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RESEARCH OF EFFICIENCY OF THE ARTIFICIAL NEURAL 
NETWORK AT LOW VOLUMES OF THE TRAINING SAMPLE 

A.A. Abrosimov1, A.E. Ryabov2, D.S. Vorontsov1, E.A. Makarova1,  
O.A. Malkova1  
1 Samara State Technical University 
 244, Molodogvardeyskaya st., Samara, 443100, Russian Federation 
 
2 Samara State Medical University 
 89, Chapaevskaya st, Samara, 443099, Russian Federation 

Abstract. The effectiveness of the binary artificial neural network at low volume of train-
ing samples was investigated. The studies were conducted with the MATLAB software’s 
Neural Network Toolbox module used for the classification task. Feed-forward artificial 
neural network was thoroughly studied. It was discovered, that the number of neurons in 
the inner layer in the range of changes had little effect on efficiency. The volume of train-
ing samples reduces efficiency when the value is very small. The influence the of the input 
training samples dimension on the efficiency was studied; the dimension was reduced from 
64 to 16 by eliminating a different set of input parameters. It is established that such 
changes have a different impact on efficiency, and under certain conditions, the efficiency 
increases. For a cascade binary network of feed forward propagation and a cascade binary 
network with reverse propagation of error, it was established that the efficiency changes 
slightly depending on the number of neurons in the hidden layer in the studied range. A 
two-layer cascade network with reverse error propagation with a certain combination of 
neurons has a higher efficiency compared to a single-layer one. The results allow us to out-
line ways to improve efficiency. 

Keywords: artificial neural network, efficiency, settings of a binary artificial neural net-
work, the dimension of the training sample, the size of the training sample, types of artifi-
cial neural network, diagnostics, sphygmography. 
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A.M. Vorontsova, E.Ya. Rapoport  
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Abstract. A statement and a method for solving the problem of optimal energy consump-
tion for the programmed control of the process of induction heating of metal semi-finished 
products before pressure treatment under the conditions of a given accuracy of uniform ap-
proximation of the resulting spatial distribution of the temperature field of the heated 
product to the desired state before subsequent plastic deformation operations are proposed. 
The proposed algorithm uses a special procedure for preliminary parameterization of con-
trol actions in the boundary value problem of the Pontryagin maximum principle and fur-
ther reduction to the semi-infinite optimization problem, which is solved using the alter-
nance method.  

Keywords: optimal control, alternance method, sequential parameterization procedure. 
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DEVELOPMENT OF METHODS FOR TEST OF AIR FLIGHT SAFETY 
SYSTEM 

A.A. Kulik  
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239, Bolshaya Sadovaya st., Saratov, 410005, Russian Federation  
 
E-mail: kulikalekse@yandex.ru 

Abstract. The paper provides a methodology for ground testing of an aircraft flight safety 
management system. The technique proposed by the author allows us to evaluate the oper-
ability of the software and hardware of the system in the normal mode of its operation, as 
well as in the conditions of failure of interacting equipment. Particular attention is paid to 
the  description  of  the  test  bench for  the  system,  which  contains  simulators  of  the  aircraft  
avionics complex and the model of the aircraft, which provides ground-based tests of the 
system under various operating conditions. The flight conditions of the aircraft and the 
condition of its on-board equipment are set by the operator of the ground test bench of the 
system using specialized software and auxiliary test hardware. In the process of testing, the 
input and output variables of the system are registered with their display at the operator's 
workplace. Using the registered variables, it is possible to evaluate the operability of the 
software and hardware of the aircraft flight safety management system. The presented 
methodology for ground tests of the aircraft flight safety control system can be applied in 
the process of developing systems of this class at the stage of their preliminary tests. 
                                                   
Aleksey A. Kulik (Ph.D. (Techn.)), Systems Engineer. 
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 0.5 ( 0.5 ). -

 1t  ( -
). 

