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2 -   
 
2.1   
 
1.   : 
1.1 :  ; 
1.2   : 719 ; 
1.3      4000 ; 
1.4 :    2%,   

 8%; 
2.   :  ; 
3.          

   ,   .1; 
4.          
 0,85; 
5.         

 2.1; 
 

 2.1 –       
Q, 3/  I II III IV V VI VII VIII IX X XI XII 

  50 50 50 50 50 50 50 50 50 50 50 50 

 0,7 0,7 0,7 0,7 0,7 0,7 0,7 0,7 0,7 0,7 0,7 0,7 

 0 0 0 1 2 1 2 1 1 1 0 0 

 2,0 2,8 -2,3 -4,7 0 0 0 0 0 0,2 0,9 1,1 

Q . -  25 
 
6.   kN =8,6; 
7.      ∆h=0,3 ; 
8.    452,00 ; 
9.         

   1938  1978     ,  
.2. 

     2.2. 

 
 2.2 –   

392

412

432

452

0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800

 
, 

 , 
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2.2         
      

 
   ,  

 ,      , 
      41   .   
  1938  1979 . 

        : 
 ( )   ( ).    

  ,        
,      .   

       
  ,         

  (2.1): 
 p m = + ∙ %                                                                                         (2.1)  

 
 m –      ,  

  ; n =  –    . 
 

     2.2. 
 

 2.2 –       
 

№ /  P, % Q   , 
3/  

 Q , 
3/  

 Q , 
3/  

 

1 2 215 1958 101 1945 618 1958 
2 5 208 1968 95 1968 583 1946 
3 7 206 1959 91 1959 551 1959 
4 10 201 1967 87 1951 548 1968 
6 14 182 1975 80 1958 523 1960 
7 17 182 1946 74 1975 505 1975 
8 19 165 1976 73 1972 479 1976 
9 21 156 1961 72 1960 463 1963 
10 24 154 1969 64 1970 444 1969 
11 26 148 1945 62 1961 436 1961 
12 29 148 1963 60 1976 407 1974 
13 31 146 1974 59 1974 402 1950 
14 33 140 1950 58 1969 395 1954 
15 36 138 1972 56 1944 341 1962 
16 38 130 1951 56 1973 335 1972 
17 40 130 1970 53 1950 334 1942 
18 43 126 1954 51 1952 325 1970 
19 45 121 1962 50 1971 323 1949 
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  2.2  
№ /  P, % 

Q   , 
3/   

Q , 
3/   

Q , 
3/   

20 48 119 1944 48 1946 321 1957 
21 50 117 1942 48 1956 311 1947 
22 52 110 1947 47 1948 311 1941 
23 55 110 1957 47 1962 307 1944 
24 57 110 1973 45 1942 307 1955 
25 60 107 1952 44 1977 288 1945 
26 62 106 1955 43 1947 275 1952 
27 64 103 1949 42 1963 270 1973 
28 67 97 1971 40 1957 264 1939 
29 69 92 1941 40 1943 258 1951 
30 71 89 1978 39 1955 255 1953 
31 74 88 1939 37 1978 244 1978 
32 76 86 1953 36 1954 236 1971 
33 79 85 1956 35 1964 219 1940 
34 81 81 1940 35 1940 215 1965 
35 83 79 1948 30 1949 196 1956 
36 86 79 1977 29 1953 185 1938 
37 88 73 1965 29 1939 181 1977 
38 90 68 1943 26 1965 175 1948 
39 93 64 1938 26 1966 152 1943 
40 95 62 1964 23 1938 143 1964 
41 98 55 1966 19 1941 142 1966 

 
       

.        90%,  
     ,      

 : 1942  1953 .   
    .  ,   , 

       , . .  , 
    . 

        
 

 = 
   = = ,      

 

 = 
    = = ,  

 

 = 
    = = ,      

 

 = 
    = = ,     
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    ,    
1943 .    1943    

 .      :  
          

 . 
     ,    

 .   ,    
   :    

          
. 
 ё     2.3     

   ,      
 2.3. 

 
 2.3 –   90%, 50%;  ,  

,   

             
Q ., 

3/  

Q50% 
20 23 27 74 313 376 312 75 65 52 43 24 117 

Q50% . 21 25 29 79 291 350 291 80 69 55 46 26 113 

Q50% . 20 21 24 79 313 376 312 72 68 57 43 29 117 

Q90% 11 13 19 73 156 143 158 64 63 52 43 23 68 

Q90% . 7 8 12 47 180 165 182 42 41 34 28 15 63 

Q90% . 11 13 19 73 140 183 140 64 63 52 43 23 68 

Q50%-90% 9 8 5 6 173 193 172 8 5 5 0 6 49 

 

 
 2.3 -       

0
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,

3 /
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2.3     
 

      ,  
    ,  .3. 

    Q ,  
 C    C . 

 K = ,                                                                                                          (2.1) 

 
 Q − n −      ; 

      Q −    .  
    : 

 C = √∑ − = √ , = , ;                                                                  (2.2) 

 C = ∑ − = ,∙ , = , .                                                                  (2.3) 

 
 

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

 
     . 

     : 

 = ± √ ∙√ + +s ∙ % = √ ∙√ + ∙ , + ∙ ,, ∙ % = , %.        
 

  , ,  C = C . 

 C = C = ∙ , = , ;                                                                           (2.6) 
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= ± √ ∙√ + +s ∙ % = √ ∙√ + ∙ , + ∙ ,, ∙ % = , %.  (2.7) 

 
     . 

       
№ 986  02.11.2013 . «    ». 

      , 
 II  . 

      
    . .  – . . . 
   . .  – . .    

   Cs = 0,63        .4 
 .       

     0,5%    , 
 .1. 

 
2.4       

      
 

 

2.4.1    ( ) 
 

   ( )   
        

.      , 
      ,  ё  

,        
 .      .1  .2  

       . 
 
2.4.2       

 
 

        
       . 

       
,    (2.8):  

 P t = + b ∙cos ° ∙ t − ° ∙ ,                               (2.8) 

 
 t –  ; a  b – ,   :  
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a = + = + = ,                                                                               (2.9) 

 b = − = − = ,                                                  (2.10) 

 
 

 P , P ,  P , P  –       , 
      .      

2.4. 
 

 2.4 –        
    

t α cos 
Ptmax, 

 Pt .,  

1 0,26 0,966 719 531 
2 0,79 0,707 677 504 
3 1,31 0,259 606 456 
4 1,83 -0,258 523 401 
5 2,36 -0,706 452 353 
6 2,88 -0,965 411 326 
7 3,4 -0,966 410 326 
8 3,93 -0,708 451 353 
9 4,45 -0,261 523 401 
10 4,97 0,256 605 456 
11 5,50 0,705 677 504 
12 6,02 0,965 719 531 

 
    2.4    
          
.     2.4 

 

 2.4 –       
  

0

100

200

300

400

500

600

700

800
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2.5     
 

        
    β   (2.14).  

    (2.13): 
 W̅ = Q̅ ∙ t = ∙ = ,  ,                             (2.13) 
 

 Q̅ –    41 ; t –    . 
       

  ,       .  
 = ̅̅ ̅ = , , = ,                                                                              (2.14) 

 
 V  –   . 

,      
  .  

 
2.5.1 -       

  
 

        :  
–   ( )   ; 
–     –   

 ( ); 
–   . 
 ,      ,     
    ,     .  

  ,    , ,  
    ∇  = 452 .  

     . 
         . 

      : 
–

 Q =Q . − ,  –
 Z =Z ,  –
 N Э =N .         2.6,   

    –  , 
   2.5,    ,   

  ё    ,   
 2.7.      : 

–
 V .= ,  ;  –
 N .=  ;  
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– Э . . =  . · .  
-        

     .   2.5  
 -     . 

 
 2.5 -  -    

435,00

437,00

439,00

441,00

443,00

445,00

447,00
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 2.6 – -     
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  -       
 2.5, 2.6. 

 
 2.5 –   

№ /
 

KN Q / , 
3/  

H,  N , 
 

, 
 

*  

N , 
 

, 
 

*  

, 
 

*  

N , 
 

N , 
 

N . 
, 

 
1 

8,6 
 

25 
 

51,07 52 1,248 56 1,356 0,108 51 103 260 
2 47,65 25 0,6 35 0,852 0,252 76 101 225 
3 45,41 10 0,24 19 0,463 0,223 65 75 215 
4 45,33 10 0,24 19 0,465 0,225 62 72 174 
5 48,73 10 0,24 21 0,499 0,259 54 64 139 
6 53,01 11 0,264 22 0,54 0,276 54 65 140 
7 56,26 12 0,288 24 0,573 0,285 55 67 127 
8 58,25 13 0,312 25 0,593 0,281 59 72 138 
9 58,71 13 0,312 25 0,598 0,286 66 79 145 
10 58,82 13 0,312 25 0,596 0,284 69 82 183 
11 57,92 25 0,6 35 0,847 0,247 76 101 225 
12 54,93 52 1,248 56 1,355 0,107 51 103 260 

 
 -       , 

  ∇ =437,73 ,    
,   V  = 0,918 3. 

 
2.6   
 

  -     
.        

.       N .  
.   ,  , 

           
   .  

  2.8   . 
 



23 
 

 
 2.8 –   

 
2.7 ё   
 

      , 
        ( ).  

 2.8 ,     4 ,    
     .  

     ,   
     . 

      
 ,    .  

      
    2.6.     

 8.1-8.3. 
 N =P ·0,03                                                                (2.15) 

0

100

200

300

400

500

600

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

P,

,  , 
 ,  , 
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   ,    .  

 
  N =P ·0,1                                                                        (2.16) 

 
       

  ,     .  
 N . =                                                       (2.17) 

 

      2.6. 

 2.6-      . 
, 

 
 

,  
 

,  
 ,  

719 72 22 260 16 0 103 6 0 356 0 0 72 
677 68 20 220 14 0 101 6 0 356 0 0 68 
606 61 18 215 13 0 75 5 0 316 0 0 61 
523 52 16 174 11 0 72 5 0 277 0 0 52 
452 45 14 139 10 0 64 4 0 249 0 0 45 
411 41 12 140 8 0 65 4 0 206 0 30 41 
411 41 12 138 8 0 67 4 0 206 0 30 41 
451 45 14 138 9 0 72 5 0 241 0 0 45 
523 52 16 145 10 0 79 6 0 299 0 0 52 
605 61 18 183 12 31 82 6 12 340 0 0 61 
677 68 20 220 14 0 101 6 0 356 0 0 68 
719 72 22 260 16 0 103 6 0 356 0 0 72 

      , 
     2.6    2.10. 

       
  8.4. 

 N . Э = N + N . = + =                             (2.18) 
 
2.9   
 

     ,  
    3% P ,    

10 %  P .      ,  
  ,   .   

  .   
     N .Э =  . 
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 .14  . 
  2.10   . 

 
 2.10 –   
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3     
 

3.1    
 

     , 
 ,         

   ,    10.1. 
 ё     3.1. 
     Q Э     (3.1): 

 Э Q Э = z ( V ) − z  Q − ∆h                                                  (3.1) 
 

 Δh –     . 
      : 

 N , = k · H Э · Q Э                                                                              (3.2) 
 

  k  = 8,6 –  . 
      : 

 Q Э = Q Э · √ ЭN         (3.3) 

 
 Q Э  –    . 

    Qmin = Q . -  = 25 3/  
        ,  

      .  
     .1  .   

   ,  .1. 
  ,     ,   

  .      : H =,  ; H = ,  ; H = ,  .      i = , =, .  
 
3.2       
 

 ,       , 
   H ,    .   

     H     H , 
   ,     ё  

. 
   : 
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– -  60 -  
– -  75-  

   H /H .     
  : 

 i = , = ,    

 

   75-    60 -   i , . 

 ,       
.        3.1. 

       ,   
   ,     
       ,    

          
    ,      

 .  
         
     .   
     

 
 3.1 –   

 60-  75-  H ,  60 75 H /H  0,66 0,53 n  ′ , /  116 83 Q  , /  1080 1020 η   0,913 0,920 Q  ′ , /  1500 1200 σ Q  ′  0,55 0,13 D  ,  0,460 0,460 H ,  12 4 

 
   ,     

 .       
 3.1.      D1    

   : 
–         (3.4):  
 N = , ∙ Q  ′ ∙ D ∙ H , ∙ η ∙ η = , · , · · , · √ , · , ·, = =                                                                                                  (3.4) 
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 Q'I  –     ;   –   ; 
  –  . 

–       (3.5): 
 η = − − η ( − + ∙ √ ∙ √ ∙ √ ) =     

 

= − − , ( − , + , √ , ∙ √ , ∙ √ , ·, · ) = ,  (3.5) 

 
   –   ; 

D1  –   ; 
 –   ; 

D1 –   ; 
 –    ; 

ν , ν  –        
 ,         
 ; 

 – ,       
  ( = , ). 

–      (3.6):  
 Z′ = = = , ,  2                                                     (3.6) 

 
 N  –    (N =109 ); Na  –  

. 
–  ,  (3.7): 
 m = ηη = ,, = ,                                                                                     (3.7) 

 
–    (     

 ),  (3.8): 
 n′ = I ′ √ ∙ = ·√ , · , = , ⇒  ′ =                            (3.8) 

 
 n'I  -        

. 
–  ,      

   (3.9 – 3.11): 
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n  ′ = ′√ · i = ·√ , · , =                                                                   (3.9) 

 n  ′ = ′√ · = ·√ , · , =                                                                     (3.10) 

 n  ′ = ′√ · = ·√ , · , =                                                                  (3.11) 

 
–  ё       ,  

(3.12): 
 Q′  ∙ η = ′, · · , ·η = , · · , , · , = ,                                        (3.12) 

 
         n'I , 

  Q′  ∙ η        
. 

–      (3.13): 
 Q′  = ′, · · , ·η = , · · , , · , = ,                                             (3.13) 

 
 30 -       3.2. 

