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USE OF ONTOLOGY IN I NFORMATION SYSTEM TO ASSIST I N THE FORMATION 

OF AN INDIVIDUAL EDUCATIONAL TRAJECTORY OF STUDENTS  
 
This work examines the problem of individual educational trajectory in Ukraine. During research, it was found that 

this issue is considered mainly from a theoretical aspect, which results in the lack of effective and convenient tools for 
practical implementations to solve the problem. The analysis of existing methods and means of solving the problem has been 
carried out. The results of the analysis indicate that the implemented information systems partially satisfy the needs of 
students in the formation of an individual trajectory. 

Objective. Develop an information system model to help in the formation of an individual educational trajectory for 
students of higher educational institutions, taking into account the needs of leading IT companies and students' inclinations. 
Aiding students in the formation of an IET is based on a set of recommendations formed based on student preferences. 

Method. To solve the problem information system model was developed, which uses two main modules to operate. 
First module allows its user to pass a career guidance test and second module provide the semantic algorithm to determine 
disciplines best suited for user based on his professional inclinations. Levenstein's algorithm using ontology was chosen as a 
semantic algorithm. 

Results. During research information system was developed which allows students to receive recommendation for 
formation of individual educational trajectory. Conducted experiments with random input data had shown the system is fully 
functional and performing its task. All operational aspects of the system are presented in this work using UML diagrams. 

Conclusions. Forming recommendations for an individual educational trajectory is a complex process that requires 
a significant amount of resources. The use of information technologies allows to simplify this process, and the development of 
an information system - to automate it and make it accessible. The implementation of the information system model made it 
possible to understand all the subtleties of the process of forming recommendations and ensure their accuracy. The operation 
of the information system was ensured by the use of two modules to determine the user's professional orientation and search 
for the appropriate discipline. The process of finding a discipline that will match the professional inclination of the user is 
based on work with semantics, for which the ontology was used. The use of ontology in the process of determining semantic 
proximity using the Levenshtein algorithm made it possible to obtain semantic units that are as close as possible to the 
student's professional inclinations and ensure the most accurate result when formulating recommendations. 

Keywords:  individual educational trajectory, information system, ontology, levenshtein distance. 
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ɺʀʂʆʈʀʉʊɸʅʅʗ ʆʅʊʆʃʆɻɯɰ ɺ ɯʅʌʆʈʄɸʎɯʁʅɯʁ ʉʀʉʊɽʄɯ ɼʃʗ ɼʆʇʆʄʆɻʀ ʋ ʌʆʈʄʋɺɸʅʅɯ 

ɯʅɼʀɺɯɼʋɸʃʔʅʆɰ ʆʉɺɯʊʅʔʆɰ ʊʈɸɭʂʊʆʈɯɰ ʉʊʋɼɽʅʊɯɺ 
 

ˠ ̨̗̊ ̨̑̏̂̏̓ ̠̤̝̠̑̏̈̄̌̅́̓̒ ̐̑̏̂̌̆̍́ ̨̨̝̩̎̅̉̃̅̔́̌̎̏ ̨̝̩̏̒̃̓̎̏ ̨̤̩̓̑́̋̓̏̑ ̃ ˠ̨̩̋̑́̎Ȣ ˜̨̅ ̘́̒ ̨̠̅̏̒̌̅̇̆̎̎ ̂̔̌̏ ̠̃̉̃̌̆̎̏ȟ 
̏̚ ̗̆ ̠̐̉̓́̎̎ ̠̤̝̠̑̏̈̄̌̅́̓̒ ̐̆̑̆̃́̇̎̏ ̈ ̘̓̆̏̑̆̓̉̎̏̄̏ ́̒̐̆̋̓̔ȟ ̏̚ ̝̐̑̉̈̃̏̅̉̓ ̅̏ ̨̨̃̅̒̔̓̎̏̒̓ ̖̆̆̋̓̉̃̎̉̕ ̓́ ̘̖̈̑̔̎̉ 
̨̨̎̒̓̑̔̍̆̎̓̃ ̠̅̌ ̘̩̐̑́̋̓̉̎̏ ̨̨̗̩̑̆́̌̈́ ̨̙̠̃̉̑̆̎̎ ̐̑̏̂̌̆̍̉Ȣ ˜̑̏̃̆̅̆̎̏ ̨́̎́̌̈ ̨̟̘̖̒̎̔̉ ̨̍̆̓̏̅̃ ̨ ̨̈́̒̏̂̃ ̨̙̠̃̉̑̆̎̎ ̐̑̏̂̌̆̍̉Ȣ 
˝̝̆̈̔̌̓́̓̉ ̨́̎́̌̈̔ ̨̘̝̒̃̅́̓ ̐̑̏ ̓̆ȟ ̏̚ ̨̃̐̑̏̃́̅̇̆̎ ̨̨̨̗̎̏̑̍́̊̎̕ ̒̉̒̓̆̍̉ ̘́̒̓̋̏̃̏ ̝̠̟̝̈́̅̏̃̏̌̎̓ ̐̏̓̑̆̂̉ ̨̒̓̔̅̆̎̓̃ ̔ 
̨̏̑̍̔̃́̎̎̕ ̨̨̝̩̎̅̉̃̅̔́̌̎̏ ̨̤̩̓̑́̋̓̏̑Ȣ 

˙̆̓́Ȣ ˝̏̈̑̏̂̉̓̉ ̝̍̏̅̆̌ ̨̨̗̩̎̏̑̍́̊̎̏̕ ̒̉̒̓̆̍̉ ̠̅̌ ̠̏̑̍̔̃́̎̎̕ ̨̨̝̩̎̅̉̃̅̔́̌̎̏ ̨̝̩̏̒̃̓̎̏ ̨̤̩̓̑́̋̓̏̑ ̨̒̓̔̅̆̎̓̃ 
̖̃̉̉̚ ̘̝̖̎́̃́̌̎̉ ̨̈́̋̌́̅̃ ̈ ̖̠̔̑́̔̃́̎̎̍ ̐̏̓̑̆̂ ̨̖̐̑̏̃̅̎̉ ˴˟-̨̋̏̍̐́̎̊ ̓́ ̨̖̎́̉̌̃ ̨̒̓̔̅̆̎̓̃Ȣ ˑ̏̐̏̍̏̄́ ̒̓̔̅̆̎̓́̍ ̔ 
̨̏̑̍̔̃́̎̎̕ )%4 ̤̝̠̂́̈̔̓̒ ̎ ́ ̨̎́̂̏̑ ̨̗̑̆̋̏̍̆̎̅́̊ȟ ̖̒̏̑̍̏̃́̎̉̕ ̎́ ̨̏̒̎̏̃ ̝̃̐̏̅̏̂́̎ ̨̒̓̔̅̆̎̓̃Ȣ 

̍̆̓̏̅Ȣ ˑ̠̌ ̨̙̠̃̉̑̆̎̎ ̩̐̏̒̓́̃̌̆̎̏ ̨̘̈́̅́ ̑̏̈̑̏̂̌̆̎̏ ̝̍̏̅̆̌ ̨̨̗̩̎̏̑̍́̊̎̏̕ ̒̉̒̓̆̍̉ȟ ̠̋́ ̤̃̉̋̏̑̉̒̓̏̃̔ ̠̅̌ ̑̏̂̏̓̉ ̅̃́ 
̖̏̒̎̏̃̎̉ ̨̍̏̅̔̌Ȣ ˜̙̆̑̉̊ ̝̍̏̅̔̌ ̠̤̅̏̈̃̏̌ ̨̘̋̏̑̉̒̓̔̃́̆̃ ̐̑̏̊̓̉ ̨̨̤̗̐̑̏̏̑̎̓́̊̎̉̊̕ ̓̆̒̓ȟ ́ ̅̑̔̄̉̊ ̝̍̏̅̔̌ ̘̤̈́̂̆̈̐̆̔ 
̘̒̆̍́̎̓̉̎̉̊ ́̌̄̏̑̉̓̍ ̘̠̃̉̈̎́̆̎̎ ̨̗̅̉̒̉̐̌̎ȟ ̨̠̋ ̎́̊̋̑́̆̚ ̨̖̠̝̐̅̏̅̓ ̨̘̋̏̑̉̒̓̔̃́̆̃ ̈ ̖̠̔̑́̔̃́̎̎̍ ̊̏̄̏ ̨̖̐̑̏̆̒̊̎̉̕ ̨̖̎́̉̌̃Ȣ ˏ 
̨̠̋̏̒̓ ̘̒̆̍́̎̓̉̎̏̄̏ ́̌̄̏̑̉̓̍̔ ̏̂̑́̎̏ ́̌̄̏̑̉̓̍ ˘̙̆̃̆̎̓̆̊̎́ ̈ ̠̃̉̋̏̑̉̒̓́̎̎̍ ̨̩̏̎̓̏̌̏̄Ȣ 

˝̝̆̈̔̌̓́̓̉Ȣ ˠ ̨̖̏̅ ̨̠̅̏̒̌̅̇̆̎̎ ̑̏̈̑̏̂̌̆̎̏ ̨̨̗̎̏̑̍́̊̎̔̕ ̒̉̒̓̆̍̔ȟ ̠̋́ ̠̤̅̏̈̃̏̌ ̒̓̔̅̆̎̓́̍ ̏̓̑̉̍̔̃́̓̉ ̨̗̩̑̆̋̏̍̆̎̅́ 
̏̅̏̚ ̠̏̑̍̔̃́̎̎̕ ̨̨̝̩̎̅̉̃̅̔́̌̎̏ ̨̝̩̏̒̃̓̎̏ ̨̤̩̓̑́̋̓̏̑Ȣ ˜̨̑̏̃̆̅̆̎ ̆̋̒̐̆̑̉̍̆̎̓̉ ̈ ̃̉̐́̅̋̏̃̉̍̉ ̨̖̃̅̎̉̍̉ ̅́̎̉̍̉ ̐̏̋́̈́̌̉ȟ ̏̚ 
̒̉̒̓̆̍́ ̨̟̐̏̃̎̒̓ ̗̐̑́̆̈̅́̓̎́ ̨ ̤̃̉̋̏̎̔ ̐̏̒̓́̃̌̆̎̆ ̠̈́̃̅́̎̎Ȣ ˠ̨̒ ̨̘̑̏̂̏ ́̒̐̆̋̓̉ ̒̉̒̓̆̍̉ ̨̐̑̆̅̒̓́̃̌̆̎ ̃ ̨̗̊ ̨̑̏̂̏̓ ̈́ 
̟̅̏̐̏̍̏̄̏ ̨̅́̄̑́̍ 5-,Ȣ 

ˏ̉̒̎̏̃̋̉Ȣ ˡ̠̏̑̍̔̃́̎̎ ̨̗̑̆̋̏̍̆̎̅́̊ ̏̅̏̚ ̨̨̝̩̎̅̉̃̅̔́̌̎̏ ̨̝̩̏̒̃̓̎̏ ̨̤̩̓̑́̋̓̏̑ ɀ ̒̋̌́̅̎̉̊ ̗̐̑̏̆̒ȟ ̏̚ ̤̐̏̓̑̆̂̔ ̘̖̈̎́̎̉ 
̨̑̆̒̔̑̒̃Ȣ ˏ̠̉̋̏̑̉̒̓́̎̎ ̨̨̗̖̎̏̑̍́̊̎̉̕ ̨̖̓̆̎̏̌̏̄̊ ̠̤̅̏̈̃̏̌ ̒̐̑̏̒̓̉̓̉ ̗̆̊ ̗̐̑̏̆̒ȟ ́ ̑̏̈̑̏̂̋́ ̨̨̗̩̎̏̑̍́̊̎̏̕ ̒̉̒̓̆̍̉ ɀ 
́̃̓̏̍́̓̉̈̔̃́̓̉ ̊̏̄̏ ̓́ ̈̑̏̂̉̓̉ ̅̏̒̓̔̐̎̉̍Ȣ ˏ̠̐̑̏̃́̅̇̆̎̎ ̨̍̏̅̆̌ ̨̨̗̩̎̏̑̍́̊̎̏̕ ̒̉̒̓̆̍̉ ̅̏̈̃̏̌̉̌̏ ̨̈̑̏̈̔̍̓̉ ̨̃̒ ̨̓̏̎̋̏̚ 
̗̐̑̏̆̒̔ ̠̏̑̍̔̃́̎̎̕ ̨̗̑̆̋̏̍̆̎̅́̊ ̓́ ̘̈́̂̆̈̐̆̉̓̉ ̩̖ ̨̘̝̓̏̎̒̓Ȣ ˡ̨̗̠̔̎̋̏̎̔̃́̎̎ ̨̨̗̩̎̏̑̍́̊̎̏̕ ̒̉̒̓̆̍̉ ̘̠̈́̂̆̈̐̆̔̃́̌̏̒ 
̠̃̉̋̏̑̉̒̓́̎̎̍ ̖̅̃̏ ̨̍̏̅̔̌̃ ̘̠̃̉̈̎́̆̎̎ ̨̩̐̑̏̆̒̊̎̏̕ ̨̠̒̐̑̍̏̃́̎̏̒̓ ̘̋̏̑̉̒̓̔̃́́ ̓́ ̙̐̏̔̋̔ ̨̨̩̃̅̐̏̃̅̎̏ ̨̗̅̉̒̉̐̌̎̉Ȣ ˜̗̑̏̆̒ 
̙̐̏̔̋̔ ̨̗̅̉̒̉̐̌̎̉ȟ ̠̋́ ̨̨̃̅̐̏̃̅́̓̉̍̆ ̨̐̑̏̆̒̊̎̉̍̕ ̖̔̉̌́̍ ̘̋̏̑̉̒̓̔̃́́ȟ ̤̝̠̂́̈̔̓̒ ̎́ ̨̑̏̂̏̓ ̨̈ ̟̒̆̍́̎̓̉̋̏ȟ ̠̅̌ ̘̏̄̏ 
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̠̃̉̋̏̑̉̒̓̏̃̔̃́̌́̒ ̨̠̏̎̓̏̌̏̄Ȣ ˏ̠̉̋̏̑̉̒̓́̎̎ ̨̩̏̎̓̏̌̏̄ ̃ ̨̗̐̑̏̆̒ ̘̠̃̉̈̎́̆̎̎ ̘̩̒̆̍́̎̓̉̎̏ ̨̝̂̌̉̈̋̏̒̓ ̈́ ̟̅̏̐̏̍̏̄̏ ́̌̄̏̑̉̓̍̔ 
˘̙̆̃̆̎̓̆̊̎́ ̅̏̈̃̏̌̉̌̏ ̏̓̑̉̍́̓̉ ̨̘̒̆̍́̎̓̉̎ ̨̗̏̅̉̎̉ȟ ̨̠̋ ̝̍́̋̒̉̍́̌̎̏ ̨̎́̂̌̉̇̆̎ ̅̏ ̨̖̐̑̏̆̒̊̎̉̕ ̨̖̎́̉̌̃ ̒̓̔̅̆̎̓́ ̓́ 
̘̟̝̈́̂̆̈̐̆̔̓ ̝̍́̋̒̉̍́̌̎̏ ̘̓̏̎̉̊ ̝̑̆̈̔̌̓́̓ ̐̑̉ ̨̟̏̑̍̔̌̃́̎̎̕ ̨̗̑̆̋̏̍̆̎̅́̊Ȣ 

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̨̨̝̎̅̉̃̅̔́̌̎́ ̨̠̏̒̃̓̎ ̨̤̠̓̑́̋̓̏̑ȟ ̨̨̗̎̏̑̍́̊̎́̕ ̒̉̒̓̆̍́ȟ ̨̠̏̎̓̏̌̏̄ȟ ̨̝̃̅̒̓́̎ ˘̙̆̃̆̎̓̆̊̎́Ȣ 

 

Problem overview 

The development of education is increasingly perceived as a condition and prerequisite for the qualitative 

development of the economy and the social sphere. Human capital plays an increasingly important role in the 

modern economy. This justifies the increase in budgetary investments in the education system. The complexity of 

human relations is increasing, which requires a new level of socialization of the younger generation. The complexity 

of the education system itself is increasing, which places new demands on teaching staff, their qualifications, and 

even on the quality of management in this area. 

At the same time, getting an education requires more and more public and private expenses. In poor and 

developing countries, this growth is due to an increase in children's and youth's access to education (it is becoming 

more accessible), in developed countries - to an increase in the quality and diversity of educational trajectories, and 

individualization of educational programs. 

In particular, the concept of Individual Education in Ukraine did not exist as such, and the corresponding 

law was only recently adopted. Recognition of the right of education seekers to an individual educational trajectory 

(IET) is one of the progressive innovations of the Law ñOn Educationò (2017), which provides for ña personal way 

of realizing the personal potential of an education seeker, which is formed taking into account his abilities, interests, 

needs, motivation, opportunities and experience, is based on the choice of the education seeker of types, forms and 

pace of education, subjects of educational activity and educational programs offered by them, educational 

disciplines and their level of complexity, methods and means of educationò [1]. 

Such a law was necessary, because nowadays the priority goal is the development of competent specialists. 

Necessary qualities for such specialists are the ability for self-development and self-realization. Ensuring these 

factors is possible with an orientation to educational processes that involve taking into account the capabilities of 

each individual, their needs and freedom of choice. Thus, in our time, every student of education can expect to 

receive an education and choose an individual educational trajectory (IET). 

 

Analysis of recent sources 

Focusing on the problem of the formation of IET, we should, first of all, turn to sources that consider the 

process of implementing the functionality that could be used for its formation. This is due to the peculiarity of the 

concept of IET, which can be interpreted as follows: it's a personal path of personal development of the student's 

potential. This path is formed considering the abilities, interests, needs, motivation, abilities and experience of the 

applicant and is based on his chosen types, forms and pace of learning, educational programs, disciplines and their 

level of complexity, methods and teaching. An IET is also determined by an individual curriculum. 

Accordingly, for the implementation of IET, a tool is needed that will take into account the personal 

characteristics of the applicant, his interests, needs or motivation, as well as provide further advice on choosing the 

appropriate educational institution. 

Such a tool should be linked to the educational institution for better efficiency. The most common tools 

created for educational institutions are information systems, as their use in the fields of education is massive. This is 

due to the urgency of effective provision and organization of the education of pupils/students in the transforming 

education system, forming a new information mentality of all interested parties. Such rapid development requires 

constant monitoring and assessment of the state of the education system, which is based on the collection, 

processing of information, and analysis of educational data necessary to ensure the adoption of well-founded 

management decisions. 

Several researchers described and substantiated the use of modern information technologies in education. 

The conducted analysis showed that modern information technologies give students access to non-traditional 

sources of information, increase the efficiency of independent work, provide completely new opportunities for 

creativity, finding and consolidating professional skills [2]. 

If we return to the consideration of sources while thinking about the functional implementation, it is 

possible to single out works of S. Sharov, A. Bogdanov, and Sh. Danyla [3ï5]. 

Let us check the information system (IS) described in the work [3]. The process of formation of the 

trajectory is described as such, which involves the analysis of the curriculum of the specialty, familiarization with 

the annotations of the disciplines that are included in the curriculum, as well as the analysis of competencies that are 

formed in the process of studying specific disciplines [3]. The complexity of the process of forming an individual 

trajectory justifies the use of information systems to achieve results. 

When developing the IS, the authors set themselves several tasks, among which the most important are: 

¶ Creating a project of the structure of the IS. 

¶ Selection of tools for IS development. 

¶ Uploading official information about educational programs, users, etc. into the IS. 

The most important functions of IS include the following: 

¶ Creation, editing and approval of the curriculum for a specific educational program. 

¶ The student's choice of disciplines by choice from the list of courses by choice of the curriculum. 
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¶ Formation of an individual study plan by the student. 

Worth mentioning that different information technologies, such as the PHP programming language and the 

MYSQL database were used in the development of IS. The created system was implemented in the form of an 

interface program with full functionality according to the described methodology. 

Another example is described in the article [4]. The information support system developed in this example 

is designed to help people who want to get an education for employment in creating IET, with the possibility of 

analyzing their current knowledge and skills and comparing them with the needs of the labor market [4]. The system 

is implemented using web technologies such as PHP and Javascript, and the design is developed using the Bootstrap 

framework. 

A main feature of the system is its modularity and openness, which allows for further expansion or 

temporary use of modules of other systems [4]. A total of seven modules were developed: 

¶ The main module (provides representative and general management functions). 

¶ Communication module (ensures the possibility of free expansion of the system). 

¶ The profession space module (ensures the possibility of registration and description of professions). 

¶ Knowledge module (allows you to accumulate and systematize a list of knowledge). 

¶ Module of skills (contains a list of possible usersô skills). 

¶ The knowledge determinant module (determines the level of professional knowledge of those seeking 

a profession). 

¶ The ability determiner module (helps in choosing professions based on the individual characteristics of 

a person's abilities). 

The analysis of these works showed that although the ISs were developed and performed the assigned tasks 

(formation of individual trajectories), none of them gives any recommendations when choosing disciplines and 

forming trajectories. All implemented systems only optimized the process of collecting and providing information to 

the user. Thus, when using such a system, the user is faced with a choice among dozens or even educational 

programs and disciplines without any help in their formation. Also, among the reviewed recommendation systems, 

the use of an ontological approach was not noticeable, which would allow obtaining more accurate results. 

The last IS taken for consideration from the article [5] describes a recommendation system for 

personalizing the learning path. During the development of the system, various web technologies were used, such as 

JavaScript, AngularJS, Bootstrap. NoSQL DB technology - MongoDB was used for data storage. The developed 

recommender system uses hybrid filtering with more active use of content filtering and less active use of 

collaborative filtering. The algorithm consists of analyzing the preferences and interests of students and finding 

appropriate educational materials. Searching for content occurs in various ways, which are separated into separate 

functions. These functions use the built-in logic for determining the recommended weight, which is presented in the 

form of a transition graph. As a result, recommendations for the user are shown with a list of twenty educational 

materials. The user also has the opportunity to find out why this particular discipline was recommended to him and, 

accordingly, decline the recommendations and receive a new one. 

Although this IS uses web technologies, which gives it certain advantages over other implementations, the 

algorithms used to determine and provide recommendations are far from what is necessary to solve the problem of 

IET formation. The input data for performing the analysis are the preferences of students and their interests, which is 

a meager amount of information in the process of forming IET. Such a limited analysis cannot be efficient and is 

unlikely to provide accurate results. 

The purpose of the work is: the creation of an information system model that will assist in the formation 

of IET with the use of ontology. 

Presentation of the main material 

During the literature review, it was concluded that currently there are no competent existing IS capable of 

assisting in the formation of IET, which would use web technologies and data analysis at the same time. The 

complexity of the data analysis process lies in the peculiarities of the formation of IET, namely, finding disciplines 

that would satisfy the student. For this, it is necessary to conduct a data analysis that would take into account the 

characteristics of the student and his professional inclinations and would select the appropriate disciplines from 

educational and professional programs. With such ideas, the IS model for formation of IET was developed with the 

use of ontology. Additionally, the process of assisting in IET formation in the system is ensured thanks to the 

following modules: 

1. Career orientation tests to determine the characteristics of students; 

2. Algorithm for determining the semantic proximity between studentôs characteristics and 

disciplines from educational and professional program with the use of ontology. 

There is also a system module that is responsible for creating a user profile and interaction between the IS 

and the database. Before considering the operation of each module in detail, it is necessary to determine the general 

characteristics and features of the system. In particular, the general scheme of the IS is shown in Fig. 1 
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Fig. 1. General scheme of information system architecture 

 

The corresponding model of the IS can be presented in the form of a three-element tuple: 

 

, (1) 

 

where  = ï a set of subjects (agents) of the recommender system, where students who use 

the system, teachers who form the knowledge base, and teachers who form IET act as agents;  =  ï 

set of properties of agents,  =  ï set of relations between agents (interaction) inherent in the subjects 

of the information system 

The logic of the behavior of such agents is presented in the form of a graph of state transitions shown in 

Fig. 2 and reflects the process of forming IET: 

1. Information system - Determines the behavior of the agent when using the system. The result of using 

the system is obtaining a list of necessary disciplines for the formation of IET. 

2. Ontology - Defines the behavior of the agent when forming the knowledge base, which is used to form 

the list of disciplines (when determining the linguistic assessment of test results). 

3. Individual educational trajectory - Determines the agent's behavior when forming it. The list of 

disciplines which will be included further, during formation of IET is obtained from the IS. 

 

 
Fig. 2. State transition graph of IS agents 

 

Accordingly, the following entities act as agents in IS: Student; the teacher who fills the database; the 

teacher who fills the Knowledge base. 

All agents interact with each other through the processes that ensure the formation of IET. Formally, the 

interaction of agents can be presented in the form of a graph shown in Fig. 3. 
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Fig. 3. Interaction of agents in the IS 

 

With the interaction of agents in the system, we can proceed to an overview of the processes on which the 

system is based. For this, a diagram of the system activity was constructed, shown in Fig. 4 

In the process of performing its task, the IS uses three different tests to determine professional orientation. 

These tests offer the user (student) a number of questions to which he must provide an unambiguous answer (yes or 

no) or choose one of several answer options. 

In general, the system uses the following tests to determine professional aptitudes: 

¶ Questionnaire of professional orientation (QPO) of J. Holland [6, 7]. 

¶ Questionnaire of professional inclinations (QPI) of L. Yovaisha [8]. 

¶ Questionnaire for determining the type of profession (QDP) by E. Klimov [9ï11]. 

 

 
Fig. 4. Activity diagram of IS 
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J. Holland's method determines the degree of connection of an individual with the field of professional 

activity to which he has natural inclinations. There are six types of professional environment: realistic, intellectual, 

social, conventional, entrepreneurial, artistic [6]. 

L. Jovaisha's questionnaire of professional inclinations is aimed at identifying tendencies to work in various 

spheres, such as: sphere of art (man-artistic image); sphere of technical interests (man-technique); sphere of work 

with people (person-person); the sphere of mental work (inclinations to mental activity); the sphere of physical work 

(inclinations towards mobile, physical work); the sphere of material interests (production and consumption of 

material goods, planning and economic activity) [8].  

The questionnaire for determining the type of future profession according to the methodology of E. Klimov 

is based on the theory that when choosing a profession, a person directs his thoughts first of all to what he will work 

with, i.e., to the subject of work, then to what he will do with it, i.e., for the purpose of work. Based on this, Klimov 

proposed to classify professions according to the following characteristics: subject, purpose, tools and working 

conditions. 

Passing each test allows you to get a result in the form of a professional type of student. Next, the student is 

asked to choose one of the three professional types that were determined by the tests. A student can retake the test if 

he is not satisfied with the results. If he is satisfied, data is saved in the user profile, which is stored in the database 

of the recommendation system. The results of the test are professions that are available in the National Classifier of 

Professions. This will avoid ambiguity when receiving a result from three different sources and provide more 

accurate results if the user can choose what he likes best.  

The professional type assigned to the student must be compared in terms of its compliance with the 

disciplines from DB and KB. The process of comparing these data is based on the definition of semantic proximity 

between words. 

Semantic proximity is determined using the ontology in the developed IS. Using ontology is an option to 

prevent ambiguities, facilitate the implementation of sub-categories, and obtain more accurate results. Such 

advantages are caused by difficulties in structuring and systematizing data elements that meet the needs of the user. 

Ontology is a detailed formalization of some domain of knowledge, presented with the help of a conceptual 

scheme. Such a scheme consists of a hierarchical structure of concepts, relationships between them, theorems and 

restrictions that are adopted in a certain software [9]. 

The ontology used in the work consists of keywords that correspond to disciplines from the work programs 

of courses in a higher education institution. The formal model of such ontology can be presented as follows: 

, (2) 

where   are terms of the subject area (discipline);  ï the relationship between them (depends on educational and 

professional programs);  ï interpretation functions (weight of disciplines assigned according to various criteria). 

In general, ontologies are also defined as a knowledge base of a special kind, or as a ñspecification of 

conceptualizationò of a subject area. The concept of a knowledge base is different from a database, as it operates on 

knowledge, not data. The difference between knowledge and data is that data is only a form of representation of 

knowledge, that is, knowledge is a much deeper and broader concept. 

In this research, Levenshtein algorithm [10] was chosen to search for relevant concepts in the ontology for 

semantic similarity with the professional type assigned to the student. This algorithm allows to determine the 

minimum number of insertion, deletion and replacement operations necessary to transform one sequence of 

characters into another.  

For the correct operation of the algorithm, it is necessary to obtain an ontological description of educational 

and professional programs and corresponding selective disciplines. The search and obtaining of the ontological 

description is carried out using the syllabus obtained from the website of the National University ñLviv 

Polytechnicò. 

Also, it is necessary to convert the received professional inclination into appropriate professions. Dozens of 

different professions fall under each personality type defined in the test. Thus, there is an additional need to limit the 

number of professions that are given as inputs to the algorithm. To do this, you can offer the student to make a 

choice from those professions that he likes the most. Next, each of the professions chosen by the student must be 

broken down into concepts that describe the professions. The need to use such plurals for professional description is 

due to semantic ambiguity and limitations when directly comparing the names of professions with the elements of 

the ontological presentation of the content of the disciplines 

After the actions described above, we calculate the measure of semantic closeness. Formally, the algorithm 

looks like this: let the given set be  = , where  is a profession obtained after student passed the career 

guidance test. Initially, the list of professions was larger, but later it was reduced to several professions, according to 

the student's choice. Next, for each element of , we create a subset, for example, such subset would look like  = 

, where  is a concept that describe profession. 

We conduct similar preparation with the ontology: the set  = , where  is a discipline 

from the educational and professional program. Any educational and professional program has dozens of disciplines, 

even if limited only to selective ones. The ontological description of such disciplines is presented in the form of 
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keywords (concepts), so we present each discipline as a set  = , where  is a keyword describing the 

discipline. 

Then, with the algorithm at hands, we would perform following steps (in terms of using IS): 

1. We perform calculations to determine the semantic distance between each element of  and  using 

the Levenshtein algorithm; 

2. Pairs of words, the numerical value of the distance between which is less than 3, are considered 

semantically close; 

3. For the chosen educational and professional program, we proceed to the comparison of its disciplines 

with professions; 

4. We calculate the distance between elements of  and . 

5. If the obtained numerical value of the distance is less than 3, we consider the discipline to which one of 

the compared concepts belongs, semantically close to the profession keyword . We repeat the process 

of calculating the distance until the disciplines end. 

6. We record the received disciplines in the list and recommend the user to include them in an IET. 

It is worth noting that the third step of the algorithm depends on the user's actions. After completing the 

first two steps of the algorithm, the user will be presented with a list of the most semantically relevant educational 

and professional programs. From this list, he should choose only one that he likes more. 

We will conduct test calculations with random input data for a better understanding of the process. Suppose 

after user has passed the career guidance test, the system received the following set of professions: = financier, 

logistician, IT specialist, economist, physicist. Relevant subsets of these professions: 

¶  = finance, management, strategy, finance specialist. 

¶  = logistics, management, systems, processes. 

¶  = programming, computer engineering, software, computer systems. 

¶  = economy, business processes, business development, economic system. 

¶  = physics, nanomaterials, nanoelectronics, energy. 

The set of educational and professional programs is unchanged and is obtained from the website of the 

National University ñLviv Polytechnicò. The situation is similar with the disciplines, but it is worth noting that in the 

algorithm, as well as in the work, the main emphasis is placed on the selective components of the educational and 

professional program. 

For test calculations, we will choose the following set of educational and professional programs (a random 

sample is limited to a few options for clarity and a simplified presentation of the algorithm's work). Also, for more 

accurate operation of the algorithm, in some cases, it is necessary to break the phrase into separate words: 

 = journalism, science of law, system programming, metallurgy, international economic relations. 

Next, we calculate the distance between the descriptive words of the first profession and the first 

educational and professional program from the list according to the Levenshtein algorithm. The first educational 

program has the following keywords: text, communication, speech, dialog. Distance calculation: 

¶ Distance between ñfinanceò and ñtextò = 7. 

¶ Distance between ñmanagementò and ñtextò = 8. 

¶ Distance between ñstrategyò and ñtextò = 6. 

¶ Distance between ñspecialistò and ñtextò = 8 

According to the results of calculations, the considered pairs of concepts are not semantically close. We 

couldnôt find a pair. Proceed with the next keyword: 

¶ Distance between ñfinanceò and ñcommunicationò = 11. 

¶ Distance between ñmanagementò and ñcommunicationò = 11. 

¶ Distance between ñstrategyò and ñcommunicationò = 11. 

¶ Distance between ñspecialistò and ñcommunicationò = 10. 

Similar results were obtained when comparing with the rest of the keywords. No semantic similarity was 

found. Let's move on to the comparison with the next educational and professional program ñScience of lawò. This 

program is written with the following keywords: jurisprudence, legal system, legal space, humanization. Distance 

calculation: 

¶ Distance between ñlogisticsò and ñjurisprudenceò = 10. 

¶ Distance between ñmanagementò and ñjurisprudenceò = 11. 

¶ Distance between ñsystemsò and ñjurisprudenceò = 11. 

¶ Distance between ñprocessesò and ñjurisprudenceò = 10. 

The result is similar with the rest of the keywords, the semantic similarity has not been proven. We 

continue the comparison until we get a value that does not exceed the number of three. This value was obtained by 

comparing with the keywords of the educational and professional program ñSystem Programmingò. Keywords are 

next: computer engineering, software engineering, system programming, system software, computer systems and 

networks, system software tools. The corresponding comparisons according to the Levenshtein algorithm: 

¶ Distance between ñprogrammingò and ñsystemò = 10. 
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¶ Distance between ñprogrammingò and ñprogrammingò = 1. 

¶ Distance between ñcomputer engineeringò and ñcomputer engineeringò = 1. 

¶ Distance between ñsoftwareò and ñsystemò = 6. 

¶ Distance between ñsoftwareò and ñsoftwareò = 1. 

¶ Distance between ñcomputer systemsò and ñcomputer systemsò = 1. 

¶ Distance between ñcomputer systemsò and ñnetworksò = 14. 

Having received four semantically close keywords at once, the system enters this educational and 

professional program into the list for further recommendation to its user. 

In a similar way, the semantic similarity with the educational and professional program ñInternational 

Economic Relationsò was determined. To continue the experiment with test data, it is necessary to simulate the 

user's choice between two educational programs. 

Letôs say, the student chooses an educational and professional program called ñSystem Programmingò. 

Then, consider the set of disciplines of this program with keywords: 

¶ Designing operating systems, utilities and drivers = developing systems/utilities/drivers, designing 

systems/utilities/drivers, debugging systems/utilities/drivers, improving systems/utilities/drivers. 

¶ Technologies of parallel programming = multiprocessor systems, parallel programming, parallel 

computing, message passing system. 

¶ Directions of research and development of system programming = system programming, programming 

research, programming development. 

¶ Research and design of network operating systems = operating systems, administration tasks, software 

for automated systems, analysis of operating systems, web server performance. 

¶ Parallel programming of high-performance computer systems = parallel programming, high-

performance information systems, high-performance systems architecture, high-performance software. 

An example of calculating the distance between the keywords of the profession ñIT specialistò and the 

optional disciplines of the educational program ñSystem programmingò: 

¶ Distance between ñprogrammingò and ñdevelopingò = 8. 

¶ Distance between ñprogrammingò and ñdesigningò = 8. 

¶ Distance between ñprogrammingò and ñdebuggingò = 8. 

¶ Distance between ñprogrammingò and ñsystemsò = 10. 

¶ Distance between ñprogrammingò and ñmultiprocessorò = 13. 

¶ Distance between ñprogrammingò and ñparallelò = 8. 

¶ Distance between ñprogrammingò and ñprogrammingò = 0. 

¶ Distance between ñprogrammingò and ñcomputingò = 7. 

¶ Distance between ñprogrammingò and ñresearchò = 9. 

¶ Distance between ñprogrammingò and ñsoftwareò = 10. 

¶ Distance between ñprogrammingò and ñautomatedò = 10. 

¶ Distance between ñprogrammingò and ñoperatingò = 6. 

¶ Distance between ñprogrammingò and ñhigh-performanceò = 13. 

¶ Distance between ñprogrammingò and ñarchitectureò = 11. 

¶ Distance between ñprogrammingò and ñinformationò = 9. 

According to the results of calculations, we get the following pairs of words, which can be considered 

semantically close: 

¶ ñprogrammingò and ñprogrammingò. 

¶ ñsystemsò and ñsystemsò. 

¶ ñsoftwareò and ñsoftwareò. 

Key words from the obtained word pairs belong to the disciplines ñDirections of research and development 

of system programmingò, ñParallel programming of high-performance computer systemsò and ñTechnologies of 

parallel programmingò. Accordingly, we can recommend these disciplines from the educational and professional 

program ñSystem programmingò for inclusion in the student's IET. 

If the user is not satisfied with the recommendations received, he can take the test again and start the 

process of generating recommendations again. If the results suit the user, they will be formed in the form of a 

recommendatory list of disciplines. The user can then send the results obtained to any external service for the further 

aid in formation of IET. 

 

Conclusions 

The article analyzed the current scientific task of forming an IET, considered existing examples of solving 

the problem, and proposed a way to solve it in the form of an IS model for forming IET. During the research, 

information system with the use of ontology was developed. It was tested with random input data, which 

demonstrated high accuracy of the results 

The scientific novelty of obtained results is that the ontology was used in the development of information 

system. The peculiarities of the problem of generating recommendations for an individual trajectory require not the 

data filtering tool used in most recommender systems, but a powerful semantic basis for the selection and search of 
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disciplines that satisfy the student. Such a tool can be considered an ontology of keywords belonging to selective 

disciplines in educational and professional programs. 

The practical significance of obtained results is that the information system for the formation of 

recommendations was developed. The conducted test calculations demonstrated the high accuracy of the data 

selection and search process for the formation of recommendations, which was achieved thanks to the use of the 

ontology. 

Prospects for further research will be directed to the modification of the algorithm for determining semantic 

proximity, use of additional tools to increase recommendation accuracy even more and the practical implementation 

of the IS. It is planned to use web technologies to ensure relevance, availability and uninterrupted operation of the 

system. 
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STUDY OF THE EFFICIENCY OF THE A PPLICATION OF BIOGAS INSTALLATION S  

AT ENTERPRISES OF THE AGRICULTURAL COMPLEX  
 

The issue of energy saving is becoming more and more urgent, taking into account the destruction of power generating facilities. 
One of the energy saving options is the use of alternative energy sources. This is not only an economic benefit for consumers, but also a 
reduction in the load on electrical networks and maintenance of the reliability of the power system due to the decentralization of electricity 
generation in wartime conditions. Alternative sources of electricity include energy from the sun, wind, seas, rivers, biomass, and Earth's heat. 
At the same time, their effectiveness depends on many factors. Since Ukraine has a powerful industrial agricultural complex, its share in GDP 
is about 10% and its share is growing annually, therefore, an urgent task is to analyze the feasibility of using biogas plants at livestock, agro-
processing and municipal waste enterprises. We should not forget about the environmental friendliness of electricity production using biogas 
plants, which will ensure the preservation of the environment, and therefore the health of descendants. Enterprises of the agro-industrial 
complex for the production of products require significant amounts of electrical energy, along with this, the waste of the activities of such 
enterprises is sewage and organic waste in landfills, from which biomass can be obtained. Biomass, in turn, is the raw material for the 
production of biogas, which is needed by biogas plants to generate electrical energy. Analysis of the amount of waste from agro-industrial 
complex enterprises, which can be used as raw materials for the production of biogas, showed that Ukraine has prospects for the 
development of biogas energy, based on a powerful agricultural sector. The use of biogas plants will provide electricity, heat and hot water to 
enterprises of the agrarian complex, and will reduce the load on traditional energy sources. 

 Key words: energy saving, biogas plants, biomass, energy efficiency of enterprises of the agro-industrial complex. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ʅʘ ʜʘʥʠʡ ʯʘʩ, ʧʠʪʘʥʥʷ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʧʦʩʪʘʻ ʜʝʜʘʣʽ ʘʢʪʫʘʣʴʥʽʰʠʤ, ʚʨʘʭʦʚʫʶʯʠ ʨʫʡʥʫʚʘʥʥʷ 

ʛʝʥʝʨʫʶʯʠʭ ʦʙôʻʢʪʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʠ. ɼʦ ʦʜʥʦʛʦ ʽʟ ʚʘʨʽʘʥʪʽʚ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. ʎʝ ʥʝ ʣʠʰʝ ʝʢʦʥʦʤʽʯʥʘ ʚʠʛʦʜʘ ʜʣʷ ʩʧʦʞʠʚʘʯʽʚ, ʘ ʡ ʟʤʝʥʰʝʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʝʣʝʢʪʨʠʯʥʽ ʤʝʨʝʞʽ ʪʘ ʧʽʜʪʨʠʤʢʘ ʥʘʜʽʡʥʦʩʪʽ ʨʦʙʦʪʠ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʟʘ ʨʘʭʫʥʦʢ 

ʨʦʟʦʩʝʨʝʜʞʝʥʥʷ ʛʝʥʝʨʘʮʽʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʫʤʦʚʘʭ ʚʽʡʥʠ. ʅʝ ʚʘʨʪʦ ʟʘʙʫʚʘʪʠ ʧʨʦ ʝʢʦʣʦʛʽʯʥʽʩʪʴ ʪʘʢʦʛʦ 

ʩʧʦʩʦʙʫ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ ʟʙʝʨʝʞʝʥʥʷ ʜʦʚʢʽʣʣʷ, ʘ ʦʪʞʝ ʽ ʟʜʦʨʦʚôʷ ʥʘʱʘʜʢʽʚ. ɼʦ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚʽʜʥʦʩʷʪʴ ʝʥʝʨʛʽʶ ʩʦʥʮʷ, ʚʪ̔ʨʫ, ʤʦʨʽʚ, ʨʽʯʦʢ, ʙʽʦʤʘʩʠ, ʪʝʧʣʦʪʠ ɿʝʤʣʽ. 

ɺ ʪʦʡ ʞʝ ʯʘʩ ʾʭ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʯʠʥʥʠʢʽʚ.  

ʇʽʜʧʨʠʻʤʩʪʚʘ ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʧʦʪʨʝʙʫʶʪʴ ʟʥʘʯʥʠʭ 

ʦʙʩʷʛʽʚ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ [1], ʨʘʟʦʤ ʟ ʮʠʤʠ ʚʽʜʭʦʜʘʤʠ ʜʽʷʣʴʥʦʩʪʽ ʪʘʢʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʻ  ʩʪʽʯʥʽ ʚʦʜʠ ʪʘ 

ʦʨʛʘʥʽʯʥʽ ʚʽʜʭʦʜʠ ʥʘ ʩʤʽʪʪʻʚʠʭ ʧʦʣʽʛʦʥʘʭ, ʟ ʷʢʠʭ ʤʦʞʥʘ ʦʪʨʠʤʫʚʘʪʠ ʙʽʦʤʘʩʫ. ɹʽʦʤʘʩʘ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʩʢʣʘʜʘʻ 

ʩʠʨʦʚʠʥʫ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʙʽʦʛʘʟʫ, ʷʢʠʡ ʧʦʪʨʝʙʫʶʪʴ ʙʽʦʛʘʟʦʚʽ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʚʠʨʦʙʣʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ 

ʝʥʝʨʛʽʾ. 

ʆʩʢʽʣʴʢʠ ʋʢʨʘʾʥʘ ʤʘʻ ʧʦʪʫʞʥʠʡ ʧʨʦʤʠʩʣʦʚʠʡ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʡ ʢʦʤʧʣʝʢʩ (ʯʘʩʪʢʘ ʫ ɺɺʇ 

ʤʘʡʞʝ 10%) [2] ʪʘ ʱʦʨʽʯʥʘ ʡʦʛʦ ʯʘʩʪʢʘ ʟʨʦʩʪʘʻ, ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʻ ʘʥʘʣʽʟ ʦʙʩʷʛʽʚ ʚʽʜʭʦʜʽʚ ʧʽʜʧʨʠʻʤʩʪʚ 
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ˏ̨̒̎̉̋ ˢ̝̗̝̍̆̌̎̉̋̏̄̏ ̨̗̝̎́̏̎́̌̎̏̄̏ ̨̔̎̃̆̑̒̉̓̆̓̔, ˟ ̏̍ υȟ Τ1, 2023 (317) 19 

ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʷʢʦʩʪʽ ʩʠʨʦʚʠʥʠ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʙʽʦʛʘʟʫ ʪʘ ʾʭ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ. 

 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ 

ɺ ʨʦʙʦʪʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʨʦʙʦʪʠ ʧʨʠʩʚʷʯʝʥʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʧʝʨʚʠʥʥʦʾ 

ʩʠʨʦʚʠʥʠ. ʈʦʟʛʣʷʥʫʪʽ ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʟ ʚʽʜʭʦʜʽʚ [4, 5]. ɺʟʷʪʦ ʜʦ ʫʚʘʛʠ 

ʨʦʟʨʘʭʫʥʢʠ, ʧʨʠʩʚʷʯʝʥʽ ʧʦʪʝʥʮʽʘʣʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʝʨʚʠʥʥʦʶ ʩʠʨʦʚʠʥʦʶ [2]. 

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪ ̔

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʽʦʛʘʟʦʚʠʭ ʫʩʪʘʥʦʚʦʢ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ 

ʪʚʘʨʠʥʥʠʮʪʚʘ, ʘʛʨʦʧʝʨʝʨʦʙʢʠ ʪʘ ʤʽʩʴʢʠʭ ʚʽʜʭʦʜʽʚ ʋʢʨʘʾʥʠ.  

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʚʠʟʥʘʯʠʤʦ, ʱʦ ʪʘʢʝ ʙʽʦʛʘʟ. ɹʽʦʛʘʟ ʻ ʩʫʤʽʰʰʶ ʤʝʪʘʥʫ (60ï70%), ʉʆ2 ʪʘ 

ʥʝʚʝʣʠʢʠʭ ʢʽʣʴʢʦʩʪʝʡ ʽʥʰʠʭ ʛʘʟʽʚ [3ï5]. ɹʽʦʛʘʟ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʜʣʷ  

ʟʘʜʦʚʦʣʝʥʥʷ ʧʦʪʨʝʙ ʚ ʦʧʘʣʝʥʥʽ ʯʠ ʧʨʠʛʦʪʫʚʘʥʥʽ ʾʞʽ. 

ʋ ʩʧʝʮʽʘʣʴʥʽʡ ʙʽʦʛʘʟʦʚʽʡ ʫʩʪʘʥʦʚʮʽ, ʧʽʜʜʘʚʰʠ ʧʨʦʮʝʩʫ ʬʝʨʤʝʥʪʘʮʽʾ ʦʨʛʘʥʽʯʥʫ ʨʝʯʦʚʠʥʫ, ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ 

ʙ̔ ʦʛʘʟ. ɿʘʚʜʷʢʠ ʧʨʦʮʝʩʫ ʙʨʦʜʽʥʥʷ ʫʪʚʦʨʶʻʪʴʩʷ ʛʘʟʦʧʦʜʽʙʥʠʡ ʤʝʪʘʥ, ʛʦʨʶʯʠʡ ʛʘʟ. ʁʦʛʦ ʩʧʦʯʘʪʢʫ ʦʯʠʱʘʶʪʴ ʚʽʜ 

ʩʪʦʨʦʥʥʽʭ ʛʘʟʽʚ, ʘ ʜʘʣʽ ʧʝʨʝʪʚʦʨʶʶʪʴ ʥʘ ʝʥʝʨʛʝʪʠʯʥʽ ʜʞʝʨʝʣʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʪʨʝʙ. ɺʠʨʦʙʣʝʥʥʷ ʛʘʟʫ ʩʧʦʯʘʪʢʫ ʻ 

ʜʦʩʪʘʪʥʴʦ ʽʥʪʝʥʩʠʚʥʠʤ, ʘʣʝ ʚ ʤʽʨʫ ʟʨʦʩʪʘʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʙʨʦʜʽʥʥʷ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʤʝʥʰʫʻʪʴʩʷ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʥʘʩʪʘʻ 

ʪʘʢʠʡ ʤʦʤʝʥʪ, ʢʦʣʠ ʧʦʜʘʣʴʰʝ ʧʝʨʝʙʫʚʘʥʥʷ ʙʽʦʤʘʩʠ ʚ ʬʝʨʤʝʥʪʘʪʦʨʽ ʙʫʜʝ ʥʝʜʦʮʽʣʴʥʦ ʟ ʝʢʦʥʦʤʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ. ʋ 

ʢʦʛʝʥʝʨʘʪʦʨʘʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʧʘʣʶʚʘʥʥʷ ʙʽʦʛʘʟʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʚʽʣʴʥʠʪʠ ʝʥʝʨʛʽʶ, ʷʢʘ ʙʫʣʘ ʟʙʝʨʝʞʝʥʘ ʫ ʙʽʦʤʘʩʽ. 

ɺʠʨʦʙʣʝʥʘ ʝʥʝʨʛʽʷ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʪʝʧʣʦʚʦʾ ʪʘ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. 

ɹʽʦʛʘʟ ʤʘʻ ʚʝʣʠʢʠʡ ʧʦʪʝʥʮʽʘʣ, ʦʩʢʽʣʴʢʠ ʻ ʛʥʫʯʢʠʤʠ ʪʘ ʫʥʽʚʝʨʩʘʣʴʥʠʤ. ʎʝ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʪʦʤʫ, ʱʦ ʡʦʛʦ 

ʤʦʞʥʘ ʧʦʜʘʚʘʪʠ ʫ ʤʝʨʝʞʫ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʽ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʦʧʘʣʝʥʥʷ ʪʘ ʧʦʜʘʯʽ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʧʨʦʤʠʩʣʦʚʠʤ 

ʧ̔ ʜʧʨʠʻʤʩʪʚʘʤ. ʉʠʨʦʚʠʥʘ ʜʣʷ ʙʽʦʛʘʟʫ ʧʨʘʢʪʠʯʥʦ ʙʝʟʢʦʰʪʦʚʥʘ ʪʘ ʤʘʡʞʝ ʥʝʚʠʯʝʨʧʥʘ. ɺ ʩʝʨʝʜʥʴʦʤʫ ʚʽʜ ʦʜʥʽʻʾ ʢʦʨʦʚʠ 

ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʙʣʠʟʴʢʦ 6 ʪʦʥ ʥʘʚʦʟʫ ʚ ʨʽʢ, ʚʽʜ ʩʚʠʥʽ ï ʙʣʠʟʴʢʦ 1 ʪʦʥʥʠ ʚ ʨʽʢ [5]. ʇʨʠ ʧʝʨʝʨʦʙʮʽ 25 ʪʦʥʥ ʥʘʚʦʟʫ ʟʘ 

ʜʦʙʫ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ 2500 ʤ3 ʤʝʪʘʥʦʚʤʽʩʥʦʛʦ ʛʘʟʫ (70%). ʊʝʧʣʦʚʘ ʝʥʝʨʛʽʷ ʙʽʦʛʘʟʫ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 11 ʜʦ 

15000 ʢɼʞ/ʤ3  ʟʘʣʝʞʥʦ ʚʽʜ ʚʤʽʩʪʫ ʤʝʪʘʥʫ. ʈʝʟʫʣʴʪʘʪʦʤ ʪʘʢʦʾ ʧʝʨʝʨʦʙʢʠ ʻ ʥʝ ʣʠʰʝ ʙʽʦʛʘʟ, ʘ ʽ ʙʽʦʛʫʤʫʩ ï ʯʫʜʦʚʝ 

ʜʦʙʨʠʚʦ. ʊʝʭʥʦʣʦʛʽʷ ʚʠʨʦʙʥʠʮʪʚʘ ʙʽʦʛʘʟʫ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 1. 

ʇʝʨʚʠʥʥʝ ʙʨʦʜʽʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʧʝʨʚʠʥʥʦʤʫ ʙʽʦʛʘʟʦʚʦʤʫ ʨʝʘʢʪʦʨʽ, ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʥʴʦʤʫ 

ʩʪʘʥʦʚʠʪʴ 35-40 0ʉ [3ï5]. ʉʫʤʽʰ ʜʣʷ ʙʨʦʜʽʥʥʷ ʧʝʨʝʤʽʰʫʻʪʴʩʷ ʝʣʝʢʪʨʠʯʥʠʤʠ ʧʝʨʝʤʽʰʫʚʘʯʘʤʠ ʜʦ 

ʦʜʥʦʨʽʜʥʦʩʪʽ. ʇʦʜʘʣʴʰʝ ʙʨʦʜʽʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʚʪʦʨʠʥʥʦʤʫ ʨʝʘʢʪʦʨʽ, ʷʢʠʡ ʧʽʜôʻʜʥʘʥʠʡ ʜʦ ʛʘʟʦʚʦʾ ʤʝʨʝʞʽ 

ʫʩʪʘʥʦʚʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʥʘʜʜʫʚʫ ʥʝʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʧʦʚʽʪʨʷ ʚ ʨʝʢʪʦʨʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʯʠʱʝʥʥʷ ʙʽʦʛʘʟʫ ʚʽʜ 

ʩʝʨʥʠʩʪʠʭ ʟôʻʜʥʘʥʴ. ʊʘʢʠʤ ʯʠʥʦʤ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ ʦʢʠʩʣʶʶʪʴ ʛʘʟʦʧʦʜʽʙʥʠʡ ʩʽʨʢʦʚʦʜʝʥʴ (H2S) ʚ ʩʽʨʢʫ [4, 5]. 

 

ʌʝʨʤʘ

1 2 3 4 5
6

7
8 9

10

 
ʈʠʩ. 1. ʉʭʝʤʘ ʦʪʨʠʤʘʥʥʷ ʙʽʦʛʘʟʫ ʟ ʚʽʜʭʦʜʽʚ ʪʚʘʨʠʥʥʠʮʪʚʘ. 1 - ʤ̒ʥʽʩʪʴ ʜʣʷ ʚʽʜʭʦʜʽʚ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʪʚʘʨʠʥ; 2 - ʥʘʩʦʩ; 3 - 

ʙʽʦʛʘʟʦʚʠʡ ʨʝʘʢʪʦʨ; 4 - ʟʥʝʚʦʜʥʝʥʽ ʚʽʜʭʦʜʠ; 5 - ʙʽʦʛʘʟ; 6 - ʥʘʢʦʧʠʯʫʚʘʯ; 7 - ʩʭʦʚʠʱʝ ʙʽʦʛʘʟʫ; 8 - ʛʘʟʦʚʘ ʛʨʽʣʢʘ; 9 - ʢʦʪʝʣ; 10 - 

ʛʘʟʦʜʠʟʝʣʴ ʟ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʦʤ 

 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʙʽʦʛʘʟʦʚʦʾ ʫʩʪʘʥʦʚʢʠ (ɹɻʋ) ʻ ʝʬʝʢʪʠʚʥʠʤ, ʢʦʣʠ ʚʝʣʠʯʠʥʘ ʢʦʝʬʽʮʽʻʥʪʘ ʚʽʜʪʚʦʨʝʥʥʷ 

ʝʥʝʨʛʽʾ ʫʩʪʘʥʦʚʢʠ ʻ ʙʽʣʴʰʝ ʥʽʞ ʦʜʠʥʠʮʷ. ʂʦʝʬʽʮʽʻʥʪ ʚʽʜʪʚʦʨʝʥʥʷ ʟʥʘʭʦʜʠʤʦ ʟʘ ʬʦʨʤʫʣʦʶ: 

ˊʙʛ=qʙʛ1/ qʟʝ1                                                                                 

(1) 

ʜʝ  qʙʛ1 ï ʧʠʪʦʤʘ ʪʝʧʣʦʪʘ, ʦʪʨʠʤʘʥʘ 

ʚʽʜ ʙʽʦʛʘʟʫ, ɼʞ/ʨʽʢ; 

qʟʝ1 ï ʨʝʘʣʴʥʽ ʚʠʪʨʘʪʠ ʧʝʨʚʠʥʥʦʾ 

ʪʝʧʣʦʪʠ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʙʽʦʛʘʟʫ, ɼʞ/ʨʽʢ. 

ɺʠʭʽʜ ʤʝʪʘʥʫ ʟʘʣʝʞʥʦ ʚʽʜ  

ʫʨʦʞʘʡʥʦʩʪʽ ʪʘ ʚʠʜʫ ʩʠʨʦʚʠʥʠ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʝʣʝʥʦʾ ʤʘʩʠ, ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩʫʥʢʫ 2.  

ʊʦʙʪʦ ʧʨʠ ʩʝʨʝʜʥʽʡ ʫʨʦʞʘʡʥʦʩʪʽ 

10 ʪ/ʛʘ ʪʘ ʦʙôʻʤʽ ʤʝʪʘʥʫ ʚ 300 ʤ3/ʪ ʙʫʜʝ 

ʚʠʨʦʙʣʝʥʦ 3000 ʤ3 ʤʝʪʘʥʫ. ʇʨʠ 

ʚʨʦʞʘʡʥʦʩʪʽ 15 ʪ/ʛʘ, ʚʠʭʽʜ ʤʝʪʘʥʫ ʩʢʣʘʜʘʻ 

450 ʤ3/ʪ. ʇʨʠ ʩʝʨʝʜʥʽʡ ʝʥʝʨʛʝʪʠʯʥʽʡ 

 
ʈʠʩ. 2. ʆʙʩʷʛʠ ʚʠʨʦʙʣʝʥʥʷ ʤʝʪʘʥʫ ʤ3/ʛʘ ʟʘʣʝʞʥʦ ʚʽʜ ʚʨʦʞʘʡʥʦʩʪʽ ʪʘ 

ʚʠʭʦʜʫ ʤʝʪʘʥʫ. 1 ï ɺʠʭʽʜ ʤʝʪʘʥʫ ʉʅ4 ʥʘ ʪʦʥʥʫ ʩʠʨʦʚʠʥʠ (ʩʠʥʽʤ 

ʢʦʣʴʦʨʦʤ ʧʦʢʘʟʘʥʦ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʚʠʭʦʜʫ ʤʝʪʘʥʫ, ʧʦʤʘʨʘʥʯʝʚʠʤ ï 

ʚʠʩʦʢʠʡ); 2 - ʪʽ ʞ ʧʦʢʘʟʥʠʢʠ, ʱʦ ʡ 1 ʜʣʷ ʫʨʦʞʘʡʥʦʩʪʽ 10 ʪ/ʛʘ; 3 - ʪ̔  ʞ 

ʧʦʢʘʟʥʠʢʠ, ʱʦ ʡ 1 ʜʣʷ ʫʨʦʞʘʡʥʦʩʪʽ 15 ʪ/ʛʘ 
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ʮʥ̔ʥʦʩʪʽ ʤʝʪʘʥʫ 10 ʢɺʪ*ʛʦʜ/ʤ3 ʟ ʪʘʢʦʛʦ ʛʘʟʫ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ 30 000ï67 500 ʢɺʪ*ʛʦʜ/ʛʘ. ʇʨʠ ʂʂɼ 30% 

(ʝʣʝʢʪʨʠʯʥʦʤʫ) ʪʘ ʂʂɼ ʚ 55% (ʪʝʧʣʦʚʦʤʫ) ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʟ ʛʘʟʦʚʠʤ ʜʚʠʛʫʥʦʤ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ 10 000ï

25 250 ʢɺʪ*ʛʦʜ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ.  

ɺ ʪʚʘʨʠʥʥʠʮʪʚʽ ʪʘ ʧʪʘʭʽʚʥʠʮʪʚʽ ʋʢʨʘʾʥʠ ʙ̔ʦʚʽʜʭʦʜʠ ʩʢʣʘʜʘʶʪʴ ʙʽʣʷ 120*106 ʪ/ʨʽʢ, ʟ ʷʢʠʭ ʦʪʨʠʤʫʶʪʴ 

12 ʤʣʨʜ ʤ3 ʙʽʦʛʘʟʫ ʽ 20 ʤʣʥ ʪʦʥʥ ʙʽʦʜʦʙʨʠʚ. 

ɽʥʝʨʛʝʪʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʟʝʣʝʥʦʾ ʤʘʩʠ ʚ ʋʢʨʘʾʥʽ 2021 ʨʦʮʽ ʩʢʣʘʜʘʚ ʜʣʷ ʟʝʨʥʦʚʠʭ ʢʫʣʴʪʫʨ 3,6; 

ʢʫʢʫʨʫʜʟʘ 1,4; ʩʦʥʷʰʥʠʢ 2,5 ʤʽʣʴʡʦʥʠ ʪʦʥʥ ʫʤʦʚʥʦʛʦ ʧʘʣʠʚʘ/ʨʽʢ. ʊʘʢʠʤ ʯʠʥʦʤ ʙʽʦʛʘʟʦʚʽ ʨʝʟʝʨʚʠ ʋʢʨʘʾʥʠ 

ʩʪʘʥʦʚʣʷʪʴ ʙʣʠʟʴʢʦ 14 ʤʽʣʴʷʨʜʠ ʤ3/ʨʽʢ, ʪʦʙʪʦ 23% ʨʽʯʥʠʭ ʧʦʪʨʝʙ ʋʢʨʘʾʥʠ ʚ ʛʘʟʽ. 

ʑʝ ʦʜʥʘ ʟ ʧʝʨʝʚʘʛ ʙʽʦʛʘʟʫ ʪʝ, ʱʦ ʡʦʛʦ ʤʦʞʥʘ ʟʙʝʨʽʛʘʪʠ ʪʘ ʥʘʢʦʧʠʯʫʚʘʪʠ ʽ ʮʝ ʥʘʜʘʻ ʚʝʣʠʢʠʡ ʧʣʶʩ 

ʮʴʦʤʫ ʜʞʝʨʝʣʫ ʝʥʝʨʛʽʾ ʧʦʨʽʚʥʷʥʦ ʟ ʩʦʥʷʯʥʦʶ ʯʠ ʚ̔ʪʨʦʚʦʶ. 

ʆʪʞʝ, ʙʽʦʛʘʟʦʚʽ ʫʩʪʘʥʦʚʢʠ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʧʽʜʧʨʠʻʤʩʪʚʘ ʟ ʧʝʨʝʨʦʙʢʠ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ, 

ʧʨʦʤʠʩʣʦʚʠʭ ʪʘ ʤʫʥʽʮʠʧʘʣʴʥʠʭ ʚʽʜʭʦʜʽʚ. ɰʭ ʨʦʟʚʠʪʦʢ ʨʦʙʠʪʴ ʚʝʣʠʢʠʡ ʚʢʣʘʜ ʚ ʝʢʦʣʦʛʽʯʥʫ ʙʝʟʧʝʢʫ ʢʨʘʾʥʠ. 

ɼʦ ʨʝʯʽ, ʚ ʋʢʨʘʾʥʠ ʻ ʜʦʩʚʽʜ ʩʪʚʦʨʝʥʥʷ ʙʽʦʛʘʟʦʚʠʭ ʢʦʤʧʣʝʢʩʚ̔. ʇʨʠʢʣʘʜʦʤ ʮʴʦʛʦ ʻ ʩʪʚʦʨʝʥʠʡ 

ʙʽʦʛʘʟʦʚʠʡ ʢʦʤʧʣʝʢʩ ʘʛʨʦʽʥʜʫʩʪʨʽʘʣʴʥʦʛʦ ʭʦʣʜʠʥʛʫ ʄʍʇ. 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʦʙʩʷʛʠ ʚʽʜʭʦʜʽʚ ʧʽʜʧʨʠʻʤʩʪʚ ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʷʢʦʩʪʽ ʩʠʨʦʚʠʥʠ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʙʽʦʛʘʟʫ ʪʘ ʾʭ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, 

ʱʦ ʋʢʨʘʾʥʘ ʤʘʻ ʧʝʨʩʧʝʢʪʠʚʠ ʜʣʷ ʨʦʟʚʠʪʢʫ ʙʽʦʛʘʟʦʚʦʾ ʝʥʝʨʛʝʪʠʢʠ, ʚʠʭʦʜʷʯʠ ʟ ʧʦʪʫʞʥʦʛʦ ʘʛʨʘʨʥʦʛʦ ʩʝʢʪʦʨʫ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʙʽʦʛʘʟʦʚʠʭ ʫʩʪʘʥʦʚʦʢ ʜʦʟʚʦʣʠʪʴ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʝʣʝʢʪʨʠʯʥʦʶ ʝʥʝʨʛʽʻʶ, ʪʝʧʣʦʤ ʪʘ ʛʘʨʷʯʦʶ 

ʚʦʜʦʶ ʧʽʜʧʨʠʻʤʩʪʚʘ ʘʛʨʘʨʥʦʛʦ ʢʦʤʧʣʝʢʩʫ, ʟʥʠʟʠʪʴ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʪʨʘʜʠʮʽʡʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ. 

 

ʃʽʪʝʨʘʪʫʨʘ 

 

1. ʇʦʧʦʚ ɺ. ɸ., ʊʢʘʯʝʥʢʦ ɺ. ɺ., ʗʨʤʦʣʶʢ ʆ. ʉ.ʇʨʦʝʢʪʫʚʘʥʥʷ ʩʠʩʪʝʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʧʦʞʠʚʘʯʽʚ 

ʝʣʝʢʪʨʠʯʥʦʶ ʝʥʝʨʛ̔ʻʶ : ʥʘʚʯ. ʧʦʩʽʙ. ʜʣʷ ʩʪʫʜ. ʉʧʝʮʽʘʣʴʥʦʩʪʽ 141 çɽʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʘ, ʝʣʝʢʪʨʦʪʝʭʥʽʢʘ ʪʘ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʢʘè, ʦʩʚʽʪʥʽʭ ʧʨʦʛʨʘʤ çʉʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʧʦʞʠʚʘʯʽʚ ʝʣʝʢʪʨʠʯʥʦʶ ʝʥʝʨʛʽʻʶè ʪʘ 

çɽʥʝʨʛʝʪʠʯʥʠʡ ʤʝʥʝʜʞʤʝʥʪ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾè / ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ. ɽʣʝʢʪʨʦʥʥʽ ʪʝʢʩʪʦʚʽ 

ʜʘʥʽ (1 ʬʘʡʣ: 14,5 ʄʙʘʡʪ). ʂʠʾʚ : ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, 2021. 222 ʩ. 

https://ela.kpi.ua/bitstream/123456789/44192/1/Proektuvannia.pdf 

2. ʇʘʚʣʦʚʘ ɻ. ɭ. ʆʩʦʙʣʠʚʦʩʪʽ ʘʛʨʘʨʥʦʛʦ ʩʝʢʪʦʨʘ ʚ ʥʘʮʽʦʥʘʣʴʥʽʡ ʝʢʦʥʦʤʽʮʽ. ɽʬʝʢʪʠʚʥʘ ʝʢʦʥʦʤʽʢʘ, ˉ 

2, 2014. http://www.economy.nayka.com.ua/?op=1&z=2729 

3. Klark D. L. Biomass for Renewable Energy ï Academic Press, NY (1989). 651 p. 

4. Renewable energy sources in figures. National and International Development, 2019, 85 ʨ.  

5. Krasnyansky M. Energy for Sustainable Development ï International Review of Chemical Engineering, 

2, N. 4 (2010). p. 539ï549. 

 
References 

 
1. Popov V. A., Tkachenko V. V., Yarmoliuk O. S.Proektuvannia system zabezpechennia spozhyvachiv elektrychnoiu enerhiieiu : 

navch. posib. dlia stud. Spetsialnosti 141 çElektroenerhetyka, elektrotekhnika ta elektromekhanikaè, osvitnikh prohram çSystemy 

zabezpechennia spozhyvachiv elektrychnoiu enerhiieiuè ta çEnerhetychnyi menedzhment ta enerhoefektyvni tekhnolohiiè / KPI im. Ihoria 
Sikorskoho. Elektronni tekstovi dani (1 fail: 14,5 Mbait). Kyiv : KPI im. Ihoria Sikorskoho, 2021. 222 s. 

https://ela.kpi.ua/bitstream/123456789/44192/1/Proektuvannia.pdf 

2. Pavlova H. Ye. Osoblyvosti ahrarnoho sektora v natsionalnii ekonomitsi. Efektyvna ekonomika, ˉ 2, 2014. 
http://www.economy.nayka.com.ua/?op=1&z=2729 

3. Klark D. L. Biomass for Renewable Energy ï Academic Press, NY (1989). 651 p. 

4. Renewable energy sources in figures. National and International Development, 2019, 85 r.  

5. Krasnyansky M. Energy for Sustainable Development ï International Review of Chemical Engineering, 2, N. 4 (2010). p. 539ï549. 

 

ʈʝʮʝʥʟʽʷ/Peer review : 10.02.2023 ʨ. ʅʘʜʨʫʢʦʚʘʥʘ/Printed :13.03.2023 ʨ. 

 



 ˟̨̨̖̘̆̎̎ ̎́̔̋̉ ISSN 2307-5732 
 

ˏ̨̒̎̉̋ ˢ̝̗̝̍̆̌̎̉̋̏̄̏ ̨̗̝̎́̏̎́̌̎̏̄̏ ̨̔̎̃̆̑̒̉̓̆̓̔, ˟ ̏̍ υȟ Τ1, 2023 (317) 21 

https://doi.org/10.31891/2307-5732-2023-317-1-21-25 

ʋɼʂ 621.391 

ɹʆʈʊʅʀʂ ɻʝʥʥʘʜʽʡ  
ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

https://orcid.org/0000-0001-7083-2775 

e-mail: bgen88@gmail.com 

ɹʆʈʊʅʀʂ ʆʣʝʢʩʘʥʜʨ 
ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

e-mail: alex.bortnik.it@gmail.com 

 ʂʀʈʀʃʖʂ ʉʝʨʛʽʡ 
ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

e-mail: kso1996.08@gmail.com 

 

ʉʇɽʂʊʈɸʃʔʅʆ-ʂʆɺɸʈɯɸʎɯʁʅʀʁ ʄɽʊʆɼ ʂʃɸʉʀʌɯʂɸʎɯɰ ʈɸɼɯʆʉʀɻʅɸʃɯɺ 
 
ˠ ̨̑̏̂̏̓ ̈́̐̑̏̐̏̎̏̃́̎̏ ̃̉̒̏̋̏̐̑̏̅̔̋̓̉̃̎̉̊ ̍̆̓̏̅ ̨̨̗̩̋̌́̒̉̋́̕ ̨̨̑́̅̏̒̉̄̎́̌̃ ̎́ ̨̂́̈ ̝̒̐̆̋̓̑́̌̎̏-

̨̨̗̋̏̃́̑́̊̎̏̄̏ ̨̗̟̠̏̎̃́̎̎ ̨̒̉̄̎́̌̃Ȣ ˜̑̉ ̗̝̏̍̔ ̨̟̤̝̠̈̅̊̒̎̓̒ ̂́̄́̓̏̆̓́̐̎̆ ̠̏̂̑̏̂̌̆̎̎ ̖̐̆̑̆̋̑̉̃̎̉ 
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SPECTRAL-COVARIATION METHOD OF CLASSIFICATION OF RADIO SIGNALS  
 

The paper proposes a high-performance method of radiosignal classification based on spectral-covariance evaluation of signals. 
At the same time, multi-stage processing of overlapping subsequences of readings of the investigated radiosignal in the time and frequency 
domain is carried out. At the first stage, it is proposed to evaluate the parameters of the radiosignal based on the found power spectral 
density of the investigated signal. 

To determine the spectral density of the radiosignal, subsequences of readings obtained from the array of input readings of the 
investigated signal are formed. The maximum shift between two adjacent subsequences is chosen, that is, the initial realization of the signal 
is presented in the form of overlapping subsequences. Taking into account that two adjacent subsequences have part of common processed 
readings, the paper proposes an expression that for each new subsequence of input readings would take into account the coefficients of the 
discrete Fourier transform, which were determined for the previous subsequence of the input signal. During the following stages, the shape of 
the spectrum of the analyzed radiosignal is compared with the spectrum samples specified by the operator of the radiocontrol system. 
Comparison of the spectrum of the investigated radiosignal and the spectral mask is based on the determined correlation coefficient. 

The approximation of the value of the correlation coefficient to unity characterizes the degree of linear relationship between the 
spectrum of the signal and the mask. This makes it possible to determine the type and positions of radiochannels based on the obtained 
sequence of correlation coefficient values for different shifts of the spectral mask. 

The analysis of the effectiveness of the proposed method confirmed that thanks to the developed method, it is possible to increase 
the productivity of the spectral-ÃÏÖÁÒÉÁÎÃÅ ÅÖÁÌÕÁÔÉÏÎ ÏÆ ÒÁÄÉÏ ÓÉÇÎÁÌÓ ÂÙ φȢτЂόȢύ ÔÉÍÅÓȟ ÄÅÐÅÎÄing on the volume of the analyzed 
implementation of the radiosignal and the number of overlapping subsequences. The maximum performance factor is achieved when the 
initial i mplementation of the radiosignal is divided into 64 overlapping subsequences. The proposed method can be used in automated 
radiotechnical control systems to monitor the radiosituation in real time. 

Keywords: power spectral density, fast Fourier transform, radiosignals, productivity. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ʆʩʦʙʣʠʚʽʩʪʶ ʪʝʧʝʨʽʰʥʴʦʛʦ ʧʝʨʽʦʜʫ ʻ ʨʽʟʢʝ ʟʙʽʣʴʰʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʨʘʜʽʦʟʚ`ʷʟʢʫ. ʉʣʽʜ 

ʚʽʜʤʽʪʠʪʠ ʨʷʜ ʯʠʥʥʠʢʽʚ, ʱʦ ʧʦʚôʷʟʘʥʽ ʟ ʫʩʢʣʘʜʥʝʥʥʷʤ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʾ ʦʙʩʪʘʥʦʚʢʠ, ʘ ʩʘʤʝ: ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʚʝʣʠʢʦʛʦ ʯʠʩʣʘ ʨʘʜʽʦʟʘʩʦʙʽʚ ʚ ʦʙʤʝʞʝʥʦʤʫ ʧʨʦʩʪʦʨʽ, ʟʥʘʯʥʝ ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʬʨʦʚʠʭ ʧʘʢʝʪʥʠʭ ʨʘʜʽʦʩʠʛʥʘʣʽʚ, ʥʝʨʽʚʥʦʤʽʨʥʠʡ ʯʘʩʦʚʠʡ ʨʦʟʧʦʜʽʣ ʨʦʙʦʪʠ ʨʘʜʽʦʟʘʩʦʙʽʚ. 

ɿʘ ʪʘʢʠʭ ʫʤʦʚ ʟʨʦʩʪʘʻ ʚʘʞʣʠʚʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʚʠʧʘʜʢʽʚ ʥʝʩʘʥʢʮʽʡʦʚʘʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʘʜʽʦʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʘ ʪʘ ʢʦʥʪʨʦʣʶ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʨʝʻʩʪʨʫʻʤʠʭ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʙʘʟʽ ʜʘʥʠʭ 

ʯʘʩʪʦʪʥʦ-ʪʝʨʠʪʦʨʽʘʣʴʥʦʛʦ ʧʣʘʥʫ. ʊʘʢʽ ʟʘʜʘʯʽ ʨʦʟʚ`ʷʟʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ 

ʨʘʜʽʦʢʦʥʪʨʦʣʶ. ʇʨʠ ʮʴʦʤʫ ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʟʘʜʘʯ ʻ ʢʣʘʩʠʬʽʢʘʮʽʷ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʾʭ 

ʧʨʠʥʘʣʝʞʥʦʩʪʽ ʜʦ ʧʝʚʥʦʛʦ ʩʪʘʥʜʘʨʪʫ ʟʚ`ʷʟʢʫ.  ʉʫʯʘʩʥʽ ʟʘʩʦʙʠ ʨʘʜʽʦʢʦʥʪʨʦʣʶ ʬʫʥʢʮʽʦʥʫʶʪʴ ʥʘ ʙʘʟʽ ʤʝʪʦʜʽʚ 

ʮʠʬʨʦʚʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʩʠʛʥʘʣʽʚ (ʎʆʉ). ʅʘ ʧʨʘʢʪʠʮʽ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʎʆʉ ʫ 

ʨʝʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ ʯʘʩʫ. ʇʨʦʙʣʝʤʘʪʠʢʘ ʎʆʉ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʟʫʤʦʚʣʝʥʘ ʦʙʤʝʞʝʥʦʶ ʰʚʠʜʢʦʜʽʻʶ 

ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʠʭ ʟʘʩʦʙʽʚ ʨʘʜʽʦʢʦʥʪʨʦʣʶ [1]. 

ʊʨʘʜʠʮʽʡʥʠʡ ʤʝʪʦʜ ʚʠʨʽʰʝʥʥʷ ʪʘʢʦʾ ʧʨʦʙʣʝʤʠ ʚʠʤʘʛʘʻ ʥʘʷʚʥʦʩʪʽ ʧʦʪʫʞʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʟʘʩʦʙʽʚ, ʷʢʽ ʟʜʘʪʥʽ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʘʣʛʦʨʠʪʤʠ ʎʆʉ ʟ ʚʠʩʦʢʦʶ ʰʚʠʜʢʽʩʪʶ. ɸʣʝ ʨʝʘʣʽʟʘʮʽʷ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ 
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ʦʙʤʝʞʫʻ ʯʘʩʪʦʪʥʠʡ ʜʽʘʧʘʟʦʥ ʘʥʘʣʽʟʦʚʘʥʠʭ ʨʘʜʽʦʩʠʛʥʘʣʽʚ [2]. ʊʦʤʫ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʧʝʚʥʽ ʨʝʟʫʣʴʪʘʪʠ, 

ʜʦʩʷʛʥʫʪʽ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʤʝʪʦʜʽʚ ʎʆʉ, ʧʠʪʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʟʘʩʦʙʽʚ ʨʘʜʽʦʢʦʥʪʨʦʣʶ ʜʣʷ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʫ ʨʝʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ ʯʘʩʫ, ʷʢ ʽ ʨʘʥʽʰʝ, ʟʘʣʠʰʘʻʪʴʩʷ ʘʢʪʫʘʣʴʥʠʤ. 

 

ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ 

ʈʝʘʣʴʥʽ ʧʦʢʘʟʥʠʢʠ ʟʘʩʦʙʽʚ ʨʘʜʽʦʢʦʥʪʨʦʣʶ ʥʝ ʜʦʩʷʛʘʶʪʴ ʩʚʦʾʭ ʧʦʪʝʥʮʽʡʥʦ ʪʝʦʨʝʪʠʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ 

ʚʥʘʩʣʽʜʦʢ ʥʠʟʴʢʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʤʝʪʦʜʽʚ ʎʆʉ ʽ ʮʝ ʚʽʜʦʙʨʘʞʝʥʦ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʧʫʙʣʽʢʘʮʽʷʭ [2, 3]. ɼʣʷ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʫ  ʩʧʝʢʪʨʘʣʴʥʽʡ ʦʙʣʘʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʦʮʝʜʫʨʠ ʜʠʩʢʨʝʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʌʫʨôʻ (ɼʇʌ). ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʨʷʜ ʩʧʦʩʦʙʽʚ ʰʚʠʜʢʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ɼʇʌ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʟʥʠʟʠʪʠ ʦʙʩʷʛ 

ʦʙʯʠʩʣʝʥʴ ʧʦʨʽʚʥʷʥʦ ʟ ʙʝʟʧʦʩʝʨʝʜʥʽʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɼʇʌ. ʊʘʢʽ ʩʧʦʩʦʙʠ ʙʘʟʫʶʪʴʩʷ ʥʘ ʨʝʘʣʽʟʘʮʽʾ ʘʣʛʦʨʠʪʤʽʚ 

ʰʚʠʜʢʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ (ʐʇʌ). ɸʣʝ, ʷʢ ʧʦʢʘʟʘʣʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʨʝʟʝʨʚ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʤʝʪʦʜʽʚ ʎʆʉ ʚ ʟʘʩʦʙʘʭ ʨʘʜʽʦʢʦʥʪʨʦʣʶ ʽʩʥʫʻ [4]. 

ʉʫʜʷʯʠ ʟ ʦʩʪʘʥʥʽʭ ʧʫʙʣʽʢʘʮʽʡ [2ï6], ʥʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʙʘʛʘʪʫ ʧʝʨʝʜʽʩʪʦʨʽʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ 

ʎʆʉ ʫ ʩʠʩʪʝʤʘʭ ʨʘʜʽʦʢʦʥʪʨʦʣʶ, ʨʦʟʨʦʙʢʘ ʧʝʚʥʠʭ ʘʩʧʝʢʪʽʚ ʮʠʬʨʦʚʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʨʘʜʽʦʩʠʛʥʘʣʽʚ 

ʧʨʦʜʦʚʞʫʻʪʴʩʷ ʟʘʨʘʟ ʽ ʥʝ ʤʦʞʝ ʚʚʘʞʘʪʠʩʴ ʮʽʣʢʦʤ ʟʘʚʝʨʰʝʥʦʶ.  

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʢʣʘʩʠʬʽʢʘʮʽʾ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʟʘ ʨʘʭʫʥʦʢ 

ʟʤʝʥʰʝʥʥʷ ʯʠʩʣʘ ʦʧʝʨʘʮʽʡ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʘʣʛʦʨʠʪʤʽʚ  ʩʧʝʢʪʨʘʣʴʥʦ-ʢʦʚʘʨʽʘʮʽʡʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʨʘʜʽʦʩʠʛʥʘʣʽʚ. 

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʇʨʦʮʝʩ ʢʣʘʩʠʬʽʢʘʮʽʷ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʨʘʜʽʦʢʦʥʪʨʦʣʶ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʝʢʽʣʴʢʘ ʝʪʘʧʽʚ. ʅʘ 

ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʜʽʡʩʥʶʚʘʪʠ ʦʮʽʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʨʘʜʽʦʩʠʛʥʘʣʫ ʥʘ ʙʘʟʽ ʟʥʘʡʜʝʥʦʾ ʩʧʝʢʪʨʘʣʴʥʦʾ 

ʛʫʩʪʠʥʠ ʧʦʪʫʞʥʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʩʠʛʥʘʣʫ. ʇʨʦʪʷʛʦʤ ʥʘʩʪʫʧʥʠʭ ʝʪʘʧʽʚ ʚʠʢʦʥʫʻʪʴʩʷ ʟʽʩʪʘʚʣʝʥʥʷ ʬʦʨʤʠ 

ʩʧʝʢʪʨʘ ʨʘʜʽʦʩʠʛʥʘʣʫ, ʱʦ ʘʥʘʣʽʟʫʻʪʴʩʷ, ʟʽ ʟʨʘʟʢʘʤʠ ʩʧʝʢʪʨʽʚ, ʱʦ ʟʘʜʘʶʪʴʩʷ ʦʧʝʨʘʪʦʨʦʤ ʩʠʩʪʝʤʠ 

ʨʘʜʽʦʢʦʥʪʨʦʣʶ. 

ɺʠʨʘʟ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ɼʇʌ ʟʘʜʘʥʦʾ ʚʠʙʽʨʢʠ ʨʘʜʽʦʩʠʛʥʘʣʫ ʫ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ )(nx  ʜʦʚʞʠʥʦʶ N , ʜʝ 

1 ..., ,1 ,0 -= Nn , ʤʘʻ ʪʘʢʠʡ ʚʠʛʣʷʜ [7] 
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N eW p-=  ï ʧʦʚʝʨʪʘʣʴʥʽ ʤʥʦʞʥʠʢʠ ɼʇʌ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʧʝʢʪʨʘʣʴʥʦʾ ʛʫʩʪʠʥʠ ʨʘʜʽʦʩʠʛʥʘʣʫ ʥʝʦʙʭʽʜʥʦ ʚʽʜʧʦʚʽʜʥʠʤ ʯʠʥʦʤ ʩʬʦʨʤʫʚʘʪʠ 

ʧʽʜʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʽʜʣʽʢʽʚ, ʱʦ ʦʪʨʠʤʘʥʽ ʟ ʤʘʩʠʚʫ ʚʭʽʜʥʠʭ ʚʽʜʣʽʢʽʚ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʩʠʛʥʘʣʫ. ʆʙʠʨʘʻʪʴʩʷ 

ʤʘʢʩʠʤʘʣʴʥʠʡ ʟʩʫʚ ʤʽʞ ʜʚʦʤʘ ʩʫʩʽʜʥʽʤʠ ʧʽʜʧʦʩʣʽʜʦʚʥʦʩʪʷʤʠ, ʪʦʙʪʦ ʧʦʯʘʪʢʦʚʘ ʨʝʘʣʽʟʘʮʽʷ ʩʠʛʥʘʣʫ 

ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʧʝʨʝʢʨʠʚʥʠʭ ʧʽʜʧʦʩʣʽʜʦʚʥʦʩʪʝʡ. ʇʨʠ ʮʴʦʤʫ ʟʩʫʚ ʤʽʞ ʜʚʦʤʘ ʩʫʩʽʜʥʽʤʠ 

ʧʽʜʧʦʩʣʽʜʦʚʥʦʩʪʷʤʠ ʤʝʥʰʠʡ ʜʦʚʞʠʥʠ ʚʩʽʻʾ ʨʝʘʣʽʟʘʮʽʾ. ʇʦʪʽʤ ʚ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʘʭ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ 

ʚʠʢʦʥʫʻʪʴʩʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ɼʇʌ ʟʛʽʜʥʦ ʟ ʚʠʨʘʟʦʤ (1) ʰʣʷʭʦʤ ʧʦʚʪʦʨʝʥʥʷ ʐʇʌ ʜʣʷ ʢʦʞʥʦʾ 

ʧʽʜʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʭʽʜʥʦʾ ʨʝʘʣʽʟʘʮʽʾ. 

ɺʨʘʭʦʚʫʶʯʠ ʪʝ, ʱʦ ʜʚʽ ʩʫʩʽʜʥʽ ʧʽʜʧʦʩʣʽʜʦʚʥʦʩʪʽ ʤʘʶʪʴ ʯʘʩʪʠʥʫ ʩʧʽʣʴʥʠʭ ʦʙʨʦʙʣʶʚʘʥʠʭ ʚʽʜʣʽʢʽʚ, ʚ 

ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʥʘʡʪʠ ʚʠʨʘʟ, ʷʢʠʡ  ʜʣʷ ʢʦʞʥʦʾ ʥʦʚʦʾ ʧʽʜʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʭʽʜʥʠʭ ʚʽʜʣʽʢʽʚ ʚʨʘʭʦʚʫʚʘʚ ʙʠ 

ʢʦʝʬʽʮʽʻʥʪʠ ɼʇʌ, ʱʦ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʜʣʷ ʧʦʧʝʨʝʜʥʴʦʾ ʧʽʜʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ.  

ɼʇʌ ʧʝʨʰʦʾ ʧʽʜʧʦʩʣʽʜʦʚʥʦʩʪʽ )(1 kX  ʜʦʚʞʠʥʦʶ Nʚʭʽʜʥʠʭ ʚʽʜʣʽʢʽʚ ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ ʚʠʨʘʟʦʤ (1). ʅʘ 

ʙʘʟʽ ʚʽʜʦʤʦʛʦ ɼʇʌ (1) ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ɼʇʌ ʥʦʚʦʾ ʧʽʜʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʱʦ ʦʪʨʠʤʘʥʘ ʰʣʷʭʦʤ ʧʦʜʦʚʞʝʥʥʷ 

ʧʦʯʘʪʢʦʚʦʾ ʧʽʜʧʦʩʣʽʜʦʚʥʦʩʪʽ ʥʘ m ʚʽʜʣʽʢʽʚ ʩʧʨʘʚʘ ʪʘ ʚʠʣʫʯʝʥʥʷʤ ʾʾ ʧʝʨʰʠʭ ʚʽʜʣʽʢʽʚ. ɼʇʌ ʩʬʦʨʤʦʚʘʥʦʾ 

ʪʘʢʠʤ ʯʠʥʦʤ ʧʽʜʧʦʩʣʽʜʦʚʥʦʩʪʽ ʤʦʞʥʘ ʟʥʘʡʪʠ ʟʘ ʚʠʨʘʟʦʤ 
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ʋ ʚʠʨʘʟʽ (2) ʧʦʪʨʽʙʥʦ ʜʦʤʥʦʞʠʪʠ ʢʦʞʝʥ ʜʦʜʘʥʦʢ ʥʘ ʧʦʚʝʨʪʘʣʴʥʠʡ ʤʥʦʞʥʠʢ 
mk

NW , ʘ ʚʩʶ ʩʫʤʫ ʜʣʷ 

ʪʦʛʦ, ʱʦʙ ʚʦʥʘ ʟʘʣʠʰʠʣʘʩʴ ʥʝʟʤʽʥʥʦʶ, ʥʝʦʙʭʽʜʥʦ ʜʦʤʥʦʞʠʪʠ ʥʘ 
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ɸʥʘʣʽʟʫʶʯʠ ʚʠʨʘʟ (3) ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʫ ʢʚʘʜʨʘʪʥʠʭ ʜʫʞʢʘʭ ʚʠʨʘʟʫ ʟʥʘʭʦʜʠʪʴʩʷ ʪʘ ʞ ʩʫʤʘ, 

ʱʦ ʡ ʫ ʧʨʘʚʽʡ ʯʘʩʪʠʥʽ ʚʠʨʘʟʫ (1). ɺʨʘʭʦʚʫʶʯʠ ʮʝ, ʘ ʪʘʢʦʞ ʚʟʷʚʰʠ ʜʦ ʫʚʘʛʠ ʚʣʘʩʪʠʚʽʩʪʴ ʧʝʨʽʦʜʠʯʥʦʩʪʽ 

ʧʦʚʝʨʪʘʣʴʥʠʭ ʤʥʦʞʥʠʢʽʚ ɼʇʌ, ʚʠʨʘʟ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ )(2 kX  ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ 
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ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʘʥʦ ʨʝʢʫʨʝʥʪʥʠʡ ʚʠʨʘʟ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ɼʇʌ ʧʽʜʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʚ ʷʢʽʡ 

ʦʙʥʦʚʣʷʻʪʴʩʷ m ʚʽʜʣʽʢʽʚ. ʎʝʡ ʚʠʨʘʟ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ɼʇʌ r -ʧʽʜʧʦʩʣʽʜʦʚʥʦʩʪʽ ʤʦʞʥʘ 

ʟʘʧʠʩʘʪʠ ʪʘʢʠʤ ʯʠʥʦʤ 
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ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʦʙʨʦʙʣʝʥʥʷ ʻ ʟʥʘʭʦʜʞʝʥʥʷ ʦʮʽʥʢʠ ʚʟʘʻʤʥʦʾ ʩʧʝʢʪʨʘʣʴʥʦʾ ʛʫʩʪʠʥʠ ʧʦʪʫʞʥʦʩʪʽ: 
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kS ,       (6) 

ʜʝ  )(kYr
*

ï ʢʦʤʧʣʝʢʩʥʦ-ʩʧʨʷʞʝʥʝ ʟʥʘʯʝʥʥʷ ɼʇʌ ʩʧʝʢʪʨʘʣʴʥʦʾ ʤʘʩʢʠ; 

Kï ʢ̔ ʣɹʢʽʩʪʴ ʦʙʨʦʙʣʶʚʘʣʴʥʠʭ ʧʽʜʧʦʩʣʽʜʦʚʥʦʩʪʝʡ . 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʩʪʘʪʠʩʪʠʯʥʘ ʩʪʽʡʢʽʩʪʴ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʟʛʽʜʥʦ (6) ʙʫʜʝ 

ʧʦʢʨʘʱʫʚʘʪʠʩʴ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ  ʦʙʨʦʙʣʶʚʘʣʴʥʠʭ ʧʽʜʧʦʩʣʽʜʦʚʥʦʩʪʝʡ K . 

ʅʘ ʟʘʚʝʨʰʘʣʴʥʦʤʫ ʝʪʘʧʽ  ʧʦʪʨʽʙʥʦ ʟʜʽʡʩʥʠʪʠ ʦʮʽʥʶʚʘʥʥʷ ʚʟʘʻʤʥʦʾ ʢʦʚʘʨʽʘʮʽʡʥʦʾ ʬʫʥʢʮʽʾ ʰʣʷʭʦʤ 

ʚʠʢʦʥʘʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ɼʇʌ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ()kSXY
Ĕ : 
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XYXY ekS
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ʋ ʚʠʨʘʟʽ (7) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʷʤʦʢʫʪʥʝ ʚʘʛʦʚʝ ʚʽʢʥʦ, ʪʦʙʪʦ () 1=mw . ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʜʠʩʧʝʨʩʽʾ 

ʦʮʽʥʢʠ ʢʦʚʘʨʽʘʮʽʡʥʦʾ ʬʫʥʢʮʽʾ ʥʝʦʙʭʽʜʥʦ ʟʜʽʡʩʥʠʪʠ ʧʦʜʘʣʴʰʝ ʦʙʨʦʙʣʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʨʝʣʷʮʽʡʥʦʛʦ ʚʽʢʥʘ. 

ʊʦʙʪʦ, ʦʮʽʥʢʘ ()mRXY
Ĕ  ʟʚʘʞʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʨʝʣʷʮʽʡʥʦʾ ʚʽʢʦʥʥʦʾ ʬʫʥʢʮʽʾ ()mcw . ʋ ʨʝʟʫʣʴʪʘʪʽ 

ʦʪʨʠʤʫʻʤʦ ʟʚʘʞʝʥʫ ʢʦʚʘʨʽʘʮʽʡʥʫ ʦʮʽʥʢʫ  

() () ()mmRmR cXYXY w
w

Ö=ĔĔ
)( .     (8) 

ʂʦʨʝʣʷʮʽʡʥʝ ʟʚʘʞʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʢʝʨʫʚʘʪʠ ʨʽʚʥʝʤ ʙʽʯʥʠʭ ʧʘʨʘʟʠʪʥʠʭ ʧʝʣʶʩʪʦʢ ʩʧʝʢʪʨʘ ʧʦʪʫʞʥʦʩʪʽ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʨʘʜʽʦʩʠʛʥʘʣʫ. ɿʽʩʪʘʚʣʝʥʥʷ ʩʧʝʢʪʨʘ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʨʘʜʽʦʩʠʛʥʘʣʫ ʪʘ ʩʧʝʢʪʨʘʣʴʥʦʾ ʤʘʩʢʠ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʟʥʘʯʝʥʽ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʝʣʷʮʽʾ 
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=                                                        (9) 

 

ʜʝ Ss , Ms ï ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʩʠʛʥʘʣʫ ʪʘ ʤʘʩʢʠ. 

ʅʘʙʣʠʞʝʥʥʷ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʝʣʷʮʽʾ ʜʦ ʦʜʠʥʠʮʽ ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʪʫʧʽʥʴ ʣʽʥʽʡʥʦʛʦ 

ʚʟʘʻʤʦʟʚ`ʷʟʢʫ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʫ ʪʘ ʤʘʩʢʠ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʘ ʦʪʨʠʤʘʥʦʶ ʧʦʩʣʽʜʦʚʥʽʩʪʶ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʘ 

ʢʦʨʝʣʷʮʽʾ ʜʣʷ ʨʽʟʥʠʭ ʟʩʫʚʽʚ ʩʧʝʢʪʨʘʣʴʥʦʾ ʤʘʩʢʠ ʚʠʟʥʘʯʠʪʠ ʪʠʧ ʪʘ ʧʦʟʠʮʽʾ ʨʘʜʽʦʢʘʥʘʣʽʚ. ɺʦʜʥʦʯʘʩ ʽʩʥʫʻ 

ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʧʘʜʢʦʚʦʾ ʟʙʽʞʥʦʩʪʽ ʚʫʟʴʢʦʾ ʩʧʝʢʪʨʘʣʴʥʦʾ ʤʘʩʢʠ ʟ ʬʨʘʛʤʝʥʪʦʤ ʩʧʦʪʚʦʨʝʥʦʛʦ ʩʧʝʢʪʨʘ 

ʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ ʩʠʛʥʘʣʫ. ɼʣʷ ʫʩʫʥʝʥʥʷ ʪʘʢʠʭ ʧʦʤʠʣʦʢ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʫʚʘʪʠ ʨʦʟʨʘʭʫʥʦʢ ʢʦʝʬʽʮʽʻʥʪʘ 

ʢʦʨʝʣʷʮʽʾ ʟʛʽʜʥʦ (9) ʜʣʷ ʥʘʙʦʨʫ ʤʘʩʦʢ ʧʦʩʣʽʜʦʚʥʦ, ʧʦʯʠʥʘʶʯʠ ʟ ʰʠʨʦʢʦʩʤʫʛʦʚʦʾ ʤʘʩʢʠ. 

ʂʨʠʪʝʨʽʻʤ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʻ ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʷʢʠʡ ʜʝʤʦʥʩʪʨʫʻ 

ʚʠʛʨʘʰ ʫ ʢʽʣʴʢʦʩʪʽ Ăʜʦʚʛʠʭò ʦʧʝʨʘʮʽʡ ʤʥʦʞʝʥʥʷ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʥʘ ʙʘʟʽ 

ʩʧʝʢʪʨʘʣʴʥʦ-ʢʦʚʘʨʽʘʮʽʡʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʧʦʨʽʚʥʷʥʦ ʟ ʤʝʪʦʜʦʤ ʥʘ ʙʘʟʽ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʦʮʽʥʶʚʘʥʥʷ [6]: 

,
SCE

DSE
S

C

C
G =                      (10) 

ʜʝ  DSEC  ï ʢʽʣʴʢʽʩʪʴ ʦʧʝʨʘʮʽʡ ʤʥʦʞʝʥʥʷ ʧʨʠ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʦʮʽʥʶʚʘʥʥʽ ʨʘʜʽʦʩʠʛʥʘʣʽʚ;  

SCEC  ï ʢʽʣʴʢʽʩʪʴ ʦʧʝʨʘʮʽʡ ʤʥʦʞʝʥʥʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ. 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʥʘ ʙʘʟʽ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʚʠʤʘʛʘʻ MMK 2log4 ÖÖ  ʦʧʝʨʘʮʽʡ 

ʤʥʦʞʝʥʥʷ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʘʣʛʦʨʠʪʤʽʚ ʩʪʨʠʙʢʦʧʦʜʽʙʥʦʛʦ ʐʇʌ ʪʘ ʟʚʦʨʦʪʥʦʛʦ ɼʇʌ. ʆʢʨʽʤ ʪʦʛʦ, ʜʣʷ ʚʠʢʦʥʘʥʥʷ 
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ʦʧʝʨʘʮʽʡ ʦʙʨʦʙʣʝʥʥʷ ʤʘʩʠʚʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʢʦʥʥʦʾ ʬʫʥʢʮʽʾ ʥʝʦʙʭʽʜʥʦ MKÖ4  ʤʥʦʞʝʥʴ [7].  

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʥʘ ʙʘʟʽ ʩʧʝʢʪʨʘʣʴʥʦ-ʢʦʚʘʨʽʘʮʽʡʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ 

ʨʘʜ̔ʦʩʠʛʥʘʣʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʷʤʦʢʫʪʥʝ ʚʽʢʥʦ ʜʘʥʠʭ, ʧʨʠ ʷʢʦʤʫ ʦʧʝʨʘʮʽʾ ʤʥʦʞʝʥʥʷ ʥʝ ʚʠʢʦʥʫʶʪʴʩʷ. 

ɸʣʛʦʨʠʪʤ ʨʝʢʫʨʝʥʪʥʦʛʦ ʐʇʌ ʪʘ ʟʚʦʨʦʪʥʦʛʦ ɼʇʌ  ʨʝʘʣʽʟʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ NN 2log2 Ö  ʦʧʝʨʘʮʽʡ 

ʤʥʦʞʝʥʥʷ. ʆʙʨʦʙʣʝʥʥʷ ʚʠʭʽʜʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʨʝʣʷʮʽʡʥʦʾ ʚʽʢʦʥʥʦʾ ʬʫʥʢʮʽʾ ʨʝʘʣʽʟʫʻʪʴʩʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ Nʦʧʝʨʘʮʽʡ ʤʥʦʞʝʥʥʷ. ʊʦʜʽ ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʜʦʨʽʚʥʶʻ 
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ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʽʜ ʦʙʩʷʛʫ ʘʥʘʣʽʟʦʚʘʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʨʘʜʽʦʩʠʛʥʘʣʫ ʜʣʷ 

ʨʽʟʥʦʛʦ ʯʠʩʣʘ ʦʙʨʦʙʣʶʚʘʣʴʥʠʭ ʧʽʜʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1. 

 

 
ʈʠʩ. 1. ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʽʜ ʦʙʩʷʛʫ ʘʥʘʣʽʟʦʚʘʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʨʘʜʽʦʩʠʛʥʘʣʫ N ʜʣʷ ʨʽʟʥʦʛʦ ʯʠʩʣʘ 

ʦʙʨʦʙʣʶʚʘʣʴʥʠʭ ʧʽʜʧʦʩʣʽʜʦʚʥʦʩʪʝʡ 

 

ʗʢ ʚʠʜʥʦ ʟ ʛʨʘʬʽʢʽʚ, ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʧʽʜʚʠʱʫʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʦʙʩʷʛʫ 

ʚʠʙʽʨʢʠ. ʅʠʞʥʷ ʢʨʠʚʘ ʧʦʙʫʜʦʚʘʥʘ ʜʣʷ 16 ʦʙʨʦʙʣʶʚʘʥʠʭ ʧʽʜʧʦʩʣʽʜʦʚʥʦʩʪʝʡ, ʘ ʢʨʠʚʽ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʚʠʱʝ, 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʽʣʴʢʦʩʪʽ ʧʽʜʧʦʩʣʽʜʦʚʥʦʩʪʝʡ 32 ʪʘ 64. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʯʠʩʣʘ ʦʙʨʦʙʣʶʚʘʥʠʭ ʧʽʜʧʦʩʣʽʜʦʚʥʦʩʪʝʡ 

ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʟʨʦʩʪʘʻ ʽ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʤʝʞʘʭ 4,0õ8,9 ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʦʙʩʷʛʫ ʘʥʘʣʽʟʦʚʘʥʦʾ 

ʨʝʘʣʽʟʘʮʽʾ ʨʘʜʽʦʩʠʛʥʘʣʫ N=1024. ʆʪʞʝ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦʤʫ ʤʝʪʦʜʽ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ 

ʧʝʨʝʢʨʠʚʥʠʭ ʧʽʜʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʫ ʯʘʩʦʚʽʡ ʽ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʯʠʩʣʘ ʥʝʦʙʭʽʜʥʠʭ 

ʘʨʠʬʤʝʪʠʯʥʠʭ ʦʧʝʨʘʮʽʡ ʽ ʷʢ ʥʘʩʣʽʜʦʢ ï ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʢʣʘʩʠʬʽʢʘʮʽʾ ʨʘʜʽʦʩʠʛʥʘʣʽʚ. 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ʋ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʡ ʤʝʪʦʜ ʢʣʘʩʠʬʽʢʘʮʽʾ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʥʘ ʙʘʟʽ ʩʧʝʢʪʨʘʣʴʥʦ-

ʢʦʚʘʨʽʘʮʽʡʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʩʠʛʥʘʣʽʚ. ʇʨʠ ʮʴʦʤʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʙʘʛʘʪʦʝʪʘʧʥʝ ʦʙʨʦʙʣʝʥʥʷ ʧʝʨʝʢʨʠʚʥʠʭ 

ʧʽʜʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʚʽʜʣʽʢʽʚ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʨʘʜʽʦʩʠʛʥʘʣʫ ʫ ʯʘʩʦʚʽʡ ʽ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ.  

ɸʥʘʣʽʟ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʧʽʜʪʚʝʨʜʠʚ, ʱʦ ʟʘʚʜʷʢʠ ʨʦʟʨʦʙʣʝʥʦʤʫ ʤʝʪʦʜʫ 

ʚʜʘʻʪʴʩʷ ʧʽʜʚʠʱʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʩʧʝʢʪʨʘʣʴʥʦ-ʢʦʚʘʨʽʘʮʽʡʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʫ 2,0õ8,9 ʨʘʟʽʚ 

ʟʘʣʝʞʥʦ ʚʽʜ ʦʙʩʷʛʫ ʘʥʘʣʽʟʦʚʘʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʨʘʜʽʦʩʠʛʥʘʣʫ ʪʘ ʯʠʩʣʘ ʧʝʨʝʢʨʠʚʥʠʭ ʧʽʜʧʦʩʣʽʜʦʚʥʦʩʪʝʡ. 

ʄʘʢʩʠʤʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʫʤʦʚʠ, ʢʦʣʠ ʧʦʯʘʪʢʦʚʘ ʨʝʘʣʽʟʘʮʽʷ ʨʘʜʽʦʩʠʛʥʘʣʫ 

ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ 64 ʧʝʨʝʢʨʠʚʥʽ ʧʽʜʧʦʩʣʽʜʦʚʥʦʩʪʽ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤʘʭ ʨʘʜʽʦʪʝʭʥʽʯʥʦʛʦ 

ʢʦʥʪʨʦʣʶ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʨʘʜʽʦʦʙʩʪʘʥʦʚʢʠ ʫ ʨʝʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ ʯʘʩʫ. 
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̃̉̋̏̑̉̒̓̏̃̔̃́̓̉ ̨̨̝̎̅̉̃̅̔́̌̎̔ ̨̨̗̟̋̏̎̄̔̑́̕ ̠̅̌ ̋̏̇̎̏̄̏ ̏̋̑̆̍̏̄̏ ̝́̂̏̎̆̎̓̒̋̏̄̏ ̈́̒̓̏̒̔̎̋̔ ̓́ ̨̘̄̎̔̋ ̐̏̒̌̔̄̉ 
̈ ̙̍̆̎̉̍̉ ̎́̋̌́̅̎̉̍̉ ̃̉̓̑́̓́̍̉ Ȣ ˝̠̏̈̄̌̎̔̓̏ ̨̐̆̑̒̏̎́̌̈̏̃́̎̔ ̨̎̑́̒̓̑̔̋̓̔̑̔̕ȟ ̠̋́ ̤̝̠̒̋̌́̅́̓̒ ̈ 
̨̝̎̓̆̌̆̋̓̔́̌̎̏̄̏ ̨̘̈̉̎̏̄̏̕ ̨̠̑̃̎ ̈ ̨̟̐̅̓̑̉̍̋̏ ̙̘̓̔̎̏̄̏ ̨̎̓̆̌̆̋̓̔ȟ ̨̝̎̓̆̌̆̋̓̔́̌̎̏̄̏ ̋̏̎̓̑̏̌̆̑́ -!# ̓́ 
̨̝̎̓̆̌̆̋̓̔́̌̎̏̄̏ ̐̑̏̓̏̋̏̌̔ȟ ̈́ ̠̋̉̍ ̨̤̒̌̅̔ ̨̗̐̏̓̆̎̊̎̏ ̎̏̃̉̊ ̨̐̑̉̒̓̑̊ ̨̎́̒̋̑̈̎̏̄̏ ̋́̎́̌̔ ɉ%2%Ɋ ̎́ ̨̏̒̎̏̃ 
̙̘̓̔̎̏̄̏ ̨̎̓̆̌̆̋̓̔Ȣ 

ˏ̘̉̈̎́̆̎̏ ̃̉̍̏̄̉ ̅̏ ̨̍̆̑̆̇ ϊ'ȟ ̨̠̋  ̘̟̝̐̆̑̆̅̂́́̓ ̠̒̓̃̏̑̆̎̎ ̤̩̅̉̎̏ ̨̍̆̑̆̇ ̈ ̨̗̠̔̎̋̍̉̕ ̠̒̋́̎̔̃́̎̎ ̓́ 
̈̃΄̠̈̋̔ȟ ̨̠̋ ̨̐̏̃̉̎̎ ̂̔̓̉ ̨̨̎̓̆̄̑̏̃́̎ ̃ ̤̅̉̎̔ ̒̓̑̔̋̓̔̑̔ ̎́ ̨̆̓́̐ ̠̐̑̏̆̋̓̔̃́̎̎ ̨̨̑́̅̏̎̓̆̑̆̊̒̔̕Ȣ ˑ̨̏̒̌̅̇̆̎̏ 
̨̏̒̏̂̌̉̃̏̒̓ ̝̑̆̓̆̌̎ ̏̄̏ ̠̐̑̏̆̋̓̔̃́̎̎ ̨̍̆̑̆̇ ̈̃΄̠̈̋̔ ̓́ ̠̒̋́̎̔̃́̎̎ȟ ̠̋́ ̂̔̅̆ ̐̑̏̐̏̎̔̃́̓̉ ̨̐̏̃̎ ̨̍̏̇̌̉̃̏̒̓ 
̠̒̋́̎̔̃́̎̎ȟ ́ ̓́̋̏̇ ̨̙̐̏̃̎̆ ̨̨̃̅̐̏̃̅́̓̉ ̨̃̒̍ ̟̘̋̌̏̃̉̍ ̐̏̋́̈̎̉̋́̍ ̨̆̆̋̓̉̃̎̏̒̓̕ ̃ ̨̄́̌̔̈ ̈̃΄̠̈̋̔Ȣ 

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̨̝̎̓̆̌̆̋̓̔́̌̎̉̊ ̨̨̑́̅̏̎̓̆̑̆̊̒̕ȟ ̟̘̋̌̏̃̉̊ ̐̏̋́̈̎̉̋ ̆̆̋̓̉̃̎̏̒̕ ̨̓ȟ ̍̆̑̆̇́ 
̨̑́̅̏̅̏̒̓̔̐̔ȟ ̙̘̓̔̎̉̊ ̨̎̓̆̌̆̋̓ȟ ̨̝̎̓̆̌̆̋̓̔́̌̎̉̊ ̋̏̎̓̑̏̌̆̑ȟ ̋́̎́̌ ̠̐̆̑̆̅́̃́̎̎ ̖̅́̎̉Ȣ 
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INTELLIGENT RADIO INTERFACE WITH THE SUPPORT  OF ARTIFICIAL INTEL LIGENCE 
 

The peculiarities of the implementation of the 6G intelligent radio interface infrastructure, which will use an individual 
configuration for each individual subscriber application and flexible services with lower overhead costs, have been studied. A personalized 
infrastructure consisting of an AI-enabled intelligent physical layer, an intelligent MAC controller, and an intelligent protocol is considered, 
followed by a potentially novel AI-based end-to-end (E2E) device. The intelligent controller is investigated, in particular the intelligent 
functions at the MAC level, which may become key components of the intelligent controller in the future. The joint optimization of these 
components, which will provide better system performance, is considered. It was determined that instead of using a complex mathematical 
method of optimization, it is possible to use machine learning, which has less complexity and can adapt to network conditions. A 6G radio 
interface design based on a combination of model-driven and data-driven artificial intelligence is investigated and is expected to provide 
customized radio interface optimization from pre-configuration to self-learning. The specifics of configuring the network scheme and 
transmission parameters at the level of subscriber equipment and services using a personalized radio interface to maximize the individual 
user experience without compromising the throughput of the system as a whole are determined. 

Artificial intelligence is considered, which will be a built-in function of the radio interface that creates an intelligent physical layer 
and is responsible for MAC access control, network management optimization (such as load balancing and power saving), replacing some 
non-linear or non-convex algorithms in receiver modules or compensation of shortcomings in non-linear models. Built-in intelligence has 
been studied, which will make the 6G physical layer more advanced and efficient, facilitate the optimization of structural elements of the 
physical layer and procedural design, including the possible change of the receiver architecture, will help implement new detection and 
positioning capabilities, which, in turn, will significantly affect the design of radio interface components. The requirements for the 6G 
network are defined, which provide for the creation of a single network with scanning and communication functions, which must be 
integrated into a single structure at the stage of radio interface design. The specifics of carefully designing a communication and scanning 
network that will offer full scanning capabilities and more fully meet all key performance indicators in the communications industry are 
explored. 

Keywords:  intelligent radio interface, key performance indicator, radio access network, artificial intelli gence, intelligent 
controller, data transmission channel. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʤʝʨʝʞʽ ʨʘʜʽʦʜʦʩʪʫʧʫ 5G ʨʦʟʨʦʙʥʠʢʠ ʦʨʽʻʥʪʫʚʘʣʠʩʷ ʥʘ ʢʦʥʮʝʧʮʽʶ IoE, ʷʢʘ 

ʟʥʘʡʰʣʘ ʚʪʽʣʝʥʥʷ ʫ ʨʽʟʥʠʭ ʩʮʝʥʘʨʽʷʭ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʪʘʢʠʭ ʷʢ eMBB, URLLC ʪʘ mMTC. ʇʨʠ ʮʴʦʤʫ, ʙʫʣʦ 

ʚʨʘʭʦʚʘʥʦ ʪʨʠ ʪʠʧʦʚʽ ʚʠʤʦʛʠ ʜʣʷ ʮʠʭ ʩʮʝʥʘʨʽʾʚ: ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ 20 ɻʙʽʪ/ʩ ʧʨʠ ʩʤʫʟʽ ʧʨʦʧʫʩʢʘʥʥʷ 

100 ʄɻʮ, ʥʘʜʽʡʥʽʩʪʴ 99,999% ʧʨʠ ʟʘʪʨʠʤʮʽ ʨʘʜʽʦʽʥʪʝʨʬʝʡʩʫ 1 ʤʩ ʪʘ  1 ʤʣʥ ʧʨʠʩʪʨʦʾʚ ʥʘ ʢʚʘʜʨʘʪʥʠʡ ʢʽʣʦʤʝʪʨ 

ʟ ʰʠʨʰʠʤ ʧʦʢʨʠʪʪʷʤ ʚʽʜʧʦʚʽʜʥʦ [1]. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʦʧʪʠʤʽʟʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʧʽʜʪʨʠʤʢʠ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʩʮʝʥʘʨʽʾʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʰʠʨʦʢʦʛʦ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʚ 5G ʟʘʩʪʦʩʫʚʘʣʠ ʥʦʚʠʡ ʫʥʽʬʽʢʦʚʘʥʠʡ ʨʘʜʽʦʽʥʪʝʨʬʝʡʩ, ʱʦ ʤʘʻ ʷʢ ʛʥʫʯʢʽʩʪʴ, ʪʘʢ ʽ 

ʘʜʘʧʪʦʚʘʥʽʩʪʴ. ʎʝʡ ʨʘʜʽʦʽʥʪʝʨʬʝʡʩ ʩʧʦʯʘʪʢʫ ʧʝʨʝʜʙʘʯʘʻ ʩʝʛʤʝʥʪʫʚʘʥʥʷ ʤʝʨʝʞʽ ʨʘʜʽʦʜʦʩʪʫʧʫ (RAN), ʱʦ 

ʧʦʣʝʛʰʫʻ ʤʫʣʴʪʠʧʣʝʢʩʫʚʘʥʥʷ ʧʦʩʣʫʛ, ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʢʪʨʫ, ʟʙʽʣʴʰʝʥʥʷ 

ʤʦʞʣʠʚʦʩʪʽ ʧʽʜʢʣʶʯʝʥʥʷ ʪʘ ʟʤʝʥʰʝʥʥʷ ʟʘʪʨʠʤʢʠ. ɼʣʷ ʧʦʤôʷʢʰʝʥʥʷ ʚʧʣʠʚʫ ʛʝʦʛʨʘʬʽʯʥʠʭ "ʩʪʽʣʴʥʠʢʽʚ", ʷʢʽ 
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ʩʪʚʦʨʶʶʪʴ ʜʣʷ ʧʨʠʩʪʨʦʾʚ ʥʝʙʘʞʘʥʠʡ ʝʬʝʢʪ "ʧʝʨʝʭʦʜʫ ʯʝʨʝʟ ʛʨʘʥʠʮʶ", ʨʘʜʽʦʜʦʩʪʫʧ 5G ʨʦʟʛʣʷʜʘʻ ʦʢʨʝʤʦ 

ʩʧʝʮʠʬʽʯʥʽ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ ʦʙʣʘʜʥʘʥʥʷ ʬʽʟʠʯʥʽ ʩʠʛʥʘʣʠ ʪʘ ʽʜʝʥʪʠʬʽʢʘʪʦʨʠ (ID) "ʩʪʽʣʴʥʠʢʠ", ʥʘʜʘʶʯʠ 

ʤʝʨʝʞʘʤ ʙʽʣʴʰʝ ʤʦʞʣʠʚʦʩʪʝʡ ʜʣʷ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ "ʧʨʦʤʝʥʶ" ʘʙʦ çʧʨʦʤʝʥʽʚè ʜʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʢʦʨʠʩʪʫʚʘʯʽʚ, ʨʝʘʣʽʟʫʶʯʠ ʪʘʢ ʟʚʘʥʫ ʘʨʭʽʪʝʢʪʫʨʫ ʙʝʟ ʩʪʽʣʴʥʠʢʽʚ, ʦʨʽʻʥʪʦʚʘʥʫ ʥʘ ʢʦʨʠʩʪʫʚʘʯʘ (UCNC), ʱʦʙ 

ʧʦʣʽʧʰʠʪʠ ʚʟʘʻʤʦʜʽʶ ʟ ʢʦʨʠʩʪʫʚʘʯʝʤ ʥʘ ʤʝʞʽ ʩʪʽʣʴʥʠʢʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʭʝʤ ʩʧʽʣʴʥʦʾ ʧʝʨʝʜʘʯʽ [2]. 

ʅʘ ʜʦʜʘʪʦʢ ʜʦ ʽʩʥʫʶʯʠʭ ʩʮʝʥʘʨʽʾʚ ʚʠʢʦʨʠʩʪʘʥʥʷ 5G, ʷʢʽ ʤʘʪʠʤʫʪʴ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʚʽʜ 

ʪʝʭʥʦʣʦʛʽʾ 6G ʦʯʽʢʫʻʪʴʩʷ ʥʘʩʪʘʥʥʷ ʥʦʚʦʾ ʝʨʠ, ʚ ʷʢʽʡ ʜʦ ʦʜʥʽʻʾ ʤʝʨʝʞʽ ʙʫʜʫʪʴ ʧʽʜʢʣʶʯʝʥʽ ʣʶʜʠ, ʨʝʯʽ ʪʘ 

ʽʥʪʝʣʝʢʪ ʟ ʥʦʚʠʤʠ ʬʫʥʢʮʽʷʤʠ, ʪʘʢʠʤʠ ʷʢ ʚʠʷʚʣʝʥʥʷ ʪʘ ʤʝʨʝʞʝʚʠʡ ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ (ʐɯ) [3]. ʋ ʮʴʦʤʫ 

ʢʦʥʪʝʢʩʪʽ ʨʘʜʽʦʽʥʪʝʨʬʝʡʩ 6G ʧʦʚʠʥʝʥ ʚʽʜʧʦʚʽʜʘʪʠ ʷʢ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʠʤ ʢʣʶʯʦʚʠʤ ʧʦʢʘʟʥʠʢʘʤ ʝʬʝʢʪʠʚʥʦʩʪʽ 

(KPI), ʪʘʢ ʽ ʥʘʙʘʛʘʪʦ ʚʠʱʠʤ ʘʙʦ ʩʫʚʦʨʽʰʠʤ ʚʝʨʩʽʷʤ ʢʦʣʠʰʥʽʭ KPI, ʧʦʨʽʚʥʷʥʦ ʟ 5G [4]. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʘʜʟʚʠʯʘʡʥʦ ʚʠʩʦʢʦʾ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʪʘ ʩʢʘʥʫʚʘʥʥʷ ʟ ʚʠʩʦʢʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʤʝʨʝʞʘʤ 6G 

ʥʝʦʙʭʽʜʥʦ ʧʽʜʪʨʠʤʫʚʘʪʠ ʱʝ ʙʽʣʴʰʠʡ ʜʽʘʧʘʟʦʥ ʩʧʝʢʪʨʫ ʪʘ ʰʠʨʰʫ ʩʤʫʛʫ ʧʨʦʧʫʩʢʘʥʥʷ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʠʭ 

ʥʦʚʠʭ ʩʢʣʘʜʥʠʭ ʮʽʣʝʡ ʥʘʤ ʥʝ ʦʙʽʡʪʠʩʷ ʙʝʟ ʟʥʘʯʥʠʭ ʟʤʽʥ ʧʨʠʩʪʨʦʶ ʨʘʜʽʦʽʥʪʝʨʬʝʡʩʫ 6G. ʇʨʠ ʮʴʦʤʫ, 

ʥʝʦʙʭʽʜʥʦ ʧʦʚʥʽʩʪʶ ʧʝʨʝʦʩʤʠʩʣʠʪʠ ʽʜʝʦʣʦʛʽʶ ʨʘʜʽʦʽʥʪʝʨʬʝʡʩʫ, ʧʦʯʠʥʘʶʯʠ ʟ ʧʝʨʰʠʭ ʢʨʦʢʽʚ ʨʦʟʨʦʙʢʠ 6G. 

ɼʣʷ ʮʴʦʛʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʽʣʴʢʘ ʨʝʚʦʣʶʮʽʡʥʠʭ ʟʤʽʥ ʧʘʨʘʜʠʛʤʠ. 

 

ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʥʘʜʽʡʥʦʛʦ ʙʝʟʜʨʦʪʦʚʦʛʦ ʟʚ'ʷʟʢʫ ʧʦʪʨʽʙʥʘ ʪʦʯʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʢʘʥʘʣ. ɺ 

ʜʘʥʠʡ ʯʘʩ ʚʠʙʽʨ ʢʘʥʘʣʫ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʟʦʥʜʫʚʘʥʥʷ (ʚʠʤʽʨʶʚʘʥʥʷ) ʢʘʥʘʣʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʦʧʦʨʥʦʛʦ ʩʠʛʥʘʣʫ (RS). ʅʘ ʧʨʘʢʪʠʮʽ ʯʝʨʝʟ ʟʘʪʨʠʤʢʫ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʥʘʜʘʥʥʷ ʨʝʟʫʣʴʪʘʪʫ, ʘ ʪʘʢʦʞ ʙʘʞʘʥʥʷ 

ʫʥʠʢʥʫʪʠ ʥʝʧʨʦʜʫʢʪʠʚʥʠʭ ʚʠʪʨʘʪ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʢʘʥʘʣʫ ʩʢʣʘʜʥʦ ʦʪʨʠʤʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʢʘʥʘʣ ʫ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ʊʘʢʦʞ ʚʘʨʪʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʪʘʢ ʟʚʘʥʝ çʩʪʘʨʽʥʥʷ ʢʘʥʘʣʫè ʧʦʛʽʨʰʫʻ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʦʩʦʙʣʠʚʦ 

ʧʨʠ ʨʦʙʦʪʽ ʟ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʤ ʘʙʦʥʝʥʪʩʴʢʠʤ ʦʙʣʘʜʥʘʥʥʷʤ [5]. 

ʈʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʾ ʪʝʩʪʫʚʘʥʥʷ ʢʘʥʘʣʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʐɯ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʩʢʘʥʫʚʘʥʥʷ ʪʘ 

ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʝʨʝʭʦʜʫ ʚʽʜ ʚʠʙʦʨʫ ʢʘʥʘʣʽʚ ʥʘ ʦʩʥʦʚʽ RS ʜʦ ʚʠʙʦʨʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ʄʘʶʯʠ ʽʥʬʦʨʤʘʮʽʶ, ʦʪʨʠʤʘʥʫ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʩʢʘʥʫʚʘʥʥʷ/ʣʦʢʘʣʽʟʘʮʽʾ, ʤʠ ʤʦʞʝʤʦ ʟʥʘʯʥʦ ʩʧʨʦʩʪʠʪʠ ʧʨʦʮʝʩ ʧʦʰʫʢʫ ʧʨʦʤʝʥʶ. ʇʦʧʝʨʝʜʥʻ ʚʽʜʩʪʝʞʝʥʥʷ ʪʘ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʢʘʥʘʣʫ ʤʦʞʫʪʴ ʥʘʜʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʢʘʥʘʣ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʪʘ ʚʠʨʽʰʠʪʠ ʧʨʦʙʣʝʤʫ 

ʩʪʘʨʽʥʥʷ ʢʘʥʘʣʫ. ʂʨʽʤ ʪʦʛʦ, ʥʦʚʘ ʪʝʭʥʦʣʦʛʽʷ ʚʠʙʦʨʫ ʢʘʥʘʣʽʚ ʟʚʦʜʠʪʴ ʜʦ ʤʽʥʽʤʫʤʫ ʥʘʢʣʘʜʥʽ ʚʠʪʨʘʪʠ ʧʨʠ 

ʚʠʙʦʨʽ ʢʘʥʘʣʫ ʪʘ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʜʣʷ ʤʝʨʝʞʝʚʠʭ ʪʘ ʢʽʥʮʝʚʠʭ ʧʨʠʩʪʨʦʾʚ. 

ʊʝʭʥʦʣʦʛʽʷ 5G ʧʽʜʪʨʠʤʫʻ ʘʛʨʝʛʘʮʽʶ ʥʝʩʫʯʠʭ ʯʘʩʪʦʪ ʩʫʙ-6G ʪʘ ʤʽʣʽʤʝʪʨʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ, ʘ ʪʘʢʦʞ 

ʜʦʧʫʩʢʘʻ ʧʝʨʝʭʨʝʩʥʫ ʨʦʙʦʪʫ ʥʝʩʫʯʠʭ TDD ʪʘ FDD. ɺʘʞʣʠʚʠʤʠ ʘʩʧʝʢʪʘʤʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʤʝʨʝʞ 6G ʻ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʢʪʨʫ ʪʘ ʢʝʨʫʚʘʥʥʷ ʢʘʥʘʣʴʥʠʤʠ ʨʝʩʫʨʩʘʤʠ. ɼʣʷ ʧʽʜʪʨʠʤʢʠ ʙʝʟʧʨʝʮʝʜʝʥʪʥʠʭ 

ʰʚʠʜʢʦʩʪʝʡ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ 6G, ʙʫʜʝ ʜʦʩʣʽʜʞʝʥʦ ʙʽʣʴʰ ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ ʩʧʝʢʪʨʠ ʟ ʰʠʨʰʦʶ 

ʩʤʫʛʦʶ ʧʨʦʧʫʩʢʘʥʥʷ (ʥʘʧʨʠʢʣʘʜ, ʚʝʨʭʥʷ ʤʝʞʘ ʜʽʘʧʘʟʦʥʽʚ ʯʘʩʪʦʪ ʚʽʜ ʤʽʣʽʤʝʪʨʦʚʦʛʦ ʜʦ ʊɻʮ-ʜʽʘʧʘʟʦʥʫ). ʆʜʥʘʢ 

ʥʘ ʚʠʱʠʭ ʯʘʩʪʦʪʘʭ ʟʫʤʦʚʣʝʥʽ ʩʝʨʡʦʟʥʽ ʚʪʨʘʪʠ ʥʘ ʪʨʘʩʽ ʯʝʨʝʟ ʘʪʤʦʩʬʝʨʥʝ ʧʦʛʣʠʥʘʥʥʷ. ʊʦʤʫ, ʧʨʠ ʨʦʟʨʦʙʮʽ 

ʨʘʜʽʦʽʥʪʝʨʬʝʡʩʫ 6G ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʜʙʘʯʠʪʠ ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʠʭ ʩʧʝʢʪʨʽʚ ʩʧʽʣʴʥʦ ʟ ʽʥʰʠʤʠ 

ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʤʠ ʜʽʘʧʘʟʦʥʘʤʠ. ɹʽʣʴʰʝ ʪʦʛʦ, ʚ ʝʧʦʭʫ ʪʝʭʥʦʣʦʛʽʾ 6G ʙʫʜʝ ʜʦʮʽʣʴʥʠʡ ʙʽʣʴʰ ʧʨʦʩʫʥʫʪʠʡ 

ʧʦʚʥʦʜʫʧʣʝʢʩʥʠʡ ʨʝʞʠʤ, ʭʦʯʘ ʚʽʥ ʫʞʝ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ 5G. ʊʦʤʫ ʚʘʨʪʦ ʨʦʟʛʣʷʥʫʪʠ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʨʦʙʢʠ 

ʩʧʨʦʱʝʥʦʛʦ ʤʝʭʘʥʽʟʤʫ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʰʚʠʜʢʝ ʧʝʨʝʤʠʢʘʥʥʷ ʤʽʞ ʥʝʩʫʯʠʤʠ ʪʘ ʛʥʫʯʢʝ ʜʚʦʥʘʧʨʘʚʣʝʥʝ 

ʧʨʠʟʥʘʯʝʥʥʷ ʨʝʩʫʨʩʽʚ ʩʧʝʢʪʨʫ ʤʝʨʝʞʽ 6G. ʊʘʢʦʞ ʦʯʽʢʫʻʪʴʩʷ, ʱʦ ʚʠʟʥʘʯʝʥʥʷ ʫʥʽʬʽʢʦʚʘʥʦʾ ʩʪʨʫʢʪʫʨʠ ʢʘʜʨʫ ʪʘ 

ʩʠʛʥʘʣʽʚ ʜʣʷ FDD, TDD ʽ ʧʦʚʥʦʜʫʧʣʝʢʩʥʦʛʦ ʨʝʞʠʤʫ ʩʧʨʦʩʪʷʪʴ ʩʠʩʪʝʤʥʽ ʦʧʝʨʘʮʽʾ ʪʘ ʧʽʜʪʨʠʤʘʶʪʴ 

ʩʧʽʚʽʩʥʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘ ʟ ʨʽʟʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ ʜʫʧʣʝʢʩʥʦʛʦ ʟʚ'ʷʟʢʫ [6]. 

ʇʨʦʮʝʩʠ ʪʘ ʘʣʛʦʨʠʪʤʠ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ ʦʩʥʦʚʥʦʾ ʩʤʫʛʠ ʯʘʩʪʦʪ ʟʘʟʚʠʯʘʡ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʙʝʟ 

ʨʝʪʝʣʴʥʦʛʦ ʦʙʣʽʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʥʘʣʦʛʦʚʠʭ ʽ ʨʘʜʽʦʯʘʩʪʦʪʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʯʝʨʝʟ ʩʢʣʘʜʥʽʩʪʴ ʤʦʜʝʣʶʚʘʥʥʷ 

ʩʧʦʪʚʦʨʝʥʴ, ʱʦ ʚʥʦʩʷʪʴʩʷ ʥʠʤʠ, ʽ ʥʝʣʽʥʽʡʥʦʩʪʽ. ʎʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ, ʦʩʦʙʣʠʚʦ ʟ ʝʬʝʢʪʘʤʠ 

ʣʽʥʝʘʨʠʟʘʮʽʾ, ʪʘʢʠʤʠ ʷʢ ʧʦʧʝʨʝʜʥʻ ʮʠʬʨʦʚʝ ʩʧʦʪʚʦʨʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʽʜʩʠʣʶʚʘʯʘ ʧʦʪʫʞʥʦʩʪʽ. ɺ ʝʧʦʭʫ 

ʨʦʟʚʠʪʢʫ ʩʠʩʪʝʤ 6G ʦʯʽʢʫʻʪʴʩʷ, ʱʦ ʾʭ ʢʦʥʩʪʨʫʢʮʽʷ ʬʽʟʠʯʥʦ ʚʨʘʭʦʚʫʚʘʪʠʤʝ ʟʘʣʝʞʥʽ ʚʽʜ ʯʘʩʪʦʪʠ ʧʦʛʽʨʰʝʥʥʷ 

ʘʙʦ ʦʙʤʝʞʝʥʥʷ ʢʘʥʘʣʫ, ʦʩʦʙʣʠʚʦ ʚ ʪʝʨʘʛʝʨʮʦʚʽʡ ʯʘʩʪʠʥʽ ʩʧʝʢʪʨʫ [7]. ʊʘʢʦʞ ʤʦʞʣʠʚʝ ʩʧʽʣʴʥʝ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʩʤʫʛ ʯʘʩʪʦʪ ʟʘʚʜʷʢʠ ʚʙʫʜʦʚʘʥʠʤ ʬʫʥʢʮʽʷʤ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ [8]. 

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʝʟʜʨʦʪʦʚʦʛʦ ʟʚ'ʷʟʢʫ ʰʣʷʭʦʤ ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ 

ʧʝʨʝʜʘʯʽ ʜʣʷ ʨʽʟʥʠʭ ʜʽʘʧʘʟʦʥʽʚ ʩʧʝʢʪʨʘ ʪʘ ʨʽʟʥʠʭ ʧʦʩʣʫʛ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʢʣʘʜʦʚʠʭ 

ʨʘʜʽʦʽʥʪʝʨʬʝʡʩʫ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʽ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ.  

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʈʦʟʨʦʙʥʠʢʠ ʥʦʚʦʛʦ ʨʘʜʽʦ (NR) ʜʦʩʷʛʣʠ ʟʥʘʯʥʦʛʦ ʧʨʦʛʨʝʩʫ ʚ ʨʦʟʨʦʙʮʽ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʨʘʜʽʦʜʦʩʪʫʧʫ, ʟʘʪʨʝʙʫʚʘʥʠʭ ʫ ʨʽʟʥʠʭ ʩʮʝʥʘʨʽʷʭ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʈʘʜʽʦʽʥʪʝʨʬʝʡʩʠ NR ʧʦʢʘʟʘʣʠ ʟʥʘʯʥʝ 

ʧʦʣʽʧʰʝʥʥʷ ʟ ʪʦʯʢʠ ʟʦʨʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʛʥʫʯʢʦʩʪʽ, ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʤʝʨʝʞʝʶ 4G (LTE), ʷʢʘ ʧʦʩʪʫʧʦʚʦ ʝʚʦʣʶʮʽʦʥʫʻ. 

ʅʦʚʘ ʩʠʩʪʝʤʘ ʧʨʦʛʨʘʤʥʦʛʦ ʨʘʜʽʦʽʥʪʝʨʬʝʡʩʫ ʟʘʙʝʟʧʝʯʫʻ ʻʜʠʥʫ ʩʪʨʫʢʪʫʨʫ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʯʘʩʪʦʪʥʠʭ 

ʜʽʘʧʘʟʦʥʽʚ ʥʠʞʯʝ 6 ɻɻʮ ʽ ʚʠʱʝ 6 ɻɻʮ, ʪʘʢʠʭ ʷʢ ʤʽʣʽʤʝʪʨʦʚʽ ʭʚʠʣʽ ʷʢ ʜʣʷ ʣʽʮʝʥʟʦʚʘʥʦʛʦ, ʪʘʢ ʽ ʜʣʷ 
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ʥʝʣʽʮʝʥʟʽʡʥʦʛʦ ʜʦʩʪʫʧʫ. ʋʥʽʬʽʢʦʚʘʥʠʡ ʨʘʜʽʦʽʥʪʝʨʬʝʡʩ ʪʘʢʦʞ ʧʽʜʪʨʠʤʫʻ ʷʢ ʢʘʥʘʣ Uu ʤʽʞ RAN ʽ 

ʢʦʨʠʩʪʫʚʘʯʘʤʠ, ʪʘʢ ʽ ʧʨʷʤʽ ʢʘʥʘʣʠ ʤʽʞ ʧʨʠʩʪʨʦʷʤʠ. ɻʥʫʯʢʘ ʤʘʩʰʪʘʙʦʚʘʥʘ ʥʫʤʝʨʦʣʦʛʽʷ ʜʦʟʚʦʣʷʻ 

ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʧʝʨʝʜʘʯʽ ʜʣʷ ʨʽʟʥʠʭ ʜʽʘʧʘʟʦʥʽʚ ʩʧʝʢʪʨʘ ʪʘ ʨʽʟʥʠʭ ʧʦʩʣʫʛ. 

ʋʥʽʬʽʢʦʚʘʥʠʡ ʨʘʜʽʦʽʥʪʝʨʬʝʡʩ NR ʪʘʢʦʞ ʻ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʧʦʚʥʠʤ (ʩʘʤʦʜʦʩʪʘʪʥʽʤ) ʚ ʯʘʩʪʦʪʥʽʡ 

ʦʙʣʘʩʪʽ. ʉʘʤʦʜʦʩʪʘʪʥʽʩʪʴ ʫ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ ʜʦʟʚʦʣʷʻ ʧʽʜʪʨʠʤʫʚʘʪʠ ʛʥʫʯʢʽʰʠʡ ʧʦʜʽʣ RAN ʟʘ ʨʘʭʫʥʦʢ 

ʩʧʽʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʢʘʥʘʣʫ ʤʽʞ ʨʽʟʥʠʤʠ ʩʣʫʞʙʘʤʠ ʷʢ ʟʘ ʯʘʩʪʦʪʦʶ, ʪʘʢ ʽ ʟʘ ʯʘʩʦʤ. ʇʨʠʥʮʠʧ 

ʩʘʤʦʜʦʩʪʘʪʥʦʩʪʽ ʩʠʛʥʘʣʽʚ ʫ ʮʽʡ ʛʘʣʫʟʽ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʻ ʧʦʚʥʫ ʩʫʤʽʩʥʽʩʪʴ ʽʟ ʤʘʡʙʫʪʥʽʤʠ ʚʠʧʫʩʢʘʤʠ NR. 

ɹʽʣʴʰʝ ʪʦʛʦ, ʧʦʚʥʦʪʘ ʫ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ ʟʘʙʝʟʧʝʯʫʻ ʰʚʠʜʢʠʡ ʟʚʦʨʦʪʥʠʡ ʟʚ'ʷʟʦʢ ʜʣʷ ʧʦʩʣʫʛ ʽʟ ʤʘʣʦʶ 

ʟʘʪʨʠʤʢʦʶ. 

ɺʠʭʦʜʷʯʠ ʟ ʦʙʛʦʚʦʨʝʥʴ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʝʥʜʝʥʮʽʡ ʽ ʩʮʝʥʘʨʽʾʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʢʣʶʯʦʚʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʝʬʝʢʪʠʚʥʦʩʪʽ, ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʤʝʨʝʞʘ 6G ʙʫʜʝ ʥʘʙʘʛʘʪʦ ʩʢʣʘʜʥʽʰʘ, ʥʽʞ ʤʝʨʝʞʘ 5G ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ [1]. ʉʪʨʫʢʪʫʨʘ ʤʘʡʙʫʪʥʴʦʛʦ ʨʘʜʽʦʽʥʪʝʨʬʝʡʩʫ ʤʦʞʝ ʙʫʪʠ ʥʘʜʟʚʠʯʘʡʥʦ ʩʢʣʘʜʥʦʶ, ʦʩʢʽʣʴʢʠ 

ʥʦʚʽ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʚʠʤʦʛʠ ʪʘ ʢʣʶʯʦʚʽ ʧʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʩʧʨʦʙʘʤʠ ʤʽʥʽʤʽʟʫʚʘʪʠ 

ʚʠʪʨʘʪʠ [2]. ʎʠʤ ʽ ʦʙʫʤʦʚʣʝʥʘ ʧʦʪʨʝʙʘ ʫ ʨʝʚʦʣʶʮʽʡʥʦʤʫ ʨʘʜʽʦʽʥʪʝʨʬʝʡʩʽ 6G. ʉʪʨʫʢʪʫʨʘ ʥʦʚʦʛʦ 

ʨʘʜʽʦʽʥʪʝʨʬʝʡʩʫ 6G ʤʘʻ ʙʫʪʠ ʙʽʣʴʰ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʶ ʪʘ ʝʢʦʣʦʛʽʯʥʦʶ e ʧʦʨʽʚʥʷʥʥʽ ʟ NR. ɺʦʥʘ ʤʘʻ 

ʚʽʜʧʦʚʽʜʘʪʠ ʚʩʽʤ ʚʠʤʦʛʘʤ ʪʝʭʥʦʣʦʛʽʾ 6G ʥʘʡʙʽʣʴʰ ʧʨʦʜʫʢʪʠʚʥʠʤ ʯʠʥʦʤ ʟ ʪʦʯʢʠ ʟʦʨʫ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʨʦʟʛʦʨʪʘʥʥʷ, ʚʘʨʪʦʩʪʽ, ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʩʢʣʘʜʥʦʩʪʽ [3]. ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʪʘʢʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʥʝʦʙʭʽʜʥʦ 

ʨʝʪʝʣʴʥʦ ʚʠʚʯʠʪʠ ʪʘ ʦʧʪʠʤʘʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʩʽ ʚʽʜʧʦʚʽʜʥʽ ʢʦʤʧʦʥʝʥʪʠ ʪʝʭʥʦʣʦʛʽʾ ʨʘʜʽʦʽʥʪʝʨʬʝʡʩʫ, 

ʚʢʣʶʯʘʶʯʠ ʐɯ, ʥʦʚʠʡ ʩʧʝʢʪʨ, ʥʝʥʘʟʝʤʥʠʡ ʟʚ'ʷʟʦʢ ʪʘ ʩʢʘʥʫʚʘʥʥʷ [4]. 

ɺ ʜʘʥʠʡ ʯʘʩ ʽʩʥʫʶʪʴ ʛʥʫʯʢʽ ʤʝʭʘʥʽʟʤʠ ʜʣʷ ʩʧʽʣʴʥʦʾ ʨʦʙʦʪʠ ʟʽ ʩʧʝʢʪʨʦʤ NR, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 

ʦʧʝʨʘʪʦʨʫ ʝʬʝʢʪʠʚʥʦ ʟʘʜʽʷʪʠ ʢʽʣʴʢʘ ʜʦʩʪʫʧʥʠʭ ʨʝʩʫʨʩʽʚ ʩʧʝʢʪʨʫ. ɼʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʝʩʫʨʩʽʚ 

ʩʧʝʢʪʨʫ, ʚ NR ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʘʛʨʝʛʫʚʘʥʥʷ ʥʝʩʫʯʠʭ (CA) ʪʘ ʧʦʜʚʽʡʥʝ ʧʽʜʢʣʶʯʝʥʥʷ (DC), ʱʦ ʜʦʟʚʦʣʷʻ 

ʟʙʽʣʴʰʠʪʠ ʩʤʫʛʫ ʧʨʦʧʫʩʢʘʥʥʷ ʘʙʦʥʝʥʪʩʴʢʦʛʦ ʦʙʣʘʜʥʘʥʥʷ [5]. 

ʋ ʚʠʧʘʜʢʫ CA ʦʜʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ ʦʙʣʘʜʥʘʥʥʶ ʧʨʠʟʥʘʯʘʶʪʴʩʷ ʢʽʣʴʢʘ ʢʦʤʧʦʥʝʥʪʥʠʭ ʥʝʩʫʯʠʭ (CC). 

ʋ ʨʘʟʽ DC ʘʙʦʥʝʥʪʩʴʢʝ ʦʙʣʘʜʥʘʥʥʷ ʤʦʞʝ ʦʜʥʦʯʘʩʥʦ ʧʝʨʝʜʘʚʘʪʠ ʽ ʧʨʠʡʤʘʪʠ ʜʘʥʽ ʧʦ ʤʥʦʞʠʥʽ CC ʟ ʜʚʦʭ ʛʨʫʧ 

ʩʪʽʣʴʥʠʢʽʚ ʯʝʨʝʟ ʛʦʣʦʚʥʫ ʽ ʚʪʦʨʠʥʥʫ ʙʘʟʦʚʽ ʩʪʘʥʮʽʾ [6]. 

ʋ ʪʝʭʥʦʣʦʛʽʾ NR CA ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʛʥʫʯʢʝ ʘʛʨʝʛʫʚʘʥʥʷ ʩʧʝʢʪʨʫ, ʚʢʣʶʯʘʶʯʠ ʘʛʨʝʛʫʚʘʥʥʷ ʯʘʩʪʦʪ 

ʥʠʞʯʝ 6 ɻɻʮ ʪʘ ʚʠʱʝ 6 ɻɻʮ, ʘ ʪʘʢʦʞ ʘʛʨʝʛʫʚʘʥʥʷ FDD ʪʘ TDD. ʋ ʪʝʭʥʦʣʦʛʽʾ NR DC ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʽʣʴʰ 

ʪʽʩʥʦʾ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʛʦʣʦʚʥʦʶ ʪʘ ʚʪʦʨʠʥʥʦʶ ʙʘʟʦʚʦʶ ʩʪʘʥʮʽʷʤʠ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʢʽʣʴʢʘ ʤʝʨʝʞʝʚʠʭ ʘʨʭʽʪʝʢʪʫʨ, 

ʚʢʣʶʯʘʶʯʠ LTE-NR DC ʪʘ NR-NR DC. ʋ LTE-NR DC ʧʨʠʩʪʨʽʡ ʩʧʦʯʘʪʢʫ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʦ ʨʘʜʽʦʤʝʨʝʞʽ ʪʘ 

ʙʘʟʦʚʦʾ ʤʝʨʝʞʽ LTE, ʘ ʧʦʪʽʤ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʦ ʨʘʜʽʦʤʝʨʝʞʽ NR ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʢʦʥʬʽʛʫʨʘʮʽʾ ʢʝʨʫʚʘʥʥʷ 

ʨʘʜʽʦʨʝʩʫʨʩʘʤʠ (RRC) [7]. 

ɽʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ï ʮʝ ʢʣʶʯʦʚʠʡ ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʝʟʜʨʦʪʦʚʠʭ ʤʝʨʝʞ ʷʢ ʜʣʷ ʢʽʥʮʝʚʠʭ 

ʧʨʠʩʪʨʦʾʚ, ʪʘʢ ʽ ʜʣʷ ʤʝʨʝʞʽ. ɻʥʫʯʢʘ ʪʘ ʤʘʩʰʪʘʙʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʠ 5G NR ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʨʽʟʥʽ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʽ ʤʝʪʦʜʠ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʜʣʷ ʘʜʘʧʪʘʮʽʾ ʜʦ ʨʽʟʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʪʠʧʽʚ ʪʨʘʬʽʢʫ ʚ 

ʤʝʨʝʞʘʭ. ɿʦʢʨʝʤʘ, ʩʪʘʥʜʘʨʪ NR ʧʽʜʪʨʠʤʫʻ ʘʜʘʧʪʠʚʥʠʡ ʦʧʦʨʥʠʡ ʩʠʛʥʘʣ (ʫʥʠʢʘʶʯʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʩʪʽʡʥʦʛʦ 

ʦʧʦʨʥʦʛʦ ʩʠʛʥʘʣʫ) ʽ ʛʥʫʯʢʝ ʚʽʜʢʣʶʯʝʥʥʷ ʨʝʩʫʨʩʽʚ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʻ ʧʨʷʤʫ ʩʫʤʽʩʥʽʩʪʴ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʾ ʤʝʨʝʞʽ, ʤʝʭʘʥʽʟʤʫ ʧʝʨʝʨʠʚʥʦʛʦ ʧʨʠʡʦʤʫ (DRX) ʽ ʥʝʘʢʪʠʚʥʦʛʦ ʩʪʘʥʫ RRC [8]. 

ʇʨʠʩʪʨʽʡ ʨʘʜʽʦʽʥʪʝʨʬʝʡʩʫ 6G ʤʘʻ ʟʘʙʝʟʧʝʯʠʪʠ ʘʙʩʦʣʶʪʥʦ ʥʦʚʫ ʦʩʥʦʚʫ ʜʣʷ ʝʬʝʢʪʠʚʥʦʾ ʧʽʜʪʨʠʤʢʠ 

ʚʩʽʭ ʚʽʜʦʤʠʭ ʪʘ ʤʘʡʙʫʪʥʽʭ ʪʝʭʥʦʣʦʛʽʡ ʨʘʜʽʦʜʦʩʪʫʧʫ ʚ ʤʦʙʽʣʴʥʽʡ ʤʝʨʝʞʽ. ʅʘʚʝʜʝʤʦ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʪʘʢʦʛʦ ʨʘʜʽʦʽʥʪʝʨʬʝʡʩʫ:  

Å ʙʽʣʴʰ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʡ ʪʘ ʝʢʦʣʦʛʽʯʥʠʡ, ʟ ʚʙʫʜʦʚʘʥʠʤ ʐɯ ʪʘ ʤʦʞʣʠʚʽʩʪʶ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ;  

Å ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰ ʛʥʫʯʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʢʪʨʫ ʜʦ ʊɻʮ;  

Å ʧʽʜʪʨʠʤʫʻ ʝʬʝʢʪʠʚʥʫ ʽʥʪʝʛʨʘʮʽʶ ʟʚ'ʷʟʢʫ ʪʘ ʩʢʘʥʫʚʘʥʥʷ;  

Å ʩʧʨʠʷʻ ʙʽʣʴʰ ʪʽʩʥʽʡ ʽʥʪʝʛʨʘʮʽʾ ʥʘʟʝʤʥʦʛʦ ʪʘ ʥʝʥʘʟʝʤʥʦʛʦ ʟʚ'ʷʟʢʫ; 

Å ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰ ʧʨʦʩʪʠʡ ʧʨʦʪʦʢʦʣ ʪʘ ʤʝʭʘʥʽʟʤ ʢʝʨʫʚʘʥʥʷ ʟ ʥʠʟʴʢʠʤʠ ʥʘʢʣʘʜʥʠʤʠ ʚʠʪʨʘʪʘʤʠ ʪʘ 

ʩʢʣʘʜʥʽʩʪʶ. 

ɯʥʪʝʣʝʢʪʫʘʣʴʥʠʡ ʧʨʦʪʦʢʦʣ ʪʘ ʤʝʭʘʥʽʟʤʠ ʧʝʨʝʜʘʯʽ ʩʠʛʥʘʣʫ ʻ ʥʝʚʽʜ'ʻʤʥʦʶ ʯʘʩʪʠʥʦʶ 

ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʦʛʦ ʨʘʜʽʦʽʥʪʝʨʬʝʡʩʫ ʟ ʧʽʜʪʨʠʤʢʦʶ ʐɯ, ʷʢʠʡ ʩʧʦʯʘʪʢʫ ʤʘʻ ʧʽʜʪʨʠʤʫʚʘʪʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʡ 

ʬʽʟʠʯʥʠʡ ʨʽʚʝʥʴ ʪʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʡ ʜʦʩʪʫʧ ʜʦ ʩʝʨʝʜʦʚʠʱʘ. ʋ ʮʴʦʤʫ ʽ ʧʦʣʷʛʘʻ ʚʽʜʤʽʥʥʽʩʪʴ ʛʥʫʯʢʦʛʦ 

ʨʘʜʽʦʽʥʪʝʨʬʝʡʩʫ NR ʚʽʜ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʨʘʜʽʦʽʥʪʝʨʬʝʡʩʫ 6G.  

Å ɯʥʪʝʣʝʢʪʫʘʣʴʥʠʡ ʬʽʟʠʯʥʠʡ ʨʽʚʝʥʴ: ʪʝʭʥʦʣʦʛʽʾ ʐɯ ʪʘ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʟʜʘʪʥʽ ʦʙʨʦʙʣʷʪʠ ʤʘʩʠʚʥʽ 

ʚʠʙʽʨʢʠ ʜʘʥʠʭ, ʚʠʨʽʰʫʚʘʪʠ ʧʨʦʙʣʝʤʠ ʥʝʣʽʥʽʡʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽ ʩʪʚʦʨʶʚʘʪʠ ʤʝʭʘʥʽʟʤʠ ʧʝʨʝʜʘʯʽ, ʱʦ 

ʩʘʤʦʨʦʟʚʠʚʘʶʪʴʩʷ. ʅʘ ʦʩʥʦʚʽ ʐɯ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʨʦʟʨʦʙʣʝʥʥʷ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʤʦʜʫʣʶ ʦʧʪʠʤʽʟʘʮʽʾ ʨʽʟʥʠʭ 

ʬʫʥʢʮʽʡ ʬʽʟʠʯʥʦʛʦ ʨʽʚʥʷ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʡʦʛʦ ʘʜʘʧʪʠʚʥʦʩʪʽ ʪʘ ʛʥʫʯʢʦʩʪʽ. ʋ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʥʘʤ ʥʝʦʙʭʽʜʥʠʡ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʡ ʤʝʭʘʥʽʟʤ ʨʝʢʦʥʬʽʛʫʨʫʚʘʥʥʷ ʬʽʟʠʯʥʠʭ ʤʦʜʫʣʽʚ, ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘ ʧʽʜʪʨʠʤʢʫ ʩʮʝʥʘʨʽʾʚ 

ʰʚʠʜʢʦʾ ʦʙʨʦʙʢʠ ʤʘʩʠʚʥʠʭ ʜʘʥʠʭ, ʪʘʢʠʭ ʷʢ ʩʢʘʥʫʚʘʥʥʷ, ʣʦʢʘʣʽʟʘʮʽʷ ʪʘ ʛʣʠʙʦʢʝ ʟʘʥʫʨʝʥʥʷ ʫ ʚʽʨʪʫʘʣʴʥʫ 

ʨʝʘʣʴʥʽʩʪʴ.  

Å ɯʥʪʝʣʝʢʪʫʘʣʴʥʠʡ ʢʦʥʪʨʦʣʝʨ MAC: ʤʝʪʦʜʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʟʜʘʪʥʽ ʥʘʜʘʪʠ ʧʨʦʛʥʦʟʠ ʪʘ 

ʩʪʨʘʪʝʛʽʶ. ʆʩʢʽʣʴʢʠ ʽʟ ʟʽʙʨʘʥʠʭ ʙʝʟʜʨʦʪʦʚʠʭ ʜʘʥʠʭ ʤʦʞʥʘ ʙʘʛʘʪʦ ʯʦʛʦ ʥʘʚʯʠʪʠʩʷ. ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ ʤʦʞʥʘ 

ʫʷʚʠʪʠ ʩʠʪʫʘʮʽʶ, ʚ ʷʢʽʡ ʜʦ ʩʢʣʘʜʫ ʩʠʩʪʝʤʠ ʚʢʣʶʯʝʥʽ ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʢʦʥʪʨʦʣʝʨʠ MAC, ʟʘʚʜʷʢʠ ʯʦʤʫ 

ʩʧʨʦʱʫʻʪʴʩʷ ʦʧʝʨʘʪʠʚʥʝ ʥʘʣʘʰʪʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʽ ʧʘʨʘʤʝʪʨʽʚ ʨʘʜʽʦʽʥʪʝʨʬʝʡʩʫ. ɿʘʚʜʷʢʠ ʢʫʤʫʣʷʪʠʚʥʦʤʫ 

ʤʝʪʦʜʫ ʥʘʚʯʘʥʥʷ ʮʝʡ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʡ ʢʦʥʪʨʦʣʝʨ ʘʚʪʦʥʦʤʥʦ ʥʘʚʯʠʪʴʩʷ ʥʘʩʪʽʣʴʢʠ, ʱʦʙ ʟʘʧʘʤ'ʷʪʦʚʫʚʘʪʠ 
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ʜʦʩʚʽʜ ʪʘ ʧʨʠʡʤʘʪʠ ʧʨʘʚʠʣʴʥʽ ʨʽʰʝʥʥʷ [1]. ɿʘʚʜʷʢʠ ʢʦʥʪʨʦʣʝʨʘʤ MAC, ʱʦ ʨʦʟʧʦʚʩʶʜʞʫʶʪʴʩʷ, ʫʟʛʦʜʞʝʥʠʤ 

ʥʘʣʘʰʪʫʚʘʥʥʷʤ ʨʽʟʥʠʭ ʤʦʜʫʣʽʚ ʧʨʠʡʤʘʯʘ ʽ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʙʘʛʘʪʴʤʘ ʤʝʨʝʞʝʚʠʤʠ ʦʙ'ʻʢʪʘʤʠ ʤʦʞʥʘ ʦʯʽʢʫʚʘʪʠ 

ʚʝʣʠʯʝʟʥʦʛʦ ʧʨʠʨʦʩʪʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ.  

Å ɯʥʪʝʣʝʢʪʫʘʣʴʥʠʡ ʧʨʦʪʦʢʦʣ ʪʘ ʧʝʨʝʜʘʯʘ ʩʠʛʥʘʣʽʚ: ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʬʽʟʠʯʥʦʛʦ ʨʽʚʥʷ ʪʘ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ MAC, ʘ ʪʘʢʦʞ ʽʥʪʝʛʨʘʮʽʾ ʮʠʭ ʨʽʚʥʽʚ ʥʝʦʙʭʽʜʥʽ ʥʦʚʠʡ ʧʨʦʪʦʢʦʣ ʪʘ ʤʝʭʘʥʽʟʤʠ ʧʝʨʝʜʘʯʽ 

ʩʠʛʥʘʣʽʚ. ʆʯʽʢʫʻʪʴʩʷ, ʱʦ 6G ʟʘʧʨʦʧʦʥʫʻ ʚʽʜʧʦʚʽʜʥʠʡ ʤʝʭʘʥʽʟʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʬʽʟʠʯʥʦʛʦ ʨʽʚʥʷ ʽ MAC. 

ɼʦʩʷʛʥʝʥʥʷ ʚ ʛʘʣʫʟʽ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʪʘ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʩʧʦʥʫʢʘʣʠ ʜʦʩʣʽʜʥʠʢʽʚ ʫ ʛʘʣʫʟʽ 

ʙʝʟʜʨʦʪʦʚʦʛʦ ʟʚ'ʷʟʢʫ ʚʠʢʦʨʠʩʪʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʤʝʪʦʜʠ ʜʣʷ ʨʦʟʨʦʙʢʠ ʤʦʜʫʣʽʚ ʬʽʟʠʯʥʦʛʦ ʨʽʚʥʷ ʜʣʷ ʩʠʩʪʝʤ 

ʙʝʟʜʨʦʪʦʚʦʛʦ ʟʚ'ʷʟʢʫ ʥʘʩʪʫʧʥʦʛʦ ʧʦʢʦʣʽʥʥʷ [2]. ɼʝʷʢʽ ʟʘʩʥʦʚʘʥʽ ʥʘ ʤʘʰʠʥʥʦʤʫ ʥʘʚʯʘʥʥʽ ʧʨʦʝʢʪʠ 

ʧʝʨʝʜʙʘʯʘʶʪʴ ʘʜʘʧʪʘʮʽʶ ʜʦ ʥʝʣʽʥʽʡʥʠʭ ʬʘʢʪʦʨʽʚ ʫ ʤʦʜʫʣʷʭ ʬʽʟʠʯʥʦʛʦ ʨʽʚʥʷ; ʮʝ ʤʘʻ ʤʽʩʮʝ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ 

ʢʘʥʘʣʴʥʦʤʫ ʢʦʜʫʚʘʥʥʽ, ʤʦʜʫʣʷʮʽʾ ʪʘ ʧʨʦʝʢʪʫʚʘʥʥʽ ʬʦʨʤʠ ʩʠʛʥʘʣʫ, ʷʢʽ ʪʨʘʜʠʮʽʡʥʦ ʟʘʩʥʦʚʘʥʽ ʥʘ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʦʜʝʣʷʭ. ɹʽʣʴʰ ʪʦʛʦ, ʦʯʽʢʫʻʪʴʩʷ, ʱʦ ʯʠʩʣʝʥʥʽ ʜʘʥʽ ʧʨʦ ʢʘʥʘʣʠ ʪʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʟʽʙʨʘʥʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʢʘʥʫʚʘʥʥʷ ʚ ʝʧʦʭʫ 6G, ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʦʣʝʛʰʝʥʥʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʬʽʟʠʯʥʦʛʦ ʨʽʚʥʷ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʜʘʥʽ ʧʨʦ ʩʪʘʥ ʢʘʥʘʣʫ ʚ ʩʠʩʪʝʤʽ MIMO [3]. ʇʦʢʘʞʝʤʦ, ʚ ʯʦʤʫ 

ʤʦʞʝ ʧʦʣʷʛʘʪʠ ʚʠʛʨʘʰ ʚʽʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ ʐɯ ʜʣʷ ʦʩʥʦʚʥʠʭ ʤʦʜʫʣʽʚ ʬʽʟʠʯʥʦʛʦ ʨʽʚʥʷ:  

Å ʢʦʜʫʚʘʥʥʷ ʪʘ ʜʝʢʦʜʫʚʘʥʥʷ ʢʘʥʘʣʫ: ʢʦʜʫʚʘʥʥʷ ʢʘʥʘʣʫ ʥʝʦʙʭʽʜʥʝ ʜʣʷ ʥʘʜʽʡʥʦʾ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʧʦ 

ʟʘʰʫʤʣʝʥʠʤ ʢʘʥʘʣʘʤ. ʍʦʨʦʰʠʡ ʢʦʜ ʢʘʥʘʣʫ ʤʦʞʝ ʧʨʠʙʣʠʟʥʦ ʜʦʨʽʚʥʶʚʘʪʠ ʤʝʞʽ ʐʝʥʦʥʘ. ʍʦʯʘ ʪʝʦʨʽʷ 

ʽʥʬʦʨʤʘʮʽʾ ʐʝʥʦʥʘ ʟʘʙʝʟʧʝʯʫʻ ʤʝʪʫ ʯʠ ʢʨʠʪʝʨʽʡ ʦʮʽʥʢʠ ʢʦʜʫ ʢʘʥʘʣʫ, ʘʣʝ ʚʦʥʘ ʥʝ ʜʘʻ ʧʨʷʤʠʭ ʚʢʘʟʽʚʦʢ ʜʣʷ 

ʡʦʛʦ ʨʦʟʨʦʙʣʝʥʥʷ. ʈʝʘʣʽʟʘʮʽʷ ʢʘʥʘʣʴʥʦʛʦ ʢʦʜʫʚʘʥʥʷ ʚ ʨʘʤʢʘʭ ʪʝʦʨʽʾ ʽʥʬʦʨʤʘʮʽʾ ʚ ʦʩʥʦʚʥʦʤʫ ʟʘʩʥʦʚʘʥʘ ʥʘ 

ʧʨʠʧʫʱʝʥʥʽ ʧʨʦ ʢʘʥʘʣ ʟ ʘʜʠʪʠʚʥʠʤ ʛʘʫʩʦʚʠʤ ʙʽʣʠʤ ʰʫʤʦʤ. ʆʜʥʘʢ ʥʘ ʧʨʘʢʪʠʮʽ ʙʽʣʴʰʽʩʪʴ ʢʘʥʘʣʽʚ ʻ ʢʘʥʘʣʘʤʠ 

ʽʟ ʟʘʚʤʠʨʘʥʥʷʤ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʜʣʷ ʨʦʟʨʦʙʢʠ ʢʦʜʫʚʘʥʥʷ ʢʘʥʘʣʽʚ ʚʽʜʩʫʪʥʽ ʥʘʚʽʪʴ ʪʝʦʨʝʪʠʯʥʽ ʢʨʠʪʝʨʽʾ, ʽ ʪʫʪ 

ʥʘʤ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ. ɼʝʢʦʜʫʚʘʥʥʷ ʪʘʢʦʞ ʚʠʢʣʠʢʘʻ ʪʨʫʜʥʦʱʽ, ʦʩʢʽʣʴʢʠ ʟʘʟʚʠʯʘʡ 

ʧʦʚ'ʷʟʘʥʦ ʟ ʚʠʩʦʢʦʶ ʦʙʯʠʩʣʶʚʘʣʴʥʦʶ ʩʢʣʘʜʥʽʩʪʶ. ɯʥʦʜʽ ʜʦʚʦʜʠʪʴʩʷ ʨʦʙʠʪʠ ʧʨʠʧʫʱʝʥʥʷ ʜʣʷ ʩʧʨʦʱʝʥʥʷ, 

ʱʦʙ ʜʝʢʦʜʫʚʘʪʠ ʢʦʜʠ ʟ ʜʦʩʪʫʧʥʦʶ ʩʢʣʘʜʥʽʩʪʶ, ʘʣʝ ʟʘ ʮʝ ʜʦʚʦʜʠʪʴʩʷ ʧʣʘʪʠʪʠ ʟʥʠʞʝʥʥʷʤ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. 

ʆʪʞʝ, ʤʦʜʝʣʽ, ʱʦ ʥʘʚʯʘʶʪʴʩʷ, ʪʘʢʦʞ ʟʘʜʽʷʥʽ ʚ ʢʘʥʘʣʴʥʠʭ ʜʝʢʦʜʝʨʘʭ, ʜʝ ʧʨʦʮʝʩ ʜʝʢʦʜʫʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ 

ʟʤʦʜʝʣʴʦʚʘʥʠʡ ʷʢ ʟʘʚʜʘʥʥʷ ʢʣʘʩʠʬʽʢʘʮʽʾ; 

Å ʤʦʜʫʣʷʮʽʷ ʽ ʜʝʤʦʜʫʣʷʮʽʷ: ʦʩʥʦʚʥʝ ʟʘʚʜʘʥʥʷ ʤʦʜʫʣʷ ʤʦʜʫʣʷʮʽʾ ï ʚʽʜʦʙʨʘʞʝʥʥʷ ʜʝʢʽʣʴʢʦʭ ʙʽʪʽʚ ʫ 

ʩʠʤʚʦʣ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʦʾ ʩʧʝʢʪʨʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠ ʦʙʤʝʞʝʥʽʡ ʩʤʫʟʽ 

ʧʨʦʧʫʩʢʘʥʥʷ. ʋ ʩʠʩʪʝʤʘʭ ʙʝʟʜʨʦʪʦʚʦʛʦ ʟʚ'ʷʟʢʫ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʣʘʩʠʯʥʽ ʩʭʝʤʠ ʤʦʜʫʣʷʮʽʾ, ʪʘʢʽ ʷʢ M-

QAM [4]. ʇʦʜʽʙʥʽ ʤʝʪʦʜʠ ʢʚʘʜʨʘʪʫʨʥʦʾ ʤʦʜʫʣʷʮʽʾ ʛʘʨʘʥʪʫʶʪʴ ʥʠʟʴʢʫ ʩʢʣʘʜʥʽʩʪʴ ʜʝʤʦʜʫʣʷʮʽʾ ʧʨʠʡʤʘʯʘ. ɹʫʣʦ 

ʚʠʷʚʣʝʥʦ, ʱʦ ʽʩʥʫʶʪʴ ʽʥʰʽ ʩʫʢʫʧʥʦʩʪʽ ʩʭʝʤ ʤʦʜʫʣʷʮʽʾ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʦʜʘʪʢʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʠʛʥʘʣʫ, ʪʘʢʽ ʷʢ ʥʝʝʚʢʣʽʜʦʚʘ ʚʽʜʩʪʘʥʴ ʽ ʽʤʦʚʽʨʥʽʩʥʽ ʨʦʟʧʦʜʽʣʠ. ʆʪʞʝ, ʤʝʪʦʜʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʤʦʞʥʘ 

ʟʘʩʪʦʩʫʚʘʪʠ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʨʦʟʨʦʙʢʠ ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʤʙʽʥʘʮʽʡ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ʩʮʝʥʘʨʽʾʚ ʟʘʩʪʦʩʫʚʘʥʥʷ;  

Å MIMO ʪʘ ʧʨʠʡʤʘʯ: MIMO ï ʜʫʞʝ ʧʨʠʚʘʙʣʠʚʘ ʪʝʭʥʦʣʦʛʽʷ, ʷʢʘ ʧʽʜʚʠʱʫʻ ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʧʨʦʧʫʩʢʥʫ 

ʟʜʘʪʥʽʩʪʴ ʙʝʟʜʨʦʪʦʚʦʛʦ ʟʚ'ʷʟʢʫ. ɿʽ ʟʨʦʩʪʘʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʘʥʪʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ MIMO ʟʙʽʣʴʰʫʶʪʴʩʷ ʷʢ 

ʧʝʨʝʚʘʛʠ, ʪʘʢ ʽ ʩʢʣʘʜʥʽʩʪʴ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʢʝʨʫʚʘʥʥʷ. ʊʦʤʫ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜʠ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ ʜʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʤʦʜʫʣʽʚ, ʧʦʚ'ʷʟʘʥʠʭ ʟ MIMO, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʪʘʢʠʭ ʟʘʚʜʘʥʴ, ʷʢ 

ʟʚʦʨʦʪʥʠʡ ʟʚ'ʷʟʦʢ ʥʘ ʦʩʥʦʚʽ CSI, ʚʠʙʽʨ ʘʥʪʝʥʠ, ʧʦʧʝʨʝʜʥʻ ʢʦʜʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʦʮʽʥʢʘ ʪʘ ʚʠʷʚʣʝʥʥʷ ʢʘʥʘʣʫ [5]. 

ɹʽʣʴʰʽʩʪʴ ʘʣʛʦʨʠʪʤʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʨʦʟʛʦʨʥʫʪʦ ʜʣʷ ʘʚʪʦʥʦʤʥʦʛʦ ʥʘʚʯʘʥʥʷ / ʦʥʣʘʡʥʦʚʦʛʦ 

ʚʠʩʥʦʚʢʫ, ʱʦ ʤʦʞʝ ʚʠʨʽʰʠʪʠ ʧʨʦʙʣʝʤʫ ʚʝʣʠʢʠʭ ʥʘʢʣʘʜʥʠʭ ʚʠʪʨʘʪ ʟʘ ʥʘʚʯʘʥʥʷ;  

Å ʬʦʨʤʘ ʭʚʠʣʽ ʪʘ ʤʥʦʞʠʥʥʠʡ ʜʦʩʪʫʧ: ʛʝʥʝʨʘʮʽʷ ʭʚʠʣʽ ʟʘʜʘʥʦʾ ʬʦʨʤʠ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʤʚʦʣʽʚ ʫ ʩʠʛʥʘʣʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʦʰʠʨʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ. 

ɿʚʠʯʘʡʥʠʡ ʤʦʜʫʣʴ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʽʚ ʤʦʞʥʘ ʟʘʤʽʥʠʪʠ ʤʦʜʫʣʝʤ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʤʝʪʦʜʠ 

ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʝʢʪʫʚʘʪʠ ʩʠʛʥʘʣʠ ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʦʜʫʣʷ DFT.  

ɺʽʜ ʩʠʩʪʝʤʠ ʟʽ ʰʪʫʯʥʠʤ ʽʥʪʝʣʝʢʪʦʤ ʤʠ ʤʦʞʝʤʦ ʦʯʽʢʫʚʘʪʠ ʥʘ ʨʝʚʦʣʶʮʽʡʥʽ ʽʥʥʦʚʘʮʽʾ. ʉʝʨʝʜ 

ʤʦʞʣʠʚʠʭ ʥʘʧʨʷʤʽʚ ʤʘʡʙʫʪʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʪʘʢʽ:  

Å ʦʧʪʠʤʽʟʘʮʽʷ ʪʘ ʦʥʦʚʣʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʤʝʥʪʽʚ ʬʽʟʠʯʥʦʛʦ ʨʽʚʥʷ: ʦʧʪʠʤʽʟʦʚʘʥʽ ʧʘʨʘʤʝʪʨʠ ʢʦʞʥʦʛʦ 

ʤʦʜʫʣʷ, ʪʘʢʽ ʷʢ ʢʦʜʫʚʘʥʥʷ, ʤʦʜʫʣʷʮʽʷ, ʧʘʨʘʤʝʪʨʠ MIMO, ʜʫʞʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤ ʟʚ'ʷʟʢʫ. 

ʆʧʪʠʤʽʟʦʚʘʥʽ ʧʘʨʘʤʝʪʨʠ ʤʦʞʫʪʴ ʜʠʥʘʤʽʯʥʦ ʟʤʽʥʶʚʘʪʠʩʷ ʯʝʨʝʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʱʦ ʰʚʠʜʢʦ ʟʤʽʥʶʶʪʴʩʷ ʚ 

ʯʘʩʽ ʢʘʥʘʣʫ ʬʽʟʠʯʥʦʛʦ ʨʽʚʥʷ ʚ ʨʝʘʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʥʝʡʨʦʤʝʨʝʞ ʪʘ ʤʝʪʦʜʽʚ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ ʟʥʘʯʥʦ ʧʦʣʝʛʰʫʻ ʦʪʨʠʤʘʥʥʷ ʦʧʪʠʤʽʟʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʩʭʝʤʘʤʠ [6]. 

ʂʨʽʤ ʪʦʛʦ, ʪʨʘʜʠʮʽʡʥʘ ʦʧʪʠʤʽʟʘʮʽʷ ʧʘʨʘʤʝʪʨʽʚ ʚʠʢʦʥʫʻʪʴʩʷ ʜʣʷ ʢʦʞʥʦʛʦ ʩʢʣʘʜʦʚʦʛʦ ʙʣʦʢʫ ʦʢʨʝʤʦ, 

ʥʘʧʨʠʢʣʘʜ, ʫ ʤʦʜʝʣʽ ʢʦʜʦʚʦʾ ʤʦʜʫʣʷʮʽʾ ʟ ʧʝʨʝʤʝʞʫʚʘʥʥʷʤ ʙʽʪʽʚ [3], ʫ ʪʦʡ ʯʘʩ ʷʢ ʫʟʛʦʜʞʝʥʘ ʦʧʪʠʤʽʟʘʮʽʷ 

ʢʽʣʴʢʦʭ ʙʣʦʢʽʚ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʜʘʪʢʦʚʠʡ ʧʨʠʨʽʩʪ ʧʦʢʘʟʥʠʢʽʚ. ɼʦ ʪʦʛʦ ʞ, ʱʦʙ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʩʪʘʥʫ 

ʢʘʥʘʣʫ, ʱʦ ʰʚʠʜʢʦ ʟʤʽʥʶʻʪʴʩʷ ʚ ʯʘʩʽ, ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʘʤʦʥʘʚʯʘʥʥʷ ʦʧʪʠʤʽʟʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʐɯ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ;  

Å ʚʠʙʽʨ ʢʘʥʘʣʫ: ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʙʝʟʜʨʦʪʦʚʠʡ ʢʘʥʘʣ ʪʘ ʩʝʨʝʜʦʚʠʱʝ ʧʝʨʝʜʘʯʽ ʟʘʚʞʜʠ ʙʫʣʦ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʤ ʘʩʧʝʢʪʦʤ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʙʝʟʜʨʦʪʦʚʦʛʦ ʟʚ'ʷʟʢʫ. ʅʘʢʦʧʠʯʝʥʽ ʜʘʥʽ ʢʘʥʘʣʫ ʪʘ ʜʘʥʽ 

ʩʢʘʥʫʚʘʥʥʷ ʟʙʝʨʽʛʘʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʥʘʙʦʨʽʚ ʜʘʥʠʭ, ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʝʡʨʦʤʝʨʝʞʽ ʤʦʞʥʘ 

ʧʦʙʫʜʫʚʘʪʠ ʨʘʜʽʦʢʘʨʪʫ ʩʝʨʝʜʦʚʠʱʘ. ʄʘʶʯʠ ʨʘʜʽʦʢʘʨʪʫ, ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʢʘʥʘʣ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʥʝ ʪʽʣʴʢʠ 

ʰʣʷʭʦʤ ʟʚʠʯʘʡʥʠʭ ʚʠʤʽʨʶʚʘʥʴ, ʘ ʡ ʰʣʷʭʦʤ ʟʽʩʪʘʚʣʝʥʥʷ ʾʾ ʟ ʽʥʰʦʶ ʽʥʬʦʨʤʘʮʽʻʶ, ʪʘʢʦʶ ʷʢ ʨʦʟʪʘʰʫʚʘʥʥʷ;  
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Å ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʩʫʧʨʦʚʽʜ ʧʨʦʤʝʥʶ: ʦʩʢʽʣʴʢʠ ʥʝʩʫʯʘ ʯʘʩʪʦʪʘ ʜʦʩʷʛʘʻ ʤʽʣʽʤʝʪʨʦʚʦʛʦ ʘʙʦ ʥʘʚʽʪʴ ʊɻʮ-

ʜʽʘʧʘʟʦʥʫ, ʚ ʙʝʟʜʨʦʪʦʚʦʤʫ ʟʚ'ʷʟʢʫ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʪʘʢʽ ʦʧʝʨʘʮʽʾ, ʷʢ ʬʦʨʤʫʚʘʥʥʷ, ʥʘʚʝʜʝʥʥʷ ʪʘ 

ʩʫʧʨʦʚʽʜ ʧʨʦʤʝʥʶ. ʋ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʚʘʞʣʠʚʦ ʤʘʪʠ ʝʬʝʢʪʠʚʥʽ ʘʣʛʦʨʠʪʤʠ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʩʫʧʨʦʚʦʜʫ 

ʧʨʦʤʝʥʶ. ʄʝʪʦʜʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʙʦʨʫ ʘʥʪʝʥʠ, 

ʜʠʥʘʤʽʯʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʜʽʘʛʨʘʤʠ ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʪʘ ʧʦʧʝʨʝʜʥʴʦʛʦ ʢʦʜʫʚʘʥʥʷ [7]; 

Å ʩʢʘʥʫʚʘʥʥʷ ʪʘ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ: ʜʘʥʽ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʤʘʶʪʴ ʦʩʥʦʚʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʪʝʭʥʦʣʦʛʽʡ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ ʐɯ. ɺ ʩʠʩʪʝʤʘʭ 6G ʟʘʚʜʷʢʠ ʚʝʣʠʢʽʡ ʧʨʦʧʫʩʢʥʽʡ ʟʜʘʪʥʦʩʪʽ, ʥʦʚʦʤʫ ʩʧʝʢʪʨʫ, ʱʽʣʴʥʽʡ 

ʤʝʨʝʞʽ ʪʘ ʙʽʣʴʰʽʡ ʢʽʣʴʢʦʩʪʽ ʢʘʥʘʣʽʚ LOS ʤʦʞʫʪʴ ʙʫʪʠ ʦʪʨʠʤʘʥʽ ʽ ʚʠʤʽʨʷʥʽ ʧʘʨʘʤʝʪʨʠ ʢʘʥʘʣʫ ʪʘ ʜʘʥʽ 

ʩʢʘʥʫʚʘʥʥʷ/ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ. ʅʘ ʦʩʥʦʚʽ ʮʠʭ ʜʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʚʯʝʥʦʾ ʥʝʡʨʦʤʝʨʝʞʽ ʤʦʞʥʘ ʩʢʣʘʩʪʠ 

ʨʘʜʽʦʢʘʨʪʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʜʝ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʢʘʥʘʣ ʧʦʚ'ʷʟʘʥʘ ʟ ʚʽʜʧʦʚʽʜʥʠʤ 

ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷʤ ʘʙʦ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ; ʦʪʞʝ, ʤʦʞʥʘ ʧʦʣʽʧʰʠʪʠ ʩʪʨʫʢʪʫʨʫ 

ʬʽʟʠʯʥʦʛʦ ʨʽʚʥʷ [8]. 

ʂʦʥʪʨʦʣʝʨ ʥʘ ʨʽʚʥʽ MAC ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʨʝʙʽʡʥʦʾ ʨʦʙʦʪʠ ʤʝʨʝʞʽ 

ʨʘʜʽʦʜʦʩʪʫʧʫ. ɺʽʥ ʧʨʠʡʤʘʻ ʙʝʟʣʽʯ ʢʣʶʯʦʚʠʭ ʨʽʰʝʥʴ ʧʨʦʪʷʛʦʤ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʩʠʩʪʝʤʠ ʟʚ'ʷʟʢʫ, ʪʘʢʠʭ ʷʢ 

ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʤʝʥʶ, ʢʝʨʫʚʘʥʥʷ ʧʨʦʤʝʥʝʤ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʢʪʨʫ, ʚʠʜʽʣʝʥʥʷ ʨʝʩʫʨʩʽʚ ʢʘʥʘʣʫ, ʘʜʘʧʪʘʮʽʷ 

MCS, ʢʝʨʫʚʘʥʥʷ ʘʚʪʦʤʘʪʠʯʥʠʤ ʛʽʙʨʠʜʥʠʤ ʧʦʚʪʦʨʥʠʤ ʟʘʧʠʪʦʤ, ʘʜʘʧʪʘʮʽʷ ʨʝʞʠʤʫ Tx/Rx, ʢʝʨʫʚʘʥʥʷ 

ʧʦʪʫʞʥʽʩʪʶ ʽ ʟʥʠʞʝʥʥʷ ʚʟʘʻʤʥʠʭ ʟʘʚʘʜ. ʉʝʨʝʜʦʚʠʱʝ ʙʝʟʜʨʦʪʦʚʦʛʦ ʟʚ'ʷʟʢʫ ʜʫʞʝ ʜʠʥʘʤʽʯʥʝ ʯʝʨʝʟ ʤʽʥʣʠʚʽ 

ʫʤʦʚʠ ʢʘʥʘʣʫ, ʪʨʘʬʽʢʫ, ʥʘʚʘʥʪʘʞʝʥʥʷ, ʟʘʚʘʜ [4]. 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ ʧʦʢʨʘʱʫʻʪʴʩʷ, ʷʢʱʦ ʧʘʨʘʤʝʪʨʠ ʧʝʨʝʜʘʯʽ ʤʦʞʫʪʴ 

ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʰʚʠʜʢʦ ʟʤʽʥʶʻʪʴʩʷ. ʇʨʦʪʝ ʪʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ ʚʠʨʽʰʝʥʥʷ ʚʠʱʝʟʛʘʜʘʥʠʭ 

ʧʨʦʙʣʝʤ ʥʘ ʦʩʥʦʚʽ ʢʣʘʩʠʯʥʦʾ ʪʝʦʨʽʾ ʦʧʪʠʤʽʟʘʮʽʾ ʟʘʟʚʠʯʘʡ ʻ NP-ʚʘʞʢʠʤ ʟʘʚʜʘʥʥʷʤ ʽ ʥʘʜʪʦ ʩʢʣʘʜʥʠʤʠ ʜʣʷ 

ʨʝʘʣʽʟʘʮʽʾ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ ʤʦʞʝ ʩʪʘʪʠ ʧʦʪʫʞʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʝʨʘ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʙʝʟʜʨʦʪʦʚʦʾ ʧʝʨʝʜʘʯʽ ʥʘ ʨʽʚʥʽ MAC. 

ʇʨʠ ʧʝʨʝʭʦʜʽ ʜʦ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʝʨʘ MAC, ʱʦ ʩʧʦʯʘʪʢʫ ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʘʰʠʥʥʝ 

ʥʘʚʯʘʥʥʷ, ʥʝʦʙʭʽʜʥʦ ʜʝʣʽʢʘʪʥʦ ʚʠʨʽʰʠʪʠ ʜʚʽ ʧʨʦʙʣʝʤʠ: Å ʦʜʠʥʦʯʥʠʡ ʘʛʝʥʪ ʘʙʦ ʤʫʣʴʪʠʘʛʝʥʪ: ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʤʦʜʝʣʝʡ DRL, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʽʥʰʠʭ ʦʙʣʘʩʪʷʭ, ʜʝ ʦʜʥʦʛʦ ʘʛʝʥʪʘ ʤʦʞʝ ʙʫʪʠ ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʙʽʣʴʰʦʩʪʽ 

ʜʦʜʘʪʢʽʚ, ʜʣʷ ʩʠʩʪʝʤ ʙʝʟʜʨʦʪʦʚʦʛʦ ʟʚ'ʷʟʢʫ ʧʦʪʨʽʙʥʘ ʙʘʛʘʪʦʘʛʝʥʪʥʘ ʩʠʩʪʝʤʘ DRL [5]. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ 

ʢʦʞʝʥ ʢʦʥʪʨʦʣʝʨ ʙʘʟʦʚʦʾ ʩʪʘʥʮʽʾ ʤʦʞʝ ʧʨʠʡʤʘʪʠ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʨʽʰʝʥʥʷ, ʩʠʩʪʝʤʘ ʟʘʚʞʜʠ ʢʨʘʱʝ ʧʨʘʮʶʻ ʫ 

ʚʠʧʘʜʢʫ ʩʧʽʣʴʥʦ ʧʨʠʡʥʷʪʠʭ ʨʽʰʝʥʴ ʢʽʣʴʢʦʭ ʙʘʟʦʚʠʭ ʩʪʘʥʮʽʡ. ʅʘ ʱʘʩʪʷ, ʙʘʛʘʪʦ ʘʣʛʦʨʠʪʤʽʚ DRL ʤʘʶʪʴ 

ʙʘʛʘʪʦʘʛʝʥʪʥʽ ʘʥʘʣʦʛʠ. ʆʜʥʘʢ ʧʨʦʮʝʜʫʨʘ ʥʘʚʯʘʥʥʷ ʙʘʛʘʪʦʘʛʝʥʪʥʦʾ ʤʦʜʝʣʽ DRL ʥʘʙʘʛʘʪʦ ʩʢʣʘʜʥʽʰʘ, ʥʽʞ 

ʦʜʥʦʘʛʝʥʪʥʘ. ɺʠʙʽʨ ʤʽʞ ʦʜʥʠʤ ʪʘ ʜʝʢʽʣʴʢʦʤʘ ʘʛʝʥʪʘʤʠ ï ʮʝ, ʧʦ ʩʫʪʽ, ʢʦʤʧʨʦʤʽʩ ʤʽʞ ʷʢʽʩʪʶ ʪʘ ʩʢʣʘʜʥʽʩʪʶ 

ʥʘʚʯʘʥʥʷ; ʩʧʽʣʴʥʘ ʯʠ ʽʥʜʠʚʽʜʫʘʣʴʥʘ ʦʧʪʠʤʽʟʘʮʽʷ: ʙʫʜʫʯʠ ʦʙʤʝʞʝʥʠʤʠ ʦʙʯʠʩʣʶʚʘʣʴʥʦʶ ʧʦʪʫʞʥʽʩʪʶ, 

ʪʨʘʜʠʮʽʡʥʽ ʘʣʛʦʨʠʪʤʠ ʟʘʟʚʠʯʘʡ ʟʘʩʪʦʩʦʚʫʶʪʴ ʫ ʥʝʚʝʣʠʢʦʤʫ ʦʙʩʷʟʽ ʱʦʜʦ ʚʩʽʻʾ ʩʠʩʪʝʤʠ. ʅʘʧʨʠʢʣʘʜ, ʙʘʛʘʪʦ 

ʨʽʰʝʥʴ ʫ ʩʪʽʣʴʥʠʢʦʚʠʭ ʤʝʨʝʞʘʭ ʧʨʠʡʤʘʶʪʴʩʷ ʚʩʝʨʝʜʠʥʽ ʩʪʽʣʴʥʠʢʘ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʣʠʰʝ ʜʦ ʣʦʢʘʣʴʥʠʭ 

ʦʧʪʠʤʫʤʽʚ [6]. ɿʘ ʜʦʧʦʤʦʛʦʶ ʢʽʣʴʢʦʭ ʘʛʝʥʪʽʚ ʩʧʽʣʴʥʘ ʦʧʪʠʤʽʟʘʮʽʷ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʘ ʫ ʙʽʣʴʰʦʤʫ ʦʙʩʷʟʽ. 

ɺʟʘʻʤʦʜʽʷ ʤʽʞ ʘʛʝʥʪʘʤʠ ʻ ʝʬʝʢʪʠʚʥʠʤ ʩʧʦʩʦʙʦʤ ʧʦʙʫʜʦʚʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʝʨʘ MAC. 

ʆʪʞʝ, ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʩʪʨʫʢʪʫʨ ʨʘʜʽʦʽʥʪʝʨʬʝʡʩʫ ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʧʽʜʪʨʠʤʢʠ 

ʨʽʟʥʠʭ ʧʦʩʣʫʛ ʽ ʧʨʠʩʪʨʦʾʚ ʫ ʤʝʨʝʞʽ ʙʘʞʘʥʦ ʤʘʪʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʡ ʬʽʟʠʯʥʠʡ ʨʽʚʝʥʴ ʽ ʢʦʥʪʨʦʣʝʨ MAC. ɸʣʝ ʜʣʷ 

ʧʽʜʪʨʠʤʢʠ ʮʠʭ ʦʧʮʽʡ ʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʤʫ ʨʽʚʥʽ ʤʝʨʝʞʽ 6G ʧʦʪʨʽʙʥʽ ʥʦʚʠʡ ʧʨʦʪʦʢʦʣ ʪʘ ʤʝʭʘʥʽʟʤ ʧʝʨʝʜʘʯʽ 

ʩʠʛʥʘʣʫ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʧʝʨʩʦʥʘʣʽʟʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʠʡ ʨʘʜʽʦʽʥʪʝʨʬʝʡʩ ʟ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ ʟʘʜʦʚʦʣʝʥʥʷ 

ʢʦʥʢʨʝʪʥʠʭ ʚʠʤʦʛ, ʧʨʠ ʮʴʦʤʫ ʤʽʥʽʤʽʟʫʶʯʠ ʥʘʢʣʘʜʥʽ ʚʠʪʨʘʪʠ ʥʘ ʨʦʙʦʪʫ ʟ ʩʠʛʥʘʣʦʤ ʽ ʤʘʢʩʠʤʽʟʫʶʯʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʢʪʨʫ ʚʩʽʻʾ ʩʠʩʪʝʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʰʪʫʯʥʦʛʦ 

ʽʥʪʝʣʝʢʪʫ. ʅʘʚʝʜʝʤʦ ʜʝʷʢʽ ʧʨʠʢʣʘʜʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʧʨʦʪʦʢʦʣʫ ʪʘ ʤʝʭʘʥʽʟʤʫ ʧʝʨʝʜʘʯʽ ʩʠʛʥʘʣʫ:  

Å ʥʘʜʛʥʫʯʢʘ ʩʪʨʫʢʪʫʨʘ ʢʘʜʨʫ ʽ ʛʥʫʯʢʘ ʧʝʨʝʜʘʯʘ ʩʠʛʥʘʣʽʚ: ʥʘʧʨʠʢʣʘʜ, ʥʘʜʛʥʫʯʢʘ ʩʪʨʫʢʪʫʨʘ ʢʘʜʨʫ ʚ 

ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʽʡ ʩʪʨʫʢʪʫʨʽ ʨʘʜʽʦʽʥʪʝʨʬʝʡʩʫ ʤʦʞʝ ʙʫʪʠ ʩʧʨʦʝʢʪʦʚʘʥʘ ʟ ʙʽʣʴʰ ʛʥʫʯʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʬʦʨʤʠ 

ʩʠʛʥʘʣʫ ʽ ʪʨʠʚʘʣʦʩʪʽ ʧʝʨʝʜʘʯʽ. ʎʽ ʧʘʨʘʤʝʪʨʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʠʩʪʦʩʦʚʘʥʽ ʜʣʷ ʨʽʟʥʠʭ ʚʠʤʦʛ ʰʠʨʦʢʦʛʦ ʜʽʘʧʘʟʦʥʫ 

ʩʮʝʥʘʨʽʾʚ, ʥʘʧʨʠʢʣʘʜ ʜʣʷ ʥʘʜʟʚʠʯʘʡʥʦ ʥʠʟʴʢʦʾ ʟʘʪʨʠʤʢʠ 0,1 ʤʩ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʣʷ ʢʦʞʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚ 

ʩʠʩʪʝʤʽ ʻ ʙʝʟʣʽʯ ʚʘʨʽʘʥʪʽʚ. ʉʪʨʫʢʪʫʨʘ ʢʝʨʫʶʯʠʭ ʩʠʛʥʘʣʽʚ ʧʦʚʠʥʥʘ ʙʫʪʠ ʛʨʘʥʠʯʥʦ ʧʨʦʩʪʦʶ ʽ ʛʥʫʯʢʦʶ, ʱʦ 

ʚʠʤʘʛʘʻ ʣʠʰʝ ʜʝʢʽʣʴʢʦʭ ʬʦʨʤʘʪʽʚ ʢʝʨʫʶʯʠʭ ʩʠʛʥʘʣʽʚ, ʪʦʜʽ ʷʢ ʽʥʬʦʨʤʘʮʽʷ, ʱʦ ʢʝʨʫʻ, ʤʦʞʝ ʤʘʪʠ ʟʤʽʥʥʠʡ 

ʨʦʟʤʽʨ. ɺʦʥʘ ʪʘʢʦʞ ʤʦʞʝ ʤʘʪʠ ʧʨʷʤʫ ʩʫʤʽʩʥʽʩʪʴ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʚʦʜʠʪʠ ʥʦʚʠʡ ʬʦʨʤʘʪ ʜʣʷ ʤʘʡʙʫʪʥʽʭ 

ʨʦʟʨʦʙʦʢ 6G;  

Å ʽʥʪʝʣʝʢʪʫʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʢʪʨʫ: ʦʩʢʽʣʴʢʠ ʧʦʪʝʥʮʽʡʥʠʡ ʩʧʝʢʪʨ ʜʣʷ 6G ʤʦʞʝ ʩʢʣʘʜʘʪʠʩʷ ʟʽ 

ʩʤʫʛ ʥʠʟʴʢʦ- ʪʘ ʩʝʨʝʜʥʴʦʯʘʩʪʦʪʥʦʛʦ ʜʽʘʧʘʟʦʥʫ, ʤʽʣʽʤʝʪʨʦʚʠʭ ʭʚʠʣʴ, ʊɻʮ-ʜʽʘʧʘʟʦʥʫ ʪʘ ʥʘʚʽʪʴ ʚʠʜʠʤʦʛʦ 

ʩʚʽʪʣʘ. ʊʘʢʠʤ ʯʠʥʦʤ, ʩʫʢʫʧʥʘ ʰʠʨʠʥʘ ʩʧʝʢʪʨʫ 6G ʥʘʙʘʛʘʪʦ ʰʠʨʰʘ, ʥʽʞ ʫ 5G, ʽ ʨʦʟʨʦʙʢʘ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʦʾ 

ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʪʘʢʦʛʦ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʻ ʩʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ [7]. 

ʋ ʤʝʨʝʞʘʭ 4G ʽ 5G ʜʣʷ ʩʧʽʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʽʣʴʢʦʭ ʯʘʩʪʠʥ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʦʙʠʜʚʽ ʩʭʝʤʠ: CA (ʘʛʨʝʛʘʮʽʷ ʥʝʩʫʯʠʭ ʯʘʩʪʦʪ), ʽ DC (ʧʦʜʚʽʡʥʝ ʧʽʜʢʣʶʯʝʥʥʷ). ɺ ʤʝʨʝʞʘʭ 5G ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʛʥʫʯʢʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʢʪʨʫ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʢʽʣʴʢʘ ʩʭʝʤ DC. ʋ ʟʚ'ʷʟʢʫ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʢʦʤʙʽʥʘʮʽʡ 

ʥʝʩʫʯʠʭ ʯʘʩʪʦʪ ʜʣʷ ʤʝʨʝʞʽ 6G ʧʦʪʨʽʙʝʥ ʥʦʚʠʡ ʧʨʦʩʪʠʡ ʪʘ ʝʬʝʢʪʠʚʥʠʡ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʡ ʨʘʜʽʦʽʥʪʝʨʬʝʡʩ, 

ʟʜʘʪʥʠʡ ʧʽʜʪʨʠʤʫʚʘʪʠ ʚʝʩʴ ʩʧʝʢʪʨʘʣʴʥʠʡ ʜʽʘʧʘʟʦʥ. 

ʇʦʪʦʯʥʠʡ ʨʦʟʧʦʜʽʣ ʩʧʝʢʪʨʫ ʪʘ ʩʪʨʫʢʪʫʨʘ ʢʘʜʨʫ ʟʘʟʚʠʯʘʡ ʧʦʚ'ʷʟʘʥʽ ʟ ʜʫʧʣʝʢʩʥʠʤ ʨʝʞʠʤʦʤ, FDD ʘʙʦ 

TDD, ʱʦ ʤʦʞʝ ʥʘʢʣʘʜʘʪʠ ʦʙʤʝʞʝʥʥʷ ʥʘ ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʢʪʨʫ. ʆʯʽʢʫʻʪʴʩʷ, ʱʦ ʧʦʚʥʠʡ ʜʫʧʣʝʢʩ 

ʜʦʩʷʛʥʝ ʟʨʽʣʦʩʪʽ ʚ ʝʧʦʭʫ 6G ʽ ʱʦ ʙʝʟʜʨʦʪʦʚʽ ʤʝʨʝʞʽ, ʱʦ ʩʪʚʦʨʶʶʪʴʩʷ, ʙʫʜʫʪʴ ʤʽʩʪʠʪʠ ʚʩʝ ʙʽʣʴʰʝ ʽ ʙʽʣʴʰʝ 
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ˏ̨̒̎̉̋ ˢ̝̗̝̍̆̌̎̉̋̏̄̏ ̨̗̝̎́̏̎́̌̎̏̄̏ ̨̔̎̃̆̑̒̉̓̆̓̔, ˟ ̏̍ υȟ Τ1, 2023 (317) 31 

ʚʫʟʣʽʚ (ʢʽʥʮʝʚʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ ʪʦʯʦʢ ʜʦʩʪʫʧʫ) ʟ ʨʽʟʥʠʤʠ ʩʤʫʛʘʤʠ ʯʘʩʪʦʪ. 

ʇʨʠʢʣʘʜʘʤʠ ʩʪʨʫʢʪʫʨʠ ʟʚ'ʷʟʢʫ, ʷʢʘ ʥʝ ʦʙʤʝʞʫʻʪʴʩʷ ʥʘʧʨʷʤʢʘʤʠ ʚʠʩʭʽʜʥʦʾ ʪʘ ʥʠʟʭʽʜʥʦʾ ʣʽʥʽʡ, ʻ 

ʟʚ'ʷʟʦʢ D2D, ʟʚ'ʷʟʦʢ IAB, ʥʝʥʘʟʝʤʥʠʡ ʟʚ'ʷʟʦʢ [8]. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʚʩʽʭ ʜʫʧʣʝʢʩʥʠʭ ʨʝʞʠʤʽʚ 

ʪʘ ʚʫʟʣʽʚ ʤʦʞʥʘ ʩʧʨʦʝʢʪʫʚʘʪʠ ʦʜʥʦʢʘʜʨʦʚʫ ʩʪʨʫʢʪʫʨʫ, ʘ ʩʭʝʤʠ ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ ʚ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʤʫ 

ʨʘʜʽʦʽʥʪʝʨʬʝʡʩʽ ʟʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽ ʧʝʨʝʜʘʯʽ ʧʦ ʤʥʦʞʠʥʥʠʭ ʨʘʜʽʦʢʘʥʘʣʘʭ; ʚʙʫʜʦʚʘʥʝ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʝ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ: ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʦʾ ʤʝʨʝʞʽ ʥʘ ʙʘʟʽ 6G 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʻ ʦʯʝʚʠʜʥʦʶ ʪʘ ʚʘʞʣʠʚʦʶ ʚʠʤʦʛʦʶ. ɼʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʷʢ ʢʽʥʮʝʚʠʭ 

ʧʨʠʩʪʨʦʾʚ, ʪʘʢ ʽ ʤʝʨʝʞʝʚʠʭ ʚʫʟʣʽʚ ʧʨʠ ʨʦʟʨʦʙʮʽ ʥʦʚʦʾ ʩʠʩʪʝʤʠ ʥʝʦʙʭʽʜʥʦ ʩʧʝʨʰʫ ʚʨʘʭʦʚʫʚʘʪʠ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ,. 

ʈʘʜʽʦʽʥʪʝʨʬʝʡʩ 6G ʧʝʨʝʜʙʘʯʘʻ ʽʥʪʝʣʝʢʪʫʘʣʴʥʝ ʢʝʨʫʚʘʥʥʷ MIMO ʪʘ ʧʨʦʤʝʥʝʤ, ʽʥʪʝʣʝʢʪʫʘʣʴʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʢʪʨʫ ʪʘ ʪʦʯʥʝ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ [4]. ʎʝ ʤʦʞʝ ʟʥʘʯʥʦ ʟʥʠʟʠʪʠ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʷʢ 

ʧʨʠʩʪʨʦʾʚ, ʪʘʢ ʽ ʤʝʨʝʞʝʚʠʭ ʚʫʟʣʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ, ʦʩʦʙʣʠʚʦ ʧʽʜ ʯʘʩ ʧʝʨʝʜʘʯʽ 

ʤʘʩʠʚʥʠʭ ʜʘʥʠʭ. ʊʘʢʠʤ ʯʠʥʦʤ, ʨʘʜʽʦʽʥʪʝʨʬʝʡʩ 6G ʻ ʦʩʥʦʚʦʶ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʩʠʩʪʝʤʠ. 

ʆʯʽʢʫʻʪʴʩʷ, ʱʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʤʝʨʝʞʽ 6G ʤʦʞʝ ʙʫʪʠ ʟʥʘʯʥʦ ʩʢʦʨʦʯʝʥʦ 

ʪʨʠʚʘʣʽʩʪʴ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʢʽʥʮʝʚʠʡ ʧʨʠʩʪʨʽʡ ʤʦʞʝ ʜʦʚʰʝ ʟʘʣʠʰʘʪʠʩʷ ʚ ʨʝʞʠʤʽ ʩʥʫ, ʢʦʣʠ ʚʽʥ ʥʝ 

ʤʘʻ ʘʢʪʠʚʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʤʝʨʝʞʽ ʘʙʦ ʥʝ ʚʟʘʻʤʦʜʽʻ ʟ ʥʝʶ. ʎʝ ʦʜʠʥ ʽʟ ʘʩʧʝʢʪʽʚ ʚʙʫʜʦʚʘʥʦʛʦ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ, 

ʱʦ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʜʣʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʧʨʠʩʪʨʦʾʚ ʪʘ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʠʭ ʤʝʨʝʞ [5]. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʢʦʥʦʤʽʾ ʝʥʝʨʛʽʾ ʢʽʥʮʝʚʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʽ ʤʝʨʝʞʝʚʠʤʠ ʚʫʟʣʘʤʠ 

ʝʬʝʢʪʠʚʥʽ ʢʘʥʘʣʠ ʧʝʨʝʜʘʯʽ ʤʦʞʫʪʴ ʙʫʪʠ ʩʧʨʦʝʢʪʦʚʘʥʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʽʥʽʤʽʟʘʮʽʾ ʩʠʛʥʘʣʽʚ ʢʝʨʫʚʘʥʥʷ ʪʘ 

ʢʽʣʴʢʦʩʪʽ ʧʝʨʝʭʦʜʽʚ ʤʽʞ ʩʪʘʥʘʤʠ ʘʙʦ ʟʤʽʥ ʨʝʞʠʤʫ ʧʦʪʫʞʥʦʩʪʽ. ʋ ʪʦʡ ʞʝ ʯʘʩ, ʦʩʢʽʣʴʢʠ ʤʝʨʝʞʘ 6G ʧʦʚʠʥʥʘ 

ʧʽʜʪʨʠʤʫʚʘʪʠ ʩʮʝʥʘʨʽʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʟ ʥʘʜʤʘʣʦʶ ʟʘʪʨʠʤʢʦʶ, ʪʘʢʽ ʷʢ ʧʦʢʨʘʱʝʥʠʡ URLLC (ʘʙʦ URLLC+), 

ʦʯʽʢʫʻʪʴʩʷ, ʱʦ ʮʽ ʩʭʝʤʠ ʚʣʘʩʥʦʛʦ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʟʘʙʝʟʧʝʯʫʚʘʪʠʤʫʪʴ ʛʥʫʯʢʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ. 

