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1        
  

 
1.1      
 

       
  .    ё   

,       ,     
    .      

  –0,7 ° C  –0,9 ° C     1.1.   
    ,   20,6 ° C.   

     ,      
  −28,8 ° C. 

         
.  –        

  900  1000 . 
 

 1.1 –       
  1 2 3 4 5 6 7 8 9 10 11 12 

t, 
°C −26,1 −22,1 −13,9 −3,6 6,7 15,6 20,6 14,6 6,8 −4,0 −20,2 −28,8 

 
1.2   
 

   109 3/ .    
  ,    60%.      

        
 (  13   )  ё     1  4 ,    
  60%  . 

        
Z  = f(V )    1.1. 
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 1.1 –  Z  = f(V )  

 
        

Z  = f(Q)    1.2. 
 

 1.2 –  Z  = f(Q) 
 

     51   . 
    1.2.     

       . 
  

123,00

128,00

133,00

138,00

143,00

148,00

153,00

158,00

163,00

168,00

173,00

0 0,5 1 1,5 2 2,5 3

Z
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V, 3

 173,00

157,32

123,00

124,00

125,00

126,00

127,00

128,00

129,00

0 100 200 300 400 500 600 700 800 900

Z
, 

Q, 3/
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 1.2 –    

 I II III IV V VI VII VIII IX X XI XII 
Q . 

 
1941 12 9 5 3 195 314 209 122 90 91 32 15 91 
1942 14 11 8 15 170 579 200 120 92 30 9 7 105 
1943 9 6 4 5 572 323 187 124 35 60 21 9 113 
1944 11 7 5 2 112 548 190 125 90 50 29 14 99 
1945 17 9 6 4 480 294 182 114 96 100 57 24 115 
1946 12 9 7 5 98 524 210 119 66 70 25 15 97 
1947 12 7 6 4 137 500 224 94 45 34 15 12 91 
1948 12 8 6 5 264 393 259 124 104 90 61 21 112 
1949 17 16 12 6 155 601 197 171 100 113 42 13 120 
1950 10 12 14 18 145 382 198 107 80 66 20 10 89 
1951 13 11 10 7 150 498 234 228 100 100 59 25 120 
1952 25 20 16 10 101 529 200 104 67 58 45 23 100 
1953 16 12 11 6 99 500 223 103 64 58 20 12 94 
1954 13 10 8 5 94 600 199 101 50 54 18 10 97 
1955 11 8 8 5 127 681 223 149 113 109 30 18 124 
1956 13 8 7 4 176 800 246 124 26 57 17 9 124 
1957 9 8 5 2 158 201 168 98 66 60 24 14 68 
1958 11 7 7 6 192 652 500 148 120 90 30 11 148 
1959 11 9 9 4 122 685 214 123 61 49 35 20 112 
1960 10 11 15 4 161 530 228 215 110 100 28 16 119 
1961 16 11 8 5 141 458 255 146 100 80 46 16 107 
1962 14 9 5 3 137 483 227 120 100 82 26 11 101 
1963 9 9 9 11 200 637 217 135 30 59 32 14 114 
1964 11 8 6 5 170 650 364 129 68 43 12 4 123 
1965 6 5 5 3 95 540 180 100 76 34 19 13 90 
1966 9 4 3 3 87 400 218 118 70 55 22 14 84 
1967 15 9 8 6 136 483 325 137 110 100 34 8 114 
1968 7 5 4 5 136 650 195 116 52 36 16 7 102 
1969 7 5 5 3 134 500 211 97 69 48 24 13 93 
1970 13 8 4 3 133 633 250 149 80 60 21 6 113 
1971 8 8 7 4 171 1120 343 165 48 43 36 22 165 
1972 14 5 4 2 82 522 180 94 12 14 12 10 79 
1973 10 3 2 2 139 710 203 126 33 30 35 13 109 
1974 11 6 4 2 152 900 220 224 80 60 44 13 143 
1975 13 7 6 3 127 632 299 141 62 50 29 20 116 
1976 16 7 4 4 102 505 250 148 70 55 33 17 101 
1977 13 14 15 19 176 624 241 132 42 30 15 12 111 
1978 5 5 4 3 288 356 181 110 50 37 22 10 89 
1979 12 10 9 5 99 600 287 123 92 56 32 15 112 
1980 16 10 8 5 82 410 203 86 70 29 9 5 78 
1981 6 6 5 3 94 500 203 121 73 48 21 7 91 
1982 6 6 5 3 175 533 386 194 120 100 96 44 139 
1983 27 14 11 7 115 490 230 97 35 28 14 11 90 
1984 14 10 7 5 141 500 212 132 62 60 30 18 99 
1985 18 12 10 7 146 860 290 141 63 42 28 21 137 
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  1.2 

 I II III IV V VI VII VIII IX X XI XII 
Q . 

 
1986 19 19 19 12 144 860 247 140 72 51 39 17 137 
1987 11 9 8 5 182 501 219 185 110 100 31 16 115 
1988 19 17 14 8 134 610 304 125 64 86 60 34 123 
1989 24 15 11 21 583 152 286 151 96 110 41 15 125 
1990 12 8 6 3 143 616 305 141 100 83 26 9 121 
1991 8 7 6 3 200 502 249 115 51 34 15 9 100 

 
         1.3. 

 
 1.3 –          

 
1.3 –   
 

    .    
   ,   . 

–       
.        

  ,   ,    
.    26,5 / 3,    36 ., 

  150 . 
 
1.4   
 

     .  
,     4−6 .    

         
 =7,0 (1967  I 0 =9 ).     

          =7,0, 
         =7,5  .  

     6 .  
 
1.5 −    
 

   –  .    
2017         

 17,805  ∙ ,  – 10,215  ∙ . 
  

 I II III IV V VI VII VIII IX X XI XII 
Q ., 3/   60 60 60 60 60 60 60 60 60 60 60 60 
Q ., 3/   0 0 0 0 2 5 2 1 1 1 0 0 
Q Ё ., 3/   1,8 2,5 3,2 –5 –5 0 0 0 0 0 0 1 

Q ., 3/   1 1 1 1 1 1 1 1 1 1 1 1 

https://wiki2.info/%D0%9C%D0%B5%D1%82%D0%B0%D0%BC%D0%BE%D1%80%D1%84%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B5_%D0%B3%D0%BE%D1%80%D0%BD%D1%8B%D0%B5_%D0%BF%D0%BE%D1%80%D0%BE%D0%B4%D1%8B
https://wiki2.info/%D0%93%D0%BB%D0%B8%D0%BD%D0%B8%D1%81%D1%82%D1%8B%D0%B9_%D1%81%D0%BB%D0%B0%D0%BD%D0%B5%D1%86
https://wiki2.info/%D0%A1%D0%BB%D1%8E%D0%B4%D1%8F%D0%BD%D1%8B%D0%B9_%D1%81%D0%BB%D0%B0%D0%BD%D0%B5%D1%86
https://wiki2.info/%D0%A1%D0%BB%D1%8E%D0%B4%D1%8F%D0%BD%D1%8B%D0%B9_%D1%81%D0%BB%D0%B0%D0%BD%D0%B5%D1%86
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2  –  ё      
 
2.1    
 
2.1.1   ё   
 

      1.2   
 .     : 

 K = . (2.1) 

 
   Cv    Cs: 

 = √∑ − = √ , = , , 
      

(2.2) 
 = ∑ −𝑣 = ,∙ , = , .   (2.3) 

 
      

: 
 = ± √ + 𝑣√ − ∙ % = √ + ∙ ,√ ∙ ∙ % = , %. (2.4) 

 
     . 
      

: 
 = ± √ ∙√ + 𝑣 + 𝑣 ∙ % = √ ∙√ + ∙ , + ∙ ,, ∙ % = ,  %.  
 

(2.5) 

 ё        
    2.1. 

 
 2.1 –  ё    

P%   φ S KS Q, 3/  
0,1 3,27 1,01 2,01 1397,02 
1 2,87 0,89 1,89 1149,90 
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2.1.2    
 

     ё    
      ,    

   .     ,   
   ,       

 . 
  ,       

   ,     ,  
     .   

      : 
 P m = + ∙ %, (2.6) 

 
 (m) – ; 
m –     ,    

; 
n –    . 

 ё     ,  .1. 
ё         
   90%  50% . 

       , 
      2.1. 

 

 
 2.1 –    

 
 

0

50

100

150

200

250

300

350

400

450

500

0 10 20 30 40 50 60 70 80 90 100

Q
, 

3 /

, %

Q . . Q . Q .
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2.1.3  ё    
 

       
  1977 . 

      . 
 Q % =  ; 

 Q  =  ; 

 = % 9 = = , .                                                                        (2.7) 

 Q % = ; 

 Q  =  ; 

 = % 9 = = , ,                                                                          (2.8) 

 
   :  −  ,   0,87; 

 −  ,   2,23. 
     :  

,       0,87,  
,     2,23.     
 2.2. 

 
 2.2 −      1977 (  = 50%), 3/  
  I II III IV V VI VII VIII IX X XI XII Q . .  

1977 13 14 15 19 176 624 241 132 42 30 15 12 111 
 . 29 31 34 42 153 543 210 115 94 67 34 27 115 

c . 25 27 29 37 153 543 210 115 82 59 29 23 111 
  
2.1.4  ё    
 

    90%    
 1950 .       

.      2.3. =  з е9 % 9 = = , ;                                                                         (2.9) 
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=  з е9 % 9 = = , ,                                                                          (2.10) 

 
   :  −  ,   1,01;  −  ,   0,58. 

 2.3 –      1950 (  = 90%), 3/  
  I II III IV V VI VII VIII IX X XI XII Q . .  

1950 10 12 14 18 145 382 198 107 80 66 20 10 89 
 . 6 7 8 10 146 386 200 108 46 38 12 6 81 

c . 6 7 8 10 162 428 222 120 46 38 12 6 89 
. . 6 7 8 10 130 517 190 95 46 38 12 6 89 

 
     ,      V 

 XI .      
  :       

      .  ,  ,  
   ,  ,  

          
,          ( ). 

      
 ,       −   

      . 
      2.4  

 ,    2.2. 

 2.4 –       
 I II III IV V VI VII VIII IX X XI XII 

Q50%−Q90% 20 20 21 27 23 26 20 20 36 20 18 18 
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 2.2 –       

 
2.1.5       

   
 

     P(t),    
    : 

        
         : 

 = + ∙ cos| ° ∙ − °| ,                                                            (2.11) 
 

 t –      (1– , 2–   . .);  
, b – ,     : 

    = 𝑎𝑥+ 𝑎𝑥 = + = ;                                                                  (2.12) 

 = 𝑎𝑥− 𝑎𝑥 = − = ;                                                                  (2.13) 

 = + = + = ;                                                                         (2.14) 

 = − = − = .                                                                            (2.15) 

        
 2.5.      2.3. 

0

100

200

300

400

500

600

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

Q
, 

3 /  (1977)
  (1950)

I      II   III    IV    V   VI        VII       VIII        IX         X         XI     XII
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 2.5 –       
 os(30∙t−15)∙(3,14/180) Pt(max) Pt( .) 

1 0,966 557 478 
2 0,707 527 451 
3 0,260 475 404 
4 −0,258 415 349 
5 −0,706 363 302 
6 −0,966 333 275 
7 −0,966 333 275 
8 −0,709 363 302 
9 −0,261 415 349 
10 0,256 475 403 
11 0,705 527 450 
12 0,965 557 478 

 

 

 2.3 –    
 

2.1.6      
  

 
       

  −  .       
 1,7% −  = 149,09 . ∙ , N  = 40 . 

     ,   
   .     

     ,    
,     20 % ,    .  

     –  :  

200

250

300

350

400

450

500

550

600

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

, 

t,
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Э .я = Э . · , = , · , = ,  . · .                       (2.16) 
 

       
     .    

   :    
   24 :     

 𝑁 .я = (Э .я ) · =  .                                                        (2.17) 
 

       
.        

   2.6. 
 

 2.6 –        
 I II III IV V VI VII VIII IX X XI XII Э . . ·  0,49 0,47 0,45 0,37 0,35 0,33 0,33 0,35 0,37 0,45 0,47 0,49 𝑁 . ,  20 20 19 15 14 14 14 14 15 19 20 20 

 
2.2      −  ё  
 
2.2.1         

    
 

     (1950 .)   
   : 

 = % − − − ё − ,     (2.18) 
  % –    (  90% ); 

 –    (   1%   
); 

 –    (      1%  
 ); ё  –   ;  ,     

  1%   .  ,   , 
 2%   .  ,    
,   3%   .   

      ; 
 –        ,  ё  

 (   3%    ). 
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     0,    
 (    : 1%, 2%, 3% …). ё   

    2.7. 
 