 
 3.2 –   60 -  

D1,  3 3,55 4 2,8 2,65 2,5 3,75 4,5 5 
  0,9161 0,9179 0,9192 0,9153 0,9147 0,914 0,9185 0,9204 0,9214 

N' ,  40020 56149 71387 34831 31179 27728 62695 90467 111809 
Z',  2,7236 1,94 1,53 3,13 3,50 3,93 1,74 1,2049 0,9749 
Za,  3 2 2 4 3 4 2 1 1 

N ,  36333,3 54500 54500 27250 36333 27250 54500 109000 109000 
m 1,0351 1,0372 1,0386 1,0342 1,0336 1,0328 1,0379 1,0400 1,0411 

n'c, /  270,56 228,87 203,27 289,76 306,06 324,30 216,73 180,80 162,81 
n , /  300 230,8 214,3 300 333,3 333,3 214,3 187,5 187,5 

n'min, 
/  

117 106 111 109 115 108 104 109 121 

n'max, 
/  

129 117 122 120 126 119 115 120 134 

n' , 
/  

140 128 133 131 138 130 125 131 146 

 
 75-       3.3. 
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 3.3 –   75-    

 

          
      

    3.4. 
 

 3.4 –       
 60-  75 D ,  2,8 3,55 3,75 3 3,15 4 η , .  0,9153 0,9179 0,9185 0,93 0,93 0,929 N ,  34831 56149 62695 30351,82 33479,23 54110,61 Z′ ,  3,13 1,94 1,74 3,59 3,26 2,01 Z ,  4 2 2 4 4 2 N′ ,  27250 54500 54500 27250 27250 54500 

 1,0342 1,0372 1,0379 1,039 1,039 1,041 ′, /  289,76 228,87 216,73 193,91 184,72 145,64 ′ , /  300 230,8 214,3 200 200 150  𝑎𝑥′ , /  109 106 104 77,68 81,54 77,57  ′ , /  120 117 115 93,44 98,09 93,31  𝑖′ , /  131 128 125 85,61 89,87 85,49 ′ · η  1,062 1,316 1,178 0,919 0,833 1,030 𝑎𝑥′ · η  0,793 0,983 0,880 0,687 0,622 0,769 
 

      : 
–  ; 
–    ; 
–   ; 

D1,  3 3,15 3,35 3,55 3,75 4 4,25 

  0,93 0,93 0,93 0,93 0,93 0,929 0,93 

N' ,  30351,82 33479,23 37888,60 42571,78 47528,88 54110,61 61120,68 

Z',  3,59 3,26 2,88 2,56 2,29 2,01 1,78 

Za,  4 4 3 3 3 2 2 

N ,  27,25 27,25 36,33 36,33 36,33 54,50 54,50 

Δ' 1,039 1,039 1,040 1,040 1,041 1,041 1,042 
n'c, 
/  

193,91 184,72 173,75 164,00 155,30 145,64 137,11 

n , 
/  

200 200 187,5 166,7 166,7 150 150 

n'min, 
/  77,68 81,54 81,27 76,55 80,84 77,57 82,39 

n'max, 
/  93,44 98,09 97,77 92,09 97,25 93,31 99,11 

n' , 
/  85,61 89,87 89,57 84,36 89,09 85,49 90,80 
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    : 60-   D = ,  , . . 
      ,      

     75  D =    D = ,   
        

   .        
–        
(      ),     

 ,    – ё  ,   – , ё  
   ,     (    

).   –      
(  ),     Q′   Hmin  Hmax. 

    60 -   75-  (  , 
 .2 – .7),       

  .  75- -400, 60 - -280  60 - -355 
      : 

–        ; 
–   ; 
–      ; 
–        . 
 
3.3       

  ё   
 

       ё 
     (3.15): 

 ∇Z . . = Z Q + H                                                                                  (3.14) 
 

 Z Q  –       ,  
   .  

    HS   
        

.      , . .  
  ,  ,  : 

–        
Hmax  ё  ; 

–        H   
ё  ; 

–        
Hmin       . 

     (3.16): 
 H = B − Z − σ ∙ H − ∆H + Z .                                                                 (3.15) 
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  –   (10,33  . ); ∆H −   ; 
 –  ,     

   ;  
 –  ,      Z (Q ); 

Z . . –       
   ,    Z . .= 0  

      . 
         

         
 .1  . 

        
   (3.17-3.19).     

 -          
 . 

 Z H = Z  (Q H ) + H H    (3.16) 
 Z H = Z  Q (H ) + H H   (3.17) 

 Z H = Z  (Q H ) + H H   (3.18) 
  

 ё     3.5 
 

 75 60-  𝐃 ,  4 2,8 3,55 Q′ , 3/  1,14 1,46 1,36 Q′ , 3/  0,988 1,4 1,44 Q′ , 3/  1,137 1,04 1,06 Q , 3/  122,27 88,23 132,30 Q , 3/  128,02 76,77 127,11 Q , 3/  116,97 52,25 85,72 Z  
393,80 

 
393,30 

 
393,94 

 Z  393,88 
 

393,13 
 

393,87 
 Z  

393,72 
 

392,77 
 

393,27 
 H  ,  

1,466 
 

-24,68 
 

-20,38 
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H  ,  0,484 
 

-13,22 
 

-17,95 
 

 
   75- -400, 60 - -280  60 - -355  

  75- -400   4,0 ,  :  
–     ,    

 ; 
–   ; 
–   ; 

    ,    
75- -400,      Z = ,  . 

    75-     .8  
 . 

 
3.4  ё    
 

   = ÷ °    
        ,   

            
.          

 . 
        

: 
–       

 . 
–     (   

)   . 
–        

 ,         
 . 

  3.19-       
: 

  : 
 b = , ∙ D = , ∙ = ,                                         (3.19) 

 
 
 

  3.5 
 75 60-  𝐃 ,  4 2,8 2,8 H  ,  

1,576 
 

-2,46 
 

-2,66 
 ∇Z  

395,26 
 

368,62 
 

373,57 
 ∇Z  394,36 

 
379,91 

 
375,92 

 ∇Z  
395,30 

 
390,31 

 
390,61 
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 : 

 = ° 
 

 : 
 b = b + , = , + , = ,                               (3.20) 
 

    D =  : 
 D = , ; D = ,  ; D = ,  ; R = ,  ; R = ,  ; h = ,    

 
  : 

 H = b + ∙ h = , + ∙ , = ,                              (3.21) 
 

       =, ⁄ . 
 

   : 
 Q = Q ∙ ° = ∙ °° = ,                         (3.22) 

 
    : 

 F = = ,  , =                        (3.23) 

 
  : 

 p = √ = √  , = ,                                                    (3.24) 

 
       : 

 a = R + √p − = , + √ , − , = ,                      (3.25) 

 
   : 

 R = a + p = , + , = ,                                (3.26)            
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   : 

 ∙ = a − √a − p = , − √ , − , = ,                         (3.27) 

 
  :  

 = = ,                                                             (3.28) 

 
       Δ = °, 

    .     3.6 
 

 3.6 –       
φ - - - - - x x2 p2 p a R ° ° -   -2  2 2    

345 0,96 0,60 3,87 2,75 1,66 2,25 5,07 6,20 2,49 5,50 7,99 
330 0,92 0,57 3,70 2,58 1,61 2,18 4,73 5,85 2,42 5,43 7,84 
315 0,88 0,54 3,53 2,41 1,55 2,10 4,39 5,52 2,35 5,35 7,69 
300 0,83 0,52 3,37 2,24 1,50 2,01 4,06 5,18 2,28 5,26 7,54 
285 0,79 0,49 3,20 2,07 1,44 1,93 3,73 4,86 2,20 5,18 7,39 
270 0,75 0,47 3,03 1,91 1,38 1,85 3,41 4,53 2,13 5,10 7,23 
255 0,71 0,44 2,86 1,74 1,32 1,76 3,09 4,21 2,05 5,01 7,06 
240 0,67 0,41 2,69 1,57 1,25 1,67 2,78 3,90 1,98 4,92 6,89 
225 0,63 0,39 2,52 1,40 1,18 1,57 2,47 3,59 1,90 4,82 6,72 
210 0,58 0,36 2,36 1,23 1,11 1,47 2,17 3,29 1,81 4,72 6,54 
195 0,54 0,34 2,19 1,06 1,03 1,37 1,87 2,99 1,73 4,62 6,35 
180 0,50 0,31 2,02 0,90 0,95 1,26 1,58 2,70 1,64 4,51 6,15 
165 0,46 0,28 1,85 0,73 0,85 1,14 1,29 2,42 1,55 4,39 5,94 

 
   ,       

,  ,  ,  .    
     R     = ; R == . = , .     ,  

  ,    Microsoft Excel. 
  

    : 
 p = ·                                                               (3.29) 

 
: a = ° 
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  : 
 p = − + · −·                                                    (3.30) 

 
 

 ё       3.7 
 

 3.7 –    𝛗° ,  ,  ,  

150 

1,85 

5,704 1,294 
135 5,440 1,337 
120 5,137 1,152 
105 4,785 0,937 
90 4,371 0,685 
75 3,885 0,388 
60 3,315 0,040 
45 2,649 -0,367 

 
  : 

 k = · · = · , · , = ,                                         (3.31) 

 
     (     ): 

 tg = p ∙ ∙⁄ = ∙ , ∙ ,⁄ , = ,                                       (3.32) 

 = arctg p ∙ ∙⁄ = arctg , = , °                                      (3.33) 

 
3.5      

 
3.5.1     
 

        
    .       

   ,    
.      (3.30): 

 D∗ ( , ∙ [ ]) ,
                                                                                     (3.30) 
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 [ ] = ÷  , M −   , ∙ , 
   (3.31).  

 M = , ∙ = , · , = ,                                                      (3.31) 

 D∗ ( , ∙ [ ]) , = , ∙ , , = ,    

      
(  50   D   1000    100   D≥1000 ). D = . 

 
3.5.2   
 

    ,  (3.32): 
 R = , ∙ ∙ = , ∙ ∙ = ,                                               (3.32) 

 
 n −   , / . 

    d ,  ё  ,  
  15-20   D ,   d  = 870 . 

        
   3.6. 

 
 3.6 –       D  

D ,  500 – 800 850 – 1100 1200 – 1600 1700 – 2200 

h ,  300 400 500 600 

Z  8 8 10 12 

 h =  ; Z =   
        (3.33): 

 R = + α+  α = ,+ ∙ °+ · ° = ,                              (3.33) 

 

 = °Z = ° = °  –    .    

       (3.34): 
 p = ∙ = ∙ ,  = [p ],   (3.34) 
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 l  –     ,    
(3.35); 
 l = , ∙ ∙Z = , ∙ , ∙ , = , = ,    (3.35) 

 [p ] = ∙ ∙ ∙ = ∙ , =     (3.36) 

 
 , ,   . 

 
3.6     
 

       
   .  ,   

  ,     ,  
         

 ,        
   +/–10%.    

   3.7. 
 n = ;  
 N = ,  .  
 

        
   -808/130-40 , :  

 – , ;  
808 –    , ;  
130 –   , ;  
40 –   
 

 3.7 –    -808/130-40 4. 
 -808/130-40 4 

 ,  255 
  S ,  64,7 P ,  55 cos  0,8 U ,  10,5 n , /  150 , % 97,7 

 
        3 %, 

. 
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  – ,      
 200 / ,         (1800-

5000). 
3.7    

 
3.7.1     
 

       
    ( ).   

        ( , 
 ).        . 

    ,    
       

. 
     ё  
 ,     , 

  . 
        

57,45   D1 = 4,0 :  1,6/1-40-2,5-2, :  
1,6 –  ;  
1 –  ;  
40 – ,    40 / 2;  
2,5 –     3;  
2 –  . 

 
3.7.2    
 

      
    : -2 1-100-11 (1985 .): 
 –   

2 1 –    
100 –    
11 –   11-   
 
 
 
 
 
 
 
 
 

 
  



40 
 

4   
 

4.1        
 

     
         -

  ,  , , 
   ,  ,    

       . 
   ,     

     .    
   ,  ,  

 ( . .     )   
,  ,  . 

       
« »    220 .  

      
ё  :    ,   

 4.1.  
 

 

 4.1 –       
 

4.2        
 
4.2.1     
 

      -808/130-40 4 
  "  ".    
   4.1. 
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 4.1 –    -808/130-40 4 
 

 
 𝛗 𝐗′  𝐗′′  𝐗  

S,  P,   . . 22 35 93 
64,7 55 10,5 0,85 

 
4.2.2        

 
 

       ,   
 .  

        
      ,  

    . .   ,  
  0,5%       

(4.1). 
 S = − . . = − ,, = ,  · , (4.1) 

 
 P  –  ( )  , ; P . . = , ∙ = , ∙ = ,   –   

 , ; cos  –   , . . 
         
      « »,   

   ( ),       
 -80000/220- 1, 1.      

4.2. 
 

 4.2 –    -80000/220 

,  
𝑈,  𝑼 , % 𝑰𝒙𝒙, % 𝜟𝑷𝒙,  𝜟𝑷 ,  𝑼 ,  𝑼 ,  

80 242 10,5 11,0 0,3 60 280 

 
      

 ,     T    
  ,     (4.2): 

 = , + · = , + · =  /  (4.2)  

 
 

     ,  (4.3): 
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t = − T − ωT , (4.3)  
 

  –   ,1   ; T  –       , : T = ; ω –    ,   : ω = ,  / ; T  –   -  , T =  . 
 t = − · − , · =    
 

    : 
 ∆W = n · ∆P · t , (4.4)  

 
 n  –    , n = ; ∆P  –    , ; t  –      , . 

 ∆W = · · = ,  ·   
 

   : 
 ∆W = ∆ ·  · , (4.5)  

 
 ∆P  –    , ; n  –    ; S  –       , ; S   –   , ; 

 –   , / . 
 ∆W = , ∙ ,  ∙ = ,  ·   

 
         

(4.6): 
 = 𝛾 · ∆W + 𝛾 · ∆W , (4.6)  

 
 ∆W  –   , · ; ∆W  –    , · ; 𝛾 , 𝛾  –  ,   ; 

 = , · −   . / ·   
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= , · −  . / ·   
 

   1  : 
  = , ∙ − ∙ , + , ∙ − ∙ , = ,    /   
 

    (2  )    
(4.7): = ·  = , ∙ = ,  . /                                   (4.7) 

 
4.2.3        

  
 

        
     ,   

  ,  (4.8). 
 S = ⋅ − . . = ⋅ − ,, = ,  ·  (4.8) 

 
 P   P . . −       

. 
        

