well as
traditions, rituals, ceremonies aimed at the unity of the staff, higher motivation of the employees to
work in a certain company and to achieve high financial results in the work of the enterprise.

Sufficient motivation of employees to work in the organization correlates with their
satisfaction with work, which favors stability and wellbeing of the employees and organization in
general.

The above mentioned makes possible to come to the conclusion of the importance of
forming in a graduate of a higher educational establishment the ability to meet the corporate culture
of the employees of the firm, which would mark the changes of this culture according to the
demands of the organizational culture of the firm and ultimately according to demands of the
market.

The most important element of the corporate culture of the organization is its values
significant for its work: public benefit, profit, satisfaction of needs of its employees, etc. This
reflects in the corporate mission and main principles proclaimed by the company. Still it is
impossible to judge about the values of the company only by the declared principles as the
corporate culture of the company might be demonstrative. The values of a company or its
department, or in our case of a group of students, are closely related to work values of individuals.

The latter reflect both personal values in life and the values of the whole group and at some
degree of the company.

The values of the company are a total of the values of every its member, therefore, it is
necessary to have a united system of them, which allows a professor, a researcher, an administrator,
an employee as well as a student, an employer, a university entrant and his/her parents feel
comfortable. There are two main ways to make these values general.

The first one is to unite the group by single spiritual environment, basing on real or
mythologized components of its history, traditions, habits and corresponding behavioral patterns.

The second one is to form a system of values by education and creation of situations, able to
change or to modify the values of very particular member of the group. It is possible on the basis of
forming of an environment with clear aims and ways of their achievement, articulate problems and
assigned resources for their resolution. In this connection it is necessary to distinguish the idea of
strategically aims from the mission of the company. The mission is inaccessible as the horizon,
which attracts a creative searching person. But it is mission that outlines the corporate culture of the
company and in case of changing strategically and tactical tasks ensures the persistence of the
corporate culture and thus the existence of the company itself.

Along with the peculiarities of the corporate culture, the company also has certain functions,
which can help to build an effective management system if taken into account. According to many
scholars’ opinion the functions of the corporate culture are:

- the function of reproduction of the best elements of the corporate culture, producing of
new values and their accumulation;

- valuation and normative function, when basing on the comparison of real behavior of
people, group, corporation with the existing standards of culture behavior and ideals, one can speak
of positive and negative, humane and inhumane, progressive and conservative deeds;

- the function of the corporate culture as of the indicator and regulator of the employees’
behavior;

- the function of learning and mastering of the corporate culture, fulfilled at the stage
employee’s adaptation, favors his involvement into the joint activity, defines his success and further
promotion track;

- the function of transforming of corporate values of the company into the values of a
person, or the enter into the state of a conflict;



- communication function, when through the values, standards of behavior and other
elements of culture accepted in the company, mutual understanding and cooperation of the
employees is ensured;

- the function of maintenance and accumulation of the company experience.

These relationships have been defined by the authors in order study the formation of neural
network model as a representative of the collective organization.



UDC 004.83

Kovalevskyy S., Kovalevska O. (Donbass State Engineering Academy, Kramatorsk,
Ukraine)

ARTIFICIAL INTELLIGENCE FOR SMART TECHNOLOGIES

The most general critical tasks of transformation of information and communication nature
of management of modern production systems are revealed. Digital duplicates of equipment and
processes allow you to make decisions based on all factors of work based on fuzzy parameters. It is
established that in order to create digital duplicates it is necessary to combine such technologies as
system modeling based on wave physical processes and machine learning. Innovation at various
levels leads to a sharp increase in the intensity and speed of interaction between its participants, as
well as to the creation of relevant at a certain time for consumers goods and services of the
required quality and quantity that exceed consumer expectations through the use of artificial
intelligence.

Poskpumo  naubinow 3aeanvui  Kpumuuni 3a60anus  mpaucgopmayii  iHpopmayitino-
KOMYHIKAYIUHOL npupoou YnpasuinHs Cy4acHumMu eupooruyumu cucmemamu. L{ugposi oyonikamu
0011a0HAHHS Ma NPoYecié 00360A0Mb NPUUMAMU PIULEHHS 3 YPAXYBAHHAM 8CIX (hakmopie pobomu
Ha OCHOBI Heuimkux napamempie. Bcmanoenieno, wjo 0151 CMEOPeHHs Yu@dposux O0yonikamis
HeoOXIOHO NOEOHY8amu maki MexHONO02ll, AK MOOeN08aHHs CUCmeMU HA OCHO8I XBUNbOGUX
@izuunux npoyecie ma mawmunHe HaguanHs. InHosayiina OisbHICMb HA PI3HUX PIGHAX NPU3BOOUMb
00 pi3Kko2o 30inbulenHs iHmencugikayii ma weuoKocmi 83aemo0ii Midc il Y4aCHUKAMU, A MAKONC
00 CMBOPEHHs AKMYAIbHUX Y NeBHUL 4ac OJIs1 CHONXCUBAYI8 MOBAPI8 | NOCye He0OXIOHOI IKOCmi ma
KIIbKOCMI, WO nepesepuiyioms OYIKY8AHHSA CHOMICUBAYIE 34 PAXYHOK BUKOPUCMAHHS WMYYHO20
iHmenexmy.

INTRODUCTION.

Technology and manufacturing are the sectors with the greatest potential for Al
transformation. Establishing links between project modules in innovative production
systems is possible on the basis of artificial intelligence for algorithmic digital
information processing technologies, which can significantly increase the number of
generated projects and, consequently, increase employment without additional efforts
of living intelligence. The use of different types of neural generative algorithms can
take into account the individual characteristics of the performers to perform specific
modules of individual projects without intersecting interests and conflicts of
resources [1,2,3].

The use of artificial intelligence to process project data can dramatically
increase the number and significantly improve the quality of potential projects by
automatically comparing project parameters, human properties and digital analysis of
market demand for projects from the external environment.

Due to the use of genetic mechanisms of object formation (generative design) a
significant increase in strength, stability, and at the same time a significant reduction
in the resource intensity of production of such a product. In the absence of machine
design methods based on the use of artificial intelligence, the creation of such
products would be difficult, and most likely impossible.



It is important to launch a mechanism for continuous generation of projects
using the capabilities of artificial intelligence to find new better solutions in the
digital environment. The information system can act as a formalized tool for
methodological support of the system of generation, testing and decision-making,
providing a continuous process of improving the properties of the network production
system, its participants and network products [4,5].

BASIC PART.

Creation of systems for collecting and analyzing ideas and proposals for
the development of the production system, as well as decision-making on the
Implementation of innovative projects. Management of innovation in modern
production systems is based on the use of a significant amount of data. Modern
companies build their strategies of innovative development on the operation of big
data, which is formed in the process of functioning of the production system and in
the process of its interaction with the external environment. They create systems that
collect and analyze ideas and proposals for the development of the production
system, as well as make decisions in the implementation of innovative projects based
on artificial intelligence resources.

Artificial intelligence in modern companies has become one of the most
effective means of labor, which can increase productivity and reduce production
losses by more accurately forecasting the necessary parameters of production.

Artificial intelligence as a factor in the effectiveness of the company's
innovation today largely determines the direction of development of scientific and
applied research in large corporations.

Artificial intelligence is becoming a key element of production systems, which
allows you to build intelligent innovation management systems, as well as to develop
intelligent systems to promote innovative products.

Among the most important efficiency factors:

1) mental activity of people who carry out creative search, as a rule, to meet the
personal need to find new solutions, and not for commercialization;

2) the use of collective intelligence resources in the field of generation and
implementation of innovations, including through the collection and analysis of big
data;

3) professional orientation of the subjects of innovation, who have leadership
qualities, ready to decisively change production systems in order to qualitatively
change the parameters of production;

4) new models of innovation management in network production systems
aimed at the development of network participants' skills of active communication,
including in a cross-cultural environment;

5) a favorable social climate for the development of innovation both within the
network production system and offline;

6) active development of technologies based on the use of artificial intelligence
in network production systems;

7) creating conditions for the development of human capital of network
production systems based on lifelong learning;



8) the development of emotional intelligence of the network society; the desire
of participants in innovation to beauty and aesthetics in creating new products and
technologies.

The most general critical challenges of transformation of the
infocommunication nature of management of modern production systems are
revealed:

1) active use of smart grids and control systems;

2) the formation of a new technological structure in the global system of
economic relations;

3) creation of new methods and technologies of organization of economic
systems; development and widespread use of artificial intelligence;

4) digitalization of production, which leads to the blurring of boundaries
between Bio, Social & digital reality.

The key competence of managers in the network production system is the
ability to organize the mass creativity of interested, neutral and disinterested people,
purposeful mental activity which forms the intellect of society..

Creation of innovative digital production models. New (innovative) digital
technologies (artificial intelligence, the Internet of Things, big data, robots, etc.)
undermine traditional approaches to the automation of production and business.
Being at the forefront of this wave of digital innovation is important for business.
This is the key to the competitiveness of the digital economy. The development of
production systems is aimed at replacing human intelligence with machine control
tools based on the use of digital management tools and active involvement in the
network management structure of artificial intelligence capabilities [7].

Setting up and constantly restructuring the production system are complex and
time-consuming processes. The integrated engineering platform supports the
production of engineers in this process and significantly reduces production. The
engineering platform: from the 3D product model to the final production concept.

Digital duplicates of equipment and processes (reference models). Thus,
industrial production and operation generate a large number of variables, so it
becomes clear the huge need for an intelligent system capable of making decisions
taking into account all these factors and on the basis of fuzzy parameters.
Technologies such as systems modeling based on physical processes and machine
learning should be combined to create digital duplicates.

Combinatorial processes optimize production planning and workflow in the
steel and aluminum industries. The advantage of this procedure is to eliminate
competing goals in terms of comprehensive strategies tailored to the specifications of
a particular enterprise (For example, maximum use of production capacity while
meeting delivery deadlines).

Ensuring the innovative nature of mechanical engineering development.
Innovative activity at different levels leads to a sharp increase in the intensification
and speed of interaction between its participants, as well as to the creation of relevant
at a certain time for consumers products and services of the required quality and
guantity, exceeding customer expectations by using artificial intelligence.



This opens new horizons for innovative development of products,
technologies, models of production organization, models of operation and
consumption. There is great potential for their use in mechanical engineering, such as
in "smart industries”. These include the rapid development of technologies such as
smart grids and control systems, the formation of new technological systems, additive
production technologies using the potential of artificial intelligence. Today,
technological advances in automation abound in areas related to physical equipment
and robotics to artificial intelligence and software. The role of artificial intelligence
systems in innovation in a plurality of subjects with heterogeneous systems for
determining the purpose and motives of behavior, inaccuracy and dynamism of their
goals and objectives is insufficiently studied.

The factors of efficiency of innovative activity at different stages of its
organization in production systems in the digital economy include the following [8]:

- a high level of mental activity of people engaged in creative search, usually to
meet the personal need to find new solutions, rather than for commercialization;

- active involvement of the collective mind in the field of generation and
implementation of innovations, including through the collection and analysis of big
data;

- accelerating the scale of changes in the production activities of enterprises
through setivization of production processes, the formation of a system of training
and manifestation of innovators from among the subjects in the network with
leadership qualities, ready to decisively change production systems to qualitatively
change production parameters, resulting in professional resentment individuals as a
factor of innovative activity of the company;

- the use of open flexible models of innovation management in network
production systems aimed at developing the participants of the network skills of
active communication, including in a cross-cultural environment;

- development of the non-profit sector, which creates a socially favorable
climate for the development of innovation both within the network production system
and offline;

- rapid development of technologies based on the use of artificial intelligence
in network production systems; application of health-preserving technologies in the
system of labor organization and creation of conditions for development of human
capital of network production systems on the basis of lifelong learning;

- formation of participants in the network of emotions associated with certain
innovations, and management of these emotions; the desire of participants in
innovation in the network to beauty and aesthetics in creating new products and
technologies.

Al functions in new production systems. Any modern enterprise produces
more and more data, and most of them have different criteria for storage and filtering.
A person can no longer cope - moreover, there are moments that can not predict even
an experienced specialist, and it is critical errors in the "bottlenecks™ are the most
expensive.

Modern businesses focus on an integrated approach. The use of statistical
methods in production and at the stage of operation is a dead end branch of



development. The symbiosis of machine learning algorithms and numerical
simulation is a completely conditioned solution. Yes, there are risks, but they can be
offset by strong industry expertise and best-in-class technology. The system only
makes recommendations - the decision is still left to the person [9,10,11].

The main functions of production systems, in particular - machine-building, are
aimed at solving the following tasks:

- forecasting of critical malfunctions, prevention of sudden failure of the
equipment, maintenance of a condition, forecasting of a resource of the equipment.
Work in hard-to-reach places, in harmful chemical production, work in conditions of
permafrost or high radiation.

-diagnostics of equipment during operation. This requires the analysis of a
large amount of data to obtain information from systematically collected information.
But the industry often lacks the information received from real objects, so the
database needs to be supplemented with the results of field and virtual experiments,
using engineering analysis based on numerical simulations, conducting regular
calibration to improve the quality of the forecast.

-optimization of operating modes of equipment and technological processes
From the correctly selected modes of operation of the product depends on the
reduction of unscheduled downtime and increase the service life of equipment and, as
a consequence, improve product quality and reduce costs of the enterprise as a whole.
The operator can be assisted by a system that selects the most optimal scenarios of
technological processes and predicts deviations in the operation of equipment based
on statistical models and engineering analysis.

-maintenance: predictive maintenance and repair. The transition to
maintenance allows to increase the service life of the equipment and its maintenance
period, as well as to detect defects due to the data supplied in real time. Information
on the current state of components and units and the forecast of the residual resource
gives the chance to form recommendations on service and repair of the equipment, to
provide timely delivery of spare parts.

-defect recognition: computer vision. Machine vision as a set of technologies
that allows computers not just to process images as an array of data, but to perceive
and interpret them in a human-like way.

-continuous production For example, in the smelting of steel it is necessary to
accumulate history to predict the initial characteristics of the current conditions of
smelting. Or with the help of machine learning to determine the initial composition of
the alloy and the melting parameters to achieve a given quality. This will reduce the
cost of raw materials, optimize the composition of the elements, predict the quality of
the original product, optimally manage the smelting process. It should be understood
that there can be no two identical steel melts.

-task of machine learning - to analyze a huge number of parameters to optimize
the composition and number of input elements and operating parameters to obtain
quality in accordance with the technical requirements using neural networks.

-flexible energy management to increase energy efficiency Machine learning
technologies can reduce the operating time of equipment in high-intensity mode,
reduce excess inventory, timely predict equipment wear and residual life, reduce



waste, and reduce energy consumption by taking into account the state of the
environment.

-predicting equipment failures and its preventive maintenance, optimizing
supply planning, production processes and financial decisions.

Development of network nature of production. The emergence of network
production systems is associated with a qualitative change in production and
economic relations based on the transformation of ideas that production is a set and
concentration of production capacity of the company and its staff located in certain
areas, in the idea that the site and effective functioning can be an information space
on the Internet, which is able to connect separate and independent entities that have
objects and / or means of labor owned or otherwise, and also have the necessary
competencies to perform specific production tasks on a temporary basis. basis.

A characteristic feature of modern network production systems is the formation
of customer expectations through the extensive use of artificial intelligence in terms
of properties and functionality of products, models of product consumption.

Network production systems, as a rule, have a significant margin to increase
the intensity of the flow of applications, which is provided by the widespread use of
information technology, as well as the capabilities of artificial intelligence.

A feature of the network production system is openness and relatively high
flexibility, which are provided mainly through the use of digital technologies for the
organization of production processes in the main, auxiliary and service industries.
This property allows the network production system in the mode of semi-automatic
control to create relevant at a certain time for consumers products and services of the
required quality and in the required quantity, exceeding customer expectations,
through the use of artificial intelligence.

Access to new segments involves the transformation of a set of production
systems into a network production system through the introduction of innovations
based on the use of digital technologies such as artificial intelligence, intelligent
transport systems, Big Data, photonics, crystal systems, Internet of Things, cloud
technology, telematics, design digital factories, network-centric system, etc.

The development and widespread use of artificial intelligence in production
processes, changes the usual idea of human functions. Refusal to concentrate "jobs"
in office buildings or production shops leads to the fact that intellectual and material
production will move into the living space of houses and apartments of workers.
Decentralization will also affect electricity generation, the generation and
redistribution of which will also be controlled by Artificial Intelligence.

Changing the nature of work and skill levels of workers in terms of
artificial intelligence. Changing the nature of work in production systems using
artificial intelligence will affect all employees of all skill levels. There will be less
routine and repetitive work based on rule-based activities, as this can be automated
for many professions and industries. This, in turn, will mean that many employees
may need to acquire new skills. The workplace will become permanent more the
place of interaction of people and technology productive. The bulk of most human
work will involve working with artificial intelligence, robotics, and other
technologies. Automation will affect more than the various workflows: processes and



procedures are also likely to need to be adapted. This in turn will have profound
implications for the workplace structure and organization. For the technicians
themselves, automation can change the workplace and their roles.

The analysis shows that all employees have the potential at all skill levels,
which is at least partially influenced by automation based on currently demonstrated
technologies.

There are factors that indicate that this time is different. There is an inflection
point between the first machine age, based on the automation of physical tasks
through mechanization, and the second machine age, based on the automation of
cognitive tasks using digital technologies.

Many factors affect the pace and scale of automation implementation, such as
engineering to solve specific problems, especially non-technical management of
organizational change, the dynamics of regulation and acceptance around the
implementation of technology.

Automation should not destroy jobs as a result of the latest technological
advances, including robotics, artificial intelligence (Al) and machine learning.
Automation now has the potential to change everyone's daily work.

CONCLUSIONS.

Intelligent manufacturing systems, which are based on the full use of
embedded computer models, have led to the emergence of cyber-physical systems
(CFS) capable of combining the real and virtual worlds. KFS now provides such
intellectual spheres of production as autonomous works, augmented reality, expanded
production, vertical and horizontal integration,

Given the available intellectual potential, in the near future Ukraine may
become a regional leader in these areas, providing comprehensive and high-tech
engineering services, primarily in the following areas:

-programming in the field of industrial high technologies / creation of new
software products, including new technologies of Industry 4.0;

-design (electrical, mechanical, electronic, technological, construction, etc.);

-industrial automation, computerization and intellectualization (including
commissioning of industrial sites);

-development and production of complex, small-scale or unique products.

For the domestic market, Industry 4.0, filled with artificial intelligence
solutions, should be a catalyst for the growth of industry as well as the defense
industry. At the same time, a huge challenge is the involvement of IT companies,
science and universities in the digital transformation of Ukrainian industry and
energy. Against the background of labor shortages, this may also mean an increase in
demand for automation.

Implementation of the principles of intersectoral integration of artificial
intelligence systems in various scientific fields, from natural and exact sciences, to
the humanities.
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APPLICATION NEURAL NETWORK MODELLING.

The advantages of using neural-like elements for the design of computing systems lie in the
main paradigm for constructing neural networks - “all neural-like elements are connected to all”.
Differences in the interpretation of this paradigm are presented in the form of various known types
of neural network architectures. As part of the development of the direction of application of neural
network technologies, methodological approaches have been developed and the problems of
optimal design of technological processes and their management have been solved.

Ilepesazu sukopucmants HetiponoOiOHUX efleMeHmi6 Olisi KOHCMPYIOBAHHA 0OUUCTIOBANbHUX
cucmem NoOA2AIOMb y OCHOBHIL NaApaouemi noby00su HeupOHHUX Mepedc — «YCi Heuponooioui
eleMenmu no8's3ami 3 ycimay. Biominnocmi y mpaxmyeanni yiei napaouemu npedcmasisitomovcs siK
PI3HUX Gl0oMUX 6U0di6 apXimeKkmyp HeUpoHHUX mepedc. B pozsumxy nanpsamy 3zacmocyeanus
Helpomepedcesux MexHON02I, POo3POOIeHO MemOoOudHi NioXo0u ma GUPIUEHO 3a80aHHS
ONMUMANLHO20 NPOEKMYBAHHA MEXHOLO2IYHUX NPOYecie ma YNpaeiinH HUMU.

The use of neural network technologies in scientific research and for
production purposes has long become a fairly common phenomenon. Being an easily
adaptable tool that allows you to model objects with sufficient accuracy for practice
based on their responses received either in the course of an experiment or in real
conditions for purely pragmatic purposes, it finds both supporters and opponents. The
main advantages of using neural-like elements for designing computer systems lie in
the main paradigm for constructing neural networks - “all neural-like elements are
connected to all”. Differences in the interpretation of this paradigm are presented in
the form of various known types of neural network architectures. In this regard, it can
be noted that the most complete, in our opinion, is the creation of neural networks -
"homeostats”, in fact reflecting the method of group consideration of arguments
(MGHA), which has received wide recognition both in Ukraine and abroad. The use
of such "neural network homeostats" made it possible to solve a number of problems
such as:

- management of the efficiency of using the fixed assets of enterprises;

-forming the personal qualities of students of a mechanical engineering
university;

-structural optimization of technological processes;

-increasing the accuracy of processing on metal-cutting machines by modeling
the indicators of the rigidity of their working area, etc.

The solution of many practical problems on a neural network basis is quite
correctly achieved with the use of widespread tools, among which the well-known
neural network package NeuroPro-0.25 should be especially noted. Possessing a
transparent ideology, flexible configuration, ease of use and the ability to interpret the
results, this package can justifiably be widely used in scientific research. In
combination with traditional means of checking the adequacy of the created models,



such an approach can be recommended as a kind of standard, but provided that the
homogeneity of the data used is ensured, as well as the correct combination of the
error levels of the training and test sets. The disadvantages of this package include the
use of dbf - the source data format and the lack of a graphical interface for
interpreting the results. However, the ease of use and optimization functions in
relation to the network architecture make this package preferable for solving most of
the applied problems related to the class of "learning with a teacher”. In this regard,
as part of the development of the direction of application of neural network
technologies, methodological approaches have been developed and the problems of
optimal design of technological processes and their management have been solved
for:

- technological operations of turning with cutters on an elastic foundation;

- technological operations of electric pulse turning;

- technological operations of magnetic abrasive electric pulse grinding with
cladding with conductive materials;

- reducing residual stresses and increasing the microhardness of the working
surfaces of machine parts during their resonance treatment with the use of
surfactants;

- technological operations of electron-ion implantation in corona discharge;

- control of the accuracy of processing products according to the reference
model of the rigidity of the working area of the metal-cutting machine;

- structural optimization of technological processes using weakly formalized
criteria;

Most of the problems of optimal clustering related to the class "unsupervised
learning" are successfully solved using packages of the Data Mining class. The well-
known Kohonen maps allow solving problems based on the use of such complex-
informative features as the frequency spectrum of natural vibrations of products. The
use of the indicated features for clustering objects according to a set of known and
unknown characteristics allows setting and solving the problems of not only
clustering, but also the problem of ensuring the quality of the object. These are, in
particular, such tasks as:

- assessment of the conformity of the parameters of objects to the required
(specified) tolerance field;

- determination of the absolute values of the quality parameters of objects
within the specified tolerance fields;

- creation of algorithms for the behavior of objects in a poorly defined
environment;

- assessment of the quality of products for a variety of qualitative and
guantitative features.

The evolution of the paradigm of an artificial neural-like element suggests that
further work in this direction should be carried out in the direction of creating self-
developing computational structures in n-dimensional space based on cellular
automata. In this regard, it is necessary to answer the following questions:

- what should be the rules of cellular automata;

- how the multidimensional space of cellular automata should be represented,;



- how to provide endless possibilities for the evolution of cellular automata on
a finite cellular field;

- how the models should be tested on such sets of cellular automata;

- what is the efficiency of solving practical problems on the proposed
computational basis.

We are carrying out research that makes it possible to answer these questions
and have already obtained certain results that allow us to outline a number of
promising scientific directions, some of which are represented by the following list:

- scientific support for the further development of systems and means of
artificial intelligence for the creation of expert and control systems of a new
generation;

- scientific support for the design and creation of self-developing evolutionary
algorithms;

- physical modeling of artificial intelligence systems;

- study of the possibilities of implementing quantum mathematics based on
nanostructured modeling systems;

- scientific support for increasing the efficiency of system and information
tools for the development of regional infrastructures;

- scientific support for intelligent modeling of development processes and
overcoming emergency social, environmental, industrial and economic situations;

- creation of a complex of systems for intelligent control of the production
process of mechanical engineering;

- creation of a complex of systems for intelligent control of technological
preparation of production;

- creation of a complex of systems for intelligent control of technological
energy-saving processes.

Thus, at present, not only is it impossible to consider neural network modeling
as a fully developed scientific direction, but it is necessary to continue to expand the
range of scientific research and practical application of the results obtained.
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APPLICATION OF NEURAL NETWORK MODELING TO RESEARCH
INNOVATIVE TECHNOLOGIES

In article he results of researches in different aspects of surface treatment are submitted.
New type of the process of stabilization of residual pressure is considered. Also new ways of
hardening of details are investigated and compared. The problem of new tools and the question of
its more effective using are considered. The way of neuron net modeling for data processing was
used for in all experiments.

Y cmammi npedcmasneni pezyromamu 0ocniodcensb pisHUX ACNeKmMie 00pOOKU NOBEPXHI.
Poszenanymo nosuti mun npoyecy cmabinizayii 3a1umuko8020 mucky. Takoac 00cnioxHcyromscs ma
NOPIGHIOIOMbCSL  HOBI  cnocoou  3miyHenHsi Oemaneu. Poszenadaecmvcs  npobrema HO8020
IHCmpyMmenmapiro ma numanHs Oib eexmuerHo2o 1020 GUKOPUCMAHHA. Y 6CIX eKCnepumMeHmax
BUKOPUCMOBYBABCS CNOCIO MOOENIOBANHS HEUPOHHOI Mepedci /i1 00pOOKU OaHUX.

One of the factors influencing on quality of machine-building production is
technological residual pressure which often makes defining impact on operational
properties of details of cars and demands on technological management. Thermal
processing as the basic method of removal of residual pressure is a power-intensive
technological process that demands big floor spaces and, besides, is not harmless
process [1]. The specified lacks it is deprived such method of removal of residual
pressure, as drawing on the processed surface of a detail of surface-active substances.

In the conditions of market economy the further development of mechanical
engineering is impossible without economy material, power and a manpower, an
economical expenditure of metal, fuel, the electric power. One of perspective
directions in economy material and power resources is creation of less power-
intensive technological processes at the expense of wide application of progressive
and perspective technologies of processing of metals. Also the question of choose of
tools is very difficult. Now, about 70 % of the metal-cutting tool make of a firm alloy
of various marks. Thus, it turns out, that to a waste there is a large quantity of a firm
alloy, and it basically consists of rare and expensive materials (carbides of tungsten,
the titan, etc.). Certainly, the worn out plates go to processing, but it is difficult
enough and expensive process.

Such substances which are adsorbed on an interface of phases are called as
surface-active (SAS) and reduce superfluous superficial free energy. As a rule, have a
defile structure of molecules, that is contain of fragments of molecules possessing
with hydrophilous and waterproof properties [1].

It is known, that action of technological residual pressure is shown at various
stages of life cycle of a product: first, after machining process; secondly, in the
course of assemblage of details in a finished article; thirdly, while in service products,
or performance of the office appointment by it. A problem of the given researches
was to show, that at the first stage it is possible to apply to the problem decision



having fallen. Also it is possible to make an assumption about their application and at
the second stage.

The received experimental data have been analyzed with the help of neuron net
processing. For reception of mathematical models of dependence of resonant
frequencies from a kind of SAS, an arrow of a deflection of samples and time of its
influence the neural network in program NeuroPro has been created and trained, the
verbal description of mathematical models is received. graphic dependences of
network resonant frequencies on time of drawing of SAS on a surface of samples are
constructed and analyzed on the basis of the received models.

The primary goals and simultaneously problems of modern mechanical
engineering is wear resistance increase, and also reliability and durability, details of
machines. The most actual and effective along with traditionally applied technologies
are new or improved technologies [3]. To such new technological processes carry the
pulse technology capable repeatedly to raise labor productivity, efficiency of use of
resources, and also to decrease the material capacity and power consumption of
manufacture.

Essence of these methods is processing of surfaces by the concentrated streams
of energy which provide the raised intensity of technological influence on a material,
the powerful energy sources based on use. Pulse methods have caused genuine
interest of many researchers and experimenters and their researches are actual and till
today [2].

Now possibility of a combination special turning and electromechanical
burnishing, applying a roller instead of a cutter with a firm-alloyed plate, and using a
pulse current, allows to receive a version of electromechanical hardening (EMH) —
electromechanical rough turning (EMRT) with use of a pulse current [3].

The electropulse burnishing instead of roller burnishing at processing of
samples from the tempered steel has such advantage as high durability steel
characteristics that do not allow to deform substantially microroughness and to
strengthen a blanket during the rolling under the influence of the warmth allocated in
a point of contact of indenter with a detail, the secondary training raise the
microhardness of a surface, melting and deformation of microroughnesses. That leads
to formation of more wearproof surfaces [4].

Besides, at identical modes of EMP (electro mechanical processing) depth of
the strengthened layer above at smoothing by the tool with motionless. As numerous
experiences show the details strengthened by the tool with motionless fastening in
comparison with details, strengthened by the rotating tool, possess of more endurance
ability and wear resistance.

Traditionally for electropulse burnishing spherical indenter is used, rigidly
fixed roller tool or plates from a firm alloy [5]. The plate and a roller can settle down
in— vertical, horizontal planes, and sometimes and under some— corner to a detail
axis, as in our case. A holder with vertical fastening of a plate it is convenient to
apply at EMP step shaft; such design of holder allows to use some times a contact
surface of a plate, from time to time displacing it concerning an axis of the centers of
the machine tool. A holder with a roller plate will give the chance to turn periodically
a roller in process of deterioration of a contact surface and thus in tens times to



increase the general firmness of the tool. Spherical indenter allows to create high
efforts of stressing in a zone of contact to preparation for the account of the small
area of a stain of contact.

Self-propagating high-temperature synthesis (SHS) is a process of moving of a
wave of chemical reaction on a mix of reagents with formation of the firm end-
products, made for the purpose of synthesis of substances of materials. SHS
represents a mode of course strong exothermic reactions (burning reaction) in which
the thermal emission is localised in a layer and it is transferred from a layer to a layer
by a heat transfer. Self-propagating high-temperature synthesis allows to receive
refractory powders, refractory connections, powders of intermetallides, pottery and
coverings [6].

One of modern methods of increase of operational characteristics of details of
the machines, the cutting tool, and the foundry equipment is application of SHS-
coverings. This method allows to notice power-intensive chemistry-thermal
processing (cementation, nitrating etc.) on less power-intensive and not less effective
superficial hardening of machine tools. This way allows to increase operational
characteristics, such as durability, wear resistance, corrosion resistance [6].

The purpose of present research work is studying of the wearproof coverings
putting on by a method of SHS-reactions, and their influence on durable properties of
machine detail’s. The use of processing consisting of 2-3 stages depending on
appointment of a detail and demanded mechanical characteristics is offered in
modern machine-building [6]. Here are stages, which were investigated in the
present work:

1) covering copper. Copper coverings protect steel from corrosion only in the
event that they haven’t pores. Functional copper coverings are applied to protection
of a steel against cementation. Very good electro conductivity copper it is widely
used in the electrical engineer and electronics. If the big durability and rigidity is
required to put a copper layer is not necessary, if good antifriction qualities and
adsorption decrease are required, the copper layer is simply irreplaceable.

2) drawing of a covering by the SHS-reaction method. Powders of connections
of manganese and aluminium were used. Manganese is the major component of steel.
Its application as alloying element promotes increasing of the hardenability to the
steel that characterise depth of the tempered zone at thermal processing. Aluminium
provides rising of the heat resistance and corrosion firmness of a steel. Aluminium
possesses high heat conductivity, firmness to corrosion for the account of fast
formation of strong oxide films protecting a surface from the further interaction.
Aluminium introduction promotes formation of a protective film and reduction of the
sizes of grain.

3) burnishing. This method of electro physical processing provides not only
increasing of hardness of a blanket, but also improves quality of a surface of a detail.

The average hardness of samples increases in 1,5 — 2 times, the metal structure
Is fine-grained, the core is plastic, the quality of a surface is Ra = 1,25 — 0,7 microns.
Processing of a detail in diameter of 400-600 mm and 800-1000 mm is made length
less than 90 minutes.



For reception of similar characteristics it is necessary to perform operations of
thermal or chemistry-thermal processing with the subsequent processing of a detail
by cutting and an abrasive which as a whole last an order of 2000-2500 minutes.

Now, about 70 % of the metal-cutting tool make of a firm alloy of various
marks. The most part is nonresharpened replaceable many-sided plates (NRP). They
are used in practically all kinds of tools (cutters, mills, drills etc.). It is known, that
worn out of NRP, loses in volume (in comparison with not worn out plate), only 2-4
%, and practically all NRP are made entirely of a firm alloy. Thus, it turns out, that to
a waste there is a large quantity of a firm alloy, and it basically consists of rare and
expensive materials (carbides of tungsten, the titan, etc.). Certainly, the worn out
plates go to processing, but it is difficult and expensive process [9].

The sharp increase in the market of quantity of marks of tool materials has
complicated a problem of their choice in concrete industrial conditions. Errors in a
tool choice lead out to decrease the level of reliability of the cutting tool and the raise
of expense of expensive tool materials .

Identification of areas of rational application of each of offered plates or their
groups is complicated in the absence of the effective engineering tool generalising the
recommendations about rational application of marks of tool materials taking into
account the basic conditions of operation of the tool: marks of a processed material,
operation, a condition of a surface of preparation, modes of cutting, quality of a
received surface.

In presented work on a basis cluster the approach realised with the help of self-
optimizing cards of Kohonen, the area of rational use of new materials and designs of
firm-alloyed plates of cutting tools for turning processing that allows to reduce
quantity of the cutting material going for processing owing to a wrong choice of
plates and optimum modes of cutting is defined.

There had been made casual sample of 85 cutting plates with their basic
indicators (type, parameters and a plate material, depth of cutting and giving,
processing type) of the catalogue offered by firm-manufacturer on plates of turning
group [8].

By means of Kohonen’s cards giving to us real possibility of a visual
estimation of the importance of indicators (characteristics) of firms-manufacturers
resulted in catalogues, we represent multidimensional space of entrance factors in a
two-dimensional kind in which he is convenient enough for analyzing.

Practical value of the made work consists of research of possibilities of
application of surface-active substances or SHS-coverings, use of electropulse
processing with different tools in technological process of manufacture of details.
These methods are energysafety and more harmless in comparison with traditional
methods and will allow the receiving of positive economic benefit in machine-
building manufacture. With the help self-organised cards of Kohonen it is possible to
systematise characteristics of modern materials of cutting plates, and to use them as
the effective engineering tool generalising the recommendations about rational
application of cutting plates that allows to lower quantity of the cutting material
going for processing owing to a wrong choice of plates and modes of cutting.
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UDC 004.89

Lykhmanyuk J., Sinitsa T., Kovalevsky S. (Donbass State Engineering Academy,
Kramatorsk, Ukraine)

INTELLIGENT MANAGEMENT OF RECONFIGURED PRODUCTION.

It is shown that the creation of identification models of the working space of technological
machines for automated control systems involves updating the coordinates of the working area in
real time using cascading neural networks and deep computing algorithms. It is suggested to accept
the error of the recovered data as the target function. Identical models are used for reference model
control systems. The same models are used to achieve optimal control with target functions of
accuracy, quality, performance and cost.

Ilokasano, wo cmeopenns ioenmughikayiinux mooeneti poo04020 NPOCMOPY MEXHOIO02IUHUX
MawuH O A8MOMAMU30BAHUX CUCTEM KepYBAHHs nepeodaiac OHOBNEeHHs KOOPOUHAm poOoyoi
30HU 8 PeAHCUMI PeanbHO20 Yacy 3 GUKOPUCMAHHAM KACKAOHUX HEUPOHHUX MepedxC i alcopummie
2nUOOKUX 0OuUCeHb. 3a Yinbosy YHKYII0 3anpONnOHOBAHO NPULIHAMU NOMUIKY 8IOHOBIEHUX OAHUX.
l[oenmuyni mooeni suxopucmogyomvcs 0isi CUCIeM Kepy8anHs onopuumu mooeaamu. Lli soc moodeni
BUKOPUCMOBYIOMbCA Ol OOCACHEHHS ONMUMANbHO20 KOHMPOID 3 UYLIbOBUMU  (DYHKYIAMU
MOYHOCMI, AKOCMI, NPOOYKMUBHOCMI MA 8APMOCHII.

The prospect of creating competitive technological equipment must certainly
be accompanied by:

- structural optimization to ensure the constructive and technological flexibility
of technological equipment;

-Creation of a system of normalized actuators based on the minimum number
of energy conversions to expand technological working areas;

- creation of a system of normalized mechanisms for the rapid change of
technological tools to increase technological flexibility;

- creation of technological equipment for organizing the working space of
technological operations based on equipment with parallel kinematics;

- creation of identification models of static and dynamic characteristics of
executive links in working areas;

-Creation of a system of normalized quickly readjustable movable supports of
technological equipment;

- creation of control algorithms for accuracy, quality and efficiency of
production on equipment with parallel kinematics;

- creation of quickly readjustable reconfigurable sections of machine-building
production from normalized equipment units using mechanisms of a parallel
structure.

Such development of technological equipment and systems based on it makes
it possible to radically increase the efficiency of diversified production, including
repair production for various areas of economic activity. However, the use of such
equipment and its systems cannot but require intervention in the reliability indicators
of the applied technological processing and diagnostic tools. Therefore, it is justified
to use special processes for improving the processing properties of metal-cutting and
other technological tools based on various effects of power, electrical, magnetic,
wave, pulse, chemical, nanoscale nature and their combinations.

Based on such conclusions, we have developed and tested promising design
solutions in accordance with the Research Program of the Problem Laboratory of
Mobile Intelligent Technological Machines of the Institute for Artificial Intelligence
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Problems of the Academy of Sciences of Ukraine and the Donbass State Machine-
Building Academy of the Ministry of Education and Science of Ukraine.

With the aim of structural optimization to ensure the constructive and
technological flexibility of technological equipment, it is proposed to design
mechanisms with a structure with Euler cycles. Moreover, this applies to both simple
and complex structures of mechanisms designed for complex, multi-sided, multi-
operational processing or automated assembly or other robotic operations.

For actuators (moving links of mechanisms of a parallel structure), performing
precise movements with a large transfer ratio, the main characteristics should be high
travel speeds and a large braking torque. For this purpose, multiplicative mechanisms
of actuators based on linear drives have been developed.

The use of quick-change mechanisms for sets of technological tools and
technological equipment with controlled drives also implies a reduction in material
consumption with an increase in the level of control. At the same time, the overall
reduction in the energy component does not imply an inevitable decrease in the
specific energy consumption e for performing technological functions.

With a decrease in material consumption, the information component increases
in inverse proportion to the square of the material component for conditions of
constancy of the amount of expended energy. In fact, this implies a reduction in the
mass of technological tools and technological equipment, while increasing the
technological capabilities of the equipment.

The creation of identification models of the working space of technological
machines for automated control systems involves updating the coordinates of the
working area in real time. Therefore, the models are built using cascading neural
networks and deep computing algorithms. The error of the recovered data was taken
as the objective function. ldentity models are used for reference model control
systems. The same models are used to achieve optimal control with target functions
of accuracy, quality, productivity, and cost. As information sources, it is proposed to
use the amplitude-frequency characteristics of the natural oscillations of identification
objects. Since the natural spectra of operating equipment change when the equipment
configuration changes, identification must keep pace with such changes.

The principles of interconnection of the elements of technological systems
provide for the need to improve the quality of cutting tools, in particular, based on the
use of methods of high-voltage discharge processing of the working surfaces of tools.

The reconfigurable technological sections are a logical continuation of all the
presented transformations of the elements of the production system and create
conditions for their systemic application and the achievement of a synergistic effect.
Reconfiguration is achieved on the basis of the assembly of technological equipment
and technological equipment in the process of technological preparation of
production and at the end of the manufacture of products - dismantling of equipment
and equipment. Simulation shows an increase in the productivity of reconfigurable
sections up to 3-5 times.
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UDC 621.9
Siduk D., Lupa Yu. (Donbass State Engineering Academy, Kramatorsk, Ukraine)

ACOUSTIC DIAGNOSTICS OF ASSEMBLY QUALITY AND
PERFORMANCE OF PRODUCTS

The article presents the rationale for the use of acoustic methods to determine the quality of
assembly and the performance of products in a production environment, which is especially
important to ensure the quality of control hydraulics.

Y cmammi npeocmasneno o06IpyHmysanHs 3acmMOCY8aHHA AKYCMUYHUX Memooie 0.
BU3HAYEHHS AKOCMI CKIA0AHH Ma Npaye30amHocmi 8upoois y eUpoOOHUYUX YMOBAX, WO 0CODIUBO
8axcIUB0 015 3a0e3neueHts AKOCmi 2i0pasiiku, wo ynpaesse.

Industrial production of products from various materials is always
accompanied by a certain percentage of defects associated with various defects in
shape, hidden defects that appear during processing, as well as the unsuitability of
working surfaces for the normal functioning of finished products in the future [1].

With the development of science and technology, new, alternative methods for
determining the performance of a product, such as non-destructive testing, appear.
One of the representatives of this method is acoustic control. Of all types of non-
destructive testing, acoustic is the "richest™ in terms of the number of methods [2].

To solve the problem of improving the quality of control, the following tasks
are set:

1. Quality assurance of product assembly;

2. Development of test methods;

3. Implementation of the technique in experimental conditions;

4. Development and practical use of the received data in the conditions of
plant.

Experimental studies of the acoustic spectra of hydraulic products and
comparison with the level of their performance were performed for products that are
produced at the Machine-Building Plant.

The Machine-Building Plant produces products for mine racks and brackets, in
particular - a product (Fig. 1), consisting of: housing (1), plug (2), ring 006-010 (3),
washers (4), spool 5), supports (6), plugs (7), springs (8), filter (9), three rings (10),

(11), (12).

Figure 1 - The product is assembled.

59



The product, after assembly, is tested in accordance with the factory standard.
To do this, it is set to a pressure of 300 MPa and tested on a hydraulic stand.

If the product is suitable, it is installed in the unit, if not suitable, collectors
replace parts (Fig. 2). The most important elements are elements (1) and (3). In most
cases, these elements have a significant impact on the performance of the product.

1 2 3 4

Figure 2 - Parts included in the assembly unit of the product

If the manufacturing process of the part (1) is not followed, as well as the poor
quality of the part (3), the product ceases to perform its functions.