 2.7 – ё    
 I II III IV V VI VII VIII IX X XI XII %, 3/  6 7 8 10 130 517 190 95 46 38 12 6 

, 3/  0 0 0 0 1 5 2 1 0 0 0 0 
, 3/  1 1 1 1 1 1 1 1 1 1 1 1 ё , 3/  1,8 2,5 3,2 −5 −3,5 0 0 0 0 0 0 1 
, 3/  0 0 0 0 0 0 0 0 0 0 0 0 ∑ , 3/  3 3 4 −5 −2 6 3 2 3 1 1 2 
, 3/  3 4 4 15 132 511 187 93 45 37 11 4 
 

         
   : 

  𝑁 . Э = ∙ ∙ Э , (2.19) 
  

   −   ,    
 g = 9,81    η,  =  , ÷ , ;  −     , 3/ ; Э −    , . 

 Э = − ( ) − ∆ℎ, 
    –   ,    , ; ( ) –   ,  −    

 6 ,    ; ∆ℎ –      (   1%  
 ), ∆ℎ = ,  . 

         
  :  
 𝑁 = ∙ ∙ Э , (2.20) 
 

  −       
, 3/ . 
 ё    ( )    

   . 
 ё       .2, .3. 

 
 



  
 

22 
 

 

2.2.2    
 

 ё      ,     
  ,   .   

       
,       : 

 𝑁 = ∑𝑁 − ∑ 𝑁 =   .                                                       (2.21) 
 

   2.8   ,   
 2.4,        

 ,      
        

   .  
      ё  

 ,   2.4   
  .     , 

    4 ,    . 
 

 2.8 –      
 P ,  N ,  N ,  N ,  𝑵 ,  

I 478 20 2 25 65 
II  451 20 3 25 35 
III  404 19 3 25   
IV  349 15 4 25   
V 302 14 52 25   
VI  275 14 200 25   
VII 275 14 76 25   
VIII 302 14 39 25   
IX  349 15 19 25   
X 403 19 16 25   
XI  450 20 5 25 35 
XII 478 20 2 25 65 
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 2.4 –      

 
         

  : ,     N  
,  ,     N .  

  –  IX . 
 
2.2.3  –  ё      

  
 

   – IX . 
       .  
      . 

      .  
     ё     
 .4. 

      : 
–   ,  – N  = 65 ; 
–  ё  ё  –  = 157,32 ; 
–   – V  = 1,79 3. 

       2.6. 
 

 2.6 –   
 I II III IV V VI VII VIII IX X XI XII 

N ,  65 35         35 65 

0

50

100

150

200

250

300

350

400

450

I II III IV V VI VII VIII IX X XI XII

 , 
 , 

 , 
 , 

,  

t,  
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2.2.4   
 

       
      ,  

        . 
       

   ,    : 
  ,     

        :  
 𝑁 ≈ % ∙ = , ∙ =  . (2.22) 
 

      
    . 

  ,    10 %  
 : 

 𝑁 . ≈ % ∙ = , ∙ =  . (2.23) 
 

     . 
         

,       ,     
 ,        

 ,     .  
         5−7   

 60–120 .      
    ,     . 
   : 

 = я = =  . (2.24) 

 
    ,    

 . 
      .5  .  

     2.5.  
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 2.5 –   

 
2.2.5      
 

       𝑁   
    .1.     

   :  
 𝑁 . = 𝑁 + 𝑁 = + =  , (2.25) 
 

 𝑁  –    ; 𝑁  –   . 
 𝑁 = 𝑁 + 𝑁 + 𝑁 = + + =  , (2.26) 
 

 𝑁  –  ; 𝑁  –  ; 𝑁  –  . 
 
 
 

200

300

400

500

600

I II III IV V VI VII VIII IX X XI XII

  
 

  
 

  

  

  
 

  

 

 

 

,  

t,  
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2.2.6  –  ё      
 ,    

 
          

  . 
    :     

       –   
   .6  .7   .  

       
          

  (  = 341 . · ). 
        

        .  
   2.6. 

 

 
 2.6 –        

   . 
 

  

155

157

159

161

163

165

167

169

171

173

Z
, 

 

 

 = 157,32 

 = 173

IX X   XI    XII I     II     III     IV      V    VI VII VIII
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3      
 
3.1      
 
3.1.1          
 

     , 
 ,        

     ,   
 3.1. 

     ,  
 −   «   » [2]. 

 ё     3.1. 
 

 3.1 –  ё    

     
 

 

 
 

  

  

 
 

 
 
 

 
Q , 

3/  
z , 

 
z , 

 
, 

 
, 

 
, 

 
,  Q, 3/  ,  Q, 3/  

0 123,00 123,00 49,60 33,92 42,55 38,10 391 29,64 345 
50 124,61 124,42 47,99 32,31 40,94 38,51 386 30,11 347 
100 125,52 125,30 47,08 31,40 40,03 38,92 382 30,58 350 
150 126,06 125,85 46,54 30,86 39,49 39,33 378 31,05 353 
200 126,42 126,22 46,18 30,50 39,13 39,74 375 31,52 355 
250 126,72 126,50 45,88 30,20 38,83 40,15 371 31,99 358 
300 126,99 126,75 45,61 29,93 38,56 40,56 367 32,46 361 
350 127,25 126,98 45,35 29,67 38,30 40,97 363 32,93 363 
400 127,49 127,20 45,11 29,43 38,06 41,38 360 33,4 366 
450 127,70 127,41 44,90 29,22 37,85 41,79 356 33,87 368 
500 127,88 127,60 44,72 29,04 37,67 42,20 353 34,34 371 
550 128,04 127,77 44,56 28,88 37,51 42,61 349 34,81 373 
600 128,18 127,91 44,42 28,74 37,37 43,02 346 35,28 376 
650 128,32 128,04 44,28 28,60 37,23 43,43 343 35,75 378 
700 128,47 128,16 44,13 28,45 37,08 43,84 340 36,22 381 
750 128,58 128,29 44,02 28,34 36,97 44,25 336 36,69 383 
800 128,57 128,41 44,03 28,35 36,98 44,66 333 37,16 386 
850 128,26 128,53 44,34 28,66 37,29 45,07 330 37,63 388 
900 127,34 128,60 45,26 29,58 38,21 45,48 327 38,10 391 

 
   ,    3.1 

: 
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-   H a = ,  .    
         

  ; 
- ё   H = ,  .     
        ё  
; 
-   H i = ,  .     

         
 ; 

-      60  391 3/  
. 

 

 
 3.1 –   

 
3.1.2      

 
 

 ,       
,    ,    

  ,       
 𝑖     ,     

,        ё  
. 

     : 
- −  50− ; 
- −   50− 60°. 

20,00

25,00

30,00

35,00

40,00

45,00

50,00

55,00

1 51 101 151 201 251 301 351 401 451

Z
, 

Q, 3/

Q max = 391H  = 38,1 

 max = 48,6

H min = 29,6
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   𝑖 /   , 
   3.1.      : 

 𝑖 = , = , . (3.1) 

 

   50−   50− 60°  𝑖 , . 

 ,       
.        3.2. 

 
 3.2 –  . 

 
50−  

50−
60°   

   ,  50 50 
  min/Hmax 0,5 0,5 

    n'Iopt, /  116 113 
   Q'Iopt, /  1000 1100 

     opt 0,887 0,862 
   QI max, /  1500 1650 

    ( ) D'1,  0,460 0,35 
   H ,  12 5 

    t , 0  21 16 
 

      
 ( )   ,     

 ,          
   ,      

     ,      
      . 

   ,     
 .       

 3.2.      D1    
    (3.2−3.11): 

 
-       : 
 𝑁 ′ = , ∙ Q  ′ ∙ D ∙ H , ∙ η ∙ η , (3.2) 
 

 Q'I  –     ; 
  –   : 

 

η = − − η ( − ε + ε√ ∙ √ ∙ √ νν ), (3.3) 
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   –  ; 
  –   ; 
D1  –   ; 

 –   ; 
D1 –   ; 

 –    ; 
,  –        

 ,         
 ; 𝜺 – ,       

  (𝜺 = 0,75). 
-  :  
 Z′ = NN , (3.4) 

 
 N  –    (N  =128000 ); 
Na  –  . 

  Z’      (Za). 
    : 

 𝑁 = 𝑎 . (3.5) 

 
-  : 
 ∆ = ηη . (3.6) 

 
-    (     

 ): 
 n′ = I ′ √Δ ∙

, (3.7) 

 
 n'I  –        

. 
-  ,     

. 
 n  a′ = ∆′∙ i . , (3.8) 
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n  ′ = (∆′∙ ) . , (3.9) 

 n  i′ = ∆′∙ ax . . (3.10) 

  
-  ё       : 
 Q′  ∙ η = Na, ∙ ∙ p, ∙η  . (3.11) 

 
-     : 
 Q′ ∙ η = Na, ∙ ∙ ax, ∙η  . (3.12) 

 
-  : 
 Q′  a = i∙ ∙√ i ∙Δ′, (3.13) 

 Q′  i = i∙ ∙√ ax∙Δ′. (3.14) 

 
      n’Imax, n'Ip, 

n’Imin.      .   
     n’p   , 

   (3.11). 
    ё     

    .     n’Imin 
  Hmax,      

  (3.12). 
        

       
  Hmin  Hmax   (3.13)  (3.14) . 

  50−   50− 60°   
     .1  .2 . 

   ,    , 
    ё ,    , 

     ,  ,   
   ,       

        .  
         

,          
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   :   , 
  .   

         
    50− −500,    : 

-        ; 
-    ; 
-   ,     . 

    ,    
   . 
   50− −500      .1. 

 
3.2       

  ё   
 

       ё 
    : 

 ∇Z . . = Z Q + H , (3.15) 
 

 Z Q  –       ,  
   .  

    HS   
        

: 
-        

Hmax  ё  ; 
-        H   

ё  ; 
-        

Hmin       . 
    : 

 H = B − Z − 𝜎H − ∆H + ∆ . , (3.16) 

 
  –   (10,33  . ); ∆H   –    ,  

  σ   ,    
  (1,5 ); 

 –  ,     
   ;  

 –  ,      Z (Q ); 
Z . . –         

 .    ∆  = . 
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   max: 
 H = , − , − , ∙ , − , = − ,  . 

 
   H : 

 H = , − , − , ∙ , − , = − ,  . 

 
   Hmin: 

 H = , − , − , ∙ , − , = − ,  . 

 
        

 . 
         

       ,  
  1.2. 

        
   (3.17−3.19).    

  −       
      . 
 Z  a = Z a + H a , (3.17) 
 Z  = Z + H , (3.18) 
 Z  i = Z i + H i . (3.19) 
 

  50− −500: 
 Z  a = , + , = ,  , 
 Z  = , − , = ,  , 
 Z  i = , − , = ,  . 
 

        
  Z = , . 
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3.3    
 

   ё     
    . 

       
,    ё       

  .    −810/160−40. 
       3.3. 

 
 3.3 –    −810/160−40 

   .   
   S  ·  78,00 

     70,4 
  cosφ . . 0,9 

  U   10,5 
  I   4,29 

   n  /  150 
   Xd − 0,93 

  X’d − 0,35 

  X’’d − 0,19 
  

 
3.4    
 

  [6,  10.9,  144]    
   48,6   D1 = 5 :  8/1−40−8−2, :  

8 –  ; 
1 –  ; 
40 – ,    40 / 2; 
8 –     3; 
2 –  . 

   − ,     
    .    

[6],     −2 1−150−4, : 
2 1 –   2 1; 
150 –     ; 
4 –   4−  . 
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4   
 
4.1       
 

   ,     
     ,     

    ,  , 
 ,       

   ,  ,  
  . 

       
 ,       . 

     4.1  4.2 . 
 

 
 4.1 –       
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 4.2 –       

 
4.2         
 

         
ё     ,    . 

 
4.2.1    
 

  ( )   ё   
      .  

     4.1. 
 

 4.1 –    −810/160−40 
  𝐔  𝐨 𝛗 𝐗′  𝐗′′  𝐗  

S,  P,   . . % % % 
78 70,4 10,5 0,9 19 35 93 
 
4.2.2        

 
 

        
 ,    ,    

  ( . .    ( )).   ,  
  . 
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S = − φ = , − ,, = ,  ∙ , (4.1) 

 
 = , ∙ = , ∙ = ,   –    

; =  ∙  –   ; 𝜑 –   ,   0,9. 
   «  »  

 −80000/110.      4.2.  
 

 4.2 –    −80000/110 𝐒 , 
 

𝐔,  𝐔 , % 𝐈 , % 𝚫𝐏 ,  𝚫𝐏 ,  
, 

. . 𝐔 ,  𝐔 ,  
80 115 10,5 10,5 0,45 58 310 50,9 

 
      

 ,     a =  
    . 

