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

PROBLEMS OF CLASSIFICATION OF MULTIMODAL DATABY 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 posensoaemvcs newooasms po3pobka bazamosdeproi niamegopmu ma Hedopocux
kracmepie. Hadano onuc npoyecy, saxkuii pobumv napaneivHi O0OYUCIEHHS HAO36UUALHO
epekmusHuMu Ol GUKOPUCMAHHA 6  yboMmy  Oociiodcenni. Ilooano — euKkopucmarHs
2inepcnekmpanvHux 306pasicens. I[lpoananizoeano anecopummu Kiacugixayii MyabmumoOanrbHUX
Oanux OJisl 8uUAGIeHHA anomanit. Posenanymo sacmocyeanusa napanenvHux oOuucieHv 0 3a0ad
MYAIbMUMOOANbHOL Knacugixayii danux. Y pobomi poszensnymo memoo RVM 3 euxopucmarnusm
napaneibHux po3paxyrkis. Y oocnioscenui pospobreno mpu napanenvui peanizayii memody RVM.
Onucano  pos3napanento8anus,  fIKe  3ACMOCOBYEMbCS — Npu  pobomi 3 Mampuysmu,
MYIbMUKIACUDIKamopry cmpamezito ma cmpamezito «nodin-nepemoza-3iummsy. Poszenanymo
mecmyeanHs napanenvhux memooie RVM wua 6acamosdepnux naamgopmax i Kuacmepax.
IIpoananizosano ompumane euoume niosuujeHHs eghekmusHocmi napanenvHux memooie RVM na
bacamosdepHux niameopmax 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()= 200, 0) 00, @

where ¢ is a nuclear function (usually Gaussian), [, IS a variance of a priori
values of the elements of the vector of weight coefficients [1 ~ (1(0, 07t [1),
and
[J3....... L] 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 s 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 is that it usually uses
significantly fewer kernel functions than SVM, providing similar performance.

1. RVM . classifier . - .
For training samples {[ DE—l and class notation {[] %}_1 RVM uses a linear

combination of kernel functions (1 (], [J-) to describe the | / O relationship (2):

D )
(0, )= S 00 (0], D) + o,
=1

and Bernoulli distribution for density construction of probability function (3):
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The symbols in formulas (1) -~ (2) are [ = (Lo, ... ... , Op)Y, O=
(g, ... ... , )Y, and On = 0{0(05; )} 0(0) 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)

Oy

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

. - ®)
(O D)= (oo, 0.

0=0

Then the probability density function [1(] | [J, [1) can be obtained by the
Bayesian rule (6):

D(Dl[LED;ﬁDIED[JGJID) (6)
BGEE)

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

Sequential binary classification algorithm RVM

1. Initialize (declare) o and a.

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

0=V o log (0] 0, 0) 0 =d (0 —0)— 00, (7

0=V Vilog (D] 0,0) = ~(P'BD + A), (8)
0958 « 055" - oo

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

1- 0/ 3o 9)
(0557

0500 =

where Y =71,

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 o 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 OAO, 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 pRVM-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 [ seconds. With a large N, [, is mainly occupied by
the



inversion of the Hesse matrix H in formula (7), the complexity of which is O ([73).
Ignoring the minor parts, the complexity of the weak RVM could be approximated to
O (373). Therefore, the speed factor pRVM-Ensemble determined by the formula
(10):

Ug O (10)
B0y 08 x0O

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, pRVM-MatOp can be combined with pRVM-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 kits. 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
Cé6 Soybeans-notill 425 424 849
Cc7 Soybeans-min 1133 1335 2268
C8 Soybeans-clean 289 288 577
C9 Woods 614 612 1226
Total number 4244 4225 8489

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. pPRVM-Ensemble was tested with three different sampling
rates, ranging from 20% to 60%. 32 were installed to balance the load. Processor time
PRVM-Ensemble can be estimated by the formula [1 x [1® x []-, 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, pPRVM-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-MulticlassRVM-
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
2 137|359 | 151 | 26.7 | 1789 | 173 | 1895
3 11363 | 175 | 1486 | 9.1 36.1

4 124 | 23.2 | 163.6 | 15.3 | 102.4
5 196 | 1636 | 11.1 | 1024
6 1971 | 204 249.5
7 141.6 | 575.3
8 119.3

Table 4 shows the overall accuracy of the classification of parallel RVMs.
pPRVM-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

nRVM - Ensemble .
. RVM - Multiclass | nRVM - MatO
P Min Max | Average | Vote t u t P

20% | 81.67% | 84.43% | 82.85% | 87.94%
40% | 86.31% | 88.55% | 87.43% | 90.79% | 91.26% 91.26%

60% | 88.36% | 90.39% | 89.28% | 91.52%
80% | 89.52% | 90.86% | 90.29% | 91.71%

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.

Accuracy of the model
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/ 1.0
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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

nRVM - Multiclass | nRVM - MatOp

20% 40% 60%
DS-A | 848 (20%) 2.96 155 113 5.7 2.3
DS-B | 1697 (40%) | 11.01 331 1.36 52 47
DS-C | 2546 (60%) | 17.05 404 1.46 53 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 54 8.8

2. Estimation of pRVM - MatOpna multicore platform

pPRVM-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. pRVM-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. pPRVM-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.

Ilpeocmasneno ananiz ocobrusocmeil ynpasiiHHs MOYHICMIO 00pOOKU HA éepcmamax 3
napanenrbHol KIHeMAamuKol 3 YUCIO8UM NpocpamMHum ynpasninuam. lloxasama moorcnugicme
3acmocysants mepedc Xonginoa onsa mamemamudnoi Mooeni KOMIeHcayii NOXUOKU MexHoN02IYHOT
cucmemu. Pozensinymo nioxoou 0o npoekmy6anHs HEetUPOHHUX Yinié OJisl KepyIouux CUCHEM.

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 vehicle 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 mnporHoctuueckux 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 nmpumyckos 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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UDC 539.43

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 3anuwkosoi Hanpyeu. ocniodxceno enius
BUCOKOBOJILIMHO20 €IeKMPUYHO20 PO3PAOY HA BeUYUHY BHYMPIWHIX (3aruwikosux) nanpye. Mooce
OYmMuU 3acmMoCco8anUll 3HUINCEHHSL 3ANUWKOBUX HANPY2 Y PeAIbHOMY GUPOOHUYMEI.

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 emammi npoananizoeani ocobausocmi niocomosku yuHie 00 306HIUHBO20 HE3ALEHCHO2O
OYIHI0BAHHSA. 3aNpoONnoHOBAHO NPOSHO3Y8AHHA 0OAIE 306HIUHBLO2O HE3ANEIHCHO20 OYIHIOBAHHS ma
PO3DAXYHKY — KOHKYPCHO20 Oany i3 BUKOPUCMAHHAM HeupoHHux mepedxc. Illpeocmasnena
KOMN tomepHa peanizayis cucmemu 015 NpO2HO3Y8AHHA KOHKYpCHOo20 6any. Po3pobnena cucmema
Haoae Kopucmyeadegi nopaou, SKi OONOMOXCYMb Oilbul YCRIWHO NPOUMuU MmMeCcmy68aHHs, Wo
ONmMuUMI3ye npoyec ni020mMo6Ku yuHie 00 6CMYNy 6 GUWI HABYANbHI 3aKNAO0U, A MAKONC CNPOULYE
npayro euumerie.

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=((C1xS7)+(C2xS2)+(C3xS3)+(CqgxGPA) +
(C5x3G) +(Cg xCAS))X(CRG xCs xCR xCp),

where C;, Cy, 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;

Si1, Sz, S3 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, Cgr, Cp are coefficients by which the competitive score is finally
multiplied, namely regional (Crg), sectoral (Cs), rural (Cr) 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.

Figure 3. Calculation of the competitive score by the program based on the predicted
EIT scores

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.






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 nasedeno nosi mamepianu, wo i000paicaroms 3acmocy8aHHsA HelPpOMePeHCesUx
Mooenell npu npoeKmyB8anHi IHHOBAYIIHUX npoyecis Y nedacociunill disibHocmi. Taxuil nioxio, Ha
OYMKY asmopis, € aKkmyanbHuM, OCKIIbKU OYdice 8adCIUBO 3aDe3nedumu KilbKiCHI OYiHKU nopso i3
cmanoapmamu  AKOCmi  YNpAagniHHA neoda2oliyHumu npoyecamu. Bowu 0o3zsonaome euseumu
meHOeHYil IHHOBAYIUHUX Neda202iuHUX NnioXo0i8 Y 8UXOBAHHI HOB020 NOKONIHHA IOHAKIG, A MAKONMC
gionosioamu iXHiM NPACHEHHAM, 6CIIAKO NIOMPUMYIOUU NO3UMUE IX COYIANbHO-EKOHOMIYHO20
6NUBY.

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.
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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  natibinbw  3aecanvhi  kpumuuui 3a60amHs  mparchopmayii  inghopmayitino-
KOMYHIKAYIUHOL npupoou YNpasuiHHs Cy4acHumMu upooHuuumu cucmemamu. Lugposi oyonixamu
001a0HAaHHA Ma npoyecie 00360.1810Mb NPULLMANU PIUEHHSA 3 YPAXY8AHHAM CiX hakmopie pobomu
Ha OCHOBI HeuwimKkux napamempie. Bcmanosneno, wo O0as cmeopeHHs yugposux 0yonikamis
HeoOXiOHO NOEOHY8amMU MAKI MeXHON02il, K MOOeN08AHHA CUCMeMU HA OCHO8I XBUTbOBUX
@izuunux npoyecie ma mawiunHe HagYanHs. IHHOBAYIUHA OISIbHICMb HA PI3HUX PIGHAX NPU3BOOUNMD
00 pi3K020 30inbUleHHs IHmeHcugikayii ma weuoKkocmi 83aemMo0ii Midc il y4acHuUKamu, a makoic
00 CMBOPEHHs AKMYANbHUX Y NEGHULL YaC Ol CNONCUBAYIE MOBAPIE | NOCIYe HeoOXIOHOI AKocmi ma
KIIbKOCMI, WO nepesepuiyioms OYIKY8AHHA CHOMCUBAYIE 34 PAXYHOK BUKOPUCMAHHS UMYYHO20
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.

Acrtificial 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
gualities, 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.

llepesacu suxkopucmanms HeuponodiOHUX elremMenmie 011 KOHCMPYIO8AHHS 0OUUCTIOBATbHUX
cucmem noOAA2AOMb Y OCHOBHIU napaouemi nob6y008u HeupoOHHUX Mepexc — «YCi Helponooiowi
elemMenmu nog'si3ami 3 ycimay. Biominnocmi y mpaxkmyeanni yiei napaouemu npeocmasisaiomvbcs aK
PI3HUX 8i0OMUX 6UOI8 apXimeKmyp HeUpOHHUX Mepedic. B pozeumky Hanpamy 3acmocysanHs
Heupomepel’cesux MexHONO02Il, pPOo3pPOOIeHO MemoOuuHi nioxoou ma 6upiueHo 3a680aHHs
ONMUMANLHO20 NPOEKMYBAHHS MEXHOLO2IYHUX NPOYECi8 ma YNPAGIiHHs 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 gquantum 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 ecmammi npeocmaeneni pezynomamu 00CniodxiceHb pi3HUX acneKkmié 0OpOoOKU NOBEpXHI.
Posensinymo noeuit mun npoyecy cmabinizayii 3anumuxosoco mucky. Taxooxc docniodicyiomvcs ma
NOPIBHIOIOMbCL  HOBI  cnocobu  3miyHenHss Oemaneu. Pozenadaemvca npobrema Ho6020
IHCmpyMeHmapiio ma numarHs Oilbul epekmuerHo2o 1020 BUKOPUCIAHHS. Y 6CIX eKCnepuMeHmax
BUKOPUCMOBYBABCS CNOCIO MOOENIOBAHHS HEUPOHHOI Mepedxci 051 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.

Tloxaszano, wo cmeopenns ioenmupikayiinux mooeneti pobou020 npocmopy MexHoI02IUHUX
MawiuH OJisl a8MOMAMuU308aAHUX CUCTEM KepYBaHHs nepeodaiac OHOBNEeHHSA KOOPOUHAm podoyoi
30HU 8 pedcuUMi peanbHO20 4acy 3 BUKOPUCAHHAM KACKAOHUX HEUPOHHUX Mepedc i anzopummis
2NUOOKUX 00UUCTeHDb. 3a Yinbos8y PYHKYII0 3anpONnOHOBAHO NPULIHAMU HOMUIKY BIOHOGNIEHUX OAHUX.
10enmuuni mooeni BUKOpUCMOB8YIOMbCsL 01 CUCeEM Kepy8aHHs Onopuumu mooeramu. Lfi sxc mooeni
BUKOPUCMOBYIOMbCA Ol OOCACHEHHS ONMUMANbHO20 KOHMPONIO 3  YIIbOSUMU  QDYHKYIAMU
MOYHOCMI, IKOCMI, NPOOYKMUBHOCI 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. Identity 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 npedocmaeneno obrpynmysanns 3acmocy8amnHs aKyCMU4YHuX mMemooig Ol
BU3HAYEHHS AKOCMI CKIAOAHHA Ma Npaye30amHocmi upoodis y 8UpOOHUYUX YMOBAX, U0 0COOIUBO
8aHCIUB0 0I5 3a0e3neueH s AKOCMI 2IOPAsIiKu, Wo YNPAGIsE.

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).
1’

Figure 1 - The product is assembled.
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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 nybnixayii noxazano, wo VR-imimayin 0y0v-aKux mpeHysaub, SAKi SUMALAOMb
BIOBONIKAHHA  BENUKUX JIIOOCLKUX [ MAMepPIAIbHUX pecypcie, GUKOPUCMAHHA CHEeYianbHO20
001a0HanHA, - ye Xopowiull Oi3Hec-Kelc, OCKIIbKU MAaAKa MexXHON02is 3dCMOoCOo8HA O0Nd
BIONPAYI0BAHHS HABUYOK POOOMU 3 DISHUMU 00'€Kmamu i npUCmposmu.

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.

Asemopu marome Ha Memi NOACHUMU 38 "A30K MIXdC eKOJIOCIEI0, 0eMOKPAmIi€elo ma 1i0epcmeom
y 3enenii ekoHomiyi. Exonoecisi ma exonomika moxcyme mamu 0OHAKOBe 3HAYEHHS 34 CNPUSHHA MdA
HACMAHOBU 0eMOKPAMu4Ho2o eko-iidepa. Exonociune nidepcmeo cnupaemocs Ha 3HAHHA MO20, K
PO3NiZHamMu eKoJ02IYHI ANbMEPHAMUBH] BUMPAMU HA HEOOCMAMHbO BUKOPUCMAHI pecypcu ma
00csiemu eKoN02IUHO YUCUX THHO8AYil. [leMOKpamisi € 0CHOBOI0 i0epcmed, OCKIIbKU ye €OUHA
cucmema, KA Moxce nepemocmu 8 Npoyeci 3MIHU CYYACHUX OpP2aHi3ayiu y HANPAMK) 3e1eH020
poszsumky. Exo-nidep € nanusom npoyecy po36umky 3ei1eHoi 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:

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

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

o 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.

o 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.

o Anticipate the future by reading the present.

o 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.

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

. 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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ABTOMATHYHO HAJIAIITOBAHUM JITHIMHUAM BJOK (ACLU) 1151
IITYYHUX HEHPOHHUX MEPEX 3 IIPSIMUM NOIUPEHHSM
THOOPMAIII

3anpononosano Ho8y @yHKYilo axmueayii 01 BUKOPUCMAHHA 8 2TUOUHHUX
WMYYHUX HEUPOHHUX MEPeNCcax 3 NPIMUM NOWUPEHHAM IHopMayii — a8momMamuyHo
Hanawmosanuu ninitinuti 010k (ACLU). ACLU noeouye nepegaeu ninitinux 0OJ0KIG
muny ReLU ma SiLU 3 moociugicmio asmomamuyHo2o HAlaumyeauHs opmu ma
amnuimyou 6 npoyeci HaguaumHs. HasuanHa BUKOHYyEMbCA 3a  OO0NOMO20I0
cmanoapmuoi  npoyedypu  360pOMHO20  HOWUpeHHs  nomuaku. Ilposedeno
eKxcnepumenmainbHe 00cnioxcenns egpexkmuenocmi 3acmocysannsi ACLU 6 wmyunii
HeUupoHHill Mepedxci O Kiacugikayii mexcmosux ¢pacmenmis. Knouosi cnosa:
QyHKYIs axmueayii, a8MoMamuiHo HALAWMOBAHUU NIHIUHUU ON0K, CUHANMUYHI
8azu, HeUPOHHA Mepexca 3 NPAMUM NOWUPEHHAM THhopmayii.

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 octaHHi AeciaTh pokiB, 3 2011 mo 2021 poku, rmuOMHHI TYYHI HEUPOHHI
mepexi (deep artificial neural networks, DNNSs) 3miiicCHIIN CHIPaBKHIO PEBOIOIIIO Y
chepi 00poOku manmx [1-2]. CucTteMr Ha OCHOBI IITYYHHX HEHUPOHHHX MEPEK
3aMIHWJIM KJIACHYHI 3aCO0M MAIIMHHOTO MEPEeKIIaay, po3Mi3HaBaHHs Ta Kiacugikarii
300pakeHb, a TaKOX HaOWparoTh MOMYJSIpHOCTI y cdepi oOpoOku, aHamizy Ta
CTBOPEHHS IPOTrpaMHOTro Koy [3-8].

B 3anexxHOCTI BiJ] BUpILIyBaHOI 3a/1adi, BAKOPUCTOBYIOTHCS IITY4YHI HEWPOHHI
mepexi (ILIHM) pi3Hux apXiTeKTyp, 110 CKJIaIat0ThCs 3 pi3HUX 0a30BUX OJIOKIB Ta iX
3’eTHaHb. EKCIepUMEHTaIbHO BU3HAYEHO, 110 30UIBIICHHS KiJTbKOCTI HAJAIITOBAHUX
napaMeTpiB J03BoJisi€ MiABUIIKMTH 31aTHICTH [IIHM 1o BuU3HAYeHHS NPUXOBAHUX
B3a€MO3B’SI3KIB MDK JIaHMMH, CTBOPEHHS CKJIQIHMX MOJENeH JTOCTIIKyBaHOTO
o0’ekTa UM sBUIIA, a TaKOX JOCAraTd pe3yibTaTiB OOpOOKM [daHMX, WIO0
NEPEBEPIIYIOTh MOXIMBOCTI Jitoaei-ekcneptiB  [9]. IIpoTuiexHOI CTOPOHOIO

30UTBIIIEHHST KUTBKOCTI HAJAIITOBAaHUX TMapaMmeTpiB € ckiagHocTi HaBdaHHs [ITHM 3
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TaKUMH TapaMeTpamMu, a came: mpoOjemMa 3aTyxardoro rpajienta (the vanishing
gradient problem), HagmipHa ajganTailis A0 BXIAHUX JaHUX TPEHYBAJIBLHOTO HAOOPY
(overfitting), a Tako)X MIJIBHUINEHI BUMOTH JIO0 PECypCiB CHUCTEM, IO BUKOHYIOTH
HaBYaHHA (training) Ta joriunuii BuBix (inference) myst nux [HITHM.

TakuM 4YHMHOM aKTyalbHOIO 3 mpoOiema miaBuieHHs 3aatHocTi [ITHM no
BUBOJy CKJIQJHUX B3a€MO3B’SI3KIB B JaHUX 0€3 EKCIIOHEHIIaJbHOTO IiJIBUILIEHHS
KUIBKOCTI HaJallITOBAaHUX TlapaMeTpiB, 30UIbIIeHHsS dYacy HaByanHa [IIHM Ta
3pOCTaHHS BUMOT JIO0 amapaTHUX pPEeCypciB cUcTeMHU. Jl0 MOXJIMBUX HaNpsIMKIB
JOCIIKEHb 30KpeMa HajexaTh 3MmiHa apxiTektypu [ITHM, nogaHHs HaIIUIIKOBUX
3Bsi’3KiB (skip-connections, redundant connections) [10] Ta 3amiHa aKTHBAIIHHUX
¢GyHKIIN Ha aganTUBHI QYHKIIT aKTUBAI] 3 HaJAIITOBAaHUMU mapamerpamu [11-13].

Metoro pobotn € po3pobOka (yHKINI akTUBalli, IO 3JaTHA aBTOMATUYHO
azanTyBaTucs N0 3aranbHoi apxitektypu [IIHM, ocoGauBocTeli BupilyBaHoi 3a1a4i
Ta BXIJHUX JaHUX [Js 3a0€3ME4YeHHS ONTUMAaJbHUX PpE3yJbTaTIiB pPO3IMI3HABAHHS,
aHanizy Ta oOpoOKHM BXiJHUX JnaHuX. HeoOXimHOKO yMOBOWO sl Takoi (PyHKIIT €
YVHIBEpPCAJIBHICTh Ta 3JATHICTh 3aMIHUTH COOOI0 aKTHBALIWHI (PYHKIIi, IO BXKE
3acTOCOBYIOThCA npu 1oOyaoBi [IIHM 3 nmpsmum nommpenHsMm iHopmanii (feed-
forward neural networks, FFNNs), 30kpema — ReLU [14] ta SiLU [15].

1. ABTOMATHYHO HAJIAIUTOBAHUM JiHiliHUH 010K y ckiaaai Helipony HTHM

bazosum Onokom HIHM, y Tomy umcmi [IIHM 3 mnpsMuM nommpeHHSIM
iHpopMarii, € mMTydHUd HEHPOH — OJIOK, IO CKJIATAETbCS 3 MHOXXHHHU BXOJIB,
KOXXHOMY 3 SIKMX BIJIOBIJIa€ 3HAYEHHS-MHOXKHUK (Baru, weights), eleMeHTIB
ckiagaHHs Ta (QyHKUIi akThBamili. Mojenb MTYYHOTO HEMpPOHY MOKHA ONUCATH
HACTYITHOIO (POPMYJIOIO:

= £ @) = flby+ Swiz 1=l $wiz 1= f(wT )
U iz ) =0 )

J¢ Yy — BUXIIHUH curHayi HeipoHy, f — HemiHifiHe mepeTBOpeHHS (QYHKIIT
aKTHUBAIll, N — KIIBKICTh BXIJHUX CUTHANIB HelpoHy, i € [1, n], Xi — eixemeHT
BEKTOpa BXIJHUX CHTHATIB, Wi — €JEMEHT BEKTOpa CHHANTHYHUX Bar (synaptic
weights), 1m0 BiamoBigae I-My BXonay HeipoHa, Wo Ta b — 3mimenns (bias), Z —
BHYTPIILIHIN CUTHAJ, 1[0 € apIYMEHTOM (DYHKIIIi aKTUBALIIi.

OaHuMU 3 WUPOKO BXKUBAHUX MONyJasapHUX (yHkii aktuBauii € ReLU Ta
SiLU. ReLU BimHOCHUTBCS 10 KjIacy KYCKOBO-TIHIMHMX (QYHKIIH Ta peai3ye
NIEpPETBOPEHHS BUTJISITY:

(z, 250

ReLU(z):{LO o
y LS

JIe Z — BXIJTHUW CUTHAI (DYHKIIIT aKTHUBAITI.

72



VY mopiBHSHHI 3 aJlbTEPHATUBHUMHU (QYHKIISIMH, TaKUMHU SIK CIrMa-(QyHKIIis
(sigmoid function), ReLU He ctpaxkgae Big mpoOieMu 3aTyxarodoro Tpaji€HTa, a
0o0YHCIICHHs 3Ha4YeHHS (QYHKIT MOXe OyTH peaai3oBaHO 3a MiHIMalIbHY KUIBKICTh
OOYHCITIOBAILHUX OIepallii Ha KOMIT'IOTE€pax 3arajbHoro mpusHaueHHs. OgHaK
ReLU He € rmagkoro (yHKINIO, a 3HAYEHHS TPaai€eHTy JUIS BiJ €MHUX 3HAa4YeHb
JOPIBHIOE HYJIIO, IO MPHU3BOJMUTH J0 «BIIMUPAHHS» CETMEHTIB MEpexXi B IpoIieci
HaBYaHHA TMOuHHMX [ITHM.

SiLU e anprepuaTrBoro pyukiii ReL U, 110 peanisye nepeTBOPeHHs BULIISILY:

SiLU(2) = 25(2) = —>

1re 2’

Jie Z — BX1AHUM curHai QyHKIi akTuBalii, S — cirma-QyHKIIis.

SiLU wmae BnactuBoCTi Tankoi (yHKII, HE CTpaxaae BiJ MpobOiieMu
3aTyXalwuoro rpaji€Hra, a Takoxx nosroproe gpopmy ReLU Ha 3HaueHHsX, OIM3BKUX
1o +oo. OpHak SiLU He Mae HaJlalITOBAHUX IMapaMETpIB Ta HE 3/aTHA 3MIHIOBATH
BJIacHy (opMy Ta amIUIITyly B MIpOLEC] HAaBYaHHS, IO 3MEHIIYE anpOKCHUMYIOUY
spatHicTs HHTHM.

Jns noennanns nepeBar GyHkiii S1ILU 3 mepeBaramMu afanTUBHUX (YHKIIH,
MU TPONOHYEMO aBTOMATHUYHO HaJAIITOBAHMM JiHIAHUK Oxok (automatically
configurable linear unit, ACLU) -akruBamiiiny (QyHKIIIO 3a HaJIalITOBAHUMHU
napameTpamMu GOopMHU Ta aMIUIITYIA BUTTISILY:

&
ACLU(2) =S (pz) = ———

1+e™ "
ne Z — BXigHud curHan Qyskmoii aktuBamii, S — cirma-QyHKmis, p —
HajamrToBaHui mapamerp dopmu ¢yHKIIT Ta ( — HaJAMITOBAHUN MapaMerp

aMILTITY/IH.

Bapro 3asnauutu, mo ¢ynkuist ACLU 3maTtHa moBToproBaTH QopMy Ta
amrTiTyny iHmmx ¢ysakuii. 3oxkpema mpu p=1, (=1 ¢ynkuis ACLU npuiimae ¢popmy
¢bynkuii SiLU, a 3a 3HaueHb p=too, (=1 — ynkmii ReLU. Takum unnom ¢yHKITIsS
ACLU e yniBepcanbHo Ta 31aTHa 3aMiHATH SiLU Ta ReLU y rimbunaux [ITHM.

bynosa neitpona [ITHM 3 aktuamiitnoro ¢pynkiiero ACLU 300pakena Ha puc.

S

i O—» wp ——
Pucynok 1 — llItyunuit HelipoH 3 aktuBaniitHoo ¢yHkiiero ACLU
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2. ExcniepuMeHTAJIbHI pe3yJbTaTH

Edexrusnicts 3actocyBanss ¢yunkiii ACLU B IIHM Oyno mociimkeHo s
3a/1a4i KaTeropusalii TeKCToBuX ¢parmMeHTiB Ha Habopi ganux IMDB Movie Review
Dataset (acllmdb) [16]. basoBoro apxitektyporo [IIHM € GararomapoBa ogHOMIpHA
sroptkoBa [ITHM [17]. ¥V mporieci o1iHku 6a30Ba apXiTeKTypa, MOPSI0K 1Hiliami3amii
Bar, BXIOHI JaHi, aJIrOpuTM HaB4yaHHA Ta 1HII mnapametpu HIHM 3amumanucs
HE3MIHHUMH, 3MIHIOBAJIUCh TIIbKA aKTUBAIIWHI (PYHKIIII, III0 BUKOPUCTOBYIOTHCS B
[ITHM, a Takok MO4aTKOB1 3HAUYCHHS MapaMeTpiB akTuBaliitHux GyHkiin g HTHM
3 BukopuctanisM ACLU.

Habip manmx acllmdb ckmamaerecss 3 50 000 po3mideHUX TEKCTOBHUX
dbparMeHTIB — BIATYKiB KopucTyBauiB cepBicy IMDB Ha mnonynsaphi ¢diibmu.
Koxxnomy (pparmMeHTy BiANOBIJa€ CheliaibHE MO3HAUYCHHS — «1» 71 MO3UTUBHUX
BiarykiB (Big 6 mo 10 «3ipodok») Ta «0» mis HeraTMBHUX BiArykiB (Bim 1 mo 5
«31po4oK»). Po3noiyieHHsT MK MHOKMHOIO TECTOBUX Ta TPEHYBAJIbHUX JaHUX: 1 70
I, mo 25 000 ¢parmeHTiB Ha MHOXKMHY. KUIBKICTh MO3WTMBHMX Ta HETaTUBHHUX
BIITYKIB TEX € 30aJ1aHCOBAaHOI0, BiHOIIEHH:: 1 70 1.

