
ISSN 2411-6467 DOI: 10.31618/ESU.2413-9335.2021.5.82 

˩ˤ˾ˢ˭ˮ˯˿˴ˮ˯ ˿˻̑˭ ̂̉˩˹̍̆ ό˩˿̂ύ 
˩͔͔͗ͣͫΎ;ͤ·͚ ͤ͊ͯ;ͤ·͚ ͗ͯͪͤ͊͡ 

Ѕ 1 (82)/2021 
́ͦͣ 5Σ ˿͔͙ͪΎΥ 

͔́ͻ͙ͤ;͔͙͔ͫ͟ ͙ͤ͊ͯ͟ 
͙͙̅ͦ͘͟-͔͙ͣ͊ͭͣ͊ͭ;͔͙͔ͫ͟ ͙ͤ͊ͯ͟ 

 
˾͔͒͊͟ͼ͙ͦͤͤ͊Ύ ͔͎͙ͦ͟͡͡ΎΥ 

͒ΦͨΦͤΦΣ ͨͪͦͺ͔ͫͫͦͪ ˢ͙ͪͯͤ͟͡ ́ΦˤΦ ό˸͍ͦͫ͊͟Σ ˾̅ύ  
 

͔̉ͤ͡· ͔ͪ͒͊͟ͼ͙͚ͦͤͤͦ ͔͎͙͙ͦ͟͡͡Υ  
ω ˢͪͭ͊ͺ͍ͦͤͦ ˤΎ;͔͍ͫ͊͡ ˣ͙͍͙ͦͪͫͦ;Σ ͙͊ͤ͒͒͊ͭ͟ Ό͙͙ͪ͒;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ ͒ͦͼ͔ͤͭ ͊͟ͺ͔͒ͪ· 
Ή͎͙ͦͦ͟͡;͔͎ͫͦͦ͟ ͙ ͙͔͎ͨͪͪͦ͒ͦͪͫͯͪͫͤͦͦ ͍ͨͪ͊͊ ό˸͍ͦͫ͊͟Σ ˾̅ύΤ 

ω ˮ͎ͤ͊ͭΈ͔͍͊ ˮ͙ͪͤ͊ ˩͍͎͔ͤΈ͔͍ͤ͊Σ ͙͊ͤ͒͒͊ͭ͟ Ή͙ͦͤͦͣ͟;͔͙ͫ͟ͻΣ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ ͊͟ͺ͔͒ͪ· 
͔͔͔ͣͤ͒͗ͣͤͭ͊ ό˸͍ͦͫ͊͟Σ ˾̅ύΤ 

ω ˴͔͔͍͊͗ͣ͊ ˢ͔ͫ͊ͤ͒ͪ͟͡ ˤ͙͍͙ͭͦͪͦ͟;Σ ͙͊ͤ͒͒͊ͭ͟ ͙ͨͫͻ͎͙ͦͦ͡;͔͙ͫ͟ͻΣ ͒ͦͼ͔ͤͭ ͊͟ͺ͔͒ͪ· 
ͺ͙͍͎ͤ͊ͤͫͦͦͦ ͍ͨͪ͊͊ ό˿͍͊ͪ͊ͭͦΣ ˾̅ύΤ 

ω ˴ͦͪͭͯͤ ˢ͙͚ͪ͊͒͟ ˤ͙͙͍͙͊͒ͣͪͦ͡;Σ ͒ͦͭͦͪ͟ ͔͎͎͙ͨ͒͊ͦ;͔͙ͫ͟ͻΣ ͨͪͦͺ͔ͫͫͦͪ ͊͟ͺ͔͒ͪ· ͔͙͙ͭͦͪ 
͎͍ͦͫͯ͒͊ͪͫͭ͊ ͙ ͍ͨͪ͊͊ ό˹͙͙͚͗ͤ ˹͍͎ͦͦͪͦ͒Σ ˾̅ύΤ 

ω ˾͍͔ͦͤͫ͊͟Ύ ˩͔ͤ͊͡ ˾͊ͺ͙͍͊ͦͤ͊͡Σ ͒ͦͭͦͪ͟ Ό͙͙ͪ͒;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͫͦͪΣ ͍͔͊͒ͯ͘Ό΅͙͚ 
͊͟ͺ͔͚͒ͪͦ ͔ͫͯ͒͋ͤ·ͻ Ή͔͙ͫͨͪͭ͘͟Σ ͙͔͒ͪͭͦͪ͟ ˮ͙ͤͫͭͭͯͭ͊ ͔ͫͯ͒͋ͤ·ͻ Ή͔͙ͫͨͪͭ͘͟ ό˸͍ͦͫ͊͟Σ ˾͙ͦͫͫΎύΤ 

ω ˿͔͙͟͡ ͍ͭ͊ͪͦ͊ ˴͔͙ͫͤΎ ˹͙͔͍ͦ͊ͤ͊͟͡ ό˸͍ͦͫ͊͟Σ ˾͙ͦͫͫΎύΤ 
ω ˿͍ͦͪͤͦͫ͊͟Ύ ˹͊ͭ͊͡ΈΎ ˢ͔͍ͫ͊ͤ͒ͪͦͤ͊͟͡Σ ͒ͦͭͦͪ͟ ͫͦͼ͙͎͙ͦͦ͡;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͫͦͪ ͊͟ͺ͔͒ͪ· 
ͫͦͼ͙͎͙͙ͦͦ͡ ͙ ͙͎͙͙ͨͦͭͦͦ͡͡Τ 

ω ˿͍͙ͫͭͯͤ ˢ͔͔͚ͫ͟͡ ˢ͔͍͙ͫ͊ͤ͒ͪͦ͟͡;Σ ͙͊ͤ͒͒͊ͭ͟ ͺ͙͎͙ͦͦ͡͡;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ ͒ͦͼ͔ͤͭΣ ͍͔͙ͫͦͭͤ͟ ͙ͨͪ 
͔͔ͪͭͦͪ͊ͭ͟ ό˸͍ͦͫ͊͟Σ ˾ ͙ͦͫͫΎύΤ 

ω ́Ό͔͔͍ͣͤ ˨͙͙͚ͣͭͪ ˢ͔͍͙ͫ͊ͤ͒ͪͦ͟͡;Σ ͙͊ͤ͒͒͊ͭ͟ Ό͙͙ͪ͒;͔͙ͫ͟ͻ ͤ͊ͯ͟ ό˴͙͔͍Σ ͙̂ͪ͊ͤ͊͟ύ 
ω ˤ͍͊ͪͯͣͦ͊͟ ˩͔ͤ͊͡ ˩͍͎͔ͤΈ͔͍ͤ͊Σ ͙͊ͤ͒͒͊ͭ͟ ͺ͙͎͙ͦͦ͡͡;͔͙ͫ͟ͻΣ ͒ͦͼ͔ͤͭ ͊͟ͺ͔͒ͪ· ͺ͙͎͙͙ͦͦ͡͡ 
όˢͫͭ͊ͤ͊Σ ˴͊͊͘ͻͫͭ͊ͤύΤ 

ω ˴͍͔͙͊ͪͤ ˤ͙͙͊͒ͣͪ͡ ˤ͙͙͍͙͊͒ͣͪͦ͡;Σ ͤ͊ͯ;ͤ·͚ ͙ͫͦͭͪͯ͒ͤ͟ ͊ͪͻ͙͔͎ͭͭͯͪͤͦͦ͟ ͺ͊ͯ͟͡Έ͔ͭͭ͊Σ 
͒ͦͼ͔ͤͭ ό˸͙ͤͫ͟Σ ˣ͔͙ͦͪͯͫͫ͡Ύύ 

ω ͔͍̉ͯͣ͊͟ ˢ͔ͫ͊ͤ͒ͪ͟͡ ˮ͍͍͙͊ͤͦ;Σ ͒ͦͭͦͪ͟ Ό͙͙ͪ͒;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͫͦͪ ͊͟ͺ͔͒ͪ· ͎͍͎ͯͦͦͤͦͦ͡ 
͍ͨͪ͊͊ όˢͫͭ͊ͤ͊Σ ˴͊͊͘ͻͫͭ͊ͤύ όˢͫͭ͊ͤ͊Σ ˴͊͊͘ͻͫͭ͊ͤύ  

 

˻͍͔͍͔ͭͭͫͭͤͤ·͚ ͔ͪ͒͊ͭͦͪ͟  
͒ΦͨΦͤΦΣ ͨͪͦͺ͔ͫͫͦͪ ˴͊ͪͯ͟΄͙ͤ ˨͙͙͚ͣͭͪ ˽͔͍͙ͭͪͦ; ό˸͍ͦͫ͊͟Σ ˾͙ͦͫͫΎύ  
 

ʄʝʞʜʫʥʘʨʦʜʥʳʝ ʠʥʜʝʢʩʳ: 

 

https://www.doi.org/10.31618/ESU.2413-9335.2021.5.82


˻͍͔͍͔ͭͭͫͭͤͤ·͚ ͔ͪ͒͊ͭͦͪ͟: 
˥͍͊ͤ͡·͚ ͔ͪ͒͊ͭͦͪ͟Υ 

 
˭͍͊͊͡Έ͙͚ͫ͟ ͍̒ͦ͟ ˢ͔͔͍͙ͤ͒ͪ; ό˾͙ͦͫͫΎύΣ ͒ͦͭͦͪ͟ ͙ͨͫͻ͎͙ͦͦ͡;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͫͦͪ  
 

˸͔͗͒ͯͤ͊ͪͦ͒ͤ·͚ ͔ͪ͒͊͟ͼ͙ͦͤͤ·͚ ͍͔ͫͦͭΥ 
˹͊ͯ;ͤ·͚ ͔ͪ͒͊ͭͦͪ͟Υ ˮ͎ͤ͊ͭΈ͔͍ ˿͔͎͔͚ͪ ˽͔͍͙ͭͪͦ; ό˾͙ͦͫͫΎύΣ ͒ͦͭͦͪ͟ ͔͎͎͙ͨ͒͊ͦ;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͫͦͪ 
˻͍͔͍͔ͭͭͫͭͤͤ·͚ ͔͔ͫͪͭ͊ͪ͟Έ ͔ͪ͒͊͟ͼ͙͙Υ ˨͍͊·͍͒ͦ͊ ˹͙͊ͭ͊͡Ύ ˹͙͔͍ͦ͊ͤ͊͟͡Σ ͙͊ͤ͒͒͊ͭ͟ ͙ͨͫͻ͎͙ͦͦ͡;͔͙ͫ͟ͻ 
ͤ͊ͯ͟Σ ͒ͦͼ͔ͤͭΦ  
 
¶ ˢ͔ͪͫͤΈ͔͍ ˨͙͙͚ͣͭͪ ˽͔͍͙ͭͪͦ; ό˾͙ͦͫͫΎύΣ  
͒ͦͭͦͪ͟ ͙ͨͫͻ͎͙ͦͦ͡;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͫͦͪΣ ͍͔͊͒ͯ͘Ό΅͙͚ ͙͔͚͊͋ͦͪ͊ͭͦͪ͡  
¶ ˣ·;͍͙͚ͦͫ͟͟ ˾ͦͣ͊ͤ ˢ͙͔͍͙ͤ͊ͭͦ͡; ό˾͙ͦͫͫΎύΣ  
͒ͦͭͦͪ͟ ͙ͨͫͻ͎͙ͦͦ͡;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͫͦͪΣ ˸˥˽˽̂  
¶ ˮ͡Έ;͔ͤͦ͟ ͔̅͒ͦͪ ˤ͔͙͔͍͙͊ͪ͡; ό˾͙ͦͫͫΎύΣ  
͒ͦͭͦͪ͟ ͙ͨͫͻ͎͙ͦͦ͡;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͫͦͪΣ ͍͔͊͒ͯ͘Ό΅͊Ύ ͙͔͚͊͋ͦͪ͊ͭͦͪ͡ ͙ͨͫͻ͎͙͙ͦͦ͡  
¶ ˴ͦ͋ͦͤ͘ ˢ͔ͫ͊ͤ͒ͪ͟͡ ˤ͙͙͍͙͊͒ͣͪͦ͡; ό˾͙ͦͫͫΎύΣ  
͒ͦͭͦͪ͟ ͔͎͎͙ͨ͒͊ͦ;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͫͦͪ  
¶ ˽͍͊ͤͦ ˮ͎ͦͪΈ ˩͍͎͔ͤΈ͔͍͙; ό˾͙ͦͫͫΎύΣ  
͒ͦͭͦͪ͟ ͔ͭͻ͙ͤ;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͫͦͪ  
¶ ˽͔͔ͭͪͤͦ͟ ˤ͙͊͒ͣ ˹͙͔͍͙ͦ͊͟͡; ό˴͊͊͘ͻͫͭ͊ͤύΣ  
͒ͦͭͦͪ͟ ͙ͨͫͻ͎͙ͦͦ͡;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͫͦͪ  
¶ ˽ͪͦͻ͍ͦͪͦ ˢ͔ͫ͊ͤ͒ͪ͟͡ ˻ͭ͟Ύ͙͍͙͋ͪͤͦ; ό˴͊͊͘ͻͫͭ͊ͤύΣ  
͒ͦͭͦͪ͟ ͔͎͎͙ͨ͒͊ͦ;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͫͦͪ  
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ABSTRACT 

The indicators, types and forms of employment, indicators reflecting the effectiveness of the employment, 

and the factors affecting population employment were mentioned in this work. In addition, the description is also 

given to the characteristics of the formation of the labor market. It is very important to understand economic, 

demographic, and social meaning of employment in the process of investigating the employment of population. 

Economic meaning of employment can be seen in terms of supporting the good life from its own labor for staff. 

In addition, it helps in the development of the effectiveness of production. Social meaning of employment refers 

to human growth and development (Sovi, 1977). Demographic meaning of employment can be seen in the 

connection of age and gender characters, its structure, and others. 

Key words. Employment, population, demographic factors, social factors, economic activeness, labor 

market.  

 

Introduction.  Demographic factors and the 

economic activeness of demographic and ethnic groups 

are counted as the main factor of market dynamics 

regarding the ability to work of the population. For 

example, based on the reason for the social activeness 

role of women in their structure of labor force, the offer 

for labor force was developed. Based on this result, the 

place of women brought about development in the 

society. Also, it allows mentioning the fact that the 

following indicator differs from each other in many 

countries. The highest values belong to European 

countries. One special area or demographic condition 

plays a special place in such situation. Demographic 

condition was a strong social, economic, geographic, 

and political process. It grows base on the natural 

increase, migration and location of population, 

urbanization, national and social structure, family 

structure, labor recourses, and supporting with 

employment (Osipov & Moskvichev, 2014). In general, 

it seriously influences the process of getting more or 

less of labor resources in the country. 

 

 
 

Figure 1. The structure of indicators which shows employment effectivity in economic theory and practice 

(source: Ziyaev, 2009) 

 

It was created based on the structure of indicators 

which shows employment efficiency in economic 

theory and practice (Figure 2). Generally, it uses only 

four types of indicators (Ziyaev, 2009). The first group 

divides the proportion on labor resources of society 

based on its participation in useful social activity. The 

second group is based on the employment degree of 

population in labor ability. On the one hand, 

economically speaking, this indicator shows the need 

of social economy in regards to the employee. On the 

other hand, it has to do with the need of the population 

in regards to job vacancies. According to such 
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effectiveness in theoretical and practical economics 
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characters, the effectiveness of employment may be 

accomplished on the basis of the balance of labor 

resources. The third group represents the structure 

according to the sectors of economy and the groups of 

employees involved. The fourth group reveals the 

structure of the skills and professionality of the 

employee. It shows division according to the 

professional and skills group of employees of 

population and the tendency of the degree of 

preparation of professionalôs structure based on the 

need of the employee of the economy. 

Characters which are based on the entity of the 

employment of the population, employment types, 

economy branches, and division according to the 

professional-skills group based on the peopleôs age and 

gender can be different. According to the gender and 

age groups of population and its characters of 

participation in useful social activity, the union of the 

population was received and is known as socio 

demographic groups (ɿʦʨʠʥ, 2002). The experience 

shows that taking into account the gender and age of 

the population separately reveals the following socio-

demographic groups: men and women youth (active for 

labor of population till age 16-19), middle aged person 

(30-39 age), persons at age of pension (higher than 50 

years old active for labor), and retired persons. 

There are many factors that influence the 

employment of population, and its development plays a 

special importance in the economy of the state. For 

example, it is possible to affirm that the most important 

aspect of the development of labor resources among 

socio - economic factors include production in the 

regions and characteristics (development of labor 

quality) of economic conjuncture structure. Hence, the 

following condition influences working youth and 

working pensioners. Job places, especially the 

existence of job places for suitable usage of works for 

teenagers and pensioners, has a connection with 

production structure. Thus, such process is a suitable 

condition for mainly developed countries.Social 

aspects of employment are used to earn a suitable 

income, restart the job of any person, and show their 

need to perform in social useful labor (Hakim, 1980). 

The first to labor market of demographic factor possible 

to see the biggest influence of unequal regional division 

of labor power which were found on the reason of the 

population of the country were set in different areas.  

The regional foundation of the employment of 

population might have a significant influence on the 

economic, social, geographical, demographical, 

psychological, and political factors. (Figure 3). One of 

the purposes of this study is to analyses independently 

the economic factor which influence the employment 

and unemployment phenomena both in terms of theory 

and practice.  

 

 
Figure 2. The main factors which have an impact on employment (Source: Own representation) 

 

Concerning this fact, there will be taken into 

consideration both full and effective employment of the 

population. This fact is related to the needs based on the 

labor of the people and the development of economy is 

at high level. The main factors which influence the 

employment of the population are: population growth, 

age and gender structure, migration, standard of living, 

health, type of property, branches of economy, and 

existed job places structure. All of these factors should 

be used in analyzing special regional condition. The 

first and significant influence of demographic factors 

on labor market is unequal division of labor force 

caused by tight allocation of population. The stability 

of economic, social and other communications is 
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appeared in socio-legal support of population and 

active politics associated with employment of a country 

and special area. Flexibly mobility of the labor force is 

essential for the change in the structure of jobs. 

Furthermore, it is known that the development of 

market relations takes the problem of labor resources 

employment. This is very important especially for the 

country with high population density, policy of making 

economy free, and making structural changes. At the 

same time, there were taken into consideration aspects 

about free job based on additional labor power and 

increase in the number people who were looking for 

job. 

 

 
Figure 4. Economic and demographic factors which control the employment of population  

(Source: Own representation) 

 

The above-mentioned factors should interfere in 

the analysis with the special regional conditions. 

Among the main conditions can be mentioned the 

stability of economy, national and other relations, 

social-legally support of population, active police of the 

state in the field of employment, activeness of labor 

force to the structural changes of population are count. 

Regional characteristics of labor market of the 

country were, first of all, connected with influential 

factors such as natural-climatic, regional, demographic, 

social-economic and legal characters. It was mentioned 

that the following factors appear clearer especially in 

the village labor market. For example, natural -

climatic conditions serve as a supporting factor for 

getting better request and offers for labor power. In 

fruitful agricultural lands which were supported with 

enough water in different areas, labor power was 

collected and job places activates normal. This led to 

the apparitionof new job vacancies, support equality 

between request, and offers the extension of works on 

activated plants which creates more possibility. 

Therefore, this can influence an additional degree of 

labor resources or reduce unemployment. 

Demographic processes can influence the 

development of labor market. However, the following 

influence majorly seems to be in the development of the 

volume and structure of labor force (Alijonov, 2015). 

These include: 

¶ The degree of high birth rate is of great value 

to the labor force in future labor market. So, it seems 

that the request of the labor force can be more than the 

request size; 

¶ High birth rate influences the economic 

inactive population. This is because it will meet the 

birth women and would change the economic active 

population into inactive population. After two years, 

they can get back to the active structure of the 

population; 

¶ High death rate makes the growth of labor 

force request low; 

¶ The rate of the ability to work of population 

based on the age and gender structure defines the size 

of the labor force request; 

¶ The number of population in the low layer of 

ability to work and the number of population in the 

upper layer of ability to work can be the reason for the 

creation of additional labor force request in the future 

labor market; 

¶ The population and migration of labor force 

supports redistribution of labor force through the 

territories;  

¶ The result of strong demographic processes 

cannot support the proportional size and quality 

indicators of the labor potential of the country. 

The main economic possibilities of the 

development of labor market were according to the 

voluntary employee of their own working abilities and 

the employers to the working places they serve. Here, 

it allowed us to mention that the relation of subjects to 

each other made their private good account. Therefore, 

they show only the useful social needs of the social-

economic life of the population in reproduction. 
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Creating opportunities on the labor market means an 

achieving tendency between request and offers for 

labor force to compilate each other to be free or as a 

result of equal partner relation (Abdurakhmanov et al., 

2006). Voluntary employer and employer on point of 

personal freedom and the economical need were 

connected to each other. Even they would be dependent 

on each other, they can be against each other in the 

market. Consequently, it achieves the market tendency 

between request and the offer of labor force count as 

main economic tasks which solve the development of 

labor market. However, such tendency does not exist in 

practice. 

Among the socio-economic factors for the 

development of labor resources, more important ones 

may count the production in the region and the 

economic conjuncture structure characters (growth of 

effectiveness of labor) (Prykina, 2002). The following 

condition can influence the working youth and working 

pensioners. Workplaces, especially the existence of 

work places for using the labor of youth and pensioners, 

depend on production structure. 

Economic conjuncture can grow the request to the 

labor force or reduce it. Therefore, this labor field can 

be extended or get small. So, accordingly, the work of 

looked labor resources might possibly be more or less. 

Among the condition of social possibility based on the 

development of labor market, conjuncture employee 

and employer play a special role in the quality structure 

and growth of indicators. The agreement signed 

between employee and employer can be counted as 

legal conditions of selling or buying labor force. 

In the scientific works of East specialists on labor 

rights, labor agreement is defined as ñIt is an agreement 

to get responsibility to work for salary of staff and legal 

subordinate.ò Agreement refers to the different views 

of private-legal purchase. According to this, it is 

defined as the usage of the possibilities and the needs 

of the norm and rules of the citizenôs law.  

The main characteristic of labor agreement is to 

really make workers subordinates and to make them 

become dependent. This is not inclusive except it 

means trust on the legal relations and long-term 

characters. Labor, which is economically voluntary, is 

looked as the main sign of labor agreement. 

Subsequently, this is according to the rule which was 

not only social-economic, technical, organizational, but 

also legal character and which answers to all 

requirement of legality. Recommendation on labor 

force in labor market was emphasized. Also, there is the 

need for them to come against each other through the 

factor of salary rate and to come in agreement with 

economic relations. 
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ʛ. ʄʦʩʢʚʘ 

 

ɸʅʅʆʊɸʎʀʗ 

ʋʪʦʯʥʝʥʦ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʝ ʨʘʡʦʥʠʨʦʚʘʥʠʝ ʙʘʩʩʝʡʥʘ ʨʝʢʠ ʋʨʘʣ ʧʦ ʩʠʥʭʨʦʥʥʦʩʪʠ ʠ ʩʠʥʬʘʟʥʦʩʪʠ 

ʢʦʣʝʙʘʥʠʡ ʛʦʜʦʚʦʛʦ ʩʪʦʢʘ. ɺʳʜʝʣʝʥʦ 5 ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʨʘʡʦʥʦʚ. ɼʣʷ 9 ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʧʦʩʪʦʚ ʠ 5 

ʤʝʪʝʦʩʪʘʥʮʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʨʘʟʥʳʭ ʯʘʩʪʷʭ ʙʘʩʩʝʡʥʘ, ʧʨʦʚʝʜʝʥ ʜʝʪʘʣʴʥʳʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʤʥʦʛʦʣʝʪʥʠʭ ʜʘʥʥʳʭ. ɺʳʷʚʣʝʥ ʝʜʠʥʳʡ 1975 ʛʦʜ ʥʘʯʘʣʘ ʛʠʜʨʦ-ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʙʘʩʩʝʡʥʝ. 

ɼʣʷ ʢʘʞʜʦʛʦ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʡʦʥʘ ʚʳʷʚʣʝʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʠʟʤʝʥʝʥʠʷ ʛʦʜʦʚʦʛʦ ʠ ʩʝʟʦʥʥʦʛʦ 

ʩʪʦʢʘ ʨʝʢ. ʇʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʬʘʢʪʦʨʦʚ ʠʟʤʝʥʝʥʠʷ ʩʪʦʢʘ. ɺʳʜʝʣʝʥʳ ʨʘʡʦʥʳ ʩ ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʚʣʠʷʥʠʝʤ 

ʥʘ ʠʟʤʝʥʝʥʠʝ ʩʪʦʢʘ ʣʠʙʦ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ, ʣʠʙʦ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ. 

ABSTRACT 

The hydrological zoning of the Ural River basin has been clarified in terms of synchronism and in-phase 

fluctuations in annual runoff. 5 hydrological regions have been identified. For 9 hydrological posts and 5 

meteorological stations located in different parts of the basin, a detailed statistical analysis of long-term data was 

carried out. A single 1975 year of the beginning of hydro-meteorological changes in the basin was revealed. For 

each hydrological region, statistically significant changes in the annual and seasonal runoff were revealed. The 

assessment of the factors of change in runoff was carried out. Areas with a predominant influence on the change 

in runoff  or anthropogenic load on water resources or climatic changes are identified. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʦʜʦʚʦʡ ʩʪʦʢ, ʩʝʟʦʥʥʳʡ ʩʪʦʢ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʩʪʦʢʘ 

Keywords: annual runoff, seasonal runoff, spatio-temporal variability of runoff 

 

ʈʝʢʘ ʋʨʘʣ ʧʨʦʪʝʢʘʝʪ ʯʘʩʪʴʶ ʚ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ (ɹʘʰʢʠʨʠʷ, ʏʝʣʷʙʠʥʩʢʘʷ ʠ 

ʆʨʝʥʙʫʨʛʩʢʘʷ ʦʙʣ.) ʠ ʯʘʩʪʴʶ ʚ ʈʝʩʧʫʙʣʠʢʝ 

ʂʘʟʘʭʩʪʘʥ (ɿʘʧʘʜʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʘʷ ʠ ɸʪʳʨʘʫʩʢʘʷ 

ʦʙʣ.). ʆʩʥʦʚʥʳʝ ʧʨʠʪʦʢʠ ʨʝʢʠ ʋʨʘʣ: ʩʧʨʘʚʘ ï 

ʉʘʢʤʘʨʘ; ʩʣʝʚʘ ï ʆʨʴ ʠ ʀʣʝʢ. ɹʘʩʩʝʡʥ ʨʝʢʠ ʋʨʘʣ 

ʨʘʩʧʦʣʦʞʝʥ ʚ ʫʤʝʨʝʥʥʦʤ ʢʣʠʤʘʪʠʯʝʩʢʦʤ ʧʦʷʩʝ, ʥʘ 

ʩʪʳʢʝ ʦʙʣʘʩʪʝʡ ʫʤʝʨʝʥʥʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʠ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʢʣʠʤʘʪʘ. ʆʙʣʘʩʪʴ ʧʠʪʘʥʠʷ ʨʝʢʠ 

ʥʘʭʦʜʠʪʩʷ ʚ ʚʝʨʭʥʝʡ ʛʦʨʥʦʡ ʯʘʩʪʠ ʝʝ ʙʘʩʩʝʡʥʘ ʠ ʥʘ 

ʨʘʚʥʠʥʥʦʤ ʫʯʘʩʪʢʝ ʤʝʞʜʫ ʛʦʨʦʜʘʤʠ ʆʨʩʢʦʤ ʠ 

ʋʨʘʣʴʩʢʦʤ, ʘ ʶʞʥʝʝ, ʧʨʦʪʝʢʘʷ ʧʦ ʇʨʠʢʘʩʧʠʡʩʢʦʡ 

ʥʠʟʤʝʥʥʦʩʪʠ, ʨʝʢʘ ʥʝ ʪʦʣʴʢʦ ʥʝ ʧʦʣʫʯʘʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʠʪʘʥʠʷ, ʥʦ ʪʝʨʷʝʪ ʯʘʩʪʴ ʩʚʦʠʭ 

ʚʦʜ ʥʘ ʦʪʪʦʢ ʚ ʨʫʢʘʚʘ, ʠʩʧʘʨʝʥʠʝ ʠ ʬʠʣʴʪʨʘʮʠʶ ʚ 

ʙʝʨʝʛʘ. ʈʝʢʠ ʙʘʩʩʝʡʥʘ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚʦʜʥʦʛʦ 

ʨʝʞʠʤʘ ɹ.ɼ. ɿʘʡʢʦʚʘ ʦʪʥʦʩʷʪʩʷ ʢ ʢʘʟʘʭʩʪʘʥʩʢʦʤʫ 

ʪʠʧʫ ʛʨʫʧʧʳ ʨʝʢ ʩ ʚʝʩʝʥʥʠʤ ʧʦʣʦʚʦʜʴʝʤ. ʆʩʥʦʚʥʦʝ 

ʧʠʪʘʥʠʝ ʠʜʝʪ ʟʘ ʩʯʝʪ ʪʘʣʳʭ ʩʥʝʛʦʚʳʭ ʚʦʜ ï 60-80% 

ʦʙʲʝʤʘ ʛʦʜʦʚʦʛʦ ʩʪʦʢʘ. ɼʦʞʜʝʚʳʝ ʦʩʘʜʢʠ 

ʩʦʩʪʘʚʣʷʶʪ 2-12%, ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ ï 13-38% [1; 5]. 

