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Abstract 
The article outlines the authorôs method for building a platform that can generate interfaces based on usersô pref-

erences. The algorithms of machine learning that are used and their logical implementation are described. The proposed 
technology is innovational and actual which will be demanded on the market in the nearest future. 
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The modern world of technology involves continu-

ous development. A short time has passed since people 
started using websites and mobile apps every day. One 
does not have to be explained what a site is. But what do 
we have every time while creating a regular website or ap-
plication for your smartphone? 

Let's start with a customer. He wants to get in the 
shortest time possible an Internet solution that works and 
generates income from advertising. On what does he have 
to spend large sums of money, starting with the salaries of 
developers, ending with promotions (someone in this huge 
web will not even be noticed)? The customer spends in-
sane amounts on a web resource. But what must be done? 
Of course, there are solutions on the market that provide 
an opportunity to make an online store in a couple of 
minutes, but without designers there is no sense to create 
a web resource. Nobody likes templates. 

Let's consider a modern user. He visits web resources 
and mobile apps to get some information. Information 
should be presented in the form in which it will be easy to 
be read and also be adapted for the user and his needs. 
Those marketers and designers, who know how to do it, 
earn millions. But how can we predict what the user likes 
and what doesn't? If there were no modern solutions in IT, 
customers would have to order complex applications with 
flexible settings. 

The emergence of neural networks and machine 
learning [1] should change the world. This article de-
scribes the authorôs unique algorithm that can generate 
web and mobile applications based on usersᾷ preferences. 

In fact, the concept of the algorithm is based on us-
ersᾷ preferences. And what are usersᾷ preferences? These 
are their favorite sites and applications. We can find out 
what a user visits, for example, YouTube and Facebook, 
which is enough to generate one-click web applications for 
a customer. The customer will only be required to fill in 
the content, if necessary. 

Taking into account the existing algorithms, we pro-
pose our algorithm of machine learning: 

 1. To create a template engine for all main elements 
on web pages. 

 2. To get the primary colors for the usersᾷ favorite 
sites. 

 3. To get each item on the page and compare it with 
the templates. 

 4. According to the type of site desired by a cus-
tomer, for example, a blog, to find all the necessary ele-
ments among the analyzed ones. 

 5. Depending on the usersᾷ visits of the same 
YouTube and Facebook, to collect a page template from 
the received elements. 

 6. On the basis on Ittenôs color theory [2] to decorate 
elements, using Aa chromosome algorithm [3]. 

 7. To fill items with content taken out of the data-
bases received from a customer. 

As a result, we have an automatically generated so-
lution for the next-generation web applications. The ad-
vantages in this case are: we have no designers [4]; no ex-
tra money is spent on developers. 

Machine learning also allows us, when using a site 
obtained in the same way, to obtain evolutionary progeny, 
where no site repeats itself. 

Among other things, this solution is optimal for ad-
vertisers. Since you can place ad units in the places, where 
they do not interfere with a user and where he clicks on 
them more frequently, one can collect more information 
about the content and the colors, that the user likes. 

There is one more aspect. In the case of people with 
limited abilities this is a whole era of development among 
web resources. Here is a simple example: a blind person 
cannot enjoy content, but the proposed algorithm can 
simply know, that a person does not have the vision to an-
alyze and turn the content into a voice one. People with a 
poor eyesight will be able to adjust anything on the pages. 

This is the future, where advertising can turn into 
content, where people with disabilities can use any con-
tent, where Ittenôs color theory will connect Facebook and 
YouTube colors and give us new colors for the elements 
on the pages. Isn't it wonderful to live in the world, where 
everything is developing so fast? 

In conclusion, it should be added that the possibilities 
of this technology are limited only by fantasy and this 
technology has great potential on the market [5, 6, 7]. 
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SOME RESULTS OF THE DEVELOPMENT AND RESEARCH OF THE METHODS OF DETERMINING 

THE PARAMETERS OF THE SPATIAL POSITION AND THE FORM OF ENGINEERING STRUCTURES  
 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʠʟʣʦʞʝʥʘ ʩʫʱʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʚ ʅʅɻɸʉʋ ʥʦʚʳʭ ʩʧʦʩʦʙʦʚ ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʠ ʬʦʨʤʳ ʠʥʞʝʥʝʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʠ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʧʦʢʘʟʘʥʳ ʤʝʪʦʜʠʯʝʩʢʠʝ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʝ ʘʩʧʝʢʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝ-

ʥʠʷ ʩʦʦʨʫʞʝʥʠʡ ʙʘʰʝʥʥʦʛʦ ʪʠʧʘ. ʈʘʟʨʘʙʦʪʘʥʘ ʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʷ, ʚʢʣʶʯʘʶʱʘʷ ʤʥʦʛʦʩʪʦʨʦʥʥʠʝ, ʦʜʥʦʩʪʦʨʦʥ-

ʥʠʝ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʩʧʦʩʦʙʳ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʝʥʘ ʪʘʢʠʭ ʩʦʦʨʫʞʝʥʠʡ. ʆʧʠʩʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʚʘʨʠʘʥʪʳ ʦʧʪʠʤʠʟʘʮʠʠ ʩʧʦʩʦʙʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝ-

ʥʠʷ ʠ ʬʦʨʤʳ ʠʥʞʝʥʝʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ. ɼʘʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʬʦʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʧʦʩʦʙʘ ʦʧʨʝʜʝʣʝʥʠʷ 

ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʠ ʬʦʨʤʳ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʨʘʟʨʘʙʦʪʢʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʦʚʳʭ ʩʧʦʩʦʙʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʠ ʬʦʨʤʳ ʩʦʦʨʫʞʝʥʠʡ 

ʙʘʰʝʥʥʦʛʦ ʪʠʧʘ ʠ ʭʦʜʦʚʦʡ ʯʘʩʪʠ ʤʦʩʪʦʚʳʭ ʢʨʘʥʦʚ.  
Abstract 
The article describes the essence of the new methods of geodesic control of the spatial position and shape of engi-

neering structures developed at NNGASU and the results of their research are presented. The methodical and classifi-
cation aspects of determining the spatial position of tower structures are shown. Their classification developed. The 
results of theoretical and experimental studies and options for optimizing methods for determining the spatial position 
and shape of engineering structures are described. The theoretical foundations of the photographic method are given. 
The results of the development and research of new methods for determining the spatial position and shape of tower-
type structures and the undercarriage of bridge cranes are presented. 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʝʦʜʝʟʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ, ʠʥʞʝʥʝʨʥʦʝ ʩʦʦʨʫʞʝʥʠʝ, ʢʣʘʩ-

ʩʠʬʠʢʘʮʠʷ, ʬʦʪʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʦʩʦʙ. 
Key words: geodesic control, spatial position, engineering structure, classification, photographic method. 
 

ʀʥʞʝʥʝʨʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʚʩʣʝʜʩʪʚʠʝ ʠʭ ʢʦʥ-

ʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʧʦʩʪʦʷʥʥʦʛʦ ʚʣʠʷʥʠʷ 

ʪʝʭʥʦʛʝʥʥʳʭ ʠ ʧʨʠʨʦʜʥʳʭ ʬʘʢʪʦʨʦʚ, ʤʦʛʫʪ ʧʨʝʪʝʨʧʝ-

ʚʘʪʴ ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ ʜʝʬʦʨʤʘʮʠʠ, ʪʦ ʝʩʪʴ ʨʘʟʣʠʯʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʚ ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʧʦʣʦʞʝʥʠʠ. ʇʦ-

ʵʪʦʤʫ, ʚ ʧʨʦʮʝʩʩʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʧʨʠʸʤʢʠ ʟʘʢʘʟʯʠʢʦʤ 

ʚʦʟʚʝʜʸʥʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ʠ ʦʩʦʙʝʥʥʦ ʧʦʩʣʝʜʫʶʱʝʡ 

ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʦʣʞʝʥ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʩʠʩʪʝʤʘʪʠʯʝ-

ʩʢʠʡ ʛʝʦʜʝʟʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦ-

ʣʦʞʝʥʠʷ ʵʪʦʛʦ ʩʦʦʨʫʞʝʥʠʷ. 
ʎʝʣʴ ʪʘʢʦʛʦ ʢʦʥʪʨʦʣʷ ï ʧʦʣʫʯʠʪʴ ʯʠʩʣʝʥʥʳʝ ʜʘʥ-

ʥʳʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʘʙʩʦʣʶʪʥʳʝ ʚʝʣʠʯʠʥʳ ʜʝʬʦʨ-
ʤʘʮʠʡ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʧʨʝʜʦʪʚʨʘ-
ʱʝʥʠʶ ʚʦʟʤʦʞʥʳʭ ʨʘʟʨʫʰʝʥʠʡ. ʇʦʵʪʦʤʫ, ʧʨʦʙʣʝʤʘ 
ʚʳʙʦʨʘ ʠ ʦʙʦʩʥʦʚʘʥʠʷ ʨʘʮʠʦʥʘʣʴʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʣʫ-
ʯʝʥʠʷ ʤʘʢʩʠʤʫʤʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ 
ʧʦʣʦʞʝʥʠʠ ʠʥʞʝʥʝʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʚʩʝʛʜʘ ʷʚʣʷʣʘʩʴ 

ʚʧʦʣʥʝ ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʠ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ, ʥʝʨʘʟ-
ʨʳʚʥʦ ʩʚʷʟʘʥʥʦʡ ʩ ʥʦʚʝʡʰʠʤʠ ʜʦʩʪʠʞʝʥʠʷʤʠ ʥʘʫʢʠ ʠ 
ʪʝʭʥʠʢʠ. 

ʈʘʟʣʠʯʘʶʪ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ, ʩʨʦʯʥʳʝ ʠ ʩʧʝʮʠ-

ʘʣʴʥʳʝ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ. ʉʠʩʪʝʤʘʪʠʯʝʩʢʠʝ 

ʥʘʙʣʶʜʝʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʧʦ ʟʘʨʘʥʝʝ ʫʩʪʘʥʦʚʣʝʥʥʦʤʫ 

ʢʘʣʝʥʜʘʨʥʦʤʫ ʧʣʘʥʫ (ʦʜʠʥ ʨʘʟ ʚ ʤʝʩʷʮ, ʢʚʘʨʪʘʣ, ʛʦʜ ʠ 

ʪ. ʧ.). ɽʩʣʠ ʠʤʝʝʪ ʤʝʩʪʦ ʨʝʟʢʦʝ ʠʟʤʝʥʝʥʠʝ ʦʙʳʯʥʦʛʦ 

ʭʦʜʘ ʜʝʬʦʨʤʘʮʠʠ, ʪʦ ʚʳʧʦʣʥʷʶʪ ʩʨʦʯʥʳʝ ʥʘʙʣʶʜʝ-

ʥʠʷ. ʉʧʝʮʠʘʣʴʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʚʳ-

ʷʚʣʝʥʠʷ ʧʨʠʯʠʥ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ. ɺ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʥʘʣʠʯʠʝ ʧʨʦʩʪʳʭ, ʥʘʜʸʞʥʳʭ ʠ ʵʬʬʝʢ-

ʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʠ ʬʦʨʤʳ ʠʥʞʝʥʝʨʥʳʭ 

ʩʦʦʨʫʞʝʥʠʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʥʦʚʝʡʰʠʭ ʜʦʩʪʠʞʝʥʠʷʭ 

ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ, ʧʨʠʦʙʨʝʪʘʝʪ ʛʣʘʚʝʥʩʪʚʫʶʱʝʝ ʟʥʘʯʝ-

ʥʠʝ. 

https://css-tricks.com/the-difference-between-responsive-and-adaptive-design/
https://css-tricks.com/the-difference-between-responsive-and-adaptive-design/
https://uxplanet.org/2019-ui-and-ux-design-trends-92dfa8323225
https://uxplanet.org/2019-ui-and-ux-design-trends-92dfa8323225
https://www.clock-work.co.uk/blog/general/top-10-most-common-website-problems-and-solutions
https://www.clock-work.co.uk/blog/general/top-10-most-common-website-problems-and-solutions
https://www.clock-work.co.uk/blog/general/top-10-most-common-website-problems-and-solutions
https://www.quora.com/What-is-the-future-of-web-development-for-the-next-5-years
https://www.quora.com/What-is-the-future-of-web-development-for-the-next-5-years
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ʀʟʚʝʩʪʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʧʦʩʦʙʦʚ ʦʧʨʝʜʝ-

ʣʝʥʠʷ ʢʨʝʥʘ ʙʘʰʝʥʥʳʭ ʩʦʦʨʫʞʝʥʠʡ. ʆʜʥʘʢʦ ʚ ʥʘʩʪʦʷ-
ʱʠʡ ʤʦʤʝʥʪ ʥʘʙʣʶʜʘʝʪʩʷ ʦʧʨʝʜʝʣʸʥʥʳʡ ʜʝʬʠʮʠʪ 
ʥʘʜʸʞʥʳʭ ʠ ʵʬʬʝʢʪʠʚʥʳʭ ʩʨʝʜʩʪʚ ʠ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝ-
ʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʠ 
ʬʦʨʤʳ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʙʘʰʝʥʥʦʛʦ 
ʪʠʧʘ, ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʟʘʩʪʨʦʝʥʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʡ 
ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʣʦʱʘʜʦʢ ʠʣʠ ʯʘʩʪʠʯʥʦʛʦ ʨʘʩʧʦʣʦʞʝ-
ʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʪʨʫʙ ʚʥʫʪʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 
ʢʦʨʧʫʩʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ ʘʢʪʫʘʣʴʥʳʤ 
ʩʦʟʜʘʥʠʝ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘ-
ʤʝʪʨʦʚ ʩʦʦʨʫʞʝʥʠʡ ʙʘʰʝʥʥʦʛʦ ʪʠʧʘ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ 
ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʦʩʪʫʧ-
ʥʦʡ ʩʪʦʠʤʦʩʪʠ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 
ʨʝʘʣʠʟʦʚʘʪʴ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ çʢʦʩʚʝʥʥʳʝè ʠ çʜʠʩʪʘʥ-
ʮʠʦʥʥʳʝè ʩʧʦʩʦʙʳ ʠʟʤʝʨʝʥʠʡ. 

ɸʥʘʣʠʟ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ ʧʦʟʚʦ-
ʣʠʣ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʠʟ ʚʩʝʭ ʠʟʚʝʩʪʥʳʭ ʩʧʦʩʦʙʦʚ ʦʧʨʝ-
ʜʝʣʝʥʠʷ ʢʨʝʥʘ ʩʦʦʨʫʞʝʥʠʡ ʙʘʰʝʥʥʦʛʦ ʪʠʧʘ ʠʭ ʥʘʠʙʦ-
ʣʝʝ ʧʦʣʥʳʡ ʧʝʨʝʯʝʥʴ ʧʨʠʚʝʜʝʥ ʚ ʨʘʙʦʪʝ ʧʨʦʬʝʩʩʦʨʘ ɻ. 
ɸ ʐʝʭʦʚʮʦʚʘ [1] ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʩʩʳʣʢʘʤʠ ʥʘ 
ʧʝʨʚʦʠʩʪʦʯʥʠʢʠ. 

ʉ ʮʝʣʴʶ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʩʧʦʩʦʙʦʚ ʦʧʨʝʜʝʣʝʥʠʷ 
ʢʨʝʥʘ ʩʦʦʨʫʞʝʥʠʡ ʙʘʰʝʥʥʦʛʦ ʪʠʧʘ ʧʨʝʜʣʦʞʝʥʘ ʠʭ 
ʢʣʘʩʩʠʬʠʢʘʮʠʷ [2], ʢʦʪʦʨʘʷ ʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʪʦʣʴʢʦ 
ʠʟʚʝʩʪʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʫʱʝʩʪʚʦʚʘ-
ʥʠʝ ʜʨʫʛʠʭ, ʧʦʢʘ ʥʝʠʟʚʝʩʪʥʳʭ ʚ ʥʘʫʯʥʦʤ ʤʠʨʝ. ʆʥʘ 
ʧʨʠʟʚʘʥʘ ʦʨʠʝʥʪʠʨʦʚʘʪʴ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚ ʤʥʦʛʦʦʙʨʘ-
ʟʠʠ ʵʪʠʭ ʩʧʦʩʦʙʦʚ ʩ ʮʝʣʴʶ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʳʭ ʠʣʠ 
ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʩʧʦʩʦʙʦʚ.  

ɺʩʝ ʩʧʦʩʦʙʳ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʳ ʚ ʪʨʠ ʦʩʥʦʚʥʳʝ 
ʛʨʫʧʧʳ: ʤʥʦʛʦʩʪʦʨʦʥʥʠʝ, ʦʜʥʦʩʪʦʨʦʥʥʠʝ ʠ ʧʝʨʩʧʝʢ-
ʪʠʚʥʳʝ. ʇʦʜ ʤʥʦʛʦʩʪʦʨʦʥʥʠʤʠ ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʠʟʤʝ-
ʨʝʥʠʝ ʢʨʝʥʘ ʩ ʜʚʫʭ ʠ ʙʦʣʝʝ ʨʘʟʣʠʯʥʳʭ ʪʦʯʝʢ ʩʪʦʷʥʠʷ 
ʧʨʠʙʦʨʘ. ʆʜʥʦʩʪʦʨʦʥʥʠʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʦʧʨʝʜʝʣʝ-
ʥʠʝ ʧʦʣʥʦʛʦ ʢʨʝʥʘ ʩ ʦʜʥʦʡ ʪʦʯʢʠ ʩʪʦʷʥʠʷ ʧʨʠʙʦʨʘ. 
ʇʝʨʩʧʝʢʪʠʚʥʳʝ ʩʧʦʩʦʙʳ ʦʩʥʦʚʳʚʘʶʪʩʷ ʠʣʠ ʙʫʜʫʪ ʦʩ-
ʥʦʚʘʥʳ ʥʘ ʥʦʚʝʡʰʠʭ ʜʦʩʪʠʞʝʥʠʷʭ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. 
ʂʘʞʜʘʷ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʛʨʫʧʧ ʚʢʣʶʯʘʝʪ ʥʝ ʪʦʣʴʢʦ 
ʩʧʦʩʦʙʳ ʠ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʡ, ʥʦ ʠ ʤʝʪʦʜʠʢʫ ʦʙʨʘ-
ʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʣʝʚʳʭ ʠʟʤʝʨʝʥʠʡ ʩ ʮʝʣʴʶ ʚʳʷʚ-
ʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝʤ ʠʟʚʝʩʪʥʳʤ ʩʧʦʩʦʙʘʤ ʦʧʨʝʜʝ-
ʣʝʥʠʷ ʢʨʝʥʘ ʩʦʦʨʫʞʝʥʠʡ ʙʘʰʝʥʥʦʛʦ ʪʠʧʘ ʧʨʠʩʫʱʠ ʥʝ-
ʜʦʩʪʘʪʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʭ ʟʘʚʠʩʠʤʦʩʪʴʶ ʦʪ ʟʘʩʪʨʦʝʥ-
ʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʚʳʙʦʨ ʪʦʯʝʢ ʩʪʦʷ-
ʥʠʷ ʧʨʠʤʝʥʷʝʤʦʛʦ ʧʨʠʙʦʨʘ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 
ʥʘʙʣʶʜʝʥʠʡ ʚ ʜʚʫʭ ʠʣʠ ʙʦʣʝʝ ʥʘʧʨʘʚʣʝʥʠʷʭ. ʇʨʝʜʣʘ-
ʛʘʝʪʩʷ ʠʩʢʣʶʯʘʪʴ ʵʪʦʪ ʥʝʜʦʩʪʘʪʦʢ, ʧʨʠʤʝʥʷʷ ʪʘʢ ʥʘʟʳ-
ʚʘʝʤʳʝ ʦʜʥʦʩʪʦʨʦʥʥʠʝ ʩʧʦʩʦʙʳ, ʚʳʧʦʣʥʷʝʤʳʝ ʩ ʦʜ-
ʥʦʡ ʪʦʯʢʠ ʩʪʦʷʥʠʷ ʧʨʠʙʦʨʘ. 

ɺ ʨʘʙʦʪʝ [3] ʚʳʧʦʣʥʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʙʦʙʱʝ-
ʥʠʷ ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʩʚʝʜʝʥʠʡ ʦ ʩʧʦʩʦʙʘʭ ʛʝʦʜʝʟʠʯʝ-
ʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʩʪʨʦʠ-
ʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ, ʚ ʪʦʤ 
ʯʠʩʣʝ ʠ ʩʦʦʨʫʞʝʥʠʡ ʙʘʰʝʥʥʦʛʦ ʪʠʧʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʪ-
ʤʝʯʘʝʪʩʷ, ʯʪʦ ʨʘʟʨʘʙʦʪʢʘ ʵʪʠʭ ʩʧʦʩʦʙʦʚ ʚʳʚʝʜʝʥʘ ʥʘ 
ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʳʡ ʵʪʘʧ ʨʘʟʚʠʪʠʷ. ʆʥ ʭʘʨʘʢʪʝʨʠʟʫ-
ʝʪʩʷ, ʚʦ-ʧʝʨʚʳʭ, ʨʘʟʨʘʙʦʪʢʦʡ ʥʦʚʳʭ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʠ 
ʬʦʪʦʛʨʘʬʠʯʝʩʢʠʭ ʩʧʦʩʦʙʦʚ ʪʘʢʦʛʦ ʢʦʥʪʨʦʣʷ. ɺʪʦʨʦʡ 
ʝʛʦ ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʶʪʩʷ ʥʦʚʝʡʰʠʝ 
ʪʝʭʥʦʣʦʛʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʫʯʥʳʭ ʙʝʟʦʪʨʘʞʘʪʝʣʴʥʳʭ 
ʜʘʣʴʥʦʤʝʨʦʚ, ʵʣʝʢʪʨʦʥʥʳʭ ʪʘʭʝʦʤʝʪʨʦʚ, ʮʠʬʨʦʚʳʭ 
ʬʦʪʦʢʘʤʝʨ ʩʦʚʤʝʩʪʠʤʳʭ ʩ ʧʝʨʩʦʥʘʣʴʥʳʤ ʢʦʤʧʴʶʪʝ-
ʨʦʤ. ʊʨʝʪʴʷ ʦʪʣʠʯʠʪʝʣʴʥʘʷ ʯʝʨʪʘ ʵʪʘʧʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 
ʩʦʟʜʘʥʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ 
ʠ ʥʦʚʳʭ ʩʧʦʩʦʙʦʚ ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ, ʧʝʨʝʚʦʜʷ-
ʱʝʛʦ ʠʥʬʦʨʤʘʮʠʶ ʕɺʄ ʥʘ ʷʟʳʢ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʦʙ-
ʨʘʟʦʚ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʪʨʘʜʠʮʠʦʥʥʘʷ 
ʪʝʥʜʝʥʮʠʷ ʚʳʧʦʣʥʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥ-
ʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʚʨʝʤʝʥʥʳʭ ʩʧʦʩʦʙʦʚ ʩ ʮʝʣʴʶ 
ʠʭ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ. 

ʈʘʟʨʘʙʦʪʘʥ çʣʠʥʝʡʥʳʡè ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘ-
ʜʠʫʩʘ ʩʦʦʨʫʞʝʥʠʡ ʢʨʫʛʣʦʡ ʬʦʨʤʳ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶ-
ʱʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʪʦʯʝʢ ʢʘʩʘʥʠʷ. 
ʇʨʠʚʝʜʝʥʦ ʦʧʠʩʘʥʠʝ ʩʧʝʮʠʘʣʴʥʦ ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ 
ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʠʭ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ ʝʛʦ ʵʢʩ-
ʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ [4]. 
ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʦʯʥʦʩʪʴ ʩʧʦʩʦʙʘ ʩʦʩʪʘʚʠʣʘ 1:2500 
ʦʪ ʚʝʣʠʯʠʥʳ ʨʘʜʠʫʩʘ. 

ʇʨʦʚʝʜʸʥʥʦʝ ʟʥʘʢʦʚʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ [5] ʧʦʢʘ-
ʟʘʣʦ ʩʦʩʪʦʷʪʝʣʴʥʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʝʪʦʜʠʢʠ ʢʘʣʠʙ-
ʨʦʚʢʠ ʮʠʬʨʦʚʦʡ ʬʦʪʦʢʘʤʝʨʳ ʧʦ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʙʘ-
ʟʠʩʫ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ ʬʦʪʦʛʨʘʬʠʯʝ-
ʩʢʠʤ ʩʧʦʩʦʙʦʤ. ʇʦʢʘʟʘʥʦ, ʢʘʢ ʩʦʚʤʝʩʪʥʦʝ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʙʘ-
ʟʠʩʦʚ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʚ ʢʘʯʝʩʪʚʝ ʬʦʪʦʛʨʘʬʠʯʝʩʢʦʛʦ 
ʩʧʦʩʦʙʘ ʢʦʥʪʨʦʣʷ ʧʣʘʥʦʚʦ-ʚʳʩʦʪʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʧʦʜ-
ʢʨʘʥʦʚʳʭ ʨʝʣʴʩʦʚ, ʧʦʜʪʚʝʨʞʜʸʥʥʦʝ ʨʝʟʫʣʴʪʘʪʘʤʠ ʟʥʘ-
ʢʦʚʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʢʦʥ-
ʪʨʦʣʴʥʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʦʪʥʦʩʠʪʝʣʴ-
ʥʳʝ ʦʰʠʙʢʠ ʬʦʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʧʦʩʦʙʘ ʠʟʤʝʨʝʥʠʷ 
ʨʘʩʩʪʦʷʥʠʡ ʜʣʷ ʦʙʦʠʭ ʙʘʟʠʩʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 3 ʜʦ 30 
ʤ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ ï2,5 ʜʦ +0,6%. ʄʘʢʩʠʤʘʣʴ-
ʥʳʭ ʟʥʘʯʝʥʠʡ ʦʥʠ ʜʦʩʪʠʛʘʶʪ ʧʨʠ ʤʘʣʳʭ ʨʘʩʩʪʦʷʥʠʷʭ 
ʦʪ 3 ʜʦ 6 ʤʝʪʨʦʚ. ʅʘ ʨʘʩʩʪʦʷʥʠʷʭ ʩʚʳʰʝ 6 ʤ ʦʰʠʙʢʠ 
ʦʩʪʘʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳʤʠ ʚ ʧʨʝʜʝʣʘʭ ʦʪ ï
0,5 ʜʦ +0,6%, ʯʪʦ ʧʨʠ ʦʧʠʩʘʥʥʦʡ ʤʝʪʦʜʠʢʝ ʢʘʣʠʙʨʦʚʢʠ 
ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʯʥʦʩʪʠ ʥʠʪʷʥʦʛʦ ʜʘʣʴʥʦʤʝʨʘ ʛʝʦʜʝʟʠ-
ʯʝʩʢʦʛʦ ʧʨʠʙʦʨʘ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʜʘʥʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʧʨʦ-
ʮʝʩʩ ʢʘʣʠʙʨʦʚʢʠ ʢʘʤʝʨʳ ʠʤʝʝʪ ʮʝʣʴʶ ʠʩʢʣʶʯʝʥʠʝ 
ʚʣʠʷʥʠʷ ʜʠʩʪʦʨʩʠʠ ʦʙʲʝʢʪʠʚʘ, ʧʦʩʢʦʣʴʢʫ, ʚʦ-ʧʝʨʚʳʭ, 
ʠʟʦʙʨʘʞʝʥʠʝ ʙʘʟʠʩʘ (ʙʘʟʠʩʦʚ) ʜʦʣʞʥʦ ʚʩʝʛʜʘ ʟʘʥʠʤʘʪʴ 
ʥʘ ʩʥʠʤʢʝ ʮʝʥʪʨʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ, ʘ ʨʘʟʤʝʨ ʧʠʢʩʝʣʷ, 
ʦʧʨʝʜʝʣʸʥʥʳʡ ʧʦ ʠʟʦʙʨʘʞʝʥʠʶ ʙʘʟʠʩʘ, ʥʝ ʧʨʠʤʝʥʷ-
ʝʪʩʷ ʜʣʷ ʜʨʫʛʠʭ ʯʘʩʪʝʡ ʩʥʠʤʢʘ. 

ɺ ʥʘʰʠʭ ʨʘʙʦʪʘʭ [6, 7,] ʦʧʠʩʘʥʳ ʨʘʟʣʠʯʥʳʝ ʬʦʪʦ-
ʛʨʘʬʠʯʝʩʢʠʝ ʩʧʦʩʦʙʳ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʜʠʫʩʘ ʩʦʦʨʫʞʝ-
ʥʠʡ, ʠʤʝʶʱʠʭ ʚ ʧʣʘʥʝ ʬʦʨʤʫ ʢʨʫʛʘ. ʉʧʦʩʦʙʳ ʦʩʥʦ-
ʚʘʥʳ ʥʘ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʠ ʮʠʬʨʦʚʦʡ ʬʦʪʦʢʘʤʝʨʦʡ 
ʩʦʦʨʫʞʝʥʠʷ ʩ ʧʨʠʣʦʞʝʥʥʦʡ ʢ ʥʝʤʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʥʠ-
ʚʝʣʠʨʥʦʡ ʨʝʡʢʦʡ, ʠʛʨʘʶʱʝʡ ʨʦʣʴ ʙʘʟʠʩʘ ʠʟʚʝʩʪʥʦʡ 
ʜʣʠʥʳ ʜʣʷ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʩʥʠʤʢʘ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝ-
ʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ ʥʘ ʥʸʤ ʚ ʤʝʪʨʠʯʝʩʢʦʡ ʩʠ-
ʩʪʝʤʝ ʝʜʠʥʠʮ.  

ʇʦʢʘʟʘʥʦ, ʢʘʢ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʚʝʨʪʠʢʘʣʴ-
ʥʦʛʦ ʙʘʟʠʩʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʬʦʪʦʛʨʘʬʠʯʝ-
ʩʢʦʛʦ ʩʧʦʩʦʙʘ ʥʠʚʝʣʠʨʦʚʘʥʠʷ [8]. ɼʝʪʘʣʴʥʦ ʦʧʠʩʘʥʘ 
ʤʝʪʦʜʠʢʘ ʠ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʜʣʘʛʘʝʤʦʛʦ 
ʬʦʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʧʦʩʦʙʘ ʥʠʚʝʣʠʨʦʚʘʥʠʷ ʩʪʨʦʠʪʝʣʴ-
ʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʧʦ ʪʦʯʥʦʩʪʠ ʥʝ ʫʩʪʫʧʘʶʱʝʛʦ ʦʙʳʯ-
ʥʦʤʫ ʪʝʭʥʠʯʝʩʢʦʤʫ ʥʠʚʝʣʠʨʦʚʘʥʠʶ. 

ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʬʦʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʙʝʩʢʦʥ-
ʪʘʢʪʥʦʛʦ ʩʧʦʩʦʙʘ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ ʥʘ ʧʨʦʪʷ-
ʞʸʥʥʦʤ ʦʙʲʝʢʪʝ. ʆʥʘ ʦʩʥʦʚʘʥʘ ʥʘ ʠʟʤʝʨʝʥʠʠ ʢʦʣʠʯʝ-
ʩʪʚʘ ʧʠʢʩʝʣʝʡ ʜʦ ʠʟʦʙʨʘʞʝʥʠʷ ʟʘʜʘʥʥʳʭ ʩʲʸʤʦʯʥʳʭ 
ʪʦʯʝʢ ʥʘ ʩʥʠʤʢʝ, ʥʝ ʪʨʝʙʫʝʪ ʤʘʨʢʠʨʦʚʢʠ ʵʪʠʭ ʪʦʯʝʢ ʥʘ 
ʦʙʲʝʢʪʝ ʠ ʚʳʧʦʣʥʝʥʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʥʠʤʢʦʚ. 
ʄʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʨʘʟʣʠʯʥʳʝ ʟʘʜʘʯʠ. ɺʦ-
ʧʝʨʚʳʭ, ʤʦʞʥʦ ʧʦ ʟʘʜʘʥʥʦʤʫ ʨʘʩʩʪʦʷʥʠʶ ʜʦ ʪʦʯʢʠ ʥʘ 
ʧʨʦʪʷʞʸʥʥʦʤ ʦʙʲʝʢʪʝ ʥʘʡʪʠ ʝʸ ʧʦʣʦʞʝʥʠʝ ʥʘ ʩʥʠʤʢʝ. 
ɺʦ-ʚʪʦʨʳʭ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʣʶʙʦʡ 
ʪʦʯʢʠ ʪʘʢʦʛʦ ʦʙʲʝʢʪʘ ʥʘ ʩʥʠʤʢʝ ʠʣʠ ʦʧʨʝʜʝʣʠʪʴ ʨʘʩ-
ʩʪʦʷʥʠʝ ʤʝʞʜʫ ʣʶʙʳʤʠ ʝʛʦ ʪʦʯʢʘʤʠ ʠ, ʥʘʢʦʥʝʮ, ʦʩʫ-
ʱʝʩʪʚʣʷʪʴ ʢʦʥʪʨʦʣʴ ʧʨʷʤʦʣʠʥʝʡʥʦʩʪʠ ʨʝʣʴʩʘ ʪʘʢʠʤ 
ʙʝʩʢʦʥʪʘʢʪʥʳʤ ʩʧʦʩʦʙʦʤ ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʣʘʛʘʝʤʦʡ 
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ʤʝʪʦʜʠʢʠ ʥʘ ʧʨʘʢʪʠʢʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʰʠʙʢʠ ʦʧʨʝʜʝ-
ʣʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʚ ʧʨʝʜʝʣʘʭ 2 ï 30 ʤ ʥʝ ʧʨʝʚʳʰʘʶʪ 
ʧʦ ʤʦʜʫʣʶ 19 ʤʤ. ʊʘʢʦʡ ʙʝʩʢʦʥʪʘʢʪʥʳʡ ʩʧʦʩʦʙ ʧʦʟʚʦ-
ʣʷʝʪ ʦʩʚʦʙʦʜʠʪʴ ʠʩʧʦʣʥʠʪʝʣʝʡ, ʥʘʧʨʠʤʝʨ, ʦʪ ʠʭ ʚʳ-
ʭʦʜʘ ʥʘ ʧʦʜʢʨʘʥʦʚʳʡ ʧʫʪʴ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʜʥʦʡ ʠʟ 
ʥʘʠʙʦʣʝʝ ʪʨʫʜʦʸʤʢʠʭ ʦʧʝʨʘʮʠʡ ï ʤʘʨʢʠʨʦʚʢʠ ʥʘ ʨʝʣʴ-
ʩʘʭ ʩʲʸʤʦʯʥʳʭ ʪʦʯʝʢ, ʦʩʦʙʝʥʥʦ ʥʘ ʥʝʜʦʩʪʫʧʥʳʭ ʢʨʘ-
ʥʦʚʳʭ ʧʫʪʷʭ. 

ʐʠʨʠʥʘ ʢʦʣʝʠ ʤʦʩʪʦʚʳʭ ʢʨʘʥʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ 
ʠʟ ʥʘʠʙʦʣʝʝ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢ ʢʘʢ ʝʸ 
ʩʫʞʝʥʠʝ ʠʣʠ ʫʰʠʨʝʥʠʝ ʤʦʞʝʪ ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʩʚʦʙʦʜ-
ʥʦʤʫ ʧʨʦʭʦʞʜʝʥʠʶ ʢʨʘʥʘ ʧʦ ʨʝʣʴʩʦʚʦʤʫ ʧʫʪʠ, ʩʧʦ-
ʩʦʙʩʪʚʦʚʘʪʴ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʤʫ ʠʟʥʦʩʫ ʨʝʙʦʨʜ ʭʦʜʦ-
ʚʳʭ ʢʦʣʸʩ ʠ ʙʦʢʦʚʳʭ ʛʨʘʥʝʡ ʨʝʣʴʩʦʚ ʠ ʙʳʪʴ ʧʨʠʯʠʥʦʡ 
ʘʚʘʨʠʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʭʦʜʘ ʢʨʘʥʘ ʩ ʨʝʣʴʩʦʚ. 

ʉ ʮʝʣʴʶ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʩʧʦʩʦʙʦʚ ʦʧʨʝʜʝʣʝʥʠʷ 
ʰʠʨʠʥʳ ʨʝʣʴʩʦʚʦʡ ʢʦʣʝʠ ʤʦʩʪʦʚʳʭ ʢʨʘʥʦʚ ʧʨʝʜʣʦ-
ʞʝʥʘ ʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʥʘ ʦʩʥʦʚʝ 
ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʭ ʠ ʢʦʩʚʝʥʥʳʭ ʩʧʦʩʦʙʦʚ ʠʟʤʝʨʝʥʠʡ 
[9], ʢʦʪʦʨʘʷ ʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʠʟʚʝʩʪʥʳʤʠ 
ʩʧʦʩʦʙʘʤʠ, ʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʜʨʫʛʠʭ, 
ʧʦʢʘ ʥʝʠʟʚʝʩʪʥʳʭ ʚ ʥʘʫʯʥʦʤ ʤʠʨʝ. ʆʥʘ ʧʨʠʟʚʘʥʘ ʦʨʠ-
ʝʥʪʠʨʦʚʘʪʴ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚ ʤʥʦʛʦʦʙʨʘʟʠʠ ʵʪʠʭ ʩʧʦ-
ʩʦʙʦʚ ʩ ʮʝʣʴʶ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʳʭ ʠʣʠ ʨʘʟʨʘʙʦʪʢʠ 
ʥʦʚʳʭ ʩʧʦʩʦʙʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʭ ʘʥʘʣʠʟʘ ʧʨʝʜʣʦʞʝʥ 
ʢʦʩʚʝʥʥʳʡ ʬʦʪʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ ʰʠ-
ʨʠʥʳ ʢʦʣʝʠ ʠ ʚʳʧʦʣʥʝʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʤʦʜʝʣʠʨʦ-
ʚʘʥʠʝ, ʧʦʢʘʟʘʚʰʝʝ ʝʛʦ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ 
ʥʝʦʙʭʦʜʠʤʫʶ ʪʦʯʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ.  

ʉʯʠʪʘʝʤ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʩʦʚʤʝʱʝʥʠʝ 
ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ ʦʧʝʨʘʮʠʡ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 
ʰʠʨʠʥʳ ʢʦʣʝʠ, ʧʨʷʤʦʣʠʥʝʡʥʦʩʪʠ ʧʦʜʢʨʘʥʦʚʳʭ 
ʨʝʣʴʩʦʚ ʠ ʥʠʚʝʣʠʨʦʚʘʥʠʝ ʧʦʜʢʨʘʥʦʚʦʛʦ ʧʫʪʠ. 

ʇʨʝʜʣʦʞʝʥ ʬʦʪʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʦʩʦʙ, ʧʦʟʚʦʣʷʶ-
ʱʠʡ ʩ ʦʜʥʦʡ ʪʦʯʢʠ ʩʪʦʷʥʠʷ ʬʦʪʦʢʘʤʝʨʳ ʠ ʟʘ ʦʜʠʥ ʧʨʦ-
ʭʦʜ ʤʦʩʪʦʚʦʛʦ ʢʨʘʥʘ ʦʧʨʝʜʝʣʠʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝʧʨʷ-
ʤʦʣʠʥʝʡʥʦʩʪʴ ʧʦʜʢʨʘʥʦʚʳʭ ʨʝʣʴʩʦʚ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ 
ʫʯʘʩʪʢʘ ʧʫʪʠ, ʰʠʨʠʥʫ ʢʦʣʝʠ ʣʶʙʦʛʦ ʨʘʟʤʝʨʘ ʠ ʪʨʘʝʢ-
ʪʦʨʠʶ ʜʚʠʞʝʥʠʷ ʢʨʘʥʘ. ʉʧʦʩʦʙ ʦʩʥʦʚʘʥ ʥʘ ʬʦʪʦʛʨʘ-
ʬʠʨʦʚʘʥʠʠ ʪʨʸʭ ʙʘʟʠʩʦʚ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʥʝʧʦʜʚʠ-
ʞʝʥ, ʘ ʜʚʘ ʜʨʫʛʠʭ ʧʨʠʚʦʜʷʪʩʷ ʧʝʨʝʜ ʬʦʪʦʛʨʘʬʠʨʦʚʘ-
ʥʠʝʤ ʚ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʝ ʩ ʧʦʜʢʨʘʥʦʚʳʤʠ ʨʝʣʴʩʘʤʠ. 
ʇʨʠ ʵʪʦʤ ʠʩʢʣʶʯʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʳʭʦʜʘ ʠʩʧʦʣ-
ʥʠʪʝʣʝʡ ʥʘ ʧʦʜʢʨʘʥʦʚʳʡ ʧʫʪʴ, ʩʧʝʮʠʘʣʴʥʦʡ ʤʘʨʢʠ-
ʨʦʚʢʠ ʥʘ ʨʝʣʴʩʘʭ ʩʲʸʤʦʯʥʳʭ ʪʦʯʝʢ ʠ ʚʳʧʦʣʥʝʥʠʷ ʢʘ-
ʢʠʭ-ʣʠʙʦ ʫʛʣʦʚʳʭ, ʣʠʥʝʡʥʳʭ ʠʣʠ ʠʥʳʭ ʠʟʤʝʨʝʥʠʡ. ʈʝ-
ʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʧʦʩʦʙʘ ʧʦʢʘʟʘʣʠ ʝʛʦ 
ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ. ʆʪʤʝʯʘʝʪʩʷ ʚʦʟ-
ʤʦʞʥʦʩʪʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʧʦʩʦʙʘ ʧʫʪʸʤ ʦʙʝʩʧʝʯʝʥʠʷ 
ʧʨʠ ʜʚʠʞʝʥʠʠ ʢʨʘʥʘ ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ 
ʩ ʨʝʣʴʩʘʤʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʙʘʟʠʩʦʚ, ʘ ʬʦʪʦʛʨʘʬʠʨʦ-
ʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʪʴ ʚ ʨʝʞʠʤʝ ʥʝʧʨʝʨʳʚʥʦʡ ʩʲʸʤʢʠ. ɺ 
ʵʪʦʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʳʝ ʠʟʤʝʨʝʥʠʷ ʤʦʞʥʦ ʧʨʦʠʟʚʦ-
ʜʠʪʴ ʚ ʣʶʙʦʤ ʤʝʩʪʝ ʢʨʘʥʦʚʦʛʦ ʧʫʪʠ.  