The build quality of a product can be determined using the acoustic spectra of
signals when the product is triggered. For this, with the help of piezoelectric sensors,
the "sound" of 10 good and 6 bad products was recorded.

Data preparation was carried out in Microsoft Access environment in dbf
format. Based on these data, a neural network was built in the NeuroPro 0.25
software package.

The resulting neural network has 1 input, 3 neurons and 1 displacement
potential of the last neuron (Fig. 3).

0.00261

Figure 3 - Diagram of a neural network

To test the network, the acoustic spectra of the products were taken, the
peculiarity of which was that, using standard tests, it was impossible to determine
whether they were suitable or not. After testing, the network gave an unambiguous
result out of 6 tested products, only one product (the second) is usable (Fig. 4)
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Figure 4 - The result of testing the neural network

CONCLUSION
Thus, the possibility of assessing the quality of assembled products and
guaranteeing the reliability of a low-cost diagnostic assessment of test results in
production conditions has been confirmed.
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UDC 004.896

Sinitsa T., Kovalevskyy S. (Donbass State Engineering Academy, Kramatorsk,
Ukraine)

INTELLECTUAL MANAGEMENT OF THE VIRTUAL ENVIRONMENT OF
TRAINING OF MODERN PROFESSIONALS

The publication shows that VR-simulation of any training that requires the diversion of
large human and material resources, the use of special equipment - is a good business case,
because this technology is applicable to practice skills in working with various objects and devices.

B nyb6nixayii nokazano, wo  VR-imimayisa OyOv-aKux mpenyeans, AKI 6UMa2aroms
BI0BONIKAHHA ~ BENUKUX JIHOOCLKUX [ MAmMepialbHux pecypcié, GUKOPUCMAHHA CHeYyianibHO20
001a0HaHHs, - ye Xopowull Oi3Hec-Kelc, OCKIIbKU mMaKa MmMexHOoN02is 3AcCmocoséHa O
BIONPAYIOBAHHS HABUHOK POOOMU 3 DISHUMU 00'€Kmamu i npuCmposamu.

Virtually all the world's leading companies use virtual reality technology in
their design and engineering centers. Thus, the development of virtual reality
systems, prototyping requires further study of the principles and possibilities of
interaction of CAD / CAM / CAE / PDM systems and virtual reality systems for their
application in the engineering industry [1].

In particular, the Volkswagen Cad Center / VIP Center Virtual Reality Virtual
Prototyping Center includes: a virtual reality projection system (3D visualization) of
various configurations (special glasses required for volume perception), a cad Center
with a flat or high screen or v-panel 6 high-definition screens in the form of a room
(CAVE class); graphics generator - a powerful specialized graphics station or
graphics (visualization) cluster that allows you to synchronously process and output
the necessary flow of visual 3D information. The equipment supports work with such
packages as: VIRTOOLS, CATIA, DMU, UGS Viz Mockup, PTC DVmockup; the
periphery of virtual reality systems includes a set of devices that enhance the degree
of interactivity - tracking systems, tactile feedback, etc. [1,2]

Also, advanced companies use simulation of physical interaction between
virtual machine parts and mechanisms. Thus virtual assembly allows to check up
degree of joining of details of products before the beginning of a stage of real
assembly. So highly efficient design of Boeing and Learjet aircraft, in which the
quality of assembly of the entire system is carried out in cyberspace. Virtual test
technologies allow to partially replace field tests with computer ones [1,3].

According to Ford Motor Company, only the replacement of field tests of real
cars with numerous experiments, the use of virtual reality technologies can
dramatically improve the quality of design, significantly reduce development time
and reduce the cost of the design process. The use of systems such as tracking in
systems for virtual prototyping makes it possible to test elements of human-machine
interaction, ergonomics, etc. even at the stage of digital layout [1].

Taking into account the above, the task is to develop a VR-application as a set
of virtual reality for training and coaching of their machine operators - CNC machine
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tool operators. On VR-simulators, machine operators will be able to complete
complex tasks without exposing themselves to danger, says a representative of the IT
company. The developer expects that the training complex will improve the quality of
staff training, as virtual reality technologies today make it possible to fully recreate
the environment in the digital space - both visual images and sensations, it provides
high efficiency in learning. When learning to work on virtual areas of CNC machines,
such solutions are indispensable in the context of safety, in particular, because they
avoid injuries.

The VR machine simulator is a set of a virtual reality helmet and is worn by
controllers. The software allows you to beat the work on the simulator with a CNC
rack.

When teaching students or improving the skills of the machine operator, the
process is as follows. The student wears a VR-helmet - and in front of him appears
the authorization window, where he enters his credentials using helmet controllers on
hand and a virtual keyboard, Then the user gets access to training programs that he
has to pass according to the program. It is possible both to pass the full training
program, and to work out separate elements of production process. The system sends
data on the time of training, the number and nature of errors made in this case to a
remote server. This will allow mentors to give personal advice to the student or staff
member and point out gaps in knowledge or weaknesses.

In the 3D virtual learning environment of the 1st basic level the operating
modes should be presented: "Virtual shop"”, "Machine”, "Maintenance”. In the
working mode "Virtual shop" it is possible to get acquainted in an interactive mode
with an environment of CNC machines, with clamping devices, means of
measurements. In the working mode "Machine" it is possible to disassemble the
machine completely and in the interactive mode to get acquainted with the principle
of work of separate knots of the machine. In the "Maintenance” mode, you can train
in the settings of the machine as on a real machine and get important for practical
knowledge in the field of CNC (CNC), including virtual collisions.

The main features of the virtual learning environment:

- acquaintance of the student with the workplace (workshop), characteristic for
work on CNC machines;

- acquaintance of the student with the situation and equipment of the shop in
3D;

- presentation of interactive training modules on production topics related to
CNC machines (clamped devices, measuring tools.);

- reproduction of close to reality processes and results of adjustment of CNC
machines;

- study of the device of a typical CNC lathe;

- learning the basics of working on a typical CNC lathe, including the study of
the maintenance process of the machine on the example of a virtual machine with a
control system.
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CONCLUSIONS

However, with all the obvious advantages of VR training, there are costs.
Despite the development of technology, virtual reality is still far from perfect,
completely simulate the real life situation and the circumstances in which it occurs,
VR can not. On the VR-simulator a person works out production moments and fear,
does not feel a real sense of danger. Therefore, it is difficult to predict how the
machine tool prepared on the VR simulator will work in a real stressful situation.
Obviously, consolidating the skills acquired during training on virtual reality
simulators in the real world is definitely needed.
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RATIONALE FOR APPLICATION OF NEURAL NETWORK MODELING
FOR ENVIRONMENTAL MONITORING

The authors aim to explain the connections between ecology, democracy, and leadership in
a green economy. The ecology and the economy could be of equal importance with the assistance
and guidance of a democratic eco leader. Ecological leadership builds on the knowledge of how to
recognize environmental opportunity costs of underutilized resources and achieve eco-friendly
innovation. Democracy is the basis of leadership because it is the only system that can win in the
process of changing modern organizations towards green development. The eco leader is the fuel of
the green economy development process.

Asmopu maromv Ha Memi NOACHUMU 38 30K MIJIC eKOJI02IEN0, 0eMOKPAmien ma ai0epcmeom
y 3enenitl ekoHomiyi. Exonociss ma exonomixa moxcyms mamu 00HAKOBE 3HAYEHHS 3a CNPUSHHA Ma
HACMAHOB8U 0eMOKPaAmuyHo2o exo-iidepa. Exonoziune nidepcmeo cnupaemuvcs Ha 3HAHHS MO20, 5K
PO3NiZHAMU eKON02IYHI ANbMEPHAMUBH] 8UMPAMU HA HeOOCMAMHbLO BUKOPUCMAHI pecypcu ma
00cseMuU eKoN02IYHO YUCMUX IHHO8ayill. /JeMoKpamis € OCHOBOI i0epcmed, OCKIIbKU ye €OUHA
cucmema, AKa Moxce nepemocmu 8 Npoyeci 3MiHU CYYACHUX Op2aHi3ayiu y HAnpsaMKy 3e1eH020
possumky. Exo-nioep € nanugom npoyecy po36umky 3ej1eHoi eKOHOMIKU.

1.INTRODUCTION

This paper aims to point out the strong bonds among ecology, democracy, and
leadership. In the first part, we will show that ecology and economy are not
inevitably on the opposite poles, as the Holland flower industry and the new
technologies for pollutant reduction cases can prove. In the next part, we will deal
with the greatest of all social experiments, democracy. It is the only system able to
cope with the challenges of the ecological environment. Finally, the last part has a
focus on the eco leader and his/her focal point.

2.ECOLOGICAL ENVIRONMENT IMPACT ON LEADERSHIP

Porter [1], the greatest expert for competition, showed in one of his works how
leadership effectively responds to dynamic changes of environment. Many people
have fixed opinion that economy and ecology are on opposite poles. On one hand,
here is a social advantage of a clean environment and, on the other, the costs of
private capital for preventing pollution and improving environment. This statistical
approach neglects the fact that companies constantly find innovative ways how to
adapt themselves to changes under pressures of competition, consumers and
legislation. These innovations lead to more productive use of inputs — from raw
materials to energy and labor force and the increased productivity makes companies
more competitive and more green [2]. These improvements in productivity reject
greater yield for companies than additional costs based on new regulations. The
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Holland flower industry was under great pressure of the public and State because of
land pollution caused by artificial fertilizers [1]. The producers, under the pressure,
ceased growing flowers on the land and started to grow flowers on water and stones -
and improved their productivity, competitiveness and share in world market. The
pollution, releasing toxic and waste maters into environment, should be considered as
uneconomical and ineffective use of resources. In this is a key of the story why the
Holland flower industry today is not an exception in the world economy but ever
more a rule. Also, the blame for uneconomical use of resources has been shifted to
direct consumers through prices. For many leaders this concept has opened new roads
towards the increase in productivity both through closed production technologies and
through substitution of materials. As leaders have made a deviation from the costs of
ecology, because of legal regulations, towards opportunity costs of ecology — the loss
of resources, loss in profitability, diminished value of products for consumers, the
ecology and economy have found themselves at the same level. The sustainable
economy of the 21st Century will be green economy [3].

In researches of 29 leading chemical plants [1], 181 new technologies for
pollutant reduction have been discovered. Only one of them has caused increase of
costs. Out of 70 activities on products, 68 has shown rise of productivity, 7% of them
at annual level. 48 activities have been carried out without capital, two thirds of the
remaining activities paid off within 6 months or in shorter time. In the mass of these
activities, 1 dollar of expenditure for preventing pollution has brought 3.49 dollars of
increased revenue. In 1990, the prohibition of the CFC because of ozone bought
about disturbing titles in newspapers on disappearance of refrigerator, but luckily the
companies dealt with innovations and not with reading black forecasts. The modern
industry is based on propane-isobutene. The results are: 10% greater power efficiency
and 5% lower final prices for consumers. What stand should the leaders and business
organization take in these industries? The authors message is the following:

. Direct and indirect impacts on environment are to be compared.

o It should be learnt how to recognize opportunity costs of insufficiently
used resources.

. Atmosphere in an organization stimulating innovative solutions
increasing production should be created.

o They should be proactive in defining new type of relationships with
regulation makers and ecologists.

We would like to add another one, the primary one [4]. They should, with the
assistance of leaders of changes, on a democratic basis, create a high-performance
organization. That type of leader named eco leader would be a champion of green
development.

3.DEMOCRACY AND LEADERSHIP

The democracy, the greatest of all social experiments, has not yet been rounded
up nor finalized either. The democracy is being transformed. And it supports
transformation. The democracy is related to people [4] and the rule how we live our
lives, how we behave at work, what principles and values we adhere to, what kind of
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authorities we have on local and higher levels, and what are our hopes for the future.
The democracy inspires the freedom, equality, individual values, justice, and
openness. The democracy is open and sensitive to changes. A democratic
organization is based on people who are free, intelligent and competent. The
democracy is not one man — one voice, everyone-does-what-he-pleases, chaos and
anarchy. It is highly organized, purposeful, accountable and disciplined.

The democracy is inevitable because it is the only system able to cope with the
requirements of the modern civilization changes, both in business and in political
sense [5]. In the past the business leaders were of opinion that the democracy was
beautiful but not efficient in the business world. Their attitude was the “democracy is
a good thing for good people, but they do not work for me”. The history has shown
that nations with democratic systems have had relatively richer and more stable
development than those with authoritative regimes that have been suffocating either
in blood or in poverty. The democracy has been the only one that has coped with the
requirements of the modern civilization changes, and it may be said that it is the only
one capable of adapting itself to changes in the future as well. The practice also
shows that growing number of business organizations are aware of efficiency of the
democracy, not only the newly founded ones but also those with a long tradition, and
they implement it successfully.

It is well known that most of the scientific institutions have always had a
democratic system of organization. In the atmosphere of equality, liberalism and
pluralism the forms stimulating new and more advanced ideas have been built. This is
necessary to be done in the green economy as well — particularly when a change is
omnipresent and when new creativity is needed. For these organizations the
democracy is not an idealistic concept but an everyday reality based on effectiveness.
The democracy is becoming a necessity whenever a social system strives for survival
under the conditions of chaotic changes. For the organization to subsist and survive, it
has to be prepared to everything and to be future-oriented, it has to develop products,
services and technologies irrelevant for the present, if they may be relevant for the
future.

The leader who is required to create a business environment of high-
performance is undoubtedly a democratic leader [6]. Democracy is the basis of
leadership because it is the only system that can cope with the demands of changes of
modern civilization. The success of sustainable economic reforms depends on a series
of small steps towards the establishment of high-performance with smaller
organizations, organizations on the basis of a new philosophy, functions and forms of
leadership, as well as the vision and values, change the strategy, structure and system
of the organization.

The ideal of an organization of the future is a model preparing an enterprise to
successfully face many complex problems and to respond to them in a manner which
would be of utmost benefit for it [7]. In such an organization the power is not on the
top but in leader's working teams. The power lies in the position, but the root of
power is in expert knowledge of the team members. Such teams and organizations
may not be managed in an autocratic manner.
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A new leader is certainly not an autocrat but a democrat. A democrat will
succeed to stimulate and motivate. A democrat will know how to use all potentials. A
democrat will allow the leader’s jobs to descend from the top level to the team level.
A democrat will strengthen teams and team work. Such approach is the right
approach that will contribute creating high performance organizations because such
organizations are a set of strengths of all teams and team members in them. It may
not be designed by a wish of any brilliant individual in the top position; it may be
designed only if a vision of all people in the organization is a common one. Thus, the
democracy lies in the core of high performance organization and a democratic leader
- the leader eliminating the worn-out hierarchical systems in management, is the right
type of leader for a high performance organization.

4.ECO LEADER

The best way to obtain an answer about an eco leader would be by doing
researches on leaders of effective companies [8]. Out of 1,435 companies from the
Fortune 500 in the period 1965-1995, by using the process of selection, it was found
that there were companies which had index of growth at least three times greater than
the New York Stock Exchange average, and they maintained it for at least 15 years.
Such companies are called great companies. They had to be good companies that had
rate of growth of shares at least 1.25 times greater than the Stock Exchange rate.
They had to be the companies already existing and not the newly established ones,
while their success should have not stemmed out of the economic branch success.
The final number of such companies was 11, with an average growth of 6.9 times
greater than the average growth of American economy. A dollar invested in these
companies in 1965 after 30 years was worth 471 dollars, while investing in general
markets would have rejected 56 dollars. In the paper they were compared with good
companies of similar size and age, in the same branch and with similar products and
services. Also, a group of unstable companies was introduced having some
similarities but which had a distinctive peak in growth and fell fast, with the cycle
that lasted less than 10 years. It is important to notice that with great companies the
criterion was to further maintain the growth of shares at the time of researches.

The greatest shock for researchers was that all 11 great companies had leaders
which were of the “same kind” [9]. The leaders leading great companies are called
the level 5 leader. Level 1 includes individual competency, level 2 the team work
skills, level 3 a competent manager, level 4 a traditional leader. Level 5 contains all
from the preceding levels along with an “extra dimension”: paradoxical mixture of
personal modesty and professional will. A level 5 leader directs his ego further from
himself setting as his higher goal the creation of a great company. This does not mean
that he is not ambitious, he is actually very ambitious, however, his ambitions are
directed towards the institutions and not towards his own self. An interesting dual
character of personality is reflected with them: modest, but willful, humble, but
fearless. They as a rule do not speak about themselves but about the organization.
The researches show that they as a rule come “out of home” contrary to the leaders of
the compared and vanished companies. The compared companies have engaged six

times more outsiders for the leadership position. Also, compared to them a level 5
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leader appoints his successor at quite early stage and trains him for a successor. They
will stoically and uncompromisingly do all that is necessary for the existence and
growth of their organization. They are fanatically infected with producing results.
When they speak about their success they say that they have been lucky. When they
speak about failures they blame only themselves. Level 4 leaders do the very
opposite, for their failures they blame bad luck, while they ascribe a success to their
credit. 1 would like to notice once again that level 5 leader is not an ideological
guideline, but an empirical fact.

Collins [10] has gathered a great base of level 5 leaders from all spheres of
society. He has concluded that in human population there are much more of such
leaders than of egocentric ones who are more represented in media. Our culture and
media like leaders who are greater-than-life, and those quiet, modest and effective
ones. The problem is not in shortage of the level five leaders. They are actually
everywhere around us. The dynamic changes expected in this century will condition
our attention towards them so that green economy and sustainable society could
successfully cope with changes, because they are the key to overcoming them
effectively. The task of society will be to identify, cultivate and develop them.

Effective eco leaders [11]:

o Define mission of an organization as a framework for performing
environmental activities.

o Create eco-friendly environment in which people are not only esteemed
but also encouraged to achieve their full potential, where everyone is treated equally.

o Shape corporate culture in order to replace conformity, obedience and
mechanical behavior with eco-friendliness, creativity, autonomous and continual
learning.

. Transform organizational forms from a rigid pyramid towards the fluid
circle, towards the developed network of autonomous units.

o Encourage innovating, experimenting and risk taking.

) Anticipate the future by reading the present.

. Make new bonds within organizations and new connections within
collaborating teams.

o Establish new alliances outside their organizations.

o Constantly study organizational forms of both their own organizations
and those advanced in ecologically sustainable environment.

. Identify environmentally hazardous links and replace them.
o Think globally rather than nationally or locally.
o Identify and respond to new and unforeseeable needs of collaborators.

o They are proactive, not reactive, and comfortable towards ambiguity and
uncertainty.
o For them eco-friendliness is not an option, but the focal point.

5.CONCLUSION
Very vivid connections among ecology, democracy, and leadership have built a
clear path toward an ecological leadership. The eco leaders are a basis for democratic
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development in modern green economy, in which the power is distributed and not
concentrated. It is crucial that he/she accepts the human nature as such and to respond
to it. A level 5 eco leader will succeed in responding to changes of this century. Eco
leader would be a champion of the green development and an engine of the green
economy. For them eco-friendliness is not an option, but the focal point of their
vision.
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Boasincbkmnit €.B., Koctiok C.O. (Xapkiecokuil HayioHanvHuil yHigepcumem
paodioenekmporiku, Xapkis, Yxpaina)

ABTOMATHYHO HAJJAIITOBAHUM JIHIMHUM BJIOK (ACLU) 151
IITYYHUX HEWPOHHUX MEPEX 3 IPSIMUM NOILIUPEHHAM
IH®OPMAIIIT

3anpononosano Hogy GyHkyilo akmueayii Ol BUKOPUCMAHHA 8 2TUOUHHUX
WMYYHUX HEUPOHHUX Mepedcax 3 NPAMUM NOWUPEHHAM IHpopmayii — agmomamuiro
nanawmosanutl ninitnui 6noxk (ACLU). ACLU noeonye nepesacu ninitinux 610Ki6
muny ReLU ma SiLU 3 moorciusicmio asmomamuunoco narawmysanms gopmu ma
amnuimyou 6 npoyeci HaguawHs. Haeuanma GuKkowyemvcia 3a  00ONOMO20I0
cmanoapmuoi.  npoyeodypu  360pOMHO20  NOWIUpeHHa  nomuiaku. IIpoeedeno
eKcnepumenmainvhe 0ocaioxcenus egpexmusnocmi zacmocysannss ACLU 6 wmyuniii
HeUpoHHIU Mepedxci Onsa Kiacughixayii mexcmosux paemenmis. Knouosi cnosa:
QyHKYis axmusayii, A8MOMAMU4HO HALAWMOBAHUU NIHIUHUL OJ0K, CUHANMUYHI
8acu, HeUpPOHHA Mepexrca 3 NPAMUM NOWUPEHHAM THDopmayii.

Proposed the new activation function for usage in feed-forward deep neural
networks — automatically configurable linear unit (ACLU). ACLU combines the
benefits of ReLU-like and SiLU-like units with the ability of automatic configuration
of the shape and amplitude during the training process. The training is performed
with the standard error back-propagation procedure. Performed and experimental
evaluation of the ACLU application effectiveness in the artificial neural network for
the text fragment classification. Keywords: activation function, automatically
configurable linear unit, synaptic weights, feed-forward neural network.

Beryn

3a ocraHHi aeciaTh pokiB, 3 2011 nmo 2021 poku, rmuOUHHI IITYYHI HEHPOHHI
mepexi (deep artificial neural networks, DNNS) 3aificHIIN CITpaBXHIO PEBOJIIOLIIO Y
chepi 006poOku nanux [1-2]. CuctemMu Ha OCHOBI IITYYHUX HEHPOHHUX MEPEXK
3aMIHWIM KJIACUYHI 3aCO0M MAIIMHHOTO NepeKiaay, po3Mi3HaBaHHA Ta Kiacugikaii
300paKeHb, a TaKOX HAOWParOTh MOMYyJSApPHOCTI y cdepli oOpoOku, aHamizy Ta
CTBOpEHHS mporpamHoro koay [3-8].

B 3asexxHOCT1 BiJ BUPIIIYBAHOI 3a/1a4l, BUKOPUCTOBYIOTHCSA IITYYHI HEWPOHHI
mepexi (LLIHM) pisHuX apXiTeKTyp, 110 CKJIAJAI0TLCS 3 PI3HUX 0a30BUX OJIOKIB Ta iX
3’e€/IHaHb. ExciepMeHTaaIbHO BU3ZHAUYCHO, 1110 301UIBIIIEHHS KUTBKOCTI HAJIAIITOBAHUX
napamMeTpiB A03Boise MmABUIIUMTH 31aTHICT, [IIHM 1o BuU3HAYeHHS NPHXOBAHUX
B3a€MO3B’SI3KIB MK JIaHUMH, CTBOPEHHSI CKJIAJHUX MOJEIeHl TOCHII)KYBaHOTO
o0’eKTa YW SBUIA, a TaKOX JIOCATAaTH pe3yJbTaTiB OOpOOKHM MaHUX, IO
MEepEeBEPIIYIOTh MOXIMBOCTI Jrojen-ekcneptiB  [9]. IIpoTuiekHOI CTOPOHOIO

30UTbLIEHHS! KUIBKOCTI HaJallITOBaHMUX MapaMeTpiB € ckiaaHocTi HaByaHHs [IIHM 3
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TaKAMHU ITapaMeTpaMHu, a came: npobiema 3aryxarodoro rpasmierta (the vanishing
gradient problem), naamipHa amanTariiisi 0 BXIJIHUX JaHUX TPEHYBaJIbHOI'O HAOOPY
(overfitting), a Takox WiABHINEHI BUMOTH JIO PECYpPCiB CHCTEM, IO BUKOHYIOThH
HaBuaHHs (training) Ta moriuauit BuBixa (inference) mus mux LHITHM.

TakuM YMHOM aKTyallbHOIO 3 mpobOsiema miaBuieHHs 3aatHocti ITHM no
BUBOJIY CKJIQJIHUX B3a€EMO3B’SI3KIB B JIaHMX O€3 EKCIIOHCHINAJIBHOTO ITiIBUIICHHS
KUIBKOCT1 HaJalllTOBAaHUX TMapameTpiB, 30UtbieHHs dacy HaByaHHsa [IIHM Ta
3pOCTaHHSI BUMOT [0 amapaTHUX pecypciB cUcTeMH. [l0 MOXIMBHX HampsSMKiB
JOCTIPKeHb 30KpeMa Hanexarb 3MiHa apxitektypu LIIHM, nomanHs HagmmMimkoBux
3Bs’3kiB (SKip-connections, redundant connections) [10] Ta 3amiHa akTHBaIlIHHUX
(GyHKIIHM Ha aganTuBHI QPYHKINT aKTHBAIIi] 3 HAJIATOBAaHUMU Tlapamerpamu [ 11-13].

Mertoto pobotu € po3poOka (yHKIIT akTHBallii, M0 374aTHA aBTOMAaTUYHO
agantyBatucs 10 3araipHoi apxitektypu [IIHHM, ocobnuBocTteil BUpiyBaHoi 3a1a4l
Ta BXIIHUX JaHUX Ui 3a0e3MeueHHs ONTUMAaJIbHUX PE3YNbTATIB PO3Ii3HABAHHS,
aHanizy Ta oOpoOKH BXIJHUX JaHuUX. HeoOXimHOw yMOBOK Juisi Takoi (QyHKLI €
YHIBEPCAJIBHICTh Ta 3/IaTHICTh 3aMIHUTH COOOI0 aKTWBaIiiiHI (YHKIII, 1O BXe
3acTOCOBYIOThCA Ipu mooyaoBi IIIHM 3 mpsmum nommmpenssM indopmarii (feed-
forward neural networks, FFNNS), 3okpema — ReLU [14] Ta SiLU [15].

1. ABTOMaTHYHO HAJIAIITOBAHMI JiHiliHUI 010K Yy ckiaaai Heiipony IITHM

bazosum Omnokom IIHM, y Tomy uucnai IIHM 3 npsmum mnomupeHHAM
iH(dopMallii, € MTy4HUH HEHUpPOH — OJIOK, IO CKJIAJAETHCA 3 MHOXKHHHM BXOJIIB,
KO)KHOMY 3 SIKHX BIJAIMOBIZa€ 3HAYCHHSI-MHOXHHUK (Baru, weights), ememenTtiB
ckiafgaHHs Ta (QyHKUII akTuBamii. Mojenp MTYYHOrO HEWPOHY MOKHA ONHCATH
HACTYITHOIO (POPMYII0IO:

§=1f(z)= f(b0+ iwizilz f[iwizi]z f(wT )

i=1 i=0

e Yy — BUXiOHWHA curHaia Hewipony, f — HeminiliHe meperBopeHHs (YHKIIIT
aKTUBAaIlli, N — KUIbKICTh BXIJHUX CHTHAIIB HeWpoHy, | € [1, n], Xi — ememeHr
BEKTOpa BXIJIHUX CHTHANIB, W; — €JIEMEHT BEKTOpa CHHANTHYHUX Bar (Synaptic
weights), mo Bignoimae i-My Bxoay Helpona, Wy Ta b — 3mimenns (bias), z —
BHYTPIIIIHIN CUTHAJ, 10 € apTYMEHTOM (YHKITIi aKTHUBAITII.

OgHUMH 3 MIHMPOKO BXXKMBAHUX TOMyJsipHUX ¢yHKIIN akTuBaiii € ReLU Ta
SiLU. ReLU BigHOCHTBCA 10 KJIacy KyCKOBO-TIHIMHMX (yHKIIH Ta peaizye
NIEPETBOPEHHS BUTIISILY:

z, z2>0
0, z<0

ReLU(z2) :{

Jie Z — BXIJTHUM curHall (QYHKIIT aKTHUBAIlii.
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Y mopiBHSHHI 3 aTbTEPHATHBHUMHU (PYHKITISIMH, TaKUMHU SK cirMa-(yHKIis
(sigmoid function), ReLU ne ctpaxkaae Bix mpoOjeMH 3aTyxalo4yoro rpajie€HTa, a
O0YMCIIEHHsSI 3HaYeHHs (QYHKUIi MOX€ OyTH peaii30BaHO 3a MIHIMaJbHY KUIBKICTh
OOYHCITIOBAJIFHUX OIepallii Ha KOMIT'IOTE€pax 3arajbHoro mpu3HaueHHs. OgHaK
ReLU ©e € rmagkor (QyHKIIIO, a 3HAYEHHS TPaji€eHTy ISl B €MHUX 3HAaYEHb
JIOPIBHIOE HYJIIO, 10 TPHU3BOJUTH JO «BIIMHUPAHHS» CETMEHTIB MEpPEeXl B MpoIeci
HaByaHHs ruOuHHux [TTHM.

SiLU e anprepHatuBoro ¢pynkmnii ReLU, mo peanizye nepeTBopeHHs BUTIISAY:

SiLU (2) = 25(2) = —>—,
1+e”*

7€ Z — BX1THAN cuTHAN (PYHKINT akTHBaIlii, S — cirma-QyHKITis.

SiLU wmae BaactuBOCTi Thaakol (yHKII, He cTpaxmae Bif MpodIeMu
3aTyXar4oro rpaji€Hra, a Takoxx noBroproe popmy ReLU Ha 3HaueHHsX, OIU3bKUX
10 oo, Ognak SiLU He Mae HanalITOBaHMX IIapaMETPIiB Ta HE 3/1aTHA 3MIHIOBATH
BJacHy (opMy Ta aMIDIITyIy B IpOIeCi HAaBUAHHS, IO 3MEHIIYE alPOKCUMYIOUY
3patHicTh IITHM.

s moenHanus nepear Gyskiii SILU 3 mepeBaramMu agantuBHUX (QYHKIIIH,
MU TIPOTMIOHYEMO aBTOMATUYHO HAJIAIITOBaHW JiHiMHUNA Oyiok (automatically
configurable linear unit, ACLU) -—akrtuBamiiiny QyHKIIIO 3a HaJIaTOBAHHUMHU
napamerpaMu (popMHU Ta aMILTITYIH BUTIISITY:

ACLU(2) = S (pz) = —

1+e™#*
ne Z — BXxigHud curHan ¢QyHKOii akTeBamii, S — cirma-QyHKIIA, p —
HajamrToBaHuii mapamerp dopmu GyHKIIT Ta ( — HATAMITOBAHUNA Mapamerp

aMILTITY/IH.

Bapro 3asznaumtn, mo ¢ynkmis ACLU 3patHa moBTOproBaTtH ¢dopMmy Ta
amIutiTyny iHmmx Qyskiid. 3okpema npu p=1, (=1 dynkuis ACLU npuitmae dhopmy
¢ynkmii SiLU, a 3a 3Hauenp p=too, (=1 — ¢ynkmii ReLU. Takum guHOM (QyHKITis
ACLU e yHiBepcanbHOIO Ta 31aTHa 3amianTy SiLU Tta ReLU y rmubuannx [ITHM.

bynosa neiipona IIIHM 3 aktuBamiiinoro ¢pynkuiero ACLU 300pakena Ha puc.
1.

ety

Xy O » Wy -
Pucynok 1 — llITy4nnii HelipoH 3 akTuBamiiHo0 QyHKiicro ACLU
73



2. EKcriepuMeHTaJIbHI pe3yJbTaTH

EdextuBnicTs 3actocyBanHs pynkuii ACLU B IIHM Oyno mocmimkeHo s
3ajadi KaTeropusailii TeKCToBHX ()parMeHTiB Ha HaObopi nanux IMDB Movie Review
Dataset (aclimdb) [16]. Bazosoto apxitekryporo [IIHM e GaratorrapoBa ogHoMipHa
sroptkosa [IIHM [17]. V mporeci omiHku 06a30Ba apXiTeKTypa, HOPSIOK iHiIiami3amii
Bar, BXIJAHI JaHl, ajJrOpuTM HaB4yaHHSA Ta 1HmWI napamerpu IITHM 3anumanucs
HE3MIHHHUMHM, 3MIHIOBAJIUCh TUIbKK aKTHBAIIMHI (QYHKIIII, 10 BUKOPHUCTOBYIOTHCS B
[ITHM, a Takox mOo4aTKOBI 3HAUEHHS MapameTpiB akThUBaliiHux ¢yHkuii aia HTHM
3 Bukopuctanasm ACLU.

Ha6ip panux acllmdb cknamaetsess 3 50 000 po3MiYeHHX TEKCTOBHX
¢parmMeHTiB — BIArykiB kopuctyBauiB ceppicy IMDB na mnomymspui dinbmu.
Koxnomy (parmeHTy BiANOBIA€ creniajibHEe MO3HAYEHHS — «1» ISl MO3UTHUBHUX
BiArykiB (Big 6 mo 10 «3ipouok») Ta «0» myisi HeraTuBHUX BIATYKIB (Bix 1 1m0 5
«31po40K»). PO3MoiIeHHs MK MHOKMHOIO TECTOBUX Ta TPEHYBAJIBHUX JaHUX: 1 110
1, mo 25000 ¢parmeHtiB Ha MHOXHHY. KITbKICTh MO3UTHBHUX Ta HETaTUBHHX
BIT'YKIB TE€X € 30aJ1TaHCOBaHOIO, BigHOIIEHH: 1 10 1.

[ITHM puist knacudikaiiii Cki1aiaeTbCs 3 HACTYITHUX IIAPIB:

- Imap BEKTOpHOro TmpenactaBicHHs ganmx  (embedding layer) 3

MaKCHUMAaJIbHOIO JIOBXKHHOIO TOCioBHOCTI 500 eI1eMEeHTIB Ta pO3MIPHICTIO
BeKTOpa 128 uncer;

- map BUIaAKOBOro BukitoueHHs (dropout layer) 3 Biporiguictio 50%;

- 2 1apy OAHOMIPHOT 3TOPTKHU 3 BIKHOM IIUPHUHOIO 7 €JIEMEHTIB Ta (QYHKIIIEIO

aKTHBAIIIT;

- 1map rodaabHOT BUOIpKU MakcuMaibHoro 3HaueHHs (global max pooling);

- TOBHO3B’SI3HMM mIap 3 128 BUXITHUMHU CUTHaJIaMH Ta ()YHKIIEIO aKTUBAIIIT;

- map BUIaAKOBOro BukitoueHHs (dropout layer) 3 Biporigaictio 50%;

- TOBHO3B’SI3HMM MIap 3 1 BUXITHUM CUTHAJIOM Ta cirMa-(QyHKIIIEIO aKTHUBAIlil.

HaBuanus BukOHaHO mpotsiroM 20 ernox 3 (yHKIiEr0 moMuiaku binary cross-
entropy ta ontumizatopom RMSprop [18] 3 kpokom 0.001. J{nst KoxHOTO 3 BapiaHTIB
MEpEexXl eKCHepuMeHT mpoBeneHo 20 pa3 s OTpUMaHHS CEpeHIX pe3yibTaTiB
TOYHOCTI KJacuikarii Ha TeCTOBOMY Ha0opi.

VY saxocTi (yHKINT aKTUBAIil JJIs1 BCIX IIApiB, OKPIM HAWOIMKYOr0 0 BUXOIY
mepexi, Bukopuctani ReLU ta ACLU 3 moyaTKkoBMMH 3HAY€HHSAMH IapameTpiB
p=1e9, (=1, mo BignoBigarore ReLU-noniOHii iHimiami3arii.

IMmiemenTarlis BUKOHaHa Ha ocHOBI periMBopky Tensorflow [19] Bepcii 2.7.0
y cepenoBuii 3 Python 3.8.2 ta CUDA-nipuckoproBadem NVIDIA GTX 1650 Max-
Q.

CepenHi pe3ynbTaTi 3Ha4€HHs (QYHKI[IT MOXUOKHU Ta TOYHOCTI Kiacudikarii Ha
TecToBoMy Habopi gaHux micis 20 enox HaBuanHg [IIHM nnst koxHOTO 3 BapiaHTIB
[ITHM naBeneni y Ta6m. 1.
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Taomuus 1

Pesynpratu HaB4anHs npotaroM 20 enox — MOoKa3HUKM QYHKIT MOXUOKH Ta TOYHOCTI

kJjacu(ikamii Ha TECTOBOMY HAa0Op1 JaHUX [ IITYYHUX Mepex Ha ocHoBl ReLU Ta
ACLU 3 pi3HuMu BapiaHTaMH iHIIIami3alii mapameTpis { Ta p

bazosa dynkiis Irimamnizamis {Ta p 3HadeHHs TOXUOKHU Tounicth knacudikaii, %
RelLU — 1,515 86,77
ACLU RelLU-moxiona 1,316 87,18

ExcnepuMeHTanbHi pe3yabTaTH NOKa3yloTh, 10 IITYYHA HEHPOHHA MepeXxa Ha
ocaoBi ACLU mnokasye y cepenapomy Ha 0.4% Kparny TOYHICTh Kiacudikarii Ta Ha
0,199 Hmwxye 3HaueHHs (PYHKIIT MTOMWIKK y TIOPIBHSIHHI 3 0a30BOI0 peaizallicro Ha
ocHoBl ReLU. [Topanpiie nokpaiiieHHs pe3ybTaTiB TOYHOCTI Kilacu(ikaiii MOKIUBE
32 YMOBH JJOJJaTKOBOI MONEPeHH0I OOPOOKH Ta OUMCTKM BXITHUX JAHUX BiJl IIyMY,
3MiHM 0a30Boi apxitekrypu LIIHM, BHUKOpHCTaHHS IHIIMX HOYaTKOBUX 3HAYEHb
napaMmeTpiB p Ta {, a TAaKOXX BBEJIEHHS CIELIaJI30BAHUX MPOLEAYpP 3BOPOTHOIO
MONIUPEHHS MOMUJIKY Ta HAAIITYBAHHS MTapaMeTPiB MEPEXKI.

BUCHOBKH

3anponoHOBAHO HOBY AaKTHUBAIIHY (QYHKIIIO SIK aJbTePHATHUBY (QYHKIISIM
Buny ReLU Ta SiLU — aBromMarnyHo HanmamroBanud miHiiaMA 0ok (ACLU).
3anponoHOBaHA aKTWBaIiiHAa (QYHKIS TOEIHYE CTIHKICTH J0  mpobieMu
3aTyXarw4oro rpajieHTa 3 aBTOMaTUYHUM HaJTAIITYBaHHAM (GOPMH Ta aMILIITY/IH, 110
MPU3BOAUTH 0 30UIBIIEHHS MapaMETPUYHOI EMHOCTI Ta alpOKCHUMYKOUOi 31aTHOCTI
[IIHM. 3asnaueno, mo ACLU 3aatna npuiimatu popmy ReLU Tta SiLU, a omxke
MO>KE 3aCTOCOBYBATHCS K 3aMiHa 3raJlaHuX (YHKLIA y MOIIMPEHUX apXiTEeKTypax
[THM.

ExcniepuMeHTanbHO BU3HAa4YeHO, 110 BukopuctaHHs ¢yHkuii ACLU 6e3 3minu
QITOPUTMY HABYAHHS, AapXITEKTYpH MEpEeXl Ta IHIIMX M[MapaMeTpiB JTO3BOJISE
MOKpaIUTH 3Ha4YeHHs (yHKIIT MOXMOKM Ta TOYHOCTI Kiacudikamii Ha 3amadi
TEKCTOBUX ()parMeHTiB.

Cepen HamnpsMKIiB MaOyTHBOT'O JTOCTIIPKEHHS JOIIIBHO BHJIIINTH BBEICHHS
CHeIiaai30BaHuX MPOIEyP 3BOPOTHOTO MOMUPEHHS MOMUIIKH, JOCIIIKCHHS BILTUBY
NOPSAKY 1HIMiami3auii mapaMeTpiB p Ta {, Ha MOKa3HUKH POOOTH MEpPEexi, a TaKOX
CTBOPEHHS YHIBEpCaJIbHOI ()YHKIIIT aKTUBAIlli, 110 3/J1aTHAa MOKPUTH TaKl J0JIaTKOBI
¢yHkIii, sk cirma-yHkiis Ta tanh.
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JOCJIKEHHS MOXKJNBOCTEM 3rOPTKOBUX HEMPOHHUX
MEPEK JJIAA PO3III3HABAHHSA I'PAOIYHUX OBPA3IB

Y cmammi posensdaemvca modcausicms 3acmocysanusa 3acodié wimyuHo2o iHmeneKmy,
30KpemMa HeupoOHHUX Mmepedc, Ol po3NnisHasaHus epagiunux obpasis. Ilpoananizoeano oouw i3
Ccnocobig po3nizHasanHsa zpa@iyHux 06pazie, a came BUKOPUCNAHHA MAWUHHO2O 30pY Yepe3
bioniomexy TensorFlow ma nasuanns 3a eubipkoro. [na peanizayii 3a3nauenoco nioxooy eubpana
suobipka, wo micmums 50000 xapmunok. [Ipoananizoeano YUHHUKU, WO BNIUBAIOMb HA KLIbKICMb
HeUpPOHI8 KOJNCHOI Mepedci. Busnauaemvcs MiHIMAIbHO HeO0OXiOHe Ons GUPIuleHHS 3a0ayi YUCIOo
Helponis. [[na mecmysanHs Mepesc UKOPUCOBYIOMbC MeCm 3 0eKIIbKOX KAPMUHOK.

The article considers the possibility of using artificial intelligence, in particular neural
networks, to recognize graphic images. One of the ways of recognizing graphic images is analyzed,
namely the use of machine vision through the TensorFlow library and sampling training. To
implement this approach, a sample containing 50,000 images was selected. Factors influencing the
number of neurons in each network are analyzed. The minimum number of neurons required to
solve the problem is determined. A multi-picture test is used to test networks.

3aBAaHHs TONIYKY 300pa)X€HHS 3a 3pa3KOM € YaCTUHOK OUIbII 3arajibHoi
3ajayl pos3mi3HaBaHHS o00pa3iB. [lpm HecucTeMaTnu3oBaHOMY 1 HEHAIPaBICHOMY
MOIIYKY «CXOXHUX» 00'€eKTIB 3 0e3nmiul 00'ekTiB, iX MOXHA TMepepaxoByBaTH
HECKIHYEHHO JIOBrO 1 HE NPHUUTH 10 3aBEpIICHHS 13 3aJaHoi0 MoBIpHICTIO. B
OKpeMHX BHMAJKaX O0'€KTH XapaKTEpU3yIOThCA TaKUMHU 1AeHTU(IKAIIHHUMUA
napamerpaMu (o3Hakamu), sK (Qopma, KoOJIp, TOJOXKEHHS, PYXJHUBICTh, 3a
BIIMIHHUMM pHcCaMH, iX KoMOiHamii 1 T. m. 3aJeXHOo BiJ 1UX (AKTOpiB 00'€KTH
kinacu@ikyroThcs. YacTto cTOiTh He Trio0anbHa 3afada  kiacudikaiii  Beix
HAaBKOJIMIIHIX OO0'€KTIB, a HEOOXITHICTh BHJIIJIWTH B BIJIE€O-IIOTOIll, IO HAAXOIAWTh,
00'€KTH TIEBHOT'O POTY.