 𝜏 = , + 𝑎𝑥 ∙ = , + ∙ =  .  (4.2) 

 
     : 

 = − ⋅ − 𝜔 ∙ = − ∙ − , ∙ =  ,  (4.3) 
 

  –  ,   1;   –       ,   30; 𝜔 –      (0,025  0,05  
    );  T  –   −   , 
  60. 

 
      : 

 ∆ = ∙ ∆ ∙ = ⋅ , ⋅ = ,  ∙ , (4.4) 
 

 n  –    . 
 ( )     : 

 ∆ = ∆ ∙ ∙ 𝜏 = , ∙ ,  ∙ = ,  ∙ . (4.5) 
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: 

 = ∙ ∆ + ∙ ∆ = , ∙ − ∙ , + , ∙ − ∙  ∙ , = ,  . ./  , 
(4.6) 

 
 1 –  ,     , 

 , ∙ −   . ./ ∙ , = , ∙ −  . ./ ∙ . 
 2   : 

 = ∙ = , ∙ = ,  . ./ . (4.7) 
 

     [17, . 8],   
 [20, . «   »]. 

 
4.2.3       ё  

 
 

        
 ,    ,    

  ( . .    ( )).   ,  
  . 

 = ∙ − 𝜑 = ∙ , − , ∗, = ,  ∙ . (4.8) 

 
   «  »  

 −160000/110.      
4.3. 

 
 4.3 –    −160000/110 𝐒 , 

 
𝐔,  𝐔 , % 𝐈 , % 𝚫𝐏 ,  𝚫𝐏 ,  

, 
. . 𝐔 ,  𝐔 ,  

160 121 10,5 11,0 0,35 85 410 53,9 

 
     : 

 = − ∙ − , ∙ =  . 
 

    : 
 ∆ = ∙ ∆ ∙ = ⋅ , ⋅ = ,  ∙ . (4.9) 
 

 ( )   : 
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∆ = ∆ ∙ ∙ 𝜏 = , ∙ , ∙ = ,  ∙ . (4.10) 

 
        
: 

 = , ∙ − ∙ , + , ∙ − ∙ , = ,  . ./ .  (4.11) 
 

 1   : 
 = ∙ = , ∙ = ,  . ./ . (4.12) 
 
4.2.4     ( ) 
 

       . 
     ,     

    . 
 = , ∙ . Э𝜑 = , ∙ , =  ∙   (4.13) 

 
  −1600/10/6,3  «  

».      4.4. 
 

 4.4 –    −1600/10/6,3 𝐒 , ∙  
𝐔 ,  𝐔 , % 𝐔  𝐔  

1,6 10,5 6,3 5,5 

 
4.3      

   ,   
  

 
 ,    110 : 

 SΣ = . Э − . .φ = − ,, = ,  ∙ . (4.14) 

 
 ,   1  110   [1; 

 3.1] =  .    cosφ = , . 
   110 : 

 = Σ∙ / φ + = ,  , ∙ / , + = , (4.15) 
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 k –    ,   
1,2. 

   110   n = .  
   110 : 

 = Σ∙√ ∙ = ,∙√ ∙ = ,  . (4.16) 

 
ё    110 : 

 = ∙ 𝑖 ∙ = , ∙ , ∙ , = ,  , (4.17) 
 

 αi – ,      
,   1,05; α  – ,      , 

  1.  
 1       

  γ = 1,1 / 2. 
 = = , =  . (4.18) 

 
 [22, . 3.15]   −70/11.  

        
 =  ,  . 

   : 
 . = ∑− ∙√ ∙ = ,∙√ ∙ = ,  . (4.19) 

 . < , ,   −70/11  
 . 

     4.5. 
 

 4.5 –    −70/11 
     𝑿  𝑩  

. /  /  10-6 /  
1 0,422 0,444 2,547 

 
4.4       −  

ё  
 

      128 ,    
   ,     110 .  
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,      .  

  : 
 𝑖 = + ∙ Э + 𝑖 ∙ . . + ∙ . . ., (4.20) 
  

 . . –   ;  . . .–    ; Э –   ;  
 –  ; 
 –   ; 𝑖 –   ; 
 –    . 

 
      : 

 = + ∙ , + ∙ , + ∙ , = ,  . . 
 

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

ё  ,   : 
 𝑖 = ∙ 𝑖 + 𝑖, (4.21) 
  

  –      
     ,   15 %. 

 = , ∙ , + , = ,   ./ ; 
 = , ∙ , + , = ,  . ./ .  
 

   : 
 P = − ∙ % = ,   − ,, ∙ % = , %. (4.22) 

 
        

,        ,   
    33,62 %,      

 . 
  2 ,       

   ,         
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,          

 .  ,     
. 

 
4.5       

 
 

  −110 :  
- 2  ;  
- 4 . 

    6.     
         

  .     4.3. 
 

 
 4.3 –   №110−9 

 
4.6 ё     ( ) 
 
4.6.1     
 

       . 
  : 
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= ′′ ∙ = , ∙ ,  = ,  , (4.23) 

 
 ′′ –   ; 

 –   ; 
 –   . 

 = 𝜔∙ , = , ∙ , = ,  , (4.24) 

 
 𝜔 –  ,  314 / ; ,  –     ,  

0,4 . 
  : 

 = % ∙ = , ∙ ∙ = ,  , (4.25) 

  
 % –    ; 

 –     . 
 = Δ ∙ = ∙ = ,  , (4.26) 

 
  –    ; ∆  –    . 

  110 : 
 = , ∙ = , ∙ = ,  , (4.27) 
 

 ,  –    ; 
 –  ;   –   . 

 = , ∙ = , ∙ = ,  , (4.28) 
 

 ,  –    . 
 : 

 = . = = ,  , (4.29) 

 
  –   ; .  –    . 
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= , ∙ω = ,, ∙ = ,  , (4.30) 

 
 T ,  –     ,  

0,03 . 
 : 

 = ∗′′ ∙ = , ∙ , = , , (4.31) 
 

  –   ; ∗′′–       . 
 : 

 = ∗′′ ∙ = ∙ =  , (4.32) 
 

 ∗′′  –     . 
 : 

 = = , = , . (4.33) 

 
4.6.2 ё       RastrWin 
 

  ,    4.4−4.6  
          
          

  .  
 

 
 4.4 –     
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 4.5 –     

 

 
 4.6 –     

 
  4.7  4.8   ё   ё  

      110  . 
 

 
 4.7 –  ё  ё      

 

 
 4.8 –  ё      110  

 
  4.9 ё   ё       

110 . 
 

 
 4.9 –  ё      110  
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4.6.3  ё    
 

       4.6. 
 

 4.6 –     
    𝐈 . ,   𝐢  

1   110  13,48 1,61 30,70 
3   110  9,06 1,61 20,64 
3    10,5  23,20 1,98 64,94 
 
4.7  ё       
 

       
     .  

       
        5% : 

 I ,  a = , ∙ I , = , ∙ √ = , ∙ √ ∙ , = ,  . (4.34) 

 
      : 

 I − = √ ∙ , − % = √ ∙ − % = ,   . (4.35) 

 
    : 

 I . = ∑∙√ ∙ = ,∙√ ∙ = ,  . (4.36) 

 
    ,     

  : 
 I . = ∑− ∙√ ∙ = ,∙√ ∙ = ,  . (4.37) 

 
4.8      

 
 
4.8.1     
 

     
    ,     

   , ,  ,   
,     ,  : 
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-       
 ; 

-   ; 
- ; 
-    ,     

. 
  ,   « », 

VB1−D      ,  
  ,     

     .   
  ,   . 

      IAC A FLR 63 , 
0,3 , VB1−D    ,   

   LSC 2B    
  PM –    . 

        
     IEC 62271−200    
  .  

        
.   ,    

   . 
   ,      

,   ,     
  ,    . 

  VB1−D    4.7. 
 

 4.7 –      
 VB1−D 

    ё   
  50  – 110  70,4  

ё    17,5  10,5  
    5100  4503  

 
ё  

  
 63 /3  23,20  

ё     173  64,94  
   

  
  IAC A 

FLR, 63 /1 . 

 

  IP4X 
 

 
 

LSC 2B 

   

  
,   ё  
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4.8.2      
 

   −10− 3.   
«    »    −10− 3    4.8. 

 
 4.8 –    −10− 3 

 ё       U < U  U = ,   U =   I  a < I  I . = ,   I =   
 

   − −10.  
 «  ».    − −10    4.9. 

 
 4.9 –      

 ё       U < U  U = ,   U = ,  

 
      : 

 U U ; 
 I . . a I ; 
 B . B . . 
 

   −10/5000 3   
« »,     4.10. 

 
 4.10 −     −10/5000 3 

ё     U = ,   U = ,   I . . a =   I =   I = ,   I . =   i = ,   I . . =   . = I ∙ (t + t ) = = , ∙ , + , = = ,  ∙  

. = I ∙ t = = ∙ =  ∙  

 
4.8.3     
 

,    ,    4.11. 
 



  
 

49 
 

 

 4.11 – ,     
 

   
 

 
 

 
 

 ( · ) 
   : 

  −1 RS485 0,5 8 
   : 

  −1 RS485 0,5 8 

 − 3 RS485 0,5 10 

 
 ,    «  − ».  −1       

        
       

  50     0,4  750 .  −1 
      ( ) 

       ,   
          

 . 
      

   – 3,   « – ». 
         

 .       
 ,    ,  
      ,    
. 

 
4.9    
 

    –110    
« ».     

 : , ,  
   ,  ,  

    ,  .  
,       

  ,  , 
,  ,      
  .     –110 
   4.12. 

 
 4.12 –      110  

   −110 
  ,  110  126 

  ,  4,5  5 
 ,  23,20  50 

 ,  64,94  125 
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5     
 

  ,   
       

     , 
   .     

  ,      
   .    
 : ,   . 

 
5.1     
 

     5.1.   
     5.2.   

      5.3. 
 

 5.1 –   
  −810/160−40 

  
 78  
 70,4  

  10,5  
  cos φ 0,9 

 50  
  150 /  

   4289  
     1185  

       315  

  
   ( . .) 

  Xd 0,93 
  X'd 0,35 

  X"d 0,19 
    2 0,20 

   0,5 /  
 

 5.2 –    
 . . −80000/110 

   80 
   115/10,5 

   % 10,5 
  − Y /Δ 

 
 5.3 –       

 . . −1600/10− −  
   3 

   10,5/6,3 
   1600 
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5.2    −  
 

    «   
»         

.   
  −810/160−40   :  

-       ; 
-       ; 
-       

        ; 
-     ; 
-        

; 
-      ; 
-        ; 
-        ; 
-     ; 
-       ; 
-   ; 
-   ; 
-      ; 
-     ( ) . 

   −80000/110   : 
-       ;  
-     ,  

  (    );  
-         
   110 ;  
-    ; 
-        10,5   
;  
-         
;   
-      –    

;  
-    .  

   110 :  
- −    (    );  

 :  
-    (   );  
- 4−          

( ); 
-   (    );  
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-  110  (       
 110 ).  

 :  
-     ( ); 
-     ( ). 

  :  
-   ; 
-      . 
 
5.3 ё    
 

  ё     . 
  : 

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

 
   , ё    

  :    
 I = = ∙ ,/ = ,  . (5.2) 

 
        
   : 
 I . . = , ∙ I = , ∙ = ,  .                                                          (5.3) 
 

      −320−1400−2,5 4.     5.4. 
 

 5.4 –     .  
 ( / ),   ( / ),  

1400 320 
2340 490 

 
      
 .   ,   

    5.5. 
 

 5.5 –     −1600/10− − 3 
,  U ,  U ,  I ,  

1482 655 825 1600 
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     , 
       

   .       
 5.4: 

 = ∙  ,                                                                                                  (5.4) 

 
  –  , ; 

 –  ,     
          

 ,   0,816;    –  ,    
; 

 = ∙ ,, = , .  
 

       50% 
 18 ,        
  120 ,     

      .   
    5.6. 

 
 5.6 –     . 

  , % 20 30 40 50 60 
,  60 45 32 18 5 

 
5.4    ё    
 
5.4.1    
 

       
        1 –  

     2 –   
,     5.1.  
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 5.1 –        

 
      1   

 5.5: 
 I  = "X" I  ,                                                                                                 (5.5) 

 
 " –     ,   1,08 . .; "  –   ,   –   , . 

 I  = ,, ∙ , = ,  . 

 
      1   

 5.6: 
 I  = √ I  ,                                                                                                    (5.6) 

 

 I   –       1. 
 I  = √ ∙ , = ,  .  
 

      2   
 5.7: 

 I  =   % ∙ %,                                                                                           (5.7) 

 
 I   –    : 
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I   = √ = √ ∙ , = ,  .  

 
 % –   . 