ɺ ʤʦʠʭ ʨʘʙʦʪʘʭ [10, 11] ʦʧʠʩʘʥʘ ʤʝʪʦʜʠʢʘ ʤʦʜʝ-
ʣʠʨʦʚʘʥʠʷ ʩʧʦʩʦʙʘ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʜʠ-
ʫʩʘ ʠ ʢʦʦʨʜʠʥʘʪ ʮʝʥʪʨʘ ʦʢʨʫʞʥʦʩʪʠ, ʥʘʠʤʝʥʝʝ ʦʪʢʣʦ-
ʥʷʶʱʝʡʩʷ ʦʪ ʟʘʜʘʥʥʳʭ ʪʦʯʝʢ ʩʝʯʝʥʠʷ ʩʦʦʨʫʞʝʥʠʷ 
ʢʨʫʛʣʦʡ ʬʦʨʤʳ. ʅʘ ʧʨʠʤʝʨʝ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ 
ʮʝʥʪʨʘ ʠ ʨʘʜʠʫʩʘ ʩʝʯʝʥʠʡ ʜʳʤʦʚʦʡ ʪʨʫʙʳ ʧʦʢʘʟʘʥʘ 
ʤʝʪʦʜʠʢʘ ʚʳʙʦʨʘ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʭ ʩʦʯʝʪʘʥʠʡ ʧʦ 
ʪʨʠ ʪʦʯʢʠ ʠʟ ʚʩʝʭ ʥʘʙʣʶʜʘʝʤʳʭ. ɺ ʩʠʩʪʝʤʝ MatLab 
ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʦʡ ʦʢʨʫʞʥʦ-
ʩʪʠ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʤʠʥʠʤʠʟʘʮʠʠ ʩʫʤʤʳ ʢʚʘʜʨʘʪʦʚ 
ʨʘʩʩʪʦʷʥʠʡ ʠʤʝʶʱʠʭʩʷ ʪʦʯʝʢ ʦʪ ʵʪʦʡ ʦʢʨʫʞʥʦʩʪʠ. 
ʇʦʢʘʟʘʥʦ ʨʝʰʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʥʘ ʧʨʠʤʝʨʝ 
ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʜʳʤʦʚʦʡ 
ʪʨʫʙʳ ʠ ʝʸ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ. ʇʨʦʚʝʜʸʥ-
ʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʘʢʦʡ ʦʜʥʦʩʪʦʨʦʥʥʠʡ 
ʢʦʦʨʜʠʥʘʪʥʳʡ ʩʧʦʩʦʙ ʤʦʞʝʪ ʩ ʫʩʧʝʭʦʤ ʧʨʠʤʝʥʷʪʴʩʷ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦ-
ʞʝʥʠʷ ʠ ʬʦʨʤʳ ʩʦʦʨʫʞʝʥʠʡ ʙʘʰʝʥʥʦʛʦ ʪʠʧʘ. ʆʜʥʦʡ 
ʠʟ ʦʩʥʦʚʥʳʭ ʦʪʣʠʯʠʪʝʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʩʤʦʪ-
ʨʝʥʥʦʛʦ ʩʧʦʩʦʙʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ 
ʢʦʦʨʜʠʥʘʪ ʣʶʙʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʦʯʝʢ ʧʦʯʪʠ ʧʦʣʦʚʠʥʳ 
ʧʝʨʠʤʝʪʨʘ ʥʘʙʣʶʜʘʝʤʦʛʦ ʩʝʯʝʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳ-
ʙʦʨʦʤ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʭ ʩʦʯʝʪʘʥʠʡ ʧʦ ʪʨʠ ʪʦʯʢʠ 
ʠʟ ʚʩʝʭ. ʇʨʠʯʝʤ ʪʘʢʠʝ ʠʟʤʝʨʝʥʠʷ ʤʦʞʥʦ ʚʳʧʦʣʥʷʪʴ 
ʜʣʷ ʩʝʯʝʥʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʨʘʟʥʦʡ ʚʳʩʦʪʝ ʩʦʦʨʫ-
ʞʝʥʠʷ. ɼʨʫʛʦʡ ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʦʜʥʦʩʪʦ-
ʨʦʥʥʝʛʦ ʢʦʦʨʜʠʥʘʪʥʦʛʦ ʩʧʦʩʦʙʘ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʝʥʘ 
ʙʘʰʝʥʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʢʨʫʛʣʦʡ ʬʦʨʤʳ ʷʚʣʷʝʪʩʷ ʪʦ, 
ʯʪʦ ʵʪʦʪ ʩʧʦʩʦʙ ʥʝ ʪʨʝʙʫʝʪ ʦʙʷʟʘʪʝʣʴʥʦʡ ʚʠʜʠʤʦʩʪʠ 
ʣʝʚʦʡ ʠ ʧʨʘʚʦʡ ʦʙʨʘʟʫʶʱʠʭ ʪʘʢʦʛʦ ʩʦʦʨʫʞʝʥʠʷ. ɼʣʷ 
ʨʝʘʣʠʟʘʮʠʠ ʩʧʦʩʦʙʘ ʜʦʩʪʘʪʦʯʥʦ ʥʘʙʣʶʜʘʪʴ ʯʘʩʪʴ ʪʝʣʘ 
ʩʦʦʨʫʞʝʥʠʷ.  

ʇʨʠʚʝʜʝʥʘ ʤʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝ-
ʥʠʷ ʢʦʦʨʜʠʥʘʪ ʮʝʥʪʨʘ ʠ ʨʘʜʠʫʩʘ ʩʝʯʝʥʠʡ ʩʦʦʨʫʞʝʥʠʡ 
ʢʨʫʛʣʦʡ ʬʦʨʤʳ ʠ ʚʳʯʠʩʣʝʥʠʷ ʧʦ ʥʠʤ ʢʨʝʥʘ ʵʪʦʛʦ ʩʦ-
ʦʨʫʞʝʥʠʷ [12]. ʆʥʘ ʧʨʠʤʝʥʠʤʘ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʪʨʸʭ, ʘ 
ʜʣʷ ʣʶʙʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʩʝʯʝʥʠʠ ʪʦ-
ʯʝʢ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʩ-
ʩʤʦʪʨʝʥʥʳʡ ʦʜʥʦʩʪʦʨʦʥʥʠʡ ʢʦʦʨʜʠʥʘʪʥʳʡ ʩʧʦʩʦʙ 
ʤʦʞʝʪ ʩ ʫʩʧʝʭʦʤ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦ-
ʞʝʥʠʷ ʠ ʨʘʜʠʫʩʦʚ ʩʝʯʝʥʠʡ ʩʦʦʨʫʞʝʥʠʡ ʙʘʰʝʥʥʦʛʦ 
ʪʠʧʘ ʢʨʫʛʣʦʡ ʬʦʨʤʳ. ʆʥ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦ-
ʜʠʪʝʣʴʥʦʩʪʴʶ ʠ ʠʤʝʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʨʦʛʨʘʤʤʥʦʝ 
ʦʙʝʩʧʝʯʝʥʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ ʧʦʣʫʯʘʪʴ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ 
n ʪʦʯʝʢ ʥʘʙʣʶʜʘʝʤʳʭ ʩʝʯʝʥʠʡ ʠʩʢʦʤʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʝ 
ʪʦʣʴʢʦ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʡ, ʥʦ ʠ ʚ ʛʨʘʬʠʯʝʩʢʦʡ ʬʦʨʤʝ. 
ʇʦʩʣʝʜʥʝʝ ʧʦʟʚʦʣʷʝʪ ʧʫʪʸʤ ʩʦʚʤʝʱʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ 
ʦʢʨʫʞʥʦʩʪʝʡ ʥʠʞʥʝʛʦ, ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʠ ʚʝʨʭʥʝʛʦ 
ʥʘʙʣʶʜʘʝʤʳʭ ʩʝʯʝʥʠʡ ʧʦʣʫʯʠʪʴ ʥʘʛʣʷʜʥʦʝ ʧʨʝʜʩʪʘʚ-
ʣʝʥʠʝ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʧʦʣʦʞʝʥʠʠ ʠʩʩʣʝʜʫʝʤʦʛʦ 
ʩʦʦʨʫʞʝʥʠʷ. ʅʘʢʦʥʝʮ, ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʦʪʣʠʯʠʪʝʣʴ-
ʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʩʧʦʩʦʙʘ ʷʚʣʷʝʪʩʷ 
ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʣʶʙʦʛʦ ʢʦʣʠʯʝ-
ʩʪʚʘ ʪʦʯʝʢ ʧʦʯʪʠ ʧʦʣʦʚʠʥʳ ʧʝʨʠʤʝʪʨʘ ʥʘʙʣʶʜʘʝʤʦʛʦ 
ʩʝʯʝʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʙʦʨʦʤ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴ-
ʥʳʭ ʩʦʯʝʪʘʥʠʡ ʧʦ ʪʨʠ ʪʦʯʢʠ ʠʟ ʚʩʝʭ.  

ʇʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝ-
ʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʮʝʥʪʨʘ ʠ ʨʘʜʠʫʩʘ ʩʝʯʝʥʠʡ ʩʦʦʨʫʞʝ-
ʥʠʡ ʢʨʫʛʣʦʡ ʬʦʨʤʳ ʠ ʚʳʯʠʩʣʝʥʠʷ ʧʦ ʥʠʤ ʢʨʝʥʘ ʵʪʦʛʦ 
ʩʦʦʨʫʞʝʥʠʷ [12]. ʄʝʪʦʜʠʢʘ ʦʩʥʦʚʘʥʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘ-
ʥʠʠ ʧʝʨʠʤʝʪʨʘ, ʟʘʤʳʢʘʶʱʝʡ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʢʚʘʜʨʘ-
ʪʠʯʝʩʢʦʛʦ ʧʦʣʠʛʦʥʘ ʠ ʪʘʢʠʭ ʧʦʥʷʪʠʡ, ʢʘʢ ʛʨʘʜʠʝʥʪʳ ʠ 
ʣʠʥʠʠ ʧʦʣʦʞʝʥʠʷ. ɽʸ ʩʫʱʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 
ʧʦʛʨʝʰʥʦʩʪʴ ʧʦʣʦʞʝʥʠʷ ʵʪʦʡ ʪʦʯʢʠ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ 
ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʝʜʣʦʞʝʥʥʦʡ ʧʨʦʬʝʩʩʦʨʦʤ ɻ. ɸ. 
ʐʝʭʦʚʮʦʚʳʤ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʦʢʨʫʞʥʦʩʪʴʶ ʉʂʆ ʩ 
ʚʥʫʪʨʝʥʥʠʤ ʠʣʠ ʚʥʝʰʥʠʤ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʦʤ. ʆʪʣʠʯʠ-
ʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʪʘʢʦʡ ʦʢʨʫʞʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʪʦ, 
ʯʪʦ ʦʥʘ ʤʦʞʝʪ ʩ ʫʩʧʝʭʦʤ ʟʘʤʝʥʠʪʴ ʪʘʢʠʝ ʜʦʚʦʣʴʥʦ 
ʩʣʦʞʥʳʝ ʧʦ ʢʦʥʬʠʛʫʨʘʮʠʠ ʬʠʛʫʨʳ, ʢʘʢ ʵʣʣʠʧʩ ʠʣʠ ʝʛʦ 
ʧʦʜʝʨʫ, ʧʦʟʚʦʣʷʷ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʥʘʛʣʷʜʥʦ ʧʦʣʫʯʘʪʴ 
ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʦʛʨʝʰʥʦʩʪʠ ʧʦ-
ʣʦʞʝʥʠʷ ʦʧʨʝʜʝʣʷʝʤʦʡ ʪʦʯʢʠ. ʊʘʢ, ʩ ʧʦʤʦʱʴʶ ʵʪʦʡ 
ʦʢʨʫʞʥʦʩʪʠ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ: ʉʂʆ ʪʦʯʢʠ ʦʜʥʦʚʨʝ-
ʤʝʥʥʦ ʧʦ ʣʶʙʳʤ ʜʚʫʤ ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʤ 
ʥʘʧʨʘʚʣʝʥʠʷʤ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ 
ʥʠʤʠ; ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʚʘʨʠʘʮʠʦʥʥʳʭ ʤʘʪʨʠʮ; 
ʯʠʩʣʦ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʤʘʪʨʠʮʳ, ʝʸ ʩʣʝʜ, ʦʧʨʝʜʝʣʠ-
ʪʝʣʴ, ʢʦʬʘʢʪʦʨ. ʂʨʦʤʝ ʪʦʛʦ, ʦʢʨʫʞʥʦʩʪʴ ʩʪʘʥʜʘʨʪʦʚ 
ʜʘʸʪ ʥʘʛʣʷʜʥʳʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ: ʥʝʨʘʚʝʥʩʪʚʘ ʂʦʰʠ-
ɹʫʥʷʢʦʚʩʢʦʛʦ; ʧʦʜʦʙʠʷ ʤʘʪʨʠʮ; ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʦʧʨʝ-
ʜʝʣʠʪʝʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʝʡ ʢʦʦʨʜʠʥʘʪ; ʢʦʨʨʝʣʷʮʠʦʥ-
ʥʦʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʧʦʣʫʦʩʝʡ ʵʣʣʠʧʩʘ ʉʂʆ ʠ ʜʨ. 

ʇʦʢʘʟʘʥʦ, ʢʘʢ, ʙʘʟʠʨʫʷʩʴ ʣʠʰʴ ʥʘ ʟʥʘʯʝʥʠʷʭ ʧʝ-
ʨʠʤʝʪʨʘ ʠ ʟʘʤʳʢʘʶʱʝʡ ʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʧʦʣʠʛʦʥʘ, 
ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʳʝ ʠʟʚʝʩʪʥʳʝ ʚ 
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ʛʝʦʜʝʟʠʠ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʢʘʣʷʨʥʳʝ ʦʮʝʥʢʠ ʪʦʯʥʦ-
ʩʪʠ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʟʘʩʝʯʝʢ ʩ ʣʶʙʦʡ ʢʦʤʙʠʥʘʮʠʝʡ ʫʛʣʦ-
ʚʳʭ ʠ ʣʠʥʝʡʥʳʭ ʨʘʚʥʦʪʦʯʥʳʭ ʠʣʠ ʥʝʨʘʚʥʦʪʦʯʥʳʭ ʠʟ-
ʤʝʨʝʥʠʡ [13]. 

ʇʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʦʧʪʠʤʠʟʘʮʠʠ ʦʜʥʦʢʨʘʪʥʦʡ 
ʠ ʤʥʦʛʦʢʨʘʪʥʦʡ ʫʛʣʦʚʦʡ ʟʘʩʝʯʢʠ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʠʟʦ-
ʪʨʦʧʠʠ, ʢʦʛʜʘ ʵʣʣʠʧʩ, ʧʦʜʝʨʘ ʠʣʠ ʦʢʨʫʞʥʦʩʪʴ ʉʂʆ 
ʦʧʨʝʜʝʣʷʝʤʦʡ ʪʦʯʢʠ ʪʨʘʥʩʬʦʨʤʠʨʫʶʪʩʷ ʚ ʢʨʫʛ ʦʧʨʝ-
ʜʝʣʸʥʥʦʛʦ ʨʘʜʠʫʩʘ. ʇʨʠʚʝʜʝʥʳ ʬʦʨʤʫʣʳ ʠ ʛʝʦʤʝʪʨʠ-
ʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʧʨʦʮʝʩʩʘ ʦʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥ-
ʪʦʚ ʪʘʢʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ. 
ɺr ʧʦʣʥʝʥʦ ʟʥʘʢʦʚʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʘʨʠʘʥʪʦʚ ʦʧʪʠ-
ʤʠʟʘʮʠʠ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʥʘ ʙʘʟʝ Microsoft Exʩel ʧʨʦ-
ʛʨʘʤʤʝ ʠ ʧʦʢʘʟʘʥʘ ʤʝʪʦʜʠʢʘ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʦʧʨʝ-
ʜʝʣʝʥʠʠ ʢʨʝʥʘ ʩʦʦʨʫʞʝʥʠʡ ʙʘʰʝʥʥʦʛʦ ʪʠʧʘ [14, 15]. 

ʇʨʠʚʝʜʝʥʘ ʤʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝ-
ʜʦʚʘʥʠʡ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʩʪʨʘʥ-
ʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʢʦʣʦʥʥ ʠ ʬʝʨʤ ʩ ʦʜʥʦʡ ʪʦʯʢʠ 
ʩʪʦʷʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʪʘʭʝʦʤʝʪʨʘ ʩʧʦʩʦʙʘʤʠ ʜʠʩʢʨʝʪ-
ʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʢʦʦʨʜʠʥʘʪʥʦʛʦ ʠ ʬʦʪʦʛʨʘʬʠʯʝ-
ʩʢʦʛʦ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʢʘʟʘʣʠʩʴ ʩʦʧʦʩʪʘʚʠ-
ʤʳʤʠ ʧʦ ʪʦʯʥʦʩʪʠ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʘ ʩʧʦ-
ʩʦʙʳ ʠʭ ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ 
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʘʜʸʞʥʦʩʪʴ ʠ 
ʙʝʟʦʧʘʩʥʦʩʪʴ ʨʘʙʦʪ [16]. 

ʅʘ ʧʨʘʢʪʠʢʝ ʟʘʯʘʩʪʫʶ ʥʠʞʥʷʷ ʯʘʩʪʴ ʙʘʰʝʥʥʦʛʦ 
ʩʦʦʨʫʞʝʥʠʷ ʙʳʚʘʝʪ ʟʘʢʨʳʪʘ ʧʦʩʪʦʨʦʥʥʠʤʠ ʧʨʝʜʤʝ-
ʪʘʤʠ (ʟʜʘʥʠʷ, ʩʦʦʨʫʞʝʥʠʷ, ʜʝʨʝʚʴʷ, ʪʨʘʥʩʧʦʨʪ ʠ ʪ. ʧ.). 
ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʥʘʙʣʶʜʘʪʝʣʠ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʦʧʨʝ-
ʜʝʣʝʥʠʝʤ ʢʨʝʥʘ ʪʦʣʴʢʦ ʚʝʨʭʥʝʡ ʚʠʜʠʤʦʡ ʯʘʩʪʠ ʩʦʦʨʫ-
ʞʝʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʵʢʩʪʨʘʧʦʣʷʮʠʝʡ ʢʨʝʥʘ ʥʘ ʚʩʶ 
ʚʳʩʦʪʫ ʩʦʦʨʫʞʝʥʠʷ, ʯʪʦ ʤʦʞʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘ-
ʟʘʪʴʩʷ ʥʘ ʪʦʯʥʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʅʘʤʠ ʜʣʷ 
ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 
ʠʟʚʝʩʪʥʳʝ ʦʜʥʦʩʪʦʨʦʥʥʠʝ ʩʧʦʩʦʙʳ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʝʥʘ 
ʩʦʦʨʫʞʝʥʠʷ ʚ ʜʚʘ ʵʪʘʧʘ. 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʤʝʪʦʜʠʢʘ ʙʳʣʘ ʦʧʨʦʙʦʚʘʥʘ ʥʘ ʜʳ-
ʤʦʚʦʡ ʪʨʫʙʝ ʚʳʩʦʪʦʡ 30 ʤ ʪʨʝʤʷ ʦʜʥʦʩʪʦʨʦʥʥʠʤʠ 
ʩʧʦʩʦʙʘʤʠ: ʢʦʦʨʜʠʥʘʪʥʳʤ ʠ ʣʠʥʝʡʥʦ-ʫʛʣʦʚʳʤ [17] ʠ 
ʧʨʝʜʣʦʞʝʥʥʳʤ ʥʘʤʠ ʬʦʪʦʛʨʘʬʠʯʝʩʢʠʤ [18]. ʈʝʟʫʣʴ-
ʪʘʪʳ ʚʳʧʦʣʥʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 
ʧʦʜʪʚʝʨʞʜʘʶʪ ʩʦʩʪʦʷʪʝʣʴʥʦʩʪʴ ʜʚʫʭʵʪʘʧʥʳʭ ʩʧʦʩʦ-
ʙʦʚ ʚ ʩʣʦʞʥʳʭ ʜʣʷ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʫʩʣʦ-
ʚʠʷʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʣʦʱʘʜʦʢ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝ-
ʜʝʣʷʪʴ ʧʘʨʘʤʝʪʨʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʠ 
ʬʦʨʤʳ ʙʘʰʝʥʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʧʦ ʚʩʝʡ ʠʭ ʚʳʩʦʪʝ. 

ʀʟʣʦʞʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ 
ʬʦʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʧʦʩʦʙʘ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʝʥʘ 
ʩʦʦʨʫʞʝʥʠʡ ʙʘʰʝʥʥʦʛʦ ʪʠʧʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʰʥʫʨʦʚʦʛʦ ʦʪʚʝʩʘ ʚ ʢʘʯʝʩʪʚʝ ʚʝʨʪʠʢʘʣʴʥʦʡ 
ʨʝʬʝʨʝʥʪʥʦʡ ʧʨʷʤʦʡ, ʯʝʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʦʩʪʦʪʘ 
ʠʩʧʦʣʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʬʦʪʦʩʥʠʤʢʦʚ [19]. ʅʘ ʧʨʠ-
ʤʝʨʝ ʜʳʤʦʚʦʡ ʪʨʫʙʳ ʨʘʩʩʤʦʪʨʝʥʳ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʚʘ-
ʨʠʘʥʪʳ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʪʚʝʩʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʝʸ ʦʩʠ ʠ 
ʧʦʢʘʟʘʥʘ ʤʝʪʦʜʠʢʘ ʚʳʯʠʩʣʝʥʠʷ ʢʨʝʥʘ ʩʦʦʨʫʞʝʥʠʷ ʧʦ 
ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʨʘʙʦʪʢʠ ʩʥʠʤʢʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠ-
ʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʝʩʪʦʧʦ-
ʣʦʞʝʥʠʝ ʦʪʚʝʩʘ ʦʢʘʟʳʚʘʝʪ ʨʝʰʘʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʪʦʯ-
ʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʝʥʘ. ʆʧʪʠʤʘʣʴʥʳʤ ʧʨʠʟʥʘʥʦ 
ʨʘʩʧʦʣʦʞʝʥʠʝ ʦʪʚʝʩʘ ʧʦ ʮʝʥʪʨʫ ʚʝʨʭʥʝʛʦ ʩʝʯʝʥʠʷ 
ʪʨʫʙʳ ʠ ʧʦʢʘʟʘʥʘ ʤʝʪʦʜʠʢʘ ʫʯʸʪʘ ʧʦʧʨʘʚʢʠ ʟʘ ʩʯʸʪ ʥʝ-
ʪʦʯʥʦʩʪʠ ʵʪʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ.  

ʇʨʝʜʣʦʞʝʥ ʧʨʠʥʮʠʧ ʠ ʧʦʢʘʟʘʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ 
ʦʩʥʦʚʳ ʬʦʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʧʦʩʦʙʘ ʜʠʩʢʨʝʪʥʦʛʦ ʠʣʠ 
ʥʝʧʨʝʨʳʚʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʢʨʝʥʘ ʩʦʦʨʫʞʝʥʠʡ 
ʙʘʰʝʥʥʦʛʦ ʪʠʧʘ [20]. ɺʳʚʝʜʝʥʳ ʬʦʨʤʫʣʳ ʜʣʷ ʚʳʯʠʩ-
ʣʝʥʠʷ ʠ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʢʨʝʥʘ ʠ ʨʘʟʤʝʨʘ ʦʜʥʦʛʦ ʧʠʢ-
ʩʝʣʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʫʩʪʘʥʦʚʣʝʥʳ ʫʩʣʦʚʠʷ ʩʲʸʤʢʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʠʩʢʣʶ-
ʯʘʪʴ ʚʣʠʷʥʠʷ ʜʠʩʪʦʨʩʠʠ ʬʦʪʦʦʙʲʝʢʪʠʚʘ ʥʘ ʧʦʣʫʯʘʝ-
ʤʳʝ ʨʝʟʫʣʴʪʘʪʳ.  

ʆʧʠʩʘʥʘ ʤʝʪʦʜʠʢʘ ʠ ʚʳʚʝʜʝʥʳ ʬʦʨʤʫʣʳ ʦʮʝʥʢʠ 
ʪʦʯʥʦʩʪʠ ʬʦʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʧʦʩʦʙʘ ʦʧʨʝʜʝʣʝʥʠʷ 
ʢʨʝʥʘ ʙʘʰʝʥʥʳʭ ʩʦʦʨʫʞʝʥʠʡ. ɺʳʧʦʣʥʝʥʥʳʝ ʠʩʩʣʝʜʦ-
ʚʘʥʠʷ ʯʝʪʳʨʸʭ ʨʘʟʣʠʯʥʳʭ ʬʦʪʦʢʘʤʝʨ ʧʦʢʘʟʘʣʠ, ʯʪʦ 
ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʝʥʘ ʬʦʪʦʛʨʘʬʠʯʝʩʢʠʤ ʩʧʦ-
ʩʦʙʦʤ ʦʢʘʟʘʣʠʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳʤʠ ʩ ʢʦʦʨʜʠ-
ʥʘʪʥʳʤ ʠ ʣʠʥʝʡʥʦ-ʫʛʣʦʚʳʤ ʩʧʦʩʦʙʘʤʠ. 

ʋʩʪʘʥʦʚʣʝʥʘ ʩʪʝʧʝʥʴ ʚʣʠʷʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ 
ʜʣʠʥʳ ʦʪʚʝʩʘ ʠ ʚʳʩʦʪʳ ʙʘʰʝʥʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ʥʘ ʪʦʯ-
ʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʝʛʦ ʢʨʝʥʘ. ʇʦʢʘʟʘʥʳ ʚʦʟʤʦʞʥʳʝ 
ʚʘʨʠʘʥʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʘʟʝʨʥʦ-ʟʝʨʢʘʣʴʥʦʛʦ ʫʩʪʨʦʡ-
ʩʪʚʘ ʃɿʋ ʧʨʦʬʝʩʩʦʨʘ ɻ. ɸ. ʐʝʭʦʚʮʦʚʘ ʧʨʠ ʵʢʩʧʝʨʪʠʟʝ 
ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʙʲ-
ʝʢʪʦʚ [21]. 

ʅʘʢʦʥʝʮ, ʚ ʤʦʥʦʛʨʘʬʠʠ [22] ʚʳʧʦʣʥʝʥʳ ʦʙʦʙʱʝ-
ʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʦʪʦʛʨʘʬʠʯʝʩʢʠʭ ʩʧʦʩʦʙʦʚ ʢʦʥʪʨʦʣʷ 
ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʠ ʬʦʨʤʳ ʩʪʨʦʠʪʝʣʴʥʳʭ 
ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʧʦʤʦʱʴʶ ʥʝʤʝʪʨʠʯʝʩʢʠʭ ʮʠʬʨʦʚʳʭ ʢʘ-
ʤʝʨ. ʉʯʠʪʘʶ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʘʣʴʥʝʡʰʠʝ ʨʘʙʦʪʳ ʧʦ 
ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʬʦʪʦʛʨʘʬʠʯʝʩʢʠʭ ʩʧʦʩʦʙʦʚ: çʦʙ-
ʨʘʪʥʦʛʦ ʟʝʨʢʘʣʘè, çʩʪʫʧʝʥʯʘʪʦʛʦè, çʧʨʦʜʦʣʞʝʥʥʦʛʦ 
ʦʪʚʝʩʘè ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ Plumb-bob, 
ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʝʥʘ ʢʫʩʪʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʜʳʤʦʚʳʭ 
ʪʨʫʙ ʠ ʜʨ. 
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MODERN DISTRIBUTED SOTWARE SYSTEMS  
 
ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʠʜʳ ʩʦʚʨʝʤʝʥʥʳʭ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʩʪʝʤ, ʠʭ ʦʩʥʦʚʥʳʝ ʦʩʦ-
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Abstract 
The article discusses modern types of distributed software systems, their features and trends in the field of distrib-

uted software systems development.  
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ʈʘʩʧʨʝʜʝʣʸʥʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʩʠʩʪʝʤʳ ð ʥʘʙʦʨ 

ʥʝʟʘʚʠʩʠʤʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʨʝʜʩʪʘʚʣʷ-
ʶʱʠʡʩʷ ʝʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʝʜʠʥʦʡ ʩʠʩʪʝʤʦʡ [1]. ʅʝ-
ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ ʦʟʥʘʯʘʝʪ ʠʭ ʘʚʪʦʥʦʤʥʦʩʪʴ. 
ɽʜʠʥʦʦʙʨʘʟʠʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʩʠʩʪʝʤʳ 
ʨʘʙʦʪʘʶʪ ʩʦʦʙʱʘ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʧʦʣʴ-
ʟʦʚʘʪʝʣʷʤʠ ʮʝʣʠ. ɻʣʘʚʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʸʥ-
ʥʳʭ ʩʠʩʪʝʤ ð ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʨʦʩʪʦʪʘ ʠʭ ʨʘʩʰʠʨʝʥʠʷ 
(ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ), ʘ ʪʘʢʞʝ ʩʦʢʨʳʪʠʝ ʜʝʪʘʣʝʡ ʨʝʘʣʠ-
ʟʘʮʠʠ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʷ.  

ʀʟʚʝʩʪʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʠʜʦʚ ʨʘʩʧʨʝʜʝ-
ʣʸʥʥʳʭ ʩʠʩʪʝʤ, ʚ ʢʦʪʦʨʳʭ ʩʚʦʡʩʪʚʦ ʨʘʩʧʨʝʜʝʣʸʥʥʦʩʪʠ 
ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʟʥʳʭ ʮʝʣʝʡ: ʜʣʷ ʜʦʩʪʫʧʥʦʩʪʠ 
(availability), ʥʘʜʸʞʥʦʩʪʠ (reliability), ʟʘʱʠʱʸʥʥʦʩʪʠ 
(security), ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʜʦʩʪʫʧʘ, 
ʠʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʠ ʠ ʪ.ʜ. [1, 2] 

ɼʦʩʪʫʧʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴʶ ʦʪʢʣʠʢʘ 
ʩʠʩʪʝʤʳ ʥʘ ʜʝʡʩʪʚʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ (ʣʠʙʦ ʜʨʫʛʠʭ ʢʦʤ-
ʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ) [3]. ɺ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʩʠʩʪʝʤʘʭ 
ʩʢʦʨʦʩʪʴ ʦʪʢʣʠʢʘ ʟʘʯʘʩʪʫʶ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʸʪ ʠʟʙʳ-
ʪʦʯʥʦʩʪʠ ʥʝʢʦʪʦʨʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
ʥʘʛʨʫʟʢʠ ʤʝʞʜʫ ʝʛʦ ʢʦʧʠʷʤʠ (ʠʥʩʪʘʥʩʘʤʠ). 

ʅʘʜʸʞʥʦʩʪʴ ʩʠʩʪʝʤʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʘʩʪʦʪʦʡ 
ʩʙʦʝʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʩʠʩʪʝʤʝ [3]. ʇʦʚʳʰʝʥʠʝ 
ʥʘʜʸʞʥʦʩʪʠ ʩʠʩʪʝʤʳ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʸʪ ʫʞʝ ʫʧʦʤʷ-
ʥʫʪʦʛʦ ʚʳʰʝ ʤʝʭʘʥʠʟʤʘ ʠʟʙʳʪʦʯʥʦʩʪʠ ʣʠʙʦ ʝʛʦ ʤʦʜʠ-
ʬʠʢʘʮʠʠ N-version programming (NVP), ʢʦʪʦʨʘʷ ʟʘ-
ʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʚʝʨʩʠʡ 
ʦʜʥʦʛʦ ʤʦʜʫʣʷ (ʠʥʩʪʘʥʩʘ) ʚʤʝʩʪʦ ʦʜʥʦʛʦ. ʕʪʠ ʚʝʨʩʠʠ 
ʤʦʜʫʣʷ ʟʘʧʫʩʢʘʶʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʘ ʠʭ ʨʝʟʫʣʴʪʘʪʳ 
ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʤ ʘʣʛʦʨʠʪʤʦʤ, ʚʳʙʠʨʘʶ-
ʱʠʤ ʢʦʨʨʝʢʪʥʦʝ ʨʝʰʝʥʠʝ. ʊʘʢ ʢʘʢ ʚʝʨʩʠʠ ʤʦʜʫʣʷ 
ʠʤʝʶʪ ʨʘʟʥʫʶ ʨʝʘʣʠʟʘʮʠʶ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʦʢʨʫʞʝʥʠʝ), 
ʪʦ ʝʩʪʴ ʜʠʚʝʨʩʠʬʠʮʠʨʦʚʘʥʳ, ʰʘʥʩ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ 
ʩʙʦʷ ʚʩʝʭ ʤʦʜʫʣʝʡ ʩʥʠʞʘʝʪʩʷ [2].  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʜʠʚʝʨʩʠʬʠʢʘʮʠʠ ʠ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʢʠ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʟʘʱʠ-
ʱʸʥʥʳʝ ʩʠʩʪʝʤʳ ð ʢʘʞʜʳʡ ʟʘʧʫʩʢʘʝʤʳʡ ʠʥʩʪʘʥʩ 
ʢʦʤʧʦʥʝʥʪʘ ʤʦʞʝʪ ʠʤʝʪʴ ʩʚʦʶ ʫʥʠʢʘʣʴʥʫʶ ʨʝʘʣʠʟʘ-
ʮʠʶ ʫʷʟʚʠʤʳʭ ʫʯʘʩʪʢʦʚ ʩʠʩʪʝʤʳ [4]. 

ʄʥʦʞʝʩʪʚʝʥʥʳʡ ʜʦʩʪʫʧ ʢ ʩʠʩʪʝʤʝ ʦʟʥʘʯʘʝʪ ʚʦʟ-
ʤʦʞʥʦʩʪʴ ʧʦʣʴʟʦʚʘʪʴʩʷ ʩʠʩʪʝʤʦʡ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʣʷ 
ʥʝʩʢʦʣʴʢʠʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɸ ʠʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʴ ð 
ʚʦʟʤʦʞʥʦʩʪʴ ʩʠʩʪʝʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʜʨʫʛʠʤʠ 
ʩʠʩʪʝʤʘʤʠ ʩ ʧʦʤʦʱʴʶ ʦʪʢʨʳʪʦʛʦ ʧʨʠʢʣʘʜʥʦʛʦ ʠʥʪʝʨ-
ʬʝʡʩʘ (API). 

ʈʘʟʜʝʣʝʥʠʝ ʥʘ ʥʝʟʘʚʠʩʠʤʳʝ ʯʘʩʪʠ ʦʜʥʦʛʦ ʣʦʛʠʯʝ-
ʩʢʠ ʦʜʥʦʨʦʜʥʦʛʦ ʤʦʜʫʣʷ ʠʟʚʝʩʪʥʦ ʢʘʢ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ 
ʨʘʩʧʨʝʜʝʣʝʥʠʝ [1]. ʂʘʢ ʙʳʣʦ ʟʘʤʝʯʝʥʦ ʚʳʰʝ, ʪʘʢʦʡ 
ʩʧʦʩʦʙ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʜʣʷ ʙʘʣʘʥʩʠʨʦʚʘʥʠʷ 
ʥʘʛʨʫʟʢʠ, ʧʨʠʤʝʨʦʤ ʤʦʛʫ ʩʣʫʞʠʪʴ ʚʳʩʦʢʦʥʘʛʨʫʞʝʥ-
ʥʳʝ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʠʣʠ ʨʘʩʧʨʝʜʝʣʸʥʥʳʝ ʙʘʟʳ ʜʘʥ-
ʥʳʭ. ɺʪʦʨʦʡ ʩʧʦʩʦʙ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʩʠ-
ʩʪʝʤ ð ʚʝʨʪʠʢʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ. ʆʥ ʟʘʢʣʶʯʘʝʪʩʷ 
ʚ ʨʘʟʤʝʱʝʥʠʠ ʣʦʛʠʯʝʩʢʠ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠ-
ʩʪʝʤʳ ʥʘ ʬʠʟʠʯʝʩʢʠ (ʣʠʙʦ ʚʠʨʪʫʘʣʴʥʦ) ʨʘʟʣʠʯʥʳʭ ʤʘ-
ʰʠʥʘʭ [1]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ 
ʤʥʦʞʝʩʪʚʦ ʚʠʜʦʚ ʚʝʨʪʠʢʘʣʴʥʦ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʩʠ-
ʩʪʝʤ: 

ʇʆ ʩ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ. ʂʦʤʧʦ-
ʥʝʥʪʳ ʩʠʩʪʝʤʳ, ʧʦʩʪʨʦʝʥʥʦʡ ʧʦ ʧʨʠʥʮʠʧʫ çʢʣʠʝʥʪ ð 
ʩʝʨʚʝʨè, ʤʦʛʫʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʥʝʢʦʪʦʨʫʶ ʩʣʫʞʙʫ (ʪʘ-
ʢʠʝ ʢʦʤʧʦʥʝʥʪʳ ʥʘʟʳʚʘʶʪʩʷ ʩʝʨʚʝʨʘʤʠ) ʠʣʠ ʠʩʧʦʣʴ-
ʟʦʚʘʪʴ ʥʝʢʦʪʦʨʳʝ ʩʣʫʞʙʳ (ʪʦʛʜʘ ʪʘʢʦʡ ʢʦʤʧʦʥʝʥʪ 
ʥʘʟʳʚʘʝʪʩʷ ʢʣʠʝʥʪʦʤ) [1]. ʇʨʠ ʵʪʦʤ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʢʦʤ-
ʧʦʥʝʥʪ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʢʣʠʝʥʪʦʤ, ʪʘʢ ʠ ʩʝʨʚʝʨʦʤ ʦʜ-
ʥʦʚʨʝʤʝʥʥʦ, ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʛʦʚʦʨʷʪ ʦ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ 
ʘʨʭʠʪʝʢʪʫʨʝ çʢʣʠʝʥʪ ð ʩʝʨʚʝʨè. ʂʘʢ ʧʨʘʚʠʣʦ ʪʘʢʠʝ 
ʩʠʩʪʝʤʳ ʩʦʩʪʦʷʪ ʠʟ ʪʨʸʭ ʫʨʦʚʥʝʡ (ʩʣʦʸʚ), ʢʘʞʜʳʡ ʠʟ 

ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʩʚʦʶ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ: ʧʦʣʴʟʦʚʘʪʝʣʴ-
ʩʢʠʡ ʩʣʦʡ, ʩʣʦʡ ʣʦʛʠʢʠ ʠ ʩʣʦʡ ʜʘʥʥʳʭ. ʊʘʢʦʝ ʨʘʟʜʝʣʝ-
ʥʠʝ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʩʠʩʪʝʤʫ ʜʦʩʪʘʪʦʯʥʦ ʛʠʙʢʦʡ ʠ 
ʩʢʨʳʪʴ ʜʝʪʘʣʠ ʨʝʘʣʠʟʘʮʠʠ ʥʠʞʥʠʭ ʩʣʦʸʚ ʦʪ ʚʝʨʭʥʠʭ. 
ʅʘʧʨʠʤʝʨ, ʙʣʘʛʦʜʘʨʷ ʪʘʢʦʤʫ ʨʘʟʜʝʣʝʥʠʶ, ʟʘʤʝʥʘ ʙʘʟʳ 
ʜʘʥʥʳʭ ʣʠʙʦ ʝʸ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʝ ʙʫ-
ʜʝʪ ʟʘʤʝʪʥʦ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʪʘʢ ʢʘʢ ʤʝʞʜʫ ʩʣʦʝʤ 
ʜʘʥʥʳʭ ʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʤ ʩʣʦʝʤ ʥʘʭʦʜʠʪʩʷ ʧʨʦʤʝ-
ʞʫʪʦʯʥʳʡ ʩʣʦʡ ʣʦʛʠʢʠ, ʩʢʨʳʚʘʶʱʠʡ ʵʪʠ ʧʦʜʨʦʙʥʦʩʪʠ 
ʦʪ ʢʣʠʝʥʪʘ. 

ɽʩʣʠ ʩʣʦʡ ʣʦʛʠʢʠ ʪʨʸʭʟʚʝʥʥʦʡ ʩʠʩʪʝʤʳ ʨʝʘʣʠʟʦ-
ʚʘʪʴ ʚ ʚʠʜʝ ʤʥʦʞʝʩʪʚʘ ʘʚʪʦʥʦʤʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʪʦ-
ʛʜʘ ʧʦʣʫʯʠʪʩʷ ʩʝʨʚʠʩ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ 
[5]. ʂʘʞʜʳʡ ʪʘʢʦʡ ʢʦʤʧʦʥʝʥʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪ-
ʜʝʣʴʥʫʶ ʩʣʫʞʙʫ ʠ ʥʘʟʳʚʘʝʪʩʷ ʩʝʨʚʠʩʦʤ. ɺʟʘʠʤʦʜʝʡ-
ʩʪʚʠʝ ʤʝʞʜʫ ʩʝʨʚʠʩʘʤʠ ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ ʦʪʢʨʳʪʳʝ 
ʧʨʠʢʣʘʜʥʳʝ ʠʥʪʝʨʬʝʡʩʳ (API) ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ ʧʨʦʪʦ-
ʢʦʣʘʤ (ʥʘʧʨʠʤʝʨ, HTTP). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʞʜʳʡ ʠʟ 
ʪʘʢʠʭ ʩʝʨʚʠʩʦʚ ʤʦʞʝʪ ʙʳʪʴ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʨʘʩʧʨʝʜʝ-
ʣʸʥ ʣʠʙʦ ʠʟʤʝʥʸʥ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʦʜʠʬʠʢʘʮʠʠ 
ʢʣʠʝʥʪʩʢʦʛʦ ʢʦʜʘ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʯʘʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ 
ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʨʘʙʦʪʘʥʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ NVP [6]. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʪʘʣʘ ʧʦʧʫʣʷʨʥʦʡ ʢʦʥʮʝʧʮʠʷ 
ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ (Internet of Things, IoT) ʚ ʢʘʯʝʩʪʚʝ ʦʩ-
ʥʦʚʳ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʭ ʢʦʤ-
ʧʣʝʢʩʦʚ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʩʦʩʪʦʷʪ ʠʟ ʤʥʦʞʝʩʪʚʘ 
ʫʩʪʨʦʡʩʪʚ (çʚʝʱʝʡè), ʦʜʥʦʟʥʘʯʥʦ ʠʜʝʥʪʠʬʠʮʠʨʫʶ-
ʱʠʭʩʷ ʚʥʫʪʨʠ ʩʝʪʠ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʭ ʜʦʩʪʫʧ ʢ ʩʚʦʠʤ 
ʜʘʥʥʳʤ, ʘ ʪʘʢʞʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ 
(machine-to-machine, M2M) [7]. ʂʦʥʮʝʧʮʠʷ IoT ʥʘʰʣʘ 
ʧʨʠʤʝʥʝʥʠʝ ʚʦ ʤʥʦʛʠʭ ʩʬʝʨʘʭ: ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʤʦʥʠ-
ʪʦʨʠʥʛ, ʧʨʦʤʳʰʣʝʥʥʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʛʦʨʦʜʩʢʘʷ ʘʚ-
ʪʦʤʘʪʠʟʘʮʠʷ ʠ ʪ.ʧ. ʉʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ IoT ʧʦʣʫʯʠʣʠ 
ʥʘʟʚʘʥʠʝ ʫʤʥʳʭ ʩʠʩʪʝʤ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʨʘʥʝʝ ʫʧʦʤʷʥʫ-
ʪʳʭ ʚʠʜʦʚ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʩʠʩʪʝʤ, ʫʤʥʳʝ ʩʠʩʪʝʤʳ 
ʙʦʣʴʰʝ ʬʦʢʫʩʠʨʫʶʪʩʷ ʥʘ ʩʦʮʠʘʣʴʥʦʤ ʠ ʵʢʦʥʦʤʠʯʝ-
ʩʢʦʤ ʘʩʧʝʢʪʘʭ, ʯʝʤ ʥʘ ʪʝʭʥʠʯʝʩʢʦʤ. ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ 
ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ ʪʘʢʠʭ ʩʠʩʪʝʤ. 

