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ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʠʭ ʨʦʙʽʪ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʠʭ ʩʪʫʧʝʥʽʚ ʜʦʢʪʦʨʘ ʽ ʢʘʥʜʠʜʘʪʘ ʥʘʫʢ"   

ʥʘʢʘʟʦʤ ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ ʚʽʜ 16.07.2018 ˉ775 (ʜʦʜʘʪʦʢ 7). 
 

ɿʘʪʚʝʨʜʞʝʥʠʡ ʜʦ ʜʨʫʢʫ ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦ  ʁʈʘʜʦ  ʁ ʍʘʨʢʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ (ʇʨʦʪʦʢʦʣ ˉ 2 ʚʽʜ 22 ʙʝʨʝʟʥʷ 2019 ʨ.). 
 

ʉʚʽʜʦʮʪʚʦ ʧʨʦ ʜʝʨʞʘʚʥʫ ʨʝʻʩʪʨʘʮʽʶ ʞʫʨʥʘʣʫ ʉʝʨʽʷ ʂɺ ˉ 22696-12596ʈ ʚʽʜ 04.05.2017 ʨ. 
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ʈɽɼɸʂʎɯʁʅɸ ʂʆʃɽɻɯʗ 

ɻʦʣʦʚʥʠʡ ʨʝʜʘʢʪʦʨ 

ɹʦʜʷʥʩʴʢʠʡ ɭʚʛʝʥʽʡ ɺʦʣʦʜʠʤʠʨʦʚʠʯ, 

ʜ-ʨ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 
 

ɺʽʜʧʦʚʽʜʘʣʴʥʠʡ ʩʝʢʨʝʪʘʨ 

ʂʦʚʘʣʝʥʢʦ ɸʥʜʨʽʡ ɸʥʘʪʦʣʽʡʦʚʠʯ  
ʜ-ʨ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

 

ʏʣʝʥʠ ʨʝʜʢʦʣʝʛʽʾ: 

ɸʨʪʶʭ ʈʦʤʘʥ ɺʦʣʦʜʠʤʠʨʦʚʠʯ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ; 
ɹʘʙʝʥʢʦ ɺʽʪʘʣʽʥʘ ʆʣʝʢʩʽʾʚʥʘ, ʜ-ʨ. ʝʢʦʥ. ʥʘʫʢ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, 

ʧʨʦʬʝʩʦʨ; 

ɹʝʟʢʦʨʦʚʘʡʥʠʡ ɺʦʣʦʜʠʤʠʨ ɺʘʣʝʥʪʠʥʦʚʠʯ, ʜ-ʨ. ʪʝʭʥ. ʥʘʫʢ, 
ʧʨʦʬʝʩʦʨ; 

ɻʦʧ̒̒ʥʢʦ ɺʽʢʪʦʨ, ʜ-ʨ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ (ʃʘʪʚʽʷ); 

ɿʘʡʮʝʚʘ ɭʣʻʥʘ, ʜ-ʨ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ (ʉʣʦʚʘʯʯʠʥʘ); 
ɿʘʯʢʦ ʆʣʝʛ ɹʦʛʜʘʥʦʚʠʯ, ʜ-ʨ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ; 

ʂʦʩʝʥʢʦ ɺʽʢʪʦʨ ɺʘʩʠʣʴʦʚʠʯ, ʜ-ʨ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ; 

ʂʦʩʪʽʥ ʖʨʽʡ ɼʤʠʪʨʦʚʠʯ, ʜ-ʨ. ʝʢʦʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ; 
ʃʝʤʝʰʢʦ ʆʣʝʢʩʘʥʜʨ ɺʽʪʘʣʽʡʦʚʠʯ, ʜ-ʨ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ; 

ʃʝʧʝʡʢʦ ʊʝʪʷʥʘ ɯʚʘʥʽʚʥʘ, ʜ-ʨ. ʝʢʦʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ; 

ʄʘʣʻʻʚʘ ʆʣʴʛʘ ɺʦʣʦʜʠʤʠʨʽʚʥʘ, ʜ-ʨ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ;  
ʄʦʤʦʪ ʊʝʪʷʥʘ ɺʘʣʝʨʽʾʚʥʘ, ʜ-ʨ. ʝʢʦʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ; 

ʅʘʟʘʨʦʚʘ ɻʘʣʠʥʘ ɺʘʣʝʥʪʠʥʽʚʥʘ, ʜ-ʨ. ʝʢʦʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ; 

ʅʝʚʣʶʜʦʚ ɯʛʦʨ ʐʘʢʠʨʦʚʠʯ, ʜ-ʨ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ; 
ʇʝʨʤʷʢʦʚ ʆʣʝʢʩʘʥʜʨ ɸʥʘʪʦʣʽʡʦʚʠʯ, ʜ-ʨ. ʪʝʭʥ. ʥʘʫʢ, 

ʧʨʦʬʝʩʦʨ; 

ʇʝʪʣʝʥʢʦʚ ɽʜʫʘʨʜ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ (ɽʩʪʦʥʽʷ); 
ʇʝʪʨʠʰʠʥ ʃʶʙʦʤʠʨ ɹʦʛʜʘʥʦʚʠʯ, ʜ-ʨ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

(ʇʦʣʴʱʘ); 

ʇʫʰʢʘʨ ʆʣʝʢʩʘʥʜʨ ɯʚʘʥʦʚʠʯ, ʜ-ʨ. ʝʢʦʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ;  
ʈʫʙʘʥ ɯʛʦʨ ɺʽʢʪʦʨʦʚʠʯ, ʜ-ʨ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ; 

ʉʝʪʣʘʢ ɻʘʣʠʥʘ, ʜ-ʨ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ (ʇʦʣʴʱʘ); 

ʉʝʤʝʥʝʮʴ ɺʘʣʝʨʽʡ ɺʘʩʠʣʴʦʚʠʯ, ʜ-ʨ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ; 
ʉʦʢʦʣʦʚʘ ʃʶʜʤʠʣʘ ɺʘʩʠʣʽʚʥʘ, ʜ-ʨ. ʝʢʦʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ; 

ʊʝʨʟʽʷʥ ɺʘʛʘʥ ʗʢʦʚʠʯ, ʜ-ʨ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ (ʌʽʥʣʷʥʜʽʷ); 

ʊʻʣʻʪʦʚ ʆʣʝʢʩʘʥʜʨ ʉʝʨʛʽʡʦʚʠʯ, ʜ-ʨ. ʝʢʦʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ; 
ʊʽʤʦʬʻʻʚ ɺʦʣʦʜʠʤʠʨ ʆʣʝʢʩʘʥʜʨʦʚʠʯ, ʜ-ʨ. ʪʝʭʥ. ʥʘʫʢ, 

ʧʨʦʬʝʩʦʨ; 
ʊʦʜʦʨʦʚ ʂʠʨʠʣ, ʜ-ʨ. ʝʢʦʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ (ɹʦʣʛʘʨʽʷ); 

ʌʽʣʘʪʦʚ ɺʘʣʝʥʪʠʥ ʆʣʝʢʩʘʥʜʨʦʚʠʯ, ʜ-ʨ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ; 

ʏʫʤʘʯʝʥʢʦ ɯʛʦʨ ɺʦʣʦʜʠʤʠʨʦʚʠʯ, ʜ-ʨ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ; 
ʏʫʭʨʘʡ ʅʘʪʘʣʽʷ ɯʚʘʥʽʚʥʘ, ʜ-ʨ. ʝʢʦʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ; 

ʗʩʪʨʝʤʩʴʢʘ ʆʣʝʥʘ ʄʠʢʦʣʘʾʚʥʘ, ʜ-ʨ. ʝʢʦʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ. 

 

ɿɸʉʅʆɺʅʀʂʀ 
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O. AKHIIEZER, O. DUNAIEVSKA , M. SHYSHKIN, O. BUTOVA, A. ROHOVYI 

USE OF TRIANGULAR MO DELS OF NON-STATIONARY PROCESSES IN 

MODELING  VARIABILITY OF HEART  RHYTHM  

The subject matter is a mathematical model describing the process of heart rhythm variability, which is based on the use of triangular 

models of non-stationary random processes in the Hilbert space. The goal of the research is to develop a mathematical model of non-

stationary processes of cardiac activity based on a triangular model. This research was the basis for the development of a Matlab 

model that implements the proposed method for analyzing heart rate variability. Tasks are: to give a description of the variability 

heart rate as a non-stationary process in Hilbert space in terms of correlation functions; to research the possibility of constructing a 

correlation and spectral theory of a non-stationary process using triangular models; to synthesize the mathematical model of 

nonstationary process on the basis of correlation theory for solving mathematical processing and forecasting tasks on the basis of ECG 

data. Using the proposed mathematical method, we implemented the Matlab model of a heart signal generator, which allowed us to 

synthesize an ECG with different variability parameters in noisy conditions. Methods of mathematical statistics, simulation modeling, 

theory of random processes and control theory are used in this work. Results of this research are as follows: 1) It has been shown that 

the new approach to the description of the HRV as a random process in the application of the triangular model in the Hilbert space 

made it possible to obtain expressions for the correlation function. 2) The imitation simulation showed the sensitivity of the method 

within the 5% error rate under the conditions of different types of influence on HRV. The qualitative assessment of the possibilities of 

the proposed models to generate artificial ECG provided the possibility of visual analysis by the cardiologist of the identity of the 

interpretation of real ECG records. The identities of modeling results were checked on time samples of electrocardiographs of 7 

patients from open PhysioNet cardiographic libraries on samples with the duration T = 10 s. 3) The standard low-frequency 

oscillations and "white noise" barrier are clearly differentiated on the applied correlation function by the distribution of spectral 

density power within the frequency range of 0,15ï0,3 Hz. Conclusion. The simulation results confirmed the correctness of the 

theoretical conclusions about the possibility of using models based on the representation of non-stationary processes in a triangular 

Hilbert space. 

Keywords: heart rhythm; non-stationary random process; electrocardio signal; correlation function; triangular model; 

simulation modeling. 

Introduction  

 

Currently, one of the topical problems of modern 

medicine is the development of new methods of 

mathematical analysis of the aggregate of quantitative 

characteristics, obtained as a result of registration of 

certain parameters and  that reflect the state of the human 

body. The need for development of this direction is 

dictated by the possibility of using the proposed 

mathematical approach to determine the availability and 

the degree of various pathological changes, to identify the 

early stages of the development of any disease. 

The basic information on the state of the systems, 

that regulate the heart rhythm, is enclosed in the 

"functions of the spread" of the parameters of the cardio 

signal. One of the methods for assessing the state of the 

mechanisms of regulation of physiological functions in the 

human body is the variability of the heart rhythm (VHR) 

[1]. In case of heart arrhythmia of different origins the use 

of special mathematical methods for the restoration of the 

stationarity of the  process under research or of specific 

analytical approaches is required [2ï4]. 

The structure of the heart rhythm includes not only 

oscillating components in the form of respiratory and non-

respiratory waves, but also non-periodic processes (so-

called fractal components). The origin of these 

components of the heart rhythm is associated with the 

multilevel and non-linear nature of the processes of 

regulation of the heart rhythm and the presence of 

transient processes. Thus, the rhythm of the heart is not a 

strictly stationary random process with ergodic  

properties [5]. 

 

At this time, there is no common methodology in 

which it is possible to analyze the properties of a  

non-stationary random process of any type, using its 

individual implementation. Therefore, stationary random 

processes are used to analyze non-stationary  

processes [6, 7]. This highlights the need for the 

development of special simulation methods, which can 

only be used for certain classes of non-stationary 

processes. 

Most often these random processes of heart rhythm 

are unique and can not be repeated under statistically 

similar conditions. One of the main issues is the study of 

non-stationary random processes that are considered as 

functions or sequences in the corresponding spaces, using 

triangular and universal models.Furthermore, the 

triangular models give the opportunity to construct some 

"elementary" non-stationary processes, and, with the help 

of universal models, to collect from them more  

general classes of non-stationary random functions or 

sequences [8]. 

The objectivity of the interpretation of the variability 

of the heart rhythm depends on the choice of optimal 

approaches to the mathematical processing of a numerical 

array in the form of which it appears. The urgency of the 

topic is determined by the need to improve the methods of 

studying the process of forming the heart  

rhythm and mathematical models that allow the synthesis 

of artificial electrocardiograms (ɽCG). The development 

of the method of generation of artificial 

electrocardiograms with variations of parameters under 

one or another random law. This will simulate the ECG 

with more informativity. 
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Analysis of literary data and problem statement 

 

The ECG signals can easily be described using three 

different approaches for any research such as: time 

domain, frequency domain, and frequency-time domain. 

The classic approach in electrocardiology is to use 

techniques for analyzing the time domain of the signal.As 

a rule, the ECG mathematical models are represented as a 

Fourier series [9], polynomial functions [10, 11] or by 

derivatives [12]. 

Such models determine the ECG value at any given 

time, often describing each segment or ECG deflection, 

but they are not always sufficient to describe all features 

of the ECG signal. In addition, due to a large number of 

variables, they are quite complex for further 

implementation. 

A more realistic form of cardiac signal is provided 

by models in which individual elements are approximated 

by Gaussian functions. The variants of description and 

approximation of an ECG signal with application of 

Gaussian pulse and piecewise-specified function have 

been considered inthe work[13]. 

The proposed mathematical models do not take into 

account the effect of internal and external perturbations on 

the heart rhythm, that limits their scope of application. 

Some authors use the ECG signal simulation in one-

dimensional and two-dimensional planes. The 

construction of a one-dimensional signal of its phase plane 

is considered in [14]. The application of this approach 

allows to analyze both the amplitude and the speed 

parameters of any elements of the ECG, and to detect 

deviations in them in comparison with the traditional 

analysis of the ECS in the time domain. Thereafter, this 

made it possible to approximate the ECG  with 

interpolation models described in the works [15, 16]. 

The similar approaches are used in a number of other 

works. In [17], the model based on the Fourier analysis of 

the phase plane obtained from two synchronized cardio 

signals was considered. In [18], the proposed method for 

describing the dynamic system of the cardio signal by 

constructing a three-dimensional phase space and 

equations describes the trajectory of the motion of points 

in this space. 

However, such interpolation models do not take into 

account the physical and biological features of the 

pathological states of humain cardiovascular and 

respiratory systems. 

The systematization of the results of the above-

mentioned studies of the time domain suggests that the 

existing mathematical models allow to synthesize the 

cardio signal of a realistic form, considering it to be 

stationary.  

For cases of non-stationary signals, which is a cardio 

signal, two approaches are used. First, the local Fourier 

transformation, which is a traditional one, it results in a 

frequency spectrum of the signal. In this case, the non-

stationary signal, as with the stationary, is pre-divided into 

segments (windows) whose statistics do not change over 

time. The disadvantage of the Fourier transformation is 

that frequency components can not be localized over time, 

that is why it is sometimes impossible to get exhaustive 

signal information.The second approach is a wavelet 

transformation. In this case, the non-stationary signal is 

analyzed by decomposition of the basic functions obtained 

from a certain prototype by compression, stretching and 

shifts [19]. 

In cases where the heart rhythm is significantly non-

stationary, that may be due to random effects, the  

most appropriate is the use of correlation analysis  

methods [4]. 

In this article we propose to use another approach, 

which is to consider the random process as a curve in a 

special Hilbert space. [6, 7]. This approach was used in 

the simulation modeling of non-stationary random 

processes in the technique [20]. 

The study of random scalar processes as 

mathematical objects of a rather complicated nature 

essentially reduces to the application of already regular 

functions. This allows the use of a well-designed 

functional analysis apparatus, in particular the theory of 

functional analysis and triangular models [21], for 

constructing a correlation and spectral theory of non-

stationary random processes. The essence of the  

proposed transformation is the variability of 

cardiointervals as a random variable. With this approach, 

the correlation function of the dynamic  

series of cardiointervals for the ideal ECG and the  

one that is changed by this or that random process is 

determined. 

Given that the cardio signals include deterministic, 

stochastic and chaotic components, this approach can be 

used for the analysis and modeling of heart activity 

processes. 

The changing of the heart activity state in functional 

samples can be monitored visually or automatically using 

appropriate algorithms that take into account the non-

stationarity and the non-linearity of the process. The ECG 

analysis can have an independent diagnostic and 

prognostic value. In practice, the repetition of samples is 

not always possible. Therefore, there is reason to believe 

that it is important to build a mathematical model of non-

stationary process of heartactivity, it will allow the 

simulation modeling of behavior of the heart in a variety 

of influences, leading to significant variations in its 

monitored parameter.  

 

Purpose and objectives of the research 

 

The purpose of the work is to develop a 

mathematical model of non-stationary processes of heart 

activity based on a triangular model. 

To achieve this goal the following tasks were solved: 

- give the description of the variability of the heart 

rhythm as a non-stationary process in the Hilbert space in 

terms of correlation functions; 

- to study the possibility of constructing a correlation 

and spectral theory of a non-stationary process using 

triangular models for this;  

- to construct a mathematical model of a non-

stationary process based on the correlation theory for 

solving mathematical processing and prediction tasks 

based on ECG data. 
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Materials and methods for studying the variability of 

the heart rhythm. Study of the random process in the 

Hilbert space 

 

The methods of mathematical statistics, simulation 

modeling, theory of random processes and control theory 

are used in this work. 

The proposed method of using a triangular model 

may be used in cases when on the background of 

monotony of the rhythm there are sudden violations due to 

recording defects, to the appearance of various noises or 

to the occurrence of various types of arrhythmias, that can 

be represented as random processes. 

Since the correlation function K (t, s) is the kernel, 

which determines the random process ɝ (t) as a curve in 

the Hilbert space, the characteristic properties ɝ (t) are 

found in the properties of the function K (t, s). The 

stochastic process ɝ (t) generated by the Cauchy problem 

is considered in this paper: 
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With certain restrictions on operator A (t), which is 

convenient to formulate in terms of K (t, s), it is possible 

to analyze the random process ɝ(t). In applied problems 

they arrive, more often, to partial differential equations for 

the correlation function K(t, s). In this connection, the 

classes of non-stationary evolutionarily depicted random 

processes generated by the equations for correlation 

functions are of interest, while non-linear evolution 

operator equations are obtained for the operator A (t). The 

solution of these equations explicitly gives the possibility 

to obtain new spectral solutions of some classes of non-

stationary random curves. 

Since the random process ɝ(t) in the Hilbert space 

Hx, then 

 ( ) (0)iAtt ex x= , (2) 

so any stationary curve in this space has a represantation 

(2), where A is a self-connected unbounded operator  

[6, 22]. 

Suppose K (t, s) satisfies the equation 
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For the ermitian integral of the function K (t, s) we 

assume that the operator has form A(t) = iA. From the 

definition for the correlation function K (t, s) [6, 22] and 

expression (2) for the random process ɝ (t) we have: 

2

2

2

( ), ( )

( )
( ) ( ), ( )

t s

tK dA t
A t t s

t t dt

x x

x x

åµ õ
µæ ö

µµ å õç ÷
= = +æ ö

µ µ ç ÷
, (4) 

 

2

2

2

( )
( ), ( ) ( ) .

K dA s
t A s s

s ds
x x

µ å õ
= +æ ö

µ ç ÷
 (5) 

Then we get the ratio 
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Or 

( ) ( ), ( ) ( ), ( ) ( )B t t s t B s sx x x x= , 

where 2( ) ( )
dA

B t A t
dt
= + , which does not depend on t, 

from the ratio (6) we get self-adjoint operator B = B*, and 

for A(t) Riccati operator equation [23]: 

 2dA
A B

dt
+ = . (7) 

Taking into account the previous assumptions, for 

the random process ɝ (t) we have a differential equation of 

second order with a constant operator coefficient: 

( ) ( ) 2
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If you use the spectral decomposition and look for a 

solution of equation (7) in the form of 

 ( , )A t dElf l
+¤

-¤

=ñ , (9) 

then for the function ű we obtain Riccati scalar equation, 

the solution of which is a function which depend from the 

spectrum of the operator the following form 

( , ) tht tf l l l=  and, so 

 ( ) thA t tdEll l
+¤

-¤

=ñ , (10)  

and for the random process ɝ(t) from the equation (8) we 

get the spectral expression 

 ( ) ch ( )t tdx l z l
+¤

-¤

=ñ , (11) 

where 
0

( )d dElV l x= , that is ɕ(t) ï the standard curve in 

space H with orthogonal increments. 

From the ratio (9) we have representation for the 

correlation function K(t, s): 

If the operator B(t) Ó 0 in equation (8), then

[ )0,lÍ +¤ 

 ( ) ( )
0

1
( , ) ch ch ( )

2
K t s t s t s dFl l l

+¤

è ø= - + +ñê ú
. (12) 

If the operator B(t) Ò 0, then ( ],0lÍ -¤  

( ) ( )
0

1
( , ) cos cos ( )

2
K t s t s t s dFl l l

+¤

è ø= - + +ñê ú
, (13) 

where ( ) ( )( ) ( ), ( )F l z l l z l z l l z lD = +D - +D -; 

( ) ( )F Fl l=- -. 

It should be determined that from the ratio (11), the 

random process ɝ(t) can be represented as the sum of two 



 ISSN 2522-9818 (print) 

ISSN 2524-2296 (online) Innovative technologies and scientific solutions for industries. 2019. No. 1 (7) 

  

8 

orthogonal random processes where (1) (2)( ) ( ) ( )t t tx x x= + , 

(1)

1
0

( ) ch ( )t tdx l z l
+¤

=ñ , (2)

2
0

( ) ch ( )t tdx l z l
+¤

=ñ . 

Then, the correlation functions K(j)(t, s), (j = 1, 2) 

are as follows (12) and (13) and 

() ()1 2
, 0z l z l= , ʜʝ [ )0,lÍ +¤. 

As an example, the case was considered when the 

operator has the following form: 

 

1 1

1 2

1 2

0

0

0

i i

A i i

i i

w w

w w

w w

å õ
æ ö
= -æ ö
æ ö- -ç ÷

, (14) 

where 1
w , 2

w  ï some constant values, and  

{ }1 2 3
( ) ( ), ( ), ( )t f t f t f tx =  ï three-dimensional vector in 

2spacel . The coordinates ( ), ( 1, 2, 3)
j

f t j =  satisfy the 

following system of equations: 

 

( )1

1 1 3

2

1 1 2 3

3

1 1 2 2

df
f f

dt

df
f f

dt

df
f f

dt

w

w w

w w

ë
=- +î

î
î

= -ì
î
î

= +î
í

. (15) 

Then we have a matrix representation of the 

expression 
d

i A
dt

x
x- = Ö, the solution of which is a 

random process of appearance (2). 

Since the operator A (t) does not depend on t, then 

for the operator B (t) we obtain the following form: 

 

2

1 1 2 1 2

2 2 2

1 2 1 2 1

2 2 2

1 2 1 1 2

2

( )B t

w ww ww

ww w w w

ww w w w

å õ-
æ ö
= +æ ö
æ ö- +ç ÷

. (16) 

The random process ɝ (t) set by the system (15) and 

the operator B (t) satisfy the equation (8). 

If you enter coordinates 1( ) ( )f t y t= , 2
( ) ( )f t y t= , 

3
( ) ( )f t tn= , where ɜ(t) ï "White noise", that is, 

oscillation with any frequencies and phases [24], and give 

the following value to the constants 2

1

1
2

T

T
w= , 

2 2

1 2

2

T T
w = , where 1

T , 2
T  ï some time constants of the 

dynamic link, then the differentiation of the first line and 

the substitution in it from the second and third lines of the 

system (15) gives the equation 

2 2 2 2

2 2 2 2 2 2

1 1 1 2 1 1 1 2

2 2
( ) ( ) ( ) ( ) ( ).

2 2 2 2

T T T T
y t y t t y t y t

T T T T T T T T
n=- + Ö - - Ö  

2

1 2
( ) ( ) ( ) ( )T y t T y t y t tn+ + = , 

which defines the differential equation of the dynamic link 

of the second order, the correlation function of the random 

process y (t) is given by the formula (13). 

In this case, for the operator A in the expression (2) 

of the random process ɝ (t), the condition holds
* ,I A A g g- = ¶ , whereg ï channel operator vector A. 

After taking elemental calculations, we obtain that 

 ( )
2

*( , ) ( , ) ( ), ( )K t s K t s I A A t s
t s

x x
µ

- =- -
µµ

. (17) 

Since operator A is a quasionary operator of rank  

r = 1, then for formula (17) there is a representation 
2

( , ) ( , ) ( ) ( )K t s K t s t s
t s

f f
µ

- =-
µµ

, where 0
( ) ,itAt e gf x= . 

Using the expression of the matrix exponent of the 

linear bounded operator A [6, 22], we obtain that 

 , (18) 

( )
1

*( )f A I gl l
-

= - ,  

where ũ ï an arbitrary closed loop that covers the whole 

spectrum of the operator A. 

If the model space is implemented as a Hilbert space 

l2, the operator is given as follows: 

 
1

( )( ) ( ) ( )
N

k j k
j k

A f k f k i f jl b b
= +

= +ä  ( )1, .k N=  (19) 

Thus, the matrix expression for the operator has the 

form 

 

1 1 2 1

2
0

0 0

k

k

k

i i

i

A

l bb bb

b b

l

= . (20) 

If you choose in this space the basis { } :
1

k
h

k

¤

=
  

{ } { } { }1 2 2
1,0,0,... , 0,1,0,... ,.. 0,0,...0,10,... ,...h h h= = =  

Then the function ű(t) can be represented in the 

following form: 

 
ý
ü
û

í
ì
ë
-= ñä

¤

=

ll
p

j l dge
i

kft
k

c

ti

k

)(
2

1
)()(

1

0
# , (21) 

where
0 0
( ) ,

k
f k f h= , 

1

*( ) ,
k k

g A I g hl l

-

å õ
= -æ ö
ç ÷

. 

For further calculations, an expression for the 

resolvent of the operator is found *A . Considering 
1

*

*

( )

A

R A I g fl l

-

å õ
= - =æ ö
ç ÷

, we got 
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1

1
*

( )
k

jk

j
k jA

R
l lb

l
l l l l

-

=

-
= Ô
- -

. (22) 

For the function ( )
k

g l  the following formula is 

used (22): 

 
1 1

1 1

2Im
( )

k k
j jkk

k
j j

k j k j

g
l l l llb

l
l l l l l l l l

- -

= =

- -
= =Ô Ô
- - - -

. (23) 

Having added 

 l
ll

ll

ll
l

p

l de
i

t
k

j j

j

kc

ti

kk Ôñ
-

= -

-

-
-=L

1

1

1
Im2

2

1
)( , (24) 

we got 

 
0

1

( ) ( ) ( )
k

k

t k tf x
¤

=

= Lä .   (25) 

The formula (24) shows that the function ȿk (t) is 

uniquely constructed on the spectrum of the operator A, 

and ȿk (t) can be represented as 

 
,

1

( ) ( )
k i t

k k j
j

j
t P t e

l

=

L =ä , (26) 

where 
,

( )
k j

P t  ï a polynomial,the degree of which is one 

point less than the multiplicity of the eigenvalue 
j
l. 

Determination of the correlation function of the 

random process 

If the random process has the following look: 

 
0

( )
i t

t e
l

x x= , (27) 

where the average value of ɝ is zero, and 0
l is a real 

constant ( )0 0
l l= . 

Such process describes the periodic oscillation of the 

circular frequency 0
l with a random amplitude and a 

random phase. In this case 

 ( ) ( )1 0 2 0 1 0 2 0
( ) cos sin sin cost t t i t tx x x l x l x l x l= + + - , (28) 

where 1 2
ix x x= - Ö. 

The actual part of each implementation can be 

represented by a sinusoidal of the following form 

0
( ) sin( )t a th l q= + , where 2 2

1 2
a x x= + , 

1

2 2

1 2

sin
x

q
x x

=
+

, 2

2 2

1 2

cos
x

q
x x

=
+

, with a and ɗ 

varying from implementation to implementation. 

For this case let's consider the model space 2l , and 

the operator A  in the form of: 
0

At tl= . This is a case for 

an operator with a discrete spectrum and, by the 

expression (26), the ȿ-function has the formof

0
0( )

i t
t p e

l
L = , where 0

p  ï constant value. Then for ű(t) 

we will get the following expression 

0 0 0
0 0( )

i t i t
t c p e e

l lf z= = . 

Since Im 0A=  and the operator A  has 

completeness, in this case it is a dissipative asymptotically 

fading process, whose correlation function can be found 

by the following formula 

 ( )0( , )
i t s

K t s be
l-

= , (29) 

where b is the mathematical expectation of the square of 

the amplitude, proportional to the mean energy of the 

oscillation per unit time.  

It should be noted that the correlation function does 

not depend on the statistical characteristics of the phase of 

oscillation. It is obviously possible to show that any 

stationary process can be obtained as a boundary of the 

sequence of processes with a discrete spectrum. Thus, 

each random process ɝ(t) can be arbitrarily well 

approximated by a linear combination of harmonic 

oscillations. The random stationary processes of general 

form are obtained by considering the linear combinations 

of the processes of the type (27). 

Having considered the processes that are the 

superposition of n-random periodic oscillations with 

different frequencies 

 
1

( )
n

i t

k
k

kt e
lx x

=

=ä , (30) 

where M ɝ1= M ɝ2 =é= M ɝn=0, taking into account that 

M ɝ(t) = 0, we have 

 

( )

( ) ( )( )

2

1

, 1

( ) ( )

.

n
i

k
k

n
i t i i t i

k m
k m
k m

k

k m k k m k

M t t M e

M e e

l t

l l l t l l l t

x t x x

x x

=

- + - - +

=
¸

+ = +ä

+ +ä
 (31) 

In order for the random process (30) to be stationary 

in the narrow sense, it is necessary that the last expression 

(31) does not depend on t. As the functions 
( )i tk me
l l-

 ʽ
( )i tk me
l l- -

 (k Í m) are linearly independent, there fore, this 

expression does not depend on t, in case if 0
k m

Mx x= , 

with k Í m. 

Thus, the random process (30) will be stationary, if 

( )1,
k

k nx =  ï are uncorrelated random variables with 

value of zero. Consequently, ɝ(t) describes the 

superposition n of non-correlated (in particular, 

independent) oscillations with different frequencies and 

random amplitudes and phases. 

Since the correlation function of the sum of 

uncorrelated random processes is equal to the sum of the 

correlation functions of these processes, then by virtue of 

expression (29) for the correlation function of the 

stationary random process (30) we have 

 ( )

1

( )
n

i t s

k
k

kK t s b e
l -

=

- =ä , (32) 

where the coefficients kb  > 0 determine the average energy 

of the individual harmonic oscillations included in the 

expression (30), and ɚ ï multitude { }
1

n

k k
l

=
 in this case, is 
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the spectrum of a random process. Considering in equality 

(32) t ï s = 0, we have 

 
1

(0)
n

k
k

K b
=

=ä . (33) 

Thus, in the case of superpositions of the periodic 

oscillations with uncorrelated amplitudes the middle 

energy of the cardio pulse equals the sum of the energies 

of certain periodic components. 

In order for the process (30) to be valid, the number 

n is to be pair (equal 2n) and 2j summands (30), must fall 

into j pairs of complex additions. In this case  

the random process ɝ(t) can be represented in the 

following form: 

 ( )
1

( ) sin
j

l l l
l

t a tx l q
=

= +ä , (34) 

where taking into account (28) 0
k

Mhz=  at all index 

valuesk, land 0
k l k l

M Mhh z z= =a k
t  Í l, ʘ

2 2

l l l
M M bh z= = , 

2 2
sin l

l

l l

h
q

h z
=

+
, 

2 2
cos l

l

l l

z
q

h z
=

+
, 

2 2

l l l
a h z= + , ( )1,l n= . 

The correlation function (32) taking into account the 

variable Ű = t ï s can be represented as: 

 
1

( ) cos
j

l l
l

K bt lt
=

=ä . (35) 

The obtained theoretical conclusions provide the 

basis for further simulation modeling.  

 

Results of mathematical modeling of heart rhythm 

variability  

 

A computer simulation modeling method for heart 

rhythm variability has been developed on the basis of the 

mathematical model of the correlation function of the  

non-stationary random process with a discrete spectrum. 

A series of simulation experiments has been conducted to 

confirm and statistically substantiate the adequacy of the 

developed model. The heart rhythm system is a dynamic 

system. The dynamics of heart rhythm changes is 

constantly influenced by the central nervous system 

(CNS) and the vegetative-vascular system (VVS), 

respiratory oscillations, blood oxygen saturation  

and other characteristics [25]. The HRV signal can be 

represented as a periodic curve formed by a common 

overlay of high-frequency and low-frequency  

oscillations.  

If we assume that the input of the system simulating 

the cardio signal is "white noise", then there is an 

occasional process at the output reflecting the variability 

of the heart rhythm. 

Each implementationXɜ(t) of the random process ɝ(t) 

can be represented as follows: 

 
1 2

( ) ( ) ( )v v

v
X t Y t Y t= + , (36) 

 
1 0

( )v vY t a= , ( )
10

2
1

( ) sin ,v v v

w
Y t a t w

w

w q
=

= +ä  (37) 

where 
1

( )vY t  ï an occasional process that is a particular 

case of a random stochastic process with the value t = 0, 

2
( )vY t  ï random process, and 

v

wq  ï initial phases. It is 

proved that the correlation function of the stochastic 

process ( )
v

X t  has the following form: 

 
102 2

( ) 0 0
1

( ) 2 cosv v

X tv
K a a t

w

t p w
=

= +ä . (38) 

In [8] the connection between the correlation 

function KX(Ű) of the random process ɝ(t) and its spectral 

density is considered SX(ɤ). It is shown that the spectral 

density SX(ɤ) is equal to the square of the amplitude-

frequency characteristic of the link or system. 

Using the mathematical model of heart rhythm 

variability, presented in [25], with slight simplifications, 

when simulating you should take into account the low-

frequency oscillations of the central nervous system to the 

sinus node and oscillatory behavior of blood pressure. 

Thus, the transfer function of the forming dynamic 

system of cardiac pressure, which transforms the "white 

noise" ɜ(t) into a random process ɝ(t), can be represented 

 
( )( )2 2 2 2

11 12 21 22

( )
1 1

k
W p

T p T T p T
=

+ + + +
, (39) 

the spectral density has an analytical form 

 

( ) ( )

2

2 2
2 2 2 2 2 2 2 2

11 12 21 22

( )
1 1

X

k
S p

T T T Tw w w w
=
è øè ø- + - +
ê úê ú

. (40) 

The result of the simulation of the influence of 

random processes on the character of the VHR is 

presented as a series of two vibrational dynamic links with 

transmitting functions 
( )

1 2 2

11 12

( )
1

k
W p

T p T
=

+ +
; 

( )
2 2 2

21 22

1
( )

1
W p

T p T
=

+ +
, equations of which are written 

in the form of: 

 

2

11 12

2

21 22

( ) ( ) ( ) ( );

( ) ( ) ( ) ( ).

T y t T y t y t k t

T X t T X t X t y t

në + + =î
ì

+ + =îí

 (41) 

In the normal form the Cauchy system (41) looks 

like: 

 

1 2

12

2 1 22 2 2

11 11 11

3 4

22

4 3 4 12 2 2

21 21 21

( ) ( );

1
( ) ( ) ( ) ( );

( ) ( );

1
( ) ( ) ( ) ( )

x t x t

T k
x t x t x t t

T T T

x t x t

T k
x t x t x t x t

T T T

n

=ë
î
î =- - +
îî
ì

=î
î

=- - +î
îí

, (42) 

where 1
( ) ( )x t y t= , 2

( ) ( )x t y t= , 3
( ) ( )x t X t= , 

4
( ) ( )x t X t= . 

The solution of the system (42) uses the Runge-Kutta 

method [18, 22]. This method has a high degree of 
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accuracy and, despite its complexity, is the most suitable 

for algorithmization. In addition, the important advantage 

of this method is the possibility of applying an "alternate 

step". 

The simulation of heart rhythm variability was 

performed in Simulink / Matlab software using Runge-

Kutta 4th order method with variable step of integration. 

The initial data were obtained by digitizing the real 

ECG of seven patients from open PhysioNet cardiographic 

libraries [26]. The simulation was carried out on samples 

of duration T = 10 s.  

The temporary indices of artificial ECG series, 

generated using the developed mathematical model [27], 

are comparable to those of real ECG series with the same 

spectral characteristics, therefore the obtained  

models on this criterion can be considered substantial and 

adequate. 

The fig. 1 shows the synthesized ECG signals and 

signal-noise functions: red lines - basic ECG signal, blue 

lines - random signal. 

According to fig. 1 and taking into account the 

conclusions of Section 4, the correlation functions 

obtained (fig. 2) and the spectral density power 

distribution functions (fig. 3). 

Correlation functions for ECG signals, 

corresponding fig. 1, pictured on fig. 2. 

 

                                                                                                             a 

 

                                                                                                             b 

 

                                                                                                             c 

Fig. 1. Synthesized ECG signals and signal-noise functions: a - basic ECG signal excluding HRV and noise; b - ECG signal with a 

change in cardiac rhythm in random law; c - ECG signal with the addition of perturbation of the type of "white noise" 

  

                                                        a                                                                                                           b 

  

                                                                                                            c 

Fig. 2. Correlation functions for ECG signals 
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                                                  ʘ                                                                                                          b 

 

                                                                                                          c 

Fig. 3. Distribution of spectral density power 

The developed simulation model allows to consider 

and to simulate a random process as a superposition of 

elementary random variables for confirmation of 

theoretical assumptions. 

 

Discussion of the results of the study of the 

influence of random processes on the variability of the 

heart rhythm.  

The obtained results of mathematical modeling 

indicate that the proposed method for studying non-

stationary random processes can be used to simulate 

random processes in cardio signals.  

As a result, correlation functions have been obtained 

for various random processes. Indeed, from the fig. 2, a 

the correlation function is periodic with the period of R-R 

interval, this allows to conclude that the correlation 

coefficients approach the maximum value at the moments 

of the R-deflections of the ECG. 

With the appearance of the variability of the heart 

rhythm, one can observe that the correlation function of 

fig. 2, b has both positive and negative peaks with 

oscillatory character of influence. This indicates the 

presence of components with frequencies of 0.17-0.3 Hz, 

reflecting the influence of sympathetic and 

parasympathetic activity of the central nervous system. 

The analysis of the correlation function, obtained 

with the help of the triangular model, showed a high 

sensitivity, even at noisy areas of the ECG, and allowed to 

accurately identify the influence of both external and 

internal factors on the humain heart rhythm. 

It should be noted that during the modeling of the 

effect of "white noise" (10-4 W) it was found that it does 

not affect the distribution of power of spectral density. 

The obtained result  can be explained by the fact that its 

spectral density is a constant throughout the frequency 

range (fig. 3, b). The proposed method can be used when 

the spectrum of the analyzed signal has clearly expressed 

peaks. Indeed, in fig. 3, it is possible to observe the 

presence of both low-frequency and high-frequency 

sections in the distribution curve of the spectral density of 

the simulated signal. This indicates the sensitivity of the 

method in the analysis of the effects of both the 

sympathetic and parasympathetic CNS branches on the 

HRV. These parts correspond to the previous assumed 

availability of oscillation circuits with different steady 

time.  

The direction of further research may relate to a 

more detailed identification of the effects of random 

processes on HRV, as well as methods of hardware 

implementation of the determination of the parameters of 

the ECG [28]. 

The proposed method opens up additional 

possibilities for refinement and improvement of the 

model, bringing it to the level of the maximum full 

quantitative description of the experimental data. 

 

Conclusions 

 

1. It has been shown that the new approach to the 

description of the HRV as a random process in the 

application of the triangular model in the Hilbert space 

made it possible to obtain expressions for the correlation 

function. 

2. The imitation simulation showed the sensitivity of 

the method within the 5 % error rate under the conditions 

of different types of influence on HRV. The qualitative 

assessment of the possibilities of the proposed models to 

generate artificial ECG provided the possibility of visual 

analysis by the cardiologist of the identity of the 

interpretation of real ECG records. The identities of 

modeling results were checked on time samples of 

electrocardiographs of 7 patients from open PhysioNet 

cardiographic libraries on samples with the duration  

T = 10 s. 

3. The standard low-frequency oscillations and 

"white noise" barrier are clearly differentiated on the 

applied correlation function by the distribution of spectral 

density power within the frequency range of 0,15ï0,3 Hz. 
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ʜʣʷ ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ɽʂɻ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʝʪʦʜʫ ʙʫʣʘ ʨʝʘʣʽʟʦʚʘʥʘ ʤʦʜʝʣʴ Matlab ʛʝʥʝʨʘʪʦʨʘ ʩʝʨʮʝʚʦʛʦ ʩʠʛʥʘʣʫ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʩʠʥʪʝʟʫʚʘʪʠ ɽʂɻ ʟ 

ʨʽʟʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʽʥʣʠʚʦʩʪʽ ʚ ʫʤʦʚʘʭ ʰʫʤʫ. ʋ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʘʥʽ ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ, ʽʤʽʪʘʮʽʡʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʪʝʦʨʽʾ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ ʽ ʪʝʦʨʽʾ ʫʧʨʘʚʣʽʥʥʷ. ʈʝʟʫʣʴʪʘʪʠ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘʢʽ: 1) ɹʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ 

ʥʦʚʠʡ ʧʽʜʭʽʜ ʜʦ ʦʧʠʩʫ ɺʉʈ ʷʢ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʪʨʠʢʫʪʥʦʾ ʤʦʜʝʣʽ ʚ ʛʽʣʴʙʝʨʪʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʜʦʟʚʦʣʠʚ 

ʦʪʨʠʤʘʪʠ ʚʠʨʘʟʠ ʜʣʷ ʢʦʨʝʣʷʮʽʡʥʦʾ ʬʫʥʢʮʽʾ. 2) ɯʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʘʣʦ ʯʫʪʣʠʚʽʩʪʴ ʤʝʪʦʜʫ ʚ ʤʝʞʘʭ 5% ʧʦʤʠʣʦʢ ʚ 

ʫʤʦʚʘʭ ʨʽʟʥʠʭ ʪʠʧʽʚ ʚʧʣʠʚʫ ʥʘ ɺʉʈ. ʗʢʽʩʥʘ ʦʮʽʥʢʘ ʤʦʞʣʠʚʦʩʪʝʡ ʧʨʦʧʦʥʦʚʘʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʰʪʫʯʥʦʾ ɽʂɻ ʥʘʜʘʣʘ 

ʤʦʞʣʠʚʽʩʪʴ ʚʽʟʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʢʘʨʜʽʦʣʦʛʦʤ ʽʜʝʥʪʠʯʥʦʩʪʽ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʨʝʘʣʴʥʠʭ ʟʘʧʠʩʽʚ ɽʂɻ. ɯʜʝʥʪʠʯʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ 

ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʣʘ ʧʝʨʝʚʽʨʝʥʘ ʥʘ ʪʠʤʯʘʩʦʚʠʭ ʚʠʙʽʨʢʘʭ ʝʣʝʢʪʨʦʢʘʨʜʽʦʛʨʘʬʽʚ 7 ʧʘʮʽʻʥʪʽʚ ʟ ʚʽʜʢʨʠʪʠʭ ʢʘʨʜʽʦʛʨʘʬʽʯʥʠʭ 

ʙʽʙʣʽʦʪʝʢ PhysioNet ʥʘ ʚʠʙʽʨʢʘʭ ʪʨʠʚʘʣʽʩʪʶ T = 10 ʩ. 3) ʉʪʘʥʜʘʨʪʥʽ ʥʠʟʴʢʦʯʘʩʪʦʪʥʽ ʢʦʣʠʚʘʥʥʷ ʽ ʙʘʨ'ʻʨ "ʙʽʣʦʛʦ ʰʫʤʫ" ʯʽʪʢʦ 

ʜʠʬʝʨʝʥʮʽʶʶʪʴʩʷ ʟʘ ʟʘʩʪʦʩʦʚʫʚʘʥʦʶ ʢʦʨʝʣʷʮʽʡʥʦʾ ʬʫʥʢʮʽʾ ʟ ʨʦʟʧʦʜʽʣʫ ʧʦʪʫʞʥʦʩʪʽ ʩʧʝʢʪʨʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʚ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ 

0,15-0,3 ɻʮ. ɺʠʩʥʦʚʦʢ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʽʜʪʚʝʨʜʠʣʠ ʧʨʘʚʠʣʴʥʽʩʪʴ ʪʝʦʨʝʪʠʯʥʠʭ ʚʠʩʥʦʚʢʽʚ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʝʡ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʫʷʚʣʝʥʥʽ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʪʨʠʢʫʪʥʦʤʫ ʛʽʣʴʙʝʨʪʦʚʦʤʫ ʧʨʦʩʪʦʨʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʝʨʮʝʚʠʡ ʨʠʪʤ; ʥʝʩʪʘʮʽʦʥʘʨʥʠʡ ʚʠʧʘʜʢʦʚʠʡ ʧʨʦʮʝʩ; ʝʣʝʢʪʨʦʢʘʨʜʽʦʩʠʛʥʘʣ; ʢʦʨʝʣʷʮʽʡʥʘ ʬʫʥʢʮʽʷ; 

ʪʨʠʢʫʪʥʘ ʤʦʜʝʣʴ; ʽʤʠʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ. 

mailto:dunaevskaya.olga.khpi@gmail.com
mailto:m.shishkin1966@gmail.com
mailto:cherie_2812@gmail.com
mailto:rogoviy@ukr.net


                                                                                                                                                           ISSN 2522-9818 (print) 

ʉʫʯʘʩʥʠʡ ʩʪʘʥ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 2019. ˉ 1 (7)  ISSN 2524-2296 (online) 

  

15 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʊʈɽʋɻʆʃʔʅʓʍ ʄʆɼɽʃɽʁ ʅɽʉʊɸʎʀʆʅɸʈʅʓʍ 

ʇʈʆʎɽʉʉʆɺ ʇʈʀ ʄʆɼɽʃʀʈʆɺɸʅʀʀ ɺɸʈʀɸɹɽʃʔʅʆʉʊʀ ʉɽʈɼɽʏʅʆɻʆ 

ʈʀʊʄɸ 

ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ, ʦʧʠʩʳʚʘʶʱʫʶ ʧʨʦʮʝʩʩ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ 

ʨʠʪʤʘ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʣʝʞʠʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʝʫʛʦʣʴʥʳʭ ʤʦʜʝʣʝʡ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʩʣʫʯʘʡʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʛʠʣʴʙʝʨʪʦʚʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ. ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʨʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩʝʨʜʝʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʥʘ ʦʩʥʦʚʝ ʪʨʝʫʛʦʣʴʥʦʡ ʤʦʜʝʣʠ. ʕʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʘʣʦ ʦʩʥʦʚʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ Matlab ʤʦʜʝʣʠ, ʨʝʘʣʠʟʫʶʱʝʡ ʧʨʝʜʣʦʞʝʥʥʳʡ 

ʤʝʪʦʜ ʜʣʷ ʘʥʘʣʠʟʘ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ. ɿʘʜʘʯʠ: ʜʘʪʴ ʦʧʠʩʘʥʠʝ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʢʘʢ 

ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʛʠʣʴʙʝʨʪʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚ ʪʝʨʤʠʥʘʭ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʬʫʥʢʮʠʡ; ʠʩʩʣʝʜʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʩʪʨʦʝʥʠʷ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʠ ʩʧʝʢʪʨʘʣʴʥʦʡ ʪʝʦʨʠʠ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʝʫʛʦʣʴʥʳʭ ʤʦʜʝʣʝʡ; 

ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘ ʦʩʥʦʚʝ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʪʝʦʨʠʠ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʕʂɻ. ʉ ʧʦʤʦʱʴʶ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ 

ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʤʦʜʝʣʴ Matlab ʛʝʥʝʨʘʪʦʨʘ ʩʝʨʜʝʯʥʦʛʦ ʩʠʛʥʘʣʘ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʕʂɻ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʠʟʤʝʥʯʠʚʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʰʫʤʘ. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ, ʠʤʠʪʘʮʠʦʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʪʝʦʨʠʠ ʩʣʫʯʘʡʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʝʜʫʶʱʠʝ: 1) ɹʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʦʧʠʩʘʥʠʶ ɺʉʈ ʢʘʢ ʩʣʫʯʘʡʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʪʨʝʫʛʦʣʴʥʦʡ ʤʦʜʝʣʠ ʚ ʛʠʣʴʙʝʨʪʦʚʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʟʚʦʣʠʣ ʧʦʣʫʯʠʪʴ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ. 2) ʀʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʤʝʪʦʜʘ ʚ ʧʨʝʜʝʣʘʭ 5% ʦʰʠʙʦʢ ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʚʣʠʷʥʠʷ ʥʘ ɺʉʈ. ʂʘʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʝʜʣʘʛʘʝʤʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʕʂɻ ʧʨʝʜʦʩʪʘʚʠʣʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʠʟʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ʢʘʨʜʠʦʣʦʛʦʤ ʠʜʝʥʪʠʯʥʦʩʪʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʘʣʴʥʳʭ ʟʘʧʠʩʝʡ ʕʂɻ. ʀʜʝʥʪʠʯʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʘ 

ʧʨʦʚʝʨʝʥʘ ʥʘ ʚʨʝʤʝʥʥʳʭ ʚʳʙʦʨʢʘʭ ʵʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʬʦʚ 7 ʧʘʮʠʝʥʪʦʚ ʠʟ ʦʪʢʨʳʪʳʭ ʢʘʨʜʠʦʛʨʘʬʠʯʝʩʢʠʭ ʙʠʙʣʠʦʪʝʢ PhysioNet 

ʥʘ ʚʳʙʦʨʢʘʭ ʜʣʠʪʝʣʴʥʦʩʪʴʶ T = 10 ʩ. 3) ʉʪʘʥʜʘʨʪʥʳʝ ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʢʦʣʝʙʘʥʠʷ ʠ ʙʘʨʴʝʨ "ʙʝʣʦʛʦ ʰʫʤʘ" ʯʝʪʢʦ 

ʜʠʬʬʝʨʝʥʮʠʨʫʶʪʩʷ ʧʦ ʧʨʠʤʝʥʷʝʤʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʤʦʱʥʦʩʪʠ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ 

ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 0,15ï0,3 ɻʮ. ɿʘʢʣʶʯʝʥʠʝ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʜʪʚʝʨʜʠʣʠ ʧʨʘʚʠʣʴʥʦʩʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʚʳʚʦʜʦʚ ʦ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʜʝʣʝʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʪʨʝʫʛʦʣʴʥʦʤ 

ʛʠʣʴʙʝʨʪʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʝʨʜʝʯʥʳʡ ʨʠʪʤ; ʥʝʩʪʘʮʠʦʥʘʨʥʳʡ ʩʣʫʯʘʡʥʳʡ ʧʨʦʮʝʩʩ; ʵʣʝʢʪʨʦʢʘʨʜʠʦʩʠʛʥʘʣ; ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ 

ʬʫʥʢʮʠʷ; ʪʨʝʫʛʦʣʴʥʘʷ ʤʦʜʝʣʴ; ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 
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ONLINE FUZZY CLUSTERING OF HIGH D IMENSION DATA STREAM S BASED 

ON NEURAL NETWORK ENSEM BLES 

The subject matter of the article is fuzzy clustering of high-dimensional data based on the ensemble approach, provided that a number 

and shape of clusters are not known. The goal of the work is to create the neuro-fuzzy approach for clustering data when the data 

stream is fed for online processing and a number and shape of clusters are unknown. The following tasks are solved in the article - 

the input feature space is compressed in the online mode; the model of neural network ensembles for data clustering is built; the 

ensemble of neuro-fuzzy networks for clustering high-dimensional data is developed; the approach for clustering data in the online 

mode is worked out. The following results are obtained - the main idea of the proposed approach is based on a modification of the 

fuzzy C-means algorithm. To reduce the dimension of the input space, the modified Hebb-Sanger network is suggested to be used; 

this net is characterized by the increased speed and is built on the basis of the modified Oja neurons. A speed-optimized learning 

algorithm for the Oja neuron is proposed. Such a network implements the method of principal components in the online mode with 

high speed. Conclusions. In the event the reduction-compression procedure cannot be used due to the probability of losing the 

physical meaning of the original space, a new clustering criterion was introduced; this criterion contains both a well-known 

polynomial fuzzifier and the weighment of individual components of the deviations of presented images from cluster centroids. The 

recurrent modification based on the algorithms proposed in this article is introduced. A mathematical model is developed to determine 

the quality of clustering with the use of the Xi-Beni index, which was modified for the online mode. The experimental results confirm 

the fact that the proposed system enables solving a wide range of Data Mining tasks when data sets are processed online, provided 

that a number and shape of clusters are not known and there is a large number of observations as well. 

Keywords: clustering; fuzzy C-means method; sequential analysis of principal components; the ensemble of neuro-fuzzy 

networks; T. Kohonenôs neural network; self-learning. 

Introduction  

 

The task of multidimensional observations clustering 

when observations are sequentially fed to processing is an 

important area within Data Stream Mining, and for its 

solution a sufficiently large number of different methods 

have been proposed. The most popular approaches here 

are based on prototypes-centroids [1-4], in which  

K-means, K-medians, K-medoids, etc. can be used. It 

should be noted that clustering neural networks of  

T. Kohonen [5], are the best suited for processing 

information in the online mode. In this case, apriori it is 

assumed that the number of clusters into which the 

analyzed data array has to be divided is known in advance. 

If the number of clusters is not known apriori, the  

X-means method [6, 7], which is based on rather strict 

statistical assumptions, can be used. In addition, this 

method can be implemented only in batch mode. If the 

information for processing is received sequentially, the 

alternative based on clustering ensembles [8ï11] can be 

used as an X-means, with each of the members of the 

ensemble being designed for a different number of 

possible clusters. If T. Kohonen's neural networks  

(SOM) can be members of the ensemble, each of  

which operates in conditions of a different number of 

classes in the data, such a system can operate effectively 

in real time. 

Thus, if data sample is a set (possibly  

growing) () () () (){ }1 ,..., 2 ,..., ,..., ,... nX x x x k x N R= Ë , 

() () () ()( )1
,..., ,...,

T

i n
x k x k x k x k= , which is fed to the 

inputs of an ensemble formed by 1M-  parallel-

connected SOMs so that the first one works in conditions 

that the number of possible clusters in the data is 2m= , 

and the last assumes that m M= , the best results will be 

obtained using SOM with *2 m M¢ ¢  neurons in the 

Kohonen layer, where *m  determines the true number of 

classes in the sample under processing [12]. 

The situation becomes much more complicated if the 

formed clusters overlap in the features space. Such 

problems are solved using fuzzy clustering methods [4, 

13], the most popular of which is the fuzzy C-means 

algorithm (FCM). Fuzzy Kohonen`s clustering networks 

[14] can be successfully used to work in online mode. 

It should be remembered that the effectiveness of 

fuzzy clustering procedures is limited by the so-called 

concentration of norms effect ï CoN [15, 16], when the 

results are unsatisfactory at high dimensions of the 

features space. The simplest approach to deal the problem 

of high-dimension feature space is preliminary data 

compression in online-mode.  

 

Online data compression for reduction of initial 

feature space 

 

When dataset is fed to processing in the form of data 

stream, Principal Component Analysis cannot be used for 

reduction of initial feature space, so solving of data 

reduction task can be performed using neural network 

technologies [17-21]. A neural network based on Ojaôs 

neuron [17] and constructed on its base T.Sangerôs neural 

network [18] are the most popular systems that permit to 

perform the data reduction and information compressing  

sequentially in online mode.  

The neural network based on Ojaôs neuron  

permits to calculate in sequential mode eigen  

vectors of correlation matrix ()R k  when dataset in fed to 

processing sequentially () () () ( )1 , 2 ,..., , 1x x x k x k+  

without calculating of full correlation matrix. To find first 

principal component E. Oja proposed self-learning 

É Ye. Bodyanskiy, I. Perova, P. Zhernova, 2019 
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algorithm for linear neuron presented in fig. 1. For 

previously centered data Ojaôs algorithm can be written in 

the form: 

 

( ) ()

( ) ( ) ( ) ()( ) ( )

( ) ( ) () ()

() () ()

1 1

1 1 1

1 1 1

1 1

1

1 1 1 1 ;

1 1 ,    0 0,     

                                          1 1 0

T

T

w k w k

k x k k w k k

k x k w k w

x w

h j j

j

j

ë + = +
î
+ + + - + +î
ì

+ = + ¸î
î

=í

 (1) 

where ( )1kh +  ï learning rate parameter, its value must 

be chosen sufficiently small for stable algorithms work and 

needs to correspond to condition of stochastic 

approximation [22]. 

In such case neural network based on usual Ojaôs 

neurons characterized by low rate of convergency, thatôs 

why we have used modificated form of Sangerôs neural 

network [19]. This system is characterized by high speed 

of synaptic weights tuning. In fig. 2 modified form of 

Sangerôs neural network is presented. 
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Fig. 1. Ojaôs neuron 
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Fig. 2. Architecture of modified form of Sangerôs neural network 
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To learn presented system we can use modified 

Hebb-Sanger algorithm in the form: 

 

( ) () ( ) ( ) ( )

( ) ( ) ( ) ()

( ) ( )

1

0

1 1 1 1 ;

1 1 1 ;

1 1 ,   1,2,..., ;

l l l l

l l l l

w k w k k v k k

v k v k k w k

v k x k l m

h j

j-

ë + = + + + +
îî

+ = + - +ì
î

+ = + =îí

 (2) 

( ) ( )

( ) () ( )

1

2

1 1 ,

1 1 ,   0 1,

k r k

r k r k x k

h

x x

-+ = +

+ = + + ¢ ¢
 

where x ï learning rate parameter. 

It is easy to see, that first principal component is 

computed using Ojaôs algorithm, than projections of input 

vectors on 1w  subtract from inputs and all other data are 

processed by second neuron. 

Previously all input data need to be centered upon 

mean in recurrent form using expression 

( ) ( ) ( )

( ) () ( ) ()( )

1 1 1 ,

1
1 1 .

1

x k x k x k

x k x k x k x k
k

+ = + - +

+ = + + -
+

 

Then signals ()x k  were processed by ensemble of 

m Ojaôs neurons. Output layer, based on linear elements 

with insensitivity zone c permit to separate the most 

informative signal ()l kj  from noise. 

Introduced neural network system permits to produce 

data reduction in online mode when data are fed to 

processing sequentially.  

As we marked, algorithm based on stochastic 

approximation is characterized by low speed of 

convergency. Thatôs why we have proposed to train  

Ojaôs neuron by modified procedure with tuned h 

parameter: 

 

( ) ()

( ) ( ) ( ) ()( ) ( )

( ) ( ) () ()

() () ()

( ) ( )

( ) () ( )

1 1

1 1 1

1 1 1

1 1

1

2

1

1 1 1 1 ;

1 1 ,    0 0,     

                                            1 1 0 ,

1 1 ,

1 1 ,   0 1.

T

T

w k w k

k x k k w k k

k x k w k w

x w

k r k

r k r k x k

h j j

j

j

h

x x

-

ë + = +
î
+ + + - + +î
î

+ = + ¸î
ì

=î
î + = +
î
î

+ = + + ¢ ¢í

 (3) 

In fig. 3 modified Ojaôs neuron is presented. This 

system is characterized by only one tuning  

parameter x that permits to realize learning procedure in 

simple form. 
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Fig. 3. Modified Ojaôs neuron 

Using modified Ojaôs neuron we can to introduce 

modified Sanger neural network similar to previous 

combination, presented on fig. 1 and fig. 2. Modified 

Sanger neural network can be trained by the expression: 
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( ) () ( ) ( ) ( )

( ) ( ) ( ) ()

( ) ( )

( ) ( )

( ) () ( )

1

0

1

2

1 1 1 1 ;

1 1 1 ;

1 1 ,   1,2,..., ;

1 1 ;

1 1 ,   0 1.

l l l l

l l l l

w k w k k v k k

v k v k k w k

v k x k l m

k r k

r k r k x k

h j

j

h

x x

-

-

ë + = + + + +
î
î + = + - +
îî

+ = + =ì
î

+ = +î
î

+ = + + ¢ ¢îí

 (4) 

However, it exist any situations when compression-

reduction is impossible, since the physical meaning of the 

feature is lost. In such situations, it is proposed to perform 

clustering without compression.  

In this regard, it seems appropriate to develop an 

online method for fuzzy clustering of high-dimensional 

data based on clustering ensembles under conditions of 

unknown number of classes in the stream of processed 

information. 

Fuzzy clustering T. Kohonen`s neural network for 

high dimensional data stream processing 

In the class of fuzzy clustering procedures from a 

mathematical point of view, the most rigorous are 

algorithms based on goal functions [4] and solving the 

problem of their optimization in the presence of certain 

constraints. Here the most popular is a fuzzy clustering 

probabilistic algorithm based on optimization of the goal 

function 

 

()( ) () ()

() ()( )

2

1 1

2

1 1 1

,c

,

N m

j j j j
k j

N m n

j i ji
k j i

E u k u k x k c

u k x k c

b

b

= =

= = =

= - =ää

= -ää ä

 (5) 

subject to constraints 

 ()
1

1
m

j
j

u k
=

=ä , (6) 

 ()
1

0
N

j
k

u k N
=

¢ ¢ä . (7) 

Here ()[ ]0,1
j

u k Í - the level of fuzzy membership 

of the observation ()x k  to the j-th cluster, 
j

c  ï centroid 

of j-th cluster, b - fuzzifier, which determines the 

blurring of the boundaries between clusters. 

The solution of the optimization problem (5) in the 

presence of constraints (6), (7) with the help of Lagrange 

uncertain multipliers leads to the will known result  

 

()
()( )

()( )
()()

()

1
2 1

1
2 1

1

1

1

,
j

j
m

l
l

N

j
k

j N

j
k

x k c
u k

x k c

u k x k
c

u k

b

b

b

b

-

-

=

=

=

ë
-î

î =
î

-äî
ì
î

äî
=î

î ä
í

 (8) 

which for 2b=  completely coincides with FCM of  

J. Bezdek. 

The probabilistic algorithm of fuzzy clustering (8) is 

widely used in Data Mining, however, it loses its 

effectiveness in data processing tasks of high 

dimensionality due to the resulting effect of concentration 

of norms [23]. To overcome this drawback, in [15] it was 

proposed to use the so-called polynomial fuzzifier and a 

procedure known as fuzzy C-means with polynomial 

fuzzifier (PFCM). An adaptive online version of the 

PFCM was introduced in [24] for solving the tasks of Data 

Stream Mining. 

In [25], for solving problems of data of high 

dimensionality clustering, the modification of FCM was 

proposed with weighting each of the features ()ix k  that 

form the vector-pattern () nx k RÍ , 1,2,...,i n= . 

By combining these two approaches, letôs introduce 

into consideration the goal function of fuzzy clustering of 

the form 

 

()( ) ()( ) ()( ) ()

()( ) ()( ) ()( )

2
2

1 1

2
2 2

1 1 1

2,c , , 1

1 ,

N m

j j ji j j j
k j

N m n

j j ji i ji
k j i

j

E u k u k u k x k c

u k u k x k c

a g a a

a a g

G= =

= = =

= + - - =ää

= + - -ää ä

(9) 

with constraints (6), (7) and additional constraints 

 
1

1
n

ji j
i

Trg
=

= G =ä   1,2,...j m" = . (10) 

Here 0 1a< ¢ - polynomial fuzzifier, 
ji
g  - weight 

of i-th attribute in j-cluster, ( )1 2
, ,...,

j j j jm
diag g g gG = . 

Optimization of the goal function (9) under the 

constraints (6), (7), (10) using the uncertain Lagrange 

multipliers leads to a result which is a generalization of 

(8) and coincides with it with  1a= , 1

ji
mg -= . 
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(11) 

The last expression of (11) for calculating centroids 

of clusters can be rewritten in recurrent form.

() ( ) () ( )( ) ( )( ) ( ) () ( )( )2 21 1 1 1 1 1 ,
j j j j j j

c k c k k u k u k k x k c kq a a= - + - + - - G - - - (12)
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which essentially coincides with the self-learning WTM-

rule by T. Kohonen [5], where the factor 

( )( ) ( )( ) ( )2 21 1 1 1j j ju k u k ka a- + - - G - describes the 

neighborhood function and ()0 1kq< < is the learning 

rate parameter. 

Thus, the process of high-dimensional data 

clustering (11), (12) is conveniently implemented using 

the architecture shown in fig. 4 which is a modification of 

the neuro-fuzzy network of T. Kohonen [26, 27].  

 

Fig. 4. Adaptive neuro-fuzzy Kohonen network -
[ ]m

p
FSOM

Here, the first hidden kernel layer (KL) is essentially 

a standard SOM neural network [5], which contains m-

neurons in the Kohonen layer, whose synaptic weights-

centroids are tuned using the WTM learning rule (12), in 

the second hidden layer ML, the membership levels of k-

th observation to j-th cluster ()j
u k  using the first relation 

(11) are estemated, and in the output layer WL weights 

ji
g   are calculated using the second relation of (11). 

The values of learning rate parameter ()kq  and the 

polynomial fuzzifier pa  from a certain apriori given set 

1 20 , ,..., ,... 1p qa a a a< = are fed to the additional inputs 

of the network. 

 

Clustering Ensemble Architecture 

 

To solve the problem of clustering in conditions 

where the number of clusters is unknown, we propose to 

use an ensemble of clustering neuro-fuzzy Kohonen`s 

networks, whose architecture is shown in fig. 5. This 

ensemble contains ( )1
q

M-  [ ]m

p
FSOM , where index [ ]m  

means the number of clusters into which this network 

splits the sample to be processed - i.e. the number of 

neurons in the Kohonen`s layer KL, and p  - is the index 

of a specific fuzzifier, taking q  values. All elements are 

tuned using the same type of procedures (11), (12), which 

differ from each other only in the values of m and a. 

In blocks [ ]m

p
MEXB , the quality of clustering 

provided by a particular FSOM is evaluated, and the 

output layer of the DM ensemble selects the best from 

( )1M q-  results of the previous layers, i.e. the number of 

clusters m* in the processed data, the centroids of the 

formed clusters 
* * *

1 2 *
, ,...,

m
c c c  and the levels of each 

observation () () ()* * *

1 2 *
, ,...,

m
u k u k u k  to the corresponding 

cluster membership. 

To estimate the quality of clustering, each of the 

elements of the ensemble can be used in any of the fuzzy 

clustering indexes [2], where one of the most popular is 

the Xie-Beni index [28], which for the FCM procedure in 

the case of m clusters can be written in the form 

 

() ()
2

2

[ ]
1 1[ ]

2 [ ]

min

N m

mj j
k jm

m

j l
l j

u k x k c N
NXB

XB
DXBc c

= =

¸

å õ
-ääæ ö

ç ÷
= =

-
. (13) 

For online processing, it is possible to enter the 

recurrent version of the XB-index in the form 
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Fig. 5. The ensemble for online fuzzy clustering of high-dimensional data 
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-

ä

. (14)

The smaller is the value (13), (14), the higher is the 

quality of clustering. For procedure (8) the extended Xie-

Beni index can be used [29] 
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or its online version 
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2
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1
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By analogy with (15), (16), we can to introduce 

modification EXB-index for the goal function (9) 
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or its online version 
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In the course of data processing, the decision making 

(DM) unit finds [ ]*m

p
FSOM  with the best value of 

[ ]*m

p
MEXB  and the results of work of this particular neuro-

fuzzy network determines the final result of clustering. 

 

Experiments. 

To solve the problem of determination the optimal 

number of clusters in datasets we have used proposed 

ensemble for online fuzzy clustering. We have choose 

Dermatology dataset [30] from UCI Machine Repository. 

It contains 366 instances, but some of attributes has 

missed values, so they need to be filled using, for 

example, fuzzy spatial extrapolation approach from [31]. 

Number of attributes is 34, 35-th attribute is class-

diagnosis. Value 1 is interpreted as psoriasis  

(112 instances); value 2 ï seboreic dermatitis  

(61 instances); value 3 ï lichen planus (72 instances); 

value 4 ï pityriasis rosea (49 instances); value 5 ï cronic 

dermatitis (52 instances); value 6 ï pityriasis rubra pilaris  

(20 instances).  

It is easy to see that number of features is close to 

number of instances and we can talking about high-

dimensional data.  

In fig. 6 visualization using principal component 

analysis (PCA-analysis three principal components) is 

presented. 

 

Fig. 6. The visualization of Dermatology dataset 

In table 1 values of Xie-Beni indexes for  

different number of clusters are presented. Minimal  

value correspond to MHDFCM when parameter a is 

equal to 0,5 or 1. K-means algorithm shous very high 

values of Xie-Beni index, so we can talk  

about not effective clusterization results. Fuzzy c-means 

algorithm can not process proposed dataset because of 

CoN (concernatration of norm). 

 

Table 1. Values of parameter a and Xie-Beni index for 

Dermatology dataset 

Algorithms type Xie-Beni 
Number of 

Clusters 

K-means 1,3524 x 1024 

2 
MHDFCM a = 0,5 0,00009 

MHDFCM a = 1,0 0,00006 

FCM CoN 

K-means 9,401 x 1025 

3 
MHDFCM a = 0,5 0,00004 

MHDFCM a = 1,0 0,00002 

FCM CoN 

K-means 2,63023 x 1025 

4 
MHDFCM a = 0,5 49266 

MHDFCM a = 1,0 1507297 

FCM CoN 

K-means 4,5374 x 1025 

5 
MHDFCM a = 0,5 50909 

MHDFCM a = 1,0 404 

FCM CoN 

K-means 1,6282 x 1026 

6 
MHDFCM a = 0,5 1244 

MHDFCM a = 1,0 1973697 

FCM CoN 

K-means 7,3338 x 1025 

7 
MHDFCM a = 0,5 37252 

MHDFCM a = 1,0 1929 

FCM CoN 

K-means 9,499 x 1025 

8 
MHDFCM a = 0,5 240 

MHDFCM a = 1,0 48135 

FCM CoN 

 

Conclusions 

 

The architecture and algorithm of the neuro-fuzzy 

self-learning system is proposed to solve the problem of 

online clustering of a high-dimensional data stream in 

conditions where the formed clusters can overlap and their 

number is not known apriori. The system under 

consideration is an ensemble of neuro-fuzzy T. Kohonen`s 

self-organizing maps, each of them differs from the others 

in the number of neurons and the value of the polynomial 

fuzzifier. Each member of the ensemble is tuned using the 

modified WTM self-learning rule, while in the process of 

tuning all components of the processed vectors are 

automatically weighed. 

The proposed approach is a generalization of a 

number of known fuzzy probabilistic clustering 

procedures and can be used to solve Data Stream Mining 

tasks in online mode. 

Experimental results on Dermatology datasets from 

UCI repository affect the performance of the proposed 

modified high-dimensional fuzzy c-means approach and 

ensemble for online fuzzy clustering of high-dimensional 

data streams based on it. 
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ʆʅʃɸʁʅ ʅɽʏɯʊʂɸ ʂʃɸʉʊɽʈʀɿɸʎɯʗ ʇʆʊʆʂɯɺ ɼɸʅʀʍ ɺʓʉʆʂʆɰ 

ʈʆɿʄɯʈʅʆʉʊɯ ʅɸ ʆʉʅʆɺɯ ɸʅʉɸʄɹʃɯɺ ʅɽʁʈʆʅʅʀʍ ʄɽʈɽɾ 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʩʪʘʪʪʽ ʻ ʥʝʯʽʪʢʘ ʢʣʘʩʪʝʨʠʟʘʮʽʷ ʜʘʥʠʭ ʚʠʩʦʢʦʾ ʨʦʟʤʽʨʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʘʥʩʘʤʙʣʝʚʦʛʦ ʧʽʜʭʦʜʫ ʟʘ 

ʫʤʦʚʠ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʪʘ ʬʦʨʤʘ ʢʣʘʩʪʝʨʽʚ ʥʝʚʽʜʦʤʽ. ʄʝʪʘ ʨʦʙʦʪʠ - ʩʪʚʦʨʝʥʥʷ ʥʝʡʨʦ-ʬʘʟʟʽ ʧʽʜʭʦʜʫ ʜʣʷ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʜʘʥʠʭ, 

ʢʦʣʠ ʧʦʪʽʢ ʜʘʥʠʭ ʧʦʜʘʻʪʴʩʷ ʥʘ ʦʙʨʦʙʢʫ ʚ ʦʥʣʘʡʥ-ʨʝʞʠʤʽ ʚ ʧʨʠʧʫʱʝʥʥʽ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʪʘ ʬʦʨʤʘ ʢʣʘʩʪʝʨʽʚ ʥʝʚʽʜʦʤʽ. ʋ ʩʪʘʪʪʽ 

ʚʠʨʽʰʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ: ʢʦʤʧʨʝʩʽʷ ʚʭʽʜʥʦʛʦ ʧʨʦʩʪʦʨʫ ʦʟʥʘʢ ʚ ʦʥʣʘʡʥ ʨʝʞʠʤʽ, ʬʦʨʤʫʚʘʥʥʷ ʤʦʜʝʣʽ ʘʥʩʘʤʙʣʽʚ 

ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʜʣʷ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʜʘʥʠʭ, ʨʦʟʨʦʙʢʘ ʘʥʩʘʤʙʣʶ ʥʝʡʨʦ-ʬʘʟʟʽ ʤʝʨʝʞ ʜʣʷ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʜʘʥʠʭ ʚʠʩʦʢʦʾ 

ʨʦʟʤʽʨʥʦʩʪʽ, ʨʦʟʨʦʙʢʘ ʧʽʜʭʦʜʫ ʜʣʷ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʜʘʥʠʭ ʚ ʦʥʣʘʡʥ ʨʝʞʠʤʽ. ʆʪʨʠʤʘʥʽ ʥʘʩʪʫʧʥʽ ʨʝʟʫʣʴʪʘʪʠ: ʦʩʥʦʚʥʘ ʽʜʝʷ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʟʘʩʥʦʚʘʥʘ ʥʘ ʤʦʜʠʬʽʢʘʮʽʾ ʥʝʯʽʪʢʦʛʦ ʘʣʛʦʨʠʪʤʫ C-ʩʝʨʝʜʥʽʭ. ɼʣʷ ʟʥʠʞʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ ʚʭʽʜʥʦʛʦ 

ʧʨʦʩʪʦʨʫ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʦʜʠʬʽʢʦʚʘʥʫ ʤʝʨʝʞʫ ʍʝʙʙʘ-ʉʝʥʛʝʨʘ, ʷʢʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʧʽʜʚʠʱʝʥʦʶ ʰʚʠʜʢʦʜʽʻʶ 

ʪʘ ʧʦʙʫʜʦʚʘʥʫ ʥʘ ʦʩʥʦʚʽ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʥʝʡʨʦʥʽʚ ʆʡʷ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʦʧʪʠʤʽʟʦʚʘʥʠʡ ʟʘ ʰʚʠʜʢʦʜʽʻʶ ʘʣʛʦʨʠʪʤ ʥʘʚʯʘʥʥʷ 

ʥʝʡʨʦʥʘ ʆʡʷ. ʊʘʢʘ ʤʝʨʝʞʘ ʨʝʘʣʽʟʫʻ ʤʝʪʦʜ ʛʦʣʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪ ʚ ʦʥʣʘʡʥ-ʨʝʞʠʤʽ ʟ ʚʠʩʦʢʦʶ ʰʚʠʜʢʦʜʽʻʶ. ɺʠʩʥʦʚʢʠ: ɺ ʪʦʤʫ 

ʚʠʧʘʜʢʫ, ʷʢʱʦ ʧʨʦʮʝʜʫʨʘ ʨʝʜʫʢʮʽʾ-ʢʦʤʧʨʝʩʽʾ ʥʝ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʯʝʨʝʟ ʤʦʞʣʠʚʽʩʪʴ ʚʪʨʘʪʠ ʬʽʟʠʯʥʦʛʦ ʩʝʥʩʫ ʚʠʭʽʜʥʦʛʦ 

ʧʨʦʩʪʦʨʫ, ʥʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʠʡ ʢʨʠʪʝʨʽʡ ʢʣʘʩʪʝʨʠʟʘʮʽʾ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʚ ʩʦʙʽ ʷʢ ʚʽʜʦʤʠʡ ʧʦʣʽʥʦʤʽʘʣʴʥʠʡ ʬʘʟʟʽʬʽʢʘʪʦʨ, 

ʪʘʢ ʽ ʟʚʘʞʫʚʘʥʥʷ ʦʢʨʝʤʠʭ ʢʦʤʧʦʥʝʥʪ ʚʽʜʭʠʣʝʥʴ ʘʥʘʣʽʟʦʚʘʥʠʭ ʦʙʨʘʟʽʚ ʚʽʜ ʮʝʥʪʨʦʾʜʽʚ ʢʣʘʩʪʝʨʽʚ. ɺʚʝʜʝʥʘ ʨʝʢʫʨʝʥʪʥʘ 

ʤʦʜʠʬʽʢʘʮʽʷ ʟʘʩʥʦʚʘʥʘ ʥʘ ʘʣʛʦʨʠʪʤʘʭ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʚ ʜʘʥʽʡ ʩʪʘʪʪʽ. ʈʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʷʢʦʩʪʽ 

ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʜʝʢʩʘ ʂʩʽ-ɹʝʥʽ, ʷʢʠʡ ʙʫʚ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʜʣʷ ʦʥʣʘʡʥ ʨʝʞʠʤʫ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʧʽʜʪʚʝʨʜʠʣʠ ʪʦʡ ʬʘʢʪ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʩʠʩʪʝʤʘ ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʫʚʘʪʠ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʟʘʚʜʘʥʴ Data Mining, ʢʦʣʠ ʥʘʙʦʨʠ 

ʜʘʥʠʭ ʦʙʨʦʙʣʷʶʪʴʩʷ ʚ ʦʥʣʘʡʥ-ʨʝʞʠʤʽ ʟʘ ʫʤʦʚʠ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʪʘ ʬʦʨʤʘ ʢʣʘʩʪʝʨʽʚ ʥʝ ʚʽʜʦʤʽ, ʘ ʪʘʢʦʞ ʤʘʶʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ 

ʩʧʦʩʪʝʨʝʞʝʥʴ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʣʘʩʪʝʨʫʚʘʥʥʷ; ʤʝʪʦʜ ʥʝʯʽʪʢʠʭ C-ʩʝʨʝʜʥʽʭ; ʧʦʩʣʽʜʦʚʥʠʡ ʘʥʘʣʽʟ ʛʦʣʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪ; ʘʥʩʘʤʙʣʴ ʥʝʡʨʦ-

ʬʘʟʟʽ ʤʝʨʝʞ; ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʊ. ʂʦʭʦʥʝʥʘ; ʩʘʤʦʥʘʚʯʘʥʥʷ.  