[ITHM nnsa knacudikalii CKIagaeThes 3 HACTYIHUX I1aPiB:

- map BEKTOPHOTO TpejacTaBieHHs JaHux (embedding layer) 3

MaKCHMAaJIbHOIO JIOBXXHHOIO MOCioBHOCTI 500 e1eMeHTIB Ta pO3MIPHICTIO
BeKTOpa 128 uncenn;

- 1ap BumaakoBoro BukitoucHHs (dropout layer) 3 Biporigaictio 50%;

- 2 11apu 0OJTHOMIPHOI 3rOPTKHU 3 BIKHOM HIMPUHOIO 7 €JIEMEHTIB Ta (PYHKIIEIO

aKTHBAaIii;

- miap riao0anbpHOI BUOipku MakcumanbHoro 3HaueHHs (global max pooling);

- TIOBHO3B’sI3HWU Mmap 3 128 BUXiAHMMU CUTHaJIaMU Ta (QYHKITI€I0 aKTHUBAIIii,

- 1map BumaakoBoro BukitoueHHs (dropout layer) 3 Biporigaictio 50%;

- TOBHO3B’SI3HMM mIap 3 1 BUXITHUM CUTHAJIOM Ta cirMa-(yHKIII€I0 aKTUBAIlli.

HaBuanus BukoHaHo npotsarom 20 emox 3 ¢yHKIi€r0 moMuiku binary cross-

entropy ta onrtumizatopom RMSprop [18] 3 kpokom 0.001. [1y1st KO3KHOTO 3 BapiaHTiB
Mepexi ekcrepuMeHT mpoBeneHo 20 pa3 nis OTpUMaHHS CEpPeHIX Pe3yJIbTaTiB
TOYHOCTI KJacu(ikailii Ha TECTOBOMY Ha0Opi.

VY skocTi QPyHKIIT akTUBALIi ISl BCIX IIApIB, OKPIM HAWOIMKYOTO A0 BUXOAY
Mepexi, Bukopuctani ReLU ta ACLU 3 mo4yarkoBUMH 3HAUYEHHSIMH IapameTpiB
p=1e9, (=1, mo BignosigaroTs ReLU-noaiOHI# 1HIimiami3a1ii.

ImnnemenTariis BukoHaHa Ha ocHOBI1 ¢peiimBopKy Tensorflow [19] Bepcii 2.7.0
y cepenosuiii 3 Python 3.8.2 ta CUDA-npuckoproBauem NVIDIA GTX 1650 Max-
Q.

Cepenni pe3ynbTaT 3HaYeHHS (PYHKI[IT MTOXUOKW Ta TOYHOCTI Kiacudikalli Ha
TecToBOMy Habopi ganux micisa 20 ermox HaBuanHs [IIHM nns koxHOTO 3 BapiaHTIB
ITHM naBezeni y Tadm. 1.
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Tabmuns 1
Pesynbratu HaByanus npotarom 20 emnox — MoKa3HUKU (YHKI[IT MOXHUOKH Ta TOYHOCTI
kJacu@ikallli Ha TeCTOBOMY Ha0Opi JaHUX JIJIS IITYYHUX Mepex Ha ocHOoB1 ReLU Ta
ACLU 3 pi3HuMu BapiaHTaMu 1HiIIami3a1ii mapaMeTpiB { Ta p

bazosa ¢yHKIIis IHimianizamis {Ta p 3HaYCHHS TTOXHUOKHU Tounicth knacudikarii, %
ReLU - 1,515 86,77
ACLU ReLU-moniona 1,316 87,18

ExcnieprMeHTanbHi pe3yapTaTH MOKa3yloTh, 110 MTyYHa HEHPOHHA Mepeka Ha
ocHoBi ACLU moxkasye y cepenapomy Ha 0.4% Kparmry TOUHICTh Kiacudikamii Ta Ha
0,199 Hmkue 3HaYeHHS (PYHKIIT TOMUIIKUA y TOPIBHSAHHI 3 0a30BOIO peasizali€lo Ha
ocHoBl ReLU. I[lonanbiie mokpamieHHs: pe3yabTaTiB TOUHOCTI Kiacu(iKallii MOXINBE
32 YMOBH JIOJIATKOBOI MOIEPEIHbOT 0OpPOOKH Ta OYMCTKH BXiTHUX JaHHUX BiJ IIyMY,
3MiHu 0a30Boi apxiTtekrypu IIIHM, BuKOpuCTaHHS IHIIMX TOYATKOBHX 3HAYCHD
napaMeTpiB p Ta {, a TaKOXX BBEJCHHS CIICIiai30BaHUX MPOIEAYP 3BOPOTHOIO
MOIUPEHHS TOMIJIKH Ta HAJIAIITYBaHHS TTapaMeTPiB MEPExi.

BUCHOBKHA

3anponoHOBaHO HOBY aKTHUBAIIWHY (GYHKIIIO $K aJlbTepHATUBY (YHKIIISM
Buay ReLU Tta SiLU — aBromMatuuHOo HanamroBaHuil miHidHMA Osok (ACLU).
3anponoHOBaHa AakTUBaliiHA (QYHKIIS TMOENHYE CTIMKICTH 1O  HpoOseMH
3aTyXar4yoro rpajleHTa 3 aBTOMaTUYHUM HaJallTyBaHHSIM (OPMH Ta aMILIITY]IH, 1O
MPU3BOJUTH 10 30UTBIIEHHS MAPAMETPUYHOI €EMHOCTI Ta alPOKCUMYIOYOi 3JaTHOCTI
[ITHM. 3a3naueno, mo ACLU 3patHa npuiimatu popmy RelLU ta SiLU, a orxke
MO€E 3aCTOCOBYBATHCS SIK 3aMiHa 3rafjaHuX (DYHKIIH y MOMIMPEHHUX apXITEKTypax
[THM.

ExcniepuMeHTansHo BU3HAUEHO, 110 Bukopuctanus ¢yHkiii ACLU 6e3 3minu
QITOPUTMY HAaBYAHHS, AapXITEKTypd MEpeXl Ta IHIIMX TapaMeTpiB JO3BOJISIE
MOKpAIIUTH 3HA4YeHHS (QYHKII MOXMOKM Ta TOYHOCTI Kiacudikaimii Ha 3amadi
TEKCTOBUX ()parMeHTiB.

Cepen HanpsiIMKiB MallOyTHBOTO JOCIIJPKEHHS JOLUIHLHO BUIIJIUTH BBEJCHHS
CHeIiaJli30BaHUX TPOIEAYP 3BOPOTHOTO MOMIUPEHHS TOMUIIKH, JOCTIKEHHS BITUBY
MOPAJZIKY 1HIIIaI3aIlll mapaMeTpiB p Ta {, HA TOKA3HUKU POOOTH MEPExi, a TaKOX
CTBOPEHHSI YHIBEpCalibHO1 (DYHKIII aKTWBallii, 10 37aTHA MOKPUTU TaKl JOJATKOBI
¢yHkIii, sk cirMa-pyHkiis ta tanh.
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VJIK 004.032.26

Iiric B. b., daman . (Honbacvka Oepoicasna mauwiunobydiena axaoemis, M.
Kpamamopcwok, Yrpaina)

JOCAILIXKEHHS MOXJIUBOCTEN 3rOPTKOBUX HEMPOHHUX
MEPEX JIUIA PO3III3BHABAHHSA I'PA®IYHUX OBPA3IB

Y cmammi posenadaemocs modxciugicmes 3acmocysanHsa 3acodié wmyuHo2o IHmeneKmy,
30KpeMa HeupOHHUX Mepedic, Ol PO3NIZHABaHHs 2paghiunux obpasie. Ilpoananizoeano oouu i3
cnocobie posniznaeanus 2pagiunux obpaszie, a came GUKOPUCMAHHA MAUWUHHO20 30p) uepe3
oioniomexy TensorFlow ma nasuanus 3a eubipkoio. /s peanizayii 3a3Haueno2o nioxooy subpana
suobipka, wo micmums 50000 xapmunok. [lpoananizo8ano YUHHUKU, WO BNIUBAIOMb HA KIIbKICMb
HEUpPOHI8 KOJNCHOI Mepedci. Busnauaemvcsi MiHIMANbHO He0OXIOHe O/l GUPIUWEeHH 3a0ayi YUCo
Helponis. [l mecmysanHs Mepesic BUKOPUCIOBYIOMbC MeC 3 0eKLIbKOX 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.

3aBaHHs TMONIYKY 300pa)KEHHSA 3a 3pa3KOM € YAaCTHHOK OUIbII 3arajibHoi
3ajaul posmizHaBaHHS oOpa3iB. [Ipy HecucTeMaTH30BaHOMY 1 HEHANpPaBICHOMY
MOIIYKY «CXOXHUX» 00'ekTiB 3 0Oe3mul 00'€KTiB, iX MOXKHAa TEepepaxoByBaTH
HECKIHUYEHHO JIOBIO 1 HE MPHUHTH JI0 3aBEpIICHHS 13 3a/laHO0 HMMOBIpHICTIO. B
OKpEeMHUX BHUMNAJKaX OO0'€KTH XapaKTePU3YIOTbCS TaKUMU 1IEHTU]IKAIHHUMHU
napamerpamMu (o3HakamH), AK (opma, KOJip, TMOJOXKEHHS, pPYXJIUBICTh, 3a
BIJIMIHHUMM pHcaMH, iX KomOiHamii 1 T. m. 3ajexHo Big Uux (PakTopiB 00'€KTH
kiacudikyroTbes. Yacto cTOiTh He T1oOalbHa 3ajadya  Kiacudikarlii  BCiX
HaBKOJIMIIHIX 00'€KTIB, a HEOOXIIHICTh BHIUIMTH B BIJICO-IIOTOII, IO HAJIXOJMTh,
00'€KTH MEBHOTO POJIY.

PoGoTa 13 300pakeHHsIMH — BaxkiuBa cepa 3acTocyBaHHs TexHojorid Deep
Learning. ['moGanbHO yci 300pakeHHsSI 3 yCiX Kamep CBITY CTaHOBIISTH 010J10TEKy
HECTPYKTYpPOBaHUX JaHHWX. 3aisBIIM HEUPOMEPEKi, MAIIMHHE HaBYaHHS Ta
MITYYHUH IHTENEKT, 11 JaHl CTPYKTYPYIOTh Ta BHKOPHUCTOBYIOTH JIJii BHUKOHAHHS
pPI3HHX 3a7a4: MOOYTOBUX, COLIAJBHUX, MpodeciiHuX Ta Jep’KaBHUX, 30Kpema,
3a0e3ne4eHHs Oe3MeKu.

OCHOBOIO BCIX apXITEKTyp MJIsl BIIEOCMIOCTEPEKEHHS € aHaJli3, MepIIolo (pa3oro
sakoro Oyne posmi3HaBaHHSA 300pakeHHs (00'ekta). IloTiM IITy4HUN I1HTENEKT 3a
JOTIOMOT'OX0 MAIlIMHHOT'O HaBYaHHS PO3IMI3HAE JIIi Ta Kiacudikye ix.

Metoro poOOTH € HNOCHIIKEHHS TOYHOCTI POOOTH 3TOPTKOBOI HEHUPOHHOI
MEpexi Mpu po3Mi3zHaBaHHI rpadiuHux 00pasiB.

Jlnst cTBOpeHHsT HEHWpOHHOI Mepexi Oyae Bukopuctano 0i6mioTexy Keras.
Keras — Bigkpura 0i0mioTeka, HamucaHa MoBoto Python 1 3a6e3neuye B3aemomito 3i
MTYYHUMUA HEUPOHHUMHU Mepexxkamu. BoHa € HamOymaoBow Ham (QpelMBOPKOM
TensorFlow (o4l HElipOHHOT Mepexi).
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[Ilo6 xnacudikyBaTu 300paXeHHS 3a BIANOBIAHUMU KaTeropisiMd, MU
30yayemo monens CNN (3ropTkoBa HelipoHHa Mepeka). CNN Halikpalie maxoauTh
JU1s Kitacudikariii 300pakeHb.

Bapto BuaimuTH SIBHI IepeBary 3ropTKOBOT HEUPOHHOT MEPEXKi:

— OJIMH 3 KpallliX aJropyuTMiB pO3Mi3HaBaHHS Ta Kiacu@ikallii 300pa’keHb;

— y TOpIBHSAHHI 3 MPSAMOCIPSMOBAHOI HEUPOHHOIO MeEpekero (TUILY
MepCenTpPoOHy) — Habarato MeHINa KiIbKICTh Bar, 110 HACTPOIOIOTHCS, OCKUIBKH OJTHE
AJIpO Bar BUKOPUCTOBYETHCS IIJIKOM JUIsl BCHOTO 300pakKeHHs, 3aMiICTh TOTO, II00
pOOUTH 11 KOXKHOT'O TIKCEIS BXIJIHOTO 300pake€HHS CBO1 IEpCOHAJbHI Barosl
koedimientu. Ile miamTOBXyEe HEHWpoMepexky IpU HaBYaHHI /IO Yy3arajibHEHHS
iH(dopMaIllli, o JEMOHCTPYETHCS, & HE MO MIKCEJIbHOMY 3anam'siTOByBaHHS KOXXHOI
MOKAa3aHO1 KapTUHKH B MipiaJiaX BaroBUX KOE(PIIIEHTIB, AK 11€ POOUTH MEPCENTPOH;

— 3py4HE pO3MapajieoBaHHa OOYMCICHb, a OTXKE, MOXKIUBICTH peajizaii
IropuTMIB POOOTH Ta HABYAHHA MEpEX1 Ha rpadiuHUX NPOLECOpPax;

— BIJJHOCHA CTIMKICTb JI0 HOBOPOTY Ta 3CYyBY 300paKE€HHS, 110 PO3MI3HAETHCS.

— HaBYaHHS 3a JOMOMOTOI0 KIACHYHOTO METOJy 3BOPOTHOTO MOIIMPEHHS
TTOMMJIKH.

[[lap CONV (map 3ropTkd) NOMHOXKY€ 3HAu€HHS GUIbTpa HA BUXIAHI
3HAQYEHHSI TIKCENIB 300pakeHHs (TOCJIEMEHTHE MHOXKEHHS), MICIAS 4YOoro BCl I
MHOXXEHHS MIJCyMOBYIOThCSl. KokHa yHIKajdbHa MO3UINS BBEACHOIO 300paskKeHHS
BUpOOJIsie ynciio. Y poOOTI BUKOPUCTOBYBaNOCS 300pakeHHA 64x64 1 Tomy oOcsr
nopiBHioBaB 4096. Ilpu 3actocyBanHi GiabTpy 5x5 g matpuili 64x64, 3ropTKoBe
300paxkenHs Oyae matu macuB 60x60. [Ipuxinan 306paxkeno Ha puc. 1.

input neurons
ey first hidden layer
00000~ e —0)
20008

00000

Pucynok 1 — 3ropranss 300paxxeHHs.

Jlns  momimy gaHWX 3 BUOIpKM HAa  HAaBYaHHS Ta  TECTyBaHHA,
BuKopuctoByBanoca 80% 300paxeHb nnsi HaBuaHHs Ta 20% qms TtectyBaHHs. Lle
TUIIOBUH N0 J71s1 Takoro oocsry aanux (50000 kapTHHOK).
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[Ticnst mepeBipKH KUIBKOCTI ICHYIOUMX KIJIaciB 1 300pakeHb y HaBYAIbHOMY

Ha0oOpi I KOXKHOTO KJIacy, MOXHa MoOyayBaTH aiarpamy po3Mojally KiaciB (puc.
2).
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Pucynok 2 — Jliarpama po3nojiinry Kiacis

Ha pucynky 3 npoaemoncTpo

BaHUH TPOIeC HABUAHHS HEHPOHHOI MEpexi.

Pucynok 3 — IIpouiec HaBuaHHsS HEHPOHHOI Mepexi

Sk MOXHa 1MOOAYMTH, MOJIESIb HaBYayacs mpoTaroM 25 emnox i gocsria 93%
TOYHOCTI Ha TpPEeHyBaJlbHOMY HaOopi aanux. Ha puc. 4 nmobynoBano rpadik, sikuii
MOKAa3y€ TOYHICTb 1 BTPaTH.
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Pucynok 4 — I'padik TOUHOCTI Ta BTpaT.

BUCHOBKHA

1. B pe3ynbTaTi BUKOHaHHS poOOTH Oyjia moOynoBaHa 3ropTKOBa HEWPOHHA
MepeKa ISl po3Mi3HaBaHHS IpadiuyHuX o0pasiB.
2. 3a pe3yJbTaTaMy HaBUYaHHS HEMpoMepeki Oyiia JOCSITHyTa TOYHOCTI OUTbII

HIK 90%.
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VJIK 621.774.001

KoBaneBcbkuii C.B., YepHokoa A.B., Koporuenko B.E. ([Jonbacvra oepoicasna
Mauwunobyoiena akademis, m. Kpamamopcok, Yrpaina)

3ACTOCYBAHHSI HEIPOMEPEKHOI MOJEJI JJIsI BAKOPUCTAHHS
MOKJIMBOCTEN 3SMILIHEHHS [IOBEPXOHb MAJIO-)KOPCTKUX
JNETAJIEM.

Ilpononyemocs euxopucmosysamu Ho8ull Mmemoo @IiHiWHOI 00poOKU - 3MIYHIOIOUY
8IOPOOOPOOKY 6 Ynpy2omy cepedosunyi, Wo 3ACHOBAHA HA 3MIYHEHHI MOHKO20 NOBEPXHEB020 UWAD) .
Jlemani niooaromuvcst n03008AHCHIM ADO NONEPEUHUM 38YKOBUM KOIUBAHHAM HEeOOXIOHOI amMniimyou.
3enadxcysanns mikponeposnocmeti 8iodyseacmucsi npu T[] wacmunkamu pobouozo cepedosuya,
AKI 30TUCHIOIOMb KOTUBATLHULL PYX. 3ACMOCY8AHHA Memooy 6I0po0OPOOKU 6 YRPY2OMY cepedosuiyi,
3aMiHI0E MepMOoOPOOKY 3a YMOBU OMPUMAHHA HEOOXIOHUX Napamempié NOBEPXHeB020 UApY.
Bucnoseku 3anpononosanu Ha niocmasvl HelpoMepestCcHUx 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 MAlllUH BU3HAYA€THCS B OCHOBHOMY SKICHUM CTaHOM POOOYMX
MOBEPXOHb JeTalield, mo (OopMyrOThCs Ha (DIHIIIHUX OMepalisix TEXHOJIOTTYHUX
nporeciB. Hanpuknan, miABUINEHHS TBEPAOCTI JeTallied MallluH 3A1HCHIOEThCS
PI3HUMU TEXHOJIOTIYHMMM METOJIaMH, aJieé BOHM 3aHAJTO CEHEPro€MHi, TpHUBAI,
KOHCTPYKIUIi ISl iX 3aCTOCYBaHHs 3aiiMarOTh 3aHAATO OaraTo Micis B 1exax. Tomy
BEJIbMHU aKTyaJbHUM € BHUPILICHHS 3aBJAHHS PO3POOKM TEXHOJOTIYHOI orepanii
BiOpaliiiHoi 0OpoOKM 13 3acCTOCYBaHHSIM YIOPYrOoro CEpeloBHINA, SKa MOXKE
3a0e3neunTy HEOoOXiTHE TIABUIIEHHS TBEPAOCTI POOOUYMX TMOBEPXOHb JeTajeH
MalllvH.

TexHoNOr1YHE 3aCTOCYBaHHS 3BYKOBHUX Ta 1H(PPA3BYKOBUX KOJUBAaHb JIOCUTH
obmeskene. OOcsT MOCHIKEHb, BUKOHAHUX Yy Taiy3l BiOpariitHoi 03100110BaIbHO-
3MIIHIOIYO0i 00pOOKH, 3HAYHO MOCTYMAETHCS BIAMOBIIHUM JOCTIPKEHHSIM Y Tamy3i
BiOpoalOpa3uBHOi 0OPOOKH, IO CTPUMYE HOTO 3acTocyBaHHsi[ 1].

Ax pi3HOBHI MOBEepXHEBOro rmiactuyHoro aepopmyBanns (III1J]) mmpoke
MOIIMPEHHSI OTpUMAaIU BiOpaliiiHi MeToau OOpOOKM JeTalieid, 110 BiAPI3HAIOTHCS
BHUCOKOIO e(eKkTuBHICTIO. BiOpamiiiHa ckiamoBa crpusie 1HTeHcU]ikauii pi3HUX
TEXHOJIOTIYHUX TPOLECIB, MIJABUILYE PIBEHb MeEXaHI3allii Ta aBTOMaTHU3allli.
[TinBuiieHHS €(hEeKTUBHOCTI YIPOUHOI TEXHOJIOT1] 311MCHIOETHCS IIJISIXOM KepyBaHHS
CTaHOM TIOBEPXHEBOIO IIapy BUOOPOM ONTHUMAIBHUX PEXUMIB BIOpaliitHOi 00poOKH.
TexHoJOor1yHl MOXJIMBOCTI BiOpaliiHOi O0O0pOOKM poONATH i NEPCIEKTUBHUM
METOJIOM 3MIITHIOI0UO01 00poOKH([2].
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[IporoHy€ThCSI BUKOPUCTOBYBATH HOBUM MeTOZ (PiHIMIHOT OOpOOKH -
3MIIHIOIYY BIOPOOOPOOKY B yHmpyromy CepeioBHWINI, 3aCHOBaHA Ha 3MIITHEHHI
TOHKOTO TOBepXHeBoro mapy. [lpakTuuHo KOXHa piAMHA 3a0€3Medye peTesbHY
00pOOKy MOBEPXHI 1 MOXKE 3aCTOCOBYBATUCS IS (DiHIIITHOT 00poOKM AeTaneit. etani
MITAI0TECS  MMO3JA0BXHIM a00 TMONEepEeYHHM 3BYKOBHM KOJMBAHHSIM HEOOX1THOT
amIUniTynd. TeopeThyHa MOJENb MPOIECY BU3HAYAETHCS OMNOPOM  PIJIKOTrO
Cepe/IoBHUIa KOJMBAHHAM JCTall, 3a paxXyHOK BIIOOpPY IMMYJbCY PYXOMOTO Tija
eileMeHTamMu  yrpyroro cepenoBuma. [IIIJI Bu3HAYaeTbecs JIi€l0  yOpyroro
cepefoBuiia. Y Tmpoleci oOpoOKM Ha TOBEPXHIO JIeTalled Ji€ BeluKa KIJIbKICTh
MIKpOY/JapiB YaCTUHKaMU poOOYOTO cepeoBHINa. 3TIaKyBaHHS MIKPOHEPOBHOCTEH
BinOyBaeThcss mpu IIIIJ[ wactuHkamm poOouoro cepemoBuIla, SKI 3A1HCHIOIOTH
KOJINBAJIbHUM PYX.

CyTHICTh 3MIIHIOIYOI BIOPOOOPOOKHM B YyMPYyroMy CEpeIOBHUINI HACTYITHA:
JeTajab 3HAXOIUTHCS y B'A3KIHM piauHI 1 371HCHIOE TAPMOHIHHI KOJIMBAaHHS B YIIPYTOMY
CEpEeIOBHIL, BIUIMBAIOYN HA YaCTUHKHU CEPEIAOBUINA, MPUJIETIIl 10 MOBEPXHi, 3MYIIYy€
ix 3miicHIOBaTH BUMYIIEHI koiuBaHHS. CepenoBuilie MOOIU3Y Tila KOJMUBAETHCS,
nedopMyeThCs, 1 B HbOMY BHUHMKAIOTh MpPYKHI cuid. [lin mpyXHUMH ynapamu
po0OoYOro cepesoBUIla MIOPCTKICT, MOBEPXHI JeTall IUIACTUYHO JedopMyeThes,
3aMOBHIOIOTHCS 3alaJIMHA Ha TIOBEPXHI, M0 CIHpHUS€ TMIIBUIIEHHIO TBEPAOCTI
MoBepXHEBOro mapy [1].

Oco0nuBICTh METOTY MOJISTAE B TOMY, 110 pOOOYE CEPEIOBHUIIE JIETKO MTPUIMaE
dbopmy Oynb-s1k0i 00pOOJIFOBAHOI TOBEPXHI, 1110 3a0€3Meuye BITHOCHY PIBHOMIPHICTD
00pOOKH 1 MOKJIUBICTh 3MIIIHIOBATH JETAJ CKJIATHOI (POPMHU.

Ha miacraBi BuIlleHaBeJACHUX TIMOTE3 1 MPHUIYIICHb PO3pOOJICHa METOANKA
EKCIIEpUMEHTAIILHUX JIOCHTI/DKCHb, fKa Tepeadavyac BHUSBUTH BIUITMB 3MIITHIOHOYOT
BIOpOOOPOOKH B YNPYyroMy CEpeOBHUINl Ha MIABULIEHHS TBEPAOCTI 1 3HUKEHHS
IIIOPCTKOCTI JETaNCH TUITY TUTACTHH.

OCHOBHI TE€XHOJIOTIYHI TapaMeTpu METOIy Taki: poOoYe cepeoBUIIE, YACTOTa
KOJIMBaHb, IO BHU3HAYA€ EHEPrit0 3ITKHEHHS aToOMiB POOOYOro cepeioBUINa 3
00poO0JII0OBaHOIO TOBEPXHEIO, TPUBAIICTH MPOLIECY OOPOOKH.

[TpuHIMO JOCTIKEHb CXEMATUYHO MOKHA OMKCATH Y BUTJISA/II IBOX €TarliB:

1) mmactuHa Matepiany XapaKTepPH3YEThCS HASBHICTIO BIJIACHOI YacTOTH
KOMBaHb{y;

2) IIacTUHA 3aHYPIOETHCS B YIPYre CEPEIOBHIIE TEBHOTO 0OCSTY, MICsA YOro
B1J10yBa€ThCs MPoiiec 00poOKu:

- TIPY YaCTOTI BJJACHUX KOJUBAHb;

- ipu 9actoTi Ha 30% HUXKYE BIACHUX KOJIMBaHb;

- ipu yactoTi Ha 50% BuUIIE BIACHUX KOJUBAHb IIJIACTUHH.

3a pesynbTaTaMu €KCIIEPUMEHTY 3a JIOTIOMOTOI0 MPOTPAMHOTO 3a0e3TMEUCHHS
NeuroPro 0.25 6yna noOyaoBaHa MaTeMaTU4HA MOJIEIb HA OCHOBI HEHPOMEPEKEBOTO
MO/IEITIOBAHHS.

ExcnepuMeHTanbHi 1aHi, OTpUMaHi Mija 4ac i€l poOOTH, JO3BOJIUIN BUSIBUTH
3QJIEKHICTh TBEPJOCTI BiJ YAaCTOTH 3BYKOBUX KOJMBaHb, a TaKOX 3aJIEKHICTh
HIOPCTKOCTI MOBEPXHI BiJ YACTOTU 3BYKOBUX KOJIUBAHb.
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Pucynok 2 - 3anexHicTh TBEPAOCTI 3pa3KiB BiJ YaCTOTH 3BYKOBUX KOJIMBAaHb
npu o0cs31 yrpyroro cepeaoBuimaV=200 mi
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Pucynok 3 — 3anexHicTh IOPCTKOCTI MOBEPXHI 3pa3KiB BiJl YaCTOTU 3BYKOBHUX
KOJIUBaHb TpHU 00cs31 yripyroro cepenoBuimaV=300 m

Ha ocHOBI BHCYHYTHX TrinoTe3, MNPUIYUIEHb 1 MPOBEACHUX TOCIIIKEHb,
MIPOIMOHYETHCS 3aCTOCYBAHHS METOly BIOpOOOPOOKH AeTali B ypyromy cepeioBuIlli,
3aMIHIOIOYH TEPMOOOPOOKY MTaHMM METOJOM, 32 YMOBH OTPHMaHHS HEOOXITHHX
napaMeTpiB HOBEPXHEBOTO LIapy.

Tepmiuna 06poOKka, STk OCHOBHHI METOJ| 3MII[HEHHS JIeTaJIei, € EeHEPrOEMHUM
TE€XHOJIOTIYHUM MPOILIECOM, BHUMAra€ BEJIMKUX BUPOOHMYMX IUIOLI 1, KPIM TOTO, €
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HEEKOJIOTITYHUM TpoLecoM. 3a3HAUeHUX HEAOJIKIB MO030aBIIEHUN TaKHi METO[
3MIIIHEHHS, K BIOp00OpoOKa B yIpyroMy cepeaoBHILI.