 

 

 

. 5. , ,  
 0.5  [0, 1] 

 0,1, 2,3i : 
1 – ; 2 – ; 3 –  

 0.5; 4 –  0.5 
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.  
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 P  [0, ]t -
 

, 0
0

( , ) ( , ) , , 0,1,2, ,
t

i j i jP t P t d i j  

 0 ( , )jP t  –  
 –  (10) -

 (7). 
 (6)  

 [7] 
 Mathcad. . 6 -

-
 Mathcad -

 [0, ]t .  [7].  
,  1, 2, 3,  

 [2]. 
 

 
 

. 6.  L L -
  [0, ]t  
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. 
 

 (5),  (8) -
. -

 
 Mathcad  [0, ]t , 

. 7. 
 

 
 

. 7. L L -
  [0, ]t  

 
, -

 
 1, 1, 0.5, 0.5  8L  (  

[0,1], . . 1t ),  1P  ( -

), P  ( ), 0.5P  0.5P : 
 

1

0.500 0.250 0.125 0.000 0.063 0.000 0.000 0.000
-0.250 0.000 0.000 0.125 0.000 0.063 0.000 0.000
-0.125 0.000 0.000 0.000 0.000 0.000 0.063 0.000
0.000 -0.125 0.000 0.000 0.000 0.000 0.000 0.063
-0.063 0.000 0.000 0.000 0.000 0.000 0.P ,000 0.000
0.000 -0.063 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 -0.063 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 -0.063 0.000 0.000 0.000 0.000

 

 

 

1.000 -1.000 -1.000 1.000 -1.000 1.000 1.000 -1.000
1.000 3.000 -1.000 -3.000 -1.000 -3.000 1.000 3.000
1.000 -1.000 7.000 1.000 -1.000 1.000 -7.000 -1.000
1.000 3.000 -1.000 5.000 -1.000 -3.000 1.000 -5.000
1.000 -1.000 -1.000 1.000P ,15.000 1.000 1.000 -1.000
1.000 3.000 -1.000 -3.000 -1.000 13.000 1.000 3.000
1.000 -1.000 7.000 1.000 -1.000 1.000 9.000 -1.000
1.000 3.000 -1.000 5.000 -1.000 -3.000 1.000 11.000
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0.5

0.752 0.220 0.119 -0.037 0.063 -0.021 -0.015 0.011
-0.220 0.312 0.037 0.193 0.021 0.106 -0.011 -0.037
-0.119 0.037 0.203 -0.017 0.015 -0.011 0.144 0.008
-0.037 -0.193 0.017 0.238 0.011 0.037 -0.008 0.128
-0.063 0.021 0.015 -0.011P ,0.136 -0.008 -0.006 0.006
-0.021 -0.106 0.011 0.037 0.008 0.151 -0.006 -0.018
-0.015 0.011 -0.144 -0.008 0.006 -0.006 0.173 0.005
-0.011 -0.037 0.008 -0.128 0.006 0.018 -0.005 0.163

 

 0.5

1.128 -0.467 -0.359 0.302 -0.268 0.239 0.217 -0.210
0.467 2.063 -0.302 -0.963 -0.239 -0.746 0.210 0.638
0.359 -0.302 3.168 0.250 -0.217 0.210 -1.558 -0.196
0.302 0.963 -0.250 2.668 -0.210 -0.638 0.196 -1.167
0.268 -0.239 -0.217 0.P .210 4.664 0.184 0.177 -0.176
0.239 0.746 -0.210 -0.638 -0.184 4.295 0.176 0.529
0.217 -0.210 1.558 0.196 -0.177 0.176 3.602 -0.170
0.210 0.638 -0.196 1.167 -0.176 -0.529 0.170 3.943

 

-
 ( , -

): 
1 1 0.5 0.5 0.5 0.5

0.5 0.5 1 0.5 0.5

, ,

, .

P P P P E P P P P E

P P P P P P
 

 
 

 
 

-
 [20]: 

1
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1 2

4
1

5( ) ( ) sin
2
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t
1 , 1.2  0.5 ,  ( )1  – 

.  