Po6ota i3 300pakeHHsIMU — BaxkyiBa cepa 3acTOCyBaHHS TeXHOJOri Deep
Learning. I'moGansHO yci 300pa)keHHs 3 yCIX KaMmep CBITY CTaHOBIATH O10J110TEKY
HECTPYKTYPOBAaHUX JaHMX. 3aJisBIIM HEUPOMEpPEXKi, MaIlMHHE HaBYaHHSI Ta
IITYYHUH 1HTEICKT, Ii JIaHI CTPYKTYPYIOTh Ta BHKOPHUCTOBYIOTH IS BUKOHAHHS
pPI3HMX 3aJad: MOOYTOBHX, COIIAIbHUX, NpodeciiHMX Ta JAep)KaBHHUX, 30Kpema,
3a0e3rnedeHHs 0e3MneKu.

OCHOBOIO BCIX apXITEKTyp JUIsl BIIEOCTIOCTEPEKEHHS € aHalli3, NepIIoio (azoro
aKkoro Oyne posmizHaBaHHs 300paxkeHHs (00'ekta). [1oTIM mITydHMId 1HTENEKT 3a
JIOTIOMOT' 00 MAIIIMHHOTO HABYAaHHS PO3MI3HAE il Ta KIacU(IKye iX.

Metoro poOOTH € MOCHIDKEHHS TOYHOCTI POOOTH 3TOPTKOBOI HEUPOHHOI
Mepexi IIpu po3Ni3HaBaHHI rpadiyHuX 00pa3iB.

Jlnst cTBOpeHHsT HEHWpOHHOI Mepexi Oyne BUKopucTaHo Oi0mioTeky Keras.
Keras — Bigkputa 610;ioTeka, Hanmrcana MoBoro Python i 3a6e3meuye B3aemosito 3i
MTYYHUMH HEUPOHHUMH MepexaMu. BoHa € HanOymoBow Halx (GpeiiMBOpKOM

TensorFlow (o4i HEMPOHHOT MEpEKi).
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[[lo6 xmacudikyBatn 300pakeHHS 3a BIIMOBITHUMH KATETOPIsIMU, MU
30ynyemo mojenb CNN (3ropTkoBa HeiiponHa Mepeka). CNN Haiikpaiie miaxoIuTh
IUTsl Kacugikaiii 300paxeHs.

BapTto BuninuTH siBHI epeBarv 3ropTKOBO1 HEUPOHHOT MEpexi:

— OJMH 3 KpaluX aJirOPUTMIB pO3Mi3HaBaHHS Ta Kiacugikalii 300pakeHb;

— Yy TIOpIBHSAHHI 3 TPSIMOCIPSMOBAHOI HEUPOHHOK MeEpexerw (Tulmy
MEePCENTPOHY) — HabaraTo MEHINAa KiIbKICTh Bar, 0 HACTPOIOIOTHCS, OCKUIBKHA OTHE
AJIpO Bar BUKOPUCTOBYETHCA IIUIKOM JJIS BChOTO 300pa)KE€HHSI, 3aMICTh TOro, 1100
poOUTH 1711 KOXKHOTO TIKCENs BXIHOTO 300pa)KeHHS CBOi MEpPCOHANbHI Baro.i
koedimientu. Ile miamTOBXYye HEWpoMepeky IIpM HaBUYaHHI JI0 Yy3araJlbHEHHS
iH(dOopMallii, 10 JEMOHCTPYETHCSA, a HE MO MIKCEIbHOMY 3araM'siTOBYBaHHSI KOXKHOL
MOKA3aHOI KAPTUHKH B Mipia/iax BaroBUX KOe(IIi€HTIB, 5K 1€ pOOUTH MEPCENTPOH;

— 3py4HE pO3MapajeIioBaHHSI OOYHMCIIEHb, a OTXKE, MOXJIMBICTh peai3allii
IrOPUTMIB pOOOTH Ta HABYAHHS MEpEX1 Ha rpad1yHUX MPOILECOpax;

— BIJJHOCHA CTIHKICTh J0 TOBOPOTY Ta 3CYBY 300pa’KE€HHS, 10 PO3II3HAETHCS.

— HaBYaHHS 3a JIONMOMOIOK KIIACHYHOTO METOJy 3BOPOTHOIO IOUIUPEHHS
TIOMUJIKH.

[Tap CONV (map 3ropTku) MOMHOXYE 3HA4Y€HHsS (UIbTpa Ha BUXIJIHI
3HAQYCHHS TIKCENB 300pakeHHS (TMOeIeMEHTHE MHOXKEHHS), MICIS 4Yoro BCi I
MHOKEHHS MiJCyMOBYIOThCS. KOXHa yHiKanbHa MO3UIISA BBEACHOTO 300pa’KeHHs
BUpOOJsie yncio. Y poOOTI BUKOPHUCTOBYBaAJOCS 300pakeHHs 64x64 1 Tomy obcsr
nopiBHioBaB 4096. Ilpu 3acrocyBanHl QuibTpy 5x5 anga matpuii 64x64, 3ropTKoBe
300pakeHHs Oyne matu macuB 60x60. [Tpuknan 300pakeHo Ha puc. 1.

input neurons
ey first hidden layer
00000 e —tO
30000

00000

Pucynox 1 — 3ropranHs 300pa>keHHs.

Jns  momimy gaHumX 3 BHOIpKM Ha  HaBYaHHS Ta  TECTyBaHHA,
BukopuctoByBanocsa 80% 300paxenp nns HaBuyaHHs Ta 20% s TtectyBaHHs. Lle
TUTIOBUH MO 111 Takoro oocsry ganux (50000 kapTUHOK).

78



[Ticns mepeBipKu KITBKOCTI ICHYFOUMX KJIAciB 1 300pa)kKeHb y HaBUYaJLHOMY

HaOOp1 JUIS KOXKHOTO KJIacy, MOXXHa MOOY/yBaTH Jiarpamy po3MOJuUly KiaciB (puc.
2).
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Pucynok 2 — Jliarpama po3mnofisy KiaciB

Ha pucynky 3 npogaeMoHCTPO

BAHUI TIPOLIEC HABYAHHS HEHPOHHOT MEPEXKI. 7

Pucynox 3 — [Iporiec HaBYaHHS HEUPOHHOT MEpExKi

Sk MoxHa MOOAYUTH, MOJIETh HaBUajlacs MpOTAroM 25 emox 1 mocsria 93%
TOYHOCTI Ha TpeHyBaJIbHOMY HaOopi maHux. Ha puc. 4 moOynoBaHo rpadik, sSKUiA
MOKa3y€ TOYHICTh 1 BTPATH.
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Pucynok 4 — I'padix TouHOCTI Ta BTpAT.

BUCHOBKH

1. B pe3ynbrari BUKOHaHHS poOOTH Oyna moOyqoBaHa 3ropTKOBa HEHpOHHA
Mepexa JJIsl po3Mi3HaBaHHs rpadiaHUX 00pa3iB.
2. 3a pe3ynbTaTaMu HaBYaHHS HeHpoMepexi Oyna JOCATHyTa TOYHOCTI OLIbII

Hix 90%.
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KoBaneBcbkuii C.B., UepHokoa A.B., Koporuenko B.E. (Jonbacvka oeporcasna
MauwuHobyoiena akademisa, m. Kpamamopcok, Yrkpaina)

3ACTOCYBAHHSI HEMPOMEPEKHOT MOJIEJI J1JIS1 BAKOPUCTAHHS
MOKJIMBOCTEN 3MILIHEHHS IOBEPXOHb MAJIO-)KOPCTKHUX
JNETAJEN.

Ilpononyemovcs  euxopucmosygamu  Houll Mmemoo @QIHIWHOI 00pOOKU - 3MIYHIOIOYY
8IOPOOOPOOKY 8 ynpy2omy cepedosuyi, Wo 3aCHOBAHA HA 3MIYHEHHI MOHKO20 NOBEPXHEB020 Wap).
Lemani niooaromucs n03008#CHIM AOO NONEpeUHUM 38YKOBUM KOIUBAHHAM HeOOXIOHOI amnaimyou.
3enaoocysanusn mikponeposrnocmeti 8iooysacmocsi npu II1J] wacmunkamu poboyozo cepedosuya,
AKI 30IUCHIOIOMb KOIUBANbHUL PYX. 3aCcmMOCY8aHHSA Memoody 810pooOpoOKU 8 YNpy20My cepedosuuyi,
3aMiHIOE MepMOOOPOOKY 3a YMOBU OMPUMAHHS HEOOXIOHUX Napamempie NOGEPXHEB020 WADY.
Bucnoexu 3anpononosanu Ha niocmasvl HEUPOMEPEAHCHUX MOOEell.

It is proposed to use a new method of finishing - strengthening vibration treatment in an
elastic medium, based on the strengthening of a thin surface layer. The parts are subjected to
longitudinal or transverse sound vibrations of the required amplitude. Smoothing of
microroughnesses occurs at PPD by particles of the working environment which carry out
oscillatory movement. Application of the method of vibration treatment in an elastic medium,
replaces heat treatment provided that the required parameters of the surface layer. Conclusions are
proposed on the basis of neural network models.

JIOBroBIYHICTh MalllMH BU3HAYA€THCA B OCHOBHOMY SKICHUM CTaHOM POOOYHX
MOBEPXOHb JeTajiel, 1o ¢GopMyIOThCS Ha (IHINIHUX OIepalisaX TEeXHOJOTTIHUX
nporieciB. Hampuknaa, miaABUIIEHHS TBEPJAOCTI JAeTajeil MalluH 31HCHIOETHCS
PI3HUMH TEXHOJIOTIYHUMH METOJIaMH, ajieé BOHMU 3aHAATO CHEPrOEMHI, TPHBAJI,
KOHCTPYKII1 JJIs iX 3aCTOCYBaHHA 3aliMalOTh 3aHAJATO Oarato Micus B mexax. Tomy
BEJIbMHU aKTYyaJbHUM € BHpPILIEHHS 3aBJAaHHS PO3POOKM TEXHOJIOTIYHOI orepauii
BiOpariifHoi 0OpoOKM 13 3aCTOCYBaHHSM YIPYTroro CepefoBHUINA, sIKa MOXE
3a0e3neunT HEeoOXI1JHE MIJABUIIEHHS TBEPAOCTI pPOOOYMX IOBEPXOHb JeTaieu
MaIIuH.

TexHonoriyHe 3aCTOCYBaHHS 3BYKOBHUX Ta 1H(PPa3BYKOBUX KOJMBAHb JTOCUTh
ooMexene. OOCsT MOCHIKEHb, BUKOHAHUX Yy Taiy3i BiOpamiiftHOi 0310010BaIBHO-
3MIIHIOI0UO0T 00POOKH, 3HAYHO MOCTYMAETHCS BIAMOBIIHUM JOCIIDKCHHSIM Yy Tajy3i
BiOpoaOpa3uBHOI 0OPOOKH, 110 CTPUMYE HOro 3acTocyBaHHs[1].

Ax pizHOBUA TOBepxHeBoro miaactuyHoro nedopmysanus (III1[I) mupoke
MOIIMPEHHS OTpUMaIu BiOpaliiiHi MeToau OOpoOKHM neTajnei, Mo BiAPIZHAIOTHCS
BHCOKOIO e(eKTuBHICTIO. BiOpariiina ckiamoBa crpusie iHTeHCH(IKaIi pi3HUX
TEXHOJIOTIYHUX TIPOIIECIB, MIABUILYE PIBEHb MeXaHI3allli Ta aBTOMAaTH3allii.
[TigBuIIeHHST €)EKTUBHOCTI YIPOYHOI TEXHOJOT1I 311MCHIOETHCS LIJISXOM KEpyBaHHS
CTaHOM TOBEPXHEBOTO APy BUOOPOM ONTUMAIILHUX PEXKUMIB BIOpaIiitHOI 0OpOOKH.
TexHoNOriyHI MOXIJIMBOCTI BIOpaliiiHOi 00pOoOKHM poONATH 1i MNEepCIEeKTUBHUM
METOJIOM 3MIIHIOI0Y01 00poOKH[2].
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[IporoHy€eThCcsl BUKOPUCTOBYBAaTH HOBHWM MeTon (iHImHOI 00poOKM -
3MIIHIOIOUY BIOPOOOPOOKY B YIPYroMy CEpeAOBHII, 3aCHOBaHA Ha 3MII[HEHHI
TOHKOTO TOBEpXHEBOro mapy. [IpakTmuHO KOXXHA piguHa 3a0e3mnedye peTelbHY
00poOKy MOBEPXHI 1 MOXKE 3aCTOCOBYBATHUCS i (p1HIIIHOI 0OpOoOKHU nmerane. [erani
MIJJAI0TECA MO3J0BXHIM a00 TMONEePEeYHUM 3BYKOBUM KOJIMBAHHSIM HEOOX1THOI
amruniTyqu. TeopeTyHa MOJAENb TMPOIECY BHU3HAYAETHCS OMOPOM  PIAKOTO
CepeloBUINAa KOJUBAHHAM JI€Talll, 32 PaXxyHOK B1I0OPY IMITyJIbCYy PYXOMOTO Tijia
enemMeHTamu  ynpyroro cepenosuina. [IIIJ] Bu3HawaeThcs Ji€0  yOpyroro
cepenoBuia. Y mporeci oOpoOKHM Ha TOBEPXHIO JAeTajeil Jii€ BelHUKa KUIbKICTh
MIKpPOY/1apiB YaCTUHKaMHU poOOUYOro cepeAoBHILa. 3I1aKyBaHHS MIKPOHEPOBHOCTEN
BinOyBaeThcss mpu [II1J][ wactmHKamMu poOOUYOTO cepenoBuIa, SIKi 3AIMCHIOIOTH
KOJIMBAJIbHUM PYX.

CyTHICTh 3MIIHIOIOYOT BIOPOOOPOOKHM B yNPyroMy CEpeIOBUINI HACTYITHA:
JeTadb 3HAXOIUTHCS y B'S3K1HM PiAMHI 1 3A1HCHIOE TAPMOHINHI KOJIMBAHHS B YIIPYTOMY
CepelOBUIIIl, BIUVIMBAIOYM HA YACTUHKH CEPEIOBHUILA, MPUJIETIIl 10 MOBEPXHI, 3MYIIYy€
ix 3mificHIOBaTH BUMYyIIEHI konuBaHHS. CepenoBuilie MOOIU3Y TiNa KOJWUBAETHCS,
neopMy€eThCs, 1 B HbOMY BHHHUKAIOTHh MNpYXHI cuiu. [lig mpyXKHuUMH yoapaMu
pobouoro cepenoBuia MIOPCTKICTh MOBEPXHI JeTall IIACTHYHO JedOpMYETHCS,
3alOBHIOIOTHCSI 3allalMHA Ha TIIOBEPXHI, IO CHPHUSA€ MiABUIICHHIO TBEPAOCTI
noBepxHeBoro mapy [1].

Oco0nuBICTh METOAY TOJISITAE B TOMY, 110 pOO0YE CEPeIOBUIIIE JIETKO PHIMAaE
dbopmy Oyb-siKOi 00pPOOIIFOBAHOT TTOBEPXHI, 110 3a0e3Meuye BITHOCHY PIBHOMIPHICTh
00pOOKH 1 MOKJIMBICTh 3MILIHIOBATH JE€TAJIl CKJIaIHOI (POPMH.

Ha miacraBi BullleHaBeAEHUX TINMOTE3 1 MPHUIYIIEHL PO3pO0JIEHA METOIUKA
EKCIIEPUMEHTAIbHUX JIOCHTIDKEHb, fKa Tependavyac BHUSBUTH BIUIMB 3MIITHIOHOYOT
BIOpOOOpPOOKM B YNPyromMy CEpefoBHINI Ha TMIABUINEHHS TBEPIOCTI 1 3HUKEHHS
IIOPCTKOCTI JIeTajiell TUIY IJIACTHH.

OCHOBHI TEXHOJIOTIYHI TTapaMETPU METOIY Taki: podode cepenoBHUIle, YACTOTA
KOJIMBaHb, III0 BHU3HAYAa€ CHEPrif0 3ITKHEHHS aTOMIB po0OOYOro cepeaoBHINa 3
00pOOII0BAHOIO MOBEPXHEIO, TPUBATICTH MPOLECY OOPOOKH.

[TpuHIUI TOCTIHKEHD CXEMAaTHYHO MOXKHA OITUCATH Y BUTJIAI1 JBOX €TAIliB:

1) mnacTuHa wMaTepialy XapaKTepU3yeTbCS HASIBHICTIO BIJIACHOI YacCTOTH
KoJMBaHbTy;

2) IUTacTUHA 3aHYPIOETHCS B YIPYre CEPEIOBHIIE IEBHOTO 00CATY, MIiCs YOro
B1JI0yBa€ThCs IIpoiiec 0OpOOKHU:

- TIPY YaCTOTI BIACHUX KOJINBAHb;

- ipu yacToTi Ha 30% HUKYE BIACHUX KOJIUBAHb;

- ipu 4acToTl Ha 50% BHILIE BIIACHUX KOJIMBAHb IUIACTHHH.

3a pe3ynbTaTaMu €KCIIEPUMEHTY 3a JIOMOMOIOI0 MPOTPaMHOr0o 3a0e3TNeUeHHS
NeuroPro 0.25 6yna noOyaoBaHa MaTeMaTU4YHA MOJIEIb HA OCHOBI HEMPOMEPEKEBOTO
MO/JIETTIOBaHHS.

ExcnepumeHnTanbHi 1aHi, OTpUMaHi il 4ac Ii€i poOOTH, JO3BOIMIN BUSIBUTH
3QJIEKHICTh TBEPJOCTI Bl YaCTOTU 3BYKOBHX KOJIMBAaHb, a TaKOX 3aJIekKHICTh
HMIOPCTKOCTI TOBEPXHI1 BiJl YACTOTU 3BYKOBUX KOJIMBAHb.
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Pucynok 2 - 3anexHicTh TBEpAOCTI 3pa3KiB BiJ 4aCTOTH 3BYKOBUX KOJIMBAaHb
pu 00cs31 yrpyroro cepenoBuiaV=200 mi

1,80
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0,00
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Pucynoxk 3 — 3anexHiCTh NIOPCTKOCTI TTOBEPXHI 3pa3KiB BiJl YaCTOTH 3BYKOBUX
KOJIMBaHb IIpH 00cs131 yripyroro cepenoBuiaV=300 v

Ha ocHOBI BHCYHYTHMX TINOTE3, MNPUITYIIEHb 1 MNPOBEICHUX HOCIIIKCHbD,
MIPOMOHYETHCS 3ACTOCYBAHHS METOy BIOpOOOpOOKH 1eTani B yIpyroMy CEpeOBHIIL,
3aMIHIOIOUHA TEPMOOOPOOKY MTaHMM METOJIOM, 32 YMOBH OTPUMAaHHS HEOOXIIHHX
rapaMeTpiB MOBEPXHEBOTO IIaApYy.

Tepmiuna 00poOKa, Ik OCHOBHUN METOJ 3MIIHCHHS JIeTajiei, € CHEPrOEMHUM
TEXHOJIOTTYHUM MPOIIECOM, BHMAara€ BEIMKUX BUPOOHUYMX IUION] 1, KPIM TOroO, €
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HEEKOJIOTIYHUM TIPOIECOM. 3a3HAaueHUX HEMOMIKIB 1M030aBIEHUNA TaKWid METO.
3MII[HEHHS, SIK BIOpOOOpOOKa B yIIpyromMy CepelOBHIIIL.

3a paxyHOK BIPOBAHKCHHS HOBOT'O METOAY 3MIITHEHHS JeTajield MaIluH ITiCIIs
MeXaHIYHO1 00pOOKH JIOCATHYTO:

- BUKJIIOUYEHHS E€HEProBUTPAT MOPIBHSHO 3 TEPMIYHOIO OOpOOKOI0 JeTaiien
(Hemae HEOOXITHOCTI BHKOPHUCTOBYBAaTH TMi€dl IS TEPMIYHOI OOpOOKH, 110
noTpeOyIOTh BETUKUX CIIOKUBAHb CHEPTii);

- 3MEHIIICHHSI TPAHCTIOPTHUX BUTpAT MPHU BUTOTOBJICHHI JETAJICH MOPIBHIHO 3
TEPMIYHUM METOJIOM (HeMae HeoOX1THOCTI TPAHCIIOPTYBAaHHS JIeTalell y TepMIUYHUN
11€X, OCKUIBKHM BIOpOOOpOOKa B YIIPYyroMy CEpeIOBHII MPOBOJUTUCS 0€3MOCEPEAHBO
Ha JIJISHII MEXaHOOOPOOKH);

- CKOPOYEHHS TPYAOMICTKOCTI 1 4yacy orepanii 3MIIIHEHHS JIeTajll MOPIBHSIHO 3
TEPMIYHOI0 0OPOOKOIO.

BripoBaipkeHHS HOBOT TEXHOJIOTTYHOT onepartii Jj1s 3MIIHeHHS JAeTajeii MalluH
J03BOJINTh 3MEHIINUTHU TUIATY 32 BUPOOHUY1 Ta 000pOTHI (OHAM MIJMPUEMCTBA Yepe3
CKOpPOYEHHSI TPUBAJIOCTI IUKIYy BHUTOTOBJICHHSA JI€Talied, a TaKoX JI03BOJIUTH
MOJIIMIIIUTH OpTraHi3allil0 BUPOOHHUIITBA HA IMIAMPUEMCTBI, OCKUIBKH BIIPOBAKEHHS
HOBOi TEXHOJIOTIYHOI ormepaiii O0O0poOKH BHUKIIOYHTH 3aTPUMKH 3 TEPMIUHOIO
00pOOKOI0 B TIeUax 1 MOPYIICHHS PEKUMY pOOOTH 1EXIB.

BUCHOBKU

[TpoBeneH1 1oCiiKeHHS CyKaTh OCHOBOIO JJIsl CTBOPEHHS MPOCTOI 1 HaIIMHOT
KOHCTPYKLIl BIOpaliiiHOI yCTaHOBKM JJIA 3MIIHEHHS JeTajedl B YIOpPYromy
cepenopuilli. EKCiepuMeHT 103BOJIMB BUSABUTH MOKJIMBICTD MiJABUIIIEHHS TBEPOCTI 1
3HMKEHHS opcTkocTi Ha 10-15% npu BUKOpHUCTaHHI 3MILHIOIY0i BIOpOOOpOOKH B
ynpyromy cepenoBuili. [Ipu BUkoprcTaHH1 HAlOBHIOBAU1B, MTOKa3HUKH 3POCTAIOTh.

3anponoHoOBaHa TimoTe3a MOTpedye MOJANBIINX PO3POOOK, JOCTITKEHD, SKa
JI03BOJINTh OTPUMYBATH HEOOXITHI TapaMeTpu MOBEPXHEBOTO MIAPy, BUKIIOUUTH
MDKIIEXOBI TIEPEMIIICHHs JieTajied 1 BUKOPUCTAHHS CIICIiali30BaHOrO OO0JaHAHHS
JUTSL TIZIBUILIEHHSI SIKOCT1 ITOBEPXHEBOTO 1IApy JleTajel MallliH.

3aMiHIOIYH TEPMOOOPOOKY ITMM METOAOM, 3a YMOBU OTPUMAaHHS HEOOX1THUX
napaMmeTpiB MOBEPXHEBOrO IIapy, EKOHOMUTHCA JOCUTh OaraTo €Heprii 1 HopM yacy,
0COOJIMBO JIsl BETUKOra0apUTHUX JCTalel MalluH.

CIIMCOK IMOCHUJIAHb
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VJIK 519

Kpageus K.I., HleBuenko H.YO. (/Jonbacvka oepoicasna mawunobyoigna akaoemis,
Vipaina)

BUKOPUCTAHHS HEHPOMEPEXHUX TEXHOJIOI'TH JJ15
BU3HAYEHHSA HACTPOIO KOPUCTYBAYA MOBIVIBHOI'O
TEJIE®@OHY.

3anpononosana cmpyKmypHa cxema cucmemu po3nisHa8aHus eMoyill KOpucmyeayda 3a
IHOUBIOYAILHUMU XAPAKMEPUCMUKAMU 20J10CY MA PO32NAHYMI OCHOBHI emanu yici cucmemu. /{ns
PO3NI3HABANHS HASLBHOCMI NEGHOI eMOYyii 3a 2010COM KOPUCTYB8AYA MOOLILHO20 NPUCMPOIO
NPONOHYEMbCA GUKOPUCTNOBYBAMU HEUPOHHI MEPECI.

The flow diagram of the recognition system of user’s emotions is offered on individual
descriptions of voice and the basic stages of this system are considered. For recognition of
presence of certain emotion after voice of user of mobile device it is suggested to use neural
networks.

Emortii 3a3Bu4aii BU3HAYaIOTh TOBE/IIHKY JIFOJIMHU, BIITUBAIOTH HA PIIICHHS,
AK1 BoHa npuiiMae. Came TOMY BU3HAUYEHHS, a B IEIKUX BUIAJIKaX 1 MIATPUMKA
rapHOTO EMOIIITHOrO CTaHy KOPHCTyBada MOOUIBHOTO MPUCTPOIO MOXKE BiJlIrpaBaTu
BXJIMBY POJIb MPU BUKOPUCTAHHI JICIKUX J0JIaTKIB, @ OCOOJIMBO THIX, IO TIOB’I3aHI 3
KOMepIIi€ro. Y 3B'I3Ky 3 IIMM, aBTOMaTUYHA 1 00'€KTUBHA A1arHOCTUKA €MOIIIHOTO
CTaHy JIIOJMHYU TIPEICTABIISE MPAKTUYHUN IHTEPEC, HAPUKIIAT, 337151 TIOKPAIIEHHS
HOro eMOIIIMHOr0 CTaHy KOPUCTyBaya MOOUIHLHOTO TenedoHy.

[Ipobniemi aHami3y rojocy JIOAUHU MPUCBSUEHI Mpalll 0araTb0X BITYU3HSIHUX
Ta 3aKOPJIOHHUX BYEHUX Ta MpakTUKiB. Tak, Hanmpukiaa, apTopu Knumenko M. C. ta
®omin @. B. 3anpornoHyBaiiv CTPYKTYpy CUCTEMH PO3II3HABAHHS EMOLIMHOIO CTaHy
nukTopa, y npaii [Tapamonosa I1. O. onucani MeTonu Ta anrOpUTMH PO3IMI3HAHHS
MOBH B aCOI[IaTUBHOMY OCHMJISITOPHOMY CEpPEOBUIIII, MiIXO/IA O ABTOMATUYHOT O
BHU3HA4YEHHs emoliil HaBeneHl KucenroBum B. B., a mono Bapiaiiii nporpamHoi
peasnizaiiii MeToaiB 00poOKM MOBHOI 1H(pOpMaIIii, TO 3 HUMU MO>KHA IO3HAHOMUTHCS
B npartii [TaBnosa P.I. Ta iHmux aBTopis.

OpmHak 3aJIMINAI0THCS] HEBUPIIICHUMH JIeSK1 TUTAaHHS BUKOPUCTAHHS MTEBHUX
MaTEMaTUYHUX IHCTPYMEHTIB LIOJI0 11arHOCTH €MOLIIMHOI0 CTaHy KOPUCTYBayiB
MOOLITBHUX TeNIe(OHIB.

Mertoto po6oTu € moOyI0Ba CTPYKTYPHOI CXEMH CUCTEMH PO3ITi3HABAHHS
€MOIIi}l KopHUCTyBaya 3a 1HIUBIlyalbHUMHU XapaKTEPUCTUKAMU TOJIOCY 3
BUKOPUCTAaHHSAM HEUPOMEPEIKHUX TEXHOJIOTIH.

[IponoHyeThCsl HACTYITHA CXeéMa po3Ii3HaBaHHs eMollii (puc. 1).
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AyniocHraan

].].[)’MO?.HPI)KCHHFI

OOuHCIeHHA XapaKTePHCTHK

MpOsABY eMollii

A4

Knacndikarop emouiii
(MpHITHATTA pilIeHHS )

l

PeayabTaT posnizHaBaHHs

Basza eMouiHHUX cTaHiB

Pucynok 1. CTpykTypHa cxema CUCTEMU pO3Ii3HABaHHS €MOIIiil KOpUCTyBaya 3a 1H/IUBi-
TyaJTbHUMH XapaKTEPUCTUKAMH TOJIOCY

J10 OCHOBHUX €TaIliB CUCTEMH PO3II3HaBAHHS €MOIIll KOpUCTyBaya Ha OCHOBI
aHai3y Moro rojiocy 4epes BiAMOBI/II HA TIEBHI 3alIUTAHHS MOKHA BITHECTH:

1. lymo3umxeHHs [1]. YV K0)kHOMY 3BYKOBOMY (PparMeHTI BUKOHY€EThCS
pO3Mi3HABaHHS HASBHOCTI T4 3MECHIIICHHS aMIUTITYIN aIUTUBHUX CTAIllOHAPHUX
IITyMiB 3a JIOTIOMOT'0I0 CIIEKTPAJIbHOTO BiJIHIMAHHS CMYT, y SIKUX HE (DIKCYETHCS

JIFOCBKHAU TOJIO0C.

2. O0YMCIIEHHS XapaKTEPUCTHUK MPOSIBY €MOIIIN 3a HA0OpaMH BiAPI3KiB
BIJIMOBIZEN KOpHUCTyBaya, GOpMYBaHHS BEKTOPIB O3HAK JIJISl OJAJIBIIOI Kiiacu(ikaiii
[1]. [TpocTip 03HAK MICTHTH CIM aKyCTUYHHX, IPOCOAMYHUX Ta €KCTPATIHTBICTHIYHUX
XapaKTEPUCTUK: BUCOTA TOJIOCY, CUJIA TOJI0CY, BIACTaHb MK (pOpMaTaMU y TOJIOCHUX
3BYKax, TPUBAJICTh BUMOBHU CKJIaJ1B, TPUBAIIICTH May3, HASBHICTh KaIllUIIO, 31TXaHb,
IU1avy, CMixy, 3MiHa 1HTOHAIlT y peueHHi (Tabm. 1).

Tadmuns 1

[MopiBHsUITEHUI aHATI3 3MiHN BepOaIbHUX XapaKTEPUCTHUK JIJIS TIEBHUX CTaHIB HACTPOIO

JIOJUHH BiI[HOCHO CITOKIITHOTO CTaHy

XapaKkTepUCTUKH Hacrpiit
Uynosuit I"apuuit Hopmanenawuii | [puraiuenuii Iloranwmii
Bucora romnocy, 3Ha4HO ITixBuiexHo B miamazoni ITonmxena [TinBuIeHo
T'a MIABHUIIEHO (Bim 7%) Bix -2 110 (-8% i (Bim 4%)
(Bix 11%) +3% HIDKYE)
Cuna rosocy, n1b | [ligBumiena ITinBumena [TinBumena Ilonmxena [TinBumena
(Bim 16%) (Bim 10%) (mo 5%) (-6% i (Bix 9%)
HUXKYE)
Biagcrans mix 30inbieHHss | 301IbIIEHHS | 3MEHIIEHHS 3MeHIIEHHS 301IbIIeHHS
dbopmaramu y BiJicTaHl MIXK | BIZICTaHI MDK | BIJCTAaHI MDK | BIICTaHI MIXK | BiAcTaHl MiX
rojiocHuX 3ByKax, | F2 ta F3 (ma | F2 ta F3, F1 Ta F2 F1 ta F2 F2 ta F3 (Big
I'a 5-8%) 0co0auBo 10 | (10 -2%) (Bix -4%) 5%)
3ByKiB {O,A}
(10 6%)
Tpusanicts IIpuckopena | IIpuckopena | — — -
BUMOBHM cKiajiB, | (Big 9%) (Big 6%)
MC
TpuBamicts mays, | — — [lonoBxeno | [lomoBxkeHo | 3meHIIeHa
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MC 10 3% Bix 5% (Bix -6%)
HasiBHicTh MosxuBuit MoxIuBHit MoskauBi Mo>xIuBi Mo:xnuBi
KaIllIIo, 31TXaHb, | CMIX CMixX 31TXaHHA 3ITXaHHA, KallleJib, riaqy
maqy, CMixy iay

3wmina inToHamii y | [ligBumenns | bes 3min Bbes 3min IMinBumenns | [ligBuinieHHs
pedenHi, rpadik | 10 KiHIA Ha MOYaTKy Ha MOYaTKy
I'n Bim gacy

3. 7 OTpUMaHHsI aKyCTUYHHUX XapaKTEPUCTUK TOJIOCY BUKOPHCTOBYIOTHCS
3TaKEHI CIIEKTPU MUPOKUX (POHETUYHUX KIIACIB, 32 SKUMHU PO3PAXOBYETHCS BUCOTA
rojiocy (OCHOBHHI TOH), CHJIa TOJIOCY Ta BIJICTaHbh MK (hopMaTaMU Y TOJIOCHUX
3ByKax [1]. B OCHOBI clleKTpIB IMPOKUX POHETUYHUX KJIACIB JeXaTh BeliBner-
nepeTBopeHHs [2]. XapakTepuCTUKH TPUBAJIOCTI BUMOBH CKJIAIB Ta May3 Mix
CJIOBaMM OOYMCITIOIOTHCS YCEPETHEHO M0 PEUYCHHIO, a 3MIHA IHTOHAL[lT y pEYEeHH] €
JMHAMIYHOIO MPOCOANYHOIO XapaKTepUCTUKO. [l criporieHHs 3a1a4i
Kiacudikarli IHTOHAIIIMHUX 0COOIMBOCTEN PI3HUX MOB, YaCOBA XapaKTEPHUCTUKA
IHTOHAIII] (BUCOTA TOHY) CErMEHTY€EThCSI HA HACTYIHI AUISIHKHU AJ1s1 KO)KHOT'O PEYEHHS:
MiABUIIIEHHS TOHY J0 KIHIIS PEUEHHS; IMiIBUIIICHHS TOHY Ha MMOYaTKy PEUEHHS; CIia]
TOHY yCEpeIWHI PEUCHHS; MABUIICHHS TOHY YCepEANH] peUEHHS.
ExcTpaniHrBiICTUMHUME XapaKTEPUCTUKAMHU € HASABHICTH y (PparmeHTax mays (Irymy)
OJIHI€T 3 aKyCTUYHMX IMO1H, MPUTaAMaHHUX OOpaHUM €MOIIIsIM: KaIlUTio, 31TXaHb,
iayy, CMixy.

4. Ha erarii npuiHATTS PIIICHHS PO €MOLIMHUI CTaH KOPUCTyBada
BUKOPHUCTOBYETHCSI CHOPMOBAaHUI HAOIp BEKTOPIB O3HAK, AKUH OLIIHIOETHCS 32
JIOTIOMOTOF0 BHPIMIaIbHOTO TpaBwiia. [Ipoctrm knacudikatopoM BUCTYIAE METOJ
cymimeii ["ayca, skl BUKOHY€E OLIIHKY MPUHAIEKHOCTI HA0OPY BEKTOPIB O3HAK 10
€TaJIOHHOI MOJIeJll KopucTyBada. EMoliitHa Mojiesib KOpUCTyBaya IpeIcTaBsie
coboro mani cywmii ["ayca, oTpuMaHi 3a cboMa XapaKTepPUCTHUKAMHU TOJI0CY, 1 1T’ SITh
0a30BHX €MOLIIMHUX CTaHIB.

BiamoBigHICTh MEBHOTO HAOOPY XapaKTEPUCTHK J0 OJHOTO 3 0a30BUX
EMOIIIITHUX CTaHIB BU3HAYAETHCS 32 IONIOMOI'0I0 HEMPOHHOT MEPEXKI, a caMme
OaraTomapoBoi HEUPOHHOT MEpPEXk1 MPSIMOT0 PO3MOBCIOKEHHS 3 OAHOPIAHUMHU
HelipoHnamu (puc. 2).

Om

crliene
500

BxigHuin
NpoLapoK
1
NpoxoBaHuin
npoLwapokK
k-in
NPUXOBaHWI
nNpoLwapok
BuxigHun
npowapok

Pucynoxk 2. 3aranpHa cxema 06araTomapoBoi HEHPOHHOT MEPEXi IPSMOTO PO3TIOBCIOIKEHHS
[3]
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Meroa HaBYaHHS — HaBYaHHS 3 BUUTEIIEM, TUII BXITHOI iHpopMarlii — aBiiKOBa
Mepexa.

Ha Bxo/1 HEipOHHA MepeXxa OTPUMYE JIBIIKOBY 1HTEPIPETALIIO 3BYKOBOI
JOPDKKH, @ Ha BUXO1 — BIJMOBIIHICTh 3BYKOBOI JOPIKKH IIEBHOMY €MOIIIHHOMY
CTaHy.

J1y1st HaB4aHHS aJTOPUTMIB PO3ITI3HABAHHS BUKOPHUCTAHI /1Bl MOBHI 0a3M TaHHUX,
10 CKJIQJAI0ThCS 13 3aMKCIB MOBJICHHS, KOTP1 aHOTYIOThCS /10 TIepe10adyBaHUX
eMOLIii MOBIIS Ta / @00 eMO1Iiif, CIPUUHATUX TPYIOI0 CIyXadiB:

— Emo_DB (Burkhardt, Paeschke, Rolfes, Sendlmeier & Weiss 2005), sixka
MICTHUTh 3alHCH JECSATU aKTOPIB, KOXKEH 3 SIKUX BUTOJIOLIYE KUTbKA PEUCHb 13
HEUTPAIIbHUM CEMAaHTHYHUM 3MICTOM, BUPOOJICHUX 3 KOXKHOIO 13 CEMH
nepen0adyyBaHUX €MOI[IM: IIacTsl, CMYTKY, THIBY, CTpaxy, HEHUTpai, OTuIu Ta HyJbI'H;

— Surrey Audio-Visual Expression Emotion (Savee) (Haq, Jackson & Edge
2008), sika MICTUTB 3aITUCH YOTHUPHOX aKTOPIB, KOXKEH 3 IKUX BUKOHYE 120
BUCJIOBJIIOBaHb, PO3MOAIIEHUX HA CIM MepeAdauyBaHUX €MOIIIi: acTs, CMyTKY,
THIBY, CTpaxy, HEUTPaIbHOCTI, OTUAM Ta 3AMBYBAHHS.

BUCHOBKH

Y BIAMOBITHOCTI A0 HABEACHOT'O AITOPUTMY MOXKe OyTH CTBOPEHUI MOOLITHHUIA
JI0JTATOK BU3HAYECHHS HACTPOIO KOPUCTyBadya MOOUIBHOTO TeJedOHY 3 HACTYITHUM
(G YHKIIIOHAJIOM: aHaJIi3 eMOLIMHOr0 CTaHy JIFOJMHU 3a TOJI0COM; HaJaHHS
MOTHBAIIMHUX TTOBIOMJIEHb MIPOTATOM JIHsI, 0a3yI04nCh Ha BU3HAYEHOMY HACTPOI
(emoriifHOMY CTaH1); HaJIaHHSI TYMOPUCTUYHOTO MO0aXaHHS Ha JIeHb, OMUPAIOYUCh
Ha BU3HAYEHHMI eMOLIMHHI CTaH KOPUCTyBaya. TaKoK TEXHOJIOT1s pO3Ii3HABaHHS
E€MOIIIHHOT0 CTaHy MOKe OyTH BUKOPHCTaHa y pi3HOMaHITHUX cdepax: colianbH1
Mepexi, MapKeT-TUIeHCH, MEIUIIMHA, a TAKOX BIIITPaBaTU POJIb MOTYKHOTO
THCTpYMEHTY 117151 300py AaHuX Mpo kopucrtyBada (Big Data).
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AYJIUT HHOOPMAILIMOHHOM BE3OITACHOCTH OBBEKTOB
NHOOPMATU3BALINU HA BASE HEUPO-HEYETKUX CUCTEM

Ilpeonooswcena moougurxayus memooa ananusa uepapxuti MMAH na ocHose npumeneHus
annapama meopuu HeYemKux MHONCeCme U HeUpoOHHbIX cemel. Januvili memoo oaem
B03MONCHOCHL MEHEONCMEHNY NPUHUMAMb 000CHOBAHHblE YNpasieHuecKue peuieHus: 6 cghepe UB
OBU. Ilonyuennvle pewienusi Hanpasienvl Ha nogvluleHue He movko coocmeenno Ub OBU, no, u ¢
KOHeuHoOM cueme, onmumusupyrom cucmemy ynpasnenuss OBHU, cokpawarom uzdepoicku u
nosvluaiom sghghexmuenocms duznec-npoyeccos ObU 6 yenom.

A modification of the hierarchy analysis method is proposed MMAI based on the
application of the apparatus of the theory of fuzzy sets and neural networks. This method enables
management to make informed management decisions in the field of information security OBI. The
solutions obtained are aimed at improving not only the OBI IS itself, but, ultimately, optimize the
OBI control system, reduce costs and increase the efficiency of OBI business processes as a whole.