3a paxyHOK BIPOBAKEHHS HOBOTO METOY 3MII[HEHHS JAeTalleld MalluH MiCIs
MeXaH1YHO1 0OPOOKH TOCSITHYTO:

- BUKJIIOUYCHHS E€HEProBUTPAT MOPIBHSIHO 3 TEPMIYHOI OOpOOKOIO neTaneit
(HeMae HEOOXIJIHOCTI BHKOPUCTOBYBAaTH IIeul IS TEPMIUYHOI OOpOOKH, IIO
nOoTpeOyIOTh BEJTUKUX CIIOKUBAaHb €HEPrii);

- 3MEHIIICHHSI TPAHCTIOPTHUX BUTPAT MPU BUTOTOBJICHHI JETaJIel MOPIBHSHO 3
TEPMIYHUM METOJIOM (HeMa€e HEOOX1THOCTI TPAHCHOPTYBAaHHS JETale y TepMIYHHIA
11eX, OCKUTBKH BiOpooOpoOKa B yIpyroMy CEpeloBHUII MPOBOAUTHCS 0e3MOcepeaHbO
Ha JUTHIT MEXaHOOOpOOKN);

- CKOpPOYEHHS TPYAOMICTKOCTI 1 4acy orepariii 3MII[HEHHsI JeTalli TOPIBHSIHO 3
TEPMIYHOIO0 0OPOOKOIO.

BrpoBamkeHHs HOBOi TEXHOJIOTIUHOI OIepaltii i 3MIIIHEHHS JIeTajled MaIlliH
JI03BOJIUTH 3MEHIIUTH TIJIaTy 32 BUPOOHUY1 Ta 000pOTHI (HOHAM MiMPUEMCTBA Yepes3
CKOpPOYEHHSI TPUBAJIOCTI IMKIYy BHUTOTOBJICHHS JeTalield, a TaKoX JIO3BOJIUTH
MOJIMIIUTH OpraHi3allif0 BUpOOHHUIITBA Ha IIANPUEMCTBI, OCKUIBKHA BIPOBAIKCHHS
HOBOI TEXHOJIOTIYHOI ormepallii 0OpoOKM BHUKIIOUHUTH 3aTPUMKHA 3 TEPMIYHOIO
00poOKOI0 B IIeYax 1 MOPYIICHHS pEKUMY POOOTH LIEXIB.

BUCHOBKHA

[IpoBeneHi TOCTiKEHHS CITy>KaTh OCHOBOIO JIJIsi CTBOPEHHSI TPOCTOI 1 HAAIHHOT
KOHCTPYKIIi BIOpaliiHOI yCTaHOBKM JJIg 3MIIHEHHS JeTaledl B YIPYromy
cepenoBuilli. EKCiepuMeHT J03BOJIMB BUSBUTH MOKJIMBICTh MIABUILICHHS TBEPJIOCTI 1
3HM>KEHHSI mopcTkocTi Ha 10-15% npu BUKOpUCTaHHI 3MIIHIOIOYOI BIOPOOOPOOKH B
ynpyromy cepeaoBuiii. [Ipu BUKopucTaHH1 HAOBHIOBAU1B, IOKA3HUKH 3POCTAIOTh.

3anpornoHoBaHa TiMoTe3a MOTpedy€e MOJANBIINX PO3POOOK, JOCHIIKEHB, SKa
J03BOJIUTH OTPUMYBATH HEOOXIJIHI TMapamMeTpu MOBEPXHEBOTO MIApy, BUKIIOUUTU
MDKIIEXOBI TEPEMIIICHHS JieTalle 1 BUKOPUCTAHHS CIICIiai30BaHOTO OO0IaTHAHHS
JUTSI T IBUIIIEHHS! SIKOCT1 TTIOBEPXHEBOTO APy JAeTaJIe MaIlvH.

3amiHIOIYH TePMOOOPOOKY IIUM METOJIOM, 32 YMOBH OTPUMAaHHSI HEOOX1THUX
nmapaMmeTpiB MOBEPXHEBOTO APy, EKOHOMUTHCA JOCUTh Oarato eHeprii 1 HopM 4acy,
0COOJIMBO JIJ151 BEJTMKOTa0apUTHUX JIeTajieil MalllvH.

CIINCOK ITIOCUJIAHb
1. Kosanescoruii C.B., Mamsicuko C.A.,Caxno O.IL, Jlykivoe O.B. Ananiz 3acob6ie niosuwenus
aKkocmi  Odemanei  ABMOMOOINIE  eHep203aoWaAdIHCYBAIbHOK  BlOpayilinolo  00pooOKoI//
Aemomamuzayus 8UpoOHUYUX NPOYeCi8 Y MauuHoOyO0y8aHHi ma npuiadooyoyeanui.: Ykpaincokuil

MidHCBIOOMYULL  HAYKOBO-mMeXHiuHull  30ipnux. Bunyck  45.-Jlveie: Buoasnuymeo  Jlvgiecvroi
noaimexuixu, 2011. C. 309-312.
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VJIK 519

Kpageus K.1., HleBuenko H.FO. (/Jonbacvka oeporcasna mawunobyoisna akademis,
Vkpaina)

BUKOPUCTAHHSA HEMPOMEPE X KHUX TEXHOJIOTI'TH JJIs
BU3HAYEHHA HACTPOIO KOPUCTYBAYA MOBIVIBHOI'O
TEJE®OHY.

3anpononosana cmpyKmypHa cxema Cucmemu po3nisHA8aHHs eMOYill KOPUCmYeaua 3a
IHOUBIOYAILHUMU XAPAKMEPUCTUKAMU 20]10CY MA PO32TISIHYMI OCHOBHI emanu yiei cucmemu. /[ns
PO3NI3HABANHS HASBHOCTI NEGHOT eMOYii 3a 2010COM KOPUCIYB8AYA MODIIbHO20 NPUCIPOIO
NPONOHYEMBCA BUKOPUCTIOBY8AMU HEUPOHHT MEPEiCi.

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 3a3Buyail BU3HA4alOTh MOBEIIHKY JIFOJIMHU, BIUTMBAIOThH Ha PIILICHHS,
AK1 BOHa npuiiMae. Came TOMY BU3HAUYEHHS, a B IEAKUX BUNAAKaX 1 MATPUMKA
rapHOro €MOIIMHOIO CTaHy KOPUCTyBaya MOOUIHLHOTO IPUCTPOIO MOXKE BiJIITPaBaTH
BAYKJIUBY POJIb IIPU BUKOPUCTAHHI I€IKUX TOJATKIB, & OCOOJIMBO THX, IO MOB’s3aH] 3
KOMepIIi€ro. Y 3B'A3Ky 3 IIMM, aBTOMAaTU4YHA 1 00'€KTHUBHA JIIarHOCTUKA EMOIIMHOTO
CTaHy JIIOJIMHU TIPEJICTABIISIE TPAKTUIHUN 1HTEpEC, HAPUKIIAI, 33 7151 IIOKPAIICHHS
HOro eMoIIIiTHOTO CTaHy KOpUCTyBauya MOOUILHOTO TenedoHy.

[TpoGnemi anami3zy royocy JItOAMHH MPUCBSUEHI Mpalll 0ararb0X BITYM3HIHUX
Ta 3aKOPJIOHHUX BUEHUX Ta MpakTukiB. Tak, Hanpukiaa, aBropu Knumenko M. C. ta
®owmin @. B. 3anponoHyBaiy CTPyKTYpy CUCTEMHU PO3Mi3HABAHHS €MOIIHHOTO CTaHy
nukTopa, y npaii [Tapamonona I1. O. onucani MeToau Ta adrOPUTMH PO3MI3HAHHS
MOBH B aCOI[IaTUBHOMY OCIUJIITOPHOMY CEPEIOBUIII, MAXOAU IO ABTOMATHYHOTO
BU3HAYCHHs emolliil HaBeneHi KucensoBum B. B., a mo0 Bapiaitiit mporpaMHoi
peanizauii MeToiB 00poOKM MOBHOI 1H(pOpMAIlii, TO 3 HUMU MOXHA NO3HAHOMUTHUCS
B nipatii [TaBnosa P.I. Ta iHmux aBTOpiB.

OnHaK 3aJIMIIAI0THCS HEBUPIIIICHUMH JCSIKi MUTaHHS BUKOPUCTAHHS MIEBHUX
MaTeMaTUYHUX IHCTPYMEHTIB 1010 A1arHOCTH €MOIIHHOTO CTaHy KOPUCTYBayiB
MOOUIbHUX TEIEPOHIB.

Mertoro po6oTu € moOya0Ba CTPYKTYPHOI CXEMHU CUCTEMH PO3ITi3HABAHHS
€MOIIil KOpHCTyBaya 3a 1HIMBIIyaTbHUMHU XapaKTEPUCTUKAMH TOJIOCY 3
BUKOPUCTAaHHSM HEUPOMEPEIKHUX TEXHOJIOTIH.

[TpornoHyeThCst HACTYITHA CXeMa PO3Mi3HaBaHHs eMollii (puc. 1).
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Ayniocursain
YA [ITymo3HMKeHHS

OO0uHCICHHSA XapaKTePHCTHK
NpOABY eMOLH

A4

Knacudikarop emouiii
(NPHITHATTA PilICHHS)

l

PesynbTar posmizHaBaHHS
Pucynok 1. CTpykTypHa cxeMa CHCTeMH pO3Mi3HaBaHHS eMOIliil KOpUCTyBaya 3a 1H/IUBI-
NyadbHUMH XapaKTepUCTUKAMU TOJI0CYy

basa eMoLiiHUX cTaHIB

J10 OCHOBHUX €TamiB CUCTEMH PO3MI3HABaHHS €MOI[Il KOPUCTYBaya Ha OCHOBI
aHaJ13y MOro rojocy 4epes3 BIAMOBII HA MEBHI 3alMTaHHS MOXKHA BIAHECTH:

1. lllymosumkenns [1]. Y xoxxkHOMY 3ByKOBOMY (hparMeHTi BUKOHYEThCSI
pO3IMi3HaBaHHS HABHOCTI Ta 3MEHIICHHS aMILTITYU aAUTUBHUX CTalllOHAPHUX
IIYMIB 32 JOIOMOT'OI0 CIIEKTPAIbLHOTO BITHIMAHHS CMYT, Y AKUX HE (IKCYETHCA
JIIOJICBKHM TOJI0C.

2. OGUUCIIeHHS XapaKTePUCTHUK MPOSIBY €MOIIii 3a Habopamu BIIPi3KiB
BIJIMIOBIJIEH KOpUCTYyBaya, JOpMYBaHHS BEKTOPIB O3HAK JIJIs MOJANBINOT Kiacupikarii
[1]. TTpocTip 03HaK MICTUTH CiM aKyCTHYHHX, IPOCOTUYHUX Ta CKCTPATIHIBICTHYHHUX
XapaKTEPUCTHUK: BUCOTA rOJIOCY, CUJIa TOJOCY, BIACTaHb MK popMaTaMu y TOJIOCHUX

3ByKax, TPUBaJIICTh BUMOBHU CKJIaJiB, TPUBAJIICTh May3, HASBHICTh KaIIUIIO, 31TXaHb,
miavy, CMixy, 3MiHa 1HTOHAIlli y pedeHH1 (Tadu. 1).

Tabmurs 1

[TopiBHsITbHUHN aHaITI3 3MIHU BEepOAJIbHUX XapaKTEPUCTUK ISl IEBHUX CTaHIB HACTPOIO

JJIOJUHHA BiI[HOCHO CITOKIHHOTO CTaHy

XapaKTepUCTUKH Hacrpiit
Uynosuii I"apuuit Hopmanbuuit | Ilpurniyenuit [Torannii
Bucora ronocy, 3Ha4HO [TinBumeno | B miamazoni | [lonmxkena [TinBumeHo
I T IBUIIIEHO (Bix 7%) Bix -2 1o (-8% i (Bix 4%)
(i 11%) +3% HIDKYC)
Cuna ronocy, n1b | IligBumiena ITinBumena ITinBumena ITormxena ITinBumena
(Bix 16%) (Bim 10%) (o 5%) (-6% i (Bix 9%)
HUOKYE)
Biacrages mix 30UIBIIIEHHS 30UIBIIIEHHS 3MeHIIeHHS 3MeHIIeHHS 30UIBIIEHHS
dbopmatamu y BiJcTaHl MK | BIZICTaHI MDDK | BIJICTAHI MDK | BIZCTaHl MK | BIACTaHI MIXK
rojocHux 3Bykax, | F2 ta F3 (ma | F2 ta F3, F1 ta F2 F1 ta F2 F2 ta F3 (Bixg
I'n 5-8%) 0co0arBo 10 | (1o -2%) (Bix -4%) 5%)
3BykiB {O,A}
(0 6%)
Tpusaicts ITpuckopena | Ilpuckopena | — -
BUMOBH CKJIaiB, | (Big 9%) (Bim 6%)
MC
Tpusanicts mays, | — - IlonoBxeHo IlonoBxeHo 3MeHIIeHa
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MC 1o 3% Bix 5% (Bix -6%0)
HasBHicTb MoKIuBHI MoKIuBHUIH MoskuBi Mo:xnuBi MoskuBi
KaIllIIo, 31TXaHb, | CMiX CMIX 3ITXaHHSI 3ITXaHHS, KallleJIb, II1a4
miaqy, CMixy a4

3wmiHa inToHanii y | [ligBumenns | be3 3min be3 3min IMinBumennsa | [ligBuienus
pedeHHi, rpadik JI0 KIiHIIS Ha TIOYaTKy Ha TIOYaTKy
I'm Big wacy

3. st oTpuMaHHs aKyCTUYHUX XapaKTEPUCTUK FOJIOCY BUKOPUCTOBYIOTHCS
3rJ1a/KEH1 CIIEKTPU MUPOKKUX (DOHETUYHUX KJIACIB, 3a IKUMH PO3PaXOBYETHCS BUCOTA
roJjiocy (OCHOBHHUH TOH), CHJIa TOJIOCY Ta BiJICTaHb MK (hOpMaTaMH y TOJIOCHUX
3ByKax [1]. B ocHOBI criekTpiB MIUPOKKX (POHETUYHUX KJIACIB JIeKaTh BeiBier-
nepeTBopeHHs [2]. XapaKTepuCTHKU TPUBAJIOCTI BUMOBH CKJI/IiB Ta May3 MIX
CJIOBaMHU OOYHCITIOIOTHCS YCEPETHEHO MO0 PEUYCHHIO, a 3MiHA 1HTOHAIIIl Y pEYeHH] €
JUHAMIYHOIO IPOCOJAMYHOIO XapaKTEPUCTUKOO. J{J1sl cripollieH s 3aaau4l
Kjacudikanii IHTOHAUIMHUX OCOOIMBOCTEN PI3HUX MOB, YACOBA XapaKTEPUCTHKA
1HTOHAIIl1 (BUCOTA TOHY) CETMEHTYETHCS HA HACTYIIHI JUISTHKH JUIsl KOKHOTO PEYEHHS:
MiBUIICHHS TOHY J0 KiHIIA PEUeHHS; MABUIICHHS TOHY Ha MOYaTKy PEUEHHS; Caj
TOHY YCEpEAHNHI pEYEHHS; MIBUILEHHS TOHY YCEpEIUHI PEUESHHS.
ExcTpaniHrBICTHYHUME XapaKTEPUCTUKAMHU € HAABHICTh Y (hparMeHTax mnays (1rymy)
OJIHIET 3 aKyCTUYHUX IMOJI1H, MPUTaMaHHUX OOpaHUM €MOIIISIM: KaIIUTio, 31TXaHb,
iagy, CMixy.

4. Ha erami npudHATTA PIIICHHS IPO EMOIIIHHUN CTaH KOPUCTyBayda
BUKOPUCTOBYETHCS CHOPMOBAHMI HAOIp BEKTOPIB O3HAK, SIKUM OLIIHIOETHCA 3a
JOTIOMOT'O0 BUPIIIAIBHOT0 npasuiia. [IpoctuM kiacudikatropoM BUCTYNAe METOA
cymimeii ["ayca, sIkuil BAKOHY€ OI[IHKY MPUHAJIEKHOCTI HA0OPY BEKTOPIB O3HAK J10
eTaJIOHHOI MOJIeJIl KopucTyBaua. EMoriiiHa Moieb KOpUCTyBaya MpeCTaBIIse
coOoro gaHi cymiii ["ayca, orpuMani 3a choMa XapakTepUCTUKAMHU T'0JIOCY, 1 T’ SITh
0a30BUX €MOIIIIHUX CTaHIB.

BianoBigHicTh MEBHOTO HAOOPY XapaKTEPHUCTHK JI0 OJTHOTO 3 0a30BHX
E€MOIIMHUX CTaHIB BU3HAYAETHCS 32 IOMTOMOTOI0 HEHPOHHOT MEpexki, a caMe
OararomapoBoi HEMPOHHOI MEpPEXki MPSIMOTO PO3MNOBCIOIKEHHS 3 OJTHOPITHUMHU
HelipoHamu (puc. 2).
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Pucynoxk 2. 3aranpHa cxema 6araToniapoBoi HeHpPOHHOI Mepexi IPSIMOT0 PO3MOBCIOPKEHHS

[3]
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MeTon HaBUaHHS — HABYAHHSI 3 BUMTEIIEM, THII BXiTHO1 iH(pOopMaIrii — ABIHKOBa
Mepexa.

Ha Bxo11 HelipoHHA Mepeka OTPUMYE JIBINKOBY IHTEPIPETAIiI0 3BYKOBOL
JOP1’KKH, @ Ha BUXO/I1 — BIJIMOBIIHICTh 3BYKOBO1 JOPIXKKH TIEBHOMY €MOIIIMHOMY
CTaHy.

JI1s1 HaBYaHHS AJITOPUTMIB PO3ITi3HABaHHS BUKOPUCTaH1 J1B1 MOBHI1 0a3u JTaHUX,
10 CKJIAIAI0ThCSI 13 3aIUCIB MOBJICHHS, KOTP1 aHOTYIOThCS /10 TiepeadauyyBaHUX
€MOI1iii MOBIIS Ta / @00 eMOIIii, CIPUIHITUX TPYIIOI0 CIIyXayiB:

— Emo_DB (Burkhardt, Paeschke, Rolfes, Sendlmeier & Weiss 2005), sixa
MICTUTD 3aITUCH JIECSITH aKTOPIB, KOJKEH 3 SKUX BUTOJIONIYE KiJTbKa PEUYCHD 13
HEUTpaAJIbHUM CEMaHTUYHUM 3MICTOM, BUPOOJICHHUX 3 KOKHOIO 13 CEMU
nependavyyBaHUX €MOIIIN: IIACTsl, CMYTKY, THIBY, CTpaxy, HEUTpalli, OTUIU Ta HYIbI'U;

— Surrey Audio-Visual Expression Emotion (Savee) (Hag, Jackson & Edge
2008), sika MICTUTh 3allUCH YOTUPHOX AKTOPIB, KOXKEH 3 AKUX BUKOHYE 120
BUCJIOBJIIOBAaHb, PO3MOIUICHUX Ha CIM Mepe10auyBaHUX eMOIlIN: ACTs, CMYTKY,
THIBY, CTpaxy, HEUTPAIIbLHOCTI, OTU/IU Ta 3MBYBaHHS.

BUCHOBKHA

VY BiJIMOBIHOCTI /10 HABEJCHOTO aJITOPUTMY MOXKE OyTH CTBOPEHUI MOOITLHUIN
J0J1aTOK BU3HAYEHHS HACTPOIO KOPUCTYyBaya MOOLIIBHOTO TENE(POHY 3 HACTYITHUM
(GyHKIIIOHAJIOM: aHaI13 eMOLIIITHOTO CTaHy JIFOJMHU 32 TOJIOCOM; HaJJaHHS
MOTHUBALIMHUX MOBIJOMIIEHb IPOTITOM AHs, 0a3yI0UHCh HA BA3HAYEHOMY HaCTpOi
(emotiitHOMY CTaH1); HAAAHHSI TYMOPUCTUYHOTO OOAKaHHS Ha JA€Hb, ONUPAIOYUChH
Ha BU3HAUYECHHI eMOLIMHHI CTaH KopucTyBaya. Takok TEXHOJIOT1s pO3Ii3HABAHHS
€MOIIITHOrO CTaHy MOe OyTH BUKOPUCTaHa y PI3HOMaHITHHUX c(epax: collabHI
MEpEeXKi, MApKET-TUICHCH, METUIIMHA, a TAKOXK BIIITPaBAaTU POJIb MOTYKHOIO
IHCTPYMEHTY Ui 300py naHux npo KopuctyBaya (Big Data).

CIIMCOK TIOCUJTAHBb

1. Knumenxo M. C. Po3pobka cmpykmypu cucmemu po3nisHasants eMoyiiHo2o cmary oukmopa |
M. C. Knumenxo, @. B. @omin Il ILImyynuii inmenexm. — 2016. — Ne 1. — C. 17-26.

2. Momom A. C. Yoockonanenns memooy usHaueHHs Xxapaxmepucmux oegexkmie 6a2amouaposux
mamepianie 3a pe3yibmamam. AKMuUeHO20 Meni08020 KOHMPOI0: OUC. ... 00Kmopa Qinocogii :
151 «Aemomamu3zayiss ma komn'romepro-inmecposari mexnonoziiy. — Hayionanvnuii mexniunuu
yuisepcumem Ykpainu « Kuiscokutl nonimexniunuii incmumym imeni leopsa Cikopcbkozoy /

A. C. Momom. — Kuis, 2020. — 192 c.
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VJIK 330.341.1

Jlnxmaniok S.B., KoBaneBcbkuii C.B. (/Jonbacvka oepowcasna mawiuno6y0igHa
akaodemis, m. Kpamamopcwox, Yrpaina)

HEPCIIEKTUBA 3ABE3IIEYEHHSA CTBOPEHHSA PO3YMHOI'O
BUPOBHUIITBA

B nybnixayii nokazano, wo yukyii po3ymHoco pobouozo micys 0onomazaoms ompumamu
iHhopmayiro npo upoOHUYMBO MA NOKPAWUMU eP2OHOMIKY, RIOSUWYIOYU PiGeHb THOUBIOYanizayii
pobouozo cepedosuwya. CmeopeHHs po3yMHO20 BUPOOHUYMEBA — Ye HAUOIUNCUA Ma 00820CMPOKO8A
nepcneKmued po3eUmKy 8UpOOHUUUX CUCTEM.

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.

MairHoOy1iBHE BUPOOHUIITBO TJIMOOKO 3MIHIOETHCSI 3 HOBUMH TE€XHOJIOT1SIMHU
1 Mae 0Oarato MOXJIMBOCTEH MJisl aBTOMAaTH3allli Ta MPOrpaMHOro 3a0e3MeueHHS.
CbOroJiHi HEIOCTATHHO MPOCTO CTBOPUTH MPOAYKT, a MOTIM 3alpoONOHYBaTH HOro,
BXJIMBO, 100 KOMIAHII MaJli KOHKYPEHTHI IepeBaru Ta BIAMIHHOCTI TIO
BIJIHOIIIEHHIO JO KOHKYpPEHTIB. baratro BHpOOHHKIB CBHOTOAHI TMPaIOIOTh HAaJ
1HI1aTUBOIO po3yMHOI Pabpuku. Posymua dabpuka peanizye nepcrnektuBu [HaycTpii
4.0. ¥ OGararbOx BHUIIaJIKaX JOCSTAETHbCS BEIUKUNA €(PEeKT, KOIM MPOMHUCIOBICTH 1
MAaIIMHOOYAIBHUKM ~ aKTHMBHO  3alydyalOThCs  JI0  BIPOBAKEHHS  PO3YMHOIO
BUPOOHUIITBA.

@yHKIIT pO3yMHOro poOOYOro Micus AOMOMararoTb OTPUMATH 1H(OpMaIiO
PO BUPOOHUITBO Ta MOKPAILUTHA €PrOHOMIKY, IIJIBUIIYIOYH PIBEHb 1HAMBIIyai3alii
pobGoyoro cepenoBuia. YWCIEHHI amapaTHi Ta MPOTPaMHI PIIIEHHS ChOTOIHI
CTOCYIOTBhCSI 3MiH B 30HaX CKJIaJIaHHS, SIKI MOXXYTh aBTOMATHYHO 1I€HTU(]IKYyBaTH
IPAIiBHUKIB 1 CTBOPIOBATH IMEPCOHANII30BaHE POOOUYE CepeOBUIIE IS MpaIliBHUKA,
HaJaBaTH TEXHOJOTIYHI I1HCTPYKII CKJaJaHHS 3 IHTYITHBHO 3pO3yMUIUM
KepyBaHHSM.

[HTENneKkTyanbHi,  JEUEHTpali30BaHI  KOMIIOHEHTHM  aBTOMaTu3alii 3
IHTErpOBaHUM TIPOTPAMHHUM 3a0€3MEUYCHHSIM TOBHMHHI BUKOHYBATH CBOi 3aBJIaHHS
HE3JICKHO, BIAMOBIAHO A0 chenudikaiii TEXHOJOTIYHUX CHUCTEM 1 TpUHUMaTH
aBTOHOMHI pimmeHHs. J[Ji1 bOoro BXKe € PIIEHHSI Ha OCHOBI PO3MOIICHOTO 1HTEIEKTY
1 € BUMOIOI0 /0 MOAYJIbHMX MAIIWH 1 THYYKHX YCTAaHOBOK, SIKI aalTyIOThCS 0
MIHJIMBUX BUPOOHUYHMX YMOB.

KoHnrerniiist po3yMHOTO TiNPUEMCTBA OXOIUIIOE JIFOJICH, MAIllWH, MPOIECIB Ta
MOTIK TMPOJIYKTIB 3 4aCTUHOI Mepexi. [IporpamHui 3aco0u crpolyoTh OaraTo eTaris
poOOTH 1HTENEKTYyaJdbHOI MAIIMHU: BBEJACHHS B EKCIUIyaTallilo, I1HTerpaiio Ta
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(mepe)xoHPirypaiiro, a TaKoX NpoQuUIaKTUYHE 0OCTYrOBYBaHHS BCIX KOMIIOHEHTIB,
MOJYJIiB 1 MaIlTiH.

BigkpuTi BUpoOHWYI cTaHAApTH HE3ajexkHl Bia IwiaThopmMu 1 GopMyIOTh
OCHOBY Ul TOPU30HTAJIbHOI Ta BEPTUKAJIBHOI IHTErpamii 1, TaKuM YHHOM,
3a0e3neuyroTh IpsiMU 0OMiH 1H(pOpMaIIi€l0 B MEpexki TEXHOIOTTUHUX MaIiiH. Bonn
JIOTIOMOXKYTh 1HXXEHEpaM, olepaTopaM 1 TeXHIKaM 3 TeXHIYHOTO OOCIyroBYBaHHS
BUKOHYBAaTH 3aBAaHHs, 100 3MeHmmMTH iX ckiaagHicte. Open Core Engineering
JI03BOJIsIE KOPUCTYBauaM MpalfoBaTH 3 OakaHUM cepeoBHIeM po3poOku [T-cBiTy Ta
MOBaMHM TNpOTpaMyBaHHs, 00 MAaKCUMaJbHO MIABUILUTH €(EKTUBHICTh Ta
YHIBEpCAJIBHICTh aBTOMATU30BaHO1 po3poOku. Hampukia, nepeBipka BiAMOBITHOCTI
crienudikalii, € ayxe HyJIHOI POOOTOH, OOMEKEHON JIIOJICHKOI0 MOMHUIKOBICTIO.
HaBmaku, w™maiflOyTHi (QaOpuky BHUKOPUCTOBYBAaTUMYTh MAIUMHHUK 31p  JIA
CKaHyBaHHS HEIOCKOHAJIOCTEH, SIKi JIIOJICBKE OKO MOXE MPOMYCTUTH. MOXKIMBICTH
MUTTEBO 11€HTU(]IKYBaTH Ta KiIacU(IKyBaTH HEIOJIKHM aBTOMATHU3Y€E KOHTPOJb
AKOCTI, 3p00UTh (hadpHKHU OLIBII aJaNTUBHUMU.

Open Core Engineering m03Bojsi€e CTBOPIOBAaTH I1HHOBAIlIMHI PIIIEHHS, SKI
OiAXOAATH JUIsl KOHKPETHOTO 3actocyBaHHA. BukopuctoByroun Open Core Interface
MOJKJIMBO JIOCJIJKYBAaTH KOMYHIKALlII0 Ta KEPYBAaHHS MAIMHOK Yepe3 CTOPOHHI
cuctemu, Takl ik LabVIEW, a Takox nmpakTU4HO Oyb-SKy MOBY BHILOIO PIBHA Bij
Java no C++ [1].

CTBOpeHHsI PO3YMHOI'0 BHpPOOHMIITBA — 1€ HAWOJMK4Ya Ta JOBrOCTPOKOBA
NEepPCIEKTUBA PO3BUTKY BUPOOHUYUX CUCTEM.

