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1   
 
1.1      
 

      .   
          

  .       
  +22 °C,    4,5 . 

     -25 °C,    
 -45 °C,    110       . 

     ,     
.     -    

   30 / ,         
   4 / .     

,  85-89 .    
 ,      550  . 

 
1.2   
 

́  -    ,   
   ,    .   

 ё   ,     
   .  - 2428 .   - 231 000 ² 

     ,   50-170 .,  3-5 .,  
 0,3 / ,  ,  .   , 

  5-9 .    - 10-12 . 
   GoogleEarth  AutoCad,  

     .   
      .   
     1.1     1.1.  

 
 1.1 –     

Z ,  V, 3 Z ,  
 

(Z  - Z ) 
212,08 0,00 212,08 0,00 
230,20 0,40 230,20 0,00 
236,75 0,80 236,75 0,00 
241,99 1,20 241,99 0,00 
245,90 1,60 245,90 0,00 
248,97 2,00 248,97 0,00 
251,09 2,40 251,09 0,00 
252,60 2,60 252,60 0,00 
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 1.1 –   Z  V 

 
    1,3 / ,    , 

         ,  0,8, 
      ,    

 1.2     1.2. 
 

 1.2 –  Z = f Q     
 
 

ʋ , /  ω, 2 Q , 3/  .  Q , 3/  

212  
 

1,30 

0 0  
 

0.8 

0 
213 28 37 29 
214 100 130 104 
215 195 254 203 
216 308 401 321 

 

 
 1.2 –   Z   Q 

y = -2.111x6 + 19.931x5 - 73.81x4 + 136.33x3 - 134.76x2 + 
81.669x + 212.12

210

215

220

225

230

235

240

245

250

255

0 0.5 1 1.5 2 2.5 3

Z
, 

V, 3

211.5

212

212.5

213

213.5

214

214.5

215

215.5

216

216.5

0 100 200 300 400 500

Z
, 

Q, 3/

y = -1E-09x4 + 9E-07x3 - 0,000x2 + 0,035x + 212

y = -3E-09x4 + 2E-06x3 - 0,000x2 + 0,044x + 212
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1.4   
 

       
 ,     

   5   MSK-64. 
 
1.5    

 
       

6     5     
:  ,  ,  , 

, , , , ,  
, -   -   . 
       : 

  ,   , 
  ,   , 
  ,   , 
  , -   -  

 ,   ,  
 . 

   210  
 5   ,     

53,614 .  (    01.01.2019), 1616   110-
500   2784   110-1150    123,6 

. . 
 
1.6    
  
        : 

 ,    -  . 
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2 -   
 
2.1   
 
1.      ; 
2. :  =  ; 
3.     30 ; 
4.  =  ; 
5.    =  ;  
6.   = , ; 
7.   = , ; 
8.      𝛥ℎ =  ,  ; 
9.    1923-1972 .    

   .1  .  
  
2.2        

    
 

       (  
 )       : 

 ( )   ( ). ,    
  ,       

  (Q Q . ).     
  (Qm<Q . ). 

 = + ∙                                                                                   (2.1) 

 
     ,     

.         
 (2.1)  . 

     .2  . 
       

      90  50%, . 
 
2.3  ё    ( =50%) 
 

       
  .      
         50% 

(1926  1939 )   : 
1926 : 
 = . = , = ,                                                                                (2.2) 
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 = . = = ,                                                                                  (2.3) 

 
1939 : 
  = . = , = ,                                                                        (2.4) 

 = . = = ,                                                                                  (2.5) 

 
    1926 ,       

 .        
1926    (   .2).   2.1  

   ( =50%)  . 
 

 2.1 –    ( =50%)   
=50% I II  III  IV V VI  VII VIII IX X XI  XII . . 
1926 12 12 19 619 250 54 52 32 33 41 24 18 97 

 
2.4     ( =90%) 
 

 1932     P=90%. 
      : 

 = . = =                                                                                      (2.6) 

 = . = =                                                                                       (2.7) 

 
  ,     1,  

 1932      .  
  ,     -   

       
( . 2.2).      ,   

   I, II , III , V, VI  XI .   
    :    

         .  
 2.3       . 
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 2.2 –    (P=50%)   
 I 11 III  IV V VI  VII VIII IX X XI  XII Q 

 

Q50%-Q90% 3 -13 -12 255 55 8 13 11 13 26 10 8   

 Q90% 0 -13 -12 0 0 5 5 0 0 15 0 0 

Q90%   9 12 19 364 195 51 44 21 20 30 14 10 66 

 
 2.3 –        

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

P=90% 9 12 19 364 195 51 44 21 20 30 14 10 66 
P=50% 12 12 19 619 250 54 52 32 33 41 24 18 97 

 
  2.1.      . 

 
 2.1 –        

  
2.5       

  
 

     P(t),    
    : 

        
         : 

 = + ∙ cos| ° ∙ − °| ,                                                            (2.8) 
 

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

 a = ax + ax =                                                                                        (2.9) 

 

0

100

200

300

400

500

600

700

1 3 5 7 9 11

Q
,

3 /
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b = ax− ax =                                                                                      (2.10) 

 a = + = , , b = − = ,                                          (2.11) 

 
  2.4      

 . 
 

 2.4 –        
   

t a cos Pmax P  
1 0,3 0,966 2109 1987 
2 0,8 0,707 2047 1933 
3 1,3 0,259 1939 1840 
4 1,8 -0,258 1815 1732 
5 2,4 -0,706 1707 1639 
6 2,9 -0,966 1645 1585 
7 3,4 -0,966 1644 1585 
8 3,9 -0,709 1706 1639 
9 4,4 -0,261 1814 1732 
10 5,0 0,256 1939 1839 
11 5,5 0,705 2047 1933 
12 6,0 0,965 2109 1987 

 
  2.2      

. 

 
 2.2 –       

 
2.6         

   
 

       
      . 

0

500

1000

1500

2000

2500

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

P,
 

P max

P 
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     (1940 .)   
          : 

 . Э = ∙ % ∙ Э ,                                                                           (2.12) 
 

 –   ,  =  , ; % –     , 3/ ; Э −    , . 
 Э = − ( ) − ∆ℎ,                                                                     (2.13) 
 

 −   ,    , ; ( ) −   ,     
  , ; ∆ℎ −      , ∆ℎ = ,  . 

 
          

 :  
 = ∙ ∙ Э ,                                                                              (2.14) 
 

 −       
, 3/ . 

  2.5        . 
 

 2.5 –        
Q90% 9 12 19 364 195 51 44 21 20 30 14 10 

Q , 
3/  0 0 0 2 1 0 0 0 0 0 0 0 

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

Q , 
3/  5 5 0 -8 -12 0 0 0 0 0 5 5 

Q , 
3/  0 0 0 0 0 0 0 0 0 0 0 0 

Q , 
3/  6 6 1 -5 -9 3 3 1 1 1 6 6 

Q , 
3/  3 6 18 369 204 48 41 20 19 29 8 4 

Z ,  250 250 250 250 250 250 250 250 250 250 250 250 
Z ,  212 212 213 216 215 213 213 213 213 213 212 212 

,  38 38 37 34 35 37 37 37 37 37 38 38 
N ( ),  1 2 6 110 63 16 13 6 6 9 3 1 
N ,  14 14 14 14 14 14 14 14 14 14 14 14 

N  -N  -13 -12 -8 96 49 1 -1 -8 -8 -5 -12 -13 

 
    2.5  ,  7  –  

   . 
 ё      ,    

   ,   . ,  
     ,   : 

 
N -N = 65                                                                                         (2.15) 
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   2.6   ,   

 2.3,        
,       
         

 .  
 ,     ё  

 ,      
  (  ). 

 
 2.6 –      

№  _  N N  N     
1 1,2 0,230 10 1 13 1988 1964 
2 1,1 0,211 9 2 12 1934 1911 
3 1 0,192 8 6 8 1840 1818 
4 0,95 0,182 8  14 1732 1614 
5 0,9 0,173 7  14 1639 1569 
6 0,8 0,153 6  14 1585 1563 
7 0,8 0,153 6 13 1 1584 1564 
8 0,9 0,173 7 6 8 1638 1617 
9 0,95 0,182 8 6 8 1732 1710 
10 1 0,192 8 9 5 1840 1818 
11 1,1 0,211 9 3 11 1933 1910 
12 1,2 0,230 10 1 13 1987 1963 

 

 
 2.3 –       ё   

  
 

1500

1600

1700

1800

1900

2000

2100

2200

2300

2400

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

, N N N 
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        (11).  
 2.6 ,     2 ,    , 

    .   2.7   
 1  . 

 
 2.7 –     
 I II  III  IV V VI  VII VIII IX X XI  XII ,  32  32 

  
2.7 -   ( )     

   
 

        :  
-   ,  ; 
-  ∇ ; 
-   . 

   ,    , 
,      ∇  = 250 . ,   

      ,  
        , 

    . 
     . 

         . 
 

    .3  ,    
.        : 

 =                                                                                                      (2.16) 
 =                                                                                               (2.17) 
 Э =                                                                                                    (2.18) 

 
   ,        

 .  ,    
.  

  ё  -  , 
    ,    

,   ,    ё    -
     .4. 

      : 
–   ,  – =  ; 
–  ё  ё  –  = ,  . 
–   – = ,  . 
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   ,   

    = ,      
     : 

 = ̅                                                                                                                       (2.19) 

 = Σ ·− = · · ·− = ,                                                            (2.20) 

 = ,, = ,   

 
 ,    . 