ɺʦʥʠ ʥʝ ʟʘʚʘʞʘʪʠʤʫʪʴ ʥʘʜʰʚʠʜʢʦʤʫ ʜʦʩʪʫʧʫ ʜʦ ʤʝʨʝʞ ʪʘ ʥʘʜʚʠʩʦʢʽʡ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ; ʧʨʠʢʣʘʜʦʤ ʻ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʝ ʢʝʨʫʚʘʥʥʷ ʨʝʞʠʤʘʤʠ ʭʘʨʯʫʚʘʥʥʷ ʪʘ ʨʦʙʦʪʦʶ. 

ʆʩʢʽʣʴʢʠ ʨʘʜʽʦʽʥʪʝʨʬʝʡʩ ʙʫʜʝ ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʦ ʜʣʷ ʢʦʞʥʦʛʦ ʧʨʠʩʪʨʦʶ, ʨʽʟʥʽ ʪʠʧʠ ʧʨʠʩʪʨʦʾʚ 

ʤʘʪʠʤʫʪʴ ʨʽʟʥʽ ʚʠʤʦʛʠ ʜʦ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ. ʇʨʠ ʮʴʦʤʫ, ʤʦʞʥʘ ʙʫʜʝ ʣʝʛʢʦ ʧʝʨʩʦʥʘʣʽʟʫʚʘʪʠ ʨʽʰʝʥʥʷ ʱʦʜʦ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʧʨʠʩʪʨʦʾʚ ʜʦʪʨʠʤʫʶʯʠʩʴ ʚʠʤʦʛ ʜʦ ʷʢʦʩʪʽ ʟʚ'ʷʟʢʫ. 

ɹʽʣʴʰʽʩʪʴ ʥʝʜʘʚʥʽʭ ʩʧʨʦʙ ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʚ ʨʘʜʽʦʤʝʨʝʞʽ ʟʚʦʜʠʣʠʩʷ ʜʦ ʟʘʤʽʥʠ 

ʦʜʥʦʛʦ ʘʙʦ ʢʽʣʴʢʦʭ ʪʨʘʜʠʮʽʡʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʬʽʟʠʯʥʦʛʦ ʨʽʚʥʷ ʾʭʥʴʦʶ ʚʜʦʩʢʦʥʘʣʝʥʦʶ ʚʝʨʩʽʻʶ. 

ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʚ ʝʧʦʭʫ ʪʝʭʥʦʣʦʛʽʾ 6G ʙʘʟʦʚʘ ʤʝʨʝʞʝʚʘ ʩʪʨʫʢʪʫʨʘ ʙʫʜʝ ʥʝʨʦʟʨʠʚʥʦ ʧʦʚ'ʷʟʘʥʘ ʽʟ 

ʪʝʭʥʦʣʦʛʽʻʶ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ. ʎʝ ʚʽʜʨʽʟʥʷʪʠʤʝ ʾʾ ʷʢ ʚʽʜ 5G, ʪʘʢ ʽ ʚʽʜ ʧʦʧʝʨʝʜʥʽʭ ʩʠʩʪʝʤ ʙʝʟʜʨʦʪʦʚʦʛʦ 

ʟʚ'ʷʟʢʫ, ʚ ʷʢʠʭ ʤʝʪʦʜʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʩʧʦʯʘʪʢʫ ʥʘʚʽʪʴ ʥʝ ʨʦʟʛʣʷʜʘʶʪʴʩʷ. ʋ ʩʠʩʪʝʤʽ 6G ʪʝʭʥʦʣʦʛʽʾ 

ʨʘʜʽʦʟʚ'ʷʟʢʫ ʪʘ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʟ ʧʝʨʰʦʛʦ ʢʨʦʢʫ ʨʦʟʚʠʚʘʪʠʤʫʪʴʩʷ ʨʘʟʦʤ ʫ ʥʘʧʨʷʤʢʫ ʨʝʘʣʽʟʘʮʽʾ 

ʥʘʜʟʚʠʯʘʡʥʦ ʝʬʝʢʪʠʚʥʦʾ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ, ʩʢʘʥʫʚʘʥʥʷ ʩʝʨʝʜʦʚʠʱʘ ʧʝʨʝʜʘʯʽ ʪʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ 

ʤʦʞʣʠʚʦʩʪʝʡ ʨʘʜʽʦʽʥʪʝʨʬʝʡʩʫ. 

ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʪʦʙʪʦ ʧʨʠʩʪʨʽʡ ʢʘʥʘʣʫ E2E. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʣʘʥʮʶʛ ʧʝʨʝʜʘʯʽ ʪʘ ʤʦʜʫʣʽ ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʦʨʛʘʥʽʟʦʚʘʥʽ. ɼʝʷʢʽ ʨʘʥʽʰʝ ʦʧʠʩʘʥʽ ʬʫʥʢʮʽʾ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʽʜʩʫʪʥʽʤʠ. ʇʽʜ ʯʘʩ ʧʝʨʝʜʘʯʽ ʪʘ ʧʨʠʡʦʤʫ ʽʥʬʦʨʤʘʮʽʾ ʧʝʨʝʜʘʚʘʯ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦ ʫʟʛʦʜʞʫʚʘʪʠʤʝ ʟʤʽʥʠ ʜʞʝʨʝʣʘ 

ʽʥʬʦʨʤʘʮʽʾ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʯʝʨʝʟ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ. ʇʨʠʡʤʘʯ ʪʘʢʦʞ ʚʠʪʷʛʫʚʘʪʠʤʝ ʢʦʨʠʩʥʫ ʽʥʬʦʨʤʘʮʽʶ ʟ 

ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʦʥʢʨʝʪʥʠʭ ʟʘʚʜʘʥʴ. ʎʝ ʚʞʝ ʥʝ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʧʽʜʭʽʜ ʜʦ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʱʦ 

ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʫʥʽʢʘʣʴʥʦʤʫ ʢʨʠʪʝʨʽʾ (ʜʦʩʪʘʚʢʘ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʧʦʚʽʜʦʤʣʝʥʴ ʙʝʟ ʧʦʤʠʣʦʢ), ʷʢ ʦʧʠʩʘʥʦ ʚ 

ʨʦʙʦʪʽ ʐʝʥʦʥʘ [4]. 

ɭ ʙʘʛʘʪʦ ʪʝʦʨʽʡ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ. ʉʝʨʝʜ ʥʠʭ ʪʝʦʨʽʷ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʚʫʟʴʢʠʭ ʤʽʩʮʴ [5] ʻ ʥʘʡʙʽʣʴʰ ʧʨʠʜʘʪʥʦʶ ʜʣʷ ʟʘʚʜʘʥʴ ʢʦʤʫʥʽʢʘʮʽʾ ʬʽʟʠʯʥʦ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʽʜʝʶ ʚʟʘʻʤʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʟ ʪʝʦʨʽʾ ʽʥʬʦʨʤʘʮʽʾ ʷʢ ʧʦʢʘʟʥʠʢ ʦʧʪʠʤʽʟʘʮʽʾ. ɿʘʩʥʦʚʘʥʘ ʥʘ ʪʝʦʨʽʾ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʚʫʟʴʢʠʭ ʤʽʩʮʴ, ʘʨʭʽʪʝʢʪʫʨʘ ʘʚʪʦʝʥʢʦʜʝʨʘ (AE) ʻ ʦʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʥʘʩʢʨʽʟʥʠʭ ʢʘʥʘʣʽʚ ʟʚ'ʷʟʢʫ ʥʘ ʦʩʥʦʚʽ 

ʐɯ. ɹʽʣʴʰ ʜʝʪʘʣʴʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʪʝʦʨʽʶ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʚʫʟʴʢʠʭ ʤʽʩʮʴ ʪʘ ʘʨʭʽʪʝʢʪʫʨʠ 

ʘʚʪʦʝʥʢʦʜʝʨʽʚ ʪʘʢʦʞ ʤʦʞʥʘ ʟʥʘʡʪʠ ʚ [6]. 

ɯʥʪʝʣʝʢʪʫʘʣʴʥʠʡ ʢʘʥʘʣ ʟʚ'ʷʟʢʫ ʤʦʞʝ 

ʚʽʜʢʨʠʪʠ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʪʘ ʧʦʪʝʥʮʽʡʥʦ ʩʪʘʪʠ 

ʙʘʟʦʚʦʶ ʩʪʨʫʢʪʫʨʦʶ ʟʚ'ʷʟʢʫ ʫ ʤʘʡʙʫʪʥʴʦʤʫ. ʇʨʦʪʝ 

ʤʝʪʦʜʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʧʦʪʨʝʙʫʶʪʴ ʙʽʣʴʰʠʭ 

ʦʙʩʷʛʽʚ ʜʘʥʠʭ. ʑʦʙ ʟʘʜʽʷʪʠ ʐɯ ʚ ʙʝʟʜʨʦʪʦʚʦʤʫ 

ʟʚ'ʷʟʢʫ, ʥʝʦʙʭʽʜʥʦ ʙʫʜʝ ʟʙʠʨʘʪʠ, ʟʙʝʨʽʛʘʪʠ ʽ 

ʧʝʨʝʜʘʚʘʪʠ ʦʙʩʷʛʠ ʜʘʥʠʭ, ʱʦ ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʶʪʴ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʜʘʥʠʭ ʟ ʧʨʦʩʪʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʥʘʧʨʠʢʣʘʜ ʚ ʦʙʣʘʩʪʽ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʟʦʨʫ ʘʙʦ 

ʦʙʨʦʙʢʠ ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʝʟʜʨʦʪʦʚʠʭ ʜʘʥʠʭ ʦʭʦʧʣʶʶʪʴ ʚʝʣʠʢʽ ʜʽʘʧʘʟʦʥʠ ʚ ʜʝʢʽʣʴʢʦʭ 

ʦʙʣʘʩʪʷʭ, ʥʘʧʨʠʢʣʘʜ, ʚʽʜ ʤʽʣʽʤʝʪʨʦʚʠʭ ʜʦ ʪʝʨʘʛʝʨʮʦʚʠʭ ʯʘʩʪʦʪ, ʧʦʰʠʨʝʥʥʷ ʚ ʢʦʩʤʦʩʽ, ʫ ʚʽʜʢʨʠʪʦʤʫ 

ʥʘʟʝʤʥʦʤʫ ʧʨʦʩʪʦʨʽ, ʚ ʧʨʠʤʽʱʝʥʥʷʭ, ʧʝʨʝʜʘʯʫ ʪʝʢʩʪʫ, ʛʦʣʦʩʫ ʪʘ ʚʽʜʝʦ. ʎʽ ʜʘʥʽ ʥʘʩʪʽʣʴʢʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʦʜʠʥ 

ʚʽʜ ʦʜʥʦʛʦ, ʱʦ ʙʫʜʝ ʚʘʞʢʦ ʧʦʻʜʥʘʪʠ ʾʭ ʟʙʽʨ, ʦʙʨʦʙʢʫ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʨʘʤʢʘʭ ʻʜʠʥʦʾ ʩʠʩʪʝʤʠ. 
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ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ɼʦʩʣʽʜʞʝʥʦ ʢʦʥʩʪʨʫʢʮʽʶ ʨʘʜʽʦʽʥʪʝʨʬʝʡʩʫ 6G, ʷʢʘ ʟʘʩʥʦʚʘʥʘ ʥʘ ʧʦʻʜʥʘʥʥʽ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, 

ʢʝʨʦʚʘʥʦʛʦ ʤʦʜʝʣʷʤʠ ʪʘ ʜʘʥʠʤʠ, ʽ, ʷʢ ʦʯʽʢʫʻʪʴʩʷ, ʤʘʻ ʟʘʙʝʟʧʝʯʠʪʠ ʽʥʜʠʚʽʜʫʘʣʴʥʫ ʦʧʪʠʤʽʟʘʮʽʶ 

ʨʘʜʽʦʽʥʪʝʨʬʝʡʩʫ ʚʽʜ ʧʦʧʝʨʝʜʥʴʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʜʦ ʩʘʤʦʥʘʚʯʘʥʥʷ. ɺʠʟʥʘʯʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʥʘʣʘʰʪʫʚʘʥʥʷ ʩʭʝʤʠ 

ʤʝʨʝʞʽ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʧʝʨʝʜʘʯʽ ʥʘ ʨʽʚʥʽ ʘʙʦʥʝʥʪʩʴʢʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʩʣʫʞʙ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʦʛʦ 

ʨʘʜʽʦʽʥʪʝʨʬʝʡʩʫ ʜʣʷ ʤʘʢʩʠʤʽʟʘʮʽʾ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʜʦʩʚʽʜʫ ʢʦʨʠʩʪʫʚʘʯʘ ʙʝʟ ʰʢʦʜʠ ʜʣʷ ʧʨʦʧʫʩʢʥʦʾ 

ʩʧʨʦʤʦʞʥʦʩʪʽ ʩʠʩʪʝʤʠ ʚ ʮʽʣʦʤʫ.  

ʈʦʟʛʣʷʥʫʪʦ ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ, ʷʢʠʡ ʙʫʜʝ ʚʙʫʜʦʚʘʥʦʶ ʬʫʥʢʮʽʻʶ ʨʘʜʽʦʽʥʪʝʨʬʝʡʩʫ, ʱʦ ʩʪʚʦʨʶʻ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʡ ʬʽʟʠʯʥʠʡ ʨʽʚʝʥʴ ʽ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʢʝʨʫʚʘʥʥʷ ʜʦʩʪʫʧʦʤ ʜʦ ʩʝʨʝʜʦʚʠʱʘ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ (MAC), 

ʦʧʪʠʤʽʟʘʮʽʶ ʤʝʨʝʞʝʚʦʛʦ ʢʝʨʫʚʘʥʥʷ (ʥʘʧʨʠʢʣʘʜ, ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ), ʟʘʤʽʥʦʶ 

ʜʝʷʢʠʭ ʥʝʣʽʥʽʡʥʠʭ ʘʙʦ ʥʝʚʠʧʫʢʣʠʭ ʘʣʛʦʨʠʪʤʽʚ ʫ ʤʦʜʫʣʷʭ ʧʨʠʡʤʘʯʽʚ ʘʙʦ ʢʦʤʧʝʥʩʘʮʽʶ ʥʝʜʦʣʽʢʽʚ ʫ ʥʝʣʽʥʽʡʥʠʭ 

ʤʦʜʝʣʷʭ. 

ɼʦʩʣʽʜʞʝʥʦ ʚʙʫʜʦʚʘʥʠʡ ʽʥʪʝʣʝʢʪ, ʷʢʠʡ ʟʨʦʙʠʪʴ ʬʽʟʠʯʥʠʡ ʨʽʚʝʥʴ 6G ʙʽʣʴʰ ʧʨʦʩʫʥʫʪʠʤ ʪʘ 

ʝʬʝʢʪʠʚʥʠʤ, ʧʦʣʝʛʰʠʪʴ ʦʧʪʠʤʽʟʘʮʽʶ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʬʽʟʠʯʥʦʛʦ ʨʽʚʥʷ ʪʘ ʧʨʦʮʝʜʫʨʥʝ ʧʨʦʝʢʪʫʚʘʥʥʷ, 

ʚʢʣʶʯʘʶʯʠ ʤʦʞʣʠʚʫ ʟʤʽʥʫ ʘʨʭʽʪʝʢʪʫʨʠ ʧʨʠʡʤʘʯʘ, ʜʦʧʦʤʦʞʝ ʨʝʘʣʽʟʫʚʘʪʠ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʚʠʷʚʣʝʥʥʷ ʪʘ 

ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ, ʱʦ, ʩʚʦʻʶ ʯʝʨʛʦʶ, ʟʥʘʯʥʦ ʚʧʣʠʥʝ ʥʘ ʢʦʥʩʪʨʫʢʮʽʶ ʢʦʤʧʦʥʝʥʪʽʚ ʨʘʜʽʦʽʥʪʝʨʬʝʡʩʫ.  

ɺʠʟʥʘʯʝʥʦ ʚʠʤʦʛʠ ʜʦ ʤʝʨʝʞʽ 6G, ʷʢʽ  ʧʝʨʝʜʙʘʯʘʶʪʴ ʩʪʚʦʨʝʥʥʷ ʻʜʠʥʦʾ ʤʝʨʝʞʽ ʟ ʬʫʥʢʮʽʷʤʠ 

ʩʢʘʥʫʚʘʥʥʷ ʪʘ ʟʚ'ʷʟʢʫ, ʷʢʽ ʧʦʚʠʥʥʽ ʙʫʪʠ ʽʥʪʝʛʨʦʚʘʥʽ ʚ ʻʜʠʥʫ ʩʪʨʫʢʪʫʨʫ ʥʘ ʝʪʘʧʽ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʨʘʜʽʦʽʥʪʝʨʬʝʡʩʫ. ɼʦʩʣʽʜʞʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʨʝʪʝʣʴʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʤʝʨʝʞʽ ʟʚ'ʷʟʢʫ ʪʘ ʩʢʘʥʫʚʘʥʥʷ, ʷʢʘ ʙʫʜʝ 

ʧʨʦʧʦʥʫʚʘʪʠ ʧʦʚʥʽ ʤʦʞʣʠʚʦʩʪʽ ʩʢʘʥʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʧʦʚʥʽʰʝ ʚʽʜʧʦʚʽʜʘʪʠ ʚʩʽʤ ʢʣʶʯʦʚʠʤ ʧʦʢʘʟʥʠʢʘʤ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚ ʛʘʣʫʟʽ ʟʚ'ʷʟʢʫ. 
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ʆʇʊʀʄɯɿɸʎɯʗ ɯʅʊɽʃɽʂʊʋɸʃʔʅʀʍ ʊɽʃɽʂʆʄʋʅɯʂɸʎɯʁʅʀʍ ʄɽʈɽɾ  
 
ˏ ̨̑̏̂̏̓ ̎́̃̆̅̆̎̏ ̝̑̆̈̔̌̓́̓̉ ̨̝̅̏̒̌̅̇̆̎ ̏̒̏̂̌ ̉̃̏ ̨̒̓ ̠̃̉̋̏̑̉̒̓́̎̎ ̙̍́̉̎̎̏̄̏ ̘̠̎́̃́̎̎ ̃ ̓̆̌̆-

̨̨̗̖̋̏̍̔̎̋́̊̎̉ ̖̍̆̑̆̇́ ̓́ ̨̈̅̊̒̎̆̎̏ ̏̐̉̒ ̏̒̎̏̃ ̨̩̓̆̏̑ ̙̘̓̔̎̏̄̏ ̨̎̓̆̌̆̋̓̔Ȣ ˏ̘̉̈̎́̆̎̏ ̖́̑́̋̓̆̑ ̃̉̐̌̉̃̔ 
̨̘̩̅̉̎́̍̎̏ ̨̤̝̩̂́̊̒̃̒̋̏ ̨̍̆̑̆̇ ɉ$".Ɋ ̓́ $.. ̎́ ̑̏̈̃̉̓̏̋ ̝̖̂́̄́̓̏ ̨̖̓̆̎̏̌̏̄̊ȟ ̟̘̟̘̃̋̌́̉ ̠̠̃̉̃̌̆̎̎ 
̨́̋̓̉̃̎̏̒̓ ̘̋̏̑̉̒̓̔̃́́ȟ ̨̗̏̎̋̔ ̋́̎́̌̔ ̓́ ̨̠̃̅̒̓̆̇̆̎̎ ̨̨̝̍̏̂̌̎̏̒̓Ȣ ˝̠̏̈̄̌̎̔̓̏ ̐̏̋́̈̎̉̋̉ ̨̆̆̋̓̉̃̎̏̒̓̕ 
̨̨̗̋̏̍̔̎̋́̊ ̎́ ̨̏̒̎̏̃ ̨̩̓̆̏̑ ̨̨̗̖̎̏̑̍́̊̎̉̕ ̝̖̃̔̈̋̉ ̨̗̝̍̒ȟ ̠̋́ ̖̝̠̈̎́̏̅̉̓̒ ̎́ ̒̓̉̋̔ ̙̍́̉̎̎̏̄̏ ̘̠̎́̃́̎̎ ̓́ 
̠̐̑̏̄̎̏̈̔̃́̎̎ȟ ̒̓́̓̉̒̓̉̋̉ ̨ ̨̩̓̆̏̑ ̨̨̗̩̎̏̑̍́̕Ȣ ˚́̃̆̅̆̎̏ ̨̘̍́̓̆̍́̓̉̎ ̃̉̑́̈̉ ̨̨̗̩̏̐̓̉̍̈́ ̨̗̝̖̔̎̋̏̎́̌̎̉̕ 
̖́̑́̋̓̆̑̉̒̓̉̋ ̨̑́̅̏̍̆̑̆̇ ω'Ⱦϊ' ̈ ̠̃̉̋̏̑̉̒̓́̎̎̍ ̖̎̏̃̉ȟ ̝̅̏̒̓́̓̎̏ ̝̖̏̑̍́̌̎̉̕ ̨ ̘̃̏̅̎̏́̒ ̨̝̖̔̎̃̆̑̒́̌̎̉ 
̘̖̍́̓̆̍́̓̉̎̉ ̨̨̎̒̓̑̔̍̆̎̓̃ ̈ ̗́̋̆̎̓̏̍ ̎́ ̨̖̩̓̆̎̏̌̏̄ ̄̌̉̂̏̋̏̄̏ ̘̠̎́̃́̎̎ȟ ̏̚ ̠̟̝̅̏̈̃̏̌̓ ̐̑̏̃̏̅̉̓̉ 
̘̒̉̒̓̆̍́̓̉̎̉̊ȟ ̨̎́̅̊̎̉ ̊ ̓́ ̨̎̓̆̑̐̑̆̓̏̃́̎̉̊ ̨́̎́̌̈ ̖̃̆̌̉̋̉ ̖̃̉̐́̅̋̏̃̉ ̍̆̑̆̇ ̓́ ̙̉̑̏̋̉̊ ̒̐̆̋̓̑ ̩̖ 
̖̍̆̑̆̇̆̃̉ ̍̏̅̆̌̆̊ ̨ ̘̖̐̑́̋̓̉̎̉ ̍̆̑̆̇Ȣ 

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̄̌̉̂̏̋́ ̎̆̊̑̏̎̎́ ̍̆̑̆̇́ȟ ̂́̄́̓̏́̄̆̎̓̎̆ ̘̠̎́̃́̎̎ ̈ ̨̨̠̐̅̋̑̐̌̆̎̎̍ȟ ̨̘̅̉̎́̍̎́ 
̨̤̝̂́̊̒̃̒̋́ ̍̆̑̆̇́ȟ ̨̝̎́̅̑̏̈̅̌̎́ ̈ ̨̝̅́̓̎̒̓ȟ ̖̐̑̉̏̃́̎́ ̍́̑ ̨̝̋̃̒̋́ ̝̍̏̅̆̌ȟ ̂̆̈̅̑̏̓̏̃̉̊ ̋́̎́̌Ȣ 
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ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ʋ ʙʘʛʘʪʴʦʭ ʩʫʯʘʩʥʠʭ ʽʥʞʝʥʝʨʥʠʭ ʛʘʣʫʟʷʭ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʽ ʪʘ ʨʘʜʽʦʪʝʭʥʽʯʥʽ ʩʠʩʪʝʤʠ ʤʘʶʪʴ 

ʪʝʥʜʝʥʮʽʶ ʦʨʛʘʥʽʟʦʚʫʚʘʪʠʩʷ ʫ ʚʝʣʠʢʽ ʤʝʨʝʞʽ (ʪʘʢʽ ʷʢ ʥʘʜʤʘʩʠʚʥʽ MIMO ʽ ʱʽʣʴʥʽ ʤʝʨʝʞʽ). ʂʨʽʤ ʪʦʛʦ, 

ʧʽʜʚʠʱʫʻʪʴʩʷ ʚʘʞʣʠʚʽʩʪʴ ʩʠʩʪʝʤʥʦʾ ʜʠʥʘʤʽʢʠ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʮʴʦʤʫ ʧʦʪʨʽʙʥʘ ʰʚʠʜʢʘ ʦʙʨʦʙʢʘ ʜʘʥʠʭ ʚ 

ʩʝʨʝʜʦʚʠʱʘʭ, ʱʦ ʰʚʠʜʢʦ ʟʤʽʥʶʶʪʴʩʷ. ɺʠʩʪʫʧʘʶʯʠ ʩʚʦʛʦ ʨʦʜʫ ʩʧʽʣʴʥʠʤ ʟʥʘʤʝʥʥʠʢʦʤ, ʪʘʢʽ ʤʝʨʝʞʽ ʪʝʧʝʨ 

ʩʪʠʢʘʶʪʴʩʷ ʟ ʧʨʦʙʣʝʤʦʶ, ʧʦʚ'ʷʟʘʥʦʶ ʟ ʥʝʦʙʭʽʜʥʽʩʪʶ ʦʜʥʦʯʘʩʥʦ ʩʧʨʘʚʣʷʪʠʩʷ ʟ ̔ ʟʨʦʩʪʘʶʯʠʤ ʨʦʟʤʽʨʦʤ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʨʘʜʽʦʩʠʩʪʝʤʠ (ʟʙʽʣʴʰʝʥʥʷ ʚʫʟʣʽʚ ʫ ʤʝʨʝʞʘʭ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʩʫʙ'ʻʢʪʽʚ, ʱʦ ʚʟʘʻʤʦʜʽʶʪʴ ʟ 

ʥʠʤʠ), ʧʽʜʚʠʱʝʥʠʤ ʨʽʚʥʝʤ ʩʪʦʭʘʩʪʠʯʥʦʩʪʽ (ʚʠʧʘʜʢʦʚʽ ʟʤʽʥʠ ʚ ʪʦʧʦʣʦʛʽʾ ʪʘ ʚʠʧʘʜʢʦʚʠʡ ʨʦʟʚʠʪʦʢ 

ʩʝʨʝʜʦʚʠʱʘ), ʘ ʪʘʢʦʞ ʟ ʧʦʪʨʝʙʦʶ ʚ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʽʡ ʪʘ ʩʘʤʦʦʨʛʘʥʽʟʦʚʘʥʽʡ ʦʙʨʦʙʮʽ ʜʘʥʠʭ (ʤʝʨʝʞʥʽ ʚʫʟʣʠ 

ʧʦʚʠʥʥʽ ʙʫʪʠ ʘʚʪʦʥʦʤʥʠʤʠ ʽ ʟʜʘʪʥʽ ʜʠʥʘʤʽʯʥʦ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʟʤʽʥʶʻʪʴʩʷ). ʎʽ ʪʨʠ ʘʩʧʝʢʪʠ 
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ʻ ʦʩʥʦʚʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʥʝʦʙʭʽʜʥʠʤʠ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ, ʘʥʘʣʽʟʽ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʤʘʡʙʫʪʥʽʭ 

ʤʝʨʝʞ. ɺ ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʪʦʜʘʭ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʜʽʙʥʠʭ ʧʨʦʙʣʝʤ ʫ ʚʝʣʠʢʠʭ ʩʢʣʘʜʥʠʭ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʠʭ 

ʨʘʜʽʦʩʠʩʪʝʤʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʷʤʝ ʤʦʜʝʣʶʚʘʥʥʷ (ʤʝʪʦʜ ʄʦʥʪʝ-ʂʘʨʣʦ) ʘʙʦ ʝʚʨʠʩʪʠʯʥʽ ʽʥʩʪʨʫʤʝʥʪʠ, 

ʪʘʢʽ ʷʢ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʘʙʦ ʨʦʾ ʯʘʩʪʠʥʦʢ [1]. ʆʜʥʘʢ ʚʦʥʠ ʤʘʶʪʴ ʨʷʜ ʩʝʨʡʦʟʥʠʭ ʥʝʜʦʣʽʢʽʚ, ʥʘʧʨʠʢʣʘʜ ʚʦʥʠ ʥʝ 

ʻ ʤʘʪʝʤʘʪʠʯʥʦ ʩʪʘʙʽʣʴʥʠʤʠ ʽ ʧʦʛʘʥʦ ʧʽʜʜʘʶʪʴʩʷ ʧʨʦʩʪʽʡ ʽʥʪʝʨʧʨʝʪʘʮʽʾ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʩʧʨʷʤʦʚʘʥʽ ʥʘ 

ʧʦʢʨʘʱʝʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʶ ʩʠʩʪʝʤʠ ʘʙʦ ʟʘʩʥʦʚʘʥʽ ʥʘ ʧʨʦʙʘʭ ʪʘ ʧʦʤʠʣʢʘʭ, ʘʙʦ ʧʨʦʩʪʦ ʥʝʤʦʞʣʠʚʽ. ʋ 

ʨʝʟʫʣʴʪʘʪʽ ʮʽ ʤʝʪʦʜʠ ʯʘʩʪʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʨʝʟʝʨʚʥʽ ʨʽʰʝʥʥʷ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʥʝ 

ʤʘʶʪʴ ʤʽʮʥʦʾ ʦʩʥʦʚʠ [2]. ʆʪʞʝ, ʧʦʪʨʽʙʥʘ ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ 

ʧʨʦʚʦʜʠʪʠ ʩʠʩʪʝʤʘʪʠʯʥʠʡ, ʥʘʜʽʡʥʠʡ ʪʘ ʽʥʪʝʨʧʨʝʪʦʚʘʥʠʡ ʘʥʘʣʽʟ ʚʝʣʠʢʠʭ ʚʠʧʘʜʢʦʚʠʭ ʤʝʨʝʞ. ʎʽ ʽʥʩʪʨʫʤʝʥʪʠ 

ʧʦʚʠʥʥʽ ʙʫʪʠ ʜʦʩʪʘʪʥʴʦ ʬʦʨʤʘʣʴʥʠʤʠ, ʱʦʙ ʦʭʦʧʣʶʚʘʪʠ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʤʝʨʝʞʝʚʠʭ ʤʦʜʝʣʝʡ, ʘʣʝ ʚʦʜʥʦʯʘʩ 

ʫʥʽʚʝʨʩʘʣʴʥʠʤʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʣʝʛʢʦʾ ʩʧʝʮʽʘʣʽʟʘʮʽʾ ʜʣʷ ʧʨʘʢʪʠʯʥʠʭ ʤʝʨʝʞ. 

 

ɸʥʘʣ̔ʟ ʦʩʪʘʥʥʽʭ ʜʞʝʨʝʣ 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʯʘʩʪʠʥʠ ʧʨʦʙʣʝʤ, ʚʣʘʩʪʠʚʠʭ ʚʝʣʠʢʠʤ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʠʤ ʩʠʩʪʝʤʘʤ ʚʞʝ ʙʫʣʦ 

ʚʠʟʥʘʯʝʥʦ ʨʽʟʥʽ ʩʫʯʘʩʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʽʥʩʪʨʫʤʝʥʪʠ. ʆʜʥʘʢ ʙʽʣʴʰʽʩʪʴ ʮʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʚʩʝ ʱʝ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ 

ʨʘʥʥʽʭ ʩʪʘʜʽʷʭ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ ʘʙʦ ʪʽʣʴʢʠ ʧʦʯʘʣʠ ʚʧʨʦʚʘʜʞʫʚʘʪʠʩʷ ʚ ʽʥʞʝʥʝʨʥʽ ʜʦʩʣʽʜʞʝʥʥʷ. ɿ 

ʮʠʭ ʥʦʚʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʚʠʷʚʠʣʠʩʷ: ʪʝʦʨʽʷ ʚʠʧʘʜʢʦʚʠʭ ʤʘʪʨʠʮʴ, ʟʦʢʨʝʤʘ ʪʝʦʨʽʷ 

ʚʠʧʘʜʢʦʚʠʭ ʤʘʪʨʠʮʴ ʚʝʣʠʢʦʾ ʨʦʟʤʽʨʥʦʩʪʽ [3], ʪʝʦʨʽʷ ʚʝʣʠʢʦʤʽʨʥʠʭ ʝʨʤʽʪʦʚʠʭ ʤʘʪʨʠʮʴ ʟ ʚʠʧʘʜʢʦʚʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ. ʅʘ ʧʦʯʘʪʢʫ ʧʝʨʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʮʽʡ ʛʘʣʫʟʽ ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʩʧʣʝʩʢ ʽʥʪʝʨʝʩʫ ʜʦ ʙʝʟʜʨʦʪʦʚʦʛʦ 

ʟʚ'ʷʟʢʫ ʧʽʜ ʯʘʩ ʘʥʘʣʽʟʫ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʽʻʾ ʝʧʦʭʠ ï ʤʥʦʞʠʥʥʠʭ ʘʥʪʝʥ ʪʘ ʤʝʪʦʜʽʚ ʨʦʟʰʠʨʝʥʥʷ ʩʧʝʢʪʨʫ, 

ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʷʢʠʭ ʙʫʣʠ ʟʘʩʥʦʚʘʥʽ ʥʘ ʚʠʧʘʜʢʦʚʠʭ ʤʘʪʨʠʯʥʠʭ ʢʘʥʘʣʘʭ ʟʚ'ʷʟʢʫ [4]. ʋ ʪʦʡ ʯʘʩ ʷʢ ʥʘʫʢʦʚʠʡ 

ʧʨʦʛʨʝʩ ʫ ʮʽʡ ʛʘʣʫʟʽ ʧʨʦʜʦʚʞʫʚʘʚʩʷ (ʥʘ ʦʩʥʦʚʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ), ʤʘʣʦ ʭʪʦ ʟ ʜʦʩʣʽʜʥʠʢʽʚ ʨʦʟʚʠʚʘʚ 

ʤʘʪʝʤʘʪʠʯʥʽ ʦʩʥʦʚʠ ʪʝʦʨʽʾ ʚʠʧʘʜʢʦʚʠʭ ʤʘʪʨʠʮʴ ʜʘʣʽ, ʥʽʞ ʮʝ ʙʫʣʦ ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʩʢʣʘʜʥʠʭ 

ʧʨʦʙʣʝʤ. ʇʨʦʪʝ ʥʝʱʦʜʘʚʥʦ ʫ ʤʘʩʠʚʥʦʤʫ MIMO ʽ ʥʘʜʤʘʩʠʚʥʦʤʫ MIMO ʟ'ʷʚʠʣʠʩʷ ʥʦʚʽ ʪʝʦʨʝʪʠʯʥʽ 

ʽʥʩʪʨʫʤʝʥʪʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʘʥʘʣʽʟʦʤ ʤʝʨʝʞ ʙʝʟʜʨʦʪʦʚʦʛʦ ʟʚ'ʷʟʢʫ [5]. 

ʆʜʥʦʯʘʩʥʦ ʽʟ ʪʝʭʥʦʣʦʛʽʻʶ 6G ʧʦʯʠʥʘʶʪʴ ʟ'ʷʚʣʷʪʠʩʷ ʨʽʟʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʷʢʽ ʪʽʩʥʦ ʧʦʚ'ʷʟʘʥʽ ʟ ʪʝʦʨʽʻʶ 

ʚʝʣʠʢʦʤʘʩʰʪʘʙʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʱʽʣʴʥʘ ʤʝʨʝʞʘ, ʬʝʜʝʨʘʪʠʚʥʝ ʥʘʚʯʘʥʥʷ, ʙʝʟʩʦʪʦʚʠʡ ʤʘʩʠʚʥʠʡ 

MIMO, ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘ ʢʦʨʠʩʪʫʚʘʯʘ ʟʚ'ʷʟʦʢ, ʛʨʘʥʠʯʥʠʡ ʟʚ'ʷʟʦʢ ʽ ʨʦʟʧʦʜʽʣʝʥʠʡ MIMO. 

ʊʝʦʨʽʷ ʚʠʧʘʜʢʦʚʠʭ ʤʘʪʨʠʮʴ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʚʠʚʯʝʥʥʷ ʩʧʝʢʪʨʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ (ʚʣʘʩʥʠʭ ʟʥʘʯʝʥʴ ʽ 

ʧʽʜʧʨʦʩʪʦʨʽʚ) ʤʘʪʨʠʮʴ ʟ ʚʠʧʘʜʢʦʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʨʦʟʤʽʨʠ ʷʢʠʭ ʚʚʘʞʘʶʪʴʩʷ ʜʫʞʝ ʚʝʣʠʢʠʤʠ. ʇʦʜʽʙʥʦ ʜʦ 

ʪʦʛʦ, ʷʢ ʚʠʧʘʜʢʦʚʽ ʟʤʽʥʥʽ ʘʙʦ ʚʠʧʘʜʢʦʚʽ ʚʝʢʪʦʨʠ ʢʽʥʮʝʚʦʛʦ ʨʦʟʤʽʨʫ ʜʝʤʦʥʩʪʨʫʶʪʴ ʜʝʪʝʨʤʽʥʦʚʘʥʽ ʤʝʞʽ ʧʨʠ 

ʜʦʩʷʛʥʝʥʥʽ ʚʝʣʠʢʦʛʦ ʥʘʙʦʨʫ ʚʠʙʽʨʦʢ ʮʠʭ ʟʤʽʥʥʠʭ (ʚ ʦʩʥʦʚʥʦʤʫ ʥʘ ʦʩʥʦʚʽ ʟʘʢʦʥʫ ʚʝʣʠʢʠʭ ʯʠʩʝʣ ʘʙʦ 

ʮʝʥʪʨʘʣʴʥʦʾ ʛʨʘʥʠʯʥʦʾ ʪʝʦʨʝʤʠ), ʩʧʝʢʪʨʘʣʴʥʽ ʜʽʘʧʘʟʦʥʠ ʜʝʷʢʠʭ ʤʦʜʝʣʝʡ ʚʠʧʘʜʢʦʚʠʭ ʤʘʪʨʠʮʴ ʜʝʤʦʥʩʪʨʫʶʪʴ 

ʜʝʪʝʨʤʽʥʦʚʘʥʫ ʧʦʚʝʜʽʥʢʫ, ʢʦʣʠ ʨʦʟʤʽʨʠ ʨʷʜʢʘ ʪʘ ʩʪʦʚʧʮʷ ʨʦʩʪʫʪʴ ʜʦ ʙʝʟʢʽʥʝʯʥʦʩʪʽ. ɼʦʚʛʠʡ ʯʘʩ ʮʷ ʪʝʦʨʽʷ 

ʟʘʣʠʰʘʣʘʩʷ ʧʨʝʨʦʛʘʪʠʚʦʶ ʤʘʪʝʤʘʪʠʢʽʚ, ʧʨʦʪʝ ʥʘ ʧʦʯʘʪʢʫ 2000-ʭ ʩʪʘʣʦ ʦʯʝʚʠʜʥʠʤ, ʱʦ ʚʠʧʘʜʢʦʚʽ ʤʘʪʨʠʮʽ 

ʤʦʞʫʪʴ ʘʜʝʢʚʘʪʥʦ ʤʦʜʝʣʶʚʘʪʠ ʢʘʥʘʣʠ ʙʝʟʜʨʦʪʦʚʦʛʦ ʟʚ'ʷʟʢʫ, ʷʢʽ ʻ ʩʪʦʭʘʩʪʠʯʥʠʤʠ ʪʘ ʰʚʠʜʢʦ ʟʤʽʥʶʶʪʴʩʷ ʟʘ 

ʩʚʦʻʶ ʧʨʠʨʦʜʦʶ [6]. ʇʽʩʣʷ ʢʽʣʴʢʦʭ ʨʦʢʽʚ ʨʦʙʦʪʠ ʜʦʩʣʽʜʥʠʢʘʤ ʙʝʟʜʨʦʪʦʚʦʛʦ ʟʚ'ʷʟʢʫ ʩʪʘʣʦ ʟʨʦʟʫʤʽʣʦ, ʱʦ 

ʙʽʣʴʰʽʩʪʴ ʤʦʜʝʣʝʡ ʚʠʧʘʜʢʦʚʠʭ ʤʘʪʨʠʮʴ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʘʪʝʤʘʪʠʢʘʤʠ, ʘʙʦ ʥʝʘʜʝʢʚʘʪʥʽ, ʘʙʦ ʟʘʥʘʜʪʦ ʧʨʦʩʪʽ 

ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʚʯʝʥʥʷ ʥʘʡʙʽʣʴʰ ʨʝʘʣʽʩʪʠʯʥʠʭ ʢʘʥʘʣʽʚ ʟʚ'ʷʟʢʫ. ɼʨʫʛʘ ʭʚʠʣʷ ʜʦʩʣʽʜʞʝʥʴ ʧʦʯʘʣʘʩʷ 

ʧʨʠʙʣʠʟʥʦ ʚ 2010 ʨʦʮʽ ʽ ʤʘʣʘ ʥʘ ʤʝʪʽ ʧʦʜʘʣʴʰʝ ʚʠʚʯʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʪʝʦʨʽʾ ʚʠʧʘʜʢʦʚʠʭ 

ʤʘʪʨʠʮʴ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ʧʦʪʨʝʙ ʽʥʞʝʥʝʨʽʚ ʙʝʟʜʨʦʪʦʚʦʛʦ ʟʚ'ʷʟʢʫ. ʆʩʪʘʥʥʽ ʜʦʩʷʛʥʝʥʥʷ ʚ ʮʽʡ ʛʘʣʫʟʽ ʧʨʠʥʝʩʣʠ 

ʚʘʞʣʠʚʽ ʥʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʚ ʤʦʜʝʣʶʚʘʥʥʽ, ʘʥʘʣʽʟʽ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʯʠʩʣʝʥʥʠʭ ʙʝʟʜʨʦʪʦʚʠʭ 

ʢʘʥʘʣʽʚ, ʪʘʢʠʭ ʷʢ ʢʘʥʘʣʠ MIMO ʪʦʯʢʘ-ʪʦʯʢʘ ʟ ʨʘʡʩʽʚʩʴʢʠʤ ʟʘʚʤʠʨʘʥʥʷʤ, ʙʘʛʘʪʦ-ʧʨʦʤʝʥʝʚʽ ʢʘʥʘʣʠ MIMO, 

ʢʘʥʘʣʠ MIMO ʤʥʦʞʠʥʥʦʛʦ ʜʦʩʪʫʧʫ, ʧʝʨʝʜʢʦʜʦʚʘʥʽ ʰʠʨʦʢʦʤʦʚʥʽ ʢʘʥʘʣʠ, ʢʘʥʘʣʠ ʟʚ'ʷʟʢʫ ʟ ʫʥʽʪʘʨʥʠʤʠ 

ʧʨʝʢʦʜʝʨʘʤʠ, ʙʘʛʘʪʦʣʘʥʢʦʚʽ ʢʘʥʘʣʠ ʪʘ ʤʝʨʝʞʽ ʟ ʦʜʥʠʤ/ʜʝʢʽʣʴʢʦʤʘ ʦʩʝʨʝʜʢʘʤʠ [1ï3]. ʍʦʯʘ ʮʽ ʨʝʟʫʣʴʪʘʪʠ ʽʥʦʜʽ 

ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʜʫʞʝ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤʥʠʭ ʤʦʜʝʣʷʭ, ʚʦʥʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʽʜʥʦʩʥʦ ʩʧʨʦʱʝʥʽʡ ʬʦʨʤʽ ʪʘ ʜʦʙʨʝ 

ʧʽʜʜʘʶʪʴʩʷ ʦʧʪʠʤʽʟʘʮʽʾ. ɯʩʪʦʪʥʠʤ ʽʥʛʨʝʜʽʻʥʪʦʤ, ʷʢʠʡ ʚʚʦʜʠʪʴʩʷ ʪʝʦʨʽʻʶ ʚʠʧʘʜʢʦʚʠʭ ʤʘʪʨʠʮʴ, ʻ ʥʘʙʣʠʞʝʥʥʷ 

ʚʝʣʠʢʦʾ ʨʦʟʤʽʨʥʦʩʪʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʘʥʘʣʽʟʫʚʘʪʠ ʚʝʣʠʢʽ ʩʢʣʘʜʥʽ ʩʪʦʭʘʩʪʠʯʥʽ ʩʠʩʪʝʤʠ ʟ 

ʜʝʪʝʨʤʽʥʦʚʘʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʚʽʜʦʤʠʤʠ ʷʢ ʜʝʪʝʨʤʽʥʦʚʘʥʽ ʝʢʚʽʚʘʣʝʥʪʠ [1]. ʂʦʤʧʦʥʝʥʪʠ ʚʝʣʠʢʦʨʦʟʤʽʨʥʦʾ 

ʩʠʩʪʝʤʠ ʚʠʤʽʨʶʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʢʽʣʴʢʦʩʪʽ ʘʥʪʝʥ ʫ ʙʝʟʜʨʦʪʦʚʠʭ ʧʨʠʩʪʨʦʷʭ, ʢʽʣʴʢʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ ʚ ʦʜʥʦʤʫ 

ʦʩʝʨʝʜʢʫ ʘʙʦ ʢʽʣʴʢʦʩʪʽ ʦʩʝʨʝʜʢʽʚ ʫ ʮʽʡ ʤʝʨʝʞʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʪʝʦʨʽʷ ʚʠʧʘʜʢʦʚʠʭ ʤʘʪʨʠʮʴ ʚʠʟʥʘʥʘ 

ʝʬʝʢʪʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʘʥʘʣʽʟʫ ʙʘʛʘʪʴʦʭ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤ ʙʝʟʜʨʦʪʦʚʦʛʦ ʟʚ'ʷʟʢʫ, ʜʝ çʣʦʢʘʣʴʥʠʡè 

ʨʦʟʫʤʽʻʪʴʩʷ ʷʢ çʦʜʥʦʤʘʩʰʪʘʙʥʠʡè (ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʘʥʪʝʥ, ʘʙʦ ʢʽʣʴʢʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʽʚ). ʆʯʽʢʫʻʪʴʩʷ, ʱʦ 

ʟʘʚʜʷʢʠ ʜʦʜʘʪʢʦʚʠʤ ʫʟʘʛʘʣʴʥʝʥʠʤ ʽʥʩʪʨʫʤʝʥʪʘʤ, ʪʘʢʠʤ ʷʢ ʜʝʪʝʨʤʽʥʦʚʘʥʽ ʽʪʝʨʘʮʽʡʥʽ ʝʢʚʽʚʘʣʝʥʪʠ [2], ʪʝʦʨʽʷ 

ʚʠʧʘʜʢʦʚʠʭ ʤʘʪʨʠʮʴ ʩʪʘʥʝ ʘʜʝʢʚʘʪʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ 

ʩʠʩʪʝʤ, ʚ ʷʢʠʭ ʚʨʘʭʦʚʫʶʪʴʩʷ ʙʘʛʘʪʦ ʚʝʣʠʢʦʨʦʟʤʽʨʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʫʷʚʠʪʠ ʩʦʙʽ ʩʧʽʣʴʥʠʡ ʘʥʘʣʽʟ 

ʥʘ ʤʘʢʨʦʩʢʦʧʽʯʥʦʤʫ ʽ ʤʽʢʨʦʩʢʦʧʽʯʥʦʤʫ ʨʽʚʥʷʭ. ʂʨʽʤ ʪʦʛʦ, ʽʥʩʪʨʫʤʝʥʪʠ ʪʝʦʨʽʾ ʚʠʧʘʜʢʦʚʠʭ ʤʘʪʨʠʮʴ ʪʘʢʦʞ 

ʩʧʨʘʚʠʣʠ ʚʨʘʞʝʥʥʷ ʥʘ ʩʧʽʚʪʦʚʘʨʠʩʪʚʦ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ, ʟʘʧʨʦʧʦʥʫʚʘʚʰʠ ʽʥʥʦʚʘʮʽʡʥʽ ʩʭʝʤʠ ʜʝʪʝʢʪʫʚʘʥʥʷ ʪʘ 

ʦʮʥ̔ʢʠ (ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʚʠʩʥʦʚʢʫ), ʪʘʢʽ ʷʢ ʪʝʭʥʦʣʦʛʽʷ ʨʘʜʘʨʥʦʛʦ MIMO, ʜʣʷ ʦʙʨʦʙʢʠ ʚʝʣʠʢʠʭ ʤʘʩʠʚʽʚ 

ʩʠʛʥʘʣʽʚ [3]. ʅʘʨʝʰʪʽ, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʨʦʟʨʦʙʢʠ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ 

ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʙʘʛʘʪʦʦʩʝʨʝʜʢʦʚʠʭ ʤʝʨʝʞ MIMO [4] ï ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʘ ʩʪʦʭʘʩʪʠʯʥʘ 

ʦʧʪʠʤʽʟʘʮʽʷ. ɼʨʫʛʠʡ ʮʽʢʘʚʠʡ ʽʥʩʪʨʫʤʝʥʪ ï ʮʝ ʥʝʱʦʜʘʚʥʦ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ, ʱʦ ʧʦʻʜʥʫʻ ʩʪʦʭʘʩʪʠʯʥʽ 

ʘʧʨʦʢʩʠʤʘʮʽʾ ʪʘ ʘʣʛʦʨʠʪʤʠ ʧʣʽʪʦʢ (gossip algorithm) ʜʣʷ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʾ ʩʪʦʭʘʩʪʠʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ.  
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ˏ̨̒̎̉̋ ˢ̝̗̝̍̆̌̎̉̋̏̄̏ ̨̗̝̎́̏̎́̌̎̏̄̏ ̨̔̎̃̆̑̒̉̓̆̓̔, ˟ ̏̍ υȟ Τ1, 2023 (317) 35 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ 

ʄʝʪʦʶ ʨʦʙʦʪʠ  ̒ʦʧʪʠʤʽʟʘʮʽʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʜʽʦʤʝʨʝʞ 5G/6G ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʟ ʘʢʮʝʥʪʦʤ ʥʘ ʪʝʭʥʦʣʦʛʽʾ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ 

ʧʨʦʚʦʜʠʪʠ ʩʠʩʪʝʤʘʪʠʯʥʠʡ, ʥʘʜʽʡʥʠʡ ʪʘ ʽʥʪʝʨʧʨʝʪʦʚʘʥʠʡ ʘʥʘʣʽʟ ʚʝʣʠʢʠʭ ʚʠʧʘʜʢʦʚʠʭ ʤʝʨʝʞ ʪʘ ʰʠʨʦʢʠʡ 

ʩʧʝʢʪʨ ʾʭ ʤʝʨʝʞʝʚʠʭ ʤʦʜʝʣʝʡ ʽ ʧʨʘʢʪʠʯʥʠʭ ʤʝʨʝʞ.  

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ɼʣʷ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʛʣʠʙʦʢʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ (DNN) ʟ ʘʢʮʝʥʪʦʤ ʥʘ ʪʝʭʥʦʣʦʛʽʾ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʙʝʟʣʽʯ ʨʽʟʥʠʭ ʪʝʦʨʽʡ, ʪʘʢʠʭ ʷʢ ʪʝʦʨʽʷ ʦʧʪʠʤʽʟʘʮʽʾ, ʘʣʛʦʨʠʪʤʠ ʤʘʢʩʠʤʽʟʘʮʽʾ ʦʯʽʢʫʚʘʥʥʷ, 

ʪʝʦʨʽʷ ʪʦʧʦʣʦʛʽʾ, ʪʝʦʨʽʷ ʛʨʘʬʽʚ, ʩʝʤʘʥʪʠʯʥʘ ʪʝʦʨʽʷ, ʪʝʦʨʽʷ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ ʪʘ ʪʝʦʨʽʷ ʥʘʙʣʠʞʝʥʴ. ɺʠʙʽʨ 

ʚʽʜʧʦʚʽʜʥʦʾ ʪʝʦʨʽʾ ʜʣʷ ʽʥʪʝʨʧʨʝʪʘʮʽʾ DNN ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʝʘʣʴʥʦʾ ʧʨʦʙʣʝʤʠ. ʆʜʥʠʤʠ ʟ ʥʘʡʙʽʣʴʰ ʚʽʜʧʦʚʽʜʥʠʭ 

ʪʝʦʨʽʡ ʫ ʢʦʥʪʝʢʩʪʽ ʙʝʟʜʨʦʪʦʚʦʛʦ ʟʚ'ʷʟʢʫ ʻ ʪʝʦʨʽʷ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʪʝʦʨʽʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʚʫʟʴʢʠʭ ʤʽʩʮʴ, ʟʦʢʨʝʤʘ, 

ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʚʠʭʦʜʷʪʴ ʟ ʪʽʻʾ ʞ ʪʦʯʢʠ ʟʦʨʫ ʥʘ ʪʝʦʨʽʶ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʡ ʙʝʟʜʨʦʪʦʚʽ ʩʠʩʪʝʤʠ. ɼʘʣʽ ʙʫʜʝʤʦ ʪʝʞ 

ʜʦʪʨʠʤʫʚʘʪʠʤʝʤʦʩʷ ʮʽʻʾ ʪʦʯʢʠ ʟʦʨʫ. 

ʆʜʥʠʤ ʽʟ ʧʦʢʘʟʥʠʢʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʤʫʥʽʢʘʮʽʡ ʻ ʪʝʦʨʽʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʚʫʟʴʢʠʭ ʤʽʩʮʴ, ʷʢʘ 

ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʩʪʠʢʫ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʩʪʘʪʠʩʪʠʢʠ ʽ ʪʝʦʨʽʾ ʽʥʬʦʨʤʘʮʽʾ [5]. 

ʐʝʥʦʥ ʚʠʟʥʘʯʠʚ ʽʥʬʦʨʤʘʮʽʶ, ʷʢʘ ʻ ʙʫʜʽʚʝʣʴʥʠʤʠ ʙʣʦʢʘʤʠ ʜʣʷ ʪʝʦʨʽʾ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ, ʷʢ 

ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʟ ʽʤʦʚʽʨʥʽʩʥʦʾ ʪʦʯʢʠ ʟʦʨʫ [6]. 

ʇʦ-ʧʝʨʰʝ, ʚʟʘʻʤʥʘ ʽʥʬʦʨʤʘʮʽʷ I(X; Y) ʚʽʜʦʙʨʘʞʘʻ ʩʪʫʧʽʥʴ ʡʤʦʚʽʨʥʽʩʥʦʾ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʜʚʦʤʘ 

ʚʠʧʘʜʢʦʚʠʤʠ ʚʝʣʠʯʠʥʘʤʠ: X ʽ Y. ʗʢʱʦ ʟʤʽʥʶʻʪʴʩʷ X, ʪʦ ʧʝʚʥʦʶ ʤʽʨʦʶ ʙʫʜʝ ʟʤʽʥʶʚʘʪʠʩʷ Y, ʽ ʥʘʚʧʘʢʠ: I(X; Y) 

= I(Y; X). ɻʣʠʙʦʢʫ ʥʝʡʨʦʤʝʨʝʞʫ ʤʦʞʥʘ ʟʤʦʜʝʣʶʚʘʪʠ ʷʢ ʧʦʪʽʢ ʚʟʘʻʤʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʚʭʦʜʫ ʜʦ ʚʠʭʦʜʫ. 

ʇʦ-ʜʨʫʛʝ, ʧʦʨʽʚʥʷʣʴʥʽ ʚʽʜʥʦʰʝʥʥʷ ʚʟʘʻʤʥʦʾ ʽʥʬʦʨʤʘʮʽʾ I(X; Y) = I(Px; ʈy|ʭ) ʚʢʣʶʯʘʶʪʴ ʫʚʽʛʥʫʪʫ 

ʬʫʥʢʮʽʶ I(X; Y) ʚʽʜ ʟʤʽʥʥʦʛʦ ʈϲ ʽ ʬʽʢʩʦʚʘʥʦʛʦ ʈyx ʘ ʪʘʢʦʞ ʦʧʫʢʣʫ ʬʫʥʢʮʽʶ I(X; Y) ʟʤʽʥʥʦʛʦ ʈy|ʭ ʪʘ ʬʽʢʩʦʚʘʥʦʛʦ 

ʈx. ɿʚʽʜʩʠ ʚʠʧʣʠʚʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʢʦʜʫʚʘʥʥʷ I(X; Y)  ʜʞʝʨʝʣʘ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ I(X; Y), ʪʘ ʢʦʜʫʚʘʥʥʷ 

ʢʘʥʘʣʫ ʜʣʷ ʤʘʢʩʠʤʽʟʘʮʽʾ I(X; Y). 

ʊʘʢ ʩʘʤʦ DNN ʧʦʻʜʥʫʻ ʜʚʘ ʟʤʘʛʘʣʴʥʠʭ ʢʨʦʢʠ. ɼʣʷ ʧʦʷʩʥʝʥʥʷ ʪʦʛʦ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ DNN ʟ ʪʦʯʢʠ 

ʟʦʨʫ ʪʝʦʨʽʾ ʽʥʬʦʨʤʘʮʽʾ, [3] ʧʨʦʧʦʥʫʻʪʴʩʷ ʪʝʦʨʽʷ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʚʫʟʴʢʦʛʦ ʤʽʩʮʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʪʦʢʫ 

ʚʟʘʻʤʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʟʤʘʛʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʧʽʜʚʠʱʝʥʥʷ ʪʘ ʟʥʠʞʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ. ʅʘʚʯʘʶʯʠ DNN 

ʦʯʽʢʫʻʪʴʩʷ, ʱʦ ʚʠʭʽʜʥʠʡ ʰʘʨ Y ʙʫʜʝ ʤʘʢʩʠʤʘʣʴʥʦ ʩʭʦʞʠʡ ʥʘ ʚʭʽʜʥʠʡ ʰʘʨ X, ʘ ʧʨʠʭʦʚʘʥʠʡ ʰʘʨ Z 

ʤʘʢʩʠʤʘʣʴʥʦ ʚʽʜʨʽʟʥʷʪʠʤʝʪʴʩʷ ʚʽʜ ʚʭʽʜʥʦʛʦ ʰʘʨʫ X, ʥʘʩʢʽʣʴʢʠ ʮʝ ʤʦʞʣʠʚʦ. ɿ ʧʦʛʣʷʜʫ ʪʝʦʨʽʾ ʽʥʬʦʨʤʘʮʽʾ ʮʝ 

ʦʟʥʘʯʘʻ ʤʘʢʩʠʤʽʟʘʮʽʶ I(X; Y) ʧʨʠ ʤʽʥʽʤʽʟʘʮʽʾ I(X; Z). ʇʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ X ʜʦ Z ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʪʠʩʥʝʥʥʷ 

(ʢʦʜʫʚʘʥʥʷ) ʽʥʬʦʨʤʘʮʽʾ, ʘ ʧʽʜ ʯʘʩ ʨʫʭʫ ʚʽʜ Z ʜʦ Y ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʝʢʦʜʫʚʘʥʥʷ. 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʫ ʧʨʠʭʦʚʘʥʦʤʫ ʰʘʨʽ Z ʻ ʚʫʟʴʢʝ ʽʥʬʦʨʤʘʮʽʡʥʝ ʤʽʩʮʝ ʫ: ʷʢʱʦ ʝʥʪʨʦʧʽʷ Z ʤʝʥʰʘ, ʥʽʞ 

ɔ, ʪʦ ʚʩʷ ʽʥʬʦʨʤʘʮʽʷ Z ʤʦʞʝ ʧʨʦʡʪʠ; ʚ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʝ ʧʨʦʡʪʠ ʪʽʣʴʢʠ ʥʘʡʙʽʣʴʰ ʽʩʪʦʪʥʘ ɔ-ʯʘʩʪʠʥʘ Z.  

ɺʟʘʻʤʥʫ ʽʥʬʦʨʤʘʮʽʶ ʤʽʞ X ʽ Z ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ:  

|.
, |( ; ) log log

Z XZ X
Z X X Z X

X Z X Z

PP
I X Z P P P

Pz Px Pz
= Ö = Ö Ö

Ö
ää ää .    (1) 

ʇʝʨʝʭʨʝʩʥʘ ʝʥʪʨʦʧʽʷ Y ʜʦʨʽʚʥʶʻ: 

| | |( , ) log logY Z X PX Z X Y Z
Z Z

Hcross Z Y Pz P E P P
è ø

=- Ö = - Öé ù
ê ú

ä ä .    (2) 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʚʫʟʴʢʦʛʦ ʤʽʩʮʷ ʦʩʪʘʪʦʯʥʘ ʬʫʥʢʮʽʷ ʚʪʨʘʪ DNN ʜʦʨʽʚʥʶʻ:  

|
| | |log max log ,0

Z X
loss x X Z X Y Z Z X

Z X Z

P
f E P P P Px P

Pz
b g

å õè ø
= - Ö + Ö Ö -æ öé ù

ê ú ç ÷
ä ää .   (3) 

ʆʩʢʽʣʴʢʠ ʤʘʪʝʤʘʪʠʯʥʦ ʩʢʣʘʜʥʦ ʤʽʥʽʤʽʟʫʚʘʪʠ ʢʦʤʧʦʥʝʥʪ 

|
| max log ,0

z x
x z x

X Z z

P
P P

P
g

å õ
Ö Ö -æ ö

ç ÷
ää , 

ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʻ ʤʽʥʽʤʽʟʘʮʽʷ ʡʦʛʦ ʚʝʨʭʥʴʦʾ ʤʝʞʽ 
|( | )x Px Z XE D P Qzè ø

ê ú
, ʜʝ 

|( | )z x zD P Q  ï ʜʠʚʝʨʛʝʥʮʽʷ 

(ʨʦʟʙʽʞʥʽʩʪʴ) ʂʫʣʴʙʘʢʘ ʃʝʡʙʣʝʨʘ 
|z xP  ʧʦ Qz. ɺ ʨʝʟʫʣʴʪʘʪʽ ʬʫʥʢʮʽʷ ʚʪʨʘʪ ʥʘʙʫʚʘʻ ʥʘʩʪʫʧʥʦʛʦ ʚʠʛʣʷʜʫ: 

| | |log ( | )x x z x y z x x z x z
z

floss E P P P E P D P Qb
è ø

è ø= - Ö + Öé ù ê ú
ê ú
ä .    (4) 

ʌʫʥʢʮʽʷ ʚʪʨʘʪ ʚʠʟʥʘʯʘʻ ʽʥʬʦʨʤʘʮʽʡʥʝ ʚʫʟʴʢʝ ʤʽʩʮʝ ʪʘ ʚʠʷʚʣʷʻ ʛʣʠʙʠʥʥʠʡ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʤʽʞ ʤʝʪʦʶ 

ʥʘʚʯʘʥʥʷ, ʘʨʭʽʪʝʢʪʫʨʦʶ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʪʘ ʨʦʟʧʦʜʽʣʦʤ ʚʭʽʜʥʠʭ ʜʘʥʠʭ [1]. 

ɼʝʷʢʽ ʤʝʪʦʜʠ ʥʘʚʯʘʥʥʷ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʝʦʨʽʶ ʚʫʟʴʢʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʤʽʩʮʴ ʜʣʷ 

ʦʧʪʠʤʽʟʘʮʽʾ ʩʚʦʻʾ ʘʨʭʽʪʝʢʪʫʨʠ. ʅʘʧʨʠʢʣʘʜ, ʚʘʨʽʘʮʽʡʥʠʡ ʚʠʩʥʦʚʦʢ ʙʫʜʫʻ ʥʠʞʥʶ ʤʝʞʫ ʤʝʪʠ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʚʫʟʴʢʦʛʦ ʤʽʩʮʷ ʪʘ ʥʘʚʯʘʻʪʴʩʷ ʥʘ ʟʽʙʨʘʥʠʭ ʜʘʥʠʭ ʙʝʟ ʧʦʧʝʨʝʜʥʴʦʛʦ ʟʥʘʥʥʷ ʧʨʦ ʾʭ ʨʦʟʧʦʜʽʣ [2]. ʎʷ ʩʪʨʫʢʪʫʨʘ 

ʤʦʞʝ ʙʫʪʠ ʨʦʟʰʠʨʝʥʘ ʥʘ ʚʠʧʘʜʢʠ ʟ ʨʽʟʥʠʤʠ ʜʠʩʧʨʦʧʦʨʮʽʷʤʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʟʘʜʘʯʘʭ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ, ʘʙʦ ʥʘ 

ʚʠʧʘʜʢʠ ʟ ʙʘʛʘʪʦʟʘʜʘʯʥʠʤʠ ʧʨʦʙʣʝʤʘʤʠ [3]. 

ɿ ʪʦʯʢʠ ʟʦʨʫ ʘʨʭʽʪʝʢʪʫʨʠ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʪʘ ʤʝʪʦʜʫ ʥʘʚʯʘʥʥʷ ʥʘʡʧʨʦʩʪʽʰʝ ʨʦʟʜʽʣʠʪʠ ʤʦʜʝʣʴ 

ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ, ʧʦʧʝʨʝʜʥʴʦ ʥʘʚʯʝʥʫ ʜʣʷ ʟʘʚʜʘʥʴ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʥʘ ʜʚʽ ʯʘʩʪʠʥʠ: ʦʜʥʫ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ 
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ʙʦʮʽ ʧʝʨʝʜʘʚʘʯʘ, ʘ ʽʥʰʫ, ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʩʪʦʨʦʥʽ ʧʨʠʡʤʘʯʘ. ʇʦʪʽʤ ʤʦʞʥʘ ʚʩʪʘʚʠʪʠ ʥʝʡʨʦʥʥʽ ʰʘʨʠ ʤʽʞ 

ʜʚʦʤʘ ʯʘʩʪʠʥʘʤʠ. ʇʽʩʣʷ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʽ ʚʠʢʦʥʫʻʪʴʩʷ ʾʾ ʥʘʣʘʰʪʫʚʘʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʽʩʥʫʶʯʠʭ ʢʘʥʘʣʽʚ [4]. 

ʇʨʠ ʥʝʷʚʥʽʡ ʨʝʘʣʽʟʘʮʽʾ ʩʪʠʩʥʝʥʥʷ 
|( ( | ) )x x z x zE P D P Qè øê ú

 ʫ ʚʠʛʣʷʜʽ DNN ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʘʚʪʦʝʥʢʦʜʝʨ 

(AE) [5]. ʂʦʝʬʽʮʽʻʥʪ ʩʪʠʩʥʝʥʥʷ |Z|/|X| ʚʽʜʧʦʚʽʜʘʻ ʚʠʙʽʨʮʽ ʜʘʥʠʭ X, ʘ ʤʝʪʘ Y ʘʧʨʽʦʨʽ ʥʝʚʽʜʦʤʘ. ʂʦʣʠ Y = X, 

ʘʚʪʦʝʥʢʦʜʝʨ ʩʪʘʻ ʜʞʝʨʝʣʦʤ ʥʘ ʦʩʥʦʚʽ ʥʘʚʯʘʥʥʷ ʜʣʷ ʙʣʦʯʥʦʛʦ ʢʦʜʫ ʬʽʢʩʦʚʘʥʦʾ ʜʦʚʞʠʥʠ ʟ ʥʘʡʥʠʞʯʠʤ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʩʪʠʩʥʝʥʥʷ |Z|/|X|, ʷʢʠʡ ʚ ʮʽʣʦʤʫ ʦʙʤʝʞʝʥʠʡ ʟʥʠʟʫ ʅ(ʍ). ʗʢʱʦ ʨʦʟʤʽʨ ʍ ʥʝʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʠʡ 

(ʤʘʣʝʥʴʢʠʡ ʙʣʦʢ), ʘʚʪʦʝʥʢʦʜʝʨ ʜʦʧʦʤʦʞʝ ʟʥʘʡʪʠ ʚʠʭʽʜʥʠʡ ʢʦʜ ʟʽ ʩʪʫʧʝʥʝʤ ʩʪʠʩʥʝʥʥʷ |Z|/|X|,  ʥʠʞʯʝ, ʥʽʞ 

H(X). 

ɺʘʨʽʘʮʽʡʥʠʡ ʘʚʪʦʝʥʢʦʜʝʨ (VAE) [1] ʚʚʦʜʠʪʴ ʫ ʧʨʠʭʦʚʘʥʠʡ ʰʘʨ ʘʧʨʽʦʨʥʠʡ ʨʦʟʧʦʜʽʣ (QZ), ʷʢʠʡ ʻ 

ʧʦʢʘʟʥʠʢʦʤ ʩʧʨʠʡʥʷʪʪʷ ʧʦʚʝʨʭ ʰʚʠʜʢʦʩʪʽ ʪʘ ʩʪʠʩʥʝʥʥʷ. ʈʽʟʥʽ ʘʧʨʽʦʨʥʽ ʨʦʟʧʦʜʽʣʠ (QZ) ʧʨʠʟʚʝʜʫʪʴ ʜʦ ʨʽʟʥʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ DNN. ʗʢʱʦ QZ ʻ ʦʜʥʦʨʽʜʥʠʤ ʙʘʛʘʪʦʚʠʤʽʨʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ɻʘʫʩʘ, ʧʨʦʝʢʮʽʷ ʧʦ ʢʦʞʥʦʤʫ ʚʠʤʽʨʫ ʻ 

ʦʮʽʥʢʦʶ ʮʴʦʛʦ ʚʠʤʽʨʫ. ʊʝʦʨʝʪʠʯʥʦ QZ ʤʦʞʝ ʙʫʪʠ ʙʫʜʴ-ʷʢʠʤ ʽʥʰʠʤ ʨʦʟʧʦʜʽʣʦʤ, ʽ, ʦʪʞʝ, ʥʝʦʜʥʦʨʽʜʥʽ 

ʧʽʜʢʘʥʘʣʠ ʙʝʟʜʨʦʪʦʚʦʾ ʩʠʩʪʝʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʟʤʦʜʝʣʴʦʚʘʥʽ ʷʢ QZ, ʱʦ ʜʦʟʚʦʣʷʻ ʥʘʣʘʰʪʦʚʫʚʘʪʠ VAE ʜʣʷ 

ʢʦʥʢʨʝʪʥʦʛʦ ʨʘʥʽʰʝ ʚʽʜʦʤʦʛʦ ʨʦʟʧʦʜʽʣʫ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʘʚʪʦʝʥʢʦʜʝʨʽʚ, ʷʢʽ ʪʽʣʴʢʠ ʤʘʢʩʠʤʽʟʫʶʪʴ I(X; Y), ʚʘʨʽʘʮʽʡʥʽ ʘʚʪʦʝʥʢʦʜʝʨʠ ʧʨʘʮʶʶʪʴ ʟʘ 

ʜʚʦʤʘ ʢʦʥʢʫʨʫʶʯʠʤʠ ʥʘʧʨʷʤʢʘʤʠ, ʦʜʥʦʯʘʩʥʦ ʤʽʥʽʤʽʟʫʶʯʠ I(X; Y) ʽ ʤʘʢʩʠʤʽʟʫʶʯʠ ( ; ( ; ))Y gI X g Zq . 

ʅʘʧʨʠʢʽʥʮʽ ʥʘʚʯʘʥʥʷ ( ; ( ; ))Y gI X g Zq  ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ  ʤʽʥʽʤʘʣʴʥʫ ʚʟʘʻʤʥʫ ʽʥʬʦʨʤʘʮʽʶ (Z), ʷʢʘ ʧʨʠʩʫʪʥʷ 

ʫ ʰʘʨʽ ʚʫʟʴʢʦʛʦ ʤʽʩʮʷ. ʅʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʚʘʨʽʘʮʽʡʥʽ ʘʚʪʦʝʥʢʦʜʝʨʠ ʜʦʧʦʤʘʛʘʶʪʴ ʛʝʥʝʨʫʚʘʪʠ ʩʭʝʤʫ 

ʢʦʜʫʚʘʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʜʞʝʨʝʣʘ. 

( ; )y X qW        (5) 

ɻʝʥʝʨʘʪʠʚʥʦ-ʟʤʘʛʘʣʴʥʘ ʤʝʨʝʞʘ (GAN) ï ʮʝ ʚʝʣʠʢʠʡ ʢʨʦʢ ʫʧʝʨʝʜ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ VAE [3]. ʋ ʪʠʧʦʚʽʡ 

GAN ɺʘʩʝʨʰʪʝʡʥʘ ʘʧʨʽʦʨʥʽ ʨʦʟʧʦʜʽʣʠ (QZ) ʨʝʘʣʴʥʽ ʽ ʥʝ ʻ ʛʘʫʩʦʚʠʤʠ ʦʙʨʘʟʘʤʠ, ʘ ʤʝʪʨʠʢʘ ʙʽʣʴʰʝ ʥʝ ʻ 

ʚʟʘʻʤʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ï ʪʝʧʝʨ ʮʝ ʚʽʜʩʪʘʥʴ ɺʘʩʝʨʰʪʝʡʥʘ. ʍʦʯʘ GAN ï ʦʜʥʘ ʟ ʢʨʘʱʠʭ ʛʝʥʝʨʘʪʠʚʥʠʭ DNN, 

ʜʦʩʪʫʧʥʠʭ ʚ ʜʘʥʠʡ ʯʘʩ, VAE, ʷʢ ʽ ʨʘʥʽʰʝ ʻ ʢʨʘʱʦʶ ʜʣʷ ʩʠʩʪʝʤ ʙʝʟʜʨʦʪʦʚʦʛʦ ʟʚ'ʷʟʢʫ ʯʝʨʝʟ ʥʘʷʚʥʽʩʪʴ 

ʧʨʠʭʦʚʘʥʦʛʦ ʛʘʫʩʦʚʦʛʦ ʨʽʚʥʷ, ʦʩʢʽʣʴʢʠ ʥʘʜ ʛʘʫʩʦʚʠʤʠ ʨʦʟʧʦʜʽʣʘʤʠ ʤʦʞʥʘ ʚʠʢʦʥʫʚʘʪʠ ʣʽʥʽʡʥʽ ʦʧʝʨʘʮʽʾ [6]. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʛʣʠʙʦʢʝ ʥʘʚʯʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʣʠʰʝ ʫ ʪʨʘʜʠʮʽʡʥʠʭ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ 

ʘʨʭʽʪʝʢʪʫʨʘʭ, ʪʦʜʽ ʷʢ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʨʦʟʧʦʜʽʣʝʥʠʭ ʘʨʭʽʪʝʢʪʫʨʘʭ ʨʽʜʢʦ ʩʪʘʻ ʦʙ'ʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʴ. ʎʝ 

ʢʨʠʪʠʯʥʝ ʧʠʪʘʥʥʷ ʟ ʧʦʛʣʷʜʫ ʧʝʨʩʧʝʢʪʠʚ ʩʪʚʦʨʝʥʥʷ ʤʝʨʝʞ 6G, ʦʩʢʽʣʴʢʠ ʨʦʟʧʦʜʽʣʝʥʽ ʘʨʭʽʪʝʢʪʫʨʠ ʥʝʦʙʭʽʜʥʽ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ ʽ ʛʥʫʯʢʦʩʪʽ ʩʠʩʪʝʤʠ ʟʚ'ʷʟʢʫ. ʇʨʦʪʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ ʫ 

ʨʦʟʧʦʜʽʣʝʥʽʡ ʘʨʭʽʪʝʢʪʫʨʽ ʟʫʤʦʚʠʪʴ ʢʽʣʴʢʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʧʨʦʙʣʝʤ. ʅʘʧʨʠʢʣʘʜ, ʫ ʢʦʞʥʦʛʦ ʙʝʟʜʨʦʪʦʚʦʛʦ 

ʚʫʟʣʘ ʙʫʜʝ ʩʚʦʷ ʚʣʘʩʥʘ ANN, ʷʢʘ ʙʫʜʝ ʥʘʚʯʝʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʣʘʩʥʦʛʦ ʥʘʙʦʨʫ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʦʛʦ ʥʘ 

ʦʩʥʦʚʽ ʣʦʢʘʣʴʥʠʭ ʚʠʤʽʨʽʚ ʪʘ ʜʦʩʚʽʜʫ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʽʟʥʽ ʙʝʟʜʨʦʪʦʚʽ ʚʫʟʣʠ ʧʦʚʠʥʥʽ ʥʘʚʯʠʪʠʩʷ ʧʦʚʦʜʠʪʠʩʷ ʥʘ 

ʦʩʥʦʚʽ ʥʘʙʦʨʽʚ ʜʘʥʠʭ, ʷʢʽ ʤʦʞʫʪʴ ʚʽʜʨʽʟʥʷʪʠʩʷ ʷʢ ʟʘ ʢʽʣʴʢʽʩʪʶ (ʨʽʟʥʽ ʚʫʟʣʠ ʤʦʞʫʪʴ ʤʘʪʠ ʨʽʟʥʽ ʤʦʞʣʠʚʦʩʪʽ 

ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʟʙʝʨʽʛʘʥʥʷ), ʪʘʢ ʽ ʟʘ ʷʢʽʩʪʶ (ʨʽʟʥʽ ʚʫʟʣʠ ʤʦʞʫʪʴ ʚʽʜʯʫʚʘʪʠ ʨʽʟʥʽ ʩʧʦʪʚʦʨʝʥʥʷ ʜʘʥʠʭ ʯʝʨʝʟ 

ʚʽʜʤʽʥʥʦʩʪʽ ʚ ʜʘʪʯʠʢʘʭ). ʎʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʽ, ʚ ʛʽʨʰʦʤʫ ʚʠʧʘʜʢʫ, ʜʦ ʟʙʦʶ ʙʝʟʜʨʦʪʦʚʦʾ 

ʤʝʨʝʞʽ. ʂʨʽʤ ʪʦʛʦ, ʫ ʨʦʟʧʦʜʽʣʝʥʽʡ ʘʨʭʽʪʝʢʪʫʨʽ ʢʦʞʝʥ ʚʫʟʦʣ ʥʘʤʘʛʘʪʠʤʝʪʴʩʷ ʦʧʪʠʤʽʟʫʚʘʪʠ ʩʚʦʶ ʚʣʘʩʥʫ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʘ ʥʝ ʟʘʛʘʣʴʥʦʩʠʩʪʝʤʥʫ ʨʝʟʫʣʴʪʘʪʠʚʥʽʩʪʴ, ʯʝʨʝʟ ʚʨʘʭʫʚʘʥʥʷ ʽʥʰʠʭ ʚʫʟʣʽʚ ʷʢ ʤʦʞʣʠʚʠʭ 

ʧʨʦʪʠʚʥʠʢʽʚ. ʎʝ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʥʝʙʘʞʘʥʽ ʘʙʦ ʥʝʙʝʟʧʝʯʥʽ ʩʠʪʫʘʮʽʾ, ʚ ʷʢʠʭ ʙʝʟʜʨʦʪʦʚʠʡ ʚʫʟʦʣ ʤʦʞʝ 

ʥʘʚʯʠʪʠʩʷ ʰʘʭʨʘʶʚʘʪʠ, ʱʦʙ ʤʘʢʩʠʤʽʟʫʚʘʪʠ ʩʚʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. ʆʪʞʝ, ʜʫʞʝ ʚʘʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʪʚʝʨʜʽ 

ʟʥʘʥʥʷ ʧʨʦ ʚʩʽ ʮʽ ʧʨʦʙʣʝʤʠ, ʱʦʙ ʛʘʨʘʥʪʫʚʘʪʠ ʧʨʘʚʠʣʴʥʫ ʧʦʚʝʜʽʥʢʫ ʚʫʟʣʽʚ ʫ ʙʝʟʜʨʦʪʦʚʠʭ ʤʝʨʝʞʘʭ ʥʘ ʦʩʥʦʚʽ 

ANN. ʅʘʨʝʰʪʽ, ʙʽʣʴʰʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ ʥʝ ʧʝʨʝʜʙʘʯʘʶʪʴ ʦʪʨʠʤʘʥʥʷ ʨʦʟʧʦʜʽʣʝʥʠʭ 

ʤʘʩʰʪʘʙʦʚʘʥʠʭ ʨʽʰʝʥʴ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʚʝʣʠʢʽ ʨʦʟʤʽʨʠ ʪʘ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʫ ʝʚʦʣʶʮʽʶ ʟ ʯʘʩʦʤ ʫ ʩʮʝʥʘʨʽʷʭ 

ʙʝʟʜʨʦʪʦʚʦʛʦ ʟʚ'ʷʟʢʫ 6G. ɺ ʨʝʟʫʣʴʪʘʪʽ ʩʪʚʦʨʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʥʘʚʯʘʣʴʥʠʭ ʥʘʙʦʨʽʚ ʩʪʘʻ ʜʫʞʝ ʩʢʣʘʜʥʠʤ 

ʟʘʚʜʘʥʥʷʤ, ʦʩʢʽʣʴʢʠ ʟʘʛʘʣʴʥʽ ʧʽʜʭʦʜʠ ʜʦ ʥʘʚʯʘʥʥʷ ʟ ʫʯʠʪʝʣʝʤ ʧʨʠʧʫʩʢʘʶʪʴ, ʱʦ ANN ʧʨʘʮʶʚʘʪʠʤʫʪʴ ʚ 

ʫʤʦʚʘʭ, ʘʥʘʣʦʛʽʯʥʠʭ ʪʠʤ, ʷʢʽ ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʝʪʘʧʽ ʥʘʚʯʘʥʥʷ. ʅʘʩʧʨʘʚʜʽ ʨʘʧʪʦʚʽ ʟʤʽʥʠ ʪʨʘʬʽʢʫ ʪʘ/ʘʙʦ 

ʪʦʧʦʣʦʛʽʾ ʤʦʞʫʪʴ ʟʨʦʙʠʪʠ ʜʦʩʪʫʧʥʽ ʥʘʚʯʘʣʴʥʽ ʥʘʙʦʨʠ ʤʘʨʥʠʤʠ. ʆʪʞʝ, ʪʝʨʤʽʥʦʚʦ ʧʦʪʨʽʙʥʽ ʥʦʚʽ ʤʝʪʦʜʠʢʠ 

ʥʘʚʯʘʥʥʷ ANN, ʟʜʘʪʥʽ ʧʝʨʝʜʙʘʯʘʪʠ ʘʙʦ ʧʨʠʥʘʡʤʥʽ ʧʨʠʩʪʦʩʦʚʫʚʘʪʠʩʷ ʜʦ ʨʘʧʪʦʚʠʭ ʟʤʽʥ ʫ ʙʝʟʜʨʦʪʦʚʽʡ ʤʝʨʝʞʽ. 

ʈʦʟʛʣʷʥʝʤʦ ʜʚʽ ʪʘʢʽ ʤʝʪʦʜʠʢʠ: ʬʝʜʝʨʘʪʠʚʥʝ ʥʘʚʯʘʥʥʷ (federated learning) ʪʘ ʙʘʛʘʪʦʘʛʝʥʪʥʝ ʥʘʚʯʘʥʥʷ ʟ 

ʧʽʜʢʨʽʧʣʝʥʥʷʤ (MARL). ʌʝʜʝʨʘʪʠʚʥʝ ʥʘʚʯʘʥʥʷ ï ʮʝ ʧʽʜʭʽʜ ʜʦ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʧʨʠ ʷʢʦʤʫ ʮʝʥʪʨʘʣʴʥʘ 

ʤʦʜʝʣʴ ʥʘʚʯʘʻʪʴʩʷ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦ [1, 3] ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘʥʠʭ ʥʘ ʚʫʟʣʘʭ. ʉʫʪʴ ʧʨʦʮʝʩʫ ʧʦʣʷʛʘʻ ʚ 

ʥʘʩʪʫʧʥʦʤʫ: ʫ ʢʦʞʥʦʤʫ ʨʘʫʥʜʽ ʢʦʞʝʥ ʚʫʟʦʣ ʥʝʟʘʣʝʞʥʦ ʦʙʯʠʩʣʶʻ ʦʥʦʚʣʝʥʥʷ ʜʣʷ ʮʝʥʪʨʘʣʴʥʦʾ ʤʦʜʝʣʽ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʚʦʾ ʟʙʝʨʝʞʝʥʽ ʜʘʥʽ, ʘ ʧʦʪʽʤ ʧʝʨʝʜʘʻ ʮʝ ʦʥʦʚʣʝʥʥʷ (ʘʣʝ ʥʝ ʜʘʥʽ) ʥʘ ʮʝʥʪʨʘʣʴʥʠʡ ʩʝʨʚʝʨ, ʷʢʠʡ 

ʦʙ'ʻʜʥʫʻ ʦʥʦʚʣʝʥʥʷ, ʥʘʜʽʩʣʘʥʽ ʟ ʨʽʟʥʠʭ ʚʫʟʣʽʚ, ʘ ʧʦʪʽʤ ʦʙʯʠʩʣʶʻ ʧʦʢʨʘʱʝʥʫ ʛʣʦʙʘʣʴʥʫ ʤʦʜʝʣʴ. 

ʉʫʯʘʩʥʽ ʤʦʙʽʣʴʥʽ ʧʨʠʩʪʨʦʾ ʟʙʝʨʽʛʘʶʪʴ ʫ ʩʚʦʾʡ ʧʘʤ'ʷʪʽ ʙʝʟʣʽʯ ʜʘʥʠʭ, ʷʢʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ 

ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʝʡ. ʍʦʯʘ ʪʘʢʽ ʜʘʥʽ ʤʦʞʫʪʴ ʟʥʘʯʥʦ ʧʦʢʨʘʱʠʪʠ ʤʦʜʝʣʽ, ʚʦʥʠ ʯʘʩʪʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ 

ʢʦʥʬʽʜʝʥʮʽʡʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʽ ʪʦʤʫ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʧʨʠʚʘʪʥʽʡ ʚʣʘʩʥʦʩʪʽ. ʊʦʤʫ ʚʣʘʩʥʠʢʠ ʟʘʟʚʠʯʘʡ ʥʝ ʭʦʯʫʪʴ 

ʜʽʣʠʪʠʩʷ ʪʘʢʠʤʠ ʜʘʥʠʤʠ ʽʟ ʮʝʥʪʨʘʣʴʥʠʤ ʩʝʨʚʝʨʦʤ ʟ ʤʝʪʦʶ ʥʘʚʯʘʥʥʷ. ʑʦʙ ʦʙʽʡʪʠ ʮʶ ʧʨʦʙʣʝʤʫ, ʩʝʨʚʝʨ ʤʦʞʝ 

ʥʘʜʽʩʣʘʪʠ ʮʝʥʪʨʘʣʴʥʫ ʤʦʜʝʣʴ ʚʫʟʣʘʤ ʜʣʷ ʥʘʚʯʘʥʥʷ ʥʘ ʤʽʩʮʷʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʣʦʢʘʣʴʥʠʭ ʜʘʥʠʭ. ʇʽʩʣʷ 

ʩʪʚʦʨʝʥʥʷ ʦʥʦʚʣʝʥʦʾ ʤʦʜʝʣʽ ʚʫʟʣʠ ʥʘʜʩʠʣʘʶʪʴ ʾʾ ʥʘ ʮʝʥʪʨʘʣʴʥʠʡ ʩʝʨʚʝʨ. ʊʘʢʠʤ ʯʠʥʦʤ, ʮʝʥʪʨʘʣʴʥʠʡ ʩʝʨʚʝʨ 

ʦʪʨʠʤʫʚʘʪʠʤʝ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʦʥʦʚʣʝʥʴ ʤʦʜʝʣʽ ʚʽʜ ʙʘʛʘʪʴʦʭ ʚʫʟʣʽʚ, ʷʢʽ ʧʦʪʽʤ ʦʙ'ʻʜʥʫʶʪʴʩʷ ʚ ʧʦʢʨʘʱʝʥʫ 

ʛʣʦʙʘʣʴʥʫ ʤʦʜʝʣʴ. ʇʽʩʣʷ ʮʴʦʛʦ ʧʦʯʠʥʘʻʪʴʩʷ ʱʝ ʦʜʠʥ ʨʘʫʥʜ ʧʨʦʮʝʩʫ ʥʘʚʯʘʥʥʷ: ʮʝʥʪʨʘʣʴʥʠʡ ʩʝʨʚʝʨ 



 ˟̨̨̖̘̆̎̎ ̎́̔̋̉ ISSN 2307-5732 
 

ˏ̨̒̎̉̋ ˢ̝̗̝̍̆̌̎̉̋̏̄̏ ̨̗̝̎́̏̎́̌̎̏̄̏ ̨̔̎̃̆̑̒̉̓̆̓̔, ˟ ̏̍ υȟ Τ1, 2023 (317) 37 

ʚʽʜʧʨʘʚʣʷʻ ʧʦʢʨʘʱʝʥʫ ʤʦʜʝʣʴ ʥʦʚʠʤ ʚʫʟʣʘʤ, ʘ ʥʦʚʽ ʚʫʟʣʠ ʥʘʚʯʘʶʪʴ ʾʾ ʜʘʣʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʚʦʾ ʦʩʦʙʠʩʪʽ 

ʜʘʥʽ. ʇʽʩʣʷ ʙʘʛʘʪʴʦʭ ʨʘʫʥʜʽʚ ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʽ ʤʦʞʫʪʴ ʩʭʦʜʠʪʠʩʷ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʚʠʭʦʜʠʪʴ ʜʦʙʨʝ ʥʘʚʯʝʥʘ 

ʤʦʜʝʣʴ. 

ʆʩʥʦʚʥʘ ʤʝʪʘ ʬʝʜʝʨʘʪʠʚʥʦʛʦ ʥʘʚʯʘʥʥʷ ï ʚʽʜʦʢʨʝʤʠʪʠ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʽ ʚʽʜ ʧʨʷʤʦʛʦ ʜʦʩʪʫʧʫ ʜʦ 

ʥʝʦʙʨʦʙʣʝʥʠʭ ʥʘʚʯʘʣʴʥʠʭ ʜʘʥʠʭ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʝʣʠʯʝʟʥʽ ʦʙʩʷʛʠ ʜʘʥʠʭ, ʷʢʽ ʟʙʝʨʽʛʘʶʪʴʩʷ ʥʘ 

ʚʫʟʣʘʭ. ʅʘʚʝʜʝʤʦ ʟʘʛʘʣʴʥʠʡ ʦʧʠʩ ʧʨʦʮʝʩʫ ʬʝʜʝʨʘʪʠʚʥʦʛʦ ʥʘʚʯʘʥʥʷ. ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʤʦʜʝʣʴ, ʷʢʘ ʥʘʚʯʘʻʪʴʩʷ, 

ʻ ʥʝʡʨʦʥʥʦʶ ʤʝʨʝʞʝʶ, a ( )if w  ʻ ʬʫʥʢʮʽʻʶ ʚʪʨʘʪ ʧʨʦʛʥʦʟʫ ʚ ʧʨʠʢʣʘʜʽ ( , )i ix y  ʟ ʧʘʨʘʤʝʪʨʦʤ w. ʊʘʢʦʞ 

ʧʨʠʧʫʩʪʠʤʦ, ʱʦ  ʽʩʥʫʻ ʂ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʷʢʠʤʠ ʨʦʟʜʽʣʝʥʽ ʜʘʥʽ, 
ʢʈ ï ʮʝ ʤʥʦʞʠʥʘ ʽʥʜʝʢʩʽʚ ʪʦʯʦʢ ʜʘʥʠʭ ʢʣʽʻʥʪʘ 

k, a 
k kn P= . ʊʦʜʽ ʤʽʥʽʤʽʟʦʚʘʥʘ ʮʽʣʴʦʚʘ ʬʫʥʢʮʽʷ ʤʦʞʝ ʙʫʪʠ ʚʠʨʘʞʝʥʘ ʷʢ 
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ʅʝʭʘʡ C ʙʫʜʝ ʯʘʩʪʢʦʶ ʚʫʟʣʽʚ, ʷʢʽ ʚʠʙʠʨʘʶʪʴʩʷ ʫ ʢʦʞʥʦʤʫ ʨʘʫʥʜʽ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʦʥʦʚʣʝʥʴ ʪʘ 

ʛʨʘʜʽʻʥʪʽʚ ʬʫʥʢʮʽʾ ʚʪʨʘʪ. ʗʢʱʦ C = 1, ʜʘʥʽ ʫ ʚʩʽʭ ʚʫʟʣʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʧʦʚʥʦʛʦ 

(ʥʝʩʪʦʭʘʩʪʠʯʥʦʛʦ) ʛʨʘʜʽʻʥʪʥʦʛʦ ʩʧʫʩʢʫ. ɿʚʠʯʘʡʥʘ ʨʝʘʣʽʟʘʮʽʷ ʬʝʜʝʨʘʪʠʚʥʦʛʦ ʥʘʚʯʘʥʥʷ ʚʠʙʠʨʘʻ t ʚʠʧʘʜʢʦʚʠʭ 

ʧʨʠʩʪʨʦʾʚ ʫ ʢʦʞʥʦʤʫ ʨʘʫʥʜʽ. ʎʝʥʪʨʘʣʴʥʠʡ ʩʝʨʚʝʨ ʥʘʜʩʠʣʘʻ ʢʦʞʥʦʤʫ ʚʫʟʣʫ ʧʘʨʘʤʝʪʨ ʤʝʨʝʞʽ Wt; ʧʦʪʽʤ ʢʦʞʝʥ 

ʢʦʨʠʩʪʫʚʘʯ ʦʙʯʠʩʣʶʻ ( )k k tg F w=Ð , ʷʢʠʡ ʻ ʩʝʨʝʜʥʽʤ ʛʨʘʜʽʻʥʪʦʤ ʡʦʛʦ ʣʦʢʘʣʴʥʠʭ ʜʘʥʠʭ ʫ ʧʦʪʦʯʥʽʡ ʤʦʜʝʣʽ tw , 

ʘ ʧʦʪʽʤ ʦʥʦʚʣʶʻ ʧʘʨʘʤʝʪʨ ( )k k

t t kw w ag« -  (ʜʝ ʘ ï ʰʚʠʜʢʽʩʪʴ ʥʘʚʯʘʥʥʷ). ʎʝʡ ʢʨʦʢ ʧʦʚʪʦʨʶʻʪʴʩʷ ɽ ʨʘʟʽʚ ʥʘ 

ʧʨʠʩʪʨʦʾ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʱʦʙ ʛʘʨʘʥʪʫʚʘʪʠ ʚʽʜʧʨʘʚʣʝʥʥʷ ʥʘʡʙʽʣʴʰ ʥʘʜʽʡʥʦʛʦ 
k

tw  ʥʘʟʘʜ ʥʘ ʮʝʥʪʨʘʣʴʥʠʡ ʩʝʨʚʝʨ. 

ʇʦʪʽʤ ʮʝʥʪʨʘʣʴʥʠʡ ʩʝʨʚʝʨ ʦʙ'ʻʜʥʫʻ ʮʽ 
k

tw  ʪʘ ʟʘʩʪʦʩʦʚʫʻ ʦʥʦʚʣʝʥʥʷ 
1

( 1)
K kk

tk

n
w t w

n=
+ «ä . ʆʙʩʷʛ ʦʙʯʠʩʣʝʥʴ  

ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʨʴʦʤʘ ʢʣʶʯʦʚʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʉ ï ʯʘʩʪʢʘ ʚʫʟʣʽʚ, ʱʦ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʦʙʯʠʩʣʝʥʥʷʭ ʫ ʢʦʞʥʦʤʫ 

ʨʘʫʥʜʽ; E ï ʢʽʣʴʢʽʩʪʴ ʧʨʦʭʦʜʽʚ, ʱʦ ʥʘʚʯʘʶʪʴʩʷ, ʢʦʞʝʥ ʢʣʽʻʥʪ ʚʠʢʦʥʫʻ ʥʘʜ ʩʚʦʾʤ ʣʦʢʘʣʴʥʠʤ ʥʘʙʦʨʦʤ ʜʘʥʠʭ ʫ 

ʢʦʞʥʦʤʫ ʨʘʫʥʜʽ, ʽ B ï ʨʦʟʤʽʨ ʣʦʢʘʣʴʥʦʛʦ ʤʽʥʽ-ʧʘʢʝʪʘ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʥʦʚʣʝʥʴ ʢʣʽʻʥʪʘ. ʗʢʱʦ 

B=¤ ʧʦʚʥʠʡ ʣʦʢʘʣʴʥʠʡ ʥʘʙʽʨ ʜʘʥʠʭ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʤʽʥʽ-ʧʘʢʝʪ. ɼʣʷ ʢʦʨʠʩʪʫʚʘʯʘ ʟ 
kn  ʣʦʢʘʣʴʥʠʤʠ 

ʧʨʠʢʣʘʜʘʤʠ ʥʘ ʢʦʞʝʥ ʨʘʫʥʜ ʙʫʜʝ ʚʠʢʦʥʫʚʘʪʠʩʷ k
k

n
u E

B
=  ʣʦʢʘʣʴʥʠʭ ʦʥʦʚʣʝʥʴ. 

ʌʝʜʝʨʘʪʠʚʥʝ ʥʘʚʯʘʥʥʷ ʜʘʻ ʥʠʟʢʫ ʧʝʨʝʚʘʛ, ʚʢʣʶʯʘʶʯʠ ʪʘʢʽ:  ʜʣʷ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʽ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʝʣʠʢʠʡ ʦʙʩʷʛ ʨʝʘʣʴʥʠʭ ʜʘʥʠʭ, ʦʩʢʽʣʴʢʠ ʚʫʟʣʽʚ ʙʘʛʘʪʦ ʽ ʢʦʞʝʥ ʚʫʟʦʣ ʤʽʩʪʠʪʴ ʧʝʚʥʠʡ ʦʙʩʷʛ 

ʜʘʥʠʭ, ʘʛʨʝʛʫʚʘʥʥʷ ʚʩʽʭ ʜʘʥʠʭ ʟʙʽʣʴʰʫʻ ʤʦʞʣʠʚʽʩʪʴ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʽ;  ʥʘʚʯʘʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ 

ʥʘ ʚʫʟʣʘʭ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦ, ʱʦ ʟʥʠʞʫʻ ʦʙʯʠʩʣʶʚʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʮʝʥʪʨʘʣʴʥʠʡ ʩʝʨʚʝʨ;  

ʜʦʪʨʠʤʫʶʪʴʩʷ ʚʠʤʦʛʠ ʜʦ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ [4], ʦʩʢʽʣʴʢʠ ʢʦʨʠʩʪʫʚʘʯʽ ʟʘʚʘʥʪʘʞʫʶʪʴ ʥʘ ʩʝʨʚʝʨ ʣʠʰʝ 

ʦʥʦʚʣʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ, ʘ ʥʝ ʚʣʘʩʥʽ ʜʘʥʽ.  

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʻ ʡ ʥʝʜʦʣʽʢʠ:  ʮʝʥʪʨʘʣʴʥʠʡ ʩʝʨʚʝʨ ʚʩʝ ʞ ʪʘʢʠ ʧʦʪʨʝʙʫʻ ʧʝʚʥʦʾ ʜʦʚʽʨʠ, ʦʩʢʽʣʴʢʠ 

ʧʨʦʮʝʩ ʧʝʨʝʚʽʨʢʠ ʦʥʦʚʣʝʥʴ ʤʦʜʝʣʽ, ʥʘʜʽʩʣʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯʝʤ, ʽʥʦʜʽ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʦʪʨʠʤʘʥʥʷ ʜʝʷʢʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʢʦʨʠʩʪʫʚʘʯʘ; ʚʘʨʪʽʩʪʴ ʟʚ'ʷʟʢʫ ʻ ʩʫʪʪʻʚʦʶ ʧʨʦʙʣʝʤʦʶ, ʦʩʢʽʣʴʢʠ ʨʝʩʫʨʩʠ ʟʚ'ʷʟʢʫ ʩʧʦʞʠʚʘʶʪʴʩʷ 

ʜʚʽʯʽ ʥʘ ʢʦʨʠʩʪʫʚʘʯʘ: ʦʜʠʥ ʨʘʟ ʜʣʷ ʥʘʜʩʠʣʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʢʦʨʠʩʪʫʚʘʯʫ ʪʘ ʚʜʨʫʛʝ ʧʨʠ ʧʦʚʝʨʥʝʥʥʽ ʦʥʦʚʣʝʥʴ 

ʥʘ ʩʝʨʚʝʨ. ɺʠʧʘʜʢʦʚʠʡ ʭʘʨʘʢʪʝʨ ʙʝʟʜʨʦʪʦʚʦʛʦ ʟʚ'ʷʟʢʫ ʨʦʙʠʪʴ ʪʘʢʽ ʦʥʦʚʣʝʥʥʷ ʜʦʩʠʪʴ ʩʢʣʘʜʥʠʤʠ; ʜʦʜʘʪʢʦʚʽ 

ʪʨʫʜʥʦʱʽ ʧʦʚ'ʷʟʘʥʽ ʟ ʪʠʤ, ʱʦ ʥʘʚʯʘʣʴʥʽ ʜʘʥʽ ʥʝ ʙʝʨʫʪʴʩʷ ʟ ʥʝʟʘʣʝʞʥʠʭ ʽ ʦʜʥʘʢʦʚʦ ʨʦʟʧʦʜʽʣʝʥʠʭ ʜʞʝʨʝʣ, 

ʦʩʢʽʣʴʢʠ ʢʦʞʝʥ ʤʘʻ ʩʚʽʡ ʚʣʘʩʥʠʡ ʥʘʙʽʨ ʜʘʥʠʭ, ʷʢʠʡ ʤʦʞʝ ʧʨʝʜʩʪʘʚʣʷʪʠ ʨʦʟʧʦʜʽʣ ʧʦʧʫʣʷʮʽʾ. ʆʢʨʝʤʽ 

ʢʦʨʠʩʪʫʚʘʯʽ ʪʘʢʦʞ ʤʘʶʪʴ ʨʽʟʥʽ ʦʙʩʷʛʠ ʣʦʢʘʣʴʥʠʭ ʥʘʚʯʘʣʴʥʠʭ ʜʘʥʠʭ, ʽ ʮʽ ʚʽʜʤʽʥʥʦʩʪʽ ʤʦʞʫʪʴ ʚʧʣʠʥʫʪʠ ʥʘ 

ʟʙʽʞʥʽʩʪʴ ʘʣʛʦʨʠʪʤʫ ʥʘʚʯʘʥʥʷ;  ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʝ ʥʘʚʯʘʥʥʷ ʩʢʣʘʜʥʽʰʝ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʪʨʠʚʘʣʦʩʪʽ ʪʘ ʥʘʣʘʰʪʫʚʘʥʥʷ. ʊʦʤʫ ʥʝʦʙʭʽʜʥʦ ʟʘʟʜʘʣʝʛʽʜʴ ʨʝʪʝʣʴʥʦ ʚʠʙʠʨʘʪʠ ʟʥʘʯʝʥʥʷ ʛʽʧʝʨʧʘʨʘʤʝʪʨʽʚ ʪʘ 

ʘʨʭʽʪʝʢʪʫʨʫ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ;  ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʝʜʝʨʘʪʠʚʥʦʛʦ ʥʘʚʯʘʥʥʷ ʥʠʞʯʘ, ʥʽʞ ʫ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ 

ʤʝʪʦʜʫ. 

ʇʨʠ ʥʘʚʯʘʥʥʽ ʟ ʧʽʜʢʨʽʧʣʝʥʥʷʤ [2] ʘʛʝʥʪ ʧʨʘʛʥʝ ʜʦʩʷʛʪʠ ʦʧʪʠʤʘʣʴʥʦʾ ʧʦʚʝʜʽʥʢʠ ʫ ʧʨʠʩʫʪʥʦʩʪʽ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʰʣʷʭʦʤ ʚʟʘʻʤʦʜʽʾ ʟ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ, ʱʦ ʟʘʟʚʠʯʘʡ ʤʦʜʝʣʶʻʪʴʩʷ ʷʢ ʤʘʨʢʽʚʩʴʢʠʡ 

ʧʨʦʮʝʩ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. ɿ ʨʦʟʚʠʪʢʦʤ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʥʘʚʯʘʥʥʷ ʟ ʧʽʜʢʨʽʧʣʝʥʥʷʤ 

ʟʘʙʝʟʧʝʯʫʻ ʤʘʢʩʠʤʘʣʴʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʫ ʪʘʢʠʭ ʛʘʣʫʟʷʭ, ʷʢ ʥʘʩʪʽʣʴʥʽ ʽʛʨʠ, ʘʚʪʦʥʦʤʥʝ ʚʦʜʽʥʥʷ ʪʘ 

ʨʦʙʦʪʦʪʝʭʥʽʢʘ [1ï3]. ʆʛʣʷʜ ʦʩʪʘʥʥʽʭ ʜʦʩʷʛʥʝʥʴ ʫ ʛʘʣʫʟʽ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ ʟ ʧʽʜʢʨʽʧʣʝʥʥʷʤ ʧʦʢʘʟʘʚ, ʱʦ ʫ 

ʙʽʣʴʰʦʩʪʽ ʧʨʦʛʨʘʤ ʘʛʝʥʪ ʚʯʠʪʴʩʷ ʨʝʘʛʫʚʘʪʠ ʥʘ ʥʝʚʠʟʥʘʯʝʥʝ ʩʝʨʝʜʦʚʠʱʝ ʘʙʦ ʥʘ ʦʜʥʦʛʦ ʩʫʧʝʨʥʠʢʘ, ʷʢʠʡ 

ʨʝʘʛʫʻ ʫ ʚʽʜʧʦʚʽʜʴ. ʆʜʥʘʢ ʫ ʙʘʛʘʪʴʦʭ ʚʘʞʣʠʚʠʭ ʜʦʜʘʪʢʘʭ ʦʜʠʥ ʟ ʦʜʥʠʤ ʚʟʘʻʤʦʜʽʶʪʴ ʙʘʛʘʪʦ ʘʛʝʥʪʽʚ; ʜʝʷʢʽ ʟ 

ʥʠʭ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʠʩʪʨʦʷʤʠ, ʱʦ ʨʝʘʣʽʟʫʶʪʴ ʦʜʥʘʢʦʚʽ ʘʙʦ ʨʽʟʥʽ ʩʪʨʘʪʝʛʽʾ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʱʦʜʦ ʩʚʦʾʭ 

ʜʽʡ. MARL ʤʘʻ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʩʠʩʪʝʤʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʩʝʨʝʜʦʚʠʱʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʨʘʪʝʛʽʯʥʦ ʚʟʘʻʤʦʜʽʶʯʠʭ 

ʘʛʝʥʪʽʚ. ɺʠʚʯʝʥʥʷ MARL ʧʦʻʜʥʫʻ ʫ ʩʦʙʽ ʥʘʚʯʘʥʥʷ ʟ ʧʽʜʢʨʽʧʣʝʥʥʷʤ ʪʘ ʤʝʪʦʜʠ MDP ʟ ʪʝʦʨʽʻʶ ʽʛʦʨ, ʦʩʦʙʣʠʚʦ ʟ 

ʨʦʟʜʽʣʦʤ ʪʝʦʨʽʾ ʽʛʦʨ, ʚʽʜʦʤʠʤ ʷʢ ʽʛʨʠ ʩʝʨʝʜʥʴʦʛʦ ʧʦʣʷ [1]. ɺʽʥ ʧʨʘʛʥʝ ʥʘʜʘʪʠ ʘʣʛʦʨʠʪʤʠ, ʱʦ ʩʧʨʠʷʶʪʴ 

ʚʠʚʯʝʥʥʶ ʩʪʘʙʽʣʴʥʠʭ ʧʦʣʽʪʠʢ ʥʘʡʢʨʘʱʦʛʦ ʨʝʘʛʫʚʘʥʥʷ ʚ ʙʘʛʘʪʦʘʛʝʥʪʥʽʡ ʩʠʩʪʝʤʽ ʟ ʜʦʩʪʘʪʥʴʦʶ ʢʽʣʴʢʽʩʪʶ 
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ʘʛʝʥʪʽʚ, ʱʦ ʟʘʣʠʰʘʻʪʴʩʷ ʩʝʨʡʦʟʥʦʶ ʧʨʦʙʣʝʤʦʶ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ, ʦʩʢʽʣʴʢʠ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ 

ʘʛʝʥʪʽʚ ʟʨʦʩʪʘʻ ʩʢʣʘʜʥʽʩʪʴ [2]. 

ʉʢʣʘʜʥʽʩʪʴ ʧʦʰʠʨʝʥʥʷ ʢʣʘʩʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʥʘʚʯʘʥʥʷ (ʪʘʢʠʭ ʷʢ Q-ʥʘʚʯʘʥʥʷ ʟ ʧʽʜʢʨʽʧʣʝʥʥʷʤ, 

ʘʜʘʧʪʠʚʥʠʡ ʝʚʨʠʩʪʠʯʥʠʡ ʢʨʠʪʠʢ ʘʙʦ ʙʘʛʘʪʦʨʫʢʠʡ ʙʘʥʜʠʪ ʟ ʤʽʥʽʤʽʟʘʮʽʻʶ ʞʘʣʶ) ʜʣʷ ʩʮʝʥʘʨʽʾʚ ʟ ʙʘʛʘʪʴʤʘ 

ʢʦʨʠʩʪʫʚʘʯʘʤʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʣʘʥʩʫ, ʷʢʠʡ ʥʝʦʙʭʽʜʥʦ ʧʽʜʪʨʠʤʫʚʘʪʠ ʤʽʞ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʬʦʨʤʘʮʽʾ, 

ʦʪʨʠʤʘʥʦʾ ʧʽʜ ʯʘʩ ʥʘʚʯʘʥʥʷ, ʽ ʘʜʝʢʚʘʪʥʠʤ ʚʠʟʥʘʯʝʥʥʷʤ ʦʙʣʘʩʪʽ ʧʦʰʫʢʫ. ʅʘʧʨʠʢʣʘʜ, MARL ʩʝʨʝʜʥʴʦʛʦ ʧʦʣʷ 

ʤʦʞʝ ʙʫʪʠ ʜʫʞʝ ʝʬʝʢʪʠʚʥʠʤ ʧʨʠ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʧʨʠʩʪʨʦʾʚ, ʱʦ ʚʟʘʻʤʦʜʽʶʪʴ. 

ʉʚʦʻʯʘʩʥʘ ʪʘ ʝʢʦʥʦʤʽʯʥʘ ʦʙʨʦʙʢʘ ʩʠʛʥʘʣʽʚ ʪʘ ʽʥʬʦʨʤʘʮʽʾ ʫ ʤʝʨʝʞʘʭ ʨʘʜʽʦʜʦʩʪʫʧʫ ʧʦʪʨʝʙʫʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʤʽʞ ʤʝʨʝʞʝʚʠʤʠ ʟʤʽʥʥʠʤʠ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʫ ʜʝʢʽʣʴʢʦʭ 

ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʭ ʦʙʣʘʩʪʷʭ, ʥʘʧʨʠʢʣʘʜ: ʦʙʣʘʩʪʽ ʘʢʪʠʚʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʧʨʠʩʪʨʦʾ MTC/IoT, 

ʷʢʽ ʧʦʚʽʜʦʤʣʷʶʪʴ/ʨʝʘʛʫʶʪʴ ʥʘ ʢʦʨʝʣʴʦʚʘʥʽ ʧʦʜʽʾ; ʦʙʣʘʩʪʽ ʢʘʥʘʣʽʚ, ʢʦʣʠ ʧʝʚʥʽ ʢʦʨʠʩʪʫʚʘʯʽ ʤʘʶʪʴ ʩʭʦʞʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ; ʦʙʣʘʩʪʽ ʢʦʥʪʝʥʪʫ ʜʘʥʠʭ, ʢʦʣʠ ʢʦʨʠʩʪʫʚʘʯʽ ʫ ʩʦʮʽʘʣʴʥʽʡ ʩʪʨʫʢʪʫʨʽ 

ʧʦʜʽʣʷʶʪʴ ʯʠ ʟʘʧʠʪʫʶʪʴ ʦʜʥʘʢʦʚʠʡ ʢʦʥʪʝʥʪ. ʎʽ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜʢʨʠʚʘʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʨʦʩʪʫ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚ ʙʝʟʜʨʦʪʦʚʠʭ ʤʝʨʝʞʘʭ. ʊʦʤʫ ʚʠʚʯʝʥʥʷ ʟʘʣʝʞʥʦʩʪʝʡ ʤʽʞ ʤʝʨʝʞʝʚʠʤʠ ʟʤʽʥʥʠʤʠ ʤʘʻ ʚʘʞʣʠʚʝ 

ʟʥʘʯʝʥʥʷ ʜʣʷ ʥʘʜʘʥʥʷ ʨʦʟʰʠʨʝʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ ʜʣʷ ʧʦʢʨʘʱʝʥʦʛʦ 

ʨʘʜʽʦʜʦʩʪʫʧʫ. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʤʘʩʰʪʘʙʦʚʘʥʠʭ ʨʽʰʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʘʙʣʠʞʝʥʽ ʤʝʪʦʜʠ ʚʠʚʝʜʝʥʥʷ (ʪʘʢʽ ʷʢ 

ʧʝʨʝʜʘʯʘ ʧʦʚʽʜʦʤʣʝʥʴ) ʪʘ ʾʭ ʨʦʟʧʦʜʽʣʝʥʽ (ʙʘʛʘʪʦʧʨʦʮʝʩʦʨʥʽ) ʚʝʨʩʽʾ. ʇʝʨʝʜʘʯʘ ʧʦʚʽʜʦʤʣʝʥʴ ʽ ʥʘʙʣʠʞʝʥʘ 

ʧʝʨʝʜʘʯʘ ʧʦʚʽʜʦʤʣʝʥʴ ʥʝʱʦʜʘʚʥʦ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʤʘʩʰʪʘʙʦʚʘʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʚ ʫʟʘʛʘʣʴʥʝʥʠʭ 

ʟʚʦʨʦʪʥʠʭ ʣʽʥʽʡʥʠʭ ʟʘʜʘʯʘʭ ʽ ʙʫʜʫʪʴ ʚʽʜʧʨʘʚʥʦʶ ʪʦʯʢʦʶ ʜʣʷ ʤʝʪʦʜʽʚ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʪʫʪ. ɯʩʥʫʶʯʽ 

ʨʽʰʝʥʥʷ ʜʣʷ ʩʪʘʪʠʯʥʠʭ ʩʮʝʥʘʨʽʾʚ, ʷʢʽ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʯʘʩʫ, ʙʫʜʫʪʴ ʨʦʟʰʠʨʝʥʽ ʜʣʷ ʚʨʘʭʫʚʘʥʥʷ ʤʽʥʣʠʚʦʩʪʽ ʟʘ 

ʯʘʩʦʤ. ɼʣʷ ʮʴʦʛʦ ʨʦʟʛʣʷʥʝʤʦ ʪʠʧʦʚʽ ʪʝʦʨʝʪʠʯʥʽ ʽʥʩʪʨʫʤʝʥʪʠ. ɹʘʡʻʩʽʚʩʴʢʽ ʤʝʨʝʞʽ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʷʢ 

ʦʢʨʝʤʠʡ ʚʠʧʘʜʦʢ ʫ ʙʽʣʴʰ ʟʘʛʘʣʴʥʦʤʫ ʢʣʘʩʽ, ʚʽʜʦʤʦʤʫ ʷʢ ʛʨʘʬʦʚʘ ʤʦʜʝʣʴ, ʚ ʷʢʽʡ ʚʫʟʣʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴ 

ʚʠʧʘʜʢʦʚʽ ʚʝʣʠʯʠʥʠ, ʘ ʚʽʜʩʫʪʥʽʩʪʴ ʜʫʛ ï ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʫʤʦʚʥʫ ʥʝʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʟʤʽʥʥʠʤʠ. ʗʢʱʦ 

ʨʦʟʛʣʷʜʘʪʠ ʛʨʘʬ ʟʘʛʘʣʦʤ, ʫʤʦʚʥʽ ʡʤʦʚʽʨʥʦʩʪʽ, ʩʪʨʫʢʪʫʨʫ BN ʽ ʩʧʽʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʡʤʦʚʽʨʥʦʩʪʝʡ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʛʨʘʥʠʯʥʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʯʠ ʧʨʘʚʜʦʧʦʜʽʙʥʦʩʪʽ ʢʦʞʥʦʛʦ ʚʫʟʣʘ. ʎʷ ʧʨʦʮʝʜʫʨʘ 

ʚʽʜʦʤʘ ʷʢ ʤʘʨʛʽʥʘʣʽʟʘʮʽʷ. ʈʦʟʨʘʭʫʥʦʢ ʩʪʫʧʝʥʷ ʜʦʚʽʨʠ ʫ BN ʚʠʢʦʥʫʻʪʴʩʷ ʱʦʨʘʟʫ, ʢʦʣʠ ʟʤʽʥʶʻʪʴʩʷ ʦʜʥʘ ʟ ʮʠʭ 

ʛʨʘʥʠʯʥʠʭ ʡʤʦʚʽʨʥʦʩʪʝʡ. ɽʬʝʢʪ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʧʦʰʠʨʶʻʪʴʩʷ ʧʦ ʤʝʨʝʞʽ, ʽ ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʧʦʰʠʨʝʥʥʷ 

ʦʥʦʚʣʶʶʪʴʩʷ ʡʤʦʚʽʨʥʦʩʪʽ ʨʽʟʥʠʭ ʚʫʟʣʽʚ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ [3], ʫ ʧʨʦʩʪʠʭ ʤʝʨʝʞʘʭ ʛʨʘʥʠʯʥʘ ʡʤʦʚʽʨʥʽʩʪʴ, ʘʙʦ 

ʧʨʘʚʜʦʧʦʜʽʙʥʽʩʪʴ ʢʦʞʥʦʛʦ ʩʪʘʥʫ, ʤʦʞʝ ʙʫʪʠ ʦʙʯʠʩʣʝʥʘ ʥʘ ʦʩʥʦʚʽ ʟʥʘʥʥʷ ʩʧʽʣʴʥʠʭ ʨʦʟʧʦʜʽʣʽʚ ʟʛʽʜʥʦ ʟ 

ʪʝʦʨʝʤʦʶ ɹʘʡʻʩʘ. 

ɹʽʣʴʰʽʩʪʴ ʧʦʜʽʡ ʫ ʥʘʰʦʤʫ ʧʦʚʩʷʢʜʝʥʥʦʤʫ ʞʠʪʪʽ ʥʝ ʚʠʷʚʣʷʶʪʴʩʷ ʚ ʢʦʥʢʨʝʪʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʽ ʤʦʞʫʪʴ 

ʙʫʪʠ ʦʧʠʩʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʽʣʴʢʦʭ ʩʪʘʥʽʚ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʛʦʚʦʨʠʪʠ ʧʨʦ ʦʜʥʫ ʟʘʚʝʨʰʝʥʫ 

ʢʽʥʮʝʚʫ ʧʦʜʽʶ. ʄʦʜʝʣʴ ʜʠʥʘʤʽʯʥʦʾ ʙʘʡʻʩʽʚʩʴʢʦʾ ʤʝʨʝʞʽ (DBN) ʦʧʠʩʫʻ ʩʠʩʪʝʤʫ, ʷʢʘ ʜʠʥʘʤʽʯʥʦ ʟʤʽʥʶʻʪʴʩʷ ʯʠ 

ʨʦʟʚʠʚʘʻʪʴʩʷ ʟ ʯʘʩʦʤ. ʎʷ ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʢʦʨʠʩʪʫʚʘʯʘʤ ʧʦʩʪʽʡʥʦ ʚʽʜʩʪʝʞʫʚʘʪʠ ʪʘ ʦʥʦʚʣʶʚʘʪʠ ʩʠʩʪʝʤʫ ʽ 

ʥʘʚʽʪʴ ʧʨʦʛʥʦʟʫʚʘʪʠ ʾʾ ʧʦʚʝʜʽʥʢʫ. DBN ʟʘʟʚʠʯʘʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʦʢʨʝʤʠʡ ʚʠʧʘʜʦʢ ʦʜʥʦʟʚ'ʷʟʥʦʾ BN, 

ʩʧʝʮʽʘʣʴʥʦ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʯʘʩʦʚʠʭ ʨʷʜʽʚ, ʷʢ ʟʘʟʥʘʯʝʥʦ ʚ [4].  

ʇʨʠʭʦʚʘʥʘ ʤʘʨʢʽʚʩʴʢʘ ʤʦʜʝʣʴ (HMM) ï ʮʝ ʩʪʦʭʘʩʪʠʯʥʠʡ ʢʽʥʮʝʚʠʡ ʘʚʪʦʤʘʪ, ʫ ʷʢʦʤʫ ʢʦʞʝʥ ʩʪʘʥ 

ʛʝʥʝʨʫʻ (ʚʠʧʨʦʤʽʥʶʻ) ʩʧʦʩʪʝʨʝʞʝʥʥʷ. ɹʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʍt ʜʣʷ ʧʦʟʥʘʯʝʥʥʷ ʧʨʠʭʦʚʘʥʦʛʦ ʩʪʘʥʫ ʪʘ Yt 

ʜʣʷ ʧʦʟʥʘʯʝʥʥʷ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. ʗʢʱʦ ʻ K ʤʦʞʣʠʚʠʭ ʩʪʘʥʽʚ, ʪʦʜʽ { }1,tX KÍ . ʇʘʨʘʤʝʪʨʠ ʤʦʜʝʣʽ ʚʢʣʶʯʘʶʪʴ ʫ 

ʩʦʙʽ ʨʦʟʧʦʜʽʣ ʚʠʭʽʜʥʦʛʦ ʩʪʘʥʫ, ʤʦʜʝʣʴ ʧʝʨʝʭʦʜʫ ʪʘ ʤʦʜʝʣʴ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. ʄʦʜʝʣʴ ʧʝʨʝʭʦʜʫ ʟʘʟʚʠʯʘʡ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʫʤʦʚʥʠʤ ʟʘ ʧʦʣʽʥʦʤʽʘʣʴʥʠʤ ʨʦʟʧʦʜʽʣʦʤ 
1( ; ) ( | )t tA i j P X j X i-= = =, ʜʝ A ï ʩʪʦʭʘʩʪʠʯʥʘ 

ʤʘʪʨʠʮʷ, ʷʢʘ ʯʘʩʪʦ ʨʦʟʨʽʜʞʝʥʘ ʽ ʾʾ ʩʪʨʫʢʪʫʨʘ ʟʘʟʚʠʯʘʡ ʟʦʙʨʘʞʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʘ, ʜʝ ʚʫʟʣʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴ 

ʩʪʘʥʠ, ʘ ʩʪʨʽʣʢʠ-ʜʦʧʫʩʪʠʤʽ ʧʝʨʝʭʦʜʠ (ʪʦʙʪʦ ʧʝʨʝʭʦʜʠ ʟ ʥʝʥʫʣʴʦʚʦʶ ʡʤʦʚʽʨʥʽʩʪʶ). 

ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ DBN ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʪʨʠ ʢʘʪʝʛʦʨʽʾ: ʚʠʚʝʜʝʥʥʷ, ʜʝʢʦʜʫʚʘʥʥʷ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʥʘʚʯʘʥʥʷ. ʅʘʚʽʪʴ ʝʢʩʧʝʨʪʥʽ ʟʥʘʥʥʷ ʥʝ ʤʦʞʫʪʴ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʨʽʰʝʥʥʷ ʜʣʷ ʜʝʷʢʠʭ ʫʤʦʚʥʠʭ 

ʚʽʜʥʦʰʝʥʴ ʫ ʧʝʚʥʠʭ ʛʘʣʫʟʷʭ. ʋ ʪʘʢʠʭ ʦʙʩʪʘʚʠʥʘʭ ʥʝʦʙʭʽʜʥʦ ʚʠʚʯʠʪʠ ʮʽ ʢʦʥʢʨʝʪʥʽ ʨʦʟʧʦʜʽʣʠ ʡʤʦʚʽʨʥʦʩʪʝʡ. 

ʎʝʡ ʧʨʦʮʝʩ ʥʘʚʯʘʥʥʷ ʩʢʣʘʜʥʠʡ ʽ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʘʣʛʦʨʠʪʤʽ ʤʘʢʩʠʤʽʟʘʮʽʾ ʦʯʽʢʫʚʘʥʥʷ ʘʙʦ ʟʘʛʘʣʴʥʦʾ 

ʤʘʢʩʠʤʽʟʘʮʽʾ ʦʯʽʢʫʚʘʥʥʷ (GEM). 

ʋ ʤʝʨʝʞʘʭ 6G ʽʩʥʫʻ ʙʝʟʣʽʯ ʧʦʪʝʥʮʽʡʥʠʭ ʧʨʦʛʨʘʤ ʜʣʷ DBN. ʅʘʧʨʠʢʣʘʜ, ʚʠʚʯʝʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ 

ʤʝʨʝʞʥʠʤʠ ʟʤʽʥʥʠʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʦʪʝʥʮʽʡʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚ ʨʽʟʥʠʭ 

ʙʝʟʜʨʦʪʦʚʠʭ ʧʦʩʣʫʛʘʭ. ɿʦʢʨʝʤʘ, ʚʠʚʯʝʥʘ ʩʪʨʫʢʪʫʨʘ, ʱʦ ʟʤʽʥʶʻʪʴʩʷ ʚ ʯʘʩʽ, ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ 

ʜʠʥʘʤʽʯʥʦʾ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ ʘʙʦ ʤʝʨʝʞʽ (ʟʘʟʚʠʯʘʡ ʤʘʩʠʚʥʘ MIMO ʙʝʟ ʩʪʽʣʴʥʠʢʽʚ) ʚ ʨʽʟʥʠʭ 

ʦʙʣʘʩʪʷʭ (ʢʘʥʘʣ, ʘʢʪʠʚʥʽʩʪʴ ʽ ʢʦʥʪʝʥʪ) ʟ ʧʨʷʤʠʤ ʚʧʣʠʚʦʤ ʥʘ ʜʦʜʘʪʢʠ ʨʘʜʽʦʜʦʩʪʫʧʫ. ʗʩʢʨʘʚʠʤ ʧʨʠʢʣʘʜʦʤ ʻ 

ʢʦʨʝʣʷʮʽʡʥʘ ʩʪʨʫʢʪʫʨʘ ʙʝʟʜʨʦʪʦʚʦʛʦ ʢʘʥʘʣʫ, ʱʦ ʟʤʽʥʶʻʪʴʩʷ ʚ ʯʘʩʽ, ʷʢʘ, ʷʢʱʦ ʾʾ ʚʠʚʯʠʪʠ, ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ RAN. 

ʆʯʽʢʫʻʪʴʩʷ ʚʝʣʠʯʝʟʥʠʡ ʧʨʠʨʽʩʪ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʱʦʜʦ ʤʘʩʦʚʦʛʦ MIMO, ʦʩʢʽʣʴʢʠ ʟʥʘʥʥʷ ʩʪʨʫʢʪʫʨʠ 

ʢʘʥʘʣʫ (ʟʦʢʨʝʤʘ, ʢʘʥʘʣʫ MIMO) ʥʘʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʜʠʥʘʤʽʯʥʦ ʢʣʘʩʪʝʨʠʟʫʚʘʪʠ ʢʦʨʠʩʪʫʚʘʯʽʚ RAN ʥʘ ʦʩʥʦʚʽ 

ʫʤʦʚ ʾʭ ʢʘʥʘʣʫ. ʉʪʨʫʢʪʫʨʘ ʢʘʥʘʣʫ ʪʘ ʢʣʘʩʪʝʨʠʟʘʮʽʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʧʦʣʝʛʰʫʶʪʴ ʥʘʜʘʥʥʷ ʩʭʝʤ ʦʮʽʥʢʠ ʢʘʥʘʣʫ ʟ 

ʤʝʥʰʠʤʠ ʚʠʪʨʘʪʘʤʠ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʨʝʩʫʨʩʽʚ ʢʘʥʘʣʫ ʜʣʷ ʥʘʚʯʘʥʥʷ, ʪʘʢ ʽ ʢʽʣʴʢʦʩʪʽ 

ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ, ʧʦʚ'ʷʟʘʥʦʾ ʟ ʦʮʽʥʢʘʤʠ ʢʘʥʘʣʫ. ɹʘʡʻʩʽʚʩʴʢʘ ʩʪʨʫʢʪʫʨʘ ʙʫʜʝ ʥʘʜʟʚʠʯʘʡʥʦ ʝʬʝʢʪʠʚʥʦʶ ʫ 

ʮʴʦʤʫ ʩʮʝʥʘʨʽʾ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʜʘʻ ʧʝʨʝʢʦʥʘʥʥʷ ʱʦʜʦ ʷʢʦʩʪʽ ʟʘʜʽʷʥʠʭ ʦʮʽʥʦʢ. ʎʽ ʧʝʨʝʢʦʥʘʥʥʷ ʤʦʞʥʘ ʦʮʽʥʠʪʠ 
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ʷʢ ʣʦʢʘʣʴʥʦ ʥʘ ʩʪʦʨʦʥʽ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʥʘ ʛʨʘʥʠʮʽ ʤʝʨʝʞʽ, ʪʘʢ ʽ ʛʣʦʙʘʣʴʥʦ ʥʘ ʮʝʥʪʨʘʣʴʥʦʤʫ ʩʝʨʚʝʨʽ ʪʘ 

ʤʘʢʨʦʙʘʟʦʚʽʡ ʩʪʘʥʮʽʾ, ʱʦʙ ʧʦʣʝʛʰʠʪʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʱʦʜʦ ʦʮʽʥʢʠ ʢʘʥʘʣʫ ʪʘ ʜʝʢʦʜʫʚʘʥʥʷ ʜʘʥʠʭ. ʋ 

ʢʦʥʪʝʢʩʪʽ ʤʘʩʦʚʠʭ MIMO, ʨʦʟʧʦʜʽʣʝʥʠʭ MIMO ʘʙʦ ʙʝʟʩʦʪʦʚʠʭ ʤʝʨʝʞ ʮʝʡ ʧʽʜʭʽʜ ʧʨʠʟʚʝʜʝ ʜʦ ʥʦʚʠʭ ʩʭʝʤ 

ʦʮʽʥʢʠ ʢʘʥʘʣʫ ʪʘ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ. ɿʦʢʨʝʤʘ, ʜʠʥʘʤʽʯʥʘ ʢʣʘʩʪʝʨʠʟʘʮʽʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʚʧʣʠʚʘʪʠʤʝ ʥʘ 

ʩʪʨʫʢʪʫʨʫ ʪʘ ʜʦʚʞʠʥʫ ʧʽʣʦʪʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʥʘʚʯʘʥʥʷ (ʷʢ ʫ ʚʠʩʭʽʜʥʽʡ, ʪʘʢ ʽ ʚ 

ʥʠʟʭʽʜʥʽʡ ʣʽʥʽʾ ʟʚ'ʷʟʢʫ) ʩʪʽʣʴʥʠʢʦʚʦʾ ʩʠʩʪʝʤʠ, ʚ ʷʢʽʡ ʙʘʟʦʚʽ ʩʪʘʥʮʽʾ ʦʩʥʘʱʝʥʽ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʘʥʪʝʥ. ʎʝ 

ʝʬʝʢʪʠʚʥʦ ʟʥʠʟʠʪʴ ʥʘʢʣʘʜʥʽ ʚʠʪʨʘʪʠ ʥʘ ʥʘʚʯʘʥʥʷ, ʚʠʚʽʣʴʥʠʚʰʠ ʨʝʩʫʨʩʠ ʢʘʥʘʣʫ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. ɿʦʢʨʝʤʘ, 

ʩʪʨʫʢʪʫʨʘ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ CSI ʤʦʞʝ ʙʫʪʠ ʦʧʪʠʤʽʟʦʚʘʥʘ ʥʘ ʦʩʥʦʚʽ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʤ'ʷʢʦʾ 

ʽʥʬʦʨʤʘʮʽʾ (ʧʝʨʝʢʦʥʘʥʴ), ʱʦ ʚʠʚʦʜʠʪʴʩʷ ʧʨʦʮʝʜʫʨʦʶ ʙʘʡʻʩʽʚʩʴʢʦʛʦ ʚʠʚʝʜʝʥʥʷ.  

ʂʨʽʤ ʪʦʛʦ, ʙʘʡʻʩʽʚʩʴʢʘ ʩʪʨʫʢʪʫʨʘ ʧʦʻʜʥʫʻ ʚʠʷʚʣʝʥʥʷ ʘʢʪʠʚʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʚʢʣʶʯʘʶʯʠ ʤʦʜʝʣʴ 

ʩʪʘʪʠʩʪʠʢʠ ʘʢʪʠʚʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ (ʷʢʫ ʪʘʢʦʞ ʤʦʞʥʘ ʚʠʚʯʠʪʠ). ɺʦʥʘ ʧʦʰʠʨʶʻʪʴʩʷ ʥʘ ʥʝʘʜʘʧʪʠʚʥʽ ʪʘ 

ʘʜʘʧʪʠʚʥʽ ʤʝʪʦʜʠ ʡʤʦʚʽʨʥʽʩʥʦʛʦ ʛʨʫʧʦʚʦʛʦ ʪʝʩʪʫʚʘʥʥʷ, ʱʦʙ ʚʠʢʦʨʠʩʪʘʪʠ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʢʦʨʠʩʪʫʚʘʯʘʤʠ ʪʘ 

ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʝʡ, ʷʢʠʤ ʚʦʥʠ ʚʽʜʧʦʚʽʜʘʶʪʴ. ʎʝ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦ ʫ ʤʘʩʦʚʠʭ ʩʮʝʥʘʨʽʷʭ MTC/IoT, ʜʝ 

ʧʠʪʘʥʥʷ ʦʮʽʥʢʠ ʢʘʥʘʣʫ ʪʘ ʚʠʷʚʣʝʥʥʷ ʘʢʪʠʚʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʘ ʤʘʶʪʴ ʚʠʨʽʰʫʚʘʪʠʩʷ ʩʧʽʣʴʥʦ, ʱʦʙ ʟʤʝʥʰʠʪʠ ʷʢ 

ʩʣʫʞʙʦʚʽ ʜʘʥʽ, ʪʘʢ ʽ ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ, ʱʦ ʧʦʚ'ʷʟʘʥʽ ʟ ʧʨʦʮʝʜʫʨʦʶ ʜʦʚʽʣʴʥʦʛʦ ʜʦʩʪʫʧʫ. ɿʦʢʨʝʤʘ, ʫ ʜʦʜʘʪʢʘʭ ʟ 

ʤʘʩʦʚʠʤ ʧʽʜʢʣʶʯʝʥʥʷʤ ʟ ʜʚʦʬʘʟʥʦʶ ʧʝʨʝʜʘʯʝʶ (ʧʦʯʘʪʢʦʚʠʡ ʜʦʩʪʫʧ ʟ ʧʦʜʘʣʴʰʦʶ ʧʝʨʝʜʘʯʝʶ ʜʘʥʠʭ) 

ʙʘʡʻʩʽʚʩʴʢʘ ʩʪʨʫʢʪʫʨʘ ʦʮʽʥʶʻ ʦʧʪʠʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʨʝʩʫʨʩʽʚ, ʚʠʜʽʣʝʥʠʭ ʜʣʷ ʧʦʯʘʪʢʦʚʦʛʦ ʜʦʩʪʫʧʫ (ʧʝʨʰʘ 

ʬʘʟʘ), ʧʦʨʽʚʥʷʥʦ ʟ ʨʝʩʫʨʩʘʤʠ, ʚʠʜʽʣʝʥʠʤʠ ʜʣʷ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ (ʜʨʫʛʘ ʬʘʟʘ), ʟ ʥʝʛʘʡʥʠʤ ʧʝʨʝʨʦʟʧʦʜʽʣʦʤ 

ʨʝʩʫʨʩʽʚ ʥʘ ʝʪʘʧʽ ʧʝʨʝʜʘʯʽ. ɿʘʛʘʣʦʤ, ʦʯʽʢʫʻʪʴʩʷ, ʱʦ ʚ ʧʝʨʝʚʘʥʪʘʞʝʥʠʭ ʩʠʩʪʝʤʘʭ, ʜʝ ʢʽʣʴʢʽʩʪʴ ʘʢʪʠʚʥʠʭ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʥʘʙʘʛʘʪʦ ʧʝʨʝʚʠʱʫʻ ʢʽʣʴʢʽʩʪʴ ʘʥʪʝʥ ʥʘ ʙʘʟʦʚʽʡ ʩʪʘʥʮʽʾ, ʧʣʘʥʫʚʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʙʘʡʻʩʽʚʩʴʢʦʛʦ ʜʦʜʘʪʢʫ ʤʦʞʝ ʟʥʘʯʥʦ ʧʦʢʨʘʱʠʪʠ ʟʘʛʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʢʪʨʫ. ʎʝ ʚʧʣʠʥʝ ʥʘ 

ʩʪʨʫʢʪʫʨʠ ʷʢ ʧʣʘʥʦʚʠʭ, ʪʘʢ ʽ ʙʝʟʛʨʘʥʪʦʚʠʭ (GF) ʩʭʝʤ, ʷʢʽ ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʜʦʜʘʪʢʠ MTC/IoT ʟ ʧʝʨʝʜʘʯʝʶ 

ʤʘʣʠʭ ʧʘʢʝʪʽʚ ʪʘ ʦʙ'ʻʜʥʫʶʪʴ ʧʦʯʘʪʢʦʚʠʡ ʜʦʩʪʫʧ ʪʘ ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ. 

ɹʘʡʻʩʽʚʩʴʢʠʡ ʧʽʜʭʽʜ ʪʘʢʦʞ ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʜʣʷ ʣʦʢʘʣʽʟʘʮʽʾ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʨʘʻʢʪʦʨʽʾ. ʂʨʽʤ 

ʪʦʛʦ, ʨʦʟʧʦʜʽʣʝʥʝ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʪʘʥʽʚ ʢʘʥʘʣʽʚ ʪʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʢʣʶʯʦʚʠʡ 

ʢʦʤʧʦʥʝʥʪ ʧʨʠ ʨʦʟʨʦʙʮʽ ʥʘʜʽʡʥʠʭ ʩʠʩʪʝʤ ʙʝʟʜʨʦʪʦʚʦʛʦ ʟʚ'ʷʟʢʫ. ʅʘʧʨʠʢʣʘʜ, ʧʨʦʛʥʦʟʫʶʯʠ (ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʝ) 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʘʙʦ ʝʚʦʣʶʮʽʶ ʾʭ ʢʫʪʦʚʦʛʦ ʩʧʝʢʪʨʫ ʧʦʪʫʞʥʦʩʪʽ (ʪʦʙʪʦ ʬʫʥʢʮʽʶ, ʱʦ ʧʦʢʘʟʫʻ 

ʩʝʨʝʜʥʶ ʝʥʝʨʛʽʶ ʥʘ ʢʫʪʦʚʫ ʦʜʠʥʠʮʶ ʚ ʘʥʪʝʥʥ̔ ʡ ʨʝʰʽʪʮʽ), ʧʨʦʝʢʪʫʚʘʣʴʥʠʢʠ ʦʪʨʠʤʫʶʪʴ ʢʦʨʠʩʥʫ ʽʥʬʦʨʤʘʮʽʶ 

ʧʨʦ ʧʦʧʝʨʝʜʥʻ ʢʦʜʫʚʘʥʥʷ ʥʘʚʯʘʣʴʥʠʭ ʩʠʤʚʦʣʽʚ, ʱʦʙ, ʩʧʠʨʘʶʯʠʩʴ ʥʘ ʦʜʠʥ ʽ ʪʦʡ ʞʝ ʧʽʣʦʪʥʠʡ ʩʠʛʥʘʣ ʤʦʞʥʘ 

ʙʫʣʦ ʦʪʨʠʤʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʪʘʥ ʢʘʥʘʣʫ ʜʣʷ ʢʽʣʴʢʦʭ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ʈʦʙʦʪʘ ʚ ʮʽʡ ʛʘʣʫʟʽ, ʱʦ ʧʦʻʜʥʫʻ ʭʚʠʣʴʦʚʫ ʬʽʟʠʢʫ ʟ ʪʝʦʨʽʻʶ ʽʥʬʦʨʤʘʮʽʾ, ʤʘʻ ʜʦʚʛʫ ʽʩʪʦʨʽʶ, ʱʦ ʩʷʛʘʻ 

ʚʠʪʦʢʽʚ ʪʝʦʨʽʾ ʽʥʬʦʨʤʘʮʽʾ [5] ʽ, ʟʦʢʨʝʤʘ, ʜʦ ʥʦʚʘʪʦʨʩʴʢʠʭ ʨʦʙʽʪ ʧʦ ʦʧʪʠʯʥʠʤ ʩʠʛʥʘʣʘʤ ʪʘ ʽʥʬʦʨʤʘʮʽʾ [6]. ɼʣʷ 

ʧʦʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʝʬʝʢʪʠʚʥʠʭ ʚʠʤʽʨʽʚ ʢʦʤʫʥʽʢʘʮʽʾ ʙʫʣʦ ʟʘʧʨʦʚʘʜʞʝʥʦ ʧʦʥʷʪʪʷ ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ (DoF). 

ʄʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ʯʠʩʣʘ ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʭʚʠʣʴʦʚʦʾ ʪʝʦʨʽʾ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʱʝ ʚ 1960-ʭ 

ʨʦʢʘʭ, ʽ ʟ ʪʦʛʦ ʯʘʩʫ ʧʦʜʘʣʴʰʠʡ ʧʨʦʛʨʝʩ ʫ ʮʽʡ ʛʘʣʫʟʽ ʙʫʚ ʜʫʞʝ ʥʝʨʽʚʥʦʤʽʨʥʠʤ. 

ʇʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʢʘʥʘʣʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʤʘʢʩʠʤʘʣʴʥʘ ʚʟʘʻʤʥʘ ʽʥʬʦʨʤʘʮʽʷ: 

{ }
( )

max ( , )
p x

C I x y= ,      (8) 

ʜʝ ʭ ʽ ʫ ï ʚʝʢʪʦʨʠ  ʊx ʪʘ Rx ʚʽʜʧʦʚʽʜʥʦ. ʑʦʙ ʚʨʘʭʫʚʘʪʠ ʚʧʣʠʚ ʟʘʢʦʥʽʚ ʝʣʝʢʪʨʦʤʘʛʥʝʪʠʟʤʫ ʥʘ 

ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʢʘʥʘʣʫ, [4] ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʨʦʩʪʦʨʦʚʘ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ S ʷʢ ʤʘʢʩʠʤʘʣʴʥʘ ʚʟʘʻʤʥʘ 

ʽʥʬʦʨʤʘʮʽʷ ʤʽʞ ʚʝʢʪʦʨʘʤʠ Tx ʪʘ Rx, ʘ ʪʘʢʦʞ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʢʘʥʘʣ (ʟʘ ʫʤʦʚʠ, ʱʦ ʽʜʝʘʣʴʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ 

ʩʪʘʥ ʢʘʥʘʣʫ ʚʽʜʦʤʘ ʫ Rx):  

{ }{ }
( ),

max ( , , ( ) )
p x E

S I x y G E= .      (9) 

ʆʙʤʝʞʝʥʥʷ: 

{ }2
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+ ¢ Ð - = = " Í

µ
    (10) 

ʜʝ E ï ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ, ʟʘʜʽʷʥʝ ʧʨʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, B ï ʛʨʘʥʠʯʥʘ ʫʤʦʚʘ (ʟʘʣʝʞʥʦ ʚʽʜ ʩʝʨʝʜʦʚʠʱʘ 

ʨʦʟʩʽʶʚʘʥʥʷ), G ï ʤʘʪʨʠʮʷ ʢʘʥʘʣʫ. ʂʽʣʴʢʽʩʪʴ ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʥʝʦʙʭʽʜʥʦ ʜʣʷ 

ʨʦʟʫʤʽʥʥʷ ʬʽʟʠʯʥʠʭ ʦʙʤʝʞʝʥʴ ʙʝʟʜʨʦʪʦʚʠʭ (ʚʠʧʨʦʤʽʥʶʶʯʠʭ) ʩʠʩʪʝʤ ʟʚ'ʷʟʢʫ. 

ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1 ʫʟʘʛʘʣʴʥʝʥʠʡ ʙʝʟʜʨʦʪʦʚʠʡ ʢʘʥʘʣ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʤʘʩʠʚʫ Tx, ʢʘʥʘʣʫ ʧʦʰʠʨʝʥʥʷ 

(ʩʝʨʝʜʦʚʠʱʘ) ʽ ʤʘʩʠʚʫ Rx. ɻʨʘʪʢʠ Tx ʽ Rx ʚʧʣʠʚʘʶʪʴ, ʧʨʠʥʘʡʤʥʽ, ʥʘ ʜʽʘʛʨʘʤʫ ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʽ ʚʟʘʻʤʥʠʡ 

ʚʧʣʠʚ ʢʘʥʘʣʽʚ. ʉʢʣʘʜʥʠʡ ʫʟʘʛʘʣʴʥʝʥʠʡ ʙʝʟʜʨʦʪʦʚʠʡ ʢʘʥʘʣ G(E) ʟʘʟʚʠʯʘʡ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʷʢ ʟʛʦʨʪʢʘ 

ʚʝʢʪʦʨʽʚ ʢʝʨʫʚʘʥʥʷ ʨʝʰʽʪʢʦʶ ʪʘ ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʠʭ ʬʽʟʠʯʥʠʭ ʢʘʥʘʣʽʚ ʧʦʰʠʨʝʥʥʷ: 

{ }( ) ( , ) ,
n n

H

n n n

n

G E H f h a aq jj q= = =ä      (11) 

ʜʝ n ï ʢʽʣʴʢʽʩʪʴ ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʠʭ ʧʦʰʠʨʝʥʴ, 
nj  ʽ 

nq ï ʢʫʪ ʧʨʠʭʦʜʫ (ɸʦɸ) ʽ ʢʫʪ ʚʠʭʦʜʫ (AoD) ʭʚʠʣʽ 

ʬʽʟʠʯʥʠʭ ʢʘʥʘʣʽʚ ʧʦʰʠʨʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ, aq ʽ 
nqï  ʢʝʨʫʶʯʽ ʚʝʢʪʦʨʠ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʪʘ ʧʨʠʡʤʘʣʴʥʦʾ ʨʝʰʽʪʦʢ, ʘ 

nh ï ʨʝʘʢʮʽʷ ʥʘ ʚʧʣʠʚ -̔ʛʦ ʬʽʟʠʯʥʦʛʦ ʢʘʥʘʣʫ ʟ ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʠʤ ʧʦʰʠʨʝʥʥʷʤ. 
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ʈʠʩ. 1. ʉʭʝʤʘ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʨʘʜʽʦʢʘʥʘʣʫ ʧʝʨʝʜʘʚʘʥʥʷ ʜʘʥʠʭ 

 

ʇʦʪʝʥʮʽʡʥʽ ʪʝʭʥʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ 

ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʙʝʟʜʨʦʪʦʚʦʛʦ ʢʘʥʘʣʫ G(E), ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʪʨʠ ʢʘʪʝʛʦʨʽʾ: (1) ʬʽʟʠʯʥʠʡ ʢʘʥʘʣ ʧʦʰʠʨʝʥʥʷ, 

(2) ʜʽʘʛʨʘʤʘ ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʘʥʪʝʥʥʦʾ ʨʝʰʽʪʢʠ ʪʘ ʚʟʘʻʤʥʠʡ ʚʧʣʠʚ, (3) ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʬʽʟʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ɺ ʝʧʦʭʫ 6G ʥʦʚʽ ʪʝʥʜʝʥʮʽʾ ʚ ʛʘʣʫʟʽ ʘʥʪʝʥʥʠʭ ʨʝʰʽʪʦʢ ʽ ʢʘʥʘʣʴʥʠʭ ʩʝʨʝʜʦʚʠʱ ʩʧʦʥʫʢʘʶʪʴ ʥʘʩ ʟʥʘʭʦʜʠʪʠ 

ʧʦʪʫʞʥʽʰʽ ʽʥʩʪʨʫʤʝʥʪʠ ʘʥʘʣʽʟʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʷʚʠʱ, ʱʦʙ ʚʧʦʨʘʪʠʩʷ ʟʽ ʩʢʣʘʜʥʽʩʪʶ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʧʦʨʦʜʞʫʻʪʴʩʷ ʥʘʜʩʧʨʷʤʦʚʘʥʠʤʠ ʘʥʪʝʥʥʠʤʠ ʛʨʘʪʢʘʤʠ, ELAA ʪʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʤʠ 

ʤʝʪʘʧʦʚʝʨʭʥʷʤʠ. 

ɿ ʨʦʟʚʠʪʢʦʤ 6G ʧʦʯʠʥʘʶʪʴ ʟ'ʷʚʣʷʪʠʩʷ ʨʽʟʥʽ ʙʝʟʜʨʦʪʦʚʽ ʪʝʭʥʦʣʦʛʽʾ, ʷʢʽ ʤʦʞʫʪʴ ʚʧʣʠʥʫʪʠ ʥʘ ʨʦʟʚʠʪʦʢ 

ʪʝʦʨʽʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ɼʦ ʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ: LIS, RIS, ʮʠʬʨʦʚʠʡ ʢʝʨʦʚʘʥʠʡ ʨʦʟʩʽʶʚʘʯ, 

ʦʨʙʽʪʘʣʴʥʠʡ ʢʫʪʦʚʠʡ ʤʦʤʝʥʪ, ʛʦʣʦʛʨʘʬʽʯʥʽ MIMO, ʦʙʝʨʪʘʥʥʷ ʯʘʩʫ, ʟʚ'ʷʟʦʢ ʧʦʚʝʨʭʥʝʚʠʭ ʭʚʠʣʴ, ʥʘʜʤʘʩʠʚʥʽ 

MIMO ʪʘ ELAA. 

ʋ ʙʝʟʜʨʦʪʦʚʦʤʫ ʟʚ'ʷʟʢʫ ʩʠʛʥʘʣʠ, ʱʦ ʧʝʨʝʜʘʶʪʴʩʷ ʟʘʟʚʠʯʘʡ ʜʦʩʷʛʘʶʪʴ ʧʨʠʡʤʘʯʘ ʜʝʢʽʣʴʢʦʤʘ ʰʣʷʭʘʤʠ 

ʯʝʨʝʟ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚʽʜ ʦʙ'ʻʢʪʽʚ (ʥʘʧʨʠʢʣʘʜ, ʙʫʜʽʚʝʣʴ). ʇʨʠʧʫʩʪʠʤʦ, ʱʦ h(t) ï ʩʠʛʥʘʣ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ, z(t) ï 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʘʥʘʣʫ, ʘ di ʽ ti ï ʢʦʤʧʣʝʢʩʥʘ ʘʤʧʣʽʪʫʜʘ ʽ ʟʘʪʨʠʤʢʘ ʚ i-ʤʫ ʪʨʘʢʪʽ; ʪʦʜʽ ʦʪʨʠʤʘʥʠʡ ʩʠʛʥʘʣ ʫ 

ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ ʤʦʞʥʘ ʚʽʜʦʙʨʘʟʠʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

1

( ) ( ) ( ) ( )
r

i i

i

x t z t h t d h t t
=

= * = -ä ,      (12) 

ʜʝ r ï ʢʽʣʴʢʽʩʪʴ ʰʣʷʭʽʚ, ʷʢʽ ʥʘʜʘʣʽ ʥʘʟʠʚʘʪʠʤʝʤʦ ʤʦʜʘʤʠ (mode). ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʌʫʨ'ʻ, ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʩʠʛʥʘʣ ʫ ʩʧʝʢʪʨʘʣʴʥʽʡ ʦʙʣʘʩʪʽ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 
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ʆʩʢʽʣʴʢʠ ʧʝʨʝʜʘʥʠʡ ʩʠʛʥʘʣ ( )h f  ʚʽʜʦʤʠʡ ʘʧʨʽʦʨʽ, ʜʘʥʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʨʘʞʝʥʽ ʷʢ 
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ɺ ʨʝʟʫʣʴʪʘʪʽ, ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʢʣʘʩʠʯʥʫ ʤʦʜʝʣʴ ʦʮʽʥʢʠ ʧʘʨʘʤʝʪʨʽʚ ʪʝʦʨʽʾ ʥʘʜʚʠʩʦʢʦʾ ʨʦʟʜʽʣʴʥʦʾ 

ʟʜʘʪʥʦʩʪʽ, ʩʫʤʦʶ ʩʠʛʥʘʣʽʚ r ʤʦʜ: 

[]
1

( ; )
r

i i

i

x t d t f t Zy
=

= Íä       (15) 

ʜʝ 
id  - ʘʤʧʣʽʪʫʜʘ, 

if  - ʯʘʩʪʦʪʘ, y - (ʚʽʜʦʤʘ) ʤʦʜʝʣʴʥʘ ʬʫʥʢʮʽʷ (ʥʘʧʨʠʢʣʘʜ, 2( ; ) ij ft

it f e
py = ), ʘ r - 

ʢʽʣʴʢʽʩʪʴ ʤʦʜ ʘʙʦ ʧʦʨʷʜʦʢ ʤʦʜʝʣʽ. ʅʘʰʘ ʤʝʪʘ ï ʦʮʽʥʠʪʠ 2r ʥʝʚʽʜʦʤʠʭ ʧʘʨʘʤʝʪʨʽʚ {}id  ʽ {}if . ʇʝʨʰʦʶ 

ʰʠʨʦʢʦ ʟʘʜʽʷʥʦʶ ʪʝʦʨʽʻʶ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʙʫʣʘ ʪʝʦʨʝʤʘ ʚʠʙʽʨʢʠ ʐʝʥʦʥʘ-ʅʘʡʢʚʽʩʪʘ [5], ʷʢʘ ʚʠʤʘʛʘʻ, 

ʱʦʙ ʯʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʱʦʥʘʡʤʝʥʰʝ ʚʜʚʽʯʽ ʧʝʨʝʚʠʱʫʚʘʣʘ ʤʘʢʩʠʤʘʣʴʥʫ ʯʘʩʪʦʪʫ ʚʠʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʎʝʡ 

ʢʨʠʪʝʨʽʡ ʚʽʜʦʤʠʡ ʷʢ ʯʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʅʘʡʢʚʽʩʪʘ ʪʘ ʛʘʨʘʥʪʫʻ ʽʜʝʥʪʠʯʥʽʩʪʴ ʪʘ ʮʽʣʽʩʥʽʩʪʴ ʚʽʜʥʦʚʣʝʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ.  

ʋ ʨʘʟʽ ʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ ʩʠʛʥʘʣʫ ʨʽʚʥʦʤʽʨʥʘ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʜʘʻ ʧʝʨʝʚʘʛʫ ʦʜʥʠʤ ʯʘʩʪʠʥʘʤ, ʘʣʝ 

ʧʦʛʽʨʰʫʻ ʽʥʰʽ. ʑʦʙ ʚʠʨʽʰʠʪʠ ʮʶ ʧʨʦʙʣʝʤʫ, ʩʧʦʯʘʪʢʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʚʽʢʦʥʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ, ʘ ʧʦʪʽʤ 

ʽ ʚʝʡʚʣʝʪʠ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʤʥʦʞʠʥʥʦʾ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ. ʗʢʱʦ ʤʠ ʧʝʨʝʪʚʦʨʠʤʦ ʚʝʡʚʣʝʪ-ʩʠʛʥʘʣ ʥʘʟʘʜ ʫ 

ʚʠʭʽʜʥʠʡ ʥʘʚʢʦʣʠʰʥʽʡ ʧʨʦʩʪʽʨ (ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʝʢʦʜʝʨʘ), ʮʽʣʢʦʤ ʽʤʦʚʽʨʥʦ, ʱʦ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʥʘʩʧʨʘʚʜʽ 

ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʥʝ ʙʫʜʝ ʦʜʥʦʨʽʜʥʦʶ. JPEG-2000 ʚʠʢʦʨʠʩʪʦʚʫʻ ʚʝʡʚʣʝʪʠ ʜʣʷ ʩʪʠʩʥʝʥʥʷ ʟʦʙʨʘʞʝʥʴ. 

ɼʝʷʢʽ ʜʦʩʣʽʜʥʠʢʠ ʥʘʚʽʪʴ ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʟʘʤʽʥʠʪʠ OFDM ʚʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʜʣʷ ʰʠʨʦʢʦʩʤʫʛʦʚʠʭ 

ʩʠʛʥʘʣʽʚ. 

ʊʝʦʨʽʷ ʥʘʜʚʠʩʦʢʦʾ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʧʦʻʜʥʫʻ ʷʢ ʥʝʦʜʥʦʨʽʜʥʫ ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ, ʪʘʢ ʽ 

ʥʝʦʜʥʦʨʽʜʥʫ ʚʠʙʽʨʢʫ [6] ʽ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʚ ʙʘʛʘʪʴʦʭ ʦʙʣʘʩʪʷʭ ʪʝʭʥʦʣʦʛʽʾ 6G. 

ʉʠʩʪʝʤʠ 6G ʽʟ ʰʠʨʦʢʦʶ ʩʤʫʛʦʶ ʯʘʩʪʦʪ ʙʫʜʫʪʴ ʩʪʚʦʨʶʚʘʪʠ ʧʨʦʙʣʝʤʠ ʜʣʷ ʜʠʥʘʤʽʯʥʦʛʦ ʢʚʘʥʪʫʚʘʥʥʷ, 

ʘ ʜʦʪʨʠʤʘʥʥʷ ʢʨʠʪʝʨʽʶ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʅʘʡʢʚʽʩʪʘ ʧʨʠʟʚʝʜʝ ʜʦ ʚʝʣʠʯʝʟʥʦʛʦ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. ʗʢʱʦ ʚʠʭʽʜʥʘ 



 ˟̨̨̖̘̆̎̎ ̎́̔̋̉ ISSN 2307-5732 
 

ˏ̨̒̎̉̋ ˢ̝̗̝̍̆̌̎̉̋̏̄̏ ̨̗̝̎́̏̎́̌̎̏̄̏ ̨̔̎̃̆̑̒̉̓̆̓̔, ˟ ̏̍ υȟ Τ1, 2023 (317) 41 

ʽʥʬʦʨʤʘʮʽʷ ʻ ʨʦʟʨʽʜʞʝʥʦʶ ʟʘ ʩʚʦʻʶ ʧʨʠʨʦʜʦʶ, ʪʦ ʩʪʘʻ ʤʦʞʣʠʚʦʶ ʥʝʨʽʚʥʦʤʽʨʥʘ ʚʠʙʽʨʢʘ ʟ ʥʠʟʴʢʠʤ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ ʜʣʷ ʟʥʠʞʝʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. ʊʝʦʨʽʷ ʥʘʜʚʠʩʦʢʦʾ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʤʦʞʝ 

ʚʧʣʠʥʫʪʠ ʥʘ ʥʘʧʨʷʤʢʠ ʨʦʟʚʠʪʢʫ ʙʘʛʘʪʴʦʭ ʪʝʭʥʦʣʦʛʽʡ, ʚʢʣʶʯʘʶʯʠ ʘʣʛʦʨʠʪʤʠ ʣʦʢʘʣʽʟʘʮʽʾ, ʩʪʠʩʣʫ ʚʠʙʽʨʢʫ ʪʘ 

ʘʣʛʦʨʠʪʤʠ ʙʝʟʜʨʦʪʦʚʦʾ ʚʽʟʫʘʣʽʟʘʮʽʾ. 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ʈʦʟʛʣʷʥʫʪʦ ʦʩʦʙʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʚ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞʘʭ ʪʘ 

ʟʜʽʡʩʥʝʥʦ ʜʝʪʘʣʴʥʠʡ ʦʧʠʩ ʦʩʥʦʚ ʪʝʦʨʽʾ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ. ɿʦʢʨʝʤʘ ʚʠʟʥʘʯʝʥʦ ʭʘʨʘʢʪʝʨ ʚʠʧʣʠʚʫ DBN ʥʘ 

ʨʦʟʚʠʪʢʫ ʙʘʛʘʪʴʦʭ ʪʝʭʥʦʣʦʛʽʡ, ʚʢʣʶʯʘʶʯʠ ʚʠʷʚʣʝʥʥʷ ʘʢʪʠʚʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʘ, ʦʮʽʥʢʫ ʢʘʥʘʣʫ ʪʘ ʚʽʜʩʪʝʞʝʥʥʷ 

ʤʦʙʽʣʴʥʦʩʪʽ. ɼʦʩʣʽʜʞʝʥʦ ʜʝʷʢʽ ʘʩʧʝʢʪʠ ʙʝʟʜʨʦʪʦʚʦʛʦ ʟʚ'ʷʟʢʫ ʪʘ ʙʫʜʦʚʠ ʘʥʪʝʥ, ʷʢʽ ʚʠʧʣʠʚʘʶʪʴ ʥʘ ʧʝʨʝʪʠʥʽ 

ʜʦʙʨʝ ʚʽʜʦʤʠʭ ʦʙʣʘʩʪʝʡ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʪʝʦʨʽʾ ʄʘʢʩʚʝʣʘ ʪʘ ʪʝʦʨʽʾ ʽʥʬʦʨʤʘʮʽʾ ʐʝʥʦʥʘ. ɿʦʢʨʝʤʘ 

ʦʙˇʨʫʥʪʦʚʘʥʦ ʤʦʞʣʠʚʽʩʪʴ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʙʝʟʜʨʦʪʦʚʦʛʦ ʢʘʥʘʣʫ G(E) ʫ 

ʨʦʟʨʽʟʽ ʬʽʟʠʯʥʦʛʦ ʢʘʥʘʣʫ ʧʦʰʠʨʝʥʥʷ, ʜʽʘʛʨʘʤʠ ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʘʥʪʝʥʥʦʾ ʨʝʰʽʪʢʠ ʪʘ ʚʟʘʻʤʥʦʛʦ ʚʧʣʠʚʫ, 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʊʘʢʦʞ ʜʦʩʣʽʜʞʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʚʠʥʠʢʥʝʥʥʷ ʪʘ ʨʦʟʚʠʪʢʫ ʙʘʛʘʪʴʦʭ 

ʪʝʭʥʦʣʦʛʽʡ ʫ ʪʘʥʜʝʤʽ ʟ ʪʝʦʨʽʻʶ ʩʝʤʘʥʪʠʯʥʦʾ ʢʦʤʫʥʽʢʘʮʽʾ, ʪʘʢʠʭ ʷʢ ʩʧʽʣʴʥʝ ʢʦʜʫʚʘʥʥʷ ʢʘʥʘʣʫ ʜʞʝʨʝʣʘ ʪʘ 

ʩʪʠʩʥʝʥʥʷ ʜʞʝʨʝʣʘ ʫ ʩʢʣʘʜʽ ʤʝʨʝʞʽ 6G. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʧʣʠʚ ʪʝʦʨʽʾ ʥʘʜʚʠʩʦʢʦʾ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʥʘ 

ʥʘʧʨʷʤʢʠ ʨʦʟʚʠʪʢʫ ʙʘʛʘʪʴʦʭ ʪʝʭʥʦʣʦʛʽʡ, ʚʢʣʶʯʘʶʯʠ ʘʣʛʦʨʠʪʤʠ ʣʦʢʘʣʽʟʘʮʽʾ, ʩʪʠʩʣʫ ʚʠʙʽʨʢʫ ʪʘ ʘʣʛʦʨʠʪʤʠ 

ʙʝʟʜʨʦʪʦʚʦʾ ʚʽʟʫʘʣʽʟʘʮʽʾ. 
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ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʩʠʛʥʘʣʽʚ. ɺʠʤʽʨʶʚʘʣʴʥʘ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʪʝʭʥʽʢʘ ʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ. 2013. ˉ 2. ʉ. 
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METHODS AND TECHNIQUES COMBINATION WORKING BODIES OF COMPLEX SOIL PROCESSING 

MACHINES  
 

The article establishes that the combination of working bodies in tillage machines can be optimized with the help of mathematical 
models and algorithms. These expressions provide valuable information about the performance of tillage machines and can be used to 
improve their efficiency and productivity. Using mathematical models and algorithms, engineers and inventors can optimize the design of 
tillage machines and improve their performance, leading to improved quality in field operations. In addition, the combination of working 
organs in tillage machines can also be analyzed using numerical simulation methods. These methods use mathematical models and 
algorithms to simulate the behavior of tillage machines in a virtual environment. 

Numerical modeling techniques provide valuable information about the behavior of tillage machines and their components, 
allowing engineers and designers to optimize their design and increase productivity. Using numerical simulation techniques, engineers and 
designers can verify the mathematical models and algorithms used in the analysis of tillage machines and improve their accuracy and 
reliability. 

Thus, the combination of working bodies in tillage machines can be analyzed and optimized with the help of mathematical 
models, algorithms and numerical modeling methods. These methods provide valuable information about the performance of tillage 
machines and can be used to improve their efficiency and productivity. Using these methods, engineers and designers can optimize the design 
of tillage machines and improve their performance, leading to increased efficiency and productivity in field operations. In addition, 
numerical modeling techniques can also be used to analyze the environmental impact of tillage. For example, modeling can be done to 
determine the impact of tillage on soil erosion and greenhouse gas emissions. By analyzing the results of this simulation, engineers and 
designers can improve the sustainability of tillage operations and reduce their environmental impact. 

Keywords: soil, aggregate, model, tillage, mathematical model, indicators, soil tillage aggregate roller, cultivator, working bodies. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ʂʦʤʙʽʥʫʚʘʥʥʷ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʩʢʣʘʜʥʠʭ ˇʨʫʥʪʦʦʙʨʦʙʥʠʭ ʤʘʰʠʥ ʧʝʨʝʜʙʘʯʘʻ ʧʦʻʜʥʘʥʥʷ ʢʽʣʴʢʦʭ 

ˇʨʫʥʪʦʦʙʨʦʙʥʠʭ ʟʥʘʨʷʜʴ ʚ ʦʜʥʽʡ ʤʘʰʠʥʽ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʦʣʴʦʚʠʭ ʨʦʙʽʪ. 

ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʜʝʷʢʽ ʩʧʦʩʦʙʠ ʽ ʧʨʠʡʦʤʠ ʟôʻʜʥʘʥʥʷ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ˇʨʫʥʪʦʦʙʨʦʙʥʠʭ ʤʘʰʠʥ. 

ʄʝʭʘʥʽʯʥʘ ʽʥʪʝʛʨʘʮʽʷ: ʮʝʡ ʤʝʪʦʜ ʧʝʨʝʜʙʘʯʘʻ ʬʽʟʠʯʥʝ ʢʨʽʧʣʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʦʙʨʦʙʢʠ ˇʨʫʥʪʫ ʜʦ 

ʨʘʤʠ ʤʘʰʠʥʠ. ʎʝʡ ʤʝʪʦʜ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʥʘʨʷʜʴ ʦʙʨʦʙʢʠ ˇʨʫʥʪʫ, ʪʘʢʠʭ ʷʢ ʧʣʫʛʠ, 

ʢʫʣʴʪʠʚʘʪʦʨʠ ʪʘ ʙʦʨʦʥʠ. ʄʝʭʘʥʽʯʥʘ ʽʥʪʝʛʨʘʮʽʷ ʟʘʙʝʟʧʝʯʫʻ ʪʦʯʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʟʥʘʨʷʜʴ ʜʣʷ ʦʙʨʦʙʢʠ ˇʨʫʥʪʫ 

ʪʘ ʩʠʥʭʨʦʥʽʟʘʮʽʶ ʾʭ ʨʫʭʫ ʟ ʨʫʭʦʤ ʤʘʰʠʥʠ. 

ɻʽʜʨʘʚʣʽʯʥʘ ʽʥʪʝʛʨʘʮʽʷ: ʫ ʮʴʦʤʫ ʤʝʪʦʜʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʛʽʜʨʘʚʣʽʯʥʽ ʮʠʣʽʥʜʨʠ ʜʣʷ ʢʝʨʫʚʘʥʥʷ 

ʧʦʣʦʞʝʥʥʷʤ ʽ ʨʫʭʘʤʠ ʟʥʘʨʷʜʴ ʜʣʷ ʦʙʨʦʙʢʠ ˇʨʫʥʪʫ. ɻʽʜʨʘʚʣʽʯʥʘ ʩʠʩʪʝʤʘ ʧʽʜʢʣʶʯʝʥʘ ʜʦ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ 

ʤʘʰʠʥʦʶ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʧʝʨʘʪʦʨʫ ʨʝʛʫʣʶʚʘʪʠ ʛʣʠʙʠʥʫ ʦʙʨʦʙʽʪʢʫ ˇʨʫʥʪʫ ʪʘ ʨʦʙʦʯʠʡ ʢʫʪ ʟʥʘʨʷʜʴ. 

ʇʥʝʚʤʘʪʠʯʥʘ ʽʥʪʝʛʨʘʮʽʷ: ʮʝʡ ʤʝʪʦʜ ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʪʠʩʥʝʥʝ ʧʦʚʽʪʨʷ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʧʦʣʦʞʝʥʥʷʤ ʽ 

ʨʫʭʘʤʠ ʟʥʘʨʷʜʴ ʜʣʷ ʦʙʨʦʙʢʠ ˇʨʫʥʪʫ. ʇʥʝʚʤʘʪʠʯʥʽ ʩʠʩʪʝʤʠ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ 

ʦʙʨʦʙʢʠ ˇʨʫʥʪʫ, ʪʘʢʠʭ ʷʢ ʩʽʚʘʣʢʠ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʪʦʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʛʣʠʙʠʥʠ ʪʘ ʚʽʜʩʪʘʥʽ ʨʦʟʤʽʱʝʥʥʷ 

ʥʘʩʽʥʥʷ. 

ɽʣʝʢʪʨʦʤʝʭʘʥʽʯʥʘ ʽʥʪʝʛʨʘʮʽʷ: ʮʝʡ ʤʝʪʦʜ ʧʦʻʜʥʫʻ ʚ ʩʦʙʽ ʤʝʭʘʥʽʯʥʽ ʪʘ ʝʣʝʢʪʨʠʯʥʽ ʩʠʩʪʝʤʠ ʜʣʷ 

ʢʝʨʫʚʘʥʥʷ ʧʦʣʦʞʝʥʥʷʤ ʽ ʨʫʭʘʤʠ ʟʥʘʨʷʜʴ ʜʣʷ ʦʙʨʦʙʢʠ ˇʨʫʥʪʫ. ɽʣʝʢʪʨʦʤʝʭʘʥʽʯʥʽ ʩʠʩʪʝʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʜʘʪʯʠʢʠ, ʧʨʠʚʦʜʠ ʪʘ ʩʭʝʤʠ ʢʝʨʫʚʘʥʥʷ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʜʣʷ ʦʙʨʦʙʢʠ ˇʨʫʥʪʫ, ʟʘʙʝʟʧʝʯʫʶʯʠ 

ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʪʦʯʥʦʩʪʽ ʪʘ ʢʦʥʪʨʦʣʶ. 

ʉʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ: ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʢʝʨʫʚʘʥʥʷ ʨʫʭʘʤʠ ʪʘ ʨʦʙʦʪʦʶ ʟʥʘʨʷʜʴ ʜʣʷ ʦʙʨʦʙʢʠ ˇʨʫʥʪʫ. ʎʽ ʩʠʩʪʝʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʘʪʯʠʢʠ ʪʘ 
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ʘʣʛʦʨʠʪʤʠ ʢʝʨʫʚʘʥʥʷ ʜʣʷ ʨʝʛʫʣʶʚʘʥʥʷ ʛʣʠʙʠʥʠ ʦʙʨʦʙʽʪʢʫ ˇʨʫʥʪʫ ʪʘ ʨʦʙʦʯʦʛʦ ʢʫʪʘ ʟʥʘʨʷʜʴ ʫ ʨʝʞʠʤʽ 

ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʟʘʣʝʞʥʦ ʚʽʜ ʫʤʦʚ ʧʦʣʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʤʙʽʥʫʚʘʥʥʷ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʩʢʣʘʜʥʠʭ ˇʨʫʥʪʦʦʙʨʦʙʥʠʭ ʤʘʰʠʥ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʦʣʴʦʚʠʭ ʨʦʙʽʪ. 

 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʞʝʨʝʣ 

ɺʠʙʽʨ ʤʝʪʦʜʫ ʘʙʦ ʪʝʭʥʽʢʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʢʨʝʪʥʠʭ ʚʠʤʦʛ ʜʦ ˇʨʫʥʪʦʦʙʨʦʙʥʠʭ ʟʥʘʨʷʜʴ ʽ ʪʠʧʫ 

ʧʦʣʴʦʚʠʭ ʦʧʝʨʘʮʽʡ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ. ʅʝʟʘʣʝʞʥʦ ʚʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʤʝʪʦʜʫ, ʽʥʪʝʛʨʘʮʽʷ 

ˇʨʫʥʪʦʦʙʨʦʙʥʠʭ ʟʥʘʨʷʜʴ ʚ ʦʜʥʫ ʤʘʰʠʥʫ ʟʤʝʥʰʫʻ ʢʽʣʴʢʽʩʪʴ ʥʝʦʙʭʽʜʥʠʭ ʧʨʦʭʦʜʽʚ ʫ ʧʦʣʽ, ʝʢʦʥʦʤʠʪʴ ʯʘʩ ʽ 

ʟʤʝʥʰʫʻ ʟʘʛʘʣʴʥʽ ʚʠʪʨʘʪʠ ʥʘ ʦʧʝʨʘʮʽʾ ʟ ʦʙʨʦʙʢʠ ˇʨʫʥʪʫ. 

ʇʽʜʩʫʤʦʚʫʶʯʠ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʽ ʨʽʚʥʷʥʴ ʤʦʞʥʘ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʪʘ 

ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʦʻʜʥʘʥʥʷ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʫ ˇʨʫʥʪʦʦʙʨʦʙʥʠʭ ʤʘʰʠʥʘʭ. ʎʽ ʤʦʜʝʣʽ ʪʘ ʨʽʚʥʷʥʥʷ ʜʘʶʪʴ ʮʽʥʥʫ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ˇʨʫʥʪʦʦʙʨʦʙʥʠʭ ʤʘʰʠʥ ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʾʭ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʪʘ ʨʽʚʥʷʥʥʷ, ʽʥʞʝʥʝʨʠ ʪʘ ʜʠʟʘʡʥʝʨʠ 

ʤʦʞʫʪʴ ʦʧʪʠʤʽʟʫʚʘʪʠ ʢʦʥʩʪʨʫʢʮʽʶ ˇʨʫʥʪʦʦʙʨʦʙʥʠʭ ʤʘʰʠʥ ʽ ʧʦʢʨʘʱʠʪʠ ʾʭ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʱʦ ʧʨʠʟʚʝʜʝ ʜʦ 

ʧʜ̔ʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚ ʧʦʣʴʦʚʠʭ ʨʦʙʦʪʘʭ. 

ʆʢʨʽʤ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʬʦʨʤʫʣ, ʽʩʥʫʶʪʴ ʽʥʰʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʪʘ ʘʣʛʦʨʠʪʤʠ, ʷʢʽ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ˇʨʫʥʪʦʦʙʨʦʙʥʠʭ ʤʘʰʠʥ. ɼʝʷʢʽ ʟ ʥʠʭ ʚʢʣʶʯʘʶʪʴ: 

ɸʣʛʦʨʠʪʤʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ: ʮʽ ʘʣʛʦʨʠʪʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ 

ˇʨʫʥʪʦʦʙʨʦʙʥʠʭ ʤʘʰʠʥ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʛʣʠʙʠʥʠ ʪʘ ʢʫʪʘ ʟʥʘʨʷʜʴ ʜʣʷ ʦʙʨʦʙʢʠ ˇʨʫʥʪʫ ʜʣʷ 

ʟʘʜʘʥʠʭ ʫʤʦʚ ʧʦʣʷ. ɸʣʛʦʨʠʪʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜʠ ʦʧʪʠʤʽʟʘʮʽʾ, ʪʘʢʽ ʷʢ ʣʽʥʽʡʥʝ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, 

ʜʠʥʘʤʽʯʥʝ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʪʘ ʛʨʘʜʽʻʥʪʥʠʡ ʩʧʫʩʢ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʽ ʥʘʣʘʰʪʫʚʘʥʥʷ ʟʥʘʨʷʜʴ ʜʣʷ 

ʦʙʨʦʙʢʠ ˇʨʫʥʪʫ. 

ʄʦʜʝʣʽ ʝʨʦʟʽʾ ˇʨʫʥʪʫ: ʮʽ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʘʪʝʤʘʪʠʯʥʽ ʨʽʚʥʷʥʥʷ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʽʚʥʷ 

ʝʨʦʟʽʾ ˇʨʫʥʪʫ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜ ʯʘʩ ʦʧʝʨʘʮʽʡ ʟ ʦʙʨʦʙʽʪʢʫ ˇʨʫʥʪʫ. ʄʦʜʝʣʽ ʚʨʘʭʦʚʫʶʪʴ ʪʘʢʽ ʬʘʢʪʦʨʠ, ʷʢ ʪʠʧ 

ˇʨʫʥʪʫ, ʥʘʭʠʣ ʪʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʦʙʨʦʙʢʠ ˇʨʫʥʪʫ, ʱʦʙ ʧʝʨʝʜʙʘʯʠʪʠ ʩʪʫʧʽʥʴ ʝʨʦʟʽʾ ˇʨʫʥʪʫ, ʷʢʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜ 

ʯʘʩ ʦʧʝʨʘʮʽʡ ʟ ʦʙʨʦʙʢʠ ˇʨʫʥʪʫ. 

ʄʦʜʝʣʽ ʫʱʽʣʴʥʝʥʥʷ ˇʨʫʥʪʫ: ʮʽ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʘʪʝʤʘʪʠʯʥʽ ʨʽʚʥʷʥʥʷ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʩʪʫʧʝʥʷ ʫʱʽʣʴʥʝʥʥʷ ˇʨʫʥʪʫ, ʷʢʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜ ʯʘʩ ʦʧʝʨʘʮʽʡ ʟ ʦʙʨʦʙʽʪʢʫ ˇʨʫʥʪʫ. ʄʦʜʝʣʽ ʚʨʘʭʦʚʫʶʪʴ ʪʘʢʽ 

ʬʘʢʪʦʨʠ, ʷʢ ʪʠʧ ˇʨʫʥʪʫ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʦʙʨʦʙʽʪʢʫ ˇʨʫʥʪʫ ʪʘ ʚʘʛʘ ˇʨʫʥʪʦʦʙʨʦʙʥʦʾ ʤʘʰʠʥʠ, ʱʦʙ ʧʝʨʝʜʙʘʯʠʪʠ 

ʩʪʫʧʽʥʴ ʫʱʽʣʴʥʝʥʥʷ ˇʨʫʥʪʫ, ʷʢʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜ ʯʘʩ ʦʧʝʨʘʮʽʡ ʟ ʦʙʨʦʙʽʪʢʫ ˇʨʫʥʪʫ. 

ʄʦʜʝʣʽ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʤʘʰʠʥ: ʮʽ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʘʪʝʤʘʪʠʯʥʽ ʨʽʚʥʷʥʥʷ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ˇʨʫʥʪʦʦʙʨʦʙʥʠʭ ʤʘʰʠʥ ʥʘ ʦʩʥʦʚʽ ʾʭ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʄʦʜʝʣʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʢʦʥʩʪʨʫʢʮʽʾ ˇʨʫʥʪʦʦʙʨʦʙʥʠʭ ʤʘʰʠʥ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. 

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʽʚ ʪʘ ʧʨʠʡʦʤʽʚ ʢʦʤʙʽʥʫʚʘʥʥʷ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʢʦʤʧʣʝʢʩʥʠʭ 

ˇʨʫʥʪʦʦʙʨʦʙʥʠʭ ʤʘʰʠʥ 

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʂʦʤʙʽʥʘʮʽʷ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʩʢʣʘʜʥʠʭ ˇʨʫʥʪʦʦʙʨʦʙʥʠʭ ʤʘʰʠʥ ʤʦʞʝ ʙʫʪʠ ʤʘʪʝʤʘʪʠʯʥʦ 

ʟʤʦʜʝʣʴʦʚʘʥʘ ʪʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʘ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʾʭ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʜʝʷʢʽ ʤʘʪʝʤʘʪʠʯʥʽ 

ʬʦʨʤʫʣʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʪʘ ʘʥʘʣʽʟʽ ˇʨʫʥʪʦʦʙʨʦʙʥʠʭ ʤʘʰʠʥ. 

ɸʥʘʣʽʟ ʩʠʣʠ ʪʘ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ: ʩʠʣʠ ʪʘ ʢʨʫʪʥʽ ʤʦʤʝʥʪʠ, ʱʦ ʜʽʶʪʴ ʥʘ ˇʨʫʥʪʦʦʙʨʦʙʥʽ ʽʥʩʪʨʫʤʝʥʪʠ 

ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ, ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʩʪʫʧʥʠʭ ʨʽʚʥʷʥʴ: 

maF =        (1) 

FrT=       (2) 

ʜʝ F - ʩʠʣʘ, m - ʤʘʩʘ ˇʨʫʥʪʦʦʙʨʦʙʥʦʛʦ ʟʥʘʨʷʜʜʷ, a - ʧʨʠʩʢʦʨʝʥʥʷ, T - ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ, r - ʚʽʜʩʪʘʥʴ ʚʽʜ 

ʦʩʽ ʦʙʝʨʪʘʥʥʷ. 

ɸʥʘʣʽʟ ʧʦʪʦʢʫ ˇʨʫʥʪʫ: ʧʦʪʽʢ ˇʨʫʥʪʫ ʯʝʨʝʟ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʦʙʨʦʙʢʠ ʤʦʞʥʘ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʥʘʩʪʫʧʥʦʛʦ ʨʽʚʥʷʥʥʷ: 

AvQ= Q       (3) 

ʜʝ Q - ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ, A - ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ˇʨʫʥʪʦʦʙʨʦʙʥʦʛʦ ʟʥʘʨʷʜʜʷ, v - ʰʚʠʜʢʽʩʪʴ 

ʨʫʭʫ ˇʨʫʥʪʫ. 

ɸʥʘʣʽʟ ʨʦʟʤʽʱʝʥʥʷ ʯʘʩʪʦʢ ˇʨʫʥʪʫ: ʨʦʟʤʽʱʝʥʥʷ ʯʘʩʪʦʢ ˇʨʫʥʪʫ ʤʦʞʥʘ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʥʘʩʪʫʧʥʦʛʦ ʨʽʚʥʷʥʥʷ: 

)
2

1
()( 2atVtx +=D       (4) 

ʜʝ ȹx - ʧʝʨʝʤʽʱʝʥʥʷ ʥʘʩʽʥʥʷ ʟ ʙʘʞʘʥʦʛʦ ʧʦʣʦʞʝʥʥʷ, V - ʧʦʯʘʪʢʦʚʘ ʰʚʠʜʢʽʩʪʴ ʥʘʩʽʥʥʷ, t - ʯʘʩ, a - 

ʧʨʠʩʢʦʨʝʥʥʷ ʥʘʩʽʥʥʷ. 

ɸʥʘʣʽʟ ʝʥʝʨʛʽʾ: ɽʥʝʨʛʽʶ, ʥʝʦʙʭʽʜʥʫ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ ʟ ʦʙʨʦʙʢʠ ˇʨʫʥʪʫ, ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʥʘʩʪʫʧʥʦʛʦ ʨʽʚʥʷʥʥʷ: 
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FdE=       (5) 

ʜʝ E - ʝʥʝʨʛʽʷ, F - ʩʠʣʘ, d - ʚʽʜʩʪʘʥʴ, ʷʢʫ ʧʝʨʝʤʽʱʫʻ ˇʨʫʥʪʦʦʙʨʦʙʥʠʡ ʽʥʩʪʨʫʤʝʥʪ. 

ɼʝʷʢʽ ʟ ʤʝʪʦʜʽʚ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʘʥʘʣʽʟʽ ˇʨʫʥʪʦʦʙʨʦʙʥʠʭ ʤʘʰʠʥ, 

ʚʢʣʶʯʘʶʪʴ: 

ɸʥʘʣʽʟ ʢʽʥʮʝʚʠʭ ʝʣʝʤʝʥʪʽʚ (FEA): ʮʝʡ ʤʝʪʦʜ ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʘʪʝʤʘʪʠʯʥʽ ʨʽʚʥʷʥʥʷ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʦʚʝʜʽʥʢʠ ˇʨʫʥʪʦʦʙʨʦʙʥʠʭ ʤʘʰʠʥ ʪʘ ʾʭ ʢʦʤʧʦʥʝʥʪʽʚ ʟʘ ʨʽʟʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʫʤʦʚ. FEA ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘʧʨʫʞʝʥʴ ʽ ʜʝʬʦʨʤʘʮʽʡ ʥʘ ˇʨʫʥʪʦʦʙʨʦʙʥʠʭ ʽʥʩʪʨʫʤʝʥʪʘʭ, ʘ ʪʘʢʦʞ 

ʧʨʦʛʠʥʽʚ ʽ ʚʽʙʨʘʮʽʡ ʢʦʤʧʦʥʝʥʪʽʚ ʤʘʰʠʥʠ. 

ʄʝʪʦʜ ʜʠʩʢʨʝʪʥʠʭ ʝʣʝʤʝʥʪʽʚ (DEM): ʎʝʡ ʤʝʪʦʜ ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʦʚʝʜʽʥʢʠ ʦʢʨʝʤʠʭ ʯʘʩʪʠʥʦʢ ˇʨʫʥʪʫ ʧʽʜ ʯʘʩ ʾʭ ʚʟʘʻʤʦʜʽʾ ʟ ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʜʣʷ ʦʙʨʦʙʢʠ ˇʨʫʥʪʫ. DEM ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʠʥʦʢ ˇʨʫʥʪʫ ʧʽʩʣʷ ʦʧʝʨʘʮʽʡ ʟ ʦʙʨʦʙʽʪʢʫ ˇʨʫʥʪʫ, ʘ ʪʘʢʦʞ 

ʩʠʣ ʽ ʢʨʫʪʥʠʭ ʤʦʤʝʥʪʽʚ, ʩʪʚʦʨʝʥʠʭ ʟʥʘʨʷʜʜʷʤʠ ʜʣʷ ʦʙʨʦʙʢʠ ˇʨʫʥʪʫ. 

ʆʙʯʠʩʣʶʚʘʣʴʥʘ ʛʽʜʨʦʜʠʥʘʤʽʢʘ (CFD): ʮʝʡ ʤʝʪʦʜ ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʜʣʷ ʽʤʽʪʘʮʽʾ 

ʧʦʪʦʢʫ ˇʨʫʥʪʫ ʪʘ ʽʥʰʠʭ ʨʽʜʠʥ ʯʝʨʝʟ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʦʙʨʦʙʢʠ ˇʨʫʥʪʫ. CFD ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʦʟʧʦʜʽʣʫ ˇʨʫʥʪʫ ʪʘ ʨʽʜʠʥʠ ʚ ʤʘʰʠʥʽ ʪʘ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʢʦʥʩʪʨʫʢʮʽʾ ʟʥʘʨʷʜʴ ʜʣʷ ʦʙʨʦʙʢʠ 

ˇʨʫʥʪʫ. 

ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ˇʨʫʥʪʦʦʙʨʦʙʥʦʛʦ ʘʛʨʝʛʘʪʫ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʙʘʨʘʙʘʥʘ, 

ʣʘʧ, ʟʫʙʯʘʩʪʦʛʦ ʢʦʣʝʩʘ Crosskill, ʧʣʘʩʪʠʥʯʘʩʪʦʛʦ ʙʘʨʘʙʘʥʘ ʪʘ ʜʦʰʢʠ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʨʷʜ ʜʽʡ. 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘʢʦʛʦ ʧʦʻʜʥʘʥʥʷ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʫ ˇʨʫʥʪʦʦʙʨʦʙʥʽʡ ʤʘʰʠʥʽ ʤʝʪʦʜʘʤʠ 

ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʤʦʞʥʘ ʚʠʢʦʥʘʪʠ ʪʘʢʽ ʜʽʾ: 

ʄʦʜʝʣʶʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʤʘʰʠʥʠ: ʇʝʨʰʠʤ ʢʨʦʢʦʤ ʻ ʩʪʚʦʨʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ 

ʨʝʰʽʪʯʘʩʪʦʛʦ ʙʘʨʘʙʘʥʘ, ʥʽʞʦʢ ʩʪʦʣʫ, ʟʫʙʯʘʩʪʦʛʦ ʢʽʣʴʮʝʚʦʛʦ ʨʦʣʠʢʘ Crosskill ʽ ʧʣʘʩʪʠʥʯʘʩʪʦʛʦ ʨʦʣʠʢʘ. ʎʝ 

ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʤʦʞʝ ʚʢʣʶʯʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʬʦʨʤʠ 

ʪʘ ʨʦʟʤʽʨʫ ʢʦʤʧʦʥʝʥʪʽʚ, ʘ ʪʘʢʦʞ ʾʭʥʽʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ. 

ɺʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ˇʨʫʥʪʫ ʪʘ ʤʘʰʠʥʠ: ʥʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʻ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ˇʨʫʥʪʫ ʪʘ 

ʤʘʰʠʥʠ, ʪʘʢʠʭ ʷʢ ʪʠʧ ˇʨʫʥʪʫ, ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʫ, ʰʚʠʜʢʽʩʪʴ ʤʘʰʠʥʠ ʪʘ ʚʘʛʘ ʤʘʰʠʥʠ. ʎʽ ʧʘʨʘʤʝʪʨʠ 

ʚʧʣʠʚʘʪʠʤʫʪʴ ʥʘ ʧʦʚʝʜʽʥʢʫ ʤʘʰʠʥʠ, ʽ ʾʭ ʧʦʪʨʽʙʥʦ ʙʫʜʝ ʚʨʘʭʦʚʫʚʘʪʠ ʧʽʜ ʯʘʩ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʅʘʣʘʰʪʫʚʘʥʥʷ ʤʦʜʝʣʶʚʘʥʥʷ: ʥʘʣʘʰʪʫʚʘʥʥʷ ʤʦʜʝʣʶʚʘʥʥʷ ʚʢʣʶʯʘʪʠʤʝ ʚʠʟʥʘʯʝʥʥʷ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ, 

ʪʘʢʠʭ ʷʢ ʧʦʯʘʪʢʦʚʝ ʧʦʣʦʞʝʥʥʷ ʤʘʰʠʥʠ, ʽ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʶʚʘʥʥʷ, ʪʘʢʠʭ ʷʢ ʯʘʩʦʚʠʡ ʢʨʦʢ ʽ 

ʤʘʢʩʠʤʘʣʴʥʠʡ ʯʘʩ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʉʠʤʫʣʷʮʽʡʥʠʡ ʟʘʧʫʩʢ: ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʝ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʪʘ ʘʣʛʦʨʠʪʤʠ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ ʢʦʤʧʦʥʝʥʪʽʚ ʤʘʰʠʥʠ ʪʘ ˇʨʫʥʪʫ, ʢʦʣʠ ʚʦʥʠ ʚʟʘʻʤʦʜʽʶʪʴ ʦʜʠʥ ʟ ʦʜʥʠʤ. ʄʦʜʝʣʶʚʘʥʥʷ 

ʜʦʟʚʦʣʠʪʴ ʧʝʨʝʜʙʘʯʠʪʠ ʥʘʧʨʫʛʠ ʪʘ ʜʝʬʦʨʤʘʮʽʾ ʥʘ ʢʦʤʧʦʥʝʥʪʘʭ ʤʘʰʠʥʠ, ʘ ʪʘʢʦʞ ʨʦʟʧʦʜʽʣ ʯʘʩʪʠʥʦʢ ˇʨʫʥʪʫ 

ʧʽʩʣʷ ʦʧʝʨʘʮʽʡ ʟ ʦʙʨʦʙʢʠ ˇʨʫʥʪʫ. 

ʇʝʨʝʚʽʨʢʘ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ: ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʤʦʞʥʘ ʧʝʨʝʚʽʨʠʪʠ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʽ 

ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʤʧʦʥʝʥʪʽʚ ʤʘʰʠʥʠ. ʎʝ ʤʦʞʝ ʚʢʣʶʯʘʪʠ ʦʧʪʠʤʽʟʘʮʽʶ ʬʦʨʤʠ ʪʘ 

ʨʦʟʤʽʨʫ ʢʦʤʧʦʥʝʥʪʽʚ, ʘ ʪʘʢʦʞ ʚʣʘʩʪʠʚʦʩʪʝʡ ʾʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ˇʨʫʥʪʦʦʙʨʦʙʥʦʾ 

ʤʘʰʠʥʠ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʤʦʞʥʘ ʟʤʦʜʝʣʶʚʘʪʠ ʧʦʻʜʥʘʥʥʷ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ 

ˇʨʫʥʪʦʦʙʨʦʙʥʦʾ ʤʘʰʠʥʠ ʪʘ ʦʧʪʠʤʽʟʫʚʘʪʠ ʾʾ ʨʦʙʦʪʫ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʤʦʞʫʪʴ ʜʘʪʠ ʮʽʥʥʫ ʽʥʬʦʨʤʘʮʽʶ 

ʧʨʦ ʧʦʚʝʜʽʥʢʫ ʤʘʰʠʥʠ ʪʘ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʾʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. 

ʇʽʜʙʽʨ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ˇʨʫʥʪʦʦʙʨʦʙʥʦʛʦ ʘʛʨʝʛʘʪʫ ʤʦʞʥʘ ʟʜʽʡʩʥʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʝʪʦʜʫ ʢʽʥʮʝʚʦ-ʝʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ (FEA). ɼʣʷ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʾ ʢʦʤʙʽʥʘʮʽʾ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʄʂɽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʢʽ ʤʘʪʝʤʘʪʠʯʥʽ ʬʦʨʤʫʣʠ: 

ʑʽʣʴʥʽʩʪʴ ʝʥʝʨʛʽʾ ʜʝʬʦʨʤʘʮʽʾ (SED): ʑʽʣʴʥʽʩʪʴ ʝʥʝʨʛʽʾ ʜʝʬʦʨʤʘʮʽʾ (SED) ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʷʥʥʷ: 

2/)(ä= iiSED es       (6) 

ʜʝ ůi ʪʘ Ůi ï ʥʘʧʨʫʛʠ ʪʘ ʜʝʬʦʨʤʘʮʽʾ, ʚʽʜʧʦʚʽʜʥʦ, ʚ ʝʣʝʤʝʥʪʽ i ʢʦʤʧʦʥʝʥʪʘ ʤʘʰʠʥʠ. SED ʷʚʣʷʻ ʩʦʙʦʶ 

ʢʽʣʴʢʽʩʪʴ ʝʥʝʨʛʽʾ, ʟʙʝʨʝʞʝʥʦʾ ʚ ʢʦʤʧʦʥʝʥʪʽ ʯʝʨʝʟ ʜʝʬʦʨʤʘʮʽʶ, ʽ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʦʮʽʥʢʠ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʢʦʤʧʦʥʝʥʪʘ ʤʘʰʠʥʠ. 

ʅʘʧʨʫʛʘ ʌʦʥ ʄʽʟʝʩʘ (ůvm): ʅʘʧʨʫʛʘ ʬʦʥ ʄʽʟʝʩʘ (ůvm) ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʷʥʥʷ: 
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1 ssssssssss ---++=vm    (7) 

ʜʝ ů1, ů2 ʽ ů3 ï ʛʦʣʦʚʥʽ ʥʘʧʨʫʞʝʥʥʷ ʚ ʜʝʪʘʣʽ ʤʘʰʠʥʠ. ʅʘʧʨʫʛʘ ʌʦʥ ʄʽʟʝʩʘ ʧʨʝʜʩʪʘʚʣʷʻ ʟʘʛʘʣʴʥʫ 

ʥʘʧʨʫʛʫ ʚ ʢʦʤʧʦʥʝʥʪʽ ʽ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʦʮʽʥʢʠ ʨʠʟʠʢʫ ʚʽʜʤʦʚʠ. 

ʅʦʨʤʦʚʘʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʧʨʫʛʠ (Kt): ʅʦʨʤʦʚʘʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʧʨʫʛʠ 

(Kt) ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʷʥʥʷ: 

avmtK ss /=        (8) 

ʜʝ ůvm ï ʥʘʧʨʫʛʘ ʬʦʥ ʄʽʟʝʩʘ, ʘ ůa ï ʧʨʠʢʣʘʜʝʥʘ ʥʘʧʨʫʛʘ ʚ ʢʦʤʧʦʥʝʥʪʽ. ʅʦʨʤʦʚʘʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʧʨʫʛʠ ʧʨʝʜʩʪʘʚʣʷʻ ʚʝʣʠʯʠʥʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʧʨʫʛʠ ʚ ʢʦʤʧʦʥʝʥʪʽ ʪʘ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ 

ʜʣʷ ʦʮʽʥʢʠ ʨʠʟʠʢʫ ʚʽʜʤʦʚʠ. 

ʅʦʨʤʦʚʘʥʘ ʱʽʣʴʥʽʩʪʴ ʝʥʝʨʛʽʾ ʜʝʬʦʨʤʘʮʽʾ (SEDn): ʥʦʨʤʘʣʽʟʦʚʘʥʘ ʱʽʣʴʥʽʩʪʴ ʝʥʝʨʛʽʾ ʜʝʬʦʨʤʘʮʽʾ (SEDn) 
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ˏ̨̒̎̉̋ ˢ̝̗̝̍̆̌̎̉̋̏̄̏ ̨̗̝̎́̏̎́̌̎̏̄̏ ̨̔̎̃̆̑̒̉̓̆̓̔, ˟ ̏̍ υȟ Τ1, 2023 (317) 45 

ʤʦʞʝ ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʷʥʥʷ: 

0/VSEDSEDn =       (9) 

ʜʝ SED ï ʛʫʩʪʠʥʘ ʝʥʝʨʛʽʾ ʜʝʬʦʨʤʘʮʽʾ, ʘ V0 ï ʦʙôʻʤ ʢʦʤʧʦʥʝʥʪʘ. ʅʦʨʤʦʚʘʥʘ ʱʽʣʴʥʽʩʪʴ ʝʥʝʨʛʽʾ 

ʜʝʬʦʨʤʘʮʽʾ ʷʚʣʷʻ ʩʦʙʦʶ ʢʽʣʴʢʽʩʪʴ ʝʥʝʨʛʽʾ, ʟʙʝʨʝʞʝʥʦʾ ʚ ʢʦʤʧʦʥʝʥʪʽ ʥʘ ʦʜʠʥʠʮʶ ʦʙôʻʤʫ, ʽ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʦʮʽʥʢʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʢʦʤʧʦʥʝʥʪʘ ʤʘʰʠʥʠ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʮʽ ʤʘʪʝʤʘʪʠʯʥʽ ʬʦʨʤʫʣʠ, ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʨʽʟʥʠʭ ʢʦʤʙʽʥʘʮʽʡ 

ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʽ ʧʽʜʽʙʨʘʪʠ ʦʧʪʠʤʘʣʴʥʫ ʢʦʤʙʽʥʘʮʽʶ, ʚʠʭʦʜʷʯʠ ʟ ʙʘʞʘʥʠʭ ʢʨʠʪʝʨʽʾʚ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʪʘʢʠʭ ʷʢ 

ʛʣʠʙʠʥʘ ʦʙʨʦʙʽʪʢʫ ˇʨʫʥʪʫ, ʩʪʨʫʢʪʫʨʘ ˇʨʫʥʪʫ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʜʘʶʪʴ ʮʽʥʥʫ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʦʚʝʜʽʥʢʫ ʤʘʰʠʥʠ ʪʘ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʾʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. 

ʂʦʤʙʽʥʦʚʘʥʠʡ ˇʨʫʥʪʦʦʙʨʦʙʥʠʡ ʘʛʨʝʛʘʪ ʤʦʞʥʘ ʦʧʪʠʤʽʟʫʚʘʪʠ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚ ˇʨʫʥʪʫ ʪʘ ʚʠʤʦʛ 

ʜʦ ʦʙʨʦʙʢʠ ˇʨʫʥʪʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʤʘʪʝʤʘʪʠʯʥʠʭ ʬʦʨʤʫʣ. ʅʘʧʨʠʢʣʘʜ, 

ʛʣʠʙʠʥʫ ʦʙʨʦʙʽʪʢʫ ˇʨʫʥʪʫ ʤʦʞʥʘ ʦʧʪʠʤʽʟʫʚʘʪʠ ʟʘ ʪʘʢʦʶ ʬʦʨʤʫʣʦʶ: 

)/()( gCLFT sda r=       (10) 

ʜʝ T ï ʛʣʠʙʠʥʘ ʦʙʨʦʙʽʪʢʫ ˇʨʫʥʪʫ, L ï ʜʦʚʞʠʥʘ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ, Fa ï ʧʨʠʢʣʘʜʝʥʘ ʩʠʣʘ, Cd ï 

ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ, ɟs ï ʱʽʣʴʥʽʩʪʴ ˇʨʫʥʪʫ, g ï ʧʨʠʩʢʦʨʝʥʥʷ ʩʠʣʠ ʪʷʞʽʥʥʷ. ʆʧʪʠʤʽʟʘʮʽʶ ʛʣʠʙʠʥʠ ʦʙʨʦʙʽʪʢʫ 

ˇʨʫʥʪʫ ʤʦʞʥʘ ʟʜʽʡʩʥʠʪʠ ʰʣʷʭʦʤ ʚʘʨʽʶʚʘʥʥʷ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢ ʜʦʚʞʠʥʘ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʪʘ ʧʨʠʢʣʘʜʝʥʦʛʦ 

ʟʫʩʠʣʣʷ, ʪʘ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʥʘ ʛʣʠʙʠʥʫ ʦʙʨʦʙʽʪʢʫ ˇʨʫʥʪʫ ʤʝʪʦʜʘʤʠ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʅʘʧʨʠʢʣʘʜ, ʧʽʜʩʪʘʚʣʷʶʯʠ ʚʠʙʽʨʢʦʚʽ ʜʘʥʽ ʤʦʞʥʘ ʦʧʪʠʤʽʟʫʚʘʪʠ ʛʣʠʙʠʥʫ ʦʙʨʦʙʽʪʢʫ ʘʛʨʝʛʘʪʫ ʪʘ 

ʧ̔ ʜʽʙʨʘʪʠ ʥʘʡʙʽʣʴʰ ʢʦʤʧʘʢʪʥʠʡ ʪʘ ʝʢʦʥʦʤʥʠʡ ʚʘʨʽʘʥʪ ʢʦʤʧʣʝʢʪʫʚʘʥʥʷ. ɼʘʥʽ ʪʘʢʦʛʦ ʧʽʜʙʦʨʫ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ. 

1. 