 I  = , ∙ % = ,    

 
      2   

 5.6: 
 I  = √ ∙ , = ,  .  

 
         

 : k = . 

 
5.4.2     

  
 

         
 ,     2,5 –  

    .  , 
          

,     1,5.      
: 

      5.8: 
 I = k k kk k ,                                                                                                 (5.8) 

 
 k  –  ,      1,2; k  –  ,   2,5; I  –   ; k  –  ,   0,8; k  –    ; n  –    , 

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

 
     5.9   

  5.10. 
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k =  i ,                                                                                                       (5.9) 

 
 I  i  –       2   

 ,      ). 
 k , ;                                                                                                       (5.10) 
  k = ,, ∙  = , ,  –  . 
 

        5.11: 
 I  =  ,                                                                                                  (5.11) 

 

 I   – ,      k = , = ,  .                                                
 I  = ,, = ,  . .  
 

       
    : 

 = ,  . 
 
5.4.3      
 

       5.12: 
 I  = k  k ,                                                                                                  (5.12)     

 
 k  –  ,     1,4; I   –  ё     2,     ; k  –    .                                            

 = , ∙ , = ,  .  
 

     5.13   
  5.14. 
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k =  k ,                                                                                                       (5.13) 

 k ;                                                                                                            (5.14) 
 k = ,, ∙  = ,  –   . 
 

    : 
  = ,, = ,  . .. 

 
5.4.4    
 

      
      

       ,   
. 

        
           

. 
  : I = ,  . 
   : 𝜂 = /  . 

1)        
  .  .      

       : 
 I = ∙ 𝑖 ∙ I ∙ ,   (5.15) 

 
  –    ,  0,5;  𝑖  –    ,  0,1; I  –   , ; 

 –  ,   2. 
 I = , ∙ , ∙ , ∙ = ,  .  
 

      
   : 

 I . K ∙ I ,                                                                                              (5.16) 
 

 K  –  ,   2. 
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I  =  k = ,/ = ,  ;                                                                              (5.17) 

 I′′ =  k = ,/ = ,  ;                                                                           (5.18) 

 
       
          

 ( )  : 
 I . I′′ ∙ K ,                                                                                      (5.19) 
 

 K −  ,   1,1. 
 I . , ∙ , = ,  .  
 I .  . . = .  = ,, = ,  . .  
 

     .  . .  0,45 . .  
2)        

    .      
    ,   

      . 
       

 :   
 I = ∙ 𝑖 ∙ ∙ I  = ∙ , ∙ , ∙ =  ,   (5.20) 

 
  –     2;   𝑖  –      0,1;  –      0,5; 

 –         
        

,  : 
 I  = ′′′′ ∙ I = ,, ∙ , =  .   (5.21) 

 
,    : 

 I = ∙ , ∙ , ∙ =  ; 
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 : 

 
 I  = √I  I  − I  cosα,                                             (5.22) 
  −        −  . 

 ,       5.22: 
 I = √ − cos =  . 
 

    : 
 K >  ∙

,                                                                                              (5.23) 

  –  ,   2.  
 K > ∙

; 

 K > , ; 
 

  K = , . 
3)   :  
 I = ∗ = , , = , . (5.24) 

 
4)        

.      : 
 B ∗ = , , = , .   (5.25) 

 
     = 1,5.     

. 
5)         

   ,      
: 

 I = ∙ I  = ∙ , = ,  .                                                      
 

   ё      
: 
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I =  ,⁄ = ,  . 

 
  : 

 I∗ = ,, = ,  . . 

 
  5.2    

  . 
 

 
 5.2 –    

  
 

    ,   ,  
   −       

 . 
 
5.4.5         (UN 

(UO)) 
 

  100%    , 
         

    . 
      : 

1)   (U0)      
  U0   85−95%     

0

0,5

1

1,5

2

0 0,2 0,4 0,6 0,8 1 1,2 1,4 1,6 1,8

I∆
, 

.
.

I , . .

 

26,57°

I .0

I  

I B

6
≈
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  ;     
        
      

      Э . .   
     . 

    ,  
      

  5.3. 
 

 
 5.3 –       Э . .  

 
     : 

 CΣ = C + + Ш + = , + , + , + , = = ,  ,  (5.26) 

 

 C  – ё        ;         C  – ё        ;  C  – ё      ;  C .  – ё    10,5 .  
       

    110 : 
  . = ∙ + Σ = , ∙ ∙ ,, + , = , ,  (5.27) 

 
  – ,       
 .  ,    

,   , ; 
 –         

 ; 

CT (  
     CT 

   C  

   C  

    C 

U0 . . 

U0 . . 

CT (  

K U0 K U0 
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 –         
   . 

 = ⋅  √ = ∙ √ = ,  .     (5.28) 

  
      : 

  I = , ∙ U ∙ ω ∙ Σ = , ∙ , ∙ ∙ , ∙ − = , .    (5.29) 
  

     : 
 U ∙ ∙  . = ,, ∙ ∙ ,,√ ∙ , = ,  , (5.30) 

 
  –  ,   1,3; n  –   ; 

 –  ,   0,95. 
       

,     5  20 . 
  :    5    

  9,0    ;     10   
  0,5      , 

       −  . 
2)         

           30%  
    . 

         1  
3. 

          
  : 

 = + = , + = ,  . .  (5.31) 

 
 = ,        31,3 %  

   . 
    0,5      

,        −  
. 

 
5.4.6     (U1>), (U2>) 
 
1)   U2> : 
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= , ∙ = , ∙ / =  . (5.32) 

  

2)          
  U1>   , ∙ ,      

 ,     . 
 U1>       . 

 
 U1> : 

 = , ∙ = , ∙ / =  . (5.33) 

 
  ,       

   110      , ∙ . 
    0,5      

,   . 
 
5.4.7      

      (I2) 
 

      
       

       
,         

.       
 ∗ : 

 I∗ = I /I , (5.34) 
 

 I –       ;  I –      . 
      

    : 
 = A/I∗ , (5.35) 

 
 A – ,  − ,   30. 

     : 
1)   ,       

       (  
 ).   −  −     
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     ,   
        

.          
 .      

       14%. 
  : ∗ = ,  . .. 

 I = , ∙ I = , ∙ , = ,  .                                                      (5.36) 

  
2)   I∗        

  I        
 .       

     . 
 ,      ∗ =,  . . −       

    : 
 = ,, = , .  

 
      ё   
   t : 

 I∗ = , , = ,  . .,   
 

  –  ,   1,2. 
 = , ∙ .       

 
        

    =  . ,   
     : 

 = ∗ ;                                                                                                     
 = , ≈  . 

 
  −       

  :  
 𝑖 = ,  .  
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3)       
,         

 ,  : 
 = ∗ , (5.37) 

 = = ∗ ∙ .  
 

      
     5.7. 

 
 5.7 –      

   
   

  
 I2/I  

1 0,6 0,5 0,4 0,3 0,2 0,12 

 ( ) 30 83,3 120,0 187,5 333 750 1530 

 
     

      
   (I2)    5.3. 

 

 
 5.3 –      

   

0

500

1000

1500

2000

2500

3000

0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1

t
, 

I*2 , . .

Tmax

Tmin

I2
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 : t . = 30 , t . = 2192 . 

        
 ,        
    .   

       .   
 ,        
   0,135   ,   

 «  » (I ).     
 − :  

 = ∗  .   
           

         1530 
. 

4)          
           
     . 
       : 

-         
 ; 

-        
        B ; 

-          
 BJI. 

  :       
       

.  
  :      

    110      
      : 

       110    
   ,      

 5.8. 
 

 5.8 –     ё . 
,  100 

,  10,5 ′, . . 1 
,  115 

 
 ,   ,    5.38: 
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I  = √ ,                                                                                                     (5.38) 

 
 S  –  , ё    5.8; U  –    , ё    5.8. 

 I  = √ ∙ , = ,  . 

 
  ,    : 

 I  = √ ∙ = ,  . 

 
       

 5.39:  
  = ,,  ,                                                                                                  (5.39) 

 
 x ,,  −   ; U  –   , ; S  –    , . 

  = , ∙ = ,  . .  
 

      
  5.40: 

  = ,  ,                                                                                                    (5.40) 

 
 ,  –   , . .; U  –   , ; S  –    , . 

  = , ∙ = ,  . ..  
 

      
5.41:  

 X∗ . . = X ∙ ∙ = , ∙ = ,  . .. 

 
    :  
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𝛴 =  + +  = , + , + ∙ , = ,  . ..    
 

           
     5.41: 

 I ∗  = ′ 𝛴,                                                                                                      (5.41)              

 
 E′ −          , 

   5.8. 
 I ∗  =  , = ,  . ..  
 

    : 
 I∗ = I∗ . . ∙ I = , ∗ , = ,  . 
 

        
 : 

 I = ∗k ;     
 I = , = , ;  
 

  : 
 I  . . , , = ,  ;  
 

  : 
 I∗ . . . .  . . ;    
   I∗ . . . . , , = ,  . .                                                                                              

 
    −    

     0,5−0,8 I . .   
   > 1,2.   0,8 I . . 

  :      
      .    
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. 

     8    , 8,5   
   110    ,   

 9,0        . 
 
5.4.8     (I1) 
 

       
.           

  : 
1)  ,      

          
 . 

 I  . = ∙ . = , ∙ ,, = ,  ;                                           (5.42) 

 I  . . = . = , = ,  ;                                                                (5.43) 

 I   . = P . = , = ,  ;                                                             (5.44) 

 
  : 

 I   .  . . =   . . . = ,, = ,  . .                                                        (5.45) 

 
 K  –  ,   1,05; K  –  ,   0,98. 

    t =  . 
2)  ,       

        . 
  : 

 I  . = ∙ . = , ∙ ,, = ,  ;                                            (5.46) 

 I   . = P . = , = ,  ;                                                              (5.47) 

 
  : 

 I   .  . . =   . . . = ,, = ,  . .                                                        (5.48) 
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3)       . 
      
   ,    5.9: 

 
 5.9 –   ,    

    
 

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

 
 ( ) 3800 1200 450 340 280 160 80 3 1 

 
      

     5.4. 
 

 
 5.4 –     

    I1 
 

        
  ,  .   

       0,01 . 
4)   ,     

       . 
  : 

 I  = ∙
;                                                                                                (5.49) 

 I  = , ∙ ,, = ,  . 

 

0

500

1000

1500

2000

2500

3000

3500

4000

1 1,2 1,4 1,6 1,8 2 2,2 2,4

t, 

I/I
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   ё      
: I  =  k ;                                                                                                   (5.50) 

 I  = ,⁄ = ,  . 

 
  : 

 I  ∗ =  ;                                                                                                   (5.51) 

 I  ∗ = ,, = ,  . .  
 

        
       : 

 I . .∗ = ∗X . .∗ +X − . .∗ ;                                                                                (5.52) 

 I . .∗ = , + , = ,  . ; 

 = . .∗
 ∗ , ;                                                                                            (5.53) 

 = ,, = , > , . 

 
        <. 

    : 
 = , ∙ .∙ = , ∙, ∙ = ,  .                                                      (5.54) 

 
     8,0     110 , 

8,5     110    ,   
 9,0        . 

 
5.4.9    (Z1<), (Z2<) 
 

         
       

     . 
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     ,   I  
II      III   IV    

. 
1)        

       1 .   
         

,    . 
       110   

 . Z1,    110 ,   : 
)        110   : 

 , ∙ + , ∙ ′ = , ∙ , + , ∙ , = ,  , (5.55) 

 
 K  – , ,   ; 
Z  –  ,     

110 . 
 = , ∙ = ,  .  

 = √ + = √ , + , = ,  . 
 

  ,     
: 

  . . , ∙ , ∙ + , ∙ ∙ , = , . 

 
   : 

 =  . . ∙ = , ∙ , = ,  , (5.56) 
 

 = = , = , .  
  : 

 = ∙ = , ∙ ⁄⁄ = ,  . (5.57) 

 
  = ,  . 

 
2)  ∆         

    .   
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∆ ,      ,    , 
 , ∆ = − . 

      0,5    
  110    ,    1,0 

       ,    
 −  . 
3)        

       . 
    : 

 = .√ ∙ = √ ∙ , = , = ,  , 

 

 I  –   , .  
    : 

 = ∙  = , ∙ ⁄⁄ = ,  . (5.58) 

 
          

 :  
 I∗ = . = = ,  . , (5.59) 

 
     : 

 .∗ = , ∙ .∗∗ = , ∙, = ,  . .  (5.60) 

 
  : 

 . = .∗ ∙ . ∙ = ,  ∙ , ∙ ⁄⁄ = ,  , (5.61) 

 𝜑 . = 𝜑, ∙ = ,, ∙ , = , . (5.62) 

 
      𝜑 . = , °. 
      𝜑 . = , °. 