 
2.8      

.     
 

         
    ,    
    ,      

. 
 
2.9        
 

         
  : 

 Э .  щ. Э = ,  . ∙   
 

      ,    
ё   20%,   ё : 

 Э . .щ. Э = ,  . ∙  
 Э . .щ. Э = ,  . ∙  
 
   2.8    . 
 

 2.8 –  .  
 

 – 
 

 – 
 

 – 
 

 – 
 

 – 
 

 – 
 

 .  0,23 0,21 0,19 0,173 0,15 0,15 

N  30 30 30 30 30 30 
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   ,     

  ,   -   
 .       , ,  

    ё.  
 

 ,    .1     
      . 

          
,      . 

   , Q   = 44 ³/c, : 
 = ∙ . ∙ =                                                                      (2.21) 

 Э = ∙ = ,  . ∙                                                                (2.22) 

 
      . 

         
: 

 
N =46 ,  
 Э = ∙ = , , . ∙                                                                    (2.23) 

 
 =  -  = 1,113 – 0,129 = 0,98 . ·                                           (2.24) 

  
      ,    

  .     P,  
 N  = 85 .  

  ,       N : 
 
N =N +N =85+5=90                                                                      (2.25) 
 
2.10      

     
 

       
  2.9.     2.9 
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 2.9 –        
 N . 

 
 

. . . ·  
N 

 
  N    N  

 46 1,113 5 0,129 85 0,984 88 
 10 0,250 5 0,122 16 0,128 21 

 10 0,241 5 0,118 15 0,123 20 
 12 0,278 6 0,136 16 0,142 22 

 14 0,330 7 0,161 21 0,168 28 
 14 0,342 7 0,167 21 0,174 28 
 14 0,342 7 0,167 21 0,175 28 
 14 0,341 7 0,167 21 0,174 28 
 14 0,338 7 0,136 21 0,202 28 
 14 0,335 7 0,164 20 0,171 27 
 14 0,331 7 0,162 21 0,128 28 
 46 1,115 6 0,129 84 0,984 88 

 
       

 .          
.2 

 
2.11       

 ,    
 

     ,  
     %   ,    

7%  .  
        

,      .   ё  
   2.12. 

      ,    
   , . .      

. 
 

   : 
 . = ∙  = =  ∙                                                      (2.26) 

 
   : 

 . = ax ∙  = = ,  ∙                                                 (2.27) 

 
     ,   

         1   2 . 
 F Э = Э ∙ = = =  ∙                                       (2.28) 
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 2.12 –       

  
 

 
 

   

P 
.  

N . . N 
. . 

N 
 

N 
. . N . N  

N 
. . N . N 

 
N . . N . 

 6229 93 498 730 81 0 114 13 0 5385 498 0 

 6055 91 484 635 77 0 109 13 0 5310 484 0 

 5753 86 460 545 74 0 89 12 0 5119 460 0 

 5404 81 432 500 67 0 109 15 0 4795 432 0 

 5102 77 408 460 64 0 90 13 0 4552 408 129 

 4928 74 394 430 61 0 91 13 0 4407 394 320 

 4928 74 394 430 60 0 97 14 0 4401 394 320 

 5102 77 408 460 63 0 102 14 0 4540 408 129 

 5404 81 432 500 66 122 117 15 19 4787 432 0 

 5753 86 460 545 73 0 97 13 0 5111 460 0 

 6055 91 484 635 77 0 112 14 0 5308 484 0 

 6229 93 498 730 81 0 114 13 0 5385 498 0 

 
  ,    2.4 
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 2.4 –       

 
       : 

 .Э = Э + Э = + =                                                    (2.29) 
 
 

2.12 -  ё       
  

 
        –  

 . 

1500

1600

1700

1800

1900

2000

2100

2200

2300

2400

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

,   

   
  .
  
  

N .  , 
  .
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    ,     

 .4. 
  ё       

          
(  2.5). 

 
 

 
 2.5 –       

 
  ё    , : ∑ Э = ,  .  ∙ .   
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3     
 
3.1    
 

      
 ,         

   ,    3.1. 
     ,   

  «   ». 
 ё     3.1. 

 
 3.1 –  ё    

    
 

  
   

  
 

  
  

  ,  /  . ,   ,  ,   ,  , /  ,  , /  

40 212,98 36,52 25,14 29,78 430 33,56 554,97 26,00 

60 213,31 36,19 24,81 29,45 440 32,80 550,68 25,60 

80 213,58 35,92 24,54 29,18 450 32,07 546,36 25,20 

100 213,80 35,70 24,32 28,96 460 31,37 542,01 24,80 

120 213,99 35,51 24,13 28,77 470 30,71 537,62 24,40 

140 214,15 35,35 23,97 28,61 480 30,07 533,19 24,00 

160 214,30 35,20 23,82 28,46 490 29,45 528,73 23,60 

 
    (  3.1) : 

 
–   H a = , .     

         
; 

 
– ё   H = .      

       ё  
; 

 
–   H = ,  .     

         
 . 

 
 
 



 

 
 3.1 –   

 
3.2       
 

       ,   
   ,     D1 
      n ,     

      ,    
          

  .  
   ,     

   .    40 - , 
40 -         3.2. 

 
 3.2 –    

 40 -  40 -  
,  40 40 

min/Hmax 0,5 0,5 
n'Iopt, -1 125,5 123 

  opt 0,913 0,904 
QImax, /  1700 1620 
D'1 m,  0,46 0,46 
H ,  4 4 
t , 0  10 20 
 (QI

'
max) 0,63 0,56 
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3.3       
 

     D1    
   :  

       
 Na = , · Q′ · D · √H · η ∙ η ,                                    (3.1) 

 
 Q'I  -     ; 

  -   ; 
  -  .   =0,97 
     

 

η = − − η ( − ε + ε√DD ∙ √ ∙ √ νν ) ,                             (3.2) 

   -   ; 
D1  -   ; 

 -   ; 
D1 -   ; 

 -    ; 
ν , ν  -   ,   

,      . ε - ,       
  (𝜺=0,75). 

   
 Z′ = ,                                                                                                        (3.3) 

 
N  -    (N  =143000 ) 

Na -  . 
   

 ∆ = ηη                 (3.4) 

 
    (     

 ) 
 

′ = 𝐼′ √Δ ∙                                                                                                      (3.5) 
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n'I  -        
. 
  ,     

 
 n a′ = D(∆ i ) .                                                                                                  (3.6) 

 n  ′ = D(∆ ) .                                                                                                     (3.7) 

 n′ = D(∆ ax) .                                                                                                  (3.8) 

 
  ё        
 Q′ ∙ η = a, ∙D ∙ p, ∙η                                                                                             (3.9) 

 
         n'I , 

  Q′ ∙ η       
. 

      
 Q′ ∙ η = a, ∙D ∙ ax, ∙η                                                                                        (3.10) 

 
   
 Q′ = i∙D ∙√ i ∙Δ                                           (3.11) 

 Q′ a = i∙D ∙√ ax∙Δ                                                                                             (3.12) 

 
     40 - , 40 -  
     .1  .2. 
      : 

  ; 
    ; 
   ; 

        
   .  
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    40 - -600, 40 - -6300 , 40 - -800  

 ,    40 -       
  . 
 ,      

: 40 - -710, 40 - -750. 
 
3.4       

  ё   
 

      ё 
    : 

 ∇ . . = + ,                                  (3.13) 
 

  -       ,  
   . 

    HS   
        

.    ,   
    , . .    

,  ,  : 
     max     
         

 
     min     

     
    : 

 = , − − 𝜎 ∙ − ∆ + ∆ . ,                 (3.14) 

 
 ∆  –    ,  

  σ   ,    
  (1,5 ); 

 -  ,     
   ;  

 –  ,      Z (Q ); 
Z . . –       

   ,    -  Z . .=0. 
        

  .      
-          

 . 
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 Hmin = Z (Q Hmin ) + H H 𝑖                           (3.15) 
 H = Z Q (H ) + H H                           (3.16) 

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

            3.3  3.4   . 
 

 3.3 –   40 - -710 
  D,  H,  ϭ Q', 3/  Q, 3/  Z,  Hs,  Z ,  

Hmin 7,1 21,6 0,375 1,18 360,85 215,70 0,49 216,19 

H  7,1 26 0,41 1,247 320,53 215,49 -2,07 213,42 

Hmax 7,1 36,8 0,165 0,743 174,07 214,30 2,52 216,82 

 
 3.4 –   40 - -750 

  D,  H,  ϭ Q', 3/  Q, 3/  Z,  Hs,  Z ,  

Hmin 7,5 21,6 0,34 1,09 371,94 215,80 1,25 217,05 

H  7,5 26 0,352 1,146 299,59 215,40 -0,56 214,84 

Hmax 7,5 36,8 0,13 0,6805 177,90 214,40 3,81 218,21 

 
     40   40 ,   
 40 - -710, .       

    ,   , 
     .   
     Hs   

 . 
  : 213,42  

 
3.5  ё      

,   ё     
 

   ё      
,        : 

1.       
.   ,       

    υr. 
2.    (   )  

 , . . υur = const,  υu –   
    ; r –   . 

3.        , 
         , 

   . 
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    (  2)   
    . 

1.     
 
R  = 1,578·D1=11,2                                              (3.18) 

 
2.     : 
 = ,                                                                                                            

 
ra=D /2=11,3/2 =5,7                                                                              (3.19) 

 
3.     : 
 = ,                                                                                                  

 
rb=Db/2=9,9/2=4,9                                                                                 (3.20) 

 
4.          