ʊʘʙʣʠʮʷ 1 

ʆʧʪʠʤʽʟʘʮʽʷ ʛʣʠʙʠʥʠ ʦʙʨʦʙʽʪʢʫ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ˇʨʫʥʪʦʦʙʨʦʙʥʦʛʦ ʘʛʨʝʛʘʪʫ 

ɼʦʚʞʠʥʘ 

ʨʦʙʦʯʦʛʦ 

ʦʨʛʘʥʫ (L) 

ʇʨʠʢʣʘʜʝʥʘ 

ʩʠʣʘ (Fa) 

ʂʦʝʬ̔ʮʽʻʥʪ 

ʦʧʦʨʫ (Cd) 

ʑʽʣʴʥʽʩʪʴ 

ˇʨʫʥʪʫ (ɟs) 

ʇʨʠʩʢʦʨʝʥʥʷ ʩʠʣʠ 

ʪʷʞʽʥʥʷ (g) 

ɻʣʠʙʠʥʘ 

ʦʙʨʦʙʢʠ 

ˇʨʫʥʪʫ (T) 

0.5 ʤ 600 ʅ 0.35 1500 ʢʛ/ʤ3 9.8 ʤ/ʩ2 0.12 ʤ 

0.6 ʤ 650 ʅ 0.36 1550 ʢʛ/ʤ3 9.8 ʤ/ʩ2 0.14 ʤ 

0.7 ʤ 700 ʅ 0.37 1600 ʢʛ/ʤ3 9.8 ʤ/ʩ2 0.16 ʤ 

0.8 ʤ 750 ʅ 0.38 1650 ʢʛ/ʤ3 9.8 ʤ/ʩ2 0.18 ʤ 

0.9 ʤ 800 ʅ 0.39 1700 ʢʛ/ʤ3 9.8 ʤ/ʩ2 0.19 ʤ 

1 ʤ 850 ʅ 0.4 1750 ʢʛ/ʤ3 9.8 ʤ/ʩ2 0.21 ʤ 

1.1 ʤ 900 ʅ 0.41 1800 ʢʛ/ʤ3 9.8 ʤ/ʩ2 0.22 ʤ 

1.2 ʤ 950 ʅ 0.42 1850 ʢʛ/ʤ3 9.8 ʤ/ʩ2 0.24 ʤ 

1.3 ʤ 1000 ʅ 0.43 1900 ʢʛ/ʤ3 9.8 ʤ/ʩ2 0.25 ʤ 

1.4 ʤ 1050 ʅ 0.44 1950 ʢʛ/ʤ3 9.8 ʤ/ʩ2 0.27 ʤ 

1.5 ʤ 1100 ʅ 0.45 2000 ʢʛ/ʤ3 9.8 ʤ/ʩ2 0.28 ʤ 

1.6 ʤ 1150 ʅ 0.46 2050 ʢʛ/ʤ3 9.8 ʤ/ʩ2 0.30 ʤ 

1.7 ʤ 1200 ʅ 0.47 2100 ʢʛ/ʤ3 9.8 ʤ/ʩ2 0.31 ʤ 

1.8 ʤ 1250 ʅ 0.48 2150 ʢʛ/ʤ3 9.8 ʤ/ʩ2 0.33 ʤ 

1.9 ʤ 1300 ʅ 0.49 2200 ʢʛ/ʤ3 9.8 ʤ/ʩ2 0.34 ʤ 

2 ʤ 1350 ʅ 0.5 2250 ʢʛ/ʤ3 9.8 ʤ/ʩ2 0.36 ʤ 
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CŀΣ [Σ ˊǎ 

˽͙͔ͪ͊͒ͤ͊͟͡ ͙ͫ͊͡ όFa) ̋͜͡Έͤͫͭ͜Έ ͐ͪͯͤͭͯ όś) ˨͍͙ͦ͗ͤ͊ ͪͦ͋ͦ;͎ͦͦ ͎ͦͪ͊ͤͯ όL)

 
ʈʠʩ. 1. ɻʨʘʬʽʢʠ ʦʧʪʠʤʽʟʘʮʽʾ ʛʣʠʙʠʥʠ ʦʙʨʦʙʽʪʢʫ ˇʨʫʥʪʫ ʚʽʜ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʘʛʨʝʛʘʪʫ 

 

ɯʥʰʠʤ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ, ʷʢʠʡ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ, ʻ ʩʪʨʫʢʪʫʨʘ ˇʨʫʥʪʫ, ʥʘ ʷʢʫ ʤʦʞʝ ʚʧʣʠʥʫʪʠ 

ʦʙʨʦʙʽʪʦʢ ˇʨʫʥʪʫ. ʉʪʨʫʢʪʫʨʫ ˇʨʫʥʪʫ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʟʘ ʬʦʨʤʫʣʦʶ ʩʝʨʝʜʥʴʦʛʦ ʚʘʛʦʚʦʛʦ ʜʽʘʤʝʪʨʘ (MWD): 

ä ä= 2/33 )/)(/()/)(( ndndMWD ii    (11) 

ʜʝ di ï ʜʽʘʤʝʪʨ ˇʨʫʥʪʦʚʦʛʦ ʘʛʨʝʛʘʪʫ i, ʘ n ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ˇʨʫʥʪʦʚʠʭ ʘʛʨʝʛʘʪʽʚ. MWD ʧʨʝʜʩʪʘʚʣʷʻ 

ʩʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ˇʨʫʥʪʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʽ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʦʙʨʦʙʢʠ ˇʨʫʥʪʫ ʥʘ 

ʩʪʨʫʢʪʫʨʫ ˇʨʫʥʪʫ. ʆʧʪʠʤʽʟʘʮʽʶ ʩʪʨʫʢʪʫʨʠ ˇʨʫʥʪʫ ʤʦʞʥʘ ʟʜʽʡʩʥʠʪʠ ʧʽʜʙʦʨʦʤ ʦʧʪʠʤʘʣʴʥʦʾ ʢʦʤʙʽʥʘʮʽʾ 

ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʙʘʞʘʥʦʾ ʄʄʈ. 

ɿʨʝʰʪʦʶ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ˇʨʫʥʪʦʦʙʨʦʙʥʦʛʦ ʘʛʨʝʛʘʪʫ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʟʘ ʬʦʨʤʫʣʦʶ 

ʧʠʪʦʤʦʾ ʝʥʝʨʛʽʾ: 

)/()( VtLFE a=      (12) 

ʜʝ E ï ʧʠʪʦʤʘ ʝʥʝʨʛʽʷ, Fa ï ʧʨʠʢʣʘʜʝʥʘ ʩʠʣʘ, L ï ʜʦʚʞʠʥʘ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ, V ï ʦʙôʻʤ ʦʙʨʦʙʽʪʢʫ, t ï 

ʯʘʩ ʦʙʨʦʙʽʪʢʫ. ʇʠʪʦʤʘ ʝʥʝʨʛʽʷ ʷʚʣʷʻ ʩʦʙʦʶ ʝʥʝʨʛʽʶ, ʥʝʦʙʭʽʜʥʫ ʜʣʷ ʦʙʨʦʙʢʠ ʦʜʠʥʠʮʽ ʦʙôʻʤʫ ˇʨʫʥʪʫ, ʽ ʤʦʞʝ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʘʰʠʥʠ. ʆʧʪʠʤʽʟʘʮʽʶ ʂʂɼ ʤʦʞʥʘ ʟʜʽʡʩʥʠʪʠ ʧʽʜʙʦʨʦʤ 

ʦʧʪʠʤʘʣʴʥʦʾ ʢʦʤʙʽʥʘʮʽʾ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʙʘʞʘʥʦʾ ʧʠʪʦʤʦʾ ʝʥʝʨʛʽʾ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʮʽ ʤʝʪʦʜʠ, ʤʦʞʥʘ ʨʦʟʨʦʙʠʪʠ ʪʘ ʦʧʪʠʤʽʟʫʚʘʪʠ ʢʦʤʙʽʥʦʚʘʥʠʡ ˇʨʫʥʪʦʦʙʨʦʙʥʠʡ 

ʘʛʨʝʛʘʪ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ʇʽʜʚʦʜʷʯʠ ʧʽʜʩʫʤʢʠ, ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʤʝʪʦʜʠ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʻ ʧʦʪʫʞʥʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʘʥʘʣʽʟʫ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʢʦʤʙʽʥʘʮʽʾ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʫ ˇʨʫʥʪʦʦʙʨʦʙʥʠʭ ʤʘʰʠʥʘʭ. ɺʦʥʠ 

ʜʦʟʚʦʣʷʶʪʴ ʽʥʞʝʥʝʨʘʤ ʤʦʜʝʣʶʚʘʪʠ ʧʦʚʝʜʽʥʢʫ ʤʘʰʠʥʠ ʪʘ ˇʨʫʥʪʫ ʪʘ ʦʧʪʠʤʽʟʫʚʘʪʠ ʢʦʥʩʪʨʫʢʮʽʶ ʢʦʤʧʦʥʝʥʪʽʚ. 

ʂʨʽʤ ʪʦʛʦ, ʤʝʪʦʜʠ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʘʥʘʣʽʟʫ ʚʧʣʠʚʫ ʦʧʝʨʘʮʽʡ ʟ 

ʦʙʨʦʙʽʪʢʫ ˇʨʫʥʪʫ ʥʘ ʩʪʨʫʢʪʫʨʫ ˇʨʫʥʪʫ, ʨʦʜʶʯʽʩʪʴ ʽ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʥʘʜʘʶʯʠ ʮʽʥʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ 

ʩʪʽʡʢʽʩʪʴ ʦʧʝʨʘʮʽʡ ʟ ʦʙʨʦʙʽʪʢʫ ˇʨʫʥʪʫ. 

ʊʘʢʦʞ ʧʨʠ ʧʽʜʙʦʨʽ ʦʧʪʠʤʘʣʴʥʦʾ ʢʦʤʙʽʥʘʮʽʾ ʚʘʞʣʠʚʦ ʚʨʘʭʦʚʫʚʘʪʠ ʤʽʮʥʽʩʪʴ ʽ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʨʦʙʦʯʠʭ 

ʦʨʛʘʥʽʚ. ɼʦʚʛʦʚʽʯʥʽʩʪʴ ʤʦʞʥʘ ʦʮʽʥʠʪʠ, ʚʨʘʭʦʚʫʶʯʠ ʪʘʢʽ ʬʘʢʪʦʨʠ, ʷʢ ʢʽʣʴʢʽʩʪʴ ʮʠʢʣʽʚ, ʚʝʣʠʯʠʥʘ ʥʘʚʘʥʪʘʞʝʥʴ 

ʽ ʥʘʷʚʥʽʩʪʴ ʙʫʜʴ-ʷʢʠʭ ʛʦʩʪʨʠʭ ʢʨʘʾʚ ʘʙʦ ʢʫʪʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʟʙʽʣʴʰʠʪʠ ʨʠʟʠʢ ʧʦʣʦʤʢʠ. ɾʠʪʪʻʚʠʡ ʮʠʢʣ 

ʢʦʤʧʦʥʝʥʪʽʚ ʤʘʰʠʥʠ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʽʟʫ ʚʪʦʤʠ, ʷʢʠʡ ʧʝʨʝʜʙʘʯʘʻ ʢʽʣʴʢʽʩʪʴ ʮʠʢʣʽʚ ʜʦ 

ʚʽʜʤʦʚʠ ʥʘ ʦʩʥʦʚʽ ʧʨʠʢʣʘʜʝʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ ʢʦʤʧʦʥʝʥʪʽʚ. 

 

ʃʽʪʝʨʘʪʫʨʘ 

 

1. ɹʫʣʛʘʢʦʚ ɺ.ʄ., ɸʜʘʤʯʫʢ ɺ.ɺ. ʉʪʘʥ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʩʪʚʦʨʝʥʥʷ ʚ ʋʢʨʘʾʥʽ ʩʫʯʘʩʥʠʭ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʤʘʰʠʥ. ʅʘʫʢ. ʚʽʩʥʠʢ ʃʫʛʘʥʩʴʢʦʛʦ ʥʘʮ. ʘʛʨʘʨ. ʫʥ-ʪʫ. 2011. 29. ʉ. 252ï260. 

2. Rutkevych V., Kupchuk I., Yaropud V., Hraniak V., Burlaka S. Numerical simulation of the liquid 

distribution problem by an adaptive flow distributor. Przeglad Elektrotechniczny. 2022. Vol. 98 (2). P. 64-69. 

3. ɺʦʡʪʶʢ ɼ.ɻ., ɹʘʨʘʥʦʚʩʴʢʠʡ ʄ.ɺ., ɹʫʣʛʘʢʦʚ ɺ.ʄ. ʉʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʤʘʰʠʥʠ. ʆʩʥʦʚʠ ʪʝʦʨʽʾ ʪʘ 
ʨʦʟʨʘʭʫʥʢʫ. ʂ. : ɺʠʱʘ ʦʩʚʽʪʘ, 2005. 464 ʩ. 

4. Honcharuk I., Kupchuk I., Yaropud V., Kravets R., Burlaka S., Hraniak V., Poberezhets Ju., Rutkevych 

V. Mathematical modeling and creation of algorithms for analyzing the ranges of the amplitude-frequency response 



 ˟̨̨̖̘̆̎̎ ̎́̔̋̉ ISSN 2307-5732 
 

ˏ̨̒̎̉̋ ˢ̝̗̝̍̆̌̎̉̋̏̄̏ ̨̗̝̎́̏̎́̌̎̏̄̏ ̨̔̎̃̆̑̒̉̓̆̓̔, ˟ ̏̍ υȟ Τ1, 2023 (317) 47 

of a vibrating rotary crusher in the software Mathcad. Przeglad Elektrotechniczny. 2022. Vol. 98 (9). ʈ. 14-20. 

5. ɻʫʥʴʢʦ ɯ.ɺ., ɹʫʨʣʘʢʘ ʉ.ɸ. ʆʮʽʥʢʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ˇʨʫʥʪʦʦʙʨʦʙʥʦʛʦ ʘʛʨʝʛʘʪʘ. ʊʝʭʥʽʢʘ, 

ʝʥʝʨʛʝʪʠʢʘ, ʪʨʘʥʩʧʦʨʪ ɸʇʂ. 2022. ˉ 2 (117). ʉ. 47-52. 

6. ɺʝʩʝʣʦʚʩʴʢʘ ʅ.ʈ., ʈʫʪʢʝʚʠʯ ɺ.ʉ., ʐʘʨʛʦʨʦʜʩʴʢʠʡ ʉ.ɸ. ʊʝʭʥʦʣʦʛʽʯʥʽ ʦʩʥʦʚʠ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ : ʥʘʚʯ. ʧʦʩʽʙ. ɺʽʥʥʠʮʷ : 2019. 234 c. 

7. ɹʫʨʣʘʢʘ ʉ.ɸ. ɸʣʛʦʨʠʪʤ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʦʛʦ ʘʛʨʝʛʘʪʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʠʩʪʝʤʠ 

ʞʠʚʣʝʥʥʷ ʟʽ ʟʤʽʰʫʚʘʯʝʤ ʧʘʣʠʚ. ɺʽʩʥʠʢ ʍʤʝʣʴʥʠʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. ʉʝʨʽʷ: ʊʝʭʥʽʯʥʽ ʥʘʫʢʠ. 

2022. ˉ 1 (305). ʉ. 140-144. 

8. ʂʘʣʝʪʥʽʢ ɻ.ʄ., ɿʘʨʠʰʥʷʢ ɸ.ʉ., ɸʜʘʤʯʫʢ ɺ.ɺ., ɹʫʣʛʘʢʦʚ ɺ.ʄ. ɿʝʤʣʝʨʦʙʩʴʢʘ ʤʝʭʘʥʽʢʘ ï ʪʝʦʨʝʪʠʯʥʘ 

ʙʘʟʘ ʩʫʯʘʩʥʦʾ ʟʝʤʣʝʨʦʙʩʴʢʦʾ ʪʝʭʥʽʢʠ. ʄʝʭʘʥʽʟʘʮʽʷ ʪʘ ʝʣʝʢʪʨʠʬʽʢʘʮʽʷ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ : ʤʽʞʚʽʜ. ʪʝʤʘʪ. 

ʥʘʫʢ. ʟʙ. 2013. ʊ. 1. ɺʠʧ. 98. ʉ. 31ï44. 

9. ʉʝʨʝʜʘ ʃ.ʇ., ʐʚʝʮʴ ʃ.ɺ. ʈʦʟʨʦʙʢʘ ʢʫʣʴʪʠʚʘʪʦʨʘ ʜʣʷ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʦʙʨʦʙʽʪʢʫ ˇʨʫʥʪʫ. ʊʝʭʥʽʢʘ, 

ʝʥʝʨʛʝʪʠʢʘ, ʪʨʘʥʩʧʦʨʪ ɸʇʂ. 2020. 3(110). C. 117ï125. 

 

References 

 
1. Bulhakov V.M., Adamchuk V.V. Stan ta perspektyvy stvorennia v Ukraini suchasnykh silskohospodarskykh mashyn. Nauk. visnyk 

Luhanskoho nats. ahrar. un-tu. 2011. 29. S. 252ï260. 

2. Rutkevych V., Kupchuk I., Yaropud V., Hraniak V., Burlaka S. Numerical simulation of the liquid distribution problem by an 

adaptive flow distributor. Przeglad Elektrotechniczny. 2022. Vol. 98 (2). P. 64-69. 
3. Voitiuk D.H., Baranovskyi M.V., Bulhakov V.M. Silskohospodarski mashyny. Osnovy teorii ta rozrakhunku. K. : Vyshcha osvita, 

2005. 464 s. 

4. Honcharuk I., Kupchuk I., Yaropud V., Kravets R., Burlaka S., Hraniak V., Poberezhets Ju., Rutkevych V. Mathematical modeling 
and creation of algorithms for analyzing the ranges of the amplitude-frequency response of a vibrating rotary crusher in the software Mathcad. 

Przeglad Elektrotechniczny. 2022. Vol. 98 (9). R. 14-20. 

5. Hunko I.V., Burlaka S.A. Otsinka enerhetychnykh pokaznykiv gruntoobrobnoho ahrehata. Tekhnika, enerhetyka, transport APK. 
2022. ˉ 2 (117). S. 47-52. 

6. Veselovska N.R., Rutkevych V.S., Sharhorodskyi S.A. Tekhnolohichni osnovy silskohospodarskoho mashynobuduvannia : navch. 

posib. Vinnytsia : 2019. 234 c. 
7. Burlaka S.A. Alhorytm funktsionuvannia mashynno-traktornoho ahrehatu z vykorystanniam systemy zhyvlennia zi zmishuvachem 

palyv. Visnyk Khmelnytskoho natsionalnoho universytetu. Seriia: Tekhnichni nauky. 2022. ˉ 1 (305). S. 140-144. 

8. Kaletnik H.M., Zaryshniak A.S., Adamchuk V.V., Bulhakov V.M. Zemlerobska mekhanika ï teoretychna baza suchasnoi 
zemlerobskoi tekhniky. Mekhanizatsiia ta elektryfikatsiia silskoho hospodarstva : mizhvid. temat. nauk. zb. 2013. T. 1. Vyp. 98. S. 31ï44. 

9. Sereda L.P., Shvets L.V. Rozrobka kultyvatora dlia novykh tekhnolohii obrobitku gruntu. Tekhnika, enerhetyka, transport APK. 
2020. 3(110). C. 117ï125. 

 

ʈʝʮʝʥʟʽʷ/Peer review : 14.01.2023 ʨ. ʅʘʜʨʫʢʦʚʘʥʘ/Printed :11.03.2023 ʨ. 

 



 Technical sciences ISSN 2307-5732 
 

Herald of Khmelnytskyi national university, Issue 1, 2023 (317) 48 

https://doi.org/10.31891/2307-5732-2023-317-1-48-57 

ʋɼʂ 621.316.11.3:621.311.1 

ɺʃɸʉʖʂ ɺʘʣʝʥʪʠʥ 
ʂʨʠʚʦʨʽʟʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

https://orcid.org/0000-0003-3202-8967 

Email_Valentin@ua.fm 

 

ʇʆɹʋɼʆɺɸ ʇʈʆɻʅʆɿʆɺɸʅʀʍ ʄʆɼɽʃɽʁ ʉʇʆɾʀɺɸʅʅʗ ɽʃɽʂʊʈʆɽʅɽʈɻɯɰ 

ɼʃʗ ʊʈɸɼʀʎɯʁʅʀʍ ʊɸ ʉʂʃɸɼɽʅʀʍ ɿɻɯɼʅʆ ɿ ʂʆʅʎɽʇʎɯɭʖ SMART GRID 

ʉʍɽʄ ɽʃɽʂʊʈʆʇʆʉʊɸʏɸʅʅʗ ɼʃʗ ɿɸʃɯɿʆʈʋɼʅʀʍ ʐɸʍʊ 
 
ˠ ̨̑̏̂̏̓ ̨̅̏̒̌̅̇̆̎̏ ̨̏̒̏̂̌̉̃̏̒̓ ̐̏̂̔̅̏̃̉ ̖̐̑̏̄̎̏̈̏̃́̎̉ ̍̏̅̆̌̆̊ ̠̒̐̏̇̉̃́̎̎ ̨̩̆̌̆̋̓̑̏̆̎̆̑̄ ̨̈̄̅̎̏ ̈ 

̨̗̓̑́̅̉̊̎̉̍̉ ̓́ ̠̑̏̈̄̌̎̔̓̏ ̖̒̆̍̉, ̐ ̨̏̂̔̅̏̃́̎ ̈́ ̨̗̗̤̟̋̏̎̆̐ 3ÍÁÒÔ 'ÒÉÄȟ ́ ̓́̋̏̇ ̨̙̝̃̉̅̋̏̐̌̉̎̎̒̓ ̨̈̍̎̉ ̑̆̇̉̍̔ 
̠̒̐̏̇̉̃́̎̎ ̨̩̆̌̆̋̓̑̏̆̎̆̑̄ȟ ̏̚ ̤ ̖̘́̏̓̉̎̏ ̨̟̌́̃̉̎̏̐̏̅̂̎̏ ̓́ ̤̏̑̍̔̕ ̨̨̃̅̐̏̃̅̎̉̊ ̠̑̅ ̖̐̑̏̂̌̆̍̎̉ ̝̐̉̓́̎Ȣ 
˜̏̓̑̆̂̔ ̤ ̔ ̨̝̒̏̄̏̅̆̎̎ ̨̙̠̃̉̑̆̎̎ȟ ̃ ̙̐̆̑̔ ̘̆̑̄̔ȟ ̨̗̒̉̒̓̆̍́̓̉̈́ ̠ ̏̂ǫ̤̃̄̍̃ ̠̒̐̏̇̉̃́̎̎ ̨̩̆̌̆̋̓̑̏̆̎̆̑̄ ̎́ 
̨̨̈́̌̈̏̑̔̅̎̊ ̨̙̖́̓Ȣ ˝̠̏̈̄̌̎̔̓́ ̅́̎́ ̐̑̏̂̌̆̍́ ̤ ̝̟́̋̓̔́̌̎̏ ̎̆ ̨̝̓̌̋̉ ̈ ̘̓̏̋̉ ̈̏̑̔ ̠̈̎̉̇̆̎̎ ̨̨̨̎̆̑̃̎̏̍̑̎̏̒̓ ̔ 
̏̂ȭ̤̖̍́ ̩̒̐̏̇̉̃́̎̏ ̨̩̆̌̆̋̓̑̏̆̎̆̑̄ ̨̟̈́̌̈̏̑̔̅̎̏ ̙̖̟́̓̏ȟ ́ ̊ ̝̅̏̈̃̏̌̉̓ ̨̐̅̃̉̉̓̉̚ ̨̝̆̆̋̓̉̃̎̒̓̕ ̠̃̉̋̏̑̉̒̓́̎̎ 
̩̒̐̏̇̉̓̏ ̨̩̆̎̆̑̄ȟ ̏̚, ̔  ̟̒̃̏ ̘̆̑̄̔, ̅ ̝̏̈̃̏̌̉̓ ̨̝̙̈̂̌̉̓̉ ̏̂ȭ̤̍̉ ̩̃̉̑̏̂̌̆̎̏ ̨̗̩̐̑̏̅̔̋ ɉ̨̩̈́̌̈̏̑̔̅̎̏ ̒̉̑̏̃̉̎̉ɊȢ 

˜̨̝̑̏̄̎̏̈̏̃́̎̒̓ ̍̏̅̆̌̆̊ ̠̒̐̏̇̉̃́̎̎ ̨̩̆̌̆̋̓̑̏̆̎̆̑̄ ̨̟̤̝̠̈̅̊̒̎̓̒ ̈́ ̟̅̏̐̏̍̏̄̏ ̨̠̃̉̅̌̆̎̎ ̖̅́̎̉ ̈̃ǫ̠̃̄̈̋̃ 
̨̍̇ ̅́̎̉̍̉ ̨̈̍̎̎̉̍̉ ̈́ ̘̒̓́̓̉̒̓̉̎̏-̘̍́̓̆̍́̓̉̎̉̍ ̍̆̓̏̅̏̍ ̩̍̎̏̇̉̎̎̏ ̨̠̗̩̋̏̑̆̌ȟ ̨̝̏̒̋̌̋̉ ̎́ ̐̑̏̄̎̏̈̏̃́̎̔ 
̝̍̏̅̆̌ ̠̒̐̏̇̉̃́̎̎ ̨̩̆̌̆̋̓̑̏̆̎̆̑̄ ̘̝̉̎̉̓ ̃̐̌̉̃ ̃̆̌̉̋́ ̨̨̝̝̋̌̋̒̓ ̨́̋̓̏̑̃̕Ȣ 

˛̠̒̎̏̃̏̐̏̌̏̇̆̎̎̍ ̠̅̌ ̐̏̂̔̅̏̃̉ ̖̐̑̏̄̎̏̈̏̃́̎̉ ̍̏̅̆̌̆̊ ̠̒̐̏̇̉̃́̎̎ ̠̅̌ ̨̗̖̓̑́̅̉̊̎̉ ̖̒̆̍ 
̘̠̆̌̆̋̓̑̏̐̏̒̓́́̎̎ ̓́ ̝̙̩̐̏̅́̌̏ ̩̖ ̨̗̩̓̑́̎̒̏̑̍́̕ ̟̝̒̓́̓ Ⱥ̨̨̝̎̓̆̌̆̋̓̔́̌̎ ̨̖̩̓̆̎̏̌̏̄Ȼ ̑̏̈̃̉̓̋̔ 
̆̌̆̋̓̑̏̆̎̆̑̄̆̓̉̋̉Ȣ ˏ̠̐̑̏̃́̅̇̆̎̎ Ⱥ̨̝̖̎̓̆̌̆̋̓̔́̌̎̉ ̨̖̓̆̎̏̌̏̄̊Ȼ, ̔ ̓̏̍̔ ̨̘̉̒̌ ̊ 3ÍÁÒÔ 'ÒÉÄ, ̝̅̏̈̃̏̌̉̓ 
̨̨̒̓́̂̌̈̔̃́̓̉ ̓́ ̒̐̑̏̄̎̏̈̔̃́̓̉ ̨̄̑́̋̉̕ ̠̅̌ ̏̂ǫ̤̃̄̍̃ ̩̒̐̏̇̉̓̏ ̨̩̆̌̆̋̓̑̏̆̎̆̑̄ ̨̩̈́̌̈̏̑̔̅̎̏ ̙̖́̓̉ȟ ̎́ ̨̨̃̅̍̎̔ ̨̃̅ 
̨̗̖̓̑́̅̉̊̎̉ ̖̒̆̍ ̩̩ ̘̠̆̌̆̋̓̑̏̐̏̒̓́́̎̎Ȣ 

ˣ̨̝̌ ̩̅́̎̏ ̑̏̂̏̓̉ ̠̤̐̏̌̄́ ̔ ̨̨̅̏̒̌̅̇̆̎̎ ̝̐̉̓́̎ ̏̒̏̂̌̉̃̏̒̓̆̊ ̐̏̂̔̅̏̃̉ ̘̖̍́̓̆̍́̓̉̎̉ ̖̐̑̏̄̎̏̈̏̃́̎̉ 
̍̏̅̆̌̆̊ ̠̒̐̏̇̉̃́̎̎ ̨̩̆̌̆̋̓̑̏̆̎̆̑̄ȟ ̨̋̏̓̑ ̠̟̝̠̑̏̈̑̏̂̌̓̒ ̠̅̌ ̨̗̖̓̑́̅̉̊̎̉ ̓́ ̖̐̏̂̔̅̏̃́̎̉ ̨̈̄̅̎̏  ̨̗̗̤̈̋̏̎̆̐  ̟
3ÍÁÒÔ 'ÒÉÄ ̖̒̆̍ ̘̠̆̌̆̋̓̑̏̐̏̒̓́́̎̎ ̓́ ̠̟̝̒̐̑̉̓ ̨̝̙̟̈̂̌̆̎̎ ̏̂ǫ̤̃̄̍̃ ̩̃̉̑̏̂̌̆̎̏ ̨̗̩̐̑̏̅̔̋ ɉ̨̩̈́̌̈̏̑̔̅̎̏ ̒̉̑̏̃̉̎̉Ɋ 
̓́  ̠̈̎̉̇̆̎̎ ̨̨̒̏̂̃́̑̓̏̒̓ ̩̖ ̃̉̅̏̂̔̓̋̔ ̠̅̌ ̠̋̏̎̋̔̑̔̃́̎̎ ̐̏ ̨̠̋̏̒̓ ̓́ ̨̨̗̎ ̈ ̨̎̏̈̆̍̎̉̍̉ ̃̉̑̏̂̎̉̋́̍̉ ̒̉̑̏̃̉̎̉ 
̩̝̖̔̋̑́̎̒̋̉ ̨̖̈́̌̈̏̑̔̅̎̉ ̙̖́̓Ȣ 

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̝̍̏̅̆̌ ̠̒̐̏̇̉̃́̎̎ ̨̩̆̌̆̋̓̑̏̆̎̆̑̄ȟ ̖̒̆̍̉ ̘̠̆̌̆̋̓̑̏̐̏̒̓́́̎̎ȟ ̨̗̗̠̋̏̎̆̐ 3ÍÁÒÔ 'ÒÉÄȟ 
̘̍́̓̆̍́̓̉̎́ ̝̍̏̅̆̌ȟ ̈ ̨́̌̈ ̏̑̔̅̎́ ̙̖́̓́Ȣ 
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BUILDING PREDICTIVE ELECTRICITY CONSUMPTION MO DELS FOR TRADITIONAL AND SMART GRID 

POWER SUPPLY SCHEMES FOR IRON ORE MINES 
 

The paper studies the peculiarities of building predictive models of electricity consumption according to the traditional and 
considered schemes built on the concept of Smart Grid, as well as the rapidity of changes in the mode of electricity consumption, chaotic - 
avalanche-like and forms a corresponding series of problematic issues. Need to be solved today: first of all - systematization of electricity 
consumption volumes at the iron ore mine. This problem is relevant not only in terms of reducing the irregularity in the amount of electricity 
consumed by the iron ore mine, but also will increase the efficiency of energy consumption, which in turn will increase the volume of products 
(iron ore raw materials). 

Predictability of electricity consumption models is carried out by isolating these relationships between these variables by 
statistical - mathematical method of multiple correlation, as the predicted model of electricity consumption is influenced by a large number 
of factors. The basis for the construction of predictive consumption models for traditional power supply schemes and their subsequent 
transformation are "smart technologies" of power industry development. The introduction of "smart technologies" including Smart Grid will 
allow to stabilize and predict the schedules for the volume of consumed electricity of iron ore mine, in contrast to the traditional schemes of 
its power supply. The purpose of this work is to investigate the issues of construction of mathematical predictive models of electricity 
consumption developed for traditional and built according to the concept of Smart Grid power supply schemes and contributing to increase 
the volume of production (iron ore raw materials) and reduce the cost of their production to compete in quality and price. with foreign 
producers of raw materials of Ukrainian iron ore mines 

Keywords: power consumption model, power supply schemes, Smart Grid concept, mathematical model, iron ore mine. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ʆʜʥʠʤ ʽʟ ʧʨʽʦʨʠʪʝʪʥʠʭ ʥʘʧʨʷʤʢʽʚ ʨʦʟʚʠʪʢʫ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʠ ʷʢ ˇʘʣʫʟʽ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ 

ʤʽʥʽʤʽʟʘʮʽʷ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʦʙôʻʤʫ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʜʣʷ ʪʠʧʦʚʠʭ ʩʭʝʤ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ 

ʟʘʣʽʟʦʨʫʜʥʦʾ ʰʘʭʪʠ. ɿʘʙʝʟʧʝʯʝʥʥʷ ʨʝʘʣʽʟʘʮʽʾ ʜʘʥʦʛʦ ʧʨʽʦʨʠʪʝʪʥʦʛʦ ʥʘʧʨʷʤʢʫ ʻ ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʜʣʷ ʫʩʽʻʾ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʬʝʨʠ ʪʘ ʜʦʟʚʦʣʠʪʴ ʨʦʟʰʠʨʠʪʠ ʢʣʘʩʠʯʥʽ ʤʝʨʝʞʝʚʽ ʩʪʨʫʢʪʫʨʠ ʥʘ ʦʩʥʦʚʽ ʚʚʝʜʝʥʥʷ ʫ 

ʝʢʩʧʣʫʘʪʘʮʽʶ ʥʦʚʠʭ çʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡè: Smart Grid. 

ʇʦʙʫʜʦʚʘ ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʤʦʜʝʣʝʡ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʻ ʧʝʨʰʦʯʝʨʛʦʚʠʤ ʧʝʨʩʧʝʢʪʠʚʥʠʤ 

ʥʘʧʨʷʤʢʦʤ ʫ ˇʘʣʫʟʽ çɽʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʘè. ʇʨʠʯʠʥʦʶ ʜʣʷ ʧʦʙʫʜʦʚʠ ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʤʦʜʝʣʝʡ ʩʧʦʞʠʚʘʥʥʷ 

ʪʨʘʜʠʮʽʡʥʠʭ ʩʭʝʤ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʧʦʜʘʣʴʰʦʾ ʾʭ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʟ ʚʪʽʣʝʥʥʷʤ ʢʦʥʮʝʧʮʽʾ Smart Grid 

ʦʙʫʤʦʚʣʝʥʦ: ʰʚʠʜʢʦʧʣʠʥʥʽʩʪʪʶ ʟʤʽʥʠ ʨʝʞʠʤʽʚ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟʘ ʭʘʦʪʠʯʥʦ ʣʘʚʠʥʦʧʦʜʽʙʥʠʤ 

ʛʨʘʬʽʢʦʤ. ɸʥʘʣʽʟ ʩʭʝʤʦʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʨʘʥʽʰʝ ʩʪʚʦʨʝʥʠʭ ʪʘ ʧʨʘʢʪʠʯʥʦ ʨʝʘʣʽʟʦʚʘʥʠʭ ʩʠʩʪʝʤ 
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ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʬʽʟʠʯʥʦ ʥʝ ʤʦʞʣʠʚʦ ʨʝʘʣʽʟʫʚʘʪʠ ʩʠʩʪʝʤʘʪʠʟʘʮʽʶ ʦʙôʻʤʽʚ ʩʧʦʞʠʪʦʾ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟʘʣʽʟʦʨʫʜʥʦʶ ʰʘʭʪʦʶ. ʊʦʤʫ, ʨʝʘʣʽʟʘʮʽʶ ʜʘʥʦʛʦ ʟʘʚʜʘʥʥʷ ʩʣʽʜ ʧʦʢʣʘʩʪʠ ʥʘ çʽʥʪʝʣʝʢʪʫʘʣʴʥʽ 

ʪʝʭʥʦʣʦʛʽʾè ʨʦʟʚʠʪʢʫ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʠ. ɺʧʨʦʚʘʜʞʝʥʥʷ çʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡè ʫ ʪʦʤʫ ʯʠʩʣʽ ʡ Smart 

Grid ʜʦʟʚʦʣʠʪʴ ʩʪʘʙʽʣʽʟʫʚʘʪʠ ʛʨʘʬʽʢʠ ʦʙôʻʤʽʚ ʩʧʦʞʠʪʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟʘʣʽʟʦʨʫʜʥʦʾ ʰʘʭʪʠ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʪʨʘʜʠʮʽʡʥʠʭ ʩʭʝʤ ʾʾ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ [1ï7]. 

 

ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ 

ʇʦʙʫʜʦʚʽ ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʤʦʜʝʣʝʡ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ ʟʘʣʽʟʦʨʫʜʥʽʡ ʰʘʭʪʽ ʫ ʩʴʦʛʦʜʝʥʥʽ 

ʧʨʠʩʚʷʯʝʥʘ ʮʽʣʘ ʥʠʟʢʘ ʧʫʙʣʽʢʘʮʽʡ. ʆʜʥʘʢ ʜʘʥʽ ʧʫʙʣʽʢʘʮʽʾ ʥʝ ʥʘʚʦʜʷʪʴ ʜʦʩʠʪʴ ʜʝʪʘʣʴʥʠʭ ʧʦʣʦʞʝʥʴ ʫ 

ʤʝʪʦʜʦʣʦʛʽʶ ʧʦʙʫʜʦʚʠ ʜʘʥʠʭ ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʤʦʜʝʣʝʡ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʚʦʥʠ 

ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʜʦʩʠʪʴ ʧʦʚʥʦ ʚʽʜʦʙʨʘʟʠʪʠ ʛʨʘʬʽʯʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʨʦʛʥʦʟʦʚʘʥʦʾ ʤʦʜʝʣʽ ʩʧʦʞʠʚʘʥʥʷ 

ʟʘʣʽʟʦʨʫʜʥʦʶ ʰʘʭʪʦʶ. ʋ ʨʦʙʦʪʘʭ [9ï12] ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʥʘʩʪʫʧʥʝ: ʨʦʟʚôʷʟʘʥʽ ʟʘʜʘʯʽ ʪʘ ʨʦʟʛʣʷʥʫʪʽ ʘʩʧʝʢʪʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʧʦʩʦʙʽʚ ʰʪʫʯʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʫ ʩʠʩʪʝʤʘʭ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʣʦʢʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʽʘʧʘʟʦʥʫ ʟʤʽʥʠ 

ʦʧʪʦʚʠʭ ʪʘ ʨʠʥʢʦʚʠʭ ʮʽʥ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ, ʘ ʪʘʢʦʞ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʽʚʥʽʚ ʪʘ ʦʙôʻʤʽʚ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ 

ʣʦʢʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ ʥʘ ʦʩʥʦʚʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʝʪʦʜʫ ʚʝʡʚʣʝʪ ʧʝʨʝʪʚʦʨʝʥʥʷ; ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʽʚʥʽʚ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʜʣʷ ʫʤʦʚ ʟʘʣʽʟʦʨʫʜʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʦʟʧʦʜʽʣʴʯʠʭ 

ʝʣʝʢʪʨʦʤʝʨʝʞ ʟ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʧʨʦʮʝʩʽʚ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʜʣʷ 

ʝʣʝʢʪʨʦʧʨʠʡʤʘʯʽʚ ʧʽʜʧʨʠʻʤʩʪʚ ʜʘʥʦʾ ˇʘʣʫʟʽ; ʦʙˇʨʫʥʪʦʚʘʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʨʘʭʫʚʘʪʠ ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʽ 

ʟʚôʷʟʢʠ ʜʣʷ ʧʨʦʮʝʩʫ ʤʦʜʝʣʶʚʘʥʥʷ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʜʣʷ ʩʢʣʘʜʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʩʠʩʪʝʤ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʜʚʦʝʪʘʧʥʘ ʧʨʦʮʝʜʫʨʘ ʜʣʷ ʧʦʙʫʜʦʚʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʟʛʽʜʥʦ 

ʟ ʤʝʪʦʜʦʣʦʛʽʻʶ ʣʘʪʝʥʪʥʠʭ ʟʤʽʥʥʠʭ, ʱʦ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʘʷʚʥʽ ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʽ ʟʚôʷʟʢʠ. ɼʣʷ ʧʝʨʰʦʛʦ 

ʝʪʘʧʫ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʝʡ ʤʽʞ ʣʘʪʝʥʪʥʠʤʠ ʬʘʢʪʦʨʘʤʠ ʪʘ 

ʽʥʬʦʨʤʘʪʠʚʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʦʣʷ, ʘ ʪʘʢʦʞ ʧʝʨʝʚʽʨʢʫ ʾʭ ʚʽʜʧʦʚʽʜʥʦʩʪʽ 

ʚʠʭʽʜʥʠʤ ʜʘʥʠʤ. ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʙʫʜʫʻʪʴʩʷ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ, ʷʢ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ 

ʥʘ ʛʦʣʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʘʭ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʣʘʪʝʥʪʥʽ ʬʘʢʪʦʨʠ ʪʘ ʧʝʨʝʚʽʨʢʘ ʾʾ ʘʜʝʢʚʘʪʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. 

ʅʘ ʦʩʥʦʚʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʧʨʦʮʝʜʫʨʠ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʩʠʩʪʝʤʠ ʢʦʤʫʥʘʣʴʥʦʛʦ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʙʫʜʦʚʠ ʤʘʪʝʤʘʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʜʣʷ ʧʦʧʝʨʝʜʥʴʦ ʚʠʷʚʣʝʥʠʭ ʣʘʪʝʥʪʥʠʭ 

ʬʘʢʪʦʨʽʚ ʽ ʚʠʢʦʥʘʥʦ ʧʝʨʝʚʽʨʢʫ ʾʾ ʘʜʝʢʚʘʪʥʦʩʪʽ ʪʘ ʪʦʯʥʦʩʪʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ; ʨʦʟʚôʷʟʘʥʘ 

ʘʢʪʫʘʣʴʥʘ ʥʘʫʢʦʚʦ ʧʨʠʢʣʘʜʥʘ ʟʘʜʘʯʘ ʧʣʘʥʫʚʘʥʥʷ ʧʦ ʚʧʨʦʚʘʜʞʝʥʥʶ ʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ 

ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʚʫʛʽʣʴʥʠʭ ʰʘʭʪ, ʨʦʟʚʠʪʢʫ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʾʭ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʽʚʥʽʚ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʝʚʥʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ; ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʾ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʦʙʩʷʛʽʚ ʩʧʦʞʠʚʘʥʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʜʣʷ ʩʚʽʪʣʦʩʠʛʥʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʘʝʨʦʧʦʨʪʫ ʜʣʷ 

ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʘʚʽʘʧʽʜʧʨʠʻʤʩʪʚ. ʇʨʘʢʪʠʯʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʾ ʤʦʜʝʣʽ 

ʜʦʟʚʦʣʷʻ ʨʦʟʨʦʙʠʪʠ ʢʦʤʧʣʝʢʩ ʝʥʝʨʛʦʟʙʝʨʽʛʘʣʴʥʠʭ ʟʘʭʦʜʽʚ, ʟ ʪʦʯʥʠʤ ʚʨʘʭʫʚʘʥʥʷʤ ʧʣʘʥʽʚ ʧʨʦʚʝʜʝʥʥʷ 

ʨʝʢʦʥʩʪʨʫʶʚʘʥʥʷ ʥʘʷʚʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʢʝʨʫʚʘʪʠ ʩʧʦʞʠʚʘʥʥʷʤ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʜʣʷ ʩʚʽʪʣʦʩʠʛʥʘʣʴʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʚʨʘʭʦʚʫʶʯʠ ʦʩʦʙʣʠʚʦʩʪʽ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʘʥʘʣʽʟ ʟ ʧʠʪʘʥʴ ʧʦ ʦʩʦʙʣʠʚʦʩʪʷʤ ʧʦʙʫʜʦʚʠ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʤʦʜʝʣʝʡ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʢʦʪʨʽ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʜʣʷ ʪʨʘʜʠʮʽʡʥʠʭ ʪʘ ʧʦʙʫʜʦʚʘʥʠʭ 

ʟʛʽʜʥʦ ʢʦʥʮʝʧʮʽʾ Smart Grid ʩʭʝʤ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʩʧʨʠʷʶʪʴ ʥʝ ʪʽʣʴʢʠ ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤʠ ʭʘʦʪʠʯʥʦ 

ʣʘʚʠʥʦʧʦʜʽʙʥʦʛʦ ʨʝʞʠʤʫ ʾʾ ʩʧʦʞʠʚʘʥʥʷ, ʘʣʝ ʡ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʱʦ ʧʦʣʷʛʘʻ ʫ 

ʟʙʽʣʴʰʝʥʥʽ ʦʙôʻʤʽʚ ʚʠʨʦʙʣʝʥʦʾ ʧʨʦʜʫʢʮʽʾ (ʟʘʣʽʟʦʨʫʜʥʦʾ ʩʠʨʦʚʠʥʠ). 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʜʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʜʦʟʚʦʣʠʪʴ ʚʠʢʦʥʘʪʠ ʩʪʘʙʽʣʽʟʫʚʘʥʥʷ ʛʨʘʬʽʢʽʚ ʪʘ ʦʙôʻʤʽʚ ʩʧʦʞʠʪʦʾ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʜʣʷ ʟʘʣʽʟʦʨʫʜʥʦʾ ʰʘʭʪʠ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʽʜʭʦʜʫ ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʪʨʘʜʠʮʽʡʥʠʭ ʩʭʝʤ ʾʾ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʧʝʨʝʥʘʧʨʘʚʠʪʠ ʟʘʣʠʰʦʢ ʾʾ ʦʙʩʷʛʽʚ ʥʘ ʽʥʰʽ ʩʭʝʤʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʜʝ ʻ 

ʥʝʜʦʩʪʘʪʥʽʤ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʟʘʣʽʟʦʨʫʜʥʦʾ ʰʘʭʪʠ. 

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ɺ ʩʴʦʛʦʜʝʥʥʽ ʧʦʙʫʜʦʚʘ ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʻ ʥʝ 

ʜʦʩʪʘʪʥʴʦ ʯʽʪʢʦ ʩʪʨʫʢʪʫʨʦʚʘʥʦʶ, ʘ ʻ ʩʢʦʨʽʰʝ ʥʝʜʦʧʨʘʮʴʦʚʘʥʦʶ. ɼʣʷ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʾʭ ʧʦʙʫʜʦʚʠ ʥʝʦʙʭʽʜʥʦ 

ʚʦʣʦʜʽʪʠ ʧʝʚʥʠʤʠ ʦʙʩʷʛʘʤʠ: ʧʝʨʚʠʥʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʦʧʝʨʘʪʦʨʽʚ ʝʥʝʨʛʦʜʠʩʧʝʪʯʝʨʩʴʢʦʛʦ ʚʽʜʜʽʣʫ, ʘʙʦ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʽʜʨʦʟʜʽʣʫ ʧʽʜʧʨʠʻʤʩʪʚ ʛʽʨʥʠʯʦ-ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʮʠʢʣʫ ʚʠʨʦʙʥʠʮʪʚʘ. ɺ ʜʘʥʦʤʫ ʘʩʧʝʢʪʽ 

ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʻ ʜʦʩʠʪʴ ʩʢʣʘʜʥʦʶ ʟʘʜʘʯʝʶ, ʦʩʢʽʣʴʢʠ ʧʦʜʝʢʫʜʠ ʧʨʦʩʪʦ ʚʽʜʩʫʪʥʽʡ ʜʝʷʢʠʡ ʦʙʩʷʛ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʧʦʞʠʪʠʡ ʦʙôʻʤ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ɺ ʪʘʢʦʤʫ ʨʘʟʽ, ʜʦʚʦʜʠʪʴʩʷ ʧʦʩʣʫʛʦʚʫʚʘʪʠʩʷ ʧʝʚʥʠʤʠ 

ʤʘʪʝʤʘʪʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ. 

ɺʽʟʴʤʝʤʦ ʟʘ ʧʨʠʢʣʘʜ ʦʩʥʦʚʫ ʜʘʥʽ ʚʽʜ ʦʙôʻʜʥʘʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚ ʇɸʊ çʂɿʈʂè (ʂʨʠʚʦʨʽʟʴʢʦʛʦ 

ʟʘʣʽʟʦʨʫʜʥʦʛʦ ʢʦʤʙʽʥʘʪʫ). ʋ ʪʘʙʣ. 1 ʥʘʚʝʜʝʥʽ ʧʦʢʘʟʥʠʢʠ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʜʣʷ ʜʘʥʦʛʦ ʦʙôʻʜʥʘʥʥʷ 

ʧʽʜʧʨʠʻʤʩʪʚ: 
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ʊʘʙʣ. 1  

ʇʠʪʦʤʽ ʧʦʢʘʟʥʠʢʠ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ ʦʜʠʥʠʮʶ ʚʠʛʦʪʦʚʣʝʥʦʾ ʧʨʦʜʫʢʮʽʾ ʇɸʊ çʂɿʈʂè ʟʘ 

ʧʝʨʽʦʜ 2010ï2014 ʨʦʢʽʚ 

ʈʽʢ ʇʨʦʜʫʢʮʽʷ ʆʜʠʥʠʮʽ ʚʠʤʽʨʫ ʰ. ʈʦʜʽʥʘ ʰ. ʂʦʟʘʮʴʢʘ ʰ. ʊʝʨʥʽʚʩʴʢʘ ʰ. ʇʦʢʨʦʚʩʴʢʘ 

2010 ɽʣʝʢʪʨʦʝʥʝʨʛʽʷ 
ʪʠʩ. ʢɺʪȚʛʦʜ 42578 62841 38278 39753 

ʢɺʘ 5245 9136 7001 7381 

2011 ɽʣʝʢʪʨʦʝʥʝʨʛʽʷ 
ʪʠʩ. ʢɺʪȚʛʦʜ 43808 66385 41034 4225 

ʢɺʘ 4616 9713 8228 8375 

2012 ɽʣʝʢʪʨʦʝʥʝʨʛʽʷ 
ʪʠʩ. ʢɺʪȚʛʦʜ 46546 70502 44219 42102 

ʢɺʘ 6552 7440 4357 7743 

2013 ɽʣʝʢʪʨʦʝʥʝʨʛʽʷ 
ʪʠʩ. ʢɺʪȚʛʦʜ 42977 68458 41181 41229 

ʢɺʘ 6619 6692 10891 7637 

2014 ɽʣʝʢʪʨʦʝʥʝʨʛʽʷ 
ʪʠʩ. ʢɺʪȚʛʦʜ 41829 68037 43545 42161 

ʢɺʘ 6180 7190 7844 9874 

 

ʅʘ ʦʩʥʦʚʽ ʥʘʚʝʜʝʥʦʾ ʚʠʱʝ ʪʘʙʣ. 1, ʜʝ ʧʦʢʘʟʘʥʦ ʟʚʝʜʝʥʽ ʨʽʚʥʽ ʩʧʦʞʠʚʘʥʥʷ ɽɽ (ʟʘ ʧʝʨʽʦʜ 2010ï2014 

ʨʦʢʫ) ʚʽʪʯʠʟʥʷʥʠʭ ʟʘʣʽʟʦʨʫʜʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʢʦʪʨʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʽʜʟʝʤʥʠʤ ʚʠʜʦʙʫʪʢʦʤ ʟʘʣʽʟʦʨʫʜʥʦʾ 

ʩʠʨʦʚʠʥʠ.  

ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ mn, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʪʘʙʣ. 2 ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʝʤʧʽʨʠʯʥʦʶ ʟʘʣʝʞʥʽʩʪʶ (ʟ ʪʘʙʣ. 1): 

       (1) 

ʜʝ  ʪʘ  ï ʚʽʜʧʦʚʽʜʥʦ ʘʢʪʠʚʥʘ ʪʘ ʨʝʘʢʪʠʚʥʘ ʧʦʪʫʞʥʦʩʪʽ ʨʽʯʥʘ. 

ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʧʦʜʘʣʴʰʦʛʦ ʢʨʦʢʫ ʧʦʙʫʜʦʚʠ ʧʨʦʛʥʦʟʦʚʘʥʦʾ ʤʦʜʝʣʽ ʟʘʩʪʦʩʫʻʤʦ ʟ ʪʘʙʣ. 2 ʨʽʯʥʽ 

ʢʦʝʬʽʮʽʻʥʪʠ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʜʣʷ ʢʦʞʥʦʾ ʟ ʟʘʣʽʟʦʨʫʜʥʠʭ ʰʘʭʪ. 

 

ʊʘʙʣʠʮʷ 2 

 ʈʽʯʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʜʣʷ ʟʘʣʽʟʦʨʫʜʥʠʭ ʰʘʭʪ 

ʄʽʩʷʮʴ ʰ. ʈʦʜʽʥʘ ʰ. ʂʦʟʘʮʴʢʘ ʰ. ʊʝʨʥʽʚʩʴʢʘ ʰ. ʇʦʢʨʦʚʩʴʢʘ 

ʉʽʯʝʥʴ 1,034 0,966 1,015 1,006 

ʃʶʪʠʡ 1,024 1,03 0,997 0,973 

ɹʝʨʝʟʝʥʴ 1,004 1,032 1,017 1,023 

ʂʚʽʪʝʥʴ 0,934 0,971 0,996 0,922 

ʊʨʘʚʝʥʴ 0,98 1,034 0,946 0,96 

ʏʝʨʚʝʥʴ 0,941 1,006 1,022 1,063 

ʃʠʧʝʨ 1,015 0,956 1 0,948 

ʉʝʨʧʝʥʴ 0,972 1,002 0,984 0,935 

ɺʝʨʝʩʝʥʴ 1,026 0,977 0,97 1,016 

ɾʦʚʪʝʥʴ 0,964 0,986 1,018 1,025 

ʃʠʩʪʦʧʘʜ 1,016 0,962 1,008 1,034 

ɻʨʫʜʝʥʴ 1,091 1,078 1,028 1,096 

 

ɿʥʘʯʝʥʥʷ ʨʽʚʥʽʚ ʩʧʦʞʠʚʘʥʥʷ ʘʢʪʠʚʥʦʾ ʪʘ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʣʷ ʧʨʦʛʥʦʟʦʚʘʥʦʾ ʤʦʜʝʣʽ 

ʩʧʦʞʠʚʘʥʥʷ ɽɽ ʥʘ 2015ï2024 ʨʦʢʠ, ʱʦ ʫ ʪʘʙʣ. 4 ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʟʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʨʦʢʽʚ: 

      (2)  

      (3)  

ʆʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʨʽʚʥʽʚ ʩʧʦʞʠʚʘʥʥʷ ʜʣʷ  ʘʢʪʠʚʥʦʾ ʪʘ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʣʷ ʧʨʦʛʥʦʟʦʚʘʥʦʾ 

ʤʦʜʝʣʽ ʩʧʦʞʠʚʘʥʥʷ ɽɽ ʥʘ 2015ï2024 ʨʦʢʠ ʜʣʷ ʪʨʘʜʠʮʽʡʥʠʭ ʩʭʝʤ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʟʘʣʽʟʦʨʫʜʥʠʭ ʰʘʭʪ 

ʟʘʥʝʩʝʤʦ ʫ ʊʘʙʣ. 4: 
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ʊʘʙʣʠʮʷ 3  

ɿʥʘʯʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ  ʥʘ ʧʨʦʛʥʦʟʦʚʘʥʫ ʤʦʜʝʣʴ ʩʧʦʞʠʚʘʥʥʷ ɽɽ ʥʘ 2015ï2024 ʨʦʢʠ 

ʜʣ̫ ʪʨʘʜʠʮʽʡʥʠʭ ʩʭʝʤ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʟʘʣʽʟʦʨʫʜʥʠʭ ʰʘʭʪ 

ʈʽʢ  ʰ. ʈʦʜʽʥʘ ʰ. ʂʦʟʘʮʴʢʘ ʰ. ʊʝʨʥʽʚʩʴʢʘ ʰ. ʇʦʢʨʦʚʩʴʢʘ 

2015 1,034 0,966 1,015 1,006 

2016 1,007 1,032 0,995 1,023 

2017 0,938 0,971 0,946 1,096 

2018 0,934 1,034 1,022 1,063 

2019 0,98 1,006 1 0,924 

2020 0,972 0,956 0,97 0,96 

2021 1,026 1,002 1,018 0,935 

2022 0,964 0,986 1,009 0,948 

2023 1,016 0,961 1,028 1,021 

2024 1,091 1,085 0,984 0,917 

 

ʊʘʙʣʠʮʷ 4 

ɿʥʘʯʝʥʥʷ ʨʽʚʥʽʚ ʩʧʦʞʠʚʘʥʥʷ ʘʢʪʠʚʥʦʾ ʪʘ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʣʷ ʧʨʦʛʥʦʟʦʚʘʥʦʾ ʤʦʜʝʣʽ 

ʩʧʦʞʠʚʘʥʥʷ ɽɽ ʥʘ 2015ï2024 ʨʦʢʠ ʜʣʷ ʪʨʘʜʠʮʽʡʥʠʭ ʩʭʝʤ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʜʣʷ ʟʘʣʽʟʦʨʫʜʥʠʭ ʰʘʭʪ 

ʈʽʢ ʇʨʦʜʫʢʮʽʷ ʆʜʠʥʠʮʽ ʚʠʤʽʨʫ ʰ. ʈʦʜʽʥʘ ʰ. ʂʦʟʘʮʴʢʘ ʰ. ʊʝʨʥʽʚʩʴʢʘ ʰ. ʇʦʢʨʦʚʩʴʢʘ 

2015 ɽʣʝʢʪʨʦʝʥʝʨʛʽʷ 
ʪʠʩ. ʢɺʪȚʛʦʜ 38780,652 61252,566 37241,94 38884,368 

ʢɺʘ 4777,221094 8905,069031 6811,505876 7219,719775 

2016 ɽʣʝʢʪʨʦʝʥʝʨʛʽʷ 
ʪʠʩ. ʢɺʪȚʛʦʜ 39498,656 67644,863 41857,33 41965,5 

ʢɺʘ 4161,929239 9309,384174 8393,091369 8318,60503 

2017 ɽʣʝʢʪʨʦʝʥʝʨʛʽʷ 
ʪʠʩ. ʢɺʪȚʛʦʜ 50212,148 75897,442 37474,174 44982,342 

ʢɺʘ 7068,061567 8009,375173 3692,416747 8272,725146 

2018 ɽʣʝʢʪʨʦʝʥʝʨʛʽʷ 
ʪʠʩ. ʢɺʪȚʛʦʜ 46759,518 64093,572 41542,432 42680,877 

ʢɺʘ 7201,555475 6265,362468 10986,5867 7905,936541 

2019 ɽʣʝʢʪʨʦʝʥʝʨʛʽ̫ 
ʪʠʩ. ʢɺʪȚʛʦʜ 34812,42 63052,722 42929,246 40437,864 

ʢɺʘ 5143,339683 6663,272501 7733,08085 9470,445889 

2020 ɽʣʝʢʪʨʦʝʥʝʨʛʽʷ 
ʪʠʩ. ʢɺʪȚʛʦʜ 47236,13031 67371,02266 41238,83953 39391,80693 

ʢɺʘ 5818,814962 9794,58734 7542,533976 7313,936732 

2021 ɽʣʝʢʪʨʦʝʥʝʨʛʽʷ 
ʪʠʩ. ʢɺʪȚʛʦʜ 37626,52984 73617,88219 36565,70216 40809,86935 

ʢɺʘ 3964,665398 10771,26594 3602,902922 8089,530315 

2022 ɽʣʝʢʪʨʦʝʥʝʨʛʽʷ 
ʪʠʩ. ʢɺʪȚʛʦʜ 52376,12176 77240,15278 39894,59886 41051,87896 

ʢɺʘ 7372,671117 8151,069994 10550,78983 7549,871712 

2023 ɽʣʝʢʪʨʦʝʥʝʨʛʽʷ 
ʪʠʩ. ʢɺʪȚʛʦʜ 40334,6428 75458,88261 40087,51774 41771,0664 

ʢɺʘ 6212,043668 7376,359847 7221,184733 9782,678534 

2024 ɽʣʝʢʪʨʦʝʥʝʨʛʽʷ 
ʪʠʩ. ʢɺʪȚʛʦʜ 43169,33269 64090,65447 39212,33943 39768,35 

ʢɺʘ 6378,026633 6772,958914 7862,726734 7883,075296 

 

ʅʘ ʦʩʥʦʚʽ ʥʘʚʝʜʝʥʦʾ ʚʠʱʝ ʩʢʣʘʜʝʥʦʾ ʧʨʦʛʥʦʟʦʚʘʥʦʾ ʤʦʜʝʣʽ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʜʣʷ 

ʪʨʘʜʠʮʽʡʥʠʭ ʩʭʝʤ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʟʘʣʽʟʦʨʫʜʥʠʭ ʰʘʭʪ (ʊʘʙʣ. 1ï4, ʌʦʨʤʫʣʠ 1ï3) ʧʦʙʫʜʫʻʤʦ ʛʨʘʬʽʯʥʫ 

ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʫ : 
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ʈʠʩ. 1. ʇʨʦʛʥʦʟʦʚʘʥʘ ʤʦʜʝʣʴ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʜʣʷ ʪʨʘʜʠʮʽʡʥʠʭ ʩʭʝʤ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʜʣʷ ʟʘʣʽʟʦʨʫʜʥʠʭ 

ʰʘʭʪ ʥʘ 2015ï2024 ʨʽʢ 

 

ɿʛʽʜʥʦ ʟ ʦʪʨʠʤʘʥʦʶ ʧʨʦʛʥʦʟʦʚʘʥʦʶ ʤʦʜʝʣʣʶ (ʨʠʩ. 1), ʩʣʽʜ ʚʽʜʤʽʪʠʪʠ ʤʘʢʩʠʤʘʣʴʥʝ ʚʽʜʭʠʣʝʥʥʷ 

ʩʧʦʞʠʚʘʥʥʷ ɽɽ ʟʘ ʧʝʨʽʦʜ ʜʝʩʷʪʠ ʨʦʢʽʚ (ʟ 2015ï2024 ʨʽʢ) ʥʦʩʠʪʴ ʢʦʣʠʚʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ ʫ ʤʝʞʘʭ 25ï45%, ʘ 

ʤʘʢʩʠʤʘʣʴʥʽ ʨʽʚʥʽ ʩʧʦʞʠʚʘʥʥʷ ɽɽ ʩʪʘʚʣʷʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʥʘʡʙʽʣʴʰʠʤ ʟʘ ʦʙôʻʤʦʤ ʚʠʜʦʙʫʪʢʫ ʟʘʣʽʟʦʨʫʜʥʦʾ 

ʩʠʨʦʚʠʥʠ, ʘʣʝ ʜʘʥʝ ʣʦʛʽʯʥʝ ʟʘʢʣʶʯʝʥʥʷ ʤʦʞʝ ʥʝ ʚʽʜʧʦʚʽʜʘʪʠ ʜʽʡʩʥʦʩʪʽ ʜʣʷ ʫʤʦʚ ʤʽʥʽʤʘʣʴʥʦʛʦ ʦʙôʻʤʫ 

ʚʠʜʦʙʫʪʢʫ ɿʈʉ (ʟʘʣʽʟʦʨʫʜʥʦʾ ʩʠʨʦʚʠʥʠ). 

ɿʛʽʜʥʦ ʢʦʥʮʝʧʮʽʾ SG (Smart Grid), ʚʨʘʭʦʚʫʻʤʦ ʚʜʦʩʢʦʥʘʣʝʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʜʘʥʽ ʝʣʝʢʪʨʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʥʘʚʝʜʝʥʠʭ ʛʨʘʬʽʢʽʚ, ʢʦʪʨʽ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʫ ʨʘʥʽʰ ʥʘʚʝʜʝʥʦʤʫ ʨʠʩ. 1 ʜʣʷ ʪʦʧʦʣʦʛʽʾ ʩʭʝʤ 

ʚʽʪʯʠʟʥʷʥʠʭ ʟʘʣʽʟʦʨʫʜʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ï ʩʪʚʦʨʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ. 

ʊʦʙʪʦ, ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʥʘʩʪʫʧʥʽ ʩʢʦʨʠʛʦʚʘʥʽ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʬʦʨʤʫʣʠ ʦʩʥʦʚʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʫ ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ: 
     (4) 

     (5) 

ʜʝ   ï ʧʝʚʥʠʡ ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ; ʪʘ  ï ʟʤʽʥʠ ʫ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʘʭ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʟʤʽʥ ʩʭʝʤʥʦʾ ʪʦʧʦʣʦʛʽʾ ʟʛʽʜʥʦ ʟ ʢʦʥʮʝʧʮʽʻʶ Smart Grid;  ʪʘ  ï ʚʽʜʧʦʚʽʜʥʦ ʘʢʪʠʚʥʘ ʪʘ 

ʨʝʘʢʪʠʚʥʘ ʧʦʪʫʞʥʦʩʪʽ ʨʽʯʥʘ ʜʣʷ ʩʭʝʤʥʦʾ ʪʦʧʦʣʦʛʽʾ ʟʛʽʜʥʦ ʟ ʢʦʥʮʝʧʮʽʻʶ Smart Grid. 

 

ʊʘʙʣʠʮʷ 5  

ʈʦʟʨʘʭʫʥʢʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʜʣʷ ʟʘʣʽʟʦʨʫʜʥʠʭ ʰʘʭʪ ʜʣʷ ʇɸʊ çʂɿʈʂè  

ʟʘ ʧʝʨʽʦʜ 2015ï2024 ʨʦʢʽʚ ʧʨʦʛʥʦʟʥʘ ʤʦʜʝʣʴ Smart Grid 

ʈʦʢʠ 
ʂʦʝʬʽʮʽʻʥʪ ʰ. 

ʈʦʜʽʥʘ 

ʂʦʝʬʽʮʽʻʥʪ ʰ. 

ʂʦʟʘʮʴʢʘ 

ʂʦʝʬʽʮʽʻʥʪ ʰ. 

ʊʝʨʥʽʚʩʴʢʘ 

ʂʦʝʬʽʮ̔̒ ʥʪ ʰ. 

ʇʦʢʨʦʚʩʴʢʘ 

2015 0,123185683 0,145382791 0,182898793 0,185671522 

2016 0,105368882 0,146313173 0,200516645 0,198224852 

2017 0,140763975 0,105528921 0,098532305 0,183910503 

2018 0,154012611 0,097753367 0,264466623 0,185233695 

2019 0,147744388 0,105677793 0,180135492 0,234197481 

2020 0,137402281 0,116087056 0,107350946 0,222487607 

2021 0,167103683 0,106953562 0,22479663 0,206093783 

2022 0,161255054 0,109573924 0,160950938 0,180384615 

2023 0,154966107 0,141265369 0,107400213 0,201657867 

2024 0,168448159 0,143002933 0,113575725 0,202189349 

 

ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʧʦʜʘʣʴʰʦʛʦ ʢʨʦʢʫ ʧʦʙʫʜʦʚʠ ʧʨʦʛʥʦʟʦʚʘʥʦʾ ʤʦʜʝʣʽ ʟʘʩʪʦʩʫʻʤʦ ʫ ʪʘʙʣ. 5 ʨʦʟʨʘʭʫʥʢʦʚʽ 

ʢʦʝʬʽʮʽʻʥʪʠ ʥʘ ʧʨʦʛʥʦʟʦʚʘʥʫ ʤʦʜʝʣʴ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ: 

ʇʨʦʚʝʜʝʤʦ ʧʝʨʝʨʘʭʫʥʦʢ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ  ʥʘ ʧʨʦʛʥʦʟʦʚʘʥʫ ʤʦʜʝʣʴ ʩʧʦʞʠʚʘʥʥʷ ɽɽ 
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ʥʘ 2015ï2024 ʨʦʢʠ ʜʣʷ ʩʭʝʤ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʩʢʣʘʜʝʥʠʭ ʟʛʽʜʥʦ ʢʦʥʮʝʧʮʽʾ Smart Grid ʜʣʷ ʟʘʣʽʟʦʨʫʜʥʠʭ 

ʰʘʭʪ, ʚʨʘʭʦʚʫʶʯʠ ʩʢʦʨʠʛʦʚʘʥʽ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʬʦʨʤʫʣʠ (4, 5) ʜʣʷ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʫ 

ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ: 

ɿʘʥʝʩʝʤʦ ʦʪʨʠʤʘʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʟʘ ʬʦʨʤʫʣʘʤʠ 4 ʪʘ 5  ʫ ʪʘʙʣ. 6. 

 

ʊʘʙʣʠʮʷ 6  

ʈʦʟʨʘʭʫʥʢʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ  ʥʘ ʧʨʦʛʥʦʟʦʚʘʥʫ ʤʦʜʝʣʴ ʩʧʦʞʠʚʘʥʥʷ ɽɽ ʥʘ 2015ï2024 ʨʦʢʠ ʜʣʷ 

ʩʭʝʤ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʩʢʣʘʜʝʥʠʭ ʟʛʽʜʥʦ ʟ ʢʦʥʮʝʧʮʽʻʶ Smart Grid ʜʣʷ ʟʘʣʽʟʦʨʫʜʥʠʭ ʰʘʭʪ 

ʈʽʢ  .h ʈʦʜʽʥʘ ʰ. ʂʦʟʘʮʴʢʘ ʰ. ʊʝʨʥʽʚʩʴʢʘ ʰ. ʇʦʢʨʦʚʩʴʢʘ 

2015 0,911 0,975 0,973 0,978 

2016 0,902 1,019 1,020 0,993 

2017 1,079 1,076 0,847 1,068 

2018 1,088 0,936 1,009 1,035 

2019 0,832 0,927 0,986 0,959 

2020 1,109 1,072 1,077 0,991 

2021 0,859 1,109 0,827 0,966 

2022 1,125 1,095 0,969 0,975 

2023 0,938 1,102 0,920 0,991 

2024 1,032 0,942 0,956 0,941 

 

ʈʝʟʫʣʴʪʘʪʠ ʦʪʨʠʤʘʥʽ ʟʘ ʤʘʪʝʤʘʪʠʯʥʠʤʠ ʬʦʨʤʫʣʘʤʠ 4 ʪʘ 5 ʟʘʥʦʩʠʤʦ ʫ ʪʘʙʣ. 7: 
 

 

ʊʘʙʣʠʮʷ 7  

ɿʥʘʯʝʥʥʷ ʨʽʚʥʽʚ ʩʧʦʞʠʚʘʥʥʷ ʘʢʪʠʚʥʦʾ ʪʘ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ  

ʜʣʷ ʧʨʦʛʥʦʟʦʚʘʥʦʾ ʤʦʜʝʣʽ ʩʧʦʞʠʚʘʥʥʷ ɽɽ ʥʘ 2015ï2024 ʨʦʢʠ  

ʪʘ ʩʭʝʤ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʩʢʣʘʜʝʥʠʭ ʟʛʽʜʥʦ ʢʦʥʮʝʧʮʽʾ Smart Grid ʜʣʷ ʟʘʣʽʟʦʨʫʜʥʠʭ ʰʘʭʪ 

ʈʽʢ ʇʨʦʜʫʢʮʽʷ ʆʜʠʥʠʮʽ ʚʠʤʽʨʫ ʰ. ʆʢʪʷʙʨʩʴʢʘ ʰ. ɹʘʪʴʢʽʚʰʠʥʘ ʰ. ɻʚʘʨʜʽʡʩʴʢʘ ʰ. ʃʝʥʽʥʘ 

2015 ɽʣʝʢʪʨʦʝʥʝʨʛʽʷ 
ʪʠʩ. ʢɺʪȚʛʦʜ 38780,652 61252,566 37241,94 38884,368 

ʢɺʘ 4777,221094 8905,069031 6811,505876 7219,719775 

2016 ɽʣʝʢʪʨʦʝʥʝʨʛʽʷ 
ʪʠʩ. ʢɺʪȚʛʦʜ 39498,656 67644,863 41857,33 41965,5 

ʢɺʘ 4161,929239 9309,384174 8393,091369 8318,60503 

2017 ɽʣʝʢʪʨʦʝʥʝʨʛʽʷ 
ʪʠʩ. ʢɺʪȚʛʦʜ 50212,148 75897,442 37474,174 44982,342 

ʢɺʘ 7068,061567 8009,375173 3692,416747 8272,725146 

2018 ɽʣʝʢʪʨʦʝʥʝʨʛʽʷ 
ʪʠʩ. ʢɺʪȚʛʦʜ 46759,518 64093,572 41542,432 42680,877 

ʢɺʘ 7201,555475 6265,362468 10986,5867 7905,936541 

2019 ɽʣʝʢʪʨʦʝʥʝʨʛʽʷ 
ʪʠʩ. ʢɺʪȚʛʦʜ 34812,42 63052,722 42929,246 40437,864 

ʢɺʘ 5143,339683 6663,272501 7733,08085 9470,445889 

2020 ɽʣʝʢʪʨʦʝʥʝʨʛʽʷ 
ʪʠʩ. ʢɺʪȚʛʦʜ 47236,13031 67371,02266 41238,83953 39391,80693 

ʢɺʘ 5818,814962 9794,58734 7542,533976 7313,936732 

2021 ɽʣʝʢʪʨʦʝʥʝʨʛʽʷ 
ʪʠʩ. ʢɺʪȚʛʦʜ 37626,52984 73617,88219 36565,70216 40809,86935 

ʢɺʘ 3964,665398 10771,26594 3602,902922 8089,530315 

2022 ɽʣʝʢʪʨʦʝʥʝʨʛʽʷ 
ʪʠʩ. ʢɺʪȚʛʦʜ 52376,12176 77240,15278 39894,59886 41051,87896 

ʢɺʘ 7372,671117 8151,069994 10550,78983 7549,871712 

2023 ɽʣʝʢʪʨʦʝʥʝʨʛʽʷ 
ʪʠʩ. ʢɺʪȚʛʦʜ 40334,6428 75458,88261 40087,51774 41771,0664 

ʢɺʘ 6212,043668 7376,359847 7221,184733 9782,678534 

2024 ɽʣʝʢʪʨʦʝʥʝʨʛʽʷ 
ʪʠʩ. ʢɺʪȚʛʦʜ 43169,33269 64090,65447 39212,33943 39768,35 

ʢɺʘ 6378,026633 6772,958914 7862,726734 7883,075296 
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ʅʘ ʦʩʥʦʚʽ ʩʢʦʨʠʛʦʚʘʥʦʾ, ʧʨʦʛʥʦʟʦʚʘʥʦʾ ʤʦʜʝʣʽ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʜʣʷ ʩʭʝʤ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʩʢʣʘʜʝʥʠʭ, ʟʛʽʜʥʦ ʢʦʥʮʝʧʮʽʾ Smart Grid ʫ ʟʘʣʽʟʦʨʫʜʥʠʭ ʰʘʭʪ (ʪʘʙʣ. 4ï7, ʌʦʨʤʫʣʠ 4 ʪʘ 5) 

ʙʫʜʫʻʤʦ ʜʘʥʫ ʛʨʘʬʽʯʥʫ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʫ  : 

 
ʈʠʩ. 2. ʇʨʦʛʥʦʟʦʚʘʥʘ ʤʦʜʝʣʴ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʜʣʷ ʩʭʝʤ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʩʢʣʘʜʝʥʠʭ ʟʛʽʜʥʦ ʢʦʥʮʝʧʮʽʾ 

Smart Grid ʜʣʷ ʟʘʣʽʟʦʨʫʜʥʠʭ ʰʘʭʪ ʥʘ 2015ï2024 ʨʽʢ 

 

ʇʨʦʚʽʚʰʠ ʚʠʤʽʨʶʚʘʥʥʷ ʪʽʩʥʦʪʠ ʢʦʨʝʣʷʮʽʡʥʦʛʦ ʟʚôʷʟʢʫ ʤʽʞ ʨʽʚʥʷʤʠ ʩʧʦʞʠʚʘʥʥʷ ʘʢʪʠʚʥʦʾ ʪʘ 

ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʣʷ ʪʨʘʜʠʮʽʡʥʠʭ ʪʘ ʩʢʣʘʜʝʥʠʭ ʟʛʽʜʥʦ ʢʦʥʮʝʧʮʽʾ Smart Grid ʩʭʝʤ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʥʘ 

ʟʘʣʽʟʦʨʫʜʥʠʭ ʰʘʭʪʘʭ. ɺʠʜʽʣʝʥʥʷ ʜʘʥʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ ʜʘʥʠʤʠ ʟʤʽʥʥʠʤʠ ʚʠʢʦʥʘʻʤʦ ʤʝʪʦʜʦʤ ʤʥʦʞʠʥʥʦʾ 

ʢʦʨʝʣʷʮʽʾ, ʦʩʢʽʣʴʢʠ ʥʘ ʧʨʦʛʥʦʟʦʚʘʥʫ ʤʦʜʝʣʴ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʯʠʥʠʪʴ ʚʧʣʠʚ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ 

ʬʘʢʪʦʨʽʚ (ʤʽʥʽʤʫʤ 5). 

ɼʣʷ ʢʦʞʥʦʛʦ ʟ ʨʽʚʥʷʥʴ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʧʘʨʘʤʝʪʨʠ ʪʘ ʟʤʽʥʥʽ ʧʦʟʥʘʯʘʶʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: x ï 

ʥʝʟʘʣʝʞʥʘ ʟʤʽʥʥʘ, y ï ʟʘʣʝʞʥʘ ʚʽʜ ʚʝʣʠʯʠʥʠ x ʟʤʽʥʥʘ ʪʘ ʩʪʘʚʠʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʢʦʞʥʽʡ ʟ ʧʦʪʫʞʥʦʩʪʝʡ: 

ʘʢʪʠʚʥʦʾ (P, ʢɺʪ), ʨʝʘʢʪʠʚʥʦʾ (Q, ʢɺʘʨ). 

ʇʨʦʚʝʜʝʤʦ ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʽʚʥʷʥʴ ʨʝʛʨʝʩʽʾ ʜʣʷ ʪʨʘʜʠʮʽʡʥʠʭ ʪʘ ʩʢʣʘʜʝʥʠʭ ʟʛʽʜʥʦ ʢʦʥʮʝʧʮʽʾ Smart 

Grid ʩʭʝʤ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʜʦʩʣʽʜʠʤʦ ʾʭ ʦʢʨʝʤʦ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ: 

ʈʽʚʥʷʥʥʷ y=0,0781x2+0,1607x-154,75 ʪʘ R2=0,307 ï ʜʘʥʝ ʨʽʚʥʷʥʥʷ ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʥʘʯʝʥʥʶ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ P, ʢɺʪ ʜʣʷ ʰ. ʈʦʜʽʥʘ. 

ʈʽʚʥʷʥʥʷ y=0,03x2-0,9243x-58,554 ʪʘ R2=0,2319 ï ʜʘʥʝ ʨʽʚʥʷʥʥʷ ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʟʥʘʯʝʥʥʶ ʧʦʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ P, ʢɺʪ ʜʣʷ ʰ. ʂʦʟʘʮʴʢʘ. 

ʈʽʚʥʷʥʥʷ y=-0,0044x2-0,3843x-58,554 ʪʘ R2=0,01 ï ʜʘʥʝ ʨʽʚʥʷʥʥʷ ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʥʘʯʝʥʥʶ ʧʦʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ P, ʢɺʪ ʜʣʷ ʰ. ʊʝʨʥʽʚʩʴʢʘ. 

ʈʽʚʥʷʥʥʷ y=-0,03x2+0,159x+23.522 ʪʘ R2=0,0577 ï ʜʘʥʝ ʨʽʚʥʷʥʥʷ ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʥʘʯʝʥʥʶ ʧʦʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ P, ʢɺʪ ʜʣʷ ʰ. ʇʦʢʨʦʚʩʴʢʘ. 

ʈʽʚʥʷʥʥʷ y=7,6285x2+0,1607x-12904 ʪʘ R2=0,0508 ï ʜʘʥʝ ʨʽʚʥʷʥʥʷ ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʥʘʯʝʥʥʶ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ Q, ʢɺʘʨ ʜʣʷ ʰ. ʈʦʜʽʥʘ 

ʈʽʚʥʷʥʥʷ y=-22,582x2-0,3843x-43046 ʪʘ R2=0,1652 ï ʜʘʥʝ ʨʽʚʥʷʥʥʷ ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʥʘʯʝʥʥʶ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ Q, ʢɺʘʨ ʜʣʷ ʰ. ʂʦʟʘʮʴʢʘ 

ʈʽʚʥʷʥʥʷ y=-5,9744x2+0,159x-9520 ʪʘ R2=0,0793 ï ʜʘʥʝ ʨʽʚʥʷʥʥʷ ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʥʘʯʝʥʥʶ ʧʦʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ Q, ʢɺʘʨ ʜʣʷ ʰ. ʊʝʨʥʽʚʩʴʢʘ 

ʈʽʚʥʷʥʥʷ y=--29,875x2-0,1607x+6203 ʪʘ R2=0,3205 ï ʜʘʥʝ ʨʽʚʥʷʥʥʷ ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʥʘʯʝʥʥʶ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ Q, ʢɺʘʨ ʜʣʷ ʰ. ʇʦʢʨʦʚʩʴʢʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʜʣʷ ʜʘʥʠʭ ʨʽʚʥʷʥʴ ʜʣʷ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ P ʜʣʷ ʢʦʞʥʦʾ ʟ ʚʠʱʝʥʘʚʝʜʝʥʠʭ ʰʘʭʪ ʤʘʻʤʦ 

ʥʘʩʪʫʧʥʽ ʢʦʨʝʣʷʮʽʡʥʽ ʟʚôʷʟʢʠ: 0,3<R2Ò0,7 ï ʜʘʥʠʡ ʟʚôʷʟʦʢ ʩʝʨʝʜʥʴʦʾ ʩʠʣʠ; 0<R2Ò0,3 ï ʟʚôʷʟʦʢ ʩʣʘʙʢʦʾ ʩʠʣʠ; 

0<R2Ò0,3 ï ʟʚôʷʟʦʢ ʩʣʘʙʢʦʾ ʩʠʣʠ; 0<R2Ò0,3 ï ʟʚôʷʟʦʢ ʩʣʘʙʢʦʾ ʩʠʣʠ. 

ʈʝʘʢʪʠʚʥʘ ʧʦʪʫʞʥʽʩʪʴ ʧʦʢʘʟʫʻ ʢʦʨʝʣʷʮʽʡʥʠʡ ʟʚôʷʟʦʢ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 0<R2Ò0,3 ï ʟʚôʷʟʦʢ ʩʣʘʙʢʦʾ 

ʩʠʣʠ; 0<R2Ò0,3 ï ʟʚôʷʟʦʢ ʻ ʩʣʘʙʢʦʾ ʩʠʣʠ; 0<R2Ò0,3 ï ʟʚôʷʟʦʢ ʩʣʘʙʢʦʾ ʩʠʣʠ; 0,3<R2Ò0,7 ï ʜʘʥʠʡ ʟʚôʷʟʦʢ 

ʩʝʨʝʜʥʴʦʾ ʩʠʣʠ. 

ʈʽʚʥʷʥʥʷ: y=0,0781x2+0,1607x-154,75, y=0,03x2-0,9243x-58,554, y=-0,0044x2-0,3843x-58,554, 

0,03x2+0,159x+23.522, y=7,6285x2+0,1607x-12904, y=-22,582x2-0,3843x-43046, y=-5,9744x2+0,159x-9520, y=--

29,875x2-0,1607x+6203  ʻ ʟʚʝʜʝʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ ʨʝʛʨʝʩʽʾ ʜʣʷ ʜʠʥʘʤʽʯʥʠʭ ʟʤʽʥ ʧʦʪʫʞʥʦʩʪʝʡ ʘʢʪʠʚʥʦʾ, 

ʨʝʘʢʪʠʚʥʦʾ ʜʣʷ ʪʨʘʜʠʮʽʡʥʠʭ ʩʭʝʤ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʜʣʷ ɼʇʇ ʟʘʣʽʟʦʨʫʜʥʠʭ ʰʘʭʪ ʥʘ 2015ï2024 ʨʽʢ, ʘ 

ʟʥʘʯʝʥʥʷ: R2=0,307, R2=0,2319, R2=0,01, R2=0,0577, R2=0,0508, R2=0,1652, R2=0,0793, R2=0,3205 ʻ ʟʚʝʜʝʥʠʤʠ 

ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʢʦʨʝʣʷʮʽʾ ʜʣʷ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʰʘʭʪʥʠʭ ʥʘʟʚ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ. 

ʈʽʚʥʷʥʥʷ y=-0,035x2+0,1607x-154,75 ʪʘ R2=0,5945 ï ʜʘʥʝ ʨʽʚʥʷʥʥʷ ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʥʘʯʝʥʥʶ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ P, ʢɺʪ ʜʣʷ ʰ. ʈʦʜʽʥʘ. 
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ʈʽʚʥʷʥʥʷ y=-0,9243x2-0,9243x-58,554 ʪʘ R2=0,579 ï ʜʘʥʝ ʨʽʚʥʷʥʥʷ ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʥʘʯʝʥʥʶ ʧʦʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ P, ʢɺʪ ʜʣʷ ʰ. ʂʦʟʘʮʴʢʘ. 

ʈʽʚʥʷʥʥʷ y=-0,0026x2-0,3843x-58,554 ʪʘ R2=0,4917 ï ʜʘʥʝ ʨʽʚʥʷʥʥʷ ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʥʘʯʝʥʥʶ ʧʦʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ P, ʢɺʪ ʜʣʷ ʰ. ʊʝʨʥʽʚʩʴʢʘ. 

ʈʽʚʥʷʥʥʷ y=-0,0903x2+0,159x+23.522 ʪʘ R2=0,3137 ï ʜʘʥʝ ʨʽʚʥʷʥʥʷ ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʥʘʯʝʥʥʶ ʧʦʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ P, ʢɺʪ ʜʣʷ ʰ. ʇʦʢʨʦʚʩʴʢʘ. 

ʈʽʚʥʷʥʥʷ y=-15,479x2+0,1607+33860x ʪʘ R2=0,2376 ï ʜʘʥʝ ʨʽʚʥʷʥʥʷ ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʥʘʯʝʥʥʶ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ Q, ʢɺʘʨ ʜʣʷ ʰ. ʈʦʜʽʥʘ 

ʈʽʚʥʷʥʥʷ y=-0,9243x2-+0,3843x-32173 ʪʘ R2=0,0359 ï ʜʘʥʝ ʨʽʚʥʷʥʥʷ ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʥʘʯʝʥʥʶ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ Q, ʢɺʘʨ ʜʣʷ ʰ. ʂʦʟʘʮʴʢʘ. 

ʈʽʚʥʷʥʥʷ y=-0,0026x2-0,159x-43046 ʪʘ R2=0,1652 ï ʜʘʥʝ ʨʽʚʥʷʥʥʷ ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʥʘʯʝʥʥʶ ʧʦʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ Q, ʢɺʘʨ ʜʣʷ ʰ. ʊʝʨʥʽʚʩʴʢʘ. 

ʈʽʚʥʷʥʥʷ y=-0,0352x2-0,1607x+24172 ʪʘ R2=0,028 ï ʜʘʥʝ ʨʽʚʥʷʥʥʷ ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʥʘʯʝʥʥʶ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ Q, ʢɺʘʨ ʜʣʷ ʰ. ʇʦʢʨʦʚʩʴʢʘ. 

ɼʘʥʽ ʨʽʚʥʷʥʥʷ ʜʣʷ ʩʭʝʤ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʩʢʣʘʜʝʥʠʭ ʟʛʽʜʥʦ ʢʦʥʮʝʧʮʽʾ Smart Grid ʜʣʷ ʜʘʥʠʭ 

ʟʘʣʽʟʦʨʫʜʥʠʭ ʰʘʭʪ ʜʣʷ ʘʢʪʠʚʥʦʾ ʪʘ ʨʝʘʢʪʠʚʥʦʾ P ʪʘ Q ʧʦʢʘʟʫʶʪʴ ʥʘʩʪʫʧʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦ ʩʠʣʘʤ ʢʦʨʝʣʷʮʽʡʥʠʭ 

ʟʚôʷʟʢʽʚ: 0,3<R2Ò0,7 ï ʟʚôʷʟʦʢ ʩʝʨʝʜʥʴʦʾ ʩʠʣʠ; 0,3<R2Ò0,7 ï ʟʚôʷʟʦʢ ʩʝʨʝʜʥʴʦʾ ʩʠʣʠ; 0,3<R2Ò0,7 ï ʟʚôʷʟʦʢ 

ʩʝʨʝʜʥʴʦʾ ʩʠʣʠ; 0,3<R2Ò0,7 ï ʟʚôʷʟʦʢ ʩʝʨʝʜʥʴʦʾ ʩʠʣʠ; 0<R2Ò0,3 ï ʟʚôʷʟʦʢ ʩʣʘʙʢʦʾ ʩʠʣʠ. 

ʈʽʚʥʷʥʥʷ: y=-0,035x2+0,1607x-154,75, y=-0,9243x2-0,9243x-58,554, y=-0,0026x2-0,3843x-58,554, y=-

0,0903x2+0,159x+23.522, y=-15,479x2+0,1607+33860x, y=-0,9243x2-+0,3843x-32173, y=-0,0026x2-0,159x-43046, 

y=-0,0352x2-0,1607x+24172, ʘ ʟʥʘʯʝʥʥʷ: R2=0,5945, R2=0,579, R2=0,4917, R2=0,3137, R2=0,2376, R2=0,0359, 

R2=0,1652, R2=0,028 ʻ ʟʚʝʜʝʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠʠ ʢʦʨʝʣʷʮʽʾ ʜʣʷ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʰʘʭʪʥʠʭ ʥʘʟʚ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ. 

ɼʘʥʽ ʨʽʚʥʷʥʥʷ ʜʣʷ ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʪʨʘʜʠʮʽʡʥʠʭ ʪʘ ʧʦʙʫʜʦʚʘʥʠʭ ʟʛʽʜʥʦ ʢʦʥʮʝʧʮʽʾ Smart 

Grid ʩʭʝʤ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʧʦʢʘʟʫʶʪʴ ʘʜʝʢʚʘʪʥʽʩʪʴ ʾʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ: 

ɿʚôʷʟʦʢ ʩʣʘʙʢʦʾ ʩʠʣʠ ʥʘ ʜʘʥʠʭ 3 ʟʘʣʽʟʦʨʫʜʥʠʭ ʰʘʭʪʘʭ ʪʘ 1 ʩʝʨʝʜʥʴʦʾ ʩʠʣʠ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʩʭʝʤʘʤʠ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ï ʧʦʷʩʥʶʻʪʴʩʷ ʜʦʩʠʪʴ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ʥʘ ʧʨʦʛʥʦʟʦʚʘʥʫ ʤʦʜʝʣʴ 

ʩʧʦʞʠʚʘʥʥʷ, ʜʝ ʩʝʨʝʜ ʦʩʥʦʚʥʠʭ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ: ʟʦʚʥʽʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʟʘʧʠʣʝʥʽʩʪʴ, ʟʘʛʘʟʦʚʘʥʽʩʪʴ, 

ʤʝʭʘʥʽʯʥʝ ʟʥʦʰʝʥʥʷ ʚʠʜʦʙʫʚʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʽ ʪ. ʧ. 

ɿʚôʷʟʦʢ ʩʝʨʝʜʥʴʦʾ ʩʠʣʠ ʥʘ ʜʘʥʠʭ 3 ʟʘʣʽʟʦʨʫʜʥʠʭ ʰʘʭʪʘʭ ʪʘ 1 ʩʣʘʙʢʦʾ ʩʠʣʠ ʟ ʩʭʝʤʘʤʠ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʩʢʣʘʜʝʥʠʭ ʟʛʽʜʥʦ ʟ ʢʦʥʮʝʧʮʽʻʶ Smart Grid ï ʧʦʷʩʥʶʻʪʴʩʷ ʜʦʩʠʪʴ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ 

ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ʥʘ ʧʨʦʛʥʦʟʦʚʘʥʫ ʤʦʜʝʣʴ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. 

ʇʦʨʽʚʥʶʶʯʠ ʤʽʞ ʩʦʙʦʶ ʟʥʘʯʝʥʥʷ ʨʦʟʨʘʭʫʥʢʫ ʝʣʝʢʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʨʘʭʦʚʘʥʠʭ ʟʘ 

ʧʨʦʛʥʦʟʦʚʘʥʠʤʠ ʤʦʜʝʣʷʤʠ ʩʧʦʞʠʚʘʥʥʷ ʜʣʷ ʪʨʘʜʠʮʽʡʥʠʭ ʩʭʝʤ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʩʢʣʘʜʝʥʠʭ ʟʛʽʜʥʦ 

ʢʦʥʮʝʧʮʽʾ Smart Grid (ʪʘʙʣ. 7), ʧʨʠʭʦʜʠʤʦ ʜʦ ʚʠʩʥʦʚʢʫ: ʚʧʨʦʚʘʜʞʝʥʥʷ ʜʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ 

ʦʙʩʷʛʠ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 5ï19% ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʜʝʱʦ ʤʝʥʰʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʦʙʩʷʛʽʚ 

ʩʧʦʞʠʚʘʥʥʷ ʜʣʷ ʪʨʘʜʠʮʽʡʥʠʭ ʩʭʝʤ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʥʘ 2ï6%, ʱʦ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʤʦʞʝ ʟʥʠʟʠʪʠ ʧʦʢʘʟʥʠʢ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʜʦʙʫʪʢʫ ɿʈʉ ʪ/ʢɺʪȚʛʦʜ [13ï23]. 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ʋ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʦ ʧʠʪʘʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʦʙʫʜʦʚʠ ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʤʦʜʝʣʝʡ ʩʧʦʞʠʚʘʥʥʷ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟʛʽʜʥʦ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ, ʘ ʪʘʢʦʞ ʩʭʝʤʘʤʠ ʧʦʙʫʜʦʚʘʥʠʤʠ ʟʛʽʜʥʦ ʢʦʥʮʝʧʮʽʾ Smart Grid. ʋ 

ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʾ ʧʦʙʫʜʦʚʠ ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʤʦʜʝʣʝʡ ʩʧʦʞʠʚʘʥʥʷ ɽɽ ʜʣʷ ʪʨʘʜʠʮʽʡʥʠʭ ʪʘ ʩʢʣʘʜʝʥʠʭ 

ʟʛʽʜʥʦ ʢʦʥʮʝʧʮʽʾ Smart Grid ʩʭʝʤ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʜʦʟʚʦʣʠʚ, ʚʠʷʚʠʪʠ ʥʘʩʪʫʧʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ: 
1) ʤʘʢʩʠʤʘʣʴʥʽ ʨʽʚʥʽ ʩʧʦʞʠʚʘʥʥʷ ɽɽ ʩʪʘʚʣʷʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʥʘʡʙʽʣʴʰʠʤ ʦʙôʻʤʘʤ 

ʚʠʜʦʙʫʪʢʫ ɿʈʉ; 

2) ʯʠʤ ʙʽʣʴʰʠʤʠ ʻ ʚʪʨʘʪʠ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʢʣʘʜʦʚʦʾ, ʪʠʤ ʤʝʥʰʠʤʠ ʻ ʦʙôʻʤʠ ʚʠʜʦʙʫʪʢʫ ɿʈʉ ʘʙʦ 

ʤʽʞ ʥʠʤʠ ʚʽʜʩʫʪʥʽʡ ʚʟʘʻʤʦʟʚôʷʟʦʢ; 

3) ʟʤʽʥʠ ʚʠʜʦʙʫʪʢʫ ʦʙôʻʤʽʚ ɿʈʉ ʜʣʷ ʢʦʞʥʦʾ ʟ ʰʘʭʪ ʥʦʩʠʪʴ ʢʦʣʠʚʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ ʪʘ ʟʤʽʥʶʻʪʴʩʷ 

ʫ ʤʝʞʘʭ 15ï35% ʪʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʚʝʜʝʥʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʨʦʛʥʦʟʥʠʭ ʤʦʜʝʣʝʡ; 

4) ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʦʥʮʝʧʮʽʾ Smart Grid ʟʤʝʥʰʠʪʴ ʦʙʩʷʛʠ ʩʧʦʞʠʚʘʥʥʷ ɽɽ ʫ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 5ï

19%, ʧʦʨʽʚʥʷʥʦ ʽʟ ʟʙʽʣʴʰʝʥʥʷ ʜʘʥʠʭ ʦʙʩʷʛʽʚ ʥʘ 2ï6% ʜʣʷ ʪʨʘʜʠʮʽʡʥʠʭ ʩʭʝʤ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʟʘʣʽʟʦʨʫʜʥʠʭ 

ʰʘʭʪ; 

5) ʟʤʝʥʰʝʥʥʷ ʦʙʩʷʛʽʚ ʩʧʦʞʠʚʘʥʥʷ ɽɽ ʜʣʷ ʢʦʥʮʝʧʮʽʾ Smart Grid ʜʘʩʪʴ ʧʽʜʚʠʱʝʥʥʷ ʦʙôʻʤʽʚ 

ʚʠʜʦʙʫʪʢʫ ɿʈʉ ʜʣʷ ʢʦʞʥʦʾ ʟ ʰʘʭʪ ʫ ʤʝʞʘʭ 10ï20% ʚʽʜ ʟʚʝʜʝʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʤʦʜʝʣʝʡ; 

6) ʚʪʽʣʝʥʥʷ ʫ ʞʠʪʪʷ ʢʦʥʮʝʧʮʽʾ Smart Grid ʜʦʟʚʦʣʠʪʴ ʟʜʽʡʩʥʠʪʠ ʟʥʠʞʝʥʥʷ ʨʽʚʥʽʚ ʤʽʥʽʤʘʣʴʥʦʾ 

ʚʘʨʪʦʩʪʽ ʩʠʨʦʚʠʥʠ ʥʘ 10ï15%, ʘ ʤʘʢʩʠʤʘʣʴʥʠʭ ʨʽʚʥʽʚ ʪʝʞ ʟʥʠʟʠʪʠ ʘʣʝ ʫʩʴʦʛʦ ʥʘ 2ï5%. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʪʝʭʥʦʣʦʛʽʾ Smart Grid ʜʦʟʚʦʣʠʪʴ ʟʙʽʣʴʰʠʪʠ ʚʠʜʦʙʫʪʦʢ ɿʈʉ, ʘ ʪʘʢʦʞ 

ʟʥʠʟʠʪʠ ʯʘʩ ʥʘ ʡʦʛʦ ʧʝʨʝʨʦʙʣʝʥʥʷ ʪʘ ʚʘʨʪʦʩʪʽ ʛʦʪʦʚʦʛʦ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ ʥʘ ʧʨʦʝʢʪʫʚʘʥʥʷ ʥʦʚʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʝʥʝʨʛʦʩʠʩʪʝʤʫ, ʘ ʪʘʢʦʞ ʚʪʽʣʝʥʥʷ ʫ ʛʽʨʥʠʯʦ-ʤʝʪʘʣʫʨʛʽʡʥʫ ʛʘʣʫʟʴ ʽʥʪʝʣʝʢʪʫʘʣʴʥʫ ʝʣʝʢʪʨʠʯʥʫ 

ʤʝʨʝʞʫ ʟ ʢʝʨʦʚʘʥʠʤʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʟʘʩʪʦʩʦʚʫʶʯʠ ʪʝʭʥʦʣʦʛʽʾ 

ʙʝʟʜʨʦʪʦʚʦʛʦ ʟʚôʷʟʢʫ ʜʦʟʚʦʣʠʪʴ ʚʠʢʣʶʯʠʪʠ ʟ ʜʘʥʦʛʦ ʧʨʦʮʝʩʫ ʚʧʣʠʚ ʧʦʤʠʣʦʢ ʩʧʨʠʯʠʥʝʥʠʤʠ ʣʶʜʩʴʢʠʤ 

ʬʘʢʪʦʨʦʤ. 
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ʇʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʨʦʟʚʠʪʢʫ ʜʘʥʦʛʦ ʥʘʧʨʷʤʢʫ ʧʦʣʷʛʘʻ ʫ ʨʦʟʰʠʨʝʥʥʽ ʫʩʧʽʰʥʦʛʦ ʜʦʩʚʽʜʫ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʩʠʩʪʝʤ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, ʟʛʽʜʥʦ ʟ ʢʦʥʮʝʧʮʽʻʶ Smart Grid ʥʘ ʟʘʣʽʟʦʨʫʜʥʠʭ ʰʘʭʪʘʭ, ʘ ʪʘʢʦʞ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʪʨʘʜʠʮʽʡʥʠʭ ʩʭʝʤ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʚʫʛʽʣʥɹʠʭ ʰʘʭʪ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʟʥʘʯʥʦ ʟʥʠʟʠʪʠ ʯʘʩ ʪʘ ʚʘʨʪʽʩʪʴ ʛʦʪʦʚʦʛʦ 

ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʥʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʝʥʝʨʛʦʩʠʩʪʝʤʫ, ʘ ʪʘʢʦʞ ʚʪʽʣʠʪʠ ʫ ʞʠʪʪʷ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʫ ʝʣʝʢʪʨʠʯʥʫ ʤʝʨʝʞʫ ʟ ʢʝʨʦʚʘʥʠʤʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʥʘ 

ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʪʘ ʽʥʰʠʭ ʟʘʨʫʙʽʞʥʠʭ ʢʨʘʾʥ. 
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OPTIMAL CONTROL  OF THE WELL DEEPENING PROCESS CONSIDERI NG  

THE CONDITION OF THE BITTING EQUIPMENT  
 

Since the process of mechanical deepening of the well is non-stationary, stochastic, evolving in time and largely unreproducible, 
there are no analytical dependencies for determining the initial speed and the change rate of the estimation of the state of the bit equipment, 
therefore, empirical models of the polynomial form were applied, which were obtained according to the conducted experimental research 
plan, the matrix of which is appropriate for a full two-factor experiment, since two parameters were chosen as controlling influences: the 
axial load on the bit and the rotor speed. The software has been developed, using MatLab environment to calculate the values of the initial 
speed of penetration and the rate of change of the assessment of the bit arming state. To determine the parameters of the mathematical 
model, the method of least squares was used, in accordance with which the square of the residual function was minimized. The values of the 
parameters of the found dependencies were used as the source material for the software implementation of the solution to the problem of 
finding the optimal mode of the well deepening process, considering the anticipatory wear of the bit armature. Since the objective function 
describing the criterion of optimality of the minimum cost of one meter of penetration is non-linear in relation to the control influences, and 
the restrictions on the magnitude of the axial load and the frequency of rotation of the rotor are two-sided, the method of sequential 
quadratic was implemented to solve the optimization problem with the MatLab environment programming. During the process of 
implementing this task, the optimal control actions and the final value of the assessment of the state of the drill equipment were determined 
according to the criterion of effective completion of the drills. As a result of the research, simulation modeling of the solution of the 
optimization problem was carried out, which showed a decrease in the cost of a meter of penetration by 2.8 times. 

Keywords optimal control, iterative method, control influences, bit equipment state 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ʋ ʤʽʨʫ ʚʠʯʝʨʧʘʥʥʷ ʧʨʠʨʦʜʥʠʭ ʚʫʛʣʝʚʦʜʥʽʚ ʧʨʠʭʦʜʠʪʴʩʷ ʧʨʦʥʠʢʘʪʠ ʥʘ ʚʩʝ ʙʽʣʴʰʽ ʛʣʠʙʠʥʠ ʫ ʧʦʰʫʢʘʭ 

ʥʦʚʠʭ ʜʞʝʨʝʣ ʥʘʬʪʠ ʽ ʛʘʟʫ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʙʫʨʠʪʠ ʛʣʠʙʦʢʽ ʩʚʝʨʜʣʦʚʠʥʠ, ʱʦ ʪʷʛʥʝ ʟʘ ʩʦʙʦʶ ʟʥʘʯʥʽ 

ʤʘʪʝʨʽʘʣʴʥʽ ʽ ʬʽʥʘʥʩʦʚʽ ʨʝʩʫʨʩʠ. ʋ ʮʠʭ ʫʤʦʚʘʭ ʦʩʦʙʣʠʚʝ ʟʥʘʯʝʥʥʷ ʤʘʶʪʴ ʷʢ ʥʦʚʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʽʰʝʥʥʷ ï 

ʙʫʨʽʥʥʷ ʥʘʭʠʣʝʥʦ-ʩʢʝʨʦʚʘʥʠʭ ʩʚʝʨʜʣʦʚʠʥ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʙʝʟʦʧʦʨʥʠʭ ʘʣʤʘʟʥʠʭ ʜʦʣʽʪ, ʪʘʢ ʽ ʤʝʪʦʜʠ, ʷʢʽ ʜʘʶʪʴ 

ʟʤʦʛʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʤʝʭʘʥʽʯʥʦʛʦ ʙʫʨʽʥʥʷ ʟʘ ʚʘʨʪʽʩʥʠʤ ʢʨʠʪʝʨʽʻʤ. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʤʝʪʦʜʽʚ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ, ʷʢʝ ʦʧʠʨʘʻʪʴʩʷ ʥʘ ʩʫʯʘʩʥʽ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʚʠʤʽʨʶʚʘʣʴʥʽ ʩʠʩʪʝʤʠ, ʦʙʯʠʩʣʶʚʘʣʴʥʫ ʽ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʫ ʪʝʭʥʽʢʫ ʪʘ ʚʽʜʧʦʚʽʜʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, 

ʤʦʞʝ ʜʘʪʠ ʜʦ 25 %  ʝʢʦʥʦʤʽʾ ʥʘ ʧʨʦʚʦʜʢʫ ʩʚʝʨʜʣʦʚʠʥ [1].  

ʇʨʦʮʝʩ ʤʝʭʘʥʽʯʥʦʛʦ ʙʫʨʽʥʥʷ ʧʨʦʪʽʢʘʻ ʫ ʩʝʨʝʜʦʚʠʱʽ ʟ ʚʘʞʢʦ ʧʨʦʛʥʦʟʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʷʢʽ 

ʟʤʽʥʶʶʪʴ ʩʚʦʻ ʟʥʘʯʝʥʥʷ ʷʢ ʟ ʛʣʠʙʠʥʦʶ ʩʚʝʨʜʣʦʚʠʥʠ, ʪʘʢ ʽ ʧʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ ʦʜʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ ʜʦ ʽʥʰʦʾ, ʷʢʽ 

ʙʫʨʷʪʴ ʥʘ ʦʜʥʽʡ ʧʣʦʱʽ. ʊʦʤʫ ʧʨʦʮʝʩ ʙʫʨʽʥʥʷ ʻ ʥʝʩʪʘʮʽʦʥʘʨʥʠʤ, ʩʪʦʭʘʩʪʠʯʥʠʤ, ʪʘʢʠʤ, ʱʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʫ ʯʘʩʽ 

ʽ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʥʝ ʚʽʜʪʚʦʨʶʚʘʥʠʤ [2]. 

ʋ ʪʘʢʠʭ ʫʤʦʚʘʭ ʚʘʞʣʠʚʦʶ ʥʘʫʢʦʚʦʶ ʟʘʜʘʯʝʶ ʻ ʨʦʟʨʦʙʣʝʥʥʷ ʽ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʤʝʭʘʥʽʯʥʦʛʦ ʙʫʨʽʥʥʷ ʟʘ ʚʘʨʪʽʩʥʠʤ ʢʨʠʪʝʨʽʻʤ ʽ ʥʘ ʾʭ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʥʷ ʘʣʛʦʨʠʪʤʽʯʥʦʛʦ 

ʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʠʩʪʝʤʠ. 

 

ʆʛʣʷʜ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ 

ʈʦʙʦʪʠ ʟ ʧʠʪʘʥʴ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʤʝʭʘʥʽʯʥʦʛʦ ʙʫʨʽʥʥʷ ʦʭʦʧʣʶʶʪʴ ʜʚʘ ʥʘʧʨʷʤʢʠ. 

ʇʝʨʰʠʡ ʟ ʥʠʭ ʚʽʜʦʤʠʡ ʷʢ ʟʘʜʘʯʘ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʙʫʨʦʚʠʭ ʜʦʣʽʪ. ʈʦʟʚôʷʟʦʢ ʮʽʻʾ ʟʘʜʘʯʽ ʟʥʘʡʦhʚ 

ʩʚʦʻ ʚʽʜʦʙʨʘʞʝʥʥʷ ʫ ʮʽʣʦʤʫ ʨʷʜʫ ʨʦʙʽʪ [3ï6].  ɿʘʩʪʦʩʦʚʫʚʘʪʠ ʪʘʢʽ ʢʨʠʪʝʨʽʾ ʤʦʞʥʘ ʣʠʰʝ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʦʰʝʥʥʷ ʦʟʙʨʦʻʥʥʷ ʜʦʣʦʪʘ ʽ ʮʝʡ ʬʘʢʪʦʨ ʻ ʚʠʨʽʰʘʣʴʥʠʤ ʧʨʠ ʙʫʨʽʥʥʽ ʩʚʝʨʜʣʦʚʠʥ ʰʘʨʦʰʢʦʚʠʤʠ 

ʜʦʣʦʪʘʤ. ʅʘʚʽʪʴ ʜʣʷ ʙʝʟʦʧʦʨʥʠʭ ʜʦʣʽʪ (ʘʣʤʘʟʥʠʭ), ʷʢʽ ʤʘʶʪʴ ʟʥʘʯʥʠʡ ʨʝʩʫʨʩ ʨʦʙʦʪʠ ʜʦʣʦʪʘ, ʚ ʟʘʢʣʶʯʥʽʡ 

ʩʪʘʜʽʾ ʨʦʙʦʪʠ ʥʘ ʚʠʙʦʾ ʩʚʝʨʜʣʦʚʠʥʠ ʧʦʩʪʘʻ ʟʘʜʘʯʘ ʾʭ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʽʜʧʨʘʮʶʚʘʥʥʷ.  
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ɿʘ ʜʦʧʦʤʦʛʦʶ ʢʨʠʪʝʨʽʾʚ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʜʦʣʽʪ ʚʠʟʥʘʯʘʶʪʴ ʪʘʢʠʡ ʯʘʩ ʧʝʨʝʙʫʚʘʥʥʷ ʜʦʣʦʪʘ ʥʘ ʚʠʙʦʾ 

ʩʚʝʨʜʣʦʚʠʥʠ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʝʢʩʪʨʝʤʫʤ ʧʝʚʥʦʛʦ ʢʨʠʪʝʨʽʶ [2]. ʇʨʠ ʮʴʦʤʫ ʜʦʧʫʩʢʘʶʪʴ, ʱʦ ʦʩʴʦʚʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʜʦʣʦʪʦ ʽ ʯʘʩʪʦʪʘ ʡʦʛʦ ʦʙʝʨʪʘʥʥʷ ʧʦʧʝʨʝʜʥʴʦ ʚʠʟʥʘʯʝʥʽ. 

ɼʨʫʛʠʡ ʥʘʧʨʷʤʦʢ ʙʝʨʝ ʩʚʽʡ ʧʦʯʘʪʦʢ ʚ ʨʦʙʦʪʘʭ ʘʤʝʨʠʢʘʥʩʴʢʠʭ ʚʯʝʥʠʭ Galle E.M. ʽ Woods H.B. [7, 8]. 

ʋ ʮʠʭ ʨʦʙʦʪʘʭ ʥʘ ʦʩʥʦʚʽ ʝʤʧʽʨʠʯʥʦʾ ʤʦʜʝʣʽ, ʷʢʘ ʫʟʘʛʘʣʴʥʶʚʘʣʘ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʤʠʩʣʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦ 

ʙʘʛʘʪʴʦʭ ʩʚʝʨʜʣʦʚʠʥʘʭ, ʨʦʟʚôʷʟʘʥʘ ʟʘʜʘʯʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʙʫʨʽʥʥʷ  ʟʘ ʫʤʦʚʠ, ʱʦ ʢʝʨʫʶʯʽ 

ʜʽʾ  ʦʩʴʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʜʦʣʦʪʦ ʽ ʯʘʩʪʦʪʘ ʡʦʛʦ ʦʙʝʨʪʘʥʥʷ ʻ ʬʫʥʢʮʽʷʤʠ ʯʘʩʫ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʧʝʚʥʠʭ 

ʦʙʤʝʞʝʥʴ. ʗʢ ʢʨʠʪʝʨʽʡ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʙʫʣʦ ʚʠʙʨʘʥʦ ʚʘʨʪʽʩʪʴ ʤʝʪʨʘ ʧʨʦʭʦʜʢʠ ʩʚʝʨʜʣʦʚʠʥʠ. ɿʘʜʘʯʘ 

ʨʦʟʚôʷʟʘʥʘ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠʥʮʠʧʫ ʤʘʢʩʠʤʫʤʫ. ʇʽʟʥʽʰʝ ʧʦʜʽʙʥʘ ʟʘʜʘʯʘ ʟʥʘʡʰʣʘ ʩʚʽʡ ʨʦʟʚôʷʟʦʢ  ʚ ʨʦʙʦʪʘʭ  

[2, 9]. ʅʝʜʦʣʽʢʦʤ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʻ ʥʝʤʦʞʣʠʚʽʩʪʴ ʧʣʘʚʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʜʦʣʦʪʘ ʧʨʠ 

ʨʦʪʦʨʥʦʤʫ ʙʫʨʽʥʥʽ. ʊʦʤʫ, ʫ ʨʦʙʦʪʽ [10] ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʩʪʨʘʪʝʛʽʷ, ʷʢʘ ʥʘʟʚʘʥʘ ʩʫʙʦʧʪʠʤʘʣʴʥʠʤ 

ʢʝʨʫʚʘʥʥʷʤ, ʩʫʪʴ ʷʢʦʾ ʫ ʪʦʤʫ, ʱʦ ʥʘ ʧʝʚʥʦʤʫ ʯʘʩʦʚʦʤʫ ʽʥʪʝʨʚʘʣʽ ʢʝʨʫʶʯʽ ʜʽʾ ʧʽʜʛʨʠʤʫʶʪʴʩʷ ʧʦʩʪʽʡʥʠʤʠ, ʘ 

ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʧʝʚʥʦʛʦ ʨʦʟʨʘʭʦʚʘʥʦʛʦ ʯʘʩʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʤʠʢʘʥʥʷ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ ʟ ʦʜʥʦʛʦ ʨʽʚʥʷ ʥʘ 

ʽʥʰʠʡ. ʊʘʢʘ ʩʪʨʘʪʝʛʽʷ ʧʨʦʩʪʽʰʘ ʚ ʨʝʘʣʽʟʘʮʽʾ, ʥʽʞ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ, ʢʦʣʠ ʢʝʨʫʶʯʽ ʜʽʾ ʻ ʬʫʥʢʮʽʷʤʠ ʯʘʩʫ. 

 ʅʘʡʧʨʦʩʪʽʰʠʤ ʤʝʪʦʜʦʤ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʻ ʩʧʦʩʽʙ, ʢʦʣʠ ʢʝʨʫʶʯʽ ʜʽʾ ï ʦʩʴʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʥʘ ʜʦʣʦʪʦ ʽ ʯʘʩʪʦʪʘ ʡʦʛʦ ʦʙʝʨʪʘʥʥʷ ʧʽʜʪʨʠʤʫʶʪʴʩʷ ʧʦʩʪʽʡʥʠʤʠ ʧʨʦʪʷʛʦʤ ʚʩʴʦʛʦ ʨʝʡʩʫ ʧʨʦʭʦʜʢʠ.  

ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʪʨʴʦʭ ʤʝʪʦʜʽʚ ʢʝʨʫʚʘʥʥʷ, ʢʦʣʠ ʢʝʨʫʶʯʽ ʜʽʾ ʻ ʬʫʥʢʮʽʷʤʠ ʯʘʩʫ, ʩʫʙʦʧʪʠʤʘʣʴʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʽ ʢʝʨʫʚʘʥʥʷ ʧʨʠ ʧʦʩʪʽʡʥʠʭ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʘʭ ʧʦʢʘʟʘʚ [11], ʱʦ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʟʤʽʥʥʦʛʦ ʚ ʯʘʩʽ 

ʢʝʨʫʚʘʥʥʷ  ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʝʞʠʤʦʤ, ʢʦʣʠ ʢʝʨʫʶʯʽ ʚʧʣʠʚʠ ʧʦʩʪʽʡʥʽ ʚ ʯʘʩʽ, ʟʤʝʥʰʝʥʥʷ ʚʘʨʪʦʩʪʽ ʧʨʦʭʦʜʢʠ 

ʩʢʣʘʣʦ 2,7 %; ʨʝʘʣʽʟʘʮʽʷ ʩʫʙʦʧʪʠʤʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ  ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʝʞʠʤʦʤ, ʢʦʣʠ ʢʝʨʫʶʯʽ ʚʧʣʠʚʠ ʻ 

ʥʝʟʤʽʥʥʠʤʠ ʧʨʦʪʷʛʦʤ ʦʜʥʦʛʦ ʨʝʡʩʫ ʧʨʦʭʦʜʢʠ, ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʚʘʨʪʦʩʪʽ ʧʨʦʭʦʜʢʠ ʥʘ 1,5 %; 

ʦʧʪʠʤʘʣʴʥʝ ʢʝʨʫʚʘʥʥʷ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʩʫʙʦʧʪʠʤʘʣʴʥʠʤ ʢʝʨʫʚʘʥʥʷʤ ʜʘʻ ʟʤʝʥʰʝʥʥʷ ʚʘʨʪʦʩʪʽ ʧʨʦʭʦʜʢʠ ʥʘ 

1,2 %. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʝʘʣʽʟʘʮʽʷ ʢʝʨʫʶʯʠʭ ʜʽʡ ʷʢ ʬʫʥʢʮʽʡ ʯʘʩʫ ʜʘʻ ʥʝʟʥʘʯʥʠʡ ʝʬʝʢʪ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʢʝʨʫʚʘʥʥʷʤ, ʢʦʣʠ ʦʩʴʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʜʦʣʦʪʦ ʽ ʯʘʩʪʦʪʘ ʡʦʛʦ ʦʙʝʨʪʘʥʥʷ ʻ ʥʝʟʤʽʥʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ 

ʧʨʦʪʷʛʦʤ ʦʜʥʦʛʦ ʨʝʡʩʫ ʧʨʦʭʦʜʢʠ. 

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʧʦʢʘʟʫʻ, ʱʦ ʟʘʜʘʯʽ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʜʦʣʽʪ ʽ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʧʦʛʣʠʙʣʝʥʥʷ ʩʚʝʨʜʣʦʚʠʥ ʨʦʟʛʣʷʜʘʣʠʩʴ ʷʢ ʜʚʽ ʩʘʤʦʩʪʽʡʥʽ ʟʘʜʘʯʽ. ʇʨʦʪʝ ʚʦʥʠ ʪʽʩʥʦ 

ʧʦʚôʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ. ɺʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʯʘʩʫ ʧʝʨʝʙʫʚʘʥʥʷ ʜʦʣʦʪʘ ʥʘ ʚʠʙʦʾ ʩʚʝʨʜʣʦʚʠʥʠ ʜʦʧʫʩʢʘʻ, 

ʱʦ ʧʝʚʥʠʤ ʯʠʥʦʤ ʚʠʙʨʘʥʽ ʢʝʨʫʁʯʽ ʚʧʣʠʚʠ ï ʦʩʴʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʜʦʣʦʪʦ ʽ ʯʘʩʪʦʪʘ ʡʦʛʦ ʦʙʝʨʪʘʥʥʷ. ɯ 

ʥʘʚʧʘʢʠ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʢʝʨʫʶʯʠʭ ʜʽʡ ʟʘ ʚʠʙʨʘʥʠʤ ʢʨʠʪʝʨʽʻʤ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʥʝʦʙʭʽʜʥʦ 

ʨʦʟʚôʷʟʘʪʠ ʟʘʜʘʯʫ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʜʦʣʽʪ. 

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʣʝʥʥʷ ʤʝʪʦʜʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʧʦʛʣʠʙʣʝʥʥʷ ʩʚʝʨʜʣʦʚʠʥ, 

ʷʢʠʡ ʧʦʻʜʥʫʻ ʫ ʩʦʙʽ ʜʚʽ ʟʘʜʘʯʽ: ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʜʦʣʽʪ ʟʘ ʦʟʙʨʦʻʥʥʷʤ ʽ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʠʭ 

ʢʝʨʫʶʯʠʭ ʜʽʡ ï ʦʩʴʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʜʦʣʦʪʦ ʽ ʯʘʩʪʦʪʠ ʡʦʛʦ ʦʙʝʨʪʘʥʥʷ ʟʘ ʚʘʨʪʽʩʥʠʤʠ ʢʨʠʪʝʨʽʻʤ ʟʘ 

ʫʤʦʚʠ, ʱʦ ʚʽʜʦʤʽ ʦʙʤʝʞʝʥʥʷ ʥʘ ʢʝʨʫʶʯʽ ʜʽʾ. 

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ɼʦʧʫʩʢʘʻʤʦ, ʱʦ ʦʩʥʦʚʥʠʤ ʬʘʢʪʦʨʦʤ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʪʨʠʚʘʣʽʩʪʴ ʧʝʨʝʙʫʚʘʥʥʷ ʜʦʣʦʪʘ ʥʘ ʚʠʙʦʾ 

ʩʚʝʨʜʣʦʚʠʥʠ, ʻ ʟʥʦʩ ʡʦʛʦ ʦʟʙʨʦʻʥʥʷ. 

 ʇʨʠ ʪʘʢʦʤʫ ʜʦʧʫʱʝʥʥʽ ʧʨʦʮʝʩ ʧʦʛʣʠʙʣʝʥʥʷ ʩʚʝʨʜʣʦʚʠʥʠ ʦʧʠʩʫʻʪʴʩʷ [12] ʪʘʢʦʶ ʩʠʩʪʝʤʦʶ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ: 

() ()
()

0v Udh t

dt t
=
x

,       (1) 

()
()

d t
K U

dt
x

x
=        (2) 

ʟʘ ʪʘʢʠʭ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ ()0 0h = , ()0 1x =.  

ʋ ʨʽʚʥʷʥʥʷʭ (1) ʽ (2) ʧʨʠʡʥʷʪʽ ʪʘʢʽ ʧʦʟʥʘʯʝʥʥʷ: ()h t  - ʧʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʧʨʦʭʦʜʢʠ ʥʘ ʜʦʣʦʪʦ; ()0v U  

- ʧʦʯʘʪʢʦʚʘ ʰʚʠʜʢʽʩʪʴ ʤʝʭʘʥʽʯʥʦʛʦ ʙʫʨʽʥʥʷ; ()
()
()

0v U
t

v t
x =  - ʦʮʽʥʢʘ ʩʪʘʥʫ ʦʟʙʨʦʻʥʥʷ ʜʦʣʦʪʘ; ()K Ux  - 

ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʦʮʽʥʢʠ ʩʪʘʥʫ ʦʟʙʨʦʻʥʥʷ ʜʦʣʦʪʘ; ( )
T

b bU F ,N= - ʚʝʢʪʦʨ ʢʝʨʫʶʯʠʭ ʜʽʡ ï ʦʩʴʦʚʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʜʦʣʦʪʦ 
bF  ʽ ʯʘʩʪʦʪʠ ʡʦʛʦ ʦʙʝʨʪʘʥʥʷ 

bN . 

ʗʢ ʢʨʠʪʝʨʽʡ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʚʠʙʝʨʝʤʦ ʚʘʨʪʽʩʪʴ ʤʝʪʨʘ ʧʨʦʭʦʜʢʠ ʥʘ ʜʦʣʦʪʦ, ʪʦʙʪʦ 

( )

()
d d lo c

c

d

C t T d
q

h t

+ +
=  ,      (3) 
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ʜʝ 
dC - ʚʘʨʪʽʩʪʴ ʨʦʙʦʪʠ ʙʫʨʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ʥʘ ʧʨʦʪʷʟʽ ʦʜʥʦʾ ʛʦʜʠʥʠ; 

dt  - ʯʘʩ ʧʝʨʝʙʫʚʘʥʥʷ ʜʦʣʦʪʘ ʥʘ ʚʠʙʦʾ 

ʩʚʝʨʜʣʦʚʠʥʠ; 
loT  - ʪʨʠʚʘʣʽʩʪʴ ʩʧʫʩʢʦ-ʧʽʜʥʽʤʘʣʴʥʠʭ ʦʧʝʨʘʮʽʡ; 

cd  - ʚʘʨʪʽʩʪʴ ʜʦʣʦʪʘ. 

ʆʩʢʽʣʴʢʠ ʤʠ ʜʦʧʫʩʪʠʣʠ, ʱʦ constU = . ʊʦʜʽ ()0 0v v U=  ʽ ()K K Ux x=  - ʧʦʩʪʽʡʥʽ ʚʝʣʠʯʠʥʠ.  

ʈʦʟʚôʷʟʦʢ ʨʽʚʥʷʥʥʷ (2) ʟʘ ʧʦʯʘʪʢʦʚʦʾ ʫʤʦʚʠ ()0 1x = ʜʘʩʪʴ ʪʘʢʠʡ ʨʝʟʫʣʴʪʘʪ: 

() 1t K txx = +.          (4) 

ʋ ʤʦʤʝʥʪ ʟʘʢʽʥʯʝʥʥʷ ʯʝʨʛʦʚʦʛʦ ʨʝʡʩʫ 
dt t=  ʽ ()f dtx =x.  ʊʦʜʽ ʽʟ ʨʽʚʥʷʥʥʷ (4) ʟʥʘʭʦʜʠʤʦ, ʱʦ  

( )
1

1d ft
Kx
= x -.        (5)  

ʗʢʱʦ ʚʨʘʭʫʚʘʪʠ ʨʽʚʥʷʥʥʷ (4), ʪʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (1) ʧʨʠʡʤʝ ʪʘʢʠʡ ʚʠʛʣʷʜ: 

() 0

1

dh t v

dt K tx
=

+
.         (6) 

ʈʦʟʚôʷʟʦʢ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ (6) ʟ ʧʦʯʘʪʢʦʚʦʶ ʫʤʦʚʦʶ ()0 0h =  ʙʫʜʝ ʪʘʢʠʤ: 

() ( )0 ln 1
v

h t K t
K

x

x

= + .                (7) 

ʋ ʤʦʤʝʥʪ ʟʘʢʽʥʯʝʥʥʷ ʯʝʨʛʦʚʦʛʦ ʨʝʡʩʫ ʧʨʦʭʦʜʢʠ 
dt t=  ʽ, ʚʽʜʧʦʚʽʜʥʦ ʨʽʚʥʷʥʥʷ (7) ʥʘʙʫʜʝ ʪʘʢʦʛʦ 

ʟʥʘʯʝʥʥʷ: 

() ( )0 ln 1d d

v
h t K t

K
x

x

= + . 

ɯʟ ʨʽʚʥʷʥʥʷ (4) ʚʠʧʣʠʚʘʻ, ʱʦ 1f dK txx = +. ʊʦʤʫ 

() 0 lnd f

v
h t

Kx
= x.       (8) 

ɿ ʚʨʘʭʫʚʘʥʥʷʤ ʟʥʘʯʝʥʴ 
dt  ʽ ()dh t , ʷʢʽ ʦʙʯʠʩʣʝʥʽ ʟʘ ʬʦʨʤʫʣʘʤʠ (5) ʽ (8), ʢʨʠʪʝʨʽʡ ʦʧʪʠʤʘʣʴʥʦʩʪʽ (3) 

ʥʘʙʫʜʝ ʪʘʢʦʛʦ ʟʥʘʯʝʥʥʷ:  

( )( )
0

1

ln

d f lo c

c

f

C K T K d
q

v

x xx - + +
=

x
.      (9) 

ɿʥʘʡʜʝʤʦ ʪʘʢʝ ʟʥʘʯʝʥʥʷ 
fx, ʱʦʙ ʬʫʥʢʮʽʷ (9) ʥʘʙʫʣʘ ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ. ʆʩʢʽʣʴʢʠ 

( )( )( )

0

1
1

ln

ln

d d f lo c

f fc

f f

C C K T K d
dq

d v

x x- x - + +
x x

=
x x

. 

ɯʟ ʥʝʦʙʭʽʜʥʠʭ ʫʤʦʚ ʽʩʥʫʚʘʥʥʷ ʤʽʥʽʤʫʤʫ ʬʫʥʢʮʽʾ (9) ʚʠʧʣʠʚʘʻ, ʱʦ 

( )( )( )0

0

1 0
ln

d d f lo c

f f

v
C C K T K d

v
x x- x - + + =

x x
. 

ɺʨʘʭʦʚʫʶʯʠ ʬʦʨʤʫʣʫ (9), ʤʦʞʝʤʦ ʟʘʧʠʩʘʪʠ 

0

f c

d

v
q

C
x = .       (10) 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ (10) ʻ ʢʨʠʪʝʨʽʻʤ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʜʦʣʽʪ[2] ʟʘ ʫʤʦʚʠ, ʱʦ ʚʽʜʦʤʽ ʟʥʘʯʝʥʥʷ 
0v  ʽ 

cq . 

ʆʩʢʽʣʴʢʠ ʧʦʯʘʪʢʦʚʘ ʰʚʠʜʢʽʩʪʴ ʧʨʦʭʦʜʢʠ 
0v  ʽ ʚʘʨʪʽʩʪʴ ʤʝʪʨʘ ʧʨʦʙʫʨʝʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ 

cq  ʻ 

ʬʫʥʢʮʽʷʤʠ ʢʝʨʫʶʯʠʭ ʜʽʡ ï ʦʩʴʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʜʦʣʦʪʦ 
bF  ʽ ʯʘʩʪʦʪʠ ʡʦʛʦ ʦʙʝʨʪʘʥʥʷ 

bN , ʪʦ ʚʠʥʠʢʘʻ 

ʜʨʫʛʘ ʟʘʜʘʯʘ: ʟʥʘʡʪʠ ʪʘʢʽ ʟʥʘʯʝʥʥʷ 
bF  ʽ 

bN , ʱʦʙ ʢʨʠʪʝʨʽʡ ʦʧʪʠʤʘʣʴʥʦʩʪʽ (9) ʥʘʙʫʚ ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ 

ʧʨʠ ʦʙʤʝʞʝʥʥʷʭ ʥʘ ʢʝʨʫʶʯʽ ʜʽʾ 
bF  ʽ 

bN . 

ɿʘʜʘʯʫ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʠʭ ʢʝʨʫʶʯʠʭ ʜʽʡ ʟʘʧʠʰʝʤʦ ʫ ʬʦʨʤʘʣʽʟʦʚʘʥʦʤʫ ʚʠʛʣʷʜʽ: 

( ) ()( ) ()

()0

1
min :

ln

d f lo c

f

C K U T K U d

v U

x xx - + +

x
        (11) 

ʧʨʠ ʪʘʢʠʭ ʦʙʤʝʞʝʥʥʷʭ: 

 
min maxU U U¢ ¢  .        (12) 

ɸʥʘʣʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʴ (11) ʽ (12) ʧʦʢʘʟʫʻ, ʱʦ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʢʝʨʫʶʯʠʭ ʜʽʡ ʥʘ ʦʩʥʦʚʽ 

ʢʨʠʪʝʨʽʶ (11) ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʟʥʘʯʝʥʥʷ 
fx  (ʘʙʦ 

dt ).  

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʚʠʢʦʨʠʩʪʘʻʤʦ ʪʘʢʠʡ ʽʪʝʨʘʮʽʡʥʠʡ ʘʣʛʦʨʠʪʤ: 
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ʂʨʦʢ 1. ɿʘʜʘʤʦʩʴ ʜʝʷʢʠʤ ʟʥʘʯʝʥʥʷʤ 1fx >. 

ʂʨʦʢ 2. ʈʦʟʚôʷʟʫʻʤʦ ʦʧʪʠʤʽʟʘʮʽʡʥʫ ʟʘʜʘʯʫ (11) ʽ (12) ʪʘ ʦʙʯʠʩʣʶʻʤʦ ʥʦʚʝ ʟʥʘʯʝʥʥʷ  ʷʢ ʨʦʟʚôʷʟʦʢ 

ʥʝʣʽʥʽʡʥʦʛʦ ʨʽʚʥʷʥʥʷ (10) ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʟʥʘʯʝʥʥʷ 
cq , ʷʢʝ ʟʘʜʘʥʦ ʬʦʨʤʫʣʦʶ (10). ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ fx  

ʥʝʦʙʭʽʜʥʦ ʨʦʟʚôʷʟʘʪʠ ʪʘʢʝ ʥʝʣʽʥʽʡʥʝ ʘʣʛʝʙʨʘʾʯʥʝ ʨʽʚʥʷʥʥʷ: 

( )1 ln 1 0c

f f lo

d

d
K T

C
x

å õ
x - x - + + =æ ö

ç ÷
.           (13) 

ʂʨʦʢ 3. ʇʦʢʣʘʩʪʠ ( )old

c cq q= . 

ʂʨʦʢ 4. ʈʦʟʚôʷʟʘʪʠ ʟʘʜʘʯʫ (11) ʽ (12), ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʥʘʯʝʥʥʷ 
fx   ʟʥʘʡʜʝʥʝ ʥʘ ʢʨʦʮʽ 2. 

ʂʨʦʢ 5. ʗʢʱʦ ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ ( )old

c cq q< , ʪʦ ʧʝʨʝʡʪʠ ʜʦ ʢʨʦʢʫ 2; ʽʥʘʢʰʝ ʢʽʥʝʮʴ ʦʙʯʠʩʣʝʥʴ. 

 

ʇʨʦʛʨʘʤʥʘ ʨʝʘʣʽʟʘʮʽʷ ʤʝʪʦʜʫ 

ɼʣʷ ʧʨʦʛʨʘʤʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʫ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʪʘʢʽ ʟʘʣʝʞʥʦʩʪʽ: ( )0 0 b, bv v F N=  ʽ  ( )b, bK K F Nx x= . 

ʅʘ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʥʝ ʽʩʥʫʻ ʪʝʦʨʽʾ, ʥʘ ʦʩʥʦʚʽ ʷʢʦʾ ʤʦʞʥʘ ʙʫʣʦ ʙ ʦʪʨʠʤʘʪʠ ʘʥʘʣʽʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ 

( )0 0 b, bv v F N=  ʽ  ( )b, bK K F Nx x= . ʊʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʝʤʧʽʨʠʯʥʽ ʤʦʜʝʣʽ ʜʣʷ ʦʧʠʩʫ ʩʧʽʚʚʽʜʥʦʰʝʥʴ 

( )0 0 b, bv v F N=  ʽ  ( )b, bK K F Nx x= . 

ʋ ʨʦʙʦʪʽ [2] ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʪʘʢʽ ʝʤʧʽʨʠʯʥʽ ʤʦʜʝʣʽ: 

( ) ( ){ }0
i i

b, b b, b i b bv F N , K F N k F N
a b

x = , 1 2i ,= .       (14) 

ɽʤʧʽʨʠʯʥʫ ʤʦʜʝʣʴ (14) ʤʦʞʥʘ ʣʽʥʝʘʨʠʟʫʚʘʪʠ, ʧʨʦʣʘʛʦʨʠʬʤʫʚʘʚʰʠ ʣʽʚʫ ʽ ʧʨʘʚʫ ʯʘʩʪʠʥʠ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (14), ʪʦʙʪʦ 

1 2i i iY K X X= +a +b , 1 2i ,= , 

ʜʝ { }0log logY v , KxÍ , logi iK k= , 
1 log bX F= , 

2 log bX N= . 

ɼʦʚʝʜʝʥʦ [2], ʱʦ ʪʘʢʘ ʣʽʥʝʘʨʠʟʘʮʽʷ ʤʦʞʣʠʚʘ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʪʘʢʠʭ ʫʤʦʚ: 

( ) ( )
0 0

0

2 2

2

2 2

0 0

1
2

e, e,

,

b b b bF ,N F ,N

n n

D n

å õs s
s = +æ ö

æ ön nç ÷

,           (15) 

( ) ( )

2 2

2

2 2
1

2

e,K e,K

,K

b b b bK F ,N K F ,N

x x

xD

x x

å õs s
æ ös = +
æ ö
ç ÷

,              16) 

ʜʝ 
0

2

e,ns  ʽ 2
e,Kx
s  - ʜʠʩʧʝʨʩʽʾ ʧʝʨʝʰʢʦʜ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ ʪʦʛʦ, ʱʦ ʚʝʣʠʯʠʥʠ   

bF   ̔
bN  ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ 

ʥʘ ʬʦʥʽ ʘʜʠʪʠʚʥʠʭ ʧʝʨʝʰʢʦʜ; 
0

2

,Dns  ʽ  
2

,KxDs - ʜʠʩʧʝʨʩʽʾ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʽʜʭʠʣʝʥʥʷ ʨʝʘʣʴʥʦʾ ʤʦʜʝʣʽ ʚʽʜ 

ʤʦʜʝʣʽ (14). 

ʋ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ 
0

2 0e,ns ­  ʽ 
2 0e,Kx
s ­  ʪʘʢʘ ʣʽʥʝʘʨʠʟʘʮʽʷ ʤʦʞʝ ʤʘʪʠ ʤʽʩʮʝ. ʅʘ ʧʨʘʢʪʠʮʽ ʦʩʪʘʥʥʷ 

ʫʤʦʚʘ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ. ʊʦʤʫ ʝʤʧʽʨʠʯʥʽ ʤʦʜʝʣʽ ( )0 0 b, bv v F N=  ʽ  ( )b, bK K F Nx x=  ʙʫʜʝʤʦ 

ʩʠʥʪʝʟʫʚʘʪʠ ʫ ʚʠʛʣʷʜʽ ʧʦʣʽʥʦʤʽʚ. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʝʤʧʽʨʠʯʥʠʭ ʤʦʜʝʣʝʡ ( )0 0 b, bv v F N=  ʽ  

( )b, bK K F Nx x=  ʚʠʢʦʨʠʩʪʘʻʤʦ ʧʨʦʮʝʜʫʨʫ, ʨʦʟʨʦʙʣʝʥʫ ʫ ʨʦʙʦʪʽ [2], ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʜʚʦʭ ʝʪʘʧʽʚ.  

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʨʝʘʣʽʟʫʶʪʴ ʨʦʟʨʦʙʣʝʥʠʡ ʧʣʘʥ ʝʢʩʧʝʨʠʤʝʥʪʫ. ɹʫʨʷʪʴ ʩʚʝʨʜʣʦʚʠʥʫ ʥʘ ʟʘʜʘʥʫ 

ʛʣʠʙʠʥʫ, ʟʤʽʥʶʶʯʠ ʧʨʠ ʮʴʦʤʫ ʬʘʢʪʦʨʠ 
bF  ʽ 

bN  ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʧʣʘʥʦʤ ʝʢʩʧʝʨʠʤʝʥʪʫ. ʋ ʧʝʚʥʽ ʤʦʤʝʥʪʠ 

ʯʘʩʫ 
jt  ʟʤʽʥʶʶʪʴʩʷ ʟʥʘʯʝʥʥʷ 

bF  ʽ 
bN , ʱʦ ʪʷʛʥʝ ʟʘ ʩʦʙʦʶ ʟʤʽʥʫ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ ʜʣʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ 

ʨʽʚʥʷʥʴ (1) ʽ (2). ʆʩʢʽʣʴʢʠ ʬʫʥʢʮʽʾ ()h t  ʽ ()tx   - ʥʝʧʝʨʝʨʚʥʽ ʬʫʥʢʮʽʾ ʚ ʯʘʩʫ, ʪʦ ʙʫʜʫʪʴ ʤʘʪʠ ʤʽʩʮʝ ʪʘʢʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

()0 0h t = , ( ) ( )1 1 1j j j jh t h t- - -= ,      (17)   

()0 1tx =, ( ) ( )1 1 1j j j jt t- - -x =x , 2 sj , N= ,      (18) 

ʜʝ 
sN  - ʢʽʣʴʢʽʩʪʴ ʧʨʦʙʫʨʝʥʠʭ ʽʥʪʝʨʚʘʣʽʚ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʧʣʘʥʦʤ ʝʢʩʧʝʨʠʤʝʥʪʫ; 

0 0t = . 

ʗʢʱʦ ʚʨʘʭʫʚʘʪʠ ʧʦʯʘʪʢʦʚʽ ʽ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ (17) ʽ (18), ʪʦ ʦʪʨʠʤʘʻʤʦ ʪʘʢʽ ʟʘʣʝʞʥʦʩʪʽ: 

()
()

( )
( )0,

1 1

, 1

ln
j j

j j j

j j j

t
h t h t

K t
- -

x -

n x
= +

x
,  ()1 0 1tx =, ()0 0 0h t = , 1 sj , N= ,        (19) 
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() ( ) ( )
1

1

1

1
j

j , j j ,r r r

r

t K t t K t t
-

x x -

=

x = + - + -ä , 
1 0t = , 1 sj , N= .     (20) 

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʧʣʘʥʦʤ ʝʢʩʧʝʨʠʤʝʥʪʫ  ʛʣʠʙʠʥʘ ʩʚʝʨʜʣʦʚʠʥʠ ʟʙʽʣʴʰʠʣʘʩʴ ʥʘ ʛʣʠʙʠʥʫ H . 

ʉʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʧʦʪʦʯʥʠʤ ʟʥʘʯʝʥʥʷʤ ʧʨʦʭʦʜʢʠ ʚʝʣʠʩʴ ʚ ʜʠʩʢʨʝʪʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ. ʊʦʤʫ ()kH H t= , 

1 qk , N= , ʜʝ 
qN - ʢʽʣʴʢʽʩʪʴ ʚʽʜʣʽʢʽʚ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ (19) ʽ (20) ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ, ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʷʢʠʤ ʤʽʥʽʤʽʟʫʻʪʴʩʷ ʢʚʘʜʨʘʪ ʬʫʥʢʮʽʾ ʥʝʚôʷʟʢʠ, ʪʦʙʪʦ 

( ) () ( )( )
2

1

qN

j j k j k j

k

J a H t h t ,a
=

= -ä , 1 sj , N= ,          (21) 

ʜʝ ( )0

T

j , j , ja v , Kx= - ʚʝʢʪʦʨ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ (19), ʫ ʷʢʽʡ ()j tx  ʚʠʟʥʘʯʝʥʦ ʬʦʨʤʫʣʦʶ (20). 

ʄʽʥʽʤʽʟʘʮʽʷ ʬʫʥʢʮʽʾ (21) ʟʘ ʟʤʽʥʥʠʤʠ 
0v  ʽ Kx  ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʬʦʨʤʫʣ (19) ʽ (20) ʜʘʣʘ ʪʘʢʠʡ 

ʨʝʟʫʣʴʪʘʪ: 

() ( )( )
()

( )1 1

ln 0
qN

j k

j k j k j

k j j

t
H t h t ,a

t= -

x
- =

x
ä ,      (22) 

() ( )0

1 1

1

0
qN

, j

j k j ,k j j j ,k

k , j

H t R h t R ,
K

- -

= x

å õå õn
æ ö- + =æ ö

æ öæ ö
ç ÷ç ÷

ä  1 sj , N= ,    (23) 

ʜʝ 
()

( )1
= ln

j k

j ,k

j j

t
R

t -

V

V
. 

ɯʟ ʨʽʚʥʷʥʥʷ (23) ʚʠʟʥʘʯʠʤʦ ʚʝʣʠʯʠʥʫ 
0v . ʄʘʻʤʦ 

0

12

1

k

q

N
, j

, j j ,k j ,kN
i

j ,k

k

K
R

R

x

=

=

n = Wä
ä

, 1 sj , N= ,        (24) 

ʜʝ () ( )1 1j ,k j k j jH t h t- -W = - . 

ʋ ʨʽʚʥʷʥʥʷ (22) ʧʽʜʩʪʘʚʠʤʦ ʟʥʘʯʝʥʥʷ ()jh t , ʷʢʝ ʚʠʟʥʘʯʝʥʦ ʬʦʨʤʫʣʦʶ (19). ʎʝ ʜʘʣʦ ʪʘʢʠʡ ʨʝʟʫʣʴʪʘʪ: 

( )( )
()

11

1 2

1

0

q

q

q

N

N j ,k j ,k
j j k jk

j ,k j ,k , j j ,kN
k j j

j ,k

k

R
t t t

R K
t

-=

x

=

=

å õ
Wæ öå õx -

æ öæ ö- W Ö -W =
æ öæ öx

ç ÷Wæ ö
ç ÷

ä
ä

ä

,  1 sj , N= .   (25) 

ʈʽʚʥʷʥʥʷ (24) ʻ ʥʝʣʽʥʽʡʥʠʤ ʚʽʜʥʦʩʥʦ ʟʤʽʥʥʦʾ 
, jKx  ʽ ʜʣʷ ʡʦʛʦ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʘʪʠ 

ʦʜʠʥ ʽʟ ʯʠʩʣʦʚʠʭ ʤʝʪʦʜʽʚ. ɸʥʘʣʽʟ ʩʪʨʫʢʪʫʨʠ ʨʽʚʥʷʥʥʷ (25) ʧʦʢʘʟʘʚ, ʱʦ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ  
, jKx  ʜʦʮʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʘʪʠ ʤʝʪʦʜ ʜʠʭʦʪʦʤʽʾ [13]. ɯʥʰʽ ʤʝʪʦʜʠ, ʪʘʢʽ ʷʢ ʤʝʪʦʜ ʅʴʶʪʦʥʘ, ʜʣʷ ʧʨʦʛʨʘʤʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʷʢʦʛʦ 

ʥʝʦʙʭʽʜʥʦ ʦʙʯʠʩʣʶʚʘʪʠ ʧʦʭʽʜʥʽ, ʤʝʪʦʜ ʩʽʯʥʠʭ ʽ ʭʠʙʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʥʝ ʛʘʨʘʥʪʫʶʪʴ ʟʙʽʞʥʦʩʪʽ ʘʣʛʦʨʠʪʤʫ [14]. 

ʇʽʩʣʷ ʪʦʛʦ ʷʢ ʟʘ ʜʦʧʦʤʦʛʦʶ ʯʠʩʣʦʚʦʛʦ ʤʝʪʦʜʫ ʨʦʟʚôʷʟʘʥʦ ʨʽʚʥʷʥʥʷ (25) ʽ ʟʥʘʡʜʝʥʦ ʟʥʘʯʝʥʥʷ 
, jKx ,  ʻ 

ʤʦʞʣʠʚʽʩʪʴ ʟʥʘʡʪʠ 
0, jv  ʟʘ ʬʦʨʤʫʣʦʶ (24). 

ʅʘ ʮʴʦʤʫ ʟʘʢʽʥʯʫʻʪʴʩʷ ʧʝʨʰʠʡ ʝʪʘʧ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ (1) ʽ (2) ʧʨʦʮʝʩʫ 

ʧʦʛʣʠʙʣʝʥʥʷ ʩʚʝʨʜʣʦʚʠʥʠ. 

ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʟʘʣʝʞʥʦʩʪʽ ( )0v a ,U  ʽ ( )K a ,Ux  ʙʫʜʝʤʦ ʩʠʥʪʝʟʫʚʘʪʠ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʧʝʨʰʦʛʦ ʝʪʘʧʫ.  ʇʨʦʚʝʜʝʥʽ ʢʦʤʧôʶʪʝʨʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʜʣʷ ʟʘʣʝʞʥʦʩʪʝʡ ( )0v a ,U  ʽ ( )K a ,Ux  

ʜʦʮʽʣʴʥʦ ʚʠʙʠʨʘʪʠ ʪʘʢʽ ʝʤʧʽʨʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ: 

( )0 1 2 3v,o v, b v, b v, b bv a ,U F N F N=a +a +a +a,     (26) 

( ) 1 2 3,o , b , b , b bK a,U F N F Nx x x x x=a +a +a +a.     (27) 

ɼʣʷ ʫʥʠʢʥʝʥʥʷ ʥʝʢʦʨʝʢʪʥʦʾ ʟʘʜʘʯʽ [15], ʷʢʘ ʚʠʥʠʢʘʻ ʚʥʘʩʣʽʜʦʢ ʪʦʛʦ ʱʦ ʚʝʣʠʯʠʥʠ 
bF  ʽ 

bN  ʫ ʪʦʯʢʘʭ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʟʘ ʯʠʩʣʦʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ, ʧʝʨʝʡʜʝʤʦ ʜʦ ʙʝʟʨʦʟʤʽʨʥʠʭ 

ʚʝʣʠʯʠʥ: b

b

b,max

F
f

F
=  ʽ b

b

b,max

N
n

N
= , ʜʝ 

b,maxF , 
b,maxN   - ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʦʩʴʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʜʦʣʦʪʦ 

ʽ ʯʘʩʪʦʪʠ ʡʦʛʦ ʦʙʝʨʪʘʥʥʷ, ʷʢʽ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ. 

ʆʩʢʽʣʴʢʠ 
b b,max bF F f=  ʽ 

b b,max bN N n= , ʪʦ ʬʦʨʤʫʣʠ (26) ʽ (27) ʙʫʜʫʪʴ ʪʘʢʠʤʠ: 
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( )0 0 1 2 3v, v , b v, b v, b bv a ,U a a f a n a f n= + + + ,          (28) 

( ) 0 1 2 3, , b , b , b bK a,U a a f a n a f nx x x x x= + + + ,               (29) 

ʜʝ 
v,o v,oa =a , 

1 1v, v, b,maxa F=a , 
2 2v, v, b,maxa N=a , 

3 3v, v, b,max b,maxa F N=a ; 
0 0, ,ax x=a , 

1 1, , b,maxa Fx x=a , 
2 2, , b,maxa Nx x=a , 

3 3, , b,max b,maxa F Nx x=a . 

ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʝʪʘʧʫ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʻ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ (11) ʽ (12) ʟʘ ʨʦʟʨʦʙʣʝʥʦʶ 

ʧʨʦʮʝʜʫʨʦʶ. 

 

ɯʤʽʪʘʮʽʡʥʠʡ ʧʨʠʢʣʘʜ ʨʦʟʚôʷʟʘʥʥʷ ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ ʟʘʜʘʯʽ 

ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʤʽʥʽʤʽʟʘʮʽʾ ʚʘʨʪʦʩʪʽ ʤʝʪʨʘ ʧʨʦʭʦʜʢʠ (11) ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʦʙʤʝʞʝʥʴ (12) ʪʘ ʟ 

ʚʨʘʭʫʚʘʥʥʽ ʩʪʘʥʫ ʦʟʙʨʦʻʥʥʷ ʜʦʣʦʪʘ ʯʘʩʪʢʦʚʦ ʚʠʢʦʨʠʩʪʘʻʤʦ ʜʘʥʽ ʟʘʧʦʟʠʯʝʥʽ ʽʟ ʨʦʙʦʪʠ [2]. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʝʨʰʦʛʦ ʝʪʘʧʫ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʨʦʙʫʨʠʣʠ ʩʚʝʨʜʣʦʚʠʥʫ ʥʘ ʧʝʚʥʫ ʛʣʠʙʠʥʫ ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʨʦʟʨʦʙʣʝʥʠʤ ʧʣʘʥʦʤ ʝʢʩʧʝʨʠʤʝʥʪʫ (ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʷ 1 

ʇʣʘʥ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ˉ 

ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʆʩʴʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʜʦʣʦʪʦ 
bF , ʢʅ 

ʏʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ 

ʨʦʪʦʨʘ 
bN , 1c-  

ɺʝʣʠʯʠʥʘ ʧʨʦʭʦʜʢʠ 
jH , ʤ 

1 71.4293 0.7500 0,50 

2 152.7432 0.7500 0,35 

3 161.3875 1.0800 0,88 

4 61.4213 1.0800 0,39 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ (1) ʽ (2) ʫ ʩʝʨʝʜʦʚʠʱʽ MatLab ʩʪʚʦʨʝʥʦ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ ʜʘʣʦ ʟʤʦʛʫ ʦʙʯʠʩʣʠʪʠ ʧʘʨʘʤʝʪʨʠ 
0v  ʽ Kx ʟʘ ʬʦʨʤʫʣʘʤʠ (25) ʽ (24). 

 

ʈʝʟʫʣʴʪʘʪ ʨʦʙʦʪʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʯʽ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ (1) ʽ 2) 

ʐɺʀɼʂɯʉʊʔ ʇʈʆʍʆɼʂʀ, ʤ/ʛʦʜ 

V0(1)= 0.8243 

V0(2)= 1.9450 

V0(3)= 3.4288 

V0(4)= 2.9183 

ʐɺʀɼʂɯʉʊʔ ɿʄɯʅʀ ʆʎɯʅʂʀ ʉʊɸʅʋ ʆɿɹʈʆɭʅʅʗ ɼʆʃʆʊɸ, 1/ʛʦʜ 

Ke(1)= 0.4712 

Ke(2)= 2.2456 

Ke(3)= 1.7144 

Ke(4)= 4.2522 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʘ ʨʦʟʨʘʭʫʥʢʫ ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ ʟʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʧʨʦʭʦʜʢʠ ʥʘ ʜʦʣʦʪʦ  

ʚʽʜ ʯʘʩʫ (ʨʠʩ. 1). 

 
ʈʠʩ. 1. ɿʤʽʥʘ ʫ ʯʘʩʽ ʟʥʘʯʝʥʴ ʧʨʦʭʦʜʦʢ ()H t  ʽ ()h t  

 

ɸʜʝʢʚʘʪʥʽʩʪʴ ʤʦʜʝʣʽ ʦʮʽʥʶʚʘʣʘʩʴ ʟʘ ʚʝʣʠʯʠʥʦʶ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ 

ʜʘʥʠʭ ʚʽʜ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʟʘ ʪʘʢʦʶ ʬʦʨʤʫʣʦʶ: 
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()( )
22

1

1 N

H k k

k

H h t
N =

s = -ä .     (30) 

ʆʙʯʠʩʣʝʥʥʷ ʜʘʣʠ ʪʘʢʠʡ ʨʝʟʫʣʴʪʘʪ: 42 1 4623 10H , -s = Ö . 

ɸʥʘʣʽʟ ʨʠʩ. 1 ʽ ʦʪʨʠʤʘʥʝ ʟʥʘʯʝʥʥʷ 2

Hs  ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ (1) ʽ (2) ʘʜʝʢʚʘʪʥʦ 

ʚʽʜʪʚʦʨʶʻ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

ɿʘ ʟʥʘʯʝʥʥʷʤʠ 
0, jv  ʽ 

, jKx , 1 4j ,= , ʥʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʦʙʯʠʩʣʶʚʘʣʠʩʴ ʧʘʨʘʤʝʪʨʠ 

ʝʤʧʽʨʠʯʥʠʭ ʤʦʜʝʣʝʡ (28) ʽ (29). ʆʩʢʽʣʴʢʠ ʧʘʨʘʤʝʪʨʠ ʚ ʤʦʜʝʣʽ (28) ʽ (29) ʚʭʦʜʷʪʴ ʣʽʥʽʡʥʦ, ʪʦ ʜʣʷ ʾʭ 

ʦʙʯʠʩʣʝʥʥʷ ʟʘʩʪʦʩʦʚʘʥʠʡ ʤʝʪʦʜ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ, ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʷʢʠʤ  

( )
1

T Ta F F F Z
-

= ,     (31) 

ʜʝ  F l f n f . nè ø= Öê ú; l - ʦʜʠʥʠʯʥʘ ʩʪʦʚʧʮʝʚʘ ʤʘʪʨʠʮʷ;  f  ʽ  n  - ʩʪʦʚʧʮʝʚʽ ʤʘʪʨʠʮʽ, ʫʪʚʦʨʝʥʽ ʽʟ ʟʥʘʯʝʥʴ 
jf  

ʽ 
jn , 1 4j ,= ; f . nÖ - ʧʦʝʣʝʤʝʥʪʥʠʡ ʜʦʙʫʪʦʢ ʜʚʦʭ ʚʝʢʪʦʨʽʚ f  ʽ  n ; { }v,i ,ia a , axÍ , 1 4i ,= ; { }0, j , jZ v , KxÍ , 

1 4j ,= . 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʨʦʟʨʦʙʣʝʥʦʛʦ ʚ ʩʝʨʝʜʦʚʠʱʽ MatLab, ʦʙʯʠʩʣʝʥʽ ʧʘʨʘʤʝʪʨʠ 

ʝʤʧʽʨʠʯʥʦʾ ʤʦʜʝʣʽ (28) ʽ (29). ʅʝʦʙʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʚʤʽʱʫʻ ʪʘʙʣ. 1. 

 

ʇʘʨʘʤʝʪʨʠ ʝʤʧʽʨʠʯʥʠʭ ʤʦʜʝʣʝʡ (28) ʽ (29) 

ʇɸʈɸʄɽʊʈʀ ʄʆɼɽʃɯ ( )0v f f ,n=   

av(1)=-6.4441 

av(2)= 5.4068 

av(3)= 9.0488 

av(4)=-4.5827 

 

ʇɸʈɸʄɽʊʈʀ ʄʆɼɽʃɯ ( )K f f ,nx=  

Ke(1)=-16.7665 

Ke(2)= 20.8366 

Ke(3)= 22.5779 

Ke(4)=-24.9335 

 

ɿʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʟʘʣʝʞʥʦʩʪʝʡ (28) ʽ (29) ʧʦʩʣʫʞʠʣʠ ʚʠʭʽʜʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʜʣʷ ʧʨʦʛʨʘʤʥʦʾ 

ʨʝʘʣʽʟʘʮʽʾ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʫ ʧʨʦʮʝʩʫ ʧʦʛʣʠʙʣʝʥʥʷ ʩʚʝʨʜʣʦʚʠʥʠ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʚʠʧʝʨʝʜʞʘʶʯʦʛʦ ʟʥʦʩʫ 

ʦʟʙʨʦʻʥʥʷ ʜʦʣʦʪʘ. ʂʨʽʤ ʪʦʛʦ ʙʫʣʠ ʚʠʙʨʘʥʽ ʪʘʢʽ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥ, ʱʦ ʚʭʦʜʷʪʴ ʚ ʢʨʠʪʝʨʽʡ ʦʧʪʠʤʘʣʴʥʦʩʪʽ (11): 

ʚʘʨʪʽʩʪʴ ʨʦʙʦʪʠ ʙʫʨʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ʧʨʦʪʷʛʦʤ ʦʜʥʽʻʾ ʛʦʜʠʥʠ - 3910dʉ = ʛʨʥ./ʛʦʜ.; ʚʘʨʪʽʩʪʴ ʜʦʣʦʪʘ 7500cd =  

ʛʨʥ.; ʪʨʠʚʘʣʽʩʪʴ ʩʧʫʩʢʦ-ʧʽʜʥʽʤʘʣʴʥʠʭ ʦʧʝʨʘʮʽʡ 9 1loT ,=  ʛʦʜ. ɹʫʣʦ ʚʟʷʪʦ ʪʘʢʝ ʧʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ 1 4f ,x = . 

ʆʩʢʽʣʴʢʠ ʦʩʴʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʜʦʣʦʪʦ ʽ ʰʚʠʜʢʽʩʪʴ ʡʦʛʦ ʦʙʝʨʪʘʥʥʷ ʧʨʠʚʝʜʝʥʽ ʜʦ ʙʝʟʨʦʟʤʽʨʥʠʭ 

ʦʜʠʥʠʮʴ, ʪʦ ʦʙʤʝʞʝʥʥʷ ʥʘ ʢʝʨʫʶʯʽ ʜʽʾ ʙʫʣʠ ʪʘʢʠʤʠ: 0 1f¢ ¢ ʽ 0 1n¢ ¢. ʗʢ ʩʪʘʨʪʦʚʫ ʪʦʯʢʫ ʫ ʧʨʦʮʝʩʽ 

ʨʦʟʚôʷʟʫʚʘʥʥʽ ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ ʟʘʜʘʯʽ ʚʠʙʨʘʥʦ: () ()0 0
0 3f n ,= = .  

ɸʥʘʣʽʟ ʩʪʨʫʢʪʫʨʠ ʟʘʜʘʯʽ (11) ʽ (12) ʧʦʢʘʟʫʻ, ʱʦ ʮʽʣʴʦʚʘ ʬʫʥʢʮʽʷ (11) ʻ ʥʝʣʽʥʽʡʥʦʶ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 

ʢʝʨʫʶʯʠʭ ʜʽʡ, ʘ ʦʙʤʝʞʝʥʥʷ ʥʘ ʚʝʣʠʯʠʥʠ f  ʽ n  ʻ ʜʚʦʩʪʦʨʦʥʥʽʤʠ. ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʝʬʝʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ 

ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʻ ʤʝʪʦʜ ʧʦʩʣʽʜʦʚʥʦʛʦ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ [14]. ʊʘʢʠʡ ʤʝʪʦʜ 

ʧʦʩʣʽʜʦʚʥʦʛʦ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʨʝʘʣʽʟʦʚʘʥʠʡ ʚ MatLab-ʧʨʦʮʝʜʫʨʽ ʷʢ ʬʘʡʣ-ʬʫʥʢʮʽʷ fmincon.  

ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʬʦʨʤʦʚʘʥʦʾ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʷʢ ʨʝʢʫʨʝʥʪʥʦʾ ʧʨʦʮʝʜʫʨʠ, ʫ ʧʨʦʮʝʩʽ ʷʢʦʾ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʦʧʪʠʤʘʣʴʥʽ ʢʝʨʫʶʯʽ ʜʽʾ f  ʽ n, ʘʣʝ ʡ ʢʽʥʮʝʚʝ ʟʥʘʯʝʥʥʷ 
fx  ʟʘ ʢʨʠʪʝʨʽʻʤ ʝʬʝʢʪʠʚʥʦʛʦ 

ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʜʦʣʽʪ, ʩʪʚʦʨʝʥʘ ʚ ʩʝʨʝʜʦʚʠʱʽ MatLab. 

 

ʈʝʟʫʣʴʪʘʪ ʽʪʝʨʘʮʽʡʥʦʾ ʧʨʦʮʝʜʫʨʠ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʧʦʛʣʠʙʣʝʥʥʷ ʩʚʝʨʜʣʦʚʠʥʠ 

ʇʆʏɸʊʂʆɺʀʁ ʈɽɿʋʃʔʊɸʊ 

ɿʥʘʯʝʥʥʷ ʦʮʽʥʢʠ ʩʪʘʥʫ ʦʟʙʨʦʻʥʥʷ 

epsilon=1.40 

ɺʘʨʪʽʩʪʴ ʤʝʪʨʘ ʧʨʦʭʦʜʢʠ,ʛʨʥ./ʤ q=66005.10 

ʆʩʴʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ,ʢʅ. Fb=170.09 

ʏʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ,1/ʩ. Nb=0.89 

 

ʆʇʊʀʄɸʃʔʅʀʁ ʈɽɾʀʄ ʄɽʍɸʅɯʏʅʆɻʆ ɹʋʈɯʅʅʗ 

ɿʥʘʯʝʥʥʷ ʦʮʽʥʢʠ ʩʪʘʥʫ ʦʟʙʨʦʻʥʥʷ 

epsilon=  2.39 

ʆʩʴʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ,ʢʅ. Fb=170.09 
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ʏʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ,1/ʩ. Nb=1.08 

ɺʘʨʪʽʩʪʴ ʤʝʪʨʘ ʧʨʦʭʦʜʢʠ,ʛʨʥ./ʤ Q=23520.67 

ʏʘʩ ʙʫʨiʥʥʷ, ʛʦʜ. td=10.31 

 

ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʨʦʟʨʦʙʣʝʥʘ ʽʪʝʨʘʮʽʡʥʘ 

ʧʨʦʮʝʜʫʨʘ ʜʘʻ ʟʤʦʛʫ ʚʠʟʥʘʯʠʪʠ ʟʥʘʯʝʥʥʷ 
fx  ʪʘ ʦʧʪʠʤʘʣʴʥʽ ʢʝʨʫʶʯʽ ʜʽʾ 

bF  ʽ 
bN . ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʦʯʘʪʢʦʚʠʤ 

ʟʥʘʯʝʥʥʷʤ 1 4f ,x =  ʦʧʪʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʩʢʣʘʣʦ 2 39*

f ,x = , ʱʦ ʜʘʣʦ ʟʤʦʛʫ ʟʤʝʥʰʠʪʠ ʚʘʨʪʽʩʪʴ ʤʝʪʨʘ 

ʧʨʦʭʦʜʢʠ ʟ 66005 10cq .= ʛʨʥ./ʤ ʜʦ  23520 67cq .= ʛʨʥ./ʤ, ʪʦʙʪʦ 2,8 ʨʘʟʠ. 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ʈʦʟʨʦʙʣʝʥʠʡ ʤʝʪʦʜ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʧʦʛʣʠʙʣʝʥʥʷ ʩʚʝʨʜʣʦʚʠʥʠ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ 

ʢʨʠʪʝʨʽʶ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʜʦʣʽʪ ʟʘ ʦʟʙʨʦʻʥʥʷʤ ʽ ʥʘ ʚʘʨʪʦʩʪʽ ʤʝʪʨʘ ʧʨʦʭʦʜʢʠ ʩʚʝʨʜʣʦʚʠʥʠ ʽ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ 

ʽʪʝʨʘʮʽʡʥʠʡ ʧʨʦʮʝʩ ʧʦʰʫʢʫ ʷʢ ʦʧʪʠʤʘʣʴʥʠʭ ʢʝʨʫʶʯʠʭ ʜʽʡ, ʪʘʢ ʽ ʯʘʩʫ ʟʘʢʽʥʯʝʥʥʷ ʯʝʨʛʦʚʦʛʦ ʨʝʡʩʫ ʧʨʦʭʦʜʢʠ. 

ʂʦʤʧôʶʪʝʨʥʘ ʧʨʦʛʨʘʤʥʘ ʨʝʘʣʽʟʘʮʽʷ ʤʝʪʦʜʫ ʧʦʢʘʟʘʣʘ, ʱʦ ʚʽʜʙʫʣʦʩʷ ʟʤʝʥʰʝʥʥʷ ʚʘʨʪʦʩʪʽ ʤʝʪʨʘ 

ʧʨʦʭʦʜʢʠ ʫ 2,8 ʨʘʟʠ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʦʯʘʪʢʦʚʠʤ ʟʥʘʯʝʥʥʷʤ, ʢʦʣʠ ʢʽʥʮʝʚʘ ʦʮʽʥʢʘ ʩʪʘʥʫ ʦʟʙʨʦʻʥʥʷ ʜʦʣʦʪʘ ʙʫʣʘ 

ʚʠʙʨʘʥʘ, ʚʠʭʦʜʷʯʠ ʽʟ ʜʘʥʠʭ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ.  
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ʄɽʊʆɼ ɸʅɸʃɯɿʋ ʇʈʆɻʈɸʄʅʆɻʆ ʂʆɼʋ ɼʃʗ ʆʎɯʅʂʀ 

ɽʅɽʈɻʆʉʇʆɾʀɺɸʅʅʗ ʗɼʈɸ CUDA 
 
ˏ ̨̑̏̂̏̓ ̈́̐̑̏̐̏̎̏̃́̎̏ ̍̆̓̏̅ ̨́̎́̌̈̔ ̐̑̏̄̑́̍̎̏̄̏ ̋̏̅̔ ̠̅̌ ̨̗̏̎̋̉ ̠̆̎̆̑̄̏̒̐̏̇̉̃́̎̎ ̠̅̑́ #5$! ̠̅̌ 

̨̠̐̅̃̉̆̎̎̚ ̨̆̎̆̑̄̏̆̆̋̓̉̃̎̏̒̓̕ ̨̈́̒̓̏̒̔̎̋̃ȟ ̨̠̋ ̨̨̤̏̑̎̓̏̃́̎ ̎́ ̘̠̏̂̉̒̌̆̎̎ ̎́ ̨̘̖̄̑́̎̉̕ ̗̖̐̑̏̆̒̏̑́Ȣ 
˔́̐̑̏̐̏̎̏̃́̎̉̊ ̨̨̖̐̅̅ȟ ̈́̒̎̏̃́̎̉̊ ̎́ ̘̒̓́̓̉̎̏̍̔ ̨̨́̎́̌̈ ̐̑̏̄̑́̍̉ #5$! ̓́ ̖̍̆̓̏̅́ ̙̍́̉̎̎̏̄̏ ̘̠̎́̃́̎̎ȟ 
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APPROACH FOR CODE ANALYSIS TO ESTIMATE POWER CONSUMPTION OF CUDA CORE  
 

The graphics processing unit is a popular computing device for achieving exascale performance in high-performance computing 
programs, which is used not only in graphics tasks, but also in computational tasks such as machine learning, scientific computing, and 
cryptography. With the help of a graphics processor, you can achieve significant speed and performance compared to the central processing 
unit. CUDA, Compute Unified Device Architecture, a graphics processing unit software development platform, allows developers to use the 
high-performance computing capabilities of graphics processing units to solve problems traditionally handled by central processing units. 

Even though the graphics processing unit has a relatively high power to performance ratio, it consumes a significant amount of 
power during computing. The paper proposes an approach for code analysis to estimate power consumption of CUDA core to improve the 
power efficiency of applications focused on computing on graphics processing units. The proposed approach makes it possible to estimate the 
power consumption of such applications without the need to run them on physical devices. The proposed approach is based on static analysis 
of the CUDA program and machine learning methods. 

To evaluate the effectiveness of the proposed approach, three graphics processing unit architectures were used: NVIDIA PASCAL, 
NVIDIA TURING, and NVIDIA AMPERE. The results of the experiments showed that for the NVIDIA AMPERE architecture, the proposed 
approach using decision trees makes it possible to achieve a determination coefficient of 0.9173. The results obtained confirm the 
effectiveness of the proposed code analysis method for estimating the power consumption of the CUDA core. This method can be useful for 
CUDA developers who want to improve the efficiency and power efficiency of their programs. 

Keywords: GPU; NVIDIA; CUDA; power consumption; high-performance computing. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ʉʴʦʛʦʜʥʽ ʛʨʘʬʽʯʥʽ ʧʨʦʮʝʩʦʨʠ (graphics processing unit, GPU) ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʥʘʡʰʚʠʜʰʠʭ 

ʩʫʯʘʩʥʠʭ ʩʫʧʝʨʢʦʤʧôʶʪʝʨʘʭ, ʻ ʜʦʤʽʥʫʶʯʦʶ ʧʣʘʪʬʦʨʤʦʶ ʜʣʷ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ ʟʘʙʝʟʧʝʯʫʶʪʴ ʽʥʪʝʣʝʢʪ 

ʨʦʟʫʤʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʧʦʯʠʥʘʶʯʠ ʚʽʜ ʙʝʟʧʽʣʦʪʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʽ ʟʘʢʽʥʯʫʶʯʠ ʨʦʙʦʪʘʤʠ ʪʘ ʨʦʟʫʤʥʠʤʠ 

ʢʘʤʝʨʘʤʠ; ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʬʦʪʦʨʝʘʣʽʩʪʠʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʟ ʚʠʩʦʢʦʶ ʯʘʩʪʦʪʦʶ ʢʘʜʨʽʚ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʪʘ ʷʢ 

ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʧʨʠʩʪʨʦʾ ʜʣ ̫ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʫ ʙʘʛʘʪʴʦʭ ʦʙʣʘʩʪʷʭ, ʚʢʣʶʯʘʶʯʠ ʥʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ, ʬʽʥʘʥʩʦʚʫ ʘʥʘʣʽʪʠʢʫ [1]. GPU ʧʨʦʜʦʚʞʫʶʪʴ ʝʚʦʣʶʮʽʦʥʫʚʘʪʠ, ʜʦʜʘʶʯʠ ʥʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʪʘ ʬʫʥʢʮʽʾ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʥʦʚʠʭ ʚʠʧʘʜʢʽʚ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ.   

ʇʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʜʝʩʷʪʠʣʽʪ ɹʨʦʟʚʠʪʢʫ GPU ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʮʠʭ ʧʨʠʩʪʨʦʾʚ ʟʨʦʩʣʘ ʚ ʢʽʣʴʢʘ ʩʦʪʝʥʴ ʨʘʟʽʚ. 

ʊʘʢʦʞ, ʟ'ʷʚʠʣʠʩʷ ʥʦʚʽ ʘʨʭʽʪʝʢʪʫʨʠ GPU, ʪʘʢʽ ʷʢ Tensor Cores [2, 3], ʱʦ ʩʧʝʮʽʘʣʽʟʫʶʪʴʩʷ ʥʘ ʦʙʯʠʩʣʝʥʥʷʭ ʟʽ 

ʰʪʫʯʥʠʤ ʽʥʪʝʣʝʢʪʦʤ ʪʘ ʤʘʰʠʥʥʠʤ ʥʘʚʯʘʥʥʷʤ ʪʘ ʥʘʜʘʶʪʴ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʚʩʽʭ ʨʦʙʦʯʠʭ ʥʘʚʘʥʪʘʞʝʥʴ: ʚʽʜ 6-

ʢʨʘʪʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʧʽʜ ʯʘʩ ʥʘʚʯʘʥʥʷ ʤʝʨʝʞʽ ʜʦ 3-ʢʨʘʪʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʩʽʭ ʧʨʦʛʨʘʤ. 

ɿʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʙʯʠʩʣʝʥʴ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʛʨʘʬʽʯʥʦʛʦ 

ʧʨʦʮʝʩʦʨʘ NVIDIA ʜʦʟʚʦʣʷʻ ʧʘʨʘʣʝʣʴʥʘ ʦʙʯʠʩʣʁ ʚʘʣʴʥʘ ʧʣʘʪʬʦʨʤʘ ʪʘ ʤʦʜʝʣʴ ʧʨʦʛʨʘʤʫʚʘʥʥʷ CUDA 
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(Compute Unified Device Architecture) ʚʽʜ NVIDIA Corporation [4]. CUDA ʻ ʩʪʘʥʜʘʨʪʥʦʶ ʬʫʥʢʮʽʻʶ ʚʩʽʭ 

ʛʨʘʬʽʯʥʠʭ ʧʨʦʮʝʩʦʨʽʚ NVIDIA GeForce, Quadro ʪʘ Tesla, ʘ ʪʘʢʦʞ ʨʽʰʝʥʴ NVIDIA GRID [2, 3]. CUDA 

ʟʘʙʝʟʧʝʯʫʻ ʘʙʩʪʨʘʢʮʽʶ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʧʨʦʛʨʘʤʽʩʪʫ ʚʠʟʥʘʯʠʪʠ, ʷʢ ʩʘʤʝ ʧʦʚʠʥʥʘ ʚʠʢʦʥʫʚʘʪʠʩʷ ʧʨʦʛʨʘʤʘ. 

ʂʦʤʧʽʣʷʪʦʨ ʛʝʥʝʨʫʻ ʢʦʜ PTX, ʷʢʠʡ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʘʧʘʨʘʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʢʦʤʧʽʣʶʻʪʴʩʷ ʜʣʷ 

ʢʦʥʢʨʝʪʥʦʛʦ ʮʽʣʴʦʚʦʛʦ ʛʨʘʬʽʯʥʦʛʦ ʧʨʦʮʝʩʦʨʘ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ. ʉʫʤʽʩʥʽʩʪʴ ʟ ʥʦʚʠʤʠ ʤʦʜʝʣʷʤʠ ʛʨʘʬʽʯʥʠʭ 

ʧʨʦʮʝʩʦʨʽʚ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʦʥʦʚʣʝʥʥʷʤ ʜʨʘʡʚʝʨʘ ʱʦʨʘʟʫ, ʢʦʣʠ ʚʠʧʫʩʢʘʻʪʴʩʷ ʥʦʚʠʡ ʛʨʘʬʽʯʥʠʡ ʧʨʦʮʝʩʦʨ. ʇʨʠ 

ʮʴʦʤʫ ʟʤʽʥʠ ʚ ʢʽʣʴʢʦʩʪʽ ʨʝʛʽʩʪʨʽʚ ʘʙʦ ʨʦʟʤʽʨʽ ʩʧʽʣʴʥʦʾ ʧʘʤ'ʷʪʽ ʤʦʞʫʪʴ (ʘʣʝ ʥʝ ʦʙʦʚôʷʟʢʦʚʦ) ʚʽʜʢʨʠʪʠ 

ʤʦʞʣʠʚʽʩʪʴ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʦʧʪʠʤʽʟʘʮ̔ ʾ.  CUDA ʧʝʨʝʚʘʞʥʦ ʜʦʪʨʠʤʫʻʪʴʩʷ ʤʦʜʝʣʽ ʧʘʨʘʣʝʣʴʥʠʭ ʦʙʯʠʩʣʝʥʴ, ʜʝ 

ʢʦʞʝʥ ʧʦʪʽʢ ʚʠʢʦʥʫʻ ʪʫ ʩʘʤʫ ʦʧʝʨʘʮʽʶ ʥʘʜ ʨʽʟʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʜʘʥʠʭ ʧʘʨʘʣʝʣʴʥʦ. ɼʘʥʽ ʨʦʟʙʠʚʘʶʪʴʩʷ ʥʘ 

ʩʽʪʢʫ ʙʣʦʢʽʚ 1D, 2D ʘʙʦ 3D. ʂʦʞʝʥ ʙʣʦʢ ʪʘʢʦʞ ʤʦʞʝ ʤʘʪʠ ʬʦʨʤʫ 1D, 2D ʘʙʦ 3D ʽ ʤʦʞʝ ʩʢʣʘʜʘʪʠʩ̫  ʟ ʧʦʥʘʜ 

512 ʧʦʪʦʢʽʚ. ʇʦʪʦʢʠ ʚ ʙʣʦʮʽ ʧʦʪʦʢʽʚ ʤʦʞʫʪʴ ʚʟʘʻʤʦʜʽʷʪʠ ʯʝʨʝʟ ʩʧʽʣʴʥʫ ʧʘʤ'ʷʪʴ. ɹʣʦʢʠ ʧʦʪʦʢʽʚ ʚʠʢʦʥʫʶʪʴʩʷ 

ʷʢ ʤʝʥʰʽ ʛʨʫʧʠ ʧʦʪʦʢʽʚ, ʚʽʜʦʤʽ ʷʢ çwarpsè. ʇʨʦʛʨʘʤʠ CUDA ʤʦʞʫʪʴ ʪʘʢʦʞ ʨʦʟʧʦʜʽʣʷʪʠ ʨʦʙʦʪʫ ʤʽʞ ʢʽʣʴʢʦʤʘ 

GPU, ʷʢʱʦ ʚ ʧʨʦʛʨʘʤʽ. ʧʝʨʝʜʙʘʯʝʥʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʢʽʣʴʢʦʭ GPU. 

ʆʜʥʘʢ, ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ GPU ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʱʦ ʤʦʞʝ 

ʙʫʪʠ ʧʨʦʙʣʝʤʦʶ ʜʣʷ ʨʦʟʨʦʙʥʠʢʽʚ, ʷʢʽ ʤʘʶʪʴ ʦʙʤʝʞʝʥʥʷ ʥʘ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʾʭ ʧʨʠʩʪʨʦʾʚ. ɿ ʨʦʩʪʦʤ ʚʠʤʦʛ 

ʜʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʦʩʦʙʣʠʚʦ ʚ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʟʘʜʘʯʘʭ, ʨʦʟʨʦʙʥʠʢʠ ʧʦʚʠʥʥʽ ʤʘʪʠ ʛʣʠʙʦʢʝ ʨʦʟʫʤʽʥʥʷ 

ʢʣʶʯʦʚʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʚʦʛʦ ʢʦʜʫ, ʷʢʽ ʥʘʡʙʽʣʴʰʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ. ʎʝ ʥʝʦʙʭʽʜʥʦ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠʩʪʨʦʾʚ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʠʭ ʮʽʣʝʡ 

ʨʦʟʨʦʙʥʠʢʠ ʧʦʚʠʥʥʽ ʤʘʪʠ ʜʦʩʪʫʧ ʜʦ ʽʥʩʪʨʫʤʝʥʪʽʚ ʘʥʘʣʽʟʫ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʾʭʥʽʤ ʢʦʜʦʤ. 

 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ 

ʉʢʣʘʜʥʽʩʪʴ ʘʨʭʽʪʝʢʪʫʨʠ GPU ʟʘʚʞʜʠ ʙʫʣʘ ʧʝʨʝʰʢʦʜʦʶ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ GPU. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʮʝʥʪʨʘʣʴʥʠʭ ʧʨʦʮʝʩʦʨʽʚ, ʛʨʘʬʽʯʥʽ ʧʨʦʮʝʩʦʨʠ ʤʘʶʪʴ ʚʠʩʦʢʦʧʘʨʘʣʝʣʴʥʫ ʪʘ ʛʝʪʝʨʦʛʝʥʥʫ 

ʘʨʭʽʪʝʢʪʫʨʫ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʧʨʦʮʝʩʦʨʽʚ, ʢʝʰ-ʧʘʤôʷʪʽ ʪʘ ʟôʻʜʥʘʥʴ. ʎʝ ʫʩʢʣʘʜʥʶʻ ʪʦʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʜʣʷ ʨʽʟʥʠʭ ʨʦʙʦʯʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʢʦʥʬʽʛʫʨʘʮʽʡ.  

ʅʘ ʩʴʦʛʦʜʥʽ ʚʽʜʦʤʦ ʙʘʛʘʪʦ ʨʽʟʥʠʭ ʧʽʜʭʦʜʽʚ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ GPU. ɿ ʤʝʪʦʶ 

ʧʦʛʣʠʙʣʝʥʥʷ ʨʦʟʫʤʽʥʥʷ ʤʽʢʨʦʘʨʭʽʪʝʢʪʫʨʠ ʛʨʘʬʽʯʥʠʭ ʧʨʦʮʝʩʦʨʽʚ NVIDIA ʫ [5]  ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʧʨʠ ʚʠʢʦʥʘʥʥʽ 40 ʨʽʟʥʠʭ ʽʥʩʪʨʫʢʮʽʡ PTX ʜʣʷ ʯʦʪʠʨʴʦʭ ʛʨʘʬʽʯʥʠʭ ʧʨʦʮʝʩʦʨʽʚ NVIDIA 

(Maxwell, Pascal, Volta, and Turing). ʂʨʽʤ ʪʦʛʦ, ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʚʧʣʠʚ ʦʧʪʠʤʽʟʘʮʽʾ ʢʦʤʧʽʣʷʪʦʨʘ CUDA ʥʘ 

ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʢʦʞʥʦʶ ʽʥʩʪʨʫʢʮʽʻʶ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʪʨʠ ʧʨʦʛʨʘʤʥʽ ʤʝʪʦʜʠ ʟʯʠʪʫʚʘʥʥʷ 

ʜʘʚʘʯʽʚ ʧʦʪʫʞʥʦʩʪʽ ʛʨʘʬʽʯʥʦʛʦ ʧʨʦʮʝʩʦʨʘ, ʜʚʘ ʟ ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ API NVML (NVIDIA Management 

Library) [6] ʚʽʜ NVIDIA, ʘ ʪʨʝʪʽʡ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʦʤʧʦʥʝʥʪʫ CUDA PAPI (Performance 

Application Programming Interface) [7].   

ʋ ʩʪʘʪʪʽ [8] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ ʷʜʨʘ GPU, ʦɦ ʜʦʟʚʦʣʷʻ 

ʨʦʟʨʦʙʥʠʢʘʤ ʚʠʧʨʘʚʠʪʠ ʥʝʝʬʝʢʪʠʚʥʠʡ ʢʦʜ ʧʝʨʝʜ ʟʘʧʫʩʢʦʤ ʧʨʦʛʨʘʤʠ, ʥʝ ʚʠʢʦʥʫʶʯʠ ʡʦʛʦ ʥʘʩʧʨʘʚʜʽ. 

ɸʥʘʣʽʪʠʯʥʘ ʤʦʜʝʣʴ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ ʷʜʨʘ ʛʨʘʬʽʯʥʦʛʦ ʧʨʦʮʝʩʦʨʘ ʩʪʚʦʨʶʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ 

ʘʥʘʣʽʟʫ ʧʨʦʤʽʞʥʦʛʦ ʢʦʜʫ PTX ʷʜʨʘ CUDA. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥɹʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʘʚ, ʱʦ ʜʣʷ 45 ʜʦʜʘʪʢʽʚ ʦʮʽʥʢʘ 

ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ ʤʘʻ ʩʝʨʝʜʥʶ ʘʙʩʦʣʶʪʥʫ ʧʦʭʠʙʢʫ 26,86% ʧʦʨʽʚʥʷʥʦ ʟ ʬʘʢʪʠʯʥʠʤ ʯʘʩʦʤ ʚʠʢʦʥʘʥʥʷ.  

ʋ ʨʦʙʦʪʽ [9] ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʷʜʝʨ CUDA ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʨʝʡʤʚʦʨʢʫ SimGrid. 

ʈʦʙʦʪʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʦʜʝʣʽ ʚʠʢʦʥʘʥʥʷ CUDA, ʷʢʘ ʜʦʟʚʦʣʷʻ ʨʦʟʧʦʜʽʣʠʪʠ ʨʦʙʦʪʫ ʷʜʨʘ ʥʘ ʙʣʦʢʠ ʪʘ 

ʨʦʟʧʦʜʽʣʠʪʠ ʾʭ ʤʽʞ ʧʦʪʦʢʦʚʠʤʠ ʤʫʣʴʪʠʧʨʦʮʝʩʦʨʘʤʠ. ʄʦʜʝʣʴ ʧʝʨʝʜʙʘʯʘʻ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ 

ʢʽʣʴʢʦʩʪʽ ʙʣʦʢʽʚ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʧʝʨʝʚʽʨʝʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʰʝʩʪʠ ʨʽʟʥʠʭ ʷʜʝʨ CUDA ʥʘ ʜʚʦʭ 

ʨʽʟʥʠʭ ʛʨʘʬʽʯʥʠʭ ʧʨʦʮʝʩʦʨʘʭ NVIDIA (Tesla M2075 ʪʘ Kepler K20Xm). ɼʣʷ ʦʮʽʥʢʠ ʪʦʯʥʦʩʪʽ ʙʫʣʦ ʧʦʨʽʚʥʷʥʦ 

ʨʝʘʣʴʥʽ ʚʠʤʽʨʠ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʝʨʝʜʥʴʦʾ ʚʽʜʥʦʩʥʦʾ ʧʦʤʠʣʢʠ. ʉʝʨʝʜʥʽ ʚʽʜʥʦʩʥʽ 

ʧʦʤʠʣʢʠ ʜʣʷ ʯʘʩʫ ʨʦʙʦʪʠ ʪʘ ʝʥʝʨʛʽʾ ʩʪʘʥʦʚʠʣʠ 6,69% ʪʘ 6,86% ʜʣʷ M2075 ʪʘ 6,54% ʪʘ 8,33% ʜʣʷ K20Xm 

ʚʽʜʧʦʚʽʜʥʦ.  

ʋ ʜʦʩʣʽʜʞʝʥʥʽ [10] ʨʦʟʛʣʷʥʫʪʦ ʤʦʞʣʠʚʽʩʪʴ ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʽʾ ʰʣʷʭʦʤ ʟʤʽʥʠ ʨʦʟʤʽʨʫ ʙʣʦʢʫ ʚ 

ʢʦʥʬʽʛʫʨʘʮʽʾ ʷʜʨʘ. ɻʽʧʦʪʝʟʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʦʧʪʠʤʘʣʴʥʠʡ ʨʦʟʤʽʨ ʙʣʦʢʫ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʯʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʦʞʝ ʜʦʩʷʛʪʠ ʙʽʣʴʰʦʾ ʝʢʦʥʦʤʽʾ ʝʥʝʨʛʽʾ. ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʛʽʧʦʪʝʟʠ ʙʫʣʦ ʦʙʨʘʥʦ ʜʚʘ ʷʜʨʘ ʥʘ 

ʛʨʘʬʽʯʥʦʤʫ ʧʨʦʮʝʩʦʨʽ NVIDIA Tesla K40, ʘ ʩʘʤʝ ʷʜʨʘ Bitonic Mergesort ʽ Vector Addition. ɼʦʩʣʽʜʞʝʥʥʷ 

ʚʢʣʶʯʘʣʦ ʚ ʩʝʙʝ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ GPU ʟ ʨʽʟʥʠʤʠ ʨʦʟʤʽʨʘʤʠ ʙʣʦʢʽʚ ʧʽʜ ʯʘʩ 

ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʯʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʝʤʦʥʩʪʨʫʶʪʴ ʚʧʣʠʚ ʟʤʽʥʠ ʨʦʟʤʽʨʫ ʙʣʦʢʽʚ ʥʘ 

ʧʦʪʫʞʥʽʩʪʴ ʪʘ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ GPU. ɿʦʢʨʝʤʘ, ʙʫʣʦ ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʦʧʪʠʤʘʣʴʥʠʡ ʨʦʟʤʽʨ ʙʣʦʢʫ 

ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʟʥʘʯʥʫ ʝʢʦʥʦʤʽʶ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. 

ʈʦʙʦʪʘ [11] ʧʨʠʩʚʷʯʝʥʘ ʜʦʩʣʽʜʞʝʥʥʶ ʧʨʦʙʣʝʤʠ ʝʥʝʨʛʝʪʠʯʥʦʾ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ ʛʨʘʬʽʯʥʠʭ ʧʨʦʮʝʩʦʨʽʚ. 

ɽʥʝʨʛʝʪʠʯʥʘ ʧʨʦʧʦʨʮʽʡʥʽʩʪʴ ʚʠʟʥʘʯʘʻ ʩʠʩʪʝʤʫ, ʷʢʘ ʩʧʦʞʠʚʘʻ ʝʥʝʨʛʽʶ ʧʨʦʧʦʨʮʽʡʥʦ ʢʽʣʴʢʦʩʪʽ ʨʦʙʦʪʠ, ʷʢʫ 

ʚʦʥʘ ʚʠʢʦʥʫʻ. ɼʣʷ ʝʥʝʨʛʦʧʨʦʧʦʨʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʦʧʪʠʤʽʟʘʮʽʷ ʢʦʜʫ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘʢʦʞ 

ʦʧʪʠʤʽʟʫʻ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ. ɺ ʨʦʙʦʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʩʣʽʜʞʝʥʽ ʝʥʝʨʛʦʧʨʦʧʦʨʮʽʡʥʽʩʪʴ ʛʨʘʬʽʯʥʠʭ 

ʧʨʦʮʝʩʦʨʽʚ NVIDIA K40c ʪʘ NVIDIA P100 PCIe ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʦʾ ʧʨʦʛʨʘʤʠ ʤʥʦʞʝʥʥ ̫

ʤʘʪʨʠʮʽ. ɹʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʦʙʠʜʚʘ ʛʨʘʬʽʯʥʽ ʧʨʦʮʝʩʦʨʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʩʣʘʙʢʦʶ ʝʥʝʨʛʦʧʨʦʧʦʨʮʽʡʥʽʩʪʶ, 

ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʜʚʦʮʽʣʴʦʚʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʛʨʘʤʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʜʠʥʘʤʽʯʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ.  
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ɺʠʜʽʣʝʥʥʷ ʥʝʚʠʨʽʰʝʥʠʭ ʨʘʥʽʰʝ ʯʘʩʪʠʥ ʟʘʛʘʣʴʥʦʾ ʧʨʦʙʣʝʤʠ, ʢʦʪʨʠʤ ʧʨʠʩʚʷʯʫʻʪʴʩʷ ʩʪʘʪʪʷ 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʚ ʦʙʣʘʩʪʽ ʦʮʽʥʢʠ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ GPU, 

ʧʨʦʙʣʝʤʘ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʛʨʘʤ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʚʠʨʽʰʝʥʦʶ. ʊʦʤʫ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʻ 

ʨʦʟʨʦʙʣʝʥʥʷ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ ʜʣʷ ʦʮʽʥʢʠ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʷʜʨʘ CUDA. 

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʣʝʥʥʷ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ ʜʣʷ ʦʮʽʥʢʠ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʷʜʨʘ 

CUDA, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʩʪʘʪʠʯʥʦʤʫ ʘʥʘʣʽʟʽ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʢʣʶʯʘʻ ʜʚʘ ʟʘʚʜʘʥʥʷ: (1) ʩʪʚʦʨʠʪʠ 

ʘʨʭʽʪʝʢʪʫʨʥʦ-ʥʝʟʘʣʝʞʥʫ ʤʦʜʝʣʴ ʜʣʷ ʧʝʨʝʜʙʘʯʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ CUDA ʧʨʦʛʨʘʤ ʟ ʧʨʠʡʥʷʪʥʦʶ 

ʧʦʭʠʙʢʦʶ ʪʘ ʪʦʯʥʽʩʪʶ; (2) ʜʦʩʣʽʜʠʪʠ ʚʧʣʠʚ ʨʽʟʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ CUDA ʧʨʦʛʨʘʤ, ʱʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʫ ʮʽʡ 

ʨʦʙʦʪʽ, ʥʘ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ GPU. ʈʦʟʨʦʙʣʶʚʘʥʠʡ ʤʝʪʦʜ ʧʦʢʣʠʢʘʥʠʡ ʜʦʧʦʤʦʛʪʠ ʨʦʟʨʦʙʥʠʢʘʤ ʧʨʦʛʨʘʤ 

CUDA ʚ ʨʦʟʫʤʽʥʥʽ ʧʨʦʬʽʣʶ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʷʜʨʦʤ. 

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʘʥʘʣʽʟʽ ʢʦʜʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʧʘʨʘʪʥʠʭ ʦʟʥʘʢ ʽ ʢʦʜʫ PTX. ɿ 

ʤʝʪʦʶ ʧʦʰʫʢʫ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʦʟʥʘʢ, ʷʢʽ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʷʜʨʘ CUDA, ʙʫʣʦ 

ʚʠʦʢʨʝʤʣʝʥʦ 15 ʦʟʥʘʢ (ʪʘʙʣ. 1). ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʚʟʘʻʤʥʦʛʦ ʚʧʣʠʚʫ ʪʘ ʤʽʥʽʤʽʟʘʮʽʾ ʢʦʨʝʣʶʶʯʠʭ ʦʟʥʘʢ ʙʫʣʦ 

ʚʠʢʦʨʠʩʪʘʥʦ ʢʦʨʝʣʷʮʽʡʥʠʡ ʘʥʘʣʽʟ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʚʢʣʶʯʠʪʠ ʚ ʥʘʙʽʨ ʦʟʥʘʢ ʣʠʰʝ ʦʜʥʫ ʟ ʚʠʩʦʢʦʢʦʨʝʣʶʶʯʠʭ 

ʦʟʥʘʢ. ɼʣʷ ʮʴʦʛʦ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ ʇʽʨʩʦʥʘ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʦʪʨʠʤʘʥʦʾ ʪʝʧʣʦʚʦʾ ʢʘʨʪʠ 

ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʝʣʷʮʽʾ ʇʽʨʩʦʥʘ (ʨʠʩ. 1) ʙʫʣʦ ʚʠʢʣʶʯʝʥʦ ʦʟʥʘʢʠ, ʷʢʽ ʩʠʣʴʥʦ ʢʦʨʝʣʶʶʪʴ ʤʽʞ ʩʦʙʦʶ (ʪʘʙʣ. 1): f2, 

f13, f15  ʢʦʨʝʣʶʶʪʴ ʟ f7, ʪʦʤʫ f2, f13, f15  ʙʫʣʠ ʚʠʢʣʶʯʝʥʽ ʟ ʥʘʙʦʨʫ ʦʟʥʘʢ; f4, f6, f14 ʢʦʨʝʣʶʶʪʴ ʤʽʞ ʩʦʙʦʶ, ʪʦʤʫ ʚ 

ʥʘʙʦʨʽ ʦʟʥʘʢ ʟʘʣʠʰʝʥʦ ʣʠʰʝ f6. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʟʥʘʢ, ʷʢʽ ʥʘʡʙʽʣʴʰ ʩʠʣʴʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʜʝʨʝʚʦ ʨʽʰʝʥʴ (ʟ ʮʽʻʶ ʤʝʪʦʶ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʙʽʙʣʽʦʪʝʢʫ Scikit-learn, 

ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʘʣʛʦʨʠʪʤ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ CART (Classification and Regression Trees)).  

 

ʊʘʙʣʠʮʷ 1 

ʄʥʦʞʠʥʘ ʦʟʥʘʢ, ʷʢʽ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʷʜʨʘ CUDA  

ʆʟʥʘʢʘ 
ʆʧʠʩ ʦʟʥʘʢʠ 

ʇʦʚʥʠʡ ʥʘʙʽʨ ʦʟʥʘʢ ʈʝʟʫʣʴʪʫʶʯʠʡ ʥʘʙʽʨ ʦʟʥʘʢ (ʜʞʝʨʝʣʦ) 

f1 ʂʽʣʴʢʽʩʪʴ ʧʦʪʦʢʽʚ ʥʘ ʙʣʦʢ ɺʠʟʥʘʯʘʻʪʴʩʷ ʢʦʨʠʩʪʫʚʘʯʝʤ 

f2 ʂʽʣʴʢʽʩʪʴ ʙʣʦʢʽʚ ɺʠʢʣʶʯʝʥʦ 

f3 ʂʽʣʴʢʽʩʪʴ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʽʥʩʪʨʫʢʮʽʡ ʚ ʷʜʨʽ ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ PTX 

f4 ʂʽʣʴʢʽʩʪʴ ʟʤʦʜʝʣʴʦʚʘʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʽʥʩʪʨʫʢʮʽʡ ɺʠʢʣʶʯʝʥʦ 

f5 ʂʽʣʴʢʽʩʪʴ ʽʥʩʪʨʫʢʮʽʡ ʛʣʦʙʘʣʴʥʦʾ ʧʘʤ'ʷʪʽ ʚ ʷʜʨʽ ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ PTX 

f6 ʂʽʣʴʢʽʩʪʴ ʟʤʦʜʝʣʴʦʚʘʥʠʭ ʽʥʩʪʨʫʢʮʽʡ ʛʣʦʙʘʣʴʥʦʾ ʧʘʤ'ʷʪʽ ɸʣʛʦʨʠʪʤ ʘʥʘʣʽʟʫ ʢʦʜʫ 

f7 ʎʠʢʣʠ ʚʠʧʫʩʢʫ ʽʥʩʪʨʫʢʮʽʡ 
ʆʙʯʠʩʣʶʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ 

ʢʦʨʠʩʪʫʚʘʯʘ 

f8 ʂʽʣʴʢʽʩʪʴ ʨʽʟʥʠʭ ʽʥʩʪʨʫʢʮʽʡ ʫ ʷʜʨʽ ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ PTX 

f9 ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʟʤʦʜʝʣʴʦʚʘʥʠʭ ʨʽʟʥʠʭ ʽʥʩʪʨʫʢʮʽʡ ɸʣʛʦʨʠʪʤ ʘʥʘʣʽʟʫ ʢʦʜʫ 

f10 

ɺʽʜʥʦʰʝʥʥʷ ʘʢʪʠʚʥʠʭ ʛʨʫʧ ʧʦʪʦʢʽʚ (warp) ʚ ʧʦʪʦʢʦʚʦʤʫ 

ʤʫʣʴʪʠʧʨʦʮʝʩʦʨʽ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʘʢʪʠʚʥʠʭ ʛʨʫʧ 

ʧʦʪʦʢʽʚ, ʧʽʜʪʨʠʤʫʚʘʥʠʭ ʧʦʪʦʢʦʚʠʤ ʤʫʣʴʪʠʧʨʦʮʝʩʦʨʦʤ 

CUDA Occupancy Calculator 

f11 ʂʽʣʴʢʽʩʪʴ ʽʥʩʪʨʫʢʮʽʡ ʧʦʜʽʣʶʚʘʥʦʾ ʧʘʤ'ʷʪʽ ʚ ʷʜʨʽ ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ PTX 

f12 

ʂʽʣʴʢʽʩʪʴ ʟʤʦʜʝʣʴʦʚʘʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʽʥʩʪʨʫʢʮʽʡ 

ʧʦʜʽʣʶʚʘʥʦʾ ʧʘʤ'ʷʪʽ 
ɺʠʢʣʶʯʝʥʦ 

f13 ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʟʘʧʫʱʝʥʠʭ ʧʦʪʦʢʽʚ ɺʠʢʣʶʯʝʥʦ 

f14 ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʟʤʦʜʝʣʴʦʚʘʥʠʭ ʽʥʩʪʨʫʢʮʽʡ ɺʠʢʣʶʯʝʥʦ 

f15 

ʂʽʣʴʢʽʩʪʴ ʛʨʫʧ ʧʦʪʦʢʽʚ (wave) ʙʣʦʢʽʚ, ʚʠʢʦʥʘʥʠʭ ʥʘ 

ʧʦʪʦʢʦʚʦʤʫ ʤʫʣʴʪʠʧʨʦʮʝʩʦʨʽ 
ɺʠʢʣʶʯʝʥʦ 

 

ɿ ʤʝʪʦʶ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʽʜʭʦʜʫ ʙʫʣʦ ʟʽʙʨʘʥʦ ʪʝʩʪʦʚʠʡ 

ʥʘʙʽʨ ʜʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʘʢʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʷʢ CUDA Occupancy Calculator ʪʘ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʨʦʟʨʦʙʣʝʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʘʥʘʣʽʟʫ ʢʦʜʫ (ʨʠʩ. 2). ʈʦʟʨʦʙʣʝʥʠʡ ʘʣʛʦʨʠʪʤ ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʪʘʪʠʯʥʠʡ ʘʥʘʣʽʟ ʢʦʜʫ 

CUDA ʪʘ ʘʥʘʣʽʟ ʘʧʘʨʘʪʥʠʭ ʬʫʥʢʮʽʡ, ʥʘʜʘʥʠʭ ʚʠʨʦʙʥʠʢʦʤ GPU. ɺ ʘʣʛʦʨʠʪʤʽ ʚʠʢʦʨʠʩʪʘʥʦ ʥʘʩʪʫʧʥʽ 

ʧʦʟʥʘʯʝʥʥʷ: SM ï ʢʽʣʴʢʽʩʪʴ ʧʦʪʦʢʦʚʠʭ ʤʫʣʴʪʠʧʨʦʮʝʩʦʨʽʚ; T_m ï ʤʘʢʩʠʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʧʦʪʦʢʽʚ ʥʘ 

ʧʦʪʦʢʦʚʠʡ ʤʫʣʴʪʠʧʨʦʮʝʩʦʨ; B ï ʢʽʣʴʢʽʩʪʴ ʙʣʦʢʽʚ; T ï ʢʽʣʴʢʽʩʪʴ ʧʦʪʦʢʽʚ ʥʘ ʙʣʦʢ; l ï ʢʽʣʴʢʽʩʪʴ ʽʪʝʨʘʮʽʡ ʮʠʢʣʫ; 

T_s ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʧʦʪʦʢʽʚ, ʟʘʧʣʘʥʦʚʘʥʠʭ ʥʘ ʧʦʪʦʢʦʚʠʡ ʤʫʣʴʪʠʧʨʦʮʝʩʦʨ; T_w ï ʢʽʣʴʢʽʩʪʴ ʧʦʪʦʢʽʚ ʚ 

ʧʦʪʦʯʥʽʡ ʛʨʫʧʽ ʧʦʪʦʢʽʚ. ɺʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʘʣʛʦʨʠʪʤʫ ʻ ʢʦʜ PTX ʨʘʟʦʤ ʽʟ ʧʘʨʘʤʝʪʨʘʤʠ ʟʘʧʫʩʢʫ, ʪʦʙʪʦ 

ʢʽʣʴʢʽʩʪʶ ʙʣʦʢʽʚ, ʢʽʣʴʢʽʩʪʶ ʧʦʪʦʢʽʚ ʥʘ ʙʣʦʢ ʽ ʢʽʣʴʢʽʩʪʶ ʽʪʝʨʘʮʽʡ ʮʠʢʣʫ. ʎʽ ʚʭʽʜʥʽ ʜʘʥʽ ʥʝ ʤʦʞʥʘ ʚʠʪʷʛʥʫʪʠ ʟʘ 
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ʜʦʧʦʤʦʛʦʶ ʩʪʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʽ ʚʦʥʠ ʻ ʜʫʞʝ ʚʘʞʣʠʚʠʤʠ ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʦʟʥʘʢ. ʇʘʨʘʤʝʪʨʠ ʟʘʧʫʩʢʫ (ʢʽʣʴʢʽʩʪʴ 

ʧʦʪʦʢʽʚ ʥʘ ʙʣʦʢ, ʢʽʣʴʢʽʩʪʴ ʙʣʦʢʽʚ) ʥʘʜʘʶʪʴʩʷ ʢʦʨʠʩʪʫʚʘʯʝʤ, ʦʩʢʽʣʴʢʠ ʾʭ ʥʝʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʟ ʘʥʘʣʽʟʫ PTX. 

