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3 ϣ ϴϾ ϼ Ϲ Ͼϴ  ϴ  
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϶ ϻ ϼϾ ϶Ϲ ϼ  ϴ϶ϴ ϼϽ 
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ϖ Ͼ ϴ  Ͼ϶ϴϿϼ ϼϾϴ ϼ ϴ  ϴϵ ϴ  Ϲ Ϲ «ϣ ϶ Ϲ ϼϹ ϴϸϹϺ ϼ 

ϖϟ ϻϴ ё  ϼ Ϲ Ϲ ϼ  Ϲϸ ϶ ϻϴ ϼ   ϶ ϻϸϹϽ ϶ϼ  ϼ » ϸϹ Ϻϼ  51 

ϴ ϼ  ϹϾ ϶ Ϸ  ϸ Ͼ Ϲ ϴ, 15 ϼ Ͼ ϶, 20 ϴϵϿϼ , 25 ϼ Ͽ ϻ ϶ϴ  

ϼ ϼϾ ϶, 3 Ͽϼ ϴ Ϸ ϴ ϼ Ϲ Ͼ Ϸ  ϴ Ϲ ϼϴϿϴ.  

ϡϔϘϙϚϡϢϥϦϰ, ϱϨϨϙϞϦϜϖϡϢϥϦϰ, ϖϙϤϢϳϦϡϢϥϦϰ, ϟϜϡϜϳ, 

ϢϦϞϟϲϫϙϡϜϳ, ϔϡϔϟϜϛ, ϢϦϞϔϛ, ϡϙϢϣϤϙϘϙϟϙϡϡϢϥϦϰ.  

Ϣϵ ϹϾ  ϼ ϿϹϸ ϶ϴ ϼ  ϶Ͽ  ϖϟ Ϲϼ Ϲ ϶Ϲ  ϾϿϴ ϴ 

ϴ ϺϹ ϼ  220 Ͼϖ ϼϿϼϴϿϴ ϣϔϢ «ϨϥϞ ϙϱϥ» – ϩϴϾϴ Ͼ Ϸ  Ϲϸ ϼ ϼ  

ϴϷϼ ϴϿ  ϿϹϾ ϼ Ϲ Ͼϼ  Ϲ ϹϽ (ϣϠϱϥ). 

ϣ Ϲϸ Ϲ  ϼ ϿϹϸ ϶ϴ ϼ  ϶Ͽ  Ϲ , ϶Ͽϼ ϼϹ ϴ ϾϿ Ϲ ϼ  

ϖϟ: ϼ Ͽ Ϸϼ Ϲ ϾϼϹ ϴϾ  – « ϼ ϼ ϾϿ Ϲ ϼ ». 

ϪϹϿ  ϶ Ͽ Ϲ ϼ  ϖϞϤ ϶Ͽ Ϲ  ϼ ϿϹϸ ϶ϴ ϼϹ ϶ Ϲ ϼ  ϴϸϹϺ ϼ 

ϖϟ ϻϴ ё  ϼ Ϲ Ϲ ϼ  Ϲϸ ϶ ϻϴ ϼ   ϶ ϻϸϹϽ ϶ϼ  ϼ . 

ϠϹ ϸ  ϼ ϿϹϸ ϶ϴ ϼ  – ϶ Ϲ Ϲ ϶ Ͽ Ϲ ϼ  ϼ ϿϹϸ ϶ϴ ϼϽ 

ϼ Ϲ Ͽϼ : Ϲ ϸ  ϴ Ϲ ϴ ϼ Ϲ Ͼ Ͻ ϴ ϼ ϼϾϼ ϼ Ϲ ϼϼ ϶Ϲ ϼ; 

Ϲ ϸ  Ϲ ϼϼ ϴϸϹϺ ϼ ϼ ϼ ϴ ϼϼ.  

ϡϴ ϴ  ϶ϼϻ ϴ ϼ ϿϹϸ ϶ϴ ϼ  ϻϴϾϿ ϴϹ  ϶ ϼ Ϲ Ϲ ϼϼ ϶ Ϲ Ϲ  

Ϲ ϸ ϶ ϼϻ Ϲ Ϲ ϼ  ϼ ϴ ϼϼ  ϼϼ ϶ ϻϸ  Ͽϼ ϼϽ.  

ϢϵϿϴ  ϼ Ϲ Ϲ ϼ  – ϴϵ ϴ ϶ Ͽ Ϲ ϴ  ϻϴϾϴϻ  ϼϿϼϴϿϴ ϣϔϢ «ϨϥϞ 

ϙϱϥ» – ϩϴϾϴ Ͼ Ϸ  Ϲϸ ϼ ϼ  ϴϷϼ ϴϿ  ϿϹϾ ϼ Ϲ Ͼϼ  Ϲ ϹϽ (ϣϠϱϥ). 

   

ϖ ϴϹ 2020 Ϸ ϸϴ ϴ XVI ϠϹϺϸ ϴ ϸ Ͻ Ͼ Ϲ Ϲ ϼϼ ϸϹ ϶, 

ϴ ϼ ϴ ϶ ϼ Ͽ ϸ  Ϲ  «ϣ ϹϾ  ϥ϶ ϵ ϸ Ͻ - 2020», ϶ Ϲ Ͻ 

ϗ ϸ  ϴ ϼ ϼ Ͽϴ϶   ϵ Ͽϼ Ϲϸ ϴ϶ϿϹ  ϶ Ϲ Ϲϻ Ͽ ϴ  ϴϵ , 

ϸ ϾϿϴϸ ϼϾ ϵ Ͽ ϴϷ ϴϺϸϹ      «ϣ ϶ Ϲ ϼϹ 

ϴϸϹϺ ϼ ϴϵ  Ϲ Ϸ ϼ Ϲ », ϴ ϴ  «ϣ ϶ Ϲ ϼϹ ϴϸϹϺ ϼ 

϶ ϻϸ  Ͽϼ ϼϽ ϻϴ ё  ϼ Ϲ Ϲ ϼ  Ϲϸ ϶ ϻϴ ϼ   ϶ ϻϸϹϽ ϶ϼ  ϼ », 

ϼ ϴ Ͼ ϵϿϼϾϴ ϼϼ ϶ ϿϹϾ Ͻ ϵ ϼϾ ϴ  ϸ ϶ Ͼ Ϲ Ϲ ϼϼ. 
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ABSTRACT 

 

The final qualifying work on the topic "Improving the reliability of overhead 

lines through the use of protection against bird exposure" contains 51 pages of a text 

document, 15 figures, 20 tables, 25 sources used, 3 sheets of graphic material. 

RELIABILITY, EFFICIENCY, PROBABILITY, LINE, OUTAGES, 

ANALYSIS, FAILURE, UNCERTAINTY. 

The object of the study is a 220 kV overhead power line of the branch of 

PJSC FGC UES-Khakass enterprise of main electric networks (PMES). 

Subject of research are the processes that affect shutdown VL: ornithological 

factors, "bird off". 

The purpose of performing WRC is a study of improving the reliability of 

overhead lines through the use of means of protection from exposure to birds. 

Research methods – in the course of research, the following methods were 

used: methods of mathematical statistics and probability theory; methods of 

reliability and information theory. 

The scientific novelty of the research consists in the application of modern 

methods for measuring information about the state of air lines. 

The scope of work performed under the order, a branch of OAO "UES FGC" 

– Khakass enterprise of backbone electric grids (PMES). 

Testing the work 

In may of 2020 at the XVI International conference of students, postgraduates 

and young scientists "the Avenue Free - 2020", is dedicated to the memory and glory 

(the 75-th anniversary of Victory in the great Patriotic war of 1941-1945) presented 

the main results of the work, she was awarded the diploma of laureate in the 

nomination "Improving the reliability of power systems" , and article "improving the 

reliability of overhead lines through the use of means of protection from exposure to 

birds," accepted for publication in the electronic collection of scientific works of the 

conference.
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ϡϴϸϹϺ  ϴϵ  ϶ ϻϸ  Ͽϼ ϼϽ (ϖϟ) ϵ Ͽ ϶ϿϹ ϴ ϶ Ͼ  

ϸϴ ϴϾ ϶. ϖ ϶ϼ  ϼ ϼ Ϲ ϼ ϼ  Ͼϴϻ ϶ ϖϟ ϼ ϴ Ϲ ϼ  ϼ ϼ  

϶Ϲ Ϲ ϶ ϶ϴ ϼ  Ϻ  Ͽ Ͼ  ϴ ϶ϴ ϼϼ ϴ ϼ ϼ Ϲ Ͼϼ  ϸϴ   

϶ ϹϺϸϴϹ ϼ ϿϹ Ϲ ϶ ϖϟ. Ϣ Ͼϴϻ  ϶Ͽ  Ϲϸϼ ϶Ϲ  Ͼ ϼ Ϲ ϼϹ  

϶Ϲ Ͼϼ ϴ϶ϼϿ ϼ ϴϾ ϼ Ϲ Ͼϼ  Ϲ Ϲ ϼϽ ϼ Ϲ Ϲ ϼ Ϲ Ͼϼ  Ϲϸ Ͽ Ͼ. 

ϣ ϵϿϹ ϴ ϴ϶ϴ ϼϽ  ϾϿ Ϲ ϼϽ ϖϟ, ϶ ϻ϶ϴ  Ϲ ϹϾ ϼ ϼ 

ϼϻ Ͽ ϼϼ  Ϲ϶ Ϲ  ϼ ϼ ϴ , ϼ ϹϹ  ϸϴ϶  ϼ ϼ  ϼ ϴϹ  

ϴϾ ϴϿ Ͻ  ϹϷ ϸ ϼϽ ϸϹ . ϥ ϷϿϴ   Ͼ Ͽ ϴ ϴ ϼϼ, ϸ Ͽ  

ϴ϶ϴ ϼϽ  ϾϿ Ϲ ϼϽ ϖϟ  Ϲ϶ Ϲ  ϼ ϼ ϴ  (Ϣϡϣ) ϺϹ  

ϸ ϼϷϴ  50% ϼ ϵ ϿϹϹ. ϫϴ Ϲ ϶ ϹϷ , ϴϾϼϹ ϾϿ Ϲ ϼ  ϼ ϸ  ϶ Ϲ ϼϹ 

ϼϿϼ Ϲ ϴ , ϶ Ͽ ϶ϼ  ϹϽ Ϸ ϸ  ϼ ϶ Ϻϸϴ  Ϲ  

ϴ϶ ϴ ϼ Ϲ Ͼϼ  ϶  ϶ϾϿ Ϲ ϼϹ  (ϔϣϖ). ϣ ϼ  ϼ ϼ  Ϲ ϹϾ ϼ  

ϼϻ Ͽ ϼϼ ϸ ϻ ϴ  Ϲ ϼϸϹ ϼ ϼ ϼ  ϼ ϴ Ϲ ϶ ϹϷ  ϴ  

Ϲ϶ Ϲ ϼ. 

ϖ Ͽ  ϸ  ϴ ϴϿϴ 70-  Ϸ ϸ ϶ Ͽ Ϸ  ϶ϹϾϴ ϶ Ͻ ϼ ϼ Ͻ Ϣϡϣ, 

ϼ ϸ ϼ  ϶ Ϲ ϼϹ ϼ Ϲ ϴ , ϼ ϴϿ  ϻϴϷ ϻ Ϲ ϼϹ ϼϻ Ͽ ϼϼ. ϥ 

϶ϿϹ ϼϹ  ϴϵ  ϞϴϽϻϹ ϴ, ϸϴ ϸ Ϸϼ  ϼ ϿϹϸ ϶ϴ ϼϽ ϼ ϾϿ Ϲ ϼ  ϴϿϼ 

ϵ  ϺϹ «Ͼ ϵϼ ϼ ϶ϴ  ϿϹ϶  ϼ ϼ ϼ  ϻϴϷ ϻ Ϲ ϼϹ » ϼ 

ϵ ϶Ϲ  «ϸϹϽ ϶ϼ ϼ ϼ ». Ϣϸ ϴϾ  ϸ  ϴ ϹϷ  ϶ Ϲ Ϲ ϼ ϵϹϸϼ ϹϿ Ϲ 

ϸ Ͼϴϻϴ ϹϿ ϶ϴ ϶ Ͽ ϻ  Ͻ ϼϿϼ ϼ Ͻ ϶Ϲ ϼϼ  ϼ ϼ ϴ  Ϣϡϣ ϶ . 

ϛϴ ϴ  ϾϿ Ϲ ϼ   ϼ ϼ Ϲ ϻϴϷ ϻ Ϲ ϼ  ϼϻ Ͽ ϼϼ ϼ « ϼ ϼ 

ϾϿ Ϲ ϼ » ϸ  ϸϹϿϼ , Ͼ Ͽ Ͼ   Ϲϻ , ϶ Ϲ Ϲ  ϼ 

ϹϾ  ϸ Ϸϼ  ϼϻ ϴϾϴ  ϼ ϼ ϶ ϴϸϴ  [1]. 

ϔϾ ϴϿ  Ϲ  ϶ Ͼ Ͻ Ͼ϶ϴϿϼ ϼϾϴ ϼ Ͻ ϴϵ  (ϖϞϤ). 

Ϣ ϶ ϼ ϿϹ Ϲ ϴ ϼ ϿϹϾ Ϲ Ϲ϶ Ϸ  ϻ Ͻ ϶ϴ ϶Ͽ  ϶ ϻϸ Ϲ Ͽϼ ϼϼ 

ϿϹϾ Ϲ Ϲϸϴ  ϾϿϴ ϴ ϴ ϺϹ ϼ  220 Ͼϖ. ϖ ϻ ϼϹ Ϲϵ ϶ϴ ϼ  Ͼ 

ϴϸϹϺ ϼ ϖϟ ϼ Ͼ ϼ Ϲ ϾϼϹ Ϲ ϼ ϼ Ͽ ϴϽ  ϾϿ Ϲ ϼ  

϶ ϻϸ  Ͽϼ ϼϽ ϸϼϾ  Ϲ ϵ ϸϼ  ϶ ϶ϿϹ ϼ  ϼ ϼ  ϾϿ Ϲ ϼϽ ϼ 
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ϴϻ ϴϵ Ͼϼ Ϲ ϼ ϼϽ  Ͼ ϴ Ϲ ϼ  ϼ  ϼ Ͽϴ, ϶ϹϸϹ ϼ  ϴϵ   

ϻ ϴ  ϼ ϹϿϹ ϴ ϴ϶ϿϹ  ϵ Ͽ Ϻϼ϶ϴ ϼ  ϼ Ϲ  ϖϟ. 

Ϣϵ ϹϾ  ϼ ϿϹϸ ϶ϴ ϼ  ϶Ͽ  ϖϟ Ϲϼ Ϲ ϶Ϲ  ϾϿϴ ϴ 

ϴ ϺϹ ϼ  220 Ͼϖ ϼϿϼϴϿϴ ϣϔϢ «ϨϥϞ ϙϱϥ» – ϩϴϾϴ Ͼ Ϸ  Ϲϸ ϼ ϼ  

ϴϷϼ ϴϿ  ϿϹϾ ϼ Ϲ Ͼϼ  Ϲ ϹϽ (ϣϠϱϥ). 

ϣ Ϲϸ Ϲ  ϼ ϿϹϸ ϶ϴ ϼ  ϶Ͽ  Ϲ , ϶Ͽϼ ϼϹ ϴ ϾϿ Ϲ ϼ  

ϖϟ: ϼ Ͽ Ϸϼ Ϲ ϾϼϹ ϴϾ  – « ϼ ϼ ϾϿ Ϲ ϼ ». 

ϪϹϿ  ϶ Ͽ Ϲ ϼ  ϖϞϤ ϶Ͽ Ϲ  ϼ ϿϹϸ ϶ϴ ϼϹ ϶ Ϲ ϼ  ϴϸϹϺ ϼ 

ϖϟ ϻϴ ё  ϼ Ϲ Ϲ ϼ  Ϲϸ ϶ ϻϴ ϼ   ϶ ϻϸϹϽ ϶ϼ  ϼ . 

ϪϹϿ  ϸ ϼϷϴϹ  Ϲ Ϲ ϼϹ  ϿϹϸ ϼ  ϻϴϸϴ : 

 ϶ ϸϹϿϼ  Ϲ ϸ Ͽ Ϸϼ Ϲ ϾϼϹ ϴ ϹϾ  ϼ ϿϹϸ ϶ϴ ϼ ; 

 ϶ Ͽ ϼ  ϴ ϴϿϼϻ ϼ ϼ  ϾϿ Ϲ ϼ  ϶ ϻϸ  Ͽϼ ϼϽ; 

 ϼ Ϲ ϼ  ϴ Ϲ ϴ ϼ Ϲ ϾϼϹ ϼ Ϲ  ϸϿ  ϹϸϹϿϹ ϼ  ϼ  

ϟϱϣ   Ϲ  Ϲ ϹϸϹϿϹ ϼ ϼ ϴ ϼϼ; 

 ϶ ϴϵ ϴ  Ϲ ϼ ϼ   ϶ Ϲ ϼ  ϴϸϹϺ ϼ ϶ ϻϸ  Ͽϼ ϼϽ 

ϩϣϠϱϥ, ϴ ϼ Ϲ   ϼϺϹ ϼ  ϼ Ͼϴ ϶ ϻ ϼϾ ϶Ϲ ϼ  ϴ϶ϴ ϼϽ ϴ Ͽϼ ϼ  

ϿϹϾ Ϲ Ϲϸϴ  220 Ͼϖ. 

ϡϴ ϴ  ϶ϼϻ ϴ ϵ Ͽ ϶ϿϹ ϴ Ϲ ϵ ϸϼ  ϼ Ϲ Ϲ ϼ  ϵ ϶ 

ϴ ϼ ϼ Ϲ Ͼ Ͻ ϵ ϴϵ Ͼϼ ϼ ϴ ϴϿϼϻϴ ϸϴ  ϼ ϿϹϸ ϶ϴ ϼ . 

ϣ ϴϾ ϼ Ϲ Ͼϴ  ϻ ϴ ϼ  ϴϵ  ϵ Ͽ ϶ϿϹ ϴ Ϲ ,  Ϲ Ϲ ϼ Ϲ ϾϼϹ ϼ 

ϴϾ ϼ Ϲ ϾϼϹ ϹϾ Ϲ ϸϴ ϼϼ, Ϸ  ϵ  ϼ Ͽ ϻ ϶ϴ  Ϲ ϼϴϿϼ ϴ ϼ ϩϣ 

Ϡϱϥ ϼ Ϲ ϼϴϿϼ ϴ ϼ ϴϻϿϼ  ϿϹϾ Ϲ Ϲ϶  Ͼ ϴ ϼϽ ϼ 

ϹϾ ϼ ϶ϴ ϼϼ ϼ ϵ Ͽ Ϻϼ϶ϴ ϼϼ ϴ ϹϸϹϿϼ ϹϿ  Ϲ ϹϽ. 
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1   

 

1.1     

 

ϖ ϻϸ ϴ  Ͽϼ ϼ  ϿϹϾ Ϲ Ϲϸϴ ϼ (ϖϟ) – Ͻ ϶ , Ϲϸ ϴϻ ϴ Ϲ Ϲ 

ϸϿ  ϴ ϹϸϹϿϹ ϼ  ϼϿϼ Ϲ Ϲϸϴ ϼ ϿϹϾ ϼ Ϲ Ͼ Ͻ Ϲ Ϸϼϼ  ϶ ϸϴ , 

ϴ ϸ ϼ  ϴ Ͼ  ϶ ϻϸ Ϲ ϼ ϼϾ Ϲ Ͽё    ϴ϶Ϲ  

(Ͼ ϹϽ ϶), ϼϻ Ͽ ϶ ϼ ϴ ϴ  Ͼ ϴ  ϼϿϼ ϸ Ϸϼ  ϺϹ ϼ  

( ϴ , Ϲ ϶ ϸϴ ). ϖϟϜ – ϶ ϻϸ ϴ  Ͽϼ ϼ , ϶ Ͽ Ϲ ϴ  

ϼϻ Ͽϼ ϶ϴ ϼ ϶ ϸϴ ϼ (ϥϜϣ) [2]. 

ϟϼ ϼϼ ϸ ϴϻϸϹϿ   ϾϿϴ  ϴ ϺϹ ϼ  [3]: 

– ϖϟ ϸ  1000 ϖ (ϖϟ ϼϻ ϹϷ  ϾϿϴ ϴ ϴ ϺϹ ϼϽ); 

– ϖϟ 1–35 Ͼϖ (ϖϟ Ϲϸ ϹϷ  ϾϿϴ ϴ ϴ ϺϹ ϼϽ); 

– ϖϟ 35–330 Ͼϖ (ϖϟ ϶ Ͼ Ϸ  ϾϿϴ ϴ ϴ ϺϹ ϼϽ); 

– ϖϟ 500–750 Ͼϖ (ϖϟ ϶Ϲ ϶ Ͼ Ϸ  ϾϿϴ ϴ ϴ ϺϹ ϼϽ); 

– ϖϟ ϶ Ϲ 750 Ͼϖ (ϖϟ Ͽ ϴ϶ Ͼ Ϸ  ϾϿϴ ϴ ϴ ϺϹ ϼϽ). 