BBenenne. /lunamuka yBeTMYEHHUS KOJIMYECTBA M CIOXKHOCTU KHOepaTak Ha
paznuunbie 00beKkThl nHPopMaTuzauu (ObM) TonbKo 3a mOCieaHNE HECKOIBKO JIET
[1,2] nmnoka3plBaeT, 4YTO HECMOTPS Ha BCE€ YCWIUSA CTOPOHBI  3aIlUTHI
MIPOTHUBOIIOCTABUTh ATAaKYIOIIUM BCE OOJiee TEXHUYECKH COBEPIIEHHBIE alllapaTHO-
mporpamMmHbIe cpeacTBa mHbopmarmonnon 6e3omacHoctu (MB) n mo ceit neHp He
TEpsIeT aKTyaJlbHOCTh MPOOJIEeMATHKA MOJTYYEHHUsl TEKYIIUX U MPOrHO3HBIX OLEHOK
ypoBHss Mb OBHM. DOrta 3amaua o0coOEHHO cTaja akTyadbHOW MJii OOBEKTOB
kputudecku BakHouW uHPpactpyktypel (KBUC) rocymapctBa [3]. Benp
HECaHKIIMOHMPOBAaHHOE BMEUIATENbCTBO B KommbioTepHble cucTembl (KC) moxer
BbI3BaTh CcOOM B OW3HEC-TIPOIIECCAaX U OTPA3UThCS HAa OE30MACHOCTH JIFOJCH.
Hanpumep, paxe kparkoBpeMeHHbli oTka3 KC, B 4YacTHOCTH, MNpPEAIPUATHIA
KOMMYHaJIbHOU c(ephl crocoOeH BBI3BaTh MEpedOU B MOCTABKaX 3IEKTPOIHEPTHH,
BOJIbI, TIepe0O0sX C MOCTABKOM B TOPTOBhIE ceTH U T.1. UeM croxHee cTpykrypa OBU
u 4yeMm OoJee CIOXKHBIMU SBIAIOTCA NpuMeHsiemble Ha OBUW uHpopMannoHHBIE
texHonoruu (UT) , TeM crnokHee MOCTPOUTH ISl HETO OTBEYAOLIYK0 COBPEMEHHBIM
TpeboBaHUAM cucremy ero uHdopmarmonHoit OezomacHoctu (CYUDB). Ckonb-
HUOYJb BaXXHbI 00BEKT MH(OPMATU3ALNU ANPUOPH MPEANOIAaraeT HeoOX0AUMOCTh
UMETh COBPEMEHHYIO CUCTEMY YIIPABIICHUS, B YACTHOCTH, B BOIIPOCAX, KACAIOIIMXCS
UB. TlomoOGHOro poga CHUCTEMBl CETOAHS CTald HEOThEMJIEMOW 4YacThi0 CHUCTEM
MEHEI)KMEHTa, MHTErpaIusl KoTopeix B 3aj1aun obecneuenus b OBU npenmnonaraer
HEOOXOJIMMOCTh TOCTPOEHUSI CHUCTEMBbI MPOBEACHUS TMEPUOJUYECKOrO ayJauTa
creneHn 3amumieHHocTn ObM. D10, B 4acTHOCTH, BO3MOXKHO ITyTEM 3KCIIEPTHOTO
YT KOMITBIOTEPHOro nony4deHus oueHok (Metpuk) b B CYUB.

OcHoBHoO#i MaTtepuaJ. [Ipu pa3zpaboTke nporpammel nposenenus ayauta Ub
(manee ITAWDB) He Bce cBs3u Mexay cBuaerenbctBamMu AVB MoryT ydurteiBaThCs B
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KOHKPETHOM CHUTyaluu. OTO, TMpPEeXJIe BCEro, OOYCIOBIEHO OTCYTCTBUEM
HeoOxonumon undopmanuu (4, 5].

[Tpu nmpoBenennn ayauta Vb KpyNmHbBIX KOMIAHUN MW NPEIIPHUITHI OOBEKT
ayIUTa LEIUKOM PAacCMOTPETh B IMOJHOW MEpPE OCTAaTOYHO CIIOKHO. Aynuropam
1enecooOpasHee BbIOpaTh HaumOosiee Ba)XKHble WH(OPMATUBHBIE CBHUIETEILCTBA
aynuta uwin metpuku Ub. JlanHble oTOOpaHHbIE METPUKH U CBHUJIETEIHCTBA ay/nTa
OyanyT MMeTh OOJNBUIYI0 3HAYUMOCTh M IMPHU 3TOM CTOMMOCTb MX IMOJyuYeHHUs Oyner
HEBBICOKA.

VYuuteiBas cnienuduky 3agaun nposenenus ayauta Wb, npennaratorcs takue
M3MeHeHus Uil Moaudukanuu Metoja ananusza uepapxuii (MMAMN). Dto no3Bosser
HE TOJIBKO y4ecTh crienuduky npeamernor obnactu nposenennss AUb OBU, Ho u
MOCIIEAYIOIIEH  afanTaluu  NOPEIJIaraéMblX  U3MEHEHMM JUISI  [PaKTUYECKOU
peanuzaiuu uHTewiektyansHoit CIIIIP ¢ wucnons3oBanuem merogoB OOIL. Ilo
HallleMy MHEHUI0, B cpaBHeHUM ¢ kiaccuueckuM MAW T. Caatu [6, 7], npumeHeHue
B IIpouenypax ayaura b HeueTkol HEMPOHHON CUCTEMBI UMEET PSJ IPEUMYILECTB.
Bo-1niepBbIX, 3TO NO3BOJUT YCKOPUTH U YIPOCTUTHh BBIYUCICHUE CUHANTHYECKUX
BECOB. BO-BTOpBIX, MOABUTCA BO3MOXHOCTh JIOCTaTOYHO TOYHO YYHUTHIBATH
WHIUBUIyabHBIC KpuTepun (MeTpuku UB), xapakTepHbie s pa3IndHbIX 00BEKTOB
aynuta 1b. B-Ttperbux, HeueTkas cucTeMa IMO3BOJIUT YYECTh M OLICHUTH BEJIUYUHBI
KOJIMYECTBEHHOT'O ¥ KAYECTBEHHOI'O XapaKTePa ISl Pa3INYHbIX METPUK. DTO MPEKIE
BCEr'0 KAacaeTcsi METPUK, KOTOPBIE ONIMCAHbI KaK YUCIeHHbIE MeTpuku Ub.

B utore, moaudunrpoBanubii MAW MOXHO KOHIIENITyalbHO peain30BaTh B
BHUJIE HEUpo-HeueTkoM cucteMbl. Takas cxema moOApa3yMeBaeT OObEIUHECHUE
HEHPOHHOM CeTH, B KOTOPOM OCYIIECTBISAIOTCS CpaBHEHUs 00BEKTOB KOHTYpoB Wb, a
TAaK)K€ M HEYETKOM CHUCTEMbI, KOTOpas OCHOBaHAa Ha NMPUMEHEHUH 0a3bl HEUETKHX
npaBuia [6-9].

Heuerkass cucrema, B COOTBETCTBUU C pa3pabOTaHHOM cxemoi, Oyxaer
OCYILECTBJISITh, BBIYMCIICHUE CHUHAIITHYECKUX BECOB BXOAOB HEHMPOHOB. [Ipu sToMm
YUUTBHIBAIOTCS M MHAUBUAYAIbHBIE KPUTEPHUH, OTOOpaHHBIe 115 Tiporenyp ayauta Ub
koHKkpetHoro OBM. Ha Bxon HeHpo-HEYETKOM cucTeMbl OyAyT MOAaBaThCA
SKCIIEPTHBIE OLIEHKH Ba)KHOCTH KpHUTEpueB sl KoHKpetHoro OBH, a Ha BbIXOIE
CUUTBIBAIOTCS PaHTH 00BEeKTOB KOHTYpoB Ub.

3JAKJTIOYEHHUE

[IpoBeneHHbIE UCCIIENOBAHMS TTO3BOJISIOT CETIATh TAKUE BBIBOJIBL:

[Toka3aHoO, 4TO OLIEHKY YPOBHS CTEIICHH MH(POPMAIMOHHON 0€301acHOCTH IS
00bEeKTOB MH(pOpMATH3AIMHU 11€J1eCO00pa3HO TMPOBOJAUTL HAa OCHOBE OICHUBAHUS
pPE3yJIbTATUBHOCTH MHOXECTBA KPUTEPUEB METOAA aHainu3a uepapxui. Ilpu stom
Takas oreHka crereHu b u Bce cBsa3anHbIe ¢ Hell ponieaypsl ayautra b Hanboiee
s¢dexTuBHbl Ay MHOrocropoHHero oneHuBanuss b OBU. B kauectBe meTpuk
OLICHMBAHUS MO>XXHO HCIIOJIb30BaTh KaK CTaHAAPTHBIE YHCIEHHbIE MeTpUKU Mb, Tak u
METPHUKH, TNPEIOKEHHBIE dKcriepTaMu 1o b m corsiacoBaHHbIE C MEHEIKMEHTOM
OBN.

[Ipennosxken MMAW Ha OCHOBE MNPUMEHEHUs ammnapara TEOPUU HEUYETKHUX

MHOXECTB H HGprOHHBIX ceTeil. I[aHHBIfI MCTOA Aac€T BO3MOXHOCTb MCHCIKMCHTY
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MpuHUMaTh OOOCHOBaHHBIC YyIpaBieHUeckue pemenus B chepe Wb  OBU.
[Tony4yeHHble pelieHUsT HANpaBIICHbl Ha IOBBIIIEHUWE HE TOJNbKO cobctBeHHO Wb
ObU, HO, U B KOHEYHOM CUETE, ONTHUMHU3HMPYIOT cucteMy ynpasiaenuss ObU,
COKpAIlalOT M3JEP’KKM M MOBBIIAIOT 3(PPeKTUBHOCTh Ou3Hec-nporeccoB OBU B
LETIOM.

JIUTEPATYPA
1. Lallie, H. S., Shepherd, L. A., Nurse, J. R., Erola, A., Epiphaniou, G., Maple, C., & Bellekens, X.
(2021). Cyber security in the age of covid-19: A timeline and analysis of cyber-crime and cyber-
attacks during the pandemic. Computers & Security, 105, 102248.

2. Miao, Y., Chen, C., Pan, L., Han, Q. L., Zhang, J., & Xiang, Y. (2021). Machine Learning Based
Cyber Attacks Targeting on Controlled Information: A Survey. arXiv preprint arXiv:2102.079609.

3. Yamin, M. M., Ullah, M., Ullah, H., & Katt, B. (2021). Weaponized Al for cyber attacks. Journal
of Information Security and Applications, 57, 102722.

4. Steinbart, P. J., Raschke, R. L., Gal, G., & Dilla, W. N. (2018). The influence of a good
relationship between the internal audit and information security functions on information security
outcomes. Accounting, Organizations and Society, 71, 15-29.

5. Griffiths, P. (2010). Where next for information audit? Business Information Review, 27(4), 216-
224,

6. Herath, H. S., & Herath, T. C. (2014). IT security auditing: A performance evaluation decision
model. Decision Support Systems, 57, 54-63.

7. Voevodin V. A. Etalonnaya model' ob"ekta audita informacionnoj bezopasnosti [Reference
Model of an Information Security Audit Object]. Modern Science: actual problems of theory and
practice. Series of “Natural and Technical Sciences”. 2019, no. 9, pp. 56 - 60.

8. Voevodin V. A. Method of The Study of Privacy Protection in Information. American Scientific
Journal, 2019, vol. 2, no. 32, pp. 47-51 (in Russian).

9. Voevodin V. A. Conceptual Model of Information Security Audit object. Computational
nanotechnology, 2019, no. 3, pp. 92-95.

91



YK 330.341.1

Jluxmanwk S1.B., KoBajgeBcokuii C.B. (Jonbacvxka oepowcasna mawunobyoisna
akaodemis, m. Kpamamopcwok, Yrpaina)

HEPCIIEKTUBA 3ABE3IIEYEHHA CTBOPEHHSA PO3YMHOI'O
BUPOBHUILITBA

B nybnixayii noxazano, wo ¢yHkyii posymHo2o pobouo2o micys 00nomazaoms ompumamu
iHghopmayiro npo BUPOOHUYMEO MA NOKPAWUMU ePeOHOMIKY, NIOBUWYIOUU pPiéeHb THOUBIOYANi3ayii
pobouozo cepedosuwya. CmeopenHs po3yMHO20 BUPOOHUYMEA — Ye HAUOIUNCYA MA 00820CMPOKOBA
nepcneKxmuea po3sUmKy UPOOHUYUUX CUCTIEM.

The publication shows that Smart Workplace Functions help to obtain information about
production and improve ergonomics, increasing the level of individualization of the work
environment. Creating smart production is the immediate and long-term perspective for the
development of production systems.

MarnHoOy1iBHE BUPOOHUIITBO TJIMOOKO 3MIHIOETHCS 3 HOBUMH TEXHOJIOT1IMHU
1 Mae 0arato MOMJIMBOCTEH [JIi aBTOMATH3aIlli Ta MPOTPAMHOTO 3a0e3MeyYeHHS.
CbOrojiHi HEJOCTATHHO MPOCTO CTBOPUTH MPOAYKT, a MOTIM 3alpONOHYBATH HOTrO,
BAXUJIMBO, 11100 KOMIaHii Majgl KOHKYpPEHTHI TMepeBard Ta BiJAMIHHOCTI IO
BIJIHOIIIEHHIO JO0 KOHKYpPEHTIB. baratro BHpOOHWKIB CHOTOJHI TMPAIlOIOTh HAaJ
1HIL1aTUBOIO po3yMHO1 (abpuku. PozymHa (abpuka peanizye nepcrnekTuBu [HaycTpii
4.0. VY OararbOxX BHUIIAJKAX JOCITAETHCS BENMKUAN €(EeKT, KoM MPOMHUCTOBICTH 1
MaIIMHOOYMIBHUKKA  aKTUBHO  3allydyalOThCsA 10  BIOPOBAKEHHS  PO3YMHOTO
BUPOOHUIITBA.

OyHKIIT pO3yMHOr0 podOYOro MicIil AOMOMAararTh OTpUMaTH iH(opMmarlio
PO BUPOOHULTBO Ta MOKPALIUTH €ProHOMIKY, IJBULIYIOYH PIBEHb 1HAMBIyaTi3amli
pobodoro cepenoBuiia. YwuClIeHHI amapaTHi Ta MPOTPaMHI PIIIEHHS  ChOTOJHI
CTOCYIOTBCSI 3MIH B 30HaxX CKJIaJIaHHA, SIKI MOXYTh aBTOMATHYHO 1I€HTU(]IKYyBaTU
MPaliBHUKIB 1 CTBOPIOBATH MEPCOHANII30BAaHE POOOUE CEPENOBUIIE I MPallIBHUKA,
HAJaBaTH TEXHOJOTIYHI I1HCTPYKIIi CKJIaJaHHd 3 IHTYiTUBHO 3pPO3YMUIUM
KEpyBaHHSIM.

[HTeNneKTyanpHi, JeleHTpasi30BaH1 KOMIIOHEHTH aBToMaTu3aril 3
IHTErpOBaHUM TIPOTPAMHHMM 3a0€3NEYCHHSIM IMOBHHHI BHKOHYBATH CBOi 3aBJIaHHS
HE3aJIe)KHO, BIAMOBIMHO a0 crenudikaiii TEeXHOJOTIYHUX CHCTeM 1 NpUhMaTh
aBTOHOMHI pimieHHs. /{715 bOro BXKe € pillieHHs Ha OCHOBI PO3MOJILJIEHOTO 1HTEIEKTY
1 € BHUMOTOI 10 MOAYJIBHUX MAIIWH 1 THYYKUX YCTAHOBOK, SIKI aIamlTYyIOTHCS O
MIHJIUBUX BUPOOHHYUX YMOB.

KoHuenuis po3yMHOro miANpUeEMCTBA OXOIUIIOE JIOJEH, MalllMH, MPOLECIB Ta
MOTIK MPOAYKTIB 3 YaCTHHOIO Mepexi. [Iporpamui 3acobu crpomyoTs 6arato erarmis
poOOTH 1HTENEKTYallbHOI MAIllMHU: BBEACHHS B EKCIUTyaTallilo, 1HTErpaiilo Ta
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(mepe)koHpirypariro, a TakoX NpodiTaKTHIHE 00CITYrOBYBAaHHS BCIX KOMITOHEHTIB,
MOJIYJIIB 1 MaIlIUH.

Binkputi BUpOOHMYI CTaHIApTU HE3aIeXH1 BiA miaatgopmu 1 GopMyrOTh
OCHOBY JUI1 TOPU30HTAJIbHOI Ta BEPTUKAIBHOI IHTErpamii 1, TaKUM YHHOM,
3a0e3neuyroTh IpsIMUN OOMIH 1HPOPMALIIEI0 B MEPEXK] TEXHOIOTTYHUX MalIuH. Bouu
JIOTIOMOKYTh 1HXKEHEpaM, olepaTopaM 1 TEXHIKaM 3 TEXHIYHOTO OOCTyrOBYBaHHS
BUKOHYBAaTH 3aBJaHHs, 100 3MeHMUTH iX ckiagHicTb. Open Core Engineering
JI03BOJIsIE KOPUCTYBayaM MpaloBaTh 3 OaxxaHuM cepenoBuiieM po3pooku IT-cBity Ta
MOBaMHU MpOTpaMyBaHHs, I[00 MaKCUMaJIbHO MiJBUIIUTH €(QEKTUBHICTh Ta
YHIBEpPCAIbHICTh aBTOMATU30BaHOI po3po0ku. Hanpukiaz, nepeBipka BiANOBIAHOCTI
cnernudikaiii, € ayke HyIHOI POOOTOI, OOMEKEHOI JIOJACHKOI0 MOMMIKOBICTIO.
Hapmaku, MaiiOyTHi (aOpuku BHUKOPUCTOBYBAaTUMYTh MAIIMHHUK 31p A
CKaHyBaHHsS HEJOCKOHAJIOCTEH, SKi JIIOJChKE OKO MOXKE MPOMYCTHUTH. MOXIUBICTH
MUTTEBO 1AeHTU(]IKYBaTH Ta KiIacu(PiKyBaTH HEAOIIKM aBTOMATU3Y€E€ KOHTPOJIb
AKOCT1, 3p00UTh (paOpHUKHU OUIbII aJaNTUBHUMHU.

Open Core Engineering 103BOJisi€ CTBOPIOBATH IHHOBAIIMHI PIlIEHHS, SKi
HiIXOATh JUIs KOHKPETHOTO 3acTocyBaHHs. BukopuctoByroun Open Core Interface
MO>KJIMBO JTOCHI/DKYBAaTH KOMYHIKAIII0 Ta KEPYBaHHS MAIIMHOIO Yepe3 CTOPOHHI
cuctemu, Taki sk LabVIEW, a takoxx npakTuyHo Oyab-sIKy MOBY BHIIOT'O PiBHS Bijl
Java no C++ [1].

CTBOpeHHS PO3YMHOIro BHUPOOHHUIITBA — 1€ HaMOMMXK4a Ta JOBrOCTPOKOBA
MEPCIIEKTUBA PO3BUTKY BUPOOHUYIUX CHUCTEM.

CIINCOK IMOCHUJIAHD.
1.Inmepnem-pecypc http://www.boschrexroth-us.com/OCE, peoscum oocmyny: 05.11.2021 p.
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3ACTOCYBAHHS HEMPOHHUX MEPEX JJIsSI TIPOTHO3YBAHHS
OLIHOK CTYJEHTIB 3 OKPEMOI JUCHMILJIIHU B 3AJIEXKHOCTI BIJ]
AKOCTI 3ACBOE€HHA ITOITEPE/ITHBOI'O MATEPIAJIY

Pozenanymo ocnosni nowsmms, nos'sizani 3 sakicmio oceimu y yinomy ma 3AC80EHHAM
cmyoenmamu Haguanbho2o mamepiany. Cihopmynvoeano 3adauy npoeHO3y8aAHHA OYIHKU CIYOeHma
3 OYO0b-AKOI OUCYUNNIHU, MAlO4YUu OaHi Wo0O0 OYIHOK 3 «3abesneyyroyuxy oucyuniii. Hasedeno
nepenix memoois, AKi MOJNCYMb OVMU 3ACMOCOBAHI 05l PO38'I3aHHs 3a0ayi, 3p00IeHO BUCHOBOK
w000 OOYLTLbHOCMI BUKOPUCTAHHS MEemOoOy WMYYHUX HeUpOHHUX mepedic. Onucano nocmauosky
3a0a4i NPOSHO3YBAHHS 3AC60EHHS 3HAHL MA HABUYOK NPOSPAMYBAHHS;, BUKOPUCAHA aApXimeKmypa
— nepcenmpoH 3 HOMUpPMa 6XIOHUMU HeUpoHamu, 0OHUM GUXiOHum i 10 HellpoHamu NpuxoeaHozo
wapy. Llnsxom nposedeH s HU3KU YUCTOBUX eKCNepUMEeHmig NidiOpano OnmuMaibHy apXimexmypy
HeUpOHHOI Mepedici.

The basic concepts related to the quality of education in general and the assimilation of
educational material by students are considered. The problem of forecasting the student's
assessment in any discipline is formulated, having data on the assessments in the "providing"
disciplines. The list of methods which can be applied to the decision of a problem is resulted; the
conclusion on expediency of use of a method of artificial neural networks is made. The statement of
the problem of forecasting the acquisition of knowledge and programming skills is described; the
perceptron architecture with four input neurons, one output and 10 hidden layer neurons was used.
The optimal neural network architecture was selected by conducting a series of numerical
experiments.

O11iHKa 3aCBOEHOTO CTYJEHTaMH y MEXaxX HaBYAIbHOI JUCIUILIIHA MaTepiaiy,
a TaKoX 00’€KTHUBHICTH MPOBEJCHHS OO KOHTPOIIO 3HaHb € OJJHUMH 3 OCHOBHHX
€JIEMEHTIB BHM3HAuY€HHsS $KOCTI ocBiTH [l1]. BimoMo, 1o piBeHb 3aCBOEHHS
IHAMBIYYMOM HOBUX 3HaHb 3aJI&KHTh HacamIepen Bl MHOro CTapaHHOCTI Ta
0a30BOro piBHSA 3HaHb, IO € Maibke MOCTIMHMM 3a MEpioj HaBYAHHS, TOMY pi3Ke
BIIXWJICHHS Yy TIPOIECi OIIHIOBaHHA MOJK€ CBUIYMTH IPO HASBHICTH IpoOIIeM,
00'€eKTUBHHX 1 CY0'eKTUBHUX (haKTOPIB, SIK1 3AIMCHIOIOTH BIUIMB Ha OCBITHIM MpoIliec.
VY¢i OCBITHI KOMIIOHCHTH Ha BiJIOBITHOMY PiBHI BHIIIOI OCBITH, IEPEIiK HABYATBHUX
JUCHHUIUIIH 1 JIOTIYHY IOCIOBHICTh iX BHWBYEHHsI, KUIbKICTh KpeautTiB €KTC, a
TaKO>X OUIKYBaHI pe3yJbTaTH HABYaHHS Ta KOMIIETEHTHOCTI, SIKi TOBUHEH OMAHyBaTH
3100yBad BIJIMOBITHOTO PIBHS BHINOI OCBITH, MICTATHCS B OCBITHIN mporpamu [2].
CTpyKTypHO-JIOT1YHa CXeéMa TIJTOTOBKM  HANA€TbCd Yy  BUIVISAL  MEpPEexi
MDKIUCUUIUTIHAPHUX 3B A3KIB 1 J1€ MPOTITOM BChOTO CTPOKY peaiizallii BiAMOBI1IHOI
nporpaMu maroToBku. OTKe, OJHUM 3 YMHHHUKIB, IO BIUIMBAIOTh HA OIHKY, SKY
oTpuMy€ 3100yBau OCBITHM (CTYJIEHT) 3 OKPEMOi JUCUUIUIIHK, € OLIHKUA 3
«3a0€3MeuyUrXy TUCIHILIIH, TOOTO THX, IO IEPEAYIOTh IIii.

st yAOCKOHaJIeHHS KEpIBHUIITBA HABYAJIBHUM TMPOIECOM HA BHUITYCKOBUM
Kadeapi 3akiaay BHILOI OCBITU BEIbMHU JOLUIBHUM MOXE€ OyTH HPOrHO3yBaHHS
OILIIHOK CTYJEHTIB 3a JIOMOMOTOI0 CIIeliai3oBaHoi 1H(OPMAIIIHOI CUCTEeMH BJIACHOI
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po3poOku. VY 3B'S3Ky 3 THUM, IO ICHYE JOCTAaTHS KUIBKICTh METOMIB IS
PO3B'A3aHHS 3a/1ayl MPOTHO3YBaHHS, CTA€ AKTyaJIbHUM BHUOIpP TaKOro METONY, SIKUN
OyJe MaKCUMaJIbHO €()EKTUBHUMU ISl AaHAJTI3Yy KOHKPETHHUX JaHUX.

Cdopmynroemo 3amauy TakuM yuHOM. Ham moTpiOHO CIpOrHO3yBaTu OLIHKY
CTyJ€HTa 3 OyIb-SIKOI JUCUUIUIIHU, MAIOUU JIaHl MIOJ0 OI[IHOK 3 «3a0e3MeUyrUnx»
IUCIIATLTIH:

Y ={X,, X, 000X, 1)

ne:

Y — OIliHKA 3 IUCIUIUTIHHU, [0 TPOTHO3YETHCS;

Xi, 1=1..n — o1iHKa 3 i-1 «3a0e3Meuyrv0i» TUCIUILTIHH;

N — KUTBKICTh «3a0€3MeUyI0unX» JUCITUTLTIH.

VY KOKHOMY BHIIJIKy MOKE OyTH 3aCTOCOBAaHO OKpEMHUN METOJ PO3B'sI3aHHS
3amayl: OaraToakTOpHOi JIHIMHOI perpecii, IITYYHUX HEUPOHHHX Mepex, k-
HalOmmkunx cycimiB. Criig IpOBECTH IOCHIDKEHHS, SKE JO03BOJIUTh BU3HAYHUTH
nepeBaru Ta HeJ0JIIKU KOKHOT'O 3 METO/IIB.

Y [3] HaBemeHo anropuTM PO3B'SA3aHHS TMOCTaBieHOl 3amadi. Crnodarky
JOCTIHUK 3a]]a€ TPAHUYHI 3HAYEHHS NapaMeTpiB ISl KOKHOTO METOAY (HampuKiIa,
MiHIMaJIbHY Ta MAaKCHUMAaJbHY KUIbKICTh MPUXOBAHUX INApiB IUTYYHUX HEHPOHHUX
Mepexx Tomo). Jlami mporpaMHa CuUCTEMa BHKOHYE PO3PAXyHOK 3a KOXHUM 13
METO/IB, Pe3yibTaTU AOJAIOThCA A0 Tabmuii. JlocmigHuk oOupae Haikpamiuii, Ha
Horo morisn, Meroi (SK MpaBWIIO, 3a MIHIMAIbHOIO CYMapHOK IOMUJIKOIO, alie
MOXJIMBI ¥ 1HII KpuTepli BuOOpy). OOpaHMM MeETOA 3aCTOCOBYETbCS s
MIPOrHO3YBaHHS OLIIHOK TOrO  MpeaMeTa I HOBOi rpynu. Bubip aucuuiuiiz, 1o
3a0€3MeuyIoTh, HE € SIBHO IIYHKTOM HABEJIEHOTO aJITOPUTMY, OCKUTBKHU 31HCHIOETHCA
abo Oe3mocepeIHhO 3 OCBITHBOI Mporpamu (ii CTPYKTYpPHO-JIOT1YHOI cxeMu), abo B
PEe3yIbTaTI IKUXOCH MOMEePEAHIX JOCIIIIKCHD.

Jani nmoTpiOHO 3A1HCHUTH MPOEKTYBaHHS 1H(OpPMAaLIHOT MOojeNl cucTeMu [4]
Ta 1l mporpamMHy peajizaiiio, aje MOXKHa 3AIMCHUTH MOMEepedHl PO3PaXyHKH Y
cepenosuiti Deductor Lite [5]. Ha nmpuknami gaHux {00 CTYAEHTIB CIEiadbHOCTI
«CucremMHuit aHanmiz» [2] Ta TmpeaMeTra — 3aCBOEHHA 3HAaHb Ta HABHUYOK
IporpaMyBaHHsI — B)Ke OyJo 3A1HCHEHO po3paxyHKH [6]. Byno BHU3HAYEHO 4OTHUPHU
BXIJTHUX Ta OJMH BUXITHUN (PakTopu:

X1 — OLIHKa 3 quciuiutiay «lIporpamyBaHHs Ta alropUTMIYHI MOBWY;

X — OIIIHKA 3 JUCIUIUTIHU «AJITOPUTMU 1 CTPYKTYPH JAHHUX);

X3 — OIIHKA 3 JUCHUILUTIHA «MaTtemMaTuyHa JIoTriKa 1 Teopisl aiIrOPUTMIBY;

X4 — OITIHKA 3 TUCHUILIIHA «MeTOoau ONTUMI3allii Ta JOCTIHKEHHS OIepaliiiy;

Y — o1iHKa 3 1ucuUIUIiHu « TeXHomoris CTBOPEHHS MPOrPaMHUX MTPOTYKTIBY.

Ha3Bu rpyn Ta npi3BuIla CTyAEHTIB € iH(popMaliiiHumMu (pakTopamu.

VY sKocTi jaHux Oyinu BUKOPHUCTaHI OLIHKK 77 CTYAEHTIB IpyI CHEIIaJbHOCTI
«Cucremunii anamiz» JIJIMA — CM-13-1, CM-14-1, CM-15-1, CM-16-1 (3micTOBHI
HAIMOBHEHHS HaBUYAJhHUX KYpPCIB Ta BUKJIAJadl 32 YOTUPH POKH HE 3MIHIOBAJIHUCH).
CnouaTky 371HCHEHO PO3paxyHOK METoj0M OaratodakTopHOi JiHIHHOI perpecii, 10
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TaOJIHIIN Pe3yIbTaTIB JOJIaHO CTOBIII 3 TIEPEKIIAIOM Pe3yabTaTiB po3paxyHKiB 31 100-
OaJIbHOI CUCTEMH [0 «HALIOHAJBHOI» Ta CIHIBBIJHOIIEHHS PO3pPaXyHKOBHUX
pe3yabTaTiB Ta HAsBHUX 3a «HalllOHaNbHOWO» MiKkanow («llomunka 3a Oamammu»).
3po0iieH0 BUCHOBOK, 1110 OaratodakTopHa JiHiiHa perpecis He MOXe 3a0e3neuyBaTu
TOYHOCTI pO3B'si3aHHA 3amavi: 19% pgaHux MarwTh BIOXWICHHS 32 BIJHOCHOIO
nommikoro Outein Hik 10%; 43% maHux MarOTh HEBIpHE BU3HAYCHHS OaiB.

Jami 3a1iiCHeHO pillleHHsS. METOAOM HEWpPOHHHMX Mepex. BukopucTtaHo mepexy
3 YOTUPHOX BXIJTHUX HEHUPOHIB, OAHOTO BUXIAHOrO 1 10 HEMPOHIB MPUXOBAHOIO MIAPY
(puc. 1). PizHOBHUI HEMPOHHOI MEPEXi — MEPCENTPOH, METOJ] HABUAHHA MEPEKI —
3BOPOTHOIO MOLIMPEHHS NOMWIOK, (PYHKI[iSl akTuBaUli — curmoina. Pe3ynbratu
CBITYaTh, 110 1€l MeTO/ 3a0e3reuye OUTBIN aJeKBaTHI pe3yiabTaTH: TUTbKU 3% MaHux
MalOTh BIIXHJICHHS 3a BIJJHOCHOIO ITOMMJIKOIO OUIhIIT HIXK 10%; Tinbku 16% maHmx
MalOTh HEBIPHE BU3HAUEHHS OalliB.

Hami Oynmo 3aiiiCHEHO Take JOCHIDKEHHs: Tpeba migiopaTd onTUMaibHY
apXITEKTYypy HEWpOHHOI Mepexi. Yci po3paxyHKH OyJlO BHKOHAaHO y TOMY XK
JlenykTopi, pe3yiabTatd 3BeneHo Jjo Taommii 1. Sk MokHa moOayuTH, Kpariui
pe3yabTaT 3a0e3MeuyIoTh TaKi apXITeKTYpU:

— 3a cepenHboro moxuokor: MLP 4x5x5x5x1 (4,5%);

— TUIBKH 3a CEpelHBhOI0 BIIHOCHOI moxuOkorw: MLP 4x9x1 a6o MLP

4x5x5x5x1 (1%);
— TUIBKH 3a cepeaHboro moxuobkoro 3a Oamamu: MLP 4x5x1, MLP 4x6x6x1,
MLP 4x5x5x5x1 a6o MLP 4x6x6x6x1 (8%).

BoueBuap, kpammM OyneMo BBaXKAaTH apXiTEKTYpy 3 TphOMa MPUXOBAHUMHU

[IapaMu 3 1’ ATbOMa HEUPOHAMH Y KOKHOMY.

AArOpUTMU | CTPYTYPU ASHWRE
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Pucynok 1 — Apxitekrypa Heiiponnoi mepexi MLP 4x10x1
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Tabmuus 1 — Pe3ynbratu po3paxyHKIB 3 BUKOPHUCTAHHSIM PI3HUX apXITEKTyp HEMpPOHHOI
Mepexi

KinekicTs Kinekicte | Cepenns BifHOCHA Cepeans
: .. MOMUJIKA 32 Cepenne
mapiB HEHpPOHIB ITOMHMJIKA
OaraMu
1 3 12% 19% 15,5%
1 4 5% 27% 16,0%
1 5 4% 8% 6,0%
1 6 5% 13% 9,0%
1 7 4% 13% 8,5%
1 8 4% 17% 10,5%
1 9 1% 10% 5,5%
1 10 3% 16% 9,5%
2 2+2 9% 19% 14,0%
2 3+3 8% 17% 12,5%
2 4+4 3% 13% 8,0%
2 5+5 3% 10% 6,5%
2 6+6 3% 8% 5,5%
3 24+2+2 26% 22% 24,0%
3 3+343 4% 14% 9,0%
3 4+4+4 4% 9% 6,5%
3 5+5+5 1% 8% 4 5%
3 6+6+6 3% 8% 5,5%
BUCHOBKHA

[IpoBeneni MOCHIIKEHHS JOBENH, IO 3aCTOCYBaHHS HEUPOHHUX MEPEX IS
IIPOTHO3YBAHHS OIIIHOK CTYJEHTIB 3 OKPEMOi JUCIMIUTIHU B 3aJI€KHOCTI B SIKOCTI
3aCBOEHHS TIOMIEPEAHHOTO MaTepiay MPU3BOIUTE 0 TYXKe MPUHHATHUX PE3yJIbTaTiB.
[IInsxoM TpOBENCHHS HHU3KU YHCJIOBUX EKCIIEPUMEHTIB MiAIOpaHO ONTUMAIbHY
apXiTeKTypy HEUPOHHOI MEpeXi — TMEPCENTPOH 3 TPbOMa MPUXOBAHWMH IIapaMu 3
I’ IThOMa HEUPOHAMHU Y KO)KHOMY.

OtpuMaHi pe3yJbTaTH MOXKHa Oyje 3acTocyBaTH y poOoTi kadeapu I dac
aHaJi3y YCIHIIIHOCTI CTYJEHTIB TOILO.

CIIUCOK ITOCUWJIAHb
1. THonoowcennss npo emympiwnio cucmemy 3abesneuenns sxocmi oceimu [/ URL:
http://www.dgma.donetsk.ua/docs/acts/Ilonoxcenna_npo_enymp cucm_3ab_saxocmi JJJIMA 2020
Caum.pdf. /lama 36epnenns: 21.11.2021p.

2. Ocsimuvo-npogeciiina npocpama «IHmenekmyanipHi cucmemu RPUUHAIMMA  PIUEHbY
nepuioeo piensa euwjoi oceimu 3a cneyianvricmio Ne 124 «Cucmemuuu ananiz» eanysi sHavo Ne [2
«Ingpopmayivini MEXHON02IIN I URL: http://www.dgma.donetsk.ua/docs/
kafedry/ispr/opp/Cucremunii_anani3_6axanasp.pdf. Jama zeeprennsa: 21.11.2021p.

3. Menvuurxose O. IO. [locmanosxka 3a0aui 00CniONCEHHSA 6NAUBY SAKOCHI 3ACBOEHHS
NnonepeoHb020 Mamepiany Ha NPOSHO3YEAHHSA OYIHOK cmyoenmis 3 okpemoi oucyuniinu / O. FO.
Menvruros, A. B. Boopux // Cyuacua oceima — 00Cmynuicmo, AKiCmb, 8USHAHHA. 30IPHUK HAYKOBUX
npays XIII Mixcrnapoonoi nHaykogo-memoouunoi koughepenyii, 16-18 nucmonada 2021 poky, m.
Kpamamopcewx / 3a 3ae. ped. 0-pa mexn. nayk., npogh. C. B. Kosanescokozo i Hon. D. Sc., prof.

Dasic Predrag. — Kpamamopcok : JJJIMA, 2021. — C. 199-201.
97



4, Menvhuxos O. FO. O6’ekmuo-opicHmosanuii ananiz i NPOEKMYBAHHA IHHOPMAYIUHUX
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MexHOoN02Il, 3acobu asmomamuzayii ma eiekmponpugoo : mamepianu V Bceykpaincokoi naykogo-
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VJIK 004.42:519.8

MeabnukoB O.1O., 3akadyaa O.1O. (/Jonbacvka Oepocasna mawiunobdyoigna
akaodemis, m. Kpamamopcwok, Yrpaina)

3ACTOCYBAHHS HEMPOHHUX MEPEX JIJIsI IPOT'HO3YBAHHSA
TPUBAJIOCTI PEMOHTHHMX POBIT HIJ YAC ITOIIKO?>KEHHSA
BOJOIPOBOAY B HEBEJIMKOMY MICTI

Biosnaueno eaoicnusicme 3abe3neyeHHs dHcumenié HeGeNUKUX MICM NUMHOW 800010 8
excmpemanvHux eunaokax. Haeedeno onuc modciugocmeil HaA6HOI NpoepamHoi cucmemu Ol
PO3DAXYHKY PO3KNA0y pyxXy UYUCMEpPHU, NOULYKY DEeKOMEHOO0B8AHOI KilbKOCMI YUCmepH ma
BUSHAYEHHS ONMUMANLHO20 IXHbO20 PO3IMAULYEAHHA 3 YPAXYBAHHAM KITbKOCMI MEUKaHYIs.
Cohopmynvosano 3a0auy npoecHO3Y8AHHS MPUBALOCHIT PEMOHMHUX POOIM Ni0 4AC NOUWKOONCEHHS
8000NPOBOOY 3a HAAGHOCMI CMAMUCUYHUX OAHUX Npo asapii, wo cmanucsa pauiute. Hagedeno
nepenix mMemoois, SAKi MOXCYymb OYmMuU 3acmoco8ani 0 po38'sa3auHs 3a0aui, 3p00JEHO BUCHOBOK
w000 OOYINbHOCMI BUKOPUCAHHS MEMOoOY WMYYHUX HeupoHHux mepedxc. Onucano 3acmocy8anHs
nepcenmpony 3 n'amu 6XiOHUX HeUpPOHi8, 0OHO20 BUXIOHO20 | 080X HEUPOHI6 NPUXOBAHO20 WADY,
pe3yabmamu ceiouams npo O0CASHEHHS HAEHCHOI MOYHOCI.

The importance of providing residents of small towns with drinking water in extreme cases
is noted. A description of the capabilities of the existing software system for calculating the
timetable for the movement of the tank, searching for the recommended number of tanks and
determining their optimal location, taking into account the number of inhabitants, is given. The
problem of predicting the duration of repair work in case of damage to the water supply system in
the presence of statistical data on accidents that occurred earlier is formulated. A list of methods
that can be applied to solve the problem is presented, a conclusion is made about the advisability of
using the method of artificial neural networks. The application of a perceptron of five input
neurons, one output and two neurons of the hidden layer is described, the results indicate the
achievement of the required accuracy.

Cucrema BOIONOCTAYaHHS, SIKa A€ y OLIBIIOCTI HEBEIUKUX YKPAiHCHKHUX MICT,
MOKe OyTH TOpYyIIeHa B pe3yJbTaTl €KCTPEMaJbHUX MOMAIN, 1 JOCTABJISIHHS BOIU
CHOXXKMBaueBl  Oyne  3aIMCHIOBATHCA 32  JOINOMOIOK  CHELiali30BaHOIo
aBTOTpaHCIopTy. Y paioHax (MiKpopaloOHaxXx, OKpEeMHX KBapTajiax) MicTa
PO3TAlIOBYIOTHCSI TUMYACOBI IMYHKTH PO3JIMBY MUTHOI BOAM 3 aBTOLIMCTEPH y Tapy
crioxkxuBayva [ 1].

byno mnocraBieHo Ta po3B'A3aHO 3aJady CTBOPEHHS CHUCTEMH IiITPUMKH
MPUIHATTS pILIEHb, KA JO3BOJSE MPU HASABHOCTI JAHUX MPO KUIBKICTh KUTEIIB Y
KO)KHOMY PailoH1 ¥ BiACTaHSIX MK palOHaAMU pO3paxyBaTH ONTUMAIbHUA MapUIPYT
NEepeCyBaHHs LIMUCTEPHU 3 BOJOIO. 3 BUKOPUCTAHHSIM TaKUX MMApaMEeTPiB, SIK CEpeHIN
gac 00CITyroByBaHHsA, 00’ €M ITUCTEPHH, CEPEAHIN BIJICOTOK HACEIEHHS, 110 BUXOIUTh
3a BOJIOIO, 1 OOMEXKEHHS Ha OOCST BUAABAaHOI BOJAM, CHCTEMa J03BOJISIE€ CKIIACTU
poskman (rpadix) pyxy IMCTEPHHU, & TAKOXK JaTH peKOMeHnaun 11010 301IBIIIEHHS
KUTBKOCTI [MX [UCTEPH 1 ONTHMAJBHOI'O IXHBOTO PO3MOALTY MO paiioHax [2-3].
Takox Oyn0 MOCTaBJI€HO Ta BHUpINICHO [4] HACTynmHE 3aBJaHHS: BHU3HAYUTU B
KOXXHOMY paiioHlI Take Micue pO3MIIIEHHS UUCTEpHU, 1100 BOHO OyIio
PIBHOBIITAJIGHUM BiJ yCIX TPWICTIUX OyAWMHKIB 3 ypaxXyBaHHSM KUIbKOCTI
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memikaniiB. llle omHa MOXIHUBICTB, Ky HaJaB HOBUM MOJYJb KOPHCTyBauaM — II€
BU3HAYCHHS TOYHHUX KOOPJAWHAT PO3TAllyBaHHS IIMCTEPHHM HA MICIEBOCTI 3a
JOMIOMOTOK0 TYTJI-KapT [S].

Tenep MoxxkHa copmyitoBaTH HOBE 3aBJAaHHS: 3a HASIBHOCTI CTaTUCTUYHUX
JAHUX TIPO aBapii, IO CTAJUCS paHillle Ha BOJOMPOBOI JAHOTO MiCTa, 1 TPUBAIOCTI
PEMOHTHHX POOIT 'y KOXHOMY BHUIAAKy TOTpPIOHO Tmiependauyutu  (TOOTO
CIIPOTHO3YBAaTH) TPUBAIICTh PEMOHTHUX POOIT 3 BITHOBJIEHHS BOJIOIOCTAYaHHS
MICTA.

Maemo THNOBY 3amady TMPOTHO3YBAHHS 3 TIEPENIKOM HHU3KH BXIJTHUX
(He3aNeXHMX) Ta OHOIO BUXIAHOIO (pe3yibTaTy) (pakTopa — TOOTO came TPUBAIOCTI
PEMOHTHHX POOIT y JTHSX.