 

 
ʈʠʩ. 1. ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʝʣʷʮʽʾ ʇʽʨʩʦʥʘ ʜʣʷ ʚʠʢʣʶʯʝʥʥʷ ʢʦʨʝʣʶʶʯʠʭ ʦʟʥʘʢ 

 

ʊʝʩʪʦʚʽ ʷʜʨʘ ʟʘʧʫʩʢʘʣʠʩʷ ʟ ʨʽʟʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʟʘʧʫʩʢʫ (ʢʽʣʴʢʽʩʪʴ ʧʦʪʦʢʽʚ ʥʘ ʙʣʦʢ, ʢʽʣʴʢʽʩʪʴ 

ʙʣʦʢʽʚ). ʗʢ ʚʽʜʦʤʦ, ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ GPU ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʙʦʯʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʷʜʨʘ, ʥʘʧʨʠʢʣʘʜ, ʜʦʩʪʫʧ ʜʦ 

ʛʣʦʙʘʣʴʥʦʾ ʧʘʤ'ʷʪʽ ʩʧʦʞʠʚʘʻ ʙʽʣʴʰʝ ʝʥʝʨʛʽʾ, ʥʽʞ ʜʦʩʪʫʧ ʜʦ ʧʦʜʽʣʶʚʘʥʦʾ ʧʘʤ'ʷʪʽ, ʨʝʛʽʩʪʨʽʚ ʥʘ ʢʨʠʩʪʘʣʽ ʪʘ 

ʚʠʢʦʥʘʥʥʷ ʘʨʠʬʤʝʪʠʯʥʠʭ ʦʧʝʨʘʮʽʡ ʟ ʧʣʘʚʘʶʯʦʶ ʢʦʤʦʶ [1]. ɿʥʘʯʝʥʥʷ ʩʧʦʞʠʚʘʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʙʫʣʠ 

ʟʛʝʥʝʨʦʚʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʚʦʭ ʽʥʩʪʨʫʤʝʥʪʽʚ: Unified Power Profiling Application Programming 

Interface(UPPAPI) ʪʘ NVML A PI. ɼʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʧʦʭʠʙʢʠ ʚʠʤʽʨʷʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚ ʷʢʦʩʪʽ ʨʝʟʫʣʴʪʫʶʯʦʛʦ 

ʟʥʘʯʝʥʥʷ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ. ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ʪʝʦʨʝʪʠʯʥʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʥʷ f10, ʷʢʦʛʦ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʢʦʥʢʨʝʪʥʦʛʦ ʷʜʨʘ, ʚʠʢʦʨʠʩʪʘʥʦ CUDA Occupancy 

Calculator  ʪʘ ʪʘʢʽ ʚʭʽʜʥʽ ʜʘʥʽ: (1) ʢʽʣʴʢʽʩʪʴ ʧʦʪʦʢʽʚ ʥʘ ʙʣʦʢ; (2) ʢʽʣʴʢʽʩʪʴ ʨʝʛʽʩʪʨʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘ 

ʧʦʪʽʢ; (3) ʢʽʣʴʢʽʩʪʴ ʧʦʜʽʣʶʚʘʥʦʾ ʧʘʤ'ʷʪʽ, ʷʢʫ ʚʠʢʦʨʠʩʪʦʚʫʻ ʙʣʦʢ ʧʦʪʦʢʽʚ; (4) ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ CUDA 

ʧʨʠʩʪʨʦʶ. 

ʂʽʣʴʢʽʩʪʴ ʽʥʩʪʨʫʢʮʽʡ ʢʦʞʥʦʛʦ ʪʠʧʫ ʚ ʷʜʨʽ ʛʨʘʬʽʯʥʦʛʦ ʧʨʦʮʝʩʦʨʘ ʧʽʜʨʘʭʦʚʫʚʘʣʘʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʪʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʢʦʜʫ PTX ʜʣʷ ʷʜʨʘ GPU. ʂʽʣʴʢʽʩʪʴ ʟʤʦʜʝʣʴʦʚʘʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʽʥʩʪʨʫʢʮʽʡ 

ʦʜʝʨʞʫʚʘʣʘʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʣʛʦʨʠʪʤʫ ʘʥʘʣʽʟʫ ʢʦʜʫ, ʦʩʢʽʣʴʢʠ ʜʣʷ ʮʽʻʾ ʦʟʥʘʢʠ ʧʦʪʨʽʙʥʦ ʙʨʘʪʠ ʜʦ ʫʚʘʛʠ 

ʩʧʝʮʠʬʽʢʘʮʽʶ GPU. 

  

 
ʈʠʩ. 2. ɸʣʛʦʨʠʪʤ ʘʥʘʣʽʟʫ ʢʦʜʫ 
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ʊʘʢʦʞ, ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʛʨʘʬʽʯʥʦʛʦ ʧʨʦʮʝʩʦʨʘ ʯʫʪʣʠʚʝ ʜʦ ʜʦʩʪʫʧʫ ʜʦ ʛʣʦʙʘʣʴʥʦʾ ʧʘʤôʷʪʽ. 

ɻʣʦʙʘʣʴʥʽ ʽʥʩʪʨʫʢʮʽʾ ʜʦʩʪʫʧʫ ʜʦ ʧʘʤôʷʪʽ ʪʘʢʦʞ ʧʽʜʨʘʭʦʚʫʚʘʣʠʩʴ ʰʣʷʭʦʤ ʘʥʘʣʽʟʫ ʢʦʜʫ PTX. ʂʽʣʴʢʽʩʪʴ 

ʽʥʩʪʨʫʢʮʽʡ, ʱʦ ʚʠʢʦʥʫʶʪʴʩʷ ʥʘ ʦʜʥʦʤʫ ʧʦʪʦʢʦʚʦʤʫ ʤʫʣʴʪʠʧʨʦʮʝʩʦʨʽ, ʦʙʯʠʩʣʶʚʘʣʘʩʴ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʘʣʛʦʨʠʪʤʫ ʘʥʘʣʽʟʫ ʢʦʜʫ. ɯʥʩʪʨʫʢʮʽʾ ʜʦʩʪʫʧʫ ʜʦ ʧʦʜʽʣʶʚʘʥʦʾ ʧʘʤôʷʪʽ ʪʘʢʦʞ ʤʦʞʫʪʴ ʩʧʨʠʷʪʠ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʶ ʛʨʘʬʽʯʥʦʛʦ ʧʨʦʮʝʩʦʨʘ, ʦʩʦʙʣʠʚʦ ʷʢʱʦ ʚʦʥʠ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʢʦʥʬʣʽʢʪʘʤʠ, ʧʦʚôʷʟʘʥʠʤʠ 

ʟ ʙʘʥʢʘʤʠ ʧʘʤôʷʪʽ. ʂʽʣʴʢʽʩʪʴ ʽʥʩʪʨʫʢʮʽʡ, ʱʦ ʧʦʚôʷʟʘʥʽ ʟ ʧʦʜʽʣʶʚʘʥʦʶ ʧʘʤ'ʷʪʪʶ, ʙʫʣʘ ʦʙʯʠʩʣʝʥʘ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʣʛʦʨʠʪʤʫ ʘʥʘʣʽʟʫ ʢʦʜʫ.  

ɿ ʤʝʪʦʶ ʦʜʝʨʞʘʥʥʷ ʟʥʘʯʝʥʴ ʦʟʥʘʢ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʤʥʦʞʠʥʫ ʝʪʘʣʦʥʥʠʭ ʪʝʩʪʽʚ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ GPU ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʘʢʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʷʢ CUDA Toolkit Samples, Rodinia Benchmark, Tango GPU [12]. ɿ ʤʝʪʦʶ 

ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʪʨʠ ʘʨʭʽʪʝʢʪʫʨʠ GPU NVIDIA: PASCAL 

(GeForce GTX 1070), TURING (GeForce RTX 2060) ʪʘ AMPERE (GeForce RTX 3070). ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 3, 4. ɺ ʷʢʦʩʪʽ ʧʦʢʘʟʥʠʢʽʚ ʜʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ: 

ʢʦʝʬʽʮʽʻʥʪ ʜʝʪʝʨʤʽʥʘʮʽʾ, R2, ʢʦʨʝʥʝʚʝ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ (Root-Mean-Square Deviation, RMSD) 

ʪʘ ʩʝʨʝʜʥʶ ʘʙʩʦʣʶʪʥʫ ʧʦʭʠʙʢʫ (Mean Absolute Error, MAE). ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 2.  

 

ʊʘʙʣʠʮʷ 2 

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ: ʦʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʽʜʭʦʜʫ 

ɸʨʭʽʪʝʢʪʫʨʘ GPU R2  RMSD MAE  

PASCAL 0.8399 10.2232 5.2135 

TURING 0.8833 7.8476 3.7081 

AMPERE 0.9173 12.3425 5.6370 

 

ʅʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʝʤʦʥʩʪʨʫʶʪʴ ʚʠʩʦʢʠʡ ʧʦʢʘʟʥʠʢ ʢʦʝʬʽʮʽʻʥʪʫ ʜʝʪʝʨʤʽʥʘʮʽʾ R2 ʜʣʷ ʚʩʽʭ ʪʨʴʦʭ 

ʘʨʭʽʪʝʢʪʫʨ GPU, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʽʜʭʦʜʫ. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3, ʜʣʷ ʚʩʽʭ 

ʢʦʥʪʨʦʣʴʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʨʦʛʥʦʟʦʚʘʥʘ ʧʦʪʫʞʥʽʩʪʴ ʻ ʜʦʩʠʪʴ ʪʦʯʥʦʶ, ʧʦʨʽʚʥʷʥʦ ʟ ʚʠʤʽʨʷʥʠʤ ʟʥʘʯʝʥʥʷʤ. 

 

 
ʈʠʩ. 3. ɿʥʘʯʝʥʥʷ ʚʠʤʽʨʷʥʦʛʦ ʪʘ ʧʨʦʛʥʦʟʦʚʘʥʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ 

 

ʗʢ ʚʠʜʥʦ ʟ ʥʘʚʝʜʝʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʽʜʭʦʜʫ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʘʨʭʽʪʝʢʪʫʨʠ, ʦʩʢʽʣʴʢʠ 

ʦʜʝʨʞʘʥʦ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʜʣʷ ʚʩʽʭ ʪʨʴʦʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʘʨʭʽʪʝʢʪʫʨ GPU. ɸʥʘʣʽʟ ʚʘʞʣʠʚʦʩʪʽ ʦʟʥʘʢ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʝʨʝʚʘ ʨʽʰʝʥʴ ʜʣʷ ʚʩʽʭ ʪʨʴʦʭ ʘʨʭʽʪʝʢʪʫʨ (ʨʠʩ.4) ʧʦʢʘʟʘʚ, ʱʦ ʦʟʥʘʢʘ f7  (ʮʠʢʣʠ ʚʠʧʫʩʢʫ 

ʽʥʩʪʨʫʢʮʽʡ) ʥʘʡʙʽʣʴʰʝ ʚʧʣʠʚʘʻ ʥʘ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʚ ʪʨʴʦʭ ʘʨʭʽʪʝʢʪʫʨʘʭ. ɻʣʦʙʘʣʴʥʽ ʽʥʩʪʨʫʢʮʽʾ ʜʦʩʪʫʧʫ ʜʦ 

ʧʘʤ'ʷʪʽ ʤʘʶʪʴ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʪʘʢʠʤ ʯʠʥʦʤ f5 ʪʘ f6 ʤʘʶʪʴ ʚʠʱʽ ʟʥʘʯʝʥʥʷ ʜʣʷ ʚʩʽʭ ʪʨʴʦʭ 

ʘʨʭʽʪʝʢʪʫʨ. ʂʽʣʴʢʽʩʪʴ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʽʥʩʪʨʫʢʮʽʡ f3 ʪʘʢʦʞ ʚʧʣʠʚʘʻ ʥʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʪʘʢ ʩʘʤʦ 

ʝʬʝʢʪʠʚʥʦ, ʷʢ ʢʽʣʴʢʽʩʪʴ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʽʥʩʪʨʫʢʮʽʡ (f8) ʽ ʢʽʣʴʢʽʩʪʴ ʟʤʦʜʝʣʴʦʚʘʥʠʭ ʨʽʟʥʠʭ ʽʥʩʪʨʫʢʮʽʡ (f9).  

 

   
ʘ)     ʙ)     ʚ) 

ʈʠʩ. 4. ɺʽʜʥʦʩʥʘ ʚʘʞʣʠʚʽʩʪʴ ʦʟʥʘʢ ʜʣʷ ʘʨʭʽʪʝʢʪʫʨ NVIDIA : ʘ) PASCAL; ʙ) TURING; ʚ) AMPERE 
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ʂʽʣʴʢʽʩʪʴ ʟʘʧʫʱʝʥʠʭ ʙʣʦʢʽʚ f2 ʤʦʞʝ ʧʨʝʜʩʪʘʚʣʷʪʠ ʢʽʣʴʢʽʩʪʴ ʧʦʪʦʢʦʚʠʭ ʤʫʣʴʪʠʧʨʦʮʝʩʦʨʽʚ, 

ʘʢʪʠʚʦʚʘʥʠʭ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʢʦʜʫ ʷʜʨʘ CUDA, ʦʩʢʽʣʴʢʠ ʢʦʞʝʥ ʥʦʚʠʡ ʙʣʦʢ ʩʧʽʚʩʪʘʚʣʷʻʪʴʩʷ ʟ ʦʜʥʠʤ 

ʧʦʪʦʢʦʚʠʤ ʤʫʣʴʪʠʧʨʦʮʝʩʦʨʦʤ. ʇʨʦʪʝ, ʮʷ ʦʟʥʘʢʘ ʧʦʤʽʨʥʦ ʚʧʣʠʥʫʣʘ ʥʘ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. ɺʽʜʥʦʰʝʥʥʷ 

ʘʢʪʠʚʥʠʭ ʛʨʫʧ ʧʦʪʦʢʽʚ (warp) ʚ ʧʦʪʦʢʦʚʦʤʫ ʤʫʣʴʪʠʧʨʦʮʝʩʦʨʽ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʘʢʪʠʚʥʠʭ ʛʨʫʧ 

ʧʦʪʦʢʽʚ, ʧʽʜʪʨʠʤʫʚʘʥʠʭ ʧʦʪʦʢʦʚʠʤ ʤʫʣʴʪʠʧʨʦʮʝʩʦʨʦʤ, f10, ʤʘʣʘ ʙʫʪʠ ʦʜʥʽʻʶ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʦʟʥʘʢ, ʷʢʽ 

ʩʧʨʠʷʶʪʴ ʟʙʽʣʴʰʝʥʥʶ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʦʧʠʩʫʻ ʤʘʢʩʠʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʧʦʪʦʢʽʚ, ʱʦ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʧʦʪʦʢʦʚʦʤʫ ʤʫʣʴʪʠʧʨʦʮʝʩʦʨʽ. ʆʜʥʘʢ ʟʥʘʯʝʥʥʷ f10 ʻ ʥʠʞʯʠʤ ʜʣʷ ʚʩʽʭ ʪʨʴʦʭ ʘʨʭʽʪʝʢʪʫʨ. ʎʝ 

ʤʦʞʝ ʙʫʪʠ ʩʧʨʠʯʠʥʝʥʝ ʧʦʭʠʙʢʦʶ, ʚʠʢʣʠʢʘʥʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷʤ CUDA Occupancy Calculate, ʷʢʠʡ ʜʘʻ 

ʧʨʠʙʣʠʟʥʝ ʟʥʘʯʝʥʥʷ ʦʟʥʘʢʠ. ʉʝʨʝʜ ʫʩʽʭ ʪʠʧʽʚ ʨʦʟʛʣʷʥʫʪʠʭ ʦʟʥʘʢ ʽʥʩʪʨʫʢʮʽʾ ʟ ʧʦʜʽʣʶʚʘʥʦʶ ʧʘʤôʷʪʪʶ 

ʥʘʡʤʝʥʰʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ (f11, f12) ʜʣʷ ʚʩʽʭ ʪʨʴʦʭ ʘʨʭʽʪʝʢʪʫʨ. ʎʝ ʧʦʚôʷʟʘʥʝ ʟ ʪʠʤ, ʱʦ 

ʧʦʜʽʣʶʚʘʥʘ ʧʘʤ'ʷʪʴ ʥʘʙʘʛʘʪʦ ʰʚʠʜʰʘ, ʧʦʨʽʚʥʷʥʦ ʟ ʛʣʦʙʘʣʴʥʦʶ.  

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ɿ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʛʨʘʤ, ʦʨʽʻʥʪʦʚʘʥʠʭ ʥʘ ʦʙʯʠʩʣʝʥʥʷ ʥʘ ʛʨʘʬʽʯʥʠʭ 

ʧʨʦʮʝʩʦʨʘʭ, ʚ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʘʥʘʣʽʟʫ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ ʜʣʷ ʦʮʽʥʢʠ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʷʜʨʘ 

CUDA. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘʢʠʭ ʧʨʦʛʨʘʤ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʟʘʧʫʩʢʘʪʠ ʾʭ ʥʘ ʬʽʟʠʯʥʠʭ ʧʨʠʩʪʨʦʷʭ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʩʪʘʪʠʯʥʦʤʫ ʘʥʘʣʽʟʽ ʧʨʦʛʨʘʤʠ 

CUDA ʪʘ ʤʝʪʦʜʘʭ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. 

ɼʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʪʨʠ ʘʨʭʽʪʝʢʪʫʨʠ ʛʨʘʬʽʯʥʠʭ 

ʧʨʦʮʝʩʦʨʽʚ: NVIDIA PASCAL, NVIDIA TURING ʽ NVIDIA AMPERE. ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʦʢʘʟʘʣʠ, 

ʱʦ ʜʣʷ ʘʨʭʽʪʝʢʪʫʨʠ NVIDIA AMPERE ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʥʘʡʚʠʱʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ 

ʜʝʪʝʨʤʽʥʘʮʽʾ ʥʘ ʨʽʚʥʽ 0,9173. ʇʨʦʪʝ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʽʜʭʦʜʫ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʘʨʭʽʪʝʢʪʫʨʠ, ʦʩʢʽʣʴʢʠ ʦʜʝʨʞʘʥʦ 

ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʜʣʷ ʚʩʽʭ ʪʨʴʦʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʘʨʭʽʪʝʢʪʫʨ GPU. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ. ʄʝʪʦʜ ʤʦʞʝ ʙʫʪʠ ʢʦʨʠʩʥʠʤ ʜʣʷ ʨʦʟʨʦʙʥʠʢʽʚ CUDA, ʷʢʽ ʤʘʶʪʴ ʥʘ 

ʤʝʪʽ ʧʦʢʨʘʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʩʚʦʾʭ ʧʨʦʛʨʘʤ. 

ʄʘʡʙʫʪʥʻ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʜʝ ʩʧʨʷʤʦʚʘʥʝ ʥʘ ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʟʘʪʨʠʤʢʠ ʢʦʞʥʦʛʦ ʪʠʧʫ ʽʥʩʪʨʫʢʮʽʡ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʛʽʩʪʨʦʚʦʾ ʧʘʤôʷʪʽ ʥʘ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ GPU. 
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ɿɸʉʊʆʉʋɺɸʅʅʗ ʊɸʅɯɼɯɺ ɸʂɸʎɯɰ ɺ ʊɽʍʅʆʃʆɻɯɰ  

ɺʀɻʆʊʆɺʃɽʅʅʗ ɽʃɸʉʊʀʏʅʀʍ ʐʂɯʈ  
 
˜̑̏̃̆̅̆̎̏ ˴ˤ-̨̘̒̐̆̋̓̑̏̒̋̏̐̎̆ ̨̠̅̏̒̌̅̇̆̎̎ ̨̤̩̃̈́̍̏̅ ̋̏̌́̄̆̎̔ ̅̆̑̍̉ ̈ ̨̓́̎̅́̍̉ ̘̩̏̑̎̏̅̆̑̆̃̎̏ ̨̗̩́̋́ ̓́ 

̊̏̄̏ ̠̃̉̋̏̑̉̒̓́̎̎ ̠̅̌ ̟̠̅̏̅̔̂̌̃́̎̎-̟̠̎́̐̏̃̎̃́̎̎ ̨̙̠̋̑̎̏̄̏ ̨̎́̐̃́̂̑̉̋́̓̔̕Ȣ ˏ̠̉̋̏̑̉̒̓́̎̎ ̃ ̗̖̐̑̏̆̒́ 
̟̠̅̏̅̔̂̌̃́̎̎-̟̠̎́̐̏̃̎̃́̎̎ ̨̎́̐̃́̂̑̉̋́̓̔̕ ̖̑̏̍̏̃̏̄̏ ̠̅̔̂̌̆̎̎ ̨̨̓́̎̅̃ ̆̋̒̓̑́̋̓̔ ̨̗̩́̋́ ̃ ̨̋̏̍̐̌̆̋̒ ̨̈ 
̒̉̎̓́̎̏̍ ˎ˚˞ ̘̤̈́̂̆̈̐̆̔ ̨̠̐̅̃̉̆̎̎̚ ̩̖ ̨̩̅̉̔̈̕ ̃ ̒̓̑̔̋̓̔̑̔ ̓́ ̘̠̒̋̏̑̏̆̎̎ ̨̓̑̉̃́̌̏̒̓ ̗̐̑̏̆̒̔Ȣ ˔̠́̒̓̏̒̔̃́̎̎ 
̨̨̓́̎̅̃ ̆̋̒̓̑́̋̓̔ ̨̗̩́̋́ ̃ ̨̖̩̓̆̎̏̌̏̄ ̠̃̉̄̏̓̏̃̌̆̎̎ ̘̖̆̌́̒̓̉̎̉ ̨̙̋̑ ̤̅́ ̨̝̍̏̇̌̉̃̒̓ ̏̓̑̉̍̔̃́̓̉ ̎́̐̏̃̎̆̎̉̊-
̇̉̑̏̃́̎̉̊ ̨̎́̐̃́̂̑̉̋́̓̕ ̈ ̨̐̅̃̉̆̎̉̍̉̚ ̨̈̉̋̏̕-̨̨̖̘̍̎̉̍̉ ̠̃̌́̒̓̉̃̏̒̓̍̉ ɀ ̨̟̐̏̑̉̒̓̒̓ȟ ̏̂ȭ̤̍̎̉̍ ̖̃̉̏̅̏̍ȟ 
̨̨̟̐̏̃̓̑̏̐̑̏̎̉̋̎̒̓ ̨̨̃̅̐̏̃̅̎̏ ̎́ φυȟ χϋȟ όϊ ϻ ̨̠̐̏̑̃̎̎̏ ̈ ̨̎́̐̃́̂̑̉̋́̓̏̍̕ ̖̑̏̍̏̃̏̄̏ ̠̅̔̂̌̆̎̎Ȣ ˛̨̅̆̑̇́̎ 
̝̑̆̈̔̌̓́̓̉ ̟̝̅́̓ ̨̐̅̒̓́̃̉ ̑̆̋̏̍̆̎̅̔̃́̓̉ ̠̃̉̋̏̑̉̒̓́̎̎ ̨̨̓́̎̅̃ ̆̋̒̓̑́̋̓̔ ̨̗̩́̋́ ̃ ̨̖̠̖̓̆̎̏̌̏̄ ̠̃̉̄̏̓̏̃̌̆̎̎ 
̘̖̆̌́̒̓̉̎̉ ̨̙̋̑ ̙̉̑̏̋̏̄̏ ́̒̏̑̓̉̍̆̎̓̔Ȣ 

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̨̙̠̋̑̎̉̊ ̨̎́̐̃́̂̑̉̋́̓̕ȟ ̆̋̒̓̑́̋̓ ̨̗̩́̋́ȟ ˴ˤ-̨̠̒̐̆̋̓̑̏̒̋̏̐ȟ ̨̠̅̉̔̈̕ȟ ̟̠̅̏̅̔̂̌̃́̎̎-
̟̠̎́̐̏̃̎̃́̎̎ȟ ̨̈̉̋̏̕-̨̨̨̖̘̍̎ ̨̃̌́̒̓̉̃̏̒̓Ȣ 
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APPLICATION OF ACACIA TANNINS IN ELASTIC LEATHER MATERIALS PRODUCTION TECHNOLOGY  
 

An IR-spectroscopic study of the interaction of collagen with blackwood acacia (acacia melanoxylon) tannins and its use for 
tanning and filling semi-finished leather products in the production of elastic leathers for shoe uppers was conducted. The analysis of IR 
spectra of the interaction of the chrome tanning collagen products dermis with the acacia extract tannins can indicate the intermolecular 
ionic bonds formation and a hydrogen bonds dense network building-up with the amino groups of collagen and phenolic and carbonyl 
groups of the plant extract tannins. The following reagents were used for the semi-finished product tanning: sodium chloride TU 9192-069-
00200009527-98, formic and sulfuric acids according to DSTU GOST 1706-78 and DSTU GOST 2184:2018, and sodium carbonate ISO 6353-2-
83. Blackwood acacia extract together with the synthesis product of 2-naphtholsulfonic acid with dioxydiphenylsulfone as synthetic tanning 
agent BNS TU 17-06-165-89 were used to fill the tanned semi-finished product. The application of BNS TU 17-06-165-89 syntan in the 
process of finishing and filling of chrome tanned semi-finished leather product after catting it into thin slices with a thickness of 1.4 mm 
together with acacia extract tannins ensures an increase in its diffusion into the structure and provides a process duration reduction. The use 
of acacia extract tannins in the production technology of elastic hides makes it possible to obtain a filled-greased semi-finished product with 
increased physical and chemical properties: porosity, volumetric yield, air permeability by 21, 37, 86%, respectively, compared to the chrome 
tanning semi-finished product. The obtained results give the grounds for recommendation the use of acacia extract tannins in the wide range 
of elastic leathers production technologies. 

Key words: semi-finished leather product, acacia extract, IR spectroscopy, diffusion, tanning-fillin g, physical and chemical 
properties. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʝʣʘʩʪʠʯʥʠʭ ʰʢʽʨʷʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʘʞʣʠʚʝ ʪʝʭʥʦʣʦʛʽʯʥʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʩʪʘʜʽʷ ʜʦ 

ʜʫʙʣʶʚʘʥʥʷ-ʥʘʧʦʚʥʶʚʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʫʱʽʣʴʥʝʥʥʷ ʣʠʮʴʦʚʦʛʦ ʰʘʨʫ ʰʢʽʨʷʥʦʛʦ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʥʝʦʙʭʽʜʥʦʛʦ 

ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʧʨʦʚʝʜʝʥʥʷ ʧʦʜʘʣʴʰʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʙʨʦʙʣʝʥʴ, ʟʦʢʨʝʤʘ ʚʘʢʫʫʤʥʦʛʦ ʩʫʰʽʥʥʷ, ʤʦʞʝ 

ʚʽʜʙʫʚʘʪʠʩʴ ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʨʝʘʛʝʥʪʽʚ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʦʩʣʠʥʥʠʭ ʪʘʥʽʜʽʚ ʷʢ 

ʜʦʜʫʙʣʶʚʘʣʴʥʠʭ ʨʝʘʛʝʥʪʽʚ ʩʫʪʪʻʚʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʾʭ ʟʜʘʪʥʽʩʪʴ ʬʽʢʩʫʚʘʪʠ ʤʝʨʝʞʽʚʢʫ [1] ʣʠʮʴʦʚʦʛʦ ʰʘʨʫ 

ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʧʽʩʣʷ ʡʦʛʦ ʪʠʩʥʝʥʥʷ ʽ ʨʦʟʙʠʚʘʥʥʷ ʚ ʙʘʨʘʙʘʥʽ, ʱʦ ʚʘʞʣʠʚʦ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʰʢʽʨ 

ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ʋ ʮʴʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʽ 

ʨʝʘʛʝʥʪʠ ʧʨʠʨʦʜʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʘ ʩʘʤʝ ʨʦʩʣʠʥʥʽ ʪʘʥʽʜʠ. ɿʘʚʜʷʢʠ ʚʠʩʦʢʦʤʫ ʚʤʽʩʪʫ ʘʢʪʠʚʥʦʾ ʨʝʯʦʚʠʥʠ ʚ 

ʯʦʨʥʦ ʜʝʨʝʚʥʽʡ ʘʢʘʮʽʾ, ʟʦʢʨʝʤʘ ʚ ʢʦʨʽ ʜʦ 50 % [2], ʚʦʥʘ ʟʥʘʡʰʣʘ ʙʘʛʘʪʦʮʽʣʴʦʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʫ 

ʰʢʽʨʷʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ. ʈʘʟʦʤ ʟ ʪʠʤ ʾʾ ʝʬʝʢʪʠʚʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʦ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ.  

 

ɸʥʘʣʽʟ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ 

ɺ ʜʦʩʣʽʜʞʝʥʥʷʭ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʧʨʠ ʨʦʟʨʦʙʣʝʥʥʽ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʠʨʦʙʥʠʮʪʚʘ 

ʰʢʽʨʷʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʫʙʠʪʝʣʽ ʨʦʩʣʠʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʽ ʾʭ ʢʦʤʙʽʥʘʮʽʷ 

ʽʟ ʩʠʥʪʝʪʠʯʥʠʤʠ ʨʝʘʛʝʥʪʘʤʠ. ʇʨʠ ʮʴʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʦʤʘʥʽʪʥʽ ʫʤʦʚʠ ʾʭ ʩʫʤʽʱʝʥʥʷ ʟ ʢʦʣʘʛʝʥʦʤ 

https://doi.org/10.31891/2307-5732-2023-317-1-74-81
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ʜʝʨʤʠ. ʊʘʢ ʚ ʨʦʙʦʪʽ [3] ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʘʢʪʫʘʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʫʙʠʣʴʥʠʭ ʝʢʩʪʨʘʢʪʽʚ ʟ ʨʦʩʣʠʥʥʦʾ ʩʠʨʦʚʠʥʠ. 

ʇʨʠ ʮʴʦʤʫ ʟôʷʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʩʫʪʪʻʚʦ ʟʤʝʥʰʠʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʦʨʛʘʥʽʯʥʠʭ ʨʝʘʛʝʥʪʽʚ. ɺ ʨʦʙʦʪʽ [4] 

ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʪʘʥʽʜʽʚ ʘʢʘʮʽʾ ʽ ʢʚʝʙʨʘʭʦ ʥʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ. ʇʦʢʘʟʘʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʣʦʾ ʘʢʘʮʽʾ ʧʨʠ ʙʝʟʭʨʦʤʦʚʦʤʫ ʜʫʙʣʝʥʥʽ 

ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʟʘʙʝʟʧʝʯʫʻ ʟʥʘʯʥʝ ʧʽʜʚʠʱʝʥʥʷ ʤʝʞʽ ʤʽʮʥʦʩʪʽ ʡ ʧʦʜʦʚʞʝʥʥʷ ʧʨʠ ʨʦʟʨʠʚʘʥʥʽ. ʇʨʠ 

ʢʦʤʧʣʝʢʩʥʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʪʘʥʽʜʽʚ ʩʫʤʘʭʫ ʽ ʩʧʦʣʫʢ ʘʣʶʤʽʥʽʶ ʚʽʜʧʦʚʽʜʥʦ 10 ʽ 1ï2 % (ʚ ʨʦʟʨʘʭʫʥʢʫ ʥʘ Al2O3) 

[5] ʦʪʨʠʤʘʥʽ ʰʢʽʨʠ ʟʽ ʩʪʘʙʽʣʴʥʽʰʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ɺʟʘʻʤʦʜʽʷ ʝʢʩʪʨʘʢʪʫ ʢʚʝʙʨʘʭʦ ʟ 

ʢʦʣʘʛʝʥʦʤ ʜʝʨʤʠ ʚ ʫʤʦʚʘʭ ɺʏ-ʧʣʘʟʤʠ ʥʘʚʝʜʝʥʘ ʚ ʨʦʙʦʪʘʭ [6, 7]. ɺʩʪʘʥʦʚʣʝʥʦ [6], ʱʦ ʤʦʜʠʬʽʢʦʚʘʥʠʡ 

ʜʫʙʠʪʝʣʴ ʽʥʪʝʥʩʠʚʥʦ ʟʚôʷʟʫʻʪʴʩʷ ʧʦʚʝʨʭʥʝʚʠʤʠ ʰʘʨʘʤʠ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʽ ʜʣʷ ʝʬʝʢʪʠʚʥʦʾ ʥʘʩʢʨʽʟʥʦʾ ʜʠʬʫʟʽʾ 

ʥʝʦʙʭʽʜʥʘ ʜʦʜʘʪʢʦʚʘ ʘʢʪʠʚʘʮʽʷ ʩʠʨʦʚʠʥʠ ʽ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʘʙʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ 

ʜʫʙʣʝʥʥʷ. ʏʘʩʪʢʦʚʘ ʜʝʩʪʨʫʢʮʽʷ ʪʘʥʽʜʽʚ ʢʚʝʙʨʘʭʦ ɺʏ-ʧʣʘʟʤʦʶ [7] ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ ʤʽʮʥʽʩʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʜʫʙʣʝʥʦʾ ʰʢʽʨʠ.  

ʂʦʤʙʽʥʦʚʘʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʥʽʜʽʚ ʤʽʤʦʟʠ ʽ ʦʢʩʘʟʦʣʽʜʠʥʫ ʧʨʠ ʜʦʜʫʙʣʶʚʘʥʥʽ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ 

ʭʨʦʤʦʚʦʛʦ ʜʫʙʣʝʥʥʷ ʥʘʚʝʜʝʥʦ ʚ ʨʦʙʦʪʽ [8]. ʆʪʨʠʤʘʥʘ ʰʢʽʨʘ ʟ ʩʠʨʦʚʠʥʠ ʚʝʣʠʢʦʾ ʨʦʛʘʪʦʾ ʭʫʜʦʙʠ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʠʤʠ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤʠ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ 

ʩʪʘʥʜʘʨʪʫ. ɼʣʷ ʜʦʜʫʙʣʶʚʘʥʥʷ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʭʨʦʤʦʚʦʛʦ ʜʫʙʣʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʦ ʚʦʜʥʠʡ ʝʢʩʪʨʘʢʪ ʟ ʣʠʩʪʷ ʭʥʠ 

[9]. ɿʘ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʦʪʨʠʤʘʥʽ ʰʢʽʨʠ ʪʘ ʝʢʦʥʦʤʽʯʥʦʶ ʡ ʪʝʭʥʽʯʥʦʶ ʜʦʮʽʣʴʥʽʩʪʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʢʩʪʨʘʢʪʫ ʷʢ 

ʨʝʘʛʝʥʪʫ ʜʣʷ ʜʦʜʫʙʣʶʚʘʥʥʷ ʚʽʜʧʦʚʽʜʘʻ ʟʥʘʯʝʥʥʷʤ ʧʦʢʘʟʥʠʢʽʚ ʰʢʽʨ ʜʦʜʫʙʣʝʥʠʭ ʝʢʩʪʨʘʢʪʦʤ ʤʽʤʦʟʠ. 

ʊʝʭʥʦʣʦʛʽʶ ʜʦʜʫʙʣʶʚʘʥʥʷ ʰʢʽʨʷʥʦʛʦ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ [10] ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʘʥʽʜʽʚ ʟ ʢʦʨʠ ʢʚʝʙʨʘʭʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʰʢʽʨ ʜʣʷ ʚʝʨʭʫ ʚʟʫʪʪʷ. ɺʽʜʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʥʽʜʽʚ ʢʚʝʙʨʘʭʦ ʽ 

ʜʠʩʧʝʨʩʽʡ ʧʦʣʽʤʝʨʽʚ ʟʘʙʝʟʧʝʯʫʻ ʦʪʨʠʤʘʥʥʷ ʨʽʚʥʦʾ ʣʠʮʴʦʚʦʾ ʧʦʚʝʨʭʥʽ ʷʢʽʩʥʦʛʦ ʟʘʙʘʨʚʣʝʥʥʷ ʰʢʽʨʠ ʧʨʠ 

ʟʤʝʥʰʝʥʽʡ ʚʠʪʨʘʪʽ ʥʘʪʫʨʘʣʴʥʦʛʦ ʜʫʙʠʪʝʣʷ ʥʘ 50 %. ɺ ʨʦʟʨʦʙʣʝʥʽʡ ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ ʰʢʽʨ [11] 

ʨʝʘʣʽʟʦʚʘʥʽ ʨʽʟʥʽ ʢʦʤʙʽʥʘʮʽʾ ʨʦʩʣʠʥʥʠʭ ʜʫʙʠʪʝʣʽʚ ʟ ʘʣʶʤʦʩʠʣʽʢʘʪʘʤʠ ʽ ʩʠʥʪʝʪʠʯʥʠʤ ʜʫʙʠʪʝʣʝʤ. ʌʽʟʠʢʦ-

ʭʽʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʦʪʨʠʤʘʥʠʭ ʰʢʽʨ ʟʘ ʢʦʤʙʽʥʦʚʘʥʠʤ ʤʝʪʦʜʦʤ ʦʙʨʦʙʣʝʥʥʷ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ ʩʪʘʥʜʘʨʪʽʚ 

ʜʣʷ ʦʜʷʛʦʚʠʭ ʰʢʽʨ.  

ɸʥʘʣʽʟ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʣʽʪʝʨʘʪʫʨʠ ʩʚʽʜʯʠʪʴ, ʱʦ ʚ ʧʨʦʮʝʩʽ ʥʘʧʦʚʥʶʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ 

ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ ʫʤʦʚʠ ʚʟʘʻʤʦʜʽʾ ʩʫʤʽʩʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʩʣʠʥʥʠʭ ʽ ʩʠʥʪʝʪʠʯʥʠʭ ʜʫʙʠʪʝʣʽʚ ʽ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʜʠʬʫʟʽʾ ʪʘʥʽʜʽʚ ʚ ʩʪʨʫʢʪʫʨʫ ʜʝʨʤʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʝʣʘʩʪʠʯʥʠʭ ʰʢʽʨʷʥʠʭ ʤʘʪʝʨʽʘʣʽʚ.  

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʥʽʜʽʚ ʘʢʘʮʽʾ ʚ ʧʨʦʮʝʩʽ ʜʦʜʫʙʣʶʚʘʥʥʷ-

ʥʘʧʦʚʥʶʚʘʥʥʷ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʝʣʘʩʪʠʯʥʠʭ ʰʢʽʨ ʜʣʷ ʚʝʨʭʫ ʚʟʫʪʪʷ.  

 

ʊʘʙʣʠʮʷ 1  

ʉʤʫʛʠ ʧʦʛʣʠʥʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʛʨʫʧ ʘʪʦʤʽʚ 

ɻʨʫʧʠ ʘʪʦʤʽʚ ʊʠʧ ʢʦʣʠʚʘʥʥʷ ʏʘʩʪʦʪʘ ʢʦʣʠʚʘʥʥʷ, ʩʤï1 ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʩ.ʧ. 

ʆʅ ʩʧʠʨʪʦʚʘ ʚʘʣ. 3000ï3600 ʩ, ʰ 

ʆʅ  ʜʝʬ. 1320ï1420 ʩʣ, ʚ 

ʉʆʆï ʚʘʣ. ʘʩʠʤ.  1500ï1690 ʩ 

 ʚʘʣ. ʩʠʤ. ʙʽʣʷ 1400 ʩʣ 

NH2 ʯʠ NH ʚʘʣ. 3000ï3350 ʘʩʦʮʽʡʦʚʘʥʽ 

 ʚʘʣ. ʘʩʠʤ. ʙʽʣʷ 3520 ʩʨ 

 ʚʘʣ. ʩʠʤ. ʙʽʣʷ 3400 ʩʨ 

 ʜʝʬ. 1550ï1650  

 ʚʘʣ. ɸʤʽʜ ɯɯ ʙʽʣʷ 1550 ʩ 

 ʚʘʣ. 1200ï1300 ʩ 

NH ʚ NH3
+ ʚʘʣ. ʘʩʠʤ., ʩʠʤ. 2000ï3100 ʩ, ʰ 

 ʜʝʬ. ʘʩʠʤ. 1610ï1660 ʩʣ 

 ʜʝʬ. ʩʠʤ. 1480ï1550 ʩʨ 

CïNïH NH ʜʝʬ., CN ʚʘʣ. 1250  

CïN ʚʘʣ. ɸʤʽʜ ɯɯɯ 1200ï1300  

 ʜʝʬ. 800ï1300  

CïO ʚʘʣ. 900ï1350  

C=O ʚʘʣ. 1550ï1825 ʩ 

 ʚʘʣ. ɸʤʽʜ ɯ 1640 ʩ 

CH ʚ CH2 ʚʘʣ. ʘʩʠʤ., ʩʠʤ. 300ï2840 ʩʪʘʙʽʣʴʥʽ, ʩ 

 ʜʝʬ. ʘʩʠʤ, ʩʠʤ. 1375ï1440  

 ʜʝʬ. ʥʦʞʠʯʥʽ 1465 ʩʪʘʙʽʣʴʥʽ, ʩ 

CïH ʘʨʦʤʘʪʠʯʥʦʛʦ ʢʽʣʴʮʷ ʜʝʬ. 400ï800  

CH2ïCH2 ʉïʉ ʚʘʣ. 800ï1200 ʩʣ 

  1080ï1130 ʩ, ʰ 
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ʇʨʠʤʽʪʢʘ 1. ʇʦʟʥʘʯʝʥʥʷ ʪʠʧʽʚ ʢʦʣʠʚʘʥʥʷ: ʚʘʣʝʥʪʥʽ ï ʚʘʣ., ʜʝʬʦʨʤʘʮʽʡʥʽ ï ʜʝʬ., ʘʩʠʤʝʪʨʠʯʥʽ ï ʘʩʠʤ., 

ʩʠʤʝʪʨʠʯʥʽ ï ʩʠʤ. 

ʇʨʠʤʽʪʢʘ 2. ʇʦʟʥʘʯʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩ.ʧ.:  ʩʠʣʴʥʘ ï ʩ, ʩʝʨʝʜʥʷ ï ʩʨ, ʩʣʘʙʢʘ ï ʩʣ, ʚʫʟʴʢʘ ï ʚ, ʰʠʨʦʢʘ ï ʰ. 

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʩʣʠʥʥʦʛʦ ʜʫʙʠʪʝʣʷ ï ʝʢʩʪʨʘʢʪʫ ʯʦʨʥʦʜʝʨʝʚʥʦʾ ʘʢʘʮʽʾ ʚ ʧʨʦʮʝʩʘʭ 

ʜʦʜʫʙʣʶʚʘʥʥʷ-ʥʘʧʦʚʥʶʚʘʥʥʷ ʰʢʽʨʷʥʦʛʦ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ. ʉʧʝʢʪʨʠ 

ʦʪʨʠʤʘʥʽ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽ ʤʘʨʢʠ Specord 75-IR ʬʽʨʤʠ Analytik Jena AG (ʅʽʤʝʯʯʠʥʘ) ʚ ʽʥʪʝʨʚʘʣʽ 

ʭʚʠʣʴʦʚʠʭ ʯʠʩʝʣ n 400ï3800 ʩʤï1. ʇʨʠ ʮʴʦʤʫ ʜʦʩʣʽʜʞʝʥʘ ʚʟʘʻʤʦʜʽʷ ʪʘʥʽʜʽʚ ʝʢʩʪʨʘʢʪʫ ʘʢʘʮʽʾ ʟ ʭʨʦʤʦʚʘʥʠʤ 

ʥʘʧʽʚʬʘʙʨʠʢʘʪʦʤ.  

ʇʨʝʜʤʝʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʩʣʫʛʫʚʘʣʠ ʧʣʽʚʢʠ ʪʦʚʱʠʥʦʶ 50ï60 ʤʢʤ, ʦʪʨʠʤʘʥʽ ʟ 2 % ʦʮʪʦʚʦʢʠʩʣʦʛʦ 

ʨʦʟʯʠʥʫ ʢʦʣʘʛʝʥʫ ʜʝʨʤʠ [12], ʷʢʽ ʬʦʨʤʫʚʘʣʠʩʴ ʥʘ ʧʦʣʽʝʪʠʣʝʥʦʚʽʡ ʧʣʽʚʮʽ ʚ ʩʧʝʮʽʘʣʴʥʠʭ ʨʦʟʙʽʨʥʠʭ ʢʶʚʝʪʘʭ. 

ɼʚʦʢʦʤʧʦʥʝʥʪʥʽ ʩʠʩʪʝʤʠ çʨʦʟʯʠʥ ʢʦʣʘʛʝʥʫ-ʨʝʘʛʝʥʪè ʦʪʨʠʤʫʶʪʴʩʷ ʰʣʷʭʦʤ ʩʫʤʽʱʝʥʥʷ ʨʝʘʛʝʥʪʽʚ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʫʤʦʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʨʝʞʠʤʫ ʧʨʦʮʝʩʫ ʜʦʜʫʙʣʶʚʘʥʥʷ-ʥʘʧʦʚʥʶʚʘʥʥʷ. ɺʦʜʘ ʟ ʨʦʟʯʠʥʫ ʢʦʣʘʛʝʥʫ 

ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʧʣʽʚʦʢ ʚʠʜʘʣʷʣʘʩʷ ʧʨʦʪʷʛʦʤ ʜʦʙʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 22ï25 Üʉ ʟ ʥʘʩʪʫʧʥʠʤ ʜʦʚʝʜʝʥʥʷʤ ʾʭ ʜʦ 

ʧʦʩʪʽʡʥʦʾ ʤʘʩʠ ʫ ʚʘʢʫʫʤʥʽʡ ʩʫʰʠʣʴʥʽʡ ʰʘʬʽ ʉɺ-30 ʦʙ'ʻʤʦʤ (ʊʆɺ "ʅɺʇ "ʋʢʨʦʨʛʩʠʥʪʝʟ") ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 75ï

85 Üʉ.  

ɺʽʜʥʝʩʝʥʥʷ ʩʤʫʛ ʧʨʦʧʫʩʢʘʥʥʷ (ʩ.ʧ.) ɯʏ-ʩʧʝʢʪʨʽʚ ʚʠʭʽʜʥʠʭ ʨʝʯʦʚʠʥ ʽ ʧʨʦʜʫʢʪʽʚ ʚʟʘʻʤʦʜʽʾ ʧʨʦʚʦʜʠʪʴʩʷ 

ʚʽʜʧʦʚʽʜʥʦ ʟ ʯʘʩʪʦʪʘʤʠ ʢʦʣʠʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʩʤʫʛ (ʪʘʙʣʠʮʷ 1).  

ɯʏ-ʩʧʝʢʪʨ ʢʦʣʘʛʝʥʫ ʥʝ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʩʧʝʢʪʨʫ ʧʦʣʽʜʠʩʧʝʨʩʥʦʾ ʩʫʤʽʰʽ ʧʦʣʽʧʝʧʪʠʜʽʚ ʞʝʣʘʪʠʥʫ ʷʢ 

ʧʨʦʜʫʢʪʫ ʛʽʜʨʦʣʽʟʫ ʢʦʣʘʛʝʥʫ [12], ʷʢʽ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʽ ʫ ʨʦʙʦʪʽ. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 1 (ʢʨʠʚʘ 1), 

ʥʘʡʭʘʨʘʢʪʝʨʥʽʰʠʤʠ ʚ ɯʏ-ʩʧʝʢʪʨʽ ʢʦʣʘʛʝʥʫ ʻ ʜʽʣʷʥʢʠ ʩ.ʧ. 400ï1650 ʩʤï1 ʽ 2700ï3600 ʩʤï1.  
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ʇʨʠʤʽʪʢʘ. ʂʨʠʚʽ ɯʏ-ʩʧʝʢʪʨʽʚ: 1ï ʢʦʣʘʛʝʥʫ ʜʝʨʤʠ, 2 ï ʭʨʦʤʦʚʘʥʦʛʦ ʢʦʣʘʛʝʥʫ, 3 ï ʝʢʩʪʨʘʢʪʫ ʘʢʘʮʽʾ, 4 ï ʢʦʣʘʛʝʥʫ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ 

ʝʢʩʪʨʘʢʪʦʤ ʘʢʘʮʽʾ, 5 ï ʧʨʦʜʫʢʪʫ ʚʟʘʻʤʦʜʽʾ ʭʨʦʤʦʚʘʥʦʛʦ ʢʦʣʘʛʝʥʫ ʟ ʝʢʩʪʨʘʢʪʦʤ ʘʢʘʮʽʾ 

ʈʠʩ. 1.  ɿʘʣʝʞʥʽʩʪʴ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʤʫʛ ʧʨʦʧʫʩʢʘʥʥʷ ʚʠʭʽʜʥʦʛʦ ʽ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʢʦʣʘʛʝʥʫ ʜʝʨʤʠ  

ʚʽʜ ʭʚʠʣʴʦʚʦʛʦ ʯʠʩʣʘ 



 ˟̨̨̖̘̆̎̎ ̎́̔̋̉ ISSN 2307-5732 
 

ˏ̨̒̎̉̋ ˢ̝̗̝̍̆̌̎̉̋̏̄̏ ̨̗̝̎́̏̎́̌̎̏̄̏ ̨̔̎̃̆̑̒̉̓̆̓̔, ˟ ̏̍ υȟ Τ1, 2023 (317) 77 

 

ɺ ʥʠʟʴʢʦʯʘʩʪʦʪʥʽʡ ʜʽʣʷʥʮʽ ɯʏ-ʩʧʝʢʪʨʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʠʟʢʘ ʩʤʫʛ, ʱʦ ʻ ʭʘʨʘʢʪʝʨʥʠʤʠ ʜʣʷ ʚʘʣʝʥʪʥʠʭ 

ʽ ʜʝʬʦʨʤʘʮʽʡʥʠʭ ʢʦʣʠʚʘʥʴ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ ʢʦʣʘʛʝʥʫ. ʊʘʢ, ʢʘʨʙʦʢʩʠʣʴʥʠʤ ʛʨʫʧʘʤ ʚʽʜʧʦʚʽʜʘʻ ʩ.ʧ. ʧʨʠ 

1390 ʩʤï1, ʷʢʘ ʚʽʜʦʙʨʘʞʘʻ ʢʦʣʠʚʘʥʥʷ ʫʛʨʫʧʫʚʘʥʥʷ ʉïʆʅ ʢʘʨʙʦʢʩʠʣʴʥʦʾ ʛʨʫʧʠ. ʉ.ʧ. ʮʽʻʾ ʜʽʣʷʥʢʠ 1230, 

1540,1640 ʩʤï1 ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʢʦʣʠʚʘʥʥʷ ʚʪʦʨʠʥʥʠʭ ʘʤʽʜʽʚ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩ.ʧ. ɸʤʽʜ ɯɯɯ, ɸʤʽʜ ɯɯ ʽ ɸʤʽʜ ɯ. 

ʇʦʛʣʠʥʘʥʥʷ ʧʨʠ 1420 ʩʤï1 ʭʘʨʘʢʪʝʨʠʟʫʻ ʜʝʬʦʨʤʘʮʽʡʥʽ ʢʦʣʠʚʘʥʥʷ ʤʝʪʠʣʝʥʦʚʠʭ ʛʨʫʧ, ʟʚôʷʟʘʥʠʭ ʟ 

ʢʘʨʙʦʥʽʣʴʥʦʶ ʛʨʫʧʦʶ. ʉ.ʧ. ʚ ʜʽʣʷʥʮʽ 1300ï1400 ʩʤï1 ʟʫʤʦʚʣʝʥʽ ʜʝʬʦʨʤʘʮʽʡʥʠʤʠ ʢʦʣʠʚʘʥʥʷʤʠ NH2-ʛʨʫʧ ʽ 

ʥʘʷʚʥʽʩʪʶ ʢʦʚʘʣʝʥʪʥʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ ʚʫʛʣʝʮʝʤ ʽ ʘʟʦʪʦʤ ʧʝʧʪʠʜʥʠʭ ʛʨʫʧ, ʘ ʪʘʢʦʞ ʩʢʝʣʝʪʥʠʤʠ ʢʦʣʠʚʘʥʥʷʤʠ 

ʤʦʣʝʢʫʣ ʢʦʣʘʛʝʥʫ. ʉʠʣʴʥʘ ʩ.ʧ. ʟ ʤʘʢʩʠʤʫʤʦʤ 3300 ʩʤï1 ʥʘʡʙʽʣʴʰ ʡʤʦʚʽʨʥʦ ʥʘʣʝʞʠʪʴ ʚʘʣʝʥʪʥʠʤ ʢʦʣʠʚʘʥʥʷʤ 

NH-ʛʨʫʧ ʧʝʨʚʠʥʥʠʭ ʽ ʚʪʦʨʠʥʥʠʭ ʘʤʽʜʽʚ. ʉ.ʧ. 2930, 3080 ʩʤï1 ï ʚʘʣʝʥʪʥʠʤ ʢʦʣʠʚʘʥʥʷʤ ʉʅ-ʛʨʫʧ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʠʨʦʜʠ ʚʟʘʻʤʦʜʽʾ ʩʧʦʣʫʢ ʭʨʦʤʫ ʟ ʢʦʣʘʛʝʥʦʤ [17ï19] ʫʢʘʟʫʶʪʴ ʥʘ ʩʢʣʘʜʥʽʩʪʴ ʮʴʦʛʦ 

ʧʨʦʮʝʩʫ. ʗʢ ʧʦʢʘʟʫʻ ʢʨʠʚʘ 2 ɯʏ-ʩʧʝʢʪʨʫ ʝʬʝʢʪ ʚʟʘʻʤʦʜʽʾ ʢʦʣʘʛʝʥʫ ʟ ʩʧʦʣʫʢʘʤʠ ʭʨʦʤʫ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʚʽʜʩʫʪʥʽʩʪʶ ʩ.ʧ. ʟ ʤʘʢʩʠʤʫʤʦʤ 1390 ʩʤï1, ʧʦʷʚʦʶ ʩʠʣʴʥʠʭ ʩ.ʧ. ʧʨʠ  610, 1120, 1420 ʩʤï1 ʪʘ  ʨʦʟʰʠʨʝʥʥʷʤ 

ʩʠʣʴʥʦʾ ʩ.ʧ. ʧʨʠ 3300 ʩʤï1. ɿʤʽʥʠ ʚ ʥʠʟʴʢʦʯʘʩʪʦʪʥʽʡ ʜʽʣʷʥʮʽ ʩʧʝʢʪʨʫ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʷʤʠʤ ʧʽʜʪʚʝʨʜʞʝʥʥʷʤ 

ʫʯʘʩʪʽ ʡʦʥʽʟʦʚʘʥʠʭ ʢʘʨʙʦʢʩʠʣʴʥʠʭ ʛʨʫʧ ʢʦʣʘʛʝʥʫ ʚ ʨʝʘʢʮʽʾ ʚʟʘʻʤʦʜʽʾ ʟ ʢʦʤʧʣʝʢʩʘʤʠ ʭʨʦʤʫ (ɯɯɯ) ʪʘ ʫʪʚʦʨʝʥʥʷʤ 

ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ ʤʦʣʝʢʫʣʘʤʠ ʢʦʣʘʛʝʥʫ  

ʇʦʷʚʘ ʫ ɯʏ-ʩʧʝʢʪʨʽ ʩʠʣʴʥʦʾ ʩ.ʧ. ʟ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 1120 ʩʤï1 ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʠʭʽʜ ʩʫʣʴʬʦʛʨʫʧ 

ʭʨʦʤʦʚʠʭ ʢʦʤʧʣʝʢʩʽʚ ʽʟ ʚʥʫʪʨʽʰʥʴʦʾ ʩʬʝʨʠ ʧʨʠ ʟʘʤʽʥʽ ʾʭ ʢʘʨʙʦʢʩʠʣʴʥʠʤʠ ʛʨʫʧʘʤʠ. ʇʨʠ ʧʽʜʚʠʱʝʥʥʽ ʨʅ 

ʩʝʨʝʜʦʚʠʱʘ ʘʤʽʥʦʛʨʫʧʠ ʢʦʣʘʛʝʥʫ ʧʦʩʪʫʧʦʚʦ ʚʭʦʜʷʪʴ ʫ ʚʥʫʪʨʽʰʥʶ ʩʬʝʨʫ ʭʨʦʤʦʚʠʭ ʢʦʤʧʣʝʢʩʽʚ, ʱʦ 

ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʧʦʷʚʦʶ ʩ.ʧ. ʧʨʠ 610 ʩʤï1. ʈʦʟʰʠʨʝʥʥʷ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʾ ʩ.ʧ. ʧʨʠ 3300 ʩʤï1 ʤʦʞʝ ʩʚʽʜʯʠʪʠ ʧʨʦ 

ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʚʦʜʥʝʚʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ ʘʟʦʪʦʤ ʘʤʽʥʦʛʨʫʧ ʢʦʣʘʛʝʥʫ ʽ ʣʽʛʘʥʜʘʤʠ ʭʨʦʤʦʚʠʭ ʢʦʤʧʣʝʢʩʽʚ.  

ɯʏ-ʩʧʝʢʪʨ ʝʢʩʪʨʘʢʪʫ ʘʢʘʮʽʾ (ʢʨʠʚʘ 3), ʦʩʥʦʚʥʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʷʢʦʛʦ ʻ ʧʦʣʽʬʝʥʦʣʠ, ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʥʘʷʚʥʽʩʪʶ ʥʘʡʙʽʣʴʰ ʭʘʨʘʢʪʝʨʥʠʭ ʩ.ʧ. ʧʨʠ 3610 ʩʤï1, ʱʦ ʚʽʜʧʦʚʜ̔ʘʶʪʴ ʢʦʣʠʚʘʥʥ̫ ʤ ʆʅ-ʛʨʫʧ ʬʝʥʦʣʽʚ. ʇʦʨʷʜ ʟ 

ʮʠʤ ʚ ʜʽʣʷʥʮʽ 1400ï1600 ʩʤï1 ʚʠʷʚʣʷʶʪʴʩʷ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʘʨʦʤʘʪʠʯʥʠʭ ʩʧʦʣʫʢ ʩ.ʧ. ʟ ʤʘʢʩʠʤʫʤʘʤʠ 1430, 

1500, 1580, 1600 ʩʤï1. ʅʘʷʚʥʽʩʪʴ ʚ ʝʢʩʪʨʘʢʪʽ ʘʢʘʮʽʾ ʪʘʥʽʜʽʚ ʬʝʥʦʣʴʥʠʭ ʩʧʦʣʫʢ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʩ.ʧ. 1030 ʽ 1320 

ʩʤï1, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʘʣʝʥʪʥʽ ʪʘ ʜʝʬʦʨʤʘʮʽʡʥʽ ʢʦʣʠʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ CïO ʽ ʆʅ ʛʨʫʧ ʚ ʬʝʥʦʣʢʘʨʙʦʥʦʚʠʭ 

ʢʠʩʣʦʪʘʭ. ʇʨʦ ʧʨʠʩʫʪʥʽʩʪʴ ʩʠʣʴʥʠʭ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʚʦʜʥʝʚʠʭ ʟʚôʷʟʢʽʚ ʫ ʩʪʨʫʢʪʫʨʽ ʪʘʥʽʜʽʚ ʩʚʽʜʯʠʪʴ ʰʠʨʦʢʘ 

ʩ.ʧ. ʟ ʤʘʢʩʠʤʫʤʘʤʠ 3280, 3300 ʽ 2400 ʩʤï1.   

ɸʥʘʣ̔ʟ ʢʨʠʚʠʭ 4 ʽ 1 ɯʏ-ʩʧʝʢʪʨʽʚ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʠʥʠʢʥʝʥʥʷ ʥʦʚʠʭ ʩ.ʧ. ʩʝʨʝʜʥʴʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟ 

ʤʘʢʩʠʤʫʤʘʤʠ 830 ʽ 1150 ʩʤï1 ʪʘ ʨʦʟʰʠʨʝʥʥʷ ʩ.ʧ. ʧʨʠ 1230, 1640, 3300 ʩʤï1. ʊʘʢʽ ʟʤʽʥʠ ʚ ʩʧʝʢʪʨʽ ʧʨʦʜʫʢʪʫ 

ʢʦʣʘʛʝʥ-ʪʘʥʽʜʠ ʝʢʩʪʨʘʢʪʫ ʘʢʘʮʽʾ ʤʦʞʣʠʚʦ ʟʫʤʦʚʣʝʥʽ ʚʟʘʻʤʦʜʽʻʶ ʤʽʞ ʘʤʽʥʦ- ʽ ʧʝʧʪʠʜʥʠʤʠ ʛʨʫʧʘʤʠ ʢʦʣʘʛʝʥʫ ʟ 

ʛʽʜʨʦʢʩʠʣʴʥʠʤʠ ʛʨʫʧʘʤʠ ʪʘʥʽʜʽʚ ʟ ʫʪʚʦʨʝʥʥʷʤ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʚʦʜʥʝʚʠʭ ʟʚôʷʟʢʽʚ. ʈʦʟʰʠʨʝʥʥʷ ʩ.ʧ., ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʙʽʣʢʦʚʽ ʘʤʽʥʦʛʨʫʧʠ ʪʘʢʦʞ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʚʦʜʥʝʚʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ ʢʦʣʘʛʝʥʦʤ 

ʛʽʜʨʦʬʽʣʴʥʦʾ ʜʽʣʷʥʢʠ ʤʦʣʝʢʫʣ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʛʨʫʧʘʤʠ ʪʘʥʽʜʽʚ.   

ʇʨʦ ʚʟʘʻʤʦʜʽʶ ʪʘʥʽʜʽʚ ʝʢʩʪʨʘʢʪʫ ʘʢʘʮʽʾ ʟ ʢʦʣʘʛʝʥʦʤ ʭʨʦʤʦʚʦʛʦ ʜʫʙʣʝʥʥʷ (ʢʨʠʚʽ 5 ʽ 2) ʩʚʽʜʯʠʪʴ 

ʚʠʥʠʢʥʝʥʥʷ ʥʦʚʠʭ ʩ.ʧ. ʚ ʥʠʟʴʢʦʯʘʩʪʦʪʥʽʡ ʜʽʣʷʥʮʽ ʩʧʝʢʪʨʫ ʧʨʠ 830 ʽ 1100 ʩʤï1 ʪʘ ʨʦʟʰʠʨʝʥʥʷ ʩ.ʧ., ʱʦ 

ʥʘʣʝʞʘʪʴ ʚʘʣʝʥʪʥʠʤ ʽ ʜʝʬʦʨʤʘʮʽʡʥʠʤ ʢʦʣʠʚʘʥʥʷʤ ʘʤʽʥʦʛʨʫʧ ʢʦʣʘʛʝʥʫ. ʎʝ ʤʦʞʝ ʩʚʽʜʯʠʪʠ ʧʨʦ ʫʪʚʦʨʝʥʥʷ 

ʚʦʜʥʝʚʠʭ ʟʚôʷʟʢʽʚ, ʘ ʪʘʢʦʞ ʟʚôʷʟʢʽʚ ʡʦʥʥʦʛʦ ʪʠʧʫ ʟʘ ʫʯʘʩʪʶ ʘʤʽʥʦ- ʽ ʧʝʧʪʠʜʥʠʭ ʛʨʫʧ ʢʦʣʘʛʝʥʫ ʪʘ 

ʛʽʜʨʦʢʩʠʣʴʥʠʭ ʽ ʢʘʨʙʦʥʽʣʴʥʠʭ ʛʨʫʧ ʪʘʥʽʜʽʚ.  

ʆʪʞʝ, ʧʨʦʚʝʜʝʥʦ ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʢʦʣʘʛʝʥʫ ʜʝʨʤʠ ʟ ʩʧʦʣʫʢʘʤʠ ʭʨʦʤʫ ʽ 

ʪʘʥʽʜʘʤʠ ʝʢʩʪʨʘʢʪʫ ʘʢʘʮʽʾ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʫʤʦʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʟʘʻʤʦʜʽʾ ʪʘʥʽʜʽʚ ʘʢʘʮʽʾ 

ʟ ʢʦʣʘʛʝʥʦʤ ʭʨʦʤʦʚʦʛʦ ʜʫʙʣʝʥʥʷ ʦʙʫʤʦʚʣʝʥʘ ʫʪʚʦʨʝʥʥʷʤ ʯʠʩʣʝʥʥʠʭ ʚʦʜʥʝʚʠʭ ʽ ʝʣʝʢʪʨʦʚʘʣʝʥʪʥʠʭ ʟʚôʷʟʢʽʚ ʟʘ 

ʫʯʘʩʪʶ ʘʤʽʥʦ- ʽ ʧʝʧʪʠʜʥʠʭ ʛʨʫʧ ʢʦʣʘʛʝʥʫ ʪʘ ʛʽʜʨʦʢʩʠʣʴʥʠʭ ʛʨʫʧ ʪʘʥʽʜʽʚ. ɼʣʷ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʟʘʻʤʦʜʽʾ ʢʦʣʘʛʝʥʫ ʜʝʨʤʠ ʟ ʪʘʥʽʜʘʤʠ ʘʢʘʮʽʾ, ʚ ʧʦʜʘʣʴʰʦʤʫ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʬʫʟʽʾ ʪʘʥʽʜʽʚ ʘʢʘʮʽʾ ʚ 

ʩʪʨʫʢʪʫʨʫ ʭʨʦʤʦʚʘʥʦʛʦ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʧʨʠ ʡʦʛʦ ʜʦʜʫʙʣʶʚʘʥʥʽ-ʥʘʧʦʚʥʶʚʘʥʥʽ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʝʢʩʪʨʘʢʪʫ ʪʘʥʽʜʽʚ ʘʢʘʮʽʾ ʜʣʷ ʜʦʜʫʙʣʶʚʘʥʥʷ-ʥʘʧʦʚʥʶʚʘʥʥʷ ʰʢʽʨʷʥʦʛʦ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ 

ɼʣʷ ʜʦʜʫʙʣʶʚʘʥʥʷ-ʥʘʧʦʚʥʶʚʘʥʥʷ ʰʢʽʨʷʥʦʛʦ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʚʠʢʦʨʠʩʪʘʥʦ ʟʨʘʟʢʠ ʰʢʫʨ ʚʝʣʠʢʦʾ 

ʨʦʛʘʪʦʾ ʭʫʜʦʙʠ ï ʷʣʽʚʢʠ ʩʝʨʝʜʥʴʦʾ ʭʨʦʤʦʚʦʛʦ ʜʫʙʣʝʥʥʷ ʟ ʚʠʪʨʘʪʦʶ 4,8 % ʩʧʦʣʫʢ ʭʨʦʤʫ (ɯɯɯ) ʊʋ 2141-033-

54138686-2003 ʚʽʜ ʤʘʩʠ ʟʦʣʝʥʦʛʦ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ, ʦʪʨʠʤʘʥʦʛʦ ʚ ʫʤʦʚʘʭ ʧʨʠʚʘʪʥʦʛʦ ɸʊ çʏʠʥʙʘʨè ʤ. ʂʠʾʚ 

(ʋʢʨʘʾʥʘ) ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ [20]. ʇʨʠ ʮʴʦʤʫ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʬʫʟʽʾ ʪʘʥʽʜʽʚ ʫ ʥʘʧʽʚʬʘʙʨʠʢʘʪ ʭʨʦʤʦʚʦʛʦ 

ʜʫʙʣʝʥʥʷ ʚʠʙʨʘʥʽ ʟʨʘʟʢʠ ʪʦʚʱʠʥʦʶ 3 ʤʤ, ʘ ʜʣʷ ʥʘʧʦʚʥʝʥʥʷ-ʞʠʨʫʚʘʥʥʷ ï ʧʽʩʣʷ ʡʦʛʦ ʩʪʨʫʛʘʥʥʷ ʥʘ ʪʦʚʱʠʥʫ 

1,4 ʤʤ. ɼʣʷ ʜʫʙʣʝʥʥʷ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢʽ ʨʝʘʛʝʥʪʠ: ʭʣʦʨʠʜ ʥʘʪʨʽʶ ʊʋ 9192-069-

00200009527-98, ʤʫʨʘʰʠʥʘ ʽ ʩʽʨʯʘʥʘ ʢʠʩʣʦʪʠ ʚʽʜʧʦʚʽʜʥʦ ɼʉʊʋ ɻʆʉʊ 1706-78 ʽ ɼʉʊʋ ɻʆʉʊ 2184:2018 ʪʘ 

ʢʘʨʙʦʥʘʪ ʥʘʪʨʽʶ ʀʉʆ 6353-2-83. ɼʣʷ ʥʘʧʦʚʥʶʚʘʥʥʷ ʜʫʙʣʝʥʦʛʦ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ï ʝʢʩʪʨʘʢʪ ʘʢʘʮʽʾ 

ʯʦʨʥʦʜʝʨʝʚʥʦʾ ʩʫʤʽʩʥʦ ʟ ʧʨʦʜʫʢʪʦʤ ʩʠʥʪʝʟʫ 2-ʥʘʬʪʦʣʩʫʣʴʬʦʢʠʩʣʦʪʠ ʟ ʜʽʦʢʩʠʜʽʬʝʥʽʣʩʫʣʴʬʦʥʦʤ ï 

ʩʠʥʪʝʪʠʯʥʠʡ ʜʫʙʠʪʝʣʴ ɹʅʉ ʊʋ 17-06-165-89. ɾʠʨʫʚʘʥʥʷ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʚʠʢʦʥʫʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʡʦʛʦ 

ʥʘʧʦʚʥʶʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʤʫʣʴʩʽʾ Fosfol L-1301 ʢʦʤʧʘʥʽʾ çCromogenia Units, S.A.è (ɯʩʧʘʥʽʷ). 

ʐʢʽʨʷʥʠʡ ʥʘʧʽʚʬʘʙʨʠʢʘʪ ʦʙʨʦʙʣʷʻʪʴʩʷ ʫ ʜʝʨʝʚôʷʥʦʤʫ ʙʘʨʘʙʘʥʽ ʦʙôʻʤʦʤ 18 ʜʤ3 ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʦʙʝʨʪʘʥʥʽ ʟʽ 

ʚhʠʜʢʽʩʪʶ 18ï20 ʭʚï1 (ʨʠʩ. 2).  
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ʈʠʩ. 2. ʃʘʙʦʨʘʪʦʨʥʘ ʫʩʪʘʥʦʚʢʘ ʬʦʨʤʫʚʘʥʥʷ ʰʢʽʨʠ 

 

ʊʝʭʥʦʣʦʛʽʷ ʜʦʜʫʙʣʶʚʘʣʴʥʦ-ʥʘʧʦʚʥʶʚʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ ʰʢʽʨ ʜʣʷ ʚʝʨʭʫ ʚʟʫʪʪʷ 

ʥʘʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʽ 2. ɺʩʽ ʧʨʦʮʝʩʠ ʚʠʢʦʥʫʶʪʴʩʷ ʧʨʠ ʥʝʧʝʨʝʨʚʥʦʤʫ ʦʙʝʨʪʘʥʥʽ ʙʘʨʘʙʘʥʘ. ʇʽʩʣʷ ʧʦʜʚʽʡʥʦʛʦ 

ʧʨʦʤʠʚʘʥʥʷ ʩʪʨʫʛʘʥʦʛʦ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʚʦʜʦʶ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʾʾ ʪʝʤʧʝʨʘʪʫʨʠ ʥʝʡʪʨʘʣʽʟʫʶʯʽ ʨʝʘʛʝʥʪʠ 

ʧʦʚʽʣʴʥʦ ʟʘʣʠʚʘʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 10 % ʨʦʟʯʠʥʽʚ. ɿʘʚʝʨʰʫʻʪʴʩʷ ʧʨʦʮʝʩ ʥʝʡʪʨʘʣʽʟʘʮʽʾ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʟʘ ʨʅ 

ʩʝʨʝʜʦʚʠʱʘ 5,8ï6,3. ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʥʘʧʦʚʥʶʚʘʣʴʥʦ-ʞʠʨʫʚʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʪʝʤʧʝʨʘʪʫʨʘ ʧʽʜʚʠʱʫʻʪʴʩʷ ʜʦ 

53-55 Áʉ ʧʨʠ ʥʘʩʪʫʧʥʦʤʫ ʧʨʦʤʠʚʘʥʥʽ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ. ɿʘʢʣʶʯʥʫ ʬʽʢʩʘʮʽʶ ʜʠʬʫʥʜʦʚʘʥʠʭ ʨʝʘʛʝʥʪʽʚ ʥʘ 

ʬʽʙʨʠʣʘʭ ʩʪʨʫʢʪʫʨʦʚʘʥʦʛʦ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʚʠʢʦʥʫʶʪʴ ʧʨʠ ʟʥʠʞʝʥʥʽ ʨʅ ʜʦ 4,2 ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʣʶʤʦʢʘʣʽʻʚʦʛʦ 

ʛʘʣʫʥʘ.  

ʊʘʙʣʠʮʷ 2 

ʇʘʨʘʤʝʪʨʠ ʜʦʜʫʙʣʶʚʘʣʴʥʦ-ʥʘʧʦʚʥʶʚʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ 

ʇʨʦʮʝʩ 
ʈʝʘʛʝʥʪ ï ʚʠʪʨʘʪʘ, % ʤʘʩʠ 

ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ 
ʈʝʞʠʤ 

ʇʨʦʤʠʚʘʥʥʷ  ɺʦʜʘ ʧʝʨʰʘ 25ï27 Áʉ ï 100   

         ʜʨʫʛʘ 33ï36 Áʉ ï 100 

ʋ 2 ʜʚʘ ʧʨʠʡʦʤʠ ʧʦ 15ï20 ʭʚ  

 

ʅʝʡʪʨʘʣʽʟʘʮʽʷ  ɺʦʜʘ 33ï36 Áʉ ï 100 

ʌʦʨʤʽʘʪ ʥʘʪʨʽʶ ï 1,0 

ɻʽʜʨʦʢʘʨʙʦʥʘʪ ʥʘʪʨʽʶ ï 1,0 

 

15 ʭʚ 

ʋ ʜʚʘ ʧʨʠʡʦʤʠ ʧʦ 20 ʭʚ 

ʇʨʦʤʠʚʘʥʥʷ ɺʦʜʘ ʧʝʨʰʘ 41-42 Áʉ ï 100    

         ʜʨʫʛʘ 53-55 Áʉ ï 100    

ʧʦ 10-15 ʭʚ  

ɾʠʨʫʚʘʥʥʷ  ɺʦʜʘ ï 100 

Fosfol L-1301 ï 7 

 

20 ʭʚ 

ɼʦʜʫʙʣʶʚʘʥʥʷ-

ʥʘʧʦʚʥʶʚʘʥʥʷ 

ʉʠʥʪʘʥ ɹʅʉ ï 1,2 

ɽʢʩʪʨʘʢʪ ʘʢʘʮʽʾ ï 5,0 

10 ʭʚ 

60 ʭʚ 

ʌʽʢʩʘʮʽʷ ɸʣʶʤʦʢʘʣʽʻʚʠʡ ʛʘʣʫʥ ï 5 25-30 ʭʚ 

ʇʨʦʤʠʚʘʥʥʷ ɺʦʜʘ 20-25 Áʉ ï 100 5-10 ʭʚ 

 

ɺʧʣʠʚ ʧʨʦʮʝʩʽʚ ʥʘʧʦʚʥʶʚʘʥʥʷ-ʞʠʨʫʚʘʥʥʷ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʰʢʽʨʷʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʢʦʤʧʣʝʢʩʦʤ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʨʘʟʢʽʚ ʟʘ ʤʝʪʦʜʠʢʘʤʠ [20] ʧʽʩʣʷ 

ʜʦʚʝʜʝʥʥʷ ʾʭ ʚʦʣʦʛʦʩʪʽ ʜʦ 12ï16 % ʪʘ ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʧʨʠ 20 Ñ 2 Áʉ ʽ ʚʽʜʥʦʩʥʽʡ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ 65 Ñ 5 %. 

ʇʨʠ ʮʴʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʬʫʟʽʾ ʪʘʥʽʜʽʚ ʨʦʩʣʠʥʥʠʭ ʜʫʙʠʪʝʣʽʚ ʚ ʩʪʨʫʢʪʫʨʫ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʭʨʦʤʦʚʦʛʦ 

ʜʫʙʣʝʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʤʽʢʨʦʩʢʦʧʽʯʥʠʤ ʤʝʪʦʜʦʤ. ɻʽʜʨʦʪʝʨʤʽʯʥʘ ʩʪʽʡʢʽʩʪʴ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ, Áʉ, ʟʘʤʽʨʷʻʪʴʩʷ 

ʧʦʯʘʪʢʦʚʠʤ ʩʢʦʨʦʯʝʥʥʷʤ ʜʦʚʞʠʥʠ ʟʨʘʟʢʘ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʫ ʩʫʤʽʰʽ ʚʦʜʠ ʟ ʛʣʽʮʝʨʠʥʦʤ 4:1 ʟʽ ʰʚʠʜʢʽʩʪʶ 2ï3 

Üʉ/ʭʚ; ʧʦʨʠʩʪʽʩʪʴ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ, % ï ʟʘ ʚʽʜʥʦʰʝʥʥʷʤ ʦʙôʻʤʽʚ ʧʦʨ ʟʨʘʟʢʘ ʜʦ ʡʦʛʦ ʫʷʚʥʦʛʦ ʦʙôʻʤʫ; ʦʙôʻʤʥʠʡ 

ʚʠʭʽʜ, ʩʤ3/100 ʛ ʙʽʣʢʘ ï ʷʢ ʦʙôʻʤ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ, ʱʦ ʤʽʩʪʠʪʴ 100 ʛ ʛʦʣʠʥʥʦʾ ʨʝʯʦʚʠʥʠ; ʧʘʨʦʧʨʦʥʠʢʥʽʩʪʴ, 

ʤʛ/ʩʤ2Ŀʛʦʜ ï ʝʢʩʠʢʘʪʦʨʥʠʤ ʤʝʪʦʜʦʤ ʫ ʩʧʝʮʽʘʣʴʥʠʭ ʩʪʘʢʘʥʯʠʢʘʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʽʨʯʘʥʦʾ ʢʠʩʣʦʪʠ ʛʫʩʪʠʥʦʶ 

1,84 ʛ/ʤʣ ʟʘ ʚʽʜʥʦʰʝʥʥʷʤ ʤʘʩʠ ʚʦʜʷʥʦʾ ʧʘʨʠ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʦʜʠʥʠʮʶ ʧʣʦʱʽ ʟʨʘʟʢʘ ʽʟ ʧʨʦʩʪʦʨʫ ʟ 

ʙʽʣʴʰʦʶ ʧʨʫʞʥʽʩʪʶ ʧʘʨʘ ʫ ʧʨʦʩʪʽʨ ʟ ʤʝʥʰʦʶ ʾʾ ʧʨʫʞʥʽʩʪʶ; ʧʦʚʽʪʨʦʧʨʦʥʠʢʥʽʩʪʴ, ʤʣ/ʩʤ2Ŀʛʦʜ ï ʟʘ ʦʙôʻʤʦʤ 

ʧʦʚʽʪʨʷ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʦʜʠʥʠʮʶ ʧʣʦʱʽ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʧʨʠ ʨʽʟʥʠʮʽ ʪʠʩʢʽʚ ʟ ʦʙʦʭ ʙʦʢʽʚ ʟʨʘʟʢʘ 1 ʢʇʘ. 

ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘ ʨʦʟʨʠʚʥʽʡ ʤʘʰʠʥʽ ʤʘʨʢʠ ʈʊ-250ʄ (ʈʦʩʽʷ) ʧʨʠ 

ʰʚʠʜʢʦʩʪʽ ʜʝʬʦʨʤʫʚʘʥʥʷ 90 ʤʤÖʭʚï1. 

 ʈʝʟʫʣʴʪʘʪʠ ʜʠʬʫʟʽʾ ʪʘʥʽʜʽʚ ʨʽʟʥʦʛʦ ʚʠʜʫ ʚ ʩʪʨʫʢʪʫʨʫ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʭʨʦʤʦʚʦʛʦ ʜʫʙʣʝʥʥʷ ʥʘʚʝʜʝʥʽ 

ʥʘ ʨʠʩ. 3. ɿ ʥʘʚʝʜʝʥʠʭ ʜʘʥʠʭ ʚʠʜʥʦ, ʱʦ ʙʽʣʴʰʫ ʜʠʬʫʟʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʤʘʻ ʩʫʤʽʰ ʝʢʩʪʨʘʢʪʫ ʘʢʘʮʽʾ ʟ 

ʩʠʥʪʝʪʠʯʥʠʤ ʜʫʙʠʪʝʣʝʤ ɹʅʉ, ʘ ʥʘʡʤʝʥʰʫ ï ʪʘʥʽʜʠ ʝʢʩʪʨʘʢʪʫ ʚʝʨʙʠ. ʇʨʠ ʮʴʦʤʫ ʚ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ 

ʧʨʦʪʷʛʦʤ ʛʦʜʠʥʠ ʜʠʬʫʟʽʷ ʜʦʩʷʛʘʻ ʧʦʥʘʜ 40 % ʪʦʚʱʠʥʠ ʟʨʘʟʢʘ ʽ ʚ ʧʦʜʘʣʴʰʦʤʫ ʰʚʠʜʢʽʩʪʴ ʜʠʬʫʟʽʾ 

ʩʧʦʚʽʣʴʥʶʻʪʴʩʷ, ʘ ʯʝʨʝʟ 16 ʛʦʜ ʥʘʩʪʫʧʘʻ ʧʦʚʥʝ ʧʨʦʬʘʨʙʫʚʘʥʥʷ ʟʨʘʟʢʘ ʪʘʥʽʜʘʤʠ. ʋ ʚʠʧʘʜʢʫ ʪʘʥʽʜʽʚ ʚʝʨʙʠ 

ʛʣʠʙʠʥʘ ʜʠʬʫʟʽʾ ʟʘ ʮʝʡ ʯʘʩ ʜʦʩʷʛʘʻ ʪʽʣʴʢʠ 65 % ʪʦʚʱʠʥʠ ʟʨʘʟʢʘ ʽ ʚ ʧʦʜʘʣʴʰʦʤʫ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʤʽʥʶʻʪʴʩʷ. 

ʈʘʟʦʤ ʟ ʪʠʤ ʪʘʥʽʜʠ ʘʢʘʮʽʾ ʧʽʩʣʷ 16 ʛʦʜ ʧʨʦʜʦʚʞʫʶʪʴ ʜʠʬʫʥʜʫʚʘʪʠ ʚ ʥʘʧʽʚʬʘʙʨʠʢʘʪ ʽʟ ʥʝʟʥʘʯʥʠʤ 

ʩʧʦʚʽʣʴʥʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ, ʘ ʯʝʨʝʟ 25 ʛʦʜ ʟʨʽʟ ʟʨʘʟʢʘ ʤʘʡʞʝ ʧʦʚʥʽʩʪʶ ʧʨʦʬʘʨʙʦʚʫʻʪʴʩʷ.  
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ʈʠʩ. 3. ʂʽʥʝʪʠʢʘ ʜʠʬʫʟʽʾ ʪʘʥʽʜʽʚ ʫ ʥʘʧʽʚʬʘʙʨʠʢʘʪ ʭʨʦʤʦʚʦʛʦ ʜʫʙʣʝʥʥʷ 

 

ʆʪʞʝ, ʩʠʥʪʝʪʠʯʥʠʡ ʜʫʙʠʪʝʣʴ ɹʅʉ ʩʫʪʪʻʚʦ ʧʨʠʩʢʦʨʶʻ ʧʨʦʮʝʩ ʜʠʬʫʟʽʾ ʪʘʥʽʜʽʚ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʩʢʦʨʦʪʠʪʠ ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʮʝʩʫ ʜʦʜʫʙʣʶʚʘʥʥʷ-ʥʘʧʦʚʥʶʚʘʥʥʷ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʭʨʦʤʦʚʦʛʦ ʜʫʙʣʝʥʥʷ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʦʤʧʣʝʢʩʥʦʛʦ ʜʫʙʠʪʝʣʷ. ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ ʥʘʧʦʚʥʶʚʘʪʠ ʣʠʮʴʦʚʠʡ ʰʘʨ 

ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ, ʧʽʜʩʠʣʠʪʠ ʡʦʛʦ ʟôʻʜʥʘʥʥʷ ʟ ʩʽʪʯʘʩʪʠʤ ʰʘʨʦʤ ʜʝʨʤʠ ʽ ʪʠʤ ʩʘʤʠʤ ʧʽʜʚʠʱʠʪʠ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʰʢʽʨʷʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʢʦʤʧʣʝʢʩʫ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʰʢʽʨʷʥʦʛʦ 

ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʭʨʦʤʦʚʦʛʦ ʜʫʙʣʝʥʥʷ ʧʽʩʣʷ ʥʘʧʦʚʥʶʚʘʥʥʷ ʡ ʥʘʧʦʚʥʶʚʘʥʥʷ-ʞʠʨʫʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʪʘʥʽʜʽʚ ʘʢʘʮʽʾ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 3. ɿ ʥʘʚʝʜʝʥʠʭ ʜʘʥʠʭ ʚʠʜʥʦ, ʱʦ ʧʽʩʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʥʽʜʽʚ ʘʢʘʮʽʾ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʜʘʣʴʰʝ ʬʦʨʤʫʚʘʥʥʷ ʦʙôʻʤʫ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʩʫʪʪʻʚʠʤ ʧʽʜʚʠʱʝʥʥʷʤ 

ʧʦʚʽʪʨʦʧʨʦʥʠʢʥʦʩʪʽ ʟʨʘʟʢʽʚ, ʾʭ ʧʦʨʠʩʪʦʩʪʽ ʪʘ ʦʙôʻʤʥʦʛʦ ʚʠʭʦʜʫ. ʇʨʠ ʮʴʦʤʫ ʦʙôʻʤʥʠʡ ʚʠʭʽʜ ʥʘʧʦʚʥʝʥʦʛʦ 

ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʧʽʜʚʠʱʫʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʟʘʧʦʚʥʝʥʥʷ ʧʝʨʝʚʘʞʥʦ ʢʨʫʧʥʠʭ ʧʦʨ ʯʘʩʪʠʥʢʘʤʠ ʩʠʥʪʝʪʠʯʥʦʛʦ ʪʘ 

ʨʦʩʣʠʥʥʦʛʦ ʜʫʙʠʪʝʣʽʚ ʛʽʜʨʦʬʽʣʴʥʦʾ ʧʨʠʨʦʜʠ. ɺ ʤʝʥʰʽʡ ʤʽʨʽ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʚʽʜʥʦʩʥʦʛʦ ʧʦʜʦʚʞʝʥʥʷ ʽ ʤʽʮʥʦʩʪʽ 

ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ. ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʧʽʩʣʷ ʞʠʨʫʚʘʥʥʷ ʦʪʨʠʤʘʥʦʛʦ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʧʦʟʠʪʠʚʥʠʡ ʝʬʝʢʪ 

ʧʽʜʩʠʣʶʻʪʴʩʷ. ʆʜʥʘʢ, ʷʢ ʽ ʧʽʩʣʷ ʜʦʜʫʙʣʶʚʘʥʥʷ-ʥʘʧʦʚʥʶʚʘʥʥʷ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʪʘʥʽʜʘʤʠ ʝʢʩʪʨʘʢʪʫ ʘʢʘʮʽʾ, ʪʘʢ 

ʽ ʧʽʩʣʷ ʡʦʛʦ ʞʠʨʫʚʘʥʥʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʧʘʨʦʧʨʦʥʠʢʥʦʩʪʽ ʟʨʘʟʢʽʚ ʰʢʽʨʷʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʍʘʨʘʢʪʝʨ 

ʟʤʽʥ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʭʨʦʤʦʚʦʛʦ ʜʫʙʣʝʥʥʷ ʧʽʩʣʷ ʡʦʛʦ 

ʜʦʜʫʙʣʶʚʘʥʥʷ-ʥʘʧʦʚʥʶʚʘʥʥʷ ʪʘ ʞʠʨʫʚʘʥʥʷ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʟʘʻʤʦʜʽʶ ʪʘʥʽʜʽʚ ʘʢʘʮʽʾ ʽ ʞʠʨʫʚʘʣʴʥʦʾ ʝʤʫʣʴʩʽʾ ʟ 

ʚʦʣʦʢʥʠʩʪʦʶ ʩʪʨʫʢʪʫʨʦʶ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ. ʎʝ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷʤ ʤʽʞʬʽʙʨʠʣʷʨʥʦʾ ʚʟʘʻʤʦʜʽʾ ʚ 

ʢʦʣʘʛʝʥʽ ʜʝʨʤʠ, ʱʦ ʩʧʨʠʷʻ ʟʙʽʣʴʰʝʥʥʶ ʦʙôʻʤʥʦʛʦ ʚʠʭʦʜʫ ʦʪʨʠʤʘʥʦʛʦ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ. ʇʨʠ ʮʴʦʤʫ ʚʽʜʩʫʪʥʽʩʪʴ 

ʢʦʨʝʣʷʮʽʾ ʟʤʽʥʠ ʧʦʨʠʩʪʦʩʪʽ ʡ ʧʦʚʽʪʨʦʧʨʦʥʠʢʥʦʩʪʽ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʽ ʧʘʨʦʧʨʦʥʠʢʥʦʩʪʽ, ʟ ʽʥʰʦʛʦ ʙʦʢʫ, ʤʦʞʝ ʙʫʪʠ 

ʦʙʫʤʦʚʣʝʥʦ ʩʢʣʘʜʥʠʤ ʤʝʭʘʥʽʟʤʦʤ ʧʨʦʮʝʩʽʚ ʜʠʬʫʟʽʾ ʧʘʨʽʚ ʚʦʜʠ ʯʝʨʝʟ ʧʦʨʠʩʪʫ ʩʪʨʫʢʪʫʨʫ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ. ʎʝ 

ʧʦʚôʷʟʘʥʦ ʟ ʧʨʦʮʝʩʘʤʠ ʘʜʩʦʨʙʮʽʾ ʽ ʜʝʩʦʨʙʮʽʾ ʤʦʣʝʢʫʣ ʚʦʜʠ ʚ ʧʨʦʮʝʩʽ ʾʭ ʜʠʬʫʟʽʾ, ʷʢʽ, ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ, ʦʙʫʤʦʚʣʝʥʽ 

ʥʝ ʪʽʣʴʢʠ ʛʝʦʤʝʪʨʽʻʶ ʧʦʨʠʩʪʦʾ ʩʪʨʫʢʪʫʨʠ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ, ʘʣʝ ʡ ʧʨʠʨʦʜʦʶ ʧʦʚʝʨʭʥʽ ʡʦʛʦ ʧʦʨ.  

ʊʘʙʣʠʮʷ 3 

ʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʰʢʽʨʷʥʦʛʦ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʭʨʦʤʦʚʦʛʦ ʜʫʙʣʝʥʥʷ 

ʥʘ ʨʽʟʥʠʭ ʩʪʘʜʽʷʭ ʦʙʨʦʙʣʝʥʥʷ 

ʇʦʢʘʟʥʠʢ 

ʅʘʧʽʚʬʘʙʨʠʢʘʪ  

ʭʨʦʤʦʚʦʛʦ 

ʜʫʙʣʝʥʥʷ 

ʜʣʷ ʚʝʨʭʫ ʚʟʫʪʪʷ 

ʥʘʧʦʚʥʝʥʠʡ ʥʘʧʦʚʥʝʥʠʡ-ʞʠʨʦʚʘʥʠʡ 

ʊʦʚʱʠʥʘ, ʤʤ 

ɻʽʜʨʦʪʝʨʤʽʯʥʘ ʩʪʽʡʢʽʩʪʴ, Üʉ 

ɻʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʧʨʠ ʨʦʟʨʠʚʘʥʥʽ, ʄʇʘ 

ɺʽʜʥʦʩʥʝ ʧʦʜʦʚʞʝʥʥʷ ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ 9,81 ʄʇʘ, %  

ɺʽʜʥʦʩʥʝ ʧʦʜʦʚʞʝʥʥʷ ʧʨʠ ʨʦʟʨʠʚʘʥʥʽ, %  

ʇʦʨʠʩʪʽʩʪʴ, % 

ʆʙôʻʤʥʠʡ ʚʠʭʽʜ, ʩʤ3/100 ʛ ʙʽʣʢʘ 

ʇʘʨʦʧʨʦʥʠʢʥʽʩʪʴ, ʤʛ/ʩʤ2Ŀʛʦʜ, ʟ ʙʦʢʫ ʙʘʭʪʘʨʤʠ 

 ï  ʣʠʮʴʦʚʦʛʦ 

ʇʦʚʽʪʨʦʧʨʦʥʠʢʥʽʩʪʴ, ʤʣ/ʩʤ2Ŀʛʦʜ, ʟ ʙʦʢʫ ʙʘʭʪʘʨʤʠ 

 ï  ʣʠʮʴʦʚʦʛʦ 

1,4 

103 

19,0 

18,0 

31,0 

47,0 

185,0 

13,0 

4,0 

370,0 

310,0 

1,6 

105 

20,5 

22,0 

44,0 

53,0 

214,0 

11,0 

3,0 

560,0 

510,0 

1,7 

105 

22,7 

38,0 

62,0 

57,0 

253,0 

8,5 

2,1 

690,0 

570,0 

 

h, % 

t, ʛʦʜ 

2 

1 

3 
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ʆʪʞʝ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʥʽʜʽʚ ʝʢʩʪʨʘʢʪʫ ʘʢʘʮʽʾ ʽ ʞʠʨʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟʘʙʝʟʧʝʯʫʻ ʬʦʨʤʫʚʘʥʥʷ 

ʰʢʽʨʷʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ ʢʦʤʧʣʝʢʩʦʤ ʬʽʟʠʢʦ-ʭʤ̔ʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʝʣʘʩʪʠʯʥʠʭ 

ʰʢʽʨʷʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ʇʨʦʚʝʜʝʥʦ ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʢʦʣʘʛʝʥʫ ʜʝʨʤʠ ʟ ʪʘʥʽʜʘʤʠ ʯʦʨʥʦʜʝʨʝʚʥʦʾ 

ʘʢʘʮʽʾ ʪʘ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʜʦʜʫʙʣʶʚʘʥʥʷ-ʥʘʧʦʚʥʶʚʘʥʥʷ ʰʢʽʨʷʥʦʛʦ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ 

ʝʣʘʩʪʠʯʥʠʭ ʰʢʽʨ ʜʣʷ ʚʝʨʭʫ ʚʟʫʪʪʷ. ɸʥʘʣʽʟ ɯʏ-ʩʧʝʢʪʨʽʚ ʧʨʦʜʫʢʪʽʚ ʚʟʘʻʤʦʜʽʾ ʢʦʣʘʛʝʥʫ ʜʝʨʤʠ ʭʨʦʤʦʚʦʛʦ 

ʜʫʙʣʝʥʥʷ ʟ ʪʘʥʽʜʘʤʠ ʝʢʩʪʨʘʢʪʫ ʘʢʘʮʽʾ ʤʦʞʝ ʩʚʽʜʯʠʪʠ ʧʨʦ ʫʪʚʦʨʝʥʥʷ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʡʦʥʥʠʭ ʟʚôʷʟʢʽʚ ʽ ʛʫʩʪʦʾ 

ʩʽʪʢʠ ʚʦʜʥʝʚʠʭ ʟʚôʷʟʢʽʚ ʟʘ ʫʯʘʩʪʶ ʘʤʽʥʦʛʨʫʧ ʢʦʣʘʛʝʥʫ ʪʘ ʬʝʥʦʣʴʥʠʭ ʽ ʢʘʨʙʦʥʽʣʴʥʠʭ ʛʨʫʧ ʪʘʥʽʜʽʚ ʨʦʩʣʠʥʥʦʛʦ 

ʝʢʩʪʨʘʢʪʫ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʚ ʧʨʦʮʝʩʘʭ ʜʦʜʫʙʣʶʚʘʥʥʷ-ʥʘʧʦʚʥʶʚʘʥʥʷ ʰʢʽʨʷʥʦʛʦ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʭʨʦʤʦʚʦʛʦ 

ʜʫʙʣʝʥʥʷ ʩʠʥʪʘʥʫ ɹʅʉ ʚ ʢʦʤʧʣʝʢʩʽ ʽʟ ʪʘʥʽʜʘʤʠ ʝʢʩʪʨʘʢʪʫ ʘʢʘʮʽʾ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ ʡʦʛʦ ʜʠʬʫʟʽʾ ʚ 

ʩʪʨʫʢʪʫʨʫ ʪʘ ʩʢʦʨʦʯʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʧʨʦʮʝʩʫ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʘʥʽʜʽʚ ʝʢʩʪʨʘʢʪʫ ʘʢʘʮʽʾ ʚ ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʝʣʘʩʪʠʯʥʠʭ ʰʢʽʨ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʫʚʘʪʠ ʥʘʧʦʚʥʝʥʠʡ-ʞʠʨʦʚʘʥʠʡ ʥʘʧʽʚʬʘʙʨʠʢʘʪ ʟ ʧʽʜʚʠʱʝʥʠʤʠ ʬʽʟʠʢʦ-

ʭʽʤʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ï ʧʦʨʠʩʪʽʩʪʶ, ʦʙôʻʤʥʠʤ ʚʠʭʦʜʦʤ, ʧʦʚʽʪʨʦʧʨʦʥʠʢʥʽʩʪʶ ʚʽʜʧʦʚʽʜʥʦ ʥʘ 21, 37, 86 % 

ʧʦʨʽʚʥʷʥʦ ʟ ʥʘʧʽʚʬʘʙʨʠʢʘʪʦʤ ʭʨʦʤʦʚʦʛʦ ʜʫʙʣʝʥʥʷ. ʆʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʘʶʪʴ ʧʽʜʩʪʘʚʠ ʨʝʢʦʤʝʥʜʫʚʘʪʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʥʽʜʽʚ ʝʢʩʪʨʘʢʪʫ ʘʢʘʮʽʾ ʚ ʪʝʭʥʦʣʦʛʽʷʭ ʚʠʛʦʪʦʚʣʝʥʥʷ ʝʣʘʩʪʠʯʥʠʭ ʰʢʽʨ ʰʠʨʦʢʦʛʦ ʘʩʦʨʪʠʤʝʥʪʫ. 

ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʜʫʪʴ ʧʨʦʚʦʜʠʪʠʩʴ ʫ ʥʘʧʨʷʤʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʥʽʜʽʚ ʨʦʩʣʠʥʥʠʭ ʜʫʙʠʪʝʣʽʚ 

ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʰʢʽʨʷʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʙʝʟʭʨʦʤʦʚʦʛʦ ʜʫʙʣʝʥʥʷ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʦʟʜʦʙʣʝʥʥʷ ʥʘ 

ʚʣʘʩʪʠʚʦʩʪʽ ʰʢʽʨʷʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 
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ʌʆʈʄʋɺɸʅʅʗ ɺɿʋʊʊɭɺʆɰ ʐʂɯʈʀ ɿɯ ʉʇʀʃʂʋ ʐʂʋʈ ʉɺʀʅɽʁ 
 
˝̏̈̑̏̂̌̆̎́ ̨̖̠̓̆̎̏̌̏̄ ̠̏̑̍̔̃́̎̎̕ ̖̌́̋̏̃̉ ̨̙̋̑ ̈ ̃̉̒̏̋̏̐̏̑̉̒̓̏̄̏ ̨̎́̐̃́̂̑̉̋́̓̔̕ ̙̋̔̑ ̒̃̉̎̆̊ 

̖̑̏̍̏̃̏̄̏ ̠̅̔̂̌̆̎̎ ̨̠̐̒̌ ̊̏̄̏ ̩̠̅̃̏̎̎ ̓́ ̠̈́̒̓̏̒̔̃́̎̎ ̢̟̘̖̑̔̎̓̔̉ ̨̗̋̏̍̐̏̈̉̊ ̨̑̈̎̏̄̏ ̨̨̖̘̍̎̏̄̏ ̒̋̌́̅̔ ̨ 
̨̖̐̏̌̔̑̆̓́̎̏̃̉ ̨̨̟̘̐̌̃̋̏̔̓̃̏̑̃́̃Ȣ ˏ̠̉̋̏̑̉̒̓́̎̎ ̨̐̄̍̆̎̓̏̃́̎̏̄̏ ̃̏̅̎̏̄̏ ̨̐̏̌̔̑̆̓́̎̏̃̏̄̏ ̌́̓̆̋̒̔ ̅̏̈̃̏̌̉̌̏ 
̒̋̏̑̏̓̉̓̉ ̨̝̓̑̉̃́̌̒̓ ̨̩̒̓́̅ ̢̠̑̔̎̓̔̃́̎̎ ̨ ̃̉̓̑́̓̉ ̢̟̘̩̑̔̎̓̔̏ ̨̗̩̋̏̍̐̏̈̉ ̨̠̐̏̑̃̎̎̏ ̈ ̨̐̏̐̆̑̆̅̎̍ ́̋̑̉̌̏̃̉̍ 
̨̟̝̃̉̑̃̎̃́̌̎̉̍ ̨ ̨̐̄̍̆̎̓̏̃́̎̉̍ ̢̠̑̔̎̓̔̃́̎̎̍ ̔ ̅̃́ ̑́̈̉ ̓́ ̨̐̅̃̉̉̓̉̚ ̨̟́̅̄̆̈ ̠̐̏̋̑̉̓̓ ̅̏ ̨̎́̐̃́̂̑̉̋́̓̔̕ 
̎́ υόɀφυ ϻȢ ˏ̒̓́̎̏̃̌̆̎̏ȟ ̏̚ ̠̈́̒̓̏̒̔̃́̎̎ ̨̐̏̌̔̑̆̓́̎̏̃̏̄̏ ̌́̓̆̋̒̔ ̨ ̨̗̩̑̆́̋̊̎̏̈̅́̓̎̏ ̨̩̐̏̌̔̑̆̓́̎̏̃̏ 
̨̗̩̋̏̍̐̏̈̉ ̠̤̒̐̑̉ ̟̏̑̍̔̃́̎̎̕ ̖̌́̋̏̃̉ ̨̙̋̑ ̈ ̨̐̅̃̉̆̎̉̍̚ ̏̐̏̑̏̍ ̅̏ ̍̏̋̑̏̄̏ ̠̓̆̑̓ ̎́ φϋ ϻ ̓́ ̅̆̏̚ ̃̉̉̍̉̚ 
̨̨̨̤̘̄̄̎̎̉̍̉ ̠̃̌́̒̓̉̃̏̒̓̍̉Ȣ ˔́ ̋̏̍̐̌̆̋̒̏̍ ̨̈̉̋̏̕-̨̨̖̘̖̍̎̉ ̃̌́̒̓̉̃̏̒̓̆̊ ̨̨̅̏̒̌̅̇̆̎ ̨̌́̋̏̃ ̨̙̋̑̉ ̨̨̟̝̃̅̐̏̃̅́̓ 
̃̉̍̏̄́̍ ˑ˞˟ˠ φϋφϊ-ύψ Ⱥ˥̨̋̑̉ ̠̅̌ ̖̃̆̑̔ ̠̃̈̔̓̓Ȣ ˟̨̨̖̘̆̎̎ ̃̉̍̏̄̉Ȼ ̨ ̟̝̐̆̑̆̃́̇́̓ ̨̐̑̏̍̉̒̌̏̃ ̈̑́̈̋̉ ̓́ ̝̍̏̇̔̓ 
̂̔̓̉ ̨̃̉̋̏̑̉̒̓́̎ ̠̅̌ ̠̃̉̄̏̓̏̃̌̆̎̎ ̝̍̏̅̆̌̎̏̄̏ ̠̃̈̔̓̓Ȣ  

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̨̎́̐̃́̂̑̉̋́̓̕ ̖̑̏̍̏̃̏̄̏ ̠̅̔̂̌̆̎̎ȟ ̠̘̒̃̉̎̉̊ ̒̐̉̌̏̋ȟ ̢̠̑̔̎̓̔̃́̎̎ȟ ̨̐̏̌̔̑̆̓́̎̏̃̆ 
̠̐̏̋̑̉̓̓ȟ ̨̠́̅̄̆̈ȟ ̌́̋̏̃́ ̨̙̋̑́ȟ ̨̈̉̋̏̕-̨̨̖̘̍̆́̎̎ ̨̃̌́̒̓̉̃̏̒̓Ȣ  

 
DANYLKOVYCH ɸnatolii, LISHCHUK Viktor 
Kyiv National University of Technologies and Design  

 

FORMATION OF SHOE LEATHER FROM SPLIT  PIG HIDES 
 

The technology of forming patent leather has been developed from highly porous semi-finished chrome-tanned pig hides, obtained 
after their doubling according to the method of public JSC "Chynbar" Ukraine, Kyiv. Finishing of the tanned semi-finished product TU-U 
00302391-03-98 is performed using acrylic priming compositions and polyurethanes (PU) of different chemical composition. Acrylic 
pigmented performer is applied to the surface of the semi-finished product after its absorption properties are equalized by double 
application of acrylic non-pigmented primer. The priming PU composition has a chemical composition, %, ɀ wt.: pigment concentrate, 40% ɀ 
20.0; PU latex, 20% - 80.0; water - up to a density of 1.07. PU solutions of different chemical composition are used for both options for 
forming the coating on a leather semi-finished product. In particular, PU linear structure PPE-201 based on ether and PU reactive 
composition (RZK). The investigated film-forming reagents form highly elastic films of high strength. 

The use of pigmented aqueous polyurethane latex made it possible to reduce the duration of the priming stage and the 
consumption of the priming composition compared to the previous acrylic leveling and pigmented priming by two times, and to increase the 
adhesion of the coating to the semi-finished product by 18ɀ21%. It was established that the use of polyurethane latex and the reactive 
polyurethane composition contributes to the formation of lacquer leather with increased resistance to wet friction by 27% and somewhat 
higher hygienic properties. According to the complex of physical and chemical properties, the investigated patent leathers meet the 
requirements of DSTU 2726-94 "Leathers for shoe uppers. Technical requirements" and industrial samples prevail and can be used for the 
production of model shoes. 

Key words: chrome tanning semi-finished product, split pig hide, priming, polyurethane coating, adhesion, patent leather, physical 
and mechanical properties. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ʉʫʯʘʩʥʠʡ ʨʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʡ ʚʠʨʦʙʥʠʮʪʚʘ ʰʢʽʨʷʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʨʦʟʰʠʨʝʥʥʷ 

ʘʩʦʨʪʠʤʝʥʪʫ ʚʠʨʦʙʽʚ ʟ ʥʠʭ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʥʠʞʝʥʥʷ ʾʭ ʩʦʙʽʚʘʨʪʦʩʪʽ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʘʣʦʮʽʥʥʦʾ ʩʠʨʦʚʠʥʠ. ɺ 

ʧʝʨʰʫ ʯʝʨʛʫ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʧʦʨʠʩʪʦʾ ʩʠʨʦʚʠʥʠ ʰʢʫʨ ʩʚʠʥʝʡ ʧʽʩʣʷ ʚʠʜʘʣʝʥʥʷ ʚʦʣʦʩʷʥʦʛʦ ʧʦʢʨʠʚʫ. 

ɺʠʤʦʛʠ ʜʦ ʝʢʩʧʣʫʘʪʘʮʽʾ ʰʢʽʨʷʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʾʭ ʮʽʣʴʦʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʊʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽ ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʟʫʪʪʻʚʠʭ ʚʠʨʦʙʽʚ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʧʽʜʚʠʱʝʥʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ 

ʥʠʭ ʧʦʨʽʚʥʷʥʦ ʟʽ ʰʢʽʨʘʤʠ ʜʣʷ ʦʜʷʛʫ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʝʬʝʢʪʥʦ-ʧʦʨʠʩʪʦʾ ʰʢʽʨʷʥʦʾ ʩʠʨʦʚʠʥʠ 

ʜʣʷ ʚʝʨʭʫ ʚʟʫʪʪʷ ʦʩʦʙʣʠʚʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʨʦʟʨʦʙʣʝʥʥʷ. ʅʘʫʢʦʚʦ-ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʢʦʤʧʦʟʠʮʽʡ ʨʝʘʢʮʽʡʥʦ-ʟʜʘʪʥʠʭ ʧʦʣʽʤʝʨʽʚ ʟ ʚʠʩʦʢʠʤʠ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʆʩʦʙʣʠʚʦ ʮʝ 

ʩʪʦʩʫʻʪʴʩʷ ʧʦʣʽʫʨʝʪʘʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʇʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʾʭ ʢʦʤʧʣʝʢʩ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ, ʛʽʜʨʦʬʽʣʴʥʽʩʪʴ, ʤʦʨʦʟʦʩʪʽʡʢʽʩʪʴ ʪʘ ʽʥʰʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʷʢʽ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʷʢʽʩʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʨʠʩʪʠʭ ʰʢʽʨʷʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʾʭ ʚ ʪʝʭʥʦʣʦʛʽʷʭ ʚʠʨʦʙʥʠʮʪʚʘ. 

 

ɸʥʘʣʽʟ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ 

ʇʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʥʘʪʫʨʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʟʘʚʝʨʰʘʣʴʥʽʡ ʩʪʘʜʽʾ, ʦʩʦʙʣʠʚʦ ʟ ʧʦʨʠʩʪʦʾ ʰʢʽʨʷʥʦʾ 

ʩʠʨʦʚʠʥʠ, ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʢʽʥʮʝʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ  ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʦʟʜʦʙʣʝʥʥʷ, ʱʦ 

ʚʢʣʶʯʘʻ ˇʨʫʥʪʫʚʘʥʥʷ ʽ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʚʥʦʾ ʧʣʽʚʢʠ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʰʠʨʦʢʠʡ ʘʩʦʨʪʠʤʝʥʪ 

ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʨʽʟʥʦʛʦ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ. ʊʘʢ, ʫ ʨʦʙʦʪʽ [1] ʜʣʷ ʤʦʜʠʬʽʢʘʮʽʾ ʧʦʚʝʨʭʥʽ ʰʢʽʨʠ ʘʚʪʦʨʠ 

ʨʦʟʛʣʷʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʟʘʭʠʩʥʠʭ ʧʦʢʨʠʪʪʽʚ ʢʦʤʧʦʟʠʮʽʾ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʘʢʨʠʣʘʪʠ, 
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ʧʦʣʽʫʨʝʪʘʥʠ (ʇʋ), ʢʘʟʝʾʥ ʪʘ ʽʥʰʽ ʽʥʛʨʝʜʽʻʥʪʠ. ʈʦʟʛʣʷʥʫʪʠʡ ʰʠʨʦʢʠʡ ʢʦʤʧʣʝʢʩ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʾʭ ʧʝʨʝʚʘʛʠ ʧʝʨʝʜ ʽʥʰʠʤʠ ʨʝʘʛʝʥʪʘʤʠ. ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʣʘʢʦʚʦʛʦ ʧʦʢʨʠʪʪʷ ʥʘ ʰʢʽʨʽ 

ʘʚʪʦʨʦʤ ʚʠʢʦʨʠʩʪʘʥʦ 20 % ʨʦʟʯʠʥʫ ʣʘʢʦʚʦʾ ʢʦʤʧʦʟʠʮʽʾ ʩʪʨʫʢʪʫʨʥʦ ʟʘʙʘʨʚʣʝʥʠʭ ʇʋ ʚ ʙʫʪʠʣʘʮʝʪʘʪʽ [2] ʟ 

ʜʦʜʘʚʘʥʥʷʤ 30-ʚʽʜʩʦʪʢʦʚʦʾ ʥʽʪʨʦʮʝʣʶʣʦʟʠ ʚ ʢʽʣʴʢʦʩʪʽ 10 % ʤʘʩʠ ʧʦʣʽʤʝʨʫ. ʆʪʨʠʤʘʥʽ ʟʘ ʨʦʟʨʦʙʣʝʥʦʶ 

ʪʝʭʥʦʣʦʛʽʻʶ ʰʢʽʨʠ ʟʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤʠ, ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʽ ʛʽʛʽʻʥʽʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʥʝ ʧʦʩʪʫʧʘʶʪʴʩʷ 

ʧʦʢʨʠʪʪʷʤ, ʩʬʦʨʤʦʚʘʥʠʤ ʟʘ ʜʽʶʯʦʶ ʪʝʭʥʦʣʦʛʽʻʶ. ɸʚʪʦʨʦʤ ʨʦʙʦʪʠ [3] ʨʦʟʨʦʙʣʝʥʽ ʚʦʜʥʽ ʢʦʤʧʦʟʠʮʽʾ ʇʋ 

ʜʠʩʧʝʨʩʽʡ ʟ ʨʦʟʤʽʨʘʤʠ ʯʘʩʪʠʥʦʢ 20ï50 ʥʤ. ɰʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʧʦʢʨʠʚʥʦʤʫ ʬʘʨʙʫʚʘʥʥʽ ʜʦʟʚʦʣʠʣʦ ʦʪʨʠʤʘʪʠ 

ʚʠʩʦʢʦʷʢʽʩʥʽ ʛʣʷʥʮʝʚʽ ʧʦʢʨʠʪʪʷ. ʋ ʦʛʣʷʜʽ [4] ʨʦʟʛʣʷʥʫʪʦ ʩʠʥʪʝʟ ʦʨʛʘʥʽʯʥʦ-ʥʝʦʨʛʘʥʽʯʥʠʭ ʥʘʥʦʢʦʤʧʦʟʠʪʽʚ ʥʘ 

ʦʩʥʦʚʽ ʧʦʣʽʤʝʨʽʚ ʪʘ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʦʟʜʦʙʣʶʚʘʥʥʷ ʰʢʽʨ, ʷʢʽ ʧʽʜʚʠʱʫʶʪʴ ʝʩʪʝʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʤʘʪʝʨʽʘʣʫ ʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʽ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʈʦʟʨʦʙʣʝʥʦ ʦʟʜʦʙʣʶʚʘʣʴʥʫ ʢʦʤʧʦʟʠʮʽʶ ʥʘ ʦʩʥʦʚʽ ʇʋ ʟ 

ʜʠʩʫʣʴʬʽʜʥʠʤʠ ʟʚôʷʟʢʘʤʠ ʫ ʛʦʣʦʚʥʦʤʫ ʣʘʥʮʶʛʫ [5], ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʘʤʦʚʽʜʥʦʚʣʶʚʘʪʠʩʴ ʧʦʢʨʠʪʪʶ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ 60 ʉ̄ ʧʨʦʪʷʛʦʤ 12 ʛʦʜ ʧʽʩʣʷ ʫʪʚʦʨʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʜʝʬʝʢʪʽʚ. ɸʣʽʬʘʪʠʯʥʽ ʡ ʘʨʦʤʘʪʠʯʥʽ 

ʚʦʜʥʽ ʜʠʩʧʝʨʩʽʾ ʢʘʪʽʦʥʥʠʭ ʽ ʘʥʽʦʥʥʠʭ ʢʦʤʧʦʟʠʪʥʠʭ ʇʋ [6] ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʬʽʥʽʰʥʦʛʦ ʦʟʜʦʙʣʝʥʥʷ ʦʜʷʛʦʚʦʛʦ 

ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʟ ʩʠʨʦʚʠʥʠ ʰʢʫʨ ʩʚʠʥʝʡ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʘʥʽʦʥʥʽ ʝʤʫʣʴʩʽʾ ʇʋ ʽ ʇʋ-ʧʦʣʽʘʢʨʠʣʘʪʫ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ ʧʦʢʨʠʚʥʦʶ ʟʜʘʪʥʽʩʪʶ ʽ ʘʜʛʝʟʽʻʶ ʜʦ ʰʢʽʨʠ [7]. ʇʨʠ ʮʴʦʤʫ ʇʋ-ʧʦʣʽʘʢʨʠʣʘʪʥʽ 

ʝʤʫʣʴʩʽʾ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʱʫ ʘʜʛʝʟʽʶ ʧʦʢʨʠʪʪʷ ʪʘ ʩʪʽʡʢʽʩʪʴ ʜʦ ʜʽʾ ʨʦʟʯʠʥʥʠʢʽʚ. ɼʣʷ ʬʽʥʽʰʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ 

ʣʘʢʦʚʠʭ ʰʢʽʨ ʘʚʪʦʨʘʤʠ ʨʦʙʦʪʠ [8] ʚʠʢʦʨʠʩʪʘʥʽ ʚʦʜʥʽ ʇʋ ʢʦʤʧʦʟʠʮʽʾ ʽ ʚ ʦʨʛʘʥʽʯʥʠʭ ʨʦʟʯʠʥʥʠʢʘʭ ï ʝʪʠʣ-, 

ʙʫʪʠʣʘʮʝʪʘʪʽ. ʇʨʠ ʮʴʦʤʫ ʦʪʨʠʤʘʥʽ ʣʘʢʦʚʽ ʰʢʽʨʠ, ʦʟʜʦʙʣʝʥʽ ʚʦʜʥʠʤʠ ʇʋ ʢʦʤʧʦʟʠʮʽʷʤʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʚʠʩʦʢʠʤʠ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ.  

ɸʥʘʣʽʟ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʣʽʪʝʨʘʪʫʨʠ ʟ ʦʟʜʦʙʣʝʥʥʷ ʰʢʽʨʷʥʦʛʦ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʣʽʫʨʝʪʘʥʽʚ ʨʽʟʥʦʛʦ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʽ ʨʝʘʢʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ. ʇʨʠ ʮʴʦʤʫ ʧʨʦʮʝʩ ʦʟʜʦʙʣʝʥʥʷ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷʤ ʢʦʤʧʣʝʢʩʫ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʽ ʝʩʪʝʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ. ʈʘʟʦʤ ʟ 

ʪʠʤ, ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ ʧʨʘʢʪʠʯʥʫ ʚʽʜʩʫʪʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʟ ʬʦʨʤʫʚʘʥʥʷ ʣʘʢʦʚʦʛʦ ʧʦʢʨʠʪʪʷ ʥʘ ʰʢʽʨʘʭ 

ʦʪʨʠʤʘʥʠʭ ʟ ʚʠʩʦʢʦʧʦʨʠʩʪʦʾ ʩʠʨʦʚʠʥʠ.  

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʬʦʨʤʫʚʘʥʥʷ ʣʘʢʦʚʦʛʦ ʧʦʢʨʠʪʪʷ ʥʘ ʚʠʩʦʢʦʧʦʨʠʩʪʦʤʫ 

ʥʘʧʽʚʬʘʙʨʠʢʘʪʽ ʭʨʦʤʦʚʦʛʦ ʜʫʙʣʝʥʥʷ ʟ ʩʠʨʦʚʠʥʠ ʰʢʫʨ ʩʚʠʥʝʡ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʦʣʽʫʨʝʪʘʥʦʚʠʭ ʢʦʤʧʦʟʠʮʽʡ 

ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʰʢʽʨʷʥʠʭ ʚʟʫʪʪʻʚʠʭ ʤʘʪʝʨʽʘʣʽʚ.  

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʧʨʦʮʝʩʫ ʬʦʨʤʫʚʘʥʥʷ ʣʘʢʦʚʦʛʦ ʧʦʢʨʠʪʪʷ ʥʘ ʰʢʽʨʷʥʦʤʫ ʥʘʧʽʚʬʘʙʨʠʢʘʪʽ, ʱʦ ʚʢʣʶʯʘʻ 

ˇʨʫʥʪʫʚʘʥʥʷ ʽ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʚʥʦʾ ʢʦʤʧʦʟʠʮʽʾ ʥʘ ʰʢʽʨʠ, ʤʘʶʪʴ ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʚ ʪʝʭʥʦʣʦʛʽʾ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʷʢʽʩʥʠʭ ʰʢʽʨʷʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɺ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʫʙʣʝʥʠʡ ʥʘʧʽʚʬʘʙʨʠʢʘʪ ʰʢʫʨ 

ʩʚʠʥʝʡ ʊʋ-ʋ 00302391-03-98 ʧʣʦʱʝʶ 70ï80 ʜʤ2, ʦʪʨʠʤʘʥʠʡ ʟʘ ʤʝʪʦʜʠʢʦʶ ʧʫʙʣʽʯʥʦʛʦ ɸʊ çʏʠʥʙʘʨè 

ʋʢʨʘʾʥʘ, ʤ. ʂʠʾʚ [8], ʱʦ ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʥʘʩʢʨʽʟʥʠʭ ʦʪʚʦʨʽʚ ʚʽʜ ʚʠʜʘʣʝʥʥʷ ʱʝʪʠʥʠ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʪʝʭʥʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʥʘʧʽʚʬʘʙʨʠʢʘʪ ʤʘʻ ʪʦʚʱʠʥʫ 1,1ï1,3 ʤʤ ʽ ʤʽʩʪʠʪʴ 3,8 ʤʘʩ. % ʦʢʩʠʜʫ ʭʨʦʤʫ ɯɯɯ ʪʘ 7,9 ʤʘʩ. % 

ʨʝʯʦʚʠʥ ʝʢʩʪʨʘʛʦʚʘʥʠʭ ʦʨʛʘʥʽʯʥʠʤʠ ʨʦʟʯʠʥʥʠʢʘʤʠ. ʆʟʜʦʙʣʶʚʘʥʥʷ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʚʠʢʦʥʫʻʪʴʩʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʢʨʠʣʦʚʠʭ ʨ̌ʫʥʪʫʶʯʠʭ ʢʦʤʧʦʟʠʮʽʡ ʽ ʧʦʣʽʫʨʝʪʘʥʽʚ ʨʽʟʥʦʛʦ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ, ʱʦ ʥʘʥʦʩʷʪʴʩʷ 

ʰʣʷʭʦʤ ʾʭ ʨʦʟʧʠʣʶʚʘʥʥʷ ʚ ʘʛʨʝʛʘʪʽ ʤʦʜʝʣʽ Rotana ʬʽʨʤʠ Svit ʏʝʭʽʷ ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʪʨʘʥʩʧʦʨʪʝʨʫ 0.2 ʤ/ʩ. ʇʨʠ 

ʘʢʨʠʣʦʚʦʤʫ ˇʨʫʥʪʫʚʘʥʥʽ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʩʧʦʯʘʪʢʫ ʚʠʨʽʚʥʶʶʪʴʩʷ ʡʦʛʦ ʚʩʤʦʢʪʫʚʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʜʚʽʡʥʠʤ 

ʥʘʥʝʩʝʥʥʷʤ ʘʢʨʠʣʦʚʦʛʦ ʥʝʧʽʛʤʝʥʪʦʚʘʥʦʛʦ (ɸʅ) ˇʨʫʥʪʫ, ʱʦ ʤʽʩʪʠʪʴ, ʤʘʩ. % [9]: ʘʢʨʠʣʦʚʫ ʝʤʫʣʴʩʽʶ ʄɹʄ-3, 

20 % ï 58,8; ʜʠʩʧʝʨʩʽʶ ʄʍ-30, 20 % ï 29,4 ʽ ʧʝʥʝʪʨʘʪʦʨ ï 11,8 ʧʨʠ ʚʠʪʨʘʪʽ  65Ñ5 ʛ/ʤ2 ʟʘ ʦʜʥʝ ʥʘʥʝʩʝʥʥʷ. 

ʇʽʩʣʷ 8ï10 ʛʦʜ ʚʠʪʨʠʤʫʚʘʥʥʷ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʚ ʰʪʘʙʝʣʽ, ʧʽʜʩʫʰʫʚʘʥʥʷ ʫ ʢʦʥʚʝʢʪʠʚʥʽʡ ʩʫʰʘʨʮʽ ʜʦ 

ʚʦʣʦʛʦʚʤʽʩʪʫ 14ï16 % ʽ ʦʙʨʦʙʣʷʻʪʴʩʷ ʥʘ ʛʽʜʨʦʧʨʝʩʽ. ɼʘʣʽ ʥʘ ʥʴʦʛʦ ʥʘʥʦʩʠʪʴʩʷ ʘʢʨʠʣʦʚʠʡ ʧʽʛʤʝʥʪʦʚʘʥʠʡ 

(ɸʇ) ˇʨʫʥʪ, ʤʘʩ. %: ʧʽʛʤʝʥʪʥʠʡ ʢʦʥʮʝʥʪʨʘʪ, 40 % ï 18,1; ʨʦʟʯʠʥ ʢʘʟʝʾʥʫ, 10 % ï 5,4; ʚʦʩʢʦʚʫ ʝʤʫʣʴʩʽʶ, 20 % 

ï 2,7; ʘʣʽʟʘʨʠʥʦʚʝ ʤʘʩʣʦ ï 1,8; ʣʘʪʝʢʩ ɼʄʄɸ-65ɻʇ, 20 % ï 36,0;  ʜʠʩʧʝʨʩʽʷ ʄʍ-30, 20 % ï 27,0; ʝʤʫʣʴʩʽʷ 

ʘʢʨʠʣʦʚʘ ʄɹʄ-3, 20 % ï 9,0 ʟ ʛʫʩʪʠʥʦʶ 1,07 ʛ/ʩʤ3. ɼʣʷ ʥʘʥʝʩʝʥʥʷ ɸʇ ˇʨʫʥʪʫ ʟ ʚʠʪʨʘʪʦʶ 70Ñ5 ʛ/ʤ2 ʟʘ ʦʜʠʥ 

ʨʘʟ. ɿʘʚʝʨʰʫʻʪʴʩʷ ˇʨʫʥʪʫʚʘʥʥʷ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʧʨʝʩʫʚʘʥʥʷʤ. 

ʇʨʠ ˇʨʫʥʪʫʚʘʥʥʽ ʢʦʤʧʦʟʠʮʽʻʶ ʧʦʣʽʫʨʝʪʘʥʦʚʦʛʦ ʣʘʪʝʢʩʫ (ʇʋʃ) ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʘʢʨʠʣʦʚʦʛʦ 

ˇʨʫʥʪʫʚʘʥʥʷ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʝʧʽʛʤʝʥʪʦʚʘʥʠʡ ˇʨʫʥʪ. ʇʨʠ ʮʴʦʤʫ ˇʨʫʥʪʫʶʯʘ ʢʦʤʧʦʟʠʮʽʷ ʤʘʻ ʭʽʤʽʯʥʠʡ 

ʩʢʣʘʜ, ʤʘʩ. %: ʧʽʛʤʝʥʪʥʠʡ ʢʦʥʮʝʥʪʨʘʪ, 40 % ï 20,0; ʧʦʣʽʫʨʝʪʘʥʦʚʠʡ ʣʘʪʝʢʩ, 20 % ï 80,0; ʚʦʜʘ ï ʜʦ ʛʫʩʪʠʥʠ 

1,07. ʂʦʤʧʦʟʠʮʽʷ ʇʋʃ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤʠ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ: ʚʤʽʩʪ ʧʦʣʽʫʨʝʪʘʥʫ 39 

%, ʚôʷʟʢʽʩʪʴ 0,022ï0,03 ʇʘΞʩ, ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ 340ï370 ʅ/ʤ, ʨʦʟʤʽʨ ʯʘʩʪʠʥʦʢ 10 ʤʢʤ, ʨʅ 3,0ï3,5. ɺʩʽ ʽʥʰʽ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʧʝʨʘʮʽʾ ʻ ʘʥʘʣʦʛʽʯʥʠʤʠ. 

ʅʘ ʩʪʘʜʽʾ ʬʽʥʽʰʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʧʦʢʨʠʪʪʷ ʥʘ ʰʢʽʨʷʥʦʤʫ ʥʘʧʽʚʬʘʙʨʠʢʘʪʽ ʜʣʷ ʦʙʦʭ ʚʘʨʽʘʥʪʽʚ 

ʦʟʜʦʙʣʝʥʥʷ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʦʟʯʠʥʠ ʇʋ ʨʽʟʥʦʛʦ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ. ɿʦʢʨʝʤʘ, 25 % ʨʦʟʯʠʥ 

ʚ ʜʠʤʝʪʽʣʬʦʨʤʘʤʽʜʽ ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʇʋ ʇʇɽ-201 ʣʽʥʽʡʥʦʾ ʙʫʜʦʚʠ ʥʘ ʦʩʥʦʚʽ ʝʪʝʨʫ ʽ 30 % 

ʝʪʠʣʘʮʝʪʘʪʥʦʛʦ ʨʦʟʯʠʥʫ ʜʽʝʪʠʣʝʥʛʣʽʢʦʣʷ, ʘʜʠʧʽʥʦʚʦʾ ʢʠʩʣʦʪʠ ʽ ʧʦʣʽʽʟʦʮʽʘʥʘʪʫ ʊʊ-75 ï ʧʦʣʽʫʨʝʪʘʥʦʚʘ 

ʨʝʘʢʮʽʡʥʦ-ʟʜʘʪʥʘ ʢʦʤʧʦʟʠʮʽʷ (ʇʋ ʈɿʂ). ɼʦʩʣʽʜʞʝʥʽ ʧʣʽʚʢʦʬʦʨʤʫʶʯʽ ʨʝʘʛʝʥʪʠ ʫʪʚʦʨʶʶʪʴ ʚʠʩʦʢʦʝʣʘʩʪʠʯʥʽ 

ʧʣʽʚʢʠ ʚʠʩʦʢʦʾ ʤʽʮʥʦʩʪʽ (ʪʘʙʣʠʮʷ 1). ʇʨʠʯʦʤʫ, ʟʘ ʤʽʮʥʽʩʪʶ ʇʋ ʇʇɽ-201 ʧʝʨʝʚʘʞʘʻ ʇʋ ʈɿʂ ʫ 2,3 ʨʘʟʠ, ʘ ʟʘ 

ʤʦʜʫʣʝʤ ʝʣʘʩʪʠʯʥʦʩʪʽ ʥʘʚʧʘʢʠ ï ʫ 2,8 ʨʘʟʠ. ɺʨʘʭʦʚʫʶʯʠ ʨʽʟʥʠʡ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʽ ʨʝʘʢʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ 

ʜʦʩʣʽʜʞʝʥʽ ʇʋ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʣʘʢʦʚʠʭ ʧʦʢʨʠʪʪʽʚ ʥʘ ʰʢʽʨʷʥʦʤʫ ʥʘʧʽʚʬʘʙʨʠʢʘʪʽ.   
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ʇʨʦʮʝʩ ʣʘʢʫʚʘʥʥʷ ˇʨʫʥʪʦʚʘʥʦʛʦ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ʧʦʣʠʚʘʣʴʥʽʡ ʤʘʰʠʥʽ ʫ 1ï3 ʩʪʘʜʽʾ ʟ 

ʚʠʪʨʘʪʦʶ ʇʋ ʨʦʟʯʠʥʫ ʥʘ ʢʦʞʥʽʡ ʩʪʘʜʽʾ 45Ñ5 ʛ/ʤ2 ʽ ʧʦʜʘʣʴʰʠʤ ʧʽʜʩʫʰʫʚʘʥʥʷʤ ʥʘʥʝʩʝʥʠʭ ʰʘʨʽʚ 

ʧʦʣʽʫʨʝʪʘʥʦʚʠʭ ʨʦʟʯʠʥʽʚ ʧʽʩʣʷ ʢʦʞʥʦʾ ʩʪʘʜʽʾ. ɿʘʚʝʨʰʫʻʪʴʩʷ ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ʧʦʢʨʠʚʥʦʾ ʧʣʽʚʢʠ 

ʥʽʪʨʦʮʝʣʶʣʦʟʥʠʤ ʟʘʢʨʽʧʣʝʥʥʷʤ. 

ʊʘʙʣʠʮʷ 1 

ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʣʽʫʨʝʪʘʥʦʚʠʭ ʧʣʽʚʦʢ 

ʇʦʢʘʟʥʠʢ ʇʋ ʇʇɽ-201 ʇʋ ʈɿʂ 

ɻʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʧʨʠ ʨʦʟʪʷʛʫʚʘʥʥʽ, ʄʇʘ 

ʄʦʜʫʣʴ ʝʣʘʩʪʠʯʥʦʩʪʽ ʧʨʠ 100 % ʧʦʜʦʚʞʝʥʥʽ, ʄʇʘ  

ʇʦʜʦʚʞʝʥʥʷ ʧʨʠ ʨʦʟʨʠʚʘʥʥʽ, % 

68,0 

6,5 

530,0 

29,0 

18,0 

165,0 

 

ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚ ʬʦʨʤʫʚʘʥʥʷ ʧʦʢʨʠʪʪʽʚ ʥʘ ʰʢʽʨʷʥʦʤʫ ʥʘʧʽʚʬʘʙʨʠʢʘʪʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʧʣʠʚ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʽ ʢʽʣʴʢʦʩʪʽ ʥʘʥʝʩʝʥʦʾ ˇʨʫʥʪʫʶʯʦʾ ʢʦʤʧʦʟʠʮʽʾ ʪʘ ʨʦʟʯʠʥʫ ʇʋ ʥʘ ʘʜʛʝʟʽʶ 

ʜʦ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʦʚʘʥʦʛʦ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ (ʪʘʙʣʠʮʷ 2). ʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʰʢʽʨ ʟ ʧʦʣʽʫʨʝʪʘʥʦʚʠʤ 

ʧʦʢʨʠʪʪʷʤ ʚʠʢʦʥʫʶʪʴʩʷ ʟʘ ʤʝʪʦʜʠʢʦʶ [10], ʪʽʣʴʢʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʘʜʛʝʟʽʾ ʟʘʤʽʩʪʴ ʤʽʪʢʘʣʶ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʩʧʠʣʦʢ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʩʚʠʥʝʡ ʪʘ ʚʽʜʧʦʚʽʜʥʠʡ ʧʦʢʨʠʪʪʶ ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯ. ɿʨʘʟʢʠ ʧʨʝʩʫʶʪʴʩʷ ʧʽʜ ʪʠʩʢʦʤ 0,5 

ʄʇʘ ʧʨʦʪʷʛʦʤ 20 ʭʚ ʪʘ ʧʽʜʩʫʰʫʶʪʴʩʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 60 ʉ̄ ʧʨʦʪʷʛʦʤ 0,25 ʽ 1 ʛʦʜ ʚʽʜʧʦʚʽʜʥʦ ʜʣʷ ʇʋ ʇʇɽ-

201 ʽ ʇʋ ʈɿʂ. ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʽʜʛʦʪʦʚʣʝʥʠʭ ʟʨʘʟʢʽʚ ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘ ʨʦʟʨʠʚʥʽʡ ʤʘʰʠʥʽ ʈʊ-

250ʄ ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʜʝʬʦʨʤʫʚʘʥʥʷ 80 ʤʤΞʭʚï1.  
ʊʘʙʣʠʮʷ 2 

ɸʜʛʝʟʽʷ ʣʘʢʦʚʦʛʦ ʧʦʢʨʠʪʪʷ ʜʦ ˇʨʫʥʪʦʚʘʥʦʛʦ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ 

ʨ̂ʫʥʪ 

ʂʽʣʴʢʽʩʪʴ 

ʥʘʥʝʩʝʥʴ ʛʨʘʥʪʫ ʽ 

ʡʦʛʦ ʚʠʪʨʘʪʠ, ʛ/ʤ2 

ɸʜʛʝʟʽʷ, ʅ/ʤ, ʧʨʠ ʚʠʪʨʘʪʘʭ, ʛ/ʤ2 

ʇʋ ʇʇɽ-201 ʇʋ ʈɿʂ 

45Ñ5 2(45Ñ5) 3(45Ñ5) 45Ñ5 2(45Ñ5) 3(45Ñ5) 

ɸʇ 
2(70Ñ5) 

1150 1100 750 880 810 720 

ʇʋʃ 1100 1060 1000 970 930 800 

ɸʇ 
3(70Ñ5) 

1100 1000 700 920 840 630 

ʇʋʃ 1190 1480 1000 1200 1400 980 

ɸʇ 
4(70Ñ5) 

1200 1250 1100 980 1200 700 

ʇʋʃ 1200 1040 970 950 890 870 

 

ʋ ʚʩʽʭ ʜʦʩʣʽʜʞʝʥʠʭ ʚʘʨʽʘʥʪʘʭ ʣʘʢʦʚʠʭ ʰʢʽʨ ʨʫʡʥʫʚʘʥʥʷ ʘʜʛʝʟʽʡʥʠʭ ʟʚôʷʟʢʽʚ ʤʘʻ ʚ ʦʩʥʦʚʥʦʤʫ 

ʢʦʛʝʟʽʡʥʠʡ ʭʘʨʘʢʪʝʨ ʧʦ ʰʢʽʨʷʥʦʤʫ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ. ʎʝ ʟʫʤʦʚʣʝʥʦ ʝʬʝʢʪʠʚʥʠʤ ʩʫʤʽʱʝʥʥʷʤ ʇʋ ʨʦʟʯʠʥʽʚ 

ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯʽʚ ʟ ˇʨʫʥʪʫʶʯʦʶ ʢʦʤʧʦʟʠʮʽʻʶ ʪʘ ʥʘʩʪʫʧʥʦʶ ʚʟʘʻʤʦʜʽʻʶ ʟ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧʘʤʠ ˇʨʫʥʪʫ ʽ 

ʙʽʣʢʘ. ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʘʜʛʝʟʽʾ ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ˇʨʫʥʪʫʚʘʥʥʽ ʇʋʃ ʽ ʜʚʦʰʘʨʦʚʦʤʫ ʥʘʥʝʩʝʥʥʽ ʇʋ 

ʧʦʢʨʠʪʪʷ. ɿʤʝʥʰʝʥʥʷ ʘʜʛʝʟʽʾ ʥʘ 17ï18 % ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʯʦʪʠʨʴʦʭʢʨʘʪʥʦʤʫ ʘʢʨʠʣʦʚʦʤʫ ˇʨʫʥʪʫʚʘʥʥʽ 

ʰʢʽʨʷʥʦʛʦ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʽ ʪʽʡ ʞʝ ʚʠʪʨʘʪʽ ʇʋ ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯʘ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʠʪʨʘʪ ʇʋ ˇʨʫʥʪʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷ ʘʜʛʝʟʽʾ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʦʙʫʤʦʚʣʝʥʦ ʟʤʝʥʰʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ 

ʢʦʣʘʛʝʥʫ ʚ ʨʝʟʫʣʴʪʘʪʽ ʥʘʜʣʠʰʢʫ ɸʇ ˇʨʫʥʪʫ ʚ ʩʪʨʫʢʪʫʨʽ ʰʢʽʨʷʥʦʛʦ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ. ɸʥʘʣʦʛʽʯʥʠʡ ʝʬʝʢʪ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ  ʟʙʽʣʴʰʝʥʥʷʤ ʚʪʨʘʪ ʧʦʣʽʫʨʝʪʘʥʦʚʦʛʦ ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯʘ ʚʥʘʩʣʽʜʦʢ ʤʦʞʣʠʚʦʛʦ 

ʟʙʽʣʴʰʝʥʥʷʤ ʡʦʛʦ ʜʝʬʝʢʪʥʦʩʪʽ ʪʘ ʚʥʫʪʨʽʰʥʽʭ ʥʘʧʨʫʞʝʥʴ ʧʦʢʨʠʪʪʷ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ, ʱʦ 

ʦʧʪʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʧʦʣʽʫʨʝʪʘʥʦʚʦʛʦ ʧʦʢʨʠʪʪʷ ʜʦ ˇʨʫʥʪʦʚʘʥʦʛʦ ʰʢʽʨʷʥʦʛʦ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʜʦʩʷʛʘʻʪʴʩʷ 

ʚʽʜʧʦʚʽʜʥʦ ʧʨʠ ʪʨʠʢʨʘʪʥʦʤʫ ʽ ʯʦʪʠʨʠʢʨʘʪʥʦʤʫ ʥʘʥʝʩʝʥʥʽ ʧʽʛʤʝʥʪʦʚʘʥʦʛʦ ʧʦʣʽʫʨʝʪʘʥʦʚʦʛʦ ʣʘʪʝʢʩʫ ʽ 

ʘʢʨʠʣʦʚʦʛʦ ʧʽʛʤʝʥʪʦʚʘʥʦʛʦ ˇʨʫʥʪʫ ʪʘ ʜʚʦʢʨʘʪʥʽʡ ʚʠʪʨʘʪʽ ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯʘ.   

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʽ ʛʽʛʽʻʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʪʨʠʤʘʥʠʭ ʣʘʢʦʚʠʭ ʰʢʽʨ 

ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 3. ʇʽʩʣʷ ʬʦʨʤʫʚʘʥʥʷ ʧʦʢʨʠʪʪʽʚ ʥʘ ˇʨʫʥʪʦʚʘʥʦʤʫ ʘʢʨʠʣʦʚʦʶ ʜʠʩʧʝʨʩʽʻʶ ʥʘʧʽʚʬʘʙʨʠʢʘʪʽ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷ ʤʽʮʥʦʩʪʽ ʣʘʢʦʚʦʾ ʰʢʽʨʠ, ʧʨʠʯʦʤʫ ʚ ʙʽʣʴʰʽʡ ʤʽʨʽ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʧʣʽʚʢʦʫʪʚʦʨʶʶʯʦʛʦ ʨʦʟʯʠʥʫ ʇʋ ʈɿʂ. ʋ ʚʠʧʘʜʢʫ ˇʨʫʥʪʫʚʘʥʥʷ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʇʋ ʣʘʪʝʢʩʦʤ ʮʝʡ ʧʦʢʘʟʥʠʢ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 6,5ï14,0 % ʧʦʨʽʚʥʷʥʦ ʟ ʘʢʨʠʣʦʚʠʤ ˇʨʫʥʪʫʚʘʥʥʷʤ. ʇʨʠ ʮʴʦʤʫ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

ʤʽʮʥʦʩʪʽ ʣʘʢʦʚʦʾ ʰʢʽʨʠ ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯʘ ʇʋ ʈɿʂ. ʈʦʟʨʠʚʥʝ ʧʦʜʦʚʞʝʥʥʷ 

ʟʘʣʝʞʥʦ ʚʽʜ ʫʤʦʚ ˇʨʫʥʪʫʚʘʥʥʷ ʪʘ ʩʢʣʘʜʫ ʧʦʢʨʠʪʪʷ ʟʤʽʥʶʻʪʴʩʷ ʤʘʣʦ ʽ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 

ʧʨʦʤʠʩʣʦʚʠʭ ʟʨʘʟʢʽʚ. 

ɸʜʛʝʟʽʷ ʇʋ ʧʦʢʨʠʪʪʷ ʜʦ ˇʨʫʥʪʦʚʘʥʦʛʦ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʇʋ ʣʘʪʝʢʩʦʤ ʧʦʨʽʚʥʷʥʦ ʟʽ ʟʨʘʟʢʘʤʠ 

ˇʨʫʥʪʦʚʘʥʠʤʠ ʘʢʨʠʣʦʚʦʶ ʜʠʩʧʝʨʩʽʻʶ ʧʽʜʚʠʱʫʻʪʴʩʷ ʜʦ 20 %. ʇʨʠʯʦʤʫ ʧʦʨʽʚʥʷʥʦ ʟ ʧʨʦʤʠʩʣʦʚʠʤ ʟʨʘʟʢʦʤ 

ʘʜʛʝʟʽʷ ʧʦʢʨʠʪʪʷ ʜʦ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʻ ʙʽʣʴʰʦʶ ʥʘ 64 % ʽ ʟʥʠʞʫʻʪʴʩʷ ʚ ʤʝʥʰʽʡ ʤʽʨʽ ʜʦ ʰʢʽʨʷʥʦʛʦ 

ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʚ ʤʦʢʨʦʤʫ ʩʪʘʥʽ. ʇʨʠ ʙʘʛʘʪʦʨʘʟʦʚʦʤʫ ʟʛʠʥʘʥʥʽ ʥʘʡʙʽʣʴʰ ʩʪʽʡʢʠʤʠ ʜʦ ʟʥʘʢʦʧʝʨʝʤʽʥʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡ ʚʠʷʚʣʷʶʪʴ ʰʢʽʨʠ ˇʨʫʥʪʦʚʘʥʽ ʇʋ ʣʘʪʝʢʩʦʤ ʟ ʇʋ ʇʇɽ-201 ʧʦʢʨʠʪʪʷʤ. ʎʝ ʤʦʞʝ ʙʫʪʠ ʦʙʫʤʦʚʣʝʥʦ 

ʚʠʩʦʢʦʝʣʘʩʪʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʇʋ ʧʣʽʚʢʠ. ɿʥʠʞʝʥʥʷ ʮʴʦʛʦ ʧʦʢʘʟʥʠʢʘ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʇʋ ʈɿʂ ʤʦʞʝ 

ʙʫʪʠ ʦʙʫʤʦʚʣʝʥʦ ʬʦʨʤʫʚʘʥʥʷʤ ʧʦʢʨʠʪʪʷ ʞʦʨʩʪʢʽʰʦʾ ʩʪʨʫʢʪʫʨʠ ʚʥʘʩʣʽʜʦʢ ʫʪʚʦʨʝʥʥʷ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ 

ʭʽʤʽʯʥʠʭ ʟʚôʷʟʢʽʚ. ʎʝ ʧʨʦʷʚʣʷʻʪʴʩʷ ʙʽʣʴʰʠʤ ʦʧʦʨʦʤ ʧʦʚʝʨʭʥʽ ʣʘʢʦʚʦʾ ʰʢʽʨʠ ʟ ʇʋ ʈɿʂ ʧʦʢʨʠʪʪʷʤ ʜʦ ʤʦʢʨʦʾ 

ʰʢʽʨʠ.  
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ɺʠʩʦʢʽ ʩʦʨʙʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʣʘʢʦʚʠʭ ʰʢʽʨ ʟʙʝʨʽʛʘʻʪʴʩʷ ʫ ʙʽʣʴʰʽʡ ʤʽʨʽ ʫ ʚʠʧʘʜʢʫ ˇʨʫʥʪʫʚʘʥʥʷ ʇʋʃ 

ʧʦʨʽʚʥʷʥʦ ʟ ʘʢʨʠʣʦʚʠʤ ˇʨʫʥʪʫʚʘʥʥʷʤ, ʱʦ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʚʠʱʠʤ ʩʪʫʧʝʥʝʤ ʜʠʬʫʟʽʾ ʥʝʧʽʛʤʝʥʪʦʚʘʥʦʛʦ 

ʚʠʨʽʚʥʶʶʯʦʛʦ ˇʨʫʥʪʫ ʚ ʧʦʨʠʩʪʫ ʩʪʨʫʢʪʫʨʫ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʭʨʦʤʦʚʦʛʦ ʜʫʙʣʝʥʥʷ ʧʨʠ ʘʢʨʠʣʦʚʦʤʫ 

ˇʨʫʥʪʫʚʘʥʥʽ. ʇʨʠ ʮʴʦʤʫ ʛʽʛʨʦʩʢʦʧʽʯʥʽʩʪʴ ʽ ʩʦʨʙʮʽʡʥʘ ʻʤʥʽʩʪʴ ʫ ʚʠʧʘʜʢʫ ʣʘʪʝʢʩʥʦʛʦ ʇʋ ˇʨʫʥʪʫ ʽ ʇʋ ʧʦʢʨʠʪʪʷ 

ʜʝʱʦ ʧʝʨʝʚʠʱʫʶʪʴ ʾʭ ʟʥʘʯʝʥʥʷ ʧʦʨʽʚʥʷʥʦ ʟ ʣʘʢʦʚʠʤʠ ʰʢʽʨʘʤʠ ʦʪʨʠʤʘʥʠʤʠ ʟʦ ʧʨʦʤʠʩʣʦʚʦʶ ʪʝʭʥʦʣʦʛʽʻʶ. 

 

ʊʘʙʣʠʮʷ 3  

ʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʣʘʢʦʚʠʭ ʰʢʽʨ  

ʇʦʢʘʟʥʠʢ 

ʊʠʧ ˇʨʫʥʪʫ ʽ ʧʦʢʨʠʪʪ ̫

ʥʝʤʘʻ 
ɸʇ+ ʇʋ 

ʇʇɽ-201 

ʇʋʃ+ʇʋ 

ʇʇɽ-201 

ɸʇ + ʇʋ 

ʈɿʂ 

ʇʋʃ+ʇʋ 

ʈɿʂ 

ʧʨʦʤʠ-

ʩʣʦʚʽ 

ɻʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʧʨʠ ʨʦʟʪʷʛʫʚʘʥʥʽ, ʄʇʘ 

ʇʦʜʦʚʞʝʥʥʷ ʧʨʠ ʨʦʟʨʠʚʘʥʥʽ, % 

ɸʜʛʝʟʽʷ ʧʦʢʨʠʪʪʷ ʜʦ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ, ʅ/ʤ 

   ʩʫʭʦʛʦ  

   ʤʦʢʨʦʛʦ 

ʉʪʽʡʢʽʩʪʴ ʧʦʢʨʠʪʪʷ ʜʦ: 

   ʙʘʛʘʪʦʨʘʟʦʚʦʛʦ ʟʛʠʥʘʥʥʷ, ʪʠʩ. ʮʠʢʣʽʚ 

   ʤʦʢʨʦʛʦ ʪʝʨʪʷ, ʦʙʝʨʪʠ 

ɻʽʛʨʦʩʢʦʧʽʯʥʽʩʪʴ, % 

ʉʦʨʙʮʽʡʥʘ ʻʤʥʽʩʪʴ, ʤʛ/ʛ 

14,0 

54,0 

 

ï 

ï 

 

ï 

ï 

9,1 

10,3 

16,4 

59,0 

 

950 

320 

 

78 

220 

6,1 

8,3 

18,7 

57,0 

 

1150 

360 

 

100 

220 

6,6 

8,7 

18,3 

56,0 

 

930 

300 

 

46 

270 

6,3 

8,5 

19,5 

54,0 

 

1100 

420 

 

67 

280 

6,8 

8,9 

18,0 

57,0 

 

670 

270 

 

58 

210 

6,5 

8,2 

 

ʆʪʞʝ, ʟʘ ʢʦʤʧʣʝʢʩʦʤ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʽ ʛʽʛʽʻʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʪʨʠʤʘʥʽ ʰʢʽʨʠ ʟ 

ʧʦʣʽʫʨʝʪʘʥʦʚʠʤʠ ʣʘʢʦʚʠʤʠ ʧʦʢʨʠʪʪʷʤʠ ʧʝʨʝʚʠʱʫʶʪʴ  ʟʨʘʟʢʠ ʧʨʦʤʠʩʣʦʚʦʾ ʪʝʭʥʦʣʦʛʽʾ. ʆʩʦʙʣʠʚʦ ʮʝ 

ʩʪʦʩʫʻʪʴʩʷ ʘʜʛʝʟʽʾ ʧʦʢʨʠʪʪʽʚ ʜʦ ʰʢʽʨ ʫ ʩʫʭʦʤʫ ʽ ʤʦʢʨʦʤʫ ʩʪʘʥʽ ʪʘ ʦʧʦʨʫ ʾʭ ʧʦʚʝʨʭʥʽ ʜʦ ʤʦʢʨʦʛʦ ʪʝʨʪʷ. 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʈʦʟʨʦʙʣʝʥʘ ʪʝʭʥʦʣʦʛʽʷ ʬʦʨʤʫʚʘʥʥʷ ʣʘʢʦʚʠʭ ʰʢʽʨ ʟ 

ʚʠʩʦʢʦʧʦʨʠʩʪʦʛʦ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʰʢʫʨ ʩʚʠʥʝʡ ʭʨʦʤʦʚʦʛʦ ʜʫʙʣʝʥʥʷ ʧʽʩʣʷ ʡʦʛʦ ʜʚʦʾʥʥʷ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ˇʨʫʥʪʫʶʯʠʭ ʢʦʤʧʦʟʠʮʽʡ ʨʽʟʥʦʛʦ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʽ ʧʦʣʽʫʨʝʪʘʥʦʚʠʭ ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʧʽʛʤʝʥʪʦʚʘʥʦʛʦ ʚʦʜʥʦʛʦ 39 % ʧʦʣʽʫʨʝʪʘʥʦʚʦʛʦ ʣʘʪʝʢʩʫ ʜʦʟʚʦʣʠʣʦ ʩʢʦʨʦʪʠʪʠ ʪʨʠʚʘʣʽʩʪʴ ʩʪʘʜʽʾ ˇʨʫʥʪʫʚʘʥʥʷ ʽ 

ʚʠʪʨʘʪʠ ˇʨʫʥʪʫʶʯʦʾ ʢʦʤʧʦʟʠʮʽʾ ʧʦʨʽʚʥʷʥʦ ʟ ʧʦʧʝʨʝʜʥʽʤ ʘʢʨʠʣʦʚʠʤ ʚʠʨʽʚʥʶʚʘʣʴʥʠʤ ʽ ʧʽʛʤʝʥʪʦʚʘʥʠʤ 

ˇʨʫʥʪʫʚʘʥʥʷʤ ʫ ʜʚʘ ʨʘʟʠ ʪʘ ʧʽʜʚʠʱʠʪʠ ʘʜʛʝʟʽʶ ʧʦʢʨʠʪʪʷ ʜʦ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʥʘ 18ï21 %. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʣʽʫʨʝʪʘʥʦʚʦʛʦ ʣʘʪʝʢʩʫ ʽ ʨʝʘʢʮʽʡʥʦ-ʟʜʘʪʥʦʾ ʧʦʣʽʫʨʝʪʘʥʦʚʦʾ ʢʦʤʧʦʟʠʮʽʾ ʩʧʨʠʷʻ ʬʦʨʤʫʚʘʥʥʶ 

ʣʘʢʦʚʠʭ ʰʢʽʨ ʟ ʧʽʜʚʠʱʝʥʠʤ ʦʧʦʨʦʤ ʜʦ ʤʦʢʨʦʛʦ ʪʝʨʪʷ ʥʘ 27 % ʪʘ ʜʝʱʦ ʚʠʱʠʤʠ ʛʽʛʽʻʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ɿʘ ʢʦʤʧʣʝʢʩʦʤ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʦʩʣʽʜʞʝʥʽ ʣʘʢʦʚʽ ʰʢʽʨʠ ʧʝʨʝʚʘʞʘʶʪʴ ʧʨʦʤʠʩʣʦʚʽ ʡ ʤʦʞʫʪʴ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʦʜʝʣʴʥʦʛʦ ʚʟʫʪʪʷ.  

ʆʪʨʠʤʘʥʽ ʣʘʢʦʚʽ ʰʢʽʨʠ ʟʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ ɼʉʊʋ 2726-94 

çʐʢʽʨʠ ʜʣʷ ʚʝʨʭʫ ʚʟʫʪʪʷ. ʊʝʭʥʽʯʥʽ ʚʠʤʦʛʠè. ʈʦʟʨʦʙʣʝʥʘ ʪʝʭʥʦʣʦʛʽʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʣʘʢʦʚʠʭ ʰʢʽʨ ʟ 

ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʭʨʦʤʦʚʦʛʦ ʜʫʙʣʝʥʥʷ ʰʢʫʨ ʩʚʠʥʝʡ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʣʘʢʦʚʠʭ ʰʢʽʨ ʟ 

ʥʠʟʴʢʦʤʽʮʥʦʛʦ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʽʥʰʦʾ ʩʠʨʦʚʠʥʠ, ʟʦʢʨʝʤʘ ʰʢʫʨ ʦʚʝʮʴ. 

ʇʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʚʧʣʠʚʫ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʦʨʠʩʪʦʾ ʩʪʨʫʢʪʫʨʠ ʥʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʠʩʦʢʦʧʦʨʠʩʪʠʭ ʰʢʽʨʷʥʠʭ ʤʘʪʝʨʽʘʣʽʚ.  
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RESEARCH OF THE CHANG E OF THE MOTION MODE S OF THE WORKIN G ARRAY IN A TURNING 

MACHINE WITH AN ADDITIONAL MOVEABLE SLIDING LINK DEPENDING ON THE CHANGE OF DESIGN 

FEATURES 
 

With the help of the SolidWorks automated design system, analytical studies of the rolling machine with complex spatial 
movement of the working capacity of the "Turbula" type, which contains an additional moving link of the slider in its kinematic chain, were 
performed. On the basis of the analytical studies, the relationship between the change in the modes of movement of the working array in the 
middle of the container, the value of the angular velocity of the drive shaft, the scale standard size and the ratio of the interaxial distance of 
the container to the interaxial distance of the forks was determined. The classification of the movement modes of the working massif is 
presented, in particular, which should include cascade, mixed and waterfall movement modes. Each movement mode corresponds to the 
implementation of the corresponding types of felting technological operations or mixing of loose fine-dispersed substances. The effect of 
changing the length of the working capacity, which is characterized by the ratio of the interaxial distance of the working capacity to the 
interaxial distance of the leading or driven forks of the machine, on the change in the modes of movement of the working array has been 
established. Mathematical dependencies have been obtained for determining the maximum angular velocity of the drive shaft of the 
"Turbula" type rolling machine with an additional movable slider link, which will correspond to the formation of the necessary mode of 
movement of the working array. The presented results of analytical studies can be applied in the relevant design bureaus of machine-
building enterprises at the stage of designing equipment with complex spatial movement of working capacities and felting technological 
processes.  
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ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ʇʨʠ ʨʦʙʦʪʽ ʙʫʜʴ-ʷʢʦʾ ʛʘʣʪʫʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʫ ʩʝʨʝʜʠʥʽ ʾʾ ʨʫʭʦʤʦʾ ʻʤʢʦʩʪʽ ʤʦʞʥʘ ʨʝʘʣʽʟʫʚʘʪʠ ʨʽʟʥʠʡ 

ʭʘʨʘʢʪʝʨ ʪʘ ʨʽʟʥʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʩʠʧʢʦʛʦ ʨʦʙʦʯʦʛʦ ʤʘʩʠʚʫ, ʷʢʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ 

ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ, ʘ ʪʘʢʦʞ, ʷʢʽ ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ, ʷʢ ʢʘʩʢʘʜʥʠʡ, ʚʦʜʦʩʧʘʜʥʠʡ ʪʘ ʟʤʽʰʘʥʠʡ ʨʝʞʠʤʠ 

ʨʫʭʫ [1]. 

ʆʩʢʽʣʴʢʠ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʪʦʾ ʯʠ ʽʥʰʦʾ ʛʘʣʪʫʚʘʣʴʥʦʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʧʝʨʘʮʽʾ [2] ʥʝʦʙʭʽʜʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʟʥʘʯʝʥʦʛʦ ʨʝʞʠʤʫ ʨʫʭʫ ʨʦʙʦʯʦʛʦ ʤʘʩʠʚʫ, ʪʦ ʚʘʞʣʠʚʦʶ ʟʘʜʘʯʝʶ ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʤʽʞ ʟʤʽʥʦʶ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʤʘʰʠʥʠ, ʟʥʘʯʝʥʥʷʤ ʢʫʪʦʚʦʾ 

ʰʚʠʜʢʦʩʪʽ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʪʘ ʨʝʘʣʽʟʘʮʽʾ ʩʘʤʦʛʦ ʨʝʞʠʤʫ ʨʫʭʫ. 

 

ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ 

ʋ ʨʦʙʦʪʽ [1] ʥʘʚʝʜʝʥʽ ʜʝʪʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʩʽʭ ʨʝʞʠʤʽʚ ʨʫʭʫ ʨʦʙʦʯʦʛʦ ʤʘʩʠʚʫ ʫ ʛʘʣʪʫʚʘʣʴʥʠʭ 

ʦʙʝʨʪʘʣʴʥʠʭ ʙʘʨʘʙʘʥʘʭ. ʋ [3] ʧʨʝʜʩʪʘʚʣʝʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʽʜʪʚʦʨʝʥʥʷ ʪʠʭ ʩʘʤʦ ʨʝʞʠʤʽʚ ʨʫʭʫ ʨʦʙʦʯʦʛʦ 

ʤʘʩʠʚʫ, ʦʜʥʘʢ, ʫ ʻʤʢʦʩʪʷʭ, ʷʢʽ ʚʠʢʦʥʫʶʪʴ ʩʢʣʘʜʥʝ ʧʨʦʩʪʦʨʦʚʝ ʧʝʨʝʤʽʱʝʥʥʷ, ʥʘʚʝʜʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ 

ʧʝʨʝʤʽʱʝʥʥʷ ʤʘʩʠʚʫ ʚ ʩʝʨʝʜʠʥʽ ʻʤʢʦʩʪʝʡ. 

ʋ ʤʘʪʝʨʽʘʣʘʭ ʩʪʘʪʪʽ [4] ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ çʙʘʟʦʚʦʾè ʢʦʥʩʪʨʫʢʮʽʾ ʛʘʣʪʫʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʪʠʧʫ 

çTurbulaè, ʚʩʪʘʥʦʚʣʝʥʠʡ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʢʫʪʦʚʦʶ ʰʚʠʜʢʽʩʪʶ ʚʝʜʫʯʦʛʦ ʚʘʣʫ, ʛʘʙʘʨʠʪʘʤʠ ʻʤʢʦʩʪʽ ʪʘ 

ʟʤʽʥʦʶ ʨʝʞʠʤʽʚ ʨʫʭʫ. ʋ ʨʦʙʦʪʽ [5] ʘʥʘʣʦʛʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʘʥʽ ʜʣʷ ʛʘʣʪʫʚʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ ʟʽ 

ʩʢʣʘʜʥʠʤ ʨʫʭʦʤ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ, ʚ ʧʨʦʩʪʦʨʦʚʦʤʫ ʤʝʭʘʥʽʟʤʽ ʷʢʦʾ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʦʜʘʪʢʦʚʘ ʨʫʭʦʤʘ ʣʘʥʢʘ 

ʢʦʨʦʤʠʩʣʦ ʟ ʚʝʨʪʠʢʘʣʴʥʦʶ ʚʽʩʩʶ ʦʙʝʨʪʘʥʥʷ, ʘ ʫ [6] ï ʜʣʷ ʛʘʣʪʫʚʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ ʟʽ ʩʢʣʘʜʥʠʤ 

ʨʫʭʦʤ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ, ʫ ʷʢʽʡ ʚʝʜʫʯʠʡ ʚʘʣ ʦʙʝʨʪʘʻʪʴʩʷ ʟʛʽʜʥʦ ʦʪʨʠʤʘʥʦʛʦ ʟʘʢʦʥʫ ʟʤʽʥʠ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ 

[7], ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʧʝʨʝʤʽʱʝʥʥʷ ʨʦʙʦʯʦʛʦ ʤʘʩʠʚʫ ʤʽʞ ʧʨʦʪʠʣʝʞʥʠʤʠ ʪʦʨʮʷʤʠ ʻʤʢʦʩʪʽ ʫ ʟʫʩʪʨʽʯʥʠʭ 

ʥʘʧʨʷʤʢʘʭ ʟ ʦʜʥʘʢʦʚʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ. 

 

ɺʠʜʽʣʝʥʥʷ ʥʝʚʠʨʽʰʝʥʠʭ ʯʘʩʪʠʥ 

ɹʘʟʫʶʯʠʩʴ ʥʘ ʜʦʩʣʽʜʞʝʥʥʷʭ, ʷʢʽ ʧʨʦʚʝʜʝʥʽ ʨʘʥʽʰʝ, ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʜʣʷ ʢʦʞʥʦʾ ʨʦʟʨʦʙʣʝʥʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʛʘʣʪʫʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʟʽ ʩʢʣʘʜʥʠʤ ʧʨʦʩʪʦʨʦʚʠʤ ʨʫʭʦʤ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ, ʱʦ ʤʘʻ ʽʥʜʠʚʽʜʫʘʣʴʥʽ 

ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʭʘʨʘʢʪʝʨʥʽ ʚʣʘʩʥʽ ʦʢʨʝʤʽ ʤʘʪʝʤʘʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ, ʷʢʽ ʥʝ ʨʘʮʽʦʥʘʣʴʥʦ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʨʝʞʠʤʽʚ ʨʫʭʫ ʫ ʽʥʰʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ ʛʘʣʪʫʚʘʣʴʥʠʭ ʤʘʰʠʥ ʟʽ ʩʢʣʘʜʥʠʤ 

ʧʨʦʩʪʦʨʦʚʠʤ ʨʫʭʦʤ ʨʦʙʦʯʠʭ ʻʤʢʦʩʪʝʡ. ɺʽʜʦʤʠʡ ʨʷʜ ʨʦʟʨʦʙʣʝʥʠʭ ʛʘʣʪʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʤʘʰʠʥ ʟ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʜʣʷ ʷʢʠʭ ʨʘʥʽʰʝ ʥʝ ʧʨʦʚʦʜʠʣʠʩʷ ʜʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥʠ 

ʨʝʞʠʤʽʚ ʨʫʭʫ ʨʦʙʦʯʦʛʦ ʤʘʩʠʚʫ. ʆʢʨʽʤ ʪʦʛʦ, ʫ ʨʦʙʦʪʽ [3] ʚʩʪʘʥʦʚʣʝʥʦ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʤʽʞ ʟʤʽʥʦʶ ʨʝʞʠʤʽʚ 

ʨʫʭʫ ʨʦʙʦʯʦʛʦ ʤʘʩʠʚʫ, ʟʥʘʯʝʥʥʷʤ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʪʘ ʪʠʧʦʨʦʟʤʽʨʦʤ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ, ʘʣʝ 

ʣʠʝh ʜʣʷ ʦʜʥʦʛʦ ʩʪʘʣʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞʦʩʴʦʚʦʾ ʚʽʜʩʪʘʥʽ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʜʦ ʤʽʞʦʩʴʦʚʦʾ ʚʽʜʩʪʘʥʽ ʚʠʣʦʢ 

ʤʘʰʠʥʠ. ɿʘʣʠʰʘʻʪʴʩʷ ʥʝʜʦʩʣʽʜʞʝʥʠʤ ʧʠʪʘʥʥʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʮʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ, ʱʦ ʙʫʜʫʪʴ ʭʘʨʘʢʪʝʨʥʠʤʠ 

ʜʣʷ ʽʥʰʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʤʽʞʦʩʴʦʚʦʾ ʚʽʜʩʪʘʥʽ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʜʦ ʤʽʞʦʩʴʦʚʦʾ ʚʽʜʩʪʘʥʽ ʚʠʣʦʢ ʛʘʣʪʫʚʘʣʴʥʦʾ 

ʤʘʰʠʥʠ ʟ ʜʦʜʘʪʢʦʚʦʶ ʨʫʭʦʤʦʶ ʣʘʥʢʦʶ ʧʦʚʟʫʥʦʤ. 

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ 

ʄʝʪʘ ʜʘʥʦʾ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʘʥʘʣʽʪʠʯʥʦʤʫ ʚʠʟʥʘʯʝʥʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʨʝʘʣʽʟʘʮʽʻʶ ʨʝʞʠʤʽʚ ʨʫʭʫ 

ʨʦʙʦʯʦʛʦ ʤʘʩʠʚʫ ʚ ʩʝʨʝʜʠʥʽ ʻʤʢʦʩʪʽ ʪʘ ʟʤʽʥʦʶ ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʛʘʣʪʫʚʘʣʴʥʦʾ 

ʤʘʰʠʥʠ ʪʠʧʫ çTurbulaè ʟ ʜʦʜʘʪʢʦʚʦʶ ʨʫʭʦʤʦʶ ʣʘʥʢʦʶ ʧʦʚʟʫʥʦʤ. 

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʋ ʨʦʙʦʪʽ [8] ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʜʠʥ ʽʟ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ ʟʚʽʣʴʥʝʥʥʷ ʚʽʜ ʧʘʩʠʚʥʦʛʦ ʟʚôʷʟʢʫ 

ʧʨʦʩʪʦʨʦʚʦʛʦ ʢʽʥʝʤʘʪʠʯʥʦʛʦ ʣʘʥʮʶʛʫ ʛʘʣʪʫʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʪʠʧʫ çTurbulaè, ʷʢʘ ʦʩʥʘʱʝʥʘ ʜʦʜʘʪʢʦʚʦʶ 

ʨʫʭʦʤʦʶ ʣʘʥʢʦʶ ʧʦʚʟʫʥʦʤ, ʷʢʠʡ ʢʽʥʝʤʘʪʠʯʥʦ ʟôʻʜʥʘʥʠʡ ʟ ʚʝʜʝʥʠʤ ʚʘʣʦʤ. ʄʦʜʝʣʴ ʤʘʰʠʥʠ ʟ ʜʦʜʘʪʢʦʚʦʶ 

ʨʫʭʦʤʦʶ ʣʘʥʢʦʶ ʧʦʚʟʫʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. ʘ, ʢʽʥʝʤʘʪʠʯʥʘ ʩʭʝʤʘ ï ʥʘ ʨʠʩ. 1. ʙ. 

                     
ʘ      ʙ 

ʈʠʩ. 1. ʂʦʥʩʪʨʫʢʮʽʷ ʤʘʰʠʥʠ ʟ ʜʦʜʘʪʢʦʚʦʶ ʨʫʭʦʤʦʶ ʣʘʥʢʦʶ ʧʦʚʟʫʥʦʤ: ʘ ï ʤʦʜʝʣʴ ʤʘʰʠʥʠ, ʙ ï ʢʽʥʝʤʘʪʠʯʥʘ ʩʭʝʤʘ 
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ʇʨʦʩʪʦʨʦʚʠʡ ʤʝʭʘʥʽʟʤ ʤʘʰʠʥʠ ʤʽʩʪʠʪʴ ʩʪʘʥʠʥʫ 1, ʚʝʜʫʯʠʡ 2 ʪʘ ʚʝʜʝʥʠʡ 3 ʚʘʣʠ, ʧʨʠ ʯʦʤʫ, ʚʝʜʫʯʠʡ 

ʚʘʣ 2 ʚʩʪʘʥʦʚʣʝʥʠʡ ʚ ʧʽʜʰʠʧʥʠʢʦʚʽʡ ʦʧʦʨʽ, ʘ ʚʝʜʝʥʠʡ ʚʘʣ 3 ʢʽʥʝʤʘʪʠʯʥʦ ʟ'ʻʜʥʘʥʠʡ ʟ ʧʦʚʟʫʥʦʤ, ʷʢʠʡ ʨʫʭʦʤʦ, 

ʟ ʤʦʞʣʠʚʽʩʪʶ ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ, ʚʩʪʘʥʦʚʣʝʥʠʡ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʥʘʧʨʷʤʥʽʡ 5. ɺʝʜʫʯʠʡ 2 

ʪʘ ʚʝʜʝʥʠʡ 3 ʚʘʣʠ ʰʘʨʥʽʨʥʦ ʟ'ʻʜʥʘʥʽ ʜʨʫʛʠʤʠ ʢʽʥʮʷʤʠ ʟ ʚʝʜʫʯʦʶ 6 ʪʘ ʚʝʜʝʥʦʶ 7 ʚʠʣʢʘʤʠ ʚʽʜʧʦʚʽʜʥʦ, 

ʜʽʘʤʝʪʨʘʣʴʥʦ ʚʟʘʻʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽ ʚʽʩʽ ʷʢʠʭ 8 ʪʘ 9 ʻ ʚʽʩʷʤʠ ʢʨʽʧʣʝʥʥʷ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ 10. 

ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʨʘʥʽʰʝ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ ʚʠʩʚʽʪʣʝʥʽ ʫ ʨʦʙʦʪʽ [6] ʙʫʣʠ ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʙʘʟʦʚʽ 

ʧʦʣʦʞʝʥʥʷ ʫʪʚʦʨʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʝʞʠʤʫ ʨʫʭʫ ʨʦʙʦʯʦʛʦ ʤʘʩʠʚʫ ʚ ʩʝʨʝʜʠʥʽ ʻʤʢʦʩʪʝʡ, ʷʢʽ ʚʠʢʦʥʫʶʪʴ 

ʩʢʣʘʜʥʠʡ ʧʨʦʩʪʦʨʦʚʠʡ ʨʫʭ. ʋ ʨʦʙʦʪʽ [9] ʟʘʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʥʘ ʭʘʨʘʢʪʝʨ ʨʫʭʫ ʯʘʩʪʠʥʦʢ ʨʦʙʦʯʦʛʦ ʤʘʩʠʚʫ ʚ 

ʩʝʨʝʜʠʥʽ ʻʤʢʦʩʪʽ ʚʧʣʠʚʘʶʪʴ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʧʦʚʥʠʭ ʧʨʠʩʢʦʨʝʥʴ amaxA ʪʘ amaxB ʪʦʯʦʢ ɸ ʪʘ ɺ, ʱʦ 

ʨʦʟʪʘʰʦʚʘʥʽ ʫ ʮʝʥʪʨʽ ʦʩʥʦʚ ʻʤʢʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦʛʦ ʤʘʩʰʪʘʙʥʦʛʦ ʪʠʧʦʨʦʟʤʽʨʫ n, ʘ ʪʘʢʦʞ ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ 

ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ ɤʚʝʜʫʯ. ʋ [10] ʟʘʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʧʝʨʝʭʽʜ ʜʦ ʚʽʣʴʥʦʛʦ ʧʦʣʴʦʪʫ ʯʘʩʪʠʥʦʢ ʨʦʙʦʯʦʛʦ ʤʘʩʠʚʫ 

ʙʫʜʝ ʨʦʟʧʦʯʠʥʘʪʠʩʷ ʫ ʪʦʡ ʤʦʤʝʥʪ, ʢʦʣʠ ʤʘʢʩʠʤʘʣʴʥʝ ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʪʦʨʮʷ ʻʤʢʦʩʪʽ amaxA (amaxB), 

ʜʝ ʩʢʦʥʮʝʥʪʨʦʚʘʥʠʡ ʨʦʙʦʯʠʡ ʤʘʩʠʚ, ʩʪʘʥʝ ʧʝʨʝʚʠʱʫʚʘʪʠ ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ g. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʽ ʧʨʠʩʢʦʨʝʥʴ ʪʦʨʮʽʚ ʻʤʢʦʩʪʽ amaxA ʪʘ amaxB ʪʘʢʦʞ ʙʫʜʫʪʴ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ɚ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʽʜʥʦʰʝʥʥʷ ʤʽʞʦʩʴʦʚʦʾ ʜʦʚʞʠʥʠ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ lʈɭ ʜʦ 

ʤʽʞʦʩʴʦʚʦʾ ʜʦʚʞʠʥʠ ʚʝʜʫʯʦʾ ʯʠ ʚʝʜʝʥʦʾ ʚʠʣʦʢ lɺ:  

ɚ = lʈɭ / lɺ .        (1) 

ɸʥʘʣʽʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʛʘʣʪʫʚʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ ʟ ʜʦʜʘʪʢʦʚʦʶ ʨʫʭʦʤʦʶ ʣʘʥʢʦʶ ʧʦʚʟʫʥʦʤ  

ʚʠʢʦʥʫʚʘʣʠ ʟ ʢʦʤʧʣʝʢʩʥʠʤ ʫʨʘʭʫʚʘʥʥʷʤ ʪʨʴʦʭ ʧʘʨʘʤʝʪʨʽʚ, ʘ ʩʘʤʝ: ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ 

ɤʚʝʜʫʯ, ʤʘʩʰʪʘʙʥʦʛʦ ʪʠʧʦʨʦʟʤʽʨʫ ʢʦʥʩʪʨʫʢʮʽʾ n, ʢʦʝʬʽʮʽʻʥʪʫ ɚ. ɯʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʉɸʇʈ SolidWorks 

ʚʠʢʦʥʫʚʘʣʠ ʢʽʥʝʤʘʪʠʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧôʷʪʠ ʤʘʩʰʪʘʙʥʠʭ ʪʠʧʦʨʦʟʤʽʨʽʚ (n=1; 1,5; 2; 3,5; 4) ʤʘʰʠʥʠ, 

ʚʨʘʭʦʚʫʶʯʠ ʟʤʽʥʫ ʢʦʝʬʽʮʽʻʥʪʫ ɚ (ɚ=1,4; 1,6; 1,8; 2,0). ɿʘ çʙʘʟʦʚʠʡ ʪʠʧʦʨʦʟʤʽʨè (n=1, ɚ=1,0) ʙʫʣʦ ʧʨʠʡʥʷʪʦ 

ʤʘʰʠʥʫ ʟ ʪʘʢʠʤʠ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: lʈɭ = lɺ = 0,077 ʤ, ʜʽʘʤʝʪʨ ʻʤʥʦʩʪʽ dʈɭ = 0,095 ʤ.  

ʋ ʪʘʙʣʠʮʷʭ 1 ï 4 ʥʘʚʝʜʝʥʽ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʧʦʚʥʠʭ ʧʨʠʩʢʦʨʝʥʴ amaxA ʪʘ amaxB ʜʣʷ 5-ʪʠ 

ʪʠʧʦʨʦʟʤʽʨʽʚ ʛʘʣʪʫʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʢʫʪʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʟʤʽʥʠ ʢʦʝʬʽʮʽʻʥʪʫ ɚ. ʆʪʨʠʤʘʥʽ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʧʦʚʥʠʭ ʧʨʠʩʢʦʨʝʥʴ ʪʦʨʮʽʚ ʻʤʢʦʩʪʽ ʙʫʣʦ ʘʧʨʦʢʩʠʤʦʚʘʥʦ 

ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʽʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʢʚʘʜʨʘʪʠʯʥʦʾ ʬʫʥʢʮʽʾ. ʅʘ ʨʠʩ. 2 ï ʨʠʩ. 5 ʧʨʝʜʩʪʘʚʣʝʥʦ ʚʽʜʧʦʚʽʜʥʽ ʛʨʘʬʽʯʥʽ 

ʟʘʣʝʞʥʦʩʪʽ. 

ʊʘʙʣʠʮʷ 1 

ɤ
ʚ
ʝ
ʜ
ʫ
ʯ

, 

[
ʨ
ʘ
ʜ
/
ʩ
]

 ʄʘʩʰʪʘʙʥʠʡ ʢʦʝʬʽʮʽʻʥʪ n, ʧʨʠ ɚ=1,4 

n=1 n=1,5 n=2 n=3,5 n=4 

amaxA(1) amaxB(1) amaxA(1,5) amaxB(1,5) amaxA(2) amaxB(2) amaxA(3,5) amaxB(3,5) amaxA(4) amaxB(4) 

ʄʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʧʨʠʩʢʦʨʝʥʴ [ʤ/ʩ2] 

1,1 0,27 0,38 0,4 0,6 0,6 0,8 1 1,3 1,1 1,5 

2,1 1,1 1,5 1,7 2,2 2,3 3 4 5,3 4,6 6 

3,2 2,6 3,4 3,9 5,1 5,1 6,8 9,1 11,9 10,3 13,5 

4,2 4,6 6 6,9 9 9,1 12 16,1 21,2 18,3 24 

5,3 7,2 9,4 10,7 14,1 14,3 18,8 25,2 33,2 28,7 37,6 

6,3 9,8 13,5 15,4 20,3 20,6 27 36,3 47,8 41,4 54,1 

7,4 14 18,9 21 27,7 28 36,9 49,4 65 56 73,8 

 

 
ʈʠʩ. 2. ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʧʨʠʩʢʦʨʝʥʴ amaxA ʪʘ amaxB ʚʽʜ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ɤʚʝʜʫʯ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ 

ʧʨʠ ʢʦʝʬʽʮʽʻʥʪʽ ɚ=1,4 

 

ʊʘʙʣʠʮʷ 2 

 ɤ
ʚ
ʝ
ʜ
ʫ
ʯ

, 

[
ʨ
ʘ
ʜ
/
ʩ
]

 ʄʘʩʰʪʘʙʥʠʡ ʢʦʝʬʽʮʽʻʥʪ n, ʧʨʠ ɚ=1,6 

n=1 n=1,5 n=2 n=3,5 n=4 

amaxA(1) amaxB(1) amaxA(1,5) amaxB(1,5) amaxA(2) amaxB(2) amaxA(3,5) amaxB(3,5) amaxA(4) amaxB(4) 

ʄʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʧʨʠʩʢʦʨʝʥʴ [ʤ/ʩ2] 

1,1 0,3 0,5 0,5 0,7 0,7 1 1,2 1,7 1,4 2 
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2,1 1,3 1,9 2,1 2,9 2,8 3,9 4,7 6,7 5,6 7,9 

3,2 3 4,3 4,7 6,7 6,2 8,9 10,7 15,1 12,6 17,7 

4,2 5,4 7,6 8,4 11,8 11,1 15,8 19 26,8 22,4 31,5 

5,3 8,4 11,9 13,1 18,5 17,5 24,7 29,6 41,9 35,1 49,4 

6,3 12,1 17,1 18,8 26,7 25,2 35,5 42,7 60,4 50,2 71,1 

7,4 16,5 23,3 25,7 36,4 34,2 48,5 58,1 82,1 68,4 97 

 
ʈʠʩ. 3. ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʧʨʠʩʢʦʨʝʥʴ amaxA ʪʘ amaxB ʚʽʜ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ɤʚʝʜʫʯ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ 

ʧʨʠ ʢʦʝʬʽʮʽʻʥʪʽ ɚ=1,6 

 

ʊʘʙʣʠʮ̫ 3 

 ɤ
ʚ
ʝ
ʜ
ʫ
ʯ

, 

[
ʨ
ʘ
ʜ
/
ʩ
]

 ʄʘʩʰʪʘʙʥʠʡ ʢʦʝʬʽʮʽʻʥʪ n, ʧʨʠ ɚ=1,8 

n=1 n=1,5 n=2 n=3,5 n=4 

amaxA(1) amaxB(1) amaxA(1,5) amaxB(1,5) amaxA(2) amaxB(2) amaxA(3,5) amaxB(3,5) amaxA(4) amaxB(4) 

ʄʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʧʨʠʩʢʦʨʝʥʴ [ʤ/ʩ2] 

1,1 0,4 0,6 0,6 0,9 0,8 1,2 1,4 2,2 1,6 2,5 

2,1 1,7 2,4 2,5 3,6 3,3 5 5,7 8,7 6,7 9,9 

3,2 3,8 5,5 5,6 8,4 7,4 11,3 12,8 19,6 14,9 22,4 

4,2 6,7 9,8 10 14,9 13,2 19,9 22,8 34,9 24,5 39,8 

5,3 10,4 15,5 15,5 23,4 20,7 31,1 35,6 54,5 41,6 62,3 

6,3 14,9 22,3 22,3 33,6 29,8 44,7 51,2 78,5 59,5 89,6 

7,4 20,3 30,4 30,4 45,9 40,5 61,1 69,7 106,9 81,1 122,2 

 

 
ʈʠʩ. 4. ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʧʨʠʩʢʦʨʝʥʴ amaxA ʪʘ amaxB ʚʽʜ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ɤʚʝʜʫʯ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ 

ʧʨʠ ʢʦʝʬʽʮʽʻʥʪʽ ɚ=1,8 

 

ʊʘʙʣʠʮʷ 4 

 ɤ
ʚ
ʝ
ʜ
ʫ
ʯ

, 

[
ʨ
ʘ
ʜ
/
ʩ
]

 ʄʘʩʰʪʘʙʥʠʡ ʢʦʝʬʽʮʽʻʥʪ n, ʧʨʠ ɚ=2,0 

n=1 n=1,5 n=2 n=3,5 n=4 

amaxA(1) amaxB(1) amaxA(1,5) amaxB(1,5) amaxA(2) amaxB(2) amaxA(3,5) amaxB(3,5) amaxA(4) amaxB(4) 

ʄʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʧʨʠʩʢʦʨʝʥʴ [ʤ/ʩ2] 

1,1 0,5 0,8 0,7 1,1 1 1,5 1,7 2,8 1,9 3 

2,1 1,9 3,2 2,9 4,5 3,9 6,1 6,8 11,2 7,7 12,1 

3,2 4,3 7,1 6,5 10,3 8,6 13,8 15,3 25,2 17,3 27,3 

4,2 7,7 12,7 11,6 18,2 15,3 24,3 27,2 44,7 30,7 48,6 

5,3 12,1 19,8 17,9 28,5 24 38 42,5 69,9 48,1 76,1 

6,3 17,3 28,5 25,8 41,1 34,5 54,6 61,2 100,4 68,9 109,5 

7,4 23,6 38,8 35,2 56,1 47 74,7 83,3 137 93,9 149,4 
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ʇʽʩʣʷ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʫ ʪʘʙʣʠʮʷʭ ʪʘ ʥʘ ʨʠʩ. 2 ï ʨʠʩ. 5 ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠʨʽʩʪ ʧʨʠʩʢʦʨʝʥʴ 

amaxA ʪʘ amaxB ʚʜ̔ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ɤʚʝʜʫʯ ʤʘʰʠʥʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʢʚʘʜʨʘʪʠʯʥʦʶ ʟʘʣʝʞʥʽʩʪʶ, 

ʟʘ ʜʦʧʦʤʦʛʦʶ Microsoft Excel ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʚʽʜʧʦʚʽʜʥʽ ʬʫʥʢʮʽʾ (ʨʠʩ. 2). ɿʥʘʯʝʥʥʷ ʧʨʠʩʢʦʨʝʥʴ amaxA ʪʘ amaxB 

ʪʘʢʦʞ ʟʘʣʝʞʘʪʴ ʚʽʜ ʟʤʽʥʠ ʢʦʝʬʽʮʽʻʥʪʫ ɚ, ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʚʽʜʧʦʚʽʜʥʫ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʮʠʤʠ ʜʚʦʤʘ 

ʧʘʨʘʤʝʪʨʘʤʠ.  

 
ʈʠʩ. 5. ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʧʨʠʩʢʦʨʝʥʴ amaxA ʪʘ amaxB ʚʽʜ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ɤʚʝʜʫʯ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ 

ʧʨʠ ʢʦʝʬʽʮʽʻʥʪʽ ɚ=2,0 

 

ɺ ʨʝʟʫʣʴʪʘʪʽ, ʜʣʷ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ, ʦʪʨʠʤʘʥʦ ʟʘʛʘʣʴʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʚʠʨʘʟʠ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʠʭ ʧʨʠʩʢʦʨʝʥʴ amaxA ʪʘ amaxB ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʤʽʥʠ ʢʦʝʬʽʮʽʻʥʪʽʚ n ʪʘ ɚ: 

;)4,0(23,0 1,12

max -= lwʚʝʜʫʯɸA na      (3) 

.)4,0(33,0 5,12

max -= lwʚʝʜʫʯɺB na      (4) 

ʈʘʥʽʰʝ ʧʨʦʚʝʜʝʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʫ ʨʦʙʦʪʽ [3] ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʫʤʦʚʠ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʟʤʽʥʫ 

ʨʝʞʠʤʽʚ ʨʫʭʫ ʨʦʙʦʯʦʛʦ ʤʘʩʠʚʫ ʚ ʩʝʨʝʜʠʥʽ ʻʤʢʦʩʪʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʫʤʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʫ 

ʨʦʙʦʪʘʭ [3, 4, 6], ʟʘʧʠʰʝʤʦ ʨʽʚʥʷʥʥʷ (3) ʪʘ (4), ʚʠʨʘʟʠʚʰʠ ʟ ʥʠʭ ʟʥʘʯʝʥʥʷ ɤʚʝʜʫʯ: 

;
)4,0(23,0 1,1-

=
l

xw
n

g
ʚʝʜʫʯA

     (5) 

,
)4,0(33,0 5,1-

=
l

xw
n

g
ʚʝʜʫʯB

     (6) 

ʜʝ ɝ ī ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʯʘʩʪʠʥʽ ʨʦʙʦʯʦʛʦ ʤʘʩʠʚʫ, ʷʢʠʡ ʟʤʦʞʝ ʧʝʨʝʡʪʠ ʜʦ ʩʪʘʥʫ ʚʽʣʴʥʦʛʦ ʧʦʣʴʦʪʫ.  

ʇʨʠ ɝ=0,5 ʧʝʨʝʡʪʠ ʜʦ ʩʪʘʥʫ ʚʽʣʴʥʦʛʦ ʧʦʣʴʦʪʫ ʟʤʦʞʝ ʧʨʠʙʣʠʟʥʦ ʧʦʣʦʚʠʥʘ ʨʦʙʦʯʦʛʦ ʤʘʩʠʚʫ, 

ʚʽʜʧʦʚʽʜʥʦ, ʟʘ ʚʠʨʘʟʘʤʠ (5), (6) ʤʦʞʥʘ ʙʫʜʝ ʨʦʟʨʘʭʫʚʘʪʠ ʢʫʪʦʚʫ ʰʚʠʜʢʽʩʪʴ ʚʝʜʫʯʦʛʦ ʚʘʣʫ, ʧʨʠ ʷʢʦʤʫ ʚ 

ʩʝʨʝʜʠʥʽ ʻʤʢʦʩʪʽ ʧʦʯʥʫʪʴ ʨʝʘʣʽʟʫʚʘʪʠʩʷ ʧʝʨʰʽ ʦʟʥʘʢʠ ʟʤʽʰʘʥʦʛʦ ʨʝʞʠʤʫ ʨʫʭʫ. ʇʨʠ ɝ=1 ʚʝʩʴ ʨʦʙʦʯʠʡ ʤʘʩʠʚ 

ʟʤʦʞʝ ʧʝʨʝʡʪʠ ʜʦ ʩʪʘʥʫ ʚʽʣʴʥʦʛʦ ʧʦʣʴʦʪʫ, ʦʪʞʝ, ʟʘ ʚʠʨʘʟʘʤʠ (5) ʪʘ (6) ʤʦʞʥʘ ʟʜʽʡʩʥʠʪʠ ʨʦʟʨʘʭʫʥʦʢ ʢʫʪʦʚʦʾ 

ʰʚʠʜʢʦʩʪʽ ʚʝʜʫʯʦʛʦ ʚʘʣʫ, ʧʨʠ ʷʢʦʤʫ ʚ ʩʝʨʝʜʠʥʽ ʻʤʢʦʩʪʽ ʧʦʯʥʫʪʴ ʨʝʘʣʽʟʫʚʘʪʠʩʷ ʧʝʨʰʽ ʦʟʥʘʢʠ ʚʦʜʦʩʧʘʜʥʦʛʦ 

ʨʝʞʠʤʫ ʨʫʭʫ. 

ɯʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʚʠʨʘʟʽʚ (5) ʪʘ (6) ʨʦʟʨʘʭʦʚʘʥʦ ʛʨʘʥʠʯʥʽ ʟʥʘʯʝʥʥʷ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚʝʜʫʯʦʛʦ ʚʘʣʫ 

ʤʘʰʠʥʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʤʽʥʽ ʨʝʞʠʤʽʚ ʨʫʭʫ ʨʦʙʦʯʦʛʦ ʤʘʩʠʚʫ ʚ ʩʝʨʝʜʠʥʽ ʻʤʥʦʩʪʝʡ ʤʘʰʠʥ ʽʟ ʚʽʜʧʦʚʽʜʥʠʤ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ɚ. ʈʦʟʨʘʭʦʚʘʥʽ ʛʨʘʥʠʯʥʽ ʟʥʘʯʝʥʥʷ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʪʘʙʣʠʮʷʭ 5ï8. 

 

ʊʘʙʣʠʮʷ 5 

ɤʚʝʜʫʯ, [ʨʘʜ/ʩ] 

n=1 

ɤʚʝʜʫʯ, [ʨʘʜ/ʩ] 

n=1,5 

ɤʚʝʜʫʯ, [ʨʘʜ/ʩ] 

n=2 

ɤʚʝʜʫʯ, [ʨʘʜ/ʩ] 

n=3,5 

ɤʚʝʜʫʯ, [ʨʘʜ/ʩ] 

n=4 

ʈʝʞʠʤ ʨʫʭʫ ʨʦʙʦʯʦʛʦ 

ʤʘʩʠʚʫ, ʧʨʠ ɚ=1,4 

0 ï 3,8 0 ï 3  0 ï 2,6 0 ï 2  0 ï 1,8 ʂʘʩʢʘʜʥʠʡ 

3,9 ï 6,5 3,1 ï 5,3 2,7 ï 4,6 2,1 ï 3,5 1,9 ï 3,3 ɿʤʽʰʘʥʠʡ  

6,6< 5,4< 4,7< 3,6< 3,4< ɺʦʜʦʩʧʘʜʥʠʡ 

 

ʊʘʙʣʠʮʷ 9 

ɤʚʝʜʫʯ, [ʨʘʜ/ʩ] 

n=1 

ɤʚʝʜʫʯ, [ʨʘʜ/ʩ] 

n=1,5 

ɤʚʝʜʫʯ, [ʨʘʜ/ʩ] 

n=2 

ɤʚʝʜʫʯ, [ʨʘʜ/ʩ] 

n=3,5 

ɤʚʝʜʫʯ, [ʨʘʜ/ʩ] 

n=4 

ʈʝʞʠʤ ʨʫʭʫ ʨʦʙʦʯʦʛʦ 

ʤʘʩʠʚʫ, ʧʨʠ ɚ=1,6 

0 ï 3,3 0 ï 2,6 0 ï 2,3 0 ï 1,7 0 ï 1,5 ʂʘʩʢʘʜʥʠʡ 

3,4 ï 5,9 2,7 ï 4,8 2,4 ï 4,2 1,8 ï 3,2 1,6 ï 3 ɿʤʽʘhʥʠʡ  

6< 4,9< 4,3< 3,3< 3,1< ɺʦʜʦʩʧʘʜʥʠʡ 
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ʊʘʙʣʠʮʷ 7 

ɤʚʝʜʫʯ, [ʨʘʜ/ʩ] 

n=1 

ɤʚʝʜʫʯ, [ʨʘʜ/ʩ] 

n=1,5 

ɤʚʝʜʫʯ, [ʨʘʜ/ʩ] 

n=2 

ɤʚʝʜʫʯ, [ʨʘʜ/ʩ] 

n=3,5 

ɤʚʝʜʫʯ, [ʨʘʜ/ʩ] 

n=4 

ʈʝʞʠʤ ʨʫʭʫ ʨʦʙʦʯʦʛʦ 

ʤʘʩʠʚʫ, ʧʨʠ ɚ=1,8 

0 ï 2,9 0 ï 2,3 0 ï 2  0 ï 1,5 0 ï 1,4 ʂʘʩʢʘʜʥʠʡ 

3 ï 5,4 2,4 ï 4,4 2,1 ï 3,8 1,6 ï 2,9 1,5 ï 2,7 ɿʤʽʰʘʥʠʡ  

5,5< 4,5< 3,9< 3< 2,8< ɺʦʜʦʩʧʘʜʥʠʡ 

 

ʊʘʙʣʠʮʷ 8 

ɤʚʝʜʫʯ, [ʨʘʜ/ʩ] 

n=1 

ɤʚʝʜʫʯ, [ʨʘʜ/ʩ] 

n=1,5 

ɤʚʝʜʫʯ, [ʨʘʜ/ʩ] 

n=2 

ɤʚʝʜʫʯ, [ʨʘʜ/ʩ] 

n=3,5 

ɤʚʝʜʫʯ, [ʨʘʜ/ʩ] 

n=4 

ʈʝʞʠʤ ʨʫʭʫ ʨʦʙʦʯʦʛʦ 

ʤʘʩʠʚʫ, ʧʨʠ ɚ=2,0 

0 ï 2,6 0 ï 2,1 0 ï 1,8 0 ï 1,3 0 ï 1,3 ʂʘʩʢʘʜʥʠʡ 

2,7 ï 5 2,2 ï 4,1 1,9 ï 3,6 1,4 ï 2,7 1,4 ï 2,5 ɿʤʽʰʘʥʠʡ  

5,1< 4,2< 3,7< 2,8< 2,6< ɺʦʜʦʩʧʘʜʥʠʡ 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

1. ɼʣʷ ʛʘʣʪʫʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʟʽ ʩʢʣʘʜʥʠʤ ʨʫʭʦʤ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ, ʱʦ ʤʽʩʪʠʪʴ ʜʦʜʘʪʢʦʚʫ ʨʫʭʦʤʫ ʣʘʥʢʫ 

ʧʦʚʟʫʥ ʫ ʩʚʦʻʤʫ ʢʽʥʝʤʘʪʠʯʥʦʤʫ ʣʘʥʮʶʟʽ, ʚʩʪʘʥʦʚʣʝʥʦ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʟʤʽʥʦʶ ʨʝʞʠʤʽʚ ʨʫʭʫ ʨʦʙʦʯʦʛʦ 

ʤʘʩʠʚʫ, ʢʫʪʦʚʦʶ ʰʚʠʜʢʽʩʪʶ ʚʝʜʫʯʦʛʦ ʚʘʣʫ, ʤʘʩʰʪʘʙʥʠʤ ʪʠʧʦʨʦʟʤʽʨʦʤ ʪʘ ʚʽʜʥʦʰʝʥʥʷʤ ʤʽʞʦʩʴʦʚʦʾ ʚʽʜʩʪʘʥʽ 

ʻʤʢʦʩʪʽ ʜʦ ʤʽʞʦʩʴʦʚʦʾ ʚʽʜʩʪʘʥʽ ʚʠʣʦʢ. 

2. ʆʪʨʠʤʘʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʛʨʘʥʠʯʥʦʾ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚʝʜʫʯʦʛʦ ʚʘʣʫ 

ʛʘʣʪʫʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʪʠʧʫ çTurbulaè ʟ ʜʦʜʘʪʢʦʚʦʶ ʨʫʭʦʤʦʶ ʣʘʥʢʦʶ ʧʦʚʟʫʥʦʤ, ʷʢʘ ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ 

ʫʪʚʦʨʝʥʥʶ ʥʝʦʙʭʽʜʥʦʛʦ ʨʝʞʠʤʫ ʨʫʭʫ ʨʦʙʦʯʦʛʦ ʤʘʩʠʚʫ. 
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INFORMATION SYSTEM FOR MAINTAINING THE REGISTER OF CLIENTS OF THE BANK  

 
The information system (IS) is designed to collect, transmit, process, store, and provide information needs of users. An information 

system consists of people, equipment, processes, procedures, data, and operations. Today, many systems already exist and are being created, 
the purpose of which is simple management, and easy and accessible provision of all the necessary information that the user wants. Each 
information system is created to fulfill a given task in the field of its application. All of them are different, and unique, and have many 
different functions that can be not only useful but also sometimes redundant. An information system, in simple words, is a large reference 
book on a certain topic, but in an electronic version, in which any person can easily find what he needs without much effort. Therefore, the 
relevance of the article lies in the creation of a highly specialized, simple, and intuitive information system without overloading with 
unnecessary information, which in the future will be able to compete with already existing systems of a similar nature. The purpose of the 
article is a detailed study of the processes that take place at each stage of the development of an information system up to the moment of its 
software implementation, as well as the creation of such an information system that can be easily worked with without undue effort. An 
information system is also an important tool for performing management functions. Therefore, the study of the processes of creating an 
information system will take place on the example of creating an information system for maintaining a register of bank clients. The article 
outlines the tasks that must be completed to achieve the goal. Besides the article examines in detail the process of analysis and development 
of an information system in the form of conceptual and logical models. Also, for a better understanding of the processes, the research results 
are visually presented in the form of tables and diagrams. 

Keywords: information system, client-server web application, website, database, bank register. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ɺ ʯʘʩʠ, ʢʦʣʠ ʙʽʣʴʰʽʩʪʴ ʜʘʥʠʭ ʙʘʟʫʻʪʴʩʷ ʚ ʝʣʝʢʪʨʦʥʥʠʭ ʜʞʝʨʝʣʘʭ, ʚʠʥʠʢʘʻ ʪʘʢʘ ʧʨʦʙʣʝʤʘ, ʷʢ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʩʘʡʪʽʚ ʽʥʬʦʨʤʘʮʽʻʶ, ʚ ʷʢʽʡ ʚʘʞʢʦ ʦʨʽʻʥʪʫʚʘʪʠʩʴ ʽ ʟʥʘʭʦʜʠʪʠ ʪʝ, ʱʦ ʧʦʪʨʽʙʥʦ. ɼʦ ʪʦʛʦ ʞ, 

ʧʦʰʫʢ ʟʘʡʤʘʻ ʚʜʦʩʪʘʣʴ ʯʘʩʫ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʩʫʯʘʩʥʠʡ ʢʦʨʠʩʪʫʚʘʯ ʟʚʠʢ ʚʩʝ ʦʪʨʠʤʫʚʘʪʠ ʰʚʠʜʢʦ ʪʫʪ ʽ ʟʘʨʘʟ 

ʚʩʴʦʛʦ ʟʘ ʜʝʢʽʣʴʢʘ ʢʣʽʢʽʚ ʽ ʙʝʟ ʟʘʡʚʠʭ ʥʘʤʘʛʘʥʴ. 

 

ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ 

ʈʽʟʥʽ ʘʩʧʝʢʪʠ ʧʨʦʙʣʝʤ, ʧʦʚôʷʟʘʥʠʭ ʟ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʙʘʥʢʽʚʩʴʢʠʤʠ ʫʩʪʘʥʦʚʘʤʠ ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ ʫ ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ ʫʢʨʘʾʥʩʴʢʠʭ 

ʜʦʩʣʽʜʥʠʢʽʚ: ʊ.ɺ. ʉʽʯʢʦ, ʊ.ɺ. ʅʝʩʢʦʨʦʜʻʚʦʾ, ɯ.ʗ. ʂʘʨʯʝʚʦʾ, ʆ.ʖ. ʂʫʯʘʥʩʴʢʦʛʦ, ʅ. ɺ. ɻʨʝʙʝʥʶʢ, ʆ. ɻ. ɭʩʽʥʦʾ, 

ʊ.ɺ. ʄʘʡʦʨʦʚʦʾ ʪʘ ʽʥ. ɿʦʢʨʝʤʘ, ʚ ʜʦʩʣʽʜʞʝʥʥʷʭ ɯ.ʗ. ʂʘʨʯʝʚʦʾ, ɻ.ʊ. ʂʘʨʯʝʚʦʾ, ʊ.ɺ. ʄʘʡʦʨʦʚʦʾ ʽ ʄ.ɭ. ʊʨʫʜʦʚʦʾ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚʧʣʠʚ ʽʥʥʦʚʘʮʽʡ ʥʘ ʨʦʟʚʠʪʦʢ ʙʘʥʢʽʚʩʴʢʦʾ ʩʠʩʪʝʤʠ.  