ϟϼ ϼϼ ϿϹϾ Ϲ Ϲϸϴ  ϶ Ϲ Ϲ ϼ  Ͼ Ͽ ϴ ϴ ϼϼ Ϸ  ϴ ϸϼ  ϶ 

ϸ϶  ϼ : ϴϵ ϵ  ϼ Ϲ ϴϵ ϵ . 

Ϥϴϵ ϵ Ϲ ϼϹ – ϵ  ϶ Ͽ  ϻϴϸϴ Ϲ Ͼ ϼϼ, 

϶Ϲ ϶  Ϲϵ ϶ϴ ϼ  ϴ ϼ϶ - Ϲ ϼ Ϲ Ͼ Ͻ ϼ (ϼϿϼ) Ͼ Ͼ Ͼ Ͻ 

( ϹϾ Ͻ) ϸ Ͼ Ϲ ϴ ϼϼ, Ͼ Ϲ ϴ  ϻ ϴ Ϲ ϼ  ϶  ϴ ϴ Ϲ ϶ 

ϡϹ ϴϵ ϵ Ϲ ϼϹ –  Ͼϴϻ ϼϿϼ ϾϿ Ϲ ϼϹ. 

Ϣ ϾϿ Ϲ ϼ  ϵ ϶ϴ  Ͽϼϵ  Ͽϴ ϶ ϼ, Ͽϼϵ  ϴ϶ϴ ϼϽ ϼ. ϣϿϴ ϶ Ϲ 

ϾϿ Ϲ ϼϹ ϿϹϾ Ϲ Ϸϼϼ –  Ϲ Ϲ ϴϵ , ϶ϹϸϹ ϼϹ Ͼ  ϵ Ͽ  

ϻϴ Ͽϴ ϼ ϶ϴ . ϱ  Ϲ ϵ ϸϼ  ϸϿ  ϵϿ ϸϹ ϼ  ϴ϶ϼϿϴ Ϲ ϼϾϼ ϵϹϻ ϴ ϼ 

ϼ ϴϵ Ϲ ϴ Ͽϼ ϼ . ϖ ϻϴ϶ϼ ϼ ϼ  Ͽ Ϻ ϼ ϼ ϵ Ϲ ϴ ϴϵ , Ϲ ϴϿ 

ϵϹ ϼ϶ϴϹ  Ϲϸ ϼ ϼϹ ϼϿϼ ϺϹ ϹϿ Ͻ ϴ ϹϿϹ Ͻ Ͼ . 

Ϟ ϶ϴϺ ϹϽ ϼ  ϻϴϸϴ ϴ  ϿϹϾ ϼ Ϲ Ͼ Ͻ Ϲ ϼ ϼ  ϴϸϹϺ Ϲ ϼ 

Ͼϴ Ϲ ϶Ϲ Ϲ ϿϹϾ ϴϵϺϹ ϼϹ Ϲϵϼ ϹϿϹϽ ϿϹϾ Ϲ Ϸϼϼ, 

ϼ Ϲϸϼ Ϲ  Ͼ ϿϹϾ ϼ Ϲ Ͼ Ͻ Ϲ ϼ. ϱϿϹϾ ϼ Ϲ Ͼϴ  Ϲ  ϶Ͽ Ϲ  Ͽ Ϻ Ͻ 
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Ϲ ϼ Ϲ Ͼ Ͻ ϼ Ϲ Ͻ,  Ϲϵ Ϲ  Ͼ ϿϹϾ Ϸ  ϸ ϸϴ Ͼ Ϲ ϾϹ 

ϴϸϹϺ ϼ ϶ ϹϽ ϴϵ  [4]. 

ϡϴϸϹϺ  – ϶ Ͻ ϶  ϵ ϹϾ ϴ ϴ  ϶  ϴϵ ϵ , .Ϲ. 

϶ Ͽ  ϶ ϼ Ͼ ϼϼ, ϴ  ϶ ϼ Ͼ Ͽ ϴ ϴ ϼ Ϲ Ͼϴϻϴ ϹϿϼ ϶ 

ϻϴϸϴ  Ͽ ϶ϼ .  

ϣ ϼ ϼ  ϴ϶ϴ ϼϽ  ϾϿ Ϲ ϼϽ ϶ ϻϸ  Ͽϼ ϼϽ Ͽ ϶  Ϻ  

ϴϻϸϹϿϼ  ϴ ϶ ϶ϿϹ Ϲ ϼ Ϲ ϶ ϶ϿϹ Ϲ.  

ϡϹ ϶ ϶ϿϹ ϼ ϼ ϼ ϴ ϼ Ϻ  ϴϻ϶ϴ  ϴϾϼϹ ϼ ϼ , Ͼ Ϲ 

ϹϿ ϻ  Ϲ ϼ Ͼ Ͼ Ͼ Ϲ  ϼ  ϼ ϼ .  

Ϟ ϶ , ϶ ϶ϿϹ , ϺϹ ϼ ϼ ϴ  :  

– ϹϵϿϴϷ ϼ Ϲ Ϸ ϸ Ϲ Ͽ ϶ϼ  ( ϴϿϹϸ , ϼϿ Ͻ ϶Ϲ Ϲ , Ϸ ϻ ϶ Ϲ 

ϴϻ ϸ );  

– ϼϻ  ϵ ϸ ϶ϴ ϼ ;  

 Ϲ ϹϾ ϼϹ ϼϻ Ͽ ϼϼ (϶ ϻ϶ϴ Ϲ «ϸϹϽ ϶ϼϹ » ϼ , ϻϴϷ ϻ Ϲ ϼϹ 

ϼϻ Ͽ ϼϼ ϼ . .).  

«ϘϹϽ ϶ϼ » ϼ  ϶ ϻϴ   Ϸ Ϲϻϸ ϶ϴ ϼϹ  ϼ ϼ ϴϺϼ϶ϴ ϼϹ  ϼ  ϴ 

. ϣ ϼ ϼ ϹϿ ϶Ϲ Ϸ Ϲϻϸ ϴ ϴ  ϼ  ϼ Ͽ ϻ  ϴϻϿϼ Ϲ 

Ϲϸ Ϲ  (Ͼ Ͼϼ ϶ Ͽ Ͼϼ, ϶Ϲ Ͼϼ ϸϹ Ϲ϶ Ϲ϶ ϼ ϸ .). ϣ ϼ Ͽ ϴϽ  ϶ Ϲ Ϲ ϼϼ ϶ 

ϼϻ Ͽ ϼ Ͻ ϹϺ Ͼ ϹϺϸ  ϶ ϸ  ϼ Ͻ ϼϹ Ϲϸ Ϲ  

ϼ  ϼϻ Ͽ ϼ ,  ϺϹ  ϼ϶Ϲ ϼ Ͼ ϹϹ Ϲ ϹϾ ϼ . ϣ ϼ ϴϺϼ϶ϴ ϼϹ 

ϼ  ϴ  ϼ ϸϼ  ϴ Ͼ ϴ  ϴ϶Ϲ  ϴϸ ϶ ϸ . ϖ ϶ Ϲ  

ϼ ϴϺϼ϶ϴ ϼ  ϼϿϼ ϶ϻϿϹ ϴ   ϼ ϴ ϶ ϵ ϴ ϶ϴϹ   Ϲ ϴ ϶ 

ϴ ϴ϶ϿϹ ϼϼ ϶ ϸϴ,  ϴϾϺϹ ϺϹ  ϼ϶Ϲ ϼ Ͼ ϹϹ Ϲ ϹϾ ϼ  [5].  

ϖ ϶  Ϲ Ϲϸ  ϼ , Ϲϻϴ϶ϼ ϼ   ϴϻ Ϲ ϴ, Ϸ  ϴ  ϼ ϼ Ͻ 

ϾϿ Ϲ ϼϽ ϼ ϶ ϸϴ ϼϻ  ϿϹϾ Ϲ Ϲ϶ Ϸ  ϵ ϸ ϶ϴ ϼ . ϡϴ ϼ Ϲ , ϴϼ 

ϼ , ϵϼ ϴ  ϴ ϿϹ Ϲ ϴ  ϿϹϾ Ϲ Ϲ϶ Ϸ  ϵ ϸ ϶ϴ ϼ , Ϸ  

Ϲ ϹϾ ϶ϴ  ϹϺ Ͼϼ « ϴϻϴ-ϻϹ Ͽ », « ϴϻϴ- ϴϻϴ».  ϔ ϴ ϼ ( ϼ ) 

ϸ϶Ϲ Ϸϴ  ϼ Ͼϴ  ϷϼϵϹϿϼ[6]. 

ϧ ϴ Ϲ ϼϹ ϶ Ϲ Ϲ Ϲ ϼ ϿϹ  ϼ ϼ  ϴ϶ϴ ϼϽ  ϾϿ Ϲ ϼϽ 

Ϲ ϵ ϸϼ  ϸϿ  ϴϸϹϺ Ͻ ϼ ϵϹ Ϲ Ϲϵ Ͻ Ͻ ϴϵ  Ͽϼ ϼϽ ϿϹϾ Ϲ Ϲϸϴ . 
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1.2     

 

ϖ Ͼ ϶ Ͽ Ϲ Ͽϼ ϼϼ Ϲϸ ϴϻ ϴ Ϲ  ϸϿ  Ϲ Ϲϸϴ ϼ ϿϹϾ Ϲ Ϸϼϼ 

ϴ ϹϿё  Ͼ ϴ  ϼ ϼϻ϶ ϸ ϶Ϲ  Ϲϸ ϼ ϼ . ϣ  ϴϷ ϻϾϹ Ͼ  

ϹϺ Ϲ  ϶ Ͼ ϶ Ͽ Ϲ ϟϱϣ ϴϻϿϼ ϴ  ϸ Ϲ Ϲ ϼ 

ϸ϶ Ϲ Ϲ, ϴ  Ͼ Ͼ ϼϼ:  ϺϾϴ ϼ ϼ ϵϹϻ. ϘϿ  Ϲϸ ϶ ϴ Ϲ ϼ  ϼ 

ϻϴ ϼ   Ͼ ϻϼϼ ϼ Ͽ ϻ Ϲ  ϼ Ͼ ϶Ͼϴ, Ͽϼϵ  Ϲ ϼϴϿ Ϲ Ͼ ϴ Ϲ 

Ͼ ϼϹ, ϴ ϼ Ϲ ϿϹ Ϲϸ϶ϴ ϼ ϹϿ Ͻ ϵ ϴϵ Ͼϼ ϼ ϸϷ ϶Ͼϼ 

Ϲ ϴϿϿ Ͼ Ͼ ϼϼ [7]. 

ϖϟ ϴ ϺϹ ϼϹ  220-500Ͼϖ ϶ Ͽ  ϶ ϻϴ϶ϼ ϼ ϼ  ϴϷ ϻϾϼ 

ϴϿϹϴϿ ϼ Ϲ϶ ϼ ϶ ϸϴ ϼ ϴϻϿϼ  Ϲ Ϲ ϼϽ  ϴϿ ϼ ϼ  ϼ  ϴϿϼ ϶ 
2 ϼ Ϸ  ϼ Ϲ  Ϲ Ͼ Ͽ Ͼ  ϴ Ϲ ϿϹ  ϶ ϸ ϶ ϶ ϴϻϹ n . ϥ Ϲϸ ϼϹ 

ϻ ϴ Ϲ ϼ  ϶ ϴ Ϲ Ϲ ϴ 1 Ͼ  ϸϿϼ  Ͽϼ ϼϼ ϼ϶ ϸ  ϸϿ  ϸ, Ϣ /Ͼ , ϸϹϿ Ͻ 

Ϲ Ͼ Ͻ ϶ ϸϼ ϼ b ϸ, ϥ /Ͼ , ϼ ϻϴ ϸ Ͻ ϼ q ϸ, Ϡϖϴ /Ͼ  

[8]. 

 

1.2.1    500  

 

ϛϴ ϸ ϴ   q ϸ ϸϿ  ϖϟ-500 Ͼϖ ϸ ϼ ϶ϴϹ   

Ϲϸ Ϲ Ͼ Ͽ ϴ ϴ ϼ  ϴ ϺϹ ϼ  1,05 U . 

ϖ ϴϵϿϼ Ϲ 1 ϼ϶ϹϸϹ  ϿϹϸ ϼϹ ϴ Ϲ Ϲ ϴ ϴϾ Ϲ ϼ ϼϾϼ ϖϟ-500Ͼϖ 

 ϴϿϹϴϿ ϼ Ϲ϶ ϼ ϶ ϸϴ ϼ: 

 

ϦϴϵϿϼ ϴ 1 – Ϥϴ Ϲ Ϲ ϴ ϴϾ Ϲ ϼ ϼϾϼ ϖϟ 500 Ͼϖ 

U, 

Ͼϖ 

ϥϹ Ϲ ϼϹ 

϶ ϸϴ, 2 

ϴϿ ϼ ϼϽ/ ϴϿ  

 

n  

x ϸ, 

Ϣ /Ͼ

 

b ϸ, 

ϥ /Ͼ  

q ϸ, 

Ϡ϶ϴ /Ͼ  

D , 

 

 
                                                                                             
 

http://pue8.ru/transport-elektroenergii/48-vozdushnye-linii-elektroperedachi.html
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ϣ ϸ ϿϺϹ ϼϹ ϴϵϿϼ  1 

500 300/66 

330/48 

400/51 

3 0,30 3,6·10-6 0,90 14 

 

U – ϴ ϺϹ ϼϹ ϖϟ, Ͼϖ; 

SϴϿ, S  – Ϲ Ϲ ϼϹ ϶ ϸϴ  ϴϿ ϼ ϼ  ϼ  ϴϿϼ, 2; 

n  – Ͼ Ͽϼ Ϲ ϶  ϴ Ϲ ϿϹ  ϶ ϸ ϶ ϶ ϴϻϹ; 

ϸ – ϸϹϿ Ϲ ϼ ϸ Ͼ ϼ϶ Ϲ ϼ϶ϿϹ ϼϹ Ͽϼ ϼϼ, Ϣ /Ͼ ; 

b ϸ – ϸϹϿ ϴ  Ϲ Ͼ ϴ  ϶ ϸϼ  Ͽϼ ϼϼ, ϥ /Ͼ ; 

q ϸ – ϻϴ ϸ ϴ   Ͽϼ ϼϼ, Ϡ϶ϴ /Ͼ ; 

D  – Ϲϸ ϹϷϹ Ϲ ϼ Ϲ Ͼ Ϲ ϴ ϼϹ ϹϺϸ  ϴϻϴ ϼ, . 

 

1.2.2    220   

 

ϛϴ ϸ ϴ   q ϸ ϸϿ  ϖϟ-220 Ͼϖ ϸ ϼ ϶ϴϹ   

Ϲϸ Ϲ Ͼ Ͽ ϴ ϴ ϼ  ϴ ϺϹ ϼ  1,05 U . 

ϖ ϴϵϿϼ Ϲ 2 ϼ϶ϹϸϹ  ϿϹϸ ϼϹ ϴ Ϲ Ϲ ϴ ϴϾ Ϲ ϼ ϼϾϼ ϖϟ-220Ͼϖ 

 ϴϿϹϴϿ ϼ Ϲ϶ ϼ ϶ ϸϴ ϼ. 

 

ϦϴϵϿϼ ϴ 2 – Ϥϴ Ϲ Ϲ ϴ ϴϾ Ϲ ϼ ϼϾϼ ϖϟ 220 Ͼϖ 

U, 
Ͼϖ 

ϥϹ Ϲ ϼϹ 
϶ ϸϴ, 

2 
ϴϿ ϼ ϼϽ/ ϴϿ  

 
n  

x ϸ, 
Ϣ /Ͼ  

b ϸ, 
ϥ /Ͼ  

q ϸ, 
Ϡ϶ϴ /Ͼ  

D

, 

 
220 240/32 

300/39 
400/51 
500/64 

1 0,42 2,7·10-6 0,14 8 

 

 

 

http://pue8.ru/elektrotekhnika/816-elektricheskoe-napryazhenie-opredelenie-vidy-edinitsy-izmereniya.html
http://pue8.ru/transport-elektroenergii/48-vozdushnye-linii-elektroperedachi.html
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1.2.3    110  

 

ϦϴϵϿϼ ϴ 3 – Ϥϴ Ϲ Ϲ ϴ ϴϾ Ϲ ϼ ϼϾϼ ϖϟ 110 Ͼϖ 

U, 
Ͼϖ 

ϥϹ Ϲ ϼϹ 
϶ ϸϴ, 

2 
ϴϿ ϼ ϼϽ/ ϴϿ  

 
n  

x ϸ, 
Ϣ /Ͼ  

b ϸ, 
ϥ /Ͼ  

q ϸ, 
Ϡ϶ϴ /Ͼ  

110 150/24 1 0,42 2,7·10-4 0,434 

 

1.2.4    10  

 

ϦϴϵϿϼ ϴ 4 – Ϥϴ Ϲ Ϲ ϴ ϴϾ Ϲ ϼ ϼϾϼ ϖϟ 10 Ͼϖ 

U, 

Ͼϖ 

ϥϹ Ϲ ϼϹ 

϶ ϸϴ, 
2 

ϴϿ ϼ ϼϽ/ ϴϿ  

 

n  

x ϸ, 

Ϣ /Ͼ  

b ϸ, 

ϥ /Ͼ  

10 16 1 0,102 72,2·10-4 

 

1.3   

 

ϖϴϺ  Ϲ ϸϼ Ϲ Ͼϼ  ϴ ϹϾ  ϼ ϼ ϿϹϸ ϶ϴ ϼϼ ϶ Ͻ ϶ϴ ϴϸёϺ ϼ 

ϿϹϾ ϼ Ϲ Ͼ Ͻ Ϲ ϼ ϶Ͽ Ϲ  ϼϹ « Ͼϴϻϴ». ϣ ϼ ϼ ϴ ϼ Ͼϴϻ ϶ ϶ 

ϿϹϾ ϼ Ϲ Ͼ Ͻ Ϲ ϼ ϶ ϵ Ͽ ϼ ϶Ϲ Ͽ ϴϹ϶ Ϸ  ϵ  ϶ ϹϺϸϹ ϼ  ϶ 

ϵ ϸ ϶ϴ ϼϼ, ϴ ϴ ϴ Ϲ ϼ Ͼ Ͼ ϼ  ϿϹϾ Ϲ Ϲ϶  ϵ ϹϾ ϶ ϼϿϼ 

϶ϿϹ ϼϹ Ϲϸ ϼ  ϹϺϼ  ϴ ϴ Ϲ ϶ ϶ ϿϹ Ϲ ϴ  Ϲ ϼ, Ϲϵ ϹϹ 

ϼ ϼ  Ϲ Ͽ Ϻ  ϸϹϽ ϶ϼϽ  ϼ  ϴ Ϲ ϼ . ϖ Ϲ Ϲ Ͽ Ϸϼ Ϲ ϾϼϹ 

ϴ Ϲ ϼ  ϸϿϹϺϴ  ϴ ϿϹϸ ϶ϴ ϼ  ϼ ё ,  ϻ϶ Ͽ Ϲ  ϼ ϶ϴ  ϵϴϻ  

ϸϴ   ϴ϶ϴ ϼϽ ϼ ϶ ϿϹϾ ϼ Ϲ Ͼϼ  Ϲ  ϻϴ ϸ ϿϺϼ ϹϿ Ͻ Ͼ 

Ͼ Ͽ ϴ ϴ ϼϼ.  

Ϣ Ϲ Ϲ ϶Ϲ Ͻ ϼ ϻϴ ϵϹϺ Ͻ  Ϲ Ϲ ϼ  ϻϴϸϴ   Ϲ ϾϹ ϴϸёϺ ϼ 

ϼ Ϲ  ϿϹϾ Ϲ ϷϹ ϼϾϼ Ͼϴϻ ϶ϴϹ ,  Ͼϴϻϴ ϹϿϼ ϴϸёϺ ϼ ϶ ϵ Ϲ  

Ͽ ϴϹ ϵ ϴϻ  ϼ Ϸ  [9]:  
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– ϶Ϲ  ϾϴϾ Ϸ  – Ͽϼϵ  ϵ ϼ ;  

– ϼ Ϲ ϼ϶  ϵ ϼϽ, ϴ ϼ Ϲ , ϼ Ͽ  Ͼϴϻ ϶ ϶ Ϲϸϼ ϼ  ϶ Ϲ Ϲ ϼ;  

– Ϲϸ  ϸ ϿϺϼ ϹϿ  ϵ ϼ  ( ϴ Ϲ ϴ ϼ Ϲ Ͼ Ϲ Ϻϼϸϴ ϼϹ).  