AHaniz poctynHoi iHGopmanii mo micty Topeupk [6], 10 3HaAXOAUTHCA B
Oe3mocepenHii OJM3BKOCTI B JIiHIT pO3MEXKYBaHHS Ha CXOJ1 YKpaiHu, MOKa3aB, 10
JI0 CIIMCKY BXIJTHUX (PAKTOPIB MOXKHA B1HECTH:

— paiion (Mmicue, AUISIHKA) YIIKOJPKEHHS (3HAuHa 4YacTHHA VIIKOIKEHb
BUKJIMKaHa OOMOBHMHU JISIMH, IIPOTE€ HE BC1 paliOHM CHAPSAW TMAJal0Th CTATHCTHYHO
PIBHOMIPHO);

— Mics1b (OYE€BHUIHO, IO CE30H BIUIMBAE HA X111 pOOIT);

— TOroJHi yMOBHM (HasBHICTH JOHIy a0o0 CHI'y 30UIbIIyE TPUBAIICTh
PEMOHTHHX POOIT);

— HasIBHICTh OOCTPLIIB, IO MPOJIOBKYIOTHCS,

— 3 IKOro 0OKY pO3MEKYBaHHS BUpYyIIae Opuraaa Jyisi peMOHTY;

— YK CYNPOBOKYETHCS aBapis MOKEXKEIO.

JonatkoBuM (akTopoMm € iH(opmallisa Mpo HASBHICTh MONEpPEAHIX aBapid Ha
1A AUISTHII — OY€BUAHO, IO MICIS MUHYJIMX PEMOHTHUX poOIT TpyOa MOBHMHHA OyTH
HOBOIO, 1 MPOIIEC HOBOT'O PEMOHTY MOBUHEH 3/I1MCHIOBATUCS IIBU/IIIIE.

s po3B's3aHHS 3a/4adi MPOTHO3YBAHHSA MOXKE OYTH 3aCTOCOBaHO OJHMH 3
BIJIOMUX METOJIB PO3B'sI3aHHA 3a/1a4i: 6araTopakTOpHOI JHIHHOI perpecii, MTyIHIX
HEHPOHHUX MEpPEek, K-HaOIMK4nX CyCimiB.

Hns pesxux (puc. 1) mipiOpaHux AaHuX (OKpIM YETBEPTOro Ta I SITOrO
¢akTopiB) Oyio mpoBeneHO po3paxyHKH y cepemosumii Deductor Lite [7] mBoma
MeTo/laMu: 0araToakTOpHOI JIHIHHOT perpecii Ta ITYYHUX HEHPOHHUX MEPEKX.

=) jea g W seoe. e gy -

JinaHka

MicAue ‘ I'IDrD,u.HiHMDBu| QacTping ‘ EpuranadepaiHug ||-|D}K8}KEI‘ Bapyre | PetdoHT D HiE |
YH 3 B Bepecere  Oow + + - -

| Cieepcermi Oodeus - Nodtac CepneHe CoHAYHD - - - - 14
__|Bacunieceka HACOCHE CTAHLIA Bepezere | CoHAyHO al
| Cieepebkui Noreus - Nondac CiveHE CHir 7
| Cisepobkui Noneus - JoHfac Miamuia CHir 16
| BeprHbokanbriychra GinkTpysansHa cTaHUA | CepneHs CoHauHo 30
| MiaerHo-Tontackkmqil Bolonposia Muctonag, | Tymax 29
| MieaerHo-NonSackk9il Eoaonposia BepeceHe | XapHo 23
| Cieepcerkuil Honeus - Hondac Yepeete  CoHayHo 3
| MizaerHo-NonSackk9il Eoaonposia BepezeHe  CoHayHo 13

+ 0+ 4+ 4+ 4+

O R i A
+
o+ o+

+ o+ +

Pucynok 1 — Bxiani nani
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Ninanka_0

Ninanka_1

Hinanka_2

Micaue_0
Micaue_1
Micaubs_2 . Pemort dHis

MNorogriYmoen_0

MNorogriYdmosu_1

MorogriYmoen_2

MNoskeska_0

Bapyre 0
Pucynok 2 — Apxitekrypa HeriponHoi mepexi MLP 5x2x1

Sk BusBWIOCH, MeTon OaratodakTOpHOI JIiHIMHOI perpecii He 3abe3neuye
TOYHOCTI PO3B'A3aHHI 3ajnayi. (11 BUKOPHUCTAHHS METOAY IUTYYHUX HEHPOHHUX
MepeX OyJIo 3aCTOCOBAaHO TPOCTY MEPEXKY 3 IM'STH BXIIHUX HEWPOHIB, OJIHOTO
BUXIZIHOTO 1 JIBOX HEWpOHIB mpuxoBaHoro mapy (puc. 2). PizHOBHI HeHpoOHHOT
MEpEexXi — MEePCENTPOH, METO/I HABYAHHS — 3BOPOTHE MOLIMPEHHS MOMMIIOK, (PYHKIIIS
akTuBaulli — curmoiga. Pesymbratu, ski HaBeJeHO Ha puc. 3, cBiAYaThb MpPO
JIOCATHEHHS HAJIeKHOI TOYHOCTi, 1 Ied MeTom Tpeda pEeKOMEHIyBaTH s
BUKOPHCTAHHS.

HinaHka Micaus HDFD,IJ.HIHMDBH||||_|D}KB)K6| Bapyre |F'eMOHT£lH|B| PetaoHt Qi OUT | Perdont OHiE_ERR |
S —— - AW RS T

| Cisepoekui Ooneuk - Dondac CepneHe CoHaqHo - - 14 14.0000371831523 1.89655256163191E-12
| |Bacunisceka HacooHa CTaHUIR Eepesete | CoHadHo - - 21 21,000404334571 2,24334301195305E-10
| Cisepoekuni Ooneue - Nontac CiueHe CHir - + 7 B.99986456399386 2. 51617 445265245E-11
| Cieepokmii Ooneus - Nondac TMiaruil CHir - + 16| 15.339713432326E 1.126071710453313E-10
|| BeprHeoranbmiyceka $iabTpYBansHa cTaHwA | Cepreqs CoHAYHD + - 300 29,9591873239235  2,28480871560487E-6
| Mieaenro-[ondaceki B040npos Nuectonag | Tyeaad - + 29 29.010157310176 | 1,.41523936922283E-9
| MisaetHo-Aondacerl 5000npoER BepeceHe  XmapHo + 23 23,000085727381 4,26000136984203E-12
| Cisepoekui Ooneuk - Dondac YepeeHe | CoHauHo + + 3 31220391578979 | 2.04301180527129E-5
| MisaenHo-oHgackrl BoAoNPOED Eepezere | CoHauHo + 13 129995896649238 2,30966906376561E-10

Pucynok 3 - PCSYJIBTaTI/I MLP 11x2x1

BUCHOBKU
[IpoBeneHi AOCHIIKEHHSI JOBENH, 10 3aCTOCYBaHHS HEUPOHHUX MEpPEX IS
IIPOTHO3YBAHHS TPUBAJIOCTI PEMOHTHHUX POOIT 1] Yac MOUIKOKEHHS BOIOIIPOBOIY B
HEBEJIMKOMY MICTI MIPU3BOJUTH A0 Ty>K€ IPUIHHATHUX PE3YJIbTaTIB.

101
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MeabnukoB O.10., Kapaubkuii M. A. (/Jonbacvrka oepacasna mawunodyoigna
akaodemis, m. Kpamamopcwok, Yrpaina)

3ACTOCYBAHHS HEMPOHHUX MEPEX I KOHITEIIIII
KOMII’KOTEPHOI'O 30PY JJIs1 BUBHAUYEHHS KPAIIIOI TEXHIKA
METAHHS CIIOPTCMEHA-METAJIBHUKA SIIPA

Haseoeno npuxnaou ukopucmauHs mamemamuyHo20 MOOeI08AHHs 63a2all ma Memooy
WIMYYHUX HEUPOHHUX Mepedc OJisL PO38 S3aHHA 3a0ad NPOSHO3Y8AHHS OAIbHOCHI NOJbOMY A0pa ma
8UOOPY — ONMUMANbHOI  MeXHIKU  cnopmcmeHa-memanvuuxka.  OOIpYyHMOBaHO  OOYiNbHICMb
BUKOPUCMAHHA  KOMR'IOmMepHo2o 30py O nokpaweHHs yiei mexuiku. Poszenanymo cyuachi
MexHoN02ii KoMn 1omepHoi 8i3yanizayii y npocmopi 6e3 000amKo6020 001a0HAHHS. 3anponoHo8aHo
peanizayito cucmemu 3a oOonomozoio Python u ¢peiimeopxy MediaPipe ma OpenCV i3
sacmocysannam BlazePoze.

Examples of the use of mathematical modeling in general and the method of artificial neural
networks for solving problems of predicting the flight range of a nucleus and choosing the optimal
technique of an athlete-thrower are given. The expediency of using computer vision to improve this
technique has been substantiated. Modern technologies of computer visualization without
additional equipment are considered. The implementation of the system using Python and the
MediaPipe and OpenCV frameworks using BlazePoze is proposed.

CyvacHWI piBE€Hb PO3BUTKY JIETKOI aTJICTHKH, 30KpEeMa IITOBXaHHS spa,
CTaBUTh 3aJladyy MO PO3pOOI HOBHUX, OLIBII paIllOHAIBHUX 3ac00iB 1 METOMdIB
CIIOPTUBHOI MIATOTOBKH, SIKI CIPUSAIOTh IIBUAKOMY 1 HaJIHHOMY JOCATHCHHIO
BHCOKHMX CIIOPTUBHHX PE3yJbTaTiB. /[ MhOr0 BETbMHU JOMUIBHO BUKOPHCTOBYBATH
iHdopMaliitHi TexHosorii. JIJisi mpoBeneHHsT Po3paxyHKIB JadbHOCTI MOJLOTY sapa
3aJIEKHO BIJ MO0 MOYaTKOBOI LIBUJIKOCTI, KyTa J10 OOpII0 Ta BUCOTU HaJ 3eMJIEIO MO
dopmymnax 3 [1] Oyma cTBopeHa iHdopmMmalliiHa CUCTEMA — 3aCTOCYHOK [2], 10
JI03BOJIIE TIPOBECTHM MOJCIIOBAHHS IITOBXaHHS fapa 3 MiCIsl Ta BHU3HAUYUTH
ONTHMAJIGHE CTOJYYCHHS TIOKa3HWKIB JJIi TEBHOTO SApa. 3 BUKOPHCTAHHIM
HEeHpoHHUX Mepex [3] i HasBHMX JaHux 3 [4] Oyno po3B'a3aHO 3ajady
MPOrHO3YBaHHS JaIbHOCTI MOJBOTY SAApA B 3aJIEKHOCTI BIJ JaHUX PO BIK, PICT, Macy
TiJla arjieTa Ta XapaKTepUCTHUKax NoNboTy smapa [5]. Jami Oymo BusHaueno 14
¢daktopiB [6], 1m0 Hajexarb A0 5 KiaciB (Ipyn 3aleXHOCTEW) 1 BIUIMBAIOTh Ha
pE3yNbTAT IMITOBXAHHS Spa, Ta MPOBEACHO PO3paxyHKH [7]. Aje OHIEIO 3 BaXIMBUX
3a/1ay IpH MiJIrOTOBIII ATJIETa € BUBHAYEHHS, sSIKa caMe TeXHIKa METaHHs OlIblle HoMy
MiXOIUTh 3T1AHO 3 (Pi3uuHUMU TapameTpaMu. Y po6orti [8] Oyio chopMynboBaHO Ta
PO3B'S3aHO 1[I0 3a7a4y MPOTHO3YBaHHS METOAOM INTYYHUX HEHPOHHHX MEpPEex 3
apXITEKTYPOIO 3BUUAWHOI0 MEPCENTPOHY 3 AeCIThMa BXIIHUMU (haKTOpaMU Ta OJTHUM
BUXIJIHUM («OOpaHa TEXHIKa»).

binbm perenbHe BUBYEHHSI TEXHIKHM IITOBXaHHS HEMOXJIMBO 0€3 Bi3yaJIbHOTO
aHani3y. buibliicTe BUAIB CHOPTY MOB'I3aHA 31 IIBUAKUM 1 TOYHUM PYXOM, SKUH
1HOI1 MOJKE CTaTH CKJIAJHUM JUIS TPEHEpiB Ta aHAITHKIB, MO0 BIJICTEKYBAaTH Ta
aHani3yBaTu JeTanbHo. Lle 0cobIMBO CKIaHO Y TUX CUTYAIlIsIX, KOJIU BUKOPUCTAHHS
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oOJajHAHHS JUTsl BIJICTEKEHHS Ta NATYUKIB JUIsl 30UIBINCHHS 300py MaHUX HE €
Bap1aHTOM, OCKUIBKH 11l KaJpu 0OMEXKYIOThCS HaJaHHSM Bi3yalli3allii pyxy IITOBXauda
sa/pa, a He JeTajdbHOro aHanizy. JlaHi Ta 3HaHHS, OTPUMAaHI 3 KaJpiB, BUMAararoTh BiJ
aHaNITHKAa BUTpAauyaHHA 0aratbOox TOAMH 4acy JUisl BIATBOpPEHHs Bigeo. BoueBunup,
3aCTOCYBaHHSI METOJIIB KOMM'IOTEPHOT'O 30py MOXKE 3MEHIIUTH PO3PUB MK
CIIOPTUBHOIO TIOMI€I0 Ta AHATITUYHUMH YSBIECHHSMH, TPOIMOHYIOYM HOB1 CriocoOu
300py JaHUX Ta NPOBEJEHHS I[IHHOIO aHali3y 3a JIONOMOIOK aBTOMAaTHU30BAHMX
CUCTEM.

JUIsi TpOEKTYBaHHS CHUCTEMM BI3yalbHOTO aHalli3y MOTPIOHO TOCHIIUTH
OpUHIMOMN 11 BUKOpUCTaHHs. [IporHo3oBaHa BIACTaHb CHOPTCMEHA BU3HAYAETHCA
3HAYHOIO MIPOIO 3a MapaMmeTpaMu, omucaHumu y [1], a came: BUCOTH BHITYCKY Sipa,
KyTy BHUIIYCKY Ta MIBHAKOCTI BUNycKy. [IporHozoBana BiAcTaHb — 1€ (QYHKIIS
MBUAKOCTI KBaapata [9]. OTxe, MIBUAKICTh € SKHAWBILIUBOBINIOW 3 IapaMeTpiB
BUITYCKY.

Pucynok 1 — llltoBxaHHs sapa 3 HbBopOTy (daza Bxony) y pi3HHX MPOEKILIIX

1106 mocsartu MakCMMallbHOI HIBUJKOCTI, MU IOBHHHI NMPAaBUJIbHO PO3IrHATU
A7Ip0o, TOMY HEOOXIHO BMBYMTHU BCl (a3 BiJ MOYATKYy PO3TOHY a0 (hiHATBLHOTO
BUITYCKY. JloCTiKeHHs TToKa3aiu, o S-1oai0Ha TpaekTopis (puc. 2) K HEHTPY Mac
METaJIbHUKA, TaK 1 MOCTPUTY B CariTalbHIN IUIOMMHI OUTBIIOCTI KHIKIB, HE €
MOBHICTIO MPaBUJIBLHOIO, aJIe PEAIbHO BUT1HOIO.
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Figure 5: Undulation of shot path as seen in the sagittal view of a thrower using the
glide technique. A higher apex of the initial peak should result in a greater activation
of the leg musculature upon landing.

Pucynox 2 — JloBxuHa mUIsAXy cHapsAny (sapa)

I[s  xBuIenomiOHICTH  CTBOPIOE  MOXJIMBICTH ~ aKTUBYBAaTH  pediekc
PO3TATYBaHHS M'SI31B IIPH MPU3EMJICHHI Ta TUM CaMUM 30UIbIIIYE M’ SI30BY aKTHBAIIIIO
HiT [10]. Koau mBUAKICTE 3MIHU JJOBKUHU M’si3a BEJIMKA, 1€ MUMOBLUIBHUMN peduiekc
CTBOPIOE OUIBIII CHJIBbHI Ta MOTY>KHI M’SI30BI CKOPOYEHHS, HIXK 11€ Oy70 6 MOXIUBO
JIMIIIE 32 YMOBH JIOBUIBHOTO KOHTpOt0. Peakiiss M’s31B Ha peduiekc 0e3mocepeHbo
MOB’s3aHa 31 MIBUAKICTIO PO3TATYBaHHSA. TakMM YHHOM, 30UTBIICHHS HIBHUAKOCTI
PO3TATYBAHHS TMPU3BEAEC [0 TOCUJICHHS MHUMOBUIBHOI aKTHBalli M’s31B 4epes
pediekc po3TATyBaHHSA. Y INTOBXaHHI spa MIBUAKICTh PO3TIATYBAHHS MOXKHA
30UTBIIUTH, MAaKCHUMI3YIOUM BEpPTHUKAJbHY IIBUAKICTH aTyieTa, KOJIM BiH
NpU3eMIIIEThCS Tichs ¢a3u moaboTy. [[pOoro MokHA IOCATTH NIIISXOM 301TBIIEHHS
MaKCHMaJIbHOI BUCOTH LIEHTPY Macu CIIOpPTCMEHaA B Iiei nepioa. Yum Buile BepiinHa
IEHTPY Mac I 9ac a3y MojaboTy, TUM OLIBIIOK Mae OyTH BepTUKAIbHA IMIBUJIKICTh
CHIOPTCMEHA TP MPU3EMIICHHI.

B [11] 3anponoHoBaHo miaxif, 0 3a0e3redye BIACTEKEHHs MO3U JIIOJAUHH 3
BUKOPUCTAHHSM MamuHHOro HaB4yaHHa (ML) 1 Bu3Hauae 33-2D opieHTupH Tina 3
oxHoro kanapy. Ha BigmiHy Bif cydacHUX MoOJIelel M03, 3aCHOBAaHUX Ha CTaHAApTHIN
tonosorii COCO, BlazePose TouHo j0Kani3ye O1yibliie KIIOYOBUX TOYOK, 1110 POOUTH
Horo yHikambHUM i ¢iTHec-gonatkiB. [loTouHMM cTaHAapToM Ui O34
mrojicekoro Tina € Tonojoris COCO, sika ckiramaerses 3 17 opieHTHPIB Yepe3 Tyiyo,
pyku, Horu Ta obmmyus. OgHak kiato4yoBl Touku COCO noKali3yroThCs JIMIIE Ha
TOMUTKOBOCTOITHUX Ta 3aIl’ICTHUX TOYKaxX, iM HEe BUCTadae iHdopmarlii mpo macmrabd
1 OplEHTAILIO JUIS PYK 1 HIT, IO BaXXJIUBO JJI MPAKTHUYHHUX 3aCTOCYBaHb, TAKUX SIK
¢itHec 1 TaHui. BlazePose mpencrasiisie HOBY Tomosorito 3 33 KIIIOUOBHUX TOYOK
JIOJICKKOTO TiNa, ska € cynepuabopom Tonoioriii COCO, BlazeFace 1 BlazePalm. Ile
JI03BOJIIE HAM BU3HAYaTH CEMAHTHKY TiJia JIMILE HA OCHOBI MepeadadyeHHs Mo3u, 10
Y3rO/IKY€EThCS 3 MOAEISIMU 00IMuus Ta pykK (puc. 3).
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Pucynox 3 — Tonosoriusi no3u

3 HaBEACHOTO BHILE MOXHA JAOMYCTUTHA BUKOPUCTAHHS KOMITIOTEPHOTO 30pY Y
MiATOTOBINl IITOBXayiB sjpa. [lpumyctumo, M0 OKpIM 3BHYAHHOTO Bi3yaJIbHOTO
aHani3y, TpEHepy CKIJIAJHO JIaTh OLIHKY SKOCTI Ti€i 4M 1HIOi (a3 momroBxy (ix
OyBae Big 4 no 5). 3 moximBocTaMH TexHomorii BlazePose Ta HelipoHHOT Mepexi,
onucaHoi B [8], MO)KHA OpraHi3yBaTH IOBHUN «3aMKHEHUW LHKI» MIATOTOBKU
CIOPTCMEHa, OUIbII palllOHAIbHO BUKOPUCTOBYIOUM 3aco0u (Bigmamae morpeda y
JI0pOromMy 00JIaJIHaHHI Ta JaTYHUKIB) — pUC. 4.

[Tin0ip cxoxwux 3a

3HaXOKEHHs TUILY TEXHIKU AHTONIPOMETPI€I0
3a JI0IIOMOTI' 010 HelipoMepe:xi :> CIOPTCMEHIB 3 GLIbLI

BHUCOKHM pPE3YyJIbTaTOM

V

Owigka a3y 3a JOIOMOT 00 . N .
H b A Bizyanpauit anami3 ¢aszu

HEHPOHHOT Mepexi

Pucynok 4 — «3aMKHYTHI1 LMK MIATOTOBKH

Crovarky MpOMOHYBajJOCs BUKOPUCTOBYBATH 3HAHHS BCIX KOOPJIMHAT Ha
MIPOMIXKH 3HAXOJ[P)KEHHS MO3M JIIOJUHU Ta MOJAUTY Ha 5 oCHOBHUX (a3 (po3riH, BXIiJ,
3aXOIUICHHSI, TTOCTAHOBKA JIIBOI Ta BHUITYCK Sipa Uisl KpyroBoro maxy). OmgHak mpu
po3paxyHKy Oyio0 3’sICOBaHO, 110 JJIsl peajizallii JaHOI CUCTEMU sl KOXKHOTO €Tamy
3HAXO/PKEHHSA JTOBEI0Cs O peasiizoByBaTH Mepexy Buay 99x33x1 (ms onniei gaszn), a
SIKIIO JJI BCIX M'SITH — TO 395x33x5x1, 110 3HAYHO 30UILIIMIO O Yac HaBYAHHSL.

[{ro mpobieMy MOKHAa BHPINIUTH 3HAXODKEHHSM BIIXWICHHS BiJi HOPMHU.
Sxmo B3ATH 32 HOPMY TIOKa3HUKH TOIMOBOTO CIOPTCMEHa (31 CXOXKOIO
AHTPOIIOMETPI€0) Yy LK (a3l Ta MOPIBHATH 31 CIIOPTCMEHOM, SIKOTO MU aHAII3yeEMO,

JI0OCTaTHbO OyJe 3HAXOIKECHHS JIUIINE BIACTaHI MK KOOpAMHATAMH TOIOJOTTYHHUX
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TOYOK. YWM BHWINE BIiIXWICHHS, BIJICTaHb B TOYKH 10 TOYKH, THM TipIIe
BUMPOOYBAaHUN CIOPTCMEH BUKOHYE crpodOy. Tomi mepexxa matume Burisia 33x1

(puc. 5).
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Pucynok 5 — I'pad nHelipomepexi

8,58048482682993

BxiaH1 maHi — 1ie BiACTaHb BiJ TOYOK, a BUXIJHE 3HAYEHHS — BIICOTOK SKOCTI
BUKOHaHHS (a3u. HeliporHa Mepeska Oysia mpoTecToBaHa 3riIHO 3 JaHUMU (puc. 6).
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Pucynok 6 — JlaHHI JUIS TeCTyBaHHS

015313
025313
035313
045313
035313
055313
075312
085313
095313
105313
115313
135313
135313
145313
155313
026475
015313

Pesynmpratu (puc. 7 — 8) cBimuaTh, IO TECTYBaHHSA MPOWIIIO B MeEXax
npunyctumoi nomMuwiku 10%, 1 11e 103BOMsIE 3pOOUTH BUCHOBOK TIPO JOILIBHICTH
BUKOPHUCTAHHS 111€1 HEUPOHHOI MEpexi.
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Pucynox 7 — Jliarpama po3ciroBaHHS

I 06 OUT | 0.5_EFF A
06 0547670929515657  0,00424539392365745
0.4 0E04190450317321 0.0169519530270721
0.4 0.457670915767679 0,00519677 269506655
04 0.409501721093641  0,0001410867 24595839

035 0.361055201184667  0,000190964801 327303
035 0313735364353196 . 0,00205488093530533
035 026GE19185452439 0,0102973822589604
0z 0.227327246705763 0,001166841 26981504
02 0189949395074848  0,00015783530474629
01 0157032101788481  0,005082282241 26815
01 012861655492186  0,00127954252436846
0,05 0104507160120811  0,00464223345983216
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1] 0.0677011248235424 ) 0,007161628597457E2
05 0.500103209212694 1.66429731E165315E-8
0.8 0781721338105 0.000522046516172153

Pucynok 8 — Pe3ynbraTu TecTyBaHHS

SAxiio ol'eqHaT 5 MEpex ISl 3HAXOMKEHHSI OIIHKHM SIKOCTI (pa3 B OAHY, TO
BUIJIE Mepeka apXITeKTYporo 99x5x1 juist 3HaX0/KEHHS 3arajIbHOTO BiZICOTKA SIKOCTI
BUKOHAHHS CIIPOOH, JUTSI TIOJAIBIIIOTO BUBUCHHS Ta KOPUTYBaHHS.

BUCHOBKUA
3acToCyBaHHS ~ 3alpONOHOBAHOI  MOJENl  JIOMOMOXE  3MEHIIUTH  Yac
3HAXO/KCHHS TEXHIKM MaiXke y JBa pa3h, 10 CBOEK YEProrw JOMOMOXKE
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paIlioOHAIBHO 3aCTOCYBaTH dYac I TIATOTOBKM CHOPTCMEHAa y MOro BIKOBIH
KaTeropii.
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Ouaiitnuk C.FO. (/[onbacvka deporcasna mauuno6yoieHa akaoemis, M.
Kpamamopcox, Vrpaina)

3ACTOCYBAHHS HEMPOMEPEXXHOI'O MOJIEJTIOBAHHSA 1JIs1
JIIATHOCTIKH HECTIMKUX CTAHIB TEXHOJIOT'TYHOI CUCTEMU B
MPOLIECI MEXAHIYHOI OFPOBKH

Bupiwysanocs 3a60anns no6yoosu mooeni 0na ananisy cnekmpy ioponepemiujensb nio yac
00pobKu cKnaoHonpoginbhoi 0boronku. Bxiowi Oani Oynu 3abe3neyeni pe3yibmamamu 3anucy
CNeKmpy KOauawvb nio uac oopooku. Buxionumu oanumu 6y pieeHv X6UNACMOCMI NOBEPXHI NIC/s
npoxody incmpymenmy. Ha eucomy ma kpok xeunsicmocmi 6naueac pigenv amniimyou KOJIUBAHb
ma ix uacmoma. Mooenb 0036015€ GUHAYAMU HECMIUKI CMAHU MEeXHOI02IYHOI cucmemu nio yac
00poOKU.

The problem of creating a model for the analysis of the spectrum of vibration displacements
during the machining of a complex shell are solved. The input data were provided by the results of
recording the oscillation spectrum during machining. The initial data was the level of surface
waviness after the passage of the tool. The height and step of the waviness are influenced by the
level of amplitude of oscillations and their frequency. The model allows to determine the unstable
states of the technological system during machining.

MexaHniuHa 00poOKa TOHKOCTIHHHUX BEIMKOraO0apuUTHUX BUPOOIB 3 KPUXKHUX
MarepiajgiB CYIpPOBOJKYEThCS BUHUKHEHHSM HECTIMKMX CTaHIB, IIJI 4Yac SKUX
BUHUKAIOTh 3Ha4HI BIOpallii, sSIKI BIUIMBAIOTh HA SIKICTh IMOBEPXHI Ta TPYAOMICTKICTb
HACTYMMHHUX OMNOPSAKYBAIBHUX METOMIB. Pe3ynbratu MOCHIKEHHS XapakTepy
KOJIMBaHb T17] 4ac 0OpOOKM TOHKOCTIHHHUX OOOJIOHKOBHX BUPOOIB NPEACTABICHO B
psal HayKoOBUX Tipats [ 1, 2, 3, 4]. BimMiuaeThes, 0 Ha XapakTep KOJMBAHb BIUIMBAE
3Ha4YHA KUTBKICTh (PaKkTOpiB, IMOB’SA3aHUX 3 MPOIECOM OOPOOKH Ta BIIACTUBOCTSIMHU
Marepially 3aroTOBKH Ta IHCTPYMEHTY, a TAaKOX 3 TEOMETPIEI0 3arOTOBKH.

Jlns  mocmiypkeHHS  BiOpariii, Imijg dYac MeXaHIYHOI OOpoOKM (aJMa3HO-
aOpa3uBHOI 0OOPOOKM TOHKOCTIHHOI OOOJIOHKH, Mapabosoiga OoOepTaHHS 3 CUTAIY),
Oynu BUKOHAHI BHUMIPIOBAaHHS TMapaMmeTpiB BiOpomepeMilieHHs UTi(yBalIbHOT
TOJIOBKH 3a JIOTIOMOT'OI0 BiOpoMeTpy aHaiizatopy crnektpy 7M107B. BumiproBanss,
AK1 OyJM BUKOHaHI Jal0Th MOJIMBICTH MOPIBHATH 3MIHU 3Ha4Y€Hb B1OpONepeMIlEHb
Ta CIEKTpa YacTOT KOJUBAaHb NPH MPOXOKEHHI IHCTPYMEHTY B3JO0BXK MPOQLI0
3aroTOBKH, a TAKOXK 3MIHY LUX 3HAYEHb JJI1 HACTYMHHUX MPOXO/AIB IHCTPYMEHTY, SIKI
3aJIeKaTh Bl TakuxX (PaKToOpiB, K 3MiHA Ta KOJHUBAHHS TOBUIMHU CTIHKU, TJIMOWHU
pi3aHHS.

[Ticnis BUMIpIOBaHHS OCHOBHUH CIIEKTpP 4acTOT OyJio po3auieHo Ha rpynu: 10£5
I'm, 205 T'm, 3645 I, 50+5 T, 68+5 T, 207+5 T, 340+5 T, 407+5 T 3a
JIOTIOMOT'OK0 TIPOrpaMM 0 MpUjIaAy BU3HAUEHI aMIUNITYIU KOJMBaHb HUTI(YBaIbHOI
TOJIOBKHM Ha LHUX YacTOTaxX Ha OKPEMHUX JUISHKAX 3arOTOBKU. 3arOoTOBKA TOHKOCTIHHA
ckiagHonpodiabHa o6onoHka [3, 4] ymMOBHO Oyiia po3jaiiecHa Ha CiM JIUJISHOK B
MeXxax SKHX 3MIHa reoMeTpii HesHayHa. Ha oMy erami Oyso 3adikcoBaHo, 110 Npu
30iry 4acToTH, fKa BUKIMKaHa OOepTaHHSM NUTI(QYyBaIbHOTO Kpyra, 3 BIIACHUMHU
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4acTOTaMH  TMIJACUCTEMH, BIJOYBA€ThCA MIJBUIICHHS AaMIUNITYAM  KOJIWBAHb.
PesynbpraT aHamizy CHEKTPY [O3BOJIMJIA BHUSBUTH, 110 30UIbIICHHS BiOpaliii
BUHMKAE: HA MEpIIii quUIsHI (B HOCKa BUPOOY), 110 BiAnoBigae koopauuaram: 100
MM, 200 MM Ta MOB'A3aHO 3 HHU3BKOIO KOPCTKICTIO MIJACUCTEMH «IIMHUHEIbHUN
BY30JI-ONPAaBKa-3ar0TOBKa», MaKCUMaJbHI aMIUNTYAU BUHUKAIOTh HAa yacToTax (0e3
ypaxyBaHHSI 4acToT, MeHmux 3a 10 T’y ): 50£5; 68+5; 1045, 20+5 'y Ha aiisHI
200-400 mwm, mo jyis mpoxoaiB I ta Il moB's3aHo 3 HepiBHOMIpHUM HUTI()YBaHHSIM
(mpoxomoM depe3 JHUCKY), MO CHEKTPY MOMAIOTHCS BJIACHI YaCTOTH TIJCUCTEMHU
«arperatHa TOJOBKa — CYMOPT», MaKCUMaJbHI aMIUNITYJd BUHUKAIOTh Ha 4acTOTax
(6e3 ypaxyBanHs 4actoT, MeHmux 3a 10 T'm ): 68£5; 50+5; 36+5, 10+£5 I'u; Ha
ninsai 300-400 MM, e BimOyBaeThesl 3MiHA KOH(Iryparii IJIOMMHA KOHTAaKTy Ha
nutidyBaIbHOMY 1HCTPYMEHTI, MaKCHUMaJibHI aMIUTITYAXd KOJWMBaHb BHUHHUKAIOTh Ha
gactoTax (0e3 ypaxyBaHHs 9acToT MeHImX 10 I'm): 5045; 68+5; 10£5, 36£5 ['; Ha
minsai 600 - 700 MM (3a BuHATKOM «1poxoay II», imMoBipHO uepe3 Te, 10
00po0JieHa 3aroToBKa-000JOHKAa 3HAXOAUTHCS B HECTIMKOMY CTaHi, HaWOUIbII
aMIUTITYJIM CTOCTEPIraroThes st cnekrtpa vactor MeHmux 10 T'm. Tlpuuwmna
3HIKEHHS aMIUTITYId KOJMBaHb Uil «poxoay IlI» monsraiots y Tomy, 1110 riuduHa
pizanHs 3MeHmmwIacs Big 1 mm 10 0,75 MM, 10 3HU3WIO HOPMATBHY CKIIAJIOBY CHIIH
pi3aHHS Ta MIABHUINMIO CTIMKICTH 000JOHKH. s BCiX NPOXOMAIB CHEKTP YacTOT
KOJIMBaHb Ma€ HaMEHUIl aMIUTITyAu BiOponepeMimieHb Ha AuisiHkax: 300, 400 abo
450 MM, okpiM «mpoxoay II», y SKoro 3HIKEHHS aMILTITYl BiIOYBa€ThCs Ha JIJISHIT
200 mM. Ha 3a3HaueHux AUISTHKAaX B110YBA€ThCs 30LIBIICHHS IUIONI 30HW KOHTAKTY,
3aroTOBKa-000JIOHKA 3HAXOAMTHCS y CTIMKOMY cTaHl. TakoX Ha LHMX JUISTHKaX
CIIOCTEPIra€ThCs HAWOUIbIIA TOBIIMHA CTIHKA OOOJIOHKHM, SK HACHIOK i
HEPIBHOMIPHOCTI, IO BUHUKAE TIpU (OPMYBaHHI Ha 3aroTiBeNbHIN oneparii [3].

Mera po6oTu — modyayBaTd MOAEIbL 3a JOIMOMOI'OK0 HEHPOHHOI MEpexi, sSKa
JTI03BOJIUTH JI1arHOCTYBATU HECTIMKHI CTaH 3aroTOBKH Mij] 4ac 0OpOOKH.

BukopucranHs METOy HEHPOMEPEKEBOTO MOCITIOBAHHS JI03BOJISIE CTBOPUTH
1HGOpMATUBHY MOJIENb 1 3aCTOCOBYBATH 1i JJI1 KOHTPOJIO JMHAMIYHOTO CTaHY
TEXHOJIOTTYHOI CHUCTeMH IMia 4ac oOpoOku. J[jis CTBOpEHHST Mojiesli BUKOpPUCTAaHA
nporpama NeuroPro 0,25. Jlo Tabmuii nanux Oyiu BHECEHI HACTYIHI BXITHI JIaHHI:
aMILTITYIU KOJIMBaHb Ha OCHOBHUX 4dacToTax (10, 20, 36, 50, 68, 136, 204, 340, 407
M) ma ciMOX HUISHKAX 3aroTOBKHA. 3aroTOBKa Mae€ CKJIAJAHUA Tpodinb, TOMY
XapaKkTep KOJIUBAaHb 3MIHIOETHCS.

[Ticns mpoxoay 1HCTpyMEHTa 3 MOBEPXHI OyJIM 3HATH MapaMeTpu XBUIISICTOCTI
HAa KOXHIM HOUISHIII 0OpoOKM, $SKI YMOBHO OyJIO PO3AiICHO Ha TpPU TPYIH:
HOpMaJIbHUH, 3aJI0OBUILHUM Ta HE3aI0BUILHHUM PiBEeHb XBWISICTOCTI. BignmoBigHo Oyio
MPUCBOEHO HACTYIMHI BHUXITHI MOKa3HWUKU: HOpManbHUM — 0; 3amoBinmbHuMi — 0,5;
He3a10BUIbHUM — 1. BiAMOBIIHO Ha BUCOTY Ta KPOK XBWJISICTOCT1 BIUTMBA€E aMILTITY 1a
Ta YacToTa KOJIMBaHb, 110 JaJI0 MOJKJIMBICTH OI[IHUTH JMHAMIYHHH CTaH
TEXHOJIOTIYHOI cUCTeMU TiJ 4ac oOpoOku. [1oOymoBy mepexu Oyno BUKOHAHO Ha
OCHOB1 BXIIHMX JaHUX (BEIWYMHU aMIUIITYAM 32 BHU3HAYEHHMH 4YacTOTaMH) Ta
BUXIJHUM IOKA3HUKOM, SIKHUW XapakTepu3ye MoBepxHi0. KiIbKICTh BXIAHUX CUTHAJIB
JIOPIBHIOE JEB'SITH, BUX1THUX — OJWH. 3arajbHa 0e3J114 Oyia mojijeHa Ha HaBYaJIbHY

Ta TecToBy. [[ns HaBuaHHA OyJIO BHKOPHUCTAHO JEKUIbKAa €TamliB IMepeMilllyBaHHS
111



HaBYAJIbHOT 0€3/14i A0 MOMEHTY 3pIBHSHHS IMOXWOKM HaBYaJbHOI Ta TECTOBOI
6e3miui. [ToxnOka HaByaHHs BuxigHoro napamerpa — 0,1.

3a nmomomMoror mporpamu Oyna moOyJqoBaHa OJHOIIAPOBA Mepexa 3
MIOYATKOBOI KUIBbKICTIO HelpoHiB 100 3 HacTymHOK onTuMizalicro Mepexi. B
pe3ynbTaTi Oyna oTpuMaHa MOJENb, sSKa MPH BCTYIl HAa BXiJl YaCTOTHOTO CHEKTPY
KOJIMBaHb TEXHOJIOTTYHOI CUCTEMHU Ha BUXOJ[1 BU3HAUYaA€ CTaH ii cTiiikocTi (puc. 1).

honﬂ 0a3bl JaHHLIX (MCXOJHBIE CUMMTOM:I):
NS
N7

MonA 0a3bl JaHHLX (KOHEUHbE CUHAPOM:I):
10

ﬂpeaoﬁpaﬁorxa BXO[HbIX nonei Bl AnA nojayn ceTw:
N5=(N5-@,45)/9,45
N7=(N7-0,5)/0,5

OyHKUMOHANbHEIE TpeobpasosaTe/:
Carmounal(A)=A/ (0,1+|A])

CMHOpOMsl 1-TO YPOBHA:
Cunapoml 1=Curmougal( -@,987103*N5-0,85642235%N7-0,9862014 )
CunapomMl 2=Curmoupal( @,9999999%N5-@,1247255%N7+0,412728 )
CuHppoml 3=Curmoupal( ©,6066881*N5+@,4842897*N7+0,8264513 )
Cungpoml 4=Curmougal( -@,4777336*N5-N7-0,2699405 )
CuHapoml 5=Curmompal( -0,5105553*N5-N7-0,9502493 )

KOHeYHble CHHLPOMBI,
N10=-0,4942214*CHrapom1_1+@,4803752* Curpoml_2-Curgpoml_3-0,8029916*Cukpoml_4-0,5597352*CHapomL_5+9, 08574384

HOCTOGPBGOTKB KOHEYHbIX CHHAPOMOB.
N10=((N16*1)+1)/2)

Pucynok 1 — BepOanpHuil onuc Helipomepexu

TecToBi Ta KOHTPOJIbHI BUOIPKH MIATBEPIUIN PE3yIbTAT MOJICTIOBAHHS.

BUCHOBKH
Mogens, sika Oyna oTpUMaHa 3a JA0MOMOIOI0 HEHPOMEPEKHOTO MOJEIIOBAHHS

B nporpami NeuroPro 025 BiamoBijae eKCIEpUMEHTAIBHUM JaHUM Ta OITHCYE
JUHAMIYHUN CTaH TEXHOJOriyHoi cucteMu. Ilig dYac HaB4aHHS Mepexu Oyio
BIIXWJICHE HE3HAUylll NapaMeTpu Ta 3ajJMIIEHO TUIBKKM JBa MapameTpa, Kl
BiIMOBIMat0Th: 68 Il - yacrora Ha sKid BUHUKAIOTh BHUMYIIEHI KOJIMBAHHS
TexHonoriunoi cucremu; 204 I'm — gacrora, SKa MOB’sS3aHA 3 HIDKYUMH BIIACHHMH
YacTOTaMU KOJIMBAaHHS CTIHKM OOOJIOHKH, Ha L1 4acTOTI BUHUKAIOTh NapaMeTpHyHI
KOJIMBAHHS 3aroTOBKH-0000HKK. Came I1i MOKa3HWKH MPUBOASTH JO JTHUHAMIYHOI
HECTIMKOCTI TEXHOJIOTTYHOI cucTeMu. OTpuMaHa MOZEIb J03BOJUTh KOHTPOJIIOBATH
JTUHAMIYHHM CTaH TEXHOJOTTYHOI CHCTEMHU ITiJT 4ac 0OpOOKH.
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VJIK 004.032.26

OmbxoBceka O. JI., T'ymkoBa K. 0. ([ombacvrxa oepowcasna mawunobyoiena
axaoemis, m. Kpamamopcwk, Ykpaina)

3ACTOCYBAHHS HEMPOMEPEKHUX TEXHOJIOI'TA ITPU OLTHIII
E®EKTUBHOCTI IT-IIPOEKTIB

llokazano axmyanvnicms oyinku egexmuernocmi pospobku IT-npoekmy 0ns 3a6e3neyenns
NPULIHAMMS PAYIOHAILHUX PILUEHb KePIBHUYMBOM NIONPUEMCME WOO0 THeeCmuyill 8 iHghopmayitii
mexnonoeii. Hageoeno moxciugicms SUKOPUCMAHHA THCIMPYMEHMApIo Wmy4Ho20 iHmenekmy OJisl
oyinku egpexmusnocmi IT-npoexmis. Pozenanyma npakmuuna peanizayisi Helipo-Heuimkoi Mmooeini
ANFIS ons npoenosysanns exonomiunozo egpexmy pospooxu IT-npoexkmy.

The relevance of assessing the effectiveness of IT project development to ensure rational
decision-making by the management of enterprises on investment in information technology is
shown. The possibility of using artificial intelligence tools to assess the effectiveness of IT projects
is presented. The practical implementation of the neuro-fuzzy ANFIS model for forecasting the
economic effect of IT project development is considered.