 « »,   ,      
  -160000/220- 1, 1   « ». 

     4.3. 
 

 4.3 –    -160000/220- 1 ,  
,  , % ∆ ,  ∆ ,  𝐈 , % 

  

160 242 10,5 12,0 525 167 0,6 

 
  ,     

   : 
      : 

 = ( , + T ) · = ( , + ) · =  /  

     : 
 t = − · − , · =    
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    : 
 ∆W = ⋅ , ⋅ = ,  ·   
 

   : 
 ∆W = , ∙ ,  ∙ = ,  ·   

 
       1  

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

 
       

  . ,  ,    
       . 

 
4.2.4     
 

 ,     ,  
0,5%   ,  (4.10): 

 S . . = , ∙ Э   (4.9)  

 
 cos −   . 

 : 
 S . . = , ∙ , = ,  ∙ .  
 

    «  »  
 -2500/10,5.      4.4. 

 
 4.4 –    -2500/10,5 

,  
,  

, % 𝚫 ,  𝚫 ,  
, 

. . ,  ,  

2,5 10,5 6,3 2,5 70 235 24,3 
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4.3     , 
        

 
 ,   ,    (4.10): 

 SΣ = − . . = − , ∙, = ,  ·  (4.10)  

 
 P −   , , cos −  

 . 
       220 : 

 P . =  .  
 

     (220 ): 
 K = , .  
 

  : 
 cos = , ;  
 

   220     (4.11): 
 n = Σ∙ / +  (4.11)  

 
      : 

 n = ,, ∙ / , + = , ≈   

 
   220 ,  (4.12): 

 I = Σ·√ · = , ∙∙√ ∙ =   (4.12)  

 
ё    220 ,  (4.13): 

 I = I · ·  (4.13)  
 

  – ,      
, = , ;  – ,      

, = . 
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I = , · , · = ,    
 

       . 
   220  j = ,  / .   ,  

(4.14): 
 F = = , = ,   (4.14)  

 
 j −   , / 2 

    .   
  I =  ,  ,     

(4.15): 
 I . = Σ− ·√ · = ,− ∙√ ∙ =     (4.15)  

 
  : 
       

   𝐼 =   . 
 I > I .   
  >    
 

         
,    -240/39.   -240/39 

   4.6. 
 

 4.6 –    -240/32 
   

  /   /   /  

 0,118 0,405 2,81 
 
4.4       -  

  
 

     
,      

  . 
    (4.16): 

 K = n ∙ K + m ∙ K + t ∙ K Э (4.16)  
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 K  –    (      
- 201,99 . .;      - 342,86 . .);  K  –     (41,42 . ); K Э –   (103 . );  n –   ; m –    ; t −       . 

 
       :  

 K = ⋅ , + ⋅ ,  + ⋅ , = ,  . .   
 

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

       
 ,    (4.17): 

 = ∙ +  (4.17)   
 

 = 0,15 –  .  
       : 

 = , ∙ + =  ./ .  
  

       : 
 = , ∙ + =  ./ .  
 
 
 

  ,  (4.18):  
 = − ∙ %, (4.18)   

 =  − ∙ % = ,  %.  
 

        
  6,4 %. ,      

       ,   
     ,      
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  ,  ,     
         
. 

 
4.5       

 
 

  -220 :  
– 2  ;  
– 2 ; 

    4.      
      « ». 
       4.2. 

 

 
 4.2 –    220 : 2  

 
4.6 ё         

      RastrWin 
  
4.6.1    
  

 ё     . 
 ,  (4.19 – 4.21): 

 X = = = ,   (4.19)  

 
 U −  , , S −   . 
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R = ω∙ , = ,, ∙ = ,   (4.20)   

 
 ω −  . 

 E = E∗ ∙ U = ∙ =                                                                   (4.21) 
 

 E∗ −  . 
 ,  (4.22-4.24): 

 = E′′ ∙ U . = , ∙ , = ,   (4.22)   
 

 U . −   , . 
 x = x′′ ∙ = , ∙ ,, = ,   (4.23)   

 
 x′′ −  , S −  . 

 R = ω∙ , = ,∙ , = ,   (4.24)  

 
  ,  (4.25-4.27): 

 X = ,% ∙ = ∙ = ,   (4.25)  

 
 U ,% −     %. 

 R = ∆P ∙ = , ∙ = ,   (4.26)  

 
 ∆P −   . 

 k = = , = ,  . . (4.27)  

 
 ,  (4.28-4.29): 

 X = X , ∙ L = , ∙ = ,    (4.28)  
 

 X , −    , L –  , . 
 R = R , ∙ L = , ∙ = ,   (4.29)  
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 X , −    . 
 

4.6.2         
         

  «RastrWin» 
 

  RastrWin   ,     
          

       .  
    4.7   ,  

  4.3-4.8.  
 

 
 4.3 –     

 

 
 4.4 –     

 

 
 4.5 –     
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 4.6 –   3      

 

 
 4.7 –   3     

 

 
 4.8 –   1     

 
 4.7–  ё     
    𝐈 ,  𝐢 ,  

ё   
 1 11,51 14,27 

 – 220  3,927 9,55 

   – 220  5,868 31,58 

 
      (4.30): 

 i = √ k I , (4.30)   
 

 k  –     ,  k = ,  
     k = ,     220 . 𝐼 Э = ,  > 𝐼 Э = ,  , ,   

    220   ё     
  . 

 
4.6.3  ё     ё   
 

  ё       – 
    ,    

   ё  ё . 
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 : 

1.        
; 

2.     
   ; 

3.   ,  
 . 

       
     .  

       
        5% , 

   (4.31): 
 I ,  = , ∙ I , = , ∙ , = ,    (4.31)   

 
 I , −   . 

       
 (4.32): 

 I  = ,√ ∙ , = √ ∙ = ,   (4.32)  

 
 U , −   , S , −  

. 
        220 ,  

(4.33): 
 I . = ∑∙√ ∙ = ,∙√ ∙ = ,    (4.33)   

 
 n −   , S∑ −   . 

        
  ,  (4.34): 

 I . = ∑− ∙√ ∙ = ,∙√ ∙ = ,                                              (4.34)   
 

4.6.4      
 10,5   

 
     , 
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«ABB», – VD4-10-40/400,       
   4.8: 

 4.8 –    VD4-10-40/400 

 
 

, 
  

, 
 

 
 

, 
 

 
 

, 
 

 
 

, 
/

. 
 

 , 
 

 
 

. 
., 

%
 

VD4-10-
40/400 

10 4000 40 40 40/1 30 

 
      : 

–   ,  (4.35): 
 U U  (4.35)   

 ,  ,  ; 
 
–   ,  (4.36): 
 I I   (4.36)   

  ; 
 
–    ,  (4.37): 
 I . I                                                                                                   (4.37)   
  ,  ; 
 
–      ,  (4.38): 
 i , i  (4.38)   

 𝑖𝑎 = √ ∙ , ∙ = ,  𝑖𝑎.𝜏 = √ ∙ , ∙ − ,, = ,   
 
–      (     

 ) ,  (4.39): 
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√ I . + √ I + i                                                            (4.39) 
        

,         ; 
 
–   ,  (4.40): 
 i i                                                                                                          (4.40) 
  ,  ;  
 
–   ,  (4.41): 
 B , B ,  I ∙ t B ,                                                              (4.41)   
 ∙ =  ∙ 𝐵 = , ∙ , + , = ,  ∙ ;  

  , ,   . 

     ,   
-10/4000 1,     : 

 
 4.9 –    - -10/4000 1 

 

 
, 

  
 , 

  
, 

 

 
 

, 
 

 
 

, 
/

. 
 

 , 
 

-
10/4000 1 

10 12 4000 180 71/4 

 
      : 

–   ,  (4.42): 
 U U  (4.42)   

 ,  ,  ;  
 
–   ,  (4.43): 
 I I    (4.43)   
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  ;  
–   ,  (4.44): 
 i . i  (4.44)   

  ,  ;  
 

–   ,  (4.45): 
 B , B ,  I ∙ t B ,  (4.45)   

 ∙ =   ∙ 𝐵 = , ∙ , + , = ,  ∙ ; 
 

 ,       - VD4-
10-40/400   - -10/4000 1. 

   «ABB »    
    VD4-10-40/400   -

10/4000 1.       
   4.8 – 4.9.  

  .   — 
       

       
      . 

,     « - », 
    - 3.  

         
,        , 

   . - 3    
    4   15150 (  

   1  45° ;     
55° ;    98 %   35° ).  

  ,    «  
». -1      

        
       

   50     0,4  750 . 
    , 
      .    

,      .  
,    ,    

4.10. 
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 4.10 – ,     
 

 
   

 
 

 
 

 ( · ) 
ё   -4 .03  RS485 0,5 8 

  -1 RS485 0,5 8 
 - 3 RS485 0,5 10 

  ∑ = 26 ·  

 
4.7      
 

   .     
 U = ,    I .  =  .  

   -10-0,5-4000/5,    
   4.11,       
 : 

 4.11 –    –10-2 

 

 , 
 

 
 

, 
 

 
 

, 
 

 
 

   0
,5

, 
   , 

 

 
 

, 
/

. 
 

 
, 

 

-10-
0,5-4000/5 

 
10 12 4000 1,2 100 70/3 

 
   -10-66 .  

 10 ,   12 .   
 -10-66     4.12. 

 4.12–    

 

 
, 

 

 
 , 

  
, 

∙ 
 

 
 0

,5
 

 
, 

∙ 

-10-66  10 12 120 1000 
 

      
,  ,      

  . 
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      10,5  
     - 1-10 1   

« ». 
 
4.8     
 

  ELK-14        
 : ,   , 

   , ,    
 ,  ,   
   .  

     4.13. 
 

 4.13–     
   

 ,  U  = 253 
  ,  460 

   ,  50 
    ,  

  ,  Id. = 135 
  ,  IT. = 50 

    ,  3 
    

50 ,  
530 

   ,  1050 
   (    ) 

  0,25s 
  0,5s 

  10  
   (    ) 

  0,2s 
  0,5s 

  3  
 ,  

  3150 
  4000 

 
       

  (IEC/ANSI)      
 .  ELK-14    

     , 
   .    

,       
 ,  ,   

   .     
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      ,  
        .  

 ,     
     .    

  ,       .  
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5     
 

5.1    
  

  ё       
 . 

       (5.1):  
 I = I = √ ∙ = , ∙√ ∙ , = ,  ,                                                         (5.1) 

 
 S −   ; U −   

. 
  ,     

      ,  
(5.2): 

 I = ∙ = , ∙ ,/ = ,      (5.2)  

 
  ,    , 

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

 
 k −       

  = 1,0       ; k −    . 
 

  ,     :  
 I = ∙ .∙ = , ∙ ,∙ ,, = ,                                                               (5.4) 

 
 k −     0,816;  I . −   ;  k −    ; k −    . 

        
(5.5): 

 , ∙ I , = , ∙ , = ,                                                             (5.5) 
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  ,     .  
     5.1. 

 
 5.1 –    

  
 

 
( ) 𝑰 .,  

,  
( ) 𝑰 .,  

, 
 

( )  𝑼 .,  

,  
( ) 𝑼 .,  

-320-
1400-

2,5 4 
  

   
  

 
  ,   

 .     
    5.2. 

 
 5.2 –    

 
  

, 
 

  
, ,  

 

, 
 

  
 

 

 

 
 

 

 

 

, 
 ,  , 

 

− ,  ,  ,  ,  𝐈 ,  − − 

-
2000/10
- - 3 

,  ,  ,  ,  ,  
±∙ , % 

/−  

 
       

       (5.6):  
 I   = √ ∙ = ,√ ∙ , = ,  ,   (5.6) 

 
 S −    ; U −  

  . 
      

,    ,  (5.7): 
 I =   ∙ = , ∙ ,/ = ,                                                          (5.7)  
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        1  
 (5.8).    ,    ,   

    . 
 I = ∗ ′′ ∙ I ,  = ,, ∙ , = ,                                                   (5.8) 

 
 E∗ −  ; xd′′ −    

; I ,  –  . 
       (5.9): 

 I = √ ∙ I = √ ∙ ,  = ,                                         (5.9) 

 
       2,  

(5.10): 
 I = ∙𝐼 . = ∙ , = ,                                          (5.10) 

 I = √ ∙ I = √ ∙ ,   = ,    (5.11) 

 
     ( ) 

 : 
1)      (5.12): 
 I .  = 𝐾 ∙𝐾 ∙𝐼 . ∙𝐾 ∙𝐾  𝐾 ∙ . .∙ . . = , ∙ , ∙ , ∙ , ∙ ,, ∙ , ∙ , = ,     (5.12) 

 
 k = , ; k = . ; k = , ; k = / ; k = , ; k = , . 

 
2)      (5.14): 
 I .  . = 𝐼 .𝐼 .  = ,, = ,  .               (5.13) 

 k = , i.  = , ..  = ,  , ∙ , = ,  >1,5  (5.14) 

 
     ,  

    . 
   ( )    

 (5.15) 
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I .  = 𝐾 ∙𝐼𝐾 ∙𝐾  . . = , ∙ , ∙ ,, = ,                                                (5.15) 

 k = , i.  = , ..  = ,  ∙ = , >    (5.16) 

 
     ,  

    . 
 

 5.2     
 

      ,   
      . 

   -808/130 – 40 4: 
–       

         ; 
–      (100%)   ; 
–    ; 
–       

      
; 

–     ; 
–      ; 
–        ; 
–        ; 
–    ; 
–     ( ) ; 
–    
–       

   ; 
–   . 

     80000/220- 1: 
–         ; 
–           , 

     ; 
–      ; 
–     ,   ; 
–     ,  ; 
–     ; 
–       500 ; 
–      ,  

 ,     . 
   : 
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–       ; 
–        

; 
–   ; 
–   . 

   220 : 
 : 

– -       . 
 : 

– 5-       ; 
–         

 ; 
– 4-          

( ); 
       220  

  220 . 
 
5.3       

 
5.3.1     (I∆G)  
 

      
  I < , ∙ I     

        . 
        

          
 . 

  : I =  . 
   : η = /  .  