ϙ ё ϸϼ  ϶ϴϺ Ͻ Ϲ ϸϼ Ϲ ϾϼϽ ϴ ϹϾ  Ͼ ϼ ϼ ϶ϴ ϼ  

ϿϹϾ ϼ Ϲ Ͼ Ͻ Ϲ ϼ, ϹϸϹϿ ϼϽ ϸ ϸ Ͼ Ϲ ϾϹ Ϲё ϴϸёϺ ϼ, 

ϻϴϾϿ ϴϹ  ϶ ,  ϶ Ϲ ϼ ϸ ϼϹ ϶ Ϲ ϼ Ϲ Ͽ Ϸϼ Ϲ ϾϼϹ ϴ Ϲ ϼ  ϼ 

϶ ϻϴ Ϲ  ϼ ϼ Ͼϴϻ  ϵ ϴϻ  ϶  ϶ Ϲ Ϲ ϼ Ͼ ϵ ϼϽ. ϣ ϸ Ͼ  

ϵ ϼϽ ϸ ϴϻ Ϲ϶ϴϹ  ϿϹϸ ϶ϴ ϹϿ  ϸ ϸ  ϵ ϼϽ, 

϶Ͽ ϼ  ϸ  ϻϴ ϸ Ϸϼ  ϶ Ͽ ϴϽ Ϲ Ϲ  ϶ Ϲ Ϲ ϼ. ϖϴϺ  

ϼϹ  ϸϿ  Ͼϴ ϵ ϼϽ ϶Ͽ Ϲ  ϼ Ϲ ϼ϶  Ͼϴ λ(t) – Ϲϸ ϹϹ 

ϼ Ͽ  ϵ ϼϽ, ϼ ϸ ϹϹ  ϴ Ϲϸϼ ϼ  ϶ Ϲ Ϲ ϼ [10].  

ϠϹ ϸ Ͽ Ϸϼ Ϲ ϾϼϹ ϼ ϿϹϸ ϶ϴ ϼ  c϶ ϻϴ Ϲ  Ϣϡϣ Ϻ  Ϲϸ ϴ϶ϼ  ϶ 

϶ϼϸϹ ϶ Ͼ Ͻ Ͼ  ϶ ϴϵϿϼ Ϲ 5.  

 

ϦϴϵϿϼ ϴ 5 – ϠϹ ϸ Ͽ Ϸϼ  ϼ ϿϹϸ ϶ϴ ϼ  Ϣϣϡ 

ϔ ϴϿϼϻ 

ϴ ϼ ϼ Ϲ Ͼϼ  

ϸϴ   

ϴ϶ϴ ϼϽ  

ϾϿ Ϲ ϼ  ϖϟ 

ϖ ϵ Ϲ 

ϵ ϿϹϸ ϶ϴ ϼϹ 

ϴϼϵ ϿϹϹ 

ϵϿϹ  ϖϟ 

ϥ Ϲ ϸ ϶ Ϲ ϼ ϴ ϼ  

Ϸϼ Ͽ ϸ ϼϻ Ͽ ϶, 

ϸϹ ϼ ϶ϴ   

ϖϟ 

ϱϾ Ϲ ϼ Ϲ ϴϿ Ϲ 

ϼ ϿϹϸ ϶ϴ ϼ  

ϿϹϾ ϼ Ϲ Ͼ Ͻ 

ϼ ϼϻ Ͽ ϼϼ 

ϼ Ϲ ϴ  

϶ ϻϸϹϽ ϶ϼϼ ϴϵ ϹϷ  

ϴ ϺϹ ϼ  ϼ 

ϴϻϿϼ  ϶ Ϲ ϼ  

ϴϾ ϶ 

 

ϔ ϴϿϼϻ ϴ ϼ ϼ Ϲ Ͼϼ  ϸϴ   ϴ϶ϴ ϼϽ  ϾϿ Ϲ ϼ  ϖϟ: 

– Ͼ Ͽϼ Ϲ ϶Ϲ Ϲ ϴ ϴϾ Ϲ ϼ ϼϾϼ Ϣϡϣ;  

– Ϲϻ Ϲ, ϶ Ϲ Ϲ Ϲ ϼϻ ϴϾϼ Ϣϡϣ; 

– Ϸ ϸ Ϲ Ͽ ϶ϼ  ϴ Ϲ  Ϣϡϣ;  

– Ͽ ϾϴϿϼϻϴ ϼ  Ϲ  Ϣϡϣ. 
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ϖ ϵ Ϲ ϵ ϿϹϸ ϶ϴ ϼϹ ϴϼϵ ϿϹϹ ϵϿϹ  ϖϟ: 

– ϸϹ ϹϾ  ϖϟ;  

– ϼ ϶ϼϹ ϼ ;  

– Ͽ ϾϴϿ Ϲ ϶ Ϲ ϼ  ϴ ϺϹ ϼ  ϴ ϖϟ;  

– ϼ ϼϾϼ ϼ ϸ Ϸ  ϼ Ϲ ϷϹ Ϸ  ϻϴϷ ϻ Ϲ ϼ . 

ϥ Ϲ ϸ ϶ Ϲ ϼ ϴ ϼ  Ϸϼ Ͽ ϸ ϼϻ Ͽ ϶, ϸϹ ϼ ϶ϴ   ϖϟ: 

– ϴ ϴϾ Ϲ ϼ ϼϾϼ Ϲ Ϲ ϶Ϲ Ϸ  Ͽ  ϻϴϷ ϻ Ϲ ϼ  ϼϻ Ͽ ϶ (ϙϛ);  

– ϴϻ ϸ Ϲ ϴ ϴϾ Ϲ ϼ ϼϾϼ ϼϻ Ͽ ϼϼ ϶ Ͽ ϶ϼ  ϶ϿϴϺ Ϲ ϼ . 

ϱϾ Ϲ ϼ Ϲ ϴϿ Ϲ ϼ ϿϹϸ ϶ϴ ϼ  ϿϹϾ ϼ Ϲ Ͼ Ͻ ϼ ϼϻ Ͽ ϼϼ 

ϼ Ϲ ϴ  ϶ ϻϸϹϽ ϶ϼϼ ϴϵ ϹϷ  ϴ ϺϹ ϼ  ϼ ϴϻϿϼ  ϶ Ϲ ϼ  

ϴϾ ϶: 

– ϴϻ ϸ Ϲ ϴ ϴϾ Ϲ ϼ ϼϾϼ ϼϻ Ͽ ϼϼ ϶ Ͽ ϶ϼ  ϴ ϴϿ ; 

– ϿϹϷϾ Ϸ  ϼ Ϲ ϴ϶ Ϲ Ϸ  ϻϴϷ ϻ Ϲ ϼ ;  

– Ͽ ϶ϼ  Ϲ ϹϾ ϼ  ϼϻ Ͽ ϼϼ ϼ ϶ Ϲ Ϲ ϼϼ ϼ ϸ  ϶ ϸ ϼ  

Ϲϸ Ϲ ϶;  

– Ͽ ϶ϼ  Ϲ ϹϾ ϼ   « Ϲ ϼ ϹϷ  Ϲ ϴ». 

 

1.4      

 

ϡϴϸϹϺ  ϶Ͽ Ϲ  Ͼ ϿϹϾ  ϶ Ͻ ϶ , Ͼ Ϲ ϶ ϻϴ϶ϼ ϼ ϼ  

ϴϻ ϴ Ϲ ϼ  ϼ Ͽ ϶ϼϽ ϹϷ  ϼ Ϲ Ϲ ϼ  ϺϹ  ϶ϾϿ ϴ  ϵϹϻ Ͼϴϻ , 

ϸ ϿϷ ϶Ϲ , Ϲ ϼϷ ϸ  ϼ ϴ Ϲ  ϼϿϼ ϹϸϹϿϹ Ϲ 

Ϲ ϴ ϼ  ϼ  ϶ Ͻ ϶ [11]. 

ϣ ϼ Ϲ ϼ ϹϿ  Ͼ ϼ Ϲ ϴ  ϿϹϾ ϴϵϺϹ ϼ  (ϥϱϥ) – ϵϹ Ϲ Ϲϵ Ͻ Ϲ 

ϴϵϺϹ ϼϹ ϿϹϾ ϼ Ϲ Ͼ Ͻ Ϲ ϷϼϹϽ, ϼ ϶ Ͻ ϶  ϴ  ϶  ϶ Ϲ Ϲ ϼ ϶ 

ϴ ϶ϿϹ  ϹϸϹϿϴ  ϻ ϴ Ϲ ϼ  ϶ Ϲ  ϴ ϴ Ϲ ϶, ϴ ϴϾ Ϲ ϼϻ ϼ  

ϵ  ϶ Ͽ  Ϲϵ Ϲ Ϲ Ͼ ϼϼ ϶ ϻϴϸϴ  ϹϺϼ ϴ  ϼ Ͽ ϶ϼ  

ϼ Ϲ Ϲ ϼ , Ϲ ϼ Ϲ Ͼ Ϸ  ϵ Ͽ Ϻϼ϶ϴ ϼ , ϴ ϼ ϶ϴ ϼ  ϿϹϾ ϼ Ϲ Ͼ Ͻ 

Ϲ Ϸϼϼ ϼ ϼ ϾϿ Ϲ ϼϹ ϼ ϴ ϼϽ, ϴ  ϸϿ  Ͽ ϸϹϽ ϼ Ͼ Ϻϴ ϹϽ Ϲϸ  [12]. 

ϗϿ ϵϼ ϴ ϴ϶ϴ ϼϼ ϴ ϖϟ ϵ ϶ ϶ϴϹ  ϼ Ͽ  ϾϿ Ϲ  Ϲ ϹϽ ϼ 
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ϼϺϹ ϼϹ  Ͼ Ͻ ϵ ϼ, ϶ ϿϹϾ ϼ Ϲ Ͼϼ  Ϲ  – ϵ Ϲ  

Ϸϴ Ϲ ϼϽ Ϲϵϼ ϹϿ Ͼϼ  ϼ ϴϽ  ϸ ϴ ϼϽ, ϶ ϼ Ϲ ϴ  

ϿϹϾ ϴϵϺϹ ϼ  – ϶ Ϲ  ϴ϶ϴ ϼϽ  Ϸ ϴ ϼ Ϲ ϼϽ Ϲϵϼ ϹϿϹϽ, ϶ ϱϱϥ ϼ 

ϵ Ϲϸϼ Ϲ ϼ  – ϶ Ϲ  Ϲϸ ϴ Ͼϴ ϼ ϼ Ϲ Ϸϼϼ ϼ ϶ Ϲ  ϼϺϹ ϼ  

ϴ  [13]. 

ϣ ϼ ϴ Ϲ ϼϼ ϴϸϹϺ ϼ ϴϵ  ϿϹϾ ϼ Ϲ Ͼ Ͻ Ϲ ϼ (ϱϥ) ϼ  

Ϲ ϼ϶ϴ  Ͼϴϻϴ ϹϿϼ ϴϸϹϺ ϼ ϸϼ ϴϾ ϶  ϸϿ  ϶ Ϲ  ϿϹ Ϲ ϶, ϶ ϸ ϼ  ϶ 

ϹϹ ϴ϶. ϣ ϼ  Ͼϴϻϴ ϹϿϼ ϴϸϹϺ ϼ ϖϟ Ϲ ϼ϶ϴ  ϴϾ ϺϹ, ϾϴϾ ϼ 

Ͼϴϻϴ ϹϿϼ ϸ Ϸϼ  ϿϹ Ϲ ϶ ϼ Ϲ . ϖ ϻϴ϶ϼ ϼ ϼ  ϼ ϴϿ Ϸ  

ϴ ϺϹ ϼ  ϸϿϼ ϴ ϖϟ ϵ ϴ ϴ϶Ͽ  Ϲ Ͼ Ͽ Ͼ  Ϲ  ϾϼϿ Ϲ ϶, ϴ ϴ 

ϖϟ ϺϹ  ϴ ϿϴϷϴ   Ϲ ϼ ϼ   ϴϻϿϼ ϼ ϾϿϼ ϴ ϼ Ϲ Ͼϼ ϼ 

Ͽ ϶ϼ ϼ, Ϲ Ϲ ϹϾϴ  ϴϻϿϼ Ϲ ϼ ϺϹ Ϲ Ϲ ϺϹ ϼ  ϼ Ͼ Ͼ ϼϼ, 

ϷϹ Ϸ ϴ ϼ Ϲ ϾϼϹ ϵ ϹϾ  ( Ͽ , ϿϹ ϴ, ϻϹ ϴ),  Ͼϴϻ ϶ϴϹ  ϻ ϴ ϼ ϹϿ Ϲ 

϶Ͽϼ ϼϹ ϴ Ͽ ϶ϼ  Ͼ ϼ ϼ ϶ϴ ϼ  ϶ ϻϸ Ͻ Ͽϼ ϼϼ. 

ϖ ϶Ϲ ϶ϼϼ  ϾϿϴ ϼ Ϲ Ͼ Ͻ Ϲ ϼϹϽ Ͼϴϻϴ ϹϿϼ ϴϸϹϺ ϼ ϱϥ 

ϴ ϼ ϶ϴ   Ϲ  Ͼ Ͽϼ Ϲ ϶ϴ ϿϹ Ϲ ϶ ϼ Ͼϴϻ ϶. ϧ Ͽ ϶ϼ  

Ͼ ϼ ϼ ϶ϴ ϼ  ϼ Ϲ ϼ Ϲ ϾϼϹ ϴ ϴ Ϲ  ϖϟ Ͽϼ ϴ  ϸ Ϸ  ϸ Ϸϴ, 

 ϴ Ϲ  Ͼϴϻϴ ϹϿϹϽ ϴϸϹϺ ϼ ϸϿ  ϶ ϹϽ ϶ Ͼ ϼ Ͽϼ ϼϽ 

Ϲ ϶Ͽ Ϲ   ϹϸϹϿϹ ϼ  ϴ ϴ Ϲ ϴ Ͼϴ Ͼϴϻϴ  ϸϹϿ  

ϿϹ Ϲ ϴ  ϥϱϥ. 

Ϣϸ ϼ  ϼϻ ϶  Ͼϴϻϴ ϹϿϹϽ ϸϿ  Ϲ Ͼϼ ϴϸϹϺ ϼ ϿϹ Ϲ ϶ ϥϱϥ 

϶Ͽ Ϲ  ϴ ϴ Ϲ  Ͼϴ Ͼϴϻϴ,  ϼ Ϲ  Ϲϸ ϹϹ Ͼ Ͽϼ Ϲ ϶  Ͼϴϻ ϶ ϶ 

Ϲϸϼ ϼ  ϶ Ϲ Ϲ ϼ, Ͼ  ϵ  ϼ ϼ ϴ  ϸ  Ϸ ϸ .  

ϣϴ ϴ Ϲ  Ͼϴ Ͼϴϻϴ ϹϸϹϿ Ϲ  ϴ ϶Ϲ ϵ ϴϵ Ͼϼ 

ϴ ϼ ϼ Ϲ Ͼϼ  ϸϴ   ϴϵ Ϲ ϼ Ϲ Ϲ ϵ ϸ ϶ϴ ϼ .  

ϣϴ ϴ Ϲ  Ͼϴ Ͼϴϻ ϶ ( ) ϹϸϹϿ Ϲ   ϿϹ 1: 

             , (1) 
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ϷϸϹ   – ϸϿϼ ϴ Ͼϴϻϴ϶ ϼ  ϖϟ ϻϴ ϴ ϴ ϼ϶ϴϹ Ͻ ϹϺ Ͼ ϶ Ϲ Ϲ ϼ;   – ϴ ϴ Ϲ  Ͼϴ Ͼϴϻϴ ϴ 100 Ͼ . 

 

ϦϴϵϿϼ ϴ 6 – ϦϴϵϿϼ Ϲ ϻ ϴ Ϲ ϼ  ϴ ϴ Ϲ ϶ Ͼϴ Ͼϴϻ ϶ ϿϹ Ϲ ϶ 

ϿϹϾ ϼ Ϲ Ͼ Ͻ Ϲ ϼ 

ϱϿϹ Ϲ  Ϲ ϼ ω, Ͼϴϻ/Ϸ ϸ 

ϼ U 

110 Ͼϖ 

ω, Ͼϴϻ/Ϸ ϸ 

ϼ U 

220 Ͼϖ 

ω, Ͼϴϻ/Ϸ ϸ 

ϼ U 

500 Ͼϖ 

ϖ ϻϸ Ϲ Ͽϼ ϼϼ: (100 Ͼ ) 

- ϸ Ϲ Ϲ 

- ϸ϶ Ϲ Ϲ: 

 Ͼϴϻ ϸ Ͻ Ϲ ϼ 

Ͼϴϻ ϸ϶  Ϲ ϹϽ 

 

1,1 

 

1,0 

0,1 

 

0,9 

 

0,7 

0,2 

 

0,6 

 

– 

– 

Ϧ ϴ ϴ  0,01 0,02 0,2 

ϖ ϾϿ ϴ ϹϿϼ ϶ Ϲ  ϖϟ 

( ϴ ϸϼ  ϶ ϾϿ ϴ ϹϿ ) 

0,2 0,4 0,5 

 

1.5     

 

ϣ ϼ ϼ  ϴ϶ϴ ϼϽ  ϾϿ Ϲ ϼϽ Ͽ ϶  Ϻ  ϴϻϸϹϿϼ  ϴ 

϶ ϶ϿϹ Ϲ ϼ Ϲ ϶ ϶ϿϹ Ϲ. 

ϡϹ ϶ ϶ϿϹ ϼ ϼ ϼ ϴ ϼ Ϻ  ϴϻ϶ϴ  ϴϾϼϹ ϼ ϼ , Ͼ Ϲ 

ϹϿ ϻ  Ϲ ϼ Ͼ Ͼ Ͼ Ϲ  ϼ  ϼ ϼ . 

Ϟ ϶ , ϶ ϶ϿϹ , ϺϹ ϼ ϼ ϴ  : 

– ϹϵϿϴϷ ϼ Ϲ Ϸ ϸ Ϲ Ͽ ϶ϼ  ( ϴϿϹϸ , ϼϿ Ͻ ϶Ϲ Ϲ , Ϸ ϻ ϶ Ϲ 

ϴϻ ϸ  ϼ . .); 

– ϼϻ  ϵ ϸ ϶ϴ ϼ ; 

– Ϲ ϹϾ ϼϹ ϼϻ Ͽ ϼϼ ϶ ϻ϶ϴ Ϲ «ϸϹϽ ϶ϼϹ » ϼ , ϻϴϷ ϻ Ϲ ϼϹ 

ϼϻ Ͽ ϼϼ ϼ . . 

ϣ Ͼ Ͽ Ͼ  ϴ ϴ ϼ϶ϴ  ϼ Ϲ  ϼ ϼ  ϴ϶ϴ ϼϼ  ϶ ϻϸϹϽ ϶ϼ  ϼ  
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ϴ ϼ  ϼ ϼ  Ϲ ϹϾ ϼ  ϼϻ Ͽ ϼϼ. 

ϣϹ ϹϾ ϼϹ  ϴϻ ϶ϴ  ϴϻ ϸ  Ϸ ϴ ϼ Ϲ ϴϻϸϹϿϴ ϸ϶  Ϲϸ. 

«ϘϹϽ ϶ϼ » ϼ  ϶ ϻϴ   Ϸ Ϲϻϸ ϶ϴ ϼϹ  ϼ ϼ ϴϺϼ϶ϴ ϼϹ  ϼ  ϴ 

. ϣ ϼ ϼ ϹϿ ϶Ϲ Ϸ Ϲϻϸ ϴ ϴ  ϼ  ϼ Ͽ ϻ  ϴϻϿϼ Ϲ 

Ϲϸ Ϲ  (Ͼ Ͼϼ ϶ Ͽ Ͼϼ, ϶Ϲ Ͼϼ ϸϹ Ϲ϶ Ϲ϶ ϼ ϸ .). ϣ ϼ Ͽ ϴϽ  ϶ Ϲ Ϲ ϼϼ ϶ 

ϼϻ Ͽ ϼ Ͻ ϹϺ Ͼ ϹϺϸ  ϶ ϸ  ϼ Ͻ ϼϹ Ϲϸ Ϲ  

ϼ  ϼϻ Ͽ ϼ ,  ϺϹ  ϼ϶Ϲ ϼ Ͼ ϹϹ ϴ Ϲ ϼ  .Ϲ Ͼ Ϲ ϹϾ ϼ . 

ϣ ϼ ϴϺϼ϶ϴ ϼϹ ϼ  ϴ  ϼ ϸϼ  ϴ Ͼ ϴ  ϴ϶Ϲ  ϴϸ ϶ ϸ . 

ϖ ϶ Ϲ  ϼ ϴϺϼ϶ϴ ϼ  ϼϿϼ ϶ϻϿϹ ϴ   ϼ ϴ ϶ ϵ ϴ ϶ϴϹ   Ϲ ϴ ϶ 

ϴ ϴ϶ϿϹ ϼϼ ϶ ϸϴ,  ϴϾϺϹ ϺϹ  ϼ϶Ϲ ϼ Ͼ ϹϹ Ϲ ϹϾ ϼ  [14]. 

Ϟ Ϲ ϹϾ ϼ  ϼϻ Ͽ ϼϼ : ϻϴϷ ϻ Ϲ ϼϹ ϼ ϶ϿϴϺ Ϲ ϼϹ ϼϻ Ͽ ϼϼ. 

ϫϴ ϼ  Ͽϼ, Ͼ Ϲ ϴϺϸϴ  ϼϻ ϶ ϻϸ ϴ, ϻϸϴ  ϴ ϶Ϲ ϼ 

ϼϻ Ͽ ϴ Ͽ Ͻ ϻϴϷ ϻ Ϲ ϼ . ϥ ϸϹ Ϻϴ ϼϹ  ϶ ϻϴϷ ϻ Ϲ ϼϼ ϶Ϲ Ϲ ϶ϴ (Ͼϼ Ͽ , 

Ͽϼ, ϹϿ ϼ), Ϲϸϼ   ϴ Ϲ Ͻ ϶ϿϴϷ Ͻ, Ϲ϶ ϹϽ ϴ ϼϻ Ͽ , 

ϵ ϴϻ  ϿϹϾ Ͽϼ , ϵ ϶ ϴ  ϶ϹϿϼ Ϲ ϼ  ϶Ϲ Ͻ 

϶ ϸϼ ϼ ϼϻ Ͽ ϴ. 