: 
 Q = , ∙ p∙η . . . . = , ∙ ∙ , = ,                                               (3.21) 

 
5.       : 
 Q = ∙φ = , ∙ = ,  /                                                            (3.22) 

 
6.        

  : 
 F = = ,,  = 42,2 2                                                                                                                (3.23) 

 
      

.        
 3.5. 

 𝑖 = 𝑖 − ;  𝑖 = ∙ 𝑖 ,       =      (3.24) 

 𝑖 = 𝑖 + = + 𝑖 ∙                (3.25) 
 

       : 
 



 

33 
 

𝑖 = ∙ ln + 𝑖 ln 𝑖 − ∙ ∙ ln + 𝑖        (3.26) 

 
     : 

  𝜑𝑖 = ∙ 𝑖                                                                                                              (3.27) 

 
  : 

 𝑖 = − + 𝑖 − 𝑖 − 𝑖−
                                         (3.28) 

 
   ,  = ,  

 
 3.5 – ё     

 r  1 2 3 4 5 6 7 8 9 10  
ri 11,2 10,63 10,06 9,49 8,92 8,35 7,78 7,21 6,64 6,07 5,50 4,93 
bi 7,88 7,36 6,84 6,32 5,81 5,29 4,77 4,25 3,74 3,22 2,70 2,18 
rk 7,00 6,86 6,72 6,58 6,44 6,31 6,17 6,03 5,89 5,75 5,61 5,47 

rk/ra 1,24 1,21 1,19 1,17 1,14 1,12 1,09 1,07 1,04 1,02 0,99 0,97 
ln(rk/ra) 0,21 0,19 0,17 0,15 0,13 0,11 0,09 0,06 0,04 0,02 -0,01 -0,03 

ri/ra 1,98 1,88 1,78 1,68 1,58 1,48 1,38 1,28 1,17 1,07 0,97 0,87 
ln(ri/ra) 0,68 0,63 0,58 0,52 0,46 0,39 0,32 0,24 0,16 0,07 -0,03 -0,14 

bi· ln(ri/ra) 5,39 4,65 3,95 3,28 2,65 2,07 1,53 1,04 0,60 0,23 -0,07 -0,30 

rk·ctgɣ 26,12 25,61 25,09 24,57 24,05 
23,5

3 
23,0

2 
22,5

0 
21,9

8 
21,4

6 
20,9

5 
20,4

3 
rk·ctgɣ·ln(rk/ra

) 
5,60 4,97 4,36 3,76 3,17 2,59 2,02 1,46 0,91 0,38 -0,14 -0,65 

mi 5,04 4,52 4,00 3,48 2,97 2,45 1,93 1,41 0,90 0,38 -0,14 -0,66 
Ji 5,22 4,59 3,98 3,40 2,84 2,32 1,83 1,38 0,97 0,62 0,31 0,08 

ᶲi 
210,0

0 
184,5

3 
160,0

3 
136,5

7 
114,2

6 
93,2

1 
73,5

6 
55,4

6 
39,1

1 
24,7

5 
12,6

6 
3,22 

 
     ё  ё   

       ri=f(ɸ ) (  
3.2). 

 

 
 3.2 –   φ =f(ri) 

0.00
15.00
30.00
45.00
60.00
75.00
90.00

105.00
120.00
135.00
150.00
165.00
180.00
195.00
210.00
225.00

4.9 6.9 8.9 10.9 12.9

φ

R
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     𝑖   15 . 
  3.6    . 

 
 3.6 –      

ᶲ 0 15 30 45 60 75 90 105 
r,  4,8 5,58 6,27 6,84 7,45 8,07 8,6 9,18 

ᶲ 120 135 150 165 180 195 210  
r,  9,7 10,22 10,77 11,26 11,7 12,23 12,7  

 
   : 

 
B`=2,5·D1=17,75           (3.29) 

 
   ,   B’  7 , 

 :  
 b = + = ,                         (3.30) 

 
   ё   : 

 = ′ + = , + , = ,                                                         (3.31) 
 
3.6     

      
 ,      . 

      : 
 ,      . 

  : 
 = ∙ = ∙, = ,                                                                                            (3.32) 

 

 –  ,       50 ; 
 –   . 

     1400/200-64 
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3.7 ё     .    
.   .   

 
3.7.1 ё     
 

        
    .       

   ,    
. 

 D∗ ( , · [τ ]) , ,                                                                                             (3.33) 

  [τ ] = −  , 
 M = , ∙ = , ∙, = ,                                                       (3.34) 

 D∗ ( , ∙ [τ ]) , = , ∙ , , =  =                    (3.35) 

 
      

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

 
3.7.2 ё   
 

    : 
 = , ∙ ∙ = , ∙, ∙ , = , ,                            (3.36) 

 
    ,  ё  ,  

  15-20   ,  =1000 . 
 
 

     : 
 p = ∙ [p ], ,                                     (3.37) 

 
 h  400 .,  D = − .  
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[p ] = ∙ U,                                                                                                   (3.38) 
 U = π ∙ n ∙ ,                                                                                                 (3.39) 

 
 :   
 = ,, ∙ , = ,    

 = , ∙ , ∙ , = ,                                  

 [ ] = ∙ , = ,                              
 

 [ ] . 
  :   

 ℎ =   
 =  

     :  
 R = + ∙ a+ a  ,                                                                                    (3.40) 

 

 a = Z  

   : 
 = ∙ℎ [ ]                                (3.41) 

 l = , − , π ∙ Z                        (3.42) 

 [p ] = ∙ U,                                   (3.43) 
 

:  
 = 𝑂 =                                                                                          

 = ,+ ∙ 𝑂 + 𝑂 = ,   

 l = , ∙ , ∙ , = ,   

 



 

37 
 

p = ,, ∙ , = ,   

 [p ] = ∙ , = ,   
 

 [ ] . 
      ,  -

        . 
 
3.7.3     
 

      
 ,     , 

  . 
        40 

  D1 –7,1 ;  12,5 /1-40-12,5-2, 
:12,5 -   

1 -   
40 - ,    40 / 2 
12,5 –     3 
2-  . 
 
3.7.4    
 

    .    -
,     (      ). 

   - 150 .  
 : - -150-4.    

  ,      
  .  

 -   
150-    
4 -   4-   
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4   
 
4.1      
  

      .  
      , 

      ,  
  . 

        
  ,      

 ,   ё     
, ё    ё    

   .     
    . 

     ,  2,   
     –    

. 
 
4.2     
 
4.2.1    
 

   « »   
 -125000/220.  

  – ; 
 - ; 
  –   ; 
 125000 -   , ; 
 220-   , . 

      4.1: 
 

 4.1 –    -125000/220 
      

   S  ∙  87,4 
    U   242 
    U   13,8 

   U  % 10,5 

   Δ   380 
   Δ   135 

    % 0,5 
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4.2.2      
 

     ,   
  ,        

.         
        . 
 = ∙ , =143∙ , =1,43                                   (4.1) 
 

      . 
      – 2000/13,8/6,3  

 – 2000/6,3/0,4 
 - . 
 - . 
 - ё . 
 2000-   , . 
 6,3/0,4 -   , . 
 13,8/6,3 -   , . 

   – 2000/13,8/6,3   – 2000/6,3/0,4 
   4.2. 

 
 4.2 –   –2000/13,8/6,3  -

2000/6,3/0,4 
    – 2000/13,8/6,3  – 2000/6,3/0,4 
  

 ,  2,0 2,0 

  U ,  13,8 6,3 

  U ,  6,3 0,4 

   ∆P,  11,8 11,5 

    
  

∆P ,  3,6 3,1 

     ∆I , % 0,5 0,3 

  
 

∆U , % 8 5 

 
4.3        
 

 ,   : 
 Σ = Σ − . . = − , = ,  ∙ .                                        (4.2) 
 

 ,   1  220   135 . 
   cosφ = , . 
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   220 : 
 = Σ/ φc + = ./ , + =                                                             (4.3) 

 
 2-    220 . 

  : 
 = Σ∙√ ∙ = ∙√ ∙ = ,  .                                                            (4.4) 

 
  : 

 = α ∙ α𝑖 ∙ = , ∙ , ∙ , = ,  ,                                    (4.5) 
 

 α  - ,      ; α𝑖 - ,      . 
 

 : 
 . . = Σ− ∙√ ∙ = − ∙√ ∙ = ,  .                                               (4.6) 

 
   -240/39.    

  4.3. 
 

 4.3 –    -240/39 
      

   r  /  0,011 

   x  /  0,11 

   I   610 

 
4.4       -  

  
 

            ,      
-   .          

,       .  
1)            n=4   
     .  

: 
 = ∙ + ∙ + ∙ = ∙ + ∙ + ∙∙ =  ,                                                                                                             (4.7) 
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: 
n –   ; 
Kt-   ; 
m –    ; 
K -    ; 

 –    
t –   
2)             .  

: 
 = ∙ + ∙ + ∙ = ∙ + ∙ ++ ∙ =  .                                                                                     (4.8) 
 

       
     : 

 = ∙ + ,                                                                                                  (4.9) 
 

  : 
 = , ∙ + =  .                                  
 

  : 
 = , ∙ + =  .                                  
 

     : 
 ∆ = − ∙ % = %                                                                           (4.10) 

 
    , . .    

   ,   №2. 
 