ʋʤʥʳʡ ʜʦʤ (smart home) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠ-
ʩʪʝʤʫ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʞʠʣʦʛʦ ʧʦʤʝʱʝʥʠʷ. ʉʠʩʪʝʤʘ 
ʚʠʜʘ çʫʤʥʳʡ ʜʦʤè ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʟʘʪʨʘʪʳ 
ʥʘ ɾʂʍ-ʫʩʣʫʛʠ ʩ ʧʦʤʦʱʴʶ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʪʨʝʙʣʝ-
ʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʚʦʜʳ, ʤʦʞʝʪ ʠʛʨʘʪʴ ʨʦʣʴ ʦʭʨʘʥ-
ʥʦʡ ʩʠʩʪʝʤʳ (ʦʪ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʧʦʩʪʦʨʦʥʥʠʭ, ʫʪʝʯʢʠ 
ʛʘʟʘ, ʧʦʪʦʧʘ ʠ ʧʦʞʘʨʘ), ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ 
ʨʘʟʣʠʯʥʦʡ ʙʳʪʦʚʦʡ ʪʝʭʥʠʢʦʡ ʩ ʧʦʤʦʱʴʶ ʩʤʘʨʪʬʦʥʘ 
(ʥʘʧʨʠʤʝʨ, ʢʦʥʜʠʮʠʦʥʝʨʦʤ ʠʣʠ ʦʙʦʛʨʝʚʘʪʝʣʝʤ) [8]. 

ʋʤʥʳʝ ʩʝʪʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ (smart grid) ð ʩʠ-
ʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ IoT, ʧʦʟʚʦʣʷʶʱʠʝ ʵʬʬʝʢʪʠʚʥʦ ʫʧʨʘʚ-
ʣʷʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ 
ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʚʦʟʥʠʢʣʘ ʠʟ-ʟʘ ʘʢʪʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ 
ʨʝʛʝʥʝʨʘʪʠʚʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ð ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʜʘ-
ʥʠʷ ʩʧʦʩʦʙʥʳ ʥʝ ʪʦʣʴʢʦ ʧʦʪʨʝʙʣʷʪʴ ʵʥʝʨʛʠʶ, ʥʦ ʠ ʧʨʦ-
ʠʟʚʦʜʠʪʴ ʝʸ ʩʘʤʠ, ʪʦ ʝʩʪʴ ʟʜʘʥʠʷ ʩʪʘʥʦʚʷʪʩʷ ʧʨʦʩʴʶ-
ʤʝʨʘʤʠ (producer + consumer) ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʇʨʦʠʟ-
ʚʦʜʠʤʘʷ ʪʘʢʠʤʠ ʟʜʘʥʠʷʤʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ ʤʦʞʝʪ 
ʧʦʪʨʝʙʣʷʪʴʩʷ ʥʘ ʤʝʩʪʝ, ʘʢʢʫʤʫʣʠʨʦʚʘʪʴʩʷ ʣʠʙʦ ʧʨʦʜʘ-
ʚʘʪʴʩʷ ʜʨʫʛʠʤ ʯʣʝʥʘʤ ʵʣʝʢʪʨʦʩʝʪʠ. çʋʤʥʳʤʠ ʚʝ-
ʱʘʤʠè ʚ ʪʘʢʦʡ ʩʠʩʪʝʤʝ ʙʫʜʫʪ ʷʚʣʷʪʴʩʷ ʩʯʸʪʯʠʢʠ ʵʣʝʢ-
ʪʨʦʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ 
ʯʘʩʪʷʤʠ ʫʤʥʳʭ ʜʦʤʦʚ [9]. 

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʠʩʪʝʤʳ 
(intelligent transportation system) ʧʦʟʚʦʣʷʶʪ ʵʬʬʝʢ-
ʪʠʚʥʦ ʫʧʨʘʚʣʷʪʴ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʦʡ ʙʝʟ ʚʤʝʰʘ-
ʪʝʣʴʩʪʚʘ ʯʝʣʦʚʝʢʘ ð ʥʘʧʨʠʤʝʨ, ʥʘʩʪʨʘʠʚʘʪʴ ʬʘʟʳ ʩʚʝ-
ʪʦʬʦʨʦʚ ʣʠʙʦ ʦʧʝʨʘʪʠʚʥʦ ʩʦʦʙʱʘʪʴ ʤʘʰʠʥʘʤ ʵʢʩʪʨʝʥ-
ʥʳʭ ʩʣʫʞʙ ʦ ʟʘʪʦʨʘʭ ʠ ʧʨʦʙʢʘʭ ʥʘ ʜʦʨʦʛʘʭ [10]. 

ʋʤʥʳʝ ʟʜʘʥʠʷ, ʫʤʥʳʝ ʩʝʪʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, 
ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʪʨʘʥʩʧʦʨʪʥʘʷ ʩʠʩʪʝʤʘ ʠ ʜʨʫʛʠʝ ʩʠ-
ʩʪʝʤʳ ʫʤʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʬʦʨʤʠʨʫʶʪ ʫʤʥʳʡ ʛʦʨʦʜ 
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(smart city). ʎʝʣʴ ʩʠʩʪʝʤʳ ʫʤʥʦʛʦ ʛʦʨʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ 
ʚ ʩʦʛʣʘʩʦʚʘʥʠʠ ʨʘʙʦʪʳ ʝʛʦ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ. ʀʥʦʛʜʘ 
ʚʳʜʝʣʷʶʪ ʝʱʸ ʙʦʣʝʝ ʤʘʩʰʪʘʙʥʳʡ ʚʠʜ ʩʠʩʪʝʤ ð ʫʤ-
ʥʳʝ ʨʝʛʠʦʥʳ (smart region), ʦʙʲʝʜʠʥʷʶʱʠʝ ʚ ʩʝʙʝ ʥʝ-
ʩʢʦʣʴʢʦ ʫʤʥʳʭ ʛʦʨʦʜʦʚ [11]. 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʦʧʠʩʘʥʥʦʛʦ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳ-
ʚʦʜ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʸʥʥʳʝ ʩʠʩʪʝʤʳ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 
ʨʘʟʚʠʚʘʶʪʩʷ ʚ ʩʪʦʨʦʥʫ ʫʚʝʣʠʯʝʥʠʷ ʠʭ ʤʘʩʰʪʘʙʘ, ʘ 
ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʷ ʘʚʪʦʥʦʤʥʦʩʪʠ ʠʭ ʢʦʤʧʦʥʝʥʪʦʚ 
(ʢʦʤʧʦʥʝʥʪʳ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʙʩʪʚʝʥʥʦ-
ʩʪʠ ʨʘʟʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʫʙʲʝʢʪʦʚ).  
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STUDYING THE IMPACT CRUSHING OF PLANT RAW MATERIALS  
 
ɸʥʥʦʪʘʮʠʷ.  
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʠʟʤʝʣʴʯʝʥʠʷ ʧʠʱʝʚʦʛʦ ʩʳʨʴʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʠʥʛʨʝʜʠʝʥʪʦʚ ʙʠʦʣʦʛʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʭ ʜʦʙʘʚʦʢ ʥʘ ʤʦʣʦʪʢʦʚʦʡ ʤʝʣʴʥʠʮʝ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʩʪʘʚʣʝʥʳ ʥʘ ʚʠʨʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ ʦʜʥʦʡ ʠʟ ʪʘ-
ʢʠʭ ʤʝʣʴʥʠʮ, ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʮʠʬʨʦʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʝʝ ʨʘʙʦʪʦʡ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʚʘʣʠ ʩ ʜʘʥ-
ʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʨʦʚʝʜʝʥʥʦʛʦ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʡ ʤʝʣʴʥʠʮʝ. ʈʘʩʭʦʞʜʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʥʝ ʧʨʝʚʳ-
ʰʘʣʦ 5 %. 

Abstract.  
The article deals with the grinding of food raw materials, in particular the ingredients of dietary supplements in a 

hammer mill. The experiments were put on a virtual model of one of these mills, with the possibility of digital control 
of its operation. The results were compared with experimental data from a laboratory mill. The discrepancy of the 
obtained values did not exceed 5%. 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʩʪʠʪʝʣʴʥʦʝ ʩʳʨʴʝ, ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʦʝ ʚʝʱʝʩʪʚʦ, ʤʦʣʦʪʢʦʚʘʷ ʤʝʣʴʥʠʮʘ, ʠʟʤʝʣʴ-

ʯʝʥʠʝ. 
Keywords: vegetable raw materials, surfactant, hammer mill, grinding. 
 
ʇʦʣʫʯʘʝʤʳʝ ʠʟ ʚʪʦʨʠʯʥʦʛʦ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ 

ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ (ʇɸɺ), ʧʨʠʤʝʥʷ-
ʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʦʪʨʘʩʣʷʭ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰ-
ʣʝʥʥʦʩʪʠ. ʇʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʇɸɺ ʠʩʧʦʣʴʟʫʶʪ ʚ ʦʩ-
ʥʦʚʥʦʤ ʠʥʛʨʝʜʠʝʥʪʳ, ʢʦʪʦʨʳʝ ʧʨʦʭʦʜʷʪ ʩʪʘʜʠʶ ʠʟ-
ʤʝʣʴʯʝʥʠʷ ʚ ʤʦʣʦʪʢʦʚʦʡ ʜʨʦʙʠʣʢʝ. ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ 
ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʛʝʪʝʨʦʛʝʥʥʦʡ ʨʝ-
ʘʢʮʠʡ ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʇɸɺ.  

ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʚʦʜʠʣʠʩʴ: 

¶ ʀʟʤʝʣʴʯʝʥʠʝ ʚ ʤʦʣʦʪʢʦʚʦʡ ʜʨʦʙʠʣʢʝ ʟʘʜʘʥ-
ʥʦʡ ʧʦʨʮʠʠ ʚʳʩʫʰʝʥʥʳʝ ʧʝʢʪʠʥʦʚʳʭ ʚʦʣʦʢʦʥ. 

¶ ʇʨʦʚʝʜʝʥʠʝ ʩʠʪʦʚʳʭ ʘʥʘʣʠʟʦʚ. ʆʧʨʝʜʝʣʝʥʠʝ 

ʩʪʝʧʝʥʠ ʠʟʤʝʣʴʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ. 

¶ ʋʩʪʘʥʦʚʣʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-
ʥʦʩʪʠ ʜʨʦʙʠʣʢʠ ʠ ʩʪʝʧʝʥʠ ʠʟʤʝʣʴʯʝʥʠʷ ʦʪ ʨʘʟʤʝʨʦʚ 
ʨʝʰʝʪʢʠ. 

¶ ʇʦʩʪʨʦʝʥʠʝ ʢʨʠʚʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʟʤʝʣʴ-
ʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦ ʨʘʟʤʝʨʘʤ. 

ʄʦʣʦʪʢʦʚʘʷ ʜʨʦʙʠʣʢʘ ʨʘʟʨʫʰʘʝʪ ʤʘʪʝʨʠʘʣʘ ʧʫ-
ʪʸʤ ʜʨʦʙʣʝʥʠʷ ʫʜʘʨʘʤʠ ʤʦʣʦʪʢʦʚ, ʰʘʨʥʠʨʥʦ ʟʘʢʨʝʧ-
ʣʸʥʥʳʭ ʥʘ ʙʳʩʪʨʦ ʚʨʘʱʘʶʱʝʤʩʷ ʨʦʪʦʨʝ, ʘ ʪʘʢʞʝ ʤʝ-
ʪʦʜʦʤ ʨʘʟʨʫʰʝʥʠʷ ʢʫʩʢʦʚ ʧʨʠ ʫʜʘʨʘʭ ʦ ʧʣʠʪʳ ʢʦʨʧʫʩʘ 
ʜʨʦʙʠʣʢʠ.  

https://nauchniestati.ru/blog/kak-napisat-annotaciyu/
https://ru.wikipedia.org/wiki/%D0%A0%D0%BE%D1%82%D0%BE%D1%80
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ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʠʨʪʫʘʣʴʥʫʶ 

ʤʦʜʝʣʴ ʜʨʦʙʠʣʢʠ ʨʘʙʦʪʘʶʱʝʡ ʦʪ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʥʘ 
ʚʘʣʫ ʢʦʪʦʨʦʛʦ ʟʘʢʨʝʧʣʝʥʳ ʣʠʪʳʝ ʤʦʣʦʪʢʠ, ʚʨʘʱʘʶʱʠ-
ʝʩʷ ʚ ʣʠʪʦʡ ʨʘʙʦʯʝʡ ʢʘʤʝʨʝ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-
ʤʝʣʴʯʝʥʠʝ. 

ʄʘʪʝʨʠʘʣ ʠʟ ʙʫʥʢʝʨʘ ʧʦʩʪʫʧʘʝʪ ʚ ʨʘʙʦʯʫʶ ʢʘ-
ʤʝʨʫ ʜʨʦʙʠʣʢʠ, ʛʜʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʜʘʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 
ʤʦʣʦʪʢʦʚ ʠ ʠʩʪʠʨʘʥʠʷ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʜʚʠʞʝʥʠʠ ʚ 
ʢʦʣʴʮʝʚʦʤ ʚʨʘʱʘʶʱʝʤʩʷ ʩʣʦʝ ʦ ʩʪʝʥʢʠ ʨʘʙʦʯʝʡ ʢʘ-
ʤʝʨʳ ʜʨʦʙʠʣʢʠ ʧʨʦʠʩʭʦʜʠʪ ʠʥʪʝʥʩʠʚʥʦʝ ʝʛʦ ʨʘʟʨʫʰʝ-
ʥʠʝ. 

ʄʘʪʝʨʠʘʣ ʥʘʭʦʜʠʪʴʩʷ ʚ ʟʦʥʝ ʠʟʤʝʣʴʯʝʥʠʷ ʜʦ ʪʝʭ 
ʧʦʨ, ʧʦʢʘ ʯʘʩʪʠʮʳ ʝʛʦ ʥʝ ʧʨʦʡʜʫʪ ʯʝʨʝʟ ʩʤʝʥʥʫʶ ʨʝ-
ʰʝʪʢʫ, ʫʩʪʘʥʦʚʣʝʥʥʫʶ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʜʨʦʙʠʣʢʠ. ʀʟ-
ʤʝʣʴʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʩʦʙʠʨʘʝʪʩʷ ʚ ʩʧʝʮʠʘʣʴʥʦʡ ʝʤ-
ʢʦʩʪʠ. ʀʟʤʝʥʷʷ ʨʘʟʤʝʨʳ ʦʪʚʝʨʩʪʠʡ ʨʝʰʝʪʢʠ ʨʝʛʫʣʠ-
ʨʫʶʪ ʜʠʩʧʝʨʩʥʦʩʪʴ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ. ʇʨʠ 
ʦʧʦʨʦʞʥʝʥʠʠ ʝʤʢʦʩʪʠ ʩ ʵʪʠʤ ʧʨʦʜʫʢʪʦʤ ʦʪʚʠʥʯʠʚʘʶʪ 
ʧʨʦʙʢʫ ʠ ʝʛʦ ʯʝʨʝʟ ʧʘʪʨʫʙʦʢ ʥʘʧʨʘʚʣʷʶʪ ʚ ʝʤʢʦʩʪʴ ʜʣʷ 
ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ. 

ʇʨʠ ʨʘʙʦʪʝ ʜʨʦʙʠʣʢʠ ʯʝʨʝʟ ʙʫʥʢʝʨ ʚʩʘʩʳʚʘʝʪʩʷ 
ʦʢʨʫʞʘʶʱʠʡ ʚʦʟʜʫʭ. ʆʥ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʨʝʰʝʪʢʫ ʚ 

ʩʙʦʨʥʫʶ ʝʤʢʦʩʪʴ 3, ʠʟ ʢʦʪʦʨʦʡ ʫʜʘʣʷʝʪʩʷ ʯʝʨʝʟ ʬʠʣʴ-
ʪʨʫʶʱʠʡ ʧʳʣʴ ʨʫʢʘʚ. 

ʋʚʝʣʠʯʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʜʨʦʙʠʣʢʠ 
ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʘʛʨʫʟʢʘ, ʚʣʘʞʥʦʩʪʴ ʠʟʤʝʣʴʯʘʝʤʦʛʦ ʤʘ-
ʪʝʨʠʘʣʘ ʠ ʧʨʦʯʠʝ ʬʘʢʪʦʨʳ. ʂʦʛʜʘ ʥʘʛʨʫʟʢʘ ʫʚʝʣʠʯʠʚʘ-
ʝʪʩʷ ï ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʨʘʩʭʦʜ ʵʥʝʨʛʠʠ, ʟʘʪʨʘʯʠʚʘʝ-
ʤʳʡ ʥʘ ʠʟʤʝʣʴʯʝʥʠʝ. ɽʩʣʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʣʘʞʥʦʩʪʴ, 
ʪʦ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʚʦʟʨʘʩʪʘʝʪ ʨʘʩ-
ʭʦʜ ʵʥʝʨʛʠʠ. 

ʉʢʦʨʦʩʪʴ ʤʦʣʦʪʢʦʚ ï ʦʜʠʥ ʠʟ ʚʘʞʥʝʡʰʠʭ ʬʘʢʪʦ-
ʨʦʚ, ʢʦʪʦʨʳʡ ʚʣʠʷʝʪ ʥʘ ʵʬʬʝʢʪʠʚʥʫʶ ʨʘʙʦʪʫ ʜʨʦ-
ʙʠʣʢʠ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ ʫʜʘʨʦʚ ʤʦʣʦʪʢʦʚ ʦ ʯʘ-
ʩʪʠʮʳ ʧʨʦʜʫʢʪʘ, ʩʪʝʧʝʥʴ ʝʛʦ ʠʟʤʝʣʴʯʝʥʠʷ ʪʘʢʞʝ ʫʚʝ-
ʣʠʯʠʚʘʝʪʩʷ. ɽʩʣʠ ʩʢʦʨʦʩʪʴ ʤʦʣʦʪʢʦʚ ʥʠʟʢʘʷ, ʪʦ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʧʘʜʘʝʪ ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʨʘʩʭʦʜ 
ʵʥʝʨʛʠʠ. ʏʪʦʙʳ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʜʨʦ-
ʙʠʣʦʢ ʥʫʞʥʦ ʫʚʝʣʠʯʠʪʴ ʦʢʨʫʞʥʳʝ ʩʢʦʨʦʩʪʠ. 

ɽʩʣʠ ʫʤʝʥʴʰʠʪʴ ʨʘʟʤʝʨ ʦʪʚʝʨʩʪʠʷ ʩʠʪʘ, ʪʦ ʩʪʝ-
ʧʝʥʴ ʠʟʤʝʣʴʯʝʥʠʷ ʚʦʟʨʘʩʪʝʪ, ʦʜʥʘʢʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-
ʥʦʩʪʴ ʙʫʜʝʪ ʫʤʝʥʴʰʘʪʴʩʷ, ʘ ʨʘʩʭʦʜ ʵʥʝʨʛʠʠ ʫʚʝʣʠ-
ʯʠʪʩʷ. 

 
 

ʈʠʩʫʥʦʢ 1 ï ʄʦʣʦʪʢʦʚʘʷ ʜʨʦʙʠʣʢʘ ʩ ʥʘʙʦʨʦʤ ʩʠʪ 
 
ʅʘ ʭʘʨʘʢʪʝʨ ʠʟʤʝʣʴʯʝʥʠʷ ʚʣʠʷʝʪ ʪʘʢʞʝ ʤʘʩʩʘ 

ʤʦʣʦʪʢʦʚ, ʩʦʩʪʦʷʥʠʝ ʛʨʘʥʝʡ ʤʦʣʦʪʢʦʚ, ʘ ʪʘʢʞʝ ʚʝʣʠ-
ʯʠʥʘ ʟʘʟʦʨʘ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩʠʪʘ ʠ ʢʨʦʤʢʦʡ ʤʦ-
ʣʦʪʢʘ. ʇʣʘʩʪʠʥʯʘʪʳʝ ʤʦʣʦʪʢʠ ʚ ʬʦʨʤʝ ʧʨʷʤʦʫʛʦʣʴ-
ʥʠʢʘ ï ʥʘʠʙʦʣʝʝ ʯʘʩʪʳʡ ʚʘʨʠʘʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦ-
ʣʦʪʢʦʚ (ʠʭ ʪʦʣʱʠʥʘ ʦʪ 1,5 ʜʦ 2,5 ʤʤ.). ʄʘʪʝʨʠʘʣ ʜʣʷ 
ʤʦʣʦʪʢʦʚ ï ʦʙʨʘʙʦʪʘʥʥʘʷ ʩʪʘʣʴ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʫʩʪʘʥʘʚʣʠʚʘʣʠ 
ʩʤʝʥʥʫʶ ʨʝʰʝʪʢʫ ʩ ʟʘʜʘʥʥʳʤ ʨʘʟʤʝʨʦʤ ʦʪʚʝʨʩʪʠʡ 
Ὠ. ʇʦʨʮʠʶ ʧʨʦʜʫʢʪʘ Ὃ̎ ́ʟ̘ʘʩʳʧʘʶʪ ʚ ʙʫʥʢʝʨ ʠ ʚʢʣʶ-
ʯʘʶʪ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ. 

ʆʪʢʨʳʚʘʶʪ ʟʘʜʚʠʞʢʫ ʧʦʜ ʙʫʥʢʝʨʦʤ ʠ ʦʜʥʦʚʨʝ-
ʤʝʥʥʦ ʚʢʣʶʯʘʶʪ ʩʝʢʫʥʜʦʤʝʨ. ʇʦ ʦʢʦʥʯʘʥʠʠ ʠʟʤʝʣʴ-
ʯʝʥʠʷ ʦʩʪʘʥʘʚʣʠʚʘʶʪ ʩʝʢʫʥʜʦʤʝʨ, ʚʳʢʣʶʯʘʶʪ ʵʣʝʢ-
ʪʨʦʜʚʠʛʘʪʝʣʴ. ɺʟʚʝʰʠʚʘʶʪ ʠʟʤʝʣʴʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ 
Ὃ̋ ̏,̎ ʟʘʪʝʤ ʧʨʦʚʦʜʷʪ ʩʠʪʦʚʳʡ ʘʥʘʣʠʟ. ʉʠʪʘ ʨʘʩʧʦʣʘʛʘ-
ʶʪʩʷ ʚ ʧʦʨʷʜʢʝ ʫʤʝʥʴʰʝʥʠʷ ʨʘʟʤʝʨʦʚ ʠʭ ʦʪʚʝʨʩʪʠʠ 
ʩʚʝʨʭʫ ʚʥʠʟ.  

ʄʘʩʩʫ ʚʟʚʝʰʝʥʥʦʡ ʩʫʭʦʡ ʧʨʦʙʳ ʧʦʤʝʱʘʶʪ ʥʘ 
ʚʝʨʭʥʝʝ ʥʘʠʙʦʣʝʝ ʛʨʫʙʦʝ ʩʠʪʦ ʠ ʟʘʪʝʤ ʝʛʦ ʚʩʪʨʷʭʠ-
ʚʘʶʪ ʚʨʫʯʥʫʶ. ʇʦ ʦʢʦʥʯʘʥʠʠ ʨʘʩʩʝʚʘ ʚʟʚʝʰʠʚʘʶʪ 
ʦʩʪʘʪʦʢ ʥʘ ʢʘʞʜʦʤ ʩʠʪʝ, ʚʢʣʶʯʘʷ ʪʘʢʞʝ ʤʘʪʝʨʠʘʣ, ʧʦ-
ʧʘʚʰʠʡ ʥʘ ʜʥʦ ʩʙʦʨʥʠʢʘ. 
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ʈʠʩʫʥʦʢ 2 ï ʂʦʤʧʴʶʪʝʨʥʘʷ ʨʘʩʧʝʯʘʪʢʘ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʩʩʝʚʘ 

 
1. ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʦʣʦʪʢʦʚʦʡ ʜʨʦʙʠʣʢʠ Q 

(ʢʛ/ʩ) ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʬʦʨʤʫʣʝ ὗ ̘̎́
 

2. ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʚ ʩʤʝʩʠ 

Ὠ
̕ ρ

В
ὼ
Ὠ̒ ̑

 

ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ  

Ὠ̒ ̑

Ὠ Ὠ

ς
 

3. ʉʪʝʧʝʥʴ ʠʟʤʝʣʴʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʚʳʯʠʩʣʷʝʪʩʷ 

ʧʦ ʬʦʨʤʫʣʝ Ὥ
̒̑

̒̑
 

ʂʨʠʚʳʝ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʟʤʝʣʴʯʝʥʥʦʛʦ 
ʤʘʪʝʨʠʘʣʘ ʧʦ ʜʠʘʤʝʪʨʘʤ ʯʘʩʪʠʮ R(d)  
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ʈʠʩʫʥʦʢ 3 ï ʄʘʩʩʦʚʳʝ ʜʦʣʠ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʠʪʘʭ 

 
ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʨʘʟʤʝʨʘ ʦʪʚʝʨʩʪʠʡ ʚ 
ʨʝʰʝʪʢʝ ʚ ʤʦʣʦʪʢʦʚʦʡ ʜʨʦʙʠʣʢʠ, ʩʪʝʧʝʥʴ ʠʟʤʝʣʴʯʝʥʠʷ 
ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʜʨʦʙʠʣʢʠ 
ʫʚʝʣʠʯʠʚʘʝʪʩʷ.  

ʉʪʝʧʝʥʴ ʠʟʤʝʣʴʯʝʥʠʷ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʨʘʩ-
ʭʦʜ ʵʥʝʨʛʠʠ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʷʪ ʦʪ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝ-
ʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʜʫʢʪʘ, ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʨʦ-
ʪʦʨʘ ʜʨʦʙʠʣʢʠ, ʦʪ ʩʝʯʝʥʠʷ ʠ ʤʘʩʩʳ ʤʦʣʦʪʢʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʡ ʨʝʞʠʤ 
ʨʘʙʦʪʳ ʤʦʣʦʪʢʦʚʦʡ ʜʨʦʙʠʣʢʠ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʤʥʦ-
ʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ. ʇʨʘʚʠʣʴʥʦʝ ʠʭ ʩʦʦʪʥʦʰʝʥʠʝ, ʩʫʜʷ 
ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʛʨʘʬʠʢʘʤ, ʧʦʟʚʦʣʠʪ ʜʦʙʠʪʴʩʷ ʚʳʩʦʢʠʭ 
ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʨʘ-
ʙʦʪʳ ʜʨʦʙʠʣʢʠ. 
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THE PRINCIPLE PREOBRAZOVANIYA STATIC FORCES OF ATMOSPHERIC PRESSURE INTO 

MECHANICAL ENERGY. ENGINE  FOR ORNITHOPTER  
 

ɸʥʥʦʪʘʮʠʷ 
ʇʨʝʜʣʘʛʘʝʤʳʡ ʜʚʠʛʘʪʝʣʴ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʨʠʚʦʜʦʤ ʜʣʷ ʣʝʪʘʶʱʝʛʦ ʘʧʧʘʨʘʪʘ ʩ ʤʘʰʫʱʠʤʠ ʢʨʳʣʴʷʤʠ (ʦʨ-

ʥʠʪʦʧʪʝʨʘ). 
Abstract 
The proposed engine is supposed to drive a flying machine with waving wings (ornithopter). 
 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʯʝʙʥʠʢ ʧʦ ʭʠʤʠʠ, ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʢʶʚʝʪʢʘ, ɼɺɺ ï ʜʚʠʛʘʪʝʣʴ ʚʥʫʪʨʝʥʥʝʛʦ ʚʳʛʦʨʘ-

ʥʠʷ, ɺʄʊ ï ʚʝʨʭʥʷʷ ʤʝʨʪʚʘʷ ʪʦʯʢʘ, ʨʦʙʦʪ-ʩʦʣʜʘʪ, ʤʘʣʘʷ ʤʝʭʘʥʠʟʘʮʠʷ. 
Keywords: textbook on chemistry, chemical reactions, the cuvette, the two ï engine burn-out, TDC ï top dead 

center, the robot soldier, small-scale mechanization. 
 
ʀʟ ʢʫʨʩʘ ʭʠʤʠʠ ʩʨʝʜʥʝʡ ʰʢʦʣʳ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʘʪ-

ʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ ʥʘʰʝʡ ʧʣʘʥʝʪʳ ʩʦʩʪʦʠʪ ʠʟ 4/5 ʯʘ-
ʩʪʝʡ ʘʟʦʪʘ (N) ʠ ʥʘ 1/5 ʯʘʩʪʴ ʢʠʩʣʦʨʦʜʘ (O2). ʀ ʵʪʦ ʜʦ-
ʢʘʟʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʩʨʘʚʥʠʪʝʣʴʥʦ ʧʨʦʩʪʳʤ ʵʢʩʧʝ-
ʨʠʤʝʥʪʦʤ. ɺ ʢʶʚʝʪʢʫ ʩ ʚʦʜʦʡ ʧʦʤʝʱʘʝʪʩʷ 

ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʧʣʘʚʘʶʱʘʷ ʪʘʨʝʣʦʯʢʘ ʩ ʪʣʝʶʱʠʤ 
ʫʛʦʣʴʢʦʤ. ɿʘʪʝʤ ʪʘʨʝʣʦʯʢʘ ʥʘʢʨʳʚʘʝʪʩʷ ʧʨʦʟʨʘʯʥʳʤ 
ʩʪʝʢʣʷʥʥʳʤ ʩʪʘʢʘʥʦʤ. ɼʘʣʝʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ 
ʢʘʨʪʠʥʘ. ʇʦ ʤʝʨʝ ʚʳʛʦʨʘʥʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʟʘʤʢʥʫʪʦʤ 
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ʦʙʲʝʤʝ ʩʪʘʢʘʥʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʞʠʜ-
ʢʦʩʪʠ ʚʦʜʳ, ʚʤʝʩʪʝ ʩ ʢʦʪʦʨʳʤ ʧʦʜʥʠʤʘʝʪʩʷ ʠ ʪʘʨʝ-
ʣʦʯʢʘ ʩ ʪʣʝʶʱʠʤ ʫʛʦʣʴʢʦʤ. ʇʦʜʲʝʤ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ 
ʚ ʩʪʘʢʘʥʝ ʧʨʝʢʨʘʱʘʝʪʩʷ ʥʘ ʦʪʤʝʪʢʝ 1/5 ʦʨʥʠʪʦʧʪʝʨʘ) 
ʚʥʫʪʨʝʥʥʝʛʦ ʦʙʲʝʤʘ ʩʪʘʢʘʥʘ. ɺ ʵʪʦʪ ʤʦʤʝʥʪ ʪʘʢ ʞʝ 
ʧʨʝʢʨʘʱʘʝʪʩʷ ʛʦʨʝʥʠʝ ʫʛʦʣʴʢʘ, ʪʘʢ ʢʘʢ ʚʝʩʴ ʠʤʝʶ-
ʱʠʡʩʷ ʢʠʩʣʦʨʦʜ (ʆ2) ʧʝʨʝʰʝʣ ʚ ʭʠʤʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝ-
ʥʠʷ (ʉʆ, ʉʆ2). ʕʪʦʪ ʦʧʳʪ ʫʙʝʞʜʘʝʪ ʥʘʩ ʚ ʪʦʤ, ʯʪʦ ʚ 
ʥʘʰʝʤ ʘʪʤʦʩʬʝʨʥʦʤ ʚʦʟʜʫʭʝ ʩʦʜʝʨʞʠʪʩʷ 1/5 ʦʪ ʦʙ-
ʱʝʛʦ ʦʙʲʝʤʘ ʯʘʩʪʴ ʢʠʩʣʦʨʦʜʘ. ʋʰʝʜʰʠʡ ʚ ʫʛʣʝʨʦʜʥʳʝ 
ʩʦʝʜʠʥʝʥʠʷ ʢʠʩʣʦʨʦʜ (ʆ2) ʦʙʨʘʟʦʚʘʣ ʚʥʫʪʨʠ ʟʘʤʢʥʫ-
ʪʦʛʦ ʦʙʲʝʤʘ ʩʪʘʢʘʥʘ ʚʘʢʫʫʤ, ʢʦʪʦʨʳʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 
ʩʠʣ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʟʘʧʦʣʥʠʣʩʷ ʧʦʜʲʝʤʦʤ 
ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ, ʚʦʩʩʪʘʥʦʚʠʚ ʧʨʠʨʦʜʥʦʝ ʨʘʚʥʦʚʝʩʠʝ. 

ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʧʨʝʦʙʨʘʟʦʚʘʚ ʨʘʩʩʤʦʪʨʝʥʥʳʡ 
ʦʧʳʪ, ʤʦʞʥʦ ʟʘʤʝʥʠʚ ʪʘʨʝʣʦʯʢʫ ʩ ʫʛʦʣʴʢʦʤ ʥʘ ʧʦʨ-
ʰʝʥʴ. ɸ ʩʪʘʢʘʥ ʥʘ ʛʠʣʴʟʫ ʮʠʣʠʥʜʨʘ, ʪʦ ʧʨʠ ʥʝʢʦʪʦʨʦʤ 
ʨʘʟʚʠʪʠʠ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʣʫʯʠʤ ʜʚʠʛʘʪʝʣʴ ʚʥʫʪʨʝʥ-
ʥʝʛʦ ʚʳʛʦʨʘʥʠʷ (ɼɺɺ). 

ɼʣʷ ʦʙʱʝʡ ʫʙʝʜʠʪʝʣʴʥʦʩʪʠ ʩʚʦʝʛʦ ʧʨʝʜʧʦʣʦʞʝ-
ʥʠʷ ʷ ʨʝʰʠʣ ʚʦʩʧʨʦʠʟʚʝʩʪʠ ʦʧʳʪ ʧʨʝʜʣʦʞʝʥʥʳʡ ʫʯʝʙ-
ʥʠʢʦʤ ʭʠʤʠʠ, ʥʦ ʩ ʥʝʢʦʪʦʨʦʡ ʠʤʧʨʦʚʠʟʘʮʠʝʡ. ɸ 
ʠʤʝʥʥʦ - ʚʤʝʩʪʦ ʪʣʝʶʱʝʛʦ ʫʛʦʣʴʢʘ, ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʨʝ-
ʘʢʮʠʠ ʚʳʛʦʨʘʥʠʷ ʢʠʩʣʦʨʦʜʘ (ʆ2), ʥʘ ʪʘʨʝʣʦʯʢʫ ʧʦʤʝ-
ʩʪʠʣ ʬʘʢʝʣ ʠʟ ʚʘʪʳ, ʩʤʦʯʝʥʥʦʡ ʩʧʠʨʪʦʤ , ʉ2ʅ5(ʆʅ). 
ʅʘʢʨʳʚ ʩʪʘʢʘʥʦʤ ʧʣʘʚʘʶʱʠʡ ʬʘʢʝʣ, ʷ ʙʳʣ ʧʦʨʘʞʝʥ 
ʧʨʦʠʟʚʝʜʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʦʧʳʪʘ. ɺʤʝʩʪʦ ʦʞʠʜʘʝ-
ʤʦʛʦ ʩʧʦʢʦʡʥʦʛʦ ʧʦʜʲʝʤʘ ʞʠʜʢʦʩʪʠ ʧʨʦʠʟʦʰʝʣ 
ʚʟʨʳʚʥʦʡ ʵʬʬʝʢʪ ʙʫʨʥʦʛʦ ʧʦʜʲʝʤʘ ʚʦʜʳ ʥʘ 4/5 ʚʳ-
ʩʦʪʳ ʚʥʫʪʨʝʥʥʝʛʦ ʦʙʲʝʤʘ ʩʪʘʢʘʥʘ. ʅʝʦʜʥʦʢʨʘʪʥʦ ʧʨʦ-
ʜʝʣʘʚ ʵʢʩʧʝʨʠʤʝʥʪ, ʷ ʫʙʝʜʠʣʩʷ ʚ ʩʪʘʙʠʣʴʥʦʩʪʠ ʜʘʥ-
ʥʦʛʦ ʷʚʣʝʥʠʷ ʠ ʦʩʦʟʥʘʣ ʝʛʦ ʧʨʘʢʪʠʯʝʩʢʫʶ ʮʝʣʝʩʦʦʙ-
ʨʘʟʥʦʩʪʴ. ʀ ʧʦʩʢʦʣʴʢʫ ɺʠʢʠʧʝʜʠʷ ʚʥʦʚʴ ʦʧʨʝʜʝʣʠʣʘ 
ʧʨʦʙʣʝʤʥʫʶ ʧʦʟʠʮʠʶ ï ʦʪʩʫʪʩʪʚʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 
ʜʚʠʛʘʪʝʣʷ ʜʣʷ ʦʨʥʠʪʦʧʪʝʨʘ, ʧʦʠʩʢʠ ʢʦʪʦʨʦʛʦ ʦʪʦʜʚʠ-
ʥʫʪ ʝʛʦ ʧʨʦʙʥʳʡ ʧʦʣʝʪ ʥʘ ʥʝʦʧʨʝʜʝʣʝʥʥʳʡ ʩʨʦʢ, ʧʨʝʜ-
ʣʘʛʘʶ ʥʘ ʚʘʰʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ 
ʘʚʪʦʨʘ ʩʪʘʪʴʠ ï ʜʚʠʛʘʪʝʣʴ ɼɺɺ. 

ɼʘʣʝʝ ʧʦʜʨʦʙʥʝʝ ʨʘʩʩʤʦʪʨʠʤ ʭʘʨʘʢʪʝʨ ʨʘʙʦʪʳ ʠ 
ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ ɼɺɺ (ʜʚʠʛʘʪʝʣʷ ʚʥʫʪʨʝʥʥʝʛʦ 
ʚʳʛʦʨʘʥʠʷ). 

ɼʚʠʛʘʪʝʣʴ ɼɺɺ ʠʜʝʥʪʠʯʝʥ ɼɺʉ (ʜʚʠʛʘʪʝʣʴ ʚʥʫʪ-
ʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ). ɽʜʠʥʩʪʚʝʥʥʦʝ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʦ-
ʙʘʚʠʪʴ ɼɺɺ ï ʵʪʦ ʧʨʠʥʫʜʠʪʝʣʴʥʫʶ ʚʝʥʪʠʣʷʮʠʶ ʧʦʣʦ-
ʩʪʠ ʮʠʣʠʥʜʨʘ, ʢʦʛʜʘ ʧʦʨʰʝʥʴ ʜʚʠʛʘʪʝʣʷ ʥʘʭʦʜʠʪʩʷ ʚ 
ɺʄʊ (ʚʝʨʭʥʷʷ ʤʝʨʪʚʘʷ ʪʦʯʢʘ), ʯʪʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʤʦ-
ʞʝʪ ʙʳʪʴ ʨʝʰʝʥʦ. ɼʚʠʛʘʪʝʣʴ ɼɺɺ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʜʚʠ-
ʛʘʪʝʣʷ ɼɺʉ ʝʱʝ ʪʝʤ, ʯʪʦ ɼɺʉ - 4ʭ-ʪʘʢʪʥʳʡ, ʘ ɼɺɺ-2ʭ-
ʪʘʢʪʥʳʡ ʜʚʠʛʘʪʝʣʴ. ʈʘʙʦʪʘ ɼɺɺ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫ-
ʶʱʝʤ: ʈʘʙʦʯʠʡ ʤʘʪʝʨʠʘʣ, ʥʘʧʨʠʤʝʨ, ʩʧʠʨʪ 
ʉ2ʅ5(ʆʅ), ʩʤʝʰʠʚʘʷʩʴ ʚ ʢʘʨʙʶʨʘʪʦʨʝ ʩ ʚʦʟʜʫʭʦʤ, ʦʙ-
ʨʘʟʫʝʪ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʫʶ ʩʤʝʩʴ, ʢʦʪʦʨʘʷ ʯʝʨʝʟ ʬʦʨ-
ʩʫʥʢʫ ʧʦʩʪʫʧʘʝʪ ʚ ʧʦʣʦʩʪʴ ʮʠʣʠʥʜʨʘ ɼɺɺ, ʧʨʠ ʭʦʜʝ 
ʧʦʨʰʥʷ ʠʟ ɺʄʊ ʚ ʅʄʊ. ʇʨʠ ʵʪʦʤ ʚʳʭʣʦʧʥʦʡ ʢʣʘʧʘʥ 
ʟʘʢʨʳʪ. ɺ ʅʄʊ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʘʷ ʩʤʝʩʴ ʚʦʩʧʣʘʤʝʥʷ-
ʝʪʩʷ (ʬʘʢʝʣʴʥʳʤ ʟʘʞʠʛʘʥʠʝʤ), ʤʛʥʦʚʝʥʥʳʡ ʧʨʦʮʝʩʩ 

ʚʦʟʛʦʨʘʥʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʚʳʜʝʣʝ-
ʥʠʝʤ ʪʝʧʣʘ (Q) ʧʦ ʫʨʘʚʥʝʥʠʶ: ʉ2ʅ5(ʆʅ) 
+2ʆ2=2ʉʆ+3ʅ2ʆ+Q. ɺ ʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ 
ʦʰʝʣʦʤʣʷʶʱʠʡ ʨʦʩʪ ʪʝʤʧʝʨʘʪʫʨʳ (ʊ) ʠ ʜʘʚʣʝʥʠʷ (ʈ) 
ʧʦ ʫʨʘʚʥʝʥʠʶ ʈV=RT ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʟʘʤʢʥʫʪʦʤ ʦʙʲ-
ʝʤʝ V = const. ɺ ʵʪʦ ʚʨʝʤʷ ʦʪʢʨʳʚʘʝʪʩʷ ʚʳʭʣʦʧʥʦʡ 
ʢʣʘʧʘʥ ʠ ʧʨʦʜʫʢʪʳ ʩʛʦʨʘʥʠʷ, ʚʳʨʳʚʘʷʩʴ ʚ ʘʪʤʦʩʬʝʨʫ, 
ʫʚʝʣʠʯʠʚʘʶʪ ʩʚʦʡ ʦʙʲʝʤ, ʢʘʢ ʧʦʢʘʟʳʚʘʶʪ ʦʧʳʪʳ, ʚ 5 
ʨʘʟ. ʀé 4/5 ʦʙʲʝʤʘ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʫʜʘʣʷʶʪʩʷ ʠʟ 
ʧʦʣʦʩʪʠ ʟʘʤʢʥʫʪʦʛʦ ʦʙʲʝʤʘ ʮʠʣʠʥʜʨʘ. ɺ ʵʪʦ ʚʨʝʤʷ ʟʘ-
ʢʨʳʚʘʝʪʩʷ ʚʳʭʣʦʧʥʦʡ ʢʣʘʧʘʥ. ɸ 1/5 ʯʘʩʪʴ ʧʨʦʜʫʢʪʦʚ 
ʩʛʦʨʘʥʠʷ, ʦʩʪʘʚʰʘʷʩʷ ʚ ʧʦʣʦʩʪʠ ʮʠʣʠʥʜʨʘ, ʪʝʨʷʷ ʪʝʤ-
ʧʝʨʘʪʫʨʫ (ʊ), ʫʞʠʤʘʷʩʴ ʜʦ ʬʠʟʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 
ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʧʨʝʚʨʘʱʘʝʪ 4/5 ʦʙʲʝʤʘ ʮʠʣʠʥʜʨʘ 
ʚ ʯʠʩʪʳʡ ʚʘʢʫʫʤ, ʩʦʟʜʘʚʘʷ ʚʥʫʪʨʠ ʮʠʣʠʥʜʨʘ ʨʘʟʨʝʞʝ-
ʥʠʝ, ʢʦʪʦʨʦʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʩʠʣ ʘʪʤʦʩʬʝʨ-
ʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʧʝʨʝʤʝʱʘʝʪ ʧʦʨʰʝʥʴ ɼɺɺ ʚ ɺʄʊ. ʇʨʠ 
ʧʦʜʭʦʜʝ ʧʦʨʰʥʷ ʢ ɺʄʊ ʦʪʢʨʳʚʘʝʪʩʷ ʚʳʭʣʦʧʥʦʡ ʢʣʘ-
ʧʘʥ. ʇʨʦʠʟʚʦʜʠʪʩʷ ʧʨʠʥʫʜʠʪʝʣʴʥʘʷ ʚʝʥʪʠʣʷʮʠʷ ʢʘ-
ʤʝʨʳ ʚʳʛʦʨʘʥʠʷ ʦʪ ʦʩʪʘʪʢʦʚ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ. ɿʘ-
ʪʝʤ ʚʳʭʣʦʧʥʦʡ ʢʣʘʧʘʥ ʟʘʢʨʳʚʘʝʪʩʷ ʠ ʧʨʦʮʝʩʩ ʨʘʙʦʪʳ 
ɼɺɺ ʧʦʚʪʦʨʷʝʪʩʷ. ʉʪʘʪʠʯʝʩʢʠʝ ʩʠʣʳ ʘʪʤʦʩʬʝʨʥʦʛʦ 
ʜʘʚʣʝʥʠʷ, (1 ʢʛ/ʩʤ2), ʧʝʨʝʤʝʱʘʷ ʧʦʨʰʝʥʴ ʦʪ ʅʄʊ ʜʦ 
ɺʄʊ ʩʦʚʝʨʰʘʶʪ ʤʝʭʘʥʠʯʝʩʢʫʶ ʨʘʙʦʪʫ, ʢʦʪʦʨʫʶ ʩ ʧʦ-
ʤʦʱʴʶ ʢʠʥʝʤʘʪʠʢʠ ʤʦʞʥʦ ʧʨʝʚʨʘʪʠʪʴ ʚ ʵʥʝʨʛʠʶ ʤʘ-
ʰʫʱʠʭ ʢʨʳʣʴʝʚ ʦʨʥʠʪʦʧʪʝʨʘ. ɾʝʣʘʪʝʣʴʥʦ ʯʪʦʙʳ ʧʨʠ-
ʚʦʜ ʦʨʥʠʪʦʧʪʝʨʘ ʩʦʩʪʦʷʣ ʠʟ ʧʘʨʳ (2ʭ) ʜʚʠʛʘʪʝʣʝʡ 
ɼɺɺ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʫ ɼɺɺ ʙʫʜʫʪ ʦʪʩʫʪʩʪʚʦʚʘʪʴ ʩʪʦʣʴ 
ʨʘʟʨʫʰʠʪʝʣʴʥʳʝ ʩʠʣʳ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʦʮʝʩʩʘ ʠ ʥʘʢʦ-
ʧʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ, ʢʘʢ ʫ 
ɼɺʉ, ʤʦʞʥʦ ʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ɼɺɺ ʠʟ ʘʣʶʤʠʥʠʝʚʳʭ ʠ 
ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʯʪʦ ʦʙʝʩʧʝʯʠʪ ʚʳʩʦʢʠʡ ʢʦ-
ʵʬʬʠʮʠʝʥʪ ʫʜʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ. ɼʚʠʛʘʪʝʣʴ ʙʫʜʝʪ ʧʦ-
ʯʪʠ ʯʪʦ ʥʝʚʝʩʦʤ. ɺʝʜʴ ʵʪʦ ʠ ʪʨʝʙʫʝʪʩʷ ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ 
ʜʚʠʛʘʪʝʣʷ. 
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3. ʕʢʦʣʦʛʠʯʥʦʩʪʴ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʴ. 
4. ɺʳʩʦʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʫʜʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ. 
5. ɺʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʠʥ-
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ʥʠʢʝ (ɺʇʂ - ʨʦʙʦʪ-ʩʦʣʜʘʪ). 
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AN OVERVIEW OF THE DEVELOPMENT ENVIRONMENTS OF SOFTWARE APPLICATIONS  

 

ɸʥʥʦʪʘʮʠʷ 
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʝ ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʠʣʦʞʝʥʠʡ, 

ʧʨʠʚʦʜʷʪʩʷ ʠʭ ʢʨʘʪʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʧʨʠʤʝʨʳ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʚ ʢʘʞʜʦʡ ʠʟ ʥʠʭ. 
Abstract This article discusses the most popular development environment of software applications, their brief 

characteristics and examples of implementation of code in each of them. 
 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ, ʷʟʳʢʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʠʣʦʞʝʥʠʷ. 
Key words: development environments, programming languages, software applications. 
 