IMocranoBka mpoGsemu. JlisIbHICTH, TMOB'S3aHa 3  BUKOPHUCTAHHSIM,
CTBOPEHHSIM IE€BHOI 1H(QOpPMaLIMHOI TexHoiorii posrisgaerscss sk [T-npoekr. B
PMBoK [1] npoexkr — 1e 3ajada 3 NEBHHUMH BUXIIHUMH JaHUMH 1 HEOOXITHUMH
pesyabTaramu (LIIIMH), 110 00YMOBIIIOIOTH Coci0 ii BupimieHHs. Y 3akoH1 Ykpainu
«Ipo Konnenuito HarionansHoi mporpamu  iHdopmaTu3amii»  QopMyeThes
BU3HAUYEHHS MpOeKTa 1HGOpMaTHU3alli SK KOMIUIEKCY B3a€EMOIOB'SI3aHUX 3aXO/IIB,
3a3BMYail 1HBECTUIIITHOTO XapakTepy, IO Y3TOJKEHI 3a YacoM, BUKOPUCTAHHS
NEBHUX MaTepiaJbHO-TEXHIYHUX, 1H(QOPMAIIHHUX, TIOACHKUX, (JIHAHCOBUX Ta THIIMX
pecypciB 1 MarmOTh Ha MeETI CTBOPEHHS BHU3HAY€HUX 1HPOPMAINHUX 1
TeJIeKOMYHIKalIHHUX CHCTEM, 3aco0iB iHpopMaTu3alii Ta iHPOpMaIiiTHIX pecypciB,
SK1 BiJINIOBIAIOTH ITEBHUM TEXHIYHUM YMOBaM 1 MOKa3HHMKaM sikocTi [2]. Tooto mix
IT-poekTom OyaeMO poO3yMITH MpPOrpaMHl JOAATKH, 1H(OpPMAiiHI CHUCTEMH,
posroptanus IT-indpactpykrypu. ExoHomiuna edekTuBHICTh iH(OpMAIIHHOT
CUCTEMHU pO3IVISIIAETHCS  SK PE3YyJIbTAaTUBHICTh BMOPOBAKEHOI 1H(OpMaIiiHOT
CUCTEMHU, CHIBBIIHOUIEHHS MDK pe3yJibTaTaMH 1i BIPOBAPKEHHS 1 BUTpaTaMu Ha
JIOCSATHEHHS 3aIlJTAaHOBAaHUX pe3ynbTaTiB. ExoHoMiuHa edekTuBHICTh IT-mpoekTy
MOXe OyTH pO3paxoBaHa Ha PIZHUX CTaJISIX JXKUTTEBOTO LHUKIY i1H(OpMaliiitHOl
CUCTEMHU: Ha CTaJlii 1HIIIFOBaHHS PO3POOKH, CTajli MPOEKTYBAHHSA, CTall CTBOPEHHS,
cTajli BOpOBaKEHHS W ekcrutyaTalii iHdopmamiiiHoi cuctemu. B 3anexHoCT Bix
LBOT0 OTPUMYIOTHh PI3HUI XapakTep pO3paxyHKIB, CHOCIO iX NMPOBEAEHHS, CTYIIHb
netamizamii. BuszHaueHHs eekTHMBHOCTI po3poOku IT-mpoekTiB € HarajabHO
3ajayero JUisl KepIBHUUTBA SIK IMPU PO3pOOI, TaK MpPU BIPOBAIKEHHI IMPOEKTY,
OCKUTBKU peajtizailisi UX MPOEKTIB CYMPOBOIKYETHCS PUSHKOM MPHU JOCUTH BUCOKHUX
BUTpaTax pecypciB. BuinezasHaueHe 0OyMOBUJIO aKTYaldbHICTh MPOOJIEMH, IO
PO3IIIAIAETHCA.
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Amnauni3 ocrannix myouaikamiii. Orinka edexkruBHOCTI | T-mpoeKTIB, 30Kpema,
iHdopMaliiiHux cucteMm, 0a3yeTbCsd Ha IMIJIX0JaX, CHPSIMOBAHMX HA BH3HAYEHHS
(pIHAHCOBUX CKJIAJIOBUX, SKICHUX IOKAa3HUKIB MpoekTiB [3-6]. He3paxkarounm Ha
BEJIMKY KIJIBKICTh POOIT Y 1iM rajy3i B yMOBaxX HEBH3HAUCHOCTI Ta HETOUHUX BXI1JTHUX
JaHUX, 3aCTOCYBaHHS TPAAUIIHHUX METO/IB, MPU3BOJUTH /10 HEBIPHUX MI1JACYMKOBHUX
pPE3yNbTATIB, 10 MPU3BOIUTH 0 MPUUHATTS MOMWIKOBUX pimieHb. KpiMm 11p0r0, Ha
eTani MPUUHATTA pIIEHHS I[IOA0 PO3POOKM MPOEKTY IOCTA€ MHUTAHHS MOIIYKY
KpUTEPIIO0 TOPIBHAHHS PO3PAaXyHKOBHUX 3HAYE€Hb 3 MaWOyTHIMHM BHIOJaMH 32
IPOEKTOM. 3 IIbOr0 BUTIKAE 3ajlaya JOCIITUTH MOXIIMBICTh BUKOPUCTAHHS HOBUX
TEXHOJOTIHA JJI PO3B’sA3aHHS TPAaJULIWHUX 3aBJaHb. MaTeMaTU4yHI 1HCTPYMEHTH 13
KaTeropii MITY4YHOTO IHTEJIEKTY JO3BOJIAIOTH y3arajlbHIOBaTH Ta CHCTEMaTU3yBaTH
npeAcTaBieHl HeWpoMmepeki 3HaHHS, 3HAXOASYM IMPUXOBaHI 3aKOHOMIPHOCTI MIX
TOKa3HUuKamu [7].

MeTo10 po6oTH € 10OYy/10Ba HEHUPOMEPEKEBOI MOJIe1 OIIHKU €(hEeKTUBHOCTI
I T-ipoexry.

BukJiiaag oCcCHOBHOT0 MaTepiajy J0CTiIKeHHS .

B ocHoBi orinku IT-TIpoO€KTIB Ma€ JiexKaTH MOKa3HUK €(EeKTUBHOCTI, SIKUM Ou
OyB uyrnuBuM a0 3MiH mapameTpiB IT-mpoekty, pempe3eHTaTHBHUM, TOOTO MeTa
peamizamii [T-npoexty 3Haxoguna mnpsMe BiIOOPaKEHHA B IOKAa3HUKY MOro
e(EeKTHUBHOCTI, BpPaXxOBYBAB HEBH3HAYEHICTh YMOB peaji3alii MpPOEKTYy, NpOTe
BOJHOYAC OyB MPOCTUM JJisI OOYMCIIEHHS Ta aHali3y noka3Huka edextuBHOCTI IT-
NPOEKTY, OYyTH KOMIUIGKCHHMM TIOKa3HUKH, 00 YHUKHYTH HaJTUIIKOBOCTI
MOKa3HUKIB. PimeHHsAM wiei nmpoOiemu aBTOpu 0ayaTh B BHUKOPUCTAaHHI TOpPUAHOI
CUCTEMH, sIKa JT03BOJISIE BUT1THO BUKOPUCTATU MEPEBAaru TEXHOIOTH HEpoMepex Ta
HEUiTKOI JIOTiKD, a came B CTBOpPEHHI HelpoHewiTKy cucremu tuiry ANFIS.

ANFIS peanizye cucremy HeuiTkoro BuBeaeHHS CyreHo y BUIISII
N'SITHIIAPOBOI  HEMPOHHOI  MEpeXi  MPSMOro  PO3MOBCIO/KEHHS — CHTHAIY.
[Ipu3HaueHHs mapiB Take:

— TIepIINiA map — TEPMH BX1IHUX 3MIHHUX;

— JIpYTHil map — aHTeUeeHTH (MTOCUIKH) HEUITKUX TPaBUIL;

— TpeTii map — HopMasi3alis CTYNeHiB BUKOHAHHS MPaBUII;

— YETBEPTHI LIap — YKJIaJaHHS [IPABUIL;

— TM'ATUW map — BUXIJHA 3MIHHA, arperyBaHHS (KOMIIO3UIliS) pe3yJbTary,
OTPUMAHOTO 3a PI3HUX MPaBUIIL.

VY Mopeni BuBeneHHs: CyreHo-Takari BAKOPUCTOBY€EThCSI HAO1p MpaBuUl:

R :AKLIO X, ye A; TA Xx,ye A, TO y=1(X), 1)

ne X =(X,,X, .., X, ,) - HAOIp BXiZHMX TTApPAMETPIB;
f( X )— neBHa 4iTKa QPyHKIIISI, HAPUKIIA.

BusHauaroThCs piBHI «BIJCIKAHHS» &; JJISI JIIBOI YaCTHMHU KOXKHOTO 3 MPaBUII
3T1JIHO 3 BUPA30OM &, = m_in(Aij (x j )) i=1,...,m, j=1,..n i pO3paxOBYIOThCS «IHIAUBITYyTbH1»
J

BUXOAH MpaBui i R;, i=1,..,m:
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y: =Pyt z Pi; X (2)
i=L

I€ Py, p;— KoedinieHTn momiHoMa abo0 1MGPOBI Bar, SAKi YTOYHIOIOTHCSA Y

MPOIIeCi aHaI3y JaHUX.

brok nedasudikarii 311HCHIOE TEPEXi/l BiJ HEYITKOrO 3HAYCHHS JTIHIBICTUYHOL
3MIHHOI (YyIpaBJiHHS) JO YUCJIOBOTO 3HA4YCHHS. Y pa3l CHOPOIIEHOIO aJIrOpUTMY
HeuiTkoro BuBeAeHHS  (anroputM  CyreHo  HYJIbOBOT'O  IOPSAKY),  KOJHU
y, = f(X)=p,,i=1.m cm:

i:mjin(l'lij (XJ ))piO
V(X1 Xy e X, )= |:1m
iz_:‘mjin(“ii (x,)

[TpumycTUMO 117151 TIHTBICTUYHOT OIIHKU BX1JHUX 3MIHHUX BUKOPHUCTOBYIOTHCS
TpU TepMU. SK TEPM-MHOXUHHU JIHTBICTUYHOI 3MIHHOI X; BUKOPHUCTOBYETHCS
MHOXXHMHA Tx = {«KPUTUUHHUIY, «CEpellHiil», «BUCOKUN»}. TepM-MHOXKHHA BUX1IHOI
JTIHTBICTUYHOI 3MIHHOI Y CKjlagae MHOXUHY Ty= {«HU3bKUNY», «KPUTHUYHULY,
«BUCOKMIT»}. CucTeMa HEYITKOr0 BUCHOBKY MICTHTh 3 mpaBuia. Y HEHpO-HEUITKIM
cuctemi ANFIS po3mipHICTF TEpM-MHOXHHH BHXITHUX 3MIHHUX Ty TOBHHHA
JOPIBHIOBATH KUIBLKOCTI mpaBui [7-9].

[ITap 1. Koxxen By3on nepinoro mapy cuctemu ANFIS o0po0Oiisie BXiJiHI J1aHi.
.Bxogum wmepexi 3'emnani aumie 3 TepMaMu. KiTbKICTh BY3JIIB NEPIIOTO IIapy
JOPIBHIOE CyM1 TIOTYXXHOCTEH TEpM-MHOXHWH BXIJHUX 3MIHHHUX, J€ OIepauis
dasudikamii BUKOHAHO HA CHHIJICTHIH OCHOBI, TOOTO BHUKOHYETHCS pO3JLIHHA
dazudikaiiisi, BU3HAYAIOTHCA HEYITKI TEPMHU BXIIHMX NapamerpiB. Buxoau By3iiB
LBOr0 1Aapy NPEICTaBIAIOTh 3HAYCHHA (YHKLII TPUHAIEKHOCTI MPU KOHKPETHHUX
3HaUEHHAX BXO[IB. KO)XeH BY30J IIbOr0 IMIApy € aJalTUBHUM M ONMUCye (DYHKIIIIO
MPHHATIEKHOCTI U, (xi ), A€ X, —BXiJ I-TOrO By35a, A, — JIHIBICTHYHA 3MIHHA 13 TEPM-

(3)

MHOXKHMH T, IO aCOLIIOETHCS 3 AaHUM BY3J0M. JIjist TepMIB BXIJTHUX 3MIHHUX OOpaHi
raycoBi QpyHKIII1 mpuHAIeKHOCTI [7]:

pa(¥)=—i=1n @

e c,c,,b —mapamMeTpu HalamTyBaHHS (QYHKIH MPUHAIEKHOCTI B IIpolieci
HaBuaHHs. [lapameTpu bOro mapy BiTHOCATHCS K TTapaMeTpaM MepeyMOB.

[ap 2. Kinpkicts By3miB apyroro mapy M. KoxeH By3on 1poro Imapy
BIJINOBIIA€ OJHOMY HEUITKOMY MPEIUKTUBHOMY TpaBuiy. By3onm apyroro imapy
3'€MHAHUN 3 THUMH BY3JIaMH TIEPIIOTO IMapy, sKi (opMye MOCHUIKH BiAMOBIIHOTO
npaBuia. OTxe, KOXKEH BY30J JIPYTHM 1Iap MOXKe MpuiMaTu Big 1 10 n CUTHaIB.
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BuxomoM By3na € CTymiHb BUKOHAHHS TPAaBWIA, IO PO3PAXOBYETHCS SIK JTOOYTOK
BX1AHMX curHamiB (3a Jlapcenom). Hexail Buxonu By3JiB 1IbOTO apy t,,r=1,..,m, ae
M KUTBKICTh HEYITKKX TpaBui [7-9]:

T, = min[u, (x) ®)

[ap 3. KinbkicTh BY3JiB TPETHOro IIapy AOPIBHIOE m. Y 1bOMYy Iapi B
SIKOCT1 BX1JIHMX JIAHUX BUKOPUCTOBYIOTHCA BX1JHI 3HAUEHHS HEHPOHIB MOIMEPETHHOrO
mapy. KoxkeH By30J IIbOro Imiapy po3paxoBy€ BIIHOCHUN CTyMHiHb BHKOHAHHS
HEYITKOro npaBuia (Hopmaizaiis) 3a popMyIoro:

* FC
T, =t (6)

m
ZTJ'

j=1

[ITap 4. KinbKicTh BY3J1B IIapy TakoX AopiBHIOE M. KoxeH By30J1 3'€THaHUM 3
OJJHUM 13 BY3JIB TPEThOIrO MIApy, a TaKOX 3 yciMa BXogamMu Mepexi. Byson
YETBEPTOrO MIAPy PO3PAaXOBY€E BHECOK OJHOT'O HEUITKOTO MPAaBMIIa y BUX1T MEPEXKi 3a
dbopmyiioro:

Yy, = Tr(bo,r +by, X +...+b, X ) (7

nrin

5. €auHui By30J1 1IHOT0 APy MiJCYMOBYE BKJIAJIU BCIX MPABWUI:
y=2Y, (8)

M-¢byHkiist HaB4aHHS Mepexi anfis BU3HAYEHHsA MapaMeTpiB  (PYyHKIIiH

NPUHAJICKHOCTI CUCTEM HEUITKOro BUBEICHHS TUITY CyreHO MOYKE BUKOPHUCTOBYBATH
QITOPUTM 3BOPOTHOTO TOIIMPEHHS MOMWIKH YU aJTOPUTM TiOPUIHOTO HABYAHHSL.
Hapuanns mapamerpiB QyHKIIA TPUHATIEKHOCTI TOPUIHOT HEHPO-HEUITKOT MEpexi
peani3oBaHO 13 3aCTOCYBaHHSM METOAY 3BOPOTHOTO TIOUIMPEHHS TOMUIIKH,
3aCHOBAHOMY Ha IPaJlEHTHOMY METO/l1 AKHANUIIBUAIIOTO CITyCKY.
BxinHi gaHi 3a1ar0Tbest TaOMMYHO. B SIKOCT1 BXIJIHMX MOKa3HUKIB BUKOPUCTOBYIOTHCS
BUTpaTH KOMIT toTepHOro 4acy (X1), Butpatu Ha po3podbky (X2), TpymOMICTKICTh
BukoHaHHs (X3). BuximnuMm napamerpoM € ekoHomiunuii edekt (Y). BupimeHHs
3aBJaHHA BHUKOHYEThCA y mporpami MatlLab 6.1. [Ins reHepyBaHHs cucTeMHU
HEYITKOrO BHUBEJCHHS Oyno 0OpaHO oOIepaliio IpaTdacToro po30UTTS , SKHM
nepenbavyae, 10 (YHKIIT NPUHATIEKHOCTI HEYITKUX TEPMIB  PIBHOMIPHO
PO3MOMIUISIOTHCS BCEPEANHI YHIBEpCYMY NaHuX [8].

Ha pucynky 1((a),(0)) HaBeAeHO BIKHO 3aBAaHTKEHHS BUXIJIHUX JaHUX Ta
CTpyKTypa 3reHepoBanoi cucremu (FIS-cucrema) HewiTkoro BuBoay rpadik GyHKINT
MOMIJIKH TIPU
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Pucynok 1 —3aBanTaxeni Buxiani gani ta crpykrypa ANFIS- monemi

KinpkicTh BXigAHUX 3MIHHHX 3, KOKHa 3MiHHa Mae 3 TepMu, TOOTO 3arajbHa
KUIBKICTh NpaBHI JOpiBHIOE 3°= 27 mTyk. [licas HaBYaHHS CHCTEMH OTPUMYE
rpadik 3aJIeKHOCTI TOMUJIOK HaBYaHHS BiJl KUTBKOCTI IIUKJIIB 1 HAJAIITOBAHY HEUITKY
CUCTEMY IMPaBWJI JJIsl BU3HAYEHHS PE3yJbTaTUBHOIO Moka3zHuka puc 2 ((a), (0)).

B Anfis Editor: 1
File Edit View
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Pucynok 2 — Imtoctpariist rpadiky 3a1exHOCTI TOMIJIOK HAaBYaHHSA BiJ KIJTBKOCT1
IIUKJIIB Ta pOOOTH CUCTEMH

B Anfis Editor: 1 [ = ][==]
File Edit View
% 10% Testing data : . FIS output - * — AMNFIS Info.
4
# of inputs: 3
3 # | of outputs: 1
# of input mfs:
= 333
25 # of test data
a 5 paiis: 7
* +
1 + * *
Structure
& _ DlearPlat |
1 > 3 1 3 3 7 Clear Plot
Index
Load data Generats FIS Train FIS [ TestFls
T From: Optim. Methot
~ Trairing ¢ Load from disk. backpropa | | | Plot against
= disk " Load from worksp. Eror Tolerance: " Training data
* Testing =t 7 =t
" Chocking " workep + Grid partition s O Testlr\? data
 Domo  Sub. clustering 100 " Checking data
LoadData. | _ClearData | Generate FIS | Train Mow | Test Now |
Average testing error: 7531.5688 H Help Cisa | ‘

Pucynok 3 — TecTyBaHHsI HaIAIITOBAaHOT HEHPO-HEUITKOT MEPEXKi
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BUCHOBKHU

Takum auHOM, TIpHU OMIHIT e(heKTUBHOCTI [ T-TIPOEKTY MOKIMBO BUKOPHUCTAHHS
MaTEMaTUYHOr'0 arnapary IITY4HOrO 1HTENEKTY, 30KpeMa TiOpuaHOT MOJEeNl Helpo-
Heuitkoi cuctemu ANFIS. TlepeBaroto Bukopuctanus ANFIS-cuctemu € nunamizm
3a paxyHOK HaJalllTyBaHHS MEpPEeXl TPaTIEHTHUMHU aJITOPUTMAMH, BIJICYTHICTb
OoOMEeXeHb Ha KUIbKICTh, aJaliTUBHICTh 32 PaxXyHOK MoAuQikallii 3aMiHU JejbTa-
IpaBWiia PO3PAXyHKOBUMH (OpMyJaMu y pasl JIHIMHUX (PYHKIIHA NPUHAIEKHOCTI
TEPM-MHOXHOCTI BXIIHUX JIHTBICTUYHMX 3MIHHUX. B mopanbIiiomMy mgoCiiKEHHI
IJIAHYETHCS BJOCKOHAJIEHHS CHCTEMHU IMOKAa3HUWKIB OIliHIOBaHHS edextuBHOCTI IT-
IIPOEKTY Ta PO3MIMPEHHS 0a3W EKCIIEpUMEHTAIbHUX JIAaHWX ITJIBHUIICHHS TOYHOCTI
HAJIAIITYBAaHHS HEUPOHEUITKOI MOJIEJII.
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VJIK 004.8:796

Onumyk C.I'., Tynynos B.1. (/Jonbacvka deporcasna mawiunobyoiena akaoemis,
Ykpaina)

3ACTOCYBAHHSA HEUPOHHUX MEPEX JJIs1 TOCJI)KEHHSA
EKCILTYATAIIMHUX BJACTUBOCTEN ABPABUBHUX KPYT'IB

Locniooceno excnayamayiini enacmugocmi abpa3usHUx Kpyeie 3 UKOPUCTNAHHAM UMY YHUX
HeupouHux Mmepedic. Hasedeno npuxnad npocro3yeéanus cmiukocmi abpasueHux Kpyzie ma
Gaxmoprozo excnepumenmy.

The operational properties of abrasive circles with the use of artificial neural networks have
been studied. An example of predicting the stability of abrasive wheels and factorial experiment is
given.

Jnst  AOCHKeHHSI eKCIUTyaTallliHUX BJIAcTUBOCTEH aOpa3sMBHUX KPYTIB
BUKOHAaHI EKCTICPHUMEHTAIbHI JOCII/DKCHHS 3aJIeKHOCTI IUTOMOTO 3HOIIEHHS Bij
pexuMiB 00poOku [1]. JocimkeHHss BUKOHAHI MPH IUIOCKOMY HUTI(YBaHHI 3pa3KiB
nepetuHoM 18x6 MM’ 3i crameii P12, P18, P6M5 KpyramMu 3 eIb00py
AUYK150x10x32x3 JI1061-100%.

dakTopaMH €KCIIEPUMEHTY OYyJIM HACTYIHI: IIBHUJKICTh Pi3aHHS V, M/C; mojavya
ITO3/TOBXKHS S, M/XB, TTIMOWHA pi3aHHA (pajiajibHa mojaada) t, Mm/mmoas. xia. Buxigaum
napaMmeTpoM € MUTOME 3HOUIEHHSI aOpa3uBHOIO IHCTPYMEHTA.

Jlnst oOpoOKM eKcliepuMEHTaIbHUX JaHUX BUKOpHcTaHa nporpama Neuro Pro
0.25, 3a [mOmMOMOror SIKOI BHKOHYEMO HeHpomepekeBe MojemoBanas [2].
ApXiTeKTypa HEHPOHHOT MEpeXl Ma€e TPU BXIJTHUX IOJIsI, OJHE BUXIJHE MOJNE W OJIUH
mIap 3 JeCSATH HEHPOHIB.

[Ticns HaBYaHHS HEMPOHHOI MepeXi OTPUMaHO BepOaNbHHUI OMUC HEUPOHHOI
MEpexi.

TecTyBaHHS HEHPOHHOT MEPEKI MPECTABICHO HA PUCYHKY.

oPro 0.25

[7] daiin Mpaska OkHo Help

n|@|@| ¥|e[s[-] £ 2

Y1 MporHoz ceTu | Owutka
-0.9375  (-1.129105 0.1916053
-0.7187  -0.5898569 -0.1288431
-0.4687  -0.4153517 -0.05334825
1 0.8352329 0.1647671
=l -1.040987 0.04098749
-0.7033686
-0.5939606
0.7716202

-0.0622314
0.1564606
-0.006020214

-0.4375
0.7656

3HaunMiICcTh (PaKTOpiB
Xo=s; 1,0 mst Xs3=t.

N
1

2

—
—
—
B |-0.7856
7

]

MpaeuneHo:
HenpaeuneHo
Beero:
Cp.owuBka:

Makc.ownska:

8 (100%)
0(0%)

8
0.1005329
0.1916053

excriepuMeHTy ctaHoButh: 0,15 mms Xi=v; 0,81 mus

120



[TepeBipka HEHPOHHOT MEpPEXKi Ha NPYTid cepii eKCIEPUMEHTIB CBITYUTH PO
32/I0BUIBHY CXOJUMICTh PE3YJIbTATIB.
BUCHOBOK
Heilipomepexxne MoJeNOBaHHS JO03BOJIIE 3MEHIIUTH 3arajibHy KUIbKICTb
MMOBTOPHUX EKCIIEPUMEHTIB Ta BUKOPUCTATH HEUPOHHY MEPEXKY Il TPOTHO3YBAHHS
pE3yNbTATIB EKCIIEPUMEHTIB MPHU MOAIOHUX BUXITHUX YMOBAX.
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VJIK 004.043

IMina O.P., I'aiiny4ox O.B. (Hayionanvnuii ynisepcumem “Jlvgiecoka nonimexuika,
M. JIbsis)

IITYYHI HEMPOHHI MEPEXI JIJISI PO3II3BHABAHHS
PYKOIIMCHOI'O TEKCTY

Hocniodceno memoou MawuHHO20 HAGUAHHS, PO32NAHYMO 3ACMOCYEAHHS HEUPOHHUX MEPEHC
011 PO3NI3HABAHHA PYKONUCHO20 MEKCMy ma Npeocmasieno npozpamy O0as O0eMOHCmpayii
MOJACTIUBOCNEU MAKUX MEPEC.

The methods of machine learning are investigated. The use of neural networks for
handwriting recognition is considered and a program to demonstrate the capabilities of such
networks is developed.

[TocranoBka mnpoOjeMu. Y CydyacHOMY CBITI, 3 PO3BUTKOM TEXHOJOTIA BCE
OlnpIlle  TPOIECIiB  CTalOTh  aBTOMAaTM30BaHMMH, 1[0  JIO3BOJISE  JIHOJIMHI
CKOHIICHTPYBAaTHUCh Ha IHTENEKTyalbHIH poboTi. Ta 3 PO3BUTKOM IITYYHHUX
HEHPOHHUX MEpeX 1 TIMOMHHOT'O HABYaHHS PO3B'A3aHHS JNEAKHX 1HTEIEKTYalbHHX
3aJ1a4 TeX MOKe OyTH aBTOMAaTH30BaHO 1 BUKOHYBAaTUCh IPOIrpaMoro, sIK MpHUKIal -
po3Mi3HaBaHHs 00pa3iB Ta ix aHaii3 ado TpaHCKpUOYBaHHS PYKOIMCHUX TEKCTIiB. B
Ham dYac OaraTo OIOPOKpaTHYHUX 1 (PIHAHCOBUX OIepalid MepexoisTh Ha
€JIEKTPOHHUN JOKYMEHTOOOIr, TOMy 0araTto mnamnepoBUX JOKYMEHTIB MalTh OYyTH
TpaHcopMoBaHi B enekTpoHHI. Lle Benukuii oOcar pobdoTH, mpu sikomy Oyno O
JOIUTBHO BHKOPUCTOBYBAaTH INTY4YHI HEWPOHHI Mepexi s pO3Mi3HaBaHHS
PYKOITUCHOTO TEKCTY.

AmHani3 octanHix myOjikamiil. Bymo mpoaHanizoBaHO poOOTH TakWUX aBTOPIB:
Harald Scheidl, Stefan Fiel, Robert Sablatnig, Baoguang Shi, Xiang Bai and Cong
Yao. B ix pobGorax He MOBHOIO Mipol0 OyB PO3KPUTHI MpOLEC NEPBUHHOTO
(dopMaTyBaHHS TEKCTY Ta BUOKPEMJIEHHS 3 HBOT'O PSIKIB.

Metor poOOTH € aHalli3 METOAIB NOOYAOBH HITYYHUX HEUPOHHHX MEPEXK Ta
peanizailis MPOTPaMHOTO 3a0e3MeUeHHs NIl PO3IMI3HABAHHS PYKOMHCHOTO TEKCTY.
[cHye nBa OCHOBHUX MIIXOAM, a camMe MpPUXOBaHI Mojeni MapkoBa Ta WITY4HI
ueriponni mepexi (IIIHH). IlpononoBana cucrema po3mi3HaBaHHS TEKCTY 0a3yeThCs
Ha [ITHH.

Buknan OCHOBHOro marepially OOCHIIKEHHA. B Xoml nocmimkeHHs Oyio
IIPOAHAII30BaHO PI3HI MIAXOAM JO PO3IMi3HABaHHSA PYKONMHUCHOro Tekcry. Ilepii
OiAXOAM JO PpO3Mi3HABAHHS PYKOMHMCHOI'O TEKCTY Iepeadayand Taki MeETOIU
MalTMHHOTO HAaBYaHHS, K MpuxoBaHi Mmozaen Mapkosa (HMM). Ilicns monepennpoi

00pOOKHM MOYATKOBOI'O TEKCTY BUKOHYETHCS BWIIYYeHHS! (QYHKLIN JJ1s 11eHTUdIKaIii
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KJIFOUOBO1 1H(OpMAIii, Takoi SK MEeTIi, TOYKU MEePEruHy, CIIBBIIHOIICHHS CTOPIH
IHIUBINYyadpHOTO  Xxapaktepy Ttomo. Ili ¢yHKuii Temep momaBaluch 0
kinacugikaTopa, Hanpukiag HMM, mo0O orpumaTtu pe3ynbrat. [IpoayKTHUBHICTH
TaKMX MoOjieJied MAallMHHOTO HaByYaHHs Oyla JocuTh oOMexeHa uyepe3 ¢asy
BUJIy4YE€HHS (YHKLIA BpYUYHY Ta iX OOMEXEHY 3/1aTHICTh HaByaTucs. ETan BUiydYeHHA
GyHKIINA BIAPI3HABCS Ui KOKHOI OKpEMOi MOBH, 1 TOMYy HE OyB yHIBepCalbHUM. 3
MPUXOJOM TJIMOMHHOTO HaBYAaHHS MPUUNIIM W HOBI MIAXOAU JJIsi PO3IMi3HABaHHS
MOYEPKY 13 3HAYHO OUIBIIOI0 TOYHICTIO.

J1st o0y 10BM HEUPOHHOI Mepexki OyJI0 BUKOPUCTAHO MOJIEIb 3 IIapaMu TPhOX
THITIB:

[Tapu 3roptkoBoi HeilponHOT Mepexi (CNN): BXigHe 300pakeHHs MOAA€ThCS
Ha mapu CNN. Lli mapu HaBueH1 BWIy4aTH BIANOBIAHI O3HAKMU 13 300pa’KEHHS.
Koxxen map ckiaiaeTses 3 TPhOX ONEpaLliid: oneparis 3ropTKH, sika 3aCTOCOBYE PO
biapTpa po3MipoM 5 X 5 y mepmux ABOX Iapax Ta 3 X 3 B OCTaHHIX TPhOX IIapax 0
Bxoay. Ilotim 3acTocoByeThes HemiHiiiHA GpyHkuist RELU. Hapemrti, map 00’ eaqHaHHs
miZICYyMOBY€ 00J1acTi 300pa)K€HHSI Ta BUBOJUTH 3MEHIIEHY BEPCII0 BX1JHOT MaTpHIl
po3Mipom 32 x 256.

[Tapu pexypentHoi HeliponHoi Mepexi (RNN): mocmigoBHICT 03HAK MICTHTH
256 o3Hak Ha koxkeH TakT, RNN momuproe BiANOBIIHY iHGOpMALIO 4yepe3 Iffo
MOCIHIJIOBHICTh.  BukopucrtoByetbest  peanmizamis  RNN 3 nmoBrorpusaiioro
KopoTkocTpokoBoro mam'sittio (LSTM), ockinbku BOHA 37aTHa MOIIMPIOBATH
iHdopMallito Ha OulelIl BiAcTaHl Ta 3a0e3medyye OUIbII HAJIMHI HaBYaIbHI
xapakTepucTuky, HiK 3BuvaiitHa RNN. BwuxigHa mocaigoBHicth  RNN
BioOpaxaeThcsi Ha MaTpulll po3Mipom 32 x 80. Habip nanux [AM cknanaetses 3 79
pisHux cumBomiB, a g omepauii CTC morpibeH 1me OauH MOAATKOBHM CHMBOI
(mycra MiTKa), TOMY JUIsl KOKHOTO 3 32 TakTiB € 80 3amucis.

[[Tap xoHHEKIIIOHICTChKOI TUMYacoBoi kiaacudikarii (CTC): mix yac HaBYaHHS
IHM, CTC orpumye Buxinny matpuiito RNN 1 icTUHHUN TEKCT, 1 BOHA 00YHUCITIOE
3HaueHHd noxuoku. g BucHoBky, CTC oTpuMye Jiniiie MaTpHILIO, 1 BOHA JEKOAYE ii
B OCTATOYHUM TEKCT.

Heliponna wmepexka HamucaHa MoOBOIW — mporpamyBaHHs  Python 3
BUKOpPUCTaHHAM crienianizoBanux 616morek Tensorflow Ta OpenCV.
Jlnst HaBuaHHs HeWpoHHOI Mepexi Oymno Bukopucrtano FKI TAM Handwriting
Database 3 nara cerom 3 115320 pykonucuux ciiB. Hapuanns [ITHM posnizHaBatu
300paKE€HHS 3aiiMae JOCUTh 0Oarato wYacy dYepe3 HEOOXIAHICTh TMOCTIHHOTO
3aBaHTAKECHHS Ta OOpOOKM 300pakeHb, IO 3aiiMae OUIBIIY YacTHUHY IIPOIECY
HaBYaHHS.

[Tpuknaan pobOTH HEHPOHHOT MEPEXi HA PYKOTTUCHOMY TEKCTI:
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Pucynok 2. Pe3ynbraT poOoTH IITYYHOT HEHPOHHOT MEpexki

BUCHOBKH
3aranoM HaBeJ€Ha BHILE HEHPOHHA Mepeka 3MOrjia po3Mi3HATH PYKOMHCHHMA
TEKCT 3 JIOCUTh BHMCOKOIO TOYHICTIO. Pe3ynbrar mMoke OyTH NOKpaleHHH OiIbIl
TpuBaiuM HaBuaHHsIM [ITHM a Ttakoxx po3poOeHHSIM aaropuTMy pO3AUICHHS TEKCTY
Ha CErMEHTH I Kpalloro po3mi3HaBaHHA. Tako) TOYHICTh PO3MI3HABAHHS MOXKHA
NOKpAIIUTU MpaBuiIbHUM Migoopom nekoaepa CTC.

CIINCOK ITOCUJIAHb
1. Harald Scheidl, Stefan Fiel, Robert Sablatnig Word Beam Search: A Connectionist
Temporal Classification Decoding Algorithm. 2018 C. 1-6

2. Baoguang Shi, Xiang Bai and Cong Yao An End-to-End Trainable Neural Network for
Image-based Sequence Recognition and Its Application to Scene Text Recognition. 2015 C. 1-8
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YK 621.791

Pemernsik T.B., HeuBosiona JI.B., Kpukynenko K.M. (/[onbacvka depacasna
Mawunobyoiena akademis, m. Kpamamopcok, Yrpaina)

INPOI'HO3YBAHHSA ®IHAHCOBOI'O CTAHY MAIINHOBY AIBHOI'O
NIIOPUEMCTBA 3 BAKOPUCTAHHSAM HEMPOTEXHOJIOI'IA

Posenanymo memoouky 3acmocy8anus HeUpoHHUX Mepedic Olsl OYiHKU IHAHCO08020 CMAHY
nionpuemcmea. 3pooneno 02110 Memooux noby008u HEUPOHHUX Mepedtc 0N GUPIUEHHS DI3HUX
eKOHOMIYHUX 3a0ay | npuuuamms piweHs. Hagsedeno xapaxmepucmuky sAKocmi no6y008aHux
Helipomepedicesux Mmooeneti pisnux munig. Obpana HauKpawa Mmooenb 011 HNPOSHO3VEAHHS
Qinancosoco cmany nionpuemcmea. Ilpogedeno amaniz saxocmi Mmooeni 6a2amopieHe8020
nepcenmpona. Po3pobneno kracughixayito Ho8ux 6UNaoKie Ha OCHOBI HelipoMepeNCe8oi MOOeI.

The method of application of neuron networks is considered for the estimation of the
financial state of enterprise. The review of methods of construction of neuron networks is done for
the decision of different economic tasks and making decision. Description of quality of the built
neyrosetevykh models of different types is resulted. The best model is chosen for prognostication of
the financial state of enterprise.The analysis of quality of model of multilevel perseptron is
conducted. Classification of new sluchav is developed on the basis of network model.

Heiiponni Mepexi MaloThb JOCUTH MIUPOKY cepy 3aCTOCYBAHHSL. Lle 3aBmanHs
po3mi3HaBaHHS oO0pa3iB 1 kiacuikaiis, TPUAHSATTS PIIeHs 1 YOPaBIiHHS,
KJacTepu3allis, MPOTHO3YBAHHS 1 ampOKCHMAIlisl, CTUCHEHHS JaHUX 1 acolliaTHBHA
MaM'sTh.

VY nHaykoiil miteparypi [1-5] poOUTBCS aKIEHT HA 3aBAAHHIX BUKOPUCTAHHS
HEHPOMEPEKEBUX TEXHOJOTH I MPOrHO3YBAHHS PI3HUX €KOHOMIYHUX MOKA3HUKIB.
Pesynpratt poOOTH HEHPOHHOT MEpeXi 03BOJSIOTH MOOYAYBATH JIOCUTH TOYHI
MPOTHO3U PO3BUTKY T'OCIIOAPCHKOTO CY0'€KTA.

31160HOCTI HEUPOHHOT MEPEXi 10 MPOTHO3YBAHHSA 0e3nocepeIHbO BUILTUBAIOTh
3 11 3gaTHOCTI 1O Yy3araJdbHEHHS 1 BUIUICHHS NPUXOBAHUX 3aJICKHOCTEH MIXK
BXITHUMHU Ta BUXITHUMHU NaHuMH. [licis HaBYaHHS Mepeka 37aTHa Mepea0adnuTh
MaiiOyTHE 3HAYCHHS SKOICh IIOCIIJIOBHOCTI HAa OCHOBI JIEKIJIBKOX ITOIEPEIHIX
3HauUe€HHA 1 / ab0 fAKUXOCh ICHYIOUMX 3apa3 4YMHHMKIB. Cia 3a3HAuMTH, WO
IIPOrHO3YBaHHS MOXJIUBO TUIBKU TOJ1, KOJIW MOINEPEAH]1 3MIHUA JIMCHO B SIKIKCh MIpI
BU3HAYAIOTh MalOyTHI.

[HTEepec mpencTaBisie BUKOPUCTAHHS HEPOCETEBUX TEXHOJIOTIH IS CKIIaJTaHHS
porHo3y (piHaHCOBOTO CTaHY MIAIMPUEMCTBA.

Mertoro poboTH € po3poOKka MPOrHo3y (piHAHCOBOI'O CTaHy MAIIMHOOYIIBHOTO
MIIPUEMCTBA HA OCHOBI BUKOPUCTAHHS HEPOMOZIENI.

Ha mpukmani ¢$iHaHCOBOI  3BITHOCTI  MAIIMHOOYIBHUX  IMANPHEMCTB
NPOIOHYETHCS MOO0Y10Ba HEUPOCETEBOM MOEI.

[Tporec moOym0BM HEMPOHHOT MEPEKI BKITIOUAE HACTYITHI €TaIlu:

1. Bubip Tumy mepesxi i BUPIIIEHHS ITOCTABJICHOTO 3aBAaHH;

2. HaBuaHHs1 HEMPOHHOI Mepexi, TOOTO BU3HAUEHHS] YMCEIbHUX 3HAYEHb Bar
KO>KHOT'O 3 HEHPOHIB Ha IMiJICTaB1 €KCMEPTHOI a00 PETPOCIIEKTUBHOI iHGOpMAITii;
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3. IlepeBipka HEHpPOHHOI MeEpeXi, sSKa MPOHIUIA HABYAaHHSI, Ha JaHHUX
KOHTPOJBLHOTO MPUKIIAIY;

4. BukopuCTaHHS MEpexi, sIKa YCIIIIHO MPOMIIa HaBYaHHS Ta TECTyBaHHS,
JUTSI BUPIILICHHS 3aBIaHHS.

3a momomororo makera Statistica Neural Networks (StatSoft Inc.) [6], sxuii
o0'enqHye B co01 3pydHmil iHTep(deic 1 MUPOKI MOKIMBOCTI BHOOPY PI3HHX THIIIB
HEHPOHHUX Mepex MoOyaoBaHa MOJIENb OIIHKK Ta aHali3y peami3ailii (piHaHCOBOIO
ia”y Ha npukiaai nanux 3AT HKM3.

B sAKxocTi BXiTHUX MOKa3HUKIB MOJEIEH HEUPOHHUX MEPEK PO3TIIAIAI0ThCS
TEMIM 3MIHM 3HA4€Hb TaKUX I[IOKA3HUKIB TMIJNPUEMCTBA, SIK: TEMI 3MIHU
donrmomictkocti mpoxaykiii (T FE), temnm 3MiHM MaTepialoMICTKOCTI MPOAYKIIIT
(T_ME), Temn 3minu JikBiganii nediropebkoi 3adoprosanocti (T _PDZ), Temn 3mMiHu
oocsary mponmaxiB (T _OP), temn 3minu ¢ouny omnatu mnpami (T _FOT), mo
BIJIOOpaXarOTh 1HTEHCHUBHICTH BIUIMBY 3arpo3. BHXIJIHOI 3MIHHOW € THII
(1HAHCOBOTrO CTaHy.

s mepebopy Mojeneil HEHpOHHMX Mepex B makeri Statistica Neural
Networks 3acTtocoByerhcsi Maiictep BupimenHs 3aBaadb (Intelligent Problem
Solver). Moaynes MaiicTep BHpIIICHHS 3aBJaHb J03BOJSIE TMEPETISHYTH TOCHUTH
BEJIUKY KUIBKICTh MOXJIMBUX MOJIE€TICH, TPOBECTH X HABYAHHS 1 TECTYBAHHS PI3HUMU
METOJIJaMH, aBTOMaTUYHO BUOpATH HAMKpaIy.