4.5 ё        

 
 

  4.1     .   4.2 
    .   4.3  

   .       
«RastrWin»,   . 
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 4.1 –     

 
 

 
 4.2 –     

 

 
 

 4.3 –     
 

  4.4       
,     4.5      

  220 ,    4.6      220 . 
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  4.4 –        

 
 

 
 4.5 –       220  

 
 

 
 4.6 –       220  

 
  4.4     . 

 
 4.4 –      

    I ,  i ,  

3  1 17,7 45,13  

3  7 9,2 14,4  

1  7 13,74 21,3 

 
4.6   ё     ё   
 

       
     .  

 
       

        5% : 
 I ,  a = , ∙ I ,                                                                                  (4.11) 
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 I ,  a = , ∙ , = ,  . 
 

    : 
  I  a  = ,√ ∙ , = ,√ ∙ = ,   .                                           (4.12) 

 
        220 : 

 I . = ∑∙√ ∙ = ∙√ ∙ = ,                                                       (4.13) 

 
        

  : 
 I . = ∑− ∙√ ∙ = ∙√ ∙ = ,   .                                           (4.14) 

 
4.7       

 13,8  
 

        
          , 

  . 
 

       
 : 

 U U .                                                                                                 (4.15) 
 I I , a                                                                                               (4.16) 
 B , B ,                                                                                            (4.17) 
 

     « »  
     -20-90/6300 

    -2-20/12500  .    
      4.5.  
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 4.5 –        
 

  
 

-20-90/6300  
 

 
 -2-20/12500   U  =13,8  U =   U =   I . =3769  I . =   I . =   I =17,7  I . =   i . =   i  =45,13  i . =   I . =   

. , 2∙  = 12,5 2∙  . =  ∙  . =  2∙  

 
,    ,    

4.6. 
 

 4.6 – ,     
 

 
  

 
 

  
( · ) 

  -1 0,5 8 
 -  0,5 10 

 ∑ = 18 ·  

 
,     « - », 

    - .  
         

,        , 
   . -     

    4   15150 (  
   1  45° ;     

55° ;    98 %   35° ). -  
    ,     

 15150.  
  ,    «  

 ». -1      
        

       
   50     0,4  750 . 
      

      (    
 13109-97),       

,   –     
      , 

  ,   .   
   0,4     

 . 
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4.8      
 

    15 /0,2/10 -125000/5. 
  «   ».  
   15 /0,2/10 -125000/5    4.7. 

 
 4.7 –     

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

 
   -10.   

«  ».    -15 
   4.8. 

 
 4.8 –      

 ё       U < U  U = ,  U =   

  
      13,5  

      – 10 1   
« z ».  

 
4.9    
 

    « »  
  -220   -220/1250 1. 

       
   4.9. 

 
 4.9 –   - -220-1250 

  
  

-220 
  

-220/1250 1 U  =220  U =   U =   I . =202  I =   I =   i =14,4  i . =   I . =   
. , 2∙ =3,24 ∙  . =  ∙  . =  2∙  

  
4.10    
 

   220        
-220 1    . 
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5     
 

   ,   
         

     , 
      

 ,      
   . 

    : , 
  . 

 
5.1     
 

  – 1400/200-64 
   125000/220/13,8 

  220  
 

         
      . 

 
    – 1400/200-64: 

       
         ; 

      (100%)   ; 
        ; 
    ; 
       

      
; 

     ; 
      ; 
        ; 
        

; 
     ,   

; 
     ( ) ; 

 
     125000/220/13,8: 

       ; 
     , 

   (    
); 



 

48 
 

        
    220 ; 

    ; 
        13,8   
; 
        

 ;  
     ; 
        ; 
   . 
 

   : 
        
        

 
    
    
 

   220 : 
-  : 
 -       . 
-  : 
 5-       ; 
        

  ; 
 4-          

( ); 
        220  

  220 . 
 
5.2       
 
5.2.1     (I∆G) 

  5.1   ,    5.2  
 .  

 
 5.1 –   

  1400/200-64 
    85,5  

 72,5  
  13,8  
   cosφ 0,85 

  93,8 /  
    3568,5  

     208,5  
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  5.1 
   

  ( . ) 
 Xd 0,73 
 X’d 0,29 

 X”d 0,19 

 
 5.2 –     

  – 125000/220/13,8 
  87,4  

  242  
    U  = 10,5 

 
      

 < , ∙    
        . 

        
          

 . 
  : =  . 
   :𝜂 = /  . 

1)        
  . .      

      : 
 = ∙ 𝑖 ∙ = , ∙ , ∙ ,                                                                 (5.1) 
 

 = ,  -    ;  𝑖 = ,  -    . 
   : 

 . ∙ = ∙ , ∙ = , ∙ ,                                                        (5.2) 
 

 =  -  . 
 . = , − , ∙                                                                                            (5.3) 
 

 : 
 . = , ∙ =  .                                                                                        (5.4) 
 
2)      

    .     
    ,   

     . 
       

 :   
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 = ∙ 𝑖 ∙ ∙ ,                                                                             (5.5) 
 =  –   ;  𝑖 = ,  -    ; = ,  -     (0,5-  

, 1,0   ); 
 -         

        
; = ′′′′ ∙ =  .                                                                                     (5.6) 

 
 ,      (1.4): 

 = ∙ , ∙ , ∙ ,, ∙ =  . 

 
    : 

 > ∙ ,     =                                                                      (5.7) 

 > ∙
             

 > , ,                                              
 

 = –  ;  
 -       . 

  = , . 
3)    (      

): 
 = ∗ = , , = ,                                                                                                    (5.8) 

 
4)        

.      : 
 ∗ = , , = ,                                                                                                 (5.9) 

 
     = 1,5 (    

). 
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  5.1    

  . 

 
 5.1 –    

  
 

    ,  ,  
   -       

. 
 
5.2.2         (UN 

(UO)) 

 
  100%    , 
         

    . 
      : 

1)   (U0)      
  U0   85%     
  ; U0     

 3U0    ,  
 «  ». 

       
       

     
     Э . .       

 . 
  Э . .     ,  

 . 
 –        ; 
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 –        ; 
 –      ; 

 –      ; 
     : 

 Σ = + + + = , + , + , + , = ,    (5.13) 
 

    13,8 : 
 = , ∙ ∙ 𝜔 ∙ Σ = ,  .                                                                           (5.14) 
  

       
    220 : 

  Э . = ∙ ∙ + Σ,                                                                                 (5.15) 

   – ,       
 .       

,    , 
 = , ; 

 –         
 , 
 

 = , ; 
 

 –         
   .  : 

 = ∙  √ =⁄ ∙ √ = ,  .                                                  (5.16) 

 
        
    220 : 

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

    Э . . = ,  . 
 

     : 
 ∙ ∙  Э .                                                                                             (5.17) 
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,, ∙ ∙ ,,√ ∙ ,                                                                                    

 ,  ,                 
  = ,  –  ; 

 –   ; = ,  –  . 
       

,     5  20 . 
  :    5     

5,0    ;    15     0,5    
    ,   

  ,     -  
. 

2)        
          30%  

    . 
         1  

3. 
          

 : 
 = + ,                                                                                                                             (5.18) 

 
 = ,        31,3 %   

  . 
    500     
 ,        

-  . 
 
5.2.3     (U1>), (U2>) 
 

       
 
1)   U2> : 
 = , ∙ = , ∙ / =  .                                                                            (5.19) 

 
2)         
  U1>   , ∙ ,      

     . 
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U1>        . 
 U1> : 

 = , ∙ = , ∙ / =  .                                                                       (5.20) 

 
  ,       

   220      , ∙ . 
    0,5      

,  . 
 
5.2.4      

      (I2) 
 

      
       

       
,         

. 
       ∗ : 

 ∗ = / ,                                                                                                                   (5.21) 
 

 –       ,  
–      . 

      
    : 

 = / ∗ ,                                                                                                            (5.22) 
 

 =  – ,  - . 
 

   : 
 
1)        

        
(   ). 

   : ∗ = , − , ; 
 = , ∙                                                                                                       (5.23) 
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2)         
        

 .       
      =  . 

: 
 

∗ = √ = √ = ,                                                                                         (5.24) 

 
 : 

 ∗ = ∗ = , , = , ,                                                                                    (5.25) 

 = ,  –  . 
 = , ∙                                                                                                    (5.26) 
 

         
  ,  ∗ = , : 

 = , ≈ ,  

 
2)       

,        
 ,  : 

 = ∗ = ,                                                                                                   (5.27) 

 = = · ∙                                                                                          (5.28) 
 

      
     5.3 

 
 5.3 –      

   
     -

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

 ( ) 20 55 80 125 220 500 

 
     

      
   (I2)    5.2. 
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 5.2 –      

        
 (I2) 
 

       
 : t . = 20 , t . = 600 . 

       
     .   

 ,        
   0,135   ,    

«  » (I )      10  999 .  
    -  (t = 100 ). 

4)          
          
     . 

       : 
1.         

 ; 
2.       

         B . 
3.          

 BJI. 
  :       

       
 

  : 
)        

    : 
 ′′ = ′′ ∙ = 0,19∙ , = , ,                                                 (5.29) 

 

0

100

200

300

400

500

600

0 0.2 0.4 0.6 0.8 1 1.2

t,

I2/I
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 ′′-   ,    
 ; 

 = ∙ = 0,192∙ , = , ,                                                    (5.30) 

 
 –    ,  

  . 
 . .· = ,  ′′+ + ∙ = ,  , + , + ∙ , = , . .            (5.31) 

 
       

 . .· = . .∗ ∙ . = ∙ , ∙ , = ,  . .,                            (5.32) 

 
  -     . 