CIIMCOK IMOCUJIAHB.
1. Inmepnem-pecypc http://www.boschrexroth-us.com/OCE, pescum docmyny: 05.11.2021 p.

91


https://www.youtube.com/redirect?event=video_description&redir_token=QUFFLUhqbUdUcFVtWEZEYXhHak5NZDNCeW1HMmo0eTRfQXxBQ3Jtc0ttczBSNXdtcGFZaVI0WHpHUk5tVFdSdExyRnYyOXhnbE5zQnFTTmNpTnBvbVJ3SnRHMldTS2RsVGJnZnRoNUFVZ2o3M05HWWJEWXRNajB1cmFtZmJ3SWhfMUFDSU82aGJFT3ZaNU9mMFhVMEhGQ01MQQ&q=http%3A%2F%2Fwww.boschrexroth-us.com%2FOCE

YK 378.1:004.41

MeabankoB O.10., boopux A.B. (/Jonbacvka Oepicasna mauwiuHo6y0igHa
akaodemis, m. Kpamamopcwok, Yrpaina)

3ACTOCYBAHHSA HEMPOHHUX MEPEXK VIS IPOI'HO3YBAHHSA
OHOIHOK CTYAEHTIB 3 OKPEMOI JUCIIUIIJIIHH B 3AJIEZXKHOCTI BIJ
AKOCTI 3ACBOE€HHS HOITEPE/THHBOTI'O MATEPIAJIY

Pozenanymo ocnoeni nouamms, noe'sazami 3 sKicmio oceimu y Yinomy ma 3AC60EHHAM
cmyoenmamu HaguanvHo2o mamepiany. Chopmynbosano 3a0auy npocHO3Y8aHHA OYIHKU CMYOeHma
3 0Y0b-AK0i OucCyuniinu, Maruu O0aHi Wooo OYIHOK 3 «3abesneuyrouuxy oucyuniin. Hasedeno
nepeiik mMemoois, AKi MOJNCYMb OYMU 3ACMOCOBAHI O PO38'SI3aHHA 3a0ayi, 3p00JIEHO BUCHOBOK
w000 OOYINILbHOCMI BUKOPUCIAHHI MEMOOY UMYUHUX HeUpOHHUX mepedic. Onucano nocmanosky
3a0ayi NPOCHO3YBANHS 3ACBOEHHA 3HAHL MA HABUYOK NPOSPAMYEAHHS, UKOPUCMAHA ApXimeKmypa
— NnepcenmpoH 3 HOMUpMa 6XIOHUMU HeUpOHAMU, 0OHUM 6UXiOHum i 10 Helponamu npuxo8aHozo
wapy. Lnaxom npogedeHHs HU3KU YUCTOBUX eKCNEPUMEHMI8 Ni0iOpaHO ONMUMANbHY apXimeKmypy
HeUpPOHHOI 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.

Or1riHKa 3aCBOEHOTO CTYJIEHTAMHU Y MeKaX HaBYaJIbHOI JUCITUIUTIHU MaTepiaiy,
a TakoX 00’ €KTHBHICTh MPOBEICHHS IILOTO KOHTPOJIO 3HaHb € OJHUMH 3 OCHOBHHX
€JIEMEHTIB BU3HAUCHHS SKOCTI ocBiTH [1]. Bigomo, 1m0 piBeHb 3aCBOEHHS
IHIMBIAYYMOM HOBHUX 3HaHb 3aJ€XHUTh HacamIepes BiJ MHOro CTrapaHHOCTI Ta
0a30BOT0 pIBHA 3HaHb, L0 € MalXe MOCTIMHUM 3a MEepioJ HAaBUYAaHHSA, TOMY pi3Ke
BIIXWJICHHS y MPOLECI OILIHIOBAHHS MOXE CBIIYUTH IPO HASIBHICTH NpoOseM,
00'eKTHUBHUX 1 Cy0'€KTUBHUX (PAKTOPIB, SIK1 3/1MCHIOIOTH BIUIMB HAa OCBITHIN MpOIIEC.
VYc¢i 0CBITHI KOMITOHEHTH Ha BIJIIOBIIHOMY PIBHI BHIIIOI OCBITH, IIEPEIiK HaBUAIbHUX
JUCHUIUTIH 1 JIOTIYHY ITOCIIIOBHICTh iX BHBYEHHs, KUIbKICTh KpeauTiB €KTC, a
TaKOXX OYIKyBaH1 pe3yJIbTaTH HaBYaHHS Ta KOMIIETEHTHOCTI, SIKi TOBUHEH OINaHyBaTH
3100yBayd BIAMOBIIHOTO PIBHS BUIINOiI OCBITH, MICTSTHCS B OCBITHIN mporpamu [2].
CTpyKTypHO-JIOTIYHa CXe€Ma [IJTOTOBKM  HAQJAE€ThCS Yy  BUIVISAL  MEPExi
MDKIUCIUTITIHAPHKUX 3B A3KIB 1 J[I€ MPOTSATOM BChOT'O CTPOKY peastizallii BimOBITHOT
nporpamMu miAroToBku. OTXKe, OJHUM 3 YUHHUKIB, 110 BIUIMBAIOTh HA OIIHKY, SIKY
oTpuMy€e 3100yBad OCBITH (CTYJIEHT) 3 OKpEeMOi JUCHUIUIIHM, € OI[IHKA 3
«3a0e3neuyrounx» AUCIUILIIH, TOOTO THX, IO NEPEIyIOTh LiH.

JIst yIOCKOHAJIGHHST KEPIBHUIITBA HABUYAIBHUM TIPOIECOM Ha BUITYCKOBHUH
Kadeapi 3akiaay BHINOI OCBITH BEIbMHU JOIIILHUM MOXKE OyTH MPOTHO3YBaHHS
OIIIHOK CTYJIEHTIB 3a JIONMOMOTOIO CIeIlai30BaHoi 1H()OpMAIIHHOT CUCTEMH BIACHOT
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po3poOku. VY 3B'SI3KYy 3 THUM, IO ICHYE JOCTaTHS KIJbKICTh METOMIIB IS
PO3B'sSI3aHHA 3aJaul MPOTHO3YBAaHHA, CTa€ aKTyaJbHUM BHUOIp TaKOTO METONY, KU
Oyzae MakCUMaJIbHO €PEKTUBHUMHU JIJISl aHAJTI3Y KOHKPETHHUX JTaHUX.

Chopmynoemo 3amady TakuM 4uHOM. Ham moTpiOHO CpOrHO3yBaTd OLIIHKY
CTyJIeHTa 3 OyAb-sIKOT TUCIUILIIHU, MAIOYH JaHl IIOJI0 OI[IHOK 3 «3a0e3Meuyrounx»
JUCLIATUIIH

y={X X X, (1)

1e:

Y — OLIIHKA 3 JUCHUIUIIHY, 1110 TPOTHO3YETHCS;

Xi, 1=1..n — omiHKa 3 I-i «3a0e3neuyr090i» JUCIHUILTIHY;

N — KUIBKICTh «320€3IMeUyI0unX» JUCITUTLIIH.

VY KOXHOMY BHIAJKy MOXe OYyTH 3aCTOCOBAHO OKPEMHM METOJ| pO3B'S3aHHS
3amaul: OararodakTopHOi JHIAHOT perpecii, IMTYYHUX HEUPOHHUX MeEpex, K-
HalOmmxuux cycigi. Ciij MpoBECTU AOCHIKEHHS, SIKE JO03BOJUTH BU3HAYUTHU
repeBaru Ta HeOJMIKU KOXKHOTO 3 METO/IIB.

VY [3] HaBeaeHO anropuTM pO3B'I3aHHSA IMOCTaBJIeHOI 3aaadi. CrodaTky
JOCIIITHUK 3aJla€ TPaHUYHI 3HAYECHHSI ITapaMeTpiB JIJIsl KOKHOTO METONy (HampuKia,
MIHIMQJIbHY Ta MaKCHUMaJlbHY KUIBKICTh NMPUXOBAaHUX LIAPIB IITYYHUX HEHPOHHHUX
Mepexx Tomo). Jlam mporpamMHa CHUCTEMa BUKOHYE PO3PaxyHOK 32 KOXHHM 13
METOJIB, PE3yNbTaTH NOJAIOThCA A0 TaOmuil. JlocaigHuk oOupae HaMKpalui, Ha
Horo morisn, Meroa (K MpaBHIIO, 32 MIHIMAJIBHOIO CYMapHOIO MOMUIIKOIO, alie
MOXJIMBI ¥ 1HIIl Kputepli BuOOpy). OOpaHuUN METOJ 3aCTOCOBYETHCS IS
IIPOTHO3YBaHHS OLIHOK TOTO X MpeaMeTa JjIsi HOBOi rpynu. Bubip aucruruiig, 1o
3a0€3MeuyI0Th, HE € SIBHO ITYHKTOM HAaBEJICHOTO aJITOPUTMY, OCKUIBKHU 3IHCHIOETHCS
abo Oes3rocepenHbO 3 OCBITHBOI Tporpamu (ii CTPYKTYPHO-JIOTIYHOI CXeMH), abo B
pe3yIbTaTi IKUXOCh MOMEPEIHIX JOCIIIKEHb.

Jani notpiOHO 3A1MCHUTH NPOEKTYBAaHHS 1H(GOpMaIiitHOT MoJienl cucteMu [4]
Ta ii MpOrpamMHy peaji3allilo, aje MOXKHa 3AIMCHUTH MOMEPEAHI PO3PAXYHKH Y
cepenouini Deductor Lite [5]. Ha mpukiani JaHUX IMIOAO CTYACHTIB CHELiaIbHOCTI
«Cucremuuii aHami3z» [2] Ta nmnpeaMeTa — 3aCBOEHHS 3HaHb Ta HAaBUYOK
IporpaMyBaHHsI — B)Ke OyJIO 3A1HCHEHO po3paxyHKU [6]. Bylo BuU3Haue€HO YOTHpPH
BX1JJHUX Ta OJIMH BUXITHUN (DaKTOpH:

X1 — OIliHKa 3 quciuiutinu «IIporpaMmyBaHHS Ta aITOPUTMIYHI MOBHY;

X2 — OIIHKA 3 JUCIUTUTIHU «AJITOPUTMU 1 CTPYKTYPH JAHUX»;

X3 — OIlIHKA 3 TUCIUIUTIHU «MaTtemMaTu4Ha JIoTiKa 1 Teopisl aIrOpUTMIBY;

X4 — OIIIHKA 3 JUCHUILTIHA «METOIM ONTHUMI3allii Ta JOCIIIKCHHS OIepallii;

Y — OIliHKA 3 TUCIUIUTIHU « TeXHOJIOT1s CTBOPEHHS TPOTPAMHUX MTPOTYKTIBY.

Ha3Bu rpyn ta npi3Buiia cTyAeHTiB € iHhopMaIiitHuMu (hakTopamu.

VY skocTi jaHux OyyiM BUKOPHUCTAHI OUIHKHM /7 CTYJIEHTIB IpyIl CHELlalbHOCTI
«Cucremuuti anamiz» JJ/IMA — CM-13-1, CM-14-1, CM-15-1, CM-16-1 (3micToBHI
HAIOBHEHHS HAaBYAJILHUX KYPCIB Ta BUKJIAJayl 32 YOTHPU POKU HE 3MIHIOBAIIHCS).
CnoyaTky 371CHEHO pO3paxyHOK METO0JI0M OaratoakToOpHOI JIIHIMHOI perpecii, 10
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TaOJIHII pe3yIbTaTIB JOJAHO CTOBIMII 3 MEPEKIIAI0OM pe3yIbTaTiB po3paxyHkiB 31 100-
O0ampHOI CHUCTEMH JO «HAIlOHAJIBHOI» Ta CHIBBIIHONIEHHS pPO3PaXyHKOBHX
pe3yJbTaTiB Ta HAsSBHUX 3a «HaIllOHAJIbHOIO» ImKajnoio («[loMuika 3a Oamammy).
3po0JieHO BUCHOBOK, 1110 OaraTodakTopHa JiHiiiHA perpecisa He Moe 3a0e3nedyBaTu
TOYHOCTI poO3B'si3aHHsA 3afadi: 19% paHUX MaroTh BIAXWIEHHS 32 BIAHOCHOIO
noMUJIKO0 Ou1bI HixK 10%; 43% maHux MaroTh HEBIpHE BU3HAUCHHS OaliB.

Jlaii 3aiiicHEHO pillleHHs METOA0OM HEHPOHHHUX Mepex. BUKOpUCTaHO Mepexy
3 YOTUPHOX BXIJIHMX HEHPOHIB, OJHOTO BUX1IHOTO 1 10 HEMpPOHIB MPUXOBAHOTO MIAPY
(puc. 1). Pi3HOBUJ HEMPOHHOI MEpEXi — IMEPCENTPOH, METOJI HaBYAHHS MEpexi —
3BOPOTHOTO TOLIMPEHHS MOMHIOK, (QYHKIS akTuBauii — curmoinga. PesympraTu
CBI4aTh, IO L€l MeTO]I 3a0e3neuye OUIbII afeKBaTHI pe3yabTaTH: TUIbKU 3% IaHuX
MAalOTh BIAXWJIEHHS 3a BIJHOCHOIO MOMIUIKOIO Oinbml HIK 10%; Tiipku 16% maHux
MaloTh HEBIpPHE BU3HAUYCHHS OaiB.

Jami Oyno 3aiiicHeHO Take AOCHIDKEeHHs: Tpeba miaiopaTd ONTUMAJIbHY
apXITEKTYpy HEUpPOHHOI Mepexl. YCl pO3paxyHKH OyJI0 BHKOHAaHO y TOMY X
Jenykropi, pe3yibTaTu 3BeAcHO 10 Taomuii 1. Sk MokHa moOauuTH, Kpaliuii
pe3ynbTaT 3a0€3MeUyI0Th TaKl apXiTEKTypH:

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

— TUIBKK 3a CepeAHbOI0 BiAHOCHOI mnoxuOkow: MLP 4x9x1 abo MLP

4x5x5x5x1 (1%);
— TUIBKHU 32 CEPeIHbOI0 MOXMOKOI0 3a Oanmamu: MLP 4x5x1, MLP 4x6x6x1,
MLP 4x5x5x5x1 a6o MLP 4x6x6x6x1 (8%).

BoueBunp, kpammm OynemMo BBaKaTU apXITEKTYpy 3 TpPbOMa MPUXOBAHUMHU

1apamu 3 I’ ITbOMa HEUPOHAMH Y KOKHOMY.

AArOpUTMU | CTPYTYP AaHW ;-

MporpamMysaHHa Ta anropmM@oeu m
N ‘%v
iy

(2 i
XK
KT IHS

MaremaruuHa norika i Teopia anpmMi ‘”

MeToau onmumMizauil Ta A0CAKEHHA ONepauiv

\

TexHoNoria cTBOPEHHA Npor

Pucynok 1 — Apxitekrypa HeriponHoi mepexi MLP 4x10x1
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Tabmumst 1 — Pe3ynbratu po3paxyHKIB 3 BUKOPHUCTAHHSM PI3HUX apXITEKTyp HEHPOHHOI

Mepexi
KinexkicTs KinekicThb CepenHs BiTHOCHA Cepenus
mapiB HEHPOHIB MTOMMJIKA TOMHIIKA 38 Cepenne
Oanamu
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%
2 242 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 2+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

[IpoBeneH1 AOCHIIKEHHS JOBENH, 110 3aCTOCYBAaHHS HEHPOHHUX MEPEX s
IPOTHO3YBAHHS OILIIHOK CTYJAEHTIB 3 OKPEMOI TUCIUIUIIHU B 3aJIEKHOCTI BiJ SKOCTI
3aCBOEHHS MIONIEPEHBOT0 MaTepiady MPU3BOAUTH 10 Ay>KE NMPUHHATHUX PE3YJIbTATIB.
[nsxoM mNpoBEACHHS HU3KH YHUCJIOBUX EKCIIEPUMEHTIB Mifi0paHO ONTUMAaJbHY
apXITEKTYpy HEUpPOHHOI Mepexkl — MEePCENTPOH 3 TPbOMa MPUXOBAHMMHM IIApaMu 3
II’AThOMA HEMPOHAMH Y KOKHOMY.

Otpumani pe3ynbTaTd MOXKHa Oyze 3acTocyBaTh y poOOTI kKadeapu mij ydac
aHaNi3y YCHIIIHOCTI CTYJEHTIB TOLIO.

CIIUCOK MOCUJIAHb
1. Tonooxcennss npo enympiwnio cucmemy 3abesneuennsi sxocmi oceimu [ URL:
http://'www.dgma.donetsk.ua/docs/acts/Ilonosxcenna_npo_enymp cucm_3ab_saxocmi JI/IMA 2020_
Caum.pdf. Jlama 36epnenns: 21.11.2021p.

2. Ocsimnvo-npogpecitina npoepama «InmenrekmyanvHi cucmemu HPULHAMMS PIULEHbY»
nepuioeo pieHs suwoi oceimu 3a cneyianvricmio Ne 124 « Cucmemnuii ananizy eanysi 3uano Ne 12
«Ingpopmayivini MEXHONO2Ti» I URL: http://www.dgma.donetsk.ua/docs/
kafedry/ispr/opp/Cucremunii_anani3z_Oakanasp.pdf. Jama 36epnenna: 21.11.2021p.

3. Menvnuxos O. FO. I[locmanosxka 3adaui O0O0CHIOJNHCEHHS BHAUBY SKOCMI 3ACBOEHHS
NONepeoHb020 Mamepiany Ha NPOSHO3Y8AHHA OYIHOK cmyoenmig 3 okpemoi oucyuniinu / O. IO.
Menvruros, A. B. bobpuk // Cyuacua ocgima — 0ocmynHicmo, AKicmbs, GU3HAHHA. 30IDHUK HAYKOBUX
npayv XIII Mixcuapoonoi nayxoeo-memoouunoi xoughepenyii, 16—18 nucmonaoa 2021 poky, m.
Kpamamopcwox / 3a 3ae. ped. 0-pa mexu. nayk., npog. C. B. Kosanrescvrkoeo i Hon. D. Sc., prof.
Dasic Predrag. — Kpamamopcok : JJZIMA, 2021. — C. 199-201.
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5. Menvuuxos O. IO. Ilpoenosyeanus oyinox cmyoenmie 3 oKpemoi OUCYUNTIHU 3ATIeHCHO
8i0 sKocmi 3ac80cHHs nonepednvozco mamepiany / O.FO. Menvnukos // Cyuachi inghopmayiiini
mexHo02ii, 3acobu asmomamusayii ma erekmponpusoo . mamepiaiu V Bceykpaincbkoi Haykoso-
mexniunoi konpepenyii | 3a 3ae. peo. O. @. Tapacosa. — Kpamamopcok . J[JIMA, 2021. — C.297-
300. — http://dspace.dgma.donetsk.ua/handle/DSEA/802
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VJIK 004.42:519.8

MeabnukoB O.10., 3akadyna O.}O. (/onbacvka Oepowcasna mauwiuno6yo0igHa
akaodemis, m. Kpamamopcwok, Yrpaina)

3ACTOCYBAHHS HEMPOHHUX MEPEX JIJISI IPOTHO3YBAHHS
TPUBAJIOCTI PEMOHTHMUMX POBIT IIIJI YAC ITOIIKO/KEHHSA
BOJOITPOBOY B HEBEJIMKOMY MICTI

Biosnaueno eadxciugicme 3a0e3neyeHHss dHcumenié HeGeiuKux Micm HUMHOK 800010 8
excmpemanvHux eunaoxax. Hasedeno onuc mooicnusocmeil naseHoi npocpamuoi cucmemu 07s
PO3DAXVHKY DO3KAAOY pYXY YUCMEPHU, HNOWYKY DPEeKOMEeHO0B8AHOI KilbKOCMi yucmepH ma
BUBHAYEHHSI ONMUMAIBLHO20 IXHbO2O PO3MAULYBAHHS 3 VPAXYBAHHAM KLIbKOCMI MEWKAHYIS.
Copmynvosano 3a0auy npoecHO3V8aAHHA MPUBALOCMI PEMOHMHUX POOIM Ni0 4ac NOUIKOONCEHHS
8000NPOBOOY 30 HAAGHOCMI CMAMUCMUYHUX OAHUX NPO asapii, wo cmanucs paniwe. Haeedeno
nepeinik mMemoois, Ki MONCYMb OYMu 3aCcmMocOo8ani 0l PO38'A3aHHs 3a0ayi, 3p00NEHO BUCHOBOK
w000 OOYITbHOCMI BUKOPUCMAHHS MEMOOY WMYYHUX HEUpOHHUX mepedic. Onucano 3acmocysants
nepcenmpony 3 n'amu 6xXiOHUX HEUpPOHI8, 0OHO20 BUXIOH020 I 080X HEUPOHIE NPUXOBAHO2O WLADY,
pesyrvmamu c8i0uams npo 00CACHEHHS HANEHCHOI MOUYHOCI.

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 BOJIONIOCTavYaHHs, sIKA JIl€ Y OLIBIIOCTI HEBEIMKUX YKPATHCHKHUX MICT,
MOXe OyTH MOpyIlIeHa B pe3yJibTaTli €KCTpPEeMalbHUX MOJIM, 1 JOCTaBJISHHS BOJU
CIIOKUBa4€EBI Oyne  3I1ACHIOBAaTUCA  3a  JIONIOMOTOKO CIIeLaII30BaHOTO
aBTOTpPaAHCIIOPTY. Y paiioHax (MIKpopailloHaX, OKpPEMHUX KBapTajax) MicTa
PO3TAIlIOBYIOTHCS TUMYACOBI MYHKTU PO3JUBY MUTHOI BOJM 3 aBTOIMCTEPH y Tapy
criokuBayva [1].

byno moctaBieHo Ta po3B'sA3aHO 3a7ady CTBOPEHHS CHUCTEMHU MIATPUMKH
NPUUHATTS pillleHb, SKa JT0O3BOJISIE MPU HASBHOCTI JAHUX MPO KiIBKICTh JKUTEIIB Y
KOXKHOMY paioH1 ¥ BIJICTAHSAX MIX pallOHaMH pO3paxyBaTd ONTUMAJIbHUN MapuIpyT
MepecyBaHHs MUCTEPHU 3 BOJIOI0. 3 BUKOPUCTAHHSAM TaKUX MapaMeTpiB, SIK CEPEIHIN
gac 00CITyroByBaHHS, 00’ €M ITUCTEPHH, CEPEIHIN BIACOTOK HACEIICHHS, 1110 BUXOIHUTh
3a BOJIOIO, 1 OOMEXKEHHs Ha oOCsAr BHJABaHOI BOJW, CHCTEMA JIO3BOJAE CKJIACTH
poskian (rpadik) pyxy UUCTEPHH, a TAKOXK JAaTH PEKOMEHJAIlli 100 301IbIIeCHHS
KUTBKOCTI IUX IUCTEPH 1 ONTHMAJIbHOIO IXHBOI'O PO3MOILIY Mo paiionax [2-3].
Takoxx OyJi0 MOCTaBIEHO Ta BHpIlIEHO [4] HACTyNHE 3aBJaHHS: BU3HAYUTH B
KOXXHOMY paloHI Take MiCle pO3MILIEHHs LHCTepHU, 100 BOHO OyJo
PIBHOBIITAJIEHUM BIiJ] yCIX MNpWierfux OyAWHKIB 3 ypaxyBaHHSAM KUIBKOCTI
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memkaHiiB. llle onHa MOXIHUBICTH, SIKY HaJaB HOBUW MOIYJb KOPUCTyBauaM — II€
BU3HAUEHHS TOYHHUX KOOPJAMHAT pO3TAllyBaHHA IIUCTEPHHM HA MICIIEBOCTI 3a
JIOIIOMOTO0 T'YIJI-KapT [S].

Tenep MoxkHa copmytOBaTH HOBE 3aBAaHHS: 332 HASBHOCTI CTATHCTHUYHUX
JaHUX PO aBapii, MO CTAIKCS PaHIIe Ha BOJOMPOBOII JaHOTO MICTa, 1 TPUBAJIOCTI
PEMOHTHUX POOIT y KOXHOMY BHIAAKy TMOTpiOHO mependauntd (ToOTO
CIIPOTHO3YBaTH) TPHUBAIICTh PEMOHTHHX POOIT 3 BIJHOBJICHHS BOJIOTIOCTaYaHHS
MicCTa.

Maemo THTIOBY 3amady MPOTHO3YBAHHS 3 TIEPEIIKOM HHU3KH BXIJTHUX
(He3aJIe)KHUX) Ta OJHOTO BUXIAHOTO (pe3yabTaTy) hakTopa — TOOTO came TPUBAJIOCTI
PEMOHTHHUX POOIT Yy JTHSX.

Anami3 npoctynHoi iHdopmarii no micty Topeubk [6], 10 3HAXOAUTHCS B
Oe3nocepeHii 0IM3BKOCTI BiJl JIIHIT pO3MEKyBaHHS Ha CXOJ1 YKpaiHH, MOKa3aB, 110
710 CIIMCKY BX1JTHUX (PaKTOPiB MOKHA BIHECTH:

— palion (Micue, AUISIHKA) YIIKOJPKEHHSI (3HAyHa 4YacTUHA YIIKO/KECHBb
BUKJIMKaHa OOMOBHMHM JisIMU, IPOTE HE BCl pallOHU CHapSAAU NAAarOTh CTATUCTUYHO
PIBHOMIpPHO);

— MicA1lb (OY€BHUIHO, IO CE30H BIUIMBAE HA X1J] pOOIT);

— TMOroJHI yMOBHM (HasBHICTH JoLly a0O0 CHITy 30UIbLIyE TPHUBAIICTh
PEMOHTHUX POOIT);

— HasIBHICTBh OOCTP1JIIB, IO MPOJIOBXKYIOTHCS;

— 3 IKOTO OOKY PO3MEXXyBaHHS BUPYIIae Opuraaa 1jisi peMOHTY;

— YH CYIPOBOJDKYETHCS aBaAPIS MOXKEKEIO.

JonatkoBum (aktopoM € 1HPOpMalis PO HAABHICTH MOINEPEAHIX aBapiid Ha
A JUISTHIT — OYEeBUIHO, IO TICIIs MUHYJIMX PEMOHTHUX poOIT TpyOa MOBHHHA OyTH
HOBOIO, 1 TPOIIEC HOBOTO PEMOHTY TTOBHHEH 3/11CHIOBATHUCS IIBUIIIIC.

s posB's3aHHS 3a/1a4yi MPOTHO3YBAaHHS MOKe OyTH 3aCTOCOBAHO OJMH 3
BIJIOMUX METO/IB PO3B'sI3aHHA 3aJayl: 0araToQpakTOpHOI JIIHINMHOI perpecii, ITY4YHUX
HEWPOHHUX MepexX, K-HalOIMKUMX CYCIIiB.

Hns peskux (puc. 1) migiOpaHux naHux (OKpiM YETBEPTOro Ta I1'STOTO
daktopiB) Oyno mpoBeneHO po3paxyHku y cepenoBuili Deductor Lite [7] nBoma
MeToaMu: 0araTopakTOPHOI JIHIHHOT perpecii Ta MTyYHUX HEHPOHHUX MEPEK.