Ha puc.1 nmokaszana expanna ¢opma mporpamu SNN, 1m0 mokaszye po3OUTTS
BUXIJTHOT BHOIpPKM JaHWX HA TPU KJIACH: HaBYajbHa BUOIPKA, 3a SKUMHU OYIYyETHCS
HEHpOHHAa Mepexa; Bepu(ikoBaHa BUOIpKA, 10 BUKOPUCTOBYETHCS B SIKOCTI 0a3u
3HaHb JUIsI KOPUTYBAaHHS Bar; 1 TECTOBaHAa BHUOIpPKa, IO IMOJAETHCS HA BXiJ
noOy0BaHOI HEHPOHHOI MEPEXI 1 € 3aCO00M MEPEBIPKH THYUKOCT1 MOJIEN] 1O HOBUX
naHux. Po30UTTS BUXigHOT BUOIPKH JaHUX HA TPU TPYIH 3I1HCHIOETHCS BUIAIKOBUM
YUHOM, MPU [IbOMY KIJIBKICTh CIIOCTEPEKEHb B BUOIPKAX 33Ja€THCS 0€3MOCEPEAHBO Y
dopmi abo 3a 3amoBuyBaHHSIM. HaBuyaibHa MHOXHUHA CIYXUTh JUIsI HaBYaHHS
HEHPOHHOT Mepexki, KOHTPOJIbHA - JIJIsl HE3aJIEKHOI OIIHKM XO/1y HaBUaHHS, TECTOBA -
JUTSL OCTATOYHO1 OLIIHKK MOJIEII MICTS cepil eKCIIEPUMEHTIB.

i1 Data Set Editor (medelsinew-xt=)

Wariables g E 1 E LCazes |54 E |2? E |2E E
- I I T_FE T_ME |T PDZ |T aF |T FOT |
o1 l.014z2588 l.014z2588 1.055595 0.9619082
0z l.014z2588 1l.014z2586 1l.0z22946) 0.9619052
03 0.53714286| 0.58714286 1.055917 0.8312567
04 0.5714288| 0.58714286 1.0Z3231 0.8312567
05 1.0425857 1 1.055113 0.993945
0B 1.042857 1 1.022485 0.993945
oy 1.042557 1 l1.00004 0.993945
03 1.142557 1.142557 1.05649 1.092026
09 1.142557 1.142557 1.023793 1.092026
10 1.142857 1.142857 0.4684571 1.092026 »
£ >

Pucynok 1 - @parMeHT po30UTTS BXiJHUX JIaHUX Ha TPU IPYIU JJIsl HABYaAHHS HEHPOHUX
MEpex
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Hailikpamoro oOpana Mopenb 0araTopiBHEBOrO IEpCENTPOHA, IO Mae
Haiimenmy BenumuuHy nomuiku (0,013). Ha puc.2 HaBepeHo apxXiTEeKTypy IUEl
Mo,

I

Pucynok 2 - Apxitektypa MoJelni 6araTopiBHEBOr0 IepcenTpoHa

BukopuctoByroun naHy MoOJeNb MOXKHa 3pOOUTH TPOTHO3 OINIHKUA DPIBHS
(iHAHCOBOTO CTaHy MAIIMHOOYIBHOTO MiAMPUEMCTBA HA MEpPCHEeKTHBYy. Y Tadm. 1
HaBEJICHO pe3yJbTaT Kiacudikalli 3 BUKOPUCTAHHSIM 0araTropiBHEBOI'O MepcenTpoHa
JUTsl HOBUX BHUIIAJIKIB.

Tabaums 1
PesynpraTtu Kinacugikanii HOBUX BHIIaJKIB HA OCHOBI HeiipoMepekeBoi MoJieni
. . BuxinHi Tun knacy 3a
Bxigni manif T_ ME | T_PDZ | T_OP | T_FOT i vozenmo(T KLASS)
Input | 08 | 08 | 08 | 08 | ouput | [SLA(nectirui
(hiHaHCOBUI CTaH)
Input | 085 | 085 | 085 | 0.85 | Output | L2(nectifixui
(inaHcoBuil cTaH)
Input 09 | 09 | 09 | 09 | output | SLA(mecriirumii
(biHaHCOBHUH CTaH)
Input | 095 | 095 | 095 | 095 | Output | |L2(nectifixui
(hiHAHCOBHI CTaH)
KLA4 (criiikuit

Input 1 . . . Output (hiHaHCOBUI CTaH)

KL3 (HopmanbHUit
(dinaHCOBHII cTaH)
KL3 (HopmanbHUit
¢inaHcoBUil cTaH)
KL3 (HopmanbHuii
(iHaHCOBUII cTaH)
KL3 (HopmanbHuii
(hiHaHCOBHIA CTaH)

Input 1,05 1,05 1,05 1,05 Output

Input 1,1 1,1 1,1 1,1 Output

Input 1,15 1,15 1,15 1,15 Output

Input 1,2 1,2 1,2 1,2 Output

BUCHOBKH
SIk y BITYM3HSHIN, Tak 1 B 3apyODKHIA MNpakTHIl ICHY€ JIOCUTHh BEJIHMKa
KUIBKICTh MozeNed uisi aHamidy (IHAHCOBOTO CTaHy MIANPUEMCTB, aye ix
BUKOPUCTAaHHS [1a€ MOXJIMBICTh OTPUMATH TUIBKH OILIHKY CTaHy. AJi€ I[bOrO He
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JOCTaTHBO IS YCHINTHOTO (DYHKIIIOHYBAaHHS BUPOOHUIITBA, OCKUIBKU MOTPIOHO HE
TUIBKM aHANI3yBaTU pe3yJbTaTh poOOTH MIANPHEMCTBA, ajie 1 3pOOUTH TMPOTrHO3
poOOTH Ha MailOyTHE.

Jlns  ycmimHOi OIIHKKM POOOTH MIANPHEMCTBA 1 PO3POOKHM MPOTrHO3Yy Ha
MaiOyTHE B CTATTI MPOMOHYETHCSI BUKOPUCTAHHSI HEHPOMEPEHKEBUX TEXHOJIOT1H.

3a nomoMororo makera Statistica Neural Networks moOymoBana Mojeinb OIliHKH
1 MPOTrHO3Y piBHA (IHAHCOBOTO CTaHY MAITMHOOY/IIBHOTO MiANMPUEMCTBA Ha TIPUKJIIAI
nanux 3AT HKM3.

[3 3amporoHOBaHUX HEWpPOMEpEKEBUX Mojene Oyna oOpaHa Mojelnb
OaraTopiBHEBOro nepcentpoHa (ii 3acToCyBaHHS Ja€ HAUMEHIITYy TOMUJIKY TPOTHO3Y).
BuxopucranHs qaHoi Mojeni T03BOIWIO KiIacu(piKyBaTH piBeHb (PIHAHCOBOTO CTAHY
HiIPUEMCTBA B 3aJIEKHOCTI BiJl PI3HMX 3HA4Y€Hb BXIJHUX 3MiHHMX. B manomy
BUMAJKY BXiJHI 3MiHHI - Ha01p (IHAHCOBUX MOKAa3HUKIB.

TakuM YWMHOM, BUKOPUCTAHHS JaHOI MOJENl J03BOJIIE HE TUIBKH OLIHUTH
(1HAHCOBUU CTaH MiIMPUEMCTBA, aj€ 1 CIPOrHO3yBaTH MOT0O PIBEHb B 3aJIEAKHOCTI BT
3HaueHb (DIHAHCOBMX MOKA3HUKIB.

CIIUCOK MOCHUJIAHDb
1. Llsuoanexo I'.O., Onexcrok O.1. Cyuacha mexnonoeis 0iacHOCmMuKu (iHanco80-eKoHOMIYHOL
dissneHocmi nionpuemcmea.: Monoepagin — K.: KHEY, 2002. — 192c.
2. Pewemnax T. B. KomniekcnHas oyenka QuHAHCOB0U YCMOUYUBOCMU NPEONpUAMUL HA
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MIHCHAPOOHOT HAYKOBO-NPAKMUYHOT KOHpepenyii «Memoou cucmemHno2o ananizy i MOOentoO8aHHs 6
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VJIK 004.89

Cmocap B.U. (I[enmpanvruti Hayko80-00CaioHull iHCmMumym 030poEHHS ma
giicokogoi mexuniku 3C Vxpainu) Cmocapb U.U. (Ilonmascokuti deporcasHutl
azpapuuil yHigepcumemn)

JIBBBI 300IIAPKA HEMPOCETEM

Paccmompenvl pezyniomamer ucciedosanus moyHOCmMu pa3iuyHulX apXumexmyp c8epmoyHbIX
Hetlpocemeti Ha npumepe kiaccuguxayuu usoopadxcenuii oamacema CIFARI(. Bwidsunyma
2unomesa 0 BO3MONCHOCU NOGbIUEHUS MOYHOCMU KIACCUPUKAYUU 3a c4em UCKYCCMBEHHO20
yeenuuenus: hopmama uzoopadicerus neped nooadell Ha 6x00 Helpocemu.

The paper considers the results of studying the accuracy of various architectures of
convolutional neural networks using the example of image classification of the CIFAR10 dataset. A
hypothesis is put forward about the possibility of improving the classification accuracy by
artificially increasing the image format before feeding it to the input of the neural network.

Bonpmioe pasHooOpasue apXWUTEKTyp HEUPOHHBIX CETEH  CYIIECTBEHHO
3aTpyIHSIET BBIOOP Cpeld HHUX KOHKPETHBIX PpEIICHUH IS MPaKTHYECKOU
peannzanuu. B momounps pazpaboTunkam CO3Jal0TCsS apXUTEKTYpHbIE 0a3bl JAHHBIX,
noJy4uBIKe o0pa3HOe HaWMMEHOBaHHWE ‘‘300mapkoB”, Hampumep, [1 - 3], a Takxke
NPOBOJSTCS MHOIOYMUCIEHHBIE TECThl HA TOYHOCTh M MPOU3BOAMUTENBHOCTh. [lpu
TOM MCHOJB3YIOTCS OOLIEAOCTYNHbIE HAOOPBI JAHHBIX (JATaceThl), CTaBIIUE Je-
(akTO HErNMacCHBIMHU CTaHIAPTaMHU B COOTBETCTBYIOIIEH cepe.

[TomumoO BBIOOpa CaMUX CTPYKTYp HEMpPOCETE BaKHOE 3HAUEHHUE MMEET TaKKe
HACTpOMKa MapaMeTpoOB HX CJIOEB, B TOM 4YHUCJIE, B CIIy4ae HCIIOJIb30BaHUSA
npeoOyYEeHHBIX HEWPOHHBIX CETeHd B pA3IMYHBIX KOMOMHAIMSX, a TaKXkKe B
codeTraHuu ¢ TUIoBbIMHU citosiMu Dense, MaxPool, Conv2D u np.

[enbro paboTHI SABISETCS PACCMOTPEHUE PE3YIIBTATOB TECTUPOBAHUS HEKOTOPBIX
U3 TPEJIOKEHHBIX aBTOpPAMHM apXUTEKTYp HeWpocerell sl Kiaccudukauuu
n3o0paxeHuil Ha mpumepe ucnosbzoBanus aaracera CIFARI1O.

TecTupoBaHHE COOTBETCTBYIOIIMX HEHPOHHBIX CTPYKTYpP OCYLIECTBISJIOCH B
¢perimBopke “Terra Al”, aBnstomeMcsl Ha TaHHBIM MOMEHT JYYIIMM B CBOEM KJIacce
CPEIICTBOM CHUHTE3a W TECTUPOBAHUS HEUpOCETeW, ¢ TOUYKU 3PEHHs JOCTUTHYTON
CTENEHU aBTOMAaTU3alMU U y100CTBA UCIIOJIb30BAHUS.

B xadecTBe oTnpaBHOM TOYKHM HccienoBaHuii Oblia BeiOpaHa ceTh LeNet5 [1, 4,
5], pa3paGoranHass B CBO€ BpeMs JJis paclO3HABAHMS PYKOMUCHBIX LU(p Ha
m3obpaxenusax ¢dopmara 28x28 mnukceneit ngaracera MNIST [6]. Ilpu sTom B
CTPOrOM COOTBETCTBUHU C TMEPBOMCTOYHHKOM B KayeCTBE aKTUBUPYIOIMUX (YHKIIUN
ObLIM 3aJlaHbl curMouibl. B 3TOM ciyyae mpu BbIOpaHHOM CTpaTteruu OOy4deHUs
yIaJIOCh JIOCTHYbL yCpeaHeHHOM 1o 10 ki1accam TouHOCTH Kitaccudukanum B 65,11 %.
CymiectBenno, yto Ha gatacere MNIST Tta e apxuTekrypa mo3Bojuia JOOUTHCA
ycpeaHeHHou Tounoctu 98,83 % nHa 18-i snoxe.

Jns poctmxenns Oonee BbicOkoil TouHocTH B oTHomeHmu CIFARIO Obina
npemyioxkena komOunanus LeNet5 ¢ nonkimoueHHon napamiensHo e DenseNetl69,
npenoOyueHHoil panee Ha gatacere ImageNet [7]. IIpu aTom B DenseNet169 Obutn
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OTOpOIIIEHBI BBIXOJHBIE ciou. J[aHHAass KOMOWHAIIMS TO3BOJIMIIA PE3KO IOBHICHUTH
cpenstor0 no kiaccam CIFARI10 tounocts 10 87,84%, uto aemnaer nmapajienbHYIO
APXUTEKTYPY MOJOOHOT0 pOJia OTHUM M3 KOHKYPEHTHBIX PEIICHUN.

Hapsiny ¢ 3Tum, B KayecTBe allbT€pPHATUBHBIX BAapPUAHTOB OBLIA PACCMOTPEHBI
MOCJIe0BaTENbHBIE APXUTEKTYpPhbI, MPUMEPHl KOTOPBIX MpeACTaBlIeHbl Ha puc. 1.
OcHOBOW onHOW W3 HUX sBIsSeTcs TmpenoOyueHHas Ha ImageNet HeipoceTh
MobileNetV2 ¢ konuuecTBOM HEMPOHOB B JABYX JA00ABIEHHBIX BBIXOJHBIX CIOSAX
Dense 120 u 80 coorBercTBeHHO. CTapTOBaB CO CpeliHel TouHOCTH 69,3 %, naHHas
cTpykTypa oboyumnachk 10 84,1 %. ComoctaBuMbIi ¢ Heu pesynbrar 84,4% nama
3aMeHa TpenoOydenHoi Hedpocetn Ha EfficientNetBO. Bwmecte ¢ Tem,
Her((DEKTUBHBIM OKa3aloch NpUMeHeHue mpemnoOydeHHor Bepcun ResNet152V2,
KOTOpasi CpPaBHUTEJIBHO MEJIEHHO o0ydJajiach M TpPU BBIOpAaHHON CTpaTeruu
rmo3ponwia goctuyb TouHoctu 70,5 % ua 50 smoxax.

OnHako TOTEHIMAN TOCIEAOBATENbHBIX APXUTEKTYp, KaK BBIICHUIOCH B
JNajdbHEWIeM, OKaszaJicsl  JOCTATOYHBIM, 4YTOOBI MPEB30OMTH  MapalieTbHYIO
apxutekTypy LeNet5 + DenseNet169. s storo morpeboBaIOCh HCIOJIB30BAThH
0ornee sddexTuBHBIE CBepTOUYHbIE ceTH. K mpumepy, mnepexol K HNPUMEHEHHIO
DenseNet169 Bmecto MobileNetV2 u EfficientNetBO na 11-it smoxe oOydeHus nai
TOYHOCTH 87,66%.
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S EEE R 3) BatchNormalizatio...

4) MobileNetV2: Layer 4 4) EfficientNetBO: Lay...
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5) Dense: Layer 5 5) Dense: Layer 5
120 relu 120 relu

f f

6) Dense: Layer 6 6) Dense: Layer 6
80 relu 80 relu

ﬁ ﬁ
a) 0)
Puc. 1. IlocnemoBarenpHas apXWTEKTypa C HCIOIB30BAHUEM MPEI0O0YICHHBIX
Heipocereit MobileNetV2 (a) u EfficientNetBO (6).

OCOOEHHOCTBIO JPYrOM W3 TAaKUX apXUTEKTYp SBJSICTCS IOCIEI0BATEIbLHOE
BKJIIOUeHUe npenodyuennor Heripocetu VGG16 u LSTM (puc. 2). Ilpu stom ans
COrJIaCOBaHMS pa3MEpPHOCTEN MaccuBa JaHHbIX Ha Bbixone VGG16 (Bexktop u3 512
a7eMeHTOB) ¢ BxoaoM LSTM ObulM HCHOAB30BaHbI JIBA IOCJIEIOBATEIHHO
BKiroueHHBIX ciost Reshape m ConvlDTranspose. Cnoii Reshape ¢opmupoBan u3
512-anemenToro  BekTopa  MaTpuily  ¢opmara  16x32,  koTopas  jmaiee
TpanchopMupoBantach ¢ momorisio guHelkn ConvlDTranspose B matpuiry 16x128.
[Tapamerpst LSTM-cios obGecnieurBaii Ha BBIXOJI€ BEKTOp JaHHBIX U3 256
AJEMEHTOB. JlOCTUTHYTasi B UTOr€ CPEIHEKIACCOBas TOYHOCTb XapaKTEePU3YyeTCs
BenuunHoi 88.41 %.
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Puc. 2. [locnenoBarenbHas apXUTEKTypa € UCIOIB30BaHUEM IPeA00ydeHHONH HEUPOCETH.

DTOT pe3yabTaT CPaBHUM C TOUHOCTHIO, 00ECTICUEHHON MPEeN00yUYeHHON CEThIO
VGG16, B kadecTBE BBIXOJHBIX CIOEB KOTOPOM HCIOJIB30BaHbI ciou Dense ¢
xapaktepHort 1 LeNet5S pasmepnocthio (120 u 84 snemeHTa), OTJIMYAIOIIUECS
3ameHol (yHkiuu aktuBauuu Ha ReLu. CraproBaB ¢ 80,39% cpenHekiaccoBoi
TOYHOCTH, TaKasi HEHPOHHasl ceTh oOecmeumsa Ha 15-i 3moxe oOy4eHHs] TOYHOCTH
88,57%. Ananoruunasi ctpykrypa Ha ocHoBe DenseNet201 B ciiyyae mocTOSSHHOTO
mara ooydenus 0,00001 npusena k Tounoctu 88,3 % Ha 18-i1 smoxe.

Takum 00pa3om, NOTyUYEHHBIE PE3YIbTAThl MO3BOJSIOT CAENATh BBIBOJ, YTO HA
(GOTOCHUMKaX MaJibIX Pa3MEpOB IMOYTH BCE TOIOBBIE HEMPOHHBIE CETH PabOTaroT
MPUMEPHO OMHAKOBO. [Ipu 3TOM G0JI€e BHICOKYIO TOYHOCTH JIaI0T HEHPOHHBIE CETH,
oOecreynBaroIne Jydiide pe3ynbTaThl Ha ngaracere ImageNet. Bmecte ¢ Tewm,
WUCKJIIOYEHHEM U3 JTOr0 psAlla SBWIACH HUHTErpalus B apXUTEKTypy puc. 1
npenodydeHHoit cetu Xception. UtoOwl coriacoBaTh pa3MepHOCTh (HOTOCHHUMKOB
CIFAR10 (32x32%3) ¢ HeoOXoauMbIM (hopMaTOM M300pakeHU Ha BXoae Xception
(229%x229%3  mmKcemnel), BBIXOJM CJIOS HOpMalM3alldd ObUI  3aBEJCH Ha
JIONIOJTHUTEIPHO BKJIFOYEHHBIN ciiod Resizing B OwmuHeiiHOM pexume. B urtore
MOJIYYMBIIIASICSL CTPYKTypa HEUPOHHOro Kiaccudukaropa Jaja pe3Kuid CKAuoK B
cpeaeid TouHoctu a0 97,2 % yxe Ha 9-ii snoxe. COOTBETCTBYIOIIAs MaTpHIla
TOYHOCTH IIPEJICTABJIEHA HA PUC 3.
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Puc. 3. Marpuiia TOYHOCTH HEHPOCETH Ha OCHOBE Xception.

AHanornyuelii 3QpQGeKT 3HaYNTENBHOr0 MPUPOCTa B cpenHerd TouHocTu (95,6 %)
ObUT MOMY4YeH W B Cllydae HCIIOJIb30BaHUSA BMECTO Xception mpenoOyuyeHHOU ceTu
InceptionV3 B Toi1 5k cxeme BKIItoueHuUs (puc. 4).
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Puc. 4. Cxema moakiodeHns npeaooyuenHoi Heipocetu InceptionVa.

B kadecTBe THMOTE3BI OTHOCHUTEIHHO BO3MOXHOW MPHUYHMHBI TAaKOTO POCTA
TOYHOCTHBIX TIIOKa3aTeNeil CciemayeT paccMaTpUBaTh BIHMSHHE HWCKYCCTBEHHOIO
VKPYITHEHUS aHATM3UPYEMOTO H300paKEHUs, OCYIIECTBICHHOE MOCPEACTBOM CJIOS
Resizing. IIposiBnenue Takoro a¢dekra Ha mpuMepe IBYX Helpocerelt (Xception u
InceptionVV3) maér ocHoBaHMs IOJlaraTh, YTO OH SBJSETCS JOCTATOYHO OOLIUM H
MOXXET OBITh CBUICTEIBCTBOM HEKOW 3aKOHOMEPHOCTH, XapaKTEpHOW I BCEX
KnaccuuImpyrommx Helpocereil. IlpoBepka JaHHOTO MPEATIONOKEHUS SIBIISETCS
IENTBI0 JATBHEHUIITNX MCCIICIOBAHUH .

BbIBO/IbI

B menom momydeHHBIE PE3yIbTaThl MO3BOIUIN CHOPMYIUPOBATH HECKOIHKO
MPAKTUYECKUX  PEKOMEHAAIW, KOTOpPble MOTYT OBITH  TOJE3HBIMH IS
MPAKTUYECKOTO TMPOEKTUPOBAHUSI CBEPTOYHBIX HEHUPOHHBIX CETe B WHTEpecax
kinaccuukanum uzoOpaxenuil. Kak u crienoBano 0XuJaTh, JIyYIIUM pEUICHUEM
SIBJISICTCSI UCTIOJIb30BaHUE MPETO0YUYCHHBIX HEHPOHHBIX CETEH C YCTAaHOBJIICHHBIM Ha
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X BXOAE HOpMalIM3aTOpOM JAaHHBIX. [Ipm 3TOM BaXHO MpaBUIBHO BBHIOpPATH HE
TOJIBKO THUII OIlepaliii HOpMaIM3alyu, HO U ee mapaMeTphl HacTpouku. [Ipu nmpounx
paBHbIX ycioBHsX mpouenypa AveragePooling naér nydimime pe3ynbTaThl B
OTHOIIEHUM JOCTHKUMON TOYHOCTH M0 cpaBHeHuio ¢ MaxPooling. Kpome Toro,
CYILIECTBEHHYIO pOJIb HMrpaeT BblOpaHHas cTpareruss oOydyeHus. K mnpumepy, Ha
HepBbIX S5 3Moxax LenecooOpa3Ho 3aJaBaTh TIPYObId IIar M3MEHEHHUs BECOBBIX
koadunmenros, B npeaenax 0,001 - 0,0001, a 3aTtem nepexoauTh K 0OYUYEHHUIO C
Oomee MenkuMm maroM ux Bapuammu, Hampumep, 0,00001. Ipyrum KpUTHIHBIM
napaMeTpoM oOKa3zajach CTPYKTypa BBIXOJHBIX NOJHOCBS3HBIX cio€B (Dense),
JOTONHSIOIUX NPe1o0yYEHHYI0 HEUPOHHYIO CeTh. V3MeHeHHe MX pa3MEpHOCTH B
CTOPOHY 3HAQUUTEJIBbHOIO YBEIMYEHUS WIM YMEHBIIEHUS IO CpPAaBHEHUIO C
KoMOuHanuel, ucnoias3oBanHod B LeNetS (120 u 84), mpuBoguT K TmoOTepe B
TOYHOCTH Kiaccupukauuu. C Jpyrol CTOPOHBI, Il TIOJHOCBSI3HBIX CJIOEB
npeanouTuTenbHol GyHKIMend axktuBanuu sBiasercs RelLu wmm  LeakyReLu,
oOecreunBaroiire 00jiee TOUHbIE PE3YJIbTATHI IO CPABHEHUIO C CUTMOH/IOM.

B xoHeyHOM wuTOre, I MOWUCKAa ONTUMAIbHBIX COOTHOLIEHWH YyKa3aHHBIX
napaMeTpoB 11eJIeco00pa3HO BOCMOJIb30BATHCS T'E€HETUYECKUM alroputMmoM. [lpu
TOM YKa3aHHBIM apceHand CpeACTB MO3BOJMT pa3padOTYMKaM HAMHOIO MpOIle
OPUPYUYUTh CAMbBIX CJIOXKHBIX IPEACTABUTENEH 300mapka Helpocerend [l - 3], ¢
Y4ETOM Crelr(PUKN KOHKPETHOH peliaeMon 3a/1auu.
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VJIK 004.89

Cmiocap B.U. (IlenTpanbHuii HAyKOBO-IOCTIAHUN IHCTUTYT 030pOEHHS Ta
BilicbkoBOi TexHikH 3C YKpaiHn)

MYJbTUMOJAJBHBIE KBASU®PAKTAJBHBIE HEMPOCETH

Paccmompenvr  sapuanmuvl  apxumexkmyp  MyTbmMUMOOQIbHbIX —Helupocemel HA OCHOGe
K8A3U@dpaxmaibHo2o no0xXooa.

Variants of multimodal neural network architectures based on the quasi-fractal approach are
considered.

PaszBuTre TEXHOJOrMH HEUPOHHBIX CETEH MpeAroiaraeT IIOMCK HOBBIX,
ahdexTuBHBIX  apxuTeKTyp. OCOOEHHO aKTyadbHBIM TIPH OTOM  SIBIISIETCA
obecrieueHrne BO3MOXHOCTH OJTHOBPEMEHHOI'O PELICHUs HECKOJIbKUX 3a/lad B paMKax
€AMHON UEPAPXUUIECKOU CTPYKTYPHI.

Cpenu HEHpOHHBIX CETeH, MOTEHIMAIBHO MPUTOAHBIX IS MYJIbTUMOAIbHBIX
MIPUIOKEHUH, CIIEAyeT OTMETUTh Tak Has3biBaemyw “U-Net B kBamgpare”,
MpeCTaBICHHYIO B 0a3e FOTOBBIX apXUTEKTYp Heipocereil B PpperimoBopke Terra Al
(puc. 1). I1o cBoeit cytu oHa sABJIsSIET COOOM KBazu(ppaKkTaa BO 2-i UTEpaIMH, B POJIH
00pa3yroIIero MIeMeHTa KOToporo ucnois3yercs oosranas U-Net [1, 2].

[enbto paboThI sIBIIETCA Pa3BUTHE YKAa3aHHOI'O KBa3u(paKTalIbHOIO MOAXOAA
NPUMEHHUTENBHO K CHHTE3y MYJIbTUMO/IaIbHBIX HEMPOHHBIX CETEH.

Puc. 1. Heiipocets “U-Net B kBagpate” (ppeiimBopk Terrra Al).

B kadectBe mpocreimero BapuaHTa 0000meHHs — KBa3upaKTAILHOM
apXUTEKTYpBI, NMPUBENECHHON Ha pHC. 1, cleayer paccMaTpuBaTh €€ MOCIEAYIOLINE
uteparu B Bume “U-Net B ky6e”, B 4-i, B 5-if cTeneHW W T.J., TPEACTABIISIONINEC
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co00ii ¢pakTalbHbIE KOHCTPYKLMU OoJiee Bbicokoro nopsiaka. [Ipu stom, Hanmpumep,
B TPEThEN WTEpalMM, CTPYKTypa Ha puc. | “HaHu3bIBaeTcs” Ha aHanormyHeii U-
noJ00HBIN KapKac, MOBTOPSSICH B €r0 Mpeiesax HECKOIbKO pa3 B Pa3HBIX BapHAIMIX
C  JOTMOJHUTENbHBIMU  B3aUMHBIMH  CB3siMU. [lomoOHBIM  00pazoM  MOTYT
dbopMupOBaTHCS HE TONBKO IUIOCKHE, HO M OOBEMHBIE CTPYKTYPBI, C MHOXKECTBOM
BXO/IOB U BBIXO/IOB.

[To Takoil e cxeMe BO3MOXKHO CHHTE3UPOBATH M'€HEPATHUBHO-COCTA3ATEIbHYIO
HelipoHHy1o ceTh (GAN), cocTOsIyI0 U3 JIBYX WM HECKOJIBKUX COPEBHYIOIIUXCS
KaHasoB ¢ ¢pakranbHbiMU U-Net (puc. 2) B KaXKI0M U3 HUX.

Puc. 2. Konnenuus crpykrypsl GAN Ha ocHoe “U-Net B kBagpare”.

[Ipennioxkennbie ¢GpakTagbHble apPXUTEKTYPHl SIBISIOTCS MEPCHEKTUBHBIMU
PEIICHUSIMU TSI PeaTu3aiiil MyJIbTUMOAAIBHBIX HEHPOHHBIX CETEH, TTO3BOJISTIOIITNX
COBMEIIATh B ce0€ HECKOJBKO pasHOpOonHbIX (pyHkimil. Kaxnas u3z stux GyHKUIHN
peanmszyerca OTAEHbHO B3ATbIMM U-Net MeHbIIero mnopsjka, TOrga Kak HuX
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UHTETpanuio ocyiiecTBiasier Oonee kpynHas U-Net, sBastomasicss onopou st
nociyieayolieil nrepanuu kBasuppakranbHoil Helipocetu. B apyrom BapuanTe Ha U-
MONOOHBIM  Kapkac MOryT  pa3MeniaTbCs  OJAHOTHUIIHBIE WM  pa3IMYHbIE
npenoOyyeHHbIE HEMPOCETH B IEPUOIUIECKON KOMOMHAIINH.

ATNbTEpHATUBHBIN BapUaHT MOCTPOEHUS (PpaKTAIbHBIX HEHpoceTed COCTOUT B
TOM, 4YTO B KadecTBe ¢pakTaia TEpBOM HTEpallud paccMaTpuBaeTcs Jrodas
npenodyyeHHasi HeilpoceTb, B TOM yucie TpaHncpopmep. Ha crenyromiein urepamnmu
3Ta HEHUPOCeTh HCIIONB3YeTCs B KadecTBE OJWHOYHOTO CcJosi Oojiee MOUTHOU
runiepcetd [3 - 5]. MMeHHO Takoil KackKaJHBIM TIOAXOJ] YK€ peaiu30BaH B
dpeitmBopke Terra Al. Crenyromum aroM UTEpali MOXKET ObITh MCIOJIh30BaHUE
0Jloka B BHJE COBOKYIMHOCTM HECKOJIbKMX HEHpoceTel B KayecTBE OJIHOTO
CBEPTOYHOro cjosi. Bo3MOXHO Takke NpUMEHEHHE MOAOOHON HepapXUuyecKon
HEWpOCEeTH B BUJIE CJI0A rurepcetu [3 - S| cneayroniei utepanuu.

Jlnst onucaHus OTKIWMKAa KBasH(paKTaJbHBIX HEHpoceTel 1eaecoo0pa3Ho
NPUMEHSATh TEH30PHO-MATPUYHBIM amnmapar, pa3BUTBII aBTOPOM Ha OCHOBE
INPOHUKAIOLIET0 TOPIIEBOrO0 IMPOU3BEACHUS MATpHUIl M €ro o0000IleHus B BUJE
MPOHUKAOIIETO KPOHEKEPOBCKOro Tpou3BeacHus [6 - 11].

BbIBO/IbI
KBazudpakraibHblii MOAXOJ CIEIYyeT paccMaTpUBaTh B KayeCTBE KIOUEBOIO
METO/Ia IOCTPOEHHS HOBOI'O ITOKOJEHUS HEHPOHHBIX CETEH, COYeTarolMX B cede
peai3alMi0 HECKOJbKMX pa3iuuHbIX (QyHkuuil. Bwmecte ¢ TeMmM, OCHOBHOI
npo0seMoil BHEApPEHUs KBa3U(PAKTAJIbHbIX HEHPOHHBIX THIEPCETEH SBIAETCA
HEOOXOAMMOCTh HCIOJIb30BAaHUs OONBIINX BBIUMCIUTEIbHBIX PECYPCOB, TOCTYIHBIX
B HAcTosIIee BPEMs MPEUMYILECTBEHHO Ha OCHOBE CYNEPKOMMBIOTEPOB U 00JIaYHO-
TYMaHHBIX TeXHOJNOrui. Tem He MeHee, KBa3u(dpaKTalbHbIE TEXHOJIOTUU B TOM WU
MHOM BHJIE SBISIOTCS TEpPCIEKTUBHOM OCHOBOM 3((EKTUBHON UHTErpaluuu
MHOKECTBA OJHOTHUITHBIX HEUPOCETENM B YCTPOMCTBAX KOHEUYHBIX MOJIb30BATEICH B
pacIpeneICcHHYI0 TUIIEpCeTh HCKYCCTBEHHOIO MHTEUIEKTa Ha ypoBHe Fog
Computing.
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Tapaca lllesuenka, Kuis, Ykpaina)

PO3POBKA CUCTEMHU JIAT'HOCTHUKH 3AXBOPIOBAHD 110
30BPAKEHHIO OBJINYYS JIJII MOBLJIBHUX TPUCTPOIB

Poboma npuceauena possazanHio 3a0au KOMN 10MepHO20 30Dy, I 30Kpema, OOCHiOHCEHHIO
Memooi8 MeOuuHOi O0iacHOCMUKU 3a NPOSIBOM CUMIMOMAMUYHUX O3HAK o00auyus. Pospobrero
Memoo ma 1020 anreopummivna peanizays y euensioi dooamxy nio Android, sxuii  dozeonse
nposooumu nonepeoHio MeouyHy OiaeHOCMUKY 3a O00NoOMO20l0 omokamep Ccmapmaeouny
8I0CNIOK0BY8AMU NPOSABU HOBUX CUMAMOMI8 Ma HA0A8AMU NPAKMUYHI peKOMeHOayi.

The work is devoted to solving computer vision problems, and in particular, to the study of
medical diagnostic methods using the manifestation of symptomatic facial features. The method and
its algorithmic implementation in the form of an application for Android have been developed,
which allows to carry out preliminary medical diagnostics with the help of smartphone cameras to
monitor the manifestations of new symptoms and provide practical recommendations.

1. Beryn

AKTyaJdbHICTH po00OTH Ta miacTtaBu M ii BukoHanHsi. Dortorpadii
00JMYYs MAILE€HTIB MOXYTh OyTH JyK€ 1H(QOPMAaTUBHUMHU NpPH AIarHOCTUII Ta
nikyBaHHi. Bimomo, mo mpodeciiiHi iikapi, siKi mpaimiolTh Y CBOiM cdepi JecaTKH
POKIB, MOXKYTbh 0araTo cKa3aTy TUIbKHU 10 OOJIUYYIO JHOIUHKA. ToMy Oa)kaHO MaTH IS
KOXKHOI JIIOAVMHH TOPTAaTUBHUN IHCTPYMEHT, SIKAH J03BOJISIB OM MOIMEPEIHbO MPOCTO
BUSBUTH O3HAKM TEBHHUX 3aXBOPIOBAHb CaM€ IO 300pakeHHI0 oOmuyds. Takum
THCTPYMEHTOM MOXK€ OyTH, 3BICHO, Haml yiaro0OseHuid cmaptdoH. Hanpukman, mu
BpaHIl MPOKUIAEMOCS 1 BKIIFOYAEMO B MEPITY Yepry cMapT(dOH, a BiH MOBIIOMIISIE HAC
«y TeOe HaOpSAKH TiJ OYMMa, BapTO 3BEPHYTHCS 10 ypoJjora». Y IbOMY BHITAJKY
aKTyaJlbHUM € TIOIIYK METOJIB Ta MIAXOAIB 5Kl JO3BOJIAIOTH PO3POOUTH
AITOPUTMIYHO-TIpOTpaMHE  3a0e3nedeHHs ske O HajgaBajlo BHUIIE 3a3HAYCHI
MOXUJIMBOCTI. | OgHUM 3 HaMkpamux MigXOJIB Ha ChOTOAHI €  3aCTOCYBaHHS
TEXHOJIOT11 MITYYHOTO 1HTEIEKTY.

J171st BUSIBIICHHS] CUMIITOMAaTUYHUX O3HAK CTaHY 3/I0pOB’S JIFOJAMHU 32 MPOSIBOM
3MIH TEBHHUX XapaKTEPUCTHUK OOJWYYS HEOOXITHO JIOKaTi3yBaTH KIIOYOBI pHUCH
00JIMYYs 3I0pPOBOI JIIOJIMHU Ta BIACIIIKOBYBATH iX 3MIHY Ta MPOSB y BUMIAIKY Ti€l un
1HIoi xBopoou. HeoOxiaAHO 3HAWTHU MEBHI 3aKOHOMIPHOCTI 3MIHM XapaKTEPUCTHUK Y
BIJIMOBITHOCTI 3 JIarHOCTYBaHHSM BIAMOBIAHOT XBopoOu. s 1bOro HEOOX1THO
IPOBECTHU MOPIBHSUIBHUI aHalli3 XBOPUX 1 3JI0POBUX JIFOACH Ta CTBOPUTU MEXaHI3M
BUSIBJICHHS /11aTHO3Y Ta peaji3yBaTH MOro B JoAaTKy. [ 3HaXOMKEHHS KIFOYOBHUX
pHC 00JIMYUsl BUKOPUCTOBYIOTH QITOPUTMHU KOMIT FOTEPHOTO 30DY.

Mera ii 3aBaganHs podoTu. MeToro pobOTH € po3poOKa METO/IB JIarHOCTUKH
30BHINIHIX Ta JEJKUX BHYTPINIHIX XBOPOO JIOAMHU 32 3MIHAMH XapaKTEPUCTHUK
00IMYYs.
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2. AHaJi3 iCHyr0YMX miaxoaiB

JlJis momyky OonTUManbHUX PillieHb, CPOPMYITHOBAHOI BHIIE MPOOIeMH, Oyi10
npoBeneHo psia aocaikenb. Xed Kum, Co FOur Kum, FOur Xo Kuwm 1 ITapk KBanr
[1] mpenacTaBuim cucTeMy AIarHOCTHKH IMapaiidy JUIECBOrO HEPBY ISl MOOUIbHUX
npuctpoiB. Jxeitn Peimi [lemanoy 1 Tomac Bapa [2] 3ampomonyBanu cuctemy,
3aCHOBaHY Ha aJrOpUTMaxX KOMIT IOTEPHOTO 30pY, JUIsi aBBTOMAaTUYHOTO BUMIPIOBAHHS
3IaTHOCTI MAIlI€HTIB MOCMIXaTHUCS 3 METOI peabimiTaliiHoi Teparii. denikc Aynas,
Jbxynmit Mek, Jlinnci Mak/lonansa ta Tepenc Jlenr [3] po3poOwin omaTok yist
JarHOCTUKH >KOBTSHUIN y HOBOpoKeHux aiter. [llens Jlinp, Ixuran Jli, boyen @y
Ta 1HII JOCHIJIHUKU CTBOPWUJIM IHCTPYMEHT JJIsl TIEPBUHHOI JIIarHOCTHKHU CEPLIEBUX
3axBoproBaHb[4]. [HII 3acTOCYHKM MPU3HAYCHI JJIS JEPMATOJIOTIYHUX IIUICH, TaKUX
AK JIIKYBAaHHS aKHE Ta ajepriyHuX BUcUNaHb [5]. OTxe, K MOXHA MOOAYUTH, HE
icCHye AoAaTky, skuii Ou 00’enHyBaB y co0l AIarHOCTUKY OUIBIIOCTI BHUIMMHUX
cuMITOMIB 00uy4s. Ta ym icHye cmoci® Jyisi Moro CTBOPEHHS 3a BiJICYTHOCTI
BenuKuX HabopiB dotorpadiit? [ns Toro, mod BiAMOBICTH Ha 1€ 3alUTaHHS, OYyB
IIPOBEJICHUI MONIYK pOOOYUX JITOPUTMIB, sIKI 0a3YIOTHCS HA CTATUCTUYHUX JaHUX Ta
HE TPUB’SI3YIOTHCS 10 KOHKPETHUX CUMNOTOMIB. OJHE 13 pIlIEHb 3alpONOHOBAHO
Kyan Bana Ta 1[3e60 Jlo y pobGorti [6], me aBTopm kiacu]ikyroTh 3aXBOPIOBAHHS,
OpIEHTYIOYHUCH Ha IIKATY BiJIXUJICHb.

3ajava moJi0IaHHsT 0OMEXEHOCTI HA0OPY JTaHUX € OCHOBHOIO JIJISI PO3BSI3aHHS
3amaul. J{ns edekTuBHOI MIarHOCTHKY HEOOXITHO 3aCTOCOBYBATH QJITOPUTMH, SIKi €
aJanTUBHUMU, JIETKO IHTEPIPETYIOThCA Ta HE NOTPEOYIOTh BEIUKOI KIIbKOCTI
TPEHYBIbHUX JAHUX JIFOJEH 13 TIarHOCTOBAHUMH BUANMHUMU CUMIITOMAMHU OOJITHYYSI.
Takoxx HeoOXimHO 310paTH TpeHyBalbHI JIaHi, IPOBIBIIM aHaNli3 HASBHOCTI YH
BIJICYTHOCTI BUAMMHUX CUMOTOMIB 00iM44si BpydHy. [1oTpiOHO mpoBecTH nepeBipKy
YITKOCTI Ta OJIHO3HAYHOCTI Yy HAsIBHOCTI YW BIJCYTHOCTI MeBHUX cuMmmnromis. e
OJIHIEI0 BAXJIMBOIO 33/1a4€H0 € THYYKICTh IOOYJOBaHOI MOJEIl JI0 TEBHOTO
KopucTyBada. HeoOximHo 3a0e3neuntu 3MiHY KA JIarHOCTUKHU 1T 1HAWBITyaabHI
0COOJIMBOCTI KOXKHOI JIFOAMHHU. 30BHIIIHICTh KOXKHOI JIFOAWMHHU € YHIKQJIbHOI, TOMY
npu kiacu@ikauii TOTpiIOHO BpaxOBYBAaTH MOKJIMBI BIIXWICHHS BiJI CEPEIHBOTO 1
TUTIOBOTO JIJIs1 OUTBIIIOCTI JTFOCH.

