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ϡϴϼ Ϲ ϶ϴ ϼϹ ϹϾϼ ……..……………………………………..……Ϟ ϴ; 
ϠϹ ϴ ϺϸϹ ϼϹ ϗϱϥ ……..……………………Ϡ ϴ Ͼϴ  ϵϿϴ ; 
ϩϴ ϴϾ Ϲ Ϲ ϴ ϸ  ϶ ϸ : 
ϴ) Ϲϸ Ϲ Ϸ ϿϹ ϼϽ …………………………………...……….139 3/ ; 
ϵ)϶ Ϲ  ϵϼ  ……………………………………………………368 3/ ; 
϶) ϴϾ ϼ ϴϿ Ͻ  ϵϹ Ϲ Ϲ : 0,1%....................... …….912 3/ ; 
                                                           0,01%...........................1065 3/ ; 
Ϸ) ϼ ϼ ϴϿ Ͻ …………………….……………………..………84 3/ ; 
ϣϴ ϴ Ϲ  ϶ ϸ ϴ ϼϿϼ ϴ: 
ϴ) ϴ ϴϾ Ϲ  ϹϷ Ͽϼ ϶ϴ ϼ  Ͼϴ ……………………………….Ϸ ϸ ϶ Ͻ; 
ϵ) Ϲ Ͼϴ:ϡϣϧ …………………………………..............................109 ; 
                 Ϩϣϧ …………………………………...………………..112 ; 
                  ϧϠϢ ………………………………………………… 105,81 ; 
϶) ϵ Ϲ :  

 Ͽ Ͻ ………………..……………………………..9,17Ͼ 3; 
 ϿϹϻ Ͻ..…………………………………………...1,31 Ͼ 3; 

ϡϴ  ϗϱϥ: 
ϴ) ϴϾ ϼ ϴϿ Ͻ ………………………………………….………46,5 ; 
ϵ) ϴ Ϲ Ͻ ………………………………….…………………..33,45 ; 
϶) ϼ ϼ ϴϿ Ͻ …………………………………….…………….32,4 ; 
ϱ Ϲ ϷϹ ϼ Ϲ ϾϼϹ ϴ ϴϾ Ϲ ϼ ϼϾϼ: 
ϴ) : 
    ϴ ϶ϿϹ ϴ  ……………………………………................106 Ϡϖ ; 
    Ϸϴ ϴ ϼ ϶ϴ ϴ  …………………………….…....................85 Ϡϖ ; 
ϵ) Ϲϸ Ϲ Ϸ ϿϹ  ϶ ϴϵ Ͼϴ Ϲ Ϸϼϼ …………………………412,5 Ͽ  
Ͼϖ · . 
ϣϿ ϼ : 

ϴ) ϵϹ ϴ  ϶ ϸ Ͽϼ϶ ϴ  Ͽ ϼ ϴ, Ϸ ϴ϶ϼ ϴ ϼ ϴ ……… ϴ Ϲ ϼϴϿ ϵϹ ; 

ϵ) ϵϹ ϴ  ϴ ϼ ϴ  ϴ  ………………...……….. ϴ Ϲ ϼϴϿ ϵϹ ; 

϶) Ϸ ϴ϶ϼ ϴ ϼ ϴ  ϵϹ ϴ  ϴ϶ ϵϹ ϹϺ ϴ  ϼ ϿϹ϶ ϵϹ ϹϺ ϴ  ϷϿ ϼϹ  

ϴ ϼ ……………………... ϴ Ϲ ϼϴϿ ϵϹ ; 

Ϸ) ϻϸϴ ϼϹ ϗϱϥ ϸϹ ϼ϶ϴ ϼ Ϸ  ϼ ϴ……………....... ϴ Ϲ ϼϴϿ ϵϹ . 

ϖ ϸ ϵ Ϲ ϺϹ ϼ : 
ϴ) ϴ ϼ ϴ  ………………………………………… ϴ Ϲ ϼϴϿ ϵϹ ; 
ϵ) ϷϿ ϴ  ϿϹ϶ ϵϹ ϹϺ ϴ  …....………………………… ϴ Ϲ ϼϴϿ ϵϹ ; 
϶) ϶ ϸ Ͽϼ϶ ϴ  …………………………………………. ϴ Ϲ ϼϴϿ ϵϹ . 

ϖ ϸ ϵ Ϲ ϺϹ ϼ : 
ϴ) ϼ  …………………………………………………….. ϶Ϲ Ͻ ϶ ϸ Ͽϼ϶; 
ϵ) ϼ Ͽ  ϼ ϴϻ Ϲ  ϿϹ ϶ ……………………….2 ϶Ϲ ϼϽ  4 ; 
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϶) ϵ ϴ  ϸϿϼ ϴ ……………………………………………………..10 ; 
Ϸ) ϴϾ ϼ ϴϿ ϴ  ϶ ϴ …………………………….……………..22 ; 
 
 

1. Ϣ ϶ Ϲ ϵ ϸ ϶ϴ ϼϹ: 
ϴ) ϼ  ϵϼ  ……………………………….....................ϣϟ50-ϖ-375; 
ϵ) ϼ  ϷϹ Ϲ ϴ ϴ ……………………………….. ϥϖ-595/100-30ϧϩϟ5; 
϶)  ϷϹ Ϲ ϴ ϴ ………………………..…………….36,7 Ϡϖ ; 
Ϸ) Ͼ Ͽϼ Ϲ ϶  ϴϷ ϹϷϴ ϶ ……………………………………..……..4 . 

2. ϦϹ ϼϾ - Ͼ ϼ Ϲ ϾϼϹ Ͼϴϻϴ ϹϿϼ: 
ϴ) ϸϹϿ Ϲ Ͼϴ ϼ ϴϿ ϶Ͽ ϺϹ ϼ  ………………………………...69891,93 ϵ./Ͼϖ ;  
ϵ) ϹϵϹ ϼ  Ϲ Ϸϼϼ ………………………………………….0,39 ϵ./Ͼϖ · ; 
϶) Ͼ Ͼ ϴϹ ϼ …………………………………………10 ϿϹ  3 Ϲ Ϲ϶. 
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1     
  
1.1    
 
1.1.1   
 
Ϟ ϴ ϶Ͽ Ϲ  ϶Ϲ ϼ  Ϲ Ϲ ϼϹ  Ϟ ϶ϸ - ϹϾϼ ,϶ ϹϾϴ ϹϽ ϼϻ  ϻϹ ϴ  

Ϧ ϻϹ , ϶ ϴϸϴ ϹϽ ϶  Ϟϴ ϸϴϿϴϾ ϾϼϽ ϻϴϿϼ϶ , ϶Ͽ ϹϷ  ϴ  ϕϹϿ Ϸ  
. ϘϿϼ ϴ ϹϾϼ 217 Ͼ ., Ͽ ϴϸ  ϵϴ ϹϽ ϴ 28 . . 
 
1.1.2  
 
ϛϼ ϴ ϸ ϿϺϼ ϹϿ ϴ  , ϼ ϹϿ  ϷϾϴ . ϟϹ  Ͼ Ͼ Ϲ,  

Ͽϴϸ Ϲ. ϣ Ϸ ϸϴ Ϲ Ͻ ϼ϶ϴ ,  ϵ Ϲ  ϴ ϼ ϼϾϿ ϴ ϼ, 
Ͼ Ϲ ϼϸ   ϻϴ ϴϸ Ͻ . ϗ ϸ ϶ Ϲ Ͼ Ͽϼ Ϲ ϶  ϴϸϾ ϶ Ͼ ϿϹϵϿϹ   
400-500  ϴ Ϲ϶Ϲ Ͻ Ϲ  ϼ 700-800  ϴ ϷϹ. ϖϹ ϴ ϴ Ϸ ϼ ϸϼ  ϶  
϶  ϸϹϾϴϸ  ϴ ϹϿ  ,  ϹϻϾ Ϲ Ͽ ϸϴ ϼϹ ϶ ϻ Ϻ  ϶ ϴϹ, ϴ ϴ Ϲ϶Ϲ Ͻ 

Ϲ -϶ ϼ Ϲ. ϥϣ 131.13330-2016 «ϞϿϼ ϴ Ͽ Ϸϼ » Ϲ Ϲ ϴ ϴ ϶ ϻϸ ϴ   
ϴϼϵ ϿϹϹ Ͽ ϸ Ͻ ϹϸϹϿϼ ϴ϶ϼϿϴ -28°ϥ. 

 
1.1.3   
 
ϤϹϾϴ ϼ ϴϹ  ϶Ϲ ϼ ϼ ϸϻϹ ϼ 

ϼ Ͼϴ ϼ. ϥ Ϲϸ Ϲ Ϸ ϿϹ ϼϽ ϴ ϸ ϶ ϸ  ϴ϶Ϲ  141 3/  ( ϵ ё  Ͼϴ 8,61 
Ͼ 3/Ϸ ϸ). ϖϹ Ϲ ϼϽ ϸ ё  ϶ ϸ ( Ͽ ϶ ϸ Ϲ) ϴ ϼ ϴϹ  ϶ ϴϹ ϼ ϻϴϾϴ ϼ϶ϴϹ  
϶ ϶  ϶ ϼ ϿϹ. ϥ Ͼ ϶ ϸ  ϴ ϹϸϹϿ Ϲ  ϶ Ϲ Ϲ ϼϹ Ϸ ϸϴ ϴ϶ Ϲ : ϻϴ 
϶Ϲ Ϲ ϼϽ Ϲ ϼ ϸ ϴ϶Ͽ Ϲ  34%; ϻϴ ϿϹ ϼϽ – 24%, ϻϴ Ϲ ϼϽ – 24 % ϼ ϻϴ 
ϻϼ ϼϽ – 18% Ϸ ϸ ϶ Ͻ ϶ϹϿϼ ϼ . ϠϴϾ ϼ ϴϿ Ͻ ϴ ϸ ϼ ϶  
ϴ ё  Ͽ ϴϹ 739 3/  ϼ ϴϾ ϼ ϴϿ Ͻ ϴ ϸ ϼ ϶Ϲ  Ͽ ϴϹ 912 
3/  , ϴ ϼ ϴ Ͻ ϴ ϸ =  3/ . 

 
2 -   
 
ϖ ϼϿ ϺϹ ϼϼ ϔ ϼ ϹϹ   Ϸϼϸ Ͽ Ϸϼ Ϲ ϾϼϽ ϸ ϻϴ 50 ϿϹ  ϴϵϿ ϸϹ ϼϽ ϻϴ 

ϹϾ Ͻ Ϟ ϴ. ϗ ϸ ϸϹϿϼ  ϴ Ͽ ϶ ϸ Ϲ ( Ϸ ϶ ϸ Ͻ Ϲ ϼ ϸ) ϼ ϹϺϹ  ( 
ϴϿ ϶ ϸ Ͻ Ϲ ϼ ϸ). Ϟ Ͽ ϶ ϸ   Ϲ , ϶ Ͼ  Ϲ϶ ϴ  
Ϲϸ ϹϷ ϸ ϶ Ϲ ϻ ϴ Ϲ ϼ . Ϟ ϹϺϹ ϼ ϶Ϲ ϶Ϲ , ϷϸϹ ϴ ϸ  ϼϺϹ Ϲϸ ϼ  

ϻ ϴ Ϲ ϼϽ ϻϴ Ϸ ϸ. 
 
2.1   
 
1. ϣ ϹϾ ϼ Ϲ ϴ  ϗϱϥ ϴ ϸϼ  ϴ ϹϾϹ Ϟ ϴ; 
2. ϱ Ϲ Ϸ ϼ Ϲ ϴ: Ϟ Ͽ Ͼ Ϲ ϤϘϧ,P =  ; 
3. ϧ ϴ ϶ϿϹ ϴ   Ϲ ϶ ϼ  ϗϱϥ: 1358 Ϡϖ  
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4. Ϣ Ϲ Ͼϴ =  ; 
5. Ϣ Ϲ Ͼϴ Ϸ  ϸ ϴ =  ;  
6. Ϟ ϼ ϼϹ  ϼ k = , ; 
7. ϛϼ ϼϽ Ͼ ϼ ϼϹ  k = , ; 
8. ϣ Ϲ ϼ ϴ ϴ ϶ ϶ ϸ ϸ϶ ϸ ϼ  ϺϹ ϼ  Δh =  , ; 
9. Ϧ Ϲϵ ϶ϴ ϼ  ϴ ϼϾ ϶ ϶ ϸ ϻ Ͻ ϶Ϲ Ϸ  Ͼ ϿϹϾ ϴ ϼ Ϲ ϼ 

϶ ϸ  Ϲϸ ϴ϶ϿϹ  ϶ ϴϵϿϼ Ϲ 1, ϴ Ϲϵ ϶ϴ ϼ  ϖϩϞ ϶ ϴϵϿϼ Ϲ 2. 
10.  Ϟ ϼ϶ Ϲ ϶ ϻϼ  

 
ϦϴϵϿϼ ϴ 1 – ϣ Ϲ ϼ ϶ ϸ  ϼϻ ϶ ϸ ϴ ϼϿϼ ϴ 

ϠϹ  I II  III  IV V VI  VII VIII IX X XI  XII Q , ⁄  0 0 0 1,6 4,4 2,9 2,5 0,8 0,9 0,9 0 0 Q , ⁄  0,8 0,7 0,4 -3 -1,6 0 0 0 0 0 1,7 1,0 Q , ⁄  0,21 0,18 0,18 0,79 1,11 0,73 0,63 0,39 0,45 0,43 0,43 0,25 

 
ϦϴϵϿϼ ϴ 2 – Ϧ Ϲϵ ϶ϴ ϼ  ϖϩϞ 

ϠϹ  I II  III  IV V VI  VII VIII IX X XI  XII Q , ⁄  60 60 60 60 60 60 60 60 60 60 60 60 Q  , ⁄  30 

 
2.2     
 
ϥ Ϲϸ Ϲ Ϲ Ϲ ϴ ϸ  ϸϿ  (1947) Ϸ ϸϴ 50% ϵϹ Ϲ Ϲ ϼ ϼ϶ϹϸϹ  

϶ ϴϵϿϼ Ϲ 3.  

 
ϦϴϵϿϼ ϴ 3 – ϥ Ϲϸ Ϲ Ϲ Ϲ ϴ ϸ  ϸϿ  (1947) Ϸ ϸϴ 50% ϵϹ Ϲ Ϲ ϼ: 
ϠϹ  1 2 3 4 5 6 7 8 9 10 11 12 Q  

Q, 3/  41 37 35 168 375 278 155 139 105 92 101 89 141 

 
ϥ Ϲϸ Ϲ Ϲ Ϲ ϴ ϸ  ϸϿ  (1970) Ϸ ϸϴ  90% ϵϹ Ϲ Ϲ ϼ 

ϼ϶ϹϸϹ  ϶ ϴϵϿϼ Ϲ 4 
 

ϦϴϵϿϼ ϴ 4 - ϥ Ϲϸ Ϲ Ϲ Ϲ ϴ ϸ  ϸϿ  (1970) Ϸ ϸϴ 90% ϵϹ Ϲ Ϲ ϼ: 
ϠϹ  1 2 3 4 5 6 7 8 9 10 11 12 Q  

Q, 3/  39 36 32 158 137 214 118 80 94 85 88 48 98 

 
ϢϵϹ Ϲ Ϲ ϼ ϸϿ  Ͽ ϶ ϸ  1947 Ϸ ϸϴ 50% ϼ 90%  ϵϹ Ϲ Ϲ ϼ 

50% ϼ 90% ϸϿ  Ͽ ϶ ϸ  1970 Ϸ ϸϴ ϼ϶ϹϸϹ  ϶ ϴϵϿϼ ϴ  5 ϼ 6. 
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ϦϴϵϿϼ ϴ 5 - 50% ϵϹ Ϲ Ϲ ϼ ϸϿ  Ͽ ϶ ϸ  (1947 Ϸ ϸ): 

ϠϹ  4 5 6 7 Q  
Q, 3/  168 375 278 155 250 

 
ϦϴϵϿϼ ϴ 6- 90% ϵϹ Ϲ Ϲ ϼ ϸϿ  Ͽ ϶ ϸ  (1970 Ϸ ϸ): 

ϠϹ  4 5 6 7 Q  
Q, 3/  158 137 214 118 158 

 
ϡ Ϻ  ϶϶Ϲ ϼ ϴ϶ Ϲ Ͼ ϼ ϼϹ  ,  Ϲϸ ϼϹ ϴ ϸ  

Ͽϼ ϴ . 
 

Ϟ Ͽ 50% =  =  = 0,92;                                                                            (2.1) 

 

Ϟ Ͽ 90% = =   = 1,02;                                                                          (2.2) 

 
ϣ ϿϹ Ͼ ϹϾ ϼ ϶Ͼϼ ϴ϶ ϼ Ͼ ϼ ϼϹ ϴ ϼ, ϵϹ Ϲ Ϲ ϼ 

50 ϼ  90% ϵϹ Ϲ Ϲ ϼ ϸϿ  ϹϺϹ ϼ ϼ϶ϹϸϹ   ϶ ϴϵϿϼ ϴ  7 ϼ 8 
϶Ϲ ϶Ϲ . 

 
ϦϴϵϿϼ ϴ 7 - 50% ϵϹ Ϲ Ϲ ϼ ϸϿ  ϹϺϹ ϼ (1947 Ϸ ϸ): 

ϠϹ  1 2 3 8 9 10 11 12 Q  
Q, 3/  43 38 36 129 104 93 102 91 80 

 
ϦϴϵϿϼ ϴ 8 - 90% ϵϹ Ϲ Ϲ ϼ ϸϿ  ϹϺϹ ϼ (1970 Ϸ ϸ): 

ϠϹ  1 2 3 8 9 10 11 12 Q  
Q, 3/  41 36 34 75 90 83 81 49 61 

 
Ϥϴ ϸ  ϶ ϶   Ϲ ϶ ϴϿϼ  Ϲ ϶ϼ  ϻ ϴ Ϲ ϼϹ , ϻ ϴ ϼ , Ϻ  

ϼϻ Ϲ ϼ  ϴ϶ Ϲ Ͼ ϼ ϼϹ . 
 

Ϟ ϹϺ 50% =  =  = 1,05;                                                                             (2.3) 

 

Ϟ ϹϺ 90% =  = 1;                                                                                            (2.4) 

 
ϣ ϿϹ ϼϻ Ϲ Ϲ ϼ  ϴ϶  Ͼ ϼ ϼϹ ϶ ϴ ϸ  50% 

ϵϹ Ϲ Ϲ ϼ ϸϿ  1947 Ϸ ϸϴ ϼ϶ϹϸϹ  ϶ ϴϵϿϼ Ϲ 9. 
 
 

ϦϴϵϿϼ ϴ 9 - 50% ϵϹ Ϲ Ϲ ϼ (1947 Ϸ ϸ): 
ϠϹ  1 2 3 4 5 6 7 8 9 10 11 12 Q  
Q, 3/  43 38 36 168 375 278 155 129 104 93 102 91 135 
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Q  Ϲ ϶ ϴϸϴϹ   ϼ ϸ ϼ ϸϴ ϼ, Ϻ  Ͼ ϹϾ ϼ ϶ϴ  

Ͽ Ϲ Ϲ ϴ϶ Ϲ Ͼ ϼ ϼϹ , ϼ ϼ ϴϹ  Ϟ Ͽ 50% = 0,97;  Ϟ ϹϺ 50% = 
1,025. ϛ ϴ Ϲ ϼ  ϴ ϸ ϶ ϿϹ Ͼ ϹϾ ϼ ϶Ͼϼ ϼ϶ϹϸϹ  ϶ ϴϵϿϼ ϴ  10,11. 

 
ϦϴϵϿϼ ϴ 10 - 50% ϵϹ Ϲ Ϲ ϼ (1947 Ϸ ϸ): 

ϠϹ  1 2 3 4 5 6 7 8 9 10 11 12 Q  
Q, 3/  47 42 37 166 378 276 160 140 113 101 110 97 135 

 
ϦϴϵϿϼ ϴ 11 - 90% ϵϹ Ϲ Ϲ ϼ (1970 Ϸ ϸ): 
ϠϹ  1 2 3 4 5 6 7 8 9 10 11 12 Q  

Q, 3/  41 36 34 158 137 214 118 75 90 83 81 49 98 

 
ϗϼϸ Ϸ ϴ  ϹϾϼ Ϟ ϴ  ϶ ϴϿ ϶ ϸ  ϼ Ϲϸ Ϲ϶ ϸ  Ϸ ϸ  Ϲϸ ϴ϶ϿϹ  ϴ 

ϼ ϾϹ 1. 
 

 

Ϥϼ Ͼ 1 – ϗϼϸ Ϸ ϴ  ϹϾϼ Ϟ ϴ ϴϿ ϶ ϸ Ϸ  ϼ Ϲϸ Ϲ϶ ϸ Ϸ  Ϸ ϸϴ 
 

2.3   
 
2.3.1   
 
ϘϿ  Ϸ  ϵ  ϼ  Ͼ ϼ϶  ϶ ϻϼ ϶ ϶Ϲ Ϲ  ϵ Ϲ Ϲ ϹϾ ϼ Ϲ Ͻ 

ϗϱϥ, Ϲ ϵ ϸϼ : Ϲ Ͼϼ ϡϣϧ=109  ϼ Ͽ Ͻ ϵ Ϲ  ϶ ϸ ϴ ϼϿϼ ϴV Ͽ= 
9,17 Ͼ 3. Ϟ ϸϼ ϴ  Ͼ ϼ϶ Ͻ ϻϴ϶ϼ ϼ ϼ Zϖϕ =f(V) ϼ϶ϹϸϹ  ϶ ϴϵϿϼ Ϲ 12. 

Ϟ ϼ϶ϴ  ϵ Ϲ ϶ Ϸϼϸ ϻϿϴ ϶ ϶Ϲ Ϲ  ϵ Ϲ Ϲ ϼ϶ϹϸϹ ϴ ϴ ϼ ϾϹ 2.  
 

ϦϴϵϿϼ ϴ 12 - Ϟ ϸϼ ϴ  Ͼ ϼ϶ Ͻ ϻϴ϶ϼ ϼ ϼ Zϖϕ =f(V) 
V 0 1 2 3 4 5 6 7 8 9 9,17 10 

Z 60,0 77,8 85,2 89,5 93,2 96,9 
100,

2 
103,

0 
105,

7 
108,

6 
109 111 

0

50

100

150

200

250

300

350

400

1 2 3 4 5 6 7 8 9 10 11 12

 , 
^

3/
c

50%

90%
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Ϥϼ Ͼ 2 – Ϟ ϼ϶ϴ  ϵ Ϲ ϶ Ϸϼϸ ϻϿϴ ϶ ϶Ϲ Ϲ  ϵ Ϲ Ϲ 

 
2.3.2   
 
Ϟ ϸϼ ϴ  Ͼ ϼ϶ Ͻ ϴ ϸ ϶ Zϡϕ =f(Q) ϻϴ ϿϹ ϼϽ ϼ ϻϼ ϼϽ Ϲ ϼ ϸ 

ϼ϶ϹϸϹ  ϶ ϴϵϿϼ Ϲ 13. Ϟ ϼ϶ϴ  ϴ ϸ ϶ ϻϴ ϿϹ ϼϽ ϼ ϻϼ ϼϽ Ϲ ϼ ϸ ϶ ϼϺ Ϲ  
ϵ Ϲ Ϲ ϼ϶ϹϸϹ ϴ ϴ ϼ ϾϹ 3. 

 
ϦϴϵϿϼ ϴ 13 – Ϟ ϸϼ ϴ  Ͼ ϼ϶ Ͻ ϴ ϸ ϶ Zϡϕ =f(Q) ϻϴ ϿϹ ϼϽ ϼ ϻϼ ϼϽ 

Ϲ ϼ ϸ 

Zϡϕ,  59,9 64,9 67,9 70,2 72,0 73,4 74,5 75,3 75,9 76,3 76,6 76,9 77,1 

QϿϹ , 
3/  

0 80 160 240 320 400 480 560 640 720 800 880 960 

Qϻϼ ϴ, 
3/  

0 100 200 300 400 500 600 700 800 900 1000 1100 1200 

 

60.00

70.00

80.00

90.00

100.00

110.00

120.00

0 1 2 3 4 5 6 7 8 9 10

Z
ϖϕ

, 

V, Ͼ 3
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Ϥϼ Ͼ 3 – ϟϹ  ϼ ϻϼ  Ͼ ϼ϶ϴ  ϴ ϸ ϶ ϶ ϼϺ Ϲ  ϵ Ϲ Ϲ 
 
2.4   
 
2.4.1       

 
 
Ϝ Ͽ ϻ  ϸϴ Ϲ ϼϻ Ϸ  Ϸ ϴ ϼϾϴ P(t), ϼ  Ϸ ϸ ϶ Ϲ Ϸ ϴ ϼϾϼ 

ϴϾ ϼ ϴϿ  ϼ Ϲϸ Ϲ Ϲ  ϴϷ ϻ Ͼ Ϲ Ϸ ϼ Ϲ : 
 ϠϴϾ ϼ ϴϿ ϴ  ϼ Ϲϸ  ϴϷ ϻϾϴ Ϲ Ϸ ϼ Ϲ  ϼ  

ϼ ϼϸϴϿ Ͻ ϴ ϴϾ Ϲ  ϼ ϸϿ  ϴϵ ϹϷ  ϸ  ϾϴϺϸ Ϸ  Ϲ ϴ ϹϸϹϿ Ϲ   
ϿϹ: 
 
 = + ∙ | ° − °|                                                                  (2.5)          
              
ϷϸϹ t – Ϲ ϴ Ϲ Ϲ϶; a ϼ b – Ͼ ϼ ϼϹ , ϶ ϼ Ͽ Ϲ Ϲ  
Ͽϴ :  
 = + = + =                                                             (2.6) 

 = − = − =                                                                (2.7) 

 
ϔ ϴϿ Ϸϼ  ϼ  Ϸ ϴ ϼϾ ϸϿ  Ϲϸ ϼ  ϹϽ,  Ͼ ϴ  a ϼ b 

϶ ϼ Ͽ  ϺϹ  Ϲϸ ϼ  ϹϵϿϹ ϼ  ϶ ϻϼ ϼϹ ϼ ϿϹ ϼϹ Ͼϼ  =  ϼ  =   , a=1650; b=259     
Ϙϴ Ϲ ϸϿ  Ϲ ϼ  Ϸ ϸ ϶  Ϸ ϴ ϼϾ ϶ ϴϾ ϼ ϴϿ  ϼ Ϲϸ ϼ  ϴϷ ϻ Ͼ 

Ϲ Ϸ ϼ Ϲ  ϶ ϴϵϿϼ Ϲ 14. ϗ ϴ ϼϾ ϴϾ ϼ ϴϿ  ϼ Ϲϸ Ϲ Ϲ  
ϹϽ ϴ ϼ ϾϹ 4. 
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ϦϴϵϿϼ ϴ 14 - Ϙϴ Ϲ ϸϿ  Ϲ ϼ  Ϸ ϸ ϶  Ϸ ϴ ϼϾ ϶ ϴϾ ϼ ϴϿ  ϼ 
Ϲϸ ϼ  ϴϷ ϻ Ͼ Ϲ Ϸ ϼ Ϲ  

t α s   

I 0,26 0,97 2068 1915 

II  0,79 0,71 2007 1850 

III  1,31 0,26 1890 1736 

IV 1,83 -0,26 1756 1605 

V 2,36 -0,71 1670 1491 

VI  2,88 -0,97 1572 1425 

VII 3,40 -0,97 1572 1425 

VIII 3,93 -0,71 1670 1490 

IX 4,45 -0,26 1755 1604 

X 4,97 0,26 1890 1735 

XI  5,50 0,71 2006 1849 

XII 6,02 0,97 2074 1915 

 
ϣ  ϸϴ  ϴϵϿϼ  ϵ Ͽ Ϲ  Ϸ ϸ ϶ Ͻ Ϸ ϴ ϼϾ ϴϷ ϻϾϼ  Ϲϸ ϼ  ϼ 

ϴϾ ϼ ϴϿ  ϹϵϿϹ ϼϹ  [ϣ ϼϿ ϺϹ ϼϹ ϖ]. 
 

 
Ϥϼ Ͼ 4 – ϗ ϴ ϼϾ ϴϾ ϼ ϴϿ  ϼ Ϲϸ Ϲ Ϲ  ϹϽ 
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2.5      ё    
 
ϗϿϴ϶  Ͼ ϼ Ϲ ϼϹ  ϼ ϹϸϹϿϹ ϼϼ ϴ ϴ Ϲ ϶ ϹϾ ϼ Ϲ Ͻ ϗϱϥ 

϶Ͽ Ϲ  ϴϾ ϼ  ϶ Ϲ Ϲ ϼ  Ϲ Ͽ ϶  ϹϽ ϶ Ϲ Ϸ ϼ Ϲ Ϲ. ϤϹϺϼ  
ϴϵ  Ϲϸ ϴ϶ϿϹ  ϶ ϴϵϿϼ Ϲ 15. ϘϿ  ϶ ϵ ϴ Ϸ  ϴ Ϲ Ϸ  ϴϿ ϶ ϸ Ϸ  Ϸ ϸϴ 

(1970Ϸ.) ϶ ϼ Ͽ Ϲ  ϻ ϴ Ϲ ϼϹ ϼ ϴ ϿϹϻ  ϵ ϶  ϾϹ ϸϿ  ϾϴϺϸ Ϸ  
Ϲ ϴ Ϸ ϸϴ  ϿϹ: 

 . Э = ∙ % · Э                                                                               (2.8) 
 
ϷϸϹ –  Ͼ ϼ ϼϹ  ϼ,  =  , ; 
      % –ϵ ϶ Ͻ ϴ ϸ ϴ Ϲ Ϸ  ϴϿ ϶ ϸ Ϸ  Ϸ ϸϴ, 3/ ; 
      Э −  ϸ϶ϹϸϹ Ͻ ϴ  ϗϱϥ, . 
      ∆ℎ −  Ϲ ϼ ϴ ϴ ϶ ϶ ϸ ϸ϶ ϸ ϼ  ϺϹ ϼ , ∆ℎ = ,  . 

ϛϴ Ϲ  ϴ ϼ ϶ϴϹ   ϗϱϥ ϶ ϹϺϼ Ϲ ϴϵ   Ϲϵ ϶ϴ ϼ  
ϖϩϞ  ϿϹ: 

  
 = ∙ ∙  Э                                                                                      .   

 
ϷϸϹ − ϴ ϸ ϶ ϸ   Ϲϵ ϶ϴ ϼ  ϴ ϼϾ ϶ ϶ ϸ ϻ Ͻ ϶Ϲ Ϸ  
Ͼ ϿϹϾ ϴ, 60 3/ . 
 
ϦϴϵϿϼ ϴ 15 – ϤϹϺϼ  ϴϵ  ϵϹϻ ϹϷ Ͽϼ ϶ϴ ϼ   Ϲ  ϖϩϞ 
  ϤϹϺϼ  ϴϵ  ϗϱϥ  ϶ ϸ Ͼ  
ϠϹ  I II  III  IV V VI  VII VIII IX X XI  XII Q % , ⁄  41 36 34 158 137 214 118 75 90 83 81 49 ∑Q , ⁄  1,0 0,9 0,5 -0,6 3,9 3,7 3,1 1,2 1,4 1,3 2,1 1,3 Q , ⁄  40,0 35,1 34,5 158,6 217,1 142,4 121,9 75,8 88,7 83,7 82,9 48,8 Q , ⁄  40,18 35,28 34,65 159,42 218,18 143,08 122,50 76,23 89,10 84,15 83,30 49,00 Z ,  109 109 109 109 109 109 109 109 109 109 109 109 Z ,  63 62 62 68 70 67 67 65 65 65 65 63 N ,  16 14 14 56 73 51 44 29 33 32 31 19 

  ϤϹϺϼ  ϴϵ  ϗϱϥ  Ϲϵ ϶ϴ ϼ  ϖϩϞ 

ϠϹ  I II  III  IV V VI  VII VIII IX X XI  XII Q , ⁄  60 60 60 60 60 60 60 60 60 60 60 60 Z ,  109 109 109 109 109 109 109 109 109 109 109 109 
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ϢϾ ϴ ϼϹ ϴϵϿϼ  15 Z ,  64 64 64 64 64 64 64 64 64 64 64 64 H,  44 44 44 44 44 44 44 44 44 44 44 44 N ,  23 23 23 23 23 23 23 23 23 23 23 23 N − N  -7 -9 -10 33 50 28 21 6 10 8 8 -4 

 
Ϙϴ Ͻ ϴ ё  ϶ Ͽ Ϲ   ϹϿ  ϹϸϹϿϹ ϼ  Ϲ Ϲ϶, ϶ Ͼ Ϲ 

ϗϱϥ ϵ ϸϹ  ϴϵ ϴ  ϴ ϴ ϸϴ , Ϲ϶ ϴ ϼ  Ϲϵ ϶ϴ ϼ  ϖϩϞ. Ϡ , 
Ͼ   ϺϹ  ϴ ϹϸϹϿϼ  ϶ Ϲ  ϹϷ Ͽϼ ϶ϴ ϼ , ϴ ϼ ϶ϴϹ   

ϿϹ: 
 N −  N =                                                                         (2.10) 

 
 
2.6   
 
ϕϴϿϴ  Ϲ Ϸϼϼ ϼ  ϴ Ϸ ϸ ϶  Ϸ ϴ ϼϾϹ Ϲϸ ϼ  

ϹϽ[ϣ ϼϿ ϺϹ ϼϹ ϗ]. ϣ  ϸϴ  ϴϵϿϼ  16 ϼ  ϵϴϿϴ  Ϲ Ϸϼϼ , ϴ 
Ͼ  ϼϻϿϼ Ͼϼ ϵ ϶ Ͻ ϼ ϴ ϹϸϹϿ Ϲ  ϴϾϼ  ϵ ϴϻ , ϵ  
ϵϹ Ϲ ϼ  ϴϾ ϼ ϴϿ Ϲ ϶ Ϲ Ϲ ϼϹ Ϲ Ͽ ϶  ϹϽ ϼ Ϲ  ϼ 
ϴϾ ϼ ϴϿ  ϷϿϴϸϼ  Ϲϸ Ϲ Ϲ  ϴϷ ϻϾ  ϴ Ϸ ϸ ϶  Ϸ ϴ ϼϾϹ 
Ϲϸ Ϲ Ϲ  ϹϽ. 

ϘϿ  Ϸ , ϵ  ϼϻ϶Ϲ ϼ Ϲ ϶ Ͻ ϼϵϿϼϺϹ Ͻ ϴ ё  
Ϸϴ ϴ ϼ ϶ϴ Ͻ Ϲ Ϸ ϸϴ ϼ, ϴ ϼ ϾϹ ϶ ϸϼ  Ϸ ϼϻ ϴϿ   
Ϸϴ ϴ ϼ ϶ϴ Ͻ ϼ 

Ϝϻ ϵϴϿϴ ϴ Ϲ Ϸϼϼ ϹϸϹϿϹ ϴ: Ϸϴ ϴ ϼ ϶ϴ ϴ   ϴ ϼϼ NϷϴ = 
88 Ϡϖ . 

 
ϦϴϵϿϼ ϴ 16 – Ϙϴ Ϲ ϸϿ  Ϲ ϼ  ϵϴϿϴ ϴ Ϲ Ϸϼϼ 

t, Ϲ . P , Ϡϖ  N . Ϸ , Ϡϖ  Nϵ , Ϡϖ  N϶ Ͼ, Ϡϖ  
1 1917 894 15 23 
2 1852 891 14 23 
3 1735 823 14 23 
4 1606 781 54 23 
5 1491 702 74 23 
6 1425 678 50 23 
7 1425 678 45 23 
8 1491 702 29 23 
9 1605 780 33 23 
10 1735 824 32 23 
11 1849 891 31 23 
12 1917 894 18 23 
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2.7 -  ё   -  
   (P=90%)  

 
ϪϹϿ  ϖϱϤ ϹϺϼ ϴ ϴϵ  ϗϱϥ ϶ ϴϿ ϶ ϸ  Ϸ ϸ  ϶Ͽ Ϲ :  
- ϹϸϹϿϹ ϼϹ Ϸϴ ϴ ϼ ϶ϴ Ͻ ϼ, ϹϾ ϼ Ϲ Ͻ ϗϱϥ; 
- Ϲ Ͼϼ ∇ ; 
- ϿϹϻ Ͻ ϵ Ϲ  ϶ ϸ ϴ ϼϿϼ ϴ. 
Ϥϴ Ϲ  ϴ ϼ ϴϹ   Ϲ ϴ, Ͼ Ϸϸϴ ϶ ϸ ϴ ϼϿϼ Ϲ ϴ Ͽ Ϲ  ϼ, 

ϿϹϸ ϶ϴ ϹϿ , ϶Ϲ  ϶ ϸ  ϶ Ϲ  ϴ϶Ϲ  ∇ϡϣϧ = 109 . ϠϹ Ϲ , ϶ Ͼ Ͻ 
ϴ ϼ ϴϹ   ϴϵ Ͼϴ ϶ ϸ ϴ ϼϿϼ ϴ ϼ ϼ ϴϹ  Ϲ ϶ Ͻ ϿϹ Ͽ ϶ ϸ , ϶ 

Ͼ   ϖϩϞ Ϲ϶ ϴϹ   ϹϾ ϼ Ϲ Ͻ ϗϱϥ  ϶ ϸ Ͼ , 
϶ ϴ ϴ ϼ϶ϴϹ  Ͽ ϴϹ  ϸϹϾϴϵ . 

ϤϹϷ Ͽϼ ϶ϴ ϼϹ ϼ Ϲ ϶Ͽ Ϲ  ϹϷ Ͽϼ ϶ϴ ϼϹ  ϴ ϸϴ ϗϱϥ.      
ϧ ϶ ϼ ϶Ϲ ϹϷ  ϼ ϼϺ ϹϷ  ϵ Ϲ ϴ ϹϸϹϿ    Ͼ ϼ϶  ϶ ϻϹϽ. 
Ϥϴ Ϲ   ϖϱϤ ϼ϶ϹϸϹ  ϶ [ϣ ϼϿ ϺϹ ϼϼ Ϙ]. 

ϘϿ  ϴ϶ϼϿ Ϸ  ϴ Ϲ ϴ  ϸ ϿϺ  ϵϿ ϸϴ  ϼ Ͽ ϶ϼ : =            
          =    
         𝑵 Э = 𝑵  
ϗ ϴ ϼϾ ϴϵ Ͼϼ- ϴ Ͽ Ϲ ϼ  ϶ ϸ ϴ ϼϿϼ ϴ ϶ ϴϿ ϶ ϸ Ͻ Ϸ ϸ Ϲϸ ϴ϶ϿϹ  ϴ 
ϼ ϾϹ 5. 

 

Ϥϼ Ͼ 5 – ϗ ϴ ϼϾ ϴϵ Ͼϼ- ϴ Ͽ Ϲ ϼ  ϶ ϸ ϴ ϼϿϼ ϴ ϶ ϴϿ ϶ ϸ Ͻ 
Ϸ ϸ  

 
ϤϹϻ Ͽ ϴ  ϴ Ϲ ϶ ϖϱϤ  Ͽ ϶ϼ  ϴϿ ϶ ϸ Ϸ  Ϸ ϸϴ: 
– Ϸϴ ϴ ϼ ϶ϴ ϴ   ϶ϴ , ϸϹϾϴϵ  – =  ; 
– ϶Ϲ  ё ϶ Ϸ  ϵ ё ϴ –  = ,  . 
– ϿϹϻ Ͻ ϵ Ϲ  – = ,  . 

 

104.00
104.50
105.00
105.50
106.00
106.50
107.00
107.50
108.00
108.50
109.00
109.50

90%

ϡϣϧ = 109 

ϧϠϢ = 105,81
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2.8        
 
ϖ Ͼ ϶  ϹϾ Ϲ ϼ ϼ ϴϹ ,  ϴ Ϟ Ͽ Ͼ Ϲ ϤϘϧ ϴϵ ϴϹ  Ϟϴ Ͼϴϸ : 

Ϧ Ͽ Ͼϼ , ϡϼ϶ Ͼϼ , ϣϴϻ Ͼϼ  ϗϱϥ. Ϣ ϹϸϹϿϼ   ϶ ϴϵ Ͼ  ϶ ϾϴϺϸ  
Ϲ Ϲ ϼ Ͽ Ϲ Ϲ Ϲϻ Ͽ ϴ  ϶ϹϸϹ  ϶ ϴϵϿϼ  17. 

 
ϦϴϵϿϼ ϴ 17 – ϖ ϴϵ Ͼϴ ϼ ϼ Ϲ ϶ ϼ  ϗϱϥ 

ϠϹ  
Э .  Э

, Ͽ . 
Ͼϖ ·  

Э .  Э  
, Ͽ . 
Ͼϖ ·  

Э .  Э
, Ͽ . 
Ͼϖ ·  

 Э ,
Ϡϖ  

 Э ,
Ϡϖ  

  Э ,
Ϡϖ  

ϳ ϶ϴ  8,72 10,14 3,61 754 440 169 
ϨϹ϶ ϴϿ  8,00 9,30 3,31 754 440 169 

Ϡϴ  7,27 8,45 3,01 754 440 169 
ϔ ϹϿ  7,27 8,45 3,01 754 440 169 

ϠϴϽ 6,54 7,61 2,71 754 440 169 
Ϝ  5,81 6,76 2,41 754 440 169 
Ϝ Ͽ  5,81 6,76 2,41 754 440 169 

ϔ϶Ϸ  6,54 7,61 2,71 754 440 169 
ϥϹ ϵ  7,27 8,45 3,01 754 440 169 
ϢϾ ϵ  7,27 8,45 3,01 754 440 169 
ϡ ϵ  8,00 9,30 3,31 754 440 169 
ϘϹϾϴϵ  8,72 10,14 3,61 754 440 169 

ϥ ϼ  Ϲ Ϸ Ͽ ϼϾϼ Ϲ ϶ ϼ  ϗϱϥ, ϷϸϹ  Ϸ ϼϻ ϴϿ Ͻ ϼ 
ϴ Ͽ ϺϹ ϴ ϴ  ϶ ϴϵ Ͼϴ, ϴ  ϶Ϲ ϼϾϴϿ Ͻ - ϴ ϶ϿϹ ϴ   
ϴ ϴ ϼ϶ϴϹ Ͻ ϗϱϥ. ϖ ϼ ϶ϴϹ  ϹϷ  ϶ ϜϞϡ, ϴϾ, ϵ  ϸ϶Ϲ ϶Ϲ ϼ  
Ϲ Ϸ Ͽ ϼϾϴ Ͼϴ ϴϿϼ  Ϲё.  

Ϣ ϹϸϹϿ Ϲ  ϻ  ϴϵ  Ϟ Ͼ Ͻ ϗϱϥ ϶  Ϸ ϴ ϼϾϹ. 
ϘϴϿϹϹ ϶ ϼ ϶ϴϹ  ϹϾ ϼ Ϲ  ϗϱϥ ϶ ϶ ϵ ϸ  ϻ  ϼϾϴ Ͽϼϵ  

Ͽ ϼϾϴ, ϴ ϴϾϺϹ ϶ ϵϴϻ  Ϸ ϴ ϼϾϴ ϴϷ ϻϾϼ. 
ϘϿ  Ϸ  Ϲ ϵ ϸϼ  ϼ, Q ϴ . Ͼϴ = 30 ³/c, ϶ ϼ Ͽϼ : 
 = ∙ . ∙ = , ∙ ∙ =  Ϡϖ                        (2.11) 

 Э = ∙ = ,  . ∙                                                         (2.12) 

 
ϖ ϼ ϶ϴϹ  Ͽ Ϲ Ϲ ϻ ϴ Ϲ ϼ  ϵϴϻ  ϴ ϜϞϡ. 
ϫ ϵ  ϶ ϼ ϴ  ϹϾ ϼ Ϲ  ϗϱϥ ϶ ϻ  ϼϾϴ ϼϿϼ Ͽ ϼϾϴ 

Ϲ ϵ ϸϼ : 
NϷϴ =85 Ϡϖ , ϿϹϸ ϶ϴ ϹϿ   
 Э = ∙ = ,   . ∙  (2.13) 

 
ϱ ϼϾ = ϱϷϴ  - ϱϵϴϻ = 2,03 – 0,222 = 1,807 Ͽ . Ͼϖ ·                                   (2.14) 
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ϣ ϶ ϸϼ  ϱ ϼϾ ϴ ϜϞϡ ϴϾϼ  ϵ ϴϻ , ϵ  ϶Ϲ ϼ  Ϲ Ϸ Ͽ ϼϾϴ 
Ͼ Ͽϼ  Ͽϼ ϼϼ ϜϞϡ. Ϟϴ Ϲ  Ϲ Ϸ Ͽ ϼϾϴ ϴ ϴϿϿϹϿ Ͻ ϼ P, ϼ Ϲ  
ϻ ϴ Ϲ ϼϹ N ϼϾ = 91 Ϡϖ . 

 
ϖ Ϲϻ Ͽ ϴ Ϲ, ϻ ϴ   ϵϴϻ  ϼ ϼϾϴ ϴ ϼ ϴϹ  N ϴϵ: 
 = + = + =                                                     (2.15) 
 
ϣ  ϸϴ  ϴϵϿϼ  17 ϵ Ͽϴ Ϲ ϴ ϜϞϡ ϸϹϾϴϵ - ϶ϴ [ϣ ϼϿ ϺϹ ϼϹ 

ϙ]. 
 

2.9.       
 ,    

 
ϣ ϼ ϴ϶ϿϹ ϼϼ ϵϴϿϴ ϴ ϼ Ϲ Ϸ ϼ Ϲ  ϼ ϶ϴϹ ,  

ϴϷ ϻ Ͻ ϹϻϹ ϶ ϼ Ϲ  ϴ϶Ϲ   %   , ϴ϶ϴ ϼϽ Ͻ ϹϻϹ ϶ ϴ϶Ͽ Ϲ  
10%  .  

ϡϴϷ ϻ Ͻ ϹϻϹ ϶ ϴ Ͽ ϺϹ  ϴ Ϲ ϶ ϼ  ϼ ϴ ϹϾ ϼ Ϲ Ͻ 
ϗϱϥ,  ϴ϶ϴ ϼϽ Ͻ ϵ ϸϹ  ϴϻ Ϲ Ϲ  ϴ Ϧϱϥ.  ϤϹϻ Ͽ ϴ  ϴ ё ϴ 

Ϲϸ ϴ϶ϿϹ  ϶ ϴϵϿϼ Ϲ 18. 
ϤϹ  ϵ ϸ ϶ϴ ϼ  ϗϱϥ Ϲ ϶Ͽ Ϲ  ϶ Ϲ Ϲ , Ͼ Ϸϸϴ  Ϲ 

Ͽ  ϼ Ͽ ϻ Ϲ  ϶ Ϲ Ϸ ϼ Ϲ Ϲ, .Ϲ. Ͼ Ϸϸϴ ϴ ϗϱϥ ϼ ϹϹ  ϶ ϵ ϸ ϴ  
. 

ϤϹ ϴ  Ͽ ϴϸ  Ϲ ϶ ϼ  ϗϱϥ: 
 . Э = = =    (2.16) 

 
ϤϹ ϴ  Ͽ ϴϸ  ϹϾ ϼ Ϲ Ͻ ϗϱϥ: 
 . = ax = =  (2.17) 

          
Ϟϴ ϼ ϴϿ Ͻ Ϲ  ϵ ϸ ϶ϴ ϼ  Ϧϱϥ Ϻ  Ͽϴ ϼ ϶ϴ , ϼ ϸ  ϼϻ 

ϴ Ϲ ϴ ϴ ϶Ͼϼ ϾϴϺϸ Ϸ  ϴϷ ϹϷϴ ϴ ϴ Ϲ ϼ ϸ Ϲ ϴ ϶ Ϲϸ Ϲ  1 ϴϻ ϶ 2 Ϸ ϸϴ 
 F Э = Э ∙ + Э ∙ =                                   (2.18) 
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ϦϴϵϿϼ ϴ 18–ϕϴϿϴ  ϼ Ϲ Ϸ ϼ Ϲ  ϶ ϴϿ ϶ ϸ  Ϸ ϸ  

ϠϹ  
ϥϼ Ϲ ϴ 

ϥ Ϲ ϶ ϴ  
ϗϱϥ 

ϣ ϹϾ ϼ Ϲ ϴ  
ϗϱϥ 

Ϧϱϥ 

Pmax N .  Nϴ.  N ϴϵ.max N .  N Ϲ  N ϴϵ.max N .  N Ϲ  N ϴϵ.max Nϴ.  N Ϲ  

I 2074 62 207 936 56 0 100 6 0 1038 207 0 

II  2007 60 201 858 56 0 61 4 0 1083 201 0 

III  1890 57 189 780 51 0 81 5 0 1029 189 0 

IV 1756 53 176 780 49 0 56 4 0 920 176 54 

V 1670 50 167 702 46 0 61 4 0 907 167 151 

VI  1572 47 157 624 43 0 56 4 0 891 157 262 

VII 1572 47 157 624 43 0 58 4 0 890 157 262 

VIII 1670 50 167 702 46 78 64 4 0 904 167 152 

IX 1756 53 176 780 49 78 61 4 17 915 176 54,5 

X 1890 57 189 780 51 0 85 6 0 1025 189 0 

XI  2007 60 201 858 56 0 66 4 0 1083 201 0 

XII 2074 62 207 936 56 0 100 6 0 1038 207 0 

 

ϧ ϴ ϶ϿϹ   ϹϾ ϼ Ϲ Ͻ ϗϱϥ Ϲϸ ϴ϶ϼ  ϶ ϶ϼϸϹ : 
     .Э = .Э + Э = + =                               .      
 
ϣ  ϸϴ  ϴϵϿϼ  ϵ Ͽ Ϲ  Ϸ ϴ ϼϾ ϵϴϿϴ ϴ ϹϽ 

[ϣ ϼϿ ϺϹ ϼϹ Ϛ]. 
 
2.10 -  ё   -  

   (P=50%)  
 
ϖϱϤ Ϲϸ Ϲ϶ ϸ Ϸ  Ϸ ϸϴ Ϲ ϵ ϸϼ  ϸϿ  ϹϸϹϿϹ ϼ   Ϲϸ Ϲ Ϸ ϿϹ ϹϽ 

϶ ϴϵ Ͼϼ, ϹϾ ϼ Ϲ Ͻ ϗϱϥ. Ϝϻ Ϲ ϶ Ͻ ϼ Ϲ ϴ ϼϼ Ϲϸ Ϲ Ϸ ϿϹ  
϶ ϴϵ Ͼϴ ϴ ϸϼ  ϾϴϾ ϴ  ϶ ϴϵ Ͼ ϻϴ ϾϴϺϸ Ͻ Ϲ . ϘϴϿϹϹ ϼ  
Ϸ ϴ ϼϾ, ϴ Ͼ  ϵ ϴϺϴϹ  ϴϵ Ͼϴ- ϴ Ͽ Ϲ ϼ  ϶ ϸ ϴ ϼϿϼ ϴ ϸϿ  

Ϲϸ Ϲ϶ ϸ Ϸ  ϼ ϴϿ ϶ ϸ Ϸ  Ϸ ϸϴ. ϗ ϴ ϼϾ ϴϵ Ͼϼ- ϴ Ͽ Ϲ ϼ  
϶ ϸ ϴ ϼϿϼ ϴ ϼ϶ϹϸϹ  ϴ ϼ ϾϹ 6. Э . = ,   ∙ . 
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Ϥϼ Ͼ 6 –ϗ ϴ ϼϾ ϴϵ Ͼϼ- ϴ Ͽ Ϲ ϼ  ϶ ϸ ϴ ϼϿϼ ϴ 
 

  

105.5

106

106.5

107

107.5

108

108.5

109

109.5

1 2 3 4 5 6 7 8 9 10 11 12
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3      
 
3.1   
 
ϘϿ  Ϸ  , ϵ  ϹϸϹϿϼ  ϵϿϴ  ϸ ϼ  ϹϺϼ ϶ ϴϵ  

ϹϾ ϼ Ϲ Ͻ ϗϱϥ Ϻ  ϼ  ϹϺϼ Ϲ ϿϹ  Ͼϴϻϴ ϼϹ  Ͽϼ ϼϽ 
Ϸ ϴ ϼ Ϲ ϼϽ ϸϿ  ϴϻ  ϹϺϼ ϶. 

Ϙϴ Ϲ ϸϿ  Ϲ ϼ  ϹϺϼ Ϸ  Ͽ  ϼ϶ϹϸϹ  ϶ ϴϵϿϼ Ϲ 19. ϡϴ 
ϼ ϾϹ 7 Ϲϸ ϴ϶ϿϹ  ϹϺϼ Ϲ ϿϹ. 

 
ϦϴϵϿϼ ϴ 19 – Ϙϴ Ϲ ϴ ё ϴ ϹϺϼ Ϸ  Ͽ  

Ϟ ϼ϶ Ϲ ϶ ϻϼ ϖϕ ϼ ϡϕ ϡϴ Ϲ ϴ ϴϾ Ϲ ϼ ϼϾϼ 

ϟϼ ϼ  Ϸ ϴ ϼ Ϲ ϼ   
ϴ Ϲ Ͻ 
ϴ ϶ϿϹ Ͻ 

ϼ 

ϟϼ ϼ  Ϸ ϴ ϼ Ϲ ϼ  
 Ͼ Ͻ 

ϵ ϼ ϗϱϥ , /  
.,  ,  ,  я  ,  , /  ,  , /  

0 58,17 47,49 45,34 46,47 38 333,1 35 376,1 

50 62,66 44,16 42,18 42,72 37 340,4 34 370,7 

100 65,73 41,90 39,71 40,44 36 350,2 33 365,2 

150 67,68 40,75 37,75 38,85 35 362,5 32 359,7 

200 69,79 39,15 36,15 37,28 34 373,5 31 354,0 

250 70,89 38,00 34,81 35,56 33 385,2 30 348,2 

300 71,51 36,72 33,67 34,80     

350 72,78 35,88 32,69 33,71     

400 73,56 35,04 31,85 32,89     

450 74,07 34,32 31,13 32,33     
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Ϥϼ Ͼ 7 –ϤϹϺϼ Ϲ ϿϹ 
 

Ϝϻ ϹϺϼ Ϸ  Ͽ  ϹϸϹϿ Ϲ : 
 
– ϴϾ ϼ ϴϿ Ͻ ϴ  H = ,  . Ϣ ϹϸϹϿ Ϲ  ϶ ϾϹ Ϲ Ϲ Ϲ Ϲ ϼ  

ϴ Ͻ ϴ ϴϾ Ϲ ϼ ϼϾϼ ϼ ϡϣϧ ϼ Ͽϼ ϼϼ Ϸ ϴ ϼ Ϲ ϼ   ϼ ϼ ϴϿ  
ϴ ϸ ; 

– ϴ ё Ͻ ϴ  H = , . Ϣ ϹϸϹϿ Ϲ  ϶ ϾϹ Ϲ Ϲ Ϲ Ϲ ϼ  
Ͽϼ ϼϼ Ϸ ϴ ϼ Ϲ ϼ   ϴ Ϲ Ͻ ϴ ϶ϿϹ Ͻ ϼ  Ͽϼ ϼϹϽ ϴ ё Ϸ  

ϴ ϴ; 
– ϼ ϼ ϴϿ Ͻ ϴ  H = ,  . Ϣ ϹϸϹϿ Ϲ  ϶ ϾϹ Ϲ Ϲ Ϲ Ϲ ϼ  

ϴ Ͻ ϴ ϴϾ Ϲ ϼ ϼϾϼ ϼ ϧϠϢ ϼ Ͽϼ ϼϼ Ϸ ϴ ϼ Ϲ ϼ   Ͼ Ͻ 
ϵ ϼ ϗϱϥ 
 
3.2      
 
ϖ ϵ  ϵ ϸ ϶ϴ ϼ   ϼ Ͽ ϻ ϶ϴ ϼϹ  ϗϧϩ ϼ  ϶ , ϵ  ϸϿ  

ϾϴϺϸ Ϸ  ϴ ϴ ϼ϶ϴϹ Ϸ  ϼ ϴ ϵϼ , ϸ ϵ ϴ  ϴϾϼϹ ϶ϴ ϼϴ  ϸϼϴ Ϲ ϴ 
D1 ϴϵ ϹϷ  Ͼ ϿϹ ϴ ϼ ϼ Ͻ ϴ  ϶ ϴ Ϲ ϼ  n ϼ , ϼ Ͼ  ϶ 

ϵϿϴ ϼ ϸ ϼ  ϹϺϼ ϶  ϴ  ϼ ϴ ϸ  ϶ ϸ , ϹϾ ϼ Ϲ ϴ  ϗϱϥ 
ϵ ϸϹ  ϴϵ ϴ   ϴϼϵ Ͽ ϼ  ϞϣϘ ϼ ϼ ϼ ϴϿ  ϻϴϷϿ ϵϿϹ ϼϼ ϴϵ ϹϷ  
Ͼ ϿϹ ϴ.  

ϖ ϵ  ϼ Ϲ  ϼ ϼ ϴ ϵϼ  ϼϻ϶ ϸϼ  ϴϾ ϼ ϴϿ  ϴ , ϴ 
ϴϾϺϹ  Ϲ ϼ  ϴϾ ϼ ϴϿ Ϸ  ϴ ϴ Ͼ ϼ ϼ ϴϿ . 