ʆʅʃɸʁʅ ʅɽʏɽʊʂɸʗ ʂʃɸʉʊɽʈʀɿɸʎʀʗ ʇʆʊʆʂʆɺ ɼɸʅʅʓʍ ɺʓʉʆʂʆʁ 

ʈɸɿʄɽʈʅʆʉʊʀ ʅɸ ʆʉʅʆɺɽ ɸʅʉɸʄɹʃɽʁ ʅɽʁʈʆʅʅʓʍ ʉɽʊɽʁ 

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʩʪʘʪʴʝ ʷʚʣʷʝʪʩʷ ʥʝʯʝʪʢʘʷ ʢʣʘʩʪʝʨʠʟʘʮʠʷ ʜʘʥʥʳʭ ʚʳʩʦʢʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʘʥʩʘʤʙʣʝʚʦʛʦ 

ʧʦʜʭʦʜʘ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʠ ʬʦʨʤʘ ʢʣʘʩʪʝʨʦʚ ʥʝʠʟʚʝʩʪʥʳ. ʎʝʣʴ ʨʘʙʦʪʳ - ʩʦʟʜʘʥʠʝ ʥʝʡʨʦ-ʬʘʟʟʠ ʧʦʜʭʦʜʘ ʜʣʷ 

ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʜʘʥʥʳʭ, ʢʦʛʜʘ ʧʦʪʦʢ ʜʘʥʥʳʭ ʧʦʜʘʝʪʩʷ ʥʘ ʦʙʨʘʙʦʪʢʫ ʚ ʦʥʣʘʡʥ-ʨʝʞʠʤʝ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʠ 

ʬʦʨʤʘ ʢʣʘʩʪʝʨʦʚ ʥʝʠʟʚʝʩʪʥʳ. ɺ ʩʪʘʪʴʝ ʨʝʰʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: ʢʦʤʧʨʝʩʩʠʷ ʚʭʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʠʟʥʘʢʦʚ ʚ ʦʥʣʘʡʥ 

ʨʝʞʠʤʝ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʦʜʝʣʠ ʘʥʩʘʤʙʣʝʡ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʜʣʷ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʜʘʥʥʳʭ, ʨʘʟʨʘʙʦʪʢʘ ʘʥʩʘʤʙʣʷ ʥʝʡʨʦ-ʬʘʟʟʠ 

ʩʝʪʝʡ ʜʣʷ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʜʘʥʥʳʭ ʚʳʩʦʢʦʡ ʨʘʟʤʝʨʥʦʩʪʠ, ʨʘʟʨʘʙʦʪʢʘ ʧʦʜʭʦʜʘ ʜʣʷ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʜʘʥʥʳʭ ʚ ʦʥʣʘʡʥ ʨʝʞʠʤʝ. 

ʇʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: ʦʩʥʦʚʥʘʷ ʠʜʝʷ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʦʩʥʦʚʘʥʘ ʥʘ ʤʦʜʠʬʠʢʘʮʠʠ ʥʝʯʝʪʢʦʛʦ ʘʣʛʦʨʠʪʤʘ 

C-ʩʨʝʜʥʠʭ. ɼʣʷ ʩʥʠʞʝʥʠʷ ʨʘʟʤʝʨʥʦʩʪʠ ʚʭʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʫʶ ʩʝʪʴ ʍʝʙʙʘ-

ʉʝʥʛʝʨʘ, ʦʪʣʠʯʘʶʱʫʶʩʷ ʧʦʚʳʰʝʥʥʳʤ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ ʠ ʧʦʩʪʨʦʝʥʥʫʶ ʥʘ ʦʩʥʦʚʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʥʝʡʨʦʥʦʚ ʆʡʷ. 

ʇʨʝʜʣʦʞʝʥ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʡ ʧʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʶ ʘʣʛʦʨʠʪʤ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʘ ʆʡʷ. ʊʘʢʘʷ ʩʝʪʴ ʨʝʘʣʠʟʫʝʪ ʤʝʪʦʜ ʛʣʘʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪ ʚ ʦʥʣʘʡʥ-ʨʝʞʠʤʝ ʩ ʚʳʩʦʢʠʤ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ. ɺʳʚʦʜʳ: ɺ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʧʨʦʮʝʜʫʨʘ ʨʝʜʫʢʮʠʠ-ʢʦʤʧʨʝʩʩʠʠ ʥʝ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʠʟ-ʟʘ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʪʝʨʠ ʬʠʟʠʯʝʩʢʦʛʦ ʩʤʳʩʣʘ ʠʩʭʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʥʘʤʠ ʚʚʝʜʝʥ ʥʦʚʳʡ 

ʢʨʠʪʝʨʠʡ ʢʣʘʩʪʝʨʠʟʘʮʠʠ, ʩʦʜʝʨʞʘʱʠʡ ʚ ʩʝʙʝ ʢʘʢ ʠʟʚʝʩʪʥʳʡ ʧʦʣʠʥʦʤʠʘʣʴʥʳʡ ʬʘʟʟʠʬʠʢʘʪʦʨ, ʪʘʢ ʠ ʚʟʚʝʰʠʚʘʥʠʝ ʦʪʜʝʣʴʥʳʭ 

ʢʦʤʧʦʥʝʥʪ ʦʪʢʣʦʥʝʥʠʡ ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʦʙʨʘʟʦʚ ʦʪ ʮʝʥʪʨʦʠʜʦʚ ʢʣʘʩʪʝʨʦʚ. ɺʚʝʜʝʥʘ ʨʝʢʫʨʨʝʥʪʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ, ʦʩʥʦʚʘʥʥʘʷ 

ʥʘ ʘʣʛʦʨʠʪʤʘʭ, ʧʨʝʜʣʦʞʝʥʥʳʭ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ. ʈʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʯʝʩʪʚʘ ʢʣʘʩʪʝʨʠʟʘʮʠʠ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʜʝʢʩʘ ʂʩʠ-ɹʝʥʠ, ʢʦʪʦʨʳʡ ʙʳʣ ʤʦʜʠʬʠʮʠʨʦʚʘʥ ʜʣʷ ʦʥʣʘʡʥ ʨʝʞʠʤʘ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦʜʪʚʝʨʜʠʣʠ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʧʨʝʜʣʘʛʘʝʤʘʷ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʟʘʜʘʯ Data Mining, ʢʦʛʜʘ ʥʘʙʦʨʳ ʜʘʥʥʳʭ 

ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʚ ʦʥʣʘʡʥ-ʨʝʞʠʤʝ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʠ ʬʦʨʤʘ ʢʣʘʩʪʝʨʦʚ ʥʝ ʠʟʚʝʩʪʥʳ, ʘ ʪʘʢʞʝ ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʥʘʙʣʶʜʝʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʣʘʩʪʝʨʠʟʘʮʠʷ; ʤʝʪʦʜ ʥʝʯʝʪʢʠʭ C-ʩʨʝʜʥʠʭ; ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ; ʘʥʩʘʤʙʣʴ 

ʥʝʡʨʦ-ʬʘʟʟʠ ʩʝʪʝʡ; ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʊ. ʂʦʭʦʥʝʥʘ; ʩʘʤʦʦʙʫʯʝʥʠʝ. 
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IMAGE PROCESSING MOD ELS AND METHODS RESEARCH AND WAYS OF 

IMPROVING MARKER REC OGNITION TECHNOLOGIE S IN ADDED REALITY 

SYSTEMS 

The subject matter of article is method of image processing, which identify and describe the local features of images. The aim of the 

article is the determination of ways for interconnection of the methods for processing the image and technologies creation in the 

development of markers in the systems of additional reality. The following tasks are solved in the article: to analyze the existing 

methods and algorithms for finding objects in two-dimensional images to determine the basic marker recognition technology in the 

complementary reality systems. Analyzed genetic, neural network, statistical and fractal methods, as well as approaches to the 

algorithms implementation of in the software construction for systems of complementary reality. The next results were obtained: a 

review and a comparative analysis of the main known algorithms for detecting key points in the images were conducted. It was 

suggested in the development of marker recognition methods it is necessary to develop a procedure of preliminary image processing 

for the formation algorithms of the front image for the marker under different conditions of obtaining images. At segmentation stages, 

it is expedient to use genetic algorithms based on the best indicators of proper segmentation and low processing time, but it is 

necessary to develop functions that are appropriate for the format of the markers. Improve existing methods for processing 

segmentation results based on a criterion base describing a visual model representing a marker. Conclusions: as a result of the 

analysis, the following conclusion can be drawn. The fastest and the most accurate algorithm for putting key points is the genetic 

algorithm (average time of the algorithm is 5.23 seconds, the number of correct answers is 84.25). The longest working time is the 

neural network method - 8.45 seconds, the accuracy of this algorithm is also the lowest - 52. Another advantage of the algorithm of 

point matching is that if the object goes beyond the frame and then returns again, the program will again continue to track this object. 

This is supported by algorithms of machine learning. You can also notice that the SIFT calculation works much faster than fractal 

texture analysis. These results suggest that there are currently no methods for recognizing markers, allowing high accuracy of less 

than one unit to recognize in a short time. In our opinion, one of the promising directions is the use of Royan methods, namely the 

development of target functions for accurate and fast recognition of the image by markers. 

Keywords: augmented reality; marker; non-marker technology; descriptor; reference points; Charis Corner Detector; genetic 

algorithms; neuron network; SIFT. 

Introduction  

 

The technology of augmented reality becomes more 

and more popular every day and can be used in various 

fields of activity, such as computer games, tourism, 

shopping, gadgets, social networks, military affairs and 

even furniture collection, and will allow making various 

tasks easier and more functional. 

Augmented reality (AR) is a technology that allows 

you to overlay the real world of digital data and  

messages about the object being studied using the 

computer devices. 

Models and methods of applying the technologies of 

the augmented reality allow expanding the possibilities for 

user interaction with the software. Apps are not only 

entertaining, but also serve as a visual representation of 

something complicated. But at the moment the 

possibilities of this technology are not fully disclosed [1]. 

The use of augmented reality technology allows you 

to quickly access additional product information such as 

visual (3D images), audio or text.  As an example, it may 

be the company logo, geometric image, text information, 

presentation of the product, etc. [2]. 

 

Analysis of marker recognition technologies 

 

The augmented reality marker is an object (image) 

that is an identifier for activating the display of additional 

information. A generalized marker recognition algorithm 

is depicted as a flowchart in fig. 1. 

 

Fig.1. A generalized marker recognition algorithm  

It is possible to distinguish two main principles of 

construction of the augmented reality: 

- Marker technologies, in which the marker usually 

has a contrasting high-resolution picture frame with an 

image inside. 

- Markerless technologies which is based on the user 

location coordinates or based on reference points 

(markers) of the image. 

Schematic search methods for markers are presented 

in fig. 2. 
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Fig. 2. The main methods of detecting markers 

In order to ensure the consistent recognition of 

markers. Conduct an analysis of methods and algorithms 

for searching objects in a two-dimensional image based on 

image segmentation technologies according to the 

classification criteria and provide recognition procedures. 

The purpose of this article is to determine the ways 

of improving the methods of image processing in marker 

recognition technologies in complementary reality 

systems.  

The following tasks are solved in the article: 

1) to analyze the technology of constructing markers; 

2) to carry out analysis of markers and segmentation 

of images in the part of image segmentation by local 

attributes; 

3) to identify ways to improve marker recognition 

methods in complementary reality systems. 

 

Analysis of image processing methods in terms of 

segmentation 

 

At the basis of non-marker technologies there are the 

recognition algorithms, with which the virtual grid is 

superimposed on the surrounding terrain shot by the 

camera.  On this grid, the software algorithms have certain 

points that determine the exact location to which the 

virtual model will be tied. 

The main requirement for an image in non-marker 

technologies is the contrast of the picture.  If this 

condition is met, a logo, a photograph and a landscape - 

any image can be used to bind objects of augmented 

reality [3]. 

One of the main problems is the separation of the 

false image point from the real ones when tracking the 

motion of the camera or when reconstructing the three-

dimensional scene.  It is complicated by the fact that it is 

impossible to reliably solve it, working with only one 

image. It is necessary to establish a match between the 

features of several images, and then build a  

model to which these matches will satisfy the best.  

Special points, the conformity of which will not  

satisfy the model, will be considered false, or as emissions 

[4].  

Most of the algorithms for finding point features 

work on the same principle: for each point of the image, 

some function is calculated from its boundary.  The points 

in which this function reaches a local maximum can be 

distinguished from all points with some of its boundary. 

There are three basic approaches to determining the 

local features of an image:  

1. Based on image brightness: special points are 

calculated directly from the intensity values of the pixels 

of the image.  

2. Image contours are used: methods extract contours 

and look for places with the maximum value of curvature 

or make the approximation of contours and determine the 

intersection. Such methods are sensitive to cross-border 

sections, since the extraction can often be incorrect in 

those places where 3 or more edges intersect.  

3. Based on the use of the model: intensive models 

are used as parameters adapted to image-patterns to sub-

pixel precision. They have a limited application with 

special points of special types (for example, L-connecting 

angles) and depend on the patterns used.  

In practice, the methods based on the brightness of 

the image are mostly used for a wide application [5]. 

Advantages of non-marker technology: 

- Any objects of the real world in the image may act 

as markers and do not need to create special visual 

identifiers for them; 

- A "live 3D label" can be any graphic image applied 

to any surface, for example, paper, plastic or other 

material, not necessarily a picture inside the graphic 

frame; 

- Practically any black-and-white or full-color 

images, various objects such as the face, hands, and even 

the human body can be the markers from which the 

information is read. 

Disadvantages of non-marker technology: 

- high-quality (contrast) high-resolution images are 

required; 

- separating the erroneous features from the present 

while monitoring the movement of the camera; 

- it is necessary to use a series of images to more 

accurately build reference points. 

Genetic algorithm: 

Genetic algorithm (GA) is an adaptive method of 

search, based on the selection of the best elements in the 

population, similar to the principles of evolution [6]. 

When using genetic algorithms for solving the 

optimization problem it is necessary: 

1. Determine the number and type of task variables 

that need to be encoded in the chromosome. 

2. Determine the criterion for assessing individuals 

by setting the fitness function (target function). 

3. Select the coding method and its parameters. 

4. Determination of parameters of GA (population 

size, type of selection, genetic operators and their 

probability, the amount of breaks in generations). 
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The parameters of GA, defined in paragraph 4 (as 

well as, sometimes, in paragraphs 2 and 3), are 

characterized by the method of checking variants, based 

on the analysis of the results obtained. To analyze the 

results of GA work it is necessary to conduct several 

algorithm launches.  

In fig. 3 the general scheme of problem solving using 

GA is given  

 

Fig. 3. General scheme of task solving using GA 

To solve the problem of finding reference points 

(markers) it is necessary to redefine the standard notions 

and operations of the genetic algorithm.  Points will be 

taken as genes.  Then the genotype will be the set of all 

possible points on the depicted.  

Proceeding from the fact that the points are genes, 

the sets of genes, that is, individuals will be snakes: they 

are represented as sets of points and, accordingly, are 

suitable for this role.  Snakes will also be characterized by 

a set of components that are similar to those that have 

contours in Active Contours [7]. 

Consider the principles of GA: 

1. A set of genes , 0, 1
i

g i n= - is a set of points, the 

location of which in the image shows the phenotype of the 

snake - its location in the image. 

2. The value of the fitness function. 

The population is defined as a set of snakes.  The 

mutation operation for the point to be mutated will look 

like this: a different point is selected from a predefined 

boundary if a new point is in the image, and then the 

starting point is replaced by the found (fig. 4).  In the case 

when the found point is not within the image, a new point 

is re-searched. 

 

Fig. 4. Example of mutation of the contour 

Two types of crossover are implemented: 

1. Both parents are cut at some arbitrary point, then 

the parts of one of the parents are connected with parts of 

another and a new organism appears. This crossover is 

called one-point crossover, and it is sometimes referred to 

as a crossover based on "cut and connect" (CutandSplice) 

(fig. 5); 

 

Fig. 5. Example of the implementation of the "one point" crossover

2. The only descendant with a certain probability is 

assigned the genes of one of the parents. This type of 

crossover is called "uniform" (fig. 6). It is notable that it 

simulates the action of all possible types of crossover 

based on "cutting and joining," giving much more 

variation [8]. 

 

Fig. 6. An example of a "uniform" crossover
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Species selection can be implemented using the 

"Tournament" method.  The idea of this method is that for 

the selection of each candidate there are several 

"tournaments" (from 1 and more), each of which 

randomly chooses one individual population; in order to 

then compare its suitability with that which was chosen 

earlier.  

As a function of the adaptation, the modified energy 

functional proposed in [8] is used.  It should be noted that 

the original image is reduced to a type in gray scale, after 

which the Gauss filter is narrowed. The result of the 

search for the reference points (markers) is presented in 

fig. 7. 

 

Fig. 7. The result of the genetic algorithm operation [8]   

Advantages of the genetic algorithm: 

- GAs work with codes that represent a formalized 

set of parameters, which are the arguments of the target 

function.  In the process of GA manipulation with codes 

occur regardless of their semantic content, that is, the code 

is considered simply as a bit string. 

- When implementing the GA search procedure, 

several points of the search space are processed 

simultaneously, but do not move sequentially from point 

to point, as in traditional methods. This approach allows 

overcoming the danger of falling into the local extremum 

of the polymodal target function.  The use of multiple 

points at the same time greatly reduces the likelihood of a 

similar event. 

- In the course of the work of the GA, they do not 

use additional information, except for data on the area of 

admissible values of parameters and the target function at 

any point, which increases the speed of their work. 

- To generate new points of the search space at the 

same time, GA uses both probabilistic and deterministic 

rules, which gives a much greater effect than each of these 

methods separately. 

- Disadvantages of the Genetic Algorithm: 

- The optimal solution is not guaranteed. 

- It is only the specialist who can effectively 

formulate the task, determine the criteria for selecting 

chromosomes (specify the code) and other parameters of 

the GA. 

- The rather high computational complexity of GA 

leads to the fact that during the modeling of evolution, 

many decisions are rejected as unpredictable. 

- The time complexity is, on average, lower than that 

of the best competing algorithms, but no more (obtained 

from experimental data) than one order. 

- Low efficiency in the final stages of evolution 

modeling is explained by the fact that GA search 

mechanisms are not strictly focused on fast access to the 

local optimum prime. 

- Some other issues have not been resolved, such as 

the problem of self-adaptation of GA. 

Neural networks: 

Marker recognition is the most complex process, 

because it means scanning all combinations of reference 

points on the images and matching them with the marker.  

Often, the quality of recognition depends on the 

effectiveness of many processes, ranging from the process 

of entering the image and ending with the formation of 

reference points. Therefore, it makes sense to limit the 

scope of interest in large-sized images. As areas used to 

compare markers, points were selected with the largest 

difference of gradient brightness. The most striking 

example of special points is the angles in the picture of the 

scene. They were determined by comparison with the 

standard. All the boundary points were compared with the 

standards for finding the most similar.  

The search for corner points can be realized within 

the framework of different approaches, taking into 

account the size of the found areas and their orientation. 

An example is the Harris angle detector [9], which is 

based on the study of monotony of image areas.  

However, since the entire system is formed with a neuron-

based solution to the problem, it is possible to use the 

Hopfield neuron network and the network of radial 

neurons to accelerate and simplify the search. When 

studying both networks, samples of angles, straight edges 

and monotonous regions, turned at different angles, were 

used. Examples of samples are shown in fig. 8, which 

shows 5 out of 55 accepted standards for processing.  

Each benchmark is represented by a binary matrix of  

16 Ĭ 16 pixels.  

 

Fig. 8. Examples of target area templates

In the process of recognition, the point with its 

border of 16 Ĭ 16 pixels is fed to the input of the neural 

network and evaluated the output at the output. The 

experiments given in the article [10] show that learning 

the Hopfield network allows you to define a small  

number of angular points and results in a significant  

(up to 120 sec.) Increase in the processing time of the 

image. The network of radial neurons is constructed on 
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the calculation of the Euclidean norm of distance from the 

region around the point, which is investigated to all the 

standards according to the following scheme: 

 ( )
256

2

1

( , )
n

j k jk

k

d p d p b
=

=

= -ä , (1) 

where 1,1 1,2 1,16 2,1 2,16 16,16
, ,..., , ,..., ,...,p a a a a a a=à ð ï 

vectorized matrix of the region around the point; [ ]0,1
jk

a  

ï the binary value of the pixel in the investigated area 

closed to the interval [ ]0,1 ; 

1,1 1,2 1,16 2,1 2,16 16,16
, ,..., , ,..., ,...,

j j j j j j j
q b b b b b b=à ð; [ ]0,1

jk
b =  ï 

binary pixel value in the reference area. 

If the minimum Euclidian distance is achieved when 

compared with patterns, corresponding angular 

peculiarities, then the point is considered special, 

otherwise it is shifted away. After determining the set of 

singular points, their coordinates are recalculated in 

relation to the scale of the original, not yet compressed 

image. The time of comparison with the standards in the 

network of radial neurons does not exceed 20 ... 30 s, 

which suggests its advantage. In addition, the number of 

corner areas allocated in this way is much larger than that 

of Hopfield networks [11]. 

Fig. 9 shows the processing of the frame - the search 

for key points. 

 

Fig. 9. Selection of key points in an image using a network of 

radial neurons [12] 

Advantages of the neural network: 

- The developed algorithm provides a comparison of 

special points (markers) with high accuracy, which allows 

reducing the errors of the following stages of the 

complemented reality. 

- The process of creating a neural network relates 

more to the learning process than to the programming. 

Disadvantages of Neural Network: 

- Areas with a monotonous intensity change do not 

allow performing procedures for comparing projection 

images of scene points. 

- Mathematical problems related to learning: getting 

into a local optimum, choosing the optimal optimization 

step, re-training. 

- It is difficult to formalize the stage of choosing the 

network architecture (number of neurons, layers, and the 

nature of links). 

- The size and type of input signals exactly coincide 

with the dimension and type of output signals. This 

significantly restricts the use of the network in the task of 

marking recognition. 

SIFT: 

Consider how special points are highlighted by the 

SIFT method.  The main aspect in their finding is the 

construction of the Gaussian pyramid and the differences 

of the Gaussians.  Gaussian is an image that was blurred 

by the Gaussian filter.  It turns out as follows: 

 ( ) ( ) ( ), , , , ,L x y G x y I x ys s= * .  (2) 

In the formula (2) ( ), ,L x ys  - this is the Gaussian 

value at the coordinate point ( ),x y  and the radius of 

blurring ( ), , ,G x ys s - Gass kernel, ( ),I x y  - the value 

of the original image. It is worth noting that the Gass 

kernel does not multiply at the value of the original image, 

between them there is a convolution operation.  

The Gaussian difference is called the image obtained 

by pixel-by pixel deducing the Gaussian image of the 

original Gaussian image, which has another radius of 

blurring (we denote it as əů): 

 ( ) ( ) ( ), , , , , , .D x y L x y k L x ys s s= -    (3) 

Next, the Gaussian pyramid is built. To do this, the 

entire scalable space (sets of different variations  

of the original image, smoothed by any filter) is divided 

into areas called octaves. There is a nuance that  

consists in the fact that the part of the scaling of space 

occupied by the next octave should be twice that of the 

part that was engaged in the previous one. Yes, and when 

moving from one octave to the next image size, the image 

is reduced twice. It is clear that any octave will cover an 

infinite number of Gaussian images, so they are limited 

only to a certain number of N with a certain step in the 

radius of blurring. Next, two more Gaussians are being 

completed, which extend beyond the octave (this is done 

in order to be able to check the image for the presence of 

extremum). The magnitude of the first image of the next 

octave is equal to the scale of the image from the previous 

octave with the number [13]. 

At the same time both the Gaussians pyramid and the 

Gaussian pyramid of differences will be built, the number 

of images in which will be one less than in the first  

(fig. 10). 

After building the pyramids, special points are 

determined. A point is considered to be special if it is a 

local extremum of the Gaussian difference (fig. 11). 

If the value of differences between the Gaussians at 

the point indicated by the cross is less or more than all of 

the values at the points indicated by the circle, then this 

point is an extremum point, that is a special point.  That is, 

each point of the current image Gaussians difference 

compared to its neighboring eight points and nine 

neighboring points on the senior and junior levels in the 

pyramid. That is why we need two additional Gaussians 
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so that we could search for the local extremums for the first and last image [14]. 

Fig. 10. Getting the Gaussian and the Gaussian difference 

Pyramids 

 

Fig. 11. Determination of a special point on a local extremum 

Advantages of the SIFT statistical method: 

1. Accuracy, stability, invariance to scale and 

rotation and displacement. 

2. The SIFT method allows you to compare images 

subjected to such transformations as zooming, moving 

objects on the scene, turning the camera or object. 

3. The SIFT algorithm works with binary images 

Disadvantages of the statistical method SIFT: 

1. After searching for special points, the action does 

not end. Next, they are checked, since not all of these 

points are suitable for further work in the algorithm.  To 

do this, you need to determine the coordinates of a special 

point with increased accuracy. 

2. It requires a lot of hardware resources for normal 

operation in real time. 

3. Mathematical analysis shows that the application 

of the SIFT algorithm allows you to determine the 

coordinates of a location with an error of no more than 

one meter, regardless of time. 

4. Not all received points and their descriptors will 

meet the stated requirements and this may affect the 

further solution of the problem. 

Segmentation fractal texture analysis: 

The algorithm for segmentation fractal analysis is 

intended to construct a space of signs of presentation of 

the texture of image I. The input of the algorithm is a half-

tone image and a certain parameter. 

The structure of the segmentation fractal analysis 

algorithm is presented in fig. 12. 

 

Fig. 12. The structure of the segmentation fractal analysis algorithm [16]
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In the first step, you need to segment the image by 

brightness levels. To find the thresholds for segmentation, 

we will use the multilevel algorithm of the Father [15]. 

The idea of the Father's algorithm is to split the image into 

two regions in such a way as to minimize the intraoral 

variance. Applying this algorithm recursively, we obtain a 

set of threshold values. The number of requested 

thresholds is indicated 
t

n  and is the input parameter of the 

algorithm. The set of thresholds T is supplemented with 

the brightest pixel value in the image {}i l
T t n= . Next, 

using the found threshold values, we obtain a set of binary 

images { }iB  

 
1, , ( , )

( , )
0,

i

i

if I x y t
B x y

else

²
= . (4) 

For all images with { }iB  construct contour images 

{ }tG . In the formula ( )8
,N x yè øê ú - set of pixels, which is 

in relation to the 8-connection with (x, y). On the received 

images we find the following values (5). 

 [ ] ( )8
1, , ( , ) , : ( , ) 0 , 1

( , )
0,

i i

i

if x y N x y B x y B x y
G x y

else

$ Í = Ø =
= .(5) 

,l

j

N
A

N
=  where 

l
N  - the number of pixels with the value 

of 1 in the image j
B , N - total number of pixels in this 

image;  

j
v  - the average gray pixels of the image 

i
I , 

corresponding pixels with a value of 1 image 
i

B ; 

8 j
N  - number of 8-connected areas in the image 

i
B .  

This value can be calculated using a known algorithm that  

 

allows marking images [15].  It should be noted that in the 

author's writing segmentation fractal analysis, this 

paragraph is absent. It was introduced in the algorithm of 

this paper, as it gave noticeable improvements in the 

results of the classification. 

j
D  - fractal dimension, calculated from the image 

i
B  with the help of box-counting method [16]. This is the 

most important feature. It describes the complexity of the 

contour lines of segmented areas. 

Advantages of fractal analysis: 

1. Images of artificial and natural objects have very 

distinct fractal dimensions, which allow you to 

successfully use fractal features to identify artificial 

landscape changes in photos from space, the discovery of 

artificial objects in images taken from cameras and other 

tasks. 

2. Regardless of the method used to calculate the 

fractal dimension, the general view of the histograms is 

preserved, while the boundaries of the regions are 

characterized by the same values of the fractal dimension, 

which makes it possible to identify the different types of 

textures under study. 

Lack of fractal analysis: 

1. Processing by the method of fractal analysis does 

not allow, as a rule, to construct a global fractal model of 

the entire image. 

2. The fractal method of processing image textures is 

labor-intensive. 

The algorithms for finding key points and calculating 

their descriptor presented in papers [7, 11, 14, 15] were 

used in the work. The experiment carried out an 

assessment of the quality and timing of the comparison of 

two images. The research was conducted on a sample of 

80 images. In table 1 the result of a comparative analysis 

of the search methods for reference points are presented. 

Table 1. Analysis of methods for finding reference points 

Method of finding reference 

points 

The number of correct 

answers (%) 

Number of errors of 

the first type (%) 

Number of errors of 

the second type (%) 

Average operating 

time (in sec.) 

Genetic Algorithm 84.25 5.3 10.45 5.23 

Neural Networks 52 15.4 32.6 8.45 

SIFT 81 10.2 8.8 1.32 

Fractal analysis of textures 85.7 3.3 11 6.56 

 

Preceding from the conducted research it is 

suggested: 

- When developing marker recognition methods, it is 

necessary to develop an image preprocessing procedure 

for forming front marker algorithms under different image 

acquisition conditions; 

- It is expedient to use genetic algorithms on  

the basis of the best indicators of correct  

segmentation and low processing times, at the stages of 

segmentation, but it is necessary to develop  

functions that correspond to the format of the markers 

construction; 

- Improve existing methods for processing 

segmentation results based on a criterion base describing a 

visual model representing a marker. 

 

Conclusion 

 

As a result of the analysis, the following conclusion 

can be drawn. The fastest and the most accurate algorithm 

with key points is the genetic algorithm (average time of 

the algorithm is 5.23 seconds; the number of correct 

answers is 84.25). The longest working time is the neural 

network method - 8.45 seconds, the accuracy of this 

algorithm is also the lowest - 52. 

Another advantage of the point matching algorithm 

is that if the object goes beyond the frame and then returns 

again, the program will continue to track this object again.  

This is supported by algorithms of machine learning.  You 

can also notice that the SIFT calculation works much 

faster than fractal texture analysis. 
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These results suggest that there are currently no 

methods for recognizing markers that allow for 

recognition with a high accuracy of less than one unit in a 

short time. 

From our point of view, one of the  

perspective directions is the use of Royan  

methods, namely the development of target  

functions for accurate and fast recognition of images by 

markers. 
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ɼʆʉʃɯɼɾɽʅʅʗ ʄʆɼɽʃɽʁ ʊɸ ʄɽʊʆɼɯɺ ʆɹʈʆɹʂʀ ɿʆɹʈɸɾɽʅʔ ʊɸ ʐʃʗʍʀ 

ɺɼʆʉʂʆʅɸʃɽʅʅʗ ʊɽʍʅʆʃʆɻɯʁ ʈʆɿʇɯɿʅɸɺɸʅʅʗ ʄɸʈʂɽʈɯɺ ɺ ʉʀʉʊɽʄɸʍ 

ɼʆʇʆɺʅɽʅʆɰ ʈɽɸʃʔʅʆʉʊɯ 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʩʪʘʪʪʽ ʻ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ, ʷʢʽ ʚʠʷʚʣʷʶʪʴ ʽ ʦʧʠʩʫʶʪʴ ʣʦʢʘʣʴʥʽ ʦʟʥʘʢʠ ʟʦʙʨʘʞʝʥʥʷ. ʄʝʪʘ 

ʨʦʙʦʪʠ ï ʚʠʟʥʘʯʝʥʥʷ ʰʣʷʭʽʚ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʪʝʭʥʦʣʦʛʽʷʭ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʤʘʨʢʝʨʽʚ ʚ ʩʠʩʪʝʤʘʭ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ. ɺ ʩʪʘʪʪʽ ʚʠʨʽʰʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ: ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʪʘ 

ʘʣʛʦʨʠʪʤʽʚ ʧʦʰʫʢʫ ʦʙôʻʢʪʽʚ ʥʘ ʜʚʦʤʽʨʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʙʘʟʦʚʦʾ ʪʝʭʥʦʣʦʛʽʾ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʤʘʨʢʝʨʽʚ ʚ ʩʠʩʪʝʤʘʭ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ. ɸʥʘʣʽʟʫʶʪʴʩʷ ʛʝʥʝʪʠʯʥʽ, ʥʝʡʨʦʥʥʦʤʝʨʝʞʥʽ, ʩʪʘʪʠʩʪʠʯʥʽ ʪʘ ʬʨʘʢʪʘʣʴʥʽ ʤʝʪʦʜʠ, ʘ ʪʘʢʦʞ ʧʽʜʭʦʜʠ ʜʦ 

ʨʝʘʣʽʟʘʮʽʾ ʘʣʛʦʨʠʪʤʽʚ ʧʨʠ ʧʦʙʫʜʦʚʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʠʩʪʝʤ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ. ʆʪʨʠʤʘʥʦ ʥʘʩʪʫʧʥʽ 

ʨʝʟʫʣʴʪʘʪʠ: ʧʨʦʚʝʜʝʥʦ ʦʛʣʷʜ ʽ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʚʽʜʦʤʠʭ ʘʣʛʦʨʠʪʤʽʚ ʜʝʪʝʢʪʫʚʘʥʥʷ ʢʣʶʯʦʚʠʭ ʪʦʯʦʢ ʥʘ 

ʟʦʙʨʘʞʝʥʥʷʭ. ʇʨʦʧʦʥʫʻʪʴʩʷ ʧʨʠ ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʤʘʨʢʝʨʽʚ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʧʨʦʮʝʜʫʨʫ ʧʦʧʝʨʝʜʥʴʦʾ 

ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʥʷ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʬʨʦʥʪʘʣʴʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʤʘʨʢʝʨʘ ʧʨʠ ʨʽʟʥʠʭ ʫʤʦʚʘʭ ʦʪʨʠʤʘʥʥʷ 

ʟʦʙʨʘʞʝʥʴ. ʅʘ ʩʪʘʜʽʷʭ ʩʝʛʤʝʥʪʘʮʽʾ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʛʝʥʝʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ ʥʘ ʧʽʜʩʪʘʚʽ ʥʘʡʢʨʘʱʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʧʨʘʚʠʣʴʥʦʾ ʩʝʛʤʝʥʪʘʮʽʾ ʪʘ ʥʠʟʴʢʠʭ ʧʦʢʘʟʥʠʢʽʚ ʯʘʩʫ ʦʙʨʦʙʢʠ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʬʫʥʢʮʽʾ, ʷʢʽ  ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʬʦʨʤʘʪʫ ʧʦʙʫʜʦʚʠ ʤʘʨʢʝʨʽʚ. ɺʜʦʩʢʦʥʘʣʠʪʠ ʽʩʥʫʶʯʽ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʩʝʛʤʝʥʪʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʢʨʠʪʝʨʽʘʣʴʥʦʾ ʙʘʟʠ ʱʦ 

ʦʧʠʩʫʻ ʚʽʟʫʘʣʴʥʫ ʤʦʜʝʣʴ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʤʘʨʢʝʨ. ɺʠʩʥʦʚʢʠ: ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʠʡ 

ʚʠʩʥʦʚʦʢ. ʅʘʡʰʚʠʜʰʠʤ ʽ ʪʦʯʥʠʤ ʘʣʛʦʨʠʪʤʦʤ ʟʽ ʧʦʩʪʘʚʣʝʥʥʷʤ ʢʣʶʯʦʚʠʭ ʪʦʯʦʢ ʻ ʛʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ (ʩʝʨʝʜʥʽʡ ʯʘʩ ʨʦʙʦʪʠ 

ʘʣʛʦʨʠʪʤʫ - 5,23 ʩʝʢʫʥʜʠ, ʢʽʣʴʢʽʩʪʴ ʧʨʘʚʠʣʴʥʠʭ ʚʽʜʧʦʚʽʜʝʡ - 84,25). ʅʘʡʪʨʠʚʘʣʽʰʠʡ ʟʘ ʯʘʩʦʤ ʨʦʙʦʪʠ ʻ ʤʝʪʦʜ ʥʝʡʨʦʥʥʠʭ 

ʤʝʨʝʞ - 8,45 ʩʝʢʫʥʜ, ʪʦʯʥʽʩʪʴ ʨʦʙʦʪʠ ʜʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʪʝʞ ʥʘʡʥʠʞʯʘ - 52. ʑʝ ʦʜʥʠʤ ʟ ʧʣʶʩʽʚ ʘʣʛʦʨʠʪʤʫ ʟʽʩʪʘʚʣʝʥʥʷ ʪʦʯʦʢ 

ʪʝ, ʱʦ ʷʢʱʦ ʦʙ'ʻʢʪ ʚʠʡʜʝ ʟʘ ʤʝʞʽ ʢʘʜʨʫ, ʘ ʧʦʪʽʤ ʟʥʦʚʫ ʧʦʚʝʨʥʝʪʴʩʷ, ʧʨʦʛʨʘʤʘ ʙʫʜʝ ʟʥʦʚʫ ʧʨʦʜʦʚʞʫʚʘʪʠ ʚʽʜʩʣʽʜʢʦʚʫʚʘʪʠ ʮʝʡ 

ʦʙ'ʻʢʪ. ʎʴʦʤʫ ʩʧʨʠʷʶʪʴ ʘʣʛʦʨʠʪʤʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. ʊʘʢʦʞ ʤʦʞʥʘ ʧʦʤʽʪʠʪʠ, ʱʦ ʦʙʯʠʩʣʝʥʥʷ ʤʝʪʦʜʦʤ SIFT ʧʨʘʮʶʻ 

ʟʥʘʯʥʦ ʰʚʠʜʰʝ ʬʨʘʢʪʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʪʝʢʩʪʫʨ. ɼʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʛʦʚʦʨʷʪʴ ʧʨʦ ʪʝ, ʱʦ ʚ ʜʘʥʠʡ ʯʘʩ ʚʽʜʩʫʪʥʽ ʤʝʪʦʜʠ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʤʘʨʢʝʨʽʚ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʙʣʠʞʯʝ ʜʦ ʦʜʠʥʠʮʽ ʟʘ ʢʦʨʦʪʢʠʡ ʯʘʩ ʧʨʦʚʝʩʪʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ. ʅʘ 

ʥʘʰ ʧʦʛʣʷʜ ʦʜʥʠʤ ʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʡʦʚʠʭ ʤʝʪʦʜʽʚ, ʘ ʩʘʤʝ ʨʦʟʨʦʙʢʘ ʮʽʣʴʦʚʠʭ ʬʫʥʢʮʽʡ ʜʣʷ 

ʪʦʯʥʦʛʦ ʽ ʰʚʠʜʢʦʛʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʟʘ ʤʘʨʢʝʨʘʤʠ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʜʦʧʦʚʥʝʥʘ ʨʝʘʣʴʥʽʩʪʴ; ʤʘʨʢʝʨ; ʙʝʟʤʘʨʢʝʨʥʘ ʪʝʭʥʦʣʦʛʽʷ; ʜʝʩʢʨʠʧʪʦʨ; ʦʧʦʨʥʽ ʪʦʯʢʠ; ʜʝʪʝʢʪʦʨ ʢʫʪʽʚ 

ʍʘʨʽʩʘ; ʛʝʥʝʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ; ʥʝʡʨʦʥʘ ʤʝʨʝʞʘ; SIFT. 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʄʆɼɽʃɽʁ ʀ ʄɽʊʆɼʆɺ ʆɹʈɸɹʆʊʂʀ ʀɿʆɹʈɸɾɽʅʀʁ ʀ 

ʇʋʊʀ ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀʗ ʊɽʍʅʆʃʆɻʀʁ ʈɸʉʇʆɿʅɸɺɸʅʀʗ 

ʄɸʈʂɽʈʆɺ ɺ ʉʀʉʊɽʄɸʍ ɼʆʇʆʃʅɽʅʅʆʁ ʈɽɸʃʔʅʆʉʊʀ 

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʩʪʘʪʴʝ ʷʚʣʷʶʪʩʷ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʚʳʷʚʣʷʶʪ ʠ ʦʧʠʩʳʚʘʶʪ ʣʦʢʘʣʴʥʳʝ 

ʧʨʠʟʥʘʢʠ ʠʟʦʙʨʘʞʝʥʠʷ. ʎʝʣʴ ʨʘʙʦʪʳ - ʦʧʨʝʜʝʣʝʥʠʝ ʧʫʪʝʡ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʪʝʭʥʦʣʦʛʠʷʭ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʤʘʨʢʝʨʦʚ ʚ ʩʠʩʪʝʤʘʭ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ. ɺ ʩʪʘʪʴʝ ʨʝʰʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʟʘʜʘʯʠ: ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʧʦʠʩʢʘ ʦʙʲʝʢʪʦʚ ʥʘ ʜʚʫʭʤʝʨʥʳʭ ʠʟʦʙʨʘʞʝʥʠʷʭ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʙʘʟʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʤʘʨʢʝʨʦʚ ʚ ʩʠʩʪʝʤʘʭ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ. ɸʥʘʣʠʟʠʨʫʶʪʩʷ 

ʛʝʥʝʪʠʯʝʩʢʠʝ, ʥʝʡʨʦʥʥʦʩʝʪʝʚʳʝ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʠ ʬʨʘʢʪʘʣʴʥʳʝ ʤʝʪʦʜʳ, ʘ ʪʘʢʞʝ ʧʦʜʭʦʜʳ ʢ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ ʧʨʠ 

ʧʦʩʪʨʦʝʥʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩʠʩʪʝʤ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ. ʇʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: ʧʨʦʚʝʜʝʥ 

ʦʩʤʦʪʨ ʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʦʩʥʦʚʥʳʭ ʠʟʚʝʩʪʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʢʣʶʯʝʚʳʭ ʪʦʯʝʢ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ. ʇʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʤʘʨʢʝʨʦʚ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʦʮʝʜʫʨʫ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʷ 

ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʬʨʦʥʪʘʣʴʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʤʘʨʢʝʨʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʣʫʯʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ. ʅʘ 

ʩʪʘʜʠʷʭ ʩʝʛʤʝʥʪʘʮʠʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʝʥʝʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʣʫʯʰʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʘʚʠʣʴʥʦʡ 

ʩʝʛʤʝʥʪʘʮʠʠ ʠ ʥʠʟʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ, ʥʦ ʧʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʬʫʥʢʮʠʠ, ʢʦʪʦʨʳʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʬʦʨʤʘʪʫ ʧʦʩʪʨʦʝʥʠʷ ʤʘʨʢʝʨʦʚ. ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʩʝʛʤʝʥʪʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʢʨʠʪʝʨʠʘʣʴʥʦʡ ʙʘʟʳ ʦʧʠʩʳʚʘʶʱʠʡ ʚʠʟʫʘʣʴʥʫʶ ʤʦʜʝʣʴ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʤʘʨʢʝʨ. ɺʳʚʦʜʳ: ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʡ ʚʳʚʦʜ. ʉʘʤʳʤ ʙʳʩʪʨʳʤ ʠ ʪʦʯʥʳʤ ʤʝʪʦʜʦʤ ʩ ʧʦʩʪʘʥʦʚʢʦʡ 

ʢʣʶʯʝʚʳʭ ʪʦʯʝʢ ʷʚʣʷʝʪʩʷ ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ (ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ - 5,23 ʩʝʢʫʥʜʳ, ʢʦʣʠʯʝʩʪʚʦ ʧʨʘʚʠʣʴʥʳʭ 

ʦʪʚʝʪʦʚ - 84,25). ʉʘʤʳʡ ʧʦ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ - 8,45 ʩʝʢʫʥʜ, ʪʦʯʥʦʩʪʴ ʨʘʙʦʪʳ ʜʘʥʥʦʛʦ 

ʘʣʛʦʨʠʪʤʘ ʪʦʞʝ ʩʘʤʘʷ ʥʠʟʢʘʷ - 52. ɽʱʝ ʦʜʥʠʤ ʠʟ ʧʣʶʩʦʚ ʘʣʛʦʨʠʪʤʘ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʪʦʯʝʢ ʪʦʤ, ʯʪʦ ʝʩʣʠ ʦʙʲʝʢʪ ʚʳʡʜʝʪ ʟʘ 

ʧʨʝʜʝʣʳ ʢʘʜʨʘ, ʘ ʟʘʪʝʤ ʩʥʦʚʘ ʚʝʨʥʝʪʩʷ, ʧʨʦʛʨʘʤʤʘ ʙʫʜʝʪ ʩʥʦʚʘ ʧʨʦʜʦʣʞʘʪʴ ʦʪʩʣʝʞʠʚʘʪʴ ʵʪʦʪ ʦʙʲʝʢʪ. ʕʪʦʤʫ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʘʣʛʦʨʠʪʤʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ʊʘʢʞʝ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚʳʯʠʩʣʝʥʠʷ ʤʝʪʦʜʦʤ SIFT ʨʘʙʦʪʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʳʩʪʨʝʝ 

ʬʨʘʢʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʪʝʢʩʪʫʨ. ɼʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʛʦʚʦʨʷʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʩʫʪʩʪʚʫʶʪ ʤʝʪʦʜʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʤʘʨʢʝʨʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʙʣʠʞʝ ʢ ʝʜʠʥʠʮʝ ʟʘ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ ʧʨʦʚʝʩʪʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ. ʅʘ ʥʘʰ ʚʟʛʣʷʜ 

ʦʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʦʝʚʳʭ ʤʝʪʦʜʦʚ, ʘ ʠʤʝʥʥʦ ʨʘʟʨʘʙʦʪʢʘ ʮʝʣʝʚʳʭ ʬʫʥʢʮʠʡ ʜʣʷ 

ʪʦʯʥʦʛʦ ʠ ʙʳʩʪʨʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʤʘʨʢʝʨʘʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʦʧʦʣʥʝʥʥʘʷ ʨʝʘʣʴʥʦʩʪʴ; ʤʘʨʢʝʨ; ʙʝʟʤʘʨʢʝʨʥʘʷ ʪʝʭʥʦʣʦʛʠʷ; ʜʝʩʢʨʠʧʪʦʨ; ʦʧʦʨʥʳʝ ʪʦʯʢʠ; ʜʝʪʝʢʪʦʨ 

ʫʛʣʦʚ ʍʘʨʨʠʩʘ; ʛʝʥʝʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ; ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ; SIFT. 
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ʉ. ʉ. ɺɽʃʀʂʆɼʅʀʁ 

ʄɽʊʆɼ ʇʈɽɼʉʊɸɺʃɽʅʅʗ ʆʎɯʅʂʀ ʈɽɯʅɾʀʅɯʈʀʅɻʋ ʇʈʆɻʈɸʄʅʀʍ 

ʉʀʉʊɽʄ ɿɸ ɼʆʇʆʄʆɻʆʖ ʇʈʆɽʂʊʅʀʍ ʂʆɽʌɯʎɯɭʅʊɯɺ 

ʇʨʝʜʤʝʪʦʤ ʨʦʙʦʪʠ ʻ ʧʨʦʝʢʪʥʽ ʢʦʝʬʽʮʽʻʥʪʠ, ʱʦ ʫʚʦʜʷʪʴʩʷ ʜʦ ʤʦʜʝʣʽ ʨʝʽʥʞʠʥʽʨʠʥʛʫ ʧʨʦʛʨʘʤʥʦʾ ʩʠʩʪʝʤʠ. ʄʝʪʘ ʨʦʙʦʪʠ. 

ʉʬʦʨʤʫʚʘʪʠ ʤʝʪʦʜ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʧʨʦʝʢʪʥʦʾ ʦʮʽʥʢʠ ʨʝʽʥʞʠʥʽʨʠʥʛʫ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ, ʥʘ ʧʽʜʩʪʘʚʽ ʷʢʦʛʦ ʧʨʠʡʤʘʻʪʴʩʷ 

ʦʩʪʘʪʦʯʥʝ ʨʽʰʝʥʥʷ ʱʦʜʦ ʜʦʮʽʣʴʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʨʝʽʥʞʠʥʽʨʠʥʛʫ. ʆʜʥʠʤ ʟ ʛʦʣʦʚʥʠʭ ʟʘʚʜʘʥʴ ʽʥʞʝʥʝʨʽʾ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʻ ʩʪʚʦʨʝʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʧʨʠʢʣʘʜʥʠʭ ʦʩʥʦʚ ʰʚʠʜʢʦʾ ʪʘ ʷʢʽʩʥʦʾ ʧʦʙʫʜʦʚʠ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ ʟ ʙʽʣʴʰ ʧʨʦʩʪʠʭ 

ʧʨʦʛʨʘʤʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʚʠʢʦʥʘʥʦ ʫ ʩʫʯʘʩʥʠʭ ʤʦʚʘʭ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ʌʘʢʪʠʯʥʦ ʨʽʰʝʥʥʷ ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʰʣʷʭʦʤ ʟʙʠʨʘʥʥʷ, ʦʙô̒ ʜʥʘʥʥʷ ʘʙʦ ʽʥʪʝʛʨʘʮʽʾ ʨʽʟʥʦʨʽʜʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʢʦʤʧʦʥʝʥʪʽʚ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʱʦ 

ʚʢʣʶʯʘʶʪʴ ʤʦʜʫʣʽ, ʙʽʙʣʽʦʪʝʢʠ ʪʘ ʧʨʦʛʨʘʤʥʽ ʨʝʘʣʽʟʘʮʽʾ ʜʝʷʢʦʾ ʩʢʣʘʜʥʦʾ ʧʨʦʛʨʘʤʥʦʾ ʩʠʩʪʝʤʠ. ɿʘ ʩʫʯʘʩʥʠʤʠ ʩʚʽʪʦʚʠʤʠ 

ʪʝʥʜʝʥʮʽʷʤʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ: ʧʨʦʛʨʘʤʥʽ ʩʠʩʪʝʤʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʪʘʢʠʤʠ, ʱʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʪʘ 

ʝʚʦʣʶʮʽʦʥʫʶʪʴ. ɿʘʚʜʘʥʥʷʤ ʩʪʘʪʪʽ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʧʨʦʝʢʪʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ, ʱʦ ʫʚʦʜʷʪʴʩʷ ʜʦ ʤʦʜʝʣʽ ʨʝʽʥʞʠʥʽʨʠʥʛʫ 

ʧʨʦʛʨʘʤʥʦʾ ʩʠʩʪʝʤʠ, ʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʜʦ ʬʘʢʪʠʯʥʠʭ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʚʞʝ ʨʝʘʣʴʥʦ ʚʠʢʦʥʘʥʠʭ ʧʨʦʝʢʪʽʚ ʟ ʨʝʽʥʞʠʥʽʨʠʥʛʫ 

ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ. ʄʝʪʦʜʠ.ʋ ʩʪʘʪʪʽ ʟʥʘʡʰʣʘ ʩʚʽʡ ʨʦʟʚʠʪʦʢ ʤʝʪʦʜʦʣʦʛʽʷ ɹʦʤʘ, ʧʨʦʜʦʚʞʝʥʥʷ ʷʢʦʾ ʚʽʜʦʙʨʘʞʝʥʝ ʫ ʬʦʨʤʫʚʘʥʥʽ 

ʘʥʘʣʽʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʽʟ ʟʘʧʨʦʧʦʥʦʚʘʥʠʤʠ ʟʤʽʥʘʤʠ ʪʘ ʧʨʦʧʦʟʠʮʽʷʤʠ ʱʦʜʦ ʛʥʫʯʢʦʩʪʽ ʧʦʙʫʜʦʚʠ ʥʘ ʝʪʘʧʽ ʧʝʨʝʜʧʨʦʝʢʪʥʦʛʦ 

ʘʥʘʣʽʟʫ. ɼʦ ʤʦʜʝʣʝʡ ʫʚʝʜʝʥʦ ʧʨʦʝʢʪʥʽ ʢʦʝʬʽʮʽʻʥʪʠ, ʱʦ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʫʷʚʣʝʥʴ ʦʮʽʥʢʠ ʧʨʦʝʢʪʽʚ ʟʘ ʤʝʪʦʜʦʤ 

ʧʨʦʝʢʪʥʠʭ ʪʦʯʦʢ ʂʘʨʥʝʨʘ ʪʘ ʤʝʪʦʜʦʤ ʢʦʥʩʪʘʥʪ ʗʢʦʙʩʦʥʘ ʽʟ ʜʦʜʘʥʠʤʠ ʜʦʧʦʚʥʝʥʥʷʤʠ ʪʘ ʨʦʟʰʠʨʝʥʥʷʤʠ. ɺʽʟʫʘʣʽʟʘʮʽʷ ʤʦʜʝʣʝʡ 

ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʤʝʪʦʜʠ ʧʦʙʫʜʦʚʠ ʩʧʽʨʘʣʴʥʠʭ ʤʦʜʝʣʝʡ ɸʨʭʽʤʝʜʘ, ʚʝʢʪʦʨʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʛʦʜʦʛʨʘʬʽʚ ɻʘʤʽʣʴʪʦʥʘ ʪʘ 

ʄʠʭʘʡʣʦʚʘ, ʘ ʤʝʪʦʜ ʦʙʣʽʢʫ ʟʘʧʣʘʥʦʚʘʥʦʛʦ ʯʘʩʫ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʦʝʢʪʥʠʭ ʜʽʘʛʨʘʤʘʭ ɻʘʥʪʘ. ʈʝʟʫʣʴʪʘʪʠ: ʦʪʨʠʤʘʥʦ ʤʝʪʦʜ ʟʘ 

ʷʢʠʤ ʜʦ ʨʘʥʽʰ ʩʬʦʨʤʦʚʘʥʠʭ ʤʦʜʝʣʝʡ ʨʝʽʥʞʠʥʽʨʠʥʛʫ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ, ʫʚʝʜʝʥʦ ʧʨʦʝʢʪʥʽ ʢʦʝʬʽʮʽʻʥʪʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ 

ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʦʮʽʥʢʠ ʨʝʽʥʞʠʥʽʨʠʥʛʫ, ʷʢʘ ʚʠʨʘʞʝʥʘ ʫ ʟʤʝʥʰʝʥʥʽ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʦʾ ʧʦʭʠʙʢʠ ʱʦʜʦ 

ʬʘʢʪʠʯʥʦʛʦ ʯʘʩʫ ʡʦʛʦ ʚʠʢʦʥʘʥʥʷ. ɺʠʩʥʦʚʢʠ. ɼʦ ʥʘʫʢʦʚʦʾ ʥʦʚʠʟʥʠ ʚʽʜʥʝʩʝʥʦ ʥʘʩʪʫʧʥʽ ʧʦʣʦʞʝʥʥʷ ʱʦʜʦ ʨʝʽʥʞʠʥʽʨʠʥʛʫ 

ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ: ʫʜʦʩʢʦʥʘʣʝʥʦ ʤʦʜʝʣʽ ʚʽʟʫʘʣʽʟʘʮʽʾ ʚʠʪʨʘʪ ʟʘ ʨʘʭʫʥʦʢ ʫʚʝʜʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ ʩʭʦʞʦʩʪʽ 

ʢʦʤʧʦʥʝʥʪʽʚ, ʷʢʽ ʜʦʟʚʦʣʠʪʴ ʚʥʦʩʠʪʠ ʟʤʽʥʠ ʜʦ ʢʦʥʬʽʛʫʨʘʮʽʾ ʚʽʜʧʦʚʽʜʥʠʭ ʛʦʜʦʛʨʘʬʽʚ. ʈʝʽʥʞʠʥʽʨʠʥʛ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ 

ʜʦʟʚʦʣʠʪʴ: ʧʦʜʦʣʘʪʠ ʧʨʦʪʠʨʽʯʯʷ ʤʽʞ ʪʝʤʧʘʤʠ ʨʦʟʚʠʪʢʫ ʥʘʫʢʠ, ʪʝʭʥʽʢʠ ʡ ʧʨʦʮʝʩʽʚ ʧʨʦʝʢʪʫʚʘʥʥʷ; ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʪʝʭʥʽʯʥʦʛʦ ʩʫʧʨʦʚʦʜʫ; ʩʢʦʨʦʪʠʪʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʪʨʘʪʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʨʦʛʨʘʤʥʘ ʩʠʩʪʝʤʘ; ʨʝʽʥʞʠʥʽʨʠʥʛ; ʧʝʨʝʜʧʨʦʝʢʪʥʽ ʜʦʩʣʽʜʞʝʥʥʷ; ʧʨʦʝʢʪʫʚʘʥʥʷ; ʝʚʦʣʶʮʽʡʥʘ ʩʧʽʨʘʣʴ; 

ʛʦʜʦʛʨʘʬ; ʧʨʦʝʢʪʥʽ ʢʦʝʬʽʮʽʻʥʪʠ; ʢʦʝʬʽʮʽʻʥʪ ʘʚʪʦʤʘʪʠʟʘʮʽʾ; ʢʦʝʬʽʮʽʻʥʪ ʩʭʦʞʦʩʪʽ ʢʦʤʧʦʥʝʥʪʽʚ; ʢʦʤʧʦʥʝʥʪʠ ʧʦʚʪʦʨʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ɺʩʪʫʧ 

 

ʆʜʥʽʻʶ ʟ ʛʦʣʦʚʥʠʭ ʧʨʦʙʣʝʤ ʽʥʞʝʥʝʨʽʾ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʻ ʩʪʚʦʨʝʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʽ 

ʧʨʠʢʣʘʜʥʠʭ ʦʩʥʦʚ ʰʚʠʜʢʦʾ ʪʘ ʷʢʽʩʥʦʾ ʧʦʙʫʜʦʚʠ 

ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ ʟ ʙʽʣʴʰ ʧʨʦʩʪʠʭ ʧʨʦʛʨʘʤʥʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʚʠʢʦʥʘʥʦ ʫ ʩʫʯʘʩʥʠʭ ʤʦʚʘʭ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ (ʄʇ). ʌʘʢʪʠʯʥʦ ʨʽʰʝʥʥʷ ʮʽʻʾ 

ʧʨʦʙʣʝʤʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʟʙʠʨʘʥʥʷ, ʦʙô̒ ʜʥʘʥʥʷ 

ʘʙʦ ʽʥʪʝʛʨʘʮʽʾ ʨʽʟʥʦʨʽʜʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ 

ʢʦʤʧʦʥʝʥʪʽʚ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ (ʂʇɺ),ʱʦ 

ʚʢʣʶʯʘʶʪʴ ʤʦʜʫʣʽ, ʙʽʙʣʽʦʪʝʢʠ ʪʘ ʧʨʦʛʨʘʤʥʽ ʨʝʘʣʽʟʘʮʽʾ 

ʜʝʷʢʦʾ ʩʢʣʘʜʥʦʾ ʧʨʦʛʨʘʤʥʦʾ ʩʠʩʪʝʤʠ (ʇʉ).  

ʋ ʪʦʡ ʞʝ ʯʘʩ, ʇʉ ʦʙô̒ ʜʥʫʻ ʫ ʩʦʙʽ ʨʽʟʥʽ ʚʠʜʠ 

ʟʘʙʝʟʧʝʯʝʥʥʷ: ʪʝʭʥʽʯʥʝ, ʤʘʪʝʤʘʪʠʯʥʝ, ʧʨʦʛʨʘʤʥʝ, 

ʽʥʬʦʨʤʘʮʽʡʥʝ, ʣʽʥʛʚʽʩʪʠʯʥʝ, ʤʝʪʦʜʠʯʥʝ, ʦʨʛʘʥʽʟʘʮʽʡʥʝ, 

ʝʨʛʦʥʦʤʽʯʥʝ ʪʘ ʧʨʘʚʦʚʝ. ʂʦʞʥʝ ʟ ʮʠʭ ʚʠʜʽʚ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʻ ʧʘʨʘʤʝʪʨʠ ʽ ʙʘʞʘʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʷʢʽ ʦʙʠʨʘʶʪʴ ʧʨʦʝʢʪʫʚʘʣʴʥʠʢʠ ʇʉ ʽʟ ʤʘʢʩʠʤʘʣʴʥʠʤ 

ʫʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ ʟʘʚʜʘʥʴ ʽʥʞʝʥʝʨʥʦʛʦ 

ʧʨʦʝʢʪʫʚʘʥʥʷ, ʢʦʥʩʪʨʫʶʚʘʥʥʷ, ʪʝʭʥʦʣʦʛʽʡ ʢʦʜʫʚʘʥʥʷ 

ʪʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʇɿ. 

ʉʪʚʦʨʝʥʥʷ ʪʘ ʨʦʟʚʠʪʦʢ ʇʉ ʟʘʚʞʜʠ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʧʨʦʚʽʜʥʦʶ ʧʨʦʝʢʪʥʦʶ ʢʦʨʧʦʨʘʮʽʻʶ ʽʟ ʦʙʦʚ'ʷʟʢʦʚʠʤ 

ʟʘʣʫʯʝʥʥʷʤ ʽʥʰʠʭ ʦʨʛʘʥʽʟʘʮʽʡ-ʩʧʽʚʚʠʢʦʥʘʚʮʽʚ, ʫ ʪʦʤʫ 

ʯʠʩʣʽ: ʥʘʫʢʦʚʠʭ ʫʩʪʘʥʦʚ, ʧʨʦʬʽʣʴʥʠʭ ʫʥʽʚʝʨʩʠʪʝʪʽʚ, ʘ 

ʪʘʢʦʞ ʢʦʥʩʫʣʴʪʘʮʽʡ ʚʽʜʦʤʠʭ ʚʯʝʥʠʭ, ʥʘʫʢʦʚʠʡ 

ʧʦʪʝʥʮʽʘʣ ʽ ʥʘʢʦʧʠʯʝʥʠʡ ʜʦʩʚʽʜ ʷʢʠʭ, ʚʠʨʘʞʝʥʦ ʫ 

ʩʦʪʥʷʭ ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʡ ʽ ʜʝʩʷʪʢʘʭ ʟʘʭʠʱʝʥʠʭ 

ʜʠʩʝʨʪʘʮʽʡ ʧʽʜ ʾʭ ʢʝʨʽʚʥʠʮʪʚʦʤ.  

ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ, ʩʪʚʦʨʝʥʥʷ ʧʦʪʫʞʥʦʾ ʛʘʣʫʟʝʚʦʾ 

ʇʉ ï ʩʢʣʘʜʥʘ ʽ ʪʨʫʜʦʤʽʩʪʢʘ ʟʘʜʘʯʘ, ʚʠʢʦʥʘʥʥʷ ʷʢʦʾ ʧʽʜ 

ʩʠʣʫ ʪʽʣʴʢʠ ʚʝʣʠʢʦʤʫ ʚʠʩʦʢʦʢʚʘʣʽʬʽʢʦʚʘʥʦʤʫ ʽ 

ʟʣʘʛʦʜʞʝʥʦʤʫ ʢʦʣʝʢʪʠʚʫ ʨʦʟʨʦʙʥʠʢʽʚ, ʦʩʢʽʣʴʢʠ ʪʽʣʴʢʠ 

ʩʘʤ ʧʨʦʮʝʩ ʩʪʚʦʨʝʥʥʷ ʚʞʝ ʤʽʩʪʠʪʴ ʫ ʩʦʙʽ ʧʦʥʘʜ 

ʜʝʩʷʪʦʢ ʩʪʘʜʽʡ: ʧʝʨʝʜ ʧʨʦʝʢʪʥʽ (ʫ ʪʦʤʫ ʯʠʩʣʽ 

ʩʦʮʽʦʣʦʛʽʯʥʽ) ʜʦʩʣʽʜʞʝʥʥʷ, ʪʝʭʥʽʯʥʝ ʟʘʚʜʘʥʥʷ, 

ʪʝʭʥʽʯʥʘ ʧʨʦʧʦʟʠʮʽʷ, ʝʩʢʽʟʥʠʡ ʧʨʦʝʢʪ, ʪʝʭʥʽʯʥʠʡ 

ʧʨʦʝʢʪ, ʨʦʙʦʯʠʡ ʧʨʦʝʢʪ, ʚʠʛʦʪʦʚʣʝʥʥʷ (ʢʦʜʫʚʘʥʥʷ), 

ʥʘʣʘʛʦʜʞʝʥʥʷ, ʚʠʧʨʦʙʫʚʘʥʥʷ (ʪʝʩʪʫʚʘʥʥʷ), ʫʚʝʜʝʥʥʷ ʚ 

ʜʽʶ (ʽʥʩʪʘʣʷʮʽʷ ʪʘ ʢʦʥʬʽʛʫʨʫʚʘʥʥʷ) ʪʘ ʧʦʜʘʣʴʰʠʡ 

ʪʝʭʥʽʯʥʠʡ ʩʫʧʨʦʚʽʜ ʪʘ ʧʽʜʪʨʠʤʢʘ. 

ɿʘ ʘʢʪʫʘʣʴʥʠʤʠ ʩʚʽʪʦʚʠʤʠ ʪʝʥʜʝʥʮʽʷʤʠ ʽʥʞʝʥʝʨʽʾ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ (ʇɿ): ʇʉ ʧʦʚʠʥʥʽ ʙʫʪʠ  

ʪʘʢʠʤʠ, ʱʦ ʨʦʟʚʠʚʘʶʪʴʩʷ. ɯʩʥʫʻ, ʧʨʠʥʘʡʤʥʽ, ʜʚʽ ʚʘʛʦʤʽ 

ʧʨʠʯʠʥʠ, ʟʘ ʷʢʠʤʠ ʇʉ ʧʦʚʠʥʥʽ ʙʫʪʠ ʟʤʽʥʶʚʘʥʠʤʠ ʟʘ 

ʯʘʩʦʤ. ʇʦ-ʧʝʨʰʝ: ʨʦʟʨʦʙʢʘ ʇʉ ʟʘʡʤʘʻ ʪʨʠʚʘʣʠʡ ʯʘʩ ʽ 

ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʦ ʫʚʦʜʠʪʠ ʜʦ ʝʢʩʧʣʫʘʪʘʮʽʾ ʯʘʩʪʠʥʠ 

ʩʠʩʪʝʤʠ ʧʦ ʤʽʨʽ ʾʭ ʛʦʪʦʚʥʦʩʪʽ (ʫʚʝʜʝʥʘ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ 

ʙʘʟʦʚʘ ʚʝʨʩʽʷ ï ʥʘʜʘʣʽ ʨʦʟʰʠʨʶʻʪʴʩʷ). ʇʦ-ʜʨʫʛʝ: 

ʧʦʩʪʽʡʥʠʡ ʧʨʦʛʨʝʩ ʦʙô̒ ʢʪʽʚ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʪʝʭʥʦʣʦʛʽʡ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʡ ʢʦʜʫʚʘʥʥʷ ʇɿ, ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ 

ʪʝʭʥʽʢʠ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʦʷʚʠ ʥʦʚʠʭ, ʙʽʣʴʰ ʜʦʩʢʦʥʘʣʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ ʽ ʤʝʪʦʜʽʚ, ʷʢʽ ʧʦʚʠʥʥʽ ʟʘʤʽʥʶʚʘʪʠ ʩʪʘʨʽ, ʤʝʥʰ 

ʚʜʘʣʽ ʘʥʘʣʦʛʠ.  

ʋ ʟʚô̫ ʟʢʫ ʟ ʮʠʤ, ʇʉ ʧʦʚʠʥʥʘ ʤʘʪʠ ʚʣʘʩʪʠʚʽʩʪʴ 

ʟʨʫʯʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʨʦʟʰʠʨʝʥʥʷ ʟʘ 
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ʜʦʧʦʤʦʛʦʶ ʧʽʜʢʣʶʯʝʥʥʷ ʨʦʟʨʦʙʣʝʥʠʭ ʪʘ / ʘʙʦ 

ʫʜʦʩʢʦʥʘʣʝʥʠʭ ʚʠʜʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ. ʆʩʴ ʪʫʪ ʧʦʩʪʘʻ 

ʧʠʪʘʥʥʷ ʧʦʜʘʣʴʰʦʛʦ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ, ʘ ʩʘʤʝ: 

ʮʝ ʤʦʞʝ ʙʫʪʠ ʥʦʚʘ ʨʦʟʨʦʙʢʘ ʇʉ ʘʙʦ ʨʝʽʥʞʠʥʽʨʠʥʛ 

(reengineering), ʪʦʙʪʦ ʧʝʨʝʧʨʦʝʢʪʫʚʘʥʥʷ ʽʟ 

ʥʘʩʣʽʜʫʚʘʥʥʷʤ ʧʦʟʠʪʠʚʥʠʭ ʷʢʦʩʪʝʡ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʇʉ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʪʘ ʚʽʜʤʦʚʦʶ ʚʽʜ 

ʥʝʛʘʪʠʚʥʠʭ. 

ʆʙôʻʢʪʦʤ ʨʦʙʦʪʠ ʻ ʧʨʦʮʝʩ ʨʝʽʥʞʠʥʽʨʠʥʛʫ ʇʉ. 

ʇʨʝʜʤʝʪʦʤ ʨʦʙʦʪʠ ʻ ʧʨʦʝʢʪʥʽ ʢʦʝʬʽʮʽʻʥʪʠ, ʱʦ 

ʫʚʦʜʷʪʴʩʷ ʜʦ ʤʦʜʝʣʽ ʨʝʽʥʞʠʥʽʨʠʥʛʫ ʇʉ. 

ɻʦʣʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʧʣʠʚʫ ʧʨʦʝʢʪʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ, ʱʦ ʫʚʦʜʷʪʴʩʷ ʜʦ 

ʤʦʜʝʣʽ ʨʝʽʥʞʠʥʽʨʠʥʛʫ ʇʉ, ʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʜʦ 

ʬʘʢʪʠʯʥʠʭ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʚʞʝ ʨʝʘʣʴʥʦ 

ʚʠʢʦʥʘʥʠʭ ʧʨʦʝʢʪʽʚ ʟ ʨʝʽʥʞʠʥʽʨʠʥʛʫ ʇʉ.   

 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ 

 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʨʝʽʥʞʠʥʽʨʠʥʛʫ (ʈɯ) ʱʦʜʦ ʽʥʞʝʥʝʨʽʾ 

ʇɿ, ʷʢ ʧʦʯʘʪʢʦʚʠʡ ʝʪʘʧ ʨʦʟʚʠʪʢʫ ʥʘʫʢʦʚʦʾ ʜʫʤʢʠ ʟ 

ʧʝʨʝʧʨʦʝʢʪʫʚʘʥʥʷ ʇʉ ʨʦʟʧʦʯʘʪʦ ʫ [1, 2]. 

ɿʘʚʜʷʢʠ ʫʚʝʜʝʥʽʡ ʤʝʪʦʜʦʣʦʛʽʾ ʪʘ  

ʦʙʯʠʩʣʶʚʘʣʴʥʦʤʫ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ [3] ʤʦʞʥʘ ʚʠʢʦʥʘʪʠ 

ʦʮʽʥʢʫ ʧʨʦʝʢʪʥʠʭ ʨʝʩʫʨʩʽʚ, ʩʧʠʨʘʶʯʠʩʴ ʥʘ ʽʜʝʶ 

ʂʘʨʥʝʨʘ [4], ʱʦ ʟʘʢʣʘʜʝʥʦ ʫ ʦʩʥʦʚʫ ʨʦʟʨʦʙʣʝʥʦʛʦ 

ʤʝʪʦʜʘ ʨʦʟʨʘʭʫʥʢʫ ʧʦʢʘʟʥʠʢʽʚ ʦʮʽʥʢʠ ʧʨʦʝʢʪʫ ʧʨʠ 

ʚʠʢʦʥʘʥʥʽ ʈɯ ʇʉ [5]. 

ʉʘʤʝ ʞ ʧʦʥʷʪʪʷ "ʨʝʽʥʞʠʥʽʨʠʥʛ", ʩʧʦʯʘʪʢʫ 

ʟôʷʚʠʣʦʩʷ  ʫ ʧʨʝʜʩʪʘʚʣʝʥʥʽ ʦʧʪʠʤʽʟʘʮʽʾ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ 

ʢʦʨʧʦʨʘʮʽʾ [6, 7], ʷʢ ʧʝʨʝʦʨʽʻʥʪʫʚʘʥʥʷ ʪʘ ʨʝʦʨʛʘʥʽʟʘʮʽʷ 

ʩʪʨʫʢʪʫʨʠ ʟʘʙʝʟʧʝʯʝʥʥʷ (ʫ ʰʠʨʦʢʦʤʫ ʩʝʥʩʽ) [8].  

ʋ ʨʦʙʦʪʽ [9] ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʦʙôʻʢʪʥʠʡ ʧʽʜʭʽʜ ʜʦ 

ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ ʫ ʬʦʨʤʽ ʨʝʩʪʨʫʢʪʫʨʠʟʘʮʽʾ, ʪʘ 

ʧʝʨʝʚʝʜʝʥʥʷ ʦʢʨʝʤʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʩʪʝʤʠ ʜʦ ʽʥʰʦʾ, 

ʩʫʯʘʩʥʽʰʦʾ, ʘ ʪʘʢʦʞ ʨʦʟʛʣʷʥʫʪʦ ʧʨʦʮʝʩʠ ʤʦʜʠʬʽʢʘʮʽʾ 

ʪʘ ʤʦʜʝʨʥʽʟʘʮʽʾ ʚʽʜʢʨʠʪʠʭ ʩʪʨʫʢʪʫʨ ʽ ʩʠʩʪʝʤ  

ʜʘʥʠʭ [10]. 

ʇʨʦʙʣʝʤʫ ʈɯ ʱʦʜʦ ʇʉ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʘʚʪʦʨʦʤ ʫ 

[11], ʩʧʠʨʘʶʯʠʩʴ ʥʘ ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ [12]. 

ʄʝʪʦʜʦʣʦʛʽʯʥʽ ʟʘʩʘʜʠ ʈɯ ʇʉ ʙʫʣʦ ʟʘʢʣʘʜʝʥʦ ʫ [13], 

ʩʧʠʨʘʶʯʠʩʴ ʥʘ ʤʦʜʝʣʽ ɹʦʤʘ (Boehm) [14, 15]. 

ʄʝʪʦʜʦʣʦʛʽʷ, ʱʦ ʚʠʢʣʘʜʝʥʘ ʫ [16] ʩʪʘʣʘ ʫ ʥʘʛʦʜʽ 

ʫ ʷʢʦʩʪʽ ʙʘʟʦʚʦʾ ʪʨʘʻʢʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʴ. ʇʨʠʥʮʠʧʠ, 

ʨʦʟʛʣʷʥʫʪʽ ʫ [17] ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʫ [18], ʧʽʜʢʘʟʘʣʠ 

ʧʨʘʢʪʠʯʥʽ ʘʩʧʝʢʪʠ ʦʮʽʥʢʠ ʧʨʦʝʢʪʽʚ [19], ʱʦ 

ʧʽʜʣʷʛʘʶʪʴ ʈɯ, ʥʘʧʨʠʢʣʘʜ ʇʉ ʟ [20, 21]. 

 

ɺʠʜʽʣʝʥʥʷ ʯʘʩʪʠʥ ʟʘʛʘʣʴʥʦʾ ʧʨʦʙʣʝʤʠ. ʄʝʪʘ 

ʨʦʙʦʪʠ 

 

ɿ ʢʦʤʝʨʮʽʡʥʦʾ ʪʦʯʢʠ ʟʦʨʫ, ʨʝʽʥʞʠʥʽʨʠʥʛ (ʈɯ) 

ʯʘʩʪʦ ʚʚʘʞʘʶʪʴ ʻʜʠʥʠʤ ʩʧʦʩʦʙʦʤ ʟʙʝʨʝʞʝʥʥʷ 

ʫʩʧʘʜʢʦʚʘʥʠʭ ʤʦʜʫʣʽʚ ʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʇʉ, ʫ ʪʦʡ ʯʘʩ ʷʢ 

ʥʦʚʫ ʨʦʟʨʦʙʢʫ ï ʥʝ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʨʦʟʛʣʷʜʘʪʠ ʥʝ 

ʪʽʣʴʢʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʜʝʬʽʮʠʪʫ ʯʘʩʫ, ʱʦ ʚʞʝ ʙʫʣʦ 

ʟʘʪʨʘʯʝʥʦ ʥʘ ʧʝʨʚʠʥʥʫ ʨʦʟʨʦʙʢʫ, ʪʘ ʷʢ ʥʘʩʣʽʜʦʢ ï 

ʟʙʽʣʴʰʝʥʥʷ ʝʢʦʥʦʤʽʯʥʠʭ ʚʠʪʨʘʪ, ʘ ʡ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʨʠʟʠʢʫ ʚʠʥʠʢʥʝʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ ʧʦʤʠʣʦʢ.  

ʋ ʮʝʡ ʞʝ ʯʘʩ ʈɯ ʜʘʻ ʟʤʦʛʫ ʚʠʢʦʥʘʪʠ 

ʝʚʦʣʶʮʽʦʥʫʚʘʥʥʷ ʇʉ ʰʣʷʭʦʤ ʧʦʟʠʪʠʚʥʠʭ ʟʤʽʥ ʚʠʜʽʚ ʾʾ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʟʨʫʯʥʦʩʪʽ ʾʾ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʩʫʧʨʦʚʦʜʫ. 