ɼʣʷ ʙʘʩʩʝʡʥʘ ʋʨʘʣʘ ʭʘʨʘʢʪʝʨʥʦ ʢʨʘʡʥʝ 

ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʦ ʚʨʝʤʝʥʠ. ʈʝʢʠ ʙʘʩʩʝʡʥʘ 

ʦʪʣʠʯʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʞʛʦʜʦʚʦʡ ʠ 

ʚʥʫʪʨʠʛʦʜʦʚʦʡ ʠʟʤʝʥʯʠʚʦʩʪʴʶ ʩʪʦʢʘ. ɻʣʫʙʦʢʠʝ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʟʘʩʫʭʠ ʚ ʙʘʩʩʝʡʥʝ ʥʝʨʝʜʢʦ 

ʩʦʯʝʪʘʶʪʩʷ ʩ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʤʠ ʥʘʚʦʜʥʝʥʠʷʤʠ  

[3; 4].  

ʈʦʩʪ ʤʘʩʰʪʘʙʦʚ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ 

ʣʠʰʴ ʫʩʣʦʞʥʷʝʪ ʩʠʪʫʘʮʠʶ ʩ ʦʧʘʩʥʳʤʠ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʠ ʫʚʝʣʠʯʠʚʘʝʪ 

ʫʱʝʨʙʳ. ʈʝʢʘ ʋʨʘʣ ʷʚʣʷʝʪʩʷ ʪʨʘʥʩʛʨʘʥʠʯʥʦʡ ʨʝʢʦʡ, 

ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʟʥʘʯʠʪʝʣʴʥʦʡ ʘʥʪʨʦʧʦʛʝʥʥʦʡ 

ʥʘʛʨʫʟʢʠ ʥʘ ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ ʨʝʛʠʦʥʘ ʠ 

ʠʟʤʝʥʷʶʱʝʛʦʩʷ ʢʣʠʤʘʪʘ ʫʩʠʣʠʚʘʝʪ ʧʨʦʙʣʝʤʫ 

ʜʝʬʠʮʠʪʘ ʧʨʝʩʥʦʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʳ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʦʜʥʦʛʦ ʣʠʰʴ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ 

ʢʦʥʩʪʘʪʘʮʠʠ ʩʣʦʞʠʚʰʝʡʩʷ ʩʠʪʫʘʮʠʠ, ʥʝʦʙʭʦʜʠʤ 

ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʠʯʠʥ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, 

ʧʨʠʯʠʥ ʠ ʭʘʨʘʢʪʝʨʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ 

ʠʟʤʝʥʯʠʚʦʩʪʠ ʨʘʩʭʦʜʦʚ ʚʦʜʳ, ʨʝʛʫʣʠʨʫʶʱʠʭ 

ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʦʧʘʩʥʳʭ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʨʘʙʦʪʘ ʧʦ ʚʳʷʚʣʝʥʠʶ 

ʦʩʥʦʚʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠ ʧʨʠʯʠʥ ʠʟʤʝʥʝʥʠʷ 

ʩʪʦʢʘ ʨʝʢ ʙʘʩʩʝʡʥʘ, ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʩʰʪʘʙʦʚ ʢʘʢ 

ʤʥʦʛʦʣʝʪʥʠʭ, ʪʘʢ ʠ ʚʥʫʪʨʠʛʦʜʦʚʳʭ ʠʟʤʝʥʝʥʠʡ 

ʩʪʦʢʘ, ʧʦʠʩʢʘ ʩʚʷʟʝʡ ʠʟʤʝʥʝʥʠʷ ʩʪʦʢʘ ʩ ʦʩʥʦʚʥʳʤʠ 

ʬʘʢʪʦʨʘʤʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʠ ʘʢʪʫʘʣʴʥʦʡ. 

ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ ʧʦ 

ʩʨʝʜʥʝʛʦʜʦʚʳʤ ʠ ʩʨʝʜʥʝʤʝʩʷʯʥʳʤ ʨʘʩʭʦʜʘʤ ʚʦʜʳ 

ʟʘ ʧʝʨʠʦʜ ʦʪ ʥʘʯʘʣʘ ʥʘʙʣʶʜʝʥʠʡ ʜʦ 2017 ʛ. ʜʣʷ 28 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʧʦʩʪʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ, ʢʘʢ ʥʘ 

ʩʘʤʦʡ ʨʝʢʝ ʋʨʘʣ, ʪʘʢ ʠ ʥʘ ʦʩʥʦʚʥʳʭ ʝʝ ʧʨʠʪʦʢʘʭ. 

ɼʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʙʳʣʦ ʦʪʦʙʨʘʥʦ 9 ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʧʦʩʪʦʚ (ʛ. 

ɺʝʨʭʥʝʫʨʘʣʴʩʢ, ʩ. ʂʠʟʠʣʴʩʢʦʝ, ʧʦʩ. ɹʝʨʝʟʦʚʩʢʠʡ, ʛ. 

ʆʨʝʥʙʫʨʛ, ʩ. ʂʫʰʫʤ ʠ ʩ. ʊʦʧʦʣʠ ʥʘ ʨʝʢʝ ʋʨʘʣ; ʩ. 

ʀʩʪʝʤʝʩ ʥʘ ʨʝʢʝ ʆʨʴ; ʧʦʩ. ɺʝʩʸʣʳʡ ˉ1 ʥʘ ʨʝʢʝ 

ʀʣʝʢ; ʩ. ʂʘʨʛʘʣʘ ʥʘ ʨʝʢʝ ʉʘʢʤʘʨʘ), ʩ ʥʘʠʙʦʣʝʝ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʤʠ ʨʷʜʘʤʠ ʥʘʙʣʶʜʝʥʠʡ ʠ 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʨʘʟʥʳʭ ʯʘʩʪʷʭ ʙʘʩʩʝʡʥʘ. ɼʣʷ 

ʘʥʘʣʠʟʘ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʙʳʣʠ 
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ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ 5 ʤʝʪʝʦʩʪʘʥʮʠʡ 

(ɺʝʨʭʥʝʫʨʘʣʴʩʢ, ɿʠʣʘʠʨ, ɸʢʙʫʣʘʢ, ʆʨʝʥʙʫʨʛ, 

ɸʪʳʨʘʫ), ʪʘʢʞʝ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʷʭ 

ʙʘʩʩʝʡʥʘ. 

ɹʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ 

ʜʘʥʥʳʭ, ʚʢʣʶʯʘʶʱʘʷ ʧʨʦʚʝʨʢʫ ʨʷʜʦʚ ʥʘ 

ʦʜʥʦʨʦʜʥʦʩʪʴ ʠ ʥʝʟʘʚʠʩʠʤʦʩʪʴ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝ 

ʚʥʫʪʨʠʨʷʜʥʦʡ ʩʚʷʟʥʦʩʪʠ. ʇʨʦʚʝʨʢʘ ʥʘ 

ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʠ ʦʜʥʦʨʦʜʥʦʩʪʴ ʧʨʦʚʦʜʠʣʘʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʢʨʠʪʝʨʠʝʚ: ʢʨʠʪʝʨʠʷ ɸʥʜʝʨʩʦʥʘ, ʢʨʠʪʝʨʠʷ ʯʠʩʣʘ 

ʩʝʨʠʡ, ʢʨʠʪʝʨʠʷ ʪʨʝʥʜʘ ʉʧʠʨʤʝʥʘ, ʢʨʠʪʝʨʠʝʚ 

ʌʠʰʝʨʘ ʠ ʉʪʴʶʜʝʥʪʘ [2, 6]. ʇʦʤʠʤʦ ʵʪʦʛʦ 

ʧʨʠʤʝʥʷʣʠʩʴ ʩʪʘʥʜʘʨʪʥʳʝ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʚʢʣʶʯʘʶʱʠʝ 

ʧʦʩʪʨʦʝʥʠʝ ʨʘʟʥʦʩʪʥʦ-ʠʥʪʝʛʨʘʣʴʥʳʭ ʢʨʠʚʳʭ, 

ʩʫʤʤʘʨʥʦ-ʠʥʪʝʛʨʘʣʴʥʳʭ ʢʨʠʚʳʭ, ʨʘʟʣʠʯʥʳʭ 

ʛʨʘʬʠʢʦʚ ʠ ʢʘʨʪ. 

ɸʥʘʣʠʟ ʚʩʝʡ ʠʤʝʶʱʝʡʩʷ 

ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʩ ʫʯʝʪʦʤ 

ʘʥʘʣʠʟʘ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʚʦʜʥʳʝ 

ʨʝʩʫʨʩʳ (ʛʣʘʚʥʦʡ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʚʚʦʜ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʢʨʫʧʥʳʭ 

ʚʦʜʦʭʨʘʥʠʣʠʱ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʙʘʩʩʝʡʥʘ) ʧʦʟʚʦʣʠʣ 

ʚʳʜʝʣʠʪʴ 1975 ʛʦʜ ʢʘʢ ʩʨʝʜʥʠʡ ʜʣʷ ʙʘʩʩʝʡʥʘ ʋʨʘʣʘ 

ʛʦʜ ʥʘʯʘʣʘ ʥʘʨʫʰʝʥʠʡ ʚ ʢʦʣʝʙʘʥʠʷʭ ʩʪʦʢʘ. 

ɼʣʷ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʧʦʩʪʦʚ ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ 

ʥʘʙʣʶʜʝʥʠʡ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʜʦʩʪʦʚʝʨʥʘʷ ʘʚʪʦʢʦʨʨʝʣʷʮʠʷ ʚ ʢʦʣʝʙʘʥʠʷʭ ʛʦʜʦʚʦʛʦ 

ʩʪʦʢʘ. ʕʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦʙ 

ʘʢʢʫʤʫʣʠʨʫʶʱʝʡ ʨʦʣʠ ʨʝʯʥʦʛʦ ʙʘʩʩʝʡʥʘ ʧʨʠ 

ʩʫʱʝʩʪʚʝʥʥʦʤ ʚʣʠʷʥʠʠ ʧʦʜʟʝʤʥʦʛʦ ʩʪʦʢʘ. ʇʨʠ ʵʪʦʤ 

ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʜʣʷ ʚʩʝʭ ʧʦʩʪʦʚ ʫʤʝʥʴʰʝʥʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʘʚʪʦʢʦʨʨʝʣʷʮʠʠ ʟʘ ʧʝʨʠʦʜ ʧʦʩʣʝ 

1975 ʛ., ʚʧʣʦʪʴ ʜʦ ʧʝʨʝʭʦʜʘ ʢ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʥʝʟʥʘʯʠʤʳʤ ʟʥʘʯʝʥʠʷʤ.  

ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ ʠʟʤʝʥʝʥʠʝ ʜʠʩʧʝʨʩʠʠ 

ʛʦʜʦʚʦʛʦ ʩʪʦʢʘ ʟʘ ʧʝʨʠʦʜʳ ʜʦ ʠ ʧʦʩʣʝ 1975 ʛ. ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ ʜʣʷ ʪʘʢʠʭ ʧʦʩʪʦʚ ʥʘ ʨʝʢʝ ʋʨʘʣ, ʢʘʢ ʛ. 

ɺʝʨʭʥʝʫʨʘʣʴʩʢ, ʛ. ʆʨʝʥʙʫʨʛ, ʩ. ʂʫʰʫʤ ʠ ʩ. ʊʦʧʦʣʠ. 

ʉʚʷʟʘʥʳ ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʚ ʢʦʣʝʙʘʥʠʷʭ ʛʦʜʦʚʦʛʦ 

ʩʪʦʢʘ ʚ ʦʩʥʦʚʥʦʤ ʩ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʚ 

ʙʘʩʩʝʡʥʝ, ʘ ʠʤʝʥʥʦ ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ ʚ 1960ʭ ʠ 1970ʭ 

ʛʛ. ʢʨʫʧʥʳʭ ʚʦʜʦʭʨʘʥʠʣʠʱ ʥʘ ʨʝʢʝ ʋʨʘʣ. ʊʘʢ, ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʨʘʙʦʪʳ ɺʝʨʭʥʝʫʨʘʣʴʩʢʦʛʦ 

ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʜʠʩʧʝʨʩʠʷ ʛʦʜʦʚʦʛʦ ʩʪʦʢʘ ʨʝʢʠ 

ʋʨʘʣ ʚ ʛ. ɺʝʨʭʥʝʫʨʘʣʴʩʢ ʟʘ ʧʝʨʠʦʜ ʧʦʩʣʝ 1975 ʛ. 

ʫʤʝʥʴʰʠʣʘʩʴ ʚ ʜʚʘ ʩ ʧʦʣʦʚʠʥʦʡ ʨʘʟʘ. ɺ ʩ. 

ʂʠʟʠʣʴʩʢʦʝ ʠ ʧʦʩ. ɹʝʨʝʟʦʚʩʢʠʡ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʩʪʦʢʘ ɺʝʨʭʥʝʫʨʘʣʴʩʢʠʤ ʠ 

ʄʘʛʥʠʪʦʛʦʨʩʢʠʤ ʚʦʜʦʭʨʘʥʠʣʠʱʘʤʠ, ʫʤʝʥʴʰʝʥʠʝ 

ʜʠʩʧʝʨʩʠʠ ʦʢʘʟʘʣʦʩʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʥʝʟʥʘʯʠʤʳʤ. ɺ 

ʛ. ʆʨʝʥʙʫʨʛ, ʩ. ʂʫʰʫʤ ʠ ʩ. ʊʦʧʦʣʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʥʠʞʝ ʚʩʝʭ ʢʨʫʧʥʳʭ ʚʦʜʦʭʨʘʥʠʣʠʱ ʥʘ ʨʝʢʝ ʋʨʘʣ, 

ʜʠʩʧʝʨʩʠʷ ʛʦʜʦʚʦʛʦ ʩʪʦʢʘ ʫʤʝʥʴʰʠʣʘʩʴ ʚ 2-3 ʨʘʟʘ. 

ʋʤʝʥʴʰʝʥʠʝ ʜʠʩʧʝʨʩʠʠ ʛʦʜʦʚʦʛʦ ʩʪʦʢʘ ʥʘ ʧʨʠʪʦʢʘʭ 

ʨʝʢʠ ʋʨʘʣ ʦʢʘʟʘʣʦʩʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʥʝʟʥʘʯʠʤʳʤ. 

ʇʨʠ ʵʪʦʤ ʚ ʮʝʣʦʤ ʧʦ ʙʘʩʩʝʡʥʫ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʠʟʤʝʥʝʥʠʡ ʥʦʨʤʳ 

ʛʦʜʦʚʦʛʦ ʩʪʦʢʘ. 

ʄʦʜʫʣʴ ʛʦʜʦʚʦʛʦ ʩʪʦʢʘ ʟʘ ʧʝʨʠʦʜ ʧʦʩʣʝ 1975 ʛ. 

ʧʦ ʪʝʨʨʠʪʦʨʠʠ ʙʘʩʩʝʡʥʘ ʟʘʢʦʥʦʤʝʨʥʦ ʫʤʝʥʴʰʘʝʪʩʷ 

ʩ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ (ʧʦʣʫʛʦʨʥʳʝ ʨʘʡʦʥʳ) ʥʘ ʶʛʦ-

ʟʘʧʘʜ (ʨʘʚʥʠʥʥʳʝ, ʧʦʣʫʧʫʩʪʳʥʥʳʝ ʦʙʣʘʩʪʠ). 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʤʦʜʫʣʷ ʛʦʜʦʚʦʛʦ ʩʪʦʢʘ 

ʥʘʙʣʶʜʘʶʪʩʷ ʥʘ ʨ. ʉʘʢʤʘʨʘ ʚ ʩ. ʂʘʨʛʘʣʘ (4,86 

ʣ/ʩĀʢʤ2). ʇʦ ʪʝʯʝʥʠʶ ʋʨʘʣʘ ʤʦʜʫʣʴ ʩʪʦʢʘ ʪʘʢʞʝ 

ʫʤʝʥʴʰʘʝʪʩʷ ʩ 2,63 ʣ/ʩĀʢʤ2 (ʛ. ɺʝʨʭʥʝʫʨʘʣʴʩʢ) ʜʦ 

1,09 ʣ/ʩĀʢʤ2 (ʩ. ʊʦʧʦʣʠ). 

ɼʣʷ ʙʘʩʩʝʡʥʘ ʋʨʘʣʘ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 

ʨʘʟʥʦʩʪʥʦ-ʠʥʪʝʛʨʘʣʴʥʳʭ ʢʨʠʚʳʭ ʠ ʧʘʨʥʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʨʨʝʣʷʮʠʠ ʛʦʜʦʚʦʛʦ ʩʪʦʢʘ ʨʝʢ 

ʙʘʩʩʝʡʥʘ, ʘ ʪʘʢʞʝ ʩ ʫʯʝʪʦʤ ʨʝʣʴʝʬʘ ʤʝʩʪʥʦʩʪʠ ʙʳʣʦ 

ʫʪʦʯʥʝʥʦ ʨʘʥʝʝ ʧʨʦʚʝʜʝʥʥʦʝ [5] ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʝ 

ʨʘʡʦʥʠʨʦʚʘʥʠʝ ʪʝʨʨʠʪʦʨʠʠ ʧʦ ʩʠʥʭʨʦʥʥʦʩʪʠ ʠ 

ʩʠʥʬʘʟʥʦʩʪʠ ʢʦʣʝʙʘʥʠʡ ʛʦʜʦʚʦʛʦ ʩʪʦʢʘ. ɺʩʝʛʦ ʚ 

ʙʘʩʩʝʡʥʝ ʋʨʘʣʘ ʙʳʣʦ ʚʳʜʝʣʝʥʦ 5 ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ 

ʨʘʡʦʥʦʚ ʩ ʧʘʨʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʢʦʨʨʝʣʷʮʠʠ 

ʤʝʞʜʫ ʢʦʣʝʙʘʥʠʷʤʠ ʛʦʜʦʚʦʛʦ ʩʪʦʢʘ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʧʦʩʪʘʭ ʙʦʣʝʝ 0,7: 1 ï ʚʢʣʶʯʘʝʪ ʛʦʨʥʳʝ ʠ 

ʧʦʣʫʛʦʨʥʳʝ ʨʝʢʠ ʚʝʨʭʦʚʴʝʚ ʋʨʘʣʘ ʥʘ ʩʝʚʝʨʦ-

ʚʦʩʪʦʢʝ ʙʘʩʩʝʡʥʘ; 2 ï ʚʢʣʶʯʘʝʪ ʣʝʚʳʝ ʧʨʠʪʦʢʠ 

ʩʨʝʜʥʝʛʦ ʪʝʯʝʥʠʷ ʋʨʘʣʘ, ʙʝʨʫʱʠʝ ʥʘʯʘʣʦ ʥʘ ʋʨʘʣʦ-

ʊʦʙʦʣʴʩʢʦʤ ʚʦʜʦʨʘʟʜʝʣʝ; 3 ï ʚʢʣʶʯʘʝʪ ʧʨʘʚʳʝ 

ʧʨʠʪʦʢʠ, ʩʪʝʢʘʶʱʠʝ ʩ ʚʦʟʚʳʰʝʥʥʦʩʪʠ ʆʙʱʠʡ 

ʉʳʨʪ; 4 ï ʚʢʣʶʯʘʝʪ ʣʝʚʦʙʝʨʝʞʥʳʝ ʧʨʠʪʦʢʠ 

ʩʨʝʜʥʝʛʦ ʠ ʥʠʞʥʝʛʦ ʪʝʯʝʥʠʷ, ʙʝʨʫʱʠʝ ʥʘʯʘʣʦ ʥʘ 

ʇʦʜʫʨʘʣʴʩʢʦʤ ʧʣʘʪʦ; ʠ 5 ï ʚʢʣʶʯʘʝʪ ʨʝʢʠ ʥʘ ʧʣʘʪʦ 

ʋʩʪʶʨʪ (ʨʠʩ. 1). 

ʉ ʫʯʝʪʦʤ ʧʨʦʚʝʜʝʥʥʦʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʩʪʦʢʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʥʘʠʙʦʣʴʰʠʝ ʠʟʤʝʥʝʥʠʷ ʛʦʜʦʚʦʛʦ ʩʪʦʢʘ 

ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʨʘʡʦʥʝ 1. ɿʜʝʩʴ ʥʘʭʦʜʷʪʩʷ 

ʢʨʫʧʥʝʡʰʠʝ ʚʦʜʦʭʨʘʥʠʣʠʱʘ (ɺʝʨʭʥʝʫʨʘʣʴʩʢʦʝ, 

ʄʘʛʥʠʪʦʛʦʨʩʢʦʝ, ʉʘʢʤʘʨʩʢʦʝ, ʀʨʠʢʣʠʥʩʢʦʝ), ʘ 

ʪʘʢʞʝ ʙʦʣʴʰʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʅʘ 

ʚʪʦʨʦʤ ʤʝʩʪʝ ʧʦ ʩʪʝʧʝʥʠ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʣʠʷʥʠʷ 

ʥʘ ʩʪʦʢ ʨʝʢ ʥʘʭʦʜʠʪʩʷ ʨʘʡʦʥ 5, ʛʜʝ ʜʝʡʩʪʚʫʝʪ 

ʂʫʰʫʤʩʢʠʡ ʢʘʥʘʣ ʠ ʦʨʦʩʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʚ 

ʨʘʡʦʥʝ ʩ. ʊʦʧʦʣʠ. ɺ ʨʘʡʦʥʘʭ 2, 3, 4 ʘʥʪʨʦʧʦʛʝʥʥʘʷ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʙʦʪʦʡ ʚʦʜʦʭʨʘʥʠʣʠʱ 

ʠ ʧʨʝʜʧʨʠʷʪʠʡ ʤʝʥʴʰʝʛʦ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʡʦʥʘ 1, 

ʤʘʩʰʪʘʙʘ: ʜʣʷ ʨʘʡʦʥʘ 2 ï ʆʨʩʢʦ-ɻʘʡʩʢʠʡ ʢʦʤʙʠʥʘʪ 

ʠ ʂʨʘʩʥʦʯʘʙʘʥʩʢʦʝ, ʋʰʢʦʪʠʥʩʢʦʝ ʠ 

ɺʝʨʭʥʝʢʫʤʘʢʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʘ; ʜʣʷ ʨʘʡʦʥʘ 3 ï 

ʆʨʝʥʙʫʨʛʩʢʠʡ ʢʦʤʙʠʥʘʪ ʠ ʥʝʢʨʫʧʥʳʝ 

ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʙʘʩʩʝʡʥʘ ʉʘʢʤʘʨʳ; ʜʣʷ ʨʘʡʦʥʘ 4 ï 

ʧʨʦʤʳʰʣʝʥʥʳʡ ʨʘʡʦʥ ɸʢʪʦʙʝ ʠ ɸʢʪʶʙʠʥʩʢʦʝ ʠ 

ʂʘʨʛʘʣʠʥʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʘ.  
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ʈʠʩʫʥʦʢ 1. ʈʘʡʦʥʳ ʩ ʩʠʥʭʨʦʥʥʳʤʠ ʠ ʩʠʥʬʘʟʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʛʦʜʦʚʦʛʦ ʩʪʦʢʘ ʨʝʢ ʙʘʩʩʝʡʥʘ ʋʨʘʣʘ 

 

ʅʘʠʙʦʣʴʰʠʝ ʠʟʤʝʥʝʥʠʷ ʩʝʟʦʥʥʦʛʦ ʩʪʦʢʘ ʨʝʢ 

ʙʘʩʩʝʡʥʘ ʋʨʘʣʘ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʨʘʡʦʥʦʚ 1 ʠ 

5. ʊʘʢ, ʚ ʨʘʡʦʥʝ 5 ʩʪʦʢ ʨʝʢ ʚ ʧʝʨʠʦʜ ʚʝʩʝʥʥʝʛʦ 

ʧʦʣʦʚʦʜʴʷ, ʦʩʥʦʚʥʫʶ ʬʘʟʫ ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ ʨʝʢ, 

ʧʦʩʣʝ 1975 ʛ. ʫʤʝʥʴʰʠʣʩʷ ʚ ʩʨʝʜʥʝʤ ʥʘ 23,5%, ʚ 

ʨʘʡʦʥʝ 1 ï ʥʘ 13,3%. ɺ ʨʘʡʦʥʘʭ 2 ʠ 4 ʩʪʦʢ ʚʝʩʝʥʥʝʛʦ 

ʧʦʣʦʚʦʜʴʷ ʫʤʝʥʴʰʠʣʩʷ ʚ ʩʨʝʜʥʝʤ ʥʘ 10-11%. ɺ 

ʨʘʡʦʥʝ 3 ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ, 

ʥʘ 7,5%, ʩʪʦʢʘ ʟʘ ʚʝʩʝʥʥʝʝ ʧʦʣʦʚʦʜʴʝ. ʇʦʩʣʝ 1975 ʛ. 

ʧʨʘʢʪʠʯʝʩʢʠ ʜʣʷ ʚʩʝʛʦ ʙʘʩʩʝʡʥʘ ʋʨʘʣʘ ʭʘʨʘʢʪʝʨʥʦ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʟʠʤʥʝʛʦ ʤʝʞʝʥʥʦʛʦ ʩʪʦʢʘ 

ʨʝʢ: ʚ 1 ʨʘʡʦʥʝ ʥʘ 38%, ʚ 3 ʨʘʡʦʥʝ ʥʘ 44%, ʚ 4 

ʨʘʡʦʥʝ ʥʘ 75%, ʚ 5 ʨʘʡʦʥʝ ʥʘ 41%. ɺʦ 2 ʨʘʡʦʥʝ ʩ 

ʜʝʢʘʙʨʷ ʧʦ ʬʝʚʨʘʣʴ ʠʟʤʝʥʝʥʠʝ ʤʝʞʝʥʥʦʛʦ ʩʪʦʢʘ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʘ ʚ ʤʘʨʪʝ ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ 

ʩʪʦʢʘ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʜʚʘ ʨʘʟʘ. ʊʘʢʠʝ ʠʟʤʝʥʝʥʠʷ 

ʩʝʟʦʥʥʦʛʦ ʩʪʦʢʘ ʨʝʢ ʚ ʨʘʡʦʥʘʭ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʦʡ ʥʘ ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ (ʚ 

ʦʩʥʦʚʥʦʤ ʨʘʡʦʥʳ 1 ʠ 5) ʦʙʫʩʣʦʚʣʝʥʳ ʩʝʟʦʥʥʳʤ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʚʦʜʦʭʨʘʥʠʣʠʱ, ʢʦʪʦʨʳʝ ʚ ʧʝʨʠʦʜ 

ʧʦʣʦʚʦʜʴʷ ʘʢʢʫʤʫʣʠʨʫʶʪ ʚʦʜʫ, ʫʤʝʥʴʰʘʷ ʩʪʦʢ, ʘ ʚ 

ʦʩʪʘʣʴʥʫʶ ʯʘʩʪʴ ʛʦʜʘ ʨʘʩʭʦʜʫʶʪ ʵʪʠ ʟʘʧʘʩʳ, 

ʧʦʚʳʰʘʷ ʩʪʦʢ ʤʝʞʝʥʠ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʚʢʣʘʜʘ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʚ 

ʠʟʤʝʥʝʥʠʷ ʩʪʦʢʘ ʨʝʢ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʨʷʜʳ 

ʦʩʘʜʢʦʚ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʥʘ ʤʝʪʝʦʩʪʘʥʮʠʷʭ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʙʘʩʩʝʡʥʘ ʋʨʘʣʘ. 

ɸʥʘʣʠʟ ʤʥʦʛʦʣʝʪʥʠʭ ʜʘʥʥʳʭ ʩʨʝʜʥʝʛʦʜʦʚʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʥʘ ʤʝʪʝʦʩʪʘʥʮʠʷʭ ʧʦʢʘʟʘʣ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ 

ʪʘʢʞʝ ʧʦʩʣʝ 1975 ʛ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʨʷʜʦʚ ʛʦʜʦʚʳʭ ʩʫʤʤ ʦʩʘʜʢʦʚ ʠ 

ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʥʘ ʚʩʝʭ 

ʤʝʪʝʦʩʪʘʥʮʠʷʭ ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʪʝʥʜʝʥʮʠʷ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʜʠʩʧʝʨʩʠʠ ʦʩʘʜʢʦʚ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘ 

ʧʝʨʠʦʜ ʧʦʩʣʝ 1975 ʛ. ʅʘ ʤʝʪʝʦʩʪʘʥʮʠʷʭ 

ɺʝʨʭʥʝʫʨʘʣʴʩʢ ʠ ɸʪʳʨʘʫ ʫʤʝʥʴʰʝʥʠʝ ʜʠʩʧʝʨʩʠʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ ʠ ʩʫʱʝʩʪʚʝʥʥʦ (ʜʣʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ 5,5 ʨʘʟ). ʋʚʝʣʠʯʝʥʠʝ ʩʨʝʜʥʝʛʦʜʦʚʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ ʥʘ 

ʚʩʝʭ ʤʝʪʝʦʩʪʘʥʮʠʷʭ ʢʨʦʤʝ ɺʝʨʭʥʝʫʨʘʣʴʩʢʘ 

(ʧʨʠʤʝʨʥʦ ʥʘ 25-30%, ʥʘ ʤ/ʩ ɿʠʣʘʠʨ ï ʧʦʯʪʠ  

ʚ 2 ʨʘʟʘ).  