ϘϿ  ϸϴ Ϸ  ϴϾ ϼ ϴϿ Ϸ  ϴ ϴ ϶ ϵϼ ϴϹ  ϿϹϸ ϼϹ ϹϴϾ ϼ϶ Ϲ 
Ϸϼϸ ϵϼ : 

- ϣ ϶ -Ͽ ϴ ϴ  ϣϟ50-ϖ; 
- ϣ ϶ -Ͽ ϴ ϴ  ϸϼϴϷ ϴϿ ϴ  ϣϟϘ50-ϖ. 
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- ϤϴϸϼϴϿ - Ϲ϶ϴ  ϤϢ45-ϖ. 
ϛϴ ϴ Ϲ  Ͼ  ϼ ϼ ϴϹ  Ͼ  Ϲ Ϲ Ϲ Ϲ ϼϹ Ͽϼ ϼϼ, ϶ϹϸϹ Ͻ 

Ϲ Ϲϻ Ͼ  ϼ ϴ, ϼ Ͽϼ ϼϼ ϴϾ ϼ ϴϿ Ϸ  ϴ ϸϴ ϵϼ . 
ϣϴ ϴ Ϲ  ϸϹϿϹϽ ϸϴ  Ϸϼϸ ϵϼ  ϼ϶ϹϸϹ  ϶[ϣ ϼϿ ϺϹ ϼϼ Ϝ]. 
 
3.3      
 
ϛϴϸϴё  ϸ  ϴ ϸϴ  ϻ ϴ Ϲ ϼϹ ϸϼϴ Ϲ ϶ D1 ϼ ϸϿ  ϾϴϺϸ Ϸ  

ϸϼϴ Ϲ ϴ ϴ ϼ ϶ϴϹ  ϿϹϸ ϼϹ ϴ ϴ Ϲ :  
Ϡ  ϴϷ ϹϷϴ ϴ ϶ ϴ Ϲ Ͻ ϾϹ: 
 N = , · Q′ · D · H · √H · η ∙ η = , · , · , · , · √ , · · , ∙ , =  Ͼϖ                                                                                       (3.1) 
 

ϷϸϹ Q'I  - ϼ϶ϹϸϹ Ͻ ϴ ϸ ϶ ϴ Ϲ Ͻ ϾϹ; 
         - ϞϣϘ ϴ Ͻ ϵϼ ; 
       Ϸ - ϞϣϘ ϷϹ Ϲ ϴ ϴ. ϣ ϼ ϼ ϴϹ  Ϸ = 0,97 

 
ϞϣϘ ϴ Ͻ ϵϼ : 
 η = − − η ( − ε + ε√DD ∙ √ ∙ √ νν ) = − −

− , ( − , + , √ ,, ∙ √ ∙ √ ,, ) = ,                              (3.2) 

 
 

ϗϸϹ   - ϞϣϘ ϸϹϿ Ͻ ϵϼ  
       D1 ϸ - ϸϼϴ Ϲ  ϸϹϿ Ͻ ϵϼ ; 
       ϡ ϸ - ϴ  ϸϹϿ Ͻ ϵϼ ; 
       D1 - ϸϼϴ Ϲ  ϴ Ͻ ϵϼ ; 
       ϡ  - ϴ Ϲ Ͻ ϴ  ϴ Ͻ Ϸϼϸ ϵϼ ;  
       ν , ν ϸ - Ͼ ϼ ϼϹ  Ͼϼ Ϲ ϴ ϼ Ϲ Ͼ Ͻ ϶ ϻϾ ϼ ϶ ϸ  ϸϿ  ϴ Ͻ ϼ 

ϸϹϿ Ͻ ϵϼ , Ͼ Ϲ ϻϴ϶ϼ   Ϲ Ϲ ϴ  ϶ ϸ  ϸϿ  ϴ  ϼ 
ϸϹϿ  Ͽ ϶ϼϽ; ν  ϼ Ϲϸ ϹϽ Ϲ Ϲ ϴ Ϲ ϶ ϸ  ϶ Ϸ ϸ  20°ϥ ϴ϶Ͽ Ϲ  

1,01·10-6 2/ . 
       ε – Ͼ ϼ ϼϹ , ϶ ϴϺϴ ϼϽ Ϲ ϼϹ Ϲ  Ϲ ϼ  Ͼ  ϶ Ϲ  
Ϸϼϸ ϴ϶Ͽϼ Ϲ Ͼϼ  Ϲ  (𝜺=0,75). 

Ϟ Ͽϼ Ϲ ϶  ϴϷ ϹϷϴ ϶: 
 Z′ = = =  ;                                                                       (3.3) 

 
ϷϸϹ N  – ϴ ϶ϿϹ ϴ   ϗϱϥ (N  =106000 Ͼϖ ), 
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      Na –   ϴϷ ϹϷϴ ϴ. 
 
ϣ ϴ϶Ͼϴ ϞϣϘ: 
 ∆ = ηη = ,, = ,                                                                                               (3.4) 

 
ϫϴ ϴ ϶ ϴ Ϲ ϼ  ϵϼ : 
 ′ = 𝐼 ′ √Δ ∙ =  √ , ∙ ,, = ,  /                                           (3.5) 

 
ϷϸϹ n'I  - ϼ϶ϹϸϹ ϴ  ϴ ϴ ϶ ϴ Ϲ ϼ  ϸϹϿ Ͻ Ϸϼϸ ϵϼ  ϶ ϴ Ϲ Ͻ 

ϾϹ. 
ϣ  Ͽ Ϲ Ͻ ϼ Ͻ ϴ Ϲ ϶ ϴ Ϲ ϼ  Ϲ ϵ ϸϼ  ϼ  

ϵϿϼϺϴϽ ϹϹ ϵ Ͽ ϹϹ ϴ ϸϴ Ϲ ϻ ϴ Ϲ ϼϹ ϼ Ͻ ϴ  ϶ ϴ Ϲ ϼ   
ϼϻ϶Ϲ  ϴ ϸϴ  ϸ , ϼ ϼ ϴϹ  = 200 ϵ/ ϼ . 

ϣ ϼ϶ϹϸϹ Ϲ ϴϾ ϼ ϴϿ ϴ , ϴ Ϲ ϴ  ϼ ϼ ϼ ϴϿ ϴ  ϴ  
϶ ϴ Ϲ ϼ : 

 ′ = ∆ 𝑖 =  ∙ ,, ∙ , = ,                                                            (3.6) 

  ′ = D∆ =
∙ ,, ∙ , = ,  /                                                    (3.7) 

 𝑖′ = D∆ =
∙ ,, ∙ , = ,                                                                 (3.8) 

 
ϣ ϼϻ϶ϹϸϹ ϼϹ ϼ϶Ϲϸё Ϸ  ϴ ϸϴ ϶ ϴ Ϲ Ͻ ϾϹ ϴ ϞϣϘ: 
 Q′ ∙ η = a, ∙D ∙ p, ∙η  = , ∙ , ∙ , , ∙ , = , 3/                              (3.9) 

 
Ϟ ϸϼ ϴ  ϴ Ϲ Ͻ Ͼϼ Q′  = 1,22 3/ , η  = 0,92 .Ϲ. 
ϣ ϼϻ϶ϹϸϹ ϼϹ ϸϿ  Ϸ ϴ ϼ Ϲ ϼ   ϷϹ Ϲ ϴ : 
 Q′ ∙ η = a, ∙D ∙ ax, ∙η  = , ∙ , ∙ , , ∙ , = ,  3/                  (3.10) 

 
Ϟ ϸϼ ϴ  Ͼϼ Q′  = 0,840 3/ , η  = 0,92 .Ϲ. 
ϣ ϼ϶ϹϸϹ Ϲ ϴ ϸ : 
 Q′ 𝑖 = iD ∙√ i ∙Δ = , ∙√ , ∙ , = ,  3/                                     (3.11) 
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Q′ = iD ∙√ ax∙Δ = , ∙√ , ∙ , = ,  3/                                    (3.12) 

 
Ϥϴ Ϲ  ϸϿ  Ϲ Ͼ Ͽ Ͼϼ  ϸϼϴ Ϲ ϶ ϵϼ   ϣϟ50-ϖ, ϣϟϘ50-ϖ ϼ ϤϢ45-ϖ 

Ϲϸ ϴ϶ϿϹ  ϶ [ϣ ϼϿ ϺϹ ϼϼ Ϟ]. 
ϡϴ ϶ϴ ϼϼ Ͽ Ϲ  ϸϴ  ϶ [ϣ ϼϿ ϺϹ ϼϼ Ϟ] ϵ Ͽϼ Ϲ  

ϷϿϴ϶ Ϲ ϼ϶Ϲ ϴϿ Ϲ ϴ ϴϾ Ϲ ϼ ϼϾϼ ϼ ϼ϶ϹϸϹ  ϶ [ϣ ϼϿ ϺϹ ϼϼ ϟ]. 
ϖ ϵ  ϸ ϸ ϼ  ϼ ϶ Ϸϼϸ ϵϼ  ϼϻ϶ ϸ  ϶ ϿϹϸ Ϲ  

ϸϾϹ. ϖ Ϲ ϶  Ϲ Ϲϸ  ϵϼ ϴ  ϼ  ϵϼ , ϿϹ϶ϴ  Ϸ ϴ ϼ ϴ ϴϵ ϹϽ 
ϻ  Ͼ  ϶ ϸϼ  ϻϴ ϹϸϹϿ  ϼ϶Ϲ ϴϿ Ͻ ϴ ϴϾ Ϲ ϼ ϼϾϼ ϼϿϼ 

ϴ ϸϼ  ϶ Ϲ Ϲϸ ϶Ϲ Ͻ ϵϿϼϻ ϼ Ͼ ϼ  ϼϿϼ ϻϴ ϼ . ϘϴϿϹϹ 
ϵϼ ϴ  ϵϼ ,  Ͼ  ϶ ϹϺ ϾϹ ϹϺϸ  ϴϾ ϼ ϴϿ ϼ ϼ 
ϼ ϼ ϴϿ ϼ ϼ϶Ϲϸё ϼ ϵ ϴ ϼ Ͼϴ ϼ ϴ ϴ ϸϼ  Ͽϼ Ͼ  

ϵϿϼϻϾ  Ͼ Ͽϼ ϼϼ ϴϾ ϼ ϴϿ  ϵ ϶ (ϼϻ Ͽ ϶ϼ ,  ϵϼ ϴ ϸ ϿϺ ϴ 
ϴϵ ϴ   ϴϼϵ Ͽ ϼ  ϞϣϘ ϶ ϸϼϴ ϴϻ Ϲ ϴ ϶  ϴϾ ϼ ϴϿ Ϸ  ϸ  
ϴ ё Ϸ ). 

ϥ ϴ϶ ϼ϶ ϶ Ϲ ϴ ϴϾ Ϲ ϼ ϼϾϼ ϴ ϸϴ  ϴ Ϲ, ϼ ϸϼ  Ͼ ϶ ϶ ϸ ,  ϶ 
ϿϹϸ ϼ  ϴ ё ϴ  ϵ ϸϹ  ϴ ϴ ϼ϶ϴ  ϵϼ  ϣϟ50-ϖ, ϸϼϴ Ϲ  3,75. 

 
3.4       

  ё   
 
Ϣ Ϲ Ͼϴ ϴ Ͽ ϺϹ ϼ  ϤϞ Ϸϼϸ ϵϼ  ϸϿ  ϵϹ Ϲ Ϲ ϼ  Ϲё 

ϵϹ Ͼϴ϶ϼ ϴ ϼ Ͻ ϴϵ  ϹϸϹϿ Ϲ   ϿϹ: 
 ∇ . . = +                                                                                           (3.13) 
 

ϷϸϹ  - Ϲ Ͼϴ ϶  ϶ ϸ  ϶ ϡϕ ϼ ϴ ϸϹ, ϶Ϲ ϶ Ϲ  
ϴ Ϲ  ϻ ϴ Ϲ ϼ  ϶  ϴ ϶ϴ ϼ . 

Ϥϴ Ϲ Ϲ ϻ ϴ Ϲ ϼϹ ϶  ϴ ϶ϴ ϼ  HS ϹϸϹϿ Ϲ  ϴϼϵ ϿϹϹ 
ϹϵϿϴϷ ϼ   Ͼϼ ϻ Ϲ ϼ  Ͼϴ϶ϼ ϴ ϼϼ ϹϺϼ  ϴϵ  Ϸϼϸ ϵϼ Ϸ  
ϵ ϸ ϶ϴ ϼ . ϔ ϴϿϼϻ Ͼϴ϶ϼ ϴ ϼ Ͻ ϴ ϴϾ Ϲ ϼ ϼϾϼ Ͼϴϻ ϶ϴϹ ,  
ϴϼϵ ϿϹϹ ϴ ϼ  Ͼϼ ϻ Ϲ ϼ  Ͼϴ϶ϼ ϴ ϼϼ, .Ϲ. Ϲϵ ϼ ϼ ϴϼϵ Ͽ ϹϷ  

ϻϴϷϿ ϵϿϹ ϼ  ϶Ͽ , ϾϴϾ ϴ϶ϼϿ , ϼ ϹϺϼ ϴ: 
 ϸϿ  ϴϾ ϼ ϴϿ Ϸ  ϴ ϴ Hmax ϼ ϼ ϴϿ Ͻ ϼ; 
 ϸϿ  ϴ Ϲ Ϸ  ϴ ϴ H  ϼ ϼ ϴϿ Ͻ ϼ; 
 ϸϿ  ϼ ϼ ϴϿ Ϸ  ϴ ϴ Hmin ϼ ϼ ϴϿ Ͻ ϼ. 
 
ϖ ϴ ϴ ϶ϴ ϼ  ϴ ϸϼ   ϿϹ: 
 = − − 𝜎 ∙ − ∆                                                                          (3.14) 

 
ϷϸϹ =10,3  ϶ ϸ. . – ϵϴ Ϲ ϼ Ϲ Ͼ Ϲ ϸϴ϶ϿϹ ϼϹ; 
       – Ϲ Ͼϴ ϡϕ ϼ ϸϴ  ϴ ϸϹ; 
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      ∆  – ϸ Ͽ ϼ ϹϿ Ϲ ϻϴϷϿ ϵϿϹ ϼϹ ϴϵ ϹϷ  Ͼ ϿϹ ϴ, ϼ ϶ϴ ϹϹ 
Ϲ ϼ ϹϸϹϿϹ ϼ  σ ϼ ϸϹϿ  ϼ ϴ ϼ , ϴ ϴϵ Ͻ ϹϾ  ϼ 

ϴ ϼϾϴ϶ϼ ϴ ϼ Ͻ ϻϴ ϴ  (1,5 ); 
       – Ͼ ϼ ϼϹ  Ͼϴ϶ϼ ϴ ϼϼ, ϹϸϹϿ Ϲ Ͻ  ϷϿϴ϶ Ͻ ϼ϶Ϲ ϴϿ Ͻ 
ϴ ϴϾ Ϲ ϼ ϼϾϹ ϸϿ  ϴ Ϲ  Ͽ ϶ϼϽ;  

      ϡ – ϴ  ϵϼ , ϹϸϹϿ Ϲ Ͻ ϶ Ϲ  ϶Ϲ ϹϷ  ϵ Ϲ ϴ ϼ Z ϵ(Q ϵ). 
 
ϣ ϼ ϡmax: 
 

 = , − , − , ∙ , − , = ,   

 
ϣ ϼ H : 
 

 = , − , − , ∙ , − , = − ,   . 
 
ϣ ϼ Hmin: 
 

 = , − , − , ∙ , − , = − ,  . 
 
Ϥϴ ϼ ϴ Ϲ ϶  ϴ ϶ϴ ϼ  ϶ ϸ  ϶ ϸ ϼ Ϲ ϹϸϹϿ . ϦϹ Ϲ  

ϹϸϹϿϼ  Ϲ Ͼ  ϴ Ͽ ϺϹ ϼ  ϴϵ ϹϷ  Ͼ ϿϹ ϴ, Ͼ Ϲ ϵ ϸϹ  
ϴ ϼ ϶ϴϹ  ϸϿ  ϴ Ϸ  ϹϵϿϴϷ ϼ Ϸ  Ͽ ϴ ,  Ϲ  Hs = -4,37 . ϘϿ  

Ϸ  Ͽ ϴ   = 64,10 . Ϧ Ϸϸϴ ϻϴϷϿ ϵϿϹ ϼϹ  ϿϹ: 
 
 . . = , + − , = ,  . 
 
ϦϴϾϴ  Ϲ Ͼϴ ϴ Ͽ ϺϹ ϼ  ϴϵ ϹϷ  Ͼ ϿϹ ϴ ϻ϶ Ͽϼ  ϵϹ Ϲ ϼ϶ϴ  

ϵϹϻϾϴ϶ϼ ϴ ϼ  ϴϵ  Ϸϼϸ ϵϼ  ϶  ϶ Ϲ  ϴ ё  ϹϺϼ ϴ . 
 
3.5       
 
Ϝ ϸ ϼ ϸϴ ϼ ϸϿ  ϴ Ϲ ϴ ϶Ͽ : 
1. ϧϷ Ͽ ϶ϴ ϴ ϼ ϴϿ Ͻ Ͼϴ Ϲ  – φ  = 2250 – ϹϾ Ϲ ϸ Ϲ Ͻ Ϸ Ͽ 

϶ϴ ϴ ϼ ϴϿ Ͻ Ͼϴ Ϲ  ϸϿ  ϴ ϴ ϡ =33,45 . 
2. ϡϴ Ϻ Ͻ ϴϸϼ  ϶ ϸ Ϸ  Ϲ Ϲ ϼ : 
 = , ∙ = , ∙ , = ,                                                           (3.15) 
 
3. Ϙϼϴ Ϲ  ϴ Ͽ ϺϹ ϼ  ϶ ϸ  Ͼ Ͼ ϴ ϴ: 
 
Da= 5,45  
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= = , = ,  .                                                                                        (3.16) 

 
4. Ϙϼϴ Ϲ  ϴ Ͽ ϺϹ ϼ  ϶ ϸ  Ͼ Ͼ ϴ ϴ: 
 
Db= 4,75  
 = = , = ,  .                                                                                       (3.17) 

 
5. ϖ ϴ ϴ ϴ: 
 = + . ∙ = , + , = ,  ,                                          (3.18)   
 

ϷϸϹ  – ϶ ϴ ϴ ϴ϶Ͽ ϹϷ  ϴ ϴ ϴ ϴ [ϣ ϼϿ ϺϹ ϼϹ Ϡ] 
 = , ∙ = , ∙ , = ,  .                                                             (3.19) 
 
6. ϛϴϾ  ϼϻ Ϲ Ϲ ϼ  Ͽ ϺϹ ϼ  ϶Ϲ ϼ  Ϲ Ϲ ϼϽ – Ͽϼ ϹϽ Ͻ. 
7. Ϙ ϼ Ϲ Ϲϸ ϼϹ Ͼ ϼ ϶ ϸ  ϶  ϶ ϸ  Ϲ Ϲ ϼϼ – V϶  = 6 

/ ; 
8. Ϩ  Ϲ ϼϸϼϴ Ϸ  Ϲ Ϲ ϼ  ϼ ϴϿ Ͻ Ͼϴ Ϲ  ϼ ϼ ϴϹ   

Ͽ Ͼϼ  ϿϾ  (n = 0)  ϷϿ  γ = 150. ϣ ϼ ϴϾ  Ϲ Ϲ ϼϼ ϴϼϵ ϿϹϹ  
Ϲ ϶Ͽ  ϸ  ϶ ϴ  ϵϼ , ϴ ϶Ͼϴ         ϶ Ϸϴ ϹϿ Ϸ  

ϵ ϸ ϶ϴ ϼ  ϼ ϵ ϶ ϸϴ. ϡϴ ϼ ϾϹ 8 Ϲϸ ϴ϶ϿϹ  ϶ ϸ Ϲ Ϲ Ϲ ϼϹ 
ϼ ϴϿ Ͻ Ͼϴ Ϲ . 

 

Ϥϼ Ͼ 8 - ϖ ϸ Ϲ Ϲ Ϲ ϼϹ ϼ ϴϿ Ͻ Ͼϴ Ϲ  
 

Ϣ ϹϸϹϿϹ ϼϹ Ͽ Ϸ  ϴ ϸϴ Ϲ Ϲϻ ϵϼ  ϼ ϴ Ϲ  ϻ ϴ Ϲ ϼ  
ϴ ϴ ϼ ϼ: 

 = , ∙ 𝑝∙𝜂𝑝. = , ∙ , ∙ , = ,  ⁄                                              (3.20) 
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Ϣ ϹϸϹϿϹ ϼϹ ϴ ϸϴ Ϲ Ϲϻ ϶ ϸ Ϲ Ϲ Ϲ ϼϹ ϼ ϴϿ Ϸ  Ͼϴ ϴϿϴ Ͼϴ Ϲ : 
 𝑖 = ∙𝜑 = , ∙ = ,  ⁄ .                                                                (3.21) 

 
Ϣ ϹϸϹϿϹ ϼϹ Ͽ ϴϸϼ ϶ ϸ Ϸ  Ϲ Ϲ Ϸ  Ϲ Ϲ ϼ : 
 = 𝑖 = , = ,  .                                                                                (3.22) 

 
ϖ ϴ ϶ ϸ Ϸ  Ϲ Ϲ ϼ  ϹϸϹϿ Ϲ  ϼϻ Ͼ϶ϴϸ ϴ Ϸ  ϴ϶ Ϲ ϼ : 
 

 = − + − − − tan ° = = , ∙ , − , + , − , − − , ∙ , = ,       (3.23) 

 , − , + , = ;                                                                (3.24) 
 
 = ,  . 
 = − = , − , = ,  .                                                            (3.25) 
 
ϘϴϿ ϹϽ ϼϽ ϴ Ϲ  ϼ ϴϿ Ͻ Ͼϴ Ϲ  ϶ Ͽ Ϲ  ϴ ϴϿϼ ϼ Ϲ Ͼϼ  

Ϲ ϸ . ϤϹϻ Ͽ ϴ  ϴ Ϲ ϴ ϶ϹϸϹ  ϶ ϴϵϿϼ  20. 
 𝑖 = 𝑖 − = 𝑖 − , ; 𝑖 = ∙ 𝑖                    (3.26) 
 = = , − ,, = , ;                                                                                 (3.27) 

 
Ϧ Ϸϸϴ:   
 
bi = mi + b0 = mi + 13                       (3.28) 
 
rk = ra + mi∙tg15◦ = 2,73 + mi∙0,268                                                            (3.29) 
 
ϛ ϴ Ϲ ϼ  ϼ ϹϷ ϴϿϴ ϸϿ  Ͽ ϵ Ϸ  Ϲ Ϲ ϼ  ϶ ϼ ϿϹ   ϿϹ: 
 𝑖 = ∙ ln + 𝑖∙ ln 𝑖 − ∙ ∙ ln + 𝑖= , ∙ ln ,, + , ln , −, + ,  = 3,56                                                                                              (3.30) 
 
 
 
 
 



32 
 

ϖϹϿϼ ϼ ϴ ϷϿϴ ϼ ϴϿϼ ϸϿ  Ͽ ϵ Ϸ  Ϲ Ϲ ϼ :  
 

i i
Х

225 225
J  63,20

J 3,56i J     
                                                                        

(3.31) 

 
ϖϹϿϼ ϼ ϴ ϴ ϸϴ ϸϿ  Ͽ ϵ Ϸ  Ϲ Ϲ ϼ  ϼ ϴϿϼ: 
 

Х
i

Х

Q 62,04
Q 17

J 3,56i iJ J    
                                                                          

(3.32) 

 
Ϙϴ Ϲ ϸϿ  ϴ Ϲ ϴ ϼ ϴϿ Ͻ Ͼϴ Ϲ  Ϲϸ ϴ϶ϿϹ  ϶ ϴϵϿϼ Ϲ 20. 
 

ϦϴϵϿϼ ϴ 20 – Ϙϴ Ϲ ϸϿ  ϴ Ϲ ϴ ϼ ϴϿ Ͻ Ͼϴ Ϲ  
ϖϹϿϼ ϼ

ϴ 
ϥϹ Ϲ ϼ  

϶  1 2 3 4 5 6 7 8 9 10 ϶  
ri 6,52 6,18 5,83 5,49 5,14 4,80 4,45 4,11 3,76 3,42 3,08 2,73 
bi 4,35 3,82 3,35 2,92 2,54 2,22 1,94 1,72 1,54 1,41 1,34 1,31 
ai 3,80 3,45 3,11 2,76 2,42 2,07 1,73 1,38 1,04 0,69 0,35 0,01 
rk 3,54 3,40 3,27 3,16 3,05 2,97 2,89 2,83 2,79 2,75 2,73 2,73 

rk/ra 1,30 1,25 1,20 1,16 1,12 1,09 1,06 1,04 1,02 1,01 1,00 1,00 
ln 

(rk/ra) 
0,26 0,22 0,18 0,15 0,11 0,09 0,06 0,04 0,02 0,01 0,00 0,00 

ri/ra 2,39 2,27 2,14 2,01 1,89 1,76 1,63 1,51 1,38 1,25 1,13 1,00 
ln (ri/ra) 0,87 0,82 0,76 0,70 0,63 0,57 0,49 0,41 0,32 0,23 0,12 0,00 
b∙ln(ri/r

a) 
3,79 3,13 2,55 2,04 1,62 1,25 0,95 0,70 0,50 0,32 0,16 0,00 

rk∙ctgγ 13,20 12,67 12,20 11,77 11,40 
11,0

7 
10,7

9 
10,5

7 
10,3

9 
10,2

7 
10,1

9 
10,1

6 
rk∙ctgγ∙ 
∙ln(rk/ra

) 
3,45 2,80 2,22 1,73 1,30 0,94 0,65 0,41 0,23 0,10 0,03 0,00 

mi 3,04 2,51 2,03 1,61 1,23 0,91 0,63 0,40 0,23 0,10 0,03 0,00 
Ji 3,56 3,02 2,54 2,10 1,72 1,40 1,11 0,88 0,68 0,50 0,34 0,18 

φi 225,0
0 

190,8
9 

160,1
9 

132,9
0 

108,9
4 

88,1
9 

70,4
5 

55,4
1 

42,6
6 

31,6
4 

21,6
0 

11,5
5 

Qi 62 53 44 37 30 24 19 15 12 9 6 3 
 
ϣ  ϴ ϼ ϴ  ϹϺ  Ϲ Ϲ ϼ  ϼ ϴϿϼ Ϲ  Ϸ ϴ ϼϾ  𝜑 = 𝑖 . ϗ ϴ ϼϾ Ϲϸ ϴ϶ϿϹ  ϴ ϼ ϾϹ 9. 
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Ϥϼ Ͼ 9 – ϗ ϴ ϼϾ ϻϴ϶ϼ ϼ ϼ 𝜑 = 𝑖  

 
ϣϿϴ  ϼ ϴϿϼ, Ϲ   ϴϵϿϼ Ϲ 21 Ϲϸ ϴ϶ϿϹ  ϶ [ϣ ϼϿ ϺϹ ϼϼ ϡ] 

ϛ ϴ Ϲ ϼ  ϸϿ  ϴϵϿϼ  Ͽ Ϲ  Ϲ  ϴϻϵϼϹ ϼ  ϷϿϴ ϶ϴ ϴ ϼ ϴϿ Ͻ ϴ ϼ 
Ͼϴ Ϲ  ϴ ϼ Ϲ ϶ϴϿ   Δ φ  = 150. 

 
ϦϴϵϿϼ ϴ 21 – Ϙϴ Ϲ ϸϿ  Ϲ ϼ  ϼ ϴϿϼ 
φ 0 15 30 45 60 75 90 105 

r,  2,29 2,79 3,33 3,75 4,18 4,45 4,71 5,15 
φ 120 135 150 165 180 195 210 225 

r,  5,34 5,57 5,69 5,79 6,02 6,18 6,31 6,52 
 
Ϣ ϹϸϹϿϹ ϼϹ ϼ ϼ  ϸ϶ ϸϴ: 
 ′ = , ∙ = , ∙ , = ,  .                                                      (3.33) 
 
ϦϴϾ ϾϴϾ ϼ ϼ ϴ ϸ϶ ϸϴ B′> 7 ( ),  ϴ ϶ϼ  ϹϺ Ͻ ϵ Ͼ, 

Ͽ ϼ  Ͼ Ϸ  ϼϵϿϼϺё  ϴϻ ϴ ϴϹ  ϼϻ ϶ ϴϺϹ ϼ : 
 + = + , = ,  .                                                                 (3.34) 

ϷϸϹ Qmax – ϴϾ ϼ ϴϿ Ͻ ϴ ϸ ϶ ϸ  Ϲ Ϲϻ ϵϼ , 3/ . 
 = , ∙ 𝑝∙𝜂 = , ∙ , ∙ , = ,                                       ⁄  (3.35) 

 
ϷϸϹ N- ϼ ϴϿ ϴ   ϵϼ , N = 36201 Ͼϖ ; 
      max – Ͼ ϸ ϵϼ  ϼ ϴϾ ϼ ϴϿ  ϴ ϸϹ ϼ ϼ ϴϿ Ͻ ϼ. 

  max = 0,920 
Ϣ ϹϸϹϿϼ  ϼ ϼ  ϸ϶ ϸϴ  Ϲ  ϵ Ͼϴ: 
  = ′ + = , + , = ,  .                                                          (3.36) 
 
 
3.6     
 

2.00
2.50
3.00
3.50
4.00
4.50
5.00
5.50
6.00
6.50

0 15 30 45 60 75 90 105 120 135 150 165 180 195 210 225

r i

𝜑°
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ϗϼϸ ϷϹ Ϲ ϴ  ϸϵϼ ϴϹ   ϴ϶  ϸϴ  Ϲ ϼϽ  ϼ ϶  
ϴ Ϲ  ϻ ϴ Ϲ ϼ  ϹϷ  ϴϾ ϼ϶ Ͻ ϼ ϼ ϼ Ͻ ϴ Ϲ ϶ ϴ Ϲ ϼ .  

ϡ ϼ ϴϿ ϴ   Ϸϼϸ ϷϹ Ϲ ϴ ϴ: 
 = 𝜑 = , = ,  ∙ ,                                                                (3.37) 

 
ϷϸϹ - cosφ =0,9 

 
ϫϼ Ͽ  Ͽ ϶ Ϸϼϸ ϷϹ Ϲ ϴ ϴ:       
 

P= = = .                                                                                   (3.38)          

 
ϣ  ϴ϶  ϸϴ  ϶ ϵϼ ϴϹ  Ϸϼϸ ϷϹ Ϲ ϴ : ϥϖ-595/100-30ϧϩϟ5. 

Ϙϴ Ϲ ϷϹ Ϲ ϴ ϴ Ϲϸ ϴ϶ϿϹ  ϶ ϴϵϿϼ Ϲ 22. 
 

ϦϴϵϿϼ ϴ 22 – ϩϴ ϴϾ Ϲ ϼ ϼϾϴ ϷϹ Ϲ ϴ ϴ ϥϖ-595/100-30ϧϩϟ5 

ϡϴϼ Ϲ ϶ϴ ϼϹ ϶ϹϿϼ ϼ  Ϣϵ ϻ ϴ Ϲ ϼϹ 
ϙϸϼ ϼ  

ϼϻ Ϲ Ϲ ϼ  
ϛ ϴ Ϲ ϼϹ 

ϡ ϼ ϴϿ ϴ  Ͽ ϴ    Ϡϖϔ 36,7 
ϡ ϼ ϴϿ ϴ  ϴϾ ϼ϶ ϴ    Ϡϖ  33 

Ϟ ϼ ϼϹ  ϼ cosφ .Ϲ. 0,9 
ϡ ϼ ϴϿ Ϲ ϴ ϺϹ ϼϹ U  Ͼϖ 10,5 

Ϝ Ͽ Ϲ ϼϹ ϣ ϸ϶Ϲ Ͻ 
Ϡϴ ϴ ϷϹ Ϲ ϴ ϴ m  310 

 

3.7 ё      
 
3.7.1 ё     
 

ϖϴϿ Ϸϼϸ ϴϷ ϹϷϴ ϴ Ϲϸ ϴϻ ϴ Ϲ  ϸϿ  Ϲ Ϲϸϴ ϼ Ͼ ϹϷ  Ϲ ϴ  
ϴϵ ϹϷ  Ͼ ϿϹ ϴ Ͼ  ϷϹ Ϲ ϴ ϴ. Ϥϴ Ϲ  ϶ϴϿϴ ϴ  ϼϻ϶ ϸϼ   

Ϲ  ϶ Ϲ Ϸ  ϸϹϽ ϶ϼ  Ͼ ϼ϶ϴ ϼ , ϼϻϷϼϵϴ ϼ  ϼ ϴ Ϸϼ϶ϴ ϼ  
ϼϿϼϽ. 

 D∗ ( , ∙ [τ ]) , ;                                                                                            (3.39) 

  [τ ] = −  ;    
 M = , ∙ = , ∙ = ,  ;                                             (3.40) 
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 D∗ ( , ∙ [τ ]) , = , ∙ , , = ,  =    
   
ϣ Ͽ Ϲ Ϲ ϻ ϴ Ϲ ϼϹ ϸϼϴ Ϲ ϴ Ͼ ϷϿ Ϲ  ϸ  ϴ ϸϴ ϼϻϼ ϶ϴ Ϸ  

(Ͼ ϴ Ϲ 50  ϼ D϶ Ϲ ϹϹ 1000  ϼ Ͼ ϴ Ϲ 100  ϼ D≥1000 ). 
ϣ ϼ ϼ ϴϹ  =  . 

 
3.7.2 ё   
 
ϤϴϸϼϴϿ ϴ  ϼϿϴ ϴ ϴϵ Ϲ  Ͼ ϿϹ Ϲ: 
 = , ∙ ∙ = , ∙ ∙ , =                                                  (3.41) 

 
Ϙϼϴ Ϲ  ϶ϴϿϴ ϸ ϸ ϼ ϼϾ  ,  ё  ϵϿϼ ϶Ͼϼ, ϵ  

ϼ ϼ ϴϹ  ϴ 15-20  ϵ Ͽ Ϲ , ϼ ϼ ϴϹ  = 670 . 
ϘϿ  Ͼ Ͽ Ϲ϶ Ϸ  ϸ ϼ ϼϾϴ ϸϹϿ Ϲ ϸϴ϶ϿϹ ϼϹ ϴ϶ : 
 p = ∙ [p ],                                                                                         (3.42) 

 
ϷϸϹ h  - ϼ ϼ ϴϹ  300 , ϼ D = (500 - 800) . 

 [p ] = ∙ U,                                                                                                   (3.43) 
 U = π ∙ n ∙ ,                                                                                                (3.44) 

 
Ϥϴ Ϲ :  
 

 = ,, ∙ , = ,  

 

 = ∙ ∙ , =  

 
 [ ] = ∙ =    
 
ϧ Ͽ ϶ϼϹ [ ] ϵϿ ϸϴϹ . 
Ϥϴ Ϲ  ϹϷ Ϲ Ϸ  ϸ ϼ ϼϾϴ:  
 ℎ =  ; 
 = . 
 
Ϣ ϹϸϹϿ Ϲ  ϼϿϼϹ ϴ ϴϼϵ ϿϹϹ ϴϷ ϺϹ Ͻ ϹϷ Ϲ : 
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 R = + ∙ + ,                                                                                    (3.45) 

 

ϷϸϹ a = Z ;                                           (3.46) 

 
ϧϸϹϿ ϴ  ϴϷ ϻϾϴ ϴ ϹϷ Ϲ : 
 = ∙ℎ [ ],                                                                             (3.47) 

 l = , − , π ∙ Z ,                                                                           (3.48) 

 [p ] = ∙ U,                                                                                                   (3.49) 
 
Ϥϴ Ϲ :  
 

 = 𝑂 = ; 
 

  = ,+ ∙ 𝑂 + 𝑂 = ,   ; 
 

 l = , ∙ π ∙ , = ,  ; 
 

 p = ,, ∙ , = ,  ; 
   
 [p ] = ∙ =  . 
 
ϧ Ͽ ϶ϼϹ [ ] ϵϿ ϸϴϹ . 
ϦϴϾ ϾϴϾ Ͽ ϶ϼϹ ϵϿ ϸϴϹ  ϶ ϵ ϼ  ϶ϼϸϴ  ϸ ϼ ϼϾ ϶ , ϼϻ-ϻϴ ϵ ϿϹϹ 
Ͻ ϴ ϶Ͼϼ ϼ Ͼ Ͽ ϴ ϴ ϼϼ ϶ ϵϼ ϴϹ  ϹϷ Ϲ Ͻ ϸ ϼ ϼϾ. 

 
3.7.3     
 
ϗϴϵϴ ϼ Ϲ ϴϻ Ϲ  ϴ Ͽ ϴ Ͻ ϴ ϶Ͼϼ ϹϸϹϿ  ϵ Ϲ  

ϴ Ͽ ϶ ϻϸ Ϸ  Ͼ Ͽϴ, ϻϴ϶ϼ ϹϷ   ϴ Ϸ  ϼ Ͽϴ Ϲ ϶ ϶, 
ϵ Ͽ Ϻϼ϶ϴϹ  ϸ Ͻ Ϡϡϧ. 

ϣ  Ϸ ϴ Ϲ ϶ ϴ϶ ϼϾϹ [3] ϹϸϹϿ Ϲ  ϼ  ϴ Ͽ ϴ Ͻ 
ϴ ϶Ͼϼ ϸϿ  ϴ ϴ 46,5  ϼ D1 – 3,75 : Ϡϡϧ 4/1-40-4-2, 

ϷϸϹ 4 – ϵ Ϲ  Ϸϼϸ ϴϾϾ Ͽ ϴ; 
1 – Ͼ Ͽϼ Ϲ ϶  Ϸϼϸ ϴϾϾ Ͽ ϶; 
40 – ϸ, ϴ ϼ ϴ Ͻ ϴ ϸϴ϶ϿϹ ϼϹ 40 ϾϷ / 2; 
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4 – ϶ Ϲ ϼ ϹϿ  Ͽϼ϶ Ϸ  ϵϴϾϴ ϶ 3; 
1 – Ͼ Ͽϼ Ϲ ϶  ϴ ϶. 
 
3.7.4    
 
ϦϴϾ ϾϴϾ ϵϼ ϴ ϶ -Ͽ ϴ ϴ ,  ϶ ϵϼ ϴϹ  ϱϗϤϞ – 100,  

ϷϸϹ ϱϗϤϞ – ϿϹϾ Ϸϼϸ ϴ϶Ͽϼ Ϲ ϾϼϽ ϹϷ Ͽ   Ͼ ϵϼ ϴ ; 
      100 – ϸϼϴ Ϲ  ϷϿϴ϶ Ϸ  ϻ Ͽ ϼϾϴ; 

 
3.7.5   
 
ϖ ϵϼ ϴ  ϼ , Ͼ Ͽϼ Ϲ ϶  ϼ Ϸ ϻ ϸ Ϲ ϼ Ͼ ϴ ϶, ϿϹϸ Ϲ  

϶ ϶ϴ  ϴ ϿϹϸ ϼ  Ͽ ϶ϼ : 
1) ϗ ϻ ϸ Ϲ  Ͼ ϴ ϴ ϸ ϿϺ ϴ ϵ  ϵ Ͽ Ϲ ϴ  ϴ. 
2) ϣ ϼ Ͼ Ͽϼ Ϲ ϶Ϲ ϗϔ ϴ ϴ ϼϼ ϵ ϿϹϹ ϼ, Ϲ ϵ ϸϼ ϴ ϴ ϶Ͼϴ 

ϸ Ͽ ϼ ϹϿ Ϸ  Ͼ ϴ ϴ. 
3) ϞϿϼ ϴ ϼ Ϲ ϾϼϹ Ͽ ϶ϼ  ϸϴ Ͻ Ϲ ϼ 
Ϝ ϸ  ϼϻ ϴ  ϴ Ϸϼϸ ϷϹ Ϲ ϴ ϴ Ͽ Ϲ Ͻ ϶ Ͼ Ϲ 5 ϼ 

Ͼ Ͽϼ Ϲ ϶ϴ ϴϷ ϹϷϴ ϶ - 4, ϶ ϵϼ ϴ  Ͼ ϴ , ϶ Ͻ Ϸ ϻ ϸ Ϲ  400 
. Ϟ ϻϿ ϶ Ϲ Ͼ ϴ  ϶Ϲ ϹϷ  ϼ ϼϺ ϹϷ  ϵ Ϲ ϴ Ϸ ϻ ϸ ё  2 50 
. 
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4   
 
4.1   
 

Ϝ ϸ Ϲ ϸϴ Ϲ ϼ Ͽϴ ϼ ϼ ϷϹ Ϲ ϴ ϶ ϼ ϼ Ϲ  Ϲϸ ϴ϶ϿϹ  ϶ 
ϴϵϿϼ Ϲ 23. 

 
ϦϴϵϿϼ ϴ 23– Ϝ ϸ Ϲ ϸϴ Ϲ  ϷϹ Ϲ ϴ  ϼ ϼ Ϲ Ϲ 

ϗϹ Ϲ ϴ  ϥϼ Ϲ ϴ 

ϫϼ Ͽ  ϼ  U  cos φ  U  S . . ϣ Ϻё  Ͽϼ ϼϽ ×Ϡϖ  Ͼϖ .Ϲ. Ͼϖ Ϡϖ∙ϔ Ͼ  

4×26,5 10,5 0,9 220 150 100 

 
 Ϟ ϼ ϼϹ  ϼ ϼ Ϲ  cos φ = , . 
 ϖ Ϲ  ϼ Ͽ ϻ ϶ϴ ϼ  ϴ ϶ϿϹ Ͻ ϼ T =  /Ϸ ϸ. 
 Ϡ  ϵ ϶Ϲ  Ϻϸ ϗϱϥ  P . . = , ∙ P . Э . 
 Ϟ ϼ ϼϹ  ϼ ϵ ϶Ϲ  Ϻϸ ϴ϶Ϲ  Ͼ ϼ ϼϹ  

ϼ ϷϹ Ϲ ϴ ϶ cos φ . . = cos φ . 
 ϣ ϸ ϴ ϼ  «Ϟ ϺϹϷ ϵ Ͼϴ », ϢϘϧ ϥϹ϶Ϲ -ϛϴ ϴϸϴ. 

 
4.2       
 

ϖ ϵ  ϷϿϴ϶ Ͻ Ϲ  ϿϹϾ ϼ Ϲ Ͼϼ  Ϲϸϼ Ϲ ϼϽ ϶Ͽ Ϲ  ϸ ϼ  ϼϻ ϴ  
϶Ϲ ϶Ϲ  ϴ ϶ ϹϾ ϼ ϶ϴ ϼ  ϿϹϾ ϼ Ϲ Ͼϼ  ϴ ϼϽ, ϴϾ ϾϴϾ  Ϸ  

ϻϴ϶ϼ ϼ  ϴϸϹϺ  ϴϵ  ϿϹϾ ϴ ϶ Ͼ, ϹϹ Ͼ ϼ , ϸ ϵ ϶  
Ͼ Ͽ ϴ ϴ ϼϼ, ϵϹϻ ϴ  ϵ Ͽ Ϻϼ϶ϴ ϼ  ϼ ϶ ϻ Ϻ  ϸϴϿ ϹϽ ϹϷ  
ϴ ϼ Ϲ ϼ .  

ϘϿ  ϴ Ϲ ϼ  ϼ ϼ ϴ  ϸ϶Ϲ Ϲ :  ϸϼ ϼ ϵϿ Ͼϴ ϼ ϼ 
Ͼ Ϲ ϼ ϵϿ Ͼϴ ϼ, Ϲϸ ϴ϶ϿϹ Ϲ ϴ ϼ ϾϹ 10. 
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Ϥϼ Ͼ 10– ϥ Ϲ ϴ  ϸϼ  ϼ Ͼ Ϲ  ϵϿ Ͼϴ ϼ. 

 
4.3     
 
4.3.1                

 
 
Ϥϴ Ϲ ϴ   ϴ ϴ ϴ: 
 S = . − . .cosφ = , − , ∙ ,, =  ,                                               .                                                                                                                         

ϷϸϹ    P . . – ϴϾ ϼ϶ ϴ  ϴϷ ϻϾϴ ϵ ϶Ϲ  Ϻϸ, Ϡϖ .  
 

ϣ  Ͼϴ ϴϿ Ϸ  ϢϢϢ "Ϧ Ͽ ϼ ϾϼϽ ϴ ϴ " ϶ ϵϼ ϴϹ  ϴ ϴ  
ϦϘ-40000/220-ϧ1. Ϟϴ ϴϿ Ϻ Ϲ ϸϴ Ϲ ϼ϶ϹϸϹ  ϶ ϴϵϿϼ Ϲ 24. 
 
ϦϴϵϿϼ ϴ 24–Ϟϴ ϴϿ Ϻ Ϲ ϸϴ Ϲ ϴ ϴ ϴ ϦϘ-40000/220–ϧ1 S , Ϡϖϔ 

Uϡ, Ͼϖ UϾ, % ∆PϾ, Ͼϖ  ∆P , Ͼϖ  I ,% Uϖϡ Uϡϡ 
40 230 10,5 11 170 40 0,6 

 

Л 

.Н.

G

Н 

U Н 

.Н.

Н 

U Н   

.Н.

Н 

Л 
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ϣ Ϲ ϼ ϿϹϾ ϼ Ϲ Ͼ Ͻ Ϲ Ϸϼϼ Ϲ ϼ϶ϴ  Ϲ ϸ  ϶ Ϲ Ϲ ϼ ϴϾ ϼ ϴϿ  
Ϲ , ϼ Ͽ ϻ  ϻ ϴ Ϲ ϼ  ϴϾ ϼ ϴϿ  ϴϷ ϻ Ͼ  ϼ ϶ Ϲ  

ϴϾ ϼ ϴϿ  Ϲ  . τ = , + ax ∙ = , + ∙ = 2405              (4.2)   
ϖ Ϲ  ϴϵ  ϵϿ Ͼϴ ϶ Ϲ Ϲ ϼϹ Ϸ ϸϴ: 
 t = − μ ∙ T − ω ∙ T ,                                                           (4.3) 
      
ϷϸϹ μ = 1 – ϴ ϴ Ϲ ϶ ( ϹϾ ϼ , Ϲϸ ϼ , Ͼϴ ϼ ϴϿ ), 1/Ϸ ϸ;  
       T  = 30 – ϶ Ϲ  Ͽϴ ϶  Ϲ϶ ϵϿ Ͼϴ ϶ Ϲ Ϲ ϼϹ Ϸ ϸϴ, ; 
       ω = 0,025 – ϴ ϴ Ϲ  Ͼϴ Ͼϴϻ ϶ ϴ ϴ ϴ ϵϿ Ͼϴ, 1/Ϸ ϸ;  
       T =  – Ϲϸ ϹϹ ϶ Ϲ  ϴ϶ϴ ϼϽ -϶ ϴ ϶ϼ ϹϿ  Ϲ ϶ 

ϴ ϴ ϴ, ; 
 
 t = − ∙ − , ∙ =  . 
 
ϣ Ϲ ϼ Ͽ Ϸ  ϸϴ ϶ ϴ ϴ Ϲ: 
 ∆W = n ∙ ∆P ∙ t = ∙ , ∙ = ,  ∙ ,                   (4.4) 
 
ϷϸϹ n  – ϼ Ͽ  ϴ ϴϿϿϹϿ  ϴϵ ϴ ϼ  ϴ ϴ ϶. 
 
ϡϴϷ ϻ Ϲ ( Ϲ Ϲ Ϲ Ϲ) Ϲ ϼ ϶ ϴ ϴ Ϲ: 
 

 ∆W = ∆ ∙  ∙ τ = , ∙ , ∙ = ,  ∙ ,             .  

 
ϖϹϿϼ ϼ ϴ ϼϻϸϹ ϺϹϾ ϴ Ϲ ϼ ϿϹϾ ϼ Ϲ Ͼ Ͻ Ϲ Ϸϼϼ ϸϿ  Ϲ Ϲ  

ϴ ϴ ϶: 
 = ∆W + ∆W ∙ T ∙ γ ,                                                            (4.6) 
     
ϷϸϹ γ  – ϼ  ϸ Ϸ  ∙  ϿϹϾ Ϲ Ϸϼϼ. 
 = ,  + , ∙ ∙ , =  . ϵ./Ϸ ϸ. 
 
ϘϿ  4 ϵϿ Ͼ ϶: 
 = ∙ =  . ϵ./Ϸ ϸ 
 



41 
 

4.3.2        
 

 
Ϥϴ Ϲ ϴ   ϴ ϴ ϴ: 
 S = ∙ − . .φ = ∙ , − , ∙ ,,  = 71,06 Ϡϖ                              (4.7) 

 
ϷϸϹ P . . – ϴϾ ϼ϶ ϴ  ϴϷ ϻϾϴ ϵ ϶Ϲ  Ϻϸ, Ϡϖ .  

 
ϣ  Ͼϴ ϴϿ Ϸ  ϢϢϢ "Ϧ Ͽ ϼ ϾϼϽ Ϧ ϴ ϴ " ϶ ϵϼ ϴϹ  ϴ ϴ  
ϦϘϪ-80000/220-ϧ1. Ϟϴ ϴϿ Ϻ Ϲ ϸϴ Ϲ ϼ϶ϹϸϹ  ϶ ϴϵϿϼ Ϲ 25. 
 

ϦϴϵϿϼ ϴ 25–Ϟϴ ϴϿ Ϻ Ϲ ϸϴ Ϲ ϴ ϴ ϴ ϦϘϪ -80000/220-ϧ1 S , 
Ϡϖϔ 

U , Ͼϖ U , % ∆P , Ͼϖ  ∆P , Ͼϖ  I ,% U  U  
80 242 10,5 11 280 60 0,3 

          
ϣ Ϲ ϼ ϿϹϾ ϼ Ϲ Ͼ Ͻ Ϲ Ϸϼϼ Ϲ ϼ϶ϴ  Ϲ ϸ  ϶ Ϲ Ϲ ϼ 

ϴϾ ϼ ϴϿ  Ϲ , ϼ Ͽ ϻ  ϻ ϴ Ϲ ϼ  ϴϾ ϼ ϴϿ  ϴϷ ϻ Ͼ  ϼ 
϶ Ϲ  ϴϾ ϼ ϴϿ  Ϲ  . 
 τ = ( , + ) ∙ = ( , + ) ∙ = .   .  

 
ϖ Ϲ  ϴϵ  ϵϿ Ͼϴ ϶ Ϲ Ϲ ϼϹ Ϸ ϸϴ: 
 t = − μ ∙ T − ω ∙ T ,                                                           (4.9) 
       μ = 1 – ч   щ , , , 1/ ;  T  = 30 – я     ч  , ч;  ω = 0,025 –     , 1/ ;  T =  – Ϲϸ ϹϹ ϶ Ϲ  ϴ϶ϴ ϼϽ -϶ ϴ ϶ϼ ϹϿ  Ϲ ϶ 

ϴ ϴ ϴ, ; 
 t = − ∙ − , ∙ =  . 
 
ϣ Ϲ ϼ Ͽ Ϸ  ϸϴ ϶ ϴ ϴ Ϲ: 
 ∆W = n ∙ ∆P ∙ t = ∙ , ∙ = ,  ∙ ,                (4.10) 
 
ϷϸϹ nϦ – ϼ Ͽ  ϴ ϴϿϿϹϿ  ϴϵ ϴ ϼ  ϴ ϴ ϶. 
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ϡϴϷ ϻ Ϲ ( Ϲ Ϲ Ϲ Ϲ) Ϲ ϼ ϶ ϴ ϴ Ϲ: 
 ∆W = ∆ ∙  ∙ τ = , ∙ , ∙ = ,  ∗      (4.11) 

 
ϖϹϿϼ ϼ ϴ ϼϻϸϹ ϺϹϾ ϴ Ϲ ϼ ϿϹϾ ϼ Ϲ Ͼ Ͻ Ϲ Ϸϼϼ ϸϿ  Ϲ Ϲ  

ϴ ϴ ϴ: 
 = ∆W + ∆W ∙ T ∙ γ ,                                               (4.12) 
    
ϷϸϹ γ  – ϼ  ϸ Ϸ  Ϡϖ ∙  ϿϹϾ Ϲ Ϸϼϼ; 
 = ,  + , ∙ ∙ , =  . / . 
 
ϘϿ  2 ϵϿ Ͼ ϶: 
 
          = ∙ =  . / .                                                          
 

4.3.3    
 

Ϙ Ͽ  ϼ, ϹϵϿ Ϲ Ͻ ϴ ϵ ϶Ϲ Ϲ Ϻϸ  ϴ ϼϼ, ϴ϶Ͽ Ϲ  1% 
 S : 

 S . . = , ∙ cosφ .                                                                                              .  

 S . . = , ∙ , = ,  ∙ . 
 
ϣ  Ͼϴ ϴϿ Ϸ  ϢϔϢ «ϱϿϹϾ ϻϴ϶ ϸ» ϶ ϵϼ ϴ  4 ϴ ϴ ϴ 
ϦϥϛϨ-1600/10ϧ3. Ϟϴ ϴϿ Ϻ Ϲ ϸϴ Ϲ ϼ϶ϹϸϹ  ϶ ϴϵϿϼ Ϲ 26. 
 
ϦϴϵϿϼ ϴ 26–Ϟϴ ϴϿ Ϻ Ϲ ϸϴ Ϲ ϴ ϴ ϴ ϦϥϛϨ–1600/10ϧ3 S , Ϡϖ∙ϔ 

Uϡ, Ͼϖ UϾ, % Uϖϡ Uϡϡ 
1,6 10 0,4 6 
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4.4      
       

  
 
ϥ ϴ ϴ  , ϶ ϸϴ϶ϴϹ ϴ  ϶ ϼ Ϲ : 
 

 S = − . .φc = − ,, =  ∙ ,                                                         .  

 
ϣϹ Ϲϸϴ϶ϴϹ ϴ   ϴ ϸ  Ϲ  ϸϿ  ϖϟ 220 Ͼϖ: 
 P . =  ;      = , ;       cosφ = , ;    
 
ϗϸϹ Ϟ – Ͼ ϼ ϼϹ  ϼ϶ϹϸϹ ϼ  ϴ ϴϿ Ͻ ϼ ϟϱϣ, ϼ 

ϼ ϴϿ  ϴ ϺϹ ϼϼ 330 Ͼϖ ϼ ϶ Ϲ Ϟ = 1, ϼ ϴ ϺϹ ϼϼ 220 Ͼϖ –  
Ϟ = 1,2, ϼ ϴ ϺϹ ϼϼ 110 Ͼϖ – Ϟ = 1,4.  
          – ϴ ϴϿ ϴ   ϖϟ ϸϿ  ϼ ϴϿ Ϸ  ϴ ϺϹ ϼ  220 Ͼϖ.  
 
ϫϼ Ͽ  ϸ ϼ  Ͽϼ ϼϽ 220 Ͼϖ: 
 

 n = −∙ ./ φ + = , ∙ / , + = ,                                             .  

 
ϣ ϼ ϼ ϴϹ  ϼ Ͽ  ϖϟ 220 Ͼϖ ϴ϶  n = . 
 

 I = ∑∙√ ∙ =  ∙√ ∙ = ,  .                                                           .  

 
Ϥϴ ё Ͻ Ͼ ϖϟ 220 Ͼϖ: 
 I = α ∙ α ∙ I = , ∙ , ∙ =   ,                   (4.17) 
 
ϷϸϹ   α = ,  – Ͼ ϼ ϼϹ , ϼ ϶ϴ ϼϽ ϴ ϼϹ Ϲϵϼ ϹϿ  ϶ ϴϾ ϼ Ϲ 

ϴϷ ϻϾϼ;  
        α = ,  – Ͼ ϼ ϼϹ , ϼ ϶ϴ ϼϽ ϼϻ Ϲ Ϲ ϼϹ Ͼϴ ϶ Ϲ Ϲ 
Ͼ Ͽ ϴ ϴ ϼϼ. 

 
ϣ  ϶ϹϿϼ ϼ Ϲ ϴ ё Ϸ  Ͼϴ ϸϿ  Ͽϼ ϼϼ ϴ ϺϹ ϼϹ  U=220Ͼϖ ϶ ϵϼ ϴϹ   

϶ ϸ ϴ Ͼϼ ϔϥ – 240/32.  
 
Ϙ ϼ Ͻ ϸ ϿϺϼ ϹϿ Ͻ Ͼ I =  . 
 
ϣ ϶Ϲ Ͼϴ ϶ ϸϴ  ϴϷ Ϲ϶ : 
 

 I . = ∑− ∙√ ∙ =  ∙√ ∙ = ,  .                                                   .  
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 I > I . ,  >    ϻ ϴ ϼ , ϶ ϵ ϴ Ͻ ϶ ϸ ϸ ϶ϿϹ ϶ Ϲ  Ͽ ϶ϼ  
ϴϷ Ϲ϶ϴ. 

 
ϣϴ ϴ Ϲ  ϶ ϸϴ ϔϥ–240/32 ϼ϶ϹϸϹ  ϶ ϴϵϿϼ Ϲ 27 
 
ϦϴϵϿϼ ϴ 27– ϣϴ ϴ Ϲ  ϶ ϸϴ ϴ Ͼϼ ϔϥ–240/32 

ϫϼ Ͽ  ϶ ϸ ϶ ϶ 
ϴϻϹ 

r0 Ϣ /Ͼ  x0 Ϣ /Ͼ  b0 ϥ /Ͼ  

1 0,121 0,435 2,60·10-4 

 
4.5       -  

ё  
 
Ϥϴ ϴ ϼ϶ϴϹ Ϲ Ϲ  ϴϻϿϼ ϴ  Ͼ Ͽϼ Ϲ ϶  ϼϿ ϶  ϴ ϴ ϶, 

ϴ ϴ ϶ ϵ ϶Ϲ  Ϻϸ ϼ ϹϹϾ ϴ ϹϸϹϿϼ ϹϿ Ϸ  Ͻ ϶ϴ 
϶ ϹϷ  ϴ ϺϹ ϼ . ϣ  Ͼϴ ϼ ϴϿ ϶Ͽ ϺϹ ϼ  Ϲ ϼ϶ϴ   ϿϹ: 
 
 = n ∙ + t ∙ ,                                                                                            .  
 