ɿʚʽʩʥʦ, ʱʦ ʥʝ ʙʫʜʴ-ʷʢʫ ʇʉ ʤʦʞʥʘ ʧʽʜʜʘʪʠ ʈɯ: 

ʽʥʦʜʽ ʟʤʽʥʠ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʜʽ ʪʷʛʥʫʪʴ ʙʽʣʴʰʽ 

ʚʠʪʨʘʪʠ ʥʽʞ ʥʦʚʘ ʨʦʟʨʦʙʢʘ, ʦʩʢʽʣʴʢʠ ʥʝʦʙʭʽʜʥʦ ʥʝ 

ʪʽʣʴʢʠ ʟʥʘʡʪʠ ʩʧʝʮʽʘʣʽʩʪʽʚ ʫ ʚʠʟʥʘʯʝʥʽʡ ʤʦʚʽ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʘʣʝ ʡ ʦʧʣʘʪʠʪʠ ʾʭʥʽʡ ʯʘʩ ʥʘ ʘʥʘʣʽʟ ʪʘ 

ʨʦʟʽʙʨʘʥʥʷ ʩʪʘʨʦʾ ʚʝʨʩʽʾ ʇʉ, ʱʦ ʮʽʢʘʚʠʪʴ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʷʢʦʩʪʽ ʚʭʽʜʥʠʭ ʜʘʥʠʭ 

ʨʦʟʚôʷʟʫʚʘʥʦʾ ʟʘʜʘʯʽ ʫʚʦʜʷʪʴʩʷ: 

- ʚʘʨʪʽʩʪʴ ʧʝʨʝʧʨʦʝʢʪʫʚʘʥʥʷ ʇʉ ʽʟ ʫʚʝʜʝʥʠʤ 

ʦʙʤʝʞʝʥʥʷʤ, ʘ ʩʘʤʝ: ʤʽʥʽʤʽʟʘʮʽʷ ʚʘʨʪʦʩʪʽ; 

- ʰʚʠʜʢʽʩʪʴ ʫʚʝʜʝʥʥʷ ʜʦ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʥʦʚʣʝʥʦʾ 

ʇʉ ʽʟ ʫʚʝʜʝʥʠʤ ʦʙʤʝʞʫʚʘʥʥʷʤ ʥʘ ʟʘʪʷʛʫʚʘʥʥʷ, ʪʦʙʪʦ 

ʤʘʢʩʠʤʽʟʘʮʽʷ ʰʚʠʜʢʦʩʪʽ; 

- ʚʠʷʚʣʝʥʥʷ ʧʦʤʠʣʦʢ ʫ ʟʘʩʪʘʨʽʣʽʡ ʚʝʨʩʽʾ ʇʉ, ʷʢʽ 

ʥʝʦʙʭʽʜʥʦ ʥʘʤʘʛʘʪʠʩʴ ʚʠʢʣʶʯʘʪʠ ʫ ʦʥʦʚʣʝʥʽʡ, ʪʦʙʪʦ: 

ʤʽʥʽʤʽʟʘʮʽʷ ʧʦʤʠʣʦʢ. 

ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʚʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ, ʱʦ ʙʫʜʫʪʴ 

ʷʚʣʷʪʠ ʩʦʙʦʶ ʙʘʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ 

ʮʽʻʾ ʩʪʘʪʪʽ ï ʬʦʨʤʘʣʽʟʘʮʽʷ ʢʨʠʪʝʨʽʾʚ ʨʝʥʪʘʙʝʣʴʥʦʩʪʽ ʈɯ 

ʇʉ, ʟʘ ʷʢʠʤʠ ʧʽʩʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʟʥʘʯʝʥʠʭ 

ʧʦʨʽʚʥʷʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʜʝ ʧʨʠʡʤʘʪʠʩʴ 

ʦʜʥʦʟʥʘʯʥʝ ʨʽʰʝʥʥʷ ʱʦʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʙʦ 

ʚʽʜʭʠʣʝʥʥʷ ʈɯ. 

ʇʨʦʪʝ, ʥʝʦʙʭʽʜʥʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʥʽ ʚ ʷʢʦʤʫ ʨʘʟʽ 

ʥʝ ʤʦʞʥʘ ʦʩʪʘʪʦʯʥʦ ʦʮʽʥʶʚʘʪʠ ʧʦʨʽʚʥʷʣʴʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʽʣʴʢʠ ʟʘ ʢʨʠʪʝʨʽʷʤʠ, ʱʦ ʦʭʦʧʣʶʶʪʴ 

ʣʠʰʝ ʘʥʘʣʽʪʠʢʫ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ ʨʝʘʣʽʟʘʮʽʾ ʇʉ. 

ʂʨʠʪʝʨʽʾ ʦʮʽʥʶʚʘʥʥʷ ʧʦʚʠʥʥʽ ʙʘʟʫʚʘʪʠʩʷ ʥʘ 

ʚʩʝʙʽʯʥʦʤʫ ʘʥʘʣʽʟʽ ʫʩʽʭ ʚʠʜʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʇʉ, ʱʦ 

ʧʽʜʣʷʛʘʻ ʫʜʦʩʢʦʥʘʣʝʥʥʶ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʧʽʜʩʪʘʚʽ ʚʠʢʣʘʜʝʥʥʷ ʟʘʛʘʣʴʥʦʾ 

ʧʨʦʙʣʝʤʠ, ʤʦʞʥʘ ʩʬʦʨʤʫʣʶʚʘʪʠ ʤʝʪʫ ʨʦʙʦʪʠ: 

ʩʬʦʨʤʫʚʘʪʠ ʤʝʪʦʜ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʧʨʦʝʢʪʥʦʾ ʦʮʽʥʢʠ 

ʨʝʽʥʞʠʥʽʨʠʥʛʫ ʇʉ, ʥʘ ʧʽʜʩʪʘʚʽ ʷʢʦʛʦ ʧʨʠʡʤʘʻʪʴʩʷ 

ʦʩʪʘʪʦʯʥʝ ʨʽʰʝʥʥʷ ʱʦʜʦ ʜʦʮʽʣʴʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ 

ʨʝʽʥʞʠʥʽʨʠʥʛʫ. 

 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ 

 

ʄʝʪʦʜ, ʱʦ ʟʘʢʣʘʜʝʥʠʡ ʫ ʤʝʪʫ ʨʦʙʦʪʠ, ʻ 

ʨʦʟʚʠʪʢʦʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ɹʦʤʦʤ (Boehm) ʤʝʪʦʜʦʣʦʛʽʾ 

[12, 14 ï 16], ʱʦ ʟʥʘʡʰʣʘ ʩʚʦʻ ʧʨʦʜʦʚʞʝʥʥʷ ʫ 

ʘʥʘʣʽʪʠʯʥʠʭ ʤʦʜʝʣʷʭ [22] ʽʟ ʟʘʧʨʦʧʦʥʦʚʘʥʠʤʠ ʟʤʽʥʘʤʠ 

ʪʘ ʧʨʦʧʦʟʠʮʽʷʤʠ ʱʦʜʦ ʛʥʫʯʢʦʩʪʽ ʧʦʙʫʜʦʚʠ ʥʘ ʝʪʘʧʽ 

ʧʝʨʝʜʧʨʦʝʢʪʥʦʛʦ ʘʥʘʣʽʟʫ. 

ʊʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ ʟ ʤʘʪʝʨʽʘʣʽʚ ʜʦʩʣʽʜʞʝʥʴ  

[1, 10, 14 ï 16] ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʧʦʪʨʝʙʫʶʪʴ ʨʦʟʰʠʨʝʥʥʷ ʢʝʨʦʚʘʥʦʩʪʽ ʧʨʠ 

ʤʦʜʝʣʶʚʘʥʥʽ, ʜʣʷ ʯʦʛʦ ʥʝʦʙʭʽʜʥʦ ʫʚʝʩʪʠ  

ʜʦ ʤʦʜʝʣʽ ʧʨʦʝʢʪʥʽ ʢʦʝʬʽʮʽʻʥʪʠ, ʱʦ ʻ ʧʨʝʜʤʝʪʦʤ 

ʨʦʙʦʪʠ. 

ʎʽ ʢʦʝʬʽʮʽʻʥʪʠ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʫʷʚʣʝʥʴ ʦʮʽʥʢʠ ʧʨʦʝʢʪʽʚ ʟʘ ʤʝʪʦʜʦʤ ʧʨʦʝʢʪʥʠʭ ʪʦʯʦʢ 

ʂʘʨʥʝʨʘ (Karner) [4] ʪʘ ʤʝʪʦʜʦʤ ʢʦʥʩʪʘʥʪ ʗʢʦʙʩʦʥʘ 

(Jacobson) [9] ʽʟ ʜʦʜʘʥʠʤʠ ʜʦʧʦʚʥʝʥʥʷʤʠ ʪʘ 

ʨʦʟʰʠʨʝʥʥʷʤʠ, ʱʦ ʚʽʜʦʙʨʘʞʝʥʽ ʫ ʤʝʪʦʜʽ ʨʦʟʨʘʭʫʥʢʫ 

ʧʦʢʘʟʥʠʢʽʚ [5]. 

ʇʨʦʪʝ, ʫ ʤʝʪʦʜʽ [5] ʥʝ ʤʽʩʪʠʪʴʩʷ ʤʝʭʘʥʽʟʤʫ 

ʚʽʟʫʘʣʽʟʦʚʘʥʦʛʦ ʧʦʜʘʥʥʷ ʦʮʽʥʢʠ ʈɯ ʇʉ, ʱʦ ʧʨʠʩʫʪʥʽ ʫ 
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ʤʦʜʝʣʷʭ ʟ ʜʦʩʣʽʜʞʝʥʥʷ [22]. ɽʣʝʤʝʥʪʠ ʪʘʢʦʾ 

ʚʽʟʫʘʣʽʟʘʮʽʾ ʪʘʢʦʞ ʩʧʠʨʘʶʪʴʩʷ ʥʘ ʤʝʪʦʜʠ ʧʦʙʫʜʦʚʠ 

ʩʧʽʨʘʣʴʥʠʭ ʤʦʜʝʣʝʡ ɸʨʭʽʤʝʜʘ [23], ʚʝʢʪʦʨʥʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʛʦʜʦʛʨʘʬʽʚ ɻʘʤʽʣʴʪʦʥʘ ʪʘ ʄʠʭʘʡʣʦʚʘ, ʘ 

ʦʙʣʽʢ ʟʘʧʣʘʥʦʚʘʥʦʛʦ ʯʘʩʫ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʦʝʢʪʥʠʭ 

ʜʽʘʛʨʘʤʘʭ ɻʘʥʪʘ.  

ʉʬʦʨʤʦʚʘʥʠʡ ʫ ʩʪʘʪʪʽ ʤʝʪʦʜ ʧʨʦʝʢʪʥʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʨʦʟʰʠʨʝʥʦʤʫ 

ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʚʽʜʪʚʦʨʝʥʥʽ ʽʜʝʘʣʽʟʦʚʘʥʠʭ ʤʦʜʝʣʝʡ, 

ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʨʦʙʦʪʽ [22]. ʄʘʪʝʤʘʪʠʯʥʽ ʦʩʥʦʚʠ 

ʮʴʦʛʦ ʤʝʪʦʜʫ ʩʬʦʨʤʦʚʘʥʦ ʥʘ ʧʽʜʩʪʘʚʽ ʫʟʘʛʘʣʴʥʝʥʥʷ 

ʤʘʪʝʨʽʘʣʽʚ ʟ [22]. 

 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ 

 

ʆʩʢʽʣʴʢʠ ʤʦʜʝʣʴ ʈɯ ʇʉ ʪʘ ʩʭʝʤʘ ʾʾ ʧʦʙʫʜʦʚʠ 

ʦʪʨʠʤʘʥʽ ʘʚʪʦʨʦʤ ʮʽʻʾ ʩʪʘʪʪʽ ʫ [22], ʪʦ ʚʽʜʨʘʟʫ 

ʧʝʨʝʡʜʝʤʦ ʜʦ ʫʚʝʜʝʥʥʷ ʧʨʦʝʢʪʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʦ 

ʤʦʜʝʣʽ ʪʘ ʧʦʙʫʜʦʚʠ ʛʦʜʦʛʨʘʬʽʚ ʈɯ. 

1. ʂʦʝʬʽʮʽʻʥʪ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʈɯ. ʏʠʤ ʙʽʣʴʰʝ 

ʧʨʦʮʝʩ ʈɯ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʡ, ʪʠʤ ʙʽʣʴʰ ʧʣʘʩʢʦʾ ʬʦʨʤʠ 

ʥʘʙʠʨʘʻ ʤʦʜʝʣʴ (ʨʠʩ. 1), ʘ ʮʝ ʟʥʘʯʠʪʴ, ʱʦ ʚʝʢʪʦʨ 

ʚʠʪʨʘʪ (
i

OM ) ʽʟ ʟʨʦʩʪʘʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʢʦʤʧʦʥʝʥʪʽʚ 

ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ (i) ʯʠ ʚʝʨʠʬʽʢʦʚʘʥʠʭ ʨʷʜʢʽʚ 

ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ (j) ʟʨʦʩʪʘʻ ʥʝ ʟʥʘʯʥʦ, ʘ ʚʠʪʨʘʯʝʥʠʡ 

ʯʘʩ ʥʘ ʚʠʢʦʥʘʥʥʷ ʈɯ 
i

t  ï ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʘʰʠʥʥʠʤ 

ʯʘʩʦʤ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ ï ʷʢʱʦ ʫʟʷʪʠ ʇʉ ʽʟ 

ʚʠʟʥʘʯʝʥʦʶ ʬʽʢʩʦʚʘʥʦʶ i, ʫ ʷʢʫ ʧʦʤʽʩʪʠʤʦ ʜʦʚʽʣʴʥʫ 

ʪʦʯʢʫ ʧʣʦʱʠʥʠ (
i

M ), ʪʘ ʟʙʽʣʴʰʠʤʦ ʫ ʤʦʜʝʣʽ 

ʢʦʝʬʽʮʽʻʥʪ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʨʝʽʥʞʠʥʽʨʠʥʛʫ (ŭ), ʪʦ 
i

OM  

ʙʫʜʝ ʟʤʝʥʰʫʚʘʪʠʩʴ: 

 if max  min;
i j

OMd
Ù

­ \ ­  (1) 

 ()
max

lim  min,
i j

OM
d

d
Ù

­
=  (2) 

ʧʨʠ ʯʦʤʫ i j
M

Ù  ï ʧʦʙʫʜʦʚʘʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʪʦʯʦʢ, ʷʢʽ 

ʩʢʣʘʜʘʶʪʴ ʢʨʠʚʫ ʩʧʽʨʘʣʽ.  

 

ʈʠʩ. 1. ɻʦʜʦʛʨʘʬ ʟ ʚʠʩʦʢʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʈɯ ʇʉ: ʆ ï ʧʦʣʶʩ ʨʝʽʥʞʠʥʽʨʠʥʛʫ; Z ï ʢʽʣʴʢʽʩʪʴ ʽʜʝʥʪʠʬʽʢʦʚʘʥʠʭ 

ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ(ʫ ʣʽʥʽʡʥʦʤʫ ʤʘʩʰʪʘʙʽ) ʘʙʦ ʨʷʜʢʽʚ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ (ʫ ʣʦʛʘʨʠʬʤʽʯʥʦʤʫ ʤʘʩʰʪʘʙʽ); OZ ï ʚʽʩʴ 

ʢʦʤʧʦʥʝʥʪʽʚ (ʘʧʣʽʢʘʪʘ) 

ʅʘʚʧʘʢʠ, ʷʢʱʦ ʈɯ ʚʽʜʙʫʚʘʻʪʴʩʷ, ʟʥʘʯʥʦʶ ʤʽʨʦʶ, ʫ 

ʨʫʯʥʦʤʫ ʨʝʞʠʤʽ, ʪʦ ʬʦʨʤʘ ʩʧʽʨʘʣʽ ï ʚʠʪʷʛʥʫʪʘ  

(ʨʠʩ. 2), ʱʦ ʧʦʢʘʟʫʻ ʟʜʦʨʦʞʝʥʥʷ ʚʘʨʪʦʩʪʽ ʟʘ  

ʨʘʭʫʥʦʢ ʚʘʛʦʤʦʾ ʩʢʣʘʜʦʚʦʾ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʧʨʘʮʽ 

ʧʨʦʛʨʘʤʽʩʪʽʚ: 

 if min  max;
i j

OMd
Ù

­ \ ­  (3) 

 ()
min

lim  max.
i j

OM
d

d
Ù

­
=  (4) 

2. ʂʦʝʬʽʮʽʻʥʪ ʩʭʦʞʦʩʪʽ ʢʦʤʧʦʥʝʥʪʽʚ. ʎʝʡ 

ʢʦʝʬʽʮʽʻʥʪ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʫʧʝʥʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʂʇɺ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ, 

ʚʽʟʴʤʝʤʦ ʛʦʜʦʛʨʘʬ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ [22, ʨʠʩ. 3]: ʜʣʷ 

ʥʴʦʛʦ ʢʦʝʬʽʮʽʻʥʪ ʩʭʦʞʦʩʪʽ ʢʦʤʧʦʥʝʥʪʽʚ (q) ʙʫʜʝ 

ʙʘʟʦʚʠʤ.  

ʏʠʤ ʙʽʣʴʰʝ ʚ ʧʨʦʮʝʩʽ ʈɯ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʂʇɺ, 

ʪʠʤ ʛʫʩʪʽʰʝ ʨʦʟʤʽʱʫʶʪʴʩʷ ʚʠʪʢʠ ʩʧʽʨʘʣʽ (n) (ʨʠʩ. 3). ɿ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʛʦʜʦʛʨʘʬʘ ʙʘʯʠʤʦ,ʱʦ: 

 { }max
if max  min ;

i j i j i j
OM M Mq q q

Ù Ù Ù
­ \ ­ ¹  (5) 

 ()
max

lim  min.
i j

OM
q

q
Ù

­
=  (6) 

 

ʈʠʩ. 2. ɻʦʜʦʛʨʘʬ ʽʟ ʥʠʟʴʢʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʈɯ 

ʇʉ 

ʊʦʙʪʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ q ï ʟʤʝʥʰʫʻʪʴʩʷ ʚʝʢʪʦʨ 

ʚʠʪʨʘʪ 
i

OM  ʧʨʠ ʦʜʥʘʢʦʚʦ ʫʟʷʪʠʭ 
i

M , ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʚʠʧʘʜʢʽʚ ʟ q ʪʘ 
max
q  ʪʘ ʥʘʚʧʘʢʠ: ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʫʥʽʢʘʣʴʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ï ʚʠʪʢʠ ʩʧʽʨʘʣʽ 
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ʨʦʟʤʽʱʫʶʪʴʩʷ ʥʝʱʽʣʴʥʦ (ʨʠʩ. 4), ʪʦʙʪʦ ʟʙʽʣʴʰʫʻʪʴʩʷ 

i
OM  ʧʨʠ ʦʜʥʘʢʦʚʦ ʫʟʷʪʠʭ 

i
M , ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʧʘʜʢʽʚ 

ʟ q ʪʘ 
min
q : 

 { }min
if min  max ;

i j i j i j
OM M Mq q q

Ù Ù Ù
­ \ ­ ¹  (7) 

 ()
min

lim  max.
i j

OM
q

q
Ù

­
=  (8)

 

ʈʠʩ. 3. ɻʦʜʦʛʨʘʬ ʈɯ ʇʉ ʽʟ ʚʠʩʦʢʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʩʭʦʞʦʩʪʽ 

ʢʦʤʧʦʥʝʥʪʽʚ 

 

ʈʠʩ. 4. ɻʦʜʦʛʨʘʬ ʈɯ ʇʉ ʽʟ ʥʠʟʴʢʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʩʭʦʞʦʩʪʽ 

ʢʦʤʧʦʥʝʥʪʽʚ 

ɽʢʩʧʝʨʠʤʝʥʪ ʽʟ ʧʦʙʫʜʦʚʠ ʛʦʜʦʛʨʘʬʽʚ ʈɯ 

ʧʨʦʚʦʜʠʚʩʷ ʽʟ ʜʚʘʥʘʜʮʷʪʴʤʘ ʇʉ, ʜʝʷʢʽ ʟ ʷʢʠʭ ʫʟʷʪʦ ʟ 

[20, 21]. ɿʘ ʜʦʤʦʚʣʝʥʽʩʪʶ, ʚʠʢʦʥʘʚʮʷʤʠ ʧʨʦʝʢʪʽʚ, ʙʫʣʦ 

ʥʘʜʘʥʦ ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ ʱʦʜʦ ʢʽʣʴʢʦʩʪʽ ʨʷʜʢʽʚ 

ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ ʪʘ ʬʘʢʪʠʯʥʦʛʦ ʯʘʩʫ ʧʦʚʥʦʛʦ 

ʚʠʢʦʥʘʥʥʷ ʥʠʤʠ ʈɯ ʇʉ, ʷʢʠʡ ʙʫʣʦ ʟʘʬʽʢʩʦʚʘʥʦ ʫ 

ʧʨʦʝʢʪʥʠʭ ʜʽʘʛʨʘʤʘʭ ɻʘʥʪʘ. ʊʘʢʦʞ ʮʝʡ ʯʘʩ ʙʫʣʦ 

ʨʝʪʝʣʴʥʦ ʧʝʨʝʚʽʨʝʥʦ ʟʘ ʧʨʦʪʦʢʦʣʘʤʠ ʚʠʢʦʥʘʥʥʷ ʪʘ 

ʘʢʪʘʤʠ ʚʠʢʦʥʘʥʠʭ ʨʦʙʽʪ. 

ɿʘ ʦʪʨʠʤʘʥʠʤʠ ʤʦʜʝʣʷʤʠ ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦʛʦ ʜʦ 

ʛʨʘʬʠ ʈɯ ʇʉ, ʯʠʩʣʦʚʠʡ ʤʘʪʝʨʽʘʣ ʷʢʠʭ ʧʦʜʘʥʦ ʫ ʪʘʙʣ. 1. 

ʋ ʪʘʙʣʠʮʽ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʙʝʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʝʢʪʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ï ʟʘ 

ʽʜʝʘʣʽʟʦʚʘʥʠʤʠ ʤʦʜʝʣʷʤʠ ʨʝʽʥʞʠʥʽʨʠʥʛʫ (ɯʄʈ), 

ʦʪʨʠʤʘʥʦʶ ʫ [22], ʪʘ ʽʟ ʫʚʝʜʝʥʥʷʤ ʦʧʠʩʘʥʠʭ ʫ ʮʽʡ 

ʩʪʘʪʪʽ ʢʦʝʬʽʮʽʻʥʪʽʚ. ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʧʨʦʝʢʪʽʚ 

ʦʙʯʠʩʣʝʥʥʷ ʚʠʤʽʨʶʚʘʥʥʷ ʯʘʩʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ 

ʦʢʨʫʛʣʝʥʥʷʤ ʜʦ ʧʽʚʛʦʜʠʥʠ. 

ʊʘʙʣʠʮʷ 1. ʏʘʩ ʚʠʢʦʥʘʥʥʷ ʈɯ ʇʉ 

ʅʦʤʝʨ ʧʨʦʝʢʪʫ 

ʏʘʩ, ʛʦʜ. 

ʄʦʜʝʣʴʥʠʡ ʟʘ ɯʄʈ 
ʄʦʜʝʣʴʥʠʡ ʽʟ ʧʨʦʝʢʪʥʠʤʠ 

ʢʦʝʬʽʮʽʻʥʪʘʤʠ 
ʌʘʢʪʠʯʥʠʡ 

1 157 174 185 

2 247 187,5 190 

3 70 66,5 58,5 

4 432,5 575 606 

5 104,5 108,5 102,5 

6 807 726 623,5 

7 565 686 730,5 

8 118 129 134 

9 226 229,5 270 

10 90 84 76,5 

11 789 811 878 

12 652 516 511 

 

ɿʘ ʜʘʥʠʤʠ ʪʘʙʣ. 1 ʧʦʙʫʜʦʚʘʥʘ ʜʽʘʛʨʘʤʘ (ʨʠʩ. 5) 

ʧʦʨʽʚʥʷʥʥʷ ʬʘʢʪʠʯʥʦʛʦ ʯʘʩʫ (actualtime) ʚʠʢʦʥʘʥʥʷ ʈɯ 

ʇʉ ʪʘ ʟʤʦʜʝʣʴʦʚʘʥʠʭ ʯʘʩʽʚ: ʟʘ ɯʄʈ (idea lized model) 

ʪʘ ʽʟ ʫʚʝʜʝʥʠʤʠ ʧʨʦʝʢʪʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ (with 

project coefficients). 

ʉʪʘʪʠʩʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʥʥʷ ʟʚʝʜʝʥʦ ʜʦ 

ʪʘʙʣ. 2. 

 

 

ʆʙʛʦʚʦʨʝʥʥʷ 

 

ʇʨʠ ʘʥʘʣʽʟʽ ʪʘ ʦʙʛʦʚʦʨʝʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ ʩʪʘʪʪʽ, 

ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ, ʱʦ ʤʝʪʦʜ ʧʨʦʝʢʪʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ, 

ʚʠʭʦʜʷʯʠ ʟ ʪʘʙʣ. 1 ʪʘ ʨʠʩ. 5, ʤʘʻ ʟʥʘʯʥʦ ʤʝʥʰʫ 

ʨʦʟʙʽʞʥʽʩʪʴ ʟ ʬʘʢʪʠʯʥʠʤ ʯʘʩʦʤ ʚʠʢʦʥʘʥʥʷ ʈɯ ʇʉ ʥʽʞ 

ʦʮʽʥʢʘ ʯʘʩʫ ʟʘ ɯʄʈ.  
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ʊʘʙʣʠʮʷ 2. ʈʦʟʙʽʞʥʽʩʪʴ ʧʦʨʽʚʥʷʥʥʷ ʟʘ ʯʘʩʦʤ ʈɯ ʇʉ 

ʅʦʤʝʨ ʧʨʦʝʢʪʫ 

ʆʮʽʥʢʘ ʟʘ ɯʄʈ ʆʮʽʥʢʘ ʽʟ ʧʨʦʝʢʪʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ 

ɸʙʩʦʣʶʪʥʘ ʧʦʭʠʙʢʘ, 

ʛʦʜ. 

ɺʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ, 

% 

ɸʙʩʦʣʶʪʥʘ ʧʦʭʠʙʢʘ, 

ʛʦʜ. 

ɺʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ, 

% 

1 28 15,1 11 5,9 

2 57 30,0 2,5 1,3 

3 11,5 19,7 8 13,7 

4 173,5 28,6 31 5,1 

5 2 2,0 6 5,9 

6 183,5 29,4 102,5 16,4 

7 165,5 22,7 44,5 6,1 

8 16 11,9 5 3,7 

9 44 16,3 40,5 15,0 

10 13,5 17,6 7,5 9,8 

11 89 10,1 67 7,6 

12 141 27,6 5 1,0 

ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ, %: 19,3  7,6 

 

 

ʈʠʩ. 5. ɼʽʘʛʨʘʤʘ ʧʦʨʽʚʥʷʥʥʷ ʬʘʢʪʠʯʥʦʛʦ ʯʘʩʫ ʪʘ ʟʤʦʜʝʣʴʦʚʘʥʠʭ ʯʘʩʽʚ ʚʠʢʦʥʘʥʥʷ ʈɯ ʇʉ

ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʦʾ ʧʦʭʠʙʢʠ ʦʮʽʥʢʠ 

ʈɯ ʇʉ ʟʘ ʤʝʪʦʜʦʤ ʧʨʦʝʢʪʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʥʝ 

ʧʝʨʝʚʠʱʫʻ 16,4 % (ʪʘʙʣ. 2), ʧʨʦʪʠ 30 % ʧʨʠ ʦʮʽʥʮʽ ʟʘ 

ɯʄʈ. ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʦʾ ʧʦʭʠʙʢʠ 7,6 % ʟʘ 

ʤʝʪʦʜʦʤ ʧʨʦʝʢʪʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ, ʧʨʦʪʠ 19,3 % ï ʟʘ 

ɯʄʈ. 

ɼʣʷ ʩʧʨʘʚʝʜʣʠʚʦʩʪʽ, ʥʝʦʙʭʽʜʥʦ ʦʙʛʦʚʦʨʠʪʠ, ʱʦ 

ʧôʷʪʠʡ ʧʨʦʝʢʪ (ʪʘʙʣ. 1, 2) ʤʘʻ ʦʮʽʥʢʫ ʙʣʠʞʯʫ ʜʦ 

ʬʘʢʪʠʯʥʦʾ ʟʘ ɯʄʈ ʥʽʞ ʟʘ ʤʝʪʦʜʦʤ ʧʨʦʝʢʪʥʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ (104,5 ʛʦʜ. ʧʨʦʪʠ 108,5 ʛʦʜ. ʧʨʠ 

ʬʘʢʪʠʯʥʦʤʫ ʯʘʩʽ 102,5 ʛʦʜ.) ʪʘ ʚʽʜʧʦʚʽʜʥʦ ʤʝʥʰʫ 

ʚʽʜʥʦʩʥʫ ʧʦʭʠʙʢʫ ʦʮʽʥʢʠ (2% ʧʨʦʪʠ 5,9 %). 

ʅʘ ʜʫʤʢʫ ʘʚʪʦʨʘ, ʮʝ ʧʦʚôʷʟʘʥʦ ʽʟ ʧʦʤʠʣʢʦʚʠʤʠ 

ʜʘʥʠʤʠ (ʟʘʥʠʞʝʥʥʷʤ ʧʨʠʙʣʠʟʥʦ ʥʘ 6 ï 8 ʛʦʜ.) 

ʬʘʢʪʠʯʥʦʛʦ ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ ʧʨʦʝʢʪʫ, ʷʢʠʡ ʙʫʣʦ 

ʥʘʜʘʥʦ ʨʦʟʨʦʙʥʠʢʘʤʠ, ʧʨʦʪʝ ʘʚʪʦʨʠ ʧʨʘʮʶʚʘʣʠ ʽʟ ʚʞʝ 

ʛʦʪʦʚʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʚʠʢʦʥʘʥʥʷ ʫ ʚʠʛʣʷʜʽ ʜʽʘʛʨʘʤ 

ˆʘʥʪʘ ʪʘ ʥʝ ʧʨʦʚʦʜʠʣʠ ʢʦʨʝʛʫʚʘʥʥʷ ʮʠʭ ʛʦʜʠʥ. 

ʑʦ ʞ ʜʦ ʥʘʚʝʜʝʥʠʭ ʛʨʘʬʽʯʥʠʭ ʧʦʙʫʜʦʚ 

ʛʦʜʦʛʨʘʬʽʚ ʈɯ (ʨʠʩ. 1 ï 4),ʪʦ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ, 

ʱʦ ʧʦʚʝʨʭʥʷ, ʜʣʷ ʷʢʦʶ ʛʦʜʦʛʨʘʬ ʻ ʥʘʧʨʘʚʣʷʶʯʦʶ, 

ʷʚʣʷʻ ʩʦʙʦʶ ʣʽʥʽʡʯʘʪʫ ʢʦʥʽʯʥʫ ʧʦʚʝʨʭʥʶ (ʃʂʇ), ʱʦ 

ʤʦʞʝ ʙʫʪʠ ʟʚʦʨʦʪʥʴʦ ʚʽʜʥʦʚʣʝʥʘ ʨʫʭʦʤ ʚʝʢʪʦʨʘ 
i

OM , 

ʷʢ ʫʪʚʦʨʶʶʯʦʾ. 

ʂʨʽʤ ʪʦʛʦ, ʫ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʘʨʪʦ 

ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʦʪʨʠʤʘʥʽ ʃʂʇ ʥʘ ʧʨʝʜʤʝʪ 

ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʩʪʫʧʥʦʾ ʚʠʩʫʥʫʪʦʾ 

ʛʽʧʦʪʝʟʠ: ʷʢʱʦ ʦʙʯʠʩʣʠʪʠ ʧʣʦʱʫ ʃʂʇ, ʪʦ ʤʦʞʥʘ 

ʜʽʩʪʘʪʠ ʢʽʣʴʢʽʩʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʚʠʢʦʥʘʥʦʾ ʨʦʙʦʪʠ 

ʱʦʜʦ ʟʜʽʡʩʥʝʥʥʷ ʈɯ ʇʉ: 
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= Fñ  (9) 

ʜʝ S ï ʧʣʦʱʘ ʣʽʥʽʡʯʘʪʦʾ ʢʦʥʽʯʥʦʾ ʧʦʚʝʨʭʥʽ; ű ï ʯʘʩ, 

ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʝʽʥʞʠʥʽʨʠʥʛ; ɟ ï ʨʘʜʽʫʩ-

ʚʝʢʪʦʨ ʚʠʪʨʘʪ; ū ï ʬʫʥʢʮʽʷ ʢʦʥʽʯʥʦʾ ʩʧʽʨʘʣʽ. 

ʗʢʱʦ ʦʙʯʠʩʣʠʪʠ ʦʙôʻʤ ʃʂʇ, ʪʦ ï ʚʠʟʥʘʯʠʪʠ 

ʦʙʩʷʛ ʚʠʪʨʘʯʝʥʠʭ ʨʝʩʫʨʩʽʚ: 

 ( )
0

, , ,V dr f
Z

= F Z Zñ  (10) 

ʜʝ V ï ʦʙôʻʤ ʣʽʥʽʡʯʘʪʦʾ ʢʦʥʽʯʥʦʾ ʧʦʚʝʨʭʥʽ. 
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ɺʠʩʥʦʚʢʠ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ 

 

ɻʦʣʦʚʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʤʽʞ ʈɯ ʽ ʥʦʚʦʶ ʨʦʟʨʦʙʢʦʶ 

ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʨʦʮʝʩ ʧʝʨʝʧʨʦʝʢʪʫʚʘʥʥʷ ʇʉ 

ʧʦʯʠʥʘʻʪʴʩʷ ʥʝ ʟ "ʥʫʣʷ", ʘ ʟ ʨʦʟʛʣʷʜʫ ʤʦʞʣʠʚʦʩʪʝʡ 

ʫʩʧʘʜʢʫʚʘʥʥʷ ʧʦʟʠʪʠʚʥʠʭ ʷʢʦʩʪʝʡ ʩʪʘʨʦʾ ʩʠʩʪʝʤʠ.  

ʈɯ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧʣʝʢʩʫ ʟʘʩʦʙʽʚ, 

ʫ ʪʦʤʫ ʯʠʩʣʽ ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʂʇɺ ʪʘ 

Computer-Aided Software Engineering (CASE) ʩʠʩʪʝʤ. 

ɿʛʽʜʥʦ ʟ ʦʧʪʠʤʽʩʪʠʯʥʠʤʠ ʧʨʦʛʥʦʟʘʤʠ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʂʇɺ ʟʜʘʪʥʝ ʫ 4 ʨʘʟʠ ʟʥʠʟʠʪʠ ʚʘʨʪʽʩʪʴ ʇʉ ʫ ʧʦʨʽʚʥʷʥʥʽ 

ʟ ʥʦʚʦʶ ʨʦʟʨʦʙʢʦʶ. ʇʨʦʪʝ ʟʘʨʘʜʠ ʦʙôʻʢʪʠʚʥʦʩʪʽ ʩʣʽʜ 

ʧʦʤʽʪʠʪʠ, ʱʦ ʫ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ, ʚʩʝ ʞ ʪʘʢʠ 

ʨʘʮʽʦʥʘʣʴʥʽʰʝ ʟʘʩʪʦʩʫʚʘʪʠ ʥʦʚʫ ʨʦʟʨʦʙʢʫ. 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʧʨʠʡʥʷʪʠ ʤʦʪʠʚʦʚʘʥʝ ʨʽʰʝʥʥʷ 

ʱʦʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʙʦ ʚʽʜʤʦʚʠ ʚʽʜ ʈɯ, ʟʛʽʜʥʦ ʟ 

ʧʦʩʪʘʥʦʚʢʦʶ ʟʘʜʘʯʽ, ʫ ʩʪʘʪʪʽ ʙʫʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʝʪʦʜ 

ʧʨʦʝʢʪʥʦʾ ʦʮʽʥʢʠ ʈɯ ʇʉ, ʥʘ ʧʽʜʩʪʘʚʽ ʷʢʦʛʦ ʬʦʨʤʫʻʪʴʩʷ 

ʦʩʪʘʪʦʯʥʠʡ ʚʠʩʥʦʚʦʢ ʱʦʜʦ ʜʦʮʽʣʴʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʈɯ. 

ɿʛʽʜʥʦ ʟ ʮʠʤ ʤʝʪʦʜʦʤ ʜʦ ʤʦʜʝʣʝʡ ʈɯ ʇʉ, ʱʦ ʙʫʣʠ 

ʩʬʦʨʤʦʚʘʥʽ ʫ [22], ʫʚʦʜʷʪʴʩʷ ʧʨʦʝʢʪʥʽ ʢʦʝʬʽʮʽʻʥʪʠ, ʱʦ 

ʜʦʟʚʦʣʷʶʪʴ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʦʮʽʥʢʠ ʈɯ, ʷʢʘ 

ʚʠʨʘʞʝʥʘ ʫ ʟʤʝʥʰʝʥʥʽ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʦʾ 

ʧʦʭʠʙʢʠ ʱʦʜʦ ʬʘʢʪʠʯʥʦʛʦ ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ ʈɯ ʟ 19,3 % 

(ʧʨʠ ʧʦʙʫʜʦʚʽ ʟʘ ɯʄʈ) ʜʦ 7,6 %. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʫʢʦʚʦʾ ʥʦʚʠʟʥʠ 

ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʦʜʝʣʽ ʚʽʟʫʘʣʽʟʘʮʽʾ ʚʠʪʨʘʪ 

ʥʘ ʈɯ ʇʉ ʟʘ ʨʘʭʫʥʦʢ ʫʚʝʜʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ ʩʭʦʞʦʩʪʽ ʢʦʤʧʦʥʝʥʪʽʚ, ʷʢʽ ʜʦʟʚʦʣʠʪʴ 

ʚʥʦʩʠʪʠ ʟʤʽʥʠ ʜʦ ʢʦʥʬʽʛʫʨʘʮʽʾ ʚʽʜʧʦʚʽʜʥʠʭ ʛʦʜʦʛʨʘʬʽʚ 

ʈɯ. 

ʇʦʜʘʣʴʰʽ ʥʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʽ ʫ ʮʽʡ ʦʙʣʘʩʪʽ 

ʚʢʣʶʯʘʶʪʴ ʫ ʩʝʙʝ ʚʩʝʙʽʯʥʝ ʚʠʚʯʝʥʥʷ ʚʠʩʫʥʫʪʦʾ 

ʘʚʪʦʨʘʤʠ ʛʽʧʦʪʝʟʠ ʱʦʜʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʢʽʣʴʢʽʩʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʢʦʥʘʥʦʾ ʨʦʙʦʪʠ ʟ ʈɯ ʇʉ ʪʘ 

ʚʠʟʥʘʯʝʥʥʷ ʦʙʩʷʛʽʚ ʚʠʪʨʘʯʝʥʠʭ ʨʝʩʫʨʩʽʚ ʫ ʬʦʨʤʽ 

ʦʙʯʠʩʣʝʥʥʷ ʧʣʦʱʠʥ ʪʘ ʦʙôʻʤʽʚ ʃʂʇ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ 

ʛʦʜʦʛʨʘʬʘʤʠ ʈɯ. 

ʊʘʢʦʞ ʜʦ ʧʝʨʩʧʝʢʪʠʚ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘ ʪʝʤʦʶ 

ʩʪʘʪʪʽ, ʚʞʝ ʧʽʩʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʱʦʜʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʈɯ, ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʟʘʜʘʯʫ ʨʦʟʨʦʙʢʠ 

ʣʦʛʽʯʥʦʾ ʩʭʝʤʠ ʈɯ, ʱʦ ʻ ʧʦʭʽʜʥʦʶ ʚʽʜ ʣʦʛʽʯʥʦʾ ʩʭʝʤʠ 

ʧʨʦʝʢʪʫʚʘʥʥʷ, ʷʢʘ ʧʦʯʠʥʘʻʪʴʩʷ ʮʽʣʴʦʚʦʶ ʧʨʦʛʨʘʤʦʶ 

ʪʘ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʘʣʛʦʨʠʪʤʽʯʥʠʡ ʚʠʙʽʨ ʢʦʤʧʦʥʝʥʪʽʚ 

ʈɯ. ʎʷ ʣʦʛʽʯʥʘ ʩʭʝʤʘ ʧʨʝʜʩʪʘʚʣʷʻ ʮʽʣʴʦʚʠʡ ʟʘʩʽʙ 

ʦʪʨʠʤʘʥʥʷ ʥʦʚʦʾ ʇʉ ʰʣʷʭʦʤ ʚʠʢʦʥʘʥʥʷ ʧʦʩʣʽʜʦʚʥʦʩʪʽ 

ʦʧʝʨʘʮʽʡ ʚʥʝʩʝʥʥʷ ʟʤʽʥ, ʤʦʜʝʨʥʽʟʘʮʽʾ ʘʙʦ ʤʦʜʠʬʽʢʘʮʽʾ, 

ʘ ʪʘʢʦʞ ʧʝʨʝʧʨʦʛʨʘʤʫʚʘʥʥʷ ʦʢʨʝʤʠʭ ʾʾ ʢʦʤʧʦʥʝʥʪʽʚ. 

ʃʦʛʽʯʥʘ ʩʭʝʤʘ ʈɯ ʧʦʚʠʥʥʘ ʧʦʯʠʥʘʪʠʩʷ ʮʽʣʴʦʚʦʶ 

ʧʨʦʛʨʘʤʦʶ, ʦʙôʻʜʥʫʶʯʠ ʟʦʚʥʽʰʥʶ ʪʘ ʚʥʫʪʨʽʰʥʶ 

ʯʘʩʪʠʥʠ, ʚʽʜʧʦʚʽʜʥʦ: ʬʦʨʤʫʚʘʥʥʷ ʮʽʣʝʡ ʪʘ 

ʤʦʜʝʣʶʚʘʥʥʷ. 

ʆʪʞʝ ʈɯ ʇʉ ʜʦʟʚʦʣʠʪʴ ʧʦʜʦʣʘʪʠ: ʧʨʦʪʠʨʽʯʯʷ ʤʽʞ 

ʪʝʤʧʘʤʠ ʨʦʟʚʠʪʢʫ ʥʘʫʢʠ, ʪʝʭʥʽʢʠ ʡ ʧʨʦʮʝʩʽʚ 

ʧʨʦʝʢʪʫʚʘʥʥʷ; ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʝʭʥʽʯʥʦʛʦ 

ʩʫʧʨʦʚʦʜʫ ʇʉ ʪʘ ʩʢʦʨʦʪʠʪʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʪʨʘʪʠ. 

ʉʬʦʨʤʦʚʘʥʽ ʫ ʩʪʘʪʪʽ ʨʝʟʫʣʴʪʘʪʠ, ʟ ʥʘʫʢʦʚʦʾ ʪʦʯʢʠ 

ʟʦʨʫ, ʫʚʽʡʜʫʪʴ ʜʦ ʦʩʥʦʚ ʤʝʪʦʜʦʣʦʛʽʾ  ʈɯ ʇʉ, ʘ ʟ 

ʧʨʘʢʪʠʯʥʦʾ ï ʩʪʘʥʫʪʴ ʫ ʥʘʛʦʜʽ ʩʠʩʪʝʤʥʠʤ 

ʧʨʦʛʨʘʤʽʩʪʘʤ, ʷʢʽ ʟʘʜʽʷʥʽ ʫ ʧʝʨʝʧʨʦʝʢʪʫʚʘʥʥʽ ʡ 

ʧʝʨʝʨʦʙʮʽ ʇʉ, ʘ ʪʘʢʦʞ ʩʠʩʪʝʤʥʠʤ ʘʨʭʽʪʝʢʪʦʨʘʤ, ʷʢʽ 

ʧʨʘʮʶʶʪʴ ʽʟ ʤʫʣʴʪʠʤʦʚʥʠʤʠ ʥʘʜʙʫʜʦʚʘʤʠ ʇʉ, ʱʦ 

ʚʞʝ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʢʽʣʴʢʘʨʽʯʥʽʡ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ 

ʥʘʙʫʚʘʶʪʴ ʝʚʦʣʶʮʽʡʥʦʛʦ ʨʦʟʚʠʪʢʫ ʽʟ ʧʣʠʥʦʤ ʯʘʩʫ ʪʘ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʫ ʧʨʦʮʝʩʽ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

 

ʇʦʜʷʢʠ 

 

ʇʝʨʰ ʟʘ ʚʩʝ, ʭʦʯʫ ʚʠʩʣʦʚʠʪʠ ʧʦʜʷʢʫ ʜʦʢʪʦʨʫ 

ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʽ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 05.12.13 ï ʩʠʩʪʝʤʠ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʝʢʪʫʚʘʣʴʥʠʭ ʨʦʙʽʪ, ʧʨʦʬʝʩʦʨʫ 

ʢʘʬʝʜʨʠ ʩʠʩʪʝʤʦʪʝʭʥʽʢʠ ʍʘʨʢʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ ï ɹʝʟʢʦʨʦʚʘʡʥʦʤʫ 

ɺʦʣʦʜʠʤʠʨʫ ɺʘʣʝʥʪʠʥʦʚʠʯʫ ʟʘ ʧʝʨʚʠʥʥʫ ʧʦʟʠʪʠʚʥʫ 

ʦʮʽʥʢʫ ʽʜʝʾ ʩʪʚʦʨʝʥʥʷ ɯʄʈ, ʱʦ ʙʫʣʦ ʡʦʤʫ ʚʠʢʣʘʜʝʥʦ 

ʦʣʽʚʮʝʤ ʫ ʚʠʛʣʷʜʽ ʝʩʢʽʟʫ ʥʘ ʘʨʢʫʰʽ ʟʦʰʠʪʘ ʫ 2012 ʨʦʮʽ. 

ʇʽʩʣʷ ʡʦʛʦ ʥʘʩʪʘʥʦʚ ʪʘ ʢʦʥʩʫʣʴʪʘʮʽʡ, ʫ ʧʨʦʮʝʩʽ 7-ʤʠ 

ʨʽʯʥʦʾ ʨʦʙʦʪʠ, ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ, ʱʦ 

ʥʘʚʝʜʝʥʦ ʫ ʧʦʜʘʥʽʡ ʩʪʘʪʪʽ. 

ʊʘʢʦʞ ʘʚʪʦʨ ʩʪʘʪʪʽ ʚʠʩʣʦʚʣʶʻ ʧʦʜʷʢʫ ʆʜʝʩʴʢʦʤʫ 

ʜʝʨʞʘʚʥʦʤʫ ʝʢʦʣʦʛʽʯʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʫ, ʷʢ ʙʘʟʦʚʽʡ 

ʦʨʛʘʥʽʟʘʮʽʾ, ʫ ʷʢʽʡ ʧʨʦʚʦʜʷʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʷ ʽʟ ʧʦʜʘʥʦʾ 

ʪʝʤʘʪʠʢʠ, ʟʘ ʩʧʨʠʷʥʥʷ ʫ ʬʽʥʘʥʩʫʚʘʥʥʽ ʪʘ 

ʦʨʛʘʥʽʟʘʮʽʡʥʽʡ ʧʽʜʪʨʠʤʮʽ: ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ; 

ʥʘʫʢʦʚʦʛʦ ʩʧʽʣʢʫʚʘʥʥʷ ʽʟ ʛʘʣʫʟʝʚʠʤʠ ʩʧʝʮʽʘʣʽʩʪʘʤʠ ʫ 

ʬʦʨʤʽ ʚʽʜʨʷʜʞʝʥʥʷ ʘʚʪʦʨʘ ʜʦ ʫʯʘʩʪʽ ʫ ʢʦʥʬʝʨʝʥʮʽʷʭ ʪʘ 

ʬʦʨʫʤʘʭ; ʚʠʧʫʩʢʫ ʜʚʦʭ ʤʦʥʦʛʨʘʬʽʡ ʟʘ ʨʦʟʛʣʷʥʫʪʦʶ 

ʪʝʤʘʪʠʢʦʶ ʢʦʰʪʘʤʠ ʫʥʽʚʝʨʩʠʪʝʪʫ. 
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ʄɽʊʆɼ ʇʈɽɼʉʊɸɺʃɽʅʀʗ ʆʎɽʅʂʀ ʈɽʀʅɾʀʅʀʈʀʅɻɸ ʇʈʆɻʈɸʄʄʅʓʍ 

ʉʀʉʊɽʄ ʇʈʀ ʇʆʄʆʑʀ ʇʈʆɽʂʊʅʓʍ ʂʆʕʌʌʀʎʀɽʅʊʆɺ 

ʇʨʝʜʤʝʪʦʤ ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ ʧʨʦʝʢʪʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʢʦʪʦʨʳʝ ʚʚʦʜʷʪʩʷ ʚ ʤʦʜʝʣʴ ʨʝʠʥʞʠʥʠʨʠʥʛʘ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ. 

ʎʝʣʴ ʨʘʙʦʪʳ. ʉʬʦʨʤʠʨʦʚʘʪʴ ʤʝʪʦʜ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʨʦʝʢʪʥʦʡ ʦʮʝʥʢʠ ʨʝʠʥʞʠʥʠʨʠʥʛʘ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʩʪʝʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʢʦʪʦʨʦʛʦ ʧʨʠʥʠʤʘʝʪʩʷ ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʨʝʠʥʞʠʥʠʨʠʥʛʘ. ʆʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʟʘʜʘʯ 

ʠʥʞʝʥʝʨʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʦʩʥʦʚ ʙʳʩʪʨʦʛʦ ʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ 

ʧʦʩʪʨʦʝʥʠʷ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʠʟ ʙʦʣʝʝ ʧʨʦʩʪʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʚʳʧʦʣʥʝʥʥʳʭ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʷʟʳʢʘʭ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʌʘʢʪʠʯʝʩʢʠ ʨʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʩʙʦʨʘ, ʦʙʲʝʜʠʥʝʥʠʷ ʠʣʠ ʠʥʪʝʛʨʘʮʠʠ 

ʨʘʟʥʦʨʦʜʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʚʢʣʶʯʘʶʱʠʭ ʤʦʜʫʣʠ, ʙʠʙʣʠʦʪʝʢʠ ʠ 

ʧʨʦʛʨʘʤʤʥʳʝ ʨʝʘʣʠʟʘʮʠʠ ʥʝʢʦʪʦʨʦʡ ʩʣʦʞʥʦʡ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ. ʇʦ ʩʦʚʨʝʤʝʥʥʳʤ ʤʠʨʦʚʳʤ ʪʝʥʜʝʥʮʠʷʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ: ʧʨʦʛʨʘʤʤʥʳʝ ʩʠʩʪʝʤʳ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʟʚʠʚʘʶʱʠʤʠʩʷ ʠ ʵʚʦʣʶʮʠʦʥʠʨʦʚʘʪʴ. ɿʘʜʘʯʝʡ ʩʪʘʪʴʠ 

ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʧʨʦʝʢʪʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʚʚʦʜʷʪʩʷ ʚ ʤʦʜʝʣʴ ʨʝʠʥʞʠʥʠʨʠʥʛʘ ʧʨʦʛʨʘʤʤʥʦʡ 

ʩʠʩʪʝʤʳ, ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʬʘʢʪʠʯʝʩʢʠʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʫʞʝ ʨʝʘʣʴʥʦ ʚʳʧʦʣʥʝʥʥʳʭ ʧʨʦʝʢʪʦʚ ʧʦ ʨʝʠʥʞʠʥʠʨʠʥʛʫ 

ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʩʪʝʤ. ʄʝʪʦʜ. ɺ ʩʪʘʪʴʝ ʥʘʰʣʘ ʩʚʦʝ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʦʣʦʛʠʷ ɹʦʤʘ, ʧʨʦʜʦʣʞʝʥʠʝ ʢʦʪʦʨʦʡ ʦʪʨʘʞʝʥʦ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʩ ʧʨʝʜʣʦʞʝʥʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʠʙʢʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʥʘ ʵʪʘʧʝ 

ʧʨʝʜʧʨʦʝʢʪʥʦʛʦ ʘʥʘʣʠʟʘ. ɺ ʤʦʜʝʣʠ ʚʚʝʜʝʥʳ ʧʨʦʝʢʪʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦʮʝʥʢʠ ʧʨʦʝʢʪʦʚ ʧʦ ʤʝʪʦʜʫ ʧʨʦʝʢʪʥʳʭ ʪʦʯʝʢ ʂʘʨʥʝʨʘ ʠ ʤʝʪʦʜʫ ʢʦʥʩʪʘʥʪ ʗʢʦʙʩʦʥʘ ʩ ʧʨʠʣʦʞʝʥʥʳʤʠ 

ʜʦʧʦʣʥʝʥʠʷʤʠ ʠ ʨʘʩʰʠʨʝʥʠʷʤʠ. ɺʠʟʫʘʣʠʟʘʮʠʷ ʤʦʜʝʣʝʡ ʦʧʠʨʘʝʪʩʷ ʥʘ ʤʝʪʦʜʳ ʧʦʩʪʨʦʝʥʠʷ ʩʧʠʨʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ɸʨʭʠʤʝʜʘ, 

ʚʝʢʪʦʨʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʛʦʜʦʛʨʘʬʦʚ ɻʘʤʠʣʴʪʦʥʘ ʠ ʄʠʭʘʡʣʦʚʘ, ʘ ʤʝʪʦʜ ʫʯʝʪʘ ʟʘʧʣʘʥʠʨʦʚʘʥʥʦʛʦ ʚʨʝʤʝʥʠ ʙʘʟʠʨʫʝʪʩʷ ʥʘ 

ʧʨʦʝʢʪʥʳʭ ʜʠʘʛʨʘʤʤʘʭ ɻʘʥʪʘ. ʈʝʟʫʣʴʪʘʪʳ. ɺ ʩʪʘʪʴʝ ʧʦʣʫʯʝʥ ʤʝʪʦʜ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʳʤ ʢ ʨʘʥʝʝ ʩʬʦʨʤʠʨʦʚʘʥʥʳʤ 

ʤʦʜʝʣʷʤ ʨʝʠʥʞʠʥʠʨʠʥʛʘ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʩʪʝʤ, ʚʚʝʜʝʥʳ ʧʨʦʝʢʪʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʦʮʝʥʢʠ 

ʨʝʠʥʞʠʥʠʨʠʥʛʘ, ʚʳʨʘʞʝʥʥʦʡ ʚ ʫʤʝʥʴʰʝʥʠʠ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʬʘʢʪʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ ʝʛʦ 

ʚʳʧʦʣʥʝʥʠʷ. ɺʳʚʦʜʳ. ʂ ʥʘʫʯʥʦʡ ʥʦʚʠʟʥʝ ʦʪʥʦʩʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʦʣʦʞʝʥʠʷ ʢʘʩʘʪʝʣʴʥʦ ʨʝʠʥʞʠʥʠʨʠʥʛʘ ʧʨʦʛʨʘʤʤʥʳʭ 

ʩʠʩʪʝʤ: ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʳ ʤʦʜʝʣʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʘʩʭʦʜʦʚ ʟʘ ʩʯʝʪ ʚʚʝʜʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʩʭʦʜʩʪʚʘ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʚʥʦʩʠʪʴ ʠʟʤʝʥʝʥʠʷ ʚ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʦʜʦʛʨʘʬʦʚ. ʈʝʠʥʞʠʥʠʨʠʥʛ ʧʨʦʛʨʘʤʤʥʳʭ 

ʩʠʩʪʝʤ ʧʦʟʚʦʣʠʪ: ʧʨʝʦʜʦʣʝʪʴ ʧʨʦʪʠʚʦʨʝʯʠʷ ʤʝʞʜʫ ʪʝʤʧʘʤʠ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ, ʪʝʭʥʠʢʠ ʠ ʧʨʦʮʝʩʩʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ; ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʧʨʦʚʦʞʜʝʥʠʷ; ʩʦʢʨʘʪʠʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʛʨʘʤʤʥʘʷ ʩʠʩʪʝʤʘ; ʨʝʠʥʞʠʥʠʨʠʥʛ; ʧʨʝʜʧʨʦʝʢʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ; ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ; ʵʚʦʣʶʮʠʦʥʥʘʷ 

ʩʧʠʨʘʣʴ; ʛʦʜʦʛʨʘʬ; ʧʨʦʝʢʪʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ; ʢʦʵʬʬʠʮʠʝʥʪ ʘʚʪʦʤʘʪʠʟʘʮʠʠ; ʢʦʵʬʬʠʮʠʝʥʪ ʩʭʦʜʩʪʚʘ ʢʦʤʧʦʥʝʥʪʦʚ; 

ʢʦʤʧʦʥʝʥʪʳ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

METHOD OF PRESENTING  THE ASSESSMENT FOR REENGINEERING OF 

SOFTWARE SYSTEMS WITH THE PROJECT COEFFI CIENTS HELP 

The subject of the work are design coefficients that are introduced into the reengineering model of a software system. The goal of the 

work. Form a method for presenting a project assessment of software system reengineering, according to which a final decision is 

made about the feasibility of reengineering. One of the main task of software engineering is the creation of theoretical and applied 

foundations for the rapid and high-quality construction of complex systems from simpler software elements made in modern 

http://scholar.google.com/scholar?cluster=15967009194369814623&hl=en&oi=scholarr
http://scholar.google.com/scholar?cluster=15967009194369814623&hl=en&oi=scholarr
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programming languages. In fact, this task is solved by collecting, combining or integrating disparate software resources and reusable 

components, including modules, libraries and software implementations of some complex software system. According to modern 

world trends of software design: software systems must be continually developing and evolving. The task of the article is to study the 

influence of project coefficients, which are introduced into the model of the reengineering of a software system, in accordance with 

the actual statistical data of the actually completed projects on the reengineering of software systems. Method. The article has 

developed the Boehmôs methodology, the continuation of which is reflected in the formation of analytical models with the proposed 

changes regarding the flexibility of construction at the stage of pre-project analysis. The design factors are introduced in the model, 

which are representing an improvement in the representations of project appraisals using the Karnerôs design points method and the 

Jacobsonôs constant method with applied additions and extensions. The visualization of the models is based on the methods of 

constructing the spiral models of Archimedes, the vector representation of Hamiltonôs and Mikhailovôs hodographs, and the method 

of accounting for the planned time is based on the Ganttôs project diagrams. Results. The article obtained a method according to 

which the previously formed models of software systems reengineering, introduced design coefficients, allowing to increase the 

accuracy of reengineering estimates, expressed in reducing the average value of the relative error of the actual time of its 

implementation. Conclusions. Scientific novelties include the following provisions regarding the reengineering of software systems: 

models of cost visualization were improved by introducing automation coefficients and similarity of components, allowing to make 

changes in the configuration of the relevant hodographs. Reengineering of software systems will allow: to overcome the 

contradictions between the pace of development of science, technology and design processes; improve the efficiency of technical 

support; reduce operating costs. 

Keywords: software system; reengineering; pre-design studies; design; evolutionary spiral; hodograph;project coefficients; 

automation coefficient; coefficient of components similarity; reuse components. 
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S. VLADOV , YU. SHMELOV, I. DEREVYANKO, I. DIERIABINA , L. CHYZHOVA  

IDENTIFICATION OF RE AR MODEL OF TV3 -117 AIRCRAFT ENGINE BASED ON 

THE BASIS OF NEURO-MULTI -FUNCTIONAL TECHNOLOG IES 

The subject matter in the article is TV3-117 aircraft engine and methods of identification of its technical condition. The goal of the 

work is to develop methods for identifying the technical state of the aircraft engine TV3-117 on the basis of real-time neural network 

technologies. The following tasks were solved in the article: the task of identifying the reverse multi-mode model of the aircraft 

engine TV3-117 using neural networks. The following methods used are ï methods of probability theory and mathematical statistics, 

methods of neuroinformatics, methods of the theory of information systems and data processing. The following results were obtained 

ï The application of the neural network apparatus is effective in solving a large range of tasks: identifying the mathematical model of 

the aircraft engine TV3-117, diagnosing the condition, analyzing the trends, forecasting the parameters, etc., despite the fact that these 

tasks usually relate to the class difficultly formalized (poorly structured), neural networks are adequate and effective in the process of 

their solution. In the process of solving the task of identifying the mathematical model of the aircraft engine TV3-117 on the basis of 

neural networks, it was established that neural networks solve the problem of identification more precisely classical methods. 

Conclusions: It was established that the error of identification of the aircraft engine TV3-117 with the help of a neural network of 

type perceptron did not exceed 1.8 %; For the neural network of radial-basic function (RBF) ï 4.6 %, whereas for the classical method 

(LSM) it makes about 5.7 % in the considered range of changes in engine operation modes. It was found that neural network methods 

are more robust to external perturbations: for noise level ů = 0.01, the error of identification of aircraft engine TV3-117 with the use 

of perceptron has increased from 1.8 to 3.8 %; for the neural network RBF ï from 4.6 to 5.7 %, and for the least squares method ï 

from 5.7 to 13.93 %. In the process of solving the task of identifying the inverse multi-mode model of the aviation engine TV3-117 on 

its parameters on the basis of neural networks (perceptron and RBF) it was shown that their use allows for indirect measurement of 

the parameters of the flowing part of the engine at different modes of its operation: in the absence of noise ï with an error of not more 

than 1,8 and 4,6 % respectively; in the presence of noise (ů = 0,01) ï with an error of not more than 3,8 and 5,7 % respectively. 

Application in these conditions of the least squares method (polynomial regression model of the 8th order) allows us to obtain the 

error value: in the absence of noise ï no more than 5,7 %; in the presence of noise ï no more than 13,93 %. 

Keywords: aircraft engine; neural network; perceptron; radial-basic function, identification. 

Introduction  

 

The aircraft engine TV3-117 as a recoverable object 

during its lifetime requires continuous monitoring and 

diagnostics of its technical condition, the complexity of 

which depends on the level of automation of the processes 

of receiving, processing, storing, documenting 

information on the current state of the aircraft engine, as 

well as monitoring, diagnosis, forecasting of its  the 

technical state, the sequence and methods of execution of 

which determine the information system of control and 

diagnostics. 

The means of their implementation are distributed 

monitoring and diagnostics systems, which are tasked 

with determining the degree of conformity of the research 

object with the requirements, that is, control of its 

technical condition. 

Distributed monitoring and diagnostics system is a 

logical addition to the information monitoring and 

diagnostic system, since it together with the latter carries 

out an analysis of the actual technical state of the engine: 

forecasting the residual resource, monitoring the 

degradation of the performance of the aircraft engine, 

determines the program of repair and restoration works, 

etc. 

At the same time, despite the considerable amount of 

research in these areas, the information systems for 

monitoring and diagnosing the technical state of aviation 

engines are not perfect for a number of reasons, the main 

ones being, on the one hand, the dissociation of the 

databases of testing, control and diagnostics, the lack of 

intelligent components, which allow qualitatively and 

efficiently to support decision-making [1] and, as a 

consequence, reduce the total time spent on engine 

maintenance; on the other hand, the unsteadiness of 

physical processes in an aircraft engine, the complexity of 

its mathematical description, the dependence of engine 

technical characteristics on external operating conditions, 

the limited composition of the measured 

thermogasdynamic parameters of the engine, their 

technological spread, etc. These factors lead to the need to 

make decisions about the technical state engine in 

conditions of significant uncertainty. 

Analysis of works in the field of control and 

diagnostics of the state of aviation engines on the basis of 

neural networks [2ï6] shows that at present, such works 

are being conducted, however, due to a number of reasons 

(secrecy, narrow specialization of the tasks to be solved), 

in most publications there are no engineering methods, as 

well as theoretical and practical recommendations for 

solving similar problems. The task of the problem and 

possible algorithms for choosing the architecture of neural 

networks, their algorithms, evaluation of their work 

efficiency, etc. are studied, as well as the engineering 

methodology for solving the problem of classification of 

operating modes of aircraft engine TV3-117 using neural 

network technologies. 

 

Analysis of existing methods for identifying the 

technical condition of aviation engines 

 

Professor Zhernakov S.V. is currently actively 

engaged in the task of identifying the technical state of 

aviation gas turbine engines (GTE) using neural network 

technologies. (Ufa State Aviation Technical University), 

in whose work the necessary techniques have been 
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developed and the following tasks are successfully solved: 

identification of characteristics of the GTE; identification 

of the inverse multimode model of the GTE according to 

the parameters of its oil system; identification of the 

multi-mode dynamic model of the GTE [7ï10]. The 

solution to these problems was obtained both in bench test 

conditions and in the flight operation of the aircraft. 

However, the results obtained are applicable only to 

turbojet engines installed on aircraft.  

It is known that helicopters in most of their cases use 

turboshaft engines, the number of which includes the 

engine TV3-117, the structure and running processes, 

which differ from the structure and processes occurring 

inside turbojet engines. Therefore, it is necessary to 

modify (refine) previously developed methods for solving 

the tasks of identifying the technical state of aviation 

engines using neural network technologies, which will 

allow them to be used for monitoring and diagnostics of 

turbocharged engines, including the engine TV3-117. 

Therefore, the scientific and practical tasks solved in this 

work are relevant. 

 

Problem formulation 

 

It is assumed that aircraft engine TV3-117 as a 

nonlinear control object on steady operating modes is 

described using the equations of the form: 

 ( )1
, 0;f A U =   (1) 

 ( )2
, ;Y f A X=         (2) 

where 
1
f   and 

2
f  ï nonlinear vector-function; A and U ï 

vectors of engine parameters; X ï vector of engine state 

variable [11]. 

In practice, the task of indirect measurements is 

relevant: by observing the vector of the output 

thermogasdynamic parameters of the engine, determine 

the values of its control influences (that is, components of 

the vector U). For example, according to the measured 

value of parameters n, *

3
T , *

2
P  it is necessary to calculate 

the value of fuel consumption in the combustion chamber 

T
G . Analytical statement of this problem is reduced to the 

definition of inverse nonlinear dependence 1f -  in the 

expression: 

 ( )1 , ;U f A Y-=      (3) 

where Y ï vector of engine output coordinates [11]. 

Thus, the goal of the work is to develop methods for 

identifying the technical state of the aircraft engine  

TV3-117 on the basis of real-time neural network 

technologies, while it is necessary to determine its 

structure and parameters, which ensures a minimum error 

of learning E based on the procedure presented in fig. 1, 

where ( )1 2
, ,...,

T

k
e e e e=  ï the vector of inconsistencies 

between the actual and estimated by means of  

the neural network of the values of control  

influences, that is 
*U Ue= - , and 2

i

i

E e=ä . After 

training, the neural network reproduces the characteristics 

of the reverse multi-mode aircraft engine  

model TV3-117. 

Aircraft engine

 ʊV3-117

Neural 

network

U Y
*U e E2

i

i

eä

 

Fig. 1. Scheme of the solution of the problem of identification of the return multi-mode model of the aircraft engine TV3-117 

The solution of the identification problem of the 

reverse multi-mode model of the aircraft engine TV3-117 

on the basis of neural network technologies will be based 

on the following steps of the proposed method: 

1. Data analysis; 

2. Pre-processing of data; 

3. Selection of the architecture of the neural network; 

4. Selection of the neural network structure; 

5. Choosing the algorithm for training the neural 

network; 

6. Evaluating effectiveness. 

 

Development of the neural network: the choice of 

architecture, structure, learning algorithm 

 

The inverse problem of identifying a multi-mode 

aircraft engine model TV3-117 is as follows: the values of 

the following engine parameters are reduced  

to standard atmospheric conditions (table 1). It is 

necessary to construct a multi-mode neural network 

mathematical model for the calculation (indirect 

measurement) of the value of the reduced fuel 

consumption. 

Data for table 1 entered in accordance with the 

provisions [7] that the set of steady-state operating  

modes of the aircraft engine TV3-117 is  

described by a combination of functional dependencies on 

the values of the following engine parameters: 

*

288
;

sp

N

n n
T

=  
* *

760 288
;air

air

N N

sp

G
G

P T

Ö
=  

* *

2 2 *

760
;

N

sp
P P

P
= Ö  

* *

2 2 *

288
;

N

sp
T T

T
= Ö  

* *

3 3 *

288
;

N
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T T

T
= Ö  

*

760
;

sp

N

R R
P

= Ö      (4) 
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where Tsp
G  ï specific value of fuel consumption (kg/s); 

sp
n  ï specific value of the rotor frequency of the turbine 

compressor (%); airsp
G  ï specific value of the air 

consumption (kg/s); *

2sp
P and *

2sp
T  ï respectively, the 

pressure (kPa) and temperature (K) are calculated  

for the turbine compressor; *
3sp

T  ï specific value of the 

gases temperature behind the compressor turbine (K);  

sp
R  ï specific value of the engine thrust is shown. 

Table 1. Fragment of the training sample for identification of multi-mode model of aircraft engine TV3-117 

spTG
 

spn
 spairG

 

*

2sp
P

 

*

2sp
T

 

*

3sp
T

 
spR

 

0.188 0.533 0.413 0.323 0.439 0.513 0.148 

0.126 0.343 0.247 0.199 0.249 0.471 0.051 

0.198 0.543 0.422 0.331 0.446 0.519 0.156 

0.475 0.793 0.752 0.638 0.804 0.753 0.495 

0.145 0.403 0.299 0.238 0.294 0.463 0.076 

0.348 0.707 0.614 0.501 0.663 0.667 0.331 

0.239 0.582 0.464 0.366 0.475 0.547 0.189 

0.728 0.901 0.923 0.849 0.925 0.854 0.769 

1.011 1.009 1.031 1.038 1.050 1.014 1.051 

0.136 0.374 0.274 0.219 0.271 0.465 0.065 

0.148 0.409 0.306 0.243 0.299 0.465 0.084 

0.557 0.832 0.821 0.714 0.866 0.788 0.590 

0.188 0.533 0.413 0.323 0.439 0.513 0.148 

 

The process of transition from the physical 

parameters of the engine to the given values (and back), 

carried out using the neural network model of the aircraft 

engine TV3-117, shown in fig. 2, where the conversion of 

the measured (physical) parameters of the engine to the 

reduced, which correspond to the standard atmospheric 

conditions *

N
T = 288,15 K, *

N
P = 760 mm Hg is carried out 

with the help of the operator ()F ¶, which is described by 

the expressions (1) and (2), and the inverse transition ï 

using the operator ()1
F ¶ by the formulas of the gas-

dynamic similarity: 

*
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= Ö  
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T
= Ö  

* *
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*
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sp

N

R R
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= Ö      (5) 
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Fig. 2. The scheme of transition from the neural network model of the aircraft engine ʊɺ3-117 in the given parameters to the model in 

physical quantities

and the influence of flight conditions on the parameters of 

the air entering the engine is thus considered as: 

 
* 21

1 ;
2

N N

k
T T M

-å õ
= +æ ö
ç ÷

1
* 21

1 ;
2

k

k

N N rec

k
P P Ms

--å õ
= +æ ö

ç ÷
(6) 

where 
N

T  and 
N

P  ï respectively, the temperature (K) and 

pressure (mm Hg) air at a given flight altitude;  
*

N
T  and *

N
P  ï are inhibited values of these parameters at a 

given altitude; k ï adiabatic index; M ï the number of flaps 

the flight; 
rec
s  ï recovery rate of full pressure in the air 

intake. 

The analysis of the initial data (training sample) and 

the process of their pre-processing is carried out in the 

same way as it was done in solving the problem of 

identifying a direct multi-mode model of the aircraft 

engine TV3-117. In the process of experimental research 

as the main architectures of neural networks, for the 

solution of this problem, perceptron and RBF were 

investigated [12, 13]. 

The architecture of the neural network RBF for 

solving the problem of identifying the reverse multi-mode 

model of the aircraft engine TV3-117 is shown in fig. 3. 

Experimental studies on the selection of optimal 

structures of neural networks RBF and perceptron showed 

that the optimal complexity of neural networks should 

have respectively 12 and 16 neurons in the hidden layer 

(fig. 4, curve 1) and (fig. 4, curve 2). 
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Thus, the structure of 8ï12ï1 is optimal for the 

complexity of the structure of the neural network RBF for 

solving the inverse problem of identification of the 

multimode model of the aircraft engine TV3-117; and for 

the perceptron ï the structure 8ï16ï1. Activation 

functions of neurons were taken sigmoid, i.e. 

()
s

f s
a s
=
+

. The analysis of the effectiveness of various 

algorithms for training the neural network, described in 

detail in [14, 15], where the choice of the most optimal ï 

additive step of training the neural network, which is 

realized in the form of a gradient method, is substantiated. 

spn

spTG

spairG

*

2sp
P

*

2sp
T

*

3sp
T

spR

 

Fig. 3. Reverse multi-mode model of aviation engine TV3-117 based on neural network RBF 

 

 

Fig. 4. The choice of the optimal complexity of neural network structures for solving the inverse identification problem:  

1 ï perceptron; 2 ï RBF
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Results of the task solution 

 

In the framework of the developed method, a 

comparative analysis of the accuracy of the neural 

networks (perceptron and RBF) and the classical (LSM) 

methods of identifying the inverse multi-mode model of 

the aviation engine TV3-117 on the test sample (fig. 5) 

and on the same sample in the conditions of the additive 

component of the obstacle (white noise with zero 

mathematical expectation M = 0 and ů = 0.01, fig. 6). 

Curves on fig. 5 and 6 correspond to the errors of 

calculation of the reduced fuel consumption for  

the two classes of neural network models  

(perceptron and RBF), as well as for the polynomial 

regression model of the 8th order received by  

the LSM. 

 

Fig. 5. Results of research of neural network and classical methods of identification of the return multi-mode model of aircraft engine 

TV3-117: 1 ï least squares method; 2 ï perceptron; 3 ï RBF 

 

Fig. 6. Results of research of neural network and classical methods of identification of the reverse multi-mode model of aircraft 

engine TV3-117 on a test sample in conditions of additive noise (white noise): 1 ï least squares method; 2 ï perceptron; 3 ï RBF 

Table 2. Comparative analysis of the accuracy of neural networks and classical methods of identification of the reverse multi-mode 

model of aircraft engine TV3-117 (indirect measurement of fuel consumption) 

Identification method Mean square error (no 

noise) 

Absolute error (no 

noise), % 

Mean square error (with 

noise) 

Absolute error (with 

noise), % 

Least squares method 0.057 0.508 1.393 1.742 

Perceptron 0.018 0.128 0.038 0.607 

Radial-basic function 0.046 0.275 0.057 0.754 
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The analysis of the obtained results shows that the 

best performance is the perceptron neural network, which 

allows for indirect measurements of fuel consumption 

over a wide range of engine operation: 

- without noise ï with an error of not more than 

0.128 %; 

- with the presence of noise (ů = 0,01) ï with an 

error of not more than 0.607 %. 

Applying the least squares method in these 

conditions allows you to get the error value: 

- no noise ï no more than 0.508 %; 

- with the presence of noise ï no more than 1.742 %. 

Consequently, in solving the inverse problem of 

identifying a multi-mode aircraft engine model TV3-117, 

neural networks are more prone to disturbances of the 

initial data than the classical methods, which in the 

conditions of the obstacles give a great error of 

identification. 

 

Conclusions 

 

Obviously, the application of neural network 

technologies in solving the problems of control, 

diagnostics and forecasting of the parameters of the 

technical condition of the aircraft engine TV3-117 is not 

an end in itself. The use of neural networks should be 

considered economically viable (that is, giving real 

economic effect) only in those cases where existing 

methods can not provide the desired quality of the 

solution, that is, when there is evidence in favor of higher 

efficiency of neural networks. Summarizing the above, we 

can draw the following conclusions. 

1. Application of the device of neural networks turns 

out to be effective in solving a large range of tasks: the 

identification of the mathematical model of the aircraft 

engine TV3-117, diagnostics of the state, analysis of 

trends, forecasting of parameters, etc. Although these 

tasks usually belong to the class of difficultly formalizable 

(poorly structured), neural networks are adequate and 

effective in their solution. 

2. In the process of solving the problem of 

identifying the mathematical model of the aircraft engine 

TV3-117 on the basis of neural networks, it was 

established that neural networks solve the problem of 

identification more precisely than classical methods: the 

identification error at the output of the neural network 

type perceptron in 3.16 times, the neural network of the 

RBF type ï 1.24 times less than the regression model 

obtained with the help of LSM for the range of changes in 

engine operation. 

3. The error of identification of the aircraft engine 

ʊV3-117 with the help of perceptron did not exceed 1.8 

%; for the neural network RBF ï 4.6 %, while for the 

classical method (LSM) it makes about 5.7 % in the 

considered range of changes in engine operation modes. 

4. Neural network methods are more robust to 

external perturbations: for the noise level ů = 0.01, the 

error of identification of the aircraft engine ʊɺ3-117 with 

the use of the perceptron has increased from 1.8 to 3.8 %; 

for the neural network RBF ï from 4.6 to 5.7 %, and for 

the method of least squares ï from 5.7 to 13.93 %. 

5. In the process of solving the problem of 

identifying the inverse multi-mode model of the aircraft 

engine TV3-117 on its parameters on the basis of neural 

networks (perceptron and RBF) it was shown that their 

use allows for indirect measurement of the parameters of 

the flow part of the engine at different modes of its 

operation: in the absence of noise ï with an error of not 

more than 1.8 and 4.6 % respectively; in the presence of 

noise (ů = 0.01) ï with an error of not more than 3.8 and 

5.7 %, respectively. Using in these conditions the method 

of least squares (polynomial regression model of the 8th 

order) allows us to obtain the value of the error: in the 

absence of noise ï no more than 5.7 %; in the presence of 

noise ï no more than 13.93 %. Thus, when solving the 

problem of identifying the inverse multi-mode model of 

the aircraft engine TV3-117, neural networks are more 

robust to perturbations of the original data than the 

classical methods which in the conditions of interference 

give a big error of identification. 
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ɯɼɽʅʊʀʌɯʂɸʎɯʗ ɿɺʆʈʆʊʅʆɰ ɹɸɻɸʊʆʈɽɾʀʄʅʆɰ ʄʆɼɽʃɯ ɸɺɯɸʎɯʁʅʆɻʆ 

ɼɺʀɻʋʅɸ ʊɺ3-117 ʅɸ ʆʉʅʆɺɯ ʅɽʁʈʆʄɽʈɽɾɽɺʀʍ ʊɽʍʅʆʃʆɻɯʁ 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʩʪʘʪʪʽ ʻ ʘʚʽʘʮʽʡʥʠʡ ʜʚʠʛʫʥ ʊɺ3-117 ʪʘ ʤʝʪʦʜʠ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʡʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ. ʄʝʪʘ ʨʦʙʦʪʠ ï 

ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʘʚʽʘʮʽʡʥʦʛʦ ʜʚʠʛʫʥʘ ʊɺ3-117 ʥʘ ʦʩʥʦʚʽ ʥʝʡʨʦʤʝʨʝʞʝʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ 

ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ɺ ʩʪʘʪʪʽ ʚʠʨʽʰʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ: ʟʘʜʘʯʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʟʚʦʨʦʪʥʦʾ ʙʘʛʘʪʦʨʝʞʠʤʥʦʾ ʤʦʜʝʣʽ 

ʘʚʽʘʮʽʡʥʦʛʦ ʜʚʠʛʫʥʘ ʊɺ3-117 ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢʽ ʤʝʪʦʜʠ: ʤʝʪʦʜʠ ʪʝʦʨʽʾ 

ʡʤʦʚʽʨʥʦʩʪʝʡ ʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ, ʤʝʪʦʜʠ ʥʝʡʨʦʽʥʬʦʨʤʘʪʠʢʠ, ʤʝʪʦʜʠ ʪʝʦʨʽʾ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʪʘ ʦʙʨʦʙʢʠ ʜʘʥʠʭ. 