ʇʦ ʩʝʟʦʥʘʤ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʥʘ ʚʩʝʭ ʤʝʪʝʦʩʪʘʥʮʠʷʭ. 

ʀʟʤʝʥʝʥʠʝ ʞʝ ʦʩʘʜʢʦʚ ʥʝ ʪʘʢ ʦʜʥʦʟʥʘʯʥʦ. ʉʨʝʜʥʠʝ 

ʟʘ ʚʝʩʝʥʥʝʝ ʧʦʣʦʚʦʜʴʝ ʦʩʘʜʢʠ ʫʚʝʣʠʯʠʣʠʩʴ ʚʦ ʚʩʝʭ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʨʘʡʦʥʘʭ ʙʘʩʩʝʡʥʘ ʋʨʘʣʘ. ɺ 

ʚʝʨʭʦʚʴʷʭ ʋʨʘʣʘ ʠ ʉʘʢʤʘʨʳ ʚ ʘʧʨʝʣʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝ ʦʩʘʜʢʦʚ ʥʘ 27-30%, ʘ ʚ ʤʘʝ ï 

ʫʤʝʥʴʰʝʥʠʝ ʥʘ 7-13%. ɿʠʤʥʠʝ ʦʩʘʜʢʠ ʪʘʢʞʝ 

ʫʚʝʣʠʯʠʣʠʩʴ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʡʦʥʦʚ, ʢʨʦʤʝ ʨʘʡʦʥʘ 

1, ʢʫʜʘ ʚʭʦʜʷʪ ʚʝʨʭʦʚʴʷ ʋʨʘʣʘ. ɺ ʨʘʡʦʥʝ 3 (ʙʘʩʩʝʡʥ 

ʉʘʢʤʘʨʳ) ʩʨʝʜʥʝʝ ʫʚʝʣʠʯʝʥʠʝ ʟʠʤʥʠʭ ʦʩʘʜʢʦʚ 

ʩʦʩʪʘʚʠʣʦ ʙʦʣʝʝ 20%. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʨʘʡʦʥʘ 3 

ʭʘʨʘʢʪʝʨʥʳ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ 

ʠʟʤʝʥʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʠ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʝ ʥʘ ʚʦʜʥʳʝ 

ʨʝʩʫʨʩʳ ʙʘʩʩʝʡʥʘ ʉʘʢʤʘʨʳ ʢʣʠʤʘʪʠʯʝʩʢʠʡ ʬʘʢʪʦʨ 

ʟʜʝʩʴ ʷʚʣʷʝʪʩʷ ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʚ ʠʟʤʝʥʝʥʠʷʭ ʩʪʦʢʘ 

ʨʝʢ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘ ʧʦʩʣʝʜʥʠʝ 50 ʣʝʪ ʚ 

ʢʦʣʝʙʘʥʠʷʭ ʛʦʜʦʚʦʛʦ ʠ ʩʝʟʦʥʥʦʛʦ ʩʪʦʢʘ ʨʝʢ 

ʙʘʩʩʝʡʥʘ ʋʨʘʣʘ ʧʨʦʠʟʦʰʣʠ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʠʟʤʝʥʝʥʠʷ, ʚʳʟʚʘʥʥʳʝ ʢʘʢ ʘʥʪʨʦʧʦʛʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʥʘ ʚʦʜʦʩʙʦʨʝ, ʪʘʢ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ 

ʠʟʤʝʥʝʥʠʷʤʠ. ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʩʪʦʢʘ, ʟʘʙʦʨ ʚʦʜʳ ʥʘ 

ʧʨʦʤʳʰʣʝʥʥʳʝ, ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʥʫʞʜʳ, 

ʦʨʦʰʝʥʠʝ ï ʛʣʘʚʥʘʷ ʯʘʩʪʴ ʘʥʪʨʦʧʦʛʝʥʥʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʩʪʦʢʘ. ʆʩʦʙʦ ʩʠʣʴʥʦ ʦʥʠ 
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ʧʨʦʷʚʠʣʠʩʴ ʚ ʚʝʨʭʦʚʴʷʭ ʋʨʘʣʘ, ʛʜʝ ʩʦʩʨʝʜʦʪʦʯʝʥʦ 

ʥʝʩʢʦʣʴʢʦ ʧʨʦʤʳʰʣʝʥʥʳʭ ʮʝʥʪʨʦʚ ʠ ʢʨʫʧʥʝʡʰʠʭ 

ʚʦʜʦʭʨʘʥʠʣʠʱ, ʠ ʚ ʥʠʟʦʚʴʷʭ, ʛʜʝ ʠʜʝʪ ʘʢʪʠʚʥʳʡ 

ʟʘʙʦʨ ʚʦʜʳ ʥʘ ʦʨʦʰʝʥʠʝ. ɺ ʙʘʩʩʝʡʥʘʭ ʛʣʘʚʥʳʭ 

ʧʨʠʪʦʢʦʚ ʋʨʘʣʘ ï ʆʨʠ, ʀʣʝʢʘ ʠ ʉʘʢʤʘʨʳ, 

ʥʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚ ʠʟʤʝʥʝʥʠʷ ʩʪʦʢʘ ʦʢʘʟʘʣʠ 

ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ, ʘ ʠʤʝʥʥʦ ʫʚʝʣʠʯʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʩʘʜʢʦʚ 

ʚʥʫʪʨʠ ʛʦʜʘ. 
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ʈʝʩʧʫʙʣʠʢʘ ʊʘʪʘʨʩʪʘʥ, ʛ. ʂʘʟʘʥʴ 

 

ɸʅʅʆʊɸʎʀʗ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʟʝʣʝʥʝʥʠʝ ʞʠʣʦʡ ʪʝʨʨʠʪʦʨʠʠ ʚ ʮʝʣʦʤ ʠ ʫʩʪʨʦʡʩʪʚʘ ʦʟʝʣʝʥʝʥʠʷ 

ʦʪʜʝʣʴʥʳʭ ʟʦʥ ʞʠʣʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʊʘʢ ʞʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚʘ ʦʟʝʣʝʥʝʥʠʷ, 

ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʝʡ ʢʦʤʧʣʝʢʩʘ.  

This article discusses the landscaping of the residential area as a whole and the arrangement of landscaping 

of individual zones of the residential complex. The features of the arrangement of landscaping, individual parts of 

the complex are also considered.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʋʩʪʨʦʡʩʪʚʘ ʦʟʝʣʝʥʝʥʠʷ, ʦʩʦʙʝʥʥʦʩʪʠ ʦʟʝʣʝʥʝʥʠʷ, ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʡ 

ʫʨʦʚʝʥʴ, ʚʣʠʷʥʠʝ ʥʘ ʵʢʦʣʦʛʠʶ.  

Landscaping devices, landscaping features, socio-economic level, impact on the environment 

 

ɹʣʘʛʦʫʩʪʨʦʡʩʪʚʦ ʠ ʦʟʝʣʝʥʝʥʠʝ ʪʝʨʨʠʪʦʨʠʠ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʞʠʣʳʭ ʢʦʤʧʣʝʢʩʦʚ, 

ʢʦʪʦʨʘʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʟʜʘʥʠʶ ʢʦʤʬʦʨʪʥʦʛʦ ʤʝʩʪʘ 

ʧʨʦʞʠʚʘʥʠʷ. ʅʦ ʦʟʝʣʝʥʝʥʠʝ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʫʣʫʯʰʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ, ʚʝʜʴ ʧʨʠ 

ʧʨʦʮʚʝʪʘʥʠʝ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʨʘʟʫ 

ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʩʦʭʨʘʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ, ʦʟʝʣʝʥʝʥʠʝ ʩʯʠʪʘʝʪʩʷ ʨʝʰʝʥʠʝʤ ʜʘʥʥʦʡ 

ʧʨʦʙʣʝʤʘ. ʆʟʝʣʝʥʝʥʠʝ ʚʩʪʫʧʘʝʪ ʚ ʨʦʣʠ ʛʘʟʦʦʙʤʝʥʘ, 

ʦʥʠ ʧʦʛʣʦʱʘʶʪ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ ʠ ʚʳʜʝʣʷʶʪ 

ʢʠʩʣʦʨʦʜ. ʇʨʘʚʠʣʴʥʦʝ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʦ ʠ 

ʦʟʝʣʝʥʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʧʦʜʯʝʨʢʠʚʘʝʪ ʜʦʩʪʦʠʥʩʪʚʘ 

ʞʠʣʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʠʤ ʧʨʠʥʮʠʧʳ 

ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʘ ʠ ʦʟʝʣʝʥʝʥʠʝ. ʆʙʲʝʢʪʦʤ ʠʟʫʯʝʥʠʝ 

ʷʚʣʷʝʪʩʷ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʦ ʠ ʦʟʝʣʝʥʝʥʠʝ ʞʠʣʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʛʦʨʦʜʘ ʂʘʟʘʥʴ. ɸʥʘʣʠʟ ʠ ʠʟʫʯʝʥʠʝ 

ʜʘʥʥʦʡ ʪʝʤʳ ʧʨʦʚʦʜʠʤ ʥʘ ʦʩʥʦʚʝ ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ, 

ʧʨʘʚʦʚʳʭ ʘʢʪʦʚ, ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʠ ʨʳʥʢʘ 

ʞʠʣʦʡ ʥʝʜʚʠʞʠʤʦʩʪʠ.  

ʉʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ 

ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʩʦʟʜʘʥʠʝ ʠ ʫʣʫʯʰʝʥʠʝ ʫʩʣʦʚʠʡ ʜʣʷ 

ʢʦʤʬʦʨʪʥʦʛʦ ʧʨʦʞʠʚʘʥʠʷ ʚ ʞʠʣʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ɹʣʘʛʦʫʩʪʨʦʡʩʪʚʦ ʠ ʦʟʝʣʝʥʝʥʠʝ ʥʘʧʨʘʚʣʝʥʦ ʥʘ: 

-ʫʣʫʯʰʝʥʠʝ ʚʦʟʜʫʭʘ; 

-ʧʨʦʚʝʪʨʠʚʘʥʠʝ ʪʝʨʨʠʪʦʨʠʡ ʞʠʣʳʭ 

ʢʦʤʧʣʝʢʩʦʚ; 

-ʩʦʟʜʘʥʠʝ ʥʦʨʤʘʣʴʥʦʛʦ ʤʠʢʨʦʢʣʠʤʘʪʘ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʜʘʥʥʦʡ ʪʝʤʳ ʥʝʦʙʭʦʜʠʤʦ 

ʨʘʩʩʤʦʪʨʝʪʴ ʪʝʨʤʠʥʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʜʘʥʥʦʡ ʪʝʤʝ.  

ʆʟʝʣʝʥʝʥʠʝ- ʵʪʦ ʢʦʤʧʣʝʢʩʥʳʡ ʧʨʦʮʝʩʩ, 

ʢʦʪʦʨʳʡ ʩʚʷʟʘʥ ʩ ʧʦʜʩʘʜʢʦʡ ʟʝʣʝʥʳʭ ʥʘʩʘʞʜʝʥʠʡ. 

ʆʟʝʣʝʥʝʥʠʝ ʥʘʧʨʘʚʣʝʥʥʦ ʥʘ ʫʣʫʯʰʝʥʠʝ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ ʠ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʘ 

ʪʝʨʨʠʪʦʨʠʡ. ɿʝʣʝʥʳʝ ʥʘʩʘʞʜʝʥʠʷ- ʵʪʦ ʮʚʝʪʳ, 

ʢʫʩʪʘʨʥʠʢʠ, ʜʝʨʝʚʴʷ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʦʯʝʥʴ ʧʦʧʫʣʷʨʥʳʤ 

ʷʚʣʷʝʪʩʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ çʛʦʨʦʜʘ ʚ ʛʦʨʦʜʝè, ʪʦ ʝʩʪʴ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʜʝʪʩʢʠʭ ʩʘʜʦʚ, ʰʢʦʣ ʠ ʧʦʣʠʢʣʠʥʠʢ, 

ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʞʠʣʳʭ ʢʦʤʧʣʝʢʩʘʭ. 

ʈʘʩʩʤʦʪʨʠʤ ʬʫʥʢʮʠʠ ʟʝʣʝʥʳʭ ʥʘʩʘʞʜʝʥʠʡ:  

-ʟʘʱʠʪʥʳʝ (ʤʝʞʜʫ ʪʨʦʪʫʘʨʦʤ ʠ ʪʨʘʥʩʧʦʨʪʥʳʤ 

ʧʦʪʦʢʦʤ); 

-ʛʠʛʠʝʥʠʯʝʩʢʠʝ; 

-ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ; 

- ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ; 

- ʦʨʠʝʥʪʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʩʤʝʞʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʝʨʝʧʣʝʪʝʥʠʷ ʫʣʠʮ ʠʣʠ 

ʧʣʦʱʘʜʝʡ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ 

ʟʝʣʝʥʳʭ ʥʘʩʘʞʜʝʥʠʡ. 
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ʈʠʩ.1. ʉʭʝʤʘ ʟʝʣʝʥʳʭ ʥʘʩʘʞʜʝʥʠʡ 

 

ʉʭʝʤʘ ʟʝʣʝʥʳʭ ʥʘʩʘʞʜʝʥʠʡ ʧʨʦʬʝʩʩʦʨʘ ʂʶʥʘ, 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: 

-ʟʝʣʝʥʳʝ ʮʝʥʪʨʳ ʞʠʣʳʭ ʨʘʡʦʥʦʚ; 

-ʟʝʣʝʥʳʝ ʧʦʣʦʩʳ, ʩʦʝʜʠʥʷʶʱʠʝ ʠ 

ʨʘʟʜʝʣʷʶʱʠʝ ʞʠʣʳʝ ʨʘʡʦʥʳ ʥʘ ʤʠʢʨʦʨʘʡʦʥʳ; 

-ʧʨʠʛʦʨʦʜʥʳʝ ʟʝʣʝʥʳʝ ʤʘʩʩʠʚʳ; 

-ʮʝʥʪʨʘʣʴʥʦʝ ʧʘʨʢʦʚʦʝ ʷʜʨʦ; 

ɸʥʘʣʠʟʠʨʫʷ ʩʧʨʦʩ ʥʘ ʨʳʥʢʝ ʞʠʣʦʡ 

ʥʝʜʚʠʞʠʤʦʩʪʠ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʧʦʪʨʝʙʠʪʝʣʝʡ 

ʚʳʙʠʨʘʶʪ ʥʦʚʦʩʪʨʦʡʢʫ, ʘ ʥʝ ʚʪʦʨʠʯʥʦʝ ʞʠʣʴʝ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʦʪʨʝʙʠʪʝʣʴ 

ʩʤʦʪʨʠʪ ʥʝ ʥʘ ʢʦʤʬʦʨʪ ʩʘʤʦʛʦ ʞʠʣʴʷ, ʭʦʪʴ ʵʪʦ ʠ 

ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʚʘʞʥʳʤ ʬʘʢʪʦʨʘʤ, ʘ ʥʘ ʨʘʟʚʠʪʫʶ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʟʝʣʝʥʳʝ ʥʘʩʘʞʜʝʥʠʷ ʠ ʥʘʣʠʯʠʝ 

ʜʝʪʩʢʠʭ ʩʘʜʦʚ, ʰʢʦʣ ʠ ʧʦʣʠʢʣʠʥʠʢ ʚ ʧʝʰʝʡ 

ʜʦʩʪʫʧʥʦʩʪʠ.  

ɹʣʘʛʦʫʩʪʨʦʡʩʪʚʦ ʞʠʣʳʭ ʢʦʤʧʣʝʢʪʦʚ ʷʚʣʷʝʪʩʷ 

ʦʙʷʟʘʥʥʦʩʪʴʶ ʩʪʨʦʠʪʝʣʴʥʦʡ ʢʦʤʧʘʥʠʠ 

ʦʩʫʱʝʩʪʚʣʷʶʱʝʡ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʞʠʣʳʭ 

ʢʦʤʧʣʝʢʩʦʚ.  

ʉʦʛʣʘʩʥʦ ʉʘʥʇʠʅ2.4.2.2821-10 çʉʘʥʠʪʘʨʥʦ-

ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʫʩʣʦʚʠʷʤ ʠ 

ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʫʯʝʥʠʷ ʚ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʫʯʨʝʞʜʝʥʠʷè ʦʟʝʣʝʥʝʥʠʝ ʪʝʨʨʠʪʦʨʠʡ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʠʟ ʨʘʩʯʝʪʘ ʥʝ ʤʝʥʝʝ 50% ʦʪ 

ʦʙʱʝʡ ʪʝʨʨʠʪʦʨʠʠ ʟʘʩʪʨʦʡʢʠ. 

ʇʨʠ ʨʘʟʤʝʱʝʥʠʠ ʪʝʨʨʠʪʦʨʠʠ 

ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʥʘ ʛʨʘʥʠʮʝ ʩ 

ʣʝʩʥʳʤ ʠ ʩʘʜʦʚʳʤ ʤʘʩʩʠʚʘʤʠ ʜʦʧʫʩʢʘʝʪʩʷ 

ʫʤʝʥʴʰʠʪʴ ʜʘʥʥʫʶ ʧʣʦʱʘʜʴ ʦʟʝʣʝʥʝʥʠʷ ʥʘ 10%. ɺ 

ʦʩʥʦʚʥʦʤ ʚʩʷ ʪʝʨʨʠʪʦʨʠʷ ʞʠʣʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ 

ʢʦʪʦʨʳʭ ʥʝ ʟʘʩʪʨʦʝʥʳ ʜʦʣʞʥʦ ʙʳʪʴ ʦʟʝʣʝʥʝʥʠʝ, 

ʢʦʪʦʨʦʝ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 7ʤ2 ʥʘ ʦʜʥʦʛʦ 

ʯʝʣʦʚʝʢʘ ʚ 16 ʵʪʘʞʥʦʤ ʞʠʣʦʤ 

ʢʦʤʧʣʝʢʩʝ.ʆʟʝʣʝʥʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʩʘʜʢʫ 

ʜʝʨʝʚʴʝʚ, ʛʘʟʦʥʦʚ, ʮʚʝʪʥʠʢʦʚ, ʢʫʩʪʘʨʥʠʢʦʚ. 

ʉʠʩʪʝʤʘ ʦʟʝʣʝʥʝʥʠʡ ʜʝʣʷʪʩʷ ʥʘ ʪʨʠ ʛʨʫʧʧʳ:-

ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ;-ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ;-

ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʆʟʝʣʝʥʝʥʠʝ ʫʯʘʩʪʢʦʚ 

ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʧʦ ʥʦʨʤʘʪʠʚʘʤ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ 

ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1  

ʆʟʝʣʝʥʝʥʠʝ ʫʯʘʩʪʢʦʚ ʞʠʣʦʛʦ ʢʦʤʧʣʝʢʩʘ  

ʅʘʠʤʝʥʦʚʘʥʠʝ  % ʦʪ ʪʝʨʨʠʪʦʨʠʠ  

ɼʝʪʩʢʠʝ ʩʘʜʳ-ʷʩʣʠ  50-60  

ʐʢʦʣʴʥʳʝ ʫʯʘʩʪʢʠ  50 

ʀʟ ʪʘʙʣʠʮʳ 1 ʚʠʜʥʦ, ʯʪʦ ʦʟʝʣʝʥʝʥʠʠ ʜʝʪʩʢʠʭ 

ʩʘʜʦʚ-ʷʩʣʝʡ ʩʦʩʪʘʚʣʷʝʪ 50-60%. ɺ ʜʘʥʥʦʤ ʤʝʩʪʝ 

ʥʝʦʙʭʦʜʠʤʦ ʩʘʞʘʪʴ ʢʫʩʪʘʨʥʠʢʠ ʚʜʦʣʴ ʛʨʘʥʠʮʳ, ʘ 

ʜʝʨʝʚʴʷ ʜʦʣʞʥʳ ʙʳʪʴ ʧʦʩʘʞʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʥʝʢʦʪʦʨʳʤʠ 

ʬʘʢʪʦʨʘʤʠ ʪʘʢʠʤʠ, ʢʘʢ ʨʘʩʧʦʣʦʞʝʥʠʝ ʠʛʨʦʚʳʭ 

ʧʣʦʱʘʜʦʢ, ʝʩʣʠ ʚ ʶʞʥʳʭ ʨʘʡʦʥʘʭ, ʪʦ ʟʘʱʠʪʝ ʦʪ 

ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ ʚ ʣʝʪʥʝʝ ʚʨʝʤʷ. ɸ ʥʘ ʰʢʦʣʴʥʳʭ 

ʫʯʘʩʪʢʘʭ ʦʟʝʣʝʥʝʥʠʝ, ʢʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ ʜʦʣʞʥʦ 

ʩʦʩʪʘʚʣʷʪʴ 50%. ʐʢʦʣʴʥʳʡ ʫʯʘʩʪʦʢ ʤʦʞʥʦ 

ʨʘʟʜʝʣʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʟʦʥ: 

-ʧʣʦʜʦʚʦ-ʦʚʦʱʥʫʶ ʟʦʥʫ; 

-ʩʧʦʨʪʠʚʥʫʶ ʟʦʥʫ;-ʰʢʦʣʴʥʳʡ ʩʘʜ.  
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ʈʠʩ.2. ʆʟʝʣʝʥʝʥʠʝ ʰʢʦʣʴʥʳʭ ʫʯʘʩʪʢʦʚ 

ʀʩʪʦʯʥʠʢ: ɹʣʘʛʦʫʩʪʨʦʡʩʪʚʦ ʠ ʦʟʝʣʝʥʝʥʠʝ ʞʠʣʳʭ ʪʝʨʨʠʪʦʨʠʡ  

 

ʀʟ ʨʠʩʫʥʢʘ 2 ʚʠʜʥʦ, ʯʪʦ 1-6 ʵʪʦ ʩʧʦʨʪʠʚʥʳʝ 

ʧʣʦʱʘʜʢʠ, 7 ʠ 9 ʠʛʨʦʚʳʝ ʧʣʦʱʘʜʢʠ, 8 ʟʦʥʘ ʦʪʜʳʭʘ, 

10-12 ʧʠʪʦʤʥʠʢʠ, 13 ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʧʣʦʱʘʜʢʠ, 

14 ʧʣʦʱʘʜʢʠ ʜʣʷ ʟʘʥʷʪʠʡ ʥʘ ʩʚʝʞʝʤ ʚʦʟʜʫʭʝ, 15 

ʧʣʦʱʘʜʢʘ ʜʣʷ ʥʘʯʘʣʴʥʳʭ ʢʣʘʩʩʦʚ, 16-18 ʧʘʨʥʠʢʠ ʠ 

ʧʣʦʜʦʚʦʡ ʩʘʜ, 19 ʭʦʟʷʡʩʪʚʝʥʥʳʡ ʜʚʦʨ[2]. 

ʊʘʢ ʞʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ ʦʟʝʣʝʥʝʥʠʝ 

ʞʠʣʳʭ ʫʣʠʮ, ʢʦʪʦʨʦʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʚʠʜʝ ʧʦʩʘʜʦʢ 

ʨʷʜʦʚ ʜʝʨʝʚʴʷʤ ʠ ʧʦʣʦʩ ʢʫʩʪʘʨʥʠʢʦʚ ʚʜʦʣʴ 

ʪʨʦʪʫʘʨʦʚ. ɼʣʷ ʦʟʝʣʝʥʝʥʠʝ ʞʠʣʳʭ ʫʣʠʮ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʥʝ ʬʘʢʪʦʨʦʤ, ʥʘʧʨʠʤʝʨ, 

ʩʪʦʨʦʥʳ ʩʚʝʪʘ. ʉʦʣʥʮʝʣʶʙʠʚʳʝ ʜʝʨʝʚʴʷ 

ʥʝʦʙʭʦʜʠʤʦ ʩʘʞʘʪʴ ʥʘ ʶʞʥʦʡ ʠ ʟʘʧʘʜʥʦʡ ʩʪʦʨʦʥʝ, 

ʘ ʪʝʥʝʚʳʥʦʩʣʠʚʳʝ ʥʘ ʩʝʚʝʨʥʦʡ ʠ ʚʦʩʪʦʯʥʦʡ 

ʩʪʦʨʦʥʝ.  

 

 
ʈʠʩ.3. ʆʟʝʣʝʥʝʥʠʝ ʫʣʠʮ 

ʀʩʪʦʯʥʠʢ: ɹʣʘʛʦʫʩʪʨʦʡʩʪʚʦ ʠ ʦʟʝʣʝʥʝʥʠʝ ʞʠʣʳʭ ʪʝʨʨʠʪʦʨʠʡ 

 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʳ 1 ʦʩʪʘʥʦʚʢʘ 

ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʠ 2 ʧʦʜʟʝʤʥʳʡ 

ʧʝʨʝʭʦʜ[2]. 

ɼʣʷ ʦʟʝʣʝʥʝʥʠʷ ʪʝʨʨʠʪʦʨʠʡ ʟʘʩʪʨʦʡʢʠ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʘʢʮʝʥʪʦʚ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʘ ʥʝʦʙʭʦʜʠʤʦ 

ʩʘʞʘʪʴ ʜʝʨʝʚʴʷ, ʮʚʝʪʳ ʠ ʢʫʩʪʘʨʥʠʢʠ ʚ ʢʦʥʪʝʡʥʝʨʘʭ. 

ʈʘʟʤʝʨʳ ʨʘʩʪʝʥʠʡ ʨʘʟʤʝʱʘʝʤʳʭ ʚ ʢʦʥʪʝʡʥʝʨʘʭ 

ʜʦʣʞʥʳ ʙʳʪʴ:  

-ʜʝʨʝʚʴʷ ʚʳʩʦʪʦʡ ʥʝ ʙʦʣʴʰʝ 2,5ʤ; 

-ʢʫʩʪʘʨʥʠʢʠ ʚʳʩʦʪʦʡ ʥʝ ʤʝʥʴʰʝ 0,3ʤ[4]. 

ʊʘʢ ʞʝ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ ʦʟʝʣʝʥʝʥʠʝ 

ʧʨʠʜʦʤʦʚʳʭ ʧʦʣʦʩ, ʜʝʪʩʢʠʝ ʧʣʦʱʘʜʢʠ, ʟʦʥʘ ʜʣʷ 

ʦʪʜʳʭʘ, ʭʦʟʷʡʩʪʚʝʥʥʳʝ ʧʣʦʱʘʜʢʠ. ʅʘʯʥʝʤ ʩ 

ʧʨʠʜʦʤʦʚʳʭ ʧʦʣʦʩ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʩʦʩʪʦʷʪʴ ʠʟ 

ʛʘʟʦʥʦʚ, ʥʝʙʦʣʴʰʠʭ ʛʨʫʧʧ ʠʟ ʥʝʚʳʩʦʢʠʭ 

ʢʫʩʪʘʨʥʠʢʦʚ ʠ ʜʝʨʝʚʴʝʚ. ʇʦ ʥʦʨʤʘʪʠʚʘʤ 

ʧʨʠʜʦʤʦʚʳʝ ʧʦʣʦʩʳ ʥʝ ʜʦʣʞʥʳ ʟʘʪʝʥʷʪʴ ʧʝʨʚʳʡ 

ʵʪʘʞ ʞʠʣʦʛʦ ʜʦʤʘ, ʧʦʵʪʦʤʫ ʜʝʨʝʚʴʷ ʠ ʢʫʩʪʘʨʥʠʢʠ 

ʩʘʞʘʶʪ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ ʜʦʤʦʚ. 

ɼʝʨʝʚʴʷ ʜʦʣʞʥʳ ʙʳʪʴ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʦʪ 5 ʤʝʪʨʦʚ, ʘ 

ʢʫʩʪʘʨʥʠʢʠ ʦʪ 1,5, ʢʘʢ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 4. 

ʐʠʨʠʥʘ ʧʨʠʜʦʤʦʚʳʭ ʧʦʣʦʩ ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ 

3,5-8 ʤ[3]. 
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ʈʠʩ.4. ʉʭʝʤʘ ʧʦʩʘʜʢʠ ʜʝʨʝʚʴʝʚ ʠ ʢʫʩʪʘʨʥʠʢʦʚ ʥʘ ʧʨʠʜʦʤʦʚʦʡ ʪʝʨʨʠʪʦʨʠʠ. 