2 ( )

0

( ) erfc ( ) ,dy e g
d

 

 
2 ( )

0

1( ) ( ) erfc ( ),
( )

y g e d g
 

 erfc( )  – 

. 
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 [7] . 

 25t  32L -
. 8. ,  

, . 
 

 L , -
 2 ([0,25])L , . -

 
1 2

4
2

3( ) ( ) sin
3
tg g e

t
1  4

3( ) ( )g g e  

1 22sin
4
t

t
1 . 

 
 

. 8. : 
1 – , 2 –  

,  L , 
, . 

 

 
, L 

 2 ([0,25])L  

1( ) ( )g g  2( ) ( )g g  3( ) ( )g g  

8 0.298636 0.287939 0.301620 

16 0.138283 0.133899 0.143383 

32 0.077422 0.078380 0.082436 

64 0.043715 0.052867 0.054000 

128 0.029693 0.043471 0.044680 
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ALGORITHMS AND SOFTWARE FOR CALCULATING 
THE SPECTRAL CHARACTERISTIC OF THE FRACTIONAL-ORDER 
INTEGRO-DIFFERENTIAL OPERATOR BY WALSH FUNCTIONS 
 
K.A. Rybakov, V.V. Rybin 
 
Moscow Aviation Institute (National Research University) 
4, Volokolamskoye hwy., Moscow, 125993, Russian Federation 
 
Abstract. The paper describes algorithms and software for calculating the spectral charac-
teristic of the fractional-order integro-differential operator by the orthonormal basis of 
Walsh functions applied in the spectral form of mathematical description of operating sys-
tems. Algorithms and programs for calculating the spectral characteristics of the fractional-
order integro-differential operator are formed by changing the basis using the correspond-
ing algorithms and programs for calculating the spectral characteristic of the fractional-
order integro-differential operator by the orthonormal basis of Haar functions. The paper 
contains not only the final result as algorithms and programs, but also gives a technique of 
deriving the necessary relationships in Mathcad for calculating the spectral characteristics, 
which can be applied to other orthonormal basis. Algorithms and software for calculating 
the spectral characteristics of the integro-differential operator can be used to solve different 
problems such as analysis, synthesis and identification of control systems whose mathe-
matical models are described by equations with fractional-order derivatives. The paper 
provides the necessary information about the spectral form of the mathematical description 
for control systems, the definition of the fractional-order integro-differential operator, as 
well as Haar and Walsh functions. The developed programs for Mathcad are given as 
source listings. The problem of solving the Abel integral equation is considered as an ex-
ample. The calculation results obtained by the spectral method with algorithms and soft-
ware for calculating the spectral characteristic of the fractional-order integro-differential 
operator by the orthonormal basis of Walsh functions correspond to the exact solution. 
 
Keywords: fractional-order integrals and derivatives, fractional-order integro-differential 
operator, spectral method, spectral characteristic, spectral form of mathematical descrip-
tion, Walsh functions, Haar functions. 
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4) IIPP (implementation of the initial purchase plan) – -
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Abstract. The paper presents the results of the analysis of different approaches to risk 
management in the production activities of enterprises, risk classifications. Several defini-
tions of the concept of risk, its types and assessment possibilities are considered. The for-
mation of production plans, as a system, is focused on the partners of the enterprise in the 
production chain, in particular, on the consumers of its products. Therefore, an important 
aspect is taking into account the customers interests, conditions and options for interaction 
with them, reputation and financial stability of the consumer. All this determines the de-
gree of reliability of the buyer as a partner in the planning of production for the enterprise. 
The importance of assessing the degree of reliability of consumers is emphasized by the 
fact that it is a factor that determines the direction and results of a comprehensive analysis 
of orders of the production enterprise, predetermines the development of possible alterna-
tive production plans, their choice, then-participates in the organization of production and 
sale of finished products to consumers. This view determined the most preferable classifi-
cation of risks, and as a priority direction in planning the portfolio of orders of the produc-
tion enterprise – the approach to the assessment of consumers in terms of reliability factors 
of interaction between them. As a result, the mechanism of multi-criteria evaluation of the 
production enterprise customers on the basis of hierarchy analysis method is proposed. 
Key reliability criteria, such as delays in payment of orders, payment terms, frequency and 
volume of purchases, financial stability of the consumer etc., were selected as criteria for 
comparing consumers and forming an aggregate reliability assessment of each of them, 
and a system for the formalized description of this assessment mechanism was developed. 
On the basis of the received estimates it is possible to define the most reliable and, conse-
quently, priority partners, and also to plan their share in the orders portfolio of the produc-
tion enterprise as a larger one in comparison with the others.  