ʆʪʨʠʤʘʥʦ ʥʘʩʪʫʧʥʽ ʨʝʟʫʣʴʪʘʪʠ: ɿʘʩʪʦʩʫʚʘʥʥʷ ʘʧʘʨʘʪʫ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʚʠʷʚʣʷʻʪʴʩʷ ʝʬʝʢʪʠʚʥʠʤ ʧʨʠ ʨʦʟʚôʷʟʢʫ ʚʝʣʠʢʦʛʦ 

ʢʦʣʘ ʟʘʜʘʯ: ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʘʚʽʘʮʽʡʥʦʛʦ ʜʚʠʛʫʥʘ ʊɺ3-117, ʜʽʘʛʥʦʩʪʠʢʠ ʩʪʘʥʫ, ʘʥʘʣʽʟʫ ʪʨʝʥʜʽʚ, 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʪʦʱʦ, ʧʨʠ ʮʴʦʤʫ ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʮʽ ʟʘʜʘʯʽ ʟʘʟʚʠʯʘʡ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʢʣʘʩʫ ʚʘʞʢʦ 

ʬʦʨʤʘʣʽʟʦʚʘʥʠʭ (ʧʦʛʘʥʦ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ), ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʚʠʷʚʣʷʶʪʴʩʷ ʘʜʝʢʚʘʪʥʠʤʠ ʽ ʝʬʝʢʪʠʚʥʠʤʠ ʫ ʧʨʦʮʝʩʽ ʾʭ ʨʦʟʚôʷʟʢʫ. 

ʋ ʧʨʦʮʝʩʽ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʘʚʽʘʮʽʡʥʦʛʦ ʜʚʠʛʫʥʘ ʊɺ3-117 ʥʘ ʦʩʥʦʚʽ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʙʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʨʦʟʚôʷʟʫʶʪʴ ʟʘʜʘʯʫ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʦʯʥʽʰʝ ʢʣʘʩʠʯʥʠʭ ʤʝʪʦʜʽʚ. ɺʠʩʥʦʚʢʠ: ʋʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʧʦʭʠʙʢʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʘʚʽʘʮʽʡʥʦʛʦ ʜʚʠʛʫʥʘ ʊɺ3-117 ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʪʠʧʫ ʧʝʨʩʝʧʪʨʦʥ ʥʝ ʧʝʨʝʚʠʱʠʣʘ 1,8 %; 

ʜʣʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʨʘʜʽʘʣʴʥʦ-ʙʘʟʠʩʥʦʾ ʬʫʥʢʮʽʾ (ʈɹʌ) ï 4,6 %, ʚ ʪʦʡ ʯʘʩ ʷʢ ʜʣʷ ʢʣʘʩʠʯʥʦʛʦ ʤʝʪʦʜʫ (ʄʅʂ) ʚʦʥʘ ʩʢʣʘʜʘʻ 

ʙʣʠʟʴʢʦ 5,7 % ʫ ʨʦʟʛʣʷʥʫʪʦʤʫ ʜʽʘʧʘʟʦʥʽ ʟʤʽʥʠ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ. ɿôʷʩʦʚʘʥʦ, ʱʦ ʥʝʡʨʦʤʝʨʝʞʝʚʽ ʤʝʪʦʜʠ ʙʽʣʴʰ ʨʦʙʘʩʪʥʽ 

ʜʦ ʟʦʚʥʽʰʥʽʭ ʟʙʫʨʝʥʴ: ʜʣʷ ʨʽʚʥʷ ʰʫʤʫ ů = 0,01 ʧʦʭʠʙʢʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʘʚʽʘʮʽʡʥʦʛʦ ʜʚʠʛʫʥʘ ʊɺ3-117 ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʧʝʨʩʝʧʪʨʦʥʘ ʟʨʦʩʣʘ ʟ 1,8 ʜʦ 3,8 %; ʜʣʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʈɹʌ ï ʟ 4,6 ʜʦ 5,7 %, ʘ ʜʣʷ ʤʝʪʦʜʫ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ ï ʟ 5,7 ʜʦ 

13,93 %. ʋ ʧʨʦʮʝʩʽ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʟʚʦʨʦʪʥʦʾ ʙʘʛʘʪʦʨʝʞʠʤʥʦʾ ʤʦʜʝʣʽ ʘʚʽʘʮʽʡʥʦʛʦ ʜʚʠʛʫʥʘ ʊɺ3-117 ʟʘ ʡʦʛʦ 

ʧʘʨʘʤʝʪʨʘʤʠ ʥʘ ʦʩʥʦʚʽ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ (ʧʝʨʩʝʧʪʨʦʥ ʽ ʈɹʌ) ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ 

ʥʝʧʨʷʤʝ ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʜʚʠʛʫʥʘ ʥʘ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʡʦʛʦ ʨʦʙʦʪʠ: ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʰʫʤʫ ï ʟ 

ʧʦʭʠʙʢʦʶ ʥʝ ʙʽʣʴʰʝ 1,8 ʽ 4,6 % ʚʽʜʧʦʚʽʜʥʦ; ʟʘ ʥʘʷʚʥʦʩʪʽ ʰʫʤʫ (ů = 0,01) ï ʟ ʧʦʭʠʙʢʦʶ ʥʝ ʙʽʣʴʰʝ 3,8 ʽ 5,7 % ʚʽʜʧʦʚʽʜʥʦ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʚ ʮʠʭ ʫʤʦʚʘʭ ʤʝʪʦʜʫ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ (ʧʦʣʽʥʦʤʽʘʣʴʥʘ ʨʝʛʨʝʩʽʡʥʘ ʤʦʜʝʣʴ 8-ʛʦ ʧʦʨʷʜʢʫ) ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ 

ʟʥʘʯʝʥʥʷ ʧʦʭʠʙʢʠ: ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʰʫʤʫ ï ʥʝ ʙʽʣʴʰʝ 5,7 %; ʟʘ ʥʘʷʚʥʦʩʪʽ ʰʫʤʫ ï ʥʝ ʙʽʣʴʰʝ 13,93 %. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʚʽʘʮʽʡʥʠʡ ʜʚʠʛʫʥ; ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ; ʧʝʨʩʝʧʪʨʦʥ; ʨʘʜʽʘʣʴʥʦ-ʙʘʟʠʩʥʘ ʬʫʥʢʮʽʷ, ʽʜʝʥʪʠʬʽʢʘʮʽʷ. 

ʀɼɽʅʊʀʌʀʂɸʎʀʗ ʆɹʈɸʊʅʆʁ ʄʅʆɻʆʈɽɾʀʄʅʆʁ ʄʆɼɽʃʀ 

ɸɺʀɸʎʀʆʅʅʆɻʆ ɼɺʀɻɸʊɽʃʗ ʊɺ3-117 ʅɸ ʆʉʅʆɺɽ ʅɽʁʈʆʉɽʊɽɺʓʍ 

ʊɽʍʅʆʃʆɻʀʁ 

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʩʪʘʪʴʝ ʷʚʣʷʝʪʩʷ ʘʚʠʘʮʠʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ ʊɺ3-117 ʠ ʤʝʪʦʜʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʝʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ. ʎʝʣʴ ʨʘʙʦʪʳ ï ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʘʚʠʘʮʠʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʊɺ3-117 ʥʘ 

ʦʩʥʦʚʝ ʥʝʡʨʦʩʝʪʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ɺ ʩʪʘʪʴʝ ʨʝʰʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: ʟʘʜʘʯʘ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʨʘʪʥʦʡ ʤʥʦʛʦʨʝʞʠʤʥʦʡ ʤʦʜʝʣʠ ʘʚʠʘʮʠʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʊɺ3-117 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. 

ʀʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ: ʤʝʪʦʜʳ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ, ʤʝʪʦʜʳ ʥʝʡʨʦʠʥʬʦʨʤʘʪʠʢʠ, 

ʤʝʪʦʜʳ ʪʝʦʨʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ʇʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: ʇʨʠʤʝʥʝʥʠʝ ʘʧʧʘʨʘʪʘ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʦʢʘʟʳʚʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʧʨʠ ʨʝʰʝʥʠʠ ʙʦʣʴʰʦʛʦ ʢʨʫʛʘ ʟʘʜʘʯ: ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʘʚʠʘʮʠʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʊɺ3-117, ʜʠʘʛʥʦʩʪʠʢʠ ʩʦʩʪʦʷʥʠʷ, ʘʥʘʣʠʟʘ ʪʨʝʥʜʦʚ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠ ʪ.ʜ., ʧʨʠ ʵʪʦʤ 

ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʵʪʠ ʟʘʜʘʯʠ ʦʙʳʯʥʦ ʦʪʥʦʩʷʪʩʷ ʢ ʢʣʘʩʩʫ ʪʨʫʜʥʦ ʬʦʨʤʘʣʠʟʫʝʤʳʭ (ʧʣʦʭʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ), ʥʝʡʨʦʥʥʳʝ 

ʩʝʪʠ ʦʢʘʟʳʚʘʶʪʩʷ ʘʜʝʢʚʘʪʥʳʤʠ ʠ ʵʬʬʝʢʪʠʚʥʳʤʠ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʨʝʰʝʥʠʷ. ɺ ʧʨʦʮʝʩʩʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʘʚʠʘʮʠʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʊɺ3-117 ʥʘ ʦʩʥʦʚʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ 

ʨʝʰʘʶʪ ʟʘʜʘʯʫ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʪʦʯʥʝʝ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ɺʳʚʦʜʳ: ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʛʨʝʰʥʦʩʪʴ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʘʚʠʘʮʠʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʊɺ3-117 ʩ ʧʦʤʦʱʴʶ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʪʠʧʘ ʧʝʨʩʝʧʪʨʦʥ ʥʝ ʧʨʝʚʳʩʠʣʘ 1,8 %; ʜʣʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

ʨʘʜʠʘʣʴʥʦ-ʙʘʟʠʩʥʦʡ ʬʫʥʢʮʠʠ (ʈɹʌ) ï 4,6 %, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ (ʄʅʂ) ʦʥʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 5,7 % ʚ 

ʨʘʩʩʤʦʪʨʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ. ɺʳʷʩʥʝʥʦ, ʯʪʦ ʥʝʡʨʦʩʝʪʝʚʳʝ ʤʝʪʦʜʳ ʙʦʣʝʝ ʨʦʙʘʩʪʥʳ ʢ 

ʚʥʝʰʥʠʤ ʚʦʟʤʫʱʝʥʠʷʤ: ʜʣʷ ʫʨʦʚʥʷ ʰʫʤʘ ů = 0,01 ʧʦʛʨʝʰʥʦʩʪʴ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʘʚʠʘʮʠʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʊɺ3-117 ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʝʨʩʝʧʪʨʦʥʘ ʚʦʟʨʦʩʣʘ ʩ 1,8 ʜʦ 3,8 %; ʜʣʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʈɹʌ ï ʩ 4,6 ʜʦ 5,7 %, ʘ ʜʣʷ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ 

ʢʚʘʜʨʘʪʦʚ ï ʩ 5,7 ʜʦ 13,93 %. ɺ ʧʨʦʮʝʩʩʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʨʘʪʥʦʡ ʤʥʦʛʦʨʝʞʠʤʥʦʡ ʤʦʜʝʣʠ ʘʚʠʘʮʠʦʥʥʦʛʦ 

ʜʚʠʛʘʪʝʣʷ ʊɺ3-117 ʧʦ ʝʛʦ ʧʘʨʘʤʝʪʨʘʤ ʥʘ ʦʩʥʦʚʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ (ʧʝʨʩʝʧʪʨʦʥ ʠ ʈɹʌ) ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʢʦʩʚʝʥʥʦʝ ʠʟʤʝʨʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʜʚʠʛʘʪʝʣʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʝʛʦ ʨʘʙʦʪʳ: ʧʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʰʫʤʘ ï ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʥʝ ʙʦʣʝʝ 1,8 ʠ 4,6 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ʧʨʠ ʥʘʣʠʯʠʠ ʰʫʤʘ (ů = 0,01) ï ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʥʝ 

ʙʦʣʝʝ 3,8 ʠ 5,7 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠʤʝʥʝʥʠʝ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ (ʧʦʣʠʥʦʤʠʘʣʴʥʘʷ 

ʨʝʛʨʝʩʩʠʦʥʥʘʷ ʤʦʜʝʣʴ 8-ʛʦ ʧʦʨʷʜʢʘ) ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʟʥʘʯʝʥʠʝ ʧʦʛʨʝʰʥʦʩʪʠ: ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʰʫʤʘ ï ʥʝ ʙʦʣʝʝ 5,7 %; ʧʨʠ 

ʥʘʣʠʯʠʠ ʰʫʤʘ ï ʥʝ ʙʦʣʝʝ 13,93 %. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʠʘʮʠʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ; ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ; ʧʝʨʩʝʧʪʨʦʥ; ʨʘʜʠʘʣʴʥʦ-ʙʘʟʠʩʥʘʷ ʬʫʥʢʮʠʷ; ʠʜʝʥʪʠʬʠʢʘʮʠʷ. 
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ɯ. ʄ. ʂɸɼʀʂʆɺɸ, ʉ. ʆ. ʃɸʈɯʅɸ, ɯ. ɺ. ʏʋʄɸʏɽʅʂʆ 

ʄɽʊʆɼ ɺʀɿʅɸʏɽʅʅʗ ʆʏɯʂʋɺɸʅʔ ɿɸʎɯʂɸɺʃɽʅʀʍ ʉʊʆʈɯʅ ɯ ɰʍ 

ʂʆʈʀɻʋɺɸʅʅʗ ʇʈʀ ʉʊʈɸʊɽɻɯʏʅʆʄʋ ʋʇʈɸɺʃɯʅʅɯ ʇʈʆɻʈɸʄʆʖ 

ʇʈʆɽʂʊɯɺ 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʩʪʘʪʪʽ ʻ ʫʧʨʘʚʣʽʥʥʷ ʟʘʮʽʢʘʚʣʝʥʠʤʠ ʩʪʦʨʦʥʘʤʠ ʧʨʦʝʢʪʽʚ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʩʪʨʘʪʝʛʽʾ ʧʨʦʛʨʘʤʠ. ʄʝʪʘ 

ʩʪʘʪʪʽ ï ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʫ ʚʠʟʥʘʯʝʥʥʷ ʦʯʽʢʫʚʘʥʴ ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ ʽ ʾʭ ʢʦʨʠʛʫʚʘʥʥʷ ʟ ʧʦʟʠʮʽʡ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʧʨʦʛʨʘʤʦʶ ʧʨʦʝʢʪʽʚ. ɺ ʩʪʘʪʪʽ ʚʠʨʽʰʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ: ʚʠʜʽʣʠʪʠ ʫ ʧʝʚʥʫ ʢʣʘʩʠʬʽʢʘʮʽʶ ʩʪʝʡʢʭʦʣʜʝʨʽʚ ʧʨʦʝʢʪʽʚ 

ʟʘʣʝʞʥʦ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʾʭ ʩʪʘʚʣʝʥʥʷ ʜʦ ʩʪʨʘʪʝʛʽʾ ʧʨʦʛʨʘʤʠ ʧʨʦʝʢʪʽʚ; ʨʦʟʨʦʙʠʪʠ ʤʘʪʨʠʮʶ ʦʮʽʥʢʠ ʨʽʚʥʷ ʾʭ ʟʘʣʫʯʝʥʥʷ ʜʦ 

ʨʝʘʣʽʟʘʮʽʾ ʩʪʨʘʪʝʛʽʾ ʧʨʦʛʨʘʤʠ; ʤʦʜʠʬʽʢʫʚʘʪʠ ʤʘʪʨʠʮʶ "ʚʣʘʜʘ/ʽʥʪʝʨʝʩ" ʜʣʷ ʙʽʣʴʰ ʪʦʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʭʘʨʘʢʪʝʨʫ ʽʥʪʝʨʝʩʫ; 

ʧʦʙʫʜʫʚʘʪʠ ʤʦʜʝʣʴ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʢʫʙʫ ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ ʧʨʦʝʢʪʽʚ ʪʘ ʧʨʦʛʨʘʤ;  ʨʦʟʨʦʙʠʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʦʨʛʘʥʽʟʘʮʽʾ 

ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʦʯʽʢʫʚʘʥʥʷ ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ ʧʨʦʝʢʪʽʚ ʧʨʦʛʨʘʤʠ ʟ ʤʝʪʦʶ ʢʦʨʠʛʫʚʘʥʥʷ ʾʭ ʦʯʽʢʫʚʘʥʴ ʜʣʷ 

ʩʧʨʠʷʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ ʩʪʨʘʪʝʛʽʾ ʧʨʦʛʨʘʤʠ. ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢʽ ʤʝʪʦʜʠ: ʪʝʦʨʽʷ ʤʥʦʞʠʥ, ʢʦʣʘ ɽʡʣʝʨʘ, ʤʘʪʨʠʯʥʽ 

ʪʘ ʛʨʘʬʦʘʥʘʣʽʪʠʯʥʽ ʤʝʪʦʜʠ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ: pʦʟʨʦʙʣʝʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʩʪʝʡʢʭʦʣʜʝʨʽʚ ʧʨʦʝʢʪʽʚ ʟʘʣʝʞʥʦ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʾʭ 

ʩʪʘʚʣʝʥʥʷ ʜʦ ʩʪʨʘʪʝʛʽʾ ʧʨʦʛʨʘʤʠ ʧʨʦʝʢʪʽʚ. ʄʘʪʨʠʮʷ ʦʮʽʥʢʠ ʨʽʚʥʷ ʟʘʣʫʯʝʥʥʷ ʩʪʝʡʢʭʦʣʜʝʨʽʚ ʜʦ ʨʝʘʣʽʟʘʮʽʾ ʩʪʨʘʪʝʛʽʾ ʧʨʦʛʨʘʤʠ 

ʧʝʨʝʜʙʘʯʘʻ ʨʦʟʨʦʙʢʫ ʧʦʪʦʯʥʦʛʦ ʪʘ ʙʘʞʘʥʦʛʦ ʩʪʘʥʫ. ʄʦʜʠʬʽʢʦʚʘʥʘ ʤʘʪʨʠʮʷ "ʚʣʘʜʘ/ʽʥʪʝʨʝʩ" ʨʦʟʤʽʨʥʽʩʪʶ 2*4 ʤʽʩʪʠʪʴ ʫ 

ʢʦʞʥʦʤʫ ʢʚʘʜʨʘʥʪʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʫʧʨʘʚʣʽʥʥʷ ʩʪʝʡʢʭʦʣʜʝʨʘʤʠ. ʇʦʙʫʜʦʚʘʥʘ ʤʦʜʝʣʴ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʢʫʙʫ ʟʘʮʽʢʘʚʣʝʥʠʭ 

ʩʪʦʨʽʥ ʤʽʩʪʠʪʴ 20 ʢʚʘʜʨʘʥʪʽʚ. ʉʬʦʨʤʫʣʴʦʚʘʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʟ ʧôʷʪʠ ʝʪʘʧʽʚ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʦʯʽʢʫʚʘʥʴ ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ ʽ ʾʭ ʢʦʨʠʛʫʚʘʥʥʷ ʟ ʧʦʟʠʮʽʡ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʛʨʘʤʦʶ ʧʨʦʝʢʪʽʚ. ɺʠʩʥʦʚʢʠ: 

ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʦʯʽʢʫʚʘʥʴ ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ ʽ ʾʭ ʢʦʨʠʛʫʚʘʥʥʷ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʦʮʽʥʮʽ ʨʽʚʥʷ ʟʘʣʫʯʝʥʥʷ 

ʩʪʝʡʢʭʦʣʜʝʨʽʚ ʜʦ ʨʝʘʣʽʟʘʮʽʾ ʩʪʨʘʪʝʛʽʾ ʧʨʦʛʨʘʤʠ ʧʨʦʝʢʪʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʣʘʩʠʬʽʢʘʮʽʾ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʭʘʨʘʢʪʝʨʫ ʩʪʘʚʣʝʥʥʷ ʜʦ 

ʥʝ,ʾ ʷʢʠʡ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ ʧʝʨʝʜʙʘʯʘʻ ʧʦʙʫʜʦʚʫ ʪʘ ʘʥʘʣʽʟ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʤʘʪʨʠʮʽ "ʚʣʘʜʘ/ʽʥʪʝʨʝʩ" ʪʘ ʩʪʨʘʪʝʛʽʯʥʦʛʦ 

ʢʫʙʫ ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ ʧʨʦʝʢʪʽʚ ʪʘ ʧʨʦʛʨʘʤ, ʱʦ ʜʦʟʚʦʣʷʻ ʨʦʟʰʠʨʠʪʠ ʛʦʨʠʟʦʥʪ ʘʥʘʣʽʟʫ ʪʘ ʰʚʠʜʢʽʩʪʴ ʨʝʘʛʫʚʘʥʥʷ  ʥʘ ʤʽʥʣʠʚʽ 

ʟʘʧʠʪʠ ʩʪʝʡʢʭʦʣʜʝʨʽʚ ʧʨʠ ʧʣʘʥʫʚʘʥʥʽ ʨʝʘʣʽʟʘʮʽʾ ʩʪʨʘʪʝʛʽʾ ʧʨʦʛʨʘʤʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʝʢʪʘʤʠ ʪʘ ʧʨʦʛʨʘʤʘʤʠ; ʩʪʝʡʢʭʦʣʜʝʨʠ; ʫʧʨʘʚʣʽʥʥʷ ʦʯʽʢʫʚʘʥʥʷʤʠ; ʧʣʘʥʫʚʘʥʥʷ; 

ʩʪʨʘʪʝʛʽʯʥʝ ʫʧʨʘʚʣʽʥʥʷ.  

ɺʩʪʫʧ 

 

ʇʨʦʘʢʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʟʘʮʽʢʘʚʣʝʥʠʤʠ ʩʪʦʨʦʥʘʤʠ 

ʧʨʦʝʢʪʽʚ ʟʥʠʞʫʻ ʨʠʟʠʢ ʪʦʛʦ, ʱʦ ʩʪʨʘʪʝʛʽʯʥʽ ʮʽʣʽ 

ʧʨʦʛʨʘʤʠ ʧʨʦʝʢʪʽʚ ʥʝ ʟʤʦʞʫʪʴ ʙʫʪʠ ʜʦʩʷʛʥʫʪʽ 

ʚʥʘʩʣʽʜʦʢ ʥʝʚʠʨʽʰʝʥʠʭ ʧʨʦʙʣʝʤ ʚʩʝʨʝʜʠʥʽ ʪʘ ʟʟʦʚʥʽ 

ʦʨʛʘʥʽʟʘʮʽʾ. ɿʘ ʢʣʘʩʠʢʦʶ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ, 

ʦʨʛʘʥʽʟʘʮʽʷ ʤʦʞʝ ʽ ʧʦʚʠʥʥʘ ʬʦʨʤʫʚʘʪʠ ʚʥʫʪʨʽʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ ʟʛʽʜʥʦ ʧʦʟʥʘʯʝʥʠʤ ʩʪʨʘʪʝʛʽʯʥʠʤ ʮʽʣʷʤ, ʪʦ 

ʘʢʪʫʘʣʴʥʠʤ ʻ ʧʠʪʘʥʥʷ ʚʠʙʦʨʫ ʤʝʪʦʜʫ ʫʧʨʘʚʣʽʥʥʷ 

ʚʥʫʪʨʽʰʥʽʤʠ ʩʪʝʡʢʭʦʣʜʝʨʘʤʠ ʧʨʦʝʢʪʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʩʪʨʘʪʝʛʽʯʥʠʭ ʧʨʽʦʨʠʪʝʪʽʚ ʧʨʦʛʨʘʤʠ ʧʨʦʝʢʪʽʚ. ɺʦʜʥʦʯʘʩ 

ʟʦʚʥʽʰʥʽ ʩʪʝʡʢʭʦʣʜʝʨʠ ʯʠʥʷʪʴ ʚʧʣʠʚ ʥʘ ʫʩʧʽʰʥʽʩʪʴ 

ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʝʢʪʽʚ ʪʘ ʧʨʦʛʨʘʤ. ʊʦʞ, ʧʦʪʨʽʙʥʽ ʤʝʪʦʜʠ 

ʪʘ ʽʥʩʪʨʫʤʝʥʪʠ ʚʠʷʚʣʝʥʥʷ ʾʭ ʦʯʽʢʫʚʘʥʴ, ʘʥʘʣʽʟʫ ʪʘ 

ʢʦʨʠʛʫʚʘʥʥʷ ʚ ʤʝʞʘʭ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʧʨʦʛʨʘʤʦʶ ʧʨʦʝʢʪʽʚ. 

 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ 

 

ʊʝʦʨʽʷ ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ ʙʫʣʘ ʟʘʧʦʯʘʪʢʦʚʘʥʘ ʫ 

1984 ʨʦʮʽ ʜʦʩʣʽʜʥʠʢʦʤ Freeman. ɿ ʪʦʛʦ ʯʘʩʫ ʚʦʥʘ  

ʧʦʩʪʽʡʥʦ ʧʨʠʚʝʨʪʘʻ ʟʥʘʯʥʫ ʫʚʘʛʫ ʥʘʫʢʦʚʮʽʚ, ʟʦʢʨʝʤʘ ʽ 

ʚ ʫʧʨʘʚʣʽʥʥʽ ʧʨʦʝʢʪʘʤʠ. ɿʘ  ʦʩʪʘʥʥʽ ʨʦʢʠ ʙʫʣʦ 

ʦʧʫʙʣʽʢʦʚʘʥʦ ʯʠʤʘʣʦ ʧʨʘʮʴ ʟʘʢʦʨʜʦʥʥʠʭ ʜʦʩʣʽʜʥʠʢʽʚ, 

ʱʦ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ 

ʚ ʧʨʦʝʢʪʥʦʤʫ ʫʧʨʘʚʣʽʥʥʽ. ʉʝʨʝʜ ʥʠʭ Achterkamp & 

Vos [1],  Chan & Oppong [2], Littau ʟʽ ʩʧʽʚʘʚʪʦʨʘʤʠ [3], 

Maddaloni & Davis [4], Mok, Nguyen, Oppong  ʪʘ ʽʥʰʽ. 

ɿʦʢʨʝʤʘ, Aaltonen ʪʘ Kujala ʚʽʜʟʥʘʯʘʶʪʴ ʱʦ, "ʧʨʦʝʢʪ 

ʩʪʚʦʨʶʻ ʜʠʥʘʤʽʯʥʠʡ ʢʦʥʪʝʢʩʪ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ 

ʟʘʮʽʢʘʚʣʝʥʠʤʠ ʩʪʦʨʦʥʘʤʠ ʪʘ ʧʦʚʝʜʽʥʢʦʶ ʟʘʮʽʢʘʚʣʝʥʠʭ 

ʩʪʦʨʽʥ, ʦʩʢʽʣʴʢʠ ʧʨʦʝʢʪ ʨʫʭʘʻʪʴʩʷ ʯʝʨʝʟ ʨʽʟʥʽ ʬʘʟʠ 

ʧʨʦʪʷʛʦʤ ʩʚʦʛʦ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ" [5].  ɹʘʟʫʶʯʠʩʴ ʥʘ 

ʨʦʙʦʪʘʭ Freeman ʪʘ ʽʥʰʠʭ, ʚʠʜʽʣʷʶʪʴ ʜʚʘ ʧʨʦʝʢʪʥʽ 

ʧʽʜʭʦʜʠ ʜʦ ʫʧʨʘʚʣʽʥʥʷ ʟʘʮʽʢʘʚʣʝʥʠʤʠ ʩʪʦʨʦʥʘʤʠ [6]:  

1) "ʫʧʨʘʚʣʽʥʥʷ ʟʘʮʽʢʘʚʣʝʥʠʤʠ ʩʪʦʨʦʥʘʤʠ". ʎʝʡ  

ʧʽʜʭʽʜ ʚʠʤʘʛʘʻ ʚʽʜ ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ ʜʦʪʨʠʤʘʥʥʷ 

ʚʠʤʦʛ ʧʨʦʝʢʪʫ, ʚʠʟʥʘʯʘʶʯʠ ʧʨʽʦʨʠʪʝʪʥʽʩʪʴ 

ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʽʚʥʷ ʾʭ ʚʘʞʣʠʚʦʩʪʽ 

ʜʣʷ ʫʩʧʽʰʥʦʩʪʽ ʧʨʦʝʢʪʫ; 

2) "ʫʧʨʘʚʣʽʥʥʷ ʜʣʷ ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ". 

ʇʨʠʭʠʣʴʥʠʢʠ ʮʴʦʛʦ ʧʽʜʭʦʜʫ ʚʚʘʞʘʶʪʴ, ʱʦ ʚʩʽ 

ʟʘʮʽʢʘʚʣʝʥʽ ʩʪʦʨʦʥʠ ʦʜʥʘʢʦʚʦ ʚʘʞʣʠʚʽ. ʊʦʞ, ʧʨʠ 

ʚʠʥʠʢʥʝʥʥʽ ʢʦʥʬʣʽʢʪʫ ʤʽʞ ʩʪʝʡʢʭʦʣʜʝʨʘʤʠ ʡʜʝ ʧʦʰʫʢ 

ʙʝʟʧʨʦʛʨʘʰʥʦʛʦ ʩʮʝʥʘʨʽʶ ʡʦʛʦ ʚʨʝʛʫʣʶʚʘʥʥʷ.   

ʂʝʨʽʚʥʠʮʪʚʦ ʜʦ ʟʚʦʜʫ ʟʥʘʥʴ ʟ ʫʧʨʘʚʣʽʥʥʷ 

ʧʨʦʝʢʪʘʤʠ (PMBOKÈ Guide) ʟʥʘʯʥʫ ʫʚʘʛʫ ʧʨʠʜʽʣʷʻ 

ʫʧʨʘʚʣʽʥʥʶ ʩʪʝʡʢʭʦʣʜʝʨʘʤʠ. ʊʘʢ, ʩʪʦʩʦʚʥʦ 

ʚʥʫʪʨʽʰʥʽʭ ʩʪʝʡʢʭʦʣʜʝʨʽʚ, ʚʚʝʜʝʥʦ ʧʦʥʷʪʪʷ 

"ʦʨʛʘʥʽʟʘʮʽʡʥʽ ʛʨʫʧʠ" - ʚʥʫʪʨʽʰʥʽ ʟʘʮʽʢʘʚʣʝʥʽ 

ʩʪʦʨʦʥʠ, ʷʢʽ ʨʦʙʣʷʪʴ ʚʟʘʻʤʥʠʡ ʚʧʣʠʚ ʟ ʢʦʤʘʥʜʦʶ 

ʧʨʦʝʢʪʫ [7]. ʎʽ ʛʨʫʧʠ ʧʽʜʪʨʠʤʫʶʪʴ ʜʽʣʦʚʝ ʩʝʨʝʜʦʚʠʱʝ, 

ʚ ʷʢʽʡ ʚʠʢʦʥʫʶʪʴʩʷ ʧʨʦʝʢʪʠ ʽ ʧʨʦʛʨʘʤʠ. ʗʢ ʨʝʟʫʣʴʪʘʪ, 

ʤʽʞ ʨʽʟʥʠʤʠ ʙʽʟʥʝʩ-ʝʣʝʤʝʥʪʘʤʠ ʦʨʛʘʥʽʟʘʮʽʾ ʽ ʢʦʤʘʥʜʦʶ 

ʧʨʦʝʢʪʫ ʽʩʥʫʻ ʟʥʘʯʥʠʡ ʩʪʫʧʽʥʴ ʚʟʘʻʤʦʜʽʾ, ʦʩʢʽʣʴʢʠ 

ʚʦʥʠ ʩʧʽʣʴʥʦ ʧʨʘʮʶʶʪʴ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʣʝʡ ʧʨʦʝʢʪʫ.  

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʽʜʚʠʱʝʥʘ ʫʚʘʛʘ 

ʩʚʽʪʦʚʦʾ ʩʧʽʣʴʥʦʪʠ ʜʦ ʝʢʦʣʦʛʽʯʥʦʾ ʪʘ ʩʦʮʽʘʣʴʥʦʾ 

ʢʦʤʧʦʥʝʥʪ ʧʨʦʝʢʪʽʚ ʪʘ ʧʨʦʛʨʘʤ. ʊʦʞ, ʪʘʢʽ ʚʽʜʦʤʽ ʚʯʝʥʽ 

ʷʢ Davis, Eskerod, Huemann, Jepsen, Zuchi ʪʘ ʽʥ. ʚʩʝ 

ʯʘʩʪʽʰʝ ʟʘʢʣʠʢʘʶʪʴ ʜʦ "ʫʧʨʘʚʣʽʥʥʷ ʜʣʷ ʟʘʮʽʢʘʚʣʝʥʠʭ 

ʩʪʦʨʽʥ", ʩʧʨʷʤʦʚʘʥʦʛʦ ʥʘ ʜʦʩʷʛʥʝʥʥʷ ʩʪʘʣʦʛʦ 

ʨʦʟʚʠʪʢʫ. ʊʦʙʪʦ ʘʢʮʝʥʪ ʨʦʙʠʪʴʩʷ ʥʘ ʩʪʨʘʪʝʛʽʯʥʦʤʫ  
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ʫʧʨʘʚʣʽʥʥʽ. ʉʴʦʛʦʜʥʽ ʚʽʜʤʽʯʘʻʪʴʩʷ ʩʪʽʡʢʘ ʫʚʘʛʘ 

ʚʽʪʯʠʟʥʷʥʠʭ ʥʘʫʢʦʚʮʽʚ ʽ ʜʦ ʧʨʦʙʣʝʤ ʧʨʦʝʢʪʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʩʪʨʘʪʝʛʽʻʶ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ [8, 9], ʽ ʜʦ 

ʪʝʦʨʽʾ ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ [10-12]. 

ʋʧʨʘʚʣʽʥʥʷ ʩʪʝʡʢʭʦʣʜʝʨʘʤʠ ʻ ʦʙôʻʢʪʦʤ 

ʜʦʩʣʽʜʞʝʥʴ ʽ ʚʽʪʯʠʟʥʷʥʠʤʠ ʥʘʫʢʦʚʮʷʤʠ ʤʦʜʝʣʝʡ ʪʘ 

ʤʝʪʦʜʽʚ ʫʧʨʘʚʣʽʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚ ʨʽʟʥʠʭ ʛʘʣʫʟʝʡ 

ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ. ʊʘʢ, ʫ ʨʦʙʦʪʽ [13] ʄʘʤʦʥʦʚ ʂ. ɸ., 

ʨʦʟʛʣʷʜʘʶʯʠ ʩʪʝʡʢʭʦʣʜʝʨʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʡ ʧʽʜʭʽʜ ʚ 

ʫʧʨʘʚʣʽʥʥʽ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ,  

ʚʠʟʥʘʯʘʻ ʩʪʝʡʢʭʦʣʜʝʨʽʚ ʷʢ "ʛʨʫʧʠ, ʦʨʛʘʥʽʟʘʮʽʾ, 

ʽʥʜʠʚʽʜʫʫʤʠ, ʱʦ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʨʦʟʚʠʪʦʢ ʧʽʜʧʨʠʻʤʩʪʚ, ʘ ʟ ʽʥʰʦʛʦ ʙʦʢʫ, ʧʽʜʧʨʠʻʤʩʪʚʘ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʾʭ ʬʦʨʤʫʚʘʥʥʷ ʡ ʚʠʢʦʨʠʩʪʘʥʥʷ, 

ʦʙʫʤʦʚʣʶʻ ʚʟʘʻʤʦʟʚôʷʟʢʠ ʤʽʞ ʟʘʮʽʢʘʚʣʝʥʠʤʠ ʦʩʦʙʘʤʠ, 

ʚʟʘʻʤʦʜʽʷ ʤʽʞ ʷʢʠʤʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʩʬʝʨʽ 

ʬʦʨʤʫʚʘʥʥʷ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʡ ʨʦʟʧʦʜʽʣʫ ʚʩʽʭ ʚʠʜʽʚ 

ʨʝʩʫʨʩʽʚ, ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʨʠʟʠʢʫ, 

ʢʘʧʽʪʘʣʫ ʙʨʝʥʜʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʟʚʠʪʢʫ 

ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ".  

ɿʥʘʯʥʦ ʨʽʜʰʝ ʩʪʝʡʭʦʣʜʝʨʠ ʧʨʦʝʢʪʽʚ ʩʪʘʶʪʴ 

ʦʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʴ ʚ ʢʦʥʪʝʢʩʪʽ ʩʪʨʘʪʝʛʽʯʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʧʦʨʪʬʝʣʷʤʠ, ʧʨʦʛʨʘʤʘʤʠ ʪʘ ʧʨʦʝʢʪʘʤʠ. 

ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʧʦʨʪʬʝʣʷ ʧʨʦʝʢʪʽʚ ʂʦʥʦʥʝʥʢʦ ɯ.ɺ. ʚ 

ʨʦʙʦʪʽ [14] ʧʨʦʧʦʥʫʻ ʚʨʘʭʦʚʫʚʘʪʠ ʤʽʩʽʶ, ʮʽʥʥʽʩʪʴ, 

ʙʘʯʝʥʥʷ, ʮʽʣʽ ʢʦʤʧʘʥʽʾ, ʤʦʞʣʠʚʽ ʬʽʥʘʥʩʦʚʽ ʨʝʩʫʨʩʠ ʜʣʷ 

ʟʜʽʡʩʥʝʥʥʷ ʧʨʦʝʢʪʽʚ, ʧʨʠʚʘʙʣʠʚʽʩʪʴ ʨʠʥʢʫ, ʦʮʽʥʢʠ 

ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʝʢʪʫ ʜʣʷ ʨʦʟʚʠʪʢʫ ʢʦʤʧʘʥʽʾ ʪʘ 

ʜʦʩʷʛʥʝʥʥʷ ʩʪʨʘʪʝʛʽʯʥʠʭ ʮʽʣʝʡ, ʦʮʽʥʶʚʘʥʥʷ ʧʨʦʮʝʩʫ 

ʫʧʨʘʚʣʽʥʥʷ  ʢʦʞʥʠʤ ʧʨʦʝʢʪʦʤ, ʟʦʢʨʝʤʘ ʽ ʦʮʽʥʶʚʘʥʥʷ 

ʚʧʣʠʚʫ ʩʪʝʡʢʭʦʣʜʝʨʽʚ. 

ʆʩʥʦʚʥʠʤʠ ʢʦʨʠʩʪʫʚʘʯʘʤʠ ʪʝʦʨʽʾ ʟʘʮʽʢʘʚʣʝʥʠʭ 

ʩʪʦʨʽʥ ʉʦʣʦʜʫʭʠʥ ʂ. ʉ. ʥʘʟʠʚʘʻ ʥʝ ʚʩʽ ʢʦʤʧʘʥʽʾ, ʘ 

ʣʠʰʝ ʪʽ, ʱʦ ʻ ʟʘʮʽʢʘʚʣʝʥʠʤʠ ʫ ʧʽʜʪʨʠʤʘʥʥʽ ʩʪʦʩʫʥʢʽʚ ʟ 

ʰʠʨʦʢʠʤ ʢʦʣʦʤ ʩʪʝʡʢʭʦʣʜʝʨʽʚ ʽ ʚ ʫʧʨʘʚʣʽʥʥʽ ʥʠʤʠ 

[15]. ʊʘʢʠʤ ʢʦʤʧʘʥʽʷʤ, ʥʘ ʜʫʤʢʫ ʘʚʪʦʨʘ, ʪʝʦʨʽʷ 

ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ ʤʦʞʝ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʥʝʩʪʘʥʜʘʨʪʥʽ 

ʧʽʜʭʦʜʠ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʾʭ ʩʧʝʮʠʬʽʯʥʠʭ ʟʘʚʜʘʥʴ. 

ʋ ʨʦʙʦʪʽ [16] ɹʝʣʦʫʩʦʚ ʂ. ʖ. ʟʘʫʚʘʞʫʻ, ʱʦ 

ʘʢʪʫʘʣʽʟʘʮʽʷ ʧʨʦʙʣʝʤʠ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʟʘʮʽʢʘʚʣʝʥʠʭ 

ʩʪʦʨʽʥ ʧʽʜʢʨʝʩʣʶʻ ʚʘʞʣʠʚʽʩʪʴ "ʩʪʨʘʪʝʛʽʯʥʦʛʦ 

ʩʪʝʡʢʭʦʣʜʝʨ-ʤʝʥʝʜʞʤʝʥʪʫ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʧʽʜʭʦʜʫ". ʉʫʯʘʩʥʽ 

ʤʝʪʦʜʠʢʠ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ 

ʚʽʜʯʫʚʘʶʪʴ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʢʦʥʮʝʧʮʽʾ ʩʪʘʣʦʛʦ  

ʨʦʟʚʠʪʢʫ ʢʦʤʧʘʥʽʾ. ɸʚʪʦʨ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʟʠʚʘʻ 

ʩʪʝʡʢʭʦʣʜʝʨ-ʤʝʥʝʜʞʤʝʥʪ ("stakeholder management") 

ʧʨʠʢʣʘʜʥʠʤ ʧʨʦʮʝʩʦʤ, ʷʢʠʡ ʯʘʩʪʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʚ 

ʧʨʦʝʢʪʘʭ ʫ ʚʠʛʣʷʜʽ ʩʪʝʡʢʭʦʣʜʝʨʩʴʢʦʛʦ ʘʥʘʣʠʟʫ 

("stakeholder analysis"), ʷʢʠʡ ʫ ʩʚʦʶ ʯʝʨʛʫ ʤʽʩʪʠʪʴ ʪʨʠ 

ʝʪʘʧʠ:  

1) ʽʜʝʥʪʠʬʽʢʘʮʽʶ ("stakeholder identification"),  

2) ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ("stakeholder mapping"),  

3) ʚʟʘʻʤʦʜʽʶ ʟ ʟʘʮʽʢʘʚʣʝʥʠʤʠ ʩʪʦʨʦʥʘʤʠ 

("stakeholder engagement").  

ɺʨʘʭʦʚʫʶʯʠ ʚʩʝ ʥʘʚʝʜʝʥʝ ʚʠʱʝ, ʩʬʦʨʤʦʚʘʥʦ 

ʤʝʪʫ ʜʘʥʦʾ ʩʪʘʪʪʽ, ʜʦʩʷʛʥʝʥʥʷ ʷʢʦʾ ʜʦʟʚʦʣʠʪʴ  

ʫʩʫʥʫʪʠ ʨʦʟʨʠʚʠ ʚ ʥʘʷʚʥʠʭ ʤʦʜʝʣʷʭ ʪʘ ʤʝʪʦʜʘʭ 

ʫʧʨʘʚʣʽʥʥʷ ʚ ʢʦʥʪʝʢʩʪʽ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʧʨʦʝʢʪʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʟʘʮʽʢʘʚʣʝʥʠʤʠ ʩʪʦʨʦʥʘʤʠ 

ʪʦʱʦ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ ʩʪʘʪʪʽ 

 

ʄʝʪʦʶ ʜʘʥʦʾ ʩʪʘʪʪʽ ʻ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʫ 

ʚʠʟʥʘʯʝʥʥʷ ʦʯʽʢʫʚʘʥʴ ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ ʽ ʾʭ 

ʢʦʨʠʛʫʚʘʥʥʷ ʟ ʧʦʟʠʮʽʡ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʧʨʦʛʨʘʤʦʶ ʧʨʦʝʢʪʽʚ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʤʝʪʠ ʧʦʩʪʘʚʣʝʥʽ 

ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ: 

- ʚʠʜʽʣʠʪʠ ʫ ʧʝʚʥʫ ʢʣʘʩʠʬʽʢʘʮʽʶ ʩʪʝʡʢʭʦʣʜʝʨʽʚ 

ʧʨʦʝʢʪʽʚ ʟʘʣʝʞʥʦ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʾʭ ʩʪʘʚʣʝʥʥʷ ʜʦ 

ʩʪʨʘʪʝʛʽʾ ʧʨʦʛʨʘʤʠ ʧʨʦʝʢʪʽʚ; 

- ʨʦʟʨʦʙʠʪʠ ʤʘʪʨʠʮʶ ʦʮʽʥʢʠ ʨʽʚʥʷ ʾʭ ʟʘʣʫʯʝʥʥʷ 

ʜʦ ʨʝʘʣʽʟʘʮʽʾ ʩʪʨʘʪʝʛʽʾ ʧʨʦʛʨʘʤʠ; 

- ʤʦʜʠʬʽʢʫʚʘʪʠ ʤʘʪʨʠʮʶ "ʚʣʘʜʘ/ʽʥʪʝʨʝʩ" ʜʣʷ 

ʙʽʣʴʰ ʪʦʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʭʘʨʘʢʪʝʨʫ ʽʥʪʝʨʝʩʫ; 

- ʧʦʙʫʜʫʚʘʪʠ ʤʦʜʝʣʴ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʢʫʙʫ 

ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ ʧʨʦʝʢʪʽʚ ʪʘ ʧʨʦʛʨʘʤ; 

- ʨʦʟʨʦʙʠʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʦʨʛʘʥʽʟʘʮʽʾ 

ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʦʯʽʢʫʚʘʥʥʷ ʟʘʮʽʢʘʚʣʝʥʠʭ 

ʩʪʦʨʽʥ ʧʨʦʝʢʪʽʚ ʧʨʦʛʨʘʤʠ ʟ ʤʝʪʦʶ ʢʦʨʠʛʫʚʘʥʥʷ ʾʭ 

ʦʯʽʢʫʚʘʥʴ ʜʣʷ ʩʧʨʠʷʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ 

ʩʪʨʘʪʝʛʽʾ ʧʨʦʛʨʘʤʠ. 

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

 

ʇʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʦʯʽʢʫʚʘʥʴ 

ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ ʽ ʾʭ ʢʦʨʠʛʫʚʘʥʥʷ ʟ ʧʦʟʠʮʽʡ 

ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʛʨʘʤʦʶ ʧʨʦʝʢʪʽʚ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ 5 ʝʪʘʧʽʚ. 

 

ɽʪʘʧ 1: ʚʠʜʽʣʝʥʥʷ ʤʥʦʞʠʥ ʩʪʝʡʢʭʦʣʜʝʨʽʚ 

ʧʨʦʝʢʪʽʚ ʟʘʣʝʞʥʦ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʾʭ ʩʪʘʚʣʝʥʥʷ ʜʦ 

ʩʪʨʘʪʝʛʽʾ ʧʨʦʛʨʘʤʠ ʧʨʦʝʢʪʽʚ. 

ʋ ʥʘʰʠʭ ʧʦʧʝʨʝʜʥʽʭ ʨʦʙʦʪʘʭ [17-19] 

ʬʦʨʤʘʣʽʟʦʚʘʥʦ ʩʪʘʚʣʝʥʥʷ ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ 

ʧʨʦʝʢʪʽʚ ʧʨʦʛʨʘʤʠ ʜʦ ʩʪʨʘʪʝʛʽʾ ʧʨʦʛʨʘʤʠ. ɿ ʮʽʻʶ 

ʤʝʪʦʶ ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ ʢʦʣʘ ɽʡʣʝʨʘ, ʘʙʩʪʨʘʛʫʶʯʠʩʴ 

ʚʽʜ ʢʦʥʢʨʝʪʥʦʾ ʧʨʦʛʨʘʤʠ ʽ ʫʟʘʛʘʣʴʥʠʚʰʠ ʚʽʜʥʦʩʠʥʠ 

ʰʠʨʦʢʦʛʦ ʢʦʣʘ ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ ʜʦ ʤʽʩʽʾ ʧʨʦʛʨʘʤʠ 

ʪʘ ʾʾ ʩʪʨʘʪʝʛʽʾ (ʨʠʩ. 1). ɺʠʢʦʨʠʩʪʘʥʦ ʪʘʢʽ ʧʦʟʥʘʯʝʥʥʷ: 

U ï (Universum) ʤʥʦʞʠʥʘ  ʚʩʽʭ ʟʘʮʽʢʘʚʣʝʥʠʭ 

ʩʪʦʨʽʥ ʧʦʨʪʬʝʣʷ ʧʨʦʝʢʪʽʚ:  

{ },q
U str=  

ʜʝ q
str  ï ʩʪʝʡʢʭʦʣʜʝʨʠ q-ʭ ʝʣʝʤʝʥʪʽʚ ʧʦʨʪʬʝʣʶ 

(ʧʨʦʝʢʪʽʚ ʪʘ ʧʨʦʛʨʘʤ). ʇʨʠ ʮʴʦʤʫ ʢʽʣʴʢʽʩʪʴ 

ʩʪʝʡʢʭʦʣʜʝʨʽʚ ʧʨʦʛʨʘʤʠ ʧʨʦʝʢʪʽʚ (S) ʤʦʞʝ ʙʫʪʠ 

ʙʽʣʴʰʘ ʟʘ ʩʫʤʘʨʥʫ ʢʽʣʴʢʽʩʪʴ ʩʪʝʡʢʭʦʣʜʝʨʽʚ ʧʨʦʝʢʪʽʚ, 

ʷʢʽ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʧʨʦʛʨʘʤʠ (1): 

 
1

P

p
S s²ä , (1) 

ʜʝ ps ï ʢʽʣʴʢʽʩʪʴ ʩʪʝʡʢʭʦʣʜʝʨʽʚ p-ʛʦ ʧʨʦʝʢʪʫ, 1,ʈ,ʨ=  

ʜʝ ʈ ï ʢʽʣʴʢʽʩʪʴ ʧʨʦʝʢʪʽʚ ʫ ʩʢʣʘʜʽ ʧʨʦʛʨʘʤʠ;  

Exp ï (Expediency) ʤʥʦʞʠʥʘ ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ, ʷʢʽ 

ʫʩʚʽʜʦʤʣʶʶʪʴ ʜʦʮʽʣʴʥʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʤʽʩʽʾ ʽ ʩʪʨʘʪʝʛʽʾ; 

Inf ï (Influence) ʤʥʦʞʠʥʘ ʩʪʝʡʢʭʦʣʜʝʨʽʚ, ʷʢʽ ʚ ʩʠʣʫ 

ʩʚʦʾʭ ʧʦʩʘʜʦʚʠʭ ʦʙʦʚ'ʷʟʢʽʚ ʪʘ ʧʦʚʥʦʚʘʞʝʥʴ  

ʟʜʘʪʥʽ ʚʧʣʠʚʘʪʠ ʥʘ ʨʝʟʫʣʴʪʘʪʠʚʥʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ 

ʩʪʨʘʪʝʛʽʾ; 
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Fac ï (Facilitate) ʤʥʦʞʠʥʘ ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ, ʷʢʽ 

ʩʚʦʻʶ ʜʽʷʣʴʥʽʩʪʶ ʩʧʨʠʷʶʪʴ ʨʝʘʣʽʟʘʮʽʾ ʩʪʨʘʪʝʛʽʾ. 

 

ʈʠʩ. 1. ʂʦʣʘ ɽʡʣʝʨʘ, ʱʦ ʽʣʶʩʪʨʫʶʪʴ ʢʣʘʩʠʬʽʢʘʮʽʶ 

ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ ʧʨʦʝʢʪʫ ʟʘ ʭʘʨʘʢʪʝʨʦʤ ʩʪʘʚʣʝʥʥʷ ʜʦ 

ʩʪʨʘʪʝʛʽʾ 

ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1, ʤʥʦʞʠʥʘ Fac ʻ 

ʧʽʜʤʥʦʞʠʥʦʶ ʤʥʦʞʠʥʠ Inf: 

{ }| ( ) ( ) .
q q q

Fac Inf Fac sth sth Fac sth InfË = = Í Ø Í  

ʊʘʢʦʞ ʟ ʛʨʘʬʽʢʘ ʚʠʜʥʦ, ʱʦ ʤʥʦʞʠʥʠ Exp ʽ Inf 

ʤʘʶʪʴ ʦʙʣʘʩʪʽ ʧʝʨʝʪʠʥʫ, ʪʘʢ ʩʘʤʦ ʷʢ ʽ ʤʥʦʞʠʥʠ Exp ̔  

Fac, ʪʦʙʪʦ 

Exp InfÆ ¸Å ʪʘ  .Exp FacÆ ¸Å 

ɼʣʷ ʜʦʢʘʟʫ ʢʦʨʝʢʪʥʦʩʪʽ ʪʘʢʦʛʦ ʚʟʘʻʤʥʦʛʦ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʨʦʟʛʣʷʥʫʪʠʭ ʤʥʦʞʠʥ ʚʠʟʥʘʯʠʤʦ, ʱʦ 

ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʦʙʣʘʩʪʽ, ʱʦ ʫʪʚʦʨʠʣʠʩʷ ʥʘ  

ʨʠʩ. 1 ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʦʙʫʜʦʚʠ ʢʽʣ ɽʡʣʝʨʘ, ʽ ʦʙʤʝʞʝʥʽ 

ʟʘʤʢʥʫʪʠʤʠ ʢʦʥʪʫʨʘʤʠ. ʊʘʢʠʭ ʦʙʣʘʩʪʝʡ ʰʽʩʪʴ: 

Area1 ï ʦʙʣʘʩʪʴ, ʦʧʠʩʫʚʘʥʘ ʷʢ ,Exp Inf FacÆ Æ  

ʜʝ ,  ,  Exp Inf Fac ï ʚʽʜʧʦʚʽʜʥʦ ʜʦʧʦʚʥʝʥʥʷ ʤʥʦʞʠʥʠ 

Exp, ʤʥʦʞʠʥʠ Inf ʪʘ ʤʥʦʞʠʥʠ Fac ʜʦ ʫʥʽʚʝʨʩʫʤʫ U. 

ʎʝ ʤʥʦʞʠʥʘ ʩʪʝʡʢʭʦʣʜʝʨʽʚ, ʷʢʽ ʥʝ ʨʦʟʫʤʽʶʪʴ 

ʜʦʮʽʣʴʥʦʩʪʽ ʟʘʷʚʣʝʥʦʾ ʩʪʨʘʪʝʛʽʾ ʧʨʦʛʨʘʤʠ, ʥʝ ʤʘʶʪʴ 

ʚʧʣʠʚʫ ʥʘ ʨʝʟʫʣʴʪʘʪʠʚʥʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʩʪʨʘʪʝʛʽʾ ʽ, 

ʚʽʜʧʦʚʽʜʥʦ, ʾʭʥʷ ʧʨʘʮʷ ʥʝ ʩʧʨʠʷʻ ʾʾ ʨʝʘʣʽʟʘʮʽʾ, ʪʦʙʪʦ 

{ }1 | ( ) ( ) ( ) ;
q q q q

Area sth sth Exp sth Inf sth Fac= Î Ø Î Ø Î  

Area2 ï ʦʙʣʘʩʪʴ, ʦʧʠʩʫʚʘʥʘ ʷʢ,Exp Inf FacÆ Æ  ʻ 

ʤʥʦʞʠʥʦʶ ʩʪʝʡʢʭʦʣʜʝʨʽʚ, ʷʢʽ ʧʦʜʽʣʷʶʪʴ ʤʽʩʽʶ ʪʘ 

ʩʪʨʘʪʝʛʽʯʥʽ ʮʽʣʽ ʧʨʦʛʨʘʤʠ, ʘʣʝ ʥʝ ʤʘʶʪʴ ʤʦʞʣʠʚʦʩʪʽ 

ʚʧʣʠʚʘʪʠ ʥʘ ʾʭ ʨʝʘʣʽʟʘʮʽʶ, ʪʦʙʪʦ 

{ }2 | ( ) ( ) ( ) ;
q q q q

Area sth sth Exp sth Inf sth Fac= Í Ø Î Ø Î

 

Area3 ï ʦʙʣʘʩʪʴ, ʦʧʠʩʫʚʘʥʘ ʷʢ ,Exp Inf FacÆ Æ  ʻ 

ʤʥʦʞʠʥʦʶ ʩʪʝʡʢʭʦʣʜʝʨʽʚ, ʷʢʽ ʫʩʚʽʜʦʤʣʶʶʪʴ 

ʜʦʮʽʣʴʥʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʤʽʩʽʾ ʽ ʩʪʨʘʪʝʛʽʾ, ʚ ʩʠʣʫ ʩʚʦʾʭ 

ʧʦʩʘʜʦʚʠʭ ʦʙʦʚ'ʷʟʢʽʚ ʚʦʥʠ ʟʜʘʪʥʽ ʚʧʣʠʚʘʪʠ ʥʘ 

ʨʝʟʫʣʴʪʘʪʠʚʥʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʩʪʨʘʪʝʛʽʾ, ʘʣʝ ʥʝ  

ʨʦʙʣʷʪʴ ʮʴʦʛʦ. ʅʘʧʨʠʢʣʘʜ, ʮʝ ʤʦʞʝ ʙʫʪʠ 

ʧʨʦʜʠʢʪʦʚʘʥʦ ʥʝʙʘʞʘʥʥʷʤ (ʣʽʥʦʱʘʤʠ) ʘʙʦ  

ʥʘʜʤʽʨʥʠʤ ʟʘʚʘʥʪʘʞʝʥʥʷʤ ʚ ʽʥʰʠʭ ʧʨʦʝʢʪʘʭ / 

ʧʨʦʛʨʘʤʘʭ. ʊʦʙʪʦ 

{ }3 | ( ) ( ) ( ) ;
q q q q

Area sth sth Exp sth Inf sth Fac= Í Ø Í Ø Î  

Area4 ï ʦʙʣʘʩʪʴ, ʦʧʠʩʫʚʘʥʘ ʷʢ ,Exp Inf FacÆ Æ  ʻ 

ʤʥʦʞʠʥʦʶ ʩʪʝʡʢʭʦʣʜʝʨʽʚ, ʷʢʽ ʚ ʩʠʣʫ ʩʚʦʾʭ ʧʦʩʘʜʦʚʠʭ 

ʦʙʦʚ'ʷʟʢʽʚ ʟʜʘʪʥʽ ʚʧʣʠʚʘʪʠ ʥʘ ʨʝʟʫʣʴʪʘʪʠʚʥʽʩʪʴ 

ʨʝʘʣʽʟʘʮʽʾ ʩʪʨʘʪʝʛʽʾ, ʘʣʝ ʥʝ ʙʘʯʘʪʴ ʜʦʮʽʣʴʥʦʩʪʽ 

ʨʝʘʣʽʟʘʮʽʾ ʟʘʪʚʝʨʜʞʝʥʦʾ ʩʪʨʘʪʝʛʽʾ, ʘ ʪʦʤʫ ʽ ʥʝ ʩʧʨʠʷʶʪʴ 

ʮʴʦʤʫ. ʊʦʙʪʦ 

{ }4 | ( ) ( ) ( ) ;
q q q q

Area sth sth Exp sth Inf sth Fac= Î Ø Í Ø Î

 

Area5 ï ʦʙʣʘʩʪʴ, ʦʧʠʩʫʚʘʥʘ ʷʢ ,Exp Inf FacÆ Æ  ʻ 

ʤʥʦʞʠʥʦʶ ʩʪʝʡʢʭʦʣʜʝʨʽʚ, ʷʢʽ ʚ ʩʠʣʫ ʩʚʦʾʭ ʧʦʩʘʜʦʚʠʭ 

ʦʙʦʚ'ʷʟʢʽʚ ʩʧʨʠʷʶʪʴ ʨʝʘʣʽʟʘʮʽʾ ʩʪʨʘʪʝʛʽʾ, ʧʨʦʪʝ ʨʦʙʣʷʪʴ 

ʮʝ ʥʝ ʟ ʽʜʝʡʥʠʭ ʤʽʨʢʫʚʘʥʴ. ʗʢ ʧʨʘʚʠʣʦ, ʧʨʠ ʮʴʦʤʫ 

ʚʠʢʦʥʘʥʥʷ ʦʨʽʻʥʪʦʚʘʥʝ ʥʘ ʤʽʥʽʤʘʣʴʥʠʡ ʧʨʠʡʥʷʪʥʠʡ 

ʨʽʚʝʥʴ ʧʦʢʘʟʥʠʢʽʚ. ʊʦʙʪʦ 

{ }5 | ( ) ( ) ( ) ;
q q q q

Area sth sth Exp sth Inf sth Fac= Î Ø Í Ø Í

 

Area6 ï ʦʙʣʘʩʪʴ, ʦʧʠʩʫʚʘʥʘ ʷʢ ,Exp Inf FacÆ Æ   

ʻ ʤʥʦʞʠʥʦʶ ʩʪʝʡʢʭʦʣʜʝʨʽʚ, ʷʢʽ ʟ ʽʜʝʡʥʠʭ ʤʽʨʢʫʚʘʥʴ  

ʽ ʚ ʩʠʣʫ ʩʚʦʾʭ ʧʦʩʘʜʦʚʠʭ ʦʙʦʚô̫ ʟʢʽʚ ʩʧʨʠʷʶʪʴ 

ʨʝʘʣʽʟʘʮʽʾ ʩʪʨʘʪʝʛʽʾ. ʎʝ ʽʜʝʘʣʴʥʠʡ ʚʘʨʽʘʥʪ. ʊʦʙʪʦ 

{ }6 | ( ) ( ) ( ) .
q q q q

Area sth sth Exp sth Inf sth Fac= Í Ø Í Ø Í  

ʎʝ ʜʦʟʚʦʣʠʣʦ ʚʩʽʭ ʩʪʝʡʢʭʦʣʜʝʨʽʚ ʫʤʦʚʥʦ 

ʨʦʟʜʽʣʠʪʠ ʥʘ 6 ʛʨʫʧ. ɿʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʜʦ  

ʷʢʦʾ ʛʨʫʧʠ ʥʘʣʝʞʠʪʴ ʙʽʣʴʰʽʩʪʴ ʟʘʮʽʢʘʚʣʝʥʠʭ  

ʩʪʦʨʽʥ ʧʨʦʝʢʪʽʚ ʧʨʦʛʨʘʤʠ, ʽ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʪʽ  

ʯʠ ʽʥʰʽ ʤʝʪʦʜʠ ʨʦʙʦʪʠ ʟ ʥʠʤʠ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʧʦʢʘʟʥʠʢʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ ʩʪʨʘʪʝʛʽʾ  

ʧʨʦʛʨʘʤʠ. 

 

ɽʪʘʧ 2: ʧʦʙʫʜʦʚʘ ʤʘʪʨʠʮʽ ʦʮʽʥʢʠ ʨʽʚʥʷ 

ʟʘʣʫʯʝʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʩʪʝʡʢʭʦʣʜʝʨʽʚ ʜʦ ʨʝʘʣʽʟʘʮʽʾ 

ʩʪʨʘʪʝʛʽʾ ʧʨʦʛʨʘʤʠ. 

ʉʠʩʪʝʤʘʪʠʟʫʚʘʚʰʠ ʦʪʨʠʤʘʥʫ ʽʥʬʦʨʤʘʮʽʶ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʝʪʦʜʦʣʦʛʽʾ PMI PMBOK [7]  

ʩʪʦʩʦʚʥʦ ʨʽʚʥʽʚ ʟʘʣʫʯʝʥʥʷ ʩʪʝʡʢʭʦʣʜʝʨʽʚ, ʦʪʨʠʤʘʻʤʦ 

ʤʘʪʨʠʮʶ ʦʮʽʥʢʠ ʨʽʚʥʷ ʟʘʣʫʯʝʥʥʷ ʜʦ ʨʝʘʣʽʟʘʮʽʾ 

ʩʪʨʘʪʝʛʽʾ ʧʨʦʛʨʘʤʠ ʚʥʫʪʨʽʰʥʽʭ ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ 

ʧʨʦʝʢʪʫ (ʨʠʩ. 2). ʇʨʠ ʮʴʦʤʫ ʙʘʞʘʥʠʡ ʥʘʧʨʷʤʦʢ 

ʧʝʨʝʩʫʚʘʥʥʷ ʧʦ ʤʘʪʨʠʮʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʜʽʡʩʥʝʥʥʷ 

ʫʧʨʘʚʣʽʥʩʴʢʦʛʦ ʚʧʣʠʚʫ - ʟʣʽʚʘ ʥʘʧʨʘʚʦ. ɹʘʞʘʥʘ ʟʦʥʘ 

ʧʦʟʠʮʽʶʚʘʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʩʪʝʡʢʭʦʣʜʝʨʽʚ - ʦʙʣʘʩʪʴ 

Area6 (ʜʠʚ. ʨʠʩ. 1), ʱʦ ʦʧʠʩʫʻʪʴʩʷ ʷʢ ʤʥʦʞʠʥʘ 

ʚʥʫʪʨʽʰʥʽʭ ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ, ʷʢʽ ʟ ʽʜʝʡʥʠʭ 

ʤʽʨʢʫʚʘʥʴ ʽ ʚ ʩʠʣʫ ʩʚʦʾʭ ʧʦʩʘʜʦʚʠʭ ʦʙʦʚô̫ ʟʢʽʚ 

ʩʧʨʠʷʶʪʴ ʨʝʘʣʽʟʘʮʽʾ ʩʪʨʘʪʝʛʽʾ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʨʠʮʽ ʜʦʧʦʤʘʛʘʻ ʚʠʷʚʠʪʠ 

ʨʦʟʙʽʞʥʦʩʪʽ ʤʽʞ ʧʦʪʦʯʥʠʤ ʽ ʙʘʞʘʥʠʤ ʨʽʚʥʝʤ 

ʟʘʣʫʯʝʥʦʩʪʽ ʚʥʫʪʨʽʰʥʽʭ ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ  

ʧʨʦʝʢʪʽʚ ʚ ʧʨʦʮʝʩ ʨʝʘʣʽʟʘʮʽʾ ʩʪʨʘʪʝʛʽʾ ʧʨʦʛʨʘʤʠ. 

ʇʨʦʝʢʪʥʠʡ ʦʬʽʩ ʷʢ ʩʪʨʫʢʪʫʨʥʠʡ ʝʣʝʤʝʥʪ, 

ʚʽʜʧʦʚʽʜʘʣʴʥʠʡ ʟʘ ʩʪʨʘʪʝʛʽʯʥʝ ʫʧʨʘʚʣʽʥʥʷ, ʤʦʞʝ 

ʚʠʟʥʘʯʠʪʠ ʜʽʾ ʽ ʢʦʤʫʥʽʢʘʮʽʾ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʫʩʫʥʝʥʥʷ 

ʧʦʜʽʙʥʠʭ ʨʦʟʙʽʞʥʦʩʪʝʡ. 
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ʈʠʩ. 2. ʄʘʪʨʠʮʷ ʦʮʽʥʢʠ ʨʽʚʥʷ ʟʘʣʫʯʝʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ ʜʦ ʨʝʘʣʽʟʘʮʽʾ ʩʪʨʘʪʝʛʽʾ ʧʨʦʛʨʘʤʠ (ʬʨʘʛʤʝʥʪ),   

ʜʝ iT  - ʧʦʪʦʯʥʠʡ ʨʽʚʝʥʴ ʟʘʣʫʯʝʥʥʷ, ɾ
i  - ʙʘʞʘʥʠʡ ʨʽʚʝʥʴ ʟʘʣʫʯʝʥʥʷ, i ï ʥʦʤʝʨ ʦʙʣʘʩʪʽ, ʚʠʜʽʣʝʥʦʾ ʥʘ ʝʪʘʧʽ 1 (ʟʛʽʜʥʦ  ʨʠʩ. 1)

ɽʪʘʧ 3: ʧʦʙʫʜʦʚʘ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʤʘʪʨʠʮʽ 

"ʚʣʘʜʘ/ʽʥʪʝʨʝʩ" ʜʣʷ ʢʦʞʥʦʛʦ ʧʨʦʝʢʪʫ ʧʨʦʛʨʘʤʠ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʘʥʘʣʽʟʫ ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ 

ʧʨʠʡʥʷʪʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʦʜʝʣʴ ʢʣʘʩʠʬʽʢʘʮʽʾ 

"ʤʘʪʨʠʮʷ ʚʣʘʜʠ / ʽʥʪʝʨʝʩʽʚ", ʷʢʘ ʛʨʫʧʫʻ ʟʘʮʽʢʘʚʣʝʥʽ 

ʩʪʦʨʦʥʠ ʥʘ ʦʩʥʦʚʽ ʾʭ ʨʽʚʥʷ ʧʦʚʥʦʚʘʞʝʥʴ ("ʚʣʘʜʘ") ʽ 

ʨʽʚʥʷ ʟʘʮʽʢʘʚʣʝʥʦʩʪʽ ("ʽʥʪʝʨʝʩ") ʱʦʜʦ ʨʝʟʫʣʴʪʘʪʽʚ 

ʧʨʦʝʢʪʫ. ʋ PMBoK ʫ ʷʢʦʩʪʽ ʧʨʠʢʣʘʜʫ ʥʘʚʝʜʝʥʦ 

ʤʘʪʨʠʮʶ ʚ ʪʘʢʦʤʫ ʚʠʛʣʷʜʽ, ʷʢ ʧʦʜʘʥʦ ʥʘ ʨʠʩ. 3. 

ʇʨʦʧʦʥʫʻʤʦ ʜʝʱʦ ʟʤʽʥʠʪʠ ʛʨʘʬʽʯʥʝ ʧʦʜʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ ʨʦʟʧʦʜʽʣʫ ʩʪʝʡʢʭʦʣʜʝʨʽʚ ʟʘ ʨʽʚʥʝʤ ʪʘ 

ʭʘʨʘʢʪʝʨʦʤ "ʽʥʪʝʨʝʩʫ", ʪʦʜʽ ʤʘʪʨʠʮʷ ʤʘʪʠʤʝ ʚʠʛʣʷʜ, 

ʷʢʠʡ ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩ. 4. 

ʌʘʢʪʠʯʥʦ ʚʽʩʴ "ʽʥʪʝʨʝʩ" ʨʦʟʜʽʣʝʥʦ ʟʘ ʭʘʨʘʢʪʝʨʦʤ 

ʮʴʦʛʦ ʽʥʪʝʨʝʩʫ ʥʘ ʧʦʟʠʪʠʚʥʠʡ ʽ ʥʝʛʘʪʠʚʥʠʡ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʧʨʘʚʘ ʯʘʩʪʠʥʘ  ʨʠʩ. 4 ʧʨʘʢʪʠʯʥʦ ʧʦʚʪʦʨʶʻ 

ʩʦʙʦʶ ʨʠʩ. 3. ɸ ʣʽʚʘ ʯʘʩʪʠʥʘ ʻ ʥʦʚʦʶ ʽ ʜʝʪʘʣʽʟʫʻ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʽʥʪʝʨʝʩ ʩʪʝʡʢʭʦʣʜʝʨʽʚ. 

 

ʈʠʩ. 3. ʄʘʪʨʠʮʷ "ʚʣʘʜʘ/ʽʥʪʝʨʝʩ" (ʟʘ ʤʝʪʦʜʦʣʦʛʽʻʶ PMBoK) 

 

ʈʠʩ. 4. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʠʬʽʢʘʮʽʷ ʤʘʪʨʠʮʽ "ʚʣʘʜʘ/ʽʥʪʝʨʝʩ" 

ʄʦʜʠʬʽʢʦʚʘʥʘ ʤʘʪʨʠʮʷ "ʚʣʘʜʘ/ʽʥʪʝʨʝʩ" 

ʨʦʟʤʽʨʥʽʩʪʶ 2*4 ʤʽʩʪʠʪʴ ʫ ʢʦʞʥʦʤʫ ʢʚʘʜʨʘʥʪʽ 

ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʫʧʨʘʚʣʽʥʥʷ ʩʪʝʡʢʭʦʣʜʝʨʘʤʠ. ʊʘʢʘ 

ʤʦʜʠʬʽʢʘʮʽʷ ʦʜʨʘʟʫ ʘʢʮʝʥʪʫʻ ʫʚʘʛʫ ʤʝʥʝʜʞʝʨʘ ʥʘ 

ʚʝʨʭʥʴʦʤʫ ʣʽʚʦʤʫ ʢʚʘʜʨʘʥʪʽ ʤʘʪʨʠʮʽ, ʷʢʠʡ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʝʣʠʢʦʶ ʚʣʘʜʦʶ ʩʪʝʡʢʭʦʣʜʝʨʽʚ ʪʘ 

ʚʝʣʠʢʠʤ ʥʝʛʘʪʠʚʥʠʤ ʽʥʪʝʨʝʩʦʤ ʜʦ ʧʨʦʝʢʪʫ. 

ʇʦʟʥʘʯʝʥʥʷ ʧʦʟʠʪʠʚʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʽʥʪʝʨʝʩʫ ʟʝʣʝʥʠʤ 

ʢʦʣʴʦʨʦʤ ʪʘ ʥʝʛʘʪʠʚʥʦʛʦ ï ʯʝʨʚʦʥʠʤ ʧʦʢʨʘʱʫʶ 

ʚʽʟʫʘʣʴʥʝ ʩʧʨʠʡʥʷʪʪʷ ʩʘʤʝ ʚʝʨʭʥʴʦʛʦ ʣʽʚʦʛʦ ʢʚʘʜʨʘʥʪʘ 

ʤʘʪʨʠʮʽ. ɼʘʥʘ ʤʦʜʝʣʴ ʢʣʘʩʠʬʽʢʘʮʽʾ ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʥʝʚʝʣʠʢʠʭ ʧʨʦʝʢʪʽʚ ʘʙʦ ʜʣʷ 
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ʧʨʦʝʢʪʽʚ ʽʟ ʧʨʦʩʪʠʤʠ ʚʟʘʻʤʦʟʚôʷʟʢʘʤʠ ʤʽʞ 

ʟʘʮʽʢʘʚʣʝʥʠʤʠ ʩʪʦʨʦʥʘʤʠ ʽ ʧʨʦʝʢʪʦʤ ʘʙʦ ʫ ʩʘʤʽʡ 

ʩʧʽʣʴʥʦʪʽ ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ. 

 

ɽʪʘʧ 4: ʧʦʙʫʜʦʚʘ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʢʫʙʫ 

ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ ʧʨʦʝʢʪʽʚ ʪʘ ʧʨʦʛʨʘʤ.  

ʂʦʣʠ ʤʦʚʘ ʡʜʝ ʧʨʦ ʩʪʝʡʢʭʦʣʜʝʨʽʚ ʧʨʦʛʨʘʤʠ, ʨʦʣʴ 

ʷʢʠʭ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʦʜʠʥ ʟ ʢʣʶʯʦʚʠʭ ʬʘʢʪʦʨʽʚ 

ʫʩʧʽʰʥʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ ʩʪʨʘʪʝʛʽʾ, ʪʦ ʧʦʪʨʽʙʥʠʡ ʙʽʣʴʰ 

ʩʢʣʘʜʥʠʡ ʤʝʪʦʜ ʛʨʘʬʽʯʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʪʘ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ. ʆʜʠʥ ʟ 

ʨʝʢʦʤʝʥʜʦʚʘʥʠʭ PMBOK ʤʝʪʦʜʽʚ ï ʮʝ ʢʫʙ 

ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ [7]. ʎʷ ʤʦʜʝʣʴ ʤʘʻ ʫʪʦʯʥʶʚʘʪʠ ʪʘ 

ʜʦʧʦʚʥʶʚʘʪʠ ʤʘʪʨʠʯʥʽ ʤʦʜʝʣʽ ʯʝʨʝʟ ʧʦʻʜʥʘʥʥʷ 

ʤʘʪʨʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʦ ʪʨʠʚʠʤʽʨʥʦʾ ʤʦʜʝʣʽ, ʱʦ ʤʦʞʝ 

ʜʦʧʦʤʦʛʪʠ ʢʝʨʽʚʥʠʢʦʚʽ ʽ ʢʦʤʘʥʜʽ ʧʨʦʝʢʪʫ ʫ ʨʦʟʚôʷʟʘʥʥʽ 

ʟʘʚʜʘʥʴ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʽ ʟʘʣʫʯʝʥʥʷ ʩʧʽʣʴʥʦʪʠ 

ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ ʧʨʦʝʢʪʽʚ ʪʘ ʧʨʦʛʨʘʤ. ʊʦʞ, 

ʧʦʙʫʜʫʻʤʦ ʥʘ ʦʩʥʦʚʽ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʨʦʟʨʦʙʣʝʥʠʭ 

ʤʘʪʨʠʯʥʠʭ ʤʦʜʝʣʝʡ ʪʘʢʫ ʙʘʛʘʪʦʤʽʨʥʫ ʤʦʜʝʣʴ, ʷʢʘ ʙ 

ʧʦʢʨʘʱʠʣʘ ʥʘʦʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʤʥʦʞʠʥ 

ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ ʯʝʨʝʟ ʡʦʛʦ ʧʦʜʘʥʥʷ ʫ ʚʠʛʣʷʜʽ 

ʙʘʛʘʪʦʤʽʨʥʦʛʦ ʦʙôʻʢʪʫ (ʨʠʩ. 5), ʘ ʪʘʢʦʞ ʜʦʧʦʤʘʛʘʣʘ ʙ ʫ 

ʨʦʟʨʦʙʮʽ  ʩʪʨʘʪʝʛʽʡ ʢʦʤʫʥʽʢʘʮʽʡ ʟʦʢʨʝʤʘ. 