ʀʩʪʦʯʥʠʢ: ɹʣʘʛʦʫʩʪʨʦʡʩʪʚʦ ʠ ʦʟʝʣʝʥʝʥʠʝ ʞʠʣʳʭ ʪʝʨʨʠʪʦʨʠʡ 

 

ʅʘ ʜʝʪʩʢʠʭ ʧʣʦʱʘʜʢʘʭ ʥʝʦʙʭʦʜʠʤʦ ʩʘʞʘʪʴ 

ʥʝʚʳʩʦʢʠʝ ʢʫʩʪʳ ʠ ʜʝʨʝʚʴʷ, ʝʩʣʠ ʚʦʢʨʫʛ ʜʝʪʩʢʦʡ 

ʧʣʦʱʘʜʢʠ ʥʘʭʦʜʠʪʩʷ ʧʨʦʝʟʞʘʷ ʯʘʩʪʴ, ʪʦ ʚ ʪʘʢʦʤ 

ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʚʘʪʴ ʦʟʝʣʝʥʝʥʠʷ ʚ ʚʠʜʝ 

ʧʦʣʦʩ, ʰʠʨʠʥʘ ʢʦʪʦʨʳʭ ʜʦʣʞʥʘ ʙʳʪʴ ʙʦʣʝʝ 3ʤ. ʊʘʢ 

ʞʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʦʪʨʘʞʝʥʠʝ ʠ 

ʩʚʝʪʦʧʨʦʧʫʩʢʘʥʠʷ ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ. ɺ ʪʘʢʠʭ 

ʩʣʫʯʘʷʭ ʧʦ ʩʪʦʨʦʥʘʤ ʩʚʝʪʳ ʦʧʨʝʜʝʣʷʝʤ 

ʥʝʦʙʭʦʜʠʤʳʡ ʚʠʜ ʨʘʩʪʝʥʠʷ, ʩʦʣʥʮʝʣʶʙʠʚʳʝ 

ʜʝʨʝʚʴʷ ʥʝʦʙʭʦʜʠʤʦ ʩʘʞʘʪʴ ʥʘ ʶʞʥʦʡ ʠ ʟʘʧʘʜʥʦʡ 

ʩʪʦʨʦʥʝ, ʘ ʪʝʥʝʚʳʥʦʩʣʠʚʳʝ ʥʘ ʩʝʚʝʨʥʦʡ ʠ 

ʚʦʩʪʦʯʥʦʡ ʩʪʦʨʦʥʝ.  

ɿʦʥʳ ʦʪʜʳʭʘ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʚʘʪʴ ʚ ʤʝʩʪʘʭ, 

ʛʜʝ ʫʞʝ ʟʘʜʦʣʛʦ ʜʦ ʵʪʦʛʦ ʙʳʣʠ ʧʦʩʘʞʝʥʳ ʜʝʨʝʚʴʷ, 

ʝʩʣʠ ʠʭ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʘʜʠʪʴ ʚʴʶʱʠʝʩʷ 

ʨʘʩʪʝʥʠʷ. ɺ ʜʘʥʥʦʡ ʟʦʥʝ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʘʞʠʚʘʪʴ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʦʨʦʥ ʩʚʝʪʘ. ʉ ʶʞʥʦʡ ʩʪʦʨʦʥʳ 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʤʝʱʘʪʴ ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʜʝʨʝʚʴʷ ʠ 

ʢʫʩʪʘʨʥʠʢʠ, ʵʪʦ ʥʝʦʙʭʦʜʠʤʦ ʯʪʦʙʳ ʟʘʪʝʤʥʠʪʴ 

ʪʝʨʨʠʪʦʨʠʶ. ʅʘ ʛʨʘʥʠʮʘʭ ʟʦʥʳ ʦʪʜʳʭʘ ʥʝʦʙʭʦʜʠʤʘ 

ʨʘʟʤʝʱʘʪʴ ʜʝʨʝʚʴʷ ʠ ʢʫʩʪʘʨʥʠʢʠ ʩ ʛʫʩʪʳʤʠ 

ʚʝʪʚʷʤʠ. ʆʟʝʣʝʥʝʥʠʝ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʣʦʱʘʜʢʠ 

ʧʨʦʠʩʭʦʜʠʪ ʚʜʦʣʴ ʛʨʘʥʠʮ. ɺ ʜʘʥʥʦʡ ʟʦʥʝ 

ʨʘʟʤʝʱʘʶʪʩʷ ʤʫʩʦʨʥʳʝ ʢʦʥʪʝʡʥʝʨʳ, ʢʦʪʦʨʳʝ 

ʥʝʦʙʭʦʜʠʤʦ ʦʛʦʨʦʜʠʪʴ.  

ɻʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʦʟʝʣʝʥʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʡ ʠ ʫʜʦʙʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʜʣʷ 

ʞʠʪʝʣʝʡ. ɺʝʜʴ ʦʟʝʣʝʥʝʥʠʝ ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ 

ʢʨʘʩʠʚʳʤ ʟʘʚʝʨʰʝʥʠʝʤ ʧʦʩʪʨʦʝʥʥʦʛʦ ʞʠʣʦʛʦ 

ʦʙʲʝʢʪʘ, ʥʦ ʩʣʫʞʠʪ ʜʣʷ ʦʯʠʩʪʢʠ ʚʦʟʜʫʭʘ ʠ ʟʘʱʠʪʦʡ 

ʦʪ ʧʝʨʝʠʟʙʳʪʢʘ ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ, ʧʨʦʚʝʪʨʠʚʘʥʠʷ 

ʪʝʨʨʠʪʦʨʠʠ ʞʠʣʳʭ ʢʦʤʧʣʝʢʩʦʚ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ 

ʤʠʨʝ ʦʟʝʣʝʥʝʥʠʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʝ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʛʦʨʦʜʘ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʦʟʝʣʝʥʝʥʠʝ ʷʚʣʷʝʪʩʷ ʥʘʛʣʷʜʥʳʤ ʧʨʠʤʝʨʦʤ 

ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʫʨʦʚʥʝʤ ʛʦʨʦʜʘ. ʀʟ 

ʵʪʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʨʦʩʪ 

ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʘ ʠ ʦʟʝʣʝʥʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʨʘʡʦʥʦʚ 

ʛʦʨʦʜ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ ʬʘʢʪʦʨʦʤ ʧʨʦʮʚʝʪʘʥʠʷ 

ʛʦʨʦʜʘ, ʧʦʵʪʦʤʫ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʟʝʣʝʥʝʥʠʶ 

ʫʜʝʣʷʶʪ ʦʪʜʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʚ ʩʦʟʜʘʥʠʝ ʞʠʣʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʠ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʫ ʛʦʨʦʜʘ ʚ ʮʝʣʦʤ. 

ʀʟʫʯʠʚ ʜʘʥʥʫʶ ʪʝʤʫ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚ 

ʛʦʨʦʜʝ ʂʘʟʘʥʴ ʭʦʨʦʰʠʡ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʡ 

ʫʨʦʚʝʥʴ, ʚʝʜʴ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʦ ʠ ʦʟʝʣʝʥʝʥʠʝ 

ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʟʘʜʘʯ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ 

ʞʠʣʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ 

1.ʉʘʥʇʠʅ2.4.2.2821-10 çʉʘʥʠʪʘʨʥʦ-

ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʫʩʣʦʚʠʷʤ ʠ 

ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʫʯʝʥʠʷ ʚ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʫʯʨʝʞʜʝʥʠʷè. 

2. ɹʣʘʛʦʫʩʪʨʦʡʩʪʚʦ ʠ ʦʟʝʣʝʥʝʥʠʝ ʞʠʣʳʭ 

ʪʝʨʨʠʪʦʨʠʡ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ʈʝʞʠʤ ʜʦʩʪʫʧʘ 

URL:http://stroy-spravka.ru/article/blagoustroistvo-i-

ozelenenie-zhilykh-territorii (ʜʘʪʘ ʦʙʨʘʱʝʥʠʝ 

08.01.2021ʛ.) 

3.ʆʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʟʝʣʝʥʝʥʠʶ ʞʠʣʦʡ 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ʈʝʞʠʤ 

ʜʦʩʪʫʧʘ URL:https://landimprovement.ru/docum/bigt

rees_support_manual/main_request_plant/ 

4. ʉʅʠʇ III-10-75 çɹʣʘʛʦʫʩʪʨʦʡʩʪʚʦ 

ʪʝʨʨʠʪʦʨʠʡè 
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ɸʅʅʆʊɸʎʀʗ 

ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʧʨʦʮʝʩʩʦʚ ʙʝʩʩʣʠʪʢʦʚʦʡ ʨʘʟʣʠʚʢʠ ʤʝʪʘʣʣʘ ʠ ʚʳʷʚʣʝʥ ʨʷʜ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ 

ʢʘʯʝʩʪʚʝʥʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʣʦʩ. ʉʢʦʥʮʝʥʪʨʠʨʦʚʘʥʦ ʚʥʠʤʘʥʠʝ ʥʘ ʦʙʨʘʟʦʚʘʥʠʠ ʪʚʝʨʜʦʛʦ 

ʩʣʦʷ ʥʘ ʚʘʣʢʘʭ-ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʘʭ, ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʥʪʨʦʣʷ ʟʦʥʳ ʜʝʬʦʨʤʘʮʠʠ ʠ ʪʝʧʣʦʦʙʤʝʥʘ ʤʝʞʜʫ 

ʚʘʣʢʘʤʠ-ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʘʤʠ. ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʫʩʣʦʚʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʦʩ ʧʨʠ ʜʚʫʭʚʘʣʢʦʚʦʡ ʠ 

ʦʜʥʦʚʘʣʢʦʚʦʡ ʨʘʟʣʠʚʢʝ-ʧʨʦʢʘʪʢʝ, ʧʦʢʘʟʘʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʣʠʪʴʷ ʤʝʪʦʜʦʤ ʥʘʤʦʨʘʞʠʚʘʥʠʷ ʤʝʪʘʣʣʘ. 

ABSTRACT  

The analysis of the casting of metal is carried out and a number of factors influencing the qualitative formation 

of metal strips are revealed. Attention is focused on the formation of a solid layer on the mold rolls, the possibility 

of controlling the deformation zone and heat transfer between the mold rolls. The conditions for the formation of 

stripes were compared during two-roll, single-roll casting-rolling and metal freezing. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʝʩʩʣʠʪʢʦʚʘʷ ʧʨʦʢʘʪʢʘ, ʚʘʣʢʦʚʘʷ ʨʘʟʣʠʚʢʘ-ʧʨʦʢʘʪʢʘ, ʚʘʣʦʢ-ʢʨʠʩʪʘʣʣʠʟʘʪʦʨ, 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ, ʜʝʬʦʨʤʘʮʠʷ, ʤʝʪʦʜ ʥʘʤʦʨʘʞʠʚʘʥʠʷ, ʩʢʦʨʦʩʪʴ ʣʠʪʴʷ.  

Keywords: ingot rolling, roll casting-rolling, the roll-mold, crystallization, deformation, freezing, casting 

speed. 

 

ʂ ʪʝʭʥʦʣʦʛʠʠ ʙʝʩʩʣʠʪʢʦʚʦʡ ʧʨʦʢʘʪʢʠ 

ʧʨʠʚʣʝʯʝʥʦ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʢʘʢ 

ʢ ʩʦʚʨʝʤʝʥʥʦʤʫ ʩʨʝʜʩʪʚʫ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʢʘʯʝʩʪʚʝʥʥʳʭ ʪʦʥʢʠʭ ʧʦʣʦʩ ʠʟ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ 

ʠ ʩʧʣʘʚʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʚʝʣʠ ʢ ʩʦʟʜʘʥʠʶ ʨʷʜʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ, ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʚʘʣʢʦʚʳʭ ʨʘʟʣʠʚʦʯʥʦ-ʧʨʦʢʘʪʥʳʭ 

ʘʛʨʝʛʘʪʦʚ (ʈʇɸ) ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʦʥʢʠʭ ʧʦʣʦʩ.  

ɹʝʩʩʣʠʪʢʦʚʘʷ ʨʘʟʣʠʚʢʘ-ʧʨʦʢʘʪʢʘ ʪʦʥʢʠʭ ʧʦʣʦʩ 

ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ 

ʟʘʪʨʘʪʳ, ʪʘʢ ʢʘʢ ʧʨʠ ʵʪʦʤ ʪʨʝʙʫʝʪʩʷ ʤʝʥʴʰʝʝ ʯʠʩʣʦ 

ʦʧʝʨʘʮʠʡ, ʘ ʧʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʠʠ ʠ 

ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʡ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʤʝʥʴʰʝ.  

ʇʨʠ ʙʝʩʩʣʠʪʢʦʚʦʡ ʧʨʦʢʘʪʢʝ ʪʦʥʢʠʭ ʧʦʣʦʩ 

ʛʦʨʷʯʘʷ ʧʨʦʢʘʪʢʘ ʩʚʝʜʝʥʘ ʢ ʤʠʥʠʤʫʤʫ, ʟʘʛʨʷʟʥʝʥʠʝ 

ʦʭʣʘʞʜʘʶʱʝʡ ʚʦʜʳ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʪʚʝʨʜʳʭ ʰʣʘʤʦʚ 

ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ; ʦʪʧʘʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ 

ʤʦʱʥʳʭ ʥʘʛʨʝʚʘʪʝʣʴʥʳʭ ʧʝʯʘʭ ʠ ʤʥʦʛʦʢʣʝʪʴʝʚʳʭ 

ʩʪʘʥʘʭ. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠ 

ʵʬʬʝʢʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʘʣʴʥʦʛʦ 

https://www.doi.org/10.31618/ESU.2413-9335.2021.5.82.1232
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ʣʠʩʪʘ ʷʚʣʷʝʪʩʷ ʚʘʣʢʦʚʘʷ ʨʘʟʣʠʚʢʘ-ʧʨʦʢʘʪʢʘ [1]. 

ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʜʘʥʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʵʢʦʥʦʤʠʷ ʵʣʝʢʪʨʦʨʝʩʫʨʩʦʚ ʜʦ 

90% ʟʘ ʩʯʝʪ ʢʦʤʧʘʢʪʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʦʪʩʫʪʩʪʚʠʷ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʦʜʦʛʨʝʚʘ ʤʘʪʝʨʠʘʣʘ.  

ʉʫʪʴ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʦʥʢʦʛʦ 

ʧʣʦʩʢʦʛʦ ʧʨʦʢʘʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʧʦʣʦʩʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʞʠʜʢʦʛʦ ʤʝʪʘʣʣʘ ʧʫʪʝʤ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʜʝʬʦʨʤʘʮʠʠ ʝʛʦ 

ʤʝʞʜʫ ʜʚʫʤʷ ʚʨʘʱʘʶʱʠʤʠʩʷ ʚʘʣʢʘʤʠ ï 

ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʘʤʠ (ʨʠʩ.1) [2].  

 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʣʦʩʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʞʠʜʢʦʛʦ ʤʝʪʘʣʘ. 

1 ï ʩʦʧʣʦ ʜʣʷ ʧʦʜʘʯʠ ʞʠʜʢʦʛʦ ʤʝʪʘʣʣʘ; 2 ï ʞʠʜʢʠʡ ʤʝʪʘʣʣ; 3 ï ʤʝʪʘʣʣ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ;  

4 ï ʙʘʥʜʘʞ ʚʘʣʢʘ- ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʘ; 5 ï ʟʦʥʘ ʜʝʬʦʨʤʘʮʠʠ; 6 ï ʦʭʣʘʞʜʘʶʱʘʷ ʞʠʜʢʦʩʪʴ;  

R ï ʚʥʝʰʥʠʡ ʨʘʜʠʫʩ ʚʘʣʢʘ, ʤʤ; r ï ʚʥʫʪʨʝʥʥʠʡ ʨʘʜʠʫʩ ʚʘʣʢʘ, ʤʤ; ɤï ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʘʣʢʦʚ, ʨʘʜ/ʩ.  

 

ʇʦʩʣʝ ʥʝʧʨʝʨʳʚʥʦʡ ʚʘʣʢʦʚʦʡ ʨʘʟʣʠʚʢʠï

ʧʨʦʢʘʪʢʠ ʤʘʪʝʨʠʘʣ ʙʝʟ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʦʜʦʛʨʝʚʘ 

ʧʦʩʪʫʧʘʝʪ ʚ ʧʨʦʢʘʪʥʫʶ ʢʣʝʪʴ ,ʛʜʝ ʦʙʞʠʤʘʝʪʩʷ ʜʦ 

ʟʘʜʘʥʥʦʡ ʪʦʣʱʠʥʳ, ʘ ʟʘʪʝʤ ʧʦʩʪʫʧʘʝʪ ʥʘ ʫʯʘʩʪʦʢ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʥʝʦʙʭʦʜʠʤʳʭ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ.  

ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʧʦʣʦʩʘ ʩʤʘʪʳʚʘʝʪʩʷ ʚ 

ʨʫʣʦʥʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʠʘʧʘʟʦʥ ʪʦʣʱʠʥʳ 

ʩʪʘʣʴʥʳʭ ʧʦʣʦʩ, ʧʨʦʠʟʚʦʜʠʤʳʭ ʚ ʘʛʨʝʛʘʪʘʭ 

ʥʝʧʨʝʨʳʚʥʦʡ ʚʘʣʢʦʚʦʡ ʨʘʟʣʠʚʢʠ-ʧʨʦʢʘʪʢʠ, 

ʩʦʩʪʘʚʣʷʝʪ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʪʘʥʦʚʦʢ ʦʪ 1 ʜʦ 5 

ʤʤ, ʥʘ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ï 0,1...3 ʤʤ [3].  

ʇʨʠ ʚʘʣʢʦʚʦʡ ʨʘʟʣʠʚʢʝ-ʧʨʦʢʘʪʢʝ ʥʝ ʩʤʦʪʨʷ ʥʘ 

ʧʨʦʩʪʦʪʫ ʫʩʪʘʥʦʚʢʠ, ʩʥʠʞʝʥʠʷ ʩʝʙʝʩʪʦʠʤʦʩʪʠ 

ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ:  

- ʨʘʟʣʠʚʘʝʪʩʷ ʩʪʘʣʴ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦʛʦ 

ʩʦʨʪʘʤʝʥʪʘ - ʚ ʦʩʥʦʚʥʦʤ ʫʛʣʝʨʦʜʠʩʪʘʷ ʩʪʘʣʴ 

ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʢʘʯʝʩʪʚʘ; 

- ʩʥʠʞʘʝʪʩʷ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʦʡ ʧʦʣʦʩʳ 

ʚʩʣʝʜʩʪʚʠʝ ʚʪʦʨʠʯʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʩʪʨʫʠ ʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʛʦ ʤʝʪʘʣʣʘ ʚ ʟʦʥʝ ʘʢʪʠʚʥʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ ʞʠʜʢʦʛʦ ʤʝʪʘʣʣʘ, ʚʦʟʤʦʞʥʦʩʪʠ 

ʦʙʨʘʟʦʚʘʥʠʷ "ʚʝʝʨʦʦʙʨʘʟʥʦʡ" ʩʪʨʫʠ; 

- ʨʘʥʥʷʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʤʝʪʘʣʣʘ; 

- ʥʝʩʧʣʦʰʥʦʩʪʠ ʠ ʣʠʪʘʷ ʩʪʨʫʢʪʫʨʘ ʤʝʪʘʣʣʘ; 

- ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ; 

- ʥʝʧʣʦʩʢʦʩʪʥʦʩʪʴ ʧʦʣʦʩ; 

- ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʤʝʪʘʣʣʘ ʚ ʟʦʥʝ 

ʜʝʬʦʨʤʘʮʠʠ ʟʘ ʩʯʝʪ ʚʳʜʘʚʣʠʚʘʥʠʷ ʞʠʜʢʦʛʦ 

ʤʝʪʘʣʣʘ ʤʝʞʜʫ ʟʘʪʚʝʨʜʝʚʰʠʤʠ ʯʘʩʪʷʤʠ ʧʦʣʦʩʳ. 

- ʥʝʩʪʘʙʠʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʫʨʦʚʥʷ ʤʝʪʘʣʣʘ, ʘ 

ʟʥʘʯʠʪ ʠ ʩʢʦʨʦʩʪʠ ʚʳʪʷʛʠʚʘʥʠʷ ʟʘʛʦʪʦʚʢʠ ʠʟ 

ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʘ, ʣʦʢʘʣʴʥʦʛʦ ʟʘʪʷʛʠʚʘʥʠʷ ʰʣʘʢʘ ʩ 

ʟʝʨʢʘʣʘ ʞʠʜʢʦʛʦ ʤʝʪʘʣʣʘ ʚ ʟʘʟʦʨ ʤʝʞʜʫ 

ʟʘʪʚʝʨʜʝʚʰʝʡ ʦʙʦʣʦʯʢʦʡ ʟʘʛʦʪʦʚʢʠ ʠ ʛʠʣʴʟʦʡ 

ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʘ [4]. 

ʂʘʯʝʩʪʚʦ ʥʝʧʨʝʨʳʚʥʦ-ʣʠʪʦʛʦ ʧʨʦʜʫʢʪʘ ʚʦ 

ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʚʳʙʦʨʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʨʘʟʣʠʚʢʠ, ʨʘʟʤʝʨʦʚ ʧʨʦʢʘʪʘ, 

ʤʘʨʢʠ ʩʪʘʣʠ. ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʪʝʦʨʠʠ 

ʥʝʧʨʝʨʳʚʥʦʡ ʨʘʟʣʠʚʢʠ ʩʪʘʣʠ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ 

ʦʩʥʦʚʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʨʘʩʯʝʪʥʳʤ 

ʧʫʪʝʤ.  

ʆʩʦʙʝʥʥʦʩʪʴʶ ʨʘʙʦʪʳ ʜʚʫʭʚʘʣʢʦʚʳʭ 

ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʩʦʚʤʝʱʝʥʠʝ ʧʨʦʮʝʩʩʦʚ 

ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʤʝʪʘʣʣʘ ʠ ʝʛʦ ʧʦʩʣʝʜʫʶʱʝʡ 

ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʝʞʜʫ 

ʜʚʫʤʷ ʚʨʘʱʘʶʱʠʤʠʩʷ ʥʘʚʩʪʨʝʯʫ ʜʨʫʛ ʜʨʫʛʫ 

ʚʘʣʢʘʤʠ [5, 6]. ʄʝʪʘʣʣ, ʥʘʭʦʜʷʱʠʡʩʷ ʚ 

ʤʝʞʚʘʣʢʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʧʝʨʝʤʝʱʘʝʪʩʷ ʯʝʨʝʟ ʦʙʣʘʩʪʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ 

ʜʝʬʦʨʤʘʮʠʠ [7]. 

ʈʘʩʯʝʪʥʳʝ ʜʘʥʥʳʝ ʦ ʜʣʠʥʝ ʫʯʘʩʪʢʘ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʷʚʣʷʶʪʩʷ ʢʨʘʡʥʝ ʚʘʞʥʳʤʠ ʧʨʠ 

ʦʪʨʘʙʦʪʢʝ ʧʨʦʮʝʩʩʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʠʩʪʘ ʚ 

ʜʚʫʭʚʘʣʢʦʚʦʤ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʝ [8].  

ʆʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʨʘʟʦʚʘʥʠʷ 

ʧʦʣʦʩʳ ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʟʘʪʚʝʨʜʝʚʰʝʡ ʢʦʨʢʠ 

ʥʘ ʚʘʣʢʝ ʠ ʦʧʠʩʳʚʘʝʪʩʷ ʬʦʨʤʫʣʦʡ (1) , ʪʘʢ 

ʥʘʟʳʚʘʝʤʦʡ ʉʪʝʬʘʥʦʚʩʢʦʡ ʤʦʜʝʣʴʶ: 
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ʛʜʝ ŭ - ʪʦʣʱʠʥʘ ʢʦʨʦʯʢʠ; 

 - ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʪʚʝʨʜʝʚʘʥʠʷ; 

Ű - ʚʨʝʤʷ. 

ʌʦʨʤʫʣʘ (1) ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʮʝʥʢʠ 

ʪʦʣʱʠʥʳ ʢʦʨʢʠ ʠ ʩʢʦʨʦʩʪʠ ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʨʘʩʧʣʘʚʘ. 

ʆʜʥʘʢʦ, ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʫʶ ʪʦʯʥʦʩʪʴ ʜʘʝʪ ʧʨʠ 

ʟʘʪʚʝʨʜʝʚʘʥʠʠ ʯʠʩʪʳʭ ʤʝʪʘʣʣʦʚ ʚ ʫʟʢʦʤ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ [9].  

ɺ ʩʚʦʠʭ ʨʘʙʦʪʘʭ ɹʨʦʚʤʘʥ ʄ.ʗ. [10] ʦʪʤʝʯʘʝʪ, 

ʯʪʦ ʧʨʠ ʚʘʣʢʦʚʦʡ ʨʘʟʣʠʚʢʝ ʤʝʪʘʣʣʘ ʚʨʝʤʷ 

ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦʝ, ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʝʝ ʪʦʯʥʫʶ ʬʦʨʤʫʣʫ:  

 ,  (2) 

ʛʜʝ  ʠ  ï ʧʦʩʪʦʷʥʥʳʝ ʚʝʣʠʯʠʥʳ ʜʣʷ 

ʜʘʥʥʦʛʦ ʤʝʪʘʣʣʘ. 

ɺ ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ  ʠ  

ʧʨʠʚʦʜʷʪʩʷ ʜʣʷ ʩʣʫʯʘʷ ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʤʝʪʘʣʣʦʚ ʚ 

ʩʣʠʪʢʘʭ, ʢʦʛʜʘ ʤʝʞʜʫ ʟʘʪʚʝʨʜʝʚʰʝʡ ʢʦʨʦʯʢʦʡ ʠ 

ʦʭʣʘʞʜʘʶʱʝʡ ʩʪʝʥʢʦʡ ʦʙʨʘʟʫʝʪʩʷ ʛʘʟʦʚʳʡ 

(ʚʦʟʜʫʰʥʳʡ) ʩʣʦʡ, ʟʘʜʝʨʞʠʚʘʶʱʠʡ ʪʝʧʣʦʧʝʨʝʜʘʯʫ. 

ʆʧʫʙʣʠʢʦʚʘʥʥʳʭ ʨʘʙʦʪ ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʨʘʩʧʣʘʚʦʚ ʧʨʠ ʚʘʣʢʦʚʦʡ ʨʘʟʣʠʚʢʝ 

ʢʨʘʡʥʝ ʤʘʣʦ.  

ʊʘʢʞʝ ʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʦʬʠʣʷ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʨʘʩʧʣʘʚʘ ʤʝʪʘʣʣʘ ʧʫʪʝʤ ʨʘʩʯʝʪʘ 

ʧʦʣʦʞʝʥʠʷ ʣʠʥʠʠ ʩʦʣʠʜʫʩʘ ʧʦ ʧʦʣʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨ ʨʘʩʧʣʘʚʘ ʚ ʤʝʞʚʘʣʢʦʚʦʤ ʟʘʟʦʨʝ. ɺ 

ʦʩʥʦʚʫ ʨʘʩʯʝʪʦʚ ʧʨʦʬʠʣʷ ʢʦʨʦʯʢʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʧʦʣʦʞʝʥʦ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ 

[11]. ʆʜʥʘʢʦ ʪʦʯʥʦʩʪʴ ʪʘʢʦʛʦ ʨʘʩʯʝʪʘ ʟʥʘʯʠʪʝʣʴʥʦ 

ʟʘʚʠʩʠʪ ʦʪ ʟʥʘʯʝʥʠʡ ʢʦʥʩʪʘʥʪ, ʚʭʦʜʷʱʠʭ ʚ 

ʫʨʘʚʥʝʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʦʪ 

ʧʘʨʘʤʝʪʨʦʚ ʪʝʧʣʦʦʪʚʦʜʘ ʦʭʣʘʞʜʘʝʤʦʛʦ ʨʘʩʧʣʘʚʘ 

ʤʝʪʘʣʣʘ ʚ ʚʘʣʢʠ ʠ ʦʪ ʩʧʦʩʦʙʦʚ ʠʭ ʦʭʣʘʞʜʝʥʠʷ. 