1)        
  .     I .    
        
.      (5.17). 

 I = k ∙ f ∙ I = , ∙ , ∙ I =  , (5.17)  
 

 k = ,  -    ;  f = ,  -    . 
 

1.  I . k ∙ I = ∙ , ∙ I =  , (5.18)  
 

 k =  -  . 
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2.        
      
     ё   

    TE: I . I ,    ё     
 ,       I = ,    , 

     ,    1,   
   k = ,  (    

  )     
     (5.19): 

 I . = , ∙ = , ∙ ,  = ,    (5.19) 

 
 : I . = , ∙ I . 
  . 3.2.36     

       0,6∙I . 
2)   k      

    .  k     
    ,   

     . 
       

    (5.20): 
 I = k ∙ f ∙ k ∙ I , (5.20)  

 
 k =  –   ;  f = ,  -    ; k = ,  -     (0,5-  

 , 1,0   ); I  -         
        

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

 
 ,   ,  (5.22): 

 I = ∙ , ∙ , ∙ ,  = ,              (5.22) 
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    ,  (5.23): 
 k >  ∙ ,     (5.23)  

 k > , ∙ ,, ,  
 k > , ,   
 

 k =  –  ; I  -      
        (5.24): 

 I = √I ∙ I − I ∙ cos   ,                                                  (5.24) 
 

 I −      1828,5 ; −   
   ,        

 10˚  20˚.    : 
 I = √I ∙ I − I ∙ cos =  = √ ∙ − , ∙ cos ˚ = ,     

 
  k = , .  ,   

   ,     
  –       .  

3)    (      
)    (5.25): 

 I = ∗ = , , = ,  . . (5.25)  

 
4)        

.      ,  (5.26): 
 B ∗ = , , = , . (5.26)  

 
     = 1,5 (    

). 
        
   ,      

   ,    (5.27): 
 I = − ∙ I = ∙ =        (5.27) 
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  5.1    
  . 

 
 5.1 –    

  
 

    ,  ,  
   -       

. 
 

5.3.2         (UN 
(UO))  

 
  100%    , 
         

    . 
      : 

1)   (U0)      
  U0   85-95%     
  ; U0     

 3U0    ,  
 «  ». 

       
       

     
    U  Э . .       

 . 
 U  Э . .     ,  

 . 

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 2

I∆
, 

..

I , . .
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    ,  
      

  5.2. 
 

 
 5.2 -     ,  

     
 

  : 
 –        , 0,7 ;  
 –          

, 0,007 ;  
 –      , 0,008 ;  
 –   , 0,25 . 

 
        

 (5.28): 
 CΣ = C + + + = , + , + , + , = , , (5.28) 

 U  Э . = ∙ U ∙ + Σ, (5.29)  

 
  – ,    U    
 .       

,    , = , ; 
 –         

 , = ,   U =  ; 
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U  –         
   ,     

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

 
     ,  

(5.31): I = , ∙ U ∙ ω ∙ Σ = , ∙ , ∙ ∙ ∙ , ∙ − = ,      (5.31)  
 

       
    220     (5.29): 

 U  Э . . = , ∙ , ∙ ∙ ,, + , = ,    

 
      (5.32): 

 U ∙ ∙ U  Э . ,       (5.32)  

 U ,, ∙ ∙ ,  ,√ ∙ , / ,  
 n = /   
 U , , 
 

 k = ,  –  ; n  –   ; k = ,  –  . U        
,     10  20 . 

  : U    5    
  5,0    ; U     10   
  0,5      , 

       -  . 
2)   U       

          30%  
    . 

  U        1  
3. 
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  k .    (5.33)     

   . 
 = + = + = , =  % (5.33)  

 
 k =   U      20 %  

   . 
    0,5      

,        -  
. 

 
5.3.3     (U1>), (U2>)  
 

1)   U2> ,    (5.34): 
 U = , ∙ = , ∙ / =   (5.34)  

 
2)         
  U1>   , ∙ U ,      

     . 
U1>        . 

 U1>    (5.35): 
 U = , ∙ = , ∙ / =   (5.35)  

 
  ,       

   220      , ∙ I . 
    0,5      

,  . 
 
5.3.4      

      (I2)   
 

      
       

       
,         

. 
       I∗ , 

    (5.36): 
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I∗ =  , (5.36)  

 
 I –       ; I – 

     . 
      

  I    (5.37): 
 t = ∗ =  , (5.37)  

 
 A =  – ,  - . 

    : 
1)   I      I  
        

(   ). 
   ,   (5.38):  

 I∗ = ,    
 I = , ∙ I = ,     (5.38) 
 
2)   I       

  I        
 .       

          
 .      

       14%.  
         t =  .  

      (5.39): 
 I∗ = √ = √ = ,  (5.39)  

 
        
   t ,  (5.40), (5.41): 

 I∗ = ∗ = , / , = , , (5.40)  

 
 k = ,  –  . 
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I = , ∙ I = ,   (5.41)  
 

         
  ,  I∗ = , : t = , ≈ ,    

 
3)       

,    I      
 ,    (5.42): 

 t = ∗ =   (5.42)  

 
      

     5.2. 
 

 5.2 –      
   

   
  

 I2/I  
1,0 0,6 0,5 0,4 0,3 0,2 0,12 

 ( ), t  30 83 120 188 333 750 1530 

 
      

   5.3.     
       

   (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 I2



72 
 

    : t = ,  , t = .  t  -     
     (0,5 .). 

        
         
       , 

     ( ).  
4)     𝐼      

    𝐼        
     . 

       : 
1.         

 ; 
2.       

         B . 
3.          

 BJI. 
        

   . 
        

220           
 . 

 I∗ . . = , ⋅ ∙(  ′′ + + ) ;                                                               (5.43)     

 
 ё      : 

 S =  ; U = ,  ; U =  .  
 X∗ = X , ∙ l ∙ = , ∙ ∙ = ,  . .                                    (5.44) 

 I = √ ∙                                                                                                (5.45) 

 I = ∙√ ∙ , = ,    

 𝐼 = 𝑆√ ∙                                                                                                  (5.46) 

 I = ∙√ ∙ , = ,    
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X∗ . . = X  ′′ ∙ ∙                                                                             (5.47) 

 X∗ . . = , ∙ , , ∙ ,, = ,  . .  
 X∗ − . . = % ∙ ∙                                                                              (5.48) 

 X∗ − . . =  , ∙ ,, ∙ ,, = ,  . .  
 I∗ = ∗∗ . .+ ∗ − . .+ ∗                                                                     (5.49) 

 I∗ = , + , + , = ,  . .  
 I∗ . = √∙√ ∙ I∗ .                                                                                 (5.50) 

 I∗ . = √∙√ ∙ ,  = ,  . .  
 

   : 
 I∗ = I∗ . . ∙ I ;                                                                              (5.51) 

 I∗ = ,  ∙ , =  ,    
 

        
 : 

 I = ∗ ;                                                                                              (5.52) 

 I = ,  / = ,    

 
 

  : 
 𝐼  . . 𝐼 𝐾 ,                                                                                                   (5.53) 
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 𝐾 = , −  . 

 𝐼  . . , , = ,             

 𝐼∗ 𝐼𝐼 = ,, = ,                                                                              (5.54) 

                                                               
    -    
   , − ,  𝐼 . ..     𝐾 > , .   , ∙ 𝐼 . . 

 
  : 

 𝐼∗  . . = , ∙ 𝐼 ;                                                                                          (5.55) 
 𝐼∗  .. = , ∙ , = ,    

 
: 

 𝐾 = 𝐼𝐼  . . ;                                                                                                      (5.56) 

 𝐾 = ,,  = ,   

 
       

    .     
        𝐼 . . = , .     k > , . 
     7,0   , 7,5    

  220    ,    8,0 
       . 

 
5.3.5     (I1)  
 

       
.           

  : 
1)  ,     

         
   . 
     (5.45): 
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I = ∙ = , ∙, = ,  ,  (5.45)  

 
 k = ,  –  ; 
 k = ,  –  . 

  t =  . 
2)  ,      

        
 . 
     (5.46): 

 I = , ∙, = , ∙, = ,   (5.46)   

 
      . 

      
   ,    5.3. 

 
 5.3 –   ,    

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

  
( ) 3600 1200 500 350 270 150 75 5 5 

 
      

 I     5.6. 
 

 
 5.6 -       

 I  
 

        
  ,  . 

0

500

1000

1500

2000

2500

3000

3500

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

t,
 

I/I , . .
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   0,01 . 

3)   ,     
       . 

     (5.47):  
 I = , ∙, = , ∙, = ,  ,  (5.47)  

 
        U <. 

   ,  (5.48): 
 U = , ∙∙ = , ∙ ,, ∙ , = ,   (5.48)  

 
     7,0   , 7,5    

  220    ,    8,0 
       . 

 
5.3.6    𝐙 <, 𝐙 <  
 

         
       

    . 
  ё    ,   I 

 II      III   IV    
. 

1)       
        1 .  

         
 ,    . 

       220   
 . Z ,    220 ,   : 
)        220   

 –   1,  (5.49): 
 Z , ∙ Z + , ∙ Z  (5.49)   

 Z , ∙ ,  + ,,   

 Z ,   
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 K  – , ,   ,  
  ; Z  –  ; Z  –  ,     

220 ; 
 Z = , ∙ = ,    

 
  ,     

,    (5.50): 
 Z  . . , ∙ (U ∙ + Z′ ∙ )   (5.50) Z  . . , ∙ ∙ , + ,, ∙ ,, ,  
 Z  . . ,   
 Z        (5.51): 
 Z = Z  . . ∙ Z = ,  ∙ ,  = ,  , (5.51)  

 

 Z = , = , , = ,  . 
 

     (5.52): 
 Z = Z ∙ = ,  ∙ ,, = ,   (5.52)  

 
  Z = ,  . 

 
2)  ∆Z        

    .   ∆Z,      ,    , 
 , ∆Z = . 

      0,5    
  220    ,    1,0 

       ,    
 . 
3)        

       . 
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(5.53): 

 Z = √ ∙ = , ∙√ ∙ = ,  , (5.53)  

 
 I  –   , . 

        
(5.54): 

 Z . = , ∙ = , ∙ ,, = ,  . .,                                                          (5.54) 

 
 I −       . 

 
       (5.55): 

 cos  . = , ∙ = ,, ∙ , = , , (5.55)  

 
      . = °. 

        
(5.56),      –  (5.57): 

 Z = Z . = ,, = ,  . ., (5.56) 

 Z = Z  . . ∙ Z = , ∙ , , = ,  . (5.57) 

 
     (5.58): 

 Z = Z ∙ = , ∙ // = ,  , (5.58) 

 
  Z = ,  . 

       
  20%.     Z = ,  , Z = ,  . 

         
    . 

      7,5    
  220    ,    8,0 

       . 
      

 5.7. 
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  –  ,    
  cos = , .  

 
5.3.7      
 

       
.        .  

   : 
1)  ,     

         
   .  
      (5.59): 

 I  . = ∙ . ∙∙ ∙ . . = , ∙ , ∙ ,, ∙ ,, = ,   . (5.59)  

 
2)  ,      

        
 .      (5.60): 

 I  . = ∙ . ∙∙ = , ∙ , ∙ ,, ∙ ,, = , = ,  . . (5.60)  

 
3)  ,      

 ,   5.4,     
 ,  . 

 
 5.4 –     

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

 
 ( )  210 140 110 90 70 55 20 210 

 
       

    5.8. 
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 5.8 -      

   
 

4)   ,     
       .  

   (5.61):  
 I  = , ∙ . ∙∙ = , ∙ , ∙ ,, ∙ ,, = ,  = ,  . . (5.61)  

 
5.4      –   
 

  ё  ,      
        

       
  « ». 

      
     ,   

 . 
        

 ,    
          

ё        . 
       

       
  ,      

ё   –  ё    
. 

 

0

50

100

150

200

250

300

350

400

450

500

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

t,
 

I/I , . .
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5.5        
 

        . 
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6    
 
6.1      

 
    ∇     (6.1): 

 ∇ = ∇ + h  ,                                                                                     (6.1) 
 

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

 h  –       1%   
 ; ∆h  –   ; 

 –  ,    0,4     2,0 , 
 0,4.  

      (6.3): 
 

 ∆h = k ∙ ∙∙ ∙ cos  ,                                                                               (6.3) 

 
  V –      10     V =

 / );  k = + , V ∙ − = , ∙ − ,  
L –    (L =  ); −        
,  α = 0. 
 

         
(6.4): 

 d = ∇ −∇ = − =                                                                      (6.4) 

 ∆h = k ∙ ∙∙ ∙ cos = , ∙ − ∙ ∙, ∙ ∙ cos =  ,                    
(6.5) 

 
   1%    .  

: 
1.      

 
   (6.6 – 6.7), 

 t -     ,  t = 6  = 21600 . 
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= , ∗ = ,                                                                                        (6.6) 

 

 
= , ∗ = ,                                                                                   (6.7) 

 
2.       (    

  d > , ̅̅ ̅,        )  
   

 
   

̅
  

 ̅
. 

 
 6.1 –     ∙

  ∙̅
 

   6.1     6.1 
 

 6.1 –         ∙
 

∙
 g ∙ TV  

g ∙ h̅V  
g ∙ TV  

g ∙ h̅V  

3,79 0,075 1,69 0,0195 

 
3.          

(6.8 – 6.9),     
̅
  

 ̅
 ,   ,  . 

 h̅ = , ∙ 𝑤𝑔 = , ∙, = ,                                                                                      (6.8) 
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 T̅ = , ∙ = , ∙, = ,                                                                                     (6.9) 

 
4.       (6.10): 
 ̅̅ ̅ = ̅̅̅̅ = , ∙ ,  ∙ , = ,                                                                         (6.10) 

 
  d > , ∙ ̅̅ ̅.     , . .  

,    T̅  h̅    , 
   . 

   > , , ,  . 
 
5.    1%    (6.11): 
 h % = h̅ ∙ k  ,                                                                                                   (6.11) 
 

 ki  ,    6.2      
 (   ).  

 

 
 6.2 –    ki    

 
  , k = , ,  h % = , · , = ,    

 



85 
 

         
   (6.16): 

 ∇ = ∇ + h % + ∆h +  ,                                                           (6.12) 
 

  –  ,    ,    : 
   I-0,8 , II -0,6  , III -IV-0,4 ; = ,  . 