 

ʈʠʩ. 5. ʉʪʨʘʪʝʛʽʯʥʠʡ ʢʫʙ ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ ʧʨʦʝʢʪʽʚ ʪʘ ʧʨʦʛʨʘʤ

ʇʨʠ ʮʴʦʤʫ ʚʠʢʦʨʠʩʪʘʥʦ ʪʘʢʽ ʧʦʟʥʘʯʝʥʥʷ: 

{}jɯ i=  ï ʩʫʢʫʧʥʽʩʪʴ ʨʽʚʥʽʚ ʟʘʮʽʢʘʚʣʝʥʦʩʪʽ j-ʠʭ 

ʩʪʝʡʢʭʦʣʜʝʨʽʚ ʧʨʦʛʨʘʤʠ ʫ ʾʾ ʨʝʟʫʣʴʪʘʪʘʭ,  

[ ]1;1ji Í - , ʷʢʱʦ 
j

i >0, ʪʦ ʽʥʪʝʨʝʩ j-ʛʦ 

ʩʪʝʡʢʭʦʣʜʝʨʘ ʫ ʢʽʥʮʝʚʦʤʫ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʝʢʪʫ 

ʧʦʟʠʪʠʚʥʠʡ, ʷʢʱʦ j
i <0, ʪʦ ʽʥʪʝʨʝʩ ʥʝʛʘʪʠʚʥʠʡ;  

1,j S= , ʜʝ S ï ʢʽʣʴʢʽʩʪʴ ʩʪʝʡʢʭʦʣʜʝʨʽʚ ʧʨʦʛʨʘʤʠ 

ʧʨʦʝʢʪʽʚ (ʜʠʚ. (1)); 

{}jL l=  ï ʩʫʢʫʧʥʽʩʪʴ ʨʽʚʥʽʚ ʟʘʣʫʯʝʥʥʷ j-ʠʭ 

ʩʪʝʡʢʭʦʣʜʝʨʽʚ ʧʨʦʛʨʘʤʠ ʜʦ ʨʝʘʣʽʟʘʮʽʾ ʩʪʨʘʪʝʛʽʾ 

ʧʨʦʛʨʘʤʠ, 1,5,   l
j j

l N= Í ; 

{}jV v=  ï ʩʫʢʫʧʥʽʩʪʴ ʨʽʚʥʽʚ ʧʦʚʥʦʚʘʞʝʥʴ  j-ʠʭ 

ʩʪʝʡʢʭʦʣʜʝʨʽʚ ʧʨʦʛʨʘʤʠ, [ ]0;1
j

v Í , ʷʢʱʦ j
v >0,5, ʪʦ 

ʚʣʘʜʘ j-ʛʦ ʩʪʝʡʢʭʦʣʜʝʨʘ ʚʝʣʠʢʘ, ʷʢʱʦ j
v <0,5, ʪʦ ʚʣʘʜʘ  

j-ʛʦ ʩʪʝʡʢʭʦʣʜʝʨʘ ʤʘʣʘ. 

ʈʦʟʤʽʨʥʽʩʪʴ ʢʫʙʫ ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ 4*2*5, 

ʪʦʙʪʦ ʤʽʩʪʠʪʴ 20 ʢʚʘʜʨʘʥʪʽʚ. 

 

ɽʪʘʧ 5: ʮʽʣʝʩʧʨʷʤʦʚʘʥʠʡ ʚʧʣʠʚ ʥʘ 

ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ ʧʨʦʝʢʪʽʚ ʧʨʦʛʨʘʤʠ ʟ ʤʝʪʦʶ 

ʢʦʨʠʛʫʚʘʥʥʷ ʾʭ ʦʯʽʢʫʚʘʥʴ ʜʣʷ ʩʧʨʠʷʥʥʷ ʨʝʘʣʽʟʘʮʽʾ 

ʩʪʨʘʪʝʛʽʾ ʧʨʦʛʨʘʤʠ. 

ɿʘʢʣʶʯʥʠʡ ʝʪʘʧ, ʥʘ ʷʢʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʨʝʟʫʣʴʪʘʪʠ ʚʠʢʦʥʘʥʥʷ ʧʦʧʝʨʝʜʥʽʭ ʝʪʘʧʽʚ ʧʨʠ 

ʧʨʠʡʥʷʪʪʽ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʩʪʦʩʦʚʥʦ ʟʘʭʦʜʽʚ 

ʚʧʣʠʚʫ ʥʘ ʦʯʽʢʫʚʘʥʥʷ ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ. 

ʂʦʨʠʩʪʫʚʘʯʝʤ ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʝʪʦʜʫ ʤʦʞʝ 

ʚʠʩʪʫʧʘʪʠ ʧʨʦʝʢʪʥʠʡ ʦʬʽʩ [20], ʦʩʢʽʣʴʢʠ ʚʽʥ ʻ 

ʩʪʨʫʢʪʫʨʥʠʤ ʧʽʜʨʦʟʜʽʣʦʤ, ʚʽʜʧʦʚʽʜʘʣʴʥʠʤ ʟʘ 

ʩʪʨʘʪʝʛʽʯʥʝ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʝʢʪʘʤʠ. 

 

ɺʠʩʥʦʚʢʠ 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʨʦʙʣʝʥʠʡ ʥʘ ʦʩʥʦʚʽ ʪʝʦʨʽʾ 

ʤʥʦʞʠʥ, ʤʝʪʦʜʽʚ ʤʘʪʨʠʯʥʦʛʦ ʪʘ ʛʨʘʬʽʯʥʦʛʦ ʘʥʘʣʽʟʫ  

ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʦʯʽʢʫʚʘʥʴ ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ ʽ ʾʭ 

ʢʦʨʠʛʫʚʘʥʥʷ ʟ ʧʦʟʠʮʽʡ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʧʨʦʛʨʘʤʦʶ ʧʨʦʝʢʪʽʚ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 5 ʝʪʘʧʽʚ: 

- 1 ʝʪʘʧ: ʚʠʜʽʣʝʥʥʷ (ʟʘ ʨʦʟʨʦʙʣʝʥʦʶ 

ʢʣʘʩʠʬʽʢʘʮʽʻʶ) ʤʥʦʞʠʥ ʩʪʝʡʢʭʦʣʜʝʨʽʚ ʧʨʦʝʢʪʽʚ 

ʟʘʣʝʞʥʦ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʾʭ ʩʪʘʚʣʝʥʥʷ ʜʦ ʩʪʨʘʪʝʛʽʾ 

ʧʨʦʛʨʘʤʠ ʧʨʦʝʢʪʽʚ; 

- 2 ʝʪʘʧ: ʧʦʙʫʜʦʚʘ ʤʘʪʨʠʮʽ ʦʮʽʥʢʠ ʨʽʚʥʷ 

ʟʘʣʫʯʝʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʩʪʝʡʢʭʦʣʜʝʨʽʚ ʜʦ ʨʝʘʣʽʟʘʮʽʾ 

ʩʪʨʘʪʝʛʽʾ ʧʨʦʛʨʘʤʠ; 

- 3 ʝʪʘʧ: ʧʦʙʫʜʦʚʘ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʤʘʪʨʠʮʽ 

"ʚʣʘʜʘ/ʽʥʪʝʨʝʩ" ʜʣʷ ʢʦʞʥʦʛʦ ʧʨʦʝʢʪʫ ʧʨʦʛʨʘʤʠ; 

- 4 ʝʪʘʧ: ʧʦʙʫʜʦʚʘ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʢʫʙʫ 

ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ ʧʨʦʝʢʪʽʚ ʪʘ ʧʨʦʛʨʘʤ; 

- 5 ʝʪʘʧ: ʮʽʣʝʩʧʨʷʤʦʚʘʥʠʡ ʚʧʣʠʚ ʥʘ ʟʘʮʽʢʘʚʣʝʥʠʭ 

ʩʪʦʨʽʥ ʧʨʦʝʢʪʽʚ ʧʨʦʛʨʘʤʠ ʟ ʤʝʪʦʶ ʢʦʨʠʛʫʚʘʥʥʷ ʾʭ 

ʦʯʽʢʫʚʘʥʴ ʜʣʷ ʩʧʨʠʷʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ 

ʩʪʨʘʪʝʛʽʾ ʧʨʦʛʨʘʤʠ. 
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ʄʝʪʦʜ ˇʨʫʥʪʫʻʪʴʩʷ  ʥʘ ʦʮʽʥʮʽ ʨʽʚʥʷ ʟʘʣʫʯʝʥʥʷ 

ʩʪʝʡʢʭʦʣʜʝʨʽʚ ʜʦ ʨʝʘʣʽʟʘʮʽʾ ʩʪʨʘʪʝʛʽʾ ʧʨʦʛʨʘʤʠ 

ʧʨʦʝʢʪʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʣʘʩʠʬʽʢʘʮʽʾ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʭʘʨʘʢʪʝʨʫ ʩʪʘʚʣʝʥʥʷ ʜʦ ʥʝʾ, ʷʢʠʡ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʽʩʥʫʶʯʠʭ ʧʝʨʝʜʙʘʯʘʻ ʧʦʙʫʜʦʚʫ ʪʘ ʘʥʘʣʽʟ 

ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʤʘʪʨʠʮʽ "ʚʣʘʜʘ/ʽʥʪʝʨʝʩ" ʪʘ 

ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʢʫʙʫ ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ ʧʨʦʝʢʪʽʚ ʪʘ 

ʧʨʦʛʨʘʤ, ʱʦ ʜʦʟʚʦʣʷʻ ʨʦʟʰʠʨʠʪʠ ʛʦʨʠʟʦʥʪ ʘʥʘʣʽʟʫ ʪʘ 

ʰʚʠʜʢʽʩʪʴ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʤʽʥʣʠʚʽ ʟʘʧʠʪʠ ʩʪʝʡʢʭʦʣʜʝʨʽʚ 

ʧʨʠ ʧʣʘʥʫʚʘʥʥʽ ʨʝʘʣʽʟʘʮʽʾ ʩʪʨʘʪʝʛʽʾ ʧʨʦʛʨʘʤʠ. 
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ʄɽʊʆɼ ʆʇʈɽɼɽʃɽʅʀʗ ʆɾʀɼɸʅʀʁ ɿɸʀʅʊɽʈɽʉʆɺɸʅʅʓʍ ʉʊʆʈʆʅ ʀ ʀʍ 

ʂʆʈʈɽʂʊʀʈʆɺʂʀ ʇʈʀ ʉʊʈɸʊɽɻʀʏɽʉʂʆʄ ʋʇʈɸɺʃɽʅʀʀ ʇʈʆɻʈɸʄʄʆʁ 

ʇʈʆɽʂʊʆɺ 

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʩʪʘʪʴʝ ʷʚʣʷʝʪʩʷ ʫʧʨʘʚʣʝʥʠʝ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤʠ ʩʪʦʨʦʥʘʤʠ ʧʨʦʝʢʪʦʚ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʩʪʨʘʪʝʛʠʠ 

ʧʨʦʛʨʘʤʤʳ. ʎʝʣʴ ʩʪʘʪʴʠ - ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʦʞʠʜʘʥʠʡ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ ʠ ʠʭ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʩ 

ʧʦʟʠʮʠʡ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʛʨʘʤʤʦʡ ʧʨʦʝʢʪʦʚ. ɺ ʩʪʘʪʴʝ ʨʝʰʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: ʚʳʜʝʣʠʪʴ ʚ 

ʦʧʨʝʜʝʣʝʥʥʫʶ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʩʪʝʡʢʭʦʣʜʝʨʦʚ ʧʨʦʝʢʪʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʘ ʠʭ ʦʪʥʦʰʝʥʠʷ ʢ ʩʪʨʘʪʝʛʠʠ ʧʨʦʛʨʘʤʤʳ 

ʧʨʦʝʢʪʦʚ; ʨʘʟʨʘʙʦʪʘʪʴ ʤʘʪʨʠʮʫ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʠʭ ʧʨʠʚʣʝʯʝʥʠʷ ʢ ʨʝʘʣʠʟʘʮʠʠ ʩʪʨʘʪʝʛʠʠ ʧʨʦʛʨʘʤʤʳ; ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʤʘʪʨʠʮʫ 

"ʚʣʘʩʪʴ/ʠʥʪʝʨʝʩ" ʜʣʷ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʭʘʨʘʢʪʝʨʘ ʠʥʪʝʨʝʩʘ; ʧʦʩʪʨʦʠʪʴ ʤʦʜʝʣʴ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʢʫʙʘ 

ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ ʧʨʦʝʢʪʦʚ ʠ ʧʨʦʛʨʘʤʤ; ʨʘʟʨʘʙʦʪʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʥʘ ʦʞʠʜʘʥʠʷ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ ʧʨʦʝʢʪʦʚ ʧʨʦʛʨʘʤʤʳ ʩ ʮʝʣʴʶ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʠʭ ʦʞʠʜʘʥʠʡ ʜʣʷ ʩʦʜʝʡʩʪʚʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʩʪʨʘʪʝʛʠʠ ʧʨʦʛʨʘʤʤʳ. ʀʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ: ʪʝʦʨʠʷ ʤʥʦʞʝʩʪʚ, ʢʨʫʛʠ ʕʡʣʝʨʘ, 

ʤʘʪʨʠʯʥʳʝ ʠ ʛʨʘʬʦʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ: ʈʘʟʨʘʙʦʪʘʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʩʪʝʡʢʭʦʣʜʝʨʦʚ ʧʨʦʝʢʪʦʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʘ ʠʭ ʦʪʥʦʰʝʥʠʷ ʢ ʩʪʨʘʪʝʛʠʠ ʧʨʦʛʨʘʤʤʳ. ʄʘʪʨʠʮʘ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʧʨʠʚʣʝʯʝʥʠʷ ʩʪʝʡʢʭʦʣʜʝʨʦʚ ʢ 

ʨʝʘʣʠʟʘʮʠʠ ʩʪʨʘʪʝʛʠʠ ʧʨʦʛʨʘʤʤʳ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʨʘʟʨʘʙʦʪʢʫ ʪʝʢʫʱʝʛʦ ʠ ʞʝʣʘʝʤʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ 

ʤʘʪʨʠʮʘ "ʚʣʘʩʪʴ/ʠʥʪʝʨʝʩ" ʨʘʟʤʝʨʥʦʩʪʴʶ 2*4 ʩʦʜʝʨʞʠʪ ʚ ʢʘʞʜʦʤ ʢʚʘʜʨʘʥʪʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʩʪʝʡʢʭʦʣʜʝʨʘʤʠ. 

ʇʦʩʪʨʦʝʥʥʘʷ ʤʦʜʝʣʴ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʢʫʙʘ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ ʩʦʜʝʨʞʠʪ 20 ʢʚʘʜʨʘʥʪʦʚ. ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʤʝʪʦʜʘ ʠʟ ʧʷʪʠ ʵʪʘʧʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʞʠʜʘʥʠʡ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ ʠ ʠʭ 

ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʩ ʧʦʟʠʮʠʡ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʛʨʘʤʤʦʡ ʧʨʦʝʢʪʦʚ. ɺʳʚʦʜʳ: ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ 

ʦʞʠʜʘʥʠʡ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ ʠ ʠʭ ʢʦʨʨʝʢʪʠʨʦʚʢʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʦʮʝʥʢʝ ʫʨʦʚʥʷ ʧʨʠʚʣʝʯʝʥʠʷ ʩʪʝʡʢʭʦʣʜʝʨʦʚ ʢ 

ʨʝʘʣʠʟʘʮʠʠ ʩʪʨʘʪʝʛʠʠ ʧʨʦʛʨʘʤʤʳ ʧʨʦʝʢʪʦʚ ʩ ʫʯʝʪʦʤ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʭʘʨʘʢʪʝʨʦʤ ʦʪʥʦʰʝʥʠʷ ʢ ʥʝʡ, ʢʦʪʦʨʳʡ 

ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʩʪʨʦʝʥʠʝ ʠ ʘʥʘʣʠʟ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʤʘʪʨʠʮʳ "ʚʣʘʩʪʴ/ʠʥʪʝʨʝʩ" ʠ 

ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʢʫʙʘ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ ʧʨʦʝʢʪʦʚ ʠ ʧʨʦʛʨʘʤʤ, ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʠʪʴ ʛʦʨʠʟʦʥʪ ʘʥʘʣʠʟʘ ʠ ʩʢʦʨʦʩʪʴ 

ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʤʝʥʷʶʱʠʝʩʷ ʟʘʧʨʦʩʳ ʩʪʝʡʢʭʦʣʜʝʨʦʚ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʨʝʘʣʠʟʘʮʠʠ ʩʪʨʘʪʝʛʠʠ ʧʨʦʛʨʘʤʤʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʝʢʪʘʤʠ ʠ ʧʨʦʛʨʘʤʤʘʤʠ; ʩʪʝʡʢʭʦʣʜʝʨʳ; ʫʧʨʘʚʣʝʥʠʝ ʦʞʠʜʘʥʠʷʤʠ; ʧʣʘʥʠʨʦʚʘʥʠʝ; 

ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ. 

METHOD FOR DETERMINI NG AND ADJUSTING THE  EXPECTATIONS OF 

STAKEHOLDERS IN THE CONTEXT OF STRATEGIC  MANAGEMENT OF THE 

PROJECT PROGRAM 

The subject matter of the article is the management of the stakeholders of projects while implementing the program strategy. The 

goal of the work is to develop a method for determining the expectations of stakeholders and their adjustment in the context of the 

strategic management of the program of projects. The following tasks are solved in the article: project stakeholders are classified 

depending on the nature of their relationship to the strategy of the program of the project; a matrix for assessing the level of the 

involvement of stakeholders in the implementation of the program strategy is developed; the power/interest matrix is modified to 

represent the nature of the interest more accurately; the model of the strategic cube of stakeholders of projects and programs is built; 

recommendations for organizing a purposeful impact on the expectations of the stakeholders of the project program are developed to 

adjust their expectations to facilitate the efficient implementation of the program strategy. The following methods used are ï set 

theory, Euler circles, matrix and graph-analytic methods. The following results were obtained: a classification of project stakeholders 

was developed depending on the nature of their relationship to the program strategy; the matrix for assessing the level of the 

involvement of stakeholders in the implementation of the program strategy involves developing the current and desired state; the 

modified power/interest matrix with the dimension of 2 * 4 contains recommendations for managing stakeholders in each quadrant; 

the built model of the strategic stakeholder cube contains 20 quadrants; recommendations on the use of the five-stage method for 

determining the expectations of stakeholders and their adjustment in the context of the strategic management of the project program 

are formulated. Conclusions. The method was developed for determining the expectations of stakeholders and their adjustment based 

on an assessment of the level of stakeholder involvement in the implementation of the strategy of the project program, taking into 

account the classification according to the nature of the relationship to it, which, unlike the existing ones, involves the construction 

and analysis of a modified power / interest matrix and the strategic cube of stakeholders of projects and programs; this method enables 

expanding the horizon of analysis and speed of response to changing needs of stakeholders while planning the implementation of the 

program strategy. 

Keywords: project and program management; stakeholders; expectations management; planning; strategic management. 
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MODELS AND APPLIED I NFORMATION TECHNOLOGY FOR SUPPLY 

LOGISTICS IN THE CON TEXT OF DEMAND SWING S 

The subject matter of the study is the processes of planning supply logistics taking into account swings in demand and prices for 

products. The goal is to develop models and applied information technology for managing enterprise supplies taking into 

consideration the unforeseen demand swings. The following tasks were solved:  a process model of supply logistics was developed, a 

model for forecasting demand for products was developed, a model for calculating the optimal volume of orders for various demand 

options was developed, the structure and modules of the applied information technology for supply logistics management was 

developed. The following methods were used: structural process models, methods for regression analysis and time series forecasting, 

inventory management models, STATISTICA software package, object-oriented programming methods. The following results were 

obtained: the generalized pattern of supply logistics was developed; the supplement of the first block of this pattern with the processes 

of marketing research of demand for products and planning supply volumes according to the forecasted demand and the probability of 

a shortage or surplus of products due to unforeseen swings in demand was substantiated; the application of the methods of regression 

analysis and forecasting of time series to assess the market factors of supply logistics was considered; the model for determining the 

optimal stock size was studied taking into account storage costs and probable shortages; the architecture of the applied information 

technology for planning supply logistics was developed; the proposed IT enables analyzing and predicting changes in the main market 

factors and, in accordance with the results obtained, solving inventory management tasks efficiently. In this case, the deficit and back-

ordered demand can be taken into account. The operation of IT modules was illustrated by a test case. Conclusions. The use of IT is 

efficient in making decisions on logistics planning of business processes, as well as in analyzing the efficiency of logistics for a 

certain period of time. Further, the specified technology is going to be supplemented with the capabilities of solving inventory 

logistics problems. 

Keywords: supply logistics; demand forecasting; parameter optimization; time series; applied information technology. 

Introduction  

 

Any enterprise, both manufacturing and trading, 

which processes the material flows, includes the service 

that purchases, sells and temporarily stores products (raw 

materials, semi-finished products, consumer goods). All 

functions of the logistic service should ensure the efficient 

execution of orders. Management tasks based on the 

logistic approach are to coordinate the need for operations 

on the cross-functional basis to achieve the global goal of 

an enterprise. Logistics management enables combining 

into a single system the task of managing the internal 

business processes of the enterprise with the business 

processes of partners and consumers. 

 

Literature review and problem statement 

 

M. Gordon, E. Kogan and others study the issues of 

supply management. E. Krykavsky, A. Gadzhynsky, 

B. Anikin, M. Oklander and others conduct model studies 

of logistic laws. Methodological approaches to the 

management of supplies are considered in the works 

written by such foreign scientists as J. Riggs, ʆ. White,  

J. Johnson, J. Shapiro and others.  

However, the issue of supply logistics is not 

thoroughly studied in the theory of domestic management. 

For example, the monograph [1] analyzes the system 

factors of the efficiency of the supply logistics at 

enterprises. Theoretical, methodological and applied 

aspects of the category "supply logistics" are generalized. 

The peculiarities of the implementation of integrational 

cooperation in the system "supplier ï processing plant" 

are studied and organizational, strategic and information 

factors of the supply system optimization are 

substantiated. 

Paper [2] considers the grounds of the material and 

technical support and the ways of its improvement. The 

basic requirements for operational inventory accounting 

were developed to provide the supply department with 

timely information for inventory management and 

optimization. The universal structure of the logistics 

department was developed and the main functions of this 

department were determined. 

The main point of logistics is to reduce the cost of 

product delivery due to too frequent requests to a supplier 

and freezing money in excess stocks [3, 4]. Both of these 

extreme options are the consequence of the non-optimal 

volume of goods ordered from the product supplier. That 

is why attention should be paid to the fact how purchases 

are calculated, planned and carried out, including the way 

the volume of the purchased consignment of goods is 

determined. 

Factors and efficiency of integration of marketing 

and logistics are considered in paper [5]. Conditions of 

such integration at the stages of strategic planning are 

studied. The idea of integration should also be used to 

manage supply logistics. 

Most of the work is devoted to the analysis of 

logistic processes for industrial enterprises [6, 7]. The 

procurement activity of a manufacturing enterprise affects 

the operation of all sections of the enterprise: from 

production to sales of finished products. Modern trends of 

procurement logistics development are analyzed in paper 

[6], the paper also deals with practical recommendations 

to select a system for planning material resource needs 

optimizing, optimizing expenses for the order execution 

and maintaining the volume of stocks of the industrial 

enterprise. But for universal enterprises, such as small 

businesses, trade or intermediary firms, whose work 

focuses on a wide range of products and highly depends 

on demand, the problem of supply is not studied 
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thoroughly. 

To plan logistics, forecast models are used, in 

particular, ones based on regression equations. Paper [8] 

considers the issues of practical application of formalized 

methods of forecasting in the process of tactical and 

strategic planning at the industrial enterprise. The 

examples of using product life cycle models, regression 

equations and graphical analysis apparatus during 

scheduled calculations are given. 

Heuristic methods of project management are also 

used [9]. Paper [10] proposes a choice of an integrated 

strategy for inventory management on the basis of key 

nomenclature groups that determine the profitability of the 

enterprise and on the analysis of the forecastability of 

goods sales. The methods of ɸɺʉ/XYZ-analysis are used 

[11]. 

Issues of development of selective applied models of 

analysis, forecasting, quantitative assessment of supply 

parameters and decision-making tools for supply 

management according to the logistic concept remain 

topical. 

Under the current conditions of competition and 

constant update of the range of market products, it is very 

difficult to predict the demand for a short period of time. 

In cases where the demand for separate items of the 

product line temporarily deviates from the predicted 

value, urgent decisions should be made on the supply of 

certain volumes of products. To make such decisions, 

special models for calculating the volume of stocks should 

be applied. Under these conditions, the applied software 

should be used. Under these conditions, the use of modern 

applied software technologies and tools will useful [12]. 

Therefore, the goal of the article is to develop 

models and applied information technology to manage the 

supplies of the enterprise taking into account unforeseen 

demand swings. The following tasks are to be solved:   

1. To develop the process model of supply logistics. 

2. To form demand forecasting models and product 

prices. 

3. To form models for calculating the optimal 

volume of orders for different demand options. 

4. To develop the structure and modules of applied 

information technology for managing the supply logistics. 

 

Study materials and methods  

 

1. Process models of supply logistics 

Consider the basic logistics processes that support 

the activities of a small enterprise related to the purchase 

and sale of certain types of products [13].  

Enterprise logistic processes are presented in the 

context chart as an IDEF0 model (fig. 1): 

- supply of goods; 

- acceptance of the order from the client; 

- order picking; 

- sending orders to the client; 

- reporting. 

A1

Supply of goods

A2

Order 

acceptance

A3

Order picking

A4

Order sending 

A5

Reporting

Information 
about the supply 
of goods

Supplier Details Customer 
details

Orders from 
customers

Warehouse details

Customer order

ready order

Order details
Transport company details

DatabaseEmployees

Task to perform 
reports

Reporting 
materials

Transport company 
agreement 

Customer ready 
order

Customer 
agreement

Supplier Agreement

Regulatory documents, job descriptions

 

Fig. 1. The generalized chart of the enterprise logistic processes 

In addition to the interrelation of processes, the chart 

reflects the input information, regulatory information, its 

sources and output documentation for each stage. 

Employees will enter information in appropriate 

forms using the information system for supporting logistic 

processes. The final cost of the order is indicated  

by the company's responsible employee but a  

preliminary estimate of the value of the order  

is made in the information system. The details of the order 

and the customer are stored in the database. The 

information system automatically calculates the cost of 

consumables and a service agreement is formed in 

accordance with a template that can be changed  

if needed. The data on the contract will be  

obtained from the directory of customer data and the order 

form. 
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However, the task of optimal calculation of a lot of 

goods should be solved in the first stage of the product 

supply [14]. The forecast of the demand assessment 

should be taken into account and a certain product should 

only be ordered when it is necessary and in the quantities 

in which the enterprise currently needs. 

When implementing these processes, the situation 

can arise when orders do not correspond to the quantity or 

range of products kept at the warehouse. In this case, two 

opposite situations may arise: 

- when the ordered products are not available or it 

will arrive shortly; 

- when the products have already arrived but there 

are no orders for it. 

Thus, the classical problem of balancing supply and 

demand [15] should be solved. This task is essential when 

making supply management decisions. Its solution is 

ensured by such components of logistic planning: 

- forecasting demand; 

- determining the optimal volume of supply orders; 

- selecting a supplier with a reliable carrier to ensure 

supplies of certain volumes and range of products. 

The main requirements for the procurement system 

are briefly described below.  

1) while forecasting demand, a model should be used 

that takes into account trends, seasonality and the required 

level of meeting the demand with warehouse residues; 

2) the order for the supplier should not be carried out 

until the residues of any product of this supplier have 

reached a critical level; 

3) while determining the needs of the enterprise in 

any product, exactly such amount that is enough to 

provide the desired level of sales before entering the next 

product according to the current order should be ordered. 

If these three conditions are fulfilled, the volume of 

the order, which is optimal in terms of the total costs of 

transportation and storage of products can be calculated. 

Determining the optimal amount of a lot of goods is 

possible only using the modelling of supplies with 

different variants of the volume and comparing the total 

costs of transportation and storage. 

 

2. Models of demand forecasting. 

To forecast demand for products, regression models 

that show a change in the resulting indicator when 

changing the values of factor characteristics are used. In 

this case, the factors affecting demand can be: 

- the level of demand for the same product in past, 

- advertising costs, 

- the level of customersô paying capacity (or 

population as a whole), 

- economic situation, 

- the activity of competitors, 

- the level of supply ï is determined by substitutes 

that are available on the market, a number and position of 

competitors as well as the corresponding volumes of 

production. 

Consider the forecasting variable Y (demand level) 

and a number of factors that have an impact ï 1X , 2X , ..., 

mX  (independent variables). The values of the above 

factors should be presented in a formalized form 

(quantitatively). 

The model of multiple regression in the general case 

is described by the expression 

 1 2( ,  , , )mY F X X X e= » +. (1) 

In the case of a linear regression model, the 

dependence of the variable from the independent ones is 

as follows:   

 0 1 1 2 2 m mY X X Xb b b b e= + + +»+ +, (2) 

where 0 1 2,  ,  mb b b b»  are the assessed coefficients of 

regression, Ů is the error component. It is assumed that all 

errors are independent and normally distributed. 

To build regression models, the database of 

observations is needed. Using the table of values of past 

observations, regression coefficients can be determined 

(for example, by the method of least squares) thus 

building the model. The correctness and adequacy of the 

model are verified by several methods: 

1) using the coefficient of determination, the strength 

of dependence can be determined  

 2 1 ,Ů

y

D
R =

D
-           (3) 

where ŮD  is the residual variability (error dispersion),  

yD  is the output dispersion.  

2) the statistical significance of the linear model can 

be assessed basing on the F-criterion. If the connection 

between some variables is non-linear, they should be 

transformed (for example, their logarithm should be 

found).  

3) the quality of the equation can be assessed using 

the t-criterion (Student) by checking the hypothesis that 

the absolute term of an equation 0b  is equal to zero; 

4) to determine the problem of multicollinearity, 

which may arise if a lot of variables are analyzed, 

statistical indicators of redundancy (tolerance, etc.) should 

be used as well as ways to cope with redundancy (for 

example, the ridge regression method). 

If the impact of external factors cannot be 

determined but there are statistics on the change in 

demand over a certain period of time, the method of time 

series analysis should be used, in particular, the  

Box-Jenkins method (ARIMA) [16, 17]. 

The method is based on the approximation of the 

stationary sequence by the sum of the autoregression 

sequence of the p-th order and the sequence of the average 

variable of the q-th order: 

 1
1 1

p q

k j k k l k l
j l

y y ag e e- -
= =

= + -ä ä , (4) 

where jg  is the autoregression parameters; al is the 

parameters of the average variable; ke is the sequence of 

independent random values.   

When there is a monotonous trend, the initial 

sequence can be numerically differentiated. The result of 
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such a transformation is checked for the stationary state by 

analyzing the coefficients of autocorrelation. 

The Box-Jenkins method involves the following 

stages:  

1) selecting the model structure, determining the 

order of autoregression p, the order of the average variable 

q, the multiplicity d of the numerical differentiation; 

2) assessing the parameters jg (j = 1, 2, ... p),  

la  (l = 1, 2, ... q);  

3) forecasting the stationary sequence; 

4) the numerical integration of the d-th order to 

renew the character of the process taking into account the 

trend; 

5) assessing the accuracy of the forecast by 

comparing the forecasted values and real data when 

testing the method, assessing the statistical characteristics 

of the residuals, checking if they correspond to the white 

Gaussian noise. 

The model of the demand dynamics is more accurate 

if it is the sum of two main components ï the polynomial 

and the autoregressive ones. 

The polynomial component km  characterizes long-

term trends in the context of the changes in the demand 

for products due to the period of the product life cycle. 

The autoregression random correlated component ky  

characterizes changes caused by external factors. 

Therefore, the demand variable can be approximated by 

the sum of polynomial component (of the p-th order) and 

autoregression component (of the m-th order)  

 k k ky ym += ; k = 1, 2,én,   (5) 

where 
0

p

i ki
i

km b j
=
ä= , 

1

m

kjk k j
j

y y eg -
=

= +ä , 

  ( 1,2,..., )j j mg =  are the autoregressive parameters,  

2 2
0k0;   k e ge e s= = = . 

The stationary autoregression sequence is 

characterized by normalized autocorrelation coefficients 

 
0
2

0

l l
l

y

R R

R
r
s
= = ,    (6) 

where 
2

l lk k l

y

R y y s r+= =  are unnormalized 

autocorrelation coefficients (l = 0,1, ..., m-1); 
2

l
s  is the 

dispersion of the autoregression component.   

The parametric adaptation of the model components 

of the polynomial and autoregression sequence provides 

for the assessment and iterative refinement of the 

coefficients of the polynomial 0 1, ,..., pb b b as well as the 

parameters of the autoregression 2
1 2 0( , ,..., ;  )m eg g g gs =  

by the data being observed. That will enable solving the 

task of determining the two components of the sequence 

based on the difference in their correlation properties. 

 

3. Models of stock formation in the context of 

stochastic demand  

The economic volume of the order is equal to the 

volume of the order for replenishment of stocks, which 

minimizes the total cost of the stock of inventory. The 

basis for the order is to reach the renewal point of the 

inventory level. The economic volume of the order is 

calculated to minimize the combined value of inventories 

including costs for buying, storing, placing the order and 

so on.  The task of determining the order volume is related 

to the optimization of the reserve stock. At the same time, 

an optimal threshold value that acts as the basis for 

placing an order should be found. 

The most famous formula for calculating an 

economic volume of an order is the Wilson formula, that 

is based on the following assumptions [18]: 

- the cost of placing an order is constant; 

- the rate of demand is known; 

- the time of order execution is constant; 

- the purchase price of a unit of goods is constant. 

Let us introduce the following variables: 

- Y is the volume of demand for a certain period of 

time;  

- zC  is the fixed cost of placing one order;  

- xC  is the cost of stock storage. 

According to the above assumptions, the optimal 

volume of order is equal to   

 
2 z

x

YC
q

C
= . (7) 

But this formula cannot be used in modern logistic 

systems where the cost of placing an order is the only key 

factor and does not take into account changes in demand 

and price swings which are important when ordering a 

large number of goods. 

Consider the case when a real demand is somewhat 

lower than a forecasted one. Then, the model of the stock 

formation with the final delivery rate without any deficit 

should be applied. 

Let the ordered lot of goods of the q volume be 

supplied with the rate of ɚ units a period of  

time. The supply system can operate without deficit  

if the rate of supply ɚ is greater than the rate of 

consumption Yô.  

The stock is both obtained and consumed during the 

period of time 1t. The stock is only consumed during the 

period of time 2t . Then, the cycle length is 1 2t t t= + . 

Let us designate the volume of demand for a certain 

period of time as Y. Taking into account that the minimal 

available stock is  

 1m

Y
l q

l

å õ
= -æ ö
ç ÷

,  (8) 

the system costs for a unit of time are: 
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'

1
2

xz C qC Y Y
C

q l

å õ
= + -æ ö

ç ÷
.   (9) 

The volume of the optimal lot is: 

 * 2

'
1

z

x

C Y
q

Y
C

l

=
å õ
-æ ö
ç ÷

.  (10) 

The optimal period of the order renewal is: 

 * 2

'
' 1

z

x

C

Y
C Y

t

l

=
å õ
-æ ö
ç ÷

.  (11) 

The minimal cost in a unit of time is: 

 * '
2 ' 1z x

Y
C C C Y

l

å õ
= -æ ö

ç ÷
.  (12) 

Consider the case when real demand is higher than 

the forecasted one. Then the model of stock formation 

should be used in the context of a deficit taking into 

account the unsatisfied requirements. When the losses due 

to the deficit are comparable to the cost of saving, the 

deficit is allowed. 

Fines related to the stock unit deficit per a unit of 

time are designated as d, the maximal value of the  

back-ordered demand is designated as yd. The cost of 

storing products is proportional to the average value of the 

stock 
2

dq y-
 and the time of its existence dq y

Y

-
; in the 

same way, the deficit losses are proportional to the 

average value of deficit 
2

dy
 and the time of its existence 

dy

Y
. The average cost of the system operation within a 

cycle including the cost of placing an order, maintaining 

stock and losses due to the deficit is as follows: 

 
( )

2 2

2

x d d
z

C q y dy
C C

Y

- +
= + .    (13) 

Let us divide the cycle costs by its value 
'

q

Y
t= ,  

system operation costs per unit of time are obtained: 

2 2( )'

2

ʭ d dz

ʭ

ʉ q y dyC Y
C

ʉ q

- +
= + . 

Therefore 
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1 ʭz

ʭ

ʉʉ Y
q

ʉ d

å õ
= +æ ö
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,  (14) 
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1

z ʭ

ʭ

ʉ ʉ Y
ʉ

ʉ

d

=

+

. (16) 

Substituting values *q  and *y  into corresponding 

equations, other optimal supply parameters can be 

calculated: 

 
* * * 2 '

1

z
d

ʭ

ʉ Y
Y q y

ʉ

d

= - =

+

,  (17) 
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.   (19) 

 

Results and discussion 

 

The proposed applied IT for supply management 

consists of modules of the developed software, the 

Statistica standard system and the database. The 

architecture of the applied ɯʊ is given in fig. 2 [19]. 

 ɯʊ modules

DB

 Access

Demand Forecasting and 

Analysis Module

ʇʇ Statistica

OLE

Price Forecasting and 

Analysis Module

Module for assessing deficit 

and calculating logistic costs

Module for calculating the 

optimal supply parameters

API

 

Fig. 2. The architecture of the applied IT of supply logistics 

Information technology contains four calculation 

modules [20, 21]: 

- demand forecasting and analysis module;  

- price forecasting and analysis module; 

- module for assessing deficit and calculating logistic 

costs; 

- module for calculating the optimal supply 

parameters. 

First two modules are linked to the Statistica system 

by ActiveX connection. The other two modules receive 
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data from the database in the MS Access format and make 

calculations basing on the built-in algorithms. The 

Statistica system is integrated with the data based on the 

OLE technology. 

The approbation of the applied IT operation was 

carried out using the example of procurement of materials 

for construction companies by an intermediary firm. 

Demand forecasting is carried out by the method of 

multiple regression. The following steps are performed: 

- a base of observations is formed; 

- significant independent variables (factors) are 

singled out; 

- variables are transformed in the case of nonlinear 

dependence; 

- a regression equation is built; 

- the quality of the equation and forecast is assessed 

based on a number of criteria; 

- the forecast is assessed by the diagram of predicted 

values and errors; 

- the predicted value of demand is determined. 

The forecasted variable denoted as Y is the time 

series of changes in demand for a month. The normalized 

values of the variables are chosen as independent 

variables: 1X  is the change in income of construction 

companies, 2X  is the cost of advertising, 3X  is the 

impact of competitors, 4X  is the change of price. The 

results of the regression are presented in table 1.

Table 1. Multiple regression results 

Regression summary for dependent variable Y 

R = 0,898  
2R = 0,806  Adjusted 

2R = 0,801  F(4,177)=183,76  p<0,000 

 ɓ Std.err. of ɓ b Std.err. of b t(177) p-value 

Intercept   111324,6 100412,8 1,108 0,269 

1X  0,023 0,034 11203,8 16198,5 0,691 0,490 

2X  1,698 0,095 0,3 0,0 17,702 0,000 

3X  -0,499 0,088 -0,3 0,1 -5,646 0,000 

4X  -0,609 0,049 -3,3 0,3 -12,248 0,000 

 

The table shows that the first variable is not 

statistically significant, that means that it can be neglected 

in the equation. In this case, the regression equation is as 

follows:   

2 3 4111324,6 0,3 0,3 3,3 .Y X X X- -= +  

Thus, the conclusion can be made that the price 

change has the greatest impact on the value of demand. 

However, the advertising cost factor is the most 

statistically significant ( 2b  is maximal). 

The built model reflects a significant dependence of 

demand on these factors since the coefficient of 

determination is high (0,8). F-criterion proves the model 

linearity. However, the absolute term of the equation is 

not determined exactly enough (the error is about 25%). 

Let us analyze the errors of this model. Fig. 3 shows 

the normal probability curve of residuals (errors). It shows 

that the residues are not distributed normally. Let us build 

the diagram of the residue dispersion with respect to the 

magnitude of the forecasted variable (fig. 4). It is evident 

that the dispersion of residues is random for large and 

average demand values. But for small values, this 

distribution is not random. That is, the built model is more 

adequate for large demand values. 

 

Fig. 3. The normal probability graph of regression residuals 
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Fig. 4. The diagram of residual scatter relative to the forecasting variable value

Let us analyze the change in the price of products. 

The linear graph of price changes during a year is given in 

fig. 5. It is seen that the given time series is not stationary. 

To use the Box-Jenkins method, a number of 

transformations should be done: three-point, moving, 

average, and logarithmic ones. 

While assessing the model parameters, several sets 

were analyzed. The best parameters are p = 0, P = 0,  

q = 1, Q = 1 (table 2). 

The built graph of the autocorrelation function also 

evidences the quality of the model (fig. 6). Thus, the built 

model of the autoregression can be used for forecasting 

product price. 

 

Fig. 5. Source time series 

Table 2. The results of model parameter assessment 

Output: Price: Transformations:3 pts mov. aver., ln(x) Model: (0,0,1)(0,0,1) MS residual = 0,089 

 Paramet. Asympt.std.err. Asympt. t( 394) p lower - 95% conf. upper - 95% conf. 

q(1) -0,973 0,008 -113,993 0,00 -0,989 -0,956 

Q(1) -0,857 0,018 -46,690 0,00 -0,893 -0,820 
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Fig. 6. Autocorrelation function

The next stage of logistics analysis is the assessment 

of the potential deficit or filling of the warehouse. In this 

case, costs and optimal supply parameters are calculated. 

Among the costs, the costs for the supply cycle and per 

unit of time are calculated. 

In the model for calculating the optimal supply 

parameters, the following parameters are calculated 

(fig. 7): 

- the optimal amount of a supply lot; 

- the optimal amount of back-ordered demand; 

- the optimum value of the stock; 

- the optimal value of the order renewal period; 

- optimal logistics costs.  

 

Fig. 7. The results of the calculation of the optimal parameters of 

supply logistics 

Conclusions  

 

The generalized logistics chart of supply was 

developed. The supplement of the first block of  

the above chart is substantiated by the processes  

of market research of demand for products and  

planning of volumes of supply in accordance with 

forecasted demand and possibilities of a deficit  

(or surplus) of products as a result of unforeseen swings of 

demand. 

The use of methods of regression analysis and 

forecasting of time series for assessing market factors of 

supply logistics is considered. 

The models for determining the optimal volume of 

the stock are considered taking into account storage costs 

and possible deficit. 

The architecture of the applied information 

technology of supply logistic planning is developed.  

The proposed IT enables analyzing and forecasting the 

change in key market factors and, in accordance  

with the results obtained, efficiently solves the  

tasks of stock management. In this case, it is possible to 

take into account the deficit and back-ordered  

demand. The operation of IT modules is illustrated by a 

testing example.  

The use of IT is efficient when making decisions on 

logistic planning of business processes as well  

as when analyzing the efficiency of logistics over  

a certain period of time. In the future, it is  

supposed to supplement the mentioned technology  

with capabilities for solving tasks of warehouse  

logistics. 
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ʣʦʛʽʩʪʠʢʠ ʧʦʩʪʘʯʘʥʥʷ. ɼʦʩʣʽʜʞʝʥʦ ʤʦʜʝʣʽ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʤʽʨʫ ʟʘʧʘʩʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʪʨʘʪ ʟʙʝʨʽʛʘʥʥʷ ʽ 

ʤʦʞʣʠʚʦʛʦ ʜʝʬʽʮʠʪʫ. ʈʦʟʨʦʙʣʝʥʦ ʘʨʭʽʪʝʢʪʫʨʫ ʧʨʠʢʣʘʜʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ (ɯʊ) ʧʣʘʥʫʚʘʥʥʷ ʣʦʛʽʩʪʠʢʠ ʧʦʩʪʘʯʘʥʥʷ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ɯʊ ʜʦʟʚʦʣʷʻ ʘʥʘʣʽʟʫʚʘʪʠ ʽ ʧʨʦʛʥʦʟʫʚʘʪʠ ʟʤʽʥʫ ʦʩʥʦʚʥʠʭ ʨʠʥʢʦʚʠʭ ʬʘʢʪʦʨʽʚ ʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʝʬʝʢʪʠʚʥʦ ʚʠʨʽʰʫʚʘʪʠ ʟʘʚʜʘʥʥʷ ʫʧʨʘʚʣʽʥʥʷ ʟʘʧʘʩʘʤʠ. ʇʨʠ ʮʴʦʤʫ ʟ'ʷʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʚʨʘʭʦʚʫʚʘʪʠ ʥʘʷʚʥʽʩʪʴ 

ʜʝʬʽʮʠʪʫ ʽ ʟʘʙʦʨʛʦʚʘʥʠʡ ʧʦʧʠʪ. ʈʦʙʦʪʘ ʤʦʜʫʣʽʚ ɯʊ ʧʨʦʽʣʶʩʪʨʦʚʘʥʘ ʪʝʩʪʦʚʠʤ ʧʨʠʢʣʘʜʦʤ. ɺʠʩʥʦʚʢʠ: ʚʠʢʦʨʠʩʪʘʥʥʷ ɯʊ 

ʝʬʝʢʪʠʚʥʦ ʧʨʠ ʧʨʠʡʥʷʪʪʽ ʨʽʰʝʥʴ ʣʦʛʽʩʪʠʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ, ʘ ʪʘʢʦʞ ʚ ʘʥʘʣʽʟʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʣʦʛʽʩʪʠʢʠ ʟʘ 

ʧʝʚʥʠʡ ʧʝʨʽʦʜ ʯʘʩʫ. ʅʘʜʘʣʽ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʜʦʧʦʚʥʠʪʠ ʟʘʟʥʘʯʝʥʫ ʪʝʭʥʦʣʦʛʽʶ ʤʦʞʣʠʚʦʩʪʷʤʠ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʩʢʣʘʜʩʴʢʦʾ 

ʣʦʛʽʩʪʠʢʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʣʦʛʽʩʪʠʢʘ ʧʦʩʪʘʯʘʥʥʷ; ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʧʠʪʫ; ʦʧʪʠʤʽʟʘʮʽʷ ʧʘʨʘʤʝʪʨʽʚ; ʯʘʩʦʚʽ ʨʷʜʠ; ʧʨʠʢʣʘʜʥʘ 

ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ. 

ʄʆɼɽʃʀ ʀ ʇʈʀʂʃɸɼʅɸʗ ʀʅʌʆʈʄɸʎʀʆʅʅɸʗ ʊɽʍʅʆʃʆɻʀʗ ʃʆɻʀʉʊʀʂʀ 

ʉʅɸɹɾɽʅʀʗ ɺ ʋʉʃʆɺʀʗʍ ʂʆʃɽɹɸʅʀʁ ʉʇʈʆʉɸ 

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʧʨʦʮʝʩʩʳ ʧʣʘʥʠʨʦʚʘʥʠʷ ʣʦʛʠʩʪʠʢʠ ʩʥʘʙʞʝʥʠʷ ʩ ʫʯʝʪʦʤ ʢʦʣʝʙʘʥʠʡ ʩʧʨʦʩʘ ʠ ʮʝʥ ʥʘ 

ʧʨʦʜʫʢʮʠʶ. ʎʝʣʴ ʨʘʙʦʪʳ - ʨʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʝʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʦʩʪʘʚʢʘʤʠ 

ʧʨʝʜʧʨʠʷʪʠʷ ʩ ʫʯʝʪʦʤ ʥʝʧʨʝʜʚʠʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʧʨʦʩʘ. ʇʨʠ ʵʪʦʤ ʨʝʰʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʮʝʩʩʥʦʡ 

ʤʦʜʝʣʠ ʣʦʛʠʩʪʠʢʠ ʧʦʩʪʘʚʦʢ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʦʜʝʣʝʡ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʧʨʦʩʘ ʥʘ ʧʨʦʜʫʢʮʠʶ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʦʜʝʣʝʡ ʨʘʩʯʝʪʘ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʦʙʲʝʤʘ ʟʘʢʘʟʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʘʭ ʩʧʨʦʩʘ, ʨʘʟʨʘʙʦʪʢʘ ʩʪʨʫʢʪʫʨʳ ʠ ʤʦʜʫʣʝʡ ʧʨʠʢʣʘʜʥʦʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʫʧʨʘʚʣʝʥʠʷ ʣʦʛʠʩʪʠʢʦʡ ʧʦʩʪʘʚʦʢ. ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʩʪʨʫʢʪʫʨʥʳʝ ʧʨʦʮʝʩʩʥʳʝ ʤʦʜʝʣʠ, 

ʤʝʪʦʜʳ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ, ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʟʘʧʘʩʘʤʠ, ʧʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ 

STATISTICA, ʤʝʪʦʜʳ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ: ʈʘʟʨʘʙʦʪʘʥʘ ʦʙʦʙʱʝʥʥʘʷ ʩʭʝʤʘ 

ʣʦʛʠʩʪʠʢʠ ʩʥʘʙʞʝʥʠʷ. ʆʙʦʩʥʦʚʘʥʥʦ ʜʦʧʦʣʥʝʥʠʝ ʧʝʨʚʦʛʦ ʙʣʦʢʘ ʫʢʘʟʘʥʥʦʡ ʩʭʝʤʳ ʧʨʦʮʝʩʩʘʤʠ ʤʘʨʢʝʪʠʥʛʦʚʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʧʨʦʩʘ ʥʘ ʧʨʦʜʫʢʮʠʶ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʦʙʲʝʤʦʚ ʧʦʩʪʘʚʦʢ ʩʦʛʣʘʩʥʦ ʧʨʦʛʥʦʟʠʨʫʝʤʳʤ ʩʧʨʦʩʦʤ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʜʝʬʠʮʠʪʘ ʠʣʠ 

ʠʟʙʳʪʢʘ ʧʨʦʜʫʢʮʠʠ ʚʩʣʝʜʩʪʚʠʝ ʥʝʧʨʝʜʩʢʘʟʫʝʤʳʭ ʢʦʣʝʙʘʥʠʡ ʩʧʨʦʩʘ. ʈʘʩʩʤʦʪʨʝʥʦ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ 

ʘʥʘʣʠʟʘ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʜʣʷ ʦʮʝʥʢʠ ʨʳʥʦʯʥʳʭ ʬʘʢʪʦʨʦʚ ʣʦʛʠʩʪʠʢʠ ʧʦʩʪʘʚʦʢ. ʀʩʩʣʝʜʦʚʘʥʘ ʤʦʜʝʣʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʟʤʝʨʘ ʟʘʧʘʩʘ ʩ ʫʯʝʪʦʤ ʠʟʜʝʨʞʝʢ ʭʨʘʥʝʥʠʷ ʠ ʚʦʟʤʦʞʥʦʛʦ ʜʝʬʠʮʠʪʘ. ʈʘʟʨʘʙʦʪʘʥʘ ʘʨʭʠʪʝʢʪʫʨʘ 

ʧʨʠʢʣʘʜʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʣʦʛʠʩʪʠʢʠ ʧʦʩʪʘʚʦʢ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʀʊ ʧʦʟʚʦʣʷʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʦʩʥʦʚʥʳʭ ʨʳʥʦʯʥʳʭ ʬʘʢʪʦʨʦʚ ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʬʬʝʢʪʠʚʥʦ ʨʝʰʘʪʴ 

ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ʟʘʧʘʩʘʤʠ. ʇʨʠ ʵʪʦʤ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʫʯʠʪʳʚʘʪʴ ʥʘʣʠʯʠʝ ʜʝʬʠʮʠʪʘ ʠ ʟʘʜʦʣʞʝʥʥʳʡ ʩʧʨʦʩ. ʈʘʙʦʪʘ 

ʤʦʜʫʣʝʡ ʀʊ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʘ ʪʝʩʪʦʚʳʤ ʧʨʠʤʝʨʦʤ. ɺʳʚʦʜʳ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʀʊ ʵʬʬʝʢʪʠʚʥʦ ʧʨʠ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʡ 

ʣʦʛʠʩʪʠʯʝʩʢʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ, ʘ ʪʘʢʞʝ ʚ ʘʥʘʣʠʟʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʣʦʛʠʩʪʠʢʠ ʟʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʝʨʠʦʜ 

ʚʨʝʤʝʥʠ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʜʦʧʦʣʥʠʪʴ ʫʢʘʟʘʥʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʩʢʣʘʜʩʢʦʡ 

ʣʦʛʠʩʪʠʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʦʛʠʩʪʠʢʘ ʩʥʘʙʞʝʥʠʷ; ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʧʨʦʩʘ; ʦʧʪʠʤʠʟʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ; ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ; 

ʧʨʠʢʣʘʜʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ. 
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ANALYZING THE INTERE STS AND INTERACTION OF THE PARTICIPANTS OF A 

TRANSPORT SYSTEM DEVELOPMENT P ROJECT 

The subject matter of the article is the communication processes of stakeholders in transport system development projects. The goal 

is to analyze the interests of the stakeholders of a transport project, taking into account the main differences in this industry. The 

article solves the following problem: the features of transport infrastructure project management are considered; the main interests of 

the stakeholders for transport infrastructure development projects are highlighted and their interests are analyzed; a model of 

interaction among stakeholders at different stages of the project life cycle is built. The following methods are applied: value 

approach, structural models, optimization models. The following results are obtained: the requirements of standards for project 

management are analyzed regarding the value approach and project management by stakeholders; the main characteristics of the 

transport project are considered, they include the impact on the nature of the social and economic development of a region, significant 

cost, duration, the interaction of state bodies and private firms; the set of stakeholders in the transport project are identified; the 

specific characteristics of the management of transport projects by various stakeholders are analyzed, they are expectations, goals, 

roles, the level of responsibility and related actions. Asymmetric and symmetric types of communications in the project are 

considered; a model of stakeholder relations is built as a network where there is a project manager in the centre who is connected with 

all other peaks and stakeholder peaks that are connected with each other, the model is formalized as a graph with multiple vertices and 

bidirectional links; a model of the process of interchanging the resources of project participants during its implementation is 

developed, the model contains resource flows (direct and inverse), takes into account the impact of stakeholders that change over the 

stages of the life cycle of a transport system development project. Conclusions. The conducted analysis of the interests and 

interaction of the project participants is the basis for developing a model for minimizing the imbalance of stakeholders' resources. The 

results are based on the value approach and can be used when making decisions on managing communications of a transport 

infrastructure development project. 

Keywords: project management; stakeholders; transport system; interaction model. 

Introduction  

 

Modern transport infrastructure is one of the most 

important conditions for the development of the economy. 

Inherently the projects of construction and reconstruction 

of infrastructure objects have a pronounced 

macrofinancial effect, as the strategic advantages of the 

state in the long-term perspective, including the 

development of highly efficient transport-logistic systems, 

as well as the improving of the conditions and social 

living of the population. 

According to the budget of Ukraine for 2019, it is 

planned to allocate 51 billion UAH to the roads and 

transport infrastructure, which is almost 28% more than in 

the budget of 2018. A significant part of these funds is 

planned to be spent on major infrastructure projects, such 

as the Odesa-Reni (1.5 billion), Kropivnitsky-Mykolaiv  

(1 billion) and 4 billion for the Go Highway national 

project.  Such expenditures shows the state's interest in the 

development of domestic infrastructure, and the tendency 

suggests a further increase in the number and magnitude 

of projects in case of maintaining the rates of economic 

growth in the country [1, 2]. 

The growth in the number of infrastructure projects 

for transport development can significantly revitalize the 

industry, and application of methods for project 

management will enable to consolidate success and in 

matters of qualitative changes. 

 

Analysis of recent research and problem statement 

 

Last time the scientific publications and regulations 

paid more attention to the peculiarities of project 

management from the perspective of different 

stakeholders and in the context of their relationships with 

each other. 

The main sources for reviewing knowledge systems 

and project management methodologies are: PMBʦK, 

ICB, P2M, PRINCE2.  But, objectively, it should be noted 

that the theoretical basis of project management is not 

completely formed and continues to evolve.  Such a state, 

at the time of the active practical use of already published 

work, can not remain unnoticed by scholars who continue 

to seek the new theoretical knowledge and build the new 

models for existing systems. 

Among the domestic scientists who were engaged in 

the research and development of project management, one 

should highlight the works of K. V. Kolesnikova [3],  

Yu. Yu. Guseev, M. V. Sidorenko, I. V. Chumachenko,  

O. S. Martynenko [4, 5]. 

The issue of classification and description of project 

stakeholders is discussed in detail in two standards: 

PMBOK and PRINCE2. 

In PMBOK, in particular, there is a separate 

knowledge sector that includes the following processes: 

Stakeholder Identification, Stakeholder Management 

Planning, Stakeholder Engagement Management, and 

Stakeholder Engagement Control. 

The standards described in Prince2, in turn, 

distinguish only three main stakeholders: business 

sponsors, users and suppliers. 

Reviewing the profile literature, it was noted that the 

standards pay insufficient attention to the sectoral 

diversity of project management and related features that 

arise in the characteristics of stakeholders.  Often 

researchers in their work have to do their own review of 

the features and characteristics of project management, 

and in particular stakeholders in certain conditions of the 

industry [6 - 8]. 
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Different stakeholders may differ in expectations, 

roles, responsibilities and actions.  This is despite the fact 

that they all act as partners in the project and participate in 

the joint process, but their personal goals can vary 

considerably. Thus, each side may have different criteria 

for success, assessing the degree to which their goals are 

achieved, different values and ways to succeed.  These 

conditions significantly influence the process of project 

implementation, it is especially important to take into 

account when constructing communication processes.  It 

is important to use correct and effective methods, tools 

and technologies in solving management tasks that would 

be oriented specifically to these problems [9, 10]. 

Therefore, the purpose of this article is to analyze the 

interests of the parties involved in the transport project, 

taking into account the main features of this industry. 

The article solves the problem: 

- consideration of the peculiarities of transport 

infrastructure projects management; 

- allocation of key stakeholders for transport 

infrastructure development projects and analysis of their 

interests; 

- building a model for interaction between 

stakeholders at different stages of the project's life cycle. 

 

Materials of research 

 

Management of transport projects involves the 

creation of new or reconstruction of the country's old 

infrastructure systems for modernization or restoration.  

Management of transport projects should be distinguished 

from other types of conventional construction.  The 

transport project in its classification is included in the 

definition of the infrastructure project, and therefore has a 

certain number of identical characteristics. 

The main characteristics of the transport project are: 

- significant influence on the nature and pace of 

socio-economic development of the region; 

- exceptionally high capacity of funds; 

- durability; 

- close interaction between public authorities and 

private firms.  

The competitiveness of the region is mostly 

dependent on transport accessibility than on the 

geographical location of production or service. The high 

development of the transport system in the region and the 

mobility of material and labor resources in it provides 

ample opportunities for both trade and production, which 

makes the area attractive for investment.  Implementation 

of transport infrastructure projects generates the so-called 

impulses of development, which increase the 

attractiveness of the mainland territories, increasing the 

market value of surrounding lands and other natural 

resources. 

Infrastructure projects are worth the cost. For 

example, the construction of one kilometer of road may 

amount to 5 to 78 million hryvnia [11]. At the same time, 

the terrain, climatic conditions and the development of the 

territory can increase the costs at one time.  For this 

reason, and also because road construction is often not 

commercial, the main burden of funding is divided into 

budgets of different levels. Public-private partnerships and 

other similar instruments of division of responsibilities 

and financial injections are created specifically for solving 

this problem. A slightly different situation with transport 

terminals, there, mainly, financing is carried out by private 

entrepreneurs and companies. 

A transport project often has a strategic component 

that determines the competitiveness of the region in which 

the project was implemented.  That is why transport 

projects can be implemented for decades.  Even if the 

project does not require significant funds, but the timing 

of repayment of these funds and receipt of investment 

gains may take considerable time. Sometimes, even the 

first phase of the life cycle of a project with expertise and 

approvals, as well as the process of buying and disposing 

of land, may last for years and sometimes last longer than 

construction itself.  Very often, transport projects may be 

suspended due to significant changes in conditions or 

inconsistencies in funding plans with realities.  That is 

why the transport infrastructure of the regions is often 

planned in advance and for a long time with the 

calculations for further development and the state of the 

region. 

Often, before the project is implemented, it is 

necessary to solve a huge number of conflicts in order to 

regulate public, private, social and economic interests. 

The main risk and the main problem of any transport 

project is the risk of losing funding [12].  First of all, as 

there is always a temptation to invest in social projects 

that will benefit much faster, rather than in the case of 

infrastructures that spend the money spent over the years.  

When allocating budget funds, there is also the question of 

giving preferences to the region. High-level officials often 

have to choose the infrastructure of which region or city to 

improve, and work on which objects should be postponed 

at another time. This often creates a conflict between 

regions and competition for funding, which can lead to 

individual risks during the project implementation.  And, 

finally, the construction of a transport infrastructure 

changes the territory itself and sometimes destroys the 

habitual location for people, or even their place of life.  

The construction of a transport facility requires the 

alienation of a large amount of land and is accompanied 

by pollution of the environment, both during construction 

and during operation. 

 

Research results 

 

1. Determination of the stakeholders of the 

transport project  

Stakeholders, in other words, interested parties, are 

the parties that are directly involved in the implementation 

of the project at different or all stages of the life cycle and 

directly affect it. Stakeholders can include the public, civil 

servants, owners, managers, investors and all other actors 

directly influencing and participating in the life cycle of 

the project. 

Transport project, unlike some other projects, is 

interrelated with the public at all stages of its life cycle.  

The community and the interests of the inhabitants of the 

region have a significant impact on the project, from the 
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design phase and throughout the time of exploitation to 

the stage of project closure.  Because the transport project 

is primarily aimed at solving the interests and needs of 

society.  Some studies and organizations even believe that 

a proper assessment of the role of society and determining 

the main characteristics of a society as a stakeholder can 

play a key role in the implementation of a transport 

project [14]. Significant public participation in project 

management also requires significant transparency of 

project processes and documentation to be disseminated to 

public resources. 

Politicians who embody the side of the state also 

play a significant role at all stages of the project. First, 

because the transport project has such a close relationship 

with the public in the region. In addition to financial 

issues, civil servants can also resolve public-conflict 

issues as well as control information channels about the 

project's progress to the general public. The state may also 

be responsible for obtaining different types of permits. 

Obtaining permits is one of the most likely risks of a 

transport project, which is why the role of state bodies in 

this matter is difficult to overestimate. And political will 

can significantly reduce political and some economic 

risks, which greatly accelerates the process of project 

implementation. 

In the world classification it is used to allocate the 

project owner as a separate stakeholder. That is, the side 

which becomes the owner of the object after construction. 

But in the Ukrainian realities, all transport arteries of the 

country belong to the state, and since the issue with the 

appearance of concession roads is still not resolved,  

the role of the owner should also be given to state 

structures. 

Stakeholders may also include different supervisory 

authorities that are related both to the investor or the 

contractor, that is, those who control the quality of the 

work, as well as various organizations at the request of the 

state that control environmental norms and norms of  

law [15]. 

Also, an investor, a project team leader, a contractor 

with their own subcontractors and a supplier participate in 

the implementation of the transport project. Their role in 

the transport project is classical and has no pronounced 

features. 

Specific characteristics regarding the management of 

transport projects by various stakeholders are presented in 

table 1. The table serves as a visual indicator of the main 

differences and peculiarities in the positions of 

stakeholders on those or other issues. 

Table 1. Table of interests and visions of different stakeholders 

Stakeholders of 

transport project 

Interests of stakeholders in specific project issues 

Project vision Target in a project Expectations 

Society Creating a product that you 

will need to take and which 

will bring additional 

convenience or opportunity 

To get a project under construction that 

will bring the minimum number of 

inconveniences and risks, and at the end 

will give the greatest possible 

convenience and new opportunities 

Finished product that brings 

additional convenience and 

features 

Government 

agencies 

Budget streams and 

reputation events 

To master the maximum possible 

budgetary resources and to gain more 

reputational and economic benefits 

from the project, while reducing risks. 

The ready project which is to 

become the brand of the 

political program and will bring 

economic and social benefits 

Regulatory 

authorities 

Technological process, 

limited by the norms and 

requirements. Granting 

permissions 

To ensure the implementation of all 

processes within defined norms, 

eliminate or punish violations. 

Avoid all possible violations 

until the project is complete.  

Complete all penalty procedures 

Investor Financial flows, the dynamics 

of expenses and revenues 

Profit through investment Return of invested funds with 

maximum profit 

Project Manager 

and his team 

Product creation management 

process 

A result that meets quality, deadlines, 

budget and requirements. Satisfaction 

from the project of all stakeholders 

Team success after project 

implementation, financial and 

reputational benefit 

General contractor Execution of works on all 

points of the contract 

Maximum financial benefit from the 

work 

The company gained profit from 

the project and received a 

reputable profit from successful 

execution 

General supplier The process of supply 

fulfillment according to the 

contract 

Maximum financial benefit from supply 

fulfillment 

The company gained profit from 

the project and received a 

reputable profit from successful 

execution 

2. Model of interconnection of stakeholders of a 

transport project  

Project implementation is accompanied by constant 

efforts of the project manager to meet the requirements of 

project stakeholders. But in addition to interacting with 

project management, stakeholders are also interacting with 

each other. The purpose of such interaction is often only 

one - the exchange of resources for each of the parties.  

And resources in this case can be the most diverse things, 

from information to certain actions, in short, everything 

that can cause the interest of the parties. As a result of this 

situation, a network of relationships is created [8, 16]. 

All links between vertices act as an interaction 

between stakeholders, where resources are exchanged. 
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There are three types of exchanges: 

- asymmetrical to the benefit of the target element; 

- symmetrical with mutually beneficial relationship; 

- asymmetric with benefit to the other party and 

deterioration of the resource base of the target element.  

One of the tasks of the project manager and team is 

to weigh and control the relationships among other 

stakeholders, not allowing, or trying to prevent resource 

distortion. Such distortions may include, for example, 

non-fulfillment of the terms of an agreement by one of the 

parties, non-fulfillment of their powers by state bodies 

despite considerable tax pressure, etc. Similarly, a project 

manager may also give less resources in the process of 

exchange, for example, failing to fully exercise their 

authority or demonstrating unprofessionalism in the 

decisions.  In the event of such problems, there is always a 

certain tension between the parties and the desire of the 

injured party to align the situation by reducing the leakage 

of resources on its part. 

Thus, the relationship model has the form of a 

network where the project manager has a link with all 

other vertices in the center and other stake holders with or 

without a different relationship. To construct the model of 

the interaction of participants, define the graph in rig. 1 as 

a set of vertices and relationships: G = (V, A). The node 

corresponding to the project manager is marked 
0

V . 

V1 V2

V6 V0

V3

V4

V5

 

Fig. 1. An example of a network of interaction between project 

stakeholders 

At the same time, it should be noted that such a 

network may have different views and structures at 

different stages of the life cycle of the project. That is, at 

the start of the next stage of the project, a network of 

stakeholders should be reviewed and balanced.. 

When considering the network of stakeholders 

interaction, the balancing of the process of transferring 

resources between stakeholders is of paramount 

importance. To do this, it is customary to allocate the 

target steward and separately consider the situation on his 

part, taking into account its features and characteristics, as 

well as features of a particular stage of the project life 

cycle.  It is in this form that one needs to pay attention to 

the situation when the stacker receives less resources than 

gives, this situation is the main problem that the network 

model is trying to solve. 

In some situations, the vertices may be uneven, or 

rather, have a priority over other vertices. For example, 

the public, which is the most important stakeholder of the 

transport project and influences the critical number of 

decisions, may be more important than other stakeholders.  

It means that the situation with the exit from the balance, 

when a certain stakeholder will receive more resources, 

and the priority stacker receives less resources, always 

remains completely unacceptable. Thus, the project 

manager must make efforts to balance the model.  In the 

long run, the goal of the project team is to balance all 

relationships among stakeholders, taking into account 

their weight at a particular stage. 

Note that the set of bonds A is bi-directional, that is, 

it consists of two subsets (fig. 2): A+ U A-, where ɸ+ is 

the volume of resources transmitted by the participants of 

the communication in the forward direction (from the 

initiator of action), A- is the volume of resources 

transferred in the opposite direction (as the corresponding 

reaction).  

V1V0

A+

A-
 

Fig. 2. Scheme of interaction between two stakeholders 

According to fig. 2 we can record the condition:     

 A+  ² A- ,  (1) 

which states the process of interchange of resources of 

project participants during its implementation. 

Indicate 
ij

a as a volume of the resources transferred 

between 
i

V  and j
V  by project participants when 

, , ,i 1 n j 1 n= = . Thus, the graph of interconnections can 

be divided into separate subgraphs with a dedicated target 

holder and obtain conditions for the absorption of 

resources for a plurality of participants:  

 
, ,

n n

ij ij
i j 1 i j 1

a a+ -

= =

²ä ä .  (2) 

Formula (2) can be supplemented by the factor of the 

importance of a stakeholder for a certain stage of the 

project life cycle [17]. To determine such a factor, for 

example, you can use the Mitchell model to identify the 

importance of the parties. Thus, formula (2) will look like: 

 
, ,

( ) ( )
m n m n

l l

i ij j ij
l 1 i j 1 l 1 i j 1

k T a k T a+ -

= = = =

²ä ä ä ä ,  (3) 

where ( )l

i
k T and ( )l

j
k T are the coefficients of 

significance (influence) of stakeholders on the first stage 

of project implementation. 

The main task of communication management is to 

achieve a balance of interactions, that is, to minimize the 

difference  

 
, ,

( ) ( ) min
m n m n

l l

i ij j ij
l 1 i j 1 l 1 i j 1

k T a k T a+ -

= = = =

å õ- ­ä ä ä äæ ö
ç ÷

.   (4) 

In the event that an imbalance can not be avoided, it 

is possible to align the overall system by creating artificial 
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imbalances in relation to other stakeholders. But this 

approach will work only when stakeholders know about 

the approach and only in this case they will consider the 

system of exchange of resources to be fair. 

 

Conclusions 

 

In the article the features of management of transport 

infrastructure development projects are considered.  A set 

of stakeholders is identified. Their vision, goals and 

interests in the project are analyzed.  The structural model 

of interaction in the graph representation is proposed. A 

model for minimizing imbalance of resources in the 

process of interaction is developed. The unevenness of the 

stakeholder's influence over the life cycle of the project is 

taken into account.  

The results obtained are based on a value-based 

approach and can be used in decision-making on 

communications management of transport infrastructure 

development projects. 

The research will continue in the direction of 

constructing a mathematical model of compromise 

solutions with the interaction of different groups of 

stakeholders.  
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ɸʅɸʃɯɿ ɯʅʊɽʈɽʉɯɺ ʊɸ ɺɿɸɭʄʆɼɯɰ ʋʏɸʉʅʀʂɯɺ ʇʈʆɽʂʊʋ ʈʆɿɺʀʊʂʋ 

ʊʈɸʅʉʇʆʈʊʅʀʍ ʉʀʉʊɽʄ 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʩʪʘʪʪʽ ʻ ʧʨʦʮʝʩʠ ʢʦʤʫʥʽʢʘʮʽʾ ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ ʚ ʧʨʦʝʢʪʘʭ ʨʦʟʚʠʪʢʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ. ʄʝʪʘ 

- ʘʥʘʣʽʟ ʽʥʪʝʨʝʩʽʚ ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʦʝʢʪʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʩʥʦʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʮʽʻʾ ʛʘʣʫʟʽ. ɺ ʩʪʘʪʪʽ 

ʚʠʨʽʰʫʶʪʴʩʷ ʟʘʚʜʘʥʥʷ: ʨʦʟʛʣʷʜ ʦʩʦʙʣʠʚʦʩʪʝʡ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʝʢʪʘʤʠ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʚʠʜʽʣʝʥʥʷ ʦʩʥʦʚʥʠʭ 

ʟʘʮʽʢʘʚʣʝʥʽ ʩʪʦʨʽʥ ʜʣʷ ʧʨʦʝʢʪʽʚ ʨʦʟʚʠʪʢʫ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʘʥʘʣʽʟ ʾʭ ʽʥʪʝʨʝʩʽʚ, ʧʦʙʫʜʦʚʘ ʤʦʜʝʣʽ ʚʟʘʻʤʦʜʽʾ 

ʩʪʝʡʢʭʦʣʜʝʨʽʚ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʧʨʦʝʢʪʫ. ɿʘʩʪʦʩʦʚʘʥʽ ʤʝʪʦʜʠ: ʮʽʥʥʽʩʥʠʡ ʧʽʜʭʽʜ, ʩʪʨʫʢʪʫʨʥʽ ʛʨʘʬʦʚʽ ʤʦʜʝʣʽ, 

ʦʧʪʠʤʽʟʘʮʽʡʥʽ ʤʦʜʝʣʽ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ: ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʠʤʦʛʠ ʩʪʘʥʜʘʨʪʽʚ ʟ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʝʢʪʘʤʠ ʩʪʦʩʦʚʥʦ ʮʽʥʥʽʩʥʦʛʦ 

ʧʽʜʭʦʜʫ ʽ ʫʧʨʘʚʣʽʥʥʷ ʟʘʮʽʢʘʚʣʝʥʠʤʠ ʩʪʦʨʦʥʘ ʧʨʦʝʢʪʫ. ʈʦʟʛʣʷʥʫʪʦ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʦʝʢʪʫ: ʚʧʣʠʚ ʥʘ 

ʭʘʨʘʢʪʝʨ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʨʝʛʽʦʥʫ, ʟʥʘʯʥʘ ʚʘʨʪʽʩʪʴ, ʜʦʚʛʦʪʨʠʚʘʣʽʩʪʴ, ʚʟʘʻʤʦʜʽʷ ʜʝʨʞʘʚʥʠʭ ʦʨʛʘʥʽʚ ʪʘ 

ʧʨʠʚʘʪʥʠʭ ʬʽʨʤ. ɺʠʟʥʘʯʝʥʦ ʤʥʦʞʠʥʫ ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʦʝʢʪʫ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʩʧʝʮʠʬʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʱʦʜʦ ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʧʨʦʝʢʪʘʤʠ ʨʽʟʥʠʤʠ ʟʘʮʽʢʘʚʣʝʥʠʤʠ ʩʪʦʨʦʥʘʤʠ, ʪʘʢʽ ʷʢ ʦʯʽʢʫʚʘʥʥʷ, ʮʽʣʽ, ʨʦʣʽ, 

ʩʪʫʧʽʥʴ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʪʘ ʤʦʞʣʠʚʽ ʜʽʾ. ʈʦʟʛʣʷʥʫʪʦ ʘʩʠʤʝʪʨʠʯʥʽ ʪʘ ʩʠʤʝʪʨʠʯʥʽ ʪʠʧʠ ʢʦʤʫʥʽʢʘʮʽʡ ʫ ʧʨʦʝʢʪʽ. ʇʦʙʫʜʦʚʘʥʦ 

ʤʦʜʝʣʴ ʚʟʘʻʤʦʚʽʜʥʦʩʠʥ ʩʪʝʡʢʭʦʣʜʝʨʽʚ ʫ ʚʠʛʣʷʜʽ ʤʝʨʝʞʽ, ʜʝ ʚ ʮʝʥʪʨʽ ʟʥʘʭʦʜʠʪʴʩʷ ʤʝʥʝʜʞʝʨ ʧʨʦʝʢʪʫ, ʱʦ ʤʘʻ ʟʚôʷʟʦʢ ʟ ʫʩʽʤʘ 

ʽʥʰʠʤʠ ʚʝʨʰʠʥʘʤʠ, ʪʘ ʚʝʨʰʠʥʠ-ʩʪʝʡʢʭʦʣʜʝʨʠ, ʱʦ ʤʘʶʪʴ ʟʚôʷʟʦʢ ʤʽʞ ʩʦʙʦʶ. ʌʦʨʤʘʣʽʟʦʚʘʥʦ ʧʦʜʘʥʥʷ ʤʦʜʝʣʽ ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʫ 

ʟ ʤʥʦʞʠʥʦʶ ʚʝʨʰʠʥ ʪʘ ʜʚʦʥʘʧʨʘʚʣʝʥʠʭ ʟʚôʷʟʢʽʚ. ʈʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʚʟʘʻʤʦʦʙʤʽʥʫ ʨʝʩʫʨʩʘʤʠ ʫʯʘʩʥʠʢʽʚ ʧʨʦʝʢʪʫ ʧʨʠ 

ʡʦʛʦ  ʨʝʘʣʽʟʘʮʽʾ. ʄʦʜʝʣʴ ʤʽʩʪʠʪʴ ʧʦʪʦʢʠ ʨʝʩʫʨʩʽʚ (ʧʨʷʤʽ ʪʘ ʟʚʦʨʦʪʥʽ), ʫʨʘʭʦʚʫʻ ʢʦʝʬʽʮʽʻʥʪʠ ʚʧʣʠʚʫ ʩʪʝʡʢʭʦʣʜʝʨʽʚ, ʷʢʽ 

ʟʤʽʥʶʶʪʴʩʷ  ʥʘ ʧʨʦʪʷʟʽ ʝʪʘʧʽʚ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʧʨʦʝʢʪʫ ʨʦʟʚʠʪʢʫ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ. ɺʠʩʥʦʚʢʠ. ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ 

ʽʥʪʝʨʝʩʽʚ ʪʘ ʚʟʘʻʤʦʜʽʾ ʫʯʘʩʥʠʢʽʚ ʧʨʦʝʢʪʫ ʻ ʦʩʥʦʚʦʶ ʨʦʟʨʦʙʢʠ ʤʦʜʝʣʽ ʤʽʥʽʤʽʟʘʮʽʾ ʜʠʩʙʘʣʘʥʩʫ ʨʝʩʫʨʩʽʚ ʩʪʝʡʢʭʦʣʜʝʨʽʚ. ʆʪʨʠʤʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʦʩʥʦʚʘʥʽ ʥʘ ʮʽʥʥʽʩʥʦʤʫ ʧʽʜʭʦʜʽ ʪʘ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʧʨʠʡʥʷʪʪʽ ʨʽʰʝʥʴ ʟ ʫʧʨʘʚʣʽʥʥʷ ʢʦʤʫʥʽʢʘʮʽʷʤʠ 

ʧʨʦʝʢʪʫ ʨʦʟʚʠʪʢʫ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʝʢʪʘʤʠ; ʩʪʝʡʢʭʦʣʜʝʨʠ; ʪʨʘʥʩʧʦʨʪʥʘ ʩʠʩʪʝʤʘ; ʤʦʜʝʣʴ ʚʟʘʻʤʦʜʽʾ. 

ɸʅɸʃʀɿ ʀʅʊɽʈɽʉʆɺ ʀ ɺɿɸʀʄʆɼɽʁʉʊɺʀʗ ʋʏɸʉʊʅʀʂʆɺ ʇʈʆɽʂʊɸ 

ʈɸɿɺʀʊʀʗ ʊʈɸʅʉʇʆʈʊʅʓʍ ʉʀʉʊɽʄ 

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʩʪʘʪʴʝ ʷʚʣʷʶʪʩʷ ʧʨʦʮʝʩʩʳ ʢʦʤʤʫʥʠʢʘʮʠʠ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ ʚ ʧʨʦʝʢʪʘʭ ʨʘʟʚʠʪʠʷ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ. ʎʝʣʴ - ʘʥʘʣʠʟ ʠʥʪʝʨʝʩʦʚ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʦʝʢʪʘ ʩ ʫʯʝʪʦʤ ʦʩʥʦʚʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʵʪʦʡ ʦʪʨʘʩʣʠ. ɺ ʩʪʘʪʴʝ ʨʝʰʘʶʪʩʷ ʟʘʜʘʯʠ: ʨʘʩʩʤʦʪʨʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ ʪʨʘʥʩʧʦʨʪʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʚʳʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʟʘʠʥʪʝʨʝʩʦʚʘʥʳ ʩʪʦʨʦʥ ʜʣʷ ʧʨʦʝʢʪʦʚ ʨʘʟʚʠʪʠʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ 

ʘʥʘʣʠʟ ʠʭ ʠʥʪʝʨʝʩʦʚ, ʧʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʪʝʡʢʭʦʣʜʝʨʦʚ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʧʨʦʝʢʪʘ. 

ʇʨʠʤʝʥʝʥʳ ʤʝʪʦʜʳ: ʮʝʥʥʦʩʪʥʳʡ ʧʦʜʭʦʜ, ʩʪʨʫʢʪʫʨʥʳʝ ʛʨʘʬʦʚʳʝ ʤʦʜʝʣʠ, ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ: ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʪʨʝʙʦʚʘʥʠʷ ʩʪʘʥʜʘʨʪʦʚ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʧʨʦʝʢʪʘʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʥʦʩʪʥʦʛʦ ʧʦʜʭʦʜʘ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤʠ ʩʪʦʨʦʥʘ ʧʨʦʝʢʪʘ. ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʦʝʢʪʘ: ʚʣʠʷʥʠʝ ʥʘ 

ʭʘʨʘʢʪʝʨ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʨʝʛʠʦʥʘ, ʟʥʘʯʠʪʝʣʴʥʘʷ ʩʪʦʠʤʦʩʪʴ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʦʨʛʘʥʦʚ ʠ ʯʘʩʪʥʳʭ ʬʠʨʤ. ʆʧʨʝʜʝʣʝʥʦ ʤʥʦʞʝʩʪʚʦ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʦʝʢʪʘ. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʧʨʦʝʢʪʘʤʠ ʨʘʟʣʠʯʥʳʤʠ 

ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤʠ ʩʪʦʨʦʥʘʤʠ, ʪʘʢʠʝ ʢʘʢ ʦʞʠʜʘʥʠʝ, ʮʝʣʠ, ʨʦʣʠ, ʩʪʝʧʝʥʴ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʝʡʩʪʚʠʷ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʘʩʠʤʤʝʪʨʠʯʥʳʝ ʠ ʩʠʤʤʝʪʨʠʯʥʳʝ ʪʠʧʳ ʢʦʤʤʫʥʠʢʘʮʠʡ ʚ ʧʨʦʝʢʪʝ. ʇʦʩʪʨʦʝʥʘ ʤʦʜʝʣʴ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ 

ʩʪʝʡʢʭʦʣʜʝʨʦʚ ʚ ʚʠʜʝ ʩʝʪʠ, ʛʜʝ ʚ ʮʝʥʪʨʝ ʥʘʭʦʜʠʪʩʷ ʤʝʥʝʜʞʝʨ ʧʨʦʝʢʪʘ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʩʚʷʟʴ ʩʦ ʚʩʝʤʠ ʜʨʫʛʠʤʠ ʚʝʨʰʠʥʘʤʠ, ʠ 

ʚʝʨʰʠʥʳ-ʩʪʝʡʢʭʦʣʜʝʨʳ, ʠʤʝʶʱʠʝ ʩʚʷʟʴ ʤʝʞʜʫ ʩʦʙʦʡ. ʌʦʨʤʘʣʠʟʦʚʘʥʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʤʦʜʝʣʠ ʚ ʚʠʜʝ ʤʥʦʞʝʩʪʚʘ ʚʝʨʰʠʥ ʠ 

ʜʚʫʥʘʧʨʘʚʣʝʥʥʳʭ ʩʚʷʟʝʡ. ʈʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʚʟʘʠʤʦʦʙʤʝʥʘ ʨʝʩʫʨʩʘʤʠ ʫʯʘʩʪʥʠʢʦʚ ʧʨʦʝʢʪʘ ʧʨʠ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ. 

ʄʦʜʝʣʴ ʩʦʜʝʨʞʠʪ ʧʦʪʦʢʠ ʨʝʩʫʨʩʦʚ (ʧʨʷʤʳʝ ʠ ʦʙʨʘʪʥʳʝ), ʫʯʠʪʳʚʘʝʪ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʣʠʷʥʠʷ ʩʪʝʡʢʭʦʣʜʝʨʦʚ, ʢʦʪʦʨʳʝ 

ʤʝʥʷʶʪʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʵʪʘʧʦʚ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʧʨʦʝʢʪʘ ʨʘʟʚʠʪʠʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ. ɺʳʚʦʜʳ. ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ 

ʠʥʪʝʨʝʩʦʚ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʯʘʩʪʥʠʢʦʚ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʝʣʠ ʤʠʥʠʤʠʟʘʮʠʠ ʜʠʩʙʘʣʘʥʩʘ ʨʝʩʫʨʩʦʚ 

ʩʪʝʡʢʭʦʣʜʝʨʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʩʥʦʚʘʥʳ ʥʘ ʮʝʥʥʦʩʪʥʦʤ ʧʦʜʭʦʜʝ ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʧʨʠʥʷʪʠʠ 

ʨʝʰʝʥʠʡ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʢʦʤʤʫʥʠʢʘʮʠʷʤʠ ʧʨʦʝʢʪʘ ʨʘʟʚʠʪʠʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʝʢʪʘʤʠ; ʩʪʝʡʢʭʦʣʜʝʨʳ; ʪʨʘʥʩʧʦʨʪʥʘʷ ʩʠʩʪʝʤʘ; ʤʦʜʝʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ.  
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V. MARTSENYUK, A. SVERSTIUK  

CYBER-PHYSICAL MODEL OF TH E IMMUNOSENSOR SYSTEM AT THE 

HEXAGONAL LATT ICE WITH THE USE OF DIFFERENCE EQUATIONS OF THE 

POPULATION DYNAMICS  

The subject matter of the study is a model of cyber-physical immunosensory systems. The goal of the work is to create and to study 

the stability of the cyber-physical model of the immunosensory system at the hexagonal lattice using difference equations. The 

following tasks are solved in the article: development of functional scheme and cyber-physical model of immunosensory system; 

creation of discrete dynamics of the studied system; development of dynamic logical simulation of the cyber-physical immune 

system; definition of permanent states for studying the stability of a model of an immunosensor at the hexagonal lattice; the analysis 

of the results of numerical simulation of the cyber-physical model of the immunosensory system in the form of image of phase planes, 

the probability of contact of antigens with antibodies, lattice images of the probability of antibody bonds and an electron signal from 

the converter, that characterizes the number of fluorescing pixels. The following methods are used: methods of mathematical 

statistics and random processes, methods of the theory of optimization and operations research. The following results were obtained: 

The cyber-physical model of the immunosensory system at the hexagonal lattice using the difference equations that takes into account 

the presence of colonies of antigens and antibodies localized in pixels as well as the diffusion of colonies of antigens between pixels 

was developed. Discrete dynamics of populations in conjunction with dynamic logic is described. A class of delay time difference 

equations was introduced to simulate the interaction of "antigen-antibody" in the pixels of the immunosensor. The stability of the 

cyber-physical model of the immunosensory system with the help of the R package is researched. The results of numerical simulation 

in the form of phase planes image, the probability of contact of antigens with antibodies, lattice images of the probability of antibody 

bonds and an electron signal from the converter, that characterizes the number of fluorescing pixels, are obtained. The identical and 

endemic stable states of the cyber-physical model of the immunosensory system at the hexagonal lattice using differential equations 

of population dynamics are proposed. Conclusions: The numerical simulation of the developed cyber-physical model of the 

immunosensory system was conducted. It is established that its qualitative behavior significantly depends on the time of the immune 

response r . An electrical signal, modeled by the number of fluorescent immunopips, is important in the design of cyber-

physiological immunosensory systems and studies of their resilience. Limit cycle or steady focus determine the appropriate form of 

immunosensory electrical signal. The conclusion on the stability of immunosensors is based on the grid image of the pixels that are 

fluorescing. The obtained experimental results allowed to perform a complete analysis of the stability of the immunosensor model, 

taking into account the delay in time. 

Keywords: cyber-physical model; immunosensory system; biosensor; immunosensor; stability of the model; difference 

equations; hexagonal lattice. 

Introduction  

 

Cyber-physical system (CPS) is a physical system 

that implements the integration of computing and physical 

processes. It occurs more often in the form of embedded 

systems and networks for monitoring and controlling 

physical processes in feedback systems. In such systems, 

the dynamics of physical processes is the source of 

information of the investigated phenomenon with the 

ability to control and calculate the signals of control of the 

object [1]. 

Cyber-physical systems are identified with the 

manifestation of the fourth industrial revolution that takes 

place in the modern world [2]. Thus, there is also a 

physical opportunity to use technologies of  

"Internet of Things", where it is necessary to use signals 

from sensors and measuring devices. Thus, more  

and more publications [3] appear in the  

literature that draw attention to the modern concepts and 

offer the innovative solutions. A. Platzer proposed  

an approach based on "dynamic logic", which  

describes and analyzes cyber-physical systems [4], [5]. In 

these works, the hybrid programs (HPs) are used  

at the simple programming language with the  

simple semantics. HPs allow the programmer  

to refer directly to the actual values of variables  

that represent the real values and determine their 

dynamics. 

Analysis of the problem and the existing methods 

 

With the growth of the pace of life and the need for 

more accurate methods for monitoring various parameters, 

interest in cyber-physical systems and biosensors as their 

components is growing in science and industry.  

Biosensors are an alternative to well-known measurement 

methods that are characterized by poor selectivity, high 

cost, poor stability, slow response, and can often be 

performed only by the highly trained personnel. This is a 

new generation of sensors that use biological material in a 

design that provides very high selectivity and allows you 

to quickly and simply measure [6], [7]. 

Cell biosensors can be used to quantify the infection 

of an organism with certain electrochemical or optical 

phenomena. The article [8] describes a cellular biosensor 

that uses electrochemical impedance spectroscopy. This 

biosensor is intended for counting human CD4 + cells. 

The sensing area of this biosensor includes electrode 

pixels, each of which is compared to the size of the CD4 + 

cell, which is attracted to the pixels of the electrode. They 

are detected by observing informative changes on the 

pixel. The "On" or "Off" state of the electrode pixel 

indicates the detection of one CD4 + cell. Thus, in order to 

calculate CD4 + cells, it is necessary to summarize 

electrode pixels in the "On" state. 

This general approach to quantitative detection of 

cells is used to simulate an immunosensory system based 
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on the fluorescence phenomenon. Immunosensors [9] are 

a subgroup of biosensors, in which the immunochemical 

reaction is associated with the transducer. The principle of 

all immunosensors is the specific molecular recognition of 

antigens by antibodies to form a stable complex. 

An important stage in the design of cyber-physical 

immunosensory systems is the development and research 

of their mathematical models that adequately reflect the 

important aspects of the spatial structure of immune-pixels 

important in terms of the research tasks. After all, the 

quality of the immunosensor model determines the 

effectiveness of its processing methods in measuring 

systems. The design of cyber-physical immunosensory 

systems involves the selection of parameters that would 

ensure their operational stability. Such a task, in 

particular, arises in the development of an immunosensor, 

which includes a three-dimensional array of immune 

pixels, and which consists in finding appropriate 

parameters describing immunological and diffusion 

processes. This problem can be solved by developing and 

studying the stability of the corresponding cyber-physical 

model of the immunosensory system on a hexagonal 

lattice using difference equations.  

 

Purpose of the work. To develop a cyber-physical 

model of the immunosensory system on a hexagonal 

lattice using the differential equations of population 

dynamics with the possibility of studying its stability. The 

article addresses the following tasks: 

- development of functional scheme and cyber-

physical model of immunosensory system; 

- creation of discrete dynamics of the studied system; 

- development of dynamic logical modeling of the 

cyber-physical immune system; 

- definition of permanent states for studying the 

stability of a model of an immunosensor on a hexagonal 

lattice; 

- analysis of the results of numerical simulation of 

the cyber-physical model of the immunosensory system in 

the form of image of phase planes, the probability of 

contact of antigens with antibodies, lattice images of the 

probability of antibody bonds and an electron signal from 

the converter, which characterizes the number of 

fluorescing pixels. 

 

Solving the problem 

 

Cyber-physical Immunosensory System (CPISS). 

The definition of the term "Cyber-physical sensory system 

(CPSS)" is given in [10]. This definition was introduced 

for the industrial use of sensors. The general definition of 

the CPSS involves "a higher degree of combination, 

system sharing, the ability to use embedded systems in the 

field of automation and compliance with existing 

standards." The considered approach is used for the 

characterization of CPISS, the functional scheme of which 

is presented in fig. 1 and allows to perform numerical 

simulation of the system under study. 

According to [10], the definitions and schemes for 

CPIS are used to define the CPS. CPISS converts 

physically measured immunological parameters into the 

digital information, which enables them to process signals 

in time using certain algorithms. There is also an 

interaction with their own capabilities, requirements, 

internal data and internal tasks in terms of distribution to 

the same or higher level of the hierarchy. 

The concept of CPS at the basis of the CPISS (the 

external rectangle in fig. 1) , with the account of the 

features of intellectual imaging sensors is used. With the 

additional skills (dotted line in fig. 1), the sensor extends 

to CPIS, which allows to receive more diagnostic 

information about the object being studied. 

 

Fig. 1. Functional scheme of CPISS 

Four main types of detection are used in 

immunosensory devices: electrochemical (potentiometric, 

amperometric or conductivity (capacitive), optical and 

thermometric [9]). All types of sensors can be used as 

direct (not marked) or as indirect (marked) 

immunosensors. Direct sensors are able to detect physical 

changes during the formation of the immune complex, 

while indirect use different levels of the generated signal 

that enable more sensible and universal detection in 

measuring systems. 

CPISS refers to the high-intelligence information 

systems. They use an affordable set of interfaces that 

allow you to receive fast and accurate information of the 

status and internal system data that should be available to 

other CPSs. According to [10] CPISS as the self-

organizing system requires comprehensive knowledge of 

its own dynamic structure and infrastructure of the general 

system.  In order to make this, it is necessary to determine 

the types of immunosensory devices, taking into account 

their functional application. For example, immunosensors 

can be used to assess critical states in cardiovascular 

diseases, insulin values when measuring glucose levels in 
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blood and to identify quantitative parameters in some 

pharmaceutical formulations.  

In the article [10] the general structure of CPSS is 

proposed. While applying this scheme, in the case of 

immunosensors, three directions can be singled out: 

general information about the immunosensor; 

measurements of immunological parameters and skills in 

relation to unit conversion and calibration; interaction 

with other immunosensors. In this way, the certain 

methods are described that allow the immunosensor to be 

described.  In the study of CPISS, the programming 

language R was used. Despite the great variety of 

programming languages used in the development of CPS 

(Assembly, C, C ++, D, Java, JavaScript, Python, Ada, 

etc. [11]), the language R is widely used in  Nowadays, in 

many industries involved in machine learning and 

visualization of data. 

 

Discrete Dynamics CPISS. For the CPISS 

dynamics we use the mathematical description with the 

help of nonlinear difference equations with delay. 

The model of the immunosensor on the basis of a 

hexagonal lattice is considered. In this case, for the 

numbering of immune pixels ( , , )i j k , , , ,i j k N N=- , 

0i j k+ + = the cubic coordinate system is used [11]. 

Let 
, ,

( )
i j k

V t  is the concentration of antigens, 
, ,

( )
i j k

F t  

is the concentration of antibodies in the immunopixel 

( , , )i j k ; , , ,i j k N N=- , 0i j k+ + =. 

The model is based on such biological assumptions 

for an arbitrary immunopile ( , , )i j k . 

1. Antigens are detected, bind, and finally 

neutralized by antibodies with some probability velocity 

0g> .  

2. It is assumed that when colonies of antibodies are 

absent, colonies of antigens are regulated by a logistic 

equation with a delay: 

 
, , , , , ,

( 1) (1 ( )) ( )
i j k i j k i j k

V n V n r V nub d+ = + - - , (1) 

where b and ud  ï positive numbers, and 0r ²  mean 

latency of the negative responce of the antigensô colonies. 

3. The fertility rate 0b> for the antigen population 

is introduced. 

4. Antigens are neutralized by antibodies at a certain 

probability rate 0g> . 

5. The population of antigens tries to reach a certain 

limit of saturation with a spee 0ud> . 

6. The diffusion of antigens from six adjacent pixels 

is considered 
( 1, , 1)i j k+ -

, 
( 1, 1, )i j k+ -

, 
( , 1, 1)i j k- +

, 

( 1, , 1)i j k- +
, 

( 1, 1, )i j k- +
 ʽ 

( , 1, 1)i j k+ -
 (fig. 1) with 

diffusion speed 2D -D , where 0D>  ï coefficient of 

diffusion; 0D> ï  distance between two adjacent pixels. 

7. The constant mortality of antibodies 0
f
m >  is 

introduced. 

8. As a result of the immune response the antibody 

density increases with a probabilistic velocity hg. 

9. The antibody population is approaching a certain 

level of saturation with a speed 0
f
d> . 

10. The immune response occurs with some constant 

delay in a time 0r > . 

 

Fig. 2. Hexagonal latice, which binds six neighboring pixels in 

the model of the immunopixel using the cubic coordinates: 

1, 3, 5, 8, 9, 11 - 
, ,2

( )
i j k

D
V t

å õ
æ ö
Dç ÷

; 2 - 
1, , 12

( )
i j k

D
V t
+ -

å õ
æ ö
Dç ÷

;  

4 - 
1, 1,2

( )
i j k

D
V t
+ -

å õ
æ ö
Dç ÷

; 6 - 
, 1, 12

( )
i j k

D
V t

- +

å õ
æ ö
Dç ÷

; 

7 - 
1, , 12

( )
i j k

D
V t
- +

å õ
æ ö
Dç ÷

; 10 - 
1, 1,2

( )
i j k

D
V t
- +

å õ
æ ö
Dç ÷

; 

12 - 
, 1, 12

( )
i j k

D
V t

+ -

å õ
æ ö
Dç ÷

. 

On the basis of the above information, we will write 

the mathematical model of late-antigen-antibody 

interaction for a hexagonal array of immunopicles based 

on the well-known Marchuk model [12-14] and uses the 

spatial operator S
Ø

 proposed in [15] (additional 

information is on page 10. 

 
( ) ( ){ } { }

{ }

, , , , , , , , , ,

, , , , , , , ,

Ĕ( 1) ( )exp ( )

( 1) ( )exp ( ) ( )

i j k i j k i j k i j k i j k

i j k i j k f i j k f i j k

V n V n F n r V n r S x n

F n F n V n r F n

ub g d

m hg d

+ = - - - - +

+ = - + - -
,  (2) 

where { }, ,i j k
S V
Ø

 is a discrete diffusion for a spatial operator S
Ø

. 

 { }
2

1, , 1 1, 1, , 1, 1 1, , 1 1, 1, , 1, 1 , ,

, ,

6

, , 1, 1, 0.

i j k i j k i j k i j k i j k i j k i j k

i j k

D V V V V V V nV
S V

i j k N N i j k

-
Ø

+ - + - - + - + - + + -
ë è øD + + + + + -î ê ú
=ì

Í- + - + + =îí

 (3)
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Dynamic logical simulation of CPISS. In order to 

simulate the dynamic logic of CPISS, we use the syntax 

proposed by A. Platser for the general CPS [4]. The CPS 

uses the Hybrid Programming Language (HP), which has 

more features than differential equations. The first level of 

HP is a dynamic program that is defined by the following 

grammar

 
{ } { }

{ }

, , , , , , , , , ,

, , , , , , , ,

Ĕ:: ( 1) ( )exp ( ) ( ) ( ) ,

( 1) ( )exp ( ) ( ) & ,

i j k i j k i j k x i j k i j k

i j k i j k y i j k y i j k t

a V n V n F n r V n r S V n

F n F n V n r F n

b g d

m hg d

= + = - - - - +

+ = - + - - F
 (4) 

where 
t
F  is an evolutionary domain constraint in the form of a formula for the logic of the first order of real arithmetic 

 
min max

, ,

min max

, ,

( ) ,

( ) , , , 0, 0.

def

t i j k

i j k

V V n V

F F n F i j k N N n i j k

F ¹ ¢ ¢

Ø ¢ ¢ Ø =- Ø > + + =

   (5) 

The functioning of the immunopixel ( , , )i j k  is 

determined by two states, with respect to fluorescence. 

Namely, 
f l

s  is a state of fluorescence and 
non f l

s  is one of 

the non-fluorescence states.  The use of the first order of 

semantics of logic and the satisfaction ratios L=  for the 

first-order formula L  of real arithmetic and state s  can be 

determined for some pixels ( , , )i j k ; , , ,i j k N N=- ,

0i j k+ + = states  
f l

s  and 
non f l

s  as 

 
, , , ,

, , , ,

( ) ( ) ,

( ) ( ) .

ft fl i j k i j k fl

nonfl fl i j k i j k fl

s k V n F n

s k V n F n

q

q

= ²

= <
 (6) 

Discrete changes occur in computer programs when 

they accept new values for variables. This situation occurs 

when a fluorescence phenomenon occurs in a pixel 

( , , )i j k ; , , ,i j k N N=- , 0i j k+ + =. The state

, , ,
: 1

f l i j k
s =  is assigned a value of 1 to the variable 

, , ,f l i j k
s . 

This leads to a discrete, jump-like change, as the value

, , ,f l i j k
s  does not change smoothly, but rapidly when it 

suddenly changes from 1 to 
, , ,f l i j k

s , causing a discrete 

jump of values 
, , ,f l i j k

s . In this way, we obtain a discrete 

model of change , , ,
: 1

f l i j k
s = , except for the model of 

change (6).  

 

Investigation of stability of immunosensor model 

on hexagonal lattice. Constant states. 

In general, the state of equilibrium 

( ), , , , , ,
, , , , , , 0

i j k i j k i j k
V F i j k N N i j ke ¹ =- + + = for 

the system (2) can be found as a solution of an algebraic 

system: 

 
{ } { }

{ }

, , , , , , , , , ,

, , , , , , , ,

Ĕexp

exp .

i j k i j k i j k i j k i j k

i j k i j k f i j k f i j k

V V F V S V

F F x F

ub g d

m hg d

= - - +

= - + -
 (7) 

Considering ( ), , , ,
, , , , , , 0

i j k i j k
V F i j k N N i j k=- + + =, 

we have the following cases. 

Stable state without antigens and antibodies 
0,0 0,0

, ,
(0,0)

i j k
e e¹ = , , , , ,i j k N N=- 0i j k+ + =. 

Stable state without antibodies 

*,0 *,0

, ,
,0 ,

i j k

u

b
e e

d

å õ
¹ =æ ö

ç ÷
 , , ,i j k N N=- , 0i j k+ + =. 

Identical endemic steady state. In the case if 

, ,
0ident

i j k
V V¹ >, , , , ,i j k N N=-  0i j k+ + =, 

{ }( ), ,
Ĕ 0

i j k
S V ¹ , we receive the stable state 

( ), ,
,ident ident ident

i j k
V Fe e¹ = , where  

2
,

f fident

f

V
u

bd gm

hg d d

+
=

+ 2

fident

f

F
u

u

m d hgb

hg d d

- +
=

+
. 

So if 0
f um d hgb- + >, then idente  is an endemic 

state. 

Non-identical endemic steady state. In the general 

case, we need to solve the algebraic system (7) and find an 

endemic stable state, which will be called non-identical 

stationary state 
, , , ,

( , )non ident non ident non ident

i j k i j k
V Fe - - -= ,

, , , ,i j k N N=- 0i j k+ + =. In case all 

, , , ,
( , ) 0non ident non ident

i j k i j k
V F- - > , then non idente -  is an endemic state. 

Values identV and identF can be used as the initial 

approximations for numerical methods for solving a 

nonlinear algebraic system (7). 

 

Numerical modeling. 

Model (2) is considered at 
20.01h= ; 

2hb=
; 

2hg=
; f

hm = ; 
0.01184 /h g=

; 
0.5hud= ; 0.5

f
hd= ; 

2/ 2.22D hD = ; 4N= . 

Similar to the model based on the differential 

equations [16, 17], in a system with the discrete time 

when the delay time value is changed r  we  

observe the qualitative changes in the behavior of immune 

pixels and the model under study as a whole.  

Numerical modeling is performed at the  

values of the parameters given above. In  

this case, the long-term behavior of the system (2), which 

describes a hexagonal array of immunopixels  

at 4N=  for 5r = ; 17r = ; 22r = . Phase diagrams of 

antibody and antigen populations for pixel  

and adjacent pixels at different values are shown  

in fig. 3-5. 
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Fig. 3. Numerical modeling of the system (2) at 5r = . The image of the phase planes in coordinates ( ), , , ,
,

i j k i j k
V F  for the pixel 

(0,0,0) and its six neighboring pixels. Designation: ƺ - identical stable state, ǒ - non-identical steady state 

 

Fig. 4. Numerical modeling of the system (2) at 17r = . The image of the phase planes in the coordinates ( ), , , ,
,

i j k i j k
V F  for a pixel 

(0,0,0) and its six neighboring pixels. Symbols: ƺ ï identical steady state, ǒ ï non-identical steady state 
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Fig. 5. Numerical modeling of the system (2) at 22r = . The image of the phase planes in the coordinates ( ), , , ,
,

i j k i j k
V F  for a pixel 

(0,0,0) and its six neighboring pixels. Symbols: ƺ ï identical steady state, ǒ ï non-identical steady state.

Thus at 16r ¢  there are trajectories that correspond 

to a stable focus for all pixels (fig. 3). At a value 17r =  

Hopf bifurcation occurs - the following trajectories 

correspond to stable ellipsoidal boundary cycles  

for all pixels (fig. 4). The results of numerical  

modeling are consistent with the theoretical results on the 

basis of the theorem on the Hopf bifurcation [18],  

which confirms the appearance of small invariant  

cycles of the radius ( )Ƀ h. Fig. 5 for 22r =  shows the 

phase diagrams, which are the limit cycles with two 

extremums (one local maximum and one local  

minimum). 

Lattice graphs were used for numerical modeling of 

the cyber-physical model of the immunosensor. Firstly, 

the corresponding graphs were constructed,  

where the probability of antigen-antibody contact was 

given for each pixel, and as 
, , , ,i j k i j k

V F³  at 5r = , 17r = , 

22r = , are shown at fig. 6 (ʘ-c). 

At the second stage of numerical simulation of 

CPISS, lattice graphs of fluorescing pixels were obtained 

based on the condition (6) shown at fig. 7. 

 

   

                                                                                                           ʘ) 

Fig. 6. Lattice images of the probability of antibody bonds with antibodies in pixels of the  system (2) at 5r =  (ʘ) 
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                                                                                                          b) 

   

                                                                                                         c) 

Tne end of the fig. 6. Lattice images of the probability of antibody bonds with antibodies in pixels of the system (2) at 17r =  (b), 

22r =  (c). 

   

                                                                                                          ʘ) 

   

                                                                                                         b) 

   

                                                                                                         c) 

Fig. 7. Image of the fluorescence pixels of the system (2) at 5r = (ʘ), 17r = (b), 22r = (c)
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As an example of the final stage of numerical 

simulation of the CPISS, the form of an electrical signal of 

the converter is obtained, which characterizes the number 

of fluorescing pixels, depending on the different value of 

the delay in time r . Fig. 8 (a, b) shows the result of the 

numerical simulation of the system (2) at 5r =  and 

17r =  that corresponds to a stable focus. At 22r =  there 

is a running wave of fluorescence pixels that is 

represented in fig. 8 (c). 

For the numerical simulation of CPISS, a threshold 

value for fluorescence was used 1,5
fl
Q = . 

 

  

                                                           a)                                                                                                     b) 

 

                                                                                                              c) 

Fig. 8. An electrically transmitted signal from a transducer that characterizes  the number of fluorescing pixels at 5r =  (ʘ),  

17r = (b), 22r =  (c)

As it was shown by the numerical analysis 

fluorescing states in immunopixels are changed according 

to the laws of discrete dynamics. Analyzing the obtained 

results, it was concluded that when changing the values of 
r , the behavior of pixels and CPISS changes 

qualitatively. 

 

Conclusions 

 

In this work a model of cyber-physical 

immunosensory system on a hexagonal lattice with the use 

of difference equations is developed and its stability is 

investigated. The presence of colonies of antigens and 

antibodies that are localized in pixels, as well as the 

diffusion of colonies of antigens between pixels was taken 

into account. The mathematical description of CPISS 

contains a discrete population dynamics, which is 

combined with the dynamic logic used for discrete events. 

The continuous dynamics of the immunological 

response, each immunopixel is considered as CPISS was 

studied.  The electrical signal, modeled by the number of 

fluorescent immuno pixels, is important in the design of 

CPISS and the study of their sustainability. Sustained 

focus or limiting cycle determines the appearance of an 

immunosensory electrical signal. The conclusion on the 

stability of immunosensors can be made on the basis of 

the lattice image of the pixels that are fluorescing.  The 

experimental results obtained allow us to perform a 

complete analysis of the stability of the immunosensor 

model, taking into account the delay in time.   
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ʂɯɹɽʈ-ʌɯɿʀʏʅɸ ʄʆɼɽʃʔ ɯʄʋʅʆʉɽʅʉʆʈʅʆɰ ʉʀʉʊɽʄʀ ʅɸ 

ɻɽʂʉɸɻʆʅɸʃʔʅɯʁ ʈɽʐɯʊʎɯ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʈɯɿʅʀʎɽɺʀʍ ʈɯɺʅʗʅʔ 

ʇʆʇʋʃʗʎɯʁʅʆɰ ɼʀʅɸʄɯʂʀ 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʤʦʜʝʣʽ ʢʽʙʝʨ-ʬʽʟʠʯʥʠʭ ʽʤʫʥʦʩʝʥʩʦʨʥʠʭ ʩʠʩʪʝʤ. ʄʝʪʘ ʨʦʙʦʪʠ ï ʩʪʚʦʨʝʥʥʷ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ 

ʩʪʽʡʢʦʩʪʽ ʢʽʙʝʨ-ʬʽʟʠʯʥʦʾ ʤʦʜʝʣʽ ʽʤʫʥʦʩʝʥʩʦʨʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʛʝʢʩʘʛʦʥʘʣʴʥʽʡ ʨʝʰʽʪʮʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʮʝʚʠʭ ʨʽʚʥʷʥʴ. ɺ 

ʩʪʘʪʪʽ ʚʠʨʽʰʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ: ʨʦʟʨʦʙʢʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʭʝʤʠ ʪʘ ʢʽʙʝʨ-ʬʽʟʠʯʥʦʾ ʤʦʜʝʣʽ ʽʤʫʥʦʩʝʥʩʦʨʥʦʾ ʩʠʩʪʝʤʠ; 

ʩʪʚʦʨʝʥʥʷ ʜʠʩʢʨʝʪʥʦʾ ʜʠʥʘʤʽʢʠ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʩʠʩʪʝʤʠ; ʨʦʟʨʦʙʢʘ ʜʠʥʘʤʽʯʥʦʛʦ ʣʦʛʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʢʽʙʝʨ-ʬʽʟʠʯʥʦʾ 

ʽʤʫʥʦʩʝʥʩʦʨʥʦʾ ʩʠʩʪʝʤʠ; ʚʠʟʥʘʯʝʥʥʷ ʧʦʩʪʽʡʥʠʭ ʩʪʘʥʽʚ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʤʦʜʝʣʽ ʽʤʫʥʦʩʝʥʩʦʨʘ ʥʘ ʛʝʢʩʘʛʦʥʘʣʴʥʽʡ 

ʨʝʰʽʪʮʽ; ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʢʽʙʝʨ-ʬʽʟʠʯʥʦʾ ʤʦʜʝʣʽ ʽʤʫʥʦʩʝʥʩʦʨʥʦʾ ʩʠʩʪʝʤʠ ʫ ʚʠʛʣʷʜʽ ʟʦʙʨʘʞʝʥʥʷ 

ʬʘʟʦʚʠʭ ʧʣʦʱʠʥ, ʡʤʦʚʽʨʥʦʩʪʽ ʢʦʥʪʘʢʪʫ ʘʥʪʠʛʝʥʽʚ ʟ ʘʥʪʠʪʽʣʘʤʠ, ʨʝʰʽʪʯʘʩʪʠʭ ʟʦʙʨʘʞʝʥʴ ʡʤʦʚʽʨʥʦʩʪʽ ʟʚôʷʟʢʽʚ ʘʥʪʠʛʝʥʽʚ ʟ 

ʘʥʪʠʪʽʣʘʤʠ ʪʘ ʝʣʝʢʨʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʟ ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ ʢʽʣʴʢʽʩʪʴ ʬʣʫʦʨʝʩʮʽʶʶʯʠʭ ʧʽʢʩʝʣʽʚ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢʽ ʤʝʪʦʜʠ: ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ ʪʘ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ, ʤʝʪʦʜʠ ʪʝʦʨʽʾ ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ 

ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡ. ʆʪʨʠʤʘʥʦ ʥʘʩʪʫʧʥʽ ʨʝʟʫʣʴʪʘʪʠ: ʈʦʟʨʦʙʣʝʥʦ ʢʽʙʝʨ-ʬʽʟʠʯʥʫ ʤʦʜʝʣʴ ʽʤʫʥʦʩʝʥʩʦʨʥʦʾ ʩʠʩʪʝʤʠ ʥʘ 

ʛʝʢʩʘʛʦʥʘʣʴʥʽʡ ʨʝʰʽʪʮʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʮʝʚʠʭ ʨʽʚʥʷʥʴ, ʷʢʘ ʚʨʘʭʦʚʫʻ ʥʘʷʚʥʽʩʪʴ ʢʦʣʦʥʽʡ ʘʥʪʠʛʝʥʽʚ ʪʘ ʘʥʪʠʪʽʣ, ʱʦ 

ʣʦʢʘʣʽʟʦʚʘʥʽ ʫ ʧʽʢʩʝʣʷʭ, ʘ ʪʘʢʦʞ ʜʠʬʫʟʽʶ ʢʦʣʦʥʽʡ ʘʥʪʠʛʝʥʽʚ ʤʽʞ ʧʽʢʩʝʣʷʤʠ. ʆʧʠʩʘʥʦ ʜʠʩʢʨʝʪʥʫ ʜʠʥʘʤʽʢʫ ʧʦʧʫʣʷʮʽʡ ʫ 

ʧʦʻʜʥʘʥʥʽ ʟ ʜʠʥʘʤʽʯʥʦʶ ʣʦʛʽʢʦʶ. ɺʚʝʜʝʥʦ ʢʣʘʩ ʨʽʟʥʠʮʝʚʠʭ ʨʽʚʥʷʥʴ ʽʟ ʟʘʧʽʟʥʝʥʥʷʤ ʚ ʯʘʩʽ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʚʟʘʻʤʦʜʽʾ 

ñʘʥʪʠʛʝʥ-ʘʥʪʠʪʽʣʦò ʚ ʧʽʢʩʝʣʷʭ ʽʤʫʥʦʩʝʥʩʦʨʘ. ɼʦʩʣʽʜʞʝʥʦ ʩʪʽʡʢʽʩʪʴ ʢʽʙʝʨ-ʬʽʟʠʯʥʦʾ ʤʦʜʝʣʽ ʽʤʫʥʦʩʝʥʩʦʨʥʦʾ ʩʠʩʪʝʤʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʘʢʝʪʫ R. ʆʪʨʠʤʘʥʦ ʨʝʟʫʣʴʪʘʪʠ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʫ ʚʠʛʣʷʜʽ ʟʦʙʨʘʞʝʥʥʷ ʬʘʟʦʚʠʭ ʧʣʦʱʠʥ, ʡʤʦʚʽʨʥʦʩʪʽ 

ʢʦʥʪʘʢʪʫ ʘʥʪʠʛʝʥʽʚ ʟ ʘʥʪʠʪʽʣʘʤʠ, ʨʝʰʽʪʯʘʩʪʠʭ ʟʦʙʨʘʞʝʥʴ ʡʤʦʚʽʨʥʦʩʪʽ ʟʚôʷʟʢʽʚ ʘʥʪʠʛʝʥʽʚ ʟ ʘʥʪʠʪʽʣʘʤʠ ʪʘ ʝʣʝʢʨʠʯʥʦʛʦ ʩʠʛʥʘʣʫ 

ʟ ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ ʢʽʣʴʢʽʩʪʴ ʬʣʫʦʨʝʩʮʽʶʶʯʠʭ ʧʽʢʩʝʣʽʚ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʽʜʝʥʪʠʯʥʠʡ ʪʘ ʝʥʜʝʤʽʯʥʠʡ ʩʪʽʡʢʽ 

ʩʪʘʥʠ ʢʽʙʝʨ-ʬʽʟʠʯʥʦʾ ʤʦʜʝʣʽ ʽʤʫʥʦʩʝʥʩʦʨʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʛʝʢʩʘʛʦʥʘʣʴʥʽʡ ʨʝʰʽʪʮʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʮʝʚʠʭ ʨʽʚʥʷʥʴ 

ʧʦʧʫʣʷʮʽʡʥʦʾ ʜʠʥʘʤʽʢʠ. ɺʠʩʥʦʚʢʠ: ʇʨʦʚʝʜʝʥʦ ʯʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʢʽʙʝʨ-ʬʽʟʠʯʥʦʾ ʤʦʜʝʣʽ ʽʤʫʥʦʩʝʥʩʦʨʥʦʾ 

ʩʠʩʪʝʤʠ. ɺʩʪʘʥʦʚʣʝʥʦ ʱʦ ʾʾ ʷʢʽʩʥʘ ʧʦʚʝʜʽʥʢʘ ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʫ ʽʤʫʥʥʦʾ ʚʽʜʧʦʚʽʜʽ r . ɽʣʝʢʪʨʠʯʥʠʡ ʩʠʛʥʘʣ, ʱʦ 
ʤʦʜʝʣʶʻʪʴʩʷ ʢʽʣʴʢʽʩʪʶ ʽʤʫʥʦʧʽʢʩʝʣʽʚ, ʷʢʽ ʬʣʫʦʨʝʩʮʽʶʶʪʴ, ʻ ʚʘʞʣʠʚʠʤ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʢʽʙʝʨ-ʬʽʟʠʯʥʠʭ ʽʤʫʥʦʩʝʥʩʦʨʥʠʭ 

ʩʠʩʪʝʤ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷʭ ʾʭ ʩʪʽʡʢʦʩʪʽ. ɻʨʘʥʠʯʥʠʡ ʮʠʢʣ ʘʙʦ ʩʪʽʡʢʠʡ ʬʦʢʫʩ ʚʠʟʥʘʯʘʶʪʴ ʚʽʜʧʦʚʽʜʥʠʡ ʚʠʛʣʷʜ ʽʤʫʥʦʩʝʥʩʦʨʥʦʛʦ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʠʛʥʘʣʫ. ɺʠʩʥʦʚʦʢ ʧʨʦ ʩʪʽʡʢʽʩʪʴ ʽʤʫʥʦʩʝʥʩʦʨʽʚ ʟʨʦʙʣʝʥʦ ʥʘ ʦʩʥʦʚʽ ʨʝʰʽʪʯʘʩʪʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʧʽʢʩʝʣʽʚ, ʱʦ 

ʬʣʫʦʨʝʩʮʽʶʶʪʴ. ʆʪʨʠʤʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʠʣʠ ʚʠʢʦʥʘʪʠ ʧʦʚʥʠʡ ʘʥʘʣʽʟ ʩʪʽʡʢʦʩʪʽ ʤʦʜʝʣʽ ʽʤʤʫʥʦʩʝʥʩʦʨʘ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʟʘʧʽʟʥʝʥʥʷ ʚ ʯʘʩʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʽʙʝʨ-ʬʽʟʠʯʥʘ ʤʦʜʝʣʴ; ʽʤʫʥʦʩʝʥʩʦʨʥʘ ʩʠʩʪʝʤʘ; ʙʽʦʩʝʥʩʦʨ; ʽʤʫʥʦʩʝʥʩʦʨ; ʩʪʽʡʢʽʩʪʴ ʤʦʜʝʣʽ; ʨʽʟʥʠʮʝʚʽ 

ʨʽʚʥʷʥʥʷ; ʛʝʢʩʘʛʦʥʘʣʴʥʘ ʨʝʰʽʪʢʘ. 

ʂʀɹɽʈ-ʌʀɿʀʏɽʉʂɸʗ ʄʆɼɽʃʔ ʀʄʋʅʆʉɽʅʉʆʈʅʆʁ ʉʀʉʊɽʄʓ ʅɸ 

ɻɽʂʉɸɻʆʅɸʃʔʅʆʁ ʈɽʐɪʊʂɽ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʈɸɿʅʆʉʊʅʓʍ 

ʋʈɸɺʅɽʅʀʁ ʇʆʇʋʃʗʎʀʆʅʅʆʁ ɼʀʅɸʄʀʂʀ 

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʤʦʜʝʣʠ ʢʠʙʝʨ-ʬʠʟʠʯʝʩʢʠʭ ʠʤʫʥʦʩʝʥʩʦʨʥʠʭ ʩʠʩʪʝʤ. ʎʝʣʴ ʨʘʙʦʪʳ - ʩʦʟʜʘʥʠʝ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʠʙʝʨ-ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠʤʫʥʦʩʝʥʩʦʨʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʨʝʰʸʪʢʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʥʦʩʪʥʳʭ ʫʨʘʚʥʝʥʠʡ. ɺ ʩʪʘʪʴʝ ʨʝʰʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: ʨʘʟʨʘʙʦʪʢʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʭʝʤʳ ʠ ʢʠʙʝʨ-

ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠʤʫʥʦʩʝʥʩʦʨʥʦʡ ʩʠʩʪʝʤʳ; ʩʦʟʜʘʥʠʝ ʜʠʩʢʨʝʪʥʦʡ ʜʠʥʘʤʠʢʠ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʳ; ʨʘʟʨʘʙʦʪʢʘ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʣʦʛʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʠʙʝʨ-ʬʠʟʠʯʝʩʢʦʡ ʠʤʫʥʦʩʝʥʩʦʨʥʦʡ ʩʠʩʪʝʤʳ; ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʩʪʦʷʥʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʦʜʝʣʠ ʠʤʤʫʥʦʩʝʥʩʦʨʘ ʥʘ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʨʝʰʸʪʢʝ; ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʠʙʝʨ-ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠʤʫʥʦʩʝʥʩʦʨʥʦʡ ʩʠʩʪʝʤʳ ʚ ʚʠʜʝ ʠʟʦʙʨʘʞʝʥʠʷ ʬʘʟʦʚʳʭ ʧʣʦʩʢʦʩʪʝʡ, 

ʚʝʨʦʷʪʥʦʩʪʠ ʢʦʥʪʘʢʪʘ ʘʥʪʠʛʝʥʦʚ ʩ ʘʥʪʠʪʝʣʘʤʠ, ʨʝʰʸʪʯʘʪʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʚʝʨʦʷʪʥʦʩʪʠ ʩʚʷʟʝʡ ʘʥʪʠʛʝʥʦʚ ʩ ʘʥʪʠʪʝʣʘʤʠ ʠ 

ʵʣʝʢʨʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʩ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, ʢʦʪʦʨʳʡ ʝʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʢʦʣʠʯʝʩʪʚʘ ʬʣʫʦʨʝʩʮʠʨʫʶʱʠʭ ʧʠʢʩʝʣʝʡ. 

ʀʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ: ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ ʠ ʩʣʫʯʘʡʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʤʝʪʦʜʳ ʪʝʦʨʠʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʝʨʘʮʠʡ. ʇʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: ʈʘʟʨʘʙʦʪʘʥʦ ʢʠʙʝʨ-ʬʠʟʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʠʤʫʥʦʩʝʥʩʦʨʥʦʡ 

ʩʠʩʪʝʤʳ ʥʘ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʨʝʰʸʪʢʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʥʦʩʪʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʫʯʠʪʳʚʘʶʱʝʡ ʥʘʣʠʯʠʝ ʢʦʣʦʥʠʡ ʘʥʪʠʛʝʥʦʚ ʠ 

ʘʥʪʠʪʝʣ, ʢʦʪʦʨʳʝ ʣʦʢʘʣʠʟʦʚʘʥʳ ʚ ʧʠʢʩʝʣʷʭ, ʘ ʪʘʢʞʝ ʜʠʬʬʫʟʠʶ ʢʦʣʦʥʠʡ ʘʥʪʠʛʝʥʦʚ ʤʝʞʜʫ ʧʠʢʩʝʣʷʤʠ. ʆʧʠʩʘʥʥʘʷ ʜʠʩʢʨʝʪʥʘʷ 

ʜʠʥʘʤʠʢʘ ʧʦʧʫʣʷʮʠʡ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʜʠʥʘʤʠʯʝʩʢʦʡ ʣʦʛʠʢʦʡ. ɺʚʝʜʝʥʦ ʢʣʘʩʩ ʨʘʟʥʦʩʪʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ ʟʘʧʘʟʜʳʚʘʥʠʝʤ ʚʦ 

ʚʨʝʤʝʥʠ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ "ʘʥʪʠʛʝʥ-ʘʥʪʠʪʝʣʦ" ʚ ʧʠʢʩʝʣʷʭ ʠʤʤʫʥʦʩʝʥʩʦʨʘ. ʀʩʩʣʝʜʦʚʘʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʢʠʙʝʨ-ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠʤʫʥʦʩʝʥʩʦʨʥʦʡ ʩʠʩʪʝʤʳ ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ R. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʚʠʜʝ ʠʟʦʙʨʘʞʝʥʠʷ ʬʘʟʦʚʳʭ ʧʣʦʩʢʦʩʪʝʡ, ʚʝʨʦʷʪʥʦʩʪʠ ʢʦʥʪʘʢʪʘ ʘʥʪʠʛʝʥʦʚ ʩ ʘʥʪʠʪʝʣʘʤʠ, ʨʝʰʝʪʯʘʪʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ ʚʝʨʦʷʪʥʦʩʪʠ ʩʚʷʟʝʡ ʘʥʪʠʛʝʥʦʚ ʩ ʘʥʪʠʪʝʣʘʤʠ ʠ ʵʣʝʢʨʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʩ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ 

ʢʦʣʠʯʝʩʪʚʦ ʬʣʫʦʨʝʩʮʠʨʫʶʱʠʭ ʧʠʢʩʝʣʝʡ. ʇʨʝʜʣʦʞʝʥʦ ʠʜʝʥʪʠʯʝʩʢʦʝ ʠ ʵʥʜʝʤʠʯʝʩʢʦʝ ʫʩʪʦʡʯʠʚʳʝ ʩʦʩʪʦʷʥʠʷ ʢʠʙʝʨ-

ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠʤʫʥʦʩʝʥʩʦʨʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʨʝʰʝʪʢʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʥʦʩʪʥʳʭ ʫʨʘʚʥʝʥʠʡ 

ʧʦʧʫʣʷʮʠʦʥʥʦʡ ʜʠʥʘʤʠʢʠ. ɺʳʚʦʜʳ: ʇʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʢʠʙʝʨ-ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʠʤʫʥʦʩʝʥʩʦʨʥʦʡ ʩʠʩʪʝʤʳ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʝʝ ʢʘʯʝʩʪʚʝʥʥʦʝ ʧʦʚʝʜʝʥʠʝ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʚʨʝʤʝʥʠ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ 

r . ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ, ʤʦʜʝʣʠʨʫʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʠʤʫʥʦʧʠʢʩʝʣʝʡ, ʢʦʪʦʨʳʝ ʬʣʫʦʨʝʩʮʠʨʫʶʪ, ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʧʨʠ 
ʧʨʦʵʢʪʠʨʦʚʘʥʠʠ ʢʠʙʝʨ-ʬʠʟʠʯʝʩʢʠʭ ʠʤʫʥʦʩʝʥʩʦʨʥʳʭ ʩʠʩʪʝʤ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʠ. ʇʨʝʜʝʣʴʥʳʡ ʮʠʢʣ ʠʣʠ 

ʫʩʪʦʡʯʠʚʳʡ ʬʦʢʫʩ ʦʧʨʝʜʝʣʷʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʚʠʜ ʠʤʫʥʦʩʝʥʩʦʨʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ. ɺʳʚʦʜ ʦʙ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʠʤʤʫʥʦʩʝʥʩʦʨʘ ʩʜʝʣʘʥʦ ʥʘ ʦʩʥʦʚʝ ʨʝʰʝʪʯʘʩʪʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʧʠʢʩʝʣʝʡ, ʯʪʦ ʬʣʫʦʨʝʩʮʠʨʫʶʪ. ʇʦʣʫʯʝʥʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʠʣʠ ʚʳʧʦʣʥʠʪʴ ʧʦʣʥʳʡ ʘʥʘʣʠʟ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʦʜʝʣʠ ʠʤʤʫʥʦʩʝʥʩʦʨʘ ʩ ʫʯʝʪʦʤ 

ʦʧʦʟʜʘʥʠʷ ʚʦ ʚʨʝʤʝʥʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʠʙʝʨ-ʬʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ; ʠʤʫʥʦʩʝʥʩʦʨʥʘ ʩʠʩʪʝʤʘ; ʙʠʦʩʝʥʩʦʨ; ʠʤʤʫʥʦʩʝʥʩʦʨ; ʫʩʪʦʡʯʠʚʦʩʪʴ ʤʦʜʝʣʠ; 

ʨʘʟʥʦʩʪʥʳʝ ʫʨʘʚʥʝʥʠʷ; ʛʝʢʩʘʛʦʥʘʣʴʥʘʷ ʨʝʰʸʪʢʘ. 
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T. MOMOT, O. VASHCHENKO, R. TESLENKO, D. MOMOT 

STRATEGIC MONITORING OF OF THE EXTERNAL E NVIRONMENT IN THE 

SYSTEM OF ENSURING THE FINANCIAL AND ECONOM IC SECURITY OF THE 

STATE, REGION, ENTERPRISE 

The subject of the study in the article is a comprehensive analysis of the external environment in terms of the country's 

competitiveness. The goal of the work is to substantiate the scientific and methodological foundations of a comprehensive analysis of 

the external environment according to the level of a country's competitiveness within the framework of strategic monitoring in the 

system of ensuring the financial and economic security of the state, the region, and business entities. The following tasks were solved 

in the article: reasonably hierarchical relations in the process of strategic monitoring implementing in the financial and economic 

security ensuring system of the state, region, business entities; reviewed the hierarchy of strategic monitoring levels in the system of 

national economic security; characterized by information flows of the strategic monitoring organization levels; describes the process 

of using information by economic entities at various levels of government in order to implement strategic monitoring; systematized 

international approaches to the construction of competitiveness countries ratings; analyzed the place of Ukraine in international 

competitiveness ratings. The following methods are used: abstract logical analysis, theoretical generalization, system and statistical 

analysis. The following results were obtained: we proved that the strategic monitoring at the regional and local levels, as a rule, has 

hierarchical relationship with the inherent characteristics of all hierarchical systems; the economic security of any economic entity is 

formed under the influence of environmental factors at the global, national and regional levels; a country's competitiveness is 

considered as a set of properties inherent in the national economy, which determine a country's ability to compete with other 

countries; according to the analysis of key international ratings of competitiveness of the country, Ukraine first of all needs to 

concentrate its efforts on fighting against corruption and rational macroeconomic policies implementing. Conclusions: strategic 

monitoring in the system of the financial and economic security ensuring of the state, region, business entities in the framework of 

conducting a system analysis and forecasting changes in the global competitiveness of countries should be a significant measure of the 

system-integrated implementation to counter existing threats to ensure the state national interests protection as the basis viability and 

conditions for further progressive country development. 

Keywords: strategic monitoring; country competitiveness; financial and economic security; international competitiveness 

ratings; comprehensive analysis. 

Introduction  

 

The consolidation of Ukraine's course towards the 

North Atlantic Alliance and the European Union in the 

Constitution of Ukraine defined the country's foreign 

policy strategy. The choice of a development vector 

towards a European civilization model contributes to 

progress in all spheres of society and the state, 

approximates the standards of democracy, the information 

society, a competitive and socially oriented market 

economy based on the principles of the rule of law and the 

safeguarding of human and civil rights and freedoms. Due 

to the urgent need to ensure national security, the 

establishment and development of an integrated system of 

strategic monitoring and audit support for the 

establishment of the organizational and legal framework 

for the development of the sphere of security according to 

European standards, blocking the preconditions for the 

criminalization of economic relations and creating a 

favorable investment climate is seen as a priority task. 

Considering the importance of adapting the system of 

financial and economic security of the state, region, 

business entities of Ukraine to the international security 

space, the important task is the development and practical 

implementation of European tools for evaluating and 

strategic monitoring of the level of financial and economic 

security, a systematic analysis of corruption risks, 

combining efforts and ensuring effective interaction on the 

implementation of state anti-corruption policy  

in the development of the European vector of foreign 

policy. 

Analysis of recent research and publications 

 

The importance of the question of the financial and 

economic security of the state, the region, economic 

entities in the modern conditions is substantiated in the 

works of such scholars as Bilik R. I. [1], Vlasyuk O. S. 

[2], Krylenko I.V. [3] Muntian V.I. [4], V.B. Podborsky 

[5], Sak T.V. [6], Timoshenko O.V. [7] and others. 

The works of scientists substantiate the fundamental 

aspects of the system of ensuring financial and economic 

security, which helps to improve the tools for assessing 

the level of financial and economic security of the state, 

region and economic entities in accordance with the 

parameters of the dynamic environment and causes the 

relevance of the study of this problem. 

In the circumstances necessary and timely, research 

and improvement of the process of implementing strategic 

analytics and audit support in the system of providing 

financial and economic security of Ukraine in the context 

of the application of European standards of security and 

anti-corruption management. 

 

Formulating the goals of the article (statement of the 

task) 

 

The aim of the work is to deepen the scientific and 

methodical principles of a comprehensive analysis of the 

environment on the level of competitiveness of the 

country in the framework of strategic monitoring in the 

system of ensuring financial and economic security of the 

state, region, economic entities. Achievement of the set 
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goal set the following tasks: to substantiate the hierarchy 

of connections in the process of strategic monitoring in the 

system of providing financial and economic security of 

the state, region, economic entities; to consider the 

hierarchy of levels of strategic monitoring in the system of 

national economic security; to detail information flows of 

levels of organization of strategic monitoring; describe the 

process of using information by economic entities at the 

micro, meso and macro levels in order to carry out 

strategic monitoring and management; systematize 

international approaches to constructing country 

competitiveness ratings; to analyze Ukraine's place in 

international competitiveness ratings. 

 

Materials and methods 

 

Theoretical and methodological basis of the research 

were the scientific works and informational and analytical 

materials of the leading domestic scientists and foreign 

scientists-economists in the field of analysis of the 

environment on the level of competitiveness of the 

country.  In the course of the research, the following 

methods were used: abstract-logical analysis - for a 

theoretical generalization and justification of research 

directions and results; theoretical generalization - to study 

the features of the analysis of the environment on the level 

of competitiveness of the country using international 

ratings; system and statistical analysis - for the analysis of 

Ukraine's rating by international competitiveness indices.  

 

Presentation of the main research material 

 

At various levels of managerial decision making, 

there is always a significant number of problem situations 

that are characterized by high uncertainty of occurrence; 

considerable complexity and uniqueness of the conditions; 

a large number of parameters that need to be taken into 

account during their analysis; contradictory criteria for 

selecting an optimal alternative solution to the problem; 

the complexity of predicting the consequences of 

implementing possible alternatives; limited time to decide. 

Based on the peculiarities of the emerging problems, 

the urgent need is to create an effective system of strategic 

monitoring of economic security at the state, regional and 

local levels as an integrated system of strategic research 

that is designed to monitor, analyze and evaluate the real-

time environment, forecast trends in the development of 

individual components of the environment, diagnostics, 

the state of the environment and the choice of means to 

regulate deviations of the actual state of the environment 

from the predicted [8]. 

An important element for strategic monitoring is the 

regulatory environment [9] both at the level of legislative 

acts and at the level of individual scientific developments. 

In today's very difficult economic conditions of Ukraine, 

this is particularly important with the strengthening of the 

role of various examinations, methods of assessing the 

current and future state of objects at different levels of 

economic development management, because the 

possession of reliable and relevant information, along with 

the ability to maximize the use of adequate methods of its 

collection, processing, analysis and presentation are the 

basis of effective activity of the state, the region and 

business entities. 

Such work at the state, regional and local levels, as a 

rule, has a hierarchical relationship with the characteristics 

inherent in all hierarchical systems [10], which include: 

- sequential vertical subordination of subsystems 

forming this system (vertical decomposition); 

- priority of actions or right of intervention of top-

level subsystems; 

- dependence of actions of subsystems of the top 

level on the actual execution of subsystems of the lower 

level of their functions. 

In this case, the system or subsystem is considered as 

a process of converting input parameters into output ones. 

On the basis of the above provisions, we consider it 

appropriate to identify a hierarchy of levels of strategic 

monitoring in the system of national economic security, 

namely (fig. 1): 

- mega level (global or world level); 

- macro level (state, national level); 

- meso level (regional level); 

- micro level (local level, level of subjects). 

 

Fig. 1. The hierarchy of levels of strategic monitoring 

The formation of information flows should be 

carried out at all levels. Accordingly, the levels of 

strategic monitoring organizations are characterized by: 

- quantitative and qualitative composition of the 

analyzed information; 

- the nature of the self-organization of this level of 

activity, the degree of its centralization (decentralization); 

- the ratio of economic and administrative (non-

economic) mechanisms of regulation of activities of 

entities of this level; 

- the nature of relations between actors (relations of 

the hierarchy, equality, etc.); 

- the reaction rate of subjects of this level of activity 

on the influence of factors of the environment; 

- the characteristics of the flows of information that 

function at this level of the hierarchy (volume, diversity, 

complexity); 

- the potential ("throughput") of subjects of the given 

level of the hierarchy in the field of collection, processing, 

storage and transmission of information [11]. 

Megaeconomic level
(global level)

Macroeconomic level
(state level)

Mesoeconomic level
(regional level)

Microeconomic level
(local level)
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In addition, the organization of activities at a certain 

level of management hierarchy: 

- primarily aimed at ensuring the sustainable 

development of subjects of this level; 

- associated with activities on the higher and lower 

levels of the hierarchy by a system of direct and inverse 

relationships; 

- to a certain extent, affects the activity of the lower 

level of the hierarchy, and in its turn, its effectiveness at 

this level depends on the effectiveness of the organization 

of the lower level of activity [11]. 

The process of using information of economic 

entities on the micro, meso and macro levels for the 

purpose of strategic monitoring and management is 

schematically shown in fig. 2. 

 

Fig. 2. The process of using information of economic entities of different levels for the purpose of strategic monitoring and 

management

Thus, the economic security of an entity is shaped by 

the influence of environmental factors at the global, 

national and regional levels. 

One of the key characteristics of the modern 

development of global economic processes is 

globalization. The interdependence of national economies 

and the interconnection of socio-economic processes in 

different regions of the world are constantly increasing, 

which in fact determines the expediency of the analysis of 

environmental factors at the world level on the level of 

competitiveness of the country. 

At the same time, the competitiveness of the country 

is considered as a set of properties inherent in  

the national economy, which determine the ability of the 

country to compete with other countries. The level of 

competitiveness of a country is determined by the 

different methods presented in table 1. 

Table 1. International Competitiveness Ratings: Systematizing Approaches 

Name of rating and the 

position of Ukraine 
Description Structure 

The Global Competitiveness 

Index, Ukraine is ranked 83 

out of 140 (according to The 

Global Competitiveness 

Report 2018). 

Developed by the World Economic 

Forum (WEF), Switzerland.  Represents 

one of the most complete complexes of 

competitiveness indicators in different 

countries of the world. 

98 indicators divided into 12 groups: quality of 

institutions, infrastructure, macroeconomic stability, 

health and primary education, higher education and 

vocational training, efficiency of the goods and 

services market, labor market efficiency, financial 

market development, technological development 

level, size  the domestic market, the competitiveness 

of companies, the innovation potential. 

World Competitiveness 

Ranking ï Ukraine is ranked 

59th out of 63 (according to 

World Competitiveness 

Rankings 2018). 

Published by the World 

Competitiveness Center at the Institute 

for Management Development 

(Switzerland) in the World 

Competitiveness Yearbook. 

More than 340 indicators according to 52 research 

institutes in the world, divided into 4 groups: state of 

the economy, government efficiency, state of the 

business environment, state of infrastructure. 

The Global Sustainable 

Competitiveness Index - 

Ukraine is ranked 91st out of 

180 (according to The Global 

Competitiveness Report 

2017). 

Designed by the Swiss-Korean Joint 

Venture SolAbility.  Measures the 

current and future capabilities of 

national economies to generate and / or 

maintain financial and non-financial 

incomes and wealth of their populations. 

111 indicators based on World Bank, International 

Monetary Fund and UN data are aggregated into 5 

subindices: natural capital, social capital, resource 

management, intellectual management, and 

government efficiency. 

Business entities
activity results

Regional economic
entities development 

results

Regions functioning 
scenario conditions 

State functioning
scenario conditions

Regional sustainable 
development forecast

Regional
development

strategy

State
development

strategy

State sustainable
development forecast
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Tne end of the Table 1 

Ease of Doing Business Index 

ï Ukraine is ranked 71st out 

of 190 (according to Doing 

Business 2019). 

Created by the World Bank Group.  

Allows you to objectively evaluate the 

legislation related to business 

regulation, and its application in 190 

countries, as well as in selected cities 

and regional levels. 

Analyzes the legal rules applicable to enterprises in 

11 areas: establishment of enterprises, obtaining 

construction permits, connection to the electricity 

supply system, registration of property, obtaining 

loans, protection of minority investors, taxation, 

international trade, enforcement of contracts, 

insolvency and regulation the labor market. 

Index of Economic Freedom - 

Ukraine is ranked 147th out 

of 180 and is in a group of 

countries with a "mostly non-

free economy" (according to 

the 2019 Index of Economic 

Freedom). 

Calculated by the American research 

center The Heritage Foundation in 

collaboration with The Wall Street 

Journal and assesses the level of 

liberalization of the interaction between 

the state and business.  All countries of 

the world are divided into 5 contingent 

groups - "with a free economy", "with a 

predominantly free economy", "with a 

moderately free economy", "mostly 

non-free economy" and "with a non-free 

economy". 

12 quantitative and qualitative indicators (formerly 

10), grouped under the four components of economic 

freedom: the rule of law; government restrictions; 

regulatory efficiency; market openness.  The index 

takes values from 0 (worst value) to 100 (best). 

 

The Global Competitiveness Index GCI 4.0 [12], 

almost 40 years after the first annual assessment of the 

world economy, is estimated by the World Economic 

Forum on a new methodology that allows the fullest 

possible account to be taken of the impact of the fourth 

industrial revolution on the development of economies in 

the world in 12 groups: environmental friendliness (  

institutions, infrastructure, implementation of ICT, 

macroeconomic stability); human capital (health, 

qualification);  markets (market of goods, labor market, 

financial system, market capacity); ecosystem innovation 

(business dynamics, innovation capacity).  The average 

score of GCI 4.0 for the world economy in 2018 is 60.40 

points. The first place in the rating is occupied by the 

United States. They are followed by Singapore, Germany, 

Switzerland, Japan, the Netherlands, Hong Kong, the 

United Kingdom, Sweden and Denmark. The last place in 

the ranking is occupied by Haiti, Yemen and Chad. 

The positions of Ukraine in comparison with some 

countries of the world under the index GCI 4.0 is given in 

the table 2. 

Table 2. Positions of Ukraine and some countries of the world according to the Global Competitiveness Index 

States 

2012 

(among 144 

countries) 

2013 

(among 148 

countries) 

2014 

(among 144 

countries) 

2015 

(among 140 

countries) 

2016 

(among 138 

countries) 

2017 

(among 137 

countries) 

2018 

(among 140 

countries) 

Ukraine 73 84 76 79 85 81 83 

Georgia 77 72 69 66 59 67 66 

Russia 67 64 53 45 43 38 43 

Turkey 43 44 45 51 55 53 61 

Poland 41 42 43 41 36 39 37 

 

Poland is in the 37th place, Hungary is 48, Slovakia 

- 41, Romania - 52, Turkey - 61, Moldova - 88. Russia 

is ranked the 43rd place, rising by two lines compared to 

last year. 

The components that reduce Ukraine's performance 

were Macroeconomic Stability (131st place), Financial 

System (117th place) and Institutions (110th place). 

Among the indicators for which Ukraine received low 

marks, in particular, are: the impact of organized crime on 

the cost of doing business, the level of inflation (average 

for 2016-2017 years), the dynamics of debt, taking into 

account the country's credit rating, the level of terrorism, 

the independence of the judicial system, protection  

property rights, road quality, the impact of taxes and 

subsidies on competition, the flexibility of setting salaries, 

financing small and medium-sized businesses, the 

reliability of banks, the share of problem loans, the growth 

rate of innovation companies. 

IMD's global competitiveness rating [13] is based on 

the assessment of the state of the country's economy, the 

efficiency of public authorities, the state of the business 

environment and the state of infrastructure. The first place 

in the 2018 ranking was the United States.  Ex-Hong 

Kong ranked the second. Three leaders, like last year, are 

completing Singapore. Ukraine has moved from the 60th 

to 59th place from 63 countries and three positions ahead 

of Mongolia and still lags behind Russia by 14 positions. 

The Global Sustainable Competitiveness Index [14] 

is developed by the Swiss-Korean joint venture SolAbility 

to assess the current and future ability of countries and 

their economies to create and maintain financial and non-

financial income for their populations.  In the ranking for 

this index, Ukraine ranked 91st out of 180. 

According to the Index of ease of doing business 

[15], Ukraine ranks 71st out of 190 countries (between 

Kyrgyzstan and Greece), which is 5 positions higher 

compared to the Doing Business-18 ranking.) Ukraine 

ranks the 71st out of 190 countries (between Kyrgyzstan 

and Greece), which is 5 positions higher in comparison 

with the rating of Doing Business-2018. Ukraine has 
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shown the greatest growth in the nominations for 

"international trade" and "fulfillment of contractual 

obligations". New Zealand (86.59 points), Singapore 

(85.24) and Denmark (84.64) ranked the top three leaders 

in the ranking of ease of doing business.). 

The Index of Economic Freedom [16] is an 

instrument for in-depth analysis of economies around the 

world and is calculated by the American research center 

The Heritage Foundation in collaboration with The Wall 

Street Journal on the basis of 12 indicators, grouped into 

four broad categories, or pillars of economic  freedom  

According to the results of the full ranking, all countries in 

this index are divided into 5 conditional groups - "with a 

free economy", "with a predominantly free economy", 

"with a moderately free economy", "mostly non-free 

economy" and "with a non-free economy". The first group 

of countries with a free economy included countries that 

scored more than 80 points: Hong Kong, Singapore, New 

Zealand, Switzerland, Australia and Ireland.  Recent 

ranking positions were taken by Nigeria, Sudan, Chad, 

Central African Republic, Angola, Ecuador, Suriname, 

Timor-Leste, Togo, Turkmenistan, Mozambique, Djibouti, 

Algeria, Bolivia, Zimbabwe, Equatorial Guinea, Eritrea, 

Congo, Cuba, Venezuela and North Korea.  as countries 

where economic freedom is suppressed or absent 

altogether. 

According to this year's study, Ukraine scored 52.3 

points out of 100 possible and ranked the 147th out of 180 

countries (the last position among 44 European countries) 

in a group of countries with a "mostly non-free economy". 

The dynamics of the index of economic freedom of 

Ukraine is shown in fig. 3. 

 

Fig. 3. The dynamics of the index of economic freedom of Ukraine for 1995-2018 years

Over the past year, the Index of Economic Freedom 

of Ukraine has grown by 3.8 points, thanks to positive 

changes in the assessment of monetary freedom and 

freedom of investment. Instead, three indicators of 

Ukraine are rated worse than last year, namely property 

rights, government integrity and freedom of trade, 

indicating the need to fight corruption, capital markets, 

privatization of state-owned enterprises, and the 

improvement of the legislative framework and the rule of 

law. 

 

Conclusions from this study 

 

In the context of the main trends of globalization, the 

effectiveness of ensuring national security, including the 

fight against international terrorism, cross-border crime; 

migration regulation; provision of social services; market 

regulation; control over the extraction of natural 

resources, etc., is based on the active participation of the 

country in the regional and global integration processes. 

 In this regard, the problems of research into threats 

to national interests and national security of Ukraine were 

reformed to reform all spheres of public life within the 

framework of the European integration course.  First of 

all, global trends are potentially sources of threats to 

national security. These include: the intensification of 

competition between world centers of force, the 

strengthening of competition for raw materials resources 

for access to them and control over the routes of their 

delivery to the consumption markets; intensification of 

labor migration; 

Thus, according to the results of the study, the 

hierarchical structure and functional content of the 

strategic monitoring information system was improved to 

ensure the financial and economic security of the state, 

region, economic entities taking into account international 

competitiveness ratings of the countries by identifying the 

sources of threats (both internal and external) national  

Ukraine's security and Ukraine's positioning on 

components of world-class competitiveness in comparison 

with other countries. Such an approach allows 

determining the ways of increasing competitive 

advantages for the formation of strategic priorities for 

ensuring economic security of economic entities in the 

conditions of Ukraine's integration into European 

political, economic, security, legal space, membership of 
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the European Union and the North Atlantic Treaty 

Organization, the development of equal, mutually 

beneficial relations with other states. 

In the context of the current challenges and threats to 

regional security, Ukraine's cooperation with regional 

partners in implementing sound macroeconomic policies 

and restoring confidence in the financial sector is the most 

important priority of foreign policy. According to 

international competitiveness ratings, it is first of all 

necessary to concentrate efforts on combating corruption, 

which is defined in Article 3 of the Association 

Agreement with the EU as one of the main principles for 

strengthening relations between Ukraine and the EU. 

Strategic monitoring in the system of providing 

financial and economic security of the state, region, 

business entities within the framework of system analysis 

and forecasting changes in global competitiveness of the 

world should become a significant measure of the system 

and complex implementation of the system of 

counteracting threats to ensure the protection of the 

realization of the national interests of the state as the basis  

viability and conditions for further progressive 

development of our country. 

References 

1. Bilyk, R. I. (2013), "Economic security of the region in the system of modern regional policy of Ukraine" ["Ekonomichna 

bezpeka rehionu u systemi suchasnoi rehionalnoi polityky Ukrainy"], Visnyk Akademii pratsi i sotsialnykh vidnosyn Federatsii 

profspilok Ukrainy, No. 2, P. 31ï37. 

2. Vlasiuk, O. S. (2010), State economic security system [Systema ekonomichnoi bezpeky derzhavy], Stylos, Kyiv , 684 p. 

3. Krylenko, I. V. (2013), "Economic security of the region as a component of national economic security" ["Ekonomichna bezpeka 

rehionu yak skladova zabezpechennia natsionalnoi ekonomichnoi bezpeky"], Efektyvna ekonomika, available at : 

http://www.economy.nayka.com.ua/?op=1&z=1779 (last accessed 01.03.2019). 

4. Muntiian, V. I. (1999), Economic security of Ukraine [Ekonomichna bezpeka Ukrainy], KVITs, Kyiv , 462 p. 

5. Predborskyi, V. A. (2005), Economic security of the state : a monograph [Ekonomichna bezpeka derzhavy : monohrafiia], 

Kondor, Kyiv, 391 p. 

6. Sak, T. V. (2013), "Economic security of Ukraine: concept, structure, main tendencies" ["Ekonomichna bezpeka Ukrainy: 

poniattia, struktura, osnovni tendentsii"], Innovatsiina ekonomika, No. 6 (44), P. 336ï340. 

7. Tymoshenko, O. V. (2016), Economic security of the national economy in the globalization conditions : a monorgaph 

[Ekonomichna bezpeka natsionalnoi ekonomiky v umovakh hlobalizatsii : monohrafiia], TOV "Nash format", Kyiv, 384 p. 

8. Shershnova, Z. Ye. (2004), Strategic Management : Textbook [Stratehichne upravlinnia : Pidruchnyk], 2nd ed., KNEU, Kyiv, 

699 p. 

9. Chekh, N. O., Vashchenko, O. M. (2017), "Regulatory environment of business activities in Ukraine", Innovative Technologies 

and Scientific Solutions for Industries, No. 1 (1), P. 124ï129. DOI: https://doi.org/10.30837/2522-9818.2017.1.124.  

10. Mesarovich, M., Mako, D., Takakhara, I. (1973), Theory of Hierarchical Multilevel Systems [Teoriya ierarkhicheskikh 

mnogourovnevykh sistem], Mir , Moscow, 344 p. 

11. Kulytskyi, S. P. (2002), Fundamentals of information management in the field of management : Teaching manual [Osnovy 

orhanizatsii informatsiinoi diialnosti u sferi upravlinnia : Navch. posib.], MAUP, Kyiv, 224 p. 

12. The Global Competitiveness Report 2018, available at : http://www.weforum.org/reports/the-global-competitveness-report-2018 

(last accessed 01.03.2019). 

13. World Competitiveness Ranking 2018, available at : http://www.imd.org/wcc/world-competitiveness-center-rankings/world-

competitiveness-ranking-2018/ (last accessed 01.03.2019). 

14. The Global Sustainable Competitiveness Index, available at : http://solability.com/the-global-sustainable-competitiveness-

index/the-index (last accessed 01.03.2019). 

15. Doing Business, available at : http://www.doingbusiness.org/ (last accessed 01.03.2019). 

16. 2019 Index of Economic Freedom, available at : http://www.heritage.org/index/ (last accessed 01.03.2019). 

Received 27.02.2019 

 

ɺʽʜʦʤʦʩʪʽ ʧʨʦ ʘʚʪʦʨʽʚ / ʉʚʝʜʝʥʠʷ ʦʙ ʘʚʪʦʨʘʭ / About the Authors 

ʄʦʤʦʪ ʊʝʪʷʥʘ ɺʘʣʝʨʽʾʚʥʘ ï ʜʦʢʪʦʨ ʝʢʦʥʦʤʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ, ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʤʽʩʴʢʦʛʦ 

ʛʦʩʧʦʜʘʨʩʪʚʘ ʽʤʝʥʽ ʆ. ʄ. ɹʝʢʝʪʦʚʘ, ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʬʽʥʘʥʩʦʚʦ-ʝʢʦʥʦʤʽʯʥʦʾ ʙʝʟʧʝʢʠ, ʦʙʣʽʢʫ ʽ ʘʫʜʠʪʫ, ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ;  

ʝ-mail: tvmomot@gmail.com; ORCID ID:  http://orcid.org/0000-0001-7397-3565. 

ʄʦʤʦʪ ʊʘʪʴʷʥʘ ɺʘʣʝʨʴʝʚʥʘ ï ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʍʘʨʴʢʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛʦʨʦʜʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠʤʝʥʠ ɸ. ʅ. ɹʝʢʝʪʦʚʘ, ʟʘʚʝʜʫʶʱʘʷ ʢʘʬʝʜʨʳ ʬʠʥʘʥʩʦʚʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʫʯʝʪʘ ʠ ʘʫʜʠʪʘ, 

ʍʘʨʴʢʦʚ, ʋʢʨʘʠʥʘ. 

Momot Tetiana ï Doctor of Sciences (Economics), Professor, O. M. Beketov Kharkiv National University of Urban Eʩonomy, 

Head at the Department of Financial and Economic Security, Accounting and Auditing, Kharkiv, Ukraine. 

ɺʘʱʝʥʢʦ ʆʣʝʢʩʘʥʜʨ ʄʠʢʦʣʘʡʦʚʠʯ ï ʢʘʥʜʠʜʘʪ ʝʢʦʥʦʤʽʯʥʠʭ ʥʘʫʢ, ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʤʽʩʴʢʦʛʦ 

ʛʦʩʧʦʜʘʨʩʪʚʘ ʽʤʝʥʽ ʆ. ʄ. ɹʝʢʝʪʦʚʘ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʬʽʥʘʥʩʦʚʦ-ʝʢʦʥʦʤʽʯʥʦʾ ʙʝʟʧʝʢʠ, ʦʙʣʽʢʫ ʽ ʘʫʜʠʪʫ, ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ;  

e-mail: vashchenko_an@yahoo.com; ORCID ID:  http://orcid.org/0000-0003-3027-7644. 

ɺʘʱʝʥʢʦ ɸʣʝʢʩʘʥʜʨ ʅʠʢʦʣʘʝʚʠʯ ï ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʍʘʨʴʢʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛʦʨʦʜʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠʤʝʥʠ ɸ. ʅ. ɹʝʢʝʪʦʚʘ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʬʠʥʘʥʩʦʚʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʫʯʝʪʘ ʠ ʘʫʜʠʪʘ, 

ʍʘʨʴʢʦʚ, ʋʢʨʘʠʥʘ. 

Vashchenko Oleksandr ï PhD (Economics Sciences), O. M. Beketov National University of Urban Economy, Associate 

Professor at the Department of Financial and Economic Security, Accounting and Auditing, Kharkiv, Ukraine. 

https://doi.org/10.30837/2522-9818.2017.1.124


                                                                                                                                                           ISSN 2522-9818 (print) 

ʉʫʯʘʩʥʠʡ ʩʪʘʥ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 2019. ˉ 1 (7)  ISSN 2524-2296 (online) 

  

91 

ʊʝʩʣʝʥʢʦ ʈʦʤʘʥ ʖʨʽʡʦʚʠʯ ï ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʤʽʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʽʤʝʥʽ ʆ. ʄ. ɹʝʢʝʪʦʚʘ, 

ʘʩʧʽʨʘʥʪ ʢʘʬʝʜʨʠ ʬʽʥʘʥʩʦʚʦ-ʝʢʦʥʦʤʽʯʥʦʾ ʙʝʟʧʝʢʠ, ʦʙʣʽʢʫ ʽ ʘʫʜʠʪʫ, ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ; ʝ-mail: roman.tslnk@gmail.com; 

ORCID ID:  http://orcid.org/0000-0001-9008-2959. 