 
     : 

 ∗ = .∗ = , , = ,  . ., (5.63) 
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 = ∗ ∙ . = , ∙ , = ,  . (5.64) 
 

  : 
  = ∙ = , ∙ ⁄⁄ = ,  . (5.65) 

 
  = ,  . 

      
  20%.     =,  , = ,  . 

         
    .     
  7,5  –     110   

 ,    8,0      
  . 

      
 5.5.  

 

 
 5.5 –     

 
5.4.10      
 

       
.        .  

   : 
1)  ,      

          
 .   : 
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I  . = ∙ . ∙∙ = , ∙ ∙ ,, ∙ , = ,  ;                                                (5.66) 

 I  . . = . ∙∙ = ∙ ,∙ , = ,  ;                                                       (5.67) 

 I   . = P . = , = ,  ;                                                               (5.68) 

 I   .  . . =   . . . = ,, = ,  . .                                                         (5.69) 

 
2)  ,      

         
 .   : 

 I  . = ∙  ∙∙ = , ∙ , ∙ ,, ∙ , = ,  ; .                                     (5.70) 

 I   . = P . = , = ,  ;                                                                 (5.71) 

 I   .  . . =   . . . = ,, = ,  . .                                                        (5.72) 

 
3)  ,       

    5.6,     
   5.6,      

,  . 
 

 
 5.6 –      

   
 
 

0

100

200

300

400

500

600

1 1,2 1,4 1,6 1,8 2 2,2 2,4

t,
 c

I/I
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 5.6 –     
  𝑰 𝑰⁄  1,1 1,15 1,2 1,25 1,3 1,4 1,5 2,0 2,2 

  ( )  250 180 160 120 90 72 45 20 

 
4)   ,     

       .  
 : 

 I  . = , ∙ . ∙∙ = , ∙ ∙ ,, ∙ , = ,  ;                                            (5.73) 

 I   . = P . = , = ,  ;                                                                   (5.74) 

 I   .  . . =   . . . = ,, = ,  . .                                                          (5.75) 

 
     3,0 .   

   ,  . 
 
5.5     −  
 

  ё   ,    −      
       

, –   « ». 
     

       
,    .  

       
 ,     

          
      . 

 
5.6      
 

        , 
 .1  .2 . 
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6     
 
6.1     
 

         
 02.11.2013 № 986. 

      . 
   6.1     

 II  . 
 
 6.1 –     

   
1.       , 50  III  

2.  128  III  
3.    ,   

    
 500  3000 II  

4.  ,     
     

 2000  20000 III  

 
6.2      
 

      ,  
 : 

 = + ℎ ,  (6.1) 
 

 ℎ –         . 
 ℎ = ∆ℎ + ℎ % + , (6.2) 
 

 ∆ℎ –   ;  ℎ %–      ; 
 –  ,   ,  . 

 
      : 

 ∆ℎ = ∙ ∙𝑔∙ ∙ , (6.3) 

 
  –   ,   22 / ;  – ,    ,  , ;  –   ,  4100 ; = °; 

 –      : 
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= НП − ДНА = − =  . (6.4) 

 
       : 

 ∆ℎ = , ∙ − ∙ ∙, · = ,  . 

 

  𝑖 ё    
𝑔

, 𝑔 : 

 𝑔 = , · = , ; (6.5) 

 𝑔 = , ∗ = , , (6.6) 

 
  –   ,    =  . 

        
𝑔

  𝑔    

  
𝑔

  𝑔 ,      6.2. 

 
 6.2 – ,    

 
𝐠∙𝐋𝒗 = ,   

𝐠∙𝒗 = 𝟔 , 𝟔   g∙ ̅
  1,5 3,9 g∙ℎ̅
  0,0162 0,08 

 

    
𝑔∙ℎ = ,    

𝑔∙ = ,   

  . 
  : 

 ℎ̅ = , ∙𝑔 = , ∙, = ,  . (6.7) 

 
  : 

 ̅ = , ∙𝑔 = , ·, = ,  . (6.8) 

 
     :  

 ̅ = 𝑔∙ ̅ = , ∙ ,∙ , = ,  . (6.9) 
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  : > , ∙ ̅̅ ̅;   >  ,   
,   . 
  1%      : 

 ℎ % = 𝑖 ∙ ℎ̅ = , ∙ , = ,  , (6.10) 
 

 𝑖 – ,        g∙ , 
  2,08. 

         
: 
 
ℎ = , + , + = ,  . 
 

 ,     : 
 = + , = ,  .  

 
 = ,  . 

 
6.3        

   – Q . ; Q .    
 

    6.3     6.4. 
 

 6.3 –   = f (Q ) 
 Р =0,01% Р = 0,1% Р = 0,5% Р = 1% Р = 3% Q  

Q  – 1395,13 1265,32 1149,90 1015,97 30 
.  – 130,4 130,0 129,8 128,9 123,93 

 
 6.4 –    ё   
 , % 

  
  

I II III IV 
 0,1 1,0 3,0 5,0 

 0,01 0,1 0,5 1 
 

: Q .  = 1149,9 3/ ; Q .  = 1395,13 3/  
 
6.4    ,   
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6.4.1        
     

 
       

         : 
 = − ( . ) = , − ,  =  
= 43,2  > 29,6 ; 

(6.11) 

 = − .  = , − ,  =  
= 44,6  > 29,6 . 

(6.12) 

 
,       . 

       ( ). 
          

     ,   :  
 =  [ ]. ∙ −∆ℎ ∙  = , ∙ ,   − , ∙ , = ,  / ; (6.13) 

 = [ ]. ∙ −∆ℎ ∙  =  , ∙ , − , ∙ , = , / . (6.14) 

 
  58.13330.2012  ,   

   − m,    : 
 
m = (n − 1),                                                                                                                                (6.15)  
 

    n ≤ 6. 
 
m = 2 − 1 = 1;       
 Э = , ∙ = ,  / ; 
 Э = , ∙ = ,  / . 
 

        
  : 

 = . − Э −  = , − , − − = ,  / ; 
  (6.16) 

 

 = + = , + , ∙ 9 =  / .                                                       (6.17) 
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 : 
 = . − Э −  = , − , −  = 
= ,  / . (6.18) 

 
6.4.2       

 
 

    D  1  5: D = 3,0 .  
        

   : 
 
D / 2 + 2  =1,5 + 2 = 3,5 .                                                                                (6.19) 
 

  =    +   + 3,5 = 123 + 3 + 3,5= 
= 129,50 . 

       –   
(  + )/2     : 

 
H = (173,00 + 157,32)/2 – 129,50 = 35,66 . 
 

   : 
 = 𝜔√ = , ∙ , ∙ √ ∙ , ∙ , = ,  / , (6.20) 

 
  –  ,   0,8;  
ω –     3,0 .  

 
ω = π·R2 = 3,14·1,52 = 7,1 2. (6.21) 
 

    (   2− ), 
     Q :     

 = = ,, = , ; (6.22) 

  
 2   3,0 . 

 
6.4.3     
 

    :  
 
q  = [vh] h , (6.23) 
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 h  –     ,     = f (Q );  
[vh] –    ,     

,   ,   5,2 / .  
    = 129,8 − 123,0 = 6,8 . 

 
q  = 5,2 ∙ 6,8 = 35,4 2/ . 
 

    : 
 
q  = 1,25q = , ∙ , = , 2/ . 
 

  :  = Σb: 
 
B = . /q   = 867,4 / 44,2 = 19,64 . (6.24) 
 

   B    ,  
        . 

 B  20 ,  n = 2    10 
. 

 
6.4.4     
 

         
      ,  

      Н01,         
Н02: =  ( ∙ ∙ ∙√ 𝑔) ⁄ = ,, ∙ ∙√ ∙ , ⁄

= 7,36 ,  (6.25) 

 
 m          

        (   
 0,49). 

 =  ( ∙ ∙𝜎∙ ∙ ∙√ 𝑔) ⁄ = ,, ∙ , ∙ ∙ ∙√ ∙ , ⁄
= 7,81 ,  (6.26) 

  
 𝜎    (   𝜎 = 1);  

    ,       
: 

 = − , [𝜉 + − 𝜉 ] = − , ∙ [ , + − , ] ∙ , = , .  (6.27) 
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6.4.5     
 

           
V0: = − ∙ ∙𝑔 = , − , · ,· , = ,  ,  (6.28) 

 

 = ∇ −∇ ∙ + − ∙ = ,, − , ∙ + − ∙ = ,  / ;           (6.29) 

   ,       
   (   = 3  –   

 b < 14 ). 
 
6.4.6     
 

 Н  –    Н    
 . 

H = 7,78 . 
Н  = 8 . 

     : 
 ∇ = ∇ − = , − = ,  .  (6.30) 
 
6.4.7       

  
 

        
   (  )     :  

 =  ( ∙ ∙√ 𝑔) ⁄ = ,, ∙ ∙√ ∙ , ⁄ = ,  .  (6.31) 

 
         : 

 =  ( ∙ ∙𝜎 ∙ ∙√ 𝑔) ⁄ = ,, ∙ , · ∙ ∙√ ∙ , ⁄ = ,  .  (6.32) 

 
6.4.8       

  
 

          
  : 
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= − ∙𝑔 =  ,  − , ∙ ,· , = ,  ,    (6.33) 

  

 V = ∇ −∇ + − = ,, − , + − · = ,  / .          (6.34) 

 
    ,    

        :   
 = + =  , + ,  = ,  . (6.35) 
 

   174,21 ,    
   , ,   

. 
 
6.4.9     
 

       
 6.5. 

 
 6.5 –       

   
x,  0 0,8 1,6 2,4 3,2 4,0 4,8 5,6 6,4 
y,  1,01 0,29 0,06 0,00 0,05 0,22 0,48 0,8 1,17 
x,  7,2 8,0 8,8 9,6 10,4 11,2 12,0 12,8 13,6 
y,  1,58 2,05 2,57 3,15 3,80 4,51 5,29 6,11 6,98 
x,  14,4 15,2 16,0 16,8 17,6 18,6 19,2 20,0 20,8 
y,  7,90 8,86 9,88 10,95 12,06 13,22 14,36 15,68 16,98 
x,  21,6 22,4 23,2 24,0 24,8 25,6 26,4 27,2 28,0 
y,  18,31 19,70 21,12 22,59 24,10 25,66 27,24 28,87 30,54 
x,  28,8 29,6 30,4 31,2 32     
y,  32,25 33,99 35,77 37,58 39,50     

 
        

  C−D  R.       
 6.1.         
 р      Н  [38,  6−14] 

 
Н = 8 , р  = 42 , R = 18,46 . 
 



  
 

85 
 

 

 
 6.1 –     

 
6.4.10     
 

   (  )   : 
 = + , ∙ = , + , ∙ = ,  ,  (6.36) 
 

 h  –      ; 
 –  ,        :  

II     0,7 . 
     ,    

 .       : ∇ = ,  . 
 
6.5        
 

       ,  
       .   

          
  ,        

   ,     50 .   
         

  ,      . 
 
6.6      
 
6.6.1 ё      
 

       : 
 = ∇ − ∇ = , − , =  .   (6.37) 
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 : 

 ℎ = √ + − · 𝑔 = √ , · ,+ − · · , = ,  ,   (6.38) 

  
  –  ,   1,1; 

 –   ,   3. 
    6.39    

  φ       [38,  
9−10]: 

 𝜉 = ℎ = , = , . (6.39) 

 
    40  −    : φ = 

0,90. 
  . .   [36, . 9.55−1]    

  φ  𝜉 0  c’ = 0,27  c’’ = 2,66.  
 :  

 
hc’= c’h = , ∙ , = ,  ; (6.40) 
 
hc’’= c’’ h  = , ∙ , = ,  ; 
 

(6.41) ℎ′′ = 14,42  > h  = 6,80   –      
.  

 
   ,    

    .       
         

  .        
40         

 ,         
   . 

 
6.6.2        
 

         
  − . ,   − ,   

   .        
.    –     

,        . 
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  : 

 

= 𝜑 sin ( + − 𝜑 i . + ), (6.42) 

 
     ;  
α      ,  α = 30 ; 
      [4,  9−10],    

 40     0,9; 
 
z0 =   –   .  = , − , = ,   . (6.43) 
 

     − : 
 = ℎ + ÷  = , +  = ,  , (6.44) 
 

 ℎ = .  – .  = , − , = ,   – .  . 
 − : 

 = + = , + , = ,  . (6.45) 
  

  (    ): 
 
z1 = ∇ − ∇ = , − , = ,  . (6.46) 
 

    : 
 = 𝜑 ∙ √ ∙ ∙ = , ∙ √ ∙ , ∙ , = ,  / .  (6.47) 
 

    : 
 ℎ = 𝐻 = ,, = ,   , (6.48) 

 
 q –     . 