ϷϸϹ  – ϼ  ϼϿ ϶ Ϸ  ϴ ϴ ϴ  
       – ϼ  ϹϽϾϼ ϢϤϧ;  
      n – ϼ Ͽ  ϼϿ ϶  ϴ ϴ ϶; 
      t – ϼ Ͽ  ϹϹϾ ϢϤϧ (ϸϿ  Ϲ   2ϥϬ Ϲϸ ϴ ϼ϶ϴϹ  k+2) 
 
ϥ ϼ  ϸ Ͻ ϹϽϾϼ ϢϤϧ  Ϲ  Ͼ ϼ ϼϹ ϴ ϼ Ͽ ϼϼ: 
 

 = 18000 . ϵ. 
 
Ϟϴ ϼ ϴϿ ϶Ͽ ϺϹ ϼ  ϸϿ  Ϲ   ϸϼ ϼ ϵϿ Ͼ   ϿϹ: 
         = ∙ + ∙  = . .   
         
Ϟϴ ϼ ϴϿ ϶Ͽ ϺϹ ϼ  ϸϿ  Ϲ   Ͼ Ϲ ϼ ϵ Ͼϴ ϼ  ϿϹ: 
 
          = ∙ + ∙ = . . 
 = ∙ + ,                                                             (4.20) 
     
ϷϸϹ = 0,15– ϴ ϼ϶ Ͻ Ͼ ϼ ϼϹ   
 
ϣ Ͽ Ϲ ϼ϶ϹϸϹ Ϲ ϻϴ ϴ  ϸϿ  Ϲ   ϸϼ  ϵϿ Ͼ   

ϿϹ: 
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          = , ∙ + = . . 

 
ϣ Ͽ Ϲ ϼ϶ϹϸϹ Ϲ ϻϴ ϴ  ϸϿ  Ϲ   Ͼ Ϲ ϼ ϵϿ Ͼϴ ϼ  

ϿϹ: 
 
          = , ∙ + = . . 
 
Ϥϴϻ ϼ ϴ ϹϺϸ  ϶ϴ ϼϴ ϴ ϼ:  
 

          = − ∙ %,                                                                                                   .  

 

          = − ∙ % = , %. 
 
Ϝϻ ϴ Ϲ ϶ ϶ϼϸ ,  ϸϴ Ϲ ϶ϴ ϼϴ  Ͽϼ ϴ  Ϲ Ϲ Ϲ  ϴ 5% ϼ  
϶Ͽ  Ͼ ϼ Ϲ Ͼϼ ϴ϶ Ϲ ϼ, Ͼ ϴ ϹϿ  ϶ ϵϼ ϴϹ  ϶ϴ ϼϴ   
ϸϼ ϼ ϵϿ Ͼϴ ϼ, Ϲϸ ϴ϶ϿϹ Ͻ ϴ ϼ ϾϹ 11. 

 
 

Ϥϼ Ͼ 11 – ϥ Ϲ ϴ  ϸϼ ϼ ϵϿ Ͼϴ ϼ. 
 

 

 

4.6       
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ϫϼ Ͽ  ϼ Ϲϸϼ Ϲ ϼϽ Ϥϧ–220 Ͼϖ: 6(2 ϖϟϱϣ 220 Ͼϖ, 4 ϵϿ Ͼϴ).ϣ ϼ ϸϴ  
ϼ ϿϹ ϼ Ϲϸϼ Ϲ ϼϽ ϸϿ  ϸϴ Ϸ  ϾϿϴ ϴ ϴ ϺϹ ϼ  Ϥϧ ϶ ϵϼ ϴϹ  ϶ϴ ϼϴ   

ϸ϶  ϴϵ ϼ ϼ ϼ ϸ Ͻ ϵ ϸ Ͻ. ϖ ϵ ϴ ϴ  Ϲ ϴ Ϥϧ – 220 Ͼϖ Ϲϸ ϴ϶ϿϹ ϴ 
ϴ ϼ ϾϹ 12. 

 

 
Ϥϼ Ͼ 12– ϥ Ϲ ϴ Ϥϧ ϖϡ 220 Ͼϖ: 2 ϥϬ ϼ ϸ ϴ ϵ ϸ ϴ  

 
4.7 ё         

      RastrWin 
 

4.7.1 ё    
 
Ϣ ϹϸϹϿ  ϼ ϸ Ͼ ϼ϶ Ϲ ϼ϶ϿϹ ϼ  ϶ Ϲ  ϿϹ Ϲ ϶ Ͼ Ͼ ϻϴ Ͼ Ͻ 

Ϲ ϼ ϶ ϼ Ϲ ϶ϴ  Ϲϸϼ ϼ ϴ . 
 
ϥϼ Ϲ ϷϹ Ϲ ϴ : 
 x = x′′ ∙ US = , ∙ ,,  = , ,                                                                .  

 
ϛ ϴ Ϲ ϼϹ ϶Ϲ Ϲ Ϲ ϸ Ͻ ϱϘϥ ϷϹ Ϲ ϴ ϶: 
 E = E∗" ∙ U = , ∙ , = ,  .                               (4.23) 
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Ϝ ϸ Ͼ ϼ϶ Ϲ ϼ϶ϿϹ ϼ  ϴ ϴ ϶: 
 x = U % ∙ U∙ S = ∙ ∙ = ,  .                                                             .  

 
ϥϼ Ϲ ϴ: 
 x = US = = ,  ,                                                                               .  

 
ϟϼ ϼϼ ϶ ϻϼ 220 Ͼϖ  Ϲ Ϸ ϼ Ϲ Ͻ: 
 x = x , ∙ l = , ∙ = ,  .                                (4.26) 
  
ϱϘϥ Ϲ Ϸ ϼ Ϲ : 
 = ∗ ∙ U = , ∙ =                                              (4.27)  
Ϟ ϼ ϼϹ  ϴ ϴ ϼϼ: 
 k = UU = , = , .                                                                                            .   
 
Ϣ ϹϸϹϿ  ϴϾ ϼ϶ Ϲ ϼ϶ϿϹ ϼ  ϶ Ϲ  ϿϹ Ϲ ϶ Ͼ Ͼ ϻϴ Ͼ Ͻ Ϲ ϼ 
϶ ϼ Ϲ ϶ϴ  Ϲϸϼ ϼ ϴ . 
 r = x∗T , ∙ ω = ,  , ∙ = ,  ,                                                                       .  

     r = xT , ∙ ω = ,, ∙ = ,  ,                                                                     .  

     r = r , ∙ l = , ∙ = ,  ,                                                                       .  
 r = ΔPk ∙ US = , ∙ = ,  .                                                                     .  
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4.7.2         
         

«RastrWin» 
 

 

Ϥϼ Ͼ 13– Ϝ ϸ Ϲ ϸϴ Ϲ  ϻϿϴ  

 
 
 
 
 
 
 
 

Ϥϼ Ͼ 14– Ϝ ϸ Ϲ ϸϴ Ϲ  ϶Ϲ ϶  
 

 
Ϥϼ Ͼ 15- Ϝ ϸ Ϲ ϸϴ Ϲ  ϷϹ Ϲ ϴ ϴ  

 

 
Ϥϼ Ͼ 16- Ϲϻ Ͽ ϴ  ϴ Ϲ ϶ Ͼ ϶  ϸ ϴϻ Ϸ  Ϟϛ 

 

 
Ϥϼ Ͼ 17- Ϲϻ Ͽ ϴ  ϴ Ϲ ϶ Ͼ ϶  ё ϴϻ Ϸ  Ϟϛ 

 

 
Ϥϼ Ͼ 18- Ϲϻ Ͽ ϴ  ϴ Ϲ ϶ Ͼ ϶  ё ϴϻ Ϸ  Ϟϛ 
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ϡϴ ϼ Ͼϴ  13,14,15 Ϲϸ ϴ϶ϿϹ  ϼ ϸ Ϲ ϸϴ Ϲ ϼϻ ϴϵϿϼ  
Ϸ ϴ , Ϲ ϵ ϸϼ Ϲ ϸϿ  ϴ Ϲ ϴ. ϴ ϼ Ͼϴ  16,17,18 Ϲϸ ϴ϶ϿϹ  

Ϲϻ Ͽ ϴ  ϴ Ϲ ϴ ϼ ϶ ϴϵϿϼ Ϲ 28. 

 

ϦϴϵϿϼ ϴ 28– ϤϹϻ Ͽ ϴ  ϴ Ϲ ϶ Ͼϴ Ϟϛ 

Ϧϼ  Ϟϛ ϠϹ  I .  i  
1  ϢϤϧ 2,37 6,03 
3  ϢϤϧ 4,75 12,09 
3  ϗϹ Ϲ ϴ  9,93 25,28 
 

4.8  ё     ё   
 
ϣ ϼ ϶ ϵ Ϲ Ͼ ϶Ϲϸ ϼ  ϴ ϹϽ Ϲ ϵ ϸϼ  ϵϹ Ϲ ϼ  ϶ Ͽ Ϲ ϼϹ 

Ϲϵ ϶ϴ ϼ  Ϲ ϼ Ϲ Ͼ Ͻ ϽϾ ϼ ϴ ϴ ϴ ϶ ϼ ϶ ϸ ϼϾ ϶.  
 
ϘϿ  ϼ Ϲϸϼ Ϲ ϼϽ ϷϹ Ϲ ϴ ϶ ϴϼϵ Ͽ ϼϽ ϴ Ϲ Ͻ Ͼ ϹϸϹϿ Ϲ  ϼ 
ϴϵ Ϲ  ϼ ϴϿ Ͻ  ϼ ϼϺϹ  ϴ 5% ϴ ϺϹ ϼϼ: 

 

           I ,  = , ∗  √ ∗                                                                           (4.33) 

  I ,  = , ∙ ,√ ∗ , = ,  ;   
 
 
Ϥϴϵ ϼϽ Ͼ ϼ Ϲϸϼ Ϲ ϼϽ ϼϿ ϶  ϴ ϴ ϶: 
 

           I   = ,√ ∙ , = ,√ ∙ = ,  ,                                                .  

 
Ϥϴϵ ϼϽ ϴϾ ϼ ϴϿ Ͻ Ͼ ϶ Ͽϼ ϼϼ ϶ ϻϼ  ϼ Ϲ Ͻ 220Ͼϖ: 
 

           I . = ∑∙√ ∙ = ∙√ ∙ = ,  ,                                                   .  

 
Ϥϴ Ϲ Ͻ Ͼ ϺϹϿϹ Ϸ  ϹϺϼ ϴ ϹϸϹϿ Ϲ  ϼ ϾϿ Ϲ ϼϼ ϸ Ͻ ϼϻ 
Ͽϼ ϼϼ ϶ ϻϼ: 
 

           I . = ∑− ∙√ ∙ = ∙√ ∙ = ,  .                                                .  
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4.9      

 10,5  
 
Ϥϴϻ Ϲϸϼ ϼ ϹϿϼ ϶ ϵϼ ϴ   ϴ ϺϹ ϼ  ϼ Ͼ  ϺϹϿϹ Ϸ  ϹϺϼ ϴ ϼ 

϶Ϲ  ϴ Ϲ ϼ Ϲ Ͼ  ϼ ϸϼ ϴ ϼ Ϲ Ͼ  ϽϾ   Ϲ  ϺϹ ϻ ϴ Ϲ ϼ , 
 ϼ ϶ ϾϿ ϴ ϹϿϼ. 

 
ϣ ϼ ϶ ϵ Ϲ ϶ ϾϿ ϴ ϹϿϹϽ ϼ ϴϻ Ϲϸϼ ϼ ϹϿϹϽ Ϲ ϵ ϸϼ  ϵϿ ϸϴ  
ϿϹϸ ϼϹ Ͽ ϶ϼ : 

 
 U U . .  
   
 I I ,  .  
   
           B , B , .  

 
Ϝ Ͽ ϻ  Ͼϴ ϴϿ Ϸ ϼϻ϶ ϸϼ ϹϿ  ϢϔϢ ϖϢ «ϱϿϹϾ ϴ ϴ ϴ » ϸϿ  
ϷϹ Ϲ ϴ Ϸ  ϴ ϺϹ ϼ  ϶ ϵϼ ϴϹ  ϶ϴϾ Ͻ ϶ ϾϿ ϴ ϹϿ  ϖϖ–10 ϼ 
ϴϻ Ϲϸϼ ϼ ϹϿ  ϤϖϤϛ–10/4000ϧ3.Ϟϴ ϴϿ Ϻ Ϲ ϸϴ Ϲ ϷϹ Ϲ ϴ Ϸ  

϶ ϾϿ ϴ ϹϿ  ϼ ϴϻ Ϲϸϼ ϼ ϹϿ  Ϲϸ ϴ϶ϿϹ  ϶ ϴϵϿϼ Ϲ 29.  
 

ϦϴϵϿϼ ϴ 29–ϥ϶ ϸ ϴ  ϴϵϿϼ ϴ  ϶ ϵ  ϷϹ Ϲ ϴ Ϸ  ϶ ϾϿ ϴ ϹϿ  ϼ 
ϴϻ Ϲϸϼ ϼ ϹϿ . 

 
  

Ϥϴ ё Ϲ ϸϴ Ϲ 
Ϟϴ ϴϿ Ϻ Ϲ ϸϴ Ϲ 
ϖ ϾϿ ϴ ϹϿ  
ϖϖ-10 

Ϥϴϻ Ϲϸϼ ϼ ϹϿ  
ϤϖϤϛ-10/4000 ϧ3 U = ,   U =  Ͼϖ U =  Ͼϖ I . =   I =  ϔ I =  ϔ I = ,  Ͼϔ i . =  Ͼϔ I . =  Ͼϔ i = , Ͼϔ I . =  Ͼϔ 𝑖 . =  Ͼϔ 

 I . = ,  Ͼϔ t =  . . = I ∙ (t + t )= = , ∙ , + ,= = ,  ∙  

 . = I . ∙ t = 
 = ∙ =  ∙  

. = I ∙ t = 
 = ∙ =  ∙  
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4.10      

 
ϖ ϵϼ ϴϹ  ϴ ϴ  Ͼϴ ϦϬϟ–10. ϣ ϼϻ϶ ϸϼ ϹϿ  ϢϔϢ «ϥ϶Ϲ ϸϿ ϶ ϾϼϽ 
ϻϴ϶ ϸ». ϣ ϶Ϲ Ͼϴ ϴ ϴ ϴ Ͼϴ ϦϬϟ-10 Ϲϸ ϴ϶ϿϹ ϴ ϶ ϴϵϿϼ Ϲ 30. 
 
ϦϴϵϿϼ ϴ 30–ϣ ϶Ϲ Ͼϴ ϴ ϴ ϴ Ͼϴ ϦϬϟ–10 
ϣϴ ϴ Ϲ  Ϥϴ ё Ϲ ϸϴ Ϲ Ϙϴ Ϲ ϦϦ  Ͼϴ ϴϿ Ϸ  U < U  U = ,   U =   I  < I  I . =   I =   
 
ϖ ϵ ϴ  ϴ ϴ  ϴ ϺϹ ϼ  ϛϡϢϟ-10. ϣ ϼϻ϶ ϸϼ ϹϿ  ϢϔϢ 
«ϥ϶Ϲ ϸϿ ϶ ϾϼϽ ϻϴ϶ ϸ». ϣϴ ϴ Ϲ  ϴ ϴ ϴ ϴ ϺϹ ϼ  ϛϡϢϟ-10 

Ϲϸ ϴ϶ϿϹ  ϶ ϴϵϿϼ Ϲ 31. 
 
ϦϴϵϿϼ ϴ 31– ϖ ϵ  ϼ ϶Ϲ Ͼϴ ϴ ϴ ϴ ϴ ϺϹ ϼ  
ϣϴ ϴ Ϲ  Ϥϴ ё Ϲ ϸϴ Ϲ Ϙϴ Ϲ Ϧϡ  Ͼϴ ϴϿ Ϸ  U < U . . U = ,   . =   
 
ϘϿ  ϻϴ ϼ  ϴ ϴ ϴ  Ϲ Ϲ ϴ ϺϹ ϼϽ Ϲ ϼ 10,5 Ͼϖ ϴ ϴ϶Ͽϼ϶ϴϹ   

 ϼϻ ϹϷ  ϴ ϺϹ ϼ  Ϣϣϡ–10 ϧϩϟ1 ϼ  ϢϔϢ «Ϥϴz ϸ». 
 
4.11    

 
4.11.1     

 
Ϝ Ͽ ϻ  Ͼϴ ϴϿ Ϸ ϼϻ϶ ϸϼ ϹϿ  ϛϔϢ «ϱ Ϲ Ϸ ϴ » ϼ ϛϔϢ «ϛϱϦϢ» ϶ ϵϼ ϴϹ  
ϿϹϷϴϻ ϶ Ͻ ϵϴϾ ϶ Ͻ ϶ ϾϿ ϴ ϹϿ  ϖϱϕ-220 ϼ ϴϻ Ϲϸϼ ϼ ϹϿ  Ϥϗ-220/3150 

ϧϩϟ1. Ϟϴ ϴϿ Ϻ Ϲ ϸϴ Ϲ ϷϹ Ϲ ϴ Ϸ  ϶ ϾϿ ϴ ϹϿ  ϼ ϴϻ Ϲϸϼ ϼ ϹϿ  
Ϲϸ ϴ϶ϿϹ  ϶ ϴϵϿϼ Ϲ 32.   
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ϦϴϵϿϼ ϴ 32–ϥ϶ ϸ ϴ  ϴϵϿϼ ϴ  ϶ ϵ  ϷϹ Ϲ ϴ Ϸ  ϶ ϾϿ ϴ ϹϿ  ϼ 
ϴϻ Ϲϸϼ ϼ ϹϿ  

 
 
   

 

 

 

 

 

 

4.11.2      
 
ϖ ϾϿ ϴ ϹϿ  ϖϱϕ-220 Ͼ ϿϹϾ ϶ϴ  ϴ ϴ  Ͼϴ ϦϢϗϨ-220-
ϧϩϟ1. ϣ ϼϻ϶ ϸϼ ϹϿ  ϛϔϢ «ϛϱϦϢ». ϣ ϶Ϲ Ͼϴ ϴ ϴ ϴ Ͼϴ ϦϢϗϨ-
220-ϧϩϟ1 Ϲϸ ϴ϶ϿϹ ϴ ϶ ϴϵϿϼ Ϲ 33. 
 
ϦϴϵϿϼ ϴ 33– ϣ ϶Ϲ Ͼϴ ϴ ϴ ϴ Ͼϴ 

ϣϴ ϴ Ϲ  Ϥϴ ё Ϲ ϸϴ Ϲ 
Ϙϴ Ϲ ϦϦ  
Ͼϴ ϴϿ Ϸ  U U  U =   U =   I  < I  I  =   I =   

 
ϖ ϵ ϴ  ϴ ϴ  ϴ ϺϹ ϼ  ϛϡϢϗ-220. ϣ ϼϻ϶ ϸϼ ϹϿ  ϛϔϢ «ϛϱϦϢ». 
ϣϴ ϴ Ϲ  ϴ ϴ ϴ ϴ ϺϹ ϼ  ϛϡϢϗ-220 Ϲϸ ϴ϶ϿϹ  ϶ ϴϵϿϼ Ϲ 34. 
 

ϦϴϵϿϼ ϴ 34– ϖ ϵ  ϴ ϴ ϴ ϴ ϺϹ ϼ  
ϣϴ ϴ Ϲ  Ϥϴ ё Ϲ ϸϴ Ϲ Ϙϴ Ϲ Ϧϡ  Ͼϴ ϴϿ Ϸ  U U  U =   U =   
 
ϖ ϢϤϧ 220Ͼϖ ϴ ϴ϶Ͽϼ϶ϴϹ    ϶ ϹϷ  ϴ ϺϹ ϼ  Ϣϣϡ-ϣ-220 
ϧϩϟ1, ϼ  ϛϔϢ «ϛϱϦϢ». 
  

Ϥϴ ё Ϲ ϸϴ Ϲ 
Ϟϴ ϴϿ Ϻ Ϲ ϸϴ Ϲ 
ϖ ϾϿ ϴ ϹϿ  
ϖϱϕ-220 

Ϥϴϻ Ϲϸϼ ϼ ϹϿ  
Ϥϗ-220/3150 ϧϩϟ1 U =   U =  Ͼϖ U =  Ͼϖ I  = ,   I =  ϔ I =  ϔ I = ,  Ͼϔ I . =  Ͼϔ − i = ,   i . =   i . =   

 I . =   I . =  . = I ∙ (t + t )= = , ∙ , + , = = ,  ∙  

. = I ∙ t = = ∙= ∙  

. = I ∙ t = = ∙ = ∙  
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5      
 
5.1     
 
ϘϿ  ϗϗ Ϲϸ ϴ ϼ϶ϴ  ϿϹϸ ϼϹ ϿϹϾ ϼ Ϲ ϾϼϹ ϻϴ ϼ :  
− ϻϴ ϼ ϴ  ϻϴ Ͼϴ ϼϽ ϴ ϻϹ Ͽ  100% ϵ Ͼϼ ϴ ϴ ϗϗ;  
− ϸ Ͽ ϴ  ϸϼ Ϲ Ϲ ϼϴϿ ϴ  ϻϴ ϼ ϴ ϗϗ  Ͼ Ͼϼ  ϻϴ Ͼϴ ϼϽ (Ϟϛ) 

϶ ϵ ϾϹ ϴ ϴ ϗϗ ϼ ϴ ϹϷ  ϶ ϶ ϸϴ ;  
− ϸϼ ϴ ϼ ϴ  ϻϴ ϼ ϴ (Ϙϛ)  ϶ Ϲ ϼ  Ϟϛ;  
− ϻϴ ϼ ϴ  ϵ ϴ Ͻ  ϿϹϸ ϶ϴ ϹϿ ϼ    Ͼ ϶  ϶ Ϲ ϼ   

Ϲ ϼ Ϲ ϼ  Ϟϛ ϼ Ϲ ϼ Ϲ ϼ  Ϲ ϹϷ ϻ Ͼ ϗϗ;  
− ϻϴ ϼ ϴ  ϼ Ϲ ϼ  Ϲ ϹϷ ϻ Ͼ ϴ ϴ ϗϗ;  
− ϻϴ ϼ ϴ  Ϲ ϹϷ ϻϾϼ ϵ Ͼϼ ϴ ϗϗ Ͼ  ϶ ϻϵ ϺϸϹ ϼ , Ͼ Ͽ  

ϸϿϼ ϹϿ ϼ ϼ ϶Ͼϼ;  
− ϻϴ ϼ ϴ  ϶ Ϲ ϼ  ϴ ϺϹ ϼ  ϴ ϴ Ϲ ϗϗ;  
− ϻϴ ϼ ϴ  ϻϴ Ͼϴ ϼϽ ϴ ϻϹ Ͽ  ϵ Ͼϼ ϴ ϗϗ;  
− ϻϴ ϼ ϴ  ϴ ϼ Ϸ  ϹϺϼ ϴ  Ϲ ϹϽ ϶ ϻϵ ϺϸϹ ϼ  ϗϗ;  
− ϻϴ ϼ ϴ  ϴ ϼ Ϸ  ϹϺϼ ϴ ϵϹϻ Ϲ ϼ ϶ ϻϵ ϺϸϹ ϼ  ϗϗ;  
− Ͻ ϶  ϹϻϹ ϶ϼ ϶ϴ ϼ  Ͼϴϻϴ ϶ ϾϿ ϴ ϹϿ  (ϧϤϢϖ) ϗϗ. 
  
5.2        
  
ϘϿ  ϴ Ϲ ϴ Ϲ ϵ ϸϼ  ϻ ϴ  ϼ ϴϿ Ϲ Ϲ ϶ϼ Ϲ ϼ ϶ ϼ Ϲ Ͼϼ 

  ϷϹ Ϲ ϴ Ϸ  ϴ ϺϹ ϼ  ( ϗϙϡ). ϡ ϼ ϴϿ Ͻ Ͼ ϴ 
ϷϹ Ϲ ϴ  ϴ ϺϹ ϼϼ:  

 

  = / 𝜑√ ∙ = ∙ / ,√ ∙ , =                                                        (5.1) 

 
ϡ ϼ ϴϿ Ͻ Ͼ ϴ ϷϹ Ϲ ϴ  ϴ ϺϹ ϼϼ, ϼ϶ϹϸϹ Ͻ Ͼ ϼϻ ϹϽ 
Ϲ ϴ ϴ ϴ Ͼϴ (ϦϦ): 

 

 = ∙ = ∙/ = ,                                                              (5.2) 

 
Ϡ  ϷϹ Ϲ ϴ ϴ ϶ ϻϵ ϺϸϹ ϼ : 
 , = ,, ∙ , = , ∙ =                                   (5.3) 

 
ϖ Ͽ ϼ  Ϲ Ϲ ё  Ͼϴ ϷϹ Ϲ ϴ ϴ ϶ ϻϵ ϺϸϹ ϼ : 
 , = ,, = =                                                                      (5.4)
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, = , = / = ,                                                                   (5.5) 

 
ϖ ϵϼ ϴϹ  ϶ Ϸϴ ϹϿ Ͻ ϷϹ Ϲ ϴ  – ϥϦϥ-200-1000-2,5 
ϙϷ  ϴ ϴ Ϲ : 
U=200 ϖ 
I=1000 ϔ 
 
5.3       
  

 
5.3.1       
 
ϣ ϸ Ͽ ϴ  ϸϼ Ϲ Ϲ ϼϴϿ ϴ  ϻϴ ϼ ϴ ϗϗ ϶Ͽ Ϲ  ϶ Ͻ 

ϵ ϸϹϽ ϶ ϹϽ ϶ ϶ϼ ϹϿ Ͻ ( ϥϤ < 0,2 ∙ ϡ) ϻϴ ϼ Ͻ  ϹϺϸ ϴϻ  
Ϟϛ ϶ ϵ ϾϹ ϗϗ ϼ ϴ ϹϷ  ϶ ϶ ϸϴ .  

ϛϴ ϼ ϴ ϶ Ͽ Ϲ  Ϲ ϴϻ Ͻ ϼ ϸϾϿ ϴϹ  Ͼ ϦϦ ϶ Ͽϼ ϹϽ  
϶ ϶ ϸϴ  ϴ ϴ ϗϗ ϼ Ͼ ϦϦ ϶ ϹϽ ϴϿ  ϶ ϶ ϸϴ .  

ϡ ϼ ϴϿ Ͻ Ͼ ϴ ϴ ϗϗ: ϡ = 2016 ϔ; Ͼ ϼ ϼϹ  ϴ ϴ ϼϼ 
ϦϦ: ϦϦ = 2000/5 ϔ.  

ϖ ϵ  ϴ ϴϿ Ϸ  Ͼϴ ϴϵϴ ϶ϴ ϼ . ϡϴ ϴϿ Ͻ Ͼ ϴϵϴ ϶ϴ ϼ  ( ϥϤ.0) 
ϹϸϹϿ Ϲ  ϶ ϶ϼ ϹϿ  ϻϴ ϼ  ϼ ϴϿ  ϻ  Ͼϴ . ϖϹϿϼ ϼ ϴ 

ϥϤ.0 ϶ ϵϼ ϴϹ   Ϲ  ϶ ϻ Ϻ ϼ ϽϾϼ ϻϴ ϼ   Ͼϴ ϹϵϴϿϴ ϴ 
ϼ ϴϿ Ϸ  ϹϺϼ ϴ:  

 
ϡϕ(ϡϔϫ) = ϞϢϘϡ ∙ 𝑖 ∙ ϡ = 0,5 ∙ 0,1 ∙ ϡ,                                  (5.6)  

  
ϷϸϹ ϞϢϘϡ = 0,5 – Ͼ ϼ ϼϹ  ϸ ϼ ϼ ϦϦ, .Ϲ.;   
       𝑖 = 0,1 – ϼ ϹϿ ϴ  Ϸ Ϲ  ϦϦ, .Ϲ.  

ϧ ϴ ϶Ͼϴ ϶ ϵϼ ϴϹ  ϼϻ Ͽ ϶ϼ :  
  

ϥϤ.0 ≥ ϡ ∙ ϡϕ(ϡϔϫ) = 2 ∙ 0,05 ∙ ϡ = 0,1 ∙ ϡ,                         (5.7)  
  

ϷϸϹ ϡ = 2 – Ͼ ϼ ϼϹ  ϴϸϹϺ ϼ, .Ϲ.  
  
ϣ ϼ ϼ ϴϹ  ϴ ϶Ͼ : ϥϤ.0 = 0,15 ∙ ϡ = 302ϔ.  
  
ϖ ϵ  Ͼ ϼ ϼϹ ϴ ϺϹ ϼ . Ϟ ϼ ϼϹ  ϺϹ ϼ  Ϧ 

ϹϸϹϿ Ϲ  ϶ ϶ϼ ϹϿ  ϻϴ ϼ  Ͼ ϶ ϹϺϸϹ ϼ  ϼ ϹϾϴ ϼϼ Ͼϴ 
ϴϷ ϻϾϼ. ϖϹϿϼ ϼ ϴ Ϧ ϶ ϵϼ ϴϹ   Ϲ  ϽϾϼ ϻϴ ϼ   Ͼ ϶ 
ϹϵϴϿϴ ϴ, ϶ ϻ϶ϴ  Ϸ Ϲ ϼ ϦϦ ϼ Ͼ϶ ϻ  Ϟϛ.  

ϠϴϾ ϼ ϴϿ Ͻ Ͼ ϹϵϴϿϴ ϴ ϵ ϸϹ  ϹϾϴ  ϶ ϻϴ ϼ Ϲ ϼ ϶ Ϲ Ϲ  
Ϲ ϴϻ  Ϟϛ. Ϧ Ͼ ϹϵϴϿϴ ϴ ϼ Ϲ ϴϻ  Ϟϛ:  

  
ϡϕ(Ϟϛ) = Ϟϔϣ ∙ 𝑖 ∙ ϞϢϘϡ ∙ ϠϔϞϥ                     (5.8)  
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ϷϸϹ Ϟϔϣ = 2 – Ͼ ϼ ϼϹ  ϴ Ϲ ϼ ϸϼ Ϲ Ͼ Ͻ ϴ϶Ͽ ϹϽ Ͼϴ Ϟϛ, .Ϲ.;  
      𝑖 = 0,1 – ϼ ϹϿ ϴ  Ϸ Ϲ  ϦϦ, .Ϲ.;   
      ϞϢϘϡ = 0,5 – Ͼ ϼ ϼϹ  ϸ ϼ ϼ ϦϦ, .Ϲ.;  
       ϠϔϞϥ – ϴϾ ϼ ϴϿ Ͻ Ͼ Ϲ Ϲϻ ϦϦ ϶ Ͽϼ ϹϽ  ϶ ϶ ϸϴ  ϼ ϶ Ϲ Ϲ  

Ϲ ϴϻ  Ϟϛ ϶ Ϲ ϼ ϷϹ Ϲ ϴ Ϸ  ϴ ϺϹ ϼ , ϔ.  
 = ′′′′ ∙ = ,, ∙ =  .                                                      (5.9) 

 
ϦϴϾϼ  ϵ ϴϻ , ϷϿϴ  (5.8), ϴϾ ϼ ϴϿ Ͻ Ͼ ϹϵϴϿϴ ϴ:  
  

ϡϕ(Ϟϛ) = 2 ∙ 0,1 ∙ 0,5 ∙ 9112= 911,2 ϔ.                                                          (5.10) 
  
Ϟ ϼ ϼϹ  ϺϹ ϼ  ϶ ϵϼ ϴϹ  ϼϻ Ͽ ϶ϼ :  
 >  ∙ ,                                                                                                          (5.11) 

  =                                                                      
 

          > , ∙                                                                                                           
 

          > , ,                                                                                                            
 

ϷϸϹ =  – Ͼ ϼ ϼϹ  ϴϸϹϺ ϼ;  
        – Ͼ Ϲ ϴϻ Ϸ  Ͼ Ͼ Ϸ  ϻϴ Ͼϴ ϼ  ϴ ϶ ϶ ϸϴ  ϷϹ Ϲ ϴ ϴ. 

 
ϣ ϼ ϼ ϴϹ  ϴ϶Ͼ  = , . 
 
3) ϧ ϴ϶Ͼϴ ϴ ϴϿ Ϸ  ϺϹ ϼ  ( ϶ϹϿϼ ϼ϶ϴϹ  ϻ  ϴϵ  ϻϴ ϼ  ϵϹϻ 
ϺϹ ϼ ): 
 

 = ∗ = , , = , .                                                                                         .  

 
4) Ϧ ϻ Ͻ Ͼ ϖ ϹϸϹϿ Ϲ  Ͼ  ϼϻϿ ϴ ϴ ϴϾ Ϲ ϼ ϼϾϼ 

ϴϵϴ ϶ϴ ϼ .  
ϣ ϼ ϶ ϵ Ϲ ϖ ϸ ϿϺ  ϶ Ͽ  Ͽ ϶ϼϹ: 
 

 ∗ = , , = , .                                                                                           .  

 
ϣ ϼ ϼ ϴϹ  ϼ ϶ Ϲ ϻ ϴ Ϲ ϼϹ ϴ϶Ͼϼ ϖ = 1,5 ( ϼ  Ͽ ϶ϼϹ 

϶ Ͽ Ϲ ). 
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ϡϴ ϼ ϾϹ 19 ϼ϶ϹϸϹ ϴ ϴ ϴϾ Ϲ ϼ ϼϾϴ ϴϵϴ ϶ϴ ϼ  
ϸϼ Ϲ Ϲ ϼϴϿ Ͻ ϻϴ ϼ  ϷϹ Ϲ ϴ ϴ. 

 

 
 Ϥϼ Ͼ 19– ϩϴ ϴϾ Ϲ ϼ ϼϾϴ ϴϵϴ ϶ϴ ϼ  ϸϼ Ϲ Ϲ ϼϴϿ Ͻ 

                                                 ϻϴ ϼ  ϷϹ Ϲ ϴ ϴ 
 
ϛϴ ϼ ϴ ϸϹϽ ϶ Ϲ  ϴ ϾϿ Ϲ ϼϹ ϷϹ Ϲ ϴ ϴ, Ϸϴ Ϲ ϼϹ ϿϹϽ, ϴ ϶ 

ϵϼ   ϵ  ϴ϶ϴ ϼϽ - Ϲ  ϻϴ ϶ ϶ ϼ ϴ Ͼ Ϻϴ Ϲ ϼ  
ϷϹ Ϲ ϴ ϴ. 

 
5.3.2          
  
ϛϴ ϼ ϴ ϵϹ Ϲ ϼ϶ϴϹ  100% ϶ϴ  ϵ Ͼϼ ϴ ϴ ϗϗ, ϴϵ ϴ ϹϷ  ϶ 

ϹϺϼ Ϲ ϼϻ Ͽϼ ϶ϴ Ϸ  ϵϿ Ͼϴ ϼ Ϲ ϼ Ϲ ϹϷ  ϷϴϿ ϶ϴ ϼ Ϲ Ͼ Ͻ ϶ ϻϼ  ϼ Ϲ Ͻ 
ϵ ϶Ϲ  Ϻϸ.  

ϛϴ ϼ ϴ ϶ Ͽ Ϲ ϴ   ϸ϶  Ϸϴ ϶ ϴ ϺϹ ϼ . ϣϹ ϶ Ͻ Ϸϴ  
( 0) ϹϴϷϼ Ϲ  ϴ ϶  ϴ϶Ͽ  ϴ ϺϹ ϼ  ϿϹ϶ Ͻ 

ϿϹϸ ϶ϴ ϹϿ ϼ 0 ϼ ϻϴ ϼ ϴϹ  85-95% ϶ϼ Ͼ ϶ ϵ Ͼϼ ϴ ϴ   
ϴϻ  ϶ ϶ ϸ ϶; 0 ϶ϾϿ ϴϹ  ϴ ϴ ϺϹ ϼϹ ϿϹ϶ Ͻ ϿϹϸ ϶ϴ ϹϿ ϼ 

3 0 ϴ ϴ ϴ ϴ ϺϹ ϼ  (Ϧϡ) Ͽϼ ϹϽ  ϶ ϶ ϸ ϶ ϗϗ, ϼϻ Ϲ Ϲ Ϲ 
ϵ Ͼ Ͻ « ϴϻ Ͼ Ͻ Ϲ Ϸ Ͽ ϼϾ».  

ϡϴ ϺϹ ϼϹ ϴϵϴ ϶ϴ ϼ  ( ϥϤ) Ϸϴ ϴ ϶ Ͻ Ϸϴ ϼϾϼ ϶ ϵϼ ϴϹ  
ϼϻ Ͽ ϶ϼ  ϽϾϼ  ϸϹϽ ϶ ϹϷ  ϻ ϴ Ϲ ϼ  ϴ ϺϹ ϼ  ϿϹ϶ Ͻ 

ϿϹϸ ϶ϴ ϹϿ ϼ ϶ Ͻ ϴ , ϵ Ͽ ϶ϿϹ Ϸ  ϿϹϾ ϴ ϼ Ϲ Ͼ Ͻ 
ϼ ϸ Ͼ ϼϹϽ ϼϿ ϶ Ϸ  ϴ ϴ ϴ ϵϿ Ͼϴ ( 0 ϱϟ.ϥϦ.) ϼ ϸ ϴϻ  
ϻϴ Ͼϴ ϼϼ ϴ ϻϹ Ͽ  (Ϣϛϛ) ϴ Ϲ ϖϡ.  
 

ϥ Ϲ ϴ ϻϴ Ϲ Ϲ ϼ  ϸϿ  ϹϸϹϿϹ ϼ  ϴ ϺϹ ϼ , ϵ Ͽ ϶ϿϹ Ϸ  
ϿϹϾ ϴ ϼ Ϲ Ͼ Ͻ ϼ ϸ Ͼ ϼϹϽ ϹϺϸ  ϵ Ͼϴ ϼ ϴ ϴ ϴ 

Ϲϸ ϴ϶ϿϹ ϴ ϴ ϼ ϾϹ 20. 
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Ϥϼ Ͼ 20 – ϥ Ϲ ϴ ϻϴ Ϲ Ϲ ϼ  ϸϿ  ϹϸϹϿϹ ϼ  ϴ ϺϹ ϼ , ϵ Ͽ ϶ϿϹ Ϸ  
ϿϹϾ ϴ ϼ Ϲ Ͼ Ͻ ϼ ϸ Ͼ ϼϹϽ ϹϺϸ  ϵ Ͼϴ ϼ ϴ ϴ ϴ  

 
ϡϴ ϼ ϾϹ 20 ϼ϶ϹϸϹ  ϿϹϸ ϼϹ ϵ ϻ ϴ Ϲ ϼ :  
−  – Ϲ Ͼ  ϸ Ͻ ϴϻ  ϵ Ͼϼ ϴ ϴ ϗϗ ϴ ϻϹ Ͽ ;  
−  – Ϲ Ͼ  ϸ Ͻ ϴϻ  ϵ Ͼϼ ϼϻ ϹϷ  ϴ ϺϹ ϼ  (ϡϡ) 

ϴ ϴ ϴ ϴ ϻϹ Ͽ ;  
−  – Ϲ Ͼ  ϼ ϶ ϸϴ  Ϲ ϼ  Ͼ ϻϹ ϿϹ;  
−  – Ϲ Ͼ  ϷϹ Ϲ ϴ Ϸ  ϶ ϾϿ ϴ ϹϿ .  
ϥ ϴ ϴ  Ϲ Ͼ  ϴϻ  Ϲ ϼ ϷϹ Ϲ ϴ Ϸ  ϴ ϺϹ ϼ  ϴ ϼ ϴ ϴ  
ϿϹ (5.14).  
 

 Σ = + + + = , + , + , + , = , ,  (5.14) 

 
ϥ ϴ Ͻ Ϲ Ͼ Ͻ Ͼ Ϲ ϼ 10,5 Ͼϖ: 
 
 = , ∙ ∙ 𝜔 ∙ Σ = ,  .                                                                         .  
  
ϡϴ ϺϹ ϼϹ ϿϹ϶ Ͻ ϿϹϸ ϶ϴ ϹϿ ϼ ϴ ϶ ϶ ϸϴ  ϷϹ Ϲ ϴ ϴ ϼ 

ϸ ϴϻ  ϻϴ Ͼϴ ϼ  ϴ Ϲ 220Ͼϖ: 
 

  Э . = ∙ ∙ + Σ ,                                                                               .  

 
ϷϸϹ  – Ͼ ϼ ϼϹ , ϼ ϶ϴ ϼϽ ϴ ϹϸϹϿϹ ϼϹ ϴ ϺϹ ϼ    ϵ ϾϹ 
ϖϡ ϴ ϴ ϴ. ϖ ϶Ϲ ϶ϼϼ  Ͼϴϻϴ ϼ ϼ ϸϿ  ϴ ϴ ϶, 
ϴϵ ϴ ϼ   ϷϿ ϻϴϻϹ ϿϹ Ͻ ϹϽ ϴϿ , = , ; 

      ϥϦ( 0) – Ϲ Ͼ  ϹϺϸ  ϵ Ͼϴ ϼ ϶ ϹϷ  ϼ ϼϻ ϹϷ  ϴ ϺϹ ϼ  ϸ Ͻ 
ϴϻ  ϴ ϴ ϴ, ϥϦ( 0) = 0,012 ϾϨ⁄ ϴϻ  ;  

       0 – ϴ ϺϹ ϼϹ ϿϹ϶ Ͻ ϿϹϸ ϶ϴ ϹϿ ϼ ϼ Ϣϛϛ ϴ Ϲ ϶ ϹϷ  
ϴ ϺϹ ϼ  ϴ ϴ ϴ.  
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       0 ϴ ϼ ϶ϴϹ   ϿϹ (5.17):  
 

 = ∙  √ =⁄ ∙ √ = ,                                                    (5.17) 

 
Ϧ Ϸϸϴ ϴ ϺϹ ϼϹ ϿϹ϶ Ͻ ϿϹϸ ϶ϴ ϹϿ ϼ ϴ ϶ ϶ ϸϴ   ϗϗ ϼ Ϣϛϛ 

ϴ Ϲ 220 Ͼϖ  ϿϹ (5.18):  
  Э . . = , ∙ ∙ ,, + , = ,  .                                         (5.18) 

 
Ϥϴ ё Ϲ ϻ ϴ Ϲ ϼϹ  Э . . = ,   
ϡϴ ϺϹ ϼϹ ϴϵϴ ϶ϴ ϼ  ϻϴ ϼ  ϹϸϹϿϼ  ϼϻ ϶ ϴϺϹ ϼ : 
 ∙ ∙  Э .                                                                                 (5.19) 

 ,, ∙ ∙ ,,√ ∙ ,                                                                                       (5.20) U ,                                                                                                 (5.21) 
ϷϸϹ = ,  – Ͼ ϼ ϼϹ  ϴϸϹϺ ϼ; 
       – Ͼ ϼ ϼϹ  ϴ ϴ ϼϼ Ϧϡ; 
      = ,  – Ͼ ϼ ϼϹ  ϶ ϻ϶ ϴ ϴ. 
 

 ϼ ϹϹ  ϴ϶Ͼ  ϴϵϴ ϶ϴ ϼ   ϴ ϺϹ ϼ  ϿϹ϶ Ͻ 
ϿϹϸ ϶ϴ ϹϿ ϼ, ϹϷ Ͽϼ Ϲ  ϶ ϸϼϴ ϴϻ Ϲ  5 ϸ  20 ϖ. 

ϣ ϼ ϼ ϴϹ  ϿϹϸ ϼϹ ϴ϶Ͼϼ:   ϴ϶Ͼ Ͻ 5 ϖ  ϶ ϸϹ ϺϾ Ͻ 
϶ Ϲ Ϲ ϼ 9,0  ϸϹϽ ϶ Ϲ  ϴ ϼϷ ϴϿ;   ϴ϶Ͼ Ͻ 10 ϖ ϼ ϶ ϸϹ ϺϾ Ͻ ϶ Ϲ Ϲ ϼ 
0,5 , Ͼ ϴ  ϸϹϽ ϶ Ϲ  ϴ ϴϻϷ ϻϾ  ϴϷ ϹϷϴ ϴ;   ϴ϶Ͼ Ͻ 15 ϖ ϼ ϶ ϸϹ ϺϾ Ͻ 
϶ Ϲ Ϲ ϼ 0,5    ϸϹϽ ϶ϼϹ  ϴ ϾϿ Ϲ ϼϹ ϶ ϾϿ ϴ ϹϿ  ϷϹ Ϲ ϴ ϴ, Ϸϴ Ϲ ϼϹ 

ϿϹϽ Ϸϼϸ ϷϹ Ϲ ϴ ϴ ϼ ϶ ϾϿ ϴ ϹϿ , ϴ ϶ ϵϼ  ϼ ϵ  ϴ϶ϴ ϼϽ -
Ϲ  ϻϴ ϶ ϶. 

ϖ Ͻ Ϸϴ  ϹϴϷϼ Ϲ  ϴ Ϲ ϼϹ ϴ ϺϹ ϼϹ Ϲ ϹϽ 
Ϸϴ ϼϾϼ ϼ ϶ ϹϽ ϴϿϼ ϴ ϶ ϶ ϸϴ  ϷϹ Ϲ ϴ ϴ ϼ ϻϴ ϼ ϴϹ  ϸϾϴ 30% ϶ϼ Ͼ ϶ 
ϵ Ͼϼ ϴ ϴ   ϹϽ ϴϿϼ. 

ϘϿ  Ϸϴ ϴ  ϴ϶Ͼϴ  Ͼ ϼ ϼϹ  ϺϹ ϼ  ϹϷ Ͽϼ Ϲ   1 
ϸ  3. 

Ϥϴ ϼϹ  ϹϽ ϴϿϼ ϷϹ Ϲ ϴ ϴ ϸ  Ϲ ϴ ϻϴ Ͼϴ ϼ  ϶ ϵ ϾϹ ϴ ϴ 
ϻϴ϶ϼ ϼ   : 

 = +                                                                                                        (5.22) 

 
ϣ ϼ = ,  Ϸϴ   ϴϵ ϴϹ  ϹϿϹϾ ϼ϶  ϼ ϻϴ ϼ ϴϹ  31,3 % ϵ Ͼϼ 

ϴ ϴ   ϹϽ ϴϿϼ. 



59 
 

ϛϴ ϼ ϴ  ϶ ϸϹ ϺϾ Ͻ ϶ Ϲ Ϲ ϼ 500  ϸϹϽ ϶ Ϲ  ϴ ϾϿ Ϲ ϼϹ 
϶ ϾϿ ϴ ϹϿ  ϷϹ Ϲ ϴ ϴ, Ϸϴ Ϲ ϼϹ ϿϹϽ ϼ ϴ ϶ ϵϼ   ϵ  
ϴ϶ϴ ϼϽ - Ϲ  ϻϴ ϶ ϶. 

 
5.3.3      
  
ϛϴ ϼ ϴ  ϶ Ϲ ϼ  ϴ ϺϹ ϼ  (ϛϣϡ) ϼ ϹϹ  ϸ϶Ϲ Ϲ ϼ: ϧ ϴ ϶Ͼϴ 

ϻϴ ϼ  2 > ϶ ϵϼ ϴϹ   ϿϹ (5.23):  
 = , ∙ = , ∙ / =                                                               (5.23) 

 
ϣ ϼ ϶ Ϲ ϼϼ ϴ ϺϹ ϼϹ ϴ 40% ϼ ϵ ϿϹϹ ϻϴ ϼ ϴ ϸϹϽ ϶ Ϲ  ϴ 

ϴϻϷ ϻϾ , ϴ ϶ ϗϗ ϼ Ϸϴ Ϲ ϼϹ ϿϹϽ.  
ϖ ϸ Ͽ Ϲ ϼϹ Ͼ Ϲϸ ϸ ϹϽ Ϲ ϼ ϴ ϷϹ Ϲ ϴ Ϲ Ϲϸ Ϲ  ϶ Ͻ 

Ϸϴ  1 >  ϴ϶Ͼ Ͻ 1,2 ∙ ϡ, Ϲϸ ϴϻ ϴ Ϲ Ͻ ϸϿ  ϻϴ ϼ  ϗϗ ϼ ϶ Ϲ ϼϼ 
ϴ ϺϹ ϼ  ϴ 20% ϼ ϴϵ Ϲ ϴ Ͽ  ϸ  (ϩϩ) ϼϿϼ ϼ ϵ Ϲ 
ϴϷ ϻϾϼ.  

 
 
U1> ϶϶ ϸϼ  ϶ ϴϵ  ϶ ϹϺϼ Ϲ ϩϩ ϗϗ.  
ϧ ϴ϶Ͼϴ U1> ϴ ϼ ϶ϴϹ   ϿϹ (5.24): 
 = , ∙ = , ∙ / =                                                               (5.24) 

 
ϧ ϴ϶Ͼϴ Ϸϴ ϴ Ͼϴ, Ͼ Ͽϼ ϹϷ  ϶ϼϹ Ͼϴ ϶ Ϲ ϼ ϗϗ ϼ ϴ 
Ϲ 220 Ͼϖ, ϼ ϼ ϴϹ  ϼ ϼ ϴϿ Ͻ ϼ ϴ϶ Ͻ 0,09 ∙ ϡ. ϛϴ ϼ ϴ  

϶ ϸϹ ϺϾ Ͻ ϶ Ϲ Ϲ ϼ 0,5  ϸϹϽ ϶ Ϲ  ϴ ϾϿ Ϲ ϼϹ ϶ ϾϿ ϴ ϹϿ  ϗϗ ϼ Ϸϴ Ϲ ϼϹ 
ϿϹϽ.  

 
5.3.4     
 
ϛϴ ϼ ϴ Ϲϸ ϴϻ ϴ Ϲ ϴ ϸϿ  ϿϼϾ϶ϼϸϴ ϼϼ Ϲϸ ϼ  Ϲ ϹϷ ϻ Ͼ 

ϷϹ Ϲ ϴ ϴ Ͼϴ ϼ ϵ ϴ Ͻ ϿϹϸ ϶ϴ ϹϿ ϼ ϼ ϶ Ϲ ϼ  
Ϲ ϼ Ϲ ϼ  ϹϺϸ ϴϻ  Ͼ Ͼϼ  ϻϴ Ͼϴ ϼ  ϼ ϸ Ϸϼ  
Ϲ ϼ Ϲ ϼ  ϹϺϼ ϴ  Ϲ Ϸ ϼ Ϲ , ϴ ϴϾϺϹ ϼ Ϲ ϼ Ϲ ϼ  

Ͼ Ͼϼ  ϻϴ Ͼϴ ϼ  ϶ ϴ  ϷϹ Ϲ ϴ Ϲ. 
ϛϴ ϼ ϴ ϹϴϷϼ Ϲ  ϴ ϼ ϹϿ Ͻ Ͼ ϵ ϴ Ͻ ϿϹϸ ϶ϴ ϹϿ ϼ ∗ : 
 
 ∗ = / ,                                                                                                             .  
 

ϷϸϹ  – Ͼ ϵ ϴ Ͻ ϿϹϸ ϶ϴ ϹϿ ϼ ϶ Ϲ ϶ϼ Ͻ Ϲ ϼ ϷϹ Ϲ ϴ ϴ,  
       – ϼ ϴϿ Ͻ Ͼ ϷϹ Ϲ ϴ ϴ ϶ Ϲ ϶ϼ Ͻ Ϲ ϼ. 
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Ϙ ϼ ϴ  ϸϿϼ ϹϿ  Ϲ ϼ Ϲ ϼ Ϸ  ϹϺϼ ϴ ϼ Ϲϼϻ Ϲ  
ϻ ϴ Ϲ ϼϼ Ͼϴ  ϴ ϴϾ Ϲ ϼϻ Ϲ  ϶ ϴϺϹ ϼϹ : 

 
  = / ∗ ,                                                                                                        .  

 
ϷϸϹ  = 20 ϔ2/  – ϴ ϴ Ϲ , ϻϴϸϴ Ͻ ϻϴ϶ ϸ -ϼϻϷ ϶ϼ ϹϿϹ  

ϛϴ ϼ ϴ ϸϹ Ϻϼ  ϿϹϸ ϼϹ Ͼ ϼ ϴϿ Ϲ Ϸϴ : ϼϷ ϴϿ Ͻ Ϸϴ  
(ϥϢ) ( 2ϥϜϗϡ), ϴϵϴ ϶ϴ ϼϽ ϼ ϶ϹϿϼ Ϲ ϼϼ Ͼϴ 2 ϶ Ϲ ϻ ϴ Ϲ ϼ  ϴ϶Ͼϼ 

ϴϵϴ ϶ϴ ϼ   Ϲϻϴ϶ϼ ϼ Ͻ ϶ ϸϹ ϺϾ Ͻ ϶ Ϲ Ϲ ϼ (ϸϹϽ ϶ Ϲ  ϴ ϼϷ ϴϿ). 
ϣ ϼ ϼ ϴϹ  ϴ϶Ͼ  ϥϢ: 2∗ϥϜϗϡ = 0,07;  
 

ϣ Ͼ ϶ Ͻ Ϸϴ  (ϣϢ) ( 2ϣϧϥϞ) ϴϵϴ ϶ϴϹ  ϵϹϻ ϶ ϸϹ ϺϾϼ ϶ Ϲ Ϲ ϼ ϼ 
϶ϹϿϼ Ϲ ϼϼ ϻ ϴ Ϲ ϼ  2 ϶ Ϲ ϴ϶Ͼϼ ϴϵϴ ϶ϴ ϼ  ϼ Ϲ ϶Ͽ Ϲ  Ͼ 

ϼ ϹϷ ϴϿ Ϸ  Ϸϴ ϴ (ϜϢ). Ϧ Ͼ ϴϵϴ ϶ϴ ϼ  ϣϢ ϶ ϵϼ ϴϹ   Ͽ ϶ϼ  
ϵϹ Ϲ Ϲ ϼ  ϴϸϹϺ Ϸ  Ͼϴ ϜϢ ϼ ϴϾ  = 700 . Ϧ Ϸϸϴ:  

∗ = √ = √ = ,                                                                                          .  

 
ϧ ϴ϶Ͼϴ ϴ϶ ϴ: 
 

 ∗ = ∗ = ,, = , ,                                                                                  .  

 
ϷϸϹ = ,  – Ͼ ϼ ϼϹ  ϴϸϹϺ ϼ. 

 
 = , ∙                                                                                                   .  
 
ϣ ϼ  ϸ ϼ ϴ  ϸϿϼ ϹϿ  Ϲ ϹϷ ϻϾϼ ϺϹ  ϵ  ϹϸϹϿϹ ϴ 

 Ϲ Ͽ ϶  ϸϹϽ ϶ϼ  Ͼϴ, ϴ϶ Ϸ  ∗ = , : 
 

 = , ≈                                                                                            .  

 
3) Ϝ ϹϷ ϴϿ Ͻ Ϸϴ  ϴϵϴ ϶ϴϹ  ϼ ϸϴϿϹ  Ϲ ϼ Ϲ ϼ  

ϹϺϼ ϴ , ϶ Ϻϸϴ ϼ  Ͼϴ ϼ Ϲ ϹϷ ϻϾϼ  ϻϴ϶ϼ ϼ Ͻ  Ͼϴ 
϶ ϸϹ ϺϾ Ͻ ϶ Ϲ Ϲ ϼ, ϹϸϹϿ Ϲ Ͻ ϴ϶ Ϲ ϼϹ : 

 

 = ∗ =                                                                                                   .  

 
 = = ∗ ∙                                                                                            .  
 
Ϙ ϼ ϴ  ϸϿϼ ϹϿ  ϹϾϴ ϼ  Ͼ ϶ ϵ ϴ Ͻ 

ϿϹϸ ϶ϴ ϹϿ ϼ ϶ ϷϹ Ϲ ϴ Ϲ Ϲϸ ϴ϶ϿϹ ϴ ϶ ϴϵϿϼ Ϲ 35. 
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ϦϴϵϿϼ ϴ 35 – Ϙ ϼ ϴ  ϸϿϼ ϹϿ  ϹϾϴ ϼ  Ͼ ϶ ϵ ϴ Ͻ 
ϿϹϸ ϶ϴ ϹϿ ϼ ϶ ϷϹ Ϲ ϴ Ϲ 

  
ϩϴ Ͼ Ϲ ϼ ϼϾϴ ϼ ϹϷ ϴϿ Ϸ  Ϸϴ ϴ ϻϴ ϼ  ϵ ϴ Ͻ 

ϿϹϸ ϶ϴ ϹϿ ϼ  Ϲ ϼ Ϲ ϼ  Ϲ ϹϷ ϻ Ͼ ϼ ϶ Ϲ ϼ  
Ϲ ϼ Ϲ ϼ  Ͼ Ͼϼ  ϻϴ Ͼϴ ϼϽ (I2) Ϲϸ ϴ϶ϿϹ ϴ ϴ ϼ ϾϹ 21. 