 ∇ = ∇ + h % + ∆h + = + , + , + , = ,    
 
6.2      
  

         
   – Q3%,     -Q0,5%. 

   = f (Q )    6.4. 
 

 
 6.4 –    = f (Q ) 

 
 6.1 –      

  
, % 0,01% 0,1% 0,5% 1% 3% Q  

Q  - 1257,8 1091,1 1013,2 933,1 25 
.  - 401,8 401,61 401,24 400,79 392,36 

 
       

         6.5. 
 

392,00

393,00

394,00

395,00

396,00

397,00

398,00

399,00

400,00

401,00

402,00

0 200 400 600 800 1000 1200

Z

Q, . /c

Z б=f(Qлет)

Z б=f(Q )
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 6.5 –      

 
      6.4 : 

 

 

Q .  = 1013,2 3/    401,24 ; 

 

 

Q .  = 1257,8 3/    401,84 . 

 
6.2.1        

      
 

       
         

 : 
 H = ∇ − (Q . ) = , − , = ,     
 H = ∇ − (Q . ) = , − , = ,    
 

         
      (6.17 – 6.18): 

 Q =  , ∙  −∆ ∙ɳ = , · , − ,  · , = ,  /        (6.13)   

 

 Q = , ∙ −∆ ∙ɳ = , · , − ,  · , = ,  /  (6.14)   

 
  58.13330.2012  ,   

   - m,    : m =  n −       n ; 
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, m =  −  =  
          

    (6.19 – 6.20):  
 Q Э = m ∙  Q = , ∙ = ,  /  (6.15)   

 Q Э = m ∙  Q = , ∙ = ,  /   (6.16)   
 

        
     (6.21): 

 Q = Q . − Q Э − Q  (6.17)   
 Q = , − , − , = ,  /   

 Q =  + = , ∙ 9+ , ∙ 9 = ,  /  (6.18)  

 
    (6.23): 

 Q = Q . − Q Э − Q  (6.19)  
 Q = , − , − , = , /   

 
6.2.2       

 (     )  
 

        
 .  ,    

,    ( ).  
      . 

    D  1  5  
(  3 ).       (6.24):  

 ∇ = ∇  −  + h −  + , = + + , = ,            (6.20)  
          

(6.25): 
 = + − ∇ = + , − , = ,                                  (6.21) 

 
      (6.26):  
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Q = ω√ gH = , ∙ , ∙ √ ∙ , ∙ , = ,  /   (6.22)  
 

  -   0,8;  ω -     3,0 ,   
 (6.27).   

 ω =  R  =  , ∙ = ,  , (6.23)  
 

    (   2- ), 
       (6.28): 

 n = = ,, = ,  (    ) (6.24)  

 
 2   2,0. 

 
6.2.3     
 

       (6.29): 
 q = V ∙ h  (6.25)  

 
 h       ,     = f (Q ) 
  Q . ;  V      ,     

,    (  – 2,5÷3,5 / ;   3÷4 / ;   3,5 
/ ;   3,5÷ 4,5 / ;  –  5 / ).    5 / . 

 q  =  ∙ ,  = ,  /   
 

       (6.30):  
 q  =  , ∙ q  =  , ∙ , = ,  /  (6.26)  

 
 

      (6.31): 
 B = = ,, = ,   (6.27)  

 
   𝐵    ,  

 B  14 .    b    
 . .  b = 7.  : 2   7 .  
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  : 
 . .       

    .    
 : =  .       : 

 B = b ∙ n + n − ∙ ,                               (6.28) 
 B = ∙ + − ∙ =  . 
 

6.2.4     
 

         
      ,  

      01   (6.32),      
   02   (6.33). 

 H =  ( ∙ ∙ ∙√ ) ⁄ = ,, · ·√ · , / = ,   (6.29)  

 
 m          

        (   
 m = 0,49) 

 H =  ( ∙  ∙σ∙ ∙ ∙√ ) ⁄ = ,, · , · · ·√ · , / = ,     (6.30)  

 
 σ    (   σ = 1);  

    ,       
. 

 = − , [ + − ] = − , · , + − · , · , = , , (6.31)  

 
 ξ -    ,  0,7 ξ - ,          

  ,    0,45. 
           

V0    (6.35): 
 = − α

; (6.32)  
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V = ∇ −∇ + − =  ,− ∙ + − ·  = ,  /  (6.33)  

 
    , = . 

        
   (     = 3  −  

  b ≤ 14    = 4  -    b > 14 ). 
 H = H − α = , − , ∙ ,  ∙ , = ,     

 
6.2.5      
 

 H  -        
  (4; 4,5; 5,0; 5,5; 6,0; 7,0; 8,0; 9,0; 10,0; 12,0; 14,0; 16,0; 

18,0; 20,0 ). 
 
H = ,     H  = 9 . 
 

   (6.37)   : 
 ∇ =  − H  =  , − =  ,    (6.34)  

 
6.2.6       

   
 

        
   (  )       

 (6.38):  
 H = ( ∙ ∙√ ) ⁄ = ,, · ·√ · , / = ,   (6.35)  

 
          

  (6.39): 
 = − , [ξ + n − ξn ] Hb = − , · , + − · , · , = ,  

 H =  ( ∙ ∙σ ∙ ∙√ ) ⁄ = ,, · , · · ·√ · , / = ,   (6.36)  
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     (6.41).    

    (6.40): 
 V = ∇ −∇ + − = ,− ∙ + − ·  = ,  /   (6.37)  

 H = H − α∙ = ,  − , ∙ ,  ∙ , = ,   (6.38)  

 
       

(6.42), . .          
:  

 ∇ = ∇ + H =  + , = ,   (6.39)  
 

   ё ,   ∇    ,  ,    ∇   454 .    
,      ё  

 
6.2.7     
  

 ,        
 H =1      H =  .  

     ,   
 6.2      6.6. 

 
 6.2 –     

x y x y x y x y 

0 1,134 9 2,304 18 11,115 27 25,416 
0,9 0,324 9,9 2,889 18,9 12,321 27,9 27,117 
1,8 0,063 10,8 3,546 19,8 13,572 28,8 28,863 

2,7 0 11,7 4,275 20,7 14,877 29,7 30,645 

3,6 0,054 12,6 5,076 21,6 16,38 30,6 32,481 
4,5 0,243 13,5 5,949 22,5 17,64 31,5 34,362 
5,4 0,54 14,4 6,876 23,4 19,098 32,4 36,279 
6,3 0,9 15,3 7,857 24,3 20,601 33,3 38,241 
7,2 1,314 16,2 8,883 25,2 22,158 34,2 40,239 
8,1 1,782 17,1 9,972 26,1 23,76 35,1 42,282 

      36 44,442 
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 6.6 –    

. 
        

  C - D  R.        
  p  = 53       = 9 .   

      R  22 . 
   (  )    (6.40): 

 ∇ = ∇ + , ∙ H =   + , ∙  =  ,                                   (6.40) 
 
6.3.       
 

        
 . 

    (6.41): 
 h = √ α∙+ − ∙ ∙ = √ , ∙ ,, ∙ + = ,     (6.41)  

 
         

 (6.45): 
 T = ∇ − ∇ = , − , =   (6.42)   

 

  ξ = = , = ,  .    , 
    15      ;   

15  40  -    ;    40  -  
  .   =0,95.  

0

5

10

15

20

25

30

35

40

0 5 10 15 20 25 30 35 40
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  . .       φ 
  ξ    h       = 0,9 (   

         
)   h"  –  ё   ,    

 ξ ,  ξ′ = ,   ξ" = , . 
 

 ё     (6.43 – 6.44): 
 h′ = ℰ ∙ h = , · , = ,   (6.43)  

  h′′ = ℰ′′ ∙ h = , · , = ,   (6.44)   
 h′′ = ,  > h = ,  ,  ,     . 

 
     ё  ,     

 (  40 ),      >  ( , = , .  
      . , 
  - ,      .  

    .    ё   
     . 

 

6.3.1     
 

        40  
        

 .        
  ,        

.  
    ,     
     .   

 –        
     . 

 ё            
  6.46: 

 L = k · z · · sin + − α                                             (6.46) 

 
  –     ,   : = °; 

 –   , : = , ; 
 z = ∇ − ∇ = , − , = ,   
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z = ∇ − ∇ = , − , = ,   
 ∇ = ∇ +                                                                                           (6.47) 

 = h + . .                                                                                                    (6.48) 
 = , + = ,   
 ∇ = + , = ,   

 Fr =                                                                                                          (6.48) 

 
 v  –    ; 

 v = √ gz = , · √ · , · , = ,  /                                 (6.49) 
 h  –      
 h = = ,, = ,                                                                                           (6.50) 

 
   : 

 Fr = ,, · , = ,                                                                                           (6.51) 

 
  : Fr   : k = , − ,  , 
 k = , . 

   ё      6.46: 
 L = , · , · , · sin · ° ( + ( ,, − ) , sin °) = ,   

 
   ё  ,   

,  : 
 L > , z                                                                                                             (6.52) 
 , > , · ,  , > ,  
 

   6.52 ,     ( ) 
 . 
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  : 
 h = t − h                                                                                                                          (6.53) 

 
 h  –         Q %, h = ,  ; t –    : 

 t = ( , + , − √Fr) · √Fr · √  · h                                                                 (6.54) 

 
 Fr – ё   , Fr = , ; d –   ,   ё  , d =

; h  –     , h = ,   
 t = ( , + , − √ , ) · √ , · √ ,  · , = ,                         (6.55) 

 
    : 

 h = , − , = ,   
 

      : 
 L = L +  α                                                                                                          (6.56) 

 
 a  –     ; 

 tg = √tg  , · α+ −· α                                                                    (6.57) 

 
 a –       ё   9 ; v  –    , v = ,  /  ; h  –     , h = ,  ; 

 –     , = °; 
 
  :  

 tg = √tg ° + · , · , · ,  · cos ° + , − ,,  · cos ° = ,  
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        6.56: 
 L = , + ,, = ,   

 
      : 

 b = , h + , h = , · , + , · , = ,                         (6.58) 
 

      : 
 b  = , h = , · , = ,                                                              (6.59) 

        1:2,2,   
 1:1,5. 

 
6.4     

 

6.4.1      
 

    ,     
      .  

    ,   
     . 

    : −     ; −       . 
      

,  ,       
 , . .      

.     ,     
      .  

    ,   
 . 

   = , ÷ ,        
      , : 

  :  
 ∇ = ∇ − d + + ÷                                                                  (6.60) 
 

 d –  ;  
 –   ; 

 



97 
 

       .   
  .    ,  

     2 ,  : 
 ∇ = ∇ − = , − = ,                                                        (6.61) 
 

 : 
 h = ∇ − ∇ = , − , = ,  .                                    (6.62) 
 

 ,    : 
 B = , ∙ h = , · , =  .                                                        (6.63) 

6.4.2   
 

         
    .  

       . 
   ,       

 0,5 ,        0,7 . 
    1 ,    

        . 
 
6.4.3   
 

    ,    
      ,   , 

           
  ,        

    .  
        

: 
  :      

          
   .  

   –       
       . 

 
6.4.4      

  
       .  
  ∇=393,00      

 , ∙ ,   . 
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    ∇=409,44   ∇=427,23 ,  
    ,       

,         2,0∙2,5 
. 

6.4.5     
 

        
  ,     .  

  20 ,     2 .  

        ,      
      : 

 a ·,                                                                                                             (6.64) 

 
  –     ,  

  II   = , ; I ,  –       ,  
  I , = ; H  –   ё  ,   : 

 H = ∇ − ∇ = , − , = ,                                   (6.65) 
 

    : 
 a , · ,

 

 a ,  
 

 a =  
 

6.4.6     
 

  ,   ,  
   

  : 
 h = , ∙ H = , ∙ , = ,                                                               (6.66) 
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 : 
 h = , ∙ h = , ∙ ,  = ,                                                                   (6.67) 
 

 
  : 

 = ∆ ∙                                                                                                                   (6.68) 

 
 J  –     ,  

 J = ; ∆H –   ,   : 
 ∆H = H − H                                                                                                         (6.69) 
 

 H  –    .  
 H = , H = , · , = ,                                                                          (6.70) 
 H  –     
 H = , H = , · , = ,                                                                   (6.71) 

 
 : 

 ∆H = H − H = , − ,  = ,                                                      (6.72) 
 = ,  ∙ , = ,                                                                                                         (6.73) 

 
        

  3 ,      3 . 
       : 

 l = , ÷ , B = , ÷ ,                                                                        (6.74) 
 

 =   
 

       , : 
 =   
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6.5       

 
6.5.1      
 

       (6.75): 
 G = ∙ ∙ ∙+ = , ∙ ∙ , ∙ ,+ = / ;    (6.75)  

 
  S  –     (    

AutoCad); b –  ;  
 –  ;  
 –  . 

    . 
        (6.76): 

 G = ∙ ∙ ∙+ = , ∙ ∙ , ∙ ,+ = ,  / ; (6.76)  

 
      (6.77) . . : 

 Q ≈ , f√fg = , ∙ ,   ∙ √ ,   ∙ , = ,       (6.77)  
 

 f –  ,    (6.67): 
 f = ∇ − ∇ + , ∙ b = − + , ∙ = ,   (6.78)  

 
    1 . .      (6.79): 

 q = + = ,   + = ,  /                                                                   (6.79) 

 
6.5.2     
 

     : 
–      (6.69):  
 =  = ∙ , ∙ = ,  /  (6.80)  

 
 h = ∇ − ∇ = − =  . 

 
–      (6.70): 
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=  = ∙ , ∙ , = ,  /  (6.81)  

 
 h = ∇ . . −∇ = , − , = ,   

 
6.5.3    
 

        
        (   

   )   –    
(   = 46 ). 

        
    (6.82): 

 W = S g = , ∙ ∙ , = ,  / , (6.82)  
 

 S = ,   –      
  . 

 
6.5.4     
 

      (6.83): 
 W = S · · g = , ∙ · , = ,  /  (6.83)  

  S = ,  -    ,  
  . 