ɺ ʨʘʙʦʪʝ [12] ʧʨʦʚʦʜʠʣʠʩʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨ ʠ 

ʩʚʷʟʘʥʥʦʛʦ ʩ ʥʠʤʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʨʦʬʠʣʷ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʝʞʜʫ ʚʘʣʢʘʤʠ. ɸʥʘʣʠʟ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʣʠʥʳ ʟʦʥʳ ʜʝʬʦʨʤʘʮʠʠ ʥʝ ʟʘʚʠʩʠʪ 

ʦʪ ʚʘʨʠʘʥʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ ʢʣʝʪʠ 

ʤʘʰʠʥʳ ʚʘʣʢʦʚʦʡ ʨʘʟʣʠʚʢʠ-ʧʨʦʢʘʪʢʠ. ʋʚʝʣʠʯʝʥʠʝ 

ʦʙʱʝʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʟʦʥʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ-

ʜʝʬʦʨʤʘʮʠʠ ʧʨʦʚʦʜʠʪ ʢ ʨʦʩʪʫ ʜʣʠʥʳ ʦʙʣʘʩʪʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʘʙʩʦʣʶʪʥʳʭ ʚʝʣʠʯʠʥʘʭ. ʆʜʥʘʢʦ 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʜʣʠʥʘ ʫʯʘʩʪʢʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʠ 

ʵʪʦʤ ʫʤʝʥʴʰʘʝʪʩʷ, ʯʪʦ ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ ʨʦʩʪʦʤ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʟʦʥʳ ʜʝʬʦʨʤʘʮʠʠ, 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʫʨʦʚʥʷ 

ʚʘʥʥʳ ʨʘʩʧʣʘʚʘ ʩʥʠʞʘʝʪʩʷ. ɼʘʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʠʤʝʝʪ ʚʠʜ, ʙʣʠʟʢʠʡ ʢ ʧʘʨʘʙʦʣʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ. 

ʋʤʝʥʴʰʝʥʠʝ ʪʦʣʱʠʥʳ ʧʦʣʦʩʳ, ʥʘʧʨʦʪʠʚ, ʧʨʠʚʦʜʠʪ 

ʢ ʫʚʝʣʠʯʝʥʠʶ ʜʣʠʥʳ ʦʙʣʘʩʪʠ ʜʝʬʦʨʤʘʮʠʠ, ʧʨʠʯʝʤ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʦʩʪʘ ʟʥʘʯʝʥʠʡ ʜʘʥʥʦʡ ʚʝʣʠʯʠʥʳ ʚ 

ʜʠʘʧʘʟʦʥʝ ʤʘʣʳʭ ʠ ʙʦʣʴʰʠʭ ʪʦʣʱʠʥ ʚʳʰʝ, ʯʝʤ ʚ 

ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʚʘʨʴʠʨʫʝʤʦʛʦ ʠʥʪʝʨʚʘʣʘ 

ʤʝʞʚʘʣʢʦʚʳʭ ʟʘʟʦʨʦʚ [13]. 

ʅʝʤʘʣʦʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʨʘʩʯʝʪʝ ʩʢʦʨʦʩʪʠ 

ʨʘʟʣʠʚʢʠ ʷʚʣʷʝʪʩʷ ʧʨʘʚʠʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʟʦʥʳ 

ʩʤʳʢʘʥʠʷ ʦʙʨʘʟʦʚʘʥʥʳʭ ʥʘ ʚʘʣʢʘʭ- 

ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʘʭ ʢʦʨʦʯʝʢ ʨʘʟʣʠʚʘʝʤʦʛʦ ʤʝʪʘʣʣʘ. 

ʀʟ ʨʘʩʯʝʪʦʚ [1] ʩʣʝʜʫʝʪ, ʯʪʦ ʦʩʫʱʝʩʪʚʣʝʥʠʝ 

ʚʘʣʢʦʚʦʡ ʨʘʟʣʠʚʢʠ ʧʦʣʦʩʳ ʩ ʦʙʞʘʪʠʝʤ ʧʨʠʚʦʜʠʪ ʢ 

ʟʘʤʝʪʥʦʤʫ ʩʥʠʞʝʥʠʶ ʩʢʦʨʦʩʪʠ ʨʘʟʣʠʚʢʠ-ʧʨʦʢʘʪʢʠ. 

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʩʪʘʣʴʥʦʡ ʧʦʣʦʩʳ ʪʦʣʱʠʥʦʡ 2 ʤʤ 

ʧʨʠ ʦʙʞʘʪʠʠ 15% ʩʢʦʨʦʩʪʴ ʨʘʟʣʠʚʢʠ ʩʥʠʞʘʝʪʩʷ ʚ 3 

ʨʘʟʘ (ʩ 164 ʜʦ 52 ʤ/ʤʠʥ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʟʣʠʚʢʦʡ 

ʙʝʟ ʦʙʞʘʪʠʷ. 

ʆʧʪʠʤʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʟʦʥʳ ʩʤʳʢʘʥʠʷ 

ʟʘʪʚʝʨʜʝʚʰʠʭ ʢʦʨʦʯʝʢ ʨʝʛʫʣʠʨʫʝʪʩʷ ʚʳʩʦʪʦʡ 

ʟʘʣʠʚʢʠ ʨʘʩʧʣʘʚʘ ʤʝʪʘʣʣʘ. ʅʝʪʦʯʥʦʝ ʥʘʟʥʘʯʝʥʠʝ 

ʚʳʩʦʪʳ ʧʦʜʘʚʘʝʤʦʛʦ ʨʘʩʧʣʘʚʘ ʤʝʪʘʣʣʘ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚ ʧʦʣʦʩʝ 

ʪʨʝʱʠʥ ʠ ʥʝʩʧʣʦʰʥʦʩʪʝʡ. 

ʇʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʚʳʩʦʪʳ ʟʦʥʳ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ-ʜʝʬʦʨʤʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʣʦʩʳ 

ʨʘʩʪʝʪ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʦʙʲʝʤʘ 

ʨʘʩʧʣʘʚʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʚ ʟʘʟʦʨ ʤʝʞʜʫ ʚʘʣʢʘʤʠ-

ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʘʤʠ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚʳʩʦʪʳ ʚʘʥʥʳ ʨʘʩʧʣʘʚʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʣʦʩʳ ʥʘʯʠʥʘʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦ 

ʧʦʥʠʞʘʪʴʩʷ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ 

ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʟʦʥʳ ʢʦʥʪʘʢʪʘ ʤʝʪʘʣʣʘ ʩ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʘʣʢʦʚ-ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʦʚ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʤʫ ʦʭʣʘʞʜʝʥʠʶ 

ʧʦʣʦʩʳ. ʇʨʠ ʚʩʝʤ ʵʪʦʤ ʷʨʢʘʷ ʚʳʨʘʞʝʥʥʦʩʪʴ ʜʘʥʥʦʡ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʫʤʝʥʴʰʘʝʪʩʷ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ 

ʪʦʣʱʠʥʳ ʧʦʣʦʩʳ [14]. 

ɺ ʨʘʙʦʪʘʭ ʘʚʪʦʨʦʚ [15, 16] ʨʘʩʩʤʦʪʨʝʥ ʧʨʦʮʝʩʩ 

ʦʜʥʦʚʘʣʢʦʚʦʡ ʨʘʟʣʠʚʢʠ-ʧʨʦʢʘʪʢʠ (ʨʠʩ.2). ɺ 

ʧʨʦʮʝʩʩʝ ʧʦʣʫʯʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʦʜʥʦʚʘʣʢʦʚʦʡ ʨʘʟʣʠʚʢʝ-

ʧʨʦʢʘʪʢʝ ʩʘʤʳʤ ʚʘʞʥʳʤ ʠ ʢʦʥʪʨʦʣʠʨʫʶʱʠʤ 

ʧʘʨʘʤʝʪʨʦʤ ʷʚʣʷʝʪʩʷ ʤʝʞʬʘʟʥʘʷ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ.  
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ʉʣʝʜʫʶʱʠʤ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʦʜʥʦʚʘʣʢʦʚʦʡ 

ʨʘʟʣʠʚʢʠ ʷʚʣʷʝʪʩʷ ʚʨʝʤʷ ʢʦʥʪʘʢʪʘ ʤʝʪʘʣʣʘ ʩ 

ʚʘʣʢʦʤ-ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʦʤ. ɹʦʣʴʰʝʝ ʚʨʝʤʷ ʢʦʥʪʘʢʪʘ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʪʦʣʩʪʫʶ ʧʦʣʦʩʫ ʥʘ 

ʚʳʭʦʜʝ. ʊʦʣʱʠʥʘ ʧʦʣʦʩʳ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʣʠʪʴʷ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʝʧʣʦʧʝʨʝʜʘʯʠ. ʅʘ ʪʦʣʱʠʥʫ ʚ ʦʩʥʦʚʥʦʤ ʚʣʠʷʶʪ 

ʜʘʚʣʝʥʠʝ, ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʚʘʣʢʘ ʠ ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʚʘʣʢʦʤ ʠ ʩʠʩʪʝʤʦʡ ʧʦʜʘʯʠ.  

ɼʣʷ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʥʝʧʨʝʨʳʚʥʦʛʦ ʣʠʪʴʷ 

ʭʘʨʘʢʪʝʨʥʘ ʦʜʥʘ ʦʙʱʘʷ ʯʝʨʪʘ: ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ 

ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʯʘʩʪʠ ʞʠʜʢʦʛʦ ʤʝʪʘʣʣʘ - 

ʥʘʤʦʨʘʞʠʚʘʥʠʷ. ʅʘʤʦʨʘʞʠʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʘʛʨʝʛʘʪʘʭ ʦʜʥʦʚʘʣʢʦʚʦʡ ʨʘʟʣʠʚʢʠ-ʧʨʦʢʘʪʢʠ (ʨʠʩ. 

2). ɿʘʪʚʝʨʜʝʚʘʶʱʘʷ ʢʦʨʢʘ ʦʙʠʣʴʥʦ ʧʠʪʘʝʪʩʷ 

ʞʠʜʢʠʤ ʨʘʩʧʣʘʚʦʤ, ʚ ʥʝʡ ʥʝ ʦʙʨʘʟʫʝʪʩʷ ʫʩʘʜʦʯʥʘʷ 

ʧʦʨʠʩʪʦʩʪʴ, ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʝ ʚʢʣʶʯʝʥʠʷ ʠ ʛʘʟʦʚʳʝ 

ʧʫʟʳʨʴʢʠ ʦʪʪʝʩʥʷʶʪʩʷ ʬʨʦʥʪʦʤ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʥʘ 

ʩʚʦʙʦʜʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʥʝ ʧʦʧʘʜʘʶʪ ʚ ʪʝʣʦ 

ʦʪʣʠʚʢʠ, ʢʦʪʦʨʦʝ ʦʙʣʘʜʘʝʪ ʧʦʚʳʰʝʥʥʳʤʠ 

ʧʣʦʪʥʦʩʪʴʶ ʠ ʧʨʦʯʥʦʩʪʴʶ. ʄʝʪʦʜʦʤ ʣʠʪʴʷ 

ʥʘʤʦʨʘʞʠʚʘʥʠʝʤ ʚʦʟʤʦʞʥʦ ʠʟʛʦʪʘʚʣʠʚʘʪʴ 

ʪʦʥʢʦʩʪʝʥʥʳʝ ʦʪʣʠʚʢʠ, ʢ ʧʣʦʪʥʦʩʪʠ ʢʦʪʦʨʳʭ 

ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ [18]. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʣʠʪʴʷ ʫʩʣʦʚʠʷ 

ʥʘʤʦʨʘʞʠʚʘʥʠʷ ʙʫʜʫʪ ʨʘʟʥʳʤʠ: ʧʨʠ ʙʦʣʴʰʦʡ 

ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʚʘʣʢʦʚ - ʥʘʤʦʨʞʠʚʘʥʠʝ ʙʫʜʝʪ ʚ 

ʧʦʪʦʢʝ; ʧʨʠ ʤʘʣʳʭ ʩʢʦʨʦʩʪʷʭ - ʚ ʧʦʢʦʝ.  

ʇʨʠ ʥʝʧʨʝʨʳʚʥʦʤ ʥʘʤʦʨʘʞʠʚʘʥʠʠ ʪʦʣʱʠʥʘ 

ʦʪʣʠʚʢʠ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʧʘʨʘʤʝʪʨʦʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ 

ʥʝ ʪʦʣʴʢʦ ʦʪ ʫʩʣʦʚʠʡ ʪʝʧʣʦʦʙʤʝʥʘ, ʥʦ ʠ ʦʪ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʨʘʩʧʣʘʚʘ ʤʝʪʘʣʣʘ. 

ʇʦʣʫʯʝʥʠʝ ʦʪʣʠʚʢʠ ʧʦʩʪʦʷʥʥʦʡ ʪʦʣʱʠʥʳ ʤʦʞʥʦ 

ʦʙʝʩʧʝʯʠʪʴ, ʝʩʣʠ ʚ ʧʨʦʮʝʩʩʝ ʣʠʪʴʷ ʥʝʠʟʤʝʥʥʳʤʠ 

ʙʫʜʫʪ ʜʣʠʥʘ ʧʷʪʥʘ ʢʦʥʪʘʢʪʘ ʨʘʩʧʣʘʚʘ ʩ 

ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʦʤ, ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʚʘʣʢʘ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʣʠʚʢʠ, ʫʩʣʦʚʠʷ ʦʭʣʘʞʜʝʥʠʷ ʚʘʣʢʘ 

[19].  

ʉʧʦʩʦʙ ʥʘʤʦʨʘʞʠʚʘʥʠʷ ʥʘ ʦʜʠʥ ʚʘʣʦʢ ʠʤʝʝʪ 

ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʝʨʝʜ ʜʚʫʭʚʘʣʢʦʚʦʡ ʨʘʟʣʠʚʢʠ ʚ ʪʦʤ, 

ʯʪʦ ʢʦʨʦʯʢʘ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʬʨʦʥʪ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʤʝʪʘʣʣʘ ʩʦ ʩʪʦʨʦʥʳ ʚʘʣʢʘ, ʥʝ ʠʤʝʝʪ ʦʩʪʘʪʦʯʥʦʛʦ 

ʞʠʜʢʦʛʦ ʤʝʪʘʣʣʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʦʩʘ ʟʘʪʚʝʨʜʝʚʘʝʪ 

ʙʝʟ ʫʩʘʜʦʯʥʦʡ ʧʦʨʠʩʪʦʩʪʠ, ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʚʢʣʶʯʝʥʠʡ ʠ ʭʠʤʠʯʝʩʢʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ.  

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʥʘʤʦʨʘʞʠʚʘʥʠʷ 

ʢʦʨʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴʶ ʣʠʪʴʷ - 

ʧʝʨʝʤʝʱʝʥʠʝʤ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʘʣʢʘ-

ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʘ ʠ ʚʳʩʦʪʦʡ ʚʘʥʥʳ ʩ ʨʘʩʧʣʘʚʣʝʥʥʳʤ 

ʤʝʪʘʣʣʦʤ.  

ʆʪʣʠʚʢʘ ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ 

ʦʭʣʘʞʜʝʥʠʷ ʥʘ ʚʘʣʢʝ ʥʝʧʦʜʚʠʞʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʘ ʠ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚʤʝʩʪʝ ʩ ʥʠʤ. 

ʈʘʩʧʣʘʚ ʚ ʟʦʥʝ ʥʘʤʦʨʘʞʠʚʘʥʠʷ ʥʝʧʦʜʚʠʞʝʥ. ʇʨʠ 

ʵʪʦʤ ʟʘʧʦʣʥʝʥʠʝ ʚʘʥʥʳ ʨʘʩʧʣʘʚʦʤ, ʦʪʚʦʜ ʪʝʧʣʦʪʳ 

ʧʝʨʝʛʨʝʚʘ ʨʘʩʧʣʘʚʘ, ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʦʪʣʠʚʢʠ, ʝʝ 

ʯʘʩʪʠʯʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʠ ʫʜʘʣʝʥʠʝ ʦʪʣʠʚʢʠ 

ʧʨʦʠʩʭʦʜʷʪ ʦʜʥʦʚʨʝʤʝʥʥʦ.  

ʌʦʨʤʠʨʦʚʘʥʠʝ ʦʪʣʠʚʢʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 

ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʘ ʤʝʞʜʫ 

ʢʦʨʢʦʡ ʠ ʚʘʣʢʦʤ-ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʦʤ, ʪʝʧʣʦʚʦʤ ʠ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʧʝʨʝʛʨʝʪʦʛʦ 

ʨʘʩʧʣʘʚʘ ʥʘ ʬʨʦʥʪ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʘʢʪʠʚʥʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʛʦ 

ʤʝʪʘʣʣʘ ʩ ʠʟʚʣʝʢʘʝʤʦʡ ʦʪʣʠʚʢʦʡ [19]. 

ʇʨʠ ʟʘʩʪʳʚʘʥʠʠ ʧʦʣʦʩʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʘʣʢʘ 

ʚʦʟʥʠʢʘʶʪ ʜʚʝ ʟʦʥʳ ʢʦʥʪʘʢʪʘ. ʇʦʣʦʩʘ ʠʟʥʘʯʘʣʴʥʦ 

ʠʤʝʝʪ ʦʧʪʠʤʘʣʴʥʳʡ ʢʦʥʪʘʢʪ. ʕʪʦ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ 

ʢʦʥʪʘʢʪʘ ʠ ʚʳʩʦʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʠ. 

ʊʝʧʣʦʧʝʨʝʜʘʯʘ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʣʠʚʢʠ ʧʦʣʦʩʳ 

ʨʝʛʫʣʠʨʫʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʪʝʧʣʦʦʪʜʘʯʝʡ ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʤʝʞʜʫ 

ʟʘʪʚʝʨʜʝʚʘʶʱʝʡ ʧʦʣʦʩʦʡ ʠ ʤʝʜʥʳʤ ʚʘʣʢʦʤ. ɺ 

ʩʨʝʜʥʝʤ ʵʪʦʪ ʢʦʵʬʬʠʮʠʝʥʪ ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʩ 

ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʬʦʨʤʠʨʫʝʪʩʷ ʚʪʦʨʘʷ ʟʦʥʘ 

ʢʦʥʪʘʢʪʘ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʫʥʢʮʠʝʡ, ʢʦʪʦʨʘʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʝʤ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʧʨʦʮʝʩʩʦʚ ʣʠʪʴʷ 

[16]. 

ɺʳʚʦʜʳ. ɺʘʣʢʦʚʘʷ ʨʘʟʣʠʚʢʘ-ʧʨʦʢʘʪʢʘ 

ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ 

ʩʦʚʨʝʤʝʥʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʤʝʪʦʜʦʚ ʧʦʟʚʦʣʷʝʪ 
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ʨʘʩʩʯʠʪʳʚʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʧʦʣʝʡ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʬʨʦʥʪʘ ʢʦʨʦʯʢʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʨʘʩʧʣʘʚʘ ʤʝʪʘʣʣʘ ʠ ʥʘʟʥʘʯʘʪʴ 

ʦʧʪʠʤʘʣʴʥʳʡ ʨʝʞʠʤ ʦʭʣʘʞʜʝʥʠʷ ʚʘʣʢʦʚ-

ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʦʚ.  

 ɺʘʞʥʳʤ ʤʦʤʝʥʪʦʤ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʚʘʣʢʦʚʦʡ 

ʨʘʟʣʠʚʢʠ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʨʝʞʠʤʘ, ʩʢʦʨʦʩʪʠ ʟʘʣʠʚʢʠ ʤʝʪʘʣʣʘ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʨʘʟʣʠʚʘʝʤʦʛʦ ʤʝʪʘʣʣʘ ʧʦ ʜʣʠʥʝ ʚʘʣʢʘ-

ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʘ.  

 ʆʩʫʱʝʩʪʚʣʝʥʠʝ ʦʜʥʦʚʘʣʢʦʚʦʡ ʨʘʟʣʠʚʢʠ-

ʧʨʦʢʘʪʢʠ ʥʝ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʘʩʯʝʪʦʚ 

ʜʝʬʦʨʤʘʮʠʠ, ʦʜʥʘʢʦ ʥʝʦʙʭʦʜʠʤʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʠʩʩʣʝʜʦʚʘʪʴ ʧʨʦʮʝʩʩ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʤʝʞʜʫ ʚʘʣʢʦʤ-

ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʦʤ ʠ ʨʘʩʧʣʘʚʦʤ ʤʝʪʘʣʣʘ. ɺʘʞʥʦ 

ʠʟʫʯʠʪʴ ʚʣʠʷʥʠʝ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʚʘʣʢʘ-

ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʘ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʨʘʟʥʦʪʦʣʱʥʦʩʪʠ ʠ 

ʥʝʨʦʚʥʦʩʪʝʡ ʩʚʦʙʦʜʥʦ ʟʘʪʚʝʨʜʝʚʘʶʱʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ.  

 ʆʪʣʠʯʠʝʤ ʣʠʪʴʷ ʤʝʪʦʜʦʤ ʥʘʤʦʨʘʞʠʚʘʥʠʷ ʦʪ 

ʦʙʳʯʥʦʛʦ ʣʠʪʴʷ ʤʝʪʘʣʣʘ ʠ ʩʧʣʘʚʦʚ ʷʚʣʷʝʪʩʷ 

ʧʦʣʫʯʝʥʠʝ ʥʝʧʨʝʨʳʚʥʦʣʠʪʳʭ ʠʟʜʝʣʠʡ ʩ 

ʤʝʣʢʦʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʥʝ ʠʤʝʶʱʠʭ 

ʫʩʘʜʦʯʥʳʭ ʨʘʢʦʚʠʥ, ʪʨʝʱʠʥ, ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʚʢʣʶʯʝʥʠʡ. 
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ABSTRACT  

This article analyzes the costs of aviation companies in the context of the pandemic, including for the airline 

of the Republic of Kazakhstan. The classification of airline costs is considered. Cost classification and analysis of 

consumer demand, taking into account the epidemiological situation in different regions, are the basis for 

optimizing air transportation, reducing costs and ensuring the economic stability of the airline in the face of 

pandemics. 
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1.  INTRODUCTION  

The coronavirus pandemic has caused incredible 

losses in all areas of activity, but airlines have suffered 

the most. Every day more and more carriers cancel 

flights. The reason for this phenomenon was not only 

the legislative acts of various countries that close air 

traffic, but also the lack of demand. In such a difficult 

time, residents of the entire planet prefer to stay at home 

and refuse to travel even within their own state. Airlines 

around the world are doing their best to get by with 

minimal expenses during these turbulent times. To the 

average person, it may seem that everything is simple: 

no flights, no expenses. However, this is not the case in 

reality. Let's try to figure out what expenses are carried 

out by companies at a time when their planes do not 

fly.The cost or cost of an airline's products is the main 

indicator for the economic assessment of the feasibility 

and efficiency of the industry as a whole and of each 

airline in particular. Planning, accounting and analysis 

of operating costs is carried out in two main aspects - 

by economic elements and by cost items. This ensures 

the completeness and correctness of accounting and 

planning of production costs. Economic elements are 

grouped into costs that are homogeneous in their 

economic content, which allows you to determine the 

amount of resources of each type required for 

production. 

2. TYPES OF EXPENSES 

Agreeing to the IATA classification of working 

costs, coordinate and backhanded costs are distributed 

first.Direct costs coordinated taken a toll bunches for 

each sort of transport. These costs are related to the pre-

preparation and coordinate execution of the pertinent 

flights. Each thing of consumption can be 

straightforwardly ascribed to a specific flight 

(airline).Indirect costs are related to the company's 

inner bolster of the airline's exercises, the arrangement 

of different organizational issues, as well as the 

arrangement and development of the advertise 

specialty. This gather of costs relates to transportation 

exercises in Common, without being isolated into 

isolated sorts of administrations. In this manner, the 

exchange of these costs to the taken a toll of 

transportation is carried out in extent to the proposed 

ton-kilometers, seat-kilometers, flight hours, air ship 

flights, etc. [1]. 
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With the purpose of analytical accounting of 

indirect costs are grouped in two areas: other 

production and overhead costs aimed at ensuring 

transportation activities, i.e. connected with the 

promotion  

-provide services to the market and increase the 

number of potential customers (i.e., implementation of 

advertising campaigns, improving the image of the 

company and the conduct of the sponsorship activities), 

the organization of own sales, maintenance of 

representative offices, occupational health of flight 

crews.  

-administrative expenses are directed to the 

maintenance of the airline's management staff and its 

divisions, management and coordination issues. 

Direct operating costs, in addition to relying on 

measurement parameters, but this dependence is not 

directly proportional, since different groups of costs 

react differently or do not react at all to fluctuations in 

volumetric indicators. Therefore, the direct costs of the 

airline, according to the principle of their dependence, 

are divided into two components: 

-direct variable costs include variable cost items 

that depend on specific flight conditions and are 

calculated based on the use of actual or predicted 

information about the type of aircraft, its load, jet fuel 

consumption, time and flight path characteristics; 

-direct fixed costs include expenses related to the 

maintenance of flight personnel, maintenance and 

repair of aircraft. These expenses are aimed at ensuring 

the availability of production assets (depreciation, 

aircraft leasing) and maintaining them in good working 

order, as well as paying the time-based part of 

employees' wages. 

The specificity of air transport activities is that in 

addition to the above classification, the performance of 

a commercial flight is divided into two distinct 

functions: the implementation of direct flight of the 

aircraft and passenger service. In this regard, direct 

variable expenses are divided into: 

-expenses incurred during passenger service 

include the cost of providing service to passengers both 

on the ground (pre-flight) and on Board; 

-expenses incurred during flight maintenance 

include the cost of servicing the aircraft before the 

flight and during the flight. The structure of the cost of 

air transportation used to calculate the amount of 

coverage and profit from the flight is shown below [2]. 

Direct variable flight costs: 

1. expenses related to the transportation of 

passengers (cargo)  

ǒ meals for passengers on Board the aircraft 

(expenses are calculated on the basis of the approved 

price list of prices for the diet for each class of 

passengers carried by aircraft type); 

ǒ flight deck; 

ǒ on-Board service (blankets, pillows, sanitary and 

hygienic supplies, etc.); 

ǒ passenger service at the airport of departure 

(landing) (fee for using the terminal, fee for screening 

passengers at the airport along the route on the basis of 

rates and fees approved by the FAS and ICAO); 

ǒ passenger and cargo insurance (the annual 

payment amounts set by the insurance company for 

each type of aircraft are evenly distributed over periods 

and per flight through the volume of ton-kilometers); 

ǒ handling of cargo; 

ǒ booking expenses (maintenance of booking 

facilities used by the airline); 

ǒ other expenses (expenses for souvenir-printed 

and advertising products on Board the aircraft, etc.); 

2. expenses related to the flight of the aircraft 

itself: 

ǒ aviation fuel; 

ǒ take-off and landing fees at the airport EN route; 

ǒ technical and commercial services and other 

aviation services at the airport; 

ǒ fees for air navigation services at the airport and 

on the highway; 

ǒ maintenance of pilots and flight attendants on 

relay races; 

ǒ variable (piece-rate) wages of pilots; 

ǒ variable (piecework) wages for flight attendants. 

3. Direct fixed costs per flight: 

ǒ maintenance of flight crew and flight attendants, 

i.e. their time component of salary; 

ǒ expenses for training and retraining of flight 

personnel and flight attendants (training); 

ǒ expenses for capital and current repairs, periodic 

maintenance of aircraft and AD; 

ǒ expenses on lease payments for aircraft and AD 

(the amount of annual expenses is evenly distributed 

over the payment periods and divided by flight hours 

by type of aircraft); 

ǒ depreciation; 

ǒ insurance expenses for aircraft and aircraft 

engines (evenly distributed over the periods of 

insurance payments for the actual (planned) flight 

hours). 

4. Indirect flight costs: 

4.1) other operating and overhead costs Å 

ǒ passenger service costs at the base airport; 

ǒ the cost of maintenance of aircraft in the base 

airport; 

ǒ maintenance costs of the airline's representative 

offices; 

ǒ costs associated with the sale of air 

transportation; 

ǒ expenses related to the airline's advertising 

activities; 

ǒ other expenses related to the maintenance of 

pilots and flight attendants; 

ǒ other overhead costs [3-4]. 

4.2) administrative expenses. 

Indirect costs for a flight are calculated through 

the costs of structural divisions only if the airline fully 

or partially performs the above functions, namely, 

provides arrival and departure of its own flights, and 

serves passengers at the airport. Otherwise, the costs for 

these items are determined through the approved rates 

and fees at the airport and are taken into account when 

calculating the economic efficiency of the airline's 

operation on the airline in the block of direct variable 

costs (Fig.1). 
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Figure 1 - IATA classification [5] 

 

Labor is the most important operating cost of an 

airline (32.3%), followed by fuel (17.7%). Labor 

represents about 75% of all non-fixed costs of airline 

operations. Layoffs are consequently the first strategy 

used by the airline industry for rationalization during a 

downturn.Since about two-thirds of the operating 

expenses are fixed, the marginal costs of taking an extra 

passenger are very small. This leads to overbooking 

and highly discounted seats if several remain unsold in 

the days before the flight as a money-losing fare is 

better than no fare at all. To cover its costs, an airline 

must have on average 65% of its seats occupied 

(passenger load factor), a share that increased in since 

deregulation The average passenger load has ranged 

from 66% to 69% over the years, and in the years 

leading up to the pandemic exceeded 80% due to better 

available capacity [6-7]. 