  ,      . 
 : 

 = 𝐻𝑔∙ℎ𝐻 = ,  , ∙ , = , ;  (6.49) 

 
 Fr < 35,  ka= 1; 
 Fr > 35,  ka= 0.8 ÷ 0.9; 
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 ka= 0,9. 
 ё  : 

 = , ∙ , ∙ , ∙ sin ∙ + √ + ,, − ∙ , ∙ 𝑖 = , ;  
 

      , . . 
  L>0,4 . 

    ,      : 
 > , ∙ ,  
 ,  > , ∙ , = ,  . 
 

 ,        
. 

  : 
 ℎ = − ℎ = , − , = ,  ,    
 

   (6.50) 

 = ( , + , ∙ √ ) ∙ √ ∙ √ℎ ∙ ℎ ,    (6.51) 

 d –   ,   ё   
  1 . 

 : 
 = ( , + , ∙ √ , ) ∙ √ , ∙ √ , ∙ , = ,  .  
 

    : 
 = + 𝑔 ; (6.52) 

 = √ + ∙𝑔 , ∙ℎ𝐻∙ + −ℎ𝐻∙ ,  (6.53) 

 
  –     . 

 = √ + ∙ , ∙ , ∙ , ∙ + , − ,, ∙ = , .  
 = , + ,, = ,  .  
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 : 
 = , · ℎ + , · ℎ = , ∙ , + , ∙ , = ,  .  (6.54) 

 
    –   , · ℎ ,  

 ℎ  –   .  
 , · ℎ = , ∙ , = ,  .  
 
6.7     
 

    ,     
      .  

    ,   
 ,     6.2. 
         
: 

-     ; 
-       . 

 

 
 6.2 –     

 
   ,   ё   

    ,       
       . 

      
,  ,       
 ,       

 .       
  –       . 

      m= 0,67÷0,7. 
  h : 
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ℎ = ∇ − ∇ = , − , =  .                                            (6.55) 
 

   : 
 ∇ = ∇ − ( + ÷ ),                                                                          (6.56) 
 

    0; 
   123,00 . 

   : 
 ∇ = , − = ,  ,  
 = , ∙ ℎ = , ∙ =  .                                                                    (6.57) 
 
6.7.1     
 

        
    ,    

     ,     
 −  .    

  ,      ,  
    . 

     . 
        . 
 : 

 = + = + =  ,                                                                      (6.58) 
 

 −  ; 
b –  . 

 
   . 

        
 1    5      ,    
 0,3 . 

 
6.7.2  
 

       .  
       ,  
   .       

  . 
       −  ,  
    ,     6.3. 
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М Nddо

m

a c

1 2

 
 6.3 –      

 
    ,   

   ,    
.          

.  
  3 . 

       – 0,7 2,0 .  
      – 0,5 1,0 .  

    0,8 ,    
        . 

 
6.7.3  
 

     . 
        

.     110 ,  3,5 .  
        

  . 
 
6.7.4       
 

        
.       15 ,    
         

        . 
 ,    121,00   

    ,    
 ,   ,    

    ,    
.   – 2,8 ,  – 3 . 
   138,00,      , 

      ,    
     – 2 ,  – 2,5 . 
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   . 
      : 

 ∙. , (6.59) 

 , ∙ , = , 

 
 −    ; . −        . 

 = ∇ − ∇ 𝑖 = , − , = ,  . (6.60) 
 
 6.7.5      
 

        
 :    .  

        : 
 = , ÷ ∙ = , ÷ ∙ = ,  ,  (6.61) 
 

  –   . 
  : 

 ℎ = , ÷ , ∙ = , ÷ , ⋅ , − , = , , (6.62) 

  −     . 
       

   : 
 ∆ ∙. , (6.63) 

 
 ∆ −     ; . −        15. 

 ∆ = − = , − , = ,  ,  (6.64) 
  

   −    . 
 , ∙ , = ,  .   

 
   : 



  
 

93 
 

 

ℎ = , ∙ ℎ = , ⋅ , = ,  .  (6.65) 
 

        
      .  

         
 200    3 . 

      5 . 
       

   ,       
   . 

 
6.8      
 

      
      .    

   , ,   
.        
,   . 

 
6.8.1   
 

      AutoCAD: = ,  , = ,  .     
     : 

 = ∙ ∙𝑔∙+ = , ∙ ∙ , ∙+ = ,  / ,                               .   

 
  –  ; 

 –   ; 
 –  . 

         : 
 = ∙ ∙𝑔∙+ = , ∙ ∙ , ∙+ = ,  / .                                     .   

 
  : 

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

  –  . 
 = ∇ − ∇ + , ∙ = , − + , ∙ = ,  . .   
 



  
 

94 
 

 

    1  : 
 = + = ,+ = ,  .                                                                           .   

 
6.8.2     
 

      . 
       

 . 
 = 𝑔∙ℎ ∙ = , ∙ ∙ = ,  ,                                                     .   

  ℎ = ∇ − ∇ = , − , =  .                                 .  
 

      : 
 = 𝑔∙ℎ ∙ = , ∙ , ∙ = ,  ,                                                          .   

  ℎ = ∇ 𝑖  − ∇ = , − , = ,  .                      .  
 
6.8.3    
 

     : 
 = 𝜌 ∙ ∙ = ∙ , ∙ , = ,  / ,                      (6.75) 
   

  –       
 . 

 
6.8.4    
 

        
    [2]. 

 = ∇ − ∇ 𝑖 = , − , = ,  ;                               (6.76)  
                     = , ∙ = , ∙ ,  = ,  ;                                                           (6.77) 
                      = , ∙ = , ∙ , = ,  .                                                        (6.78)  
 

     : 
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= 𝜌 ∙ ∙ = ∙ , ∙ , = ,  ,                            (6.79) 
 

    –        
. 

       
       6.4. 

 

 
 6.4 –    

 
6.8.5   
 

      : 
 = ∙ ℎ ∙ − 𝜑 = ∙ ∙ − = ,  ,              (6.80) 

 
 −      ,   / ;  ℎ −   ,   ; 𝜑 −    ,  . 

    1 . : 
 = ℎ = , ∙ = ,  .                                                                        (6.81) 

 
        

  . 
 ,        ,   

 :      ,   
.   ,      

    . 
 



  
 

96 
 

 

= ∙ ∙ − 𝜑 = ∙ ∙ − = ,  ;              (6.82) 

 

′ = ∙ ℎ ∙ − 𝜑 − = ∙ ∙ ( − ) − , = = − ,  ;                                                                                                           (6.83) 
 ′′ = ( ∙ ℎ + ∙ ℎ ) ∙ − 𝜑 − = ∙ + , ∙ ∙                    ∙ − − , = − ,  ,                                                    (6.84) 

 

 = − − ∙ = , − − , ∙ , = ,  ,                (6.85) 

 −  ,  150 ; −    ,  26,5 / ; −   ,   , ; ℎ  –   ,   2 . 
 

       1 
. .        : 

 = = ′+ ′′ ℎ = − ,  − , = − , .               (6.86) 

 
       

,       ё . 
 
6.8.6   
 

      
   . . : 

 = , ∙ 𝜌 ∙ ∙ ℎ % ̅̅̅̅ + ℎ = , ∙ ∙ , ∙ , ∙ ,, + , == ,  ,                                                                                                                   (6.87)   
 

 ℎ   : 
 ℎ = ∙ℎ % = , ∙ ,, = ,  .                                                                     (6.88) 

 
       

     : 
 = ̅ − ℎ % = ,∙ , − ∙ , = ,  .                                                  (6.89) 
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6.9    
 
6.9.1   
 

        
    (    ). 

   ё   .   
    .  ,   

    ,     
 . 

        
    «–»,     «+».  

     6.6,     
,      . 

       
 AutoCAD. 

 
 6.6 –     

№ /   
 

γ f  
 

, 
 

,  , 
 

1  1  13263,12 17,27 229054,08 

2  1  42,23 0,98 −41,38 

3 G  0,95  6515,76 7,9 −51474,49 

4 G  0,95  17766,64 5,9 −104823,16 
5 W  1  1149,73 0 0 
6 W  1  2693,73 10,3 27745,40 
7  1,2  12,47 2,66 33 
8 W  1  47,91 48,48 2322,53 

9 q  0,9  35,74 17,55 −627,29 
 ∑ N = G + G + q − W − W ,                                                                    (6.90)  
 ∑ N = , + , + , − , − , = ,  .  
 

     : 
 ∑ = ,  ∙ . 
 

        
  (    1 . .): 
  : 

 σ = − ∑ N + ∑ = − ,  + · , = − ,  ,                      (6.91)  
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 ∑ N –   ,   ; ∑  –    ,   ; B  –   ,  40 . 

 σ = σ ∙ m − γ ∙ H ∙ − m ,                                                                     (6.92) 
 σ = − , ∙ − , ∙ = − , , 

 
 H  –       ,  52 ; m –       ,  0. 

 τ = (γ ∙ H + σ ) ∙ m =  .                                                             (6.93)  
 σ = σ ∙ + m + γ ∙ H ∙ m = − , · + + , ∙ ∙ = = − ,  .                                                                                                            (6.94)  

 σ = −γ ∙ H = , ∙ = − ,  .                                                     (6.95)  
 

  : 
 σ = − ∑ N − ∑ = − ,  − · , = − ,  .                         (6.96) 

   σ = σ ∙ m − γ ∙ H ∙ − m ,                                                                   (6.97) 
  σ = − ,  ∙ , − , ∙ , ∙ − , = − ,  , 
 

 H  –       ,  2,93 ; m  –        ,  0,78. 
 τ = −(γ ∙ H + σ ) ∙ m ,                                                                                 (6.98)  

 τ = − , ∙ , − ,  ∙ , = ,  . 
 σ = σ ∙ + m + γ ∙ H ∙ m ,                                                                 (6.99)  
 σ = − ,  + , + , ∙ , ∙ , = − ,  .  
 σ = −γ ∙ H = , ∙ , = − ,  .                                                   (6.100)  

 
       6.7. 
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 6.7 –  ,    

           
  −128,66 −510,12 0,00 −128,66 −510,12 
  −895,08 −557,57 −676,82 −28,78 −1423,87 

 
6.9.2     ё  
 

        
      : 

 
1.    : 
  ∙ ∙ |𝜎 | ∙  ,                                                                                      .   
 

  –         
,   1,20;  

 –   ,   ё  , 
  1; 

 –   ,    , 
  0,9. 

  ∙ ∙|𝜎 | = , ∙ ∙|− , |, = ,  / .                                  .   

 
 , . .: 

   /  ,  / .                                                                   .  
 

   ,     5 
      =  / ,  

       .  
2.        : 
 σ < ,                                                                                                                (6.104) 
  

   𝜎 = − ,  , ,  . 
 
3.     : 
 |𝜎 | , ∙ ∙ ,                                                                                         .   
 |− , | , ∙ , ∙ = , ,                                                       .   
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. . ,  / ,  / .                                                             .  
 . 

 
6.10    
 

       
  ,      

.        
 –    .  

   ,  ,   
: 

 ∙∙ γ .                                                                                                         (6.108)  

 = (G + G + q − W − W ) ∙ 𝜑 + ∙ ,                                          (6.109)  
 = , + , + , − , − ,  ∙ + ∙ ∙ = ,  / , 
 

 φ –       ; c  –   ,   150 / ; ω = B ∙ =   –     , 
   1  . 

 F = − + W + + ,                                                                   (6.110)  
 F = , − , + , + , − , = ,  .  

 
   : 

 , ∙ ,,  ∙ , ,  
 , , .  
 

   , , 
 . 
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7         
 .      

 
7.1    
 

 ,  ,      
  .       

       
 .  

        
   −   ( )  

 −  ,   
 ,  , .  

        
 (  ),      

   ,     
       . 

     
    : 

-       
; 

-     
; 

-       
  ; 

-    ; 
-       

,       ,  
       

   ,    
,   ; 

-    ( ),     
      

. 
 
7.2   
 

      
       
    −   ( ), 

   ,    ,   
, , ,    , 

 ,  ( , ),  
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   . 

       
      

    .  
     , 

,       
       

    ,   
. 

      
        

    «   
   ». 

,       
,          

  ,    
       

. 
      : 

- −   (  ); 
-          

; 
-   ; 
-  ; 
-   ; 
-    ; 
-     ; 
- ,  ; 
-      ; 

       : 
-   ; 
-    ; 
-     ; 
-        

. 
         

     . 
 
7.3   
 

  –   , , 
, ,   −  
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,      
   ,   : 

-      ; 
-       
    ,     

,   ; 
-   ; 
-   . 

       
  .      
  .      
: 

-    ,  
     ; 

-       
; 

-       
    ; 

-      ; 
-   , ,  

     ; 
-      ; 
-     ,    

       
; 

-      ,  
; 

-          
  ,     . . 