ϧ϶ϿϴϺ Ϲ ϼϹ ϴ Ϲ Ͻ ϶ϿϴϷ Ͻ ϶ϹϿϼ ϼ϶ϴϹ  ϶ ϸϼ  Ͽ  

ϻϴϷ ϻ Ϲ ϼ  ϴ ϶Ϲ ϼ ϼϻ Ͽ ϶ ϼ ϶ ϿϹϸ ϶ϼϼ ϼϺϴϹ  ϼϻ Ͽϼ  

ϵ . 

ϣ ϼ ϶ϿϴϺ Ϲ ϼϼ ϻϴϷ ϻ Ϲ ϼϽ ϴ ϶Ϲ ϼ ϼϻ Ͽ ϴ ϸ ϺϸϹ , ϴ  

ϼϿϼ Ͻ ϵ ϴϻ Ϲ  ϿϹϾ Ͽϼ . ϣ ϸ ϸϹϽ ϶ϼϹ  ϴϵ ϹϷ  ϴ ϺϹ ϼ  Ϲ Ϲϻ 

϶ ϸ ϼϽ Ͽ Ͻ ϴ ϼ ϴϹ  ϹϾϴ  Ͼ, ϴϻ ϶ϴϹ Ͻ Ͼ  Ϲ Ͼϼ [15]. 

ϧ ϴ Ϲ ϼϹ ϶ Ϲ Ϲ Ϲ ϼ ϿϹ  ϼ ϼ  ϴ϶ϴ ϼϽ  ϾϿ Ϲ ϼϽ 

Ϲ ϵ ϸϼ  ϸϿ  ϴϸϹϺ Ͻ ϼ ϵϹ Ϲ Ϲϵ Ͻ Ͻ ϴϵ  Ͽϼ ϼϽ ϿϹϾ Ϲ Ϲϸϴ . 

ϣ Ϲϸ ϶ ϴ Ϲ ϼϹ ϹϺϸϹ϶ Ϲ Ϲ Ϸ  ϼϻ ϴ ϵ ϸ ϶ϴ ϼ  ϼ ϴϻ Ϲ ϼ  

ϿϹ Ϲ ϶ ϶ ϻϸ Ͻ Ͽϼ ϼϼ, Ͼ Ϲ ϼ ϸ  ϶ ϿϹϸ ϶ϼϹ ϴ Ϲ ϼ  

ϴϿ Ϸ  ϹϺϼ ϴ ϴϵ  ϼ ϶ ϻϸϹϽ ϶ϼ  Ͼ Ϻϴ ϹϽ Ϲϸ , Ϻ  Ϲ ϼ  

ϼ ϼ ϶ϹϸϹ ϼ  Ͽϴ ϶ - Ϲϸ Ϲϸϼ ϹϿ Ϸ  Ϲ ϴ. ϣϿϴ ϶ -

Ϲϸ Ϲϸϼ ϹϿ Ͻ Ϲ  ϻ϶ Ͽ Ϲ  ϶Ϲ ϼ ϸ ϴϵ , Ͼ Ͻ ϴ ϴ϶ϿϹ  

ϴ ϻϴ Ϲ  ϸϹ ϴϿϹϽ ϼ ϶ ϴ ϶ϿϹ ϼϹ ϵ ϸ ϶ϴ ϼ  [16].
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2   

 

2.1   

 

ϩϴϾϴ Ͼ Ϲ Ϲϸ ϼ ϼϹ ϴϷϼ ϴϿ  ϿϹϾ ϼ Ϲ Ͼϼ  Ϲ ϹϽ ϶Ͽ Ϲ  

ϼϿϼϴϿ  ϣ ϵϿϼ Ϸ  ϴϾ ϼ Ϲ Ϸ  ϵ Ϲ ϶ϴ «ϨϹϸϹ ϴϿ ϴ  Ϲ Ϲ϶ϴ  Ͼ ϴ ϼ  

ϙϸϼ Ͻ Ϲ ϷϹ ϼ Ϲ Ͼ Ͻ ϼ Ϲ » (ϸϴϿϹϹ – ϣϔϢ «ϨϥϞ ϙϱϥ»), Ϲ ϼ Ϲ ϼ  

ϴ ϴ ϼϸϼ Ϲ Ͼ Ϸ  Ͽϼ ϴ ϼ Ϲ ϶Ͽ ϼ  ϴ  ϻϴϸϴ , ϶ϼϸ ϶ 

ϸϹ ϹϿ ϼ ϼ Ͼ ϼϽ Ϣϵ Ϲ ϶ϴ, ϶  ϼ ϿϹ ϼ Ͼ ϼϽ  Ϲϸ ϴ϶ϿϹ ϼ  

ϼ ϻϴ ϼ Ϲ ϼ Ϲ Ϲ ϶ ϵ Ϲ ϶ϴ. 

ϥ϶  ϸϹ ϹϿ  ϨϼϿϼϴϿ ϣϔϢ «ϨϥϞ ϙϱϥ» – ϩϴϾϴ Ͼ Ϲ ϣϠϱϥ 

Ϲ ϶Ͽ Ϲ  ϶ ϶Ϲ ϶ϼϼ  ϣ Ͽ ϺϹ ϼϹ   ϩϴϾϴ Ͼ  Ϲϸ ϼ ϼϼ 

ϴϷϼ ϴϿ  ϿϹϾ ϼ Ϲ Ͼϼ  Ϲ ϹϽ ϼϿϼϴϿϴ Ϣ Ͼ Ϸ  ϴϾ ϼ Ϲ Ϸ  

ϵ Ϲ ϶ϴ «ϨϹϸϹ ϴϿ ϴ  Ϲ Ϲ϶ϴ  Ͼ ϴ ϼ  ϙϸϼ Ͻ Ϲ ϷϹ ϼ Ϲ Ͼ Ͻ ϼ Ϲ », 

ϧ ϶Ϲ ϺϸϹ  22 ϴ  2003Ϸ. ϷϹ Ϲ ϴϿ  ϸϼ ϹϾ  ϨϼϿϼϴϿϴ ϣϔϢ 

«ϨϥϞ ϙϱϥ» Ϡϱϥ ϥϼϵϼ ϼ ϥ.Ϡ. ϛϼϿ ϵϹ ϴ  (ϣϹ Ϲ ϶Ϲ ϺϸϹ  ϣ Ͽ ϺϹ ϼϹ 

21.06.2011, ϼϻ Ϲ Ϲ ϼ  ϶ ϣ Ͽ ϺϹ ϼϹ  08.07.2011). 

ϨϼϿϼϴϿ ϣϔϢ "ϨϥϞ ϙϱϥ" – ϩϴϾϴ Ͼ Ϲ ϣϠϱϥ ϵ Ͽ  ϻϸϴ  ϶ 1998 Ϸ ϸ  

Ϲ  ϶ ϸϹϿϹ ϼ  ϼϻ ϴ϶ϴ ϿϹϾ ϼ Ϲ Ͼϼ  Ϲ ϹϽ ϣϔϢ «ϩϴϾϴ Ϲ Ϸ » ϸ϶  

ϸ ϴ ϼϽ ϾϿϴ  ϴ ϺϹ ϼ  500 Ͼϖ (ϣϥ 500 Ͼϖ ϔϵϴϾϴ Ͼϴ  – Ϸ. ϔϵϴϾϴ  ϼ 

ϣϥ 500 Ͼϖ Ϣϻ ϴ Ϲ Ϲ – Ϸ. ϥϴ Ϸ Ͼ), ϴ ϴϾϺϹ Ϲ ϼ ϶ ϻϸ  Ͽϼ ϼϽ 

ϿϹϾ Ϲ Ϲϸϴ ϼ ϾϿϴ  ϴ ϺϹ ϼϽ 500 Ͼϖ: 

ϖϟ 500 Ͼϖ ϥϴ -Ϭ Ϲ Ͼϴ  ϗϱϥ – ϡ ϶ Ͼ ϻ Ϲ Ͼϴ  I, II Ϲ ;          

ϖϟ 500 Ͼϖ ϥϴ -Ϭ Ϲ Ͼϴ  ϗϱϥ – Ϣϻ ϴ Ϲ Ϲ I, II Ϲ ; 

ϖϟ 500 Ͼϖ Ϣϻ ϴ Ϲ Ϲ – ϔϵϴϾϴ Ͼϴ ; ϖϟ 500 Ͼϖ ϔϵϴϾϴ Ͼϴ  – Ϝ ϴ Ͼϴ . 

ϱϾ Ͽ ϴ ϼ Ϲ Ϲ ϵ ϹϾ  ϴ ϸ  ϶ Ϲ  ϹϷϼ ϴ : ϤϹ ϵϿϼϾϹ 

ϩϴϾϴ ϼ , ϤϹ ϵϿϼϾϹ Ϧ ϶ϴ ϼ ϴ ϷϹ Ϟ ϴ Ͼ Ϸ  Ͼ ϴ . ϦϴϾ ϺϹ ϶ ϼ  

ϹϷϼ ϴ  ϸ ϿϺϴϹ  ϶ ϻ϶ϹϸϹ ϼϹ ϶  ϵ ϹϾ ϶ ϼ Ͽϼ ϼϽ ϿϹϾ Ϲ Ϲϸϴ ϼ. 
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ϛϴϸϴ ϹϽ ϩϴϾϴ Ͼ Ϸ  ϣϠϱϥ ϶Ͽ Ϲ  ϴϸϹϺ ϴ  ϼ ϹϾ ϼ϶ ϴ  Ϲ Ϲϸϴ ϴ 

ϿϹϾ Ϲ Ϸϼϼ ϶ ϹϿ  ϸ ϶ϿϹ ϶ Ϲ ϼ  Ϲϵ ϹϽ ϴ ϹϿϹ ϼ , Ϲϸ ϼ ϼϽ 

ϼ Ϸϴ ϼϻϴ ϼϽ ϴ Ϲ ϼ ϼϼ ϤϹ ϵϿϼϾϼ ϩϴϾϴ ϼ , ϤϹ ϵϿϼϾϼ Ϧ ϶ϴ ϼ ϴ ϷϹ 

Ϟ ϴ Ͼ Ϸ  Ͼ ϴ . 

Ϣ ϶ ϼ ϴ ϴ϶ϿϹ ϼ ϼ ϸϹ ϹϿ ϼ ϩϣ Ϡϱϥ ϶Ͽ : 

– Ϲϸ ϴ϶ϿϹ ϼϹ Ͽ Ϸ ϵ ϹϾ ϴ  ϶ Ϸ  Ͼϴ ϿϹϾ ϼ Ϲ Ͼ Ͻ Ϲ Ϸϼϼ 

 Ϲ Ϲϸϴ Ϲ ϿϹϾ ϼ Ϲ Ͼ Ͻ Ϲ Ϸϼϼ ϼ ϼ Ϲϸϼ Ϲ ϼ  Ͼ ϿϹϾ ϼ Ϲ Ͼ Ͻ Ϲ ϼ; 

– ϼ ϶Ϲ ϼ ϼ ϴ  ϸϹ ϹϿ  ϶ Ϲ Ϲ ϴϻ϶ϼ ϼ  ϙϡϱϥ; 

– ϸϸϹ Ϻϴ ϼϹ ϶ ϴϸϿϹϺϴ Ϲ  ϼϼ ϿϹϾ ϼ Ϲ Ͼϼ  Ϲ ϹϽ; 

– Ϲ ϼ Ϲ ϾϼϽ ϴϸϻ  ϻϴ ϼϹ  Ϲ Ϲ϶  ϵ ϹϾ ϶. 

ϣϹ ϴϿ Ϲϸ ϼ ϼ  ϵϹ Ϲ ϼ϶ϴϹ  Ͼ Ͽ ϴ ϴ ϼ  ϼ Ϲ  ϼϾϴϿ Ϸ  

ϿϹϾ ϼ Ϲ Ͼ Ϸ  ϵ ϸ ϶ϴ ϼ , ϶ Ͼ ϶ Ͽ  Ͽϼ ϼϽ ϿϹϾ Ϲ Ϲϸϴ ϼ ϼ 

ϸ ϴ ϼϽ, Ϲ  ϴ  ϶ ϴ  ϴϸϹϺ  ϿϹϾ ϴϵϺϹ ϼ  ϺϼϿ , 

ϴϸ ϼ ϼ ϴ ϼ϶  ϼ ϿϹ  ϵ ϹϾ ϶ Ͼ ϴ Ͼ Ϸ  Ͼ ϴ  ϼ ϻϸϴϹ  

϶ ϻ Ϻ  ϸϿ  Ϲ Ͽ Ϸϼ Ϲ Ͼ Ϸ  ϼ Ϲϸϼ Ϲ ϼ  ϶  Ϲϵϼ ϹϿϹϽ. 

ϖ ϶ ϻϼ  ϶ Ͽ Ϲ ϼϹ  ϴϵ ϼϾϴ ϼ Ϲϸ ϼ ϼ  ϴ  ϶ϼϸ ϶ ϴϵ  ϼ 

ϴϵ  ϶ Ϲ Ͻ ϴ ϼ ϶ ϿϹϾ ϴ ϶Ͼϴ  Ͼ Ϲ ϴϿ  Ϲϸ ϶Ͽ  

ϵ ϿϹϹ ϶ ϾϼϹ Ϲϵ ϶ϴ ϼ  ϶ ϶ ϴ  ϸ ϶ Ͻ ϼ ϼϻ϶ ϸ ϶Ϲ Ͻ 

ϸϼ ϼ Ͽϼ , ϶ ϶ ϴ  ϴ  ϸϴ, ϿϹ Ͻ ϼ Ϻϴ Ͻ 

ϵϹϻ ϴ ϼ. 

ϥ ϹϿ  ϵϹ Ϲ Ϲ ϼ  Ϲ Ϲ ϶ Ϸ  ϶Ϲ Ϲ ϶ ϶ϴ ϼ  ϸϹ ϹϿ ϼ  

ϵϹϻ ϴ ϼ ϸϴ ϼ ϴ Ϲ ϼ  Ϻϼϻ ϼ ϼ ϻϸ ϶  ϴϵ ϼϾ ϶ ϶ Ϣϵ Ϲ ϶Ϲ 

ϸϹϽ ϶ Ϲ  «ϥϼ Ϲ ϴ ϧ ϴ϶ϿϹ ϼ  Ϣ ϴ Ͻ Ϧ ϸϴ» ( Ͽ ϺϹ ϼϹ  ϥϧϢϦ), Ͼ ϴ  

ϹϸϹϿ Ϲ  ϣ Ͽϼ ϼϾ  ϶ ϵϿϴ ϼ ϴ  ϸϴ ϼ ϸ Ͼ.
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2.2    

 

ϖ Ͼ Ͽ ϴ ϴ ϼϼ Ϲϸ ϼ ϼ  ϴ ϸϼ  16 ϸ ϴ ϼϽ ϴ ϺϹ ϼϹ  220-

500 Ͼϖ. 

ϖ ϻ  ϵ Ͽ Ϻϼ϶ϴ ϼ  ϩϴϾϴ Ͼ Ϸ  ϣϠϱϥ ϶ ϸϼ  ϤϹ ϵϿϼϾϴ Ϧ ϶ϴ, 

ϤϹ ϵϿϼϾϴ ϩϴϾϴ ϼ  ϼ Ϸ Ϟ ϴ Ͼ Ϸ  Ͼ ϴ . 

ϣ ϺϹ  ϖϟ 10-500 Ͼϖ, ϵ Ͽ Ϻϼ϶ϴϹ  ϩϴϾϴ Ͼϼ  ϣϠϱϥ, 

ϴ϶Ͽ Ϲ  3598 Ͼ . 

Ϥϴ ϹϸϹϿϹ ϼϹ ϖϟ  ϾϿϴ  ϴ ϺϹ ϼ : ϖϟ 10 Ͼϖ –1 ., ϖϟ 110 Ͼϖ –5 

., ϖϟ 220 Ͼϖ – 41 ., ϖϟ 500 Ͼϖ – 10 – . 

ϖϟ ϵ Ͽ Ϻϼ϶ϴϹ  4 Ͽϼ ϹϽ ϼ ϴ Ͼϴ ϼ: ϥϴ Ϸ ϾϼϽ, ϔϵϴϾϴ ϾϼϽ, 

Ϧϴ ϾϼϽ, Ϟ ϻ Ͽ ϾϼϽ.  

Ϝ ϸ Ϲ ϸϴ Ϲ  Ͼ Ͽϼ Ϲ ϶  ϾϿ Ϲ ϼϽ ϴ ϴ ϼ϶ϴϹ Ͻ Ϲ ϼ ϸ  

2015-2019 Ϸ. ϵ Ͽϼ ϶ϻ  ϼϻ Ϲ ϴ ϼ϶  Ϻ ϴϿ ϶ ϸϼ Ϲ Ϲ Ͼ Ϸ  Ϲ ϴϿϴ 

ϩϴϾϴ Ͼ Ϸ  ϣϠϱϥ ϼ Ϲϸ ϴ϶ϿϹ  ϶ ϴϵϿϼ Ϲ 7. 

 

ϦϴϵϿϼ ϴ 7 – Ϥϴ ϹϸϹϿϹ ϼϹ « ϼ ϼ » ϾϿ Ϲ ϼϽ  ϖϟ 

ϡ Ϲ ϴ ϼ  ϖϟ 

 ϸϾ  

ϡϴϼ Ϲ ϶ϴ ϼϹ ϖϟ Ϟ Ͽ-϶  ϾϿ Ϲ ϼϽ 

ϻϴ 2015-2019 

1 ϖϟ 500 Ͼϖ Ϝ ϴ Ͼϴ  – ϔϵϴϾϴ Ͼϴ  № 1 1 

2 ϖϟ 500 Ͼϖ Ϝ ϴ Ͼϴ  – ϔϵϴϾϴ Ͼϴ  № 2 8 

3 ϖϟ 500 Ͼϖ ϔϿ ϼ ϼϹ϶ϴ  – ϔϵϴϾϴ Ͼϴ  № 2 2 

4 ϖϟ 220 Ͼϖ Ϡϼ ϼ Ͼϴ - ϴ  – 

Ϭ Ϲ Ͼϴ - ϴ  I Ϲ  (Ϙ-37) 

2 

5 ϖϟ 220 Ͼϖ ϔ Ͼϼϻ – ϔϵϴϻϴ (Ϙ-41) 6 

6 ϖϟ 220 Ͼϖ ϔϵϴϻϴ – ϔϾ-Ϙ ϶ ϴϾ (Ϙ-42) 2 

7 ϖϟ 220 Ͼϖ ϔϾ-Ϙ ϶ ϴϾ – ϫϴϸϴ  (Ϙ-43) 2 

8 ϖϟ 220 Ͼϖ Ϟ ϻ Ͽ Ͼϴ  – ϫϴϸϴ  3 

9 ϖϟ 220 Ͼϖ Ϧ ϴ  – Ϟ ϻ Ͽ Ͼϴ  (Ϙ-47) 2 

10 ϖϟ 220 Ͼϖ ϔϵϴϾϴ Ͼϴ  – Ϟϴ ϴ (Ϙ-51) 8 
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ϣ ϸ ϿϺϹ ϼϹ ϴϵϿϼ  7 

11 ϖϟ 220 Ͼϖ Ϟϴ ϴ – ϔ Ͼϼϻ (Ϙ-52) 1 

12 ϖϟ 220 Ͼϖ ϔ Ͼϼϻ – ϲϷϴ ϼ (Ϙ-53) 1 

13 ϖϟ 220 Ͼϖ ϲϷϴ ϼ – Ϧё  (Ϙ-54) 1 

14 ϖϟ 220 Ͼϖ ϔϵϴϾϴ - ϴϽ ϴ  – ϔϵϴϾϴ Ͼϴ  ϦϱϪ 

(Ϙ-61) 

2 

15 ϖϟ 220 Ͼϖ ϧϺ  – ϥ ϴ I Ϲ   ϴϽϾ Ͻ ϴ 

ϣϥ Ϧ ϼ  (Ϙ-63) 

2 

16 ϖϟ 220 Ͼϖ ϧϺ  – ϥ ϴ II Ϲ   ϴϽϾ Ͻ ϴ 

ϣϥ Ϧ ϼ  (Ϙ-64) 

2 

17 ϖϟ 220 Ͼϖ ϥ ϴ – ϔϵϴϾϴ - ϴϽ ϴ  I Ϲ  (Ϙ-

65) 

3 

18 ϖϟ 220 Ͼϖ ϥ ϴ – ϔϵϴϾϴ - ϴϽ ϴ  II Ϲ  (Ϙ-

66) 

3 

19 ϖϟ 220 Ͼϖ Ϣϻ ϴ Ϲ Ϲ – ϗϣϣ-1 ϥϔϛ I Ϲ   

ϴϽϾ Ͻ ϴ ϣϥ ϗϣϣ-2 ϥϔϛ (Ϙ-75) 

1 

20 ϖϟ 220 Ͼϖ Ϣϻ ϴ Ϲ Ϲ – ϗϣϣ-1 ϥϔϛ II Ϲ  

(Ϙ-76) 

1 

21 ϖϟ 220 Ͼϖ Ϣϻ ϴ Ϲ Ϲ – ϗϣϣ-1 ϥϔϛ IV Ϲ  

(Ϙ-78) 

2 

22 Ϟϖϟ 220 Ͼϖ Ϭ Ϲ Ͼϴ - ϴ  – 

Ϣϻ ϴ Ϲ Ϲ- ϴϽ ϴ  I Ϲ   ϴϽϾ Ͻ ϴ 

ϠϴϽ Ͼ  ϗϱϥ 

3 

23 Ϟϖϟ 220 Ͼϖ Ϭ Ϲ Ͼϴ - ϴ  – 

Ϣϻ ϴ Ϲ Ϲ- ϴϽ ϴ  II Ϲ   ϴϽϾ Ͻ ϴ 

ϠϴϽ Ͼ  ϗϱϥ 

2 

 

ϔ ϴϿϼϻ ϴ϶ϴ ϼϽ  ϾϿ Ϲ ϼϽ ϶ ϻϸ  Ͽϼ ϼϽ Ϲϸ ϴ ϼ϶ϴϹ  

ϴ ϼ ϼ Ϲ Ͼ  ϵ ϴϵ Ͼ  ϸϴ  ϻϴ Ϲ ϼ ϸ ϶ Ϲ Ϲ ϼ 2015-2019 ϷϷ., Ͼ Ϲ 

 Ͼ ϴ϶ϴ ϼϽ  ϾϿ Ϲ ϼ  ϴϷϼ ϴϿ  ϖϟ 500-220 Ͼϖ. Ϙϴ Ϲ 

Ϲϸ ϴ϶ϿϹ  ϶ ϴϵϿϼ Ϲ 8 [17]. 
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ϦϴϵϿϼ ϴ 8 – Ϟ Ͽϼ Ϲ ϶  ϴ϶ϴ ϼϽ  ϾϿ Ϲ ϼϽ  Ϸ ϸϴ  

  

 

 

2015 12  

 

ϣ ϼ  

2016 16 

2017 19 

2018 7 

2019 6 

ϖ ϹϷ :                                     60 

 

ϥ ϷϿϴ  ϸϴ  ϴϵϿϼ  8 ϴ϶ϼ  Ϸ ϴ ϼϾ, Ͼ Ͻ Ϲϸ ϴ϶ϿϹ  ϴ 

ϼ ϾϹ 1. 