=l g g oW - e | ey

Hinank.a Micauk ‘nDrDﬂHiHMDBH‘ O6cTping | Epuragadepaibm ‘HD}KE-'}KB| Bapyre |PEMDHT.D.HiB‘

; Bepecene  Jow + +

| Cieepcokui OoHeus - Jonfac CepneHe CoHAYHD - - - - 14
| Bacunisckka HACOCHE CTaHUIA Bepesere | CoHAyHO - 2
| Cieepcokui OoHeus - Jonfac CivEHE CHir + T
| Cieepcokui OoHeus - Jonfac NMeorui CHir 16
| |BeprHeORaneMiycERS dinbTpYEanEHa cTaHuis | Cepnete CoHAYHo a0
| MigaeHHo-Jonactkuil Bononposig NMuctonan,  Tyman 29
| MigaeHHo-Jonactkuil Bononposig Bepecere  XmapHo 23
| Cieepcekmit Doneus - Jonbac Yepeene  ConayHo 3
| MiegeHHo-Jondactkuil Bononposig Bepezere  ConayHo 13

+ o+ +
+ 4+ +
+
(s

+ o+ |+

Pucynok 1 — BxinHi naHi
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Hinanka_0

Dinanka_1

Ninaxka_2

Micaue_0

Micaue_1

Micaue_2

MNorogHiYmoeu_0

MNorogxiYmosn_1

MNorogHiYmoeu_2

Moskesxa 0

Bapyre 0

‘ PemonT OHis

Pucynok 2 — Apxitektypa HeiiponHoi Mepexxi MLP 5x2x1

Sk BusaBmiocs, metoa OaratodakTOpHOI JIHIMHOI perpecii He 3abe3meuye
TOYHOCTI PO3B's3aHHI 3amayi. i1 BUKOPHCTAHHS METONY INTYYHHUX HEUPOHHUX
MepexX OyJio 3aCTOCOBAHO MPOCTY MEPEeXYy 3 M'STH BXIJIHUX HEHPOHIB, OJHOTO
BHUXIJTHOTO 1 JBOX HEHPOHIB MpuxoBaHOro mapy (puc. 2). Pi3HOBuUI HeWpOHHOI
MEpEekK1 — NePCENTPOH, METOJ] HAaBYAHHS — 3BOPOTHE MOIIUPEHHS TOMUJIOK, QYHKITIsS
akTuBalii — curmoima. Pe3ynbTaTh, sIKIi HaBeAEHO Ha pwuc. 3, CBiAYATh MPO
JOCSITHEHHSI HAJEXHOI TOYHOCTI, 1 1€l Meroa Tpeda pEeKOMEHIyBaTH Ui

BUKOPHUCTAHHA.

inanka Micaus

MorogHiYros4H ||| I'Iomema| Bopuyre | F'EMDHT,ElHiB|

F'eMDHr,[I.HiB_DLIT| Persoqr OHis_ERR |

[HoBocToxwkoEe BepeceHb
| Cisepeekmii Doneus - Nontac CepneHe
| |Bacuniscbka HacocHa £TaHWA EepeseHb
| Cisepeekmii Doneus - Nontac CiveHe
| Cieepebkmii Dodeus - Nantac Tomi
|| BeprHeoransmiychka GinkTpYBankHa eTaHuia | Cepneqs
| NMieaerHo- NonGacskumii Bononposi NucTonag
| NMieaerHo- NonGacskumii Bononposi BepeceHb
| Cieepebkmii Dodeus - Nantac YepeeHe
| NMieaerra- NonGacskumii Eononposia BEepeseHb

Dow

CoHaqHo

CoHaqHo

CHir

CHir

CoHaqHo +
TyraaH

FrapHo

CoHaqHo +
CoHaqHo -

Vit +

+ + + +

14
21

7
16
30
23
23

3
13

Pucynok 3 — Pesynsratu MLP 11x2x1

BUCHOBKHA

5 493321914077236 3 3640753037 7063E-10

14.00003715831523 1,83655256163191E-12
21,000404334871 2,24934301195903E-10
F.33386456393386 2 51617445265243E-11
15,99971 34323266 1.12601710453313E-10
23.9591873233230 | 2 28480871560437E-6
23.0010157310176 | 1,41523936922283E-3
23,000055727381 4260001 36984203612
31220331578573 | 2,04301180527129E-5
12,9995596643238 2, 3096630637E5E1E-10

[IpoBeneHi AOCTIKEHHSI AOBENH, 110 3aCTOCYBAaHHS HEUPOHHUX MEPEXK s
IPOTrHO3YBaHHS TPUBAJIOCTI PEMOHTHUX POOIT Mij Yac MOIIKOIKEHHS BOJIOIIPOBOY B
HEBEJIMKOMY MICTI IPU3BOAUTH 10 AYXKE MPUUHATHUX PE3YJIbTATIB.
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MeabuukoB O.10., Kagaubkuiit M.A. (/Jonbacvka deporcasna mawuunodyoiena
akaodemis, m. Kpamamopcwok, Yrpaina)

3ACTOCYBAHHS HEMPOHHUX MEPEX I KOHIEITIIIT
KOMIT’IOTEPHOI'O 30PY J1J1s1 BUSBHAUEHHS KPALILOI TEXHIKH
METAHHS CIITOPTCMEHA-METAJIBHUKA A/IPA

Haseoeno npuknaou suxopucmauus mamemamuyHo20 MOOEN08AHHs 63a2ali Mma Memooy
WMYYHUX HeUPOHHUX Mepedic OJisl PO38 A3aHHA 3a0a4 NPOSHO3YE8AHHS OANbHOCMI NOIbOMY A0pad mda
8UOOpY  ONMUMANBLHOI  MeXHIKU  cnopmcmena-memanvHuxka.  O6Ipynmosano  0oyinvbHicmy
BUKOPUCMAHHS KOMR'IOMEpHo20 30py Ona NOKpaujenHs yici mexHixu. Poszenanymo cyuyachi
MexHoN02Ii KoMN tomepHoi 8izyanizayii y npocmopi 6e3 000amko8020 001a0HANHHA. 3anponoHO8aAHO
peanizayito cucmemu 3a 0Oonomozoro Python 11 @peiimeopxy MediaPipe ma OpenCV i3
sacmocyeanuam 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.

CyvacHu#l piBeHb PO3BUTKY JIETKOI aTJIETUKH, 30KpeMa INTOBXaHHS sJIpa,
CTaBUTh 3aJayy IO PO3poOll HOBHUX, OUIBII palllOHAJBHUX 3aco0iB 1 METOJIB
CHOPTUBHOI MIATOTOBKH, SIKI CHPUSIOTH IMIBHJIKOMY 1 HaIIHHOMY JOCATHEHHIO
BHCOKHX CIIOPTUBHUX PE3ynbTaTiB. IS IbOTO BEIBMU JOIIJIFHO BUKOPHUCTOBYBATH
iH(dopmariiiiai TexHosorii. st mpoBeeHHsT PO3PaXyHKIB JTaJbHOCTI MOJBOTY Sapa
3aJIe’KHO BiJl HOTO TTOYATKOBOI MIBUJIKOCTI, KyTa J0 OOPi0 Ta BUCOTH HAJ 3€MJICIO TIO
dopmynax 3 [1] Oyna crtBopeHa iHdopmalliiiHa cuctemMa — 3aCTOCYHOK [2], 110
J03BOJISIE TIPOBECTH MOJICIIOBAHHS IIITOBXaHHSA siipa 3 MICHI Ta BU3HAYUTH
ONTUMAJIbHE CIOJYYCHHsS TOKa3HWKIB JJIS TIEBHOTO siipa. 3 BHUKOPUCTAHHAM
HEeWpoHHUX Mepex [3] mmsa HasBHuUX nmanux 3 [4] Oylo po3B'sa3aHO 3adady
IPOTHO3YBAHHS JATBHOCTI MOJBOTY SIPa B 3aJICKHOCTI B/l IAaHUX PO BIK, PICT, Macy
Tila aTjeTa Ta XapaKTepUucTHKax mouboTy siapa [S]. Hami Oyno BusHaueHo 14
¢daktopiB [6], 1m0 HajexaTh A0 S5 KiaciB (Ipyn 3aJIeXXHOCTE) 1 BIUIMBAIOTh Ha
pe3yJabTaT IMITOBXAaHHS 5]Ipa, Ta MPOBEICHO PO3PaXyHKU [7]. Aje OAHIEI0 3 BAXKIUBUX
3a/1a4 NP MATOTOBIII aTJIETa € BUBHAUYCHHS, IKa caMe TeXHIKa METaHHs OUIbIIe oMy
H1IXOUTH 3T1THO 3 GI3UYHUMU MapaMmeTpamu. Y poooTi [8] Oyio chopMynboBaHO Ta
pPO3B'sI3aHO 110 33Jla4y NPOTHO3YBaHHS METOJOM INTYYHUX HEHPOHHHX MEPEK 3
apXITEKTYPOIO 3BUYANHOTO MEPCENTPOHY 3 JIECATbMA BXITHUMH (paKTOPaMH Ta OJTHUM
BUXITHUM («0OpaHa TEXHIKa).

binbmr perenpHe BUBUCHHS TEXHIKU IITOBXAaHHS HEMOXKIIMBO 0€3 Bi3yaJbHOTO
aHaimizy. bulblIicTe BHUIIB CHOPTY MOB'A3aHa 31 IIBUJIKUM 1 TOUHHUM PYyXOM, SIKUN
1HO/II MOXK€ CTaTH CKJIAJHUM JJIsi TPEHEpIB Ta aHANITHKIB, OO0 BIJICTE)XKYBaTH Ta
aHaII3yBaTH JAeTaIbHO. [le 0cO0MMBO CKITAHO Y TUX CUTYAIlIAX, KOJIM BUKOPUCTAHHS
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oOjamHaHHS JUIS BIACTEXKEHHS Ta JATYUKIB AJsl 30UIBIICHHA 300py JaHUX HE €
BapiaHTOM, OCKIJIBKH II1 KaJIpy 0OMEKYIOThCS HATaHHSIM Bi3yaltizallii pyxy IToBxada
s/pa, a He JeTaJbHOro aHamidy. JlaHi Ta 3HaHHS, OTpUMaHI 3 KaJpiB, BUMArarTh BiJl
aHaJITUKa BUTpadyaHHs OaraThbOX TOAMH 4acy JUIsl BIATBOPEHHs Bineo. BoueBuipb,
3aCTOCYBaHHS METOJIB KOMIT'IOTEPHOTO 30py MOXKE 3MEHIIUTH PO3PUB MIXK
CIIOPTUBHOIO TMOMIEI0 Ta AHAJITUYHUMHU YSBICHHSIMH, MPOMOHYIOYM HOBI CIOCOOU
300py JaHUX Ta MPOBEACHHS I[IHHOTO aHajJi3y 3a JIOMOMOrOK aBTOMAaTH30BaHUX
CUCTEM.

JIns TIpOEKTYBaHHS CHUCTEMH BI3yaJbHOTO aHali3y IOTPIOHO JOCIHIIUTH
OpUHLIMIK 11 BUKOpUCTaHHs. [IporHozoBaHa BiJCTaHb CIIOPTCMEHAa BU3HAYAETHCSA
3HAYHOIO0 MIpPOIO 3a TapameTpaMmu, omucanuMu y [1], a came: BUCOTH BHITYCKY Spa,
KyTy BHIIyCKy Ta MIBHAKOCTI BHIycKy. [IporHo3oBaHa BiacTaHb — 1€ (PyHKIIA
mBUAKOCTI KBajapaTta [9]. OTke, MIBUIKICTh € SKHAWBIUIMBOBIIIOW 3 IMapaMeTpiB
BUITYCKY.

Pucynok 1 — lToBxaHHs A1pa 3 TOBOPOTY ((a3a BXOAY) y Pi3HUX HMPOEKLIAX

[Ilo6 mocsrTM MakCUMaiabHOI IIBHUJKOCTI, MU MOBUHHI MPaBWJIBHO PO3IrHATU
A71p0, TOMY HEOOXiHO BHMBYMTH BCl (pa3u BIJ MOYATKy PO3rOHY A0 (PiHAIBHOIO
BUIYCKY. JloCTiKeHHS TTOKa3au, o S-1moai0Ha TpaekTopis (puc. 2) K IEHTPY Mac
MEeTaJbHUKA, TaK 1 MOCTPUITY B CariTalbHIN IUJIOMIMHI OUIBIIOCTI KHJIKIB, HE €
MOBHICTIO MPABHUIILHOIO, aJI€ peaJbHO BUT1IHOIO.
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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.

Pucynoxk 2 — JlopxuHa nUIAXy cHapsay (sapa)

I[ls  xBunenmomiOHICTP  CTBOPIOE  MOXJIHMBICTh  aKTHBYBaTH  peduiekc
pPO3TATYBaHHS M'SI31B MPU MPU3EMIICHHI T4 TUM CaMUM 301IbIIY€E M’ SI30BY aKTHUBALIIIO
Hir [10]. Kosu mBUAKICTh 3MIHH JOBKUHH M’53a BEJIMKA, IICH MUMOBUIBHUHN peduiekc
CTBOPIOE OUTBIN CHJIbHI Ta MOTY>KHI M’SI30B1 CKOPOYEHHS, HIXK 1€ 0yJI0 O MOKIJIMBO
JIUIIIE 32 YMOBH JIOBUIBHOTO KOHTpOJIIO. Peakiiist M’s131B Ha pediiekc 6e3mocepeHbo
MOB’s13aHa 31 MBHJAKICTIO PO3TATYBaHHSA. TakuM YMHOM, 30UIBIICHHS IITBHUIKOCTI
pPO3TATYBaHHS TMPU3BEJE JO TOCUJIEHHS MHUMOBLUIBHOI aKTUBallli M’s31B 4Yepes
pednexkc po3TAryBaHHA. Y IITOBXaHHI s/ipa IIBHUJKICTh PO3TATYBAHHS MOXKHA
30UTBIIUTH, MAaKCHUMI3YIOUM BEpPTUKaJbHY MIBHUIKICTH aTjeTa, KOJU BIH
MpU3EMIIIEThCA MIcas (a3 MoiboTy. LIbOro Mo)kHa AOCATTH LUISAXOM 301IbIIEHHS
MaKCHUMaJIbHOI BUCOTH IIEHTPY MacH CIIOPTCMEHa B IIei mepioa. YuM BuIle BEpIIMHA
LEHTPY Mac Mij yac a3y moJiboTy, TUM OUIBIIIOI0 Ma€ OyTH BEpTUKAJIbHA IIBUIKICTh
CHOPTCMEHA MPU PU3EMIICHHI.

B [11] 3anponoHoBaHO miaxif, 10 3a0e3neuye BIACTEKEHHS MO3H JIOAUHU 3
BUKOPUCTAaHHSIM MamuHHOro HaBuaHHs (ML) 1 Buznawae 33-2D opientupu Tina 3
oJHOTro Kaapy. Ha BiAMiHY BiJl CydacHUX MoJiefiel 103, 3aCHOBAaHUX Ha CTaHJIAapTHIM
tonoJiorii COCO, BlazePose TouHo nokanizye Oiiblie KIFOUOBUX TOYOK, IO POOUTH
Horo yHIKalmbHHM s (iTHeC-HojaTkiB. IloTouHmM craHmgapToM Ui TO3HM
mojcekoro Tina € TornoJoriss COCO, sika ckinagaeThes 3 17 OpieHTHPIB yepes TyIIyo,
pyku, Horu Ta obymmyus. Oxgnak kmouoBl Toukn COCO nokami3yloThes JIMIE Ha
TOMIJIKOBOCTOITHUX Ta 3all’SICTHUX TOYKax, iM He BUcTayae iHdopmarlii npo macmrabd
1 OpIEHTAINIO I PYK 1 HIT, 110 BaXJIMUBO JJI MPAKTUYHUX 3aCTOCYBaHb, TAKUX SK
ditaec 1 Tanmi. BlazePose mpeacraBisie HOBY Tomosorito 3 33 KIIOYOBHX TOYOK
JFOICBKOTO TiJa, sika € cynepHadopom tomosoriii COCO, BlazeFace i BlazePalm. 1le
JTI03BOJISIE HAM BU3HAYATH CEMAHTUKY TiJIa JIMIIE HA OCHOBI Mepea0adyeHHsl Mo3H, 1110
y3rOJIKYEThCSI 3 MOJIEIISIMU 004U Ta pyK (puc. 3).
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(] 28 0. nose 17. right pinky knuckle #1
€2 1. right eyeinner 18. left pinky knuckle #1
19 5 1 2 10 12 29 .20 2. right eye 19. right index knuclke #1
& ﬂ 3. right eye outer 20. leftindex knuckle #1
- \ 14 _ 4, lefteyeinner 21. right thumb knuckle #2
175 {5~ v~ 16 18 5. lefteye 22. left thumb knuckle #2
\ [ 6. left eye outer 23. righthip
\ / 7. rightear 24, lefthip
\ J 8. leftear 25, right knee
23,’ \24 9. mouth right 26, left knee
/ \\ 10. mouth left 27. right ankle
/ 11. right shoulder 28. leftankle
25¢ >26 12. left shoulder 29. right heel
\ / 13, right elbow 30. left heel
\ // 14. left elbow 31, right foot index
\\ / 15. right wrist 32. left foot index
27 228 16. left wrist

31 29 30 32
Pucynok 3 — Tononoriyni no3u

3 HaBEJICHOTO BUIIE MOXKHA JOMYCTUTH BUKOPHUCTAHHS KOMITIOTEPHOTO 30PY Y
MIArOTOBLI IITOBXadiB sApa. IlpumycTumo, Mo OKpiM 3BUYAMHOIO Bi3yalbHOIO
aHaii3y, TPEHEpYy CKIJIAJIHO JAaTH OIIHKY SKOCTI Ti€l ud 1HIIO1 ¢a3u momToBxy (iX
OyBae Big 4 10 5). 3 MmoxnuBocTsIMU TexHoJOTii BlazePose Ta HelipoHHOI Mepexi,
omucaHoi B [8], MOXKHa OpraHi3yBaTH MOBHUN «3aMKHEHUW IUKI» MIATOTOBKU
CIIOPTCMEHA, OLIbII pallioHAJIBLHO BUKOPHUCTOBYIOUM 3acoOu (Bijmajgae mnortpeda y
J0poroMy 00JIaIHaHHI Ta JATYHKIB) — puc. 4.

ITinGip cxoxux 3a

SN AHTOIPOMETPIEIO
—/ CIIOPTCMEHIB 3 OLIIBII
BHCOKHM PE3yJIbTaTOM

3HAXO/KEHHS TUITY TEXHIKU
3a J0MOMOT010 HepoMepexi

Vi

Omuinka a3y 3a JOIOMOT 010 . . .
f | BisyanpHuii anani3 ¢asu
\

HEHPOHHOT Mepexi

Pucynok 4 — «3aMKHYTHI IIUKJID» TIATOTOBKU

CroyaTKky MpPOMOHYBAJIOCS BUKOPUCTOBYBATH 3HAHHS BCIX KOOpPAMHAT Ha
MIPOMIKKHU 3HAXOJKEHHS 03U JIFOJUHU Ta MOy Ha 5 ocHOBHMX (a3 (po3TiH, BXif,
3aXOIUICHHS, MOCTAHOBKA JIIBOT Ta BUITYCK siapa JUIsl KpyroBoro Maxy). OmgHak mpu
pO3paxyHKy OyJio 3’sICOBaHO, 10 JUIS peai3allli JaHOT CUCTeMH JJIsl KOXKHOTO eTaIy
3HAXOJ[PKEHHsI IoBesiocs O peanizoByBaTH Mepexy Buny 99x33x1 (mns oauiei gasn), a
SIKIIO JUIS BCIX M'ATH — TO 395x33x5x1, 1110 3HAYHO 301IBIIMII0 O Yac HaBYaHHS.

[{ro mpobsieMy MO’XHAa BUPIIIMTH 3HAXOKEHHSAM BIIXWJICHHS BiJ HOPMH.
Skmo B3SITM 32 HOPMY T[OKa3HUKM TOMOBOIO CIOPTCMEHA (31 CXOXOI0
AHTPOIIOMETPI€I0) Y LiK (a3l Ta MOPIBHATH 31 CIIOPTCMEHOM, SIKOTO MU aHANI3yEMO,
JIOCTaTHbO OyJie 3HAXOJKEHHS JIMIIE BIJICTaHI MIXK KOOPJMHATAMU TOMOJIOTTYHUX
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TOYOK. YWM BWINE BIIXWICHHS, BIJICTaHb B TOYKH JIO TOYKHA, THUM TIpIIe
BUIIPOOYBaHUM CIOPTCMEH BHKOHYe crpoOy. Toxai mepexka matume Burisin 33x1

(puc. 5).

0,055235885
0043312714
0043667171
0043491523
0061812315
0061835302
0061765063
0079846674
0102520233
0,057924543
0076057823
0124286159
0147774261
0172272768
0109369364
0174301337
0,20952543

0179178343
0,184375211
0,159411605
0191052272
016803816

0,186439556
0.,008058813
0,00828325

0,264083135
0131954694
0,284595298
0166776783
0,287939219
0,166167022
0,340918555
015312961

-17,8062635188629

-4,612688934601651

0B

Pucynok 5 — I'pad Heiipomepesxi

8,50048482682393

Bxigni gaHi — 1e BIACTaHb BIJ TOYOK, a BUXIJHE 3HAYEHHS — BIJCOTOK SIKOCTI
BuKkoHaHHS ¢aszu. HeliponHa mepeska Oynia mpoTecToBaHa 3riHO 3 JaHUMHU (puc. 6).

o [t [ [un [ Jus [0a [=

o

0
n
12
1
i
=
%

E | | & | ®u I | | M | W | o | ® | 9 | B | s | ¥ | w | ¥ | w | ¥ | ¥ | Z | Aa | AB | AC | AD | AE | AF | AG | aH
| oos1z12] ops1s3s| 00617635 0.079847) 0,10252) 0057925 0075058 0124285 0147774 0,172273 0,109359 | 0174901 0209525 0179179 0184375 0159412 0191052 0168098 0,18544| 0,005059| 000SZE3| 0254089 0131955 0284395 0166777 0287939 0156167 0340915 015313 05
| o.1s1212| 0161835  0.161765 | 0,179847) 0.70252| 0157925 0175058 0.224285| 0247774 0.272273 0,209359| 0274901 0309525 0.379179| 0284375 0759412 0291052 0268098 0,78544| 0108059 0108783 | 0354089 0731955 0384395 0266777 0387939 0.256167| 0440915 025313 05
| n2s1212| 0261835 0261765 0.279847) 0.20252] 0.257925) 0.275058| 0324285 0347774 0.372273 0.209359| 0374901 0.409525| 0,379179| 0384375 0359412 0391052 0358098 038544 0208059 0708783 | 0454083 0331955 0484395 0356777 0487939 0356167 0540915 035313 04
| o3s1212| 0261835 0261765 0.279847) 0.40252] 0357925 0376058 0424285 0447774 0,4T2273 0,409359 | 0,474901 0509525 0,479179| 0484375 0439412 0491052 0468098 048544 0308059 0308783 | 0564089 0431955 0,584395  0.456777 0587929 0456167 0640915 045313 04
| oss1m12| 0461835 0461765 0.479847) 0.30252] 0.457925| 0475058 0.524285| 0547774 0,572273 0,509359| 0,574901 0609525 0,579179| 0584375 0559412 0,591052 | 0568098 0,58544| 0408059 0408783 | 0654089 0531955 0,584395  0.566777 0587929 0566167 0740915 055313 04
| o3s1212| 0361835 0561765 0.579847) 0.60252| 0557925 0575058 0.624285| 0647774 0,672273 0,609359 | 0,574901 0.709525| 0679179 0684375 0659412 0,591052 | 0,568098) 0,68544| 0,508059| 0508783 | 0764089 0631955 0,784355  0.566777 0787929 0566157 0840915 055313 035
| oss1m12| 0se183s| 0661765 0.579847) 0,70252] 0657925 0675058 0.724285| 0747774 0.772273 0,709359 | 0,774901 0809525 0,779179| 0784375 0,759412) 0,791052 | 0,76E098| 0,7E544| 0,508059| 0,60SIE3| 0854089 | 0731955 0.884395 0766777 857939 0766157 0940918 075313 035
| o7s1212| o718 0761765 0779847 0E02sz| 0757925 0775058 0524285 0847774 0.872273 0,509359 | 0,874901 0909525 0579179 0884375 0859412 0,891052 | 0,858098| 0.28544| 0,705059| 0708283 | 0954089 0,£31955 0,984395  0.856777 0987929 0856157 104091S| 055313 035
| ms1m12| 0ss1m3s| nss176s| 079847 090252| 0857925 0576058 0.924285) 0947774 0,972273 0,909359 | 0,974901 1009525 0,.979179| 0.984375| 0959412 0,991052 | 0958098 098544 0,908059| 0,B0S7E3| 1054083 0931955 1084395 0,956777 1087939 0.956167| 1140915 095313 0z
| mes1m12| nas1sms| 0961765 0979847 1000 0957923 0976058 | 1024285 LO4TTTS) LOTIZTS 1009360 1074301 1109535 LOT9179 LOB4375 1059412) L091052| LOGS09E| 10S544| 0908059 0905253 1154089 1031955 1184595  LO0GSTTT| 1157939 L0GS1ST| 1240919 105313 0z
| Los1m12| Los1EEs| 1051765 1079847 110052 1057925 LOTS0SE| 1124285 1147774 1172273 1109359 1174901 1209535 1179179 1184375 1159412) 1191052 | 1168098 115544| 1005059 100283 1254089 1131955 1384595  L165777| 1387939 L166167| 1340919 115313 [:X)
| 1150812 | 1050835 1,160765) 1,179847) 120052 1157925 1176058 1324285 1347774 1272273 1209369 1274901 1309525 1279179 1784375 1259412| 1391052 | 1268008 135544| 1105059 1105283 1354089 1231955 1384595 1366777 1387939 1366167 1440919 133313 [:X)
| 1251812 | 125135 1260765 1279847 130052 1357925 LITE05E| 1324285 1347774 1372273 1309359 1374901 140955 1379179 1384373 1359413) 1391052| 1358008 135544 1LI0S059 1305253 1454089 1331955 1484595 1356777 LARTO9 1356167 1540919 133313 005
| 1351512 ) 1351835 1360765 1379847 140052 1357905 LITE05E| 1424285 LA4TTTS L4TIZT3 1409350 1474901 1509525 1479179 1454375 1459412) 1491052 1455058 145544 1305059 1305253 1554089 1431955 1384595  LASSTTT 1387939 1455187 1540919 143313 o
| 1es1212| 1461835 1461765 1479847 1.50252| 1457925 1475058 1524285 1547774 1572273 1509359  1,574901 | LE0952S| 1579179 1584375 1559412 1591052 1568098 158544| 1408059 1554059 1531955 1684595 1366777 LESTIR9) 1365167 1740915 133313 o
| 0015235 0005235| 0.00476| 001476 002476 003475 004475 005475 00476 Q07476 OOB4TE 009476 010475 011475 012475 013476 018476 015876 016876 017475 018475 019475 020475 021476 OI0476 0I3476 024475 035475 025475 X

0.081817| 003135 0061765 0019847 010752 0.057925| 0076058 0124285 0147778 0172273 0109269 0174901 0109525 0179173 0143752 0059412 0191052 0168098 0.18584 0008059 (.00E2S3 0254088 0131955 0184595 0165777 0257939 0165157 0340918 015313 X

7

Pucynok 6 — JlanHi 11 TeCTyBaHHS

Pesynbratu (puc. 7 — 8) cBimuarh, 110 TECTYBaHHS MPOMIIO B MeXax
npumnyctumoi noMuiku 10%, 1 11e 103BOJIsIE 3pOOMTH BHUCHOBOK IMPO JIOIUIBHICTH
BUKOPHUCTAHHS I11€1 HEHPOHHOT MEPEXKI.
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Pucynok 7 — Jliarpama po3citoBaHHS

(I 06 0UT | 06_ERR ~
0F 0,547870929515857  0,00424599998365745
0.4 050419045031 7321 0,07 B9519630270721
0.4 DA57670915767679  0,00519677269606668
0.4 0,409501721093641  0,000141066724595839

035 0,361055201184667  0,000190964801927303
035 0.313735364353196  0,00205488093530533
035 02688191654682439  [0,0102973622569604
02 0,227327246706763 0,001166641 26981504
02 0189949398274848  0,00015783530474629
01 0157032101786461  0,005082282241 26815
01 012861655492186  0,00127954252436846
0,05 0104507150120611  0,00464223345983216

1] 0.0543433076273454 0.0111163333020264
1] 0.0577011248235424 | 0.00716162855745762
05 0.500103203213634 1.66433731615315E-8
0sa 0.7372133018105 ) 0.000522046516172133

Pucynok 8 — Pe3ynbTatu TecTyBaHHs

Sxmo o6'emHat 5 Mepexx IS 3HAXOJHKEHHS OILIHKHU SIKOCTI (a3 B OJIHY, TO
BUIIE Mepexka apXITeKTyporo 99x5x1 1ist 3HaXOMKEHHSI 3arajibHOTO BIJICOTKA SKOCTI
BUKOHAHHS CIIPOOH, JJIs IOIATBIIIOTO BUBYCHHSI Ta KOPUTYBAHHS.