 
6.5.5    
 

        (6.84): 
 = ∙ h ∙ tg − = ∙ ∙ 𝑡 − = ,  /  (6.84)  

  h -   ,   2 ; 
 –    , = °; 
-      ,  : = ; 

 
 

    1 . .    
(6.75): 
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E = ∙ = , · = ,   (6.85)  

 
         

 (6.76): 
 ′ = ∙ h ∙ tg − − · c ∙ tg −  (6.86)  

 
 = , °, . c =  .  

 ′ = ∙ ∙ 𝑡 − , − ∙ , ∙ 𝑡 − , = − ,            

 
        h     
  ,      (6.77): 

 ′′ = ( ∙ h + ∙ h ) ∙ tg − − · c ∙ tg −  (6.87)  

 
       (6.78): 

 = − − n = − − , ∙ , = ,     (6.88)  

 

  –    , =  ; n  –   , n = , ; h  –   , h =  ; 
 –    , = , ° ; 

 –   . 
 

 : 
  ′′ = ∙ + , ∙ ∙ 𝑡 ( − , ) − ∙ , ∙ 𝑡 ( − , )= − ,  

         
 (6.79): 

 E = ′ + ′′ h = − , − , ∙ = − ,   (6.89)  

 
       

,       ё . 
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        (6.80): 
 ′ = ∙ h ∙ tg + + · c ∙ tg −  (6.90) 

 ′ = , ∙ ∙ tg + , + ∙ , ∙ tg + , = ,            

 
      : 

 E = S = . ′′∙ = , ∙ = ,    

 
6.5.6     
 

        
        (6.82) . . 

. 
 W = , ∙ g ∙ h % ∙ ̅ +  (6.91)  

 
 ̅  –   , ̅ = , ; h % -   1%  h % = ,  ; h  –   ,    (6.83):  

 h = ∙ %̅ = 𝜋∙ ,      , = ,   (6.92)  

 
 : W = , ∙ ∙ h % ∙ ̅ + = , · , · , ∙ ,  𝜋 + , =,    
  W        

  (6.84): 
 y = ∙̅ − ∙ h % = ,∙𝜋 − · , = ,                                                   (6.93) 

 
       , 

     ,   
,   ,    , ℎ %  ,  

   ℎ % . 
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6.6     

 
   « - »  

        
, ,   . 

       : 
   -     ( )  

 ,      ; 
   -    ,  
     ,   

,         . 
        

    «–»,     «+».  
         

        ,  
       . 

     6.4,     
. 

       
 AutoCAD. 

 
 6.4 –     

 𝛄     𝛄 ,  ,  , 
∙  

 1  18854,82 20,66 389540,58 
 1  27,32 0,79 21,58 

G  0,95  15743,53 8,76 -137913,31 E  1  342,85 0,67 -229,7095 E  1,2  11,76 2,67 31,4 
G  0,95  22963,4 7,21 -165566,11 
W  1  1088,12 0 0 
W  1  4506,13 12,84 57858,71 
W  1  121,21 56,03 6791,39 
q  0,9  30,51 19,5 -594,95 

  ,       
(6.85): 

 ∑ N = 𝐺 + 𝐺 − 𝑊 − 𝑊 +  (6.94)  
 ∑ N = , + , − , − , + , = ,    

 
     : 

 ∑ = ,  ∙   
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  (    1 . .): 
      (6.86 – 6.90): 

 σ = − ∑ + ∑ = − ,     + · , = − ,   (6.95)  

 
 ∑ N –   ,   ; ∑  –    ,   ; B =   –   .  

 σ = σ ∙ m − ∙ H ∙ − m = − ,   ∙ − , ∙ ∙ − =− ,  /                                                                                                        (6.96) 
 

 H  –        , 62 ; m = ctg  –       , 
0; 

 = ( ∙ H + σ ) ∙ m =   (6.97)  
 σ = σ ∙ + m + ∙ H ∙ m = − , ∙ + + , ∙ ∙ =− ,   (6.98)  
 σ = − ∙ H = − , ∙ = − ,   (6.99)  
 

      (6.91 – 6.94): 
 σ = − ,     − · , = − ,   (6.100)  

 σ = σ ∙ m − ∙ H ∙ − m  (6.101)  
 

 H  –        , 2,36; 
 m = ,  –       . σ = − , ∙ ,  − , ∙ , ∙ − ,  = − ,    
 = −( ∙ H + σ ) ∙ m − ( , ∙ , + − , ) ∙ , =,    

 σ = σ ∙ + m + ∙ H ∙ m  (6.102)  
 σ = − ,  ∙ + , + , ∙ , ∙ , = − ,    
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σ = − ∙ H = − , ∙ , = − ,   (6.103)  
 

      6.5. 
 

 6.5 –   
           

 
 − ,  − ,  0 − ,   − ,  

  − ,  − ,  ,    − ,  − ,  
 

6.6.1        

 
      , 
   .  : 

1)    : 
 ∙ ∙ |σ | ∙ R  (6.104)  

 
 = , –         

; 
 –   ,     = ; 
 –   ,     =, ; R  –    ,    

(6.96). 
 R  ∙ ∙|σ |

 (6.105)  

 R , ∙ ∙|− ,  |, = ,    

 
 ,     5   

    R =   / . 
2)         

,     (6.97): 
 σ <  (6.106)  

 − ,  / <   
 
3)         (6.107): 
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|σ |  , ∙ ∙ H  (6.108)  
 ,  , ∙ , ∙ = ,  .  

 
  ,    
. 

 
6.6.2    

 

       
  ,      

.        
 –    .  

  ,   ,   
 (6.107): 

 ∙∙  (6.109)  

 R = (𝐺 + 𝐺 + − 𝑊 − 𝑊 ) ∙ 𝑡 𝜑 + ∙ 𝛾′ + 𝑐 ∙ 𝐵   (6.110)  
 

 ′ −        
 , . 

 R = , + , + , − , − , ∙ 𝑡 , ° +, ∙ , + , ∙ = ,  /   
 

  –       ; c = ,  /  –   ; 
 

  (6.109)   ,    
: 

 F = − + W + −  (6.111)  
 F = , − , + ,  + , − , = ,    

 
   : 

 ,    ∙ ,  ,  ∙ ,  

 , ,   
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   ,  
 . 
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7  .  .    
 

7.1    
 

      
       

   -   ( ),   
 ,    ,   , 

, ,    ,  
,  ( ),     
       

 .     
  ,    

     . 
   : 

–        
  ; 
–     ,   

  ;  
–     ,  

,    , 
   ;  

–       
 . 

–         
   ; 

–         , 
        

   . .  
      

   ( )     
       
      .  

      
, : 

–       
    ,  

 ;  
–    ,  

    ,     
;  

–  -    
         

    ;  



110 
 

–       
        

 ; 
–         

          
   . 

    :   
,     ,    

   ,     
  ,   , 

    ,     
 ,       (  

),       
  . .  
         

     ,      
,       

      ,   
   ,       

      .  
        

.     : 
–  –   
–     ;  
–   ( , ,   

),    ;  
–  ;  
–   ;  
–        ;  
–         . . 

       
. ,       

 ,      
   . 

    ,    
 , , ,     
        

        . 
      

        
       

 . 
          

  .    
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     «    
        

 ». 
      

 ,    . 
       

  . 
       

   -  ,    
     . 

       . 
   ,      

 ( , ,   . .),   
 ( ),    ,     

    . 
       

   ,    , 
        ,  
          

. 
    ,       

         
         
.            

       . 
         

. 
  -     

       
  ,      
,  ,  .   ,  

        
     , 

         
   .     

         30 
     . 

       ,   10 
  .        

      . 
     . 

        
  . 
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     (    100 ). 

        
    ( ). 

     . 
       

          
  . 

       
   . 

 

7.1.1      
 

     : 
– ; 
–  ; 
–  ; 
–  ; 
– ,  . 

       
 ,      

 ,     63  
      .    

       
 ,      
. 

      
 ,     

,         - 
  ( ).     
   ,  ,   

 ,        
    . 

      ,  
       

 . 
 
7.1.2      
 
1.        

: " ", " ", "  "   
 .       

 «   ». 
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2.      , , 
       

      
  ,        

  . 
3.       

  -  ,    
      . 

4.        
          
. 

5.       
  ,    , 

        . 
       

   . 
     . 

6.         
   . 

7.     -    
     ,      . 

      ,   
          

  . 
8.       
         , 

   . 
9.        

       
        . 

10.      
 ,      ,  

 ,  ,    
 . 

 

7.2   
  

  -        
  ,    , -

, - , - , 
- ,    . 

     
,   ,    

      , 
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  ,   IV  
 -     1000 ,  

  III   -   
  1000 ,  ,    

.  
      

 ,   ,   
      . 

      
 ,   ,   

      . 
      , 

,     . 
     1000    

  , ,     , 
        

   N 1,   3.3  (  -  
N 1).        . 

   -     . 
       3 - 35  

       4    
  (  - )   8    
  (  - )       

        
,   .     

 . 
        

        
   . 

    ,   
         

( ,  , , , , 
,  , ) (  -  

)   (  ,  ) 
  1000        

         
.  

       
. 

    ,   
,   . 

      : 
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–    , , , 
,  ,    (  -  
  ); 

–   ; 
–   . 

        
: 

–     1000  -  
 ( )        

,         
; 

–     1000  -  , 
     ,    

     . 
    : 
     : 

–     ,  ,  
,     ,   ,  

  ,      (  
- - ); 

–  ; 
–    ,     

. 
       

,        , 
 - ,    
  ,     . 

        -  
   ,   . 

   ё     
  ,      

   .  
        , 

        
« »  « ». 

     
   : 

– - ; 
– ; 
– ; 
– - ; 
–    . 

 -     
  ,      
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 ,  ,    
   . 

      
   (   
, ,   ,      

     ). 
      

   ,     , 
  . 
 -    ,  

     ё    
. 

     , 
   ,    

   ( , ,  
  . .). 

     
     

,        
 ,    .  

  (  II  V)      , 
 ,     . 

,       
, : 

–  - ,  ,  
 ,     ; 

–           
   5.14 ; 

–   ; 
– ; 
–  ; 
– ; 
–  .  

,  - ,  ,  
     .   
       -  

( )  ;      
       ;  

    ,   -
,  ;     

   (  , ). 
,         , 

  : 
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–          
(  - )  ,     , 

    ,     
       ,    

 ; 
–      -  

( )         
  ; 

–         (   
   ),      ,     

         
( )        

  . 
      

   -      
   ,      

,     ,    
   ,     

   ,      
 . 

    ,  
    ( )       
,        

 (  - ),      
          

  ,   -   , 
   ,     ,      

    . 
      ,  

   , ,    ,  
  5.13 .     1000  

    IV  ,   
  1000  -  III  . 

  : 
–      , 

        -
; 

–        ; 
–  ,       

, ,   ; 
–      ,  (  

),       
,     ,    

   ,     
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       ( )  
  (  - ,  ), , 

 ; 
–           

 ; 
–       . 

    ,  
  ,       

  (  - ), : 
1.      , 

        -
; 

2.        ; 
3.         

, ,    ,  
 ; 

4.        
  . 

  ,     III  
. 

       
 ,       , 

        . 
 
7.3     

 

7.3.1       

 
           

 —       ,  
 .  —     .    

  .   -
4.89 . /c.   -1250 . /c.  

   .   – . 
  — 251 ,  ё   — 6420 ², 

  – 6 ,      – 123 . /c.  
  .        3-4  ; 

  0.8-1.2 .  
       

     .  
,    .   

      -1,5°  -14° .  . 
      -40, -46°    

 , -44, -48°     . 
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       .  
     .    

 -      
  ,   47  , 250 

   ,133   (130 ).  
 ,    ,     

  .    -
    , ,  . 

 ,     .  
  ,   ,     .   

   –  ,    .  
  2000  , 21     .  

    ,   .   
 : , -  , . 
        
    : , , 

  . .         
 17.09.2009 № 818 «       

     ( )  
 ,        

»          
 I   ,     

,          
  .          

,   . 
        

        . 
 
7.3.2        

   
 

      
 : 
–        ; 
–  ; 
–       ; 
–    ; 
–        ; 
–   ; 
–    . 

      : 
−  ,  ,  

;  
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−   ,        
;  

−        ;  
−     ; 
−       ,    

       ;  
−     . 

          
  : 

1.  ; 
2.      ; 
3.      . 

        
,         
. 

     
: 

1.    ,    
;  

2.        ;  
3.        

       ; 
4.       

      ,    
   . 

        
    : 

−       ;  
−    ,  ;  
−     ;  
−      . 

       
,    , , , 
  : 

–  ,     
  , ,   , 

      ; 
–      

      ; 
         

  ,     . 
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7.3.3 ,     

 
   ,        

 -  ,      
 ,   : 

1.   ,     .  
   – 2014 82220101215 ( .  16.08.2016)): 

 M = ∙ % ∙ ,  (7.1)  

 
 N-   , 3 ; q-   ; 

-  , / 3. 
 M = ∙ ∙ =  ∙ , ∙ , =    

 
2.   ,       

, , .     – 2014 46101001205 
( .  16.08.2016)): 

 M = ∙ % ∙ = ∙ , ∙ , = ,  ,  (7.2)  

 
 N-  , ; q-   , %; 

-   , / 3; 
 

       3833,1   
  (     ), 1,7    
   , .       

   .  
7.3.4        

   
 

       
   : 

1)   ( ,   ) ; 
2)    :   -

,    ,      
 ; 

3)    ,    
  ,    ; 
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4)       , 
         

 . 
        

  : 
1.    ; 
2.  ,    ; 
3.        

   ; 
4.       

    . 
   ,    5      

 ,      
 -  :   (   

     )   ( , 
,   ) .   

           
     . 

 
7.3.5      
 

-       
   ,        

,      , . . 
       

 .   " "   
         ,  

     ,    
 . 

         
    ,   

       . 
        

  -    
: 

–          
; 

–       
        

 ; 
–   ,  

        
. 
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8 -    
 

8.1      
 

,  ,    
     .   
  109 ,     4000 . 
     . 

     , 
     ,   

    .    
        8.1. 