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ 

ʄʝʪʘ ʨʦʙʦʪʠ ï ʜʝʪʘʣʴʥʝ ʚʠʚʯʝʥʥʷ ʝʪʘʧʽʚ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ (ʜʘʣʽ ɯʉ) ʥʘ ʦʩʥʦʚʽ 

ʨʦʟʨʦʙʢʠ ɯʉ ʨʝʻʩʪʨʫ ʢʣʽʻʥʪʽʚ ʙʘʥʢʫ, ʷʢʘ ʤʘʪʠʤʝ ʝʬʝʢʪʠʚʥʠʡ ʬʫʥʢʮʽʦʥʘʣ ʙʝʟ ʟʘʡʚʠʭ ʜʝʪʘʣʝʡ ʽ ʤʽʩʪʠʪʠʤʝ ʫʩʶ 

ʥʝʦʙʭʽʜʥʫ ʽʥʬʦʨʤʘʮʽʶ, ʜʦ ʷʢʦʾ ʤʦʞʥʘ ʙʫʜʝ ʰʚʠʜʢʦ ʽ ʣʝʛʢʦ ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ. 

ɼʣʷ ʟʜʽʡʩʥʝʥʥʷ ʟʘʟʥʘʯʝʥʦʾ ʤʝʪʠ ʩʣʫʞʘʪʴ ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ: 

1) ʬʦʨʤʫʚʘʥʥʷ ʽ ʘʥʘʣʽʟ ʚʠʤʦʛ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ɯʉ (ʢʦʥʮʝʧʪʫʘʣʴʥʝ ʧʨʦʻʢʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ); 

2) ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ (ʣʦʛʽʯʥʝ ʧʨʦʻʢʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ). 

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʈʦʟʛʣʷʥʝʤʦ ʢʦʞʝʥ ʝʪʘʧ ʩʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʜʝʪʘʣʴʥʽʰʝ. ʇʝʨʰʠʤ ʝʪʘʧʦʤ ʚʠʩʪʫʧʘʻ 

ʬʦʨʤʫʚʘʥʥʷ ʽ ʘʥʘʣʽʟ ʚʠʤʦʛ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ɯʉ. 

https://doi.org/10.31891/2307-5732-2023-317-1-94-99
https://orcid.org/0000-0000-0000-0000
mailto:zeloksanavlad@gmail.com


 ˟̨̨̖̘̆̎̎ ̎́̔̋̉ ISSN 2307-5732 
 

ˏ̨̒̎̉̋ ˢ̝̗̝̍̆̌̎̉̋̏̄̏ ̨̗̝̎́̏̎́̌̎̏̄̏ ̨̔̎̃̆̑̒̉̓̆̓̔, ˟ ̏̍ υȟ Τ1, 2023 (317) 95 

ʂʦʥʮʝʧʪʫʘʣʴʥʘ (ʘʥʘʣʽʪʠʯʥʘ) ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ ʚʚʘʞʘʻʪʴʩʷ ʧʝʨʰʠʤ ʢʨʦʢʦʤ ʜʦ ʤʦʜʝʣʽ ʧʨʦʝʢʪʫʚʘʥʥʷ, 

ʪʦʙʪʦ ʩʣʫʞʠʪʴ ʚʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ.  ʄʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʽʣʴʰʝ 

ʬʦʨʤʘʣʽʟʤʫ ʪʘ ʘʥʘʣʽʟʫʚʘʪʠ ʚʥʫʪʨʽʰʥʽ ʤʝʭʘʥʽʟʤʠ ʩʠʩʪʝʤʠ, ʜʝʢʦʤʧʦʟʫʶʯʠ ʾʾ ʥʘ ʙʽʣʴʰ ʜʨʽʙʥʽ ʝʣʝʤʝʥʪʠ, ʪʦʙʪʦ 

ʚʠʟʥʘʯʘʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʩʠʩʪʝʤʠ ʘʙʦ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʦʪʦʯʫʶʪʴ ʩʠʩʪʝʤʫ [2, ʩ. 37]. ʇʨʘʚʠʣʴʥʦ ʨʦʟʨʦʙʣʝʥʘ 

ʢʦʥʮʝʧʪʫʘʣʴʥʘ ʤʦʜʝʣʴ ʙʘʟʠ ʜʘʥʠʭ ʤʘʻ ʧʽʜʪʨʠʤʫʚʘʪʠ ʚʩʽ ʫʷʚʣʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ.  

ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ: 

1) ʚʠʟʥʘʯʠʪʠ ʩʫʪʥʦʩʪʽ, ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʷʢʽ ʟʙʝʨʽʛʘʪʠʤʝ ɹɼ; 

2) ʚʠʟʥʘʯʠʪʠ ʟʚôʷʟʢʠ ʤʽʞ ʩʫʪʥʦʩʪʷʤʠ, ʾʭʥʽʡ ʪʠʧ, ʦʙʤʝʞʝʥʥʷ ʽ ʥʘʚʝʩʪʠ ʦʧʠʩ; 

3) ʚʽʜʦʙʨʘʟʠʪʠ ʨʝʟʫʣʴʪʘʪʠ ʫ ʛʨʘʬʽʯʥʦʤʫ ʚʠʛʣʷʜʽ (ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʽʘʛʨʘʤʠ ʧʨʝʮʝʜʝʥʪʽʚ, ER-ʜʽʘʛʨʘʤʠ, ʩʭʝʤʠ 

IDEF0). 

ɯʉ ʚʝʜʝʥʥʷ ʨʝʻʩʪʨʫ ʢʣʽʻʥʪʽʚ ʙʘʥʢʽʚʩʴʢʦʾ ʫʩʪʘʥʦʚʠ ʧʝʨʝʜʙʘʯʘʻ ʫ ʩʦʙʽ ʥʘʩʪʫʧʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ 

ʤʦʞʣʠʚʦʩʪʽ: 

¶ ʩʪʚʦʨʝʥʥʷ, ʚʝʜʝʥʥʷ ʽ ʟʙʝʨʽʛʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʢʣʽʻʥʪʘ ʙʘʥʢʫ; 

¶ ʧʦʰʫʢ ʜʘʥʠʭ ʧʨʦ ʢʣʽʻʥʪʽʚ; 

¶ ʘʥʘʣʽʟ ʽ ʟʙʽʨ ʩʪʘʪʠʩʪʠʢʠ ʧʦ ʢʣʽʻʥʪʘʤ; 

¶ ʘʚʪʦʨʠʟʘʮʽʷ ʫ ʩʠʩʪʝʤʫ ʷʢ ʧʨʘʮʽʚʥʠʢʫ ʙʘʥʢʽʚʩʴʢʦʾ ʫʩʪʘʥʦʚʠ, ʪʘʢ ʽ ʢʣʽʻʥʪʫ ʙʘʥʢʫ; 

¶ ʧʝʨʝʛʣʷʜ ʽ ʤʦʞʣʠʚʽʩʪʴ ʩʘʤʦʩʪʽʡʥʦʾ ʟʤʽʥʠ ʜʘʥʠʭ ʢʣʽʻʥʪʘ, ʙʝʟ ʜʦʧʦʤʦʛʠ ʧʨʘʮʽʚʥʠʢʘ ʙʘʥʢʫ.  

ɼʣʷ ʨʽʰʝʥʥʷ ʮʠʭ ʟʘʜʘʯ ʫ ʜʦʜʘʪʢʫ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ: 

¶ ʬʦʨʤʫ ʘʚʪʦʨʠʟʘʮʽʾ ʫ ʩʠʩʪʝʤʫ; 

¶ ʟʚʽʪ ʽʟ ʦʩʦʙʠʩʪʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʢʣʽʻʥʪʘ ʫ ʦʩʦʙʠʩʪʦʤʫ ʢʘʙʽʥʝʪʽ; 

¶ ʬʦʨʤʫ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʢʘʨʪʢʠ ʢʣʽʻʥʪʘ; 

¶ ʧʦʣʝ ʜʣʷ ʧʦʰʫʢʫ ʜʘʥʠʭ ʧʨʦ ʧʝʚʥʦʛʦ ʢʣʽʻʥʪʘ ʫ ʨʝʻʩʪʨʽ; 

¶ ʟʚʽʪ ʧʦ ʟʥʘʡʜʝʥʽʡ ʽʥʬʦʨʤʘʮʽʾ ʫ ʨʝʻʩʪʨʽ ʚʥʘʩʣʽʜʦʢ ʧʦʰʫʢʫ; 

¶ ʟʚʽʪ ʧʦ ʘʥʘʣʽʟʫ ʢʣʽʻʥʪʽʚ ʧʨʘʮʽʚʥʠʢʦʤ. 

ʈʦʟʨʦʙʣʶʚʘʥʘ ɯʉ ʤʘʻ ʢʣʽʻʥʪ-ʩʝʨʚʝʨʥʫ ʘʨʭʽʪʝʢʪʫʨʫ. ʗʢ ʤʦʞʥʘ ʟʨʦʟʫʤʽʪʠ, ʚ ʜʘʥʽʡ ʢʦʥʮʝʧʮʽʾ ʧʨʠʡʤʘʶʪʴ 

ʫʯʘʩʪʴ ʜʚʽ ʩʪʦʨʦʥʠ: ʢʣʽʻʥʪ ʽ ʩʝʨʚʝʨ. ʊʘʢʠʡ ʨʦʟʧʦʜʽʣ ʜʦʮʽʣʴʥʠʡ, ʦʩʢʽʣʴʢʠ ʩʝʨʚʝʨʠ ʧʦʪʨʽʙʥʽ ʜʣʷ ʧʦʩʪʘʯʘʥʥʷ 

ʧʝʚʥʠʭ ʧʦʩʣʫʛ (ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʥʘʜʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ), ʘ ʢʣʽʻʥʪʩʴʢʽ ʢʦʤʧôʶʪʝʨʠ ʚʠʩʪʫʧʘʶʪʴ ʾʭ ʩʧʦʞʠʚʘʯʘʤʠ. 

ɺ ʷʢʦʩʪʽ ʢʣʽʻʥʪʘ ʟʘʟʚʠʯʘʡ ʚʠʩʪʫʧʘʻ ʙʨʘʫʟʝʨ, ʘ ʚ ʷʢʦʩʪʽ ʩʝʨʚʝʨʘ, ʥʘʧʨʠʢʣʘʜ, MySQL ʩʝʨʚʝʨ. ɺ ʦʩʥʦʚʽ ʚʟʘʻʤʦʜʽʾ 

ʢʣʽʻʥʪʘ ʽ ʩʝʨʚʝʨʘ ʣʝʞʠʪʴ ʧʨʠʥʮʠʧ ʪʦʛʦ, ʱʦ ʚʟʘʻʤʦʜʽʶ ʟʘʚʞʜʠ ʧʦʯʠʥʘʻ ʢʣʽʻʥʪ, ʘ ʩʝʨʚʝʨ ʣʠʰʝ ʡʦʤʫ ʚʽʜʧʦʚʽʜʘʻ 

[3].  

ʇʝʨʝʚʘʛʦʶ ʪʘʢʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʻ: ʨʦʟʜʽʣʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ ʢʣʽʻʥʪʩʴʢʦʾ ʪʘ ʩʝʨʚʝʨʥʦʾ 

ʯʘʩʪʠʥ, ʧʽʜʪʨʠʤʢʘ ʙʘʛʘʪʦʢʦʨʠʩʪʫʚʘʮʴʢʦʾ ʨʦʙʦʪʠ, ʛʘʨʘʥʪʽʷ ʮʽʣʽʩʥʦʩʪʽ ʜʘʥʠʭ ʪʘ ʥʘʷʚʥʽʩʪʴ ʤʝʭʘʥʽʟʤʽʚ ʢʝʨʫʚʘʥʥʷ 

ʧʨʘʚʘʤʠ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʽʚ ʩʝʨʚʝʨʘ. 

ʋ ɯʉ, ʷʢʘ ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʫ ʜʘʥʽʡ ʨʦʙʦʪʽ, ʢʣʽʻʥʪʩʴʢʦʶ ʯʘʩʪʠʥʦʶ ʻ ʙʨʘʫʟʝʨ ʽʟ ʽʥʪʫʾʪʠʚʥʦ ʧʨʦʩʪʠʤ ʽ 

ʟʨʦʟʫʤʽʣʠʤ ʽʥʪʝʨʬʝʡʩʦʤ, ʷʢʠʡ ʦʪʨʠʤʫʻ ʟʘʧʠʪʠ ʚʽʜ ʢʦʨʠʩʪʫʚʘʯʘ (ʷʢʠʡ ʚʚʦʜʠʪʴ ʜʘʥʽ ʫ ʧʦʣʝ ʧʦʰʫʢʫ, ʬʦʨʤʫʻ 

ʢʣʽʻʥʪʩʴʢʫ ʢʘʨʪʢʫ, ʘʚʪʦʨʠʟʫʻʪʴʩʷ ʫ ʩʠʩʪʝʤʽ ʪʦʱʦ), ʛʝʥʝʨʫʻ ʮʽ ʟʘʧʠʪʠ ʜʦ ɹɼ ʥʘ ʤʦʚʽ SQL ʪʘ ʚʽʜʧʨʘʚʣʷʻ ʾʭ ʥʘ 

ʩʝʨʚʝʨ. ʉʝʨʚʝʨʥʘ ʞ ʯʘʩʪʠʥʘ ɯʉ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʦʪʨʠʤʘʥʥʷ ʽ ʦʙʨʦʙʢʫ ʟʘʧʠʪʽʚ ʜʦ ɹɼ (ʧʝʨʝʚʽʨʢʘ ʣʦʛʽʥʫ ʽ ʧʘʨʦʣʶ 

ʜʣʷ ʚʭʦʜʫ, ʦʙʨʦʙʢʘ ʜʘʥʠʭ ʧʨʦ ʨʝʻʩʪʨʘʮʽʶ ʥʦʚʦʛʦ ʢʣʽʻʥʪʘ, ʦʙʨʦʙʢʘ ʜʘʥʠʭ ʧʨʠ ʧʦʰʫʢʫ ʪʦʱʦ) ʽ ʧʝʨʝʜʘʯʫ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʟʘʜ ʜʦ ʢʣʽʻʥʪʘ. 

ʑʦʜʦ ʤʝʨʝʞʝʚʦʾ ʤʦʜʝʣʽ, ʪʦ ʜʘʥʘ ɯʉ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʣʽʥʽʡʥʦʾ ʤʝʨʝʞʝʚʦʾ ʪʦʧʦʣʦʛʽʾ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʥʝ ʤʘʻ 

ʩʢʣʘʜʥʦʾ ʩʪʨʫʢʪʫʨʠ. ʇʨʠʟʥʘʯʝʥʥʷ ɯʉ ï ʥʘʜʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʫ ʚʽʜʧʦʚʽʜʽ ʥʘ ʡʦʛʦ ʟʘʧʠʪʠ, ʪʦʙʪʦ ʧʦʰʫʢ ʧʦʪʨʽʙʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ. ɸ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ ʩʠʩʪʝʤʽ ʧʦʪʨʽʙʝʥ ʪʽʣʴʢʠ ʜʦʩʪʫʧ ʜʦ ʩʭʦʚʠʱʘ ʜʘʥʠʭ, ʪʦʤʫ ʽʟ ʮʴʦʛʦ 

ʚʠʧʣʠʚʘʻ ʣʽʥʽʡʥʘ ʤʦʜʝʣʴ çʂʣʽʻʥʪ ï ɯʉ ï ʉʭʦʚʠʱʝ ʜʘʥʠʭè. 

ɯʉ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ ʙʘʛʘʪʦʨʽʚʥʝʚʦʾ ʣʽʥʽʡʥʦʾ ʢʣʽʻʥʪ-ʩʝʨʚʝʨʥʦʾ ʤʦʜʝʣʽ, ʷʢʘ ʟʦʙʨʘʞʝʥʘ ʥʘ 

ʨʠʩ. 1. ʇʝʨʰʠʤ ʨʽʚʥʝʤ ʮʽʻʾ ʤʦʜʝʣʽ ʻ ʢʣʽʻʥʪ (ʙʨʘʫʟʝʨ), ʷʢʠʡ ʛʝʥʝʨʫʻ ʨʽʟʥʽ SQL-ʟʘʧʠʪʠ ʜʦ ʙʘʟʠ ʜʘʥʠʭ. ɼʨʫʛʠʤ 

ʨʽʚʥʝʤ ʻ ʩʝʨʚʝʨ (Apache HTTP Server + PHP), ʷʢʠʡ ʽʥʪʝʨʧʨʝʪʫʻ ʟʘʧʠʪʠ ʽ ʨʝʘʣʽʟʫʻ ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʢʣʽʻʥʪʦʤ ʽ 

ʙʘʟʦʶ ʜʘʥʠʭ. ʊʨʝʪʽʡ ʨʽʚʝʥʴ ï ʮʝ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʩʘʤʘ ʉʋɹɼ, ʷʢʘ ʻ ʩʭʦʚʠʱʝʤ ʜʘʥʠʭ [3]. 

 

 
ʈʠʩ. 1. ɹʘʛʘʪʦʨʽʚʥʝʚʘ ʘʨʭʽʪʝʢʪʫʨʘ ʚʟʘʻʤʦʜʽʾ ʢʣʽʻʥʪ-ʩʝʨʚʝʨ 

 

ʂʽʥʮʝʚʠʤ ʝʪʘʧʦʤ ʧʨʦʝʢʪʫʚʘʥʥʷ ʢʦʥʮʝʧʪʫʘʣʴʥʦʾ ʤʦʜʝʣʽ ʻ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʫ ʛʨʘʬʽʯʥʦʤʫ 

ʚʠʛʣʷʜʽ. ɿʘʟʚʠʯʘʡ ʮʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʤʦʜʝʣʽ çʩʫʪʥʽʩʪʴ ï ʟʚôʷʟʦʢè. ɸʣʝ ʪʘʢʦʞ ʾʾ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʽʘʛʨʘʤʠ ʧʨʝʮʝʜʝʥʪʽʚ ʪʘ ʩʭʝʤʠ IDEF0. ʈʦʟʛʣʷʥʝʤʦ ʦʢʨʝʤʦ ʮʽ ʚʘʨʽʘʥʪʠ ʧʦʜʘʥʥʷ: 

1)  ɼʽʘʛʨʘʤʘ ʧʨʝʮʝʜʝʥʪʽʚ. 

ʅʘ ʨʠʩ. 2 ʟʦʙʨʘʞʝʥʘ ʜʽʘʛʨʘʤʘ ʧʨʝʮʝʜʝʥʪʽʚ ʜʦ ʨʦʟʨʦʙʣʶʚʘʥʦʾ ɯʉ. ʉʠʩʪʝʤʘ ʤʘʻ ʜʚʘ ʘʢʪʦʨʠ ï ʢʣʽʻʥʪ ʽ 

ʧʨʘʮʽʚʥʠʢ ʙʘʥʢʫ. ʇʨʝʮʝʜʝʥʪʘʤʠ ʜʣʷ ʢʣʽʻʥʪʘ ʻ ʘʚʪʦʨʠʟʘʮʽʷ ʚ ʩʠʩʪʝʤʽ, ʧʦʰʫʢ ʢʣʽʻʥʪʘ ʚʢʣʶʯʥʦ ʽʟ ʧʝʨʝʛʣʷʜʦʤ 
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ʽʥʬʦʨʤʘʮʽʾ, ʧʝʨʝʛʣʷʜ ʽ ʟʤʽʥʘ ʦʩʦʙʠʩʪʠʭ ʜʘʥʠʭ. ʇʨʝʮʝʜʝʥʪʘʤʠ ʜʣʷ ʧʨʘʮʽʚʥʠʢʘ ʻ ʘʚʪʦʨʠʟʘʮʽʷ ʫ ʩʠʩʪʝʤʫ, ʧʦʰʫʢ 

ʢʣʽʻʥʪʘ ʚʢʣʶʯʥʦ ʽʟ ʧʝʨʝʛʣʷʜʦʤ ʽʥʬʦʨʤʘʮʽʾ, ʩʪʚʦʨʝʥʥʷ ʢʘʨʪʢʠ ʢʣʽʻʥʪʘ ʚʢʣʶʯʘʶʯʠ ʟʘʥʝʩʝʥʥʷ ʫ ʨʝʻʩʪʨ (ɹɼ), 

ʟʙʽʨ ʩʪʘʪʠʩʪʠʢʠ ʧʦ ʢʣʽʻʥʪʘʤ. 

 

 
ʈʠʩ. 2. ɼʽʘʛʨʘʤʘ ʧʨʝʮʝʜʝʥʪʽʚ 

 

2)  ʄʦʜʝʣʴ çʩʫʪʥʽʩʪʴ ï ʟʚôʷʟʦʢè ʘʙʦ ER-ʜʽʘʛʨʘʤʘ. 

ɼʘʥʘ ʤʦʜʝʣʴ ʜʘʻ ʚʽʟʫʘʣʴʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʽʟʥʠʭ ʩʫʪʥʦʩʪʝʡ ʚʩʝʨʝʜʠʥʽ ʩʠʩʪʝʤʠ ʽ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ ʤʽʞ 

ʥʠʤʠ. 

ʋ ʪʘʙʣʠʮʽ 2 ʥʘʚʝʜʝʥʘ ʢʦʨʦʪʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʚôʷʟʢʽʚ ʤʽʞ ʩʫʪʥʦʩʪʷʤʠ ʨʦʟʨʦʙʣʶʚʘʥʦʾ ɯʉ. ɯʟ ʮʽʻʾ 

ʪʘʙʣʠʮʽ ʚʠʧʣʠʚʘʻ ʪʝ, ʱʦ ʦʜʠʥ ʦʙôʻʢʪ ʢʦʞʥʦʛʦ ʥʘʙʦʨʫ ʦʙôʻʢʪʽʚ ɸ ʤʦʞʝ ʙʫʪʠ ʧʦʚôʷʟʘʥʠʡ ʣʠʰʝ ʽʟ ʦʜʥʠʤ 

ʦʙôʻʢʪʦʤ ʽʟ ʥʘʙʦʨʘ ʦʙôʻʢʪʽʚ ɹ. ʅʘʧʨʠʢʣʘʜ, ʢʣʽʻʥʪ ʧʨʠ ʘʚʪʦʨʠʟʘʮʽʾ ʫ ʩʠʩʪʝʤʫ ʤʦʞʝ ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ ʣʠʰʝ ʫ 

ʦʜʠʥ ʫʥʽʢʘʣʴʥʠʡ ʦʩʦʙʠʩʪʠʡ ʢʘʙʽʥʝʪ ʽ ʥʘʚʧʘʢʠ, ʦʩʦʙʠʩʪʠʡ ʢʘʙʽʥʝʪ ʤʦʞʝ ʙʫʪʠ ʜʦʩʪʫʧʥʠʡ ʪʽʣʴʢʠ ʧʨʠ 

ʘʚʪʦʨʠʟʘʮʽʾ ʦʜʥʦʛʦ ʫʥʽʢʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ. ɸʙʦ ʞ ʫ ʦʜʥʦʛʦ ʢʣʽʻʥʪʘ ʤʦʞʝ ʙʫʪʠ ʪʽʣʴʢʠ ʦʜʠʥ ʧʘʩʧʦʨʪ (ʟʛʽʜʥʦ 

ʟ ʂʦʥʩʪʠʪʫʮʽʻʶ ʋʢʨʘʾʥʠ) ʽ ʥʘʚʧʘʢʠ.  

 

ʊʘʙʣʠʮʷ 1 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʚôʷʟʢʽʚ 

ɯʤ'ʷ ʩʫʪʥʦʩʪʽ 1 ɯʤ'ʷ ʩʫʪʥʦʩʪʽ 2 ɯʤ'ʷ ʟʚ'ʷʟʢʫ ʊʠʧ ʟʚ'ʷʟʢʫ 

ɸʚʪʦʨʠʟʘʮʽʷ_ʢʣʽʻʥʪ ɼʘʥʽ_ʢʣʽʻʥʪ ɿʘʭʠʱʘʻ 1:1 

ɼʘʥʽ_ʢʣʽʻʥʪ ɼʘʥʽ_ʨʦʙʦʪʘ ʇʨʘʮʶʻ 1:1 

ɼʘʥʽ_ʢʣʽʻʥʪ ɼʘʥʽ_ʧʘʩʧʦʨʪ ʅʘʣʝʞʠʪʴ 1:1 

ɼʘʥʽ_ʢʣʽʻʥʪ ʂʘʨʪʢʘ ʇʨʠʢʨʽʧʣʝʥʠʡ 1:1 

ɸʚʪʦʨʠʟʘʮʽʷ_ʧʨʘʮʽʚʥʠʢ ɼʘʥʽ_ʧʨʘʮʽʚʥʠʢ ɿʘʭʠʱʘ ̒ 1:1 

ɼʘʥʽ_ʧʨʘʮʽʚʥʠʢ ʂʘʨʪʢʘ ʆʧʽʢʫʻʪʴʩʷ 1:N 

 

ʋ ʩʠʩʪʝʤʽ ʪʘʢʦʞ ʧʨʠʩʫʪʥʽʡ ʟʚôʷʟʦʢ çʦʜʠʥ ʜʦ ʙʘʛʘʪʴʦʭè. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʦʜʠʥ ʦʙôʻʢʪ ʽʟ ʦʜʥʦʛʦ ʥʘʙʦʨʫ 

ʦʙôʻʢʪʽʚ ɸ ʤʦʞʝ ʙʫʪʠ ʧʦʚôʷʟʘʥʠʡ ʽʟ ʜʝʢʽʣʴʢʦʤʘ ʦʙôʻʢʪʘʤʠ. ʅʘʧʨʠʢʣʘʜ, ʦʜʠʥ ʧʨʘʮʽʚʥʠʢ ʤʦʞʝ ʢʫʨʫʚʘʪʠ 

ʜʝʢʽʣʴʢʘ ʢʘʨʪʦʢ ʢʣʽʻʥʪʽʚ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʫ ʦʜʥʦʾ ʢʘʨʪʢʠ (ʢʣʽʻʥʪʘ) ʤʦʞʝ ʙʫʪʠ ʣʠʰʝ ʦʜʠʥ ʥʘʩʪʘʚʥʠʢ.  

ʅʘ ʨʠʩ. 3 ʟʦʙʨʘʞʝʥʘ ʤʦʜʝʣʴ çʩʫʪʥʽʩʪʴ ï ʟʚ'ʷʟʦʢè, ʷʢʘ ʚʽʟʫʘʣʽʟʫʻ ʧʦʜʘʥʫ ʽʥʬʦʨʤʘʮʽʶ ʽʟ ʪʘʙʣʠʮʽ 2. 

 

 
ʈʠʩ. 3. ER-ʜʽʘʛʨʘʤʘ 
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3)  ʉʭʝʤʘ IDEF0. 

ʎʝʥʪʨʘʣʴʥʠʤ ʝʣʝʤʝʥʪʦʤ ʤʦʜʝʣʽ IDEF0 ʻ ʬʫʥʢʮʽʷ, ʷʢʘ ʥʘ ʩʭʝʤʽ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʙʣʦʢʫ ï ʧʨʷʤʦʢʫʪʥʠʢʘ, ʚʩʝʨʝʜʠʥʽ ʷʢʦʛʦ ʟʘʟʥʘʯʝʥʦ ʜʽʶ ʚ ʬʦʨʤʽ ʜʽʻʧʨʠʩʣʽʚʥʠʢʘ. ʅʝʟʘʣʝʞʥʦ 

ʚʽʜ ʤʘʩʰʪʘʙʫ ʜʽʡ ʚʩʽ ʬʫʥʢʮʽʾ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʦʜʥʦʤʘʥʽʪʥʦ ʽ ʦʙʦʚ'ʷʟʢʦʚʦ ʤʽʩʪʷʪʴ 4 ʢʣʶʯʦʚʠʭ ʧʦʪʦʢʠ, ʷʢʽ 

ʞʦʨʩʪʢʦ ʟʘʢʨʽʧʣʝʥʽ ʟʘ ʩʪʦʨʦʥʘʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʙʣʦʢʫ: 

¶ ʟʣʽʚʘ ï ʚʭʦʜʠ ʘʙʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʨʝʩʫʨʩʠ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʬʫʥʢʮʽʾ; 

¶ ʧʨʘʚʦʨʫʯ ï ʚʠʭʦʜʠ ʘʙʦ ʨʝʟʫʣʴʪʘʪʠ ʚʠʢʦʥʘʥʥʷ ʬʫʥʢʮʽʾ; 

¶ ʟʚʝʨʭʫ ï ʢʝʨʫʶʯʽ ʚʧʣʠʚʠ (ʘʙʦ ʫʧʨʘʚʣʽʥʥʷ), ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ, ʷʢ ʽ ʩʢʽʣʴʢʠ ʧʦʪʨʽʙʥʦ ʟʨʦʙʠʪʠ ʨʝʟʫʣʴʪʘʪʽʚ; 

ʫʧʨʘʚʣʽʥʥʷ ʧʨʠʚôʷʟʫʻ ʚʩʽ ʜʽʾ ʜʦ ʩʠʩʪʝʤʠ ʧʨʘʚʠʣ ʢʦʤʧʘʥʽʾ, ʯʽʪʢʦ ʧʦʟʥʘʯʘʶʯʠ ʧʨʘʚʠʣʘ ʽ ʚʠʤʦʛʠ, ʷʢʽ ʧʦʚʠʥʥʽ 

ʙʫʪʠ ʟʙʝʨʝʞʝʥʽ ʚ ʧʨʦʮʝʩʽ ʚʠʢʦʥʘʥʥʷ ʬʫʥʢʮʽʾ; 

¶ ʟʥʠʟʫ ï ʤʝʭʘʥʽʟʤʠ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ, ʭʪʦ ʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʯʦʛʦ ʧʦʚʠʥʝʥ ʚʠʢʦʥʘʪʠ ʮʶ ʨʦʙʦʪʫ. 

ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʪʨʦʭʠ ʟʘʦʱʘʜʠʪʠ ʥʘ ʧʦʷʩʥʝʥʥʷʭ ʚ ʩʭʝʤʘʭ ʽ ʜʦʤʦʛʪʠʩʷ ʦʜʥʦʟʥʘʯʥʦʩʪʽ ʚ 

ʚʽʜʦʙʨʘʞʝʥʥʽ ʧʦʪʦʢʽʚ, ʱʦ ʥʘʜʘʻ ʩʪʨʫʥʢʦʩʪʽ ʚʩʽʡ ʤʦʜʝʣʽ [8]. ʅʘ ʨʠʩ. 4 ʟʦʙʨʘʞʝʥʘ ʢʦʥʪʝʢʩʪʥʘ ʜʽʘʛʨʘʤʘ 

ʨʦʟʨʦʙʣʶʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ. 

 

 
ʈʠʩ. 4. ʂʦʥʪʝʢʩʪʥʘ ʜʽʘʛʨʘʤʘ 

 

ɼʘʣʽ ʨʦʟʛʣʷʥʝʤʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ, ʪʦʙʪʦ ʝʪʘʧ ʣʦʛʽʯʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ. 

ʆʩʥʦʚʦʶ ʣʦʛʽʯʥʦʾ ʤʦʜʝʣʽ ʜʘʥʠʭ ʻ ʤʦʜʝʣʴ, ʷʢʘ ʙʫʣʘ ʦʪʨʠʤʘʥʘ ʥʘ ʝʪʘʧʽ ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʘʣʝ 

ʚʞʝ ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʨʦʮʝʩʽʚ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ ʾʭʥʴʦʾ ʨʝʘʣʽʟʘʮʽʾ ʫ ʦʙʨʘʥʽʡ ʉʋɹɼ. ʆʜʥʘʢ ʥʘ ʮʴʦʤʫ 

ʝʪʘʧʽ ʽʛʥʦʨʫʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʷ ʨʦʙʦʪʘ ʫ ʉʋɹɼ, ʪʦʙʪʦ ʬʽʟʠʯʥʘ ʦʨʛʘʥʽʟʘʮʽʷ. ɺ ʜʝʷʢʽʡ ʤʽʨʽ ʣʦʛʽʯʥʘ ʤʦʜʝʣʴ 

ʜʘʥʠʭ ʻ ʧʨʦʪʠʣʝʞʥʽʩʪʶ ʜʦ ʢʦʥʮʝʧʪʫʘʣʴʥʦʾ, ʷʢʘ ʦʧʠʩʫʻ ʩʝʤʘʥʪʠʢʫ ʦʨʛʘʥʽʟʘʮʽʾ ʙʝʟ ʙʫʜʴ-ʷʢʠʭ ʧʦʩʠʣʘʥʴ ʥʘ 

ʪʝʭʥʦʣʦʛʽʾ. 

ʅʘ ʜʘʥʦʤʫ ʝʪʘʧʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʥʘʩʪʫʧʥʽ ʢʨʦʢʠ: 

1) ʚʠʢʦʥʘʪʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ER-ʜʽʘʛʨʘʤʠ ʫ ʚʽʜʥʦʰʝʥʥʷ; 

2) ʜʣʷ ʢʦʞʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ ʚʠʟʥʘʯʠʪʠ ʩʚʦʾ ʘʪʨʠʙʫʪʠ ʪʘ ʾʭʥʽ ʚʣʘʩʪʠʚʦʩʪʽ; 

3) ʧʨʠʚʝʩʪʠ ʚʽʜʥʦʰʝʥʥʷ ʜʦ ʥʦʨʤʘʣʴʥʠʭ ʬʦʨʤ (1 ʅʌ, 2 ʅʌ ʽ 3ʅʌ); 

4) ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʧʨʠʚʝʩʪʠ ʫ ʛʨʘʬʽʯʥʦʤʫ ʚʠʛʣʷʜʽ (ER-ʜʽʘʛʨʘʤʘ, ʧʦʚʥʘ ʘʪʨʠʙʫʪʠʚʥʘ ʤʦʜʝʣʴ ʟʘ ʩʪʘʥʜʘʨʪʦʤ 

IDEF1X).  

ʗʢ ʟʘʟʥʘʯʘʣʦʩʴ ʨʘʥʽʰʝ, ʚ ʦʩʥʦʚʽ ʚʟʘʻʤʦʜʽʾ ʢʣʽʻʥʪ-ʩʝʨʚʝʨʫ ʣʝʞʠʪʴ ʧʨʠʥʮʠʧ ʪʦʛʦ, ʱʦ ʪʘʢʫ ʚʟʘʻʤʦʜʽʶ 

ʟʘʚʞʜʠ ʧʦʯʠʥʘʻ ʢʣʽʻʥʪ, ʪʦʤʫ ʨʦʟʛʣʷʥʝʤʦ ʪʨʠ ʚʘʨʽʘʥʪʠ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʢʣʽʻʥʪʦʤ ʪʘ ʩʝʨʚʝʨʦʤ ʫ ʨʦʟʨʦʙʣʶʚʘʥʽʡ ɯʉ: 

ʘʚʪʦʨʠʟʘʮʽʷ ʫ ʩʠʩʪʝʤʫ, ʧʦʰʫʢ ʢʦʨʠʩʪʫʚʘʯʘ ʫ ʨʝʻʩʪʨʽ ʽ ʬʦʨʤʫʚʘʥʥʷ ʢʘʨʪʢʠ ʢʣʽʻʥʪʘ, ʷʢʽ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 1. 

 

ʊʘʙʣʠʮʷ 2 

ɯʥʬʦʨʤʘʮʽʡʥʠʡ ʧʦʪʽʢ ʜʘʥʠʭ 

ʂʣʽʻʥʪ ʉʝʨʚʝʨ ɹɼ 

ɼʽʷ ɼʘʥ ̔ ʊʠʧ ʜʘʥʠʭ ɼʽʷ ɼʘʥʽ 

ɸʚʪʦʨʠʟʘʮʽʷ ʫ ʩʠʩʪʝʤʫ ʃʦʛʽʥ, ʧʘʨʦʣʴ 

ʈʷʜʦʢ, 

SQL-ʟʘʧʠʪ 

ʇʝʨʝʚʽʨʢʘ ʢʦʨʝʢʪʥʦʩʪʽ ʜʘʥʠʭ, 

ʧʦʚʝʨʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʫ 
SQL-ʟʘʧʠʪ 

ʇʦʰʫʢ ʫ ʨʝʻʩʪʨʽ 
ʇʨ̔ʟʚʠʝɦ, ʽʤôʷ 

(ʥʝʦʙʦʚôʷʟʢʦʚʦ) 

ʉʪʚʦʨʝʥʥʷ ʢʘʨʪʢʠ 

ʢʣʽʻʥʪʘ 

ʅʝʦʙʭʽʜʥʽ 

ʧʝʨʩʦʥʘʣʴʥʽ ʜʘʥʽ 

ʇʝʨʝʚʽʨʢʘ ʢʦʨʝʢʪʥʦʩʪʽ ʜʘʥʠʭ, 

ʟʘʥʝʩʝʥʥʷ ʽ ʟʙʝʨʝʞʝʥʥʷ ʫ ɹɼ 
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ʇʨʠ ʘʚʪʦʨʠʟʘʮʽʾ ʫ ʩʠʩʪʝʤʫ ʢʦʨʠʩʪʫʚʘʯ (ʢʣʽʻʥʪ ʘʙʦ ʧʨʘʮʽʚʥʠʢ ʙʘʥʢʫ) ʚʚʦʜʠʪʴ ʫ ʧʦʣʷ ʘʚʪʦʨʠʟʘʮʽʾ ʩʚʽʡ 

ʣʦʛʽʥ ʽ ʧʘʨʦʣʴ. ʇʽʩʣʷ ʯʦʛʦ ʮʽ ʜʘʥʽ ʟʘʥʦʩʷʪʴʩʷ ʫ ʟʤʽʥʥʫ, ʷʢʽʡ ʧʨʠʩʚʦʶʻʪʴʩʷ ʨʷʜʦʢ, ʷʢʠʡ ʧʦʪʽʤ ʚʩʪʘʚʣʷʻʪʴʩʷ ʫ 

SQL-ʟʘʧʠʪ ʽ ʚʽʜʧʨʘʚʣʷʻʪʴʩʷ ʥʘ ʩʝʨʚʝʨ ɹɼ, ʷʢʠʡ ʧʝʨʝʚʽʨʷʻ, ʯʠ ʽʩʥʫʻ ʪʘʢʠʡ ʣʦʛʽʥ ʽ ʧʘʨʦʣʴ ʪʘ ʯʠ ʚʦʥʠ ʢʦʨʝʢʪʥʽ, ʽ 

ʚʽʜʧʨʘʚʣʷʻ ʥʘʟʘʜ ʚʽʜʧʦʚʽʜʴ. ʗʢʱʦ ʪʘʢʽ ʣʦʛʽʥ ʽ ʧʘʨʦʣʴ ʧʨʘʚʠʣʴʥʽ, ʪʦ ʢʦʨʠʩʪʫʚʘʯ ʟʘʭʦʜʠʪʴ ʫ ɯʉ, ʽʥʘʢʰʝ ï ʥʽ, ʽ 

ʥʘʤʘʛʘʻʪʴʩʷ ʚʚʝʩʪʠ ʢʦʨʝʢʪʥʽ ʜʘʥʽ. 

ʇʦʰʫʢ ʢʣʽʻʥʪʘ ʫ ʨʝʻʩʪʨʽ. ʂʦʨʠʩʪʫʚʘʯ ʚʚʦʜʠʪʴ ʧʨʽʟʚʠʱʝ, ʽʤôʷ ʪʘ ʟʘ ʧʦʪʨʝʙʠ ʧʦ-ʙʘʪʴʢʦʚʽ. ʎʽ ʜʘʥʽ 

ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʫ SQL-ʟʘʧʠʪ ʽ ʚʽʜʧʨʘʚʣʷʶʪʴʩʷ ʥʘ ʩʝʨʚʝʨ. ʉʝʨʚʝʨ ɹɼ ʰʫʢʘʻ ʫ ʩʝʙʝ ʥʘʜʽʩʣʘʥʽ ʜʘʥʽ ʽ ʧʦʚʝʨʪʘʻ 

ʥʘʟʘʜ ʟʘʧʠʪ ʽʟ ʟʥʘʡʜʝʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʷʢʽ ʬʦʨʤʘʪʫʶʪʴʩʷ ʫ ʯʠʪʘʙʝʣʴʥʠʡ ʚʠʛʣʷʜ ʽ ʚʠʚʦʜʷʪʴʩʷ ʥʘ ʝʢʨʘʥ 

ʙʨʘʫʟʝʨʘ ʢʦʨʠʩʪʫʚʘʯʫ. 

 

 
ʈʠʩ. 5. ʃʦʛʽʯʥʘ ER-ʜʽʘʛʨʘʤʘ 

 

 

 
ʈʠʩ. 6. ʇʦʚʥʘ ʘʪʨʠʙʫʪʠʚʥʘ ʤʦʜʝʣʴ ʟʘ ʩʪʘʥʜʘʨʪʦʤ IDEF1X 
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ʇʨʠ ʬʦʨʤʫʚʘʥʥʽ ʢʘʨʪʢʠ ʢʣʽʻʥʪʘ, ʢʦʨʠʩʪʫʚʘʯ ʟʘʧʦʚʥʶʻ ʨʝʻʩʪʨʘʮʽʡʥʫ ʬʦʨʤʫ, ʧʽʩʣʷ ʯʦʛʦ ʚʩʽ ʜʘʥʽ 

ʧʝʨʝʚʽʨʷʶʪʴʩʷ ʥʘ ʧʨʘʚʠʣʴʥʽʩʪʴ ʚʚʦʜʫ ʽ ʘʥʘʣʦʛʽʯʥʦ ʜʦ ʧʦʧʝʨʝʜʥʽʭ ʧʫʥʢʪʽʚ, ʟʘ ʜʦʧʦʤʦʛʦʶ SQL-ʟʘʧʠʪʽʚ 

ʟʘʧʠʩʫʶʪʴʩʷ ʜʦ ʙʘʟʠ ʜʘʥʠʭ. 

ʋʩʷ ʧʝʨʝʜʘʯʘ ʜʘʥʠʭ ʤʽʞ ʢʣʽʻʥʪʦʤ ʪʘ ʩʝʨʚʝʨʦʤ ɹɼ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ HTTP ʧʨʦʪʦʢʦʣʫ. 

ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʜʚʘ ʚʠʜʠ ʛʨʘʬʽʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʣʦʛʽʯʥʦʾ ʤʦʜʝʣʽ: ʫ ʚʠʛʣʷʜʽ ʢʣʘʩʠʯʥʦʾ ER-

ʜʽʘʛʨʘʤʠ ʪʘ ʨʦʟʰʠʨʝʥʦʾ (ʧʦʚʥʦʾ ʘʪʨʠʙʫʪʠʚʥʦʾ ʤʦʜʝʣʽ ʟʘ ʩʪʘʥʜʘʨʪʦʤ IDEF1X) ʚʞʝ ʧʝʨʝʪʚʦʨʝʥʠʭ ʽ 

ʥʦʨʤʘʣʽʟʦʚʘʥʠʭ ʚʽʜʥʦʰʝʥʴ. 

ʅʘ ʨʠʩ. 5 ʟʦʙʨʘʞʝʥʘ ER-ʜʽʘʛʨʘʤʘ ʣʦʛʽʯʥʦʛʦ ʝʪʘʧʫ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʚʽʜʥʦʰʝʥʥʷ ʪʘ ʟʚôʷʟʢʠ 

ʤʽʞ ʥʠʤʠ. 

ʄʦʜʝʣʴ IDEF1X ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʙʘʟ ʜʘʥʠʭ, ʪʦʙʪʦ ʜʣʷ ʦʧʠʩʫ ʜʘʥʠʭ ʜʣʷ 

ʾʭʥʴʦʾ ʤʘʡʙʫʪʥʴʦʾ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ ʦʙʨʦʙʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʉʋɹɼ. ʅʘ ʨʠʩ. 6 ʟʦʙʨʘʞʝʥʘ IDEF1X ʤʦʜʝʣʴ 

ʨʦʟʨʦʙʣʶʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ. 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ʋ ʩʪʘʪʪʽ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʪʘ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʧʦ ʚʝʜʝʥʥʶ ʨʝʻʩʪʨʫ ʢʣʽʻʥʪʽʚ 

ʙʘʥʢʫ, ʘ ʩʘʤʝ: ʩʪʚʦʨʝʥʥʷ ʢʦʥʮʝʧʪʫʘʣʴʥʦʾ ʽ ʣʦʛʽʯʥʦʾ ʤʦʜʝʣʝʡ ɯʉ. ɼʘʥʽ ʝʪʘʧʠ ʚʢʣʶʯʘʶʪʴ ʫ ʩʝʙʝ ʜʝʪʘʣʴʥʠʡ 

ʘʥʘʣʽʟ ʚʠʤʦʛ, ʚʠʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʽ ʘʨʭʽʪʝʢʪʫʨʠ ʩʠʩʪʝʤʠ, ʦʧʠʩ ʧʨʦʪʦʢʦʣʽʚ ʚʟʘʻʤʦʜʽʾ, ʥʦʨʤʘʣʽʟʘʮʽʷ 

ʚʽʜʥʦʰʝʥʴ ʪʦʱʦ. ɸ ʪʘʢʦʞ ʚʽʟʫʘʣʴʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʚʠʛʣʷʜʽ ʪʘʙʣʠʮʴ, ʜʽʘʛʨʘʤ ʽ ʩʭʝʤ, 

ʷʢʝ ʜʦʧʦʤʘʛʘʻ ʰʠʨʰʝ ʟʨʦʟʫʤʽʪʠ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʮʝʩʽʚ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ. 
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ˏ ̨̑̏̂̏̓ ̈́̐̑̏̐̏̎̏̃́̎̏ ̑̏̂̏̓̉̈̏̃́̎̏ ̒̉̒̓̆̍̔ ̠̈́̃́̎̓́̇̆̎̎ ̏̅̎̏̄̏ ́̂̏ ̨̝̖̋̌̋̏ ̨̆̋̒̓̑̔̅̆̑̃ ̠̅̌ 

̐̆̑̆̑̏̂̋̉ ̘̖̓̆̑̍̏̐̌́̒̓̉̎̉ ̨̖̐̏̌̍̆̑̎̉ ̨̨̍́̓̆̑́̌̃ ̔ ̨̨̅̏̃̄̏̍̑̎ ̃̉̑̏̂̉ ɉ̓̑̔̂̉ȟ ̨̝̐̑̏̌̕ȟ ̨̐̌̃̋̉ ̨ ̓̏̏̚ɊȢ ˞̉̒̓̆̍́ 
̨̝̍̒̓̉̓ ̃̆̌̉̋̉̊ ̂̔̎̋̆̑ ̈́̃́̎̓́̇̆̎̉̊ ̟̒̉̑̏̃̉̎̏ ̎́ ̨̗̌̔ ̘̑̏̂̏̔ ̨̈̍̎̔Ȣ ˔ ̗̝̏̄̏ ̂̔̎̋̆̑́ ̘́̃̓̏̍́̓̉̎̏ 
̨̟̤̝̠̈̅̊̒̎̓̒ ̠̎́̐̏̃̎̆̎̎ ̘̑̏̂̏̏̄̏ ̂̔̎̋̆̑́ ̆̋̒̓̑̔̅̆̑́ ̈́ ̟̅̏̐̏̍̏̄̏ ̙̎̆̋̏̃̏̄̏ ̝̇̉̃̉̌̎̉̋́Ȣ ˍ̘̃̓̏̍́̓̉̎̉̊ 
̝̋̏̎̓̑̏̌ ̒̓́̎̔ ̠̎́̐̏̃̎̆̎̎ ̨̂̔̎̋̆̑̃ ̨̟̤̝̠̈̅̊̒̎̓̒ ̨̍̋̑̏̋̏̎̓̑̏̌̆̑̏̍ ̈́ ̅̏̐̏̍̏̄̏ ̨̘̅́̓̉̋̃ ̨̠̑̃̎ ̒̉̑̏̃̉̎̉Ȣ 

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̆̋̒̓̑̔̅̆̑ȟ ̨̨̐̏̌̍̆̑̎ ̄̑́̎̔̌̉ȟ ̂̔̎̋̆̑ȟ ̠̈́̃́̎̓́̇̆̎̎ȟ ̨̍̋̑̏̋̏̎̓̑̏̌̆̑ȟ ̨̘̏̐̓̉̎ ̘̅́̓̉̋̉ȟ 
̙̎̆̋̏̃̉̊ ̝̇̉̃̉̌̎̉̋Ȣ 

 
KOVALYOV Yuri, PLESHKO Sergey, SUVOROV Ivan 

Kyiv National University of Technologies and Design 
 

DEVELOPMENT OF IMPROVED ROBOTICS EXTRUDER LOADING SYSTEM  
 

The relevance of the study is due to the fact that the loading of granulated polymer material into the working hopper of extruders 
is mainly carried out manually from bags by production operators. The capacity of working hoppers of extruders is limited due to the fact 
that with a significant height of the bulk material, an increase in static pressure occurs in the lower layers, which leads to the formation of 
vaults, uneven supply of polymer into the material cylinder and deterioration of the quality of products. Since the work process of extrusion is 
continuous and lasts an entire work shift, there is a need to constantly control the filling level of the work hoppers of the extruders. 

The paper proposes a robotic extruder loading system for the processing of thermoplastic polymer materials into long products 
(pipes, profiles, films, etc.). The paper proposes a system for loading one or more extruders, which contains a large hopper loaded with raw 

materials for an entire work shift. From this hopper, the working hopper of the extruder is automatically filled with the help of a screw feeder. 

Automatic monitoring of the filling status of the hoppers is carried out by a microcontroller with the help of raw material level sensors. The 
object of research is the process of automatic control of periodic loading of loose materials into technological machines. The subject of the 

research is a robotic system for loading granulated polymers into the working hoppers of extruders. The purpose of the research is to develop a 

control system for devices for periodic dosing of granular polymer materials and loading them into working hoppers of limited capacity, which 
can be used in extruders. The task of the work is an analytical study of the effectiveness of the application of extruder loading systems based on a 

screw feeder and the development of its design and automatic control scheme. The methodological and theoretical basis of the research are the 

basic provisions of the theory of automatic control of technological processes, the design of transport equipment for loose media, and the basis of 
the calculation of machine parts. A scientific novelty is that the work proposed for the first time a device for automatic control of the extruder 

loading system based on a microcontroller with the possibility of programming the work algorithm. The results of the work can be used to create 

new systems for controlling the operation of equipment for processing polymer materials and creating new designs. The methodological and 
theoretical basis of the research are the basic provisions of the theory of automatic control of technological processes, the design of transport 

equipment for loose media, and the basis of the calculation of machine parts. A scientific novelty is that the work proposed for the first time a 

device for automatic control of the extruder loading system based on a microcontroller with the possibility of programming the work algorithm. 
The results of the work can be used to create new systems for controlling the operation of equipment for processing polymer materials and 

creating new designs. 

Key words: extruder, polymer granules, hopper, loading, microcontroller, optical sensors, screw feeder. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ɽʢʩʪʨʫʟʽʡʥʽ ʣʽʥʽʾ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʠʧʫʩʢʫ ʜʦʚʛʦʤʽʨʥʠʭ ʚʠʨʦʙʽʚ. ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ ʪʦʯʥʦ 

ʪʘʢʠʡ, ʷʢ ʫ ʟʚʠʯʘʡʥʠʭ ʝʢʩʪʨʫʜʝʨʽʚ ʜʣʷ ʰʪʫʯʥʠʭ ʚʠʨʦʙʽʚ, ʧʨʦʪʝ ʢʦʥʩʪʨʫʢʮʽʷ ʤʘʻ ʜʝʷʢʽ ʚʽʜʤʽʥʥʦʩʪʽ. ʂʦʤʧʣʝʢʩ 

ʦʙʣʘʜʥʘʥʥʷ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʝʢʩʪʨʫʜʝʨ ʟ ʧʨʠʩʪʨʦʻʤ ʜʣʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʦʣʽʤʝʨʥʦʾ ʩʠʨʦʚʠʥʠ, ʬʦʨʤʫʶʯʫ 

ʛʦʣʦʚʢʫ ʽ ʧʨʠʩʪʨʦʾ ʜʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʚʠʨʦʙʽʚ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʻ ʪʝ, ʱʦ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʙʝʟʧʝʨʝʨʚʥʦ 

ʧʨʦʪʷʛʦʤ ʨʦʙʦʯʦʾ ʟʤʽʥʠ, ʱʦ ʚʠʤʘʛʘʻ ʧʦʩʪʽʡʥʦʛʦ ʧʦʧʦʚʥʝʥʥʷ ʨʦʙʦʯʠʭ ʙʫʥʢʝʨʽʚ ʝʢʩʪʨʫʜʝʨʽʚ ʧʦʣʽʤʝʨʥʦʶ 

ʩʠʨʦʚʠʥʦʶ, ʘʙʦ ʧʨʘʛʥʫʪʠ ʷʢʦʤʦʛʘ ʟʙʽʣʴʰʫʚʘʪʠ ʦʙôʻʤ ʟʘʚʘʥʪʘʞʝʥʥʷ ʮʠʭ ʙʫʥʢʝʨʽʚ. 

 

ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ 

ɽʢʩʪʨʫʟʽʷ ï ʤʝʪʦʜ ʬʦʨʤʫʚʘʥʥʷ ʚ ʝʢʩʪʨʫʜʝʨʽ ʚʠʨʦʙʽʚ ʘʙʦ ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ ʥʝʦʙʤʝʞʝʥʦʾ ʜʦʚʞʠʥʠ 

ʧʨʦʜʘʚʣʶʚʘʥʥʷ ʨʦʟʧʣʘʚʫ ʧʦʣʽʤʝʨʫ ʯʝʨʝʟ ʬʦʨʤʫʶʯʫ ʛʦʣʦʚʢʫ ʟ ʢʘʥʘʣʘʤʠ ʥʝʦʙʭʽʜʥʦʛʦ ʧʨʦʬʽʣʶ. ɼʣʷ ʮʴʦʛʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʰʥʝʢʦʚʽ ʘʙʦ ʯʝʨʚ'ʷʢʦʚʽ ʝʢʩʪʨʫʜʝʨʠ [1ï3]. 

ʉʠʧʢʽ ʤʘʪʝʨʽʘʣʠ ʤʘʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʩʪʘʪʠʯʥʦʛʦ, ʷʢʠʡ ʤʘʻ ʧʝʚʥʠʡ ʚʧʣʠʚ ʥʘ ʧʨʦʮʝʩ ʟʘʚʘʥʪʘʞʝʥʥʷ 
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ʝʢʩʪʨʫʜʝʨʘ [2, 3]. ɺ ʥʘʚʝʜʝʥʠʭ ʨʦʙʦʪʘʭ ʨʦʟʛʣʷʥʫʪʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʙʫʥʢʝʨʽʚ. 

ʄʝʭʘʥʽʯʥʽ ʞʠʚʠʣʴʥʠʢʠ ʪʘ ʜʦʟʘʪʦʨʠ, ʪʦʙʪʦ ʪʘʢʽ, ʚ ʷʢʠʭ ʜʣʷ ʧʝʨʝʤʽʱʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʟʫʩʠʣʣʷ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ, ʥʘʙʫʣʠ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʥʘʡʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ ʷʢ ʜʣʷ ʨʝʛʫʣʶʚʘʥʥʷ ʚʠʪʨʘʪ, ʪʘʢ ʽ 

ʷʢ ʧʨʠʩʪʨʦʾ ʜʦʟʫʚʘʥʥʷ [4ï11]. 

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʧʨʠʩʪʨʦʷʤʠ ʜʣʷ ʧʝʨʽʦʜʠʯʥʦʛʦ ʜʦʟʫʚʘʥʥʷ 

ʛʨʘʥʫʣʴʦʚʘʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʟʘʚʘʥʪʘʞʝʥʥʷ ʾʭ ʚ ʨʦʙʦʯʽ ʙʫʥʢʝʨʠ ʦʙʤʝʞʝʥʦʾ ʻʤʥʦʩʪʽ, ʷʢʽ ʤʦʞʫʪʴ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʝʢʩʪʨʫʜʝʨʘʭ. 

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʅʘ ʧʦʯʘʪʢʫ ʜʦʩʣʽʜʞʝʥʥʷ, ʙʫʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ï ʨʦʟʨʦʙʠʪʠ ʢʦʤʙʽʥʦʚʘʥʫ ʩʭʝʤʫ ʩʠʩʪʝʤʠ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʝʢʩʪʨʫʜʝʨʘ ʥʘ ʦʩʥʦʚʽ ʰʥʝʢʦʚʦʛʦ ʞʠʚʠʣʴʥʠʢʘ. 

ɻʦʣʦʚʥʽ ʧʨʠʯʠʥʠ, ʱʦ ʩʧʦʥʫʢʘʶʪʴ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤʠ ʟʘʚʘʥʪʘʞʝʥʥʷ ʝʢʩʪʨʫʜʝʨʘ 

ʧʦʣʷʛʘʶʪʴ ʚ ʥʘʩʪʫʧʥʦʤʫ: 

ï ʧʨʦʮʝʩ ʝʢʩʪʨʫʟʽʾ ʻ ʧʨʘʢʪʠʯʥʦ ʙʝʟʧʝʨʝʨʚʥʠʤ (ʧʨʦʪʷʛʦʤ ʨʦʙʦʯʦʛʦ ʯʘʩʫ ʦʙʣʘʜʥʘʥʥʷ); 

ï ʻʤʢʽʩʪʴ ʙʫʥʢʝʨʘ ʝʢʩʪʨʫʜʝʨʘ ʦʙʤʝʞʝʥʘ ʧʦ ʧʨʠʯʠʥʽ ʚʠʥʠʢʥʝʥʥʷ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ ʚ ʥʘʩʠʧʥʦʤʫ ʰʘʨʽ 

ʧʦʣʽʤʝʨʥʦʛʦ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʩʢʣʝʧʽʥʴ, ʟʘʪʨʠʤʦʢ ʚʠʪʦʢʫ ʛʨʘʥʫʣ ʽ ʜʦ 

ʧʫʣʴʩʘʮʽʡ ʚ ʨʦʙʦʪʽ ʝʢʩʪʨʫʜʝʨʘ; 

ï ʷʢ ʧʨʘʚʠʣʦ, ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʝʨʽʦʜʠʯʥʦ ʦʙʩʣʫʛʦʚʫʚʘʪʠ ʢʽʣʴʢʘ ʝʢʩʪʨʫʜʝʨʽʚ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʚ 

ʦʜʥʦʤʫ ʮʝʭʫ, ʱʦ ʧʦʪʨʝʙʫʻ ʚʽʜ ʦʧʝʨʘʪʦʨʘ ʧʽʜʚʠʱʝʥʦʾ ʫʚʘʛʠ. 

ɿ ʤʝʪʦʶ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤʠ ʟʘʚʘʥʪʘʞʝʥʥʷ ʝʢʩʪʨʫʜʝʨʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʜʠʥ 

ʙʫʥʢʝʨ ʚʝʣʠʢʦʾ ʻʤʥʦʩʪʽ, ʷʢʠʡ ʦʩʥʘʱʝʥʠʡ ʰʥʝʢʦʚʠʤ ʞʠʚʠʣʴʥʠʢʦʤ ʜʣʷ ʧʝʨʽʦʜʠʯʥʦʛʦ ʧʦʧʦʚʥʝʥʥʷ ʨʽʚʥʷ 

ʤʘʪʝʨʽʘʣʫ ʚ ʦʜʥʦʤʫ ʘʙʦ ʢʽʣʴʢʦʭ ʤʘʣʠʭ (ʨʦʙʦʯʠʭ) ʙʫʥʢʝʨʽʚ ʝʢʩʪʨʫʜʝʨʘ (ʛʨʫʧʠ ʤʘʰʠʥ). ɼʣʷ ʤʦʞʣʠʚʦʩʪʽ 

ʘʚʪʦʤʘʪʠʯʥʦʾ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʨʦʧʦʥʫʻʪʴʩʷ ʦʩʥʘʱʝʥʥʷ ʨʦʙʦʯʠʭ ʙʫʥʢʝʨʽʚ ʜʘʪʯʠʢʘʤʠ ʨʽʚʥʷ 

ʥʘʩʠʧʥʦʛʦ ʧʦʣʽʤʝʨʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʦʤʙʽʥʦʚʘʥʫ ʩʭʝʤʫ ʫʜʦʩʢʦʥʘʣʝʥʦʾ ʩʠʩʪʝʤʠ ʟʘʚʘʥʪʘʞʝʥʥʷ ʝʢʩʪʨʫʜʝʨʘ. 

ʉʠʩʪʝʤʘ ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʝʢʩʪʨʫʜʝʨʘ 1, ʨʦʙʦʯʦʛʦ ʙʫʥʢʝʨʘ ʝʢʩʪʨʫʜʝʨʘ 2, ʰʥʝʢʦʚʦʛʦ 

ʞʠʚʠʣʴʥʠʢʘ 3 ʟ ʝʣʝʢʪʨʦʧʨʠʚʦʜʦʤ 4, ʚʝʣʠʢʦʛʦ ʙʫʥʢʝʨʘ 5.  

ɺ ʙʫʥʢʝʨʽ 2 ʚʩʪʘʥʦʚʣʝʥʽ ʜʘʪʯʠʢʠ  ï ʥʠʞʥʴʦʛʦ ʨʽʚʥʷ ʤʘʪʝʨʽʘʣʫ D3 ʽ ʚʝʨʭʥʴʦʛʦ ʨʽʚʥʷ ï D2. ɺ ʚʝʣʠʢʦʤʫ 

ʙʫʥʢʝʨʽ ʚʩʪʘʥʦʚʣʝʥʦ ʪʽʣʴʢʠ ʜʘʪʯʠʢ ʥʠʞʥʴʦʛʦ ʨʽʚʥʽ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ D1 ʪʦʤʫ, ʱʦ ʚʝʨʭʥʽʡ ʨʽʚʝʥʴ ʦʧʝʨʘʪʦʨ 

ʤʦʞʝ ʢʦʥʪʨʦʣʶʚʘʪʠ ʚʽʟʫʘʣʴʥʦ ʧʨʠ ʥʘʧʦʚʥʝʥʥʽ ʡʦʛʦ ʤʘʪʝʨʽʘʣʦʤ ʟ ʤʽʰʢʽʚ. 

 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʢʽʥʝʤʘʪʠʯʥʘ ʩʠʩʪʝʤʠ ʟʘʚʘʥʪʘʞʝʥʥʷ ʝʢʩʪʨʫʜʝʨʘ: 1 ï ʝʢʩʪʨʫʜʝʨ; 2 ï ʙʫʥʢʝʨ ʝʢʩʪʨʫʜʝʨʘ; 3 ï ʰʥʝʢʦʚʠʡ ʞʠʚʠʣʴʥʠʢ; 4 

ï ʝʣʝʢʪʨʦʧʨʠʚʦʜ ʰʥʝʢʦʚʦʛʦ ʞʠʚʠʣʴʥʠʢʘ; 5 ï ʙʫʥʢʝʨ ʚʝʣʠʢʠʡ; D1 ï ʦʧʪʠʯʥʠʡ ʜʘʪʯʠʢ ʥʠʞʥʴʦʛʦ ʨʽʚʥʷ ʚʝʣʠʢʦʛʦ ʙʫʥʢʝʨʘ; D2 ï 

ʦʧʪʠʯʥʠʡ ʜʘʪʯʠʢ ʚʝʨʭʥʴʦʛʦ ʨʽʚʥʷ ʙʫʥʢʝʨʘ ʝʢʩʪʨʫʜʝʨʘ;  D3 ï ʦʧʪʠʯʥʠʡ ʜʘʪʯʠʢ ʥʠʞʥʴʦʛʦ ʨʽʚʥʷ ʙʫʥʢʝʨʘ ʝʢʩʪʨʫʜʝʨʘ; n ï ʯʘʩʪʦʪʘ 

ʦʙʝʨʪʘʥʥʷ ʰʥʝʢʫ ʞʠʚʠʣʴʥʠʢʘ;    Q ï ʦʙôʻʤʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʞʠʚʠʣʴʥʠʢʘ 

 

ʐʥʝʢ ʞʠʚʠʣʴʥʠʢʘ 3 ʧʨʠʚʦʜʠʪʴʩʷ ʜʦ ʦʙʝʨʪʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʚʦʜʫ 4, ʱʦ ʷʢ ʧʨʘʚʠʣʦ ʩʢʣʘʜʘʻʪʴʩʷ 

ʟ ʘʩʠʥʭʨʦʥʥʦʛʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʽ ʯʝʨʚôʷʯʥʦʛʦ ʨʝʜʫʢʪʦʨʘ. ʁʦʛʦ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ n ʤʦʞʝ ʙʫʪʠ ʟʤʽʥʥʦʶ ʧʨʠ 

ʫʤʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʞʠʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʯʘʩʪʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʟ ʚʝʢʪʦʨʥʠʤ ʢʝʨʫʚʘʥʥʷʤ ʚʽʜ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ. 
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ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʙʫʣʘ ʨʦʟʨʦʙʢʘ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ ʩʠʩʪʝʤʠ ʟʘʚʘʥʪʘʞʝʥʥʷ ʝʢʩʪʨʫʜʝʨʘ ʥʘ ʦʩʥʦʚʽ 

ʰʥʝʢʦʚʦʛʦ ʞʠʚʠʣʴʥʠʢʘ. ʈʦʟʨʦʙʣʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʥʘ ʨʠʩ. 2. 

 

 

ʈʠʩ. 2. ʉʭʝʤʘ ʩʪʨʫʢʪʫʨʥʘ ʩʠʩʪʝʤʠ ʟʘʚʘʥʪʘʞʝʥʥʷ ʝʢʩʪʨʫʜʝʨʘ 

 

ʆʩʥʦʚʦʶ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ ʥʘ ʨʠʩ. 2 ʻ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤ (ʪʽʣʴʢʠ ʜʣʷ 

ʮʽʻʾ ʩʠʩʪʝʤʠ) ʘʙʦ ʯʘʩʪʢʦʚʦ ʟʘʜʽʷʥʠʡ ʪʦʡ, ʱʦ ʢʝʨʫʻ ʛʦʣʦʚʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʨʦʙʦʪʠ ʝʢʩʪʨʫʟʽʡʥʦʾ ʣʽʥʽʾ: 

ï ʢʝʨʫʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʠʤʠ ʨʝʞʠʤʘʤʠ ʥʘʛʨʽʚʘʥʥʷ ʟʦʥ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʮʠʣʽʥʜʨʘ ʪʘ ʝʢʩʪʨʫʟʽʡʥʦʾ 

ʛʦʣʦʚʢʠ; 

ï ʪʝʤʧʝʨʘʪʫʨʥʠʤʠ ʨʝʞʠʤʘʤʠ ʦʭʦʣʦʜʞʝʥʥʷ ʧʦʣʽʤʝʨʥʦʛʦ ʧʨʦʬʽʣʶ ʥʘ ʚʠʭʦʜʽ ʟ ʛʦʣʦʚʢʠ ʝʢʩʪʨʫʜʝʨʘ; 

ï ʰʚʠʜʢʽʩʪʶ ʦʙʝʨʪʘʥʥʷ ʯʝʨʚôʷʢʘ ʝʢʩʪʨʫʜʝʨʘ; 

ï ʰʚʠʜʢʽʩʪʶ ʚʽʜʚʝʜʝʥʥʷ ʝʢʩʪʨʫʜʦʚʘʥʦʛʦ ʧʨʦʬʽʣʶ ʟ ʨʦʙʦʯʦʾ ʟʦʥʠ ʝʢʩʪʨʫʟʽʾ; 

ï ʽʥʰʠʤʠ ʧʨʦʮʝʩʘʤʠ ʘʚʘʨʽʡʥʠʭ, ʘʙʦ ʥʝʰʪʘʪʥʠʭ ʩʠʪʫʘʮʽʡ, ʱʦ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʧʨʠ ʨʦʙʦʪʽ 

ʦʙʣʘʜʥʘʥʥʷ. 

ɿʛʽʜʥʦ ʩʭʝʤʽ ʥʘ ʨʠʩ. 2, ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ʦʧʠʪʫʻ ʩʪʘʥ ʜʘʪʯʠʢʽʚ  D1, D2, D3, ʱʦ ʢʦʥʪʨʦʣʶʶʪʴ ʨʽʚʥʽ 

ʥʘʧʦʚʥʝʥʥʷ ʙʫʥʢʝʨʽʚ. ɯ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʾʭ ʩʪʘʥʫ ʧʦʜʘʻ ʢʦʤʘʥʜʠ ʥʘ ʫʚʽʤʢʥʝʥʥʷ ʘʙʦ ʚʠʤʢʥʝʥʥʷ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ  ʰʥʝʢʦʚʦʛʦ ʞʠʚʠʣʴʥʠʢʘ. 

ɿ ʧʘʥʝʣʽ ʢʝʨʫʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʫʚʽʤʢʥʝʥʥʷ/ʚʠʤʢʥʝʥʥʷ ʩʠʩʪʝʤʠ ʟʘʚʘʥʪʘʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʤʦʞʝ 

ʟʘʜʘʚʘʪʠʩʴ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʰʥʝʢʫ ʞʠʚʠʣʴʥʠʢʘ ʟʘʣʝʞʥʦ ʚʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʝʢʩʪʨʫʟʽʾ. 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʧʨʦʛʨʘʤʠ, ʱʦ ʢʝʨʫʻ ʨʦʙʦʪʦʶ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʩʠʩʪʝʤʠ ʟʘʚʘʥʪʘʞʝʥʥʷ ʝʢʩʪʨʫʜʝʨʘ 

ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ ʾʾ ʨʦʙʦʪʠ, ʷʢʠʡ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 3. 

ɿʛʽʜʥʦ ʨʦʟʨʦʙʣʝʥʦʤʫ ʘʣʛʦʨʠʪʤʫ ʩʠʩʪʝʤʘ ʟʘʚʘʥʪʘʞʝʥʥʷ ʝʢʩʪʨʫʜʝʨʘ ʧʨʘʮʶʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. 

ɺʤʠʢʘʻʪʴʩʷ ʞʠʚʣʝʥʥʷ ʚʩʽʭ ʙʣʦʢʽʚ ʽ ʘʛʨʝʛʘʪʽʚ ʝʢʩʪʨʫʜʝʨʥʦʾ ʣʽʥʽʾ. ʄʽʢʨʦʢʦʥʪʨʦʣʝʨ, ʟʛʽʜʥʦ ʧʨʦʛʨʘʤʠ 

ʦʧʠʪʫʻ ʩʪʘʥ ʚʩʽʭ ʜʘʪʯʠʢʽʚ, ʱʦ ʚʩʪʘʥʦʚʣʝʥʽ ʚ ʙʫʥʢʝʨʘʭ ʝʢʩʪʨʫʜʝʨʘ. 

ʗʢʱʦ ʩʪʘʥ ʜʘʪʯʠʢʘ ʚʝʣʠʢʦʛʦ ʙʫʥʢʝʨʘ D1=0, ʪʦ ʮʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʚ ʥʴʦʤʫ ʤʘʪʝʨʽʘʣʫ, ʷʢʱʦ ʥʽ 

(D1=1), ʪʦ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ʜʘʻ ʢʦʤʘʥʜʫ ʥʘ ʫʚʽʤʢʥʝʥʥʷ ʟʚʫʢʦʚʦʛʦ ʘʙʦ ʩʚʽʪʣʦʚʦʛʦ ʩʠʛʥʘʣʫ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʡʦʛʦ ʥʘʧʦʚʥʝʥʥʷ. 

ɺ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʦʤ ʧʦʩʪʽʡʥʦ ʦʮʽʥʶʻʪʴʩʷ ʩʪʘʥ ʜʘʪʯʠʢʘ ʥʘʧʦʚʥʝʥʥʷ ʨʦʙʦʯʦʛʦ 

ʙʫʥʢʝʨʘ D3. ʗʢʱʦ D3=1, ʪʦ ʨʽʚʝʥʴ ʤʘʪʝʨʽʘʣʫ ʚ ʙʫʥʢʝʨʽ ʥʝʜʦʩʪʘʪʥʽʡ ʪʦ ʧʦʜʘʻʪʴʩʷ ʢʦʤʘʥʜʘ ʥʘ ʫʚʽʤʢʥʝʥʥʷ 

ʜʚʠʛʫʥʘ ʰʥʝʢʦʚʦʛʦ ʞʠʚʠʣʴʥʠʢʘ ʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʧʦʚʥʝʥʥʷ ʨʦʙʦʯʦʛʦ ʙʫʥʢʝʨʘ ʝʢʩʪʨʫʜʝʨʘ ʤʘʪʝʨʽʘʣʦʤ. 

ʇʨʦʮʝʩ ʥʘʧʦʚʥʝʥʥʷ ʨʦʙʦʯʦʛʦ ʙʫʥʢʝʨʘ ʪʨʠʚʘʻ ʜʦ ʪʠʭ ʧʽʨ ʜʦʢʠ ʩʪʘʥ ʜʨʫʛʦʛʦ ʜʘʪʯʠʢʘ (ʚʝʨʭʥʴʦʛʦ ʨʽʚʥʷ) 

ʥʝ ʩʪʘʥʦʚʠʪʠʤʝ D2=0. ʊʦʜʽ ʧʦʜʘʻʪʴʩʷ ʢʦʤʘʥʜʘ ʥʘ ʚʠʤʢʥʝʥʥʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʰʥʝʢʦʚʦʛʦ ʞʠʚʠʣʴʥʠʢʘ. 

ʇʽʩʣʷ ʟʫʧʠʥʝʥʥʷ ʧʦʜʘʯʽ ʤʘʪʝʨʽʘʣʫ ʞʠʚʠʣʴʥʠʢʦʤ ʚ ʨʦʙʦʯʠʡ ʙʫʥʢʝʨ ʧʨʦʜʦʚʞʫʻʪʴʩʷ ʧʨʦʮʝʩ ʢʦʥʪʨʦʣʶ 

ʩʪʘʥʫ ʜʘʪʯʠʢʽʚ D1, D3. 

ʇʨʦʮʝʩ ʥʦʨʤʘʣʴʥʦʾ ʨʦʙʦʪʠ ʝʢʩʪʨʫʜʝʨʘ ʧʨʦʜʦʚʞʫʻʪʴʩʷ ʜʦ ʪʠʭ ʧʽʨ ʜʦʢʠ ʥʝ ʚʽʜʙʫʜʝʪʴʩʷ ʟʤʽʥʘ ʩʪʘʥʫ 

ʦʜʥʦʛʦ ʟ ʜʘʪʯʠʢʽʚ. 

ɹʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʦʧʪʠʯʥʽ ʜʘʪʯʠʢʠ ʩʠʩʪʝʤʠ ʟʘʚʘʥʪʘʞʝʥʥʷ ʝʢʩʪʨʫʜʝʨʘ ʥʘ ʦʩʥʦʚʽ ʰʥʝʢʦʚʦʛʦ 

ʞʠʚʠʣʴʥʠʢʘ. ʎʽ ʜʘʪʯʠʢʠ ʤʘʶʪʴ ʧʝʨʝʚʘʛʠ: 

- ʚʠʩʦʢʘ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʽ ʪʦʯʥʽʩʪʴ ʧʨʠ ʨʦʙʦʪʽ ʟ ʙʫʜʴ-ʷʢʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ (ʤʘʪʦʚʠʤʠ, 

ʙʣʠʩʢʫʯʠʤʠ, ʩʚʽʪʣʠʤʠ ʽ ʪʝʤʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ); 

- ʚʠʩʦʢʘ ʥʘʜʽʡʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ ʥʘʚʽʪʴ ʧʨʠ ʩʠʣʴʥʽʡ ʢʦʥʪʨʘʩʪʥʦʩʪʽ; 

- ʧʦʨʪʘʪʠʚʥʽʩʪʴ ʛʘʙʘʨʠʪʥʠʭ ʨʦʟʤʽʨʽʚ ʜʘʪʯʠʢʽʚ. 
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ʈʠʩ. 3. ɸʣʛʦʨʠʪʤ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʟʘʚʘʥʪʘʞʝʥʥʷ ʝʢʩʪʨʫʜʝʨʘ 

 

ʅʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʢʦʥʩʪʨʫʢʮʽʾ ʯʫʪʣʠʚʦʛʦ ʝʣʝʤʝʥʪʘ ʦʧʪʠʯʥʦʛʦ ʜʘʪʯʠʢʘ, ʱʦ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚ 

ʙʫʥʢʝʨʽ ʝʢʩʪʨʫʜʝʨʘ ʦʙʫʤʦʚʣʝʥʘ ʥʘʩʪʫʧʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʡʦʛʦ ʨʦʙʦʪʠ: 

- ʩʚʽʪʣʦʚʠʡ ʧʦʪʽʢ ʦʧʪʠʯʥʦʾ ʧʘʨʠ ʧʦʚʠʥʝʥ ʧʝʨʝʨʠʚʘʪʠʩʴ ʪʘʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ ʨʽʚʝʥʴ ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ 

ʧʦʣʽʤʝʨʫ ʜʦʩʷʛʥʝ ʧʝʚʥʦʛʦ ʟʥʘʯʝʥʥʷ; 

- ʦʧʪʠʯʥʘ ʧʘʨʘ ʜʘʪʯʠʢʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʟʘʭʠʱʝʥʘ ʚʽʜ ʚʠʧʘʜʢʦʚʠʭ ʧʝʨʝʨʠʚʘʥʴ ʩʚʽʪʣʦʚʦʛʦ ʧʦʪʦʢʫ 

ʧʘʜʘʶʯʠʤʠ ʛʨʘʥʫʣʘʤʠ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʚ ʙʫʥʢʝʨ ʰʥʝʢʦʚʠʤ ʞʠʚʠʣʴʥʠʢʦʤ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʥʩʪʨʫʢʮʽʶ ʯʫʪʣʠʚʦʛʦ ʝʣʝʤʝʥʪʘ ʦʧʪʠʯʥʦʛʦ ʜʘʪʯʠʢʘ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 4. 

 
 

ʈʠʩ. 4. ʉʢʣʘʜʘʣʴʥʠʡ ʢʨʝʩʣʝʥʠʢ ʯʫʪʣʠʚʦʛʦ ʝʣʝʤʝʥʪʘ ʦʧʪʠʯʥʦʛʦ ʜʘʪʯʠʢʘ ʜʣʷ ʢʦʥʪʨʦʣʶ ʨʽʚʥʷ ʧʦʣʽʤʝʨʥʠʭ ʛʨʘʥʫʣ ʚ ʙʫʥʢʝʨʽ 

ʝʢʩʪʨʫʜʝʨʘ: 1 ï ʢʨʦʥʰʪʝʡʥ; 2 ï ʽʥʬʨʘʯʝʨʚʦʥʠʡ ʬʦʪʦʝʣʝʤʝʥʪ; 3 ï ʽʥʬʨʘʯʝʨʚʦʥʠʡ ʩʚʽʪʣʦʜʽʦʜ 
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ʂʨʦʥʰʪʝʡʥ 1 (ʨʠʩ. 4) ʚʠʛʦʪʦʚʣʝʥʠʡ ʟ ʘʣʶʤʽʥʽʻʚʦʛʦ ʘʙʦ ʩʪʘʣʴʥʦʛʦ ʣʠʩʪʘ ʪʦʚʱʠʥʦʶ 3 ʤʤ. 

ʂʦʥʩʪʨʫʢʮʽʷ ʜʘʪʯʠʢʘ ʧʝʨʝʜʙʘʯʘʻ ʟʘʢʨʽʧʣʝʥʥʷ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʬʦʪʦʝʣʝʤʝʥʪʫ 2 ʽ  ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ 

ʩʚʽʪʣʦʜʽʦʜʫ 3 ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʧʦʟʠʮʽʷʭ ʥʘ ʢʨʦʥʰʪʝʡʥʽ 1 ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʣʝʶ, ʥʘʧʨʠʢʣʘʜ ʝʧʦʢʩʠʜʥʦʾ ʩʤʦʣʠ. 

ʏʫʪʣʠʚʽ ʝʣʝʤʝʥʪʠ ʢʨʽʧʣʷʪʴʩʷ ʥʘ ʚʥʫʪʨʽʰʥʽʡ ʙʽʯʥʽʡ ʧʦʚʝʨʭʥʽ ʙʫʥʢʝʨʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʚʠʥʪʽʚ ʄ6.  

ɿʘʚʜʷʢʠ ʪʘʢʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʯʫʪʣʠʚʦʛʦ ʝʣʝʤʝʥʪʘ ʛʨʘʥʫʣʠ ʤʘʪʝʨʽʘʣʫ ʧʦʪʨʘʧʣʷʶʪʴ ʚ ʯʫʪʣʠʚʠʡ ʦʧʪʠʯʥʠʡ 

ʧʨʦʤʽʞʦʢ ʪʽʣʴʢʠ ʧʨʠ ʥʘʧʦʚʥʝʥʥʽ ʽ ʩʧʫʩʪʦʰʝʥʥʽ ʙʫʥʢʝʨʘ. 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

1. ɿ ʤʝʪʦʶ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤʠ ʟʘʚʘʥʪʘʞʝʥʥʷ ʝʢʩʪʨʫʜʝʨʘ ʨʦʟʨʦʙʣʝʥʦ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʩʠʩʪʝʤʠ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʝʢʩʪʨʫʜʝʨʘ ʽ ʘʣʛʦʨʠʪʤ ʨʦʙʦʪʠ ʨʦʟʨʦʙʣʝʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ ʦʩʥʦʚʦʶ ʜʣʷ ʨʦʟʨʦʙʢʠ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ. 

2. ʈʦʟʨʦʙʣʝʥʦ ʢʦʥʩʪʨʫʢʮʽʶ ʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʝʣʝʢʪʨʠʯʥʫ ʩʭʝʤʫ ʦʧʪʠʯʥʠʭ ʜʘʪʯʠʢʽʚ ʩʠʩʪʝʤʠ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʝʢʩʪʨʫʜʝʨʘ ʥʘ ʦʩʥʦʚʽ ʰʥʝʢʦʚʦʛʦ ʞʠʚʠʣʴʥʠʢʘ. 
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5. ɻʚʠʥʪʦʚʠʡ ʪʨʘʥʩʧʦʨʪʝʨ ʜʣʷ ʜʦʟʦʚʘʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʩʠʧʢʠʭ ʤʘʪʝʨʽʘʣʽʚ : ɿʘʷʚʢʘ ʥʘ ʧʘʪʝʥʪ 
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ʄɽʊʆɼʆʃʆɻɯʏʅʀʁ ʇɯɼʍɯɼ ɼʆ ʇʆɹʋɼʆɺʀ ʄɸʊɽʄɸʊʀʏʅʀʍ ʄʆɼɽʃɽʁ 

ɹɯʆʆɹôɭʂʊʆɺʀʍ ɿɸɼɸʏ  
 
ˏ ̨̒̓́̓̓ ̑̏̈̑̏̂̌̆̎́ ̍̆̓̏̅̉̋́ ̅̏ ̘̍́̓̆̍́̓̉̎̏̄̏ ̟̠̍̏̅̆̌̃́̎̎ ̨̨̖̘̖̂̏̓̆̎̏̌̏̄̎̉ ̒̉̒̓̆̍ȟ ̨̠̋ ̨̍̒̓ ̠̝̓ 

̅̇̆̑̆̌́ ̩̌́̈̆̑̎̏ ̨̩̅Ȣ ˏ ̩̩ ̏̒̎̏̃̔ ̨̐̏̋̌́̅̆̎ ̨̖̑̏̈̑́̔̎̋̏̃ ̓́ ̨̨̨̗̏̐̓̉̍̈́̊̎ ̨̘̍́̓̆̍́̓̉̎ ̨̍̏̅̆̌ ̠̅̌ ̙̐̏̔̋̔ 
̨̗̝̖̑́̏̎́̌̎̉ ̘̝̈̎́̆̎ ̨̖̘̖̓̆̎̎̉ ̨̐́̑́̍̆̓̑̃ ̨̨̟̘̃̉̐̑̏̍̎̃́̃Ȣ ˍ̃̓̏̑́̍̉ ̨̨̅̏̒̌̅̇̆̎ ̨̏̒̎̏̃̎ ́̒̐̆̋̓̉ ̨̩̓̆̏̑ ̨́̎́̌̈̔ 
̨ ̒̉̎̓̆̈̔ ̖̒̋̌́̅̎̉ ̒̉̒̓̆̍ȟ ̨̠̋ ̨̠̝̍̒̓̓ ̨̈̏̒̆̑̆̅̇̆̎ȟ ̨̖̑̔̏̍ ̅̇̆̑̆̌́ ̨̘̖̈̉̎̉̕ ̨̐̏̌̃Ȣ ˑ̠̌ ̘̠̈́̂̆̈̐̆̆̎̎ 
̨̤̇̉̓̓̈̅́̓̎̏̒̓ ̨̋̌̓̉̎ ̨̈́̑̏̅̋̃ ̨̐̏̓̑̂̎̉̊ ̏̒̏̂̌̉̃̏ ̝̑̆̓̆̌̎̉̊ ̝̋̏̎̓̑̏̌ ̨̠̑̃̎ ̨̎́̄̑̃̔ ̨̈́̑̏̅̋̃ ̎̆ ̙̌̉̆ ̃ 
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KRAVTSOV Andrii, LEVKIN Dmytro, BEREZHNA Natalija, LEVKIN Artur 

State Biotechnological University, Kharkiv, Ukraine  

  

METHODOLOGICAL A PPROACH TO THE MATHEMA TICAL MODELS CONSTRUCTION OF BIOOBJECT 

PROBLEMS 
  

This article reveals a technique for the mathematical modeling of biotechnological systems that contain sources of laser action. 
Calculation and optimization mathematical models for finding rational values of the technical parameters of the emitters are the basis for 
this. The authors researched the main aspects of the theory of analysis and synthesis of complex systems that contain concentrated, moving 
sources of physical fields. To ensure the viability of embryo cells, it is necessary to carefully monitor the level of embryo heating not only at 
the points closest to the laser dissection site but also at the end of the laser action. It should also be noted that at the end of the short-term 
effect of laser radiation, the flow of heat from the border of the embryo dissection passes to other parts of it. The non-stationary process of 
thermal distribution will occur until a stationary mode is established, which is necessary to maintain the viability of the embryo. 

Due to the peculiarities of the microbiological object, the authors perform mathematical modeling of a non-stationary, nonlinear, 
multidimensional biotechnological system, which contains a discrete, moving source of laser action. It is quite difficult to implement applied 
optimization mathematical models that are used to optimize the modeled system. Therefore, it is advisable to obtain approximate solutions 
to boundary value problems with averaged values of thermophysical parameters of laser emitters without considering the three-layer 
structure of the embryo. To increase the level of viability of germ cells, the authors propose to implement an applied optimization 
mathematical model for minimizing the deviation of the temperature of laser action from its acceptable value. This will make it possible to 
obtain rational technical parameters of the emitters, which are close to reality and satisfy the needs of the technical use of laser emitters. 

Keywords: mathematical modeling, optimization, biotechnological systems, boundary value problems. 
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ɺ ʦʩʥʦʚʫ ʙʽʣʴʰʦʩʪʽ ʧʨʘʢʪʠʯʥʦ ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʶ ʧʦʢʣʘʜʝʥʠʡ ʤʝʪʦʜ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʟ ʝʪʘʣʦʥʦʤ. ʇʨʠ ʮʴʦʤʫ, ʝʪʘʣʦʥʦʤ ʤʦʞʝ ʙʫʪʠ ʷʢ ʽ ʦʢʨʝʤʠʡ ʦʙ'ʻʢʪ, ʱʦ ʩʢʘʥʫʻʪʴʩʷ 

ʦʜʥʦʯʘʩʥʦ ʟ ʢʦʥʪʨʦʣʴʦʚʘʥʠʤ ʦʙ'ʻʢʪʦʤ, ʪʘʢ, ʽ ʤʘʩʠʚ ʟʘʟʜʘʣʝʛʽʜʴ ʟʘʧʠʩʘʥʦʾ ʚ ʧʘʤ'ʷʪʴ ʢʦʤʧ'ʶʪʝʨʘ ʽʥʬʦʨʤʘʮʽʾ. 

ʄʝʪʦʜʠ ʚʽʜʙʦʨʫ ʥʝʦʙʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʠ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʘʥʘʣʽʟʽ ʤʽʢʨʦʟʦʙʨʘʞʝʥʴ ʤʦʞʫʪʴ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ 
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ʜʚʦʭ ʦʩʥʦʚʥʠʭ ʛʨʫʧ: ʧʨʠʣʘʜʦʚʽ ʽ ʤʘʰʠʥʥʽ. ʇʨʠʣʘʜʦʚʽ ʤʝʪʦʜʠ ʧʨʠʧʫʩʢʘʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʦʧʪʠʯʥʠʭ 

ʧʨʠʩʪʨʦʾʚ, ʷʢʽ ʜʘʶʪʴ ʟʤʦʛʫ ʚʠʜʽʣʠʪʠ ʚʽʜʤʽʥʥʦʩʪʽ ʥʘ ʢʦʥʪʨʦʣʴʦʚʘʥʦʤʫ ʦʙ'ʻʢʪʽ ʘʙʦ ʤʝʪʦʜʦʤ ʘʤʧʣʽʪʫʜʥʦʾ 

ʬʽʣʴʪʨʘʮʽʾ (ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʟʦʙʨʘʞʝʥʴ, ʜʽʣʷʥʦʢ ʘʙʦ ʪʦʯʦʢ ʢʦʥʪʨʦʣʴʦʚʘʥʦʾ ʽ ʝʪʘʣʦʥʥʦʾ ʩʪʨʫʢʪʫʨ), ʘʙʦ 

ʤʝʪʦʜʦʤ ʧʨʦʩʪʦʨʦʚʦʾ ʬʽʣʴʪʨʘʮʽʾ, ʘʙʦ ʰʣʷʭʦʤ ʧʨʷʤʦʛʦ ʘʥʘʣʽʟʫ ʜʠʬʨʘʢʮʽʡʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ 

ʦʙ'ʻʢʪʫ (ʧʨʠ ʮʴʦʤʫ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʘ ʦʙʩʪʘʚʠʥʘ, ʱʦ ʩʚʽʪʣʦ ʧʦ ʨʽʟʥʦʤʫ ʜʠʬʨʘʛʫʻ ʥʘ ʨʽʟʥʠʭ ʜʽʣʷʥʢʘʭ). 

ʄʘʰʠʥʥʽ ʤʝʪʦʜʠ ʢʦʥʪʨʦʣʶ ʧʨʠʧʫʩʢʘʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʘʙʦ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʢʦʤʧ'ʶʪʝʨʽʚ, ʷʢʽ 

ʧʨʘʮʶʶʪʴ ʥʘ ʦʩʥʦʚʽ ʘʧʨʽʦʨʥʠʭ ʚʽʜʦʤʦʩʪʝʡ ʧʨʦ ʦʧʪʠʤʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʦʙ'ʻʢʪʫ ʽ 

ʦʙʨʦʙʣʶʚʘʥʠʭ ʟʦʙʨʘʞʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʝʷʢʠʭ ʘʣʛʦʨʠʪʤʽʚ. ʇʨʠ ʮʴʦʤʫ, ʘʥʘʣʽʟʦʚʘʥʝ ʟʦʙʨʘʞʝʥʥʷ ʦʙ'ʻʢʪʫ 

ʟʘʟʜʘʣʝʛʽʜʴ ʧʝʨʝʪʚʦʨʠʪʴʩʷ ʚ ʮʠʬʨʦʚʫ ʬʦʨʤʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʣʝʚʽʟʽʡʥʠʭ ʩʠʩʪʝʤ ʘʙʦ ʩʢʘʥʦʚʘʥʠʭ 

ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʟʦʙʨʘʞʝʥʥʷ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʨʠʣʘʜʦʚʠʭ, ʤʘʰʠʥʥʽ ʤʝʪʦʜʠ ʜʦʟʚʦʣʷʶʪʴ ʢʦʥʪʨʦʣʶʚʘʪʠ ʙʫʜʴ-ʷʢʽ ʨʦʟʙʽʞʥʦʩʪʽ 

ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʽ ʝʪʘʣʦʥʥʦʛʦ ʟʦʙʨʘʞʝʥʴ, ʦʢʨʽʤ ʪʦʛʦ, ʤʘʰʠʥʥʽ ʤʝʪʦʜʠ ʤʦʞʫʪʴ ʟʜʽʡʩʥʠʪʠ ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ, ʟʘʙʝʟʧʝʯʠʪʠ ʾʾ ʩʪʘʪʠʩʪʠʯʥʫ ʦʙʨʦʙʢʫ ʽ ʜʘʪʠ ʨʽʰʝʥʥʷ ʧʨʦ ʷʢʽʩʪʴ ʦʙ'ʻʢʪʫ. ʄʦʞʣʠʚʦʩʪʽ ʤʘʰʠʥʥʠʭ 

ʤʝʪʦʜʽʚ ʧʝʨʝʚʝʨʰʫʶʪʴ ʧʨʠʣʘʜʦʚʽ ʽ ʥʘ ʾʭ ʦʩʥʦʚʽ ʤʦʞʫʪʴ ʙʫʪʠ ʩʪʚʦʨʝʥʽ ʧʦʚʥʽʩʪʶ ʘʚʪʦʤʘʪʠʯʥʽ ʩʠʩʪʝʤʠ, ʷʢʽ ʥʝ 

ʚʠʤʘʛʘʶʪʴ ʫʯʘʩʪʴ ʣʶʜʠʥʠ ʥʘ ʩʪʘʜʽʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʜʝʬʝʢʪʽʚ ʽ ʫʭʚʘʣʝʥʥʷ ʨʽʰʝʥʴ. ʋʩʽ ʤʘʰʠʥʥʽ ʤʝʪʦʜʠ ʤʦʞʫʪʴ 

ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʝʚʨʠʩʪʠʯʥʦʾ ʘʙʦ ʤʘʪʝʤʘʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ, ʪʠʤ ʘʙʦ ʽʥʰʠʤ ʩʧʦʩʦʙʦʤ 

ʚʚʝʜʝʥʽ ʥʘ ʢʦʤʧ'ʶʪʝʨʘʭ. 

ɽʚʨʠʩʪʠʯʥʠʡ ʤʝʪʦʜ ʧʨʠʧʫʩʢʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʥʘ ʦʩʥʦʚʽ ʜʝʷʢʠʭ ʘʧʨʽʦʨʥʠʭ ʚʽʜʦʤʦʩʪʝʡ ʧʨʦ 

ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʞ ʜʝʬʝʢʪʘʤʠ ʽ ʩʪʨʫʢʪʫʨʦʶ ʦʙ'ʻʢʪʫ. ʄʘʪʝʤʘʪʠʯʥʠʡ ʤʝʪʦʜ ʚ ʩʧʨʦʤʦʞʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʪʠ 

ʘʣʛʦʨʠʪʤ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʜʚʦʚʠʤʽʨʥʠʭ ʟʦʙʨʘʞʝʥʴ ʥʘ ʦʩʥʦʚʽ ʧʝʨʝʪʚʦʨʝʥʴ ʌʫʨôʻ, ʧʨʠ ʮʴʦʤʫ, ʥʘ ʢʦʤʧ'ʶʪʝʨʽ 

ʧʦʨʽʚʥʶʶʪʴʩʷ ʩʧʝʢʪʨʠ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʽ ʙʝʟʜʝʬʝʢʪʥʦʛʦ ʟʦʙʨʘʞʝʥʴ. ʇʨʠ ʯʦʤʫ, ʷʢʱʦ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ 

ʝʪʘʣʦʥʥʝ ʟʦʙʨʘʞʝʥʥʷ ʟʘʧʠʩʘʥʘ ʚ ʧʘʤ'ʷʪʽ ʢʦʤʧ'ʶʪʝʨʘ ʽ ʨʦʙʠʪʴʩʷ ʧʦʪʦʯʢʦʚʝ ʧʦʨʽʚʥʷʥʥʷ ʟ ʥʝʶ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 

ʢʦʥʪʨʦʣʴʦʚʘʥʝ ʟʦʙʨʘʞʝʥʥʷ, ʱʦ ʦʪʨʠʤʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʫʜʴ-ʷʢʦʾ ʘʙʦ ʦʧʪʠʯʥʦʾ ʩʢʘʥʦʚʘʥʦʾ ʩʠʩʪʝʤʠ, ʪʦ ʮʝ 

ʚʠʤʘʛʘʻ ʟʥʘʯʥʦʛʦ ʦʙ'ʻʤʫ ʧʘʤ'ʷʪʽ. 

ɺ ʩʪʘʪʪʽ ʥʘʚʝʜʝʥʘ ʤʝʪʦʜʠʢʘ ʜʦ ʧʦʙʫʜʦʚʠ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʦʛʦ ʦʙôʻʢʪʘ 

(ʝʤʙʨʽʦʥʘ) ʧʽʜ ʜʽʻʶ ʩʢʘʥʦʚʘʥʠʭ ʜʞʝʨʝʣ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɼʣʷ ʦʮʽʥʢʠ ʨʽʚʥʷ ʞʠʪʪʻʟʜʘʪʥʦʩʪʽ ʢʣʽʪʠʥ 

ʟʘʨʦʜʢʽʚ ʚ ʩʪʘʪʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʨʝʘʣʽʟʫʚʘʪʠ ʧʨʠʢʣʘʜʥʫ ʦʧʪʠʤʽʟʘʮʽʡʥʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʤʽʥʽʤʽʟʘʮʽʾ 

ʫʭʠʣʝʥʴ ʟʥʘʯʝʥʴ ʣʘʟʝʨʥʦʾ ʜʽʾ ʥʘ ʝʤʙʨʽʦʥ ʚʽʜ ʢʨʠʪʠʯʥʦ ʤʦʞʣʠʚʠʭ ʟʥʘʯʝʥʴ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʣʘʟʝʨʥʦʛʦ ʧʦʜʽʣʫ 

ʝʤʙʨʽʦʥʘ.  

 

ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ 

ɿʜʽʡʩʥʠʚʰʠ ʚʩʝʙʽʯʥʠʡ ʘʥʘʣʽʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʢʦʤʧʦʥʝʥʪʽʚ ʩʢʣʘʜʥʠʭ ʨʝʯʦʚʠʥ ʚ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʘʚʪʦʨʘʤʠ ʧʫʙʣʽʢʘʮʽʾ [1] ʨʦʟʚôʷʟʘʥʽ ʧʨʠʢʣʘʜʥʽ ʟʘʜʘʯʽ 

ʦʧʪʠʤʽʟʘʮʽʾ ʢʝʨʫʶʯʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ. ɿ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ ʚ 

ʧʫʙʣʽʢʘʮʽʷʭ [2, 3] ʜʦʩʣʽʜʞʝʥʽ ʦʩʥʦʚʥʽ ʘʩʧʝʢʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ 

ʩʪʽʡʢʦʛʦ ʨʦʟʚʠʪʢʫ ʪʘ ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʝʢʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ. ɼʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʢʠ ʧʝʨʝʙʽʛʫ ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ ʥʘ ʧʝʚʥʽʡ ʪʝʨʠʪʦʨʽʾ ʟʜʽʡʩʥʝʥʠʡ ʤʦʥʽʪʦʨʠʥʛ 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʚʠʥʠʢʥʝʥʥʷ ʤʦʞʣʠʚʠʭ ʨʠʟʠʢʽʚ [3]. ʆʪʨʠʤʘʥʽ ʚ ʧʫʙʣʽʢʘʮʽʷʭ [4, 5] ʚʠʨʘʟʠ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʢʨʠʪʝʨʽʾʚ ʤʽʮʥʦʩʪʽ ʪʨʠʙʦʩʠʩʪʝʤ ʜʘʣʠ ʟʤʦʛʫ ʾʾ ʘʚʪʦʨʘʤ ʚʠʟʥʘʯʠʪʠ ʤʝʞʽ ʩʪʽʡʢʦʩʪʽ ʨʦʙʦʪʠ ʨʽʟʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʪʨʠʙʦʩʠʩʪʝʤ. 

ɸʚʪʦʨʘʤʠ ʧʫʙʣʽʢʘʮʽʾ [6] ʚʠʟʥʘʯʝʥʽ ʪʘ ʚʩʝʙʽʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʽ ʫʤʦʚʠ ʧʦʙʫʜʦʚʠ ʢʦʨʝʢʪʥʠʭ ʢʨʘʡʦʚʠʭ 

ʟʘʜʘʯ ʜʣʷ ʩʠʩʪʝʤ ʥʝʣʽʥʽʡʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ. ɺʠʟʥʘʯʝʥʽ ʫʤʦʚʠ ʢʝʨʦʚʘʥʦʩʪʽ ʪʘ ʥʘʙʣʠʞʝʥʦʾ 

ʢʝʨʦʚʘʥʦʩʪʽ ʜʣʷ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ [7, 8]. ɺ ʧʫʙʣʽʢʘʮʽʷʭ [9, 10] ʨʦʟʚôʷʟʘʥʘ ʟʘʜʘʯʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʠʭ ʽʥʥʦʚʘʮʽʡ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʨʦʟʚʠʪʢʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʚ ʫʤʦʚʘʭ 

ʨʠʥʢʦʚʦʾ ʝʢʦʥʦʤʽʢʠ. ʆʙˇʨʫʥʪʫʚʘʚʰʠ ʪʝʦʨʝʪʠʯʥʽ, ʤʝʪʦʜʠʯʥʽ ʪʘ ʧʨʘʢʪʠʯʥʽ ʟʘʩʘʜʠ ʫʧʨʘʚʣʽʥʥʷ ʨʦʟʚʠʪʢʦʤ 

ʧʽʜʧʨʠʻʤʩʪʚʘ, ʘʚʪʦʨʘʤʠ ʧʫʙʣʽʢʘʮʽʡ [11, 12] ʩʬʦʨʤʦʚʘʥʠʡ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʤʝʭʘʥʽʟʤ ʩʪʘʙʽʣʴʥʦʛʦ 

ʨʦʟʚʠʪʢʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʚ ʫʤʦʚʘʭ ʨʠʥʢʦʚʦʾ ʝʢʦʥʦʤʽʢʠ. 

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʤʝʪʦʜʠʢʫ ʜʦ ʧʦʙʫʜʦʚʠ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʙʽʦʦʙôʻʢʪʦʚʠʭ ʟʘʜʘʯ ʽ 

ʦʮʽʥʢʠ ʨʽʚʥʷ ʞʠʪʪʻʟʜʘʪʥʦʩʪʽ ʢʣʽʪʠʥ ʟʘʨʦʜʢʽʚ ʝʤʙʨʽʦʥʘ.  

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ɺ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽʡ ʩʠʩʪʝʤʽ ʚʠʟʥʘʯʝʥʥʷ ʞʠʪʪʻʟʜʘʪʥʦʩʪʽ ʝʤʙʨʽʦʥʽʚ ʧʦʨʽʚʥʶʶʪʴʩʷ ʟʦʙʨʘʞʝʥʥʷ ʦʜʥʽʻʾ ʽ 

ʪ̔ ʻʾ ʞ ʜʽʣʷʥʢʠ ʟ ʽʥʪʝʨʚʘʣʦʤ ʚ 1-3 ʭʚʠʣʠʥʠ. ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʙʘʟʫʻʪʴʩʷ ʥʘ ʟʤʽʥʽ ʩʚʽʪʣʦʧʨʦʥʠʢʥʝʥʥʷ 

ʦʢʨʝʤʠʭ ʜʽʣʷʥʦʢ ʞʠʚʦʛʦ ʝʤʙʨʽʦʥʘ, ʪʘʢ ʟʚʘʥʠʭ ʘʢʪʠʚʥʠʭ ʟʦʥ, ʧʦʚ'ʷʟʘʥʠʡ ʟ ʚʠʧʘʜʢʦʚʠʤ ʧʦʜʨʽʙʥʝʥʥʷʤ ʦʢʨʝʤʠʭ 

ʢʣʽʪʠʥ ʟʘʨʦʜʢʽʚ, ʚʠʥʠʢʥʝʥʥʷʤ ʽ ʟʙʽʣʴʰʝʥʥʷʤ ʙʣʘʩʪʦʧʦʣʦʩʪʠ ʚʩʝʨʝʜʠʥʽ ʝʤʙʨʽʦʥʘ, ʧʨʦʪʽʢʘʥʥʷʤ ʨʽʟʥʠʭ 

ʙʽʦʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. ɼʣʷ ʘʥʘʣʽʟʫ ʚʣʘʩʥʠʭ ʟʦʙʨʘʞʝʥʴ ʽ ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ 

ʞʠʪʪʻʟʜʘʪʥʽʩʪʴ ʝʤʙʨʽʦʥʽʚ, ʚʠʢʦʨʠʩʪʘʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʣʘʟʝʨʥʦʾ ʜʽʾ ʥʘ ʝʤʙʨʽʦʥ:  

( )
( ) ( )

, , ,
, , , , , , ,

µ
= D +

µ

T x y z t
T x y z t P x y z t

t
l  (1) 
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ʜʝ ( ), , ,T x y z t  ï ʪʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ; 

, ,x y z ï ʧʨʦʩʪʦʨʦʚʽ ʟʤʽʥʥʽ; 

t  ï ʢʦʦʨʜʠʥʘʪʘ ʯʘʩʫ; 

l ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ; 

( ), , ,P x y z t  ï ʬʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʣʘʟʝʨʥʦʾ ʜʽʾ: 

( )
( ) ( ) [ ]

( ) [ ]

, , , , , , , 0; ;
, , ,

0, , , , 0; ,

ë ÍW Íî
=ì

ÎW Îîí

P x y z t ʷʢʱʦ x y z t T
P x y z t

ʷʢʱʦ x y z t T
 (2) 

ʜʝ W ï ʦʙʣʘʩʪʴ ʜʽʾ ʜʞʝʨʝʣʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ; 

T  ï ʯʘʩ ʜʽʾ. 

ʇʦʯʘʪʢʦʚʘ ʫʤʦʚʘ: 

( ) ( ), , ,0 , ,=T x y z T x y z. (3) 

ɻʨʘʥʠʯʥʘ ʫʤʦʚʘ ʪʝʧʣʦʦʙʤʽʥʫ ʟ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ: 

( )
( )( )01 01

01

, , ,
, , , , ,

µ
+ =

µ

T x y z t
h x y z T x y z t T

v
, (4) 

ʜʝ 
01v  ï ʥʘʧʨʷʤʦʢ ʜʦ ʥʦʨʤʘʣʽ; 

01h  ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʦʙʤʽʥʫ. 

ʈʽʚʥʦʩʪʽ ʨʦʟʜʽʣʫ ʤʽʞ ʟʦʚʥʽʰʥʴʦʶ ʦʙʦʣʦʥʢʦʶ ʝʤʙʨʽʦʥʘ ʪʘ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ: 

( ) ( )
3 4

3 4

, , , , , ,µ µ
=

µ µ

T x y z t T x y z t

v v
l l , (5) 

ʜʝ 
3 4,l l ï ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʟʦʚʥʽʰʥʴʦʾ ʦʙʦʣʦʥʢʠ ʝʤʙʨʽʦʥʘ ʪʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʩʬʝʨʠʯʥʦʾ ʬʦʨʤʠ ʝʤʙʨʽʦʥʘ, ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʢʨʘʡʦʚʘ ʟʘʜʘʯʘ (1)ï(5):  

( )
( )( ) ( )

,
, ,

µ
=Ð Ð +

µ

T r t
c T r t q r t

t
r l , (6) 

ʜʝ ( ),q r t  ï ʬʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʪʝʨʤʽʯʥʦʾ ʜʽʾ. 

ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ʥʘ ʧʦʯʘʪʢʫ ʪʘ ʥʘʧʨʠʢʽʥʮʽ ʜʽʾ ʣʘʟʝʨʥʦʛʦ ʧʨʦʤʝʥʶ: 

( )

( )

0

0
0, ;

, .

=

=

=

=

ë =
î
ì

=î
í

N

N

z z

t t

z z

Nt t

T r t T

T r t T
 (7) 

ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ: 

1

1 1( ) 0
=Q

µå õ
- - =æ ö

µç ÷
ext

r

T
A T T

r
l , (8) 

ʜʝ 
1l ï ʢʦʝʬʽʮʽʻʥʪ ʟʦʚʥʽʰʥʴʦʾ ʦʙʦʣʦʥʢʠ ʝʤʙʨʽʦʥʘ;  

A  ï ʧʘʨʘʤʝʪʨ ʪʝʧʣʦʚʽʜʜʘʯʽ ʟʦʚʥʽʰʥʴʦʾ ʦʙʦʣʦʥʢʠ ʝʤʙʨʽʦʥʘ;  

1, extT T  ï ʪʝʤʧʝʨʘʪʫʨʠ ʟʦʚʥʽʰʥʴʦʾ ʦʙʦʣʦʥʢʠ ʝʤʙʨʽʦʥʘ ʪʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ɹʫʜʝʤʦ ʰʫʢʘʪʠ ʨʦʟʚôʷʟʦʢ ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ (6)ï(8) ʫ ʚʠʜʽ ʨʷʜʫ: 

( )
1

1
, ( ) sin .

¤

=

=ä n

n

nr
T r t b t

r R

p
 (9) 

ʇʽʜʩʪʘʚʠʤʦ ( ),T r t  ʟ ʨʽʚʥʦʩʪʽ (9) ʚ ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ (6): 

( )
0

2
( ) , sin

å õ
¡ + = æ ö

ç ÷
ñ
R

n n n

nr
b t B b rq r t dr

R c R

p

r
, (10) 

ʜʝ 
2 2

2

å õ
=æ ö
ç ÷

n

an
B

R

p
. 

( ) ( )
1

2 1
, sin ,

¤

=

å õ
= æ ö

ç ÷
ä n

n

nr
T r t F r t

r c n R

p

pr
, (11) 

ʜʝ ʬʫʥʢʮʽʷ ( ),nF r t : 

( ) ( )( )

0 0

, , sin
- - å õ

= æ ö
ç ÷

ñ ñn

t R

A t u

n

nr
F r t e rq r u dr du

R

p
. (12) 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʩʬʝʨʠʯʥʦʾ ʬʦʨʤʠ ʝʤʙʨʽʦʥʘ, ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ (6)ï(8): 
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( )2

2

,2å õµ µ µ
- + =æ ö

µ µµç ÷

q r tT T T
a

t r r cr r
, (13) 

ʜʝ ( ),=T T r t  ï ʪʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ; 

r  ï ʛʣʠʙʠʥʘ ʧʨʦʥʠʢʥʝʥʥʷ ʣʘʟʝʨʥʦʛʦ ʧʨʦʤʝʥʶ ʚ ʝʤʙʨʽʦʥ; 

t  ï ʯʘʩ ʣʘʟʝʨʥʦʾ ʜʽʾ; 

=a
c

l

r
 ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʽʜʥʦʩʪʽ; 

( ),q r t  ï ʛʫʩʪʠʥʘ ʧʦʪʫʞʥʦʩʪʽ ʣʘʟʝʨʥʦʾ ʜʽʾ: 

( )
[ ] [ ]

[ ] [ ]
0 0

0

, 0; , 0; ;
,

0, 0; , 0; .

ë Í Íî
=ì

Î Îîí

q ʧʨʠr r t T
q r t

ʧʨʠr r t T
 (14) 

ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ʪʝʧʣʦʦʙʤʽʥʫ ʟʦʚʥʽʰʥʴʦʾ ʦʙʦʣʦʥʢʠ ʝʤʙʨʽʦʥʘ ʟ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ: 

( )

( )

0

, 0;

, 0.

=

=

ë =
î
ì

=îí

t t

r R

T r t

T r t
 (15) 

ɼʣʷ ʢʦʥʪʨʦʣʶ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʟʘʩʪʦʩʦʚʘʥʽ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ (8). 

ʂʦʨʝʢʪʥʽʩʪʴ ʥʘʚʝʜʝʥʠʭ ʢʨʘʡʦʚʠʭ ʟʘʜʘʯ ʦʙˇʨʫʥʪʦʚʘʥʘ ʟʘʚʜʷʢʠ ʚʠʢʦʥʘʥʥʶ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʫʤʦʚ ʪʘ 

ʦʙʤʝʞʝʥʴ ʥʘ ʩʠʤʚʦʣʠ ʧʩʝʚʜʦʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʦʧʝʨʘʪʦʨʽʚ ʚ ʧʫʙʣʽʢʘʮʽʷʭ [13, 14]. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʪʦʜ 

ʚʽʜʦʢʨʝʤʣʝʥʠʭ ʟʤʽʥʥʠʭ, ʰʫʢʘʪʠʤʝʤʦ ʨʦʟʚ'ʷʟʦʢ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ (13) ʚ ʥʘʩʪʫʧʥʦʤʫ ʚʠʜʽ: 

( ) ()() 1

0

,
¤

-

=

= =äct k

k

k

T r t u r v t e c r . (16) 

ʇʽʜʩʪʘʚʠʚʰʠ ʨʽʚʥʽʩʪʴ (16) ʚ ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ (13), ʦʪʨʠʤʘʻʤʦ: 

2
( ) ( ) ( )( ( ) ( )) 0¡ ¡¡ ¡- + =v t u r av t u r u r

r
. (17) 

ɺʠʢʦʨʠʩʪʘʚʰʠ ʨʝʟʫʣʴʪʘʪʠ ʧʫʙʣʽʢʘʮʽʡ [14, 15], ʦʪʨʠʤʘʣʠ ʨʦʟʚôʷʟʦʢ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ (13):  

( )( )

2
2

2
0

( , ) 100 ( )
62 1 !!

¤

=

= -
+

ä
k k

ct e

k
k

qc r
T r t e r g t

aa k
. (18) 

ɼʣʷ ʦʮʽʥʢʠ ʞʠʪʪʻʟʜʘʪʥʦʩʪʽ ʢʣʽʪʠʥ ʟʘʨʦʜʢʽʚ ʟʘʩʪʦʩʫʻʤʦ ʤʝʪʦʜ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ, ʷʢʠʡ ʧʦʣʷʛʘʻ ʚ 

ʥʘʩʪʫʧʥʦʤʫ: ʚʽʜ ʤʘʪʨʠʮʽ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ 
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æ ö
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x x x x

x x x x
X

x x x x
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 ʧʝʨʝʭʦʜʠʤʦ ʜʦ ʤʘʪʨʠʮʽ Z  ʥʦʨʤʦʚʘʥʠʭ 

ʟʥʘʯʝʥʴ ʟ ʝʣʝʤʝʥʪʘʤʠ: 

-
=

ij j

ij

j

x x
z

s
,  (19) 

ʜʝ 
1

1

=

= ä
n

j ij

i

x x
n

 ï ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ, 1,2,3,4=j ; 

1 1, ,=i n  ï ʥʦʤʝʨʠ ʩʧʦʩʪʝʨʝʞʝʥʴ; 

( )
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1

1

=

= -ä
n

j ij j

i

s x x
n

. 

ɺʽʜʩʪʘʥʴ ʤʽʞ ʜʚʦʤʘ ʩʧʦʩʪʝʨʝʞʝʥʥʷʤʠ 
iz  ʽ zn: 

( ) ( )
2

1

,
=

= -ä
n

BE i e ie e

e

z z w z zn nr ,  (20) 

ʜʝ 
ew  ï ʚʩʽ ʧʦʢʘʟʥʠʢʠ, 0 1< ¢ew . 

ɿʘʧʠʰʝʤʦ ʦʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʫ ʚʠʜʽ ʤʘʪʨʠʮʽ ʚʽʜʩʪʘʥʽ: 
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1 2
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0

0

å õ
æ ö
æ ö=
æ ö
æ ö
ç ÷

n

n

n n

R

r r

r r

r r

. (21) 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʘʪʨʠʮʶ ʚʽʜʩʪʘʥʽ, ʤʦʞʥʘ ʨʝʘʣʽʟʫʚʘʪʠ ʘʣʛʦʤʝʨʘʪʠʚʥʫ ʽʻʨʘʨʭʽʯʥʫ ʧʨʦʮʝʜʫʨʫ 

ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ. ɿʘ ʚʽʜʩʪʘʥʥʶ ʤʽʞ ʢʣʘʩʪʝʨʘʤʠ ʚʽʟʴʤʝʤʦ ʚʽʜʩʪʘʥʴ ʤʽʞ ʥʘʡʙʣʠʞʯʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʘʙʦ ʤʽʞ 

ʥʘʡʙʽʣʴʰ ʚʽʜʜʘʣʝʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. ɼʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʨʽʚʥʷ ʪʨʘʚʤʦʚʘʥʦʩʪʽ ʢʣʽʪʠʥ ʟʘʨʦʜʢʽʚ ʘʚʪʦʨʠ ʧʨʦʧʦʥʫʶʪʴ 
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ʨʝʘʣʽʟʫʚʘʪʠ ʧʨʠʢʣʘʜʥʫ ʦʧʪʠʤʽʟʘʮʽʡʥʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʤʽʥʽʤʽʟʘʮʽʾ ʨʽʟʥʠʮʽ ʤʽʞ ʟʥʘʯʝʥʥʷʤʠ ʪʝʤʧʝʨʘʪʫʨʠ 

ʣʘʟʝʨʥʦʛʦ ʥʘʛʨʽʚʫ ʝʤʙʨʽʦʥʘ ʽ ʾʭ ʧʨʠʧʫʩʪʠʤʠʤʠ ʟʥʘʯʝʥʥʷʤʠ. ɯʥʰʠʡ ʧʨʠʢʣʘʜ ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯ ʩʠʥʪʝʟʫ ʽ 

ʘʥʘʣʽʟʫ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʦʪʨʠʤʘʥʦʛʦ ʟ ʥʘʜʦʶ ʤʦʣʦʢʘ ʥʘʚʝʜʝʥʠʡ ʚ ʩʪʘʪʪʽ [16]. 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ʋ ʩʪʘʪʪʽ ʜʦʩʣʽʜʞʝʥʽ ʜʝʷʢʽ ʘʩʧʝʢʪʠ ʟʜʽʡʩʥʝʥʥʷ ʧʘʨʘʤʝʪʨʠʟʘʮʽʾ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʝʤʙʨʽʦʥʘ ʧʽʜ ʜʽʻʶ 

ʟʦʩʝʨʝʜʞʝʥʠʭ, ʩʢʘʥʦʚʘʥʠʭ ʜʞʝʨʝʣ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʏʝʨʝʟ ʥʝʩʪʘʥʜʘʨʪʥʫ ʬʦʨʤʫ ʝʤʙʨʽʦʥʘ ʪʘ 

ʪʝʭʥʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʜʞʝʨʝʣ ʪʝʨʤʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦʩʠʪʴ ʩʢʣʘʜʥʦ ʦʪʨʠʤʘʪʠ ʪʦʯʥʠʡ ʘʥʘʣʽʪʠʯʥʠʡ 

ʨʦʟʚôʷʟʦʢ ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ ʧʨʦʮʝʩʘ ʣʘʟʝʨʥʦʾ ʜʽʾ ʥʘ ʝʤʙʨʽʦʥ. ʊʦʤʫ, ʚ ʩʪʘʪʪʽ ʥʘʚʝʜʝʥʘ ʤʝʪʦʜʠʢʘ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʙʽʦʦʙôʻʢʪʦʚʦʾ ʟʘʜʘʯʽ ʣʘʟʝʨʥʦʛʦ ʜʽʣʝʥʥʷ ʝʤʙʨʽʦʥʘ ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʡʦʛʦ 

ʙʘʛʘʪʦʰʘʨʦʚʦʾ ʚʥʫʪʨʽʰʥʴʦʾ ʙʫʜʦʚʠ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʘʚʪʦʨʠ ʧʨʦʧʦʥʫʶʪʴ 

ʨʝʘʣʽʟʫʚʘʪʠ ʧʨʠʢʣʘʜʥʫ ʦʧʪʠʤʽʟʘʮʽʡʥʫ ʤʦʜʝʣʴ ʤʽʥʽʤʽʟʘʮʽʾ ʚʽʜʭʠʣʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʚ ʝʤʙʨʽʦʥʽ ʚʽʜ 

ʥʘʧʝʨʝʜ ʟʘʜʘʥʦʛʦ ʧʨʠʧʫʩʪʠʤʦʛʦ ʟʥʘʯʝʥʥʷ. 
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ʄɽʊʆɼʀ ʖɿɸɹɯʃɯʊɯ-ʊɽʉʊʋɺɸʅʅʗ ɼʃʗ ʆʎɯʅʖɺɸʅʅʗ ʄʆɹɯʃʔʅʆɻʆ 

ɼʆɼɸʊʂʋ  
 
˜̠̘̑̏̃̏̅̉ ̨̠̅̏̒̌̅̇̆̎̎ ̈ ̟̍̆̓̏ ̘̠̃̉̃̆̎̎ ̨̘̈̑̔̎̏̒̓ ̃̆̂-̨̒̓̏̑̎̋̉ȟ ̗̝̋̏̑̉̒̓̔̃́̋̏̄̏ ̨̎̓̆̑̆̊̒̔̕ ̘̉ 

̟̐̑̉̒̓̑̏ ̠̅̌ ̊̏̄̏ ̝̙̐̏̅́̌̏̄̏ ̍́̒̏̃̏̄̏ ̠̃̉̋̏̑̉̒̓́̎̎ȟ ̤̝̠̃̉̋̏̑̉̒̓̏̃̔̓̒ ̠̓̆̒̓̔̃́̎̎ ̎́ ̨̘̝̈̑̔̎̒̓ ɉ̨̨̨̟̈́̂̌̓-
̠̓̆̒̓̔̃́̎̎ɊȢ ˫̨̨̨̈́̂̌̓-̓̆̒̓ ̤̅̏̐̏̍́̄́ ̈̎́̊̓̉ ̎́̊̋̑́̆̚ ̨̙̠̑̆̎̎ ̨̎̓̆̑̆̊̒̔̕ ̨̈ ̨̖̃̒ ̗̟̝̎́̐̑́̃́̎ȟ ́ ̓́̋̏̇ 
̨̐̆̑̆̃̑̉̓̉ ̨̝̐̑̉̅́̓̎̒̓ ̑̆̒̔̑̒̔ ̠̅̌ ̨̘̋̏̑̉̒̓̔̃́̃ ̈ ̨̖̑̈̎̉ ̩̋̑́̎ȟ ̋̏̌̉ȟ ̎́̐̑̉̋̌́̅ȟ ̘̐̆̑̆̅̂́̆̎̏ ̠̐̆̑̆̍̉̋́̎̎ ̍̏̃Ȣ 

ˏ ̨̑̏̂̏̓ ̨̐̑̏́̎́̌̈̏̃́̎̏ ̨̨̑̈̎ ̍̆̓̏̅̉ ̨̨̨̟̈́̂̌̓-̠̓̆̒̓̔̃́̎̎ȟ ̎́ ̨̘̝̈̑̔̎̒̓ ̠̃̉̋̏̑̉̒̓́̎̎ ̃̆̂-̨̒́̊̓̃ȟ 
̨̅̏̅́̓̋̃ ̓́ ̨̙̖̎̉ ̨̨̎̓̆̑̆̊̒̃̕Ȣ ˏ̨̘̉̈̎́̆̎ ̨̏̒̎̏̃̎ ̆̓́̐̉ 58 ̠̓̆̒̓̔̃́̎̎ ̓́ ̨̗̒̆̎́̑̊ ̠̅̌ ̠̏̐̉̓̔̃́̎̎ 
̨̑̆̒̐̏̎̅̆̎̓̃Ȣ 

ˏ ̨̅́̎̊ ̨̒̓́̓̓ ̐̑̆̅̒̓́̃̌̆̎̏ ̍̆̓̏̅̉ ̨ ̨̗̏̎̋̉ ̠̓̆̒̓̔̃́̎̎ ̨̐̏̋́̈̎̉̋̃ ̨̠̋̏̒̓ ̐̑̏̄̑́̍̎̏̄̏ ̐̑̏̅̔̋̓̔Ȣ 
˛̂ȭ̤̋̓̏̍ ̨̠̅̏̒̌̅̇̆̎̎ ̤ ÕÓÁÂÉÌÉÔÙ ̠̓̆̒̓̔̃́̎̎ȟ ̠̋ ̨̤̠̃̈́̍̏̅ ̈ ̐̑̏̄̑́̍̎̉̍ ̐̑̏̅̔̋̓̏̍ȟ ̊̏̄̏ ̠̠̒̐̑̉̊̎̓̓ ̨̗̝̟̌̏̃̏ 
̨̤̟́̔̅̉̓̏̑ ̨ ̨̗̟̠̏̎̃́̎̎ ̨̠̋̏̒̓ ̨ ̘̠̃̉̈̎́̆̎̎ ̨̩̋̑̉̓̆̑̃ ̨̗̏̎̋̉ ̨̨̨̟̈́̂̌̓ ̨̝̍̏̂̌̎̏̄̏ ̅̏̅́̓̋̔ ̠̅̌ É/3 ̨̨̋̔̐̃̌ 
̆̌̆̋̓̑̏̎̎̏̄̏ ̋̃̉̓̋́ ̠̅̌ ̘̖̓̔̑̉̒̓̉̎̉ ̐̏̅̏̑̏̇̆̊Ȣ 

ˏ ̨̝̑̆̈̔̌̓́̓ 58-̠̓̆̒̓̔̃́̎̎ ̠̠̟̝̠̃̉̃̌̓̒ ̨̒̌́̂̋ ̨̗̠̍̒ ̨̎̓̆̑̆̊̒̔̕ȟ ̏̚ ̟̝̃̉̋̌̉̋́̓ ̠̔̓̑̔̅̎̆̎̎ ̔ 
̨̘̋̏̑̉̒̓̔̃́̃ ̨ ̨̨̨̝̎̆̃̅̐̏̃̅̎̒̓ ̨̎̓̆̑̆̊̒̔̕ ̩̖ ̨̘̠̏̋̔̃́̎̎̍Ȣ ˔́ ̝̑̆̈̔̌̓́̓́̍̉ ̠̓̆̒̓̔̃́̎̎ ̑̏̈̑̏̂̎̉̋̉ 
̗̝̟̝̅̏̐̑́̏̃̔̓ ̐̑̏̅̔̋̓ ̨ ̠̝̅̏̃̏̅̓ ̊̏̄̏ ̅̏ ̝̖̏̐̓̉̍́̌̎̉ ̃̉̍̏̄ ̘̋̏̑̉̒̓̔̃́́Ȣ 

ˎ̔̌̏ ̐̑̏̃̆̅̆̎̏ ̠̓̆̒̓̔̃́̎̎ ̨̘̈̑̔̎̏̒̓ ̠̋̏̑̉̒̓̔̃́̎̎ ̈́ ̟̅̏̐̏̍̏̄̏ ̠̏̐̉̓̔̃́̎̎ ̨̑̆̒̐̏̎̅̆̎̓̃ ̂̆̈ ̨̘̔́̒̓ 
̍̏̅̆̑́̓̏̑́Ȣ ˝̏̈̑̏̂̌̆̎̏ ̖̒̆̍̔ ̠̅̌ ̩̐̏̋̑̏̋̏̃̏ ̨̨̗̩̑̆́̌̈́ ̠̓̆̒̓̔̃́̎̎Ȣ ˏ̟̘̉̋̏̑̉̒̓̏̃̔̉ ̙̋́̌̔ ˘̆̊̋̆̑̓́ȟ ̨̈̅̊̒̎̆̎̏ 
̨̗̟̠̏̎̃́̎̎ ̅̏̅́̓̋̔ ̈́ ̟̅̏̐̏̍̏̄̏ ̝̏̐̉̓̔̃́̌̎̉̋́ȟ ̠̋̉̊ ̟̘̤̃̋̌́ ̐ȭ̠̝̓ ̨́̋̓̏̑̃̕ȡ ̨̝̈̅́̓̎̒̓ ̅̏ ̘̠̎́̃́̎̎ȟ 
̨̝̆̆̋̓̉̃̎̒̓̕ȟ ̈́̐́̍΄̠̠̓̏̃̔̃́̎̎ȟ ̐̏̍̉̌̋̉ ̓́ ̠̈́̅̏̃̏̌̆̎̎Ȣ ˎ̔̃ ̐̑̆̅̒̓́̃̌̆̎̉̊ ̝̑̆̈̔̌̓́̓ ̈́ ̋̏̇̎̉̍ ̨̤̋̑̉̓̆̑̍ ̨ 
̝̈́̄́̌̎̉̊ ̐̏̋́̈̎̉̋ ̨̘̈̑̔̎̏̒̓ ̠̃̉̋̏̑̉̒̓́̎̎ ̨̝̍̏̂̌̎̏̄̏ ̅̏̅́̓̋̔.  
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KRAVCHENKO Svitlana, MARCHUK Galina, LOKTIKOVA Tamara, GRISHKUN Yevgenii 

State University çZhytomyr polytechnicè 

 

USABILITY TESTING METHODS FOR ASSESSING A MOBILE APPLICATION  
 

When conducting research to study the usability of a web page, user interface or device for its further mass use, usability testing is 
used. The usability test helps to find the best solution of the interface from all efforts, as well as to check the suitability of the resource for 
users from different countries, when, for example, language switching is provided. The work analyzes various methods of usability testing for 
the ease of use of websites, applications and other interfaces. The main stages of UX testing and the scenario for interviewing respondents are 
defined. 

This article presents methods and evaluations of software product quality indicators testing. The object of the study is usability 
testing, as interaction with the software product, its perception by the target audience and quality assessment and determination of criteria 
for evaluating the usability of the mobile application for iOS for purchasing an electronic ticket for tourist trips. As a result of UX-testing, the 
weak points of the interface are revealed, which cause difficulties for users and the inconsistency of the interface with their expectations. 
Based on the results of testing, the developers refine the product and bring it to the optimal user requirements. 

Usability testing was conducted using a survey of respondents without the participation of a moderator. A scheme for step-by-step 
implementation of testing has been developed. Using a Likert scale, the application was evaluated using a questionnaire that includes five 
factors: learnability, efficiency, recall, errors, and satisfaction. The result for each criterion and the overall usability indicator of the model 
application were presented. 

Keywords: Usability testing, User Experience, UI, application, methods, scenario, tasks, criteria. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ɹʝʟʧʝʨʝʨʚʥʠʡ ʧʨʦʮʝʩ ʦʪʨʠʤʘʥʥʷ ʪʘ ʦʙʨʦʙʢʠ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ ʚʽʜ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʘ ʪʘʢʦʞ ʩʚʦʻʯʘʩʥʘ 

ʨʝʘʢʮʽʷ ʥʘ ʥʝʾ ï ʢʣʶʯ ʜʦ ʫʩʧʽʭʫ ʧʨʦʝʢʪʫ. ʊʘʢʠʡ ʧʨʦʮʝʩ ʥʝʦʙʭʽʜʥʠʡ ʟʘ ʙʫʜʴ-ʷʢʠʭ ʩʮʝʥʘʨʽʾʚ: ʯʠ-ʪʦ ʨʦʟʨʦʙʢʘ ʇɿ 

ʟ ʥʫʣʷ, ʯʠ ʧʦʣʽʧʰʝʥʥʷ ʚʞʝ ʽʩʥʫʶʯʦʛʦ [1]. 
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ʊʝʩʪʫʚʘʥʥʷ ï ʮʝ ʤʝʪʦʜ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʟʨʫʯʥʦʩʪʽ ʨʦʙʦʪʠ ʧʨʦʜʫʢʪʫ. ʅʘ ʜʘʥʠʡ ʯʘʩ 

ʘʢʪʫʘʣʴʥʽʩʪʴ UX ʪʝʩʪʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ, ʷʢʱʦ ʧʦʪʨʽʙʥʦ ʧʝʨʝʚʽʨʠʪʠ ʽʩʥʫʶʯʠʡ ʽʥʪʝʨʬʝʡʩ ʥʘ ʟʨʫʯʥʽʩʪʴ 

ʢʦʨʠʩʪʫʚʘʮʴʢʠʭ ʩʮʝʥʘʨʽʾʚ, ʚʽʜʟʥʘʯʠʪʠ ʚʩʽ ñʧʨʦʙʣʝʤʥʽò ʤʽʩʮʷ ʽ ʧʦʣʽʧʰʠʪʠ ʾʭ.  

ɸʥʘʣʽʟ ʚʘʞʣʠʚʦʩʪʽ  ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʥʘʩʪʫʧʥʠʭ ʥʘʧʨʷʤʢʘʭ: 

-  ʽʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥʠ, ʷʢʽ ʭʦʯʫʪʴ ʟʙʽʣʴʰʠʪʠ ʧʨʠʙʫʪʦʢ, ʟʘʙʝʟʧʝʯʠʪʠ ʟʨʦʩʪʘʥʥʷ ʧʨʦʜʘʞʽʚ (ʥʘ ʙʫʜʴ-

ʷʢʦʤʫ ʝʪʘʧʽ ʾʭ ʨʦʙʦʪʠ); 

- ʧʨʦʝʢʪʠ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʨʦʟʨʦʙʮʽ, ʱʦʙ ʥʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʟʨʦʙʠʪʠ ʨʝʩʫʨʩ ʝʬʝʢʪʠʚʥʠʤ;  

- ʩʘʡʪʠ, ʫ ʷʢʠʭ ʚʝʣʠʢʠʡ ʪʨʘʬʽʢ, ʘʣʝ ʥʠʟʴʢʽ ʧʦʢʘʟʥʠʢʠ ʢʦʥʚʝʨʩʽʡ; 

- ʤʦʙʽʣʴʥʽ ʜʦʜʘʪʢʠ, ʫ ʷʢʠʭ ʚʽʜʩʦʪʦʢ ʟʘʚʘʥʪʘʞʝʥʴ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʨʝʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ;  

- ʧʦʨʪʘʣʠ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʢʦʨʠʩʥʠʭ ʬʫʥʢʮʽʡ, ʷʢʽ ʢʦʨʠʩʪʫʚʘʯʽ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʟ 

ʥʝʚʽʜʦʤʠʭ ʧʨʠʯʠʥ ʪʦʱʦ. 

ɽʩʪʝʪʠʢʘ, ʟʨʫʯʥʽʩʪʴ ʽ ʜʠʟʘʡʥ ʤʘʶʪʴ ʥʝʡʤʦʚʽʨʥʝ ʟʥʘʯʝʥʥʷ. ʇʨʦʛʨʘʤʘ ʤʦʞʝ ʙʫʪʠ ʤʘʢʩʠʤʘʣʴʥʦ 

ʢʦʨʠʩʥʦʶ, ʘʣʝ ʷʢʱʦ çʦʙʛʦʨʪʢʘè ʚʽʜʩʪʘʻ ʥʘ ʜʝʩʷʪʴ ʨʦʢʽʚ ʚʽʜ ʤʦʜʝʨʥʦʛʦ ʩʪʠʣʶ, ʥʘʚʨʷʜ ʯʠ ʜʦʜʘʪʦʢ ʥʘʙʝʨʝ 

ʙʘʛʘʪʦ ʢʦʨʠʩʪʫʚʘʯʽʚ. ɿʥʦʚʫ ʞ ʪʘʢʠ, ʜʠʟʘʡʥ ʤʦʞʝ ʙʫʪʠ ʯʫʜʝʩʥʠʤ, ʘʣʝ ʷʢʱʦ ʧʨʦʛʨʘʤʘ ʩʢʣʘʜʥʘ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ, 

ʯʠʤʘʣʦ ʣʶʜʝʡ ʚʽʜ ʥʝʾ ʦʜʨʘʟʫ ʡ ʚʽʜʤʦʚʣʷʪʴʩʷ. ʌʦʨʤʘʣʴʥʦ ʪʝʩʪʫʚʘʥʥʷ ʟʨʫʯʥʦʩʪʽ ï ʮʝ ʧʝʨʝʚʽʨʢʘ ʜʦʜʘʪʢʫ ʥʘ 

ʢʦʨʠʩʪʫʚʘʮʴʢʠʡ ʜʦʩʚʽʜ. 

ɭ ʥʠʟʢʘ ʧʠʪʘʥʴ ʟ ʪʦʯʢʠ ʟʦʨʫ ʢʦʨʠʩʪʫʚʘʯʘ, ʷʢʽ ʤʘʶʪʴ ʙʫʪʠ ʚʠʨʽʰʝʥʠʤʠ ʧʝʨʝʜ ʟʘʧʫʩʢʦʤ ʧʨʦʜʫʢʪʫ ʫ 

ʩʚʽʪ:  

1. ɼʝ ʷ ʤʘʶ ʥʘʪʠʩʥʫʪʠ ʜʘʣʽ? 

2. ʅʘ ʷʢʽʡ ʩʪʦʨʽʥʮʽ ʧʦʪʨʽʙʥʦ ʧʝʨʝʡʪʠ ʜʘʣʽ? 

3. ʑʦ ʦʟʥʘʯʘʻ ʮʷ ʽʢʦʥʢʘ? 

4. ɼʝ ʷ ʤʘʶ ʟʥʘʡʪʠ ʤʝʥʶ? 

5. ʏʦʤʫ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʧʦʤʠʣʢʫ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʥʝ ʝʬʝʢʪʠʚʥʦ? 

6. ʏʦʤʫ ʥʘ ʚʠʨʽʰʝʥʥʷ ʧʦʪʨʝʙʠ ʥʝ ʜʦʩʪʘʪʥʴʦ ʦʜʥʽʻʾ ʩʝʩʽʾ?  

ʗʢʱʦ ʚʠʨʽʰʠʪʠ ʮʽ ʪʘ ʽʥʰʽ ʧʠʪʘʥʥʷ ʧʝʨʝʜ ʟʘʧʫʩʢʦʤ, ʮʝ ʤʦʞʝ ʚʨʷʪʫʚʘʪʠ ʧʨʦʜʫʢʪ ʚʽʜ ʬʽʘʩʢʦ ʥʘ ʨʠʥʢʫ. 

ɸ ʱʝ ʶʟʘʙʽʣʽʪʽ-ʪʝʩʪʫʚʘʥʥʷ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʧʨʠʜʫʤʘʪʠ ʰʣʷʭʠ ʚʠʨʽʰʝʥʥʷ ʪʠʭ ʧʨʦʙʣʝʤ, ʥʘ ʷʢʽ ʢʦʤʘʥʜʘ 

ʚʠʪʨʘʯʘʻ ʥʘʜʪʦ ʙʘʛʘʪʦ ʯʘʩʫ. ʆʪʞʝ, ʧʝʨʝʚʘʛ ʫ ʶʟʘʙʽʣʽʪʽ-ʪʝʩʪʫʚʘʥʥʷ ʯʠʤʘʣʦ [2]. 

ɿʨʫʯʥʽʩʪʴ ʩʘʡʪʫ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ (ʶʟʘʙʽʣʽʪʽ) ʟʘʣʠʰʘʻʪʴʩʷ ʦʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ ʬʘʢʪʦʨʽʚ ʨʘʥʞʫʚʘʥʥʷ ʚ 

ʧʦʰʫʢʦʚʠʭ ʩʠʩʪʝʤʘʭ. ʇʦʰʫʢʦʚʠʢʠ ʥʘʚʯʠʣʠʩʷ ʪʦʯʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʟʘʮʽʢʘʚʣʝʥʽʩʪʴ ʚʽʜʚʽʜʫʚʘʯʽʚ ʪʘ ʫʩʧʽʰʥʽʩʪʴ 

ʚʠʨʽʰʝʥʥʷ ʾʭʥʽʭ ʧʨʦʙʣʝʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʝʙ-ʨʝʩʫʨʩʫ. 

ʊʝʩʪʫʚʘʥʥʷ ʩʘʡʪʫ ʪʘ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʧʦʚʝʜʽʥʢʦʶ ʢʦʨʠʩʪʫʚʘʯʽʚ ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʨʽʟʥʠʭ 

ʟʘʚʜʘʥʴ: 

- ʧʝʨʝʚʽʨʠʪʠ ʧʨʦʭʽʜʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʮʴʢʠʭ ʩʮʝʥʘʨʽʾʚ, ʪʦʙʪʦ ʮʽʣʴʦʚʠʭ ʜʽʡ ʟʘ ʤʘʢʩʠʤʘʣʴʥʦ ʢʦʨʦʪʢʠʡ ʯʘʩ; 

- ʦʮʽʥʠʪʠ ʟʘʪʨʝʙʫʚʘʥʽʩʪʴ ʧʨʦʜʫʢʪʫ ʪʘ ʣʦʷʣʴʥʽʩʪʴ ʜʦ ʥʴʦʛʦ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʟʦʢʨʝʤʘ ʧʦʨʽʚʥʷʥʦ ʟ 

ʢʦʥʢʫʨʝʥʪʘʤʠ; 

- ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʟʨʫʯʥʽʩʪʴ ʥʘʚʽʛʘʮʽʾ ï ʷʢ ʰʚʠʜʢʦ ʧʦʢʫʧʝʮʴ ʤʦʞʝ ʟʥʘʡʪʠ ʪʦʚʘʨ, ʟʦʨʽʻʥʪʫʚʘʪʠʩʷ ʚ 

ʦʧʮʽʷʭ; 

- ʦʮʽʥʠʪʠ ʢʦʨʠʩʪʴ, ʧʦʚʥʦʪʫ ʪʘ ʜʦʩʪʫʧʥʽʩʪʴ ʦʧʫʙʣʽʢʦʚʘʥʦʛʦ ʢʦʥʪʝʥʪʫ ï ʥʘʩʢʽʣʴʢʠ ʽʥʬʦʨʤʘʮʽʷ ʟʨʦʟʫʤʽʣʘ 

ʜʣʷ ʚʽʜʚʽʜʫʚʘʯʽʚ. 

ʂʦʥʢʨʝʪʥʠʭ ʢʨʠʪʝʨʽʾʚ çʟʨʫʯʥʦʩʪʽè ʥʝ ʽʩʥʫʻ, ʪʦʤʫ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʚʽʨʷʪʠ ʛʽʧʦʪʝʟʠ, ʧʨʦʚʦʜʠʪʠ ʪʝʩʪʠ ʽ 

ʪʠʤ ʩʘʤʠʤ ʟʥʘʭʦʜʠʪʠ ʥʘʡʢʨʘʱʽ ʽʜʝʾ ʜʣʷ ʦʧʨʘʮʶʚʘʥʥʷ ʩʘʡʪʫ. 

ʊʫʪ ʥʘ ʜʦʧʦʤʦʛʫ ʧʨʠʭʦʜʠʪʴ ʶʟʘʙʽʣʽʪʽ-ʪʝʩʪʫʚʘʥʥʷ. ʇʦʩʣʫʛʘ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʧʝʨʝʚʽʨʢʠ ʟʨʫʯʥʦʩʪʽ 

ʪʘ ʟʨʦʟʫʤʽʣʦʩʪʽ ʽʥʪʝʨʬʝʡʩʫ ʜʣʷ ʢʽʥʮʝʚʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ. ɺ ʨʝʟʫʣʴʪʘʪʽ UX-ʪʝʩʪʫʚʘʥʥʷ ʚʠʷʚʣʷʶʪʴʩʷ ʩʣʘʙʢʽ 

ʤʽʩʮʷ ʽʥʪʝʨʬʝʡʩʫ, ʱʦ ʚʠʢʣʠʢʘʶʪʴ ʫʪʨʫʜʥʝʥʥʷ ʫ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʽʥʪʝʨʬʝʡʩʫ ʾʭ ʦʯʽʢʫʚʘʥʥʷʤ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʩʪʫʚʘʥʥʷ ʨʦʟʨʦʙʥʠʢʠ ʜʦʧʨʘʮʴʦʚʫʶʪʴ ʧʨʦʜʫʢʪ ʽ ʜʦʚʦʜʷʪʴ ʡʦʛʦ ʜʦ ʦʧʪʠʤʘʣʴʥʠʭ ʚʠʤʦʛ 

ʢʦʨʠʩʪʫʚʘʯʘ. 

 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ 

ʆʜʥʠʤ ʟ ʦʩʥʦʚʦʧʦʣʦʞʥʠʢʽʚ UX Design ʻ ɼʦʥʘʣʴʜ ɸ. ʅʦʨʤʘʥ, ʷʢʠʡ ʩʬʦʨʤʫʣʶʚʘʚ ʧʦʥʷʪʪʷ UX. ɼʦʥ 

ʅʦʨʤʘʥ ʚʠʛʘʜʘʚ ʪʝʨʤʽʥ çʂʦʨʠʩʪʫʚʘʮʴʢʠʡ ʜʦʩʚʽʜè. UX ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʧʨʦʜʫʢʪ ʪʘ ʚʩʝ, ʱʦ ʟ ʥʠʤ ʧʦʚ'ʷʟʘʥʦ, ʫ 

ʪʦʤʫ ʯʠʩʣʽ ʪʝ, ʷʢ ʙʽʟʥʝʩ ʧʽʜʣʘʰʪʦʚʫʻʪʴʩʷ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʡʢʨʘʱʠʡ ʜʦʩʚʽʜ ʨʦʙʦʪʠ ʽʟ ʧʨʦʜʫʢʪʦʤ [3].  

ʅʘʧʨʠʢʣʘʜ, UX ʦʭʦʧʣʶʻ ʷʢ ʽʥʪʝʨʬʝʡʩ, ʪʘʢ ʡ ʪʝ, ʷʢ ʚʽʜʯʫʚʘʶʪʴʩʷ ʥʘʪʠʩʢʘʥʥʷ ʢʣʘʚʽʰʽ, ʡʦʛʦ 

ʚʢʣʶʯʝʥʥʷ, ʚʽʜʢʨʠʪʪʷ, ʟʘʤʦʚʣʝʥʥʷ ʯʝʨʝʟ ɯʥʪʝʨʥʝʪ, ʩʣʫʞʙʘ ʧʽʜʪʨʠʤʢʠ ʢʣʽʻʥʪʽʚ, ʨʦʟʧʘʢʫʚʘʥʥʷ ʪʦʱʦ. UX 

ʧʦʢʣʠʢʘʥʠʡ ʚʨʘʭʦʚʫʚʘʪʠ ʮʽʣʽʩʥʠʡ ʜʦʩʚʽʜ; ʚʩʝ ʽ ʚʩʽʭ ʜʦ ʥʴʦʛʦ ʟʘʣʫʯʝʥʠʭ. ɼʦʩʣʽʜʥʠʢ ʽ ʥʘʫʢʦʚʝʮʴ ʚ ʩʚʦʾʭ 

ʨʦʙʦʪʘʭ ʚʢʘʟʫʚʘʚ, ʱʦ çUXè ʚ ʩʚʦʻʤʫ ʧʝʨʰʦʧʦʯʘʪʢʦʚʦʤʫ ʚʠʟʥʘʯʝʥʥʽ ʙʽʣʴʰʝ ʥʝ ʚʽʜʦʙʨʘʞʫʻ ʪʝ, ʧʨʦ ʱʦ 

ʧʠʰʫʪʴ ʩʴʦʛʦʜʥʽ. ʉʫʜʷʯʠ ʟʘ ʧʦʩʘʜʦʚʠʤʠ ʽʥʩʪʨʫʢʮʽʷʤʠ, UX-ʬʘʭʽʚʮʽʚ ʧʦʤʽʱʘʶʪʴ ʫ ʜʝʜʘʣʽ ʚʫʞʯʽ ʨʘʤʢʠ ʪʘ 

ʧʨʦʩʷʪʴ ʽʛʥʦʨʫʚʘʪʠ ʰʠʨʦʢʽ ʧʠʪʘʥʥʷ, ʚʠʢʣʘʜʝʥʽ ʚ ʦʨʠʛʽʥʘʣʴʥʦʤʫ ʟʥʘʯʝʥʥʽ UX [3]. 

ʊʘʢʠʤ ʯʠʥʦʤ, UX ʙʫʚ ʚʠʟʥʘʯʝʥʠʡ ʷʢ ʜʦʢʘʟʦʚʠʡ, ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘ ʣʶʜʠʥʫ ʮʠʢʣ ʜʦʩʣʽʜʞʝʥʴ ʽ 

ʧʨʦʝʢʪʫʚʘʥʥʷ, ʷʢʠʡ ʯʝʨʛʫʻ ʦʙ'ʻʢʪʠʚʥʽʩʪʴ ʽ ʢʨʝʘʪʠʚʥʽʩʪʴ ʜʣʷ ʥʘʜʘʥʥʷ ʦʧʪʠʤʽʟʦʚʘʥʦʛʦ ʜʦʩʚʽʜʫ ʟʘʣʝʞʥʦ ʚʽʜ 

ʧʦʪʨʝʙ. ʎʝ ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʢʦʞʝʥ ʨʽʚʝʥʴ ʚʧʣʠʚʫ ʜʦʩʚʽʜ. 

ʉʫʯʘʩʥʠʡ UX ʧʦʪʨʝʙʫʻ ʧʦʥʷʪʪʷ ʽʩʪʦʨʽʾ ʜʠʟʘʡʥʫ ʪʘ ʨʦʟʨʦʙʢʠ ʟ 1990-ʭ ʨʦʢʽʚ. ɺʦʥʠ ʥʝʧʝʨʝʨʚʥʦ 

ʧʦʚôʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ. ɺ ʩʚʦʻʤʫ ʯʠʩʪʦʤʫ ʬʦʨʤʽ UX Design ʦʩʥʦʚʘʥʠʡ ʥʘ ʢʘʩʢʘʜʥʽʡ ʤʦʜʝʣʽ ʨʦʟʨʦʙʢʠ.  
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ɿ ʚʠʧʫʩʢʦʤ ʬʫʥʢʮʽʦʥʘʣʫ ʦʜʠʥ ʯʠ ʜʚʘ ʨʘʟʠ ʥʘ ʤʽʩʷʮʴ ʥʝ ʙʫʣʦ ʯʘʩʫ ʯʝʢʘʪʠ, ʜʦʢʠ UX ʜʠʟʘʡʥʝʨʠ 

ʚʠʢʦʥʘʶʪʴ ʩʚʽʡ ʧʨʦʮʝʩ. ʋ Agile-ʥʦʤʝʥʢʣʘʪʫʨʽ UX ʩʪʘʚ ʩʪʦʧʦʨʦʤ ʽ ʮʝ ʙʫʣʦ ʧʦʛʘʥʦ.  

ɿʽʪʢʥʫʚʰʠʩʴ ʽʟ ʥʝʨʫʭʦʤʠʤ ʙʣʦʢʦʤ, ʙʽʣʴʰʽʩʪʴ ʢʦʤʘʥʜ ʧʨʦʩʪʦ ʚʽʜʤʦʚʠʣʠʩʷ ʚʽʜ UX. ɺʦʥʠ ʥʘʡʥʷʣʠ 

ʤʦʣʦʜʠʭ ʛʨʘʬʽʯʥʠʭ ʜʠʟʘʡʥʝʨʽʚ, ʷʢʽ ʤʦʛʣʠ ʚʠʧʫʩʢʘʪʠ ʨʝʩʫʨʩʠ ʟʘ ʜʚʦʪʠʞʥʝʚʽ ʽʪʝʨʘʮʽʾ. ʎʽ ʜʠʟʘʡʥʝʨʠ ʥʝ ʙʫʣʠ 

ʩʧʨʘʚʞʥʽʤʠ UX ʜʠʟʘʡʥʝʨʘʤʠ ʚ ʢʣʘʩʠʯʥʦʤʫ ʩʝʥʩʽ, ʘʣʝ ʚʦʥʠ ʟʥʘʣʠ ʜʦʩʪʘʪʥʴʦ ʧʨʦ ʜʠʟʘʡʥ, ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘ 

ʢʦʨʠʩʪʫʚʘʯʘ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʩʪʨʘʰʥʠʭ ʧʦʤʠʣʦʢ. ʊʦʤʫ ʢʣʘʩʠʯʥʠʡ UX ʙʫʚ ʥʝʩʫʤʽʩʥʠʡ ʽʟ ʩʫʯʘʩʥʦʶ 

ʤʝʪʦʜʦʣʦʛʽʻʶ ʛʥʫʯʢʦʾ ʨʦʟʨʦʙʢʠ. 

UI/UX ʜʠʟʘʡʥʝʨʠ ʧʝʨʝʡʰʣʠ ʥʘ ʜʠʟʘʡʥ, ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘ ʢʦʨʠʩʪʫʚʘʯʘ. ɺʽʥ ʤʘʻ ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ 

ʟʨʦʩʪʘʥʥʷ UX ʫ ʩʬʝʨʽ ʜʠʟʘʡʥʫ, ʘʣʝ ʦʙʤʝʞʝʥʠʡ ʧʦ ʦʭʦʧʣʝʥʥʶ. ʁʦʛʦ ʫʧʝʨʝʜʞʝʥʥʷ ʜʦ ʮʠʬʨʦʚʦʛʦ ʪʘ ʛʨʘʬʽʯʥʦʛʦ 

ʜʠʟʘʡʥʫ ʩʠʣʴʥʦ ʩʧʦʪʚʦʨʠʣʦ ʩʧʨʠʡʥʷʪʪʷ ʙʽʟʥʝʩ-ʩʚʽʪʦʤ ʨʦʣʽ UX. ʎʝ ʟʘʣʠʰʘʻʪʴʩʷ ʧʨʦʙʣʝʤʦʶ ʽ ʩʴʦʛʦʜʥʽ. 

Google Ventures ʚʠʛʘʜʘʣʠ ʜʠʟʘʡʥ ʩʧʨʠʥʪ, ʷʢʠʡ ʜʦʟʚʦʣʠʚ ʢʦʤʘʥʜʘʤ ʰʚʠʜʢʦ ʚʠʟʥʘʯʠʪʠ ʪʘ 

ʧʨʦʪʝʩʪʫʚʘʪʠ ʧʨʦʪʦʪʠʧʠ ʟ ʥʠʟʴʢʦʶ ʪʦʯʥʽʩʪʶ. ʎʝ ʧʦʯʘʪʦʢ ʮʠʢʣʫ Lean UX ʜʣʷ ʥʦʚʠʭ ʛʨʫʧ ʧʨʦʜʫʢʪʽʚ ʽ 

ʝʬʝʢʪʠʚʥʦ ʫʩʫʥʫʚ ʧʨʦʙʣʝʤʫ ʚʠʪʨʘʪ ʽ ʧʝʨʝʨʦʙʦʢ [4]. 

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ 

ʎʽʣʽ ʶʟʘʙʽʣʽʪʽ-ʪʝʩʪʫʚʘʥʥʷ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʜʦʩʣʽʜʞʝʥʥʷ, ʘʣʝ ʟʘʟʚʠʯʘʡ ʚʦʥʠ ʚʢʣʶʯʘʶʪʴ: 

- ɺʠʷʚʣʝʥʥʷ ʧʨʦʙʣʝʤ ʫ ʜʠʟʘʡʥʽ ʧʨʦʜʫʢʪʫ ʯʠ ʧʦʩʣʫʛʠ. 

- ʈʦʟʢʨʠʪʪʷ ʤʦʞʣʠʚʦʩʪʝʡ ʚʜʦʩʢʦʥʘʣʝʥʥʷ. 

- ɺʠʚʯʝʥʥʷ ʧʦʚʝʜʽʥʢʠ ʪʘ ʚʧʦʜʦʙʘʥʴ ʮʽʣʴʦʚʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ. 

ʊʝʩʪʫʚʘʥʥʷ ʟʨʫʯʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʧʦʤʘʛʘʻ ʚʠʷʚʣʷʪʠ ʧʨʦʙʣʝʤʠ, ʚʽʜʢʨʠʚʘʪʠ ʤʦʞʣʠʚʦʩʪʽ ʪʘ 

ʜʽʟʥʘʚʘʪʠʩʷ ʧʨʦ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ɼʣʷ ʯʦʛʦ ʧʦʪʨʽʙʥʦ ʶʟʘʙʽʣʽʪʽ-ʪʝʩʪʫʚʘʥʥʷ? ʍʽʙʘ ʧʨʦʬʝʩʽʡʥʠʡ UX-ʜʠʟʘʡʥʝʨ ʥʝ ʟʥʘʻ, ʷʢ ʩʪʚʦʨʠʪʠ 

ʯʫʜʦʚʠʡ ʽʥʪʝʨʬʝʡʩ ʢʦʨʠʩʪʫʚʘʯʘ? ʅʘʚʽʪʴ ʥʘʡʢʨʘʱʽ UX-ʜʠʟʘʡʥʝʨʠ ʥʝ ʤʦʞʫʪʴ ʨʦʟʨʦʙʠʪʠ ʽʜʝʘʣʴʥʠʡ, ʘʙʦ ʥʘʚʽʪʴ 

ʜʦʩʪʘʪʥʴʦ ʭʦʨʦʰʠʡ ʜʦʩʚʽʜ ʢʦʨʠʩʪʫʚʘʯʘ ʙʝʟ ʽʪʝʨʘʪʠʚʥʦʛʦ ʜʠʟʘʡʥʫ, ʢʝʨʦʚʘʥʦʛʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷʤʠ ʟʘ 

ʨʝʘʣʴʥʠʤʠ ʢʦʨʠʩʪʫʚʘʯʘʤʠ ʪʘ ʾʭʥʴʦʶ ʚʟʘʻʤʦʜʽʻʶ ʟ ʜʠʟʘʡʥʦʤ. 

ɯʩʥʫʻ ʙʘʛʘʪʦ ʟʤʽʥʥʠʭ ʫ ʨʦʟʨʦʙʮʽ ʩʫʯʘʩʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʢʦʨʠʩʪʫʚʘʯʘ, ʘ ʱʝ ʙʽʣʴʰʝ ʟʤʽʥʥʠʭ ʚ 

ʣʶʜʩʴʢʦʤʫ ʤʦʟʢʫ. ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʢʦʤʙʽʥʘʮʽʡ ʚʝʣʠʯʝʟʥʘ. ɭʜʠʥʠʡ ʩʧʦʩʽʙ ʦʪʨʠʤʘʪʠ ʧʨʘʚʠʣʴʥʠʡ UX-ʜʠʟʘʡʥ 

ð ʮʝ ʧʨʦʪʝʩʪʫʚʘʪʠ ʡʦʛʦ. 

ɽʣʝʤʝʥʪʠ Usability Testing 

ɯʩʥʫʻ ʙʘʛʘʪʦ ʨʽʟʥʠʭ ʪʠʧʽʚ ʶʟʘʙʽʣʽʪʽ-ʪʝʩʪʫʚʘʥʥʷ, ʘʣʝ ʦʩʥʦʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʙʽʣʴʰʦʩʪʽ ʶʟʘʙʽʣʽʪʽ-

ʪʝʩʪʽʚ ʻ ʬʘʩʠʣʽʪʘʪʦʨ, ʟʘʚʜʘʥʥʷ ʪʘ ʫʯʘʩʥʠʢ. ʋ ʩʝʘʥʩʽ ʶʟʘʙʽʣʽʪʽ-ʪʝʩʪʫʚʘʥʥʷ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫʯʘʩʥʠʢ ʽ 

ʬʘʩʠʣʽʪʘʪʦʨ, ʷʢʠʡ ʜʘʻ ʫʯʘʩʥʠʢʘʤ ʟʘʚʜʘʥʥʷ ʪʘ ʩʧʦʩʪʝʨʽʛʘʻ ʟʘ ʧʦʚʝʜʽʥʢʦʶ ʫʯʘʩʥʠʢʘ. ɺʝʜʫʯʠʡ ʨʦʟʜʘʻ ʟʘʚʜʘʥʥʷ 

ʫʯʘʩʥʠʢʘʤ. ʂʦʣʠ ʫʯʘʩʥʠʢ ʚʠʢʦʥʫʻ ʮʽ ʟʘʚʜʘʥʥʷ, ʬʘʩʠʣʽʪʘʪʦʨ ʩʧʦʩʪʝʨʽʛʘʻ ʟʘ ʧʦʚʝʜʽʥʢʦʶ ʫʯʘʩʥʠʢʘ ʪʘ 

ʧʨʠʩʣʫʭʘʻʪʴʩʷ ʜʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ.  

ʄʦʜʝʨʘʪʦʨ ʪʘʢʦʞ ʤʦʞʝ ʧʦʩʪʘʚʠʪʠ ʜʦʜʘʪʢʦʚʽ ʟʘʧʠʪʘʥʥʷ, ʱʦʙ ʜʽʟʥʘʪʠʩʷ ʜʝʪʘʣʽ ʚʽʜ ʫʯʘʩʥʠʢʘ.  

ʌʫʥʜʘʤʝʥʪʘʣʴʥʽ ʧʽʜʭʦʜʠ ʜʦ ʶʟʘʙʽʣʽʪʽ-ʪʝʩʪʫʚʘʥʥʷ ʽʟ ʟʘʣʫʯʝʥʥʷʤ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ɯʩʥʫʶʪʴ ʜʝʷʢʽ ʶʟʘʙʽʣʽʪʽ-ʪʝʩʪʠ, ʷʢʽ ʧʨʦʚʝʩʪʠ ʜʦʩʠʪʴ ʩʢʣʘʜʥʦ, ʪʘʢ ʷʢ ʚʦʥʠ ʪʽʩʥʦ ʧʦʚ'ʷʟʘʥʽ ʟ ʘʥʘʣʽʪʠʢʦʶ, 

ʘ ʟʥʘʯʠʪʴ ʧʦʪʨʽʙʥʘ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʚʽʨʷʶʯʠʭ. ʊʘʢʽ ʪʝʩʪʠ ʧʨʦʚʦʜʷʪʴʩʷ ʨʝʘʣʴʥʠʤʠ ʢʦʨʠʩʪʫʚʘʯʘʤʠ, ʧʽʩʣʷ 

ʯʦʛʦ ʨʝʟʫʣʴʪʘʪʠ ʦʙʨʦʙʣʷʶʪʴʩʷ ʽ ʘʥʘʣʽʟʫʶʪʴʩʷ. 

ʎʝ ʧʦʪʨʽʙʥʦ ʚ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʟʥʘʥʥʷ ʧʨʦʜʫʢʪʫ ʜʠʟʘʡʥʝʨʘʤʠ, ʤʘʨʢʝʪʦʣʦʛʘʤʠ, ʪʝʩʪʫʚʘʣʴʥʠʢʘʤʠ 

ʘʙʦ ʚʣʘʩʥʠʢʘʤʠ ʟʘʚʘʞʘʻ ʟʨʦʟʫʤʽʪʠ ʨʝʘʣʴʥʫ ʟʨʫʯʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʥʥʷ ʧʨʦʛʨʘʤʦʶ [6 ]. 

 

 
ʈʠʩ. 1. ʊʝʩʪʫʚʘʥʥʷ ʢʦʨʠʩʪʫʚʘʮʴʢʦʛʦ ʜʦʩʚʽʜʫ 

 

ʊʨʠ ʟʘʛʘʣʴʥʠʭ ʪʠʧʠ ʶʟʘʙʽʣʽʪʽ-ʪʝʩʪʫʚʘʥʥʷ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ: 

- ɿ ʤʦʜʝʨʘʪʦʨʦʤ (ʟ ʥʘʚʯʝʥʠʤ ʜʦʩʣʽʜʥʠʢʦʤ ʽ ʪʝʩʪ ʫʯʘʩʥʠʢʘʤʠ) ʘʙʦ ʙʝʟ ʤʦʜʝʨʘʪʦʨʘ (ʙʝʟ ʧʨʷʤʦʛʦ 

ʢʦʥʪʨʦʣʶ). 
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- ɺʽʜʜʘʣʝʥʝ ʪʝʩʪʫʚʘʥʥʷ (ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʣʶʜʝʡ) ʘʙʦ ʥʘʚʧʘʢʠ ʦʩʦʙʠʩʪʦ (ʚ 

ʧʨʠʩʫʪʥʦʩʪʽ UX-ʜʦʩʣʽʜʥʠʢʘ/ʤʦʜʝʨʘʪʦʨʘ). 

- ɼʦʩʣʽʜʥʠʮʴʢʝ ʪʝʩʪʫʚʘʥʥʷ (ʻ ʚʽʜʢʨʠʪʠʤ) ʘʙʦ ʧʦʨʽʚʥʷʣʴʥʝ (ʧʦʛʣʷʜ ʥʘ ʢʦʥʢʫʨʝʥʪʘ), ʘ ʪʘʢʦʞ 

ʦʮʽʥʶʚʘʥʥʷ (ʧʝʨʝʚʽʨʢʘ ʟʘʜʦʚʦʣʝʥʦʩʪʽ). 

ʖʟʘʙʽʣʽʪʽ-ʪʝʩʪʫʚʘʥʥʷ ʤʦʞʥʘ ʪʘʢʦʞ ʧʦʜʽʣʠʪʠ ʥʘ ʚʽʜʜʘʣʝʥʝ ʪʘ ʦʩʦʙʠʩʪʝ. ɺʽʜʜʘʣʝʥʝ ʢʦʨʠʩʪʫʻʪʴʩʷ 

ʙʽʣʴʰʦʶ ʧʦʧʫʣʷʨʥʽʩʪʶ, ʦʩʢʽʣʴʢʠ ʥʝ ʚʠʤʘʛʘʻ ʚʝʣʠʢʠʭ ʟʘʪʨʘʪ ʛʨʦʰʝʡ ʽ ʯʘʩʫ. 

ʊʦʞ ʷʢ ʧʨʦʚʝʩʪʠ ʪʝʩʪ ʥʘ ʟʨʫʯʥʽʩʪʴ? ʖʟʘʙʽʣʽʪʽ-ʪʝʩʪʫʚʘʥʥʷ ï ʮʝ ʩʚʦʻʨʽʜʥʘ çʛʨʘè ʟ ʜʚʦʤʘ ʜʽʡʦʚʠʤʠ 

ʦʩʦʙʘʤʠ: ʬʘʩʠʣʽʪʘʪʦʨ ʽ ʫʯʘʩʥʠʢ. ʆʙʦʻ ʤʘʶʪʴ ʚʠʢʦʥʘʪʠ ʟʘʚʜʘʥʥʷ. ʌʘʩʠʣʽʪʘʪʦʨ ʬʦʨʤʫʻ ʟʘʚʜʘʥʥʷ ʪʘ ʧʝʨʝʜʘʻ 

ʡʦʛʦ ʫʯʘʩʥʠʢʫ. ʆʩʪʘʥʥʽʡ ʚʠʢʦʥʫʻ ʟʘʚʜʘʥʥʷ, ʟʚʝʨʪʘʻ ʫʚʘʛʫ ʥʘ ʥʝʜʦʣʽʢʠ ʩʠʩʪʝʤʠ. ʌʘʩʠʣʽʪʘʪʦʨ ʫ ʮʝʡ ʯʘʩ 

ʩʣʽʜʢʫʻ ʟʘ ʧʦʚʝʜʽʥʢʦʶ ʫʯʘʩʥʠʢʘ, ʦʪʨʠʤʫʻ ʚʽʜ ʥʴʦʛʦ ʟʚʦʨʦʪʥʽʡ ʟʚôʷʟʦʢ. 

ɽʪʘʧʠ UX ʪʝʩʪʫʚʘʥʥʷ 

1. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʽ ʚʠʙʽʨ ʤʝʪʦʜʽʚ 

2. ʉʢʣʘʜʘʥʥʷ ʛʽʧʦʪʝʟ 

3. ɺʠʟʥʘʯʝʥʥʷ ʚʠʜʫ ʪʝʩʪʫʚʘʥʥʷ 

ɽʪʘʧ 1. ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ, ʧʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʴ, ʚʠʙʽʨ ʤʝʪʦʜʽʚ ʪʘ ʨʝʩʧʦʥʜʝʥʪʽʚ. 

ʄʝʪʘ ʮʴʦʛʦ ʝʪʘʧʫ ï ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʙʣʝʤʠ, ʷʢʫ ʧʦʪʨʽʙʥʦ ʚʠʨʽʰʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʩʪʫʚʘʥʥʷ. 

ɺʠʭʦʜʷʯʠ ʟ ʤʝʪʠ ʬʦʨʤʫʶʪʴʩʷ ʧʨʦʙʣʝʤʠ ʪʘ ʟʘʚʜʘʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʟʥʘʡʪʠ ʧʨʠʯʠʥʫ ʟʥʠʞʝʥʥʷ ʢʦʥʚʝʨʩʽʾ ʧʽʩʣʷ 

ʨʝʜʠʟʘʡʥʫ ʽʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥʫ. 

ɺʠʙʽʨ ʨʝʩʧʦʥʜʝʥʪʽʚ ʪʘʢʦʞ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʦʜʫʢʪʫ, ʷʢʠʡ ʪʝʩʪʫʻʤʦ: ʻ ʪʝʩʪʫʚʘʥʥʷ, ʷʢʽ ʤʦʞʥʘ ʧʨʦʚʦʜʠʪʠ 

ʥʘ ʩʚʦʾʭ ʞʝ ʩʧʽʚʨʦʙʽʪʥʠʢʘʭ, ʘ ʻ ʪʽ, ʜʝ ʜʫʞʝ ʚʘʞʣʠʚʦ ʟʥʘʡʪʠ ʚʽʜʧʦʚʽʜʥʫ ʎɸ. ʅʘʧʨʠʢʣʘʜ, ʥʝ ʤʦʞʥʘ ʧʝʨʝʚʽʨʷʪʠ 

ʟʨʫʯʥʽʩʪʴ ʩʘʡʪʫ ʘʚʪʦʩʘʣʦʥʫ ʥʘ ʜʦʤʦʛʦʩʧʦʜʘʨʮʽ, ʷʢʘ ʥʝ ʤʘʻ ʘʚʪʦ, ʘ ʩʘʡʪ ʚʽʧ-ʩʘʣʦʥʫ ʢʨʘʩʠ ʥʘ ʰʢʦʣʷʨʘʭ. ʇʨʦʩʪʦ 

ʪʦʤʫ, ʱʦ ʾʭʥʽ ʚʽʜʧʦʚʽʜʽ ʙʫʜʫʪʴ ʟʦʚʩʽʤ ʥʝ ʪʠʤʠ, ʷʢʽ ʜʘʩʪʴ ʚʘʰʘ ʮʽʣʴʦʚʘ ʘʫʜʠʪʦʨʽʷ. 

ɽʪʘʧ 2. ʋʧʦʨʷʜʢʫʚʘʥʥʷ ʛʽʧʦʪʝʟ. 

ɻʽʧʦʪʝʟʘ ï ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʧʨʠʯʠʥʠ ʧʦʚʝʜʽʥʢʠ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʚʧʣʠʚ ʥʘ ʥʴʦʛʦ ʶʟʘʙʽʣʽʪʽ-ʝʣʝʤʝʥʪʽʚ. 

ɺʘʞʣʠʚʦ ʨʦʟʫʤʽʪʠ, ʱʦ ʭʦʨʦʰʘ ʛʽʧʦʪʝʟʘ ï ʪʘ, ʷʢʫ ʤʦʞʥʘ ʩʧʨʦʩʪʫʚʘʪʠ. ʅʘʧʨʠʢʣʘʜ, ʛʽʧʦʪʝʟʦʶ ʤʦʞʝ ʙʫʪʠ ʪʘʢʘ 

ʟʘʷʚʘ ñʈʦʟʪʘʰʫʚʘʥʥʷ ʬʦʨʤʠ ʟʘʤʦʚʣʝʥʥʷ ʥʝʚʜʘʣʦ. ʂʦʨʠʩʪʫʚʘʯ ʧʨʦʩʪʦ ʥʝ ʙʘʯʠʪʴò. 

ɼʫʞʝ ʚʘʞʣʠʚʦ ʥʝ ʨʦʟʧʦʨʦʰʫʚʘʪʠʩʷ ʥʘ ʢʽʣʴʢʘ ʛʽʧʦʪʝʟ ʚʽʜʨʘʟʫ. ʆʜʠʥ ʪʝʩʪ ʧʝʨʝʚʽʨʷʻ ʦʜʥʫ ʛʽʧʦʪʝʟʫ. 

ʇʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʪʝʩʪʫʚʘʥʥʷ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʪʨʴʦʭ ʪʠʧʽʚ: ʛʽʧʦʪʝʟʘ ʧʽʜʪʚʝʨʜʠʣʘʩʷ, ʥʝ 

ʧʽʜʪʚʝʨʜʠʣʘʩʷ, ʯʘʩʪʢʦʚʦ ʧʽʜʪʚʝʨʜʠʣʘʩʷ. ʑʦʜʦ ʬʦʨʤʠ ʟʘʤʦʚʣʝʥʥʷ ʛʽʧʦʪʝʟʘ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ, ʜʦʢʠ ʟʥʘʡʜʝʥʦ 

ʩʧʨʘʚʞʥʷ ʧʨʠʯʠʥʘ ʯʦʤʫ ʢʦʨʠʩʪʫʚʘʯʽ ʾʾ ʽʛʥʦʨʫʶʪʴ. 

Ṏ ʌʦʨʤʘ ʛʨʦʤʽʟʜʢʘ ʪʘ ʥʝʟʨʫʯʥʘ ʜʣʷ ʟʘʧʦʚʥʝʥʥʷ 

Ṏ ʂʦʨʠʩʪʫʚʘʯʽ ʾʾ ʥʝ ʙʘʯʘʪʴ 

Ṋ ʂʦʨʠʩʪʫʚʘʯʽ ʧʨʦʩʪʦ ʥʝ ʨʦʟʫʤʽʶʪʴ ʜʣʷ ʯʦʛʦ ʚʦʥʘ ʧʦʪʨʽʙʥʘ 

ɽʪʘʧ 2ʘ. ʉʪʚʦʨʝʥʥʷ ʩʮʝʥʘʨʽʾʚ ʢʦʨʠʩʪʫʚʘʯʘ 

ʎʝʡ ʝʪʘʧ ʤʠ ʚʠʜʽʣʠʣʠ ʦʢʨʝʤʦ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʧʨʦʚʦʜʠʪʴʩʷ ʧʘʨʘʣʝʣʴʥʦ ʟ ʨʝʰʪʦʶ ʨʦʙʦʪʠ, ʘ ʥʝ ʧʽʩʣʷ 

ʟʜʽʡʩʥʝʥʥʷ ʧʝʚʥʦʛʦ ʝʪʘʧʫ. 

ʉʮʝʥʘʨʽʡ ï ʤʦʜʝʣʴ ʧʦʚʝʜʽʥʢʠ ʢʦʨʠʩʪʫʚʘʯʘ ʥʘ ʩʘʡʪʽ, ʚʠʭʦʜʷʯʠ ʽʟ ʟʘʜʘʥʠʭ ʥʘʧʝʨʝʜ ʡʦʛʦ ʮʽʣʝʡ ʪʘ ʪʦʯʢʠ 

ʚʭʦʜʫ. ɼʦʧʦʤʘʛʘʻ ʧʨʦʨʘʭʫʚʘʪʠ ʚʩʽ ʤʦʞʣʠʚʽ ʨʝʘʣʴʥʽ ʩʠʪʫʘʮʽʾ, ʚ ʷʢʠʭ ʤʦʞʫʪʴ ʦʧʠʥʠʪʠʩʷ ʢʦʨʠʩʪʫʚʘʯʽ. 

ɼʣʷ ʢʦʞʥʦʾ ʩʪʦʨʽʥʢʠ ʧʦʪʨʽʙʥʦ ʨʦʟʨʦʙʠʪʠ ʦʢʨʝʤʠʡ ʩʮʝʥʘʨʽʡ, ʦʙʦʚ'ʷʟʢʦʚʦ ʚʽʜʧʦʚʽʚʰʠ ʥʘ 4 ʢʣʶʯʦʚʽ 

ʧʠʪʘʥʥʷ: 

- ɿʚʽʜʢʠ ʧʨʠʡʰʦʚ ʢʦʨʠʩʪʫʚʘʯ? 

- ʑʦ ʚʽʥ ʤʘʻ ʧʦʙʘʯʠʪʠ ʥʘ ʮʽʡ ʩʪʦʨʽʥʮʽ? 

- ɿ ʷʢʦʶ ʤʝʪʦʶ ʚʽʥ ʧʨʠʡʰʦʚ ʥʘ ʩʪʦʨʽʥʢʫ? 

- ʏʠʤ ʤʘʻ ʟʘʢʽʥʯʠʪʠʩʷ ʚʽʜʚʽʜʫʚʘʥʥʷ? 

ɭ ʱʝ ʦʜʠʥ ʪʠʧ ʩʮʝʥʘʨʽʾʚ, ʷʢʠʡ ʪʘʢʦʞ ʚʢʣʶʯʘʻ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʭʘʨʘʢʪʝʨ ʢʦʨʠʩʪʫʚʘʯʘ, ʡʦʛʦ ʚʽʢ, 

ʨʽʚʝʥʴ ʦʩʚʽʪʠ ʽ ʧʦʽʥʬʦʨʤʦʚʘʥʦʩʪʽ ʚ ʪʝʤʽ. 

ʏʠʤ ʢʦʨʦʪʰʝ ʤʦʞʣʠʚʠʡ ʩʮʝʥʘʨʽʡ ʢʦʨʠʩʪʫʚʘʯʘ ʥʘ ʚʘʰʦʤʫ ʨʝʩʫʨʩʽ, ʪʠʤ ʢʨʘʱʝ. ʇʨʠ ʮʴʦʤʫ ʧʦʪʨʽʙʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʩʮʝʥʘʨʽʡ ʟʘʚʞʜʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʽʟʥʝʩʫ ʪʘ ʪʦʛʦ, ʟ ʷʢʠʤʠ ʛʨʫʧʘʤʠ ʢʣʽʻʥʪʽʚ ʚʽʥ 

ʧʨʘʮʶʻ.  

ɽʪʘʧ 3. ɺʠʟʥʘʯʝʥʥʷ ʚʠʜʫ ʪʘ ʤʝʪʦʜʠʢʠ ʪʝʩʪʫʚʘʥʥʷ 

ɺʠʟʥʘʯʠʚʰʠ ʛʽʧʦʪʝʟʠ, ʩʣʽʜ ʚʠʙʨʘʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʪʠʧ ʪʘ ʤʝʪʦʜ ʪʝʩʪʫʚʘʥʥʷ ʪʘ ʧʨʦʚʝʩʪʠ ʡʦʛʦ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʎɸ. 

ʄʝʪʦʜʠ ʶʟʘʙʽʣʽʪʽ-ʪʝʩʪʫʚʘʥʥʷ 

ɯʩʥʫʻ ʜʫʞʝ ʙʘʛʘʪʦ ʜʦʩʪʫʧʥʠʭ ʤʝʪʦʜʽʚ ʪʫʩʪʫʚʘʥʥʷ ʚʟʘʻʤʦʜʽʾ ʟ ʢʦʨʠʩʪʫʚʘʯʝʤ. 

ɯʩʥʫʶʪʴ ʜʚʘ ʤʝʪʦʜʠ ʪʝʩʪʫʚʘʥʥʷ ʥʘ ʟʨʫʯʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʝʙ-ʩʘʡʪʽʚ, ʜʦʜʘʪʢʽʚ ʪʘ ʽʥʰʠʭ ʽʥʪʝʨʬʝʡʩʽʚ 

- ʷʢʽʩʥʝ ʪʘ ʢʽʣʴʢʽʩʥʝ. 

ʗʢʽʩʥʝ ʪʝʩʪʫʚʘʥʥʷ ï ʮʝ ʟʙʽʨ ʽʥʬʦʨʤʘʮʽʾ, ʧʨʦʙʣʝʤ ʪʘ ʚʠʩʥʦʚʢʽʚ ʧʨʦ ʪʝ, ʷʢ ʢʣʽʻʥʪ ʢʦʨʠʩʪʫʻʪʴʩʷ ʪʽʻʶ ʯʠ 

ʽʥʰʦʶ ʧʦʩʣʫʛʦʶ. ʎʝ ʧʦʰʠʨʝʥʘ ʬʦʨʤʘ ʶʟʘʙʽʣʽʪʽ-ʪʝʩʪʫʚʘʥʥʷ. 

ʗʢʽʩʥʝ ʪʝʩʪʫʚʘʥʥʷ ʟʨʫʯʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʦʩʝʨʝʜʞʝʥʦ ʥʘ ʟʙʦʨʽ ʽʥʬʦʨʤʘʮʽʾ, ʚʠʩʥʦʚʢʽʚ ʧʨʦ ʪʝ, ʷʢ 

ʣʶʜʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʦʜʫʢʪ ʘʙʦ ʧʦʩʣʫʛʫ. ʗʢʽʩʥʝ ʪʝʩʪʫʚʘʥʥʷ ʟʨʫʯʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʡʢʨʘʱʝ ʧʽʜʭʦʜʠʪʴ 

ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʧʨʦʙʣʝʤ ʫ ʚʟʘʻʤʦʜʽʾ ʟ ʢʦʨʠʩʪʫʚʘʯʝʤ. ʎʷ ʬʦʨʤʘ ʶʟʘʙʽʣʽʪʽ-ʪʝʩʪʫʚʘʥʥʷ ʙʽʣʴʰ ʧʦʰʠʨʝʥʘ, ʥʽʞ 

ʢʽʣʴʢʽʩʥʝ ʶʟʘʙʽʣʽʪʽ-ʪʝʩʪʫʚʘʥʥʷ [5]. 
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ʈʠʩ. 2. ʄʝʪʦʜʠ ʶʟʘʙʽʣʽʪʽ-ʪʝʩʪʫʚʘʥʥʷ 

 

ʂʽʣʴʢʽʩʥʝ ʪʝʩʪʫʚʘʥʥʷ ï ʮʝ ʧʝʨʝʚʽʨʢʘ ʧʨʦʜʫʢʪʫ ʥʘ ʜʦʩʚʽʜ ʢʦʨʠʩʪʫʚʘʯʘ. ɻʦʣʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʧʨʠ ʮʴʦʤʫ 

ï ʫʩʧʽʭ, ʜʦʩʷʛʥʝʥʥʷ ʮʽʣʽ ʢʦʨʠʩʪʫʚʘʯʝʤ ʽ ʯʘʩ, ʷʢʠʡ ʡʜʝ ʥʘ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʥʷ. ʋ ʪʝʩʪʫʚʘʥʥʽ ʟʘʟʚʠʯʘʡ 

ʨʝʢʦʤʝʥʜʫʶʪʴ ʟʘʣʫʯʠʪʠ ʧôʷʪʴ ʣʶʜʝʡ, ʘʙʠ ʚʠʷʚʠʪʠ ʚʩʽ ʧʦʤʠʣʢʠ ʩʠʩʪʝʤʠ. 

 

ʈʝʟʫʣʴʪʘʪʠ 

ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʶʟʘʙʽʣʽʪʽ-ʪʝʩʪʫʚʘʥʥʷ ʜʦʜʘʪʢʫ ʟʘʤʦʚʣʝʥʥʷ ʢʚʠʪʢʘ ʜʣʷ ʧʦʜʦʨʦʞʝʡ ʤʦʙʽʣʴʥʦʾ ʚʝʨʩʽʾ 

ʜʣʷ iOS.  

ʎʝʡ ʜʦʜʘʪʦʢ ʧʨʠʟʥʘʯʝʥʠʡ ʦʙʠʨʘʪʠ ʩʧʦʩʽʙ ʟʘʤʦʚʣʝʥʥʷ ʽ ʢʫʧʽʚʣʽ ʢʚʠʪʢʘ ʜʣʷ ʧʦʜʦʨʦʞʝʡ ʪʘ 

ʟʦʩʝʨʝʜʞʝʥʠʡ ʥʘ ʚʠʢʦʥʘʥʥʽ ʦʩʥʦʚʥʠʭ ʘʪʨʠʙʫʪʽʚ ʥʘ ʦʩʥʦʚʽ ʧʦʪʨʝʙ ʩʧʦʞʠʚʘʯʘ: 

- ʆʙʠʨʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʚʠʜʫ ʪʨʘʥʩʧʦʨʪʫ 

- ʉʧʠʩʦʢ ʨʝʡʩʽʚ 

- ʇʦʰʫʢʫ ʥʝʦʙʭʽʜʥʦʛʦ ʪʫʨʫ 

- ʆʪʨʠʤʘʥʥʷ ʝʣʝʢʪʨʦʥʥʦʛʦ ʢʚʠʪʢʘ 

ɯʥʪʝʨʬʝʡʩ ʜʘʥʦʛʦ ʜʦʜʘʪʢʫ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 3. 

 

 
ʈʠʩ. 3. ɯʥʪʝʨʬʝʡʩ ʜʦʜʘʪʢʫ  

 

ʄʝʪʦʜʠ 

ɺ ʶʟʘʙʽʣʽʪʽ-ʪʝʩʪʫʚʘʥʥʽ ʙʫʣʦ ʦʙʨʘʥʦ 5 ʨʝʩʧʦʥʜʝʥʪʽʚ, ʚʽʢʦʤ ʚʽʜ 25ï40 ʨʦʢʽʚ, ʷʢʽ ʯʘʩʪʦ ʧʦʜʦʨʦʞʫʶʪʴ ʽ 

ʟʘʤʦʚʣʷʶʪʴ ʝʣʝʢʪʨʦʥʥʽ ʢʚʠʪʢʠ. ʈʝʩʧʦʥʜʝʥʪʠ ʢʦʨʠʩʪʫʶʪʴʩʷ ʩʘʤʝ ʤʦʙʽʣʴʥʠʤʠ ʜʦʜʘʪʢʘʤʠ ʥʘ ʦʧʝʨʘʮʽʡʥʽʡ 

ʩʠʩʪʝʤʽ iOS.  

ɹʫʣʦ ʚʠʟʥʘʯʝʥʦ ʥʘʩʪʫʧʥʽ ʧʠʪʘʥʥʷ ʱʦʜʦ ʧʝʨʝʚʽʨʢʠ ʟʨʫʯʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʥʦʚʦʛʦ ʜʦʜʘʪʢʫ, ʘ 

ʩʘʤʝ ʧôʷʪʠ ʘʩʧʝʢʪʽʚ: ʥʘʚʯʘʥʥʷ, ʝʬʝʢʪʠʚʥʽʩʪʴ, ʟʘʧʘʤôʷʪʦʚʫʚʘʥʽʩʪʴ, ʧʦʤʠʣʢʠ ʪʘ ʟʘʜʦʚʦʣʝʥʽʩʪʴ. 
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Å ʄʦʞʣʠʚʽʩʪʴ ʥʘʚʯʘʥʥʷ: ʻ ʯʘʩʪʠʥʦʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʩʪʦʩʫʻʪʴʩʷ ʟʜʘʪʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʘ ʢʝʨʫʚʘʪʠ 

ʩʠʩʪʝʤʦʶ ʜʦ ʨʽʚʥʷ ʢʦʤʧʝʪʝʥʮʽʾ, ʚʠʟʥʘʯʝʥʦʛʦ ʧʽʩʣʷ ʢʽʣʴʢʦʭ ʧʦʧʝʨʝʜʥʴʦ ʚʠʟʥʘʯʝʥʠʭ ʦʙʩʷʛʽʚ ʽ ʧʝʨʽʦʜʽʚ 

ʥʘʚʯʘʥʥʷ. 

Å ɽʬʝʢʪʠʚʥʽʩʪʴ: ʥʘʩʢʽʣʴʢʠ ʰʚʠʜʢʦ ʧʦ ʯʘʩʽ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʟʦʨʽʻʥʪʫʚʘʪʠʩʴ ʚ ʜʦʜʘʪʢʫ. 

Å ɿʘʧʘʤôʷʪʦʚʫʚʘʥʽʩʪʴ: ʩʪʫʧʽʥʴ ʟʨʫʯʥʦʩʪʽ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ ʚʠʢʦʥʘʥʥʷ ʨʽʟʥʠʭ ʬʫʥʢʮʽʡ ʜʦʜʘʪʢʫ. 

Å ʇʦʤʠʣʢʠ: ʏʘʩʪʦʪʘ ʧʦʤʠʣʦʢ ʩʝʨʝʜ ʫʩʽʭ ʫʯʘʩʥʠʢʽʚ ʘʙʦ ʢʽʣʴʢʽʩʪʴ ʢʨʦʢʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʚʠʢʦʥʘʥʥʷ 

ʟʘʚʜʘʥʥʷ. 

Å ɿʘʜʦʚʦʣʝʥʽʩʪʴ: ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʩʧʨʠʡʥʷʪʪʷ, ʧʦʯʫʪʪʽʚ ʽ ʜʫʤʦʢ ʢʦʨʠʩʪʫʚʘʯʘ ʧʨʦ ʧʨʦʜʫʢʪ, ʟʘʟʚʠʯʘʡ 

ʦʪʨʠʤʘʥʠʭ ʯʝʨʝʟ ʧʠʩʴʤʦʚʽ ʪʘ ʫʩʥʽ ʟʘʧʠʪʘʥʥʷ 

ʐʢʘʣʘ ʃʘʡʢʝʨʪʘ ï ʮʝ ʰʢʘʣʘ, ʟʘ ʷʢʦʶ ʫʯʘʩʥʠʢʠ ʨʝʻʩʪʨʫʶʪʴ ʩʚʦʶ ʟʛʦʜʫ ʘʙʦ ʥʝʟʛʦʜʫ ʟ ʪʚʝʨʜʞʝʥʥʷʤ. 

ʉʫʜʞʝʥʥʷ ʟʦʙʨʘʞʝʥʽ ʢʽʣʴʢʽʩʥʦ ʟʘ ʧ'ʷʪʠʙʘʣʴʥʦʶ ʰʢʘʣʦʶ. ʉʶʜʠ ʚʭʦʜʷʪʴ: ʧʦʚʥʽʩʪʶ ʟʛʦʜʝʥ, ʟʛʦʜʝʥ, ʥʽ ʟʛʦʜʥʠʡ, 

ʥʽ ʥʝ ʟʛʦʜʥʠʡ, ʥʝ ʟʛʦʜʥʠʡ ʽ ʢʘʪʝʛʦʨʠʯʥʦ ʥʝ ʟʛʦʜʥʠʡ. ʊʘʙʣʠʮʷ 1 ï ʮʝ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʽʥʪʝʨʚʘʣʴʥʦʛʦ ʙʘʣʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʽʘʧʘʟʦʥʫ ʃʘʡʢʝʨʪʘ [7]. 

 

ʊʘʙʣʠʮʷ 1 

ɯʥʪʝʨʧʨʝʪʘʮʽʷ ʙʘʣʽʚ 

ɯʥʪʝʨʧʨʝʪʘʮʽʷ ɯʥʪʝʨʚʘʣʴʥʠʡ ʙʘʣ 

ʂʘʪʝʛʦʨʠʯʥʦ ʥʝ ʟʛʦʜʥʠʡ 1 

ʅʝ ʟʛʦʜʥʠʡ ʟʦʚʩʽʤ 2 

ʅʝ ʟʛʦʜʥʠʡ 3 

ɿʛʦʜʥʠʡ 4 

ʇʦʚʥʽʩʪʶ ʟʛʦʜʥʠʡ 5 

 

ɼʘʣʽ ʧʦʪʨʽʙʥʦ ʧʦʤʥʦʞʠʪʠ ʢʽʣʴʢʽʩʪʴ ʚʽʜʧʦʚʽʜʝʡ ʫʩʽʭ ʫʯʘʩʥʠʢʽʚ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʘ ʢʦʞʥʫ ʪʦʯʢʫ 

ʚʽʜʧʦʚʽʜʽ, ʥʘ ʚʘʛʫ ʚʽʜʧʦʚʽʜʝʡ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʟʘʛʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʚʽʜʧʦʚʽʜʝʡ ʪʘ ʽʥʜʝʢʩʥʫ ʦʮʽʥʢʫ. 

( )( )( )( )( )Total answer score 5 4 3 2 1n n n n n= ³ + ³ + ³ + ³ + ³   (1) 

total answer score
Index Score 100%

 maximumscore
= ³     (2) 

ʇʝʨʝʚʽʨʢʘ ʟʨʫʯʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʢʨʦʢʘʤʠ, ʥʘʚʝʜʝʥʠʤʠ ʥʘ ʨʠʩ. 4, ʷʢ ʦʧʠʩʘʥʦ ʥʠʞʯʝ 

[7]:  

 

 
ʈʠʩ. 4. ʂʨʦʢʠ Usability Testing 

 

ʈʝʩʧʦʥʜʝʥʪʠ ʦʟʥʘʡʦʤʠʣʠʩʴ ʟ ʤʦʙʽʣʴʥʠʤ ʜʦʜʘʪʢʦʤ, ʧʨʦʪʝʩʪʫʚʘʣʠ ʡʦʛʦ ʽ ʦʪʨʠʤʘʣʠ ʘʥʢʝʪʠ ʜʣʷ 

ʟʘʧʦʚʥʝʥʥʷ ʜʘʥʠʭ. ʊʝʩʪʫʚʘʥʥʷ ʧʨʦʭʦʜʠʣʦ ʙʝʟ ʫʯʘʩʪʽ ʤʦʜʝʨʘʪʦʨʘ.  

ʈʝʟʫʣʴʪʘʪʠ ʘʥʢʝʪʫʚʘʥʥʷ 

ɺ ʪʘʙʣʠʮʽ 2 ʥʘʚʝʜʝʥʦ ʫʟʘʛʘʣʴʥʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʽʜʧʦʚʽʜʽ ʨʝʩʧʦʥʜʝʥʪʽʚ. 

1Learnability / Efficiency / Memorability / Error / Satisfaction  100%

n

ii
x

n

=
=

= ³
ä

 (3) 

ʜʝ ix = ʢʽʣʴʢʽʩʪʴ ʨʝʩʧʦʥʜʝʥʪʽʚ ³ ʢʽʣʴʢʽʩʪʴ ʧʠʪʘʥʴ ³ ʢʽʣʴʢʽʩʪʴ ʙʘʣʽʚ ʽ n  = ʢʽʣʴʢʽʩʪʴ ʨʝʩʧʦʥʜʝʥʪʽʚ ³ 

ʢʽʣʴʢʽʩʪʴ ʧʠʪʘʥʴ³ ʤʘʢʩʠʤʘʣʴʥʠʡ ʙʘʣ. 

 ()
46

Learnability  % 100% 92%
50
= ³ =  
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Tʘʙʣʠʮʷ 2 

ʈʝʟʫʣʴʪʘʪʠ ʘʥʢʝʪʫʚʘʥʥʷ 

ˉ ʇʠʪʘʥʥʷ 
ʖʟʘʙʽʣʽʪʽ 

ʬʘʢʪʦʨ 

ʈ
ʝ
ʩ
ʧ
ʦ
ʥ
ʜ
ʝ
ʥ
ʪ
 
1

 

ʈ
ʝ
ʩ
ʧ
ʦ
ʥ
ʜ
ʝ
ʥ
ʪ
 
2

 

ʈ
ʝ
ʩ
ʧ
ʦ
ʥ
ʜ
ʝ
ʥ
ʪ
 
3

 

ʈ
ʝ
ʩ
ʧ
ʦ
ʥ
ʜ

ʝ
ʥ
ʪ
 
4

 

ʈ
ʝ
ʩ
ʧ
ʦ
ʥ
ʜ
ʝ
ʥ
ʪ
 
5

 

1. ʃʝʛʢʠʡ ʜʣʷ ʩʧʨʠʡʥʷʪʪʷ ʽʥʪʝʨʬʝʡʩ ʢʦʨʠʩʪʫʚʘʯʘ ʄʦʞʣʠʚʽʩʪʴ 

ʥʘʚʯʘʥʥ ̫

4 4 5 5 5 

2. ʇʨʦʩʪʦʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 5 4 4 5 5 

3. ʇʨʦʜʫʤʘʥʠʡ ʜʠʟʘʡʥ  

ɽʬʝʢʪʠʚʥʽʩʪʴ 

5 5 5 5 4 

4. ʈʦʟʪʘʰʫʚʘʥʥʷ ʤʝʥʶ 4 5 5 3 4 

5. ʃʦʛʦʪʠʧ ʽ ʩʠʤʚʦʣ ʣʝʛʢʦ ʟʨʦʟʫʤʽʪʠ 5 5 5 5 5 

6.  ʇʨʦʩʪʠʡ ʜʦʩʪʫʧ ʽ ʰʚʠʜʢʽʩʪʴ ʟʘʚʘʥʪʘʞʝʥʥʷ 

ɿʘʧʘʤ'ʷʪʦʚʫʚʘʥʽʩʪʴ 

4 4 5 5 5 

7. ʃʝʛʢʠʡ ʜʦʩʪʫʧ ʜʦ ʧʦʰʫʢʫ ʤʘʨʰʨʫʪʫ 5 4 4 5 5 

8. ʃʝʛʢʠʡ ʩʧʦʩʽʙ ʟʘʚʘʥʪʘʞʝʥʥʷ ʝʣʝʢʪʨʦʥʥʦʛʦ ʢʚʠʪʢʘ 4 4 5 5 5 

9. ʃʝʛʢʦ ʟʘʧʘʤ'ʷʪʦʚʫʻʪʴʩʷ ʤʝʥʶ ʽ 

ʢʦʨʠʩʪʫʚʘʮʴʢʠʡ ʽʥʪʝʨʬʝʡʩ 
5 5 4 5 4 

10. ʅʝʤʘʻ ʧʦʤʠʣʦʢ ʧʽʜ ʯʘʩ ʢʦʨʠʩʪʫʚʘʥʥʷ ʜʦʜʘʪʢʦʤ ʇʦʤʠʣʢʠ 4 5 5 5 5 

11. ʂʦʣʽʨ ʟʨʫʯʥʠʡ ʽ ʥʝ ʥʘʙʨʠʜʘʻ 
ɿʘʜʦʚʦʣʝʥʽʩʪʴ 

5 4 5 4 4 

12. ɼʦʜʘʪʦʢ ʚʽʜʧʦʚʽʜʘʻ ʛʦʣʦʚʥʽʡ ʮʽʣʽ ʽ ʟʘʜʘʯʽ  4 5 4 5 4 

 

 ()
70

Efficiency  % 100% 93%
75
= ³ =  

 ()
92

Memorability  % 100% 92%
100
= ³ =  

 ()
73

Error  % 100% 29%
25
= ³ =  

 ()
44

Satisfaction  % 100% 88%
50
= ³ =  

 

()
Learnability Efficiency Memorability Error Satisfaction

Usability Score  % 100%
5

+ + + +
= ³  (4) 

()
82 93 92 29 88

Usability Score  % 100% 79%
5

+ + + +
= ³ =  

ʈʝʟʫʣʴʪʘʪʠ ʪʝʩʪʫ ʟʘ ʧôʷʪʴʤʘ ʬʘʢʪʦʨʘʤʠ: ʟʜʘʪʥʽʩʪʴ ʜʦ ʥʘʚʯʘʥʥʷ (92%), ʝʬʝʢʪʠʚʥʽʩʪʴ (93%), 

ʟʘʧʘʤôʷʪʦʚʫʚʘʥʽʩʪʴ (92%), ʟʘʜʦʚʦʣʝʥʥʷ (88%) ʽ ʧʦʤʠʣʢʘ (29%). ɯʟ ʟʘʛʘʣʴʥʦʛʦ ʧʽʜʨʘʭʫʥʢʫ ʤʦʞʥʘ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʟʘʛʘʣʴʥʘ ʦʮʽʥʢʘ ʶʟʘʙʽʣʽʪʽ-ʪʝʩʪʫʚʘʥʥʷ çTikket travelè ʥʘʨʘʟʽ ʩʪʘʥʦʚʠʪʴ 79%. 
 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ɺ ʜʘʥʽʡ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʦ ʨʽʟʥʽ  ʤʝʪʦʜʠ ʪʝʩʪʫʚʘʥʥʷ UX,  ̫ ʢʽ ʜʦʧʦʤʦʞʫʪʴ ʧʦʢʨʘʱʠʪʠ ʧʨʦʛʨʘʤʥʠʡ 

ʧʨʦʜʫʢʪ. ɺʠʟʥʘʯʝʥʦ ʚʘʞʣʠʚʽʩʪʴ ʦʙʨʘʥʥʷ ʤʝʪʦʜʫ ʪʝʩʪʫʚʘʥʥʷ, ʷʢʠʡ ʥʘʡʙʽʣʴʰ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ʮʽʣʝʡ. 

ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʪʝʩʪʫʚʘʥʥʷ ʟ ʟʘʣʫʯʝʥʥʷʤ 5 ʨʝʩʧʦʥʜʝʥʪʽʚ, ʙʝʟ ʤʦʜʝʨʘʪʦʨʘ. ʈʦʟʨʦʙʣʝʥʦ ʩʭʝʤʫ ʜʣʷ ʧʝʨʝʚʽʨʢʠ 

ʟʨʫʯʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʙʽʣʴʥʦʛʦ ʜʦʜʘʪʢʫ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʰʢʘʣʠ ʃʝʡʢʝʨʪʘ ʟʜʽʡʩʥʝʥʦ ʦʮʽʥʶʚʘʥʥʷ ʜʦʜʘʪʢʫ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʧôʷʪʠ ʢʨʠʪʝʨʽʾʚ: ʥʘʚʯʘʥʥʷ, ʝʬʝʢʪʠʚʥʽʩʪʴ, ʟʘʧʘʤôʷʪʦʚʫʚʘʥʽʩʪʴ, ʧʦʤʠʣʢʠ ʪʘ ʟʘʜʦʚʦʣʝʥʥʷ. 

ɺʠʟʥʘʯʝʥʦ Usability Score, ʷʢʠʡ ʜʘʚ ʨʝʟʫʣʴʪʘʪ 79%.  

ʅʘʧʨʷʤʦʢ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʘʚʪʦʨʽʚ ï ʧʨʦʚʝʜʝʥʥʷ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʧʦʨʽʚʥʷʥʥʷ 

ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ UX ʪʝʩʪʫʚʘʥʥʷ ʟ ʤʝʪʦʶ ʧʦʜʘʣʴʰʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ ʜʣʷ 

ʚʠʧʫʩʢʫ ʥʘ ʨʠʥʦʢ. 
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SUBSTANTIATION OF THE CHOIC E OF COATING MATERIAL WHEN RESTORING PARTS OF 

AGRICULTURAL MACHINERY BY COLD GAS -DYNAMIC SPRAYING  

 
Based on the method of cold gas-dynamic spraying, technologies are being created to solve problems of energy and resource 

saving in various industries and non-traditional and effective methods of production, repair, restoration, anti-corrosion protection, obtaining 
electrical and heat-conductive, anti-friction and other coatings of functional units, and as well as elements of a wide variety of machinery 
and equipment. 

The main feature of cold gas-dynamic spraying is the absence of high temperatures during the formation of metal coatings, 
therefore, the absence of oxidation of particle and base materials, non-equilibrium crystallization processes, and high internal stresses in the 
workpieces. Coatings created in this way are a metal matrix with ceramic particles embedded in it. They are characterized by high strength, 
good performance properties and can be applied in any thickness. One of the important characteristics of coatings is the adhesion strength. 
Before spraying on any part, it is necessary to find out which coating material will give the best strength characteristics between the two 
materials. Therefore, before spraying, it is important to study the specifics of the formation of a durable coating for a given part, as well as to 
compare the strength characteristics of the cold gas-dynamic spraying method with other methods for restoring parts. In this paper, an 
analysis of various coating materials used in the restoration of parts by the method of cold gas-dynamic spraying is carried out. The 
strengths and weaknesses of various coating technologies are determined, as well as recommendations for choosing a material when 
restoring parts by cold gas-dynamic spraying. 