)         
 220          
  : 

 . .∗ = Ʃ′′Ʃ+ Ʃ = ,  ′′+  +  +  +  +  = ,  = ,                           (5.33) 

 
       

 . .· = . .∗ ∙ . = ∙ , ∙ , = ,  . .                                           (5.34) 

 
        

   .       
    0,25. 

     8,0    ,  
  8,5      220   

 ,    9,0     
   . 

 
5.2.5    𝑰  
 

       
.           

  : 
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1)  ,     
         

   . 
 

  : 
 = ∙ = , ∙, = , ∙ = ,  , (5.35) 

 
 = ,  –  ; = ,  –  . 

  = ,  . 
 
2)  ,      

        
 . 

 
  : 

 = , ∙, = , ∙ = ,  . (5.36) 

 
3)       . 

      
   ,   5.4: 

 
 5.4 –   ,    

    
 
 ⁄  

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 

 
      

    5.3. 
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 5.3 –     

     
 

        
  ,  . 

      
   0,01 . 

4)   ,     
       . 

  :  
 = , ∙, = , ∙ = ,  . (5.37) 

 
        < 

   : 
 = , ∙∙ = , ∙, ∙ , = ,  .                                                                  (5.38) 

 
     8,0     
,    8,5     
 220    ,    9,0   

     . 
 

5.2.6    𝒁 < , 𝒁 <  
 

         
       

    . 

0

500

1000

1500

2000

2500

3000

3500

4000

0 2 4 6 8 10

t,c

I2/I
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     ,   I  
II      III   IV     

. 
1)       

        1 .  
         

 ,    . 
       220   

 . ,    220 ,   : 
)       220 : 

 , ∙ + , ∙ ′ = , ∙ , + , ∙ , = ,  ,                       (5.39) 

 
  – , ,   ; 

 –  ,     
220 ; 

 = , ∙, = ,  .                                                                           
 ′ = √ ∙ + ∙                                                                             (5.40) 
 ′ = √ , ∙ + , ∙ = ,   
 

  ,     
: 

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

 
   : 

 =  . . ∙ = , ∙ , = ,  ,                                                      (5.41) 
 

 = = ,, = ,  

 
  : 

 = ∙ = , ∙ ,, = ,  .                                                          (5.42) 

 
  = ,  . 
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      0,5    
  220    ,    1,0 

    ,  ,    
 . 

 
3)  ∆         

    .   ∆ ,      ,    , 
 , ∆ = − . 

 
4)        

       . 
    : 

 = √ ∙ = , ∙√ ∙ , = ,  .                                                        (5.43) 

 
 –   , . 

       
         
 ∙ . .       , ∙  (   

): 
 = ∙𝐼 .𝐼 . . . − , = ∙ , − ,, = , ,                                                                   (5.44) 

 
 . . . –    , ; 

 –       
. 

          
  , ∙ . 

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

 𝜑 . = 𝜑, ∙ = ,, ∙ , = ,                                                               (5.46) 

 
      𝜑 . = , °. 

 
     : 

 = . = , , = ,  . .                                                                         (5.47) 
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 =  . . ∙ = , ∙ ,, = ,  .                                                        (5.48) 

 
   : 

 = . .𝐼𝐼∙ = , ∙ // = ,  .                                                              (5.49) 

 
  = ,  .  

      
  15%.     =, ∗ , = ,   , = , ∗ , = ,  . 

         
    . 

      8,5  –   
  220    ,    9,0 

      . 
      

 5.4. 
 

 
 5.4 –     

5.2.7      
 

  
       

.        .  
   : 
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1)  ,     
         

   .   : 
  . = ∙ . = , ∙ ., = , ∙ . . = ,                                      (5.50) 

 
2)  ,      

        
 .   : 

  . = , ∙ ., = , ∙ . . = ,                                                         (5.51) 

 
3)  ,      

 ,    ,    
  ,  .   5.5 

    . 
 

 5.5 –     
 
 ⁄  

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 

 
       

    5.5. 
 

 
 5.5 –     

     
4)   ,     

       .  
 : 

  . = , ∙ ., = , ∙ . . = ,                                                           (5.52) 
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     3,0 .   
   ,  . 

 
5.3     -  
 

   ,    -  
      

,   , ,    
        « ». 
 300       
       ,    

      . 
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6     
 
6.1     
 

        
 ( =38 )     (   – ), 

: II I. 
        

-     .  
  (N=143 ), : III. 

       
   (    , 

       1122 
,   500  3000), : II . 
  ,     ,  
   II . 

 
6.2      
 

         
 : 

 = + ℎ % + ,          (6.1) 
  

  -  ,    ,    : 
 II  – 0,7 . 

    =  / ,  = , ∙ − . 
 : =  . 

   1% : 
1.   : 
 v = , ∙ =   

 
 

v = , ∙ ∙ = , 

 
 

  t = 6  -     .  

2.    ( .1)       v     

v     
̅v     v̅ . 

  v =     
̅v = ,     v̅ = ,  

  v =     
̅v = ,     v̅ = ,  
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̅v  v̅    

  T̅     h̅: 
 h̅ = , ∙v = , ∙, = ,  . (6.2) 

 
 T̅ = , ∙v = , ∙, = ,  .    (6.3) 
 
 

3.     : 
 

̅̅̅ = π̅ = , ∙ ,∙ , = ,  .    (6.4) 

  
4.  d =  > , ∙ ̅̅̅ = ,   , ё  

    
5.    1% : 
 h % = h̅k = , ∙ , = ,  , (6.5) 
  

  ki= 2,12 –    ( . 2). 
 = + , + , = ,  . 
 

 − = , − = ,  . 
 

 

     : 
 = + , ∙ = + , ∙ = ,  ,          (6.6) 

  =  ,   
         
 253,6 . 

 
6.3   
 

   ё  : 
   ,     

; 
   ; 
   ; 
   ; 
     ; 



 

67 
 

  ; 
        

. 
 

 ,       
      ё   

   .  ё     
ё            

. ё          
 ё  .  ё      

ё        m    
. 

 
6.3.1     
 

         
       : 

        
: 

 . . = . . − Э − −   

 . . = − − · − , ∙∙ ∙ ∙ ∙ − =  ⁄ , 
 

          
(6.7) 

 −    1% , −   ;  –   (5 
,   -  ); Э −      

         . 
 ,      

(n-1)     6  [3]. 
     : 

 = , ∙ ,                                             (6.8) 
 

 −    ,  : 
 

 = [ ℎ] ∙ ℎ ,                                                                                          (6.9) 
 

 ℎ −       ,   
 Q= f(H),  = 217,0 ,   
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ℎ = − ∇ = − =  ,                          (6.10) 
 

 [ ℎ] −     ,  5,0 / . = , ∙ = , ⁄   
 = , ∙ = , , ⁄   

   : 
 = = , = ,  .            

       (6.11) 

   .   
   b = 10 ,   : 

 = = , = , ≈             
       (6.12) 

  ,      
: 
 = ∙ = ∙ =  .                  (6.13) 
  

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

        : 
 = + − ∙ = + − ∙ =  .             (6.14) 
 
6.3.2     
 

    ,     
   , . .  ё      
: 

 = ( ∙ ′∙√ ) ⁄
,            

       (6.15) 
 
 

 m–  ,      
   B(m ≈ 0,49). 

 = , ∙ ∙√ ∙ , ⁄ = ,  .  
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  ,  ё     , 
   : 

 = ( ∙𝜎 ∙𝜎 ∙𝜎 ∙ ∙√ ) ⁄ ,           (6.16) 
 
 

 𝜎 –   ; 𝜎 –  ,     𝜎 = 1; 𝜎 –    (𝜎 = 1). 
  6.1     

. 

 
 6.1 –     ( - ) 

 𝜎 = − , ∙ ∙ ,                      (6.17) 

  
  = 0,45 –  ,      

( ). 
  6.2   . 

 
 6.2 –     

  𝜎 = − , ∙ , ∙ , = ,  

 
 

= , ∙ ∙ , ∙ ∙ ∙√ ∙ , ⁄ = ,  .  
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  : 

 = − 𝛼 ,                 (6.18) 
 
 

  = 1,1 –  . 
 

 = ∇ −∇ + − ·               (6.19) 

  = − + − ∙ = ,  ⁄ . 

 

 

= , − , ∙ ,∙ , = ,  . 

 

 

ё         
      : = ,  .  

   : 
 ∇ = ∇ − = − =  .                 (6.20) 
 
6.3.3      
 

     
.      ,   
,         : 

 . = . − Э − − = − − · −− , ∙∙ ∙ ∙ ∙ − =    3/ .                                                                                 (6.21) 

 
         

          
: 

 

. = ( .∙ ∙√ ) ⁄ = , ∙ ∙√ ∙ , ⁄ = ,   .        
       (6.22) 
 
 

     .    
    : 
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. = ( .∙𝜎 ∙𝜎 ∙𝜎 ∙ ∙√ ) ⁄
                            

       (6.23) 
 
 
 𝜎 = − , ∙ , ∙ , = , ,  

 –     ,   
: 

 = [ , + , . − , . ]              (6.24) 
 
 

  = , ∙ [ , + , ∙ , − , ∙ , ] = ,   

 . = , ∙ ∙ , ∙ ∙ ∙√ ∙ , ⁄ = ,  . 