BUCHOBKHA
3acTocyBaHHS ~ 3alpONOHOBAHOI  MOJIENl  JIOMOMOXKE  3MEHIIUTH  4ac
3HAXO/KCHHsSI TEXHIKM Maibke y JBa pa3W, 10 CBOEK YEProl JOMOMOXKE
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palioHaJIbHO 3aCTOCYBAaTW Yac JJsl MIATOTOBKM CHOPTCMEHAa Yy MOro BiKOBIH
Kareropii.
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VJIK 681.5.015

Ouiitnuk C.YO. (/Jonbacvra deporcagna mawunooyoieHa akaoemis, M.
Kpamamopcwok, Yrpaina)

3ACTOCYBAHHA HEﬁ}’OMEPE)KHOFO MOJEJIOBAHHA 1A
ATATHOCTIKA HECTIMKHUX CTAHIB TEXHOJIOI'TMHOI CUCTEMHU B
INPOLHECI MEXAHIYHOI OBPOBKH

Bupiwysanocs 3asoanns nobyoosu mooeni 05l ananizy cnekmpy ioponepemiujeHv nio uac
00pobKu  cKaoHonpo@inbHoi 0b60r0HKU. BXioni Oawni Oyiu 3abe3neueni pe3yibmamamiut 3anucy
CneKmpy Koaueanv nio yac oopooku. Buxionumu oanumu 6y6 piseHb X8UACMOCmi NOBEPXHI NiC/is
npoxody incmpymenmy. Ha eucomy ma Kpox xeunicmocmi 6naueac piseHv amnaimyou KOJIUBAHD
ma ix yacmoma. Mooenv 003605€ 8usHAUAMU HECMIUKI CMAHU MEXHOI02IUHOI cucmemu nio yac
06pooKu.

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.

MexaHiuHa 0OpOOKa TOHKOCTIHHHUX BEIMKOrabApUTHUX BUPOOIB 3 KPUXKUX
MarTepiayliB  CYNPOBOKYEThCSI BUHUKHEHHSIM HECTIMKMX CTaHIB, MiJ 4Yac SIKUX
BUHMKAIOTh 3HA4YH1 BIOpallii, SKl BIUIMBAIOTh Ha SIKICTh MOBEPXHI Ta TPYJIOMICTKICTb
HAaCTyHUX OMNOPSKYBaJbHUX METOMIB. Pe3ynbTaTH HOCHIKEHHS XapakTepy
KOJIUBaHb 1]l 4ac OOpOOKM TOHKOCTIHHMX OOOJIOHKOBUX BHUPOOIB MPEJCTABJICHO B
psal HayKoBUX Tpais [1, 2, 3, 4]. BinMiuaeThcs, M0 Ha XapakTep KOJIMBAaHb BILUIUBAE
3HaYHa KUIBKICTh (DAKTOpIB, TOB’SI3aHUX 3 MPOIIECOM OOPOOKH Ta BJIACTUBOCTAMHU
MaTepialy 3aroTOBKHU Ta IHCTPYMEHTY, a TAKOXK 3 TEOMETPI€I0 3aTOTOBKH.

Jns  nmocmimkeHHs BiOparii, mig Yac MeXaHI4HOi 0O0poOku (aiamasHo-
abpa3uBHOT 0OpOOKM TOHKOCTIHHOI OOOJIOHKH, Mapadosioiga oOepTaHHS 3 CHUTAIY),
OyJauM BHKOHAHI BHUMIPIOBaHHS MapaMeTpiB BiOpomnepeMilieHHs nuIidyBaIbHOI
TOJIOBKH 3a JIONOMOrolo BiOpomeTpy aHamizatopy cnekrpy 7M107B. BumiproBanss,
AK1 Oy BUKOHAHI JAalOTh MOKJIMBICTh MOPIBHATU 3MIHM 3HAYE€Hb BIOpONEPEMIIICHD
Ta CIEKTPAa YacTOT KOJMBAHb NPH MPOXOJKEHHI 1HCTPYMEHTY B3A0BXK MNpOdUIO
3aroTOBKHU, a TAKOX 3MIHY LIMX 3HAY€Hb JUIsl HACTYITHUX MPOXOJIB IHCTPYMEHTY, SIKI
3aJIeKaTh BiJ Takux (haKTOpiB, SIK 3MiHA Ta KOJIMBAHHS TOBIIMHHU CTIHKH, TITHOMHHU
pi3aHHS.

[Ticnst BUMIprOBaHHS OCHOBHUH CIIEKTP YacTOT OyJi0 po3ijieHo Ha rpymnu: 10+5
I'm, 20£5 T'm, 36+5 I'm, 50+5 I'm, 68+5 I'm, 207+5 I'm, 340+5 I'm, 407+5 T'n. 3a
JIOTIOMOT'OI0 TIPOTpaMH 70 MPUJIaay BU3HAUCHI aMIUTITYIU KOJWBaHb IMUTI(YBAIBHOT
rOJIOBKM Ha LMX YaCTOTaX Ha OKPEMUX AUISTHKAX 3arOTOBKH. 3aroTOBKA TOHKOCTIHHA
ckyagHornpoduibHa o0ooHKa [3, 4] ymMoBHO Oyiia po3jijieHa Ha CiM JUISHOK B
MeXxax SIKMX 3MiHa reoMeTpii He3HauHa. Ha nupomy etani Oyno 3adikcoBaHo, 110 MpU
30iry 4acToOTH, sIKa BHUKJIMKaHa OOEpTaHHSM IUII(PYBaJIbHOTO Kpyra, 3 BIACHUMU
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YacTOTaMH  MiJCHCTEMH, BiIOYBA€TbCA  MIABHUILEHHS aMIUIITYJd  KOJHBaHb.
Pesynbpratu aHamizy CHEKTPY /[AO3BOJMIM BUSBUTH, IO 30UIbLICHHS BiOparliii
BUHMKAE: Ha MEPIi AIsHI (B1 HOCKa BUpOOY), 110 BifmoBigae koopaunaram: 100
MM, 200 MM Ta MOB'SI3aHO 3 HHU3BKOIO KOPCTKICTIO MIJCUCTEMHU «IIMUHACIbHUMA
BY30JI-OITpaBKa-3ar0TOBKa», MAaKCUMaJbHI aMIUTITYJIld BUHUKAIOTh HAa 4yacToTax (0e3
ypaxyBaHHs 4yacToT, MeHImux 3a 10 I'm ): 50£5; 68+5; 1045, 20+£5 I'ii; Ha auIsHIT
200-400 mmM, o st mpoxoxiB I Ta Il moB'si3aHO 3 HEPIBHOMIPHUM ILTi(DYBaHHSM
(mIpoxo oM uepe3 JUCKY), 0 CHEKTPY IO0Jal0ThCS BIACHI YacTOTH MiACUCTEMHU
«arperatHa rojloBKa — CymnopT», MakKCUMajbHI aMIUIITYJld BUHUKAIOTh HA YacTOTaX
(6e3 ypaxyBaHHs yacToT, MeHmuX 3a 10 I'm ): 68+5; 5045; 36+5, 10+£5 I'u; Ha
aiunsani 300-400 MM, ge BinOyBaeTbes 3MiHA KOHQITYpallil IJIOMMHU KOHTAaKTy Ha
nutipyBagbHOMY 1HCTPYMEHTI, MaKCHMajbHI aMIUTITyJd KOJINBaHb BUHUKAIOTh HA
yacTtoTax (0e3 ypaxyBaHHs yacToT MeHImmX 10 I'm): 5045; 68+5; 10£5, 36+5 ['; Ha
ausHIl 600 - 700 MM (32 BuHSATKOM «mpoxoay II», iMoBipHO uepe3 Te, WO
o0poOJieHa 3aroToBKa-OOOJIOHKA 3HAXOJUTHCS B HECTIMKOMY CTaHi, HaWOUIbIII
aMILTITYJId CHOCTEpIratoThes Mg cnekrpa 4actoT MeHmux 10 [ [puuuna
3HIDKCHHSI aMILTITYId KOJIMBaHb JIs «1poxoay [» monsiraroTs y Tomy, 1o rimduHa
pizanHs 3MeHIIaca Bix 1 mm 10 0,75 MM, 110 3HU3WIO HOPMAJIbHY CKJIAJ0BY CHIIH
pi3aHHS Ta IMIJBHIIWIO CTIHKICTh 00O0JIOHKH. JIJIsi BCiX IPOXOMAIB CHEKTP YacTOT
KOJIMBaHb Ma€ HalMEHILl aMIUNTyau BiOponepemimieHb Ha auissHkax: 300, 400 abo
450 MM, okpim «poxony II», y sSKoro 3HMKEHHS aMIUTITY BIIOYBA€ETHCS HA JUISHII
200 mm. Ha 3a3HaueHuX OUISTHKAX BIJOYBA€ThCS 30UIBIIECHHS IUIONII 30HU KOHTAKTY,
3aroTOBKa-000JOHKAa 3HAXOAUTHCS Yy CTIMKOMY cTaHi. Takok Ha HMX AUISTHKAX
CIIOCTEPITa€ThCA HaMOUIbIIa TOBIIMHA CTIHKA OOOJIOHKH, $IK HACHIIOK il
HEPIBHOMIPHOCTI, IO BUHUKAE MTPU (POPMYBaHHI Ha 3aroTiBeNbHINA oneparii [3].

Meta poGoTu — moOyyBaT MOJIEIb 3a JOIMOMOIOK HEHPOHHOI MEpEexi, siKa
JIO3BOJIUTH JIIarHOCTYBATH HECTIMKUI CTaH 3arOTOBKH 1] 4ac 0OpOOKH.

BuxopucTtaHHS METOTy HEHPOMEPEKEBOTO MOJICITIOBAHHS JO3BOJISIE CTBOPUTH
iH(QOpMaTUBHY MOJENb 1 3aCTOCOBYBATH ii JJii KOHTPOJIO AMHAMIYHOTO CTaHy
TEXHOJIOTIYHOT CUCTEMH IMijJ 4ac oOpoOku. J[Jisi CTBOpEHHS MOJENI BUKOPHUCTaHa
nporpama NeuroPro 0,25. [{o tabnuii nanux Oynu BHECEHI HACTYIHI BXIJTHI JaHHI:
aMILTITY¥ KOJMBaHh Ha OCHOBHUX dacToTtax (10, 20, 36, 50, 68, 136, 204, 340, 407
I'm) Ha ciMOX JIIsSHKaX 3aroTOBKHU. 3aroToBKa Ma€ CKIAQJHHK mpodiib, TOMY
XapaKkTep KOJMBAHb 3MIHIOETHCS.

[Ticnst mpoxoay 1HCTPYMEHTa 3 MOBEPXHI OyJIM 3HATHU MapaMeTPH XBHIACTOCTI
Ha KOXHIA AUISHIII OOpOOKH, $KI YMOBHO OyJ0 pO3IIIEHO HAa TPU TPYIIH:
HOpMaJIbHUM, 33JJOBUJILHUM Ta HE3aI0BUILHUHN pIBEHb XBUJISICTOCTI. BiamnoBigHo Oyi0
MPUCBOEHO HACTYIIHI BUXIJHI MOKa3HUKU: HOpManbHUU — 0; 3amoBuibHui — 0,5;
He3a10BUTbHUN — 1. BiIMOBIAHO HA BUCOTY Ta KPOK XBUJIACTOCTI BIUIMBAE aMILTITY/a
Ta 4YacToTa KOJHMBaHb, III0 JaJI0 MOXKJIHMBICTH OIIIHUTH JUHAMIYHUHA CTaH
TEXHOJIOT1YHO1 cucTemMu mija 4yac oOpooku. [loOymoBy mMepexxu Oyino BUKOHAHO Ha
OCHOBI BXIAHUX JaHUX (BEJIMUYMHM aMIUTITYJd 3a BU3HAYCHUMH YacTOTaMH) Ta
BUXIJHUM MOKA3HUKOM, SIKHUW XapaKTepusye noBepxHio. KiabKicTh BXIJHUX CUTHAIIIB
JOPIBHIOE JI€B'SITH, BUXITHUX — OJIMH. 3arajbHa 0e3:iu Oysa MmojijieHa Ha HaBYaJlbHY

Ta TecToBy. [lns HaBuaHHS OyJO BHUKOPHCTAHO JEKUIbKa €TalliB IepeMIIIyBaHHs
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HAaBYaJIbHOT 0e37idi A0 MOMEHTY 3pIBHSHHS MOXMOKM HAaBYaJIbHOI Ta TECTOBOI
6e3miui. [loxubka HaBuanus BuxigHoro napamerpa — 0,1.

3a gomoMorow mporpamMu Oyna MmoOyJoBaHa OJHOIIApOBA Mepexa 3
MIOYATKOBOI KUIBKICTIO HelpoHiB 100 3 HacTynmHOW0 onTumizaiiero mepexi. B
pe3ynbTaTi Oyna oTpuMaHa MOJIENb, sSKa MPU BCTYII HA BXiJ YaCTOTHOTO CIEKTPY
KOJIMBaHb TEXHOJIOTTYHOI CUCTEMHU Ha BUXO/II BU3HAYA€E CTaH ii cTilikocTi (puc. 1).

Pucynox 1 — BepOanbauii onvc HelpoMepeKn

TecToBi Ta KOHTPOJIBHI BUOIPKU MIATBEPAUIN PE3YIbTAT MOJICTIOBAHHSL.

BUCHOBKHA
Mopens, sika Oyna OTpUMaHa 3a JOIIOMOTOK HEMPOMEPEHKHOIO0 MOJIETIOBAHHS

B nporpami NeuroPro 025 BianoBijlae €KCIEPUMEHTAIbHUM [AaHUM Ta OIUCYE
TUHAMIYHUN CTaH TEXHOJIOTTYHOI cucTtemu. Ilim 4Yac HaBUaHHS Mepexu Oy
BIIXWJIEHE HE3Hauyllll M[apaMeTpyd Ta 3aJUIICHO TUIbKH JiBa MapaMmeTpa, sKi
BiAmoBigaroTh: 68 Il - dYacTora Ha sAKIH BHHUKAIOTH BHMYIICHI KOJIMBAHHS
texHoaoriuynoi cucremu; 204 I'm — gacToTa, sIKa MOB’SI3aHa 3 HIDKYMMH BJIACHUMH
JacTOTaMU KOJIMBAHHS CTIHKM OOOJIOHKH, Ha 11 4acTOTI BUHUKAIOTh MapaMeTpUyHI
KOJIUBaHHSI 3aroTOBKU-00070HKH. CaMe Il MOKA3HUKU TPUBOIATH 0 JUHAMIYHOT
HECTIMKOCTI TEXHOJIOT14HOI cucteMu. OTpuMaHa MOJACHIb JO03BOJUTHh KOHTPOJIIOBATH
JUHAMIYHUI CTaH TEXHOJIOTYHOI CUCTEMHU I1]1 4ac 0OpOOKH.

110



CIIMCOK ITOCHUJIAHb
1. Kolluru Kiran. A solution for minimising vibrations in milling of thin walled casings by
applying dampers to workpiece surface / Kiran Kolluru, Dragos Axinte, Adib Becker // CIRP Annals
- Manufacturing Technology. — 2013. - Mo 62. — P. 415-418.

2. Patent US 2010/0164187 A1, B23 31/30 (2006.01), B230Q3/08 (2006.01). Adaptive design of
fixture for thin-walled shellacylndrical components / Zunmin Geng (Nottingham GB); assignee The

University of Sheffield (Sheffield GB)/ - Ne PCT/GB2008/O0O0T45; PCT Fled: Mar. 5, 2008, date
Mar. 17, 2010, 12/529,834. — p.11.

3. Oliinyk S.Yu. Technological fixtures for machining of large-sized thin-walled shells of

complex profile / S.Yu.Oliinyk, L.P. Kalafatova // Cutting & tool in technological system. — Kharkiv
NTU «KhPIy», 2021. - Ne94, C. 28-41.

111



VJIK 004.032.26

OnbxoBcbka O. JI., T'ynkoBa K. FO. (/lombacvka oeporcasna mawunodyoiena
akaodemis, m. Kpamamopcwok, Yrpaina)

3ACTOCYBAHHSA HEMPOMEPEKHUX TEXHOJIOT'TA ITPU OLTHIII
E®PEKTUBHOCTI IT-ITPOEKTIB

Iokaszano akmyanvHicme oyinku eghekmusnocmi pospooxu IT-npoekmy Ona 3a6e3neueHus
NPULIHAMMS PAYIOHAIbHUX DILUEHb KEPIBHUYMBOM NIONPUEMCINGE U000 THEeCMUYill 8 iHhopMayitiHi
mexHonoeii. Hagedeno modciugicms 8UKOPUCMAHHS THCMPYMEHMAPI0 WmMyyH020 iHmenekmy 0/
oyinku epexmuenocmi IT-npoexmis. Posensinyma npaxmuuna peanizayis Heupo-vedimkoi mooeiui
ANFIS 011 npoeno3y8anus ekoHoOMiuH020 epexmy pospobku IT-npoexmy.

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.

IlocranoBka mnpodaemMu. JlisUIbHICTh, TIOB'I3aHAa 3  BUKOPUCTAHHSM,
CTBOPEHHSIM TMEBHOI 1HGOpMAIiiiHOI TexHoJsorii po3risnaerbes sk [T-mpoext. B
PMBoK [1] nopoekT — 1€ 3aiada 3 NMEBHUMHU BUXITHUMH JAHUMH 1 HEOOX1JTHUMHU
pe3yabTaramu (IIJISIMK ), 1110 00YMOBITIOIOTH CIIOCIO 11 BUpiiieHHs. Y 3akoH1 YKpaiHnu
«IIpo Konuenmito HarionansHoi mnporpamu  iHQopMatuzamii»  QopMyeTbCs
BU3HAYEHHSI MpOeKTa i1HGOpMaTU3aIlli K KOMIUIEKCY B3a€MOIIOB'SI3aHUX 3aXOiB,
3a3BUYail 1HBECTHUIIIHHOIO XapakTepy, IO Y3rOoJKEeHI 3a YacoM, BUKOPUCTAHHS
MEBHUX MaTeplaJIbHO-TEXHIYHUX, IHPOPMALIMHUX, JTIOJICHKUX, (DIHAHCOBUX Ta IHIIUX
pecypciB 1 MarTh Ha METI CTBOPEHHS BU3HAUY€HHUX I1H(MOpMAIIiHUX 1
TEJIEKOMYHIKallIMHUX CUCTEM, 3ac001B 1H(hopMaTH3allli Ta 1HhOpMaIIiHUX pecypcCiB,
SIK1 BIJIMTOBIJIAIOTh MEBHUM TEXHIYHUM YMOBaM 1 Moka3zHuUKaM sKocTi [2]. Tobto mix
IT-mpoekTom OyneMo po3yMiTH MPOTpaMHI JOAATKH, 1H(OpPMAIlIHI CHUCTEMH,
posroptanusi IT-inppactpyktypu. ExoHomiuna edexTuBHICTh 1H(OpPMAIIIHHOT
CUCTEMHU PO3TISAAETHCS SK PE3yJbTaTUBHICTH BIPOBAKEHOT 1HGOpMAITHOT
CUCTEMH, CIIBBIAHOIIEHHS MK pe3yJbTaTaMHu ii BIPOBAJKEHHS 1 BUTpaTaMHU Ha
JOCSITHEHHSI 3alllIaHOBaHUX pe3yJibTaTiB. ExoHomiuHa edextuBHICTh [T-mpoekty
MOXe OyTH po3paxoBaHa Ha PI3HUX CTaISIX JKUTTEBOTO LHKIY i1H(opMaIliitHoT
CUCTEMHU: Ha CTajii 1HILIIOBaHHS PO3pPOOKH, CTaJli MPOEKTYBAHHS, CTA/lli CTBOPEHHS,
cTajli BIPOBAHKEHHS M ekcrutyaTarii iHpopmariiiHoi cuctemu. B 3amexHoCTI Bif
bOTO OTPUMYIOTHb PI3HUH XapakTep PO3paxyHKIB, CHOCIO iX MPOBENEHHS, CTYIIHb
neramizanli. BusHaueHHs e(ekTUBHOCTI po3poOku IT-MpoeKTIB € HaraabHOMO
3aayero JUIsl KEpIBHULTBA SK MpPU PO3pOOIl, TaK MpU BIPOBAIHKEHHI MPOEKTY,
OCKIJIbKH peatizallisi X MPOEKTIB CYMPOBOKYETHCS PU3UKOM MPHU IOCUTH BUCOKHUX
BUTpaTax pecypciB. BuieszaznaueHe 0OYMOBUIIO aKTyaldbHICTH MPOOJIEMH, IO
PO3IIIAAAETHCA.

112



AHaJi3 ocranHix nmyoaikaniii. Ominka edextuBHOCTI [T-Tipo€EKTIB, 30KpeMa,
iHpopMalIiHUX cucTteM, 0a3yeThCs Ha MIIXO0JaX, CHOPSIMOBAHHMX HAa BH3HAYEHHS
(1HAaHCOBUX CKJIQJOBUX, SKICHUX TOKa3HUKIB MPoekTiB [3-6]. He3Baxkarouum Ha
BEJIMKY KIJBKICTh POOIT y IiH raidy3i B yMOBaX HEBU3HAYEHOCTI Ta HETOYHUX BXIJTHUX
JAHUX, 3aCTOCYBaHHS TPATUIINHUX METOAIB, MPU3BOJIUTD 10 HEBIPHUX MI1JICYMKOBHUX
pe3yNbTaTiB, 1O MPU3BOJUTH J0 MPUUHSITTS MOMUIKOBUX pimieHb. Kpim nporo, Ha
eTani NPUUHATTA PIIICHHS W00 PO3POOKU MPOEKTYy MOCTa€ MUTAHHS MOUIYKY
KPUTEPIIO TOPIBHAHHS PO3PAXyHKOBUX 3HAa4y€Hb 3 MalOyTHIMH BHUroJamMu 3a
IPOEKTOM. 3 IIbOTO BUTIKAE 3a/iaya JIOCHIIUTH MOKJIUBICTh BUKOPUCTAHHS HOBHX
TEXHOJIOTIH JJIsl pO3B’si3aHHS TPaIUIifHUX 3aBJaHb. MaTeMaTH4HI 1HCTPYMEHTH 13
KaTeropii IITY4YHOTO IHTENEKTY [I03BOJISIIOTh Y3arajibHIOBATH Ta CHCTEMaTH3yBaTH
MIPEICTABJICHI HEUPOMEPEkKi 3HAHHS, 3HAXOMSYM TPUXOBaHI 3aKOHOMIPHOCTI MiX
MOKa3HUuKaMu [7].

MeTto10 poboTu € nmolOyaoBa HEHPOMEPEIKEBOT MOJICNI OIIHKK €()EeKTUBHOCTI
IT-ipoekTy.

BukJiiag 0CHOBHOTo MaTepiajy J0CiIKeHHS.

B ocHoBi ouinku [T-npoekTiB Mae jexatu MOKa3HUK €(PEKTUBHOCTI, SIKU OU
OyB 4yTnuBHM 10 3MiH mnapamerpiB [T-mpoekrty, penpe3eHTaTUBHHM, TOOTO MeTa
peamizauii [T-npoexkTy 3Haxoauna mnpsMe BiIOOpPaKEHHS B IOKAa3HUKY HOro
€(EeKTUBHOCTI, BpPaXxOBYBAB HEBU3HAYEHICTh YMOB peaili3alli IMpPOEKTy, MpOTe
BOJHOYAC OyB MPOCTHM JJIsi OOYMCIIEHHS Ta aHaji3y Noka3HHKa epektuBHOCTI [T-
MPOEKTY, OYTH KOMIUICKCHHUM TOKa3HUKH, 1100 YHUKHYTH HAJJIUIIKOBOCTI
MOKa3HMKIB. PimeHHsM 1ie€i mpoOiemMu aBTopu 06adaTh B BUKOPUCTAaHHI T10pUAHOI
CUCTEMH, sIKa JI03BOJISIE BUT1IHO BUKOPUCTATH MEpEBaru TEXHOJIOTIN HellpoMepex Ta
HEYITKO1 JIOT1Kb, a came B CTBOpEHHI HelipoHeuiTKy cuctemu tuity ANFIS.

ANFIS peanizye cucremy HeuiTkoro BuBefeHHs CyreHo y BUIISII
M'ATUIIAPOBOI  HEHPOHHOI  MEpeki  MPSAMOTO  PO3MOBCIOKEHHS  CUTHAITY.
[Ipu3HaueHHs mapiB Take:

— MEepIIMH ap — TEPMH BX1IHUX 3MIHHUX;

— Jpyruil map — aHTelueAeHTH (MOCUIJIKU ) HEYITKUX MTPABUIL;

— TpEeTiHl map — HopMaJli3allis CTYIeHIB BUKOHAHHS TIPABUIL;

— YeTBEpTHH map — yKIaJaHHS MTPABHI;

— M'ATUNA Map — BUXIJAHA 3MIHHA, arperyBaHHs (KOMIO3UIlisA) pe3ybTaTy,
OTPUMAHOTO 3a PI3HUX MPaBUJL.

Y mopeni BuBeneHHs CyreHo-Takari BAKOPUCTOBYEThCSI HAOIp MPaBUIT:

R :AKUIOX ye Ay TA i,ye A, TO y=1(X), 1)

ne X =(Xy,%;,..., X, ,) - HA0Ip BXIAHUX ITapaMeTpiB;
f( X )— nmeBHa 4iTKa (QyHKIis, HAIPUKIIA].

BusHavatoTbcs piBHI «BIJICIKAHHS» & JJIS JIIBOi YaCTUHU KOKHOTO 3 MPaBUII
3T1JIHO 3 BUPA30M a = min(A (x ,i=1,...,m, j=1,..n i pO3PaXOBYIOThCS «IHAUBITyaJIbHI»
i
J

BUXOJHU IpaBui i Ri, i =1,...m:
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Y =p +2,pX @
i 10 - ij ]

I€ Py, Pp;— Koe(lieHTH MHOoMHOMa abo HU(POBI Bard, sKI YTOYHIOIOTBHCS Y

MPOIIECi aHaJI3y TaHUX.

brok nedasudikarii 3a1icHIOE TIEpeXi Bl HEUITKOTO 3HAYCHHS JIHTBICTHYHOI
3MIHHOI (yTpaBIiHHS) /[0 YHCIOBOTO 3HA4YeHHsS. Y pa3i CHPOIICHOTO aJIrOpUTMy
HEUiTKOrO  BHUBeAcHHSA  (amroput™  CyreHo  HYJBOBOTO  TOPSJIKY),  KOJH
y, = f(X)=py,i=1,.m cmm:

: min(u ( X ))p

j i0

y(xl,xz,___,xn): L 3)
S, )

[TpunycTuMo AJid JTIHTBICTUYHOI OLIIHKY BX1IHUX 3MIHHUX BUKOPHUCTOBYIOTHCS
TpU TepMH. SK TEpM-MHOKMHHU JIHTBICTUYHOI 3MIHHOI [/, BHKOPHUCTOBYETHCS
MHOXUHA ||| = {«KPUTHUUHUIY, «CEPENHIN», «BUCOKHI»}. TepM-MHOKMHA BUX1JHOT
JIHTBICTUYHOI 3MIHHOI Y CKIAJa€ MHOXHHY [y = {«HU3BKUI», «KPUTUYHUN»,
«BUCOKHUI» }. CUCTEMA HEYITKOTO BUCHOBKY MICTUTh 3 MpaBwia. ¥ HEHPO-HEUITKiN
cucreMi ANFIS pO3MIpHICTD TepPM-MHOXHMHHM BHXIIHHX 3MIiHHHMX Lly MOBHHHA
JTOPIBHIOBAaTH KUTBKOCTI mpaBui [7-9].

[Map 1. Koxen By3ox nepiioro mapy cuctemu ANFIS o6po0iisie BXiaHi AaHi.
.Bxomu wmepexi 3'ennani gumie 3 TepMaMu. KUIBKICTh BY3/IIB NEPIIOrO IIapy
JIOPIBHIOE CyM1 TIOTYXKHOCTEH TEpM-MHOXHWH BXIJHUX 3MIHHHX, JI€ OTeparlis
dasudikamii BUKOHAHO HA CHHIJIETHIA OCHOBI, TOOTO BHUKOHYETHCS PO3/IIbHA
(dazudikaiisi, BU3HAYAIOTbCS HEYITKI TEPMHU BXIAHMX NapameTpiB. Buxoau By3miB

LbOTO LIAPy IPEACTABIAKOTE 3HAYEHHS (YHKIII MPUHANICKHOCT] IPH KOHKPETHHX
3HaYeHHSIX BXOJiB. KoxkeH By30i 1[bOro IIapy € aJanTUBHUM M ONUCY€E (PYHKIIIIO

MPUHAIEKHOCTI i, (xI ), I€ X, —BXI1J {-TOrO By3Jla, A, — JIHTBICTUYHA 3MIHHA 13 TEPM-
i

MHOXHH T, 1110 aCOLIIOETHCA 3 AAHUM BY3JIOM. Jljisi TepMiIB BXIAHMX 3MIHHUX OOpaHi
raycoBi yHKIIIT pUHAIEKHOCTI [7]:

HA(X)_—Zb,,I—l n 4)

14/ x=d)
\ o )

ne c;,ci,b, —mapaMerpy HajmamTyBaHHS (YHKIIH NPUHATIEKHOCTI B MpOIleci
HaByaHHs. [lapameTpu 1bOTO MIapy BITHOCATHCS K IMapameTpaM NepeayMoB.