ʊʝʩʣʝʥʢʦ ʈʦʤʘʥ ʖʨʴʝʚʠʯ ï ʍʘʨʴʢʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʛʦʨʦʜʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠʤʝʥʠ ɸ. ʅ. ɹʝʢʝʪʦʚʘ, 

ʘʩʧʠʨʘʥʪ ʢʘʬʝʜʨʳ ʬʠʥʘʥʩʦʚʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʫʯʝʪʘ ʠ ʘʫʜʠʪʘ, ʍʘʨʴʢʦʚ, ʋʢʨʘʠʥʘ. 

Teslenko Roman ï O. M. Beketov Kharkiv National University of Urban Economy, Post-Graduate Student at the Department 

of Financial and Economic Security, Accounting and Auditing, Kharkiv, Ukraine. 

ʄʦʤʦʪ ɼʘʨʠʥʘ ʊʘʨʘʩʽʚʥʘ ï ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʤʽʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʽʤʝʥʽ ʆ. ʄ. ɹʝʢʝʪʦʚʘ, 

ʘʩʧʽʨʘʥʪ ʢʘʬʝʜʨʠ ʬʽʥʘʥʩʦʚʦ-ʝʢʦʥʦʤʽʯʥʦʾ ʙʝʟʧʝʢʠ, ʦʙʣʽʢʫ ʽ ʘʫʜʠʪʫ, ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ; e-mail: momotdaryna@gmail.com; 

ORCID ID:  http://orcid.org/0000-0002-6026-541X. 

ʄʦʤʦʪ ɼʘʨʠʥʘ ʊʘʨʘʩʦʚʥʘ ï ʍʘʨʴʢʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʛʦʨʦʜʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠʤʝʥʠ ɸ. ʅ. ɹʝʢʝʪʦʚʘ, 

ʘʩʧʠʨʘʥʪ ʢʘʬʝʜʨʳ ʬʠʥʘʥʩʦʚʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʫʯʝʪʘ ʠ ʘʫʜʠʪʘ, ʍʘʨʴʢʦʚ, ʋʢʨʘʠʥʘ. 

Momot Daryna ï O. M. Beketov Kharkiv National University of Urban Economy, Post-Graduate Student at the Department of 

Financial and Economic Security, Accounting and Auditing, Kharkiv, Ukraine. 

 

ʉʊʈɸʊɽɻɯʏʅʀʁ ʄʆʅɯʊʆʈʀʅɻ ɿʆɺʅɯʐʅʔʆɻʆ ʉɽʈɽɼʆɺʀʑɸ ɺ ʉʀʉʊɽʄɯ 

ɿɸɹɽɿʇɽʏɽʅʅʗ ʌɯʅɸʅʉʆɺʆ-ɽʂʆʅʆʄɯʏʅʆɰ ɹɽɿʇɽʂʀ ɼɽʈɾɸɺʀ, 

ʈɽɻɯʆʅʋ, ʉʋɹôɭʂʊɯɺ ɻʆʉʇʆɼɸʈʖɺɸʅʅʗ  

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʩʪʘʪʪʽ ʻ ʢʦʤʧʣʝʢʩʥʠʡ ʘʥʘʣʽʟ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟʘ ʨʽʚʥʝʤ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʢʨʘʾʥʠ. 

ʄʝʪʘ ʨʦʙʦʪʠ ï ʧʦʛʣʠʙʣʝʥʥʷ ʥʘʫʢʦʚʦ-ʤʝʪʦʜʠʯʥʠʭ ʟʘʩʘʜ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʽʟʫ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟʘ ʨʽʚʥʝʤ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʢʨʘʾʥʠ ʚ ʨʘʤʢʘʭ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʚ ʩʠʩʪʝʤʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʽʥʘʥʩʦʚʦ-ʝʢʦʥʦʤʽʯʥʦʾ ʙʝʟʧʝʢʠ 

ʜʝʨʞʘʚʠ, ʨʝʛʽʦʥʫ, ʩʫʙôʻʢʪʽʚ ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ. ɺ ʩʪʘʪʪʽ ʚʠʨʽʰʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ: ʦʙˇʨʫʥʪʦʚʘʥʦ ʽʻʨʘʨʭʽʯʥʽʩʪʴ ʟʚ'ʷʟʢʽʚ ʫ 

ʧʨʦʮʝʩʽ ʟʜʽʡʩʥʝʥʥʷ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʚ ʩʠʩʪʝʤʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʽʥʘʥʩʦʚʦ-ʝʢʦʥʦʤʽʯʥʦʾ ʙʝʟʧʝʢʠ ʜʝʨʞʘʚʠ, ʨʝʛʽʦʥʫ, 

ʩʫʙôʻʢʪʽʚ ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ; ʨʦʟʛʣʷʥʫʪʦ ʽʻʨʘʨʭʽʶ ʨʽʚʥʽʚ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʚ ʩʠʩʪʝʤʽ ʥʘʮʽʦʥʘʣʴʥʦʾ ʝʢʦʥʦʤʽʯʥʦʾ 

ʙʝʟʧʝʢʠ; ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʧʦʪʦʢʠ ʨʽʚʥʽʚ ʦʨʛʘʥʽʟʘʮʽʾ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ; ʦʧʠʩʘʥʦ ʧʨʦʮʝʩ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʝʢʦʥʦʤʽʯʥʠʤʠ ʩʫʙ'ʻʢʪʘʤʠ ʥʘ ʨʽʟʥʠʭ ʨʽʚʥʷʭ ʫʧʨʘʚʣʽʥʥʷ ʟ ʤʝʪʦʶ ʟʜʽʡʩʥʝʥʥʷ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ; 

ʩʠʩʪʝʤʘʪʠʟʦʚʘʥʦ ʤʽʞʥʘʨʦʜʥʽ ʧʽʜʭʦʜʠ ʜʦ ʧʦʙʫʜʦʚʠ ʨʝʡʪʠʥʛʽʚ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʢʨʘʾʥ; ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʤʽʩʮʝ ʋʢʨʘʾʥʠ ʚ 

ʤʽʞʥʘʨʦʜʥʠʭ ʨʝʡʪʠʥʛʘʭ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ. ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢʽ ʤʝʪʦʜʠ: ʘʙʩʪʨʘʢʪʥʦ-ʣʦʛʽʯʥʠʡ ʘʥʘʣʽʟ, ʪʝʦʨʝʪʠʯʥʦʛʦ 

ʫʟʘʛʘʣʴʥʝʥʥʷ, ʩʠʩʪʝʤʥʦʛʦ ʪʘ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ. ʆʪʨʠʤʘʥʦ ʥʘʩʪʫʧʥʽ ʨʝʟʫʣʴʪʘʪʠ: ʜʦʚʝʜʝʥʦ, ʱʦ ʩʪʨʘʪʝʛʽʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛ 

ʥʘ ʜʝʨʞʘʚʥʦʤʫ, ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʪʘ ʤʽʩʮʝʚʦʤʫ ʨʽʚʥʷʭ, ʷʢ ʧʨʘʚʠʣʦ, ʤʘʻ ʽʻʨʘʨʭʽʯʥʠʡ ʟʚôʷʟʦʢ ʟ ʧʨʠʪʘʤʘʥʥʠʤʠ ʚʩʽʤ ʽʻʨʘʨʭʽʯʥʠʤ 

ʩʠʩʪʝʤʘʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ; ʬʽʥʘʥʩʦʚʦ-ʝʢʦʥʦʤʽʯʥʘ ʙʝʟʧʝʢʘ ʙʫʜʴ-ʷʢʦʛʦ ʝʢʦʥʦʤʽʯʥʦʛʦ ʩʫʙôʻʢʪʘ ʬʦʨʤʫʻʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ 

ʬʘʢʪʦʨʽʚ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʛʣʦʙʘʣʴʥʦʛʦ, ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʘ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʨʽʚʥʽʚ; ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʢʨʘʾʥʠ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʩʫʢʫʧʥʽʩʪʴ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʧʨʠʪʘʤʘʥʥʠʭ ʥʘʮʽʦʥʘʣʴʥʽʡ ʝʢʦʥʦʤʽʮʽ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʟʜʘʪʥʽʩʪʴ ʢʨʘʾʥʠ 

ʢʦʥʢʫʨʫʚʘʪʠ ʟ ʽʥʰʠʤʠ ʢʨʘʾʥʘʤʠ; ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʢʣʶʯʦʚʠʭ ʤʽʞʥʘʨʦʜʥʠʭ ʨʝʡʪʠʥʛʽʚ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʢʨʘʾʥʠ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʋʢʨʘʾʥʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʽʥʘʥʩʦʚʦ-ʝʢʦʥʦʤʽʯʥʦʾ ʙʝʟʧʝʢʠ ʥʘ ʨʽʟʥʠʭ ʨʽʚʥʷʭ ʧʝʨʝʜʫʩʽʤ ʥʝʦʙʭʽʜʥʦ 

ʩʢʦʥʮʝʥʪʨʫʚʘʪʠ ʟʫʩʠʣʣʷ ʥʘ ʙʦʨʦʪʴʙʽ ʟ ʢʦʨʫʧʮʽʻʶ ʪʘ ʟʜʽʡʩʥʝʥʥʽ ʨʘʮʽʦʥʘʣʴʥʦʾ ʤʘʢʨʦʝʢʦʥʦʤʽʯʥʦʾ ʧʦʣʽʪʠʢʠ. ɺʠʩʥʦʚʢʠ: 

ʩʪʨʘʪʝʛʽʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʚ ʩʠʩʪʝʤʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʽʥʘʥʩʦʚʦ-ʝʢʦʥʦʤʽʯʥʦʾ ʙʝʟʧʝʢʠ ʜʝʨʞʘʚʠ, ʨʝʛʽʦʥʫ, ʩʫʙôʻʢʪʽʚ ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ 

ʚ ʤʝʞʘʭ ʧʨʦʚʝʜʝʥʥʷ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʤʽʥ ʛʣʦʙʘʣʴʥʦʾ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʢʨʘʾʥ ʩʚʽʪʫ ʤʘʻ ʩʪʘʪʠ 

ʚʘʛʦʤʠʤ ʟʘʭʦʜʦʤ ʩʠʩʪʝʤʥʦ-ʢʦʤʧʣʝʢʩʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʧʨʦʪʠʜʽʾ ʥʘʷʚʥʠʤ ʟʘʛʨʦʟʘʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʭʠʩʪʫ ʨʝʘʣʽʟʘʮʽʾ 

ʥʘʮʽʦʥʘʣʴʥʠʭ ʽʥʪʝʨʝʩʽʚ ʜʝʨʞʘʚʠ ʷʢ ʦʩʥʦʚʠ ʞʠʪʪʻʟʜʘʪʥʦʩʪʽ ʪʘ ʫʤʦʚʠ ʧʦʜʘʣʴʰʦʛʦ ʧʨʦʛʨʝʩʠʚʥʦʛʦ ʨʦʟʚʠʪʢʫ ʢʨʘʾʥʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʪʨʘʪʝʛʽʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛ; ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʢʨʘʾʥʠ; ʬʽʥʘʥʩʦʚʦ-ʝʢʦʥʦʤʽʯʥʘ ʙʝʟʧʝʢʘ; ʤʽʞʥʘʨʦʜʥʽ 

ʨʝʡʪʠʥʛʠ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ; ʢʦʤʧʣʝʢʩʥʠʡ ʘʥʘʣʽʟ. 

ʉʊʈɸʊɽɻʀʏɽʉʂʀʁ ʄʆʅʀʊʆʈʀʅɻ ɺʅɽʐʅɽʁ ʉʈɽɼʓ ɺ ʉʀʉʊɽʄɽ 

ʆɹɽʉʇɽʏɽʅʀʗ ʌʀʅɸʅʉʆɺʆ-ʕʂʆʅʆʄʀʏɽʉʂʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ 

ɻʆʉʋɼɸʈʉʊɺɸ, ʈɽɻʀʆʅɸ, ʇʈɽɼʇʈʀʗʊʀʗ 

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʩʪʘʪʴʝ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʧʦ ʫʨʦʚʥʶ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʪʨʘʥʳ. 

ʎʝʣ  ɹ ʨʘʙʦʪʳ ï ʦʙʦʩʥʦʚʘʥʠʝ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʭ ʦʩʥʦʚ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʧʦ ʫʨʦʚʥʶ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʪʨʘʥʳ ʚ ʨʘʤʢʘʭ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʚ ʩʠʩʪʝʤʝ ʦʙʝʩʧʝʯʝʥʠʷ ʬʠʥʘʥʩʦʚʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʛʦʩʫʜʘʨʩʪʚʘ, ʨʝʛʠʦʥʘ, ʩʫʙʲʝʢʪʦʚ ʭʦʟʷʡʩʪʚʦʚʘʥʠʷ. ɺ ʩʪʘʪʴʝ ʨʝʰʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: ʦʙʦʩʥʦʚʘʥʥʦ 

ʠʝʨʘʨʭʠʯʥʦʩʪʴ ʩʚʷʟʝʡ ʚ ʧʨʦʮʝʩʩʝ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʚ ʩʠʩʪʝʤʝ ʦʙʝʩʧʝʯʝʥʠʷ ʬʠʥʘʥʩʦʚʦ-

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʛʦʩʫʜʘʨʩʪʚʘ, ʨʝʛʠʦʥʘ, ʩʫʙʲʝʢʪʦʚ ʭʦʟʷʡʩʪʚʦʚʘʥʠʷ; ʨʘʩʩʤʦʪʨʝʥʘ ʠʝʨʘʨʭʠʷ ʫʨʦʚʥʝʡ 

ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʚ ʩʠʩʪʝʤʝ ʥʘʮʠʦʥʘʣʴʥʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ; ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʧʦʪʦʢʠ ʫʨʦʚʥʝʡ ʦʨʛʘʥʠʟʘʮʠʠ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ; ʦʧʠʩʘʥ ʧʨʦʮʝʩʩ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ 

ʩʫʙʲʝʢʪʘʤʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ ʫʧʨʘʚʣʝʥʠʷ ʩ ʮʝʣʴʶ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ; ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ 

ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʧʦʜʭʦʜʳ ʢ ʧʦʩʪʨʦʝʥʠʶ ʨʝʡʪʠʥʛʦʚ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʪʨʘʥ; ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʤʝʩʪʦ ʋʢʨʘʠʥʳ ʚ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʨʝʡʪʠʥʛʘʭ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ. ʀʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ: ʘʙʩʪʨʘʢʪʥʦ-ʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʦʙʦʙʱʝʥʠʷ, ʩʠʩʪʝʤʥʦʛʦ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʇʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: ʜʦʢʘʟʘʥʦ, ʯʪʦ 

ʩʪʨʘʪʝʛʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ ʥʘ ʨʝʛʠʦʥʘʣʴʥʦʤ ʠ ʤʝʩʪʥʦʤ ʫʨʦʚʥʷʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʝʪ ʠʝʨʘʨʭʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʩʚʷʟʠ ʩ 

ʧʨʠʩʫʱʠʤʠ ʚʩʝʤ ʠʝʨʘʨʭʠʯʝʩʢʠʤ ʩʠʩʪʝʤʘʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ; ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʣʶʙʦʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʩʫʙʲʝʢʪʘ 

ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʬʘʢʪʦʨʦʚ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʛʣʦʙʘʣʴʥʦʛʦ, ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʫʨʦʚʥʝʡ; 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʩʪʨʘʥʳ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʚʦʡʩʪʚ, ʧʨʠʩʫʱʠʭ ʥʘʮʠʦʥʘʣʴʥʦʡ ʵʢʦʥʦʤʠʢʝ, ʢʦʪʦʨʳʝ 

ʦʧʨʝʜʝʣʷʶʪ ʩʧʦʩʦʙʥʦʩʪʴ ʩʪʨʘʥʳ ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʩ ʜʨʫʛʠʤʠ ʩʪʨʘʥʘʤʠ; ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʢʣʶʯʝʚʳʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 
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ʨʝʡʪʠʥʛʦʚ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʪʨʘʥʳ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʋʢʨʘʠʥʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʬʠʥʘʥʩʦʚʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ ʧʨʝʞʜʝ ʚʩʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴ ʫʩʠʣʠʷ ʥʘ ʙʦʨʴʙʝ ʩ ʢʦʨʨʫʧʮʠʝʡ ʠ 

ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʨʘʮʠʦʥʘʣʴʥʦʡ ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʦʡ ʧʦʣʠʪʠʢʠ. ɺʳʚʦʜʳ: ʩʪʨʘʪʝʛʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ ʚ ʩʠʩʪʝʤʝ ʦʙʝʩʧʝʯʝʥʠʷ 

ʬʠʥʘʥʩʦʚʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʛʦʩʫʜʘʨʩʪʚʘ, ʨʝʛʠʦʥʘ, ʩʫʙʲʝʢʪʦʚ ʭʦʟʷʡʩʪʚʦʚʘʥʠʷ ʚ ʨʘʤʢʘʭ ʧʨʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤʥʦʛʦ 

ʘʥʘʣʠʟʘ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʡ ʛʣʦʙʘʣʴʥʦʡ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʪʨʘʥ ʤʠʨʘ ʜʦʣʞʝʥ ʩʪʘʪʴ ʚʘʞʥʳʤ ʤʝʨʦʧʨʠʷʪʠʝʤ 

ʩʠʩʪʝʤʥʦ-ʢʦʤʧʣʝʢʩʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʠʤʝʶʱʠʤʩʷ ʫʛʨʦʟʘʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʱʠʪʳ ʨʝʘʣʠʟʘʮʠʠ 

ʥʘʮʠʦʥʘʣʴʥʳʭ ʠʥʪʝʨʝʩʦʚ ʛʦʩʫʜʘʨʩʪʚʘ ʢʘʢ ʦʩʥʦʚʳ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʠ  ʚʘʞʥʦʛʦ ʫʩʣʦʚʠʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʦʛʨʝʩʩʠʚʥʦʛʦ 

ʨʘʟʚʠʪʠʷ ʩʪʨʘʥʳ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʨʘʪʝʛʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ; ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʩʪʨʘʥʳ; ʬʠʥʘʥʩʦʚʦ-ʵʢʦʥʦʤʠʯʝʩʢʘʷ 

ʙʝʟʦʧʘʩʥʦʩʪʴ; ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʨʝʡʪʠʥʛʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ; ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ. 
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A. POPOV, A. YELIZYEVA , S. GUBKA , S. KRYIVULIA  

DEVELOPMENT OF THE A PPLICATION FOR THE I NFORMATION SUPPORT OF 

LOGISTIC BUSINESS PROCESSES OF THE CONSTRUCTION SERVICES ON 

BUILDINGS INSULATION  

The subject of the research is the methods and technologies of information support of logistic business processes of buildings facades 

insulation. The goal of the paper is to provide the information support to the companies that provide services for the buildings facades 

insulation. The following problems were solved: analysis of functionality the sites of the companies providing insulation services; 

formation of business process diagrams; database development; web application development for business processes informational 

support for buildings facades insulation. To solve these problems, methods of system analysis, set theory, database and web 

applications development technologies were used. The following results were obtained. Sites of companies providing the facades 

insulation services were analyzed and identified as for their advantages and disadvantages. The advantages of developing web 

applications compared to sites are considered. The model of logistic business processes for facade insulation is formed, which consists 

of three stages: preparatory, main and final. The set-theoretical description of the business process model components is given, which 

allows to determine the main components of the insulation process logistic support and to apply the calculation formulas for the 

corresponding information support module. The information support architecture for insulation business processes is developed, 

which consists of a database, a calculation module and a web application interface. The database structure is developed, which 

contains information about the company, the contractors for insulation, the necessary materials in stock, order and customer 

parameters. The web application development allows automating the information processing for the organization of work and 

providing the user with the ability to quickly place an order. Conclusions: information support of insulation logistic business 

processes ensures their maintenance at all stages of work through the timely preparation of an individual services list and checking the 

availability of necessary materials. The main result of the web application is the ability to automatically calculate the warming area 

and the order cost, taking into account the availability or purchase of the necessary materials, and the formation of an agreement 

between the customer and the company-performer on the basis of the selected parameters of the insulation service. 

Keywords: business processes; building insulation; set-theoretical description; precedent diagram; system architecture; 

database; web application. 

Introduction  

 

The issue of insulation of facades becomes an 

important in connection with the increase in the  

cost of heating houses in winter. This reduces  

heat loss and therefore reduces heating costs. Today there 

are many companies providing such services  

that do not always meet all requirements for the execution 

of orders: no preliminary work to eliminate  

defects in the walls is carried out, cheap low-quality 

materials are used, etc. These disadvantages  

lead to the gradual destruction and deformation of the 

structure, as well as contribute to the appearance  

of fungal formations, which ultimately can cause  

collapse. To avoid such situations, it is necessary  

to form an individual list of works and materials  

that will be used for work in a timely manner, which 

requires considerable time. Information automated support 

of this process will reduce the time for material  

support [1]. 

 

Analysis of recent research and publications 

 

When performing works on construction services, 

special attention should be paid to their timely 

implementation [2], which is impossible without logistic 

control methods [3]. This requires the development of an 

information support system using modern  

technology [3, 4]. 

Today, each company has its own website from 

which the user can obtain the information he needs. But 

the growing popularity of using web applications is due to 

their benefits, the main of which are the following [5-7]: 

- flexible data access; 

- the guarantee of a safe user registration; 

- support for all devices; 

- faster user access to the necessary data in 

comparison with the site; 

- quick user registration; 

- applications run through the URL; 

- support for all devices; 

- web application development is more simple than 

website. 

Thus, for convenient use, it is proposed to develop a 

mobile application that supports the logistics process of 

insulation of the facades of buildings. 

Table 1 shows the comparative characteristics of the 

sites of firms providing services for insulation of houses 

exclusively in the city of Kharkov [8 - 11]. 

Based on the analysis, functional requirements for 

the web application were developed [1]: 

1) review information about: 

- list of materials necessary for performance of 

installation works; 

- additional services (with possibility of 

demonstration of finished objects); 

- general information about the crew of climbers and 

their tolerances to high-altitude works; 

2) the choice of the working components of 

insulation of the facade of the building; 

3) the calculation of the cost of the order for the 

selected parameters. 

É A. Popov, A. Yelizyeva, S. Gubka, S. Kryivulia, 2019 
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Table 1. Comparative analysis of the sites of companies for insulation of walls 

Name of the Company Possibilities Disadvantages 

"VESTA" - the price is set per square meter; 

 - the choice of material; 

 - drawing up a contract with a representative of 

the firm; 

 - insulation of walls by the standard 

technology. 

- absence of the choice of auxiliary material and 

coating; 

 - the length of the order processing; 

 - exceeding the time of execution of works; 

 - lack of access to the material; 

 - the contract is not complete. 

"Albatros" - the possibility of choosing the technology of 

insulation of walls; 

 - drawing up a contract with a representative of 

the firm; 

 - insulation of walls by the standard 

technology; 

 - the possibility of performing work on a lifting 

machine. 

- no billing; 

 - lack of insulation of individual apartments. 

"W-teple" - drawing up a contract with a representative of 

the firm; 

 - insulation of walls by standard technology; 

 - provision of services for the purchase of 

foamed insulating plates. 

- lack of the choice of material; 

 - no tariffs set; 

 - lack of access to the material. 

 - the contract is not complete. 

"TeploHata" - the possibility of ordering different types of 

work; 

 - insulation of walls by standard technology; 

 - fixed price for services; 

 - the scheme of work with the customer is 

shown. 

- absence of the choice of auxiliary material; 

 - absence of review of the performed works; 

 - the lack of the ability to calculate the price of the 

order. 

 

Materials and methods 

 

Fig. 1 shows the scheme of logistics business 

processes providing services for the insulation of facades 

of houses in the form of a sequence of works, which can 

be divided into three stages: 

- stage of preparation, that is, discussion of the 

details of the order, which begins with the receipt of the 

order; 

- the main stage, that is, carrying out the necessary 

calculations; 

- the final stage, that is, the conclusion of the 

contract and the conduct of insulation. 
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Fig. 1. Scheme of logistic business processes providing insulation services to the facade of the building

We give the set-theoretic representation of the model 

of business processes of providing the insulation services 

[1, 3, 4]: 

 ( , , )Posl Pidgot Osn Zakl= ,  (1) 

where Pidgot ï preparation stage; 

  Osn ï main stage; 

  Zakl ï final stage. 

We will decompose the processes of these stages into 

sub processes and separate works. 
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After receiving the order, the representative of the 

company goes to the object and agrees with the customer 

the details that correspond to the stage of preparation. 

Let's imagine this process as a set of sub processes: 

 ( _ , _ , _ )Pidgot per rob vib komp per inf= ,  (2) 

where per_rob ï preparation of an individual list of works; 

vib_komp ï selection of insulation components; 

per_inf ï the ability to view information about the 

work done, the brigade of masters, etc. 

In turn, the choice of insulation components provides 

for the definition [12, 13]: 

- type of insulation; 

- type of dowels for mounting, which corresponds to 

the selected type of insulation; 

- adhesive for reinforcing layer; 

- facade mesh (fiberglass); 

- reinforcing primer; 

- decorative plaster; 

- facade paint. 

Thus we have the third level - the decomposition of 

the sub process into separate work of the selection of 

materials:  

 ( )1 2 1
_  ,  ,

n
vib komp v v v= » . (3) 

The main stage can be represented as a set of 

calculated sub processes: 

 ( _ , _ _ , _ , )Osn rozr pl rozr ob komp rozr zam nayav= , (4) 

where rozr_pl ï calculation of the square of the insulated 

aream pl; 

rozr_ob_komp ï calculation of the volume of 

components required for insulation; 

rozr_zam ï calculation of the cost of the order zam; 

nayav ï checking the availability of material in 

stock. 

The sub process of calculating the components for 

insulation, in its turn, consists of the calculation of three 

components:

_ _ ( _ _ , _ _ , _ _ )rozr ob komp rozr ob mat rozr ob ut rozr ob dm= ,  (5)

where rozr_ob_mat ï determination of the materials 

amount mat to be purchased to complete the order; 

rozr_ob_ut ï determination of insulation material 

volume; 

rozr_ob_dm ï determination of the volume of 

additional materials (dowels, paint, etc.). 

The result of the sub process of calculating 

components is a set of volumes of materials: 

 
1 2 2

_ _ : ( , ,... ).
n

rozr ob komp mat m m mÝ =   (6) 

The result of the sub process of calculating the cost 

of the order is the price, which contains the cost of all the 

necessary components and the costs of performing the 

volumes of the corresponding high-rise and installation 

works by the team. Thus, 

3

2

1

_ : ( ) (var_ var_ var_ ) (var_ var_ ) var _

n

i i

i

rozr zam zam pl S mat ut rob mat ut ob dm
=

Ý = + Ö + + Ö + + Öä ,  (7)

where var_mat ï the cost of the selected material for 

insulation;  

var_ut ï the cost of the selected insulation; 

vari ï cost of the i-st additional material,  

3
n  ï quantity of additional materials; 

kil_dmi ï quantity of the i-st additional material; 

var_rob ï the cost of carrying out the work by a 

team of climbers; 

pl ï square of the insulated area; 

2
S  ï square of zones that are insulated by other 

materials (window slopes). 

The sub process of checking the presence of material 

is decomposed into a set of such works: 

 ( , _ _ _ )nayav vik viz ob komp zak= , (8) 

where vik  ï determination of materials that are present in 

the warehouse in full; 

viz_ob_komp_zak ï determination of the amount of 

components that must be purchased to complete  

the order. 

Determining the availability of necessary materials is 

as follows. If the condition is fulfilled 

 
2'

_ _ _ , 1,
i i

ob mat skl ob mat i n² = ,    (9) 

where _ _
i

ob mat skl ï the amount of the i-th material at 

the firmôs warehouse; 

ob_mati ï the amount of the i-th material for 

insulation,  

than for insulation the material from the warehouse 

is used. 

If the condition (10) is not met, the volume of the i-

th material for purchase ob_mati_zak is determined in the 

following way: 

 
2" 2' 2" 2

_ _ _ _ _ , 1, ,
i i i

ob mat zak ob mat ob mat skl i n n n n= - = + =.           (10) 

Thus, the result of the process of determining the 

required materials is the value: 

 
1 1

2' 2"

: _ _ _ _ .
n n

i i

i i

nayav ob mat ob mat ob mat zak
= =

Ý = +ä ä  (11) 

The final stage will be presented in the form of three 

sub processes: 

 ( _ , , _ )Zakl ukl dogov zak prov rob= ,       (12) 
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where _ukl dogov ï conclusion of the contract between 

the customer and the contractor; 

zak  ï purchase of necessary materials and 

components, 

prov_rob ï work on the facade insulation. 

After the work is finished, the result is saved in the 

catalog of completed orders.  

Let's form a hierarchical structure of business 

processes according to the given sets (fig. 2.).  
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Fig. 2. Hierarchical structure of business processes providing services of insulation of the facade of the house

The presentation of these elements in the form of a 

set-theoretic description allows us to determine the main 

components of the logistics business processes of 

insulation of facades of houses, which are the basis for the 

development of the functional structure of the  

web application. The formalized representation of the 

calculated values allows to develop an algorithm  

of the calculation module and take into account  

the storage of these values in the database.  

 

Research results 

 

For automated maintenance of logistic business 

processes of insulation, information support is required for 

each of the steps, set out in fig. 2. Based on this, we will 

form the architecture of the web application [14] (fig. 3). 
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Fig. 3. Generalized architecture of web application for information support of logistics business processes 
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So, the architecture consists of such modules as: 

- web application interface for automating the work 

of the company's employees; 

- data base;  

- calculation module for basic calculations and the 

formation of the invoice and the contract. 

To develop a web application for information 

support, a client-server architecture was chosen, that is, a 

separate, sufficiently powerful and reliable server is 

allocated for the database (DB), network access to which 

is carried out by several users (employees and clients) 

[15]. This gives you the quick access to viewing the 

necessary data thanks to the user interface, which speeds 

up the work of the employee of the company and 

eliminates the need to return to the office with the 

necessary documents  

Due to the simple architecture of the web 

application, the representative of the company without 

much effort is able to obtain information about the list of 

items stored in the DB, as well as to analyze and calculate 

the necessary costs for insulation, as well as to arrange a 

contract for the implementation of installation work by the 

team of climbers [14]. 

Fig. 4 shows the structure of the DB, which consists 

of nine tables that contain information about the 

following:  

- general information about the firm providing 

services (table Firma); 

- membership of the teams of craftsmen (table 

Brigada); 

list of the main material (sheets for insulation) (table 

List);  

- basic materials for insulation (table Material); 

- list of additional materials for insulation (table 

Dop.Material); 

- contracts (table Dogovor); 

- the presence of materials in the warehouse (table 

Katalog); 

- customer data (table Regestracia);  

- financial statements of the company (table Finans)- 

contracts (table Dogovor). 

Microsoft SQL Server DBMS was chosen to 

implement the database because it provides high 

performance, productivity and sufficient functionality, and 

is compatible with the Windows operating system and 

web application development technologies [16, 17].  

To calculate the cost of materials in the application 

interface provides a special dialog form in the form of a 

table. The table shows all the necessary components for 

the insulation of the facade of the building, their units of 

measurement, the necessary volumes and cost. The 

required fields indicate the insulated facade area and the 

cost of the insulation chosen by the customer. After that, 

the total cost of all necessary materials for insulation is 

calculated. It should be noted that the table plays  

the role of an invoice, that is, on its basis will be 

purchased all the necessary material, and the result of the 

calculations is stored in the financial statements of the 

company and serves as the basis for the conclusion of the 

contract between the company and the customer. 
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Fig. 4. Database structure

Fig. 5 shows a precedent diagram that reflects the 

basic functionality of the web application for the three 

categories of users: administrator, employee and 

customer.  

The application includes the separation of  

powers: the customer has the opportunity to register  

and view information about the company, its  

news and events; the administrator can view  

information in the database and edit it, i.e.  

to make changes about the company and  

contribute data to the catalog of available materials for 

insulation. 
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Fig. 5. Diagram of precedents 

The employee has the ability to: 

- carry out the calculations of the area of the 

insulation; 

- carry out calculations of the order value; 

- demonstrate to the customer the following 

information: list of insulation sheets available in the 

warehouse, using the built-in catalog; about the company, 

its news and events; about the team of climbers; about the 

catalog of finished projects.  

To support the calculation function, a web-based 

application "Calculation of the cost of insulation" menu 

has been developed in which the company representative 

has the opportunity (fig. 6):  

- to enter the output to calculate the area of 

insulation; 

- to select the parameters of the base material (sheets 

for insulation of a certain thickness); 

- to choose the additional services, i.e. order specific 

coating parameters (antifungal, anti-corrosion and water 

repellent).  

The interface of the web application also provides 

the ability to select from a list of additional services for 

the better execution of the order.  

After calculating the cost and approval by both 

parties, the representative of the company draws up a 

contract in which all the parameters are recorded:  

the list of individual works, the amount of the pre-

payment, the cost of the order, taking into account the 

price of materials and performance of work, the  

term of execution of works, contact details of the 

customer, etc.  

Web application development was carried out using 

HTML technologies (HyperText Markup Language), CSS 

(Cascading Style Sheets) ʽ Java Script [18]. 
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Fig. 6. Web application menu "Calculation of the insulation cost" 

It should be noted that this application reduces the 

cost of storing paper documents, since the main contract is 

stored electronically. In case of contradictory moments, 

the employee can open the necessary agreement on the 

surname of the customer on his number, together to 

review and clarify the details of the contract. Each object 

is attached to a certain climber team, which bears material 

liability for it, and must fulfill all the terms of the contract 

and finish the work in the assigned term. 

 

Conclusions 

 

In the article the scheme of logistic business 

processes of insulation of facades of buildings is formed. 

According to this scheme, the technology of information 

support of processes at all stages of the work is developed 

by timely drawing up an individual list of services and 

providing the necessary materials. Automatically 

conducted calculations of the heated area of the facade 

and the cost of the order, which form the basis of the 

corresponding module of information support. Due to this 

it is possible to calculate several variants of insulation, 

after which the customer can choose the most preferable 

for himself. 

The scientific novelty of the article is the formalized 

hierarchical model of logistics business processes, which 

can be used to reflect the business processes of providing 

services in any field of activity. 

Practical value is the possibility of using the 

developed web-application for informational support of 

the firm's employee when concluding a contract with the 

customer with the ability to automatically calculate the 

area of insulation and cost of the order, as well as the 

formation of an electronic contract between the customer 

and the firm-performer on the basis of selected parameters 

of the insulation service. 
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ʈʆɿʈʆɹʂɸ ɼʆɼɸʊʂʋ ɿ ɯʅʌʆʈʄɸʎɯʁʅʆɰ ʇɯɼʊʈʀʄʂʀ ʃʆɻɯʉʊʀʏʅʀʍ 

ɹɯɿʅɽʉ-ʇʈʆʎɽʉɯɺ ɹʋɼɯɺɽʃʔʅʀʍ ʇʆʉʃʋɻ ʋʊɽʇʃɽʅʅʗ ɹʋɼʀʅʂɯɺ  

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʤʝʪʦʜʠ ʡ ʪʝʭʥʦʣʦʛʽʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʧʽʜʪʨʠʤʢʠ ʣʦʛʽʩʪʠʯʥʠʭ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ ʫʪʝʧʣʝʥʥʷ ʬʘʩʘʜʽʚ 

ʙʫʜʠʥʢʽʚ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʧʽʜʪʨʠʤʢʠ ʜʽʷʣʴʥʦʩʪʽ ʬʽʨʤ, ʱʦ ʥʘʜʘʶʪʴ ʧʦʩʣʫʛʠ ʟ ʫʪʝʧʣʝʥʥʷ ʬʘʩʘʜʽʚ 

ʙʫʜʽʚʝʣʴ. ɺ ʨʦʙʦʪʽ ʚʠʨʽʰʝʥʽ ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ: ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʩʘʡʪʽʚ ʢʦʤʧʘʥʽʡ, ʱʦ ʥʘʜʘʶʪʴ ʧʦʩʣʫʛʠ ʟ 

ʫʪʝʧʣʝʥʥʷ; ʬʦʨʤʫʚʘʥʥʷ ʩʭʝʤʠ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ; ʨʦʟʨʦʙʣʝʥʥʷ ʙʘʟʠ ʜʘʥʠʭ; ʨʦʟʨʦʙʣʝʥʥʷ ʚʝʙ-ʜʦʜʘʪʢʫ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʧʽʜʪʨʠʤʢʠ 

ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ ʫʪʝʧʣʝʥʥʷ ʬʘʩʘʜʽʚ ʙʫʜʽʚʝʣʴ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʚʢʘʟʘʥʠʭ ʟʘʜʘʯ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʤʝʪʦʜʠ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ, 

ʪʝʦʨʽʾ ʤʥʦʞʠʥ, ʪʝʭʥʦʣʦʛʽʾ ʨʦʟʨʦʙʢʠ ʙʘʟ ʜʘʥʠʭ ʪʘ ʚʝʙ-ʜʦʜʘʪʢʽʚ. ʆʪʨʠʤʘʥʽ ʪʘʢʽ ʨʝʟʫʣʴʪʘʪʠ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʽ ʩʘʡʪʠ ʬʽʨʤ ʟ 

ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ʫʪʝʧʣʝʥʥʷ ʬʘʩʘʜʽʚ ʪʘ ʚʠʷʚʣʝʥʽ ʾʭ ʧʝʨʝʚʘʛʠ ʡ ʥʝʜʦʣʽʢʠ. ʈʦʟʛʣʷʥʫʪʦ ʧʝʨʝʚʘʛʠ ʨʦʟʨʦʙʢʠ ʚʝʙ-ʜʦʜʘʪʢʽʚ ʧʦʨʽʚʥʷʥʦ 
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ʟ ʩʘʡʪʘʤʠ. ʉʬʦʨʤʦʚʘʥʘ ʤʦʜʝʣʴ ʣʦʛʽʩʪʠʯʥʠʭ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ ʫʪʝʧʣʝʥʥʷ ʬʘʩʘʜʽʚ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʝʪʘʧʽʚ: ʧʽʜʛʦʪʦʚʯʦʛʦ, 

ʦʩʥʦʚʥʦʛʦ ʡ ʟʘʢʣʶʯʥʦʛʦ. ʅʘʚʝʜʝʥʦ ʪʝʦʨʝʪʠʢʦ-ʤʥʦʞʠʥʥʠʡ ʦʧʠʩ ʢʦʤʧʦʥʝʥʪʽʚ ʤʦʜʝʣʽ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ 

ʦʩʥʦʚʥʽ ʩʢʣʘʜʦʚʽ ʣʦʛʽʩʪʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʮʝʩʫ ʫʪʝʧʣʝʥʥʷ, ʘ ʪʘʢʦʞ ʟʘʩʪʦʩʫʚʘʪʠ ʬʦʨʤʫʣʠ ʨʦʟʨʘʭʫʥʢʽʚ ʜʣʷ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʤʦʜʫʣʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʧʽʜʪʨʠʤʢʠ. ʈʦʟʨʦʙʣʝʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʧʽʜʪʨʠʤʢʠ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ ʫʪʝʧʣʝʥʥʷ, ʷʢʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʙʘʟʠ ʜʘʥʠʭ, ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʤʦʜʫʣʶ ʪʘ ʽʥʪʝʨʬʝʡʩʫ ʚʝʙ-ʜʦʜʘʪʢʫ. ʈʦʟʨʦʙʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʙʘʟʠ ʜʘʥʠʭ, ʷʢʘ ʤʽʩʪʠʪʴ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʬʽʨʤʫ, ʚʠʢʦʥʘʚʮʽʚ ʨʦʙʽʪ ʟ ʫʪʝʧʣʝʥʥʷ, ʥʝʦʙʭʽʜʥʽ ʤʘʪʝʨʽʘʣʠ ʥʘ ʩʢʣʘʜʽ, ʧʘʨʘʤʝʪʨʠ ʟʘʤʦʚʣʝʥʥʷ ʡ ʟʘʤʦʚʥʠʢʘ. 

ʈʦʟʨʦʙʢʘ ʚʝʙ-ʜʦʜʘʪʢʫ ʜʦʟʚʦʣʷʻ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʦʙʨʦʙʢʫ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʡ ʥʘʜʘʪʠ ʢʦʨʠʩʪʫʚʘʯʝʚʽ 

ʤʦʞʣʠʚʽʩʪʴ ʰʚʠʜʢʦʛʦ ʦʬʦʨʤʣʝʥʥʷ ʟʘʤʦʚʣʝʥʥʷ. ɺʠʩʥʦʚʢʠ: ʽʥʬʦʨʤʘʮʽʡʥʘ ʧʽʜʪʨʠʤʢʘ ʣʦʛʽʩʪʠʯʥʠʭ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ ʫʪʝʧʣʝʥʥʷ 

ʟʘʙʝʟʧʝʯʫʻ ʾʭ ʩʫʧʨʦʚʽʜ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ ʧʨʦʚʝʜʝʥʥʷ ʨʦʙʽʪ ʟʘ ʨʘʭʫʥʦʢ ʩʚʦʻʯʘʩʥʦʛʦ ʩʢʣʘʜʘʥʥʷ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʧʝʨʝʣʽʢʫ ʧʦʩʣʫʛ ʪʘ 

ʧʝʨʝʚʽʨʮʽ ʥʘʷʚʥʦʩʪʽ ʥʝʦʙʭʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʆʩʥʦʚʥʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʨʦʙʦʪʠ ʚʝʙ-ʜʦʜʘʪʢʫ ʻ ʤʦʞʣʠʚʽʩʪʴ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʨʦʟʨʘʭʫʥʢʫ ʧʣʦʱʽ ʫʪʝʧʣʝʥʥʷ ʡ ʚʘʨʪʦʩʪʽ ʟʘʤʦʚʣʝʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʷʚʥʦʩʪʽ ʘʙʦ ʟʘʢʫʧʽʚʣʽ ʥʝʦʙʭʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʘ ʪʘʢʦʞ 

ʬʦʨʤʫʚʘʥʥʷ ʜʦʛʦʚʦʨʫ ʤʽʞ ʟʘʤʦʚʥʠʢʦʤ ʽ ʬʽʨʤʦʶ-ʚʠʢʦʥʘʚʮʝʤ ʥʘ ʦʩʥʦʚʽ ʚʠʙʨʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʦʩʣʫʛʠ ʫʪʝʧʣʝʥʥʷ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʙʽʟʥʝʩ-ʧʨʦʮʝʩʠ; ʫʪʝʧʣʝʥʥʷ ʙʫʜʠʥʢʽʚ; ʪʝʦʨʝʪʠʢʦ-ʤʥʦʞʠʥʥʝ ʧʦʜʘʥʥ;̫ ʜʽʘʛʨʘʤʘ ʧʨʝʮʝʜʝʥʪʽʚ; ʘʨʭʽʪʝʢʪʫʨʘ 

ʩʠʩʪʝʤʠ; ʙʘʟʘ ʜʘʥʠʭ; ʚʝʙ-ʜʦʜʘʪʦʢ. 

ʈɸɿʈɸɹʆʊʂɸ ʇʈʀʃʆɾɽʅʀʗ ʇʆ ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ ʇʆɼɼɽʈɾʂɽ 

ʃʆɻʀʉʊʀʏɽʉʂʀʍ ɹʀɿʅɽʉ-ʇʈʆʎɽʉʉʆɺ ʉʊʈʆʀʊɽʃʔʅʓʍ ʋʉʃʋɻ 

ʋʊɽʇʃɽʅʀʗ ɿɼɸʅʀʁ 

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʤʝʪʦʜʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ 

ʫʪʝʧʣʝʥʠʷ ʬʘʩʘʜʦʚ ʟʜʘʥʠʡ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʬʠʨʤ, 

ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʭ ʫʩʣʫʛʠ ʧʦ ʫʪʝʧʣʝʥʠʶ ʬʘʩʘʜʦʚ ʟʜʘʥʠʡ. ɺ ʨʘʙʦʪʝ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: ʧʨʦʚʝʜʝʥʠʝ ʘʥʘʣʠʟʘ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʩʘʡʪʦʚ ʢʦʤʧʘʥʠʡ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʭ ʫʩʣʫʛʠ ʧʦ ʫʪʝʧʣʝʥʠʶ; ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʭʝʤʳ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ; 

ʨʘʟʨʘʙʦʪʢʘ ʙʘʟʳ ʜʘʥʥʳʭ; ʨʘʟʨʘʙʦʪʢʘ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʫʪʝʧʣʝʥʠʷ ʬʘʩʘʜʦʚ 

ʟʜʘʥʠʡ. ɼʣʷ ʨʝʰʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʟʘʜʘʯ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ, ʪʝʦʨʠʠ ʤʥʦʞʝʩʪʚ, ʪʝʭʥʦʣʦʛʠʠ 

ʨʘʟʨʘʙʦʪʢʠ ʙʘʟ ʜʘʥʥʳʭ ʠ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ. ʇʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʘʡʪʳ ʬʠʨʤ ʧʦ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʶ ʫʩʣʫʛ ʫʪʝʧʣʝʥʠʷ ʬʘʩʘʜʦʚ ʠ ʚʳʷʚʣʝʥʳ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. ʈʘʩʩʤʦʪʨʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʨʘʟʨʘʙʦʪʢʠ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʘʡʪʘʤʠ. ʉʬʦʨʤʠʨʦʚʘʥʘ ʤʦʜʝʣʴ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʫʪʝʧʣʝʥʠʷ 

ʬʘʩʘʜʦʚ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʵʪʘʧʦʚ: ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦʛʦ, ʦʩʥʦʚʥʦʛʦ ʠ ʟʘʢʣʶʯʠʪʝʣʴʥʦʛʦ. ʇʨʠʚʝʜʝʥʦ ʪʝʦʨʝʪʠʢʦ-

ʤʥʦʞʝʩʪʚʝʥʥʦʝ ʦʧʠʩʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʤʦʜʝʣʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ, ʧʦʟʚʦʣʷʶʱʝʝ ʦʧʨʝʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʣʦʛʠʩʪʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʮʝʩʩʘ ʫʪʝʧʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʠʪʴ ʬʦʨʤʫʣʳ ʨʘʩʯʝʪʦʚ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʦʜʫʣʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜʜʝʨʞʢʠ. ʈʘʟʨʘʙʦʪʘʥʘ ʘʨʭʠʪʝʢʪʫʨʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʫʪʝʧʣʝʥʠʷ, ʢʦʪʦʨʘʷ 

ʩʦʩʪʦʠʪ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ, ʨʘʩʯʝʪʥʦʛʦ ʤʦʜʫʣʷ ʠ ʠʥʪʝʨʬʝʡʩʘ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ. ʈʘʟʨʘʙʦʪʘʥʘ ʩʪʨʫʢʪʫʨʘ ʙʘʟʳ ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʱʝʡ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʬʠʨʤʝ, ʠʩʧʦʣʥʠʪʝʣʷʭ ʨʘʙʦʪ ʧʦ ʫʪʝʧʣʝʥʠʶ, ʥʝʦʙʭʦʜʠʤʳʭ ʤʘʪʝʨʠʘʣʘʭ ʥʘ ʩʢʣʘʜʝ, ʧʘʨʘʤʝʪʨʘʭ ʟʘʢʘʟʘ ʠ 

ʟʘʢʘʟʯʠʢʘ. ʈʘʟʨʘʙʦʪʢʘ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʦʙʨʘʙʦʪʢʫ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʚʳʧʦʣʥʝʥʠʷ 

ʨʘʙʦʪ ʠ ʧʨʝʜʦʩʪʘʚʠʪʴ ʧʦʣʴʟʦʚʘʪʝʣʶ ʚʦʟʤʦʞʥʦʩʪʴ ʙʳʩʪʨʦʛʦ ʦʬʦʨʤʣʝʥʠʷ ʟʘʢʘʟʘ. ɺʳʚʦʜʳ: ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʧʦʜʜʝʨʞʢʘ 

ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʫʪʝʧʣʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʭ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ ʟʘ ʩʯʝʪ 

ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʘʚʣʝʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʧʝʨʝʯʥʷ ʫʩʣʫʛ ʠ ʧʨʦʚʝʨʢʠ ʥʘʣʠʯʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʆʩʥʦʚʥʳʤ 

ʨʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʧʣʦʱʘʜʠ ʫʪʝʧʣʝʥʠʷ ʠ ʩʪʦʠʤʦʩʪʠ ʟʘʢʘʟʘ 

ʩ ʫʯʝʪʦʤ ʥʘʣʠʯʠʷ ʠʣʠ ʟʘʢʫʧʢʠ ʥʝʦʙʭʦʜʠʤʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʦʛʦʚʦʨʘ ʤʝʞʜʫ ʟʘʢʘʟʯʠʢʦʤ ʠ ʬʠʨʤʦʡ-

ʠʩʧʦʣʥʠʪʝʣʝʤ ʥʘ ʦʩʥʦʚʝ ʚʳʙʨʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʫʩʣʫʛʠ ʫʪʝʧʣʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ; ʫʪʝʧʣʝʥʠʝ ʟʜʘʥʠʡ; ʪʝʦʨʝʪʠʢʦ-ʤʥʦʞʝʩʪʚʝʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ; ʜʠʘʛʨʘʤʤʘ 

ʧʨʝʮʝʜʝʥʪʦʚ; ʘʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ; ʙʘʟʘ ʜʘʥʥʳʭ; ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ. 
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ɺ. ʌ. ʇʈʆʂʆʇɽʅʂʆɺ, ʖ. ʅ. ʂʆɾʀʅ, ʆ. ʅ. ʄɸʃʓʍ 

ʆʇʈɽɼɽʃɽʅʀɽ ʆʇʊʀʄɸʃʔʅʆɻʆ ʂʆʃʔʎɽɺʆɻʆ ʄɸʈʐʈʋʊɸ, 

ʇʈʆʍʆɼʗʑɽɻʆ ʏɽʈɽɿ ɿɸɼɸʅʅʆɽ ʄʅʆɾɽʉʊɺʆ ʇʋʅʂʊʆɺ ʅɸ ʂɸʈʊɽ 

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʶʪʩʷ ʤʝʪʦʜʳ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʣʦʛʠʩʪʠʢʠ. ʎʝʣʴ ï ʩʥʠʞʝʥʠʝ 

ʟʘʪʨʘʪ ʠ ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʥʘ ʜʦʩʪʘʚʢʫ ʪʦʚʘʨʦʚ ʘʚʪʦʤʦʙʠʣʴʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ ʟʘ ʩʯʸʪ ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʥʝʜʨʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʘ ʨʘʟʚʦʟʘ ʪʦʚʘʨʦʚ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ 

ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʦʣʴʮʝʚʦʛʦ ʤʘʨʰʨʫʪʘ ʨʘʟʚʦʟʘ ʪʦʚʘʨʦʚ ʩʦ ʩʢʣʘʜʘ, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʟʘʜʘʥʥʦʝ ʤʥʦʞʝʩʪʚʦ ʧʫʥʢʪʦʚ ʥʘ 

ʢʘʨʪʝ. ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ ʜʠʩʢʨʝʪʥʦʡ ʤʘʪʝʤʘʪʠʢʠ. ʇʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ. 

ɺʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʧʨʦʙʣʝʤʳ ʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʜʠʩʢʨʝʪʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʜʣʷ ʝʸ ʨʝʰʝʥʠʷ, ʦʧʨʝʜʝʣʝʥʳ ʥʝʜʦʩʪʘʪʢʠ ʵʪʠʭ 

ʤʝʪʦʜʦʚ. ʇʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ, ʫʩʪʨʘʥʷʶʱʠʡ ʵʪʠ ʥʝʜʦʩʪʘʪʢʠ. ʈʘʟʨʘʙʦʪʘʥ ʵʚʨʠʩʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯʠ, ʨʝʘʣʠʟʫʶʱʠʡ ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʨʝʰʝʥʠʷ. ʈʝʰʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʠ ʩʚʦʜʠʪʩʷ ʢ ʟʘʜʘʯʝ ʧʦʠʩʢʘ 

ʛʘʤʠʣʴʪʦʥʦʚʘ ʮʠʢʣʘ ʥʘ ʥʦʚʦʤ ʛʨʘʬʝ ʤʝʥʴʰʝʡ ʨʘʟʤʝʨʥʦʩʪʠ. ʅʦʚʳʡ ʛʨʘʬ ʩʪʨʦʠʪʩʷ ʠʟ ʥʘʯʘʣʴʥʦʛʦ ʛʨʘʬʘ, ʦʧʠʩʳʚʘʶʱʝʛʦ ʢʘʨʪʫ, 

ʠ ʩʦʩʪʦʠʪ ʠʟ ʚʝʨʰʠʥ ʟʘʜʘʥʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʧʫʥʢʪʦʚ ʥʘ ʢʘʨʪʝ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʜʦʣʞʝʥ ʧʨʦʡʪʠ ʤʘʨʰʨʫʪ. ʂʘʞʜʘʷ ʜʫʛʘ ʚ ʥʦʚʦʤ 

ʛʨʘʬʝ ʩʦʝʜʠʥʷʝʪ ʧʘʨʫ ʚʝʨʰʠʥ, ʝʩʣʠ ʚ ʥʘʯʘʣʴʥʦʤ ʛʨʘʬʝ ʩʫʱʝʩʪʚʫʝʪ ʧʫʪʴ ʤʝʞʜʫ ʵʪʠʤʠ ʚʝʨʰʠʥʘʤʠ. ɼʫʛʘ ʚʟʚʝʰʠʚʘʝʪʩʷ ʯʠʩʣʦʤ, 

ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪ ʤʠʥʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʚʝʨʰʠʥʘʤʠ ʚ ʥʘʯʘʣʴʥʦʤ ʛʨʘʬʝ, ʢʦʪʦʨʳʝ ʦʥʘ ʩʦʝʜʠʥʷʝʪ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʛʨʘʬʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʣʛʦʨʠʪʤ ɼʝʡʢʩʪʨʳ. ɺʳʚʦʜʳ: ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʟʘʜʘʯʠ ʚʳʧʦʣʥʷʝʪ ʝʸ 

ʩʚʦʜʠʤʦʩʪʴ ʢ ʢʣʘʩʩʠʯʝʩʢʦʡ ʟʘʜʘʯʝ ʜʠʩʢʨʝʪʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʧʦʠʩʢʘ ʛʘʤʠʣʴʪʦʥʦʚʘ ʮʠʢʣʘ ʥʘ ʛʨʘʬʝ. ʊʝʩʪʠʨʦʚʘʥʠʝ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʧʦʢʘʟʘʣʦ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʠ ʘʣʛʦʨʠʪʤʘ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ 

ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʥʠʟʠʪʴ ʨʘʟʤʝʨʥʦʩʪʴ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ, ʧʦʩʢʦʣʴʢʫ ʨʝʰʝʥʠʝ ʠʱʝʪʩʷ ʥʘ ʥʦʚʦʤ ʛʨʘʬʝ ʤʝʥʴʰʝʡ ʨʘʟʤʝʨʥʦʩʪʠ ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʛʨʘʬʘ, ʦʧʠʩʳʚʘʶʱʝʛʦ ʠʩʭʦʜʥʫʶ ʢʘʨʪʫ. ʌʘʢʪʦʨ ʧʦʥʠʞʝʥʠʷ ʨʘʟʤʝʨʥʦʩʪʠ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʟʘʪʨʘʪʳ ʥʘ ʧʦʠʩʢ 

ʨʝʰʝʥʠʷ ʠ ʧʦʚʳʰʘʝʪ ʰʘʥʩʳ ʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʳʡ ʤʘʨʰʨʫʪ ʨʘʟʚʦʟʘ ʪʦʚʘʨʦʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʘʥʩʧʦʨʪʥʘʷ ʣʦʛʠʩʪʠʢʘ; ʤʘʨʰʨʫʪ ʥʘ ʢʘʨʪʝ; ʛʨʘʬ; ʛʘʤʠʣʴʪʦʥʦʚ ʮʠʢʣ; ʩʣʦʞʥʦʩʪʴ; NP-ʧʦʣʥʦʪʘ; 

ʘʣʛʦʨʠʪʤ ɼʝʡʢʩʪʨʳ; ʩʚʦʜʠʤʦʩʪʴ; ʩʭʝʤʘ ʧʦʠʩʢʘ ʩ ʚʦʟʚʨʘʪʘʤʠ. 

ɺʚʝʜʝʥʠʝ  

 

ʃʦʛʠʩʪʠʢʘ ʵʪʦ ʥʝ ʪʦʣʴʢʦ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʡ ʪʝʨʤʠʥ ʚ ʵʢʦʥʦʤʠʢʝ, ʘ 

ʧʦʣʥʦʮʝʥʥʘʷ ʥʘʫʢʘ ʦ ʧʣʘʥʠʨʦʚʘʥʠʠ, ʦʨʛʘʥʠʟʘʮʠʠ, 

ʫʧʨʘʚʣʝʥʠʠ, ʢʦʥʪʨʦʣʝ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʧʝʨʝʤʝʱʝʥʠʷ 

ʤʘʪʝʨʠʘʣʴʥʳʭ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʦ ʚʨʝʤʝʥʠ ʦʪ ʠʭ ʧʝʨʚʠʯʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʜʦ ʢʦʥʝʯʥʦʛʦ ʧʦʪʨʝʙʠʪʝʣʷ [1, 2]. 

ʇʝʨʝʤʝʱʝʥʠʝ ʪʦʚʘʨʥʦ-ʤʘʪʝʨʠʘʣʴʥʳʭ ʮʝʥʥʦʩʪʝʡ 

ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. 

ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʦʧʝʨʘʮʠʡ ʣʦʛʠʩʪʠʢʠ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʧʝʨʝʤʝʱʝʥʠʝʤ ʤʘʪʝʨʠʘʣʴʥʳʭ ʮʝʥʥʦʩʪʝʡ ʦʪ 

ʧʝʨʚʠʯʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʜʦ ʢʦʥʝʯʥʦʛʦ ʧʦʪʨʝʙʠʪʝʣʷ, 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʪʨʘʥʩʧʦʨʪʘ ʠ ʟʘʪʨʘʪʳ ʥʘ 

ʵʪʠ ʦʧʝʨʘʮʠʠ ʩʦʩʪʘʚʣʷʶʪ ʜʦ 50% ʦʪ ʦʙʱʠʭ ʟʘʪʨʘʪ ʥʘ 

ʣʦʛʠʩʪʠʢʫ [3]. ʇʦʵʪʦʤʫ ʦʩʦʙʫʶ ʨʦʣʴ ʚ ʵʪʦʡ ʥʘʫʢʝ 

ʠʛʨʘʝʪ ʪʨʘʥʩʧʦʨʪʥʘʷ ʣʦʛʠʩʪʠʢʘ.  

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʪʨʘʥʩʧʦʨʪʥʦʡ 

ʣʦʛʠʩʪʠʢʠ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʮʠʦʥʘʣʴʥʳʭ 

ʤʘʨʰʨʫʪʦʚ ʜʦʩʪʘʚʢʠ ʪʦʚʘʨʦʚ. ʄʘʨʰʨʫʪʳ ʜʦʩʪʘʚʢʠ 

ʤʦʛʫʪ ʙʳʪʴ ʤʘʷʪʥʠʢʦʚʳʤʠ ʠ ʢʦʣʴʮʝʚʳʤʠ [4]. ɺ 

ʤʘʷʪʥʠʢʦʚʦʤ ʤʘʨʰʨʫʪʝ ʧʫʪʴ ʩʣʝʜʦʚʘʥʠʷ ʪʨʘʥʩʧʦʨʪʘ 

ʚʧʝʨʸʜ ʠ ʦʙʨʘʪʥʦ ʧʨʦʭʦʜʠʪ ʧʦ ʦʜʥʦʤʫ ʠ ʪʦʤʫ ʞʝ ʧʫʪʠ. 

ʄʘʨʰʨʫʪ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʫʪʴ ʩʣʝʜʦʚʘʥʠʷ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʩʦʩʪʘʚʣʷʝʪ ʟʘʤʢʥʫʪʳʡ ʢʦʥʪʫʨ, 

ʥʘʟʳʚʘʝʪʩʷ ʢʦʣʴʮʝʚʳʤ ʤʘʨʰʨʫʪʦʤ. ɹʝʟ ʩʦʤʥʝʥʠʷ 

ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ ʪʨʘʥʩʧʦʨʪʥʳʝ ʧʝʨʝʚʦʟʢʠ ʧʦ 

ʤʘʷʪʥʠʢʦʚʳʤ ʤʘʨʰʨʫʪʘʤ ʧʨʦʱʝ, ʧʦʩʢʦʣʴʢʫ ʥʝ 

ʪʨʝʙʫʝʪʩʷ ʪʨʘʪʠʪʴ ʚʨʝʤʷ ʠ ʩʨʝʜʩʪʚʘ ʥʘ ʨʘʟʨʘʙʦʪʢʫ 

ʪʨʫʜʥʦ ʥʘʭʦʜʠʤʦʛʦ ʢʦʣʴʮʝʚʦʛʦ ʤʘʨʰʨʫʪʘ, 

ʦʨʛʘʥʠʟʘʮʠʶ ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʝ 

ʧʝʨʝʚʦʟʢʘʤʠ. ʅʦ ʤʘʷʪʥʠʢʦʚʳʝ ʤʘʨʰʨʫʪʳ 

ʧʨʦʠʛʨʳʚʘʶʪ ʢʦʣʴʮʝʚʳʤ ʤʘʨʰʨʫʪʘʤ ʧʦ ʟʘʪʨʘʪʘʤ 

ʙʣʘʛʦʜʘʨʷ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝʤʫ ʦʙʱʝʤʫ 

ʘʚʪʦʧʨʦʙʝʛʫ ʟʘʜʝʡʩʪʚʦʚʘʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʟʘʪʨʘʪ ʥʘ 

ʪʦʧʣʠʚʦ, ʨʝʤʦʥʪ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ ʪʨʘʥʩʧʦʨʪʘ, ʯʪʦ 

ʟʘʩʪʘʚʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʢʦʣʴʮʝʚʳʝ 

ʤʘʨʰʨʫʪʳ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ. ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʙʣʝʤʫ 

ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʢʦʣʴʮʝʚʦʛʦ ʨʘʟʚʦʟʦʯʥʦʛʦ 

ʤʘʨʰʨʫʪʘ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʪʠʧʠʯʥʦʡ ʜʣʷ ʩʣʫʞʙʳ 

ʜʦʩʪʘʚʢʠ ʚ ʦʙʳʯʥʦʤ ʩʦʚʨʝʤʝʥʥʦʤ ʩʪʨʦʠʪʝʣʴʥʦʤ 

ʩʫʧʝʨʤʘʨʢʝʪʝ. 

ʇʫʩʪʴ ʠʤʝʝʪʩʷ ʢʘʨʪʘ, ʟʘʜʘʥʦ ʥʝʢʦʪʦʨʦʝ 

ʧʦʜʤʥʦʞʝʩʪʚʦ ʠʟ ʤʥʦʞʝʩʪʚʘ ʧʫʥʢʪʦʚ ʥʘ ʥʝʡ. ʆʜʠʥ ʠʟ 

ʧʫʥʢʪʦʚ ʵʪʦʛʦ ʧʦʜʤʥʦʞʝʩʪʚʘ, ʚ ʢʦʪʦʨʦʤ ʘʚʪʦʤʦʙʠʣʴ 

ʟʘʛʨʫʞʘʝʪʩʷ ʜʦʩʪʘʚʣʷʝʤʳʤʠ ʪʦʚʘʨʘʤʠ ʩʯʠʪʘʝʪʩʷ 

ʥʘʯʘʣʴʥʳʤ. ɸʚʪʦʤʦʙʠʣʴ ʜʦʣʞʝʥ ʨʘʟʚʝʩʪʠ ʪʦʚʘʨ ʧʦ 

ʫʢʘʟʘʥʥʳʤ ʧʫʥʢʪʘʤ ʠ ʚʝʨʥʫʪʴʩʷ ʚ ʥʘʯʘʣʴʥʳʡ ʧʫʥʢʪ. 

ʇʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʩʫʤʤʘʨʥʳʡ ʚʝʩ ʜʦʩʪʘʚʣʷʝʤʳʭ 

ʪʦʚʘʨʦʚ ʥʝ ʧʨʝʚʳʰʘʝʪ ʛʨʫʟʦʧʦʜʲʸʤʥʦʩʪʴ 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʘʚʪʦʤʦʙʠʣʷ. ʆʯʝʚʠʜʥʦ, ʚʳʙʠʨʘʝʤʳʡ 

ʤʘʨʰʨʫʪ ʨʘʟʚʦʟʢʠ ʪʦʚʘʨʘ ʜʦʣʞʝʥ ʙʳʪʴ ʨʘʮʠʦʥʘʣʴʥʳʤ. 

ʇʦʜ ʨʘʮʠʦʥʘʣʴʥʦʩʪʴʶ ʧʦʥʠʤʘʝʪʩʷ ʠ ʤʠʥʠʤʫʤ ʧʨʦʙʝʛʘ 

ʘʚʪʦʤʦʙʠʣʷ, ʠ ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ, ʠ 

ʤʠʥʠʤʫʤ ʧʦʪʨʘʯʝʥʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʚʩʝʛʦ ʦʩʪʘʣʴʥʦʛʦ, 

ʯʪʦ, ʪʘʢ ʠʣʠ ʠʥʘʯʝ, ʩʚʦʜʠʪʩʷ ʢ ʤʠʥʠʤʠʟʘʮʠʠ 

ʤʘʪʝʨʠʘʣʴʥʳʭ ʟʘʪʨʘʪ. 

ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʵʪʦʡ ʧʨʦʙʣʝʤʳ 

ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʘ ʚʦʟʥʠʢʘʝʪ ʠ ʨʝʰʘʝʪʩʷ ʢʘʞʜʳʡ 

ʜʝʥʴ, ʠ ʧʫʥʢʪʳ ʜʦʩʪʘʚʢʠ ʪʦʚʘʨʘ ʜʝʥʴ ʦʪʦ ʜʥʷ 

ʤʝʥʷʶʪʩʷ. ɸ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʟʘʜʘʯʘ ʤʘʨʰʨʫʪʠʟʘʮʠʠ 

ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʦʜʥʦʢʨʘʪʥʦ ʠ ʟʘʨʘʥʝʝ, ʘ 

ʤʘʨʰʨʫʪʳ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ. ɼʨʫʛʘʷ ʥʝʤʘʣʦʚʘʞʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ï ʵʪʦ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʚʷʟʢʠ ʢ ʢʘʨʪʝ ʨʝʘʣʴʥʦʡ ʤʝʩʪʥʦʩʪʠ, 

ʢʦʪʦʨʘʷ ʢʨʦʤʝ ʧʫʥʢʪʦʚ ʥʘʟʥʘʯʝʥʠʷ ʩʦʜʝʨʞʠʪ 

ʤʥʦʞʝʩʪʚʦ ʜʨʫʛʠʭ ʥʝ ʚʘʞʥʳʭ ʜʣʷ ʜʦʩʪʘʚʢʠ ʧʫʥʢʪʦʚ, 

ʥʦ ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʜʦʣʞʥʳ ʙʳʪʴ ʫʯʪʝʥʳ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʘ. ʉ ʦʧʠʩʘʥʥʦʡ 
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ʧʨʦʙʣʝʤʦʡ ʜʠʩʧʝʪʯʝʨʘ ʩʣʫʞʙ ʜʦʩʪʘʚʢʠ ʩʪʘʣʢʠʚʘʶʪʩʷ 

ʢʘʞʜʳʡ ʜʝʥʴ ʠ ʨʝʰʘʶʪ ʝʸ ʚʨʫʯʥʫʶ, ʢʪʦ ʢʘʢ ʫʤʝʝʪ, ʥʘ 

ʦʩʥʦʚʝ ʣʠʯʥʦʛʦ ʦʧʳʪʘ ʙʝʟ ʯʸʪʢʦʛʦ ʢʨʠʪʝʨʠʷ 

ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯʠ. ʀʟ-ʟʘ ʵʪʦʛʦ ʦʯʝʨʝʜʴ ʥʘ ʜʦʩʪʘʚʢʫ ʧʦʢʫʧʦʢ 

ʩʦʩʪʘʚʣʷʝʪ ʢʘʢ ʤʠʥʠʤʫʤ ʪʨʠ ʜʥʷ ʚ ʥʝ ʩʘʤʳʡ ʘʢʪʠʚʥʳʡ 

ʩʝʟʦʥ ʧʨʦʜʘʞ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʯʝʚʠʜʥʘ ʚʘʞʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ 

ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, 

ʘʣʛʦʨʠʪʤʦʚ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚ ʮʝʣʦʤ ʜʣʷ 

ʨʝʰʝʥʠʷ ʦʧʠʩʘʥʥʦʡ ʧʨʦʙʣʝʤʳ, ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʩʣʫʞʙ ʜʦʩʪʘʚʢʠ. 

 

ɸʥʘʣʠʟ ʧʦʩʣʝʜʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʫʙʣʠʢʘʮʠʡ 

 

ʊʨʘʥʩʧʦʨʪʥʘʷ ʣʦʛʠʩʪʠʢʘ ʨʝʰʘʝʪ ʟʘʜʘʯʠ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʦʨʛʘʥʠʟʘʮʠʝʡ ʜʦʩʪʘʚʢʠ ʨʘʟʥʦʛʦ ʨʦʜʘ 

ʚʝʱʝʡ ʠʟ ʦʜʥʠʭ ʤʝʩʪ ʚ ʜʨʫʛʠʝ ʧʦ ʦʧʪʠʤʘʣʴʥʦ 

ʚʳʙʨʘʥʥʦʤʫ ʤʘʨʰʨʫʪʫ [5-7]. ʅʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʤʦʞʝʪ 

ʧʦʢʘʟʘʪʴʩʷ, ʯʪʦ ʨʝʰʝʥʠʝ ʪʘʢʠʭ ʟʘʜʘʯ ʩʚʷʟʘʥʦ ʩʫʛʫʙʦ ʩ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ. ʅʘ ʧʨʘʢʪʠʢʝ ʪʘʢʦʝ 

ʩʫʞʜʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʠʟʣʠʰʥʠʤ ʟʘʪʨʘʪʘʤ ʠ 

ʦʙʦʨʘʯʠʚʘʝʪʩʷ ʩʥʠʞʝʥʠʝʤ ʧʨʠʙʳʣʴʥʦʩʪʠ 

ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ. ʉʘʤʦ ʫʢʘʟʘʥʠʝ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʘ ʜʦʩʪʘʚʢʠ 

ʟʘʩʪʘʚʣʷʝʪ ʧʦʜʢʣʶʯʘʪʴ ʢ ʨʝʰʝʥʠʶ ʵʪʦʡ ʧʨʦʙʣʝʤʳ 

ʩʝʨʴʸʟʥʫʶ ʪʝʦʨʠʶ. ʊʝʦʨʝʪʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʣʦʛʠʩʪʠʢʠ 

ʩʣʫʞʘʪ ʪʘʢʠʝ ʜʠʩʮʠʧʣʠʥʳ ʢʘʢ ʪʝʦʨʠʷ ʩʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʪʝʦʨʠʷ ʦʨʛʘʥʠʟʘʮʠʡ, 

ʩʠʩʪʝʤʦʪʝʭʥʠʢʘ ʠ ʢʠʙʝʨʥʝʪʠʢʘ, ʘ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʫʶ 

ʦʩʥʦʚʫ ʜʣʷ ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʣʦʛʠʩʪʠʯʝʩʢʠʭ 

ʧʨʦʙʣʝʤ ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʠʩʮʠʧʣʠʥʳ: ʤʘʪʝʤʘʪʠʢʘ, 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʧʝʨʘʮʠʡ, ʩʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ, 

ʵʢʦʥʦʤʝʪʨʠʷ, ʤʝʥʝʜʞʤʝʥʪ [8].  

ʇʨʠ ʚʩʸʤ ʤʥʦʛʦʦʙʨʘʟʠʠ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ 

ʥʘ ʧʝʨʚʦʝ ʤʝʩʪʦ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʘʚʠʪʴ ʧʨʦʙʣʝʤʳ, 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʝ, ʘ ʟʥʘʯʠʪ, ʧʨʦʙʣʝʤʫ ʦʧʨʝʜʝʣʝʥʠʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ.  

ɺ ʜʠʩʢʨʝʪʥʦʡ ʤʘʪʝʤʘʪʠʢʝ [9] ʟʘʜʘʯʠ ʧʦʜʦʙʥʳʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʥʠʤʘʶʪ ʦʩʦʙʦʝ ʤʝʩʪʦ. ʂ ʥʠʤ 

ʦʪʥʦʩʷʪʩʷ ʪʨʘʥʩʧʦʨʪʥʘʷ ʟʘʜʘʯʘ ʄʦʥʞʘ-ʂʘʥʪʦʨʦʚʠʯʘ, 

ʟʘʜʘʯʘ ʢʦʤʤʠʚʦʷʞʸʨʘ, ʟʘʜʘʯʘ ʦ ʢʨʘʪʯʘʡʰʝʤ ʧʫʪʠ. ʕʪʠ 

ʟʘʜʘʯʠ ʦʪʥʦʩʷʪʩʷ ʢ ʩʧʝʮʠʘʣʴʥʦʤʫ ʨʘʟʜʝʣʫ ʜʠʩʢʨʝʪʥʦʡ 

ʤʘʪʝʤʘʪʠʢʠ ï ʪʝʦʨʠʠ ʛʨʘʬʦʚ, ʦʩʥʦʚʦʧʦʣʦʞʥʠʢʦʤ 

ʢʦʪʦʨʦʡ ʩʪʘʣ ʃ. ʕʡʣʝʨ. ʊʨʘʥʩʧʦʨʪʥʘʷ ʟʘʜʘʯʘ ʠʣʠ 

ʟʘʜʘʯʘ ʦʙ ʦʧʪʠʤʘʣʴʥʦʤ ʧʣʘʥʝ ʧʝʨʝʚʦʟʢʠ ʧʨʦʜʫʢʪʦʚ ʠʟ 

ʧʫʥʢʪʦʚ ʥʘʣʠʯʠʷ ʧʨʦʜʫʢʪʦʚ ʚ ʧʫʥʢʪʳ ʧʦʪʨʝʙʣʝʥʠʷ 

ʙʳʣʘ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ɻ. ʄʦʥʞʝʤ ʚ 1781 ʛʦʜʫ ʠ 

ʨʝʰʝʥʘ ʩʦʚʝʪʩʢʠʤ ʤʘʪʝʤʘʪʠʢʦʤ ʃ. ʂʘʥʪʦʨʦʚʠʯʝʤ ʚ 

ʛʦʜr ɺʝʣʠʢʦʡ ʆʪʝʯʝʩʪʚʝʥʥʦʡ ʚʦʡʥʳ [10, 11]. ʕʪʘ 

ʟʘʜʘʯʘ ʩʪʘʣʘ ʢʣʘʩʩʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ ʪʨʘʥʩʧʦʨʪʥʦʡ 

ʣʦʛʠʩʪʠʢʠ ʠ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʢʘʢ ʩʠʤʧʣʝʢʩ-

ʤʝʪʦʜʦʤ, ʪʘʢ ʠ ʩ ʧʦʤʦʱʴʶ ʪʝʦʨʠʠ ʛʨʘʬʦʚ [12].  

ɺ [13] ʜʣʷ ʨʝʰʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʟʘʜʘʯʠ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʜʚʫʭʵʪʘʧʥʘʷ ʩʭʝʤʘ ʨʝʰʝʥʠʷ. ʅʘ ʧʝʨʚʦʤ 

ʵʪʘʧʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʜʝʢʦʤʧʦʟʠʮʠʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʛʨʘʬʘ ʥʘ ʧʦʜʛʨʘʬʳ, ʚʳʩʪʫʧʘʶʱʠʝ ʚ ʢʘʯʝʩʪʚʝ ʦʧʦʨʥʳʭ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʤʘʨʰʨʫʪʦʚ ʜʣʷ ʚʪʦʨʦʛʦ ʵʪʘʧʘ 

ʦʧʪʠʤʠʟʘʮʠʠ. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʠʩʢ 

ʦʧʪʠʤʘʣʴʥʳʭ ʤʘʨʰʨʫʪʦʚ ʚ ʢʘʞʜʦʤ ʧʦʜʛʨʘʬʝ. 

ɿʘʜʘʯʘ ʢʦʤʤʠʚʦʷʞʸʨʘ [14] ʩʪʘʚʠʪ ʩʚʦʝʡ ʮʝʣʴʶ 

ʥʘʭʦʞʜʝʥʠʝ ʚʳʛʦʜʥʦʛʦ ʤʘʨʰʨʫʪʘ, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ 

ʫʢʘʟʘʥʥʳʝ ʛʦʨʦʜʘ ʩ ʦʜʥʦʢʨʘʪʥʳʤ ʧʦʩʝʱʝʥʠʝʤ ʠ 

ʚʦʟʚʨʘʪʦʤ ʚ ʠʩʭʦʜʥʳʡ ʛʦʨʦʜ. ʇʦʷʚʣʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ 

ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʋ. ɻʘʤʠʣʴʪʦʥʦʤ, ʠʟʚʝʩʪʥʳʤ 

ʤʘʪʝʤʘʪʠʢʦʤ ʞʠʚʰʝʤ ʚ 19 ʚʝʢʝ, ʘ ʝʸ ʨʝʰʝʥʠʝ ʚ 

ʛʨʘʬʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʢʘʢ ʟʘʤʢʥʫʪʳʡ ʧʫʪʴ ʚ 

ʛʨʘʬʝ, ʧʨʦʭʦʜʷʱʠʡ ʯʝʨʝʟ ʚʩʝ ʚʝʨʰʠʥʳ ʛʨʘʬʘ ʧʦ 

ʦʜʥʦʤʫ ʨʘʟʫ, ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ ʛʘʤʠʣʴʪʦʥʦʚʘ ʮʠʢʣʘ. 