ɺ ʪʦʪ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʧʦʷʚʠʣʦʩʴ ʧʨʦʛʨʘʤʤʠʨʦʚʘ-

ʥʠʝ, ʦʥʦ ʩʪʘʣʦ ʚʦʩʧʨʠʥʠʤʘʪʴʩʷ ʢʘʢ ʪʨʫʜʦʝʤʢʠʡ ʧʨʦ-
ʮʝʩʩ, ʢʦʪʦʨʳʡ ʪʨʝʙʫʝʪ ʚʳʩʦʢʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ ʦʪ ʠʩ-
ʧʦʣʥʠʪʝʣʷ. ʀʟ-ʟʘ ʵʪʦʛʦ ʪʝʭʥʦʣʦʛʠʠ, ʜʝʣʘʶʱʠʝ ʜʘʥʥʳʡ 
ʧʨʦʮʝʩʩ ʫʧʨʘʚʣʷʝʤʳʤ, ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʜʝʡʩʪʚʠ-
ʪʝʣʴʥʦ ʥʘʜʝʞʥʳʝ ʠ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʨʦʛʨʘʤʤʳ, ʢʦʪʦʨʳʝ 
ʚʳʟʳʚʘʶʪ ʠʥʪʝʨʝʩ, ʢʘʢ ʩʦ ʩʪʦʨʦʥʳ ʩʦʟʜʘʪʝʣʝʡ, ʪʘʢ ʠ 
ʩʦ ʩʪʦʨʦʥʳ ʥʦʚʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ʉʪʘʣʠ ʧʦʷʚʣʷʪʴʩʷ ʨʘʟʣʠʯʥʳʝ ʷʟʳʢʠ ʧʨʦʛʨʘʤʤʠ-
ʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʣʠ ʧʝʨʝʚʦʜʠʪʴ ʤʘʪʝʤʘʪʠʯʝ-
ʩʢʠʝ ʬʦʨʤʫʣʳ ʥʘ ʷʟʳʢ ʢʦʤʘʥʜ ʤʘʰʠʥʳ. ʂʦʤʧʴʶʪʝʨʳ 
ʩʪʘʣʠ ʰʠʨʝ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʘʟ-
ʣʠʯʥʳʭ ʚʠʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʠ ʪʚʦʨʯʝʩʢʦʡ ʜʝʷ-
ʪʝʣʴʥʦʩʪʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦ-
ʩʪʨʘʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʠʚʝʣʦ ʢ ʧʦ-
ʷʚʣʝʥʠʶ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ 
ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ 
(çMicrosoft Visual Studioè, çAndroid Studioè, çKylixè, 
çEmbarcaderoè, çRubyMineè, çPyCharmè ʠ ʜʨ.) 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʪʘʢʠʝ ʩʨʝʜʳ 
ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʢʘʢ çMicrosoft 
Visual Studioè, çEmbarcaderoè, çPyCharmè. 

ʅʘʯʥʝʤ ʩ ʫʥʠʢʘʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʨʘʟʨʘ-
ʙʦʪʢʠ .NET-ʧʨʠʣʦʞʝʥʠʡ ï ʵʪʦ Visual Studio. ʊʝ, ʢʪʦ 
ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ ʨʘʟʨʘʙʘʪʳʚʘʝʪ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝ-
ʯʝʥʠʝ, ʠʩʧʦʣʴʟʫʶʪ ʠʤʝʥʥʦ Visual Studio. ɼʘʥʥʘʷ ʩʨʝʜʘ 
ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʥʘʩʳʱʝʥʥʦʡ IDE-
ʩʨʝʜʦʡ, ʚ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʧʨʠʣʦʞʝʥʠʷ 
ʥʘ ʉ++, C#, Basic, XML  ʠ JavaScript. 

ɼʘʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ʧʦʩʪʘʚʣʷʝʪʩʷ ʩ 
ʢʦʥʩʪʨʫʢʪʦʨʘʤʠ ʛʨʘʬʠʯʝʩʢʠʭ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʠʥ-
ʪʝʨʬʝʡʩʦʚ, ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʨʘʙʦʪʳ ʩ ʙʘʟʘʤʠ ʜʘʥʥʳʭ, 
ʧʦʜʜʝʨʞʢʦʡ ʬʨʘʛʤʝʥʪʦʚ ʢʦʜʘ, ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʜʣʷ 
ʧʨʦʩʤʦʪʨʘ ʚʩʝʛʦ ʧʨʦʝʢʪʘ ʚ ʮʝʣʦʤ, ʧʨʦʩʤʦʪʨʦʤ ʩʚʦʡʩʪʚ 

ʦʙʲʝʢʪʦʚ. ɼʘʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʤʝʶʪʩʷ ʚʦ ʤʥʦʛʠʭ 
IDE-ʩʨʝʜʘʭ, ʥʦ ʚ Visual Studio ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʠ ʜʦ-
ʧʦʣʥʠʪʝʣʴʥʳʝ: 

1) ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ ʤʦ-
ʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ Windows (Windows Phone); 

2) ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ 
Microsoft Office; 

3) ʚʩʪʨʦʝʥʥʘʷ ʧʦʜʜʝʨʞʢʘ ʨʝʬʘʢʪʦʨʠʥʛʘ ʢʦʜʘ. 
ɽʩʣʠ ʛʦʚʦʨʠʪʴ ʧʨʦʩʪʳʤ ʷʟʳʢʦʤ, ʪʦ ʨʝʬʘʢʪʦʨʠʥʛ ï ʵʪʦ 
ʫʣʫʯʰʝʥʠʝ ʩʫʱʝʩʪʚʫʶʱʝʡ ʢʦʜʦʚʦʡ ʙʘʟʳ. ɺ ʦʪʩʫʪ-
ʩʪʚʠʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʨʝʬʘʢʪʦʨʠʥʛʘ ʢʦʜʘ, ʜʘʥʥʳʡ ʧʨʦ-
ʮʝʩʩ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʦʯʝʥʴ ʩʢʫʯʥʦʝ ʟʘʥʷʪʠʝ, ʢʦʪʦʨʦʝ ʢ 
ʪʦʤʫ ʞʝ ʪʨʝʙʫʝʪ ʤʘʩʩʳ ʚʨʝʤʝʥʠ; 

4) ʠʥʩʪʨʫʤʝʥʪʳ ʚʠʟʫʘʣʴʥʦʛʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ 
ʢʣʘʩʩʦʚ; 

5) ʪʝʭʥʦʣʦʛʠʠ WCF, WPF, ASP.NET. 
ʈʘʩʩʤʦʪʨʠʤ ʷʟʳʢʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚ Visual 

Studio.NET. ʉ++ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠ-
ʨʦʚʘʥʠʷ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ 
ʧʦʜʜʝʨʞʢʫ ʘʙʩʪʨʘʢʪʥʳʭ ʪʠʧʦʚ ʜʘʥʥʳʭ, ʦʙʲʝʢʪʥʦ-ʦʨʠ-
ʝʥʪʠʨʦʚʘʥʥʦʛʦ ʠ ʦʙʦʙʱʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʩʠ-
ʩʪʝʤʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʆʥ ʨʘʟʨʘʙʦʪʘʥ ʚ ʥʘʯʘʣʝ 
ʚʦʩʴʤʠʜʝʩʷʪʳʭ ʛʦʜʦʚ ʩʦʪʨʫʜʥʠʢʦʤ AT&T Bell 
Laboratories ɹʴʝʨʥʦʤ ʉʪʨʘʫʩʪʨʫʧʦʤ. ɺ ʩʪʘʥʜʘʨʪ ʷʟʳʢʘ 
ʉ++ ʚʦʰʣʠ ʩʣʝʜʫʶʱʠʝ ʚʘʞʥʳʝ ʜʦʧʦʣʥʝʥʠʷ: ʚʦʟʤʦʞ-
ʥʦʩʪʴ ʦʙʲʷʚʣʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ ʚ ʣʶʙʦʤ ʤʝʩʪʝ ʧʨʦ-
ʛʨʘʤʤʳ, ʚʚʝʜʝʥʠʝ ʤʘʥʠʧʫʣʷʪʦʨʦʚ ʜʣʷ ʨʘʙʦʪʳ ʩ ʧʦʪʦ-
ʢʘʤʠ ʚʚʦʜʘ-ʚʳʚʦʜʘ, ʜʠʥʘʤʠʯʝʩʢʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʠ 
ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʪʠʧʦʚ ʦʙʲʝʢʪʦʚ, ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʷ ʰʘʙʣʦʥʦʚ ʬʫʥʢʮʠʡ ʠ ʢʣʘʩʩʦʚ, ʤʝʭʘʥʠʟʤ ʦʙʨʘ-
ʙʦʪʢʠ ʠʩʢʣʶʯʠʪʝʣʴʥʳʭ ʩʠʪʫʘʮʠʡ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦ-
ʩʪʨʘʥʩʪʚʘ ʠʤʝʥ, ʧʝʨʝʛʨʫʟʢʘ ʬʫʥʢʮʠʡ ʠ ʦʧʝʨʘʪʦʨʦʚ ʠ 
ʜʨ. [1]. ʇʨʠʤʝʨ ʨʝʰʝʥʠʷ ʢʚʘʜʨʘʪʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚ ʨʝ-
ʘʣʠʟʘʮʠʠ ʢʦʜʘ ʥʘ ʷʟʳʢʝ ʉ++ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 1. 
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ʈʠʩ. 1. ʇʨʠʤʝʨ ʨʝʰʝʥʠʷ ʢʚʘʜʨʘʪʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚ ʨʝʘʣʠʟʘʮʠʠ ʢʦʜʘ ʥʘ ʉ++ 

 
ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ çC#è 

 ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘ-
ʥʠʷ, ʩʦʟʜʘʥʥʳʡ ʚ 1998-2001 ʛʦʜʘʭ ʢʦʤʧʘʥʠʝʡ 
Microsoft ʢʘʢ ʷʟʳʢ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ ʧʣʘʪ-
ʬʦʨʤʳ Microsoft .NET Framework. ʆʥ ʩʦʚʤʝʱʘʝʪ ʚ 
ʩʝʙʝ ʩʠʣʫ ʠ ʛʠʙʢʦʩʪʴ C++ ʩ ʧʨʦʩʪʦʪʦʡ Visual Basic. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʤʦʤʝʥʪ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 
C# ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʤʦʱʥʳʭ, ʙʳʩʪʨʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʠ 
ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʷʟʳʢʦʚ ʚ ʀʊ-ʦʪʨʘʩʣʠ. ɺ ʥʘʩʪʦʷʱʠʡ 
ʤʦʤʝʥʪ ʥʘ ʥʝʤ ʧʠʰʫʪʩʷ ʩʘʤʳʝ ʨʘʟʣʠʯʥʳʝ ʧʨʠʣʦʞʝ-
ʥʠʷ: ʦʪ ʥʝʙʦʣʴʰʠʭ ʜʝʩʢʪʦʧʥʳʭ ʧʨʦʛʨʘʤʤʦʢ ʜʦ ʢʨʫʧ-
ʥʳʭ ʚʝʙ-ʧʦʨʪʘʣʦʚ ʠ ʚʝʙ-ʩʝʨʚʠʩʦʚ, ʦʙʩʣʫʞʠʚʘʶʱʠʭ 
ʝʞʝʜʥʝʚʥʦ ʤʠʣʣʠʦʥʳ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ʅʘ C# ʧʠʰʫʪʩʷ ʧʨʦʛʨʘʤʤʳ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʜʣʷ 
Microsoft .NET Framework (ʘʥʘʣʦʛ ʚʠʨʪʫʘʣʴʥʦʡ ʤʘ-
ʰʠʥʳ Java ʦʪ Microsoft)  ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʦʥ ʙʳʣ 
ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʤʘʰʠʥʝ, ʛʜʝ ʙʫʜʝʪ ʠʩʧʦʣʥʷʪʴʩʷ ʢʦʜ 
(ʧʨʠʯʝʤ, ʠʤʝʥʥʦ ʪʘ ʚʝʨʩʠʷ, ʧʦʜ ʢʦʪʦʨʫʶ ʩʢʦʤʧʠʣʠʨʦ-
ʚʘʥʘ ʧʨʦʛʨʘʤʤʘ). ʊʦ ʝʩʪʴ ʧʨʦʛʨʘʤʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦ-
ʙʦʡ ʥʝ ʙʠʥʘʨʥʳʡ ʠʩʧʦʣʥʷʝʤʳʡ ʢʦʜ, ʘ ʥʘʙʦʨ ʠʥʩʪʨʫʢ-
ʮʠʡ ʥʘ MSIL (Microsoft Intermediate Language), ʠʩʧʦʣ-
ʥʷʝʤʳʭ ʩʨʝʜʦʡ CLR (Common Language Runtime). 

ʇʨʠʤʝʨ ʢʦʜʘ ʥʘ ʷʟʳʢʝ ʉ# ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 2. 
ʉʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ Delphi ̫ ʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʦʧʫ-

ʣʷʨʥʝʡʰʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʢʣʘʜʥʳʭ 
ʧʨʦʛʨʘʤʤ. ʆʥʘ ʧʦʜʜʝʨʞʠʚʘʝʪ ʪʘʢ ʥʘʟʳʚʘʝʤʫʶ çʙʳʩʪ-
ʨʫʶè ʨʘʟʨʘʙʦʪʢʫ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʪʝʭʥʦʣʦʛʠʠ ʚʠʟʫʘʣʴ-
ʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʦʙʳʪʠʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘ-
ʥʠʷ. ʉʫʪʴ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 
ʩʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ ʙʝʨʝʪ ʥʘ ʩʝʙʷ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʨʫ-
ʪʠʥʳ, ʦʩʪʘʚʣʷʷ ʧʨʦʛʨʘʤʤʠʩʪʫ ʨʘʙʦʪʫ ʧʦ ʩʦʟʜʘʥʠʶ ʠʥ-
ʪʝʨʬʝʡʩʘ ʧʨʠ ʧʦʤʦʱʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʠʯʝ-
ʩʢʦʛʦ ʨʝʜʘʢʪʦʨʘ (ʚʠʟʫʘʣʴʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ) ʠ ʧʨʦ-
ʮʝʜʫʨ ʦʙʨʘʙʦʪʢʠ ʩʦʙʳʪʠʡ (ʩʦʙʳʪʠʡʥʦʝ 
ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ).  

ʀʟʥʘʯʘʣʴʥʦ ʩʨʝʜʘ Delphi ʙʳʣʘ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ 
ʨʘʟʨʘʙʦʪʢʫ ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ Windows. ʊʝʧʝʨʴ ʚ Delphi 
ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʧʨʠʣʦʞʝʥʠʷ ʢʘʢ ʜʣʷ Windows, ʪʘʢ ʠ 
ʜʣʷ Mac, IOS ʠ Android. ɹʣʘʛʦʜʘʨʷ ʧʦʜʜʝʨʞʢʝ ʢʨʦʩ-
ʩʧʣʘʪʬʦʨʤʝʥʥʦʩʪʠ, ʧʨʦʛʨʘʤʤʘ, ʥʘʧʠʩʘʥʥʘʷ ʜʣʷ ʦʜʥʦʡ 
ʧʣʘʪʬʦʨʤʳ, ʣʝʛʢʦ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʚʝʨʥʫʪʘ ʥʘ ʜʨʫʛʫʶ 
ʧʣʘʪʬʦʨʤʫ. 

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʦʡ ʚʝʨ-
ʩʠʝʡ Delphi ʜʣʷ ʧʨʦʛʨʘʤʤʠʩʪʦʚ ʩʪʘʣʘ Embarcadero 
Delphi ʍɽ7. ʆʥʘ ʩʫʱʝʩʪʚʫʝʪ ʚ ʪʨʝʭ ʚʘʨʠʘʥʪʘʭ: Profes-
sional, Enterprise ʠ Architect. ʂʘʞʜʳʡ ʢʦʤʧʣʝʢʪ ʩʦ-
ʩʪʦʠʪ ʠʟ ʥʘʙʦʨʘ ʩʨʝʜʩʪʚ ʠ ʢʦʤʧʦʥʝʥʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶ-
ʱʠʭ ʨʘʟʨʘʙʦʪʢʫ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʧʨʠʣʦʞʝʥʠʡ 
ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʏʝʤ ʚʳʰʝ ʫʨʦʚʝʥʴ ʧʘʢʝʪʘ, ʪʝʤ 
ʙʦʣʴʰʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʦʥ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʨʦʛʨʘʤʤʠ-
ʩʪʫ.  

Embarcadero Delphi ʍɽ7 ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʚ ʩʨʝʜʝ 
ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ Microsoft Windows 7 (Home ʠʣʠ 
Professional) ʠ ʚ Microsoft Windows 8. ʆʩʦʙʳʭ ʪʨʝʙʦ-
ʚʘʥʠʡ, ʧʦ ʩʦʚʨʝʤʝʥʥʳʤ ʤʝʨʢʘʤ, ʢ ʨʝʩʫʨʩʘʤ ʢʦʤʧʴʶ-
ʪʝʨʘ ʩʨʝʜʘ ʥʝ ʧʨʝʜʲʷʚʣʷʝʪ. 

ɼʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʠ ʧʨʠʤʝʨ ʧʨʦʛʨʘʤʤ-
ʥʦʛʦ ʢʦʜʘ ʥʘ Delphi ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 3. 

PyCharm ï ʵʪʦ ʩʘʤʘʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ Python 
IDE ʩ ʧʦʣʥʳʤ ʥʘʙʦʨʦʤ ʩʨʝʜʩʪʚ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʟ-
ʨʘʙʦʪʢʠ ʥʘ ʷʟʳʢʝ Python. ɺʳʧʫʩʢʘʝʪʩʷ ʚ ʜʚʫʭ ʚʘʨʠʘʥ-
ʪʘʭ ï ʙʝʩʧʣʘʪʥʘʷ ʚʝʨʩʠʷ PyCharm Community Edition ʠ 
ʧʦʜʜʝʨʞʠʚʘʶʱʘʷ ʙʦʣʴʰʠʡ ʥʘʙʦʨ ʚʦʟʤʦʞʥʦʩʪʝʡ Py-
Charm Professional Edition. PyCharm ʚʳʧʦʣʥʷʝʪ ʠʥ-
ʩʧʝʢʮʠʶ ʢʦʜʘ çʥʘ ʣʝʪʫè, ʘʚʪʦʜʦʧʦʣʥʝʥʠʝ, ʚ ʪʦʤ ʯʠʩʣʝ 
ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʚʦ ʚʨʝʤʷ ʠʩ-
ʧʦʣʥʝʥʠʷ ʢʦʜʘ, ʥʘʚʠʛʘʮʠʶ ʧʦ ʢʦʜʫ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʥʦ-
ʞʝʩʪʚʦ ʨʝʬʘʢʪʦʨʠʥʛʦʚ. 

ʇʨʠʚʝʜʝʤ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʦʩʪʝʡ 
ʜʘʥʥʳʭ ʩʨʝʜ: 

Community Edition: 

1. ʆʙʣʝʛʯʝʥʥʘʷ IDE ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʪʦʣʴʢʦ ʥʘ 
Python; 

2. ɹʝʩʧʣʘʪʥʘʷ, ʩ ʦʪʢʨʳʪʳʤ ʢʦʜʦʤ, ʧʦʜ ʣʠʮʝʥ-
ʟʠʝʡ Apache 2; 

3. ʇʦʥʠʤʘʶʱʠʡ ʢʦʥʪʝʢʩʪ ʨʝʜʘʢʪʦʨ, ʦʪʣʘʜʯʠʢ, 
ʨʝʬʘʢʪʦʨʠʥʛʠ, ʠʥʩʧʝʢʮʠʠ, ʠʥʪʝʛʨʘʮʠʷ ʩ VCS; 

4. ʅʘʚʠʛʘʮʠʷ ʧʦ ʧʨʦʝʢʪʫ, ʧʦʜʜʝʨʞʢʘ ʪʝʩʪʠʨʦʚʘ-
ʥʠʷ, ʥʘʩʪʨʘʠʚʘʝʤʳʡ UI, ʛʦʨʷʯʠʝ ʢʣʘʚʠʰʠ Vim. 

Professional Edition: 
1. ʇʦʣʥʦʬʫʥʢʮʠʦʥʘʣʴʥʘʷ IDE ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʥʘ Python, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʤʥʦʛʦʷʟʳʯʥʳʭ ʚʝʙ-ʧʨʠʣʦ-
ʞʝʥʠʡ ʩ ʬʨʝʡʤʚʦʨʢʘʤʠ; 

2. ʇʦʜʜʝʨʞʢʘ ʬʨʝʡʤʚʦʨʢʦʚ Django, Flask, 
Google App Engine, Pyramid, web2py; 
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3. ʇʦʜʜʝʨʞʢʘ ʷʟʳʢʦʚ JavaScript, CoffeeScript, 
TypeScript, CSS, Cython ʠ ʜʨ.; 

4. ʋʜʘʣʝʥʥʘʷ ʨʘʟʨʘʙʦʪʢʘ, ʇʦʜʜʝʨʞʢʘ ʨʘʙʦʪʳ ʩ 
ɹɼ ʠ ʷʟʳʢʘ SQL; 

5. ʆʙʥʘʨʫʞʝʥʠʝ ʜʫʙʣʠʨʫʶʱʝʛʦʩʷ ʢʦʜʘ; 
6. ɼʠʘʛʨʘʤʤʳ UML & SQLAlchemy; 

7. Python Profiler. 
ʇʨʠʚʝʜʝʤ ʧʨʠʤʝʨ ʢʦʜʘ ʥʘ ʷʟʳʢʝ Python (ʨʠʩ. 4). 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʞʜʘʷ ʩʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦ-

ʛʨʘʤʤʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʧʦ-ʩʚʦʝʤʫ ʫʥʠʢʘʣʴʥʘ. ɺʩʝ ʦʥʠ 
ʠʤʝʶʪ ʩʚʦʠ ʧʣʶʩʳ ʠ ʤʠʥʫʩʳ ʚ ʨʝʘʣʠʟʘʮʠʠ ʢʦʜʘ, ʠ 

ʦʩʪʘʝʪʩʷ ʧʨʝʜʧʦʯʠʪʘʝʤʳʤʠ ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʦʛʨʘʤʤʠ-
ʩʪʦʚ. ʇʨʠʯʠʥʦʡ ʵʪʦʤʫ ʷʚʣʷʝʪʩʷ ʧʦʣʥʘʷ ʧʦʜʜʝʨʞʢʘ 
ʷʟʳʢʘ, ʨʘʩʰʠʨʝʥʥʳʝ ʩʨʝʜʩʪʚʘ ʨʘʟʨʘʙʦʪʢʠ, ʵʥʝʨʛʠʯʥʦ 
ʨʘʟʚʠʚʘʶʱʘʷʩʷ ʜʦʢʫʤʝʥʪʘʮʠʷ ʠ ʩʘʤʘ ʩʨʝʜʘ. ʇʨʠʯʠʥʘ 
ʚʳʙʦʨʘ ʪʦʡ ʠʣʠ ʠʥʦʡ IDE (Integrated Development 
Environment) ʟʘʚʠʩʠʪ ʦʪ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ 
ʮʝʣʝʚʦʡ ʧʣʘʪʬʦʨʤʳ. ɽʩʣʠ ʛʦʚʦʨʠʪʴ ʩʝʨʴʝʟʥʦ, ʧʨʠ ʩʦ-
ʟʜʘʥʠʠ ʧʨʦʛʨʘʤʤ ʠʭ ʚʥʝʰʥʝʤʫ ʚʠʜʫ ʫʜʝʣʷʝʪʩʷ ʥʝ 
ʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ, ʯʝʤ ʚʥʫʪʨʝʥʥʝʤʫ ʩʦʜʝʨʞʘʥʠʶ. 
ɼʘʥʥʳʝ IDE ʠʜʝʘʣʴʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ web-ʩʝʨʚʠʩʦʚ. 

 

 
ʈʠʩ. 4. ʇʨʠʤʝʨ ʢʚʘʜʨʘʪʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚ ʨʝʘʣʠʟʘʮʠʠ ʢʦʜʘ ʥʘ Python 

 

 
ʈʠʩ. 2. ʇʨʠʤʝʨ ʨʝʰʝʥʠʷ ʢʚʘʜʨʘʪʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚ ʨʝʘʣʠʟʘʮʠʠ ʢʦʜʘ ʥʘ ʉ# 
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ɸʥʥʦʪʘʮʠʷ:  
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʠ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʧʨʝʜ-

ʧʨʠʷʪʠʡ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ. ʦʧʠʩʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʭʘ-
ʥʠʯʝʩʢʦʡ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ. ʀʟʫʯʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ 
ʫʩʪʘʥʦʚʢʠ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. 

Abstract:  
This article focuses on the technology of wastewater treatment of oil refineries. The scheme of the technological 

process of wastewater treatment is presented. describes the features of mechanical, physico-chemical and biological 
treatment. Studied the benefits and efficiency of the installation. The results of wastewater treatment using this technol-
ogy are presented. 
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 ʅʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʠʩ-

ʧʦʣʴʟʫʝʪ ʤʠʣʣʠʦʥʳ ʢʫʙʠʯʝʩʢʠʭ ʤʝʪʨʦʚ ʚʦʜʳ, ʢʦʪʦʨʘʷ 
ʚʧʦʩʣʝʜʩʪʚʠʠ ʧʦʩʪʫʧʘʝʪ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʥʳʝ ʦʙʲ-
ʝʢʪʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʪʨʝʙʫʝʪʩʷ ʨʝʛʫʣʷʨʥʘʷ ʠ ʢʘʯʝ-
ʩʪʚʝʥʥʘʷ ʦʯʠʩʪʢʘ ʩʪʦʢʦʚ. ʆʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʵʢʦʣʦ-
ʛʠʯʝʩʢʠʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 
ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. 

 ʆʯʠʩʪʢʫ ʩʪʦʯʥʳʭ ʚʦʜ ʥʝʬʪʝʭʠʤʠʯʝʩʢʠʭ ʧʨʦʠʟ-
ʚʦʜʩʪʚ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ: 
ʤʝʭʘʥʠʯʝʩʢʠʤʠ, ʭʠʤʠʯʝʩʢʠʤʠ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ 
ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ. ʄʝʭʘʥʠʯʝʩʢʘʷ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝ-
ʩʢʘʷ ʦʯʠʩʪʢʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʧʝʨʚʠʯʥʦʡ ʦʯʠʩʪʢʠ, 
ʪʦ ʝʩʪʴ ʫʜʘʣʝʥʠʝ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʚʟʚʝʰʝʥʥʳʭ ʚʝ-
ʱʝʩʪʚ, ʩʥʠʞʘʝʪ ʧʦʢʘʟʘʪʝʣʠ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʭʠʤʠʯʝ-
ʩʢʦʛʦ ʧʦʪʨʝʙʣʝʥʠʠ ʢʠʩʣʦʨʦʜʘ [5]. ʀʟʚʝʩʪʥʦ ʤʥʦʞʝ-
ʩʪʚʦ ʤʝʪʦʜʦʚ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ 

ʚʦʜ: ʢʦʘʛʫʣʷʮʠʷ, ʬʣʦʢʫʣʷʮʠʷ, ʬʣʦʪʘʮʠʷ, ʵʣʝʢʪʨʦʬʣʦ-
ʪʘʮʠʷ, ʩʦʨʙʮʠʷ, ʦʟʦʥʠʨʦʚʘʥʠʝ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʩʝ-
ʧʘʨʘʮʠʷ, ʞʠʜʢʦʬʘʟʥʦʝ ʦʢʠʩʣʝʥʠʝ, ʢʦʘʣʝʩʮʝʥʮʠʷ, ʫʣʴ-
ʪʨʘʬʠʣʴʪʨʘʮʠʷ ʠ ʜʨʫʛʠʝ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚ ʥʘʩʪʦʷʱʝʝ 
ʚʨʝʤʷ ʥʘ ʅʇʇ ʧʨʠʤʝʥʷʶʪʩʷ ʢʦʘʛʫʣʷʮʠʷ, ʬʣʦʢʫʣʷʮʠʷ, 
ʬʣʦʪʘʮʠʷ ʠ ʩʦʨʙʮʠʦʥʥʘʷ ʦʯʠʩʪʢʘ [2]. ʆʜʥʘʢʦ ʚ ʩʪʦʯ-
ʥʳʭ ʚʦʜʘʭ ʧʦʩʣʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ 
ʦʯʠʩʪʢʠ ʩʦʜʝʨʞʠʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʪʚʦʨʝʥ-
ʥʳʭ ʠ ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʝʥʠʡ, 
ʠʟ-ʟʘ ʯʝʛʦ ʦʥʠ ʥʝ ʤʦʛʫʪ ʩʙʨʘʩʳʚʘʪʴʩʷ ʚ ʚʦʜʦʝʤʳ ʙʝʟ 
ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʙʦʣʝʝ ʛʣʫʙʦʢʦʡ ʦʯʠʩʪʢʠ. ʅʘʠʙʦʣʝʝ 
ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʤʝʪʦʜʦʤ ʛʣʫʙʦʢʦʡ 
ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʅʇʇ ʦʪ ʨʘʩʪʚʦʨʝʥʥʳʭ ʦʨʛʘʥʠʯʝ-
ʩʢʠʭ ʟʘʛʨʷʟʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʙʠʦʭʠʤʠʯʝʩʢʠʡ ʤʝʪʦʜ [3]. 

 ʉʭʝʤʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʦʯʠʩʪʢʠ ʩʪʦʯ-
ʥʳʭ ʚʦʜ ʧʨʝʜʧʨʠʷʪʠʡ ʥʝʬʪʝʭʠʤʠʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 
ʨʠʩʫʥʢʝ 1.

 

 
ʈʠʩʫʥʦʢ 1.  

ʉʭʝʤʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʪ̫ʠʡ 
 
 ɿʘʛʨʷʟʥʝʥʥʘʷ ʚʦʜʘ ʧʦʩʪʫʧʘʝʪ ʥʘ ʧʝʩʢʦʣʦʚʢʠ, ʛʜʝ 

ʧʨʦʠʩʭʦʜʠʪ ʦʩʘʞʜʝʥʠʝ ʦʩʥʦʚʥʦʛʦ ʧʝʩʢʘ, ʢʦʪʦʨʳʡ ʚʧʦ-
ʩʣʝʜʩʪʚʠʠ ʧʦʩʪʫʧʘʝʪ ʚ ʢʘʤʝʨʫ-ʥʘʢʦʧʠʪʝʣʴ ʰʣʘʤʘ ʠ 
ʫʜʘʣʷʝʪʩʷ ʥʘ ʰʣʘʤʦʥʘʢʦʧʠʪʝʣʴ.  

 ɼʘʣʝʝ ʩʪʦʢʠ ʯʝʨʝʟ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʝ ʢʘʤʝʨʳ 
ʥʘʧʨʘʚʣʷʶʪʩʷ ʚ ʥʝʬʪʝʣʦʚʫʰʢʫ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʦʩʥʦʚ-
ʥʘʷ ʦʯʠʩʪʢʘ ʦʪ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. ʋʣʦʚʣʝʥʥʳʝ ʥʝʬʪʝ-
ʧʨʦʜʫʢʪʳ ʧʦʩʪʫʧʘʶʪ ʚ ʧʨʠʝʤʥʳʝ ʢʘʤʝʨʳ, ʦʪʢʫʜʘ 
ʥʘʩʦʩʘʤʠ ʦʪʢʘʯʠʚʘʶʪʩʷ ʚ ʨʝʟʝʨʚʫʘʨʥʳʡ ʧʘʨʢ ʥʝʬʪʝ-
ʧʨʦʜʫʢʪʦʚ. ɺ ʨʝʟʝʨʚʫʘʨʥʦʤ ʧʘʨʢʝ ʧʨʦʠʩʭʦʜʠʪ ʦʪʩʪʦʡ 
ʥʝʬʪʠ, ʢʦʪʦʨʘʷ ʚʧʦʩʣʝʜʩʪʚʠʠ ʦʪʧʨʘʚʣʷʝʪʩʷ ʥʘ ʥʝʬʪʝ-
ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʡ ʟʘʚʦʜ.  

 ʇʦʩʣʝ ʥʝʬʪʝʣʦʚʫʰʝʢ ʩʪʦʢʠ ʧʦʩʪʫʧʘʶʪ ʥʘ ʩʪʘʥ-
ʮʠʶ ʤʝʭʘʥʦ-ʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʩʝ-
ʧʘʨʘʪʦʨʘ ʢʦʥʫʩʥʦʛʦ ʪʠʧʘ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʦʩʘʞʜʝʥʠʝ 
ʦʩʪʘʪʢʦʚ ʧʝʩʢʘ, ʠ ʬʣʦʪʘʪʦʨʘ. ʌʣʦʪʘʪʦʨ ʧʨʝʜʥʘʟʥʘʯʝʥ 
ʜʣʷ ʦʯʠʩʪʢʠ ʚʦʜʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʪ ʥʝʬʪʝʧʨʦʜʫʢ-
ʪʦʚ. ɿʘ ʩʯʝʪ ʜʦʙʘʚʣʝʥʠʷ ʚ ʚʦʜʫ ʪʘʢʠʭ ʨʝʘʛʝʥʪʦʚ, ʢʘʢ 
ʬʣʦʢʫʣʷʥʪ ʠ ʢʦʘʛʫʣʷʥʪ, ʘ ʪʘʢʞʝ ʧʦʜʘʯʠ ʚʦʜʦʚʦʟʜʫʰ-
ʥʦʡ ʩʤʝʩʠ, ʥʝʬʪʝʧʨʦʜʫʢʪʳ ʚʳʜʝʣʷʶʪʩʷ ʚ ʚʠʜʝ ʧʝʥʳ ʠ 
ʫʜʘʣʷʶʪʩʷ ʩʢʨʝʙʢʦʚʳʤ ʤʝʭʘʥʠʟʤʦʤ. ʋʣʦʚʣʝʥʥʳʝ 
ʥʝʬʪʝʧʨʦʜʫʢʪʳ ʥʘʧʨʘʚʣʷʶʪʩʷ ʥʘ ʧʦʚʪʦʨʥʫʶ ʦʯʠʩʪʢʫ 
ʚ ʥʝʬʪʝʣʦʚʫʰʢʫ, ʘ ʦʯʠʱʝʥʥʳʝ ʩʪʦʢʠ ʧʦʩʪʫʧʘʶʪ ʥʘ 
ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʦʯʠʩʪʢʫ [4].  
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ʊʘʙʣʠʮʘ 1 

ʈʝʟʫʣʴʪʘʪʳ ʦʯʠʩʪʢʠ 

ʇʦʢʘʟʘʪʝʣʠ ʩʦʩʪʘʚʘ ʩʪʦʯʥʳʭ ʚʦʜ ʅʘʯʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ, ʤʛ/ʣ ʂʦʥʝʯʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ, ʤʛ/ʣ 

ʍʇʂ 686 274 

ɹʇʂ 350 46 

ʅʝʬʪʝʧʨʦʜʫʢʪʳ 589 6 

ɺʟʚʝʰʝʥʥʳʝ ʚʝʱʝʩʪʚʘ 132 1 

ʌʝʥʦʣ 3 3 

ɸʟʦʪ ʘʤʤʦʥʠʡʥʳʡ 17 17 

ʉʫʣʴʬʘʪʳ 165 165 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʯʠʩʪʢʠ ʜʘʥʥʦʡ 
ʫʩʪʘʥʦʚʢʠ ʦʪ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʠ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ 
ʩʦʩʪʘʚʣʷʝʪ 99%. ʇʦʢʘʟʘʪʝʣʴ ʍʇʂ ʩʥʠʞʘʝʪʩʷ ʥʘ 60%, 
ʧʦʢʘʟʘʪʝʣʴ ɹʇʂ ʙʦʣʝʝ, ʯʝʤ ʥʘ 80%. ʇʨʝʠʤʫʱʝʩʪʚʘ 
ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʪʦʤ, ʯʪʦ ʦʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʢ-
ʩʠʤʘʣʴʥʦʝ ʫʜʘʣʝʥʠʝ ʧʨʠʤʝʩʝʡ, ʧʦʚʪʦʨʥʦʝ ʧʨʠʤʝʥʝʥʠʝ 
ʦʯʠʱʝʥʥʳʭ ʚʦʜ ʚ ʪʝʭʥʦʣʦʛʠʷʭ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʤʠ-
ʥʠʤʘʣʴʥʳʝ ʚʳʙʨʦʩʳ ʚ ʧʨʠʨʦʜʥʳʝ ʚʦʜʦʝʤʳ. 
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TECHNOLOGICAL FEATURES OF WASTEWATER TREATMENT OF OIL REFINERIES  
 

ɸʥʥʦʪʘʮʠʷ:  
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʠ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʧʨʝʜ-

ʧʨʠʷʪʠʡ. ʀʟʫʯʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʭʘʥʠʯʝʩʢʦʡ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ. ʇʨʝʜʩʪʘʚʣʝʥʳ 
ʩʭʝʤʳ ʧʝʩʢʦʣʦʚʢʠ ʠ ʥʝʬʪʝʣʦʚʫʰʢʠ. ʉʜʝʣʘʥ ʚʳʚʦʜ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ. 

 Abstract:  
This article focuses on the technology of wastewater treatment of oil refineries. The features of mechanical, phys-

icochemical and biological purification are studied. Schemes of sand trap and oil trap are presented. The conclusion is 
about the effectiveness of wastewater treatment. 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʯʠʩʪʢʘ, ʙʠʦʭʠʤʠʯʝʩʢʘʷ ʦʯʠʩʪʢʘ, ʥʝʬʪʝʣʦʚʫʰʢʘ, ʧʝʩʢʦʣʦʚʢʘ, ʬʣʦʪʘʮʠʷ, 

ʨʘʩʪʚʦʨ, ʩʪʦʯʥʳʝ ʚʦʜʳ. 
Keywords: mechanical cleaning, biochemical cleaning, oil trap, sand trap, flotation, solution, wastewater. 
 
 ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʨʦʜʥʳʝ ʩʠʩʪʝʤʳ ʥʝ ʩʧʦ-

ʩʦʙʥʳ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʧʨʦʷʚʣʷʪʴ ʩʚʦʠ ʟʘʱʠʪʥʳʝ ʩʚʦʡ-
ʩʪʚʘ, ʘ ʚʣʠʷʥʠʝ ʯʝʣʦʚʝʢʘ ʥʘ ʙʠʦʩʬʝʨʫ ʚʦʟʨʘʩʪʘʝʪ, ʚ 
ʩʚʷʟʠ ʩ ʯʝʤ ʥʘʙʣʶʜʘʝʪʩʷ ʠʩʪʦʱʝʥʠʝ ʠ ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʜ, 
ʢʘʢ ʧʦʚʝʨʭʥʦʩʪʥʳʭ, ʪʘʢ ʠ ʧʦʜʟʝʤʥʳʭ. ɺ ʚʦʜʦʝʤʳ ʧʦ-
ʩʪʫʧʘʶʪ ʚʨʝʜʥʳʝ ʚʝʱʝʩʪʚʘ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʦʥʠ ʪʝ-
ʨʷʶʪ ʩʚʦʠ ʬʫʥʢʮʠʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. ʇʨʠ 
ʵʪʦʤ ʚʩʝ ʙʦʣʝʝ ʟʥʘʯʠʤʳʤ ʩʪʘʥʦʚʠʪʩʷ ʢʦʥʪʨʦʣʴ ʢʘʯʝ-
ʩʪʚʘ ʚʦʜʳ ʚ ʩʠʩʪʝʤʘʭ ʚʦʜʦʩʥʘʙʞʝʥʠʷ [1]. ɼʣʷ ʦʙʝʩʧʝ-
ʯʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʢʘʯʝʩʪʚʘ ʚʦʜʘ ʧʦʜʚʝʨʛʘʝʪʩʷ ʩʦʦʪʚʝʪ-
ʩʪʚʫʶʱʝʡ ʦʯʠʩʪʢʝ. 

 ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʛʨʷʟʥʝʥʠʡ ʧʦ ʧʨʠʥʮʠʧʫ ʜʝʡ-
ʩʪʚʠʷ ʚʳʜʝʣʷʶ ʤʝʭʘʥʠʯʝʩʢʠʝ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ 
ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʯʠʩʪʢʠ [5].  

 ʄʝʭʘʥʠʯʝʩʢʘʷ ʦʯʠʩʪʢʘ ʷʚʣʷʝʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴ-
ʥʳʤ ʵʪʘʧʦʤ ʦʯʠʩʪʢʠ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʦʪʜʝʣʷʶʪʩʷ 
ʢʨʫʧʥʳʝ ʧʨʠʤʝʩʠ ʠ ʚʟʚʝʩʠ ʠ ʥʝʢʦʪʦʨʘʷ ʯʘʩʪʴ ʥʝʬʪʝ-
ʧʨʦʜʫʢʪʦʚ. ʉʨʝʜʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ 
ʥʘʰʣʠ ʧʝʩʢʦʣʦʚʢʠ, ʦʪʩʪʦʡʥʠʢʠ, ʥʝʬʪʝʣʦʚʫʰʢʠ, ʤʝʭʘ-
ʥʠʯʝʩʢʠʝ ʬʠʣʴʪʨʳ. ʉʭʝʤʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʝʩʢʦʣʦʚʢʠ 
ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 
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ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʝʩʢʦʣʦʚʢʠ 

1 ï ʨʝʰʝʪʢʘ; 2 ï ʰʠʙʝʨ; 3 ï ʛʠʜʨʦʵʣʝʚʘʪʦʨ; 4 ï ʧʫʣʴʧʦʧʨʦʚʦʜ; 5 ï ʥʘʧʦʨʥʳʡ ʪʨʫʙʦʧʨʦʚʦʜ 
 
ʅʝʬʪʝʣʦʚʫʰʢʠ ʧʨʝʜʥʘʟʥʘʯʘʶʪʩʷ ʜʣʷ ʙʦʣʝʝ ʛʣʫ-

ʙʦʢʦʡ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʛʦ 
ʟʘʚʦʜʘ ʦʪ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʠ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʚʟʚʝ-

ʩʝʡ. ʉʪʝʧʝʥʴ ʦʯʠʩʪʢʠ ʩʪʦʢʦʚ ʦʪ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʟʘʚʠ-
ʩʠʪ ʦʪ ʦʙʲʝʤʘ ʩʪʦʯʥʳʭ ʚʦʜ, ʧʦʩʪʫʧʘʶʱʠʭ ʥʘ ʦʯʠʩʪʢʫ, 
ʘ ʪʘʢʞʝ ʦʪ ʜʠʩʧʝʨʩʥʦʛʦ ʩʦʩʪʘʚʘ ʩʦʜʝʨʞʘʱʠʭʩʷ ʥʝʬʪʝ-
ʧʨʦʜʫʢʪʦʚ.  

 
ʈʠʩʫʥʦʢ 2. ʉʭʝʤʘ ʥʝʬʪʝʣʦʚʫʰʢʠ 

 
ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʘʷ ʦʯʠʩʪʢʘ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢ-

ʪʠʚʥʘ ʧʨʠ ʦʯʠʩʪʢʝ ʩʪʦʯʥʳʭ ʚʦʜ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘ-
ʥʠʝʤ ʧʨʠʤʝʩʝʡ ʚ ʨʘʩʪʚʦʨʝʥʥʦʡ ʠʣʠ ʢʦʣʣʦʠʜʥʦʡ 
ʬʦʨʤʝ. ʐʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʤʝʪʦʜʳ ʢʦʘʛʫ-
ʣʷʮʠʠ, ʬʣʦʢʫʣʷʮʠʠ, ʬʣʦʪʘʮʠʠ. ʇʨʦʮʝʩʩ ʢʦʘʛʫʣʷʮʠʠ 
ʦʩʥʦʚʘʥ ʥʘ ʫʢʨʫʧʥʝʥʠʠ ʠ ʘʛʨʝʛʠʨʦʚʘʥʠʠ ʤʝʣʢʦʜʠʩ-
ʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʝʘʛʝʥʪʘ ï ʢʦʘʛʫʣʷʥʪʘ. 
ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʚ ʢʘʯʝʩʪʚʝ ʢʦʘʛʫʣʷʥʪʘ ʠʩʧʦʣʴ-
ʟʫʶʪ ʩʫʣʴʬʘʪ ʘʣʶʤʠʥʠʷ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʫʜʘʣʝʥʠʷ 
ʧʨʠʤʝʩʝʡ ʢʦʘʛʫʣʷʮʠʝʡ ʤʘʢʩʠʤʘʣʴʥʘ ʜʣʷ ʯʘʩʪʠʮ ʨʘʟʤʝ-
ʨʘʤʠ 1-100 ʤʢʤ. ʇʨʦʮʝʩʩ ʬʣʦʢʫʣʷʮʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ 
ʩʦʙʦʡ ʘʛʨʝʛʘʮʠʶ ʚʟʚʝʰʝʥʥʳʭ ʧʨʠʤʝʩʝʡ, ʢʘʢ ʚ ʨʝʟʫʣʴ-
ʪʘʪʝ çʩʣʠʧʘʥʠʷè, ʪʘʢ ʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʯʘʩʪʠʮ ʨʝʘ-
ʛʝʥʪʘ - ʬʣʦʢʫʣʷʥʪʘ. ʌʣʦʢʫʣʷʥʪ ʚʳʟʳʚʘʝʪ ʠʥʪʝʥʩʠʚʥʦʝ 
ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʦʩʘʞʜʝʥʠʝ ʭʣʦʧʴʝʚ ʛʠʜ-
ʨʦʢʩʠʜʦʚ ʘʣʶʤʠʥʠʷ. ɼʦʙʘʚʣʝʥʠʝ ʬʣʦʢʫʣʷʥʪʘ ʧʦʟʚʦ-
ʣʷʝʪ ʩʥʠʟʠʪʴ ʜʦʟʫ ʦʩʥʦʚʥʦʛʦ ʢʦʘʛʫʣʷʥʪʘ, ʫʚʝʣʠʯʠʪʴ 
ʩʢʦʨʦʩʪʴ ʠ ʫʤʝʥʴʰʠʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ 
ʦʩʘʞʜʝʥʠʷ ʭʣʦʧʴʝʚ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚ ʥʘʩʪʦʷʱʝʝ 
ʚʨʝʤʷ ʥʘ ʅʇɿ ʧʨʠʤʝʥʷʶʪ ʬʣʦʪʘʮʠʶ, ʚ ʨʝʟʫʣʴʪʘʪʝ 
ʢʦʪʦʨʦʡ ʦʙʨʘʟʫʶʪʩʷ ʧʫʟʳʨʴʢʠ ʩ ʚʦʟʜʫʭʦʤ ʠ 
ʩʢʘʧʣʠʚʘʶʪʩʷ ʚ ʚʠʜʝ ʧʝʥʳ, ʢʦʪʦʨʘʷ ʚ ʧʦʩʣʝʜʩʪʚʠʠ 
ʫʜʘʣʷʝʪʩʷ [2]. 

 ʆʜʥʘʢʦ ʬʠʟʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʥʝ 
ʩʧʦʩʦʙʥʳ ʧʦʣʥʦʩʪʴʶ ʫʩʪʨʘʥʠʪʴ ʚʩʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʧʨʠ-
ʤʝʩʠ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʤʝ-
ʪʦʜ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, 
ʧʠʪʘʶʱʠʭʩʷ ʦʨʛʘʥʠʢʦʡ ʩʪʦʯʥʳʭ ʚʦʜ, ʦʨʛʘʥʠʯʝʩʢʠʝ 
ʩʦʝʜʠʥʝʥʠʷ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʙʝʟʦʧʘʩʥʳʝ ʧʨʦʜʫʢʪʳ 
ʦʢʠʩʣʝʥʠʷ. ʆʜʥʘʢʦ ʩʪʝʧʝʥʴ ʦʯʠʩʪʢʠ ʜʦʩʪʘʪʦʯʥʦ ʥʝʚʳ-
ʩʦʢʘ, ʚʩʝʛʦ ʣʠʰʴ 70-80%. ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʦʯʠʩʪʢʘ 
ʦʙʳʯʥʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʘʵʨʦʪʝʥʢʘʭ. ʂʦʤʧʣʝʢʩ ʙʠʦ-
ʣʦʛʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʚʪʦʨʠʯʥʳʡ ʦʪ-
ʩʪʦʡʥʠʢ, ʛʜʝ ʦʪʜʝʣʷʝʪʩʷ ʘʢʪʠʚʥʳʡ ʠʣ, ʢʦʪʦʨʳʡ ʚʧʦ-
ʩʣʝʜʩʪʚʠʠ ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʘʵʨʦʪʝʥʢ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ [4].  

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ ʵʬ-
ʬʝʢʪʠʚʥʳʝ ʩʧʦʩʦʙʳ ʦʯʠʩʪʢʠ ʦʪ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ: ʧʨʠ-
ʤʝʥʝʥʠʝ ʧʝʩʢʦʣʦʚʦʢ, ʦʪʩʪʦʡʥʠʢʦʚ ʠ ʥʝʬʪʝʣʦʚʫʰʝʢ, 
ʬʣʦʪʘʮʠʶ, ʩʦʨʙʮʠʶ ʠ ʬʠʣʴʪʨʦʚʘʥʠʝ. ɼʘʥʥʳʝ ʤʝʪʦʜʳ 
ʩʧʦʩʦʙʥʳ ʦʙʝʩʧʝʯʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʯʠʩʪʢʠ ʜʦ 99%. 
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A SURVEY OF INTELLECTUAL DIALOGUE SYSTEMS WITH NATURAL LANGUAGE INTERFACE  
 

ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʚʩʸ ʙʦʣʴʰʝ ʠ ʙʦʣʴʰʝ ʧʨʦʮʝʩʩʦʚ ʧʦʜʚʝʨʛʘʝʪʩʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʠʘʣʦ-

ʛʦʚʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ, ʧʦʪʦʤʫ ʢʘʢ ʧʦʚʳʰʘʝʪ ʫʜʦʙʩʪʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʢʦʤʧʴʶʪʝʨʦʤ, ʧʦʟʚʦ-
ʣʷʝʪ ʩʦʢʨʘʱʘʪʴ ʬʠʥʘʥʩʦʚʳʝ ʠ ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʟʘʜʘʯ ʚʦ ʤʥʦʞʝʩʪʚʝ ʩʬʝʨ ʜʝʷʪʝʣʴʥʦʩʪʠ. 
ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʜʠʘʣʦʛʦʚʳʭ ʩʠʩʪʝʤ, ʪʨʝʙʦʚʘʥʠʷ ʢ ʥʠʤ, 
ʧʨʠʚʝʜʝʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ. 

Abstract 
Nowadays thereôs tendency to automation of processes. Usage of dialogue systems is urgent because if increases 

human-computer interaction, allows to reduce financial and time costs while performing tasks in a big amount of human 
activity work. Main working principles, requirements for intellectual dialogue systems and tendencies of their develop-
ment are reviewed. 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʜʠʘʣʦʛʦʚʘʷ ʩʠʩʪʝʤʘ, ʦʙʨʘʙʦʪʢʘ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ, ʯʝʣʦʚʝʢʦ-ʤʘ-

ʰʠʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ. 
Key words: intellectual dialogue system, natural language processing, human-computer interaction, automation. 
 
ʉʦʚʨʝʤʝʥʥʦʝ ʦʙʱʝʩʪʚʦ ʠʩʧʳʪʳʚʘʝʪ ʫʩʠʣʠʚʘʶ-

ʱʫʶʩʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠ-
ʯʝʩʪʚʘ ʧʨʦʮʝʩʩʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʯʝʣʦʚʝʯʝʩʢʦʡ 
ʜʝʷʪʝʣʴʥʦʩʪʠ: ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʝ, 
ʪʨʘʥʩʧʦʨʪʥʘʷ ʩʠʩʪʝʤʘ, ʦʙʨʘʟʦʚʘʥʠʝ, ʧʦʚʩʝʜʥʝʚʥʘʷ 
ʞʠʟʥʴ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ. ʇʨʠʤʝʥʝʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦ-
ʚʘʥʥʳʭ ʩʠʩʪʝʤ ʧʨʠʚʦʜʠʪ ʢ ʫʜʝʰʝʚʣʝʥʠʶ ʧʨʦʮʝʩʩʦʚ, ʘ 
ʪʘʢʞʝ ʠʭ ʫʩʢʦʨʝʥʠʶ ʠ ʧʦʚʳʰʝʥʠʶ ʫʜʦʙʩʪʚʘ [1, 2]. 

ɼʠʘʣʦʛʦʚʳʝ ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ 
ʫʜʦʙʥʳʭ ʩʧʦʩʦʙʦʚ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʯʝʣʦʚʝʢʦ-ʤʘʰʠʥ-
ʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʀʭ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, 
ʯʪʦ ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʯʝʣʦʚʝʢʫ ʦʩʫʱʝʩʪʚʣʷʪʴ ʚʟʘʠʤʦʜʝʡ-
ʩʪʚʠʝ ʠ ʧʦʣʫʯʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʧʨʠʚʳʯʥʳʤ ʠ ʫʜʦʙʥʳʤ 
ʜʣʷ ʥʝʛʦ ʦʙʨʘʟʦʤ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʠʘʣʦʛʦʚʳʝ 
ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʙʘʥʢʘʭ, ʚ ʩʬʝʨʝ ʦʙʩʣʫʞʠʚʘ-
ʥʠʷ ʧʨʠ ʦʬʦʨʤʣʝʥʠʠ ʟʘʢʘʟʘ. ʊʘʢʞʝ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦ-
ʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʘʶʪ ʛʦʣʦʩʦʚʳʝ ʧʦʤʦʱʥʠʢʠ ʚ ʤʦʙʠʣʴ-
ʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ. 

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʜʠʘʣʦʛʦʚʳʝ ʩʠʩʪʝʤʳ (ʀɼʉ) 
ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʩʠʩʪʝʤʳ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ ʠ 
ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʦʧʨʝʜʝʣʸʥʥʫʶ ʟʘʜʘʯʫ (ʥʘʧʨʠʤʝʨ, 

ʙʨʦʥʠʨʦʚʘʥʠʝ ʦʪʝʣʷ, ʧʦʠʩʢ ʠ ʟʘʢʘʟ ʪʦʚʘʨʘ). ʉʠʩʪʝʤʳ 
ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʟʘʠʤʦʜʝʡ-
ʩʪʚʠʝ, ʦʙʱʝʥʠʝ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʧʦ ʰʠʨʦʢʦʤʫ ʢʨʫʛʫ 
ʪʝʤ, ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʙʳʪʫ, ʜʣʷ ʨʘʟʚʣʝʯʝʥʠʷ. 
ʀɼʉ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʦʧʨʝʜʝʣʸʥʥʫʶ ʟʘʜʘʯʫ, 
ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʨʘʙʦʪʳ ʪʦʣʴʢʦ ʚ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʡ 
ʧʨʠʢʣʘʜʥʦʡ ʦʙʣʘʩʪʠ. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʘʢʠʭ ʀɼʉ ʥʝʦʙ-
ʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʩʧʝʮʠʬʠʢʫ ʦʙʣʘʩʪʠ. 

ʉʨʝʜʠ ʦʩʥʦʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʀɼʉ ʤʦʞʥʦ ʚʳʜʝ-
ʣʠʪʴ: 

ï ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʜʜʝʨʞʠʚʘʪʴ ʜʠʘʣʦʛ ʥʘ ʟʘʜʘʥʥʫʶ 
ʪʝʤʫ ʠ ʜʝʡʩʪʚʦʚʘʪʴ ʩʦʛʣʘʩʥʦ ʩʠʪʫʘʮʠʠ; 

ï ʩʧʦʩʦʙʥʦʩʪʴ ʫʯʠʪʳʚʘʪʴ ʚʝʩʴ ʢʦʥʪʝʢʩʪ ʜʠʘʣʦʛʘ; 
ï ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʩʘʤʦʦʙʫʯʝʥʠʶ; 
ï ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʘʚʠʣʴʥʦ ʨʘʩʧʦʟʥʘʚʘʪʴ ʨʝʯʴ ʯʝʣʦ-

ʚʝʢʘ ʜʘʞʝ ʧʨʠ ʥʘʣʠʯʠʠ ʦʰʠʙʦʢ ʚ ʟʘʧʨʦʩʘʭ; 
ï ʩʧʦʩʦʙʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʪʴ ʧʦʥʷʪʥʳʡ ʠ ʘʜʝʢʚʘʪ-

ʥʳʡ ʦʪʚʝʪ ʥʘ ʝʩʪʝʩʪʚʝʥʥʦʤ ʷʟʳʢʝ. 
ɺ ʦʙʱʝʤ ʚʠʜʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʨʘʙʦʪʫ ʀɼʉ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʦʧʨʝʜʝʣʸʥʥʫʶ ʟʘʜʘʯʫ, ʩʣʝʜʫʶ-
ʱʠʤ ʦʙʨʘʟʦʤ (ʨʠʩʫʥʦʢ). 
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ʈʠʩʫʥʦʢ ï ʆʙʱʘʷ ʩʭʝʤʘ ʨʘʙʦʪʳ ʀɼʉ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʦʧʨʝʜʝʣʸʥʥʫʶ ʟʘʜʘʯʫ 

 
ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʧʨʝʜʚʘ-

ʨʠʪʝʣʴʥʦ ʦʙʨʘʙʦʪʘʥʥʳʡ ʪʝʢʩʪ ʠʣʠ ʨʝʯʴ ʯʝʣʦʚʝʢʘ, ʚ ʟʘ-
ʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʘʢʦʡ ʠʩʪʦʯʥʠʢ ʚʚʦʜʘ ʜʘʥʥʳʭ ʠʩ-
ʧʦʣʴʟʫʝʪʩʷ. 

ʇʝʨʚʳʡ ʵʪʘʧ ʨʘʙʦʪʳ ï ʦʙʨʘʙʦʪʢʘ ʝʩʪʝʩʪʚʝʥʥʦʛʦ 
ʷʟʳʢʘ. ɿʘʜʘʯʝʡ ʵʪʦʛʦ ʵʪʘʧʘ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʟʘ-

ʧʨʦʩʘ ʧʦʣʴʟʦʚʘʪʝʣʷ. ɼʣʷ ʵʪʦʛʦ ʤʦʞʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦ-
ʚʘʪʴ ʢʘʞʜʦʝ ʩʣʦʚʦ ʚ ʬʨʘʟʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʦʪʥʝʩʪʠ ʠʭ 
ʢ ʟʘʨʘʥʝʝ ʧʨʝʜʦʧʨʝʜʝʣʸʥʥʦʤʫ ʢʣʘʩʩʫ ï ʩʝʤʘʥʪʠʯʝʩʢʠʡ 
ʘʥʘʣʠʟ, ʟʘʧʦʣʥʝʥʠʝ ʩʣʦʪʦʚ. ɼʣʷ ʵʪʦʛʦ ʤʦʛʫʪ ʙʳʪʴ ʠʩ-
ʧʦʣʴʟʦʚʘʥʳ ʛʣʫʙʦʢʠʝ ʩʝʪʠ ʜʦʚʝʨʠʷ ʠʣʠ ʨʝʢʫʨʨʝʥʪʥʳʝ 
ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ. ʇʨʠʤʝʨ ʦʙʨʘʙʦʪʢʠ ʧʨʠʚʝʜʸʥ ʚ ʪʘʙ-
ʣʠʮʝ 1. 

 
ʊʘʙʣʠʮʘ 1 

ʆʙʨʘʙʦʪʢʘ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ 

ʌʨʘʟʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ʇʦʢʘʞʠ ʢʦʥʮʝʨʪʳ ʚ ʅʴ-ʁʁʦʨʢʝ ɿʘʚʪʨʘ 

ɺʥʫʪʨʝʥʥʝʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ O O O ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ ɼʘʪʘ 

ɿʘʧʨʦʩ ɸʬʠʰʘ, ʅʴʶ-ʁʦʨʢ, ʜʘʪʘ 

ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʬʨʘʟʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ, ʤʦʞʥʦ 
ʦʧʨʝʜʝʣʠʪʴ ʟʘʧʨʦʩ ʧʦʣʴʟʦʚʘʪʝʣʷ. ɼʣʷ ʵʪʦʛʦ ʤʦʛʫʪ 
ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʤʝʪʦʜʳ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ, ʢ ʧʨʠ-
ʤʝʨʫ ʩʚʸʨʪʦʯʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ [4]. 

ɺʪʦʨʦʡ ʵʪʘʧ ʨʘʙʦʪʳ ʜʠʘʣʦʛʦʚʦʡ ʩʠʩʪʝʤʳ ï 
ʦʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʜʠʘʣʦʛʘ. ʉʦʩʪʦʷʥʠʝʤ ʜʠʘʣʦʛʘ ʥʘʟʦ-

ʚʸʤ ʩʣʝʜʫʶʱʫʶ ʩʦʚʦʢʫʧʥʦʩʪʴ ʜʘʥʥʳʭ: ʧʘʨʘʤʝʪʨʳ ʠʩ-
ʢʦʤʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʤʝʪʦʜ ʧʦʠʩʢʘ (ʧʦ ʥʘʟʚʘʥʠʶ, ʧʦ 
ʦʛʨʘʥʠʯʝʥʠʷʤ, ʧʦ ʩʭʦʞʝʩʪʠ, ʦʢʦʥʯʠʪʴ ʜʠʘʣʦʛ) ʠ ʠʩʢʦ-
ʤʳʡ ʪʠʧ ʠʥʬʦʨʤʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳ-
ʚʘʪʴ ʢʦʥʪʝʢʩʪ ʜʠʘʣʦʛʘ, ʪʘʢ ʢʘʢ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʘ-
ʚʠʣʴʥʦ ʦʧʨʝʜʝʣʷʪʴ ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʜʠʘʣʦʛʘ. ɺ ʪʘʙ-
ʣʠʮʝ 2 ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʜʠʘʣʦʛʘ ʠ ʩʦʩʪʦʷʥʠʷ ʜʠʘʣʦʛʘ. 

ʊʘʙʣʠʮʘ 2 
ʉʦʩʪʦʷʥʠʷ ʜʠʘʣʦʛʘ 

ʌʨʘʟʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ʄʥʝ ʥʫʞʝʥ ʘʜʨʝʩ ʜʦʨʦʛʦʛʦ ʠʪʘʣʴʷʥʩʢʦʛʦ ʨʝʩʪʦʨʘʥʘ 

ʇʘʨʘʤʝʪʨʳ ʝʜʘ=ʠʪʘʣʴʷʥʩʢʘʷ, ʮʝʥʘ=ʜʦʨʦʛʦ 

ʄʝʪʦʜ ʇʦ ʦʛʨʘʥʠʯʝʥʠʷʤ 

ʊʠʧ ʠʥʬʦʨʤʘʮʠʠ ɸʜʨʝʩ 

ʉʦʩʪʦʷʥʠʝ ʜʠʘʣʦʛʘ ʦʙʥʦʚʣʷʝʪʩʷ ʧʦʩʣʝ ʢʘʞʜʦʡ 
ʬʨʘʟʳ ʧʦʣʴʟʦʚʘʪʝʣʷ. ɼʣʷ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʜʠʘʣʦʛʘ 
ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʙʘʟʫ ʟʘʨʘʥʝʝ ʟʘʧʠʩʘʥʥʳʭ ʪʠʧʦʚ ʧʘ-
ʨʘʤʝʪʨʦʚ ʠ ʠʭ ʟʥʘʯʝʥʠʡ. ʅʘʧʨʠʤʝʨ: ʝʜʘ=ʠʪʘʣʴʷʥʩʢʘʷ, 
ʘʬʠʰʘ=ʢʦʥʮʝʨʪʳ, ʪʨʘʥʩʧʦʨʪ=ʘʚʪʦʙʫʩʳ. 

ʇʦ ʦʧʨʝʜʝʣʝʥʠʶ ʩʦʩʪʦʷʥʠʷ ʜʠʘʣʦʛʘ ʧʨʦʭʦʜʷʪ ʩʦ-
ʨʝʚʥʦʚʘʥʠʷ ï Dialog State Tracking Challenge [5]. 
ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʫʶ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʘʚʠʣʴʥʦʛʦ ʦʧʨʝʜʝ-
ʣʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʜʠʘʣʦʛʘ ʧʦʢʘʟʳʚʘʝʪ ʤʝʪʦʜ, ʠʩʧʦʣʴʟʫ-
ʶʱʠʡ ʩʚʸʨʪʦʯʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ: Neural Belief 
Tracker. 

ʊʨʝʪʴʠʤ ʵʪʘʧʦʤ ʨʘʙʦʪʳ ʜʠʘʣʦʛʦʚʦʡ ʩʠʩʪʝʤʳ ʷʚ-
ʣʷʝʪʩʷ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʷ ʦ ʜʘʣʴʥʝʡʰʝʤ ʜʝʡʩʪʚʠʠ. 
ɺʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʥʘ ʵʪʦʤ ʵʪʘʧʝ ʷʚʣʷʝʪʩʷ ʪʝʢʫʱʝʝ 
ʩʦʩʪʦʷʥʠʝ ʜʠʘʣʦʛʘ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʥʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʚʳ-
ʙʦʨ ʜʝʡʩʪʚʠʷ. ʄʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʞʸʩʪʢʦ ʟʘʧʨʦ-
ʛʨʘʤʤʠʨʦʚʘʥʥʳʝ ʧʨʘʚʠʣʘ ʚʳʙʦʨʘ ʜʝʡʩʪʚʠʷ, ʦʜʥʘʢʦ 
ʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʚʳʛʣʷʜʠʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦ-
ʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʘ ʠʤʝʥʥʦ ï ʦʙʫʯʝʥʠʝ ʩ ʫʯʠ-
ʪʝʣʝʤ ʠ ʦʙʫʯʝʥʠʝ ʩ ʧʦʜʢʨʝʧʣʝʥʠʝʤ. 

ʅʘ ʯʝʪʚʸʨʪʦʤ ʵʪʘʧʝ ʧʨʦʠʩʭʦʜʠʪ ʛʝʥʝʨʘʮʠʷ ʦʪʚʝʪʘ 
ʧʦʣʴʟʦʚʘʪʝʣʶ ʥʘ ʝʩʪʝʩʪʚʝʥʥʦʤ ʷʟʳʢʝ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ 
ʚʳʧʦʣʥʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʧʦʢʘʟʘʣʠ ʧʦʜʭʦʜʳ, ʦʩʥʦʚʘʥ-
ʥʳʝ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʨʝʢʫʨʨʝʥʪʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ . 

ʈʘʩʩʤʦʪʨʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩʭʝʤʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘ-
ʥʠʷ ʀɼʉ ʦʙʣʘʜʘʝʪ ʦʛʨʘʥʠʯʝʥʠʝʤ: ʚ ʥʝʡ ʚʩʝ ʧʨʦʮʝʩʩʳ 
ʥʝʟʘʚʠʩʠʤʳ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ ʥʘ ʦʜʥʦʤ 
ʵʪʘʧʝ ʟʘʚʠʩʷʪ ʦʪ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ ʧʨʝʜʳʜʫʱʝʛʦ. ʇʦ-
ʵʪʦʤʫ, ʝʩʣʠ ʩʠʩʪʝʤʘ ʧʝʨʝʦʙʫʯʘʝʪʩʷ ʥʘ ʜʨʫʛʠʭ ʜʘʥʥʳʭ 
ʠʣʠ ʧʨʠ ʘʜʘʧʪʘʮʠʠ ʩʠʩʪʝʤʳ ʢ ʨʘʙʦʪʝ ʚ ʜʨʫʛʠʭ ʫʩʣʦ-
ʚʠʷʭ, ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʦʙʫʯʘʪʴ ʚʩʝ ʤʦʜʫʣʠ ʧʦ-ʦʪʜʝʣʴ-
ʥʦʩʪʠ. ʕʪʦ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʫʩʠʣʠʡ ʩʦ ʩʪʦʨʦʥʳ ʯʝʣʦ-
ʚʝʢʘ. ʉ ʨʘʟʚʠʪʠʝʤ ʥʝʡʨʦʩʝʪʝʚʳʭ ʤʦʜʝʣʝʡ, ʚ ʧʦʩʣʝʜʥʠʝ 
ʛʦʜʳ ʙʳʣʦ ʧʨʝʜʧʨʠʥʷʪʦ ʤʥʦʛʦ ʧʦʧʳʪʦʢ ʧʦ ʨʘʟʨʘʙʦʪʢʝ 
ʀɼʉ ʧʦʣʥʦʛʦ ʮʠʢʣʘ (end-to-end). ɺ ʥʠʭ ʚʩʝ ʦʧʠʩʘʥʥʳʝ 
ʚʳʰʝ ʵʪʘʧʳ ʦʙʲʝʜʠʥʝʥʳ ʚ ʦʜʥʦʡ ʥʝʡʨʦʩʝʪʝʚʦʡ ʤʦ-
ʜʝʣʠ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʙʠʙʣʠʦʪʝʢ 
ʜʣʷ ʥʘʧʠʩʘʥʠʷ ʜʠʘʣʦʛʦʚʳʭ ʩʠʩʪʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʠʥʪʝʨʬʝʡʩʘ ʥʘ ʝʩʪʝʩʪʚʝʥʥʦʤ ʷʟʳʢʝ, ʚʝʜʸʪʩʷ ʨʘʙʦʪʘ ʥʘʜ 
ʠʭ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ. ʄʌʊʀ ʨʘʟʨʘʙʘʪʳʚʘʝʪ Deep-
Pavlov ï ʙʠʙʣʠʦʪʝʢʫ ʜʣʷ ʜʠʘʣʦʛʦʚʦʛʦ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 
ʠʥʪʝʣʣʝʢʪʘ. ʂʦʤʧʘʥʠʷ Intel ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʙʠʙʣʠʦʪʝʢʫ 
NLP Architect. ʊʘʢʞʝ ʩʫʱʝʩʪʚʫʶʪ ʬʨʝʡʤʚʦʨʢʠ Alex, 
IrisTK. 

ʀʪʘʢ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʜʭʦʜʳ ʩ ʠʩʧʦʣʴʟʦʚʘ-
ʥʠʝʤ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ ʩʪʘʣʠ ʦʩʥʦʚʥʳʤʠ ʚ ʩʬʝʨʝ 
ʧʦʩʪʨʦʝʥʠʷ ʜʠʘʣʦʛʦʚʳʭ ʩʠʩʪʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
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ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ. ʊʘʢʠʝ ʧʦʜʭʦʜʳ ʧʦʟʚʦʣʷʶʪ ʨʘʟʨʘ-
ʙʘʪʳʚʘʪʴ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʠ 
ʨʘʟʤʳʚʘʶʪ ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʀɼʉ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ ʠ 
ʀɼʉ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ ʥʘ ʨʝʰʝʥʠʝ ʢʦʥʢʨʝʪʥʦʡ ʟʘ-
ʜʘʯʠ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʧʦʜʭʦʜʳ ʢ ʨʘʟʨʘʙʦʪʢʝ ʀɼʉ ʝʱʸ 
ʪʨʝʙʫʶʪ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ. 
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Abstract 
Automatic speech recognition systems (CAPP) is an element of the speech processing process, the purpose of which 

is to provide a convenient dialogue between the user and the machine. In the broadest sense, we are talking about 
systems that perform phonemic decoding of a speech acoustic signal when pronouncing speech messages with a free 
style, an arbitrary speaker, without taking into account the problematic orientation and restrictions on the volume of the 
dictionary. In the narrow sense, CAPR facilitates the solution of particular problems, imposing some restrictions on the 
requirements for the recognition of natural-sounding speech in its classical sense. 

ɸʥʥʦʪʘʮʠʷ 
ʉʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʝʯʠ (ʉɸʈʈ) ð ʵʪʦ ʵʣʝʤʝʥʪ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʨʝʯʠ, ʥʘʟʥʘ-

ʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ð ʦʙʝʩʧʝʯʠʪʴ ʫʜʦʙʥʳʡ ʜʠʘʣʦʛ ʤʝʞʜʫ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʠ ʤʘʰʠʥʦʡ. ɺ ʰʠʨʦʢʦʤ ʧʦʥʠʤʘʥʠʠ ʨʝʯʴ 
ʠʜʝʪ ʦ ʩʠʩʪʝʤʘʭ, ʢʦʪʦʨʳʝ ʦʩʫʱʝʩʪʚʣʷʶʪ ʬʦʥʝʤʥʦʝ ʜʝʢʦʜʠʨʦʚʘʥʠʝ ʨʝʯʝʚʦʛʦ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʧʨʠ ʧʨʦ-
ʠʟʥʦʰʝʥʠʠ ʨʝʯʝʚʳʭ ʩʦʦʙʱʝʥʠʡ ʩʚʦʙʦʜʥʳʤ ʩʪʠʣʝʤ, ʧʨʦʠʟʚʦʣʴʥʳʤ ʜʠʢʪʦʨʦʤ, ʙʝʟ ʫʯʝʪʘ ʧʨʦʙʣʝʤʥʦʡ ʦʨʠʝʥʪʘʮʠʠ 
ʠ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʦʙʲʝʤ ʩʣʦʚʘʨʷ. ɺ ʫʟʢʦʤ ʩʤʳʩʣʝ ʉɸʈʈ ʦʙʣʝʛʯʘʶʪ ʨʝʰʝʥʠʝ ʯʘʩʪʥʳʭ ʟʘʜʘʯ, ʥʘʢʣʘʜʳʚʘʷ ʥʝʢʦ-
ʪʦʨʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʪʨʝʙʦʚʘʥʠʷ ʢ ʨʘʩʧʦʟʥʘʚʘʥʠʶ ʝʩʪʝʩʪʚʝʥʥʦ ʟʚʫʯʘʱʝʡ ʨʝʯʠ ʚ ʢʣʘʩʩʠʯʝʩʢʦʤ ʝʛʦ ʧʦʥʠʤʘʥʠʠ.  

 
Key words: speech recognition, voice control. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʩʧʦʟʥʦʚʘʥʠʝ ʨʝʯʠ, ʛʦʣʦʩʦʚʦʝ ʫʧʨʘʚʣʝʥʠʝ. 
 
ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʚʦʟʴʤʝʤ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʝ 

ʉɸʈʈ: 
1. Dragon Mobile SDK 
ʀʥʩʪʨʫʤʝʥʪʘʨʠʡ Dragon Mobile SDK ʩʦʩʪʦʠʪ ʠʟ 

ʢʦʤʧʦʥʝʥʪʦʚ ʢʣʠʝʥʪʘ ʠ ʩʝʨʚʝʨʘ, ʘ ʪʘʢʞʝ ʩʦʜʝʨʞʠʪ ʚ 
ʩʝʙʝ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʧʨʠʤʝʨʳ ʢʦʜʘ ʠ ʰʘʙʣʦʥʳ, ʜʦʢʫ-
ʤʝʥʪʘʮʠʶ ʠ ʬʨʝʡʤʚʦʨʢ, ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʶʱʠʡ 
ʠʥʪʝʛʨʘʮʠʶ ʩʝʨʚʠʩʦʚ ʚ ʧʨʠʣʦʞʝʥʠʷ. ʇʣʘʪʬʦʨʤʘ 
Speech Kit ʩʦʟʜʘʥʘ ʜʣʷ ʧʨʦʩʪʦʛʦ ʠ ʙʳʩʪʨʦʛʦ ʜʦʙʘʚʣʝ-
ʥʠʷ ʩʝʨʚʠʩʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠ ʩʠʥʪʝʟʘ ʨʝʯʠ ʚ ʧʨʦʝʢʪʳ 
ʠ ʧʨʠʣʦʞʝʥʠʷ. ʊʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʜʘʥʥʦʡ ʧʣʘʪʬʦʨʤʳ 
ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢ ʩʝʨʚʝʨʥʳʤ ʢʦʤʧʦʥʝʥʪʘʤ ʦʙ-
ʨʘʙʦʪʢʠ ʨʝʯʠ. ɺʩʝ ʵʪʦ ʤʠʥʠʤʠʟʠʨʫʝʪ ʧʦʪʨʝʙʣʷʝʤʳʝ 
ʨʝʩʫʨʩʳ ʠ ʨʘʩʭʦʜʳ. 

2. Google Speech Recognition Api  
Google Speech Recognition API ï ʧʨʦʜʫʢʪ ʢʦʤʧʘ-

ʥʠʠ Google, ʧʦʟʚʦʣʷʶʱʠʡ ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʦʣʦʩʦʚʦʡ ʧʦ-
ʠʩʢ ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʝʯʠ. ʕʪʘ 
ʪʝʭʥʦʣʦʛʠʷ ʠʥʪʝʛʨʠʨʦʚʘʥʘ ʚ ʩʤʘʨʪʬʦʥʳ ʠ ʢʦʤʧʴʶ-
ʪʝʨʳ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʚʦʜʘ ʛʦʣʦʩʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ.  

3. ɻʦʣʦʩʦʚʦʡ ʧʦʤʦʱʥʠʢ çɸʣʠʩʘè 
ɻʣʘʚʥʦʝ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ ɸʣʠʩʳ ð ʧʦʤʦʛʘʪʴ ʣʶ-

ʜʷʤ. ʆʥʘ ʧʦʩʦʚʝʪʫʝʪ ʤʝʩʪʘ ʧʦʙʣʠʟʦʩʪʠ ʠ ʦʙʲʷʩʥʠʪ, ʢʘʢ 
ʜʦ ʥʠʭ ʜʦʙʨʘʪʴʩʷ, ʨʘʩʩʢʘʞʝʪ ʧʦʩʣʝʜʥʠʝ ʥʦʚʦʩʪʠ, ʩʦʦʙ-
ʱʠʪ ʧʨʦʛʥʦʟ ʧʦʛʦʜʳ, ʚʢʣʶʯʠʪ ʧʦ ʚʘʰʝʡ ʧʨʦʩʴʙʝ ʤʫ-
ʟʳʢʫ ʠ ʥʘʡʜʸʪ ʣʶʙʫʶ ʠʥʬʦʨʤʘʮʠʶ ʚ ʠʥʪʝʨʥʝʪʝ. ɽʩʣʠ 

ʥʘ ʚʦʧʨʦʩ ʝʩʪʴ ʢʦʨʦʪʢʠʡ ʦʪʚʝʪ, ɸʣʠʩʘ ʝʛʦ ʦʟʚʫʯʠʪ, ʘ 
ʝʩʣʠ ʪʨʝʙʫʝʪʩʷ ʨʘʟʚʸʨʥʫʪʳʡ, ʧʦʢʘʞʝʪ ʨʝʟʫʣʴʪʘʪʳ ʧʦ-
ʠʩʢʘ. ɽʸ ʤʦʞʥʦ ʧʦʧʨʦʩʠʪʴ ʟʘʧʫʩʪʠʪʴ çɺʂʦʥʪʘʢʪʝè ʠʣʠ 
Instagram, ʠ ʦʥʘ ʚʳʧʦʣʥʠʪ ʧʨʦʩʴʙʫ. 

ɺ ʨʘʟʛʦʚʦʨʝ ʩ ɸʣʠʩʦʡ ʥʝ ʥʫʞʥʦ ʚʟʚʝʰʠʚʘʪʴ ʢʘʞ-
ʜʦʝ ʩʣʦʚʦ. ʆʥʘ ʫʤʝʝʪ ʫʯʠʪʳʚʘʪʴ ʢʦʥʪʝʢʩʪ ʙʝʩʝʜʳ ʠ 
ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʦʧʫʱʝʥʥʳʝ ʯʘʩʪʠ ʧʨʝʜʣʦʞʝʥʠʡ, ʢʘʢ 
ʵʪʦ ʜʝʣʘʶʪ ʣʶʜʠ. ʇʨʝʜʩʪʘʚʴʪʝ, ʥʘʧʨʠʤʝʨ, ʯʪʦ ʜʨʫʛ ʟʦ-
ʚʸʪ ʚʘʩ ʚʝʯʝʨʦʤ ʚ ʢʘʬʝ ð ʧʦʡʜʸʤ, ʷ ʥʘʰʸʣ ʢʣʘʩʩʥʦʝ 
ʟʘʚʝʜʝʥʠʝ ʩ ʛʨʫʟʠʥʩʢʦʡ ʢʫʭʥʝʡ. ɽʩʣʠ ʚʳ ʩʧʨʦʩʠʪʝ: çɸ 
ʢʘʢ ʪʫʜʘ ʜʦʙʨʘʪʴʩʷ?è ð ʜʨʫʛ ʧʦʡʤʸʪ, ʦ ʯʸʤ ʨʝʯʴ, ʭʦʪʷ 
ʢʘʬʝ ʚʳ ʥʝ ʫʧʦʤʠʥʘʣʠ. ʊʘʢ ʞʝ ʠ ɸʣʠʩʘ ð ʚ ʦʪʚʝʪ ʥʘ 
ʚʦʧʨʦʩ çɻʜʝ ʧʦʙʣʠʟʦʩʪʠ ʚʳʧʠʪʴ ʢʦʬʝ?è ʦʥʘ ʧʦʜʩʢʘʞʝʪ 
ʙʣʠʞʘʡʰʫʶ ʢʦʬʝʡʥʶ, ʠ ʝʩʣʠ ʚʳ ʫʪʦʯʥʠʪʝ çɸ ʝʱʸ?è 
ð ʧʦʜʢʠʥʝʪ ʜʨʫʛʠʝ ʚʘʨʠʘʥʪʳ. 