 
          
 : 

 = − 𝛼
         (6.25) 

 
 = .∇ −∇ + −           (6.26) 

  𝑣 = − ∙ + − ∙ = ,  ⁄   

 

 

= , − , ∙ ,∙ , = ,  . 

 

 

,     ∇    = 251,0  
  : 

 ∇ = ∇ + = + , = ,  .          (6.27) 
 ∇ > ∇ ,      

  =  3/ . 
   =       
   .    

 .     6.1. 
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 6.1 –      (  
 - ) 

№  ,  Y,  №  ,  Y,  
1 0 0,76 21 12,00 7,41 
2 0,60 0,22 22 12,60 8,21 
3 1,20 0,04 23 13,20 9,05 
4 1,80 0,00 24 13,80 9,92 
5 2,40 0,04 25 14,40 11,36 
6 3,00 0,16 26 15,00 11,76 
7 3,60 0,36 27 15,60 12,73 
8 4,20 0,60 28 16,20 13,73 
9 4,80 0,88 29 16,80 14,77 
10 5,40 1,19 30 17,40 15,66 
11 6,00 1,54 31 18,00 16,94 
12 6,60 1,93 32 18,60 18,08 
13 7,20 2,36 33 19,20 19,24 
14 7,80 2,85 34 19,80 20,43 
15 8,40 3,38 35 20,40 21,65 
16 9,00 3,97 36 21,00 22,91 
17 9,60 4,58 37 21,60 24,19 
18 10,20 5,24 38 22,20 25,49 
19 10,80 5,92 39 22,80 26,83 
20 11,40 6,65 40 23,40 28,19 

 
  6.3   . 

 
 6.3 –      

 

0

10

20

30

40

50

60

0 5 10 15 20 25 30 35 40
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6.3.4       
 

       . 
         

        
      C-C ( . 6.4).    

         
      ё . 

 
 6.4 –     

 
  : 

 ℎ = √ 𝛼∙ . .∙ +∑ = √ , ∙, ∙ = ,  . 
       (6.28) 
 
 

       : 
 = − = − =  .        (6.29) 

 
      : 

 ξ = ℎ = , = ,  .        (6.30) 

  
  [4, . 12.3 , . 171]   ℎ      

  ℎ`` -  ё   ,     ξ , 

 ξ = ,   ξ `` = ,  . 
, ё  : 

 ℎ` = ξ ∙ ℎ = , ∙ , = ,  .        (6.31) 
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 ℎ`` = ξ `` ∙ ℎ = , ∙ , = ,  .        (6.32) 
 

    =1648 ( 3/ ), h  = 5,0 , ,  
 (hc

’’>h ). 
     ,   

     .    
         

     .     
    . 
 
6.3.5    
 

        . 
      

.     , ё  
,    5-10 %. 

,     : 
 = 𝜎 ∙ ℎ`` − ℎ + ′ ,            (6.33) 

 
 𝜎 – ,    ,   

  , 𝜎 = , ; ′ -   ,    
   d. 
 ′ = ∙ ∙ (𝜑 ∙ℎ − 𝛼𝜎 ∙ℎ" ),             (6.34) 

 
 𝜑 –       , 

   ,  0,92. 
 

 

= . .+∑ = = ,  .          (6.35) 
 

  ′ = ,∙ , ∙ ( , ∙ − ,, ∙ , ) = ,  . 
 

 

,    : 
 

 = , ∙ , − + , = ,  . 
 

 

      : 
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= − + = − + , = ,  .            (6.36) 
  

      : 
 ξ = ℎ = ,, = ,  .           (6.37) 

 
    ℎ        ℎ`` -  

ё   ,     ξ ,  ξ = ,   ξ `` = ,  . 
, ё  : 

 ℎ` = ξ ∙ ℎ = , ∙ , = ,  .           (6.38) 
  ℎ`` = ξ `` ∙ ℎ = , ∙ , = ,  .            (6.39) 

 
  ′ = ,∙ , ∙ , ∙ − ,, ∙ , = ,  . 

 

 

= , ∙ , − + , = ,  . 
 

 

     : 
 = − + = − + , = ,  . 

 
 

      : 
 ξ = ℎ = ,, = ,  . 

 

 

  [4, . 12.3 , . 171]   ℎ      
  ℎ`` -  ё   ,     ξ , 

 ξ = ,   ξ `` = ,  . 
, ё  : 

 ℎ` = ξ ∙ ℎ = , ∙ , = ,  . 
 

 ℎ`` = ξ `` ∙ ℎ = , ∙ , = ,  . 
 

 

′ = ,∙ , ∙ ( , ∙ − ,, ∙ , ) = ,  .  = , ∙ , − + , = ,  .  
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  3%,   = ,  . 

  : 
 = − = − , = ,  .            (6.40) 

 
      : 

 = , ÷ , ∙              (6.41) 
 = , ∙ ( , ∙ ℎ`` − ℎ` ) = , ∙ , ∙ , − ,= ,  .        (6.42) 
 
 = , ÷ , ∙ , = ,  .  

 
6.4    
 
6.4.1    
 

     ,   
,      . 

        
 ,   .    

     . . . 
 = , ∙ ∙ √ℎ` ,           (6.43) 

 
  –      

 
 = ℎ` = ,, = ,  .            (6.44) 

  = , ∙ , ∙ √ , = ,  . 
 

 

     : 
 Σ ∙Σ ∙                    (6.45) 

 
 

, Σ  –  ,    ; 
 –    I   , = , ; Σ  –  ,   ; 
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 –   ,    
      I   , = ; 
 –    ,    I 

     II  ,  = , . 
 : 

     : 
 = − ∙ ∙ ∙ ∙ ,                                                                        (6.46) 
 = , − , ∙ , ∙ , ∙ , ∙ , = ,  . 
 

,   : 
 : 

 = , ∙ ∙ ∙ ∙ , ∙ (ℎ`` − ℎ` ) .                                                   (6.47) 
 = , ∙ , ∙ , ∙ , ∙ , ∙ , − , = ,  . 

 : 
 = , ∙ ∙ ∙ ∙ , ∙ ( − ℎ``) ∙ = , ∙ , ∙ , ∙ , ∙ , ∙, − , ∙ = , ,                                                                            (6.48) 
 = − = − , = ,   .                                             (6.49)    
                                                                  

  : 
 = ∙ ∙ ∙ 𝜔 = , ∙ , ∙ , ∙ , = ,   .                      (6.50) 

 = , ÷ , ,  = ,  𝜔 = ∙ = ,  . 
 ∙+ + ∙ = , ∙ ,, + , + , ∙ = ,                                             (6.51) 

 
0,911,2,      . 

  = , ,       
 = , ∙ + + ∙ = , ∙ , + , + , ∙, = ,                 (6.52) 

 
 : = − ∙ ∙ ∙ 𝑓 = ,, − , ∙ , ∙ , ∙ , = ,   .                                  (6.53) 
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    4,45 . 

 
6.4.2     
 

  ,    , 
  .      
:         

   . 
  :  

 ∇ = ∇ − − − = − , − , − = ,   ,        (6.54) 
 

 d –  ; 
 –   ; 

 –  , (2÷3) ; 
 : 

 ℎ = ∇ − ∇ = − , = ,   .                                   (6.55) 
 

  B = , ÷ ,       
    . 

  : 
 = , ∙ ℎ = , ∙ , =   .                                                         (6.56) 

 
6.4.3      
 

      
. 

         
,     .    

20 .     - 3 . 
 
6.4.4     
 
         

  0,2    3 . 
      : 

 = , ∙ = , ∙ = ,   .                                                                    (6.57) 
 



 

79 
 

6.4.5      
 
        
     ,   

      ,  
    -  .   

   ,      
,      . 

     . 
        . 
 :  

 = + ,                                                                                                                            (6.58) 
 

  −      ,  −    , −        . = + = ,  
   B=36 ,  2   18 . 

      
 1,5 . 

 
6.4.6  
 
        

.     4  (  2.1.1).  
   0,8 .     20    

      . 
 
6.4.7  
 

  ,    
     ,  ,   

       . 
 1        

 . 
 

6.4.8     
   

        
.       20 ,    
         

        . 
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 ,      
  ,     

,   ,     
   .   – 3 ,  – 3,5 . 

,      ,   
    ,      

   – 2,5 ,  – 2,5 .   
  : 218,64 ; 238,64 . 

 
6.4.9  
 

 –    , ё   
,      .   

    ,    .  
    : 

 = , ∙ ℎ`` = ,, ∙ , = ,   .                                                              (6.59) 

 
    : 

N=L /12=42,5/12=3,54,    - 4. 
     . 
  :       

     –2,22 ,    – 1,72 
    – 1,22 . 

 
6.4.10      
 

    ,   
 ,    ,    

 . 
       

    . 
 . . = . . + = ∙ ∙ ∙ ∙ + = ,   3/c.                           (6.60) 

 
      

  : 
 = ∙ 𝜔 ∙ √ ∙ ∙ ,                                                                             (6.61) 
 

 Q– ,   ; 
 –     ; 
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 𝜔 − щ   . 
    .    

  : 
  = . . = ,   3/ .                                                                            (6.62) 

 
 ,        
      .  

   h=2 ,      
204,6 .      

 ∇ = , + ℎ = ,  .                                                                    (6.63) 

 
    : 

 = ∇ − ∇ = − , = ,  .                                   (6.64) 
 

       : 
 𝜔 =  ∙√ ∙ ∙ = ,, ∙√ ∙ , ∙ , = ,  2 .                                                (6.65) 

 
    2 ,     

 = 𝜔ℎ = , = ,  2.                                                                                (6.66) 

 
  4 . 