 

 
Ϥϼ Ͼ 21. - ϩϴ ϴϾ Ϲ ϼ ϼϾϴ ϼ ϹϷ ϴϿ Ϸ  Ϸϴ ϴ ϻϴ ϼ  ϵ ϴ Ͻ 

ϿϹϸ ϶ϴ ϹϿ ϼ  Ϲ ϼ Ϲ ϼ  Ϲ ϹϷ ϻ Ͼ ϼ ϶ Ϲ ϼ  
Ϲ ϼ Ϲ ϼ  Ͼ Ͼϼ  ϻϴ Ͼϴ ϼϽ (I2) 

 
Ϝ ϸ  ϼϻ ϴ ϴϾ Ϲ ϼ ϼϾϼ ϴϵϴ ϶ϴ ϼ  ϜϢ ϶ Ϲ  ϴϵϴ ϶ϴ ϼ  

ϼ ϼ ϴϹ : t ϼ  = 20 , t ϴϾ  = 700 . ϜϢ ϼ ϼ ϼ Ϲ  Ϲ  ϿϴϺϸϹ ϼ  
ϴ ϴ ϗϗ ϿϹ ϴ Ϲ ϼ  Ϲ ϹϷ ϻϾϼ  Ͼ Ϲ ϼϴϿ  ϻϴϾ . ϣ ϼ 

 ϹϺ Ͼ ϶ Ϲ Ϲ ϼ, ϻϴ Ͼ Ͻ Ϲ ϹϷ Ϲ϶ ϗϗ ϼϺϴϹ   ϴϾ ϼ ϴϿ  
ϸ ϼ Ͻ ϶ϹϿϼ ϼ  ϸ  0,135  Ͻ ϶ϹϿϼ ϼ , Ͽ ϶  ϴϻ ϶ϴϹ  ϶ Ϲ Ϲ Ϲ  
« Ͽ Ϸ  ϿϴϺϸϹ ϼ » ( Ϣϩϟ) ϼ ϹϷ Ͽϼ Ϲ  ϶ ϸϼϴ ϴϻ Ϲ  10 ϸ  999 . ϱ  

ϴ ϴ Ϲ  ϶ ϴ϶Ͽ Ϲ  ϷϿϴ  Ͼϴϻϴ ϼ  ϻϴ϶ ϸϴ-ϼϻϷ ϶ϼ ϹϿ  ( Ϣϩϟ = 100 ).  
Ϣ Ϸϴ  Ͼ ϶ Ͻ Ϲ Ͼϼ (ϦϢ) ( 2ϢϦϥ) ϴϵϴ ϶ϴϹ   Ϲϻϴ϶ϼ ϼ Ͻ 

϶ ϸϹ ϺϾ Ͻ ϶ Ϲ Ϲ ϼ ϼ ϶ϹϿϼ Ϲ ϼϼ Ͼϴ 2 ϶ Ϲ ϴ϶Ͼϼ ϴϵϴ ϶ϴ ϼ  Ϸϴ ϴ 
ϼ ϶Ͽ Ϲ  ϻϴ ϼ Ͻ  ϶ Ϲ ϼ  Ϲ ϼ Ϲ ϼ  Ϟϛ.  

Ϧ Ͼ ϴϵϴ ϶ϴ ϼ  Ϸϴ ϴ ϦϢ ϹϸϹϿ Ϲ  ϼϻ ϿϹϸ ϼ  Ͽ ϶ϼϽ:  
− ϼϻ Ͽ ϶ϼ  Ϲϸ ϶ ϴ Ϲ ϼ  Ϲ ϹϷ Ϲ϶ϴ ϴ ϼ ϹϾϴ ϼϼ Ͼϴ 

ϵ ϴ Ͻ ϿϹϸ ϶ϴ ϹϿ ϼ;  
− ϼϻ Ͽ ϶ϼ  ϵϹ Ϲ Ϲ ϼ  ϶ ϶ϼ ϹϿ ϼ ϼ ϸ϶ ϴϻ  Ϟϛ ϴ 

ϸ ϼ  ϶ ϻϸ  Ͽϼ ϼ  (Bϟ);  
− ϼϻ Ͽ ϶ϼ  ϷϿϴ ϶ϴ ϼ   ϶ ϶ϼ ϹϿ ϼ ϼ ϶ Ϲ Ϲ ϼ ϸϹϽ ϶ϼ   

ϻϴ ϼ ϴ ϼ BJI.  
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ϣ  Ϲ ϶  Ͽ ϶ϼ : ϶ ϵ  Ͼϴ ϴϵϴ ϶ϴ ϼ  ϼϻ϶ ϸϼ   Ͼ ϼ϶ Ͻ 
ϹϸϹϿ Ͻ ϸϿϼ ϹϿ ϼ ϹϾϴ ϼ  Ϲ Ϲϻ ϷϹ Ϲ ϴ  Ͼ ϶ ϵ ϴ Ͻ 
ϿϹϸ ϶ϴ ϹϿ ϼ.  

ϣ  ϶  Ͽ ϶ϼ : 
ϴ)  Ͽ ϶ϼ  ϵϹ Ϲ Ϲ ϼ  ϶ ϶ϼ ϹϿ ϼ ϼ ϸ϶ ϴϻ  Ͼ Ͼϼ  

ϻϴ Ͼϴ ϼ  ϴ ϼ ϴ  ϖϡ ϵϿ Ͼϴ: 
 𝑥 ′′ = 𝑥 ′′ ∙ = 0,25∙ , = ,                                                 .  

 
ϷϸϹ 𝑥 ′′ – ϶Ϲ Ϲ Ϲ ϸ Ϲ ϼ϶ϿϹ ϼϹ ϷϹ Ϲ ϴ ϴ, ϼ϶ϹϸϹ Ϲ Ͼ ϶ ϹϽ 

Ϲ ϴ ϺϹ ϼ ; 
 𝑥 = 𝑥 ∙ = 0,245∙ , = ,                                                 .  

 
ϷϸϹ 𝑥  – ϼ϶ϿϹ ϼϹ ϵ ϴ Ͻ ϿϹϸ ϶ϴ ϹϿ ϼ ϷϹ Ϲ ϴ ϴ, 

ϼ϶ϹϸϹ ϴ  Ͼ ϶ ϹϽ Ϲ. 
 

 . .∗ = ,  ′′+ + ∙ = ,  + , + ∙ , == ,  . ., .  

 
Ϧ Ͼ ϴϵϴ ϶ϴ ϼ  ϻϴ ϼ  ϴ Ϲ ϷϹ Ϲ ϴ Ϸ  ϴ ϺϹ ϼ  
 

 . .∗ = . .∗ ∙ . = ∙ , ∙ , = ,  . .                          .  

 
ϷϸϹ 𝑥  – ϼ϶ϿϹ ϼϹ ϴ ϴ ϴ ϶ ϼ ϹϿ  Ϲϸϼ ϼ ϴ . 

 
ϵ)  Ͽ ϶ϼ  ϵϹ Ϲ Ϲ ϼ  ϶ ϶ϼ ϹϿ ϼ Ͼ ϶ ϹϺϸϹ ϼ  ϶ Ͼ Ϲ 

Ͽϼ ϼϽ 220Ͼϖ ϼ ϾϿ Ϲ ϼϼ ϶ ϾϿ ϴ ϹϿϹϽ ϴ ϼ϶ Ͽ Ϻ  Ͼ Ϲ ϖϟ ϼ 
ϴϵ Ϲ ϶ Ϲ  ϷϹ Ϲ ϴ ϶: 

 

           . .∗ = Ʃ′′Ʃ+ Ʃ = ,  ′′+  +  +  +  +  = ,  = ,  . .   .     
 
Ϧ Ͼ ϴϵϴ ϶ϴ ϼ  ϻϴ ϼ  ϴ Ϲ ϷϹ Ϲ ϴ Ϸ  ϴ ϺϹ ϼ  
 

 . .∗ = . .∗ ∙ . = ∙ , ∙ , = ,  . .                                  .  

Ϧ Ͼ ϴϵϴ ϶ϴ ϼ  ϶ ϵϼ ϴϹ  ϼ ϸ  ϼϻ ϷϿϴ ϶ϴ ϼ   
϶ ϶ϼ ϹϿ ϼ  ϹϻϹ ϶ ϼ ϻϴ ϼ ϴ ϼ Ͽϼ ϼϼ. ϖ ϶ ϻϼ  ϶ϼϹ  

Ϲ ϵ ϸϼ  ϸϴ  ϼ ϼ ϴϹ  ϴ϶Ͼ  ϴϵϴ ϶ϴ ϼ  ϻϴ ϼ  ϴ϶  0,17. 
Ϣ Ϲ Ͼϴ ϸϹϽ ϶ Ϲ   ϶ ϸϹ ϺϾ Ͻ ϶ Ϲ Ϲ ϼ 8,5  ϴ ϾϿ Ϲ ϼϹ ϵϿ  

϶ ϾϿ ϴ ϹϿϹϽ 220 Ͼϖ ϼ ϶ ϾϿ ϴ ϹϿϹϽ Ϧϥϡ,  ϶ ϸϹ ϺϾ Ͻ ϶ Ϲ Ϲ ϼ 9,0  ϴ 
ϾϿ Ϲ ϼϹ ϶ ϾϿ ϴ ϹϿ  ϷϹ Ϲ ϴ ϴ ϼ Ϸϴ Ϲ ϼϹ ϿϹϽ. 
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5.3.5       
 
ϛϴ ϼ ϴ Ϲϸ ϴϻ ϴ Ϲ ϴ ϸϿ  ϿϼϾ϶ϼϸϴ ϼϼ Ϲϸ ϼ  Ϲ ϹϷ ϻ Ͼ 

ϵ Ͼ ϴ ϴ. ϛϴ ϼ ϴ ϶ Ͽ Ϲ ϴ  ϻϴ϶ϼ ϼ Ͻ  Ͼϴ ϶ ϸϹ ϺϾ Ͻ ϶ Ϲ Ϲ ϼ ϼ 
ϸϹ Ϻϼ  ϿϹϸ ϼϹ Ͼ ϴϿ Ϲ Ϸϴ : 

1) ϥϼϷ ϴϿ Ͻ Ϸϴ , ϴϵϴ ϶ϴ ϼϽ  Ϲϻϴ϶ϼ ϼ Ͻ ϶ ϸϹ ϺϾ Ͻ 
϶ Ϲ Ϲ ϼ ϼ ϶ϹϿϹ Ϲ ϼϼ Ͼϴ ϶ Ϲ ϻ ϴ Ϲ ϼ  ϴ϶Ͼϼ ϴϵϴ ϶ϴ ϼ  ϼ 
ϸϹϽ ϶ ϼϽ ϶ Ϲϸ Ϲϸϼ ϹϿ  ϼϷ ϴϿϼϻϴ ϼ . 

 
ϧ ϴ϶Ͼϴ ϼϷ ϴϿ Ϸ  Ϸϴ ϴ: 
 

 = ∙ = , ∙, = , ∙ ,                                                                     .  

 
ϷϸϹ = ,  – Ͼ ϼ ϼϹ  ϴϸϹϺ ϼ;  
      = ,  – Ͼ ϼ ϼϹ  ϶ ϻ϶ ϴ ϴ. 

ϖ ϸϹ ϺϾϴ ϶ Ϲ Ϲ ϼ = ,  . 
 
2) ϣ Ͼ ϶ Ͻ Ϸϴ , ϴϵϴ ϶ϴ ϼϽ ϵϹϻ ϶ ϸϹ ϺϾϼ ϶ Ϲ Ϲ ϼ ϼ 

϶ϹϿϼ Ϲ ϼϼ Ͼϴ ϶ Ϲ ϴ϶Ͼϼ ϴϵϴ ϶ϴ ϼ  ϼ Ϲ ϶Ͽ ϼϽ Ͼ 
ϼ ϹϷ ϴϿ Ϸ  Ϸϴ ϴ. 

 
ϧ ϴ϶Ͼϴ Ͼ ϶ Ϸ  Ϸϴ ϴ: 
 

 = , ∙, = , ∙ .                                                                                    .  

 
3) Ϝ ϹϷ ϴϿ Ͻ Ϸϴ  ϴϵϴ ϶ϴϹ   ϻϴ϶ϼ ϼ Ͻ ϶ ϸϹ ϺϾ Ͻ ϶ Ϲ Ϲ ϼ. 
 
ϧ ϴ϶Ͼϴ ϼ ϹϷ ϴϿ Ϸ  Ϸϴ ϴ ϹϸϹϿ Ϲ   ϼ ϹϷ ϴϿ Ͻ 

Ϲ ϹϷ ϻ Ͻ ϴ ϴϾ Ϲ ϼ ϼϾϹ ϵ Ͼϼ ϴ ϴ, ϼ϶ϹϸϹ Ͻ ϶ ϴϵϿϼ Ϲ 36: 
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ϦϴϵϿϼ ϴ 36 – ϧ ϴ ϶Ͼϴ ϼ ϹϷ ϴϿ Ϸ  Ϸϴ ϴ, ϹϸϹϿ Ϲ ϴ   ϼ ϹϷ ϴϿ Ͻ 

Ϲ ϹϷ ϻ Ͻ ϴ ϴϾ Ϲ ϼ ϼϾϹ ϵ Ͼϼ ϴ ϴ 

Ϟ ϴ  
Ϲ ϹϷ ϻϾϼ ⁄  

1,1 1,15 1,2 1,25 1,3 1,4 1,5 2,0 2,2 

ϘϿϼ ϹϿ  
Ϲ ϹϷ ϻϾϼ ( ) 3800 1200 450 340 280 160 80 3 1 

                                                                                                                    
ϩϴ ϴϾ Ϲ ϼ ϼϾϴ ϼ ϹϷ ϴϿ Ϸ  Ϸϴ ϴ ϻϴ ϼ   ϼ Ϲ ϼ  Ϲ ϹϷ ϻ Ͼ  

Ϲϸ ϴ϶ϿϹ ϴ ϴ ϼ ϾϹ 22. 
 

 
Ϥϼ Ͼ 22- ϩϴ ϴϾ Ϲ ϼ ϼϾϴ ϼ ϹϷ ϴϿ Ϸ  Ϸϴ ϴ 

ϻϴ ϼ   ϼ Ϲ ϼ  Ϲ ϹϷ ϻ Ͼ  
 
Ϝ ϹϷ ϴϿ Ͻ Ϸϴ  ϻϴ ϼ  Ϲ Ϲϻ ϾϿ ϴ ϼϽ Ϸϴ  ϸϹϽ ϶ Ϲ  ϴ 

ϾϿ Ϲ ϼϹ ϶ ϾϿ ϴ ϹϿ  ϷϹ Ϲ ϴ ϴ, Ϸϴ Ϲ ϼϹ ϿϹϽ. 
ϧ ϴ϶Ͼϴ ϶ ϸϹ ϺϾϼ ϶ Ϲ Ϲ ϼ ϾϿ ϴ ϹϷ  Ϸϴ ϴ ϼ ϼ ϴϹ  

ϼ ϼ ϴϿ Ͻ ϼ ϴ϶ Ͻ 0,01 . 
4) Ϣ Ϸϴ  Ͼ ϶ Ͻ Ϲ Ͼϼ, ϴϵϴ ϶ϴ ϼϽ  Ϲϻϴ϶ϼ ϼ Ͻ ϶ ϸϹ ϺϾ Ͻ 

϶ Ϲ Ϲ ϼ ϼ ϶ϹϿϼ Ϲ ϼϼ Ͼϴ ϶ Ϲ ϻ ϴ Ϲ ϼ  ϴ϶Ͼϼ ϴϵϴ ϶ϴ ϼ . 
ϧ ϴ϶Ͼϴ Ϸϴ ϴ Ϲ Ͼϼ:  
 

          = , ∙, = , ∙ ,                                                                              .  

 
Ϧ Ͼ ϶ϴ  Ϲ Ͼϴ ϶ Ͽ Ϲ ϴ  Ͼ   ϼ ϼ ϴϿ  ϴ ϺϹ ϼ  

 
ϡϴ ϺϹ ϼϹ ϴϵϴ ϶ϴ ϼ  ϼ  ϴ϶ : 
 

 = , ∙∙ = , ∙, ∙ = ,  .                                                           .  
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Ϣ Ϲ Ͼϴ ϸϹϽ ϶ Ϲ   ϶ ϸϹ ϺϾ Ͻ ϶ Ϲ Ϲ ϼ 8,0  ϴ ϾϿ Ϲ ϼϹ ϹϾ ϼ  

ϖ, 8,5  ϴ ϾϿ Ϲ ϼϹ ϵϿ  ϶ ϾϿ ϴ ϹϿϹϽ 220 Ͼϖ ϼ ϶ ϾϿ ϴ ϹϿϹϽ Ϧϥϡ,  
϶ ϸϹ ϺϾ Ͻ ϶ Ϲ Ϲ ϼ 9,0  ϴ ϾϿ Ϲ ϼϹ ϶ ϾϿ ϴ ϹϿ  ϷϹ Ϲ ϴ ϴ ϼ Ϸϴ Ϲ ϼϹ 

ϿϹϽ. 
 
5.3.6     
 
ϛϴ ϼ ϴ ϶ Ͽ Ϲ  ϴ ϶Ϲ ϸϼ ϴ ϼ  Ϸϴ ϶ ϼ ϸϾϿ ϴϹ  Ͼ 

ϼϻ Ϲ ϼ ϹϿ  ϴ ϴ ϴ  Ͼϴ ϶ ϹϽ ϴϿϼ ϷϹ Ϲ ϴ ϴ ϼ 
ϴ ϴ ϴ  ϴ ϺϹ ϼ  ϴ ϶ ϶ ϸϴ  ϷϹ Ϲ ϴ ϴ. 

ϩϴ ϴϾ Ϲ ϼ ϼϾϴ ϴϵϴ ϶ϴ ϼ  ϻϴϸϴϹ  ϶ ϶ϼϸϹ Ͼ Ϸϴ, ϴ Ͽ ϺϹ Ϸ  ϶ I 
ϼ II  Ͼ϶ϴϸ ϴ Ϲ  Ϲ Ϲ ϼϹ  ϶ III  ϼ IV  Ͼ϶ϴϸ ϴ  Ͼ ϿϹϾ Ͻ Ͽ Ͼ ϼ 

ϼ϶ϿϹ ϼϽ. 
1) ϥ ϼ϶ϿϹ ϼϹ ϴϵϴ ϶ϴ ϼ  Ϲ ϶ Ͻ Ϲ ϼ ϶ ϵϼ ϴϹ   

Ͽ ϶ϼ  ϵϹ Ϲ Ϲ ϼ  ϸϹϽ ϶ϼ   ϶ ϸϹ ϺϾ Ͻ ϶ Ϲ Ϲ ϼ Ϲ ϵ ϿϹϹ 1 . ϧϾϴϻϴ ϴ  
϶ ϸϹ ϺϾϴ ϶ Ϲ Ϲ ϼ ϼ ϼ ϴϹ   Ͽ ϶ϼ  ϷϿϴ ϶ϴ ϼ   Ϲ ϶ ϼ 

Ϲ ϼ ϻϴ ϼ  Ͽϼ ϼϽ, ϸ ϼ   ϼ  ϗϱϥ. 
ϥ ϷϿϴ ϶ϴ ϼϹ ϼϻ϶ ϸϼ  ϸϿ  Ͽ ϶ϼϽ ϴϵ  ϴ ϼ ϴ  220 Ͼϖ ϗϱϥ 

ϸ Ϸ  ϵϿ Ͼϴ. , ϼ϶ϹϸϹ Ϲ Ͼ ϴ ϺϹ ϼ  220 Ͼϖ, ϺϹ  ϵ  ϼ : 
ϣ  ϷϿϴ ϶ϴ ϼ   Ϲ ϶ Ͻ Ϲ  ϻϴ ϼ  ϖϟ220 Ͼϖ: 
 

 , ∙ + , ∙ ′ = , ∙ , + , ∙ , = ,  ,          .  

 
ϷϸϹ  – Ͼ ϼ ϼϹ , ϼ ϶ϴ ϼϽ,  Ͽϼ ϼϼ ϴ ϴϿϿϹϿ ; 
       – ϼ϶ϿϹ ϼϹ ϴ ϴ ϴ, ϼ϶ϹϸϹ Ϲ Ͼ ϴ ϺϹ ϼ   220 
Ͼϖ; 

 

           = , ∙ = ,  .                                                                                 .  

 ′ = √(𝑥 ∙ ) + ( ∙ ) = √ , ∙ + , ∙ = = ,                                                                                                                                 .  
 
ϖ ϼ ϹϿ  Ϲϸϼ ϼ ϴ , ϼ϶ϹϸϹ  Ͼ ϼ ϴϿ  ϴ ϴ Ϲ ϴ  

ϷϹ Ϲ ϴ ϴ: 
 

           . . , ∙ , ∙ + , ∙ ∙ , = ,                                          .  

 
϶ Ϲ ϶ϼ  Ϣ ϴ  ϴ϶ϼ : 

 
          =  . . ∙ = , ∙ = ,  ,                                                         .  
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ϷϸϹ = = ,, = . 
 
ϧ ϴ϶Ͼϴ ϵ ϸϹ  ϴ϶ ϴ: 
 

          = ∙ = , ∙ ,, = ,  .                                                         .  

 
ϣ ϼ ϼ ϴϹ  ϴ϶Ͼ  = ,  . 
ϣϹ ϶ϴ  Ϲ  ϸϹϽ ϶ Ϲ   ϶ ϸϹ ϺϾ Ͻ ϶ Ϲ Ϲ ϼ 0,5  ϴ ϾϿ Ϲ ϼϹ 

ϵϿ  ϶ ϾϿ ϴ ϹϿϹϽ 220 Ͼϖ ϼ ϶ ϾϿ ϴ ϹϿϹϽ Ϧϥϡ,  ϶ ϸϹ ϺϾ Ͻ ϶ Ϲ Ϲ ϼ 1,0 
 ϴ ϾϿ Ϲ ϼϹ ϶ ϾϿ ϴ ϹϿ  ϷϹ Ϲ ϴ ϴ, Ϸϴ Ϲ ϼϹ ϿϹϽ, ϴ ϶ ϵϼ   
ϵ  ϔϤϛ. 

 
1) Ϩ Ͼ ϼ  ∆  Ͽϼ ϴϹ  ϶ ϹϺϸϹ ϼϹ  Ͼϴ ϴ ϼϽ ϶ Ϲ Ϸ ϼ Ϲ Ϲ  

Ͼ ϼ ϼ ϹϿ Ϸ  ϼϻ Ϲ Ϲ ϼ  Ͽ Ϸ  ϼ϶ϿϹ ϼ . ϧ ϴ϶Ͼϴ Ͼ ϼϼ ∆ , ϶ ϶ ϻϼ  ϶ϼϹ  ϼ ϸ  ϸϴ , ϼ ϼ ϴϹ  ϼ ϸ  ϼϻ ϸϴ , 
ϴ ϼ ϴ  ϴ ϹϹ, ∆ = − . 

 
2) ϥ ϼ϶ϿϹ ϼϹ ϴϵϴ ϶ϴ ϼ  ϶ Ͻ Ϲ ϼ ϶ ϵϼ ϴϹ  ϼϻ 

Ͽ ϶ϼ  ϽϾϼ  ϹϺϼ ϴ ϴϷ ϻϾϼ ϼ ϹϺϼ ϴ ϼ ϶Ͼϼ ϶ ϻϵ ϺϸϹ ϼ . 
ϥ ϼ϶ϿϹ ϼϹ ϴϷ ϻϾϼ ϶ ϴϿ  ϹϺϼ Ϲ: 
 

          = √ ∙ = . ∙√ ∙ =                                                                         .  

 
ϷϸϹ  – ϼ ϴϿ Ͻ Ͼ ϴ ϴ, ϔ. 

ϥ Ϲ  ϴ Ϲ ϼ  ϴ ϼ  ϶ϹϿϼ ϼ ϴ Ͼϴ ϴ ϴ ϷϹ Ϲ ϴ ϴ ϶ ϹϺϼ Ϲ 
ϼ ϶Ͼϼ ϴ϶ϼ  , ∙ . 
ϥ ϶Ϲ ϶Ϲ  ϼ϶ϿϹ ϼϹ ϴϷ ϻϾϼ ϶  ϹϺϼ Ϲ: 
 

          . = , ∙ = , ∙, = ,  . . ,                                                              .  

 

          𝜑 . = 𝜑, ∙ = ,, ∙ , = , ,                                                         .  

 
ϧϷ Ͽ ϴϷ ϻϾϼ ϶ ϹϺϼ Ϲ ϼ ϶Ͼϼ ϴ϶Ϲ  𝜑 . = °. 
 
ϥ ϼ϶ϿϹ ϼϹ ϴϵϴ ϶ϴ ϼ  ϻϴ ϼ  ϺϹ  ϵ  ϼ : 
 

          = . = , , = ,  . . ,                                                                      .  

 

          =  . . ∙ = , ∙ ,, = ,  .                                                   .  
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ϛ ϴ Ϲ ϼϹ ϴ϶Ͼϼ ϹϿϹ ϴ϶ϼ : 
 

          = . .𝐼𝐼∙ = , ∙ // = ,                                                             .  

 
ϣ ϼ ϼ ϴϹ  ϴ϶Ͼ  = , . 
ϖϹϿϼ ϼ ϴ Ϲ Ϲ ϼ  ϴ ϴϾ Ϲ ϼ ϼϾϼ ϴϵϴ ϶ϴ ϼ   ϼ ϴϾ ϼ ϴϿ Ͻ 

϶ ϶ϼ ϹϿ ϼ ϴ϶Ͽ Ϲ  12%. ϧ ϴ϶Ͼϼ  ϼ϶ϿϹ ϼ  Ϲ Ϲ ϼ  = , ∗ , = ,   , = , ∗ , = ,  . 
ϖ ϸϹ ϺϾϴ ϶ Ϲ Ϲ ϼ ϶ Ͻ Ϲ ϼ ϸ ϿϺ ϴ ϵ  Ϲ ϴ  

ϴϼϵ Ͽ ϹϽ ϶ ϸϹ ϺϾϼ ϶ Ϲ Ϲ ϼ ϹϻϹ ϶  ϻϴ ϼ  Ͽϼ ϼϽ. 
ϖ ϴ  Ϲ  ϸϹϽ ϶ Ϲ   ϶ ϸϹ ϺϾ Ͻ ϶ Ϲ Ϲ ϼ 8,5  – ϴ ϾϿ Ϲ ϼϹ 

ϵϿ  ϶ ϾϿ ϴ ϹϿϹϽ 220 Ͼϖ ϼ ϶ ϾϿ ϴ ϹϿϹϽ Ϧϥϡ,  ϶ ϸϹ ϺϾ Ͻ ϶ Ϲ Ϲ ϼ 9,0 
 ϴ ϾϿ Ϲ ϼϹ ϷϹ Ϲ ϴ ϴ ϼ Ϸϴ Ϲ ϼϹ ϿϹϽ. 

 
ϩϴ ϴϾ Ϲ ϼ ϼϾϴ ϴϵϴ ϶ϴ ϼ  ϸϼ ϴ ϼ Ͻ ϻϴ ϼ  Ϲϸ ϴ϶ϿϹ ϴ ϴ 

ϼ ϾϹ 23. 

Ϥϼ Ͼ 23 – ϩϴ ϴϾ Ϲ ϼ ϼϾϴ ϴϵϴ ϶ϴ ϼ  ϸϼ ϴ ϼ Ͻ ϻϴ ϼ  
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5.3.7       

 
ϛϴ ϼ ϴ Ϲϸ ϴϻ ϴ Ϲ ϴ ϸϿ  ϿϼϾ϶ϼϸϴ ϼϼ Ϲϸ ϼ  Ϲ ϹϷ ϻ Ͼ 

ϵ Ͼ ϴ. ϛϴ ϼ ϴ ϶ Ͽ Ϲ ϴ  ϻϴ϶ϼ ϼ Ͻ  Ͼϴ ϶ ϸϹ ϺϾ Ͻ ϶ Ϲ Ϲ ϼ. 
ϛϴ ϼ ϴ ϸϹ Ϻϼ  ϿϹϸ ϼϹ Ͼ ϼ ϴϿ Ϲ Ϸϴ :  

− ϥϢ, ϴϵϴ ϶ϴ ϼϽ  Ϲϻϴ϶ϼ ϼ Ͻ ϶ ϸϹ ϺϾ Ͻ ϶ Ϲ Ϲ ϼ ϼ 
϶ϹϿϼ Ϲ ϼϼ Ͼϴ ϶ Ϲ ϻ ϴ Ϲ ϼ  ϴ϶Ͼϼ ϴϵϴ ϶ϴ ϼ  ϼ ϸϹϽ ϶ ϹϽ ϶ 

Ϲϸ Ϲϸϼ ϹϿ  ϼϷ ϴϿϼϻϴ ϼ  
ϧ ϴ϶Ͼϴ ϼϷ ϴϿ Ϸ  Ϸϴ ϴ: 
 

 . = ∙ . = , ∙ ., = , ∙ . .                                   .  

 
1) ϣ Ͼ ϶ Ͻ Ϸϴ , ϴϵϴ ϶ϴ ϼϽ ϵϹϻ ϶ ϸϹ ϺϾϼ ϶ Ϲ Ϲ ϼ ϼ 

϶ϹϿϼ Ϲ ϼϼ Ͼϴ ϶ Ϲ ϴ϶Ͼϼ ϴϵϴ ϶ϴ ϼ  ϼ Ϲ ϶Ͽ ϼϽ Ͼ 
ϼ ϹϷ ϴϿ Ϸ  Ϸϴ ϴ. ϧ ϴ϶Ͼϴ Ͼ ϶ Ϸ  Ϸϴ ϴ: 

 

 . = , ∙ ., = , ∙ . .                                                                  .  

 
  
2) Ϝ ϹϷ ϴϿ Ͻ Ϸϴ , ϴϵϴ ϶ϴ ϼϽ  ϻϴ϶ϼ ϼ Ͻ  Ͼϴ 

϶ ϸϹ ϺϾ Ͻ ϶ Ϲ Ϲ ϼ, ϻϴϸϴ Ͻ ϶ ϴϵϿϼ Ͻ Ϲ, ϼ ϸϹϽ ϶ ϹϽ ϴ 
ϾϿ Ϲ ϼϹ ϶ ϾϿ ϴ ϹϿ  ϷϹ Ϲ ϴ ϴ, Ϸϴ Ϲ ϼϹ ϿϹϽ. 

 
 

ϦϴϵϿϼ ϴ 37– ϣϹ ϹϷ ϻ ϴ  ϵ  ϵ Ͼϼ ϴ 

 

 
ϩϴ ϴϾ Ϲ ϼ ϼϾϴ ϼ ϹϷ ϴϿ Ϸ  Ϸϴ ϴ ϻϴ ϼ   Ϲ ϹϷ ϻϾϼ ϵ Ͼϼ 
ϴ Ϲϸ ϴ϶ϿϹ ϴ ϴ ϼ ϾϹ 24. 
 

Ϟ ϴ  
Ϲ ϹϷ ϻϾϼ ⁄  

1,1 1,15 1,2 1,25 1,3 1,4 1,5 2,0 2,2 

ϘϿϼ ϹϿ  
Ϲ ϹϷ ϻϾϼ ( ) 

ϸϿϼ ϹϿ
 

250 180 160 120 90 72 45 20 
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Ϥϼ Ͼ 24 – ϩϴ ϴϾ Ϲ ϼ ϼϾϴ ϼ ϹϷ ϴϿ Ϸ  Ϸϴ ϴ  
ϻϴ ϼ   Ϲ ϹϷ ϻϾϼ ϵ Ͼϼ ϴ 

 
3) Ϣ Ϸϴ  Ͼ ϶ Ͻ Ϲ Ͼϼ, ϴϵϴ ϶ϴ ϼϽ  Ϲϻϴ϶ϼ ϼ Ͻ ϶ ϸϹ ϺϾ Ͻ 

϶ Ϲ Ϲ ϼ ϼ ϶ϹϿϼ Ϲ ϼϼ Ͼϴ ϶ Ϲ ϻ ϴ Ϲ ϼ  ϴ϶Ͼϼ ϴϵϴ ϶ϴ ϼ . ϧ ϴ϶Ͼϴ 
Ϸϴ ϴ Ϲ Ͼϼ: 

 

 . = , ∙ ., = , ∙ . .                                                             .  

 
ϖ ϸϹ ϺϾϴ ϶ Ϲ Ϲ ϼ Ͼ ϶ Ͻ Ϲ Ͼϼ ϼ ϼ ϴϹ  3,0 . ϛϴ ϼ ϴ ϸϹϽ ϶ Ϲ  

ϴ ϾϿ Ϲ ϼϹ ϶ ϾϿ ϴ ϹϿ  ϷϹ Ϲ ϴ ϴ, Ϸϴ Ϲ ϼϹ ϿϹϽ. 
5.4     -   
 
Ϝ ϸ  ϼϻ ϴ Ϲ ϴ ϴ϶ Ͼ, ϸϿ  ϻϴ ϼ  ϵϿ Ͼϴ ϷϹ Ϲ ϴ - ϴ ϴ  

ϵ Ͽ  ϶ ϵ ϴ  Ͼ ϿϹϾ Ϲ ϼ ϹϿϿϹϾ ϴϿ Ϲ Ͻ ϶  ϴ϶ϿϹ ϼ  
ϷϹ Ϲ ϴ , Ϲϸ ϴϻ ϴ Ϲ Ϲ ϸϿ  ϻϴ ϼ , ϴ϶ϿϹ ϼ , ϼϻ Ϲ Ϲ ϼ  ϼ Ͼ Ͽ  
ϷϹ Ϲ ϴ ϶ ϴϿ Ͻ ϼ Ϲϸ ϹϽ ϶ϹϿϼ ϼ  ϼϻ϶ ϸ ϶ϴ ϢϢϢ ϡϣϣ «ϱϞϤϔ». 

ϱϞϤϔ 300 Ϲϸ ϴ϶Ͽ Ϲ  ϼ ϾϼϽ ϹϾ  ϶ ϻ Ϻ ϹϽ ϸϿ  ϻϴ ϼ  
ϼ  ϷϹ Ϲ ϴ ϶  ϶ ϹϺϸϹ ϼϽ ϶ ϻ Ϲ ϸϹϽ ϶ϼ  ϻϴ ϼ , ϴ ϴϾϺϹ ϸϿ  

ϻϴ ϼ   ϴ϶ϴ ϼϽ  Ͽ ϶ϼϽ ϶  ϶ Ϲ ϼ  ϼ Ϲ ϴ . 
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6      
 
6.1       

  
 
6.1.1      : 
 

 Ϧϼ  Ϸ ϴ – ϥϾϴϿ Ͻ  
 ϖ ϴ ϶ ϸ Ͽϼ϶ Ͻ Ͽ ϼ  – 22  (∇ ϡϣϧ – ∇ ϸ ϶  = 109-87=22 ) 
 ϞϿϴ  ϺϹ ϼ  – ΙΙΙ  

 
6.1.2     : 
 

 ϧ ϴ ϶ϿϹ ϴ   – N =106 Ϡϖ  
 ϞϿϴ  ϺϹ ϼ  – ΙΙΙ  

 
6.1.3       

: 
 

ϡϴ ϹϿϹ ϼϹ ϹϿϾϴ ϛϴ Ϲ Ϲ Ͼ– 662 ϹϿ ϶ϹϾϴ. ϗϦϥ ϴ ϸϼ  ϶ 6 Ͼ  ϶ Ϲ 
ϹϿϾϴ. 

ϞϿϴ  ϺϹ ϼ  – ΙΙ 
ϖ ϶ ϸ: ϖ ϵϼ ϴϹ  ϾϿϴ , ϹϽ  Ͼ ϴϼϵ ϿϹϹ ϶Ϲ ϶Ϲ  ϾϿϴ  – ΙΙ 
ϾϿϴ . ϢϵϹ Ϲ Ϲ  ϼ ϴ ϸ ϶ ϶ Ϲ Ϸϼϸ ϻϿϴ Ϲϸ ϴ϶ϿϹ ϴ ϶ ϴϵϿϼ Ϲ 38. 

 Qmax ϴ .  1% =738 3/  
 Qmax ϴ . ϶ 0,1% =912 3/  

 
ϦϴϵϿϼ ϴ 38 – ϢϵϹ Ϲ Ϲ  ϼ ϴ ϸ ϶ ϶ Ϲ Ϸϼϸ ϻϿϴ 

Ϥ, % 0,01 0,1 0,5 1 3 5 10 20 50 75 95 97 99 

Q 3/  1187,2 912 796 738 650 606 541 466 345 265 174 154 122 

 
6.1.4   
 

ϣϹ Ϲ ϴϸ ϶  30 , ϼ ϼ ϴ ϹϿ  80 , ϶ ϹϾ Ϲ ϴ ϼ ϶ϴϹ  ϶ ϸ ϼϽ 
Ͼϴ ϴϿ, Ͼ Ͻ ϶ ϸϼ  ϶ ϸ   ϶ ϸ ϵ Ͻ Ͽ ϼ  Ϲ Ϲϻ ϵ Ͼ  

ϼϿϹ Ͻ Ϲ ϶ϴ . 
 
6.2   

 
6.2.1     

 
Ϣ ϹϸϹϿ  ϴ Ϲ Ͻ ϴ ϸ ϶ ϸ  ϸϿ  ϶ Ϸ  ϴ Ϲ Ϸ  Ͽ ϴ Q , 

Ͼ Ͻ ϸ ϿϺϹ  Ͼϴ , ϾϴϾ ϴ϶ϼϿ , ϼ ϡϣϧ Ϲ Ϲϻ ϶ Ϲ 
Ͼ Ͽ ϴ ϴ ϼ Ϲ ϶ ϸ Ͼ Ϲ ϺϹ ϼ  Ϸϼϸ ϻϿϴ ϼ Ͽ  ϼ  
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Ͼ ϼϼ ϼ Ϲ Ϲϻ Ϸϼϸ ϴϷ ϹϷϴ  ϗϱϥ – QϷ . Ϟ Ͽϼ Ϲ ϶  ϴϷ ϹϷϴ ϶, 
ϴ ϶ ϼ  ϶ ϾϹ ϴ Ϲ  ϴ ϸ ϶, ϸ ϿϺ  ϵ  Ϲ ϵ ϿϹϹ:(n - 1) ϼ 

ϼ ϿϹ Ϸϼϸ ϴϷ ϹϷϴ ϶ ϗϱϥn<6. 

ϥ Ϲ  Ϸ ,  ϴ Ϟ Ͼ Ͻ ϗϱϥ ϻϴ ϹϾ ϼ ϶ϴ  4 Ϸϼϸ ϴϷ ϹϷϴ ϴ 
϶ ϵϼ ϴϹ  Ͼ Ͽϼ Ϲ ϶  ϴϷ ϹϷϴ ϶, ϴ ϶ ϼ  ϶ ϾϹ ϴ Ϲ  ϴ ϸ ϶ 
n – 1 = 3. 

 = . − Э                                                                                                (6.1) 

 

ϷϸϹ . = 743 3/  − ϴϾ ϼ ϴϿ Ͻ ϴ ϸ ϸϿ  ϶ Ϸ  ϴ Ϲ Ϸ  
Ͽ ϴ  1,0% ϵϹ Ϲ Ϲ ϼ ϸϿ  II ϾϿϴ ϴ ϺϹ ϼϽ. 

 Э = ∙ = , ∙ = ,  3/ ;                                                    (6.2) 

 = − , = , 3/ ; 

 

Ϭϼ ϼ ϴ ϶ ϸ Ͽϼ϶ Ϸ  ϴ: 

 =  (6.3) 

 

ϷϸϹ − ϸϹϿ Ͻ ϴ ϸ ϴ ϶ ϸ Ͽϼ϶Ϲ 

ϣ ϼ ϼ ϴϹ  ϸϹϿ Ͻ ϶ ϸ ϵ  ϴ ϶ ϸ Ͽϼ϶Ϲ 58 3/ . 

 =  =  , = ,  ;                                                             

 

Ϭϼ ϼ ϴ ϶ ϸ Ͽϼ϶ Ϸ  ϴ B ϸ ϿϺ ϴ ϵ  ϹϿ  ϼ Ͽ ,  

Ͽ Ϲ Ϲ ϻ ϴ Ϲ ϼϹ Ͼ ϷϿ  ϶ ϵ Ͽ  . 

 = ∙ = ∙ = .                                                                                 (6.4) 

 

ϷϸϹ n− ϼ Ͽ  ϿϹ ϶ ( Ϲ Ϲ ϹϹ 2÷3),  
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ϣ ϼ ϼ ϴϹ  2 ϿϹ ϴ  4 Ϲ ϴ. 

 

6.2.2     
 

Ϥϴ ϼ ϶ϴϹ  Ͼ ϼ϶ Ͽϼ ϹϽ Ͻ ϵϹϻ϶ϴϾ Ͻ ϶ ϸ Ͽϼ϶ ϴϾ ϼ Ϲ Ͼ Ϸ  
ϼϿ . 

ϣ  ϶ Ͻ ϿϹ ϴ ϸϴ ϸϿ  ϶ ϸ Ͽϼ϶ ϶ ϶ Ϲ  ϼ ϶ Ϲ ϸ  
ϿϹϸ ϶ϴ ϹϿ  ϼϵϿϼϺϹ ϼϽ ϹϸϹϿ  ϴ  ϴ Ϸ Ϲϵ Ϲ ϶ ϸ Ͽϼ϶ϴ, 

ϴ ϴϿϴ ϵϹϻ Ϲ ϴ Ϻϴ ϼ  ϼ ϸ ϿϹ ϼ  –H01, ϴ ϻϴ Ϲ   Ϲ  Ϻϴ ϼ  ϼ 
ϸ ϿϹ ϼ  −H02. 

 H = √ 𝑔 ⁄                                                                                                       (6.5) 

ϷϸϹ m=0,49− Ͼ ϼ ϼϹ  ϴ ϸϴ ϻϴ϶ϼ ϼ    ϼϿ  ϶ ϸ Ͽϼ϶ϴ 
ϼ ϼ ϼ ϴϹ  ϶ ϻϴ϶ϼ ϼ ϼ  ϼ ϴ ϶ ϸ Ͽϼ϶ϴ ϴϾ ϼ Ϲ Ͼ Ϸ  ϼϿ . 

 H = ,, ∙ ∙√ ∙ , ⁄ = ,  ; 

 H = 𝜎 √ 𝑔 ⁄                                                                                                 (6.6) 

 

ε − Ͼ ϼ ϼϹ  ϵ Ͼ ϶ Ϸ  Ϻϴ ϼ , ϻϴ϶ϼ ϼϽ  Ͽ ϶ϼϽ ϶ ϸϴ, 
ϹϸϹϿ   ϿϹ: 

 = − , ∙ 𝜉 + − ∙𝜉 ∙                                                                                    (6.7) 

 

ϷϸϹ b ϼ n – Ͼϴϻϴ  ϶ ϴ϶ Ϲ ϼϼ;                
(6.6) 

      𝜉  = 0,7− Ͼ ϼ ϼϹ   ϵ Ͼ ϶  Ϲ϶;  

      𝜉 =0,45− Ͼ ϼ ϼϹ , ϻϴ϶ϼ ϼϽ  ϴ Ͽ ϺϹ ϼ  ϵ Ͼϴ ϶ Ͽϴ Ϲ. 

 = − , ∙ 𝜉 + − ∙𝜉 ∙ =  − , ∙ , + + ∙ , ∙ ,
 = 0,74; 
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H = ,, ∙ , ∙ ∙ √ ∙ , ⁄ = ,  ;  

 

ϡϴ  ϴ Ϸ Ϲϵ Ϲ ϶ ϸ Ͽϼ϶ϴ ϵϹϻ Ϲ ϴ Ͼ ϼ ϸ ϸϴ Ͼϴ Ͼ 
϶ ϸ Ͽϼ϶ V0: 

 H = − α  ,                                                                                              (6.8) 

 

ϷϸϹ ∇ −∇ ∙ + −                                                                                 (6.9) 

 

ϥ ϷϿϴ  ϹϾ Ϲ ϸϴ ϼ , ϸϿ  b = 4 , Ͽ ϼ ϴ ϵ Ͼϴ (  ϕϹ Ϲϻϼ Ͼ ) 
ϼ ϼ ϴϹ  ϶ ϸϼϴ ϴϻ Ϲ  0,2 ∙ b ϸ  0,25 ∙ b, Ͽϼϵ  ϵ Ͽ Ϲ. ϖ ϶ ϻϼ  Ϲ ,  

ϵ Ͼ Ϲ ϴϻ Ϲϻ Ͻ ϼ ϼ ϴϹ  Ͽ ϼ  ϵ Ͼϴ  = 2 .   

 = ∇ −∇ ∙ + − =  ,− ∙ + − = ,  /c; 

 H = − α = , − , ∙ ,∙ , = ,  ;  

  

Ϣ Ϲ Ͼ  Ϸ Ϲϵ  ϶ ϸ Ͽϼ϶ϴ ϹϸϹϿ   ϿϹ: 

 ∇ = ∇ − H                                                                                                 (6.10) 

 

ϷϸϹ H − ϴ ϸϴ Ͻ ϴ , , ϵϿϼϺϴϽ ϼϽ Ͼ H ϶ ϶Ϲ ϶ϼϼ  
Ϲ ϼ Ϲ Ͼϼ  ϹϷϿϴ Ϲ , ϼ ϼ ϴϹ  H = 11 . 

 ∇ = ∇ − H = − =  . 

 

6.2.3      
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ϣ ϶Ϲ ϼ  ϸ ϴ  ϶ ϸ Ͼ Ͻ ϵ ϼ ϶ ϸ Ͽϼ϶ Ͻ 
Ͽ ϼ  ϼ Ϩϣϧ. Ϣ ϹϸϹϿ Ϲ  ϴ ϸ ϶Ϲ Ϸ  Ͽ ϴ , ϵ ϴ ϶ϴϹ Ͻ 
Ϲ Ϲϻ ϶ ϸ Ͽϼ϶  Ͽ ϼ  ϼ Ϩϣϧ. 

 . = − n − ∙ ;                                                                      (6.11) 

 

ϷϸϹ n –Ͼ Ͽϼ Ϲ ϶  ϹϾ ϼ Ϲ  ϗϔ; 

 - ϴϾ ϼ ϴϿ Ͻ ϴ ё Ͻ ϴ ϸ ϼ ϵϹ Ϲ Ϲ ϼ 0,1% ϸϿ  
II  ϾϿϴ ϴ ϺϹ ϼϽ 

 . = − − ∙ , = ,  3/  

     

Ϣ ϹϸϹϿ Ϲ  ϴ  ϴϸ Ϸ Ϲϵ Ϲ  ϶ ϸ Ͽϼ϶ϴ ϼ ϾϹ ϶Ϲ Ϸ  
ϴ ϸϴ: 

 = ( .√ 𝑔) ;                                                                                               (6.12) 

 

 = ,, ∙ ∙√ ∙ , / = ,  ; 
 

ϣ Ͽ Ͻ ϴ  ϴ ϶ ϸ Ͽϼ϶Ϲ: 

 = (  ∙ ∙ ∙√ ∙𝑔) ;                                                       (6.13) 

 

Ϟ ϼ ϼϹ  Ϻϴ ϼ  ϴϽϸϹ   ϿϹ: 

 = − , ∙ 𝜉+ − ∙𝜉 ∙ = − , ∙ , + + ∙ , ∙ , = ,  ; (6.14) 

 

 = ,, ∙ , ∙ ∙√ ∙ , / = ,  ; 
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ϥϾ  ϸ ϸϴ Ͼϴ Ͼ Ͽ ϼ Ϲ: 

 = .− ∙ + −  ;                       (6.15) 

 

 = ,− ∙ + − ∙ = , ; 
 

ϷϸϹ ∇ − Ϲ Ͼϴ ϼ ϶ϴ Ϸ  ϸ Ϸ  ϶ , 
Ϲϸ϶ϴ ϼ ϹϿ  Ϲ Ͼ  Ϩϣϧ – ϼ ϼ ϴϹ  ϴ϶ Ͻ 112 , Ͼ ϴ  ϶ 

ϸϴϿ ϹϽ Ϲ  ϼ . 

ϡϴ  ϴ Ϸ Ϲϵ Ϲ ϶ ϸ Ͽϼ϶ϴ ϵϹϻ Ϲ ϴ Ͼ ϼ ϸ ϸϴ ϼ ϾϹ 
϶Ϲ Ϸ  ϴ ϸϴ: 

 =  − ∙  𝑔 = , − , ∙ ,∙ , = ,  .                              (6.16) 

 

Ϣ ϹϸϹϿ Ϲ  ϴ ё  Ϲ Ͼ  ϼ ϶ϴ Ϸ  ϶ : 

 ∇ = ∇ + = + , = ,  .         (6.17) 

 

ϖ ϵϼ ϴϹ  ϼ ϸ  Ϲ Ͼ  Ϩϣϧ = 112 , ϴϾ ϾϴϾ ϴ ϼ ϴ ϴ  Ϲ Ͼϴ 
Ϲё Ϲ Ϲ϶ ϴϹ . 

 

6.3       -
 

 
Ϣ Ϲ Ͼ  ϶Ϲ ϴ ϵ Ͼϴ ϶ ϼ Ͽ   ϿϹ: 

 + , = + , ∙ = ,                                   (6.18) 

  <  , , ϴϻ ϴ ϴϹ  Ϲ Ͼ  Ϸ Ϲϵ  ϶ ϹϽ 
Ͽ ϼ . = , . 
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ϖ ϼ ϿϹ Ϲ Ͼ ϸϼ ϴ  ϸϿ  Ϲ ϼ  Ϸ Ͽ ϶Ͼϴ ϶ ϸ Ͽϼ϶ Ͻ Ϸ ϴ ϼ 
Ϲϸ ϴ϶ϿϹ  ϶ ϴϵϿϼ Ϲ 39. ϡϴ ϼ ϾϹ 25 Ϲϸ ϴ϶ϿϹ  Ϸ Ͽ ϶ Ͼ ϶ ϸ Ͽϼ϶ Ͻ 

Ϸ ϴ ϼ. 

 

ϦϴϵϿϼ ϴ 39 – Ϟ ϸϼ ϴ  ϸϿ  Ϲ ϼ  Ϸ Ͽ ϶Ͼϴ ϶ ϸ Ͽϼ϶ Ͻ Ϸ ϴ ϼ 

№ 
Ͼ ϸϼ ϴ  

x y x∙H  y∙H  

1 0 0,126 0 1,386 
2 0,1 0,036 1,1 0,396 
3 0,2 0,007 2,2 0,077 
4 0,3 0 3,3 0 
5 0,4 0,006 4,4 0,066 
6 0,5 0,027 5,5 0,297 
7 0,6 0,06 6,6 0,66 
8 0,7 0,1 7,7 1,1 
9 0,8 0,146 8,8 1,606 
10 0,9 0,198 9,9 2,178 
11 1 0,256 11 2,816 
12 1,1 0,321 12,1 3,531 
13 1,2 0,394 13,2 4,334 
14 1,3 0,475 14,3 5,225 
15 1,4 0,564 15,4 6,204 
16 1,5 0,661 16,5 7,271 
17 1,6 0,764 17,6 8,404 
18 1,7 0,873 18,7 9,603 
19 1,8 0,987 19,8 10,857 
20 1,9 1,108 20,9 12,188 

 

 

Ϥϼ Ͼ 25 – ϢϷ Ͽ ϶ Ͼ ϶ ϸ Ͽϼ϶ Ͻ Ϸ ϴ ϼ 

 

0

5

10

15

0 10 20
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6.4      
 

Ϣ ϶ ϸ ϶ ϸ   ϶ ϸ ϵ Ͻ Ͽ ϼ  Ϲ ϶Ͽ Ϲ  Ϲ Ϲϻ ϵ Ͼ  
ϼϿϹ Ͻ Ϲ ϶ϴ , ϼ ϶ ϸ ϼϽ Ͼϴ ϴϿ. Ϥϴϻ Ϲ  ϶ ϸ ϹϷ  

ϵ Ͼϴ Ϲϸ ϴ϶ϿϹ  ϴ ϼ ϾϹ 26. ϖ ϴϵϿϼ Ϲ 40 Ϲϸ ϴ϶ϿϹ  ϼ  
Ϲ ϶ϴ ϹϽ. 

Ϝ ϸ Ϲ ϸϴ Ϲ ϸϿ  ϴ Ϲ ϴ ϵ Ͼϴ: 

 ϘϿϼ ϴ ϹϿ Ϸ  ϵ Ͼϴ lϵ = 350  

 ϘϿϼ ϴ ϶ ϸ ϹϷ  Ͼϴ ϴϿϴ lϾ = 200  

 ϣϹ Ϲ ϴϸ h = 35  

 ϧϾϿ i = 
ℎ
 =  = 0,1                                        (6.19) 

 ϧϸϹϿ Ͻ ϴ ϸ Ϲ Ϲϻ ϶ ϸ Ͽϼ϶ q = 
,

 = 61,9 ⁄                 (6.20) 

 ϥϹ Ϲ ϼϹ ϹϿ Ϸ  ϵ Ͼϴ 𝜔 =  10  6 (4.20) 

 ϥϾ  ϴ ϶ ϸϹ 𝑣 = 𝜑 ∙ √ ∙ ∙  = ∙ √ ∙ , ∙  =19,3     (6.21)  

 

 

Ϥϼ Ͼ 26 – Ϥϴϻ Ϲ  ϶ ϸ ϹϷ  ϵ Ͼϴ 
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ϦϴϵϿϼ ϴ 40 – ϖ ϵ  ϼ ϴ Ϲ ϶ϴ ϼ 

ϖϼϸ Ϲ ϶ϴ ϼ ϸ ϴ ∆  C 

ϤϹϵ ϴ Ϲ Ϲ Ϲ: 
Ϟ϶ϴϸ ϴ Ϸ  Ϲ Ϲ ϼ  
Ϟ϶ϴϸ ϴ Ϸ  Ϲ Ϲ ϼ  
ϣ Ϸ Ͽ Ϸ  Ϲ Ϲ ϼ  ∆ ∙ , ∆ 
ϣ Ϸ Ͽ Ϸ  Ϲ Ϲ ϼ  ∆ ∙ , ∆ 
ϥ Ϲ ϼ Ϸ Ͽ Ϸ  ϼϿ ,  

Ͽ Ϲ 
 
Ϭϴ Ͼϼ Ͼ ϵ  ϶ ϴ ϴ  ϴ Ͽ ϺϹ ϼϼ 
ϢϾϴ ϴ Ͻ Ͼϴ Ϲ  
 

ϛ ϴ Ϲ ϼ  
10 3,3 18,5 
5 2,5 21,1 

7,7 - 17,0 
3,7 2,4 40,3 
8 1,2 29,5 
6 1,5 22,7 
4 1,1 23,0 

4,5 3,8 29,6 
1,5 3,0 24,2 
- 2,4 21,4 

 

Ϥϴ Ϲ  ϶ ϸϼ   ϣ.Ϝ. ϗ ϸϼϹ Ͼ : 

 

hϾ  = √ 𝑔  =√ , ∙ ,, = 7,55 ;                                       (6.22) 

 

ϗϿ ϵϼ ϴ Ͼϴ: 

 

h =  = 
,,  = 3,21 .                                                       (6.23) 

 

ϗϿ ϵϼ ϴ Ͼϴ Ϲ Ϲ hϾ , ϿϹϸ ϶ϴ ϹϿ , Ϸϼϸ ϴ϶Ͽϼ Ϲ ϾϼϽ Ϻ Ͼ ϻϴ 
϶ ϸ Ͽϼ϶  Ϲ ϶ ϻ ϼϾϴϹ , ϴ Ͼ ϼ ϵ Ϲ ϴϹ   ϵ Ϸ  Ϲ Ϲ ϼ . 

Ϟ ϼ ϼϹ  ϬϹϻϼ: 

 

ϥ =√ℎ𝑖 = 
,√ , ∙ ,  = 34,06                                           (6.24) 

 

ϘϴϿϹϹ  ϴϵϿϼ Ϲ ϴ ϸϼ ,  ϸ ϸ ϼϽ Ϲ  Ͼ ϼ ϼϹ  ϥ = 34,06 
϶Ϲ ϶ Ϲ  Ϲ ϶ϴ  ϶ϼϸϴ Ϲ Ϲ  ϹϵϹ  Ϸ Ͽ Ϸ  

Ϲ Ϲ ϼ ϼ  ∆ = 3,7.ϣ ϼ ϼ ϴϹ  ∆ = ,   ϼ L = 1,5 . ϥ Ϲ ϴ ϴϻ Ϲ Ϲ ϼ  
ϿϹ Ϲ ϶ ϼ Ͼ ϶Ϲ Ͻ Ϲ ϶ϴ ϼ Ϲϸ ϴ϶ϿϹ  ϴ ϼ ϾϹ 27. 
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Ϥϼ Ͼ 27 – ϥ Ϲ ϴ ϴϻ Ϲ Ϲ ϼ  ϿϹ Ϲ ϶ ϼ Ͼ ϶Ϲ Ͻ Ϲ ϶ϴ ϼ 

 

ϦϴϾ ϾϴϾ ϶ ϵ ϾϹ  ϼϿϹ Ͻ Ϲ ϶ϴ  Ϸϴ ϼ  ϵ Ͽ Ϲ 
Ͼ Ͽϼ Ϲ ϶  Ϲ Ϸϼϼ ϶ ϸ , ϴ Ϲ  ϸϿ  ϺϹ ϼ  ϵ Ϲ ϶ ϻϴ ϵ Ͼ  Ϲ 

Ϲϵ Ϲ . 

 

6.5    
 
ϣ ϼ ϼ ϴϹ  ϵϹ  Ͽ ϼ  Ϸ ϴ϶ϼ ϴ ϼ Ϸ  ϼ ϴ  ϶Ϲ ϼϾϴϿ Ͻ 

ϴ Ͻ Ϸ ϴ . 

 

 

6.5.1     
 
ϦϴϾ ϾϴϾ ϶ϴ ϼϹ ϾϴϿ Ϲ, ϻϴϿ ϺϹ ϼϹ ϼϻ ϶ Ͻ Ϸ ϴ ϼ ϼ ϼ ϴϹ  = 0,7. 