4 ɻʦʣʦʩʦʚʦʡ ʘʩʩʠʩʪʝʥʪ Siri  
Siri ï ʵʪʦ ʛʦʣʦʩʦʚʦʡ ʧʦʤʦʱʥʠʢ, ʢʦʪʦʨʳʡ ʧʝʨʚʳʤ 

ʩʪʘʣ ʧʦʜʜʝʨʞʠʚʘʪʴ ʨʫʩʩʢʠʡ ʷʟʳʢ, ʠ ʪʦʣʴʢʦ ʧʦʪʦʤ ʧʦ-
ʷʚʠʣʘʩʴ ʦʪʝʯʝʩʪʚʝʥʥʘʷ ɸʣʠʩʘ ʦʪ ʗʥʜʝʢʩʘ, ʚʳʰʝʜʰʘʷ ʚ 
ʢʦʥʮʝ 2017 ʛʦʜʘ, ʘ ʝʱʝ ʧʦʟʞʝ ʣʝʪʦʤ 2018 ʥʘ ʨʫʩʩʢʦʤ 
ʟʘʛʦʚʦʨʠʣ Google Assistant. ʉʠʨʠ ʜʦʚʦʣʴʥʦ ʭʦʨʦʰʦ 
ʨʘʩʧʦʟʥʘʝʪ ʨʫʩʩʢʫʶ ʨʝʯʴ, ʜʘʞʝ ʝʩʣʠ ʨʷʜʦʤ ʠʛʨʘʝʪ ʤʫ-
ʟʳʢʘ ʠʣʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦʩʪʦʨʦʥʥʠʝ ʰʫʤʳ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʩʠʩʪʝʤ ʨʘʟʨʘʙʦʪʘʥʘ 
ʩʣʝʜʫʶʱʘʷ ʤʝʪʦʜʠʢʘ ʘʥʘʣʠʟʘ: 

1. ɺʳʙʠʨʘʝʤ ʪʝʢʩʪ (ʩʤ. ʇʨʠʣʦʞʝʥʠʝ 1). 
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2. ʈʘʟʙʠʚʘʝʤ ʚʳʙʨʘʥʥʳʡ ʪʝʢʩʪ ʥʘ ʬʨʘʟʳ (ʜʣʷ 

ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʥʝʩʢʦʣʴʢʦ 
ʵʢʩʧʝʨʠʤʝʥʪʦʚ). 

3. ʂʘʞʜʦʡ ʉʈʈ ʜʠʢʪʫʝʤ ʢʘʞʜʫʶ ʬʨʘʟʫ. 
4. ɼʣʷ ʢʘʞʜʦʡ ʬʨʘʟʳ ʩʯʠʪʘʝʤ ʧʨʦʮʝʥʪ ʨʘʩʧʦ-

ʟʥʘʚʘʥʠʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

Ὧʨʘʩʧ  
ʨʘʩʧ

ʦʙʱ
ρππϷ, ʛʜʝ 

Ὧ̑ ́̒̐ ï ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʧʦʟʥʘʚʘʥʠʷ, 

ὲ̑ ́̒̐ ï ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʧʦʟʥʘʥʥʳʭ ʩʣʦʚ, 
ὲ̏ ̂ ̚ï ʢʦʣʠʯʝʩʪʚʦ ʩʣʦʚ ʚʦ ʬʨʘʟʝ. 

5. ʆʪʤʝʯʘʝʤ ʩʣʦʚʘ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʥʝ ʨʘʩʧʦ-
ʟʥʘʥʳ ʉʈʈ. 

6. ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩʯʠ-
ʪʘʝʤ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʢʘʞʜʦʡ ʉʈʈ. 

7. ɸʥʘʣʠʟʠʨʫʝʤ ʥʝʨʘʩʧʦʟʥʘʥʥʳʝ ʩʣʦʚʘ. 
ʂʦʵʬʬʠʮʠʝʥʪʳ ʜʣʷ ʢʘʞʜʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʪʨʘ-

ʞʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 
ʊʘʙʣʠʮʘ 1  

ɸʥʘʣʠʟ ʉʈʈ 

ˉʧ/ʧ ʌʨʘʟʘ 
Dragon Mo-

bile SDK 
Google Speech 

Recognition Api 
ɻʇ 

çɸʣʠʩʘè 
ɻɸ çSiriè 

1 2 3 4 5 6 

1  
ʇʦʛʠʙ ʧʦʵʪ! ð ʥʝʚʦʣʴʥʠʢ ʯʝʩʪʠ ð 
ʇʘʣ, ʦʢʣʝʚʝʪʘʥʥʳʡ ʤʦʣʚʦʡ 

100 100 100 100 

2  
ʉ ʩʚʠʥʮʦʤ ʚ ʛʨʫʜʠ ʠ ʞʘʞʜʦʡ ʤʝʩʪʠ, ʇʦ-
ʥʠʢʥʫʚ ʛʦʨʜʦʡ ʛʦʣʦʚʦʡ!.. 

90 90 80 90 

3  
ʅʝ ʚʳʥʝʩʣʘ ʜʫʰʘ ʧʦʵʪʘ ʇʦʟʦʨʘ ʤʝʣʦʯ-
ʥʳʭ ʦʙʠʜ, 

100 100 100 100 

4  
ɺʦʩʩʪʘʣ ʦʥ ʧʨʦʪʠʚ ʤʥʝʥʠʡ ʩʚʝʪʘ  
ʆʜʠʥ, ʢʘʢ ʧʨʝʞʜʝ... ʠ ʫʙʠʪ! 

100 100 100 100 

5  
ʋʙʠʪ! ʂ ʯʝʤʫ ʪʝʧʝʨʴ ʨʳʜʘʥʴʷ ʇʫʩʪʳʭ 
ʧʦʭʚʘʣ ʥʝʥʫʞʥʳʡ ʭʦʨ 

100 100 100 100 

6  
ʀ ʞʘʣʢʠʡ ʣʝʧʝʪ ʦʧʨʘʚʜʘʥʴʷ? ʉʫʜʴʙʳ 
ʩʚʝʨʰʠʣʩʷ ʧʨʠʛʦʚʦʨ! 

100 100 100 100 

7  
ʅʝ ʚʳ ʣʴ ʩʧʝʨʚʘ ʪʘʢ ʟʣʦʙʥʦ ʛʥʘʣʠ ɽʛʦ 
ʩʚʦʙʦʜʥʳʡ, ʩʤʝʣʳʡ ʜʘʨ 

81,8 100 72,7 90,9 

8  
ʀ ʜʣʷ ʧʦʪʝʭʠ ʨʘʟʜʫʚʘʣʠ  
ʏʫʪʴ ʟʘʪʘʠʚʰʠʡʩʷ ʧʦʞʘʨ 

100 100 85,7 100 

9  
ʏʪʦ ʞ? ʚʝʩʝʣʠʪʝʩʴ... ð ʦʥ ʤʫʯʝʥʠʡ ʇʦ-
ʩʣʝʜʥʠʭ ʚʳʥʝʩʪʠ ʥʝ ʤʦʛ: 

100 100 100 100 

10  
ʋʛʘʩ, ʢʘʢ ʩʚʝʪʦʯ, ʜʠʚʥʳʡ ʛʝʥʠʡ, ʋʚʷʣ 
ʪʦʨʞʝʩʪʚʝʥʥʳʡ ʚʝʥʦʢ. 

100 100 100 100 

11  
ɽʛʦ ʫʙʠʡʮʘ ʭʣʘʜʥʦʢʨʦʚʥʦ ʅʘʚʝʣ ʫʜʘʨ... 
ʩʧʘʩʝʥʴʷ ʥʝʪ: 

100 100 100 100 

12  
ʇʫʩʪʦʝ ʩʝʨʜʮʝ ʙʴʝʪʩʷ ʨʦʚʥʦ. ɺ ʨʫʢʝ ʥʝ 
ʜʨʦʛʥʫʣ ʧʠʩʪʦʣʝʪ, 

100 100 100 100 

13  
ʀ ʯʪʦ ʟʘ ʜʠʚʦ?.. ʠʟʜʘʣʝʢʘ, ʇʦʜʦʙʥʳʡ 
ʩʦʪʥʷʤ ʙʝʛʣʝʮʦʚ, 

100 100 87,5 100 

14  
ʅʘ ʣʦʚʣʶ ʩʯʘʩʪʴʷ ʠ ʯʠʥʦʚ ɿʘʙʨʦʰʝʥ ʢ 
ʥʘʤ ʧʦ ʚʦʣʝ ʨʦʢʘ; 

100 100 100 100 

15  
ʉʤʝʷʩʴ, ʦʥ ʜʝʨʟʢʦ ʧʨʝʟʠʨʘʣ ɿʝʤʣʠ ʯʫ-
ʞʦʡ ʷʟʳʢ ʠ ʥʨʘʚʳ; 

100 100 100 100 

16  
ʅʝ ʤʦʛ ʱʘʜʠʪʴ ʦʥ ʥʘʰʝʡ ʩʣʘʚʳ; ʅʝ ʤʦʛ 
ʧʦʥʷʪʴ ʚ ʩʝʡ ʤʠʛ ʢʨʦʚʘʚʳʡ, 

100 76,9 100 69,2 

17  
ʅʘ ʯʪʦӢ ʦʥ ʨʫʢʫ ʧʦʜʥʠʤʘʣ!.. ʀ ʦʥ ʫʙʠʪ 
ð ʠ ʚʟʷʪ ʤʦʛʠʣʦʡ, 

100 100 100 100 

18  
ʂʘʢ ʪʦʪ ʧʝʚʝʮ, ʥʝʚʝʜʦʤʳʡ, ʥʦ ʤʠʣʳʡ, 
ɼʦʙʳʯʘ ʨʝʚʥʦʩʪʠ ʛʣʫʭʦʡ, 

100 88,9 100 100 

19  
ɺʦʩʧʝʪʳʡ ʠʤ ʩ ʪʘʢʦʶ ʯʫʜʥʦʡ ʩʠʣʦʡ, 
ʉʨʘʞʝʥʥʳʡ, ʢʘʢ ʠ ʦʥ, ʙʝʟʞʘʣʦʩʪʥʦʡ ʨʫ-
ʢʦʡ. 

91,7 58,3 83,3 66,7 

20  
ɿʘʯʝʤ ʦʪ ʤʠʨʥʳʭ ʥʝʛ ʠ ʜʨʫʞʙʳ ʧʨʦʩʪʦ-
ʜʫʰʥʦʡ ɺʩʪʫʧʠʣ ʦʥ ʚ ʵʪʦʪ ʩʚʝʪ, ʟʘʚʠʩʪ-
ʣʠʚʳʡ ʠ ʜʫʰʥʳʡ 

100 86,7 100 93,3 

21  
ɼʣʷ ʩʝʨʜʮʘ ʚʦʣʴʥʦʛʦ ʠ ʧʣʘʤʝʥʥʳʭ 
ʩʪʨʘʩʪʝʡ? ɿʘʯʝʤ ʦʥ ʨʫʢʫ ʜʘʣ ʢʣʝʚʝʪʥʠ-
ʢʘʤ ʥʠʯʪʦʞʥʳʤ, 

100 100 100 100 

22  
ɿʘʯʝʤ ʧʦʚʝʨʠʣ ʦʥ ʩʣʦʚʘʤ ʠ ʣʘʩʢʘʤ ʣʦʞ-
ʥʳʤ, ʆʥ, ʩ ʶʥʳʭ ʣʝʪ ʧʦʩʪʠʛʥʫʚʰʠʡ 
ʣʶʜʝʡ?.. 

100 84,6 100 100 

23  
ʊʦʛʜʘ ʥʘʧʨʘʩʥʦ ʚʳ ʧʨʠʙʝʛʥʝʪʝ ʢ ʟʣʦ-
ʩʣʦʚʴʶ: ʆʥʦ ʚʘʤ ʥʝ ʧʦʤʦʞʝʪ ʚʥʦʚʴ, 

100 81,8 81,8 100 

24  
ʀ ʚʳ ʥʝ ʩʤʦʝʪʝ ʚʩʝʡ ʚʘʰʝʡ ʯʝʨʥʦʡ ʢʨʦ-
ʚʴʶ ʇʦʵʪʘ ʧʨʘʚʝʜʥʫʶ ʢʨʦʚʴ! 

100 100 90,9 100 

ʀʪʦʛʦ: 98,5 94,5 95 96,2 
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ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʤʳ ʚʠʜʠʤ, 

ʯʪʦ ʥʠ ʦʜʥʘ ʠʟ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 
ʨʝʯʠ ʥʝ ʨʘʩʧʦʟʥʘʝʪ ʨʫʩʩʢʫʶ ʨʝʯʴ ʥʘ 100%. ʉʘʤʳʝ ʨʘʩ-
ʧʨʦʩʪʨʘʥʝʥʥʳʝ ʦʰʠʙʢʠ ʢʘʞʜʦʡ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʠ-
ʩʪʝʤ:  

1. ʧʨʝʜʣʦʛ ʧʝʨʝʜ ʩʣʦʚʦʤ, ʥʘʯʠʥʘʶʱʠʤʩʷ ʩ ʩʦ-
ʛʣʘʩʥʦʡ ʙʫʢʚʳ, 

2. ʯʘʩʪʠʮʳ çʣʴè ʠ çʣʠè, 
3. ʩʦʟʚʫʯʥʳʝ ʩʣʦʚʘ (çʦʪʨʘʞʝʥʥʳʝè ʠ çʩʨʘʞʝʥ-

ʥʳʝè). 
ʉʘʤʦʡ çʙʝʟʦʰʠʙʦʯʥʦʡè ʩʠʩʪʝʤʦʡ ʦʢʘʟʘʣʘʩʴ 

ʧʣʘʪʬʦʨʤʘ Dragon Mobile SDK, ʧʦʢʘʟʘʚʰʘʷ ʪʘʢʞʝ 

ʦʜʠʥ ʠʟ ʣʫʯʰʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ ï 
99,9% (ʧʦ ʜʘʥʥʳʤ ʵʣʝʢʪʨʦʥʥʳʭ ʨʝʩʫʨʩʦʚ). 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 
1. ɻʆʉʊ 7.1ï2003. ɹʠʙʣʠʦʛʨaʬʠʯʝʩʢaʷ ʟaʧʠʩʴ. 

ɹʠʙʣʠʦʛʨaʬʠʯʝʩʢʦʝ ʦʧʠʩaʥʠʝ [ʊʝʢʩʪ]. ï ɺʚʝʜ. 
01.07.2004. ï ʄ. : ʉʪaʥʜaʨʪʠʥʬʦʨʤ, 2010. ï 49 ʩ.; 

2. ʇʨʦʭʦʨʦʚ ɸ. ʉʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩ-
ʧʦʟʥʘʚʘʥʠʷ ʨʝʯʠ. [ʵʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] URL: 
https://compress.ru/article.aspx?id=11331 (ʜʘʪʘ ʦʙʨʘʱʝ-
ʥʠʷ ï 15.12.2018). 

 

ɼʦʙʨʦʚʦʣʴʩʢʘʷ ʉʦʬʠʷ ʀʚʘʥʦʚʥʘ 
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 ʌɻɹʆʋɺʆ çʊʦʣʴʷʪʪʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
ʀʥʩʪʠʪʫʪ ʤʘʪʝʤʘʪʠʢʠ, ʬʠʟʠʢʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 
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DEVELOPMENT OF THE OPTIMIZED ARCHITECTURE OF THE SYSTEM OF CORPORATE 

DOCUMENT MANAGEMENT  
 

ɸʥʥʦʪʘʮʠʷ:  
ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʣʶʯʝʚʳʭ ʪʨʝʙʦʚʘʥʠʡ, ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʙʣʝʤ ʩʠ-

ʩʪʝʤ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ, ʘʥʘʣʠʟʘ ʨʳʥʢʘ ʚ ʮʝʣʦʤ ʠ ʢʦʥʢʨʝʪʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʡ ʧʨʝʜʣʦʞʝʥʦ ʘʨʭʠʪʝʢ-
ʪʫʨʥʫʶ ʤʦʜʝʣʴ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʦʙʨʘʱʘʝʪʩʷ ʥʘ 
ʤʦʜʫʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ ʠ ʛʣʘʚʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʫʟʣʳ ʘʨʭʠʪʝʢʪʫʨʳ. ʆʧʠʩʘʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 
ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʰʝʥʠʡ ʥʘʣʠʯʠʝʤ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ - ʘʥʘʣʠʟʘʪʦʨʘ ʠʩʧʦʣʥʝʥʠʷ ʜʦʢʫʤʝʥʪʦʚ, 
ʬʦʨʤʠʨʦʚʘʥʠʝ ʝʛʦ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʠ ʩʠʩʪʝʤʳ ʢʣʘʩʪʝʨʠʟʘʮʠʠ. 

Abstract:  
Based on the study of key requirements, characteristics, existing problems of document management systems, mar-

ket analysis in General and specific software solutions, an architectural model of the electronic corporate document 
management system is proposed. Special attention is paid to the modularity of the system and the main functional nodes 
of the architecture. The described architecture differs from the existing solutions by the presence of an intellectual 
component - the analyzer of execution of documents, the formation of its life cycle and the clustering system. 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʂʦʨʧʦʨʘʪʠʚʥʳʡ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʠʩʪʝʤʘ, ʵʣʝʢʪʨʦʥʥʳʡ ʜʦʢʫ-

ʤʝʥʪ, ʩʠʩʪʝʤʘ ʢʣʘʩʪʝʨʠʟʘʮʠʠ, ʘʥʘʣʠʟʘʪʦʨ ʚʳʧʦʣʥʝʥʠʷ. 
Keywords: Corporate document management, intelligent system, electronic document, clustering system, execution 

analyzer. 
 
ɺʚʝʜʝʥʠʝ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ - 

ʢʣʶʯʝʚʦʡ ʧʨʦʮʝʩʩ, ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ 
ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ 
ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 
ʜʦʢʫʤʝʥʪʦʚ, ʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʭʨʘʥʝʥʠʷ, ʧʦʚʳʰʝʥʠʷ 
ʩʢʦʨʦʩʪʠ, ʧʨʦʩʪʦʪʳ ʧʦʠʩʢʘ ʠ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ. 
ʆʩʥʦʚʥʳʤʠ ʮʝʣʷʤʠ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ ʜʦʢʫʤʝʥʪʦ-
ʦʙʦʨʦʪʘ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʧʨʦʟʨʘʯʥʦʩʪʠ, ʫʧʨʘʚʣʷʝ-
ʤʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʦʨʛʘʥʠʟʘʮʠʠ ʙʣʘʛʦ-
ʜʘʨʷ: ʫʥʠʬʠʢʘʮʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʧʨʘʚʠʣ ʨʘʙʦʪʳ ʩ 
ʜʦʢʫʤʝʥʪʘʤʠ, ʢʘʢ ʚ ʙʫʤʘʞʥʦʤ ʚʠʜʝ, ʪʘʢ ʠ ʩ ʧʦʤʦʱʴʶ 
ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʨʝʜʩʪʚ; ʧʦʚʳʰʝʥʠʷ ʩʢʦʨʦʩʪʠ 
ʦʙʨʘʙʦʪʢʠ ʙʫʤʘʞʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʠ ʜʘʣʴʥʝʡʰʝʛʦ 
ʫʤʝʥʴʰʝʥʠʷ ʜʦʣʠ ʙʫʤʘʞʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʙʣʘ-
ʛʦʜʘʨʷ ʧʨʠʤʝʥʝʥʠʶ ʪʝʭʥʦʣʦʛʠʡ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʨʘʩʧʦ-

ʟʥʘʚʘʥʠʷ ʠ ʤʝʭʘʥʠʟʤʦʚ ʵʣʝʢʪʨʦʥʥʦʡ ʮʠʬʨʦʚʦʡ ʧʦʜ-
ʧʠʩʠ; ʚʥʝʜʨʝʥʠʝ ʨʝʛʣʘʤʝʥʪʦʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʨʘ-
ʙʦʪʳ ʩ ʜʦʢʫʤʝʥʪʘʤʠ. 

ʉʠʩʪʝʤʘ ʜʦʣʞʥʘ ʦʭʚʘʪʳʚʘʪʴ ʚʩʝ ʵʪʘʧʳ ʞʠʟʥʝʥ-
ʥʦʛʦ ʮʠʢʣʘ ʜʦʢʫʤʝʥʪʦʚ - ʦʪ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʝʢʪʦʚ ʜʦ-
ʢʫʤʝʥʪʦʚ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʘʨʭʠʚʥʦʛʦ ʭʨʘʥʝʥʠʷ ʜʦʢʫʤʝʥ-
ʪʦʚ, ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʬʫʥʢʮʠʡ ʵʣʝʢʪʨʦʥʥʦʛʦ ʘʨʭʠʚʘ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʩʝ-
ʛʦʜʥʷ ʧʦʯʪʠ ʚʩʝ ʢʨʫʧʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʦʨʛʘʥʠʟʘʮʠʠ 
ʠʤʝʶʪ ʚʥʝʜʨʝʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʥ-
ʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ (ʉʕɼ). 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʉʕɼ ʚ ʢʦʨʧʦʨʘʪʠʚʥʦʤ ʩʝʢʪʦʨʝ 
ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʢʦʥʪʨʦʣʴ ʥʘʜ ʜʚʠʞʝʥʠʝʤ ʠ ʠʩ-
ʧʦʣʥʝʥʠʝʤ ʧʨʦʮʝʩʩʦʚ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦ-
ʨʦʪʘ, ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʩʪʠʪʴ ʠ ʫʩʢʦʨʠʪʴ ʜʦʩʪʫʧ ʢ ʠʥ-
ʬʦʨʤʘʮʠʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 
ʫʧʨʘʚʣʝʥʠʷ. ɺʘʞʥʦʩʪʴ ʠ ʛʣʦʙʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʉʕɼ 
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ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ, ʥʘ ʚʳʩʰʝʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ, 
ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʟʘʢʦʥʘ ʈʦʩʩʠʠ, ʦʧʠʩʳʚʘʶʱʝʤ ʦʩʥʦʚ-
ʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʘ ʠ ʨʝʛʫ-
ʣʠʨʫʶʱʠʤ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫ-
ʤʝʥʪʦʦʙʦʨʦʪʘ [1]. ʆʜʥʘʢʦ ʚʦ ʚʨʝʤʷ ʘʜʘʧʪʘʮʠʠ ʠ ʵʢʩ-
ʧʣʫʘʪʘʮʠʠ ʚʦʟʥʠʢʘʝʪ ʨʷʜ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ 
ʥʘʩʪʨʦʡʢʦʡ ʩʨʝʜʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ, ʜʦʙʘʚ-
ʣʝʥʠʝʤ ʩʫʱʝʩʪʚʫʶʱʠʭ ʜʦʢʫʤʝʥʪʦʚ ʚ ʩʠʩʪʝʤʫ, ʨʘʩʧʦ-
ʟʥʘʚʘʥʠʝʤ ʥʦʚʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʧʦ-
ʤʝʪʢʘ, ʫʥʠʬʠʢʘʮʠʝʡ, ʭʨʘʥʝʥʠʝʤ, ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʧʦ-
ʠʩʢʘ. 

ʃʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ. ʉʨʝʜʠ ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʫʯ-
ʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʥʘʯʘʪʦ ʘʥʘʣʠʟ ʧʨʠʚʝʜʝʥ-
ʥʳʭ ʧʨʦʙʣʝʤ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʪʨʫʜʘ ʄʘʡʢʣʘ ʉʘʪ-
ʪʦʥʘ, ʢʦʪʦʨʳʡ ʚ ʩʚʦʝʡ ʢʥʠʛʝ çɼʦʢʫʤʝʥʪʦʦʙʦʨʦʪ ʜʣʷ 
ʧʨʝʜʧʨʠʷʪʠʡ: ʧʨʠʥʮʠʧʳ, ʪʝʭʥʠʢʠ ʠ ʤʝʪʦʜʦʣʦʛʠʠ 
ʚʥʝʜʨʝʥʠʷ è ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʣ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʚʨʝʤʝʥ-
ʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʣʘʩʪʠ ʫʧʨʘʚʣʝ-
ʥʠʷ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʦʤ, ʘ ʪʘʢʞʝ ʩʧʨʦʝʢʪʠʨʦʚʘʣ ʧʨʦ-
ʪʦʪʠʧ ʩʠʩʪʝʤʳ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʥʘ ʢʦʥʮʝʧʪʫʘʣʴʥʦʤ, 
ʣʦʛʠʯʝʩʢʦʤ ʠ ʬʠʟʠʯʝʩʢʦʤ ʫʨʦʚʥʷʭ [2].  

ʈʘʙʦʪʘ ʉʘʪʪʦʥʘ ʧʦʟʚʦʣʷʝʪ ʧʦ ʝʛʦ ʨʝʢʦʤʝʥʜʘʮʠʷʤ 
ʨʘʟʨʘʙʦʪʘʪʴ ʦʩʥʦʚʘʪʝʣʴʥʳʡ ʙʠʟʥʝʩ-ʧʣʘʥ ʧʨʦʝʢʪʘ ʧʦ 
ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʩʠʩʪʝʤʳ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʧʨʝʜ-
ʧʨʠʷʪʠʷ, ʦʨʛʘʥʠʟʦʚʘʪʴ ʙʳʩʪʨʦʝ ʠ ʵʬʬʝʢʪʠʚʥʦʝ ʦʙʫʯʝ-
ʥʠʝ ʧʝʨʩʦʥʘʣʘ. 

ʉʨʝʜʠ ʨʦʩʩʠʡʩʢʠʭ ʫʯʝʥʳʭ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʪʨʫʜ 
ʃ.ɺ. ʇʫʪʴʢʠʥʦʡ [3]. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 
ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʥʥʦʛʦ 
ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ. ɺ ʩʪʘʪʴʝ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʵʬʬʝʢ-
ʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʣʶʙʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʥʘʧʨʷʤʫʶ ʟʘʚʠ-
ʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʤʝʞʜʫ 
ʧʦʜʨʘʟʜʝʣʝʥʠʷʤʠ ʠ ʦʪ ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʜʦʢʫ-
ʤʝʥʪʦʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʶʱʠʝ ʚ ʈʦʩʩʠʠ 
ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʫʩʣʦʚʥʦ 
ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʢʘʪʝʛʦʨʠʠ: ʩʠʩʪʝʤʳ ʨʦʩʩʠʡ-
ʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ; ʨʦʩʩʠʡʩʢʠʝ ʩʠʩʪʝʤʳ, ʧʦʩʪʨʦʝʥ-
ʥʳʝ ʥʘ ʟʘʧʘʜʥʳʭ ʧʣʘʪʬʦʨʤʘʭ ʠ ʟʘʧʘʜʥʳʝ ʩʠʩʪʝʤʳ ʜʦ-
ʢʫʤʝʥʪʦʦʙʦʨʦʪʘ. ɺʳʙʦʨ ʉʕɼ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ 
ʩʧʝʮʠʬʠʢʠ ʚʳʙʨʘʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ, ʩʫʱʝʩʪʚʫʶʱʝʡ 
ʩʠʩʪʝʤʳ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʥʘ ʤʦʤʝʥʪ ʧʨʠʥʷʪʠʷ ʨʝ-
ʰʝʥʠʷ ʦ ʚʥʝʜʨʝʥʠʠ, ʘ ʪʘʢʞʝ ʦʪ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʠ 
ʞʝʣʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɺ ʨʘʙʦʪʘʭ ɸ. ɺ. ɻʨʝʯʢʦ, ʚ ʯʘʩʪʥʦʩʪʠ ʚ ʜʠʩʩʝʨʪʘ-
ʮʠʠ ʠ ʧʦʩʦʙʠʠ çʆʩʥʦʚʳ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦ-
ʨʦʪʘè [4, 5], ʘʚʪʦʨ ʪʘʢʞʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʪʝʦʨʝʪʠʯʝʩʢʫʶ 
ʠʥʬʦʨʤʘʮʠʶ: ʦʧʨʝʜʝʣʝʥʠʝ ʢʣʶʯʝʚʳʭ ʧʦʥʷʪʠʡ, ʢʘʩʘʶ-
ʱʠʭʩʷ ʪʝʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʠ 
ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʠʩʪʝʤʝ. 

ʀʥʪʝʨʝʩʝʥ ʤʝʪʦʜ ʧʦʩʪʨʦʝʥʠʷ ʠʝʨʘʨʭʠʡ ʉʘʪʪʠ ʜʣʷ 
ʚʳʙʦʨʘ ʢʦʤʤʝʨʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫ-
ʤʝʥʪʦʦʙʦʨʦʪʘ ʠ ʚʥʝʜʨʝʥʠʝ ʝʝ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ [6]. ʉ 
ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ ʠʝʨʘʨʭʠʡ ʘʚʪʦʨ ʥʘʰʝʣ ʬʘʢ-
ʪʦʨʳ ʢʘʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʳ, ʘ ʟʘʪʝʤ ʥʘ ʦʩʥʦʚʝ 
ʧʦʩʪʨʦʝʥʥʦʡ ʠʝʨʘʨʭʠʠ ʬʘʢʪʦʨʦʚ ʚʳʙʨʘʣ ʩʘʤʫʶ ʚʳ-
ʛʦʜʥʫʶ ʩʠʩʪʝʤʫ. 

ɸ. ɺ. ʄʘʪʚʠʝʥʢʦ ʠ ʄ. ʅ. ʎʳʚʠʥ ʩʦʟʜʘʣʠ ʪʨʫʜ 
çʆʩʥʦʚʳ ʦʨʛʘʥʠʟʘʮʠʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦ-
ʨʦʪʘè, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʟʘʩʣʫʞʠʚʘʝʪ ʚʥʠʤʘʥʠʷ, ʧʦ-
ʩʢʦʣʴʢʫ ʧʦʜʨʦʙʥʦ ʦʧʠʩʳʚʘʝʪ ʚʩʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʦʣʦ-
ʞʝʥʠʷ ʠ ʠʩʭʦʜʥʳʝ ʧʨʠʥʮʠʧʳ ʩʦʟʜʘʥʠʝ ʩʠʩʪʝʤʳ ʜʦʢʫ-
ʤʝʥʪʦʦʙʦʨʦʪʘ [7]. ɸʚʪʦʨʳ ʩʢʨʫʧʫʣʝʟʥʦ ʠʩʩʣʝʜʫʶʪ ʚʩʝ 
ʤʦʤʝʥʪʳ ʨʘʙʦʪʳ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ, ʠʥʬʦʨʤʘʮʠʦʥ-
ʥʫʶ ʤʦʜʝʣʴ ʦʨʛʘʥʠʟʘʮʠʡ ʠ ʦʧʠʩʳʚʘʶʪ ʦʙʱʠʝ ʧʨʠʥ-
ʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤʳ ʚ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʤ, ʠʥʬʦʨ-
ʤʘʮʠʦʥʥʦʤ, ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʤ, ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʤ 
ʘʩʧʝʢʪʝ. 

ɼ. ɺ. ɼʫʙʦʚ ʠ ʉ. ɺ. ɼʫʙʦʚʘ ʚʥʝʩʣʠ ʚʝʩʦʤʳʡ ʚʢʣʘʜ 
ʚ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʩʦʟʜʘʥʠʝ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʥʥʦʛʦ 
ʫʧʨʘʚʣʝʥʠʷ [8]. ɸʚʪʦʨʳ ʦʧʠʩʘʣʠ ʦʩʥʦʚʥʳʝ ʧʦʜʭʦʜʳ ʢ 

ʧʦʥʠʤʘʥʠʶ ʵʣʝʢʪʨʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʨʘʩʩʤʦʪʨʝʣʠ 
ʧʨʝʜʧʦʩʳʣʢʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʚʥʝʜʨʝ-
ʥʠʶ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ʉʣʝʜʫʝʪ ʨʘʩ-
ʩʤʘʪʨʠʚʘʪʴ ʵʪʫ ʨʘʙʦʪʫ ʠ ʚ ʢʦʥʪʝʢʩʪʝ ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ 
ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ, ʧʦʩʢʦʣʴʢʫ ʵʪʠ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ, 
ʙʝʟʫʩʣʦʚʥʦ ʨʦʜʩʪʚʝʥʥʳʝ. ʂʨʦʤʝ ʪʦʛʦ, ʵʣʝʢʪʨʦʥʥʦʝ 
ʫʧʨʘʚʣʝʥʠʝ ʚʢʣʶʯʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ çʧʨʘʚʠʪʝʣʴ-
ʩʪʚʦ-ʙʠʟʥʝʩè, ʯʪʦ ʦʟʥʘʯʘʝʪ ʪʝʩʥʫʶ ʠʥʪʝʛʨʘʮʠʶ ʩ ʢʦʨ-
ʧʦʨʘʪʠʚʥʳʤ ʩʝʛʤʝʥʪʦʤ. ɺʘʞʥʦʝ ʤʝʩʪʦ ʚ ʧʦʩʦʙʠʠ ʦʪ-
ʚʝʜʝʥʦ ʧʨʦʙʣʝʤʘʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 
ʠʥʬʦʨʤʘʮʠʦʥʥʦʤʫ ʥʝʨʘʚʝʥʩʪʚʫ. 

ʅʘʣʠʯʠʝ ʦʛʨʦʤʥʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʨʘʙʦʪ ʧʦʢʘʟʳ-
ʚʘʝʪ ʦ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʜʭʦʜʦʚ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ 
ʚʥʝʜʨʝʥʠʶ ʩʠʩʪʝʤ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʠ ʙʦʣʴʰʦʛʦ ʢʦ-
ʣʠʯʝʩʪʚʘ ʩʫʱʝʩʪʚʫʶʱʠʭ, ʫʞʝ ʛʦʪʦʚʳʭ ʨʝʰʝʥʠʡ ʥʘ 
ʨʳʥʢʝ. ʆʜʥʘʢʦ ʚʩʝ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʝ ʥʘʫʯʥʳʝ ʪʨʫʜʳ 
ʩʦʜʝʨʞʘʪ ʣʠʰʴ ʦʧʠʩʘʥʠʝ ʧʦʥʷʪʠʡʥʦʛʦ ʘʧʧʘʨʘʪʘ. 

ʆʥ ʙʝʟʫʩʣʦʚʥʦ ʥʝʦʙʭʦʜʠʤ ʚ ʢʘʞʜʦʡ ʦʙʣʘʩʪʠ, ʥʦ 
ʥʝ ʤʝʥʝʝ ʚʘʞʝʥ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ. ɼʦʚʦʣʴʥʦ ʤʘʣʦ ʤʝʩʪʘ 
ʧʦʣʫʯʘʶʪ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʨʝʰʝʥʠʷ. ʆʜʥʘʢʦ ʠʤʝʥʥʦ 
ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʦʙʝʩʧʝʯʠʪʴ ʧʦʣʝʟʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚ-
ʥʦʩʪʴ ʩʠʩʪʝʤʳ. ɽʩʣʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʦʙʩʣʫʞʠʚʘʥʠʷ 
ʦʙʨʘʙʦʪʢʘ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʘ ʙʫʜʝʪ ʟʘʥʠʤʘʪʴ 
ʩʪʦʣʴʢʦ ʞʝ ʚʨʝʤʝʥʠ, ʩʢʦʣʴʢʦ ʠ ʙʫʤʘʞʥʦʛʦ, ʝʩʣʠ ʚ ʧʦʜ-
ʜʝʨʞʢʫ ʵʣʝʢʪʨʦʥʥʦʡ ʩʠʩʪʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʙʫʜʝʪ 
ʙʦʣʴʰʝ ʨʘʙʦʪʥʠʢʦʚ, ʯʝʤ ʨʘʙʦʪʘʝʪ ʚ ʦʙʳʯʥʦʤ çʥʝʵʣʝʢ-
ʪʨʦʥʥʦʤè ʦʬʠʩʝ, ʪʦ ʚʩʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʚʥʝʜʨʝʥʠʷ ʧʨʦ-
ʛʨʘʤʤ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʩʦʡʜʫʪ ʥʘ ʥʝʪ. ʇʦʵʪʦʤʫ 
ʥʝʦʙʭʦʜʠʤʦ ʧʨʘʚʠʣʴʥʦ ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʘʨʭʠʪʝʢʪʫʨʫ 
ʩʠʩʪʝʤʳ, ʩʦʟʜʘʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʤʦʜʫʣʠ, ʠ ʧʫʪʠ ʚʟʘʠ-
ʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʥʠʤʠ. 

ʉʪʦʠʪ ʦʩʦʙʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʦʚʦʣʴʥʦ ʤʘʣʦ ʥʘʫʯ-
ʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʢʘʩʘʶʪʩʷ ʧʨʦʙʣʝʤ ʠʥʪʝʣʣʝʢʪʫʘʣʠʟʘ-
ʮʠʠ ʩʠʩʪʝʤ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ, ʩʦʟʜʘʥʠʝ ʪʝʭʥʠʯʝʩʢʠʭ 
ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʚʤʝʰʘ-
ʪʝʣʴʩʪʚʘ ʯʝʣʦʚʝʢʘ ʚ ʧʨʦʮʝʩʩ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ. 

ʎʝʣʴ ʠ ʟʘʜʘʯʠ. ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 
ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 
ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ ʧʨʦʮʝʩʩʦʚ ʧʦʣʫʯʝ-
ʥʠʷ, ʦʙʨʘʙʦʪʢʠ, ʭʨʘʥʝʥʠʷ ʠ ʧʦʠʩʢʘ ʜʦʢʫʤʝʥʪʦʚ ʚ ʩʠ-
ʩʪʝʤʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ. 

ɻʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ 
ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʜʦʢʫ-
ʤʝʥʪʦʦʙʦʨʦʪʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʡ ʩʠ-
ʩʪʝʤʳ ʨʘʙʦʪʳ ʩ ʜʦʢʫʤʝʥʪʘʤʠ, ʜʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ 
ʦʧʠʩʘʪʴ ʩʠʩʪʝʤʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ, ʠʩʧʦʣʴʟʫʷ ʤʦʜʫʣʴ-
ʥʦʩʪʴ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ.  

ʀʪʘʢ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʯʠʤ ʦʙʱʫʶ 
ʤʦʜʫʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩʠʩʪʝʤʳ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʩ 
ʥʝʦʙʭʦʜʠʤʳʤʠ ʩʚʷʟʷʤʠ ʤʝʞʜʫ ʥʠʤʠ. 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ. ʉʫʪʴ ʣʶʙʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʟʘ-
ʢʣʁʯʘʝʪʩʷ ʚ ʝʝ ʢʦʤʧʣʝʢʩʥʦʩʪʠ. ʉʘʤʠ ʧʦ ʩʝʙʝ ʩʠʩʪʝʤʳ 
ʫʧʨʘʚʣʝʥʠʷ ʜʦʢʫʤʝʥʪʘʮʠʝʡ ʥʝ ʩʤʦʛʫʪ ʟʘʧʦʣʥʠʪʴ ʧʨʦ-
ʙʝʣ ʤʝʞʜʫ ʨʘʟʨʘʙʦʪʢʦʡ ʙʠʟʥʝʩ-ʩʪʨʘʪʝʛʠʡ ʠ ʠʩʧʦʣʴʟʦ-
ʚʘʥʠʝʤ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʠʩʪʝʤ. ʉʦʪʨʫʜʥʠʢʘʤ 
ʢʦʤʧʘʥʠʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʷʪʴ ʩʦʚʤʝʩʪʥʳʝ ʫʩʠʣʠʡ, 
ʯʪʦʙʳ ʠʩʩʣʝʜʦʚʘʪʴ ʠ ʣʠʢʚʠʜʠʨʦʚʘʪʴ ʨʘʟʣʠʯʠʷ ʚ ʧʦʥʠ-
ʤʘʥʠʠ ʪʝʨʤʠʥʦʚ, ʢʦʥʮʝʧʮʠʡ ʠ ʤʦʜʝʣʝʡ ʘʨʭʠʪʝʢʪʫʨʳ. 
ʂʦʛʜʘ ʧʨʝʜʧʨʠʷʪʠʝ ʧʦʣʫʯʠʪ ʚʦʣʥʫ ʥʦʚʦʚʚʝʜʝʥʠʡ, ʚʦʟ-
ʥʠʢʥʫʪ ʧʨʦʙʣʝʤʳ ʩ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴʶ ʠ ʜʚʫʩʤʳʩ-
ʣʝʥʥʦʡ ʪʨʘʢʪʦʚʢʦʡ ʩʨʦʢʦʚ. ʅʘʟʥʘʯʝʥʠʝ ʘʨʭʠʪʝʢʪʫʨʳ ʠ 
ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʠʩʧʨʘʚʠʪʴ ʵʪʫ ʩʠʪʫʘʮʠʶ ʠ 
ʩʦʟʜʘʪʴ ʤʦʱʥʫʶ ʦʩʥʦʚʫ ʜʣʷ ʧʝʨʝʭʦʜʘ ʥʘ ʩʠʩʪʝʤʫ 
ʫʧʨʘʚʣʝʥʠʷ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʦʤ. 

ɸʨʭʠʪʝʢʪʫʨʘ ʫʧʨʘʚʣʝʥʠʷ ʜʦʢʫʤʝʥʪʘʮʠʝʡ ʧʦʟʚʦ-
ʣʷʝʪ ʩʦʟʜʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʟʘ ʩʯʝʪ 
ʦʨʛʘʥʠʟʘʮʠʠ ʯʝʪʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʩʦʯʝʪʘʥʠʷ ʠ ʚʟʘʠʤʦ-
ʩʚʷʟʠ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʜʦʢʫʤʝʥʪʘ-
ʮʠʝʡ. ʎʝʥʪʨʘʣʴʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʜʦʣʞʥʘ ʙʳʪʴ ʙʘʟʘ 
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ʜʘʥʥʳʭ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʧʦʣʥʦʪʝʢʩʪʦʚʦʛʦ ʧʦʠʩʢʘ. ʀʩ-
ʧʦʣʴʟʦʚʘʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ 
ʜʦʢʫʤʝʥʪʘʤʠ ʧʦʟʚʦʣʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʢʘʯʝ-
ʩʪʚʦ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʙʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʦʧʝ-
ʨʘʮʠʡ ʨʝʣʷʮʠʦʥʥʦʡ ʘʣʛʝʙʨʳ, ʚʳʨʘʟʠʪʝʣʴʥʘʷ ʤʦʱ-
ʥʦʩʪʴ ʢʦʪʦʨʳʭ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʦʧʝʨʘʮʠʠ ʧʦ-
ʠʩʢʘ ʧʦ ʪʝʢʩʪʫ. 