The cost of aviation fuel for Kazakhstan airlines is 

30%, air navigation services and weather support costs 

reach 11%, airport services for airlines ï 2%, passenger 

services (catering and other services) - 11%, 

engineering and technical maintenance of aircraft is up 

to 10% of the structure of the cost of air transport.The 

share of operating costs may vary depending on the age 

of the aircraft. Depreciation and amortization is 3%. 

Airlines spend up to 10% on staff salaries, and aircraft 

leasing accounts for up to 8.5% of total expenses.Ticket 

sales and Commission fees can be up to 5.5%, and crew 

expenses can be up to 4.5%. General and administrative 

expenses in Kazakhstan airlines reach 4% [8]. 

3. CONCLUSION  

As the analysis above shows, aviation companies 

are currently incurring high costs. One of these and the 

main one is fuel.There are also air navigation services 

and metrological support and airport services that 

include food and cleaning.At the time of pandemie 

these costs, the impact on the economy of these 

companies.According to the Association's forecasts, 

passenger traffic will decrease by 66 percent in 2020, 

and demand will decrease by 68 percent in December. 

Although airlines are taking measures to reduce costs, 

about 50 percent of them are fixed or semi-fixed. As a 

result, expenses are not reduced as quickly as income. 

For 76 percent of airlines, operating expenses were 
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down 48 percent and revenues were down 73 percent. 

Increased use of modern information technology and 

data analysis techniques should help reduce these costs. 

Cost classification and analysis of consumer demand, 

taking into account the epidemiological situation in 

different regions, are the basis for optimizing air 

transportation, reducing costs and ensuring the 

economic stability of the airline in the face of 

pandemics. 
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ɸʅʅʆʊɸʎʀʗ 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʝʣʴ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʘʩʩʦʮʠʘʪʠʚʥʦʡ ʧʘʤʷʪʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʢʦʛʥʠʪʠʚʥʳʭ ʘʛʝʥʪʦʚ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

ʇʨʠ ʧʦʤʦʱʠ ʵʪʦʡ ʤʦʜʝʣʠ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʦʜʥʘ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʨʦʙʣʝʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʦʙʱʝʤ ð ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʢʦʛʥʠʪʠʚʥʦʛʦ ʘʛʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

çʞʠʟʥʝʥʥʦʛʦ ʦʧʳʪʘè ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʢʦʥʪʝʢʩʪʘ ʪʦʡ ʩʠʪʫʘʮʠʠ, ʚ ʢʦʪʦʨʦʡ ʦʥ ʥʘʭʦʜʠʣʩʷ, ʥʘʭʦʜʠʪʩʷ ʠ, 

ʚʦʟʤʦʞʥʦ, ʙʫʜʝʪ ʥʘʭʦʜʠʪʴʩʷ. ʕʪʘ ʤʦʜʝʣʴ ʧʨʠʤʝʥʠʤʘ ʜʣʷ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʢʦʛʥʠʪʠʚʥʳʭ ʘʛʝʥʪʦʚ, 

ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʢʘʢ ʚ ʩʧʝʮʠʘʣʴʥʦ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʭ ʚʠʨʪʫʘʣʴʥʳʭ ʤʠʨʘʭ, ʪʘʢ ʠ ʚ ʦʙʲʝʢʪʠʚʥʦʡ 

ʨʝʘʣʴʥʦʩʪʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʘʩʩʦʮʠʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʚ ʢʘʯʝʩʪʚʝ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʧʘʤʷʪʠ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʢʦʛʥʠʪʠʚʥʳʭ ʘʛʝʥʪʦʚ ʧʦʟʚʦʣʠʪ ʧʦʩʣʝʜʥʠʤ ʵʬʬʝʢʪʠʚʥʦ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʢʘʢ ʚ ʦʙʱʠʭ 

ʟʥʘʥʠʷʭ, ʥʘʢʦʧʣʝʥʥʳʭ ʯʝʣʦʚʝʯʝʩʪʚʦʤ, ʪʘʢ ʠ ʚ ʩʚʦʸʤ ʞʠʟʥʝʥʥʳʤ ʦʧʳʪʝ. ʅʦʚʠʟʥʘ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʳ 

ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʘʚʪʦʨʩʢʦʤ ʧʦʜʭʦʜʝ ʢ ʧʦʩʪʨʦʝʥʠʶ ʢʦʥʪʝʢʩʪʥʦ-ʟʘʚʠʩʠʤʳʭ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʢʦʛʥʠʪʠʚʥʳʭ 

ʘʛʝʥʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ ʧʦʜʭʦʜʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʙʘʟʠʨʫʶʱʝʛʦʩʷ ʥʘ ʜʦʩʪʠʞʝʥʠʷʭ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʢʦʛʥʠʪʦʣʦʛʠʠ, ʥʝʡʨʦʬʠʟʠʦʣʦʛʠʠ, ʧʩʠʭʦʣʦʛʠʠ ʠ ʩʦʮʠʦʣʦʛʠʠ. ɸʢʪʫʘʣʴʥʦʩʪʴ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʦʩʪʨʦʤ ʠʥʪʝʨʝʩʝ ʥʘʫʯʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʠ ʚʳʩʦʢʦʤ ʩʦʮʠʘʣʴʥʦʤ ʟʘʧʨʦʩʝ ʥʘ 

ʩʦʟʜʘʥʠʝ ʩʠʩʪʝʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʦʙʱʝʛʦ ʫʨʦʚʥʷ. ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʛʝʥʪʘ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʩʪʘʥʦʚʠʪʩʷ ʘʩʩʦʮʠʘʪʠʚʥʘʷ ʠʝʨʘʨʭʠʯʝʩʢʘʷ 

ʧʘʤʷʪʴ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʜʭʦʜʘ, ʩʭʦʜʥʦʛʦ ʩ ʛʠʧʝʨʢʦʣʦʥʢʘʤʠ ʢʦʨʳ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʛʦʣʦʚʥʦʛʦ 

ʤʦʟʛʘ. ʉʪʘʪʴʷ ʙʫʜʝʪ ʠʥʪʝʨʝʩʥʘ ʚʩʝʤ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤ, ʨʘʙʦʪʘʶʱʠʤ ʚ ʦʙʣʘʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʳʭ 

ʢʦʛʥʠʪʠʚʥʳʭ ʘʛʝʥʪʦʚ ʠ ʩʤʝʞʥʳʭ ʦʙʣʘʩʪʷʭ. 
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ABSTRACT 

This paper presents a model of hierarchical associative memory, which can be used as a basis for building 

artificial cognitive agents of general purpose. With the help of this model, one of the most important problems of 

modern machine learning and artificial intelligence in general can be solved - the ability for a cognitive agent to 

use "life experience" to process the context of the situation in which he was, is and, possibly, will be. This model 

is applicable for artificial cognitive agents functioning both in specially designed virtual worlds and in objective 

reality. The use of hierarchical associative memory as a long-term memory of artificial cognitive agents will allow 

the latter to effectively navigate both in the general knowledge accumulated by mankind and in their life 

experience. The novelty of the presented work is based on the author's approach to the construction of context-

dependent artificial cognitive agents using an interdisciplinary approach, in particular, based on the achievements 

of artificial intelligence, cognitology, neurophysiology, psychology and sociology. The relevance of this work is 

based on the keen interest of the scientific community and the high social demand for the creation of general-level 

artificial intelligence systems. Associative hierarchical memory, based on the use of an approach similar to the 

hypercolumns of the human cerebral cortex, is becoming one of the important components of an artificial 

intelligent agent of the general level. The article will be of interest to all researchers working in the field of building 

artificial cognitive agents and related fields. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʢʦʛʥʠʪʠʚʥʳʡ ʘʛʝʥʪ, ʘʩʩʦʮʠʘʪʠʚʥʘʷ ʧʘʤʷʪʴ, 

ʠʝʨʘʨʭʠʯʝʩʢʘʷ ʧʘʤʷʪʴ, ʦʙʨʘʙʦʪʢʘ ʢʦʥʪʝʢʩʪʘ, ʞʠʟʥʝʥʥʳʡ ʦʧʳʪ, ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʦʙʫʯʝʥʠʝ ʩ 

ʧʦʜʢʨʝʧʣʝʥʠʝʤ, ʥʝʧʨʝʨʳʚʥʦʝ ʦʙʫʯʝʥʠʝ, ʘʛʝʥʪʥʳʡ ʧʦʜʭʦʜ. 

Keywords: artificial intelligence, cognitive agent, associative memory, hierarchical memory, context 
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ʉʦʚʨʝʤʝʥʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ 

ʨʝʰʝʥʠʠ ʦʪʜʝʣʴʥʳʭ ʢʦʛʥʠʪʠʚʥʳʭ ʟʘʜʘʯ ʚ ʪʘʢʠʭ 

ʦʙʣʘʩʪʷʭ, ʢʘʢ ʧʦʠʩʢ ʠ ʦʙʥʘʨʫʞʝʥʠʝ ʩʢʨʳʪʳʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʦʙʨʘʟʦʚ, 

ʧʦʥʠʤʘʥʠʝ ʩʤʳʩʣʘ ʝʩʪʝʩʪʚʝʥʥʦ-ʷʟʳʢʦʚʳʭ 

ʚʳʩʢʘʟʳʚʘʥʠʡ, ʧʦʜʜʝʨʞʢʘ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, 

ʛʝʥʝʨʘʮʠʷ ʨʝʘʣʠʩʪʠʯʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʜʨ. 

[ɼʫʰʢʠʥ, 2019]. ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ 

ʟʘʜʘʯ ʨʝʰʝʥʠʷ ʥʘ ʙʘʟʝ ʤʝʪʦʜʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʫʞʝ ʧʨʝʚʟʦʰʣʠ ʧʦ ʪʦʯʥʦʩʪʠ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʯʝʣʦʚʝʯʝʩʢʠʡ ʫʨʦʚʝʥʴ 

[Takagi et al., 2019]. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʚʩʝ ʵʪʠ ʜʦʩʪʠʞʝʥʠʷ ʦʩʥʦʚʘʥʳ ʥʘ 

ʧʨʠʤʝʥʝʥʠʠ ʧʦʜʭʦʜʦʚ ʚ ʨʘʤʢʘʭ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ 

çʩʣʘʙʦʛʦ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘè, ʢʦʛʜʘ 

ʨʝʰʘʝʪʩʷ ʦʪʜʝʣʴʥʘʷ ʢʦʛʥʠʪʠʚʥʘʷ ʟʘʜʘʯʘ ʚ ʦʪʨʳʚʝ ʦʪ 

ʦʙʱʝʡ ʢʦʥʮʝʧʮʠʠ ʧʦʩʪʨʦʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʢʦʛʥʠʪʠʚʥʦʛʦ ʘʛʝʥʪʘ ʦʙʱʝʛʦ ʫʨʦʚʥʷ. ʇʨʦʙʣʝʤʘ 

ʧʦʩʪʨʦʝʥʠʷ çʩʠʣʴʥʦʛʦ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘè 

[Paquette, 2020] ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʨʝʰʝʥʘ, ʠ ʝʸ ʨʝʰʝʥʠʝ 

ʦʩʣʦʞʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʜʦ ʩʠʭ ʧʦʨ ʥʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ 

ʧʨʦʜʚʠʞʝʥʠʷ ʚ ʤʝʪʦʜʘʭ ʦʨʛʘʥʠʟʘʮʠʠ 

ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʧʘʤʷʪʠ ʢʦʛʥʠʪʠʚʥʦʛʦ ʘʛʝʥʪʘ ʪʘʢ, 

ʯʪʦʙʳ ʦʥ ʤʦʛ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʧʨʦʮʝʩʩʝ ʩʚʦʝʛʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʚʦʡ çʞʠʟʥʝʥʥʳʡ ʦʧʳʪè ʠ 

ʦʙʱʠʝ ʟʥʘʥʠʷ ʜʣʷ ʨʘʟʨʝʰʝʥʠʷ ʢʦʥʪʝʢʩʪʘ ʩʠʪʫʘʮʠʠ, 

ʚ ʢʦʪʦʨʦʡ ʦʥ ʥʘʭʦʜʠʪʩʷ [Br®zillon, 1999]. 

ɸʚʪʦʨʩʢʠʡ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤʳ 

ʢʦʥʪʝʢʩʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʘʩʩʦʮʠʘʪʠʚʥʦʡ ʧʘʤʷʪʠ, ʢʦʪʦʨʘʷ 

ʥʘʧʦʣʥʷʝʪʩʷ ʠ ʦʙʥʦʚʣʷʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʦʛʥʠʪʠʚʥʦʛʦ ʘʛʝʥʪʘ. ʕʪʘ 

ʤʦʜʝʣʴ ʦʩʥʦʚʘʥʘ ʥʘ ʘʥʘʣʦʛʠʠ ʩ ʣʦʛʠʯʝʩʢʠʤ 

ʫʩʪʨʦʡʩʪʚʦʤ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʧʘʤʷʪʠ ʯʝʣʦʚʝʢʘ, ʚ 

ʢʦʪʦʨʦʡ ʥʝʧʨʝʨʳʚʥʦ ʩʦʙʠʨʘʶʪʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

ʚʩʝʡ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ ʨʘʟʣʠʯʥʳʝ ʬʘʢʪʳ, ʢʦʪʦʨʳʝ 

ʟʘʪʝʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠ ʨʘʟʨʝʰʝʥʠʷ 

ʢʦʥʪʝʢʩʪʫʘʣʴʥʳʭ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʝʡ. ʌʘʢʪʠʯʝʩʢʠ, 

ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʩʰʠʨʝʥʠʝ ʩʪʨʫʢʪʫʨʳ 

ʨʝʢʫʨʩʠʚʥʦʡ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʧʘʤʷʪʠ ʠ ʤʝʪʦʜʘ 

ʛʣʫʙʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʦʧʠʩʘʥʥʳʭ ʚ ʨʘʙʦʪʝ 

[ʐʫʤʩʢʠʡ, 2020]. 

ʇʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʝʩʪʝʩʪʚʝʥʥʦʛʦ 

ʢʦʛʥʠʪʠʚʥʦʛʦ ʘʛʝʥʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʪʨʦʝʥʠʠ ʠ 

ʧʦʩʪʦʷʥʥʦʤ ʦʙʥʦʚʣʝʥʠʠ ʘʩʩʦʮʠʘʪʠʚʥʳʭ ʩʚʷʟʝʡ 

ʤʝʞʜʫ ʢʦʤʧʣʝʢʩʘʤʠ ʥʝʡʨʦʥʦʚ ʚ ʢʦʨʪʝʢʩʝ 

(ʢʦʨʪʠʢʘʣʴʥʳʝ ʢʦʣʦʥʢʠ ʫ ʞʠʚʦʪʥʳʭ, ʦʙʣʘʜʘʶʱʠʭ 

ʢʦʨʦʡ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ) ʠʣʠ ʤʝʞʜʫ ʛʘʥʛʣʠʷʤʠ ʠ 

ʷʜʨʘʤʠ (ʫ ʞʠʚʦʪʥʳʭ, ʢʦʨʘ ʫ ʢʦʪʦʨʳʭ ʦʪʩʫʪʩʪʚʫʝʪ). 

ɺʦʟʙʫʞʜʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʘʩʩʦʮʠʘʪʠʚʥʳʭ ʩʚʷʟʝʡ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʱʝʤʫ ʧʦʥʠʤʘʥʠʶ ʩʠʪʫʘʮʠʠ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʢʦʥʪʝʢʩʪʘ, ʚ ʢʦʪʦʨʦʤ ʘʛʝʥʪ ʥʘʭʦʜʠʪʩʷ. 

ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚʦʟʙʫʞʜʝʥʠʝ 

ʘʩʩʦʮʠʘʪʠʚʥʳʭ ʩʚʷʟʝʡ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʧʦʥʠʤʘʥʠʝ ʠ, 

ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʘʜʝʢʚʘʪʥʫʶ ʨʝʘʢʮʠʶ ʢʦʛʥʠʪʠʚʥʦʛʦ 

ʘʛʝʥʪʘ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʘʨʭʠʪʝʢʪʫʨʳ ʧʘʤʷʪʠ. ʅʘ ʵʪʦ 

ʥʘʤʝʢʘʝʪ ʨʘʟʣʠʯʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʮʝʥʪʨʘʣʴʥʦʡ 

ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʫ ʪʘʢʠʭ ʘʛʝʥʪʦʚ, ʢʘʢ ʯʝʣʦʚʝʢ, 

ʜʨʫʛʠʝ ʤʣʝʢʦʧʠʪʘʶʱʠʝ, ʧʪʠʮʳ, ʨʝʧʪʠʣʠʠ ʠ 

ʘʤʬʠʙʠʠ ʠ ʜʘʞʝ ʥʘʩʝʢʦʤʳʝ, ʫ ʥʝʢʦʪʦʨʳʭ ʠʟ 

ʢʦʪʦʨʳʭ ʠʤʝʶʪʩʷ ʧʨʠʟʥʘʢʠ ʢʦʛʥʠʪʠʚʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʙʦʪʦʡ [Hawkins, 2004] ʦʜʥʘ 

ʠʟ ʤʦʜʝʣʝʡ ʠʥʪʝʣʣʝʢʪʘ ʯʝʣʦʚʝʢʘ ʦʩʥʦʚʘʥʘ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʧʘʤʷʪʠ, ʦʩʥʦʚʥʳʤ 

ʵʣʝʤʝʥʪʦʤ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ 

çʢʦʨʪʠʢʘʣʴʥʘʷ ʢʦʣʦʥʢʘè. ʂʦʣʦʥʢʠ ʩʚʷʟʳʚʘʶʪʩʷ ʚ 

ʠʝʨʘʨʭʠʯʝʩʢʫʶ ʩʝʪʴ, ʜʠʥʘʤʠʯʝʩʢʘʷ ʢʘʨʪʠʥʘ 

ʚʦʟʙʫʞʜʝʥʠʷ ʢʦʣʦʥʦʢ ʚ ʢʦʪʦʨʦʡ ʦʪʨʘʞʘʝʪ 

ʩʠʪʫʘʮʠʶ ʠ ʢʦʥʪʝʢʩʪ, ʚ ʢʦʪʦʨʦʡ ʘʛʝʥʪ ʥʘʭʦʜʠʪʩʷ, 

ʧʦʟʚʦʣʷʷ ʝʤʫ ʫʩʧʝʰʥʦ ʨʝʰʘʪʴ ʚʦʟʥʠʢʘʶʱʠʝ 

ʟʘʜʘʯʠ. ʈʘʙʦʪʘ [ʐʫʤʩʢʠʡ, 2020] ʜʘʣʝʝ ʚʚʦʜʠʪ ʚ 

ʤʦʜʝʣʴ ʧʘʤʷʪʠ ʠ ʠʥʪʝʣʣʝʢʪʘ ʯʝʣʦʚʝʢʘ ʨʘʟʨʝʞʝʥʥʦʝ 

ʢʦʜʠʨʦʚʘʥʠʝ ʧʦʥʷʪʠʡ ʠ ʘʩʩʦʮʠʘʪʠʚʥʳʝ ʩʚʷʟʠ 

ʤʝʞʜʫ ʥʠʤʠ, ʧʨʠʯʸʤ ʵʣʝʤʝʥʪʦʤ ʢʦʜʠʨʦʚʘʥʠʷ ʚʩʸ 

ʪʘʢʞʝ ʦʩʪʘʸʪʩʷ ʢʦʨʪʠʢʘʣʴʥʘʷ ʢʦʣʦʥʢʘ, ʥʦ ʦʥʠ 

ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʢʦʨʪʠʢʘʣʴʥʳʝ ʛʠʧʝʨʢʦʣʦʥʢʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʥʦʞʝʩʪʚʘʤ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ 

ʧʦʥʷʪʠʡ. ʀʝʨʘʨʭʠʯʝʩʢʠʝ ʩʚʷʟʠ ʚ ʵʪʦʡ ʤʦʜʝʣʠ 

ʩʪʨʦʷʪʩʷ ʥʘ ʛʠʧʝʨʢʦʣʦʥʢʘʭ, ʭʦʪʷ ʤʝʞʜʫ 

ʦʪʜʝʣʴʥʳʤʠ ʢʦʣʦʥʢʘʤʠ ʚ ʨʘʟʥʳʭ ʛʠʧʝʨʢʦʣʦʥʢʘʭ 
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ʪʦʞʝ ʤʦʛʫʪ ʦʨʛʘʥʠʟʦʚʳʚʘʪʴʩʷ ʘʩʩʦʮʠʘʪʠʚʥʳʝ 

ʩʚʷʟʠ. 

ʇʝʨʝʯʠʩʣʝʥʥʦʝ ʜʘʸʪ ʬʫʥʜʘʤʝʥʪ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠʝʨʘʨʭʠʯʝʩʢʦʡ 

ʘʩʩʦʮʠʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʜʣʷ ʠʩʢʫʩʩʪʚʝʥʥʳʭ 

ʢʦʛʥʠʪʠʚʥʳʭ ʘʛʝʥʪʦʚ, ʧʨʠʯʸʤ ʚ ʩʣʫʯʘʝ ʫʩʧʝʰʥʦʡ 

ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʜʦʩʪʘʪʦʯʥʦʤ ʦʙʲʸʤʝ ʜʘʥʥʳʭ ʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʪʘʢʘʷ ʧʘʤʷʪʴ ʤʦʞʝʪ 

ʩʪʘʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʦʙʱʝʛʦ ʫʨʦʚʥʷ. ʇʨʠʤʝʥʝʥʠʝ ʵʪʦʡ 

ʤʦʜʝʣʠ ʧʘʤʷʪʠ ʚ ʨʘʤʢʘʭ ʛʠʙʨʠʜʥʦʡ ʧʘʨʘʜʠʛʤʳ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ [ɼʫʰʢʠʥ & ɸʥʜʨʦʥʦʚ, 

2019] ʦʪʢʨʳʚʘʝʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʢʦʛʥʠʪʠʚʥʳʭ ʘʛʝʥʪʦʚ 

ʨʘʟʣʠʯʥʦʛʦ ʧʨʝʜʥʘʟʥʘʯʝʥʠʷ. 

ʄʦʜʝʣʴ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʘʩʩʦʮʠʘʪʠʚʥʦʡ ʧʘʤʷʪʠ 

ʜʣʷ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʢʦʛʥʠʪʠʚʥʳʭ ʘʛʝʥʪʦʚ ʦʙʱʝʛʦ 

ʥʘʟʥʘʯʝʥʠʷ ʦʩʥʦʚʘʥʘ ʥʘ ʤʥʦʞʝʩʪʚʝ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ 

ʩʧʝʮʠʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʢʦʜʠʨʫʝʪ ʦʜʥʦ ʧʦʥʷʪʠʝ 

ʦʙʱʝʛʦ ʭʘʨʘʢʪʝʨʘ ʠʣʠ ʩʧʝʮʠʬʠʯʝʩʢʦʝ ʜʣʷ 

ʧʨʦʙʣʝʤʥʦʡ ʦʙʣʘʩʪʠ, ʚ ʢʦʪʦʨʦʡ ʬʫʥʢʮʠʦʥʠʨʫʝʪ 

ʢʦʛʥʠʪʠʚʥʳʡ ʘʛʝʥʪ. ʂʦʜʠʨʦʚʘʥʠʝ ʧʦʥʷʪʠʷ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʥʘʠʙʦʣʝʝ ʦʙʱʝʛʦ 

ʩʧʦʩʦʙʘ ʚ ʚʠʜʝ ʧʘʨʳ ʪʠʧʘ (ʥʘʠʤʝʥʦʚʘʥʠʝ, 

ʟʥʘʯʝʥʠʝ). ʊʘʢʦʡ ʩʧʦʩʦʙ ʢʦʜʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʦʜʠʨʦʚʘʥʠʝ ʣʶʙʳʭ ʩʫʱʥʦʩʪʝʡ 

ʧʨʦʙʣʝʤʥʳʭ ʦʙʣʘʩʪʝʡ ʣʶʙʦʛʦ ʨʦʜʘ ð ʦʙʲʝʢʪʦʚ, 

ʘʪʨʠʙʫʪʦʚ ʠ ʧʨʝʜʠʢʘʪʦʚ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʢ ʢʘʞʜʦʤʫ ʪʘʢʦʤʫ ʩʪʨʫʢʪʫʨʥʦʤʫ 

ʵʣʝʤʝʥʪʫ ʧʘʤʷʪʠ ʚ ʧʨʝʜʣʘʛʘʝʤʦʡ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ 

ʤʦʜʝʣʠ ʧʨʠʧʠʩʳʚʘʝʪʩʷ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʩʧʝʮʠʘʣʴʥʦʡ ʠ ʩʣʫʞʝʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʠʤʝʥʥʦ: 

1.ʄʥʦʞʝʩʪʚʦ ʘʩʩʦʮʠʘʪʠʚʥʳʭ ʩʚʷʟʝʡ, ʢʘʞʜʘʷ ʠʟ 

ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʥʘʠʤʝʥʦʚʘʥʠʝ ʠ ʩʧʠʩʦʢ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʘʪʨʠʙʫʪʦʚ. ʌʘʢʪʠʯʝʩʢʠ ʧʨʠ 

ʧʦʤʦʱʠ ʵʪʦʛʦ ʤʥʦʞʝʩʪʚʘ ʬʦʨʤʠʨʫʝʪʩʷ 

ʩʝʤʘʥʪʠʯʝʩʢʘʷ ʩʝʪʴ ʥʘ ʭʨʘʥʷʱʠʭʩʷ ʚ ʧʘʤʷʪʠ 

ʧʦʥʷʪʠʷʭ. 

2.ʉʪʨʫʢʪʫʨʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʪʦʤ, ʢʦʛʜʘ ʠ ʧʨʠ ʢʘʢʠʭ ʫʩʣʦʚʠʷʭ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 

ʧʦʥʷʪʠʝ, ʢʦʪʦʨʦʝ ʚʩʪʨʦʝʥʦ ʚ ʦʧʠʩʘʥʥʫʶ ʚ 

ʧʨʝʜʳʜʫʱʝʤ ʧʫʥʢʪʝ ʩʝʤʘʥʪʠʯʝʩʢʫʶ ʩʝʪʴ. 

3.ʉʧʠʩʦʢ ʘʨʭʠʚʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦʥʷʪʠʷ, 

ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ 

ʩʘʤʦʨʝʬʝʨʝʥʩʥʦʡ ʧʘʤʷʪʠ ʦ ʪʦʤ, ʢʘʢ ʧʨʦʠʩʭʦʜʠʣʦ 

ʦʙʫʯʝʥʠʝ ʠ ʘʢʪʫʘʣʠʟʘʮʠʷ ʧʦʥʷʪʠʡʥʦʡ ʙʘʟʳ 

ʢʦʛʥʠʪʠʚʥʦʛʦ ʘʛʝʥʪʘ. 

ʆʧʠʩʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʨʘʩʰʠʨʝʥʥʫʶ ʩʝʤʘʥʪʠʯʝʩʢʫʶ ʩʝʪʴ, ʢʦʪʦʨʘʷ, 

ʦʜʥʘʢʦ, ʜʦʣʞʥʘ ʙʳʪʴ ʜʠʥʘʤʠʯʝʩʢʦʡ ʠ ʧʦʩʪʦʷʥʥʦ 

ʘʢʪʫʘʣʠʟʠʨʦʚʘʪʴʩʷ ʚ ʧʨʦʮʝʩʩʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʢʦʛʥʠʪʠʚʥʦʛʦ ʘʛʝʥʪʘ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʦʙʫʯʝʥʠʷ ʩ ʧʦʜʢʨʝʧʣʝʥʠʝʤ ʧʨʠ ʘʢʪʠʚʥʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩʦ ʩʨʝʜʦʡ. ɺ ʵʪʦʤ ʟʘʢʣʶʯʘʝʪʩʷ 

ʦʪʣʠʯʠʝ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʦʜʝʣʠ ʦʪ ʦʙʳʯʥʦʡ 

ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʩʝʪʠ. 
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ABSTRACT 

Methods of accuracy improving of pre-trained networks are discussed. Images of ships are input data for the 

networks. Networks are built and trained using Keras and TensorFlow machine learning libraries. Fine tuning of 

previously trained convoluted artificial neural networks for pattern recognition tasks is described. Fine tuning of 

VGG16 and VGG19 networks are done by using Keras Applications. The accuracy of VGG16 network with fine-

tuning of the last convolution unit increased from 94.38% to 95.21%. An increase is only 0.83%. The accuracy of 

VGG19 network with fine-tuning of the last convolution unit increased from 92.97% to 96.39%, which is 3.42%. 
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1. Introduction 

One of the main tasks is to recognize vessels in an 

image or video. It is based on the purpose of methods 

and system development of software and hardware, 

collection, processing, storage, analysis of shipping 

channels parameters, navigation of cargo and passenger 

traffic in information and telecommunication system of 

monitoring and management of shipping channels [1; 

2; 3] The effectiveness of using neural networks to 

solve this problem has been shown in [4]. 