Key words: coating technologies, corrosion protection, cold gas-dynamic spraying, adhesive strength, spraying, defects. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ʍʦʣʦʜʥʝ ʛʘʟʦʜʠʥʘʤʽʯʥʝ ʥʘʧʠʣʝʥʥʷ (ʍɻɼʅ) ï ʤʝʪʦʜ ʧʦʨʦʰʢʦʚʦʛʦ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʽʚ, ʚ ʷʢʦʤʫ 

ʯʘʩʪʠʥʢʠ ʟ ʭʘʨʘʢʪʝʨʥʠʤ ʨʦʟʤʽʨʦʤ 10ï150 ʤʢʤ ʧʨʠʩʢʦʨʶʶʪʴʩʷ ʚ ʥʘʜʟʚʫʢʦʚʦʤʫ ʧʦʪʦʮʽ ʛʘʟʫ ʜʦ ʰʚʠʜʢʦʩʪʝʡ 

400ï1200 ʤ/ʩ ʽ ʧʨʠ ʫʜʘʨʽ ʦʙ ʧʽʜʢʣʘʜʢʫ ʟʘʢʨʽʧʣʶʶʪʴʩʷ ʥʘ ʥʽʡ ʙʝʟ ʬʘʟʦʚʠʭ ʧʝʨʝʭʦʜʽʚ. 

ʅʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʭʦʣʦʜʥʦʛʦ ʛʘʟʦʜʠʥʘʤʽʯʥʦʛʦ ʥʘʧʠʣʝʥʥʷ ʩʪʚʦʨʶʶʪʴʩʷ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʚʠʨʽʰʝʥʥʷ 

ʟʘʚʜʘʥʴ ʝʥʝʨʛʦ- ʪʘ ʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʚʚʦʜʷʪʴʩʷ ʚ ʧʨʘʢʪʠʢʫ ʥʝʪʨʘʜʠʮʽʡʥʽ 

ʽ ʝʬʝʢʪʠʚʥʽ ʩʧʦʩʦʙʠ ʚʠʨʦʙʥʠʮʪʚʘ, ʨʝʤʦʥʪʫ, ʚʽʜʥʦʚʣʝʥʥʷ, ʘʥʪʠʢʦʨʦʟʽʡʥʦʛʦ ʟʘʭʠʩʪʫ, ʦʪʨʠʤʘʥʥʷ ʝʣʝʢʪʨʦ- ʪʘ 

ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ, ʘʥʪʠʬʨʠʢʮʽʡʥʠʭ ʪʘ ʽʥʰʠʭ ʧʦʢʨʠʪʪʽʚ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʫʟʣʽʚ, ʘ ʪʘʢʦʞ ʝʣʝʤʝʥʪʽʚ 

ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʦʾ ʪʝʭʥʽʢʠ ʽ ʦʙʣʘʜʥʘʥʥʷ. 

ʆʜʥʽʻʶ ʟ ʚʘʞʣʠʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʢʨʠʪʪʽʚ ʻ ʘʜʛʝʟʽʡʥʘ ʤʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ. ʇʝʨʝʜ ʥʘʧʠʣʝʥʥʷʤ ʥʘ 

ʷʢʫʩʴ ʜʝʪʘʣʴ, ʥʝʦʙʭʽʜʥʦ ʟ'ʷʩʫʚʘʪʠ, ʷʢʝ ʧʦʢʨʠʪʪʷ ʥʘʜʘʩʪʴ ʥʘʡʢʨʘʱʽ ʧʦʢʘʟʥʠʢʠ ʤʽʮʥʦʩʪʽ ʤʽʞ ʜʚʦʤʘ ʤʘʪʝʨʽʘʣʘʤʠ. 

ʊʦʤʫ ʧʝʨʝʜ ʥʘʧʠʣʝʥʥʷʤ ʚʘʞʣʠʚʦ ʚʠʚʯʠʪʠ ʩʧʝʮʠʬʽʢʫ ʬʦʨʤʫʚʘʥʥʷ ʤʽʮʥʦʛʦ ʧʦʢʨʠʪʪʷ ʜʣʷ ʟʘʜʘʥʦʾ ʜʝʪʘʣʽ, ʘ ʪʘʢ 

ʩʘʤʦ ʧʦʨʽʚʥʷʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʽʮʥʦʩʪʽ ʤʝʪʦʜʫ ʍɻɼʅ ʟ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ ʚʽʜʥʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ [1]. 

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʧʨʠ ʨʝʤʦʥʪʽ ʘʚʪʦʤʦʙʽʣʴʥʦʾ ʪʝʭʥʽʢʠ, ʟʘʩʪʦʩʦʚʫʶʯʠ ʪʝʭʥʦʣʦʛʽʶ ʍɻɼʅ, ʤʦʞʥʘ 

ʫʩʫʚʘʪʠ ʜʝʬʝʢʪʠ ʥʘʩʪʫʧʥʠʭ ʜʝʪʘʣʝʡ: 

ï ʚʽʜʥʦʚʣʝʥʥʷ ʧʦʚʝʨʭʥʽ ʢʫʟʦʚʘ (ʥʘ ʩʪʠʢʘʭ, ʟʘ ʥʘʷʚʥʦʩʪʽ ʜʝʬʝʢʪʽʚ, ʚʤ'ʷʪʠʥ); 

ï ʘʥʪʠʢʦʨʦʟʽʡʥʘ ʦʙʨʦʙʢʘ ʟʚʘʨʥʠʭ ʰʚʽʚ, ʣʦʢʘʣʴʥʠʭ ʟʦʥ ʢʫʟʦʚʘ (ʮʠʥʢʫʚʘʥʥʷ) ʪʘ ʟʚʘʨʥʠʭ ʰʚʽʚ, 

ʣʦʢʘʣʴʥʠʭ ʜʽʣʷʥʦʢ ʚʠʭʣʦʧʥʦʛʦ ʪʨʘʢʪʫ (ʘʣʶʤʽʥʫʚʘʥʥʷ); 

ï ʫʩʫʥʝʥʥʷ ʜʝʬʝʢʪʽʚ ʫ ʙʣʦʮʽ ʮʠʣʽʥʜʨʽʚ, ʫʩʫʥʝʥʥʷ ʜʝʬʝʢʪʽʚ ʫ ʛʦʣʦʚʮʽ ʙʣʦʢʫ ʮʠʣʽʥʜʨʽʚ (ɻɹʎ) (ʧʨʦʛʘʨʠ, 

ʢʦʨʦʟʽʡʥʽ ʧʨʦʤʦʾʥʠ), ʨʝʩʪʘʚʨʘʮʽʷ ʩʚʽʯʢʦʚʦʛʦ ʨʽʟʴʙʣʝʥʥʷ ʚ ɻɹʎ; 
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ï ʨʝʩʪʘʚʨʘʮʽʷ ʧʦʩʘʜʢʦʚʠʭ ʤʽʩʮʴ ʧʽʜʰʠʧʥʠʢʽʚ; 

ï ʫʩʫʥʝʥʥʷ ʜʝʬʝʢʪʽʚ ʚ ʘʣʶʤʽʥʽʻʚʠʭ, ʯʘʚʫʥʥʠʭ, ʩʪʘʣʝʚʠʭ ʜʝʪʘʣʷʭ ʜʚʠʛʫʥʘ, ʾʭ ʛʝʨʤʝʪʠʟʘʮʽʷ (ʤʽʢʨʦʪʝʯʽ, 

ʥʝʚʝʣʠʢʽ ʪʨʽʱʠʥʠ ʪʘ ʽʥʰʽ ʜʝʬʝʢʪʠ ʚ ɻɹʎ, ʙʣʦʮʽ ʮʠʣʽʥʜʨʽʚ, ʢʦʨʦʙʮʽ ʧʝʨʝʤʠʢʘʥʥʷ ʧʝʨʝʜʘʯ ʪʦʱʦ); 

ï ʫʩʫʥʝʥʥʷ ʜʝʬʝʢʪʽʚ ʚ ʝʣʝʤʝʥʪʘʭ ʩʠʩʪʝʤʠ ʘʚʪʦʢʦʥʜʠʮʽʶʚʘʥʥʷ (ʚʠʪʽʢ ʬʨʝʦʥʫ); 

ï ʫʩʫʥʝʥʥʷ ʧʨʦʛʘʨʽʚ, ʧʨʦʤʦʾʥ ʥʘ ʙʨʦʥʟʦʚʠʭ ʧʦʨʰʥʷʭ [2]. 

ɺʩʽ ʚʠʱʝ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚʠʜʠ ʜʝʪʘʣʝʡ, ʚʠʛʦʪʦʚʣʝʥʽ ʟ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʽ ʧʨʠ ʾʭ ʚʽʜʥʦʚʣʝʥʥʽ ʤʝʪʦʜʦʤ 

ʍɻɼʅ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʜʘʥʠʡ ʬʘʢʪʦʨ, ʪʘʢ ʷʢ ʘʜʛʝʟʽʡʥʘ ʤʽʮʥʽʩʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ 

ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʧʦʢʨʠʪʪʷ ʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʽʜʥʦʚʣʝʥʥʷ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʚʫʟʣʘ, ʘʙʦ ʘʛʨʝʛʘʪʫ. 

ʗʢ ʧʦʨʦʰʢʦʚʽ ʤʘʪʝʨʽʘʣʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʦʨʦʰʢʠ ʤʝʪʘʣʽʚ, ʩʧʣʘʚʽʚ ʘʙʦ ʾʭ ʤʝʭʘʥʽʯʥʽ ʩʫʤʽʰʽ ʟ 

ʢʝʨʘʤʽʯʥʠʤʠ ʜʦʙʘʚʢʘʤʠ. ʇʦʨʦʰʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʫʞʝ ʙʘʛʘʪʦ, ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʷʢ ʟ 

ʣʝʛʢʦʧʣʘʚʢʠʭ ʤʝʪʘʣʽʚ (Al, Cu, Ni, Zn, V, Co, Fe), ʪʘʢ ʽ ʟ ʪʫʛʦʧʣʘʚʢʠʭ (Ti, Mo, W). ʊʦʤʫ ʧʝʨʝʜ ʥʘʧʠʣʝʥʥʷʤ 

ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʷʢʠʡ ʧʦʨʦʰʦʢ ʘʙʦ ʾʭ ʩʫʤʽʰ (ʫ ʚʽʜʩʦʪʢʦʚʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ) ʚʠʙʨʘʪʠ ʜʣʷ ʥʘʧʠʣʝʥʥʷ 

ʪʽʻʾ ʯʠ ʽʥʰʦʾ ʜʝʪʘʣʽ, ʚʠʛʦʪʦʚʣʝʥʦʾ ʟ ʧʝʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽ ʟ ʧʝʚʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ɿʘʮʽʢʘʚʣʝʥʽʩʪʴ ʜʦ ʪʝʭʥʦʣʦʛʽʾ ʍɻɼʅ ʟʘ ʦʩʪʘʥʥʽ ʨʦʢʠ ʟʥʘʯʥʦ ʟʨʦʩʣʘ, ʧʨʦ ʱʦ ʩʚʽʜʯʠʪʴ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ 

ʧʫʙʣʽʢʘʮʽʡ. ɭ ʜʦʩʣʽʜʞʝʥʥʷ ʘʜʛʝʟʽʡʥʦʾ ʪʘ ʢʦʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʘ ʪʘʢʦʞ ʧʦʨʽʚʥʷʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʮʥʦʩʪʽ ʤʝʪʦʜʫ ʍɻɼʅ ʟ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ ʚʽʜʥʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ [3]. 

ɼʣʷ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʽʮʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʚʽʜʦʤʽ ʤʝʪʦʜʠ: ʢʣʝʡʦʚʠʡ ʽ 

ʰʪʠʬʪʦʚʠʡ ʟʘ ɼʉʊʋ 2639-94. ʇʨʠ ʮʴʦʤʫ ʟʨʘʟʢʠ ʥʝ ʟʘʟʥʘʚʘʣʠ ʩʧʝʮʽʘʣʴʥʦʾ ʧʦʚʝʨʭʥʝʚʦʾ ʧʽʜʛʦʪʦʚʢʠ. ɺ ʷʢʦʩʪʽ 

ʢʣʝʶ ʟʘʩʪʦʩʦʚʫʚʘʣʘʩʷ ʝʧʦʢʩʠʜʥʘ ʩʤʦʣʘ ʪʘ ʧʣʽʚʢʦʚʠʡ ʢʣʝʡ ɺʂ-7. ɼʽʘʤʝʪʨ ʥʘʧʠʣʝʥʠʭ ʟʨʘʟʢʽʚ ʩʢʣʘʜʘʚ 6ï10 ʤʤ. 

ɺʽʜʨʠʚ ʟʨʘʟʢʘ ʩʢʣʝʻʥʦʛʦ ʟ ʰʘʡʙʦʶ, ʟʜʽʡʩʥʶʚʘʚʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʠʚʥʦʛʦ ʧʨʠʩʪʨʦʶ, ʚʠʛʦʪʦʚʣʝʥʦʛʦ ʥʘ 

ʦʩʥʦʚʽ ʚʘʞʽʣʴʥʠʭ ʚʘʛ,  ʽ ʜʦʟʚʦʣʷʻ ʚʠʤʽʨʶʚʘʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢ ̔ʧʨʠʢʣʘʜʘʶʪʴʩʷ, ʚ ʜʽʘʧʘʟʦʥʽ 0ï300 ʢʛ ʟ 

ʪʦʯʥʽʩʪʶ 0,01 ʢʛ. 

ʍʘʨʘʢʪʝʨʥʽ ʟʥʘʯʝʥʥʷ ʘʜʛʝʟʽʡʥʦʾ ʪʘ ʢʦʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 1, ʜʝ ʪʘʢ ʩʘʤʦ 

ʚʢʘʟʘʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʽʮʥʦʩʪʽ ʜʝʷʢʠʭ ʧʦʢʨʠʪʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ ʥʘʧʠʣʝʥʥʷ. 

 

ʊʘʙʣʠʮʷ 1 

ɿʥʘʯʝʥʥʷ ʘʜʛʝʟʽʡʥʦʾ ʪʘ ʢʦʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ ʧʦʢʨʠʪʪʷ ʟ ʦʩʥʦʚʦʶ 

ʄʘʪʝʨʽʘʣ 
ʄʝʪʦʜ ʥʘʧʠʣʝʥʥʷ 

ʄʝʪʦʜ 

ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʄʽʮʥʽʩʪʴ 

ʟʯʝʧʣʝʥʥʷ, ʄʇʘ ʇʦʢʨʠʪʪʷ ʆʩʥʦʚʘ 

Al  Mg+6Al+12Zn ʇʣʘʟʤʦʚʠʡ ʐʪʠʬʪʦʚʠʡ 44 

Al 2O3 Al ʩʧʣʘʚ ɼʝʪʦʥʘʮʽʡʥʠʡ ʐʪʠʬʪʦʚʠʡ 20-25 

Al 2O3 ʉʪ. ʥʠʟʴʢʦʚʫʛʣ. ʇʣʘʟʤʦʚʠʡ ʂʣʝʡʦʚʠʡ 10 

Al  Al  ɽʣ. ʜʫʛʦʚʠʡ ʂʣʝʡʦʚʠʡ 9 

Al  ʉʪ. ʚʫʛʣ. ɽʣ. ʜʫʛʦʚʠʡ ʂʣʝʡʦʚʠʡ 19 

Al  ʉʪ. ʚʫʛʣ. ɻʘʟʦʧʣʘʤʝʥʝʚʠʡ ʂʣʝʡʦʚʠʡ 10 

Al  Cu ʍɻɼʅ, kd < 1 ʂʣʝʡʦʚʠʡ 62-67 

Al  ʃʉ-59 ʍɻɼʅ, kd < 1 ʂʣʝʡʦʚʠʡ 64-65 

Al  ʍ18ʅ9ʊ ʍɻɼʅ, kd < 1 ʂʣʝʡʦʚʠʡ 62-65 

Al  Cu ʍɻɼʅ, kd < 1 ʐʪʠʬʪʦʚʠʡ 30-40 

Al  ʉʪ.35 ʍɻɼʅ, kd < 1 ʐʪʠʬʪʦʚʠʡ 20-30 

Al  40ʍ ʍɻɼʅ, kd < 1 ʐʪʠʬʪʦʚʠʡ 38-40 

Al  ɼ16ʊ ʍɻɼʅ, kd < 1 ʐʪʠʬʪʦʚʠʡ 50-55 

Al  ʃʉ-59 ʍɻɼʅ, kd < 1 ʐʪʠʬʪʦʚʠʡ 38-66 

Cu Cu kd ~ 1, ʛʝʣ.+ʧʦʚ ʐʪʠʬʪʦʚʠʡ 40-45 

V Cu kd ~ 1, ʛʝʣ.+ʧʦʚ ʐʪʠʬʪʦʚʠʡ 20 

Zn Cu kd ~ 1, ʛʝʣ.+ʧʦʚ ʐʪʠʬʪʦʚʠʡ 12-15 

Al  Cu kd ~ 1, ʛʝʣ.+ʧʦʚ ʐʪʠʬʪʦʚʠʡ 10-20 

V ʉʪ.35 kd ~ 1, ʧʽʜʽʛʨ. ʧʦʚ. ʐʪʠʬʪʦʚʠʡ 25 

Ni ʉʪ.35 kd ~ 1, ʧʽʜʽʛʨ. ʧʦʚ. ʐʪʠʬʪʦʚʠʡ 35 

Zn ʉʪ.35 kd ~ 1, ʧʽʜʽʛʨ. ʧʦʚ. ʐʪʠʬʪʦʚʠʡ 15 

ʍ18ʅ10ʊ ʃʉ-59 kd ~ 1, ʧʽʜʽʛʨ. ʧʦʚ. ʐʪʠʬʪʦʚʠʡ 50-51 

ʍ18ʅ10ʊ 40ʍ kd ~ 1, ʧʽʜʽʛʨ. ʧʦʚ. ʐʪʠʬʪʦʚʠʡ 22 

 

ɿ ʪʘʙʣʠʮʽ ʚʠʜʥʦ, ʱʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʢʨʠʪʪʽʚ ʥʘʥʝʩʝʥʠʭ ʤʝʪʦʜʦʤ ʍɻɼʅ ʜʦʩʠʪʴ ʚʠʩʦʢʽ, ʽ ʚʝʣʠʯʠʥʘ 

ʟʯʝʧʣʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʟ ʦʩʥʦʚʘʤʠ ʩʪʘʥʦʚʠʪʴ ůbr  = 10ï66 ʄʇʘ, ʱʦ ʧʨʘʢʪʠʯʥʦ ʥʝ ʧʦʩʪʫʧʘʻʪʴʩʷ ʟʥʘʯʝʥʥʷʤ ʜʣʷ 

ʧʦʢʨʠʪʪʽʚ, ʥʘʧʠʣʝʥʠʭ ʛʘʟʦʪʝʨʤʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʰʪʠʬʪʦʚʠʤ 

ʤʝʪʦʜʦʤ ʚʠʱʽ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʽ ʜʣʷ ʦʩʥʦʚ ʟ ʤʝʥʰ ʪʚʝʨʜʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʣʘʪʫʥʴ ʃɿ-59, ʜʶʨʘʣʴ ɼ16ʊ, ʤʽʜʴ). 

ʇʦʜʽʙʥʘ ʟʘʣʝʞʥʽʩʪʴ ʧʦʚ'ʷʟʘʥʘ, ʤʘʙʫʪʴ, ʟ ʙʽʣʴʰ ʟʥʘʯʥʦʶ ʛʣʠʙʠʥʦʶ ʧʨʦʥʠʢʥʝʥʥʷ ʯʘʩʪʠʥʦʢ ʫ ʦʩʥʦʚʫ (~ 10 

ʤʢʤ) ʪʘ ʙʽʣʴʰ ʨʦʟʚʠʥʝʥʦʶ ʢʦʥʪʘʢʪʥʦʶ ʧʦʚʝʨʭʥʝʶ ʜʣʷ ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʥʽʞ ʜʣʷ ʟʨʘʟʢʽʚ ʟʽ ʩʪʘʣʝʡ, ʱʦ 

ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʜʘʥʠʤʠ ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ. 
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ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʘʣʶʤʽʥʽʻʚʽ ʧʦʢʨʠʪʪʷ, ʦʪʨʠʤʘʥʽ ʚ ʨʝʞʠʤʽ kd<1 (kd ï ʢʦʝʬʮ̔ʽʻʥʪ ʥʘʧʠʣʝʥʥʷ), ʽʩʪʦʪʥʦ 

ʧʝʨʝʚʠʱʫʶʪʴ ʤʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ ʟ ʦʩʥʦʚʦʶ ʧʦʢʨʠʪʪʷ, ʦʪʨʠʤʘʥʽ ʧʨʠ kd ~ 1, ʱʦ ʪʘʢʦʞ ʧʦʷʩʥʶʻʪʴʩʷ, ʤʘʙʫʪʴ, 

ʝʬʝʢʪʦʤ ʫʜʘʨʥʦʛʦ ʧʨʝʩʫʚʘʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʘʥʽ ʢʣʝʡʦʚʠʭ, ʰʪʠʬʪʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʢʦʛʝʟʽʡʥʘ ʤʽʮʥʽʩʪʴ 

ʘʣʶʤʽʥʽʻʚʠʭ ʧʦʢʨʠʪʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʧʨʠ kd < 1, ʤʦʞʥʘ ʧʦʨʽʚʥʷʪʠ ʟ ʤʽʮʥʽʩʪʶ ʢʦʤʧʘʢʪʥʦʛʦ ʘʣʶʤʽʥʽʶ, ʚ ʪʦʡ ʯʘʩ 

ʷʢ ʘʜʛʝʟʽʡʥʘ ʤʽʮʥʽʩʪʴ ʽʩʪʦʪʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʘʪʝʨʽʘʣʫ ʦʩʥʦʚʠ ʽ ʤʦʞʝ ʙʫʪʠ ʷʢ ʥʠʞʯʘ ʢʦʛʝʟʽʡʥʦʾ (ʥʘ ʦʩʥʦʚʘʭ ʟ 

ʪʚʝʨʜʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʥʘʧʨʠʢʣʘʜ, ʩʪʘʣʷʭ), ʽ ʚʠʱʘ (ʥʘ ʦʩʥʦʚʘʭ ʽʟ ʧʣʘʩʪʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ). ʇʦʢʨʠʪʪʷ ʟ ʨʽʟʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʥʘʧʠʣʝʥʠʭ ʧʨʠ kd ~ 1, ʚʦʣʦʜʽʶʪʴ ʤʝʥʰʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʤʽʮʥʦʩʪʽ ʽ ʧʦʨʽʚʥʷʥʽ ʟ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʧʦʢʨʠʪʪʽʚ, ʦʜʝʨʞʫʚʘʥʠʭ ʛʘʟʦʪʝʨʤʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʆʜʥʠʤ ʽʟ ʚʘʞʣʠʚʠʭ ʬʘʢʪʦʨʽʚ ʧʨʠ ʥʘʧʠʣʝʥʥʽ ʻ ʢʦʝʬʽʮʽʻʥʪ ʥʘʧʠʣʝʥʥʷ. ʂʦʝʬʽʮʽʻʥʪ ʥʘʧʠʣʝʥʥʷ ï ʮʝ 

ʚʽʜʩʦʪʦʢ ʯʘʩʪʠʥʦʢ ʧʦʨʦʰʢʫ, ʱʦ ʟʘʢʨʽʧʠʣʠʩʷ ʥʘ ʧʦʚʝʨʭʥʽ, ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʤʘʩʠ ʚʠʪʨʘʯʝʥʦʾ ʩʠʨʦʚʠʥʠ. ʇʨʠ 

ʥʘʧʠʣʝʥʥʽ ʯʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ (ʙʝʟ ʟʤʽʰʫʚʘʥʥʷ ʨʽʟʥʠʭ ʧʦʨʦʰʢʽʚ) ʢʦʝʬʽʮʽʻʥʪ ʥʘʧʠʣʝʥʥʷ ʜʫʞʝ ʤʘʣʠʡ (0,01-

0,1%), ʱʦ ʩʧʨʠʯʠʥʷʻ ʧʝʨʝʚʠʪʨʘʪʫ ʧʦʨʦʰʢʫ ʪʘ ʥʠʟʴʢʫ ʷʢʽʩʪʴ ʧʦʢʨʠʪʪʷ, ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʝʨʘʤʽʯʥʠʭ 

ʯʘʩʪʠʥʦʢ ʫ ʩʢʣʘʜʽ. ʅʘʷʚʥʽʩʪʴ ʢʝʨʘʤʽʯʥʠʭ ʯʘʩʪʠʥʦʢ ʚ ʥʘʧʠʣʶʚʘʥʦʤʫ ʧʦʨʦʰʢʦʚʦʤʫ ʤʘʪʝʨʽʘʣʽ ʻ ʚʘʞʣʠʚʦʶ 

ʦʩʦʙʣʠʚʽʩʪʶ ʪʝʭʥʦʣʦʛʽʾ ʬʦʨʤʫʚʘʥʥʷ ʧʦʢʨʠʪʪʽʚ ʪʘʢ, ʷʢ ʪʚʝʨʜʽ ʢʝʨʘʤʽʯʥʽ ʯʘʩʪʠʥʢʠ ʩʧʨʠʷʶʪʴ: 

ï ʦʯʠʝɦʥʥʶ ʧʦʚʝʨʭʥʽ ʚʽʜ ʟʘʙʨʫʜʥʝʥʴ ʽ ʩʪʚʦʨʝʥʥʷ ʙʽʣʴʰ ʧʨʠʜʘʪʥʦʛʦ ʜʦ ʥʘʧʠʣʝʥʥʷ ʤʽʢʨʦʨʝʣʴʻʬʫ 

ʧʦʚʝʨʭʥʽ ʦʩʥʦʚʠ, ʘ ʮʝ ʩʫʪʪʻʚʦ ʟʙʽʣʴʰʫʻ ʤʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ ʧʦʢʨʠʪʪʷ ʟ ʥʝʶ; 

ï ʟʤʝʥʰʝʥʥʶ ʧʦʨʠʩʪʦʩʪʽ ʪʘ ʟʙʽʣʴʰʝʥʥʶ ʢʦʛʝʟʽʾ (ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ ʯʘʩʪʠʥʦʢ ʦʜʠʥ ʟ ʦʜʥʠʤ) ʟʘʚʜʷʢʠ 

ʜʝʬʦʨʤʘʮʽʾ ʧʦʚʝʨʭʥʽ ʽʟ-ʟʘ ʫʜʘʨʽʚ ʤʝʪʘʣʝʚʠʭ ʯʘʩʪʠʥʦʢ; 

ï ʟʨʽʟʘʥʥʶ ʟ ʧʦʚʝʨʭʥʽ ʧʦʢʨʠʪʪʷ ʤʝʪʘʣʝʚʠʭ ʯʘʩʪʠʥʦʢ, ʷʢʽ ʩʣʘʙʦ ʟʘʢʨʽʧʠʣʠʩʷ, ʱʦ ʧʦʢʨʘʱʫʻ ʷʢʽʩʪʴ 

ʧʦʢʨʠʪʪʷ. 

ʗʢ ʢʝʨʘʤʽʯʥʽ ʯʘʩʪʠʥʢʠ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʯʘʩʪʠʥʢʠ ʟ ʦʢʩʠʜʫ ʘʣʶʤʽʥʽʶ (ʢʦʨʫʥʜʫ), ʷʢʽ ʻ 

ʭʽʤʽʯʥʦ ʘʙʩʦʣʶʪʥʦ ʽʥʝʨʪʥʠʤʠ. ʊʦʤʫ ʥʘʷʚʥʽʩʪʴ ʘʙʦ ʚʽʜʩʫʪʥʽʩʪʴ ʪʘʢʠʭ ʯʘʩʪʠʥʦʢ ʥʝ ʧʦʛʽʨʰʫʚʘʪʠʤʝ ʢʦʨʦʟʽʡʥʫ 

ʩʪʽʡʢʽʩʪʴ ʧʦʢʨʠʪʪʷ [4]. 

ʗʢʱʦ ʥʘʤʘʛʘʪʠʩʷ ʥʘʥʦʩʠʪʠ ʧʦʢʨʠʪʪʷ ʪʽʣʴʢʠ ʟ ʧʦʨʦʰʢʫ ʤʝʪʘʣʫ, ʙʝʟ ʢʦʨʫʥʜʫ, ʪʦ ʢʦʝʬʽʮʽʻʥʪ 

ʥʘʧʠʣʝʥʥʷ ʚʧʘʜʝ ʜʦ ʥʝʧʨʠʡʥʷʪʥʠʭ ʟʥʘʯʝʥʴ, ʘ ʤʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ ʟ ʦʩʥʦʚʦʶ ʤʦʞʝ ʟʤʝʥʰʠʪʠʩʷ ʚ 2-3 ʨʘʟʠ, ʘ 

ʧʦʨʦʰʦʢ ʤʽʜʽ ʟʘʟʚʠʯʘʡ ʘʙʦ ʚʟʘʛʘʣʽ ʥʝ ʟʘʢʨʽʧʣʶʚʘʪʠʤʝʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ, ʘʙʦ ʥʝ ʩʪʚʦʨʶʚʘʪʠʤʝ ʪʦʚʩʪʠʭ 

ʧʦʢʨʠʪʪʽʚ. 

ɼʘʥʽ ʜʦʩʣʽʜʞʝʥʴ ʱʦʜʦ ʟʘʣʠʰʢʦʚʦʛʦ ʚʤʽʩʪʫ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʧʦʢʨʠʪʪʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʙʨʘʪʠ ʩʢʣʘʜ 

ʚʠʭʽʜʥʦʛʦ ʧʦʨʦʰʢʫ, ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʟʘʜʘʥʦʛʦ ʚʤʽʩʪʫ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʧʦʢʨʠʪʪʽ. ʅʘʧʨʠʢʣʘʜ, 

ʤʘʢʩʠʤʘʣʴʥʠʡ ʟʘʣʠʰʢʦʚʠʡ ʚʤʽʩʪ ʤʽʜʽ ʚ ʧʦʢʨʠʪʪʽ (95% ʤʽʜʽ ʚ ʧʦʢʨʠʪʪʽ) ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʠʡ ʧʨʠ ʜʦʜʘʚʘʥʥʽ 

ʫ ʚʠʭʽʜʥʠʡ ʧʦʨʦʰʦʢ 30-40% ʘʣʶʤʽʥʽʶ ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʚʘʛʠ. ʇʨʠ ʪʘʢʽʡ ʚʠʭʽʜʥʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʣʶʤʽʥʽʶ 

ʢʦʝʬʽʮʽʻʥʪ ʥʘʧʠʣʝʥʥʷ ʤʽʜʽ ʩʪʘʥʦʚʠʪʠʤʝ å 0,5%, ʱʦ ʚʩʝ-ʪʘʢʠ ʧʦʤʽʪʥʦ ʚʠʱʝ, ʥʽʞ ʢʦʝʬʽʮʽʻʥʪ ʥʘʧʠʣʝʥʥʷ ʯʠʩʪʦʾ 

ʤʽʜʽ (0,01%). ʗʢʱʦ, ʥʘʧʨʠʢʣʘʜ, ʧʦʪʨʽʙʥʦ ʦʪʨʠʤʘʪʠ ʟʘʣʠʰʢʦʚʠʡ ʚʤʽʩʪ ʤʽʜʽ å 50% ʫ ʧʦʢʨʠʪʪʽ, ʥʝʦʙʭʽʜʥʦ 

ʜʦʜʘʪʠ ʫ ʚʠʭʽʜʥʠʡ ʧʦʨʦʰʦʢ å 60% ʘʣʶʤʽʥʽʶ ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʚʘʛʠ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʢʦʝʬʽʮʽʻʥʪ ʥʘʧʠʣʝʥʥʷ ʤʽʜʽ 

ʧʦʤʽʪʥʦ ʟʨʦʩʪʝ ʽ ʙʫʜʝ å 15 % (kd = 0,15). ɺʽʜʩʦʪʦʢ ʚʤʽʩʪʫ ʢʦʨʫʥʜʫ ʟʘʟʚʠʯʘʡ ʩʪʘʥʦʚʠʪʴ ʫ ʩʫʤʽʰʽ ʚʽʜ 1 ʜʦ 20% 

(ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʚʘʛʠ). ʇʨʠ ʚʤʽʩʪʽ ʢʝʨʘʤʽʯʥʠʭ ʯʘʩʪʠʥʦʢ ʙʽʣʴʰʝ 20% ʧʦʨʦʰʢʫ, ʢʦʝʬʽʮʽʻʥʪ ʥʘʧʠʣʝʥʥʷ ʨʽʟʢʦ 

ʧʨʷʤʫʻ ʜʦ ʥʫʣʷ [5]. 

ɿ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʥʘ ʜʽʡʪʠ ʥʝʚʪʽʰʥʦʛʦ ʚʠʩʥʦʚʢʫ, ʱʦ ʫ ʧʨʦʮʝʩʽ ʥʘʧʠʣʝʥʥʷ ʢʦʤʧʦʥʝʥʪʠ ʩʫʤʽʰʽ 

ʚʧʣʠʚʘʶʪʴ ʦʜʠʥ ʥʘ ʦʜʥʦʛʦ. ɯʤʦʚʽʨʥʦ, ʤʝʭʘʥʽʟʤ ʚʟʘʻʤʦʜʽʾ ʢʦʤʧʦʥʝʥʪʽʚ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʦʥʠ ʟ ʨʽʟʥʦʶ 

ʡʤʦʚʽʨʥʽʩʪʶ ʟʘʢʨʽʧʣʶʶʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʪʦʙʪʦ ʡʤʦʚʽʨʥʽʩʪʴ ʟʘʢʨʽʧʣʝʥʥʷ 

ʤʽʜʥʠʭ ʯʘʩʪʠʥʦʢ ʥʘ ʧʦʚʝʨʭʥʽ ʟ ʘʣʶʤʽʥʽʻʚʠʭ ʯʘʩʪʠʥʦʢ ʚʠʱʘ, ʥʽʞ ʡʤʦʚʽʨʥʽʩʪʴ ʟʘʢʨʽʧʣʝʥʥʷ ʤʽʜʥʠʭ ʯʘʩʪʠʥʦʢ ʥʘ 

ʧʦʚʝʨʭʥʽ ʟʽ ʩʪʘʣʽ ʘʙʦ ʩʘʤʠʭ ʤʽʜʥʠʭ ʯʘʩʪʠʥʦʢ). 

ʊʘʢʦʞ ʙʽʣʴʰʠʡ ʚʧʣʠʚ ʥʘ ʘʜʛʝʟʽʡʥʫ ʤʽʮʥʽʩʪʴ ʤʘʶʪʴ ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʝʞʠʤʠ ʚʩʪʘʥʦʚʣʝʥʥʷ ʭʦʣʦʜʥʦʛʦ 

ʛʘʟʦʜʠʥʘʤʽʯʥʦʛʦ ʥʘʧʠʣʝʥʥʷ, ʪʘʢʽ ʷʢ ʥʘʛʨʽʚʘʥʥʷ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ, ʚʠʪʨʘʪʘ ʧʦʨʦʰʢʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ 

ʨʦʙʦʯʠʡ ʪʠʩʢ ʧʦʚʽʪʨʷ. 

ʅʘʡʙʽʣʴʰ ʷʢʽʩʥʝ ʫʪʚʦʨʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ ʫʩʪʘʥʦʚʢʠ 

ʍɻɼʅ: 

ï ʨʦʙʦʯʠʡ ʪʠʩʢ 0,5-0,7 ʄʇʘ; 

ï ʝʥʝʨʛʝʪʠʯʥʠʡ ʨʝʞʠʤ 2,3 ʪʘ 4 (200, 300 ʪʘ 400 CO ʚʽʜʧʦʚʽʜʥʦ); 

ï ʚʠʪʨʘʪʠ ʧʦʨʦʰʢʫ 0,2-0,4 ʛ/ʩ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʝʨʝʜ ʚʽʜʥʦʚʣʝʥʥʷʤ ʜʝʪʘʣʽ ʤʝʪʦʜʦʤ ʍɻɼʅ ʜʫʞʝ ʚʘʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ ʩʢʣʘʜ ʧʦʢʨʠʪʪʷ, 

ʷʢʠʡ ʥʘʥʦʩʠʪʴʩʷ ʥʘ ʜʝʪʘʣʴ ʚʠʛʦʪʦʚʣʝʥʫ ʟ ʙʫʜʴ-ʷʢʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʘ ʪʘʢ ʩʘʤʦ ʚʩʪʘʥʦʚʠʪʠ ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʝʞʠʤʠ 

ʫʩʪʘʥʦʚʢʠ ʍɻɼʅ ʧʨʠ ʷʢʠʭ, ʧʦʢʨʠʪʪʷ, ʱʦ ʥʘʥʦʩʠʪʴʩʷ, ʤʘʪʠʤʝ ʥʘʡʢʨʘʱʽ ʧʦʢʘʟʥʠʢʠ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ. 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ʋ ʩʪʘʪʪʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʽʜʥʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ, ʚʠʟʥʘʯʝʥʽ ʩʠʣʴʥʽ ʪʘ ʩʣʘʙʢʽ 

ʩʪʦʨʦʥʠ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʦʢʨʠʪʪʽʚ. ʗʢ ʨʝʟʫʣʴʪʘʪ, ʧʨʠʚʝʜʝʥʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦ ʜʦ ʚʠʙʦʨʫ ʤʘʪʝʨʽʘʣʫ ʧʨʠ 

ʚʽʜʥʦʚʣʝʥʥʽ ʜʝʪʘʣʝʡ ʤʝʪʦʜʦʤ ʭʦʣʦʜʥʦʛʦ ʛʘʟʦʜʠʥʘʤʽʯʥʦʛʦ ʥʘʧʠʣʝʥʥʷ. ɺʨʘʭʦʚʫʶʯʠ ʮʽ ʘʩʧʝʢʪʠ, ʚʠʙʽʨ 

ʟʘʣʠʰʘʻʪʴʩʷ ʟʘ ʩʧʦʞʠʚʘʯʝʤ, ʷʢʽ ʪʝʭʥʦʣʦʛʽʡ ʚʽʜʥʦʚʣʝʥʥʷ ʧʽʜʭʦʜʷʪʴ ʜʦ ʢʦʥʢʨʝʪʥʠʭ ʧʦʪʨʝʙ, ʚʠʭʦʜʷʯʠ ʟ 

ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʦʩʥʦʚʥʠʭ ʚʠʜʽʚ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʥʝʩʝʥʥʷ ʟʘʭʠʩʥʦ-ʜʝʢʦʨʘʪʠʚʥʠʭ ʧʦʢʨʠʪʪʽʚ. 
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ˠ ̨̒̓́̓̓ ̠̑̏̈̄̌̎̔̓̏ ̨̏̒̎̏̃̎ ̨̍̏̇̌̉̃̏̒̓ ̐̑̏̄̑́̍ ̟̋̏̎̓̑̏̌ ̨̓̑́̋̔̕Ȣ ˚̠́̅̒̉̌́̎̎ ̎́̅̓̏ ̩̃̆̌̉̋̏ 

̨̨̝̋̌̋̏̒̓ ̨̐́̋̆̓̃ ̨̎̓̆̑̎̆̓-̈΄̤̠̅̎́̎̎ ̍̏̇̆ ̐̑̉̈̃̆̒̓̉ ̅̏ ̨̎̓̆̎̒̉̃̎̏̄̏ ̨̎̓̆̑̎̆̓-̨̓̑́̋̔̕ȟ ̏̚ ̍̏̇ ̆ ̐̑̉̈̃̆̒̓̉ ̅̏ 
̝̖̃̔̈̋̉ ̨̗̝̍̒ ́̂̏ ̠̐̆̑̆̃́̎̓́̇̆̎̎ ̨̍̆̑̆̇Ȣ ˟̉̍ ̘́̒̏̍ ̨̗̩̏̐̆̑́ ̨̍̇ ̠̐̑̉̒̓̑̏̍̉ ̈̃΄̠̈̋̔ ̓́̋̏̇ ̟̝̃̐̌̉̃́̓ ̨ 
̨̝̟̟̝̠̒̐̏̃̌̎̓̒Ȣ ˛̒̎̏̃̎́ ̐̑̏̂̌̆̍́ ̠̤̐̏̌̄́ ̃ ̓̏̍̔ȟ ̏̚ ̠̈̑̏̒̓́̎̎ ̨̎̓̆̑̎̆̓-̨̓̑́̋̔̕ ̨̑̈̋̏ ̤̈̑̏̒̓́ȟ ́ ̈ ̨̙̎̏̄̏ 
̂̏̋̔ ̨̎̓̆̑̎̆̓-̈΄̤̠̅̎́̎̎ ̈́̃̇̅̉ ̍́ ̨̤̗̋̎̆̃̔ ̐̑̏̐̔̒̋̎̔ ̨̝̈̅́̓̎̒̓ ̠̅̌ ̐̏̓̏̋̔ ̖̅́̎̉ ̨ ̍̏̇̆ ̨̐̅̓̑̉̍̔̃́̓̉ ̙̌̉̆ 
̐̆̃̎̔ ̨̨̝̝̋̌̋̒̓ ̨̐́̋̆̓̃ ̈́ ̑́̈Ȣ ˛̘̅̎̏́̒̎̆ ̠̎́̅̒̉̌́̎̎ ̎́̅̓̏ ̩̃̆̌̉̋̏ ̨̨̝̋̌̋̏̒̓ ̨̐́̋̆̓̃ ̘̆̑̆̈ ̨̎̓̆̑̎̆̓-̈΄̤̠̅̎́̎̎ 
̔̓̑̔̅̎̆̎̆ȟ ̨̝̏̒̋̌̋̉ ̘̏̅̎̏́̒̎̆ ̠̎́̅̒̉̌́̎̎ ̎́̅̓̏ ̩̃̆̌̉̋̏ ̨̨̝̋̌̋̏̒̓ ̨̐́̋̆̓̃ ̍̏̇ ̆ ̐̑̉̈̃̆̒̓̉ ̅̏ ̨̎̓̆̎̒̉̃̎̏̄̏ 
̨̎̓̆̑̎̆̓-̨̓̑́̋̔̕ȟ ̠̋̉̊ ̍̏̇̆ ̒̓́̓̉ ̝̃̔̈̋̉̍ ̨̗̍̒̆̍ ́̂̏ ̨̝̠̃̅̂̔̅̆̓̒ ̠̐̆̑̆̃́̎̓́̇̆̎̎ ̨̍̆̑̆̇Ȣ ˟̉̍ ̘́̒̏̍ 
̨̗̩̏̐̆̑́ ̨̍̇ ̠̐̑̉̒̓̑̏̍̉ ̈̃΄̠̈̋̔ ̓́̋̏̇ ̟̝̃̐̌̉̃́̓ ̨ ̨̝̟̟̝̠̒̐̏̃̌̎̓̒ȟ ̏̚ ̙̟̈̑̆̓̏ ̝̐̑̉̈̃̏̅̉̓ ̅̏ ̠̎́̃́̎̓́̇̆̎̎ 
̨̎̓̆̑̎̆̓̔ ̓́ ̅̏ ̨̙̠̐̏̄̑̆̎̎  ̨̠̋̏̒̓ ̐̏̒̌̔̄ ̨̍̆̑̆̇Ȣ ˒̆̋̓̉̃̎̆̕ ̨̠̔̐̑́̃̌̎̎ ̠̐̆̑̆̃́̎̓́̇̆̎̎̍ ̤ ̏̅̎̉̍ ̨̈ 
̨̙̖̎́̊̃́̇̌̉̃̉ ̝̐̉̓́̎ ̨̆̆̋̓̉̃̎̏̒̓̕ ̨̠̔̐̑́̃̌̎̎ ̨̎̓̆̑̎̆̓-̨̓̑́̋̏̍̕Ȣ ˚̏̃́ ̨̘́̌̄̏̑̉̓̍̎́ ̝̍̏̅̆̌ ̨̠̈́̐̏̂̄́̎̎ 
̠̐̆̑̆̃́̎̓́̇̆̎̎̍ ̨̝̐̅̃̉̉̓̚ ̨̝̐̑̏̅̔̋̓̉̃̎̒̓ ̓́ ̠̃̉̋̏̑̉̒̓́̎̎ ̨̍̆̑̆̇ȟ ̙̈̑̏̂̉̃̉ 4#0 ̨̝̂̌ ̙ ̘̄̎̔̋̉̍ ̓́ 
̆̆̋̓̉̃̎̉̍̕ ̐̑̏̓̏̋̏̌̏̍ ̈ ̎̏̃̉̍ ̝̐̏̐̆̑̆̅̇̔̃́̌̎̉̍ ̨̖̐̅̏̅̏̍Ȣ ˜̑̏̄̑́̍̉ ̠̅̌ ̟̋̏̎̓̑̏̌ ̨̓̑́̋̔̕ ̤ ̄̏̌̏̃̎̉̍ 
̅̏̅́̓̋̏̍ ̋̏̍̐ȭ̟̓̆̑̎̏̄̏ ̨̎̇̆̎̆̑́Ȣ ˏ̝̆̒ ̨̒̃̓ ̐̏̃ȭ̠̈́̎̉̊ ̨̍̇ ̟̒̏̂̏ ̟̃̆̌̉̋̏ ̨̟̒̓̋̏ ̨̙̍́̑̑̔̓̉̈́̓̏̑̃ȟ 
̨̋̏̍̔̓́̓̏̑̃ȟ ̨̒̆̑̃̆̑̃ ̓́ ̘̒̐̏̇̉̃́́̍̉ȟ ̊ ̓́̋́ ̨̨̝̋̌̋ ̝̒̓ ̩̐̑̉̒̓̑̏̃ ̓́ ̨̏̂̍̎̔ ̨̐́̋̆̓̃ ̨̐̏̓̑̂̎̏ ̟̋̏̎̓̑̏̌̃́̓̉Ȣ 
˟̏̍̔ ̊ ̂̔̌̏ ̒̓̃̏̑̆̎̏ ̏̒̎̏̃̎̉̊ ̗̐̑̉̎̉̐ ̟̋̏̎̓̑̏̌ ̨̓̑́̋́̕Ȣ ˔̠́̃̅̋̉ ̓́̋̉̍ ̐̑̏̄̑́̍́̍ ̨̤̒̎̔ ̨̝̒̓́̂̌̎̉̊ ̨̓̑́̋̕ ̨ 
̍̆̑̆̇́Ȣ ˙̤́̊̂̔̓̎ ̘̒̔́̒̎̏̄̏ ̨̎̓̆̑̎̆̓̔ ɀ ̗̆ ̨̗̠́̅́̐̓́ ̖̖̍́̑̎̉ ̘̝̏̂̉̒̌̆̎ȟ χ$-̨̖̓̆̎̏̌̏̄̊ȟ ̨̎̓̆̑̎̆̓̔  ̘̑̆̆̊ȟ 
̝̄̌̏̂́̌̎̏̄̏ ̈̃΄̠̈̋̔ȟ ̨̖̑̏̈̐̏̅̌̆̎̉ ̘̝̏̂̉̒̌̆̎ȟ ̖̂̆̈̅̑̏̓̏̃̉ ̨̩̎̏̒̃ ̓́ ̨̝̍̔̌̓̉̍̆̅̊̎̏̄̏ ̠̍̏̃̌̆̎̎ ̩̃̉̒̏̋̏ ̨̨̘̓̋̏̒̓ 
̘̆ ̑̆̈ ̨̎̓̆̑̎̆̓Ȣ ˑ̠̌ ̠̋̆̑̔̃́̎̎ ̨̒̓̊̋̉̍ ̨ ̆̆̋̓̉̃̎̉̍̕ ̨̎̓̆̑̎̆̓-̨̓̑́̋̏̍̕ȟ ̂́̇́̎̉̊ ̘̒̉̒̓̆̍́̓̉̎̉̊ ̨̨̖̐̅̅ ̅̏ 
̠̐̌́̎̔̃́̎̎ȟ ̠̓̆̒̓̔̃́̎̎ ̓́ ̏̂̒̌̔̄̏̃̔̃́ ̠̎̎ ̊̏̄̏ ̨̐̏̃̆̅̎̋̏̃̏̄̏ ̨̖̍̆́̎̈̍̔ȟ ̏̂̚ ̔̎̉̋̎̔̓̉ ̠̐̆̑̆̃́̎̓́̇̆̎̎ ̨̍̆̑̆̇ 
̓́ ̘̈́̂̆̈̐̆̉̓̉ ̨̂̆̈̐̆̑̆̂̊̎̔ ̘̐̆̑̆̅́̔ ̖̅́̎̉Ȣ ˒̆̋̓̉̃̎̆̕ ̨̠̔̐̑́̃̌̎̎ ̠̐̆̑̆̃́̎̓́̇̆̎̎̍ ̤ ̨̤̟̏̅̎ ̈ ̨̙̖̎́̊̃́̇̌̉̃̉ 
̐̑̏̂̌̆̍ ̨̆̆̋̓̉̃̎̏̒̓̕ ̨̠̔̐̑́̃̌̎̎ ̨̎̓̆̑̎̆̓-̨̓̑́̋̏̍̕ȟ ̠̋̔ ̨̖̎̆̏̂̅̎̏ ̨̙̃̉̑̉̓̉Ȣ ˛̒̎̏̃̎ ̉̊ ̙̠̖̌ ̅̏ ̨̙̠̃̉̑̆̎̎ 
̐̑̏̂̌̆̍̉ ̠̤̐̏̌̄́ ̃ ̨̃̉̋̏̑̉̒̓́̎̎ ̐̑̏̄̑́̍ ̠̅̌ ̟̋̏̎̓̑̏̌ ̨̓̑́̋̔̕Ȣ ˜̨̅ ̆̆̋̓̉̃̎̉̍̕ ̨̤̝̠̑̏̈̔̍̓̒ȟ ̏̚ ̨̖̍̆́̎̈̍ 
̟̋̏̎̓̑̏̌ ̓́̋̏̇ ̐̏̃̉̎̆̎ ̘̈́̂̆̈̐̆̔̃́̓̉ ̎́̌̆̇̎̉̊ ̨̝̑̃̆̎ ̠̃̉̋̏̑̉̒̓́̎̎ ̖̍̆̑̆̇̆̃̉ ̨̑̆̒̔̑̒̃ȟ ̏̚ ̤ 
̝̟̔̎̅́̍̆̎̓́̌̎̏̕ ̟̔̍̏̃̏ ̠̅̌ ̘̠̈́̂̆̈̐̆̆̎̎ ̑̆ ̨̝̎̓́̂̆̌̎̏̒̓ ̑̏̂̏̓̉Ȣ ˎ̔̌̏ ̠̃̉̃̌̆̎̏ȟ ̚  ̘̟̏̐̑̉̉̎̏ ̠̃̉̋̏̑̉̒̓́̎̎ 
̟̋̏̎̓̑̏̌ ̨̓̑́̋̔̕  ̨̤̝̙̠̈̂̌̆̎̎ ̠̃̉̋̏̑̉̒̓́̎̎ ̨̎̓̆̑̎̆̓ ̨̑̆̒̔̑̒̎̄̔ȟ ̓̏̍̔ ̠̅̌ ̨̙̔̒̐̎̏̄̏ ̟̋̏̎̓̑̏̌ ̈ ̨́̓̑́̋̏̍̕ 
̨̐̏̓̑̂̎̆ ̃ ̠̉̋̏̑̉̒̓́̎̎ ̐ ̑̏̄̑́̍Ȣ 

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̋ ̝̏̎̓̑̏̌ ̨̓̑́̋̔̕ȟ 4#0ȟ ̨̍̆̑̆̇̆̃ ̐́̋̆̓̉ȟ ̍̆̑̆̇  ́
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ANALYSIS AND FEATURES OF TRAFFIC MONITORING SOFTWARE  
 

The article discusses the main capabilities of traffic control programs. Sending too many Internet connection packets can result in 
heavy Internet traffic, which can lead to bottlenecks or network congestion. Meanwhile, operations between communication devices are also 
affected and slowed down. The main problem is that the growth of Internet traffic increases dramatically, and on the other hand, the 
Internet connection always has a finite bandwidth for data flow and can only support a certain number of packets at a time. Sending too 
many packets at once over an Internet connection is difficult because sending too many packets at once can lead to heavy Internet traffic 
that can become a bottleneck or cause network congestion. Meanwhile, transactions between communication devices are also affected and 
slowed down, which ultimately leads to Internet congestion and network service degradation. Effective congestion management is one of the 
most important issues in managing Internet traffic. The new algorithmic congestion prevention model will improve performance and 
network utilization by making TCP a more flexible and efficient protocol with a new preemptive approach. Traffic control programs are the 
primary application of a computer engineer. The entire world is interconnected by a vast network of routers, switches, servers, and 
consumers, and so many devices and packets need to be controlled. That is why the basic principle of traffic control was created. Thanks to 
such programs, there is a stable traffic and network. The future of today's Internet is the adaptation of cloud computing, 3D technologies, the 
Internet of Things, global communication, distributed computing, wireless media, and high-definition multimedia broadcasting over the 
Internet. To manage sustainable and efficient Internet traffic, a systematic approach to planning, testing, and maintaining its behavioral 
mechanism is desirable to avoid network congestion and ensure uninterrupted data transmission. Effective congestion management is one of 
the most important problems of internet traffic management efficiency that needs to be solved. The main way to solve the problem is to use 
traffic control programs. Effective means that the control mechanism must also ensure the proper level of use of network resources, which is 
a fundamental condition for ensuring the profitability of work. It was found that the reason for the use of traffic control is the increase in the 
use of Internet resources - therefore, the use of programs is necessary for successful traffic control. 

 Keywords:  traffic control, TCP, network packets, network  
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ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʟ̔ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ʄʘʡʙʫʪʥʻ ʩʫʯʘʩʥʦʛʦ ʽʥʪʝʨʥʝʪʫ ï ʮʝ ʘʜʘʧʪʘʮʽʷ ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʝʥʴ, ʽʥʪʝʨʥʝʪʫ ʨʝʯʝʡ ʪʘ 3D-ʪʝʭʥʦʣʦʛʽʡ 

ʯʝʨʝʟ ʽʥʪʝʨʥʝʪ. ʆʪʞʝ, ʽʥʪʝʨʥʝʪʫ ʥʝʦʙʭʽʜʥʦ ʦʙʤʽʥʶʚʘʪʠʩʷ ʚʝʣʠʯʝʟʥʦʶ ʢʽʣʴʢʽʩʪʶ ʽʥʬʦʨʤʘʮʽʾ ʫ ʚʠʛʣʷʜʽ ʧʘʢʝʪʽʚ 

ʟʘʧʠʪʽʚ, ʚʽʜʧʦʚʽʜʝʡ ʪʘ ʜʘʥʠʭ, ʱʦ ʫʧʨʘʚʣʷʶʪʴ. ɯʥʪʝʨʥʝʪ-ʟ'ʻʜʥʘʥʥʷ ʟʘʚʞʜʠ ʤʘʻ ʢʽʥʮʝʚʫ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʽ 

ʤʦʞʝ ʧʽʜʪʨʠʤʫʚʘʪʠ ʣʠʰʝ ʧʝʚʥʫ ʢʽʣʴʢʽʩʪʴ ʧʘʢʝʪʽʚ ʟʘ ʦʜʠʥ ʨʘʟ. ʅʘʜʩʠʣʘʥʥʷ ʥʘʜʪʦ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʧʘʢʝʪʽʚ 

ʽʥʪʝʨʥʝʪ-ʟ'ʻʜʥʘʥʥʷ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʽʥʪʝʥʩʠʚʥʦʛʦ ʽʥʪʝʨʥʝʪ-ʪʨʘʬʽʢʫ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʫʟʴʢʠʭ ʤʽʩʮʴ 

ʘʙʦ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʤʝʨʝʞʽ. ʊʠʤ ʯʘʩʦʤ ʦʧʝʨʘʮʽʾ ʤʽʞ ʧʨʠʩʪʨʦʷʤʠ ʟʚ'ʷʟʢʫ ʪʘʢʦʞ ʚʧʣʠʚʘʶʪʴ ʽ ʩʧʦʚʽʣʴʥʶʶʪʴʩʷ. 

ɽʬʝʢʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷʤ ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʧʠʪʘʥʴ ʝʬʝʢʪʠʚʥʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ 

ʽʥʪʝʨʥʝʪ-ʪʨʘʬʽʢʦʤ.  

ʑʦʙ ʟʨʦʙʠʪʠ ʪʨʘʬʽʢ ʚ ʤʝʨʝʞʽ ʩʪʽʡʢʠʤ ʪʘ ʝʬʝʢʪʠʚʥʠʤ, ʣʶʜʠ ʧʦʯʘʣʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʦʛʨʘʤʠ ʜʣʷ 

ʢʦʥʪʨʦʣʶ, ʪʝʩʪʫʚʘʥʥʷ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʤʝʨʝʞʽ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ 

ʙʝʟʧʝʨʝʙʽʡʥʫ ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ. ʅʦʚʘ ʘʣʛʦʨʠʪʤʽʯʥʘ ʤʦʜʝʣʴ ʟʘʧʦʙʽʛʘʥʥʷ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷʤ ʧʽʜʚʠʱʠʪʴ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʨʝʞʽ, ʟʨʦʙʠʚʰʠ TCP ʙʽʣʴʰ ʛʥʫʯʢʠʤ ʪʘ ʝʬʝʢʪʠʚʥʠʤ ʧʨʦʪʦʢʦʣʦʤ ʟ ʥʦʚʠʤ 

ʧʦʧʝʨʝʜʞʫʚʘʣʴʥʠʤ ʧʽʜʭʦʜʦʤ. 

 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʞʝʨʝʣ 

ʉʫʯʘʩʥʠʡ ʽʥʪʝʨʥʝʪ ʨʝʚʦʣʶʮʽʦʥʽʟʫʚʘʚ ʩʚʽʪ ʢʦʤʧ'ʶʪʝʨʽʚ ʪʘ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ, ʷʢ ʥʽʱʦ ʽʥʰʝ [1ï

4]. ɺ ʜʘʥʠʡ ʯʘʩ ʽʥʪʝʨʥʝʪ ʻ ʚʩʝʩʚʽʪʥʽʤ ʟʘʩʦʙʦʤ ʤʦʚʣʝʥʥʷ ʪʘ ʤʝʪʦʜʦʤ ʧʦʰʠʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʘ 

ʪʘ ʟʚ'ʷʟʢʫ ʤʽʞ ʣʶʜʴʤʠ, ʾʭ ʢʦʤʧ'ʶʪʝʨʘʤʠ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʛʝʦʛʨʘʬʽʯʥʦʛʦ ʧʦʣʦʞʝʥʥʷ [5ï7]. ʉʴʦʛʦʜʥʽ 

ʧʦʚʩʷʢʜʝʥʥʘ ʜʽʷʣʴʥʽʩʪʴ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʩʚʽʪʫ ʧʝʨʝʚʘʞʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʽʥʪʝʨʥʝʪʫ. ʄʘʡʞʝ ʢʦʞʥʘ ʚʝʣʠʢʘ 

ʦʨʛʘʥʽʟʘʮʽʷ ʩʚʽʪʫ ʚʠʢʦʨʠʩʪʦʚʫʻ ʽʥʪʝʨʥʝʪ-ʩʝʨʚʽʩʠ ʜʣʷ ʩʚʦʻʾ ʨʦʙʦʪʠ ʪʘ ʢʦʤʫʥʽʢʘʮʽʾ. ɯʥʪʝʨʥʝʪ ʻ ʨʦʟʛʘʣʫʞʝʥʦʶ 

ʤʝʨʝʞʝʶ ʤʝʨʝʞ, ʪʘʢʠʭ ʷʢ ʤʝʨʝʞʝʚʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ. ɺʽʥ ʟ'ʻʜʥʫʻ ʤʽʣʴʡʦʥʠ ʢʦʤʧ'ʶʪʝʨʽʚ ʧʦ ʚʩʴʦʤʫ ʩʚʽʪʫ ʨʘʟʦʤ 

ʽ ʫʪʚʦʨʶʻ ʚʝʣʠʯʝʟʥʫ ʤʝʨʝʞʫ, ʜʝ ʢʦʤʧ'ʶʪʝʨʠ ʤʦʞʫʪʴ ʩʧʽʣʢʫʚʘʪʠʩʷ ʟ ʽʥʰʠʤʠ ʢʦʤʧ'ʶʪʝʨʘʤʠ. ʅʽʭʪʦ ʥʝ ʚʦʣʦʜʽʻ 

ʽʥʪʝʨʥʝʪʦʤ, ʽ ʞʦʜʥʘ ʣʶʜʠʥʘ ʯʠ ʦʨʛʘʥʽʟʘʮʽʷ ʥʝ ʢʦʥʪʨʦʣʶʻ ʽʥʪʝʨʥʝʪ. ɯʥʪʝʨʥʝʪ ʻ ʯʠʤʦʩʴ ʙʽʣʴʰʠʤ, ʥʽʞ ʪʘʢʝ ʞ 

ʧʦʥʷʪʪʷ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʦʙ'ʻʢʪʘ, ʽ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʬʽʟʠʯʥʽʡ ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ, ʱʦ ʟ'ʻʜʥʫʻ ʤʝʨʝʞʽ ʟ ʽʥʰʠʤʠ 

ʤʝʨʝʞʘʤʠ [8, 9]. ɺʯʝʥʽ ʧʝʨʝʜʙʘʯʘʶʪʴ, ʱʦ ʦʜʥʦʛʦ ʨʘʟʫ ʩʫʯʘʩʥʠʡ ʽʥʪʝʨʥʝʪ ʩʪʘʥʝ çʧʦʜʽʙʥʠʤ ʜʦ ʝʣʝʢʪʨʠʢʠè, 

ʤʝʥʰ ʧʦʤʽʪʥʠʤ, ʧʨʦʪʝ ʙʽʣʴʰ ʛʣʠʙʦʢʦ ʦʪʦʯʫʶʯʠʤ ʞʠʪʪʷ ʣʶʜʝʡ.  

ʄʘʡʙʫʪʥʻ ʩʫʯʘʩʥʦʛʦ ʽʥʪʝʨʥʝʪʫ ï ʮʝ ʘʜʘʧʪʘʮʽʷ ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʝʥʴ, 3D-ʪʝʭʥʦʣʦʛʽʡ, ʽʥʪʝʨʥʝʪʫ ʨʝʯʝʡ, 

ʛʣʦʙʘʣʴʥʦʛʦ ʟʚ'ʷʟʢʫ, ʨʦʟʧʦʜʽʣʝʥʠʭ ʦʙʯʠʩʣʝʥʴ, ʙʝʟʜʨʦʪʦʚʠʭ ʥʦʩʽʾʚ ʪʘ ʤʫʣʴʪʠʤʝʜʽʡʥʦʛʦ ʤʦʚʣʝʥʥʷ ʚʠʩʦʢʦʾ 

ʯ̔ ʪʢʦʩʪʽ ʯʝʨʝʟ ʽʥʪʝʨʥʝʪ. ɼʣʷ ʟʘʜʦʚʦʣʝʥʥʷ ʧʦʪʨʝʙ ʮʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽʩʥʫʻ ʙʝʟʣʽʯ ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʷʢʽ 

ʟʚʝʨʪʘʶʪʴʩʷ ʜʦ ʨʝʩʫʨʩʽʚ ʪʘ ʦʪʨʠʤʫʶʪʴ ʟʘʧʠʪ ʥʘ ʚʠʢʦʥʘʥʥʷ ʩʚʦʻʾ ʨʦʙʦʪʠ ʚ ʽʥʪʝʨʥʝʪʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʽʥʪʝʨʥʝʪʫ 

ʥʝʦʙʭʽʜʥʦ ʦʙʤʽʥʶʚʘʪʠʩʷ ʚʝʣʠʢʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʫ ʚʠʛʣʷʜʽ ʟʘʧʠʪʽʚ, ʚʽʜʧʦʚʽʜʝʡ ʪʘ ʢʦʥʪʨʦʣʴʥʠʭ ʜʘʥʠʭ. ʗʢ 

ʦʙʛʦʚʦʨʶʚʘʣʦʩʷ ʨʘʥʽʰʝ, ʽʥʪʝʨʥʝʪ ð ʮʝ ʚʩʝʩʚʽʪʥʷ ʤʝʨʝʞʘ, ʷʢʘ ʦʙ'ʻʜʥʫʻ ʤʽʣʴʷʨʜʠ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ. 

ɽʣʝʢʪʨʦʥʥʽ ʧʨʠʩʪʨʦʾ ʤʦʞʫʪʴ ʙʫʪʠ ʩʝʨʚʝʨʘʤʠ, ʢʦʤʧ'ʶʪʝʨʘʤʠ, ʥʦʫʪʙʫʢʘʤʠ, ʤʦʙʽʣʴʥʠʤʠ ʪʝʣʝʬʦʥʘʤʠ, 

ʧʣʘʥʰʝʪʘʤʠ, ʬʘʢʩʘʤʠ, ʧʨʠʥʪʝʨʘʤʠ, IPTV ʪʘ ʽʥʰʠʤʠ ʥʦʩʽʷʤʠ, ʷʢʽ ʥʘʜʩʠʣʘʶʪʴ ʘʙʦ ʦʪʨʠʤʫʶʪʴ ʜʘʥʽ ʯʝʨʝʟ 

ʤʝʨʝʞʫ. ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ ʧʦʥʘʜ 190 ʢʨʘʾʥ ʦʙ'ʻʜʥʘʥʦ ʜʣʷ ʦʙʤʽʥʫ ʜʘʥʠʤʠ, ʽʥʬʦʨʤʘʮʽʻʶ ʪʘ ʽʜʝʷʤʠ. ɿʛʽʜʥʦ ʟ 

ʟʚʽʪʦʤ ʧʨʦ ʜʦʩʣʽʜʞʝʥʥʷ ɼʝʧʘʨʪʘʤʝʥʪʫ ʩʪʘʪʠʩʪʠʢʠ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʚ ʽʥʪʝʨʥʝʪʽ, ʥʘ 30 ʛʨʫʜʥʷ 2014 ʨʦʢʫ ʫ 

ʚʩʴʦʤʫ ʩʚʽʪʽ ʥʘʣʽʯʫʚʘʣʦʩʷ ʙʣʠʟʴʢʦ 3 037 608 300 ʢʦʨʠʩʪʫʚʘʯʽʚ ʽʥʪʝʨʥʝʪʫ. ʎʷ ʮʠʬʨʘ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽʥʪʝʨʥʝʪʫ 

ʚʢʘʟʫʻ, ʱʦ ʮʝ ʧʨʠʙʣʠʟʥʦ 40% ʥʘʩʝʣʝʥʥʷ ʩʚʽʪʫ [10ï13]. ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽʥʪʝʨʥʝʪʫ ʟʥʘʭʦʜʠʪʴʩʷ 

ʚ ʂʠʪʘʾ, ʧʦʪʽʤ ʩʣʽʜʫʶʪʴ ʉʐɸ ʪʘ ɭʚʨʦʧʘ. ɹʽʣʴʰʽʩʪʴ ʩʪʘʨʠʭ ʤʝʜʽʘ-ʢʦʤʫʥʽʢʘʮʽʡ, ʚʢʣʶʯʘʶʯʠ ʪʝʣʝʬʦʥʽʶ ʪʘ 

ʪʝʣʝʙʘʯʝʥʥʷ, ʙʫʣʦ ʧʝʨʝʪʚʦʨʝʥʦ ʘʙʦ ʧʝʨʝʨʦʙʣʝʥʦ ʚ ʦʥʣʘʡʥ ʯʝʨʝʟ ʥʘʨʦʜʞʝʥʥʷ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʧʦʩʣʫʛ, 

ʪʘʢʠʭ ʷʢ ʧʝʨʝʜʘʯʘ ʛʦʣʦʩʫ ʧʦ ʽʥʪʝʨʥʝʪ-ʧʨʦʪʦʢʦʣʫ, ʪʝʣʝʙʘʯʝʥʥʷ (IPTV) ʪʘ ʽʥʪʝʨʥʝʪ-ʧʨʦʪʦʢʦʣ (VoIP). ʇʨʦʪʝ 

ʛʘʟʝʪʠ, ʢʥʠʛʠ ʪʘ ʙʘʛʘʪʦ ʽʥʰʠʭ ʜʨʫʢʦʚʘʥʠʭ ʚʠʜʘʥʴ ʪʘ ʘʜʘʧʪʘʮʽʷ ʪʝʭʥʦʣʦʛʽʾ ʥʘ ʩʘʡʪʽ, ʧʝʨʝʪʚʦʨʝʥʘ ʥʘ ʙʣʦʛʠ ʪʘ 

ʚʝʙ-ʢʘʥʘʣʠ, ʧʨʦʤʠʩʣʦʚʽ ʨʦʟʚʘʛʠ, ʚʢʣʶʯʘʶʯʠ ʤʫʟʠʢʫ, ʬʽʣʴʤʠ ʪʘ ʽʛʨʠ, ʪʘʢʦʞ ʻ ʦʩʥʦʚʥʠʤʠ ʧʨʠʯʠʥʘʤʠ 

ʩʠʣʴʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʚ ʽʥʪʝʨʥʝʪʽ [14ï17].  

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʄʝʪʦʁ ʨʦʙʦʪʠ ʻ ʘʥʘʣʽʟ ʩʫʯʘʩʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦ ʢʦʥʪʨʦʣʶ ʪʨʘʬʽʢʫ, ʚʠʟʥʘʯʝʥʥʷ 

ʧʨʠʯʠʥ ʪʘ ʫʩʫʥʝʥʥʷ ʩʢʣʘʜʥʦʱʽʚ ʫ ʤʝʨʝʞʘʭ ʽʥʪʝʨʥʝʪʫ.   

ʇʝʨʰ ʥʽʞ ʦʙʛʦʚʦʨʶʚʘʪʠ ʧʠʪʘʥʥʷ ʽʥʪʝʨʥʝʪ-ʪʨʘʬʽʢʫ, ʥʝʦʙʭʽʜʥʦ ʧʨʦʷʩʥʠʪʠ ʦʩʥʦʚʥʝ ʧʦʥʷʪʪʷ ʽʥʪʝʨʥʝʪ-

ʪʨʘʬʽʢʫ [4]. ʁʦʛʦ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʧʦ-ʨʽʟʥʦʤʫ, ʥʘʧʨʠʢʣʘʜ, ʽʥʪʝʨʥʝʪ-ʪʨʘʬʽʢ ʻ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʥʘ 

ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʧʨʠʩʪʨʦʾ ʯʠ ʤʝʨʝʞʝʚʫ ʩʠʩʪʝʤʫ. ɺ ʦʩʥʦʚʥʦʤʫ ʽʥʪʝʨʥʝʪ-ʪʨʘʬʽʢ ʽʩʥʫʻ ʚ ʽʥʪʝʨʥʝʪʽ ʫ ʬʦʨʤʽ 

ʜʦʩʪʫʧʫ ʜʦ ʪʨʘʬʽʢʫ World Wide Web (www), ʷʢʠʡ ʪʝʯʝ ʤʽʞ ʚʝʙ-ʩʝʨʚʝʨʘʤʠ ʪʘ ʚʝʙ-ʢʣʽʻʥʪʘʤʠ, ʪʘ ʪʨʘʬʽʢʫ 

ʦʙʤʽʥʫ ʬʘʡʣʘʤʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʽʥʪʝʨʥʝʪ-ʪʨʘʬʽʢ ï ʮʝ ɦ̔ ʣʴʥʽʩʪʴ ʜʘʥʠʭ, ʱʦ ʧʝʨʝʤʽʱʫʶʪʴʩʷ ʽʥʪʝʨʥʝʪ-

ʟ'ʻʜʥʘʥʥʷʤ. ɯʥʪʝʨʥʝʪ ʦʙʤʽʥʶʻʪʴʩʷ ʯʠʩʣʝʥʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʚʝʣʠʯʝʟʥʦʾ ʢʽʣʴʢʦʩʪʽ: 

Å ʇʘʢʝʪʠ ʟʘʧʠʪʽʚ 

Å ʇʘʢʝʪʠ ʚʽʜʧʦʚʽʜʝʡ  

Å ʇʘʢʝʪʠ ʽʥʩʪʨʫʢʮʽʡ  

ʂʦʨʧʦʨʘʮʽʷ Intel ʧʨʦʚʝʣʘ ʦʧʠʪʫʚʘʥʥʷ ʪʘ ʧʦʚʽʜʦʤʠʣʘ, ʱʦ çʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʭʚʠʣʠʥʫ ʚ ʽʥʪʝʨʥʝʪʽè: 

ʙʽʣʴʰʝ 23 000 ʛʦʜʠʥ ʚʽʜʝʦ-ʧʝʨʝʛʣʷʜʽʚ ʥʘ Netflix, 138 000 ʛʦʜʠʥ ʚʽʜʝʦ ʧʝʨʝʛʣʷʥʫʪʦ ʥʘ YouTube, 4,1 ʤʽʣʴʡʦʥʽʚ 

ʧʦʰʫʢʦʚʠʭ ʟʘʧʠʪʽʚ ʫ Google, 3,3 ʤʽʣʴʡʦʥʠ ʧʦʜʽʣʠʣʠʩʷ ʢʦʥʪʝʥʪʦʤ. ʎʽ ʜʚʘ ʤʫʣʴʪʠʤʝʜʽʡʥʽ ʚʝʙ-ʩʘʡʪʠ ʛʝʥʝʨʫʶʪʴ 

ʙʽʣʴʰʝ ʧʦʣʦʚʠʥʠ ʚʩʴʦʛʦ ʽʥʪʝʨʥʝʪ-ʪʨʘʬʽʢʫ. ʉʴʦʛʦʜʥʽ ʤʠ ʤʦʞʝʤʦ ʩʢʘʟʘʪʠ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʧʽʜʢʣʶʯʝʥʠʭ 
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ˏ̨̒̎̉̋ ˢ̝̗̝̍̆̌̎̉̋̏̄̏ ̨̗̝̎́̏̎́̌̎̏̄̏ ̨̔̎̃̆̑̒̉̓̆̓̔, ˟ ̏̍ υȟ Τ1, 2023 (317) 125 

ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ ʜʦʨʽʚʥʶʻ ʥʘʩʝʣʝʥʥʶ ʩʚʽʪʫ. ʆʯʽʢʫʻʪʴʩʷ, ʱʦ ʚ 2023 ʨʦʢʫ ʢʽʣʴʢʽʩʪʴ ʧʽʜʢʣʶʯʝʥʠʭ 

ʧʨʠʩʪʨʦʾʚ ʚʪʨʠʯʽ ʧʝʨʝʚʠʱʠʪʴ ʯʠʩʝʣʴʥʽʩʪʴ ʥʘʩʝʣʝʥʥʷ ʩʚʽʪʫ.  

ʆʜʥʘ ʟ ʥʘʡʙʽʣʴʰ ʩʝʨʡʦʟʥʠʭ ʧʨʦʙʣʝʤ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʟʨʦʩʪʘʥʥʷ ʽʥʪʝʨʥʝʪ-ʪʨʘʬʽʢʫ ʟʥʘʯʥʦ 

ʟʙʽʣʴʰʫʻʪʴʩʷ, ʪʦʤʫ ʱʦ:  

Å ɿʨʦʩʪʘʻ ʧʦʧʠʪ ʥʘ ʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʨʦʟʚʠʚʘʶʪʴʩʷ [1].  

Å ɺʽʜʙʫʚʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʽʜʢʣʶʯʝʥʠʭ ʧʨʠʩʪʨʦʾʚ.  

Å ʂʽʣʴʢʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʽʚ ʟʙʽʣʴʰʫʻʪʴʩʷ.  

Å ɼʝʜʘʣʽ ʙʽʣʴʰʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʥʣʘʡʥ-ʨʝʩʫʨʩʽʚ ʜʣʷ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʰʠʨʝʥʥʷ ʟʥʘʥʴ ʪʘ ʽʥʬʦʨʤʘʮʽʾ.  

Å ʆʙʯʠʩʣʶʚʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ʩʪʦʩʫʻʪʴʩʷ ʚʩʽʭ ʟʘʚʜʷʢʠ ʙʝʟʜʨʦʪʦʚʠʤ ʪʝʭʥʦʣʦʛʽʷʤ ʪʘ ʤʦʙʽʣʴʥʠʤ 

ʧʨʠʩʪʨʦʷʤ.  

ʗʢʱʦ ʚʠʚʯʘʪʠ ʢʦʥʪʨʦʣʴ ʪʨʘʬʽʢʫ, ʟôʷʚʣʷʶʪʴʩʷ ʦʩʥʦʚʥʽ ʧʠʪʘʥʥʷ: 

- ʏʠ ʤʦʞʫʪʴ ʽʩʥʫʶʯʽ ʤʝʨʝʞʽ ʚʧʦʨʘʪʠʩʷ ʟ ʮʠʤ ʚʠʙʫʭʦʚʠʤ ʟʨʦʩʪʘʥʥʷʤ ʤʝʨʝʞʝʚʦʛʦ ʪʨʘʬʽʢʫ?  

- ʏʠ ʤʦʞʝ ʚʽʥ ʧʨʠʩʪʦʩʫʚʘʪʠʩʷ ʜʦ ʮʴʦʛʦ ʟʨʦʩʪʘʥʥʷ, ʟʙʝʨʽʛʘʶʯʠ ʧʨʠ ʮʴʦʤʫ ʙʝʟʧʝʢʫ?  

- ʏʠ ʤʦʞʝ ʚʽʥ ʧʽʜʪʨʠʤʫʚʘʪʠ ʦʯʽʢʫʚʘʥʥʷ ʩʧʦʞʠʚʘʯʽʚ ʱʦʜʦ ʤʠʪʪʻʚʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʦʥʣʘʡʥ-ʨʝʩʫʨʩʽʚ?  

- ʏʠ ʤʦʞʝ ʽʩʥʫʶʯʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ʤʝʨʝʞʽ ʧʽʜʪʨʠʤʫʚʘʪʠ ʭʤʘʨʥʽ ʦʙʯʠʩʣʝʥʥʷ?  

- ʏʠ ʤʦʞʫʪʴ ʥʦʚʽ ʧʨʦʛʨʘʤʠ ʪʘ ʧʨʦʛʨʘʤʠ ʥʦʨʤʘʣʴʥʦ ʧʨʘʮʶʚʘʪʠ ʚ ʮʽʡ ʤʝʨʝʞʽ?  

- ʏʠ ʤʦʞʥʘ ʦʥʦʚʠʪʠ ʙʝʟʜʨʦʪʦʚʫ ʤʝʨʝʞʫ ʚ ʮʽʡ ʤʝʨʝʞʽ?  

- ʏʦʤʫ ʪʘʢ ʥʝʦʙʭʽʜʥʝ ʡʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ? 

ʄʘʡʙʫʪʥʻ ʩʫʯʘʩʥʦʛʦ ʽʥʪʝʨʥʝʪʫ ï ʮʝ ʘʜʘʧʪʘʮʽʷ ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʝʥʴ, ʽʥʪʝʨʥʝʪʫ ʨʝʯʝʡ ʪʘ 3D-ʪʝʭʥʦʣʦʛʽʡ 

ʯʝʨʝʟ ʽʥʪʝʨʥʝʪ. ʆʪʞʝ, ʽʥʪʝʨʥʝʪʫ ʥʝʦʙʭʽʜʥʦ ʦʙʤʽʥʶʚʘʪʠʩʷ ʚʝʣʠʯʝʟʥʦʶ ʢʽʣʴʢʽʩʪʶ ʽʥʬʦʨʤʘʮʽʾ ʫ ʚʠʛʣʷʜʽ ʧʘʢʝʪʽʚ 

ʟʘʧʠʪʽʚ, ʚʽʜʧʦʚʽʜʝʡ ʪʘ ʜʘʥʠʭ, ʱʦ ʫʧʨʘʚʣʷʶʪʴ. ʆʩʥʦʚʥʘ ʧʨʦʙʣʝʤʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʟʨʦʩʪʘʥʥʷ ʽʥʪʝʨʥʝʪ-

ʪʨʘʬʽʢʫ ʨʽʟʢʦ ʟʨʦʩʪʘʻ, ʘ ʟ ʽʥʰʦʛʦ ʙʦʢʫ ʽʥʪʝʨʥʝʪ-ʟ'ʻʜʥʘʥʥʷ ʟʘʚʞʜʠ ʤʘʻ ʢʽʥʮʝʚʫ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʜʣʷ 

ʧʦʪʦʢʫ ʜʘʥʠʭ ʽ ʤʦʞʝ ʧʽʜʪʨʠʤʫʚʘʪʠ ʣʠʰʝ ʧʝʚʥʫ ʢʽʣʴʢʽʩʪʴ ʧʘʢʝʪʽʚ ʟʘ ʨʘʟ. ʆʜʥʦʯʘʩʥʝ ʥʘʜʩʠʣʘʥʥʷ ʥʘʜʪʦ ʚʝʣʠʢʦʾ 

ʢʽʣʴʢʦʩʪʽ ʧʘʢʝʪʽʚ ʯʝʨʝʟ ʽʥʪʝʨʥʝʪ-ʟ'ʻʜʥʘʥʥʷ ʫʪʨʫʜʥʝʥʝ, ʦʩʢʽʣʴʢʠ ʦʜʥʦʯʘʩʥʝ ʥʘʜʩʠʣʘʥʥʷ ʥʘʜʪʦ ʚʝʣʠʢʦʾ 

ʢʽʣʴʢʦʩʪʽ ʧʘʢʝʪʽʚ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʽʥʪʝʥʩʠʚʥʦʛʦ ʽʥʪʝʨʥʝʪ-ʪʨʘʬʽʢʫ, ʷʢʠʡ ʤʦʞʝ ʩʪʘʪʠ ʚʫʟʴʢʠʤ ʤʽʩʮʝʤ ʘʙʦ 

ʚʜ̔ʙʫʜʝʪʴʩʷ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʤʝʨʝʞʽ. ʊʠʤ ʯʘʩʦʤ ʦʧʝʨʘʮʽʾ ʤʽʞ ʧʨʠʩʪʨʦʷʤʠ ʟʚ'ʷʟʢʫ ʪʘʢʦʞ ʚʧʣʠʚʘʶʪʴ ʽ 

ʩʧʦʚʽʣʴʥʶʶʪʴʩʷ. ʎʝ ʪʘʢʦʞ ʟʨʝʰʪʦʶ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽʥʪʝʨʥʝʪʫ. ʎʝ ʪʘʢʦʞ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʧʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ ʧʦʩʣʫʛ ʤʝʨʝʞʽ ʫ ʚʠʛʣʷʜʽ:  

Å ʟʘʪʨʠʤʦʢ ʫ ʯʝʨʟʽ  

Å ʚʪʨʘʪʠ ʢʘʜʨʽʚ ʘʙʦ ʧʘʢʝʪʽʚ ʜʘʥʠʭ  

Å ʙʣʦʢʫʚʘʥʥʷ ʥʦʚʠʭ ʟ'ʻʜʥʘʥʴ  

Å ʟʤʝʥʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʚʜʘʣʦʛʦ ʚʚʝʜʝʥʥʷ  

ɽʬʝʢʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʽʥʪʝʨʥʝʪ-ʪʨʘʬʽʢʦʤ ʜʦʟʚʦʣʷʻ ʫʩʫʥʫʪʠ ʮʽ ʧʨʦʙʣʝʤʠ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ 

ʙʝʟʧʝʨʝʙʽʡʥʫ ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ. ʎʝ ʪʘʢʦʞ ʩʭʦʞʝ ʥʘ ʢʝʨʫʚʘʥʥʷ ʜʦʨʦʞʥʽʤ ʨʫʭʦʤ. ɯʥʞʝʥʝʨʠ ʟ ʪʨʘʬʽʢʫ / ʤʝʨʝʞʝʚʽ 

ʘʜʤʽʥʽʩʪʨʘʪʦʨʠ ʢʦʥʪʨʦʣʶʶʪʴ ʽʥʪʝʨʥʝʪ-ʪʨʘʬʽʢ ʽ ʚʠʟʥʘʯʘʶʪʴ ʨʽʟʥʽ ʩʭʝʤʠ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ, ʷʢ ʫʥʠʢʥʫʪʠ ʯʠ 

ʟʤʝʥʰʠʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʝʨʝʞʽ. ɿʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ ʧʽʜʢʣʶʯʝʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʘ ʪʘʢʦʞ 

ʫʧʨʘʚʣʽʥʥʷ ʽʥʪʝʨʥʝʪ-ʪʨʘʬʽʢʦʤ ʧʦʢʘʟʫʶʪʴ ʡʦʛʦ ʟʥʘʯʝʥʥʷ, ʢʦʣʠ ʡʜʝʪʴʩʷ ʧʨʦ ʧʦʧʠʪ ʥʘ ʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ 

ʨʦʟʚʠʚʘʶʪʴʩʷ, ʪʘʢʽ ʷʢ ʭʤʘʨʥʽ ʦʙʯʠʩʣʝʥʥʷ, ʧʦʪʦʢʦʚʝ 3D-ʚʽʜʝʦ, ʽʥʪʝʨʥʝʪ ʨʝʯʝʡ, ʛʣʦʙʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ 

ʧʽʜʢʣʶʯʝʥʥʷ, ʛʨʽʜ-ʦʙʯʠʩʣʝʥʥʷ, ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʽ ʙʝʟʜʨʦʪʦʚʽ ʤʝʜʽʘ ʪʘ HD-ʤʫʣʴʪʠʤʝʜʽʘ. ʎʽ ʪʝʭʥʦʣʦʛʽʾ 

ʚʠʤʘʛʘʶʪʴ ʚʠʩʦʢʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ, ʱʦ ʚʠʤʘʛʘʶʪʴ ʚʠʩʦʢʦʾ ʧʨʦʧʫʩʢʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ 

ɯʥʪʝʨʥʝʪʫ ʜʣʷ ʩʧʽʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ. ʋʧʨʘʚʣʽʥʥʷ ʽʥʪʝʨʥʝʪ-ʪʨʘʬʽʢʦʤ ï ʮʝ ʦʙʣʘʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʫ 

ʛʘʣʫʟʽ ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞ ʪʘ ʩʠʩʪʝʤʥʦʾ ʽʥʞʝʥʝʨʽʾ. ʇʝʨʝʚʘʥʪʘʞʝʥʥʷ ʽʥʪʝʨʥʝʪ-ʪʨʘʬʽʢʫ ʤʦʞʝ ʩʪʘʪʠ 

ʧʨʦʙʣʝʤʦʶ ʜʣʷ ʤʝʨʝʞʝʚʠʭ ʽʥʞʝʥʝʨʽʚ ʪʘ ʤʝʥʝʜʞʝʨʽʚ ʮʝʥʪʨʽʚ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʘʣʝ ʪʽʣʴʢʠ ʥʝ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, 

ʷʢʱʦ ʚʦʥʠ ʚʧʦʨʘʶʪʴʩʷ ʟ ʮʽʻʶ ʧʨʦʙʣʝʤʦʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʣʝʞʥʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʪʨʘʬʽʢʦʤ. ɽʬʝʢʪʠʚʥʝ 

ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷʤ ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʧʠʪʘʥʴ ʝʬʝʢʪʠʚʥʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʽʥʪʝʨʥʝʪ-ʪʨʘʬʽʢʦʤ. 

ʑʦʙ ʟʨʦʙʠʪʠ ʡʦʛʦ ʩʪʽʡʢʠʤ ʪʘ ʝʬʝʢʪʠʚʥʠʤ, ʙʘʞʘʥʠʡ ʩʠʩʪʝʤʘʪʠʯʥʠʡ ʧʽʜʭʽʜ ʜʦ ʧʣʘʥʫʚʘʥʥʷ, ʪʝʩʪʫʚʘʥʥʷ ʪʘ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʡʦʛʦ ʧʦʚʝʜʽʥʢʦʚʦʛʦ ʤʝʭʘʥʽʟʤʫ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʤʝʨʝʞʽ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ 

ʙʝʟʧʝʨʝʙʽʡʥʫ ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ.  

ʑʦʙ ʟʨʦʙʠʪʠ ʢʝʨʫʚʘʥʥʷ ʽʥʪʝʨʥʝʪ-ʪʨʘʬʽʢʦʤ ʩʪʽʡʢʠʤ ʽ ʝʬʝʢʪʠʚʥʠʤ, ʙʘʞʘʥʠʡ ʩʠʩʪʝʤʘʪʠʯʥʠʡ ʧʽʜʭʽʜ ʜʦ 

ʧʣʘʥʫʚʘʥʥʷ, ʪʝʩʪʫʚʘʥʥʷ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʡʦʛʦ ʧʦʚʝʜʽʥʢʦʚʦʛʦ ʤʝʭʘʥʽʟʤʫ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ 

ʤʝʨʝʞʽ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʙʝʟʧʝʨʝʙʽʡʥʫ ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ. ɽʬʝʢʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷʤ ʻ ʦʜʥʽʻʶ ʟ 

ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʧʨʦʙʣʝʤ ʝʬʝʢʪʠʚʥʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʽʥʪʝʨʥʝʪ-ʪʨʘʬʽʢʦʤ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ. ʆʩʥʦʚʥʠʡ 

ʰʣʷʭ ʜʦ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʧʦʣʷʛʘʻ ʚ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʨʦʛʨʘʤ ʜʣʷ ʢʦʥʪʨʦʣʶ ʪʨʘʬʽʢʫ.  

ʇʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ ʟʨʦʩʪʘʻ ʽʥʪʝʨʝʩ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʩʪʠʭ, ʘʣʝ ʚʦʜʥʦʯʘʩ ʝʬʝʢʪʠʚʥʠʭ ʧʨʦʛʨʘʤ 

ʢʝʨʫʚʘʥʥʷ ʢʦʥʪʨʦʣʶ ʪʨʘʬʽʢʫ, ʟʜʘʪʥʠʭ ʟʘʙʝʟʧʝʯʠʪʠ ʨʽʚʝʥʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʢʦʤʧʘʥʽʾ. ʇʽʜ 

ʝʬʝʢʪʠʚʥʠʤ ʨʦʟʫʤʽʻʪʴʩʷ, ʱʦ ʤʝʭʘʥʽʟʤ ʢʦʥʪʨʦʣʶ ʪʘʢʦʞ ʧʦʚʠʥʝʥ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʥʘʣʝʞʥʠʡ ʨʽʚʝʥʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʨʝʞʝʚʠʭ ʨʝʩʫʨʩʽʚ, ʱʦ ʻ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʶ ʫʤʦʚʦʶ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʝʥʪʘʙʝʣʴʥʦʩʪʽ ʨʦʙʦʪʠ. 

ʆʩʥʦʚʥʠʡ ʧʝʨʝʣʽʢ ʧʨʦʛʨʘʤʠ ʜʣʷ ʢʦʥʪʨʦʣʶ ʪʨʘʬʽʢʫ: 

- Auvik 

- SolarWinds Network Traffic Analysis Tool 

- Perimeter 81 

- Paessler Network Analysis Tool 

- Wireshark 



 Technical sciences ISSN 2307-5732 
 

Herald of Khmelnytskyi national university, Issue 1, 2023 (317) 126 

- NetFort LANGuardian 

- ManageEngine NetFlow Analyzer 

- Nagios 

ʋʩʽ ʽʥʩʪʨʫʤʝʥʪʠ ʘʥʘʣʽʟʫ ʤʝʨʝʞʽ ʨʽʟʥʽ. ɺʦʥʠ ʨʦʟʜʽʣʷʶʪʴʩʷ ʥʘ ʜʚʘ ʪʠʧʠ: ʧʝʨʰʠʡ ï ʮʝ ʽʥʩʪʨʫʤʝʥʪʠ ʥʘ 

ʦʩʥʦʚʽ ʧʦʪʦʢʫ , ʘ ʜʨʫʛʠʡ ï ʽʥʩʪʨʫʤʝʥʪʠ ʛʣʠʙʦʢʦʾ ʧʝʨʝʚʽʨʢʠ ʧʘʢʝʪʽʚ. ʎ ̔ ʽʥʩʪʨʫʤʝʥʪʠ ʥʘʜʘʶʪʴ ʬʫʥʢʮʽʾ 

ʧʨʦʛʨʘʤʥʠʭ ʘʛʝʥʪʽʚ, ʟʙʝʨʽʛʘʶʪʴ ʽʩʪʦʨʠʯʥʽ ʜʘʥʽ ʪʘ ʩʠʩʪʝʤʠ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ. 

ɯʥʩʪʨʫʤʝʥʪʠ ʘʥʘʣʽʟʫ ʤʝʨʝʞʝʚʦʛʦ ʪʨʘʬʽʢʫ ʟʙʠʨʘʶʪʴ ʜʘʥʽ ʧʨʦ ʤʝʨʝʞʫ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʪʘ 

ʽʩʪʦʨʠʯʥʽ ʟʘʧʠʩʠ. ʎʝ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʚʘʤ ʚʠʷʚʠʪʠ ʟʣʦʚʤʠʩʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ ʧʨʦʛʨʘʤʫ-

ʚʠʤʘʛʘʯ. ɺʽʥ ʚʠʷʚʣʷʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʨʘʟʣʠʚʠʭ ʧʨʦʪʦʢʦʣʽʚ  ̔ʰʠʬʨʽʚ. 

ɯʩʪʦʨʠʯʥʽ ʜʘʥʽ ʜʦʧʦʤʘʛʘʶʪʴ ʘʥʘʣʽʟʫʚʘʪʠ ʤʠʥʫʣʽ ʧʦʜʽʾ. ɼʝʷʢʽ ʽʥʩʪʨʫʤʝʥʪʠ ʟʙʝʨʽʛʘʶʪʴ ʜʘʥʽ ʧʨʦʪʷʛʦʤ 

ʦʙʤʝʞʝʥʦʛʦ ʧʝʨʽʦʜʫ. ʇʨʦʛʨʘʤʠ ʧʦʚʠʥʥ ̔ ʧʝʨʝʚʽʨʠʪʠ ʮʝ ʦʙʤʝʞʝʥʥʷ. ɼʝʷʢʽ ʽʥʩʪʨʫʤʝʥʪʠ ʧʨʦʧʦʥʫʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʟʙʝʨʽʛʘʪʠ ʜʘʥʽ ʟʘ ʯʘʩ, ʚ ʷʢʠʡ  ̒ʤʘʢʩʠʤʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɺʠʙʠʨʘʶʯʠ ʽʥʩʪʨʫʤʝʥʪ, ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʜʞʝʨʝʣʘ ʜʘʥʠʭ. ʋʩʽ ʽʥʩʪʨʫʤʝʥʪʠ ʘʥʘʣʽʟʫ ʤʝʨʝʞʽ ʥʝ 

ʟʙʠʨʘʶʪʴ ʜʘʥʽ ʧʦʪʦʢʫ ʪʘ ʧʘʢʝʪʥʽ ʜʘʥʽ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʽʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ, ʪʦʤʫ ʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʽʟʥʽ ʪʠʧʠ 

ʧʨʦʛʨʘʤ ʜʣʷ ʢʦʥʪʨʦʣʶ.  ʊʦʤʫ ʢʦʤʧʘʥʽʾ, ʚʠʙʠʨʘʶʯʠ ʽʥʩʪʨʫʤʝʥʪ, ʜʠʚʣʷʪʴʩʷ, ʱʦʙ ʙʫʣʦ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʚʦʻʾ 

ʤʝʨʝʞʽ (ʤʝʨʝʞʝʚʦʛʦ ʪʨʘʬʽʢʫ), ʚʠʟʥʘʯʘʶʪʴ ʢʨʠʪʠʯʥʽ ʝʣʝʤʝʥʪʠ ʪʘ ʧʦʨʽʚʥʶʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʽʥʩʪʨʫʤʝʥʪʘ ʟ ʮʠʤʠ 

ʬʘʢʪʦʨʘʤʠ. 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ʆʪʞʝ, ʫ ʩʪʘʪʪʽ ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʽ ʚʠʟʥʘʯʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʢʦʥʪʨʦʣʶ ʪʨʘʬʽʢʫ ʤʝʨʝʞ ʫ ʩʫʯʘʩʥʦʤʫ 

ʩʚʽʪʽ. ʊʘʢʦʞ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʩʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʪʨʘʬʽʢʫ ʚ ʩʚʽʪʽ ʪʘ ʧʝʨʝʚʘʛʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʛʨʘʤ ʜʣʷ 

ʢʦʥʪʨʦʣʶ ʪʨʘʬʽʢʫ. ʎʝ ʣʠʰʝ ʧʦʯʘʪʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʛʨʘʤ, ʜʘʣʽ ʟ ʟʨʦʩʪʘʥʥʷʤ ʥʘʩʝʣʝʥʥʷ, ʤʝʨʝʞʝʚʠʭ 

ʧʨʠʩʪʨʦʾʚ ʪʘ ʽʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʽʚ, ʙʫʜʝ ʩʪʚʦʨʶʚʘʪʠʩʴ ʚʩʝ ʙʽʣʴʰʝ ʧʨʠʩʪʨʦʾʚ ʪʘ ʧʨʦʛʨʘʤ ʜʣʷ ʷʢʽʩʥʦʛʦ ʢʦʥʪʨʦʣʶ 

ʪʨʘʬʽʢʫ.   

ɹʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʧʨʠʯʠʥʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʪʨʦʣʶ ʪʨʘʬʽʢʫ  ̒ʟʙʽʣʴʰʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʪʝʨʥʝʪ 

ʨʝʩʫʨʩʽʥʛʫ, ʪʦʤʫ ʜʣ ̫ʫʩʧʽʰʥʦʛʦ ʢʦʥʪʨʦʣʶ ʟʘ ʪʨʘʬʽʢʦʤ ʧʦʪʨʽʙʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʛʨʘʤ. ɸʥʘʣʽʟ ʪʘ ʢʦʥʪʨʦʣʴ 

ʪʨʘʬʽʢʫ ï ʦʩʥʦʚʥʽ ʬʘʢʪʦʨʠ ʫʩʧʽʰʥʦʾ ʤʝʨʝʞʽ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʩʽ ʢʦʤʧʘʥʽʾ ʪʘ ʣʶʜʠ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʚ 

ʤʝʨʝʞʝʚʽʡ ʩʬʝʨʽ. 
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AMAZON S3 STATIC WEBSITE HOSTING  

 

Nowadays, especially in period of energetic crisis, it is very important to get reliable data storage and uninterrupted access to 
websites. Considering that ÔÈÅ ×ÏÒÌÄȭs mainstream is using the clouds services for educational, scientific, business purposes it is important to 
ÅØÐÌÏÒÅ ÆÅÁÔÕÒÅÓ ÏÆ ÈÏÓÔÉÎÇ ×ÅÂÓÉÔÅÓ ÉÎ ÍÁÊÏÒ ÃÌÏÕÄ ÓÅÒÖÉÃÅ ÐÒÏÖÉÄÅÒÓȢ /ÎÅ ÏÆ ÔÈÅ ÌÅÁÄÅÒȭÓ ÖÅÎÄÏÒÓ ÉÎ ÃÌÏÕÄ ÓÅÒÖÉÃÉÎÇ ÉÓ !ÍÁÚon with its Web 
Services (AWS). AWS offers hosting solutions such as Lightsail, Amplify Console, Simple Storage Service (S3) and Elastic Cloud Computing, 
from simple static websites to complicated dynamic,  

The article deals with the method of hosting static websites. Simple Storage Service was used for this purpose. The method has 
many benefits: the service is simple, cheap, scales well, manages everything and has great integration with other AWS services. This method 
is the best for websites that do not contain server-side scripting, like PHP or ASP.NET. It is ideal for websites that change infrequently, such as 
personal, promo, startup websites, websites of small businesses and organizations. 

The article focuses on how set permissions, properties and policies of AWS S3 bucket for hosting a website. But usage of S3 bucket 
alone provides only http coÎÎÅÃÔÉÏÎȢ 4ÈÁÔȭÓ ×ÈÙ ÔÏ ÄÅÐÌÏÙ ÓÅÃÕÒÅ ÃÏÎÎÅÃÔÉÏÎ ÁÎÄ ÓÐÅÅÄ ÕÐ ÄÅÌÉÖÅÒÙ ÏÆ ÔÈÅ ÓÔÁÔÉÃ ÃÏÎÔÅÎÔ ×ÁÓ ÐÒÏÐÏÓÅÄ ÔÏ ÕÓÅ 
AWS CloudFront service. CloudFront is content delivery network service, that uses the latest version of Transport Layer Security Protocol and 
saves files in the cache for 24 hours. The article shows how to configure CloudFront distribution to serve https requests for an Amazon S3 
bucket. Configuration S3 bucket REST API endpoint was used as the most secure case. As a result, latency was reduced, security was improved 
due to traffic encryption and the content of S3 bucket was kept private. 

Keywords: AWS, S3 bucket, hosting, website. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ʅʘ ʩʴʦʛʦʜʥʽʰʥ̔ ʡ ʜʝʥʴ ʘʢʪʫʘʣʴʥʠʤ ʜʣʷ ʋʢʨʘʾʥʠ ʻ ʧʠʪʘʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ ʪʘ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʚʝʙ-ʩʘʡʪʽʚ. ɿʘʛʘʣʴʥʦʩʚʽʪʦʚʦʶ ʪʝʥʜʝʥʮʽʻʶ ʚʠʨʽʰʝʥʥʷ ʚʢʘʟʘʥʠʭ ʚʠʤʦʛ 

ʻ ʧʝʨʝʭʽʜ ʚ ʭʤʘʨʫ. ʊʦʤʫ ʚʘʞʣʠʚʠʤ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʭʦʩʪʠʥʛʫ ʚʝʙ-ʩʘʡʪʽʚ ʫ ʧʨʦʚʽʜʥʠʭ ʚʝʥʜʦʨʽʚ 

ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʽʚ [1], ʟʦʢʨʝʤʘ ʚ Amazon Web Services (AWS). ɿʘ ʽʥʬʦʨʤʘʮʽʻʶ ʚʝʥʜʦʨʘ [2] AWS ʟʘʙʝʟʧʝʯʫʻ 

ʭʦʩʪʠʥʛ ʟ ʜʦʩʪʫʧʥʽʩʪʶ 99,99% ʧʨʦʪʷʛʦʤ ʨʦʢʫ ʪʘ ʤʘʻ ʥʘʜʽʡʥʽʩʪʴ 99,999999999%. 

AWS ʤʽʩʪʠʪʴ ʟʘʩʦʙʠ ʜʣʷ ʭʦʩʪʠʥʛʫ ʪʘ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʽ ʜʠʥʘʤʽʯʥʠʭ, ʽ ʩʪʘʪʠʯʥʠʭ ʩʘʡʪʽʚ, ʷʢ-ʪʦ 

Lightsail, Amplify, Elastic Cloud Computing ʪʘ Simple Storage Service (S3).  

ɼʣʷ ʭʦʩʪʠʥʛʫ ʩʪʘʪʠʯʥʠʭ ʩʘʡʪʽʚ [3] ʟ ʜʦʚʽʣʴʥʦʶ ʢʽʣʴʢʽʩʪʶ ʩʪʦʨʽʥʦʢ, ʷʢʽ ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʚʠʢʦʥʘʥʥʷ 

ʩʝʨʚʝʨʥʠʭ ʧʨʦʛʨʘʤ ʥʘ PHP, ASP.NET ʪʦʱʦ, ʥʘʡʧʨʦʩʪʽʰʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʝʨʚʽʩʫ S3.  

 

ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ 

ɺ ʨʦʙʦʪʽ [4] ʥʘʚʝʜʝʥʦ ʜʘʥʽ ʧʨʦ ʧʨʘʚʦʚʠʡ ʘʩʧʝʢʪ ʧʠʪʘʥʥʷ ʭʦʩʪʠʥʛʫ, ʚ [5] ʨʦʟʛʣʷʥʫʪʦ ʟʘʛʘʣʴʥʽ ʧʠʪʘʥʥʷ 

ʭʦʩʪʠʥʛʫ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʡ ʚ ʭʤʘʨʽ, ʚ [6] ʚʠʢʣʘʜʝʥʽ ʟʘʛʘʣʴʥʽ ʧʠʪʘʥʥʷ ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʽʚ, ʘ ʦʪ ʪʝʭʥʽʯʥʽ ʤʦʤʝʥʪʠ ʪʘ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʦʪʨʝʙʫʶʪʴ ʫʪʦʯʥʝʥʥʷ. 

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ 

ʄʝʪʦʶ ʨʦʙʦʪʠ  ̒ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʥʘʣʘʰʪʫʚʘʥʴ ʜʦʟʚʦʣʽʚ ʪʘ ʧʦʣʽʪʠʢ ʢʦʥʪʝʡʥʝʨʘ (bucket) S3 

ʜʣʷ ʭʦʩʪʠʥʛʫ ʩʪʘʪʠʯʥʠʭ ʚʝʙ-ʩʘʡʪʽʚ, ʘ ʪʘʢʦʞ ʦʩʦʙʣʠʚʦʩʪʝʡ ʥʘʣʘʰʪʫʚʘʥʴ CloudFront ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ https 

ʟôʻʜʥʘʥʥʷ ʟ S3. 
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ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʇʽʜʛʦʪʦʚʢʘ ʭʦʩʪʠʥʛʫ ʩʘʡʪʫ ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʢʦʥʩʦʣʽ AWS ʚ ʜʽʘʣʦʛʦʚʦʤʫ ʨʝʞʠʤʽ ʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʥʘʩʪʫʧʥʠʭ ʝʪʘʧʽʚ: ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʛʦ ʧʦʽʤʝʥʦʚʘʥʦʛʦ ʢʦʥʪʝʡʥʝʨʘ, ʥʘʧʦʚʥʝʥʥʷ ʢʦʥʪʝʡʥʝʨʘ ʢʦʥʪʝʥʪʦʤ ʩʘʡʪʫ, 

ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʜʦʟʚʦʣʽʚ ʪʘ ʧʦʣʽʪʠʢ ʜʦʩʪʫʧʫ ʜʦ ʩʘʡʪʫ. 

ʉʪʚʦʨʝʥʥʷ ʢʦʥʪʝʡʥʝʨʘ. 

ʉʪʚʦʨʝʥʥʷ ʢʦʥʪʝʡʥʝʨʘ (bucket) ʘʢʪʠʚʫʻʪʴʩʷ ʢʥʦʧʢʦʶ Create bucket (ʨʠʩ. 1ʘ) ʢʦʥʩʦʣʽ AWS. ʋ ʚʽʢʥʽ 

ʩʪʚʦʨʝʥʥʷ ʢʦʥʪʝʡʥʝʨʘ (ʨʠʩ. 1ʙ) ʩʣʽʜ ʚʠʟʥʘʯʠʪʠ ʫʥʽʢʘʣʴʥʝ ʽʤôʷ ʢʦʥʪʝʡʥʝʨʘ Bucket name ʪʘ ʨʝʛʽʦʥ ʨʦʟʤʽʱʝʥʥʷ  

AWS Region. ʈʝʛʽʦʥ ʨʦʟʤʽʱʝʥʥʷ ʚʠʟʥʘʯʘʻ ʪʝʨʠʪʦʨʽʘʣʴʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʩʝʨʚʝʨʽʚ Amazon (AWS endpoint, 

website endpoint), ʯʝʨʝʟ ʷʢʽ ʙʫʜʝ ʧʨʦʚʦʜʠʪʠʩʷ ʭʦʩʪʠʥʛ. ɺʠʟʥʘʯʝʥʝ ʽʤôʷ ʪʘ ʨʝʛʽʦʥ ʩʪʘʶʪʴ ʯʘʩʪʢʘʤʠ ʜʦʤʝʥʥʦʛʦ 

ʽʤʝʥʽ ʩʘʡʪʫ, ʷʢʝ ʬʦʨʤʫʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ: 

http://bucket-name.s3-website.aws-region.amazonaws.com 

ʘʙʦ 

http://bucket-name.s3-website-aws-region.amazonaws.com 

ɼʣʷ ʋʢʨʘʾʥʠ ʥʘʡʙʽʣʴʰ ʙʣʠʟʴʢʠʤʠ ʻ ʨʝʛʽʦʥʠ ʩʭʽʜʥʦʾ ɭʚʨʦʧʠ eu-west-1 (Ireland), eu-west-2  (London),  

eu-west-3 (Paris). 

  
ʘ) ʙ) 

ʈʠʩ. 1. ʉʪʚʦʨʝʥʥʷ ʢʦʥʪʝʡʥʝʨʘ: ʘ) ʧʘʥʝʣʴ ʢʦʥʩʦʣʽ AWS; ʙ) ʧʦʣʷ ʩʪʦʨʽʥʢʠ ʩʪʚʦʨʝʥʥʷ bucket 

 

ʅʘʧʦʚʥʝʥʥʷ ʢʦʥʪʝʡʥʝʨʘ. 

ʅʘʧʦʚʥʝʥʥʷ bucket ʢʦʥʪʝʥʪʦʤ ʩʘʡʪʫ ʘʢʪʠʚʫʻʪʴʩʷ ʢʥʦʧʢʦʶ Upload (ʨʠʩ. 2ʘ) ʚʢʣʘʜʢʠ Objects ʜʣʷ 

ʦʙʨʘʥʦʛʦ ʢʦʥʪʝʡʥʝʨʘ. ʋ ʚʽʢʥʽ ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʘʥʠʭ (ʨʠʩ. 2ʙ) ʢʥʦʧʢʦʶ ʘʙʦ ʧʝʨʝʪʷʛʫʚʘʥʥʷʤ ʚ ʧʦʣʝ ʩʣʽʜ ʜʦʜʘʪʠ 

ʬʘʡʣʠ ʩʘʡʪʫ ʚ ʢʦʥʪʝʡʥʝʨ. ɿʘʟʚʠʯʘʡ ʦʙʦʚôʷʟʢʦʚʠʤ ʻ ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʦʤʘʰʥʴʦʾ ʩʪʦʨʽʥʢʠ ʩʘʡʪʫ ï ʬʘʡʣʫ 

index.html. 

 

 
 

ʘ) ʙ) 
ʈʠʩ. 2. ɿʘʚʘʥʪʘʞʝʥʥʷ ʢʦʥʪʝʥʪʫ ʩʪʘʪʠʯʥʦʛʦ ʚʝʙ-ʩʘʡʪʫ: ʘ) ʩʧʠʩʦʢ ʟʘʚʘʥʪʘʞʝʥʠʭ ʬʘʡʣʽʚ; 

ʙ) ʩʪʦʨʽʥʢʘ ʟʘʚʘʥʪʘʞʝʥʥʷ 

 

ɺʠʟʥʘʯʝʥʥʷ ʜʦʩʪʫʧʫ ʜʦ ʩʘʡʪʫ 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʬʘʡʣʠ ʢʦʥʪʝʡʥʝʨʘ ʽʥʪʝʨʧʨʝʪʫʚʘʣʠʩʷ ʷʢ ʢʦʥʪʝʥʪ ʩʘʡʪʫ ʪʘ ʟʘʧʠʪʠ ʚʽʜʦʙʨʘʞʘʣʠʩʷ ʚ  

ʚʝʙ-ʙʨʘʫʟʝʨʘʭ ʷʢ ʩʪʦʨʽʥʢʠ ʩʘʡʪʫ ʩʣʽʜ ʥʘʜʘʪʠ ʢʦʥʪʝʡʥʝʨʫ ʚʣʘʩʪʠʚʦʩʪʽ ʚʝʙ-ʩʘʡʪʫ. ɼʣʷ ʮʴʦʛʦ ʥʘ ʚʢʣʘʜʮʽ 

Properties (ʨʠʩ. 2ʘ) ʢʦʥʪʝʡʥʝʨʘ ʧʦʪʨʽʙʥʦ ʘʢʪʠʚʽʟʫʚʘʪʠ ʧʦʣʷ Static website hosting ï Enable ʪʘ Hosting type ï 

Host a static website (ʨʠʩ. 3ʘ). 

ɼʦʟʚʦʣʦʤ ʥʘ ʧʫʙʣʽʯʥʠʡ ʜʦʩʪʫʧ ʯʝʨʝʟ ʽʥʪʝʨʥʝʪ ʜʦ ʢʦʥʪʝʡʥʝʨʘ ʢʝʨʫʻ ʚʣʘʩʪʠʚʽʩʪʴ Block public access. 

ʇʦʣʝ Block all public access ʤʦʞʥʘ ʟʘʧʦʚʥʠʪʠ ʫ ʚʽʢʥʽ ʩʪʚʦʨʝʥʥʷ ʢʦʥʪʝʡʥʝʨʘ, ʢʥʦʧʢʦʶ Edit  ʙʣʦʢʫ Block 

public access ʥʘ ʚʢʣʘʜʮʽ ʜʦʟʚʦʣʽʚ Permissions ʢʦʥʪʝʡʥʝʨʘ (ʨʠʩ. 3ʙ) ʪʘ ʧʫʥʢʪʦʤ Block Public Access settings 

for this account ʛʦʣʦʚʥʦʛʦ ʤʝʥʶ ʢʦʥʩʦʣʽ AWS S3 (ʨʠʩ. 4ʘ). 

ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʪʽʣʴʢʠ ʥʘʜʘʥʥʷ ʜʦʟʚʦʣʫ ʧʫʙʣʽʯʥʦʛʦ ʜʦʩʪʫʧʫ ʥʝʜʦʩʪʘʪʥʴʦ ʜʣʷ ʭʦʩʪʠʥʛʫ ʩʪʘʪʠʯʥʠʭ 

ʩʘʡʪʽʚ, ʜʦʜʘʪʢʦʚʦ ʩʣʽʜ ʚʠʟʥʘʯʠʪʠ ʧʨʘʚʠʣʘ ʜʦʩʪʫʧʫ ï ʧʦʣʽʪʠʢʫ Bucket policy. 

ʇʦʣʽʪʠʢʘ ʤʦʞʝ ʙʫʪʠ ʥʘʧʠʩʘʥʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʨʫʯʥʫ ʚ ʨʝʜʘʢʪʦʨʽ ʧʦʣʽʪʠʢ ʢʦʥʪʝʡʥʝʨʘ, ʚʩʪʘʚʣʝʥʘ ʚ ʨʝʜʘʢʪʦʨ 

ʧʦʣʽʪʠʢ ʽʟ ʟʦʚʥʽʰʥʴʦʛʦ ʬʘʡʣʫ ʬʦʨʤʘʪʫ JSON ʘʙʦ ʚʩʪʘʚʣʝʥʘ çCtrl-C/Ctrl-Vè ʟ ʚʙʫʜʦʚʘʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʧʦʣʽʪʠʢ. 

ʈʝʜʘʢʪʦʨ ʧʦʣʽʪʠʢ ʘʢʪʠʚʫʻʪʴʩʷ ʢʥʦʧʢʦʶ Edit ʛʨʫʧʠ Bucket policy (ʨʠʩ. 5ʘ) ʚʢʣʘʜʢʠ Permissions ʢʦʥʪʝʡʥʝʨʘ. 

ɻʝʥʝʨʘʪʦʨ ʧʦʣʽʪʠʢ ʘʢʪʠʚʫʻʪʴʩʷ ʢʥʦʧʢʦʶ Policy generator, ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘʜ ʨʝʜʘʢʪʦʨʦʤ ʧʦʣʽʪʠʢ (ʨʠʩ. 5ʙ). 
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ʘ) ʙ) 
ʈʠʩ. 3. ʍʦʩʪʠʥʛ ʩʪʘʪʠʯʥʦʛʦ ʚʝʙ-ʩʘʡʪʫ: ʘ) ʚʠʟʥʘʯʝʥʥʷ ʪʠʧʫ ʢʦʥʪʝʡʥʝʨʘ; 

ʙ) ʩʪʘʥ ʧʫʙʣʽʯʥʦʛʦ ʜʦʩʪʫʧʫ 

 

  

ʘ) ʙ) 
ʈʠʩ. 4. ʂʝʨʫʚʘʥʥʷ ʧʫʙʣʽʯʥʠʤ ʜʦʩʪʫʧʦʤ: ʘ) ʛʣʦʙʘʣʴʥʦ; ʙ) ʣʦʢʘʣʴʥʦ 

 

 
 

ʘ) ʙ) 
ʈʠʩ. 5. ʇʦʣʽʪʠʢʠ ʜʦʩʪʫʧʫ: ʘ) ʚʤʠʢʘʥʥʷ ʨʝʜʘʛʫʚʘʥʥʷ; ʙ) ʣʦʢʘʣʴʥʦ 

 

ɻʝʥʝʨʘʪʦʨ ʧʦʣʽʪʠʢ ʜʦʟʚʦʣʷʻ ʚ ʜʽʘʣʦʛʦʚʦʤʫ ʨʝʞʠʤʽ ʚʠʟʥʘʯʠʪʠ ʧʨʘʚʠʣʘ ʨʦʙʦʪʠ ʟ ʢʦʥʪʝʡʥʝʨʦʤ ʪʘ 

ʩʬʦʨʤʫʚʘʪʠ ʬʘʡʣ ʚ ʬʦʨʤʘʪʽ JSON (ʨʠʩ. 6). ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʪʝʨʥʝʪ-ʜʦʩʪʫʧʫ ʜʦ ʩʪʘʪʠʯʥʦʛʦ ʩʘʡʪʫ 

ʦʙʦʚôʷʟʢʦʚʠʤʠ ʻ ʥʘʩʪʫʧʥʽ ʟʘʧʠʩʠ: ʪʠʧ ʧʦʣʽʪʠʢʠ  Type of Policy ï S3 Bucket Policy, Effect ï Allow, Principal  ï 

* , Actions ï GetObject, ARN ï arn:aws:s3:::bucket-name/* .  

ɺʘʨʪʽʩʥʠʡ ʘʩʧʝʢʪ. ɺ ʤʝʞʘʭ ʧʘʢʝʪʘ Free Tier [7] ʚʠʜʽʣʷʻʪʴʩʷ ʙʝʟʢʦʰʪʦʚʥʦ 5 ɻʙ ʜʣʷ ʢʦʥʪʝʡʥʝʨʽʚ, 20 000 

ʟʘʧʠʪʽʚ Get ʪʘ 2 000 ʟʘʧʠʪʽʚ Put. ʇʦʜʘʣʴʰʘ ʦʧʣʘʪʘ ʩʢʣʘʜʘʻ ʜʣʷ ʧʝʨʰʠʭ 50 ʊʙ ʥʘ ʤʽʩʷʮʴ ï 0,023$ ʟʘ 1 ɻʙ. 

ʅʝʜʦʣʽʢʦʤ ʦʧʠʩʘʥʦʛʦ ʚʠʱʝ ʥʘʡʙʽʣʴʰ ʧʨʦʩʪʦʛʦ ʪʘ ʜʝʰʝʚʦʛʦ ʩʧʦʩʦʙʫ ʭʦʩʪʠʥʛʫ ʩʘʡʪʫ ʥʘ AWS S3 ʻ ʪʝ, 

ʱʦ ʚʽʥ ʟʘʙʝʟʧʝʯʫʻ ʪʽʣʴʢʠ ʥʝʟʘʭʠʱʝʥʝ ʟôʻʜʥʘʥʥʷ ʟʘ ʧʨʦʪʦʢʦʣʦʤ http. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ ʩʫʯʘʩʥʽ ʙʨʘʫʟʝʨʠ 

ʥʘ ʢʰʪʘʣʪ Google Chrome, Mozilla Firefox ʦʙʤʝʞʫʶʪʴ ʦʙʤʽʥ ʟ ʚʝʙ-ʩʘʡʪʘʤʠ ʟʘ ʧʨʦʪʦʢʦʣʦʤ https, ʮʝ ʩʪʘʻ 

ʩʫʪʪʻʚʠʤ ʥʝʜʦʣʽʢʦʤ. 

ɼʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʟʘʭʠʱʝʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʚʝʙ-ʩʘʡʪʫ ʟʘ ʧʨʦʪʦʢʦʣʦʤ https ʧʨʠʟʥʘʯʝʥʠʡ ʩʝʨʚʽʩ AWS 

CloudFront [8]. CloudFront ï ʮʝ ʩʝʨʚʽʩ ʛʣʦʙʘʣʴʥʦʾ ʤʝʨʝʞʽ ʜʦʩʪʘʚʢʠ ʢʦʥʪʝʥʪʫ (content delivery network CDN). 

ɿʘ ʽʥʬʦʨʤʘʮʽʻʶ ʚʝʥʜʦʨʘ [8, 9] CloudFront ʟʘʙʝʟʧʝʯʫʻ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ ʚ ʢʝʰʽ ʧʨʦʪʷʛʦʤ 24 ʛʦʜʠʥ (ʟʘ 

ʟʘʤʦʚʯʫʚʘʥʥʷʤ) ʽ ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʨʦʪʦʢʦʣ TLSv1.3. 

ʇʽʜʢʣʶʯʝʥʥʷ CloudFront ʜʦ S3 ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʢʦʥʩʦʣʽ AWS ʚ ʜʽʘʣʦʛʦʚʦʤʫ ʨʝʞʠʤʽ ʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʥʘʩʪʫʧʥʠʭ ʝʪʘʧʽʚ: ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʾ ʜʦʩʪʘʚʢʠ ʢʦʥʪʝʥʪʫ (distribution) ʪʘ ʟʤʽʥʠ ʚʽʜʧʦʚʽʜʥʠʭ ʜʦʟʚʦʣʽʚ ʪʘ ʧʦʣʽʪʠʢ 

ʢʦʥʪʝʡʥʝʨʘ (S3 bucket). 
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ʉʪʚʦʨʝʥʥʷ ʜʦʩʪʘʚʢʠ ʢʦʥʪʝʥʪʫ. 

ʉʪʚʦʨʝʥʥʷ ʜʦʩʪʘʚʢʠ ʢʦʥʪʝʥʪʫ (distribution) ʘʢʪʠʚʫʻʪʴʩʷ ʢʥʦʧʢʦʶ Create distribution  (ʨʠʩ. 7ʘ) 

ʢʦʥʩʦʣʽ AWS. ʋ ʚʽʢʥʽ ʩʪʚʦʨʝʥʥʷ ʜʦʩʪʘʚʢʠ ʢʦʥʪʝʥʪʫ (ʨʠʩ. 7ʙ) ʟʜʽʡʩʥʶʶʪʴʩʷ ʥʘʣʘʰʪʫʚʘʥʥʷ ʚ ʛʨʫʧʘʭ Origin , 

Default cache behavior ʪʘ Settings. 

 

 
ʈʠʩ. 6. ɻʝʥʝʨʘʪʦʨ ʧʦʣʽʪʠʢ 

 

ʅʘʣʘʰʪʫʚʘʥʥʷ ʚ ʛʨʫʧʽ Origin. 

ʂʣʶʯʦʚʠʤ ʤʦʤʝʥʪʦʤ ʻ ʚʠʙʽʨ ʚʠʭʽʜʥʦʛʦ ʜʦʤʝʥʫ Origin domain, ʦʩʢʽʣʴʢʠ ʮʝ ʚʠʟʥʘʯʘʻ ʩʧʦʩʽʙ 

ʧʽʜʢʣʶʯʝʥʥʷ CloudFront ʜʦ S3 ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʚʩʽ ʧʦʜʘʣʴʰʽ ʥʘʣʘʰʪʫʚʘʥʥʷ. CloudFront ʤʦʞʥʘ ʥʘʣʘʰʪʫʚʘʪʠ 

ʜʚʦʤʘ ʩʧʦʩʦʙʘʤʠ: ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʦʪʦʢʦʣ ʦʙʤʽʥʫ S3 REST API endpoint ʘʙʦ ʩʪʘʥʜʘʨʪʥʠʡ ʚʝʙ ʜʦʩʪʫʧ ï S3 

website endpoint. ɿʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ AWS ʧʨʦʧʦʥʫʻ ʧʽʜʢʣʶʯʝʥʥʷ ʯʝʨʝʟ REST API endpoint (ʨʠʩ. 8ʘ). 

ʇʽʜʢʣʶʯʝʥʥʷ ʯʝʨʝʟ website endpoint ʧʦʪʨʝʙʫʻ ʚʚʝʜʝʥʥʷ ʚ ʧʦʣʝ Origin  domain website endpoint ʢʦʥʪʝʡʥʝʨʘ 

(ʨʠʩ. 8ʙ). 

 

 
 

ʘ) ʙ) 
ʈʠʩ. 7. ʉʪʚʦʨʝʥʥʷ ʜʦʩʪʘʚʢʠ ʢʦʥʪʝʥʪʫ: ʘ) ʧʘʥʝʣʴ ʢʦʥʩʦʣʽ AWS; ʙ) ʧʦʣʷ ʩʪʦʨʽʥʢʠ ʩʪʚʦʨʝʥʥʷ distribution 

 

ʂʦʥʬʽʛʫʨʘʮʽʷ REST API endpoint ʧʽʜʪʨʠʤʫʻ SSL ʟôʻʜʥʘʥʥʷ ʜʣʷ ʟʘʛʘʣʴʥʦʜʦʩʪʫʧʥʦʛʦ (public) ʪʘ  

ʧʨʠʚʘʪʥʦʛʦ (private) ʢʦʥʪʝʥʪʫ, ʱʦ ʚʜʦʚʦʣʴʥʷʻ ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ ʢʽʙʝʨʙʝʟʧʝʢʠ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʥʘʡʙʽʣʴʰ 

ʟʘʭʠʱʝʥʝ ʟôʻʜʥʘʥʥʷ. ʊʦʤʫ ʜʝʪʘʣʴʥʽʰʝ ʟʫʧʠʥʠʤʦʩʴ ʥʘ ʦʩʦʙʣʠʚʦʩʪʷʭ ʥʘʣʘʰʪʫʚʘʥʴ ʟ ʢʦʥʬʽʛʫʨʘʮʽʻʶ REST API 

endpoint. 

ʆʙʠʨʘʻʪʴʩʷ ʚʠʭʽʜʥʠʡ ʜʦʤʝʥ Origin domain ʟʘ ʥʘʟʚʦʶ ʢʦʥʪʝʡʥʝʨʘ (ʨʠʩ. 8ʘ), ʧʽʩʣʷ ʯʦʛʦ ʟôʷʚʣʷʻʪʴʩʷ 

ʤʦʞʣʠʚʽʩʪʴ ʥʘʣʘʰʪʫʚʘʪʠ ʧʨʘʚʠʣʘ ʜʦʩʪʫʧʫ ʜʦ ʢʦʥʪʝʥʪʫ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʩʘʡʪʫ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ Origin access control settings (ʨʠʩ. 9ʘ), ʧʨʠ ʷʢʦʤʫ ʜʦʩʪʫʧ ʜʦ ʢʦʥʪʝʥʪʫ ʙʫʜʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ 

ʚʠʢʣʶʯʥʦ ʯʝʨʝʟ CloudFront. ʅʘʣʘʰʪʫʚʘʥʥʷ ʢʦʥʪʨʦʣʶ ʜʦʩʪʫʧʫ ʜʦ ʢʦʥʪʝʥʪʫ ʘʢʪʠʚʫʶʪʴʩʷ ʢʥʦʧʢʦʶ Create 

control setting (ʨʠʩ. 9ʘ) ʧʽʩʣʷ ʘʢʪʠʚʘʮʽʾ Origin access control settings (recommended) ʪʘ ʩʪʚʦʨʶʶʪʴʩʷ AWS 

ʘʚʪʦʤʘʪʠʯʥʦ (ʨʠʩ. 9ʙ). ʇʨʠ ʮʴʦʤʫ ʛʝʥʝʨʫʻʪʴʩʷ ʥʦʚʘ ʧʦʣʽʪʠʢʘ ʜʦʩʪʫʧʫ ʜʦ ʢʦʥʪʝʡʥʝʨʘ (S3 bucket policy), ʷʢʘ 

ʩʪʘʻ ʜʦʩʪʫʧʥʦʶ ʜʣʷ ʢʦʧʽʶʚʘʥʥʷ ʧʽʩʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʧʦʩʦʙʫ ʜʦʩʪʘʚʢʠ ʢʦʥʪʝʥʪʫ (distribution). 
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ʘ) ʙ) 

ʈʠʩ. 8. ʇʽʜʢʣʶʯʝʥʥʷ CloudFront ʜʦ S3: ʘ) ʯʝʨʝʟ S3 REST API endpoint; ʙ) ʯʝʨʝʟ S3 website endpoint 

 

 

 
ʘ) ʙ) 

ʈʠʩ. 9. ʅʘʣʘʰʪʫʚʘʥʥʷ ʧʨʘʚʠʣ ʜʦʩʪʫʧʫ ʜʦ ʢʦʥʪʝʥʪʫ: ʘ) ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʦʩʪʫʧʫ ʜʦ ʢʦʥʪʝʥʪʫ ʚʠʢʣʶʯʥʦ ʯʝʨʝʟ CloudFront; ʙ) ʧʦʣʷ 

ʩʪʦʨʽʥʢʠ ʩʪʚʦʨʝʥʥʷ ʢʦʥʪʨʦʣʶ ʜʦʩʪʫʧʫ 

 

ʅʘʣʘʰʪʫʚʘʥʥʷ ʚ ʛʨʫʧʽ Default cache behavior. 

ɺ ʜʘʥʽʡ ʛʨʫʧʽ ʥʘʣʘʰʪʦʚʫʻʪʴʩʷ ʧʨʦʪʦʢʦʣ ʟôʻʜʥʘʥʥʷ. ʆʩʢʽʣʴʢʠ ʥʘʡʙʽʣʴʰ ʙʝʟʧʝʯʥʠʤ ʻ ʟôʻʜʥʘʥʥʷ ʟʘ 

ʧʨʦʪʦʢʦʣʦʤ https, ʪʦ ʩʣʽʜ ʘʢʪʠʚʽʟʫʚʘʪʠ ʧʦʣʝ Redirect http to https ʜʣʷ ʪʦʛʦ, ʱʦʙ ʚʩʽ http ʟʘʧʠʪʠ ʙʫʣʠ 

ʧʝʨʝʥʘʧʨʘʚʣʝʥʽ ʧʦ https. 

ʅʘʣʘʰʪʫʚʘʥʥʷ ʚ ʛʨʫʧʽ Settings. 

ɺ ʛʨʫʧʽ ʚʢʘʟʫʻʪʴʩʷ ʽʤôʷ ʜʦʤʘʰʥʴʦʾ ʩʪʦʨʽʥʢʠ ʩʘʡʪʫ, ʟʘʟʚʠʯʘʡ ʬʘʡʣʫ index.html, ̫ ʢʝ ʙʫʜʝ ʚʢʘʟʫʚʘʪʠ 

ʢʦʨʝʥʝʚʠʡ ʦʙôʻʢʪ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ default root object 

ɿʤʽʥʘ ʜʦʟʚʦʣʽʚ ʪʘ ʧʦʣʽʪʠʢ ʢʦʥʪʝʡʥʝʨʘ (S3 bucket). 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʠʚʘʪʥʦʩʪʽ ʜʘʥʠʭ ʢʦʥʪʝʡʥʝʨʘ ʩʣʽʜ ʩʢʘʩʫʚʘʪʠ ʧʫʙʣʽʯʥʠʡ ʜʦʩʪʫʧ ʜʦ ʥʴʦʛʦ ʪʘ 

ʚʠʤʢʥʫʪʠ ʚʣʘʩʪʠʚʽʩʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʭʦʩʪʠʥʛ ʩʪʘʪʠʯʥʦʛʦ ʚʝʙ-ʩʘʡʪʫ. ɼʣʷ ʮʴʦʛʦ ʘʢʪʠʚʫʻʪʴʩʷ ʧʦʣʝ Block all 

public access ʥʘ ʚʢʣʘʜʮʽ Permissions ʪʘ ʜʝʘʢʪʠʚʫʻʪʴʩʷ ʧʦʣʝ Static website hosting ï Disable ʥʘ ʚʢʣʘʜʮʽ 

Properties ʢʦʥʪʝʡʥʝʨʘ. ʊʘʢʦʞ ʟʤʽʥʶʻʪʴʩʷ ʧʦʣʽʪʠʢʘ Bucket policy ʥʘ ʪʫ, ʱʦ ʙʫʣʘ ʟʛʝʥʝʨʦʚʘʥʘ ʧʨʠ ʩʪʚʦʨʝʥʥʽ 

distribution (ʨʠʩ. 10ʘ). ʈʝʢʦʤʝʥʜʫʻʪʴʩʷ ʾʾ ʩʢʦʧʽʶʚʘʪʠ ʪʘ ʟʘʤʽʥʠʪʠ ʦʜʨʘʟʫ ʧʽʩʣʷ ʩʪʚʦʨʝʥʥʷ distribution (ʨʠʩ. 

10ʙ). ɸʙʦ ʞ ʟʜʽʡʩʥʶʻʪʴʩʷ ʢʦʧʽʶʚʘʥʥʷ ʥʦʚʦʾ ʧʦʣʽʪʠʢʠ ʜʦʩʪʫʧʫ ʜʦ ʢʦʥʪʝʡʥʝʨʘ ʚ ʛʨʫʧʽ Settings ʚʢʣʘʜʢʠ Origin  

ʩʪʚʦʨʝʥʦʾ ʜʦʩʪʘʚʢʠ ʢʦʥʪʝʥʪʫ (distribution) ʧʽʩʣʷ ʘʢʪʠʚʘʮʽʾ ʚʽʢʥʘ ʟʤʽʥ ʚʢʣʘʜʢʠ Origin ʢʥʦʧʢʦʶ Edit . 

ɺʘʨʪʽʩʥʠʡ ʘʩʧʝʢʪ. ɺ ʤʝʞʘʭ ʧʘʢʝʪʘ Free Tier [10] ʜʣʷ ʩʝʨʚʽʩʫ CloudFront ʚʠʜʽʣʷʻʪʴʩʷ ʙʝʟʢʦʰʪʦʚʥʦ 1 

ʊʙ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʥʘ ʤʽʩʷʮʴ, 10 000 000 http/https ʟʘʧʠʪʽʚ ʥʘ ʤʽʩʷʮʴ, 2 000 000 ʟʘʧʫʩʢʽʚ ʥʘ ʤʽʩʷʮʴ ʪʘ 

ʙʝʟʢʦʰʪʦʚʥʠʡ SSL ʩʝʨʪʠʬʽʢʘʪ. ʇʦʜʘʣʴʰʘ ʦʧʣʘʪʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʙʨʘʥʦʛʦ ʢʣʘʩʫ ʪʘ ʢʽʣʴʢʦʩʪʽ ʟʘʧʠʪʽʚ [10]. ʇʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʩʽʭ ʪʦʯʦʢ ʜʦʩʪʫʧʫ (All edge locations) ʦʪʨʠʤʫʻʤʦ ʥʘʡʢʨʘʱʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʘʣʝ ʪʨʦʭʠ ʙʽʣʴʰʫ 

ʚʘʨʪʽʩʪʴ. ʇʨʠ ʚʠʙʦʨʽ North America, Europe, Asia, Middle East and Africa ʚʠʢʣʶʯʘʶʪʴʩʷ ʥʘʡʙʽʣʴʰ ʜʦʨʦʛʽ 

ʪʦʯʢʠ. ʅʘʡʜʝʰʝʚʰʠʤ ʚʘʨʽʘʥʪʦʤ ʻ Only North America and Europe. 

ʅʝʜʦʣʽʢʦʤ ʨʦʟʛʣʷʥʫʪʦʛʦ ʤʝʪʦʜʫ ʻ ʥʝʟʨʫʯʥʘ ʥʘʟʚʘ ʩʘʡʪʫ, ʷʢʫ ʥʘʜʘʻ CloudFront ʘʚʪʦʤʘʪʠʯʥʦ. 

ʅʘʧʨʠʢʣʘʜ, https://d61hcg6rlrnk1.cloudfront.net. 
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ʙ) 

 
ʘ) ʚ) 

ʈʠʩ. 10. ʅʦʚʘ ʧʦʣʽʪʠʢʘ ʜʦʩʪʫʧʫ ʜʦ ʢʦʥʪʝʡʥʝʨʘ: ʘ) ʚʣʘʩʥʝ ʧʦʣʽʪʠʢʘ; ʙ) ʢʦʧʽʷ ʧʦʣʽʪʠʢʠ ʧʽʩʣʷ ʩʪʚʦʨʝʥʥʷ 

distribution; ʚ) ʢʦʧʽʷ ʧʦʣʽʪʠʢʠ ʚ ʛʨʫʧʽ Settings ʚʢʣʘʜʢʠ Origin 
 

ʇʨʦʪʝ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʜʦʤʝʥʥʝ ʽʤôʷ ʩʢʦʨʠʩʪʘʚʰʠʩʴ ʩʝʨʚʽʩʦʤ Route 53 ʘʙʦ ʞ ʤʦʞʥʘ ʩʢʦʨʠʩʪʘʪʠʩʴ 

ʧʦʩʣʫʛʘʤʠ ʽʥʰʠʭ DNS ʧʨʦʚʘʡʜʝʨʽʚ. ɿʘ ʫʤʦʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʝʨʚʽʩʫ Route 53 ʚʘʨʪʽʩʪʴ ʧʦʩʣʫʛʠ ʩʪʘʨʪʫʻ ʟ 9$ ʥʘ 

ʨʽʢ ʟʘʣʝʞʥʦ ʚʽʜ ʨʦʟʰʠʨʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ, .com ʢʦʰʪʫʻ 13$ ʥʘ ʨʽʢ, .org ï 12$ ʥʘ ʨʽʢ. ɼʝʪʘʣʴʥʦ ʟ ʚʘʨʪʽʩʪʶ 

ʧʦʩʣʫʛ  Route 53 ʤʦʞʥʘ ʦʟʥʘʡʦʤʠʪʠʩʷ ʟʘ ʧʦʩʠʣʘʥʥʷʤ [11]. 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ʉʝʨʚʽʩ S3 ʟʘ ʨʘʭʫʥʦʢ ʽʥʪʝʛʨʘʮʽʾ ʚ ʦʩʥʦʚʥʠʡ ʩʝʨʚʽʩ AWS Simple Storage Service çʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ ʷʢ 

ʧʦʩʣʫʛʘè (Storage as a Service ï StaaS) ʤʦʞʣʠʚʦʩʪʝʡ ʭʤʘʨʥʦʛʦ ʩʝʨʚʽʩʫ çʦʙôʻʢʪʥʠʡ ʢʦʥʪʝʡʥʝʨ ʷʢ ʧʦʩʣʫʛʘè 

(Container as a Service ï CaaS) ʫ ʚʠʛʣʷʜʽ ʢʦʥʪʝʡʥʝʨʽʚ (bucket) ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ html, css, ʤʫʣʴʪʠʤʝʜʽʘ ʪʘ ʽʥʰʠʭ 

ʬʘʡʣʽʚ ʩʘʡʪʫ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʙʝʨʽʛʘʪʠ ʢʦʥʪʝʥʪ ʩʪʘʪʠʯʥʠʭ ʚʝʙ-ʩʘʡʪʽʚ, ʪʘ ʧʨʦʚʦʜʠʪʠ ʭʦʩʪʠʥʛ ʩʘʡʪʽʚ. 

ɯʥʪʝʛʨʘʮʽʷ AWS S3 ʟ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʤʝʨʝʞʽ ʜʦʩʪʘʚʢʠ ʢʦʥʪʝʥʪʫ (Content Delivery 

Network ï CDN) AWS CloudFront ʪʘ ʩʝʨʚʽʩʦʤ ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷ ʜʦʤʝʥʥʠʭ ʽʤʝʥ (Domain Name Service ï DNS) 

AWS Route 53 ʟʘʙʝʟʧʝʯʫʻ ʧʦʚʥʠʡ ʥʘʙʽʨ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʟʨʫʯʥʦʛʦ ʪʘ ʙʝʟʧʝʯʥʦʛʦ ʭʦʩʪʠʥʛʫ ʩʘʡʪʽʚ. 

ʉʝʨʚʽʩ ʤʦʞʝ ʙʫʪʠ ʢʦʨʠʩʥʠʤ ʜʣʷ ʧʨʠʚʘʪʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʤʘʣʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʪʘ ʦʨʛʘʥʽʟʘʮʽʡ, 

ʩʪʘʨʪʘʧʽʚ ʪʦʱʦ. 
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çʊʈʀɺɸʃɯʉʊʔ-ʂʆɼè 
 
ˠ ̨̒̓́̓̓ ̐̑̆̅̒̓́̃̌̆̎̏ ̝̑̆̈̔̌̓́̓̉ ̨́̎́̌̈̔ ̏̒̏̂̌̉̃̏̒̓̆̊ ́̎́̌̏̄̏-̗̉̑̏̃̏̄̏̕ ̠̐̆̑̆̓̃̏̑̆̎̎ ̩̎̆̐̆̑̆̑̃̎̏ 

̘̃̆̌̉̉̎̉ ̠̋ ̨̓̑̉̃́̌̏̒̓ ̨̖̃̅̎̏̄̏ ̒̉̄̎́̌̔ ̔ ̨̖̃̉̅̎̉̊ ̗̉̑̏̃̉̊̕ ̋̏̅Ȣ ˜̨̟̘̆̑̆̓̃̏̑̃́ȟ ̨̠̋ ̗̝̟̝̒̐̑́̏̃̔̓ ̈́ ̓́̋̉̍ 
̗̐̑̉̎̉̐̏̍ȟ ̨̨̃̅̏̍ ̠̋ ́̎́̌̏̄̏-̨̋̏̅̏̃ ̨̟̘̐̆̑̆̓̃̏̑̃́ȟ ́ ̒́̍ ̗̐̑̉̎̉̐ ̠̐̆̑̆̓̃̏̑̆̎̎ ̤ ̨̑̈̎̏̃̉̅̏̍ ̨̩̃̅̏̍̏ ̙̉̑̏̓̎̏-
̨̝̩̍̐̔̌̒̎̏ ̨̠̗̩̍̏̅̔̌ ɉ˥˴˙ɊȢ ˬ̋ ̨̖̃̅̎̔ ́̎́̌̏̄̏̃̔ ̨̨̗̟̎̏̑̍́̕ ̍̏̇̆ ̂̔̓̉ ̃̉̋̏̑̉̒̓́̎̏ ̨̨̗̟̎̏̑̍́̕ ̨̩̑̈̎̏ ̐̑̉̑̏̅̉ȟ 
̎́̐̑̉̋̌́̅ȟ ̨̝̓̑̉̃́̌̒̓ ̘̏̐̓̉̎̏̄̏ȟ ̘̆̌̆̋̓̑̉̎̏̄̏ ́̂̏ ̈̃̔̋̏̃̏̄̏ ̒̉̄̎́̌̔Ȣ ˗̏̎̋̑̆̓̎̏ ̗̐̑̉̎̉̐ ̅́̎̏̄̏ ̠̐̆̑̆̓̃̏̑̆̎̎ 
̈ ̝̙̐̏̅́̌̉̍ ̠̏̂̑̏̂̌̆̎̎̍ ̗̩̉̑̏̃̏̕ ̨̨̗̩̎̏̑̍́̕ ̤̃̉̋̏̑̉̒̓̏̃̔ ̨̃̅̏̍̉̊ ̨̌̏̄̋̏-̘́̒̏̃̉̊ ̂́̈̉̒ȟ ̨̝̏̒̋̌̋̉ ̏̒̎̏̃̎̉̍ 
̨̗̏̐̆̑́̊̎̉̍ ̐́̑́̍̆̓̑̏̍ ̠̐̆̑̆̓̃̏̑̆̎̎ ̤ ̨̝̓̑̉̃́̌̒̓ ̘́̒̔ȟ ́ ̠̏̂̑̏̂̌̆̎̎ ̗̖̉̑̏̃̉̕ ̖̅́̎̉ ̤̝̠̃̉̋̏̎̔̓̒ ̈́ 
̐̑́̃̉̌́̍̉ ̩̋́̑̓̉̎̎̏ ̨̌̏̄̋̉ ̈ ̐̑̉̑̏̅̎̉̍ ̨̐́̑́̌̆̌̈̍̏̍ ̠̏̂̑̏̂̌̆̎̎ ̎́ ̨̅̃̏̃̉̍̑̎̏̍̔ ̨̐̏̌ ̠̐̏̅́̎̎ ̨̨̗̩̎̏̑̍́̕Ȣ 
˛̨̟̒̏̂̌̉̃̒̓ ̓́̋̏̄̏ ̨̖̐̅̏̅̔ ̅̏ ̠̐̆̑̆̓̃̏̑̆̎̎ ̨̓̑̉̃́̌̏̒̓ ̨̖̖̃̅̎̉ ̨̒̉̄̎́̌̃ ̤ ̠̋̏̅̔̃́̎̎ ̨̖̩̃̉̅̎̏ ̗̩̉̑̏̃̏̕ 
̨̨̗̩̎̏̑̍́̕ ̃ ̘̖̏̅̉̎̉̎̉ ̖̋̏̅́Ȣ  ɣ̗̝̏̍̔ ̃̉̐́̅̋̔ ̨̠̈́̅̎̏ ̅̃́ ̨̖̃̅̏̍̉ ̘̖̏̅̉̎̉̎̉ ̋̏̅̉ȡ ̘̏̅̉̎̉̎̉̊ ̝̎̏̑̍́̌̎̉̊ ̓́ 
̘̏̅̉̎̉̎̉̊ ̨̗̐̏̈̉̊̎̉̊ ̋̏̅̉Ȣ ˣ̆ ̐̏̃ȭ̠̈́̎̏ ̈ ̓̉̍ȟ ̏̚ ̘̏̅̉̎̉̎̆ ̠̋̏̅̔̃́̎̎ ̤ ̨̝̙̎́̊̂̌ ̐̑̉̒̓̏̒̏̃́̎̉̍ ̠̅̌ ́̎́̌̏̄̏-
̗̉̑̏̃̏̄̏̕ ̠̐̆̑̆̓̃̏̑̆̎̎ Ⱥ̨̝̓̑̉̃́̌̒̓-̋̏̅Ȼ ̘̆̑̆̈ ̠̋̃́̎̓̔̃́̎̎ ̨̓̑̉̃́̌̏̒̓ ̨̖̃̅̎̏̄̏ ̒̉̄̎́̌̔ ̘́̒̏̍ 
̗̝̠̒̐̑́̏̃̔̃́̎̎ ̨̨̌̎̊̋̉ ̨̨̝̖̂̒̓́̂̌̎̉ ̨̆̌̆̍̆̎̓̃Ȣ ˜̏̋́̈́̎̏ȟ ̏̚ ̨̝̙̎́̊̂̌ ̠̟̐̑̉̊̎̓̎̏ ̨̨̗̤̟̑̆́̌̈́ ̒̓̏̒̏̃̎̏ 
̨̙̩̃̉̅̋̏̅ ̓́ ̨̤̆̎̆̑̄̏̍̎̏̒̓ ̤ ̨̒̉̍̂̏̈ ̗̖̉ ̖̅̃̏ ̨̋̏̅̃ȟ ̨̝̏̒̋̌̋̉ ̘̏̅̉̎̉̎̉̊ ̝̎̏̑̍́̌̎̉̊ ̋̏̅ ̤ ̨̝̙̂̌ ̨̙̟̘̃̉̅̋̏̅̉̍ 
̐̑̉ ̨̈́̐̉̒ ̨̨̗̩̎̏̑̍́̕ȟ ́̌̆ ̤̐̑̏̄̑́ ̘̏̅̉̎̉̎̏̍̔ ̨̗̐̏̈̉̊̎̏̍̔ ̋̏̅̔ ̃ ̨̤̆̎̆̑̄̏̍̎̏̒̓ ̐̑̉ ̨̈̂̆̑̆̇̆̎̎ ̖̅́̎̉Ȣ 
ˏ̖̟̘̑́̏̃̔̉ ̨̝̋̏̎̓̑̏̌̆̈̅́̓̎̒̓ ̘̏̅̉̎̉̎̏̄̏ ̨̗̐̏̈̉̊̎̏̄̏ ̋̏̅̔ȟ ̟̏̂̌́̒̓ ̊̏̄̏ ̆̆̋̓̉̃̎̏̄̏̕ ̠̈́̒̓̏̒̔̃́̎̎ ̘̃̉̈̎́̆̎̏ 
̠̋̏̅̔̃́̎̎ ̨̒̓́̎̃ ̩̐̑̉̒̓̑̏̃ ̠̋̆̑̔̃́̎̎ ̓́ ̨̗̟́̅̑̆̒́ ̨̃̍̒̓̔ ̈́̐́̍ȭ̠̝̖̓̏̃̔̃́̌̎̉ ̩̐̑̉̒̓̑̏̃ȟ ̎́̐̑̉̋̌́̅ȟ ̔ ̨̒̋̌́̅ 
̨̗̖́̒̏́̓̉̃̎̉ ̨̗̐̑̏̆̒̏̑̃Ȣ 

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ́̎́̌̏̄̏-̗̉̑̏̃̆̕ ̠̐̆̑̆̓̃̏̑̆̎̎ȟ ̏ ̘̅̉̎̉̎̉̊ ̋̏̅ȟ ̨̌̏̄̋̏-̘́̒̏̃̆ ̠̏̂̑̏̂̌̆̎̎Ȣ 
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ANALYSIS OF FEATURES OF ANALOG -TO-DIGITAL CONVERSION  "DURATION -CODE"  
 

The article presents the analysis results of the features of the analog-to-digital conversion of a continuous value as the duration of 
the input signal into the output digital code. Converters that work according to this principle are known as analog-code converters, and the 
conversion principle is a type of well-known pulse-width modulation (PWM). Information of a different nature can be used as input analog 
information, for example, the duration of an optical, electrical or sound signal. Specifically, the principle of this conversion with further 
processing of digital information uses a well-known logic-time basis, since the main operational parameter of the conversion is the duration 
of time, and the processing of digital data is performed according to the rules of picture logic with natural parallelism of processing on a 
two-dimensional field of information presentation. A feature of this approach to the conversion of input signals duration is the coding of 
output digital information in unit codes. In this case, two well-known unit codes are involved: unit normal and unit positional codes. This is 
because unit encoding is best suited for duration-to-code analog-to-digital conversion due to the quantization of the input signal duration by 
the trigger time of a line bistable elements. It is shown that the most acceptable implementation in terms of speed and energy consumption is 
the symbiosis of these two codes, since the unit normal code is faster when recording information, but loses to the unit positional code in 
terms of energy consumption when storing data. Taking into account the controllability of a unit positional code, the area of its effective 
application is the coding of the states of control devices and the addressing of the contents of storage devices, for example, as part of 
associative processors. 

Keywords: analog-to-digital conversion, unit code, logic-time processing. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ʅʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʻ ʘʥʘʣʦʛʦʚʠʤ ʟʘ ʩʚʦʻʶ ʧʨʠʨʦʜʦʶ ʩʧʨʠʡʥʷʪʪʷ ʣʶʜʠʥʦʶ. ʈʘʟʦʤ ʟ ʪʠʤ, 

ʦʨʛʘʥʽʟʤ ʣʶʜʠʥʠ ʧʨʠʩʪʦʩʦʚʘʥʠʡ ʜʣʷ ʦʨʽʻʥʪʫʚʘʥʥʷ ʫ ʮʴʦʤʫ ʩʚʽʪʽ. ʎʝ ʩʪʦʩʫʻʪʴʩʷ ʪʘʢʠʭ ʬʘʢʪʦʨʽʚ, ʷʢ ʩʚʽʪʣʦ, 

ʪʝʧʣʦ, ʜʘʣʴʥʽʩʪʴ (ʚʽʜʩʪʘʥʴ), ʢʦʣʽʨ, ʨʫʭ (ʥʘʧʨʠʢʣʘʜ, ʨʫʭ ʧʦʚʽʪʨʷʥʠʭ ʤʘʩ), ʘ ʪʘʢʦʞ ʯʘʩ. ɺʩʽ ʚʦʥʠ ʢʨʽʤ 

ʢʦʥʢʨʝʪʥʠʭ, ʥʘʣʝʞʥʠʭ ʪʽʣʴʢʠ ʾʤ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʤʘʶʪʴ ʦʜʥʫ ʟʘʛʘʣʴʥʫ, ʘ ʩʘʤʝ, ʪʨʠʚʘʣʽʩʪʴ ʫ ʯʘʩʽ.  

 

https://doi.org/10.31891/2307-5732-2023-317-1-135-138
https://orcid.org/0000-0001-9952-9438
https://orcid.org/0000-0001-7323-7146
https://orcid.org/0000-0001-7083-2775
mailto:sashavoinalovich@gmail.com


 Technical sciences ISSN 2307-5732 
 

Herald of Khmelnytskyi national university, Issue 1, 2023 (317) 136 

ʈʘʟʦʤ ʟ ʪʠʤ, ʫʩʷ ʥʘʷʚʥʘ ʚʠʤʽʨʶʚʘʣʴʥʘ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʪʝʭʥʽʢʘ ʦʧʝʨʫʻ ʦʮʠʬʨʦʚʘʥʠʤʠ ʜʘʥʠʤʠ. 

ʆʪʞʝ, ʘʢʪʫʘʣʴʥʦʶ ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʪʨʝʙʘ ʚ ʝʬʝʢʪʠʚʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʘʭ ʽʥʬʦʨʤʘʮʽʾ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ ʪʘ 

ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʦʛʦ ʪʠʧʫ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʷʢ ʧʦʰʠʨʝʥʠʭ ʜʚʽʡʢʦʚʦ-ʢʦʜʦʚʘʥʠʭ, ʪʘʢ ʽ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʩʧʦʩʦʙʽʚ 

ʧʦʜʘʥʥʷ ʮʠʬʨʦʚʠʭ ʜʘʥʠʭ [1, 2]. 

 

ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ 

ʉʝʨʝʜ ʰʠʨʦʢʦ ʚʽʜʦʤʠʭ ʧʫʙʣʽʢʘʮʽʡ ʥʘ ʪʝʤʫ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ ʪʘ ʮʠʬʨʦʚʦ-ʘʥʘʣʦʛʦʚʦʛʦ ʧʝʨʝʪʚʦʨʝʥʴ 

ʚʘʨʪʦ ʚʽʜʟʥʘʯʠʪʠ ʧʨʘʮʽ ʧʨʦʬ. ʆ. ɼ. ɸʟʘʨʦʚʘ [1, 2], ʚ ʷʢʠʭ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʥʘʜʣʠʰʢʦʚʠʤ ʧʦʟʠʮʽʡʥʠʤ 

ʩʠʩʪʝʤʘʤ ʯʠʩʣʝʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʘʣʴʪʝʨʥʘʪʠʚʥʠʤ ʜʚʽʡʢʦʚʠʤ ʤʝʪʦʜʘʤ ʢʦʜʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʘ ʩʘʤʝ, ʢʦʜʘʤ 

ʌʽʙʦʥʘʯʯʽ, ʧʨʠʩʚʷʯʝʥʦ ʤʦʥʦʛʨʘʬʽʶ ʧʨʦʬ. ɺ. ɸ. ʃʫʞʝʮʴʢʦʛʦ [3]. ʋ ʥʠʟʮʽ ʤʦʥʦʛʨʘʬʽʡ ʧʨʦʬ. ɺ. ʇ. ʂʦʞʝʤôʷʢʠ 

[4, 5] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʧʝʮʠʬʽʯʥʠʡ ʤʝʪʦʜ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʭʽʜʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʷʢ ʥʝʧʝʨʝʨʚʥʦʾ ʦʧʪʠʯʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʫ ʮʠʬʨʦʚʠʡ ʢʦʜ, ʜʣʷ ʯʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʽʟʥʦʚʠʜ ʚʽʜʦʤʠʭ ʦʜʠʥʠʯʥʠʭ ʢʦʜʽʚ. ʈʘʟʦʤ ʟ̔ ʪʠʤ, 

ʦʩʦʙʣʠʚʦʩʪʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʥʝʧʝʨʝʨʚʥʠʭ ʚʝʣʠʯʠʥ ʚ ʢʦʜ ʫ ʩʢʣʘʜʽ ʙʦʨʪʦʚʠʭ ʩʠʩʪʝʤ ʦʙʨʦʙʣʝʥʥʷ ʩʠʛʥʘʣʽʚ 

ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʦ ʫ ʤʦʥʦʛʨʘʬʽʾ ɺ. ʆ. ʇʦʛʨʽʙʥʦʛʦ [6].  

 

ʌʦʨʤʫʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ 

ʄʝʪʦʁ ʨʦʙʦʪʠ ʻ ʘʥʘʣʽʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʘʢʦʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢ ʪʨʠʚʘʣʽʩʪʴ ʚʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʟ ʧʨʝʜʩʪʘʚʣʝʥʥʷʤ ʨʝʟʫʣʴʪʘʪʫ ʟ ʥʝʪʨʘʜʠʮʽʡʥʠʤ ʢʦʜʫʚʘʥʥʷʤ. 

 

ʈʽʟʥʦʚʠʜ ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʦʾ ʤʦʜʫʣʷʮʽʾ 

ʋ ʤʦʥʦʛʨʘʬʽʷʭ ʧʨʦʬ. ɺ. ʇ. ʂʦʞʝʤ'ʷʢʠ [4, 5]  ʥʘʚʝʜʝʥʦ ʪʘ ʜʦʢʣʘʜʥʦ ʜʦʩʣʽʜʞʝʥʦ ʧʨʠʥʮʠʧ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʝʧʝʨʝʨʚʥʦʾ ʚʝʣʠʯʠʥʠ, ʘ ʩʘʤʝ ʪʨʠʚʘʣʦʩʪʽ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʫ ʮʠʬʨʦʚʠʡ ʢʦʜ. ʊʘʢʽ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʚʽʜʦʤʽ ʷʢ ʘʥʘʣʦʛʦ-ʢʦʜʦʚʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ [6]. ɸ ʩʘʤ ʧʨʠʥʮʠʧ ʧʝʨʝʪʚʦʨʝʥʥʷ ʻ ʨʽʟʥʦʚʠʜʦʤ 

ʚʽʜʦʤʦʾ ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʦʾ ʤʦʜʫʣʷʮʽʾ (ʐɯʄ). 

ʋ ʧʨʘʮʷʭ [4, 5] ʮʝʡ ʧʨʠʥʮʠʧ ʧʝʨʝʪʚʦʨʝʥʥʷ ʦʧʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʚʠʟʥʘʯʝʥʦ ʷʢ çʢʚʘʥʪʫʚʘʥʥʷ ʩʚʽʪʣʘ 

ʧʨʦʤʝʥʝʤ, ʱʦ ʥʝʩʝ ʫ ʩʚʦʾʡ ʪʨʠʚʘʣʦʩʪʽ ʽʥʬʦʨʤʘʮʽʶè. ʈʘʟʦʤ ʟ ʪʠʤ, ʪʘʢʠʡ ʧʽʜʭʽʜ ʤʦʞʝ ʙʫʪʠ ʝʬʝʢʪʠʚʥʦ 

ʟʘʩʪʦʩʦʚʘʥʠʡ ʜʦ ʚʭʽʜʥʦʾ ʘʥʘʣʦʛʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ, ʥʘʧʨʠʢʣʘʜ, ʪʨʠʚʘʣʦʩʪʽ ʥʝʧʝʨʝʨʚʥʦʛʦ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʠʛʥʘʣʫ, ʘ ʩʘʤ ʤʝʪʦʜ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʷʢ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʝ (ɸʎ) ʧʝʨʝʪʚʦʨʝʥʥʷ 

çʪʨʠʚʘʣʽʩʪʴ-ʢʦʜè.  

ʆʪʞʝ, ʙʘʟʦʚʝ ʧʨʘʚʠʣʦ ʪʘʢʦʛʦ ʚʠʜʫ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʦʞʥʘ ʧʦʜʘʪʠ ʚ ʪʘʢʠʡ ʩʧʦʩʽʙ [7]: 

ɗ = nĀŰ ,       (1) 

ʜʝ  ɗ ï ʪʨʠʚʘʣʽʩʪʴ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ; Ű  ï ʯʘʩ ʩʧʨʘʮʶʚʘʥʥʷ ʙʽʩʪʘʙʽʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ; n ï ʢʽʣʴʢʽʩʪʴ 

ʙʽʩʪʘʙʽʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʑʝ ʦʜʥʽʻʶ ʦʩʦʙʣʠʚʽʩʪʶ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ɸʎ ʧʝʨʝʪʚʦʨʝʥʥʷ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠ ʡʦʛʦ ʨʝʘʣʽʟʘʮʽʾ ʪʘʢ 

ʟʚʘʥʦʛʦ ʣʦʛʽʢʦ-ʯʘʩʦʚʦʛʦ ʙʘʟʠʩʫ [4, 5, 6]. ʊʘʢʫ ʥʘʟʚʫ ʦʧʝʨʘʮʽʡʥʦʛʦ ʙʘʟʠʩʫ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʪʠʤ, ʱʦ ʦʩʥʦʚʥʠʤ 

ʽʥʬʦʨʤʘʮʽʡʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʻ ʪʨʠʚʘʣʽʩʪʴ ʯʘʩʫ, ʘ ʦʙʨʦʙʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʧʨʠʥʮʠʧʘʤʠ 

ʢʘʨʪʠʥʥʦʾ ʣʦʛʽʢʠ, ʘ ʩʘʤʝ, ʟ ʧʨʠʨʦʜʥʠʤ ʧʘʨʘʣʝʣʽʟʤʦʤ ʧʦʜʘʥʥʷ ʪʘ ʦʙʨʦʙʣʝʥʥʷ ʥʘ ʜʚʦʚʠʤʽʨʥʦʤʫ ʧʦʣʽ 

ʟʦʙʨʘʞʝʥʥʷ [4, 5, 8, 9]. 

ʋ ʜʘʥʽʡ ʩʪʘʪʪʽ ʥʝ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʩʧʦʩʽʙ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʫʩʫʥʝʥʥʷ ʧʦʭʠʙʦʢ ʪʘʢʦʛʦ ʤʝʪʦʜʫ ɸʎ 

ʧʝʨʝʪʚʦʨʝʥʥʷ, ʭʦʯʘ ʮʝ ʻ ʦʙʦʚ'ʷʟʢʦʚʦʶ ʩʢʣʘʜʦʚʦʶ ʫ ʪʝʦʨʽʾ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ ʪʘ ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ. ʋ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʦʩʥʦʚʥʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʦʩʦʙʣʠʚʦʩʪʷʤ ʢʦʜʫʚʘʥʥʷ ʚʠʭʽʜʥʦʾ ʮʠʬʨʦʚʦʾ 

ʽʥʬʦʨʤʘʮʽʾ. 

ʆʩʦʙʣʠʚʦʩʪʽ ʦʜʠʥʠʯʥʦʛʦ ʢʦʜʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 

ʆʩʦʙʣʠʚʽʩʪʶ ɸʎ ʧʝʨʝʪʚʦʨʝʥʥʷ çʪʨʠʚʘʣʽʩʪʴ-ʢʦʜè ʟʘ ʚʠʨʘʟʦʤ (1) ʻ ʪʝ, ʱʦ ʥʘʡʙʽʣʴʰ ʧʨʠʨʦʜʥʠʤ ʜʣʷ 

ʢʦʜʫʚʘʥʥʷ ʚʠʭʽʜʥʦʾ ʮʠʬʨʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʻ ʦʜʠʥʠʯʥʠʡ ʢʦʜ [5, 10, 11]. ɺʽʜʦʤʦ ʪʨʠ ʨʽʟʥʦʚʠʜʠ ʦʜʠʥʠʯʥʠʭ ʢʦʜʽʚ: 

ʦʜʠʥʠʯʥʠʡ ʧʘʨʥʠʡ, ʦʜʠʥʠʯʥʠʡ ʥʦʨʤʘʣʴʥʠʡ ʪʘ ʦʜʠʥʠʯʥʠʡ ʧʦʟʠʮʽʡʥʠʡ ʢʦʜʠ [10 ï 12].  

ʂʦʜʦʚʽ ʢʦʤʙʽʥʘʮʽʾ Ŭ1, Ŭ2, é, Ŭm, ʜʝ m ï ʨʦʟʨʷʜʥʽʩʪʴ ʧʦʜʘʥʥʷ ʢʦʜʦʚʦʛʦ ʩʣʦʚʘ, ʜʣʷ ʪʨʴʦʭ ʦʜʠʥʠʯʥʠʭ 

ʢʦʜʽʚ ʤʘʶʪʴ ʪʘʢʠʡ ʚʠʛʣʷʜ: 

ʘ) ʜʣʷ ʦʜʠʥʠʯʥʦʛʦ ʧʘʨʥʦʛʦ ʢʦʜʫ:  

Ŭ1 = 1100é00, 

Ŭ2 = 0110é00,                   (2) 

         é 

 Ŭm = 0000é11, 

ʙ) ʜʣʷ ʦʜʠʥʠʯʥʦʛʦ ʥʦʨʤʘʣʴʥʦʛʦ ʢʦʜʫ : 

Ŭ1 = 100é0,  

Ŭ2 = 110é0,                   (3) 

         é 

Ŭm = 111é1, 

ʚ) ʜʣʷ ʦʜʠʥʠʯʥʦʛʦ ʧʦʟʠʮʽʡʥʦʛʦ ʢʦʜʫ: 

Ŭ1 = 100é0,  

Ŭ2 = 010é0,                   (4) 

         é 

Ŭm = 000é1. 
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ʉʝʨʝʜ ʥʘʚʝʜʝʥʠʭ ʪʨʴʦʭ ʢʦʜʽʚ ʝʢʚʽʜʠʩʪʘʥʪʥʠʤ, ʪʦʙʪʦ ʟʜʘʪʥʠʤ ʚʠʷʚʣʷʪʠ ʦʜʠʥʦʯʥʽ ʧʦʤʠʣʢʠ, ʻ ʪʽʣʴʢʠ 

ʦʜʠʥʠʯʥʠʡ ʧʦʟʠʮʽʡʥʠʡ ʢʦʜ, ʦʩʢʽʣʴʢʠ ʚʽʜʩʪʘʥʴ ʍʝʤʤʽʥʛʘ ʤʽʞ ʙʫʜʴ-ʷʢʠʤʠ ʜʚʦʤʘ ʡʦʛʦ ʢʦʜʦʚʠʤʠ ʢʦʤʙʽʥʘʮʽʷʤʠ 

(4) ʜʦʨʽʚʥʶʻ 2 [13]. ʋ ʧʦʜʘʣʴʰʦʤʫ ʜʦʮʽʣʴʥʦ ʨʦʟʛʣʷʥʫʪʠ ʪʽʣʴʢʠ ʜʚʘ ʢʦʜʠ ʦʜʠʥʠʯʥʠʡ ʥʦʨʤʘʣʴʥʠʡ (3)  ʪʘ 

ʦʜʠʥʠʯʥʠʡ ʧʦʟʠʮʽʡʥʠʡ (4), ʦʩʢʽʣʴʢʠ ʩʘʤʝ ʪʘʢʝ ʢʦʜʫʚʘʥʥʷ ʻ ʥʘʡʙʽʣʴʰ ʧʨʠʩʪʦʩʦʚʘʥʠʤ ʜʣʷ ɸʎ ʧʝʨʝʪʚʦʨʝʥʥʷ 

çʪʨʠʚʘʣʽʩʪʴ-ʢʦʜè ʯʝʨʝʟ ʢʚʘʥʪʫʚʘʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʚʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ ʟʘ ʧʨʘʚʠʣʦʤ (1).  

ʋ ʩʪʘʪʪʷʭ [14, 15] ʜʝʪʘʣʴʥʦ ʜʦʩʣʽʜʞʝʥʦ ʮʽ ʜʚʘ ʢʦʜʠ ʟʘ ʪʘʢʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ, ʷʢ ʢʦʥʪʨʦʣʝʟʜʘʪʥʽʩʪʴ, 

ʥʘʜʣʠʰʢʦʚʽʩʪʴ, ʩʠʩʪʝʤʘʪʠʯʥʽʩʪʴ, ʣʽʥʽʡʥʽʩʪʴ, ʮʠʢʣʽʯʥʽʩʪʴ, ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʪʘ ʨʽʚʥʦʟʚʘʞʝʥʽʩʪʴ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʙʫʣʦ ʟʘʜʽʷʥʦ ʪʘʢʽ ʙʘʟʦʚʽ ʧʦʥʷʪʪʷ ʟ ʘʣʛʝʙʨʘʾʯʥʦʾ ʪʝʦʨʽʾ ʢʦʜʫʚʘʥʥʷ, ʷʢ ʤʘʪʨʠʯʥʝ ʢʦʜʫʚʘʥʥʷ, ʙʣʦʢʦʚʘ ʜʦʚʞʠʥʘ, 

ʧʝʨʝʚʽʨʦʯʥʘ ʤʘʪʨʠʮʷ, ʩʠʥʜʨʦʤ, ʢʦʜʦʚʘ ʧʦʧʘʨʥʘ ʚʽʜʩʪʘʥʴ, ʚʘʛʘ ʩʣʦʚʘ, ʩʫʤʽʞʥʠʡ ʢʣʘʩ, ʣʽʜʝʨ. ʂʨʽʤ ʪʦʛʦ, ʫ 

ʩʪʘʪʪʽ [16] ʨʦʟʛʣʷʥʫʪʦ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʧʦʚʥʦʪʫ ʣʦʛʽʢʦ-ʯʘʩʦʚʦʛʦ ʧʨʠʥʮʠʧʫ ʟʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʫ ʚʠʛʣʷʜʽ 

ʮʠʭ ʜʚʦʭ ʦʜʠʥʠʯʥʠʭ ʢʦʜʽʚ.  

ʆʯʝʚʠʜʥʦ, ʱʦ ʜʣʷ ʘʧʘʨʘʪʥʦʛʦ ʟʘʧʠʩʫ, ʟʙʝʨʝʞʝʥʥʷ ʪʘ ʟʯʠʪʫʚʘʥʥʷ ʦʜʠʥʠʯʥʠʭ ʢʦʜʽʚ ʜʦʮʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʩʫʚʥʽ ʨʝʛʽʩʪʨʠ ʷʢ ʘʥʘʣʦʛ ʪʘʢ ʟʚʘʥʠʭ ʦʧʝʨʘʮʽʡʥʠʭ ʤʦʜʫʣʽʚ, ʱʦ ʤʽʩʪʷʪʴ ʣʽʥʽʡʢʫ ʟ n 

ʙʽʩʪʘʙʽʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ [4, 5, 10]. ʆʩʪʘʥʥʽ ʟʦʨʽʻʥʪʦʚʘʥʦ ʥʘ ʨʝʘʣʽʟʘʮʽʶ ʥʘ ʦʧʪʦʝʣʝʢʪʨʦʥʥʽʡ ʝʣʝʤʝʥʪʥʽʡ ʙʘʟʽ.  

ʋ ʧʨʘʮʷʭ [4, 5, 10, 17] ʨʦʟʛʣʷʥʫʪʦ ʦʩʦʙʣʠʚʽʩʪʴ ʦʜʠʥʠʯʥʠʭ ʢʦʜʽʚ ʟ ʪʦʯʢʠ ʟʦʨʫ ʾʭ ʝʬʝʢʪʠʚʥʦʾ ʘʧʘʨʘʪʥʦʾ 

ʨʝʘʣʽʟʘʮʽʾ. ʇʦʢʘʟʘʥʦ ʧʝʨʝʚʘʛʠ ʾʭ ʨʝʘʣʽʟʘʮʽʾ ʥʘ ʟʩʫʚʥʠʭ ʨʝʛʽʩʪʨʘʭ (ʦʧʝʨʘʮʽʡʥʠʭ ʤʦʜʫʣʷʭ) ʧʦʨʽʚʥʷʥʦ ʟ 

ʨʝʘʣʽʟʘʮʽʻʶ ʥʘ ʜʚʽʡʢʦʚʠʭ ʣʽʯʠʣʴʥʠʢʘʭ [17]. 

ʂʨʽʤ ʪʦʛʦ, ʫ ʧʨʘʮʷʭ [4, 5, 10] ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʦʜʠʥʠʯʥʦʛʦ ʥʦʨʤʘʣʴʥʦʛʦ ʪʘ ʦʜʠʥʠʯʥʦʛʦ ʧʦʟʠʮʽʡʥʦʛʦ 

ʢʦʜʽʚ ʩʪʦʩʦʚʥʦ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢ ʰʚʠʜʢʦʜʽʷ ʪʘ ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʧʨʠ ʾʭ ʟʘʧʠʩʽ ʪʘ ʟʙʝʨʝʞʝʥʥʽ. ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʧʽʜʪʚʝʨʜʞʝʥʦ, ʱʦ ʦʜʠʥʠʯʥʠʡ ʥʦʨʤʘʣʴʥʠʡ ʢʦʜ ʻ ʙʽʣʴʰ ʰʚʠʜʢʦʜʽʶʯʠʤ ʧʨʠ ʟʘʧʠʩʽ, ʥʽʞ ʦʜʠʥʠʯʥʠʡ 

ʧʦʟʠʮʽʡʥʠʡ ʢʦʜ, ʘʣʝ ʧʨʦʛʨʘʻ ʡʦʤʫ ʚ ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ ʽʥʬʦʨʤʘʮʽʾ. ʊʦʤʫ, ʧʽʜ ʯʘʩ ʘʧʘʨʘʪʥʦ ʾ

ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʟʘʧʠʩʫ ʽ ʧʦʜʘʣʴʰʦʛʦ ʟʙʝʨʝʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʾʭ ʩʠʤʙʽʦʟ, ʪʦʙʪʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʜʠʥʠʯʥʦʛʦ ʥʦʨʤʘʣʴʥʦʛʦ ʢʦʜʫ ʧʨʠ ʟʘʧʠʩʽ (çʰʪʦʨʢʘè) ʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʝʟʫʣʴʪʘʪʫ ʚ ʦʜʠʥʠʯʥʠʡ 

ʧʦʟʠʮʽʡʥʠʡ ʢʦʜ ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ (çʤʘʨʢʝʨè) [4, 5, 10]. 

ʑʦʜʦ ʦʙʣʘʩʪʽ ʝʬʝʢʪʠʚʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʽʣʴʢʠ ʜʣʷ ʦʜʠʥʠʯʥʦʛʦ ʧʦʟʠʮʽʡʥʦʛʦ ʢʦʜʫ, ʚʨʘʭʦʚʫʶʯʠ ʡʦʛʦ 

ʢʦʥʪʨʦʣʝʟʜʘʪʥʽʩʪʴ, ʚʠʟʥʘʯʝʥʦ ʜʦʮʽʣʴʥʽʩʪʴ ʢʦʜʫʚʘʥʥʷ ʩʪʘʥʽʚ ʧʨʠʩʪʨʦʾʚ ʢʝʨʫʚʘʥʥʷ ʥʘ ʙʘʟʽ R-ʘʚʪʦʤʘʪʘ [18] ʪʘ 

ʘʜʨʝʩʘʮʽʶ ʚʤʽʩʪʫ ʟʘʧʘʤ'ʷʪʦʚʫʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ, ʥʘʧʨʠʢʣʘʜ, ʚ ʘʩʦʮʽʘʪʠʚʥʦʤʫ ʧʨʦʮʝʩʦʨʽ [19].  

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ʈʘʟʦʤ ʟ̔ ʚʽʜʦʤʠʤʠ ʤʝʪʦʜʘʤʠ ʪʘ ʟʘʩʦʙʘʤʠ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽʩʥʫʻ ʜʦʩʪʘʪʥʴʦ 

ʜʦʩʣʽʜʞʝʥʠʡ ʤʝʪʦʜ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʠʧʫ çʪʨʠʚʘʣʽʩʪʴ-ʢʦʜè ʫ ʣʦʛʽʢʦ-ʯʘʩʦʚʦʤʫ ʙʘʟʠʩʽ.  

ɼʦʚʝʜʝʥʦ, ʱʦ ʨʝʟʫʣʴʪʘʪʦʤ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʻ ʬʦʨʤʫʚʘʥʥʷ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʫ ʚʠʛʣʷʜʽ ʦʜʥʦʛʦ ʽʟ ʜʚʦʭ 

ʦʜʠʥʠʯʥʠʭ ʢʦʜʽʚ: ʦʜʠʥʠʯʥʦʛʦ ʥʦʨʤʘʣʴʥʦʛʦ ʘʙʦ ʦʜʠʥʠʯʥʦʛʦ ʧʦʟʠʮʽʡʥʦʛʦ ʢʦʜʫ, ʷʢʽ ʻ ʘʣʴʪʝʨʥʘʪʠʚʥʠʤʠ 

ʜʚʽʡʢʦʚʠʤ ʢʦʜʘʤ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʦʙʦʭ ʦʜʠʥʠʯʥʠʭ ʢʦʜʽʚ ʟʘ ʚʠʤʦʛʘʤʠ ʘʣʛʝʙʨʘʾʯʥʦʾ ʪʝʦʨʽʾ ʢʦʜʫʚʘʥʥʷ ʧʦʢʘʟʘʣʦ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʾʭ ʙʘʟʦʚʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʟ ʷʢʠʭ ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʻ ʧʦʢʘʟʥʠʢ ʢʦʥʪʨʦʣʝʟʜʘʪʥʦʩʪʽ ʦʜʠʥʠʯʥʦʛʦ 

ʧʦʟʠʮʽʡʥʦʛʦ ʢʦʜʫ ʟʘʚʜʷʢʠ ʡʦʛʦ ʧʨʘʢʪʠʯʥʦʾ ʟʥʘʯʠʤʦʩʪ̔, ʟʦʢʨʝʤʘ, ʜʣʷ ʙʝʟʧʦʤʠʣʢʦʚʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʧʨʠʩʪʨʦʾʚ ʢʝʨʫʚʘʥʥʷ. 
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ɺʀɺʏɽʅʅʗ ɺʇʃʀɺʋ ʅʀɿʔʂʀʍ ʊɽʄʇɽʈɸʊʋʈ ʅɸ ʄɸʊɽʈɯɸʃʀ ɯɿ 

ʇʆʃɯʄɽʈʅʀʄ ʇʆʂʈʀʊʊʗʄ ʉʇɽʎɯɸʃʔʅʆɻʆ ʇʈʀɿʅɸʏɽʅʅʗ ɺ ʉʊɸʊʀʏʅʀʍ 

ʋʄʆɺɸʍ  
 
ˏ ̨̒̓́̓̓ ̨̐̑̏́̎́̌̈̏̃́̎̏ ̝̑̆̈̔̌̓́̓̉ ̨̠̅̏̒̌̅̇̆̎̎ ̃̐̌̉̃̔ ̝̖̎̉̈̋̉ ̓̆̍̐̆̑́̓̔̑ ̃ ̨̨̅́̐́̈̏̎ ̨̃̅ -100˞  ̅̏ -

400˞ ̎́ ̐̑̏̂̉ ̨̨̍́̓̆̑́̌̃ȟ ̨̠̋ ̠̟̝̠̑̏̈̄̌̅́̓̒ ̠̋ ̨̨̨̃̑̏̄̅̎ ̠̅̌ ̠̒̓̃̏̑̆̎̎ ̨̟̟̘̖̈̏̌̉ ̨̟̋̏̒̓̍̃ ̠̅̌ ̨̟̒̌̒́̑̃-
́̐ ̨́̑́̓̎̉̋̃  ̨̨̖̘̖̍̎̉ ̗̃̉̑̏̂̎̉̓̃Ȣ ˑ̠̌ ̐̑ ̠̏̃̆̅̆̎̎ ̨̝̅̏̒̌̅̇̆̎ ́̃̓̏̑́̍̉ ̨̨̗̩̐̔̂̌̋́  ̑̏̈̑̏̂̌̆̎́ ̨̨̃̅̐̏̃̅̎́ 
̨̠̍̆̓̏̅̏̌̏̄ȟ ̠̋́ ̢̤̝̠̑̔̎̓̔̓̒ ̎́ ̨̃̉̋̏̑̉̒̓́̎̎ ̨̝̩̏̑̉̄̎́̌̎̏ ̨̩̅̏̒̌̅̎̏ ̔̒̓́̎̏̃̋̉Ȣ ˔́ ̝̑̆̈̔̌̓́̓́̍̉ ̨̝̅̏̒̌̅̇̆̎ 
̨̘̃̉̈̎́̆̎ ̨̓ ̨̍́̓̆̑́̌̉ȟ ̨̠̋ ̤ ̨̝̙̎́̊̂̌ ̨̒̓̊̋̉̍̉ ̅̏ ̃̐̌̉̃̔ ̝̖̎̉̈̋̉ ̓̆̍̐̆̑́̓̔̑ȟ ̨ ̨̠̋ ̝̍̏̇̔̓ ̂̔̓̉ ̨̑̆̋̏̍̆̎̅̏̃́̎ 
̠̅̌ ̠̃̉̄̏̓̏̃̌̆̎̎ ̨̟̟̘̖̈̏̌̉ ̖̖̈́̉̒̎̉ ̨̟̋̏̒̓̍̃ ̠̅̌ ̨̨̗̐̑́̃̎̉̋̃ ̨̨̖̘̖̍̎̉ ̗̃̉̑̏̂̎̉̓̃Ȣ  

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̨̟̟̘̈̏̌̉̊ ̟̋̏̒̓̍ȟ ̨̨̖̘̍̎́ ̨̝̐̑̏̍̉̒̌̏̃̒̓ȟ ̨̝̎̉̈̋ ̓̆̍̐̆̑́̓̔̑̉ȟ ́̄̑̆̒̉̃̎̆ ̒̆̑̆̅̏̃̉̆̚ȟ 
̨̘̒̓́̓̉̎ ̔̍̏̃̉Ȣ 
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STUDY OF THE INFLUENCE OF LOW TEMPERATURES ON MATERIALS WITH A SPE CIAL PUR POSE 

POLYMER CO ATING UNDER STATIC CONDITIONS  
 

The domestic chemical industry urgently needs the creation of special high-class protective clothing that would allow working in 
extreme conditions without endangering the life and health of employees. In previous publications, it was determined that the necessary 
comprehensive protection against the effects of harmful production factors is provided by the creation and use of an insulating suit, which 
should become a barrier that prevents the penetration, and therefore the influence of mineral acids, alkalis, ammonia, salt solutions, etc. of 
different concentrations. That is, it is about the creation of special clothing with the required level of protection and preservation of such 
basic protective indicators as chemical resistance and impermeability of the material while preserving the tightness of the product as a 
whole. 

Equipment for preparation and locksmiths for cleaning closed containers for transportation and storage of aggressive 
environments can simultaneously be exposed not only to mineral acids, alkalis, salt solutions based on them, but also to the remains of liquid 
ammonia, the evaporation of which occurs when temperatures drop, which leads to primary destruction polymer coating materials for 
special suits. For example, local destruction in contact with liquid ammonia leads to a sharp cooling (up to - 340C) of the contact surface of 
the material and destruction of the polymer coating, especially during operation (in dynamics), which can lead to a violation of the tightness 
of the protective product. 

Since workers have to perform a significant number of work movements while wearing an insulating suit, there was a need to 
investigate such an indicator as the resistance of materials to both dynamic loads and static conditions at low temperature. The research 
was conducted on samples of materials with a polymer coating, which belong to the class of special purpose artificial leathers of both foreign 
and domestic manufacturers. 

Key words: insulating suit, chemical industry, low temperatures, aggressive environment, static conditions. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ʗʢ ʙʫʣʦ ʟʘʟʥʘʯʝʥʦ ʨʘʥʽʰʝ [1], ʥʘ ʚʽʪʯʠʟʥʷʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʭʽʤʽʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʽʩʥʫʶʪʴ ʧʝʚʥʽ 

ʧʨʦʙʣʝʤʠ ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʙʽʪʥʠʢʽʚ ʷʢʽʩʥʠʤ ʩʧʝʮʽʘʣʴʥʠʤ ʦʜʷʛʦʤ. ʆʩʦʙʣʠʚʦ ʛʦʩʪʨʦ ʮʝ ʧʠʪʘʥʥʷ ʧʦʩʪʘʣʦ 

ʫ ʥʘʧʨʷʤʢʫ ʩʪʚʦʨʝʥʥʷ ʟʘʭʠʩʥʦʛʦ ʦʜʷʛʫ ʜʣʷ ʧʨʘʮʽʚʥʠʢʽʚ, ʚʠʢʦʥʘʥʥʷ ʧʨʦʬʝʩʽʡʥʠʭ ʦʙʦʚôʷʟʢʽʚ ʷʢʠʭ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʫʤʦʚʘʭ ʘʢʪʠʚʥʦʛʦ ʘʛʨʝʩʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɿʦʢʨʝʤʘ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʩʣʶʩʘʨʽʚ-ʘʧʘʨʘʪʥʠʢʽʚ, ʷʢʽ 

ʟʜʽʡʩʥʶʶʪʴ ʪʝʭʥʽʯʥʦ-ʨʝʛʣʘʤʝʥʪʥʽ ʨʦʙʦʪʠ ʻʤʥʦʩʪʝʡ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʨʝʯʦʚʠʥ, ʱʦ ʚʭʦʜʷʪʴ 

ʜʦ ʢʦʤʧʣʝʢʩʫ ʥʝʙʝʟʧʝʯʥʠʭ ʽ ʰʢʽʜʣʠʚʠʭ ʚʠʨʦʙʥʠʯʠʭ ʬʘʢʪʦʨʽʚ (ʅʐɺʌ). ʆʩʦʙʣʠʚʦʩʪʽ ʫʤʦʚ ʧʨʘʮʽ ʽ ʥʘʣʽʟ 

ʷʢʦʩʪʽ ʟʘʭʠʩʥʦʛʦ ʦʜʷʛʫ ʩʘʤʝ ʜʣʷ ʮʽʻʾ ʢʘʪʝʛʦʨʽʾ ʨʦʙʽʪʥʠʢʽʚ ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʦ ʫ ʧʦʧʝʨʝʜʥʽʭ ʧʫʙʣʽʢʘʮʽʷʭ [2].  

ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʥʝʦʙʭʽʜʥʠʡ ʢʦʤʧʣʝʢʩʥʠʡ ʟʘʭʠʩʪ ʚʽʜ ʚʧʣʠʚʫ ʅʐɺʌ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ 

ʟʘ ʨʘʭʫʥʦʢ ʩʪʚʦʨʝʥʥʷ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʟʦʣʶʶʯʦʛʦ ʢʦʩʪʶʤʫ (ɯʂ), ʷʢʠʡ ʤʘʻ ʩʪʘʪʠ ʙʘʨ'ʻʨʦʤ, ʱʦ ʧʝʨʝʰʢʦʜʞʘʻ 

ʧʨʦʥʠʢʥʝʥʥʶ ʪʘ ʚʧʣʠʚʫ ʨʦʟʯʠʥʽʚ ʩʦʣʝʡ, ʣʫʛʽʚ, ʤʽʥʝʨʘʣʴʥʠʭ ʢʠʩʣʦʪ, ʘʤʽʘʢʫ, ʪʦʱʦ ʨʽʟʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ. 

ʆʪʞʝ, ʡʜʝʪʴʩʷ ʧʨʦ ʩʪʚʦʨʝʥʥʷ ʩʧʝʮʽʘʣʴʥʦʛʦ ʦʜʷʛʫ ʟ ʥʝʦʙʭʽʜʥʠʤ ʨʽʚʥʝʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʟʙʝʨʝʞʝʥʥʷ 

ʪʘʢʠʭ ʦʩʥʦʚʥʠʭ ʟʘʭʠʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʷʢ ʭʽʤʽʯʥʘ ʩʪʽʡʢʽʩʪʴ ʽ ʥʝʧʨʦʥʠʢʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ 
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ʛʝʨʤʝʪʠʯʥʦʩʪʽ ʚʠʨʦʙʫ ʚ ʮʽʣʦʤʫ. ʊʦʤʫ ʧʠʪʘʥʥʷ ʤʝʪʦʜʦʣʦʛʽʾ ʜʦʙʦʨʫ ʤʘʪʝʨʽʘʣʽʚ (ʘʙʦ ʾʭ ʧʘʢʝʪʫ) ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ɯʂ ʻ ʧʝʨʚʠʥʥʠʤ ʪʘ ʘʢʪʫʘʣʴʥʠʤ.  

 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ 

ʉʫʯʘʩʥʽ ʤʽʞʥʘʨʦʜʥʽ ʨʦʟʨʦʙʢʠ ʧʝʨʽʦʜʠʯʥʦ ʥʘʧʦʚʥʶʶʪʴ ʩʚʽʪʦʚʠʡ ʨʠʥʦʢ ʟʨʘʟʢʘʤʠ ʚʠʨʦʙʥʠʯʦʛʦ 

ʟʘʭʠʩʥʦʛʦ ʦʜʷʛʫ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʰʢʽʜʣʠʚʠʭ ʫʤʦʚʘʭ ʧʨʘʮʽ. ɿʘʢʦʨʜʦʥʥʽ ʚʠʨʦʙʥʠʢʠ 

ʟʘʭʠʩʥʦʛʦ ʦʜʷʛʫ ʧʦʩʪʽʡʥʦ ʧʨʦʧʦʥʫʶʪʴ ʥʦʚʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʽ ʪʝʭʥʽʯʥʽ ʨʽʰʝʥʥʷ [3ï7], ʧʨʦʪʝ ʧʝʨʝʚʘʞʥʘ ʾʭ 

ʙʽʣʴʰʽʩʪʴ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʩʪʚʦʨʝʥʥʷ ʟʘʭʠʩʪʫ ʪʽʣʴʢʠ ʚʽʜ ʚʦʣʦʛʠ ʪʘ ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷ. ʑʦ ʞ  ʩʪʦʩʫʻʪʴʩʷ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʟʘʭʠʩʪʫ ʚʽʜ ʚʧʣʠʚʫ ʮʽʣʦʾ ʥʠʟʢʠ ʭʽʤʽʯʥʦ ʘʛʨʝʩʠʚʥʠʭ ʨʝʯʦʚʠʥ, ʷʢʽ ʧʨʠʩʫʪʥʽ ʥʘ ʭʽʤʽʯʥʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ, ʪʦ ʩʪʚʦʨʝʥʥʷ ʪʘʢʦʛʦ ʦʜʷʛʫ ʚʠʤʘʛʘʻ ʦʩʦʙʣʠʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʨʦʟʨʦʙʢʠ ʚʽʜʧʦʚʽʜʥʦʾ ʤʝʪʦʜʦʣʦʛʽʾ 

ʨʦʙʦʪʠ ʟ ʥʠʤʠ. ʂʨʽʤ ʪʦʛʦ, ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘʟʥʘʯʝʥʦʛʦ ʬʫʥʮʽʦʥʘʣʫ ʻ ʪʨʠʚʘʣʠ ʟʘ ʯʘʩʦʤ ʽ ʚʠʤʘʛʘʻ 

ʟʥʘʯʥʠʭ ʬʽʥʘʥʩʦʚʠʭ ʚʠʪʨʘʪ.  

ʅʘ ʧʽʜʩʪʘʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʨʦʙʽʪ [8, 9], ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʨʦʚʝʩʪʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʤʝʪʘ ʷʢʠʭ 

ʧʦʣʷʛʘʻ ʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽʡ ʦʮʽʥʮʽ ʧʨʦʙ ʤʘʪʝʨʽʘʣʽʚ ʽʟ ʧʦʣʽʤʝʨʥʠʤ ʦʜʥʦ- ʘʙʦ ʜʚʦʩʪʦʨʦʥʥʽʤ ʧʦʢʨʠʪʪʷʤ  ʥʘ 

ʪʢʘʥʽʡ ʦʩʥʦʚʽ ʚ ʫʤʦʚʘʭ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ.  

ɿʘʟʥʘʯʝʥʽ ʤʘʪʝʨʽʘʣʠ ʻ ʘʥʘʣʦʛʦʤ ʰʪʫʯʥʦʾ ʰʢʽʨʠ ʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʚʽʪʦʚʠʤʠ ʬʽʨʤʘʤʠ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʘʭʠʩʥʦʛʦ ʦʜʷʛʫ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ɿʘʟʚʠʯʘʡ ʚ ʪʘʢʠʭ ʩʧʝʮʽʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʟʘ ʪʢʘʥʫ 

ʦʩʥʦʚʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʝʢʩʪʠʣʴʥʝ ʧʦʣʦʪʥʦ ʧʦʣʦʪʥʷʥʦʛʦ ʘʙʦ ʩʘʨʞʝʚʦʛʦ ʧʝʨʝʧʣʝʪʝʥʥʷ ʟʽ 100% 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʧʦʣʽʘʤʽʜʥʠʭ ʚʦʣʦʢʦʥ. ʃʠʮʴʦʚʘ ʩʪʦʨʦʥʘ ʧʦʣʦʪʥʘ, ʟʘʣʝʞʥʦ ʚʽʜ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 

ɯʂ, ʤʦʞʝ ʙʫʪʠ ʧʦʢʨʠʪʘ ʧʦʣʽʤʝʨʦʤ ʟ ʇɺʍ (ʧʦʣʽʚʽʥʽʣʭʣʦʨʠʜʫ), ʙʫʪʠʣʢʘʫʯʫʢʫ ʘʙʦ çʚʽʪʦʥʫè, ʘ ʚʠʚʦʨʽʪʥʘ 

ʩʪʦʨʦʥʘ ï ʟ ʇɺʍ ʘʙʦ ʙʫʪʠʣʢʘʫʯʫʢʫ, ʱʦ ʥʘʜʘʻ ʾʤ ʧʝʚʥʦʾ ʝʣʘʩʪʠʯʥʦʩʪʽ [10]. ʆʩʢʽʣʴʢʠ ʝʣʘʩʪʠʯʥʘ ʰʪʫʯʥʘ ʰʢʽʨʘ 

ʤʘʻ ʧʦʣʽʤʝʨʥʝ ʧʦʢʨʠʪʪʷ,  ʪʦ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʟʘʭʠʩʥʦʛʦ ʦʜʷʛʫ ʫʥʝʤʦʞʣʠʚʣʶʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʝʷʢʠʭ 

ʚʠʜʽʚ ʥʠʪʢʦʚʠʭ ʰʚʽʚ, ʘ ʬʽʢʩʘʮʽʷ ʧʨʠʧʫʩʢʽʚ ʥʘ ʰʚʠ ʜʦʧʫʩʢʘʻʪʴʩʷ ʪʽʣʴʢʠ ʰʣʷʭʦʤ ʥʘʩʪʨʦʯʫʚʘʥʥʷ ʾʭ ʧʨʠʧʫʩʢʽʚ ʟ 

ʦʙʦʚôʷʟʢʦʚʦʶ ʥʘʩʪʫʧʥʦʶ ʛʝʨʤʝʪʠʟʘʮʽʻʶ. ʂʨʽʤ ʪʦʛʦ,  ʜʝʷʢʽ ʤʘʪʝʨʽʘʣʠ ʟ ʧʦʣʽʤʝʨʥʠʤ ʧʦʢʨʠʪʪʷʤ ʻ ʥʝʩʪʽʡʢʠʤʠ 

ʜʦ ʜʽʾ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʘʙʦ ʜʦ ʧʝʨʝʧʘʜʫ ʪʝʤʧʝʨʘʪʫʨ ʟʘ ʢʦʨʦʪʢʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ [11, 12]. 

ʅʝʦʙʭʽʜʥʽʩʪʴ ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʪʝʢʩʪʠʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ʟ ʧʦʣʽʤʝʨʥʠʤ 

ʧʦʢʨʠʪʪʷʤ ʦʙˇʨʫʥʪʦʚʘʥʘ ʥʝ ʪʽʣʴʢʠ ʧʨʠʩʫʪʥʽʩʪʶ ʚ ʧʝʨʝʣʽʢʫ ʥʝʙʝʟʧʝʯʥʠʭ ʽ ʰʢʽʜʣʠʚʠʭ ʚʠʨʦʙʥʠʯʠʭ ʬʘʢʪʦʨʽʚ 

ʪʘʢʦʾ ʨʝʯʦʚʠʥʠ ʷʢ ʘʤʽʘʢ, ʘʣʝ ʡ ʯʘʩʪʦʪʦʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʭʠʩʥʠʭ ʚʠʨʦʙʽʚ, ʩʪʘʨʽʥʥʷʤ ʧʦʣʽʤʝʨʥʦʛʦ ʧʦʢʨʠʪʪʷ ʟ 

ʯʘʩʦʤ ʪʘ ʽʥʰʝ. ɺʧʣʠʚ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʪʝʢʩʪʠʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ʤʦʞʝ ʩʧʨʠʯʠʥʷʪʠ ʧʦʷʚʫ ʥʝʛʘʪʠʚʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡ, ʱʦ ʟʫʤʦʚʣʶʻ ʟʤʝʥʰʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʩʪʽʡʢʦʩʪʽ ʜʦ ʟʤʠʥʘʥʥʷ, ʝʣʘʩʪʠʯʥʦʩʪʽ ʪʘ 

ʩʧʨʠʷʪʠ ʧʦʛʽʨʰʝʥʥʶ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʪʘ ʟʘʭʠʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʤʘʡʙʫʪʥʴʦʛʦ ʚʠʨʦʙʫ. 

ʆʜʥʽʻʶ ʽʟ ʩʫʪʪʻʚʠʭ ʧʨʠʯʠʥ ʚʧʣʠʚʫ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʪʝʢʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʚʚʘʞʘʻʪʴʩʷ ʥʘʷʚʥʽʩʪʴ ʚʦʣʦʛʠ ʚ ʾʭʥʽʡ ʩʪʨʫʢʪʫʨʽ. ɺ ʧʨʦʮʝʩʽ ʚʧʣʠʚʫ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚʦʣʦʛʘ (ʧʨʠʚʥʝʩʝʥʘ ʘʙʦ 

ʭʽʤʽʯʥʦ ʧʦʚ'ʷʟʘʥʘ) ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʢʨʠʩʪʘʣʠʢʠ ʣʴʦʜʫ, ʷʢʽ ʩʧʨʠʷʶʪʴ ʨʦʟʚʠʪʢʫ ʚ ʩʪʨʫʢʪʫʨʽ ʧʦʣʽʤʝʨʫ 

ʤʝʭʘʥʽʯʥʽ ʥʘʧʨʫʛʠ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʾʾ ʨʦʟʧʫʰʝʥʥʷ, ʫʪʚʦʨʝʥʥʷ ʪʨʽʱʠʥ, ʫʩʘʜʢʠ, ʚʪʨʘʪʠ ʤʽʮʥʦʩʪʽ ʪʘ ʽʥʰʝ. 

ʅʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʪʘʢʦʞ, ʱʦ ʩʪʫʧʽʥʴ ʚʧʣʠʚʫ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʨʠʨʦʜʠ, ʩʪʫʧʝʥʷ 

ʛʽʜʨʦʬʽʣʴʥʦʩʪʽ ʪʘ ʚʧʦʨʷʜʢʦʚʘʥʦʩʪʽ ʤʦʣʝʢʫʣʷʨʥʦʾ ʩʪʨʫʢʪʫʨʠ ʷʢ ʚʦʣʦʢʦʥ, ʪʘʢ ʽ ʧʦʣʽʤʝʨʥʦʛʦ ʧʦʢʨʠʪʪʷ 

ʜʦʩʣʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʅʘʧʨʠʢʣʘʜ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʯʠʤ ʚʠʱʝ ʱʽʣʴʥʽʩʪʴ ʫʧʘʢʦʚʢʠ 

ʤʘʢʨʦʤʦʣʝʢʫʣ, ʪʠʤ ʙʽʣʴʰʦʶ ʤʽʨʦʶ ʧʨʦʷʚʣʷʻʪʴʩʷ ʨʦʟʧʫʰʫʶʯʘ ʜʽʷ ʢʨʠʩʪʘʣʠʢʽʚ ʣʴʦʜʫ, ʱʦ ʫʪʚʦʨʠʣʠʩʷ ʧʽʜ ʯʘʩ 

ʜʽʾ ʥʠʟʴʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ [13]. 

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʚʠʚʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʜʦ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʩʪʘʪʠʯʥʠʭ ʫʤʦʚʘʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʢʦʤʝʥʜʦʚʘʥʠʤʠ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽʟʦʣʶʶʯʠʭ ʢʦʩʪʶʤʽʚ ʜʣʷ ʩʣʶʩʘʨʽʚ-ʘʧʘʨʘʪʥʠʢʽʚ, ʷʢʽ 

ʟʜʽʡʩʥʶʶʪʴ ʦʯʠʱʝʥʥʷ ʟʘʢʨʠʪʠʭ ʻʤʥʦʩʪʝʡ ʜʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱ. ɼʘʥʽ 

ʨʦʙʽʪʥʠʢʠ ʯʘʩʪʦ ʧʨʘʮʶʶʪʴ ʽʟ ʟʘʣʠʰʢʘʤʠ ʨʽʜʢʦʛʦ ʘʤʽʘʢʫ, ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʷʢʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʟʥʠʞʝʥʥʽ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʝʨʰʦʯʝʨʛʦʚʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʧʦʣʽʤʝʨʥʦʛʦ ʧʦʢʨʠʪʪʷ ʤʘʪʝʨʽʘʣʽʚ ʩʧʝʮʽʘʣʴʥʠʭ 

ʢʦʩʪʶʤʽʚ. ʅʘʧʨʠʢʣʘʜ, ʣʦʢʘʣʴʥʽ ʨʫʡʥʫʚʘʥʥʷ ʧʨʠ ʢʦʥʪʘʢʪʽ ʟ ʨʽʜʢʠʤ ʘʤʽʘʢʦʤ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʨʽʟʢʦʛʦ 

ʦʭʦʣʦʜʞʝʥʥʷ (ʜʦ ʤʽʥʫʩ 340ʉ) ʢʦʥʪʘʢʪʥʦʾ ʧʦʚʝʨʭʥʽ ʤʘʪʝʨʽʘʣʫ ʪʘ ʨʫʡʥʫʚʘʥʥʷ ʧʦʣʽʤʝʨʥʦʛʦ ʧʦʢʨʠʪʪʷ ʥʝ ʪʽʣʴʢʠ 

ʚ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ (ʚ ʜʠʥʘʤʽʮʽ),  ʘ ʡ ʚ ʩʪʘʪʠʯʥʠʭ ʫʤʦʚʘʭ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʦʨʫʰʝʥʥʷ ʛʝʨʤʝʪʠʯʥʦʩʪʽ 

ʟʘʭʠʩʥʦʛʦ ʚʠʨʦʙʫ. ʊʦʤʫ ʥʘ ʧʽʜʩʪʘʚʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦ-ʣʦʛʽʯʥʦʾ ʩʭʝʤʠ ʚʠʙʦʨʫ ʪʘ ʦʮʽʥʢʠ 

ʟʘʭʠʩʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʧʝʮʽʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽʟʦʣʶʶʯʦʛʦ ʢʦʩʪʶʤʘ [14], ʚʠʥʠʢʣʘ ʧʦʪʨʝʙʘ 

ʫ ʧʨʦʚʝʜʝʥʥʽ ʟʘʟʥʘʯʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

 

ɺʠʢʣʘʜʝʥʥʷ  ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʤʦʨʦʟʦʩʪʽʡʢʦʩʪʽ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ ʩʪʘʪʠʯʥʠʭ ʫʤʦʚʘʭ 

[15, 16], ʨʦʟʨʦʙʣʝʥʦ ʪʘ ʘʧʨʦʙʦʚʘʥʦ ʥʦʚʠʡ ʩʧʦʩʽʙ ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʧʦʣʽʤʝʨʥʽ ʧʦʢʨʠʪʪʷ 

ʩʧʝʮʽʘʣʴʥʠʭ ʰʪʫʯʥʠʭ ʰʢʽʨ ʨʽʟʥʦʛʦ ʘʩʦʨʪʠʤʝʥʪʫ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʽʟʦʣʶʶʯʠʭ ʢʦʩʪʁʤʽʚ. 

ʉʫʪʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʚ ʢʦʥʪʨʦʣʽ ʟʤʽʥʠ ʧʦʚʽʪʨʦʧʨʦʥʠʢʥʦʩʪʽ ʧʨʦʙʠ, ʧʽʜʜʘʥʦʾ 

ʧʨʠʤʫʩʦʚʦʤʫ ʟʘʤʦʨʦʞʫʚʘʥʥʶ ʧʨʠ ʟʘʜʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʪʘ ʯʘʩʫ, ʘ ʪʘʢʦʞ ʧʨʠʤʫʩʦʚʦʤʫ ʨʦʟʤʦʨʦʞʫʚʘʥʥʶ ʧʨʠ 

ʟʘʜʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ (ʧʣʶʩʦʚʽʡ) ʽ ʯʘʩʫ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʨʦʟʨʦʙʣʝʥʠʡ ʩʧʦʩʽʙ ʦʮʽʥʢʠ ʤʦʨʦʟʦʩʪʽʡʢʦʩʪʽ ʧʨʦʙ 

ʤʘʪʝʨʽʘʣʽʚ ʟ ʧʦʣʽʤʝʨʥʠʤ ʧʦʢʨʠʪʪʷʤ ʫ ʩʪʘʪʠʯʥʠʭ ʫʤʦʚʘʭ ʧʝʨʝʜʙʘʯʘʻ ʮʠʢʣʽʯʥʽʩʪʴ ʚʠʧʨʦʙʫʚʘʥʴ ʫ ʨʝʞʠʤʽ 

çʟʘʤʦʨʦʞʫʚʘʥʥʷ-ʨʦʟʤʦʨʦʞʫʚʘʥʥʷè, ʱʦ ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ ʧʦʷʚʫ ʜʝʬʝʢʪʽʚ ʧʦ ʪʦʚʱʠʥʽ ʧʦʣʽʤʝʨʥʦʛʦ ʧʦʢʨʠʪʪʷ. 
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ʂʨʠʪʝʨʽʻʤ ʦʮʽʥʢʠ ʤʦʨʦʟʦʩʪʽʡʢʦʩʪʽ ʚ ʩʪʘʪʠʯʥʠʭ ʫʤʦʚʘʭ ʚʠʧʨʦʙʫʚʘʥʴ ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʻ ʢʦʝʬʽʮʽʻʥʪ 

ʤʦʨʦʟʦʩʪʽʡʢʦʩʪʽ (ʂ), ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʟʥʘʯʝʥʴ ʧʦʚʽʪʨʦʧʨʦʥʠʢʥʦʩʪʽ çʜʦè ʪʘ çʧʽʩʣʷè ʚʧʣʠʚʫ 

ʬʘʢʪʦʨʫ ʟʘ ʬʦʨʤʫʣʦʶ (1): 

1ɺ

ɺ
ʂ ʦ= ;                                                                            (1) 

ʜʝ  ɺʦ ï ʚʠʭʽʜʥʘ (ʧʦʯʘʪʢʦʚʘ) ʚʝʣʠʯʠʥʘ ʧʦʚʽʪʨʦʧʨʦʥʠʢʥʦʩʪʽ ʧʨʦʙʠ ʤʘʪʝʨʽʘʣʫ, ʜʤ3/ʤ2 Ŀʩ; 

ɺ1 ï ʧʦʚʽʪʨʦʧʨʦʥʠʢʥʽʩʪʴ ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʙʠ ʤʘʪʝʨʽʘʣʫ ʚ  ʨʝʞʠʤʽ 

çʟʘʤʦʨʦʞʫʚʘʥʥʷ-ʨʦʟʤʦʨʦʞʫʚʘʥʥʷè, ʜʤ3/ʤ2 Ŀʩ. 

ɸʥʘʣʽʟ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʦʢʘʟʫʻ, ʱʦ ʟ ʨʽʚʥʦʩʪʽ ʘʙʩʦʣʶʪʥʠʭ ʟʥʘʯʝʥʴ 

ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʢʦʝʬʽʮʽʻʥʪ ʤʦʨʦʟʦʩʪʽʡʢʦʩʪʽ ʜʦʨʽʚʥʶʚʘʪʠʤʝ ʦʜʠʥʠʮʽ, ʘ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ɺ1 ʡʦʛʦ 

ʚʝʣʠʯʠʥʘ ʙʫʜʝ ʟʤʝʥʰʫʚʘʪʠʩʷ, ʥʘʙʣʠʞʘʶʯʠʩʴ ʜʦ ʥʫʣʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʤʦʨʦʟʦʩʪʡ̔ʢʦʩʪʽ 

(ʂ) ʻ ʦʩʥʦʚʥʠʤ ʢʨʠʪʝʨʽʻʤ. ɺʠʚʯʝʥʥʷ ʧʦʚʽʪʨʦʧʨʦʥʠʢʥʦʩʪʽ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʧʨʦʚʦʜʠʣʦʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʄʇɿ, ʷʢʘ ʻ ʘʚʪʦʨʩʴʢʦʶ ʨʦʟʨʦʙʢʦʶ ʚʽʪʯʠʟʥʷʥʠʭ ʚʯʝʥʠʭ-ʜʦʩʣʽʜʥʠʢʽʚ. ʇʨʠʥʮʠʧ 

ʨʦʙʦʪʠ ʫʩʪʘʥʦʚʢʠ ʄʇɿ ʪʘ ʘʣʛʦʨʠʪʤ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʦ ʚ ʧʦʧʝʨʝʜʥʽʭ ʧʫʙʣʽʢʘʮʽʷʭ ʪʘ ʧʘʪʝʥʪʘʭ 

[17]. 

ɽʢʩʧʝʨʠʤʝʥʪʠ ʱʦʜʦ ʤʦʨʦʟʦʩʪʽʡʢʦʩʪʽ ʩʧʝʮʽʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ ʩʪʘʪʠʮʽ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʟ ʧʨʦʙʘʤʠ 

ʩʧʝʮʽʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʽʪʯʠʟʥʷʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ: ɯɿʂ, ʇʄɹʂ-ʅ, ʊʉʂ-15, ɹʎʂ (ʪʘʙʣ. 1).  

 

ʊʘʙʣʠʮʷ 1 

ɼʝʢ̫ʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʝʮʽʘʣʴʥʠʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽʟ ʧʦʣʽʤʝʨʥʠʤ 

ʧʦʢʨʠʪʪʷʤ 

ʅʘʡʤʝʥʫʚʘʥʥʷ 

ʤʘʪʝʨʽʘʣʫ 

 

ʊʦʚʱʠʥʘ 

ʧʨʦʙʠ, ʤʤ 

ʇʦʚʝʨʭʥʝʚʘ 

ʱʽʣʴʥʽʩʪʴ, 

ʛ/ʤ2 

ɾʦʨʩʪʢʽʩʪʴ 

ʧʨʠ ʟʛʠʥʽ, ʩʅ 

ʈʦʟʨʠʚʘʣʴʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʩʤʫʞʢʠ ʨʦʟʤʽʨʦʤ 

50 ʭ 100 ʤʤ, ʅ 

ʈʦʟʜʠʨʘʣʴʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʩʤʫʞʢʠ 

ʨʦʟʤʽʨʦʤ 50 ʭ 

100 ʤʤ, ʅ 

ʦʩʥ. ʧʽʪʢ. ʦʩʥ. ʧʽʪʢ. ʦʩʥ. ʧʽʪʢ. 

ʊʉʂ-15 0,30 420,0 1,9 2,3 552,0 504,0 29,0 27,0 

ɹʎʂ 0,35 479,0 5,6 3,8 931,0 514,0 43,0 43,0 

ʇʄɹʂ-ʅ 0,40 563,0 3,9 4,1 539,0 408,0 27,0 22,0 

ɯɿʂ 0,50 550,0 9,8 9,8 500,0 500,0 25,0 25,0 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʝʪʦʜʠʢʠ, ʨʦʟʤʽʨ ʟʨʘʟʢʽʚ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʤʘʻ ʙʫʪʠ 

ʜʽʘʤʝʪʨʦʤ 100 ʤʤ, ʘʙʦ ʚʽʥ ʤʦʞʝ ʙʫʪʠ ʫ ʚʠʛʣʷʜʽ ʢʚʘʜʨʘʪʘ ʟʽ ʩʪʦʨʦʥʦʶ 100 ʤʤ. ʇʦʧʝʨʝʜʥʴʦ ʧʨʦʚʝʜʝʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʢʦʨʝʢʪʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʱʦ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʨʦʙʠʪʠ ʦʙˇʨʫʥʪʦʚʘʥʽ 

ʚʠʩʥʦʚʢʠ ʩʪʦʩʦʚʥʦ ʤʦʨʦʟʦʩʪʽʡʢʦʩʪʽ ʧʨʦʙ ʫ ʩʪʘʪʠʯʥʠʭ ʫʤʦʚʘʭ, ʜʦʩʪʘʪʥʴʦ ʚʠʚʯʠʪʠ ʧ'ʷʪʴ ʟʨʘʟʢʽʚ ʤʘʪʝʨʽʘʣʫ 

ʢʦʞʥʦʛʦ ʚʠʜʫ. ʊʦʙʪʦ ʧʦʚʪʦʨʶʚʘʣʴʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʻ ʩʪʘʙʽʣʴʥʦʶ ʽ ʥʝ ʧʝʨʝʚʠʱʫʶ 5% ʧʦʭʠʙʢʠ. 

ʏʘʩ ʝʢʩʧʦʟʠʮʽʾ ʚʽʜ 3600 ʩ     (1 ʛʦʜʠʥʘ ) ʜʦ 18000ʩ (5 ʛʦʜʠʥ) ʟ ʙʝʟʧʝʨʝʨʚʥʦʾ ʜʽʾ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʬʘʢʪʦʨʫ 

(ʤʽʥʫʩ 400 ʉ) ʧʨʠ ʽʥʪʝʨʚʘʣʽ ʚ 3600 ʩ, ʘ ʨʦʟʤʦʨʦʞʫʚʘʥʥʷ ʫ ʚʩʽʭ ʚʠʧʘʜʢʘʭ ʧʨʦʚʦʜʠʣʦʩʷ ʧʨʠ ʧʦʟʠʪʠʚʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ (+ 700 ʉ) ʧʨʦʪʷʛʦʤ 1200 ʩ ʚ ʪʝʨʤʦʰʘʬʽ. ʇʽʩʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʚ ʫʤʦʚʘʭ ʣʘʙʦʨʘʪʦʨʽʾ 

ʧʨʦʚʦʜʠʣʠ ʚʠʚʯʝʥʥʷ ʧʦʚʽʪʨʦʧʨʦʥʠʢʥʦʩʪʽ ʧʨʦʙ ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʩʪʘʥʦʚʢʠ ʄʇɿ. 

 

ʊʘʙʣʠʮʷ 2   

ɿʤʽʥʘ ʟʥʘʯʝʥʥʷ ʧʦʚʽʪʨʦʧʨʦʥʠʢʥʦʩʪʽ ʪʘ ʢʦʝʬʽʮʽʻʥʪʘ ʤʦʨʦʟʦʩʪʽʡʢʦʩʪʽ ʧʨʦʙ ʩʧʝʮʽʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʽʜ 

ʯʘʩʫ ʚʧʣʠʚʫ ʥʠʟʴʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ (ʤʽʥʫʩ 400 ʉ) ʫ ʩʪʘʪʠʯʥʠʭ ʫʤʦʚʘʭ 

ʏʘʩ 

ʟʘʤʦʨʦ-

ʞʫʚʘʥʥʷ 

ʧʨʦʙʠ, ʩ 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʩʧʝʮʽʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ: 

ʊʉʂ-15 ɹʎʂ ʇʄɹʂ-ʅ ɯɿʂ 

ʇʦʚʽʪʨʦ-

ʧʨʦʥʠʢ- 

ʥʽʩʪʴ, ɺ1, 

ʜʤ3/ʤ2ʩ 

ʂʦʝʬʽʮʽʻʥʪ 

ʤʦʨʦʟʦ-

ʩʪʽʡʢʦʩʪʽ,  ʂ 

ʇʦʚʽʪʨʦ-

ʧʨʦʥʠʢ-

ʥʽʩʪʴ, ɺ1, 

ʜʤ3/ʤ2ʩ 

ʂʦʝʬʽʮʽʻʥʪ 

ʤʦʨʦʟʦ-

ʩʪʽʡʢʦʩʪʽ,  

ʂ 

ʇʦʚʪ̔ʨʦ-

ʧʨʦʥʠʢ-

ʥʽʩʪʴ, ɺ1, 

ʜʤ3/ʤ2ʩ 

ʂʦʝʬʽʮʽʻʥʪ 

ʤʦʨʦʟʦ-

ʩʪʽʡʢʦʩʪʽ,  

ʂ 

ʇʦʚʽʪʨʦ-

ʧʨʦʥʠʢ-

ʥʽʩʪʴ, ɺ1, 

ʜʤ3/ʤ2ʩ 

ʂʦʝʬʽʮʽʻʥʪ 

ʤʦʨʦʟʦ-

ʩʪʽʡʢʦʩʪʽ,  

ʂ 

0 0,13 - 0,19 - 0,27 - 0,10 - 

3600 0,13 1,0 0,22 0,86 0,29 0,93 0,10 1,0 

7200 0,14 0,93 0,25 0,76 0,30 0,90 0,10 1,0 

10800 0,15 0,87 0,29 0,66 0,32 0,84 0,10 1,0 

14400 0,17 0,74 0,32 0,59 0,36 0,75 0,10 1,0 

18000 0,21 0,61 0,37 0,51 0,43 0,63 0,10 1,0 

 

ʅʘ ʧʽʜʩʪʘʚʽ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʪʘ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʤʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʧʨʦʙʠ ʤʘʪʝʨʽʘʣʫ ɯɿʂ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʯʘʩʫ ʝʢʩʧʦʟʠʮʽʾ ʚʧʣʠʚʫ ʥʠʟʴʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ (ʤʽʥʫʩ 400ʉ) ʟʘʣʠʰʘʣʠʩʷ 
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ʤʦʨʦʟʦʩʪʽʡʢʠʤʠ, ʦʩʢʽʣʴʢʠ ʟʥʘʯʝʥʥʷ ʾʭ ʧʦʚʽʪʨʦʧʨʦʥʠʢʥʦʩʪʽ ʟʘʣʠʰʘʣʦʩʷ ʧʦʩʪʽʡʥʠʤ = 0,1 ʜʤ3/ʤ2Ŀʩ, ʘ ʢʦʝʬʽʮʽʻʥʪ 

ʤʦʨʦʟʦʩʪʽʡʢʽʩʪʴ ʂ =1 (ʪʘʙʣ. 2). 

ʑʦʜʦ ʽʥʰʠʭ ʩʧʝʮʽʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʧʨʠʡʤʘʣʠ ʫʯʘʩʪʴ ʫ ʜʦʩʣʽʜʞʝʥʽ,  ʪʦ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʧʣʠʚ 

ʥʠʟʴʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʨʝʞʠʤ ʚʠʧʨʦʙʫʚʘʥʴ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʝʩʪʨʫʢʮʽʾ ʧʦʣʽʤʝʨʥʦʛʦ ʧʦʢʨʠʪʪʷ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ 

ʜʝʬʦʨʤʘʮʽʡ ʧʨʦʙ. ʅʘʧʨʠʢʣʘʜ, ʧʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ ʧʦʚʽʪʨʦʧʨʦʥʠʢʥʦʩʪʽ ʧʨʦʙ ʤʘʪʝʨʽʘʣʫ ʇʄɹʂ-ʅ ʜʦʨʽʚʥʶʻ 

0,27 ʜʤ3/ʤ2 ʩ (ʪʘʙʣ. 2). ʇʽʩʣʷ 3600 ʩ ʚʠʧʨʦʙʫʚʘʥʴ ʧʦʚʽʪʨʦʧʨʦʥʠʢʥʽʩʪʴ ʧʨʦʙ ʟʙʽʣʴʰʠʣʘʩʷ ʜʦ 0,29 ʜʤ3/ʤ2Ŀʩ, ʘ 

ʧʨʠ ʥʘʩʪʫʧʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʾʾ ʟʥʘʯʝʥʥʷ ʟʙʽʣʴʰʠʣʦʩʷ ʚʽʜ 0,3 ʜʤ3/ʤ2Ŀʩ (ʧʨʠ 7200 ʩ)  ʜʦ 0,43 ʜʤ3/ʤ2Ŀʩ (ʧʨʠ 

18000 ʩ)  ʧʨʠ ʢʦʥʪʘʢʪʽ ʟ ʥʠʟʴʢʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ. 

ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʧʦʙʫʜʦʚʘʥʦ ʛʨʘʬʽʯʥʫ ʟʘʣʝʞʥʽʩʪʴ ʟʘʟʥʘʯʝʥʠʭ 

ʚʝʣʠʯʠʥ, ʱʦ ʚʽʜʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 1. 

 

 
ʈʠʩ. 1.  ɿʤʽʥʘ ʢʦʝʬʽʮʽʻʥʪʘ ʤʦʨʦʟʦʩʪʽʡʢʦʩʪʽ ʟʘʣʝʞʥʦ ʚʽʜ ʯʘʩʫ ʚʧʣʠʚʫ ʥʠʟʴʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ (-40Áʉ) ʫ ʩʪʘʪʠʯʥʠʭ ʫʤʦʚʘʭ ʥʘ ʧʨʦʙʠ 

ʤʘʪʝʨʽʘʣʽʚ: 1 ï ɯɿʂ; 2 ï ʇʄɹʂ-ʅ; 3 ï ʊʉʂ-15; 4 ï ɹʎʂ 

 

ɸʥʘʣʽʟ ʢʨʠʚʠʭ ʟʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ ʧʦʚʽʪʨʦʧʨʦʥʠʢʥʦʩʪʽ ʧʨʦʙ ʩʧʝʮʽʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ ʽ 

ʢʽʣʴʢʦʩʪʽ ʮʠʢʣʽʚ çʟʘʤʦʨʦʞʫʚʘʥʥʷ-ʨʦʟʤʦʨʦʞʫʚʘʥʥʷè, ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʣʘʚʥʫ ʟʤʽʥʫ ʢʦʝʬʽʮʽʻʥʪʘ ʤʦʨʦʟʦʩʪʽʡʢʦʩʪʽ  

(ʨʠʩ. 1), ʧʨʠ ʮʴʦʤʫ ʫ ʧʨʦʙʘʭ ʤʘʪʝʨʽʘʣʫ ɯɿʂ ʢʦʥʪʨʦʣʴʦʚʘʥʠʡ ʧʦʢʘʟʥʠʢ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʠʤ ʧʨʦʪʷʛʦʤ 

ʫʩʴʦʛʦ ʯʘʩʫ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ (ʨʠʩ. 1, 1). 

ʆʜʥʦʟʥʘʯʥʽ ʚʠʩʥʦʚʢʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʽ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʱʦʜʦ ʧʨʦʙ 

ʩʧʝʮʽʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʊʉʂ-15 ʪʘ ɹʎʂ. ʊʘʢ, ʧʽʩʣʷ ʧʝʨʰʦʾ ʛʦʜʠʥʠ ʝʢʩʧʦʟʠʮʽʾ ʢʦʝʬʽʮʽʻʥʪ ʤʦʨʦʟʦʩʪʽʡʢʦʩʪʽ ʫ 

ʩʪʘʪʠʯʥʠʭ ʫʤʦʚʘʭ ʤʘʪʝʨʽʘʣʫ ʊʉʂ-15 ʟʘʣʠʰʠʚʩʷ ʥʘ ʨʽʚʥʽ ʦʜʠʥʠʮʽ, ʘ ʤʘʪʝʨʽʘʣʫ ɹʎʂ ï ʟʤʝʥʰʠʚʩʷ ʪʘ ʩʪʘʚ 

ʨʽʚʥʠʤ 0,86 (ʪʘʙʣ. 2). ʆʪʞʝ ʟʘʛʘʣʴʥʘ ʪʝʥʜʝʥʮʽʷ ʻ ʦʯʝʚʠʜʥʦʶ: ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ ʝʢʩʧʦʟʠʮʽʾ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʤʝʥʰʝʥʥʷ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʤʦʨʦʟʦʩʪʽʡʢʦʩʪʽ ʚ ʦʙʦʭ ʧʨʦʙʘʭ ʟʘʟʥʘʯʝʥʠʭ ʩʧʝʮʽʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʧʨʦʪʝ 

ʪʝʤʧ ʟʤʝʥʰʝʥʥʷ ʜʣʷ ʇʄɹʂ-ʅ ʫ ʯʘʩʽ ʻ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʠʤ (ʨʠʩ. 1, 2). 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤ ̔

ʇʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʪʘ ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʘʶʪʴ ʧʨʘʚʦ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʥʘʡʙʽʣʴʰ 

ʤʦʨʦʟʦʩʪʽʡʢʠʤ ʩʧʝʮʽʘʣʴʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʫ ʩʪʘʪʠʯʥʠʭ ʫʤʦʚʘʭ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ  ʻ ʩʧʝʮʽʘʣʴʥʠʡ ʤʘʪʝʨʽʘʣ ɯɿʂ 

ʟ ʧʦʣʽʤʝʨʥʠʤ ʧʦʢʨʠʪʪʷʤ, ʷʢʠʡ ʚʠʛʦʪʦʚʣʝʥʠʡ ʥʘ ʪʢʘʥʠʥʥʽʡ ʦʩʥʦʚʽ (ʧʦʣʽʘʤʽʜ 40 % + ʙʘʚʦʚʥʘ 60%)  ʟ 

ʜʚʦʩʪʦʨʦʥʥʽʤ ʧʦʢʨʠʪʪʷʤ ʟ ʢʘʫʯʫʢʫ ʪʠʧʫ ʉʂɽʇʊ-40.  
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ʂʨʽʤ ʪʦʛʦ, ʥʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʦʣʦʛʽʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʥʘʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʚʯʝʥʥʷ ʪʘ ʦʮʽʥʶʚʘʥʥʷ ʚʧʣʠʚʫ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʫ ʩʪʘʪʠʯʥʠʭ ʫʤʦʚʘʭ ʥʘ ʟʘʭʠʩʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʩʧʝʮʽʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʽʟʦʣʶʶʯʠʭ ʢʦʩʪʶʤʽʚ.  
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ʇʈʆɼʋʂʎɯɰ ʉɽʈɯɰ DEKODER DERUFA ɼʃʗ ʆɿɼʆɹʃɽʅʅʗ ʉʊɯʅʀ ɺ 

ʉʋʏɸʉʅʆʄʋ ɯʅʊɽʈôɭʈɯ 
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STUDY OF THE RANGE AND TECHNOLOGICAL FEATURES OF THE DERUFA DECODER SERIES FOR WALL 

DECORATION IN A MODERN INTERIOR  
 

The use of the products of the well-known German brand - DERUFA DecoDer series in decorative wall decoration in a modern 
interior gives unlimited opportunities for one's creativity and unique design. The range of products presented on the domestic market is 
distinguished by a wide range of colors, various environmental, operational, and technological characteristics, etc. Water-dispersed acrylic 
paints, decorative coatings, primers, and other DERUFA products of the DecoDer series offer unique innovative solutions with high-quality 
characteristics, focused on each client, following current market trends in the field of interior design and design. The available information 
about the finishing materials intended for wall decoration in modern interiors and represented by the DERUFA DecoDer series of products is 
insufficient and needs more clarification. 

The work presents the results of research related to the identification of the features of DERUFA products of the DecoDer series. 
The use of DERUFA water-dispersed acrylic paints of the DecoDer series has the following advantages: no smell when applying the paint to 
the wall, quick drying of the paint, and resistance to abrasion and moisture. Such paints are environmentally friendly and aesthetically 
attractive. DERUFA water-dispersed acrylic wall paints of the professional DecoDer series can be used together with decorative coatings, 
which are produced separately and can be applied to the painted surface to obtain a decorative relief coating on the wall surface in a 
modern interior. Such a coating is produced with various fillers imitating the effects of polished marble, velvet, suede, etc. To enhance the 
decorative effect, special primers of the DecoDer DERUFA series are used, the application of which, if a certain technology is followed, 
enhances the decorative effect. STUCCO PENELLO and STUCCO RILEVATO primers can be applied without restrictions on any mineral bases: 
plaster, brick, or plasterboard. However, it is not allowed to apply a primer on surfaces made with lime plaster, as well as on surfaces 
previously painted with oil, alkyd, or silicate paints. The primer is applied to the surface of the wall with a roller, and then the necessary relief 
of the surface is provided with a brush. To create relief, it is recommended to use chaotic cross-shaped or semicircular movements and 
special techniques. To add special decorative effects, it is possible to apply the material with a spatula or trowel. If you want to get a deeper 
relief, it is recommended to apply the material in two stages. POLICROMO BRILLIANTE primer can be applied with a brush, roller, sponge, or 
spatula on previously painted surfaces, except those painted with oil, alkyd, and silicate paints. When applying to the surface using a roller, 
the primer is first evenly distributed over the surface, and later the necessary effects are created using a spatula or brush. In addition, it is 
recommended to apply the material in limited areas to avoid its drying before the decoration begins. 

Thus, the considered studies presented in this work allow us to identify features related to the technological and operational 
capabilities of DERUFA products of the DecoDer series. The considered information is important for organizing the informative market. 

Keywords: wall decoration, modern interior, technological characteristics, operational capabilities, DERUFA products of the 
DecoDer series, water-dispersed acrylic paints, decorative coatings, primers. 
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ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ɺʦʜʥʦʜʠʩʧʝʨʩʽʡʥʽ ʘʢʨʠʣʦʚʽ ʬʘʨʙʠ, ʜʝʢʦʨʘʪʠʚʥʽ ʧʦʢʨʠʪʪʷ, ˇʨʫʥʪʦʚʢʠ ʪʘ ʽʥʰʘ ʧʨʦʜʫʢʮʽʷ ʚʽʜʦʤʦʛʦ 

ʥʽʤʝʮʴʢʦʛʦ ʙʨʝʥʜʫ ʩʝʨʽʾ DekoDer DERUFA, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʟʜʦʙʣʝʥʥʷ ʩʪʽʥʠ ʫ ʩʫʯʘʩʥʦʤʫ 

ʽʥʪʝʨôʻʨʽ, ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʚʽʪʯʠʟʥʷʥʦʤʫ ʨʠʥʢʫ. ɸʩʦʨʪʠʤʝʥʪ ʜʘʥʦʾ ʧʨʦʜʫʢʮʽʾ ʻ ʨʽʟʥʦʤʘʥʽʪʥʠʤ ʽ ʟ 

ʢʦʞʥʠʤ ʨʦʢʦʤ ʟʙʽʣʴʰʫʻʪʴʩʷ [1, 2]. ʅʘʨʘʟʽ, ʥʝʜʦʩʪʘʪʥʴʦ ʚʽʜʦʤʦʩʪʝʡ, ʱʦ ʩʪʦʩʫʻʪʴʩʷ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʾ ʧʨʦʜʫʢʮʽʾ, ʘ ʩʘʤʝ ʾʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʧʝʮʽʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʪʝʭʥʽʢ, ʥʘʷʚʥʦʩʪʽ ʧʨʦʬʝʩʽʡʥʠʭ ʥʘʚʠʢʽʚ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʨʦʜʫʢʮʽʾ ʪʦʱʦ.  

 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ 

ɺʦʜʥʦʜʠʩʧʝʨʩʽʡʥʽ ʘʢʨʠʣʦʚʽ ʬʘʨʙʠ, ʜʝʢʦʨʘʪʠʚʥʽ ʧʦʢʨʠʪʪʷ, ʛʨʫʥʪʦʚʢʠ ʪʘ ʽʥʰʘ ʧʨʦʜʫʢʮʽʷ ʩʝʨʽʾ 

DekoDer DERUFA ʧʨʦʧʦʥʫʶʪʴ ʫʥʽʢʘʣʴʥʽ ʽʥʥʦʚʘʮʽʡʥʽ ʨʽʰʝʥʥʷ ʟ ʚʠʩʦʢʦʷʢʽʩʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, 

ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʢʦʞʥʦʛʦ ʦʢʨʝʤʦʛʦ ʢʣʽʻʥʪʘ, ʜʦʪʨʠʤʫʶʯʠʩʴ ʘʢʪʫʘʣʴʥʠʭ ʪʨʝʥʜʽʚ ʨʠʥʢʫ ʚ ʛʘʣʫʟʽ ʽʥʪʝʨôʻʨʫ ʪʘ 

ʜʠʟʘʡʥʫ. ʅʘʷʚʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʦʟʜʦʙʣʶʚʘʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ʩʝʨʽʾ DekoDer DERUFA ʻ ʥʝʜʦʩʪʘʪʥʽʤʠ ʪʘ 

ʧʦʪʨʝʙʫʶʪʴ ʙʽʣʴʰʦʛʦ ʚʠʩʚʽʪʣʝʥʥʷ. ʆʩʦʙʣʠʚʦ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʧʨʦʜʫʢʮʽʾ, ʧʨʠʟʥʘʯʝʥʦʾ ʜʣʷ ʦʟʜʦʙʣʝʥʥʷ ʩʪʽʥʠ ʫ 

ʩʫʯʘʩʥʦʤʫ ʽʥʪʝʨôʻʨʽ[3, 4]. 

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʘʩʦʨʪʠʤʝʥʪʫ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʨʦʜʫʢʮʽʾ ʩʝʨʽʾ DekoDer 

DERUFA, ʱʦ ʧʨʠʩʫʪʥʷ ʥʘ ʚʽʪʯʠʟʥʷʥʦʤʫ ʨʠʥʢʫ, ʪʘ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʦʟʜʦʙʣʝʥʥʷ ʩʪʽʥʠ ʫ ʩʫʯʘʩʥʦʤʫ ʽʥʪʝʨôʻʨʽ, ʟ 

ʤʝʪʦʶ  ʫʢʦʤʧʣʝʢʪʫʚʘʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʛʦ ʨʠʥʢʫ. 

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ɿʘʩʣʫʞʝʥʦʶ ʧʦʧʫʣʷʨʥʽʩʪʶ ʥʘ ʚʽʪʯʠʟʥʷʥʦʤʫ ʨʠʥʢʫ ʢʦʨʠʩʪʫʶʪʴʩʷ ʚʦʜʥʦʜʠʩʧʝʨʩʽʡʥʽ ʘʢʨʠʣʦʚʽ ʬʘʨʙʠ, 

ʜʝʢʦʨʘʪʠʚʥʽ ʧʦʢʨʠʪʪʷ, ˇʨʫʥʪʦʚʢʠ ʪʘ ʽʥʰʘ ʧʨʦʜʫʢʮʽʷ ʥʘʜʽʡʥʦʛʦ ʥʽʤʝʮʴʢʦʛʦ ʚʠʨʦʙʥʠʢʘ ʥʘ ʚʽʪʯʠʟʥʷʥʦʤʫ ʨʠʥʢʫ  

ʩʝʨʽʾ DekoDer DERUFA[1ï4]. ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʥʦʜʠʩʧʝʨʩʽʡʥʠʭ  ʘʢʨʠʣʦʚʠʭ ʬʘʨʙ ʩʝʨʽʾ DekoDer DERUFA 

ʤʘʻ ʪʘʢʽ ʧʝʨʝʚʘʛʠ: 

- ɺ̔ ʜʩʫʪʥʽʩʪʴ ʟʘʧʘʭʫ ʧʨʠ ʥʘʥʝʩʝʥʥʽ ʬʘʨʙʠ ʥʘ ʩʪʽʥʫ. ʉʘʤʝ ʟ ʮʽʻʾ ʦʩʦʙʣʠʚʦʩʪʽ ʪʝʭʥʦʣʦʛʽʾ ʦʜʨʘʟʫ 

ʚʠʟʥʘʯʘʶʪʴ ʬʘʨʙʫ, ʷʢʦʶ ʙʫʣʦ ʧʦʬʘʨʙʦʚʘʥʦ ʧʨʠʤʽʱʝʥʥʷ. 

- ɺʦʜʥʦʜʠʩʧʝʨʩʽʡʥʘ ʘʢʨʠʣʦʚʘ ʬʘʨʙʘ ʰʚʠʜʢʦ ʚʠʩʠʭʘʻ ʥʘ ʧʦʚʝʨʭʥʽ. ɼʣʷ ʚʠʩʠʭʘʥʥʷ ʥʘ ʩʪʽʥʽ ʪʘʢʽʡ 

ʬʘʨʙʽ ʧʦʪʨʽʙʥʦ ʧʨʠʙʣʠʟʥʦ 1,5-2 ʛʦʜʠʥʠ.  

- ʊʘʢʘ ʬʘʨʙʘ ʥʝ ʙʦʾʪʴʩʷ ʚʦʣʦʛʠʭ ʧʨʠʤʽʱʝʥʴ ʽ ʧʦʩʪʽʡʥʦʛʦ ʧʨʠʙʠʨʘʥʥʷ. ʆʜʥʝ ʟ ʢʣʶʯʦʚʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʦʜʥʦʜʠʩʧʝʨʩʽʡʥʠʭ ʘʢʨʠʣʦʚʠʭ ʬʘʨʙ ï ʩʪʽʡʢʽʩʪʴ ʜʦ ʩʪʠʨʘʥʥʷ ʪʘ ʚʦʣʦʛʠ. ʗʢʽʩʥʘ ʬʘʨʙʘ ʚʽʜ 

ʥʘʜʽʡʥʦʛʦ ʚʠʨʦʙʥʠʢʘ çʚʠʪʨʠʤʫʻè ʯʘʩʪʝ ʤʠʪʪʷ ʟ ʜʝʟʽʥʬʝʢʮʽʻʶ ʚ ʦʬʽʩʽ, ʭʫʜʦʞʥʻ çʤʠʩʪʝʮʪʚʦè ʚ ʜʠʪʷʯʽʡ ʢʽʤʥʘʪʽ 

ʪʘ ʥʘʚʽʪʴ ʧʦʩʪʽʡʥʫ ʚʦʣʦʛʽʩʪʴ ʫ ʚʘʥʥʽʡ ʢʽʤʥʘʪʽ. 

- ɺʦʜʥʦʜʠʩʧʝʨʩʽʡʥʽ ʘʢʨʠʣʦʚʽ ʬʘʨʙʠ ʟʙʝʨʽʛʘʶʪʴ ʩʚʽʡ ʢʦʣʽʨ ʥʘʚʽʪʴ ʯʝʨʝʟ 10-15 ʨʦʢʽʚ ʧʽʩʣʷ 

ʬʘʨʙʫʚʘʥʥʷ.  

- ɺʦʜʥʦʜʠʩʧʝʨʩʽʡʥʽ ʘʢʨʠʣʦʚʽ ʬʘʨʙʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʘʢʪʠʯʥʦ ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʧʦʚʝʨʭʥʽ 

ʩʪʽʥʠ. 

- ɺʦʜʥʦʜʠʩʧʝʨʩʽʡʥʽ ʬʘʨʙʠ ʥʘ ʘʢʨʠʣʦʚʽʡ ʦʩʥʦʚʽ ʚʚʘʞʘʶʪʴʩʷ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʤʠ. ɺʦʥʠ ʥʝ 

ʚʠʜʽʣʷʶʪʴ ʥʽʷʢʠʭ ʰʢʽʜʣʠʚʠʭ ʽ ʥʝʙʝʟʧʝʯʥʠʭ ʨʝʯʦʚʠʥ, ʪʦʤʫ ʾʭ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʜʝʢʦʨʘʪʠʚʥʦʛʦ 

ʦʟʜʦʙʣʝʥʥʷ ʩʪʽʥʠ ʚ ʽʥʪʝʨôʻʨʽ ʜʠʪʷʯʠʭ ʢʽʤʥʘʪ, ʰʢʽʣ, ʣʽʢʘʨʝʥʴ. 

- ʌʘʨʙʫʚʘʥʥʷ ʩʪʽʥ ʚʦʜʥʦʜʠʩʧʝʨʩʽʡʥʠʤʠ  ʘʢʨʠʣʦʚʠʤʠ ʬʘʨʙʘʤʠ ʥʝ ʧʦʪʨʝʙʫʻ ʧʦʧʝʨʝʜʥʽʭ ʥʘʚʠʢʽʚ, 

ʪʦʤʫ ʙʫʜʝ ʧʽʜ ʩʠʣʫ ʥʘʚʽʪʴ ʧʦʯʘʪʢʽʚʮʷʤ. ɼʣʷ ʬʘʨʙʫʚʘʥʥʷ ʧʦʪʨʽʙʥʦ ʙʫʜʝ ʤʘʪʠ ʟʨʫʯʥʠʡ ʚʘʣʠʢ ʪʘ ʧʝʥʟʣʠʢ; ʪʘʢ 

ʷʢ ʮʷ ʬʘʨʙʘ ʰʚʠʜʢʦ ʚʠʩʠʭʘʻ, ʪʦ ʥʘʚʽʪʴ ʭʫʜʦʞʥʠʢ-ʧʦʯʘʪʢʽʚʝʮʴ ʟʤʦʞʝ ʩʪʚʦʨʠʪʠ ʩʚʦʻ ʜʦʤʘʰʥʻ çʛʨʘʬʽʪʽè ʥʘ 

ʧʦʬʘʨʙʦʚʘʥʽʡ ʩʪʽʥʽ. 

ɺʦʜʥʦʜʠʩʧʝʨʩʽʡʥʽ  ʘʢʨʠʣʦʚʽ ʬʘʨʙʠ ʜʣʷ ʩʪʽʥ ʧʨʦʬʝʩʽʡʥʦʾ ʩʝʨʽʾ DecoDer DERUFA ʟʨʦʙʣʝʥʽ ʟ 

ʥʘʪʫʨʘʣʴʥʠʭ ʩʢʣʘʜʦʚʠʭ, ʚʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʩʪʽʥʘʤ ʜʠʭʘʪʠ ʪʘ ʜʦʚʛʦ ʟʙʝʨʽʛʘʶʪʴ ʝʩʪʝʪʠʯʥʠʡ ʪʘ ʧʨʠʚʘʙʣʠʚʠʡ 

ʚʠʛʣʷʜ, ʾʭ ʪʝʭʥʦʣʦʛʽʯʥʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʊʘʙʣʠʮʽ 1. 

ɺʦʜʥʦʜʠʩʧʝʨʩʽʡʥʽ ʘʢʨʠʣʦʚʽ ʬʘʨʙʠ ʜʣʷ ʩʪʽʥ ʧʨʦʬʝʩʽʡʥʦʾ ʩʝʨʽʾ DecoDer DERUFA ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʨʘʟʦʤ ʟ ʜʝʢʦʨʘʪʠʚʥʠʤʠ ʧʦʢʨʠʪʪʷʤʠ[5], ʷʢʽ ʚʠʧʫʩʢʘʶʪʴʩʷ ʦʢʨʝʤʦ ʽ ʷʢʽ ʤʦʞʥʘ ʥʘʥʦʩʠʪʠ ʥʘ 

ʧʦʬʘʨʙʦʚʘʥʫ ʧʦʚʝʨʭʥʶ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʜʝʢʦʨʘʪʠʚʥʦʛʦ ʨʝʣʴʻʬʥʦʛʦ ʧʦʢʨʠʪʪʷ ʥʘ ʧʦʚʝʨʭʥʽ ʩʪʽʥʠ ʫ ʩʫʯʘʩʥʦʤʫ 

ʽʥʪʝʨôʻʨʽ. ʆʩʦʙʣʠʚʦʩʪʽ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʢʦʨʘʪʠʚʥʠʭ ʧʦʢʨʠʪʪʽʚ ʩʝʨʽʾ DecoDer DERUFA, ʷʢʽ ʻ ʥʘʨʘʟʽ 

ʥʘʡʙʽʣʴʰ ʟʘʪʨʝʙʫʚʘʥʠʤʠ ʥʘ ʚʽʪʯʠʟʥʷʥʦʤʫ ʨʠʥʢʫ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 2. 

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʧʦʢʘʟʥʠʢʽʚ ʩʪʽʡʢʦʩʪʽ ʜʦ ʩʪʠʨʘʥʥʷ (ʧʦʢʘʟʥʠʢʘ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ) ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ 

ʊʘʙʣʠʮʽ 1 ʽ ʚ ʊʘʙʣʠʮʽ 2, ʬʘʨʙ ʪʘ ʜʝʢʦʨʘʪʠʚʥʠʭ ʧʦʢʨʠʪʪʽʚ ʩʝʨʽʾ DecoDer DERUFA ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʪʝʩʪ 

ʄʘʨʪʠʥʜʝʡʣʘ (ʪʝʩʪ Martindale) [6]. 
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ʊʘʙʣʠʮʷ 1 

ʊʝʭʥʦʣʦʛʽʯʥʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  

ʚʦʜʥʦʜʠʩʧʝʨʩʽʡʥʠʭ  ʘʢʨʠʣʦʚʠʭ ʬʘʨʙ ʩʝʨʽʾ DecoDer DERUFA 

ˉ 

ʟ/ʧ 
ʅʘʟʚʘ ʆʩʦʙʣʠʚʦʩʪʽ 

ɺʠʪʨʘʪʠ, 

ʛʨ./ʤ. 

ʏʘʩ 

ʚʠʩʠʭʘʥʥʷ, 

ʛʦʜ 

ʉʪʽʡʢʽʩʪʴ ʜʦ 

ʩʪʠʨʘʥʥʷ, 

ʮʠʢʣʠ 

1 STUCCO 

PENELLO 

ʐʚʠʜʢʦʚʠʩʠʭʘʶʯʘ ʚʦʜʦʨʦʟʯʠʥʥʘ ʬʘʨʙʘ ʥʘ ʦʩʥʦʚʽ 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʘʢʨʠʣʦʚʠʭ ʧʦʣʽʤʝʨʽʚ; ʚʦʣʦʜʽʻ 

ʧʽʜʚʠʱʝʥʦʶ ʘʜʛʝʟʽʻʶ; ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ 

ʜʣʷ ʜʝʢʦʨʘʪʠʚʥʦʛʦ ʦʟʜʦʙʣʝʥʥʷ ʩʪʽʥʠ ʚ ʽʥʪʝʨôʻʨʽ 

ʞʠʪʣʦʚʦʛʦ ʯʠ ʩʫʩʧʽʣʴʥʦʛʦ ʧʨʠʤʽʱʝʥʥʷ 

300-500 2:00 10000 

2 POLICROMO 

BRILLIANTE  

ʇʝʨʣʘʤʫʪʨʦʚʘ ʣʝʩʠʨʫʚʘʣʴʥʘ ʘʢʨʠʣʦʚʘ ʬʘʨʙʘ;  

ʚʠʧʫʩʢʘʻʪʴʩʷ ʚ ʪʨʴʦʭ ʚʘʨʽʘʥʪʘʭ: ʟʦʣʦʪʘ, ʩʨʽʙʥʘ ʽ 

"ʭʘʤʝʣʝʦʥ";  ʥʘʧʽʚʧʨʦʟʦʨʘ ʬʘʨʙʘ ʟ 

ʧʝʨʣʘʤʫʪʨʦʚʠʤʠ ʧʽʛʤʝʥʪʘʤʠ çʟʦʣʦʪʘè ʯʠ çʩʨʽʙʣʘè 

ʩʪʚʦʨʶʻ ʥʘ ʧʦʚʝʨʭʥʽ, ʱʦ ʬʘʨʙʫʻʪʴʩʷ, ʥʝʧʦʚʪʦʨʥʽ 

ʢʦʣʽʨʥʽ ʧʝʨʝʣʠʚʠ; "ʭʘʤʝʣʝʦʥ" ʟʤʽʥʶʻ ʢʦʣʽʨ 

ʧʦʬʘʨʙʦʚʘʥʦʾ ʩʪʽʥʠ ʟʘʣʝʞʥʦ ʚʽʜ ʢʫʪʘ ʟʦʨʫ.  

120-150 1:00 10000 

3 RUGOSO 

MURO 

ɺʦʜʦʨʦʟʯʠʥʥʘ ʬʘʨʙʘ ʟ ʢʚʘʨʮʦʚʠʤ ʥʘʧʦʚʥʶʚʘʯʝʤ 

ʥʘ ʦʩʥʦʚʽ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʘʢʨʠʣʦʚʠʭ ʧʦʣʽʤʝʨʽʚ; 

ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʬʘʨʙʫ ʫ ʚʠʛʣʷʜʽ 

ʘʜʛʝʟʽʡʥʦʛʦ ˇʨʫʥʪʫ ʧʨʠ ʥʘʥʝʩʝʥʥʽ ʨʽʟʥʠʭ 

ʨʝʣʴʻʬʥʠʭ ʧʦʢʨʠʪʪʽʚ ʥʘ ʨʘʥʽʰʝ ʧʦʬʘʨʙʦʚʘʥʫ 

ʧʦʚʝʨʭʥʶ. 

300-500 1:00 10000 

4 TIMANTTI  

NK 

ɺʦʜʦʨʦʟʯʠʥʥʘ ʘʢʨʠʣʦʚʘ ʬʘʨʙʘ ʜʣʷ ʩʪʽʥ ʫ ʽʥʪʝʨôʻʨʽ; 

ʧʝʨʝʰʢʦʜʞʘʻ ʫʪʚʦʨʝʥʥʶ ʮʚʽʣʽ ʪʘ ʛʨʠʙʢʘ; 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʩʫʭʠʭ ʪʘ ʚʦʣʦʛʠʭ 

ʧʨʠʤʽʱʝʥʴ; ʬʘʨʙʘ ʩʪʽʡʢʘ ʜʦ ʩʪʠʨʘʥʥʷ ʪʘ ʤʠʪʪʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʭʽʤʽʯʥʠʭ ʟʘʩʦʙʽʚ; ʜʣʷ ʬʘʨʙʫʚʘʥʥʷ 

ʙʝʪʦʥʥʠʭ, ʦʰʪʫʢʘʪʫʨʝʥʠʭ, ʟʘʰʧʘʢʣʴʦʚʘʥʠʭ 

ʮʝʛʣʷʥʠʭ ʧʦʚʝʨʭʦʥʴ 

150-300 2:00 10000 

 

ʊʘʙʣʠʮʷ 2 

ʊʝʭʥʦʣʦʛʽʯʥʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʢʦʨʘʪʠʚʥʠʭ ʧʦʢʨʠʪʪʽʚ  ʩʝʨʽʾ DecoDer DERUFA 

ˉ 

ʟ/ʧ 
ʅʘʟʚʘ ʆʩʦʙʣʠʚʦʩʪʽ 

ɺʠʪʨʘʪʠ, 

ʛʨ./ʤ 

ʧʦʛ. 

ʏʘʩ 

ʚʠʩʠʭʘʥʥʷ, 

ʛʦʜ 

ʉʪʽʡʢʽʩʪʴ 

ʜʦ 

ʩʪʠʨʘʥʥʷ, 

ʮʠʢʣʠ 

1 STUCCO 

RILEVATO ʄY 

ʈʝʣʴʻʬʥʝ ʜʝʢʦʨʘʪʠʚʥʝ ʧʦʢʨʠʪʪʷ ʟ 

ʩʝʨʝʜʥʴʦʟʝʨʥʠʩʪʠʤ ʤʘʨʤʫʨʦʚʠʤ 

ʥʘʧʦʚʥʶʚʘʯʝʤ;  ʽʤʽʪʫʻ ʝʬʝʢʪ ʧʦʣʽʨʦʚʘʥʦʛʦ 

ʤʘʨʤʫʨʫ; ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʧʦʣʽʤʝʨʥʫ 

ʢʦʤʧʦʟʠʮʽʶ ʥʘ ʦʩʥʦʚʽ ʘʢʨʠʣʦʚʠʭ ʩʤʦʣ ʽ 

ʤʘʨʤʫʨʦʚʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ; ʚʦʣʦʜʽʻ 

ʧʨʝʢʨʘʩʥʦʶ ʘʜʛʝʟʽʻʶ, ʛʘʨʥʦʶ ʚʦʜʦʩʪʽʡʢʽʩʪʶ ʽ 

ʩʪʽʡʢʽʩʪʶ ʜʦ ʤʦʢʨʦʛʦ ʩʪʠʨʘʥʥʷ.  

1000-

2000 
2:00 10000 

2 PASTELLO 

MEDITERRANEO 

ʂM 

ɼʝʢʦʨʘʪʠʚʥʝ ʥʘʧʽʚʧʨʦʟʦʨʝ ʤʘʪʦʚʝ ʧʦʢʨʠʪʪʷ, 

ʱʦ ʥʘʜʘʻ ʩʪʽʥʘʤ ʝʬʝʢʪ ʦʢʩʘʤʠʪʫ; ʬʘʨʙʫʚʘʥʥʷ 

ʟ ʥʝʨʽʚʥʦʤʽʨʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʢʦʣʴʦʨʫ ʧʦ 

ʧʦʚʝʨʭʥʽ; ʢʨʘɦʝ ʚʩʴʦʛʦ ʥʘʥʦʩʠʪʠ ʥʘ 

ʧʦʚʝʨʭʥʽ, ʱʦ ʨʘʥʽʰʝ ʧʦʬʘʨʙʦʚʘʥʽ ʬʘʨʙʘʤʠ ʟ 

ʞʦʨʩʪʢʠʤ ʤʽʥʝʨʘʣʴʥʠʤ ʥʘʧʦʚʥʶʚʘʯʝʤ.  

120-150 1:00 10000 

3 CRʂOSTA VS ʈʝʣʴʻʬʥʝ ʜʝʢʦʨʘʪʠʚʥʝ ʧʦʢʨʠʪʪʷ ʟ 

ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʤ ʥʘʧʦʚʥʶʚʘʯʝʤ; ʽʤʽʪʫʻ ʝʬʝʢʪ 

ʟʘʤh̔ ; ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʧʦʣʽʤʝʨʥʫ 

ʢʦʤʧʦʟʠʮʽʶ ʥʘ ʦʩʥʦʚʽ ʘʢʨʠʣʦʚʠʭ ʩʤʦʣ ʽ 

ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ; ʚʦʣʦʜʽʻ 

ʧʨʝʢʨʘʩʥʦʶ ʘʜʛʝʟʽʻʶ, ʛʘʨʥʦʶ ʚʦʜʦʩʪʽʡʢʽʩʪʶ ʽ 

ʩʪʽʡʢʽʩʪʶ ʜʦ ʤʦʢʨʦʛʦ ʩʪʠʨʘʥʥʷ.  

1000-

2000 
2:00 10000 
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ʈʠʩ. 1. ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʝʢʦʨʘʪʠʚʥʦʛʦ ʧʦʢʨʠʪʪʷ ʩʝʨʽʾ DecoDer DERUFA ʥʘ ʩʪʽʥʽ  

 

ɼʣʷ ʧʽʜʩʠʣʝʥʥʷ ʜʝʢʦʨʘʪʠʚʥʦʛʦ ʝʬʝʢʪʫ ʥʘ ʩʪʽʥʽ ʫ ʩʫʯʘʩʥʦʤʫ ʽʥʪʝʨôʻʨʽ, ʚʝʣʠʢʦʾ ʧʦʧʫʣʷʨʥʦʩʪʽ 

ʥʘʙʠʨʘʶʪʴ ʩʧʝʮʽʘʣʴʥʽ ˇʨʫʥʪʦʚʢʠ ʩʝʨʽʾ DecoDer DERUFA[7], ʥʘʥʝʩʝʥʥʷ ʷʢʠʭ ʧʨʠ ʜʦʪʨʠʤʘʥʥʽ ʧʝʚʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ ʧʽʜʩʠʣʶʶʪʴ ʜʝʢʦʨʘʪʠʚʥʽ ʝʬʝʢʪʠ; ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʬʝʢʪʽʚ ʥʘʚʝʜʝʥʽ ʚ ʊʘʙʣʠʮʽ 3. 

 

ʊʘʙʣʠʮʷ 3 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʢʦʨʘʪʠʚʥʠʭ ʝʬʝʢʪʽʚ, ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʧʝʮʽʘʣʴʥʠʭ ˇʨʫʥʪʦʚʦʢ ʩʝʨʽʾ DecoDer DERUFA 

ˉ 

ʟ/ʧ 
ʅʘʟʚʘ ɼʝʢʦʨʘʪʠʚʥʠʡ ʝʬʝʢʪ 

1 

STUCCO 

PENELLO  

ɼʣ̫ ʧʦʩʠʣʝʥʥʷ ʝʬʝʢʪʽʚ ʨʝʣʴʻʬʫ ʽ ʥʘʜʘʥʥʷ ʩʪʽʥʘʤ ʪʨʘʜʠʮʽʡʥʦʛʦ ʚʠʛʣʷʜʫ 

ʩʝʨʝʜʟʝʤʥʦʤʦʨʩʴʢʦʾ ʩʪʽʥʠ, ʚʠʨʦʙʥʠʢ ʨʝʢʦʤʝʥʜʫʻ ʥʘʥʦʩʠʪʠ ʧʦʚʝʨʭ ʧʦʢʨʠʪʪʷ 

PASTELLO MEDITERANEO. 

2 

STUCCO 

RILEVATO  

ɼʣʷ ʧʦʩʠʣʝʥʥʷ ʝʬʝʢʪʽʚ ʨʝʣʴʻʬʫ ʽ ʥʘʜʘʥʥʷ ʩʪʽʥʘʤ ʪʨʘʜʠʮʽʡʥʦʛʦ ʚʠʛʣʷʜʫ 

ʤʦʨʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʚʠʨʦʙʥʠʢ ʨʝʢʦʤʝʥʜʫʻ ʥʘʥʦʩʠʪʠ ʧʦʚʝʨʭʫ ʧʦʢʨʠʪʪʷ 

ʩʪʽʥʠ, ʧʦʬʘʨʙʦʚʘʥʦʾ ʚ ʙʣʘʢʠʪʥʠʡ ʢʦʣʽʨ. 

 

3 

POLICROMO 

BRILLIANTE  

ʆʩʦʙʣʠʚʠʭ ʜʝʢʦʨʘʪʠʚʥʠʭ ʝʬʝʢʪʽʚ ʤʦʞʥʘ ʜʦʩʷʛʥʫʪʠ, ʢʦʣʠ ʥʘʥʦʩʠʪʠ 

ʧʦʩʣʽʜʦʚʥʦ ʰʘʨ ʟʘ ʰʘʨʦʤ ʬʘʨʙʠ ʨʽʟʥʠʭ ʢʦʣʴʦʨʽʚ. ʇʨʠʚʘʙʣʠʚʽ ʧʦʚʝʨʭʥʽ 

ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ, ʢʦʣʠ ʥʘʥʦʩʠʪʠ POLICROMO BRILLIANTE ʥʘ ʧʦʚʝʨʭʥʶ 

ʩʪʽʥʠ, ʱʦ ʧʦʬʘʨʙʦʚʘʥʘ ʚ ʨʽʟʥʽ ʢʦʣʴʦʨʠ; ʪʘʢʘ ʩʪʽʥʘ ʤʘʻ ʚʠʩʦʢʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʜʦʩʪʽʡʢʦʩʪʽ ʪʘ ʩʪʽʡʢʦʩʪʽ ʜʦ ʩʪʠʨʘʥʥʷ. 

 

4 

RUGOSO MURO  ʇʽʜʢʨʝʩʣʶʻ ʛʣʠʙʦʢʠʡ ʜʝʢʦʨʘʪʠʚʥʠʡ ʝʬʝʢʪ ʧʨʠ ʥʘʥʝʩʝʥʥʽ ʥʘ ʧʦʚʝʨʭʥʽ, ʷʢʽ 

ʚʞʝ ʦʟʜʦʙʣʝʥʽ ʬʘʨʙʘʤʠ IMPRONTA, STUCCO RILEVATO ʽ CROSTA. 

ʄʘʪʝʨʽʘʣ ʽʤʽʪʫʻ ʝʬʝʢʪ ʟʽʩʪʘʨʝʥʦʾ ʩʪʽʥʠ ʟ ʧʣʘʚʥʠʤʠ ʢʦʣʽʨʥʠʤʠ ʧʝʨʝʭʦʜʘʤʠ. 

 

5 

PASTELLO 

MEDITERRANEO  

ɼʣʷ ʧʦʩʠʣʝʥʥʷ ʝʬʝʢʪʽʚ ʨʝʣʴʻʬʫ ʽ ʥʘʜʘʥʥʷ ʩʪʽʥʘʤ ʪʨʘʜʠʮʽʡʥʦʛʦ ʚʠʛʣʷʜʫ 

ʤʦʨʦʟʥʦʛʦ ʚʽʟʝʨʫʥʢʫ, ʚʠʨʦʙʥʠʢ ʨʝʢʦʤʝʥʜʫʻ ʥʘʥʦʩʠʪʠ ʧʦʚʝʨʭ ʧʦʬʘʨʙʦʚʘʥʦʾ 

ʩʪʽʥʠ ʮʝ ʧʦʢʨʠʪʪʷ. 

 

6 

CROSTA SR ɼʣʷ ʧʽʜʩʠʣʝʥʥʷ ʽ ʚʠʜʽʣʝʥʥʷ ʜʝʢʦʨʘʪʠʚʥʦʛʦ ʝʬʝʢʪʫ ʢʦʨʠ ʜʝʨʝʚʘ ʧʨʠ 

ʥʘʥʝʩʝʥʥʽ ʥʘ ʧʦʬʘʨʙʦʚʘʥʽ ʨʘʥʽʰʝ ʧʦʚʝʨʭʥʽ, ʚʠʢʦʥʘʥʽ ʬʘʨʙʘʤʠ STUCCO 

RILEVATO ʽ CROSTA.  

 

 

ˆʨʫʥʪʦʚʢʠ ʩʝʨʽʾ DecoDer DERUFA [7] ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʬʘʨʙ ʟ ʮʽʻʾ ʩʝʨʽʾ ʪʘ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʚʠʰʫʢʘʥʽ ʜʝʢʦʨʘʪʠʚʥʽ ʧʦʢʨʠʪʪʷ ʥʘ ʩʪʽʥʽ, ʚʘʨʽʘʥʪʠ ʪʘʢʦʛʦ ʦʟʜʦʙʣʝʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʈʠʩʫʥʢʫ 2, ʮʽ ˇʨʫʥʪʦʚʢʠ 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʝ ʪʽʣʴʢʠ ʜʣʷ ʧʦʬʘʨʙʦʚʘʥʠʭ ʩʪʽʥ, ʾʭ ʤʦʞʥʘ ʥʘʥʦʩʠʪʠ ʥʘ ʜʝʨʝʚôʷʥʽ, ʦʮʠʥʢʦʚʘʥʽ, 

ʧʣʘʩʪʠʢʦʚʽ ʧʦʚʝʨʭʥʽ ʪʦʱʦ. ʆʩʦʙʣʠʚʽ ʫʤʦʚʠ ʥʘʥʝʩʝʥʥʷ ˇʨʫʥʪʦʚʦʢ ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ 

ʧʝʚʥʠʭ ʪʝʭʥʽʢ, ʤʘʪʝʨʽʘʣʽʚ, ʦʙʣʘʜʥʘʥʥʷ ʪʦʱʦ. ʈʦʟʛʣʷʥʝʤʦ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʘʩʦʨʪʠʤʝʥʪ ˇʨʫʥʪʦʚʦʢ ʩʝʨʽʾ 

DecoDer DERUFA  ʪʘ ʾʭʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ[7]. 

ˆʨʫʥʪʦʚʢʠ STUCCO PENELLO ʽ  STUCCO RILEVATO ʤʦʞʥʘ ʥʘʥʦʩʠʪʠ ʙʝʟ ʦʙʤʝʞʝʥʴ ʥʘ ʙʫʜʴ-ʷʢʽ 

ʤʽʥʝʨʘʣʴʥʽ ʦʩʥʦʚʠ: ʰʪʫʢʘʪʫʨʢʫ, ʮʝʛʣʫ, ʛʽʧʩʦʢʘʨʪʦʥ. ʇʨʦʪʝ ʥʝ ʜʦʧʫʩʢʘʻʪʴʩʷ ʥʘʥʝʩʝʥʥʷ ˇʨʫʥʪʦʚʢʠ ʥʘ 

ʧʦʚʝʨʭʥʽ, ʚʠʢʦʥʘʥʽ ʚʘʧʥʷʥʦʶ ʰʪʫʢʘʪʫʨʢʦʶ, ʘ ʪʘʢʦʞ ʥʘ ʧʦʚʝʨʭʥʽ, ʨʘʥʽʰʝ ʧʦʬʘʨʙʦʚʘʥʽ ʦʣʽʡʥʠʤʠ, ʘʣʢʽʜʥʠʤʠ 

ʘʙʦ ʩʠʣʽʢʘʪʥʠʤʠ ʬʘʨʙʘʤʠ. ˆʨʫʥʪʦʚʢʫ ʥʘʥʦʩʠʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʶ ʩʪʽʥʠ ʚʘʣʠʢʦʤ, ʘ ʧʦʪʽʤ ʥʝʦʙʭʽʜʥʠʡ ʨʝʣʴʻʬ 

ʧʦʚʝʨʭʥʽ ʥʘʜʘʻʪʴʩʷ ʧʝʥʟʣʝʤ. ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʨʝʣʴʻʬʫ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʭʘʦʪʠʯʥʽ 

ʭʨʝʩʪʦʧʦʜʽʙʥʽ ʘʙʦ ʥʘʧʽʚʢʦʣʦʚʽ ʨʫʭʠ ʪʘ ʩʧʝʮʽʘʣʴʥʽ ʪʝʭʥʽʢʠ. ɼʣʷ ʜʦʜʘʥʥʷ ʦʩʦʙʣʠʚʠʭ ʜʝʢʦʨʘʪʠʚʥʠʭ ʝʬʝʢʪʽʚ 

ʤʦʞʣʠʚʝ ʥʘʥʝʩʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʧʘʪʝʣʷ ʘʙʦ ʢʝʣʴʤʠ. ʗʢʱʦ ʧʦʪʨʽʙʥʦ ʦʪʨʠʤʘʪʠ ʙʽʣʴʰ ʛʣʠʙʦʢʠʡ 

ʨʝʣʴʻʬ, ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʥʘʥʦʩʠʪʠ ʤʘʪʝʨʽʘʣ ʫ ʜʚʘ ʝʪʘʧʠ. 
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ʈʠʩ. 2. ɼʝʢʦʨʘʪʠʚʥʽ ʧʦʢʨʠʪʪʷ ʥʘ ʩʪʽʥʽ ʬʘʨʙ ʩʝʨʽʾ DecoDer DERUFA  ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʝʮʽʘʣʴʥʠʭ ˇʨʫʥʪʦʚʦʢ 

 

ˆʨʫʥʪʦʚʢʫ POLICROMO BRILLIANTE ʤʦʞʥʘ ʥʘʥʦʩʠʪʠ ʧʝʥʟʣʠʢʦʤ, ʚʘʣʠʢʦʤ, ʛʫʙʢʦʶ, ʰʧʘʪʝʣʝʤ ʥʘ 

ʨʘʥʽʰʝ ʧʦʬʘʨʙʦʚʘʥʽ ʧʦʚʝʨʭʥʽ ʟʘ ʚʠʥʷʪʢʦʤ ʪʘʢʠʭ, ʱʦ ʙʫʣʠ ʧʦʬʘʨʙʦʚʘʥʽ ʦʣʽʡʥʠʤʠ, ʘʣʢʽʜʥʠʤʠ ʽ ʩʠʣʽʢʘʪʥʠʤʠ 

ʬʘʨʙʘʤʠ. ʂʦʣʠ ʥʘʥʝʩʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʶ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʘʣʠʢʘ, ʪʦ ˇʨʫʥʪʦʚʢʘ ʩʧʦʯʘʪʢʫ ʨʽʚʥʦʤʽʨʥʦ 

ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʧʦ ʧʦʚʝʨʭʥʽ, ʘ ʚʞʝ ʧʽʟʥʽʰʝ ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʧʘʪʝʣʷ ʘʙʦ ʢʠʩʪʽ ʩʪʚʦʨʶʶʪʴʩʷ ʥʝʦʙʭʽʜʥʽ ʝʬʝʢʪʠ. 

ʑʦʙ ʫʥʠʢʥʫʪʠ ʚʠʜʠʤʠʭ ʩʪʠʢʽʚ ʬʘʭʽʚʮʽ ʨʝʢʦʤʝʥʜʫʶʪʴ ʥʘʥʦʩʠʪʠ ʤʘʪʝʨʽʘʣ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʝʭʥʽʢʫ çʧʦ 

ʤʦʢʨʦʤʫ ʢʨʘʶè. ɸ ʪʘʢʦʞ ʤʦʞʥʘ ʥʘʥʦʩʠʪʠ ʤʘʪʝʨʽʘʣ ʥʘ ʩʪʽʥʫ ʜʦʙʨʝ ʚʽʜʞʘʪʦʶ ʚʦʣʦʛʦʶ ʛʫʙʢʦʶ. ʎʽʢʘʚʠʡ 

ʜʝʢʦʨʘʪʠʚʥʠʡ ʝʬʝʢʪ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ, ʢʦʣʠ ʥʘʥʝʩʪʠ ʤʘʪʝʨʽʘʣ ʩʧʝʮʽʘʣʴʥʠʤ ʪʘʤʧʦʥʦʤ ʟʽ ʰʤʘʪʦʯʢʘʤʠ ʰʪʫʯʥʦʾ 

ʰʢʽʨʠ. 

ˆʨʫʥʪʦʚʢʫ RUGOSO MURO ʤʦʞʥʘ ʥʘʥʦʩʠʪʠ ʥʘ ʨʽʟʥʽ ʤʽʥʝʨʘʣʴʥʽ ʦʩʥʦʚʠ, ʚʢʣʶʯʘʶʯʠ ʰʪʫʢʘʪʫʨʢʫ, 

ʮʝʛʣʫ ʪʘ ʛʽʧʩʦʢʘʨʪʦʥ. ʇʨʦʪʝ ʥʝ ʜʦʧʫʩʢʘʻʪʴʩʷ ʥʘʥʝʩʝʥʥʷ ʧʨʦʜʫʢʪʫ ʥʘ ʧʦʚʝʨʭʥʽ, ʱʦ ʚʠʢʦʥʘʥʽ ʚʘʧʥʷʥʦʶ 

ʰʪʫʢʘʪʫʨʢʦʶ, ʘ ʪʘʢʦʞ ʥʘ ʧʦʚʝʨʭʥʽ, ʨʘʥʽʰʝ ʧʦʬʘʨʙʦʚʘʥʽ ʦʣʽʡʥʠʤʠ, ʘʣʢʽʜʥʠʤʠ ʘʙʦ ʩʠʣʽʢʘʪʥʠʤʠ ʬʘʨʙʘʤʠ. 

ʇʝʨʝʜ ʥʘʥʝʩʝʥʥʷʤ ʤʘʪʝʨʽʘʣʫ ʥʘ ʩʪʽʥʫ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʩʪʽʥʫ ʧʦʧʝʨʝʜʥʴʦ ʧʦˇʨʫʥʪʫʚʘʪʠ. ˆʨʫʥʪʦʚʢʫ 

ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʥʘʥʦʩʠʪʠ ʥʘ ʧʦʚʝʨʭʥʶ ʩʪʽʥʠ ʚʘʣʠʢʦʤ ʘʙʦ ʧʝʥʟʣʝʤ. 

ˆʨʫʥʪʦʚʢʫ PASTELLO MEDITERRANEO ʤʦʞʥʘ ʥʘʥʦʩʠʪʠ ʥʘ ʨʘʥʽʰʝ ʟʘʙʘʨʚʣʝʥʽ ʧʦʚʝʨʭʥʽ. ʇʨʠʯʦʤʫ, 

ʥʝ ʜʦʧʫʩʢʘʻʪʴʩʷ ʥʘʥʦʩʠʪʠ ʥʘ ʧʦʚʝʨʭʥʽ, ʧʦʬʘʨʙʦʚʘʥʽ ʦʣʽʡʥʠʤʠ, ʘʣʢʽʜʥʠʤʠ ʽ ʩʠʣʽʢʘʪʥʠʤʠ ʬʘʨʙʘʤʠ. ɰʾ ʤʦʞʥʘ 

ʨʦʟʙʘʚʣʷʪʠ ʚʦʜʦʶ ʜʦ 30%. ʈʦʙʦʪʠ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʧʨʦʚʦʜʠʪʠ ʫ ʜʚʘ ʝʪʘʧʠ. ʉʧʦʯʘʪʢʫ ʤʘʪʝʨʽʘʣ ʥʘʥʦʩʠʪʴʩʷ ʥʘ 

ʧʦʚʝʨʭʥʶ ʚʘʣʠʢʦʤ ʘʙʦ ʢʠʩʪʶ, ʧʦʪʽʤ ʚʽʜʨʘʟʫ ʞ, ʥʝ ʜʘʶʯʠ ʤʘʪʝʨʽʘʣʫ ʧʽʜʩʦʭʥʫʪʠ, ʚʠʢʦʥʫʻʪʴʩʷ ʦʩʪʘʪʦʯʥʝ 

ʜʝʢʦʨʫʚʘʥʥʷ ʧʝʥʟʣʝʤ ʘʙʦ ʛʫʙʢʦʶ. ʇʨʠ ʮʴʦʤʫ ʧʝʥʟʣʝʤ ʤʦʞʥʘ ʚʠʢʦʥʫʚʘʪʠ ʧʝʨʝʨʠʚʠʩʪʽ ʢʨʫʛʦʚʽ ʨʫʭʠ, ʘ ʛʫʙʢʘ  

ʟʜʘʪʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʚ çʧʦʪʨʽʙʥʠʭè ʤʽʩʮʷʭ ʟʙʽʨ ʤʘʪʝʨʽʘʣʫ ʟ ʧʦʚʝʨʭʥʽ. ʂʨʽʤ ʪʦʛʦ, ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʥʘʥʦʩʠʪʠ 

ʤʘʪʝʨʽʘʣ ʦʙʤʝʞʝʥʠʤʠ ʧʣʦʱʘʤʠ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʡʦʛʦ ʚʠʩʠʭʘʥʥʷ ʜʦ ʧʦʯʘʪʢʫ ʜʝʢʦʨʫʚʘʥʥʷ. 

ˆʨʫʥʪʦʚʢʫ CROSTA SR ʤʦʞʥʘ ʥʘʥʦʩʠʪʠ ʙʝʟ ʦʙʤʝʞʝʥʴ ʥʘ ʙʫʜʴ-ʷʢʽ ʤʽʥʝʨʘʣʴʥʽ ʦʩʥʦʚʠ: ʰʪʫʢʘʪʫʨʢʫ, 

ʮʝʛʣʫ, ʛʽʧʩʦʢʘʨʪʦʥ ʪʦʱʦ. ʅʝ ʜʦʧʫʩʢʘʻʪʴʩʷ ʥʘʥʝʩʝʥʥʷ ˇʨʫʥʪʦʚʢʠ ʥʘ ʧʦʚʝʨʭʥʽ, ʷʢʽ ʚʠʢʦʥʘʥʽ ʚʘʧʥʷʥʦʶ 

ʰʪʫʢʘʪʫʨʢʦʶ, ʘ ʪʘʢʦʞ ʥʘ ʧʦʚʝʨʭʥʽ, ʱʦ ʙʫʣʠ ʨʘʥʽʰʝ ʧʦʬʘʨʙʦʚʘʥʽ ʦʣʽʡʥʠʤʠ, ʘʣʢʽʜʥʠʤʠ ʘʙʦ ʩʠʣʽʢʘʪʥʠʤʠ 

ʬʘʨʙʘʤʠ. ʇʝʨʝʜ ʥʘʥʝʩʝʥʥʷʤ ˇʨʫʥʪʦʚʢʠ ʥʘ ʩʪʽʥʫ ʩʣʽʜ ʧʝʨʝʢʦʥʘʪʠʩʷ ʚ ʪʦʤʫ, ʱʦ ʨʘʥʽʰʝ ʥʘʥʝʩʝʥʠʡ ʤʘʪʝʨʽʘʣ 

ʚʦʣʦʜʽʻ ʜʦʩʪʘʪʥʴʦʶ ʥʝʩʫʯʦʶ ʟʜʘʪʥʽʩʪʶ, ʚ ʽʥʘʢʰʦʤʫ ʚʠʧʘʜʢʫ ʩʪʽʥʫ ʧʦʪʨʽʙʥʦ ʙʫʜʝ ʩʧʦʯʘʪʢʫ ʧʦˇʨʫʥʪʫʚʘʪʠ. 

ʉʘʤ ʤʘʪʝʨʽʘʣ ʥʘʥʦʩʠʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʶ ʩʪʽʥʠ ʢʝʣʴʤʦʶ. ʇʝʨʰʠʡ ʰʘʨ ʤʘʪʝʨʽʘʣʫ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʥʘʥʝʩʪʠ 

ʤʘʢʩʠʤʘʣʴʥʦ ʨʽʚʥʦʤʽʨʥʦ. ʇʦʪʽʤ ʩʣʽʜ ʚʩʝ ʟʘʣʠʰʠʪʠ ʥʘ 30 ʭʚʠʣʠʥ. ʇʽʩʣʷ ʮʴʦʛʦ,  ʩʣʽʜ ʢʝʣʴʤʦʶ ʟʘʪʠʨʘʪʠ 

ʧʦʚʝʨʭʥʶ. ɯ ʚʞʝ ʟʘʣʝʞʥʦ ʚʽʜ ʥʘʧʨʷʤʢʫ ʨʫʭʫ ʢʝʣʴʤʠ ʥʘ ʧʦʚʝʨʭʥʽ ʟ'ʷʚʣʷʶʪʴʩʷ ʚʝʨʪʠʢʘʣʴʥʽ, ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʘʙʦ 

ʢʨʫʛʦʚʽ ʙʦʨʦʟʝʥʢʠ- ʪʘʢ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʪʚʦʨʝʥʥʷ ʜʝʢʦʨʘʪʠʚʥʦʛʦ ʝʬʝʢʪʫ ʥʘ ʧʦʚʝʨʭʥʽ ʩʪʽʥʽ ʚ ʩʫʯʘʩʥʦʤʫ 

ʽʥʪʝʨôʻʨʽ. 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʛʣʷʥʫʪʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʜʘʥʽʡ ʩʪʘʪʪʽ, ʜʦʟʚʦʣʷʶʪʴ ʚʠʷʚʠʪʠ 

ʦʩʦʙʣʠʚʦʩʪʽ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʢʨʠʣʦʚʠʭ ʬʘʨʙ 

ʩʝʨʽʾ DecoDer DERUFA. ʉʪʚʦʨʝʥʥʷ ʜʝʢʦʨʘʪʠʚʥʠʭ ʝʬʝʢʪʽʚ ʥʘ ʩʪʽʥʽ ʤʦʞʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʪʽʣʴʢʠ ʟʘ ʫʤʦʚʠ 

ʧʨʘʚʠʣʴʥʦʛʦ ʜʦʪʨʠʤʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʥʘʥʝʩʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʥʘ ʩʪʽʥʫ, ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʩʧʝʮʽʘʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ʪʘ ʪʝʭʥʽʢʠ.  

ɼʘʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʽʥʪʝʨʝʩ ʟ ʪʦʯʢʠ ʟʦʨʫ ʷʢ ʧʨʘʢʪʠʢʠ ʪʘʢ ʽ ʪʝʦʨʽʾ ʜʝʢʦʨʘʪʠʚʥʦʛʦ 

ʦʟʜʦʙʣʝʥʥʷ ʩʪʽʥʠ ʫ ʩʫʯʘʩʥʦʤʫ ʽʥʪʝʨôʻʨʽ. ɼʦʩʣʽʜʞʝʥʥʷ ʩʫʯʘʩʥʦʛʦ ʘʩʦʨʪʠʤʝʥʪʫ ʧʨʦʜʫʢʮʽʾ ʩʝʨʽʾ DecoDer 

DERUFA, ʧʨʦʮʝʩʫ ʥʘʥʝʩʝʥʥʷ ʥʘ ʩʪʽʥʫ, ʩʪʚʦʨʝʥʥʷ ʜʝʢʦʨʘʪʠʚʥʠʭ ʝʬʝʢʪʽʚ ʪʦʱʦ ʻ ʚʘʞʣʠʚʠʤʠ ʥʘʧʨʷʤʢʘʤʠ  

ʜʠʟʘʡʥʝʨʩʴʢʦʾ, ʪʝʭʥʽʯʥʦʾ ʪʘ ʥʘʫʢʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ. ʈʦʟʛʣʷʥʫʪʘ ʽʥʬʦʨʤʘʮʽʷ ʧʦ ʧʨʦʜʫʢʮʽʾ ʜʣʷ ʜʝʢʦʨʘʪʠʚʥʦʛʦ 

ʦʟʜʦʙʣʝʥʥʷ ʩʪʽʥʠ ʩʝʨʽʾ DecoDer ʻ ʚʘʞʣʠʚʦʶ ʜʣʷ ʫʧʦʨʷʜʢʫʚʘʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʛʦ ʨʠʥʢʫ ʪʘ ʤʘʻ ʟʘʙʝʟʧʝʯʠʪʠ 

ʫʩʧʽʰʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʜʫʢʮʽʾ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʧʦʞʠʚʯʠʭ ʧʦʪʨʝʙ. 
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ʆʅʀʑʋʂ ʆʢʩʘʥʘ 
ɺʦʣʠʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ʃʝʩʽ ʋʢʨʘʾʥʢʠ, ʤ. ʃʫʮʴʢ, ʋʢʨʘʾʥʘ 
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ɺʀɺʏɽʅʅʗ ʇʈʆʎɽʉʋ ʌʃʆʂʋʃʗʎɯɰ ʊɸ ʂʆɸɻʋʃʗʎɯɰ ʇʈʀ  

ʆʏʀʑɽʅʅɯ ɺʆɼʀ ɼʃʗ ʇʈʆʄʀʉʃʆɺʆɻʆ ɿɸʉʊʆʉʋɺɸʅʅʗ 
 
ˑ̠̌ ̐̑̏̍̉̒̌̏̃̏̄̏ ̠̈́̒̓̏̒̔̃́̎̎ ̐̑̉ ̨̘̏̉̆̎̎̚ ̃̏̅̉ ̃́̇̌̉̃̉̍̉ ̨̠̋̑̉̓̆̑̍̉ ̤ ̨̃̉̂̑ ̍̆̓̏̅̉̋̉ ̨̠̏̒̃̓̌̆̎̎Ȣ 

ˠ ̨̒̓́̓̓ ̠̑̏̈̄̌̎̔̓̏ ̍̆̓̏̅̉̋̉ ̨̠̅̏̒̌̅̇̆̎̎ ̗̐̑̏̆̒̔ ̨̠̗̩̋̏́̄̔̌ ̓́ ̨̠̗̩̌̏̋̔̌̕Ȣ ˚́ ̨̝̒̏̄̏̅̎ ̝́̋̓̔́̌̎̉̍ ̤ 
̠̃̅̏̒̋̏̎́̌̆̎̎ ̍̆̓̏̅̉̋̉ ̓́ ̠̃̉̋̏̑̉̒̓́̎̎ ̨̠̌̏̋̔̌̎̓̃̕ ̨ ̨̠̋̏́̄̔̌̎̓̃ȟ ̨̠̋ ̙̙̟̝̐̑̉̃̉̅̔̓ ̗̐̑̏̆̒ ̨̠̗̩̋̏́̄̔̌ ̓́ 
̨̠̗̩̌̏̋̔̌̕Ȣ ˝̠̏̈̄̌̎̔̓̏ ̃ ̨̠̋̏̒̓ ̨̠̋̏́̄̔̌̎̓̃ ̨̘̒̑́̎̏̋̉̒̌̉̊ ̨̒̏̌ !Ì2(SO4)3 ̨ &Å3/4. ˏ̨̨̘̅̍̆̎̏ ̐̆̑̆̃́̄ ̔̎́̅ ̠̒̏̌̍̉ 
̨̨̟̟́̌̍̎ȟ ̨̝̏̒̋̌̋̉ ̨̒̏̌ ̨̈́̌̈́ ̝̍̏̇̔̓ ̠̃̉̋̏̑̉̒̓̏̃̔̃́̓̉̒ ̠̅̌ ̘̠̏̉̆̎̎̚ ̃̏̅ ̈ ̨̑̈̎̉̍ ̝̒̏̌̏̃̉̍ ̒̋̌́̅̏̍ ̨ ̨̑̈̎̉̍̉ 
̘̠̈̎́̆̎̎̍̉ ̑˚ȟ ̋̑́̆̚ ̨̟̝̅̓ ̐̑̉ ̝̖̎̉̈̋̉ ̖̓̆̍̐̆̑́̓̔̑́ȟ ̖̟̝̠́̑́̋̓̆̑̉̈̔̓̒ ̨̝̙̟̂̌̏ ̨̨̗̟̍̎̒̓ ̨ ̨̟̋̑̔̐̎̒̓ 
̨̨̗̐̌́̒̓̃̃Ȣ ˑ̨̏̒̌̅̇̆̎̏ ̓́ ̠̑̏̈̄̌̎̔̓̏ ̠̈́̒̓̏̒̔̃́̎̎ ̨ ̃̐̌̉̃ ̨̋́̓̏̎̎̏̄̏ ̠̌̏̋̔̌̎̓́̕ Ⱥ0ÕÒÏ&ÌÏÃ όύτȻ ́̂̏ ̨́̎̏̎̎̏̄̏ 
Ⱥ&ÌÏÐÁÍȻȟ ̨̠̋ ̠̟̝̅̏̈̃̏̌̓ ̃̉̋̏̎̔̃́̓̉ ̨̠̏̒̃̓̌̆̎̎ ̃̏̅̉ ̂̆̈ ̠̈́̒̓̏̒̔̃́̎̎ ̠̋̏́̄̔̌̎̓̔ ˎ̔̌̏ ̘̃̉̈̎́̆̎̏ ̓́ 
̠̑̏̈̄̌̎̔̓̏ ̗̐̑̏̆̒ ̠̔̓̃̏̑̆̎̎ ̠̋̏́̄̔̌̎̓́Ȣ ˑ̨̏̒̌̅̇̆̎̏ ̍̆̓̏̅̉ ̓́ ̗̐̑̏̆̒̉ ̠̅̌ ̨̨̨̗̩̎̓̆̎̒̉̋́̕ ̗̐̑̏̆̒̔ ̨̐̏̅̌̔ȟ ̃ 
̓̏̍̔ ̨̘̉̒̌ ̈́ ̖̑́̔̎̏̋ ̠̔̋̑̔̐̎̆̎̎ ̘́̒̓̉̎̏̋ ̃ ̨́̄̑̆̄́̓ ̨̐̅ ̨̤̟̅ ̨̠̋̏́̄̔̌̎̓̃ ̨ ̨̠̌̏̋̔̌̎̓̃̕ ɉ̨̠̋̏́̄̔̌̓̏̑̃Ɋȟ 
̨̠̑̏̈̅̌̆̎̎ ̨̩̑̅̋̏ ̓́ ̩̓̃̆̑̅̏ ́̈̉̕Ȣ ˛̓̑̉̍́̎̏ȟ ̏̚  ̟̐̆̑̆̃́̄̏ ̏̓̑̉̍́̎̏̄̏  ̈̃́̇̆̎̏̄̏ ̙́̑̔ ̤ ̓̆ȟ ̏̚ ̨̃̎ ̗̟̤̐̑́ ̐̏ 
̓̉̐̔ ̨̝̌̓̑̔̕ȟ ̠̟̘̃̉̓̄́̉ ̈ ̃̏̅̉ ̨̨̅̑̂̎̏̅̉̒̐̆̑̒̎ ̘́̒̓̉̎̋̉Ȣ ˠ ̨̍̑̔ ̘̠̎́̋̏̐̉̆̎̎ ̘́̒̓̉̎̏̋ ̩̖ ̨̗̗̠̋̏̎̆̎̓̑́ 
̨̝̙̤̝̠̈̂̌̔̓̒ ̨ ̤̃̉̎̉̋́ ̠̃̉̆̚ ̒̓̉̒̎̆̎̏̄̏ ̠̏̒́̅̇̆̎̎ȟ ̐̑̉ ̠̋̏̍̔ ̨̙̝̃̉̅̋̒̓ ̠̏̒́̅̇̆̎̎ ̙̤̝̠̈̍̆̎̔̓̒ȟ ̓̏̍̔ ̏̚ 
̘̤̝̠̃̉̓̑́́̓̒ ̨̠̆̎̆̑̄ ̎́ ̤̠̃̈́̍̏̓̆̑̓Ȣ ˑ̏ ̠̈̎̉̇̆̎̎ ̨̐̑̏̅̔̋̓̉̃̎̏̒̓ ̨̟̘̏̒̃̓̌̃́́ ̨̖̎̆̏̂̅̎̏ ̈̎̉̇̔̃́̓̉ 
̨̙̝̃̉̅̋̒̓ ̨̖̃̉̒̅̎̏̄̏ ̐̏̓̏̋̔Ȣ  
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TO THE STUDY OF THE FLOCCULATION AND COAGULATION PROCESS IN THE  PURIFIC ATION OF 

WATER FOR INDUSTRIAL APPLICATION  
 

It is an important criterion the choice of lighting technique for industrial applications in water purification. In the article it was 
examined the research methods of the coagulation and flocculation process. Today, the improvement of these techniques and the use of 
flocculants and coagulants, which speed up the process of coagulation and flocculation, are relevant. It were considered as coagulants 
sulfuric acid salts Al2(SO4)3 and FeSO4. It was noted an advantage over aluminum salts since iron salts which can be used to purify water 
with different salt composition and different pH values, which work better at low temperatures, and are characterized by greater strength 
and grain size. It was considered the application and influence of the cationic flocculant "PuroFloc 890" or the anionic "Flopam", which allow 
water clarification without the use of a coagulant. It was determined and considered the process of coagulant formation. Methods and 
processes for the intensification of the separation process have been studied, including due to the thickening of particles in the aggregate 
under the action of coagulants and flocculants (coagulants), separation of the liquid and solid phases. It  was found that the advantage of the 
resulting suspended layer is that it works like a filter, removing fine particles from the water. As the particles accumulate, their 
concentration increases and the phenomenon of compressed deposition occurs, in which the deposition rate decreases because energy was 
spent on friction. It is necessary to reduce the speed of the upward flow to reduce the productivity of the illuminator, 

Key words: coagulation, flocculation, flocculants, coagulate, water clarification. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ɺ ʦʩʥʦʚʥʦʤʫ, ʚ ʪʝʧʣʦʝʥʝʨʛʝʪʠʮʽ ʪʘ ʥʘ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʧʨʠ ʦʯʠʱʝʥʥʽ ʚʦʜʠ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʧʨʦʮʝʩ ʢʦʘʛʫʣʷʮʽʾ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʧʨʠʥʮʠʧʽ ʚʟʘʻʤʥʦʛʦ ʢʦʘʛʫʣʶʚʘʥʥʷ ʢʦʣʦʾʜʽʚ. ʉʫʪʥʽʩʪʴ ʚʟʘʻʤʥʦʾ ʢʦʘʛʫʣʷʮʽʾ 

ʢʦʣʦʾʜʥʠʭ ʨʦʟʯʠʥʽʚ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʜʦ ʢʦʣʦʾʜʥʦʛʦ ʨʦʟʯʠʥʫ, ʯʘʩʪʠʥʢʠ ʷʢʦʛʦ ʤʘʶʪʴ, ʥʘʧʨʠʢʣʘʜ, 

ʥʝʛʘʪʠʚʥʠʡ ʟʘʨʷʜ, ʜʦʜʘʶʪʴ ʽʥʰʠʡ ʢʦʣʦʾʜʥʠʡ ʨʦʟʯʠʥ ʟ ʧʦʟʠʪʠʚʥʦ ʟʘʨʷʜʞʝʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ. ʇʨʠ ʮʴʦʤʫ 

ʧʨʦʪʠʣʝʞʥʽ ʟʘʨʷʜʠ ʢʦʣʦʾʜʥʠʭ ʯʘʩʪʠʥʦʢ ʥʝʡʪʨʘʣʽʟʫʶʪʴʩʷ ʟ ʧʦʜʘʣʴʰʦʶ ʘʛʣʦʤʝʨʘʮʽʻʶ ʦʢʨʝʤʠʭ ʯʘʩʪʠʥʦʢ ʽ 

ʫʪʚʦʨʝʥʥʷʤ ʪʚʝʨʜʦʾ ʤʘʢʨʦʬʘʟʠ. ʇʨʠ ʢʦʘʛʫʣʷʮʽʾ ʧʦʟʠʪʠʚʥʦ ʟʘʨʷʜʞʝʥʠʡ ʢʦʣʦʾʜʥʠʡ ʨʦʟʯʠʥ ʚʚʦʜʷʪʴ ʥʝ ʚ 

ʛʦʪʦʚʦʤʫ ʚʠʛʣʷʜʽ, ʘ ʦʪʨʠʤʫʶʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʦʙʨʦʙʣʶʚʘʥʽʡ ʚʦʜʽ. ʊʘʢ, ʧʦʟʠʪʠʚʥʦ ʟʘʨʷʜʞʝʥʽ ʢʦʣʦʾʜʥʽ 

ʨʦʟʯʠʥʠ ʛʠʜʨʦʦʢʠʩʽʚ ʟʘʣʽʟʘ ʟʘʟʚʠʯʘʡ ʦʪʨʠʤʫʶʪʴ ʚ ʨʝʟʫʣʴʪʘʪʽ ʛʽʜʨʦʣʽʟʫ ʾʭ ʩʽʨʯʘʥʦʢʠʩʣʠʭ ʩʦʣʝʡ. ɼʘʥʠʡ 

ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʡ ʧʨʦʮʝʩ ʟʣʠʧʘʥʥʷ ʢʦʣʦʾʜʥʠʭ ʯʘʩʪʠʥʦʢ ʽ ʦʩʚʽʪʣʝʥʥʷ ʛʨʫʙʦʜʠʩʧʝʨʩʥʠʭ ʧʣʘʩʪʽʚʮʽʚ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʧʘʜʘʥʥʷʤ ʦʩʘʜʫ ʽ ʚʠʜʘʣʝʥʥʷʤ ʟ ʚʦʜʠ ʦʩʘʜʞʝʥʥʷʤ ʾʭ ʚ ʦʩʚʽʪʣʶʚʘʯʘʭ ʘʙʦ ʬʽʣʴʪʨʫʚʘʥʥʷʤ ʚ 

ʦʩʚʽʪʣʶʚʘʣʴʥʠʭ ʬʽʣʴʪʨʘʭ. ʈʝʘʛʝʥʪʠ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʢʦʘʛʫʣʶʚʘʥʥʷ, ʥʘʟʠʚʘʶʪʴ ʢʦʘʛʫʣʷʥʪʘʤʠ, ʘ 

ʭʽʤʽʯʥʽ ʘʛʝʥʪʠ, ʱʦ ʚʠʢʣʠʢʘʶʪʴ ʢʦʘʛʫʣʷʮʽʶ ʢʦʣʦʾʜʥʠʭ ʜʦʤʽʰʦʢ ʚʦʜʠ ï ʢʦʘʛʫʣʷʪʦʨʘʤʠ [1ï4] . 

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ 

ɼʦʩʣʽʜʠʪʠ ʤʝʪʦʜʠ ʦʯʠʩʪʢʠ ʚʦʜʠ ʜʣʷ ʧʨʦʤʠʩʣʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ  ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʣʦʢʫʣʷʥʪʽʚ ʽ 

ʢʦʘʛʫʣʷʥʪʽʚ, ʷʢʽ ʧʨʠʰʚʠʜʰʫʶʪʴ ʧʨʦʮʝʩ ʢʦʘʛʫʣʷʮʽʾ ʪʘ ʬʣʦʢʫʣʷʮʽʾ, ʘ ʪʘʢʦʞ ʤʝʪʦʜʠʢʠ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʨʦʮʝʩʫ 

ʧʦʜʽʣʫ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʟʘ ʨʘʭʫʥʦʢ ʫʢʨʫʧʥʝʥʥʷ ʯʘʩʪʠʥʦʢ ʚ ʘʛʨʝʛʘʪʽ ʧʽʜ ʜʽʻʶ ʢʦʘʛʫʣʷʥʪʽʚ ʽ ʬʣʦʢʫʣʷʥʪʽʚ 

(ʢʦʘʛʫʣʷʪʦʨʽʚ), ʨʦʟʜʽʣʝʥʥʷ ʨʽʜʢʦʾ ʪʘ ʪʚʝʨʜʦʾ ʬʘʟʠ. 
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ɺʠʢʣʘʜʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʤʝʪʦʜʠʢʘ 

ʆʩʚʽʪʣʝʥʥʷ ʚʦʜʠ ʧʽʩʣʷ ʚʘʧʥʫʚʘʥʥʷ ʽ ʢʦʘʛʫʣʷʮʽʾ ʚʽʜʙʫʚʘʣʦʩʷ ʚ ʦʩʚʽʪʣʶʚʘʯʽ ʟʘ ʨʘʭʫʥʦʢ ʟʥʘʯʥʦʛʦ 

ʟʥʠʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʚʦʜʠ ʽ ʩʠʣʠ ʪʷʞʽʥʥʷ. ɹʽʣʴʰ ʛʣʠʙʦʢʝ ʦʯʠʱʝʥʥʷ ʧʨʠ ʚʘʧʥʫʚʘʥʥʽ ʟ ʢʦʘʛʫʣʷʮʽʻʶ 

ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʨʠʚʘʣʦʩʪʽ ʢʦʥʪʘʢʪʫ ʦʯʠʱʝʥʥʷ ʚʦʜʠ ʟ ʫʪʚʦʨʝʥʠʤ ʰʣʘʤʦʤ. ɼʦʩʷʛʪʠ ʧʽʜʚʠʱʝʥʥʷ 

ʪʨʠʚʘʣʦʩʪʽ ʢʦʥʪʘʢʪʫ ʤʦʞʥʘ ʽʥʪʝʥʩʠʚʥʠʤ ʧʝʨʝʤʽʰʫʚʘʥʥʷʤ [5, 8, 9]. 

ʆʜʥʘʢ ʪʘʢʠʡ ʰʣʷʭ ʥʝʜʦʮʽʣʴʥʠʡ, ʪʦʤʫ ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʦʜʨʽʙʥʝʥʥʷʤ ʰʣʘʤʫ, ʱʦ ʫʩʢʣʘʜʥʶʻ 

ʡʦʛʦ ʚʠʜʘʣʝʥʥʷ. ʊʦʤʫ ʚ ʦʩʚʽʪʣʶʚʘʯʽ ʩʪʚʦʨʶʚʘʣʠ ʟʦʥʫ ʟʚʘʞʝʥʦʛʦ ʰʣʘʤʫ, ʚ ʷʢʽʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʧʦʢʽʡʥʠʡ 

ʚʠʩʭʽʜʥʠʡ ʨʫʭ. ʐʣʘʤʦʚʘ ʟʦʥʘ ʜʽʻ ʷʢ ʬʽʣʴʪʨ, ʟʘʪʨʠʤʫʶʯʠ ʽ ʟʙʽʣʴʰʫʶʯʠ ʙʽʣʴʰ ʜʨʽʙʥʽ ʯʘʩʪʠʥʢʠ. ʇʨʠ 

ʟʜʽʡʩʥʝʥʥʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʜʠʥʘʤʽʢʘ ʢʦʘʛʫʣʷʮʽʾ. 

ɼʣ̫ ʩʪʚʦʨʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚ ʧʨʦʮʝʩʫ ʩʧʦʯʘʪʢʫ ʰʚʠʜʢʦ ʧʝʨʝʤʽʰʫʚʘʣʠ ʚʦʜʫ ʟ ʢʦʘʛʫʣʷʥʪʦʤ, ʘ 

ʧʦʪʽʤ ʧʨʦʮʝʩ ʚʽʜʙʫʚʘʚʩʷ  ʙʽʣʴʰ ʩʧʦʢʽʡʥʦ. ʈʝʞʠʤ ʧʦʪʦʢʫ ʚʦʜʠ ʜʫʞʝ ʚʧʣʠʚʘʻ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʧʣʘʩʪʽʚʮʽʚ, ʘ 

ʪʘʢʦʞ ʩʧʨʠʷʻ ʨʫʡʥʫʚʘʥʥʶ ʚʞʝ ʩʬʦʨʤʦʚʘʥʠʭ. ʊʦʤʫ ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʰʚʠʜʢʽʩʪʴ ʚ ʟʦʥʽ ʬʦʨʤʫʚʘʥʥʷ ʧʣʘʩʪʽʚʮʽʚ ʽ 

ʚʽʜʩʪʦʶʚʘʥʥʷ ʥʝ ʙʽʣʴʰʝ 1 õ 1,5 ʤʤ/ʩ. ɼʣʷ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʨʦʮʝʩʫ ʢʦʘʛʫʣʷʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʽ ʬʣʦʢʫʣʷʥʪʠ.  

ɸʛʨʝʛʘʮʽʷ ʢʦʣʦʾʜʥʠʭ ʯʘʩʪʠʥʦʢ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ, ʘ ʡ ʯʝʨʝʟ ʤʦʣʝʢʫʣʠ ʬʣʦʢʫʣʷʥʪʘ. ʗʢ 

ʬʣʦʢʫʣʷʥʪ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʝʦʨʛʘʥʽʯʥʽ (ʘʢʪʠʚʥʘ ʢʨʝʤʥʝʢʠʩʣʦʪʘ) ʽ ʦʨʛʘʥʽʯʥʽ ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʽ ʩʧʦʣʫʢʠ. 

ʆʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʣʦʢʫʣʷʥʪʫ ʚ ʧʝʨʽʦʜ ʧʘʚʦʜʢʫ, ʢʦʣʠ ʟʥʠʞʫʻʪʴʩʷ ʣʫʞʥʽʩʪʴ ʽ ʟʙʽʣʴʰʫʻʪʴʩʷ 

ʚʤʽʩʪ ʩʫʩʧʝʥʟʽʾ, ʢʨʝʤʥʝʢʠʩʣʦʪʠ ʪʘ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ, ʱʦ ʚʠʤʘʛʘʻ ʟʙʽʣʴʰʫʚʘʪʠ ʜʦʟʫ ʢʦʘʛʫʣʷʥʪʫ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʧʽʜʚʠʱʫʻʪʴʩʷ ʚʤʽʩʪ ʩʦʣʽ ʽ ʞʦʨʩʪʢʽʩʪʴ ʦʩʚʽʪʣʝʥʦʾ ʚʦʜʠ, ʦʪʞʝ ʟʥʠʞʫʻʪʴʩʷ ʬʠʣʴʪʨʦʮʠʢʣ 

ʽʦʥʦʦʙʤʽʥʥʠʭ ʬʽʣʴʪʨʽʚ ʟʥʝʩʦʣʶʚʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ. 

ɼʣʷ ʦʯʠʱʝʥʥʷ ʚʦʜ ʚʽʜ ʢʦʣʦʾʜʥʦ-ʜʠʩʧʝʨʩʥʠʭ ʜʦʤʽʰʦʢ ʤʠ ʨʦʟʜʽʣʷʣʠ ʨʽʜʢʫ ʽ ʪʚʝʨʜʫ ʬʘʟʠ. ʎʝ 

ʫʩʢʣʘʜʥʶʚʘʣʦʩʷ ʯʝʨʝʟ ʤʘʣʠʡ ʨʦʟʤʽʨ ʯʘʩʪʦʢ, ʘ ʪʘʢʦʞ  ʯʝʨʝʟ ʘʛʨʝʛʘʪʠʚʥʫ ʽ ʩʝʜʠʤʝʥʪʘʮʽʡʥʫ ʩʪʽʡʢʽʩʪʴ ʩʠʩʪʝʤʠ. 

ɸʛʨʝʛʘʪʠʚʥʘ ʩʪʽʡʢʽʩʪʴ ʢʦʣʦʾʜʥʦʾ ʩʠʩʪʝʤʠ ʧʦʷʩʥʶʻʪʴʩʷ ʽʩʥʫʚʘʥʥʷʤ ʧʦʜʚʽʡʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʰʘʨʫ ʥʘ ʤʝʞʽ 

ʨʦʟʜʽʣʫ ʬʘʟ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʪʦʥʢʠʡ ʰʘʨ ʟ ʧʨʦʩʪʦʨʦʚʦ ʨʦʟʜʽʣʝʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʟʘʨʷʜʽʚ ʧʨʦʪʠʣʝʞʥʦʛʦ 

ʟʥʘʢʘ. ʇʦʜʚʽʡʥʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʰʘʨ ʫʪʚʦʨʶʶʪʴ ʽʦʥʠ ʽ ʜʠʧʦʣʴʥʽ ʤʦʣʝʢʫʣʠ. ɯʦʥʥʠʡ ʧʦʜʚʽʡʥʠʡ ʰʘʨ ʚʠʥʠʢʘʻ ʘʙʦ 

ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʠʩʦʮʽʘʮʽʾ ʽʦʥʦʛʝʥʥʠʭ ʛʨʫʧ ʨʝʯʦʚʠʥʠ ʪʚʝʨʜʦʾ ʬʘʟʠ, ʘʙʦ ʚʠʙʽʨʢʦʚʦʾ ʘʜʩʦʨʙʮʽʾ ʽʦʥʽʚ. ɯʦʥʠ, ʱʦ 

ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʪʚʝʨʜʦʾ ʯʘʩʪʠʥʢʠ, ʥʘʟʠʚʘʶʪʴʩʷ ʧʦʪʝʥʮʽʘʣʦʫʪʚʦʨʶʶʯʠʤʠ. ɺʥʘʩʣʽʜʦʢ ʧʦʷʚʠ 

ʟʘʨʷʜʫ ʥʘ ʯʘʩʪʠʥʮʽ ʥʘʚʢʦʣʦ ʥʝʾ ʢʦʥʮʝʥʪʨʫʶʪʴʩʷ ʽʦʥʠ ʧʨʦʪʠʣʝʞʥʦʛʦ ʟʥʘʢʫ ï ʧʨʦʪʠʽʦʥʠ [5ï7]. 

 
 

 

      
 
 
  
  

  

  
 
 

     
 

 
 
 

   
  

 
 
  

   
  

 
 
 
 

    
 

ʷʜʨʦ 

ʇʦʜʚʽʡʥʠʡ 

ʝʣʝʢʪʨʠʯʥʠʡ 

ʰʘʨ 

ʘʜʩʦʨʙʮʽʡʥʠʡ ʰʘʨ 

ʜʠʬʫʟʽʡʥʠʡ ʰʘʨ 

ʇʦʪʝʥʮʽʘʣ-

ʫʪʚʦʨʶʯʠ 

ʽʦʥʠ 

ʧʨʦʪʠʽʦʥʠ 

 
ʈʠʩ. 1. ɹʫʜʦʚʘ ʢʦʣʦʾʜʥʦʾ ʤʽʮʝʣʠ 

 

ʆʩʚʽʪʣʝʥʥʷ ʪʚʝʨʜʦʾ ʬʘʟʠ ʟ ʧʝʨʝʩʠʯʝʥʦʛʦ ʨʦʟʯʠʥʫ ʨʦʟʛʣʷʜʘʶʪʴ ʷʢ ʨʝʟʫʣʴʪʘʪ ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʮʝʩʽʚ 

ʘʛʨʝʛʘʮʽʾ ʽ ʦʨʽʻʥʪʘʮʽʾ. ʌʣʦʢʫʣʷʥʪ ʤʘʻ ʚʠʩʦʢʫ ʤʘʩʫ, ʜʦʙʨʝ ʘʜʩʦʨʙʫʻʪʴʩʷ ʯʘʩʪʠʥʢʘʤʠ ʜʠʩʧʝʨʩʽʡ ʽ ʨʦʟʯʠʥʷʻʪʴʩʷ 

ʚ ʜʠʩʧʝʨʩʽʡʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʇʨʠ ʦʨʽʻʥʪʘʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʮʝʩ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʢʨʠʩʪʘʣʽʚ, ʱʦ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʾʭ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʢʨʠʩʪʘʣʽʚ. ɿʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

ʰʚʠʜʢʦʩʪʝʡ ʮʠʭ ʧʨʦʮʝʩʽʚ ʚʠʟʥʘʯʝʥʦ ʩʪʨʫʢʪʫʨʫ ʦʩʘʜʫ. ʇʨʠ ʧʝʨʝʚʘʞʘʥʥʽ ʧʨʦʮʝʩʫ ʘʛʨʝʛʘʮʽʾ ʚʠʭʦʜʠʪʴ 

ʘʤʦʨʬʥʠʡ ʦʩʘʜ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʨʽʙʥʠʭ ʯʘʩʪʠʥʦʢ. ʗʢʱʦ ʧʝʨʝʚʘʞʘʻ ʧʨʦʮʝʩ ʦʨʽʻʥʪʘʮʽʾ, ʪʦ ʚʠʭʦʜʠʪʴ 

ʢʨʫʧʥʦʟʝʨʥʠʩʪʠʡ ʢʨʠʩʪʘʣʽʯʥʠʡ ʦʩʘʜ. ʉʪʨʫʢʪʫʨʘ ʦʩʘʜʫ ʤʘʻ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʧʨʦʮʝʩʽʚ ʡʦʛʦ ʚʠʜʽʣʝʥʥʷ ʟ 

ʨʦʟʯʠʥʫ. ɺʩʷ ʤʘʩʘ ʯʘʩʪʠʥʦʢ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʩʪʘʥʽ ʜʠʥʘʤʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ ʟ ʧʦʜʘʶʪʴʩʷ ʟʥʠʟʫ ʧʦʪʦʢʦʤ ʚʦʜʠ. 

ɿʚʘʞʝʥʽ ʚ ʧʦʪʦʮʽ ʯʘʩʪʢʠ ʪʚʝʨʜʦʾ ʬʘʟʠ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʭʘʦʪʠʯʥʦʤʫ ʨʫʩʽ, ʧʨʠ ʮʴʦʤʫ ʩʘʤ 

ʟʚʘʞʝʥʠʡ ʰʘʨ ʚ ʮʽʣʦʤʫ ʥʝʨʫʭʦʤʠʡ. 

ɺ ʷʢʦʩʪʽ ʢʦʘʛʫʣʷʥʪʽʚ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʩʽʨʯʘʥʦʢʠʩʣʠʡ ʩʦʣʽ Al2(SO4)3 ʽ FeSO4.ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ ʩʦʣʷʤʠ 

ʘʣʶʤʽʥʽʶ ʩʦʣʽ ʟʘʣʽʟʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʣʷ ʦʯʠʱʝʥʥʷ ʚʦʜ ʟ ʨʽʟʥʠʤ ʩʦʣʴʦʚʠʤ ʩʢʣʘʜʦʤ ʽ ʨʽʟʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 

ʨʅ, ʢʨʘʱʝ ʜʽʶʪʴ ʧʨʠ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʙʽʣʴʰʦʶ ʤʽʮʥʽʩʪʶ ʽ ʢʨʫʧʥʽʩʪʶ ʧʣʘʩʪʽʚʮʽʚ. 

ʅʝʜʦʣʽʢʘʤʠ ʩʦʣʝʡ ʟʘʣʽʟʘ, ʷʢ ʢʦʘʛʫʣʷʥʪʽʚ, ʻ ʧʽʜʚʠʱʝʥʽ ʢʠʩʣʦʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʢʦʨʦʟʽʡʥʽ 

ʧʨʦʮʝʩʠ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʘʧʘʨʘʪʽʚ. ʇʨʠ ʚʟʘʻʤʦʜʽʾ ʽʦʥʽʚ ʟʘʣʽʟʘ ʟ ʜʝʷʢʠʤʠ ʦʨʛʘʥʽʯʥʠʤʠ ʩʧʦʣʫʢʘʤʠ 

ʫʪʚʦʨʶʚʘʚʩʷ ʩʠʣʴʥʦ ʟʘʙʘʨʚʣʝʥʠʡ ʢʦʤʧʣʝʢʩʠ.  

ʇʨʠʟʥʘʯʝʥʥʷʤ ʬʘʟʠ ʢʦʘʛʫʣʷʮʽʾ ʻ ʚʠʜʘʣʝʥʥʷ ʢʦʣʦʾʜʥʠʭ ʜʦʤʽʰʦʢ ʚʠʭʽʜʥʦʾ ʚʦʜʠ; ʦʩʘʜʞʝʥʥʷ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʨʦʙʦʯʦʛʦ ʰʣʘʤʫ ʟ ʚʠʩʦʢʦʨʦʟʚʠʥʝʥʦʶ ʧʦʚʝʨʭʥʝʶ. ʗʢ ʢʦʘʛʫʣʷʥʪ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʩʽʨʯʘʥʦʢʠʩʣʝ ʟʘʣʽʟʦ FeSO4. ʂʦʘʛʫʣʷʮʽʷ ʚʦʜʠ FeSO4 ʻ ʧʨʦʮʝʩʦʤ, ʷʢʠʡ ʧʦʣʽʧʰʫʻ ʬʦʨʤʫʚʘʥʥʷ ʚʘʞʢʦʛʦ ʦʩʘʜʫ, 

ʱʦ ʩʧʨʠʷʻ ʚʠʜʘʣʝʥʥʶ ʢʦʣʦʾʜʥʠʭ ʨʝʯʦʚʠʥ, ʟʘʣʽʟʘ ʽ ʢʨʝʤʥʝʢʠʩʣʦʪʠ. ʇʨʠ ʜʦʜʘʚʘʥʥʽ ʜʦ ʚʦʜʠ ʩʽʨʯʘʥʦʢʠʩʣʦʛʦ 

ʟʘʣʽʟʘ, ʚʦʥʦ ʧʦʚʥʽʩʪʶ ʜʠʩʦʮʽʶʻ, ʷʢ ʩʠʣʴʥʠʡ ʝʣʝʢʪʨʦʣʽʪ, 

FeSO4­ Fe2 + SO4
2- 

ɯʦʥʠ Fe2+, ʷʢ ʢʘʪʽʦʥʠ ʩʣʘʙʢʠʭ ʦʩʥʦʚ, ʧʽʜʜʘʶʪʴʩʷ ʛʽʜʨʦʣʽʟʫ, ʷʢʠʡ ʜʣʷ ʙʘʛʘʪʦʟʘʨʷʜʥʠʭ ʽʦʥʽʚ ʧʨʦʪʽʢʘʣʘ 
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ʧʦ ʥʘʩʪʫʧʥʠʭ ʩʪʫʧʝʥʷʭ. ʅʘ ʧʝʨʰʽʡ ʩʪʘʜʽʾ ʚ ʨʝʟʫʣʴʪʘʪʽ ʛʽʜʨʦʣʽʟʫ ʪʘ ʚʟʘʻʤʦʜʽʾ FeSO4 ʟ ʉʘ(ʆʅ)2 
 ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʫʪʚʦʨʝʥʥʷ ʦʩʘʜʫ Fe(ʆʅ)2 ʟʝʣʝʥʦʛʦ ʢʦʣʴʦʨʫ: 

FeSO4 + 2ʅ2ʆŸ Fe (ʆʅ)2 Ź + ʅ2 Sʆ4 

FeSO4 + ʉʘ(ʆʅ)2Ÿ Fe (ʆʅ)2 Ź + ʉʘSʆ4 

ʅʘ ʜʨʫʛʽʡ ʩʪʘʜʽʾ, ʚ ʣʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ (ʨʅ> 8), Fe(ʆʅ)2 ʦʢʠʩʥʶʻʪʴʩʷ, ʨʦʟʯʠʥʝʥʠʤ ʫ ʚʦʜʽ ʢʠʩʥʝʤ ʟ 

ʫʪʚʦʨʝʥʥʷʤ ʤʽʢʨʦʧʣʘʩʪʽʚʮʽʚ ʚʘʞʢʦʨʦʟʯʠʥʥʦʛʦ ʦʩʘʜʫ Fe(ʆʅ)3 ʢʦʨʠʯʥʝʚʦʛʦ ʢʦʣʴʦʨʫ: 

4Fe(ʆʅ)2 Ź + ʆ2 + 2ʅ2ʆŸ 4Fe(ʆʅ)3 

ʃʫʞʥʝ ʩʝʨʝʜʦʚʠʱʝ ʚ ʥʝʦʙʭʽʜʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʜʦʩʷʛʘʻʪʴʩʷ ʜʦʟʫʚʘʥʥʷʤ ʚʘʧʥʘ. ʂʦʘʛʫʣʶʶʯʠʡ ʛʽʜʨʦʢʩʠʜ 

Fe(ʆʅ)3 ʩʦʨʙʫʻʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʜʦʤʽʰʦʢ ʽ ʦʜʥʦʯʘʩʥʦ ʫʪʚʦʨʶʻ "ʢʣʝʡʦʚʽ ʤʽʩʪʢʠ", ʱʦ ʟʚ'ʷʟʫʶʪʴ ʯʘʩʪʠʥʢʠ 

ʜʦʤʽʰʦʢ ʤʽʞ ʩʦʙʦʶ ʚ ʢʦʤʧʣʝʢʩʠ. ʆʨʛʘʥʽʯʥʽ ʨʝʯʦʚʠʥʠ ʩʦʨʙʫʶʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʢʦʘʛʫʣʽʨʫʶʯʦʛʦ ʛʽʜʨʦʢʩʠʜʫ. 

ʋʪʚʦʨʝʥʽ ʧʣʘʩʪʽʚʮʽ ʤʘʶʪʴ ʧʫʭʢʫ ʩʪʨʫʢʪʫʨʫ, ʪʦʤʫ ʱʦ ʧʨʦʤʽʞʢʠ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ ʟʘʧʦʚʥʝʥʽ ʚʦʜʦʶ. 

ʋʪʚʦʨʶʚʘʥʽ ʢʦʤʧʣʝʢʩʠ ʚʠʜʽʣʷʶʪʴʩʷ ʟ ʚʦʜʠ ʚ ʧʨʦʮʝʩʽ ʦʩʚʽʪʣʝʥʥʷ. ʇʨʦʮʝʩ ʢʦʘʛʫʣʷʮʽʾ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 2. 

ʅʘʚʝʜʝʥʽ ʨʝʘʢʮʽʾ ʛʽʜʨʦʣʽʟʫ ʤʦʞʫʪʴ ʧʨʦʪʽʢʘʪʠ ʣʠʰʝ ʟʘ ʫʤʦʚʘʤʠ, ʷʢʱʦ ʩʽʨʯʘʥʘ ʢʠʩʣʦʪʘ ʙʫʜʝ ʯʘʩʪʢʦʚʦ 

ʥʝʡʪʨʘʣʽʟʦʚʘʥʘ ʙʽʢʘʨʙʦʥʘʪʘʤʠ ʢʘʣʴʮʽʶ ʽ ʤʘʛʥʽʶ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʚʦʜʽ, ʘ ʧʨʠ ʾʭ ʚʽʜʩʫʪʥʦʩʪʽ ʘʙʦ ʥʝʜʦʣʽʢʫ - 

ʜʦʜʘʶʪʴʩʷ ʚ ʚʦʜʫ ʣʫʞʥʠʤ ʨʝʘʛʝʥʪʦʤ (ʚʘʧʥʦʤ):  H2SO4 + Ca(HCO3)2­ CaSO4 + 2H2O + 2CO2 

ʇʨʦʮʝʩ ʛʽʜʨʦʣʽʟʫ ʽʦʥʽʚ Fe2+ ʧʨʠʟʚʦʜʠʪʴ, ʷʢ ʮʝ ʚʠʜʥʦ ʟ ʨʽʚʥʷʥʴ ʨʝʘʢʮʽʡ ʛʽʜʨʦʣʽʟʫ, ʜʦ ʧʽʜʚʠʱʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʦʥʽʚ ʚʦʜʥʶ. ɺʚʝʜʝʥʥʷ ʩʦʣʝʡ ʟʘʣʽʟʘ ʚ ʧʨʠʨʦʜʥʫ ʚʦʜʫ ʥʝ ʚʠʢʣʠʢʘʻ ʽʩʪʦʪʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʽʦʥʽʚ ʅ+ 

ʪʦʤʫ, ʱʦ ʚʦʥʠ ʟʚ'ʷʟʫʶʪʴʩʷ ʽʦʥʘʤʠ ʅʉʆ3- ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʽʚʥʷʥʥʷ:  

ʅ+ + ʅʉʆ3-ª ʅ2ʉʆ3 ª ʅ2ʆ + ʉʆ2 

 
 

1 

5 

2 

4 

 
ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʘ ʧʣʘʩʪʽʚʮʽʚ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠ ʢʦʘʛʫʣʷʮʽʾ: 1 ï ʯʘʩʪʠʥʢʠ ɻɼʇ, 2 ï ʯʘʩʪʠʥʢʠ Fe(ʆʅ)3,  3 ï ʦʨʛʘʥʽʯʥʽ ʨʝʯʦʚʠʥʠ, 

4 ï çʢʣʝʡʦʚʽè ʤʽʩʪʢʠ, 5 ï çʟʘʭʦʧʣʝʥʘè ʚʦʜʘ 

 

ɿʘʣʝʞʥʦ ʚʽʜ ʫʤʦʚ, ʚ ʷʢʠʭ ʧʨʦʭʦʜʠʪʴ ʧʨʦʮʝʩ ʢʦʘʛʫʣʷʮʽʾ, ʨʦʟʤʽʨ ʯʘʩʪʠʥʦʢ ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʟ ʪʚʝʨʜʦʾ 

ʤʘʢʨʦʬʘʟʠ ʤʦʞʝ ʙʫʪʠ ʜʫʞʝ ʨʽʟʥʠʤ: ʚʽʜ ʣʝʜʚʝ ʧʦʤʽʪʥʠʭ ʥʝʦʟʙʨʦʻʥʠʤ ʦʢʦʤ ʜʦ ʚʝʣʠʢʠʭ ʧʣʘʩʪʽʚʮʽʚ ʨʦʟʤʽʨʦʤ ʚ 

ʢʽʣʴʢʘ ʤʽʣʽʤʝʪʨʽʚ [4, 6]. 

ʇʨʦʮʝʩ ʫʪʚʦʨʝʥʥʷ ʢʦʘʛʫʣʷʪʘ, ʘʙʦ ʧʣʘʩʪʽʚʮʝʫʪʚʦʨʝʥʥʷ (ʬʣʦʢʫʣʷʮʽʷ), ʧʨʦʪʽʢʘʻ ʥʝ ʤʠʪʪʻʚʦ, ʘ ʧʦʪʨʝʙʫʻ 

ʜʣʷ ʩʚʦʛʦ ʟʘʚʝʨʰʝʥʥʷ ʧʝʚʥʦʛʦ ʧʨʦʤʽʞʢʫ ʯʘʩʫ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʧʨʦʮʝʩʽ ʫʢʨʫʧʥʝʥʥʷ ʢʦʣʦʾʜʥʽ ʯʘʩʪʠʥʢʠ 

ʧʨʦʭʦʜʷʪʴ ʩʪʘʜʽʾ "ʧʨʠʭʦʚʘʥʦʾ", ʘ ʧʦʪʽʤ "ʷʚʥʦʶ" ʢʦʘʛʫʣʷʮʽʾ, ʩʫʧʨʦʚʦʜʞʫʚʘʥʽ ʫʪʚʦʨʝʥʥʷʤ ʧʣʘʩʪʽʚʮʽʚ ʽ 

ʦʩʘʜʞʝʥʥʷʤ ʾʭ ʚ ʦʩʘʜ [1, 9]. ʇʣʘʩʪʽʚʮʽ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʩʣʷ ʧʨʠʩʘʜʢʠ ʢʦʘʛʫʣʷʥʪʦʤ ʽ ʥʝ 

ʚʠʜʠʤʽ ʥʝʦʟʙʨʦʻʥʠʤ ʦʢʦʤ, ʧʦʩʪʫʧʦʚʦ ʟ'ʻʜʥʫʶʪʴʩʷ ʚ ʙʽʣʴʰʽ ʢʦʤʧʣʝʢʩʠ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʤʫʪʥʽʥʥʷ ʚʦʜʠ, ʷʢʝ ʟ 

ʧʣʠʥʦʤ ʯʘʩʫ ʧʦʩʠʣʶʻʪʴʩʷ, ʧʽʩʣʷ ʯʦʛʦ ʫʪʚʦʨʶʶʪʴʩʷ ʱʝ ʙʽʣʴʰʽ ʧʫʭʢʽ ʧʣʘʩʪʽʚʮʽ, ʱʦ ʦʩʽʜʘʶʪʴ ʥʘ ʜʥʦ ʽ 

ʟʘʭʦʧʣʶʶʪʴ ʟ ʩʦʙʦʶ ʚʩʽ ʛʨʫʙʦ ʜʠʩʧʝʨʩʥʽ ʟʘʙʨʫʜʥʝʥʥʷ. ʇʦʩʪʫʧʦʚʝ ʦʩʘʜʞʝʥʥʷ ʧʣʘʩʪʽʚʮʽʚ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʧʽʜʚʠʱʝʥʥʷʤ ʧʨʦʟʦʨʦʩʪʽ ʚʦʜʠ. ɼʣʷ ʧʨʠʩʢʦʨʝʥʥʷ ʧʨʦʮʝʩʫ ʢʦʘʛʫʣʷʮʽʾ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʾʾ ʧʝʨʝʤʽʰʫʚʘʥʥʷ, 

ʟʘʚʜʷʢʠ ʯʦʤʫ ʢʦʣʦʾʜʥʽ ʯʘʩʪʠʥʢʠ ʟʘʙʨʫʜʥʝʥʴ ʽ ʢʦʘʛʫʣʷʥʪʫ ʤʘʶʪʴ ʙʽʣʴʰ ʯʘʩʪʽ ʽ ʩʠʣʴʥʽ ʟʽʪʢʥʝʥʥʷ, ʱʦ 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʣʠʧʘʥʥʷ. ʇʨʘʚʠʣʴʥʠʡ ʚʠʙʽʨ ʜʦʟʠ ʢʦʘʛʫʣʷʪʦʨʘ ï ʦʜʥʘ ʟ ʦʩʥʦʚʥʠʭ ʫʤʦʚ ʝʬʝʢʪʠʚʥʦʛʦ 

ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʮʝʩʫ ʢʦʘʛʫʣʷʮʽʾ ʷʢ ʢʦʣʦʾʜʥʦ-ʜʠʩʧʝʨʩʥʠʭ, ʪʘʢ ʽ ʛʨʫʙʦ ʜʠʩʧʝʨʩʥʠʭ ʜʦʤʽʰʦʢ ʚʦʜʠ. ʆʧʪʠʤʘʣʴʥʘ 

ʜʦʟʘ ʢʦʘʛʫʣʷʥʪʫ, ʪʦʙʪʦ ʪʘ ʤʽʥʽʤʘʣʴʥʘ ʡʦʛʦ ʢʽʣʴʢʽʩʪʴ, ʧʨʠ ʷʢʽʡ ʜʦʩʷʛʘʻʪʴʩʷ ʜʦʩʠʪʴ ʰʚʠʜʢʝ ʽ ʧʦʚʥʝ ʦʩʚʽʪʣʝʥʥʷ ʽ 

ʟʥʠʞʝʥʥʷ ʦʢʠʩʥʶʚʘʥʦʩʪʽ ʚʦʜʠ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʦʤʽʰʦʢ ʚʦʜʠ, ʘ ʪʘʢʦʞ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʩʧʦʩʦʙʫ ʟʜʽʡʩʥʝʥʥʷ ʢʦʘʛʫʣʷʮʽʾ [5ï7]. 

 

1. ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴhʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

2. ɺ ʜʘʥʠʡ ʯʘʩ ʘʢʪʫʘʣʴʥʠʤ ʻ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʠʢʠ ʦʩʚʽʪʣʝʥʥʷ ʚʦʜʠ ʧʨʦʤʠʩʣʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 

ʤʝʪʦʜʘʤʠ ʢʦʘʛʫʣʷʮʽʾ ʪʘ ʬʣʦʢʫʣ̫ ʮʽʾ.  

3. ʈʦʟʛʣʷʥʫʪʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʘʪʽʦʥʥʦʛʦ ʬʣʦʢʫʣʷʥʪʘ çPuroFloc 890è ʘʙʦ ʘʥʽʦʥʥʦʛʦ çFlopamè ʜʦʟʚʦʣʷʻ 

ʚʠʢʦʥʫʚʘʪʠ ʦʩʚʽʪʣʝʥʥʷ ʚʦʜʠ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʘʛʫʣʷʥʪʫ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʝʪʦʜʽʚ ʦʩʘʜʞʝʥʥʷ ʜʫʞʝ ʚʝʣʠʢʝ 

ʟʥʘʯʝʥʥʷ ʤʘʶʪʴ ʧʨʦʮʝʩʠ ʫʪʚʦʨʝʥʥʷ ʦʩʘʜʫ.  

4. ʆʩʥʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʦʪʨʠʤʘʥʦʛʦ  ʟʚʘʞʝʥʦʛʦ ʰʘʨʫ ʻ ʪʝ, ʱʦ ʚʽʥ ʧʨʘʮʶʻ ʧʦ ʪʠʧʫ ʬʽʣʴʪʨʫʶʯʦʛʦ 

ʟʘʚʘʥʪʘʞʝʥʥʷ, ʚʠʪʷʛʘʶʯʠ ʟ ʚʦʜʠ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʽ ʯʘʩʪʠʥʢʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʘʜʛʝʟʽʡʥʠʭ ʽ ʩʦʨʙʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ. ʋ 

ʤʽʨʫ ʥʘʢʦʧʠʯʝʥʥʷ ʯʘʩʪʠʥʦʢ ʾʭ ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʙʽʣʴʰʫʻʪʴʩʷ ʽ ʚʠʥʠʢʘʻ ʷʚʠʱʝ ʩʪʠʩʥʝʥʦʛʦ ʦʩʘʜʞʝʥʥʷ, ʧʨʠ ʷʢʦʤʫ 

ʰʚʠʜʢʽʩʪʴ ʦʩʘʜʞʝʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ, ʪʦʤʫ ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʝʥʝʨʛʽʷ ʥʘ ʚʟʘʻʤʦʪʝʨʪʷ. ɼʣʷ ʫʪʨʠʤʘʥʥʷ ʰʘʨʫ ʚ 

ʧʽʜʚʽʰʝʥʦʤʫ ʩʪʘʥʽ ʥʝʦʙʭʽʜʥʦ ʟʥʠʞʫʚʘʪʠ ʰʚʠʜʢʽʩʪʴ ʚʠʩʭʽʜʥʦʛʦ ʧʦʪʦʢʫ. ʎʝ ʧʨʠʟʚʝʜʝ ʜʦ ʟʥʠʞʝʥʥʷ 
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ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʩʚʽʪʣʶʚʘʯʘ.  

5. ɼʦʩʣʽʜʞʝʥʦ ʤʝʪʦʜʠ ʪʘ ʧʨʦʮʝʩʠ ʜʣʷ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʨʦʮʝʩʫ ʧʦʜʽʣʫ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʟʘ ʨʘʭʫʥʦʢ 

ʫʢʨʫʧʥʝʥʥʷ ʯʘʩʪʠʥʦʢ ʚ ʘʛʨʝʛʘʪʽ ʧʽʜ ʜʽʻʶ ʢʦʘʛʫʣʷʥʪʽʚ ʽ ʬʣʦʢʫʣʷʥʪʽʚ (ʢʦʘʛʫʣʷʪʦʨʽʚ), ʨʦʟʜʽʣʝʥʥʷ ʨʽʜʢʦʾ ʪʘ 

ʪʚʝʨʜʦʾ ʬʘʟʠ. 
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ʇʆʈɯɺʅʗʃʔʅʀʁ ɸʅɸʃɯɿ ʉʀʉʊɽʄ ʈʆɿʈʆɹʂʀ ʇʈʆɻʈɸʄʅʆɻʆ 

ɿɸɹɽɿʇɽʏɽʅʅʗ ʅɸ ʆʉʅʆɺɯ ʌʈɽʁʄɺʆʈʂɯɺ 
 
ˠ ̨̒̓́̓̓ ̐̑̏̃̆̅̆̎̏ ̨̠̝̐̏̑̃̎̌̎̉̊ ̨́̎́̌̈ ̃̆̂-̨̑̆̊̍̃̏̑̋̃̕ ̎́ ̨̏̒̎̏̃ ̍̏̃̉ ̠̐̑̏̄̑́̍̔̃́̎̎ 0ÙÔÈÏÎȢ 

˜̝̑́̃̉̌̎̉̊ ̨̃̉̂̑ ̨̎̒̓̑̔̍̆̎̓̔ ̑̏̈̑̏̂̋̉ ̐̑̏̄̑́̍̎̏̄̏ ̘̠̈́̂̆̈̐̆̆̎̎ ̝̅̏̈̃̏̌̉̓ ̑̏̈̑̏̂̎̉̋́̍ ̙̙̐̑̉̃̉̅̉̓̉ ̗̐̑̏̆̒ 
̠̐̑̏̆̋̓̔̃́̎̎ ̓́ ̩̐̑̏̄̑́̍̎̏ ̨̨̗̩̑̆́̌̈́ ̃̆̂-̑̆̒̔̑ ̨̒̃Ȣ 

˔ ̑̏̈̃̉̓̋̏̍ ̍̏̃ ̠̐̑̏̄̑́̍̔̃́̎̎ ̘̐̏́̌̉ ̈ȭ̠̠̠̃̌̓̉̒ ̨̙̠̑̆̎̎ȟ ̨̠̋ ̙̟̝̐̏̌̆̄̔̓ ̨̐̑̏̄̑́̍̒̓́̍ ̠̒̓̃̏̑̆̎̎ 
̃̆̂-̨̅̏̅́̓̋̃Ȣ ˔́ ̨̏̒̓́̎̎ ̑̏̋̉ ̂̔̌̏ ̑̏̈̑̏̂̌̆̎̏ ̂́̄́̓̏ ̨̨̎̒̓̑̔̍̆̎̓̃ ̗̝̏̄̏ ̓̉̐̔ȟ ̈̏̋̑̆̍́ ̃̆̂-̨̑̆̊̍̃̏̑̋̃̕Ȣ 
ˏ́̇̌̉̃̉̍ ̨̤̋̑̉̓̆̑̍ ̨̗̏̎̋̉ ̃̆̂-̑̆̊̍̃̏̑̋́̕ ̤ ̘́̒ ̑̏̈̑̏̂̋̉ ̖̂́̈̏̃̉ ̨̆̌̆̍̆̎̓̃ȟ ̖̓́̋̉ ̠̋ ̨̒̓̏̑̎̋́ ̨̤̗̩̑̆̒̓̑́ ̓́ 
̖̅̏̅́̓̋̏̃̉ ̨̆̌̆̍̆̎̓̃ ɀ ̨̗̘̖̒̐̆̉̎̉̕ ̠̅̌ ̋̏̎̋̑̆̓̎̏̄̏ ̃̉̐́̅̋̔Ȣ ˍ̃̓̏̑̏̍ ̐̑̏̃̆̅̆̎̏ ̨́̎́̌̈ ̨̐̑̏̅̔̋̓̉̃̎̏̒̓ 
̑̆̊̍̕ ̨̃̏̑̋̃ ̈́ ̨̠̋̑̉̓̆̑̍̉ ̘́̒̔ ̠̎́̐̉̒́̎̎ ̖̐̑̏̄̑́̍̎̉ ̨̍̏̅̔̌̃ ̓́ ̏̂ȭ̤̍̔ ̐̑̏̄̑́̍̎̏̄̏ ̋̏̅̔Ȣ ˏ̨̅ ̃̉̂̏̑̔ 
̐̑ ̝́̃̉̌̎̏̄̏ ̃̆̂-̑̆̊̍̃̏̑̋́̕ ̝̈́̌̆̇̉̓ ̨̠̝̋̒̓ȟ ̨̨̝̎́̅̊̎̒̓ ̓́ ̘́̒ ̨̨̗̩̑̆́̌̈́ ̋̏̇̎̏̄̏ ̟̑̏̈̑̏̂̌̃́̎̏̄̏ ̐̑̏̄̑́̍̎̏̄̏ 
̈́̒̏̂̔Ȣ 

˴̨̟̘̒̎̔ ̃̆̂-̑̆̊̍̃̏̑̋̉̕ ̨̨̠̟̝̠̃̅̑̈̎̓̒ ̏̅̉̎ ̨̃̅ ̏̅̎̏̄̏ ̨ ̨̃̉̂̑ ̩̖ ̍̏̇̆ ̒̓́̓̉ ̠̅̌ ̨̐̑̏̄̑́̍̒̓́ ̒̋̌́̅̎̉̍ 
̠̈́̃̅́̎̎̍Ȣ ˟̏̍̔ ̨̐̏̓̑̂̎̏ ̎́̃̆̒̓̉ ̨̝̋̌̋́ ̨̐́̑́̍̆̓̑̃ȟ ̨̠̋ ̤ ̝̈́̄́̌̎̉̍̉ ̠̅̌ ̨̑̆̊̍̃̏̑̋̃̕ȟ ̨̈̄̅̎̏ ̠̖̋̉ ̨̒̌̅ 
̃̉̂̉̑́̓̉ ̨̐̏̓̑̂̎̉̊  ̃̆̂-̑̆̊̍̃̏̑̋̕Ȣ ˏ̨̉̂̑́̎ ̨̩̋̑̉̓̆̑ ̠̟̝̅̏̈̃̏̌̓ ̨̨̠̙̋̒̎̆ ̓́ ̏̂ǫ̤̙̃̄̋̓̉̃̎̆ ̨̗̏̎̉̓̉ ̑̆̊̍̃̏̑̋̉̕ 
̓́ ̙̙̐̑̉̃̉̅̉̓̉ ̗̐̑̏̆̒ ̤̐̑̏̋ ̠̓̔̃́̎̎ ̓́ ̩̐̑̏̄̑́̍̎̏ ̨̨̗̩̑̆́̌̈́ ̃̆̂-̨̑̆̒̔̑̒̃Ȣ ˤ̆̑̆̈ ̃̉̒̏̋̉̊ ̐̏̐̉̓ ̎́ ̃̆̂-̅̏̅́̓̋̉ 
̑̏̈̑̏̂̎̉̋̉ ̨̐̏̃̉̎̎ ̠̑̏̈̑̏̂̌̓̉ ̨̘̆̋̏̎̏̍̎̏ ̨̆̆̋̓̉̃̎̕ȟ ̨̘̂̆̈̐̆̎ ̓́ ̅̏̂̑̆ ̨̋̏̅̏̃́̎ ̃̆̂-̅̏̅́̓̋̉Ȣ 

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̑̆̊̍̃̏̑̋̉̕ȟ ̃̆̂-̑̆̒̔̑̒̉ȟ &ÌÁÓË, Django. 
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COMPARATIVE ANALY SIS OF SOFTWARE DEVELOPMENT SYSTEMS BASED ON FRAMEWORKS 
 

The article provides a comparative analysis of web frameworks based on the Python programming language. The right choice of a 
software development tool will allow developers to speed up the process of designing and software implementation of web resources. With 
the development of programming languages, solutions have begun to appear that make it easier for programmers to create web 
applications. In recent years, many tools of this type have been developed, including web frameworks. Some of them are used to develop small 
web applications, and other frameworks are used to create large-scale systems. 

The existing web frameworks differ from each other, but choosing them can be a difficult task for a programmer. Therefore, it is 
necessary to specify several parameters that are common to frameworks, according to which the desired web framework should be selected. 
The selected criteria make it possible to evaluate the frameworks more qualitatively and more objectively and speed up the process of design 
and software implementation of web resources. Due to the high demand for web applications, developers need to develop cost-effective, 
secure and well-coded web applications. Analyzing the Django framework, it can be argued that it is the most popular for web development, 
written in the Python programming language and using the MVC architecture. It is ideal for application projects with limited time and a 
small budget. If the application is not very voluminous and only simple URL routing and templates with a simple context are needed, then the 
Flask framework can be used instead of Django. 

The framework for building a Flask application in the resulting HTML files contains additional tags and scripts. The mechanism of 
work of processing forms also works differently. Flask stores more information about form fields on pages. The size of HTML files created 
using the Flask framework turns out to be significantly larger. 

Keywords: frameworks, web resources, Flask, Django. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ʆʜʥʠʤ ʟ ʚʘʞʣʠʚʠʭ ʟʘʚʜʘʥʴ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʚʝʙ-ʜʦʜʘʪʢʽʚ ʻ ʥʘʧʠʩʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ ʣʝʛʢʦʛʦ ʜʣʷ 

ʯʠʪʘʥʥʷ, ʟʨʦʟʫʤʽʣʦʛʦ ʜʣʷ ʽʥʰʠʭ ʧʨʦʛʨʘʤʽʩʪʽʚ ʪʘ ʜʣʷ ʙʘʛʘʪʦʨʘʟʦʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʎʶ ʧʨʘʢʪʠʢʫ ʯʘʩʪʦ 

ʥʘʟʠʚʘʶʪʴ ʧʨʠʥʮʠʧʦʤ DRY (Don't repeat yourself). ɺʽʥ ʩʪʚʝʨʜʞʫʻ, ʱʦ ʢʦʜ ʧʦʚʠʥʝʥ ʩʪʚʦʨʶʚʘʪʠʩʷ ʪʘʢʠʤ 

ʯʠʥʦʤ, ʱʦʙ ʞʦʜʝʥ ʡʦʛʦ ʬʨʘʛʤʝʥʪ ʥʝ ʧʦʚʪʦʨʶʚʘʚʩʷ ʚ ʨʽʟʥʠʭ ʯʘʩʪʠʥʘʭ ʧʨʦʛʨʘʤʠ. 

ʇʦʚʪʦʨʶʚʘʥʽ ʜʽʾ ʧʦʚʠʥʥʽ ʚʠʢʦʥʫʚʘʪʠʩʷ ʛʝʥʝʨʘʪʦʨʘʤʠ ʢʦʜʫ ʘʙʦ ʩʮʝʥʘʨʽʷʤʠ, ʧʨʠʟʥʘʯʝʥʠʤʠ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʨʦʙʦʪʠ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʠʤʦʛ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʨʽʚʥʷ ʩʢʣʘʜʥʦʩʪʽ ʚʝʙ-ʜʦʜʘʪʢʽʚ ʚʠʥʠʢʣʘ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʧʨʦʮʝʩʫ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ʑʝ ʦʜʥʘ ʩʢʣʘʜʥʽʩʪʴ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʧʨʦʛʨʘʤʽʩʪʘ ï ʨʦʟʫʤʽʥʥʷ ʢʦʜʫ ʥʘʧʠʩʘʥʦʛʦ ʽʥʰʠʤʠ 

ʧʨʦʛʨʘʤʽʩʪʘʤʠ. ʗʢʱʦ ʪʘʢʝ ʧʦʚʪʦʨʶʚʘʪʠʤʝʪʴʩʷ ʫ ʙʘʛʘʪʴʦʭ ʤʽʩʮʷʭ ʧʨʦʛʨʘʤʠ, ʪʦ ʩʣʽʜʢʫʚʘʥʥʷ ʟʘ ʧʝʚʥʠʤ 

ʬʨʘʛʤʝʥʪʦʤ ʢʦʜʫ ʤʦʞʝ ʩʪʘʪʠ ʜʦʩʠʪʴ ʩʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʦʜʥʦʟʥʘʯʥʠʭ ʽʥʪʝʨʧʨʝʪʘʮʽʡ ʪʘ 

ʧʽʜʚʠʱʫʻ ʩʢʣʘʜʥʽʩʪʴ ʧʨʦʛʨʘʤʠ. ʎʝ ʦʙʤʝʞʫʻ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʰʠʨʝʥʥʷ ʽʩʥʫʶʯʠʭ ʜʦʜʘʪʢʽʚ, ʘ ʪʘʢʦʞ ʫʩʢʣʘʜʥʶʻ 

ʧʝʨʝʜʘʯʫ ʨʦʙʦʪʠ ʥʘʜ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʽʥʰʠʤ ʨʦʟʨʦʙʥʠʢʘʤ, ʷʢʽ ʥʝ ʙʨʘʣʠ ʫʯʘʩʪʽ ʫ ʧʦʧʝʨʝʜʥʽʭ 

ʧʨʦ̒ʢʪʘʭ. 

ɺʠʨʽʰʝʥʥʷʤ ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ ʧʨʦʙʣʝʤ ʩʪʘʣʠ ʬʨʝʡʤʚʦʨʢʠ. 

ʌʨʝʡʤʚʦʨʢ ï ʮʝ ʛʦʪʦʚʘ ʬʦʨʤʘ ʤʦʜʝʣʽ ʚ ɯʊ, ʷʢʘ ʧʦʚʪʦʨʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʨʦʛʨʘʤʥʦʾ 

ʧʣʘʪʬʦʨʤʠ, ʱʦ ʚʢʣʶʯʘʻ ʪʘʢʦʞ ʜʠʟʘʡʥ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ. ʎʝ ʩʪʨʫʢʪʫʨʘ ʚʠʢʣʘʜʝʥʘ ʥʘ ʤʦʚʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʫ ʪʦʡ 
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ʯʘʩ ʷʢ ʽʥʰʘ ʪʝʭʥʽʢʘ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʽ ʧʦʪʨʝʙʫʻ ʩʧʝʮʽʘʣʴʥʠʭ 

ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ. ʎʝ ʰʘʙʣʦʥ ʜʣʷ ʧʨʦʛʨʘʤʥʦʾ ʧʣʘʪʬʦʨʤʠ, ʥʘ ʦʩʥʦʚʽ ʷʢʦʛʦ ʤʦʞʥʘ ʜʦʧʠʩʘʪʠ ʚʣʘʩʥʠʡ 

ʧʨʦʛʨʘʤʥʠʡ ʢʦʜ [1]. ʉʪʨʫʢʪʫʨʘ ʟʦʩʝʨʝʜʞʝʥʘ ʥʘ ʢʽʣʴʢʦʭ ʦʩʥʦʚʥʠʭ ʢʨʠʪʝʨʽʷʭ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʧʨʦʮʝʩ 

ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʟʦʢʨʝʤʘ: ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʟʜʘʪʥʽʩʪʴ ʜʦ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʧʨʦʛʨʘʤʠ, 

ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʪʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʩʪʘʥʜʘʨʪʘʤ [2]. 

ʌʨʝʡʤʚʦʨʢʠ ʥʘʜʘʶʪʴ ʧʨʦʛʨʘʤʽʩʪʘʤ ʧʝʚʥʽ ʬʫʥʢʮʽʦʥʘʣʠ ʪʘ ʛʦʪʦʚʽ ʤʦʜʫʣʽ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ 

ʟʦʩʝʨʝʜʠʪʠʩʷ ʣʠʰʝ ʥʘ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʘʩʧʝʢʪʘʭ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ʈʫʪʠʥʥʽ ʟʘʚʜʘʥʥʷ, ʪʘʢʽ 

ʷʢ ʦʙʨʦʙʢʘ ʩʝʘʥʩʫ ʘʙʦ ʧʝʨʝʚʽʨʢʘ ʜʘʥʠʭ ʫ ʬʦʨʤʘʭ, ʤʘʶʪʴ ʜʨʫʛʦʨʷʜʥʝ ʟʥʘʯʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ 

ʥʘʣʝʞʥʠʤ ʯʠʥʦʤ ʥʘʣʘʰʪʦʚʘʥʠʤ ʢʘʨʢʘʩʦʤ ʧʨʦʛʨʘʤʠ. ʅʘʣʘʰʪʫʚʘʚʰʠ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʛʨʫʧʫ ʧʽʜ ʩʚʦʾ ʧʦʪʨʝʙʠ 

ʪʘ ʚʨʘʭʫʚʘʚʰʠ ʙʽʟʥʝʩ-ʣʦʛʽʢʫ, ʧʨʦʛʨʘʤʽʩʪ ʤʦʞʝ ʧʨʠʩʪʫʧʘʪʠ ʜʦ ʨʦʙʦʪʠ. ʉʘʤʝ ʮʝ ʨʦʙʠʪʴ ʬʨʝʡʤʚʦʨʢʠ ʜʦʜʘʪʢʽʚ 

ʧʦʧʫʣʷʨʥʠʤʠ ʚ ʩʝʨʝʜʦʚʠʱʽ ʨʦʟʨʦʙʢʠ, ʦʩʢʽʣʴʢʠ ʨʦʟʨʦʙʥʠʢʘʤ ʥʝ ʜʦʚʦʜʠʪʴʩʷ "ʚʠʥʘʭʦʜʠʪʠ ʢʦʣʝʩʦ" ʟ ʢʦʞʥʠʤ 

ʥʦʚʠʤ ʧʨʦʻʢʪʦʤ.  

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʬʨʝʡʤʚʦʨʢʠ ʨʦʟʨʦʙʢʠ ʜʦʜʘʪʢʽʚ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʝ ʪʽʣʴʢʠ ʛʦʪʦʚʽ ʩʮʝʥʘʨʽʾ ʯʠ 

ʙʽʙʣʽʦʪʝʢʠ, ʘ ʡ ʫʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʷʢʽ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʧʣʠʚʘʶʪʴ ʥʘ ʤʽʥʽʤʽʟʘʮʽʶ ʯʘʩʫ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ. ɼʝʷʢʽ ʟ ʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʨʦʟʨʦʙʢʠ ʥʝʚʝʣʠʢʠʭ 

ʚʝʙ-ʜʦʜʘʪʢʽʚ, ʽʥʰʽ ï ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʤʘʩʰʪʘʙʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʯʠʩʣʝʥʥʠʭ ʨʽʰʝʥʴ ʪʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ. ʂʦʞʝʥ ʧʨʦʛʨʘʤʽʩʪ, ʷʢʦʤʫ ʜʦʚʦʜʠʪʴʩʷ ʚʠʙʠʨʘʪʠ ʥʦʚʠʡ ʨʦʙʦʯʠʡ ʽʥʩʪʨʫʤʝʥʪ, 

ʧʦʚʠʥʝʥ ʩʧʦʯʘʪʢʫ ʚʠʟʥʘʯʠʪʠʩʷ ʽʟ ʡʦʛʦ ʚʠʙʦʨʦʤ. 

ʉʫʯʘʩʥʽ ʬʨʝʡʤʚʦʨʢʠ ʚʦʣʦʜʽʶʪʴ ʥʠʟʢʦʶ ʧʝʚʥʠʭ ʧʝʨʝʚʘʛ ʪʘ ʥʝʜʦʣʽʢʽʚ, ʘ ʪʦʤʫ ʘʢʪʫʘʣʴʥʠʤ ʻ ʧʠʪʘʥʥʷ 

ʚʠʙʦʨʫ ʧʨʘʚʠʣʴʥʦʛʦ ʪʘ ʚʽʜʧʦʚʽʜʥʦʛʦ ʬʨʝʡʤʚʦʨʢʫ ʘʙʦ ʾʭ ʥʘʙʦʨʫ ʜʣʷ ʢʦʞʥʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʦʝʢʪʫ, ʘʜʞʝ ʚʽʜ 

ʧʨʘʚʠʣʴʥʦʛʦ ʚʠʙʦʨʫ ʟʘʣʝʞʠʪʴ ʷʢʽʩʪʴ, ʯʘʩ ʨʝʘʣʽʟʘʮʽʾ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʢʦʞʥʦʛʦ ʨʦʟʨʦʙʣʶʚʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʧʨʦʜʫʢʪʫ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʬʨʝʡʤʚʦʨʢʠ ʜʣʷ ʨʦʟʨʦʙʢʠ ʚʝʙ-ʩʠʩʪʝʤ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʽʜʭʦʜʠ ʜʦ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ.  

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ  ̒ʧʨʦʚʝʜʝʥʥʷ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʚʠʙʨʘʥʠʭ ʬʨʝʡʤʚʦʨʢʽʚ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʚʝʙ-

ʜʦʜʘʪʢʽʚ. ɼʣʷ ʮʴʦʛʦ ʩʣʽʜ ʟʜʽʡʩʥʠʪʠ ʚʠʙʽʨ, ʦʧʠʩʘʪʠ ʪʘ ʦʙˇʨʫʥʪʫʚʘʪʠ ʢʨʠʪʝʨʽʾ ʧʦʨʽʚʥʷʥʥʷ ʬʨʝʡʤʚʦʨʢʽʚ. 

ʊʝʤʘʪʠʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʩʣʫʞʠʪʴ ʚʠʯʝʨʧʥʦʶ ʪʝʤʦʶ ʧʨʘʢʪʠʯʥʦʛʦ ʘʩʧʝʢʪʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʙʨʘʥʠʭ 

ʬʨʝʡʤʚʦʨʢʽʚ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʨʦʛʨʘʤ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʟʥʘʯʘʶʪʴ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʙʦʨʫ ʪʘ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʬʨʝʡʤʚʦʨʢʽʚ ʜʣʷ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚʠʟʥʘʯʝʥʦ ʪʘʢʽ ʦʩʥʦʚʥʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ: 

- ʚʠʜʽʣʠʪʠ ʩʫʯʘʩʥʽ ʬʨʝʡʤʚʦʨʢʠ ʥʘ ʦʩʥʦʚʽ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Python; 

- ʚʠʜʽʣʠʪʠ ʢʨʠʪʝʨʽʾ ʦʮʽʥʢʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʬʨʝʡʤʚʦʨʢʽʚ; 

- ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ ʟʜʽʡʩʥʠʪʠ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʬʨʝʡʤʚʦʨʢʽʚ ʚʝʙ-ʨʦʟʨʦʙʢʠ ʥʘ 

ʦʩʥʦʚʽ ʚʠʟʥʘʯʝʥʠʭ ʢʨʠʪʝʨʽʾʚ. 
 

ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ 

ɿ ʨʦʟʚʠʪʢʦʤ ʚʝʙ-ʪʝʭʥʦʣʦʛʽʡ ʪʘʢʦʞ ʨʦʟʚʠʚʘʶʪʴʩʷ ʽʥʪʝʨʥʝʪ-ʩʪʦʨʽʥʢʠ. ʈʦʟʚʠʪʦʢ ɯʥʪʝʨʥʝʪʫ ʨʦʙʠʪʴ ʚʝʙ-

ʜʦʜʘʪʢʠ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʠʤʠ. ʉʪʦʨʽʥʢʠ ʩʪʘʪʠʯʥʽ ʙʫʣʠ ʟʘʤʽʥʝʥʽ ʥʘ ʜʠʥʘʤʽʯʥʽ ʩʪʦʨʽʥʢʠ ʟ ʚʝʣʠʢʦʶ 

ʢʽʣʴʢʽʩʪʶ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʤʦʞʥʘ ʟʤʽʥʶʚʘʪʠ ʙʘʛʘʪʦ ʨʘʟʽʚ ʟʘ ʜʦʩʠʪʴ ʢʦʨʦʪʢʠʡ ʯʘʩ. ɼʣʷ ʜʦʧʦʤʦʛʠ 

ʩʪʚʦʨʝʥʥʷ ʪʘʢʠʭ ʚʝʙ-ʩʪʦʨʽʥʦʢ ʨʦʟʨʦʙʥʠʢʘʤ ʧʦʪʨʽʙʥʽ ʬʨʝʡʤʚʦʨʢʠ. ɯʩʥʫʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʨʽʟʥʠʭ ʬʨʝʡʤʚʦʨʢʽʚ. 

ʅʘʫʢʦʚʮʽ ʚ ʩʬʝʨʽ ʚʝʙ-ʪʝʭʥʦʣʦʛʽʡ ʧʨʠʜʽʣʷʶʪʴ ʟʥʘʯʥʫ ʫʚʘʛʫ ʩʫʯʘʩʥʠʤ ʬʨʝʡʤʚʦʨʢʘʤ: ʾʭ ʦʧʠʩʫ, ʘʥʘʣʽʪʠʯʥʦʤʫ 

ʘʥʘʣʽʟʫ, ʧʦʨʽʚʥʷʥʥʶ. 

ʋ ʨʦʙʦʪʽ [3] ʘʚʪʦʨʠ ʥʘʚʦʜʷʪʴ ʨʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʪʨʴʦʭ ʬʨʝʡʤʚʦʨʢʽʚ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʚʝʙ-ʜʦʜʘʪʢʽʚ Express, Hapi i Koa. ɺ ʨʘʤʢʘʭ ʨʦʙʦʪʠ ʨʝʘʣʽʟʦʚʘʥʦ ʩʝʨʚʝʨʥʽ ʪʝʩʪʦʚʽ ʜʦʜʘʪʢʠ, ʷʢʽ ʚʠʢʦʥʫʶʪʴ 

ʪʠʧʦʚʽ ʦʧʝʨʘʮʽʾ ʟ ʙʘʟʦʶ ʜʘʥʠʭ. ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʷʚʠʣʦʩʷ, ʱʦ ʬʨʝʡʤʚʦʨʢʠ Hapi ʽ Koa, ʷʢʽ 

ʧʨʘʮʶʶʪʴ ʥʘʜ ʦʜʥʠʤ ʦʙôʻʢʪʦʤ ʘʙʦ ʨʷʜʢʦʤ Hello World ʜʦʩʷʛʣʠ ʥʘʡʢʨʘʱʦʛʦ ʯʘʩʫ ʚʽʜʧʦʚʽʜʽ. Koa ʚʠʷʚʠʚʩʷ 

ʥʘʡʢʨʘʱʠʤ ʧʨʠ ʙʽʣʴʰʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ, ʜʦʩʷʛʘʶʯʠ ʯʘʩʫ ʚʽʜʧʦʚʽʜʽ ʧʨʠʙʣʠʟʥʦ ʥʘ 20% ʢʨʘʱʦʛʦ, ʥʽʞ Express. 

ʇʨʠ ʚʠʩʦʢʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ Hapi ʚʠʷʚʠʚʩʷ ʛʽʨʰʠʤ, ʜʦʩʷʛʥʫʚʰʠ ʙʽʣʴʰ ʥʽʞ ʫ 2 ʨʘʟʠ ʜʦʚʰʦʛʦ ʯʘʩʫ ʚʽʜʛʫʢʫ, 

ʥʽʞ ʬʨʝʡʤʚʦʨʢ Koa. 

ɸʚʪʦʨʠ ʨʦʙʦʪʠ [4] ʨʝʘʣʽʟʫʚʘʣʠ ʤʦʜʝʣʴ ʘʨʭʽʪʝʢʪʫʨʠ MVC (Model View Controller) ʽʟ ʬʨʝʡʤʚʦʨʢʘʤʠ 

Laravel ʽ Slim. ʐʘʙʣʦʥʠ ʧʨʦʝʢʪʫʚʘʥʥʷ MVC ʻ ʜʦʙʨʝ ʚʽʜʦʤʠʤʠ ʰʘʙʣʦʥʘʤʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʘʨʭʽʪʝʢʪʫʨ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ʇʨʦʚʝʜʝʥʠʡ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʬʨʝʡʤʚʦʨʢʽʚ Laravel ʽ Slim ʧʽʜ ʯʘʩ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ ʥʘ ʩʪʦʨʽʥʮʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʧʘʥʝʣʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ Apache JMeter. ʈʝʟʫʣʴʪʘʪʠ, ʦʪʨʠʤʘʥʽ ʚ ʚʽʜ ʧʦʨʽʚʥʷʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ 

ʬʨʝʡʤʚʦʨʢ Slim ʰʚʠʜʰʠʡ ʽ ʢʨʘʱʠʡ ʟʘ ʬʨʝʡʤʚʦʨʢ Laravel. 

ʇʦʨʽʚʥʷʥʥʷ ʧʝʨʝʚʘʛ ʪʘ ʥʝʜʦʣʽʢʽʚ ʚʝʙ-ʨʦʟʨʦʙʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʨʝʡʤʚʦʨʢʫ ʟ ʨʦʟʨʦʙʢʦʶ ʚ ʩʪʠʣʽ 

ʙʽʙʣʽʦʪʝʢʠ ʨʦʟʛʣʷʥʫʪʦ ʫ ʨʦʙʦʪʽ [5]. ʎʝ ʧʦʨʽʚʥʷʥʥʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʜʚʦʭ ʦʩʥʦʚʥʠʭ ʧʦʢʘʟʥʠʢʘʭ: ʚʧʣʠʚ ʥʘ 

ʢʝʨʽʚʥʠʮʪʚʦ ʪʘ ʚʧʣʠʚ ʥʘ ʨʦʟʨʦʙʥʠʢʘ. ɹʘʛʘʪʦʨʘʟʦʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʛʥʫʯʢʽʩʪʴ, ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʪʘ ʨʝʥʪʘʙʝʣʴʥʽʩʪʴ 

ï ʮʝ ʢʨʠʪʝʨʽʾ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴʩʷ ʢʝʨʽʚʥʠʮʪʚʦʤ ʫ ʚʠʟʥʘʯʝʥʥʽ ʩʚʦʛʦ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʫ. ɿʘ ʚʠʙʽʨ ʤʝʪʦʜʫ, ʙʽʙʣʽʦʪʝʢʠ 

ʯʠ ʬʨʝʡʤʚʦʨʢʫ ʚʽʜʧʦʚʽʜʘʻ ʢʦʤʧʘʥʽʷ. ʌʨʝʡʤʚʦʨʢ ʜʦʧʦʤʘʛʘʻ ʨʦʟʨʦʙʥʠʢʫ ʘʚʪʦʤʘʪʠʯʥʦ ʩʪʚʦʨʶʚʘʪʠ ʩʪʨʫʢʪʫʨʫ 

ʤʝʨʝʞʽ. ʇʦʢʘʟʘʥʦ, ʱʦ ʦʙʠʜʚʘ ʤʝʪʦʜʠ ʷʢ ʬʨʝʡʤʚʦʨʢ, ʪʘʢ ʽ ʙʽʙʣʽʦʪʝʢʘ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʫʧʨʘʚʣʽʥʥʷ ʢʦʤʧʘʥʽʻʶ, 

ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʙʘʛʘʪʦʨʘʟʦʚʦ. 

ʋ ʩʪʘʪʪʽ [6] ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʨʝʣʷʮʽʡʥʠʭ ʙʘʟ ʜʘʥʠʭ SQL Server, MySQL ʽ 
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PostgreSQL ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʨʝʡʤʚʦʨʢʫ Laravel. ʆʮʽʥʝʥʦ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʟʘʧʠʪʽʚ, ʷʢ 

ʧʨʦʩʪʠʭ, ʪʘʢ ʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʥʢʘʪʝʥʘʮʽʾ ʩʪʦʚʧʮʽʚ ʽ ʪʘʙʣʠʮʴ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʦʜʥʠʭ ʽ ʪʠʭ ʩʘʤʠʭ 

ʩʪʨʫʢʪʫʨ ʙʘʟ ʜʘʥʠʭ ʚʽʜʨʽʟʥʷʣʠʩʷ ʢʽʣʴʢʽʩʪʶ ʦʧʝʨʘʮʽʡ. ʈʦʟʛʣʷʜʘʶʯʠ ʚʩʽ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʫ ʚʠʧʘʜʢʫ ʙʘʟ ʜʘʥʠʭ ʟ ʥʝ ʥʘʜʪʦ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʟʘʧʠʩʽʚ (ʜʦ 1000 ʟʘʧʠʩʽʚ), ʘ ʪʝʭʥʽʯʥʽ 

ʧʘʨʘʤʝʪʨʠ ʧʨʠʩʪʨʦʶ, ʥʘ ʷʢʦʤʫ ʧʨʘʮʶʻ ʙʘʟʘ ʜʘʥʠʭ, ʥʠʟʴʢʦʛʦ ʘʙʦ ʩʝʨʝʜʥʴʦʛʦ ʢʣʘʩʫ, MySQL ʧʨʘʮʶʻ ʜʦʩʠʪʴ 

ʜʦʙʨʝ. 

ɸʚʪʦʨ ʨʦʙʦʪʠ [7]  ʧʦʢʘʟʘʚ, ʱʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʝʙ-ʬʨʝʡʤʚʦʨʢʫ CodeIgniter ʤʦʞʥʘ ʜʦʩʠʪʴ ʰʚʠʜʢʦ 

ʩʪʚʦʨʠʪʠ ʥʝʚʝʣʠʢʠʡ ʧʨʦʝʢʪ, CakePHP ï ʜʦʟʚʦʣʠʪʴ ʰʚʠʜʢʦ ʥʘʧʠʩʘʪʠ ʧʨʦʝʢʪ, ʘʣʝ ʦʧʪʠʤʽʟʫʚʘʪʠ ʡʦʛʦ ʙʫʜʝ 

ʩʢʣʘʜʥʦ, Symfony ï ʽʜʝʘʣʴʥʦ ʧʽʜʭʦʜʠʪʴ ʧʽʜ ʩʝʨʝʜʥʽ ʪʘ ʚʝʣʠʢʽ ʧʨʦʝʢʪʠ. 

ʋ ʩʪʘʪʪʽ [8] ʨʦʟʛʣʷʥʫʪʦ ʪʘ ʧʦʨʽʚʥʷʥʦ ʬʫʥʢʮʽʾ ʙʝʟʧʝʢʠ ʪʨʴʦʭ ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʭ ʽ ʥʘʡʧʦʪʫʞʥʽʰʠʭ 

ʬʨʝʡʤʚʦʨʢʽʚ PHP Laravel, CodeIgniter ʽ Symfony. ɺʠʭʦʜʷʯʠ ʟ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʨʽʚʥʷʥʥʷ Laravel ʥʘʡʙʽʣʴʰ 

ʟʘʭʠʱʝʥʠʡ. ʋ ʮʽʡ ʩʪʘʪʪʽ ʥʘʚʝʜʝʥʦ ʦʧʠʩ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʢʦʥʮʝʧʮʽʾ  ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʙʝʟʧʝʯʥʠʭ ʧʨʦʛʨʘʤ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʨʝʡʤʚʦʨʢʽʚ. 

ʄʝʪʦʶ ʩʪʘʪʪʽ [9] ʻ ʧʦʨʽʚʥʷʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʦʧʫʣʷʨʥʠʭ ʬʨʝʡʤʚʦʨʢʽʚ Angular ʽ Vue.js ʫ ʢʦʥʪʝʢʩʪʽ 

ʚʠʙʦʨʫ ʢʨʘʱʦʛʦ. ɿ ʥʘʚʝʜʝʥʠʭ ʫ ʩʪʘʪʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʘʚʪʦʨʠ ʟʨʦʙʠʣʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʬʨʝʡʤʚʦʨʢ Angular ʻ ʙʽʣʴʰ 

ʩʢʣʘʜʥʠʤ, ʘʣʝ ʟʘʚʜʷʢʠ ʞʦʨʩʪʢʦʤʫ ʥʘʙʦʨʫ ʪʝʢʩʪʫ ʚʽʥ ʜʦʩʠʪʴ ʝʬʝʢʪʠʚʥʠʡ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʚʝʣʠʢʠʭ ʧʨʦʝʢʪʽʚ. 

Vue.js ʤʘʻ ʤʝʥʰʝ ʬʫʥʢʮʽʡ ʽ, ʟʜʘʻʪʴʩʷ, ʻ ʢʨʘʱʠʤ ʚʠʙʦʨʦʤ ʜʣʷ ʧʨʦʛʨʘʤʽʩʪʽʚ-ʧʦʯʘʪʢʽʚʮʽʚ, ʘʣʝ ʦʜʥʦʯʘʩʥʦ ï ʮʝ 

ʙʽʣʴʰ ʛʥʫʯʢʠʡ ʬʨʝʡʤʚʦʨʢ, ʥʽʞ Angular, ʽ ʡʦʛʦ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʥʘʧʠʩʘʥʥʷ ʷʢ ʚʝʣʠʢʠʭ, ʪʘʢ ʽ 

ʤʘʣʠʭ ʧʨʦʝʢʪʽʚ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ TypeScript, ʥʘ ʷʢʦʤʫ ʥʘʧʠʩʘʥʠʡ Angular, ʩʢʣʘʜʥʽʰʠʡ ʽ ʚʘʞʯʠʡ ʜʣʷ 

ʚʠʚʯʝʥʥʷ, ʨʦʟʨʦʙʠʪʠ ʪʘ ʧʽʜʪʨʠʤʫʚʘʪʠ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʩʪʚʦʨʝʥʝ ʟ ʡʦʛʦ ʜʦʧʦʤʦʛʦʶ, ʧʨʦʩʪʽʰʝ ʽ 

ʝʬʝʢʪʠʚʥʽʰʝ. ʌʨʝʡʤʚʦʨʢ Vue.js ʻ ʢʨʘʱʠʤ ʧʨʦʛʨʘʤʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ, ʥʽʞ ʬʨʝʡʤʚʦʨʢ Angular, ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʚʝʙ-ʜʦʜʘʪʢʽʚ ʩʝʨʝʜʥʴʦʛʦ ʨʽʚʥʷ ʩʢʣʘʜʥʦʩʪʽ. 

ʋ ʩʪʘʪʪʽ [10] ʘʚʪʦʨ ʧʨʝʜʩʪʘʚʠʚ ʘʥʘʣʽʟ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʦʩʴʤʠ ʬʨʝʡʤʚʦʨʢʽʚ. ʇʨʦʚʝʜʝʥʝ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʦʣʷʛʘʣʦ ʫ ʚʠʤʽʨʶʚʘʥʥʽ ʯʘʩʫ ʩʪʚʦʨʝʥʥʷ,  ʤʦʜʠʬʽʢʘʮʽʾ ʪʘ ʚʠʜʘʣʝʥʥʷ ʝʣʝʤʝʥʪʽʚ HTML ʥʘ ʚʝʙ-ʩʘʡʪʽ. 

ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʮʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʫʻ, ʢʦʪʨʠʡ ʟ ʬʨʝʡʤʚʦʨʢʽʚ ʥʘʡʰʚʠʜʰʠʡ. ʇʦʨʽʚʥʶʶʯʠ ʩʝʨʝʜʥʽ 

ʟʥʘʯʝʥʥʷ ʯʘʩʫ, Vue.js ʰʚʠʜʰʠʡ, ʥʽʞ Angular, ʘʣʝ ʪʽʣʴʢʠ ʫ ʚʠʧʘʜʢʫ ʚʠʜʘʣʝʥʥʷ ʝʣʝʤʝʥʪʽʚ HTML. ɸʚʪʦʨ 

ʨʦʙʠʪʴ ʚʠʩʥʦʚʦʢ, ʱʦ Angular ʤʘʻ ʥʘʡʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ʪʘ ʟʘʡʤʘʻ ʧʝʨʰʝ ʤʽʩʮʝ ʤʘʡʞʝ ʫ ʚʩʽʭ ʧʨʦʚʝʜʝʥʠʭ 

ʪʝʩʪʘʭ. Vue.js ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʰʚʠʜʰʠʭ ʬʨʝʡʤʚʦʨʢʽʚ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʘ ʤʦʜʠʬʽʢʘʮʽʾ ʝʣʝʤʝʥʪʽʚ, ʭʦʯʘ ʚʽʥ ʚʩʝ ʱʝ 

ʧʦʚʽʣʴʥʽʰʠʡ ʟʘ Angular ʫ ʚʠʢʦʥʘʥʥʽ ʪʘʢʦʛʦ ʪʠʧʫ ʦʧʝʨʘʮʽʡ. 

ɸʚʪʦʨ ʩʪʘʪʪʽ [11] ʧʦʨʽʚʥʶʻ ʩʪʨʫʢʪʫʨʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʚʝʙ-ʩʘʡʪʫ ʚ ʩʠʩʪʝʤʽ ʢʝʨʫʚʘʥʥʷ ʚʤʽʩʪʦʤ Sitkore. 

ʑʦʙ ʚʠʟʥʘʯʠʪʠ ʥʘʡʙʽʣʴʰ ʧʨʠʡʥʷʪʥʫ ʪʝʭʥʦʣʦʛʽʶ, ʘʚʪʦʨ ʧʦʨʽʚʥʶʻ ʪʘʢʽ ʧʦʢʘʟʥʠʢʠ, ʷʢ ʢʽʣʴʢʽʩʪʴ ʨʷʜʢʽʚ 

ʚʠʭʽʜʥʦʛʦ ʢʦʜʫ, ʦʙʩʷʛ ʜʠʩʢʦʚʦʛʦ ʧʨʦʩʪʦʨʫ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʠʢʦʥʫʚʘʥʠʤʠ ʬʘʡʣʘʤʠ, ʩʢʣʘʜʥʽʩʪʴ 

ʢʦʜʫʚʘʥʥʷ, ʘʨʭʽʪʝʢʪʫʨʥʽ ʦʙʤʝʞʝʥʥʷ, ʚʚʝʜʝʥʽ ʬʨʝʡʤʚʦʨʢʦʤ ʽ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. ʅʘ ʦʩʥʦʚʽ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʘʢʦʛʦ ʪʠʧʫ ʜʦʜʘʪʢʽʚ ʥʘʡʢʨʘʱʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʽʙʣʽʦʪʝʢʫ React. 

ɸʚʪʦʨ ʪʘʢʦʞ ʟʘʟʥʘʯʘʻ, ʱʦ ʬʨʝʡʤʚʦʨʢ Vue.js ʤʘʻ ʚʝʣʠʢʽ ʧʝʨʩʧʝʢʪʠʚʠ ʚʠʪʽʩʥʠʪʠ React ʟʘʚʜʷʢʠ ʣʝʛʢʦʤʫ ʚʭʦʜʫ, 

ʤʽʥʽʤʘʣʴʥʽʡ ʙʘʟʦʚʽʡ ʢʦʥʬʽʛʫʨʘʮʽʾ ʪʘ ʧʨʦʩʪʦʪʽ ʨʦʟʰʠʨʝʥʥʷ ʘʨʭʽʪʝʢʪʫʨʠ ʢʦʜʫ. ɼʣʷ ʩʢʣʘʜʥʦʛʦ ʪʘ 

ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʦʝʢʪʫ Angular ʻ ʛʦʣʦʚʥʠʤ ʢʦʥʢʫʨʝʥʪʦʤ React ʟʘʚʜʷʢʠ ʛʥʫʯʢʦʩʪʽ ʢʦʜʫ ʪʘ ʰʚʠʜʢʦʩʪʽ 

ʚʽʜʪʚʦʨʝʥʥʷ ʩʪʦʨʽʥʦʢ. 

ɸʚʪʦʨʠ ʩʪʘʪʪʽ [12] ʧʨʦʚʝʣʠ ʧʦʨʽʚʥʷʥʥʷ ʬʨʝʡʤʚʦʨʢʽʚ Angular, Vue.js ʽ React, ʱʦʙ ʚʠʟʥʘʯʠʪʠ, ʷʢʠʡ ʟ 

ʥʠʭ ʝʬʝʢʪʠʚʥʽʰʠʡ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʜʦʜʘʪʢʽʚ SPA, ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʜʦʜʘʪʢʽʚ ʪʠʧʫ MPA ʘʙʦ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʦʙʦʭ 

ʪʠʧʽʚ ʮʠʭ ʜʦʜʘʪʢʽʚ. ɺʠʙʨʘʥʽ ʬʨʝʡʤʚʦʨʢʠ ʜʦʩʣʽʜʞʫʚʘʣʠʩʴ ʥʘ ʟʜʘʪʥʽʩʪʴ ʛʝʥʝʨʫʚʘʪʠ ʩʪʦʨʽʥʢʫ ʥʘ ʩʪʦʨʦʥʽ 

ʩʝʨʚʝʨʘ, ʟʜʘʪʥʽʩʪʴ ʧʠʩʘʪʠ ʪʘ ʢʝʨʫʚʘʪʠ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʩʢʣʘʜʥʦʛʦ ʢʦʜʫ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʬʨʝʡʤʚʦʨʢʽʚ ʫ ʨʘʟʽ 

ʩʪʠʩʥʝʥʥʷ ʪʘ ʤʽʥʽʤʽʟʘʮʽʾ ʚʠʭʽʜʥʠʭ ʬʘʡʣʽʚ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ, ʱʦ Vue.js ʻ 

ʥʘʡʙʽʣʴʰ ʧʨʠʜʘʪʥʠʤ ʜʣʷ ʩʪʚʦʨʝʥʥʷ MPA, ʘ Angular ʻ ʛʽʨʰʠʤ ʚʠʙʦʨʦʤ ʯʝʨʝʟ ʡʦʛʦ ʨʦʟʤʽʨ ʽ ʩʢʣʘʜʥʽʩʪʴ, ʘ 

ʪʘʢʦʞ ʡʦʛʦ ʥʝʩʧʨʦʤʦʞʥʽʩʪʴ ʢʦʥʪʨʦʣʶ ʥʝʚʝʣʠʢʠʭ ʯʘʩʪʠʥ ʩʪʨʫʢʪʫʨʠ DOM. ʋ ʚʠʧʘʜʢʫ SPA Angular, ʥʘ ʜʫʤʢʫ 

ʘʚʪʦʨʽʚ, ʮʝ ʥʘʡʢʨʘʱʠʡ ʚʠʙʽʨ. Vue.js ʻ ʝʬʝʢʪʠʚʥʠʤ ʚʠʙʦʨʦʤ ʷʢ ʜʣʷ ʨʦʟʨʦʙʢʠ SPA, ʪʘʢ ʽ ʜʣʷ MPA. 

 
ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʇʘʨʘʤʝʪʨʠ ʦʮʽʥʶʚʘʥʥʷ ʬʨʝʡʤʚʦʨʢʽʚ. 

ɺʨʘʭʫʚʘʚʰʠ, ʱʦ ʬʨʝʡʤʚʦʨʢʠ ï ʮʝ ʽʥʩʪʨʫʤʝʥʪ ʧʦʣʝʛʰʝʥʥʷ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʩʪʚʦʨʝʥʥʷ ʽ ʟʘʧʫʩʢʫ ʚʝʙ-

ʜʦʜʘʪʢʽʚ, ʜʣʷ ʧʨʦʛʨʘʤʽʩʪʘ ʚʽʜʧʘʜʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʩʘʤʦʩʪʽʡʥʦ ʧʨʦʧʠʩʫʚʘʪʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʢʦʜʫ ʪʘ ʟʘʪʨʘʯʘʪʠ 

ʯʘʩ ʥʘ ʧʦʰʫʢ ʤʦʞʣʠʚʠʭ ʧʦʤʠʣʦʢ ʪʘ ʧʨʦʨʘʭʫʥʢʽʚ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʯʘʩ ʽʩʥʫʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʙʦʨʫ ʚʽʜʧʦʚʽʜʥʠʭ 

ʬʨʝʡʤʚʦʨʢʽʚ ʚʝʙ-ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ɺʠʙʽʨ ʬʨʝʡʤʦʨʢʫ ʟʜʽʡʩʥʶʻʪʴʩʷ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʩʪʘʚʣʝʥʦʛʦ ʟʘʚʜʘʥʥʷ. 

ʉʣʽʜ ʧʨʦʚʝʩʪʠ ʚʠʙʽʨ ʢʨʠʪʝʨʽʾʚ ʧʦʨʽʚʥʷʥʥʷ ʬʨʝʡʤʚʦʨʢʽʚ. ʅʘ ʦʩʥʦʚʽ ʮʠʭ ʢʨʠʪʝʨʽʾʚ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ 

ʚʠʤʽʨʶʚʘʥʥʷ ʜʣʷ ʢʦʞʥʦʾ ʟ ʘʥʘʣʽʟʦʚʘʥʠʭ ʩʪʨʫʢʪʫʨ ʩʪʚʦʨʝʥʥʷ ʚʝʙ-ʜʦʜʘʪʢʽʚ. 

ʆʜʥʠʤ ʟ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʽʚ ʻ ʯʘʩ, ʚʠʪʨʘʯʝʥʠʡ ʥʘ ʨʦʟʨʦʙʢʫ ʜʦʜʘʪʢʽʚ. ɿ ʪʦʯʢʠ ʟʦʨʫ ʤʝʥʝʜʞʝʨʘ ʢʦʤʘʥʜʠ 

ʨʦʟʨʦʙʥʠʢʽʚ, ʜʦʩʠʪʴ ʚʘʞʣʠʚʦ ʟʥʘʪʠ ʦʨʽʻʥʪʦʚʥʠʡ ʯʘʩ, ʷʢʠʡ ʩʣʽʜ ʚʠʪʨʘʪʠʪʠ ʥʘ ʨʦʟʨʦʙʢʫ. ʏʠʤ ʙʽʣʴʰʝ ʯʘʩʫ 

ʟʘʡʤʝ ʩʪʚʦʨʝʥʥʷ ʧʨʦʛʨʘʤʠ, ʪʠʤ ʜʦʨʦʞʯʠʤ ʙʫʜʝ ʧʨʦʝʢʪ. ɹʝʟ ʪʘʢʠʭ ʜʘʥʠʭ ʣʝʛʢʦ ʥʝʜʦʦʮʽʥʠʪʠ ʯʘʩ ʨʝʘʣʽʟʘʮʽʾ ʪʘ 

ʙʶʜʞʝʪ ʮʽʣʦʛʦ ʧʨʦʝʢʪʫ. ʊʦʤʫ ʯʘʩ, ʚʠʪʨʘʯʝʥʠʡ ʥʘ ʨʦʟʨʦʙʢʫ ʜʦʜʘʪʢʽʚ ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʧʦʨʽʚʥʷʣʴʥʠʭ 

ʢʨʠʪʝʨʽʾʚ. ɺʠʤʽʨʶʚʘʥʥʷ ʚʢʣʶʯʘʶʪʴ ʯʘʩ, ʚʠʪʨʘʯʝʥʠʡ ʥʘ ʩʪʚʦʨʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʧʨʦʛʨʘʤʠ ʪʘ ʾʾ 

ʚʽʜʣʘʛʦʜʞʝʥʥʷ. ʊʘʢʦʞ ʙʫʣʦ ʚʠʤʽʨʷʥʦ ʩʝʨʝʜʥʽʡ ʯʘʩ ʨʦʙʦʪʠ ʥʘʜ ʬʫʥʢʮʽʡʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ ʨʦʟʨʦʙʣʝʥʦʛʦ 

ʚʝʙ-ʜʦʜʘʪʢʫ. 

ʅʘʩʪʫʧʥʠʤ ʜʦʩʣʽʜʞʫʚʘʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʻ ʯʘʩ, ʚʠʪʨʘʯʝʥʠʡ ʥʘ ʟʤʽʥʫ ʧʨʦʛʨʘʤʠ. ɿʥʘʥʥʷ ʯʘʩʫ, 
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ʚʠʪʨʘʯʝʥʦʛʦ ʥʘ ʨʦʟʨʦʙʢʫ ʧʨʦʛʨʘʤʠ, ʻ ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ, ʘʣʝ ʩʣʽʜ ʪʘʢʦʞ ʚʨʘʭʦʚʫʚʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʾʾ 

ʤʦʜʠʬʽʢʘʮʽʾ. ʏʘʩ, ʚʠʪʨʘʯʝʥʠʡ ʥʘ ʟʤʽʥʫ ʽʩʥʫʶʯʦʾ ʧʨʦʛʨʘʤʠ, ʚʢʣʶʯʘʶʯʠ ʜʦʜʘʚʘʥʥʷ, ʚʠʜʘʣʝʥʥʷ ʪʘ ʟʤʽʥʫ 

ʬʫʥʢʮʽʡʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ, ʧʦʢʘʟʫʻ ʷʢʽʩʪʴ ʚʥʫʪʨʽʰʥʴʦʾ ʩʪʨʫʢʪʫʨʠ ʬʽʨʤʠ ʩʪʚʦʨʝʥʥʷ ʚʝʙ-ʜʦʜʘʪʢʽʚ. ʎʝʡ 

ʧʦʢʘʟʥʠʢ ʪʘʢʦʞ ʜʘʻ ʫʷʚʣʝʥʥʷ ʧʨʦ ʪʝ, ʥʘʩʢʽʣʴʢʠ ʢʦʰʪʦʚʥʦʶ ʤʦʞʝ ʙʫʪʠ ʧʽʜʪʨʠʤʢʘ ʧʨʦʛʨʘʤʠ ʚ ʤʘʡʙʫʪʥʴʦʤʫ. 

ɺʠʤʽʨʶʚʘʥʥʷ ʚʢʣʶʯʘʶʪʴ ʯʘʩ, ʚʠʪʨʘʯʝʥʠʡ ʥʘ ʟʤʽʥʫ ʧʨʦʛʨʘʤʠ, ʘ ʪʘʢʦʞ ʢʽʣʴʢʽʩʪʴ ʬʘʡʣʽʚ, ʷʢʽ ʧʽʜʣʷʛʘʶʪʴ ʟʤʽʥʽ 

ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʧʝʚʥʦʛʦ ʟʘʚʜʘʥʥʷ. 

ʅʘʩʪʫʧʥʠʤ ʧʦʨʽʚʥʷʣʴʥʠʤ ʢʨʠʪʝʨʽʻʤ ʻ ʨʦʟʤʽʨ ʥʘʧʠʩʘʥʦʛʦ ʢʦʜʫ. ʎʝʡ ʢʨʠʪʝʨʽʡ ʧʦʚôʷʟʘʥʠʡ ʟ ʧʝʨʰʠʤ 

ʢʨʠʪʝʨʽʻʤ. ɺʽʥ ʜʦʧʦʤʘʛʘʻ ʦʮʽʥʠʪʠ ʟʘʛʘʣʴʥʠʡ ʯʘʩ, ʚʠʪʨʘʯʝʥʠʡ ʥʘ ʩʪʚʦʨʝʥʥʷ ʚʝʙ - ʧʨʦʛʨʘʤʠ. ʗʢʱʦ ʨʝʟʫʣʴʪʘʪʠ 

ʚʠʤʽʨʶʚʘʥʴ, ʚ ʧʝʚʥʽʡ ʤʽʨʽ,  ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʨʝʟʫʣʴʪʘʪʽʚ ʧʝʨʰʦʛʦ ʢʨʠʪʝʨʽʶ, ʪʦ ʮʝ ʤʦʞʝ ʦʟʥʘʯʘʪʠ, ʱʦ ʨʦʙʦʪʘ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʥʢʨʝʪʥʦʛʦ ʬʨʝʡʤʚʦʨʢʫ ʻ ʙʽʣʴʰ ʩʢʣʘʜʥʦʶ. ʎʝʡ ʧʦʢʘʟʥʠʢ ʻ ʚʘʞʣʠʚʠʤ ʜʣʷ ʧʦʯʘʪʢʽʚʮʽʚ 

ʩʪʚʦʨʝʥʥʷ ʚʝʙ-ʜʦʜʘʪʢʽʚ. ʏʘʩ, ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʨʦʟʨʦʙʥʠʢʘ, ʤʦʞʝ ʩʫʪʪʻʚʦ 

ʟʙʽʣʴʰʫʚʘʪʠʩʷ. ʎʝʡ ʢʨʠʪʝʨʽʡ ʪʘʢʦʞ ʤʦʞʝ ʚʢʘʟʫʚʘʪʠ ʥʘ ʧʝʨʝʚʘʛʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʦʥʝʥʪʥʦʾ ʧʣʘʪʬʦʨʤʠ 

ʨʦʟʨʦʙʢʠ ʜʦʜʘʪʢʽʚ, ʦʩʢʽʣʴʢʠ, ʷʢ ʦʯʽʢʫʻʪʴʩʷ, ʧʦʚʪʦʨʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʜʫ ʙʫʜʝ ʥʘ ʟʥʘʯʥʦ ʚʠʱʦʤʫ ʨʽʚʥʽ. 

ɺʠʤʽʨʶʚʘʥʥʷ ʧʦʜʽʣʷʣʠʩʴ ʥʘ ʨʦʟʤʽʨʠ ʟʙʝʨʝʞʝʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ, ʤʦʜʝʣʽ ʪʘ ʰʘʙʣʦʥʽʚ. ʈʝʟʫʣʴʪʘʪʠ ʤʽʩʪʷʪʴ 

ʚʠʤʽʨʶʚʘʥʥʷ ʨʦʟʤʽʨʫ (ʫ ʙʘʡʪʘʭ) ʫʩʽʭ ʬʘʡʣʽʚ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʜʘʥʦʾ ʬʫʥʢʮʽʡʥʦʩʪʽ ʪʘ ʩʝʨʝʜʥʴʦʛʦ 

ʨʦʟʤʽʨʫ ʬʘʡʣʫ ʜʣʷ ʢʦʞʥʦʛʦ ʨʽʰʝʥʥʷ. 

ʈʦʟʤʽʨ ʟʛʝʥʝʨʦʚʘʥʦʛʦ ʢʦʜʫ ʜʣʷ ʚʝʙ-ʜʦʜʘʪʢʽʚ ʟʘʣʠʰʘʻʪʴʩʷ ʚʘʞʣʠʚʦʶ ʧʨʦʙʣʝʤʦʶ. ʄʝʥʰʠʡ ʢʦʜ 

ʧʨʦʛʨʘʤʠ, ʟʘʟʚʠʯʘʡ, ʦʟʥʘʯʘʻ ʤʝʥʰʠʡ ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚʝʙ-ʙʨʘʫʟʝʨʘ. ʂʦʨʠʩʪʫʚʘʯʽ ʥʝ ʟʘʚʞʜʠ 

ʣʶʙʣʷʪʴ ʜʦʚʛʦ ʯʝʢʘʪʠ ʥʘ ʚʽʜʧʦʚʽʜʴ ʚʽʜ ʩʝʨʚʝʨʘ. ʗʢʱʦ ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ ʙʫʜʝ ʧʦʩʪʽʡʥʦ ʥʘʜʪʦ ʜʦʚʛʠʤ, ʚʦʥʠ 

ʧʦʯʥʫʪʴ ʰʫʢʘʪʠ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʨʽʰʝʥʥʷ. 

ʂʦʞʥʠʡ ʬʨʝʡʤʚʦʨʢ ʤʘʻ ʧʝʚʥʽ ʧʝʨʝʚʘʛʠ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʰʘʙʣʦʥʘʤʠ ʩʪʦʨʽʥʦʢ ʪʘ ʟʘʛʘʣʴʥʦʶ 

ʩʪʨʫʢʪʫʨʦʶ ʬʘʡʣʽʚ. ʆʪʨʠʤʘʥʠʡ ʨʦʟʤʽʨ HTML -ʬʘʡʣʽʚ ʪʘʢʦʞ ʤʦʞʝ ʚʽʜʨʽʟʥʷʪʠʩʷ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʤʦʞʫʪʴ 

ʤʽʩʪʠʪʠ ʢʦʜ ʟ ʨʽʟʥʠʭ ʤʦʚ ʩʮʝʥʘʨʽʾʚ. ɺʠʢʦʨʠʩʪʘʥʽ ʰʘʙʣʦʥʠ ʜʦʧʦʤʘʛʘʶʪʴ ʫʧʦʨʷʜʢʫʚʘʪʠ ʢʦʜ ʪʘ ʚʽʜʦʢʨʝʤʠʪʠ 

ʙʽʟʥʝʩ-ʣʦʛ̔ʢʫ ʚʽʜ ʨʽʚʥʷ ʧʨʝʟʝʥʪʘʮʽʾ. ʈʦʟʤʽʨ ʩʬʦʨʤʦʚʘʥʦʛʦ ʢʦʜʫ ʚʝʙ-ʧʨʦʛʨʘʤʠ ʚʠʤʽʨʶʚʘʚʩʷ ʚ ʙʘʡʪʘʭ ʥʘ 

ʰʘʙʣʦʥʘʭ HTML. ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ ʪʘʢʦʞ ʚʢʣʶʯʘʶʪʴ ʩʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʩʪʚʦʨʝʥʠʭ ʰʘʙʣʦʥʽʚ. 

ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʬʨʝʡʤʚʦʨʢʽʚ 

ɼʣʷ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʚʠʙʨʘʥʦ ʜʚʘ ʩʫʯʘʩʥʠʭ ʬʨʝʡʤʚʦʨʢʠ Django ʪʘ Flask. ʉʪʨʫʢʪʫʨʫ ʚʝʙ-

ʬʨʝʡʤʚʦʨʢʫ Django ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 1. 

 

 
ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʚʝʙ-ʬʨʝʡʤʚʦʨʢʫ Django 

 

ʉʪʨʫʢʪʫʨʫ ʬʘʡʣʽʚ ʬʨʝʡʤʚʦʨʢʫ Flask ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 2. 

 

 
ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʘ ʬʘʡʣʽʚ ʬʨʝʡʤʚʦʨʢʫ Flask 

 

ʅʘ ʯʘʩ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚʠʜʠʤʠʭ ʝʣʝʤʝʥʪʽʚ ʧʨʦʛʨʘʤʠ ʚʧʣʠʚʘʻ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʬʨʝʡʤʚʦʨʢʫ ʜʣʷ 
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ʩʪʚʦʨʝʥʥʷ ʧʨʦʛʨʘʤʠ ʨʘʟʦʤ ʽʟ ʨʦʟʤʽʨʦʤ ʩʪʚʦʨʝʥʠʭ ʬʘʡʣʽʚ ʰʘʙʣʦʥʽʚ HTML. ʅʘʚʽʪʴ ʷʢʱʦ ʨʦʟʤʽʨ ʰʘʙʣʦʥʫ 

ʥʝʚʝʣʠʢʠʡ, ʟʘʚʘʥʪʘʞʝʥʥʷ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ ʤʦʞʝ ʩʧʦʚʽʣʴʥʠʪʠʩʷ ʯʝʨʝʟ ʥʠʟʴʢʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʬʨʝʡʤʚʦʨʢʫ, 

ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʚʝʙ-ʧʨʦʛʨʘʤʠ. 

ɺʠʢʦʥʘʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʜʚʦʭ ʪʝʩʪʽʚ. ʆʙʠʜʚʘ ʟ ʥʠʭ ʪʝʩʪʫʚʘʣʠ ʚʝʙ-ʜʦʜʘʪʢʠ ʧʽʜ ʚʝʣʠʢʠʤ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ. ʇʝʨʰʠʡ ʪʝʩʪ ʚʠʤʽʨʶʚʘʚ ʯʘʩ ʜʦʩʪʫʧʫ ʜʦ ʧʝʚʥʦʛʦ ʰʘʙʣʦʥʫ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʱʦ ʚʠʥʠʢʘʻ 

ʚʥʘʩʣʽʜʦʢ ʯʠʩʣʝʥʥʠʭ ʟʘʧʠʪʽʚ ʥʘ ʧʦʚʪʦʨʥʠʡ ʜʦʩʪʫʧ.   
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ʏʘʩ, ʚʠʪʨʘʯʝʥʠʡ ʥʘ ʨʦʟʨʦʙʢʫ ʧʨʦʛʨʘʤʠ 

 ʏʘʩ ʥʘʧʠʩʘʥʥʷ, ʭʚ 
ɺʠʧʨʘʚʣʝʥʥʷ 

ʧʦʤʠʣʦʢ, ʭʚ 
ɿʘʛʘʣʴʥʠʡ ʯʘʩ, ʭʚ 

 Flask Django Flask Django Flask Django 

ɺʭʽʜ 80 50 0 30 80 80 

ʈʝʻʩʪʨʘʮʽʷ 105 40 0 0 105 40 

ɸʢʪʠʚʥʽʩʪʴ 60 40 30 0 90 40 

ɼʦʜʘʚʘʥʥʷ ʟʘʧʠʩʽʚ 25 35 5 0 30 35 

ɺʠʜʘʣʝʥʥʷ ʟʘʧʠʩʽʚ 25 30 0 20 25 50 

ʆʥʦʚʣʝʥʥʷ ʟʘʧʠʩʽʚ 25 30 0 0 25 30 

ʇʨʦʬʽʣʴ ʢʦʨʠʩʪʫʚʘʯʘ 60 30 0 5 60 35 

ɺʠʜʘʣʝʥʥʷ ʧʨʦʬʽʣʶ 15 10 5 0 20 10 

ʆʥʦʚʣʝʥʥʷ ʧʨʦʬʽʣʶ 60 25 15 0 75 25 

ɼʦʜʘʚʘʥʥʷ ʬʘʡʣʽʚ 50 25 5 0 55 25 

ɺʠʜʘʣʝʥʥʷ ʬʘʡʣʽʚ 25 20 20 0 45 20 

ʆʥʦʚʣʝʥʥʷ ʬʘʡʣʽʚ 50 10 0 0 50 10 

ʇʝʨʝʚʽʨʢʘ ʜʘʥʠʭ 10 10 0 0 10 10 

ʇʘʥʝʣʴ ʘʜʤʽʥʽʩʪʨʘʪʦʨʘ 30 10 0 5 30 15 

ɺʽʜʥʦʚʣʝʥʥʷ ʧʘʨʦʣʶ 10 10 0 0 10 10 

ʈʘʟʦʤ 630 375 80 60 710 435 

 

ɼʦ ʽʩʥʫʶʯʦʾ ʧʨʦʛʨʘʤʠ ʙʫʣʦ ʚʥʝʩʝʥʽ ʯʦʪʠʨʠ ʟʤʽʥʠ: ʚʠʜʘʣʝʥʥʷ ʤʦʜʫʣʷ, ʚʽʜʧʦʚʽʜʘʣʴʥʦʛʦ ʟʘ ʜʦʜʘʚʘʥʥʷ 

ʬʘʡʣʽʚ, ʜʦʜʘʚʘʥʥʷ ʩʧʠʩʢʫ, ʱʦ ʧʦ ʯʝʨʟʽ ʚʠʩʚʽʪʣʶʻ ʦʛʦʣʦʰʝʥʥʷ ʘʜʤʽʥʽʩʪʨʘʪʦʨʘ, ʦʙ'ʻʜʥʘʥʥʷ ʰʘʙʣʦʥʫ ʢʦʥʪʘʢʪʫ 

ʟ ʦʧʠʩʦʤ ʧʨʠʟʥʘʯʝʥʥʷ ʧʨʦʛʨʘʤʠ ʪʘ ʜʦʜʘʚʘʥʥʷ ʢʘʣʝʥʜʘʨʷ ʽʟ ʟʘʧʠʩʘʤʠ ʢʦʨʠʩʪʫʚʘʯʘ ʜʦ ʩʝʨʚʝʨʘ ʧʨʦ ʦʪʨʠʤʘʥʥʷ 

ʜʦʩʪʫʧʫ ʜʦ ʚʠʧʘʜʢʦʚʠʭ ʨʝʩʫʨʩʽʚ ʚʝʙ-ʧʨʦʛʨʘʤʠ. ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʶʚʘʥʴ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʽʥʩʪʨʫʤʝʥʪ 

ʧʽʜ ʥʘʟʚʦʶ JMeter. 

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʢʨʠʪʝʨʽʡ ï ʪʠʧʦʚʘ ʢʽʣʴʢʽʩʪʴ ʬʘʡʣʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ 

ʚʠʢʦʥʘʥʥʷ ʚʝʙ-ʜʦʜʘʪʢʫ. ʎʝʡ ʢʨʠʪʝʨʽʡ ʧʦʢʘʟʫʻ, ʥʘʩʢʽʣʴʢʠ ʩʢʣʘʜʥʦʶ ʤʦʞʝ ʙʫʪʠ ʢʦʥʬʽʛʫʨʘʮʽʷ 

ʙʘʛʘʪʦʬʫʥʢʮʽʡʥʦʾ ʚʝʙ-ʧʨʦʛʨʘʤʠ. ʄʝʥʰʘ ʢʽʣʴʢʽʩʪʴ ʬʘʡʣʽʚ ʤʦʞʝ ʦʟʥʘʯʘʪʠ, ʱʦ ʨʦʟʨʦʙʥʠʢʫ ʙʫʜʝ ʣʝʛʰʝ 

ʥʘʣʘʰʪʫʚʘʪʠ ʪʘ ʢʨʘʱʝ ʦʨʽʻʥʪʫʚʘʪʠʩʴ ʫ ʚʠʭʽʜʥʦʤʫ ʢʦʜʽ ʧʨʦʛʨʘʤʠ. ʗʢʱʦ ʧʝʚʥʘ ʬʫʥʢʮʽʡʥʽʩʪʴ ʧʨʦʛʨʘʤʠ 

ʚʠʤʘʛʘʻ, ʱʦʙ ʜʣʷ ʨʦʙʦʪʠ ʙʫʣʦ ʥʘʣʘʰʪʦʚʘʥʦ ʟʘʥʘʜʪʦ ʙʘʛʘʪʦ ʬʘʡʣʽʚ, ʪʦ ʥʘʩʪʫʧʥʽ ʟʤʽʥʠ ʟʘʡʤʫʪʴ ʙʽʣʴʰʝ ʯʘʩʫ 

ʜʣʷ ʧʨʦʛʨʘʤʽʩʪʘ. 

ɺʠʢʦʥʘʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʚʢʣʶʯʘʶʪʴ ʢʽʣʴʢʽʩʪʴ ʬʘʡʣʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʦʢʨʝʤʠʭ ʬʫʥʢʮʽʡ, ʘ 

ʪʘʢʦʞ ʩʝʨʝʜʥʶ ʢʽʣʴʢʽʩʪʴ ʬʘʡʣʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʙʫʜ-ɹʷʢʦʾ ʟ ʥʠʭ. 

ɼʦʩʠʪʴ ʚʘʞʣʠʚʦ ʟʥʘʪʠ, ʯʠ ʨʦʟʨʦʙʣʝʥʘ ʧʨʦʛʨʘʤʘ ʚʽʜʧʦʚʽʜʘʻ ʩʪʘʥʜʘʨʪʘʤ W3C. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʚʝʙ-

ʜʦʜʘʪʦʢ ʧʨʘʚʠʣʴʥʦ ʚʽʜʦʙʨʘʞʘʚʩʷ ʫ ʨʽʟʥʠʭ ʚʝʙ-ʙʨʘʫʟʝʨʘʭ, ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʢʦʥʘʪʠʩʷ, ʱʦ ʚʽʥ ʩʪʚʦʨʝʥʠʡ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʭ ʧʨʘʚʠʣ. ɺʽʜʧʦʚʽʜʥʽʩʪʴ ʩʪʘʥʜʘʨʪʘʤ ʚʠʢʦʥʘʥʥʷ ʚʝʙ-ʜʦʜʘʪʢʽʚ ʙʫʣʦ ʧʝʨʝʚʽʨʝʥʦ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʩʦʙʫ ʧʝʨʝʚʽʨʢʠ W3C. ʆʪʨʠʤʘʥʘ ʢʽʣʴʢʽʩʪʴ ʧʦʤʠʣʦʢ ʨʘʟʦʤ ʽʟ ʩʝʨʝʜʥʴʦʶ ʢʽʣʴʢʽʩʪʶ ʧʦʨʫʰʝʥʴ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʥʘʩʪʫʧʥʠʭ ʪʘʙʣʠʮʷʭ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʙʠʪʽ ʥʘ ʧʽʜʨʦʟʜʽʣʠ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʨʠʡʥʷʪʠʤ 

ʢʨʠʪʝʨʽʷʤ. ʇʦʨʽʚʥʷʥʥʷ ʧʨʦʚʦʜʠʣʦʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʙʨʘʥʠʭ ʬʨʝʡʤʚʦʨʢʽʚ ʜʣʷ ʨʦʟʨʦʙʢʠ ʚʝʙ-ʜʦʜʘʪʢʽʚ. ɹʫʣʠ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʬʨʝʡʤʚʦʨʢʠ Django ʪʘ Flask. 
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ʏʘʩ ʤʦʜʠʬʽʢʘʮʽʾ ʧʨʦʛʨʘʤʠ 

 ʅʝʦʙʭʽʜʥʠʡ ʯʘʩ, ʭʚ 
ʂʽʣʴʢʽʩʪʴ 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʬʘʡʣʽʚ 

 Flask Django Flask Django 

ɺʠʜʘʣʝʥʥʷ ʤʦʜʫʣʷ 3 5 9 10 

ɼʦʜʘʚʘʥʥʷ ʩʧʠʩʢʫ 22 30 11 10 

ʆʙ'ʻʜʥʘʥʥʷ ʰʘʙʣʦʥʫ ʢʦʥʪʘʢʪʫ ʟ ʦʧʠʩʦʤ 

ʧʨʠʟʥʘʯʝʥʥʷ ʧʨʦʛʨʘʤʠ 
8 15 14 11 

ɼʦʜʘʚʘʥʥʷ ʢʘʣʝʥʜʘʨʷ ʽʟ ʟʘʧʠʩʘʤʠ ʢʦʨʠʩʪʫʚʘʯʘ 13 15 10 7 

ʈʘʟʦʤ 46 65 44 38 
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ʌʫʥʢʮʽʡʥʽ ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʛʨʘʤʠ ʧʦʢʘʟʘʥʽ ʚ ʪʦʤʫ ʧʦʨʷʜʢʫ, ʚ ʷʢʦʤʫ ʚʦʥʠ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʫ 

ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʪʘʙʣʠʮʷʭ. ɿʨʦʩʪʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦʤʽʪʥʝ ʯʝʨʝʟ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʘ 

ʥʘʩʪʫʧʥʠʭ ʝʪʘʧʘʭ ʨʦʟʨʦʙʢʠ ʚʝʙ-ʜʦʜʘʪʢʽʚ. 

ʏʘʩ, ʚʠʪʨʘʯʝʥʠʡ ʥʘ ʨʦʟʨʦʙʢʫ ʧʨʦʛʨʘʤʠ, ʚʠʤʽʨʶʚʘʚʩʷ ʥʘ ʦʩʥʦʚʽ ʦʜʥʽʻʾ ʬʫʥʢʮʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʧʦʜʽʣʝʥʦ 

ʥʘ ʪʨʠ ʛʨʫʧʠ: ʯʘʩ ʨʦʟʨʦʙʢʠ, ʯʘʩ ʚʠʧʨʘʚʣʝʥʥʷ ʧʦʤʠʣʦʢ ʪʘ ʩʫʤʘ ʮʠʭ ʜʚʦʭ ʧʦʢʘʟʥʠʢʽʚ. ʏʘʩ ʚʠʤʽʨʶʚʘʚʩʷ ʫ 

ʭʚʠʣʠʥʘʭ. 