ʅʘ ʫʨʦʚʥʝ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʚ ʩʠʩʪʝʤʝ ʦʧʨʝʜʝ-
ʣʷʶʪʩʷ: 

- ʙʠʟʥʝʩ-ʦʙʲʝʢʪʳ: ʛʣʘʚʥʳʤʠ, ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷ-
ʶʪʩʷ ʜʦʢʫʤʝʥʪʳ, ʘ ʪʘʢʞʝ ʧʦʨʫʯʝʥʠʷ, ʟʘʜʘʥʠʷ, ʢʝʡʩʳ, 
ʢʦʥʪʘʢʪʳ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʥʳʤʠ ʠ ʚʠʜʦʠʟʤʝʥʝʥ-
ʥʳʤʠ ʪʠʧʘʤʠ ʜʦʢʫʤʝʥʪʦʚ; 

- ʞʠʟʥʝʥʥʳʝ ʮʠʢʣʳ ʦʙʲʝʢʪʦʚ, ʨʦʣʠ, ʩʦʙʳʪʠʷ, ʦʧʝ-
ʨʘʮʠʠ; 

- ʢʦʣʣʝʢʮʠʠ: ʞʫʨʥʘʣʳ, ʧʘʧʢʠ, ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʨʝ-
ʟʫʣʴʪʘʪʳ ʧʦʠʩʢʘ, ʧʝʨʩʦʥʘʣʴʥʳʝ ʢʦʣʣʝʢʮʠʠ ʜʦʢʫʤʝʥ-
ʪʦʚ; 

- ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʝʨʚʠʩʳ ʉʕɼ: ʨʝʛʠʩʪʨʘʮʠʷ, 
ʢʦʥʪʨʦʣʴ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʝʣ, ʟʘʜʘʯʠ, ʩʦʦʙʱʝʥʠʷ, ʦʙ-
ʩʫʞʜʝʥʠʷ; 

- ʧʨʦʮʝʩʩʳ ʦʙʨʘʙʦʪʢʠ ʜʦʢʫʤʝʥʪʦʚ: ʧʦʜʛʦʪʦʚʢʘ, 
ʩʦʛʣʘʩʦʚʘʥʠʝ; 

- ʢʝʡʩʳ. 
ɺʦ ʚʨʝʤʷ ʩʙʦʨʘ ʪʨʝʙʦʚʘʥʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʠ-

ʧʦʚ ʵʣʝʢʪʨʦʥʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʯʝʪʢʦ ʧʦʥʠ-
ʤʘʪʴ ʧʦʪʨʝʙʥʦʩʪʠ ʢʦʥʝʯʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩʠʩʪʝʤʳ. 
ʕʪʦʪ ʵʪʘʧ ʷʚʣʷʝʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʳʤ, ʧʦʩʢʦʣʴʢʫ 
ʤʝʪʦʜ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʢʘʪʝ-
ʛʦʨʠʟʘʮʠʷ ʠ ʠʥʜʝʢʩʘʮʠʷ ʜʦʢʫʤʝʥʪʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 
ʧʦʚʣʠʷʝʪ ʚ ʙʫʜʫʱʝʤ ʥʘ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʨʘʙʦʪʳ ʜʘʥ-
ʥʳʭ. 

ɽʩʪʴ ʪʨʠ ʢʣʶʯʝʚʳʭ ʤʦʤʝʥʪʘ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ 
ʧʦʷʚʠʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʨʘʙʦʪʢʠ ʘʨʭʠʪʝʢʪʫʨʳ 
ʫʧʨʘʚʣʝʥʠʷ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʦʤ. ɺʦ-ʧʝʨʚʳʭ, ʚ ʧʨʦ-
ʮʝʩʩʝ ʩʦʟʜʘʥʠʷ ʘʨʭʠʪʝʢʪʫʨʳ ʬʦʨʤʫʣʠʨʫʶʪʩʷ ʯʝʪʢʠʝ 
ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʨʤʠʥʦʚ. ʊʘʢʠʝ ʪʝʨʤʠʥʳ, ʢʘʢ ʭʨʘʥʠ-
ʣʠʱʝ, ʢʘʪʘʣʦʛ, ʧʫʙʣʠʢʘʮʠʷ, ʜʦʢʫʤʝʥʪ, ʙʘʟʘ ʜʘʥʥʳʭ, 
ʦʨʠʛʠʥʘʣ ʠ ʚʣʘʜʝʥʠʝ ʜʦʣʞʥʳ ʧʦʥʠʤʘʪʴʩʷ ʚʩʝʤʠ ʦʜʠ-
ʥʘʢʦʚʦ. ɺʦ-ʚʪʦʨʳʭ, ʘʨʭʠʪʝʢʪʫʨʘ ʫʧʨʘʚʣʝʥʠʷ ʜʦʢʫʤʝʥ-
ʪʘʮʠʝʡ ʜʦʣʞʥʘ ʫʚʝʣʠʯʠʪʴ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʘʚʪʦʨʘ ʟʘ 
ʩʦʟʜʘʥʥʳʡ ʠʤ ʜʦʢʫʤʝʥʪ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʞʠʟʥʝʥʥʦʛʦ 
ʮʠʢʣʘ ʫʧʨʘʚʣʝʥʠʷ ʜʦʢʫʤʝʥʪʘʮʠʝʡ. ɺ-ʪʨʝʪʴʠʭ, ʘʨʭʠ-
ʪʝʢʪʫʨʘ ʫʧʨʘʚʣʝʥʠʷ ʜʦʢʫʤʝʥʪʘʮʠʝʡ ʜʦʣʞʥʘ ʩʥʠʟʠʪʴ 
ʢʦʣʠʯʝʩʪʚʦ ʜʫʙʣʠʨʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʥʬʦʨʤʘʮʠʠ 
ʠ ʩʜʝʣʘʪʴ ʢʦʣʣʝʢʮʠʠ ʜʦʢʫʤʝʥʪʦʚ (ʠʣʠ ʭʨʘʥʠʣʠʱʘ) 
ʧʨʝʜʧʨʠʷʪʠʷ ʙʦʣʝʝ ʩʦʛʣʘʩʦʚʘʥʥʳʤʠ. 

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʨʘʥʝʝ, ʛʣʘʚʥʳʤ ʦʙʲʝʢʪʦʤ ʚ 
ʩʠʩʪʝʤʝ ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʥʥʳʡ ʜʦʢʫʤʝʥʪ. ɽʛʦ ʦʩʦʙʝʥ-
ʥʦʩʪʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʧʦ ʦʙʨʘ-
ʙʦʪʢʝ ʠ ʭʨʘʥʝʥʠʶ ʫʞʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ. ʉʦʙʩʪʚʝʥʥʦ 
ʦʪʪʘʣʢʠʚʘʷʩʴ ʦʪ ʩʪʨʫʢʪʫʨʳ ʠ ʦʙʲʝʢʪʥʦʡ ʤʦʜʝʣʠ ʵʣʝʢ-
ʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʘ (ʤʝʪʦʜʦʚ ʦʪʦʙʨʘʞʝʥʠʷ ʜʦʢʫ-
ʤʝʥʪʘ) ʨʝʰʘʶʪʩʷ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʧʨʦʙʣʝʤʳ, ʠ ʩʪʨʦ-
ʠʪʩʷ ʵʬʬʝʢʪʠʚʥʘʷ ʩʠʩʪʝʤʘ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʠʩʪʝʤʳ, ʢʦʪʦ-
ʨʳʝ ʜʦʣʞʥʳ ʧʦʜʜʝʨʞʠʚʘʪʴʩʷ ʩʠʩʪʝʤʦʡ ʜʦʢʫʤʝʥʪʦʦʙʦ-
ʨʦʪʘ: 

- ʨʝʛʠʩʪʨʘʮʠʷ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʨʝʞʠʤʝ 
ʚʭʦʜʥʳʭ ʜʦʢʫʤʝʥʪʦʚ; 

- ʩʢʘʥʠʨʦʚʘʥʠʝ ʠ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʙʫʤʘʞʥʳʭ ʜʦʢʫ-
ʤʝʥʪʦʚ; 

- ʩʦʟʜʘʥʠʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʨʘʟʘ ʜʦʢʫʤʝʥʪʘ ʚ ʚʠʜʝ 
ʬʘʡʣʘ (ʬʘʡʣʦʚ) ʣʶʙʦʛʦ ʬʦʨʤʘʪʘ; 

- ʨʘʟʛʨʘʥʠʯʝʥʠʝ ʧʨʘʚ ʜʦʩʪʫʧʘ ʢ ʧʨʠʢʨʝʧʣʝʥʥʳʤ 
ʬʘʡʣʘʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʨʘʟʘ ʜʦʢʫʤʝʥʪʘ; 

- ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʢʘʞʜʦʤʫ ʫʯʘʩʪʥʠʢʫ ʜʦʢʫʤʝʥʪʦ-
ʦʙʦʨʦʪʘ ʜʦʩʪʫʧʘ ʪʦʣʴʢʦ ʢ ʜʦʢʫʤʝʥʪʘʤ, ʦʪʥʦʩʷʱʠʤʩʷ ʢ 
ʝʝ ʢʦʤʧʝʪʝʥʮʠʠ; 

- ʨʘʩʩʳʣʢʘ ʵʣʝʢʪʨʦʥʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʠ ʧʦʨʫʯʝʥʠʡ 
ʧʦ ʩʝʪʠ; 

- ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʦʮʝʩʩʘ ʩʦʛʣʘʩʦʚʘʥʠʷ (ʚʠʟʠʨʦʚʘ-
ʥʠʷ) ʧʨʦʝʢʪʦʚ ʜʦʢʫʤʝʥʪʦʚ; 

- ʧʦʣʥʦʪʝʢʩʪʦʚʳʡ ʠ ʘʪʨʠʙʫʪʠʚʥʳʡ ʧʦʠʩʢ ʵʣʝʢ-
ʪʨʦʥʥʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʚʢʣʶʯʘʷ ʫʜʘʣʝʥʥʳʡ ʧʦʣʥʦʪʝʢ-
ʩʪʦʚʳʡ ʧʦʠʩʢ; 

- ʛʨʫʧʧʠʨʦʚʢʘ ʠʩʧʦʣʥʝʥʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʚ ʧʘʧʢʠ 
ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʦʤʝʥʢʣʘʪʫʨʦʡ ʜʝʣ ʠ ʩʠʩʪʝʤʘʪʠʟʘ-
ʮʠʝʡ ʜʦʢʫʤʝʥʪʦʚ ʚʥʫʪʨʠ ʧʘʧʢʠ; 

- ʘʨʭʠʚʥʦʝ ʭʨʘʥʝʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʜʦʢʫʤʝʥʪʦʚ. 
ʊʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʬʠʟʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʩʠʩʪʝʤʳ 

ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ. ʇʨʝʜʣʘʛʘʝʤ ʪʨʝʭʫʨʦʚʥʝʚʫʶ ʘʨʭʠ-
ʪʝʢʪʫʨʫ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ: 

- ʥʠʞʥʠʡ ʫʨʦʚʝʥʴ - ʨʘʙʦʪʘ ʩ ʜʘʥʥʳʤʠ: ʦʙʨʘʙʦʪʢʘ 
ʙʘʟʳ ʜʘʥʥʳʭ ʜʦʢʫʤʝʥʪʦʚ; 

- ʫʨʦʚʝʥʴ ʙʠʟʥʝʩ-ʣʦʛʠʢʠ, ʛʜʝ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦʣʥʦ-
ʪʝʢʩʪʦʚʳʡ ʘʥʘʣʠʟ ʜʦʢʫʤʝʥʪʦʚ ʠ ʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʟ 
ʧʦʣʫʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʚ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʫʶ ʬʦʨʤʫ; 

- ʫʨʦʚʝʥʴ ʜʘʥʥʳʭ (ʫʨʦʚʝʥʴ ʜʦʢʫʤʝʥʪʦʚ). 
ʇʦʩʣʝ ʨʘʩʩʤʦʪʨʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ, ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʙʫʜʫʱʝʡ ʩʠʩʪʝʤʳ 
ʩʪʦʠʪ ʦʩʪʘʥʦʚʠʪʴʩʷ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʘʩʧʝʢʪʘʭ ʧʨʠʢʣʘʜ-
ʥʦʡ ʨʝʘʣʠʟʘʮʠʠ, ʯʪʦ ʧʦʤʦʞʝʪ ʧʦʚʳʩʠʪʴ ʙʳʩʪʨʦʜʝʡ-
ʩʪʚʠʝ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʵʪʘʧʦʚ ̫ ʚʣʷʝʪʩʷ ʤʘʨʰʨʫʪʠ-
ʟʘʮʠʷ ʜʦʢʫʤʝʥʪʦʚ, ʪʦ ʝʩʪʴ ʩʦʟʜʘʥʠʝ ʧʨʘʚʠʣʴʥʳʭ ʧʨʦ-
ʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ ʮʠʢʣʦʤ ʞʠʟʥʠ ʜʦʢʫʤʝʥʪʘ. ʉʠʩʪʝʤʘ 
ʧʦʪʦʢʦʚ workflow ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʙʠʙʣʠʦʪʝ-
ʢʘʭ, ʙʦʣʴʥʠʮʘʭ, ʙʘʥʢʘʭ, ʩʪʨʘʭʦʚʳʭ ʢʦʤʧʘʥʠʷʭ. ʄʦ-
ʜʝʣʴ ʧʦʪʦʢʦʚ - ɻ ʪʦ ʚʠʜ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʡ ʤʦ-
ʞʝʪ ʯʝʪʢʦ ʦʧʠʩʘʪʴ ʩʣʦʞʥʳʝ ʙʠʟʥʝʩ ʢʝʡʩʳ ʚʥʫʪʨʠ ʩʠ-
ʩʪʝʤʳ, ʦʩʪʘʚʘʷʩʴ ʧʨʠ ʵʪʦʤ ʧʦʥʷʪʥʳʤʠ ʜʣʷ 
ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʉʦʙʩʪʚʝʥʥʦ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʘʨʭʠʪʝʢ-
ʪʫʨʝ workflow, ʥʝʦʙʭʦʜʠʤʦ ʩʪʨʦʠʪʴ ʩʠʩʪʝʤʫ ʜʦʢʫʤʝʥ-
ʪʦʦʙʦʨʦʪʘ. ʐʝʥʛ ʃʠ ʠ ʖʰʫʥʠ ʌʘʥ ʚ ʩʚʦʠʭ ʠʩʩʣʝʜʦʚʘ-
ʥʠʷʭ ʜʦʢʘʟʘʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʜʭʦʜʘ ʠ ʧʨʠʤʝʨʳ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʷ workflow ʚ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤʘʭ. ʉʠʩʪʝʤʘ 
ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʪʨʝʙʫʝʪ ʚ ʷʜʨʝ ʘʨʭʠʪʝʢʪʫʨʳ ʠʤʧʣʝ-
ʤʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʦʪʦʢʦʚʦʛʦ ʧʦʜʭʦʜʘ [9-11]. 

ʈʘʩʩʤʦʪʨʠʤ ʢʦʥʢʨʝʪʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʠʩʪʝʤʝ 
ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʚ ʢʦʥʪʝʢʩʪʝ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ. ʇʝʨ-
ʚʳʤ ʷʚʣʷʝʪʩʷ ʪʨʝʙʦʚʘʥʠʝ ʧʦʜʜʝʨʞʢʠ ʧʦʣʥʦʛʦ ʞʠʟʥʝʥ-
ʥʦʛʦ ʮʠʢʣʘ ʜʦʢʫʤʝʥʪʘ. ʆʥʦ ʩʦʩʪʦʠʪ ʚ ʩʦʟʜʘʥʠʠ ʤʘʨʰ-
ʨʫʪʘ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʪʠʧʦʚ ʜʦʢʫʤʝʥʪʦʚ, ʦʧʠʩʳʚʘʝʪ ʚʩʝ 
ʩʪʘʜʠʠ (ʩʦʩʪʦʷʥʠʷ) ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʜʦʢʫʤʝʥʪʘ - ʩ 
ʤʦʤʝʥʪʘ ʝʛʦ ʩʦʟʜʘʥʠʷ ʜʦ ʟʘʚʝʨʰʝʥʠʷ, ʘʨʭʠʚʥʦʛʦ ʭʨʘ-
ʥʝʥʠʷ ʠ ʫʥʠʯʪʦʞʝʥʠʷ. ɺʪʦʨʳʤ ʷʚʣʷʝʪʩʷ ʪʨʝʙʦʚʘʥʠʝ 
ʫʧʨʘʚʣʝʥʠʷ ʤʘʨʰʨʫʪʘʤʠ ʜʦʢʫʤʝʥʪʦʚ. ʆʥʦ ʟʘʢʣʶʯʘ-
ʝʪʩʷ ʚ ʠʟʤʝʥʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʠ ʩʦʜʝʨʞʘʥʠʷ ʩʦʩʪʦʷʥʠʡ, 
ʘ ʪʘʢʞʝ ʚ ʥʘʩʪʨʦʡʢʝ ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ ʩʦʩʪʦʷʥʠʷʤʠ, 
ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʠʭ ʚʟʘʠʤʦʩʚʷʟʴ, ʧʦʩʢʦʣʴʢʫ ʢʘʞʜʦʝ 
ʩʦʩʪʦʷʥʠʝ ʦʧʠʩʳʚʘʝʪ ʢʘʢʦʡ-ʪʦ ʵʪʘʧ ʨʘʙʦʪʳ ʩ ʜʦʢʫʤʝʥ-
ʪʦʤ, ʪʦ ʜʣʷ ʢʘʞʜʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 
ʥʘʩʪʨʦʡʢʘ ʧʨʘʚ ʜʦʩʪʫʧʘ ʨʦʣʝʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʂʨʦʤʝ 
ʪʦʛʦ, ʧʨʦʠʩʭʦʜʠʪ ʥʘʩʪʨʦʡʢʘ ʧʨʘʚ ʜʦʩʪʫʧʘ ʨʦʣʝʡ ʥʘ ʚʳ-
ʧʦʣʥʝʥʠʝ ʜʝʡʩʪʚʠʡ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʧʝʨʝʚʦʜ ʜʦʢʫ-
ʤʝʥʪʘ ʠʟ ʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʜʨʫʛʦʝ. ʇʨʠ ʥʘʩʪʨʦʡʢʝ 
ʤʘʨʰʨʫʪʘ ʟʘʜʘʶʪʩʷ ʫʩʣʦʚʠʷ ʧʨʦʚʝʨʢʠ ʚʦʟʤʦʞʥʦʩʪʠ 
ʚʳʧʦʣʥʝʥʠʷ ʧʝʨʝʭʦʜʦʚ ʠ ʫʩʣʦʚʥʳʝ ʨʘʟʚʝʪʚʣʝʥʠʷ. 

ʊʘʢʞʝ ʩʨʘʟʫ ʩʪʦʠʪ ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩ-
ʧʘʨʘʣʣʝʣʠʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʠ ʚʳʧʦʣʥʝʥʠʷ ʩʠʥʭʨʦʥʥʳʭ 
ʬʫʥʢʮʠʡ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʩʵʢʦʥʦʤʠʪʴ ʚʨʝʤʷ ʠ ʫʣʫʯʰʠʪʴ 
ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʩʠʩʪʝʤʳ. ʆʜʥʘʢʦ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʝ 
ʥʫʞʥʦ ʧʨʘʚʠʣʴʥʦ ʩʦʚʤʝʩʪʠʪʴ ʩ ʩʠʩʪʝʤʦʡ ʧʦʪʦʢʦʚ, 
ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʜʣʠʪʝʣʴʥʳʭ ʙʣʦʢʠʨʦʚʦʢ ʨʝʩʫʨʩʦʚ 
ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʳ [12]. ʉʠʩʪʝʤʫ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫ-
ʤʝʥʪʦʦʙʦʨʦʪʘ ʨʘʟʜʝʣʝʥʦ ʥʘ ʤʦʜʫʣʠ ʜʣʷ ʙʦʣʴʰʝʡ ʛʠʙ-
ʢʦʩʪʠ, ʚʝʜʴ ʢʘʞʜʳʡ ʤʦʜʫʣʴ ʚʳʧʦʣʥʷʝʪ ʦʪʜʝʣʴʥʦ ʧʦ-
ʩʪʘʚʣʝʥʥʳʝ ʟʘʜʘʯʠ. 
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ɹʘʟʘ ʜʘʥʥʳʭ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʥʘʢʦʧʣʝʥʠʷ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʠ ʤʝʪʘʜʘʥʥʳʭ ʜʦʢʫʤʝʥ-
ʪʦʚ. ʕʪʦ ʮʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ʧʨʦʛʨʘʤʤʳ, ʧʦʩʢʦʣʴʢʫ ʝʝ 
ʠʩʧʦʣʴʟʫʶʪ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʯʘʩʪʠ. 

ʇʦʜʩʠʩʪʝʤʘ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʨʝʜ-
ʥʘʟʥʘʯʝʥʘ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ, ʧʦ-
ʠʩʢʘ, ʦʪʦʙʨʘʞʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ ʜʦʢʫʤʝʥʪʦʚ. 

ʇʦʩʣʝ ʟʘʛʨʫʟʢʠ ʜʦʢʫʤʝʥʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʩ-
ʥʦʚʥʘʷ ʣʦʛʠʢʘ ʧʨʦʛʨʘʤʤʳ, ʪʦ ʝʩʪʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʜ-
ʩʠʩʪʝʤʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʦʢʫʤʝʥʪʦʚ ʧʦ ʢʣʘʩʪʝʨʘʤ 
(ʛʨʫʧʧʘʤ ʜʦʢʫʤʝʥʪʦʚ). 

ʇʦʣʴʟʦʚʘʪʝʣʷʤʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʷʚʣʷ-
ʶʪʩʷ ʨʘʙʦʪʥʠʢʠ ʦʨʛʘʥʠʟʘʮʠʡ ʧʦ ʛʨʫʧʧʘʤ ʜʦʩʪʫʧʘ ʢ ʠʥ-
ʬʦʨʤʘʮʠʡ, ʦʥʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʩʠʩʪʝʤʦʡ ʯʝʨʝʟ 
ʢʣʠʝʥʪʩʢʫʶ ʦʙʦʣʦʯʢʫ. 

ʄʦʜʫʣʴ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʩʦʪʨʫʜʥʠʯʘʝʪ ʩ ʙʘʟʦʡ ʜʘʥ-
ʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠ ʙʘʟʦʡ ʜʘʥʥʳʭ ʪʠ-
ʧʦʚ ʜʦʢʫʤʝʥʪʦʚ ʠ ʥʘʩʪʨʦʡʢʘ ʵʢʩʪʨʘʢʮʠʠ (ʧʨʝʦʙʨʘʟʦʚʘ-
ʥʠʝ ʜʦʢʫʤʝʥʪʘ ʠʟ ʧʦʣʫʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʚ ʩʪʨʫʢʪʫ-
ʨʠʨʦʚʘʥʥʫʶ ʬʦʨʤʫ).  

ɺʳʜʝʣʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʢʣʘʩʪʝʨʳ ʯʝʨʝʟ 
ʤʦʜʫʣʴ ʢʦʦʨʜʠʥʘʮʠʠ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʪʘʢʞʝ ʟʘʧʠʩʳʚʘ-
ʶʪʩʷ ʚ ʙʘʟʫ ʜʘʥʥʳʭ ʥʘʩʪʨʦʡʢʠ ʵʢʩʪʨʘʢʮʠʠ. 

ʄʦʜʫʣʴ ʘʥʘʣʠʟʘʪʦʨʘ ʚʳʧʦʣʥʝʥʠʷ ʜʦʢʫʤʝʥʪʘ ʚʳ-
ʧʦʣʥʷʝʪ ʬʫʥʢʮʠʠ ʧʣʘʥʠʨʦʚʱʠʢʘ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘ-
ʥʠʟʘʮʠʠ ʠ ʢʦʥʪʨʦʣʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʆʥ 
ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʥʘʣʠʪʠʢʦʤ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ 
ʥʘʩʪʨʦʡʢʠ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ. 

ʉʝʨʚʝʨʘʤʠ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʚʭʦʜʷ-
ʱʝʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. ɼʦʢʫʤʝʥʪʳ ʤʦʛʫʪ ʙʳʪʴ ʩʦʭʨʘʥʝʥʳ 
ʠʣʠ ʚ ʙʘʟʫ ʜʘʥʥʳʭ, ʠʣʠ ʥʘ ʢʦʤʧʴʶʪʝʨʘʭ ʧʦʣʴʟʦʚʘʪʝ-
ʣʝʡ. 

ʊʘʢʞʝ ʚʘʞʥʳʤ ʤʦʜʫʣʝʤ ʷʚʣʷʝʪʩʷ ʤʦʜʫʣʴ ʘʜʤʠ-
ʥʠʩʪʨʠʨʦʚʘʥʠʷ ʦʰʠʙʦʢ ʢʣʘʩʪʝʨʠʟʘʮʠʠ, ʢʦʪʦʨʳʡ ʷʚʣʷ-
ʝʪʩʷ ʫʧʨʘʚʣʷʶʱʠʤ ʤʦʜʫʣʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘ ʘʥʘ-
ʣʠʟʘ ʜʘʥʥʳʭ. ʆʰʠʙʢʠ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʧʨʠʚʦʜʷʪ ʢ ʪʦʤʫ, 
ʯʪʦ ʜʦʢʫʤʝʥʪ ʧʦʧʘʜʘʝʪ ʥʝ ʢ ʪʦʤʫ ʠʩʧʦʣʥʠʪʝʣʶ ʠʣʠ ʦʪ-
ʚʝʪʩʪʚʝʥʥʦʤʫ ʣʠʮʫ. ʉʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʦʰʠʙʦʢ 
ʦʧʨʝʜʝʣʷʝʪ ʢʦʣʠʯʝʩʪʚʦ ʦʰʠʙʦʢ ʠ ʠʭ ʚʠʜ. ʆʥʠ ʘʚʪʦʤʘ-
ʪʠʯʝʩʢʠ ʬʠʢʩʠʨʫʶʪʩʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʩʦʩʪʦʷʥʠʷ ʩʝʨ-
ʚʝʨʘ. ʌʘʢʪʠʯʝʩʢʠ, ʵʪʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʘʥʘ-
ʣʠʟʘ ʜʘʥʥʳʭ ʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 
ʜʦʢʫʤʝʥʪʘ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʧʨʦʮʝʩʩʫ. 

ʊʘʢʞʝ ʚʘʞʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ 
ʫʯʠʪʳʚʘʪʴʩʷ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤʳ ʠ 
ʢʘʢʠʤ ʩʪʦʠʪ ʫʜʝʣʠʪʴ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʷʚʣʷʝʪʩʷ ʧʨʦ-
ʩʪʦʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ (ʶʟʘʙʠʣʠʪʠ), ʧʨʦʠʟʚʦʜʠʪʝʣʴ-
ʥʦʩʪʴ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ; ʜʦʩʪʫʧʥʦʩʪʴ (ʥʘʜʝʞʥʦʩʪʴ) 
ʩʠʩʪʝʤʳ; ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʪʘʥʜʘʨʪʘʤ. ʇʦ ʢʘʞʜʦʤʫ ʠʟ 
ʵʪʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʤʦʞʥʦ ʩʦʩʪʘʚʠʪʴ ʚʧʦʣʥʝ ʯʝʪʢʠʝ 
ʢʨʠʪʝʨʠʠ, ʧʨʠʚʷʟʘʥʥʳʝ ʢ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʠ ʦʩʦʙʝʥʥʦ-
ʩʪʷʤ ʨʘʙʦʪʳ. 

ɺʳʚʦʜʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘ-
ʥʠʷ ʧʦʣʫʯʠʣʠ: 

1. ʂʣʶʯʝʚʳʝ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʦʧʠʩʘʥʠʝ ʩʪʨʫʢʪʫʨ-
ʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʢʣʶʯʝʚʳʭ ʝʜʠʥʠʮ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʥ-
ʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ. 

2. ɸʥʘʣʠʟ ʥʘʫʯʥʳʭ ʨʘʙʦʪ, ʠʭ ʢʨʘʪʢʠʡ ʦʙʟʦʨ, ʧʝʨʝ-
ʯʝʥʴ ʥʝʜʦʩʪʘʪʦʯʥʦ ʦʩʚʝʱʝʥʥʳʭ ʘʩʧʝʢʪʦʚ ʧʦʩʪʨʦʝʥʠʷ 
ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ. 

3. ʦʧʨʝʜʝʣʠʣʠ ʛʣʘʚʥʳʝ ʟʘʜʘʯʠ ʠ ʚʳʜʝʣʠʣʠ ʠʥʥʦ-
ʚʘʮʠʦʥʥʳʝ ʧʦʜʭʦʜʳ, ʢʦʪʦʨʳʝ ʥʫʞʥʦ ʠʤʧʣʝʤʝʥʪʠʨʦ-
ʚʘʪʴ ʚ ʩʠʩʪʝʤʫ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ. 

4. ʈʘʟʨʘʙʦʪʘʥʘ ʵʬʬʝʢʪʠʚʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʩʠ-
ʩʪʝʤʳ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ, ʚʢʣʶʯʘʷ ʠʥ-
ʪʝʣʣʝʢʪʫʘʣʴʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʩʢʦ-
ʨʠʪʴ ʧʨʦʮʝʩʩ ʧʦʜʛʦʪʦʚʢʠ ʠ ʦʙʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʥʥʳʭ 
ʜʦʢʫʤʝʥʪʦʚ ʚ ʩʠʩʪʝʤʝ, ʠʭ ʧʦʠʩʢ ʠ ʧʦʣʫʯʝʥʠʷ. 

6. ɹʝʟʫʩʣʦʚʥʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʥʘʫʯʥʫʶ ʥʦʚʠʟʥʫ 
ʠʩʩʣʝʜʦʚʘʥʠʷ. ʅʦʚʳʤ ʥʘʫʯʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʷʚʣʷʝʪʩʷ 
ʜʦʙʘʚʣʝʥʠʝ ʪʨʘʜʠʮʠʦʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ: 

- ʤʦʜʫʣʷ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʜʦʢʫʤʝʥʪʦʚ, ʥʘʟʥʘʯʝʥʠʶ 
ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʠʩ-
ʧʦʣʥʠʪʝʣʷ; 

- ʤʦʜʫʣʷ ʘʥʘʣʠʟʘʪʦʨʘ ʚʳʧʦʣʥʝʥʠʷ ʜʦʢʫʤʝʥʪʘ, 
ʥʘʟʥʘʯʝʥʠʝʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʬʦʨ-
ʤʠʨʦʚʘʥʠʝ ʮʝʧʦʯʢʠ ʩʚʷʟʘʥʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʠ ʢʦʥʪʨʦʣʴ 
ʟʘ ʠʭ ʚʳʧʦʣʥʝʥʠʝʤ. 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ 
1. ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ çʆʙ ʠʥʬʦʨʤʘʮʠʠ, ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʠ ʦ ʟʘʱʠʪʝ ʠʥʬʦʨʤʘʮʠʠè ʦʪ 
27 ʠʶʣʷ 2006 ʛʦʜʘ (ˉ149-ʌɿ); 

2. Sutton, M. J. D. Document management for the 
enterprise: principles, techniques, and applications [Text] 
/ M. J. D. Sutton. ð Wiley, 1996. ð P. 3ï4. 

3. ʇʫʪʴʢʠʥʘ ʃ. ɺ. ʆʙ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ 
ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ 
//Nauka-Rastudent. ru. ï 2016. ï ˉ. 9. ï ʉ. 7-7. 

4. ɻʨʝʯʢʦ, ɸ. ɺ. ʆʩʥʦʚʳ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥ-
ʪʦʦʙʦʨʦʪʘ [ʊʝʢʩʪ] / ɸ. ɺ. ɻʨʝʯʢʦ. - ʄ .: ʄʦʩʢʦʚʩʢʠʡ 
ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʦʨʛʦʚʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʥ-ʪ., 2006. - 
C. 120-150. 

5. ɻʨʝʯʢʦ, ɸ. ɺ. ʀʥʪʝʣʣʝʢʪʫʘʣʠʟʘʮʠʷ ʠ ʫʧʦʨʷʜʦ-
ʯʝʥʠʝ ʠʥʪʝʨʬʝʡʩʦʚ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦ-
ʦʙʦʨʦʪʘ [ʊʝʢʩʪ]: ʫʯʝʙ. ʜʠʩ. ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ: 
01.05.03 / ɸ. ɺ. ɻʨʝʯʢʦ. - ʄ .: ʅɸʅ ʈʦʩʩʠʷ. ʀʥ-ʪ ʢʠ-
ʙʝʨʥʝʪʠʢʠ ʠʤ. ɺ. ʄ. ɻʣʫʰʢʦʚʘ, 2006. - 19 c. 

6. ɻʨʝʯʢʦ, ɸ. ɺ. ɺʳʙʦʨ ʢʦʤʤʝʨʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 
ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʜʣʷ ʨʘʟʚʠʪʠʷ ʢʦʨʧʦ-
ʨʘʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ [ʊʝʢʩʪ] / ɸ. ɺ. 
ɻʨʝʯʢʦ, ɸ. ʉ. ɼʝʛʪʷʨʝʥʢʦ, ɸ. ʃ. ʇʝʨʝʚʦʟʯʠʢʦʚʘ // 
ʋʧʨʘʚʣʷʶʱʠʝ ʩʠʩʪʝʤʳ ʠ ʤʘʰʠʥʳ. - 2004. - ˉ 3. - ʉ. 
56-70. 

7. ʄʘʪʚʠʝʥʢʦ, ɸ. ɺ. ʆʩʥʦʚʳ ʦʨʛʘʥʠʟʘʮʠʠ ʵʣʝʢ-
ʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ [ʊʝʢʩʪ] / ɺ. ʄʘʪʚʠʝʥʢʦ, 
ʄ. ʅ. ʎʳʚʠʥ. - ʄ .: ʎʝʥʪʨ ʫʯʝʙʥʦʡ ʣʠʪʝʨʘʪʫʨʳ, 2008. 
- ʉ. 47-48. 

8. ɼʫʙʦʚ, ɼ. ɺ. ʆʩʥʦʚʳ ʵʣʝʢʪʨʦʥʥʦʛʦ ʫʧʨʘʚʣʝ-
ʥʠʷ [ʊʝʢʩʪ] / ɼ. ɺ. ɼʫʙʦʚ, ʉ. ɺ. ɼʫʙʦʚʘ. - ʄ .: ʎʝʥʪʨ 
ʫʯʝʙʥʦʡ ʣʠʪʝʨʘʪʫʨʳ, 2006. - C. 124-125. 

9. Chieu, T. C. Service-Oriented Approach for Im-
plementing an Extensible Content Management System 
[Text] / T. C. Chieu, L. Zeng // Proceedings of the 2008 
IEEE Congress on Services. ð 2008. ð Part II. ð P. 96ï
103. doi:10.1109/services-2.2008.14  

10.  Liu, S. Workflow performance analysis and 
simulation based on multidimensional workflow net 
[Text] / S. Liu, Y. Fan // Computers in Industry. ð 2014. 
ð Vol. 65, ˉ 2. ð P. 333ï344. doi:10.1016/j.com-
pind.2013.12.002  

11. Fan, Y. S. Fundamentals of Workflow Manage-
ment Technology [Text] / Y. S. Fan. ð Tsinghua, New 
York: Springer-Verlag, 2001. ð P. 158ï159. 

12. Tan, W. Business and Scientific Workflows. A 
Web serviceOriented Approach [Text] / W. Tan, M. Zhou. 
ð Wiley, 2013. ð P. 153ï155. 
doi:10.1002/9781118554609 

 

  



32 TECHNICAL SCIENCE / ȺColloquium - journal η#1(25),2019 
ʋɼʂ 62-1/-9 

ʊʠʣʠʥʠʥ ʖ.ʀ., 

ʂʘʟʘʥʙʘʝʚʘ ɺ.ʉ., 

ʊʘʨʰʠʣʦʚʘ ʊ.ɸ. 
ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ʈɸɿɺʀʊʀɽ ʀ ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀɽ ʉʊʈʆʀʊɽʃʔʅʓʍ ʂʈɸʅʆɺ  
 

Tilinin  Yu.I .,  

Kazanbaeva V.S., 

 Tarshilova T.A. 
Saint Petersburg State University of Architecture and Civil Engineering 

 

DEVELOPMENT AND IMPROVEMENT OF CONSTRUCTION CRANES  
 
ɸʥʥʦʪʘʮʠʷ: 
ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʢʘʞʜʘʷ ʩʪʨʦʠʪʝʣʴʥʘʷ ʧʣʦʱʘʜʢʘ ʠʤʝʝʪ ʥʘ ʩʚʦʝʡ ʪʝʨʨʠʪʦʨʠʠ ʩʦʚʨʝʤʝʥʥʫʶ ʩʧʝʮʠʘ-

ʣʠʟʠʨʦʚʘʥʥʫʶ ʪʝʭʥʠʢʫ, ʢʦʪʦʨʘʷ ʦʪʚʝʯʘʝʪ ʚʳʩʦʢʠʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʫʱʝ-
ʩʪʚʫʝʪ ʨʷʜ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʩʪʨʦʠʪʝʣʴʥʦʤ ʢʦʤʧʣʝʢʩʝ, ʥʘʧʨʠʤʝʨ, ʥʝʵʬʬʝʢʪʠʚʥʳʝ ʨʝʰʝ-
ʥʠʷ ʧʦ ʫʩʪʨʦʡʩʪʚʫ ʧʘʨʢʘ ʪʝʭʥʠʢʠ, ʪʘʢʞʝ ʥʝʢʘʯʝʩʪʚʝʥʥʦʝ ʠ ʟʘʪʨʘʪʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ. ɺ ʜʘʥʥʦʡ 
ʩʪʘʪʴʝ ʤʳ ʨʘʩʩʤʦʪʨʝʣʠ ʠ ʧʨʝʜʣʦʞʠʣʠ ʤʝʨʦʧʨʠʷʪʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʤʦʜʝʨʥʠʟʘʮʠʶ ʙʘʰʝʥʥʳʭ ʢʨʘʥʦʚ. ʉ ʮʝ-
ʣʴʶ ʚ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ ʚʳʚʝʩʪʠ ʨʦʩʩʠʡʩʢʦʝ ʢʨʘʥʦʩʪʨʦʝʥʠʝ ʚ ʣʠʜʠʨʫʶʱʠʝ ʤʠʨʦʚʳʝ ʧʦʟʠʮʠʠ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ 
ʢʘʯʝʩʪʚʘ ʠ ʢʦʣʠʯʝʩʪʚʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʥʦʚʥʦʝ ʨʘʟʚʠʪʠʝ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʙʘʰʝʥʥʳʭ ʢʨʘʥʦʚ ʠ ʩʫʱʝ-
ʩʪʚʝʥʥʳʡ ʨʦʩʪ ʦʙʲʝʤʦʚ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʠʚʝʜʫʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʪʝʤʧʦʚ ʨʘʙʦʪʳ, 
ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʧʨʦʩʪʦʝʚ ʥʘ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʝ ʠ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʨʘʩʭʦʜʦʚ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. 

Abstract: 
Today, every construction site has on its territory modern specialized equipment that meets high performance re-

quirements. However, there are a number of problems associated with the use in the construction complex, for example, 
inefficient solutions for the park of equipment, as well as poor-quality and costly maintenance. In this article, we re-
viewed and proposed measures aimed at upgrading tower cranes. In order to bring Russian crane construction in the 
near future to the leading global positions in terms of quality and quantity. Thus, the main development and improvement 
of tower cranes and a significant increase in the volume of high-quality manufacturing will lead to a significant increase 
in the pace of work, the prevention of downtime at the construction site and a significant reduction in construction costs. 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʨʦʠʪʝʣʴʥʳʝ ʢʨʘʥʳ, ʙʘʰʝʥʥʳʝ ʢʨʘʥʳ, ʩʪʨʦʠʪʝʣʴʥʘʷ ʧʣʦʱʘʜʢʘ, ʢʦʥʩʪʨʫʢʮʠʷ, ʫʟʣʳ ʢʨʘ-

ʥʦʚ, ʛʨʫʟʦʟʘʭʚʘʪʳ. 
Key words: construction cranes, tower cranes, construction site, construction, crane assemblies, cargo grippers 
 
ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʢʘʞʜʘʷ ʩʪʨʦʠʪʝʣʴʥʘʷ ʧʣʦ-

ʱʘʜʢʘ ʠʤʝʝʪ ʥʘ ʩʚʦʝʡ ʪʝʨʨʠʪʦʨʠʠ ʩʦʚʨʝʤʝʥʥʫʶ ʩʧʝ-
ʮʠʘʣʠʟʠʨʦʚʘʥʥʫʶ ʪʝʭʥʠʢʫ, ʢʦʪʦʨʘʷ ʦʪʚʝʯʘʝʪ ʚʳʩʦʢʠʤ 
ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʫʱʝ-
ʩʪʚʫʝʪ ʨʷʜ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ 
ʩʪʨʦʠʪʝʣʴʥʦʤ ʢʦʤʧʣʝʢʩʝ, ʥʘʧʨʠʤʝʨ, ʥʝʵʬʬʝʢʪʠʚʥʳʝ 
ʨʝʰʝʥʠʷ ʧʦ ʫʩʪʨʦʡʩʪʚʫ ʧʘʨʢʘ ʪʝʭʥʠʢʠ, ʪʘʢʞʝ ʥʝʢʘʯʝ-
ʩʪʚʝʥʥʦʝ ʠ ʟʘʪʨʘʪʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ. 

ɻʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʚ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ ʷʚʣʷʝʪʩʷ 
ʚʳʚʝʜʝʥʠʝ ʨʦʩʩʠʡʩʢʦʛʦ ʢʨʘʥʦʩʪʨʦʝʥʠʷ ʥʘ ʣʠʜʠʨʫʶ-
ʱʠʝ ʤʠʨʦʚʳʝ ʧʦʟʠʮʠʠ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ʢʘʯʝʩʪʚʘ ʠ ʢʦ-
ʣʠʯʝʩʪʚʘ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʮʝʣʝʡ ʥʝʦʙʭʦ-
ʜʠʤʦ ʜʣʷ ʥʘʯʘʣʘ ʩʦʢʨʘʪʠʪʴ ʯʠʩʣʦ ʪʠʧʦʨʘʟʤʝʨʦʚ ʙʘ-
ʰʝʥʥʳʭ ʢʨʘʥʦʚ. ɺʟʘʤʝʥ ʫʩʪʘʨʝʚʰʠʤ, ʥʝ ʦʪʚʝʯʘʶʱʠʤ 
ʪʝʭʥʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʤʦʜʝʣʷʤ ʥʘʯʘʣʠ ʨʘʟʨʘʙʘʪʳ-
ʚʘʪʴʩʷ ʥʦʚʳʝ, ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ 
ʢʨʘʥʦʚ, ʪʘʢʠʝ ʢʘʢ ʉ-390, ʉ-391, ɹʂ-215, ʂʊʉ-5-10 ʠ 
ʜʨʫʛʠʝ. ɻʣʘʚʥʳʡ ʧʣʶʩ ʜʘʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩʦʩʪʦʠʪ ʚ 
ʪʦʤ, ʯʪʦ ʧʦ ʩʚʦʠʤ ʪʝʭʥʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʦʥʠ 
ʥʝ ʧʨʦʠʛʨʳʚʘʶʪ ʟʘʨʫʙʝʞʥʳʤ ʘʥʘʣʦʛʘʤ. ʇʦʵʪʦʤʫ ʧʨʠ 
ʜʘʣʴʥʝʡʰʝʤ ʠʭ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʤʳ ʩʤʦʞʝʤ ʦʧʝ-
ʨʝʜʠʪʴ ʟʘʧʘʜʥʳʭ ʢʦʥʢʫʨʝʥʪʦʚ. 