 
 8.1 –  ё       

 
 

 
 
 

   
2026 2027 2028 2029 2030 

 
 

 29 109,2 109,2 109,2 109,2 

  
 
 

 

 4000 4000 4000 4000 4000 

 
 

  
·  9665,12 36400,0 36400,0 36400,0 36400,0 

 
 

  
 

% 1 1 1 1 1 

 
 

  
 

·  96,65 364,0 364,0 364,0 364,0 

 
 

 
  

·  9568,48 36036,0 36036,0 36036,0 36036,0 

  
 

/ ·  1175.00 1206.00 1235.00 1262.00 1289.00 

  
 

 
.  11,24 43,46 44,5 45,48 46,45 

  
 ,      

,   ,     
  ,     . , 
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. 

 
8.2      

 
      «  

« »  16.01.2017 №9 – «     « » 
 2017-2042 .     ё   

. 
       

         
         

« »,         
 « ». 

       
 ,   ,    

ё      . 
     ,   
     . 

       : 
–  ; 
–    ; 
–  ; 
–     ; 
–     ; 
–   . 

      ,  
    . 
       0,08%. 

  (  ,  ,  
. .)    1   .     

8.2. 
 

 8.2 –    
 , . /  , . . 

    255,2 7,4 

 274,0 7,9 

    15,3 
  

      , 
    ,      

   8.3. 
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 8.3 –       
 ,  , % 

 1  5  
 6  15  
 16  25  

  
   ,     

      « »,   
   .     8.4  8.5. 

 
 8.4 –      

 , . /  , . . 
 «  » 135,38  3,92 

  (  
 ) 0,001097 , . / ·  

0,65 
 (   

) 0,000318 . / ·  
0,187 

  4,76 
 

 8.5 –     

 
   

2025 2026 2027 2028 2029 
 , 

.  
52,456 67,579 69,49 94,40 94,40 

  , .  20,498 25,28 25,78 33,75 32,84 

 , .  15,34 153,73 57,79 57,79 57,79 

    
, .  

1,28 1,58 2,42 3,16 3,08 

    
, .  

4,76 16,12 16,12 16,12 16,12 

  , .  2,57 4,40 4,52 4,52 4,52 

, .  96,91 172,75 176,11 209,73 208,74 

  
         

       , 
    .  

          
  ,    

 (     ,  
 ). 

        
8.1. 
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 8.1 –     , % 

 

8.3    

 
       

  .    
          

   . 
         

  .  
  : 

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

 
        

 8.6. 
 

 8.6 –   

 
   

2029 2030 2031 2032 2033 
  , .  173,82 178,85 183,76 188,90 193,80 

, .  154,07 213,43 217,92 222,55 227,19 
   , .  40800 40800 40800 40800 40800 

  , .  75,87 73,79 71,71 69,64 67,56 
, .  403,80 466,10 473,45 481,04 488,66 

 
  ,     

      ( ).   
     . 
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8.4    
 

,       
 .        

    .      
    8.7. 

 
 8.7 –        

 
   

     
 ( ), . . 585,37 977,29 1000,65 1024,21 1045,86 

 , . . 96,91 172,75 176,11 209,73 208,74 
EBITDA (  ), . . 582,54 972,77 996,13 1019,69 1041,34 
EBIT(   ), 

. . 484,35 847,74 867,48 847,71 871,43 
   

, . . 89,21 169,55 173,50 169,54 174,29 
NOPAT (  ), . . 395,14 678,19 693,98 678,16 697,15 

   ,% 20,0 20,0 20,0 20,0 20,0 

 
           

 ,  .    
    ё  ё     ,  

    .  ,     
      . 

 

8.5    

 
  8.3   Cash-Flow. 
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  8.3       
. ,         

,         
.        

   ,    
 .     

    ,    
 ,    .   

2030     ,   
    . 

   2024     ,  
       (  

,   ,    ) 
  2024        , 

     .      
2025          

  . 
 
8.6     
 

       
     . (     

  « »  16.01.2017 №9 – «     
« »  2017–2042 .»). 

     ,   
 : 

1. ,   (NPV); 
2.   (PI); 
3.   (PP). 

ё         
  : 

a) «       
    -   », 

    «  »  07.02.2000 . № 54  
     26.05.1999 . №24-16-

1/20/113; 
b) «       

    -     
   », , 2008 .,   «  » 

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

c)     « »  16.01.2017 №9 – 
«     « »  2017-2042 .» 
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ё       
  ProjectExpert,  ExpertSystems. 

       
 : 

1)      20 ,  
    . 

2)       
 ,   1  2022 . 

 ,   24  2022     
. 

3)         
       

  . 
 
8.7    

 
    ,   

 8.8. 
 

 8.8 –      
    

  
  11,6 

   – DPB,  114 
   – NPV, .  305,46 

  – PI,  1,12 
   – IRR, % 13,26 

 . , / ·  0,35 
 , /  88638,8 

 
   ,       
 305,46 . .     

    – 0,35 ./ · ,. 
     ,  

   ,   ,  
       12 %.  

 114 .      
    . 

 
8.8    

 
  ,    

      .   
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     ё   ,  
   8.9. 

 
 8.9 –       

  
 2029 2030 2031 2032 2033 

  , .  332,46 396,85 406,52 415,92 452,62 

  , .  75,87 73,79 71,71 69,64 67,56 

 , .  403,8 466,12 473,46 481,04 488,66 

  
      

    ,       
.         
   –      
  ,      –   

    .  
 
8.9   

 
   ,   

 –       
   . 
        

 (PI) : 
1)  .     8.4; 
2)  .     8.5; 
3)  .     8.6. 
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 8.4 ,     ё   

   (PI). 
 

 
 8.5 – PI       

 
  ,     ё    
  (PI). 
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9.3 ,      
 

         
   :  

1.   ; 
2.      

 ; 
3.       

 .  
  ,  –    

  . 
  –     

,          
 10%,    .   
        
       . 
       

          
  ,       

 ,     
.     (K ) 

    (Ψ )   
 (Ψ  ),      : B  (Ψ  ) –     ( ); B  (Ψ ) –  ( )  .  

        
    .     

   ,       (3 .), 
         

    ,      
. 

9.4     
 

        
    ,    

        ,  
     .         

  , ё   . 9.1.    
    ,     

,        
 S      l . ,  , 

   , ,      
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 ,     
     ё    B = f(H).  

     ё   
         

   ,       
   . ё    

   ,      
 ,  ,     

:      
    ,    .  

 

Ф

i1 

i2W1 W2 

L  LR  R

1 

2

1 

2 

l

S

 
 9.1 –    

 
9.4.1      MatLab                             

 
 ,        

         
MatLab    Simulink    

      -10. 
 

  : 
 
fs=10000 –  , ; 
t=Currents_G(:,1) –    , ; 
alpha=-90; -      , 

; 
i1=Currents_G(:,4) –     ,  

(          
 ). 
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      9.2,    

 Simulink.     «i1»  ,  
       . 
 

 
 9.2 -    -   

       
 

 
     : 

S=11.2e-4 –    , . ; 
lcp=0.48     , ; 
W1=2 –    ; 
W2=159 –    ; 
Robm=0.28 –    , ; 
Lobm=0.1/314 –   , ; 
Rload=0.01 -   , ; 
Lload=0.001/314;  , . 
 

   : 
 

di1=diff(i1)*fs;                                                                                          (9.1) 
 

     ,     
'di1’,      ,    't': 
 

t2=linspace(t(1),t(end),length(di1));                                                          (9.2) 
  

      
 : 

 
R_sum=Robm+Rload;                                                                               (9.3) 
L_sum=Lobm+Lload;                                                                                (9.4) 
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    ' '  ' '    

,    ,   
     ' '  ' ',  

    ё ,   'fliplr',  
     : 

  
BB=[-fliplr(B(2:end)), B];                                                                         (9.5) 

 
    ' '     ,  

   ,     ' '. 
  

HH=[-fliplr(H(2:end)), H];                                                                        (9.6) 
  

 ' ',       ' ': 
 

B_=-B(end):0.05:B(end);                                                                           (9.7) 
  

  'interp1'.     3  
:    Y  ,   1,  

,      %   Y(X). 
        Y1   1.  

  
H_=interp1(BB,HH,B_,'PCHIP');                                                              (9.8) 

 
    , : 

 
ts=[t(1) t(end)];                                                                                          (9.9) 

  
     'ode23t'. 

      ,  
  'T'     'y'.  

  
[T,y]=ode23t('trans_eq',ts,y0,options);                                                    (9.10) 
  

     ё    
  : 

 
 di1_T=interp1(t2,di1,T,'PCHIP');                                                           (9.11) 
  

  'dB/dH'     ' ',  
  ё    ' ( )' c   

'deltaB': 
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 deltaB=0.0002 -   , .                                   (9.12) 
 
 dH=interp1(BB,HH,(y(2)+deltaB),'PCHIP')-interp1(BB,HH,(y(2)-

deltaB),'PCHIP');                                                                                               (9.13) 
 
 mu_dif=(y(2)+deltaB)/dH-(y(2)-deltaB)/dH;                                         (9.14) 
  
        :  
 
di2=((di1_T*mu_dif*S*W1*W2/lcp)-

y(1)*R_sum)/(L_sum+(mu_dif*S*W2^2)/lcp);                                                (9.15) 
  
dB=mu_dif*(di1_T*W1-di2*W2)/lcp;                                                    (9.16) 
  

       'dy'   
 : 

  
dy=[di2; dB];                                                                                           (9.17) 

  
      9.3 – 9.5.   9.3 

     ,   
 ,    –  .   

     ,     
 . 

 

 

 9.3 –   
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 9.4 –       

 

 

 9.5 –      

9.5 ё        
   

 
      

      
       . 

        
          

 . 
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  ё      
  . 

  :  
 𝐼 = 𝐼 = 𝑆√ ∙                                                                                        (9.18) 

 𝐼 = 𝐼 = , ∙√ ∙ , = ,                                                                  (9.19) 

 
   ( ): 𝐼 = ,   . 

 
1)        
  .  𝐼 .      

      : 
 𝐼 = ∙ 𝑖 ∙ 𝐼 ,                                                                               (9.20)  

 
 = ,  −    ;  𝑖 = ,  −    . 

 𝐼 = , ∙ , ∙ ,   =   
 

   : 
 𝐼 . 𝐾 ∙ 𝐼 ,   

 
 𝐾 =  −  . 

 𝐼 . ∙ =    
 

 : 
 𝐼 . = , ∙ 𝐼                                                                                        (9.21) 
 𝐼 . = , ∙ ,   = ,    
 

         
 ё        : 
 𝐼 . 𝐼𝐾                                                                                                (9.22)              
 ,  ,    
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 .      
    ,   

   − %:  
 𝐼𝐾 ∙ ,                                                                                                     (9.23)              
 , ∙ , = ,                                                                                                 
 

      :  
 𝐼∗ = 𝐼𝐾  . . = 𝐼𝐾𝐼                                                                                 (9.24)              

 𝐼∗ = 𝐼𝐾  . . = ,  ,   = ,  . ..                                                                            

2)   𝐾      
    .  𝐾     

    ,   
     . 

       
 :   

 𝐼 = ∙ 𝑖 ∙ ∙ 𝐼 ,                                                             (9.25)          
 

  =  –   ;  𝑖 = ,  −    ; = ,  −     ( ,  − 
  ; ,  −   ); 𝐼  −        

         
; 

 𝐼 = 𝐸′′𝑥𝑑′′ ∙ 𝐼                                                                                          (9.26)              

 ′′ = √cos 𝜑 + sin 𝜑 + 𝑥′′ = √ , + , + , = ,           
(9.27)                                                  
 𝐼 = ,, ∙ ,   =  ,      

 
 ,    : 
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 𝐼 = ∙ , ∙ , ∙ ,   = ,    
 

    : 
 𝐾 >  𝐼 ∙𝐾𝐼                                                                                           (9.28)          

 
 𝐾 =  –  ;  𝐼  –       . 

 
 ё   ё   . 

        
    :  

 I = √I ∙ (I − I ) ∙ cos ,                                       (9.29)          

 
 −      ;   ё  

     °  °; 
 I = ,, ∙ ,   = ,    

 

 I = I =    
 I = √ ∙ − , ∙ cos ° = ,    

 
 K : 

 K > , ∙ ,,  = , ≈ ,   

 K > ,    
 

  ,   K = , . 
 
3)   : 
 I = ∗                                                                                                   (9.30)          

 I = , , = ,  . .   
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4)   B     
.   B   : 

 B ∗                                                                                                      (9.31)  

 B , , = ,    

 
   B = , . 

 
  9.5    

  . 
 

 
 9.5 –     

 
 

9.6   
 

    Matlab    
 .     , 

     . 
       ,   

  ,    .   
      ,    

      . 
       

       .  

0

0,5

1

1,5

2

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

I∆
, 

..

I , . .

   
  

 
 

 

30



144 
 

      –  
.         
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 ,       .  

      
      , "  " 

. 
       

     .  
,    .  

        -1,5° 
 -14° .  .      

 -40°, -46°     , -44°, -48°    
 . 

     ё   
,   – .  ,     

       –  
     4 .      

   (      ),   
  : 

–  Hmax = 57,45 ; 
  H  =47,3 ; 
  Hmin = 39,7 . 

        
  .      

 :  
  -    ; 
   ; 
    ; 
    ; 
  ; 

 ,      - 
       
    ,   

   .    
        

        . 
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 .1 –          
 

 
 .2 –         

   1938  1978  

№ /
  I II III IV V VI VII VIII IX X XI XII 

Q . 
 