 

 

Ϥϼ Ͼ 1 – Ϥϴ ϹϸϹϿϹ ϼϹ ϴ϶ϴ ϼϽ  ϾϿ Ϲ ϼϽ ϶ ϴ ϴϿϼϻϼ Ϲ  

Ϲ ϼ ϸϹ ϶ Ϲ Ϲ ϼ 

 

Ϡ Ϻ  ϻϴ Ϲ ϼ ,  ϴ ϴ ϾϿ Ϲ ϼϽ ϶ ϴϿϴ   ϾϴϺϸ  Ϸ ϸ   

2015-2017 ϷϷ. ϡϴϼϵ Ͽ ϹϹ Ͼ Ͽϼ Ϲ ϶  ϴ϶ϴ ϼϽ  ϾϿ Ϲ ϼϽ ϼ ϸϼ  ϴ 

2017 Ϸ, ϴ ϴϼ Ϲ ϹϹ: 2018 ϼ 2019 ϷϷ. ϖ Ϲ ϼ ϸ 2018-2019 ϷϷ. ϴϵϿ ϸϴϹ  

Ͽϴ Ϲ Ϲ ϼϺϹ ϼϹ ϼ Ͽϴ ϴ϶ϴ ϼϽ  ϾϿ Ϲ ϼϽ. 

ϣ ϴ ϴϿϼϻϼ ϶ϴ϶ ϴϵϿϼ  7 ϼ 8, ϴϷϿ ϸ  ϶ϼϸ ,  ϴϼϵ Ͽ ϹϹ 

Ͼ Ͽϼ Ϲ ϶  ϾϿ Ϲ ϼϽ ϻϴ Ϲ ϼ ϸ 2015-2019 ϷϷ., ϼ ϸϼ  ϴ ϖϟ 220 Ͼϖ ϼ 

500 Ͼϖ. ϖ ϵϼ ϴϹ  ϖϟ ϴ 220 Ͼϖ, .Ͼ. ϼ Ϲ  ϼ Ͽϼ ϼϼ ϶Ͽ  ϵϿϹ ϼ 
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5 
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20 

25 
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ϼ ϼ Ϲ  ϴϼϵ Ͽ ϹϹ Ͼ Ͽϼ Ϲ ϶  ϵ Ͽ Ϻϼ϶ϴϹ  ϶ ϻϸ  Ͽϼ ϼϽ ϼ 

ϴϼϵ Ͽ ϹϹ Ͼ Ͽϼ Ϲ ϶  ϾϿ Ϲ ϼϽ. 

 

 

Ϥϼ Ͼ 2 – ϘϼϴϷ ϴ ϴ  ϾϿ Ϲ ϼ  ϖϟ 220 Ͼϖ ϼ 500 Ͼϖ 

 

ϣ ϴ ϴϿϼϻϼ Ϲ  ϼ ϼ  ϾϿ Ϲ ϼϽ. ϛϴ Ͼϴϻϴ Ͻ Ϲ ϼ ϸ ϶ 

Ϲ ϴ ϼ϶  Ϻ ϴϿϴ  ϸϼ Ϲ Ϲ Ͼ Ϸ  Ϲ ϴϿϴ ϵ Ͽ  ϻϴ ϼϾ ϼ ϶ϴ  60 

ϴ϶ϴ ϼϽ  ϾϿ Ϲ ϼϽ. Ϝϻ ϼ   Ϸ ϸϴ : 12 ϾϿ Ϲ ϼϽ (20%  ϵ ϹϷ  

ϼ Ͽϴ) – 2015 Ϸ; 16 ϾϿ Ϲ ϼϽ (27%) – 2016 Ϸ; 19 ϾϿ Ϲ ϼϽ (32%) – 2017 Ϸ; 7 

ϾϿ Ϲ ϼϽ (11%) – 2018 Ϸ; 6 ϾϿ Ϲ ϼϽ (10%) – 2019 Ϸ. 

Ϥϴ ϹϸϹϿϹ ϼϹ ϵ ϹϷ  ϼ Ͽϴ ϴ϶ϴ ϼϽ  ϾϿ Ϲ ϼϽ ϼϻ-ϻϴ ϶ ϻϸϹϽ ϶ϼ  

ϼ  ϖϟ 500-220 Ͼϖ Ϲϸ ϴ϶ϿϹ  ϴ ϼ ϾϹ 3. 

 

 

Ϥϼ Ͼ 3 – Ϥϴ ϹϸϹϿϹ ϼϹ ϵ ϹϷ  ϼ Ͽϴ ϴ϶ϴ ϼϽ  ϾϿ Ϲ ϼϽ 

 

Ϥϴ ϹϸϹϿϹ ϼϹ ϼ Ͽϴ ϾϿ Ϲ ϼϽ  ϸϹϿ  ϵ ϹϾ ϴ  ϶ 

ВЛ  кВ 

13% 

ВЛ  кВ 

87% 

20% 

27% 

32% 

11% 

10% 

2015 

2016 

2017 

2018 

2019 
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ϴ ϴ ϼ϶ϴϹ  ϶ Ϲ Ϲ  ϼ Ϲ ϶ϴϿϹ ϵ ϴϺϹ  ϶ ϴϵϿϼ Ϲ 7. 

ϥ ϷϿϴ  ϸϴ  ϴϵϿϼ  7 ϴ ϹϸϹϿϹ ϼϹ « ϼ ϼ » ϾϿ Ϲ ϼϽ  ϖϟ 

ϴ϶ϼ  Ϸ ϴ ϼϾ, Ͼ Ͻ Ϲϸ ϴ϶ϿϹ  ϴ ϼ ϾϹ 4. 

 

 

Ϥϼ Ͼ 4 – Ϥϴ ϹϸϹϿϹ ϼϹ ϼ Ͽϴ ϾϿ Ϲ ϼϽ  ϸϹϿ  ϵ ϹϾ ϴ  

 

ϞϴϾ ϶ϼϸ , ϴϼϵ Ͽ ϹϹ ϼ Ͽ  ϾϿ Ϲ ϼϽ ϼ  Ͼ ϖϟ ϸ Ϲ  

10) ϖϟ 220 Ͼϖ ϔϵϴϾϴ Ͼϴ  – Ϟϴ ϴ (Ϙ-51). ϣ  ϶ ϵϼ ϴϹ   ϖϟ ϾϴϾ 

϶  ϸϿ  ϴ ϴϿϼϻϴ ϼ ϼ ϿϹϸ ϶ϴ ϼ . Ϧ.Ͼ. ϖϟ ϔϵϴϾϴ Ͼϴ  – Ϟϴ ϴ (Ϙ-51) 

ϼ ϹϹ  ϴ Ϲ ϵ Ͽ Ϲ ϼ Ͽ  Ϸ Ϲϻϸ ϶ϴ ϼϽ ϼ ϸ Ϲ϶  Ϲ 2019 Ϸ. ϶ ϶ϿϹ  

81 Ϸ Ϲϻϸ  ϴ ϴ  ϖϟ. 

ϣϴ  ϖϟ - 220 Ͼϖ ϔϵϴϾϴ Ͼϴ  - Ϟϴ ϴ (Ϙ-51) 

 

ϦϴϵϿϼ ϴ 9 – ϣϴ  ϖϟ - 220 Ͼϖ ϔϵϴϾϴ Ͼϴ  - Ϟϴ ϴ (Ϙ-51) 

ϗ ϸ ϽϾϼ: 1963 

Ϙϴ ϴ ϶϶ ϸϴ ϶ Ͼ Ͽ ϴ ϴ ϼ : 1963 

Ϙϼ Ϲ Ϲ ϾϼϽ Ϲ  № Ϙ-51 

ϡϴϼ Ϲ ϶ϴ ϼϹ ϹϾ Ͻ 
Ϸϴ ϼϻϴ ϼϼ 

ϥϛϢ ϱ Ϲ Ϸ Ϲ ϹϾ  

ϡϴϼ Ϲ ϶ϴ ϼϹ     ϼ ϹϿ -
ϴϺ Ͻ Ϸϴ ϼϻϴ ϼϼ 

ϠϹ Ͼ Ͽ ϴ  № 61 

 
ϥ Ϲ ϴ Ͽϼ ϼϼ ϿϹϾ Ϲ Ϲϸϴ  Ϲϸ ϴ϶ϿϹ ϴ ϴ ϼ ϾϹ 5. 

0 

1 

2 

3 

4 

5 

6 

7 

8 
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3*АСО-400 73,76 км.

ϣ
ϥ 

«Ϟ
ϴ

ϴ»

Оп.8Оп.1

C-70 71,17 км.

Оп.8/20
Д-69

Оп. 209Оп.173

Оп.32

АА/ACS 98/29 11,14 км. АА/ACS 0/57 48,77 км.

Оп.1/27
Д-52Оп.173/37 Оп.209/1

 

Ϥϼ Ͼ 5 – ϥ Ϲ ϴ Ͽϼ ϼϼ ϿϹϾ Ϲ Ϲϸϴ  

 

ϥ Ϲ ϴ ϴ ϻϼ ϼϼ ϖϟ Ϲ Ͽϼ ϹϽ ϴ  Ϲϸ ϴ϶ϿϹ ϴ ϴ ϼ ϾϹ 6.  

 

ϣϥ 500 Ͼϖ ϔϵϴϾϴ Ͼϴ

А

ϣϥ 220 Ͼϖ Ϟϴ ϴ

В CВС А

Оп.1

Оп.8 Оп.9

Оп.142 Оп.172

Оп.173

Оп.209

 

Ϥϼ Ͼ 6 – ϥ Ϲ ϴ ϴ ϻϼ ϼϼ ϖϟ Ϲ Ͽϼ ϹϽ ϴ  

 

Ϣ ϶ Ϲ ϸϴ Ϲ ϖϟ 220 Ͼϖ, Ϲϸ ϴ϶ϿϹ Ϲ Ϲϸ ϼ ϼϹ : 

 

ϦϴϵϿϼ ϴ 10 – Ϣ ϶ Ϲ ϸϴ Ϲ ϖϟ 220 Ͼϖ 

1 ϣ ϺϹ  ϖϟ, Ͼ  73,76 
2 Ϟ Ͽϼ Ϲ ϶   ϴ Ͼ ϶ – 
3 Ϟ Ͽϼ Ϲ ϶    (϶ ϹϷ ), . 209 
 ϴ) ϹϺ  ., ϼ ϣϥ-220-2Ϧ, 

ϣ-22, ϣ-26 
187 

 ϵ) ϹϺ - ϷϿ ϶  ., ϼ  ϣϧ-
30 

2 

 ϶) ϴ ϾϹ  ϼ ϴ ϾϹ - ϷϿ ϶  ., 
ϼ ϧ220-2Ϧ+9, ϧ-34, ϧ-38-1, ϧ-38,  

20 
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ϣ ϸ ϿϺϹ ϼϹ ϴϵϿϼ  10 

 Ϸ) ϴ ϻϼ ϼ  . ϼ   – 
 ϸ) Ϲ ϼϴϿ  . – 

3 ϧ ϴ Ͼ 1:  
3.1 ϡ ϼ ϴϿ Ϲ ϴ ϺϹ ϼϹ, U  Ͼϖ 220 
3.2 ϱϾ Ͽ ϴ ϴ ϼ Ϲ ϴ ϺϹ ϼϹ, Ͼϖ 220 
3.3 ϘϿϼ ϴ ϴ Ͼϴ, L Ͼ  73,76 
3.4 ϘϿϼ ϴ, ϵ Ͽ Ϻϼ϶ϴϹ ϴ  Ϡϱϥ, Ͼ  73,76 
3.5 ϘϿϼ ϴ  ϿϹ ϴ: 220 

 ϴϾ ϼ ϴϿ ϴ  820 
 ϴ) ϴ Ϲ Ϸ   ϶Ϲ ϶ Ϸ  – 
 ϵ) ϴ Ϲ Ϸ   ϶Ϲ ϶ Ϸ  – 
 ϶) Ϸϴϵϴ ϼ Ϸ  – 

3.6 Ϡϴ Ͼϴ ϼ Ϲ Ϲ ϼϹ ϶ ϸϴ   ϔϥϢ-400  
(ϔϥ-400/51) 

3.7 Ϟ Ͽϼ Ϲ ϶  ϶ ϸ ϶ ϶ ϴϻϹ,  1 
3.8 Ϥϴ ϼϹ ϹϺϸ  ϶ ϸϴ ϼ ϶ ϴϻϹ,  – 
3.9 Ϟ Ͽϼ Ϲ ϶  Ϲ ϹϽ 1 
3.1
0 

Ϡϴ Ͼϴ  Ϸ ϻ ϻϴ ϼ Ϸ   ϴ ϥ-70 

 Ϡϴ Ͼϴ ϢϞϗϦ ϔϔ/ACS 98/29, AA/ACS 
0/57 

3.1
1 

Ϟ Ͽϼ Ϲ ϶  ϶ ϸ ϶ Ϸ ϻ ϴ 1 (8-209) 

 Ϟ Ͽϼ Ϲ ϶  ϶ ϸ ϶ ϢϞϗϦ 1  (1-173) 
3.1
2 

ϥ ϵ ϻϴϻϹ ϿϹ ϼ  Ϸ ϻ ϴ (϶ ϵ ϴ  
ϼϻ ϼ Ͼϴ): 

– 

 - ϛϴϻϹ ϿϹ ϼϹ ϴ ϴ  (ϵϹϻ ϴϻ Ϲϻϴ ϼ  
ϴ) ϢϞϗϦ 

1-173 

 - ϛϴϻϹ ϿϹ ϼϹ ϴ ϴ ϾϹ  ϴ   ϸ Ͻ 
 ϾϴϺϸ Ϸ  ϴ Ͼϴ ϴϻ Ϲϻϴ Ϸ  

ϴ 
– 

 - Ϧ  ϻϴϻϹ ϿϹ  Ͽ Ͼ   Ͼ ϴ  Ͽϼ ϼϼ  – 

 

ϠϹ  ϴ Ͽ ϺϹ ϼ  ϶ ϻϸ Ͻ Ͽϼ ϼϼ (Ϙ-51) Ϲϸ ϴ϶ϿϹ  ϴ 

ϸ Ͽϼ ϹϽ Ͻ Ϲ Ϲ ϢϤϧ 220 Ͼϖ, ϼ Ͼ 7. 
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ϦϴϵϿϼ ϴ 11 – ϣϴ ϴ Ϲ  Ͼϴ Ͼϴϻ ϶   ϿϹ Ϲ ϶ Ϲ ϹϽ 10-500 Ͼϖ, Ͼϴϻ/Ϸ ϸ 

  , 
 

    
, 1/100 /  

 
* 

* 

Ϲ ϴϿϿ 73,76 1,6 0,15-0,5 
 

ϣ  Ϲϸ Ϲ ϴ ϼ ϼ Ϲ Ͼϼ  ϸϴ  ϶ ϻϸ ϴ  Ͽϼ ϼ  220 Ͼϖ ϼ ϹϹ  

ϴ ϼ϶ ϴ ϴ Ϲ ϴ Ͼϴ Ͼϴϻϴ 0,7 Ͼϴϻϴ ϶ Ϸ ϸ ϴ 100 Ͼ . ϣ ϼ ϴ ё Ϲ 

ϴ ϴ Ϲ ϴ Ͼϴ Ͼϴϻϴ, Ͽ ϴϹ  Ϲϸ ϹϹ ϻ ϴ Ϲ ϼϹ 1,6 Ͼϴϻϴ ϶ Ϸ ϸ. 

ϥϿϹϸ ϶ϴ ϹϿ , Ͽϼ ϼ  Ϲ϶ ϴϿϴ ϴ ϼ϶ ϶ 2 ϴϻϴ. 

 

 

Ϥϼ Ͼ 7 – Ϣϸ Ͽϼ ϹϽ ϴ  Ϲ ϴ ϢϤϧ 220 Ͼϖ
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2.3      

 

ϦϴϵϿϼ ϴ 12 – Ϣϵ ϵ Ϲ Ϲ ϸϴ Ϲ 

      
    

Ϧϼ  I: ϶Ϲ Ϲ Ϲ-ϿϹ ϼϹ 
ϾϿ Ϲ ϼ  

ϴ  – ϼ  5:00 – 7:00 
ϴ ϹϿ  – ϼ  5:00 – 8:00 
ϴ ϹϿ  – ϴϽ 5:00 – 8:00 

Ϧϼ  II: Ϲ Ϲ-ϻϼ ϼϹ 
ϾϿ Ϲ ϼ  

ϵ  – Ϲ϶ ϴϿ  21:00 – 24:00, 0:00 – 8:00 
ϴ϶Ϸ  – Ϲ ϵ  3:00 – 9:00 

Ϲ ϵ  6:00 – 8:0 
 

ϦϴϵϿϼ ϴ 13 – Ϣϡϣ  ϶ Ϲ Ϲ ϼ Ϸ ϸϴ ϼ ϶ Ϲ Ϲ ϼ Ͼ 

ϠϹ  Ϸ ϸϴ 
2015 2016 2017 2018 2019 

϶ϴ       
Ϲ϶ ϴϿ       
ϴ       

ϴ ϹϿ    8:50  1:21 
ϴϽ 4:45     

ϼ       
ϼ Ͽ       
ϴ϶Ϸ    4:56   
Ϲ ϵ   5:57 2:59 

4:20 
7:02 

  

Ͼ ϵ       
ϵ       

ϸϹϾϴϵ       
 

ϡϴ ϶ϴ ϼϼ  ϴϵϿϼ  13, ϼ  Ϸ ϴ ϼϾ ϴ ϹϸϹϿϹ ϼ  Ϣϡϣ  

϶ Ϲ Ϲ ϼ Ϸ ϸϴ ϼ ϶ Ϲ Ϲ ϼ Ͼ. 
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Ϥϼ Ͼ 8 – Ϥϴ ϹϸϹϿϹ ϼϹ Ϣϡϣ  ϶ Ϲ Ϲ ϼ Ϸ ϸϴ ϼ ϶ Ϲ Ϲ ϼ Ͼ 

 

ϣ ϴ ϴϿϼϻϼ ϶ϴ϶ ϸϴ Ϲ, Ϲϸ ϴ϶ϿϹ Ϲ ϴ ϼ ϾϹ 8, Ϻ  ϸϹϿϴ  

϶ ϶ ϸ,  ϴ Ϲ ϼϽ Ϲ ϼ ϸ ϼ ϸϼ  ϴϼϵ Ͽ ϹϹ Ͼ Ͽϼ Ϲ ϶  ϾϿ Ϲ ϼϽ.  

 

2.3.1 -     « »  

 

ϖ ϴϵϿϼ Ϲ 14 Ϲϸ ϴ϶ϿϹ  ϼ ϼ - ϿϹϸ ϶Ϲ Ϲ ϶ ϻϼ ϾϿ Ϲ ϼϽ  

Ϲ϶ Ϲ  ϼ ϼ ϴ , ϶ ϻϴ Ϲ  «ϸϹϽ ϶ϼϹ » ϼ . 