 
ʈʠʩ. 1. ɹʘʰʝʥʥʳʡ ʢʨʘʥ. 
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ʂʦʥʩʪʨʫʢʮʠʠ ʙʘʰʝʥʥʳʭ ʢʨʘʥʦʚ ʤʦʜʝʨʥʠʟʠʨʫ-

ʶʪʩʷ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʤʘʩʩʳ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʦʝ 
ʤʦʞʥʦ ʜʦʩʪʠʛʥʫʪʴ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʝʛʢʠʭ ʪʨʫʙ-
ʯʘʪʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʩʧʣʘʚʦʚ ʘʣʶʤʠʥʠʷ, ʧʣʘʩʪʤʘʩʩ ʠ 
ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʵʬʬʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [1]. 
ʂʨʦʤʝ ʪʦʛʦ, ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʤʝʪʦʜʳ ʧʦ ʫʣʫʯʰʝʥʠʶ 
ʢʦʥʩʪʨʫʢʮʠʠ ʭʦʜʦʚʦʡ ʯʘʩʪʠ ʢʨʘʥʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʝʛʦ 
ʧʨʦʭʦʞʜʝʥʠʷ ʥʘ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʝ ʧʣʦʱʘʜʢʠ ʠ ʫʚʝʣʠ-
ʯʝʥʠʷ ʤʘʥʝʚʨʝʥʥʦʩʪʠ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʙʝʟ-
ʦʧʘʩʥʦʩʪʠ ʧʨʝʜʣʘʛʘʶʪʩʷ ʤʝʪʦʜʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʠʜ-
ʨʘʚʣʠʯʝʩʢʦʛʦ ʧʨʠʚʦʜʘ ʠ ʧʣʘʥʝʪʘʨʥʳʭ ʧʝʨʝʜʘʯ, ʷʚʣʷʶ-
ʱʠʭʩʷ ʵʣʝʤʝʥʪʦʤ ʪʨʘʥʩʤʠʩʩʠʠ.  

ʉʫʱʝʩʪʚʫʶʪ ʢʨʘʥʳ ʩ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ, ʢʦʪʦʨʳʡ 
ʠʤʝʝʪ ʥʘʩʪʨʘʠʚʘʝʤʳʡ ʚʠʭʨʝʚʦʡ ʪʦʨʤʦʟ. ʇʨʠ ʘʥʘʣʠʟʝ 
ʧʦʜʦʙʥʳʭ ʢʨʘʥʦʚ ʠ ʫʞʝ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʪʘʥʦʚʠʪʩʷ ʦʯʝ-
ʚʠʜʥʳʤ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝʨʚʳʭ. 
ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʘʜʠʪʴ ʠʭ ʠʟʛʦʪʦʚʣʝ-
ʥʠʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʘʭ, ʧʨʠʯʝʤ ʚ ʫʩʢʦʨʝʥʥʦʤ ʪʝʤʧʝ, 
ʜʣʷ ʥʘʯʘʣʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʨʘʥʘʭ. ʉʚʦʡʩʪʚʘ ʧʦʜʦʙ-
ʥʦʛʦ ʧʨʠʚʦʜʘ ʩ ʛʝʥʝʨʘʪʦʨʦʤ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʥʠʢʘʢ 
ʥʝ ʫʩʪʫʧʘʶʪ ʵʣʝʢʪʨʦʧʨʠʚʦʜʫ ʩ ʛʝʥʝʨʘʪʦʨʦʤ ʧʦʩʪʦʷʥ-
ʥʦʛʦ ʪʦʢʘ [2].  

ʊʘʢʞʝ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʣʫʯʰʝʥʠʷ ʨʘ-
ʙʦʯʝʛʦ ʤʝʩʪʘ ʜʣʷ ʢʨʘʥʦʚʱʠʢʘ. ɼʘʥʥʦʝ ʤʝʨʦʧʨʠʷʪʠʝ 
ʩʧʦʩʦʙʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʨʘ-
ʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ. ɼʣʷ ʵʪʦʛʦ ʩʣʝʜʫʝʪ ʩʦʙʣʶʩʪʠ ʩʣʝʜʫ-
ʶʱʠʝ ʧʦʧʨʘʚʢʠ: ʧʣʦʱʘʜʴ ʢʘʙʠʥʳ ʦʙʷʟʘʥʘ ʫʯʠʪʳʚʘʪʴ 
ʩʧʝʮʠʘʣʴʥʳʝ ʥʦʨʤʳ ʠ ʷʚʣʷʪʴʩʷ ʥʠʢʘʢ ʥʝ ʤʝʥʴʰʝ 3 ʤ2, 
ʘ ʢʘʨʢʘʩ ʜʦʣʞʝʥ ʙʳʪʴ ʚʳʧʦʣʥʝʥ ʩ ʵʬʬʝʢʪʠʚʥʦʡ ʪʝʧʣʦ-
ʠʟʦʣʷʮʠʝʡ, ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʥʫʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʣʝʢ-
ʪʨʦʧʝʯʠ ʜʣʷ ʦʙʦʛʨʝʚʘ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʥʝʦʙʭʦʜʠʤ ʧʘ-
ʥʦʨʘʤʥʳʡ ʚʠʜ, ʯʪʦʙʳ ʩʫʱʝʩʪʚʦʚʘʣʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦ-
ʩʪʦʷʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʩʦ ʩʪʦʨʦʥʳ ʢʨʘʥʦʚʱʠʢʘ ʟʘ 
ʧʨʦʠʩʭʦʜʷʱʠʤʠ ʜʝʡʩʪʚʠʷʤʠ ʥʘ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʣʦ-
ʱʘʜʢʝ. 

ɻʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʩʦʩʪʦʠʪ ʩʦʟʜʘʥʠʝ ʝʜʠʥʦʛʦ ʨʷʜʘ 
ʙʘʰʝʥʥʳʭ ʢʨʘʥʦʚ. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ 
ʟʘʪʨʘʪ ʨʝʩʫʨʩʦʚ ʥʘ ʠʟʛʦʪʦʚʣʝʥʠʝ ʜʝʪʘʣʝʡ ʠ ʤʝʭʘʥʠʟ-
ʤʦʚ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʦʟʜʘʥʦ ʥʝ ʙʦʣʝʝ ʚʦʩʴʤʠ 
ʪʠʧʦʢʦʥʩʪʨʫʢʮʠʡ ʢʨʘʥʦʚ, ʚ ʥʠʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 
ʥʘʠʙʦʣʴʰʘʷ ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ ʫʟʣʦʚ ʠ ʤʝʭʘʥʠʟʤʦʚ. 

ʅʘ ʦʩʥʦʚʝ ʩʫʱʝʩʪʚʝʥʥʳʭ ʫʟʣʦʚ ʢʨʘʥʦʚ ʚʦʟʤʦʞʥʦ 
ʩʚʦʙʦʜʥʦ ʩʦʟʜʘʚʘʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʚʠʜʳ ʢʦʥʩʪʨʫʢ-
ʮʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʨʘʥ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴʶ 7 ʪʦʥʥ ʜʣʷ 
ʚʦʟʚʝʜʝʥʠʷ ʤʘʣʦʵʪʘʞʥʳʭ ʟʜʘʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝ-
ʥʝʥ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 7 ʠ ʙʦʣʝʝ ʵʪʘʞʥʳʭ ʟʜʘʥʠʡ ʧʫ-
ʪʝʤ ʥʘʨʘʱʠʚʘʥʠʷ ʙʘʰʥʠ. 

ɺʩʣʝʜʩʪʚʠʝ ʩʥʠʞʝʥʠʷ ʯʠʩʣʘ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥ-
ʥʳʭ ʫʟʣʦʚ ʤʦʞʥʦ ʙʫʜʝʪ ʚʳʧʫʩʢʘʪʴ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ 
ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʛʣʘʚʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʙʘʰʝʥʥʳʭ 
ʢʨʘʥʦʚ. ʊʝʤ ʩʘʤʳʤ ʟʘʤʝʪʥʦ ʚʦʟʨʘʩʪʝʪ ʚʳʧʫʩʢ ʥʝʦʙʭʦ-
ʜʠʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʠʟʛʦʪʘʚʣʠʚʘʝʤʦʛʦ 
ʥʘ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʭ ʟʘʚʦʜʘʭ. 

ʇʦʩʣʝʜʫʶʱʠʡ ʧʨʦʮʝʜʫʨʘ ʫʣʫʯʰʝʥʠʷ ʩʙʦʨʥʳʭ 
ʢʨʘʥʦʚ ʦʙʷʟʘʥʘ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʝʨʝʚʝʜʝʥʠʝ ʥʘ ʙʝʟ-
ʨʝʣʴʩʦʚʫʶ ʭʦʜ, ʩʤʝʥʳ ʢʘʥʘʪʘ ʠ ʢʨʶʢʘ ʥʘ ʢʦʥʪʨʦʣʠʨʫ-
ʝʤʳʡ ʨʘʙʦʯʠʡ ʵʣʝʤʝʥʪ ʰʘʨʥʠʨʥʦʛʦ ʪʠʧʘ. 

ɺʚʝʜʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʟʘʭʚʘʪʳʚʘʶʱʠʭ ʵʣʝʤʝʥ-
ʪʦʚ ʩʦʟʜʘʩʪ ʫʩʣʦʚʠʷ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 
ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʢʨʘʥʘʤʠ, ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ, 

ʢʦʥʪʨʦʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ. ʅʘ ʦʩʥʦʚʝ 
ʧʨʠʥʮʠʧʘ ʨʘʙʦʪʳ ʤʝʭʘʥʠʟʤʦʚ ʨʘʟʣʠʯʘʶʪ ʨʷʜ ʦʩʥʦʚ-
ʥʳʭ ʪʠʧʦʚ ʛʨʫʟʦʟʘʭʚʘʪʦʚ [3]:  

Å ʢʣʝʱʝʚʳʝ (ʟʘʞʠʤʥʳʝ) ï ʛʣʘʚʥʳʡ ʧʣʶʩ ʩʦ-
ʩʪʦʠʪ ʚ ʩʧʦʩʦʙʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʛʨʫʟʘʤʠ ʨʘʟ-
ʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʟʘʢʨʝʧʣʝʥʠʝ ʢʦʪʦʨʳʭ ʧʨʦʠʟʚʦ-
ʜʠʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʭʚʘʪʘ ʥʝʟʘʥʷʪʳʤʠ ʢʦʥʮʘʤʠ ʨʳ-
ʯʘʛʘ. 

Å ʚʠʣʦʯʥʳʝ (ʣʘʧʯʘʪʳʝ) ï ʩʦʟʜʘʶʪʩʷ ʩ ʮʝʣʴʶ 
ʧʦʜʭʚʘʪʘ ʛʨʫʟʘ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʥʘ ʧʦʜʜʦʥʘʭ ʩʦ 
ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʦʪʚʝʨʩʪʠʷʤʠ ʜʣʷ ʚʝʥʪʠʣʷʮʠʠ.  

Å ʵʢʩʮʝʥʪʨʠʢʦʚʳʝ ï ʦʙʳʯʥʦ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʜʣʷ 
ʦʙʭʚʘʪʘ ʠ ʜʘʣʴʥʝʡʰʝʛʦ ʧʝʨʝʥʦʩʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʨʘʩʪʷ-
ʥʫʪʳʭ ʛʨʫʟʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʧʦʣʦʞʝʥʠʷʭ. ʅʝ ʨʝʜʢʦ 
ʚʩʪʨʝʯʘʶʪʩʷ ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʧʦʜʲʝʤ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʣʠ-
ʩʪʦʚ, ʘ ʪʘʢʞʝ ʠʭ ʧʝʨʝʤʝʱʝʥʠʝ. 

Å ʤʘʛʥʠʪʥʳʝ - ʘʜʘʧʪʠʨʦʚʘʥʳ ʢ ʧʝʨʝʥʦʩʫ ʤʝʪʘʣ-
ʣʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ (ʯʘʱʝ ʠʟ ʩʪʘʣʠ ʠ ʯʫʛʫʥʘ), ʧʨʠʯʝʤ 
ʨʘʟʥʳʭ ʬʦʨʤ. ʅʦ ʦʪ ʥʠʭ ʟʘʚʠʩʠʪ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ 
ʧʨʠʙʦʨʘ. 

Å ʚʘʢʫʫʤʥʳʝ ï ʦʜʥʠ ʠʟ ʙʦʣʝʝ ʥʦʚʳʭ ʛʨʫʟʦʟʘʭʚʘ-
ʪʦʚ. ʆʥʠ ʨʘʙʦʪʘʶʪ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʧʨʠʥʮʠʧʫ ï ʥʘ ʛʨʫʟ 
ʩʪʘʚʷʪ ʢʘʤʝʨʫ, ʚ ʢʦʪʦʨʦʡ ʩʦʟʜʘʝʪʩʷ ʚʘʢʫʫʤ, ʧʦʜ ʚʣʠʷ-
ʥʠʝʤ ʜʘʚʣʝʥʠʷ ʘʪʤʦʩʬʝʨʳ ʧʦʷʚʣʷʝʪʩʷ ʩʠʣʘ, ʧʨʠʪʷʛʠ-
ʚʘʶʱʘʷ ʛʨʫʟ ʢ ʟʘʭʚʘʪʫ. ʇʨʠ ʜʝʡʩʪʚʠʠ ʵʪʦʡ ʩʠʣʳ ʛʨʫʟ ʠ 
ʧʦʜʥʠʤʘʝʪʩʷ ʥʘ ʥʫʞʥʫʶ ʚʳʩʦʪʫ. 

ɺʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʠʩʪʘʥʮʠʦʥ-
ʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʙʘʰʝʥʥʳʤʠ ʢʨʘʥʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʩʫ-
ʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʫʣʫʯʰʝʥʠʠ ʩʚʷʟʠ ʤʝʞʜʫ 
ʢʨʘʥʦʚʱʠʢʦʤ ʠ ʤʦʥʪʘʞʥʠʢʦʤ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʣʫʯ-
ʰʝʤʫ ʢʦʦʨʜʠʥʠʨʦʚʘʥʠʶ ʜʝʡʩʪʚʠʡ, ʘ ʪʘʢʞʝ ʩʦʢʨʘʱʝ-
ʥʠʶ ʩʣʫʯʘʡʥʳʭ ʞʝʨʪʚ. 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʪʨʦ-
ʠʪʝʣʴʩʪʚʘ ʚʳʩʪʫʧʘʶʪ ʚʳʩʦʢʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʟʘ-
ʪʨʘʪʳ, ʚʩʣʝʜʩʪʚʠʝ ʧʨʦʩʪʦʷ ʪʝʭʥʠʢʠ ʚ ʧʨʦʮʝʩʩʝ ʝʝ ʤʦʥ-
ʪʘʞʘ ʠ ʜʝʤʦʥʪʘʞʘ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʜʥʠʤ ʠʟ ʩʘ-
ʤʳʭ ʚʳʛʦʜʥʳʭ ʚʘʨʠʘʥʪʦʚ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 
ʧʥʝʚʤʦʢʦʣʝʩʥʳʭ ʢʨʘʥʦʚ ʩ ʦʧʦʨʥʳʤʠ ʛʠʜʨʦʜʦʤʢʨʘ-
ʪʘʤʠ. ʇʨʠʤʝʥʝʥʠʝ ʪʘʢʠʭ ʢʨʘʥʦʚ ʦʢʘʞʝʪʩʷ ʚʳʛʦʜʥʝʝ ʚ 
ʬʠʥʘʥʩʦʚʦʤ ʧʣʘʥʝ ʙʘʰʝʥʥʳʭ ʚ ʮʝʥʦʚʦʡ ʢʘʪʝʛʦʨʠʠ 
ʧʨʠʤʝʨʥʦ ʥʘ 16-23% ʠ ʧʦ ʪʨʫʜʦʟʘʪʨʘʪʘʤ ð ʥʘ 15-20%. 

ʆʩʥʦʚʥʦʝ ʨʘʟʚʠʪʠʝ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʙʘʰʝʥ-
ʥʳʭ ʢʨʘʥʦʚ ʠ ʩʫʱʝʩʪʚʝʥʥʳʡ ʨʦʩʪ ʦʙʲʝʤʦʚ ʢʘʯʝʩʪʚʝʥ-
ʥʦʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʠʚʝʜʫʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠ-
ʯʝʥʠʶ ʪʝʤʧʦʚ ʨʘʙʦʪʳ, ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʧʨʦʩʪʦʝʚ ʥʘ 
ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʝ ʠ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʦʢʨʘʱʝʥʠʝ 
ʨʘʩʭʦʜʦʚ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ.  

ʃʠʪʝʨʘʪʫʨʘ: 
1. ɽʚʪʶʢʦʚ ʉ.ɸ., ʂʫʨʘʢʠʥʘ ɽ.ɺ., ɽʚʪʶʢʦʚ ʉ.ʉ. 

ʅʘʟʝʤʥʳʝ ʪʨʘʥʩʧʦʨʪʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʤʘʰʠʥʳ. 
ʇʦʜ ʦʙʱ.ʨʝʜ. ʧʨʦʬ. ʉ.ɸ.ɽʚʪʶʢʦʚ. ï ʉʇʙ: ʀɼ çʇʝʪʨʦ-
ʧʦʣʠʩè, 2016. ï 504ʩ 

2. ɹʝʩʮʝʥʥʘʷ ʆ.ɺ. ʈʘʟʨʘʙʦʪʢʘ ʠ ʠʩʧʳʪʘʥʠʷ ʪʦʨʤʦ-
ʟʦʚ ʥʘ ʚʠʭʨʝʚʳʭ ʪʦʢʘʭ / ʆ.ɺ. ɹʝʩʮʝʥʥʘʷ, ɻ.ʉ. ʊʘʤʦʷʥ, 
ʄ.ɼ. ʌʦʢʠʥ, ɺ.ʅ.ʃʘʚʨʦʚ, ɺ.ʅ. ʃʦʙʦʚ // ɺʝʩʪʥʠʢ 
ɺʅʀʀɾʊ.ï 1981. ï ˉ 1. ï ʉ. 43ï45. 

3. ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʛʨʫʟʦʧʦʜʲʝʤʥʳʭ ʤʘ-
ʰʠʥ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] http:// 
revolution.allbest.ru/transport (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 
27.10.18) 

 

  



34 TECHNICAL SCIENCE / ȺColloquium - journal η#1(25),2019 

ʂʘʠʜ ʄ.ʈ.  

ʉʪʫʜʝʥʪ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ  

çʃʕʊʀè ʠʤʝʥʠ ɺ. ʀ. ʋʣʴʷʥʦʚʘ (ʃʝʥʠʥʘ), 

ʛ. ʉʘʥʢʪ ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 
 

ʂʆʄʇʔʖʊɽʈʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʃʆʂɸʃʀɿɸʎʀʀ ʕʇʀɼɽʄʀʁ 
 

Qaid M.R. 

Student of Saint Petersburg state electrotechnical university  

St. Petersburg, Russia 
 

COMPUTER MODELING OF LOCALIZATION OF EPIDEMICS  
 
ɸʥʥʦʪʘʮʠʷ 
ʄʳ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʞʠʚʸʤ ʚ ʤʘʣʝʥʴʢʦʤ ʤʠʨʝ. ʃʸʛʢʦʩʪʴ ʤʠʨʦʚʦʛʦ ʧʫʪʝʰʝʩʪʚʠʷ ʜʝʣʘʝʪ ʚʩʝʭ ʩʦʩʝʜʷʤʠ. ʕʪʘ 

ʚʟʘʠʤʦʩʚʷʟʴ ʩʦʟʜʘʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʥʷʪʴ ʠ ʫʤʝʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠʥʬʝʢʮʠʦʥʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ. ʄʘʪʝʤʘʪʠ-
ʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʝʜʦʩʪʘʚʠʣʦ ʵʢʦʥʦʤʠʯʥʳʝ ʩʨʝʜʩʪʚʘ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʜʠʥʘʤʠʢʠ ʧʝʨʝʜʘʯʠ ʟʘʙʦʣʝʚʘʥʠʡ, ʘ 
ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʘ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʵʢʦʥʦʤʠʯʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʨʦʬʠʣʘʢ-
ʪʠʢʫ ʠ ʣʝʯʝʥʠʝ ʟʘʙʦʣʝʚʘʥʠʡ. ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʤʳ ʧʦʧʳʪʘʝʤʩʷ ʦʪʚʝʪʠʪʴ ʥʘ ʚʦʧʨʦʩʳ ʧʦʣʠʪʠʢʠ, ʠʩʧʦʣʴʟʫʷ ʨʝʟʫʣʴ-
ʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ.  

Abstract 
We truly live in a small world. The ease of world travel makes everyone a neighbor. This interconnectedness has 

created a need to understand and be able to predict infectious diseases. Mathematical modeling has provided an eco-
nomical means to comprehending the transmission dynamics of diseases as well as the ability to choose the most effective 
and economical interventions aimed at preventing and treating disease. In this dissertation we will attempt to answer 
policy questions using the simulation results from several mathematical models.  

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɹʘʟʦʚʘʷ ʤʦʜʝʣʴ, SEIR ʤʦʜʝʣʴ, ʂʘʨʘʥʪʠʥʥʘʷ ʤʦʜʝʣʴ, ʄʦʜʝʣʴ ʣʝʯʝʥʠʷ. 
Keywords: Basic Model, SEIR model, Quarantine model, Treatment model. 
 
ɻʨʠʧʧ ʟʘʥʠʤʘʝʪ ʚʝʜʫʱʝʝ ʤʝʩʪʦ ʩʨʝʜʠ ʠʥʬʝʢʮʠ-

ʦʥʥʭr ʟʘʙʦʣʝʚʘʥʠʡ ʯʝʣʦʚʝʯʝʩʪʚʘ ʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʨʦ-
ʚʦʜʠʤʳʝ ʧʨʦʪʠʚʦʵʧʠʜʝʤʠʯʝʩʢʠʝ ʤʝʨʦʧʨʠʷʪʠʷ, ʟʘʙʦ-
ʣʝʚʘʝʤʦʩʪʴ ʠʤ ʥʝ ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʠ ʢ ʩʥʠʞʝʥʠʶ, ʢʘʢ ʚ 
ʈʦʩʩʠʠ, ʪʘʢ ʠ ʟʘ ʨʫʙʝʞʦʤ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʥʦʛʠʝ ʠʟ ʤʦʜʝʣʝʡ ʙʳʣʠ ʧʨʝʜʣʦ-
ʞʝʥʳ ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ ʘʥʘʣʠʟʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 
ʛʨʠʧʧʘ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʪʝʭʥʠʢʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 
ʛʨʠʧʧʘ ʧʦʜʭʦʜʷʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʣʠ ʤʦʛʫʪ ʙʳʪʴ 
ʣʝʛʢʦ ʘʜʘʧʪʠʨʦʚʘʥʳ ʜʣʷ ʜʨʫʛʠʭ ʠʥʬʝʢʮʠʡ, ʧʝʨʝʜʘʶ-
ʱʠʭʩʷ ʚʦʟʜʫʰʥʦ-ʢʘʧʝʣʴʥʳʤ ʠ ʢʦʥʪʘʢʪʥʦ ʙʳʪʦʚʳʤ ʧʫ-
ʪʸʤ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʤʝʪʦʜʦʚ ʧʨʠʤʝʥʠʤʘ 
ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʜʘʞʝ ʥʝʠʥʬʝʢʮʠʦʥʥʦʡ ʟʘʙʦʣʝʚʘ-
ʝʤʦʩʪʠ. 

ʄʦʜʝʣʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʧʠʜʝʤʠʠ ʧʦʩʪʨʦʝʥʘ 
ʠʩʭʦʜʷ ʠʟ ʧʨʝʜʧʦʣʦʞʝʥʠʡ: 

¶ ʠʥʬʝʢʮʠʦʥʥʦʝ ʟʘʙʦʣʝʚʘʥʠʝ ʧʨʦʪʝʢʘʝʪ ʚ ʢʘʞ-
ʜʦʡ ʚʦʟʨʘʩʪʥʦʡ (ʠʣʠ ʩʦʮʠʘʣʴʥʦʡ) ʛʨʫʧʧʝ ʧʦ-ʨʘʟʥʦʤʫ; 

¶ ʟʘʙʦʣʝʚʘʥʠʝ ʧʝʨʝʜʘʸʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʢʦʥʪʘʢʪʝ 
ʠʥʬʠʮʠʨʦʚʘʥʥʦʛʦ ʯʝʣʦʚʝʢʘ ʩʦ ʟʜʦʨʦʚʳʤ; 

¶ ʚ ʯʠʩʣʦ ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʥʝ ʚʭʦʜʷʪ ʣʶʜʠ, ʢʦ-
ʪʦʨʳʝ ʠʤʝʶʪ ʠʤʤʫʥʠʪʝʪ ʠʣʠ ʚʳʟʜʦʨʘʚʣʠʚʘʶʪ ʚ ʨʝ-
ʟʫʣʴʪʘʪʝ ʢʘʢʦʛʦ - ʣʠʙʦ ʠʥʦʛʦ ʧʨʦʮʝʩʩʘ; 

¶ ʠʥʢʫʙʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ ʟʘʨʘʞʝʥʠʷ ʯʝʣʦʚʝʢʘ, 
ʚ ʢʦʪʦʨʳʡ ʙʦʣʝʟʥʴ ʨʘʟʚʠʚʘʝʪʩʷ ʚʥʫʪʨʠ ʦʨʛʘʥʠʟʤʘ ʠ ʥʝ 
ʠʤʝʝʪ ʚʥʝʰʥʠʭ ʧʨʦʷʚʣʝʥʠʡ, ʚ ʢʘʞʜʦʤ ʦʪʜʝʣʴʥʦʤ ʩʣʫ-
ʯʘʝ ʠʤʝʝʪ ʩʚʦʸ ʟʥʘʯʝʥʠʝ. 

 
ɹʘʟʦʚʘʷ ʤʦʜʝʣʴ ɻʨʠʧʧʘ A (H1N1) 

ɼʣʷ ʙʘʟʦʚʦʡ ʤʦʜʝʣʠ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ SEIR-
ʤʦʜʝʣʴ, ʪʘʢ ʢʘʢ ʦʥʘ ʩʦʟʜʘʥʘ ʜʣʷ ʟʘʙʦʣʝʚʘʥʠʡ, ʧʘʪʦʛʝ-
ʥʝʟ ʢʦʪʦʨʳʭ ʚʢʣʶʯʘʝʪ ʬʘʟʫ ʧʘʩʩʠʚʥʦʛʦ ʠʥʬʠʮʠʨʦʚʘ-
ʥʠʷ, ʢʦʛʜʘ ʠʥʜʠʚʠʜ ʷʚʣʷʝʪʩʷ ʥʦʩʠʪʝʣʝʤ, ʥʦ ʥʝ ʷʚʣʷ-
ʝʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʠʪʝʣʝʤ ʠʥʬʝʢʮʠʠ. 

ɺʩʷ ʧʦʧʫʣʷʮʠʠ ʜʝʣʷʪʩʷ ʥʘ ʛʨʫʧʧʳ: 

¶ çSusceptibleè ïï ʟʜʦʨʦʚʳʝ ʣʶʜʠ, ʚʦʩʧʨʠʠʤ-
ʯʠʚʳʝ ʢ ʟʘʙʦʣʝʚʘʥʠʶ; 

¶ çExposeè ïï ʣʶʜʠ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʠʥʢʫʙʘʮʠ-
ʦʥʥʦʤ ʧʝʨʠʦʜʝ; 

¶ çInfectiousè ïïʠʥʬʠʮʠʨʦʚʘʥʥʳʝ; 

¶ çRecoveredè ïï ɺʦʩʩʪʘʥʦʚʣʝʥʥʳʝ. 
ʇʨʦʩʪʘʷ SEIR ʤʦʜʝʣʴ ʵʧʠʜʝʤʠʠ ʩʦʟʜʘʥʘ ɸʨʠʥʦ 

ɹʨʘʫʵʨʦʤ ʚ 2006 ʛʦʜʫ [1]. ʆʥʘ ʙʳʣʘ ʠʟʤʝʥʝʥʘ ʠ ʚʢʣʶ-
ʯʘʝʪ ʚ ʩʝʙʷ ʩʤʝʨʪʝʣʴʥʳʝ ʩʣʫʯʘʠ ʦʪ ʩʠʤʧʪʦʤʘʪʠʯʝʩʢʦʡ 
ʠʥʬʝʢʮʠʦʥʥʦʡ ʙʦʣʝʟʥʠ. ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʣʦʢ-
ʩʭʝʤʘ ʙʘʟʦʚʦʡ ʤʦʜʝʣʠ. 

 
ʈʠʩʫʥʦʢ 1. ɹʣʦʢ ʩʭʝʤʘ ʙʘʟʦʚʦʡ ʤʦʜʝʣʠ ʛʨʠʧʧʘ 
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ʄʦʜʝʣʴ ʩʦʩʪʦʠʪ ʠʟ ʧʷʪʠ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. 

 

(1) 

 
ɺʦʩʧʨʠʠʤʯʠʚʳʝ ʣʶʜʠ ʚ ʦʪʩʝʢʝ S ʧʦʜʚʝʨʛʘʶʪʩʷ 

ʢʦʥʪʘʢʪʫ ̒ ̈ ̜́̑́̇̆̎̎̍̉ ̝̟̉̎̓̆̎̒̉̃̎̏̒̓ ɼ. ʇʦʩʣʝ 
ʟʘʨʘʞʝʥʠʷ ʵʪʦʡ ʙʦʣʝʟʥʴʶ, ʦʥʠ ʚʦʡʜʫʪ ʚ ʦʪʢʨʳʪʫʶ 
ʬʘʟʫ, ʛʜʝ ʚʠʨʫʩ ʨʘʟʤʥʦʞʘʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʧʝʨʠʦʜʘ ʚʨʝ-
ʤʝʥʠ, ʨʘʚʥʦʛʦ (ʂ). ɿʜʝʩʴ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʵʪʦʡ 
ʤʦʜʝʣʠ ʤʳ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʤʫʪʘʮʠʠ ʚʦʟʙʫʜʠʪʝʣʝʡ. 
ʆʪ (ɽ) ʯʘʩʪʴ ʠʟ ʣʶʜʝʡ (ʨ) ʚʭʦʜʷʪ ʚ ʠʥʬʝʢʮʠʦʥʥʫʶ ʬʘʟʫ 
ʩ ʩʠʤʧʪʦʤʘʤʠ, ʘ ʦʩʪʘʚʰʘʷʩʷ ʯʘʩʪʴ (1-ʨ), ʙʝʟ ʩʠʤʧʪʦ-
ʤʦʚ. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʦʪ ʟʘʨʘʞʸʥʥʦʛʦ ʩ ʩʠʤʧʪʦʤʘʤʠ 
()ȟ ʬʘʟʘ ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʨʘʟ-
ʤʝʨʝ
 ɾȢˏ ̓  ̏̃ ̠̑̆̍ ̜̉̎̅̉̃̉̅ ̖̠̃̏̅̓ ̃ ̟̃̏̒̒̓́̎̏̃̌̆̎̎̔ ̟̒̓́̅̉ 2Ȣ 
ɼʨʫʛʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʤʝʨʪʠ ʯʝʣʦʚʝʢʘ 
ʦʪ ʛʨʠʧʧʘ, ʠʟ ʩʪʘʜʠʠ ) ̠̈́̂̏̌̆̃́̎̉ ʩʦ ʩʢʦʨʦʩʪʴʶ ʂ 
ʚʭʦʜʠʪ ʚ ʩʪʘʜʠʠ R[2]. 

ʂʘʨʘʥʪʠʥʥʘʷ ʤʦʜʝʣʴ ʛʨʠʧʧʘ A (H1N1) 

ἡἏἓἡἓἚQR 

ʇʝʨʚʫʶ ʘʣʴʪʝʨʥʘʪʠʚʥʫʶ ʤʦʜʝʣʴ ʨʘʩʩʤʦʪʨʠʤ ʜʣʷ 
ʛʨʠʧʧʘ ɸ(H1N1), ʚʢʣʶʯʘʷ ʧʝʨʠʦʜ ʢʘʨʘʥʪʠʥʘ. ʆʩʥʦʚ-
ʥʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ Ὑ, ʢʚʘʥʪʠʬʠʮʠ-
ʨʫʝʪ ʧʦʪʝʥʮʠʘʣ ʧʝʨʝʜʘʯʠ ʟʘʙʦʣʝʚʘʥʠʷ, ʝʩʣʠ (Ὑ<0). 
ʊ.ʝ. ʝʩʣʠ ʠʥʬʠʮʠʨʦʚʘʥʥʳʡ ʥʝ ʤʦʞʝʪ ʧʝʨʝʜʘʪʴ ʠʥʬʝʢ-
ʮʠʶ ʚ ʪʝʯʝʥʠʝ ʠʥʬʝʢʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ, ʠʥʬʝʢʮʠʷ ʚʳ-
ʤʠʨʘʝʪ. ɽʩʣʠ (Ὑ>0), ʪʦ ʚ ʧʦʧʫʣʷʮʠʠ ʵʧʠʜʝʤʠʷ, ʝʩʣʠ 
Ὑ =0, ʙʦʣʝʟʥʴ ʩʪʘʥʦʚʠʪʩʷ ʵʥʜʝʤʠʯʥʦʡ. ʕʪʦ ʦʟʥʘʯʘʝʪ, 
ʯʪʦ ʙʦʣʝʟʥʴ ʦʩʪʘʸʪʩʷ ʚ ʧʦʧʫʣʷʮʠʠ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦ-
ʩʪʴʶ, ʪʘʢ ʢʘʢ ʦʜʠʥ ʠʥʬʠʮʠʨʦʚʘʥʥʳʡ ʯʝʣʦʚʝʢ ʧʝʨʝʜʘʸʪ 
ʟʘʙʦʣʝʚʘʥʠʝ ʢ ʦʜʥʦʤʫ ʚʦʩʧʨʠʠʤʯʠʚʦʤʫ. ʀʜʝʷ ʢʘʨʘʥ-
ʪʠʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʫʤʝʥʴʰʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʢʦʥʪʘʢ-
ʪʦʚ ʠʥʬʠʮʠʨʦʚʘʥʥʦʛʦ ʯʝʣʦʚʝʢʘ, ʯʪʦʙʳ ʩʥʠʟʠʪʴ ʙʘʟʦ-
ʚʦʝ ʯʠʩʣʦ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ï ʬʘʢʪʠʯʝʩʢʠ, ʦʪʨʠʮʘʪʴ 
ʚʦʟʤʦʞʥʦʩʪʴ ʵʧʠʜʝʤʠʠ. ʅʘ ʨʠʩ.2 . ʇʨʝʜʩʪʘʚʣʝʥʘ ʙʣʦʢ-
ʩʭʝʤʘ ʛʨʠʧʧʘ ʚ ʧʝʨʠʦʜ ʢʘʨʘʥʪʠʥʘ[3]. 

 
ʈʠʩʫʥʦʢ 2. ɹʣʦʢ-ʩʭʝʤʘ ʛʨʠʧʧʘ ʚ ʧʝʨʠʦʜ ʢʘʨʘʥʪʠʥʘ 

 
ɺ ʵʪʦʡ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ, ʠʥʬʠʮʠʨʦ-

ʚʘʥʥʳʝ ʙʫʜʫʪ ʠʩʢʣʶʯʝʥʳ ʠʟ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʥʘʩʝʣʝ-
ʥʠʝʤ ʩʦ ʩʢʦʨʦʩʪʴʶ d, ʠ ʧʦʤʝʱʝʥʳ ʚ ʢʘʨʘʥʪʠʥʥʳʡ ʦʪ-

ʩʝʢ (Q). ʆʥʠ ʦʩʪʘʶʪʩʷ ʪʘʤ ʚ ʪʝʯʝʥʠʝ ʧʝʨʠʦʜʘ Ű (ʕʢʚʠ-
ʚʘʣʝʥʪ ʧʝʨʠʦʜʘ ʘʚʪʦ ʩʪʘʥʦʚʣʝʥʠʷ, 
  ♬̋̏̄̅́ ̏̎ ̖̠̉̃̏̅̓ ̃╡̏̓̒̆̋Ȣʄʦʜʝʣʴ ʩʦʩʪʦʠʪ ʠʟ 
ʰʝʩʪʠ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. 

 

(2) 
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ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʵʪʦʡ ʤʦʜʝʣʠ ʩʦʛʣʘʩʫ-

ʶʪʩʷ ʩ ʙʘʟʦʡ ʛʨʠʧʧʘ A (H1N1) - ʤʦʜʝʣʴ, ʩ ʚʢʣʶʯʝʥʠʝʤ 
ʚʨʝʤʝʥʠ, ʟʘʪʨʘʯʠʚʘʝʤʦʛʦ ʚ ʠʟʦʣʷʮʠʠ. ɽʩʣʠ ʧʨʝʜʧʦʣʦ-
ʞʠʤ, ʯʪʦ d=0 ʪʦ ʧʦʣʫʯʝʥʥʘʷ ʤʦʜʝʣʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 
ʙʘʟʦʚʘʷ ʤʦʜʝʣʴ ʛʨʠʧʧʘ. ɿʜʝʩʴ ʤʳ ʨʝʰʠʣʠ ʫʙʨʘʪʴ ʣʠʮ 
ʪʦʣʴʢʦ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʩʠʤʧʪʦʤʳ ʧʨʦʷʚʣʷʶʪ ʩʝʙʷ, ʠ 
ʤʳ ʥʝ ʫʙʨʘʣʠ ʠʭ ʢʦʥʪʘʢʪ. 

ʄʦʜʝʣʴ ʣʝʯʝʥʠʷ ʛʨʠʧʧʘ A (H1N1) SEἓἡἓἡἢἓἚἠ 
ɼʨʫʛʦʡ ʚʘʨʠʘʥʪ ʜʣʷ ʩʜʝʨʞʠʚʘʥʠʷ ʧʘʥʜʝʤʠʠ 

ʛʨʠʧʧʘ ï ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʝ ʣʝʯʝʥʠʝ. ɺʪʦʨʘʷ ʘʣʴʪʝʨʥʘ-
ʪʠʚʥʘʷ ʤʦʜʝʣʴ ʛʨʠʧʧʘ. ɸʛʝʥʪʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʧʨʦʪʠʚ ʚʠʨʫʩʘ ʚ ʩʣʫʯʘʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʯʪʦʙʳ ʧʦʤʝʰʘʪʴ 
ʙʦʣʝʟʥʠ, ʦʩʣʘʙʠʪʴ ʩʠʤʧʪʦʤʳ ʠʥʬʝʢʮʠʠ ʠ ʫʤʝʥʴʰʠʪʴ 
ʚʝʨʦʷʪʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʚʠʨʫʩʘ ʚ ʩʣʫʯʘʝ ʠʥʬʝʢʮʠʠ. ʃʝ-
ʯʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʦ ʜʦ ʥʘʯʘʣʘ ʵʧʠʜʝʤʠʠ ʠʣʠ 
ʧʫʪʸʤ ʦʭʚʘʪʘ ʠʥʬʝʢʮʠʠ. ʅʘʰʘ ʤʦʜʝʣʴ ʣʝʯʝʥʠʷ ʨʘʩ-
ʩʤʘʪʨʠʚʘʝʪ ʪʦʣʴʢʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʥʳʝ ʩʣʫʯʘʠ ʟʘʙʦʣʝ-
ʚʘʥʠʷ. ʅʘ (ʨʠʩ 3) ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʣʦʢ-ʩʭʝʤʘ ʛʨʠʧʧʘ ʚ 
ʧʝʨʠʦʜ ʣʝʯʝʥʠʷ. 

 
ʈʠʩʫʥʦʢ 3. ɹʣʦʢ-ʩʭʝʤʘ ʜʣʷ ʛʨʠʧʧʘ ʩ ʣʝʯʝʥʠʝʤ 

 
ʄʦʜʝʣʴ ʩʦʩʪʦʠʪ ʠʟ ʰʝʩʪʠ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝ-

ʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. 

 

(3) 

 
ʉʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʷ (3) ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʝʪʝʨʤʠ-

ʥʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ ʵʧʠʜʝʤʠʠ. 
ʂʘʢ ʚʠʜʥʦ ʠʟ ʩʭʝʤʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʧʝʨʘ-

ʮʠʡ ʠ ʦʧʨʝʜʝʣʷʶʱʠʭ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴ-
ʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʦʣʞʥʳ 
ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ. 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʛʨʠʧʧʘ ɸ(H1N1) 
ɹʘʟʦʚʘʷ ʤʦʜʝʣʴ 

ʅʘ ʨʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʧʨʦʩʪʨʘ-
ʥʝʥʠʷ ʵʧʠʜʝʤʠʠ. 

 
ʈʠʩʫʥʦʢ 4. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʛʨʠʧʧʘ 

 
ʂʘʨʘʥʪʠʥʥʘʷ ʤʦʜʝʣʴ 

ʅʘ ʨʠʩ. 5 ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʢʘ-
ʨʘʥʪʠʥʘ ʩʦ ʚʨʝʤʝʥʝʤ ʢʘʨʘʥʪʠʥʘ ʚ ʧʨʝʜʝʣʘʭ ʦʪ ʜʝʩʷʪʠ 

ʜʥʝʡ ʜʦ ʦʜʥʦʛʦ ʜʥʷ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
ʧʦʢʘʟʳʚʘʶʪ ʩʧʦʩʦʙ ʢʘʨʘʥʪʠʥʘ ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʣʠʮ, 
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ʯʪʦʙʳ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʳʤ ʥʘ ʧʠʢ ʯʠʩʣʘ ʠʥ-
ʬʠʮʠʨʦʚʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʚʨʝʤʷ ʜʦ ʵʪʦʛʦ ʧʠʢʘ[4]. ʅʘ 
(ʨʠʩ 5) ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠ ʢʘʨʘʥʪʠʥʘ. 

 

 
ʈʠʩʫʥʦʢ 5. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʛʨʠʧʧʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ (d) 

 
ʈʝʟʫʣʴʪʘʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩ .3.5 ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ d ʦʪ 0,5 

ʜʦ 1 ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʯʠʩʣʘ ʟʘʨʘʞʸʥʥʳʭ. 

ʇʦʧʫʣʷʮʠʠ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʚ ʚʦʩʧʨʠʠʤʯʠʚʦʤ ʠʥʬʝʢʮʠʦʥʥʦʤ (Is) ʢʘʨʘʥʪʠʥʝ (Q), ʦʪʩʝʢʠ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʩʢʦʨʦʩʪʠ ʢʘʨʘʥʪʠʥʘ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʥʘ (ʨʠʩ. 6). 

 

 
ʈʠʩʫʥʦʢ 6. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʛʨʠʧʧʘ 

 

ʄʦʜʝʣʴ ʣʝʯʝʥʠʷ 
ʅʘ ʨʠʩ. 7 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠ ʣʝʯʝʥʠʷ. 

 
ʈʠʩʫʥʦʢ 7.  

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʛʨʠʧʧʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʣʝʯʝʥʠʷ (᷃) 
 
ʈʝʟʫʣʴʪʘʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 7, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ♬ ʦʪ 

0,2 ʜʦ 1 ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʯʠʩʣʘ ʟʘʨʘʞʸʥʥʳʭ. 