        
 𝜔 = ∙ ℎ = ∙ =  2.                                                                           (6.67) 
 

    4   h=2 , b=4 . 
 

6.5    
 

ё       
      .    

   , ,   
.        
,  ,      

 . 
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6.5.1   
 

      AutoCad. = ,  ,  = ,  .  
         

:  
 = ∙ ∙ ∙+ = , ∙ ∙ , ∙+ = ,   .                                  (6.68) 

 
         

  AutoCad. = ,   .  
        : 

 = ∙ ∙ ∙+ = , ∙ ∙ ∙ ,+ = ,  .                                              (6.69) 

 = ,  . 
  : 

 ≈ , ∙ √ ∙ ,                                                                                       (6.70) 
 

  -  : 
 = − + , ∙ = − + , ∙ =   2 .            (6.71) 
 

 : 
 = , ∙ ∙ √ ∙ , = ,  .  
 

    1 . : 
 = + = ,+ = ,  .                                                                  (6.72) 

 
6.5.2     
 

     : 
-   :  
 = ∙ ∙ = ∙ , ∙ , = ,  / .                                         (6.73) 
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  = − = − , = ,  .  
 
-   : 
 = ∙ ∙ = ∙ , ∙ , = ,  / ,                                             (6.74) 

 
  =  − = , − , = ,  . 

       
  : 

 = ∙ = , ∙ , = ,  / ,                                                       (6.75) 
 

 S −       
   ,     utoCAD. 

 
6.5.3      
 

   : 
   : 

  : 
 = ∇ − ∇ = − , = ,   .                                        (6.76) 
  

  I      : = , , = , , 

 = , ∙ = , ∙ , = ,  .                                                           (6.77) 
 = , ∙ = , ∙ , = ,  .                                                          (6.78) 
 

  : 
 = ∙ ∙                                                                                               (6.79) 
 = ∙ , ∙ , = ,   . 

        
           
        . 
  , : 
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= ∙ ∙ ∇ 𝑖 − ∇ = ∙ , ∙ , − , = = ,  .                                                                                                                   (6.80) 
 

       
    . 

 = ∙ ∙ = ∙ , ∙ , = ,   .                         (6.81) 

 
6.5.4   
 

        : 
 = ∙ ℎ ∙ tan − 𝜑 = ∙ ∙ tan − = ,    ,       (6.82) 

 
  =   / 3 –      ; 

h –   ,    , ℎ = ∇ − ∇ = − = ,  
  𝜑 = ° –    . 

    1 . : 
 = ℎ ∙ = ∙ , = ,   .                                                                           (6.83) 

 
        

 : 
            

  ,      ,  
  ,    
 ′ = ∙ ℎ ∙ − 𝜑 = ∙ ∙ − = ,   ,         (6.84) 

 
 𝜑 = °. 

        ℎ     
   

  ′′ = ( ∙ ℎ + ∙ ℎ ) ∙ − 𝜑 = ∙ + , ∙ , ∙ ∙  − = ,   .                                                                                   (6.85) 

 
    

 = − − = , − − , ∙ , = , ,                (6.86) 
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  –    , = , ; 
 –     , = , ; ℎ  –   , ℎ = ,  ; 𝜑  –    , 𝜑 = ° ; 
 –   . 

 
      1 . . 

 = ′ + ′′ ∙ ℎ = , + , ∙ , = ,   / .                           (6.87) 

 
6.5.5   
 

      
   . . . 

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

 = ∙ ∙ ∙ ℎ % ̅ + ℎ = ∙ ∙ , ∙ , ∙ ( ,, + ,  )  =   = ,   .                                                                                                            (6.89) 

 
  W    : 

 = ̅ − ℎ % = ,, − ∙ , = ,  .                                                 (6.90) 

 
6.6    
 

ё         
    (    ). 

ё      ё   .   
    .  ,   

ё     ,     
 . 

   ,  ё    
    «–»,  –   «+»  

  ё    6.2,     , 
     . 

        
 AutoCad.  
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 6.2 –     

    
  

,  ,  ,  
 1,00  12936,20 17,12 221446,74 
 1,00  1024,90 -4,82 -4938,37 

W3 1,00  788,72 13,62 10742,42 
G  0,95  8300,00 -7,77 -64491,00 

G  0,95  17928,59 -5,68 -101834,38 
W  1,00  5104,97 0,00 0,00 
W  1,00  1685,16 9,54 16076,44 
Q  0,9  22,53 -15,30 -344,69 

 1,20  405,14 4,45 1803,57 
 1,00  160,04 46,61 7459,66 

 1,20  47,04 14,69 690,95 
F ← 

 12523,51 
N  19844,56 

 Σ 86611,34 

 
ё        (  

  1   )   : 
1)   : 

 𝜎 = − + ∙∑ = − ,, + ∙ ,, = − ,   ,                     (6.91) 

 
   –   ,   ; 

 –    ,   ; 
 –   . 

 𝜎 = 𝜎 ∙ − ∙ ∙ − = − , ∙ , = − ,  ,  (6.92) 

 
 = ,  / 3 –   , = ∇ − ∇ = − , = ,     –   

ё      ; = tan ,   –      .   
     ,  tan = . 

 𝜏 = ( ∙ + 𝜎 ) ∙ =                                                                    (6.93) 
 𝜎 = 𝜎 ∙ + + ∙ ∙ = − ,    .                                  (6.94) 

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

 
2)   : 
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𝜎 = − − ∙∑ = − ,, − ∙ ,, = − ,   .                          (6.96) 

 𝜎 = 𝜎 ∙ − ∙ ∙ − = − , ∙ , − , ∙ , ∙ ∙ − , = − ,   ,                                                                                 (6.97) 

 
 = tan ,    –       

 = ∇ − ∇ = , − , = ,   .                      (6.98) 
 𝜏 = −( ∙ + 𝜎 ) ∙ = − , ∙ , − , ∙ , = = ,    .                                                                                                          (6.99) 

 𝜎 = 𝜎 ∙ + + ∙ ∙ = − , ∙ + , + , ∙ ∙ , ∙ , = − ,   .                                                                           (6.100) 

 𝜎 = − ∙ = − , ∙ , = − ,   .                                          (6.101) 

 
ё        6.3. 

 
 6.3 –  ,    

   
    𝜎  -150,26 -952,22 𝜎  -503,79 -634,86 𝜏  0 632,12 𝜎  -150,26 -141,80 𝜎  -503,79 -1445,27 

 
 

6.7    
 
1)    : 
 ∙ ∙ |𝜎 | ∙ ,                                                                              (6.102) 
 

 = 1,2 –    ,   II  
; 
 –   , = 1,0 –     

     ;  
σ3 –   ; 
  = 7,5  –        

10; 
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  –   ; 
 =0,9 –    . 
 , ∙ ∙ |− , | ∙ ,   
 ,   . 
 
2)   : 𝜎 < , − ,  < . 
3)     : 
 |𝜎 | , ∙ ∙                                                                                           (6.103) 
 ,  , ∙ ∙ , = ,   . 
 

     . 
 

6.8    
 

       
  ,      

.        
 –    . 

      ,  
 : 

 ∙∙                                                                                                           (6.104) 

 = ( + − − + + ) ∙ tan 𝜑 + ∙ 𝜔 = = , + + , − , − , + , + , ∙ ∙ , + ∙ , = ,    ,                                                                                    (6.105) 

 
 𝜑 = , –      (   - 

); =  / –   ; 𝜔 = ∙ = ,   –     
,  ё   1  . 

 = − + + + = , − , + , ++ , + , = ,    .                                                                         (6.106) 

 



 

89 
 

 ,   : 
 , ∙ ,, ∙ , , , , , . 

 
   . 
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7  ,  ,  , 
    

 
7.1     
 

, , ,    
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      . 
       

 ,       
  ,     

 
   . 
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      ,   
   ,   

,    –   
–       

   . 
      ,   

   ,   
  ,     

        
,          

   . 
      ,  

         
     . 

      ,   
  :     

 ,     , 
    . 

     
         

    . 
        ,  

  –      . 
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 ,       ,   

        
.  

       
,    .    

  ,     
,       . 

 ,   
   , : 
•  ,    ,   

  ; 
•           ; 
•   ; 
•    ; 
•  ,    ,  . 

     , , 
    ,  

,      
        

,   ( ) . 
       

       
,   ,  , 

   ,    
    ,       

  ,       , 
    ,    ,   

 ,   ,    (  ); 
    ,      

     . 
          

        , 
          

 . 
 
 
 
 
 
 



 

92 
 

7.2   
 
7.2.1      
 

      , 
        

.        
    ,   «  ». 

       
      . 

  : 
•        
  ; 
•     ,   

  ; 
•     ,  

,    , 
   ; 

•       
 . 

•         
   ; 

•         , 
        

   . . 
      

   ( )     
       
      . 

      
, : 

•       
    ,  

 ; 
•    ,  

    ,     
; 

•  –    
         

    ; 
•       

        
 ; 
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•         
          

   . 
    :    
      ,  

 ,     
,      ,   

    (  ),    
     . . 

         
     ,      
.       

      ,   
   ,       

      . 
        

.     :  
•     ; 
•  ,    ; 
•  ; 
•   ; 
•        ; 
•         . . 

       
. ,       

 ,      
   . 

 
7.2.2      
 
1)        

  ( , , , , , ),  
  ,       

     . 
        