 

ϦϴϵϿϼ ϴ 14 – ϣ ϼ ϼ - ϿϹϸ ϶Ϲ Ϲ ϶ ϻϼ 

Ϣ Ͽϼ ϼ ϹϿ Ϲ ϼϻ ϴϾϼ 
« ϼ ϼ  
ϾϿ Ϲ ϼϽ» 

ϥ ϶Ϲ ϶ϼϹ ϴ ϴϾ Ϲ ϼ ϼϾϴ  
Ϣϡϣ 

ϛ ϴ ϼ ϴ  Ͼ ϹϿ ϼ  ϾϿ Ϲ ϼϽ  
Ϲϻ ϼ Ϲ ϼ ϸϴ ϼ: ϶Ϲ Ͻ (϶ 
Ϲ ϼ ϸ Ϸ Ϲϻϸ ϶ϴ ϼ  ϼ ϶ ϼϺϼ϶ϴ ϼ  
Ϲ ϶) ϼ (ϼϿϼ) Ϲ  ( ϿϹ 
ϸ ϴ ϴ ϼ  Ϲ ϶ ϼ ϶ϹϿϼ Ϲ ϼ  

Ͼ Ͽϼ Ϲ ϶ϴ ϵϹϽ) 

ϥ ϶Ϲ ϶ Ϲ  Ϲϻ  
ϼϻ ϴϾϴ  Ϣϡϣ I ϼ ϴ. 

ϥ ϶Ϲ ϶ Ϲ  Ϲϻ  
ϼϻ ϴϾϴ  Ϣϡϣ II ϼ ϴ. 

ϡϹ ϴ ϴϾ Ϲ  ϸϿ  Ϲ ϹϹ-ϻϼ ϼ  
Ϣϡϣ. 

 

0 

0,05 

0,1 

0,15 

0,2 

0,25 

0,3 

0,35 

0,4 
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ϣ ϸ ϿϺϹ ϼϹ ϴϵϿϼ  14 

ϛ ϴ ϼ ϴ  Ͼ ϹϿ ϼ  ϾϿ Ϲ ϼϽ  
϶ Ϲ Ϲ Ϲ  Ͼ: Ϲ ϼϹ ϾϿ Ϲ ϼ  
( ϴ ϼ ϴ  Ϲϻϴϸ ϿϷ  ϸ  ϶ ϸϴ ϼ 

ϹϾ ϴ ϴ  ϶ Ͼ Ϲ ϿϹ ϶ ϸϴ 
Ͽ ϴ), Ϲ ϾϿ Ϲ ϼ  

( ϴ ϼ ϴ  ϿϹ ϻϴ ϸϴ Ͽ ϴ ϼ 
ϸ ϿϺϴ  ϶ Ϲ Ϲ ϼϹ ϼ). 

ϧ Ϲ ϼϹ ϾϿ Ϲ ϼ  Ϸ  
ϴϵϿ ϸϴ  ϶ Ϲ Ϲ ϼϹ ϶ ϹϷ  Ϸ ϸϴ, 

Ϲ – Ͽ Ͼ  ϶ ϿϹ ϼϽ ϼ Ϲ ϼϽ 
Ϲ ϼ ϸ ϶ Ͽ  ϸ  Ͼ ϵ  ( ϿϹ ϴ 

Ͽ ϸ  ϵϹϽ). 

 
 
 
ϥ ϶Ϲ ϶ Ϲ  ϶ Ϲ Ϲ  

ϼϻ ϴϾϴ  Ϣϡϣ 
ϡϹ ϴ ϴϾ Ϲ  ϸϿ  Ϲ ϼ -
ϻϼ ϼ  ϾϿ Ϲ ϼϽ, 

ϼ ϸ ϼ  ϶ Ϲ ϶ Ϲ . 

ϣ Ϸ ϸ Ϲ Ͽ ϶ϼ  ϴ Ϲ  
ϾϿ Ϲ ϼϽ – ϼ ϴ , ϵϹϻ϶Ϲ Ϲ ϴ  
Ϸ ϸϴ, ϵϹϻ ϴϸϾ ϶. 

ϥ ϷϿϴ Ϲ   Ϸ ϸ ϼ 
Ͽ ϶ϼ ϼ ϴ Ϲ  Ϣϡϣ 

«ϡ ϼ ϹϿϼ ϾϿ Ϲ ϼϽ» – ϴϼ , 
Ͼ Ϲ ϼ Ϲ ϼ  ϼϻ ϸϴ 

Ϲϵϼ  ( ϼ ϼ Ͻ Ϲϸ ϴ϶ϼ ϹϿ  – 
Ͼϴ Ͼ), ϴϻϿϼ Ϲ Ϲϸ ϴ϶ϼ ϹϿϼ 
϶ ϴ ϶ . 

ϤϹϻ Ͽ ϴ  ϶ ϵ Ϸ  
Ϣϵ ϿϹϸ ϶ϴ ϼ  ϸ ϶Ϲ Ϻϸϴ  

Ϸ ϼ ϿϹ Ϲ ϶ϿϹ ϼ  
Ϻϼϻ ϹϸϹ ϹϿ ϼ ϼ  
ϣ ϴϾ ϼ Ϲ Ͼϼ ϴ ϶ Ϲ  
ϵ ϿϹϸ ϶ϴ  ϖϟ 220 Ͼϖ. 

ϡϴϼϵ ϿϹϹ ϴ  ϾϿ ϴϹ Ϲ ϖϟ 
ϴ Ͽ ϺϹ  ϴ Ϸ ϴ ϼ Ϲ Ͻ 

ϷϹ Ϸ ϴ ϼ Ϲ Ͼϼ Ϲ ϼ ϼϼ, 
Ϲϼ Ϲ ϶Ϲ  ϶ Ϲ Ͻ Ϲ ϼ, 

ϷϸϹ  Ͽ Ϻϴ  ϼϸϹϴϿ  ϼ 
Ϲϸϼ ϶Ϲ  Ϲ  ϸϿ  ϼ ϴϸ  ϼ  
϶ Ϲ ϼ ϸ , Ϸ Ϲϻϸ ϶ϴ ϼ  ϼ Ϲ϶Ͼϼ. 

ϥ ϷϿϴ Ϲ   ϴ ϴϾ Ϲ ϼ ϼϾϴ ϼ 
Ϣϡϣ  Ͽ ϾϴϿϼϻϴ ϼϼ Ϲ  

ϾϿ Ϲ ϼϽ. 

ϥ ϷϿϴ Ϲ   ϴ ϴϾ Ϲ ϼ ϼϾϴ ϼ Ϣϡϣ  
Ͽ ϾϴϿϼϻϴ ϼϼ Ϲ  ϾϿ Ϲ ϼϽ. 

ϥ ϶Ϲ ϶ϼϹ ϴ ϴϾ Ϲ ϼ ϼϾϴ  
Ϣϡϣ 

Ϣ Ϲ ϴϹ  « ϻ϶ϼ » ϹϸϹϿϹ Ϸ  
ϼ ϴ . ϡϴϼϵ Ͽ ϹϹ ϼ Ͽ  
ϾϿ Ϲ ϼϽ ϼϾ ϼ Ϲ  ϴ Ϻ/ϵ ϴ . 

ϡϹ ϷϿϴ Ϲ   
ϴ ϹϸϹϿϹ ϼϹ  ϼ Ͽϴ Ϣϡϣ  
ϼ ϴ   ϸϿ  

ϩϣϠϱϥ. 
ϞϴϾ ϴ϶ϼϿ , ϾϿ Ϲ ϼ  ϼ ϸ   

Ϲ  ϔϣϖ 
ϥ ϷϿϴ Ϲ   ϴ ϴϾ Ϲ ϼ ϼϾϴ ϼ 
Ϣϡϣ 

 

2.3.2 -       

 

ϖ ϴϵϿϼ Ϲ 15 Ϲϸ ϴ϶ϿϹ  ϼ ϼ - ϿϹϸ ϶Ϲ Ϲ ϶ ϻϼ ϾϿ Ϲ ϼϽ  

Ϲ϶ Ϲ  ϼ ϼ ϴ   ϻϴϷ ϻ Ϲ ϼϹ  ϼϻ Ͽ ϼϼ. 
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ϦϴϵϿϼ ϴ 15 – ϣ ϼ ϼ - ϿϹϸ ϶Ϲ Ϲ ϶ ϻϼ Ϣϡϣ  ϻϴϷ ϻ Ϲ ϼϹ    ϼϻ Ͽ ϼϼ. 

ϣ ϼϻ ϴϾϼ ϾϿ Ϲ ϼϽ  
ϼ ϼ Ϲ 

ϻϴϷ ϻ Ϲ ϼ  ϼϻ Ͽ ϼϼ 

ϥ ϶Ϲ ϶ϼϹ ϴ ϴϾ Ϲ ϼ ϼϾϴ  
Ϣϡϣ 

ϠϴϾ ϼ  ϾϿ Ϲ ϼϽ ϴϵϿ ϸϴϹ  ϼ 
ϵ Ϲ ϼϼ Ϲ Ϲ Ͽ Ϸϼ Ϲ Ͼϼ  Ϲ ϶ ϶ 
Ϲ Ϲ-ϻϼ ϼϽ Ϲ ϼ ϸ, Ͼ Ϸϸϴ 

ϹϷϼ ϼ Ϲ  ϴϼϵ Ͽ ϹϹ ϼ Ͽ  ϸ ϹϽ  
ϴ ϼ ϸϿ  ϴϵ  ϻϴϷ ϻ Ϲ Ͻ 

ϼϻ Ͽ ϼϼ Ϲ Ϲ Ͽ Ϸϼ Ϲ Ͼϼ ϼ ϶ϿϹ ϼ ϼ. 

ϥ ϶Ϲ ϶ Ϲ  Ϲϻ  ϼϻ ϴϾϴ  
Ϣϡϣ II ϼ ϴ ϶ Ϲ ϼϽ 
Ϲ ϼ ϸ. 

ϡϹ ϴ ϴϾ Ϲ  ϸϿ  ϶Ϲ Ϲ Ϲ-ϿϹ ϼ  
Ϣϡϣ I ϼ ϴ 

ϡϴϼϵ Ͽ ϹϹ ϼ Ͽ  Ϲ ϹϾ ϼϽ 
ϻϴϷ ϻ Ϲ Ͻ ϼϻ Ͽ ϼϼ ϶ ϻ ϼϾϴϹ  Ϲ-

Ϲ ϼϹ ϴ  (϶ Ϲ ϼ ϸ ϹϺϸ  ϻϴ ϸ  ϼ 
϶ ϸ  Ͽ ϴ),  ϶ ϻϴ   

ϵ ϴϻ ϶ϴ ϼϹ  Ͽ ϾϴϿ  ϴ ϶ ϶ 
Ͽ ϶ϼ  ϵ ϹϷ  ϶ Ϲ ϼ  

ϼ ϹϿ Ͻ ϶ϿϴϺ ϼ ϼ ϼϺϹ ϼ  
Ϲ Ϲ ϴ  ϶ ϻϸ ϴ ϶  ϶ Ϲ  Ͼ. 

 
 

ϥ ϶Ϲ ϶ Ϲ  ϶ Ϲ Ϲ  ϼϻ ϴϾϴ  
Ϣϡϣ. 

ϣ Ϸ ϸ Ϲ Ͽ ϶ϼ  ϴ Ϲ  ϾϿ Ϲ ϼϽ: 
Ϲ Ϲ ϴ ϴ ϶ ϻϸ ϴ  
-5°ϥ ϸ  +10°ϥ, ϼ ϹϿ ϴ  ϶ϿϴϺ  

϶ ϻϸ ϴ –  90 ϸ  100 %, Ͼ  ϶Ϲ ϴ - 
 0 ϸ  5 / . ϡϴϼϵ Ͽ  ϴ  
Ϲϸ ϴ϶Ͽ  ϴ ,  ϼ ϼϻ . 

ϡϹ ϶ Ͽ Ϲ ϶Ϲ ϶ Ϲ  Ϸ ϸ  
Ͽ ϶ϼ  ϴ Ϲ  Ϣϡϣ. 

ϛ ϴ ϼ ϹϿ ϴ  ϴ  Ϣϡϣ ϼ ϸϼ  ϼ 
Ϲ Ϲ Ͻ ϼ ϹϿ Ͻ ϶ϿϴϺ ϼ 

϶ ϻϸ ϴ (ϸ  80%). 
Ϙ Ͽ  Ϣϡϣ  Ϲ ϼ ϼϿϼ ϼ ϼ ϴϸϾϴ ϼ Ϲ 

Ϲ϶ ϴϹ  15-30%. 

Ϣ ϾϿ Ϲ ϼ  ϼ ϸ  ϶ϵϿϼϻϼ 
ϼ ϼϾ ϶ ϿϹ Ϸ  ϼϿϼ 

ϼ ϸ Ϸ  ϻϴϷ ϻ Ϲ ϼ . 
ϡϴϵϿ ϸϴϹ  ϶ Ϲ Ϲ ϻϴϷ ϻ Ϲ ϼϹ 
ϼϻ Ͽ ϼϼ. 

ϡϹ ϸ ϶Ϲ ϺϸϴϹ  Ϲϻ Ͽ ϴ ϴ ϼ 
϶ ϵ Ϸ  ϵ ϿϹϸ ϶ϴ ϼ  ϖϟ. 
ϡϹ ϸ ϶Ϲ ϺϸϴϹ  Ϲϻ Ͽ ϴ ϴ ϼ 

Ϲ ϸ ϶  ϼ ϴ ϼϽ Ϸϼ Ͽ ϸ ϼϻ Ͽ ϶, 
ϸϹ ϼ ϶ϴ   
ϖϟ. 

Ϣ ϾϿ Ϲ ϼ   ϼ ϼ Ϲ ϻϴϷ ϻ Ϲ ϼ  
ϼϻ Ͽ ϼϼ ϼ ϴ Ϲ ϼϽ . 
ϡϴϵϿ ϸϴ  Ϲ ϼϼ ϸ  8-10 ϾϿ Ϲ ϼϽ  
ϼ Ϲ ϶ϴϿϴ ϼ ϹϺϸ  ϾϿ Ϲ ϼ ϼ  1 ϸ  
20-30 ϼ . 

 
ϡϹ ϷϿϴ Ϲ   ϴ ϴϾ Ϲ ϼ ϼϾϴ ϼ Ϣϡϣ. 

ϞϴϾ ϴ϶ϼϿ , ϾϿ Ϲ ϼ  ϼ ϸ   
Ϲ  ϔϣϖ (  50 ϸ  90%  

ϴϻ  ϸϴ ). 

 ϥ ϷϿϴ Ϲ   ϴ ϴϾ Ϲ ϼ ϼϾϴ ϼ Ϣϡϣ 

 
2.3.3    
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ϣ ϼ ϼ - ϿϹϸ ϶Ϲ Ϲ ϶ ϻϼ Ϣϡϣ  «ϸϹϽ ϶ϼ ϼ» ϼ  

Ϙϴ Ϲ  ϾϿϴ ϼ ϼϾϴ  ϾϿ Ϲ ϼϽ ϴ ϴ  ϖϟ Ϲϸ ϴ϶ϿϹ  ϶ 

ϴϵϿϼ Ϲ 16. 

 

ϦϴϵϿϼ ϴ 16 – ϩϴ ϴϾ Ϲ Ϲ ϾϿ Ϲ ϼ  ϴ ϖϟ 

Ϙϴ ϴ 
ϾϿ Ϲ

ϼ  

ϖ Ϲ  
ϾϿ Ϲ ϼ  

Ϩϴϻϴ ϔϣϖ ϨϴϾ ϼ Ϲ Ͼ Ϲ Ϡϣ ϞϿϴ ϼ ϼϾϴ
 Ϥϴ ϼϹ, Ͼ  

14 ϴ  
2015 Ϸ. 4:45 ϥ ϧϔϣϖ 

25,47 Ͼ   ϼ  
ϣϥ 500 Ͼϖ 
ϔϵϴϾϴ Ͼϴ  

ϣ ϼ , 
Ϻϼ϶ Ϲ 

9 
Ϲ ϵ  
2016 Ϸ. 

5:57 ϖ 
ϧϔϣ

ϖ 
8,78 Ͼ   ϣϥ 500 

Ͼϖ ϔϵϴϾϴ Ͼϴ  
ϣ ϼ , 

Ϻϼ϶ Ϲ 

1 ϴ ϹϿ  
2017 Ϸ. 8:50 ϥ 

ϧϔϣ
ϖ 

15,7 Ͼ   ϣϥ 500 
Ͼϖ ϔϵϴϾϴ Ͼϴ  

ϣ ϼ , 
Ϻϼ϶ Ϲ 

24 
ϴ϶Ϸ ϴ 
2017 Ϸ. 

4:56 ϖ 
ϧϔϣ

ϖ 
28,8 Ͼ   ϣϥ 500 

Ͼϖ ϔϵϴϾϴ Ͼϴ  
ϣ ϼ , 

Ϻϼ϶ Ϲ 

1 
Ϲ ϵ  
2017 Ϸ. 

2:59 ϥ 
ϧϔϣ

ϖ 
12,6 Ͼ   ϣϥ 500 

Ͼϖ ϔϵϴϾϴ Ͼϴ  
ϣ ϼ , 

Ϻϼ϶ Ϲ 

18 
Ϲ ϵ  
2017 Ϸ. 

4:20 ϖ 
ϧϔϣ

ϖ 
8,8 Ͼ   ϣϥ 500 
Ͼϖ ϔϵϴϾϴ Ͼϴ  

ϣ ϼ , 
Ϻϼ϶ Ϲ 

28 
Ϲ ϵ  
2017 Ϸ. 

7:02 ϔ 
ϧϔϣ

ϖ 
5,8 Ͼ   ϣϥ 500 
Ͼϖ ϔϵϴϾϴ Ͼϴ  

ϣ ϼ , 
Ϻϼ϶ Ϲ 

10 ϴ ϹϿ  
2019 Ϸ. 1:21 ϥ 

ϧϔϣ
ϖ 

36,24 Ͼ   ϣϥ 500 
Ͼϖ ϔϵϴϾϴ Ͼϴ  

ϣ ϼ , 
Ϻϼ϶ Ϲ 

 

ϖ ϹϷ  ϼ ϸ Ϲ϶  Ϲ 2019 Ϸ. ϶ ϶ϿϹ  81 Ϸ Ϲϻϸ  ϴ ϴ  

϶ ϻϸ Ͻ Ͽϼ ϼϼ ϔϵϴϾϴ Ͼϴ -Ϟϴ ϴ(Ϙ-51). 

Ϥϴ ϹϸϹϿϹ ϼϹ Ϲ  Ͼ Ͼ Ϸ  ϻϴ Ͼϴ ϼ   ϸϿϼ Ϲ ϖϟ 220 Ͼϖ:  

ϟ ϾϴϿϼϻϴ ϼ  Ϲ  Ͼ Ͼ Ϸ  ϻϴ Ͼϴ ϼ  (Ϟϛ) ϶ Ͻ ϼϿϼ ϼ Ͻ Ϲ Ϲ ϼ 

ϼ ϶ Ϲ  ϴ ϶ Ϲ  ϖϟ. 

Ϥϴ ϹϸϹϿϹ ϼϹ ϾϿ Ϲ ϼϽ  ϶ Ϲ Ϲ ϼ  ϶ ϹϽ ϸϿϼ Ϲ ϖϟ Ϲϸ ϴ϶ϿϹ  
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ϴ ϼ ϾϹ 9 [18]. 

 

 

Ϥϼ Ͼ 9 – Ϥϴ ϹϸϹϿϹ ϼϹ ϾϿ Ϲ ϼϽ  ϸϿϼ Ϲ ϖϟ 

 

ϦϴϵϿϼ ϴ 17 – ϥ϶ ϸ Ϲ ϸϴ Ϲ  Ͼ Ͽϼ Ϲ ϶  Ϸ Ϲϻϸ ϴ ϴ  ϶ ϻϸ  

Ͽϼ ϼϽ, ϵ ϴ ϺϹ  ϶ ϸϹ ϵ ϿϹϸ ϶ϴ ϼ  

 
Ϙϼ Ϲ Ϲ Ͼ Ϲ 
ϴϼ Ϲ ϶ϴ ϼϹ ϖϟ 

 
Ϟ Ͽϼ Ϲ ϶  Ϸ Ϲϻϸ ϴ 

ϴ  ϖϟ, . 