[ap 2. KinpkicTs By3miB jpyroro mapy M. KojkeH By305 LbOro mapy
BIJIMOBIAE OJHOMY HEYITKOMY MPEAMKTHBHOMY IMpaBwiy. By3on apyroro mapy
3'€lHaHUNA 3 THUMHU BYy3JaMu NEPIIOro mapy, ki (GopMye MOCHIKH BIIIOBIIHOTO
npaBuia. OTxe, KOXKEH BY30J1 IPYrui IIap Moke npuiMatd Big 1 10 N curHamiis.
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Buxonom By3ma € CTymiHb BHUKOHAHHSI MPaBHIIA, MO PO3PAXOBYETHCA SK JTOOYTOK
BXIJHUX CHTHAIIB (32 Jlapcenom). Hexail BUXOIM BY3IIB LBOTO WAPY ¢ r=1,..m, 1€

m KiTbKicTh HewiTkux mpasui [7-9]:
t = minju, (x) (5)

[Tap 3. KinpKicTh BY3JIB TPETHOTO IIApY JAOPIBHIOE M . Y 1bOMY MIiapi B
SIKOCT1 BX1JHUX JaHUX BUKOPHCTOBYIOTHCS BX1JIHI 3HAUCHHS HEHPOHIB MOIEPETHBOTO
mapy. KokeH By301 IBOr0 Iapy poO3paxoBY€ BIJHOCHHM CTYIiHb BHUKOHAHHS
HEYITKOTO TpaBuia (HopMmaizailis) 3a GopMyIioro:

* T
T, =

2.7

.
- (6)
j=1

[Tap 4. KiibKicTh By3JiB IIapy TaKoxK A0piBHIOE M. KoxeH By301 3'€lHaHUN 3
OJIHUM 13 BY3JIB TPETHOrO IIapy, a TaKOX 3 yciMa BXogamu Mepexi. Byson
YETBEPTOrO IIAPy PO3PaxOBY€e€ BHECOK OAHOTO HEHITKOTO MpaBuja y BUX1J MEPEXI 3a
dbopmyoro:

y:r*(b +b x +..+b X) (7
r r Oor or 1 nr n

5. €1uHMIt By30J1 IILOTO APy M1JCYMOBYE BKJIAIU BCIX MIPABKIL:

y=iy,- ©)

M-¢dyukiiss HaBuaHHs Mepexi anfis BHU3HA4YeHHS TapaMmeTpiB  (YHKIIN

MPUHATIEKHOCTI CUCTEM HEYITKOro BUBEACHHS THIy CyreHO MOKe BUKOPHUCTOBYBATH
QJITOPUTM 3BOPOTHOTO TOIIUPEHHS MOMWIKH YH QJITOPUTM TiOPHIHOTO HABYAHHS.
HapuanHs napameTpiB (pyHKIIH NPUHANIEKHOCTI T1OPUIHOI HEUPO-HEUITKOI MEpexi
peanizoBaHO 13 3aCTOCYBaHHSIM METOAY 3BOPOTHOIO MOUIMPEHHS MOMUIIKH,
3aCHOBAHOMY Ha IpaJliEeHTHOMY METO/1 SIKHANIIBUIIIOTO CITYCKY.
Bxinni gaHi 3agar0Thest TaOIUYHO. B SIKOCTI BX1AHUX TTOKa3HUKIB BUKOPHUCTOBYIOThCS
BUTpaTH KoMIT I0TepHOro uacy (X1), Butpatu Ha po3poOKy (X2), TpyAOMICTKICTb
BukoHaHHs (X3). Buxigaum mapamerpom € exkoHomiuHuit edext (Y). Bupimenns
3aBAaHHS BHUKOHYEThbCs y mporpami MatlLab 6.1. [{ns reHepyBaHHS CHCTEMU
HEYITKOTO BHUBEIEHHA Oyl0 oOpaHO oOmepaiilo IPaT4acToro po3OUTTA , SKHM
nepenbavae, MmO (QYHKIIT TPUHAISKHOCTI HEYITKUX TEPMIB  PIBHOMIPHO
PO3MOAUIAIOTHCS BCEPEANHI YHIBEpCYMY aHuX [8].

Ha pucynky 1((a),(0)) HaBeneHO BIKHO 3aBaHTKCHHS BUXITHUX JaHUX Ta
cTpyKTypa 3reHepoBanoi cuctemu (FIS-cuctema) HeuiTkoro BuBoay rpadik QpyHKIii
TTOMIJIKH TIPU
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Pucynox 1 —3aBantaxkeHi BuxiaHi nani Ta cTpykrypa ANFIS- mogemi

KinpkicTh BXigHUX 3MIHHMX 3, KOKHa 3MIHHa Ma€ 3 TEpPMH, TOOTO 3arajbHa
KiIBKICTh TpaBmil mopiBHio€ 3°= 27 mryk. Ilicns HaBYaHHS CHCTEMH OTPUMYE
rpadik 3a1eKHOCTI MOMUJIOK HaBYaHHS B1Jl KUIBKOCTI IUKIIIB 1 HATAIITOBaHY HEYITKY
CHUCTEMY IPaBWII JIJIsi BU3HAUCHHS pe3yJIbTaTUBHOTO MoKa3HuKa puc 2 ((a), (0)).
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Pucynox 2 — Inmtoctpartis rpadiky 3ajie’KHOCTI TOMIJIOK HAaBYAHHS BiJl KUIBKOCTI
IIUKJTIB Ta POOOTH CHUCTEMU

Pucynok 3 — TecTyBaHHS HamamToBaHOI HEHPO-HEUITKOI MEpexKi
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Index
Load data Generate FIS Train FIS — TestFIS
sz - Optirn, Method:
» i " Load from disk backpiopa > | [ | Plat against
o (" disk " Load from worksp. Enar Talerance: " Training data
+ Testing b o g 4
- it = Tesli i
 Chocking " workep. iid partition = esting data
~ Do  Sub. clustering 100 " Checking data
Load Data... | Clear Data | Generate FIS ... | Train Mow | TestNow |
Average testing enor: 7531.5688 ‘ | Help Close |
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BUCHOBKHA

TakuMm ynHOM, TIpH OLIHII ePeKTUBHOCTI [T-TIPOEKTY MOXKIMBO BUKOPUCTAHHS
MaTEMaTHYHOTO amapaTy MTYYHOrO IHTENEKTY, 30Kpema riOpuaHoi Mozesni Helpo-
Heuitkoi cucremu ANFIS. TlepeBaroro Bukopuctanus ANFIS-cucremu € nunamizm
3a paxyHOK HaJjallTyBaHHS MEpEeXi TpPagl€eHTHUMH ajrOpUTMaMH, BIJICYTHICTb
oOMeXeHb Ha KUIbKICTh, aJaNTHUBHICTh 3a PaxXyHOK MoAHQikalii 3aMiHH [eibTa-
MpaBWJia PO3PAXyHKOBUMH (OpMyJIaMU Yy pasl JIHIMHUX (QYHKIIH TPUHAIEKHOCTI
TEPM-MHOXKHOCTI BXIJIHUX JIIHTBICTUYHUX 3MIHHUX. B mojampmiomMy AOCHiTKEHHI
IUIAHYE€ThCS BJIOCKOHAJIEHHS CHUCTEMH IMOKA3HUKIB OLIHIOBaHHA e(ekTuBHOCTI [T-
IOPOEKTy Ta PO3LIMPEHHS 0a3M EKCHEPUMEHTAJIbHUX JaHUX MIJBUIICHHS TOYHOCTI
HaJIAIITYBAaHHS HEHPOHEUITKOI MOJEI.

CIINCOK ITOCHJIAHb
1. 3axon Vxpainu «Ilpo Konyenyiio Hayionanonoi npoepamu inghopmamusayiiy. — Pesicum
oocmyny: http://zakon5.rada.gov.ua/laws/show/75/98-%D0%B2%D1%80.
2. bysax H.I. Exonomiuna oyinka ingpopmayitinux mexnonoziu Il Bicnux XKJATY. —2010. — Ne
3(53). - C. 29-32.
3. Tonusana JI.A. Memoouuni nioxoou 00 oyinKu eghekmueHoCcmi npoeKmy NpPoOBaAOINCEHHS

iHhopmayitinux mexnonocii Ha nionpuemcmeax mopeieni // Bicnux Xapkiecbkoeo HayioHanbHO20
MexHIYH020 YHigepcumemy CilbCbko2o cocnooapcmea imeri Illempa Bacunenka.— 2014. — Bun. 149.

— C. 247-259. — Pesicum oocmyny: http://nbuv.gov.ua/UJRN/Vkhdtusg_2014 149 38.

4, IHanacyma K.O. Moena modens cyuachozo iHghopmayitinoco npocmopy: Haey. nocio. os
CMy0. eKOHOM. HANpAMI8 Ni020moeKku OeH. ma 3aoy. ¢opm Hasuyanus — [ouneyvk: [[HonHYET],

2010.-270 c.

S. €sooxumoe B.B., Jlozuncokuu JI.JI. Ananiz exonomiunoi eghekmusHocmi 6npo8aod’ceHHs.
byxeanmepcokux ingopmayiinux cucmem. — Pescum oocmyny: http://www.nbuv.gov.ua/
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VIIK 004.8:796

Ounumyk C.I'., Tyaynos B.1. (/[onbacvka oeporcasna mawunobyoisna akademis,
Vkpaina)

3ACTOCYBAHHA HEVPOHHUX MEPEXK JUIA JOC/LKEHHSA
EKCIINTYATAIIMHUX BJACTUBOCTEU ABPASUBHUX KPYI'IB

Hocniosiceno excniyamayitini 61acmusocmi adpa3u8Hux Kpyeié 3 6UKOPUCTIAHHAM WMYYHUX
HeliponHux Mmepedic. Hasedeno npuxnad npoeno3yeanus cmiukocmi abpasugHux Kpyzie ma
GakmopHo20 ekchepumeHmy.

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 gochmiypKeHHsT  eKCIUTyaTalliiHUX —BIACTUBOCTEH aOpa3uWBHHUX KpPYTIB
BUKOHAHI EKCIEPUMEHTAJIbHI JOCHI/DKEHHS 3aJ€KHOCTI MUTOMOIO 3HOIIEHHS BiJ
pexumiB 00poOku [1]. JochimkeHHs: BUKOHAHI TIPU TUIOCKOMY TUTIQyBaHHI 3pa3KiB
nmeperuHoM  18x6 Mwm? 3i crameii P12, P18, P6M5 kpyramm 3 enbbopy
AYK150x10x32x3 J11051-100%.

dakTopamMu €KCIIEPUMEHTY OYyJIM HACTYIHI: MIBUAKICTh pI3aHHS V, M/C; TIo/1aya
MO3JIOBXKHS S, M/XB, TIMOWHA pi3aHHs (padiajibHa moAayda) t, MM/moJB. XiJ1. BuxigHum
napamMeTpoM € MUTOME 3HOIIEHHS a0pa3uBHOIO IHCTPYMEHTA.

Jlst 0OpoOKHM eKCepUMEHTAIbHUX JAaHUX BUKOpHCTaHa nporpama Neuro Pro
0.25, 3a [0NMOMOrol SIKOI BHUKOHYEMO HEWpOMEpexeBe MOJAEIIOBaHHs [2].
ApXITeKTypa HEHPOHHOT MEPEKI Ma€ TPU BXITHUX OIS, OJHE BUXIJIHE TOJIe M OJUH
mIap 3 IeCATH HEHPOHIB.

[Ticns HaBYaHHS HEMPOHHOI MEpeXi OTPUMAHO BEepOATBHHUI OMUC HEUPOHHOI
MEPEKI.

TecTyBaHHS HEHPOHHOT MEPEKI TIPEJICTABIIEHO HA PUCYHKY.

3HauuMicTh (akToOpiB ekcrmepuMeHTy ctaHoBuTh: 0,15 mis Xi=v; 0,81 s
Xo=s; 1,0 mnsa Xs=t.
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[lepeBipka HEHpOHHOI Mepeki Ha APYTiil cepii eKCIepUMEHTIB CBIAYUTH MPO
3aJI0BUIbHY CXOJAMMICTH PE3yJIbTaTIB.
BUCHOBOK
HeiipomepexHe MOJENIOBaHHS J03BOJSIE 3MEHIIUTH 3arajlbHy KiIbKICTh
MOBTOPHUX EKCHEPUMEHTIB Ta BUKOPUCTATH HEUPOHHY MEPEXKY AJIsi MPOTHO3YBAaHHS
pe3yJbTaTiB eKCIEPUMEHTIB IIPH MOIIOHUX BUX1THUX YMOBaX.

CIIMCOK IMOCUJIAHb

1. Memoouuni exazieku 0o nabopamopHo - npakmuynux pooim 3 oucyuniinu « OcHo8u
cyuachux meopiti mooenioeants npoyeciey / Yinaoaui: C. B. Koeanescokuil, B. B. €meyp. —
Kpamamopcwok: [[/IMA, 2021. — 75c.
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VJIK 004.043

Mina O.P., Iaiiny4ox O.B. (Hayionanvnuii ynieepcumem “Jlvgiscvka nonimextixa,
M. Jlveis)

IITYYHI HEMPOHHI MEPEXI JIJISI PO3III3BHABAHHSA
PYKOIIUCHOI'O TEKCTY

Hocniodceno memoou MawuHHO20 HAGUAHHS, PO3IAHYMO 3ACMOCYBAHHS HEUPOHHUX MEPEHC
0 PO3NIZHABAHHA PYKONUCHO20 MEKCMYy ma NpeocmasieHo npozpamy O OeMoHCcmpayii
MOACIUBOCINEN MAKUX MEPENC.

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.

[TocTtanoBka mpoOseMu. Y cy4acHOMY CBiTi, 3 PO3BUTKOM TEXHOJIOTIH Bce
OlIbIIE  TPOIECIB  CTalOTh  ABTOMATHU30BAaHUMH, IO  JO3BOJISAE€  JIIOJAMHI
CKOHIIEHTPYBATHCh Ha IHTENEKTyalbHI poOoTi. Ta 3 PpO3BUTKOM MITYYHHUX
HEHPOHHUX MEPEX 1 TTMOMHHOTO HaBYaHHS PO3B'SA3aHHS JESKHX IHTEJIEKTyalbHUX
3a/1ay TeX MOKe OyTHM aBTOMATH30BaHO 1 BUKOHYBATHUCh MPOTPAMOI0, SIK MPHUKIIAJ -
po3Mi3HaBaHHs 00pa3iB Ta iX aHai3 ad0 TPAaHCKPUOYBaHHS PYKONMMCHUX TEKCTIB. B
Ham yac Oarato OmOpoKpaTMyHUX 1 (IHAHCOBUX ONEpalliil NepexonsTb Ha
€JIEKTPOHHUM JTOKYMEHTOOOIl, TOMYy 0arato mnamnepoBUX OKYMEHTIB MarwTh OyTH
TpaHcopMoOBaHi B enekTpoHHI. Lle Bemukuii obciar poOoTH, mpu skomy Oyio 0
JOIIJIBHO BUKOPHCTOBYBAaTHM IITYYHI HEHWPOHHI MEPEXi HJis PpO3Mi3HABAHHS
PYKOIIUCHOTO TEKCTY.

AHani3 ocraHHixX myOiikaiiii. byno mpoananizoBaHO poOOTH TaKUX aBTOPIB:
Harald Scheidl, Stefan Fiel, Robert Sablatnig, Baoguang Shi, Xiang Bai and Cong
Yao. B ix po0OoTax He MOBHOI MipOl0 OyB PpO3KPUTHI MPOLEC MNEPBUHHOTO
¢dopMaTyBaHHS TEKCTYy Ta BHOKPEMIJICHHS 3 HHOTO PSIJIKIB.

MeTtoro pobOTH € aHaii3 METOJIB MOOYJOBU IUTYYHUX HEMPOHHUX MEPEX Ta
peanizaiiisi MporpaMHOro 3a0e3MeyeHHs IS PO3Mi3HABAaHHS PYKOIHUCHOTO TEKCTY.
IcHye nBa OCHOBHUX MIiAXOAMW, a camMe MPUXOBaHI Mojaeni MapkoBa Ta IMITy4HI
uetiponni mepexi (IIIHH). IlponoHoBana cuctema po3mi3HaBaHHS TEKCTY 0a3yeThCs
na [ITHH.

Buknan ocHoOBHOTO Matepiainy JociipkeHHs. B xomi mociimxkeHHs Oyiio
IPOAHAI30BAHO PI3HI MIIXOAU 10 PpO3Mi3HABAHHS PYKONMUCHOro Tekcty. Ilepimi
MOIIXO0AW J0 PO3MI3HABaHHS PYKOMUCHOTO TEKCTy IMepeadadaniu Takl METOIU
MaITMHHOTO HAaBYaHHSI, K MpuxoBadi Mozen Mapkosa (HMM). Ilicns monepennpoi

00pOOKH OYATKOBOTO TEKCTY BUKOHY€ETHCS BUITYUSHHS (PYHKIIH 1S 11eHTU(IKaLii
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KIIF0YOBOi 1H(oOpMaIi, Takoi SK METi, TOYKH MEPEeTHuHY, CIIBBIIHOLICHHS CTOPIH
IHOUBIAyallbHOTO  Xapaktepy Tomo. [li  d¢yHKmii Temep mojaBaiuch [0
knacudikatopa, Hanpukiag HMM, mo6 orpumatu pesynbrat. [IpoayKTHBHICTD
TaKMX MOJIEJIe MAIIMHHOTO HaBuaHHS Oyna JocuTh oOMexxkeHa uepe3 (dasy
BUJTyueHHS QYHKIINA BPy4YHY Ta iX OOMEXKEeHY 3[aTHICTh HaB4YaTucs. ETan BuiydeHHs
(GyHKII BIAPI3HABCA ISl KOXKHOT OKPEMOi MOBH, 1 TOMYy He OyB yHiBepCaJIbHHM. 3
MPUXOJOM TIMOMHHOTO HAaBYAHHS MPHUHNLUIA W HOBI MIAXOMW ISl PO3IMi3HABAHHS
MOYEPKY 13 3HAYHO OLIBIIOI0 TOYHICTIO.

Jl1st noOynoBU HEUPOHHOT MepekKl OyJI0 BUKOPUCTAHO MOJIENb 3 IIapaMH TPhOX
THIIIB:

[Tapu 3roptikoBoi HeilpoHHOT Mepexi (CNN): BXizHe 300pakKeHHs MOJAAE€ThCS
Ha mapu CNN. Ili miapu HaBYeHi BWJIy4YaTH BIJIIOBIIHI O3HAKU 13 300pakKeHHS.
Koxen map ckimamaeTses 3 TphOX ONEpalliid: onepaiis 3rOpTKH, sIKa 3aCTOCOBYE PO
¢1apTpa po3MipoM 5 X 5y mepimx ABOX mapax Ta 3 X 3 B OCTaHHIX TPbOX IIapax 10
Bxoay. Ilotim 3acTocoByeThes HenmiHilHa GyHkuis RELU. Hapemri, map 06’ennanns
MIJICYMOBY€E 001acTi 300pakeHHsI Ta BUBOJAUTH 3MEHIIECHY BEPCiI0 BX1JIHOI MaTpHIIL
po3Mipom 32 x 256.

lapu pexypentHoi HeriponHoi Mepeski (RNN): mocitoBHICTh 03HAK MiCTHTB
256 o3Hak Ha kokeH TakT, RNN mnommproe BiAnoBigHy iH(opMario depe3 I
MOCIIJIOBHICTE.  BukopuctoByeThess  peanmizamisi  RNN 3 goBrorpuBaoro
KOpOTKOCTpoKkoBOIO mam'sitTio (LSTM), ockuibki BOHa 37aTHA MOIIMPIOBATU
iHdpopmalmito Ha OuUIbLII BiACTaHI Ta 3a0e3neudye OUTbII HAlHI HaBYaJbHI
xapakTepuctukyd, HDK 3BuyaiiHa RNN. Buxigna nocmigoBHicth RNN
BiJI0OpaxkaeThcsl Ha MaTpull po3mipoM 32 x 80. Habip nanux IAM cknanaerses 3 79
pi3HUX cuMBoJiB, a aisa onepauii CTC moTpiObeH 1€ OJUH TO0JATKOBUI CHUMBOJI
(mycrta MiTKa), TOMY JIJIs1 KOKHOTO 3 32 TakTiB € 80 3amucis.

[[Tap koHHek1iOHICTChKOI TUMUYacoBoi kiacudikaiii (CTC): mig yac HaB4aHHS
IIHM, CTC otpumye Buxigny marpuito RNN 1 ICTUHHHMI TEKCT, 1 BOHa OOUHCIIIOE
3HaueHHs noxuoku. s BucHoBky, CTC oTpuMye Juiiie MaTpuilto, 1 BOHa IEKOYE il
B OCTATOYHUM TEKCT.

Hetiponna wmepeka HamWcaHa MOBOIW — mporpamyBaHHs  Python 3
BUKOPHUCTaHHAM criemnianizoBanux 010morek Tensorflow ta OpenCV.
Jlnst HaBuyaHHs HeWpoHHOI Mepexi Oyno Bukopucrtano FKI TAM Handwriting
Database 3 mara cetom 3 115320 pykonucHux ciiB. Hapuanns [IIHM po3mnizHaBaTtu
300pakeHHs 3aiiMae JOCUTh 0Oarato dYacy uepe3 HEOOXITHICTh MOCTIHHOIO
3aBaHTAXEHHS Ta OOpOOKM 300pakeHb, IO 3aiiMae OUIBITY YacCTHUHY MPOIECY
HaBYaHHSI.

[Tpuknaan poOOTH HEUPOHHOT MEPEKI HA PYKOITUCHOMY TEKCTI:
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Pucynok 1. [Ipuknaa pyKOImHUCHOTO TEKCTY ISl pO3ITi3HABAHHS
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Pucynok 2. Pe3ynbTar poOoTH IITY4HOI HEHPOHHOI Mepexi

BUCHOBKHA

3aranom HaBeJieHa BUIIC HEHPOHHA MEpeka 3MOrJIa PO3Mi3HATH PYKOTMHUCHHMA
TEKCT 3 JOCUTh BHUCOKOIO TOYHICTIO. Pe3ynmpTaT Moke OyTH MOKpamieHWud OiIbII
TpuBaauM HaBuaHHaM [ITHM a Takox po3poOIeHHSIM aaTOpUTMY PO3IITIEHHS TEKCTY
Ha CErMEHTHU JJI1 Kpalloro po3mi3HaBaHHS. Tako)X TOUYHICTh PO3Mi3HABAHHS MOXHA
MOKPAIUTH MPpaBUILHUM Migoopom aexoaepa CTC.

1. Harald Scheidl, Stefan Fiel, Robert Sablatnig Word Beam Search: A Connectionist

CIIMCOK NIOCUJIAHBb

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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VJIK 621.791

Pemetnsix T.B., HeuBosoaa JI.B., Kpukynenko K.M. (/[onb6acvka oepoicasna
Mauwunobyoiena akademis, m. Kpamamopcok, Yrpaina)

ITPOIHO3YBAHHS ®IHAHCOBOI'O CTAHY MAHIMHOBY IIBHOI'O
HIAITPUEMCTBA 3 BUKOPUCTAHHAM HEUPOTEXHOJIOI'TA

Posznanymo memoouxy 3acmocysanus HeUpoHHUX mepexc Oisl OYiHKU IHAHC08020 CMAHY
nionpuemcmea. 3pooneHo 02150 Memooux no6yo0osu HeupOHHUX Mmepedic OJisi BUPIUEeHHS PI3HUX
EeKOHOMIYHUX 3a0ay [ nputinamms piwens. Hasedeno xapaxmepucmuky skocmi nooOyo0o8aHux
Helpomepedicesux mooenel pisnux munie. Obpana Haukpawa mooenb O/l NPOSHO3)8AHHS
Qinancosoeco cmawny nionpuemcmsa. IIpoeedeno awnaniz sKkocmi Mmoodeni 6a2amopieHe8020
nepcenmpona. Pospobneno knacugixayiro Ho8ux 6unaoxis Ha 0CHOBI HelpomMepelCe80i MoOeli.

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.

HeliponHi Mepexi MaroTh JOCUTh HIMPOKY cdepy 3actocyBaHHs. Lle 3aBnanHs
po3mi3HaBaHHsA oOpa3iB 1 Kjacu@ikalisg, HOPUAHATTS pIIEHb 1 YOPaBIIHHA,
KJIacTepu3allisi, MPOrHO3yBaHHS 1 alpoKCUMaIlisd, CTUCHEHHS JaHWX 1 acolllaTMBHA
aM 'AATb.

VY nHaykoBi#t mitepatypi [1-5] poOUTECS aklleHT Ha 3aBIAaHHSX BUKOPUCTAHHS
HEHPOMEpEKEBUX TEXHOJOTIN JIJIsi MPOTHO3YBAaHHS PI3HUX €KOHOMIYHUX MOKA3HUKIB.
Pesynbrat poOOTHM HEHPOHHOI Mepexki J03BOJIAIOTH MOOYAYyBAaTH JIOCUTH TOYHI
IPOTHO3U PO3BUTKY I'OCIOAAPCHKOTO CY0'€KTa.

3110HOCTI HEUPOHHOT MEpEX1 IO MPOTHO3YBAHHS O€3MOCEPEIHHO BUILIUBAIOTh
3 11 3MaTHOCTI N0 Yy3arajJbHEHHS 1 BUAUICHHS MPUXOBAHUX 3aJICKHOCTEH MIiXK
BXITHUMHM Ta BUXIIHUMHU AaHuMHU. [liciis HaBuaHHS Mepexa 37aTHa MepeadaduTH
MaiiOyTHE 3HAYE€HHS $KOICh TMOCIIOBHOCTI HAa OCHOBI JEKUIBKOX MOMEpPEIHIX
3HaUY€HHd 1 / abo0 SAKMXOCh ICHYIOUMX 3apa3 4YMHHMKIB. CHiJ 3a3HAudTH, W0
IIPOTHO3YBaHHS MOXKJIMBO TUTHKU TOJI1, KOJH MOIEPEAH] 3MIHUA JIHCHO B SIKIWCH Mipi
BHU3HAYAIOTh MAaHOYTHI.

[aTepec mpeacTaBiisic BUKOPUCTAHHS HEPOCETEBUX TEXHOJIOTIN IS CKIIaIaHHs
IPOrHo3y (PIHAHCOBOTO CTaHy MiANPUEMCTBA.

Mertor poboTHu € po3poOka MPOorHo3y (piHaHCOBOTO CTaHy MAIIUHOOY/IBHOTO
HIMPUEMCTBA HA OCHOBI BUKOPUCTAHHS HEPOMOJIEI.

Ha npukmani ¢iHaHCOBOT  3BITHOCTI  MAaIIMHOOYIIBHMX  IMiANPUEMCTB
MPOIMOHYETHCS MO0y 10Ba HEUPOCETEBOI MOJIEIII.

[Ipotiec moOy10BM HEMPOHHOT MEPEKI BKIIIOYAE HACTYIIHI €TaIu:

1. BuOip Tumy mepesxi Jisi BUPIIIEHHS OCTABJICHOTO 3aBIaHHS;

2. HaBuaHHs HEWPOHHOI MEpPEXi, TOOTO BU3HAUECHHS YMCEIbHUX 3HAYEHb Bar
KOXKHOTO 3 HEHPOHIB Ha MiICTaBl €KCIIEPTHOI a00 peTPOCTIEKTUBHOI 1H(OpMaITii;
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3. IlepeBipka HEHPOHHOT Mepexi, sSKa MPOUIIIA HABYAHHS, HA JTaHHUX
KOHTPOJILHOTO TIPUKJIAIY;

4. BukopucTaHHs Mepexi, sika YCIIIIHO MPOMILIa HaBYaHHS Ta TECTyBaHHS,
JUTSI BUPIIIICHHSI 3aBaHHS.

3a pomomororo makera Statistica Neural Networks (StatSoft Inc.) [6], skuii
00'enHye B cob1 3py4yHui 1HTEpdehc 1 MHUPOKI MOXKIMBOCTI BUOOPY PI3HUX THIIIB
HEHPOHHUX MEpeX MoOyaoBaHa MOJIEIb OI[IHKM Ta aHali3y peami3aiii (hiHaHCOBOTO
wiany Ha npukiaai ganux 3AT HKM3.