2.1 Onuc BizoMux 101aTKIiB

Honatox Face2Gene cTBopeHuil 1ONOMOITH JIKapsM 11arHOCTYBaTH PiIKICHI
3aXBOpIOBaHHS (B JaHOMY BUIAAKy jaucMmopdizmM puc obauyus). Dororpadii
MAIIEHTIB aHAMI3YIOThCS 3a JOMOMOrOI0 AJITOPUTMIB JIOKadi3alii puc o0Juyds 1
IMOOKOTO HaBYaHHS IS BUSBICHHS ()EHOTHIIB, SIKI KOPETIOITh 3 PIAKICHUMHU
reHeTUYHUMH 3axBoproBaHHsMH. [lmarpopma B JgaHuil yac AOCTynmHA TUIBKA
HAaBYEHUM KJIHILKACTaM JJIg 3anoOIiraHHs MOMMJIKOBOMY J1arHo3y 1 MIATPUMYE
oinbie 7500 3axBoproBanb [8].

Honatoxk VisualDX npusHadeHuil s HagaHHS JONOMOTHM (haXiBISIM B
OPUAHATTI ORI TOYHUX KIIHIYHMX PINIEHh Ha OCHOBI BEJIMKOI 0a3uW JaHHUX
300pakeHb 3 BHUCOKOI PO3AUIHLHOIO 3JATHICTIO 1 1HTYITUBHO 3pO3YMUIUX (DYHKIIIM
nomryky[9]. VisualDX BukopucToBye BenmKy peTenbHO MifiOpany 0i0mioTeky
MEINYHUX 300pakeHb 0e3liul 3aXBOPIOBaHb, HABITH HAWUPIAKICHIIIUX 1 3a

JOIIOMOT OO aJIFOpI/ITMiB MAalIMHHOI'0 HaBYaHHA HaJa€ JOIIOMOr'y TEpalieBTaM OJIsd
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pO3Mi3HABaHHS, PO3YMIHHS Ta JIIKYBaHHS MIKIPHUX 3aXBOPIOBaHb. BUKOPUCTOBYIOUH
IITYYHUN 1HTETIEKT 1 MalIMHHE HaBYaHHS, I0IATOK aHAJI3y€ TUI YpaKEHHS, a MOTiM
3a/la€ TPOCTI MUTaHHS, MO0 IBHUJKO NEPEUTH N0 Au(depeHLIaTbHOl J1arHOCTUKU
[10].

MoOiibHMH J0AAaTOK NOIEePeAHbOI AIArHOCTHMKHM 3aXBOPKOBaHb. JlomaTtok
ABJIsIE COOOI0 CUCTEMY PEKOMEH/IAIliH, MpU3HAUYEHY /JIsi BCTAHOBJICHHS MONEPEIHBOrO
JIarHo3y TMallieHTa 1 HarajyBaHHsS NpO HEOOXiJHICTh Npuiiomy JdikiB. Cucrema
pPEKOMEH/Ialliii BUKOHYE TakKi OCHOBHI (DYHKIIII: MOMEpPEAHIM MEIWYHHUMA IiarHO3 3a
oOpaHuUMU cuMIITOMaMu; (HOpMyBaHHS HaraJyBaHHs MPO MPHUIOM JIiKiB; HOpMyBaHHS
aHaMHe3y mpuiioMy Jikis [11].

JMiarnoctuka mnartoJorii. IlparHydyd NIIBHINWTH IMMBUAKICTH 1 TOYHICTH
TIarHOCTUKH, Tpyma IOCHiIHUKIB 3 Meauunoro uentpy ber I3pains 1 ['apBapacekoi
MEIMYHOI LIKOJIM BUKOPUCTAIH METOIW TIIMOWHHOTO HABYAHHS ISl PO3MI3HABAHHS
300pakeHb JJI JIarHOCTHUKHM MYXJWH. Y TOPIBHSHHI 3 JIIKApSMU-TIATOJIOTaMH,
pe3yabTaTH JOCHTIIKEHHS TOKa3aiu, 110 MOKAa3HUK YCHINIHOCTI J1arHOCTUKU CKJIaB
92 BIJCOTKH; HAa YOTHUPH BIJCOTKH HIDKYE, HDK Y JikapiB. OmgHak sKIo o0'€qHaTH
QJITOPUTM 1 pe3yJbTaTH, OTPUMAaHI JIFOJJUHOIO, TOUHICTh cKiaia 99,5% [12].

JiarHoctuka 'y cdepi onkogorii. [ocmigauku  Crendopacbkoro
YHIBEPCUTETY PO3POOMIIA JITOPUTM ISl IATHOCTUKH PaKy IKIpU 3 BUKOPUCTAHHSIM
IIMOOKOTr0 HaBYaHHS, 30Kpema TIIIHMOOKHX 3ropTKOBUX HelpoHHUX Mepex (CNN).
Anroputm OyB HaBYEHUI BUSBIISTH PaK MIKipyu a00 MeTaHoOMY 3 BUKopucTanHsM 130
000 300pa’keHb IMIKIPHUX MOMIKOMXKEHb, SIKI mpeAacTaBisuim noHan 2 000 pizHuMX
3axBoproBaHb. CTeHPOpaAChKUi aNrOpUTM rIMOMHHOT O HaBYaHHS OyB
NpOTECTOBaHUH 3a ydacTio 21 cepTudikoBaHOro aepmartosora, ski neperisiHyau 370
300pakeHb 1 iX 3amuTand, 4Yd OyAyTh BOHU MPOBOJUTU O10MCIt0 ado0 JIIKyBaHHS
a00 3aCTOKOIOTh NarfieHTa. Pe3ynbratu mokazaiu, WO aIrOpuTM MaB Ti XK
MOJKJIMBOCTI, 10 1 21 mepmaTosior, y BU3HAUYEHHI HAWKpaIIOro aJropuTMy i ajis
BCiX 300pakeHsb [12].

Babylon Heath npornonye war-60ot mig Ha3Boro Ask Babylon, sikwuii, sik BoHM
CTBEPKYIOTh, MOXKE JOMOMOITH KOPUCTYyBayaM OTPUMYBATH 1H(OpMaLI0 Npo CBOI
CUMITOMU 3a JI0TIOMOTOF0 00poOKHU OPUPOJIHOT MOBH
(Natural Language Processing,NLP). Babylon Health cTteepxye, mo kopuctyBaui
MOXKYTh CIIOYaTKy BBECTH CBOi CHMITOMH B 4aT-OOT, MOTIM 4YaT-0OT 3a/1a€ cepiio
MUTaHb, MOB'I3aHUX 3 IIMMU CHUMITOMaMH, 1100 310paTy MPO HUX OUTBII KOHKPETHY
iHpopmarito. Koiaum kopucTyBau BIANOBIIA€ Ha LI MHUTAHHS, 4aT-00OT MOPIBHIOE
BIJITOB1/T1 31 CBOEIO 0a3010 JaHUX. SKIO 4aT-00T 31CTaBjIsie€ CHMITOMH KOPUCTyBaya 3
iHpopmMmariiero B 6a3i ganux Bablyon, To BiH Hamae kopucTyBaueBi iH(pOpMAIliIO PO
roro cumnTomu. [1oTiM KOpuCTyBad MOKe 3BEPHYTHUCS 3a MOPAAOKO J10 JIIKaps y BiKHI
gaTy 0ota. SIKio 4ar-00T He 3HaXOAuTh 1H(OPMAIIIID MPO CUMITOMHU KOPHCTyBada
a0o0 3HaliieHa iHdopmallis € 0COOJIMBO CEPHO3HOI0 Ta 3arpo3JIMBOIO JJIs 3JI0POB’S BiH
MOPEKOMEHJIyE KOPUCTyBaueBl a00 3BEPHYTHUCS 3a MOPAJOI0 JO CBOro JiKaps, abo
POKOHCYJIBTYBATHCA 3 OJHUM 3 JikapiB Babylon B mrati. Kpim Toro, kopucrysaui
MOXYTh BPYYHY BBOJUTH CBOIO MeauuHy iHdopmarito B cucremy Bablyon, mo6
HOJIIIIMTHA PEKOMEH Al yaT-00Ta A Hux [12].
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AliveCor’s Kardia App - nogatok xommnanii AliveCor e gomatkom s EKT

s Apple Watch i cMapTQOHIB, SIKE JI03BOJISIE
kopuctyBadam Apple Watch BincrexxyBatn BilacHy 4YacTOTy CEpIEBUX CKOpPOYEHb,
BUKOPHUCTOBYIOUH ITOPUTMHU MAaIIMHHOT O 30py.
ITix Apple Watch BcTanosnennmii JATYHK, SIKUN JI03BOJISIE

noaatky Kardia mizcBIT/IIOBaTH MIKipy KOPUCTyBadya 1 IMepedaBaTH  Bi3yalbHY
iHpopMaIlito B MOJIeIb MAIIMHHOTO HaBuaHHs AoAaTtky Kardia [12].

Cognoa po3pobuiu maaThopmy I AOMIOMOTH B CKPUHIHTY TOBEIIHKHU TITEH.
KiieHTH MOXyTh 3aMOBHUTH 1H(QOPMAILIIIO TIPO 370POB'S 1 MOBEAIHKY CBO€1 IUTHHH,
notiM noxatok Cognoa Binmpasisie pe3ynbTaTd CKPUHIHTY, B SKUX MPOTHO3YETHCSA
pIBEHb PpU3MKY 3aTPUMOK Yy PO3BHUTKY a00 pO3BHTKY ayTm3My y IX
nutuHd. COgnoa CTBEepKy€e, IO  JIarHOCTUKA TPOBOJAUTHCS 3a  JIOMOMOTOIO
MAaIIMHHOTO HaB4aHHS [12].

Healthy.io nmpornonye nporpamy 4at-00T IjIsl IOMAlIHBOT'O TECTYBAaHHsS Ceul,
AKUH BHUKOPUCTOBYE KOMIT'IOTEpHMIA 31p JJIsi CKaHyBaHHsS 1 MOpPIBHSHHS TECT-
CMY’KOK. 3 TaHeli 4aTy KOPUCTYyBad MOXE BIJKPUTH €KpaH CKaHYBaHHS, CXOKUU Ha
KaMmepy, 1 moTpumartu tenedoH Haj cMyror. Yepes Kiibka CEKYH/T Mics CKaHyBaHHS
4aT-00T BHUJA€ KOPUCTYBAu€Bl pe3yibTaTH, K1 37al0ThCS HAHOUIBII IMOBIPHUMHU Ha
OCHOBI 301r'y KOJIbOpiB. BiH TakoX ja€ KOpUCTYyBa4yEBl MOPAJIU, HATPUKIIAT, KOJIU 1 YU
BapTO MOMY 3BEpPTATHUCA 33 MEIUYHOIO JOTOMOTO0. 3a 3asBOI0 KOMIIaHii, J10aTOK
TaKOX IMPOMOHYE TaHEeNbh IHCTPYMEHTIB, Ha SKIA KOPUCTYyBayl MOXYTh OauuTu
0COOJIMBOCTI PE3yJbTATIB 1 HASBHICTh MEBHUX TOKCHHIB, K1 MOXYTh OyTH B IXHbOMY
oprasi3mi [12].

Mu nporoHyeMo METO/, SIKUA TO3BOJIMTH MPOBOAUTH MOMEPETHIO 1IarHOCTUKY
BUIUMUX CUMIITOMIB OOJIMYYs, CTBOPIOIOYUH ITKATY BIIXWJICHb Ta aalTOBYIOYHCH 10
0COOJIMBOCTEH 30BHINIHBOCTI KOXXKHOTO KOopHcTyBadya. Hamu cTBOpeHHMiA T0AaTOK Mif
Android, sikuii 103BOJIsIE JIETKO MPOBOJUTH JIarHOCTHKY Ta MOHITOPHTH 3MIHHM Ha
00JY4i 1 HaJaBaTH 3a HUMH PEKOMEH/IAITIi.

3. AJITOPpUTM MNoNepeIHbOI JIarHOCTUKA BUAUMHUX CUMIITOMIB 00 1MYYs

3.1. 3arajbHuii onuc aArOPUTMY

Jlns mogoaHHs MPoOJIeMH 00MEXKEHOCTI TPEHYBAIBHUX HA0OPIB JaHUX (POKYC
OyB HampaBJICHHM Ha 301p cepeaHIX 3Ha4YeHb Ta CTaHAApPTHUX KBaJpPaTUYHHUX
BIIXWIEHb A7l HAOoOpiB (OTO 13 BIACYTHICTIO BUAMMHUX CHMITOMIB OOJIMYYS.
TpenyBanbH1 Ta TECTOB1 JaHl Oynu BiaiOpaHi BpydHY Jis QuUIbTparii JaHUX, 5K €
HEOJHO3HAYHUMU YU HE € YITKUMHU. {151 11arHOCTUKU BUIUMUX CUMIITOMIB OOJIUYYS
HEOOXIHO CMOYaTKy JIOKali3yBaTh MOTPIOHY yacTuHy oOmmyus Ha oto. s
JIarHOCTUKHM 3MIiHU KOJIbOpy OyB 3actocoBanuii mpoctip koiapopiB CIELAB. Ile
HAJauo0 3MOTYy CTBOPUTHM MOJIENb HE3AJEXKHY BiJ MPUCTPOIO, aJpKe B HIM KOIIp
BU3HAYAETHCA HE3AJIEKHO BIJI CHOCOOY HOro CTBOpEHHS u4d BimoOpaxeHHs. [is
JIarHOCTUKHM aCUMETPIi UL OyJIM BUKOPUCTaH1 KOOPJIMHATA TOYOK O3HAK OOJIMYYS.
JIns 11arHOCTHKY CYXOCTi I'y0 — METOJT BUSIBIICHHS KOHTYIB.

Ha TpeHyBabHUX JaHUX OOYMCIIIOBAJIOCS OJHA 3 OMUMCAHUX BUIIE 3HAYEHB IS
KOKHOI (ororpadii i3 BiICYTHICTIO BUAMMOro cumnromy. Jlami oOuucmroBanocs
CepellHE 3HAYCHHS Ta CTaHJApTHE KBaJpaTUYHE BIAXwWieHHA. g 300pakeHpb 13

HasSsBHUMU BUJIMMHUMH CHUMIOTOMAMU OOJUYYS y OUIBIIOCTI BUMNAIKIB 3HAUEHHS €
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BHUIUMHU 200 HIDKYMMH 32 I K 3HAYEHHS OOYHMCIEeH] I 300pakeHb 13 BIICYTHIMU
cumnroMamu. Ha BamimamiiHux naHuX 13 HasSBHUMU CHUMIITOMAaMH OOJUY4Ysl OyIiio
oOpaHO Halkpallly JiHIMHY KOMOIHAI[ll0 CEPEIHHOr0 3HAYEHHS Ta CTAHAAPTHOIO
KBaJpaTUYHE BIIXWICHHS I KOXKHOI o3Haku. [lepexia 3a 1o JIiHIHHY KOMOiHAIlIO
BHM3 YU BBEPX (3AJIEKHO BiJ] aJITOPUTMY) O3HAYAE JAIarHOCTUKY BUAMUMOTO CUMIITOMY
oOmmuus. [ mpuckopeHHsT OOYHMCIICHb CEPEeIHbOr0 3HAYEHHS Ta CTaHIAapTHOTO
KBaJIpaTHYHOr0 BIAXHJCHHS Oyio 3acrocoBaHo TexHonorito I[TAPCK Java [28]. 1le
J1aJI0 3MOT'y CKOPOTHUTH Yac 0O0YHUCIIEHb Y AEKIJIbKA pas3iB.

Jlnst  momryky TOIIYKy [OpOroBOrO 3HA4YEHHS TONLTY 300paykeHb Ha
300pa)KE€HHA 3 HasIBHUMU 1 BIZICYTHIMU BUJIMMU O3HaKaMu OyJo 0OpaHO alropuTM Ha
OCHOB1 TONIYKYy HaWKpamboi JiHIMHOT KOMOIHAIIl CepeaHhOr0 3HA4YeHHS Ta
CTaHJAPTHOTO KBAJPATUYHOTO BiAXWJIEHHSA. TakuM YWHOM, IMOPOTOBE 3HAUYCHHS €
MPUB’A3aHUM /10 KOKHOro cumnTomy. JliHiliiHa KOMOIHAIlS 3aMUCY€E€ThCA PIBHAHHSAM
U+ ax*d, me | — cepeaHe 3HAYCHHS, a O - CepeaHe KBaJApaTU4IHE BimxwieHHs. Jlami
QITOPUTM 3MIHIOE 3HAueHHsA KoedimienTa a Big -5 mo 5 3 kpokom 0,001,
OOYHCITIOIOTECSA  OIIHKM  €(EKTUBHOCTI JII KOXKHOTO (DIKCOBAHOTO MOPOTrOBOIO
3HAUEHHSA Ta 32 HAMBUIIMMHU OLIHKAMU OOUPAETHCS 3HAYEHHS KoedilieHTa a is
naHoro cumnromy. Ha rpadiky (puc. 1 MoxkHa mOOAYUTH 3MIHY OIIHOK
e(eKTHUBHOCTI B 3aJICKHOCTI B1Jl 3HAUEHHA IIYKAHOTO KoedillieHTa:

1.2

- /JJ?‘-;%\::\
0.6 —_ ——TouHicTh

YyTAusicTe
0.4 \LI ——MipaF1
0.2

JocTosipHicTe

Puc. 1. I'padix 3MiHU O1LIIHOK €(PEKTUBHOCTI MPHU MOIITYKY KOe(illi€eHTa MOALTY

3.2. JliarHocTHKAa JeIKMX BUAUMHUX CHMITOMIB 00 THYYSA

JUIst 11IarHOCTUKM OCHOBHUX CHMITOMIB OOJIMYYSI CHIOYATKY JIOKATI3YIOThCSl YaCTUHU
00JIMYYSs 3 BIJIMOBIIHUMHU O3HAKaMH Ha 300pakeHH1, a TOJ[1 O0OYMCITIOIOTHCS 3HAUYSHHSI
KOHKPETHUX KOMIIOHEHT, SIKi TMOpPIBHIOIOTHCA 13 CEpeAHIM 3HAYEHHSIM [L Ta
CepeHbOKBAIPATUYHUM BIIXWICHHSM O. Tak 30KpeMa, JOKaIi3yrThCS:

e oui Ta JUNISHKA, AKa BIANOBINAE 3a «Miwku ni0 oyuma»; IS J1arHOCTHKH
NOTEMHIHb BUKOPHCTOBYETHCS BIKHO CHUMETPUYHE JO TIONEPEeJHbOTO Ta
BiJlI3epKaJIeHe BiTHOCHO HIKHBOI CTOPOHHU, SIKE BIJIMIOBIZA€ 32 TUISHKY IIKIPH, 3
KO0 Oyae MOopiBHIOBAaTUCSA 00jacTh mia ouwmma. Ilicis 1bOro po3TIIsIaeThes
pizuu y koedimientiB RGB mix BikHam#u, MojiIeHa Ha KUTBKICTh MIKCETIiB OKa,
puc. 2;
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Puc.2. JliarHocTrKa MIIIKIB ITiJ] O4nMa Puc.3. TlopiBHSIHHS CTYIIEHIB YePBOHYBATOCTI
ouen

|

e I'yOm, mo BiANOBiAAE cuHiogamocmi 2y6; MOPIBHIOIOTHCS 3HAYEHHS KOMIIOHEHT

KOJIbOPY HOpMaJIbHUX Ta MocuHUIUX ry0. [limgac anamizy Oyno BUSBIEHO, IO
KOMIIOHEHTA CUHIX T'Y0 3aBXIU MEHIIIA 3a CEPEIHE 3HAUCHHS.

04i, 110 BIJMOBIAAE uepsoHy8amocmi oueti; sl JIarHOCTUKU YEPBOHYBATOCTI
00YHCITIOIThC 3HaueHHs KaHany b mpocropy CIELAB koxHOro oka OKpemo
MOJIJICH] Ha KUTBKICTh MIKCEIB IT1€T 03HAKHU, PHUC. 3.

yce 00u4uYs, /ISl BUSBJICHHSI HaOpSKIB Ta acCUMETPil 00JuyYsi; IPU A1arHOCTHIII
HaJAMIpHOI acuMeTpii 00auuyysi OyJlO MPOBENEHO MOIIYK HAsSBHOCTI acHUMETpil
oueil, pora Ta OpiB. AcCHUMETpii BBAXKAETHCS JI1arHOCTOBAHON), SIKIIO
aCUMETPUYHUMH € a00 oui, a00 poT, abo 6poBH. [ A1arHOCTUKK acuMeETpii odeit
CIIOYATKY MOTPiOHO JIOKAI3yBaTH 1X Ha 300pakeHH], puc. 4 a TO/1 3a 3HAWAECHUMU
KOHTYpaMH OYe€i BU3HAYAIOTHCS IEHTPOIMM KOKHOTO 3 HUX 1 KyT MK HUMH. Sk
aNbTEPHATUBY MOXKHAa BUKOPUCTOBYBAaTH PIZHHUINIO MK Y-KOOpJIWHATAMHU.
3HaIeHnii KYT MOPIBHIOETHCA 3 L Ta O.

Puc.4. JliarHocTrka acuMeTpii poTa Puc.5. liarnoctuka acumeTpii oueit 1 6piB

JIsis AlarHOCTUKHM acUMETpil poTa BiH JIOKANI3YETHCS HAa 300pa)K€HHI, pUC.5, a MOTIM
3HAXOMSTHCS JIIBHIA HA MPABUN KYTUKHU POTa 1 PI3HUII MK IXHIMH Y-KOOpAMHATaAMHU.
JUist  IarHOCTHKM acuMeTpii OpiB CHoOYaTKy MOTPIOHO JIOKali3yBaTH IX Ha
300paX€HHi, a MOTIM BU3HAYUTH PI3HUII0O MK Y-KOOpAMHATAMU HAMBHUIIHUX TOYOK
KOXHOI 3 OpiB, puc.4 0.
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4. Oco0IMBOCTI MPAKTUYHOI peasti3anil AJropuTMy

4.1. Ananrauis mia KopucryBaya

J1J1s1 KOPEKTHOT MOIEPETHBOI JTIarHOCTUKH BAXKJIMBUM € OPIEHTUDP HE TUTHKH Ha
3arajgpHy INKATy BIAXWJIEHb, aje W Ha KOpPUCTyBada. B KOXHOI JIOIWHU € CBOI
OCOOJIMBOCTI 30BHIIIHOCTI, K1 HE OOOB’SI3KOBO € aHOMAaJIIMH 1 TAaKMM YHWHOM HE
MalTh OYyTH [JIarHOCTOBAaHMMU SK BUIUMUM CHUMOTOM. TOMYy JIOIIIBHOIO €
Monudikaiisi HaBEICHUX BHINE alTOPUTMIB Mg KopucTtyBada. Kopucrtysadu
TOOpPOBUTLHO TPOXOJUTH 1HINIAMI3aIl0, 3aBAaHTaXylOUd CBOi (OTO OOIMYYs st
TIarHOCTUKH. SIKIIO MporpamMa J1arHOCTY€ SIKUMCh BUAUMUN CUMIITOM, TO NIEPENUTAE
y KOpPHUCTyBauya MpPO KOPEKTHICTh JIarHOCTUKUA. Y BHMAJAKY 1i HEKOPEKTHOCTI
BIIMOBIIHE TIOPOrOBE 3HAYEHHS JIarHOCTUKU Oyae MoAU(IKOBaHE SIK CEpeIHE
3HAUEHHS MOPOrOBOr0 3HAYEHHS Ta OOYHMCIEHOro. I3 OUIBIIOI KUIBKICTIO (OTO Ta
HEKOPEKTHUX JIarHOCTUK II€ CepeldHE 3HayeHHs Oyne craBaTH Bce OJMKYEe 10
HE0OX1THOTO /I yemimHoil kinacudikarii. OOYUCICHHS caMe CepeHBOTO 3HAUYCHHS
JI03BOJIIE YHUKHYTH BEJIMKUX MOXMOOK MPHU MOTPAIISIHHI aHOMAaJbHUX 3HadyeHb. Ha
rpadiky (puc.6) MoxxkHa OauMTH SK TMOKpamnryerbes kKiaacudikamis dororpadiin 3
BIJICYTHIM BHJIMMHUM CHMIITOMOM MIIIKIB ITiI O4MMa i3 JIOAaBaHHSAM HOBHUX (oTo.
[Ipy 1upOMy [1arHOCTHMKAa HASIBHOTO CHUMIITOMY HE THOTIPIIYeThCA. AmanTaiis
MPOBOAMTHCA 1O YCIX HEMPAaBUIBHO KIACHU(IKOBAHUX CHMIITOMIB 13 aJrOpUTMIB
HaBEJICHUX paHillle, OKPIM aJIFCOPUTMY J1arHOCTUKH OIMYIIEHUX KYTHUKIB POTa.

[ToxpaleHHs NepCOHaNbHOI 11arHOCTUKU

8,00
7,00
6,00
5,00
4,00
3,00
2,00
1,00
0,00

1 2 3 4 5 6 7 8

e K-CTb fOAQHWX GOTO
e K-CTb KOPEKTHO K/1AacMbiKoBaHUX GOTO 3 MilLKaMM Nif, o4Mma

K-cTb KOpeKTHO KnacuoikoBaHux GpoTo 6e3 MillKiB Nig ounma

Puc.6. I'padix mokpalieHHs IepCoOHaIbHOI 11arHOCTUKH

4.2. IlpakTu4Hi pekoMeHaamii

Ha ocHOBI BHSBIECHHX CHMITOMIB OOJHWYYS MOYKHA POOUTH TOIEPEIHIO
JIarHOCTUKY 3aXBOPIOBaHb, MOPEKOMEHIYBABIIM Ha IO BapTO 3BEpHYTH yBary[29,
30, 31, 32, 33]. BusiBneHi cuMOTOMU Ta MOKJIMBI HEAYTH HaBe/IeHi y Tabmui 1:

Cumnrom 3axBOpIOBaHHA
Mimku mija ounma XpoHivyHA ayepris, TIMOTEpHUO3, COHHE aITHOE,
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3aXBOPIOBaHHS HUPOK, YpakeHHs
MIMTONOMIOHOI 3ajl03W 31 3HIDKEHHAM 11

byHKIiT

CuntoBaTi ryou IlepeoxonomxeHHss, 1LWaHO3, Kpyl, IIpH
BariTHOCTI — aediuuT 3amiza, XxBopoba cepist
a0o JiereHp

YepBoHyBarti oui AnepriyHuii KOH IOKTHUBIT, $53Ba POTOBHIII,
CHHIPOM CYXOro OKa, 1H(EKIIHHUN KepaTuT,
onedapur, IHTOKCHKAIIis, ayTOIMYHHI
3axBoproBaHHs, rputl, [ PBI

Hanmipna acumerpist nuns I[lepra o3HaKa iHCYABTY, JUIEBHHA mapatid

Omny1ieHi KyTUKH T'y0 Jemnpecis

Cyxi ry0wu, 110 JTyImaThscs 3HEeBOJHEHHS, JiabeT, MOpyIEeHHS poOoTH

ITUTOBUIHOT 3a7103H, AehinuT BiTamina B12 uun
3aiiza

3MiHa KOJIBOPY MIKipH (OTIAICTh, TOKOBTIHHSA)  AHEMisl, ypa)K€HHS TIEUiHKH, )KOBUHUX MUTSIXIB

[louepBoHiHHS 00IUYYS [IpoGiieMu 3 TpaBieHHSAM (HANmpUKIAL, IMPU
1esiaKii, HeMepeHOCUMOCTI IIIOTEHY), alepris,
€K3eMH Ta po3aliea.

Bunaxinus 6pis BoruumieBa anomnerist

Ta6. 1. BinnmoBiHICTh CUMIITOMaM 3aXBOPIOBaHb

4.3. llporpamua peaJtizauis

JIns mporpaMHoi peastizaiiii aaropuTMiB Oyj0 BHpIIIEHO BUKOpHCTAaTH MOBY Python
Ta HasBHI TaM O10miorexku. Jlokamizamiss OoOJMYYS Ta KJIIOYOBHUX O3HAK OOIMYYSA
BiZIOyBa€eThCs 3 jornomororo Oidmoreku face recognition ta HasBHUX TaM METOIIB
face_locations Ta face landmarks. Ilepmmii Merom IMOBEpTa€ CIMCOK JIHIIb,
JIOKaTi30BaHUX Ha ()OTO Ta TOYKHU MPSIMOKYTHHKA, B K€ BIMCAHE JIOKATI30BaHE JIUIIE.
Hpyruii MeTon TNOBepTae CIHUCOK CIOBHUKIB JIOKANI30BaHMX YAaCTUH JULA. Y
CJIOBHHMKY € HasiBHI Takl O3HaKW: JIiBa Ta mpasa OpOBH, JIiBE Ta MPaBE OKO, HIC, ryOH
ta migoopimas [34]. Lla 6iGmioTeka A03BOJSIE 3 JICTKICTIO JIOKAi30BYBAaTH YaCTHHH
o0nmuyust Ta € mpocto afanTtoBaHoro mix Android Studio 3aBasku TeXHOJOTIT
Chaquopy.

Chaquopy — TexHooris, sika 103BOJISIE HAUTIPOCTIIIUM CITOCOOOM BHKOPUCTOBYBATH
Python B nonaTtky mast Auapoin. Bona 3abesnedye KoprcTyBada BciMa HEOOXITHUMU
BKJTIOUEHHSIMH KOMITOHEHTIB Python B momaTok mix AHIPOIN, B TOMY YHCII:

1) TloBHa iHTerpaiisi 3i CTaHJApPTHOIO cHcTeMow 30ipku pimenns Gradle
Android Studio.

2) IIpocti y Bukopuctandi APl mius Buxiuky koay Python 3 Java yu Kotlin yu
HaBIIAKH.

3) Ilupokwuii ciekTp cTopoHHIX makeriB Python, Bkmouaroun SciPy, OpenCV,
TensorFlow, face_recognition ta 6araro inmux [35].

4.4. Pe3yjabTaT po0OTH IPpOrpamMu

Ha ronoBHiil CTOpIHLI AOJATKYy HasBHI TPW KHONKH: iHII[iami3auii, JIarHOCTUKHU Ta
NpoOHOI MIarHOCTHKHU. IHimmiamizamis JO3BOJISE MMJAMTYBATH JIarHOCTHKY i
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0COOJMBOCT1 30BHIIIHBOCTI KOXKHOI JIFOJIMHU, TYIAW MOXKHA 3arpykatu 0e3miu (HoTo
JUIA TIOKpAIleHHsS TOYHOCTI JiarHOCTHKHU. Jlami M0IaTOK J03BOJISiE€ TPOBOAHMTH
MOMNEPEHI0 JIarHOCTHKY 13 MOAM(PIKOBAaHMMH MapaMeTpaMu, OTPUMAHUMH 3
iHimanmizamii. Takok HasBHa (yHKIIS NpoOHOI JIarHOCTHUKH 0€3 ypaxyBaHHS
0COOJIMBOCTEW KOHKPETHOI JIIOAMHU. B KOXXKHOMY MEHIO € KHONKH oOpaHHS (oTo,
MIPOBENICHHS J1arHOCTUKHU (OOYHMCIICHB), BUBEIICHHS DPE3YJIbTATIB Ta KHOMKA Ha3ajl.
puc. 7.

i oee® o IHoed®

Mena glarecTnes Meauuna AjariocTass

SALAE LA COLATS $OT0

L WA POMATA ST HOCTIY

TINOREA JR47 HOG THEA PRIRIATH

mAg

Puc. 7. PoboTa nogaTtky: BUOip CUMIITOMIB.

JliarHOCTHKY MOKHa TPOBOAHWTU 32 OKPEMHMH IapameTrpamMu Ticlis 4oro OyayTh
BUBEJICHI PE3YJIbTATH Ta peKoMeHaalii (puc. 8).

Megwaa QJarnocTuka

Puc. 8. PoboTa momatky: pe3yabTar qiarHOCTUKH.
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BUCHOBKH

VY po6oTi Oys10 pO3rISHYTO METOJ] MEAUYHOI JIIarHOCTUKH, SIKUM 0a3yeThCsl Ha
CTBOPEHHI 3arajpHOl IIKaJIM BIAXWJIEHb. bByll0 HaBENEHO alropuTMH, SKI He
noTpeOyIOTh BEIUKOr0 HAOOpy TPEHYBaJbHUX JaHUX MJis IarHOCTHKW BUIMMHX
CUMIITOMIB 00Juy4si. J[OCTaTHHO BHCOKI MOKa3HUKU €(EKTUBHOCTI BKa3yHOTh, WIO
HaBITh 3a OOMEXKEHOro Ha0Opy JaHWX MOKHA CTBOPUTH THYYKHH 1 aJanTUBHUN
MEXaHi3M JUIsl TIOCTaBJIEHO1 3ajayi. Y3arajibHEHHsS CHUMITOMIB HaJallo MOKJIUBICTD
MONEPEIHBO1 JIarHOCTUKH BEJIIMKOr0 MEPEJIIKY XBOPOO B OJIHIN Mporpami.

Bylio cTBOpEHO 3aCTOCYHOK, SKUH JO3BOJISIE€ CIIOCTEpIraTH 3a BUAMUMUMU
3MiHaAMU 00JIMYYs. Byno 3aMpOTOHOBAHO Op1€HTyBaTI/IC$I HE JIMIIE Ha 3arajbHI
BJIACTUBOCTI CHUMIITOMIB, TPOTE 1 HA IHAUBIAyaJIbHY CHENU(IKY KOXKHOTO
KOpHcTyBaua. BeneHHs MEeIUYHOro IIOJCHHHUKA J03BOJIAE€ PO3MIMPUTH MOXKIMBOCTI
MONEePEIHbOI JIAarHOCTUKH 1 a/1allTyBaTUCS I11]] KOPUCTYyBaya.

Pe3ynpTaTé 1bOrO JOCHIKEHHS MOXKYTh OYTH 3aCTOCOBaH1 SIK JOMOMIXHUMN
3aci0 mpW MEAWYHIA JIarHOCTHUIN Ta SK CKJaJoBa 4YacTMHA CUCTEMHU JOTISIAY 3a
3JI0pOB’SIM Ta JJIsl ABUIICHHS €(pEKTUBHOCTI MPOIIECY JIKYBaHHS.
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https://transkarpatia.net/transcarpathia/different/117839-8-oznak-nebezpechnih-hvorob-iak-mozhna-prochitati-po-oblichchiu.html

30. Ax npouumamu na obauuui cumnmomu weoyeu [Enekmponnuii pecypc] — Peocum oocmyny
00 pecypcy:
https://zik.ua/news/2017/08/27/na_dobre_zdorovya_yak prochytaty na_oblychchi_symptomy nedu
gy_1156437.

31. O uem ceudemenvcmeyiom cunue 2yovl [Enekmponnutli pecypc] — Peoxxcum odocmyny 0o
pecypcy: https://health.sarbc.ru/o-chem-svidetelstvuyut-sinie-guby.html.

32. Kpacnvie enasa: npuuuna, umo derams [Enexmponnuii pecypc]. — 2021. — Pesicum docmyny
0o pecypcy: https://glazik.com.ua/ru/articles/blog/krasnye-glaza-prichina-chto-delat/.

33. O kaxux Oone3Hax mo2ym cueHaiuzuposams cyxue 2yowl [Enexmponnuii pecypc]. — 2019. —
Peocum oocmyny oo pecypcy: https:/lwww.infox.ru/usefull/287/227793-0-kakih-boleznah-mogut-
signalizirovat-suhie-guby.

34. Face Recognition [Enexmpounuii pecypc]. — 2017. — Peocum oocmyny 0o pecypcy:
https://face-recognition.readthedocs.io/en/latest/readme.html.

35. Chaquopy Python SDK for Android /Erekmponnuii pecypc] — Pesicum docmyny 0o pecypcy:
https://chaquo.com/chaquopy/.
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Tyaynos B.1., Oaumyk C.I'. (/[onbacvka depocasna mauiunooyoiena akaoemis,
Vipaina)

HEWPOMEPEXEBE MOJIEJTIOBAHHS Y CEPEJIOBUIII MATLAB
NEURAL NETWORK TOOLBOX

3a oonomocoro Matlab Neural Network Toolbox docriosceno ennugy pesxcumis pizanns na
wopcmkicmob ~ 00pobNeHoi  noeepxHi  Npu  MOYIHHI  BUCOKOMIYHUX — KOHCMPYKYIUHUX
incmpymenmanvHux cmaneu. Ompumani JHIUHI pecpecii MOOeN08AHHS Y HEUPOMEPEHCI.

The Matlab Neural Network Toolbox investigated the influence of cutting modes on the
roughness of the machined surface during turning of high-strength structural and tool steels. Linear
regressions of neural network modeling are obtained.

Cucrema Matlab Neural Network Toolbox [1] wmae iHCTpyMEHTH 1110
J03BOJISIIOTh BHPINIYBATH 3ajadl: amnpoKCHUMaIlll AaHWX, pO3Mi3HaBaHHS 00pas3iB,
KjacTepuszalli Ta y 3amadax yacoBux psaiB. CucreMa Hajgae MaKCUMalbHI
MO>KJIMBOCTI HAJIAIUTYBaHHS Ta KOHTPOJIIO MEPEXKI B MPOILEC] HaBUYaHHS, cCaM€ BOHA
ONTUMAJIHO MIAXOAUTH SIK CUCTEMa MPOTHO3YBAHHS JJAHUX.

V¥ Matlab Neural Network Toolbox BuKOHaH1 AOCHIIKEHHS Mpoiiecy 0OpoOKu
BHCOKOMIIIHUX CTajied I1HCTPYMEHTOM 13 METaJIOKepaMiyHuX 0e3BoJIb(ppamMoBHX
TBepAuX cruaBiB  [2]. OOpoOka pe3ynbTariB  BUMNPOOYBaHHS  pi3IIB 3
BOJIb()PAMOBMICHUX TBEPJIUX CIUIABIB 1 METAJIOKEpAaMIYHUX TBEPAHMX CIUIaBIB Ta
JOCTI/PKEHb BIUIMBY PEXHMIB pPi3aHHS Ha MIOPCTKICTH 0OpOOJIEHOI MOBEpXHI Mpu
TOUYIHHI BUCOKOMIITHUX KOHCTPYKLIMHUX 1 IHCTPYMEHTAIbHUX CTaJICH.

VY pobori [2] pakTopamu eKCIEpUMEHTY OyJIY HACTYTIHI:

X1 — mBUAKICTH pi3aHHs, V, M/XB, piBHi: 120, 90, 60;

X 2 — mo310BXKHA 1ogada, S, MMm/00, piBHi: 0,1; 0,2; 0,3;

X3 — rnubuHa pizanss, t, MM, piBHi: 0,2; 0,6; 1,0;

X 4 - gac 06po6ku, T, xB, piBHi: 10, 20, 30;

X5 — marepian pizanibHOTO0 iHCTpYMEeHTY, M1, piBHi: 0 (BOK-60), 1 (CininiT), 2
(BKS), 3 (T30K4);

X6 - obpoOmoBanuii marepian, M2, pisui: 0 (30XI'CA), 1 (BKC-210), 2
(X12M), 3 (V8A).

VY po0oTi IOCHiIKyBaIUCs] XapaKTEPUCTUKU SIKOCTI TEXHOJOTTYHOIO MPOLECY
Y1 — 3HOmIyBaHHS Pi3lsd MO 3aJHIN MoBepxHiI (MM), Y2 — HIOPCTKICTH 00pOOIeHO]
MOBEPXHi (MKM), 3aJI€KHO Bij] (haKTOPIB, 110 BIUTUBAIOTH

Jnst oOpoOkM pe3ynbTaTiB AOCHIKEHHS Oyla BHUKOpPHCTaHa JBOIIApOBa
Mepexa IMpsMOro 3B’A3KYy 3 NPHUXOBAaHUMHM CUTMOMNOJMIOHMMHM HEWpoHaMHU Ta
JHIAHUMKE BHXITHUMH HedipoHamu (puc. 1). Mepeka HaBYajacs 3a aJlrOpUTMOM
3BOpOTHOTO TommpeHHs JleBenOepra-MapkBap/Ta, 1Mo CpsSIMOBAHAN HA BUPIIICHHS
3a/1a4y Ipo HaliMEHIII KBaJIpaTH.
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Hidden Layer Output Layer

Input

10 4
Pucynok 1 — Ctpykrypa Helipomepexi

[Ticns HaBYaHHS HEMPOHHOI MeEpeki OTpuMaHo rpadik MOMUIOK HAaBYAHHS,
MMOMHJIOK TTEPEBIPKH Ta TECTYBaHHS, K TIOKa3aHO Ha HACTYITHOMY PUCYHKY:

Neural Network Training Performance (plotperform), Epach 7, Validation ...

File Edit View Insert Tools Desktop Window Help ~
Best Validation Performance is 0.011794 at epoch 1
10°
Train
Validation
—Test
= e Best
%]
E
- 107!
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@ 52
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Pucynok 2 — 3anexHicTh IOMUIOK HaBYaHHS, IOMUJIOK [IEPEBIPKHU Ta TECTYBaHHS BiJl 1TepaLii
HaBYaHHS

[Ticns HaByaHHS MepeXl MOXKHAa BHUKOPHUCTOBYBATHU il Il OOYMCIICHHS
MEPEXKEBUX pE3YyJbTaTIB. TakoK MOXKHA pO3paxyBaTH HPOAYKTUBHICTb MEPEXKI
TUJIbKA Ha TECTOBOMY Ha0Op1, BUKOPUCTOBYIOYH 1HIEKCH TECTyBaHHS.

VY pe3ynbTaTi MOJENIOBaHHS Oyau OTpUMaHi JHIMHI perpecii MK BUXOJaMH
Mepexi Ta BiAmoBiiHUMH 1isMu. Ha puc. 3 mokasaHi pe3ynbTaTy.

Training: R=0.88025 o Validation: R=0.75074
N 9 T o
3, |—r ]
Soef |78, Tos| | TR,
3 ) b
Fos Fos o A
S04 Soa 0 gag/
] T b
?} 02 ?} 0z Ho
g g
o o

©t 0z 04 08 0B 1 ¢ 02 04 06 08 1
Target Target

Test: R=0.60093

: R=0.77991

Output ~= 0.36*Target + 0.14
) °
o o

Output ~= 0.55*Target + 0.12

Pucynoxk 3 — Perpecii
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BHUCHOBOK
BukopucranHs HeHpOMEpeKeBOro  MOJENIOBAHHS  JIO3BOJISIE  OTPUMATH
MaTeMaTU4yHl MOJIeNl NpH BEJIMKINA 0a3l JaHUX, IO CKJIAJHO 3pOOMTH 3BHYAHUMU
METOJaMH.

CIINCOK ITOCUJIAHb
3. https://www.mathworks.com/support.html
4. Paouenxo, C. I Mamemamuueckoe mooenuposanue oopabomru 8biCOKONPOUHLIX cmaell /

C. I'. Paouenko, C. H. Jlanau // Mechanics and Advanced Technologies. — 2019. — Nel (85). — P.
101-110.
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