 

ϖ= (ϡϣϧ - ∇ϣ ϸ ϶ ) · 0,7 = (109-87) · 0,7 = 15,4 .          (6.25) 

 

6.5.2  
 
ϡϴ ϶ ϸ Ͽϼ϶Ϲ ϴϼ϶ϴ  ϵ Ͼϼ ϸϿ  ϸϹϿϹ ϼ  ϶ ϸ Ͽϼ϶ Ϸ  ϴ ϴ 

ϿϹ  ϼ ϸϿ  ϴ ϶Ͼϼ ϻϴ ϶ ϶. ϕ Ͼϼ ϵ ϸ  ϶ ϸ϶ϼ  ϶ ϶Ϲ ϼϽ ϵ Ϲ  ϸϿ  
ϴ ϶Ͼϼ Ͼ ϴ ϴ ϼ Ϸϴ ϼϻϴ ϼϼ Ͽ ϴϸϾϼ ϴ Ϲ ϼ  Ϲ  ϻϴ ϶ ϶. 

ϢϷ Ͽ ϶ Ͼ ϵ Ͼϴ ϼ ϼ ϴϹ  ϵ ϹϾϴϹ   Ͻ ϸϿ  ϵϹ Ϲ Ϲ ϼ  
Ͽϴ϶ Ϸ  ϶ ϸϴ ϶ ϸ  ϶ ϶ ϸ ϵ Ϲ ϶Ϲ ϼϹ  ϼ ϼ ϴϿ  Ϻϴ ϼϹ  

Ͼϴ. 
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ϖ ϶ ϻϼ  Ϲ ,  ϵ Ͼ Ϲ ϴϻ Ϲϻ Ͻ ϼ ϼ ϴϹ  Ͽ ϼ  ϵ Ͼϴ =2 . 
ϥ Ϲ ϴ ϵ Ͼϴ Ϲϸ ϴ϶ϿϹ ϴ ϴ ϼ ϾϹ 28. 

 

 

 

Ϥϼ Ͼ 28 - ϥ Ϲ ϴ ϵ Ͼϴ ϶ Ͽϴ Ϲ 

 

6.5.3     
 
ϖϸ Ͽ  ϴ Ͻ Ϸ ϴ ϼ Ͽ ϼ  ϴϼ϶ϴϹ  Ͻ ϶  ϸ Ϲ ϴϺ ϶ ϶ϼϸϹ 

ϴϾϿ Ͻ Ͼ϶ϴϺϼ , ϸϼϴ Ϲ  15 . 

Ϥϴ ϼϹ  ϴ Ͻ Ϸ ϴ ϼ ϸ  ϼ ϸ Ϲ ϴϺϴ, ϴ ϴϾϺϹ ϸ  ϶Ϲ ϶ Ͻ Ϸ ϴ ϼ 
ϸ Ͽ Ͻ ϷϴϿϹ Ϲϼ: 

 = ∙. = ∙ , = ,                                                                               (6.26) 

 

ϷϸϹ =   – ϴ  ϴϸ ϴ Ϲ  Ϲ Ϲ ϼϹ , ϹϸϹϿ Ϲ   
Ϲ ϹϺ ;                                . =  - ϶ϹϿϼ ϼ ϴ Ͼ ϼ ϼ Ϲ Ͼ Ϸ  Ϸ ϴϸϼϹ ϴ ϴ ϴ;         = ,  - Ͼ ϼ ϼϹ  ϴϸёϺ ϼ  ϶Ϲ ϶Ϲ ϼ. 

ϣ ϼ ϼ ϴϹ = 2 . 
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6.5.4     
 

Ϥϴϻ Ϲ  ϷϴϿϹ Ϲϼ ϴ Ϲ ϾϹ ,  ( ϼ Ͼ 29) ϼ ϼ ϴϹ  – 1,25 2,5 . 

 

 

Ϥϼ Ͼ 29 – ϗϴϿϹ Ϲϼ ϶ ϹϿϹ Ͽ ϼ  

 

6.5.5    .  
.  

 
ϖ ϶ϴ ϼϼ Ͽ ϼ , ϹϽ ϴ ϾϴϿϹ, ϴϼ϶ϴϹ  Ϲ Ϲ ϴ ϼ  

ϻϴ϶Ϲ  ϼ ϴϾϿ Ͻ ϸ Ϲ ϴϺ. 

Ϥϴ ϼϹ  ϴ Ͻ Ϸ ϴ ϼ ϸ  ϼ Ϲ Ϲ ϴ ϼ Ͻ ϻϴ϶Ϲ : 

 = , ÷ , ∙ ,               (6.27) 

 

ϷϸϹ − ϼ ϼ ϴ ϸ ϶  Ͽ ϼ . 

ϣ ϼ ϼ ϴϹ  =  ϶ ϶Ϲ ϶ϼϼ  ϴ Ͽ ϺϹ ϼϹ  Ϲ Ϲ ϴ ϼ -
ϸ Ϲ ϴϺ Ͻ ϷϴϿϹ Ϲϼ. 

ϗϿ ϵϼ ϴ Ϲ Ϲ ϴ ϼ Ͻ ϻϴ϶Ϲ : 

 ℎ = , ÷ , ∙ ,                 (6.28) 

 

ϷϸϹ  = − =  .  
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ϣ ϼ ϼ ϴϹ : 

 ℎ = , ∙ =  .   

 

ϗϿ ϵϼ ϴ ϸ Ϲ ϴϺϴ: 

 ℎ = , ÷ , ∙ ℎ                                                                                          (6.29) 

 

ϣ ϼ ϼ ϴϹ :  

 ℎ = , ∙ = .  . 
 

Ϙϼϴ Ϲ  Ͼ϶ϴϺϼ  ϸϿ  ϸ Ϲ ϴϺϴ ϼ ϼ ϴϹ  0,2 .  

Ϧ Ͽ ϼ ϴ Ϲ Ϲ ϴ ϼ Ͻ ϻϴ϶Ϲ :   

 = ∆ ∙ ,                                                                                                               (6.30) 

 

ϷϸϹ∆ − ϴ , ϸϹϽ ϶ ϼϽ ϴ ϻϴ϶Ϲ ;         − Ͼ ϼ ϼ Ϲ ϾϼϽ Ϸ ϴϸϼϹ  ϴ ϴ ϴ ϾϴϿ  ϶ϴ ϼϼ, = ; 
 = 1,2 – Ͼ ϼ ϼϹ  ϴϸϹϺ ϼ. 

Ϣ ϹϸϹϿϼ  ϴ , ϸϹϽ ϶ ϼϽ ϴ ϻϴ϶Ϲ   ϿϹ: 

 ∆ = − = − , = , ,                                                             (6.31) 

 = , ∙  ,                                                                                        (6.32) 

 = , ∙ = ,   

 

Ϧ Ͽ ϼ ϴ ϻϴ϶Ϲ : 
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 = , ∙ , = ,  .  
 

ϪϹ Ϲ ϴ ϼ ϴ  ϻϴ϶Ϲ ϴ ϼ ϸ Ϲ ϴϺϼ Ϲϸ ϴ϶ϿϹ  ϴ ϼ ϾϹ 30. 

 

Ϥϼ Ͼ 30 – ϪϹ Ϲ ϴ ϼ ϴ  ϻϴ϶Ϲ ϴ ϼ ϸ Ϲ ϴϺϼ 

6.6      
 

6.6.1     
 

ϖϹ  1 . . ϶ ϸ Ͽϼ϶ Ͻ ϴ ϼ Ͽ ϼ  ϹϸϹϿ   ϿϹ: 

 = ∙ ∙𝑔∙+ ,                                                                                                        (6.33) 

 

ϷϸϹ S Ͽ = 161,2 2 – Ͽ ϴϸ  Ϲ Ϲ Ϸ  Ϲ Ϲ ϼ  Ͽ ϼ , ϹϸϹϿϹ ϴ  
϶ Ϸ ϴ Ϲ AutoCad. 

       b – ϼ ϼ ϴ ϿϹ ϴ. 

        – Ͽ ϼ ϴ ϵ Ͼϴ. 

        – Ͽ  ϵϹ ϴ. 

 = , ∙ ∙ , ∙ ,+ = , .                                                                       (6.34) 

 

1,05 

76,00 
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ϖϹ  ϵ Ͼϴ: 

 

 = ∙δ∙ ∙ρ+δ = ∙ ∙ , ∙ ,+ = , . 
 

ϷϸϹ Sϵ = 212 2 – Ͽ ϴϸ  Ϲ Ϲ Ϸ  Ϲ Ϲ ϼ  ϵ Ͼϴ, ϹϸϹϿϹ ϴ  ϶ 
Ϸ ϴ Ϲ AutoCad. ϣ ϼϿ  Ͽ ϼ  Ϲϸ ϴ϶ϿϹ  ϴ ϼ ϾϹ 31. 

 

ϖϹ  Ͽ Ͼ Ϸ  ϻϴ ϶ ϴ ϹϸϹϿ Ϲ   ϿϹ ϔ.Ϥ. ϕϹ Ϲϻϼ Ͼ Ϸ : 

 = , ∙ ∙ √ ∙ ,                                                                                          (6.35) 

 

ϷϸϹ f – Ͽ ϴϸ  ϻϴ ϶ ϴ: 

 =  −  + , ∙ = − + , ∙ =  ,            (6.36) 

 

 = , ∙ ∙ √ ∙ , =  . 
 

ϖϹ  ϻϴ ϶ ϴ Ͼ 1 . . ϸϿϼ  ϹϾ ϼϼ: 

 = + = + = .                                                                                       (6.37) 
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Ϥϼ Ͼ 31 – ϣ ϼϿ  Ͽ ϼ   

 
6.6.2     

 
ϗ ϼϻ ϴϿ ϴ  ϴ϶Ͽ ϴ  ϼϿ  Ϸϼϸ ϴ ϼ Ϲ Ͼ Ϸ  ϸϴ϶ϿϹ ϼ  ϶ ϸ : 

-   ϶Ϲ ϹϷ  ϵ Ϲ ϴ: 

 = ∙𝑔∙ℎ = ∙ . ∙ = , ,                           (6.38) 

 

ϷϸϹ ℎ =  −  = − = ,                                            (6.39) 

 

6.6.3    
 

S  = 86,67 2 – Ͽ ϴϸ   ϼϿ ϴ ϼϼ, ϹϸϹϿϹ ϴ  ϶ Ϸ ϴ Ϲ 
AutoCad. 

 = ∙ ∙ = , ∙ ∙ , = , .                                              (6.40) 

 

6.6.4   
 

Ϙϴ϶ϿϹ ϼϹ ϴ ϶ ϴ ϶Ϲ ϼϾϴϿ  Ϸ ϴ : 

 = ∙ ℎ ∙ − 𝜑 ,                                                                                  (6.41) 
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ϷϸϹ  = 9 Ͼϡ/ 3 – ϸϹϿ Ͻ ϶Ϲ  ϴ ϶ ϶  ϶ϻ϶Ϲ Ϲ  ϼϼ;        ℎ  = 1  – Ͽ ϼ ϴ Ͽ  ϴ ϶; 

      𝜑 = 20° – Ϸ Ͽ ϶ Ϲ ϹϷ  Ϲ ϼ  ϴ ϶. 

        = ∙ ∙ − = , . 
Ϥϴ϶ ϸϹϽ ϶ ϴ  ϸϴ϶ϿϹ ϼ  ϴ ϶ ϴ 1 . .: 

 = ∙ℎ = , ∙ = , .                                                                               (6.42) 

 

6.6.5   
 

Ϥϴ϶ ϸϹϽ ϶ ϴ  ϶ Ͽ ϶ Ϸ  ϸϴ϶ϿϹ ϼ  ϹϸϹϿ Ϲ   ϿϹ           
ϔ.ϟ. Ϡ ϺϹ϶ϼ ϼ ϶ϴ: 

 = , ∙ ∙ ∙ ℎ % ∙ ( + ℎ ),                                                                  (6.43) 

 

ϷϸϹ ℎ % = ℎ ∙ 𝑖,                
(6.44) 

 

ϷϸϹ 𝑖− Ͼ ϼ ϼϹ , ϹϸϹϿ Ϲ Ͻ  Ϸ ϴ ϼϾ  ϶ ϻϴ϶ϼ ϼ ϼ  
ϻ ϴ Ϲ ϼ  

𝑔
 (ϸϿ  ϷϿ ϵ Ͼ ϶ ϸ Ͻ ϻ ).  

       ℎ - Ϲϸ  ϸϿϼ ϴ ϶ Ͽ ; 

 𝑔 =  , ∙ = ;                                                                              (6.45) 

 

ϣ  Ϸ ϴ ϼϾ  ϼ ϼ ϴϹ  ϴϼ Ϲ ϼϹ ϻ ϴ Ϲ ϼ  𝑔
 = 3,4; 

𝑔ℎ = 0,06 ϼ 
ϹϸϹϿ Ϲ  ϴ ϴ Ϲ  ϶ Ͽ . 

 

ϥ Ϲϸ ϼϽ Ϲ ϼ ϸ ϶ Ͽ : 
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 =  , ∙𝑔 =  , ∙. = , ;              (6.46) 

 

ϥ Ϲϸ  ϶ ϴ ϶ Ͽ : 

 ℎ =  , ∙𝑔 =  , ∙. = , ;                             (6.47) 

 

ϥ Ϲϸ  ϸϿϼ ϴ ϶ Ͽ : 

 =  𝑔 =  , ∙ ,∙ , = , ;                                  (6.48) 

 𝑖=2,1; 

 ℎ % = , ∙ , = ,  ; 

 

ϷϸϹ ℎ = ∙ℎ % = , ∙ ,, = ,  ;                                                      (6.49) 

 = , ∙ ∙ , ∙ , ∙ ,, + , = , .   

  

ϟϼ ϼ  ϸϹϽ ϶ϼ  ϴ϶ ϸϹϽ ϶ ϹϽ  ϴ ϸϼ  ϼϺϹ ϧϖϕ ϴ 
϶ϹϿϼ ϼ : 

 = − ℎ % = ,∙ , − ∙ , =  .                                                         (6.50) 
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6.7    
 

Ϥϴ Ϲ  ϼ ϵϹ Ͻ Ͽ ϼ  ϼϻ϶ ϸϼ   Ϲ ϸ  ϹϸϹϿ  
ϼϽ Ϲ ϶ Ͻ Ϸ . Ϥϴ Ϲ  Ͽ ϼ  ϼϻ϶ ϸϼ  ϵϹϻ Ϲ ϴ 

Ϲ Ϲ ϴ  ϶ ϻϸϹϽ ϶ϼϽ. ϘϿ  Ϲ Ͼϼ ϼ Ͽ ϼ  ϶϶ ϸ  
Ͼ ϼ Ϲ ϼϼ ϼ. ϦϴϾϼ  ϵ ϴϻ , ϶ Ϲϻ Ͽ ϴ Ϲ ϴ Ϲ ϴ ϹϸϹϿ  

ϴ ϺϹ ϼ  ϶ Ͽ ϼ Ϲ, Ͼ Ϲ ϻϴ Ϲ  ϴ϶ ϼ϶ϴ   Ͼ ϼ Ϲ ϼ ϼ ϼ. 

 

6.7.1   
 

ϖ ϴ Ϲ Ϲ Ͽ ϼ  Ϻϼ ϴ ϼϹ ϴ ϺϹ ϼ  ϼ ϼ ϴ   ϻ ϴϾ  «-», 
ϴ ϴ Ϸϼ϶ϴ ϼϹ –  ϻ ϴϾ  «+». ϥϵ  ϶ Ϲ  ϴϷ ϻ Ͼ Ϲϸ ϴ϶ϿϹ  ϶ ϴϵϿϼ Ϲ 41 
Ϧ Ͼϼ ϼϿ ϺϹ ϼ  ϴ϶ ϸϹϽ ϶ ϼ  ϼϿ ϴϽϸϹ  ϶ Ϸ ϴ Ϲ AutoCad. 

 

ϦϴϵϿϼ ϴ 41 – Ϣ ϶ Ϲ ϴϷ ϻϾϼ ϴ Ͽ ϼ  

ϡϴϷ ϻϾϴ ϛ ϴ Ϲ ϼϹ γf ϡϴ ϴ϶ϿϹ ϼϹ ϥϼϿϴ, Ͼϡ ϣϿϹ ,  Ϡ Ϲ , Ͼϡ  
Ϧ϶ 1770,7 1  1770,7 7,33 11208,53 
Gϵ -1663,8 0,95  -1580,61 1,95 -3082,19 
G Ͽ -2530,2 0,95  -2403,69 2,02 -4855,45 
W  850,23 1  850,23 3,43 2916,29 
ϙ  3,15 1,2  3,78 0,33 1,25 
qϻ -40 0,95  -38 6,66 -253,08 

W϶ Ͽ  25,70 1  25,70 20 514 

 ∑  = 6449 Ͼϡ . Ϥϴ Ϲ  Ͼ ϴϹ϶  ϴ ϺϹ ϼϽ ϶ Ϸ ϼϻ ϴϿ  Ϲ Ϲ ϼ  
Ͽ ϼ : 

ϘϿ  ϶Ϲ ϶ Ͻ Ϸ ϴ ϼ: 

 𝜎 = − + ∑ ,                                                                                                   (6.51) 

 

ϷϸϹ N – ϥ ϴ ϶Ϲ ϼϾϴϿ  ϼϿ, ϸϹϽ ϶ ϼ  ϴ Ͽ ϼ ; 

M – ϥ ϴ Ϲ ϶ ϶ Ϲ  ϼϿ, ϸϹϽ ϶ ϼ  ϴ Ͽ ϼ ; 

ϖd – Ϭϼ ϼ ϴ ϸ ϶  Ͽ ϼ . 

 = G + G − + ,                                                                                     (6.52) 
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 = , + , − , + = ,  , 
 

 𝜎 = − ,, + ∙ . = − ,  , 
 𝜎 = 𝜎 ∙ − ∙ ∙ − ,                                                                  (6.53) 

 

ϷϸϹ = 0, ϴϾ ϾϴϾ  ϶ ϸ Ͽϼ϶ Ͻ Ͽ ϼ  ϴ ϴ  Ϸ ϴ  ϶Ϲ ϼϾϴϿ ϴ; 

 = ∇ − ∇ = − =  .                                                       (6.54) 

 

 𝜎 = − , ∙ − ∙ ∙ − = − , 
 𝜏 = ( ∙ + 𝜎 ) ∙ = ∙ + − , ∙ = ,                      (6.55) 

 𝜎 = 𝜎 ∙ + + ∙ ∙ = − , ∙ + + ∙ ∙ = =− , ,                                                                                                                        (6.56) 

 𝜎 = − ∙ = − ∙ = − .                                                           (6.57) 

 

ϘϿ  ϼϻ ϶ Ͻ Ϸ ϴ ϼ: 

 𝜎 = − − ∑ = − ,, − ∙ . = − ,  ,         (6.58) 

 𝜎 = 𝜎 ∙ − ∙ ∙ − ,                                                                    (6.59) 

 

ϷϸϹ = 0,7 – ϻϴϿ ϺϹ ϼϹ ϼϻ ϶ Ͻ Ϸ ϴ ϼ; 
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 = − = .              (6.60) 

 

 𝜎 = − , ∙ , − ∙ ∙ − , = − , , 
 𝜏 = −( ∙ + 𝜎 ) ∙ = − ∙ + − , ∙ , = ,      (6.61) 

 𝜎 = − ∙ = − ∙ = − ,           (6.62) 

 𝜎 = 𝜎 ∙ + + ∙ ∙ = − , ∙ + , + ∙ ∙  , == − , .                (6.63) 

 

 

 

6.7.2       
 

ϣ ϿϹ ϶ ϼ ϿϹ ϼ  ϴ ϺϹ ϼϽ Ϲ ϵ ϸϼ  ϶Ϲ ϼ  ϶ Ͽ Ϲ ϼϹ 
ϿϹϸ ϼ  Ͽ ϶ϼϽ: 

ϖ  ϶ Ϲ  Ͼϴ  Ͽ ϼ : 

 ∙ ∙ |𝜎 | ∙ ,                                                                                           (6.64) 

 

ϷϸϹ  – ϴ Ϲ Ϲ ϼ϶ϿϹ ϼϹ ϵϹ ϴ Ϻϴ ϼ ;         = 1,2 – Ͼ ϼ ϼϹ  ϴϸϹϺ ϼ  ϶Ϲ ϶Ϲ ϼ ϺϹ ϼ ;         = 1 – Ͼ ϼ ϼϹ  Ϲ ϴ ϼ  ϴϷ ϻ Ͼ;          = 0,9 – Ͼ ϼ ϼϹ  Ͽ ϶ϼϽ ϴϵ ; 

 , ∙ ∙,                                  (6.65) 
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ϦϴϾϼ  ϵ ϴϻ  ϼ ϼ ϴϹ  ϵϹ  ϾϿϴ ϴ ϖ5  ϴ Ϲ  
ϼ϶ϿϹ ϼϹ  ϵϹ ϴ ϴ Ϻϴ ϼϹ  =713 Ͼϡ/ 2.  

2800 Ͼϡ/ 2  713 Ͼϡ/ 2. 

ϡϴ ϶Ϲ ϶ Ͻ Ϸ ϴ ϼ Ͽ ϼ  Ϲ ϸ ϿϺ  ϵ  ϴ Ϸϼ϶ϴ ϼ  ϴ ϺϹ ϼϽ:  

 𝜎 < ; 
 − , < . 

 

ϖ ϻ Ϲ ϶Ϲ ϶ Ͻ Ϸ ϴ ϼ Ͽ ϼ : 

 |𝜎 | , ∙ ∙ ;                       (6.66) 

 , / ,  /  

 

6.7.3    
 

ϧ Ͻ ϼ϶  ϵϹ  Ͽ ϼ  ϴ ϾϴϿ  ϶ϴ ϼ  ϹϸϹϿ  
Ϲ ϹϽ ϵ  ϶ϴ ϼ ,  Ϲ  ϹϷ  ϼ϶ϿϹ ϼϹ  ϸ϶ϼϷ  

ϺϹ ϼ . ϣϿ ϼ  ϴ ϼ ϶ϴ  ϴ ϸ϶ϼϷ  Ϲ ϶  ϹϸϹϿ  
ϼ  –  Ϲ Ϲ Ϲ ϹϽ ϵ ϼ. 

ϣ ϼ ϴ ϹϿ Ͻ Ϲ ϸ϶ϼϷϴ Ͽ ϼ ϴ ϵ ϸϹ  Ͻ ϼ϶ϴ, Ϲ Ͽϼ 
϶ Ͽ  Ͽ ϶ϼϹ: 

 ∙∙                 (6.67) 

 

ϷϸϹ = ,          =         = ,  

Ϥϴ Ϲ Ϲ ϻ ϴ Ϲ ϼϹ ϵ ϵ Ϲ Ͻ Ϲ ϹϽ ϵ ϼ: 
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= (G + G − + ) ∙ tg φ + c ∙ ω;                                                        (6.68) 

 

ϷϸϹ tg φ = , −    я;                    c =  −  я ;               ω = ,  − я я     . . = , + , − , + ∙ , + ∙ , = ,  ⁄ ; 
ϥϸ϶ϼϷϴ ϴ  ϼϿϴ: 

 = + + = , + , + , = , ;                 (6.69) 

 

ϦϴϾϼ  ϵ ϴϻ , Ͽ ϶ϼϹ ϴ ϸ϶ϼϷ: , ∙ ,, ∙ , ; , , ; 
ϥ ϺϹ ϼϹ ϸ ϶ϿϹ ϶ Ϲ  Ͽ ϶ϼ  Ͻ ϼ϶ ϼ ϼ϶ ϸ϶ϼϷϴ  

϶ϴ ϼ . 
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7  .    . 
     

 
7.1      

 
Ϟ Ͼϴ  ϗϱϥ ϴ Ͽ ϺϹ ϴ ϶ Ϲ ϵϿϼϾϹ Ϟϴ ϹϿϼ  ϴ ϹϾϹ Ϟ ϴ ( ϴϻ϶ϴ ϼϹ 

϶Ϲ ϹϷ  Ϲ Ϲ ϼ  Ϟ ϶ϸ ).Ϟ ϶ϸϴ – ϻё ϴ  ϹϾϴ, ϶ ϹϾϴϹ  ϼϻ ϻ. Ϧ ϻϹ , 
϶ ϴϸϴϹ  ϶ Ϟϴ ϸϴϿϴϾ ϾϼϽ ϻϴϿϼ϶ ϕϹϿ Ϸ  . ϘϿϼ ϴ ϹϾϼ 217 Ͼ , Ͽ ϴϸ  
ϵϴ ϹϽ ϴ 28 . Ͼ 2. ϣ ϹϾ ϼ Ϲ Ͻ Ϸϼϸ ϻϹϿ, ϶ ϻ϶ ϸϼ Ͻ ϴ ϹϾϹ Ϟ ϴ, 

Ϲ ϷϹ ϼ Ϲ Ͼ Ϸ  ϴϻ ϴ Ϲ ϼ . 

ϞϿϼ ϴ  Ϲ Ϲ -Ͼ ϼ Ϲ ϴϿ Ͻ  Ϲ ϴ ϼ Ͼ Ϸ . ϛϼ ϴ 
ϸ ϿϺϼ ϹϿ ϴ , ϼ ϹϿ  ϷϾϴ . ϟϹ  Ͼ Ͼ Ϲ, Ͽϴϸ Ϲ. ϣ Ϸ ϸϴ 

ϻϸϹ  Ϲ Ͻ ϼ϶ϴ ,  ϵ Ͽϴ϶Ͽϼ϶ϴϹ  ϴ ϼ ϼϾϿ ϴ ϼ, ϼϸ ϼ ϼ  
ϻϴ ϴϸϴ. ϕ Ͽ Ϲ Ͽ ϶ϼ  ϸ ϹϽ ϶ Ϸ ϸ  — ϴ Ϲ, ϴϼϵ Ͽ ϴ  ϵϿϴ  ϴ 

ϵϹ ϹϺ Ϲ ϕϹϿ Ϸ  .  

Ϣ ϶ ϼ ϼ ϼϾϴ ϼ ϻϴϷ ϻ Ϲ ϼ  ϹϾϼ Ϟ ϴ ϶ ϴ ϴ ϼ϶ϴϹ  
϶ Ϲ ϶Ͽ Ϲ  ϼ ϹϿ ϶  Ϟ Ͼ Ͻ ϗϱϥ, ϴϾ ϾϴϾ ϴ ϸϴ Ͻ ϹϾϹ Ϲ 

ϴ ϸ  ϸ ϷϼϹ ϗϱϥ, ϴ ϴϾϺϹ ϶ ϹϹ Ϲ ϵ ϴ ϶ϴϹ  ϼϾϴϾϼ  ϸ ϶. 

Ϥϴ ϼ ϹϿ  Ϲ ϼ ϼϼ ϶ ϴϽ Ϲ ϼ ϹϿ ϶ϴ Ϟ Ͼ Ͻ ϗϱϥ 
ϼϻ ϵϼϿ ϴ. ϕ Ͽ ϴ  ϴ  Ϲ ϼ ϼϼ ,ϷϸϹ ϹϾϴϹ  ϹϾϴ ϻϴ ϴ ϶ Ͻ ϼ 
ϿϹ ϴ ϼ. 

ϖ ϴϽ Ϲ Ͽ ϴϸϾϼ ϼ ϹϿ ϶ϴ ϵϼ ϴϹ  Ͼ Ͽ  80 ϶ϼϸ ϶ ϼ ϼ  
Ϲ ϶. Ϝϻ ϼ  40 ϶ϼϸ ϶ ϿϹϾ ϼ ϴ ϼ , 40 - ϼ . Ϣ ϶ ϼ ϶ϼϸϴ ϼ 
϶Ͽ : 

- Ͼ Ϲ -Ͽ , Ͼ Ͽ , Ͼϴϵϴ , Ͼϴϵϴ Ϸϴ ϼ ϸ; 

- Ϲ - ϻϴ - ϴϾ, ϵϴ Ͼ, ϸϴ ϴ, ϵϹϿϾϼ, ϵ Ͽϼ, ϴ ϼ, ϼ 
ϸ; 

- ϼ  – Ͽ , ϶ , Ͼ , Ϲϵ  ϼ ϸ. 

Ϟ Ͼ ϴ Ͼ ϼϺ , ϹϸϾϼ  ϼ ϼ Ϲϻϴ ϼ  Ϻϼ϶  : Ϲ Ͻ 
Ϸ ϼ , ϼϿϼ , Ͼ Ͽ-ϵϴϿ ϵϴ , ϴ ϴ  ϼ ϸ . ϣ , ϴ ϼ ϴ   Ϲ ϶ Ϸ  Ϸ ϸϴ 

ϼ ϹϿ ϶ϴ, ϼ ϴ ϺϹ ϼϼ ϶ ϹϷ  Ϲ ϼ ϸϴ Ͼ Ͽ ϴ ϴ ϼϼ Ϲ ϵ ϸϼ  
϶ ϸϼ  ϼ ϼ Ϸ ϼ ϿϹ ϼ Ͼ ϴ Ͼ ϼϺ  ϼ ϹϸϾϼ  ϶ϼϸ ϶ ϸϿ  

ϴϻ ϴϵ Ͼϼ Ϲ ϼ ϼϽ  ϼ ϼ ϼϻϴ ϼϼ ϶ ϻϸϹϽ ϶ϼ  ϵ ϹϾ ϶ Ϟ Ͼ Ϸ  
Ϸϼϸ ϻϿϴ ϴ Ͼ ϴ Ͼ ϼϺ Ϲ ϼ ϹϸϾϼϹ ϶ϼϸ  Ϻϼ϶ , ϴ ϴϾϺϹ ϹϸϹϿϼ  

Ϲ ϼ ϼ   Ͼ Ϲ ϴ ϼϼ Ϲ ϵϴ ϼ  ϶ϼϸϴ   ϼ ϹϿ ϶ϴ Ϸϼϸ ϻϿϴ. 

ϖ ϸ Ϲ ϵϼ Ͽ Ϸϼ Ϲ ϾϼϹ Ϲ  ϹϾϼ Ϟ ϴ ϴ ϴ ϾϹ ϼ ϹϿ ϶ϴ 
Ϟ Ͼ Ͻ ϗϱϥ Ϲϸ ϴ϶ϿϹ  ϿϹϸ ϼ ϼ ϶ϼϸϴ ϼ: ϵ Ͽ Ͻ ϴ ϼ , ϹϿ , 
ϻ , ϴϿϼ , Ͼϴ, ϼϷ, Ͽ ϶ϴ, Ͼϴ ϼ ϸ ϷϼϹ. ϖ ϶Ϲ ϶ϼϼ  ϣ ϼϾϴϻ  

ϨϹϸϹ ϴϿ Ϸ  ϴϷϹ ϶ϴ  ϵ Ͽ ϶ ϶   17.09.2012 № 818 «Ϣϵ ϴ ϶ϿϹ ϼϼ 
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Ͼϴ ϹϷ ϼϼ  ϶ ϸ  ϵ ϹϾ ϶ ϵ ϻ Ͻ ϶Ϲ Ϸ  ϻ ϴ Ϲ ϼ  ϼ ϵϹ ϹϽ 
ϸ ϵ ϼ (϶ Ͽ ϶ϴ) ϶ ϸ  ϵϼ Ͽ Ϸϼ Ϲ Ͼϼ  Ϲ ϶, ϵϼ ϴ ϼ  ϶ ϼ  ϼ 

Ϲ Ϲ  Ͼ ϵ ϹϾ ϴ  ϵ Ͽ ϶ ϶ϴ» ϹϾϴ Ϟ ϴ ϴ ϴ ϴ ϼ϶ϴϹ  ϴ ϾϹ 
ϼ  Ͼ ϶ ϸ  ϵ ϹϾ  I Ͼϴ ϹϷ ϼϼ ϵ ϻ Ͻ ϶Ϲ Ϸ  ϻ ϴ Ϲ ϼ , 

 ϼ ϶ Ϲ ϼ ϸ ϼ ϹϿ ϶ϴ, ϼ ϶ Ϲ ϼ ϸ ϸϴϿ ϹϽ ϹϽ Ͼ Ͽ ϴ ϴ ϼϼ 
Ϸϼϸ ϻϿϴ ϵ    ϶ ϸ ϶ .Ϟ ϴ Ϲ ϵ ϸϼ  ϼϻ϶ ϸϼ   ϸϹ Ϻϴ ϼϹ  
ϻϴϷ ϻ ϼ   ϶Ϲ Ϲ ϶  Ͼ Ϲ ϴ ϼ ϼ, Ϲ Ϲ϶ ϴ ϼ ϼ ϣϘϞ. 

 

7.2        
  

 
ϣ ϼ ϼ ϹϿ ϶Ϲ Ϟ Ͼ Ϸ  ϗϧ ϶ Ͽ  ϿϹϸ ϼϹ ϶ϼϸ  ϴϵ : 

- ϖ Ϲ Ͼϴ Ϸ ϴ ϼ ϾϿϴϸϼ ϶ϴ ϼϹ 160000 3; 

- Ϣ Ͼϴ Ϲ Ϲ ϹϾ 26600 3; 

- ϣ ϸϷ ϶Ͼϴ Ͽ ϴϸϾϼ Ͼ ϼ ϹϿ ϶  ϼ ϹϹ ϵ Ͻ ϶ ; 

- Ϥϴ ϼ Ͼϴ ϼ Ͽϴ ϼ ϶Ͼϴ Ϲ ϼ ϼϼ; 

- ϖ ϻ϶ϹϸϹ ϼϹ ϼ ϿϹϸ ϼϽ ϸϹ ϴϺ ϶ Ϲ Ϲ  ϻϸϴ ϼϽ ϼ 
ϺϹ ϼϽ; 

- ϥ ϼ ϹϿ ϶  ϶  ϺϹ ϼϽ 55700 3 ϵϹ ϴ; 

- ϥ ϼ ϹϿ ϶  ϹϿϾϴ Ͼ Ͽ ϴ ϼ ϹϷ  Ϲ ϴϿϴ. 

ϖ Ϲ ϼ ϸ ϼ ϹϿ ϶ϴ Ϲϸ Ϲ  Ϲ ϼ ϼ   ϸϷ ϶ϾϹ Ͽ Ϻϴ 
϶ ϸ ϴ ϼϿϼ ϴ, ϴ ϴϾϺϹ Ϲ ϼ ϼ   ϼ ϼ ϼϻϴ ϼϼ ϶ ϻϸϹϽ ϶ϼ  ϴ 
Ͼ Ϻϴ  Ϲϸ  Ϲ Ϲϸ ϶Ϲ   ϼ ϹϿ ϶ϴ.  

ϖ ϻϸϹϽ ϶ϼϹ ϴ Ͼ Ϻϴ  Ϲϸ  ϶ Ϲ ϼ ϸ ϼ ϹϿ ϶ϴ: 

- ϥ ϻϸϴ ϼϹ ϶ ϸ ϴ ϼϿϼ ϴ, ϴ ϴ ϼ  Ͽϴ ϸ ϴ ϶, 
ϾϿϼ ϴ ϼ Ϲ ϾϼϹ ϼϻ Ϲ Ϲ ϼ ;  

- ϣ ϸϷ ϶Ͼϴ Ͽ Ϻϴ ϶ ϸ ϴ ϼϿϼ ϴ, ϶  ϼ ϿϹ ϶ ϸϾϴ ϿϹ ϴ ϼ 
ϴ ϴ ϼ  Ϲ ϼ ϼϼ;  

- ϖ ϵ  ϻϴϷ ϻ ϼ  ϶Ϲ Ϲ ϶ ϶ ϴ Ϲ  ϴ ϴ Ϲ 
ϼ ϹϿ ϶ϴ;  

- Ϣϵ ϴϻ ϶ϴ ϼϹ ϼ ϵ ϴ Ϲ ϼϹ  ϸϴ ϼ; 

- Ϣ ϴ ϼ ϼ ϼ Ͼϼ ϸϿ  ϴ ϹϿϹ ϼ  ϼ Ϲ ϴϿϴ, ϶ ϻϴ Ϲ  
ϼϹ  Ϸϼϸ Ϲ ϼ Ϲ Ͼϼ  ϺϹ ϼϽ ϼ ϸϾ  

ϼ ϹϿ ϶ϴ ϼ Ͼ Ͽ ϴ ϴ ϼϼ ϗϱϥ;  

ϥ ϻϸϴ ϼϹ ϶ ϸ ϴ ϼϿϼ ϴ ϵ ϸϹ  ϶ Ϻϸϴ  ϿϹϸ ϼ ϼ 
Ϲ ϴ ϼ: 



95 
 

- Ϩ ϼ ϶ϴ ϼϹ ϶  Ϲ ϶ ϶ ϸ Ϸ , ϿϹϸ ϶ Ϸ  ϼ Ϲ ϼ Ϲ Ͼ Ϸ  
ϹϺϼ ϶;  

- Ϝϻ Ϲ Ϲ ϼϹ Ϲ ϶ Ϲ Ϲ ϴ ϼ Ϲϸϼ Ϲ ϴ ϼϼ ϴ ϶;  

- Ϩ ϼ ϶ϴ ϼϹ ϶ Ϸ  Ϸϼϸ ϼ ϼ Ϲ Ͼ Ϸ  ϹϺϼ ϴ ϼ ϼϻ Ϲ Ϲ ϼϹ 
Ͼϴ Ϲ ϶ϴ ϶ ϸ  Ϟ  ϶ ϼϺ Ϲ  ϵ Ϲ Ϲ Ϟ Ͼ Ͻ ϗϱϥ; 

- Ϩ ϼ ϶ϴ ϼϹ ϶ Ϸ  Ϸϼϸ ϵϼ Ͽ Ϸϼ Ϲ Ͼ Ϸ  ϹϺϼ ϴ ϼ ϼϻ Ϲ Ϲ ϼ  
ϵϼ Ͽ Ϸϼ Ϲ Ͼ Ͻ ϸ Ͼ ϼ϶ ϼ ϶ ϸ Ϲ ϴ ϶ ϶ ϻϼ  Ϲ ,  Ϲ Ͻ 
ϼ  Ͼ ϼ Ϲ  ϼϻ Ϲ ϼ  ϴ ϻϹ Ͻ. 

ϣ ϼ ϹϾ ϼ ϶ϴ ϼϼ Ϲ ϼ ϼϽ  ϼ ϺϹ Ϲ Ͻ ϻϴ ϼ Ϲ ϴ ϹϿϹ  
Ͼ ϶, ϴϸϴ ϼ  ϶ ϻ  ϻϴ ϿϹ ϼ  ( ϸ ϿϹ ϼ ), ϴϾϼϹ ϾϴϾ ϹϿ Ͼ 

ϣ ϻϹ ϾϼϽ, ϛϴ Ϲ Ϲ Ͼ, ϵϹ ϹϷ ϵ Ϲ ϼ  ϸ ϿϺ  ϵ  Ϲϸ Ϲ : 

- ϖ ϻ Ϲ ϻϴ ϿϹ ϼϹ ϼ ϸ ϿϹ ϼϹ ϶  ϴ ϹϿϹ Ϲ Ͼ , 
Ϲϸ ϼ ϼ , ϻϸϴ ϼ  ϼ ϺϹ ϼ , ϴ ϴϾϺϹ ϴ ϼϾϼ ϼ ϸ ; 

- ϦϹ ϼ Ϲ ϾϼϹ Ϲ ϼ ϼ   ϸ Ϲ ϼ ϶ϴ ϼ  Ϲ Ϲ ϶Ϲ Ϸ  
϶Ϲ Ϸ  Ͼϴ  ϵ ϶Ϲ Ͻ Ϲ ϼ ϼϼ ϼ ϺϹ Ϲ Ͻ 

ϻϴ ϼ ; 

- ϖ ϻϸϹϽ ϶ϼϹ ϴ Ͼ Ϻϴ  Ϲϸ  ϶ Ϲ ϼ ϸ ϼ ϹϿ ϶ϴ ϵ ϸϹ  
϶ ϻϴ   ϴϵ Ͻ ϴ϶ ϴ ϴ, ϶ϹϸϹ ϼϹ  ϴϻϿϼ  ϶ϼϸ ϶ 

ϼ ϹϿ  ϴϵ .  

 

7.3      
 

Ϣ ϶ Ϲ Ϲϵ ϶ϴ ϼ  Ͼ ϹϾ ϼ ϶ϴ ϼ , ϼ ϹϿ ϶  ϼ Ͼ Ͽ ϴ ϴ ϼϼ 
϶ ϸ ϴ ϼϿϼ  ϹϷϿϴ Ϲ ϼ  ϥϣ  1.07.1993 № 3907-93 «ϥϴ ϼ ϴ Ϲ 

ϴ϶ϼϿϴ ϹϾ ϼ ϶ϴ ϼ , ϼ ϹϿ ϶ϴ ϼ Ͼ Ͽ ϴ ϴ ϼϼ ϶ ϸ ϴ ϼϿϼ », ϶ 
϶Ϲ ϶ϼϼ  Ͼ ϼ: 

1. Ϥϴϻ ϴϵϴ ϶ϴϹ Ϲ Ϲϸ ϹϾ Ϲ ϴ Ϲ ϼϴϿ , ϹϾ  ϼ ϹϿ ϶ϴ ϼ 
ϹϾ Ͼ ϼϼ ϶ ϸ ϴ ϼϿϼ  ϸϿϹϺϴ  ϵ ϻϴ ϹϿ  ϷϿϴ ϶ϴ ϼ  
 Ϸϴ ϴ ϼ Ϸ ϸϴ ϶Ϲ Ϸ  ϴ ϼ ϴ Ϸ  ϴϸϻ ϴ. 

2. ϠϹ ϼ ϼ   ϸϷ ϶ϾϹ Ͽ Ϻϴ ϶ ϸ ϴ ϼϿϼ ϴ ϼ ϴ ϼ ϴ Ϲ 
Ͼϼ ϴ϶Ͽ   Ϲ  Ϲ ϵ ϸϼ  ϼ ϺϹ Ϲ  ϼϻ Ͼϴ ϼϽ 

ϴ Ϲ ϶, ϶ϴ ϼϴ  ϴϵ Ͼ ϶ ϦϱϢ, ϶ ϹϾ ϴ  ϼ ϹϿ ϶ϴ 
϶ ϸ ϴ ϼϿϼ .  

3. Ϥϴϵ   ϴ ϼ ϴ Ͻ ϸϷ ϶ϾϹ Ͽ Ϻϴ ϶ ϸ ϴ ϼϿϼ ϴ ϸ ϿϺ  ϵ  
ϻϴϾ Ϲ  Ϲ ϻϸ ϹϹ, Ϲ  ϻϴ ϸϼ  ϶Ϲ Ϲ Ϲ-ϿϹ ϼϽ Ϲϻ  ϸ  ϴ ϴϿϴ 
ϻϴ Ͽ Ϲ ϼ  ϶ ϸ ϴ ϼϿϼ ϴ. 

4. Ϧ Ϲϵ ϶ϴ ϼ  Ͼ Ϲ Ϲ  ϼ ϼ ϺϹ Ϲ Ͻ ϻϴ ϼ Ϲ ϴ ϹϿϹ  Ͼ ϶, 
Ϲϸ ϼ ϼϽ, ϻϸϴ ϼϽ ϼ ϺϹ ϼϽ. 
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ϥ ϻϸϴ ϼϹ ϶ ϸ ϴ ϼϿϼ ϴ ϶ϿϹ Ϲ  ϻϴ ϵ Ͻ Ϲ ϵ ϸϼ  ϶ Ϲ Ϲ ϹϿϹ ϼϼ 
Ϻϼ ϹϿϹϽ ϼϻ ϻ  ϻϴ ϿϹ ϼ .  

- ϡϴ Ϲ ϼ ϼϼ ϴ ϹϿϹ  Ͼ ϶, Ͽ  ϼϿϼ ϴ ϼ  
϶ ϼ  ϼϻ ϻ  ϻϴ ϿϹ ϼ , ϸϿϹϺϴ  ϸϴϿϹ ϼ  , 
ϹϿϹϷ ϴ Ϲ Ͽϵ , ϸϴ Ϲ  ϼ ϸ ϷϼϹ ϺϹ ϼ . 

- Ϣ ϴ϶ ϼϽ  ϼ ϹϿ Ͻ , Ͽ ϴ, Ϸ ϼϿϴ  ϸ Ϲ϶Ϲ ϼ ϴ ϼ ϸ . 
ϺϼϷϴ  ϴ Ϲ Ϲ. 

- ϠϹ ϴϿϿϼ Ϲ ϾϼϽ Ͽ  ϵϼ ϴϹ  ϼ ϶ ϶ ϻϼ  ϻϴ ϹϸϹϿ  Ϲ ϼ ϼϼ 
ϻ  ϴ ϼ ϴ Ͻ ϼ Ͼϼ. 

- ϖ Ϸ Ϲϵϴ ϵ  ϿϹ ϶ ϶ ϻϴ ϸ ϶ ϸϹϻϼ ϼ ϼ  ϼ ϼ 
Ϲ ϴ ϴ ϴ ϼ ϘϦϥ Ϟϗ ϼϿϼ Ͽ Ͻ ϼϻ϶Ϲ  ϼ ϻϴ ϴ  ϼ  

Ϸ . 

- ϡϹ ϼ  ϼϻ ϵ , ϵ ϶ Ϲ ϵ  ϶ ϶ ϻ  ϻϴ ϹϸϹϿ  
Ϲ ϼ ϼϼ ϻ  ϴ ϼ ϴ Ͻ ϼ Ͼϼ. 

- Ϣ ϼ Ϲ Ͼϴ ϴϿϼϻϴ ϼ Ϲ ϺϹ ϼ , ϶ϴϿϾϼ, Ͽ  ϴ Ϲ ϼϻϴ ϼϼ, 
Ϲ ϼ  ϼ ϼϿ ϴ ϼϼ, ϴϸϴ ϼϹ ϶ ϻ  ϴ ϼ ϴ Ͻ ϼ Ͼϼ, 

ϸϿϹϺϴ  ϻϴϾ ϼ . 

- ϡϴ϶ ϻ, ϴ϶ ϻ Ϲ Ͼϼ ϼ  Ϻϼ϶ ϶ ϸ Ϲ Ͼϼ  ϵ ϹϾ ϶ 
ϵϹϻϻϴ ϴϺϼ϶ϴ , ϿϹ ϹϷ  ϶ ϶ ϻ  ϴ ϹϿ Ͼ ϻ Ͻ ϶Ϲ Ϲ 

Ͽ . 

- ϣ ϶ϴ Ϻϼ϶ ϶ ϸ Ϲ Ͼϼ  Ϲ Ϲ ϼϽ, ϻϴϷ ϶ ϺϼϷϴϹ   
ϼ Ϲ Ϲ ϼϹ  Ϸ ϼ  ϴ Ϲ ϼϴϿ ϶ ϼϿϼ ϴϹ  ϴ ϶ ϴ ϼ 

ϸ϶ Ϲ ϼ ϶ Ͻ Ͽϼ Ϸϼ Ͽ ϼ ϴ ϾϴϿ ϼ  ϼϿϼ Ͽ Ͻ ϼϻ϶Ϲ ϼ, 
ϸϹ Ϻϴ ϹϽ Ϲ Ϲ ϹϹ 5% ϴϾ ϼ϶ Ϸ  Ͽ ϴ, ϿϹ ϹϷ  Ͽ Ͻ ϶  

ϷϿ ϵϼ Ͻ ϸ  ϼ Ϸ  ϶ ϶ ϻϼ  ϻϴ ϹϸϹϿ  Ϲ ϼ ϼϼ ϻϴ ϿϹ ϼ  
ϼ ϻϴϾϴ ϶ϴϹ  ϴ Ϲ ϼ ϼϼ Ͼ ϷϼϿ ϼϾϴ ϴ ϷϿ ϵϼ  Ϲ 

Ϲ ϹϹ 2 . 

Ϣ ϶ Ϲ Ϲ ϼ ϼ   ϴ Ϲ Ͼ Ϻϴ ϹϽ Ϲϸ  ϶ ϸϴ Ͻ Ϲ ϼ ϸ: 

1. Ϣ Ϸϴ ϼϻϴ ϼ Ϲ         

- Ϥϴϻ ϴϵ Ͼϴ ϼ ϶Ϲ ϺϸϹ ϼϹ ϹϾ ϶ ϴ ϼ϶ ϶ ϹϸϹϿ -
ϸ ϼ  ϶ ϵ ϶ ϶ ϴ Ϲ Ͻ ϶ ϻϸ  (ϣϘϖ);   

- Ϥϴϻ ϴϵ Ͼϴ ϼ ϶Ϲ ϺϸϹ ϼϹ ϹϾ ϶ ϴ ϼ϶ ϶ ϵ ϴϻ ϶ϴ ϼ  
ϸ ϶ ϼ Ͽϼ ϼ ϶ ϴ ϼ  ϴϻ Ϲ Ϲ ϼϹ (ϣϡϢϢϟϤ);   

  

- Ϥϴϻ ϴϵ Ͼϴ, ϷϿϴ ϶ϴ ϼϹ ϼ ϶Ϲ ϺϸϹ ϼϹ ϴ ϼ϶ ϶ ϸ ϼ  
ϵ ϶ (ϡϘϥ) ϶Ϲ Ϲ ϶ ϼ ϼϾ Ϸϴ ϼϻ ϶ ϶ ϶ ϸ Ϲ ϵ ϹϾ ; 
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- ϣ Ͽ Ϲ ϼϹ ϴϻ Ϲ Ϲ ϼϽ ϴ ϶ ϵ  ϻϴϷ ϻ ϼ  ϶Ϲ Ϲ ϶ ϶ 
ϴ Ϲ Ͻ ϶ ϻϸ ;        
  

- ϣ Ͽ Ϲ ϼϹ ϴϻ Ϲ Ϲ ϼϽ ϴ ϵ  ϻϴϷ ϻ ϼ  ϶Ϲ Ϲ ϶ ϶ ϶ ϸ Ϲ 
ϵ ϹϾ  

- Ϣ ϿϹ ϼϹ ϤϹ Ϲ ϼ   Ϲϸ ϴ϶ϿϹ ϼϼ ϶ ϸ Ϸ  ϵ ϹϾ ϴ ϶ 
Ͽ ϻ ϶ϴ ϼϹ ϶ ϹϿ  ϵ ϴ  ϼϿϼ ϸ Ϲ ϴϺ  ϶ ϸ;  

  

- Ϥϴ Ϲ  ϼ ϶ Ϲ϶ Ϲ Ϲ Ϲ ϶ Ϲ Ϲ ϼϹ Ͽϴ  ϻϴ ϹϷϴ ϼ϶ Ϲ ϶ ϻϸϹϽ ϶ϼϹ 
ϴ Ͼ Ϻϴ  Ϲϸ ;         

- Ϣ Ϸϴ ϼϻϴ ϼ  ϼ ϶ϹϸϹ ϼϹ ϼϻ϶ ϸ ϶Ϲ Ϸ  Ͼ Ͽ Ϸϼ Ϲ Ͼ Ϸ  
Ͼ Ͽ   

2. ϥϴ ϼ ϴ - Ϲ ϼ Ϲ ϾϼϹ:     

- ϤϴϻϸϹϿ Ϲ ϴϾ ϿϹ ϼϹ ϴ  ϸ ϶  ϶ϼϸϴ  ϸ ϶ ϼ 
ϾϿϴ ϴ  ϴ ϼ; 

- Ϥϴϻ Ϲ Ϲ ϼϹ ϸ ϶ ϴ Ϲ ϼϴϿϼϻϼ ϶ϴ  ϼ ϵ ϸ ϶ϴ  ϶ 
϶Ϲ ϶ϼϼ  Ϲϵ ϶ϴ ϼ ϼ ϻϴϾ ϸϴ ϹϿ ϶ϴ ϿϼϷ ϴ  ; 

- ϣϹ Ϲϸϴ ϴ ϴ ϼ Ͽ ϻ ϶ϴ ϼϹ Ͽ ϴ Ϲ  ϼ ϶Ϲ  Ϲ ϴϿϿ ϶, 
ϸ ϶ ϾϴϵϹϿ Ͻ ϸ Ͼ ϼϼ;      

   

- ϣϹ Ϲϸϴ ϴ ϴϵ ϴ  ϴ ϹϿ ϴ ϵϹϻ϶ ϹϺϼ϶ϴ ϼϹ 
Ϲ ϼϴϿϼϻϼ ϶ϴ Ͻ Ϸϴ ϼϻϴ ϼϼ;      

   

- ϧ Ϲ  ϵ ϴϻ ϶ϴ ϼ , ϼ Ͽ ϻ ϶ϴ ϼ , Ϲ Ϲϸϴ ϼ ϸ ϶  ϹϷϼ ϴ ϼϹϽ 
϶ Ϻ ϴϿϴ ;         
  

- Ϣ Ϸϴ ϼϻϴ ϼ  Ͼ Ͽ  ϻϴ ϵϿ ϸϹ ϼϹ  ϴ ϶ϿϹ  ϴ ϼ϶ ϶ 
ϣϘϖ; 

- Ϣ Ϸϴ ϼϻϴ ϼ  ϼ Ϲ ϶ϿϹ ϼϹ Ͼ Ͽ  Ͼϴ Ϲ ϶ϴ , 
ϸ Ϲ ϴϺ  ϼ ϼ ϸ  ϶Ϲ  ϶ ϸ;    
  

- ϥ ϵϿ ϸϹ ϼϹ ϹϺϼ ϴ ϻ Ͻ ϶ ϶ϴ ϼ  ϶ ϶ ϸ ϴ Ͻ ϻ Ϲ; 

- ϣϹ Ϲϸϴ ϴ ϻ Ͻ ϶Ϲ  ϵ ϶   ϶ ϸ Ϲ ϼϴϿϼϻϼ ϶ϴ Ͻ 
Ϸϴ ϼϻϴ ϼϼ ϴ ϵϹϻ϶ ϹϺϼ϶ϴ ϼϹ;       

- Ϣ Ϸϴ ϼϻϴ ϼ  Ͼ ϴ϶ ϴ ϴ ϶ Ϲ ϼϴϿ - ϵ ϸ ϶ϴ  
Ϲ ϴ , ϼ Ϲ ϼ  ϶Ϲ ϸ Ϲ Ͼ ϼϹ. 

 



98 
 

7.4        
  

 
 ϖ Ϲ ϼ ϸ Ͼ Ͽ ϴ ϴ ϼϼ Ϟ Ͼ Ϸ  ϗϧ ϶ ϻϸϹϽ ϶ϼϹ ϴ Ͼ Ϻϴ  Ϲϸ  

ϵ ϸϹ  Ͼϴϻ ϶ϴ : 

ϥϵ   (ϸ Ϲ ϴϺ , ϸ ϺϸϹ϶  ϼ ϴϿ ) ϶ ϸ; 

ϖ ϵ ϴ ϼ ϶ ϴ Ϲ  : Ϲ ϼ ϸϼ Ϲ Ͼ Ϸ  ϵ ϶ϴ ϼ  ϸϼϻϹϿ - 
ϷϹ Ϲ ϴ ϶, ϶ϴ  ϼ Ͼ ϴ  ϴϵ , ϶ ϸϼ  ϶ Ϲ ϼ ϸ ϹϾ ϼ  ϼ 
Ͼϴ ϼ ϴϿ  Ϲ ϶; 

Ϣϵ ϴϻ ϶ϴ ϼϹ  ϸ ϶ ϼ Ͼ Ͽ ϴ ϴ ϼϼ, Ϲ ϵ Ͽ Ϻϼ϶ϴ ϼϼ ϼ ϹϾ ϼ  
Ͼϴ ϼ ϴϿ  Ϲ ϴ  ϵ ϸ ϶ϴ ϼ , ϼϻ϶ ϸ ϶Ϲ  ϻϸϴ ϼϽ ϼ ϺϹ ϼϽ; 

ϡϴ Ϲϸ  ϵϼ ϴ ϼ  ϴ ϹϿϹ ϼ  ϵϿϼϻϿϹϺϴ ϼ  ϴ ϹϿϹ  Ͼ ϶, 
϶ ϻϴ Ϲ  Ϲ  ϼ ϹϿ ϶ϴ ϼ Ͼ Ͽ ϴ ϴ ϼϼ ϗϱϥ ϼ ϼϹ  

Ϸϼϸ Ϲ ϼ Ϲ Ͼϼ  ϺϹ ϼϽ. 

 

7.5           
  

 
- ϤϹϷ Ͽϼ ϶ϴ ϼϹ ϶ ϸ  ϹϺϼ  ϶ ϸ Ͼϴ; 

- Ϣ ϼ Ͼϴ ϶ ϸ , ϵ ϴ ϶ϴϹ Ͻ ϶ ϶ ϸ Ϲ ϵ ϹϾ ; 

- ϢϵϹ Ϲ Ϲ ϼϹ Ͽ ϶ϼ  Ϲ ϴϸϴ ϼ  ϴ ϹϿ ϼ ϸ Ϸϼ  ϻϴϷ ϻ ϼ  
϶Ϲ Ϲ ϶ ϶ ϶ ϸ Ͻ ϵ ϹϾ ; 

ϣ ϼ ϶ϹϸϹ ϼϼ Ϲ ϶ ϸ ϿϺ  ϵϹ Ϲ ϼ϶ϴ  Ϲ ϴϸϴ ϼϹ 
ϻϴϷ ϻ ϼ  ϶Ϲ Ϲ ϶ ϶ ϶ ϸ Ϲ ϵ ϹϾ . 

ϦϴϾϺϹ, ϷϿϴ  ϥϣ  2.1.4.1110-02 «ϛ  ϴ ϼ ϴ Ͻ ϴ  
ϼ ϼϾ ϶ ϶ ϸ ϴϵϺϹ ϼ  ϼ Ϲ϶ Ϸ  ϴϻ ϴ Ϲ ϼ », Ϲϵ Ϲ  ϶ Ͽ Ϲ ϼϹ 

Ϲ ϼ ϼϽ  Ϲ ϸ Ϲ ϼ  Ͼϴ Ϲ ϶ϴ ϶ ϸ  ϹϾϼ Ϟ ϴ  ϵ ϶ Ϟ Ͼ Ͻ 
ϗϱϥ ϼϺϹ  Ϲ Ϲ ϼ  ϹϾϼ. 