ʈʦʟʤʽʨ ʟʘʧʠʩʘʥʦʛʦ ʢʦʜʫ ʧʦʜʽʣʝʥʠʡ ʥʘ ʨʦʟʤʽʨ ʬʘʡʣʽʚ ʢʦʥʬʽʛʫʨʘʮʽʾ, ʨʦʟʤʽʨ ʬʘʡʣʫ ʧʝʨʝʛʣʷʜʫ ʪʘ ʨʦʟʤʽʨ 

ʰʘʙʣʦʥʫ HTML. ʈʝʟʫʣʴʪʘʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʙʘʡʪʘʭ, ʦʢʨʝʤʦ ʜʣʷ ʢʦʞʥʦʾ ʟ ʬʫʥʢʮʽʡʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ. 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʜʣʷ ʬʨʝʡʤʚʦʨʢʫ Django ʥʝ ʧʦʢʘʟʫʶʪʴ ʨʦʟʤʽʨ ʬʘʡʣʽʚ ʢʦʥʬʽʛʫʨʘʮʽʾ, ʦʩʢʽʣʴʢʠ 

ʫ ʚʩʽʡ ʧʨʦʛʨʘʤʽ ʜʦʩʪʫʧʥʠʡ ʣʠʰʝ ʦʜʠʥ ʬʘʡʣ ʢʦʥʬʽʛʫʨʘʮʽʾ. ʅʘʪʦʤʽʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʦʟʤʽʨʠ ʬʘʡʣʽʚ, ʚ ʷʢʠʭ 

ʧʨʘʮʶʻ ʤʝʭʘʥʽʟʤ ʧʝʨʝʚʽʨʢʠ ʜʘʥʠʭ. 
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ʈʦʟʤʽʨ ʥʘʧʠʩʘʥʦʛʦ ʢʦʜʫ 

 

ʌʘʡʣ 

ʢʦʥʬʽʛ

ʫʨʘʮʽʾ, 

ʙʘʡʪ 

ʇʝʨʝʚʽʨʢ

ʘ ʜʘʥʠʭ, 

ʙʘʡʪ 

ʌʘʡʣ ʧʝʨʝʛʣʷʜʫ, 

ʙʘʡʪ 

ʐʘʙʣʦʥ HTML, 

ʙʘʡʪ 
ʈʘʟʦʤ, ʙʘʡʪ 

 Flask Django Flask Django Flask Django Flask Django 

ɺʭʽʜ 549 591 1121 1427 1246 816 2916 2834 

ʈʝʻʩʪʨʘʮʽʷ 500 0 577 352 131 553 1208 905 

ɸʢʪʠʚʥʽʩʪʴ 673 0 1749 2555 2871 1978 5293 4533 

ɼʦʜʘʚʘʥʥʷ ʟʘʧʠʩʽʚ 673 1984 2049 2608 3019 1632 5741 6224 

ɺʠʜʘʣʝʥʥʷ ʟʘʧʠʩʽʚ 686 0 1550 0 932 1483 3168 1483 

ʆʥʦʚʣʝʥʥʷ ʟʘʧʠʩʽʚ 941 391 1733 3505 896 1130 3570 5026 

ʇʨʦʬʽʣʴ ʢʦʨʠʩʪʫʚʘʯʘ 612 0 2036 2304 1570 1564 4218 3868 

ɺʠʜʘʣʝʥʥʷ ʧʨʦʬʽʣʶ 670 0 1452 2304 1090 1760 3212 4064 

ʆʥʦʚʣʝʥʥʷ ʧʨʦʬʽʣʶ 747 2256 4137 1745 3372 1752 8256 5753 

ɼʦʜʘʚʘʥʥʷ ʬʘʡʣʽʚ 684 697 1810 6242 1189 1046 3683 7985 

ɺʠʜʘʣʝʥʥʷ ʬʘʡʣʽʚ 602 444 1203 2779 749 911 2554 4134 

ʆʥʦʚʣʝʥʥʷ ʬʘʡʣʽʚ 762 0 2005 1468 1045 1621 3812 3089 

ʇʝʨʝʚʽʨʢʘ ʜʘʥʠʭ 685 386 1994 3796 780 1129 3459 5311 

ʇʘʥʝʣʴ 

ʘʜʤʽʥʽʩʪʨʘʪʦʨʘ 
679 0 2067 2601 1038 1612 3784 4213 

ɺʽʜʥʦʚʣʝʥʥʷ ʧʘʨʦʣʶ 680 385 3254 4122 1351 1120 5285 5627 

ʉʝʨʝʜʥʻ 676,2 475,6 1915,8 2520,5 1418,6 1340,4 4010,6 4336,6 

 

 ɿʘʛʘʣʴʥʠʡ ʘʥʘʣʽʟ ʬʨʝʡʤʚʦʨʢʽʚ Django ʪʘ Flask ʜʘʶʪʴ ʧʦʜʽʙʥʽ ʨʝʟʫʣʴʪʘʪʠ. ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ ʥʝʚʝʣʠʢʫ 

ʧʝʨʝʚʘʛʫ Flask. 

ʈʦʟʤʽʨ ʩʪʚʦʨʝʥʦʛʦ HTML-ʢʦʜʫ ʚʠʤʽʨʶʚʘʚʩʷ ʚ ʙʘʡʪʘʭ ʥʘ ʬʫʥʢʮʽʶ. ɿʘʧʠʪʠ ʩʪʦʨʽʥʦʢ ʙʫʣʠ ʚʽʜʧʨʘʚʣʝʥʽ 

ʥʘ ʩʝʨʚʝʨ ʽ ʙʫʚ ʚʠʤʽʨʷʥʠʡ ʨʦʟʤʽʨ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ. ʊʘʢʦʞ ʙʫʚ ʚʨʘʭʦʚʘʥʠʡ ʩʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʦʜʥʽʻʾ ʩʪʦʨʽʥʢʠ.  
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ʈʦʟʤʽʨ ʩʪʚʦʨʝʥʠʭ ʬʘʡʣʽʚ 

 Flask, ʙʘʡʪ Django, ʙʘʡʪ 

ɺʭʽʜ 2640 1181 

ʈʝʻʩʪʨʘʮʽʷ 2821 1353 

ɸʢʪʠʚʥʽʩʪ ɹ 8450 4415 

ɼʦʜʘʚʘʥʥʷ ʟʘʧʠʩʽʚ 5442 5500 

ɺʠʜʘʣʝʥʥʷ ʟʘʧʠʩʽʚ 5147 3407 

ʆʥʦʚʣʝʥʥʷ ʟʘʧʠʩʽʚ 3716 2142 

ʇʨʦʬʽʣʴ ʢʦʨʠʩʪʫʚʘʯʘ 3334 2021 

ɺʠʜʘʣʝʥʥʷ ʧʨʦʬʽʣʶ 3886 2664 

ʆʥʦʚʣʝʥʥʷ ʧʨʦʬʽʣʶ 6004 5955 

ɼʦʜʘʚʘʥʥʷ ʬʘʡʣʽʚ 4282 3295 

ɺʠʜʘʣʝʥʥʷ ʬʘʡʣʽʚ 3628 2407 

ʆʥʦʚʣʝʥʥʷ ʬʘʡʣʽʚ 3044 1811 

ʇʝʨʝʚʽʨʢʘ ʜʘʥʠʭ 3562 2075 

ʇʘʥʝʣʴ ʘʜʤʽʥʽʩʪʨʘʪʦʨʘ 3027 1801 

ɺʽʜʥʦʚʣʝʥʥʷ ʧʘʨʦʣʶ 3931 2061 

ʉʝʨʝʜʥʻ 4194,27 2805,87 
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ʈʝʟʫʣʴʪʘʪʠ ʮʴʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʥʘʜʘʶʪʴ ʧʝʨʝʚʘʛʫ ʬʨʝʡʤʚʦʨʢʫ Django. ʌʨʝʡʤʚʦʨʢ ʜʣʷ ʧʦʙʫʜʦʚʠ 

ʧʨʦʛʨʘʤʠ Flask ʚ ʦʪʨʠʤʘʥʠʭ HTML-ʬʘʡʣʘʭ ʤʽʩʪʠʪʴ ʜʦʜʘʪʢʦʚʽ ʪʝʛʠ ʪʘ ʩʢʨʠʧʪʠ. ʄʝʭʘʥʽʟʤ ʨʦʙʦʪʠ ʦʙʨʦʙʢʠ 

ʬʦʨʤʫʣʷʨʽʚ ʪʘʢʦʞ ʧʨʘʮʶʻ ʧʦ-ʨʽʟʥʦʤʫ. Flask ʟʙʝʨʽʛʘʻ ʥʘ ʩʪʦʨʽʥʢʘʭ ʙʽʣʴʰʝ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʦʣʷ ʬʦʨʤʫʣʷʨʫ. 

ʈʦʟʤʽʨ HTML-ʬʘʡʣʽʚ, ʩʪʚʦʨʝʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʨʝʡʤʚʦʨʢʫ Flask, ʚʠʷʚʣʷʻʪʴʩʷ ʟʥʘʯʥʦ ʙʽʣʴʰʠʤ. 

ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʚʘ ʪʝʩʪʠ, ʱʦʜʦ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʭ ʬʨʝʡʤʚʦʨʢʽʚ ʨʦʟʨʦʙʢʠ ʚʝʙ-ʜʦʜʘʪʢʽʚ. 

ʆʜʠʥ ʟ ʪʝʩʪʽʚ ʽʤʽʪʫʚʘʚ ʦʜʥʦʯʘʩʥʫ ʨʦʙʦʪʫ 50 ʢʦʨʠʩʪʫʚʘʯʽʚ, ʷʢʽ ʥʘʤʘʛʘʣʠʩʴ ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ ʜʦ ʦʜʥʽʻʾ ʩʪʦʨʽʥʢʠ 

100 ʨʘʟʽʚ (5000 ʟʘʧʠʪʽʚ). ɼʨʫʛʠʡ ʪʝʩʪ ʤʦʜʝʣʶʚʘʚ ʨʦʙʦʪʫ 100 ʢʦʨʠʩʪʫʚʘʯʽʚ, ʷʢʽ ʧʝʨʽʦʜʠʯʥʦ ʧʝʨʝʛʣʷʜʘʣʠ ʚʩʽ 

ʜʦʩʪʫʧʥʽ ʩʪʦʨʽʥʢʠ 10 ʨʘʟʽʚ (ʚʩʴʦʛʦ 15000 ʟʘʧʠʪʽʚ ï 100 ʢʦʨʠʩʪʫʚʘʯʽʚ * 15 ʜʦʩʪʫʧʥʠʭ ʩʪʦʨʽʥʦʢ ʬʫʥʢʮʽʦʥʘʣʫ * 

10 ʮʠʢʣʽʚ). ɼʣʷ ʧʝʨʰʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʙʫʣʘ ʦʙʨʘʥʘ ʛʦʣʦʚʥʘ ʩʪʦʨʽʥʢʘ ʧʘʥʝʣʽ ʢʦʨʠʩʪʫʚʘʯʘ, ʦʩʢʽʣʴʢʠ ʮʝ 

ʥʘʡʙʽʣʴʰʘ ʜʦʩʪʫʧʥʘ ʩʪʦʨʽʥʢʘ ʬʫʥʢʮʽʡʥʦʩʪʽ ʚ ʨʦʟʨʦʙʣʝʥʦʤʫ ʜʦʜʘʪʢʫ. 

ʊʝʩʪʫʚʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʦʚʦʜʠʣʦʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ JMeter, ʽ ʧʨʦʛʨʘʤʠ ʨʦʟʤʽʱʫʚʘʣʠʩʷ ʥʘ ʪʦʤʫ ʞ 

ʚʝʙ-ʩʝʨʚʝʨʽ Apache. ɺʠʤʽʨʶʚʘʥʥʷ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʧʽʩʣʷ 5000 ʟʘʧʠʪʽʚ ʥʘ ʪʝʩʪʫʚʘʥʥʷ ʜʣʷ ʫʩʫʥʝʥʥʷ 

ʧʦʪʝʥʮʽʡʥʠʭ ʫʩʢʣʘʜʥʝʥʴ ʫ ʤʘʡʙʫʪʥʴʦʤʫ. 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ: 

ɺʠʜʽʣʝʥʦ ʩʫʯʘʩʥʽ ʬʨʝʡʤʚʦʨʢʠ ʥʘ ʦʩʥʦʚʽ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Python. 

ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ, ʚʠʟʥʘʯʝʥʦ ʢʨʠʪʝʨʽʾ ʦʮʽʥʢʠ ʚʝʙ-ʬʨʝʡʤʚʦʨʢʽʚ, ʨʦʟʨʦʙʣʝʥʠʭ ʥʘ ʦʩʥʦʚʽ 

ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Python. ɺʠʙʨʘʥʽ ʢʨʠʪʝʨʽʾ ʜʦʟʚʦʣʷʶʪʴ ʷʢʽʩʥʽʰʝ ʪʘ ʦʙôʻʢʪʠʚʥʽʰʝ ʦʮʽʥʠʪʠ ʬʨʝʡʤʚʦʨʢʠ.  

ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʬʨʝʡʤʚʦʨʢʽʚ Django ʪʘ Flask ʧʦʢʘʟʘʚ, ʱʦ ʬʨʝʡʤʚʦʨʢ Django ʻ ʢʨʘʱʠʤ, ʷʢʱʦ 

ʧʦʨʽʚʥʶʚʘʪʠ  ʯʘʩ, ʚʠʪʨʘʯʝʥʠʡ ʥʘ ʨʦʟʨʦʙʢʫ ʧʨʦʛʨʘʤ.  ɸʥʘʣʽʟ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʬʨʝʡʤʚʦʨʢʽʚ ʟʘ ʦʙôʻʤʦʤ 

ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ ʥʘʜʘʻ ʧʝʨʝʚʘʛʫ ʬʨʝʡʤʚʦʨʢʫ Django. ʌʨʝʡʤʚʦʨʢ ʜʣʷ ʧʦʙʫʜʦʚʠ ʧʨʦʛʨʘʤʠ Flask ʚ ʦʪʨʠʤʘʥʠʭ 

HTML-ʬʘʡʣʘʭ ʤʽʩʪʠʪʴ ʜʦʜʘʪʢʦʚʽ ʪʝʛʠ ʪʘ ʩʢʨʠʧʪʠ. ʄʝʭʘʥʽʟʤ ʨʦʙʦʪʠ ʦʙʨʦʙʢʠ ʬʦʨʤʫʣʷʨʽʚ ʪʘʢʦʞ ʧʨʘʮʶʻ ʧʦ-

ʨʽʟʥʦʤʫ. Flask ʟʙʝʨʽʛʘʻ ʥʘ ʩʪʦʨʽʥʢʘʭ ʙʽʣʴʰʝ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʦʣʷ ʬʦʨʤʫʣʷʨʫ. ʈʦʟʤʽʨ HTML-ʬʘʡʣʽʚ, 

ʩʪʚʦʨʝʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʨʝʡʤʚʦʨʢʫ Flask, ʚʠʷʚʣʷʻʪʴʩʷ ʟʥʘʯʥʦ ʙʽʣʴʰʠʤ. 
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ʄɸʊɽʄɸʊʀʏʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ɺʆʃʆʂʆʅʅʆ-ʆʇʊʀʏʅʆɰ ʉʀʉʊɽʄʀ 

ʇɽʈɽɼɸɺɸʅʅʗ OTH ɿ ʄʆɼʋʃʗʎɯɭʖ ʇʆ ɯʅʊɽʅʉʀɺʅʆʉʊɯ 
 
ˏ ̨̑̏̂̏̓ ̎́̃̆̅̆̎̏ ̝̑̆̈̔̌̓́̓̉ ̨̠̅̏̒̌̅̇̆̎̎ ̨̐́̑́̍̆̓̑̃ ̨̠̋̏̒̓ ̨̋́̎́̌̃ ̃̏̌̏̋̏̎̎-̘̖̏̏̐̓̉̎̉ ̒̉̒̓̆̍ 

̠̐̆̑̆̅́̃́̎̎ ̨̈ ̝̒̐̆̋̓̑́̌̎̉̍ ̝̠̍̔̌̓̉̐̌̆̋̒̔̃́̎̎̍ ̓́ ̨̠̗̤̟̍̏̅̔̌ ̐̏ ̨̨̎̓̆̎̒̉̃̎̏̒̓Ȣ ˚́ ̨̐̑̉̋̌́̅ ̨̋́̎́̌̃ ̓̉̐̔ 
/45υ ̓́ /45φ ̒̉̒̓̆̍̉ ̠̐̆̑̆̅́̃́̎̎ ̘̩̏̐̓̉̎̏ ̩̓̑́̎̒̐̏̑̓̎̏ ̨̨̤̖̩̑́̑ ̖̑̏̈̑́̏̃́̎̏ ̨̘̝̉̒̆̌̎ ̘̠̈̎́̆̎̎ 1-́̋̓̏̑̔̕ 
̒̉̄̎́̌̔ ̃ ̨̘̐̑̉̊̍́ ̈́ ̟̐̏̃̎̏ ̓́ ̟̒̐̑̏̆̎̏̚ ̟̏̑̍̏̕ ̖̑̏̈̑́̔̎̋̏̃̏̄̏ ̃̉̑́̈̔Ȣ ˏ̉̋̏̎́̎̏ ̨̠̠̐̏̑̃̎̎̎ ̖̏̓̑̉̍́̎̉ 
̘̝̖̉̒̆̌̎̉ ̖̅́̎̉ ̈ ̝̑̆̈̔̌̓́̓́̍̉ ̨̨̨̗̍̓́̊̎̏̄̏ ̟̠̍̏̅̆̌̃́̎̎Ȣ ˑ̏̃̆̅̆̎̏ ̨̨̗̝̝̅̏̌̎̒̓ ̖̠̃̑́̔̃́̎̎ ̨̖̃̒ ̖̒̋̌́̅̏̃̉ 
̈́̃́̅ ̆ ̘̌̆̋̓̑̉̎̏̄̏ ̒̓̑̔̍̔ ̃  ̨̘̐̑̉̊̍́ ̒̉̒̓̆̍̉ ̠̅̌ ̠̏̓̑̉̍́̎̎ ̨̝̙̂̌ ̩̋̏̑̆̋̓̎̏ ̨̘̩́̎́̌̓̉̎̏ ̨̍̏̅̆̌Ȣ  

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̃̏̌̏̋̏̎̎̏-̘̏̐̓̉̎́ ̒̉̒̓̆̍́ ̠̐̆̑̆̅́̃́̎̎ȟ ̈́̃́̅́ȟ ̘̏̐̓̉̎̉̊ ̨̟̘̐̅̒̉̌̃́ȟ ̨̠̗̠̍̏̅̔̌. 

 
PEDYASH Volodymyr 

State University of Intellectual Technologies and Communications 

 

MAT HEMATICAL MODELING OF FIBER -OPTIC TRANSMISSION SYSTEM WITH  INTENSITY M ODULATION  
 

Fibre optic transmission systems are widespread in the transport network. Optical Transport Hierarchy (OTH) transmission 
systems are the basis of the transport network. The principle of wavelength multiplexing of channels is used to increase the technical and 
economic performance. Technically a simpler type of intensity modulation is used to transmit OTU1 and OTU2 OTH frames. Erbium-doped 
fibre-based optical amplifiers also generate amplified spontaneous emission noise, which degrades the performance of the transmission 
system. 

The qualitative characteristics of the optical channel of OTH transmission system with intensity modulation are investigated in 
this paper. In the simulation process, it is possible to neglect the nonlinear signal distortion in the optical fiber at the nominal signal power of 
the transponder transmitter. Therefore, in the studied transmission system model, an optical oscillation consisting of two components (signal 
and noise) arrives at the receiver input. In this case, an electrical signal consisting of three summands (signal-signal, signal-noise and noise-
noise) will be generated at the output of the photodiode. 

A simplified formula for calculating the Q-factor of the optical signal, which affects the error probability in the optical channel, is 
proposed in most of the specialized literature. Numerical Q-factor values were calculated for OTU1 and OTU2 frames. They were compared 
with the reference results which were obtained by simulation in Optiwave Optisystem software. The analysis of the obtained data has proved 
that the simplified formula for the calculation of the Q-factor has a relative error of the order of 39-59%. A more accurate result can be 
obtained by using an expression that takes into account both components of the noise at the photodiode output. 

Keywords: fiber optic transmission system, interference, optical amplifier, modulation 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ 

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ɺʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʽ ʩʠʩʪʝʤʠ ʧʝʨʝʜʘʯʽ (ɺʆʉʇ) ʩʴʦʛʦʜʥʽ ʰʠʨʦʢʦ ʨʦʟʧʦʚʩʶʜʞʝʥʽ ʥʘ ʨʽʟʥʠʭ ʜʽʣʷʥʢʘʭ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʤʝʨʝʞʽ. ʆʩʥʦʚʫ ʪʨʘʥʩʧʦʨʪʥʦʾ ʤʝʨʝʞʽ ʩʢʣʘʜʘʶʪʴ ɺʆʉʇ ʦʧʪʠʯʥʦʾ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʻʨʘʨʭʽʾ 

(OTH), ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʧʝʢʪʨʘʣʴʥʝ ʤʫʣʴʪʠʧʣʝʢʩʫʚʘʥʥʷ ʦʧʪʠʯʥʠʭ ʢʘʥʘʣʽʚ. ʗʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʠʩʪʝʤʠ ʟʘʣʝʞʘʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʾʭ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʚʽʜ ʤʝʪʦʜʫ ʤʦʜʫʣʷʮʽʾ ʦʧʪʠʯʥʦʛʦ 

ʩʠʛʥʘʣʫ. 

ɸʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝʤʦʶ ʥʘ ʝʪʘʧʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʥʦʚʠʭ ʪʘ ʤʦʜʝʨʥʽʟʘʮʽʾ ʽʩʥʫʶʯʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʝʨʝʞ 

ʥʘ ʙʘʟʽ ɺʆʉʇ ʟ ʄɯ ʻ ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʷʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ: ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ-ʰʫʤ ʥʘ ʚʭʦʜʽ ʚʠʨʽʰʫʶʯʦʛʦ 

ʧʨʠʩʪʨʦʶ ʧʨʠʡʤʘʯʘ ʪʘ ʚʽʨʦʛʽʜʥʦʩʪʽ ʧʦʤʠʣʢʠ ʚ ʮʠʬʨʦʚʦʤʫ ʢʘʥʘʣʽ ʟʚ'ʷʟʢʫ. ʉʴʦʛʦʜʥʽ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʜʦʩʣʽʜʞʝʥʴ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ɺʆʉʇ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ɿʚʘʞʘʶʯʠ ʥʘ ʩʧʝʮʠʬʽʢʫ ʧʨʦʙʣʝʤʠ, ʢʦʤʝʨʮʽʡʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʻ ʜʦʩʠʪʴ 

ʢʦʰʪʦʚʥʠʤ ʽ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ. ʊʦʤʫ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʙʽʣʴʰ 

ʧʨʦʩʪʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʰʚʠʜʢʦ ʦʪʨʠʤʘʪʠ ʦʮʽʥʦʯʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʭʦʯʘ ʽ ʤʘʶʪʴ ʙʽʣʴʰʫ 

ʧʦʛʨʽʰʥʽʩʪʴ ʚʥʘʩʣʽʜʦʢ ʥʝʤʦʞʣʠʚʦʩʪʽ ʧʦʚʥʦʮʽʥʥʦ ʚʨʘʭʫʚʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʩʠʛʥʘʣʫ ʚ 

ʦʧʪʠʯʥʦʤʫ ʚʦʣʦʢʥʽ. 

 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ 

ʂʣʘʩʠʯʥʘ ʩʭʝʤʘ ɺʆʉʇ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʙʣʦʢʠ ʧʝʨʝʜʘʚʘʯʘ, ʧʨʠʡʤʘʯʘ ʪʘ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʠʡ 

ʣʽʥʽʡʥʠʡ ʪʨʘʢʪ (ɺʆʃʊ). ɺ ʩʚʦʶ ʯʝʨʛʫ, ɺʆʃʊ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʽʣʴʢʦʭ ʩʝʢʮʽʡ (ʜʽʣʷʥʦʢ), ʷʢʽ ʤʽʩʪʷʪʴ ʦʧʪʠʯʥʝ 

ʚʦʣʦʢʥʦ (ʆɺ) ʪʘ ʦʧʪʠʯʥʠʡ ʧʽʜʩʠʣʶʚʘʯ (ʆʇ) ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʟʘʛʘʩʘʥʥʷ ʩʠʛʥʘʣʫ. ʈʦʟʧʦʚʩʶʜʞʝʥʥʷ ʩʠʛʥʘʣʫ ʚ 

ʆɺ ʦʧʠʩʫʻʪʴʩʷ ʥʝʣʽʥʽʡʥʠʤ ʨʽʚʥʷʥʥʷʤ ʐʨʝʜʽʥʛʝʨʘ, ʷʢʝ ʥʝ ʤʘʻ ʘʥʘʣʽʪʠʯʥʦʛʦ ʚʠʨʽʰʝʥʥʷ [1]. ɿʛʽʜʥʦ ʟ ʮʠʤ 

ʨʽʚʥʷʥʥʷʤ, ʚ ʦʧʪʠʯʥʠʡ ʩʠʛʥʘʣ ʚʥʦʩʷʪʴʩʷ ʣʽʥʽʡʥʽ (ʟʘʛʘʩʘʥʥʷ ʪʘ ʭʨʦʤʘʪʠʯʥʘ ʜʠʩʧʝʨʩʽʷ) ʪʘ ʥʝʣʽʥʽʡʥʽ 

ʩʧʦʪʚʦʨʝʥʥʷ. ɸʥʘʣʽʟ ʚʧʣʠʚʫ ʧʦʪʫʞʥʦʩʪʽ ʩʠʛʥʘʣʫ ʧʝʨʝʜʘʚʘʯʘ ʥʘ ʷʢʽʩʪʴ ʦʧʪʠʯʥʦʛʦ ʢʘʥʘʣʫ [2ï4] ʧʦʢʘʟʘʚ, ʱʦ 

ʧʨʠ ʧʦʪʫʞʥʦʩʪʽ ʦʧʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ 1 ʤɺʪ ʽ ʥʠʞʯʝ, ʧʨʦʷʚʦʤ ʥʝʣʽʥʽʡʥʠʭ ʩʧʦʪʚʦʨʝʥʴ ʚ ʆɺ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ. 

ɺ ʩʫʯʘʩʥʠʭ ɺʆʉʇ ʜʠʩʧʝʨʩʽʡʥʽ ʩʧʦʪʚʦʨʝʥʥʷ ʤʘʡʞʝ ʧʦʚʥʽʩʪʶ ʫʩʫʚʘʶʪʴʩʷ ʚ ʦʧʪʠʯʥʠʭ ʢʦʤʧʝʥʩʘʪʦʨʘʭ 

ʜʠʩʧʝʨʩʽʾ ʪʘ ʮʠʬʨʦʚʠʭ ʢʦʨʝʢʪʦʨʘʭ ʚ ʩʢʣʘʜʽ ʧʨʠʡʤʘʯʘ ɺʆʉʇ. ʊʦʤʫ ʦʩʥʦʚʥʠʤ ʬʘʢʪʦʨʦʤ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʷʢʽʩʪʴ 
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ʦʧʪʠʯʥʦʛʦ ʢʘʥʘʣʫ ʻ ʰʫʤ ʧʽʜʩʠʣʝʥʦʛʦ ʩʧʦʥʪʘʥʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ʇʉɺ) ʦʧʪʠʯʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ. 

ɼʣʷ ʧʝʨʝʜʘʚʘʥʥʷ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨ OTU3 (43 ɻʙʽʪ/ʩ) ʪʘ OTU4 (112 ɻʙʽʪ/ʩ) 

OTH ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ ʤʦʜʫʣʷʮʽʾ ʟ ʢʦʛʝʨʝʥʪʥʠʤ ʧʨʠʡʦʤʦʤ, ʷʢʽ ʤʘʶʪʴ ʚʠʩʦʢʫ ʟʘʚʘʜʦʟʘʭʠʱʝʥʽʩʪʴ ʽ 

ʜʦʩʠʪʴ ʜʦʙʨʝ ʜʦʩʣʽʜʞʝʥʽ [5, 6]. ʅʠʟʴʢʦʰʚʠʜʢʽʩʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʪʨʫʢʪʫʨʠ OTU1 (2,7 ɻʙʽʪ/ʩ) ʪʘ OTU2 (10,7 

ɻʙʽʪ/ʩ) ʪʨʘʥʩʧʦʨʪʫʶʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʭʥʽʯʥʦ ʙʽʣʴʰ ʧʨʦʩʪʦʛʦ ʤʝʪʦʜʫ ʤʦʜʫʣʷʮʽʾ ʧʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ (ʄɯ), 

ʢ̫ʠʡ ʪʘʢʦʞ ʜʦʩʪʘʪʥʴʦ ʜʦʩʣʽʜʞʝʥʦ. ɸʣʝ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʪʠʯʥʠʭ ʪʘ ʽʤʽʪʘʮʽʡʥʠʭ ʤʦʜʝʣʝʡ ɺʆʉʇ ʟ 

ʄɯ ʚ ʣʽʪʝʨʘʪʫʨʽ ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʩʚʽʪʣʝʥʦ. 

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʘʥʘʣʽʟ ʪʦʯʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ɺʆʉʇ ʟ ʤʦʜʫʣʷʮʽʻʶ 

ʧʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ, ʱʦ ʚʨʘʭʦʚʫʻ ʚʟʘʻʤʦʜʽʶ ʦʧʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʪʘ ʰʫʤʫ ʧʦʩʠʣʝʥʦʛʦ ʩʧʦʥʪʘʥʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʦʧʪʠʯʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ ʫ ʧʨʠʡʤʘʯʽ. 

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʤʦʜʝʣʽ ʢʘʥʘʣʫ ɺʆʉʇ (ʨʠʩ. 1) ʚʢʣʶʯʘʻ ʧʝʨʝʜʘʚʘʯ, ɺʆʃʊ ʪʘ ʧʨʠʡʤʘʯ ʦʧʪʠʯʥʦʛʦ 

ʩʠʛʥʘʣʫ. ɺ ʩʚʦʶ ʯʝʨʛʫ, ʧʝʨʝʜʘʚʘʯ ʤʽʩʪʠʪʴ ʛʝʥʝʨʘʪʦʨ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ (ɻʇɺʇ), ʦʧʪʠʯʥʠʡ 

ʤʦʜʫʣʷʪʦʨ (ʆʄ) ʪʘ ʣʘʟʝʨʥʠʡ ʦʩʮʠʣʷʪʦʨ (ʃʆ). ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʷʢʽʩʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʘʥʘʣʫ ɺʆʉʇ ʩʧʦʯʘʪʢʫ 

ʨʦʟʛʣʷʥʝʤʦ ʚʘʨʽʘʥʪ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʙʝʟ ʤʦʜʫʣʷʮʽʾ ʦʧʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʘ ʚʠʭʦʜʽ 

ʧʝʨʝʜʘʚʘʯʘ ʙʫʜʝ ʩʬʦʨʤʦʚʘʥʦ ʦʧʪʠʯʥʠʡ ʩʠʛʥʘʣ ʟ ʥʘʧʨʫʞʝʥʽʩʪʶ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ: 

( )ʧʝʨ ʧʝʨ 0 0( ) 2 cosE t ʈ tw j= + ,    (1) 

ʜʝ  ʧʝʨʈ , 0w  ʪʘ 0j  ï ʩʝʨʝʜʥʷ ʧʦʪʫʞʥʽʩʪʴ, ʯʘʩʪʦʪʘ ʪʘ ʧʦʯʘʪʢʦʚʘ ʬʘʟʘ ʢʦʣʠʚʘʥʥʷ ʣʘʟʝʨʘ (ʚ ʧʦʜʘʣʴʰʦʤʫ 

ʪʝʢʩʪʽ 0 0j= ). 
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ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʤʦʜʝʣʽ ʢʘʥʘʣʫ ɺʆʉʇ ʟ ʤʦʜʫʣʷʮʽʻʶ ʧʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

 

 ʋ ʚʠʧʘʜʢʫ ʧʦʚʥʦʾ ʢʦʤʧʝʥʩʘʮʽʾ ʟʘʛʘʩʘʥʥʷ ʆɺ ʚ ʆʇ, ʤʦʜʝʣʶʚʘʥʥʷ ɺʆʃʊ ʟʚʦʜʠʪʴʩʷ ʜʦ ʜʦʜʘʚʘʥʥʷ ʜʦ 

ʦʧʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʧʝʨ( )E t  ʰʫʤʫ ʇʉɺ ʩʧ( )E t  ʟ ʩʫʤʘʨʥʦʶ ʧʦʪʫʞʥʽʩʪʶ ʚ ʦʜʥʽʡ ʧʣʦʱʠʥʽ ʧʦʣʷʨʠʟʘʮʽʾ: 

ʩʧ ʩʧ ʩʧ ʩʝʢʮ( 1)o oP PSD F n G h N Fn= D = - D,     (2) 

ʜʝ  ʩʧPSD  ï ʩʧʝʢʪʨʘʣʴʥʘ ʱʽʣʴʥʽʩʪʴ ʧʦʪʫʞʥʦʩʪʽ ʟʘʚʘʜʠ ʇʉɺ; 

ʩʧn  ï ʢʦʝʬʽʮʽʻʥʪ ʩʧʦʥʪʘʥʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʆʇ; 

G  ï ʢʦʝʬʽʮʽʻʥʪ ʧʦʩʠʣʝʥʥʷ ʆʇ; 

h ï ʧʦʩʪʽʡʥʘ ʇʣʘʥʢʘ (
346,626 10h -= Ö  ɼʞÖʩ); 

n ï ʯʘʩʪʦʪʘ ʤʦʥʦʭʨʦʤʥʦʛʦ ʦʧʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ (ʜʣʷ ʩʤʫʛʦʚʦʛʦ ʩʠʛʥʘʣʫ ʩʧʽʚʧʘʜʘʻ ʟ ʯʘʩʪʦʪʦʶ ʃʆ 

0 / 2n w p= ); 

ʦFD  ï ʰʠʨʠʥʘ ʩʤʫʛʠ ʧʨʦʧʫʩʢʘʥʥʷ ʦʧʪʠʯʥʦʛʦ ʩʤʫʛʦʚʦʛʦ ʬʽʣʴʪʨʘ (ʆʉʌ) ʧʨʠʡʤʘʯʘ ɺʆʉʇ. 

ɺ ʩʚʦʶ ʯʝʨʛʫ, ʢʦʝʬʽʮʽʻʥʪ ʩʧʦʥʪʘʥʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʽʜʩʠʣʶʚʘʯʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʡʦʛʦ ʰʫʤ-

ʬʘʢʪʦʨʦʤ nf  [7]: 
0,1

ʩʧ

10

2

nf

n = .     (3) 

ʇʨʠʡʤʘʯ ɺʆʉʇ ʤʽʩʪʠʪʴ ʙʣʦʢʠ ʦʧʪʠʯʥʦʛʦ ʩʤʫʛʦʚʦʛʦ ʬʽʣʴʪʨʫ (ʆʉʌ), ʬʦʪʦʜʽʦʜ (ʌɼ), ʬʽʣʴʪʨ ʥʠʞʥʽʭ 

ʯʘʩʪʦʪ (ʌʅʏ) ʪʘ ʚʠʨʽʰʫʶʯʠʡ ʧʨʠʩʪʨʽʡ (ɺʇ). ʌʦʪʦʜʽʦʜ ʻ ʢʚʘʜʨʘʪʠʯʥʠʤ ʜʝʪʝʢʪʦʨʦʤ, ʪʦʤʫ ʩʠʛʥʘʣ ʥʘ ʡʦʛʦ 

ʚʠʭʦʜʽ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʪʨʴʦʭ ʜʦʜʘʥʢʽʚ: 
2 2 2 2

ʬʜ ʧʨ ʧʝʨ ʩʧ ʧʝʨ ʧʝʨ ʩʧ ʩʧ( ) ( ) ( ) ( ) ( ) 2 ( ) ( ) ( )i t R E t R E t E t R E t E t E t E tå õ= = + = + + =æ ö
ç ÷
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c-c c-cʧ cʧ-cʧ( ) ( ) ( )i t i t i t= + + ,     (4) 

ʜʝ  R ï ʯʫʪʣʠʚʽʩʪʴ ʬʦʪʦʜʽʦʜʫ, ɸ/ɺʪ; 

c-c( )i t , c-cʧ( )i t  ʪʘ cʧ-cʧ( )i t  ï ʙʠʪʪʷ ʩʠʛʥʘʣ-ʩʠʛʥʘʣ, ʩʠʛʥʘʣ-ʰʫʤ ʪʘ ʰʫʤ-ʰʫʤ ʚʽʜʧʦʚʽʜʥʦ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʽʨʦʛʽʜʥʦʩʪʽ ʧʦʤʠʣʢʠ ʚ ʦʧʪʠʯʥʦʤʫ ʢʘʥʘʣʽ ɺʆʉʇ ʩʣʽʜ ʨʦʟʨʘʭʫʚʘʪʠ ʧʦʪʫʞʥʦʩʪʽ ʚʩʽʭ 

ʪʨʴʦʭ ʩʢʣʘʜʦʚʠʭ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ ʥʘ ʚʭʦʜʽ ʚʠʨʽʰʫʶʯʦʛʦ ʧʨʠʩʪʨʦʶ ʧʨʠʡʤʘʯʘ. ɺʟʘʻʤʦʜʽʷ ʩʠʛʥʘʣʫ ʪʘ 

ʰʫʤʫ ʚ ʧʨʠʡʤʘʯʽ ɺʆʉʇ ʟ ʄɯ ʜʝʪʘʣʴʥʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʘ ʚ ʨʦʙʦʪʽ [6], ʪʦʤʫ ʚ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ 

ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʛʦʪʦʚʠʤʠ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʚʠʨʘʟʘʤʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʙʠʪʪʷ ʩʠʛʥʘʣ-ʰʫʤ ʩ-ʩʧP  ʪʘ 

ʰʫʤ-ʰʫʤ ʩʧ-ʩʧP : 

2
ʩ-ʩʧ ʧʝʨ ʩʧ e4P R ʈ PSD F= D ,    (5) 

2 2
ʩʧ-ʩʧ ʩʧ e( 2 )o oP R PSD F F F= D D + D,    (6) 

ʜʝ eFD  ï ʰʠʨʠʥʘ ʩʤʫʛʠ ʧʨʦʧʫʩʢʘʥʥʷ ʌʅʏ ʧʨʠʡʤʘʯʘ. 

ɺʽʨʦʛʽʜʥʽʩʪʴ ʧʦʤʠʣʢʠ ʙʽʪʘ (BER) ʥʘ ʚʠʭʦʜʽ ʢʘʥʘʣʫ ɺʆʉʇ ʪʘ Q-ʬʘʢʪʦʨ ʩʠʛʥʘʣʫ ʥʘ ʚʭʦʜʽ ɺʇ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʚʠʨʘʟʘʤʠ [7]: 

1

2 2

Q
BER erfc

å õ
= æ ö

ç ÷
,     (7) 

1 0 1 0

1 0 ʩ-ʩʧ ʩʧ-ʩʧ

Q
P P

m m m m

s s

- -
= =

+ +
,    (8) 

ʜʝ  1m ʪʘ 0m  ï ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ (ʤʘʪʝʤʘʪʠʯʥʝ ʦʯʽʢʫʚʘʥʥʷ) ʚʽʜʣʽʢʽʚ ʩʠʤʚʦʣʽʚ 1 ʪʘ 0; 

1s  ʪʘ 0s  ï ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜʣʽʢʽʚ ʩʠʤʚʦʣʽʚ 1 ʪʘ 0. 

ɿ ʚʨʘʭʫʚʘʥʥʷʤ ʦʜʥʘʢʦʚʦʾ ʚʽʨʦʛʽʜʥʦʩʪʽ ʧʝʨʝʜʘʚʘʥʥʷ ʩʠʤʚʦʣʽʚ 1 ʪʘ 0 ʚ ʮʠʬʨʦʚʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʥʘ 

ʚʭʦʜʽ ʢʘʥʘʣʫ, ʧʽʢʦʚʘ ʧʦʪʫʞʥʽʩʪʴ ʦʧʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʚ 2 ʨʘʟʠ ʙʽʣʴʰʝ ʩʝʨʝʜʥʴʦʾ, ʪʦʤʫ ʚʠʨʘʟ (8) ʧʽʩʣʷ 

ʧʽʜʩʪʘʥʦʚʢʠ ʚ ʥʴʦʛʦ (5) ʪʘ (6) ʧʨʠʡʤʝ ʥʘʩʪʫʧʥʫ ʬʦʨʤʫ: 

ʧʝʨ

ʧʝʨ ʩʧ e ʩʧ e0,5 ( 2 )o o

P
Q

ʈ PSD F PSD F F F
=

D + D D + D
.   (9) 

ɿʥʝʭʪʫʚʘʚʰʠ ʜʨʫʛʠʤ ʜʦʜʘʥʢʦʤ (ʧʦʪʫʞʥʽʩʪʶ ʙʠʪʪʷ ʰʫʤ-ʰʫʤ) ʚ ʟʥʘʤʝʥʥʠʢʫ ʚʠʨʘʟʫ (9), ʦʪʨʠʤʫʻʤʦ 

ʚʽʜʦʤʫ ʟ ʣʽʪʝʨʘʪʫʨʠ [7, 8] ʧʨʦʩʪʫ ʬʦʨʤʫʣʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ Q-ʬʘʢʪʦʨʫ: 

ʧʝʨ o

ʩʧ e e

P F
Q OSNR

PSD F F

D
º =

D D
,     (10) 

ʜʝ  OSNR ï ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʝʡ ʦʧʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʪʘ ʰʫʤʫ (ʧʝʨ ʩʧ/OSNR ʈ ʈ= ). 

ɼʣʷ ʦʮʽʥʢʠ ʪʦʯʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʫ Q-ʬʘʢʪʦʨʫ ʟʘ ʥʘʚʝʜʝʥʠʤʠ ʚʠʨʘʟʘʤʠ, ʚ ʜʝʤʦʥʩʪʨʘʮʽʡʥʽʡ ʚʝʨʩʽʾ 

ʧʨʦʛʨʘʤʠ Optiwave Optisystem ʟʛʽʜʥʦ ʨʠʩ. 1 ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʽʤʽʪʘʮʽʡʥʫ ʤʦʜʝʣʴ ʢʘʥʘʣʫ ɺʆʉʇ OTH. ɿʘ ʾʾ 

ʜʦʧʦʤʦʛʦʶ ʚʠʟʥʘʯʘʣʦʩʷ ʪʦʯʥʝ ʟʥʘʯʝʥʥʷ Q-ʬʘʢʪʦʨʫ ʽ ʨʦʟʨʘʭʦʚʫʚʘʣʘʩʷ ʚʽʜʥʦʩʥʘ ʧʦʤʠʣʢʘ ʨʦʟʨʘʭʫʥʢʫ d: 

ʨ ow

ow

100%
Q Q

Q
d

-
= Ö ,     (11) 

ʜʝ  ʨQ  ï ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ Q-ʬʘʢʪʦʨʫ ʟʘ ʚʠʨʘʟʘʤʠ (9), (10); 

owQ  ï ʚʠʟʥʘʯʝʥʝ ʚ ʧʨʦʛʨʘʤʽ Optiwave Optisystem ʟʥʘʯʝʥʥʷ Q-ʬʘʢʪʦʨʫ. 

ʏʠʩʝʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʪʠʯʥʦʛʦ ʪʘ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʚʝʜʝʥʦ ʜʦ ʪʘʙʣʠʮʽ 1. ɼʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʚʦʜʠʣʠʩʷ ʜʣʷ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ ʢʘʥʘʣʫ ɺʆʉʇ, ʥʘʚʝʜʝʥʠʤ ʚ ʪʘʙʣ. 2. ɸʥʘʣʽʟ ʚʽʜʥʦʩʥʦʾ ʧʦʤʠʣʢʠ 

ʨʦʟʨʘʭʫʥʢʫ Q-ʬʘʢʪʦʨʫ (ʪʘʙʣ. 3) ʧʦʢʘʟʫʻ, ʱʦ ʚʠʨʘʟ (9) ʤʘʻ ʩʫʪʪʻʚʦ ʤʝʥʰʫ ʚʽʜʥʦʩʥʫ ʧʦʛʨʽʰʥʽʩʪʴ, ʷʢʘ 

ʟʤʝʥʰʫʻʪʴʩʷ ʟ ʨʦʩʪʦʤ ʧʨʦʪʷʞʥʦʩʪʽ ɺʆʃʊ. ʉʧʨʦʱʝʥʦʤʫ ʚʠʨʘʟʫ (10), ʱʦ ʥʝ ʚʨʘʭʦʚʫʻ ʙʠʪʪʷ ʰʫʤ-ʰʫʤ, 

ʚʽʜʧʦʚʽʜʘʻ ʜʦʩʠʪʴ ʟʥʘʯʥʘ ʚʽʜʥʦʩʥʘ ʧʦʤʠʣʢʘ ʨʦʟʨʘʭʫʥʢʫ ʚ ʤʝʞʘʭ 39-59%. ʊʘʢʦʞ ʩʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʧʨʦʪʷʞʥʦʩʪʽ ʣʽʥʽʾ (ʢʽʣʴʢʦʩʪʽ ʩʝʢʮʽʡ Nʩʝʢʮ) ʧʦʭʠʙʢʘ ʨʦʟʨʘʭʫʥʢʫ Q-ʬʘʢʪʦʨʫ ʟʘ ʜʘʥʠʤ ʚʠʨʘʟʦʤ 

ʪʘʢʦʞ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʦʚʥʦʾ ʬʦʨʤʠ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʚʠʨʘʟʫ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʨʦʩʪʦʤ ʚʘʛʠ 

ʜʨʫʛʦʛʦ ʜʦʜʘʥʢʫ ʚ ʟʥʘʤʝʥʥʠʢʫ ʚʠʨʘʟʫ (9) ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʩʧʝʢʪʨʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʧʦʪʫʞʥʦʩʪʽ ʰʫʤʫ ʩʧPSD . 

ʆʪʨʠʤʘʥʽ ʯʠʩʝʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʚʦʜʷʪʴ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʨʦʱʝʥʦʛʦ ʚʠʨʘʟʫ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ Q-

ʬʘʢʪʦʨʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʫʪʪʻʚʦʛʦ ʟʘʚʠʱʝʥʥʷ ʡʦʛʦ ʟʥʘʯʝʥʥʷ. ɺʨʘʭʦʚʫʶʯʠ ʥʝʣʽʥʽʡʥʫ ʟʘʣʝʞʥʽʩʪʴ ( )BER Q  ʫ 

ʚʠʨʘʟʽ (7), ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʫʪʪʻʚʦʾ ʧʦʛʨʽʰʥʦʩʪʽ ʫ ʚʠʟʥʘʯʝʥʥʽ ʚʽʨʦʛʽʜʥʦʩʪʽ ʧʦʤʠʣʢʠ ʚ ʦʧʪʠʯʥʦʤʫ ʢʘʥʘʣʽ 

ɺʆʉʇ. 
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ʊʘʙʣʠʮʷ 1 

ɿʥʘʯʝʥʥʷ Q-ʬʘʢʪʦʨʫ ʩʠʛʥʘʣʫ ʧʨʠʡʤʘʯʘ ɺʆʉʇ 

ʈʽʚʝʥʴ 

ʮʠʢʣʫ 

ʆʊʅ 

ʉʧʦʩʽʙ 

ʚʠʟʥʘʯʝʥʥʷ 

Q-ʬʘʢʪʦʨʫ 

Nʩʝʢʮ 

1 2 3 4 5 6 7 8 9 10 

OTU1 

ʚʠʨʘʟ (9) 119,2 79,3 61,9 51,7 44,8 39,8 36,0 32,9 30,4 28,3 

ʚʠʨʘʟ (10) 140,8 99,6 81,3 70,4 63,0 57,5 53,2 49,8 46,9 44,5 

Optiwave 

Optisystem 
93,0 65,2 52,9 45,6 40,6 36,8 34,0 31,6 29,7 28,1 

OTU2 

ʚʠʨʘʟ (9) 64,1 43,8 34,8 29,5 25,9 23,3 21,2 19,6 18,2 17,1 

ʚʠʨʘʟ (10) 70,3 49,7 40,6 35,1 31,4 28,7 26,6 24,8 23,4 22,2 

Optiwave 

Optisystem 
50,4 35,4 28,7 24,7 22,0 20,0 18,4 17,1 16,1 15,2 

 

ʊʘʙʣʠʮʷ 2 

ʇʘʨʘʤʝʪʨʠ ʤʦʜʝʣʽ ɺʆʉʇ 

ʌʫʥʢʮʽʦʥʘʣʴʥʠʡ ʙʣʦʢ ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʥʷ 

ʇʝʨʝʜʘʚʘʯ 
ʐʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʮʠʬʨʦʚʦʛʦ ʩʠʛʥʘʣʫ ɺʧʝʨ 

2,666 ɻʙʽʪ/ʩ (OTU1) 

10,709 ɻʙʽʪ/ʩ (OTU2) 

ʉʝʨʝʜʥʷ ʧʦʪʫʞʥʽʩʪʴ ʩʠʛʥʘʣʫ ʧʝʨʈ  1 ʤɺʪ 

ʆʧʪʠʯʥʝ ʚʦʣʦʢʥʦ 
ʂʦʝʬʽʮʽʻʥʪ ʟʘʛʘʩʘʥʥʷ 0,2 ʜɹ/ʢʤ 

ɼʦʚʞʠʥʘ ʦʜʥʽʻʾ ʩʝʢʮʽʾ 100 ʢʤ 

ʆʧʪʠʯʥʠʡ ʧʽʜʩʠʣʶʚʘʯ ʐʫʤ-ʬʘʢʪʦʨ nf 6 ʜɹ 

ʆʧʪʠʯʥʠʡ ʩʤʫʛʦʚʠʡ ʬʽʣʴʪʨ ʐʠʨʠʥʘ ʩʤʫʛʠʦFD  100 ɻɻʮ 

ʌʦʪʦʜʽʦʜ ʏʫʪʣʠʚʽʩʪʴ R 1 ɸ/ɺʪ 

ʌʅʏ ʧʨʠʡʤʘʯʘ ʐʠʨʠʥʘ ʩʤʫʛʠ eFD  0,75 ɺʧʝʨ 

 

ʊʘʙʣʠʮʷ 3 

ɺʽʜʥʦʩʥʘ ʧʦʤʠʣʢʘ ʨʦʟʨʘʭʫʥʢʫ Q-ʬʘʢʪʦʨʫ d, % 

ʈʽʚʝʥʴ 

ʮʠʢʣʫ 

ʆʊʅ 

ʉʧʦʩʽʙ 

ʚʠʟʥʘʯʝʥʥʷ 

Q-ʬʘʢʪʦʨʫ 

Nʩʝʢʮ 

1 2 3 4 5 6 7 8 9 10 

OTU1 
ʚʠʨʘʟ (9) 28,2 21,5 17,0 13,4 10,6 8,1 6,0 4,1 2,4 0,8 

ʚʠʨʘʟ (10) 51,4 52,6 53,7 54,5 55,3 56,1 56,7 57,4 58,0 58,6 

OTU2 
ʚʠʨʘʟ (9) 27,4 23,8 21,4 19,5 17,9 16,6 15,4 14,3 13,2 12,3 

ʚʠʨʘʟ (10) 39,6 40,5 41,5 42,3 43,1 43,8 44,5 45,1 45,7 46,2 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ɺ ʩʪʘʪʪʽ ʜʦʩʣʽʜʞʝʥʘ ʘʥʘʣʽʪʠʯʥʘ ʤʦʜʝʣʴ ɺʆʉʇ ʟ ʤʦʜʫʣʷʮʽʻʶ ʧʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ. ɼʣʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʩʪʨʫʢʪʫʨ ʪʠʧʫ OTU1 ʪʘ OTU2 ʚʠʟʥʘʯʝʥʦ Q-ʬʘʢʪʦʨ ʩʠʛʥʘʣʫ ʚ ʧʨʠʡʤʘʯʽ ʢʘʥʘʣʫ ɺʆʉʇ OTH ʟʘ ʧʦʚʥʦʶ ʪʘ 

ʩʧʨʦʱʝʥʦʶ ʬʦʨʤʦʶ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʚʠʨʘʟʽʚ. ʉʧʽʚʩʪʘʚʣʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟ ʽʤʽʪʘʮʽʡʥʠʤ 

ʤʦʜʝʣʶʚʘʥʥʷʤ ʧʦʢʘʟʘʣʦ, ʱʦ ʩʧʨʦʱʝʥʦʤʫ ʨʦʟʨʘʭʫʥʢʦʚʦʤʫ ʚʠʨʘʟʫ ʚʽʜʧʦʚʽʜʘʻ ʚʽʜʥʦʩʥʘ ʧʦʛʨʽʰʥʽʩʪʴ ʙʣʠʟʴʢʦ 

40ï60%, ʟʘʣʝʞʥʦ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʚʘʥʥʷ ʩʠʛʥʘʣʫ ʚ ʦʧʪʠʯʥʦʤʫ ʢʘʥʘʣʽ ʟʚôʷʟʢʫ. ɼʦʚʝʜʝʥʦ, ʱʦ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʜʦʩʪʦʚʽʨʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʦʚʥʫ ʬʦʨʤʫ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʚʠʨʘʟʫ Q-

ʬʘʢʪʦʨʫ ʩʠʛʥʘʣʫ, ʱʦ ʚʨʘʭʦʚʫʻ ʚʩʽ ʩʢʣʘʜʦʚʽ ʟʘʚʘʜʠ ʚ ʧʨʠʡʤʘʯʽ ɺʆʉʇ. ʇʦʛʨʽʰʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ Q-ʬʘʢʪʦʨʫ ʚ 

ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʥʝ ʧʝʨʝʚʠʱʫʚʘʪʠʤʝ 15%. 

ʈʦʟʛʣʷʥʫʪʫ ʘʥʘʣʽʪʠʯʥʫ ʤʦʜʝʣʴ ɺʆʉʇ ʟ ʄɯ ʚ ʧʦʜʘʣʴʰʦʤʫ ʩʣʽʜ ʨʦʟʰʠʨʠʪʠ ʟ ʤʝʪʦʶ ʚʨʘʭʫʚʘʥʥʷ 

ʤʽʞʩʠʤʚʦʣʴʥʦʾ ʽʥʪʝʨʬʝʨʝʥʮʽʾ, ʱʦ ʚʠʥʠʢʘʻ ʚ ʌʅʏ ʧʨʠʡʤʘʯʘ. 
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ɼʆʉʃɯɼɾɽʅʅʗ ʄɸʊɽʄɸʊʀʏʅʆɰ ʄʆɼɽʃɯ ʆʇʊʀʏʅʆɻʆ ɺʆʃʆʂʅɸ 
 
ˏ̏̌̏̋̏̎̎̏-̘̏̐̓̉̎ ̨ ̒̉̒̓̆̍̉ ̠̐̆̑̆̅́̃́̎̎ ̤ ̏̒̎̏̃̎̉̍ ̓̉̐̏̍ ̒̉̒̓̆̍ ̠̅̌ ̐̏̂̔̅̏̃̉ ̘̖̒̔́̒̎̉ 

̨̨̗̖̓̆̌̆̋̏̍̔̎̋́̊̎̉ ̍̆̑̆̇Ȣ ˏ ̖̓̑́̎̒̐̏̎̅̆̑́ ̘̖̒̔́̒̎̉ ̘̖̏̐̓̉̎̉ ̒̉̒̓̆̍ ̠̐̆̑̆̅́̃́̎̎ ̨̑̆́̌̈̏̃́̎̏ ̨̆̆̋̓̉̃̎̕ 
̍̆̓̏̅̉ ̨̠̗̩̍̏̅̔̌ ̓́ ̠̋̏̅̔̃́̎̎ȟ ̏̚ ̠̤̅̏̈̃̏̌ ̤̒̔̓̓̃̏ ̨̐̅̃̉̉̓̉̚ ̨̘̝̔̓̌̉̃̒̓ ̘̐̑̉̊̍́́ ̨ ̨̝̙̈̂̌̉̓̉ ̅̏̃̇̉̎̔ 
̨̠̅̌̎̋̉ ̨̗̩̑̆̄̆̎̆̑́Ȣ ˜̑̉ ̨̐̑̏̆̋̓̔̃́̎̎ ̖̓́̋̉ ̒̉̒̓̆̍ ̤̐̏̒̓́ ̝́̋̓̔́̌̎̆  ̠̈́̃̅́̎̎  ̘̈̃̉̈̎́̆̎̎ ̠̖́̑́̋̓̆̑̉̒̓̉̋ 
̨̠̋̏̒̓ ̘̖̏̐̓̉̎̉ ̨̋́̎́̌̃Ȣ ˑ̠̌ ̨̙̠̃̉̑̆̎̎ ̨̗̤̩ ̨̘̈́̅́ ̨̒̌̅ ̑̏̈̑̏̂̉̓̉ ̘̍́̓̆̍́̓̉̎̔ ̝̍̏̅̆̌ ̒̉̒̓̆̍̉ ̠̐̆̑̆̅́̃́̎̎ ̨ 
̐̑̏̃̆̒̓̉ ̨̨̨̗̍̓́̊̎̆ ̟̠̍̏̅̆̌̃́̎̎ ̈ ̩̩ ̠̃̉̋̏̑̉̒̓́̎̎̍Ȣ ˛̅̎̉̍ ̨̈ ̖̏̒̎̏̃̎̉ ̨̗̝̖̔̎̋̏̎́̌̎̉̕ ̨̂̌̏̋̃ ̨̍̏̅̆̌ȟ ̏̚ 
̤̃̐̌̉̃́ ̎́ ̨̨̝̅̏̒̓̏̃̑̎̒̓ ̖̏̓̑̉̍́̎̉ ̨̝̑̆̈̔̌̓́̓̃, ̤ ̒̆̑̆̅̏̃̉́̚ ̟̠̑̏̈̐̏̃̒̅̇̆̎̎ ̒̉̄̎́̌̔ ɀ ̘̏̐̓̉̎̆ ̃̏̌̏̋̎̏Ȣ ˏ 
̨̑̏̂̏̓ ̨̐̑̏́̎́̌̈̏̃́̎̏ ̨̝̙̎́̊̂̌ ̙̐̏̉̑̆̎̉̊ ̨̃́̑́̎̓ ̐̏̂̔̅̏̃̉ ̨̍̏̅̆̌ ̎́ ̨̂́̈ ˡ̔̑ȭ̤ ̍̆̓̏̅̔ ̠̑̏̈̆̐̌̆̎̎̚ ̈ ́
̨̘̈̉̎̉̍̉̕ ́̋̓̏̑́̍̉̕Ȣ ˝̠̏̈̄̌̎̔̓̏ ̨̐̆̑̆̌̋ ̝̐̉̓́̎ȟ ̐̏̃ȭ̠̖̈́̎̉ ̨̈ ̙̠̈̍̆̎̆̎̎̍ ̘̟̝̩̏̂̉̒̌̃́̌̎̏ ̨̒̋̌́̅̎̏̒̓ ̨̍̏̅̆̌ 
̓́ ̩̩ ̠̓̆̒̓̔̃́̎̎Ȣ 

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̘̍́̓̆̍́̓̉̎́ ̝̍̏̅̆̌ȟ ̘̏̐̓̉̎̆ ̃̏̌̏̋̎̏ȟ ̠̒̐̏̓̃̏̑̆̎̎ȟ ̨̠̅̉̒̐̆̑̒ȟ ̒̉̄̎́̌ 

 
PEDYASH Volodymyr 

State University of Intellectual Technologies and Communications 

 

INV ESTIGATION OF THE MATHEMATICAL MODEL OF OPTICAL FIBER  
 

Fiber optic transmission systems are the main type of systems for building telecommunication networks. The transponders of 
modern optical transmission systems implement efficient modulation and coding methods, which can significantly increase the receiver 
sensitivity and increase the length of the regeneration area. The task to define the quality characteristics of optical channels occurs during 
the design of such systems. 

To solve this problem, it is necessary to develop a mathematical model of the transmission system and perform a simulation using 
it. One of the main blocks of the system is the propagation medium (optical fiber). The optical fiber model is based on the nonlinear 
3ÃÈÒĘÄÉÎÇÅÒ ÄÉÆÆÅÒÅÎÔÉÁl equation. Several groups of modeling methods have been developed on its basis. The most widespread is the Fourier 
method of splitting by physical factors, as it has a simple algorithm structure, high computing speed, and high accuracy. This method is 
recursive, so to reduce the number of iterations, it is reasonable to use the well-known method of nonlinear phase rotation. 

To check the functionality of the developed program code, it is recommended to perform testing in several stages. At the first 
stage, it is proposed to check the accuracy of the distortion of chromatic dispersion. Single pulses of simple shape, such as Gaussian pulses, 
should be used as a test signal. By calculating the pulse shape using theoretical expressions and comparing them with the modeling results, 
the accuracy of the optical fiber modeling algorithm can be verified. The next step in verifying the fiber model is to evaluate the accuracy of 
the simultaneous introduction of dispersion and nonlinear distortions. For this purpose, it is proposed to analyze the propagation of pulses of 
optical solitons of the first and higher orders. 

Keywords: mathematical model, optical fiber, distortion, dispersion, signal 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ 

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ʐʚʠʜʢʠʡ ʨʽʩʪ ʦʙʩʷʛʫ ʪʨʘʬʽʢʫ ʚ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞʘʭ ʽ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ 

ʮʠʬʨʦʚʦʛʦ ʟʚôʷʟʢʫ ʧʦʪʨʝʙʫʶʪʴ ʧʽʜʚʠʱʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤ ʧʝʨʝʜʘʚʘʥʥʷ. ʉʴʦʛʦʜʥʽ ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ ʤʝʪʠ ʫʩʧʽʰʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʽ ʩʠʩʪʝʤʠ ʧʝʨʝʜʘʚʘʥʥʷ (ɺʆʉʇ), ʷʢʽ 

ʟʥʘʡʰʣʠ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ ʜʽʣʷʥʢʘʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʝʨʝʞ ʪʘ ʤʝʨʝʞ ʜʦʩʪʫʧʫ. ɺ ʪʨʘʥʩʧʦʥʜʝʨʘʭ 

ʩʫʯʘʩʥʠʭ ɺʆʉʇ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʩʧʝʢʪʨʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʛʥʘʣʫ ʪʘ ʜʦʚʞʠʥʠ ʜʽʣʷʥʢʠ ʨʝʛʝʥʝʨʘʮʽʾ 

ʨʝʘʣʽʟʦʚʘʥʦ ʢʦʛʝʨʝʥʪʥʽ ʤʝʪʦʜʠ ʧʨʠʡʦʤʫ. ʗʢʽʩʪʴ ʨʦʙʦʪʠ ʮʠʬʨʦʚʦʛʦ ʪʨʘʢʪʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʦʧʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ (ʤʝʪʦʜ ʤʦʜʫʣʷʮʽʾ, ʧʦʪʫʞʥʽʩʪʴ, ʜʦʚʞʠʥʘ ʭʚʠʣʽ, ʪʦʱʦ) ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʙʣʦʢʽʚ ʩʠʩʪʝʤʠ 

ʧʝʨʝʜʘʚʘʥʥʷ. ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʥʦʚʠʭ ʪʘ ʤʦʜʝʨʥʽʟʘʮʽʾ ʽʩʥʫʶʯʠʭ ʬʨʘʛʤʝʥʪʽʚ ʪʝʣʝʢʦʤʫʥ̔ʢʘʮʽʡʥʠʭ ʤʝʨʝʞ ʩʣʽʜ 

ʚʠʨʽʰʫʚʘʪʠ ʟʘʚʜʘʥʥʷ ʟ ʨʦʟʨʦʙʢʠ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʪʨʘʢʪʽʚ ɺʆʉʇ. ʎʝ ʜʦʟʚʦʣʷʻ ʦʙʨʘʪʠ 

ʦʧʪʠʤʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʛʥʘʣʫ, ʥʘʣʘʰʪʫʚʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʙʣʦʢʽʚ ʩʠʩʪʝʤʠ ʧʝʨʝʜʘʚʘʥʥʷ ʽ 

ʚʧʝʚʥʠʪʠʩʷ ʫ ʟʘʜʦʚʦʣʝʥʥʽ ʜʦʧʫʩʪʠʤʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʮʠʬʨʦʚʠʭ ʪʨʘʢʪʽʚ ɺʆʉʇ. 

ʅʘ ʜʘʥʠʡ ʯʘʩ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ɺʆʉʇ ʚʞʝ ʨʦʟʨʦʙʣʝʥʦ ʧʘʢʝʪʠ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ, Optiwave OptiSystem, Rsoft OptSim ʪʘ VPIphotonics VPItransmissionMaker. ʎʽ 

ʧʘʢʝʪʠ ʻ ʢʦʤʝʨʮʽʡʥʠʤ ʧʨʦʛʨʘʤʥʠʤ ʧʨʦʜʫʢʪʦʤ ʽʟ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʦʶ ʚʘʨʪʽʩʪʶ, ʦʩʢʽʣʴʢʠ ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʽʟ ʜʦʩʪʘʪʥʴʦʶ ʬʽʥʘʥʩʦʚʦʶ ʧʽʜʪʨʠʤʢʦʶ. ʊʦʤʫ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ 

ʙʶʜʞʝʪʥʠʭ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʥʘʚʮʷʤ ʜʦʚʦʜʠʪʴʩʷ ʚʠʨʽʰʫʚʘʪʠ ʧʨʦʙʣʝʤʫ ʟ ʨʦʟʨʦʙʢʠ ʽ ʧʝʨʝʚʽʨʢʠ 

ʜʦʩʪʦʚʨ̔ʥʦʩʪʽ ʩʚʦʾʭ ʤʦʜʝʣʝʡ ʪʨʘʢʪʽʚ ɺʆʉʇ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʽʣʴʰ ʜʦʩʪʫʧʥʠʭ ʧʘʢʝʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ MatLab, 

SciLab ʘʙʦ GNU Octave. ʆʜʥʠʤ ʽʟ ʛʦʣʦʚʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʙʣʦʢʽʚ ʤʦʜʝʣʽ, ʷʢʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʷʢʦʛʦ ʚʧʣʠʚʘʻ 

ʥʘ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʦʪʨʠʤʘʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʻ ʦʧʪʠʯʥʝ ʚʦʣʦʢʥʦ. 

 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ 

ʇʨʦʙʣʝʤʘ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʩʠʛʥʘʣʫ ʚ ʆɺ ʥʝ ʻ ʥʦʚʦʶ ʽ ʥʘ ʩʴʦʛʦʜʥʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʢʽʣʴʢʘ ʚʘʨʽʘʥʪʽʚ ʾʾ ʚʠʨʽʰʝʥʥʷ. ɺʽʜʦʤʦ, ʱʦ ʧʨʦʮʝʩ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʩʠʛʥʘʣʫ ʚʟʜʦʚʞ ʦʧʪʠʯʥʦʛʦ ʚʦʣʦʢʥʘ 
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ʦʧʠʩʫʻʪʴʩʷ ʥʝʣʽʥʽʡʥʠʤ ʜʠʬʝʨʝʥʮʽʡʥʠʤ ʨʽʚʥʷʥʥʤ̫ ʐʨʝʜʽʥʛʝʨʘ [1]. ɺʦʥʦ ʚʩʪʘʥʦʚʣʶʻ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ 

ʦʛʠʥʘʶʯʦʶ ʦʧʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʥʘ ʚʭʦʜʽ ʪʘ ʚʠʭʦʜʽ ʆɺ. ɿʚʘʞʘʶʯʠ ʥʘ ʬʦʨʤʫ ʚʠʨʘʟʫ, ʘʥʘʣʽʪʠʯʥʦʛʦ ʨʦʟʚ'ʷʟʢʫ 

ʜʘʥʝ ʨʽʚʥʷʥʥʷ ʥʝ ʤʘʻ, ʪʦʤʫ ʚʠʨʽʰʫʻʪʴʩʷ ʯʠʩʣʝʥʥʠʤʠ ʤʝʪʦʜʘʤʠ [2ï4]. ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ ʻ ʌʫʨôʻ ʤʝʪʦʜ 

ʨʦʟʱʝʧʣʝʥʥʷ ʧʦ ʬʽʟʠʯʥʠʤ ʬʘʢʪʦʨʘʤ (ʌʄʈʌʌ), ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʚʠʨʽʰʝʥʥʷ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʨʽʚʥʷʥʥʷ ʚ 

ʯʘʩʪʢʦʚʠʭ ʧʦʭʽʜʥʠʭ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʆɺ ʚʥʦʩʠʪʴ ʩʧʦʪʚʦʨʝʥʥʷ, ʪʦʪʦʞʥʽ ʨʝʘʣʴʥʦʤʫ 

ʦʧʪʠʯʥʦʤʫ ʚʦʣʦʢʥʫ. ʇʝʨʝʚʘʛʦʶ ʤʝʪʦʜʫ ʻ ʪʦʯʥʽʩʪʴ, ʧʨʦʩʪʦʪʘ ʨʝʘʣʽʟʘʮʽʾ ʪʘ ʚʠʩʦʢʘ ʰʚʠʜʢʽʩʪʴ ʘʣʛʦʨʠʪʤʫ 

ʦʙʯʠʩʣʝʥʴ. ʇʝʚʥʠʤ ʡʦʛʦ ʥʝʜʦʣʽʢʦʤ ʻ ʨʝʢʫʨʝʥʪʥʽʩʪʴ, ʦʩʢʽʣʴʢʠ ʥʘ ʢʦʞʥʦʤʫ ʥʘʩʪʫʧʥʦʤʫ ʢʨʦʮʽ ʽʪʝʨʘʮʽʾ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʟ ʧʦʧʝʨʝʜʥʴʦʛʦ ʢʨʦʢʫ. 

ɯʥʰʠʤ ʤʝʥʰ ʧʦʰʠʨʝʥʠʤ ʤʝʪʦʜʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʆɺ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʦʨʽʾ ʨʷʜʽʚ ɺʦʣɹʪʝʨʨʘ [5ï7]. ʅʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʌʄʈʌʌ ʚʽʥ ʥʝ ʻ ʨʝʢʫʨʝʥʪʥʠʤ ʽ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʦʢʨʝʤʽ ʩʢʣʘʜʦʚʽ ʩʧʝʢʪʨʫ ʩʠʛʥʘʣʫ. ɺ ʩʚʦʻʤʫ 

ʙʘʟʦʚʦʤʫ ʚʘʨʽʘʥʪʽ ʮʝʡ ʤʝʪʦʜ ʧʝʨʝʜʙʘʯʘʻ ʚʠʟʥʘʯʘʪʠ ʦʢʨʝʤʽ ʩʢʣʘʜʦʚʽ ʩʧʝʢʪʨʫ ʰʣʷʭʦʤ ʨʦʟʨʘʭʫʥʢʫ ʩʫʤʠ 

ʥʝʩʢʽʥʯʝʥʦʾ ʢʽʣʴʢʦʩʪʽ ʜʦʜʘʥʢʽʚ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʻ ʟʛʦʨʪʢʦʶ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʪʘ ʬʫʥʢʮʽʾ - ʷʜʨʘ ɺʦʣʴʪʝʨʨʘ. ɸʣʝ 

ʚʠʟʥʘʯʝʥʥʷ ʚʩʽʭ ʜʦʜʘʥʢʽʚ ʻ ʥʝʤʦʞʣʠʚʠʤ, ʦʩʢʽʣʴʢʠ ʢʦʞʝʥ ʟ ʥʠʭ ʤʽʩʪʠʪʴ ʽʥʪʝʛʨʘʣ ʟ ʢʨʘʪʥʽʩʪʶ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʡʦʛʦ ʥʦʤʝʨʫ. ɿʚʘʞʘʶʯʠ ʥʘ ʮʝ, ʟʘʟʚʠʯʘʡ ʚʨʘʭʦʚʫʶʪʴ ʧʝʨʰʽ ʜʚʘ-ʪʨʠ ʜʦʜʘʥʢʠ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʷʜʨʘ ɺʦʣʴʪʝʨʨʘ 

ʧʝʨʰʦʛʦ, ʪʨʝʪʴʦʛʦ ʪʘ, ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ, ʧôʷʪʦʛʦ ʧʦʨʷʜʢʫ. ʅʝʭʪʫʚʘʥʥʷ ʜʦʜʘʥʢʘʤʠ ʨʷʜʫ ʟ ʷʜʨʘʤʠ ʚʠʱʠʭ 

ʧʦʨʷʜʢʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʛʦ ʟʤʝʥʰʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʆɺ. ɿʤʝʥʰʠʪʠ ʧʦʛʨʽʰʥʽʩʪʴ 

ʤʦʜʝʣʶʚʘʥʥʷ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʚʝʨʩʽʾ ʜʘʥʦʛʦ ʤʝʪʦʜʫ [8, 9]. ɸʣʝ ʰʠʨʦʢʦʛʦ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʜʘʥʠʡ ʤʝʪʦʜ ʥʝ ʦʪʨʠʤʘʚ. ʊʦʤʫ ʚ ʮʽʡ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʆɺ 

ʚʠʢʦʥʘʥʦ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʌʫʨôʻ ʤʝʪʦʜʫ ʨʦʟʱʝʧʣʝʥʥʷ ʧʦ ʬʽʟʠʯʥʠʤ ʬʘʢʪʦʨʘʤ. 

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʦʧʪʠʯʥʦʛʦ ʚʦʣʦʢʥʘ ʪʘ ʚʠʟʥʘʯʝʥʥʷ 

ʢʨʠʪʝʨʽʾʚ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ɿʚʘʞʘʶʯʠ ʥʘ ʢʦʥʩʪʨʫʢʮʽʶ ʩʚʽʪʣʦʚʦʜʘ ʪʘ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʡʦʛʦ ʤʘʪʝʨʽʘʣʽʚ, ʦʧʪʠʯʥʠʡ ʩʠʛʥʘʣ 

ʩʧʦʪʚʦʨʶʻʪɹʩʷ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʚʟʜʦʚʞ ʩʝʨʝʜʦʚʠʱʘ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ. ʉʧʦʪʚʦʨʝʥʥʷ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʟʤʽʥʠ ʯʘʩʦʚʦʾ ʬʦʨʤʠ ʪʘ ʩʧʝʢʪʨʫ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ, ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʽ ʦʩʥʦʚʥʽ ʛʨʫʧʠ ï ʣʥ̔ʽʡʥʽ ʪʘ 

ʥʝʣʽʥʽʡʥʽ (ʨʠʩ. 1). ɺ ʩʚʦʶ ʯʝʨʛʫ, ʣʽʥʽʡʥʽ ʩʧʦʪʚʦʨʝʥʥʷ ʚʢʣʶʯʘʶʪʴ ʝʬʝʢʪʠ ʟʘʛʘʩʘʥʥʷ (ʚʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ 

ʩʠʛʥʘʣʫ) ʪʘ ʜʠʩʧʝʨʩʽʾ (ʩʧʦʪʚʦʨʝʥʥʷ ʬʦʨʤʠ ʩʠʛʥʘʣʫ). ʇʨʠ ʘʥʘʣʽʟʽ ʧʨʦʮʝʩʫ ʧʝʨʝʜʘʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʟʽ ʰʚʠʜʢʽʩʪʶ 

ʜʦ 40 ɻʙʽʪ/ʩ ʧʦ ʦʜʥʦʤʦʜʦʚʠʤ ʚʦʣʦʢʥʘʤ, ʧʨʦʷʚʘʤʠ ʤʦʜʦʚʦʾ ʪʘ ʧʦʣʷʨʠʟʘʮʽʡʥʦʾ ʜʠʩʧʝʨʩʽʾ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ [1]. 

ɿʘʛʘʩʘʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ (ʽʥʪʝʥʩʠʚʥʦʩʪʽ) ʦʧʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ 

ʡʦʛʦ ʬʦʨʤʠ ʚ ʯʘʩʦʚʽʡ ʪʘ ʩʧʝʢʪʨʘʣʴʥʽʡ ʦʙʣʘʩʪʽ: 

( , ) (0, ) zP z t P t ea-= ,     (1) 

ʜʝ  ( , )P z t  ʪʘ (0, )P t  ï ʧʦʪʫʞʥʽʩʪʴ ʩʠʛʥʘʣʫ ʥʘ ʚʭʦʜʽ ʪʘ ʚʽʜʩʪʘʥʽ z ʚʽʜ ʪʦʯʢʠ ʚʚʦʜʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʆɺ; 

a ï ʢʦʝʬʽʮʽʻʥʪ ʟʘʛʘʩʘʥʥʷ ʆɺ. 

ʇʦʪʫʞʥʽʩʪʴ ʦʧʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʻ ʢʚʘʜʨʘʪʦʤ ʤʦʜʫʣʷ ʥʘʧʨʫʞʝʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ: 
2

( , ) ( , )P z t A z t= .     (2) 

ɺ ʦʧʪʠʯʥʦ ʧʨʦʟʦʨʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʚʠʥʠʢʘʶʪʴ ʪʘʢʦʞ ʽ ʥʝʣʽʥʽʡʥʽ ʩʧʦʪʚʦʨʝʥʥʷ 

(ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ), ʷʢʽ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʽ ʛʨʫʧʠ: 

1) ʝʬʝʢʪʠ ʂʝʨʨʘ, ʧʦʚôʷʟʘʥʽ ʟ ʥʝʣʽʥʽʡʥʽʩʪʶ ʧʦʢʘʟʥʠʢʘ ʟʘʣʦʤʣʝʥʥʷ ʆɺ (ʬʘʟʦʚʘ ʩʘʤʦʤʦʜʫʣʷʮʽʷ, ʌʉʄ; 

ʧʝʨʝʭʨʝʩʥʘ ʤʦʜʫʣʷʮʽʷ, ʇʍʄ ʪʘ ʯʦʪʠʨʠʭʚʠʣʦɹʚʝ ʟʤʽʰʫʚʘʥʥʷ, ʏʍɿ); 

2) ʝʬʝʢʪʠ ʩʪʠʤʫʣʴʦʚʘʥʠʭ ʈʘʤʘʥʽʚʩʴʢʦʛʦ ʪʘ ɹʨʽʣʶʝʥʽʚʩʴʢʦʛʦ ʨʦʟʩʽʶʚʘʥʴ. 

 

ʉʧʦʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʫ ʚ ʦʧʪʠʯʥʦʤʫ ʚʦʣʦʢʥʽ

ʃʽʥʽʡʥʽ ʅʝʣʽʥʽʡʥʽ

ʟʘʛʘʩʘʥʥʷ ʜʠʩʧʝʨʩʽʷ
ɽʬʝʢʪʠ ʧʦʢʘʟʥʠʢʘ 

ʟʘʣʦʤʣʝʥʥʷ

ɽʬʝʢʪʠ ʩʪʠʤʫʣʴʦʚʘʥʦʛʦ 

ʨʦʟʩʽʶʚʘʥʥʷ

1) ʌʉʄ;

2) ʇʍʄ;

3) ʏʍɿ

1) ʈʘʤʘʥʽʚʩʴʢʝ;

2) ɹʨʽʣʶʝʥʽʚʩʴʢʝ

1) ʤʦʜʦʚʘ;

2) ʭʨʦʤʘʪʠʯʥʘ;

3) ʧʦʣʷʨʠʟʘʮʽʡʥʘ
 

ʈʠʩ. 1. ʂʣʘʩʠʬʽʢʘʮʽʷ ʩʧʦʪʚʦʨʝʥʴ ʩʠʛʥʘʣʫ ʚ ʦʧʪʠʯʥʦʤʫ ʚʦʣʦʢʥʽ 
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ʇʦʚʥʫ ʚʝʣʠʯʠʥʫ ʧʦʢʘʟʥʠʢʘ ʟʘʣʦʤʣʝʥʥʷ nS ʦʧʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʥʝʣʽʥʽʡʥʦʩʪʽ 

ʤʘʪʝʨʽʘʣʫ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʚʠʨʘʟʦʤ 

c

0 2

ʝʬ

 
P

n n n
ɸ

S

å õ
= +æ ö

æ ö
ç ÷

,     (3) 

ʜʝ  
0n  ʪʘ 

2n  - ʚʽʜʧʦʚʽʜʥʦ ʧʦʩʪʽʡʥʘ ʩʢʣʘʜʦʚʘ ʧʦʢʘʟʥʠʢʘ ʟʘʣʦʤʣʝʥʥʷ ʪʘ ʡʦʛʦ ʥʝʣʽʥʽʡʥʠʡ ʢʦʝʬʽʮʽʻʥʪ (ʜʣʷ 

ʢʚʘʨʮʫ 20

2 2,6 10n -º Ö  ʤ2/ɺʪ); 
ʝʬɸ  - ʝʬʝʢʪʠʚʥʘ ʧʣʦʱʘ ʆɺ. 

ʄʦʜʝʣʽ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʩʠʛʥʘʣʫ ʚ ʦʧʪʠʯʥʦʤʫ ʚʦʣʦʢʥʽ ʤʦʞʥʘ ʙʫʜʫʚʘʪʠ ʥʘ ʦʩʥʦʚʽ ʜʚʦʭ ʛʨʫʧ ʤʝʪʦʜʽʚ: 

ʧʨʘʚʠʣʘʤʠ ʛʝʦʤʝʪʨʠʯʥʦʾ (ʧʨʦʤʝʥʝʚʦʾ) ʪʘ ʭʚʠʣʝʚʦʜʥʦʾ ʦʧʪʠʢʠ. ʇʝʨʰʠʡ ʚʘʨʽʘʥʪ ʻ ʙʽʣʴʰ ʧʨʦʩʪʠʤ ʜʣʷ 

ʨʦʟʫʤʽʥʥʷ ʽ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʽʜʦʤʦʤʫ ʫ ʬʽʟʠʮʽ ʟʘʢʦʥʽ ʉʥʝʣʣʽʫʩʘ, ʱʦ ʦʧʠʩʫʻ ʧʦʚʝʜʽʥʢʫ ʩʚʽʪʣʦʚʦʛʦ ʧʨʦʤʝʥʶ ʥʘ 

ʤʝʞʽ ʜʚʦʭ ʦʧʪʠʯʥʦ ʧʨʦʟʦʨʠʭ ʩʝʨʝʜʦʚʠʱ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʟ ʨʽʟʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʟʘʣʦʤʣʝʥʥʷ. ɸʣʝ ʜʘʥʠʡ 

ʤʝʪʦʜ ʥʝ ʜʦʟʚʦʣʷʻ ʧʦʙʫʜʫʚʘʪʠ ʧʦʚʥʦʮʽʥʥʫ ʤʦʜʝʣʴ ʩʝʨʝʜʦʚʠʱʘ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ, ʱʦ ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ 

ʨʝʘʣʴʥʦʤʫ ʆɺ. 

ʇʦʚʥʠʡ ʦʧʠʩ ʧʨʦʮʝʩʫ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʦʧʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʚ ʦʧʪʠʯʥʦ ʧʨʦʟʦʨʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʟ ʣʽʥʽʡʥʠʤʠ ʪʘ ʥʝʣʽʥʽʡʥʠʤʠ ʩʧʦʪʚʦʨʝʥʥʷʤʠ ʜʦʩʷʛʘʻʪʴʩʷ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʣʽʥʽʡʥʦʛʦ 

ʨʚ̔ʥʷʥʥʷ ʐʨʝʜʽʥʛʝʨʘ [1, 2]: 
2

2

2 2

1

2 2

dA j d A
j dA A A

dz dT
b g=- + - ,    (4) 

ʜʝ  ɸ ï ʦʛʠʥʘʶʯʘ ʦʧʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ; T ï ʯʘʩ; 
2, ʪʘ a b g - ʟʘʛʘʩʘʥʥʷ, ʜʠʩʧʝʨʩʽʷ ʪʘ ʥʝʣʽʥʽʡʥʽʩʪʴ 

ʩʝʨʝʜʦʚʠʱʘ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ. 

ɼʣʷ ʩʠʛʥʘʣʽʚ ʜʦʚʽʣʴʥʦʾ ʬʦʨʤʠ, ʨʽʚʥʷʥʥʷ (4) ʘʥʘʣʽʪʠʯʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʥʝ ʤʘʻ, ʪʦʤʫ ʚʠʨʽʰʫʻʪʴʩʷ 

ʯʠʩʝʣʴʥʠʤʠ ʤʝʪʦʜʘʤʠ.  ʆʜʥʠʤ ʽʟ ʥʘʡʪʦʯʥʽʰʠʭ ʻ ʌʫʨôʻ ʤʝʪʦʜ ʨʦʟʱʝʧʣʶʚʘʥʥʷ ʧʦ ʬʽʟʠʯʥʠʤ ʬʘʢʪʦʨʘʤ 

(ʌʄʈʌʌ). ɺ ʡʦʛʦ ʦʩʥʦʚʫ ʧʦʢʣʘʜʝʥʘ ʽʜʝʷ ʫʤʦʚʥʦʛʦ ʧʦʜʽʣʫ ʆɺ ʟ ʩʫʤʘʨʥʦʶ ʜʦʚʞʠʥʦʶ 
ʦʚL  ʥʘ ʩʢʽʥʯʝʥʫ 

ʢʽʣʴʢʽʩʪʴ 
cN  ʝʣʝʤʝʥʪʘʨʥʠʭ ʩʝʛʤʝʥʪʽʚ (ʚʽʜʨʽʟʢʽʚ) ʜʦʚʞʠʥʦʶ 

nh  ʢʦʞʝʥ. ɼʦʚʞʠʥʘ ʩʝʛʤʝʥʪʽʚ ʤʦʞʝ ʙʫʪʠ 

ʜʦʚʽʣʴʥʦʶ (ʚ ʪʦʤʫ ʯʠʩʣʽ ʦʜʥʘʢʦʚʦʶ), ʘʣʝ ʚ ʙʫʜ-ɹʷʢʦʤʫ ʚʠʧʘʜʢʫ ʾʭʥʷ ʩʫʤʘ ʧʦʚʠʥʥʘ ʜʦʨʽʚʥʶʚʘʪʠ ʩʫʤʘʨʥʽʡ 

ʜʦʚʞʠʥʽ ʆɺ. 

ɺ ʙʘʟʦʚʦʤʫ ʚʘʨʽʘʥʪʽ ʤʝʪʦʜʫ [1], ʚʭʽʜʥʠʡ ʩʠʛʥʘʣ ( , )A z t  ʟʽ ʩʧʝʢʪʨʦʤ ( , )A zw  ʥʘ ʢʦʞʥʦʤʫ ʩʝʛʤʝʥʪʽ 

ʧʦʩʣʽʜʦʚʥʦ ʦʙʨʦʙʣʷʻʪʴʩʷ ʦʧʝʨʘʪʦʨʘʤʠ {}ĔD  ʪʘ {}ĔN , ʱʦ ʚʽʜʧʦʚʽʜʥʦ ʚʥʦʩʷʪʴ ʣʽʥʽʡʥʽ ʪʘ ʥʝʣʽʥʽʡʥʽ 

ʩʧʦʪʚʦʨʝʥʥʷ (ʨʠʩ. 2, ʘ): 

{ }{ }{ }1
Ĕ( , ) ( , )A z h t F D F A z t- -+ = ,     (5) 

{ }Ĕ( , ) ( , )A z h t N A z h t-+ = + ,     (6) 

ʜʝ  {} {}1ʪʘ F F-  - ʦʧʝʨʘʪʦʨʠ ʧʨʷʤʦʛʦ ʪʘ ʟʚʦʨʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ; ( , )A z h t-+  ʪʘ ( , )A z h t+  - 

ʥʘʧʨʫʞʝʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʦʧʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʜʦ ʪʘ ʧʽʩʣʷ ʚʥʝʩʝʥʥʷ ʥʝʣʽʥʽʡʥʠʭ ʩʧʦʪʚʦʨʝʥʴ ʚʽʜʧʦʚʽʜʥʦ. 

ɺʠʨʘʟʠ ʜʣʷ ʣʽʥʽʡʥʦʛʦ ʪʘ ʥʝʣʽʥʽʡʥʦʛʦ ʦʧʝʨʘʪʦʨʽʚ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʰʣʷʭʦʤ ʚʠʨʽʰʝʥʥʷ ʨʽʚʥʷʥʥʷ 

ʐʨʝʜʽʥʛʝʨʘ (4) ʟʘ ʫʤʦʚʠ ʽʛʥʦʨʫʚʘʥʥʷ ʦʜʥʠʤ ʽʟ ʝʬʝʢʪʽʚ ʩʧʦʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʫ, ʧʨʠʨʽʚʥʶʶʯʠ 
2 0b=  ʘʙʦ 0g= . 

ʈʝʟʫʣʴʪʘʪʦʤ ʨʦʟʚ'ʷʟʢʫ ʻ ʜʠʬʝʨʝʥʮʽʡʥʽ ʨʽʚʥʷʥʥʷ [1]: 
2

(0, )
( , ) (0, )

j A t z
A z t A t e

g
= .      (7) 

22

2( , ) (0, )
j z

A z A e

b
w

w w= .      (8) 

ɿ ʤʝʪʦʶ ʩʧʨʦʱʝʥʥʷ ʟʘʧʠʩʫ, ʫ ʚʠʨʘʟʘʭ (7) ʪʘ (8) ʧʨʦʽʛʥʦʨʦʚʘʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʟʘʛʘʩʘʥʥʷ ʆɺ ze a- . 

ɺ ʨʝʟʫʣʴʪʘʪʽ, ʚʠʨʘʟʠ ʜʣʷ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʫ ʥʘ ʢʦʞʥʦʤʫ ʩʝʛʤʝʥʪʽ ʧʨʠʡʤʘʶʪʴ ʥʘʩʪʫʧʥʫ ʬʦʨʤʫ: 

{ }{ }
22

2
1 1
Ĕ( , ) ( , ) ( , )

j h

A z h t F D A z F A z e

b
w

w w- - -

ë ûî î
+ = =ì ü

î îí ý
,   (9) 

{ }
2

( , )Ĕ( , ) ( , ) ( , )
j A z h t z

A z h t N A z h t A z h t e
g -+

- -+ = + = + ,    (10) 

ʅʝʜʦʣʽʢʦʤ ʙʘʟʦʚʦʛʦ ʚʘʨʽʘʥʪʫ ʌʄʈʌʌ ʻ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʜʦʚʞʠʥʠ ʩʝʛʤʝʥʪʫ h ʥʘ ʪʦʯʥʽʩʪʴ ʯʠʩʝʣʴʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ. ʂʨʘʱʦʾ ʪʦʯʥʦʩʪʽ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʤʝʪʨʠʯʥʦʾ ʚʝʨʩʽʾ ʌʄʈʌʌ [10], ʷʢʠʡ 

ʧʝʨʝʜʙʘʯʘʻ ʚʥʝʩʝʥʥʷ ʥʝʣʽʥʽʡʥʠʭ ʩʧʦʪʚʦʨʝʥʴ ʧʦʩʝʨʝʜʠʥʽ ʩʝʛʤʝʥʪʫ (ʨʠʩ. 2, ʙ). ʆʙʨʦʙʢʫ ʩʠʛʥʘʣʫ ʥʘ ʢʦʞʥʦʤʫ ʟ 

ʪʨʴʦʭ ʢʨʦʢʽʚ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʥʘʩʪʫʧʥʠʤʠ ʚʠʨʘʟʘʤʠ: 

{ }
22

2 2Ĕ( / 2, ) ( , ) ( , )
h

j

A z h D A z A z e

b
w

w w w-+ = = ,    (11) 

{ }
2

( /2, )Ĕ( / 2, ) ( / 2, ) ( / 2, )
j A z h t h

A z h t N A z h t A z h t e
g -+

- -+ = + = + ,   (12) 

{ }
22

2 2Ĕ( , ) ( / 2, ) ( / 2, )
h

j

A z h D A z h A z h e

b
w

w w w+ = + = + .   (13) 
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( , )A z t ( , )A z h t-+ ( , )A z h t+

h

{ }Ĕ ( , )D A zw { }Ĕ ( , )N A z h t-+

 
ʘ) 

( , )A z t ( / 2, )A z h t-+

h/2

{}ĔD {}ĔN {}ĔD

( / 2, )A z h t+ ( , )A z h t+

h/2  
ʙ) 

ʈʠʩ. 2. ɻʨʘʬʽʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʚʘʨʽʘʥʪʽʚ ʤʝʪʦʜʫ ʌʄʈʌʌ: ʘ) ʙʘʟʦʚʠʡ; ʙ) ʩʠʤʝʪʨʠʯʥʠʡ 

 

ʅʘʚʝʜʝʥʠʡ ʘʣʛʦʨʠʪʤ ʩʠʤʝʪʨʠʯʥʦʛʦ ʌʄʈʌʌ ʻ ʜʦʩʠʪʴ ʪʦʯʥʠʤ ʽ ʧʨʦʩʪʠʤ ʤʝʪʦʜʦʤ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ 

ʟʥʘʡʰʦʚ ʰʠʨʦʢʝ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʚ ʽʤʽʪʘʮʽʡʥʦʤʫ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʜʣʷ ɺʆʉʇ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ 

ʽʜʝʘʣʴʥʦ ʜʦʩʪʦʚʽʨʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʥʝʦʙʭʽʜʥʦ ʚʠʙʠʨʘʪʠ ʜʦʚʞʠʥʫ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʩʝʛʤʝʥʪʫ 0h­ . ʆʩʢʽʣʴʢʠ ʥʘ 

ʢʦʞʥʦʤʫ ʩʝʛʤʝʥʪʽ ʚʠʢʦʥʫʻʪʴʩʷ ʜʚʽ ʦʧʝʨʘʮʽʾ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ (ʧʨʷʤʝ ʪʘ ʟʚʦʨʦʪʥʝ), ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʥʘʯʥʦʛʦ ʨʦʩʪʫ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʦʧʝʨʘʮʽʡ ʪʘ ʯʘʩʫ ʤʦʜʝʣʶʚʘʥʥʷ. ʆʜʥʠʤ ʟ ʚʘʨʽʘʥʪʽʚ  ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʝʣʝʤʝʥʪʘʨʥʠʭ ʩʝʛʤʝʥʪʽʚ ʆɺ ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ ʜʦʩʪʘʪʥʴʦʾ ʪʦʯʥʦʩʪʽ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʥʝʣʽʥʽʡʥʦʛʦ 

ʧʦʚʦʨʦʪʫ ʬʘʟʠ [10]. 

 ʁʦʛʦ ʩʫʪʴ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚ ʦʧʪʠʯʥʦʤʫ ʩʠʛʥʘʣʽ ʟ ʧʦʪʫʞʥʽʩʪʶ Pʩ, ʷʢʠʡ ʧʨʦʡʰʦʚ ʚʽʜʨʽʟʦʢ 

ʚʦʣʦʢʥʘ ʜʦʚʞʠʥʦʶ h ʚʠʥʠʢʘʻ ʟʩʫʚ ʬʘʟʠ 
ʥʣj , ʚʠʢʣʠʢʘʥʠʡ ʥʝʣʽʥʽʡʥʽʩʪʶ ʩʝʨʝʜʦʚʠʱʘ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ: 

ʥʣ ʩP hj g= Ö Ö.      (14) 

ɼʣʷ ɺʆʉʇ, ʢʨʠʪʠʯʥʠʭ ʜʦ ʥʝʣʽʥʽʡʥʠʭ ʩʧʦʪʚʦʨʝʥʴ, ʤʦʞʥʘ ʟʘʬʽʢʩʫʚʘʪʠ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʝ 

ʟʥʘʯʝʥʥʷ ʬʘʟʦʚʦʛʦ ʟʩʫʚʫ ʟʥʘʯʝʥʥʷʤ 
ʥʣmaxj  ʽ ʨʦʟʨʘʭʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʦ ʡʦʤʫ ʜʦʚʞʠʥʫ ʩʝʛʤʝʥʪʫ: 

ʥʣmax

c

h
P

j

g
=       (15) 

ɼʣʷ ʩʝʨʝʜʦʚʠʱʘ ʟ ʚʪʨʘʪʘʤʠ ʩʣʽʜ ʚʠʢʦʥʫʚʘʪʠ ʧʝʨʝʨʘʭʫʥʦʢ ʧʦʪʫʞʥʦʩʪʽ ʩʠʛʥʘʣʫ ʥʘ ʚʭʦʜʽ ʢʦʞʥʦʛʦ 

ʧʦʩʣʽʜʫʶʯʦʛʦ ʩʝʛʤʝʥʪʫ. ɹʣʦʢ-ʩʭʝʤʘ ʜʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3. 

ʇʨʠ ʘʥʘʣʽʟʽ ʩʧʦʪʚʦʨʝʥʴ ʩʠʛʥʘʣʫ ʚ ʦʧʪʠʯʥʠʭ ʚʦʣʦʢʥʘʭ, ʦʢʨʽʤ ʬʘʢʪʠʯʥʦʾ ʜʦʚʞʠʥʠ ʦʧʪʠʯʥʦʛʦ ʚʦʣʦʢʥʘ 

ʦʚL , ʢʦʨʠʩʪʫʶʪʴʩʷ ʧʦʥʷʪʪʷʤʠ ʜʠʩʧʝʨʩʽʡʥʦʾ ʜL  ʪʘ ʥʝʣʽʥʽʡʥʦʾ 
ʥʣL  ʜʦʚʞʠʥʠ, ʷʢʽ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʟʘ 

ʚʠʨʘʟʘʤʠ [1]: 
2

0

ʜ

2

T
L

b
=

     

 (16) 

ʪʘ 

ʥʣ

0

1
L

Pg
= ,      (17) 

ʜʝ  
0T  - ʧʦʯʘʪʢʦʚʘ ʪʨʠʚʘʣʽʩʪʴ ʽʤʧʫʣʴʩʫ; 

0P  - ʧʦʪʫʞʥʽʩʪʴ ʩʠʛʥʘʣʫ. 
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ʇʦʯʘʪʦʢ

ɺʭʽʜʥʽ ʜʘʥʽ:

i=1; z=0; Pc=Pc ʚʭ

cʚʭ ʦʚ ʥʣmax; ; ; ;P La g j

ʥʣmax

c

ih
P

j

g
=

c c
ih

P P e
a-

= Ö

ʦʚiz h L+ <

i=i+1

z=z+hi

ʦʚih L z= -

ɺʠʭʽʜʥʽ ʜʘʥʽ: ʜʦʚʞʠʥʠ 

ʚ̔ʜʨ̔ʟʢ̔ʚ ʆɺ hi

ʪʘʢ

ʥʽ

ʂʽʥʝʮʴ
 

ʈʠʩ. 3. ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʥʝʣʽʥʽʡʥʦʛʦ ʧʦʚʦʨʦʪʫ ʬʘʟʠ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʆɺ 

 

ɺ ʷʢʦʩʪʽ ʪʝʩʪʦʚʦʛʦ ʩʠʛʥʘʣʫ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʆɺ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʘʪʠ 

ʛʘʫʩʽʚʩʴʢʠʡ ʽʤʧʫʣʴʩ ʟ ʥʘʧʽʚʰʠʨʠʥʦʶ 
0T : 

2

0 2

0

(0, ) exp
2

t
A t P

T

è ø
= -é ù

ê ú
.    (18) 

ɺʠʢʦʥʘʻʤʦ ʩʧʦʯʘʪʢʫ ʧʝʨʝʚʽʨʢʫ ʥʘ ʜʦʩʪʦʚʽʨʥʽʩʪʴ  ʚʥʝʩʝʥʥʷ ʩʧʦʪʚʦʨʝʥʴ ʭʨʦʤʘʪʠʯʥʦʾ ʜʠʩʧʝʨʩʽʾ. 

ɼʞʝʨʝʣʦ [1] ʤʽʩʪʠʪʴ ʬʦʨʤʫ ʛʘʫʩʽʚʩʴʢʦʛʦ ʽʤʧʫʣʴʩʫ ʥʘ ʚʠʭʦʜʽ ʜʠʩʧʝʨʩʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʜʣʷ 

ʪʨʴʦʭ ʚʘʨʽʘʥʪʽʚ ʥʦʨʤʦʚʘʥʦʾ ʜʦʚʞʠʥʠ ʣʽʥʽʾ: 
ʦʚ ʜ/ 0L L = , 

ʦʚ ʜ/ 2L L =  ʪʘ 
ʦʚ ʜ/ 4L L = . ɸʥʘʣʦʛʽʯʥʠʡ ʛʨʘʬʽʢ, 

ʨʦʟʨʘʭʦʚʘʥʠʡ ʰʣʷʭʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʟʛʽʜʥʦ ʚʠʱʝʥʘʚʝʜʝʥʠʭ ʚʠʨʘʟʽʚ ʚ ʩʝʨʝʜʦʚʠʱʽ MatLab, ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩ. 

4. ɺʽʥ ʧʦʚʥʽʩʪʶ ʩʧʽʚʧʘʜʘʻ ʟ ʧʨʦʪʦʪʠʧʦʤ ʽʟ ʚʠʱʝʚʢʘʟʘʥʦʛʦ ʜʞʝʨʝʣʘ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʪʦʯʥʽʩʪʴ ʚʥʝʩʝʥʥʷ 

ʩʧʦʪʚʦʨʝʥʴ ʭʨʦʤʘʪʠʯʥʦʾ ʜʠʩʧʝʨʩʽʾ. 

ʆʩʪʘʪʦʯʥʫ ʚʽʜʧʦʚʽʜʴ ʥʘ ʧʠʪʘʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʆɺ ʤʦʞʝ ʜʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʨʦʮʝʩʫ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʦʧʪʠʯʥʠʭ ʩʦʣʽʪʦʥʽʚ ʫ ʩʝʨʝʜʦʚʠʱʽ ʟ ʜʠʩʧʝʨʩʽʡʥʠʤʠ ʪʘ ʥʝʣʽʥʽʡʥʠʤʠ ʩʧʦʪʚʦʨʝʥʥʷʤʠ 

ʦʜʥʦʯʘʩʥʦ. ɺ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʚʠʨʘʟ ʜʣʷ ʬʦʨʤʠ ʦʧʪʠʯʥʦʛʦ ʩʦʣʽʪʦʥʫ ʤʘʻ ʚʠʛʣʷʜ [11]: 

0

0

(0, ) sech
t

A t P
T

å õ
= æ ö

ç ÷
,     (19) 

ʜʝ  
0T  - ʪʨʠʚʘʣʽʩʪʴ ʽʤʧʫʣʴʩʫ. 
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ʈʠʩ. 4. ʉʧʦʪʚʦʨʝʥʥʷ ʛʘʫʩʽʚʩʴʢʦʛʦ ʽʤʧʫʣʴʩʫ ʚʥʘʩʣʽʜʦʢ ʭʨʦʤʘʪʠʯʥʦʾ ʜʠʩʧʝʨʩʽʾ  

(
24

2 20 10b -=- Ö
 ʩ2/ʢʤ; 

10

0 1 10T -= Ö
 ʩ; 

ʜL =500 ʢʤ; c 40N =
) 

 

ʇʽʢʦʚʘ ʧʦʪʫʞʥʽʩʪʴ ʽʤʧʫʣʴʩʫ, ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʩʦʣʽʪʦʥʘ, ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʚʠʨʘʟʦʤ: 

22

0 2

0

P N
T

b

g
= ,      (20) 

ʜʝ  N ï ʧʦʨʷʜʦʢ ʩʦʣʽʪʦʥʫ (0,N N² Í ). 

ʇʨʠ ʨʦʟʧʦʚʩʶʜʞʝʥʥʽ ʩʦʣʽʪʦʥʘ ʚʠʱʠʭ ʧʦʨʷʜʢʽʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʤʽʥʘ ʡʦʛʦ ʯʘʩʦʚʦʾ ʬʦʨʤʠ, ʷʢʘ 

ʧʦʚʪʦʨʶʻʪʴʩʷ ʯʝʨʝʟ ʧʝʚʥʫ ʚʽʜʩʪʘʥʴ 
0z , ʷʢʘ ʥʘʟʠʚʘʻʪʴʩʷ ʧʝʨʽʦʜʦʤ ʩʦʣʽʪʦʥʘ [1]: 

2

0

0 ʜ

22 2

T
z L
p p

b
= = .     (21) 

ɺʠʧʘʜʦʢ 1N=  ʚʽʜʧʦʚʽʜʘʻ ʦʩʥʦʚʥʦʤʫ ʩʦʣʽʪʦʥʫ, ʷʢʠʡ ʥʝ ʟʤʽʥʶʻ ʯʘʩʦʚʦʾ ʬʦʨʤʠ ʧʨʠ ʨʦʟʧʦʚʩʶʜʞʝʥʥʽ 

ʚ ʧʨʦʩʪʦʨʽ. ʇʨʠʢʣʘʜ ʨʦʟʨʘʭʫʥʢʫ ʧʨʦʩʪʦʨʦʚʦʾ ʬʦʨʤʠ ʩʦʣʽʪʦʥʽʚ ʧʝʨʰʦʛʦ ʪʘ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʚ ʩʝʨʝʜʦʚʠʱʽ 

MatLab ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 5. ʆʪʨʠʤʘʥʘ ʯʘʩʦʚʦ-ʧʨʦʩʪʦʨʦʚʘ ʬʦʨʤʘ ʩʠʛʥʘʣʫ ʧʦʚʥʽʩʪʶ ʚʽʜʧʦʚʽʜʘʻ ʧʦʚʝʜʽʥʮʽ 

ʦʧʪʠʯʥʠʭ ʩʦʣʽʪʦʥʽʚ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ ʜʦ ʚʠʱʝ 

ʦʧʠʩʘʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʆɺ ʥʘ ʙʘʟʽ ʌʄʈʌʌ. 

 

 

 
N=1 N=2 

ʈʠʩ. 5. ɽʚʦʣʶʮʽʷ ʬʦʨʤʠ ʦʩʥʦʚʥʦʛʦ ʩʦʣʽʪʦʥʫ ʪʘ ʚʠʱʦʛʦ ʧʦʨʷʜʢʫ 

(

24

2 20 10b -=- Ö
 ʩ2/ʢʤ; 

ʝʬ 80ɸ =  ʤʢʤ2; 
g=

1,317 1/(ɺʪ*ʢʤ); 0 7,09T =
 ʧʩ; z0=3,948 ʢʤ) 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ɺ ʩʪʘʪʪʽ ʚʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʦʧʪʠʯʥʦʛʦ ʚʦʣʦʢʥʘ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤ ʻ ʌʫʨôʻ ʤʝʪʦʜ ʟ ʨʦʟʱʝʧʣʝʥʥʷʤ ʧʦ ʬʽʟʠʯʥʠʤ ʬʘʢʪʦʨʘʤ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʜʦʟʚʦʣʷʻ 

ʜʦʩʪʦʚʽʨʥʦ ʨʝʘʣʽʟʫʚʘʪʠ ʚʥʝʩʝʥʥʷ ʜʠʩʧʝʨʩʽʡʥʠʭ ʪʘ ʥʝʣʽʥʽʡʥʠʭ ʩʧʦʪʚʦʨʝʥʴ ʚ ʦʧʪʠʯʥʠʡ ʩʠʛʥʘʣ. ɿ ʤʝʪʦʶ 

ʟʤʝʥʰʝʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʜʦʚʞʠʥʠ ʝʣʝʤʝʥʪʘʨʥʠʭ ʚʽʜʨʽʟʢʽʚ ʆɺ ʜʦʮʽʣʴʥʦ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʥʝʣʽʥʽʡʥʦʛʦ ʧʦʚʦʨʦʪʫ ʬʘʟʠ. ʇʝʨʚʠʥʥʝ ʪʝʩʪʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʤʦʜʝʣʽ ɺʆʉʇ 
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ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʨʦʚʦʜʠʪʠ ʥʘ ʧʨʠʢʣʘʜʽ ʘʥʘʣʽʟʫ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʩʠʛʥʘʣʫ ʟ ʧʨʦʩʪʦʶ ʬʦʨʤʦʶ, ʥʘʧʨʠʢʣʘʜ, 

ʛʘʫʩʦʚʦʛʦ ʽʤʧʫʣʴʩʫ. ɹʽʣʴʰ ʛʣʠʙʦʢʫ ʧʝʨʝʚʽʨʢʫ ʜʦʮʽʣʴʥʦ ʚʠʢʦʥʫʚʘʪʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʤʧʫʣʴʩʽʚ ʦʧʪʠʯʥʠʭ 

ʩʦʣʽʪʦʥʽʚ ʧʝʨʰʦʛʦ ʪʘ ʚʠʱʠʭ ʧʦʨʷʜʢʽʚ. 

ɺ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʩʣʽʜ ʚʠʢʦʥʘʪʠ ʘʥʘʣʽʟ ʙʽʣʴʰ ʢʦʤʧʣʝʢʩʥʠʭ ʤʦʜʝʣʝʡ ʦʧʪʠʯʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʜʣʷ ʧʦʣʷʨʠʟʦʚʘʥʠʭ ʩʠʛʥʘʣʽʚ. 
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ʄɽʊʆɼ ʄʆɼɽʃʖɺɸʅʅʗ ɺ ʋʇʈɸɺʃɯʅʅɯ ɿɸʇɸʉɸʄʀ  

ɯɭʈɸʈʍɯʏʅʀʍ ʃʆɻɯʉʊʀʏʅʀʍ ʉʀʉʊɽʄ 
 
ˏ ̨̑̏̂̏̓ ̨̃̉̒̃̓̌̆̎̏ ̠̐̉̓́̎̎ ̠̃̉̋̏̑̉̒̓́̎̎ ̍̆̓̏̅̔ ̟̠̍̏̅̆̌̃́̎̎ ̃ ̨̨̔̐̑́̃̌̎̎ ̈́̐́̒́̍̉ ̨̨̤̖̘̖̑́̑̎̉ 

̨̘̖̌̏̄̒̓̉̎̉ ̒̉̒̓̆̍Ȣ ˛̢̤̝̠̂̑̔̎̓̏̃̔̓̒ ̠̐̉̓́̎̎ ̨̨̖̎̆̏̂̅̎̏̒̓ ̟̠̍̏̅̆̌̃́̎̎ ̨̠̔̐̑́̃̌̎̎ ̈́̐́̒́̍̉ ̠̋ ̏̅̎̏̄̏ ̈ 
̟̘̖̋̌̏̃̉ ̨̐́̑́̍̆̓̑̃ ̨̌̏̄̒̓̉̋̉ ̨̑̏̈̐̏̅̌̔Ȣ ˑ̏̃̆̅̆̎̏ȟ ̏̚ ̨̨̤̖̘̑́̑̎́ ̨̘̌̏̄̒̓̉̎́ ̒̉̒̓̆̍́ ̍̏̇̆ ̄̆̎̆̑̔̃́̓̉ 
̨̐̏̓̏̋̏̃ ̗̐̑̏̆̒̉ ̈́ ̈́̋̏̎̏̍ ˜̔́̒̒̏̎́ȟ ̏̚ ̝̑̏̂̉̓ ̍̏̇̌̉̃̉̍ ̠̈́̒̓̏̒̔̃́̎̎ ̨̩̓̆̏̑ ̒̉̒̓̆̍ ̍́̒̏̃̏̄̏ 
̠̏̂̒̌̔̄̏̃̔̃́̎̎ ̐̑̉ ̨̨̗̩̏̑̍́̌̈́̕ ̨̗̐̑̏̆̒̃ ̖̝̎́̅̏̅̇̆̎ ̐̏̒̓́̃̏̋ ̨̑̆̒̔̑̒̃ ̠̅̌ ̠̐̏̐̏̃̎̆̎̎ ̨̈́̐́̒̃ ̨̘̌̏̄̒̓̉̎̏̄̏ 
̗̆̎̓̑̔ ̈ ̝̙̐̏̅́̌̉̍ ̨̑̏̈̐̏̅̌̏̍ ̨̐̏̓̏̋̃ ̐̏ ̨̨̠̌̍̕ ̨̝̑̆̄̏̎́̌̎̏̄̏ ̓̉̐̔Ȣ     

ˑ́̎̉̊ ̍̆̓̏̅ ̢̤̝̠̑̔̎̓̔̓̒ ̎́ ̨̏̓̑̉̍́̎̎ ̝̖̏̐̓̉̍́̌̎̉ ̖́̑́̋̓̆̑̉̒̓̉̋ ̨̨̎̓̆̎̒̉̃̎̏̒̓ ̐̏̒̓́̃̏̋ ̨̑̆̒̔̑̒̃ 
̃ ̨̨̑̏̈̑̈ ̩̋̏̎̋̑̆̓̎̏ ̎̏̍̆̎̋̌́̓̔̑̉ ̈́ ̔̍̏̃̉ ̝̏̂̍̆̇̆̎ ̎́ ̨̠̎́̃̎ ̨̨̏̂̄̏̃ ̙̋̏̓̉ ̓́ ̠̏̑̍̔̃́̎̎̕ ̑̆̈̆̑̃̎̏̄̏ ̈́̐́̒̔ 
̈́̂̆̈ ̘̠̐̆̆̎̎ ̖̑̆̍̏̎̓̎̉ ̑ ̨̏̂̓Ȣ   

˗̌ ̨̟̘̏̃ ̒̌̏̃́ȡ ̟̠̍̏̅̆̌̃́̎̎ȟ ̨̠̓̆̏̑ ̨̠̔̐̑́̃̌̎̎ ̈́̐́̒́̍̉ȟ ̨̨̗̠̏̐̓̉̍̈́ȟ ̨̠̓̆̏̑ ̍́̒̏̃̏̄̏ ̠̏̂̒̌̔̄̏̃̔̃́̎̎ȟ 
̨̨̤̖̘̑́̑̎́ ̨̘̌̏̄̒̓̉̎́ ̒̉̒̓̆̍́ȟ ̨̨̒̆̑̃̒̎ ̐̔̎̋̓̉Ȣ  
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MODELING METHOD IN STOCK MANAGEMENT  HIERARCHICAL LOG ISTICS SYSTEMS 
 

The work highlights the issue of using the modeling method in inventory management of hierarchical logistics systems. The issue 
of the necessity of inventory management modeling as one of the key parameters of distribution logistics is substantiated. It has been proven 
that the hierarchical logistics system can generate flow processes according to Poisson's law, which makes it possible to apply the theory of 
mass service systems in the formalization of the processes of incoming supplies of resources to replenish the stocks of the logistics center with 
further distribution of flows among regional branches. This method is based on obtaining optimal characteristics of the intensity of supply of 
resources in the section of a specific nomenclature, subject to restrictions on available working capital and the formation of a reserve stock 
for maintenance of repair works. 

Keywords: modeling, inventory management theory, optimization, mass service theory, hierarchical logistics system, service 
points. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ʄʝʪʦʜʠ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʻ ʦʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʧʨʦʮʝʩʠʥʛʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. ɺ 

ʣʦʛʽʩʪʠʯʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ ʙʣʦʢ ʟʘʜʘʯ ʫʧʨʘʚʣʽʥʥʷ ʟʘʧʘʩʘʤʠ ʥʘʧʨʘʚʣʝʥʠʡ ʥʘ ʚʠʨʽʰʝʥʥʷ ʧʠʪʘʥʴ 

ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʪʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʱʦʜʦ ʫʧʨʘʚʣʽʥʥʷ ʟʘʢʫʧʢʘʤʠ, ʢʣʘʩʠʬʽʢʘʮʽʡ ʥʦʤʝʥʢʣʘʪʫʨʥʠʭ ʛʨʫʧ, 

ʨʦʟʨʦʙʢʠ ʤʦʜʝʣʝʡ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ ʩʠʩʪʝʤʽ ʧʣʘʥʫʚʘʥʥʷ ʚʠʪʨʘʪ ʥʘ ʧʨʦʮʝʩʠ ʫʧʨʘʚʣʽʥʥʷ ʟʘʧʘʩʘʤʠ ʪʦʱʦ. 

ʄʦʜʝʣʽ ʫʧʨʘʚʣʽʥʥʷ ʟʘʧʘʩʘʤʠ ʻ ʥʝ ʪʽʣʴʢʠ ʽʥʩʪʨʫʤʝʥʪʘʨʽʻʤ ʚʠʨʽʰʝʥʥʷ ʢʣʶʯʦʚʠʭ ʧʠʪʘʥʴ  ʣʦʛʽʩʪʠʢʠ ʟʘʧʘʩʽʚ, ʘ ʡ 

ʟʘʩʽʙ ʤʘʪʝʤʘʪʠʯʥʦʾ ʬʦʨʤʘʣʽʟʘʮʽʾ ʪʘ ʨʦʟʚôʷʟʢʫ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯ ʣʦʛʽʩʪʠʢʠ ʪʘ ʤʝʥʝʜʞʤʝʥʪʫ, ʱʦ ʨʦʟʚʠʚʘʻʪʴʩʷ 

ʚ ʥʘʧʨʷʤʫ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡ ʪʘ ʘʥʘʣʽʟʫ ʜʘʥʠʭ. ɹʽʣʴʰʽʩʪʴ ʟʘʜʘʯ ʫʧʨʘʚʣʽʥʥʷ ʟʘʧʘʩʘʤʠ ʤʘʶʪʴ ʥʘ ʤʝʪʽ 

ʦʪʨʠʤʘʪʠ ʤʘʪʝʤʘʪʠʯʥʠʡ ʧʽʜʭʽʜ ʜʦ ʚʠʨʽʰʝʥʥʷ ʧʠʪʘʥʴ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʟʘʧʘʩʽʚ ʘʙʦ ʟʘʤʦʚʣʝʥʴ, 

ʷʢʽ  ʤʘʶʪʴ ʫʨʽʚʥʦʚʘʞʫʚʘʪʠ ʚʠʪʨʘʪʠ, ʧʦʚôʷʟʘʥʽ ʟ ʜʝʬʽʮʠʪʦʤ ʟʘʧʘʩʽʚ ʘʙʦ ʾʭ ʥʘʜʣʠʰʢʘʤʠ, ʦʪʨʠʤʘʚʰʠ ʧʨʠ ʮʴʦʤʫ 

ʦʧʪʠʤʘʣʴʥʫ ʪʨʘʻʢʪʦʨʽʶ ʟʤʽʥ ʩʫʢʫʧʥʠʭ ʚʠʪʨʘʪ.  

ʇʨʦʪʝ, ʽʩʥʫʻ ʤʥʦʞʠʥʘ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʧʨʷʤʦ ʘʙʦ ʧʨʠʭʦʚʘʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʝʟʫʣʴʪʘʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʽʚ 

ʧʦʧʦʚʥʝʥʥʷ ʟʘʧʘʩʽʚ, ʱʦ ʚʽʜʦʙʨʘʞʫʶʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʾʭʥʴʦʛʦ ʧʨʦʩʫʚʘʥʥʷ ʫ ʯʘʩʽ, ʟʦʢʨʝʤʘ ʪʘʢʠʤʠ ʬʘʢʪʦʨʘʤʠ 

ʤʦʞʥʘ ʚʠʟʥʘʪʠ ʨʦʟʧʦʜʽʣ ʥʘʜʭʦʜʞʝʥʥʷ ʟʘʤʦʚʣʝʥʴ ʫ ʯʘʩʽ ʪʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʾʭ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʊʦʜʽ ʚʠʥʠʢʘʻ 

ʟʘʜʘʯʘ ʦʪʨʠʤʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʚʥʷ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʟʘʧʘʩʘʤʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʦʪʦʢʽʚ ʟʘ 

ʚʠʟʥʘʯʝʥʠʡ ʯʘʩʦʚʠʡ ʧʝʨʽʦʜ, ʨʦʟʚôʷʟʦʢ ʷʢʦʾ ʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʽʤʧʣʝʤʝʥʪʘʮʽʻʶ ʧʦʣʦʞʝʥʴ ʪʝʦʨʽʾ ʤʘʩʦʚʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʙʘʟʠʩ ʢʣʘʩʠʯʥʠʭ ʤʦʜʝʣʝʡ ʫʧʨʘʚʣʽʥʥʷ ʟʘʧʘʩʘʤʠ.         

 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ 

ʂʣʘʩʠʯʥʠʤʠ ʻ ʤʦʜʝʣʽ ʫʧʨʘʚʣʽʥʥʷ ʟʘʧʘʩʘʤʠ (ʟ ʬʽʢʩʦʚʘʥʠʤ ʨʽʚʥʝʤ ʟʘʧʘʩʽʚ, ʟ ʜʚʦʤʘ ʨʽʚʥʷʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʟʘʧʘʩʘʤʠ, s-ʧʦʣʽʪʠʢʠ ʫʧʨʘʚʣʽʥʥʷ ʟʘʧʘʩʘʤʠ, ʦʜʥʦʨʘʟʦʚʠʭ ʟʘʢʫʧʦʢ, ʟʘʢʫʧʦʢ ʧʘʨʪʽʷʤʠ ʨʝʩʫʨʩʽʚ), ʷʢʽ 

ʜʦʢʣʘʜʥʦ ʦʧʠʩʘʚ ʊʘʭʘ ʍ.ɸ. [15] ʚʠʟʥʘʯʠʚʰʠ ʦʩʥʦʚʥʽ ʨʠʩʠ ʧʨʦʮʝʩʽʚ ʫʧʨʘʚʣʽʥʥʷ ʟʘʧʘʩʘʤʠ ʪʘ ʤʘʪʝʤʘʪʠʯʥʽ 

ʽʜʝʥʪʠʬʽʢʘʪʦʨʠ ʾʭ ʦʮʽʥʶʚʘʥʥʷ. ɺ ʩʚʦʾʭ ʧʨʘʮʷʭ ɺʘʛʥʝʨ ʍ.ʄ. [16] ʜʦʩʣʽʜʞʫʻ ʤʘʪʝʤʘʪʠʯʥʽ ʩʪʦʭʘʩʪʠʯʥʽ ʤʦʜʝʣʽ 
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ʫʧʨʘʚʣʽʥʥʷ ʟʘʧʘʩʘʤʠ, ʟʦʢʨʝʤʘ ʤʦʜʝʣʴ ʝʢʦʥʦʤʽʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʦʛʦ ʨʦʟʤʽʨʫ ʟʘʧʘʩʽʚ. ʊʝʦʨʽʷ ʫʧʨʘʚʣʽʥʥʷ 

ʟʘʧʘʩʘʤʠ ʥʘʙʫʣʘ ʩʚʦʛʦ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʚ ʨʦʙʦʪʘʭ ʥʘʫʢʦʚʮʽʚ ɻʘʤʘʣʽʷ ɺ.ʌ.[1], ʃʽʩʦʚʩʴʢʦʾ ɺ.ʇ. [3], 

ʇʠʰʥʦʛʨʘʻʚʘ ɯ.ʆ. [5] ʪʘ ʽʥ. ʅʠʤʠ ʧʨʦʚʝʜʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʬʦʨʤʘʣʽʟʘʮʽʶ ʧʨʠʢʣʘʜʥʠʭ ʤʦʜʝʣʝʡ ʫʧʨʘʚʣʽʥʥʷ 

ʟʘʧʘʩʘʤʠ ʪʘ ʧʨʠʢʣʘʜʠ ʾʭ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ  ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ [7, 8]. ʇʨʦʪʝ, 

ʟʘʣʠʰʘʻʪʴʩʷ ʨʷʜ ʥʝʚʠʨʽʰʝʥʠʭ ʧʠʪʘʥʴ, ʟʦʢʨʝʤʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʪʘ ʤʦʜʝʣʝʡ ʫʧʨʘʚʣʽʥʥʷ ʟʘʧʘʩʽʚ ʚ 

ʣʦʛʽʩʪʠʯʥʠʭ ʩʠʩʪʝʤʘʭ ʫ ʚʠʧʘʜʢʫ ʽʥʪʝʛʨʦʚʘʥʠʭ ʧʦʪʦʢʽʚ ʧʦʧʠʪʫ ʙʘʛʘʪʦʥʦʤʝʥʢʣʘʪʫʨʥʠʭ ʨʝʩʫʨʩʽʚ.  

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʚʠʟʥʘʯʝʥʥʷ ʩʫʪʥʦʩʪʽ ʤʝʪʦʜʫ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʫʧʨʘʚʣʽʥʥʽ ʟʘʧʘʩʘʤʠ ʽʻʨʘʨʭʽʯʥʠʭ 

ʣʦʛʽʩʪʠʯʥʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʦʩʪʘʚʦʢ ʨʝʩʫʨʩʽʚ ʚ 

ʨʦʟʨʽʟʽ ʢʦʥʢʨʝʪʥʦʾ ʥʦʤʝʥʢʣʘʪʫʨʠ ʟʘ ʫʤʦʚʠ ʦʙʤʝʞʝʥʴ ʥʘ ʥʘʷʚʥʽ ʦʙʽʛʦʚʽ ʢʦʰʪʠ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʨʝʟʝʨʚʥʦʛʦ 

ʟʘʧʘʩʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʝʤʦʥʪʥʠʭ ʨʦʙʽʪ.  

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦʩʣʽʜʞʝʥʥʷ 

ʌʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽʻʨʘʨʭʽʯʥʦʾ ʣʦʛʽʩʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʬʦʨʤʘʣʽʟʫʻʪʴʩʷ ʙʝʟʣʽʯʯʶ ʚʥʫʪʨʽʰʥʽʭ ʪʘ ʟʦʚʥʽʰʥʽʭ 

ʟʚôʷʟʢʽʚ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʬʽʟʠʯʥʦʛʦ ʧʨʦʩʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ. ɯʻʨʘʨʭʽʾ ʚʽʜʧʦʚʽʜʘʻ 

ʥʘʜʭʦʜʞʝʥʥʷ ʟʘʤʦʚʣʝʥʴ ʚʽʜ ʥʠʞʯʦʛʦ ʨʽʚʥʷ ʩʠʩʪʝʤʠ ʜʦ ʾʾ ʚʝʨʭʥʴʦʛʦ ʚʠʢʦʥʘʚʯʦʛʦ ʨʽʚʥʷ. ʇʦʨʷʜ ʟ ʮʠʤ 

ʛʝʥʝʨʫʻʪʴʩʷ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʦʪʽʢ ʟʘʤʦʚʣʝʥʴ, ʱʦ ʤʽʩʪʠʪʴ ʢʘʪʝʛʦʨʽʡʥʫ ʩʫʪʥʽʩʪʴ ʨʝʩʫʨʩʽʚ ʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʧʦʚôʷʟʘʥʠʡ ʟ ʤʘʪʝʨʽʘʣʴʥʠʤʠ ʧʦʪʦʢʘʤʠ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʧʨʦʮʝʩ ʨʫʭʫ ʟʘʤʦʚʣʝʥʥʷ ʚ 

ʣʦʛʽʩʪʠʯʥʽʡ ʩʠʩʪʝʤʽ ʟ ʦʪʨʠʤʘʥʥʷʤ ʯʘʩʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʘ ʡ ʽʥʰʽ ʧʨʦʮʝʩʠ, ʱʦ ʦʙʫʤʦʚʣʝʥʽ ʝʢʦʥʦʤʽʢʦʶ 

ʜʽʷʣʴʥʦʩʪʽ. ɺʦʥʠ ʦʧʠʩʫʶʪʴʩʷ: ʦʙʩʷʛʦʤ ʟʘʢʫʧʣʝʥʠʭ ʨʝʩʫʨʩʽʚ; ʮʽʥʘʤʠ ʚʠʨʦʙʥʠʢʽʚ; ʚʠʪʨʘʪʘʤʠ ʥʘ ʟʙʝʨʽʛʘʥʥʷ; 

ʛʨʦʰʦʚʠʤʠ ʢʦʰʪʘʤʠ, ʱʦ ʚʢʣʘʜʘʶʪʴ ʫ ʧʨʦʮʝʩ ʟʘʢʫʧʢʠ; ʚʠʪʨʘʪʠ, ʧʦʚôʷʟʘʥʽ ʟ ʚʽʜʩʫʪʥʽʩʪʶ ʟʘʤʦʚʣʝʥʠʭ ʨʝʩʫʨʩʽʚ. 

ʊʘʢʽ ʟʘʜʘʯʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʢʣʘʩʫ ʟʘʜʘʯ ʫʧʨʘʚʣʽʥʥʷ ʟʘʧʘʩʘʤʠ. ʆʩʥʦʚʥʽ ʧʠʪʘʥʥʷ, ʱʦ ʚʠʨʽʰʫʶʪʴ ʤʘʪʝʤʘʪʠʯʥʽ 

ʤʦʜʝʣʽ ʪʘʢʠʭ ʟʘʜʘʯ: ʷʢʫ ʢʽʣʴʢʽʩʪʴ ʨʝʩʫʨʩʫ ʧʦʪʨʽʙʥʦ ʢʫʧʫʚʘʪʠ ʪʘ ʚ ʷʢʠʡ ʪʝʨʤʽʥ ʯʘʩʫ ʧʦʪʨʽʙʥʦ ʟʜʽʡʩʥʶʚʘʪʠ 

ʧʦʩʪʘʚʢʠ [15]. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʘʥʽ ʤʦʜʝʣʽ ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʪʚʝʨʜʞʝʥʥʷ ʧʨʦ ʦʪʨʠʤʘʥʥʷ ʧʦʧʠʪʫ ʚʽʜ 

ʢʦʥʢʨʝʪʥʦʛʦ ʟʘʤʦʚʥʠʢʘ, ʪʦʜʽ ʩʘʤ ʧʨʦʮʝʩ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʚʠʛʣʷʜʽ ʦʨʜʠʥʘʨʥʦʛʦ ʧʦʪʦʢʫ ʚʽʜ ʦʜʥʦʛʦ ʜʞʝʨʝʣʘ 

ʚʠʥʠʢʥʝʥʥʷ. ʂʣʘʩʠʯʥʘ ʤʦʜʝʣʴ ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʤʽʨʫ ʧʘʨʪʽʾ ʧʦʩʪʘʚʢʠ ʨʝʩʫʨʩʫ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʟʘʧʘʩʫ 

ʧʝʨʝʜʙʘʯʘʻ ʧʦʧʝʨʝʜʥʻ ʚʠʟʥʘʯʝʥʥʷ ʧʦʧʠʪʫ ʽ ʧʦʧʦʚʥʝʥʥʷ ʟʘʧʘʩʫ ʟʘ ʫʤʦʚʠ ʚʽʜʩʫʪʥʦʩʪʽ ʯʘʩʫ ʥʘ ʜʦʩʪʘʚʢʫ. 

ʆʧʪʠʤʘʣʴʥʠʡ ʨʦʟʤʽʨ ʧʘʨʪʽʾ ʧʦʩʪʘʚʢʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ ʋʽʣʩʦʥʘ [16]: 

iC/SC2q u00 = , 

ʜʝ  q
0
 ï ʦʧʪʠʤʘʣʴʥʠʡ ʨʦʟʤʽʨ ʟʘʧʘʩʫ; 

ʉ
0
 ï ʚʠʪʨʘʪʠ ʥʘ ʟʘʢʣʶʯʥʦ-ʧʽʜʛʦʪʦʚʯʽ ʦʧʝʨʘʮʽʾ; 

S ï ʨʽʯʥʠʡ ʦʙʩʷʛ ʧʦʩʪʘʚʦʢ; 

ʉ
u
 ï ʚʘʨʪʽʩʪʴ ʨʝʩʫʨʩʫ; 

ʽ ï ʨʦʟʤʽʨ ʚʠʪʨʘʪ ʥʘ ʟʙʝʨʽʛʘʥʥʷ ʨʝʩʫʨʩʫ. 

ɼʘʥʘ ʤʦʜʝʣʴ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʘʥʘʣʽʪʠʯʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʤʽʨʫ ʦʙʩʷʛʽʚ ʧʦʩʪʘʚʦʢ 

ʦʜʥʦʥʦʤʝʥʢʣʘʪʫʨʥʠʭ ʨʝʩʫʨʩʽʚ ʟ ʬʽʢʩʦʚʘʥʦʶ ʮʽʥʦʶ, ʯʘʩʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ ʤʽʞ ʧʦʩʪʘʚʢʘʤʠ, ʘ ʪʘʢʦʞ ʤʽʥʽʤʘʣʴʥʠʭ 

ʚʠʪʨʘʪ ʟʘ ʨʽʢ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʝʚʨʘʭʦʚʘʥʠʤʠ ʟʘʣʠʰʘʶʪʴʩʷ ʧʘʨʘʤʝʪʨʠ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʧʦʧʠʪʫ, ʙʘʛʘʪʦ-

ʥʦʤʝʥʢʣʘʪʫʨʥʦʩʪʽ ʧʨʦʜʫʢʮʽʾ, ʰʪʨʘʬʠ ʚʥʘʩʣʽʜʦʢ ʜʝʬʽʮʠʪʽ ʧʨʦʜʫʢʮʽʾ. ʇʨʦʪʝ, ʦʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʬʘʢʪʦʨʽʚ ʻ 

ʬʘʢʪʦʨ ʯʘʩʫ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʷʢʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʣʘʛʦʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʥʘʜʭʦʜʞʝʥʥʷ ʨʝʩʫʨʩʽʚ ʫ ʯʘʩʽ. ʊʦʤʫ, 

ʦʩʦʙʣʠʚʠʡ ʽʥʪʝʨʝʩ ʚʠʢʣʠʢʘʶʪʴ ʤʦʜʝʣʽ, ʱʦ ʨʦʟʛʣʷʜʘʶʪʴ ʧʦʩʪʘʚʢʠ ʚ ʜʠʥʘʤʽʮʽ [5, 7, 8]. ɿʘʛʘʣʴʥʽ ʚʠʪʨʘʪʠ ʥʘ 

ʧʦʩʪʘʚʢʠ ʩʢʣʘʜʘʶʪʴʩʷ ʽʟ ʟʤʽʥʥʦʾ ʽ ʧʦʩʪʽʡʥʦʾ ʯʘʩʪʠʥʠ. ʄʝʪʦʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʽ ʻ ʚʠʟʥʘʯʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʛʦ 

ʨʽʚʥʷ ʟʘʧʘʩʫ. ʇʨʠ ʪʘʢʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʟʥʘʭʦʜʷʪʴ ʚʝʨʭʥʽʡ ʨʽʚʝʥʴ ʟʘʧʘʩʽʚ ʽ ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʧʦʣʽʪʠʢʘ ʫʧʨʘʚʣʽʥʥʷ 

ʟʘʧʘʩʘʤʠ  ʦʜʥʦʥʦʤʝʢʣʘʪʫʨʥʦʾ ʧʨʦʜʫʢʮʽʾ. ʊʦʤʫ, ʜʦʮʽʣʴʥʠʤ ʻ ʟʚʝʜʝʥʥʷ ʧʨʦʮʝʩʫ ʤʦʜʝʣʶʚʘʥʥʷ ʥʝ ʪʽʣʴʢʠ ʜʦ 

ʚʠʟʥʘʯʝʥʥʷ ʦʢʨʝʤʦʾ ʪʦʯʢʠ ʧʦʧʦʚʥʝʥʥʷ ʟʘʧʘʩʫ, ʘ ʡ ʚʩʪʘʥʦʚʣʝʥʥʷ ʽʥʪʝʨʚʘʣʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʚʥʷ ʟʘʧʘʩʽʚ. ɿʘ 

ʤʝʞʘʤʠ ʜʘʥʦʛʦ ʽʥʪʝʨʚʘʣʫ ʧʦʧʦʚʥʝʥʥʷ ʟʘʧʘʩʽʚ ʥʝ ʻ ʝʬʝʢʪʠʚʥʠʤ. ʊʦʤʫ ʜʦʮʽʣʴʥʦʶ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʠʢʠ 

ʚʠʟʥʘʯʝʥʥʷ ʽʥʪʝʨʚʘʣʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʚʥʷ ʟʘʧʘʩʽʚ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʝʢʦʥʦʤʽʯʥʦʾ ʦʮʽʥʢʠ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʧʨʦʭʦʜʞʝʥʥʷ ʧʦʪʦʢʫ  ʟʘ ʯʘʩʦʚʠʡ ʧʝʨʽʦʜ.  

ɺ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʟʘʜʘʯʽ ʫʧʨʘʚʣʽʥʥʷ ʟʘʧʘʩʘʤʠ ʟ ʦʙʤʝʞʝʥʥʷʤʠ. ʄʝʪʦʜʘʤʠ 

ʚʠʨʽʰʝʥʥʷ ʪʘʢʠʭ ʟʘʜʘʯ ʻ ʦʧʪʠʤʽʟʘʮʽʷ ʥʘ ʦʩʥʦʚʽ ʧʦʢʘʟʥʠʢʽʚ ʃʘʛʨʘʥʞʘ. ʊʦʤʫ, ʦʜʥʠʤ ʽʟ ʪʘʢʠʭ ʦʙʤʝʞʝʥʴ ʤʦʞʥʘ 

ʚʠʟʥʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʽʛʦʚʠʭ ʢʦʰʪʽʚ, ʚʽʜ ʦʙʦʨʦʪʫ ʷʢʠʭ ʟʘʣʝʞʠʪʴ ʰʚʠʜʢʽʩʪʴ ʪʘ ʦʥʦʚʣʝʥʽʩʪʴ ʧʦʪʦʢʽʚ ʫ ʯʘʩʽ. 

ʊʦʙʪʦ, ʬʦʨʤʫʻʪʴʩʷ ʧʦʣʽʪʠʢʘ ʫʧʨʘʚʣʽʥʥʷ ʟʘʧʘʩʘʤʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʙʤʝʞʝʥʴ ʥʘ ʦʙʽʛʦʚʠʡ ʢʘʧʽʪʘʣ. 

ʅʘ ʦʙʩʷʛ ʨʝʩʫʨʩʽʚ, ʱʦ ʟʘʢʫʧʦʚʫʻʪʴʩʷ ʧʦ ʨʽʟʥʠʭ ʜʞʝʨʝʣʘʭ, ʚʧʣʠʚʘʻ ʦʨʛʘʥʽʟʘʮʽʷ ʧʨʦʮʝʩʫ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʘʤʦʚʣʝʥʥʷ, ʟʦʢʨʝʤʘ: ʯʘʩʦʚʽ ʟʘʪʨʠʤʢʠ ʧʨʠ ʦʬʦʨʤʣʝʥʥʽ ʟʘʤʦʚʣʝʥʴ, ʧʦʨʷʜʦʢ ʾʭ ʨʦʟʤʽʱʝʥʥʷ ʚ 

ʧʨʦʮʝʩʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʤʦʞʣʠʚʽʩʪʴ ʦʯʽʢʫʚʘʥʥʷ ʜʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʦʱʦ. ʇʨʦʮʝʩ ʧʦʩʪʘʯʘʥʥʷ ʨʝʩʫʨʩʽʚ ʟ 

ʤʥʦʞʠʥʠ ʜʝʢʽʣʴʢʦʭ ʜʞʝʨʝʣ ʤʦʞʝ ʙʫʪʠ ʬʦʨʤʘʣʽʟʦʚʘʥʠʤ ʫ ʚʠʛʣʷʜʽ ʩʢʣʘʜʥʦʾ ʚʽʜʢʨʠʪʦʾ ʩʠʩʪʝʤʠ ʤʘʩʦʚʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʆʧʠʩ ʧʨʦʮʝʩʽʚ ʥʘʜʭʦʜʞʝʥʥʷ ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʟʘʧʘʩʽʚ ʥʘ ʮʝʥʪʨʘʣʴʥʽ ʢʦʦʨʜʠʥʘʮʽʡʥʽ ʩʢʣʘʜʠ 

ʩʠʩʪʝʤʠ ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʫʧʨʘʚʣʽʥʥʷ ʟʘʧʘʩʘʤʠ ʯʝʨʝʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʠ 

ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ɺ ʦʩʥʦʚʽ ʤʝʪʦʜʠʢʠ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʝʡ, ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʤʽʨʫ ʟʘʤʦʚʣʝʥʥʷ 

ʙʘʛʘʪʦʥʦʤʝʢʣʘʪʫʨʥʠʭ ʧʦʩʪʘʚʦʢ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʨʝʟʝʨʚʥʦʛʦ ʢʦʤʧʣʝʢʪʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ.   

ʈʦʟʛʣʷʥʝʤʦ ʟʘʜʘʯʫ ʫʧʨʘʚʣʽʥʥʷ ʟʘʧʘʩʘʤʠ ʧʨʠ ʦʜʥʦʥʦʤʝʥʢʣʘʪʫʨʥʠʭ ʽ ʙʘʛʘʪʦʥʦʤʝʥʢʣʘʪʫʨʥʠʭ 
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ʧʦʩʪʘʚʢʘʭ ʨʝʩʫʨʩʽʚ. ʇʦʩʪʘʚʢʠ ʨʝʩʫʨʩʽʚ ʨʦʟʧʦʜʽʣʝʥʽ ʟʘ ʟʘʢʦʥʦʤ ʇʫʘʩʩʦʥʘ ʽ ʤʘʶʪʴ ʽʥʪʝʥʩʠʚʥʽʩʪʴ l. ʇʦʧʠʪ ʥʘ 

ʨʝʩʫʨʩʠ ʨʦʟʧʦʜʽʣʝʥʠʡ ʟʘ ʟʘʢʦʥʦʤ ʇʫʘʩʩʦʥʘ ʟ ʽʥʪʝʥʩʠʚʥʽʩʪʶ m. ɯʤʦʚʽʨʥʽʩʪʴ ʥʘʷʚʥʦʩʪʽ ʟʘʧʘʩʫ ʨʝʩʫʨʩʚ̔ ʚ ʮʝʥʪʨʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʚʠʱʦʛʦ ʨʽʚʥʷ ʧʦʟʥʘʯʠʤʦ ʈn, ʘ ʽʤʦʚʽʨʥʽʩʪʴ ʚʽʜʩʫʪʥʦʩʪʽ ʟʘʧʘʩʫ ʈʦ. ʅʝʦʙʭʽʜʥʠʤ ʻ 

ʚʠʟʥʘʯʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʦʩʪʘʚʦʢ ʨʝʩʫʨʩʽʚ lʦʧʪ. 

ɺ ʣʦʛʽʩʪʠʯʥʽʡ ʽʻʨʘʨʭʽʯʥʽʡ ʩʠʩʪʝʤʽ ʧʨʽʦʨʠʪʝʪʥʠʤʠ ʻ ʚʝʨʪʠʢʘʣʴʥʽ ʟʚôʷʟʢʠ ʧʦʩʪʘʯʘʥʥʷ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ 

ʥʘ ʨʽʚʥʽ ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʨʘʡʦʥʽʚ ʪʘ ʦʙʣʘʩʪʽ (ʮʝʥʪʨʫ). ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʧʦʧʠʪʫ ʚʽʜ ʛʝʥʝʨʘʪʦʨʽʚ ʟʘʤʦʚʣʝʥʴ 

ʥʠʞʯʦʛʦ ʨʽʚʥʷ ʽʻʨʘʨʭʽʾ ʩʠʩʪʝʤʠ ʚʠʟʥʘʯʝʥʘ ʟʘ ʬʦʨʤʫʣʦʶ: 

ääm=m
N

j

M

i
ijʨʘʡʦʥ

, 

ʜʝ  m ʨʘʡʦʥ ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʦʧʠʪʫ ʚ ʦʢʨʝʤʦʤʫ ʪʝʨʠʪʦʨʽʘʣʴʥʦʤʫ ʨʘʡʦʥʽ; 

ʽ ï ʟʤ̔ʥʥʘ, ʱʦ ʚʠʟʥʘʯʘʻ ʧʦʧʠʪ ʥʘ ʢʦʥʢʨʝʪʥʫ ʥʦʤʝʥʢʣʘʪʫʨʫ ʨʝʩʫʨʩʽʚ, ʽ = 1,2,3éʄ; 
j ï ʟʤʽʥʥʘ, ʱʦ ʚʠʟʥʘʯʘʻ ʢʽʣʴʢʽʩʪʴ ʟʘʤʦʚʥʠʢʽʚ ʚ ʜʘʥʦʤʫ ʨʠʥʢʦʚʦʤʫ ʩʝʛʤʝʥʪʽ, j = 1,2,3éN; 

mij ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʦʧʠʪʫ j-ʛʦ ʟʘʤʦʚʥʠʢʘ ʥʘ ʽ-ʫ ʥʦʤʝʥʢʣʘʪʫʨʫ ʨʝʩʫʨʩʽʚ. 

ʊʦʜʽ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʦʧʠʪʫ ʚʽʜ ʧʽʜʧʨʠʻʤʩʪʚ ʥʠʞʯʦʛʦ (ʪʝʨʠʪʦʨʽʘʣʴʥʦʛʦ ʨʘʡʦʥʥʦʛʦ) ʨʽʚʥʷ ʜʦ 

ʮʝʥʪʨʘʣʴʥʦʛʦ (ʦʙʣʘʩʥʦʛʦ) ʙʫʜʝ 

ääm=m
R

j

M

i
ijʨʘʡʦʥʦʙʣ

, 

ʜʝ  ɛʦʙʣ ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʦʧʠʪʫ ʥʘ ʨʝʩʫʨʩʠ, ʩʬʦʨʤʦʚʘʥʘ ʥʘ ʚʠʱʦʤʫ (ʮʝʥʪʨʘʣʴʥʦʤʫ) ʨʽʚʥʽ; 

 ̔ï ʟʤʽʥʥʘ, ʱʦ ʚʠʟʥʘʯʘʻ ʢʽʣʴʢʽʩʪʴ ʥʦʤʝʥʢʣʘʪʫʨ ʨʝʩʫʨʩʚ̔, ʽ = 1,2,3éM; 

j ï ʟʤʽʥʥʘ, ʱʦ ʚʠʟʥʘʯʘʻ ʢʽʣʴʢʽʩʪʴ ʧʽʜʧʨʠʻʤʩʪʚ ʥʘ ʥʠʞʯʦʤʫ (ʪʝʨʠʪʦʨʽʘʣʴʥʦʤʫ ʨʘʡʦʥʥʦʤʫ) ʨʽʚʥʽ 

ʩʠʩʪʝʤʠ ʧʦʩʪʘʚʦʢ ʨʝʩʫʨʩʽʚ, j = 1,2,3éR; 

ɛʨʘʡʦʥ ij ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʦʧʠʪʫ j-ʛʦ ʨʘʡʦʥʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʩʠʩʪʝʤʠ ʥʘ ʽ-ʫ ʥʦʤʝʥʢʣʘʪʫʨʫ ʨʝʩʫʨʩʽʚ. 

ʉʠʩʪʝʤʘ ʧʦʩʪʘʯʘʥʥʷ ʨʝʩʫʨʩʽʚ ʧʨʠʡʤʘʻ ʚʠʜ M/ʄ/1 ʧʦ ʢʣʘʩʠʬʽʢʘʮʽʾ ʂʝʥʜʘʣʘ [2, 4]. ʏʝʨʛʦʶ ʥʘ 

ʮʝʥʪʨʘʣʴʥʦʤʫ ʦʙʣʘʩʥʦʤʫ ʨʽʚʥʽ ʻ ʢʽʣʴʢʽʩʪʴ ʨʝʩʫʨʩʽʚ, ʱʦ ʥʝʦʙʭʽʜʥʽ ʥʘ ʥʠʞʯʦʤʫ ʪʝʨʠʪʦʨʽʘʣʴʥʦʤʫ ʨʘʡʦʥʥʦʤʫ 

ʨʽʚʥʽ ʩʠʩʪʝʤʠ.  ʏʝʨʛʦʶ ʥʘ ʪʝʨʠʪʦʨʽʘʣʴʥʦʤʫ ʨʘʡʦʥʥʦʤʫ ʨʽʚʥʽ ʻ ʢʽʣʴʢʽʩʪʴ ʨʝʩʫʨʩʽʚ ʥʝʦʙʭʽʜʥʠʭ ʟʘʤʦʚʥʠʢʘʤ 

ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʧʠʪʫ ʚ ʢʦʥʢʨʝʪʥʦʤʫ ʩʝʛʤʝʥʪʽ ʨʠʥʢʫ. ʈʦʟʚôʷʟʦʢ ʜʣʷ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʩʪʘʥʫ ʦʪʨʠʤʫʻʤʦ ʥʘ ʦʩʥʦʚʽ 

ʨʽʚʥʷʥʴ ʏʝʧʤʝʥʘ-ʂʦʣʤʦʛʦʨʦʚʘ [9, 12, 13, 14]: 
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ʜʝ  rʦ ï ʢʦʝʬʽʮʽʻʥʪ ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʠʩʪʝʤʠ ʚ ʥʫʣʴʦʚʦʤʫ ʩʪʘʥʽ; 

rn ï ʢʦʝʬʽʮʽʻʥʪ ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʠʩʪʝʤʠ ʚ n-ʤʫ ʩʪʘʥʽ. 

ɺʝʣʠʯʠʥʫ ʩʝʨʝʜʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʟʘʧʘʩʽʚ ʦʙʯʠʩʣʝʥʦ ʟʘ ʬʦʨʤʫʣʦʶ 1, ʘ ʾʾ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ 

ʚʽʜʭʠʣʝʥʥʷ ʟʘ ʬʦʨʤʫʣʦ  ʁ2: 

1
n

-r

r
= ,                                                  (1) 

ʜʝ  n  ï ʩʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʟʘʧʘʩʽʚ ʥʘ ʩʢʣʘʜʽ; 

ɟ ï ʢʦʝʬʽʮʽʻʥʪ ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʠʩʪʝʤʠ. 

2

2

n
)1( r-

r
=s ,                                          (2) 

ʜʝ  dn
2 ï ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʟʘʧʘʩʽʚ; 

ɟ ï ʢʦʝʬʽʮʽʻʥʪ ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʠʩʪʝʤʠ. 

ʆʧʪʠʤʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʠʩʪʝʤʠ ʯʝʨʝʟ ʚʠʪʨʘʪʠ ʫʧʨʘʚʣʽʥʥʷ ʟʘʧʘʩʘʤʠ 

ʧʨʠʡʤʘʻ ʚʠʛʣʷʜ: 

z

u
ʦʧʪ C

C
1-=r , 

ʜʝ  ɟʦʧʪ ï ʦʧʪʠʤʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʠʩʪʝʤʠ; 

ʉu ï ʚʠʪʨʘʪʠ ʥʘ ʟʙʝʨʽʛʘʥʥʷ ʨʝʩʫʨʩʽʚ, ʛʨʥ.; 

ʉz ï ʚʪʨʘʪʠ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ ʜʝʬʽʮʠʪʫ ʨʝʩʫʨʩʽʚ, ʛʨʥ. 

ʆʧʪʠʤʘʣʴʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʦʩʪʘʚʦʢ, ʚʠʚʝʜʝʥʘ ʯʝʨʝʟ ʝʢʦʥʦʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʧʨʘʚʣʽʥʥʷ 

ʟʘʧʘʩʘʤʠ ʜʦʨʽʚʥʶʚʘʪʠʤʝ: 

)
C

ʉ
1(

z

u
ʦʧʪ

-m=l  ,                                        (3) 

ʜʝ  ɚʦʧʪ ï ʦʧʪʠʤʘʣʴʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʦʧʠʪʫ; 

ɛ ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʦʧʠʪʫ; 
ʉu ï ʚʠʪʨʘʪʠ ʥʘ ʟʙʝʨʽʛʘʥʥʷ ʨʝʩʫʨʩʽʚ, ʛʨʥ.; 
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ʉz ï ʚʪʨʘʪʠ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ ʜʝʬʽʮʠʪʫ ʨʝʩʫʨʩʽʚ, ʛʨʥ. 

ʋ ʚʠʧʘʜʢʫ ʚʠʨʽʰʝʥʥʷ ʧʠʪʘʥʴ ʦʧʪʠʤʽʟʘʮʽʾ ʧʦʩʪʘʚʦʢ ʧʨʠ ʦʜʥʦʥʦʤʝʥʢʣʘʪʫʨʥʠʭ ʨʝʩʫʨʩʘʭ 

ʟʘʜʘʯʘ ʙʘʛʘʪʦʥʦʤʝʥʢʣʘʪʫʨʥʠʭ ʧʦʩʪʘʚʦʢ ʜʦʧʦʚʥʠʪʴʩʷ ʚʠʨʘʟʦʤ: 

iiui CkC = , 

ʜʝ  ʉui ï ʚʠʪʨʘʪʠ ʥʘ ʟʙʝʨʽʛʘʥʥʷ ʦʜʠʥʠʮʽ ʽ-ʛʦ ʨʝʩʫʨʩʫ, ʛʨʥ.; 

ki ï ʢʦʝʬʽʮʽʻʥʪ ʚʠʪʨʘʪ ʫʧʨʘʚʣʽʥʥʷ ʟʘʧʘʩʘʤʠ, ʧʨʠʡʥʷʪʠʡ ʷʢ ʜʦʣʷ ʮʽʥʠ ʽ-ʛʦ ʨʝʩʫʨʩʫ; 

Ci ï ʮʽʥʘ ʽ-ʛʦ ʨʝʩʫʨʩʫ, ʛʨʥ. 

ʊʦʜʽ ʟʘʛʘʣʴʥʽ ʚʠʪʨʘʪʠ ʫʧʨʘʚʣʽʥʥʷ ʟʘʧʘʩʘʤʠ ʧʦ ʄ-ʥʦʤʝʥʢʣʘʪʫʨʘʭ ʩʢʣʘʜʫʪʴ: 
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r-+
r-

r
=

M
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iiʟʘʛ ))1(C
1

kC(C
i

, 

ʜʝ  ʉʟʘʛ ï ʟʘʛʘʣʴʥʽ ʚʠʪʨʘʪʠ ʫʧʨʘʚʣʽʥʥʷ ʟʘʧʘʩʘʤʠ ʧʦ ʄ-ʥʦʤʝʥʢʣʘʪʫʨʘʭ;  

ʄ ï ʢʽʣʴʢʽʩʪʴ ʥʦʤʝʥʢʣʘʪʫʨ, ʽ = 1,2éʄ; 

Ci ï ʮʽʥʘ ʽ-ʛʦ ʨʝʩʫʨʩʫ, ʛʨʥ.; 

ki ï ʢʦʝʬʽʮʽʻʥʪ ʚʠʪʨʘʪ ʫʧʨʘʚʣʽʥʥʷ ʟʘʧʘʩʘʤʠ, ʧʨʠʡʥʷʪʠʡ ʷʢ ʜʦʣʷ ʮʽʥʠ ʽ-ʛʦ ʨʝʩʫʨʩʫ; 

ri ï ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʠʩʪʝʤʠ ʟ ʽ-ʤ ʚʠʜʦʤ ʨʝʩʫʨʩʽʚ; 

Czi- ʚʪʨʘʪʠ ʚʥʘʩʣʽʜʦʢ ʜʝʬʽʮʠʪʫ ʽ-ʛʦ ʨʝʩʫʨʩʫ, ʛʨʥ. 

ʂʦʰʪʠ, ʷʢʽ ʙʫʜʫʪʴ ʚʠʪʨʘʯʝʥʽ ʥʘ ʧʦʧʦʚʥʝʥʥʷ ʧʝʚʥʦʾ ʢʽʣʴʢʦʩʪʽ ʦʜʠʥʠʮʴ ʨʝʩʫʨʩʽʚ: 

ä
=

l=
ʄ

1̔

ʽʽʧʦʢ ʉʊC , 

ʜʝ   ʉʧʦʢ ï  ʢʦʰʪʠ, ʱʦ ʙʫʜʫʪʴ ʚʠʪʨʘʯʝʥʽ ʥʘ ʧʦʧʦʚʥʝʥʥʷ ʢʦʥʢʨʝʪʥʦʾ ʢʽʣʴʢʦʩʪʽ ʦʜʠʥʠʮʴ ʨʝʩʫʨʩʽʚ, ʛʨʥ.; 

ʊ ï ʧʝʨʽʦʜ ʯʘʩʫ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʦʩʪʘʚʦʢ, ʜʥʽ; 

ʄ ï ʢʽʣʴʢʽʩʪʴ ʥʦʤʝʥʢʣʘʪʫʨ, i = 1,2,3éʄ; 

l̔  ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʦʩʪʘʚʦʢ i-ʛʦ ʨʝʩʫʨʩʫ; 

Ci ï ʮʽʥʘ ʽ-ʛʦ ʨʝʩʫʨʩʫ, ʛʨʥ. 

ʆʧʪʠʤʘʣʴʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʦʩʪʘʚʦʢ ʧʦ ʢʦʥʢʨʝʪʥʽʡ ʥʦʤʝʥʢʣʘʪʫʨʽ ʨʝʩʫʨʩʽʚ, ʟʘ ʫʤʦʚʠ ʦʙʤʝʞʝʥʴ 

ʥʘʷʚʥʦʩʪʽ ʚʽʣʴʥʠʭ ʦʙʽʛʦʚʠʭ ʢʦʰʪʽʚ, ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʦʶ ʤʝʪʦʜʦʤ ʥʝʚʠʟʥʘʯʝʥʠʭ ʤʥʦʞʥʠʢʽʚ ʃʘʛʨʘʥʞʘ ʽ 

ʜʦʨʽʚʥʶʚʘʪʠʤʝ: 
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ʜʝ  
ʦʧʪi
l  ï  ʦʧʪʠʤʘʣʴʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʦʩʪʘʚʦʢ ʧʦ ʽ-ʡ ʥʦʤʝʥʢʣʘʪʫʨʽ ʨʝʩʫʨʩʽʚ; 

m̔ ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʦʧʠʪʫ ʥʘ ʽ-ʡ ʚʠʜ ʨʝʩʫʨʩʫ; 

ʉʦ ï ʢʣ̔ʴʢʽʩʪʴ ʚʽʣʴʥʠʭ ʦʙʽʛʦʚʠʭ ʢʦʰʪʽʚ, ʛʨʥ.; 

ʊ ï ʧʝʨʽʦʜ ʯʘʩʫ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʦʩʪʘʚʦʢ ʧʦ ʟʘʤʦʚʣʝʥʥʷʭ, ʜʥʽ; 

ʄ ï ʢʽʣʴʢʽʩʪʴ ʥʦʤʝʥʢʣʘʪʫʨ, i = 1,2,3éʄ; 

Ci ï ʮʽʥʘ ʽ-ʛʦ ʨʝʩʫʨʩʫ, ʛʨʥ.; 

ki ï ʢʦʝʬʽʮʽʻʥʪ ʚʠʪʨʘʪ ʫʧʨʘʚʣʽʥʥʷ ʟʘʧʘʩʘʤʠ, ʧʨʠʡʥʷʪʠʡ ʷʢ ʜʦʣʷ ʮʽʥʠ ʽ-ʛʦ ʨʝʩʫʨʩʫ. 

ʉzi ï ʚʪʨʘʪʠ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ ʜʝʬʽʮʠʪʫ ʨʝʩʫʨʩʽʚ, ʛʨʥ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʦʩʪʘʚʦʢ ʧʦ ʄ-ʥʦʤʝʥʢʣʘʪʫʨʘʭ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʚʝʣʠʯʠʥʠ m̔, ʪʦʙʪʦ ʚʽʜ ʨʦʟʧʦʜʽʣʫ ʧʦʧʠʪʫ ʥʘ ʨʝʩʫʨʩʠ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʧʨʠ ʧʝʚʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ ʚʝʣʠʯʠʥ 

ʫʧʨʘʚʣʽʥʥʷ ʟʘʧʘʩʘʤʠ ʧʨʦʛʥʦʟʫʚʘʪʠ ʦʙʩʷʛ ʧʦʩʪʘʚʣʝʥʠʭ ʨʝʩʫʨʩʽʚ, ʘ ʪʘʢʦʞ ʦʙʩʷʛ ʟʘʧʘʩʫ ʨʝʩʫʨʩʽʚ ʟ ʤʝʪʦʶ ʾʭ 

ʧʦʜʘʣʴʰʦʛʦ ʧʦʩʪʘʯʘʥʥʷ ʫ ʚʠʟʥʘʯʝʥʠʡ ʽʥʪʝʨʚʘʣ ʯʘʩʫ. 

ʄʦʜʝʣʴ, ʷʢʘ ʦʧʪʠʤʽʟʫʻ ʧʨʦʮʝʩ ʫʧʨʘʚʣʽʥʥʷ ʟʘʧʘʩʘʤʠ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʡʥʦʾ ʩʪʨʫʢʪʫʨʠ  ʣʦʛʽʩʪʠʯʥʦʾ 

ʩʠʩʪʝʤʠ ʽʻʨʘʨʭʽʯʥʦʛʦ ʪʠʧʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʝʨʚʽʩʥʠʭ ʩʣʫʞʙ ʚʨʘʭʦʚʫʻ ʾʭ ʽʻʨʘʨʭʽʯʥʫ ʪʝʨʠʪʦʨʽʘʣʴʥʫ 

ʧʽʜʧʦʨʷʜʢʦʚʘʥʽʩʪʴ. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʧʝʨʝʜʙʘʯʘʻ ʥʘʷʚʥʽʩʪʴ ʚ ʪʝʨʠʪʦʨʽʘʣʴʥʦʤʫ ʧʽʜʧʦʨʷʜʢʫʚʘʥʥʽ ʩʝʨʚʽʩʥʽ 

ʩʣʫʞʙʠ ʜʣʷ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ; n ʦʜʠʥʠʮʴ ʦʜʥʦʪʠʧʦʚʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ (ʣʦʛʽʩʪʠʯʥʦ 

ʦʙˇʨʫʥʪʦʚʘʥʦʛʦ ʜʣʷ ʚʟʘʻʤʦʟʘʤʽʥʠ ʨʝʤʦʥʪʥʠʭ ʯʘʩʪʠʥ), r ʦʜʠʥʠʮʴ ʟʘʧʘʩʥʦʛʦ ʨʝʤʦʥʪʥʦʛʦ ʢʦʤʧʣʝʢʪʫ. ɽʣʝʤʝʥʪ 

ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʚʠʡʰʦʚ ʟ ʣʘʜʫ ʟʘʤʽʥʶʻʪʴʩʷ ʟʘʧʘʩʥʠʤ ʽ ʥʘʜʭʦʜʠʪʴ ʚ ʩʝʨʚʽʩʥʫ ʮʝʥʪʨʘʣʴʥʫ ʩʣʫʞʙʫ. ʇʽʩʣʷ 

ʨʝʤʦʥʪʫ ʚʽʥ ʧʦʧʦʚʥʶʻ ʟʘʧʘʩʥʠʡ ʨʝʤʦʥʪʥʠʡ ʢʦʤʧʣʝʢʪ ʦʙʣʘʜʥʘʥʥʷ. ɺ ʪʝʨʠʪʦʨʽʘʣʴʥʦʤʫ ʨʝʛʽʦʥʽ ʧʨʘʮʶʻ s 

ʩʝʨʚʽʩʥʠʭ ʦʙʩʣʫʛʦʚʫʶʯʠʭ ʮʝʥʪʨʽʚ. ʏʝʨʛʦʶ ʻ ʥʝʧʨʠʜʘʪʥʝ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʦʯʽʢʫʻ ʥʘ ʨʝʤʦʥʪ. ʅʘʩʪʫʧʥʽ 

ʧʦʟʥʘʯʝʥʥʷ: 

ʘ) l ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʧʨʘʮʶʚʘʥʥʷ ʥʘ ʚʽʜʤʦʚʫ ʦʜʠʥʠʮʽ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʘ ʻ ʚʠʧʘʜʢʦʚʦʶ 

ʚʝʣʠʯʠʥʦʶ ʨʦʟʧʦʜʽʣʝʥʦʶ ʧʦ ʟʘʢʦʥʫ ʇʫʘʩʩʦʥʘ; 

ʙ) m ï ʧʘʨʘʤʝʪʨ ʧʨʦʮʝʩʫ ʚʽʜʥʦʚʣʝʥʥʷ ʦʜʠʥʠʮʽ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʠʡ ʨʦʟʧʦʜʽʣʝʥʠʡ ʧʦ 

ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʤʫ ʟʘʢʦʥʫ (1/m ï ʩʝʨʝʜʥʽʡ ʯʘʩ ʨʝʤʦʥʪʫ ʦʙʣʘʜʥʘʥʥʷ). 
ʄʝʪʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʽ ʻ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʤʽʨʫ ʢʦʤʧʣʝʢʪʫ ʟʘʧʘʩʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ r 
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ʽ ʢʽʣʴʢʽʩʪʴ ʩʝʨʚʽʩʥʠʭ ʧʫʥʢʪʽʚ s, ʷʢʽ ʤʽʥʽʤʽʟʫʶʪʴ ʟʘʛʘʣʴʥʽ ʚʠʪʨʘʪʠ ʥʘ ʩʪʚʦʨʝʥʥʷ ʽ ʫʪʨʠʤʘʥʥʷ ʨʝʛʽʦʥʘʣʴʥʦʾ 

ʩʝʨʚʽʩʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ. 

 ʎʽʣʴʦʚʘ ʬʫʥʢʮʽʷ ʚʨʘʭʦʚʫʻ ʚʠʪʨʘʪʠ ʥʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʝʨʚʽʩʥʦʾ ʩʣʫʞʙʠ:  

ʎs r C s C r C U s rp ʟ n( , ) ( , )= + + ,                                  (5) 

ʜʝ   ʎ(s,r) ï  ʟʘʛʘʣʴʥʽ ʚʠʪʨʘʪʠ ʥʘ ʫʪʨʠʤʘʥʥʷ ʩʝʨʚʽʩʥʦʾ ʩʠʩʪʝʤʠ, ʛʨʥ.; 

r ï ʢʦʤʧʣʝʢʪ ʟʘʧʘʩʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʰʪ.; 

s ï ʢʽʣʴʢʽʩʪʴ ʩʝʨʚʽʩʥʠʭ ʧʫʥʢʪʽʚ, ʦʜʠʥʠʮʴ; 

ʉʨ ï ʚʘʨʪʽʩʪʴ ʫʪʨʠʤʘʥʥʷ ʦʜʥʦʛʦ ʩʝʨʚʽʩʥʦʛʦ ʧʫʥʢʪʫ ʚ ʦʜʠʥʠʮʶ ʯʘʩʫ, ʛʨʥ.; 

ʉʟ ï ʚʘʨʪʽʩʪʴ ʦʜʠʥʠʮʽ ʟʘʧʘʩʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʛʨʥ.;  

ʉn ï ʚʘʨʪʽʩʪʴ ʧʨʦʩʪʦʶ ʪʝʭʥʽʢʠ ʚ ʦʜʠʥʠʮʶ ʯʘʩʫ, ʛʨʥ.; 

)r,s(U ï ʩʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʪʝʭʥʽʢʠ ʚ ʪʝʨʠʪʦʨʽʘʣʴʥʦʤʫ ʨʝʛʽʦʥʽ, ʷʢʘ ʥʝ ʧʨʘʮʶʻ ʯʝʨʝʟ ʚʽʜʤʦʚʫ ʚ 

ʩʝʨʚʽʩʥʦʤʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ, ʰʪ. 

ʆʧʪʠʤʘʣʴʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ s i r ʙʫʜʫʪʴ ʪʘʢʽ ʟʥʘʯʝʥʥʷ, ʷʢʽ ʤʽʥʽʤʽʟʫʚʘʪʠʤʫʪʴ ʬʫʥʢʮʽʶ (5). ɺʠʟʥʘʯʠʤʦ 

ʩʢʣʘʜʦʚʫ U s r( , ). ʄʦʜʝʣʴ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʘ ʤʘʨʢʽʚʩʴʢʠʤ ʧʨʦʮʝʩʦʤ ʟ ʧʦʛʣʠʥʘʶʯʠʤ ʙʘʨôʻʨʦʤ ʚ ʪʦʯʮʽ n+r. 

[12] ɼʣʷ ʪʘʢʦʛʦ ʧʨʦʮʝʩʫ ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ ʏʝʧʤʝʥʘ-ʂʦʣʤʦʛʦʨʦʚʘ ʤʘʪʠʤʝ ʚʠʛʣʷʜ: 
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ʜʝ  m = n+r. 

ʈʦʟʚôʷʟʢʦʤ ʜʘʥʦʾ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʚ ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʩʪʘʥʽ ʻ ʽʤʦʚʽʨʥʦʩʪʽ: 

P
i

P i s

P
s s

s
P s i m

i

i

i

o

i

i s

o

= <

= ¢ ¢

r

r

!
, ,

( )

!
, ,

                                     (6) 

ʜʝ  r = l/m. 

ɯʤʦʚʽʨʥʽʩʪʴ ʈʦ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʽʟ ʫʤʦʚʠ ʥʦʨʤʫʚʘʥʥʷ ʽ ʤʘʪʠʤʝ ʚʠʛʣʷʜ ʚʠʨʘʟʫ: 
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ʗʢʱʦ ʚʠʢʦʨʠʩʪʘʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʢʽʥʮʝʚʠʭ ʩʫʤ, ʪʦʜʽ ʦʪʨʠʤʘʻʤʦ ʚʠʨʘʟ 8: 
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ʜʝ  ɻ(s,r) ï ʥʝʧʦʚʥʘ ʛʘʤʘ-ʬʫʥʢʮʽʷ, ʟʥʘʯʝʥʥʷ ʷʢʦʾ ʪʘʙʫʣʴʦʚʘʥʽ. 

ʇʽʜʩʪʘʚʠʚʰʠ (8) ʚ (7), ʦʪʨʠʤʫʻʤʦ: 
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ʊʦʜʽ U s r( , )ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ ʚʠʨʘʟʫ 9: 
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ʇʽʜʩʪʘʚʠʚʰʠ ʟʥʘʯʝʥʥʷ U s r( , )  ʚ ʮʽʣʴʦʚʫ ʬʫʥʢʮʽʶ ʎ(s,r) ʦʪʨʠʤʘʻʤʦ ʦʩʪʘʪʦʯʥʠʡ ʚʠʨʘʟ. ʇʨʠ s=1, 

m­¤ ʨʝʟʫʣʴʪʘʪʠ ʧʨʠʚʦʜʷʪʴʩʷ ʜʦ ʚʠʜʫ ʩʠʩʪʝʤʠ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʠʧʫ ʄ/ʄ/1 ʧʦ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʂʝʥʜʘʣʘ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʜʣʷ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʾ ʦʨʛʘʥʽʟʘʮʽʡʥʦʾ ʩʝʨʚʽʩʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʟ ʫʤʦʚʠ ʚʠʙʦʨʫ ʚ ʷʢʦʩʪʽ ʢʨʠʪʝʨʽʶ ʢʦʥʢʨʝʪʠʟʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʛʦʪʦʚʥʦʩʪʽ ʪʝʭʥʽʢʠ ʂʛ
* ʪʘ 

ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʚʠʛʣʷʜʫ: 
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ʜʝ  ʈ̔ ï ʽʤʦʚʽʨʥʽʩʪʴ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦ ʬʦʨʤʫʣʘʤ (6).  
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ɺʽʜʤʽʪʠʤʦ, ʱʦ ʧʦʪʨʝʙʘ ʫ ʟʚʝʨʥʝʥʥʽ ʜʦ ʩʝʨʚʽʩʥʦʛʦ ʮʝʥʪʨʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘʤʦʚʥʠʢʦʤ ʩʘʤʦʩʪʽʡʥʦ, ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʬʘʢʪʦʨʽʚ ʥʘʷʚʥʦʩʪʽ ʟʘʧʘʩʥʠʭ ʯʘʩʪʠʥ ʫ ʩʝʙʝ, ʨʽʚʝʥʴ ʩʝʨʚʽʩʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʢʚʘʣʽʬʽʢʘʮʽʶ 

ʩʧʝʮʽʘʣʽʩʪʽʚ, ʤʦʞʣʠʚʦʩʪʽ ʦʧʣʘʪʠʪʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

 
ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠ ʚʠʚʯʝʥʥʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʣʦʛʽʩʪʠʯʥʦʾ ʽʻʨʘʨʭʽʯʥʦʾ ʩʠʩʪʝʤʠ 

ʜʦʟʚʦʣʷʻ ʚʩʝʙʽʯʥʦ ʨʦʟʛʣʷʥʫʪʠ ʾʾ ʨʦʙʦʪʫ, ʚʥʫʪʨʽʰʥʽ ʽ ʟʦʚʥʽʰʥʽ ʟʚôʷʟʢʠ, ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʤʝʭʘʥʽʟʤ ʧʦʪʦʢʦʚʦʛʦ 

ʧʨʦʩʫʚʘʥʥʷ ʨʝʩʫʨʩʽʚ, ʦʮʽʥʠʪʠ ʾʾ ʧʦʚʝʜʽʥʢʫ.  

ʌʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʬʦʨʤʘʣʽʟʫʻʪʴʩʷ ʰʣʷʭʦʤ ʜʝʢʦʤʧʦʟʠʮʽʾ ʦʢʨʝʤʠʭ ʧʨʦʮʝʩʽʚ ʚʠʢʦʥʘʥʥʷ 

ʟʘʤʦʚʣʝʥʴ, ʧʦʩʪʘʚʦʢ ʨʝʩʫʨʩʽʚ ʥʘ ʮʝʥʪʨʘʣʴʥʽ ʩʢʣʘʜʠ ʪʘ ʾʭ ʨʦʟʧʦʜʽʣʫ ʟʘʣʝʞʥʦ ʚʽʜ ʧʦʧʠʪʫ ʽ ʧʨʦʧʦʟʠʮʽʾ. ɼʣʷ 

ʦʧʠʩʫ ʜʘʥʠʭ ʧʨʦʮʝʩʽʚ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ, ʪʝʦʨʽʾ ʤʘʩʦʚʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʪʝʦʨʽʾ ʫʧʨʘʚʣʽʥʥʷ ʟʘʧʘʩʘʤʠ.  

ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʦʜʘʣʴʰʦʛʦ ʦʙôʻʜʥʘʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʫ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʜʦʟʚʦʣʠʪʴ ʚʽʜʦʙʨʘʟʠʪʠ ʧʦʚʝʜʽʥʢʫ ʩʠʩʪʝʤʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʙʘʛʘʪʦʚʘʨʽʘʥʪʥʦʩʪʽ ʧʦʯʘʪʢʦʚʠʭ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ.  
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ɼʆʉʃɯɼɾɽʅʅʗ ʊɽʍʅʆʃʆɻɯʏʅʆɻʆ ʈɽɾʀʄʋ ʇʈʆʎɽʉʋ ʇʆʈʀɿɸʎɯɰ 

ʈɯɼʀʅʅʆʉʂʃʗʅʀʍ ʂʆʄʇʆɿʀʎɯʁʅʀʍ ʄɸʊɽʈɯɸʃɯɺ ɼʃʗ ʊɽʇʃʆɯɿʆʃʗʎɯɰ ɺ 

ʋʄʆɺɸʍ ʅɺʏ ɺʀʇʈʆʄɯʅʖɺɸʅʅʗ 
 
ˏ ̨̑̏̂̏̓ ̎́̃̆̅̆̎̏ ̝̑̆̈̔̌̓́̓̉ ̨̠̅̏̒̌̅̇̆̎̎ ̨̖̘̓̆̎̏̌̏̄̎̏̄̏ ̑̆̇̉̍̔ ̗̐̑̏̆̒̔ ̨̗̩̐̏̑̉̈́ ̨̠̖̑̅̉̎̎̏̒̋̌̎̉ 

̨̗̋̏̍̐̏̈̉̊ ̨̐̅ ̨̤̟̅ ˚ˏˤ ̨̟̠̃̉̐̑̏̍̎̃́̎̎ ̠̅̌ ̠̠̅̏̒̄̎̆̎̎ ̆̆̋̓̉̃̎̏̄̏̕ ̠̃̉̅́̌̆̎̎ ̨̖̃̒ ̨̃̉̅̃ ̃̏̅̉ ̓́ ̠̏̓̑̉̍́̎̎ 
̨̨̠̗̖̓̆̐̌̏̈̏̌̊̎̉ ̨̨̍́̓̆̑́̌̃ ̈ ̃̉̒̏̋̉̍̉ ̨̗̆̋̒̐̌̔́̓́̊̎̉̍̉ ̠̃̌́̒̓̉̃̏̒̓̍̉Ȣ ˎ̔̌̏ ̃̒̓́̎̏̃̌̆̎̏ȟ ̏̚ ̐̑̉ 
̨̐̏̓̔̇̎̏̒̓ ̨̟̠̃̉̐̑̏̍̎̃́̎̎ ωττ ˏ̓ ̔ ̨̒̆̑̆̅̏̃̉̚ ̃́̋̔̔̍̔ ̂̆̈ ̠̏̂̆̑̓́̎̎ ̈̑́̈̋́ ̎̆ ̠̘̝̅̉̃̌̉̒ ̎́ ̠̅̏̒̄̎̔̓̆ ̃̉̒̏̋̆ 
̈̎ ̘̠́̆̎̎ ̓̆̍̐̆̑́̓̔̑̉ 110-115 ̏˞ȟ ̨̎̓̆̎̒̉̃̎̏̄̏ ̘̠̒̐̔̆̎̎ ̎̆ ̨̠̒̐̏̒̓̆̑̄́̌̏̒Ȣ ˔̠̎̉̇̆̎̎ ̍́̒̉ ̈̑́̈̋́ ̏̂̔̍̏̃̌̆̎̏ 
̨̖̍̆́̎̈̍̏̍ ̠̃̉̅́̌̆̎̎ ̃̏̅̉ ̈́ ̟̅̏̐̏̍̏̄̏ ̃́̋̔̔̍̔ȟ ̠̋̉̊ ̝̠̈̃̏̅̉̓̒ ̅̏ ̨̝̙̂̌ ̩̃̉̒̏̋̏ ̨̙̃̉̅̋̏̒̓ ̨̘̍́̒̏̐̆̑̆̅́ ̂̆̈ 
̆̓́̐̔ ̠̐́̑̏̔̓̃̏̑̆̎̎Ȣ ˠ ̨̒̆̑̆̅̏̃̉̚ ̃́̋̔̔̍̔ ̈ ̠̏̂̆̑̓́̎̎̍ ̈̑́̈̋́ ̒̐̏̒̓̆̑É̤̝̠̄́̓̒ É̎̓̆̎̒̉̃̎̆ ̘̠̒̐̔̆̎̎ É 
̠̔̓̃̏̑̆̎̎ ̩̃̆̌̉̋̏ ̨̨̝̋̌̋̏̒̓ Ⱥ̨̋̑́̓̆̑̃Ȼ ̎́ ̨̖̐̏̃̆̑̎ ̈̑́̈̋́ ̨ ̖̃̆̌̉̋̉ ̨̖̎́̒̋̑̈̎̉ ̐̏̑ ̃ ̍́̋̑̏̒̓̑̔̋̓̔̑ÉȢ ˜̑̉ 
́̓̍̏̒̆̑̎̏̍̔̕ ̓̉̒̋̔ ̨̤̝̠̃̅̂̔̃́̓̒ ̨̑̈̋̆ ̨̠̐́̅̎̎ ̓̆̍̐̆̑́̓̔̑̉ ̎́ ̘̐̏́̓̋̔ ̗̐̑̏̆̒̔ȟ ̏̚ ̨̘̝̒̃̅̉̓ ̐̑̏ ̟̎̆̅̏̒̓́̓̎ 
̨̝̐̏̓̔̇̎̒̓ ˚ˏˤ ̨̟̠̃̉̐̑̏̍̎̃́̎̎ ̠̅̌ ̨̨̨̗̩̎̓̆̎̒̉̋́̕ ̗̐̑̏̆̒̔ ̘̠̒̐̔̆̎̎ ̘̆̑̆̈ ̘̈̎́̎̔ ̨̗̟̋̏̎̅̆̎̒́ ̃̏̌̏̄̉ ̎́ 
̨̖̐̏̃̆̑̎ ̈̑́̈̋́Ȣ ˜̑̉ ̨̝̙̂̌ ̨̃̉̒̏̋̊ ̨̐̏̓̔̇̎̏̒̓ ̨̟̠̃̉̐̑̏̍̎̃́̎̎ ϊωτ ˏ̓ ̔ ̨̒̆̑̆̅̏̃̉̚ ̃́̋̔̔̍̔ ̨̤̝̠̃̅̂̔̃́̓̒ ̨̑̈̋̆ 
̠̈̑̏̒̓́̎̎ ̓̆̍̐̆̑́̓̔̑̉ ̎́ ̘̐̏́̓̋̔ ̗̐̑̏̆̒̔ ̅̏ ύτ-95 ̏˞ȟ ̏̚ ̏̂̔̍̏̃̌̆̎̏ ̘̐̏́̓̋̏̍ ̨̎̓̆̎̒̉̃̎̏̄̏ ̠̐́̑̏̔̓̃̏̑̆̎̎ 
̨̝̩̃̌̎̏ ̓́ ̨̗̩̋̏̎̒̓̉̓̔̊̎̏ ̃̏̅̉ ̓́ ̠̒̓̃̏̑̆̎̎̍ ̨̤̄̑́̅̎̓̔ ̓̉̒̋̔ ̔ ̈̑́̈̋̔ ̓́ ̐̏̒̓̔̐̏̃̆ ̩̩ ̠̈̎̉̇̆̎̎ ̅̏ ωω-60 ̏˞ȟ ̏̚ 
̝̐̑̉̈̃̏̅̉̓ ̅̏ ̙̒̔̋̉ ̨̍́̓̆̑́̌̔Ȣ ˟̏̂̓̏ȟ ̔ ̨̒̆̑̆̅̏̃̉̚ ̃́̋̔̔̍̔ ̨̗̝̎̆̅̏̌̎̏ ̏̓̑̉̍̔̃́̓̉ ̨̅́̎ ̨̍́̓̆̑́̌̉ȟ ̨̝̏̒̋̌̋̉ 
̨̟̝̐̑̏̓̋́̓ ̨̟̘̋̏̎̋̔̑̔ ̗̐̑̏̆̒̉ ̨̘̍́̒̏̐̆̑̆̅́ ̃̏̅̉ ̈ ̩̩ ̠̃̉̐́̑̏̃̔̃́̎̎̍Ȣ ˚̨̝̙́̊̂̌ ̝̏̐̓̉̍́̌̎̉̍̉ ̔̍̏̃́̍̉ ̠̅̌ 
̠̏̓̑̉̍́̎̎ ̨̗̖̋̏̍̐̏̈̉̊̎̉ ˟˴˙ ̤ ̨̖̃̉̅̎́ ̨̝̐̏̓̔̇̎̒̓ ̔̒̓́̎̏̃̋̉ ϊωτ ˏ̓ ̓́ ́̓̍̏̒̆̑̎̉̊̕ ̓̉̒̋Ȣ ˚́ ̨̙̐̆̑̊ ̇̆ 
̨̖̃̉̌̉̎ ̗̐̑̏̆̒̔ ̨̤̝̠̃̅̂̔̃́̓̒ ̨̑̈̋̆ ̨̠̐̅̃̉̆̎̎̚ ̓̆̍̐̆̑́̓̔̑̉ ̅̏ όω-90 0˞ȟ ̠̋́ ̨̝̐̏̃̌̎̏ ̨̝̙̤̝̠̈̂̌̔̓̒ ̅̏ υυω-120 0˞ ̨ 
̨̅́̌ ̎̆ ̨̟̤̝̠̈̍̎̓̒Ȣ ˣ̆̊ ̨̐̆̑̏̅ ̖̤̝̠́̑́̋̓̆̑̉̈̔̓̒ ̨̝̙̎́̊̂̌ ̨̎̓̆̎̒̉̃̎̉̍ ̗̐̑̏̆̒̏̍ ̘̠̒̐̔̆̎̎Ȣ ˞́̍ ̗̐̑̏̆̒ 
̖̠́̑́̋̓̆̑̉̈̔̃́̃̒ ̌̆̄̋É̟̒̓ ̟̠̑̆̄̔̌̃́̎̎ȟ ́ ̏̓̑̉̍́̎̉̊ ̈̑́̈̏̋ ̤̍́ ̐̑̉̃́̂̌̉̃̉̊ ̈̏̃̎É̙̎É̊ ̠̃̉̄̌̅ ̨ ̝̎̉̈̋̔ ̟̒̆̑̆̅̎ 
̄̔̒̓̉̎̔Ȣ  
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RESEARCH OF THE TECHNOLOGICAL MODE  OF THE PROCESS OF PORIZATION OF LIQUID GLASS 

COMPOSITE MATERIALS FOR THERMAL INSULATION IN THE CONDITIONS OF UHF RADIATIO N 
 

The paper presents the results of research into the technological regime of the process of liquid-glass composition porization 
under the action of microwave radiation to achieve effective removal of all types of water and obtain heat-insulating materials with high 
operational properties. It was established that with a radiation power of 500 W in a vacuum environment without rotation of the sample, 
despite the achieved high temperature value of 110-115 oC, intense swelling was not observed. The decrease in the mass of the sample is due 
to the mechanism of water removal using a vacuum, which is reduced to a higher mass transfer rate without a vaporization stage. In a 
vacuum environment, with sample rotation, intense swelling and the formation of a large number of "craters" on the surface of the sample 
and large through pores in the macrostructure are observed. At atmospheric pressure, there is a sharp drop in temperature at the beginning 
of the process, which indicates insufficient power of microwave radiation to intensify the swelling process due to significant condensation of 
moisture on the surface of the sample. With a higher radiation power of 650 W in a vacuum environment, a sharp rise in temperature occurs 
at the beginning of the process to 90-95 oC, which is due to the beginning of intensive vaporization of free and constitutional water and the 
creation of a pressure gradient in the sample and its gradual decrease to 55-60 oC, which leads before drying the material. That is, it is 
impractical to obtain these materials in a vacuum environment, since there are competing processes of water mass transfer and its 
evaporation. The most optimal conditions for obtaining composite TIMs are the output power of the installation of 650 W and atmospheric 
pressure. At the very first minute of the process, the temperature rises sharply to 85-90 0C, which slowly increases to 115-120 0C and does not 
change further. This period is characterized by the most intensive swelling process. The process itself was characterized by ease of 
adjustment, and the obtained sample has an attractive appearance and a low average density. 

Key words: technological regime, porization  process, liquid-glass compositions, microwave radiation, atmospheric pressure, 
vacuum. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ɼʣʷ ʪʝʧʣʦʚʦʾ ʽʟʦʣʷʮʽʾ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ ʩʣʽʜ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤʘʪʝʨʽʘʣʠ ʥʘ ʦʩʥʦʚʽ 

ʥʝʦʨʛʘʥʽʯʥʦʾ ʩʠʨʦʚʠʥʠ, ʷʢʽ ʻ ʪʝʨʤʦʩʪʽʡʢʠʤʠ ʽ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʥʝ ʚʠʜʽʣʷʶʪʴ ʪʦʢʩʠʯʥʠʭ ʨʝʯʦʚʠʥ ʚ ʘʪʤʦʩʬʝʨʫ. 

ʊʘʢʠʤ ʚʠʤʦʛʘʤ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ ʥʘ ʦʩʥʦʚʽ ʥʝʦʨʛʘʥʽʯʥʦʛʦ ʧʦʣʽʤʝʨʫ ï ʨʽʜʠʥʥʦʛʦ 

ʩʢʣʘ. ȍʦʣʦʚʥʘ ʧʝʨʝʚʘʛʘ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ï ʩʪʘʙʽʣʴʥʽʩʪʴ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʇʦʣʽʤʝʨʥʘ 

ʙʫʜʦʚʘ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʨʽʜʠʥʥʦʛʦ ʩʢʣʘ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʽ ʤʽʮʥʽʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ, ʘʣʝ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʦʨʛʘʥʽʯʥʠʭ ʧʦʣʽʤʝʨʽʚ ʚʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ ʝʢʦʣʦʛʽʯʥʽʩʪʶ ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʜʝʧʦʣʽʤʝʨʠʟʘʮʽʾ 

ʤʘʪʝʨʽʘʣʫ, ʥʝʛʦʨʶʯʽʩʪʶ ʪʘ ʙʽʦʩʪʽʡʢʽʩʪʶ ʧʨʠ ʛʘʨʘʥʪʦʚʘʥʦʤʫ ʪʝʨʤʽʥʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ï ʥʝ ʤʝʥʰʝ 50 ʨʦʢʽʚ.  

ʊʝʧʣʦʽʟʦʣʷʮʽʡʥʽ ʢʦʤʧʦʟʠʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ ʥʘ ʦʩʥʦʚʽ ʨʽʜʠʥʥʦʛʦ ʩʢʣʘ ʟʘʣʝʞʥʦ ʚʽʜ ʩʧʦʩʦʙʫ ʟʘʪʚʝʨʜʽʥʥʷ 
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(ʧʦʣʽʤʝʨʠʟʘʮʽʾ) ʦʩʥʦʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʫ ʜʽʣʷʪʴ ʥʘ ʤʘʪʝʨʽʘʣʠ ʭʦʣʦʜʥʦʛʦ ʽ ʛʘʨʷʯʦʛʦ ʩʧʫʯʝʥʥʷ. ɼʦ ʦʩʥʦʚʥʠʭ 

ʥʝʜʦʣʽʢʽʚ ʤʘʪʝʨʽʘʣʽʚ ʭʦʣʦʜʥʦʛʦ ʩʧʫʯʝʥʥʷ ʚʽʜʥʦʩʷʪʴʩʷ ʥʝʜʦʩʪʘʪʥʷ ʭʽʤʽʯʥʘ ʩʪʽʡʢʽʩʪʴ (ʚʦʜʦʩʪʽʡʢʽʩʪʴ) ʢʽʥʮʝʚʦʛʦ 

ʤʘʪʝʨʽʘʣʫ, ʥʠʟʴʢʘ ʤʝʭʘʥʽʯʥʘ ʤʽʮʥʽʩʪʴ ʪʘ ʩʭʠʣʴʥʽʩʪʴ ʜʦ ʫʩʘʜʢʦʚʠʭ ʜʝʬʦʨʤʘʮʽʡ. ʊʦʤʫ ʙʽʣʴʰ ʜʦʮʽʣʴʥʦ 

ʦʪʨʠʤʫʚʘʪʠ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ ʛʘʨʷʯʦʛʦ ʩʧʫʯʝʥʥʷ, ʧʝʨʝʚʘʛʦʶ ʷʢʠʭ ʻ ʙʽʣʴʰ ʚʠʩʦʢʘ ʤʽʮʥʽʩʪʴ ʧʨʠ 

ʥʠʟʴʢʽʡ ʩʝʨʝʜʥʽʡ ʛʫʩʪʠʥʽ ʽ ʛʽʛʨʦʩʢʦʧʽʯʥʦʩʪʽ [1, 2].  

 

ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ 

ɯʩʥʫʶʪʴ ʨʽʟʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʽʜʭʦʜʠ ʚ ʦʪʨʠʤʘʥʥʽ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʧʨʠʥʮʠʧʦʚʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ 

ʧʨʦʮʝʩʦʤ ʛʘʟʦʚʠʜʽʣʝʥʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʪʦʚʱʽ ʩʬʦʨʤʦʚʘʥʦʾ ʢʦʤʧʦʟʠʮʽʾ. ʇʨʠʯʦʤʫ ʧʨʦʮʝʩ ʛʘʟʦʚʠʜʽʣʝʥʥʷ ʧʨʠ 

ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʤʦʞʝ ʙʫʪʠ ʟʘʩʥʦʚʘʥʠʡ ʷʢ ʥʘ ʨʝʘʢʮʽʷʭ ʩʧʝʮʽʘʣʴʥʠʭ ʜʦʙʘʚʦʢ, ʪʘʢ ʽ ʥʘ ʚʠʜʽʣʝʥʥʽ ʧʘʨʽʚ 

ʢʨʠʩʪʘʣʽʟʘʮʽʡʥʦʾ ʽ ʭʽʤʽʯʥʦ ʟʚ'ʷʟʘʥʦʾ ʚʦʜʠ [3ï7]. ɿ ʥʝʜʦʣʽʢʽʚ ʤʘʪʝʨʽʘʣʽʚ ʮʴʦʛʦ ʢʣʘʩʫ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ ʧʽʜʚʠʱʝʥʫ 

ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʾʭ ʚʠʨʦʙʥʠʮʪʚʘ, ʦʩʢʽʣʴʢʠ ʚʩʽ ʚʦʥʠ ʧʨʦʪʽʢʘʶʪʴ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 300-800 0ʉ ʚʧʨʦʜʦʚʞ 

1-3 ʛʦʜ. ʑʝ ʦʜʥʠʤ ʩʪʨʠʤʫʶʯʠʤ ʬʘʢʪʦʨʦʤ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʜʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʻ ʩʢʣʘʜʥʽʩʪʴ ʦʪʨʠʤʘʥʥʷ 

ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ ʧʣʠʪʥʽʡ ʬʦʨʤʽ, ʯʝʨʝʟ ʪʨʫʜʥʦʱʽ ʨʽʚʥʦʤʽʨʥʦʛʦ ʧʨʦʛʨʽʚʫ ʚʥʫʪʨʽʰʥʽʭ ʰʘʨʽʚ 

ʚʝʣʠʢʦʨʦʟʤʽʨʥʠʭ ʟʨʘʟʢʽʚ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʨʘʜʠʮʽʡʥʦʛʦ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʥʘʛʨʽʚʫ. ʗʢ ʘʣʴʪʝʨʥʘʪʠʚʥʝ ʜʞʝʨʝʣʦ 

ʪʝʨʤʦʦʙʨʦʙʢʠ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʜʘʥʠʭ ʊɯʄ ʤʦʞʣʠʚʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʽʢʨʦʭʚʠʣʴʦʚʝ (ʄʍ) ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, 

ʷʢʝ ʜʦʟʚʦʣʠʪʴ ʟʜʽʡʩʥʠʪʠ ʦʙ'ʻʤʥʠʡ ʧʨʦʛʨʽʚ ʚʩʽʭ ʰʘʨiʚ ʈʉʂ ʪʘ ʦʪʨʠʤʘʪʠ ʷʢʽʩʥʠʡ ʊɯʄ. 

ɯʩʪʦʪʥʫ ʨʦʣʴ ʧʨʠ ʤʽʢʨʦʭʚʠʣʴʦʚʦʤʫ ʥʘʛʨʽʚʽ ʛʨʘʶʪʴ ʪʝʧʣʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʨʘʟʢʘ, ʦʩʢʽʣʴʢʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʦʜʥʦʨʽʜʥʽʩʪʴ ʤʽʢʨʦʭʚʠʣʴʦʚʦʛʦ ʥʘʛʨʽʚʫ ʟʘʣʝʞʘʪʴ ʥʝ ʣʠʰʝ ʚʽʜ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʤʘʪʝʨʽʘʣʫ, ʘʣʝ ʽ ʚʽʜ ʡʦʛʦ ʟʜʘʪʥʦʩʪʽ ʨʦʟʧʦʜʽʣʷʪʠ ʪʝʧʣʦ, ʱʦ ʚʠʜʽʣʠʣʦʩʷ, ʟʘ ʦʙ'ʻʤʦʤ. ʊʘʢ, ʦʜʥʽʻʶ ʟ ʛʦʣʦʚʥʠʭ 

ʧʨʠʯʠʥ ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʥʘʛʨʽʚʫ ʟʨʘʟʢʽʚ ʻ ʨʽʟʢʝ ʟʙʽʣʴʰʝʥʥʷ ʽʟ ʟʨʦʩʪʘʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʯʠʥʥʠʢʘ ʜʽʝʣʝʢʪʨʠʯʥʠʭ 

ʚʪʨʘʪ. ʇʨʠ ʮʴʦʤʫ ʰʚʠʜʢʽʩʪʴ ʜʠʩʠʧʘʮʽʾ ʪʝʧʣʦʪʠ ʚ ʦʙ'ʻʤʽ ʟʨʘʟʢʘ ʚʠʷʚʣʷʻʪʴʩʷ ʥʝʜʦʩʪʘʪʥʴʦʶ, ʽ ʚ ʥʴʦʤʫ 

ʫʪʚʦʨʶʶʪʴʩʷ ʟʦʥʠ ʟ ʙʽʣʴʰ ʚʠʩʦʢʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ, ʚ ʷʢʠʭ ʧʦʛʣʠʥʘʥʥʷ ʤʽʢʨʦʭʚʠʣʴʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʚ̔ ʜʙʫʚʘʻʪʴʩʷ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʦ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʰʠʨʦʢʦ ʧʦʰʠʨʝʥʫ ʜʫʤʢʫ ʧʨʦ ʨʽʚʥʦʤʽʨʥʽʩʪʴ 

ʨʦʟʧʦʜʽʣʫ ʪʝʧʣʦʪʠ ʟʘ ʦʙ`ʻʤʦʤ ʟʨʘʟʢʘ ʧʨʠ ʤʽʢʨʦʭʚʠʣʴʦʚʦʤʫ ʥʘʛʨʽʚʽ ʩʣʽʜ ʨʝʪʝʣʴʥʦ ʧʽʜʙʠʨʘʪʠ ʫʤʦʚʠ 

ʝʢʩʧʝʨʠʤʝʥʪʫ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʚʠʥʠʢʥʝʥʥʷ ʨʽʟʢʠʭ ʛʨʘʜʽʻʥʪʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʦʙ'ʻʤʽ ʟʨʘʟʢʘ [7]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʷʢʽʩʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ ʥʠʟʴʢʦʶ ʩʝʨʝʜʥʴʦʶ ʛʫʩʪʠʥʦʶ ʽ 

ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ, ʚʠʩʦʢʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʤʽʮʥʦʩʪʽ ʥʝʦʙʭʽʜʥʦ ʥʝ ʪʽʣʴʢʠ ʧʨʘʚʠʣʴʥʦ ʧiʜiʙʨʘʪʠ ʨʝʮʝʧʪʫʨʥʠʡ 

ʩʢʣʘʜ ʚʠʭʽʜʥʦʾ ʨiʜʠʥʥʦʩʢʣʷʥʦʾ ʢʦʤʧʦʟʠʮʽʾ (ʈʉʂ), ʘʣʝ ʡ ʚʽʨʥʦ ʚʠʟʥʘʯʠʪʠ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʾʾ ʩʧʫʯʝʥʥʷ 

ʚ ʫʤʦʚʘʭ ʅɺʏ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʤʝʪʦʜʠ ʢʦʥʪʨʦʣʶ ʟʘ ʧʨʦʮʝʩʦʤ ʧʦʨʠʟʘʮʽʾ. 

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚ ʧʨʦʮʝʩʫ ʧʦʨʠʟʘʮʽʾ ʈʉʂ ʧʽʜ ʜʽʻʶ ʅɺʏ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥ̫ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʜʘʣʝʥʥʷ ʚʩʽʭ ʚʠʜʽʚ ʚʦʜʠ ʪʘ ʦʪʨʠʤʘʥʥʷ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʟ ʚʠʩʦʢʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʅɺʏ-ʫʩʪʘʥʦʚʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʝ ʧʦʣʝ, ʷʢʝ ʟʤʫʰʫʻ ʤʦʣʝʢʫʣʠ ʚʦʜʠ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʫ 

ʨʽʜʠʥʥʦʤʫ ʩʢʣʽ, ʧʦʛʣʠʥʘʪʠ ʅɺʏ ʝʥʝʨʛʽʶ. ʇʽʜ ʜʽʻʶ ʅɺʏ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʙ'ʻʤʥʠʡ ʥʘʛʨʽʚ ʈʉʂ, 

ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʚʦʥʘ ʧʝʨʝʭʦʜʠʪʴ ʫ ʚ`ʷʟʢʦʧʣʘʩʪʠʯʥʠʡ ʽ ʜʘʣʽ ʚ ʧʽʨʦʧʣʘʩʪʠʯʥʠʡ ʩʪʘʥ, ʢʦʣʠ ʧʨʠ ʚʠʩʦʢʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ ʫʪʚʦʨʶʻʪʴʩʷ ʨʽʜʢʘ ʬʘʟʘ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʚʦʥʘ ʨʦʟʤ`ʷʢʰʫʻʪʴʩʷ, ʥʘʙʫʚʘʻ ʟʜʘʪʥʽʩʪʴ ʜʦ ʧʣʘʩʪʠʯʥʦʾ 

ʜʝʬʦʨʤʘʮʽʾ ʽ ʩʧʫʯʫʻʪʴʩʷ ʛʘʟʘʤʠ, ʱʦ ʚʠʜʽʣʷʶʪʴʩʷ. ʊʦʙʪʦ, ʛʦʣʦʚʥʦʶ ʨʫʰʽʡʥʦʶ ʩʠʣʦʶ ʧʨʠ ʩʧʫʯʝʥʥʽ 

ʨʽʜʠʥʥʦʩʢʣʷʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʻ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʧʘʨʠ ʚʦʜʠ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʦʙ`ʻʤʽ ʈʉʂ. ʎʝʡ 

ʝʬʝʢʪ ʜʦʩʷʛʘʻʪʴʩʷ ʜʽʻʶ ʽʥʪʝʥʩʠʚʥʦʛʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʥʘʜʚʠʩʦʢʠʭ ʯʘʩʪʦʪ.  

ʉʧʦʯʘʪʢʫ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʧʦʨʠʟʘʮʽʾ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʨʦʚʦʜʠʣʦʩʷ ʧʨʠ ʧʦʪʫʞʥʦʩʪʽ 

500 ɺʪ ʙʝʟ ʦʙʝʨʪʘʥʥʷ ʟʨʘʟʢʘ ʫ ʨʦʟʨʽʜʞʝʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ (ʨʠʩ. 1). ʉʪʚʦʨʝʥʥʷ ʚʘʢʫʫʤʫ ʧʨʦʚʦʜʠʣʦʩʷ ʟ ʤʝʪʦʶ 

ʚʠʢʣʶʯʠʪʠ ʚʧʣʠʚ ʩʢʦʥʜʝʥʩʦʚʘʥʦʾ ʚ ʢʘʤʝʨʽ ʚʦʣʦʛʠ ʥʘ ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʮʝʩʫ ʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ 

(ʪʠʩʢ ʧʨʦʮʝʩʫ ʧʨʠ ʧʫʩʢʫ ʫʩʪʘʥʦʚʢʠ ʩʪʘʥʦʚʠʚ ʙʣʠʟʴʢʦ 10 ʢʇʘ).  

 
ʈʠʩ. 1. ɿʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʦʮʝʩʫ ʚʽʜ ʡʦʛʦ ʪʨʠʚʘʣʦʩʪʽ  

ʧʨʠ ʧʦʪʫʞʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 500 ɺʪ ʚ ʨʦʟʨʽʜʞʝʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 