2. Task setting  

Technology of training transfer was described. 

Fine tuning is the next step in accuracy improving of a 

pre-trained network. If only a new part, the classifier, 

changes at the stage of additional training, then at the 

stage of fine tuning the convolution part is also trained. 

This results in a more accurate selection of 

characteristics of those objects that are part of a data set 

of a new task [5]. Fine tuning can only be applied after 

the classifier on a new dataset has been trained. 

3. Implementation proposed in the article  

Pre-trained networks from Keras Applications 

library were used. Freezing process of network 

convoluted part and additional training of created 

classifier on a new data set was demonstrated using an 

example of VGG16 network. There are about 2 million 

parameters in the composite network. They are located 

in fully connected layers of the classifier. An accuracy 

of 94.38% was obtained.  

It is necessary to unfreeze several layers or entire 

blocks of a neural network at a fine tuning stage. 

Selected number of layers or blocks to be thawed and 

trained depends on how much a new data set differs 

from a data set on which the neural network was 

previously trained [6]. The ImageNet dataset, which 

was used to train networks from Keras Applications 

library, includes images of naval vessels. So, a new 

dataset is slightly different from ImageNet dataset and 

a small number of layers can be trained. The last block 

of pre-trained networks will be thawed for training. 

Using an example of VGG16 network, the last unit of 

pre-trained part is highlighted in Figure 1. 

 

 
Fig. 1. VGG16 network architecture 

 

Figure 2 shows information about the network, 

with the list of layers and the number of neurons in 

them. The name of the layers consists of two parts. The 

first part is the name of a block and the second is a type 

and number of a layer in a block. Layers with "block5" 

prefix in the name must be unlocked. 

 

 
Fig. 2. Information about the loaded VGG16 network 
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At fir st, it is necessary to allow training at the 

network level. Trainable field is set as çTrueè for this 

purpose. Then trainable flag is created, which is 

initially set as çFalseè and means that a particular layer 

is being trained or not. There is the first layer of the fifth 

block with the name "block5_conv" in network. 

Trainable parameter is set as çTrueè for this and others 

subsequent layers (Figure 3). 

 

 
Fig. 3. Unlock of the last block of VGG16 network 

 

The network must then be recompiled. It is 

necessary to use a small training rate parameter in order 

not to lose the results of pre-training because the 

network is already pre-trained [7]. The learning rate 

parameter lr (learning rate) is specified when the 

optimizer is created. In this case, Adam optimizer is 

used (Figure 4) 

 

 
Fig. 4. Network recompiling with a slow learning rate 

 

The compiled network is trained in the same way 

as the composite network classifier was trained. It is not 

necessary to use a large number of eras for fine-tuning 

of the network. In this case, two eras are used. When 

the training is completed, the quality of the network is 

checked using data that was not used during the 

training. 

Network accuracy on test data is 95.21% and 

increased compared to the network without fine tuning 

by 0.83%. A small increase is due to the fact that new 

data set is not very different from ImageNet data set and 

convoluted part of VGG16 neural network already 

identifies characteristic features of sea vessels. If 

dataset contained objects that were not part of the 

original dataset for training, the efficiency of network 

fine-tuning on such dataset would be significantly 

higher. Fine-tuning of VGG19 network was carried out 

similarly and the accuracy of operation was 96.39%, 

which is more than that of VGG16. Although the 

accuracy of VGG19 to fine tuning was less than that of 

VGG16. It was 92.97%. So it is increased by 3.42%.  

4. Results and conclusions 

The use of pre-trained neural networks to classify 

objects on an image and a method for improving their 

accuracy were described. At the first stage, when 

transferring training from a pre-trained neural network, 

the part responsible for objects classifying is removed 

and a new part is added. This part provides 

classification of objects in a given task. A fine-tuning 

stage follows after training a new classifier. At this 

stage both the classifier and the convolution part are 

trained. This allows the neural network to determine the 

characteristic features of objects on a new dataset 

better. The effectiveness of fine tuning depends on how 

different the datasets are. And it is more effective if the 

new dataset contains objects that were not in pre-

training dataset. So fine-tuning of VGG16 network 

showed an increase in accuracy of 0.83% and fine-

tuning of VGG19 network showed an increase in 

accuracy of 3.42%. 

 

References 

[1] Goltsova I. A., Gulamov A. A. Information 

support of the railway section, Proceeding of the 

Southwest State University. Series: Control, Computer 

engineering, Information science. Medical instruments 

engineering, 2017, vol. 7, no. 2(23), pp. 6ï11. 

https://swsu.ru/izvestiya/seriesivt/archiv/2_2017.pdf 

[2] Maklakov E.S., Gulamov A.A. The 

collection of information control center. Proceedings of 

the Southwest State University. 2018;22(6):136-142. 

(In Russ.) https://doi.org/10.21869/2223-1560-2018-

22-6-136-142 

[3] Maklakov E. S., Gulamov A.A. 

Optimizaciya çposlednih mil'è do udalennyh uzlov 

dostupa putem primeneniya tekhnologii LCAS. 

Modelirovanie, optimizaciya i informacionnye 

tekhnologii. Nauchnyj zhurnal, 2019.7(3). (In Russ.). 

http://moit.vivt.ru/. https://doi.org/ 10.26102/2310-

6018/2019.26.3.039. 

[4] Konarev D.I., Gulamov A.A. Synthesis of 

Neural Network Architecture for Recognition of Sea-

Going Ship Images. Proceedings of the Southwest State 

University. 2020;24(1):130-143. (In 

Russ.) https://doi.org/10.21869/2223-1560-2020-24-1-

130-143 

[5] Bastiaan Sjardin, Luca Massaron, Alberto 

Boschetti Large Scale Machine Learning with Python, 

Packt Publishing, 2016. ï 420 p. 

[6] Weiss K., Khoshgoftaar T.M., Wang D. A 

Survey of Transfer Learning Journal of Big Data. 2016. 

Vol. 3, No. 1. pp. 1-9.  

DOI: 10.1186/s40537-016-0043-6 

[7] Russakovsky, O., Deng, J., Su, H., et al. 

ImageNet Large Scale Visual Recognition Challenge. 

International Journal of Computer Vision (IJCV). Vol 

115, Issue 3, 2015, pp. 211ï252 

https://doi.org/10.21869/2223-1560-2018-22-6-136-142
https://doi.org/10.21869/2223-1560-2018-22-6-136-142
https://doi.org/10.21869/2223-1560-2020-24-1-130-143
https://doi.org/10.21869/2223-1560-2020-24-1-130-143


ɽʚʨʘʟʠʡʩʢʠʡ ʉʦʶʟ ʋʯʝʥʳʭ (ɽʉʋ) # 1(82), 2021 29 

ʋɼʂ 796.02 

 

ɸʅɸʃʀɿ ɺʀɼɽʆɿɸʇʀʉʀ ʇʆɼʒɽʄɸ ʉʇʆʈʊʉʄɽʅɸ ʇʆ ɺɽʈɽɺʂɽ. 

 

ʄʘʢʘʰʦʚʘ ɿ.ʕ. 

ɹɻʊʋ çɺʆɽʅʄɽʍè 

ʂʘʥʜ.ʪʝʭʥ.ʥʘʫʢ, 

ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʬʠʟʠʯʝʩʢʦʛʦ ʚʦʩʧʠʪʘʥʠʷ ʠ ʩʧʦʨʪʘ 

ʛ.ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʌ 

ʏʝʨʝʜʥʠʯʝʥʢʦ ʃ.ɸ. 

ʂʘʥʜ.ʪʝʭʥ.ʥʘʫʢ, ʜʦʮʝʥʪ 

 ʛ.ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʌ 

ʏʝʨʝʜʥʠʯʝʥʢʦ ʌ.ʃ. 

ɻɹʋ ʎʇɺʄ çɼʟʝʨʞʠʥʝʮè 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʥʘʧʨʘʚʣʝʥʠʷ çʉʧʝʣʝʦʪʫʨʠʟʤè, 

ʧʝʜʘʛʦʛ ʜʦʧ. ʦʙʨʘʟʦʚʘʥʠʷ 

 

ɸʅʅʆʊɸʎʀʗ 

ʄʘʪʝʨʠʘʣʳ ʩʪʘʪʴʠ ʷʚʣʷʶʪʩʷ ʨʘʟʚʠʪʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʮʝʩʩʦʚ ʧʦʜʲʝʤʘ ʩʧʦʨʪʩʤʝʥʘ ʧʦ ʚʝʨʝʚʢʝ ʩ 

ʧʦʤʦʱʴʶ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʚʠʜʝʦʟʘʧʠʩʠ ʤʝʨʥʦʡ ʣʝʥʪʳ 

ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʢʨʦʣʴ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʢ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʩʧʦʨʪʠʚʥʦʡ ʚʝʨʝʚʢʠ ʨʘʟʥʦʡ ʜʣʠʥʳ, ʪʘʢ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ ʩʧʦʨʪʩʤʝʥʘ ʧʨʠ ʜʚʠʞʝʥʠʠ ʚʚʝʨʭ.  

ɸNNOTATION  

The materials of the article are the development of research into the processes of ascending an athlete on a 

rope using video surveillance. The peculiarities of processing video recording of a measuring tape passing through 

the crawl are considered. It is shown that it is possible to determine both the physical parameters of a sports rope 

of different lengths and the energy consumption of an athlete when moving up.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʧʦʨʪʠʚʥʘʷ ʚʝʨʝʚʢʘ, ʢʨʦʣʴ, ʞʫʤʘʨ, ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʝ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʨʝʥʠʷ ʠ 

ʫʧʨʫʛʦʩʪʠ ʚʝʨʝʚʢʠ. 

Key words: sports rope, crawl, zhumar, video surveillance, coefficients of friction and elasticity of the rope. 

 

ɺ ʩʪʘʪʴʝ [1] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 

ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʬʠʟʠʯʝʩʢʠʝ 

ʧʘʨʤʝʪʨʳ ʚʝʨʝʚʢʠ, ʧʦ ʢʦʪʦʨʦʡ ʧʦʜʥʠʤʘʝʪʩʷ 

ʩʧʦʨʪʩʤʝʥ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʪʴ ʝʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʟʘʪʨʘʪʳ ʧʨʠ ʜʚʠʞʝʥʠʠ. 

ʌʦʪʦʛʨʘʬʠʨʦʚʘʥʠʝ ʚʝʜʫʱʝʛʦ ʟʘʞʠʤʘ (ʞʫʤʘʨʘ) 

ʠ ʬʠʢʩʘʮʠʷ ʝʛʦ ʢʦʦʨʜʠʥʘʪ ʧʦʟʚʦʣʷʶʪ ʫʩʪʘʥʦʚʠʪʴ 

ʜʣʠʥʫ ʘʢʪʠʚʥʦʡ ʯʘʩʪʠ ʚʝʨʝʚʢʠ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ, ʘ ʧʦ ʥʝʡ ʩ ʧʦʤʦʱʴʶ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʩʩʯʠʪʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʫʧʨʫʛʦʩʪʠ ʠ ʧʦʪʝʨʴ ʥʘ ʪʨʝʥʠʝ ʚ ʚʝʨʝʚʢʝ. 

ɺʠʜʝʦʟʘʧʠʩʴ ʬʠʢʩʠʨʫʶʱʝʛʦ ʟʘʞʠʤʘ (ʢʨʦʣʷ) ʩ 

ʤʝʨʥʦʡ ʣʝʥʪʦʡ, ʟʘʢʨʝʧʣʝʥʥʦʛʦ ʩʦʚʤʝʩʪʥʦ ʩ 

ʬʦʪʦʢʘʤʝʨʦʡ ʚʙʣʠʟʠ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʥʘ ʦʙʚʷʟʢʝ 

ʩʧʦʨʪʩʤʝʥʘ, ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʪʴ 

ʦʩʦʙʝʥʥʦʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ 

ʧʦʜʲʝʤʝ. ɼʘʣʴʥʝʡʰʠʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʵʪʦʛʦ ʦʧʳʪʘ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʥʝʤ ʩʦʜʝʨʞʘʪʩʷ ʪʘʢʞʝ ʩʚʝʜʝʥʠʷ ʦ 

ʧʘʨʘʤʝʪʨʘʭ ʚʝʨʝʚʢʠ. 

ɺ ʧʨʝʜʣʘʛʘʝʤʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʦʩʦʙʝʥʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʚʠʜʝʦʟʘʧʠʩʠ ʜʚʠʞʝʥʠʷ 

ʩʧʦʨʪʩʤʝʥʘ ʧʦ ʧʦʢʘʟʘʥʠʷʤ, ʩʥʷʪʳʤ ʢʘʢ ʩ 

ʨʘʟʤʝʯʝʥʥʦʡ ʚʝʨʝʚʢʠ, ʪʘʢ ʠ ʩ ʤʝʨʥʦʡ ʣʝʥʪʳ, 

ʧʨʦʭʦʜʷʱʠʭ ʯʝʨʝʟ ʢʨʦʣʴ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʚʠʞʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʠʢʠ SRT 

ʩʧʦʩʦʙʦʤ ʨʫʢʘ ï ʛʨʫʜʴ (ʣʷʛʫʰʢʘ). 

ʇʨʠʤʝʨʥʦʝ ʚʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʞʫʤʘʨʘ 

(ʞ) ʠ ʢʨʦʣʷ (ʢʨ) ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʢʘʞʜʦʛʦ ʰʘʛʘ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.1, ʧʨʠʯʝʤ ʪʝʤʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ 

ʵʣʝʤʝʥʪʘ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʥ ʩʚʷʟʘʥ ʩ ʥʘʛʨʫʟʢʦʡ, 

ʩʚʝʪʣʦʝ ï ʥʝ ʩʚʷʟʘʥ. 

 

  
 ʈʠʩ. 1 ʉʭʝʤʘ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʟʘʞʠʤʦʚ ʚʦ ʚʨʝʤʷ ʦʜʥʦʛʦ ʰʘʛʘ. 
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ɺʨʝʤʷ t0 - ʥʘʯʘʣʦ ʦʯʝʨʝʜʥʦʛʦ ʰʘʛʘ, ʢʦʛʜʘ 

ʞʫʤʘʨ ʠ ʢʨʦʣʴ ʥʘʭʦʜʷʪʩʷ ʨʷʜʦʤ, ʩʧʦʨʪʩʤʝʥ çʩʠʜʠʪè 

ʥʘ ʢʨʦʣʝ ʠ ʜʝʨʞʠʪ ʫ ʧʦʷʩʘ ʞʫʤʘʨ. ʀʥʪʝʨʚʘʣ 

ʚʨʝʤʝʥʠ t1-t0 ʩʚʷʟʘʥ ʩ ʧʦʜʥʷʪʠʝʤ ʞʫʤʘʨʘ ʠ ʦʧʦʨʥʦʡ 

ʥʦʛʠ. ɺ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t1 ʞʫʤʘʨ ʬʠʢʩʠʨʫʝʪʩʷ ʚ 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʚʝʨʝʚʢʠ. ɺ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ t2 - t1 ( 

ʚʩʪʘʚʘʥʠʝ ʠʣʠ ʧʦʜʪʷʛʠʚʘʥʠʝ ʩʧʦʨʪʩʤʝʥʘ ) ʢʨʦʣʴ 

ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʞʫʤʘʨʫ. ʀʤʝʥʥʦ ʚ ʵʪʦ ʚʨʝʤʷ 

ʩʧʦʨʪʩʤʝʥ ʚʳʧʦʣʥʷʝʪ ʦʩʥʦʚʥʫʶ ʨʘʙʦʪʫ ʧʦ ʧʦʜʲʝʤʫ  

W̐  ̋=  mgl̙̋  , 

ʛʜʝ m ï ʤʘʩʩʘ ʯʝʣʦʚʝʢʘ, l ʢh - ʜʣʠʥʘ ʢ ïʛʦ ʰʘʛʘ. 

ɺ ʤʦʤʝʥʪ t2 ʚʝʩ ʧʝʨʝʥʦʩʠʪʩʷ ʥʘ ʢʨʦʣʴ, ʠ 

ʩʧʦʨʪʩʤʝʥ ʩʦʚʝʨʰʘʝʪ ʥʝʙʦʣʴʰʦʝ ʧʘʜʝʥʠʝ ʚ ʦʙʚʷʟʢʫ 

ʟʘ ʩʯʝʪ ʝʝ ʦʩʣʘʙʣʝʥʠʷ (ʟʘʟʦʨ ʩʦʩʪʘʚʣʷʝʪ 

h = 5 -10 cʤ). ʋʜʘʨʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʘʢʪʠʚʥʫʶ ʯʘʩʪʴ 

ʚʝʨʝʚʢʠ ʚʳʟʳʚʘʝʪ ʧʝʨʝʭʦʜʥʳʡ ʧʨʦʮʝʩʩ ʚ ʪʝʯʝʥʠʠ 

ʚʨʝʤʝʥʠ t3 - t2. ɺʨʝʤʷ t3 - ʥʘʯʘʣʦ ʩʣʝʜʫʶʱʝʛʦ ʰʘʛʘ. 

ʆʪʤʝʯʝʥʥʳʝ ʚʨʝʤʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ ʧʦʢʘʟʘʥʳ ʥʘ 

ʦʩʮʠʣʣʦʛʨʘʤʤʝ ʪʨʝʪʴʝʛʦ ʰʘʛʘ L3(t) (ʨʠʩ.2) ʧʨʠ 

ʧʦʜʲʝʤʝ ʚ ʟʘʣʝ ʥʘ ʚʳʩʦʪʫ 5,2ʤ. 

 

  
ʈʠʩ. 2 ʆʩʮʠʣʣʦʛʨʘʤʤʘ ʠʟʤʝʥʝʥʠʷ ʜʣʠʥʳ ʚʝʨʝʚʢʠ ʚʦ ʚʨʝʤʷ ʦʜʥʦʛʦ ʰʘʛʘ. 

 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ 

ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ ʧʦʣʦʞʝʥʠʝ 

ʩʧʦʨʪʩʤʝʥʘ ʧʨʠ ʚʩʪʘʚʘʥʠʠ ʦʧʨʝʜʝʣʷʣʦʩʴ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʟʤʝʯʝʥʥʦʡ ʯʝʨʝʟ 10 ʩʤ ʚʝʨʝʚʢʠ 

ʢʘʤʝʨʦʡ ʩ ʯʘʩʪʦʪʦʡ ʢʘʜʨʦʚ 25 ʢ/c. ʂʦʦʨʜʠʥʘʪʘ 

ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʧʦʜʥʠʤʘʶʱʝʛʦʩʷ ʦʧʨʝʜʝʣʷʣʘʩʴ ʩ 

ʥʠʟʢʦʡ ʪʦʯʥʦʩʪʴʶ (ʧʦʨʷʜʢʘ 1ʩʤ). 

ʇʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʧʦʜʲʝʤʘ ʤʫʞʯʠʥ ʣʝʞʠʪ ʚ 

ʜʠʘʧʘʟʦʥʝ 1,2é0,5 ʤ/c, ʘ ʞʝʥʱʠʥ ï 0,8é 0,5 ʤ/c, 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʚʩʪʘʚʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 

ʧʦʣʦʚʠʥʫ ʜʣʠʪʝʣʴʥʦʩʪʠ ʰʘʛʘ, ʧʨʠʯʝʤ ʫʩʠʣʠʝ 

ʩʧʦʨʪʩʤʝʥʘ ʚʦ ʚʨʝʤʷ ʰʘʛʘ ʦʙʳʯʥʦ ʧʣʘʚʥʦ ʥʘʨʘʩʪʘʝʪ 

ʜʦ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʠ ʫʙʳʚʘʝʪ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʠʟʠʯʝʩʢʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ 

ʯʝʣʦʚʝʢʘ. ɺʦʟʨʘʩʪʘʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʙʦʪʳ 

ʦʪʤʝʯʘʝʪʩʷ ʚ ʥʘʯʘʣʝ ʠ ʢʦʥʮʝ ʧʦʜʲʝʤʘ. 

 ɹʦʣʝʝ ʜʝʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʜʚʠʞʝʥʠʷ ʩʧʦʨʪʩʤʝʥʘ ʧʦ ʚʝʨʝʚʢʝ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ 

ʧʦʩʣʝ ʚʥʝʜʨʝʥʠʷ ʢʨʦʣʷ ʠ ʞʫʤʘʨʘ ʩ ʚʩʪʨʦʝʥʥʳʤʠ 

ʤʝʨʥʳʤʠ ʣʝʥʪʘʤʠ ʧʨʠ ʩʦʚʤʝʱʝʥʠʠ ʵʪʠʭ ʫʩʪʨʦʡʩʪʚ 

ʩ ʚʠʜʝʦʢʘʤʝʨʦʡ (ʨʘʟʨʘʙʦʪʯʠʢ ʏʝʨʝʜʥʠʯʝʥʢʦ ʌ.ʃ., 

ʨʫʢʦʚʦʜʠʪʝʣʴ ʥʘʧʨʘʚʣʝʥʠʷ çʉʧʝʣʝʦʪʫʨʠʟʤè ʉʇʙ 

ɻɹʋ ʉʈʅʎ ɺʇʎ çɼʟʝʨʞʠʥʝʮè) [1]. ʊʦʯʥʦʩʪʴ 

ʠʟʤʝʨʝʥʠʷ ʢʦʦʨʜʠʥʘʪʳ ʚʦʟʨʦʩʣʘ ʜʦ 0,1ʩʤ. ʏʘʩʪʦʪʘ 

ʢʘʜʨʦʚ ʚʠʜʝʦʢʘʤʝʨʳ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʦʧʳʪʘʭ 

ʩʦʩʪʘʚʣʷʣʘ 120 ʢ/c.  

ʇʝʨʝʭʦʜʥʳʡ ʧʨʦʮʝʩʩ ʚ ʩʠʩʪʝʤʝ ʧʦʩʣʝ ʫʜʘʨʥʦʡ 

ʥʘʛʨʫʟʢʠ ʥʦʩʠʪ ʟʘʪʫʭʘʶʱʠʡ ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʠʣʠ 

ʘʧʝʨʠʦʜʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ. ʇʦ ʤʝʨʝ ʧʦʜʲʝʤʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʟʘ 

ʩʯʝʪ ʨʦʩʪʘ ʫʧʨʫʛʦʩʪʠ ʘʢʪʠʚʥʦʡ ʯʘʩʪʠ ʚʝʨʝʚʢʠ 

(ʨʠʩ.3).  

 

  
 ʈʠʩ.3 ɺʠʜʝʦʟʘʧʠʩʴ ʠʟʤʝʥʝʥʠʷ ʜʣʠʥʳ ʚʝʨʝʚʢʠ ʧʨʠ ʚʦʩʴʤʠ ʰʘʛʘʭ. 
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ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʝʨʝʭʦʜʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʠ ʨʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ʚʝʨʝʚʦʢ ʨʘʟʥʦʡ 

ʜʣʠʥʳ ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʧʨʠ ʘʥʘʣʠʟʝ 

ʦʩʮʠʣʣʦʛʨʘʤʤ Lʢ(t) ʧʦʩʣʝ ʠʭ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʚ 

ʠʥʪʝʨʚʘʣʘʭ ʚʨʝʤʝʥʠ t3 - t2 ʚ ʚʠʜʝ ʟʘʧʠʩʠ ʨʝʰʝʥʠʷ 

ʣʠʥʝʡʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ [2]. ɼʣʷ 

ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠʤʝʝʤ 

 L̋ (̌ t) = m̱ e̋ - ɼ̋ t sin (ʖ̋ t +ɰ), 

ʛʜʝ ʠʥʪʝʨʝʩʫʶʱʠʝ ʥʘʩ ʧʘʨʘʤʝʪʨʳ ɓ ʢ , ɤʢ - 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʟʘʪʫʭʘʥʠʷ ʠ ʫʛʣʦʚʳʝ ʯʘʩʪʦʪʳ 

ʢʦʣʝʙʘʥʠʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 ʀʟ ʬʠʟʠʯʝʩʢʠʭ ʩʦʦʙʨʘʞʝʥʠʡ ʚʳʙʠʨʘʶʪʩʷ 

ʪʦʯʢʠ ʩʦʚʧʘʜʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʝʡ Lʢ(t), Lʢʣ(t) ʠ 

ʥʘʭʦʜʷʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʳ ɓ ʢ , ɤʢ . ʇʦʩʣʝ ʵʪʦʛʦ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʠʤʝʨʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʪʨʝʥʠʷ kʪʢ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʧʨʫʛʦʩʪʠ kyʢ ʘʢʪʠʚʥʳʭ 

ʯʘʩʪʝʡ ʚʝʨʝʚʢʠ 

 k̓ ̋  2 ɼ̋ m, ky  ̋  πȟυ k̓ ̋- m ʖ̋2 . 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʙʣʠʞʝʥʥʳʡ ʨʘʩʯʝʪ ʫʜʘʨʥʦʡ 

ʥʘʛʨʫʟʢʠ ʩ ʧʦʤʦʱʴʶ ʤʝʭʘʥʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

fʫ (x) = ʘy x2 , ʘyʜ = 105 l  0 ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʝʨʝʚʢʠ 

ʠ ʘyʩʪ =  4῏105 l  0 ʜʣʷ ʩʪʘʪʠʯʝʩʢʦʡ , ʧʨʝʥʝʙʨʝʛʘʷ 

ʧʦʪʝʨʷʤʠ ʚ ʚʝʨʝʚʢʝ [3]. ɽʩʣʠ ʚʳʩʦʪʘ ʧʘʜʝʥʠʷ 

ʩʧʦʨʪʩʤʝʥʘ h, ʪʦ ʬʘʢʪʦʨ ʧʘʜʝʥʠʷ ʥʘ ʢ-ʦʤ ʰʘʛʝ 

ʨʘʚʝʥ ʢʬʢ = h / lʢ. ʇʨʠʨʘʱʝʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʵʥʝʨʛʠʠ ʚʝʨʝʚʢʠ ʟʘ ʩʯʝʪ ʵʥʝʨʛʠʠ ʧʘʜʘʶʱʝʛʦ ʛʨʫʟʘ 

ʨʘʚʥʦ : æ Wʧʚ = fʫ (x) æ x . 

ɺ ʢʦʥʮʝ ʧʘʜʝʥʠʷ ʩʢʦʨʦʩʪʴ ʛʨʫʟʘ ʨʘʚʥʘ ʥʫʣʶ, ʘ 

ʫʜʣʠʥʝʥʠʝ ʚʝʨʝʚʢʠ ʧʨʠʥʠʤʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ xm. ʕʥʝʨʛʠʷ, ʟʘʧʘʩʝʥʥʘʷ ʚʝʨʝʚʢʦʡ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ, ʥʘʭʦʜʠʪʩʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ:  

 W̐  ̃= ᷿  Ὢ̔ ὼ d x = ý xm3/3  

ʇʦʩʢʦʣʴʢʫ ʧʦʪʝʨʠ ʚ ʚʝʨʝʚʢʝ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ, 

ʪʦ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ Wʢ = Wʧʚ. ʆʪʩʶʜʘ 

ʢʦʵʬʬʠʮʠʝʥʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʧʨʝʚʳʰʝʥʠʝ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʠʣʳ ʫʧʨʫʛʦʩʪʠ ʩʠʣʳ ʚʝʩʘ ʛʨʫʟʘ ʈ, 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ: 

 b̋  ̅= f̔̋ /  ̋   44,8 (̋ ̕ )̋2/3 (m) -1/3 , 

 b̋̒̓ = 71,2 (̋̕ )̋2/3  (m) -1/3 .  

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ bʢʜ ʠ bʢʩʪ ʧʨʠ 

m = 100ʢʛ, h = 0,1ʤ.  

ʊʘʙʣʠʮʘ 1. 

ʀʟʤʝʥʝʥʠʝ ʫʜʘʨʥʦʡ ʥʘʛʨʫʟʢʠ ʧʨʠ ʧʦʜʲʝʤʝ ʩʧʦʨʪʩʤʝʥʘ. 

ʢ 0 2 4 6 8 

lʢ (ʤ)  5,5  4,3 3,1 1, 9 0,7 

ʢʬʢ10-2 1,8 2,3 3,2 5,2 14 

 bʢʜ - - 1,01 1,4  2,73 

 bʢʩʪ  -  1,3  1,6  2,2  4.4 

 

ʆʮʝʥʢʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ bʢʜ ʠ bʢʩʪ ʧʦʢʘʟʘʣʘ, ʯʪʦ 

ʧʦ ʤʝʨʝ ʧʦʜʲʝʤʘ ʩʧʦʨʪʩʤʝʥʘ ʩʠʣʘ ʫʜʘʨʥʦʡ ʥʘʛʨʫʟʢʠ 

ʥʘ ʘʢʪʠʚʥʫʶ ʯʘʩʪʴ ʚʝʨʝʚʢʠ ʟʘʤʝʪʥʦ ʚʦʟʨʘʩʪʘʝʪ, 

ʦʩʦʙʝʥʥʦ, ʝʩʣʠ ʚʝʨʝʚʢʘ ʠʤʝʝʪ ʧʦʚʳʰʝʥʥʫʶ 

ʫʧʨʫʛʦʩʪʴ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʳʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʨʦʣʷ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʧʘʨʘʤʝʪʨʳ ʚʝʨʝʚʦʢ 

ʨʘʟʥʳʭ ʨʘʟʤʝʨʦʚ ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʩʧʦʨʪʩʤʝʥʘ ʥʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ 

ʧʦʜʲʝʤʘ, ʪ.ʝ. ʦʥʠ ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʫʶ ʠʥʬʦʨʤʘʮʠʶ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʧʳʪʘʤʠ, ʚ ʢʦʪʦʨʳʭ ʧʨʠʤʝʥʷʝʪʩʷ 

ʞʫʤʘʨ [1].  