ϖϼϸ  Ͼ  ϼ  
ϼ , ϵ ϴ ϺϹ  ϴ 

ϴ Ϲ ϖϟ 

ϩϴϾϴ Ͼ Ϲ ϣϠϱϥ 
Ϙ-63 51 ϖ , Ͼϴ Ͼ 
Ϙ-64 1 

Ϙ-79/80 3 ϖ  
Ϙ-51 81 ϖ , Ͼϴ Ͼ 

 

ϖ ϻ Ϻ Ͻ ϼ ϴϼϵ ϿϹϹ ϶Ϲ Ͻ ϼ ϼ Ͻ Ϣϡϣ ϿϹϸ Ϲ  ϼ ϴ  

Ϲ ϹϾ ϼ  ϼϻ Ͽ ϼϼ, ϶ ϻ϶ϴ Ϲ «ϸϹϽ ϶ϼ ϼ ϼ ». Ϙϴ Ͻ ϶ ϶ ϸ 

ϸ ϶Ϲ ϺϸϴϹ  ϶ ϴϸϹ ϼϹ  ϴ ϴϾ Ϲ ϼ ϼϾ Ϣϡϣ  ϴ ϴϾ Ϲ ϼ 

Ͽϼ ϼ ϹϿ ϼ ϼϻ ϴϾϴ ϼ « ϼ ϼ  ϾϿ Ϲ ϼϽ», ϴ ϴϾϺϹ Ϲϻ Ͽ ϴ ϴ ϼ 

϶ ϵ Ϸ  ϵ ϿϹϸ ϶ϴ ϼ  ϴϼϵ ϿϹϹ ϵϿϹ  ϶ ϻϸ  Ͽϼ ϼϽ 220 Ͼϖ ϼ 

Ϲϻ Ͽ ϴ ϴ ϼ Ͼ Ϲ ϼ Ϲ ϴϿ  ϼ ϿϹϸ ϶ϴ ϼϽ, ϸ ϶Ϲ ϸϼ϶ ϼ  

ϼ ϼ ϼϴϿ  ϶ ϻ Ϻ  Ϲ ϹϾ ϼ  ϼϻ Ͽ ϼϼ ϶ ϻϸ  Ͽϼ ϼϽ 220 Ͼϖ 

 Ϲ ϼ ϹϷ  Ϲ ϴ. 

ϩϴ ϴϾ Ϲ ϼ ϼϾϼ Ϣϡϣ, ϴ ϶ϿϹ Ϲ ϶ Ϲϻ Ͽ ϴ Ϲ ϴ ϼ ϼ Ϲ Ͼ Ϸ  

ϴ ϴϿϼϻϴ ϴ϶ϴ ϼϽ  ϾϿ Ϲ ϼϽ ϶ ϻϸ  Ͽϼ ϼϽ 220 Ͼϖ,  ϷϿϴ  

 ϼϻ϶Ϲ ϼ ϼϻ ϴϾϴ ϼ « ϼ ϼ  ϾϿ Ϲ ϼϽ» [19]. ϣ ϹϺϸϹ ϶ ϹϷ   

ϼ  Ͼ Ϲϻ  ϼ ϶ Ϲ Ϲ  ϼϻ ϴϾϴ  Ϣϡϣ I ϼ ϴ. Ϣ ϾϿ Ϲ ϼ  

0:00 

2:24 

4:48 

7:12 

9:36 

,  к  ,  к  ,  к  ,  к  ,  к  ,  к  ,  к  ,  к  
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ϼ ϸ  ϶ Ϲ ϼϹ ϴ  Ϲϻϴϸ ϿϷ  ϸ  ϶ ϸϴ Ͽ ϴ,  ϴ ϴϾ Ϲ  ϸϿ  

« ϼ ϼ  ϾϿ Ϲ ϼϽ». ϣϼϾ ϾϿ Ϲ ϼϽ ϴϵϿ ϸϴϹ  ϶ ϼ Ϲ, ϻϴ Ϲ  ϶ ϴ϶Ϸ Ϲ – 

Ϲ ϵ Ϲ, ϶Ϲ Ϲ ϼϽ ϼϾ ϾϿ Ϲ ϼϽ ϶ ϴϺϹ  Ͽϴϵ . 

ϔ ϴϿ Ϸϼ Ϲ ϻϴϾ Ϲ ϼ Ϲ ϴϿϼ  ϶ [20] ϼ Ϲ ϼ ϹϿ  Ͼ ϖϟ 

220-500 Ͼϖ ϷϸϹ ϼϾ ϾϿ Ϲ ϼϽ ϼ ϸϼϿ  ϴ ϼ Ͽ -ϴ϶Ϸ , ϴ ϾϿ Ϲ ϼ  ϶ 

϶Ϲ Ϲ ϼϽ Ϲ ϼ ϸ ϼ ϶ ϶ϴϿϼ. Ϙ ϷϼϹ ϴ ϴϾ Ϲ ϼ ϼϾϼ Ϣϡϣ I ϼ ϴ 

ϴϾϺϹ ϶Ϲ ϶  « ϼ ϼ  ϾϿ Ϲ ϼ ». ϞϴϾ ϴ϶ϼϿ , ϾϿ Ϲ ϼ  

ϼ ϸ  ϶  Ϸ ϸ  ϵϹϻ ϴϸϾ ϶,  Ϲ  ϔϣϖ. ϖ ϻϸ Ϲ 

Ͽϼ ϼϼ, ϸ ϼϹ  Ͼ Ͻ Ϲ ϼ, Ͽ Ϻϴ  ϸϿ  ϼ ϴϺϼ϶ϴ ϼ  ϼ . 
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3   

 

3.1  «  » 

 

ϘϹϽ ϶ϼ  ϼ , Ͼ Ϲ Ϸ  ϶ ϻ ϶ϴ  Ϲ ϹϾ ϼ  ϼϻ Ͽ ϼϼ ϖϟ, 

϶ ϻϴ   Ϸ Ϲϻϸ ϶ϴ ϼϹ  ϼ ϼ ϴϺϼ϶ϴ ϼϹ  ϴ . ϣ ϼ ϼ ϹϿ ϶Ϲ Ϸ Ϲϻϸ 

ϴ ϴ  ϼ  ϼ Ͽ ϻ  ϴϻϿϼ Ϲ, ϶  ϼ ϿϹ ϶ ϸ ϼϹ, Ϲϸ Ϲ  

(Ͼ Ͼϼ ϶ Ͽ Ͼϼ, ϶Ϲ Ͼϼ ϸϹ Ϲ϶ Ϲ϶, ϴ϶  ϼ ϸ .). ϣ ϼ Ͽ ϴϽ  ϶ Ϲ Ϲ ϼϼ ϶ 

ϼϻ Ͽ ϼ Ͻ ϹϺ Ͼ ϹϺϸ  ϶ ϸ  ϼ Ͻ ϼ Ϲϸ Ϲ  ϴ ϼ  

ϼ  ϼϻ Ͽ ϼ ,  ϺϹ  ϼ϶ ϸϼ  Ͼ ϹϹ Ϲ ϹϾ ϼ . ϣ ϼ ϴϺϼ϶ϴ ϼϹ 

ϼ  ϴ , ϾϴϾ ϴ϶ϼϿ , ϼ ϸϼ  ϴ Ͼ ϴ  ϴ϶Ϲ  ϴϸ ϶ ϸ  (  

϶ ϵ ϸ Ϲ ϼ ϴϼϵ ϿϹϹ ϸ ϵ Ϲ Ϲ  ϴ Ϲ). ϖ  ϶ Ϲ  ϼ ϴϺϼ϶ϴ ϼ  ϼ (ϼϿϼ) 

϶ϻϿϹ ϴ   ϼ ϴ ϶ ϵ ϴ ϶ϴϹ   ϶ ϸ ϹϷ  Ϲ ϴ ϶ ϴ ϴ϶ϿϹ ϼϼ 

϶ ϸϴ,  ϴϾϺϹ ϺϹ  ϼ϶ ϸϼ  Ͼ Ϲ ϹϾ ϼ  ϼϻ Ͽ ϼϼ [21]. 

ϖ ϸϹ ϴ ϴϿϼϻϴ, ϶ Ͽ Ϲ  ϶ ϴ Ͼϴ  ϸϴ Ͻ ϴϵ , ϵ Ͽϼ ϹϸϹϿϹ  

ϼϻ Ϲ  Ͽ ϶ϼ  Ϲ ϹϾ ϼ  ϼϻ Ͽ ϼϼ ϖϟ  Ϲ ϼ ϹϷ  Ϲ ϴ. 

ϡϴ ϼ ϾϹ 10 – Ͼϴϻϴ  ϸ ϴϷ Ϲ ϶ ϼ ϴ ϼϽ, ϶ Ͼ  

ϼ ϼ ϼ ϶ϴϿϼ  Ϲ  Ϲ ϹϾ ϼ  ϼϻ Ͽ ϼϼ  « Ϲ ϼ ϹϷ  Ϲ ϴ». 

ϡϴ ϼ ϾϹ 11 –  Ͼϴϻϴ  Ϲ  Ϲ ϹϾ ϼ  ϼϻ Ͽ ϼϼ ϼ ϴϸϹ ϼϼ 

϶ Ͽ Ͼϼ, ϼ Ϸ  ϶ ϸ ϹϷ  Ϲϸ Ϲ ϴ  ϴ϶Ϲ  ( ϴ ϺϹ ϼϹ 130 Ͼϖ, ϸϿϼ ϴ 

϶ Ͽ Ͼϼ 200 ) 

ϡϴ ϼ ϾϹ 12 – Ͼϴϻϴ  Ϲ  Ϲ ϹϾ ϼ  ϼϻ Ͽ ϼϼ ϼ ϴϸϹ ϼϼ 

ϹϵϿ  ϴ϶   ϴ϶Ϲ  ( ϴ ϺϹ ϼϹ 65 Ͼϖ, ϸϿϼ ϴ ϹϵϿ  140 , 

ϼ϶ϿϹ ϼϹ 500 ϾϢ ) 
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Ϥϼ Ͼ 10 – ϣ Ϲ  Ϲ ϹϾ ϼ  ϼϻ Ͽ ϼϼ  « Ϲ ϼ ϹϷ  Ϲ ϴ» 

 

 
Ϥϼ Ͼ 11 – ϣ Ϲ  Ϲ ϹϾ ϼ  ϼϻ Ͽ ϼϼ ϼ ϴϸϹ ϼϼ ϹϵϿ  ϴ϶  

 ϴ϶Ϲ  ( ϴ ϺϹ ϼϹ 65 Ͼϖ, ϸϿϼ ϴ ϹϵϿ  140 , ϼ϶ϿϹ ϼϹ 500 ϾϢ ) 

 

 

Ϥϼ Ͼ 12 – ϣ Ϲ  Ϲ ϹϾ ϼ  ϼϻ Ͽ ϼϼ ϼ ϴϸϹ ϼϼ ϹϵϿ  ϴ϶   

ϴ϶Ϲ  ( ϴ ϺϹ ϼϹ 65 Ͼϖ, ϸϿϼ ϴ ϹϵϿ  140 , ϼ϶ϿϹ ϼϹ 500 ϾϢ ) 

 

ϡϹ ϵ ϸϼ Ϲ Ͽ ϶ϼ  Ϲ ϹϾ ϼ  ϼϻ Ͽ ϼϼ ϼ ϶ Ϲ Ϲ ϼϼ ϶ ϹϺ Ͼ 

ϼ ϸ  ϶ ϸ ϼ  Ϲϸ Ϲ ϶: 

– ϘϿ  Ϲ ϹϾ ϼ  ϼϻ Ͽ ϼϼ ϖϟ 220 Ͼϖ ϼ ϴϵ Ϲ  ϴ ϺϹ ϼϼ 130 Ͼϖ 
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ϸϿϼ ϴ ϶ Ͽ Ͼϼ ϼϿϼ ϸ Ϸ Ϸ  ϶ ϸ ϹϷ  Ϲϸ Ϲ ϴ ϸ ϿϺ ϴ ϵ  ϴ϶ϼ ϴ 

 ϴ ϼϹ   ϶ ϸϴ ϸ  ϴ϶Ϲ  ϼ Ͽϼ ϴ   ϹϷ  ϶ Ϲ   

Ϲ ϵ ϿϹϹ, Ϲ  ϴ 30 .  

– ϥ ϼ϶ϿϹ ϼϹ ϼ ϸ  ϶ ϸ ϼ  Ϲϸ Ϲ ϶ Ϲ ϸ ϿϺ  

Ϲ϶ ϴ  1 ϠϢ ; 

– ϣϹ ϹϾ ϼ  ϼϻ Ͽ ϼϼ ϶  Ͽ ϴϹ ϸ ϿϺ  ϼ ϸϼ  

Ϲϼ Ϲ ϶Ϲ  ϼ ϼ ϴ ϹϿ Ͻ Ͽ ϼ ϴ ϺϹ ϼ ; 

– ϘϿϼ ϴ ϼ ϸ ϿϺ ϴ ϴ϶Ͽ  Ϲ Ϲ ϹϹ 230 , ϼ  ϴ ϸ ϿϺ ϴ 

ϴ  ϹϿ  ϼ Ͼ϶ ϻ  ϶ ϸϼ  ϴ ϸϿϼ Ϲ Ϲ Ϲ ϹϹ 1,5-1,8; 

– ϣ Ϸ Ϲ ϼ϶ϿϹ ϼϹ ϼ ϸ ϿϺ  ϵ  Ϲ ϵ ϿϹϹ 250 ϾϢ / .  

ϥ  ϸ ϿϺ ϴ ϴ ϿϴϷϴ  Ϲ Ϲϸ ϶Ϲ  ϴϸ ϶ ϸ  ϼϿϼ 

ϸϼ  ϸ ϴ  ϵϿϼϻϾ  Ͼ Ϲ  ϴ ϴ ϼϼ Ϲ ϵ ϿϹϹ 20 . ϧϾϴϻϴ Ϲ 

Ͽ ϶ϼ  Ϲ ϼ϶ Ϲ ϴ  ϼϻ϶Ϲ  ϸϴ   ϴ ϴϾ Ϲ ϼ ϼϾϴ  ϼ 

ϼ ϹϷ  Ϲ ϴ ϸϿ  Ͼ  ϼ  ϼ  ( ϼ ϴ Ͼϴ Ͼϴ), ϼ϶ϹϸϹ  ϶ 

ϴϵ Ϲ ϞϴϽϻϹ ϴ. ϞϴϾ ϴ϶ϼϿ , ϼ  ϴϸ  ϴ Ͼ  ϴ϶Ϲ  (϶ Ϲ Ϲ 

Ͼ Ϲ ϿϹ ϼ  Ϸϼ Ͽ ϸ ), ϼ ϼ  ϴϸϾϴ ϴ ϴ϶ϿϹ ϴ ϶ϸ Ͽ  Ͽϼ ϼϼ. ϥ  Ϲ ϴ, 

Ͼ  ϼ ϴ ϶ ϵ ϴ ϶ϴϹ  ϼ ϶ϻϿϹ Ϲ, ϵ ϸϹ  ϴ ϴ϶ϿϹ ϴ ϶  Ͽ ϴϹ  

ϴ϶Ϲ  Ͼ ϶ ϸ . ϦϴϾϼ  ϵ ϴϻ , ϶ ϻ Ϻ  Ϲ ϹϾ ϼ  ϼϻ Ͽ ϼϼ ϖϟ 220 

Ͼϖ  Ϲ ϼ ϹϷ  Ϲ ϴ ϶ Ͽ Ϲ ϶Ϲ ϴ [22]. 

 

 

Ϥϼ Ͼ 13 – Ϛϼϻ ϹϸϹ ϹϿ  ϼ  ϴ ϴ Ϲ ϖϟ 220 Ͼϖ 
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Ϩ Ͼ ϼ ϼ ϶ϴ ϼ  ϖϟ ϼ ϹϹ  Ͽ ϴϽ Ͻ ϴ ϴϾ Ϲ , Ͽ Ϻ  ϹϸϹϿϼ  

ϴ϶ϼϿ Ͻ ϶ ϵ  ϶ Ͽ ϻ  ϶Ϲ Ϸ  ϶ϿϹ ϼ  ϵ ϼ . ϡϴ ϵϴϻϹ ϴ ϴϿϼϻϴ 

ϴ ϼ ϼ Ϲ Ͼϼ  ϸϴ  Ϻ  ϶ Ͽ ϻ ϶ϴ  Ϲ ϸ  Ϲ ϹϸϹϿϹ ϼ 

ϼ ϴ ϼϼ, ϴ ϴϾϺϹ ϼ  Ϸ ϴ ϼϾ ϼ ϴ ϼ Ͻ ϼϼ, Ͼ Ͻ 

ϻ϶ Ͽϼ  Ͼ ϹϾ ϼ ϶ϴ  ϼ ϻϸϴ϶ϴ  Ͽ Ϲ Ͻ Ϸ ϴ ϼϾ Ͽϴ ϶ -

Ϲϸ Ϲϸϼ ϹϿ  ϴϵ . 

Ϥϴϻ ϴϵ Ͼϴ ϼ ϹϾ Ϲ ϸϴ ϼϼ Ϲ ϼ ϼϽ  ϼϺϹ ϼ  ϼ Ͼϴ 

϶ ϻ ϼϾ ϶Ϲ ϼ  ϴ϶ϴ ϼϽ  ϾϿ Ϲ ϼϽ ϖϟ ϻ϶ Ͽ  Ͽ ϼ  ϴϸϹϺ  

ϿϹϾ ϴϵϺϹ ϼ . 

 

3.2        

  

 

ϥϼ Ϲ  ϿϹϾ ϴϵϺϹ ϼ   Ͼ Ͽ Ϻ  ϼ Ϲ ϴ ,   

ϻϴ϶ϼ ϼ   Ϲ ϶ ϴ ϴϿ  Ͽ ϶ϼϽ. Ϥϴ ϴ ϼ϶ϴ  ϼ  Ϲ ϼ Ϲ Ͼ Ϸ  

ϵ ϹϾ ϴ ϶ ϹϸϹϿϹ  ϼ Ϲ ϶ϴϿϹ ϶ Ϲ Ϲ ϼ, ϹϿ ϻ   ϴϵ Ͽ Ͻ ϶Ϲ Ϲ  

ϻϴ ϶ϼ ,  ϿϹϺϼ϶ϴϹ  ϹϸϹϿ Ϲ  Ͼ Ͼ Ϲ Ϸ  ϴϿϷ ϼ ϴ. Ϝ Ϲ  ϴ 

Ͼϴ   ϶ Ͼ  ϼ ϼ Ͽ ϻ  ϴ Ϲ ϴ ϼ Ϲ ϾϼϹ ϼ Ϲ  Ϻ  

Ͽ ϼ  ϼ ϴ ϼ  ϶ Ͼ Ͽϼ Ϲ ϶Ϲ  ϶ ϴϺϹ ϼϼ, Ϲ ϼ ϾϿ ϴ  

϶ ϻ Ϻ  ϴ϶ Ϲ ϼ  ϼ  ϵ ϹϾ ϶ ϼ ϴ ϶ϿϹ ϼ  ϶ ϻϹϽ ϹϺϸ  ϼ ϼ [23]. 

ϱ ϼϽ ϴ  ( ϴ ϼ ϼ Ϲ Ͼϴ ) Ϲ ϴ Ͼ Ͽϼ Ϲ ϶ϴ ϼ ϴ ϼϼ ϸϿ  

ϴ ϴ ϼ϶ϴϹ  ϵ ϼϽ ϹϸϹϿ Ϲ   ϿϹ (2): 

                  , (2) 
 

ϷϸϹ H – ϼϽ ϴ  Ϲ ϴ Ͼ Ͽϼ Ϲ ϶ϴ ϼ ϴ ϼϼ; 

N – Ͼ Ͽϼ Ϲ ϶  ϴ ϴ ϼ϶ϴϹ  ϵ ϼϽ ϶ ϼ Ϲ Ϲ; 

pi – ϶Ϲ  ϶ϿϹ ϼ  i-Ϸ  ϵ ϼ

 

ϖ ϴϺϹ ϼϹ (2) ϶ Ͽ ϼ  ϼ Ͽ ϶ϼϼ  
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ϣ ϿϹϸ ϹϹ ϶ ϴϺϹ ϼϹ ϶ ϴϸϴϹ   Ͽ Ͻ ϬϹ ϴ ϸϿ  ϶ ϼ ϿϹ ϼ  

ϴ Ϲ ϴ ϼ Ϲ Ͼ Ϸ  Ϻϼϸϴ ϼ  «Ͼ Ͽϼ Ϲ ϶ϴ ϼ ϴ ϼϼ», ϸϹ Ϻϴ ϹϷ  ϶ 

ϵ ϼϼ, ϷϹ Ϲ ϼ Ϲ  ϴ ϼ  ϼ ϼϾ  ϼ ϴ ϼϼ. ϠϹ ϴ ϼϼ 

ϬϹ ϴ ϻ϶ Ͽ Ϲ  ϼϻ Ϲ ϼ  (ϾϴϾ ϴ϶ϼϿ , ϶ ϵϼ ϴ ) Ϲ ϹϸϹϿϹ  ϶ 

ϹϴϿϼϻϴ ϼϼ Ͽ ϴϽ Ͻ ϶ϹϿϼ ϼ . Ϣ Ϲ ϼ ,  ϶ Ͽ ϶ϼϼ (2), ϶Ϲ  

Ϲ Ϲϸ Ͽ Ϸϴ ϼ  – Ͼ Ͽϼ Ϲ ϶ϴ ϼ ϴ ϼϼ ϶ ϸϹϿ  ϵ Ϲ ϼ . 