ɿʘʜʘʯʘ ʢʦʤʤʠʚʦʷʞʸʨʘ, ʢʘʢ ʠʟʚʝʩʪʥʦ [15], ʦʪʥʦʩʠʪʩʷ ʢ 

ʯʠʩʣʫ NPïʧʦʣʥʳʭ ʟʘʜʘʯ. ɼʣʷ ʪʘʢʠʭ ʟʘʜʘʯ ʥʝʚʦʟʤʦʞʥʦ 

ʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʟʘ ʧʦʣʠʥʦʤʠʘʣʴʥʦʝ ʚʨʝʤʷ 

ʠʟ-ʟʘ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʝʨʝʙʦʨʘ 

ʜʦʧʫʩʪʠʤʳʭ ʨʝʰʝʥʠʡ ʩ ʮʝʣʴʶ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʨʝʰʝʥʠʷ. ʃʫʯʰʠʡ ʪʦʯʥʳʡ ʤʝʪʦʜ  ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʢʦʤʤʠʚʦʷʞʸʨʘ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʤʝʪʦʜʝ ʚʝʪʚʝʡ ʠ 

ʛʨʘʥʠʮ, ʙʳʣ ʧʦʣʫʯʝʥ ʚ 1964 ʛʦʜʫ ɼʞ. ʃʠʪʪʣʦʤ ʩ 

ʩʦʘʚʪʦʨʘʤʠ [16]. ʅʝʜʦʩʪʘʪʢʦʤ ʧʨʠʤʝʥʝʥʠʷ ʵʪʦʛʦ 

ʤʝʪʦʜʘ ʜʣʷ ʨʝʰʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ 

ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʩʦʚʤʝʩʪʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʣʴʮʝʚʳʭ 

ʤʘʨʰʨʫʪʦʚ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʪʨʘʥʩʧʦʨʪʥʳʭ  

ʩʨʝʜʩʪʚ [13].  

ɽʜʠʥʩʪʚʝʥʥʳʤ ʩʧʦʩʦʙʦʤ ʨʝʰʝʥʠʷ NPïʧʦʣʥʳʭ 

ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʵʚʨʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. 

ʊʘʢʠʤ ʧʨʠʤʝʨʦʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʨʘʟʨʘʙʦʪʘʥʥʳʡ  

ɼʞ. ʂʣʘʨʢʦʤ ʠ ɼʞ. ʈʘʡʪʦʤ ʚ 1964 ʛʦʜʫ ʘʣʛʦʨʠʪʤ [17], 

ʦʙʲʝʜʠʥʷʶʱʠʡ ʤʘʷʪʥʠʢʦʚʳʝ ʤʘʨʰʨʫʪʳ ʚ ʢʦʣʴʮʝʚʳʝ. 

ʅʦ ʵʪʦʪ ʘʣʛʦʨʠʪʤ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ  

ʥʝʜʦʩʪʘʪʢʠ [13].  

ɿʘʜʘʯʘ ʦ ʢʨʘʪʯʘʡʰʝʤ ʧʫʪʠ ʚ ʦʪʣʠʯʠʝ ʦʪ ʟʘʜʘʯʠ 

ʢʦʤʤʠʚʦʷʞʸʨʘ ʠʤʝʝʪ ʪʦʯʥʳʝ ʘʣʛʦʨʠʪʤʳ ʨʝʰʝʥʠʷ 

ɸʣʛʦʨʠʪʤ ɹʝʣʣʤʘʥʘ-ʌʦʨʜʘ [18], ɼʝʡʢʩʪʨʳ [19] ʠ ʜʨ., 

ʧʨʠʤʝʥʷʝʤʳʝ, ʥʘʧʨʠʤʝʨ, ʚ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ 

ʩʝʨʚʠʩʘʭ ʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʨʝʰʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʧʨʦʙʣʝʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ. 

 

ɺʳʜʝʣʝʥʠʝ ʥʝʨʝʰʸʥʥʳʭ ʨʘʥʝʝ ʯʘʩʪʝʡ ʦʙʱʝʡ 

ʧʨʦʙʣʝʤʳ. ʎʝʣʴ ʨʘʙʦʪʳ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʣʘʛʦʜʘʨʷ ʩʪʨʝʤʠʪʝʣʴʥʦʤʫ 

ʧʨʦʛʨʝʩʩʫ ʚ ʨʘʟʚʠʪʠʠ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʝʭʥʠʢʠ, ʢʦʪʦʨʘʷ 

ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʩʙʦʨʘ 

ʥʘʢʦʧʣʝʥʠʷ, ʘʥʘʣʠʟʘ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ ʚ ʫʧʨʘʚʣʝʥʠʠ ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʧʦʪʦʢʘʤʠ,  

ʯʝʤ ʟʘʥʠʤʘʝʪʩʷ ʣʦʛʠʩʪʠʢʘ, ʦʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ  

ʩʦʙʦʡ ʙʫʨʥʦ ʨʘʟʚʠʚʘʶʱʫʶʩʷ ʦʪʨʘʩʣʴ ʟʥʘʥʠʡ. ɺ 

ʣʦʛʠʩʪʠʢʝ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʤ ʚʦʧʨʦʩʘʤ ʫʧʨʘʚʣʝʥʠʷ 

ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʧʦʪʦʢʘʤʠ. ʅʦ ʚʝʨʦʷʪʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʫʜʝʣʷʝʪʩʷ ʚʥʠʤʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʠ ʧʨʠʢʣʘʜʥʦʤʫ 

ʧʨʦʛʨʘʤʤʥʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ, ʯʪʦ ʭʦʨʦʰʦ 

ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ ʦʧʠʩʘʥʥʦʡ ʧʨʦʙʣʝʤʦʡ ʩʣʫʞʙʳ 

ʜʦʩʪʘʚʢʠ ʩʫʧʝʨʤʘʨʢʝʪʘ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʧʦʩʪʘʥʦʚʢʘ 

ʧʨʦʙʣʝʤʳ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʴʮʝʚʦʛʦ ʤʘʨʰʨʫʪʘ ʩʠʣʴʥʦ 

ʧʦʭʦʞʘ ʥʘ ʟʘʜʘʯʫ ʢʦʤʤʠʚʦʷʞʸʨʘ, ʥʦ ʚ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ 

ʦʥʘ ʦʪʥʦʩʠʪʩʷ ʢ ʯʠʩʣʫ NPïʧʦʣʥʳʭ ʟʘʜʘʯ, ʦʥʘ ʥʝ ʠʤʝʝʪ 

ʪʦʯʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʨʝʰʝʥʠʷ ʟʘ ʧʦʣʠʥʦʤʠʘʣʴʥʦʝ 

ʚʨʝʤʷ.  

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʝ ʠʩʢʦʤʳʡ ʢʦʣʴʮʝʚʦʡ 

ʤʘʨʰʨʫʪ ʜʦʣʞʝʥ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʧʦʜʤʥʦʞʝʩʪʚʦ 

https://ru.wikipedia.org/wiki/%D0%90%D0%BB%D0%B3%D0%BE%D1%80%D0%B8%D1%82%D0%BC_%D0%91%D0%B5%D0%BB%D0%BB%D0%BC%D0%B0%D0%BD%D0%B0_%E2%80%94_%D0%A4%D0%BE%D1%80%D0%B4%D0%B0
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ʧʫʥʢʪʦʚ ʢʘʨʪʳ. ʅʦ ʧʨʠ ʵʪʦʤ ʚ ʨʝʰʝʥʠʠ  

ʥʝʦʙʭʦʜʠʤʦ ʫʢʘʟʘʪʴ ʥʝ ʪʦʣʴʢʦ ʦʯʝʨʸʜʥʦʩʪʴ  

ʧʦʩʝʱʝʥʠʷ ʧʫʥʢʪʦʚ ʜʦʩʪʘʚʢʠ, ʥʦ ʚ ʦʙʱʝʤ  

ʩʣʫʯʘʝ ʠ ʫʢʘʟʘʪʴ, ʢʘʢ ʧʦ ʢʘʨʪʝ ʥʝʦʙʭʦʜʠʤʦ  

ʧʨʦʝʭʘʪʴ ʠʟ ʦʜʥʦʛʦ ʩʦʩʝʜʥʝʛʦ ʧʫʥʢʪʘ ʚ  

ʜʨʫʛʦʡ ʧʦ ʚʩʝʤʫ ʨʘʟʚʦʟʦʯʥʦʤʫ ʤʘʨʰʨʫʪʫ. ʊʦ ʝʩʪʴ 

ʨʝʰʝʥʠʝʤ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʛʘʤʠʣʴʪʦʥʦʚ  

ʮʠʢʣ ʥʘ ʧʦʜʤʥʦʞʝʩʪʚʝ ʠʟ ʤʥʦʞʝʩʪʚʘ ʧʫʥʢʪʦʚ  

ʢʘʨʪʳ. ʕʪʦ ʦʪʣʠʯʠʝ ʪʨʝʙʫʝʪ ʧʨʠʸʤʘ ʜʣʷ ʘʜʘʧʪʘʮʠʠ 

ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʢʦʤʤʠʚʦʷʞʸʨʘ ʜʣʷ ʨʝʰʝʥʠʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʨʦʙʣʝʤʳ [20]. 

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

 

ɺ ʪʝʦʨʠʠ ʛʨʘʬʦʚ ʦʙʲʝʢʪ ʟʘʜʘʯʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ ʛʨʘʬ, ʩʦʩʪʦʷʱʠʤ ʠʟ 

ʤʥʦʞʝʩʪʚʘ ʚʝʨʰʠʥ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʤ ʵʣʝʤʝʥʪʳ 

ʩʪʨʫʢʪʫʨʳ ʦʙʲʝʢʪʘ ʟʘʜʘʯʠ, ʩʦʝʜʠʥʸʥʥʳʤʠ ʨʸʙʨʘʤʠ 

(ʜʫʛʘʤʠ), ʫʩʪʘʥʘʚʣʠʚʘʶʱʠʤʠ ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʥʠʤʠ. 

ʎʝʣʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʚ ʪʝʨʤʠʥʘʭ 

ʪʘʢʦʛʦ ʦʙʲʝʢʪʘ, ʘ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʩʚʦʜʠʪʩʷ ʢ 

ʚʳʧʦʣʥʝʥʠʶ ʨʘʟʣʠʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʥʘ ʪʘʢʦʤ ʛʨʘʬʝ. 

ʉʬʦʨʤʫʣʠʨʫʝʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʫʶ ʟʘʜʘʯʫ ʚ ʪʝʨʤʠʥʘʭ 

ʪʝʦʨʠʠ ʛʨʘʬʦʚ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ʇʫʩʪʴ ʢʘʨʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʢʦʥʝʯʥʳʤ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʛʨʘʬʦʤ G = V,E , ʚ 

ʢʦʪʦʨʦʤ { }| 1,
i

V v i n= =  ï ʵʪʦ ʤʥʦʞʝʩʪʚʦ ʚʝʨʰʠʥ, 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʫʥʢʪʘʤ ʢʘʨʪʳ, { }| , 1, ,
ij

E e i j n i j= = ¸  

ï ʤʥʦʞʝʩʪʚʦ ʜʫʛ ʛʨʘʬʘ. ɼʫʛʘ ij
e  ʦʧʨʝʜʝʣʷʝʪ ʥʘʣʠʯʠʝ 

ʩʦʝʜʠʥʝʥʠʷ ʤʝʞʜʫ ʚʝʨʰʠʥʘʤʠ 
i

v  ʠ j
v , 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʩʩʪʦʷʥʠʝʤ ij
d  (ʟʘʪʨʘʪʘʤʠ, 

ʩʚʷʟʘʥʥʳʤʠ ʩ ʧʝʨʝʤʝʱʝʥʠʝʤ ʠʟ i
v  ʚ j

v ) ʄʥʦʞʝʩʪʚʦ 

ʧʫʥʢʪʦʚ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʜʦʣʞʝʥ ʧʨʦʡʪʠ ʟʘʤʢʥʫʪʳʡ 

ʧʫʪʴ ʦʙʦʟʥʘʯʠʤ ʢʘʢ 
z

V VË . 

ʇʫʩʪʴ ʟʘʜʘʥʳ ʛʨʘʬ G, ʤʥʦʞʝʩʪʚʦ 
z

V  ʠ ʥʘʯʘʣʴʥʘʷ 

ʚʝʨʰʠʥʘ 
z

s z
v VÍ . ʅʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʟʘʤʢʥʫʪʳʡ ʧʫʪʴ 

ʤʠʥʠʤʘʣʴʥʦʡ ʜʣʠʥʳ ʠʟ ʚʝʨʰʠʥʳ 
z

s
v , ʧʨʦʭʦʜʷʱʠʡ 

ʯʝʨʝʟ ʚʩʝ ʚʝʨʰʠʥʳ ʤʥʦʞʝʩʪʚʘ 
z

V  ʦʜʥʦʢʨʘʪʥʦ. 

ʄʝʪʦʜ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ. ʀʟ ʘʥʘʣʠʟʘ ʧʦʩʪʘʥʦʚʢʠ 

ʟʘʜʘʯʠ ʩʣʝʜʫʝʪ, ʯʪʦ ʠʩʢʦʤʳʡ ʧʫʪʴ ʜʦʣʞʝʥ ʧʨʦʭʦʜʠʪʴ 

ʯʝʨʝʟ ʚʝʨʰʠʥʳ ʤʥʦʞʝʩʪʚʘ 
z

V . ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʵʪʦʪ 

ʧʫʪʴ ʜʦʣʞʝʥ ʙʳʪʴ ʧʨʠʚʷʟʘʥ ʢ ʢʘʨʪʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʜʣʷ ʢʘʞʜʦʡ ʧʘʨʳ ,z z

i j z
v v VÍ  ʪʘʢʠʭ, ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʧʝʨʝʤʝʱʝʥʠʝ ʠʟ ʚʝʨʰʠʥʳ 
z

i
v  ʚ ʚʝʨʰʠʥʫ z

j
v  ʚ ʠʩʢʦʤʦʤ 

ʧʫʪʠ, ʜʦʣʞʥʦ ʙʳʪʴ ʦʜʥʦʟʥʘʯʥʦ ʫʢʘʟʘʥʦ, ʢʘʢ ʵʪʦ 

ʧʝʨʝʤʝʱʝʥʠʝ ʜʦʩʪʠʛʘʝʪʩʷ ʧʦ ʢʘʨʪʝ, ʪ.ʝ. ʯʝʨʝʟ  

ʢʘʢʠʝ ʚʝʨʰʠʥʳ ʤʥʦʞʝʩʪʚʘ \
z

V V  ʥʫʞʥʦ ʧʝʨʝʤʝʱʘʪʴʩʷ 

ʠʟ ʚʝʨʰʠʥʳ 
z

i
v  ʚ ʚʝʨʰʠʥʫ z

j
v .  

ʇʦʩʢʦʣʴʢʫ ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ ʧʫʪʴ ʜʦʣʞʝʥ ʧʨʦʡʪʠ 

ʯʝʨʝʟ ʚʩʝ ʚʝʨʰʠʥʳ ʤʥʦʞʝʩʪʚʘ 
z

V , ʙʫʜʝʤ ʝʛʦ ʠʩʢʘʪʴ 

ʢʘʢ ʛʘʤʠʣʴʪʦʥʦʚ ʮʠʢʣ ʚ ʛʨʘʬʝ 
z z z

G = V ,E , ʢʦʪʦʨʳʡ 

ʩʦʟʜʘʜʠʤ. { }| , 1, ,z

z ij z
E e i j V i j= = ¸  ï ʵʪʦ ʤʥʦʞʝʩʪʚʦ 

ʜʫʛ. ɼʫʛʘ 
ij z

e EÍ , ʝʩʣʠ ʚ G ʝʩʪʴ ʧʫʪʴ 

1 2 2
, , ,..., ,..., ,z ij ij ij ij z

ij i k m j
p v v v v v v

-
=  ʪʘʢʦʡ, ʯʪʦ 

, ,z z ij

i j z k
v v V v VÍ Í ʠ ij

k z
v VÎ  ʜʣʷ 0,| | 2k V" = -. ʉ 

ʢʘʞʜʦʡ ʜʫʛʦʡ 
ij z

e EÍ  ʩʚʷʞʝʤ ʟʥʘʯʝʥʠʝ 
z

ij
d , ʨʘʚʥʦʝ 

ʜʣʠʥʝ ʧʫʪʠ ij
p  ʚ ʛʨʘʬʝ G. 

ʅʘʢʣʘʜʳʚʘʝʤʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʧʫʪʴ ij
p  

ʦʙʝʩʧʝʯʠʚʘʶʪ, ʯʪʦ ʦʥ ʙʫʜʝʪ ʥʘʯʠʥʘʪʴʩʷ ʠʣʠ 

ʟʘʢʘʥʯʠʚʘʪʴʩʷ ʚʝʨʰʠʥʦʡ ʠʟ 
z

V . ʇʦʵʪʦʤʫ, ʝʩʣʠ ʚ ʛʨʘʬʝ 

z
G  ʛʘʤʠʣʴʪʦʥʦʚ ʮʠʢʣ ʩʫʱʝʩʪʚʫʝʪ, ʪʦ ʢʘʞʜʘʷ ʠʟ 

ʚʝʨʰʠʥ ʤʥʦʞʝʩʪʚʘ 
z

V  ʙʫʜʝʪ ʚʭʦʜʠʪʴ ʚ ʥʝʛʦ 

ʦʜʥʦʢʨʘʪʥʦ. 

 

ɸʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ.  

ʇ.1. ɼʣʷ ʟʘʜʘʥʥʳʭ ʛʨʘʬʘ G ʠ ʤʥʦʞʝʩʪʚʘ 
z

V VË  

ʧʦʩʪʨʦʠʪʴ ʛʨʘʬ 
z

G : 

1.1. ɼʣʷ ʢʘʞʜʦʡ ʧʘʨʳ ʧʫʥʢʪʦʚ , ,z z

i j z
v v V i jÍ ¸ , 

ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʜʦʣʞʝʥ ʧʨʦʡʪʠ ʠʩʢʦʤʳʡ ʧʫʪʴ, 

ʠʩʧʦʣʴʟʫʷ ʘʣʛʦʨʠʪʤ ɼʝʡʢʩʪʨʳ, ʦʧʨʝʜʝʣʠʪʴ 

ʢʨʘʪʯʘʡʰʠʡ ʧʫʪʴ 
ij

p  ʪʘʢʦʡ, ʯʪʦ ,z z

i j
v v  ï 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘʯʘʣʴʥʘʷ ʠ ʢʦʥʝʯʥʘʷ ʚʝʨʰʠʥʳ ʧʫʪʠ, ʘ 

ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʚʝʨʰʠʥʳ ʥʝ ʧʨʠʥʘʜʣʝʞʘʪ 
z

V , ʠ 

ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʝʛʦ ʜʣʠʥʫ 
z

ij
d . 

1.2. ʉʦʟʜʘʪʴ ʛʨʘʬ 
z z z

G = V ,E , ʚ ʢʦʪʦʨʦʤ 

{ }| , 1, ,z

z ij z
E e i j V i j= = ¸  ʠ ʜʫʛʘ z

ij z
e EÍ , ʝʩʣʠ ʚ ʛʨʘʬʝ 

G ʩʫʱʝʩʪʚʫʝʪ ʧʫʪʴ ij
p . 

ʇ.2. ɼʣʷ ʛʨʘʬʘ 
z

G  ʢʘʢʠʤ-ʣʠʙʦ ʘʣʛʦʨʠʪʤʦʤ 

ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʧʦʠʩʢʘ ʛʘʤʠʣʴʪʦʥʦʚʘ ʮʠʢʣʘ 

| 1, | 1
c i z

p v i V= = +. ɽʩʣʠ ʨʝʰʝʥʠʷ ʥʝʪ, ʧʝʨʝʡʪʠ ʢ  

ʧ. 4. 

ʇ.3. ʂʘʞʜʫʶ ʜʫʛʫ , 1
| 1| |

i i z c
e i V p
+
= Í  ʟʘʤʝʥʠʪʴ ʥʘ 

, 1i i
p
+

 ï ʧʫʪʴ, ʢʦʪʦʨʳʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʝʡ ʚ ʛʨʘʬʝ G. 

ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʠ ʝʩʪʴ ʠʩʢʦʤʦʝ ʨʝʰʝʥʠʝ. 

ʇ.4. ʆʩʪʘʥʦʚʠʪʴʩʷ. 

 

ʇʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ. ɼʣʷ ʧʨʦʚʝʨʢʠ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʨʝʰʝʥʠʷ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ 

ʧʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʥʘ ʷʟʳʢʝ ʉ#. ɼʣʷ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʛʨʘʬʘ 
z

G  ʚ ʧʨʦʛʨʘʤʤʝ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʩʪʨʫʢʪʫʨʘ ɺʠʨʪʘ [21]. ɼʣʷ ʰʘʛʘ 3 ʧʨʝʜʣʦʞʝʥʥʦʛʦ 

ʘʣʛʦʨʠʪʤʘ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʙʳʣʘ ʚʳʙʨʘʥʘ ʩʭʝʤʘ ʧʦʠʩʢʘ 

ʩ ʚʦʟʚʨʘʪʘʤʠ [22], ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʣʘ ʧʦʣʫʯʠʪʴ ʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, 

ʧʦʣʫʯʘʝʤʳʝ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʤʝʪʦʜʦʤ. ʈʘʟʨʘʙʦʪʘʥʥʦʝ 

ʧʨʠʣʦʞʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʟʘʜʘʪʴ ʢʘʨʪʫ ʚ ʚʠʜʝ jpeg-ʬʘʡʣʘ 

(ʨʠʩ. 1), ʥʘ ʢʦʪʦʨʦʡ ʦʪʤʝʯʝʥʳ ʧʫʥʢʪʳ ʠʩʭʦʜʥʦʛʦ 

ʛʨʘʬʘ. ʂʘʨʪʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʬʘʡʣʦʤ ʦʧʠʩʘʥʠʷ 

ʧʫʥʢʪʦʚ (ʨʠʩ. 2), ʢʦʪʦʨʳʡ ʟʘʛʨʫʞʘʝʪʩʷ ʩ ʢʘʨʪʦʡ. ɼʣʷ 
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ʟʘʜʘʥʠʷ ʧʫʥʢʪʦʚ ʢʘʨʪʳ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʤʥʦʞʝʩʪʚʦ 
z

V  

ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʢʣʘʜʢʫ "ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ" 

(ʨʠʩ. 3). ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʸʪʘ ʥʘ ʚʢʣʘʜʢʝ 

"ʈʝʟʫʣʴʪʘʪʳ" (ʨʠʩ. 4-5) ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʥʘʡʜʝʥʥʳʝ 

ʢʦʣʴʮʝʚʳʝ ʤʘʨʰʨʫʪʳ ʠ ʧʦʩʤʦʪʨʝʪʴ ʠʭ ʧʦʦʯʝʨʸʜʥʦ ʚ 

ʦʪʜʝʣʴʥʦʤ ʦʢʥʝ (ʨʠʩ. 6). 

 

ʈʠʩ. 1. ʉʦʩʪʦʷʥʠʝ ʦʢʥʘ ʧʦʩʣʝ ʟʘʛʨʫʟʢʠ ʢʘʨʪʳ

 

ʈʠʩ. 2. ʌʘʡʣ ʦʧʠʩʘʥʠʷ ʧʫʥʢʪʦʚ ʢʘʨʪʳ  
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ʈʠʩ. 3. ɺʢʣʘʜʢʘ "ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ"  

 

ʈʠʩ. 4. ɺʢʣʘʜʢʘ "ʈʝʟʫʣʴʪʘʪʳ" ï ʚʳʙʨʘʥʥʳʡ ʜʣʷ ʧʨʦʩʤʦʪʨʘ ʤʘʨʰʨʫʪ 

 

ʈʠʩ. 5. ɺʢʣʘʜʢʘ "ʈʝʟʫʣʴʪʘʪʳ" ï ʩʧʠʩʦʢ ʚʳʙʦʨʘ ʤʘʨʰʨʫʪʘ 
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ʈʠʩ. 6. ʆʢʥʦ ʩ ʥʘʡʜʝʥʥʳʤ ʢʦʣʴʮʝʚʳʤ ʤʘʨʰʨʫʪʦʤ 

ʊʝʩʪʦʚʳʡ ʧʨʠʤʝʨ. ɺ ʢʘʯʝʩʪʚʝ ʪʝʩʪʦʚʦʛʦ ʧʨʠʤʝʨʘ 

ʢʘʨʪʘ ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʤʥʦʞʝʩʪʚʘ V ʪʦʯʝʢ 

(ʧʫʥʢʪʦʚ) ʥʘ ʙʠʪʤʘʧʝ, ʩʦ ʩʚʦʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ  

(ʪʘʙʣ. 1). ʉʦʝʜʠʥʝʥʠʷ ʤʝʞʜʫ ʧʫʥʢʪʘʤʠ ʦʧʨʝʜʝʣʠʣʠ 

ʤʥʦʞʝʩʪʚʦ ʜʫʛ E  ʠ ʙʳʣʠ ʠʟʦʙʨʘʞʝʥʳ ʦʪʨʝʟʢʘʤʠ 

ʧʨʷʤʳʭ ʣʠʥʠʡ. ʇʦʵʪʦʤʫ, ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʧʫʥʢʪʘʤʠ 

ʥʝ ʟʘʜʘʚʘʣʠʩʴ, ʘ ʩʯʠʪʘʣʠʩʴ ʢʦʦʨʜʠʥʘʪʥʳʤ ʩʧʦʩʦʙʦʤ ʚ 

ʧʠʢʩʝʣʷʭ (ʪʘʙʣ. 2).  

ʊʘʙʣʠʮʘ 1. ʇʫʥʢʪʳ ʢʘʨʪʳ 

ˉ ʅʘʟʚʘʥʠʝ ʧʫʥʢʪʘ 

ʢʘʨʪʳ 

ʂʦʦʨʜʠʥʘʪʳ ʧʫʥʢʪʘ ʥʘ 

ʢʘʨʪʝ 

x  y
 

1  point1  462  100 

2  point2  887  78 

3  point3  744  121 

4  point4  194  189 

5  point5  535  221 

6  point6  393  265 

7  point7  154  326 

8  point8  610  371 

9 point9  258  417 

10 point10  467  412 

11 point11  871  397 

12 point12  234  580 

13 point13  518  619 

14 point14  722  627 

15 point15  375  664 

16 point16  793  749 

ʊʘʙʣʠʮʘ 2. ʈʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʧʫʥʢʪʘʤʠ ʥʘ ʢʘʨʪʝ (ʜʫʛʠ  

ʛʨʘʬʘ G) 

ˉ iv
 

­  jv
 ije  

1  1 ­  2 425.57 

2  1 ­  4 282.39 

3 1 ­  5 141.32 

4 2 ­  1 425.57 

5 2 ­  3 149.33 

6 2 ­  11 319.4 

7 3 ­  2 149.33 

8 3 ­  8 283.65 

9 4 ­  1 282.39 

10 4 ­  6 213.02 

11 4 ­  7 142.72 

12 5 ­  1 141.32 

13 5 ­  8 167.71 

14 6 ­  4 213.02 

15 6 ­  10 164.58 

16 7 ­  4 142.72 

17 7 ­  9 138.19 

18 8 ­  3 283.65 

19 8 ­  5 167.71 

20 8 ­  10 209.06 

21 8 ­  11 262.29 

22 8 ­  14 279.43 

23 9 ­  7 138.19 

24 9 ­  10 209.06 
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ʂʦʥʝʮ ʪʘʙʣʠʮʳ 2 

25 9 ­  12 164.76 

26 10 ­  6 164.58 

27 10 ­  8 148.76 

28 10 ­  9 209.06 

29 10 ­  13 213.19 

30 11 ­  2 319.4 

31 11 ­  8 262.29 

32 11 ­  16 360.54 

33 12 ­  9 164.76 

34 12 ­  15 164.12 

35 13 ­  10 213.19 

36 13 ­  14 2014.16 

37 13 ­  15 149.91 

38 14 ­  8 279.43 

39 14 ­  13 204.16 

40 14 ­  16 141.16 

41 15 ­  12 164.12 

42 15 ­  13 149.91 

43 15 ­  16 426.55 

44 16 ­  11 360.54 

45 16 ­  14 141.16 

46 16 ­  15 426.55 

 

ɼʣʷ ʟʘʜʘʥʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʧʫʥʢʪʦʚ 

{ }1,2,3,5,7,11,12,14, 15
z

V = , ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʜʦʣʞʝʥ 

ʧʨʦʡʪʠ ʢʦʣʴʮʝʚʦʡ ʤʘʨʰʨʫʪ, ʠ ʥʘʯʘʣʴʥʦʛʦ ʧʫʥʢʪʘ 

1z

s
v =  ʚ ʪʝʩʪʝ ʩ ʤʦʱʥʦʩʪʴʶ 16V =  ʥʘʡʜʝʥʳ ʚʩʝ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ. ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʨʝʰʝʥʠʡ 

ʩʦʩʪʘʚʠʣʦ 4320. ʃʫʯʰʠʤʠ ʨʝʰʝʥʠʷʤʠ ʧʦ ʜʣʠʥʝ ʧʫʪʠ 

ʠʟ ʥʠʭ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ:  

- 1,4,7,9,12,15,13,14,16,11,2,3,8,5,1      (2809.34); 

- 1,4,7,9,12,15,13,14, 8,3,2,11,8,5,1       (2849.37); 

- 1,4,7,9,12,15,13,14,16,11,8,5,8,3,2,1   (3204.19); 

- 1,4,7,9,12,15,13,14, 8,5,8,11,8,3,2,1    (3244.22); 

- 1,5, 8,14,16,11,2,3,8,10,13,15,12,9,7,4,1  (3246.57); 

- 1,5, 8,11,16,14,13,15,12,9,7,9,10,8,3,2,1   (3248.71). 

ʅʘ ʨʠʩ. 7 ʥʘʡʜʝʥʥʳʝ ʨʝʰʝʥʠʷ ʥʘ ʛʨʘʬʝ 

ʦʙʦʟʥʘʯʝʥʳ ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ. ɺ ʪʘʙʣ. 3 ï 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʫʛʠ ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʚ ʭʦʜʝ ʨʝʰʝʥʠʷ 

ʛʨʘʬʘ 
z

G . 

ʊʘʙʣʠʮʘ 3. ɼʫʛʠ ʛʨʘʬʘ 
z

G  

ˉ z

i
v

 
­  z

j
v

 
ijd
 

ijp
 

1  1 ­  2 425.57 1,2 

2  1 ­  3 1092.39 1,4,6,10,8,3 

3  1  ­  5 141.32 1,5 

4  1 ­  7 425.11 1,4,7 

5  1 ­  11 1071.04 1,4,6,10,8,11 

6  1 ­  12 1033.8 1,4,6,10,9,12 

7  1 ­  14 1077.33 1,4,6,10,13,14 

8  1 ­  15 1023.09 1,4,6,10,13,15 

 

ʂʦʥʝʮ ʪʘʙʣʠʮʳ 3 

9  2 ­  3 149.33 2,3 

10  2 ­  11 319.4 2,11 

11  3 ­  5 451.35 3,8,5 

12  3 ­  7 779.66 3,8,10,9,7 

13  3 ­  11 545.94 3,8,11 

14  3 ­  12 806.23 3,8,10,9,12 

15  3 ­  14 563.08 3,8,14 

16  3 ­  15 795.51 3,8,10,13,15 

17 5 ­  7 663.72 5,8,10,9,7 

18 5 ­  11 430 5,8,11 

19 5 ­  12 690.28 5,8,10,9,12 

20 5 ­  14 447.13 5,8,14 

21 5 ­  15 679.57 5,8,10,13,15 

22 7 ­  11 758.31 7,9,10,8,11 

23 7 ­  12 302.95 7,9,12 

24 7 ­  14 764.6 7,9,10,13,14 

25 7 ­  15 710.36 7,9,10,13,15 

26 11 ­  12 784.87 11,8,10,9,12 

27 11 ­  14 501.69 11,16,14 

28 11 ­  15 774.16 11,8,10,13,15 

29 12 ­  14 791.16 12,9,10,13,14 

30 12 ­  15 164.12 12,15 

31 14 ­  15 354.07 14,13,15 

32 2 ­  1 425.57 2,1 

33 3 ­  1 1092.39 3,8,10,6,4,1 

34 5  ­  1 141.32 5,1 

35 7 ­  1 425.11 7,4,1 

36 11 ­  1 1071.04 11,8,10,6,4,1 

37 12 ­  1 1033.8 12,9,10,6,4,1 

38 14 ­  1 1077.33 14,13,10,6,4,1 

39 15 ­  1 1023.09 15,13,10,6,4,1 

40 3 ­  2 149.33 3,2 

41 11 ­  2 319.4 11,2 

42 5 ­  3 451.35 5,8,3 

43 7 ­  3 779.66 7,9,10,8,3 

44 11 ­  3 545.94 11,8,3 

45 12 ­  3 806.23 12,9,10,8,3 

46 14 ­  3 563.08 14,8,3 

47 15 ­  3 795.51 15,13,10,8,3 

48 7 ­  5 663.72 7,9,10,8,5 

49 11 ­  5 430 11,8,5 

50 12 ­  5 690.28 12,9,10,8,5 

51 14 ­  5 447.13 14,8,5 

52 15 ­  5 679.57 15,13,10,8,5 

53 11 ­  7 758.31 11,8,10,9,7 

54 12 ­  7 302.95 12,9,7 

55 14 ­  7 764.6 14,13,10,9,7 

56 15 ­  7 710.36 15,13,10,9,7 

57 12 ­  11 784.87 12,9,10,8,11 

58 14 ­  11 501.69 14,16,11 

59 15 ­  11 774.16 15,13,10,8,11 

60 14 ­  12 791.16 14,13,10,9,12, 

61 15 ­  12 164.12 15,12 

62 15 ­  14 354.07 15,13,14 
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ʈʠʩ. 7.  ʅʘʡʜʝʥʥʳʝ ʣʫʯʰʠʝ ʧʫʪʠ ʥʘ ʢʘʨʪʝ 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ ʧʨʠʛʦʜʥʦʩʪʴ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʢʦʣʴʮʝʚʦʛʦ 

ʤʘʨʰʨʫʪʘ ʨʘʟʚʦʟʢʠ ʪʦʚʘʨʦʚ, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ 

ʟʘʜʘʥʥʦʝ ʤʥʦʞʝʩʪʚʦ ʧʫʥʢʪʦʚ ʢʘʨʪʳ. ʆʧʪʠʤʘʣʴʥʦʩʪʴ 

ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʢʦʣʴʮʝʚʦʛʦ ʤʘʨʰʨʫʪʘ ʟʘʢʣʘʜʳʚʘʝʪʩʷ 

ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʰʘʛʘ 1 ʘʣʛʦʨʠʪʤʘ ʠ ʟʘʚʠʩʠʪ ʦʪ 

ʪʦʯʥʦʩʪʠ ʧʨʠʤʝʥʷʝʤʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʦʠʩʢʘ 

ʛʘʤʠʣʴʪʦʥʦʚʘ ʮʠʢʣʘ ʚ ʛʨʘʬʝ. ʅʘ ʰʘʛʝ 1 ʬʦʨʤʠʨʫʶʪʩʷ 

ʤʠʥʠʤʘʣʴʥʳʝ ʧʦ ʜʣʠʥʝ ʧʫʪʠ ʤʝʞʜʫ ʚʝʨʰʠʥʘʤʠ 
z

V . 

ɽʩʣʠ ʙʳ ʩʫʱʝʩʪʚʦʚʘʣ ʪʦʯʥʳʡ ʘʣʛʦʨʠʪʤ ʧʦʠʩʢʘ 

ʛʘʤʠʣʴʪʦʥʦʚʘ ʮʠʢʣʘ ʤʠʥʠʤʘʣʴʥʦʡ ʜʣʠʥʳ, ʪʦ 

ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʚʩʝʛʜʘ ʙʳ ʜʘʚʘʣ ʦʧʪʠʤʘʣʴʥʦʝ 

ʨʝʰʝʥʠʝ. 

ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʜʘʸʪ 

ʚʳʠʛʨʳʰ, ʩʦʩʪʦʷʱʠʡ ʚ ʩʦʢʨʘʱʝʥʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʟʘʪʨʘʪ ʥʘ ʧʦʠʩʢ ʨʝʰʝʥʠʷ. ʊʘʢ, ʝʩʣʠ ʙʳ ʜʣʷ ʪʝʩʪʦʚʦʡ 

ʟʘʜʘʯʠ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʣʘʩʩʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ 

ʧʦʠʩʢʘ ʛʘʤʠʣʴʪʦʥʦʚʘ ʮʠʢʣʘ, ʥʘʤ ʧʨʠʰʣʦʩʴ ʙʳ ʝʛʦ 

ʠʩʢʘʪʴ ʚ ʛʨʘʬʝ ʩ 16 ʚʝʨʰʠʥʘʤʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ 

ʧʨʝʜʣʦʞʝʥʥʦʤ ʤʝʪʦʜʝ ʨʘʟʤʝʨʥʦʩʪʴ ʛʨʘʬʘ ʧʦʠʩʢʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʦʱʥʦʩʪʴʶ ʤʥʦʞʝʩʪʚʘ 
z

V  ʠ ʚ ʪʝʩʪʦʚʦʤ 

ʧʨʠʤʝʨʝ ʨʘʚʥʘ 9. ʀ ʥʝʦʙʭʦʜʠʤʦ ʩʦʛʣʘʩʠʪʴʩʷ, ʯʪʦ ʚ 

ʩʣʫʯʘʝ ʨʝʘʣʴʥʦʡ ʟʘʜʘʯʠ ʥʘ ʢʘʨʪʝ ʵʪʦ ʟʥʘʯʠʪʝʣʴʥʳʡ 

ʚʳʠʛʨʳʰ. ɿʘʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʚ ʥʘʡʜʝʥʥʳʭ ʨʝʰʝʥʠʷʭ 

ʥʠʢʦʛʜʘ ʥʝ ʧʦʚʪʦʨʷʶʪʩʷ ʚʝʨʰʠʥʳ ʠʟ ʤʥʦʞʝʩʪʚʘ 
z

V , 

ʥʦ ʚʦʟʤʦʞʝʥ ʧʦʚʪʦʨ ʚʝʨʰʠʥ, ʥʝ ʧʨʠʥʘʜʣʝʞʘʱʠʭ 

ʵʪʦʤʫ ʤʥʦʞʝʩʪʚʫ, ʯʪʦ ʥʝ ʧʨʦʪʠʚʦʨʝʯʠʪ ʫʩʣʦʚʠʷʤ 

ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ. ʇʦʩʢʦʣʴʢʫ ʘʣʛʦʨʠʪʤ ɼʝʡʢʩʪʨʳ ʜʣʷ 

n V=  ʠʤʝʝʪ ʩʣʦʞʥʦʩʪʴ 
2( )O n , ʩʣʦʞʥʦʩʪʴ 

ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ 
4( ( ))O n mx+ , ʛʜʝ ( )mx ï ʩʣʦʞʥʦʩʪʴ ʰʘʛʘ 2 (z

m V= ), 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʦʠʩʢʘ ʛʘʤʠʣʴʪʦʥʦʚʘ ʮʠʢʣʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ 

ʨʝʘʣʠʟʫʝʪ ʝʸ ʩʚʦʜʠʤʦʩʪʴ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʧʦʠʩʢʘ 

ʛʘʤʠʣʴʪʦʥʦʚʘ ʮʠʢʣʘ ʩ ʧʦʥʠʞʝʥʠʝʤ ʨʘʟʤʝʨʥʦʩʪʠ 

ʟʘʜʘʯʠ, ʘ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ ʩʚʦʜʠʤʦʩʪʠ 

ʦʮʝʥʠʚʘʝʪʩʷ ʬʫʥʢʮʠʝʡ 
4( )O n .  

 

ɺʳʚʦʜʳ  

 

ɺ ʩʪʘʪʴʝ ʥʘ ʧʨʠʤʝʨʝ ʧʨʦʙʣʝʤʳ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʦʣʴʮʝʚʦʛʦ ʤʘʨʰʨʫʪʘ ʥʘ ʢʘʨʪʝ ʨʘʩʩʤʦʪʨʝʥʦ 

ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʪʨʘʥʩʧʦʨʪʥʦʡ ʣʦʛʠʩʪʠʢʠ. 

ɿʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʴʮʝʚʦʛʦ ʤʘʨʰʨʫʪʘ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʥʝ ʠʤʝʝʪ ʪʦʯʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʨʝʰʝʥʠʷ. 

ʇʨʝʜʣʦʞʝʥ ʤʝʪʦʜ, ʨʘʟʨʘʙʦʪʘʥ, ʧʨʦʛʨʘʤʤʥʦ 

ʨʝʘʣʠʟʦʚʘʥ ʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥ ʘʣʛʦʨʠʪʤ ʨʝʘʣʠʟʫʶʱʠʡ 

ʩʚʦʜʠʤʦʩʪʴ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʧʨʦʙʣʝʤʳ ʢ ʨʝʰʝʥʠʶ 

ʟʘʜʘʯʠ ʧʦʠʩʢʘ ʛʘʤʠʣʴʪʦʥʦʚʘ ʮʠʢʣʘ ʥʘ ʛʨʘʬʝ ʩʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʡ ʨʘʟʤʝʨʥʦʩʪʴʶ, ʯʝʤ ʛʨʘʬ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʢʘʨʪʫ. ʍʦʪʷ ʟʘʜʘʯʘ ʧʦʠʩʢʘ 

ʛʘʤʠʣʴʪʦʥʦʚʘ ʮʠʢʣʘ ʠ ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʘʩʩʫ NPïʧʦʣʥʳʭ 

ʠ ʪʨʫʜʥʦ ʨʝʰʘʝʤʳʭ ʚ ʜʘʣʴʥʝʡʰʝʤ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʜʦʣʞʘʪʴ ʧʨʝʜʧʨʠʥʠʤʘʪʴ ʧʦʜʭʦʜʳ ʢ ʨʘʟʨʘʙʦʪʢʝ 

ʥʦʚʳʭ ʧʨʠʸʤʦʚ ʠ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ. 
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ɼʝʡʢʩʪʨʠ; ʧʨʠʚʝʜʝʥʥʷ; ʩʭʝʤʘ ʧʦʰʫʢʫ ʟ ʧʦʚʝʨʥʝʥʥʷʤʠ. 

DETERMINATION OF THE  OPTIMAL CIRCULAR ROU TE PASSING THROUGH 

THE GIVEN SET OF POI NTS ON THE MAP 

The subject of research is the methods and information technologies of transport logistics. The goal is to reduce costs and time for 

delivery of goods by road through the development and implementation of effective methods and algorithms for finding the optimal 

route for delivering goods. The article deals with the task of finding the optimal ring route for the delivery of goods from the 

warehouse, passing through a given set of points on the map. Methods and algorithms of discrete mathematics are used to solve the 

problem. The following results were obtained. The analysis of the problem and the existing methods of discrete mathematics for its 

solution were carried out. The disadvantages of these methods are determined. A heuristic algorithm for solving the problem that 

implements the proposed solution method has been developed. The solution of the considered problem is reduced to the problem of 

finding a Hamiltonian cycle on a new graph of smaller dimension. The new graph is constructed from the initial graph describing the 

map, and consists of the vertices of a given set of points on the map, through which the route must pass. Each arc in a new graph 

connects a pair of vertices if there is a path between those vertices in the initial graph. The arc is weighted by a number that 

determines the minimum distance between the vertices in the initial graph it connects. Dijkstra's algorithm is used to construct the 

graph. Conclusions: the proposed method for solving the considered problem performs its reducibility to the classical problem of 

discrete mathematics of search for a Hamiltonian cycle on a graph. Testing of the developed program showed the efficiency of the 

proposed method and algorithm for solving the problem. The developed method makes it possible to reduce the dimension of the 

problem to be solved, since the solution is sought on a new graph of smaller dimension in contrast to the graph describing the original 

map. The factor of dimension reduction significantly reduces the cost of finding a solution and increases the chances of finding the 

best route for the delivery of goods. 

Keywords: transport logistics; route on the map; graph; Hamiltonian cycle; complexity; NP-completeness; Dijkstra's algorithm; 

reducibility; search scheme with returns. 
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L. CHERNOVA 

KEY COMPETENCE AS A BASIS FOR INNOVATION  PROJECTS MANAGEMENT  

By the implementing an enterprise development program, the existing key competence of the organization may undergo significant 

changes.  Also introducing innovations, you can get not only benefits, but additional problems and even risks.  It should be noted that 

an organization may have more than one key competence, especially when we deal with changes in the management structure or 

entering new markets.  For this class of tasks, the classical linear optimization problem does not fit, since it does not take into account 

the additional conditions that arise when an organization transitions from one state to another, precisely due to the implementation of 

the development program.  Therefore, to solve this problem, we need a dual problem. The subject of research in this article is the 

process of introducing key competence, as the main component of the management of innovative projects in the organization.  

Objective: to develop a tool for introducing key competence into an organizationôs work by solving a dual linear optimization 

problem. Tasks: to analyze the factors influencing the results and the possibility of introducing key competence in the organizationôs 

activities, to obtain a general algorithm for the transition from direct to dual competence. Research methods: logical generalization, 

analysis and synthesis, structural analysis. Results: The article considers the key competence of the enterprise as the main component 

of the management of innovative projects, which the company implements.  Shown her place and the role that she plays.  A project 

description model has been developed, which describes processes that take into account the impact of the production and economic 

system on project implementation. The article proposes a general algorithm for constructing pairs of dual linear optimization 

problems.  The existing schemes of transition from a direct problem to a dual one are meaningful.  Considering this fact, a generalized 

algorithm for generating pairs of related problems has been proposed and strictly proved. Formalization of the developed scheme 

makes it easy to get the correct pairs of dual problems.  It is shown that the analysis of the key competence of the enterprise makes it 

possible to offer a new base for the formation of a strategic plan, the implementation of which will lead to the emergence (support) of 

a sustainable competitive advantage, as well as assess its potential in terms of financial plan and capabilities of the enterprise or 

business system as a whole. Conclusions: The tools for analysis and implementation of key competence in the organizationôs 

activities have been developed. The results obtained in during the study allow us to state that a new base has been proposed for the 

formation of a strategic plan for the development of an enterprise, the use of this base will lead to a sustainable competitive 

advantage, which will become possible when implementing key competences in the process of changing the management structure.  

Taking into account that an organization can have more than one key competence, the second competence is dual to the original, that 

allows a general transition from direct to dual competence. 

Keywords: innovative project; management hierarchy; performance indicators;  measurable effects;  linear optimization;  direct 

task;  dual task;  related tasks;  objective function;  system of restrictions. 

Introduction  

 

Modern scientific and technological progress is 

impossible without an intellectual product, that is the 

result of innovation. Innovation is a materialized result 

obtained from investing in a new technique or technology. 

An innovative project is a complex measure that is 

not repeated, providing for the introduction of a new, 

limited in time, budget, resources, as well as clear 

instructions for implementation, designed for the needs of 

the customer. Project management is the managerial task 

of completing a project on time, within a set budget and in 

accordance with technical specifications and 

requirements. 

 

Analysis of recent research and publications 

 

Among the main scientific approaches in the field of 

project and program management, the following ones 

should be mentioned: systemic and program-oriented  

(V. M. Glushkov, B. Z. Miller, R. S. Pospelov, A. Iirikov, 

D. Cleland, and others); complex systems management 

theory (E. A. Druzhinin, M. D. Mesarovich, I. Takahara, 

N. N. Moiseev, Y. B. Germeier, V. L. Volkovich,  

V. S. Mihaljovich); classical theory of project 

management based on the PMBOK standard  

(V. I. Voropajev, S. D. Bushuev, N. S. Bushueva,  

A. I. Belokon, V. A. Rach, R. B. Tian, V. D. Shapiro,  

I. I. Mazur, B. A. Demidov, and others); system of 

knowledge on management of innovative projects and 

programs of enterprises - P2M (S. D. Bushuev,  

N. S. Busuheva, Hiroshi Tanaka, Shihenobu Ohara)  

[1-11].  

The main principle of the program-target approach is 

planning from goals to means [6, 9]. The approach 

involves a comprehensive system solution of problems, 

taking into account all significant factors, relationships 

and constraints, and also implies the responsibility of all 

the performers for achieving the goal. 

The complexity, variety of problems and systemic 

situations that arise in the organization system require the 

development of formal organization and management 

procedures. To do this, at the initial stage, according to the 

program-target approach, it is necessary to allocate the 

project's goals / objectives. The achievement of the 

desired result is based on the hierarchy of goals, the main 

methods, construction of them is described in the works 

[1, 12, 13].  

The theory of management of innovative projects 

and programs of enterprises was proposed in 2009 [14].  

Authors Bushuev S. D., Bushueva N. S., Hiroshi Tanaka, 

who formed a new "qualitative vision", adapted to the 

conditions of the development of technological clusters in 

Ukraine [3, 10], systematized the methods and models of 

management of innovative projects and programs of 

enterprises. Also, to the positive characteristics of this 

scientific approach certainly belongs the proposed  by the 

researchers mechanisms of assistance to enterprises in the 

É L. Chernova, 2019 
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development and widespread use of innovations in the 

production activities that are used in the main production 

activity. 

 

Formulation of the problem 

 

Up to this day the development of the theory and 

practice of managing innovative projects took place in two 

directions: managing the process of innovation and 

innovation management as a project.  In the early 2000s, 

D. A. Novikov showed that the design and process 

approaches are different ways of presenting the same 

processes occurring in systems [15], and if necessary, one 

can switch from one way of representing to another and 

back. 

Thus, models describing the processes can be used to 

describe the projects. For example, the model of the 

corporation, proposed by Yu. A. Zelenkov [16], allows us 

to formulate the goals and existing possibilities of its 

implementation in the form of a tuple: 

 { }, ( ), ( ), , , , , ,,UA UV UI A wR vQ Ö ÖY I= G , (1) 

where A ï set of actions for achieving the goals; R ï set of 

the results of actions; Q ï set of environment values;  

I ï information that the agent has at the time of the 

decision; n(Ā) - benefits of the agent specified by the  

utility function; ( ) :w A RÖ ³Q­ - result of activity, 

which depends on the action and the situation; 

( ), ,U UA UV UI=  ï vector of management, which 

includes institutional, motivational and information 

management; G - targets.  

The given model in the existing conditions of the 

turbulent environment does not give a transparent picture 

of the description of the projects, because the influence of 

the production-economic system on the implementation of 

the projects is not taken into account. Therefore, there is a 

need to develop new models that take into account all 

these phenomena.  

 

Presentation of the main material 

 

To take into account the influence of the production-

economic system on the implementation of projects, we 

must present the model of the production-economic 

system (1) in the following form: 

 { }, ( ), (, ,, , ,, )wU A vR jQ Ö Ö I GY= , (2) 

where ( ), , , , , ,U UF UB UP UV UC US UI=  ï vector of 

management, which includes management of financing, 

production, production, implementation, marketing, 

scientific development, institutional management; 

( )1 2
, ,...,

n
j j j j=  ï vector models of product innovation 

projects presented in the form of a tuple: 

 { },
i i i

P Tj= , (3) 

where P ï set of values of control parameters; T ï set of 

project needs in resources; 1,...,i n=  ï project number.  

Since most of the components of the tuple of the 

production and economic system of project 

implementation are quite well-known, consider the 

constituent that is one of the main components of any 

enterprise in general according to the author. 

For successful competition it is necessary to 

formulate all competences of the organization and 

highlight the key. Key (distinctive, basic, exclusive, basic, 

unique, business competence) competence of the 

organization (also used the term "critical factor of the 

organization's success" - CFOS) ï is the competence that 

lets the organization to solve tasks that are not suitable for 

most other players at the market, and establishes a new 

standard of activity in the industry and thus provides the 

owner with a competitive advantage.  

According to G. Hamel and S.K.  Prahaladu [17], the 

company should be perceived not as a set of business units 

that make it up, but as a combination of key competences 

- skills, abilities, technologies - that allow organizations 

to provide their customers with certain values.  

Key competence is the strategic potential of the 

organization.  Operational management of the company 

(ability to work effectively) is a way to benefit from this 

potential.  

Signs of Key Competence: 

- significance for consumers, their willingness to pay 

for competence, as for the most of the value they acquire; 

- ability to change and adapt to new market 

requirements; 

- uniqueness, probability of repetition by 

competitors; 

- to be based on knowledge, not on the coincidence 

of circumstances; 

- interconnectivity with several types of activities or 

products; 

- relevance, compliance with the strategic aspirations 

of the market and organization; 

- partnership opportunity to create a new key 

competence; 

- clarity, accessibility of the formulation of 

competence for its unambiguous interpretation. 

For competent actions, the key competence leads to 

the creation of unique products, ensures the organization 

of the championship when entering new markets and 

significant advantages in solving problems, which will 

later become a field of fierce competition. In a 

competitive environment, organizations seek to protect 

key competences in order to maintain a competitive edge.  

Timely understanding of key competences opens the 

way to long-term leadership in the market, and conquered 

leadership in its turn requires focusing on key 

competences. 

The key is called the competence of the highest order 

involved in the creation of the largest consumer value, 

which is a collective knowledge that allows you to 

organize and manage the use of other competences and 

abilities, and thus creates the additional consumer value. 

It is the complementarity of the key competence 

created by the consumer value revealing its synergistic 

nature.  At the same time, being virtually out of measure 

of abilities and products, key competences are not 
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derivative from the market need: being somewhat 

universal, it is able to provide access (to be a key) to a 

range of markets that can vary greatly from each other. 

Such properties of key competence are also noted by 

Prahalad and Hemel [18]. They believed that "key 

competences have three main characteristics: ... first, it 

gives potential access to a wide range of markets; 

secondly, it adds a significant consumer value to the final 

product perceived by the buyer;  and thirdly, it takes a lot 

of costs and efforts to copy the key competence of the 

competitor."  Various authors also offered other 

characteristics of key competence.  To date, eight key 

properties have been identified. 

First of all, key competences are inherent in 

complexity. It is a derivative of a set of resources and 

abilities, it is difficult to identify, it is invisible.  A specific 

key competence can be used only within the framework of 

the business system in which it exists, that is, it is inherent 

only in the configuration of resources and abilities.  

Competence, unlike other assets of the organization, is not 

devoid of use.  On the contrary, a number of authors noted 

this as the main strategic advantage that arises in the 

formation of competitive advantage on the basis of 

competence, it develops, its quality rises, its effectiveness 

is significantly increasing - it is the most durable and 

long-term asset of the organization. At the same time, the 

key competence is unique, that is, it can not be directly 

copied or used by competitors, and indispensable it can 

not be replaced by another competence. The key 

competences of the organization are better developed than 

competitors and consumer-oriented (by definition) from 

the beginning. And finally, since key competences include 

a set of other competences and abilities, it can be used for 

their mutual reinforcement. 

The key competence lies in the intersection of the 

internal conditions of business and consumer preferences, 

that is the knowledge to receive the maximum share of 

consumer value. It is the increase in the additional 

consumer value due to the development of key 

competencies and is the basis for obtaining a stable 

competitive advantage. A higher consumer value of a 

product can be used to implement two basic types of 

strategies: differentiation or cost leadership.  This suggests 

that the key competence provides the opportunity to 

obtain in the competitive struggle as a qualitative 

advantage related to product properties, and quantitative, 

relating to a more solid financial position.  Next, it returns 

us back to the earlier conclusion about the universal nature 

of key competences, which provides opportunities for its 

manifestation in the consumer and industrial markets. 

If we consider the key competence of the enterprise 

in terms of information theory, then we can see the 

following picture.  

Combining knowledge gained through different 

approaches will improve the quality of management.  It is 

known that entropy is a quantitative measure of chaos in 

the system and is determined by the number of 

permissible states of the system.  With an increase in 

entropy, the dimension of the system or the number of 

independent factors - variables in the system model 

increases.  With an increase in entropy, uncertainty and 

disorder increases, and to reduce it, it is necessary to add 

information to the system. [19].  

K. Shannon found that when the two isolated 

systems A1 and A2 are merged into a single system (A1, 

A2) in which systems A1 and A2 interact efficiently, the 

entropy of the united system will be less than the set of 

entropies of the outcoming combining systems:  

 ( ) ( ) ( )1, 2 1 2A A A AE < E +Eè øê ú. (4) 

If A1 and A2 are the independent sets of elements of 

systems that do not have physical or informational 

interaction, then (2) will be a sign of equality.  If the set 

elements of A1 and A2 can coincidentally interact, then:  

 
( ) ( ) ( )

( ) ( ) ( )

1, 2 1 2

1 2 1, 2

A A A A

A A A A Is

E < E +E Ýè øê ú

ÝE +E -E =
, (5) 

where Is  - growth of structural information. 

So, the right choice of key competency creates the 

additional information when combining two approaches: 

process and design. 

It should be understood that when implementing a 

development program at an enterprise, the existing key 

competence of the organization may undergo significant 

changes.  In addition, when introducing innovations, we 

can gain not only advantages but also additional problems 

and even risks [20].  In addition, it should be noted that 

the organization may have more than one key competence, 

especially if we are talking about introducing a change in 

management structure or access to new markets..  

The key competence is at the intersection of internal 

business conditions and consumer preferences, this is the 

knowledge on which the maximum share of use value 

depends. It is the increase in additional use value due to 

the development of key competence that is the basis for 

obtaining a sustainable competitive advantage [21]. 

Higher consumer value of the product can be used to 

implement two basic types of strategies - differentiation 

or cost leadership. This suggests that the key competence 

provides an opportunity to obtain in the competition a 

qualitative advantage related to the properties of the 

product, and quantitative advantage related to a stronger 

financial position. Further this leads us back to the earlier 

conclusion about the universal nature of the key 

competence that makes it possible the manifestation in the 

consumer and industrial market. 

Initial competence can be considered as a direct 

optimization task.  In view of this, the second competence 

is dual to our initial. 

It is advisable to obtain a general algorithm for the 

transition from direct to dual competence. 

The classical task of linear optimization for such a 

class of tasks is no longer appropriate, because it does not 

take into account the additional conditions that arise when 

an organization moves from one state to another by 

implementing a development program.  Therefore, to 

solve this problem, we will need a dual task. 

Assume that the direct (source) linear optimization 

problem (LO) is given in the standard form [22, 23]. 

Letôs call the following LO problem a standard task: 
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I : 
 

1

1

W max,

:  ,  1,  ,  ,

               0,  1,  ,  ,

n

I j j

j

n

I i j j i

j

j

c x

a x b i m

x j n

=

=

= ­

W ¢ =

² =

ä

ä  

or in the matrix form: 

I :   

W max,

:   ,

         0.

I

I

CX

AX B

X

= ­

W ¢

²

 

The problem with a double or a conjugate with it is 

called the task of the form: 

II : 
 

1

1

W min,

:  ,  1,  2,  ,  ,

               0,     1,  2,  ,  ,

m

II i i

i

m

II i j i j

i

i

b y

a y c j n

y i m

=

=

= ­

W ² =

² =

ä

ä  

or in the matrix form: 

II : 

  

   

W min,

: ,

0.

II

T

II

Y B

Y A C

Y

= -

W ²

²

 

For ease of presentation of the material, we introduce 

and comment on the following designations: 

[ ]1 2
 ,  ,  ,    ,   n

n
C c c c c C= = = Íc R  - coefficients of 

the target function W
I
 direct LO problem, 

[ ]

1

 2

1 2
   ,  ,  ,   ,   ,

T n

n

n

x

x
X x x x x X

x

è ø
é ù
é ù= = = = Í
é ù
é ù
ê ú

x R   

- variable (unknown) values (plan) of a direct LO 

problem, 

I ï conditional designation of a direct task, 

II - conditional designation of a dual task, 

- matrix of coefficients of the system  

 

1 1 1 2 1 3 1 1

2 1 2 2 23 2 2

31 32 33 3 3

( )

 1  2  3  

 1  2  3   

[ ]   

 

 

 

j n

j n

j n

i j m n

i i i i j i n

m m m m j m n

a a a a a

a a a a a

a a a a a

A a

a a a a a

a a a a a

³

è ø
é ù
é ù
é ù
é ù

= =é ù
é ù
é ù
é ù
é ù
ê ú

  

of limitation of the direct task, 

[ ]

1

 2

1 2
   ,  ,  ,   ,

T m

m

m

b

b
B b b b b B

b

è ø
é ù
é ù= = = = Í
é ù
é ù
ê ú

b R  -  

coefficients of the right-hand sides of the system of 

limitations of the direct task, 

[ ]

1

 2

1 2
   ,  ,  ,   ,   

T m

m

m

y

y
Y y y y y Y

y

è ø
é ù
é ù= = = = Í
é ù
é ù
ê ú

y R  -  

variables (unknown) values of the dual problem of LO. 

We introduce for the consideration the systems of 

covariant and contravariant vectors. 

 

 

1

2   

1 2
  [ ,  ,  ,   ] ,  1,  2,  ,  

j

j T m

j j j j n j

n j

a

a
a a a a j m

a

è ø
é ù
é ù= = = Í =
é ù
é ù
é ùê ú

a R ,  

- vector-columns (covariant vectors) of the matrix A  for 

the system of restrictions 
I
W  for a direct problem, 

 1 2
[ ,  ,  ,   ] ,  1,  2,  ,  i i n

i ni i
a a a a i n= = Í =a R  -  

vector-lines (contravariant vectors) of the matrix A  for the 

system of restrictions 
I
W  for a direct problem. 

In this case, the matrix A of the coefficients of the 

system can be represented in a vector form: 

1

2

1 2  T

1 2
  [    ] [    ]m m n

n

m

A , , , , , ,

è ø
é ù
é ù= = = Í Ã
é ù
é ù
é ùê ú

a

a
a a a a a a R R

a

, 

and a pair of dual tasks has the third record form: 

  

W ( , ) max,

: ( , )  ,

         0,

I

I j

= ­

W ¢

²

c x

a x b

x

 - direct task, 

  

W ( , ) min,

: ( , )  ,

         0.

II

i

II

= ­

W ²

²

b y

a y c

y

 - a dual task to the given line. 

Summing up, we finally have three forms of writing 

the definition of a dual problem to a standard LO problem:
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    def Dual½½½½­  II :

 

1

1

W min,

:  ,  1,  2,  ,  ,

               0,     1,  2,  ,  ,

m

II i i

i

m

II i j i j

i

i

b y

a y c j n

y i m

=

=

= ­

W ² =

² =

ä

ä  

I :   

W max,

:   ,

         0,

I

I

CX

AX B

X

= ­

W ¢

²

 
    def Dual½½½½­  II :

  

   

W min,

: ,

0,

II

T

II

Y B

Y A C

Y

= -

W ²

²

 

I :   

W ( , ) max,

: ( , )  ,

         0,

I

I j

= ­

W ¢

²

c x

a x b

x

 
    def Dual½½½½­  II :   

W ( , ) min,

: ( , )  ,

         0.

II

i

II

= ­

W ²

²

b y

a y c

y

The unity or duality of the above definition will be 

justified by a certain sequence of operations, which, in the 

case of cyclic application, should lead to a direct problem, 

that is 

         I      II      Idef Dual def Dual½½½½­ ½½½½­ , 

where 
   def Dual½½½½­  - a set of rules for the transition to a 

dual task. 

A careful analysis of the definition of a dual problem 

for a standard form of representation of a direct problem, 

allows us to determine the necessary for the transition to a 

dual task operation 
   def Dual½½½½­ : 

- Extreme requirements of the objective functions of 

direct and dual tasks are opposite to the plan: 

W max
I
­

   def Dual½½½½­ W min
II
­ ; 

- For a task on the target function max the 

inequalities presented in the system of restrictions must 

have a sign ¢ ; 

 

1

 
n

i j j i

j

a x b
=

¢ä , 

- the coefficients of the objective function of the dual 

task are components of the vector of the right-hand  

sides of the system of restrictions of the direct problem 

LO; 

- matrix of TA  dual problem of the restrictions 

system 
II
W  is transposed to the matrix A  system of 

restrictions of the direct task 
I
W  (It is true as T TYA A Y= ); 

- right sides of the system of restrictions of a dual 

problem   : ( , )  i

II
W ²a y c are the coefficients of the 

target function W ( , ) max
I
= ­c x  of the direct task; 

- each limitation-inequality of the system of 

restrictions of a direct problem is an integral dual variable 

 

   

1

:    0,   1,  ,  
n

def Dual

I i j j i j

j

a x b y i m
=

W ¢ ½½½½­ ² =ä ; 

- each integral variable of the direct LO problem 

corresponds to the restriction-inequality of the dual 

 

   

1

0  :  ,  1,  2,  ,  
m

def Dual

j II i j i j

i

x a y c j n
=

² ½½½½­ W ² =ä . 

Note that the different forms of writing linear 

optimization tasks are equivalent - they store a set of 

solutions. It is possible to achieve this provided that 

equivalent conversion techniques are used to move from 

one form of task to another. 

Thus, a certain equation of the system of restrictions 

of the linear optimization problem is equivalent to the 

system of two inequalities: 

 

 

 

1

1

1

    ,

 

 .

n

i j j i
n

j

i j j i n
j

i j j i

j

a x b

a x b

a x b

=

=

=

ë
¢î

î
= Úì

î- ¢-
îí

ä
ä

ä
 

Randomized variables can be represented as a 

difference of 2 integral variables: 

,        0,    0.
j j j j j

x u v u v= - ² ² 

The transition from the restrictions-inequalities to the 

restrictions-equations is performed by adding an integral 

(balance) variable: 

  

1 1

  ,  0,  1,  ,  .
n n

i j j j i j j n i i n i

j j

a x b a x x b x i k
+ +

= =

¢ Ý + = ² =ä ä  

To simplify the transformation of linear optimization 

tasks into different forms of writing, the transition from 

maximization to minimization of the target function and 

vice versa is also used: 

1 1

W max W min
n n

I j j I j j

j j

c x c x
= =

= ­ Ú =- ­ä ä . 

Ensure that the operations and transformations 

introduced are performed by the conjunction chain for the 

above set of tasks: 

         I      II      Idef Dual def Dual½½½½­ ½½½½­ . 

Let us represent a dual problem in the form of a 

problem at the maximum and, applying the  
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rules of transition and equivalent transformations,  

we prove the conjugacy of a pair of  

problems: the dual problem of a dual gives a direct direct 

problem. 

Thus, it is confirmed that the main  

feature of the duality of the pairs of LO  

tasks is the possibility of bringing them together  

to one another by definition (dual to double is a direct 

task). 

In order to implement the development program, 

taking into account the availability of several 

competencies in the enterprise, in the implementation of 

innovation, the operations of transition from the direct 

task to the dual task presented in the general form of the 

record. 

  

   

II

T

II

      W max,

:  :  ,

         0,

Y B

Y A C

Y

=- -

W - ¢-

²

II    
          def Dual½½½½­    

( ) 

T
T

I

I

     W min,

:  :  ,

           0,

C X

AX B

X

=- -

W - ¢-

²

I    Ú  

 

Ú    

I

I

 

 

     W max,

: : ,

          0.

C X

A X B

X

= -

W ¢

²

I

Conclusion 

 

The concept of key competence is highlighted in the 

work - it is the competence of the higher order involved 

in the creation of the highest consumer value, which is a 

collective knowledge, which allows to organize and 

manage the use of other competences and abilities and, 

thus, creates an additional consumer value.  It is analysis 

of the key competence of the enterprise, based on which 

an innovative project is carried out, provides an 

opportunity to propose a new basis for the formation of a 

strategic plan, the implementation of which will lead to 

(sustain) sustainable competitive advantage, as well as 

assess the potential of this plan from the standpoint of 

financial standing and capabilities of the enterprise or 

business system as a whole.  For the first time, strictly 

defined transition operations to a dual task from a direct 

task presented in a general form of record are strictly 

defined.  In view of this, the transition to a dual task is a 

simple formal order. For the existing pairs of binary 

problems, their true character is strictly proved, as the 

main criterion for the formation of pairs of bipartite. 
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ʂʃʖʏʆɺɸ ʂʆʄʇɽʊɽʅʎɯʗ ʗʂ ʆʉʅʆɺɸ ʋʇʈɸɺʃɯʅʅʗ ɯʅʅʆɺɸʎɯʁʅʀʄʀ 

ʇʈʆɽʂʊɸʄʀ 

ʇʨʠ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʛʨʘʤʠ ʨʦʟʚʠʪʢʫ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ʽʩʥʫʶʯʘ ʢʣʶʯʦʚʘ ʢʦʤʧʝʪʝʥʮʽʷ ʦʨʛʘʥʽʟʘʮʽʾ ʤʦʞʝ ʟʘʟʥʘʚʘʪʠ ʟʥʘʯʥʠʭ ʟʤʽʥ. 

ʂʨʽʤ ʪʦʛʦ, ʧʨʠ ʚʧʨʦʚʘʜʞʝʥʥʽ ʽʥʥʦʚʘʮʽʡ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʥʝ ʣʠʰʝ ʧʝʨʝʚʘʛʠ, ʘʣʝ ʽ ʜʦʜʘʪʢʦʚʽ ʧʨʦʙʣʝʤʠ ʪʘ, ʥʘʚʽʪʴ, ʨʠʟʠʢʠ. ʉʣʽʜ 

ʟʘʫʚʘʞʠʪʠ, ʱʦ ʦʨʛʘʥʽʟʘʮʽʷ ʤʦʞʝ ʤʘʪʠ ʙʽʣʴʰ ʥʽʞ ʦʜʥʫ ʢʣʶʯʦʚʫ ʢʦʤʧʝʪʝʥʮʽʶ, ʦʩʦʙʣʠʚʦ, ʷʢʱʦ ʤʦʚʘ ʡʜʝ ʧʨʦ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʟʤʽʥʠ ʚ ʩʪʨʫʢʪʫʨʠ ʫʧʨʘʚʣʽʥʥʷ ʘʙʦ ʚʠʭʦʜʫ ʥʘ ʥʦʚʽ ʨʠʥʢʠ. ɼʣʷ ʪʘʢʦʛʦ ʢʣʘʩʫ ʟʘʜʘʯ ʢʣʘʩʠʯʥʘ ʟʘʜʘʯʘ ʣʽʥʽʡʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʥʝ 

ʧʽʜʭʦʜʠʪʴ, ʪʦʤʫ ʱʦ ʥʝ ʚʨʘʭʦʚʫʻ ʜʦʜʘʪʢʦʚʠʭ ʫʤʦʚ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʧʝʨʝʭʦʜʽ ʦʨʛʘʥʽʟʘʮʽʾ ʟ ʦʜʥʦʛʦ ʩʪʘʥʫ ʜʦ ʽʥʰʦʛʦ, ʩʘʤʝ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʛʨʘʤʠ ʨʦʟʚʠʪʢʫ. ʊʦʤʫ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʟʥʘʜʦʙʠʪʴʩʷ ʜʚʦʾʩʪʘ ʟʘʜʘʯʘ. ʇʨʝʜʤʝʪʦʤ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʜʘʥʽʡ ʩʪʘʪʪʽ ʻ ʧʨʦʮʝʩ ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʣʶʯʦʚʦʾ ʢʦʤʧʝʪʝʥʮʽʾ, ʷʢ ʦʩʥʦʚʥʦʾ ʩʢʣʘʜʦʚʦʾ ʫʧʨʘʚʣʽʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʤʠ 

ʧʨʦʝʢʪʘʤʠ ʫ ʜʽʷʣʴʥʦʩʪʽ ʦʨʛʘʥʽʟʘʮʽʾ. ʄʝʪʘ: ʨʦʟʨʦʙʢʘ ʽʥʩʪʨʫʤʝʥʪʫ ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʣʶʯʦʚʦʾ ʢʦʤʧʝʪʝʥʮʽʾ ʫ ʨʦʙʦʪʫ ʦʨʛʘʥʽʟʘʮʽʾ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʠʨʽʰʝʥʥʷ ʜʚʦʾʩʪʦʾ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ. ɿʘʚʜʘʥʥʷ: ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʯʠʥʥʠʢʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʝʟʫʣʴʪʘʪʠ 

ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʣʶʯʦʚʦʾ ʢʦʤʧʝʪʝʥʮʽʾ ʫ ʜʽʷʣʴʥʽʩʪʴ ʦʨʛʘʥʽʟʘʮʽʾ, ʦʪʨʠʤʘʪʠ ʟʘʛʘʣʴʥʠʡ ʘʣʛʦʨʠʪʤ ʧʝʨʝʭʦʜʫ ʚʽʜ 

ʧʨʷʤʦʾ ʜʦ ʜʚʦʾʩʪʦʾ ʢʦʤʧʝʪʝʥʮʽʾ. ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ: ʣʦʛʽʯʥʝ ʫʟʘʛʘʣʴʥʝʥʥʷ, ʘʥʘʣʽʟ ʪʘ ʩʠʥʪʝʟ, ʩʪʨʫʢʪʫʨʥʠʡ ʘʥʘʣʽʟ. 

ʈʝʟʫʣʴʪʘʪʠ: ɺ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʦ ʢʣʶʯʦʚʫ ʢʦʤʧʝʪʝʥʮʽʶ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʷʢ ʦʩʥʦʚʥʫ ʩʢʣʘʜʦʚʫ ʫʧʨʘʚʣʽʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʤʠ 

ʧʨʦʝʢʪʘʤʠ, ʱʦ ʮʝ ʧʽʜʧʨʠʻʤʩʪʚʦ ʨʝʘʣʽʟʫʻ. ʇʦʢʘʟʘʥʦ ʾʾ ʤʽʩʮʝ ʪʘ ʨʦʣʴ, ʱʦ ʚʦʥʘ ʚʽʜʽʛʨʘʻ. ʈʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʴ ʦʧʠʩʫ ʧʨʦʝʢʪʽʚ, ʱʦ 

ʦʧʠʩʫʻ ʧʨʦʮʝʩʠ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʚʧʣʠʚ ʚʠʨʦʙʥʠʯʦ-ʝʢʦʥʦʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʨʝʘʣʽʟʘʮʽʶ ʧʨʦʝʢʪʽʚ. ɺ ʩʪʘʪʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʟʘʛʘʣʴʥʠʡ ʘʣʛʦʨʠʪʤ ʧʦʙʫʜʦʚʠ ʧʘʨ ʜʚʦʾʩʪʠʭ ʟʘʜʘʯ ʚ ʣʽʥʽʡʥʽʡ ʦʧʪʠʤʽʟʘʮʽʾ. ɯʩʥʫʶʯʽ ʩʭʝʤʠ ʧʝʨʝʭʦʜʫ ʚʽʜ ʧʨʷʤʦʾ ʟʘʜʘʯʽ ʜʦ ʜʚʦʾʩʪʦʾ 

ʥʦʩʠʪʴ ʟʤʽʩʪʦʚʥʠʡ ʭʘʨʘʢʪʝʨ. ɿ ʦʛʣʷʜʫ ʥʘ ʮʝʡ ʬʘʢʪ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʪʘ ʩʪʨʦʛʦ ʜʦʚʝʜʝʥʠʡ ʘʣʛʦʨʠʪʤ ʟʘʛʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ 

ʩʢʣʘʜʘʥʥʷ ʧʘʨ ʩʧʨʷʞʝʥʠʭ ʟʘʜʘʯ. ʌʦʨʤʘʣʽʟʘʮʽʷ ʨʦʟʨʦʙʣʝʥʦʾ ʩʭʝʤʠ ʜʦʟʚʦʣʷʻ ʣʝʛʢʦ ʦʪʨʠʤʘʪʠ ʧʨʘʚʠʣʴʥʽ ʧʘʨʠ ʜʚʦʾʩʪʠʭ ʟʘʜʘʯ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʘʥʘʣʽʟ ʢʣʶʯʦʚʦʾ ʢʦʤʧʝʪʝʥʮʽʾ ʧʽʜʧʨʠʻʤʩʪʚʘ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʥʦʚʫ ʙʘʟʫ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʧʣʘʥʫ, ʚʠʢʦʥʘʥʥʷ ʷʢʦʛʦ ʚʝʩʪʠʤʝ ʜʦ ʧʦʷʚʠ (ʧʽʜʪʨʠʤʢʠ) ʩʪʽʡʢʦʾ ʢʦʥʢʫʨʝʥʪʥʦʾ ʧʝʨʝʚʘʛʠ, ʘ ʪʘʢʦʞ ʦʮʽʥʠʪʠ ʡʦʛʦ 

ʧʦʪʝʥʮʽʘʣ ʟ ʧʦʟʠʮʽʾ ʬʽʥʘʥʩʦʚʦʛʦ ʧʣʘʥʫ ʽ ʤʦʞʣʠʚʦʩʪʝʡ ʧʽʜʧʨʠʻʤʩʪʚʘ ʘʙʦ ʙʽʟʥʝʩ-ʩʠʩʪʝʤʠ ʚ ʮʽʣʦʤʫ. ɺʠʩʥʦʚʢʠ: ʈʦʟʨʦʙʣʝʥʦ 

ʽʥʩʪʨʫʤʝʥʪʠ ʘʥʘʣʽʟʫ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʣʶʯʦʚʦʾ ʢʦʤʧʝʪʝʥʮʽʾ ʚ ʜʽʷʣʴʥʦʩʪʽ ʦʨʛʘʥʽʟʘʮʽʾ. ʆʪʨʠʤʘʥʽ ʚ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʠ 

ʜʦʟʚʦʣʷʶʪʴ ʢʦʥʩʪʘʪʫʚʘʪʠ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʫ ʙʘʟʫ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʧʣʘʥʫ ʨʦʟʚʠʪʢʫ ʧʽʜʧʨʠʻʤʩʪʚʘ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʦʾ ʧʨʠʚʝʜʝ ʜʦ ʩʪʽʡʢʦʾ ʢʦʥʢʫʨʝʥʪʥʦʾ ʧʝʨʝʚʘʛʠ, ʱʦ ʩʪʘʥʝ ʤʦʞʣʠʚʠʤ ʧʨʠ ʚʪʽʣʝʥʥʽ ʢʣʶʯʦʚʦʾ ʢʦʤʧʝʪʝʥʮʽʾ ʚ ʟʤʽʥʠ 

ʩʪʨʫʢʪʫʨʠ ʫʧʨʘʚʣʽʥʥʷ. ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʦʨʛʘʥʽʟʘʮʽʷ ʤʦʞʝ ʤʘʪʠ ʙʽʣʴʰ ʥʽʞ ʦʜʥʫ ʢʣʶʯʦʚʫ ʢʦʤʧʝʪʝʥʮʽʶ, ʜʨʫʛʘ ʢʦʤʧʝʪʝʥʮʽʷ ʻ 

ʜʚʦʾʩʪʦʶ ʜʦ ʚʠʭʽʜʥʦʾ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʟʘʛʘʣʴʥʠʡ ʧʝʨʝʭʽʜ ʚʽʜ ʧʨʷʤʦʾ ʜʦ ʜʚʦʾʩʪʦʾ ʢʦʤʧʝʪʝʥʮʽʾ. 
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