B sxocTi BXiTHUX TOKAa3HUKIB MOJEICH HEUPOHHUX MEPEXK PO3TISAIAIOTHCS
TEMIIH 3MiHM 3HAYCHb TaKWX TIOKa3HWKIB TMIANPHEMCTBA, SK: TEMIT 3MIiHH
dormomictkocti mpoxaykmii (T FE), temn 3MiHM MaTepialloMiCTKOCTI TPOMYKITi
(T_ME), temn 3minu dikBinaiii neditopcskoi 3adoprosanocti (T_PDZ), Temn 3minu
obcsary mpoxpaxiB (T _OP), temn 3miau ¢ouny omnatu mpami (T _FOT), mo
BiI0OpaaloTh 1HTEHCUBHICTh BIUIMBY 3arpo3. BuxiJHOIO 3MIHHOIO € THII
(b1HaHCOBOTO CTaHYy.

st mepebopy Mojeneil HEeWpOHHMX Mepek B makeri Statistica Neural
Networks 3actocoByeThcsi Maiictep BupimeHHs 3aBaanb (Intelligent Problem
Solver). Moxyne MaiicTep BUpINICHHS 3aBJaHb JO03BOJISE TMEPEIVISIHYTU JIOCUTh
BEJIMKY KUIbKICTh MOXJIMBUX MOJI€NICH, TPOBECTH X HABYAHHS 1 TECTYBAaHHS PI3HUMU
METO/IaMH, aBTOMAaTUYHO BUOPATH HAWKpAIILy.

Ha puc.1 nokazana expanHa ¢gopma nporpamu SNN, 10 mokazye po30UTTS
BUXI/IHOI BUOIPKM JTaHMX HAa TPU KJacu: HaBYaJlbHa BUOIpKa, 3a AKUMH OYyIye€ThCs
HEHpOHHA Mepexa; Bepu(ikoBaHa BUOIpKa, 0 BUKOPUCTOBYETHCS B SIKOCTI 0a3u
3HaHb IS KOPUTYBaHHS Bar; 1 TecTOBaHa BHUOIpKa, IO TMOJAETHCS HAa BXIJ
moOyJ0BaHOT HEMPOHHOI MEPEXKI 1 € 3aCO00M MEPEBIPKU THYUKOCTI MOJIENI JO HOBUX
naHux. Po30MTTS BUXIJIHOT BUOIPKH JaHUX HA TPHU IPYINU 3A1MCHIOETHCA BUIMAIKOBUM
YUHOM, TIPH I[bOMY KUIBKICTh CIIOCTEPEKEHb B BUOIPKAaX 33J1a€ThCsl 0€3MOCEPEIHBO Y
dopmi abo 3a 3aMoBuUyBaHHSM. HaBuanbHa MHOXXMHA CIIYXHUTh JJIi HaBUYaHHS
HEHPOHHOI MepeXi, KOHTPOJbHA - JIJISl He3aJICXKHOT OI[IHKMA X0y HaBYaHHS, TECTOBA -
JUISL OCTATOYHOI OITIHKK MOJEII MICHs cepii eKCIIEPUMEHTIB.

. Data Set Editor {modelsinew-xtz)

vaisbles £ BT B cees 5+ Bl Bz E

R EA = | T_ME T POz [T orF [t FoT |
0 1.014286 1.0l4286 1.055595 0.9619082
o2 1.0142586 l.014286 022946 0.9619052
a3z 0.8714286 0.8714286 L0591 008312567
04 0.8714286 0.8714286 1.023231) 0.8312567
05 LDazas7? 1 055113 . 993945
1] . 04aza57 1 0224388 .99353945
ary .04za587 1 1l.00004 993045
0g .1az557 1.142857  l.05643 1.092026
0s 142857 1.142857 1.023793 0920268
10 142857 1.142857 0.4684571 092026 W

| = >

=]~

[ ISR TS PR
IS F= =R

Pucynok 1 - @parmMeHT po30UTTS BXiAHUX JaHUX HA TPH IPYINHU JJIs HABYAHHS HEHPOHUX
Mepex
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Haiikpamoro oOpaHa Mopenp 0aratopiBHEBOTO TMEPCENTPOHA, IO Ma€
Haiimeniry BenuunHy nomuiku (0,013). Ha puc.2 nHaBemeHo apxiTekTypy i€l
MOJIENI.

O— —
/!
O— 7Z -
O
O— —
O— —

Pucynok 2 - ApxiTekTypa Mojeni 6araTopiBHEBOTO MepcenTpoHa

BukopucTtoByroun JgaHy MoOJ€Nb MOXHa 3pOOUTH MPOTHO3 OLIHKH PIBHS
(1HaHCOBOTO CTaHy MAaIIMHOOYAIBHOTO MIAMPUEMCTBA Ha MEPCHEKTUBY. Y Tadid. 1
HAaBEJICHO pe3yJbTaT Kiacu(ikalii 3 BUKOPUCTaHHAM 0araTOpPiBHEBOIO MEPCENTPOHA
U1 HOBUX BHITAJIKiB.

Tabmuns 1
Pesynbratu knacudikailii HOBUX BHUIIaKIB HA OCHOBI HEUpPOMEPEKEBOI MOIE1
T Buxigni Tun knacy 3a
Bxigni mani| T ME | T PDZ | T OP | T_FOT i wozemnio(T KLASS)
Input 0.8 0.8 0.8 0.8 Output KL2(necrifixui
(dhiHaHCOBHIA CTaH)
Input | 085 | 085 | 085 | 085 | Ouput | S-Anectiikui
(hiHAHCOBHIA CTaH)
Input 0.9 0.9 0.9 09 | oupur | L2uectiiiiuii
(i1HaHCOBHII CTaH)
Input | 095 | 095 | 095 | 095 | Ouput | SLA(nectifikuii
(i1HaHCOBHII CTaH)
KL4 (criiikuit

Input 1 1 1 1 Output ¢inaHCOBHII CcTaH)

KL3 (HopmanbHMit
¢biHaHCOBHII CTaH)
KL3 (HopmanbHMit
(biHaHCOBMII CTaH)

KL3 (HopmanbHMii
(biHaHCOBHII CcTaH)

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

KL3 (HopmanbHMit

Input 1,2 1,2 1,2 1,2 Output (inarcosuii cran)

BUCHOBKHA
Sk y BITUM3HAHIN, Tak 1 B 3apyODXKHIA MPaKTHUIl ICHY€E JOCHTh BEIUKA
KUIBKICTh MoJeNied [yisi aHamidy (IHAHCOBOTO CTaHy NIANPUEMCTB, ajle ix
BUKOPUCTAHHS Jla€ MOXJIMBICTH OTPUMAaTH TUIBKM OLIHKY CTaHy. AJieé IbOTO HE
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JOCTAaTHBO ISl YCHIIIHOTO (DYHKIIOHYBaHHS BUPOOHHUIITBA, OCKUIBKH MOTPIOHO HE
TUIBKM aHaJI3yBaTH pe3yJbTaTH poOOTH MIANPUEMCTBA, aje 1 3pOOUTH MPOTHO3
poOoTH Ha MaltOyTHE.

JIns ycHmimmHOi OIIHKKM POOOTH MIANPHEMCTBA 1 PO3pOOKH MPOTHO3Y Ha
MaiOyTHE B CTAaTTI IPOMOHYETHCSI BAKOPUCTAHHS HEMPOMEPEKEBUX TEXHOIOT1H.

3a nomomororo makera Statistica Neural Networks modymoBana Moiesns OIiHKH
1 IPOTHO3Y PiBHSA (PIHAHCOBOTO CTaHy MAIIMHOOY/IIBHOTO MiANPUEMCTBA HA IPUKIAT]
manux 3AT HKM3.

I3 3amporoHoBaHMX HeWpoMepexeBUX Mojenell Oyna oOpaHa MOJAECIb
OararopiBHEBOTO nepcenTpoHa (ii 3aCTOCYBaHHS 1a€ HAWMEHIITY TIOMIJIKY ITPOTHO3Y).
Bukopucranns maHoi Mojieni J03BOJUII0 Kiacu(diKyBaTH piBeHb (hIHAHCOBOTO CTaHy
HIANPUEMCTBA B 3JICKHOCTI BIJ PI3HMX 3HA4YeHb BXIJIHMX 3MIHHMX. B maHomy
BUIAJIKY BX1JH1 3MiHHI - Ha0Ip (p1HAHCOBUX MOKA3HHUKIB.

TakuM 4YMHOM, BUKOPUCTAHHS JaHOI MOJEINI JO3BOJIA€E HE TUIBKU OI[IHUTH
(p1HaHCOBUI CTaH MIANPUEMCTBA, ajie 1 CIIPOTHO3YBAaTH MOTO PIBEHb B 3aJIEKHOCTI BiJl
3Ha4YeHb (DIHAHCOBUX MOKA3HUKIB.
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Puc.2. JliarHocTuka MIIIKiB ITiJT 0O4nMa Puc.3. IlopiBHSAHHS CTYIIEHIB YE€PBOHYBATOCTI
oueit

e I'yOom, mo Bianosiznae cunosamocmi 2y6; NMOPIBHIOIOTHCS 3HAYEHHS KOMIIOHEHT
KOJIbOPY HOPMaJIbHUX Ta MocuHinux ry6. Iliguac anamizy Oyio BUSIBIEHO, IO
KOMITOHEHTa CHHIX T'y0 3aBXKIM MEHIIIA 32 CEPE/THE 3HAUYCHHS.

® 04i, 0 BIANOBIAAE Yep8oHy8amocmi oueli; JUIsl NIarHOCTUKUA YEPBOHYBATOCTI
00YHCITIOIOThCS 3HaueHHs kaHaimy b mpoctopy CIELAB koHOTO Oka OKpemMo
MO/TUICHI Ha KUTBKICTB TIKCEIIB ITi€] 03HAKH, PHC. 3.

e yce 00JMYYA, JUII BUABIICHHS HAOPSAKIB Ta aCUMETpii OOIMYYs; MPU A1arHOCTHUIII
HaaMIpHOI acuMeTpili oOauyus OyJi0 MPOBEJACHO MOIIYK HAsSBHOCTI acUMETpii
oued, pora Ta OpiB. AcuUMETpis BBaXAEThCS J1IAaTHOCTOBAHOW, SIKIIO
aCUMETPUYHUMHU € a00 od4i, ado poT, a00 OpoBH. J[JIs JIarHOCTUKKM aCUMETPii ouen
CIOYATKy MOTPiOHO JIOKaII3yBaTH iX Ha 300pa)KeHH1, puc. 4 a TOJIi 3a 3HAWICHUMU
KOHTYpaMH O4Yell BU3HAYAIOTHCA LIEHTPOIAM KOKHOTO 3 HUX 1 KyT MIX HUMHU. SIK
aNbTEPHATUBY MOKHA BHKOPHUCTOBYBAaTH PI3HHUII0 MDK Y-KOOPJMHATAMH.
3HaiiIeHu# KyT MOPIBHIOETHCS 3 L Ta O.

,m

a)

6)

Puc.4. [liarHocTrKa acuMeTpii pora Puc.5. [liarnocTrka acuMeTpii odei 1 Opis

JIst A1arHOCTUKUA acUMETPii poTa BiH JIOKATI3YEThCS Ha 300pakeHH1, pHUC.S, a OTIM
3HAXOJATHCS JIIBUWA HA MPAaBUM KyTHKH POTa 1 PI3HUL MK IXHIMU y-KOOpAMHATAMHU.
JUis  JlarHOCTHKM acuMeTpii OpiB cmoyaTKy TMOTpiOHO JIOKami3yBaTH iX Ha
300pak€HH1, a MOTIM BU3HAYUTH PI3HULIIO MIXK y-KOOpJAMHATAMU HaWBHUIIUX TOUYOK
KOKHOI1 3 OpiB, puc.4 0.
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1. Oco0,1MBOCTI MPAKTUYHOI peaJizauii aIropuTmy

4.1. AnanTaunisi mija KopucryBaya

J1J11 KOpEeKTHOT MOMNepeaHbOI 11arHOCTUKY BaXKJIMBUM € OPIEHTHUP HE TIIbKU HA
3arajibHy IIKajdy BIJXWJEHb, ajleé ¥ Ha KOpHUCTyBada. B KOXKHOI JIIOAMHU € CBOi
0COOJMBOCTI 30BHIIIHOCTI, SIKI HE OOOB’SI3KOBO € AHOMAJISIMM 1 TaKUM YHWHOM HE
MalTh OyTH JIarHOCTOBAHUMHU SIK BUAUMHH CHMITOM. 10OMY JOIJIBHOIO €
Moau(ikaiiss HaBEACHHX BHUIIE QJITOPUTMIB TiJ KopucTyBaua. KopucryBau
JO0OPOBUIFHO TPOXOAUTH 1HIIIAMI3AIi0, 3aBAaHTAXYIOYM CBOI (POTO OOIMUYS IS
J1arHOCTHUKH. SIKIIIO IporpamMa JiarHOCTYy€ SKHICh BUAUMHN CUMIITOM, TO IEPETUTAE
y KOpHCTyBada MpPO KOPEKTHICTh MJIarHOCTUKH. Y BUMNAAKY il HEKOPEKTHOCTI
BIJIMOBI/IHE TTOPOTOBE 3HAYCHHS MIarHOCTUKH Oyne MoaudiKoBaHE SK CEpeaHE
3HAUEHHS MOPOTOBOT0 3HAYEHHS Ta OOYHMCIEHOro. [3 OUIBIIOI KUIBKICTIO (OTO Ta
HEKOPEKTHUX JIarHOCTUK II€ CEepe/IHE 3HaueHHs Oyle cTaBaTH Bce OMK4Ye [0
HEOOX1THOTO i ycmimHo1 kiacudikaiii. OOYUCICHHS caMe CepeHOTO 3HAUCHHS
JI03BOJISIE YHUKHYTHU BEJIMKUX MOXUOOK IMPHU MOTPAIUISHHI aHOMAaJbHUX 3HaueHb. Ha
rpadiky (puc.6) MokHa OayuTH SIK TOKpalryeTbes kiacudikamis Qororpadiit 3
BIJICYTHIM BHJIMMHM CHUMIITOMOM MIIIKIB ITiJi O4YMMa 13 JIOJaBaHHSAM HOBHUX (DOTO.
IIpy npoMy [AiarHOCTMKA HASBHOTO CHUMITOMY HE TMOTIPIIYEThCS. AganTaiis
MIPOBOJIUTHCA [0 YCIX HENPaBWJIBHO KIACHU(PIKOBAHUX CHUMIITOMIB 13 aJTOPUTMIB
HAaBEJICHUX PaHIllIe, OKPIM aIrOPUTMY A1arHOCTUKH OIMYIIEHUX KYTHKIB POTA.

[ToxpateHHs IEpCOHAIBHOT J1arHOCTUKU

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

= K-CTb JOOaHUX )OTO
=== K-CTb KOPEKTHO KriacundikoBaHnx oOTO 3 MiLLlKamu nig,

o4mma K-cTb KOpPeKTHO knacudikoBaHmx ¢oto 6e3

Puc.6. I'padik mokpaieHHs MepcoOHAIBHOI TIarHOCTHUKU

4.2. llpakTu4yHi pekoMeHaamii

Ha ocHOBI BUSBICHHMX CHMIOTOMIB OOJUYYS MOKHA POOUTH TOMEPETHIO
JIarHOCTUKY 3aXBOPIOBaHb, MOPEKOMEHIYBABIIIM Ha 110 BapTO 3BEPHYTH yBary[29,
30, 31, 32, 33]. BusiBiaeH1 CHMOTOMH Ta MOKJIMB1 HEJyTH HaBeIeH1 y Taoiuin 1:

Cumnrom 3axBoproBaHHA
MIIIKH 1mig oYyuMa XpoHiuHa ayepris, TiNOoTepHO3, COHHE aIlHOE,
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3aXBOPIOBAHHS HUPOK, ypasKeHHSI
IMUTOMOAIOHOT  3aJ03W 31 3HIWKEHHIM 11

byHKIIT

CuHroBari ryou [lepeoxonoxeHHsl, LMaHO3, KpyIl, IpHU
BariTHOCTI — JediluT 3ajiza, XxBopoba cepist
a0bo nereHp

UepBonyBari oui AnepriuHuii  KOH IOKTHBIT, s3Ba POTOBHIIL,
CHHJIIPOM CyXOro OKa, 1H(EKIIHHUI KepaTwur,
oseapur, IHTOKCHKAITis, ayTOIMYyHHI
3axBoproBaHHs, Irput, [ PBI

Hapnmipaa acumerpist nuns [lepmra o3HaKa iHCYJIBTY, JTUIEBUN MapaTid

OnymieHi KyTUKH ryo Hemnpecis

Cyxi ry6wu, 110 J1ymarhscs 3HEBOJHEHHS, Jia0er, TMOpYyIIeHHS pPoOOTH
IIMTOBUAHOI 3a5103H, AediruT Bitamina B12 uun
3aiiza

3MiHa KOJIBOPY MIKipH (OJIiIICTh, TOKOBTIHHS) ~ AHEMisl, ypaKeHHS MCUiHKH, )KOBUHUX ILISXIB

[ToyepBOHIHHS 0OIAYYS [IpoGmemMu 3 TpaBieHHSAM (HAMpPUKIAA, TpU

1esniakii, HeTIepeHOCHUMOCTI TIIIOTEHY), aJIepTis,
€K3eMHM Ta po3allea.
Bunaninus 6piB Boruumniesa anoreris
Tab. 1. BignoBigHICTh CUMIITOMaM 3aXBOPIOBaHb

4.3. Ilporpamua peaJizanis

Jlyist mporpaMHOi peanizalili anropuTMiB OyJio BHUPINIEHO BUKOPUCTATH MOBY Python
Ta HasBHI Tam O10mioTeku. Jlokamizaiis oOMWMYYsl Ta KIIOYOBUX O3HAK OO0JIMYYS
B11I0yBa€ThCA 3 JOMOMOror 0i0mioTexku face recognition Ta HasBHUX TaM METOJIIB
face locations Tta face landmarks. Ilepmumii meTom moBepTa€E CIUCOK JIMII,
JIOKaJTi30BaHUX Ha (DOTO Ta TOUYKU MPSMOKYTHHUKA, B sIKE BIHCAHE JIOKAJII30BaHE JIUIIC.
Hpyruii Meroa NOBEpTAa€ CHHMCOK CJIOBHUKIB JIOKAJII30BaHUX YACTUH JUALA. Y
CJIOBHHKY € HasiBHI Taki O3HAaKHU: JiBa Ta mpasa OpoOBH, JiBe Ta MpaBe OKO, HIC, TyOu
ta migoopians [34]. Llg 6i6mioTeka MTO3BOJISIE 3 JIETKICTIO JIOKAII30ByBaTH YaCTHHU
obmyuss Ta € mpocTto anantoBaHoro Tia Android Studio 3aBasku TeXHOJIOTIT
Chaquopy.

Chaquopy — texHoJoris, sIKa J03BOJISIE HAUITPOCTIIINM CIIOCOOOM BHKOPHUCTOBYBATH
Python B nonatky mist Annpoin. Bona 3a0e3nedye kopucTyBadya BciMa HEOOXITHUMU
BKJIFOUEHHSIMHU KOMIOHEHTIB Python B nomarok mig AHapoin, B TOMY YUCIi:

1) TloBHa iHTerparlisi 3i CTaHIAPTHOIK cHUCTeMO 30ipku pimenns Gradle
Android Studio.

2) Ilpocri y Bukopuctanni API nns Bukimuky koxy Python 3 Java uu Kotlin un
HaBIIAKH.

3) Hlupoxwuii criekTp cropoHHiX nakeriB Python, Bkmouaroun SciPy, OpenCV,
TensorFlow, face recognition ta 6araro iHmux [35].

4.4. Pe3yJabTaTH poOOTH NPOrpaMu

Ha ronoBHi#i cTOpiHINI J0/AaTKy HAsBHI TpW KHOIKH: 1HIIiami3allii, JIarHOCTUKH Ta
npoOHOI J1arHOCTUKH. [Himiamizaimiss 03BOJISIE MiJIAIITYBaTH J1arHOCTUKY TIij
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0COOJIMBOCTI 30BHIIIHBOCTI KOXKHOI JIFOJMHU, TyAH MOXKHA 3arpykatu O0e3nid (oto
JUTSL  TIOKPAIIeHHS TOYHOCTI MIarHOCTHKU. Jlami momaTtok J03BOJIIE TPOBOIAUTH
MOMEpPEHIO JIarHOCTUKY 13 MOJU(PIKOBAHUMH IapaMeTpamMH, OTPUMaHUMHU 3
iHimamizami. Takox HasBHa (QyHKIS TPOOHOI J1arHOCTUKU 0€3 ypaxyBaHHS
0COOJIMBOCTEM KOHKPETHOI JIIOAMHU. B KOXXKHOMY MEHIO € KHONKH oOpaHHs (oTo,
MPOBEJCHHS J1arHOCTUKKM (0OYMCIIeHb), BUBEACHHS PE3yJIbTaTiB Ta KHOIKA Haz3ajl.
puc. 7.

imoee o IHoed®

MEANYHS ArNOCTHES MeAMYNE JarHoCTHS

AL LALR COLATS #OT0

L WA POMIATA ST HOCTIKY

TINOREA [R47 HOG THEA PEDIRIATH

AL

Puc. 7. PoOoTa nonatky: BUOIp CUMIITOMIB.

JIIarHOCTUKY MOHa MNPOBOAUTH 32 OKPEMUMHU MapamMeTpamH Micisl 4oro OyayTh
BUBEJICHI pe3ybTaTH Ta peKoMeHallli (puc. 8).

Meawaa QJarnnocTuka

Puc. 8. PoboTa nojaTky: pe3ysibTaT TiarHOCTHKH.
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BUCHOBKHA

VY po6oTi Oy10 pO3TASHYTO METOJI MEIUYHO1 T1arHOCTUKH, SIKMM 0a3yeThCsl Ha
CTBOPEHH1 3arajibHOi IIKajdd BIIXWIEHb. byJlo HaBelIeHO alropuTMH, $Ki He
noTpeOyIOTh BEIMKOr0 HAOOpY TPEHYBaJbHUX JaHUX MJis JIIaTHOCTHKUA BUIAMMHX
cUMITOMIB 00JMyus. JIOCTaTHbO BUCOKI MOKA3HUKU €(EKTHUBHOCTI BKa3ylOTh, IO
HaBITh 32 OOMEXEHOro Ha0Opy JaHUX MOKHA CTBOPUTU THYYKHH 1 aJanTUBHUN
MEXaHI3M [JIsl TIOCTABJICHOI 3a/layi. Y3araJbHEHHS CUMITOMIB HAJaJl0 MOXKIIUBICTb
MoNePEeAHBO1 JIarHOCTUKU BEJIMKOTO MEePesiiKy XBOpoO B OJIHIM mporpami.

Byno CTBOpEHO 3acCTOCYHOK, SIKMA JO3BOJISIE CIOCTEpIraTd 3a BUIANMHUMHU
3MiHAMU OO0JIHYYS. Byno 3aMPOTIOHOBAHO Op1€HTyBaTI/IC$I HE JIMINE Ha 3arajbHi
BJIACTUBOCTI CHMNTOMIB, TIPOTE€ 1 HA IHAWBIAyaldbHY CHEIU(DIKYy KOXHOTO
KOpUCTyBava. BeIeHHs] MEIUYHOTO MIOJCHHUKA O3BOJISE PO3IMIUPUTH MOMITHUBOCTI
MOTIePEAHBOI AIarHOCTUKH 1 aJaNTyBaTUCS 1] KOPUCTYBayva.

Pe3ynpTaT 1BOrO JOCHIJKEHHS MOXYTh OyTH 3aCTOCOBaHI SIK JOMOMIKHHMA
3aci0 Mpu METUYHIN M1arHOCTHUIN Ta SK CKJIaJioBa YaCTHHA CUCTEMHU JOTJISAY 3a
3I0pPOB’AM Ta JUIsl MiABUIICHHS €()eKTUBHOCTI MPOIIECY JIKYBaHHS.
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Vkpaina)

HEVMPOMEPEXEBE MOJEJIOBAHHA Y CEPEJOBHUIII MATLAB
NEURAL NETWORK TOOLBOX

3a donomoeor Matlab Neural Network Toolbox docnidoceno eniugy pexcumis pizanHs Ha
wopcmkicmos ~ 00poONeHOI  NOGepXHi  Npu  MOYIHHI  BUCOKOMIYHUX — KOHCMPYKYIUHUX 1
iHcmpymenmanvrux cmanetl. Ompumani 1iHilHI pecpecii MOOent08AHHSL Y HePOMEePediCL.

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.

Cuctema Matlab Neural Network Toolbox [1] Mae IHCTpyMEHTH IO
J03BOJISIIOTH BUPINIYBATH 3ajadl: anpoKCHUMAllli JaHWX, pO3Mi3HAaBaHHS 00pasis,
KjacTepu3alli Ta y 3ajadax dYacoBux psaiB. CucremMa Hajae MaKCUMalbHI
MO’KJIMBOCTI HAJIAIITYBAaHHS Ta KOHTPOJIIO MEpEXi B MpOIleci HaBYaHHs, caMe BOHA
ONTHUMAJIBHO MIAXOAUTH K CUCTEMA MPOTHO3YBaHHS JIaHUX.

VY Matlab Neural Network Toolbox BuKOHaH1 ITOCTiKEHHS TIPOIeCy 0OpoOKHU
BUCOKOMIIIHMX CTaJed 1HCTPYMEHTOM 13 MeETaJOKepaMiuHuX Oe3BOIb(pPaMOBUX
TBepaux crmaBiB  [2]. OOpoOka pe3ynbTaTiB  BUINPOOYBaHHSA  PI3IIB 3
BOJIL()PAMOBMICHUX TBEPAMX CIUIABIB 1 METAJIOKEpaMIYHUX TBEPAMX CIUIaBIB Ta
JOCIIKEHb BIUIMBY PEXUMIB PI3aHHS Ha MIOPCTKICTh OOpPOOJIEHOI MOBEPXHI HpPH
TOYIHHI BUCOKOMIITHUX KOHCTPYKUIMHHUX 1 IHCTPYMEHTAJIbHUX CTAJICH.

VY po6ori [2] dpakTopamu ekcriepuMeHTy OyJIi HACTYIIHI:

X1 — mBUAKICTH pi3aHHs, V, M/XB, piBHi: 120, 90, 60;

X 2 —mo310BXKHA nojava, S, MM/00, pisui: 0,1; 0,2; 0,3;

X3 — rmubuna pizanus, t, MM, pieai: 0,2; 0,6; 1,0;

X 4 - gac 06po6kwu, T, xB, pisHi: 10, 20, 30;

X5 — marepian pizaigbpHoro iHcrpymeHnry, M1, pisui: 0 (BOK-60), 1 (Cininir), 2
(BKS), 3 (T30K4);

X6 - ob6poOaroBanmii Matepian, M2, pieui: 0 (30XI'CA), 1 (BKC-210), 2
(X12M), 3 (V8A).

VY poboTi AOCHIIKYBAIUCA XAPAKTEPUCTUKH SKOCTI TEXHOJIOTIYHOTO IMPOLIECY
Y1 — 3HomyBaHHs pi3us MO 3aAHIN moBepxH1 (MM), Y2 — MIOPCTKICTH 00poOIeHOi
moBepXHi (MKM), 3aJ1€KHO BiJ] (haKTOPIB, 110 BILIMBAIOThH

Jnst oOpoOKM pe3yNbTaTiB JIOCHIKEHHs Oyja BUKOpPHCTaHa JBOLIApOBA
Mepexa TMpSMOTO 3B’SI3Ky 3 MPUXOBAHUMH CHUTMOIOAIOHUMHU HEWpOHAMH Ta
JTHIAHUMHA BUXIJTHUMH HeWipoHamu (puc. 1). Mepexka HaBuanacsi 3a ajaropuTMOM
3BOpOTHOTO mommupeHHs JleBen6epra-MapkBap/Ta, 10 CIPSIMOBaHUN HA BUPIIMICHHS
3a/1a4 MMpO HaWMEHIIN KBaJIpaTH.
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IOMMJIOK TIEPEBIPKU Ta TECTyBaHHS, SIK TIOKa3aHO HA HACTYITHOMY PUCYHKY:
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VY pesynbTaTi MOJENIOBaHHS OyJM OTpUMAaH1 JIiHIMHI perpecii MiX BHXOJaMH
Mepexi Ta BIANOBIAHUMHU HutsiMu. Ha puc. 3 nmokaszaHi pe3ybTaTu.
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BUCHOBOK
BukopucTaHHS ~ HEHPOMEpPEkKEBOTO  MOJCIIOBAHHS  JIO3BOJIIE  OTPUMATH
MaTeMaTH4YHI MOJENI MPU BEIMKIM 0a3l JaHUX, 110 CKJIAJHO 3pOOUTH 3BUYANHUMHU
METOIaMH.

CIIMCOK IMOCUJIAHDb

2. https://www.mathworks.com/support.html
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