ϖ Ϲ ϶  Ϲ ϻ  ϴ ϼ ϴ Ͻ ϴ  (ϛϥϢ) Ϲ ϸ ϾϴϹ  Ͼ 
Ͽ ϵ   ϶ ϸ, ϶  ϼ ϿϹ  ϶ ϸ ϶ ϸ Ϸ  ϴ ϴ; 

ϖ ϶ϿϹ ϼϹ ϵ ϹϾ ϶ ϻϴϷ ϻ ϼ  ϼ ϼϾ ϶ ϶ ϸ ϴϵϺϹ ϼ ,  ϴϻ ϴϵ Ͼ Ͻ 
Ͼ Ͼ Ϲ  ϶ ϸ ϴ  Ϲ ϼ ϼϽ, ϵϹ Ϲ Ϲ  ϼ ϼϾ  

ϼ ϴ ϼ ϶ϴ ϼ , ϸ ϸ ϼ Ϸϴ ϼϻϴ ϼ ϼ ϼ ϷϿϴ ϶ϴ   Ϲ  
Ϸ ϸϴ ϶Ϲ Ϸ  ϴ ϼ ϴ - ϼϸϹ ϼ Ͽ Ϸϼ Ϲ Ͼ Ϸ  ϴϸϻ ϴ. 
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7.6     
 

Ϣ ϶ Ͻ ϹϿ  ϶ Ϲϸ Ϲ ϼ  ϴ϶ϼϿ ϴ  ϸϴ ϴ ϹϾ ϼ Ϲ Ͻ 
Ϟ Ͼ Ͻ  ϗϱϥ ϿϹϸ Ϲ  ϼ ϴ : ϵϹ Ϲ Ϲ ϼϹ ϵϹϻ ϴ  ϼ ϴϿ  Ͽ ϶ϼϽ 

ϸϴ ϸϿ  ϴϵ ϼϾ ϶ ϴ ϶ Ϲ  ϴϸϼ  ϼϻ϶ ϸ ϶Ϲ Ϸ  Ϲ ϴ; ϴ Ϲ ϼϹ 
Ϻϼϻ ϼ ϼ ϻϸ ϶  ϴϵ ϴ ϼ , Ͼ ϴ Ϲ ϼϹ Ͼ Ͽϼ Ϲ ϶ϴ Ϲ ϴ  Ͽ ϴϹ϶ ϼ 
ϻϴϵ ϿϹ϶ϴ ϼϽ ϴ ϼϻ϶ ϸ ϶Ϲ, ϴ ϴϾϺϹ Ϲϸ ϹϺϸϹ ϼϹ ϶ ϻ Ϻ ϼ ϼ  
϶ ϻ ϼϾ ϶Ϲ ϼ . 

Ϟ Ͽ  ϻϴ ϶ Ͽ Ϲ ϼϹ  Ϲϵ ϶ϴ ϼϽ ϴ ϼ϶ ϶  ϴ Ϲ ϸϴ 
Ϲ ϶Ͽ Ϲ  Ͼ ϶ ϸϼ ϹϿ ϼ Ϸϼϸ ϿϹϾ ϴ ϼϼ ϼ ϸ ϴϻϸϹϿϹ ϼ ϼ ϴ 

϶ Ϲ  Ϲ  ϴ϶ϿϹ ϼ . Ϝ Ͽ Ϲ ϼϹ ϴ϶ϼϿ ϵ ϻϴ ϹϿ  ϸϿ  ϶ Ϲ  
ϴϵ ϼϾ ϶, ϶ ϻϴ   Ͼ Ͽ ϴ ϴ ϼϹϽ ϺϹ ϼϽ ϼ ϵ ϸ ϶ϴ ϼ  

ϹϾ ϼ Ϲ Ͻ ϗϱϥ, ϴ ϴϾϺϹ ϸϿ  ϴϵ ϸϴ ϹϿϹϽ, ϶ ϶ϹϸϹ ϼϼ Ͼ  ϴ ϸ  
ϴϻ϶ϴ Ϲ ϴϵ ϼϾϼ. 

ϘϿ  ϶ Ͽ Ϲ ϼ  ϵϹ Ϲ Ϲ ϼ  ϴ϶ϼϿ ϴ  ϸϴ ϴ Ϟ Ͼ Ͻ ϗϱϥ 
ϸ ϿϺ  ϶ Ͽ  ϿϹϸ ϹϹ: 

- ϹϾ ϼ ϶ϴ ϼϹ, ϼ ϹϿ ϶ , ϹϾ Ͼ ϼ  ϼ Ϲ  
Ϸϼϸ Ϲ ϼ Ϲ Ͼϼ  ϺϹ ϼϽ, Ϸϼϸ Ϲ ϴ ϼ Ϲ Ͼ Ϸ  ϼ ϿϹϾ Ϲ ϼ Ϲ Ͼ Ϸ  
ϵ ϸ ϶ϴ ϼ  ϗϱϥ, Ϲ ϼ ϼ  ϼ ϴϾ϶ϴ ϼ  ϶ ϻ Ϲ ϶Ϲ ϶Ϲ ϼ ϗϱϥ, ϴ 
ϴϾϺϹ ϶ Ϲ ϼ ϶ Ϸϴ ϹϿ Ϲ ϵ ϸ ϶ϴ ϼϹ, Ϲϸ ϶ϴ Ϲ ϴ ϼϻϴ ϼϼ ϼ 

ϴ϶ ϴ ϼϻϴ ϼϼ ϸ ϿϺ  ϶Ϲ ϶ ϶ϴ  ϴ  ϻϴϾ ϸϴ ϹϿ ϶ϴ, Ϲϵ ϶ϴ ϼ  
Ϲ ϼ Ϲ Ͼϼ  ϹϷϿϴ Ϲ ϶, ϴ ϸϴ ϶; 

- ϼ Ͽ ϴϹ ϶ ϻ ϼϾ ϶Ϲ ϼ  Ϲ ϴ Ϲ  Ͼ Ͽ ϴ ϴ ϼ  ϼ ϴ ϼϽ 
ϸ ϿϺ  ϵ  ϶ Ͻ Ϸ ϶ ϼ Ͼ ϼ Ͽ ϻ ϶ϴ ϼ  Ϲϸ϶ϴ ϼ ϹϿ  

ϴϻ ϴϵ ϴ Ϲ ϸϿ  ϴϻ  Ϲ Ϲ ϹϽ Ϸ ϻ  Ϲ ϼ Ϲ ϾϼϹ ϼ Ϸϴ ϼϻϴ ϼ Ϲ 
Ϲ ϼ ϼ   ϵϹ Ϲ Ϲ ϼ  ϵϹϻ ϴ ϼ Ϲ ϴϿϴ ϗϱϥ; 

- ϸ ϿϺ  ϵ  Ϲϸ Ϲ  ϵ Ͻ ϶  Ϲ ϼϴϿ  
ϵϹϻ ϴ (ϴ϶ϴ ϼϽ - ϴ ϴ ϹϿ ) Ϲ Ϲ ϼϽ, ϴ ϼ ϴ  ϴ 

϶Ϲ ϶ ϼϽ ϴ Ͻ ϴ϶ Ϲ ϴϿϴ; 
- ϸ ϿϺ  ϵ  ϴϻ ϴϵ ϴ  ϼ ϶ ϶Ϲ Ϲ  ϴ ϶ϼϸ  Ϲ ϴ  Ϲ  ϼ ϼ 

϶ϴϾ ϴ ϼϼ ϴϵ ϼϾ ϶ ϼϻ ϻ  ϶ ϻ Ϻ Ϸ  ϻϴ ϿϹ ϼ  ϼϿϼ ϵ Ϲ ϼ  Ϸ ϴ ϴ 
Ϲ Ͼϼ ϶ Ϲ ϴ Ϲ Ϸ  ϶  ϴϾ Ϸ  ϻϴ ϿϹ ϼ , Ͽϻ , ϵ Ϲ ϼ  ϼϿϼ ϶ 

Ϲ ϼϴϿ Ϲ ϵϹϻ ϴ Ϲ Ϲ Ϲ ϼ ; 
- ϸ ϴϻϸϹϿϹ ϼ  ϗϱϥ, ϶Ϲ ϶ ϼϹ ϵϹϻ ϴ Ϲ Ϲ Ϲ ϼ  ϸ ϿϺ  

ϵ  Ͼ ϿϹϾ ϶ϴ  ϼ ϴ ϼ, Ϸ ϶ ϼ Ͼ ϼ Ͽ ϻ ϶ϴ ϼ  ϻϴ ϼ ϼ 
Ϲϸ ϶ϴ ϼ, ϼ Ϲ ϴ ϼ ϴ϶  Ͻ ϶ Ϻϼϻ Ϲ ϵϹ Ϲ Ϲ ϼ ; ϴ ϴϾϺϹ 
Ϲϸ ϶ϴ ϼ Ͼϴϻϴ ϼ  Ϲ ϶ Ͻ Ϲϸϼ ϼ Ͼ Ͻ ϼ ϶ ϶Ϲ ϶ϼϼ  

ϸϹϽ ϶ ϼ ϼ ϴ϶ϼϿϴ ϼ ϼ ϴ ϼ. ϣϹ ϴϿ, ϶ ϶  Ϲ Ϲϸ  ϸ ϿϺϹ  ϵ  
ϼϻ϶Ϲ Ϲ  ϼ ϻ ϴ  ϵ ϵ Ϲ Ϲ Ͼ ϿϹϾ ϶ϴ ϼ  ϴϵ ϼ  ϻ  ϼ ϵϹϻ ϴ  

Ϲ Ϲ ϼϽ Ͼϴϻϴ ϼ Ϲϸ ϶ϴ ϼ; 
- ϼ Ͼ ϴϺϼ ϶  ϶ Ϲ  ϸ ϴϻϸϹϿϹ ϼ  ϴ Ϟ Ͼ Ͻ ϗϱϥ ϵ ϸ  

ϼϻ϶ ϸϼ  Ͽ Ͼ  ϶ Ͼ Ͼ϶ϴϿϼ ϼ ϼ ϶ϴ Ϲ ϴϵ ϼϾϼ; 
- ϴ Ϟ Ͼ Ͻ ϗϱϥ ϸ ϿϺ  ϵϹ Ϲ ϼ϶ϴ  Ͼ Ͽ  ϼ ϼ Ϲ ϴ ϼ Ϲ ϾϼϹ 

϶Ϲ Ͼϼ: ϶Ϲ ϶ϼ  ϾϴϾ Ͼ ϼ ϼ ϹϷ , ϴϾ ϼ ϴ ϸ ϹϷ  ϶ Ϲ Ϲ 
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ϼϿϼ ϶ ϹϻϹ ϶Ϲ ϵ ϸ ϶ϴ ϼ  ϼ ϺϹ ϼϽ ϗϱϥ Ϲϵ ϶ϴ ϼ  ϵϹϻ ϴ ϼ, 
ϻ ϴ ϼϽ ϴϵ ϼϾϴ ϼ Ϲ  ϹϽ ϶ϴϾ ϴ ϼϼ, Ϲ  ϴϻ Ϲ Ϲ ϼ  ϵϹϻ ϴ  

Ϲ Ϲ ϼϽ, ϴ϶ Ͼ ϶ ϼ  ϼ Ͽ ϻ ϶ϴ ϼ  ϴ ϴϾ ϼϾϹ.  
- Ϸϴ ϼϻϴ ϼ  ϵϿ ϸϹ ϼ  ϴϵ ϼϾϴ ϼ ϷϼϷϼϹ  ϸϴ ϴ ϴϵ ϼ  Ϲ ϴ  

ϼ ϶ ϼϻ϶ ϸ ϶Ϲ  Ϲ Ϲ ϼ ; 
- ϴ ϾϴϺϸ  ϴϵ Ϲ  Ϲ Ϲ ϸ ϿϺ  ϵ  ϼϻ϶ ϸ ϶Ϲ Ϲ ϼ 

ϸ ϿϺ Ϲ ϼ Ͼ ϼϼ, ϼ Ͼ ϼϼ  ϴ Ϲ ϸϴ ϶ ϵ Ϲ Ϲ, ϵ ϻϴ ϹϿ  
ϸϿ  ϸϴ Ͻ ϸ ϿϺ ϼ ϼϿϼ Ϲ ϼϼ; 

- Ϲ ϴϿ, ϼ ϼ ϴϹ Ͻ ϴ ϴϵ   ϵ Ͽ Ϻϼ϶ϴ ϼ  Ϸϼϸ Ϲ ϼ Ϲ Ͼϼ  
ϺϹ ϼϽ, Ϸϼϸ Ϲ ϴ ϼ Ϲ Ͼ Ϸ  ϼ ϿϹϾ Ϲ ϼ Ϲ Ͼ Ϸ  ϵ ϸ ϶ϴ ϼ , 

ϸ ϿϺϹ  Ͻ ϼ Ϲϸ϶ϴ ϼ ϹϿ Ͻ Ϲϸϼ ϼ ϾϼϽ  ϼ ϶ ϸϴϿ ϹϽ Ϲ  
ϸϼ  ϹϷ  Ϲ ϼ ϸϼ Ϲ Ͼϼ ϶ Ͼϼ, ϴ ϶ϿϹ Ϲ ϹϸϹ ϴϿ  

Ϲϸϼ ϼ Ͼϼ  ϶Ϲϸ ϶  Ϥ ϼϼ; 
- Ϲ ϴϿ ϗϱϥ ϵ ϻϴ  ϻ ϴ  Ϲϵ ϶ϴ ϼ  ϴ  ϸϴ, 

Ͼ ϶ ϸ ϶ ϶ϴ  ϼ ϵϿ ϸϴ  ϼ ; 
- Ϲ ϴϿ, ϼ Ͽ ϻ ϼϽ ϶ ϶ ϹϽ ϴϵ Ϲ ϴ Ϲ ϵ ϸ ϶ϴ ϼϹ, 

ϼ Ϲ  ϼ ϼ ϵϿϹ ϼ , ϴ ϴϾϺϹ ϶ Ͽ ϼϽ ϶ϴ Ϲ ϼ ϸ ϷϼϹ 
Ϸ Ϲ϶ Ϲ ϴϵ , ϵ ϻϴ  ϻ ϴ  ϼ ϼ Ͽ  Ϲϵ ϶ϴ ϼ  ϴ϶ϼϿ ϵϹϻ ϴ ϼ ϼ 
ϴϵ Ϲ  ϼ Ϲ  ϼ ϼ ϵϿϹ ϼ ϼ; 

- Ϲ ϴϿ, ϸ ϾϴϹ Ͻ Ͼ ϴϵ Ϲ ϶ Ϲ Ϲ ϼ , ϷϸϹ ϼ Ͽ ϻ  
Ϸ ϼϹ, Ͼ ϼ Ϲ ϼ ϶ϻ ϶ ϴ Ϲ ϴ Ϲ ϼϴϿ , ϸ ϿϺϹ  ϻ ϴ  ϶ Ͻ ϶ϴ ϼ  

ϴ Ϲ ϼϴϿ ϶ ϼ Ϲ  ϵϹϻ ϴ ϼ ϼ ϵ ϴ Ϲ ϼϼ  ϼ ϼ; 
- ϶Ϲ  Ϲ ϴϿ ϸ ϿϺϹ  ϵ  ϵϹ Ϲ Ϲ  Ϲ ϸϹϺϸ Ͻ, Ϲ ϵ ϶  ϼ 

ϸ Ϸϼ ϼ Ϲϸ ϶ϴ ϼ ϼ ϸϼ϶ϼϸ ϴϿ Ͻ ϼ Ͼ ϿϿϹϾ ϼ϶ Ͻ ϻϴ ϼ  ϶ ϻϴ϶ϼ ϼ ϼ  
϶ Ͽ Ϲ  ϴϵ  ϷϿϴ  ϗϢϥϦ 12.5.013 ϼ ϵ ϻϴ  Ͽ ϻ ϶ϴ  ϼ ϼ ϶  
϶ Ϲ  ϴϵ ; 

- ϶Ϲ  ϼϻ϶ ϸ ϶Ϲ Ͻ Ϲ ϴϿ ϸ ϿϺϹ  ϶ϿϴϸϹ  ϼϹ ϴ ϼ 
϶ ϵ ϺϸϹ ϼ   ϶ ϻϸϹϽ ϶ϼ  ϿϹϾ ϼ Ϲ Ͼ Ϸ  Ͼϴ ϴ϶ ϹϷ  ϸ ϴ ϺϹ ϼϹ 

ϹϿ ϶ϹϾϴ ϼ Ͼϴϻϴ ϼ  Ϲ  Ϲ ϶ Ͻ ϼ, ϴ ϴϾϺϹ Ͼϴϻϴ ϼ  ϴϾ Ͻ ϼ 
ϴϸϴ϶ ϼ  ϼ ϸ Ϸϼ  Ϲ ϴ  Ͽ ϴ ; 
- Ϲ ϸ ϾϴϹ  ϴ ϺϸϹ ϼϹ ϴ Ϲ ϼ ϼϼ ϼ ϶ ϼϻ϶ ϸ ϶Ϲ  

Ϲ Ϲ ϼ  Ϸϴ ϼϻϴ ϼϼ ϗϱϥ Ͽϼ , Ϲ ϼ Ϲ ϼ  Ϲ ϼ  Ͼ ϵ Ͽ Ϻϼ϶ϴ ϼ  
ϴ Ͽ ϺϹ Ϸ  ϶ ϼ  ϵ ϸ ϶ϴ ϼ , ϵϹϻ ϶ Ϻϸϴ ϼ ; 

- ϴ , Ͼ Ͽ ϸ  ϼ  ϸ ϿϺ  ϵ  ϻϴϾ  ϼ ϼ Ͽ ϼ 
ϼ ϴ ϼ ϼϿϼ ϼ Ϲ  Ϸ ϴϺϸϹ ϼ . Ϧ ϴ Ϲϼ ϼ Ͼ Ͽ ϶ϴ  ϶ Ϲ Ϲ ϸϴ Ͽ ϸϹϽ 

ϸ ϿϺ  ϵ  Ϸ ϴϺϸϹ ; 
- ϻϴ ϼ Ϲ Ϸ ϴϺϸϹ ϼ  ϿϹϸ Ϲ  Ͼ ϴ ϼ϶ϴ  ϶ ϺϹϿ Ͻ ϶Ϲ  ϶ 

϶Ϲ ϶ϼϼ  ϗϢϥϦ 12.5.026. ϢϷ ϴϺϸϹ ϼ  Ϲ ϵ ϸϼ  ϴ ϴ  
Ϲϸ ϹϺϸϴ ϼ ϼ ϴϸ ϼ ϼ, ϻ ϴϾϴ ϼ ϵϹϻ ϴ ϼ, ϴ ϴϾϺϹ ϼϷ ϴϿ  
϶Ϲ Ϲ ϼϹ , ϵϹ Ϲ ϼ϶ϴ ϼ  ϶ Ϲ Ϲ ϶ Ϲ  Ͼ  ϶ϼϸϼ  Ϲ ϴ 

Ϸ ϴϺϸϹ ϼ   ϶ Ϲ   ϶ ϻ Ϻ Ϸ  Ϲϻϸϴ ϴ϶ ϴ ϴ ϼ ϸϴ 
Ϲ Ϲ ϸ ϶; 

- ϶ ϼϻ϶ ϸ ϶Ϲ  Ϲ Ϲ ϼ  ϸ ϿϺ  ϵ  ϴ ϶ϿϹ  
ϻϴϾ ϶ϴ ϼϹ  Ϲ ϴϿϿϼ Ϲ ϾϼϹ ϼϾϼ  ϸϹϿϹ ϼ ϼ ϸϿ  ϼ Ϸ  ϼ Ϸ ϻ Ϸ  
ϵ ϼ Ϸ  ϴ Ϲ ϼϴϿϴ. ϖ Ͼϴ Ϲ ϶Ϲ ϵ ϼ Ϸ  ϴ Ϲ ϼϴϿϴ ϺϹ  ϼ Ϲ  
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Ͽ ϴ ϵ ϴϺ ϴ  ϼϿϼ Ͽ ϴ  ϶Ϲ . Ϝ Ͽ ϻ ϶ϴ Ͻ ϴ ϿϹ Ͻ 
ϵ ϼ Ͻ ϴ Ϲ ϼϴϿ ϼϻ ϼϾ ϶ ϹϺϹϸ Ϲ϶  ϿϹϸ Ϲ  ϴ϶Ͽ  ϴ ϼϿϼϻϴ ϼ ; 

- Ͼ Ϲ ϼϹ ϴ Ϲ ϼ ϼϼ ϼ ϶ ϼϻ϶ ϸ ϶Ϲ  Ϲ Ϲ ϼ  ϴϻ Ϲ ϴϹ  
Ͽ Ͼ  ϶ Ϲ ϼϴϿ  ϵ ϸ ϶ϴ  Ϲ ϴ , Ϲ ϴ  ϶ Ϻϴ  

Ϲ ϼϼ, ϼ ϵϿ ϸϹ ϼϼ Ϲ ϵ ϸϼ  Ϲ  Ϻϴ Ͻ ϵϹϻ ϴ ϼ. ϧ ϼ  
Ϲ  ϸ ϿϺ  ϵ  ϶ ϶Ϲ Ϲ  Ͼϴϻϴ ϹϿ Ϲ ϻ ϴϾϼ ϵϹϻ ϴ ϼ; 

- ϶ ϾϴϺϸ  ϸ ϴϻϸϹϿϹ ϼϼ ( ϴ ϾϹ) ϗϱϥ ϸ ϿϺ  ϵ  ϹϸϹϿϹ  Ϲ ϴ 
ϴ Ͽ ϺϹ ϼ  Ϲϸ ϶ ϸϿ  Ͼϴϻϴ ϼ  Ϲ ϶ Ͻ Ϲϸϼ ϼ Ͼ Ͻ ϼ (ϴ Ϲ Ͼϼ, 

ϼϿϾϼ, ϼ , ϼ ϵϿϹ ϼ  ϸϿ  Ϲϴ ϼ ϴ ϼϼ); 
- ϶ ϼϻ϶ ϸ ϶Ϲ  Ϲ Ϲ ϼ  ϸ ϿϺ  ϵ  ϶ ϶Ϲ Ϲ  ϴ ϶ϼϸ  

Ϲ ϴ  ϿϴϾϴ , ϴϷϿ ϸ  ϼϿϿ ϼ ϼϹ ϵϹϻ ϴ Ϲ Ϲ ϸ  ϴϵ  ϼ 
ϼϹ  Ͼϴϻϴ ϼ  Ϲ ϶ Ͻ ϼ ϴϸϴ϶ ϼ  ϼ Ϲ ϴ  Ͽ ϴ ; 

- ϸ  ϴ ϴϿϴ ϴϵ  Ͼ ϶ ϸϼ ϹϿϹ  Ͼ Ϸ  ϸ ϴϻϸϹϿϹ ϼ  ϸ ϿϺ  
ϵ  ϶Ϲ Ϲ  ϶ Ͽ Ϲ ϼϹ ϶ Ϲ  Ϲϵ ϶ϴ ϼϽ ϵϹϻ ϴ ϼ, ϼ  Ͼ 

Ϲϸ ϹϽ ϴϵ Ϲ. ϣ ϼ Ϲ ϵϿ ϸϹ ϼϼ Ϸ  Ͽ ϺϹ ϼ  ϼ Ϲ ϵϹ Ϲ Ϲ ϼϼ 
Ϲ ϴϿϴ Ϲ ϵ ϸϼ ϼ Ϲϸ ϶ϴ ϼ ϼ ϸϼ϶ϼϸ ϴϿ Ͻ ϻϴ ϼ  Ϲ ϴϻ Ϲ ϴϹ  
ϼ ϴ  Ͼ ϴϵ Ϲ; 

- Ϲ ϴϻ Ϲ ϴϹ  ϶ϹϸϹ ϼϹ ϴϵ  ϴ Ϲ ϴ ϶ϿϹ  Ϲ ϴ ϼϻ ϴ  ϼ 
ϵ ϸ ϶ϴ ϼϼ; 

- Ϲ ϸ ϾϴϹ  Ͼ Ͽ ϴ ϴ ϼ  Ϲϼ ϴ϶ Ϸ  ϵ ϸ ϶ϴ ϼ ; 
- ϸ϶ϼϺ ϼϹ  ϴ ϼ ϼϻ϶ ϸ ϶Ϲ Ϸ  ϵ ϸ ϶ϴ ϼ , Ͼ Ͼ  

϶ ϻ ϺϹ  ϸ  ϴϵ ϴ ϼ , ϸ ϿϺ  ϼ Ϲ  ϻϴ ϼ Ϲ Ϸ ϴϺϸϹ ϼϹ, ϴϸϹϺ Ϲ 
ϼ  ϻϴϾ Ϲ ϿϹ Ϲ, Ϲ Ϸ ϴ ϼ ϼ϶ϴ ϹϹ Ϲ Ͽ Ϸϼ Ϲ Ͼϼ  ϶ ϻ Ϻ ϹϽ 
ϵ ϸ ϶ϴ ϼ ; 

- ϴϵ ϼϾ ϵ ϻϴ  ϻ ϴ , ϶ Ͽ  ϼ Ϲ ϼ Ϲ ϴϿ  
϶Ϲ ϶Ϲ  ϻϴ ϴ Ϲ ϼϹ Ϲϵ ϶ϴ ϼϽ ϻϴϾ ϸϴ ϹϿ  ϼ ϼ  

ϴ ϼ϶  ϴϾ ϶  ϴ Ϲ ϸϴ; 
- Ͼϴ ϼ ϴϿ Ϲ ϼ Ϲϸ ϼϹ Ϲ  ϵ ϸ ϶ϴ ϼ , ϴ ϴϾϺϹ ϴϵ , 

϶ ϻϴ Ϲ  ϹϷ  ϴϺ  ϼϿϼ ϸϹ ϴϺ  , ϸ ϿϺ  ϶ Ͽ   ϣϣϤ ϼϿϼ 
Ϲ Ͽ Ϸϼ Ϲ Ͼ Ͻ ϸ Ͼ Ϲ ϴ ϼϼ ( Ϲ Ͽ Ϸϼ Ϲ Ͼϼ  Ͼϴ ϴ  ϼ ϼ Ͼ ϼ ), 

ϸϹ Ϻϴ ϼ  Ͼ Ͼ Ϲ Ϲ Ϲϵ ϶ϴ ϼ  ϵϹϻ ϴ ϼ ϼ ϸϷ ϶ϾϹ Ͼ ϴϵ Ϲ ϼ ϶ 
Ϲ Ϲ ϹϹ ϶ Ͽ Ϲ ϼ ; 
- ϴϵ  ϴ Ϸϼϸ Ϲ ϷϹ ϼ Ϲ Ͼ , ϿϹϾ Ϲ ϼ Ϲ Ͼ  

,Ϸϼϸ Ϲ ϴ ϼ Ϲ Ͼ  ϵ ϸ ϶ϴ ϼϼ ϼ Ϸϼϸ Ϲ ϼ Ϲ Ͼϼ  ϺϹ ϼ  ϗϱϥ 
ϸ ϿϺ  ϶ ϸϼ   ϴ ϸϴ -ϸ Ͼϴ  ϼ (ϼϿϼ) ϴ ϺϹ ϼ ; 

- Ϲ  ϼ ϹϷϼ ϴ ϼ  ϴϵ   ϴ ϸϴ  ϼ ϴ ϺϹ ϼ  ϶ϹϸϹ  ϸϹϺ Ͻ 
Ϲ ϴϿ ϶ "Ϛ ϴϿϹ Ϲ ϴ ϴϵ   ϴ ϸϴ  ϼ ϴ ϺϹ ϼ ". ϣ ϼ 

϶ϼϼ ϸϹϺ Ϸ  Ϲ ϴϿϴ Ϲ  ϼ ϹϷϼ ϴ ϼ  ϴϵ  ϶ϹϸϹ  ϴϵ ϼϾ, 
϶ ϸϴ ϼϽ ϴ ϸ ( ϸϴ ϼϽ ϴ ϺϹ ϼϹ); 
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7.7   
 

7.7.1      
 

Ϧ Ϲϵ ϶ϴ ϼ  Ͼ Ϻϴ Ͻ ϵϹϻ ϴ ϼ ϶ Ϥ ϼϽ Ͼ Ͻ ϨϹϸϹ ϴ ϼϼ ϼϻϿ ϺϹ  
϶ ϴ϶ϼϿϴ  Ϻϴ Ͻ ϵϹϻ ϴ ϼ, ϶Ϲ ϺϸϹ  ϤϔϢ «ϙϱϥ Ϥ ϼϼ». ϖ 

϶Ϲ ϶ϼϼ  ϸϹϽ ϶ ϼ  ϻϴϾ ϸϴ ϹϿ ϶  ϶Ϲ ϶Ϲ  ϻϴ 
ϼ϶ Ϻϴ Ϲ ϼϹ ϗϱϥ ϶ ϻϿϴϷϴϹ  ϴ Ͼ ϶ ϸϼ ϹϿ  ϴ ϼϼ. ϗϱϥ 

ϸ ϿϺ  ϵ  ϵ ϸ ϶ϴ  ϼ Ϲ Ͻ Ϻϴ Ͻ ϵϹϻ ϴ ϼ, ϴ ϴ϶ϿϹ Ͻ ϴ 
Ϲϸ ϶ ϴ Ϲ ϼϹ ϶ ϻϸϹϽ ϶ϼ  ϴ Ͽ ϸϹϽ ϴ  ϴϾ ϶ Ϻϴ ϴ. 

Ϥ Ͼ ϶ ϸϼ ϹϿ  ϗϱϥ ϵ ϻϴ : 
- Ϸϴ ϼϻ ϶ϴ  ϼϻ Ϲ ϼϹ ϼ ϶ Ͽ Ϲ ϼϹ ϴ϶ϼϿ Ϻϴ Ͻ ϵϹϻ ϴ ϼ 

϶ Ϲ ϼ ϴϵ ϼϾϴ ϼ Ϸϼϸ ϿϹϾ ϴ ϼϽ; 
- ϵϹ Ϲ ϼ  ϴϻ ϴϵ Ͼ  ϼ ϶ Ͽ Ϲ ϼϹ Ϲ ϼ ϼϽ, ϴ ϴ϶ϿϹ  ϴ 

϶ Ϲ ϼϹ ϶  Ϻϴ Ͻ ϵϹϻ ϴ ϼ; 
- ϴ ϶ϼ  ϼ϶ Ϻϴ Ͻ ϹϺϼ  ϴ Ϲ ϼ ϼϼ, ϶ 

ϼϻ϶ ϸ ϶Ϲ , ϴϸ ϼ ϼ ϴ ϼ϶  ϼ ϶ Ϸϴ ϹϿ  Ϲ Ϲ ϼ , 
϶Ϲ ϶ ϼϽ ϼ  Ϻϴ Ͻ ϴ ϼ; 

- ϴ ϶ϼ  ϸ Ͼ ϹϷ Ͽ Ͻ ϶Ϲ Ͼϼ ϼ  Ϻϴ Ͻ 
ϵϹϻ ϴ ϼ ϗϱϥ. 

- ϴϻ ϴ ϼ  ϶Ϲ ϶Ϲ  Ͽϼ  ϻϴ Ϻϴ  ϵϹϻ ϴ   ϾϴϺϸ  
ϼϻ϶ ϸ ϶Ϲ  ϴ Ͼ  ϼ Ϲ Ϲ ϼ ; 

-  ϾϴϺϸ  Ϻϴ Ϲ ϵ ϴ  ϶ Ϲ Ϲ Ϸϴ  Ϻϴ Ͻ ϵϹϻ ϴ ϼ, 
ϴϻ ϴ ϴ  Ͼ ϼ ϼ  ϸϿ  ϴ ϶ϿϹ ϼ  ϼ ϼ  Ϻϴ ϴ ϼ ϴϻ ϴϵ Ͼϼ 

ϼ϶ Ϻϴ  Ϲ ϼ ϼϽ ϼ .ϸ. 
Ϣ ϶Ϲ ϶Ϲ  ϻϴ Ϻϴ  ϵϹϻ ϴ  ϸϹϿ  

ϼϻ϶ ϸ ϶Ϲ  ϼ ϶ Ϸϴ ϹϿ  Ϲ Ϲ ϼϽ ( ϺϹ ϼϽ) ϼ 
ϴϻ Ϲ Ϲ  ϶ ϼ  ϵ ϸ ϶ϴ ϼ  ϼ Ͻ ϶ ϶ ϻϿϴϷϴϹ  ϴ Ͼ ϶ ϸϼ ϹϿϹϽ 

Ͼ  ϸ ϴϻϸϹϿϹ ϼϽ ϼϿϼ ϴ Ϲ ϼϴϿ  ϴϻ ϴ Ϲ  ϸ ϿϺ  Ͽϼ . 
Ϥ Ͼ ϶ ϸϼ ϹϿϼ Ͼ  ϸ ϴϻϸϹϿϹ ϼϽ ϶Ϲ ϶Ϲ Ϲ ϻϴ Ϻϴ  

ϵϹϻ ϴ , ϵ ϻϴ : 
- ϵϹ Ϲ ϼ  ϴ ϶ ϼ  ϴ Ͼϴ  ϵϿ ϸϹ ϼϹ ϴ ϶ϿϹ Ϸ  

ϼ϶ Ϻϴ Ϸ  ϹϺϼ ϴ ϼ ϶ Ͽ Ϲ ϼϹ Ϲ ϼ ϼϽ, ϶ ϴ ϼ  ϶Ϲ  
Ϻϴ Ͻ ϵϹϻ ϴ ϼ; 

- ϵϹ Ϲ ϼ  ϼ ϴ϶  Ϲ Ͽ Ϸϼ Ϲ Ͼ Ϸ  ϵ ϸ ϶ϴ ϼ , Ϲ ϹϸϿϹ  
ϼ ϼ ϴ  Ϲ  Ͼ ϴ Ϲ ϼ  Ϲϼ ϴ϶ ϹϽ, Ͼ Ϲ Ϸ  ϼ϶Ϲ ϼ Ͼ 
Ϻϴ ; 

- Ϸϴ ϼϻ ϶ϴ  Ϻϴ - Ϲ ϼ Ϲ Ͼ  ϸϷ ϶Ͼ  ϸ ϼ Ϲ Ϸ  
Ϲ ϴϿϴ ϼ Ϲϵ ϶ϴ   ϹϷ  ϵϿ ϸϹ ϼ  ϼ϶ Ϻϴ Ϸ  ϹϺϼ ϴ ϼ 

϶ Ͽ Ϲ ϼ  ϴ ϶ϿϹ  Ϲϵ ϶ϴ ϼϽ Ϻϴ Ͻ ϵϹϻ ϴ ϼ; 
- ϵϹ Ϲ ϼ  Ͼ Ͽ  ϻϴ ϶ Ͽ Ϲ ϼϹ  Ϲϵ ϶ϴ ϼϽ Ϻϴ Ͻ 

ϵϹϻ ϴ ϼ ϼ ϶ϹϸϹ ϼϼ Ϲ  ϴϵ  Ϲ ϴϿ  ϸ ϴϻϸϹϿϹ ϼϽ ϼ 
ϸ ϸ ϼ Ϸϴ ϼϻϴ ϼ ϼ; 
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- ϴ ϶ϼ  ϸ Ͼ ϼ ϶Ϲ ϶Ϲ  ϻϴ ϸϹ Ϻϴ ϼϹ ϶ ϼ ϴ϶  
ϼϼ ϼ Ͻ Ϸ ϶ ϼ Ͼ ϸϹϽ ϶ϼ  ϼ Ϲ ϼ  ϴ ϴ ϾϹ Ϲϸ ϶ 

ϵ ϴ ϺϹ ϼ  ϼ Ϲ ϼ  Ϻϴ ϴ. 
ϖ ϵ ϻϴ ϼ Ϲ ϴ ϼ϶ Ϸ  Ϲ ϴϿϴ ϶ ϸϼ : ϼ ϶ ϻ ϼϾ ϶Ϲ ϼϼ 

Ϻϴ ϴ ϼ  Ϲ  Ͼ Ϲ ϹϸϿϹ  ϶ ϻ ϶  Ϻϴ  ϸ ϴϻϸϹϿϹ ϼϽ, 
ϼϻ϶Ϲ ϼ  Ͼ ϶ ϸ ϶  Ϸϼϸ ϿϹϾ ϴ ϼϼ, ϵϹ ϼ  ϿϹϾ ϵ ϸ ϶ϴ ϼϹ 
϶ ϻ Ϲ Ϻϴ ϴ, ϶ ϸϴ  ϼ Ϲ Ͻ ϸ Ͼ ϸϿ  Ϲ ϼ  Ϻϴ ϴ, Ϸϴ ϼϻ ϶ϴ  
ϹϷ  Ϲ ϼϹ ϼ ϶ϴϾ ϴ ϼ  Ϲ ϴϿϴ ( ϼ Ϲ ϵ ϸϼ ϼ), ϴ ϴϾϺϹ 
϶ ϴ ϶ϿϹ ϼϹ ϴϿ Ϸ  ϹϺϼ ϴ ϴϵ  ϵ ϸ ϶ϴ ϼ  ϼ .ϸ. 

ϞϴϺϸ Ͻ ϴϵ ϴ ϼϽ ϴ ϗϱϥ ϵ ϻϴ  ϻ ϴ  ϼ ϵϿ ϸϴ  ϴ ϶ϿϹ Ϲ 
Ϲϵ ϶ϴ ϼ  Ϻϴ Ͻ ϵϹϻ ϴ ϼ ϴ ϴϵ Ϲ  Ϲ Ϲ, ϶ ϸ Ϸϼ  Ϲ Ϲ ϼ  ϼ 

ϴ Ϲ ϼ ϼϼ, ϼ ϶ ϻ ϼϾ ϶Ϲ ϼϼ Ϻϴ ϴ Ϲ ϹϸϿϹ  ϵ ϼ  
϶ Ϲ Ϲ  Ͼ ϶ ϸϼ ϹϿ  ϼϿϼ Ϲ ϴ ϼ϶  Ϲ ϴϿ   Ϲ Ϲ Ϻϴ ϴ, 

ϼ  ϶ ϻ Ϻ Ϲ Ϲ  Ͼ ϴ Ϲ ϼ  Ͽ ϸϹϽ, ϼ Ϲ ϶ϴ ϼ ϼ ϼ  Ͼ 
ϿϼϾ϶ϼϸϴ ϼϼ Ϻϴ ϴ ϼ Ϲ ϼ ϼ  Ϲϸ ϶ϴ ϼ Ϻϴ Ϲ ϼ   ϵϿ ϸϹ ϼϹ  

Ϲ  ϵϹϻ ϴ ϼ. 
ϖ Ϲ ϴϵ ϼϾϼ ϗϱϥ ϸ ϿϺ  ϸϼ  ϸϷ ϶Ͼ   Ϻϴ Ͻ 

ϵϹϻ ϴ ϼ.  
ϣ ϸϷ ϶Ͼϴ ϴϵ ϼϾ ϶ ϶ϾϿ ϴϹ  ϶ Ϲϵ : 
- ϶϶ ϸ Ͻ ϼ Ͼ ϴϺ  Ϻϴ Ͻ ϵϹϻ ϴ ϼ; 
- ϹϷ Ͽ Ϲ ϼ Ͼ ϴϺϼ ( Ϲ ϶ϼ Ͻ, Ϲ ϼ ϸϼ Ϲ ϾϼϹ, ϶ Ϲ Ͽϴ ϶ Ϲ ϼ 

ϹϿϹ϶ Ϲ),  ϶ ϴ  Ϻϴ Ͻ ϵϹϻ ϴ ϼ; 
- Ϲ ϼϴϿ ϴ  ϸϷ ϶Ͼϴ; 
- ϶ϹϸϹ ϼϹ ϼ϶ Ϻϴ  Ϲ ϼ ϶ Ͼ; 
- ϶ Ϲ ϼϹ ϻ ϴ ϼϽ  ϼ϶ Ϻϴ Ͻ ϻϴ ϼ Ϲ ϶ Ϲϵ  Ϲ ϴ ; 
- ϼϻ Ϲ ϼϹ ϼ ϶Ϲ Ͼϴ ϻ ϴ ϼϽ ϴ϶ϼϿ Ϻϴ Ͻ ϵϹϻ ϴ ϼ ϼ .ϸ. 
ϣϹ ϴϿ ϗϱϥ Ϲ Ϲ  ϶Ϲ ϶Ϲ  ϻϴ ϵϹ Ϲ Ϲ ϼϹ Ϻϴ Ͻ 

ϵϹϻ ϴ ϼ. ϟϼ ϴ, ϶ϼ ϶ Ϲ ϶ ϴ Ϲ ϼϼ ϴ϶ϼϿ Ϻϴ Ͻ ϵϹϻ ϴ ϼ 
Ϲ  ϸϼ ϼ Ͽϼ ϴ , ϴϸ ϼ ϼ ϴ ϼ϶  ϼϿϼ Ϸ Ͽ ϶  ϶Ϲ ϶Ϲ  ϶ 

϶Ϲ ϶ϼϼ  ϸϹϽ ϶ ϼ  ϻϴϾ ϸϴ ϹϿ ϶ . 
 

7.7.2      
 

Ϣϵ ϹϾ ϴ ϼ ϶ ϸ Ϸ  Ϻϴ Ϲ ϼ  ϴ ϗϱϥ ϶Ͽ : 
- Ϸϼϸ ϷϹ Ϲ ϴ ; 
- ϼϿ ϶ Ϲ ϴ ϴ ; 
- ϾϴϵϹϿ Ϲ ϺϹ ϼ ; 

 - ϴ ϼ Ϲ ϴ Ͽ ϻ Ͻ ϶ ; 
- ϸ Ͽ ϶ Ϲ, ϸ ϼ ϶ Ϲ Ϲ Ϲ ϼ . 
ϣ ϶ ϹϺϸϹ ϼϹ ϼ  ϴ ϼ , ϶ ϻ϶ϴ Ϲ ϵ Ϲ  ϼϻ Ͽ ϼϼ ϵ Ͼ 

ϴ ϴ ϷϹ Ϲ ϴ ϴ, ϺϹ  ϶ ϻ϶ϴ  Ϻϴ   ϺϹϿ ϼ ϿϹϸ ϶ϼ ϼ. ϡϴ 
ϷϹ Ϲ ϴ ϴ  ϗϱϥ ϴ ϴ϶Ͽϼ϶ϴ  ϻϴ ϼ , Ͼ Ϲ ϴ϶ ϴ ϼ Ϲ Ͼϼ  ϸϹϽ ϶ϼϹ  

 ϻϴ ϼ   ϶ Ϲ ϼ  ϶ ϹϺϸϹ ϼϽ ϵ Ͼ ϴ ϴ ϼϷ ϴϿϼϻϼ   
ϴϿϼ ϼϼ ϶ ϻϷ ϴ ϼ . ϣ Ϻϴ Ϲ ϼϹ Ϲ ϶Ͽ Ϲ  ϶ . ϖ Ͼϴ Ϲ ϶Ϲ 
Ϸ ϹϷϴ ϹϷ  ϶Ϲ Ϲ ϶ϴ ϼ Ϲ Ϲ  ϴ ϿϹ ϴ  ϶ ϸϴ.  
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ϖϵϿϼϻϼ Ͽ ϵ ϶  ϴ ϹϽ ϵ Ͼ ϴ ϴ ϴϻ Ϲ ϴ  ϸ Ϲ Ϲ Ϲ 
Ͼ Ͽ Ϲ϶ Ϲ ϵ ϶ ϸ , ϶ Ͼ  ϶ Ͽ Ϲ  ϶Ϲ ϼ   Ϲ ϼϴϿ ϼ 

ϴ ϴϸϾϴ ϼ – ϸ Ϲ Ϲ ϴ ϼ,  Ͼ  ϴ ϴ϶ϿϹ ϴ ϶  ϵ Ͼϼ. ϥϿϹϸ Ϲ  
Ϲ ϼ ,  ϼ Ͽ Ϻ  ϴϵϴ ϶ϴ ϼϼ ϻϴ ϼ  ϼϿϼ ϼ ϸϿϼ ϹϿ Ͻ ϸϴ Ϲ 

϶ ϸ  ϼ ϸϼ  ϼϻϿϼ ϹϹ ϶ϿϴϺ Ϲ ϼϹ ϼϻ Ͽ ϼϼ,  Ϲϵ Ϲ  
ϸ ϴ  ϶ Ͼϴ  ϴϸϹϺ  ϴϵ  ϼ  Ͻ ϶.  

Ϧ ϴ ϴ  ϴ ϗϱϥ ϶Ͽ  ϶ ϻ Ϻ ϼ ϵ ϹϾ ϴ ϼ 
϶ ϻ ϼϾ ϶Ϲ ϼ  Ϻϴ ϴ, ϴϾ ϾϴϾ ϸϹ Ϻϴ  ϻ ϴ ϼ ϹϿ Ϲ Ͼ Ͽϼ Ϲ ϶  

ϴ ϴ Ϸ  ϴ Ͽϴ,  Ϲ ϼϹ ϼ  Ϲ ϶Ͽ Ϲ  ϴ϶ ϴ ϼ Ϲ Ͼϼ 
 Ͼ   ϻϴ ϼ  ϴ ϴ ϴ. ϥ Ͻ ϹϿ   Ϲ ϼ Ϲ  
ϴ ϴ ϴ ϴ ϵϹϻ ϴ  ϴ ϼϼ ϼ  Ͼ Ͽ Ϲ϶ Ϲ 
ϵ ϶ ϸ , ϴ Ͼ  ϶Ϲ ϼϾϴϿ  ϴ ϴ϶Ͽϼ϶ϴ  ϸ Ϲ Ϲ Ϲ 

ϼ ϹϿϼ.  
ϞϴϵϹϿ Ϲ ϺϹ ϼ  ϗϱϥ ϸ ϿϺ  ϵ ϸ ϶ϴ  ϼ Ϲ ϴ ϼ 

ϴ϶ ϴ ϼ Ϲ Ͼ Ϸ  Ϻϴ Ϲ ϼ , Ͼ Ϲ Ϲϸ ϴ϶Ͽ  ϵ Ͻ ϼ Ϲ  
ϵ ϶ ϸ ϶,  Ͼ  ϸϴϹ  ϶ ϸϴ Ͼ ϵ ϹϾ  Ϻϴ ϴ ϼ ϻϴ -
Ͼ ϶ ϼ Ͻ ϶ϴ ϼ (ϛϣϧ). ϞϴϺϸ Ͻ ϵ ϹϾ  ϴ ϴϹ  ϼ Ϲ Ͻ 

Ϻϴ Ϸ  ϵ ϴ ϺϹ ϼ  ϼ ϶Ϲ Ϲ ϼ ,  , Ͼ Ͻ Ϲ ϶Ͽ Ϲ  
ϵ ϴ ϺϹ ϼϹ Ϻϴ ϴ, ϴ ϴϾϺϹ ϴ϶ ϴ ϼ Ϲ Ͼϼ  Ͼ  ϼ Ϲ  ϼ 

ϴ϶ ϴ ϼ Ϲ Ͼ Ͻ ϸϴ ϹϽ ϶ ϸ  ϴ ϴϷ Ϻϴ ϴ.  
ϞϴϺϸ Ͻ ϵ ϹϾ  ϴ ϼϼ ϴ ϴϹ  ϼ Ϲ Ͻ Ϻϴ Ͻ ϼϷ ϴϿϼϻϴ ϼϼ,  

 Ͼ Ͻ Ϲ ϶Ͽ Ϲ  Ͼ Ͽ  ϻϴ ϼ϶ Ϻϴ  ϼϹ  
ϻϴ ϼ ϴϹ Ϸ  ϵ ϹϾ ϴ. 

 
7.7.3      

 
1. ϡϴ ϸ϶Ϲ  Ϲ Ϲ ϼ  ϴϾϾ Ͽ Ͻ ϵϴ ϴ Ϲϼ ϸ ϿϺ  ϵ  

϶Ϲ ϶ ϼϹ ϴϸ ϼ ϼ, ϴ ϴϾϺϹ Ϲ ϵ ϸϼ Ϲ ϻϴ Ϲ ϴ ϼϹ ϼ 
Ϲϸ ϼ ϶ϴ ϼϹ ϻ ϴϾϼ ϵϹϻ ϴ ϼ.  

2. ϣ ϼ ϻϴ Ϲ Ϲ ϼϿϼ Ϲ Ϲ ϴϷ Ϲ϶ϴ ϹϿ  Ͻ ϶, ϶Ϲ ϼϿ ϼϾ ϶, 
ϿϹϾ ϸ϶ϼϷϴ ϹϿϹϽ ϶Ϲ ϼϿ ϼϼ ϼ ϿϹϾ ϶ ϸϾϼ ϶ ϶  ϼ 

϶ Ϸϴ ϹϿ  Ϲ Ϲ ϼ  ϴϾϾ Ͽ  ϵϴ ϴ ϹϽ ϸ ϿϺ  ϼ ϶ϴ  
Ϲϵ ϶ϴ ϼ  ϼ  ϴϺϴ, ϴ ϶Ͼϼ ϼ Ͼ Ͽ ϴ ϴ ϼϼ ϶  ϶ϻ ϶ ϴ  ϻ ϴ  ϶ 

϶Ϲ ϶ϼϼ  ϣϧϱ.  
3. ϖ Ϲ Ϲ ϼ  ϴϾϾ Ͽ  ϵϴ ϴ ϹϽ ϸ ϿϺ  ϹϷ Ͽ  ϶Ϲ  

ϼϹ ϼ -϶ Ϻ Ͻ ϶Ϲ ϼϿ ϼϼ, Ͼ ϴ  ϵϿ Ͼϼ Ϲ   ϻϴ ϸ  
Ͻ ϶  ϼ ϵϹ Ϲ ϼ϶ϴϹ  ϼ ϴϿ Ͻ ϹϺϼ  ϴϵ .  
4. ϣ Ͽ  ϼ ϹϿϿϴϺϼ ϸϿ  ϴ ϶Ͼϼ ϴ ϼ ϴ  ϴϾϾ Ͽ ϶ ϸ ϿϺ  

ϵ  ϶ Ͽ Ϲ  ϶ ϶Ϲ ϶ϼϼ  Ϲϵ ϶ϴ ϼ ϼ ϣϧϱ ϼ Ϲ ϼ Ϲ Ͼϼ  Ͽ ϶ϼϽ. 
5. ϣ ϼ ϹϾ Ͼ ϼϼ ϴϾϾ Ͽ Ͻ ϵϴ ϴ Ϲϼ Ϲ Ϲ ϼϹ ϺϹ  

ϴ Ͽϼ϶ϴ  ϾϴϿ ϼ Ϲ  Ͻ ϶ , ϴ ϿϴϷϴϹ  ϶ Ϲ Ϸ  
Ϲ Ϲ ϼ ,  ϼ Ϲ Ϲ ϼϹ  Ͻ ϶ ϼ϶ ϻϴ ϴ ϼ Ͼ  Ϲ Ϲϻ 

϶Ϲ ϼϿ ϼ Ϲ Ͼϴ ϴϿ . Ϧ ϵ ϶ ϸ  ϴ ϶ Ϸ  ϼϿϼ ϶ ϸ Ϸ  ϿϹ ϼ  
ϴϾϾ Ͽ  Ϲ Ϲ ϼϽ ϸ ϿϺ  Ϲϸϼ  ϴ ϶ϴ ϾϹ. ϛϴ Ϲ ϴ  

Ͽϴ Ϲ϶ Ϲ Ϲϸϼ Ϲ ϼ  ϼ ϴ ϶Ͼϴ ϶Ϲ ϼϿϹϽ.  
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6. ϤϹ  ϼ ϴ Ϲ ϼϹ Ͼϼ Ͽ  ϼ ϹϿ  ϴϾϾ Ͽ ϶ ϸ ϿϺ  
Ϲ ϶Ͽ  ϶ ϴϻ  Ϲ Ϲ ϼ .  
7. ϖ ϴϾϾ Ͽ  Ϲ Ϲ ϼϼ ϻϴϵ  ϶ ϻϸ -Ϸϴϻ ϶ Ͻ Ϲϸ  ϼ 

϶Ϲ ϼϿ ϼϼ ϸ ϿϺϹ  ϼϻ϶ ϸϼ  ϾϴϾ ϼϻ ϶Ϲ ϹϽ, ϴϾ ϼ ϼϻ ϼϺ ϹϽ ϹϷ  ϴ ϼ. 
ϙ Ͽϼ Ͽ Ͼ ϼ ϹϹ  ϶ ϴ ϼϹ Ͼ Ͼ ϼϼ ϼϿϼ ϴϾϿ , ϸ ϿϺ ϴ ϵ  

Ϲϸ Ϲ ϴ ϶ ϺϾϴ ϶ ϻϸ ϴ ϶Ϲ ϶Ϲ  ϼϻ ϾϴϺϸ Ϸ  ϹϾϴ ϼϿϼ ϼϻ 
ϴ Ͻ ϶Ϲ ϹϽ ϴ ϼ ϿϾϴ.  

8. ϣ ϼ Ϲ Ϲ ϶Ϲ  ϶Ϲ Ϲ ϼϼ Ϲ Ϲ ϼ  ϴϾϾ Ͽ  ϵϴ ϴ ϹϽ 
ϹϾϿϴ Ͼ  ϸ ϿϺ  ϵ  ϴ ϶ ϼ ϼϿϼ Ͼ ϶ϴ  ϵϹϿ Ͻ ϾϿϹϹ϶ Ͻ Ͼ ϴ Ͼ Ͻ, 
ϽϾ Ͻ Ͼ ϴϷ Ϲ ϼ϶ Ͻ ϹϸϹ.  
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8 -   
 

8.1 ё        
 

 
ϣ ϹϾ ϼ ϶ϴ ϼϹ ϗϱϥ Ϲϸ ϿϴϷϴϹ  ϶ Ͽ Ϲ ϼϹ ϹϸϹϿϹ  ϴ ϶, 

ϴ ϼ ϴ   ϻϹ Ͽ  ϴϵ  ϼ ϻϴϾϴ ϼ϶ϴ  ϴ ϶Ͼ Ͻ ϵ ϸ ϶ϴ ϼ . Ϣ Ϲ Ͼϴ 
ϵ Ϲ ϶ ϹϴϿϼϻϴ ϼϼ ϿϹϾ Ϲ Ϸϼϼ ϶ Ϲ ϶ Ϲ Ϸ ϸ  Ͼ Ͽ ϴ ϴ ϼϼ Ϲϸ ϴ϶ϿϹ  

϶ ϴϵϿϼ Ϲ 42. 
 

ϦϴϵϿϼ ϴ 42 – Ϣ Ϲ Ͼϴ ϵ Ϲ ϶ ϹϴϿϼϻϴ ϼϼ ϿϹϾ Ϲ Ϸϼϼ ϶ Ϲ ϶ Ϲ Ϸ ϸ  
Ͼ Ͽ ϴ ϴ ϼϼ 
ϡϴϼ Ϲ ϶ϴ ϼϹ Ͼϴϻϴ ϹϿ  ϙϸϼ ϼ ϴ ϼϻ Ϲ Ϲ ϼ  

ϗ ϸ ϹϴϿϼϻϴ ϼϼ ϹϾ ϴ 
2024 2025 2026 2027 2028 

ϧ ϴ ϶ϿϹ ϴ   Ϡϖ  26,5 106 106 106 106 
ϫϼ Ͽ  ϴ ϶ ϼ Ͽ ϻ ϶ϴ ϼ  

ϴ ϶ϿϹ Ͻ ϼ ϫϴ  1440 1440 1440 1440 1440 

ϖ ϴϵ Ͼϴ ϿϹϾ Ϲ Ϸϼϼ Ϡϖ ∙  29987 184740 184740 184740 184740 
Ϥϴ ϸ ϿϹϾ Ϲ Ϸϼϼ ϴ 

ϵ ϶Ϲ Ϲ Ϻϸ  
% 1 1 1 1 1 

Ϥϴ ϸ ϿϹϾ Ϲ Ϸϼϼ ϴ 
ϵ ϶Ϲ Ϲ Ϻϸ  Ϡϖ ∙  303,0 1849,6 1849,6 1849,6 1849,6 

Ϣϵ Ϲ  ϹϴϿϼϻϴ ϼϼ 
ϿϹϾ Ϲ Ϸϼϼ Ϡϖ ∙  30650,4 183902,4 183902,4 183902,4 183902,4 

Ϧϴ ϼ  ϴ ϿϹϾ Ϲ Ϸϼ  ϵ/ Ϡϖ ∙  1184 1219 1253 1286 1318 
ϖ Ͼϴ  ϹϴϿϼϻϴ ϼϼ 
ϿϹϾ Ϲ Ϸϼϼ 

ϵ. 3,02 18,68 19,20 19,71 20,20 

ϡϘϥ Ͼ ϶ ϾϹ ϵ. 0,51 3,17 3,25 3,34 3,42 

 
ϖ ϶ ϸ: ϖ Ͼϴ  ϹϴϿϼϻϴ ϼϼ ϿϹϾ Ϲ Ϸϼϼ ϴϾ ϾϴϾ ϶ϹϿϼ ϼ϶ϴϹ  

ϴ ϼ  ϴ ϿϹϾ Ϲ Ϸϼ . 
 
8.2     

 
Ϩ ϼ ϶ϴ ϼϹ ϹϾ ϼ  ϴ ϸ ϶ ϶ Ͽ Ϲ  ϴ ϶ϴ ϼϼ «ϣϔϢ 

«Ϥ ϗϼϸ »  16.01.2017 №9 - «ϙϸϼ Ϲ Ϲ ϴ Ϲ Ͽ ϶ϼ  ϣϔϢ «Ϥ ϗϼϸ » 
ϴ 2017-2042 ϷϷ.  Ϲ  ϹϴϿϼϻ ϶ϴ Ͻ ϿϹϾ Ϲ Ϸϼϼ. 