1 1938 17 14 15 61 212 176 168 28 18 22 22 11 64 
2 1939 6 5 5 58 387 169 236 43 37 62 32 15 88 
3 1940 10 7 8 149 189 215 252 54 27 34 17 12 81 
4 1941 10 10 8 16 300 313 319 36 26 28 24 15 92 
5 1942 12 8 6 38 648 326 152 28 27 80 55 24 117 
6 1943 19 13 11 73 156 143 158 64 43 52 63 23 68 
7 1944 17 16 13 91 556 184 182 129 77 72 59 29 119 
8 1945 20 17 16 36 526 211 126 280 217 182 85 57 148 
9 1946 43 30 25 89 1250 289 211 88 39 48 47 26 182 
10 1947 23 21 17 93 300 351 283 40 48 83 38 26 110 
11 1948 17 16 15 45 184 199 141 69 119 75 46 23 79 
12 1949 17 15 14 87 415 336 219 31 34 32 21 17 103 
13 1950 16 16 16 90 495 415 295 85 88 74 63 30 140 
14 1951 23 21 21 315 329 193 172 79 200 86 75 41 130 
15 1952 25 22 37 183 343 219 264 57 44 42 32 20 107 
16 1953 17 13 11 37 283 224 259 36 51 50 26 19 86 
17 1954 16 16 16 76 404 372 410 54 48 45 32 21 126 
18 1955 19 13 12 236 322 260 138 68 88 63 38 18 106 
19 1956 8 7 9 60 215 169 134 113 103 76 85 37 85 
20 1957 24 24 24 205 420 259 134 81 47 50 33 19 110 
21 1958 18 11 10 122 477 504 627 445 178 104 52 27 215 
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 .3 –       

   

 
Q, 

3/  № /   

  

-1 ( -1)2 ( -1)3 , % 

1938 64 1 1958 215 1,74 0,74 0,559 0,418 1,691 
1939 88 2 1968 208 1,69 0,69 0,478 0,330 4,106 
1940 81 3 1959 206 1,67 0,67 0,455 0,307 6,522 
1941 92 4 1967 201 1,63 0,63 0,402 0,255 8,937 
1942 117 5 1960 185 1,50 0,50 0,254 0,128 11,353 
1943 68 6 1975 182 1,48 0,48 0,230 0,110 13,768 
1944 119 7 1946 182 1,48 0,48 0,230 0,110 16,184 
1945 148 8 1976 165 1,34 0,34 0,117 0,040 18,599 
1946 182 9 1961 156 1,26 0,26 0,072 0,019 21,014 
1947 110 10 1969 154 1,25 0,25 0,064 0,016 23,430 
1948 79 11 1963 148 1,20 0,20 0,041 0,008 25,845 
1949 103 12 1945 148 1,20 0,20 0,041 0,008 28,261 
1950 140 13 1974 146 1,18 0,18 0,035 0,007 30,676 
1951 130 14 1950 140 1,13 0,13 0,019 0,003 33,092 

 

   
 

  .2 
№ /

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

 
22 1959 27 25 24 243 758 648 227 116 223 83 61 36 206 
23 1960 21 17 15 104 453 390 487 397 126 93 77 39 185 
24 1961 30 20 21 182 380 586 309 101 43 96 65 35 156 
25 1962 26 17 20 126 424 295 205 105 48 89 56 38 121 
26 1963 21 16 19 143 577 632 181 60 43 36 26 18 148 
27 1964 14 14 17 63 166 156 106 56 52 51 29 20 62 
28 1965 16 15 15 73 343 163 90 66 39 26 20 14 73 
29 1966 6 6 7 59 130 128 141 58 50 56 40 23 55 
30 1967 13 10 15 64 344 489 389 218 320 343 144 68 201 
31 1968 35 24 23 31 937 385 321 157 205 194 123 60 208 
32 1969 39 26 25 167 733 241 175 99 163 96 50 37 154 
33 1970 33 26 24 75 392 327 257 70 92 136 80 42 129 
34 1971 30 26 25 137 266 176 217 95 47 54 51 37 97 
35 1972 28 25 24 161 436 221 212 111 150 164 81 47 138 
36 1973 33 24 27 53 278 201 229 82 110 64 158 56 110 
37 1974 32 25 27 111 687 334 199 145 60 68 35 30 146 
38 1975 25 18 20 168 456 358 342 138 230 283 90 51 182 
39 1976 29 27 30 84 413 334 411 91 173 282 68 32 165 
40 1977 27 24 22 98 159 133 140 115 100 70 33 21 78 
41 1978 23 22 23 48 254 218 259 57 50 53 36 23 89 

=  
.

 



151 
 

 

 
 

   
 

  .3 

 
Q, 

3/  № /   
  

-1 ( -1)2 ( -1)3 , % 

1952 107 15 1972 138 1,12 0,12 0,015 0,002 35,507 
1953 87 16 1951 130 1,05 0,05 0,003 0,000 37,923 
1954 126 17 1970 129 1,04 0,04 0,002 0,000 40,338 
1955 106 18 1954 126 1,02 0,02 0,001 0,000 42,754 
1956 85 19 1962 121 0,98 -0,01 0,000 0,000 45,169 
1957 110 20 1944 119 0,96 -0,03 0,001 0,000 47,585 
1958 215 21 1942 117 0,95 -0,04 0,002 0,000 50,000 
1959 206 22 1957 110 0,90 -0,10 0,011 -0,001 52,415 
1960 185 23 1947 110 0,90 -0,10 0,011 -0,001 54,831 
1961 156 24 1973 110 0,90 -0,10 0,011 -0,001 57,246 
1962 121 25 1952 107 0,87 -0,13 0,017 -0,002 59,662 
1963 148 26 1955 106 0,86 -0,13 0,019 -0,003 62,077 
1964 62 27 1949 103 0,83 -0,16 0,026 -0,004 64,493 
1965 73 28 1971 97 0,78 -0,21 0,045 -0,009 66,908 
1966 55 29 1941 92 0,74 -0,25 0,064 -0,016 69,324 
1967 201 30 1978 89 0,72 -0,27 0,076 -0,021 71,739 
1968 208 31 1939 88 0,71 -0,28 0,081 -0,023 74,155 
1969 154 32 1953 87 0,70 -0,29 0,086 -0,025 76,570 
1970 129 33 1956 85 0,69 -0,30 0,095 -0,029 78,986 
1971 97 34 1940 81 0,65 -0,34 0,117 -0,040 81,401 
1972 138 35 1948 79 0,64 -0,35 0,128 -0,046 83,816 
1973 110 36 1977 78 0,63 -0,36 0,134 -0,049 86,232 
1974 146 37 1965 73 0,60 -0,40 0,165 -0,067 88,647 
1975 182 38 1943 68 0,55 -0,44 0,200 -0,089 91,063 
1976 165 39 1938 64 0,52 -0,48 0,230 -0,110 93,478 
1977 78 40 1964 62 0,50 -0,49 0,246 -0,122 95,894 
1978 89 41 1966 55 0,44 -0,55 0,306 -0,169 98,309 

    5060 41 0 5,090 0,933  
          

=  
.
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 .4 –          
 

             

 p% 1 3 5 10 20 50 75 95 97 99 99,9  
 φ 2,7 2,09 1,78 1,32 0,8 -0,09 -0,72 -1,48 -1,65 -1,93 -2,35  
 Ms= φ *Cv 0,95 0,73 0,62 0,46 0,28 -0,03 -0,25 -0,52 -0,58 -0,68 -0,82  
 КS=MS+1 1,95 1,73 1,62 1,46 1,28 0,97 0,75 0,48 0,42 0,32 0,18  

 
Q=KSQcpм3/сек 239,2 213,0 199,6 179,8 157,4 119,1 92,0 59,3 52,0 39,9 21,8 
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 –  ё  

 

 .1 –         

 P,  P ,  ∆ ,  ∆ ,  
*  -   - , 

*  

1 346 724 18 0,018 18 0,018 

2 336 706 17 0,034 35 0,052 

3 323 689 11 0,033 46 0,085 

4 323 678 8 0,032 54 0,117 

5 336 670 18 0,09 72 0,207 

6 373 652 2 0,012 74 0,219 

7 473 650 36 0,252 110 0,471 

8 592 614 18 0,144 128 0,615 

9 670 596 4 0,036 132 0,651 

10 650 592 6 0,06 138 0,711 

11 596 586 3 0,033 141 0,744 

12 560 583 0 0 141 0,744 

13 567 583 16 0,208 157 0,952 

14 614 567 7 0,098 164 1,05 

15 586 560 87 1,305 251 2,355 

16 583 473 0 0 251 2,355 

17 706 473 55 0,935 306 3,29 

18 724 418 45 0,81 351 4,1 

19 689 373 27 0,513 378 4,613 

20 678 346 10 0,2 388 4,813 

21 652 336 0 0 388 4,813 

22 583 336 13 0,286 401 5,099 

23 473 323 0 0 401 5,099 

24 418 323 323 7,752 724 12,851 
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 .2 –          
 P,  P ,  ∆ ,  

∆ ,  
*  -   

- , 
*  

1 252 446 10,00 0,01 10,0 0,010 
2 238 436 13,00 0,03 23,0 0,036 
3 231 423 5,00 0,02 28,0 0,051 
4 231 418 0,00 0,00 28,0 0,051 
5 240 418 10,00 0,05 38,0 0,101 
6 296 408 3,00 0,02 41,0 0,119 
7 353 405 1,00 0,01 42,0 0,126 
8 374 404 5,00 0,04 47,0 0,166 
9 436 399 5,00 0,05 52,0 0,211 
10 446 394 4,00 0,04 56,0 0,251 
11 418 390 4,00 0,04 60,0 0,295 
12 394 386 5,00 0,06 65,0 0,355 
13 404 381 7,00 0,09 72,0 0,446 
14 423 374 16,00 0,22 88,0 0,670 
15 405 358 5,00 0,08 93,0 0,745 
16 381 353 2,00 0,03 95,0 0,777 
17 408 351 55,00 0,94 150,0 1,712 
18 399 296 24,00 0,43 174,0 2,144 
19 386 272 20,00 0,38 194,0 2,524 
20 390 252 12,00 0,24 206,0 2,764 
21 351 240 2,00 0,04 208,0 2,806 
22 418 238 7,00 0,15 215,0 2,960 
23 358 231 0,00 0,00 215,0 2,960 
24 272 231 231,00 5,54 446,0 8,504 



155 
 

 

   

 
  

 .1 –    ,    
 

00,511,522,533,544,555,566,577,588,599,51010,51111,512

0

50

100

150

200

250

300

350

400

450

500

550

600

650

0

100

200

300

400

500

600

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Ф ЛЬ



156 
 

   
 

 
 .2 –    ,    

 

00,511,522,533,544,555,566,577,588,599,51010,5

0

50

100

150

200

250

300

350

400

450

500

550

600
0

100

200

300

400

500

600

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24



157 
 

   
 

 
 .3 –    ,    

 

00,511,522,533,544,555,566,577,588,59

0

50

100

150

200

250

300

350

400

450

500

0

100

200

300

400

500

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

ЛЬ



158 
 

   

 

 .4 –    ,    
 

00,511,522,533,544,555,566,577,588,5

0

50

100

150

200

250

300

350

400

0

50

100

150

200

250

300

350

400

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24



159 
 

   

 

 .5 –    ,     
 

00,511,522,533,544,555,566,577,5

0

50

100

150

200

250

300

350

4000

50

100

150

200

250

300

350

400

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Ь



160 
 

   

 

 
 .6 –    ,     

00,511,522,533,544,555,566,577,5

0

50

100

150

200

250

300

350

4000

50

100

150

200

250

300

350

400

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

ЛЬ



161 
 

   

 

 .7 –    ,    
 

00,511,522,533,544,555,566,577,588,5

0

50

100

150

200

250

300

350

400

0

50

100

150

200

250

300

350

400

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24



162 
 

   

 

 .8 –    ,     
 

012345678

0

50

100

150

200

250

300

350

400

0

100

200

300

400

500

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Ь



163 
 

   

 

 .9 –    ,    
 

00,511,522,533,544,555,566,577,588,599,51010,511

0

50

100

150

200

250

300

350

400

450

500

550

0

100

200

300

400

500

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

ОК Ь



164 
 

   

 

 .10 –    ,    
 
 

 

00,511,522,533,544,555,566,577,588,599,51010,51111,512

0

50

100

150

200

250

300

350

400

450

500

550

600

650

0

100

200

300

400

500

600

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

О Ь



165 
 

   

 

 .11 –    ,    
 

00,511,522,533,544,555,566,577,588,599,51010,51111,51212,5

0

50

100

150

200

250

300

350

400

450

500

550

600

650

700
0

100

200

300

400

500

600

700

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

К Ь



166 
 

   
 

 .14 –       

 
,   ,   ,   ,  

Pmax P  P  N  N  N  N  N  N  N  N  N  N  
1 719 72 22 260 16 0 103 6 0 356 0 0 72 
2 677 68 20 220 14 0 101 6 0 356 0 0 68 
3 606 61 18 215 13 0 75 5 0 316 0 0 61 
4 523 52 16 174 11 0 72 5 0 277 0 0 52 
5 452 45 14 139 10 0 64 4 0 249 0 0 45 
6 411 41 12 140 8 0 65 4 0 206 0 30 41 
7 411 41 12 138 8 0 67 4 0 206 0 30 41 
8 451 45 14 138 9 0 72 5 0 241 0 0 45 
9 523 52 16 145 10 0 79 6 0 299 0 0 52 
10 605 61 18 183 12 31 82 6 12 340 0 0 61 
11 677 68 20 220 14 0 101 6 0 356 0 0 68 
12 719 72 22 260 16 0 103 6 0 356 0 0 72 
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 .1 –    

  
   

       
  

  
 

Q Z  H  H  H ё  H Q  Q  Q 

0 391,99 57,91 43,64 51,51 60 207 47,3 263 58 25 
10 392,17 57,73 43,46 51,33 59 211 47 262 43 25 
40 392,69 57,21 42,94 50,81 58 215 46 259   
60 393,04 56,86 42,59 50,46 57 218 45 257   
80 393,39 56,51 42,24 50,11 56 222 44 254   

100 393,73 56,17 41,90 49,77 55 226 43 251   
120 394,07 55,83 41,56 49,43 54 230 42 248   
140 394,40 55,50 41,23 49,10 53 235 41 245   
160 394,72 55,18 40,91 48,78 52 239 40 242   
180 395,03 54,87 40,60 48,47 51 244 39 239   
200 395,33 54,57 40,30 48,17 50 249 38 236   
220 395,62 54,28 40,01 47,88 49 254 37 233   
240 395,90 54,00 39,73 47,60 48 259 36 229   
260 396,17 53,73 39,46 47,33 47,3 263 35 226   
280 396,42 53,48 39,21 47,08    34 223   
300 396,66 53,24 38,97 46,84    33 220   
320 396,90 53,00 38,73 46,60    32 216   
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