      
  : 

-    ; 
-      ; 
-    ; 
-      ; 
-    ; 
-     ; 
-    ; 
-   ; 
-  ; 
-    ; 
-      ; 
-     ; 
-       ; 
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-         ; 
-        ; 
-    ; 
-    ; 
-    ; 
-    ё ; 
-    ; 
-    . 

       
  : 

-   ( , , , )  
  ; 

-     . 
       

  : 
-   (   ); 
- −   (    

,  ,  , , 
 ,  ). 

           
       , 

 . 
       

          
 ,    ,  

    . 
 
7.4         

  
 
7.4.1      
 

       . ё   
        . 

     −     
 :  (155   )   (155   ).   

 – 277 ,   155 .   8750 ².   
    −  ,  – 

.    ,     
 10 . 

     1944  :2 3/ . 
     1956  :1160 3/ . 

    (  60%).   
        (  13 
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 )  ё    1–4 ,      60% 
 .        

    ё  .  
      .     

     —  600 . 
      −  , 

 – .     –  ,  
  .    ,   .  

     10 ,   , 
   40 .   ,    100 ,   

   200 ,      . 
      . 

 ё        ,      
  .     639  .  
      ,   20.6 ° C.  

   ,     −27.0 ° C. 
     .   , 

, , , , , , , ,     . 
       

,       .  
       

 : 
- −  −  . 
- −    . 
- −     . 
- −   . 

   −     
   .   

       
     ,   

      ,  −  .  ,    
  −   ( , ),     

    (  ,   . .). 
         

       . 
 
7.4.2        

   
 

    ( )   
 : 
-        ; 
-  ; 
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-       ; 
-    ; 
-        ; 
-   ; 
-    .  

        
,        

    .  
-       : 
-  ,  ,  

;  
-   ,        

;  
-        ;  
-     ; 
-       ,    

       ;  
-     . 

     
: 

-    ,    
; 

-      ;  
-        

      ; 
      

      ,    
   . 

-         
    : 

-       ;  
-    ,  ;  
-     ;  
-      ; 

 ,         
   . 

 
7.4.3      
 

   ,    
: 

1)   ,    
      

   . 
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2)        
       , 

    ( ),    .  
3)         

  ,    −      
. 

4)        , 
,   . 

        : 
) : 
1)      −      ( );  
2)        

     ( );    
3) ,      

 ( )      ; 
4)        

 ; 
5)         

; 
6)        

       ; 
7)          

 ; 
8)      

; 
) − : 
1)          

;  
2)        

    ; 
3)        ,  

 ; 
4)      

 ; 
5)  , ,      

; 
6)       

; 
7)      , 

    ; 
8)      ; 
9)       

  ; 
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10)     −  
,   . 

 
7.4.4 ,    
 

   ,        
 −  ,      

 ,   : 
-   ,     ; 

    – 2014 2014 8 22 201 01 21 5. 
 M = N∙ % ∙ ρ,  (7.1) 

 
 N –   , 3 (224186 3); q –   , % (q =1,8%); ρ –  , / 3 (ρ =2,5 / 3). 

 M = N∙ % = ∙ ,% ∙ , = ,   .  
 
-   ,       

, , ; 
    – 2014 4 61 010 01 20 5. 

        
         
 (    82−202−96) ,  , 1988 ., 

 4,      10 %. 
 M = N∙ % ∙ ρ, 

 
(7.2) 

 N –  ,  (1132 ); q –   , % (q =1,0%); ρ –   , / 3 (ρ =2,0 / 3). 
 M = N∙ % = ∙ ,% ∙ , = ,  .  

 
 ,      11088,4  

   (     ), 22,64   
    , .      

    .    
    ,   

        ,   
    . 



  
 

109 
 

 

 
7.4.5        

  
 
          
 : 
-   ( ,   ) ; 
-    :   − 

,    ,      
 ; 

-    ,    
  ,    ; 

        
  : 

-    ; 
-  ,    ; 
-        

   ; 
-       

    . 
         

        .  
      ( )  

       
 : 

-          ,   
    ; 
-     ,  

   ,   
,       
 −  . 
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8 −   
 
8.1 ё        

 
 
8.1.1  ё    
 

      
,          

 . 
,    ё      

8.1. ,        
 .         

. 
 

 8.1 –        
 

  
 
 

   
2030 2031 2032 2033 2034 

   128 128 128 128 128 
   

  
 4000 4000 4000 4000 4000 

  ·  332400 332400 332400 332400 332400 
   

  
% 1 1 1 1 1 

   
  ·  3324 3324 3324 3324 3324 

  
 ·  325882 325882 325882 325882 325882 

   / ·  1891,07 1930,82 1970,25 2011,48 2053,40 
   

 
. . 144,83 147,87 150,89 154,05 157,26 

   .  22,1 22,6 23,0 23,5 24,0 
 

    8.1     ,  ё  
 .         

   . 
 
8.1.2     
 

      «  
« »  16.01.2017 №9 – «     « » 

 2017−2042 .)    . 
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     « », 
     « »,   

   « ». 
       

 ,     ,   
        

   ,    
    . 

,    ,   
,   ,    

    ,   . 
       

,     ,    
. ,   ,    , 
      . 

      : 
-  ; 
-    ; 
-  ; 
-     ;  
-     ; 
-   . 

      , 
     . 

       (   
        

 ,    ,   
       

        
 ): 0,08%. 

  (  ,  , 
 )       1   

. 
       8.2. 

  
 8.2 –    

 , . /  , . . 
    255,2 32,67 

 274,0 35,08 
    67,76 

 
       

    ,       
,    8.3. 
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 8.3 –      

 
        

     « »,  
   8.4. 

 
 8.4 –      

  , . . 
 «  – » 135,38 . /  17,34 

  (   ) 0,001097 . / ·  1,21 
 (   ) 0,000318 . / ·  0,35 

  18,9 
 

    ё   1 . ∙      
  (   « »)     4,8 . 

          
 8.5. 

 
 8.5 –         

 
   

2030 2031 2032 2033 2034 
 

, . . 80,82 89,98 117,80 143,55 144,39 

  
, . . 31,07 32,62 53,42 62,64 61,44 

 
, . . 67,76 67,76 67,76 67,76 67,76 

   
 

, . . 
2,94 3,16 5,10 6,05 6,07 

   
 

, . . 
18,90 18,90 18,90 18,90 18,90 

  , . . 4,87 5,31 5,31 5,31 5,31 
, . . 206,35 217,72 268,30 304,20 303,86 

 
     ,     

        
   . 

         
    8.1. 
 
 

 
 ( ) 

    ( ) 
 1  5  6  15  16  25  25 

 100  399  0,06% 0,09% 0,14% 0,20% 
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 8.1 –     , % 

 
  8.1 ,         

   .   ,   
        

         
 .    ,    

 ё . 
 
8.1.3   
 

        
  .      

      .  
  : 

-     20%; 
-   20%; 
-      34%; 
-     2,2%; 
-     1 . ·   4,8 . 

        
 8.6. 

 
 8.6 –   

 

39%

15%

33%

2%

9%

2%

 

  

 

   
 

    

  

     
2032 2033 2034 2035 2036 

  , . . 317,46 307,10 317,32 325,40 333,07 
, . . 38,75 8,12 380,98 379,07 400,84 

   , 
. . 14,20 14,27 14,34 14,42 14,47 

  , . . 87,34 147,71 134,92 132,36 131,21 
, . . 457,75 477,20 847,57 851,25 879,58 
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     ( ). ё     

    ,    
   ,   ё  
. 

 
8.2        

 
 

       
         

    ё .  
        8.7.  

 
 8.7 –       

 
8.3    
 

    ProjectExpert     
(Cash−Flow),         

.        ,  
       .    

      
 ,     .  
       
,     ,   

 .   2034      
 ,       

. 
 
 

 
 

 
   

2030 2031 2032 2033 2034 
 ( ), . . 1787,5 1825,2 1862,6 1901,8 1941,6 

 , . . 206,4 217,7 268,3 304,2 303,9 
EBITDA (  ), 

. . 1569,0 1593,8 1560,5 1549,6 1590,5 

EBIT (   
), . . 313,8 318,8 312,1 309,9 318,1 

   
, . . 1255,2 1275,0 1248,4 1239,7 1272,4 

NOPAT (  ), 
. . 1787,5 1825,2 1862,6 1901,8 1941,6 

   , % 20,00 20,00 20,00 20,00 20,00 
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8.4    
  

       
  ,  ё    (  

   « »  16.01.2017 № 9 – «    
 « »  2017−2042 .»). 
  
8.4.1 ,   
 

      , 
   : 

1. ,  ; 
2.  ; 
3.    . . 

 
ё        : 

) «        
   −   », 

    «  »  07.02.2000 . № 54  
     26.05.1999 . 

№24−16−1/20−113; 
) «        

   −      
  », , 2008 .,   «  »  

31.03.2008  № 155     26.05.99 . 
№24−16−1/20−113. 

)     « »  08.02.2017 №9 − «  
   « »  2017−2042 .» 
ё       

  ProjectExpert,  ExpertSystems.  
       

 : 
1)       27 ,  

       ; 
2)       

 ,   1  2022 ; 
3)         

     ,  
  . 

 
8.4.2   
 

  ё      
ё  ,     8.8. 
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 8.8 –     «   
  » 

 
   ,    ,   

    1.    
 13  6 .        

524 . .     – 0,34 
./ · . 

 
8.4.3   
 

      
       .  

      ё   
,      8.9.  

 
 8.9 –       

   

 
     

  ,       
 .       , 

 ё      ,    
     ,    

8.9. 
 
8.5   
 

      
          

.    ё     
   :  

   
 , % 11,60 

  – PB, . 162 
 ё   – NPV, . . 524,09 

  – PI, . 1,12 
   – IRR, % 12,8 
  , ./ ∙  0,34 
 , ./  81493 

 
   

2025 2026 2027 2028 2029 
  , . . 4,37 4,40 4,44 4,48 4,51 
  , . . 0,20 2,40 19,74 47,19 52,39 

  , . . 4,57 6,80 24,19 51,67 56,91 
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-  ;  
-  ;  
-  . 

   ё   (NPV)   
        8.2.  
 

 
 8.2 –  NPV       

 
 ,    8.2,  ,  

  ,       −  
ё   . 

 

 
 8.3 –  NPV      

 
 

-1000

-500

0

500

1000

1500

2000

2500

-30 -20 -10 0 10 20 30

N
P

V,
 

.

   , %

-3000

2000

7000

12000

17000

22000

27000

0 5 10 15 20

N
P

V,
 

.

 , %
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 ,    8.3, ,   NPV 
     .    

,    ё  . 
   ё   (NPV)   

        8.4.  
 

 
 8.4 –  NPV       

 
 ,    8.4, ,   

      NPV. 
 
9      
 
9.1   
 

      
 ,         

  .        
,       . 

    
     

  , , , ,     
  

 
9.1.1     

 
      

 ,       
      : 

0

100

200

300

400

500

600

700

800

900

1000

-20 -15 -10 -5 0 5 10 15 20

N
P

V,
.

.
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-    ,      
  + 5 . 
-        , 

   . 
-     ,   ,  

      −   . 
-    ,       

         
   . 

-  ,        
        

. 
-        

,    1,5    .  
          

   . 
-         − −25.  
 
9.1.2    
 

         
   : 
   ,   : 

-        
    

-   . 
-      . 
-     ,     

 . 
-      . 
-     ,  ,  

   . 
-   /        

  . 
-         ,   

        
      ,       

   . 
-         .  

        . 
-            
  . 
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-        
.        

2−3         
  . 

-           
 .     110 − 150 .  

          
         . 

       . 
-         

       . 
- ,         −   . 
-         

   . 
-         

          .  
-         

.          
      . 

-           
     . 

-         
  .       

 .  
       : 

-   ,     
,  ,     
 . 

-       . 
-     
-         

. 
-         
-        

 
     : 

-         .  
         0,4 / .  

       .  
       1,6 / . . 

-      . 
-       . 

    . 
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-     . 
        
     .   
    ,     

       
. 

 
9.2   
 
9.2.1   
 

    ,   
   , ,   
  ,      

,      . 
   : 

-   ; 
-   ; 
-       ,  

     ,   ; 
-        

        
 ; 

-    ,  ; 
-     ; 
-          

  ; 
-         

   . 
 
9.2.2   
 

,    ,    
,   . 

     : 
- −  ,     

,    ,    
         

       
     ,   

  (  ),     , 
     (  

); 
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-    ,   , 
        

    ,    ,  
         

  . 
     ( )  

.        
   ,     

 ,       
.          