ϙϸϼ Ϲ Ϲ ϴ Ϲ Ͽ ϶ϼ  Ϲϸ ϴϻ ϴ Ϲ  ϸϿ  ϼ ϼϾϴ ϼϼ ϼ ϸ Ͻ 
ϼ ϴ ϼϼ ϶ ϹϿ  ϵϹ Ϲ Ϲ ϼ  Ϲϸϼ Ϸ  ϸ ϸϴ ϼ ϼ ϶ϴ ϼϼ 

Ϸ ϻ  ϸ Ͼ Ϲ ϶ ϴ Ϲϸ Ϲ Ͻ ϼ ϸ ϿϷ Ͻ Ϸ ϼϻ  
Ͽϴ ϼ ϶ϴ ϼ  ϶ Ϲ ϼ Ͼ ϼ ϸ ϴϻϸϹϿϹ ϼ ϼ ϢϔϢ «Ϥ ϗϼϸ », 

ϸ Ϲ ϼ ϼ ϼ ϻϴ϶ϼ ϼ ϼ ϵ Ϲ ϶ϴ ϼ ϢϔϢ «Ϥ ϗϼϸ »,ϸ Ϲ ϼ ϼ ϼ 
ϻϴ϶ϼ ϼ ϼ ϵ Ϲ ϶ϴ ϼ ϘϛϢϢϔϢ «Ϥ ϗϼϸ ». 

ϙϸϼ Ϲ Ϲ ϴ Ϲ Ͽ ϶ϼ  Ϲϸ ϴ϶Ͽ  ϵ Ͻ Ϲ Ϲ Ϲ  ϴϼϵ ϿϹϹ 
ϻ ϴ ϼ  Ͼϴϻϴ ϹϿϹϽ, ϴ ϴϾϺϹ Ͽ ϶ϼϽ ϼ ϸ Ϲ ϼϽ, Ϲ ϵ ϸϼ  ϸϿ  

ϸϷ ϶Ͼϼ ϴ Ϲ ϶ ϶ ϴ Ͼϴ  ϼ ϶ϴ ϼ  Ϸ ϻ  ϸ Ͼ Ϲ ϶ ϴ 
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Ϲϸ Ϲ  ϼ ϸ ϿϷ  Ϲ ϹϾ ϼ϶ , ϶ϾϿ ϴ  ϶ϹϸϹ ϼϹ ϴ Ϲ ϴ 
ϴ ϴ Ϲ ϶ Ͼ ϼ Ϲ Ͼ Ͻ ϹϾ ϼ϶ ϼ ϼ ϶Ϲ ϼ ϼ  ϹϾ ϶. 

ϛϴ ϴ , Ϲ ϵ ϸϼ Ϲ ϸϿ  ϻϸϴ ϼ  ϸ Ͼ ϼϼ, ϴϻ ϶ϴ  ϹϾ ϼ ϼ 
ϴ ϸϴ ϼ,  ϸϹ ϹϺ Ϲ Ϲϸ ϶ϴ, Ϲ ϵ ϸϼ Ϲ ϸϿ  Ϸϴ ϼϻϴ ϼϼ 

ϼϻ϶ ϸ ϶Ϲ Ϸ  Ϲ ϴ ϼ ϻϸϴ ϼ  ϸ Ͼ ϼϼ, ϴϵ  ϼϿϼ Ͽ Ϸ. 
ϥϹϵϹ ϼ  ϸ Ͼ ϼϼ Ϲ Ϲϸ ϶Ϲ  ϻϴ϶ϼ ϼ   ϹϾ ϼ  ϴ ϸ ϶ 

Ϲϸ ϼ ϼ , ϴϾ ϾϴϾ ϴ ϴϾ Ϲ ϼϻ Ϲ  ϶ϹϿϼ ϼ  ϻϴ ϴ , ϼ ϸ ϼ  ϴ Ϲϸϼ ϼ  
ϸ Ͼ ϼϼ. Ϣ Ϲ϶ϼϸ ,  ϶ Ϲ ϴϾ , ϶Ͽϼ ϼϹ ϴ ϼ ϶ϴ ϼϹ ϴ ϸ ϶, 

Ͼϴϻ ϶ϴ  Ϲ Ϲϸ ϶Ϲ Ϲ ϶Ͽϼ ϼϹ ϼ ϴ ϹϵϹ ϼ  ϸ Ͼ ϼϼ. 
ϦϹϾ ϼϹ ϴ ϸ   Ϸϼϸ ϻϿ  ϶ϾϿ ϴ  ϶ Ϲϵ : 
- ϴ ϼϻϴ ϼ Ϲ ϼ ϿϹ ϼ ; 
- ϴ ϸ   ϴ ϶ϴ ϼ  ϼ Ϲ ϶ϴ; 
- Ͼ Ͽ ϴ ϴ ϼ Ϲ ϴ ϸ ; 
- ϴ ϸ  ϴ Ϲ  ϼϻ϶ ϸ ϶Ϲ  ϸ ϶;  
- ϴ ϸ  ϴ Ͽ Ϸϼ ϹϷ Ͽϼ ϼ  Ϸϴ ϼϻϴ ϼϽ; 
- ϴϿ Ϸ ϴ ϶ ϸ . 
ϔ ϼϻϴ ϼ Ϲ ϼ ϿϹ ϼ  ϹϸϹϿ   ϾϴϺϸ  ϶ϼϸ  ϴϾ ϼ϶ϴ, 

϶ ϶Ϲ ϶ϼϼ  ϴ ϼ ϴ Ͻ Ͻ ϴ ϼϻϴ ϼϼ. 
Ϥϴ ϸ   ϴ ϶ϴ ϼ  ϼ Ϲ ϶ϴ ϼ ϼ ϴ  ϶ ϴϻ Ϲ Ϲ (   

϶ ϴ ϶ϼ ϹϿ Ͻ ϼ ϼ ϼ Ϲ ϶ϴ ϵ ϹϾ ϶ ϶  Ϲϸ ϶ ϼ 
ϵ ϹϾ ϶ Ϲϻϴ϶Ϲ Ϲ Ϸ  ϼ ϹϿ ϶ϴ, ϹϸϹϿϹ Ͻ ϸϿ  ϹϿϹϽ ϴ ϶ϴ ϼ , 
 Ϲ  ϼ ϴ ϵϴϿϴ ϶ Ͻ ϼ ϼ ϶  Ϲϸ ϶ Ϲϻϴ϶Ϲ Ϲ Ϸ  

ϼ ϹϿ ϶ϴ ϻϴ ϼ ϹϾ ϼϽ Ϲ ϼ ϸ  ϸϴ  ϿϹϸ ϹϷ  ϹϸϹϿϹ ϼ  
϶ ϴ ϶ϼ ϹϿ Ͻ ϼ ϼ): 0,08%. 

ϱϾ Ͽ ϴ ϴ ϼ Ϲ ϴ ϸ  ( Ͽϴ ϴ ϸϴ, ϼϻ϶ ϸ ϶Ϲ Ϲ ϻϴ ϴ , 
ϼϹ ϴ ϸ )  ϗϱϥ ϹϸϹϿ  ϶ ϴ Ϲ Ϲ ϴ 1 Ϡϖ  ϴ ϶ϿϹ Ͻ 

ϼ. ϱϾ Ͽ ϴ ϴ ϼ Ϲ ϴ ϸ  Ϲϸ ϴ϶ϿϹ  ϶ ϴϵϿϼ Ϲ 43. 
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ϦϴϵϿϼ ϴ 43 – ϱϾ Ͽ ϴ ϴ ϼ Ϲ ϴ ϸ  Ϸϼϸ ϻϿϴ 

ϡϴϼ Ϲ ϶ϴ ϼϹ ϥ ϴ϶Ͼϴ, . ϵ./Ϡ϶  
ϥ ϴ, 
Ͽ . ϵ. 

Ϥϴ ϸ  ϴ Ͽϴ  
ϸϴ 

777,3 21,71 

ϣ ϼϹ 495,6 23,51 
Ϝ Ϸ   ϗϱϥ  45,22 
 
Ϣ ϼ ϿϹ ϼ  ϴ Ϲ  ϶  ϼϻ϶ ϸ ϶Ϲ  ϸ ϶ 

ϹϸϹϿ  ϼ ϸ  ϼϻ ϶ϹϿϼ ϼ  ϼ  ϼ ϼ, ϸϹϿ Ϲ ϻ ϴ ϼ  ϴ ϸ ϶ 
ϴ Ϲ  ϶ %, Ϲϸ ϴ϶ϿϹ  ϶ ϴϵϿϼ Ϲ 44. 

 
ϦϴϵϿϼ Ϲ 44 – ϧϸϹϿ Ϲ ϻ ϴ Ϲ ϼ  ϴ ϸ ϶ ϴ Ϲ   

ϱ ϴ  ϹϾ ϴ ϖϹϿϼ ϼ ϴ, % 
Ϣ  1 ϸ  5  0,06 
Ϣ  6 ϸ  15 0,09 
Ϣ  16 ϸ  25 0,14 

                                                                                                                
Ϥϴ ϼ ϶ϴ  Ͽ Ϸϼ ϹϷ Ͽϼ ϼ  Ϸϴ ϼϻϴ ϼϽ ϼ ϸ  ϼϻ ϴ϶ Ͼ ϶ 

϶Ϲ ϶ϼϼ Ϲϸϼ  Ϲ ϴ  Ͽ ϶ϼ  Ϥ ϗϼϸ , Ϲϻ Ͽ ϴ  Ϲϸ ϴ϶ϿϹ  ϶ 
ϴϵϿϼ Ϲ 45. 

 
ϦϴϵϿϼ ϴ 45 – Ϥϴ ϸ  ϴ Ͽ Ϸϼ ϹϷ Ͽϼ ϼ  Ϸϴ ϼϻϴ ϼϽ 
ϡϴϼ Ϲ ϶ϴ ϼϹ ϥ ϴ϶Ͼϴ  ϥ ϴ, ϵ. 
ϢϔϢ «ϥϢ – ϙϱϥ» 135,38 . ϵ./ Ϡ϶  5 625 323,00 
ϡϣ ϔϦϥ (ϴϸ ϼ ϼ ϴ  

Ϸ ϶ Ͻ ϼ Ϲ ) 0,001097 . ϵ./Ϡ϶ ∙  307 557,44 

ϪϨϤ ( Ϲ  ϼ ϴ ϶  
ϴ Ϲ ϶) 0,000318 . ϵ./Ϡ϶ ∙  106 143,36 

Ϝ Ϸ   6 037 023,80 
 
ϡϴϿ Ϸ ϴ ϶ ϸ  ϶ ϴ Ϲ Ϲ ϴ 1 . Ͼϖ ∙  ϶ ϶Ϲ ϶ϼϼ  ϡϴϿ Ϸ ϶  

Ͼ ϸϹϾ  ϤϨ ϸϿ  ϹϾϼ Ϟ ϴ ϴ϶Ͽ Ϲ  4,8 ϵ. 
 
ϦϹϾ ϼϹ ϻϴ ϴ   Ϸϼϸ ϻϿ  ϶ Ϲ ϶ Ϲ Ϸ ϸ  Ͼ Ͽ ϴ ϴ ϼϼ ϼ϶ϹϸϹ  ϶ 

ϴϵϿϼ Ϲ 46. 
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ϦϴϵϿϼ ϴ 46 – ϦϹϾ ϼϹ ϻϴ ϴ   Ϸϼϸ ϻϿ  ϶ Ϲ ϶ Ϲ Ϸ ϸ  Ͼ Ͽ ϴ ϴ ϼϼ 

ϡϴϼ Ϲ ϶ϴ ϼϹ 
ϗ ϸ ϹϴϿϼϻϴ ϼϼ ϹϾ ϴ 

2024 2025 2026 2027 2028 
ϔ ϼϻϴ ϼ Ϲ 

ϼ ϿϹ ϼ , 
Ͽ . ϵ. 

8,46 8,47 21,80 168,47 168,47 

Ϥϴ ϸ  ϴ 
ϴ ϶ϴ ϼϹ, Ͽ . 

ϵ. 
8,05 7,97 20,67 83,64 82,03 

ϱϾ Ͽ ϴ ϴ ϼ Ϲ 
ϻϴ ϴ , Ͽ . ϵ. 54,65 163,95 163,95 163,95 163,95 

Ϥϴ ϸ  ϴ Ϲ  
ϼϻ϶ ϸ ϶Ϲ  
ϸ ϶, Ͽ . ϵ. 

0,50 0,50 1,94 7,84 7,69 

Ϥϴ ϸ  ϴ Ͽ Ϸϼ 
ϹϷ Ͽϼ ϼ  

Ͼ ϴ ϼϽ, Ͽ . ϵ. 
6,35 19,04 19,04 19,04 19,04 

ϡϴϿ Ϸ ϴ ϶ ϸ , Ͽ . 
ϵ. 1,56 5,13 5,35 5,35 5,35 

Ϝ Ϸ , Ͽ . ϵ. 79,57 205,04 232,75 448,29 446,52 

 
ϖ ϶ ϸ:Ϥϴ ϸ  ϴ Ͽ Ϸϼ ϹϷ Ͽϼ ϼ  Ͼ ϴ ϼϽ ϶ϹϿϼ ϼ϶ϴϹ  ϼϻ-ϻϴ 

϶ϹϿϼ Ϲ ϼ  Ͼ Ͽ ϴ ϴ ϼ  ϻϴ ϴ . 
 
ϘϿ  ϵ Ͽ ϹϽ ϴϷϿ ϸ ϼ ϹϾ ϼϹ ϻϴ ϴ   Ϸϼϸ ϻϿ  Ϲϸ ϴ϶ϿϹ  ϶ 

϶ϼϸϹ ϸϼϴϷ ϴ  ϴ ϼ ϾϹ 32. 

 
 

Ϥϼ Ͼ 32 – ϥ Ͼ ϴ ϹϾ ϼ  ϻϴ ϴ   Ϸϼϸ ϻϿ  
 
 
 

 
 
 

8.3   
 

ϡϴϿ Ϸ ϶ Ϲ ϴ ϸ  Ϲϸ ϴ϶Ͽ  ϵ Ͻ Ͼ ϸϹ ϹϺ  Ϲϸ ϶ ϿϹ 
ϻϴ϶Ϲ Ϲ ϼ  ϼ ϹϿ ϶ϴ Ϟ Ͼ Ͻ ϗϱϥ. ϛ ϴ ϼ ϹϿ ϴ  ϴ  ϼ Ͽ Ϲ  ϶ 

ϹϷϼ ϴϿ Ͻ ϵ ϸϺϹ  ϶ ϶Ϲ ϶ϼϼ  ϡϴϿ Ϸ ϶  Ϟ ϸϹϾ  ϤϨ.  

11%

10%

69%

0%

8%
2% ϔ ϼϻϴ ϼ Ϲ ϼ ϿϹ ϼ

Ϥϴ ϸ  ϴ ϴ ϶ϴ ϼϹ

ϱϾ Ͽ ϴ ϴ ϼ Ϲ ϻϴ ϴ

Ϥϴ ϸ   ϴ Ϲ  
ϼϻ϶ ϸ ϶Ϲ  ϸ ϶

Ϥϴ ϸ  ϴ Ͽ Ϸϼ ϹϷ Ͽϼ ϼ  
Ͼ ϴ ϼϽ
ϡϴϿ Ϸ ϴ ϶ ϸ
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ϧ Ϲ  ϿϹϸ ϼϹ ϴϿ Ϸϼ: 

- ϡϴϿ Ϸ ϴ ϼϵ Ͽ  – 20%; 

- ϡϘϥ – 20%; 

- ϖϻ  ϶ ϼϴϿ Ϲ ϸ  – 34%; 

- ϡϴϿ Ϸ ϴ ϼ Ϲ ϶  – 1,6%; 

- ϡϴϿ Ϸ ϴ ϶ ϸ  ϴ 1 . Ͼϖ .  – 4,8 ϵ. 

ϣ Ϲϸ ϿϴϷϴϹ Ϲ ϴϿ Ϸ ϶ Ϲ ϴ ϸ  ϼ ϶ϼϼ Ͽ Ϸ  ϻϴ Ϲ ϼ ϸ 
2024-2028 Ϸ ϸ  ϼ϶ϹϸϹ  ϶ ϴϵϿϼ Ϲ 47. 

 

ϦϴϵϿϼ ϴ 47– ϡϴϿ Ϸ ϶ Ϲ ϴ ϸ  

ϡϴϼ Ϲ ϶ϴ ϼϹ 
ϗ ϸ ϹϴϿϼϻϴ ϼϼ ϹϾ ϴ 

2024 2025 2026 2027 2028 
ϡϴϿ Ϸ ϴ ϼϵ Ͽ , Ͽ . 

ϵ. 52,64 276,88 298,60 248,01 259,54 

ϡϘϥ, Ͽ . ϵ. 0,00 214,15 317,85 326,85 336,95 
ϖϻ  ϶ ϼϴϿ Ϲ 

ϸ , Ͽ . ϵ. 14,17 16,30 16,30 11,20 6,10 

ϡϴϿ Ϸ ϴ ϼ Ϲ ϶ , 
Ͽ . ϵ. 21,01 18,31 18,12 176,11 189,06 

Ϝ Ϸ , Ͽ . ϵ. 87,82 525,64 650,87 762,16 791,65 
 

8.4        
 

 
ϣ ϼϵ Ͽ  ϶Ͽ Ϲ  Ͼ Ϲ  ϼ ϴ ϶ Ϲϻ Ͽ ϴ   ϸϴϺϼ 

ϿϹϾ Ϲ Ϸϼϼ ϷϹ Ϲ ϼ ϹϽ Ͼ ϴ ϼϼ ϼ ϶ ϵ Ϲ  ϶ϼϸϹ Ϲϸ ϴ϶Ͽ Ϲ  ϴϻ ϼ  
ϹϺϸ  Ϲ Ͻ ϸ Ͼ ϼϼ ϼ Ϲё ϹϵϹ ϼ .  

 
ϗ ϸ ϶ϴ  ϼϵ Ͽ  Ϲ ϶  ϿϹ  Ͼ Ͽ ϴ ϴ ϼϼ Ϲϸ ϴ϶ϿϹ ϴ ϶ ϴϵϿϼ Ϲ 48. 
 

ϦϴϵϿϼ ϴ 48 – ϗ ϸ ϶ϴ  ϼϵ Ͽ  ϶ Ϲ ϶ Ϲ Ϸ ϸ  Ͼ Ͽ ϴ ϴ ϼϼ 

ϡϴϼ Ϲ ϶ϴ ϼϹ 
ϗ ϸ ϹϴϿϼϻϴ ϼϼ ϹϾ ϴ 

2024 2025 2026 2027 2028 

ϖ Ͼϴ ( Ϲ ), Ͽ . ϵ. 598,93 1856,69 1911,78 1965,55 2026,78 
ϦϹϾ ϼϹ ϴ ϸ , Ͽ . ϵ. 79,57 205,04 232,75 448,29 446,52 
EBIT( ϼϵ Ͽ  ϸ  

ϴϿ Ϸ ϵϿ ϺϹ ϼ ), 
Ͽ . ϵ. 

519,36 1651,64 1679,03 1517,26 1580,26 

ϥϾ ϹϾ ϼ ϶ϴ Ͻ ϴϿ Ϸ 
ϴ ϼϵ Ͽ , Ͽ . ϵ. 103,87 330,33 335,81 303,45 316,05 
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ϢϾ ϴ ϼϹ ϴϵϿϼ  48 

NOPAT ( ϼ ϴ  ϼϵ Ͽ ), 
Ͽ . ϵ. 349,78 1160,61 1165,18 985,12 1042,32 

ϥ ϴ϶Ͼϴ ϴϿ Ϸϴ ϴ 
ϼϵ Ͽ ,% 

20 20 20 20 20 

 
ϖ ϶ ϸ: ϼ ϴ  ϼϵ Ͽ  ϶ϹϿϼ ϼ϶ϴϹ , ϴ ϻϴ Ϲ  Ϲ ϴϹ  ϶ 

ϻϴ϶ϼ ϼ ϼ  ϹϾ ϼ  ϴ ϸ ϶. 
 
8.5    

 
ϗϿϴ϶ Ͻ ϹϿ  Ϲ Ͼϼ ϼ ϶Ϲ ϼ ϼ Ϸ  ϹϾ ϴ ϶Ͽ Ϲ  ϹϸϹϿϹ ϼϹ 

ϹϿϹ ϵ ϴϻ ϼ ϹϴϿϼϻϴ ϼϼ ϹϾ ϴ,  Ϲ  Ͽ ϶ϼϽ ϛϴϾϴϻ ϼϾϴ 
(ϣ ϼϿ ϺϹ ϼϹ Ͼ ϼϾϴϻ  ϢϔϢ «Ϥ ϗϼϸ »  16.01.2017 №9 - «ϙϸϼ Ϲ 

Ϲ ϴ Ϲ Ͽ ϶ϼ  ϢϔϢ «Ϥ ϗϼϸ » ϴ 2017-2042 ϷϷ.»). 
 
8.5.1 ,   

 
ϪϹϿ  Ϲ Ͼϼ ϶Ͽ Ϲ  ϹϸϹϿϹ ϼϹ Ͼϴϻϴ ϹϿϹϽ ϹϾ ϼ϶ ϼ ϹϾ ϴ, 

Ͼ ϴϾϼ  Ͼϴϻϴ ϹϿ  : 

1. ϫϼ Ͻ, ϸϼ Ͼ ϼ ϶ϴ Ͻ ϸ ϸ 
2. Ϝ ϸϹϾ  ϼϵ Ͽ ϼ 
3. ϥ Ͼ Ͼ ϴϹ ϼ 
4. Ϝ .ϸ. 
Ϥϴ ё  Ͼϴϻϴ ϹϿϹϽ ϹϾ ϼ϶ ϼ ϹϾ ϴ ϶ Ͽ Ϲ  ϶ ϶Ϲ ϶ϼϼ 

: 
ϴ) «ϠϹ ϸϼ Ϲ ϾϼϹ ϹϾ Ϲ ϸϴ ϼϼ  Ϲ ϾϹ ϹϾ ϼ϶ ϼ ϼ ϴϻ ϴϵ ϾϹ 

ϼ ϶Ϲ ϼ ϼ  ϹϾ ϶ ϼ ϵϼϻ Ϲ - Ͽϴ ϶ ϶ ϿϹϾ Ϲ ϷϹ ϼϾϹ», 
϶Ϲ ϺϸϹ  ϼϾϴϻ  ϢϔϢ ϤϔϢ «ϙϱϥ Ϥ ϼϼ»  07.02.2000Ϸ. № 54 ϴ 

϶ϴ ϼϼ ϛϴϾϿ Ϲ ϼ  ϗϿϴ϶Ϸ Ͼ Ϲ ϼϻ  Ϥ ϼϼ  26.05.1999Ϸ. №24-16-1/20-
113; 

ϵ)«ϠϹ ϸϼ Ϲ ϾϼϹ ϹϾ Ϲ ϸϴ ϼϼ  Ϲ ϾϹ ϹϾ ϼ϶ ϼ ϼ ϴϻ ϴϵ ϾϹ 
ϼ ϶Ϲ ϼ ϼ  ϹϾ ϶ ϼ ϵϼϻ Ϲ - Ͽϴ ϶ ϶ ϿϹϾ Ϲ ϷϹ ϼϾϹ ϴ ϴϸϼϼ 

ϹϸϦϱϢ ϼ ϦϱϢ», Ϡ Ͼ϶ϴ, 2008 Ϸ., ϶Ϲ ϺϸϹ ϼ ϤϔϢ «ϙϱϥ Ϥ ϼϼ»  
31.03.2008Ϸ № 155 ϼ ϗϿϴ϶Ϸ Ͼ Ϲ ϼϻ Ͻ Ϥ ϼϼ  26.05.99Ϸ. №24-16-1/20-113. 

϶)ϣ ϼϿ ϺϹ ϼϹ Ͼ ϼϾϴϻ  ϢϔϢ «Ϥ ϗϼϸ »  16.01.2017 №9 - «ϙϸϼ Ϲ 
Ϲ ϴ Ϲ Ͽ ϶ϼ  ϢϔϢ «Ϥ ϗϼϸ » ϴ 2017-2042 ϷϷ.» 

Ϥϴ ё  ϶ ϸϼϿϼ   ϼ Ͽ ϻ ϶ϴ ϼϹ  Ͽϼ Ϲ ϻϼ Ͻ ϶Ϲ ϼϼ 
Ϸ ϴ Ϸ  ϸ Ͼ ϴ ProjectExpert, ϼ  ExpertSystems.  

ϘϿ  ϹϿϹϽ Ϲ Ͼϼ ϹϾ ϼ϶ ϼ ϼ ϶Ϲ ϼ ϼ Ϸ  ϹϾ ϴ ϼ ϼ ϴ  
ϿϹϸ ϼϹ Ϲϸ ϿϾϼ: 

1) ϣϹ ϼ ϸ Ϸ ϻϼ ϶ϴ ϼ  ϸϿ  Ϟ Ͼ Ͻ ϗϱϥ ϴ϶Ͽ Ϲ  20 ϿϹ , ϶ 
϶Ϲ ϶ϼϼ  Ͼ  Ͽ Ϻϵ  ϶ Ϸ  ϵ ϸ ϶ϴ ϼ . 
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2) Ϝ Ͽ ϻ Ϲ ϴ  ϼ Ϲ ϾϹ ϹϾ ϼ϶ ϼ ϼ ϴ ϼ  ϴϺϴϹ  
Ͼ ϼ Ϲ Ͼ  ϼ ϴ ϼ , Ͽ Ϻϼ϶  ϴ 1 Ͼ϶. 2020 Ϸ ϸϴ. 

3) ϣ Ϲϸ ϿϴϷϴϹ   ϶ Ϲ Ϲ ϼϼ Ϸ ϻ Ϸ  Ϲ ϼ ϸϴ Ϲ ϵ ϸϹ  
ϼ ϸϼ  ϷϿ ϵϴϿ  ϼϻ Ϲ Ϲ ϼϽ ϶ Ͼ ϼ Ϲ Ͼ Ͻ ϼ ϴ ϼϼ, Ϲ ϶ ϼ  

ϴ϶ϼϿ ϼ ϻϴϾ ϶. 
 
8.5.2   

 
ϪϹϿ  ϶ϹϸϹ ϼ  ϴ ё ϴ Ͼ Ϲ Ϲ Ͼ Ͻ ϹϾ ϼ϶ ϼ ϹϾ ϴ ϶Ͽ Ϲ  

ϴ ё  Ͼϴϻϴ ϹϿϹϽ, Ͼ Ϲ Ϲϸ ϴ϶ϿϹ  ϶ ϴϵϿϼ Ϲ 49. 
 

ϦϴϵϿϼ ϴ 49-ϣ Ͼϴϻϴ ϹϿϼ ϹϾ ϼ϶ ϼ ϹϴϿϼϻϴ ϼϼ ϹϾ ϴ «Ϟ Ͼϴ  ϗϱϥ ϴ 
ϹϾϹ Ϟ ϴ» 
ϡϴϼ Ϲ ϶ϴ ϼϹ ϛ ϴ Ϲ ϼϹ 
ϥ ϴ϶Ͼϴ ϸϼ Ͼ ϼ ϶ϴ ϼ  11,60 
Ϙϼ Ͼ ϼ ϶ϴ Ͻ Ϲ ϼ ϸ Ͼ ϴϹ ϼ - DPB, Ϲ  96 
ϫϼ Ͻ ϼ϶ϹϸϹ Ͻ ϸ ϸ – NPV, Ͽ . ϵ 921,321 
Ϝ ϸϹϾ  ϼϵ Ͽ ϼ – PI, ϵ. 1,22 
ϥϹϵϹ ϼ  Ͽ. Ϲ Ϸϼϼ, ϵ/Ϟ϶ ∙  0,39 
ϧϸϹϿ Ϲ Ͼϴ ϼ ϴϿ ϶Ͽ ϺϹ ϼ , ϵ/Ϟ϶  69891,93 

 
8.5.3   

 
ϣ Ͼϴϻϴ ϹϿϼ ϵ ϸϺϹ Ͻ ϹϾ ϼ϶ ϼ ϴϺϴ  ϶Ͽϼ ϼϹ Ϲϻ Ͽ ϴ ϶ 

ϹϾ ϴ ϴ ϸ ϸ  ϴ  ϹϸϹ ϴϿ Ϸ  ϼ ϹϷϼ ϴϿ Ϸ  ϵ ϸϺϹ ϴ. Ϙ ϸ ϴ  
ϴ  ϵ ϸϺϹ ϶ ϴϻϿϼ  ϶ ϹϽ ϼ Ϲ  ϻϴ ё  ϴϿ Ϸ ϶  

ϿϹ ϼϽ ϶ϹϿϼ ϼ ϴ Ͼ  Ͼϴϻϴ ϴ ϶ ϴϵϿϼ Ϲ 50.  
 

ϦϴϵϿϼ ϴ 50 – ϣ Ϲϸ ϿϴϷϴϹ Ϲ ϴϿ Ϸ ϶ Ϲ ϿϹ ϼ  ϶ ϹϸϹ ϴϿ Ͻ ϼ 
ϹϷϼ ϴϿ Ϲ ϵ ϸϺϹ  
ϡϴϼ Ϲ ϶ϴ ϼϹ 2024 2025 2026 2027 2028 
ϖ ϹϸϹ ϴϿ Ͻ ϵ ϸϺϹ , 

Ͽ . ϵ. 68,37 512,46 638,09 591,40 607,94 

ϖ ϹϷϼ ϴϿ Ͻ ϵ ϸϺϹ , 
Ͽ . ϵ. 21,01 18,31 18,12 176,11 189,06 

Ϝ Ϸ  ϴϿ Ϸ ϶  
ϿϹ ϼϽ, Ͽ . ϵ. 

89,38 530,77 656,22 767,51 797,00 

 
8.6   

 
Ϧϼ  ϼ Ͼϴ ϼ ϶Ϲ ϼ ϼ Ϸ  ϹϾ ϴ: 
1. Ϥ Ϲ - Ϲ ϹϸϹϿϹ  ϵ Ϲ ϶ ϹϴϿϼϻϴ ϼϼ ϿϹϾ Ϲ Ϸϼϼ; 
2. Ϟϴ ϼ ϴϿ Ϲ - ϶ ϻ Ϻ  Ϲ ϸϴ Ϸ  Ͼ Ͼ ϼ϶ Ϸ  Ϲ Ϲ ϼ , 

ϿϹϸ ϶ϼϹ  Ͼ Ϸ  ϶Ͽ Ϲ  ϼϻ Ϲ Ϲ ϼ  ϻϴ ϴ  ϶ ϼ ϹϿ ϶ ; 
3. Ϣ Ϲ ϴ ϼ Ϲ - Ϲ ϹϸϹϿϹ  ϸϴ ϹϾ ϴ ϶ ϹϷ  ϸ Ͼ ϼ϶ Ͻ 

Ϲ ϼ ϸ; 
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4. ϣ ϴ϶ ϶ Ϲ ( Ͽϼ ϼ Ϲ ϾϼϽ, ϼϸϼ Ϲ ϾϼϽ, ϶Ϲ Ϲ Ͻ) ϶ ϻ Ϻ  
ϼϻ Ϲ Ϲ ϼ  ϴ϶ ϶ Ͻ Ϲϸ , ϶ Ͼ Ͻ Ϲ ϶Ͽ Ϲ  ϵϼϻ Ϲ ; 

5. Ϩϼ ϴ ϶ Ϲ ( Ϲ Ͻ, ϶ϴϿ Ͻ) - Ϲ ϹϸϹϿϹ  ϵ Ϲ  ϼ 
Ϲ  ϴ϶ Ͼ ϴ ϼ ϴ ϶  Ͼϴ . 
ϡϴϼϵ ϿϹϹ ϻ ϴ ϼ  ϸϿ  ϹϾ ϴ Ϲ, Ͼϴ ϼ ϴϿ Ϲ ϼ Ϲ ϴ ϼ Ϲ 

ϼ Ͼϼ. ϥ ϶Ϲ ϶ ϼϹ ϶ Ϲ ϴ ϴ Ϲ  ϼ ϴ ϶ Ͻ ϸϹϿϼ 
Ϲ Ϲ ϼ ϿϹ  ϼ Ͼϴ  ϼ϶ϹϸϹ  ϶ ϴϵϿϼ Ϲ 51. 

 
ϦϴϵϿϼ ϴ 51 - Ϥϼ Ͼϼ ϼ ϶Ϲ ϶ ϼϹ ϴ ϴ Ϲ  ϼ ϴ ϶ Ͻ ϸϹϿϼ 

Ϥϼ Ͼ ϣϴ ϴ Ϲ  ϼ ϴ ϶ Ͻ ϸϹϿϼ 

Ϥ Ͻ Ϣϵ Ϲ  ϸϴϺ 

Ϟϴ ϼ ϴϿ Ͻ Ϟϴ ϼ ϴϿ Ϲ ϻϴ ϴ  

Ϣ Ϲ ϴ ϼ Ͻ Ϣ Ϲ ϴ ϼ Ϲ ϴ ϸ  

 

Ϣ ϶  Ϲ ϸ  ϼ ϿϹϸ ϶ϴ ϼ  ϼ Ͼ ϶ ϶Ͽ Ϲ  ϴ ϴϿϼϻ 
϶ ϶ϼ ϹϿ ϼ - Ϲ ϸ Ϲ Ͼϼ ϶Ͽϼ ϼ  ϶  ϴ ϴ Ϲ ϶ ϼ ϴ ϶ Ͻ 
ϸϹϿϼ ϴ Ϲϻ Ͽ ϼ ϼϽ Ͼϴϻϴ ϹϿ . ϥ ϴ PI  ϶ ϻϴ϶ϼ ϼ ϼ  

ϼϻ Ϲ Ϲ ϼ  ϵ ё ϴ ϼ ϶Ϲ ϼ ϼϽ ϼ  ϼϻ Ϲ Ϲ ϼ  ϵ ё ϴ ϵ ϴ Ϲϸ ϴ϶ϿϹ  ϴ 
ϼ Ͼϴ  32, 33. 

ϖ ϸϴ  ϴϻϸϹϿϹ ϶ϹϸϹ  ϴ ϴϿϼϻ ϶ ϶ϼ ϹϿ ϼ ϶ϹϿϼ ϼ  
Ϸ ϻ Ϸ  ϴ ϼ ϴ Ͼ ϼϻ Ϲ Ϲ ϼ : 

1. ϥ ϴ϶Ͼϼ ϴϿ Ϸ ϶; 
2. Ϣϵ Ϲ ϴ ϼ ϶Ϲ ϼ ϼϽ; 
3. ϪϹ ϴ ϵ ϴ; 

 

 
Ϥϼ Ͼ 32 – ϥ ϴ PI  ϶ ϻϴ϶ϼ ϼ ϼ  ϼϻ Ϲ Ϲ ϼ  ϵ ё ϴ ϼ ϶Ϲ ϼ ϼϽ 
 
ϖ ϶ ϸ: ϧ϶ϹϿϼ Ϲ ϼϹ ϵ Ϲ ϴ ϼ ϶Ϲ ϼ ϼϽ- Ϲ Ϲ ϼϹ ϶ϹϿϼ ϼ  PI. 
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Ϥϼ Ͼ 33 – ϥ ϴ PI϶ ϻϴ϶ϼ ϼ ϼ  ϼϻ Ϲ Ϲ ϼ  ϵ ё ϴ ϵ ϴ 

 
         ϖ ϶ ϸ: ϧ϶ϹϿϼ Ϲ ϼϼ Ϲ  ϵ ϴ – ϶ϹϿϼ Ϲ ϼϹ ϶ϹϿϼ ϼ  PI. 
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9 C       
 

 
9.1  
 
ϥϼϿ ϶ Ϲ ϴ ϴ  ϶Ͽ  Ͼ ϼ ϼ Ϲ Ͼϼ ϼ Ͼ Ϲ ϴ ϼ 

϶ Ϲ Ϲ  Ϲ ϷϹ ϼ Ϲ Ͼϼ  ϼ Ϲ . Ϣ ϼ ϼ Ͽ ϻ  ϸϿ  ϶ϹϿϼ Ϲ ϼ  ϼ 
ϼϺϹ ϼ  ϴ ϺϹ ϼ , ϵ  ϵϹ Ϲ ϼ  Ϲ Ϲϸϴ  ϼ ϴ ϹϸϹϿϹ ϼϹ 

ϿϹϾ ϼ Ϲ Ͼ Ͻ Ϲ Ϸϼϼ. ϩ , ϾϴϾ ϴ϶ϼϿ , ϼ ϶Ϲ ϴ ϴϸϹϺ , ϶ ϹϷ ϸ Ϲ  
ϵ Ϲ ϶Ϲ Ͼϴϻ , Ͼ Ϲ ϼ϶ ϸ  Ͼ ϹϾ ϴ Ϲ ϼ  ϸϴ ϼ Ϲ Ϸϼϼ ϶ ϺϼϿ Ϲ 

ϸ ϴ ϼ ϶ ϿϹ Ϲ ϻϸϴ ϼ , ϴ ϶  ϶ Ϲ Ϲ ϹϹ ϼϹ ϿϹ ϼ ϸϿ  
Ϲϵϼ ϹϿϹϽ ϼ ϹϷ Ͽ ϶. ϱ  ϸ Ͽ Ϲ  ϶ Ͼϼ ϼ ϼ ϴ ϶ ϼ 

ϻϴ ϴ ϴ ϼ ϼ ϶ ϴ ϼ ϵϹϻ ϴ ϼ, Ͼϴ ϴ ϼ  Ͼϴϻ ϶ ϼ Ϲ Ϻϼϸϴ  
ϾϿ Ϲ ϼϽ ϸϴ ϼ Ϲ Ϸϼϼ. 

 Ϣ ϾϿ Ϲ ϼ  ϴ ϴ ϶ ϼ ϴ϶ϴ ϼ , ϸϹ ϹϾ  ϼ ϶ ϹϺϸϹ ϼ  
ϼ϶ ϸ  Ͼ ϻϴ ϴ ϴ , ϵ Ͼϴ  ϼ ϴϿ  ϼϻ  ϵ ϸ ϶ϴ ϼ . ϣ  

ϸ Ͻ ϼϻ ϴϾ ϴϿ  ϻϴϸϴ  ϶ Ϲ ϼ  ϴϸϹϺ ϼ ϼ Ͼϴ Ϲ ϶ϴ 
Ͼ ϼ ϼ ϶ϴ ϼ  ϿϹϾ ϼ Ϲ Ͼϼ  ϼ Ϲ  ϶Ͽ Ϲ  ϼ Ϲ Ϲ ϼϹ ϿϹϾ ϼ Ϲ Ͼϼ , 

Ϲ Ͽ Ϸϼ Ϲ Ͼϼ  ϼ Ϲ  ϼ ϻϴ ϼ  ϼϿ ϶  ϴ ϴ ϶. ϱ ϼ ϻϴ ϼ  ϼ 
ϼ Ϲ  ϵ  ϶ Ϲ϶ Ϲ Ϲ  ϶ ϶Ͽ  ϴ϶ϴ ϼϼ ϼ Ϲ ϴϿ Ϲ ϹϺϼ  ϼ 
ϼ ϼ ϼϻϼ ϶ϴ  ϿϹϸ ϶ϼ  ϶ ϻϸϹϽ ϶ϼ  ϼ  ϹϺϼ ϶ ϴ ϴ ϴ Ϲ 
ϵ ϸ ϶ϴ ϼϹ. 

 
9.2       

 
 
Ϥϴ ϼ  ϶ Ϲ ϶ ϹϺϸϹ ϼ  ϼϿ ϶  ϴ ϴ ϶ ϶ Ϲ ϼ ϸ 

Ͼ Ͽ ϴ ϴ ϼϼ: 
ϣ ϶ ϹϺϸϹ ϼ  ϼϻ Ͽ ϼϼ — ϴϼϵ ϿϹϹ ϴ ϴ  ϼ ϼ ϴ ϴ϶ϴ ϼϼ. ϥ ϸϴ 

 ϶ Ϲ ϶ ϹϺϸϹ ϼ , ϻϴ ϼ ϾϿ Ϲ ϼϹ  ϼϻ Ϲϸ ϼ   ϼ ϼ Ϲ 
϶ Ϲ ϼ  ϶ ϻϸϹϽ ϶ϼϽ: Ϲ Ϲ϶  Ϲ Ϲ ϴ ϺϹ ϼϽ ϼ Ͽ ϼϽ. ϖ ϵ Ͽ ϼ ϶Ϲ 
Ͽ ϴϹ϶ ϸ Ϲ ϼϹ ϴ ϴ Ϲ ϶ ϼϻ Ͽ ϼϼ ϶ ϻϴ   ϼ Ͽϼϻ  ( ϴϻϿ ϺϹ ϼϼ 

ϼϻ Ͽ ϼϼ ϼ ϴϷ Ϲ϶ϴ ϼϼ), Ͼϼ ϿϹ ϼϹ , ϶ ϻϸϹϽ ϶ϼϹ  Ͼϼ Ͽ , ϶ϿϴϺ Ϲ ϼϹ . 
Ϣ ϼϵϾϼ ϹϾ ϼ ϶ϴ ϼ , Ͽ Ͻ ϴ Ϲ ϼϴϿ, Ϲ ϴ϶ϼϿ ϴ  ϴ ϶Ͼϴ — 

϶ ϹϺϸϹ ϼ , ϶ ϻϴ Ϲ  ϶ϼϹ  ϵϿ Ͼϼ ϶ Ͼ, Ͽ Ͻ ϴϽϾ Ͻ, Ͽ ϼ  
Ͼ ϴϾ , Ϲϸ ϴ Ͻ ϼϻ Ͽ ϼϹϽ Ϲ Ϻ ϹϽ, ϼϻϾ Ͻ ϸϼ ϴ ϼ Ϲ Ͼ Ͻ 

ϽϾ  Ͼ Ͼϴ  Ͼ Ͼ Ϸ  ϻϴ Ͼϴ ϼ , ϼ ϼ Ϲϸ Ϲ ϴ ϼ ϶ ϼ 
ϵϴϾϴ. 

ϛϴϷ ϻ Ϲ ϼϹ ϴ Ͽϴ — ϶ ϹϺϸϹ ϼ   ϼ ϼ ϴ , ϶ ϻϴ   ϴ Ͽ . 
ϩϴ ϴϾ Ϲ  ϼϻ ϴϾ  ϴϾϼ  ϶ ϹϺϸϹ ϼϽ ϶Ͽ  Ͽϴ ϵ ϴϻ ϶ϴ ϼϹ ϼ 
ϷϿϹ ϸ Ϲ ϿϹϸ . 

ϣϹ ϹϷ ϻϾϴ — ϶ ϹϺϸϹ ϼ , ϼ ϼ Ͻ ϶ ϻ ϼϾ ϶Ϲ ϼ  Ͼ  
Ͽ ϺϼϿϴ Ϲ ϹϷ ϻϾϴ ϴ ϴ ϴ. 

ϖ ϻϷ ϴ ϼ /϶ϻ ϶  — ϶ ϹϺϸϹ ϼ   ϼ ϼ ϴ  ϶ ϻϷ ϴ ϼ  ϼ ϶ϻ ϶ ϶ 
϶ Ϲ ϴ ϴ ϴ, ϼ Ͼ  ϴϸϴϿ ϴ  ϴ ϴ . 
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ϥϹ Ϲ϶ Ϲ Ϲ Ϲ ϴ ϺϹ ϼ  — ϶ ϹϺϸϹ ϼ  ϼϻ-ϻϴ Ϲ Ϲ ϴ ϺϹ ϼϽ, 
϶ ϻ϶ϴ  Ͼ ϴ ϼ ϼ, Ͼ Ͼϼ ϼ ϻϴ Ͼϴ ϼ ϼ, Ϲ ϹϾ ϼϹ  ϼϻ Ͽ ϼϼ 
Ͽϼ ϼϽ ϼ ϼ ϼ ϼ ϼ ϴ ϼ. 

Ϣ ϼϵϾϼ ϼ ϵ Ͽ Ϻϼ϶ϴ ϼϼ — ϶ ϹϺϸϹ ϼ  ϶ ϿϹϸ ϶ϼϹ ϶ ϶ϹϸϹ ϼ  ϼϻ 
ϴϵ  ϼϿϼ Ͽ Ͻ ϴ ϽϾϼ ϻϴ ϼ , ϶ϼ  ϿϴϺϸϹ ϼ , Ͽ Ͻ ϼ Ͼϼ 
ϴ Ͽϴ, Ͼ ϻϼϼ ϴϿ  ϿϹ Ϲ ϶,  Ϲ  ϶ Ϲ ϶ ϹϺϸϹ ϼ , ϶ ϻϴ Ϲ  
Ϲϸ ϴ Ͼϴ ϼ ϶ ϵ Ͽ Ϻϼ϶ϴ ϼϼ ϴ ϴ ϴ. 

ϕ Ͽ ϼ ϶  Ϲϼ ϴ϶ ϹϽ ϼϿ ϶  ϴ ϴ ϶ Ϻ  ϶ ϶ϼ  
϶  ϶ Ϲ  ϴ,  ϸϹϽ ϶ϼ  Ϲϸ Ϲϸϼ ϹϿ Ͻ ϼϷ ϴϿϼϻϴ ϼϼ ϼ 

Ͼϴϻ ϶ϴ ϼ  ϼϵ ϶,  Ϲϻ Ͽ ϴ ϴ  ϼϻϼϾ  – ϼ ϼ Ϲ Ͼ Ϸ  ϴ ϴϿϼϻϴ ϴ Ͽϴ 
ϼϻ ϵϴϾϴ ϴ ϴ ϴ ϼ Ͼ ϴϾ ϴ,  Ϲϻ Ͽ ϴ ϴ  ϴ Ϸ ϴ ϼ Ϲ Ͼ Ϸ  
ϴ ϴϿϼϻϴ ϴ ϶ Ϲ  ϶ ϴ ϿϹ Ϸϴϻ ϶ ϼ ϼϿϴϾ ϼ Ϲ Ͼϼ  ϼ ϴ ϼϽ, ϴ ϴϾϺϹ  

 ϼ Ϲ  ϼ ϼ Ϸϴ ϴ ϴ Ϸ  ϵ ϸ ϶ϴ ϼ  ϼ Ϲ ϸ ϶ 
Ϲ ϴϻ ϴ ϹϷ  Ͼ Ͽ  (Ͼ Ͽ  Ϲϻ ϴ  Ͼ ϿϹϵϴ ϼϽ, ϶ ϶ϿϹ ϼ  ϼ 

Ͽ ϾϴϿϼϻϴ ϼ  ϴ ϼ  ϴϻ ϸ ϶). 
ϖ ϴ ϼ, ϴ ϼ  ϶ϻ ϶  ϼ Ϻϴ  ϼϿ ϶  ϴ ϴ ϶ 

ϼ ϶ Ϲ ϼ  Ͼ Ͼϼ  ϻϴ Ͼϴ ϼ , ϾϴϾ ϴϼϵ ϿϹϹ ϹϵϿϴϷ ϼ Ϲ 
϶ ϹϺϸϹ ϼϹ. 

ϖϻ ϶  ϼ Ϻϴ  ϼϿ ϶  ϴ Ͽ  ϴ ϴ ϶ ϼ϶ ϸ  Ͼ 
ϴϷϼ Ϲ Ͼϼ  ϼϴϿ , Ͼ Ͽ Ϸϼ Ϲ Ͼϼ , Ͼ ϼ Ϲ Ͼϼ  ϿϹϸ ϶ϼ , 

϶ Ͽ  ϸ  Ϲ ϹϿ  Ͽ ϴϹ϶, ϺϹϿ Ϲ ϴ Ϲ ϼ  ϼ ϴ϶ , ϻϴϷ ϻ Ϲ ϼϹ 
Ͼ Ϻϴ ϹϽ Ϲϸ , ϵ Ͼϼ  Ϲϸ ϴ Ͼϴ ϼϻ϶ ϸ ϶ϴ ϿϹϾ Ϲ Ϸϼϼ ϸ  ϹϷ  

Ͽ Ϸ  ϹϾ ϴ Ϲ ϼ  ϼ ϶ϹϿϼ Ϲ ϼϹ ϻϴ ϴ  ϴ ϼ  Ϲ Ϸ Ϲ ϶, 
Ϲϵ  ϶ ϻϴ Ϲ Ϲ ϴ ϴ ϴ ϼ ϵ ϸ ϶ϴ ϼ  ϴ ϶ ϹϺϸϹ Ͻ 

ϸ ϴ ϼϼ ϼϿϼ ϿϹϾ ϴ ϼϼ, ϼϺϹ ϼϹ ϼϻ϶ ϸϼ ϹϿ ϼ. 
Ϧ ϴ ϴ  ϸϹ Ϻϴ  ϵ Ͽ Ϲ Ͼ Ͽϼ Ϲ ϶  Ϸ ϹϷ  ϶Ϲ Ϲ ϶ϴ, ϼ 

϶ ϻϷ ϴ ϼϼ Ͼ Ϸ  Ϻϴ  ϺϹ  ϴ ϴ ϼ  ϴ ϵϿϼϻϿϹϺϴ ϼϹ ϻϸϴ ϼ  ϼ 
Ϲ ϼ . 

ϠϹ ϴ ϼϻ  ϴϻ Ϲ ϼ  ϵϴϾϴ( ϴϻ ϶): 
· ϣ ϿϹ ϶ Ϲ ϹϷ  Ͼ Ͼ Ϸ  ϻϴ Ͼϴ ϼ  ϶ ϴ ϴ Ϲ, ϾϴϾ 

ϴ϶ϼϿ , ϶ ϻ ϼϾϴϹ  ϸ Ϸ ϶ Ͻ ϴϻ ϸ   ϸϹ Ͼϼ ϼ ϸϴϺϹ ϼ Ϡϖ . 
· ϖ ϸ Ϸ ϶  ϴϻ ϸϹ ϼ ϸϼ  ϼ Ϲ ϼ϶ Ϲ ϴϻϿ ϺϹ ϼϹ 

ϴ ϴ Ϸ  ϴ Ͽϴ  ϶ ϸϹϿϹ ϼϹ  Ϸϴϻ ϵ ϴϻ  ϸ Ͼ ϶ ϴϻϿ ϺϹ ϼ  
ϼϻ Ͽ ϼϼ. 

· ϣ Ͼ Ͽ Ͼ  ϴ ϴ Ϲ ϴ Ͽ  ϴϾ ϼ Ϲ Ͼϼ Ϲ Ϻϼ ϴϹ ,  
϶ ϸϹϿϹ ϼϹ Ϸϴϻϴ ϼ϶ ϸϼ  Ͼ ϻ ϴ ϼ ϹϿ   ϸϴ϶ϿϹ ϼ  ϶ Ϲ Ϲ 
϶ ϻ ϼϾ ϶Ϲ ϼ  Ͼ Ͼ Ϸ  ϻϴ Ͼϴ ϼ . 

· ϖ Ϲϻ Ͽ ϴ Ϲ ϶ Ϲ ϹϷ  Ͼ Ͼ Ϸ  ϻϴ Ͼϴ ϼ  ϼ ϸϼ  ϶ϻ ϶ Ϲ 
ϴϻ Ϲ ϼ  Ͼ ϴ. ϗϴϻ ϵ ϴϻ Ϲ ϸ Ͼ  ϴϻϿ ϺϹ ϼ  ϴϸϴ  ϶ ϶ ϻϸ  ϼ 

϶ Ͽϴ Ϲ , Ϲ Ͽϼ ϼ  Ϲ Ϲ ϴ ϴ ϶ Ϲ 250-300℃. ϣ Ϸϴ ϼ  Ϸ ϹϹ 
ϴ ϴ Ϲ ϴ Ͽ , ϴ ϴ Ͼ Ϸ  ϶ ϼϿ ϶  ϴ ϴ ϴ  ϼ 

ϴ϶ ϴ ϴ ϴ  ϴ϶Ͽ Ϲ  Ϲ Ͼ Ͽ Ͼ  ϸϹ Ͼ ϶ , Ϲ  Ͽ Ϻ . 
ϣ ϼ Ͼ Ͼϼ  ϻϴ Ͼϴ ϼ  ϶ ϼ ϴ ϴ ϴ, ϸ ϶ ϻϸϹϽ ϶ϼϹ  

϶ ϻ ϼϾϴ ϹϽ ϼ  ϿϹϾ ϼ Ϲ Ͼ Ͻ ϸ Ϸϼ, ϼ ϸϼ  ϴϻϿ ϺϹ ϼϹ ϴ Ͽϴ ϼ 
ϵ Ϲ ϶ ϸϹϿϹ ϼϹ Ϸϴϻ ϶. ϖ ϼ ϵϴϾϴ ϴ ϴ ϴ ϹϻϾ  ϶ ϻ ϴ ϴϹ  
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ϸϴ϶ϿϹ ϼϹ, Ͼ Ϲ ϺϹ  ϼ϶Ϲ ϼ Ͼ ϻ ϴ ϼ ϹϿ  Ϲ ϴ ϼ Ϲ Ͼϼ  
϶ ϹϺϸϹ ϼ  Ͼ Ͼ ϼϼ. 

 
ϡϴ ϼ ϾϹ 34  Ͼϴϻϴ  ϶ ϹϺϸϹ ϼϹ ϵϴϾϴ ϴ ϴ ϴ ϿϹ 

϶ Ϲ ϹϷ  Ͼ Ͼ Ϸ  ϻϴ Ͼϴ ϼ . 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 

Ϥϼ Ͼ 34 – ϣ ϶ ϹϺϸϹ ϼϹ ϵϴϾϴ ϴ ϴ ϴ ϿϹ ϶ Ϲ ϹϷ  Ϟϛ 
 

9.3    ,   
      

 
Ϧ ϴ ϴ , ϾϴϾ ϴ϶ϼϿ , ϵ ϸ ϶ϴ  ϴϸϼ ϼ ϼ ϼ Ϲ ϴ ϼ 

ϿϹϾ ϻϴ ϼ : ϸϼ Ϲ Ϲ ϼϴϿ Ͻ, Ͼ ϶ Ͻ,  ϻϴ Ͼϴ ϼϽ ϴ ϻϹ Ͽ , ϴ ϴϾϺϹ 
ϹϿϹ ϕ Ϸ Ͽ ϴ ϼ ϹϿϹ ϵ Ϸ  ϶ ϻ ϴ ϴ ϼ  ϸϴ϶ϿϹ ϼ . 
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9.3.1   
 
ϛϴ ϼ Ϲ Ϸϴϻ ϶ Ϲ ϹϿϹ Ϲϸ ϴϻ ϴ Ϲ  ϸϿ  ϶ ϶ϿϹ ϼ  Ϲ Ͽϴϸ Ͼ, ϴ ϴϾϺϹ 

ϸϿ  ϼ ϼ ϼϻϴ ϼϼ Ͽ ϵ  ϶ ϹϺϸϹ ϼϽ, Ͼ Ϲ Ϸ  ϶ ϻ ϼϾ  ϶ ϼ 
ϴ Ͽ Ϸ  ϴ ϴ ϴ. ϛϴ ϼ Ϲ Ϸϴϻ ϶ Ϲ ϹϿϹ Ϲϸ ϴ϶ϿϹ  ϴ ϼ ϾϹ 35. 

 

 

 

 

 

 

 

 

 

 

 

 

                                      

Ϥϼ Ͼ 35 – ϤϹϿϹ ϕ Ϸ Ͽ ϴ 
 

ϘϹϽ ϶ϼϹ ϹϿϹ ϕ Ϸ Ͽ ϴ ϶ ϶ϴϹ  ϴ ,  Ͽ ϵϴ  Ϲϼ ϴ϶  
϶ ϴ Ͽ  ϴ ϴ Ϲ ϶ ϻ ϶ϴϹ  ϴϻϿ ϺϹ ϼϹ ϼϻ Ͽ ϼ Ϸ  ϴ Ϲ ϼϴϿϴ – 
϶Ϲ ϸ Ϸ  ϼϿϼ ϺϼϸϾ Ϸ  – ϼϻ-ϻϴ ϼϿ Ϸ  ϴϷ Ϲ϶ϴ ϶ ϻ Ϲ Ϲϼ ϴ϶ ϼ Ͽϼϵ  ϼϻ-ϻϴ 

϶ ϻϸϹϽ ϶ϼ  ϼϿ Ϸ  ϿϹϾ ϼ Ϲ Ͼ Ϸ  Ͽ ,  ϶ ϸϹϿϹ ϼϹ  ϻ Ͼ ϶ Ϸϴϻϴ. Ϣ ϼ 
ϴ  Ͼ ϹϿϹ (϶ ϴϿ  Ͽ ϶ϼ  ϴ Ͽ Ϲ  ϴ Ͽ )  ϴ ϵϾ , 

Ϲϸϼ Ϲ  ϴ ϴ   ϴ ϼ ϼ ϹϿ  ϵϴϾ , ϷϸϹ ϴ ϶ϿϹ  ϹϿϹ. 
ϔϾ ϼ϶ ϴ  ϴ  ϹϿϹ Ϲ ϴ ϴϾ, ϵ  ϵϹ Ϲ ϼ϶ϴ  ϶ ϵ ϸ Ϲ 

ϹϾϴ ϼϹ ϴ Ͽϴ Ϲ Ϲϻ Ͼ  ϹϿϹ – ϹϺϸ  ϶ ϸ  ϼ ϶ ϸ  ϴ Ͽϴ ϼϻ ϹϿϹ 
Ϲ  ϼϾϴϾϼ  Ϲ ϶ϼϽ ϶ ϸϹ Ͽϴ϶Ͼ ϶ (ϻϴ ϼ ϾϿ Ϲ ϼϹ  ϾϿϴ ϴ ϴ, 
ϹϷϼ ϼ ϹϷ  ϴ ϸ ϴ Ͽϴ) 

ϖϹ ϼϽ ϼ ϼϺ ϼϽ Ͽϴ϶Ͼϼ ϼϻ Ͽϼ ϶ϴ   Ͼϴ ϴ Ͽϴ,  ϻ϶ Ͽ Ϲ  
ϼϻϵϹϺϴ  Ͽ ϴϽ  ϴϵϴ ϶ϴ ϼϽ, ϶ ϻ϶ϴ  ϵ ϿϹ  ϶ ϾϹ 

ϴ Ͽϴ. 
ϤϹϿϹ ϴϵϺϹ  ϴϷ ϼ ϼ ϶ ϾϿ ϴ ϹϿ ϼ, Ϲ ϸ Ͼϴ ϼ ϼ 

Ͽ ϴϽ Ϸ  ϻϴ Ͼϴ ϼ  Ͼ ϴϾ ϶ ϼ ϿϹϸ ϹϷ  ϶ ϸϴ ϹϿϹ ϼϻ  ϼ 
ϼϿ  ϶ϼϵ ϴ ϼ . 
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ϞϴϺϸ Ͻ Ͼ ϴϾ  ϴ϶Ͽ Ϲ  ϸ϶  ϴϷ ϼ ϴ ϼ, ϴ Ͽ ϺϹ ϼ ϴϾϼ  
ϵ ϴϻ , ϵ  ϻϸϴ϶ϴ  Ϲ ϴϷ ϼ Ϲ ϿϹ Ϲ Ϲϸ ϶Ϲ  ϶ Ͼ Ϸ 

Ͼ ϴϾ ϴ. ϣ ϼ  ϴ Ͼ ϴϾ  Ϲ ϶ ϻϸϹϽ ϶  ϶ Ϲ ϼϹ ϴϷ ϼ Ϲ Ͽ , 
ϼ ϶ ϼϹ ϶ ϴ ϴ Ϲ. 