ϣ  ϾϴϺϸ  Ϸ ϸ  ϹϸϹϿϹ  Ͼ Ͽϼ Ϲ ϶  ϴ ϴ ϼ϶ϴϹ  ϼ ϼ , 

Ϲϸ ϴ϶ϿϹ  ϶ ϿϹ (3): 

 

N= n1+n2+…+n8,                                                                                                (3) 
    

ϷϸϹ ni – Ͼ Ͽϼ Ϲ ϶  Ͼϴϻ ϶ i-Ϸ  ϶ϼϸϴ Ͼϴϻϴ (n1 – Ϻϼ϶ Ϲ ϼϿϼ ϼ ). 

 

ϡϴ ϼ  ϶Ϲ ϹϸϹϿϹ  ϶Ϲ ϼ Ͼϴϻϴ ϖϟ  ϿϹ: 

       ,                                                                                                             (4) 
 

ϷϸϹ qi – ϶Ϲ  Ͼϴϻϴ ϖϟ (q1 – ϶Ϲ  Ͼϴϻϴ  ϶ ϻϸϹϽ ϶ϼ  ϼ ). 

ϘϿ  ϶ Ϲ  qi ϶ Ͽ Ϲ  Ͽ ϶ϼϹ (2). 

 

ϫϹ Ϲϻ ϶Ϲ ϼ qi,  ϿϹ ϬϹ ϴ (2) ϹϸϹϿϹ ϴ ϼ  ϸϿ  

ϾϴϺϸ Ϸ  ϼϻ ϵ ϼϽ i: 

 

Hi  qi log2 qi ,                                        (5) 

 

ϴ ϴϾϺϹ ϼ  ϻϴ ϶Ϲ  ϴ ϴ ϼ϶ϴϹ Ͻ k-Ͻ Ϸ ϸ, ϾϴϾ ϴ ϼϽ 

ϵ ϼϽ i: 

 
N 

Hk   Hi . 
i1 

 (6)    
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ϥ ϷϿϴ  ϸϴ  ϸϼ Ϲ Ϲ Ͼ Ϸ  Ϻ ϴϿϴ, Ϲϸ ϴ϶ϿϹ  ϶ ϴϵϿϼ Ϲ 7, 

϶ Ͽ ϼ  ϴ ё  ϼϼ ϶ ϻϸ  Ͽϼ ϼϽ  ё  ϶ ϻϸϹϽ ϶ϼ  ϼ , 

ϼ϶ ϸ ϼ  Ͼ ϾϿ Ϲ ϼ  ϖϟ ϴ ϺϹ ϼϹ  500-220 Ͼϖ. 

Ϝ ϸ Ϲ ϸϴ Ϲ ϼ Ϲϻ Ͽ ϴ  ϴ Ϲ ϴ ϼϼ  Ϸ ϸϴ  Ϲϸ ϴ϶ϿϹ  

϶ ϴϵϿϼ Ϲ 18. 

 

ϦϴϵϿϼ ϴ 18 – ϤϹϻ Ͽ ϴ  ϴ Ϲ ϴ ϼϼ  Ϸ ϸϴ  

 
ϗ

ϸ 

 
  ϣ

Ͼϴ
ϻϴ

ϹϿ
ϼ 

   
 Ϛ

ϼ϶
Ϲ 

ϼϿ
ϼ ϼ

 

1 2 3 
 

2015 
ni 12 
qi 0,2 
Hi 0,464 

 
2016 

ni 16 
qi 0,267 
Hi 0,508 

 
2017 

ni 19 
qi 0,3167 
Hi 0,525 

 
2018 

ni 7 
qi 0,1167 
Hi 0,361 

 
2019 

ni 6 
qi 0,1 
Hi 0,332 

 

ϡϴ ϶ϴ ϼϼ Ϲϻ Ͽ ϴ ϶ ϴ Ϲ ϴ ϴϵϿϼ  18 ϼ  Ϸ ϴ ϼϾ 

ϼ ϴ ϼ Ͻ ϼϼ  Ϸ ϸϴ , Ͼ Ͻ Ϲϸ ϴ϶ϿϹ  ϴ ϼ ϾϹ 14. 
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Ϥϼ Ͼ 14 – ϗ ϴ ϼϾ ϼ ϴ ϼ Ͻ ϼϼ  Ϸ ϸϴ  

 

Ϝϻ Ϸ ϴ ϼϾϴ ϶ϼϸ ,  ϼ  ϶ ϻϸ Ͻ Ͽϼ ϼϼ ϶ ϴϿϴ   ϾϴϺϸ  

Ϸ ϸ   2015-2017 ϷϷ, ϴϼϵ Ͽ ϹϹ Ͼ Ͽϼ Ϲ ϶  ϼϼ ϼ ϸϼ  ϴ 2017 Ϸ. 

ϱ  ϶ϼϸϹ ϹϿ ϶ Ϲ   ,  ϴϼϵ Ͽ ϹϹ Ͼ Ͽϼ Ϲ ϶   ϴ϶ϴ ϼϽ  ϾϿ Ϲ ϼϽ 

ϼ ϸϼϿ  ϴ 2017 Ϸ. ϛϴ Ϲ   ϶ϼϸϼ  Ͽϴ Ϲ Ϲ ϼϺϹ ϼϹ ϼϼ,  

ϸ Ͼϴϻ ϶ϴϹ  ϶ ϶  Ϲ Ϲϸ  ϶ Ϲ ϼϼ ϴϸϹϺ ϼ ϼ Ͻ ϼ϶ ϼ ϖϟ.  

Ϥϴ ϼ  ϴ ϹϸϹϿϹ ϼϹ ϾϿ Ϲ ϼϽ ϶ ϻϸ  Ͽϼ ϼϽ ϴ ϺϹ ϼϹ 

500-220 Ͼϖ Ϲ  ϶ Ϲ Ϲ ϼϹ ϴ ϴ ϼ϶ϴϹ Ϸ  Ϲ ϼ ϸϴ ϼ Ϲϻ Ͽ ϴ  

Ϲϸ ϴ϶ϼ  ϶ ϴϵϿϼ Ϲ 19. 

 

ϦϴϵϿϼ ϴ 19 – Ϥϴ ϹϸϹϿϹ ϼϹ ϾϿ Ϲ ϼϽ ϖϟ 500-220 Ͼϖ 

Ϲ  Ϸ ϸ 
2015 2016 2017 2018 2019 

϶ϴ  +     
Ϲ϶ ϴϿ       
ϴ  + +  +  

ϴ ϹϿ  + 
+ 
+ 

 + 
+ 

+ + 
+ 
+ 

ϴϽ + +   + 
ϼ  +  + +  
ϼ Ͽ  + 

+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 

  

 

0 

0,1 

0,2 

0,3 

0,4 

0,5 

0,6 

2015 2016 2017 2018 2019 

Hi - э тропия 
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ϣ ϸ ϿϺϹ ϼϹ ϴϵϿϼ  19 

ϴ϶Ϸ   + + 
+ 
+ 
+ 

 + 

Ϲ ϵ  + + 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 

+ 

Ͼ ϵ       
ϵ  + 

+ 
    

ϸϹϾϴϵ    + 
+ 

+  

 

Ϝ ϸ Ϲ ϸϴ Ϲ ϼ Ϲϻ Ͽ ϴ  ϴ Ϲ ϴ ϼϼ Ϲϸ ϴ϶ϿϹ  ϶ ϴϵϿϼ Ϲ 

20.  

 

ϦϴϵϿϼ ϴ 20 – ϤϹϻ Ͽ ϴ  ϴ Ϲ ϴ ϼϼ  Ϲ ϴ  

Ͼϴϻϴ ϹϿϼ Ϸ ϸ 
2015 2016 2017 2018 2019 ϾϿϴ ϼ ϼϾϴ  

ni ϶ϴ  1 – – – –  
 

 
ϣ ϼ  

qi 0,083 – – – – 
Hi 0,298 – – – – 
ni Ϲ϶ ϴϿ  – – – – – 
qi – – – – – 
Hi – – – – – 
ni ϴ  1 1 – 1 – 
qi 0,083 0,062 – 0,142 – 
Hi 0,298 0,248 – 0,399 – 
ni ϴ ϹϿ  3 – 2 1 3 
qi 0,25 – 0,105 0,142 0,5 
Hi 0,5 – 0,341 0,399 0,5 
ni  

ϴϽ 
1 1 – – 1 

qi 0,083 0,062 – – 0,166 
Hi 0,298 0,248 – – 0,430 
ni  

ϼ  
1 – 1 1 – 

qi 0,083 – 0,052 0,142 – 
Hi 0,298 – 0,221 0,399 – 
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ϣ ϸ ϿϺϹ ϼϹ ϴϵϿϼ  20 

ni ϼ Ͽ  2 5 2 – –  
qi 0,166 0,312 0,105 – – 
Hi 0,430 0,524 0,341 – – 
ni ϴ϶Ϸ  – 1 4 – 1 
qi – 0,062 0,210 – 0,166 
Hi – 0,248 0,472 – 0,430 
ni Ϲ ϵ  1 8 8 3 1 
qi 0,083 0,5 0,421 0,428 0,166 
Hi 0,298 0,5 0,525 0,524 0,430 
ni  

Ͼ ϵ  
– – – – – 

qi – – – – – 
Hi – – – – – 
ni  

ϵ  
2 – – – – 

qi 0,166 – – – – 
Hi 0,430 – – – – 
ni  

ϸϹϾϴϵ  
– – 2 1 – 

qi – – 0,105 0,142 – 
Hi – – 0,341 0,399 – 

 

ϡϴ ϶ϴ ϼϼ Ϲϻ Ͽ ϴ ϶ ϴ Ϲ ϴ ϴϵϿϼ  20 ϼ  Ϸ ϴ ϼϾ 

ϼ ϴ ϼ Ͻ ϼϼ  Ϲ ϴ , Ͼ Ͻ Ϲϸ ϴ϶ϿϹ  ϴ ϼ ϾϹ 15. 

 

 
Ϥϼ Ͼ 15 – ϗ ϴ ϼϾ ϼ ϴ ϼ Ͻ ϼϼ  Ϲ ϴ  

 

0 

0,1 

0,2 

0,3 

0,4 

0,5 

0,6 
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Ϝϻ Ϸ ϴ ϼϾϴ ϶ϼϸ ,  ϼ  ϶ ϻϸ Ͻ Ͽϼ ϼϼ ϼ ϹϹ  Ϲ ϸϹ ϼ  Ͼ 

ϴϿϼ ϼ  ϶ Ͼ Ϸ  ϻ ϴ Ϲ ϼ  ϶ ϶Ϲ Ϲ Ϲ- Ϲ ϼϽ Ϲ ϼ ϸ ϶ Ϲ Ϲ ϼϹ ϶ ϹϷ  

ϴ ϴ ϼ϶ϴϹ Ϸ  Ϲ ϼ ϸϴ. ϱ  ϶ϼϸϹ ϹϿ ϶ Ϲ   ,  ϴ Ͽϼ  ϶ Ͼϴ  

Ϲ ϹϸϹϿϹ  ϶ ϶ϿϹ ϼϼ Ͼϴϻ ϶  ϼ ϼ Ϲ ϶ ϻϸϹϽ ϶ϼ  ϼ . 

Ϣ Ϲ϶ϼϸ ,  Ϲ ϴ ϶ϿϹ ϼ  Ͼϴϻ ϶ ϸ  ϹϸϹϿϼ . ϡϹ ϹϸϹϿϹ  

ϼ Ͼϴ Ϲ  Ͼϴϻ ϶ Ϻ  Ͽϴ Ϲ  ϼϻϼ  ϻϴ Ϲ  ϴ ϼ Ϲ ϼ  ϵ Ϲ ϴ 

ϴ ϼ ϼ Ϲ Ͼϼ  ϸϴ   ϶ϹϸϹ ϼϼ ϼ ϴϻ Ϲ Ϲ ϼϼ ϼ . 

Ϝ Ͽ ϻ ϶ϴ ϼϹ ϼϼ Ϲϸ ϴ ϼ϶ϴϹ  Ϲ ϵ ϸϼ  ϶ ϶ϿϹ ϼ  

ϵ ϼ , ϹϷ  Ͼ ϴ ϼ  ϼ , ϶ Ͼ Ͼ Ϲ Ϲ ϶ Ϲ . ϣ ϴϾ ϼϾϴ 

Ͼ Ͽ ϴ ϴ ϼϼ ϖϟ ϶ϼϸϹ ϹϿ ϶ Ϲ   ϶Ͽϼ ϼϼ Ϲϻ ϼ ϴ Ϣϣϡ. 

Ϙϴ Ϲ ϼ ϿϹϸ ϶ϴ ϼϹ ϺϹ  ϵ  ϼ Ͽ ϻ ϶ϴ  ϼ ϴ϶ϿϹ ϼϼ 

Ϸ ϴ ϼϾ ϶ Ͽϴ ϶ - Ϲϸ Ϲϸϼ ϹϿ  Ϲ ϶, ϴ ϴϾ ϺϹ ϶ ϹϿ  ϵϹ Ϲ Ϲ ϼ  

ϴϸϹϺ Ͻ ϴϵ  ϿϹϾ ϵ ϸ ϶ϴ ϼ , Ϲϸ ϹϺϸϹ ϼ  ϼ ϴ Ϲ ϼ  

Ϲϼ ϴ϶ ϹϽ ϼ ϼϻ ϴ. 

 

3.3        

 

 

Ϣ ϶ ϼ ϼ ϼ , Ͼ Ϲ ϼ϶ ϸ  Ͼ ϴ϶ϴ ϼϽ  ϾϿ Ϲ ϼ  

϶ ϻϸ Ϲ Ͽϼ ϼϼ 220 Ͼϖ ϶Ͽ , ϶ ϻ϶ϴ Ϲ «ϸϹϽ ϶ϼ ϼ» ϼ . 

ϡϴϷϿ ϸ Ϲ Ϲϸ ϴ϶ϿϹ ϼϹ ϴϾ ϴ ϶ϼϸϹ ϹϿ ϶ Ϲ  ϵ ϵϹ  ϼ 

ϵ ϵ  ϼ϶  Ϸ Ϲϻϸ ϶ϴ ϼϹ  ϼ ϼ ϴϺϼ϶ϴ ϼϹ  ϼ  ϴ .  

Ϣϸϼ  ϼϻ ϶ϴ ϼϴ ϶ Ϲ Ϲ ϼ  ϵϿϹ   ϼ ϴ ϼ –  ϼ Ͽ ϻ ϶ϴ ϼϹ 

϶ Ϲ Ϲ Ϸ  ϴ Ϲ ϹϷ  ϼϻ Ͽϼ ϶ϴ Ϸ  ϶ ϸϴ (ϥϜϣ). ϱ  ϴϾ Ͻ ϶ ϸ, 

Ͼ Ͻ Ͼ  Ϲ ϼϴϿ Ͻ Ͽϼ Ϲ Ͻ ϵ Ͽ Ͼ Ͻ. ϱ  ϻ ϴ ϴϹ ,  

϶ ϻ Ϻ  Ͼ ϴϾ ϴ ϼ   Ͼ Ϲ ϹϽ ϴ  ϼ ϾϿ Ϲ ϴ ϴ Ͻ 

Ͼ Ͼ ϼϹϽ. ϣ Ϲϼ Ϲ ϶  ϴϾϼ  ϶ ϸ ϶ ϶ ,  ϼϻ Ͽ ϼ  

Ͼ ϶ ϸ ϼ  ϺϼϿ Ϲϸ ϴ Ϲ  ϶ ϻϸ Ϲ Ͽϼ ϼϼ  Ͼ Ͼ Ϸ  ϻϴ Ͼϴ ϼ  

Ϲ Ͽ Ͼ  ϼ « ϿϹ ϶ϴ ϼϼ»,  ϼ ϼ ϴϸϹ ϼϼ ϸϹ Ϲ϶ Ϲ϶, ϴ ϴϾϺϹ Ϲ ϴϹ  

ϴϿϼ ϴ ϼϹ ϹϷϴ ϼ Ͽ ϸϴ. 
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ϣ ϵϿϹ   Ϸ Ϲϻϸ ϶ϴ ϼϹ  ϴϾϺϹ Ϻ  Ϲ ϼ  ϼ ϼ Ͽϼ Ϲ ϼ  

ϼ  « ϼ ϹϿ Ϸ  ϴ Ϲ ϼϴϿϴ», ϴ ϼ Ϲ , ϵϼ ϴ   ϻϹ Ͽϼ, Ͽ ϴϽ  

ϵ Ϲ Ϲ ϶ Ͽ Ͼϼ ϶ ϴϸϼ Ϲ 5 Ͼ   ϸ ϴ ϼϼ ϼϿϼ ϴ϶ϼ  ϸ    

Ͽ ϴϸϾ Ͻ ϼ ϻϴϷ ϶Ͼ Ͻ ϸϿ  Ϸ Ϲϻϸϴ [24]. 

Ϟ ϴϼϵ ϿϹϹ ϴ ϴ Ϲ  Ͻ ϶ϴ  ϼ ϼ ϵϿϹ ϼ , 

Ϸ ϴ ϼ ϼ϶ϴ ϼ  ϸ  ϼ  Ͼ ϿϹ Ϲ ϴ  ,  ϶ Ϲ϶ ϻ Ϻ Ϲ 

ϻϴ ϼ Ϲ Ͼ Ϻ ϼ, ϻϴ ϼ Ϲ Ͼϴ Ϲ϶ Ϲ Ϲ Ͼϼ,  Ϲ ϴϿϿϼ Ϲ ϾϼϹ ϼ  Ͼ Ͽ ϴ Ͼϼ, 

ϸϹ϶ϴϹ Ϲ ϴ ϼϻ Ͽ . ϡϴϼϵ ϿϹϹ ϹϾ ϼ϶ ϼ Ͻ ϶ϴ ϼ ϼϼ 

Ϸ Ϲϻϸ ϶ϴ ϼ  ϶Ͽ  Ͻ ϶ϴ, ϷϹ Ϲ ϼ ϼϹ ϶ Ϲ ϶ Ϲ  ϼ Ͽ Ϲ 

϶Ϲ ϶ Ϲ ϶ Ͼϼ: ϼ  Ͼ ϼ  Ϲ Ϸ  ϼ϶ Ͼ  [25].  
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ϖ ϸϹ ϶ Ͽ Ϲ ϼ  ϶ Ͼ Ͻ Ͼ϶ϴϿϼ ϼϾϴ ϼ Ͻ ϴϵ  Ͽ Ϲ  

Ϲϻ Ͽ ϴ  ϴ ϴϿϼϻϴ ϴ ϼ ϼ Ϲ Ͼϼ  ϸϴ  ϼ ϶ϹϸϹ  ϼ ϿϹϸ ϶ϴ ϼϹ ϼ ϼ  

ϾϿ Ϲ ϼϽ ϶ ϻϸ  Ͽϼ ϼϽ 220-500 Ͼϖ, ϴ ϴϾ ϺϹ ϹϸϿ ϺϹ  ϹϾ Ϲ ϸϴ ϼϼ 

 ϼϺϹ ϼ  ϼ Ͼϴ ϶ ϻ ϼϾ ϶Ϲ ϼ  ϴ϶ϴ ϼϽ  ϾϿ Ϲ ϼϽ ϶ 

ϴ ϹϸϹϿϼ ϹϿ  ϿϹϾ ϼ Ϲ Ͼϼ  Ϲ  ϩϴϾϴ Ͼ Ϸ  Ϲϸ ϼ ϼ  ϼϿϼϴϿϴ 

ϣϔϢ «ϨϥϞ ϙϱϥ». 

ϣ ϸ϶Ϲϸ  ϼ Ϸϼ ϶ Ͽ Ϲ ϼ  ϸϴ Ͻ ϵϴϾϴϿϴ϶ Ͼ Ͻ ϴϵ  Ϻ  ϸϹϿϴ  

ϿϹϸ ϼϹ ϶ Ϲ ϶ ϶ ϸ : ϶ ϼ ϼ ϼ ϴ ϼ ϶ ϻϸ  Ͽϼ ϼϽ 

ϴ ϺϹ ϼϹ  220 Ͼϖ ϶Ͽ  ϶ ϻ϶ϴ Ϲ «ϸϹϽ ϶ϼ ϼ» ϼ . ϘϿ  ϴϻ ϴϵ Ͼϼ 

Ϲ ϵ ϸϼ  Ϲ ϼ ϼϽ  ϼϺϹ ϼ  ϼ Ͼϴ ϶ ϻ ϼϾ ϶Ϲ ϼ  ϴ϶ϴ ϼϽ  

ϾϿ Ϲ ϼϽ ϵ Ͽ ϴ϶ϿϹ  Ϸ ϴ ϼϾ ϼ ϴ ϼ Ͻ ϼϼ, ϴ ϶Ϲ 

Ͼ Ϸ  Ϻ  Ϲ Ϲ Ϲ  Ϸ ϴ ϼϾ Ͽϴ ϶ - Ϲϸ Ϲϸϼ ϹϿ  ϴϵ , 

Ͼ Ͻ ϻ϶ Ͽϼ  Ͽ ϼ  ϴϸϹϺ  Ͽϼ ϼϽ ϿϹϾ Ϲ Ϲϸϴ  ϶ Ϲ Ϲ 

Ͼ Ͽ ϴ ϴ ϼϼ. 

ϣ ϴϾ ϼ Ϲ Ͼϴ  ϻ ϴ ϼ  ϴϵ  ϵ Ͽ ϶ϿϹ ϴ Ϲ ,  Ϲ Ϲ ϼ Ϲ ϾϼϹ ϼ 
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