,         −  . 
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 ё  
 

 .1 –       
,     

m P, % Q , 3/   Q , 3/   Q , 3/   

1 2 165 1971 48 1982 450 1971 
2 4 148 1958 42 1989 374 1974 
3 6 143 1974 41 1951 373 1958 
4 8 139 1982 40 1949 359 1985 
5 10 137 1986 39 1945 348 1986 
6 12 137 1985 38 1948 337 1956 
7 13 125 1989 38 1955 328 1964 
8 15 124 1956 38 1988 322 1982 
9 17 124 1955 37 1960 311 1977 
10 19 123 1988 36 1967 302 1943 
11 21 123 1964 36 1987 301 1990 
12 23 121 1990 35 1958 300 1975 
13 25 120 1949 35 1961 297 1963 
14 27 120 1951 33 1952 295 1955 
15 29 119 1960 32 1941 295 1973 
16 31 116 1975 31 1962 293 1988 
17 33 115 1945 31 1986 293 1989 
18 35 115 1987 31 1990 291 1970 
19 37 114 1967 29 1979 286 1959 
20 38 114 1963 29 1950 284 1960 
21 40 113 1970 28 1974 281 1949 
22 42 113 1943 26 1946 278 1951 
23 44 112 1948 26 1944 277 1979 
24 46 112 1959 26 1976 274 1968 
25 48 112 1979 26 1984 272 1987 
26 50 111 1977 25 1985 270 1967 
27 52 109 1973 25 1953 268 1945 
28 54 107 1961 25 1959 267 1942 
29 56 105 1942 24 1970 267 1991 
30 58 102 1968 24 1975 260 1948 
31 60 101 1962 24 1957 251 1976 
32 62 101 1976 23 1942 250 1961 
33 63 100 1991 23 1966 249 1954 
34 65 100 1952 22 1971 246 1984 
35 67 99 1984 22 1969 244 1944 
36 69 99 1944 22 1963 242 1962 
37 71 97 1954 21 1981 239 1947 
38 73 97 1946 21 1954 238 1946 
39 75 94 1953 20 1965 236 1969 
40 77 93 1969 20 1964 234 1978 
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  .1 

m P, % Q , 3/   Q , 3/   Q , 3/   

41 79 91 1941 19 1980 234 1952 
42 81 91 1947 19 1943 233 1983 
43 83 91 1981 18 1983 231 1953 
44 85 90 1983 18 1956 230 1981 
45 87 90 1965 17 1978 229 1965 
46 88 89 1978 17 1947 220 1972 
47 90 89 1950 17 1991 210 1941 
48 92 84 1966 17 1968 208 1950 
49 94 79 1972 16 1973 206 1966 
50 96 78 1980 11 1977 195 1980 
51 98 68 1957 9 1972 156 1957 

 
 
 
 
 
 
 



   
 

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

, 3/  6 7 8 10 130 517 190 95 46 38 12 6 
Z  ( ),  173 173 173 173 173 173 173 173 173 173 173 173 ( ),  123,24 123,28 123,33 123,41 125,65 127,66 126,15 125,23 124,52 124,31 123,46 123,24 Э ,  49,36 49,32 49,27 49,19 46,95 44,94 46,45 47,37 48,08 48,29 49,14 49,36  𝑁 . Э ,  2 3 3 4 52 200 76 39 19 16 5 2 

 
 .3 – ё       

 1 2 3 4 5 6 7 8 9 10 11 12 
, 3/  60 60 60 60 60 60 60 60 60 60 60 60 

Z  ( ),  173 173 173 173 173 173 173 173 173 173 173 173 ( ),  124,83 124,83 124,83 124,83 124,63 124,63 124,63 124,63 124,83 124,83 124,83 124,83 Э ,  47,77 47,77 47,77 47,77 47,97 47,97 47,97 47,97 47,77 47,77 47,77 47,77 𝑁 ,  25 25 25 25 25 25 25 25 25 25 25 25  
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 .4 –     (  ) 
№  Q , 

3/  
Q , 

3/  
Q , 

3/  
Q , 

3/  
Q , 

3/  
Q , 

3/  
Q , 

3/  
Q , 

3/  
Q , 

3/  
V - , 3 Z ,  Z , 

 
H , 

 
N , 

 
N , 

 V  ΔV V  Z  Z  Z  
IX 46 1 0 0 45 14 60 59 60 2,79 0,04 2,75 173,00 172,78 172,89 124,63 47,86 24  
X 38 1 0 0 37 22 60 59 60 2,75 0,06 2,69 172,78 172,43 172,60 124,63 47,57 24  
XI  12 1 0 0 11 78 60 89 90 2,69 0,20 2,49 172,43 171,23 171,83 125,15 46,28 35 35 
XII 6 1 0 1 4 172 60 176 177 2,49 0,45 2,05 171,23 168,34 169,78 126,27 43,11 65 65 
I 6 1 0 1,8 3 191 60 194 195 2,05 0,49 1,55 168,34 163,56 165,95 126,39 39,16 65 65 
II  7 1 0 2,5 4 112 60 115 116 1,55 0,29 1,26 163,56 160,23 161,89 125,72 35,78 35 35 
III  8 1 0 3,2 4 55 60 59 60 1,26 0,14 1,12 160,23 158,61 159,42 124,83 34,19 17  
IV  10 1 0 –5 15 45 60 59 60 1,12 0,12 1,00 158,61 157,32 157,97 124,83 32,93 17  

V 130 1 1 –3,5 132 –73 60 59 60 1,00 –0,19 1,19 157,32 159,43 158,37 124,83 33,34 17  

VI  517 1 5 0 511 –452 60 59 60 1,19 –1,17 2,36 159,43 170,48 164,95 124,63 39,93 20  

VII 190 1 2 0 187 –129 60 59 60 2,36 –0,33 2,70 170,48 172,45 171,46 124,62 46,44 23  

VIII 95 1 1 0 93 –34 60 59 60 2,70 –0,09 2,79 172,45 173,00 172,73 124,63 47,69 24  
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 .5 –   

 
,  

 , 
 

 , 
  ,  

Pmax, 
 

P , 
 

, 
 

N , 
 

N , 
 

N , 
 

N , 
 

N , 
 

N , 
 

N , 
 

N , 
 

N , 
 

N , 
 

1 557 56 22 40 6 0 112 16 0 406 0 56 0 
2 527 53 21 40 7 0 81 14 0 406 0 53 0 
3 475 48 19 40 8 0 53 11 0 382 0 48 0 
4 415 42 17 40 8 0 44 9 0 331 0 42 0 
5 363 36 15 40 7 0 37 7 0 286 0 36 0 
6 333 33 13 40 7 0 37 6 0 256 0 33 34 
7 333 33 13 40 7 0 41 7 0 252 0 33 34 
8 363 36 15 40 7 0 47 8 0 276 0 36 0 
9 415 42 17 40 7 7 53 10 19 322 0 42 0 
10 475 48 19 40 7 0 62 12 0 373 0 48 0 
11 527 53 21 40 7 0 81 14 0 406 0 53 0 
12 557 56 22 40 6 0 112 16 0 406 0 56 0 
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 .6 – ё         (     
 ) 

№  
Q , 

3/  
Q , 

3/  
Q , 

3/  
Q , 

3/  
Q , 

3/  
Q , 

3/  
Q , 

3/  
Q , 

3/  
Q , 

3/  
V - , 3 Z ,  Z , 

 
H , 

 
N , 

 
N , 

 V  ΔV V  Z  Z  Z  
IX 82 1 0 0 80 10 60 90 91 2,79 0,03 2,76 173,00 172,84 172,92 125,17 47,35 37  
X 59 1 0 0 56 20 60 76 77 2,76 0,05 2,71 172,84 172,52 172,68 124,95 47,33 31  
XI  29 1 0 0 28 60 60 88 89 2,71 0,16 2,55 172,52 171,58 172,05 125,14 46,51 35 35 
XII 23 1 0 1 21 151 60 172 174 2,55 0,39 2,16 171,58 169,18 170,38 126,24 43,74 65 65 
I 25 1 0 1,8 22 164 60 186 188 2,16 0,43 1,74 169,18 165,55 167,36 126,34 40,62 65 65 
II  27 1 0 2,5 24 83 60 107 108 1,74 0,22 1,52 165,55 163,21 164,38 125,62 38,36 35 35 
III  29 1 0 3,2 25 83 60 108 109 1,52 0,22 1,31 163,21 160,74 161,97 125,64 35,94 33  
IV  37 1 0 –5 41 116 60 157 158 1,31 0,30 1,00 160,74 157,32 159,03 126,13 32,50 44  

V 153 1 2 –3,5 154 –95 60 59 60 1,00 –0,25 1,25 157,32 160,09 158,71 124,83 33,47 17  

VI  543 1 5 0 537 –478 60 59 60 1,25 –1,24 2,49 160,09 171,21 165,65 124,63 40,62 21  

VII 210 1 2 0 207 –114 60 92 93 2,49 –0,30 2,79 171,21 173,00 172,11 125,20 46,50 37  
VIII 115 1 1 0 113 0 60 113 114 2,79 0,00 2,79 173,00 173,00 173,00 125,47 47,13 46  

 = 341 . ·  
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 .1 –  ё      D1  50–  
  

D1,  3,75 4 4,25 4,75 5,0 5,3 5,6 6 6,3 
 , . . 0,928 0,929 0,930 0,932 0,932 0,933 0,934 0,935 0,936 

N' ,  44642 50843 57449 71880 79705 89632 100144 115073 126954 
Z',  2,87 2,52 2,23 1,78 1,61 1,43 1,28 1,11 1,01 
Za,  3 3 3 2 2 2 2 2 2 

N ,  42667 42667 42667 64000 64000 64000 64000 64000 64000 
Δ', . . 1,05 1,048 1,05 1,05 1,05 1,05 1,05 1,05 1,05 

n'c, /  195,35 183,23 172,53 154,50 146,83 138,58 131,20 122,52 116,72 
n , /  187,5 187,5 166,7 166,7 150,0 136,4 130,4 125,0 115,4 

n'max, /  98,58 105,10 99,22 110,80 104,93 101,07 102,11 104,79 101,53 
n'min, /  126,32 134,67 127,13 141,97 134,45 129,51 130,84 134,27 130,10 
n' , /  111,34 118,70 112,06 125,14 118,51 114,15 115,32 118,35 114,67 

Q·m  n'  1,259 1,105 0,978 1,171 1,056 0,939 0,840 0,730 0,662 
Q·m  n'min 0,874 0,767 0,679 0,813 0,733 0,651 0,583 0,507 0,459 
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 .2 –  ё      D1  50– 60° 
  

D1,  3,35 3,55 3,75 4 4,25 4,75 5,0 5,3 5,6 
 , . . 0,929 0,930 0,930 0,931 0,932 0,934 0,934 0,935 0,936 

N' ,  41030 46116 51501 58653 66273 82917 91941 103389 115513 
Z',  3,12 2,78 2,49 2,18 1,93 1,54 1,39 1,24 1,11 
Za,  4 3 3 3 2 2 2 2 2 

N ,  32000 42667 42667 42667 64000 64000 64000 64000 64000 
Δ', . . 1,08 1,08 1,08 1,08 1,08 1,08 1,08 1,08 1,09 

n'c, /  221,86 209,45 198,36 186,06 175,19 156,87 149,08 140,70 133,22 
n , /  214,3 214,3 200,0 187,5 166,7 166,7 150,0 142,9 130,4 

n'max, /  99,20 105,08 103,55 103,50 97,71 109,12 103,34 104,28 100,56 
n'min, /  127,11 134,64 132,69 132,63 125,20 139,82 132,41 133,62 128,86 
n' , /  112,04 118,68 116,96 116,90 110,36 123,24 116,71 117,78 113,58 

Q·m  n'  1,133 1,344 1,203 1,056 1,401 1,119 1,009 0,897 0,802 
Q·m  n'min 0,787 0,933 0,835 0,733 0,972 0,777 0,700 0,622 0,557 
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.  
 ∆  

 
, .  , ∙  1,93  

 
,  

0,5 – 

 
 

,  
, ∙  3,86  

 ,  , ∙  6,44  

 , ∙  25,73  

 
 

  – 5  

  – 10  

 
 

,  
1,2 – 

 > 

2 
.  1,4 140  

1 
.  1,2 120  

  
 

  
. .   

 

  0,07 0,30  

  0,12 0,51  

 I . . 0,8 3,43  

  
 . .  
 

 
  1,07 4,60  
  1,1 4,72  
  1,22 5,25  

 < 

1 
. 

 0,078 1,05  
 , ∙  0,21  

2 
. 

 0,40 5,33  
 , ∙  1,07  

   
 

 
 .  1,07 0,81  
 .  1,21 0,98  
 .  2,20 1,69  

 TE 
I>>TE    28,0 28,52 
I>TE    2,78 2,83 
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