 
9.3.2    
 
ϣ Ϲϸ ϴϻ ϴ Ϲ  ϸϿ  ϼϺϹ ϼ  ϶  ϶Ϲ ϸϴ϶ϿϹ ϼ  ϶ ϿϹϸ ϶ϼϹ 

϶ Ϲ ϹϷ  Ͼ Ͼ Ϸ  ϻϴ Ͼϴ ϼ  ϼ, ϴϾϼ  ϵ ϴϻ , Ϲ Ϲ ϼ  ϼ Ͼϴ 
ϴϻ ϶ϴ ϵϴϾϴ ϼ ϹϾ Ͽϼ Ϲ Ͻ Ϲ Ͼϼ ϴ Ͽϴ, Ͼ Ϲ ϺϹ  ϴϾϺϹ 
Ͽ Ϻ ϼ  ϶ ϻϷ ϴ ϼϹ  ϶ ϿϹϸ ϶ϼϹ Ͼ Ͼ Ϸ  ϻϴ Ͼϴ ϼ . 

ϞϴϾ Ͽ Ͼ  ϸϴ϶ϿϹ ϼϹ ϶ ϵϴϾϹ ϸ ϼϷϴϹ  ϹϸϹϿϹ Ϸ  ϻ ϴ Ϲ ϼ , ϾϿϴ ϴ  
Ͼ ϶ϴϹ , ϼ ϸϴ϶ϿϹ ϼϹ ϶ ϵϴϾϹ ϵ ϴ ϶ϴϹ . ϖ ϵ  ϾϿϴ ϴ ϴ  ϸϴ϶ϿϹ ϼ  
Ͼ ϼ  Ϲ ϶Ͽ Ϲ , ϼ ϸ  ϼϻ Ϲ ϴ ϼ Ϲ Ͼ Ͻ ϼ ϵϴϾϴ 
ϴ ϴ ϴ ϼ ϶  ϹϷ  ϴ ϶Ͼϼ. 

ϣ ϼ ϼ  ϴϵ  ϾϿϴ ϴ ϴ ϶ϴ  ϴ ϼ϶ ϸϹϽ ϶ϼϼ ϼϿ: Ϻϼ  
ϾϿϴ ϴ ϴ ϼ ϸϴ϶ϿϹ ϼ , ϶ ϻ ϼϾϴ ϹϷ  ϶ ϵϴϾϹ. ϖ ϻϴϾ  Ͽ ϺϹ ϼϼ ϾϿϴ ϴ  
ϸϹ Ϻϼ϶ϴϹ  Ϻϼ ϴ ϼ 8. ϧ Ͽ ϼ ϹϿ  7 ϵϹ Ϲ ϼ϶ϴϹ  ϷϹ Ϲ ϼ  

ϾϿϴ ϴ ϴ. ϣ ϼ ϸ ϼϺϹ ϼϼ ϸϴ϶ϿϹ ϼ  ϶ ϵϴϾϹ ϹϸϹϿϹ Ϸ  ϻ ϴ Ϲ ϼ , ϾϿϴ ϴ  6 
Ϲ ϸ ϿϹ϶ϴϹ  ϼ϶ ϸϹϽ ϶ϼϹ Ϻϼ  8 ϼ Ͼ ϶ϴϹ . Ϡϴ Ͽ  ϼϻ ϵϴϾϴ 

Ϲ Ͽ Ϲ  ϴ Ϻ . ϣ ϿϹ ϵ ϴ ϸϴ϶ϿϹ ϼ  ϾϿϴ ϴ  ϻϴϾ ϶ϴϹ . ϖ Ϲ  
ϴϵϴ ϶ϴ ϼ  ϾϿϴ ϴ ϴ, ϼϵϿϼϻϼ ϹϿ  — 0,05 . ϡϴ ϽϾϴ ϾϿϴ ϴ ϴ ϴ ϴϵ ϹϹ 

ϸϴ϶ϿϹ ϼϹ Ͼ ϼ  Ϲ ϶Ͽ Ϲ  ϻϴ Ϲ  ϼϻ Ϲ Ϲ ϼ  ϿϹ ϴ 11, Ϲ  
϶ ϴ Ϲ ϼ  ϷϴϽϾϼ 14. ϤϹϷ Ͽϼ ϶Ͼϴ ϾϿϴ ϴ ϴ ϸ ϿϺ ϴ Ϲ ϶Ͽ  ϶ Ͽ ϶ϼ  
ϻϴ϶ ϸϴ-ϼϻϷ ϶ϼ ϹϿ . ϡϹϸ ϴ Ͼ Ͼ Ͼ ϼϼ Ϲϸ ϴ ϼ ϹϿ Ϸ  ϾϿϴ ϴ ϴ — 

Ϲ ϴϸϹϺ  Ͽ Ϲ ϼ . ϖ Ϲϻ Ͽ ϴ Ϲ ϹϻϾ Ϸ  ϶ ϵ ϴ ϴ Ͽϴ ϼ 
ϴϵϴ ϶ϴ ϼϼ ϾϿϴ ϴ ϴ, ϴ ϺϹ ϴ 7 ϺϹ  Ϲ ϼ , , ϻϴ ϴ  ϼ϶ ϸϼ  Ͼ 

ϸ  ϼϻ ϴ ϴ ϴ ϴ ϼ ϴ Ͽϴ. ϧ Ͻ ϶  ϵ ϴ ϸϴ϶ϿϹ ϼ  
Ϲϸ ϴ϶ϿϹ  ϴ ϼ ϾϹ 36. 
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Ϥϼ Ͼ 36 - ϧ Ͻ ϶  ϵ ϴ ϸϴ϶ϿϹ ϼ : 
1 — Ͼ ; 2 — Ͼ; 3 — ϷϴϽϾϴ ϼϾ ϴ ϼϼ; 4 — ϷϴϽϾϴ-Ͼ Ͽ ϴϾ; 5 — ϾϿϴϸϾϴ; 
6 — ϾϿϴ ϴ ; 7— ϴ ϺϹ ϴ; 8 — Ϻϼ ϴ; 9, 10 — Ͼ ϹϽ ; 11 — ϶ ϿϾϴ; 12 

— ϴϷ; 13 — ; 14 — ϶ϼ  ϹϷ Ͽϼ ϶Ͼϼ ϸϴ϶ϿϹ ϼ ; 15 — ϶ϼ  ϼϾ ϴ ϼϼ; 16 
— Ͼ ϷϴϽϾϴ; 17 — ϴ ϼϻϴ ϼ ϴ  Ϻϼ ϴ; 18 — Ͼ Ϻ ; 19 — Ͽϴ Ϲ ; 20 

— Ͽϴ ϼ ϴ ϸϿ  ϼϾ ϴ ϼϼ Ͼ Ͼϼ ϾϿϴ ϴ ϴ. 
 
9.3.3    
 
ϘϿ  ϿϼϾ϶ϼϸϴ ϼϼ ϶ ϻϷ ϴ ϼ  ϴ ϴ ϴ ϼ Ϲ  ϼ Ϲ  ϴ϶-

ϴ ϼ Ϲ Ͼ Ϸ  Ϻϴ Ϲ ϼ  (Ϥϼ Ͼ 37,38). 
ϖ Ͼϴ Ϲ ϶Ϲ Ϸ Ϲ ϴ ϹϷ  ϶Ϲ Ϲ ϶ϴ ϼ ϴ ϴ Ͽё ϴ  ϶ ϸϴ, ϾϴϾ 

ϴϼϵ ϿϹϹ Ͼ ϼ Ϲ ϼ ϸ Ϲ Ϲϸ ϶ . ϖ Ͼϴ Ϲ ϶Ϲ ϴ϶ ϴ ϼ Ϲ Ͼ Ͻ 
ϴ ϶Ͼϼ Ϻϴ Ϲ ϼ  ϼ Ϲ Ϲ  ϼ Ϲ ϴ ϸ Ϲ Ϲ Ϸ  ϶ ϸ Ϸ  

Ϻϴ Ϲ ϼ . ϛϴ Ͼ Ͼ Ͻ Ϲ ϶Ͽ Ϲ   ϸ ϶  ϼϻ϶Ϲ ϴ ϹϿϹϽ. 
ϥϼ Ϲ ϴ ϸ Ϲ Ϲ Ϸ  Ϻϴ Ϲ ϼ  ϶ Ͽ Ϲ  ϶ Ϲ   ϶ Ϲ ϼ  

ϼ϶ Ϻϴ  ϶ ϸ ϶ ϸ . ϥϼϷ ϴϿ  ϴϵϴ ϶ϴ ϼϼ ϼ Ϲ  ϔϧϣϦ 
Ϲ ϶Ͽ Ϲ   ϼ Ϲ  Ϻϴ Ͻ ϼϷ ϴϿϼϻϴ ϼϼ. Ϝ ϼϾ  

϶ ϸ ϴϵϺϹ ϼ  ϶ ϴ ϶ϾϹ Ϻϴ Ϲ ϼ  Ϲϸ Ϲ ϴ 
ϴ϶ ϴ ϼϻϼ ϶ϴ ϴ  ϴ ϴ  ϴ ϼ . 
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  Ϥϼ Ͼ 37 - ϥ Ϲ ϴ ϼ Ϲ  ϶ ϸ Ϸ  Ϻϴ Ϲ ϼ  ϴ ϴ ϶. 
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Ϥϼ Ͼ 38 – ϥϼ Ϲ ϴ ϶ ϸ Ϸ  Ϻϴ Ϲ ϼ  ϴ ϴ ϴ ϶ ϴϵ Ϲ 
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9.3.4       
– «Sergi» 

 
ϥϜϥϦϙϠϔ TRANSFORMER PROTECTOR – ϴ ϼ϶ ϴ  Ϲ ϴ ϼ Ϲ Ͼϴ  

ϼ Ϲ ϴ, Ͼ ϴ  ϶ϾϿ ϴϹ  ϼ ϸ ϼϺϹ ϼϼ ϹϸϹϿϹ Ϸ  ϶ Ϲ ϹϷ  
ϸϴ϶ϿϹ ϼ  ϶ ϵϴϾϹ ϴ ϴ ϴ ϼ Ͼ Ͼ  ϻϴ Ͼϴ ϼϼ. TRANSFORMER 
PROTECTOR (TP) ϻ϶ Ͽ Ϲ :  

· ϵ ϼ  ϸϴ϶ϿϹ ϼϹ ϶ ϵϴϾϴ  ϻϴ Ϲ Ͼ Ͽ Ͼ  ϼϿϿϼ ϹϾ ϸ; 
· Ϲϸ ϶ ϴ ϼ  Ͼ ϴϾ  ϶ ϻϸ ϴ (Ͼϼ Ͽ ϸϴ)  ϸϴϿϹ ϼ 

϶ϻ ϶ ϴ ϼ Ϸϴϻϴ ϼ; 
· ϸϹϿϼ  Ϸϴϻ   ϴ Ͽϴ; 
· ϶ ϶Ϲ ϼ Ϸϴϻ  ϼϻ ϴ ϴ ϴ ϴ ϸϴϿϹ Ϲ Ϲ  ϸϿ  ϵϹϻ ϴ Ϸ  

϶ Ͽ ϴ; 
· ϴ ϼ  Ϸ ϼϹ Ϸϴϻ  Ϲ  ϻϴϾϴ ϼ϶ϴ ϼ  ϴϻ ϴ; 
· ϵ  ϵϹ Ϲ ϼ  ϶ ϻ Ϻ  ϵϹϻ ϴ Ϸ  ϶ϹϸϹ ϼ  Ϲ  

ϴϵ  ϴ ϴ ϴ Ϲ ϿϹ ϴ϶ϴ ϼϼ. 
Ϣ ϶ Ϲ ϿϹ Ϲ  ϼ Ϲ : 
Ϡ ϸ Ͽ  ϵ ϴ ϼϻϵ Ϸ  ϸϴ϶ϿϹ ϼ  ( ϸ Ͽ  ϸϹ Ϲ ϼϻϴ ϼϼ) – 

϶ϾϿ ϴϹ  ϶ Ϲϵ  ϴϻ ϶ Ͻ ϸϼ Ͼ, Ϲ ϶Ͽ ϼϽ ϼ Ϲ ϵ ϸϼ ϼ ϵ  
ϼϻϵ Ϸ  ϸϴ϶ϿϹ ϼ  ϶ ϵϴϾϹ ϴ ϴ ϴ ϶ Ϲ Ϲ ϼϹ Ϲ Ͼ Ͽ Ͼϼ  

ϼϿϿϼ ϹϾ ϸ ϼ ϸϹϾ Ϲ ϼ  Ͼϴ Ϲ  ϵϹ Ϲ ϼ϶ϴ  
϶ Ͼ Ͼ  ϸϹ Ϲ ϼϻϴ ϼ . 

Ϡ ϸ Ͽ  ϴ Ϲ ϼ  ϶ϻ ϶ ϴ  Ϸϴϻ ϶ – Ϲϸ ϴϻ ϴ Ϲ  ϸϿ  ϻϸϴ ϼ  
ϵϹϻ ϴ Ͻ Ϲϸ  ϶ ϼ ϵϴϾϴ ϴ ϴ ϴ ϿϹ ϻϴ϶Ϲ Ϲ ϼ  ϵ ϴ 
ϼϻϵ Ϸ  ϸϴ϶ϿϹ ϼ  Ϲ  ϶ Ͼϴ ϴϻ ϴ ϶ ϵϴϾ ϴ ϴ ϴ ϼϻ ϵϴϿϿ ϴ  
ϴϻ , ϴ ϶ϿϹ Ϸ  ϶ Ͼϴ  SERGI. 

Ϡ ϸ Ͽ  ϸϹϿϹ ϼ  ϴ Ͽϴ ϼ Ϸϴϻ ϶ - Ϲ ϶Ͽ Ϲ  ϼϹ  ϶ ϵ ϴ ϶ϴϹ Ͻ ϼϻ 
ϴ ϴ ϴ Ϲ ϼ ϴ Ͽϴ ϼ Ϸϴϻ ϶ Ϲ Ϲϻ ϸ Ͽ  ϸϹ Ϲ ϼϻϴ ϼϼ ϶ 
Ϲ ϼϴϿ Ͻ ϵϴϾ ϸϹϿϹ ϼ  ϴ Ͽϴ ϼ Ϸϴϻ ϶ (ϕϢϠϗ). 

Ϡϴ Ͽ  ϴϹ  ϶ ϵϴϾϹ, ϴ Ϸϴϻ  ϶ ϶ ϸ  ϴ Ϻ  ϶ ϵϹϻ ϴ Ϲ Ϲ  Ϲ Ϲϻ 
ϾϿϴ ϴ , Ϲ ϶ ϼϽ ϸ  ϶ ϻϸ ϴ ϼϻ϶ Ϲ ϶ ϕϢϠϗ. ϧ ϴ Ϲ ϼϹ Ϸ ϼ  
Ϸϴϻ ϶ Ϲ ϶Ͽ Ϲ  ϸϴ ϹϽ ϴϻ ϴ ϸ ϶ Ϲ Ϲ  ϶ ϵϴϾ ϸϹϿϹ ϼ  ϴ Ͽϴ ϼ 
Ϸϴϻ ϶ ϼ ϴ ϴ . 

ϡϴ Ͼ Ͼϴ  ϴ ϴ ϶ ϴ ϴ϶Ͽϼ϶ϴ  ϸϴ ϼϾϼ Ϻϴ ϴ, 
Ϲϸ ϴϻ ϴ Ϲ Ϲ ϸϿ  ϻϴ Ͼϴ ϶ Ͼϴ ϴϻ ϴ ϶ ϹϺϼ Ϲ Ϲϸ ϶ ϴ Ϲ ϼ  Ϻϴ ϴ 
ϴ ϴ ϴ. 

ϣ ϼ Ͼ.ϻ. ϶ ϼ ϵϴϾϴ ϴ ϴ ϴ ϼϻ-ϻϴ ϶ϹϿϼ Ϲ ϼ  ϸϴ϶ϿϹ ϼ  ϶ ϵϴϾϹ 
ϴϵϴ ϶ϴϹ  ϴϻ ϶ Ͻ ϸϼ Ͼ, ϵϹ Ϲ ϼ϶ϴ ϼϽ ϶ Ͼ Ͼ  

ϸϹ Ϲ ϼϻϴ ϼ  ( ϼϺϹ ϼϹ ϼϻϵ Ϸ  ϸϴ϶ϿϹ ϼ  ϶ Ϲ Ϲ ϼϹ Ϲ Ͼ Ͽ Ͼϼ  
ϼϿϿϼ ϹϾ ϸ) ϼ ϸϴ  Ϸϴϻ ϴ ϿϹ Ͻ Ϲ ϼ ϶ ϵϴϾ ϸϹϿϹ ϼ  ϴ Ͽϴ ϼ Ϸϴϻ ϶. 

ϣ ϿϹϸ ϼϽ ϶ Ͼ ϴϻ ϴ ϸϿ  Ϲϸ ϶ ϴ Ϲ ϼ  ϶ϻ ϶ϴ ϼϿϼ Ϻϴ ϴ 
Ϲ ϶Ͽ Ϲ  ϼ ϴϿϼ ϼϼ ϸ϶  Ϲϻϴ϶ϼ ϼ  ϼϷ ϴϿ ϶: ϸ Ϸ  –  

ϴϻ ϶ Ϸ  ϸϼ Ͼϴ ϼϿϼ  ϸϴ ϼϾ ϶ Ϻϴ ϴ, ϸ Ϸ Ϸ  –  ϻϴ ϼ  ϴ ϴ ϴ 
(ϸϼ ϻϴ ϼ  ϼϿϼ 2-Ͻ Ϲ ϼ Ϸϴϻ ϶ Ͻ ϻϴ ϼ ). 
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ϣ ϼ ϴϿϼ ϼϼ Ͽ Ͼ  ϸ Ϸ  ϼϷ ϴϿϴ ϼ Ϲ  (  ϴϻ ϶ Ϸ  ϸϼ Ͼϴ, 
ϸϴ ϼϾ ϶ Ϻϴ ϴ ϼϿϼ ϻϴ ϼ  ϴ ϴ ϴ) Ͽ  ϴ϶ϿϹ ϼ  Ϲ Ϲϻ 30 ϼ  
ϵϿ Ͼϼ Ϲ  ϸϿ  Ϲϸ ϶ ϴ Ϲ ϼ  ϶ Ͼϴ ϴϻ ϴ ϶ ϵϴϾ ϴ ϴ ϴ. 

ϥ Ϲ ϴ ϴ ϶Ͼϼ ϼ Ϲ  SERGI Ϲϸ ϴ϶ϿϹ ϴ ϴ ϼ ϾϹ 39. 
 

 
Ϥϼ Ͼ 39 - ϥ Ϲ ϴ ϴ ϶Ͼϼ ϼ Ϲ  SERGI 

 
9.3.4.1     
 
ϡϹϸ ϴ Ͼϼ ϼ Ϲ  SERGI: 
1.    ϖ Ͼϴ  ϼ  ϼ ϵ Ϲ Ϲ ϼ  ϼ ϴ ϶Ͼϼ ϼ Ϲ . 
2. ϣ ϿϹ ϶϶ ϸϴ ϶ Ͼ Ͽ ϴ ϴ ϼ  ϼ Ϲ  ϦϤ SERGI ϶ ϻ ϼϾϴϹ  

Ϲ ϵ ϸϼ  ϶ ϹϺϹϷ ϸ  Ϲ ϼ Ϲ Ͼ  ϵ Ͽ Ϻϼ϶ϴ ϼϼ, Ϲ ϼ ϸϼ Ϲ Ͼϼ  
ϼ ϴ ϼ  ϼ ϶ Ͽ Ϲ ϼ  ϹϷ Ͽ Ͻ ϻϴ Ϲ  ϿϹ Ϲ ϶ ϦϤ ϶ ϶Ϲ ϶ϼϹ  
ϼ Ͼ ϼϹϽ ( Ϲϵ ϶ϴ ϼ ϼ) SERGI France: 

· ϛϴ Ϲ ϴ ϿϹϾ ϼ Ϲ Ͼϼ  ϴϾ ϼ϶ϴ ϶ ϼ ϴ ϴ ϾϴϺϸ Ϲ 2 Ϸ ϸϴ; 
· ϞϿϴ ϴ  ϴ ϼ ϼ ϹϿ Ϸ  ϵϴϾϴ ϾϴϺϸ Ϲ 5 ϿϹ ; 
· Ϥϴϻ ϶ Ͻ ϸϼ Ͼ ϾϴϺϸ Ϲ 10 ϿϹ ; 
· ϔ ϼϻϴ  ϸϴ ϶ ϾϴϺϸ Ϲ 10 ϿϹ ; 
Ϙ ϼ ϶ϴ ϼ Ϲ  SERGI: 
1.   ϛ ϴ ϼ ϹϿ ϴ  ϼ ϴ ϶ϴ  ϶ Ϸ ϸϴ  ϼ Ϲ Ϲ ϼ  ϼ Ϲ . 
2. ϖ ϻ Ϻ  ϴ ϶Ͼϼ ϼ Ϲ  SERGI ϴ ϴ ϴ  ϵϹϻ 

ϻ ϴ ϼ ϹϿ Ͻ ϸϹ ϼϻϴ ϼϼ ϵϴϾϴ. 
3. ϣ ϻ϶ Ͽ Ϲ  Ϲ ϸ ϼ  ϶ ϹϺϸϹ ϼϽ ϴ ϴ ϶ ϼ ϹϺ Ϸ  

ϵ ϸ ϶ϴ ϼ  ϶ ϿϹϸ ϶ϼϹ Ϻϴ ϶. 
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4. ϣ ϻ϶ Ͽ Ϲ  Ϲ ϸ ϼ  ϻϴϷ ϻ Ϲ ϼ  Ͼ Ϻϴ ϹϽ Ϲϸ  ϻϴ Ϲ  
Ͽ ϾϴϿϼϻϴ ϼϼ Ͽϼ϶ϴ ϴ Ͽϴ. 

5.  ϥϼ Ϲ ϴ ϵ ϴ ϹϾ ϼ϶  ϴϵ ϴ  ϾϴϾ ϶ ϴ Ϲ ϶ Ϲ ϻ  
ϼ – 40°, ϴϾ ϼ ϼ ϻ Ͻ Ͻ Ϻϴ Ϲ + 50° 

 
9.3.4.2     
 
3 ϴ  2013 ϶ 19.08  Ϲ  ϶ Ϲ Ϲ ϼ, ϼϻ Ͽ  ϴ϶ϴ ϼϽ Ϲ 

ϾϿ Ϲ ϼϹ ϵ Ϲϸϼ Ϲ Ϸ  ϵϿ Ͼϴ ϕ1 ϸϹϽ ϶ϼϹ  ϸϼ Ϲ Ϲ ϼϴϿ Ͻ ϻϴ ϼ  
(ϘϛϦ) ϴ ϴ ϴ Ϧ2. ϥ ϴϵϴ ϶ϴ ϼϹ ϘϛϦ ϼ ϴϻ ϶ Ϸ  ϸϼ Ͼϴ 
ϻϴϸϹϽ ϶ ϶ϴϿ  ϴϵϴ ϶ϴ ϼϹ ϼ Ϲ  ϼ϶ ϶ϻ ϶ ϶ ϼ Ϻϴ ϶ 
«TRANSFORMER PROTECTOR» ϼ ϴ «ϠϦϤ» (Ͼ ϴ ϼ  SERGI 
FRANCE). ϥ ϼϺϹ ϼϹ ϴϷ ϻϾϼ ϴ϶ϼϿ   360Ϡϖ  ϸ  200 Ϡϖ . Ϙ  Ϲ ϴ 
϶ ϻ ϼϾ ϶Ϲ ϼ  ϴ϶ϴ ϼϼ, ϴ ϴ  Ϧ2 ϴϵ ϴϿ ϶ ϶Ϲ ϶ϼϼ  
ϸϹϽ ϶ ϼ  ϡϦϘ ϤϨ  ϸϼ Ϲ Ϲ Ͼ  Ϸ ϴ ϼϾ  ϴϷ ϻϾϼ. ϖ 19.13 ϼ 

Ϲ ϴ ϴ ϴ Ϧ2 ϻϴϸ ϿϹ ϼ  ϼ ϿϹϸ ϶ Ϻϴ ϴ Ϲ ϵ ϴ ϺϹ . 
ϖ ϶ϿϹ : ϴϵ ϴ ϴϻ ϶ Ϸ  ϸϼ Ͼϴ; ϶ ϵ  ϴ Ͽϴ ϶ ϕϢϠϗ; ϴϵ ϴ ϼ Ϲ  
SERGI; ϸϴ ϴ ϴϻ ϴ ϶ ϵϴϾ ϴ ϴ ϴ; ϴϵ ϴ Ϲϸ ϴ ϼ ϹϿ Ϸ  
ϾϿϴ ϴ ϴ (϶ ϵ  ϴ Ͽϴ). ϖ 20 .23 . ϴ ϴ  ϷϹ Ϲ ϴ ϼ  ϴ ϼϼ ϴ϶ϼϿϴ 
360 Ϡϖ .  

Ϣ Ϲ ϴϹ  Ͽ Ϻϼ ϹϿ Ͻ Ϲϻ Ͽ ϴ  ϴϵϴ ϶ϴ ϼ  ϼ Ϲ  SERGI 
TRANSFORMER PROTECTOR ϼ ϴ «ϠϦϤ»,  ϵ  ϸϴ϶ϿϹ ϼ  ϼ 

ϿϹϸ ϹϽ ϸϴ ϹϽ ϴϻ ϴ ϶ ϵϴϾ ϴ ϴ ϴ. 
ϤϹϻ Ͽ ϴ : ϖ ϶ϿϹ  ϶ ϸϹ ϴ ϿϹϸ ϶ϴ ϼ  ϴ Ϲ ϼϽ Ϲϵ ϶ϴ ϼϽ 

ϴ ϼ϶  ϴ϶ ϶  ϴϾ ϶ ϶ ϵϿϴ ϼ ϿϹϾ Ϲ ϷϹ ϼϾϼ, ϶  ϼ ϿϹ 
ϴ ϶ϿϹ   ϼ ϴ϶ϼϿ Ͼ Ͽ ϴ ϴ ϼϼ ϵ ϹϾ ϶ ϿϹϾ Ϲ ϷϹ ϼϾϼ ϼ 

Ϲ Ϸ ϼ ϼ ϴ ϼ  ϴ ϶ Ͼ, ϴ ϴϾϺϹ Ϲ ϼ Ϲ Ͼϼ  ϹϷϿϴ Ϲ ϶ Ϲ . 
ϣ Ϲϸ Ͽ Ϻϼ ϹϿ Ͻ ϼ ϼ Ͻ ϶ ϻ ϼϾ ϶Ϲ ϼ  ϴ϶ϴ ϼϽ Ϸ  ϾϿ Ϲ ϼ  
ϵ Ϲϸϼ Ϲ Ϸ  ϵϿ Ͼϴ ϕ1 ϶ϼϿ  ϶ϼ Ͼ ϶ Ϲ ϻϴ Ͼϴ ϼϹ ϶ Ϲ ϹϽ ϴ ϼ 

϶Ϲ ϹϽ Ͼϴ Ͼϼ ϵ Ͼϼ ϖϡ  ϿϹϸ ϼ  Ϸϴϻ ϶ ϸϹϿϹ ϼϹ  ϼ 
ϼ ϶ϴ ϼϹ  ϴ ϼ Ͼϴ Ͼϼ ϸ Ϸ ϶  ϴϻ ϸ  ϾϴϾ  ϶ Ϲ ϹϽ Ϲ 

Ͼϴ Ͼϼ, ϴϾ ϼ  ϵϿϼϺϴϽ Ϲ  Ͼ ϹϽ Ͽ  ϴ Ͽ ϵϴ Ϲ Ͻ ϼϻ Ͽ ϼϼ. 
Ϭ ϼ ϶ϴ ϼϹ Ͼϴ Ͼϼ ϼ϶ϹϿ  Ͼ ϶ ϻ ϼϾ ϶Ϲ ϼ   Ͼϴ Ͼ Ͼ Ϸ  ϻϴ Ͼϴ ϼ  

ϹϺϸ  Ͽϼ ϹϽ  ϶ ϸ  ϴ ϻ  ϹϽ ϴϿϼ ϸϴ Ͻ ϴϻ . Ϧ ϴ ϴ  Ϧ2 
Ͼ Ͽ ϴ ϼ Ϲ   05.11.2012, ϴ ϶ϿϹ Ͻ ϻϴ϶ ϸ -ϼϻϷ ϶ϼ ϹϿϹ  Ͼ 
Ͽ Ϻϵ  Ϲ Ϲ ϹϹ 30 ϿϹ . 
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9.4    
 
ϦϹ ϴ ϶ ϹϺϸϹ ϼϽ ϴ ϴ ϶ ϼ ϵ ϶ ϻϴ ϼ  ϼ 

Ϲϸ ϹϺϸϹ ϼ  ϴ϶ϴ ϼϽ ϴ ϴ Ϸ  ϵ ϸ ϶ϴ ϼ  ϶Ͽ Ϲ  ϶ϴϺ Ͻ ϼ 
ϴϾ ϴϿ Ͻ ϸϿ  ϶ Ϲ  Ϲ Ϸ Ϲϸ ϼ ϼϽ Ϥ ϼϼ. 

ϖ ϸϹ Ϲ .϶ ϴ ϵ Ͽϼ ϴ Ϲ  ϶ϼϸ , ϼ ϼ  ϶ ϹϺϸϹ ϼ  
ϼϿ ϶  ϴ ϴ ϶, ϴ ϴϾϺϹ ϴϸϼ ϼ Ϲ ϼ ϶ Ϲ Ϲ Ϲ ϼ Ϲ  

϶ ϶ϿϹ ϼ , Ϲϸ ϹϺϸϹ ϼ  ϼ ϿϼϾ϶ϼϸϴ ϼϼ ϴ϶ϴ ϼϽ  ϹϺϼ ϶ 
ϴ ϴ ϶. 

         ϥ ϼ ϴ ,  ϶ ϸ Ͽ Ϲ ϼϹ Ͼ ϴϸϼ ϼ  Ϲ Ͽ Ϸϼ Ϲ Ͼϼ  
ϻϴ ϼ ϴ  ϴ ϴ ϶ ϴ ϶Ͼϴ ϶ Ϲ Ϲ Ͻ ϼ Ϲ  Ϲϸ ϹϺϸϹ ϼ  
϶ϻ ϶ ϶ ϼ Ϻϴ ϶ ϴ ϴ ϶ «SERGI» ϴ ϵ ϸ ϶ϴ ϼϼ 
ϿϹϾ ϴ ϼϽ ϼ ϸ ϴ ϼϽ Ͼ ϴϽ Ϲ Ϲ ϵ ϸϼ ϴ. ϡϹ  ϴ ϶ Ͼ  

ϼ  ϼ ϻϴ ϴ  ϴ Ϲ ϼ Ϲ Ͼ Ϲ ϵ Ͽ Ϻϼ϶ϴ ϼ  ϸϴ ϴ  ϼ Ϲ ϴ ϻ϶ Ͽ Ϲ  
Ϲϸ Ϲϸϼ  ϶ϻ ϶  ϼ Ϻϴ  ϴ ϴ ϶, ϴ ϴϾϺϹ ϼ ϼ ϼϻϼ ϶ϴ  
ϿϹϸ ϶ϼ  ϴ϶ϴ ϼϽ ϴ ϴ ϶. ϥϼ Ϲ ϴ «SERGI» ϻ϶ Ͽ Ϲ  ϴ ϼ  

ϹϿ  ϵ ϸ ϶ϴ ϼϹ, ϵϹϻ ϴ  Ϲ ϴϿϴ Ϲ Ϸ ϵ ϹϾ ϴ, ϴ ϴϾϺϹ Ϲ 
ϸ ϾϴϹ  ϻϴϷ ϻ Ϲ ϼ  Ͼ Ϻϴ ϹϽ Ϲϸ  ϶ Ͽ ϴϹ ϴ϶ϴ ϼϽ ϼ Ϲ ϴϿ  
ϹϺϼ ϶ ϴ ϴ Ϸ  ϵ ϸ ϶ϴ ϼ . 
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ϖ ϸϹ ϵϴϾϴϿϴ϶ Ͼ Ͻ ϴϵ  ϵ Ͽϼ ϹϸϹϿϹ  ϶ Ϲ ϿϹ Ϲ  ϼ 
ϴ ϴ Ϲ  Ϟ Ͼ Ϸ  Ϸϼϸ ϻϿϴ ϶ Ͻ 22  ϴ ϹϾϹ Ϟ ϴ, ϶Ͽ ϼ  

ϺϹ ϼϹ  II  ϾϿϴ ϴ, ϼ ϸ  ϼϻ Ϲё ϶ , ϼϴϿ - Ͼ ϼ Ϲ Ͼ Ͻ 
϶Ϲ ϶Ϲ ϼ ϼ ϿϹϸ ϶ϼ  ϶ ϻ Ϻ  Ϸϼϸ ϸϼ ϴ ϼ Ϲ Ͼϼ  ϴ϶ϴ ϼϽ. 

ϖ Ϲ ϶  ϴ Ϲ ϴ ϶Ϲ Ϸϼϸ Ͽ Ϸϼ Ϲ Ͼϼ  ϸϴ  ϵ Ͽϼ ϹϸϹϿϹ  
ϻ ϴ Ϲ ϼ  ϴϾ ϼ ϴϿ  ϴ Ϲ  ϴ ϸ ϶ ϸϿ  ϶ Ϸ  ϴ Ϲ Ϸ  Ͽ ϴ  

ϵϹ Ϲ Ϲ  (P=1%)738 3/ ϼ ϴϾ ϼ ϴϿ Ͻ ϴ ϸ ϼ ϶Ϲ  
ϴ ё  Ͽ ϴϹ 912 3/  (P = 0,1%). 

ϖ ϸϹ ϶ ϸ - Ϲ ϷϹ ϼ Ϲ Ͼϼ  ϴ Ϲ ϶ ϴ ϶Ϲ ϼ ϸ  ϸϴ   
Ϲ Ϸ ϼ Ϲ Ϲ ϼ Ϸϼϸ Ͽ Ϸϼϼ ϵ Ͽϴ ϶ ϵ ϴ ϴ ϴ ϶ϿϹ ϴ   Ϟ Ͼ Ͻ 

ϗϱϥ, ϴ ϴϾϺϹ ϹϸϹϿϹ ϴ ϻ ϴ Ϲё ϴϵ  ϶  Ϸ ϴ ϼϾϴ  ϴϷ ϻϾϼ ϸϿ  
ϻϼ  ϼ ϿϹ ϴ. ϧ ϴ ϶ϿϹ ϴ   ϴ϶ϼϿϴ N  = 106 Ϡϖ . Ϣ ϹϸϹϿϹ  

϶Ϲ  Ϲ ϶ Ϸ  ϵ Ϲ ϴ, Ϲ Ͼϴ Ͼ Ϸ  ϴ϶ ϴ 105,81 . ϣ ϿϹϻ Ͻ ϵ Ϲ  
ϼ ϸϴ  Ϲ Ͼϴ  ϡϣϧ 109 ϼ ϧϠϢ ϴ϶Ͽ Ϲ  1,31 Ͼ 3. ϣ ϼϻ϶ϹϸϹ ϴ Ϲ Ͼϴ 
Ϲϸ Ϲ Ϸ ϿϹ ϹϽ ϶ ϴϵ Ͼϼ ϿϹϾ Ϲ Ϸϼϼ, Ͼ ϴ  ϴ϶Ͽ Ϲ  412,5 Ͽ  

Ͼϖ · . 
ϘϴϿϹϹ ϵ Ͽ  ϹϸϹϿϹ  ϼ ϴϿ Ϲ ϼ Ͽ  ϼ ϼ  Ϸϼϸ ϴϷ ϹϷϴ ϶ 

ϿϹϾ ϴ ϼϼ. ϘϿ  Ϸ  ϵ Ͽϴ Ϲ ϴ ϵϿϴ  ϸ ϼ  ϹϺϼ ϶ 
ϴϵ  ( ϹϺϼ Ϲ ϿϹ  ϴ  ϼ ϴ ϸ ), ϴ Ͼ Ͻ ϹϸϹϿϹ  
ϿϹϸ ϼϹ ϴ : 

 H = ,  ; 
 H ϴ = ,  ; 
 H = ,  ; 
ϣ  ϸϴ  ϴ ϴ  ϵ Ͽ  ϸ ϵ ϴ  ϶ Ϲ ϼ ϶ Ϸϴ ϹϿ Ϲ 

ϵ ϸ ϶ϴ ϼϹ: 
 ϼ  ϵϼ  ϣϟ50-ϖ-375; 
 ϼ  ϷϹ Ϲ ϴ ϴ ϥϖ-595/100-30ϧϩϟ5; 
 Ͼ Ͽϼ Ϲ ϶  ϴϷ ϹϷϴ ϶ 4 . 
ϡϴ Ϲ ϶Ϲ  ϴ Ϲ ϵ Ͽϴ ϹϸϹϿϹ ϴ ϼ ϼ ϴ ϶ ϸ Ͽϼ϶ Ϸ  ϴ, 

Ͼ ϴ  ϴ϶ϼϿϴ 8  (2 ϿϹ ϴ  4 ), ϸϴϿϹϹ ϵ Ͽϴ ϹϸϹϿϹ ϴ Ϲ Ͼϴ 
Ϸ Ϲϵ  ϶ ϸ Ͽϼ϶ϴ ∇  = 98 .  

ϡϴ  ϴ Ϲ ϵ Ͽϼ ϹϸϹϿϹ  ϺϹ ϼ ,Ͼ Ϲ ϶ ϸ  ϶ ϴ϶ 
Ϟ Ͼ Ϸ  Ϸϼϸ ϻϿϴ: 

 ϵϹ ϴ  ϶ ϸ Ͽϼ϶ ϴ  Ͽ ϼ ϴ, Ϸ ϴ϶ϼ ϴ ϼ ϴ   

 ϵϹ ϴ  ϴ ϼ ϴ  ϴ ; 

 Ϸ ϴ϶ϼ ϴ ϼ ϴ  ϵϹ ϴ  ϴ϶ ϵϹ ϹϺ ϴ  ϼ ϿϹ϶ ϵϹ ϹϺ ϴ  ϷϿ ϼϹ 
ϴ ϼ. 

 ϻϸϴ ϼϹ ϗϱϥ ϸϹ ϼ϶ϴ ϼ Ϸ  ϼ ϴ  
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Ϝ ϸ  ϼϻ Ϲ Ϸ  ϴ ϴ Ϻ  ϸϹϿϴ  ϶ ϶ ϸ   Ͼϼ 
Ͼ ϼ Ϲ Ͼ Ͻ ϹϿϹ ϵ ϴϻ ϼ ϼ ϹϿ ϶  Ϟ Ͼ Ͻ ϗϱϥ ϵ ϸϹ  ϶ Ϸ ϸ  ϼ 
ϵ ϶ϴ . Ϙϴ Ͻ ϶ ϶ ϸ ϺϹ  ϵ  ϸϹϿϴ  ϴ ϶Ϲ ϿϹϸ ϼ  ϴ Ϲ  

Ͼϴϻϴ ϹϿϹϽ ϹϾ ϼ϶ ϼ ϹϾ ϴ: 

 Ϝ ϸϹϾ  ϼϵ Ͽ ϼ 1,22; 
 ϸϹϿ Ϲ Ͼϴ ϼ ϴϿ ϶Ͽ ϺϹ ϼ  69891,93 ϵ./Ͼϖ ;  
 ϹϵϹ ϼ  Ϲ Ϸϼϼ 0,39 ϵ./Ͼϖ · ; 
 Ͼ Ͼ ϴϹ ϼ 10 ϿϹ  3 Ϲ Ϲ϶. 
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ϦϴϵϿϼ ϴ ϔ.1- Ϥϴ Ϲ Ͻ Ϸϼϸ Ͽ Ϸϼ Ϲ ϾϼϽ ϸ ϴϵϿ ϸϹ ϼϽ  1946 – 1995 ϷϷ. 

№Ϸ ϸϴ Ϸ ϸ  I II  III  IV V VI  VII VIII IX X XI  XII Q .Ϸ ϸ 
1 1946 44 40 40 175 302 273 155 88 93 101 103 58 123 
2 1947 45 40 35 171 389 284 164 86 98 163 105 82 139 
3 1948 68 61 52 229 558 313 211 135 122 152 116 83 175 
4 1949 64 56 50 198 536 361 213 142 129 182 138 120 182 
5 1950 66 54 50 183 528 348 223 147 134 187 130 119 181 
6 1951 60 54 55 202 466 307 183 161 128 170 141 89 168 
7 1952 73 68 60 210 296 288 165 85 97 135 133 98 142 
8 1953 48 44 43 175 277 266 153 83 79 100 99 65 119 
9 1954 40 39 40 171 189 209 122 69 48 82 113 49 98 
10 1955 45 42 42 179 189 164 134 40 65 96 94 72 97 
11 1956 37 34 33 148 196 166 151 69 72 112 97 35 96 
12 1957 53 45 39 148 178 186 142 83 81 124 96 65 103 
13 1958 46 41 39 171 296 271 153 86 89 107 97 66 122 
14 1959 73 62 56 194 281 201 163 167 113 157 137 79 140 
15 1960 79 64 59 198 585 494 249 205 186 310 195 170 233 
16 1961 63 57 50 152 522 332 221 140 129 201 127 118 176 
17 1962 72 62 53 187 530 411 214 145 134 184 116 96 184 
18 1963 67 61 55 179 536 327 218 139 139 188 128 112 179 
19 1964 53 45 40 171 454 303 179 149 142 184 149 87 163 
20 1965 62 45 39 129 543 370 236 150 128 193 117 97 176 
21 1966 61 56 53 183 534 442 206 125 136 221 132 106 188 
22 1967 45 43 38 183 330 280 174 93 98 157 104 93 137 
23 1968 54 50 47 183 335 293 140 155 122 192 123 95 149 
24 1969 37 32 33 144 277 152 125 76 33 48 59 28 87 
25 1970 42 37 36 156 144 218 124 78 61 86 116 50 96 
26 1971 39 37 38 156 307 246 106 74 89 86 109 50 111 
27 1972 42 41 39 171 184 150 141 39 63 92 96 78 95 
28 1973 82 43 43 183 189 201 148 76 67 100 104 49 107 
29 1974 78 59 57 206 467 411 215 163 171 283 207 119 203 
30 1975 64 58 56 199 442 427 204 130 133 210 127 104 180 
31 1976 57 46 43 144 378 291 156 153 94 171 116 83 144 
32 1977 44 42 42 171 200 227 102 73 84 92 102 56 103 
33 1978 55 45 39 152 189 171 152 71 68 107 87 45 98 
34 1979 39 36 34 144 161 170 142 85 76 107 76 31 92 
35 1980 45 39 41 160 310 260 146 76 94 92 92 62 118 
36 1981 59 58 55 191 533 321 210 148 113 202 138 104 178 
37 1982 65 49 48 187 540 339 225 143 133 205 131 116 182 
38 1983 65 54 50 191 499 394 207 161 126 193 131 99 181 
39 1984 74 61 57 187 542 456 259 149 153 274 168 118 208 
40 1985 68 57 56 171 205 153 148 57 70 101 74 57 101 
41 1986 63 55 51 183 164 194 112 78 64 100 98 61 102 
42 1987 42 39 36 144 290 240 108 82 88 89 79 51 107 
43 1988 51 43 41 171 567 318 225 152 120 191 130 95 175 
44 1989 46 37 38 152 286 249 125 77 104 101 98 57 114 
45 1990 50 39 39 131 151 180 103 71 67 94 85 49 88 
46 1991 46 44 41 152 322 277 138 91 101 143 109 96 130 
47 1992 61 53 52 183 410 286 170 78 91 146 103 84 143 
48 1993 60 55 46 175 339 282 146 85 101 162 107 95 138 
49 1994 59 53 50 187 324 296 144 154 126 205 141 85 152 
50 1995 44 39 37 148 394 299 172 145 127 205 134 82 152 
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Ϥϼ Ͼ ϕ.1 – ϛϼ ϼϽ Ϸ ϴ ϼϾ ϴϷ ϻϾϼ 

 

Ϥϼ Ͼ ϕ.2 – ϟϹ ϼϽ Ϸ ϴ ϼϾ ϴϷ ϻϾϼ 

  

0
200
400
600
800

1000
1200
1400
1600
1800
2000

1,
0

2,
0

3,
0

4,
0

5,
0

6,
0

7,
0

8,
0

9,
0

10
,0

11
,0

12
,0

13
,0

14
,0

15
,0

16
,0

17
,0

18
,0

19
,0

20
,0

21
,0

22
,0

23
,0

ϥ Ͻ Ϸ ϴ ϼϾ ϴϷ ϻϾϼ  27.12.2018

0

200

400

600

800

1000

1200

1400

1600

1 2 3 4 5 6 7 8 910 11 12 13 14 15 1617 18 19 20 21 22 23

ϥ Ͻ Ϸ ϴ ϼϾ ϴϷ ϻϾϼ 28.06.2018



133 
 

 

  
 

   
 

 

Ϥϼ Ͼ ϖ.1 – ϗ ϸ ϶ Ͻ Ϸ ϴ ϼϾ ϹϵϿϹ ϼ  Ϟ Ͽ Ͼ Ϸ  ϤϘϧ  ϴϾ ϼ ϴϿ  ϼ 
Ϲϸ ϼ  ϻ ϴ Ϲ ϼ  
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Ϥϼ Ͼ ϗ.1 – ϕϴϿϴ  Ϲ Ϸϼϼ
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       90% 
ϦϴϵϿϼ ϴ Ϙ.1 - ϖϱϤ ϠϴϿ ϶ ϸ Ϸ  Ϸ ϸϴ  ϵϹ Ϲ Ϲ  Ϸ ϸ ϶ Ϸ  Ͼϴ 90% 

ϠϹ  
   

Ϥϴ ϸ 
    

Ͼ . 
 

V, Ͼ 3 
  

Zϖϕ 
 

Zϡϕ H NϷ  NϷϴ  
ϱ, 

Ͽ .Ͼϖ ∙  

 
Qϵ  Q  Q Ͽ QϨ Q϶ϸ  Q . ϵ  QϷ  Qϡϕ Q϶ Ͼ V ϴ  ∆V VϾ  Zϡϣϧ ZϾ Z  

     № 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
XII 50 4 46 0,25 143 0 189 189 60 9,11 0,37 8,74 109,00 107,89 108,45 68,84 39,15 65 65 1,56 
I 41 1 40 0,21 156 0 195 196 60 8,74 0,40 8,33 107,89 106,69 107,29 69,04 37,79 65 65 1,56 
II  36 2 34 0,18 56 0 90 90 60 8,33 0,15 8,19 106,69 106,26 106,48 65,15 40,87 32 ϶ Ͼ 0,77 
III  35 2 33 0,18 40 0 73 73 60 8,19 0,10 8,08 106,26 105,97 106,12 64,34 41,32 26 ϶ Ͼ 0,63 
IV 158 -1 159 0,79 -95 0 64 65 60 8,08 -0,25 8,33 105,97 106,68 106,32 63,93 41,93 24 ϶ Ͼ 0,57 
V 221 -1 222 1,11 -100 0 122 123 60 8,33 -0,26 8,59 106,68 107,45 107,06 66,56 40,04 43 ϶ Ͼ 1,03 
VI  146 -3 149 0,73 -54 0 95 95 60 8,59 -0,14 8,73 107,45 107,87 107,66 65,40 41,81 35 ϶ Ͼ 0,83 
VII 125 -1 126 0,63 -63 0 63 64 60 8,73 -0,16 8,89 107,87 108,36 108,12 63,88 43,77 24 ϶ Ͼ 0,58 
VIII 77 -1 78 0,39 -16 0 62 62 60 8,89 -0,04 8,93 108,36 108,49 108,42 63,79 44,17 24 ϶ Ͼ 0,57 
IX 90 -1 91 0,45 -30 0 61 61 60 8,93 -0,08 9,01 108,49 108,72 108,60 63,74 44,40 24 ϶ Ͼ 0,57 
X 85 0 85 0,43 -18 0 67 67 60 9,01 -0,05 9,06 108,72 108,85 108,78 64,07 44,25 26 ϶ Ͼ 0,63 
XI  85 2 83 0,43 -20 0 63 63 60 9,06 -0,05 9,11 108,85 109,00 108,93 63,84 44,63 25 ϶ Ͼ 0,59 
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Ϥϼ Ͼ ϙ.1 – ϜϞϡ ϸϿ  ϶ϴ  ϼ ϸϹϾϴϵ  

 

 

 

ϞϧϠϥϞϔϳ 
ϗϱϥ 
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Ϥϼ Ͼ Ϛ.1 – ϕϴϿϴ  ϹϽ Ϟ Ͽ Ͼ Ϸ  ϤϘϧ  ё  ϹϾ ϼ Ϲ Ͻ 
Ϟ Ͼ Ͻ ϗϱϥ 

 

 

0

500

1000

1500

2000

1 2 3 4 5 6 7 8 9 10 11 12

N
, 

ϤϹ  
ϹϾ ϼ Ϲ Ͻ 

ϗϱϥ

ϤϹ  
ϥ Ϲ ϶ ϼ  
ϗϱϥ

ϤϹ  Ϧϱϥ

ϡϤ ϣ ϹϾ  ϗϱϥ

ϔϤ ϥ  ϗϱϥ

ϡϤ ϥ  ϗϱϥ

ϔϤ Ϧϱϥ

ϡϤ Ϧϱϥ

C Ϲ ϶ ϼϹ 
ϗϱϥ

ϣ ϹϾ ϼ Ϲ ϴ  
ϗϱϥ

Ϧϱϥ

ϕϴϿϴ  ϼ



138 
 

  
 

   
 

ϦϴϵϿϼ ϴ Ϝ.1 - ϣϴ ϴ Ϲ  ϸϹϿϹϽ Ϸϼϸ ϵϼ  
ϣϴ ϴ Ϲ  ϣϟ50-

ϖ 
ϣϟϘ50-

ϖ 
ϤϢ45-

ϖ ϠϴϾ ϼ ϴϿ Ͻ 
ϴ  Ϸϼϸ ϵϼ  

H ,  50 50 45 

Ϙϼϴ ϴϻ  
ϹϷ Ͽϼ ϶ϴ ϼ  

H H⁄  0,5 0,5 0,6 

Ϣ ϼ ϴϿ ϴ  
ϼ϶ϹϸϹ ϴ  

ϴ ϴ ϶ ϴ Ϲ ϼ  

n′  ,/  
116 113 82 

Ϣ ϼ ϴϿ Ͻ 
ϼ϶ϹϸϹ Ͻ 

ϴ ϸ 

Q  , /  1000 1100 1200 

Ϣ ϼ ϴϿ Ͻ 
ϞϣϘ ϸϹϿϼ 

η    0,916 0,910 0,921 

ϣ ϼ϶ϹϸϹ Ͻ 
ϴϾ ϼ ϴϿ Ͻ 

ϴ ϸ 
Q′ , /  1500 1650 1430 

Ϟ ϼ ϼϹ  
Ͼϴ϶ϼ ϴ ϼϼ 

σ Q,  0,60 0,60 0,23 

ϣ ϼ϶ϹϸϹ Ͻ 
ϸϼϴ Ϲ  ϴϵ ϹϷ  

Ͼ ϿϹ ϴ 

D   ,  0,460 0,350 0,46 

ϡϴ  ϸϹϿ Ͻ 
ϵϼ  

H  ,  12 5 4 

ϦϹ Ϲ ϴ ϴ t , ℃ 20 16 8 
Ϟ ϼ ϼϹ  

϶ ϻϾ ϼ 
v  

 
0,99 1,11 1,38 
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ϦϴϵϿϼ ϴ Ϟ.1 - ϣϴ ϴ Ϲ  Ϸϼϸ ϵϼ  ϣϟ50-ϖ 
D1,  3 3,15 3,35 3,55 3,75 4 
ϞϣϘ 0,918 0,919 0,919 0,920 0,920 0,921 
Na* 25814 28476 32230 36217 40437 46042 
Za* 5,00 4,53 4,00 3,56 3,19 2,80 
Za 6 6 4 4 4 3 
Na 21500 21500 32250 32250 32250 43000 

ϘϹϿ ϴ 1,04 1,04 1,04 1,04 1,04 1,04 
nc* 236,03 224,85 211,50 199,65 189,06 177,31 
nc 250 230,8 214,3 200 200 187,5 

n'max 124,61 120,76 119,20 117,85 124,45 124,41 
n'min 108,69 105,33 103,98 102,80 108,56 108,52 

n'  122,87 119,07 117,53 116,20 122,71 122,67 
Q'η  ϴ  1,162 1,0542 1,398 1,245 1,115 1,307 
(Q'η )max 0,804 0,729 0,967 0,861 0,772 0,905 

(Q')min 1,107 1,004 0,887 0,790 0,707 0,622 
(Q')max 0,966 0,876 0,774 0,689 0,617 0,542 

 
ϦϴϵϿϼ ϴ Ϟ.2 - ϣϴ ϴ Ϲ  Ϸϼϸ ϵϼ  ϣϟϘ50-ϖ 

D1,  3 3,15 3,35 3,55 3,75 4 
ϞϣϘ 0,910 0,910 0,911 0,912 0,912 0,913 
Na* 28783 31752 35939 40386 45093 51345 
Za* 4,48 4,06 3,59 3,19 2,86 2,51 
Za 6 6 4 4 3 3 
Na 21500 21500 32250 32250 43000 43000 

ϘϹϿ ϴ 1,06 1,06 1,06 1,06 1,06 1,06 
nc* 232,20 221,21 208,08 196,42 186,01 174,44 
nc 250 230,8 214,3 200 187,5 187,5 

n'max 123,39 119,57 118,03 116,69 115,52 123,18 
n'min 107,63 104,30 102,96 101,79 100,77 107,45 

n'  121,66 117,90 116,38 115,06 113,91 121,46 
Q'η  ϴ  1,162 1,054 1,398 1,245 1,487 1,307 
(Q'η )max 0,804 0,729 0,967 0,861 1,029 0,905 

(Q')min 1,096 0,994 0,879 0,782 0,701 0,615 
(Q')max 0,956 0,867 0,766 0,682 0,611 0,537 
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ϢϾ ϴ ϼϹ ϼϿ ϺϹ ϼ  Ϟ 
 
ϦϴϵϿϼ ϴ Ϟ.3 - ϣϴ ϴ Ϲ  Ϸϼϸ ϵϼ  ϤϢ45-ϖ 

D1,  3 3,15 3,35 3,55 3,75 4 
ϞϣϘ 0,918 0,918 0,919 0,919 0,920 0,920 
Na* 24105 26590 30094 33816 37755 42986 
Za* 5,35 4,85 4,29 3,81 3,42 3,00 
Za 6 6 4 4 4 3 
Na 21500 21500 32250 32250 32250 43000 

ϘϹϿ ϴ 1,05 1,05 1,05 1,05 1,05 1,05 
nc* 169,17 161,16 151,59 143,09 135,50 127,07 
nc 187,5 166,7 166,7 150 136,4 136,4 

n'max 92,74 86,55 92,01 87,71 84,23 89,81 
n'min 80,89 75,49 80,26 76,51 73,47 78,34 

n'  91,44 85,34 90,73 86,48 83,05 88,56 
Q'η  ϴ  1,162 1,054 1,398 1,245 1,116 1,308 
(Q'η )max 0,805 0,730 0,968 0,862 0,772 0,905 

(Q')min 1,099 0,997 0,881 0,784 0,703 0,617 
(Q')max 0,959 0,869 0,768 0,684 0,613 0,538 
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    50-  
 

 
Ϥϼ Ͼ ϟ.1 – ϛ ϴ ϴϵ  ϣϟ50 - ϖ
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   50-  
 

 
Ϥϼ Ͼ Ϡ.1 – ϥ Ϲ ϴ Ͻ ϴ ϼ ϵϼ  

 



143 
 

  
 

  
 

 

Ϥϼ Ͼ ϡ.1 – ϥ ϼ ϴϿ ϴ  Ͼϴ Ϲ ϴ
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