ʆʪʤʝʪʠʤ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʬʦʪʦʢʘʤʝʨʳ ʩ 

ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʦʡ ʢʘʜʨʦʚ 120 ʢ/ʩ ʧʨʠʚʝʣʦ ʢ 

ʥʝʦʧʨʘʚʜʘʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʦʙʲʝʤʘ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ. ɼʣʷ ʧʦʜʦʙʥʳʭ 

ʦʧʳʪʦʚ ʜʦʩʪʘʪʦʯʥʦ ʠʤʝʪʴ ʯʘʩʪʦʪʫ ʢʘʜʨʦʚ ʚ 

ʜʠʘʧʘʟʦʥʝ 20é40 ʢ/c. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʚʠʜʝʦʟʘʧʠʩʠ ʧʦʜʲʝʤʘ 

ʩʧʦʨʪʩʤʝʥʘ ʧʦ ʚʝʨʝʚʢʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʨʥʦʡ 

ʣʝʥʪʳ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʢʨʦʣʴ, ʧʦʢʘʟʘʣ, ʯʪʦ ʵʪʦʪ 

ʩʧʦʩʦʙ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʜʠʥʘʤʠʢʦʡ ʧʨʦʮʝʩʩʘ ʙʦʣʝʝ 

ʠʥʬʦʨʤʘʪʠʚʝʥ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʞʫʤʘʨʘ, ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʧʘʨʘʤʝʪʨʳ 

ʚʝʨʝʚʢʠ ʨʘʟʥʦʡ ʜʣʠʥʳ ʠ ʦʧʨʝʜʝʣʠʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʟʘʪʨʘʪʳ ʩʧʦʨʪʩʤʝʥʘ. ʇʦʵʪʦʤʫ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʩʣʝʜʫʝʪ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʤʝʪʦʜ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ 

ʩ ʧʦʤʦʱʴʶ ʟʘʧʠʩʠ ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ 

ʩʧʦʨʪʩʤʝʥʘ, ʠʩʧʦʣʴʟʫʷ ʤʝʨʥʫʶ ʣʝʥʪʫ, ʧʨʦʭʦʜʷʱʫʶ 

ʯʝʨʝʟ ʢʨʦʣʴ, ʠ ʨʘʟʚʠʚʘʪʴ ʪʝʭʥʠʢʫ 

ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʇʨʠʤʝʯʘʥʠʝ: ʚ ʧʦʜʦʙʥʦʡ ʪʘʙʣʠʮʝ1 ʨʘʙʦʪʳ [1] 

ʚʦ ʚʪʦʨʦʡ ʩʪʨʦʢʝ ʩʣʝʜʫʝʪ ʟʘʤʝʥʠʪʴ ʙʫʢʚʫ Lʢ ʥʘ lʢ . 
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ʉʘʡʬʠʜʠʥʦʚ ɹʫʨʭʦʥʠʜʠʥ1,2 

ʂʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ɹʣʠʟʥʝʮʦʚʘ ʄʘʨʠʷ ʄʠʭʠʣʦʚʥʘ1 

ʄʘʛʠʩʪʨʘʥʪ 

.ʋʨʘʣʴʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʧʝʨʚʦʛʦ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʠ ɹ.ʅ.ɽʣʴʮʠʥʘ (ʋʨʌʋ) 

.ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦïʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ(ʈɻʇʇʋ)  

  

ɸʅʅʆʊɸʎʀʗ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʤʦʥʪʘ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ, 

ʚʦʟʤʦʞʥʳʝ ʧʨʦʙʣʝʤʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʠ ʚʘʨʠʘʥʪʳ ʠʭ ʨʝʰʝʥʠʷ. 

ABSTRACT 

This article discusses some features of the repair of hydraulic structures, possible problems that arise in the 

course of work and solutions 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʜʚʦʜʥʳʡ ʨʝʤʦʥʪ, ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʝ ʩʦʦʨʫʞʝʥʠʷ, ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, 

ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ, ʚʘʨʠʘʥʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 

Keywords: underwater repair, hydraulic structures, environmental safety, integrated approach, reconstruction 

efficiency option 

 

ɻʠʜʨʦʪʝʭʥʠʯʝʩʢʠʝ ʩʦʦʨʫʞʝʥʠʷ 

ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: ʩʦʦʨʫʞʝʥʠʷ ʦʙʱʝʛʦ 

ʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʉʦʦʨʫʞʝʥʠʷ ʦʙʱʝʛʦ 

ʥʘʟʥʘʯʝʥʠʷ ʧʨʠʤʝʥʷʶʪʩʷ ʚʦ ʚʩʝʭ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ 

ʦʪʨʘʩʣʷʭ ʚʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʘ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ - ʪʦʣʴʢʦ ʚ ʦʜʥʦʡ ʦʧʨʝʜʝʣʝʥʥʦʡ ʦʪʨʘʩʣʠ. 

ʉʫʱʝʩʪʚʫʶʪ ʪʘʢʞʝ ʩʦʚʤʝʱʝʥʥʳʝ 

ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʝ ʩʦʦʨʫʞʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ 

ʩʦʚʤʝʱʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʩʦʦʨʫʞʝʥʠʡ ʨʘʟʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʚʦʜʦʩʣʠʚʥʘʷ ɻʕʉ, ʰʣʶʟ-

ʚʦʜʦʩʙʨʦʩ ʠ ʜʨ. 

ɺʩʝ ʵʪʠ ʩʦʦʨʫʞʝʥʠʷ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʮʝʣʳʤ 

ʨʷʜʦʤ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʦʙʲʝʜʠʥʷʝʪ 

ʦʜʠʥ ʩʫʱʝʩʪʚʝʥʥʳʡ ʬʘʢʪʦʨ: ʧʦʩʪʦʷʥʥʳʡ ʢʦʥʪʘʢʪ ʩ 

ʚʦʜʦʡ. ʇʨʠʯʝʤ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʩ ʯʝʤ 

ʢʦʥʪʘʢʪʠʨʫʝʪ ʩʦʦʨʫʞʝʥʠʝ (ʤʦʨʩʢʘʷ ʚʦʜʘ, ʧʨʝʩʥʘʷ 

ʚʦʜʘ, ʛʨʫʥʪʦʚʳʝ ʠʣʠ ʩʪʦʯʥʳʝ ʚʦʜʳ), ʚʦʜʥʘʷ ʩʨʝʜʘ 

ʷʚʣʷʝʪʩʷ ʘʛʨʝʩʩʠʚʥʦʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʤʘʪʝʨʠʘʣʘʤ, 

ʠʟ ʢʦʪʦʨʳʭ ʧʦʩʪʨʦʝʥʦ ʙʦʣʴʰʠʥʩʪʚʦ 

ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. ɺʦʜʘ ʦʢʘʟʳʚʘʝʪ ʥʘ ʥʠʭ 

ʤʝʭʘʥʠʯʝʩʢʦʝ, ʬʠʟʠʯʝʩʢʦʝ, ʭʠʤʠʯʝʩʢʦʝ ʠ 

ʙʠʦʣʦʛʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ. ʄʝʭʘʥʠʯʝʩʢʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʚʳʨʘʞʘʝʪʩʷ ʚ ʚʠʜʝ ʩʪʘʪʠʯʝʩʢʦʛʦ 

ʜʘʚʣʝʥʠʷ ʚʦʜʳ, ʣʴʜʘ ʠʣʠ ʥʘʥʦʩʦʚ, ʧʨʠʥʝʩʝʥʥʳʭ 

ʚʦʜʦʡ ʢ ʩʦʦʨʫʞʝʥʠʶ, ʘ ʪʘʢʞʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʦʪ ʫʜʘʨʘ ʩʪʨʫʡ ʠʣʠ ʣʴʜʠʥ, ʜʚʠʞʫʱʠʭʩʷ 

ʩ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʴʶ. ʌʠʟʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʩʚʷʟʘʥʦ ʩ ʠʩʪʠʨʘʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʦʨʫʞʝʥʠʷ 

ʚʦʜʦʡ (ʢʘʚʠʪʘʮʠʷ), ʥʘʥʦʩʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠʩʷ ʚ 

ʚʦʜʝ, ʠʣʠ ʣʴʜʦʤ, ʘ ʪʘʢʞʝ ʩ ʧʝʨʝʤʝʥʥʳʤʠ ʮʠʢʣʘʤʠ 

ʟʘʤʦʨʘʞʠʚʘʥʠʷ-ʦʪʪʘʠʚʘʥʠʷ. ʍʠʤʠʯʝʩʢʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʧʨʠʚʦʜʠʪ ʢ ʚʳʱʝʣʘʯʠʚʘʥʠʶ ʙʝʪʦʥʘ 

ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʘʛʨʝʩʩʠʚʥʳʭ ʚʝʱʝʩʪʚ ʠ ʢʦʨʨʦʟʠʠ 

ʘʨʤʘʪʫʨʳ. ɹʠʦʣʦʛʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʩʚʷʟʘʥʦ ʩ 

ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʦʙʠʪʘʶʱʠʭ ʚ 

ʚʦʜʥʦʡ ʩʨʝʜʝ. ɺʩʝ ʵʪʠ ʚʠʜʳ ʚʦʟʜʝʡʩʪʚʠʡ ʧʨʠʚʦʜʷʪ 

ʢ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ 

ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ ʠ ʠʭ ʦʪʜʝʣʴʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ.[4.ʉ.53] 

ɸʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʦʙʣʝʤʳ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʮʝʣʦʤ ʧʦ ʈʦʩʩʠʠ 

ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʝ ʩʦʦʨʫʞʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʜʦʚʦʣʴʥʦ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʇʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ 

ʩʦʦʨʫʞʝʥʠʡ ʥʫʞʜʘʝʪʩʷ ʚ ʪʝʢʫʱʝʤ ʨʝʤʦʥʪʝ, ʘ ʙʦʣʝʝ 

400 ʥʘʭʦʜʠʪʩʷ ʚ ʘʚʘʨʠʡʥʦʤ ʠ ʧʨʝʜʘʚʘʨʠʡʥʦʤ 

ʩʦʩʪʦʷʥʠʠ. 

ʆʩʥʦʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʠʟ ʢʦʪʦʨʦʛʦ ʧʦʩʪʨʦʝʥʦ 

ʙʦʣʴʰʠʥʩʪʚʦ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʷʚʣʷʝʪʩʷ 

ʞʝʣʝʟʦʙʝʪʦʥ.  

ʇʨʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩʣʝʜʫʝʪ ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʩʦʦʨʫʞʝʥʠʡ ʠʣʠ ʵʣʝʤʝʥʪʦʚ ʩʦʦʨʫʞʝʥʠʡ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʥʦʨʤʘʣʴʥʦʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʤ 

ʩʦʩʪʦʷʥʠʠ. ʈʝʢʦʥʩʪʨʫʢʮʠʶ ʦʩʥʦʚʥʳʭ ʩʦʦʨʫʞʝʥʠʡ 

ʩʣʝʜʫʝʪ ʧʨʦʚʦʜʠʪʴ, ʢʘʢ ʧʨʘʚʠʣʦ, ʙʝʟ ʧʨʝʢʨʘʱʝʥʠʷ 

ʚʳʧʦʣʥʝʥʠʷ ʠʤʠ ʦʩʥʦʚʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʬʫʥʢʮʠʡ, ʧʨʠ ʵʪʦʤ ʜʦʧʫʩʢʘʝʪʩʷ ʚʨʝʤʝʥʥʦʝ 

ʦʛʨʘʥʠʯʝʥʠʝ ʧʨʦʝʢʪʥʳʭ ʨʝʞʠʤʦʚ ʠ ʫʩʣʦʚʠʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʝʢʦʥʩʪʨʫʠʨʫʝʤʳʭ ʦʙʲʝʢʪʦʚ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʧʨʦʚʝʜʝʥʠʷ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ 

ʥʘ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʷʭ ʷʚʣʷʝʪʩʷ ʠʭ 

ʩʝʟʦʥʥʦʩʪʴ ʠ ʦʛʨʘʥʠʯʝʥʠʝ ʩʨʦʢʦʚ ʨʝʤʦʥʪʘ. 

ʈʝʤʦʥʪ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʷ, ʚʠʜʘ ʠ ʨʘʟʤʝʨʘ ʨʘʟʨʫʰʝʥʠʷ, 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. ʂ ʥʠʤ 

ʦʪʥʦʩʷʪʩʷ: 

- ʣʦʢʘʣʴʥʳʡ ʨʝʤʦʥʪ ʨʫʯʥʳʤ ʩʧʦʩʦʙʦʤ ʚ 

ʥʘʜʚʦʜʥʦʡ ʟʦʥʝ; 
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- ʣʦʢʘʣʴʥʳʡ ʨʝʤʦʥʪ ʨʫʯʥʳʤ ʩʧʦʩʦʙʦʤ ʚ 

ʧʦʜʚʦʜʥʦʡ ʟʦʥʝ (ʩ ʧʦʤʦʱʴʶ ʚʦʜʦʣʘʟʦʚ); 

- ʧʦʜʚʦʜʥʦʝ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʝ 

ʙʝʪʦʥʠʨʦʚʘʥʠʝ; 

- ʨʝʤʦʥʪ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʝʩʩʦʥʦʚ ʠ 

ʧʣʘʚʩʨʝʜʩʪʚ; 

- ʢʘʧʠʪʘʣʴʥʳʡ ʨʝʤʦʥʪ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʨʘʟʣʠʯʥʦʡ ʪʝʭʥʠʢʠ.  

ʊʨʘʜʠʮʠʦʥʥʦ ʨʝʤʦʥʪ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ 

ʩʦʦʨʫʞʝʥʠʡ ʚ ʟʦʥʝ ʧʝʨʝʤʝʥʥʦʛʦ ʫʨʦʚʥʷ ʠ ʚ 

ʧʦʜʚʦʜʥʦʡ ʟʦʥʝ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦʜʚʦʜʥʦ-

ʪʝʭʥʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʩ ʧʦʤʦʱʴʶ ʚʦʜʦʣʘʟʦʚ. 

ʊʘʢʠʝ ʤʝʪʦʜʳ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʳʝ 

ʥʝʜʦʩʪʘʪʢʠ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʥʠʟʢʘʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʚʦʜʦʣʘʟʦʚ, ʦʪʩʫʪʩʪʚʠʝ 

ʧʦʦʧʝʨʘʮʠʦʥʥʦʛʦ ʢʦʥʪʨʦʣʷ, ʥʝʜʦʣʛʦʚʝʯʥʦʩʪʴ 

ʨʝʤʦʥʪʘ ʚ ʧʦʜʚʦʜʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʊʘʢ ʞʝ ʦʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙ 

ʨʝʤʦʥʪʘ ʧʦʜʚʦʜʥʦʡ ʯʘʩʪʠ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʦʨʫʞʝʥʠʷ, ʚʢʣʶʯʘʶʱʠʡ ʠʟʦʣʷʮʠʶ ʦʪ ʜʦʩʪʫʧʘ 

ʚʦʜʳ ʫʯʘʩʪʢʘ, ʧʦʜʣʝʞʘʱʝʛʦ ʨʝʤʦʥʪʫ. ʋʩʪʘʥʦʚʢʦʡ 

ʟʘʪʚʦʨʘ, ʦʩʫʰʝʥʠʝ ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʟʘʪʚʦʨʦʤ 

ʧʦʚʝʨʭʥʦʩʪʠ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ʠ 

ʧʨʦʚʝʜʝʥʠʝ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ. ʇʝʨʝʜ ʫʩʪʘʥʦʚʢʦʡ 

ʟʘʪʚʦʨʘ ʧʦ ʣʠʥʠʠ ʝʛʦ ʢʦʥʪʘʢʪʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ʬʦʨʤʠʨʫʶʪ 

ʢʦʥʪʘʢʪʥʫʶ ʧʣʦʱʘʜʢʫ, ʜʣʷ ʯʝʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ʬʠʢʩʠʨʫʶʪ 

ʧʨʦʤʝʞʫʪʦʯʥʫʶ ʇ-ʦʙʨʘʟʥʫʶ ʨʘʤʢʫ. ʈʘʟʤʝʨʳ 

ʨʘʤʢʠ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʨʘʟʤʝʨʘʤ ʟʘʪʚʦʨʘ. 

ʇʨʠ ʵʪʦʤ ʧʨʦʬʠʣʶ ʢʨʦʤʢʠ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʨʘʤʢʠ, 

ʦʙʨʘʱʝʥʥʦʡ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʦʨʫʞʝʥʠʷ, ʧʨʠʜʘʶʪ ʢʦʥʛʨʫʵʥʪʥʦʩʪʴ ʵʪʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʣʠʥʠʠ ʢʦʥʪʘʢʪʘ ʩ ʥʝʡ. ʅʘʧʨʠʤʝʨ, 

ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʟʤʝʱʝʥʠʷ ʫʧʣʦʪʥʝʥʠʷ ʚ ʟʘʟʦʨʝ ʥʘ 

ʣʠʥʠʠ ʢʦʥʪʘʢʪʘ, ʘ ʧʨʦʬʠʣʶ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʨʘʤʢʠ ʟʘʨʘʥʝʝ 

ʧʨʠʜʘʶʪ ʢʦʥʛʨʫʵʥʪʥʦʩʪʴ ʧʨʦʬʠʣʶ ʩʪʳʢʫʝʤʦʡ ʩ ʥʝʡ 

ʢʨʦʤʢʠ ʟʘʪʚʦʨʘ, ʧʨʠʯʝʤ ʢʨʦʤʢʫ ʟʘʪʚʦʨʘ ʚʚʦʜʷʪ ʚ 

ʢʦʥʪʘʢʪ ʩ ʦʙʨʘʱʝʥʥʦʡ ʢ ʥʝʤʫ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʢʦʥʪʘʢʪʥʦʡ ʧʣʦʱʘʜʢʠ ʠ ʩʪʳʢʫʶʪ ʩ ʥʝʡ.[3.C.1] 

ʀʟʚʝʩʪʝʥ ʩʧʦʩʦʙ ʨʝʤʦʥʪʘ ʧʦʜʚʦʜʥʦʡ ʯʘʩʪʠ 

ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ, ʚʢʣʶʯʘʶʱʠʡ 

ʠʟʦʣʷʮʠʶ ʦʪ ʜʦʩʪʫʧʘ ʚʦʜʳ ʫʯʘʩʪʢʘ, ʧʦʜʣʝʞʘʱʝʛʦ 

ʨʝʤʦʥʪʫ, ʚʦʟʚʝʜʝʥʠʝʤ ʧʝʨʝʤʳʯʢʠ, ʚʢʣʶʯʘʶʱʝʡ 

ʢʘʨʢʘʩ ʠ ʛʠʜʨʦʠʟʦʣʷʮʠʦʥʥʳʡ ʵʢʨʘʥ, ʦʩʫʰʝʥʠʝ 

ʢʦʪʣʦʚʘʥʘ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʧʝʨʝʤʳʯʢʦʡ ʠ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʦʨʫʞʝʥʠʷ, ʠ 

ʧʨʦʚʝʜʝʥʠʝ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ. 

ʅʝʜʦʩʪʘʪʦʢ ʵʪʦʛʦ ʨʝʰʝʥʠʷ - ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʪʦʣʴʢʦ ʧʨʠ ʥʝʙʦʣʴʰʠʭ ʛʣʫʙʠʥʘʭ ʫ 

ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ, ʢʨʦʤʝ ʪʦʛʦ, ʚʳʩʦʢʠ 

ʪʨʫʜʦʝʤʢʦʩʪʴ ʠ ʤʘʪʝʨʠʘʣʦʝʤʢʦʩʪʴ ʨʘʙʦʪ ʧʨʠ 

ʨʝʘʣʠʟʘʮʠʠ ʩʧʦʩʦʙʘ. 

ʀʟʚʝʩʪʝʥ ʪʘʢʞʝ ʩʧʦʩʦʙ ʨʝʤʦʥʪʘ ʧʦʜʚʦʜʥʦʡ 

ʯʘʩʪʠ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ, ʚʢʣʶʯʘʶʱʠʡ 

ʠʟʦʣʷʮʠʶ ʦʪ ʜʦʩʪʫʧʘ ʚʦʜʳ ʫʯʘʩʪʢʘ, ʧʦʜʣʝʞʘʱʝʛʦ 

ʨʝʤʦʥʪʫ, ʫʩʪʘʥʦʚʢʦʡ ʟʘʪʚʦʨʘ, ʦʩʫʰʝʥʠʝ 

ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʟʘʪʚʦʨʦʤ ʧʦʚʝʨʭʥʦʩʪʠ 

ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ʠ ʧʨʦʚʝʜʝʥʠʝ 

ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ.  

ʅʝʜʦʩʪʘʪʦʢ ʵʪʦʛʦ ʨʝʰʝʥʠʷ - ʩʣʦʞʥʦʩʪʴ ʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʠʟʦʣʠʨʦʚʘʥʠʷ 

ʫʯʘʩʪʢʘ ʩʦʦʨʫʞʝʥʠʷ, ʧʦʜʣʝʞʘʱʝʛʦ ʨʝʤʦʥʪʫ, ʠʟ-ʟʘ 

ʩʣʦʞʥʦʩʪʠ ʩʪʳʢʦʚʘʥʠʷ ʟʘʪʚʦʨʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʩʦʦʨʫʞʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʚ ʩʣʫʯʘʝ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ 

ʟʘʪʚʦʨʘ ʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʜʝʬʦʨʤʘʮʠʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʦʨʫʞʝʥʠʷ. 

ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ 

ʨʝʤʦʥʪʘ ʧʨʠʯʘʣʴʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʪʨʝʙʫʝʪ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ, ʫʯʠʪʳʚʘʶʱʝʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʟʘʛʨʫʞʝʥʥʦʩʪʴ ʜʝʡʩʪʚʫʶʱʠʭ 

ʪʝʨʤʠʥʘʣʦʚ, ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʥʦʚʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʥʘʜʝʞʥʦʩʪʠ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. ʇʨʦʛʨʝʩʩʘ ʚ ʦʙʣʘʩʪʠ ʨʝʤʦʥʪʘ 

ʧʦʨʪʦʚʳʭ ʩʦʦʨʫʞʝʥʠʡ ʫʜʘʣʦʩʴ ʜʦʩʪʠʛʥʫʪʴ ʥʘ 

ʦʩʥʦʚʝ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʨʠʥʮʠʧʘ 

ʚʳʧʦʣʥʝʥʠʷ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ ʥʠʞʝ ʛʦʨʠʟʦʥʪʘ ʚʦʜʳ 

ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʫʰʥʦ-ʩʫʭʦʡ ʩʨʝʜʳ, ʩʦʟʜʘʚʘʝʤʳʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʦʜʚʦʜʥʦ-

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ - ʛʝʨʤʦʢʘʤʝʨʳ. ʇʨʠ 

ʵʪʦʤ ʚʳʧʦʣʥʝʥʠʝ ʨʘʙʦʪ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʙʝʟ 

ʧʝʨʝʨʳʚʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʦʦʨʫʞʝʥʠʷ. 

ɻʝʨʤʦʢʘʤʝʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʣʘʚʫʯʫʶ 

ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʩʧʝʮʠʘʣʴʥʦʡ ʬʦʨʤʳ, 

ʢʦʪʦʨʘʷ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚʧʣʦʪʥʫʶ ʢ ʩʦʦʨʫʞʝʥʠʶ ʠ 

ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʨʘʙʦʯʫʶ ʟʦʥʫ, ʠʟʦʣʠʨʦʚʘʥʥʫʶ ʦʪ 

ʚʦʜʥʦʛʦ ʙʘʩʩʝʡʥʘ. ʇʦʩʣʝ ʫʩʪʘʥʦʚʢʠ ʠ ʟʘʢʨʝʧʣʝʥʠʷ 

ʛʝʨʤʦʢʘʤʝʨʳ ʠʟ ʨʘʙʦʯʝʡ ʟʦʥʳ ʦʪʢʘʯʠʚʘʝʪʩʷ ʚʦʜʘ, ʠ 

ʚʩʝ ʨʘʙʦʪʳ ʥʠʞʝ ʚʘʪʝʨʣʠʥʠʠ ʤʦʞʥʦ ʚʳʧʦʣʥʷʪʴ 

ʥʘʩʫʭʦ. ʇʨʠʤʝʥʝʥʠʝ ʛʝʨʤʦʢʘʤʝʨ ʦʙʝʩʧʝʯʠʚʘʝʪ: 

- ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʚʩʝʭ ʦʧʝʨʘʮʠʡ ʨʝʤʦʥʪʘ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʦʩʣʝʦʧʝʨʘʮʠʦʥʥʦʛʦ 

ʢʦʥʪʨʦʣʷ; 

- ʚʳʧʦʣʥʝʥʠʝ ʨʝʤʦʥʪʘ ʙʝʟ ʚʳʚʦʜʘ ʩʦʦʨʫʞʝʥʠʡ 

ʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ; 

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠ ʨʘʙʦʪʝ ʚ ʧʦʜʚʦʜʥʦʡ ʟʦʥʝ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʤʝʪʦʜʦʚ, ʧʨʦʚʝʨʝʥʥʳʭ ʚ ʧʨʘʢʪʠʢʝ 

ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ; 

- ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʨʝʤʦʥʪʥʳʭ 

ʨʘʙʦʪ. [6.C.52] 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʬʘʢʪʦʨʦʚ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʩʪʨʘʪʝʛʠʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ ʨʝʤʦʥʪʘ 

ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʩʝʛʦ 

ʩʦʦʨʫʞʝʥʠʷ ʠ ʝʛʦ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʉʶʜʘ 

ʚʭʦʜʠʪ ʟʦʥʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ 

(ʧʦʜʚʦʜʥʘʷ, ʥʘʜʚʦʜʥʘʷ, ʧʝʨʝʤʝʥʥʦʛʦ ʫʨʦʚʥʷ ʚʦʜʳ), 

ʚʝʣʠʯʠʥʘ ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, 

ʧʦʜʚʝʨʞʝʥʥʦʩʪʴ ʫʜʘʨʥʳʤ ʠ ʜʠʥʘʤʠʯʝʩʢʠʤ 

ʥʘʛʨʫʟʢʘʤ, ʘʛʨʝʩʩʠʚʥʦʩʪʴ ʩʨʝʜʳ (ʢʦʥʪʘʢʪ ʩ ʤʦʨʩʢʦʡ 

ʚʦʜʦʡ, ʛʨʫʥʪʦʚʳʤʠ ʠʣʠ ʩʪʦʯʥʳʤʠ ʚʦʜʘʤʠ) ʠ ʪʘʢ 

ʜʘʣʝʝ. 

ɹʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʧʣʘʥʝ ʝʝ ʜʦʩʪʫʧʥʦʩʪʠ ʜʣʷ ʨʝʤʦʥʪʘ. 

ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʧʨʠʯʠʥʳ ʠ ʩʪʝʧʝʥʴ 

ʨʘʟʨʫʰʝʥʠʷ, ʪʦ ʝʩʪʴ ʥʘʩʢʦʣʴʢʦ ʜʘʥʥʳʡ ʜʝʬʝʢʪ 

ʚʣʠʷʝʪ ʥʘ ʥʝʩʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 

ʢʦʥʩʪʨʫʢʮʠʠ.[5.ʉ.20] 

ʅʘʛʣʷʜʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʚʘʨʠʘʥʪʳ ʨʝʤʦʥʪʘ ʠ 

ʥʝʦʙʭʦʜʠʤʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʝʛʦ ʧʨʦʚʝʜʝʥʠʶ ʤʦʞʥʦ 

ʥʘ ʧʨʠʤʝʨʝ ʨʝʘʣʴʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ, 

ʧʨʝʜʦʩʪʘʚʣʝʥʥʦʛʦ ʢʦʤʧʘʥʠʝʡ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ 

ʨʝʤʦʥʪʥʳʭ ʩʤʝʩʝʡ. 

ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʦʙʩʣʝʜʦʚʘʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʝ ʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʟʘʙʨʘʣʴʥʦʡ ʙʘʣʢʠ 