Keywords: risks, system analysis, decision-making, consumer reliability, multi-criteria as-
sessment, hierarchy analysis method. 
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OPTIMAL CONTROL BY TRANSIENT MODE OF OPERATION 
OF INDUCTION HEATING INSTALLATIONS TO CRITERIA 
OF MAXIMUM HEATING ACCURACY 

Yu.A. Tychinina  
Samara State Technical University 
244, Molodogvardeyskaya st., Samara, 443100, Russian Federation 

Abstract. This paper presents the problem of optimal control of induction heating process 
of the metal billets to the next operation of pressure treatment. Proposed formulation and 
the method of solution of the problem of optimal control of start induction heating installa-
tion by criteria of maximum heating accuracy. The results and their analysis for the inves-
tigated models of induction heating process are given. It is shown that optimal control by 
the criterion of accuracy of heating converges to control in the steady state. The analysis of 
the temperature field by the volume of the heated workpiece in the process of optimal con-
trol of its average temperature during the initial start of the induction heater according to 
the above algorithms is presented. 

Keywords: optimal control, induction heating process, deformation, transient mode, typical 
quality criteria, maximum heating accuracy, object with distributed parameters, the uni-
formity of heating. 
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2  
 

2,1  1 HP 260 33 370 65 2,3 4 500 
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3,1  1 
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THE PROBLEM OF COMPUTER EQUIPMENT DISTRIBUTION USING 
AT THE MACHINE-BUILDING ENTERPRISE 

R.A. Uchaykin, S. P. Orlov  
Samara State Technical University 
244, Molodogvardeyskaya st., Samara, 443100, Russian Federation 

Abstract. The paper discusses the problem of the computer equipment distribution be-
tween units of a large engineering enterprise. It is shown that automated accounting of the 
state of a large number of computer facilities is essential for organizing effective resource 
management. In this case, it is necessary to develop optimal control algorithms for the 
computational problems distribution and related computer equipment. The task of optimal 
use of computer equipment in industrial enterprises is one of the most important in modern 
information technologies. This is due to the fact that the operation, maintenance and mod-
ernization of computing equipment require significant financial costs. The organizational 
structure of the space industry engineering company is considered. It is shown that a deci-
sive role for the efficient distribution of computational resources is keeping the whole 
range of tasks performed. The correspondence of the task’s types to the types of computer 
equipment and the production orientation of units is given. A system model of an evolving 
information system based on lattice algebraic models is described. It represents a complex 
of two models: structural and behavior models depending on the set of tasks being solved. 
The statement and solution of the problem of optimizing the computer technology distribu-
tion taking into account the types and configurations of computers is the main scientific re-
sult of the article. The problem of optimizing the of computer equipment distribution tak-
ing into account the computers types and configurations is formulated. The cost minimiza-
tion problem with the corresponding restrictions relates to discrete programming problems 
with Boolean variables. Constraint equations relate the distribution of tasks to units, as 
well as computer hardware parameters. A graph model of the variables relationship for the 
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discrete optimization problem is proposed. The results of experimental studies in the dis-
tribution of computer resources based on the solution of the optimization problem are con-
sidered. The proposed methodology allowed reducing the amount of purchased computer 
equipment and operating costs. 

Keywords: system analysis, automated control system, computer equipment, discrete op-
timization problem. 
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