        
       
 – ,     
. 

2)        
,    . 

      , 
  , ,   , 
      . 
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3)      .  
 –  , ,      
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8  -   
 

8.1     
 

        
  8.1 

 
 8.1 –        

 

  
 

 

   

2022 2023 2024 2025 
   

119,1 143 143 143 
   

   3800 3800 3800 3800 

  ·  
452580 543400 543400 543400 

   

  
% 

1 1 1 1 

   

  
·  

4525,8 5434 5434 5434 

  

 
·  

448054,2 537966 537966 537966 

   / ·  
1183 1219 1253 1286 

   

 
. . 

530,048 655,78 674,071 691,82 

   .  
88,34 109,29 112,34 115,3 

 

8.2     
 

  (  ,  , 
 )       1   

. 
     8.2. 

 
 8.2 –    

 
, 

. /  
, 

. . 
   
 255,2 36,47 

 274 39,16 
    75,63 
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    ,       %, 

   8.3. 
 

 8.3 –      % 
   
 1  5 0,06 
 6  15 0,09 

 16  25 0,14 
 25 0,2 

 
        

    ,    
 8.4. 

 
 8.4 –      

  
 , 

. . 

 «  – » 135,38 . /  19,35 
  (  

 ) 0,001097 . / ·  1,35 
 (   

) 0,000318 . / ·  0,39 
 

 21,096 

 
      1 . ·      

     8,52 . 
          

 8.5. 
 

 8.5 –         

 
   

2028 2029 2030 2031 
 

, . . 61,032 61,032 81,86 86,032 

  , 
. . 59,766 59,766 77,26 79,766 

 , 
. . 75,63 75,63 75,63 75,63 

   
 , 

. . 4,482 4,482 6,545 6,73 

   
 , 

. . 21,096 21,096 21,096 21,096 
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  8.5 

  , . . 8,77 8,77 8,77 8,77 

, . . 230,77 230,77 271,16 278,71 

 
:     ,    

 ,    .    
    ,      

  .     , 
      ,     

  .  
         

 3. 
         

  (  8.1). 
 

 
 8.1 –     , % 

 
8.3   
 

        
  .      

      .  
  : 

    – 20%; 
  – 20%; 
     – 34%; 

.
26%

 

.
26%

.
33%

  

.
2%

  

.
19%

  
.

4%
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    – 2,2%  
     1 . .  – 8,7 . 

        
 8.6. 

 
 8.6 –   

 
   

2028 2029 2030 2031 
  , . . 

180,22 180,22 220,5 221,67 
, . . 

178,3 178,3 218,6 222,57 
   , 

. . 8,7 8,7 8,7 8,7 

  , . . 
45,7 40,33 37,55 35,6 

, . . 
413,074 407,62 485,42 488,61 

 
        ,    

  ( . .   ).  , 
      ( . .    

  ) 
  
8.4        

 
 

        8.7. 
 

 8.7 –       

 
   

2028 2029 2030 2031 
 ( ), . . 

1466,7 1492,23 1508,02 1520,02 
 , . . 

359,85 455,8 490,04 515,67 
EBITDA (  ), 

. . 1465,82 1491,35 1507,14 1519,7 

EBIT(   ), 

. . 1155,71 1182,58 1128,67 1134,37 

   

, . . 231,14 236,51 225,73 226,87 

NOPAT (  ), . . 924,57 946,06 902,94 907,94 

   , % 20 20 20 20 
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  8.2   . 
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:     ,    
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8.5   
 

  ё      
ё  ,     8.8. 

 
 8.8 –     «   

  » 
  

  11,6 
   - DPB,  180 

   – NPV, .  1277,75 

  – PI, . 1,43 

   - IRR, % 14,9 

 . , / ·  1,5 
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9.2   
 

  TWR-12CAD     .    
       (  9.2). 

 

 
 9.2 -   

 
        

,            
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9.3). 

 
 9.3 -   
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 9.4 -   
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       9.5. 
 

 
 9.5 -    

 
9.3   

 
        1. 

     TWR-12CAD (  9.6). 
 

 
 9.6 -    TWR-12CAD 

 
 TWR-12TREN    " itm"    

   (  9.7). 
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 1.      . 
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–   
 

 .1 –      
 I II  III  IV V VI  VII VIII IX X XI  XII .  

1923 12 11 21 1112 184 70 45 21 15 26 29 20 131 
1924 13 32 43 493 145 70 63 58 31 36 16 11 84 
1925 10 9 14 444 202 57 58 50 46 28 25 18 80 
1926 12 12 19 619 250 54 52 32 33 41 24 18 97 
1927 9 8 11 391 186 61 40 25 11 11 11 7 64 
1928 3 7 9 600 163 54 27 19 12 11 15 13 78 
1929 12 10 14 551 161 54 43 28 27 35 34 19 82 
1930 11 11 18 429 154 57 55 33 30 22 18 15 71 
1931 11 10 15 924 207 77 43 28 25 23 30 16 117 
1932 9 25 31 364 195 46 39 21 20 15 14 10 66 
1933 11 10 13 358 305 77 48 37 29 34 22 12 80 
1934 12 20 36 479 160 77 59 38 31 23 17 13 80 
1935 12 11 19 455 178 56 37 47 33 35 32 18 78 
1936 11 11 17 370 137 57 55 41 24 26 12 11 64 
1937 12 10 16 794 222 88 60 37 31 29 22 17 112 
1938 10 9 12 340 325 74 34 29 20 19 17 13 75 
1939 8 8 9 585 279 78 72 35 32 22 19 4 96 
1940 14 10 15 692 203 103 55 30 36 37 40 15 104 
1941 12 11 16 517 205 75 51 42 33 39 48 19 89 
1942 13 10 13 483 199 81 60 29 23 39 31 21 84 
1943 14 13 22 1431 354 80 57 38 31 40 42 20 179 
1944 12 8 9 871 226 93 67 43 40 39 46 16 123 
1945 13 11 12 871 209 35 37 22 21 22 40 18 109 
1946 15 11 15 1243 225 70 49 33 22 32 21 14 146 
1947 10 10 16 371 185 74 40 34 37 41 52 14 74 
1948 13 12 14 385 230 82 51 25 23 30 21 12 75 
1949 12 10 16 818 342 91 58 39 25 27 39 23 125 
1950 10 10 29 856 316 85 62 39 36 34 59 32 131 
1951 12 11 15 367 313 56 51 32 31 31 16 16 79 
1952 13 21 16 435 359 91 81 47 36 30 28 18 98 
1953 12 10 12 221 283 81 45 21 18 20 33 22 65 
1954 16 22 36 311 292 87 81 62 46 43 40 38 90 
1955 15 12 42 1437 351 145 99 73 53 49 43 26 195 
1956 16 13 22 1025 340 88 66 38 33 41 54 20 146 
1957 12 10 15 895 280 61 57 33 29 25 20 14 121 
1958 14 13 19 595 346 71 66 36 38 33 35 18 107 
1959 13 21 25 408 235 81 75 53 36 33 23 16 85 
1960 12 10 13 813 355 79 61 34 30 29 25 10 123 
1961 10 11 26 668 242 53 34 15 14 21 10 16 93 
1962 12 11 17 1640 297 67 67 41 34 38 26 15 189 
1963 12 10 13 822 196 25 23 33 19 21 30 13 101 
1964 13 8 14 1025 144 65 49 24 22 30 44 35 123 
1965 12 11 15 899 283 50 39 34 29 32 25 18 121 
1966 12 14 16 997 249 75 56 35 25 35 20 15 129 
1967 11 10 14 281 182 56 51 38 33 30 14 10 61 
1968 12 9 9 456 286 72 39 20 15 16 21 19 81 
1969 12 11 17 393 268 73 61 54 39 25 30 10 83 
1970 16 13 21 1001 361 89 79 72 45 47 27 31 150 
1971 15 13 18 1002 240 87 65 62 51 41 52 19 139 
1972 12 10 14 867 212 79 70 49 41 33 33 16 120 

.  12 12,1 18 688 245 72 55 37 30 30 29 17  104 



 

   
 

 .2 –           
m P  Qcp.  Q   Q  
1 2 1955 195 1962 969 1955 56 
2 4 1962 189 1955 894 1954 47 
3 6 1943 179 1943 893 1970 44 
4 8 1970 150 1946 734 1971 42 
5 10 1956 146 1956 683 1950 40 
6 12 1946 146 1970 681 1956 39 
7 14 1971 139 1923 648 1952 38 
8 16 1950 131 1966 623 1959 38 
9 18 1923 131 1971 621 1924 37 
10 20 1966 129 1965 591 1944 37 
11 22 1949 125 1957 588 1943 36 
12 24 1964 123 1950 586 1972 36 
13 25 1960 123 1964 585 1940 36 
14 27 1944 123 1960 584 1941 35 
15 29 1957 121 1949 580 1958 34 
16 31 1965 121 1931 566 1949 34 
17 33 1972 120 1944 549 1969 33 
18 35 1931 117 1945 540 1947 33 
19 37 1937 112 1972 540 1962 33 
20 39 1945 109 1963 509 1934 33 
21 41 1958 107 1937 508 1937 32 
22 43 1940 104 1958 471 1942 32 
23 45 1963 101 1961 455 1925 32 
24 47 1952 98 1940 448 1964 30 
25 49 1926 97 1926 435 1960 30 
26 51 1939 96 1939 432 1966 30 
27 53 1961 93 1952 397 1935 30 
28 55 1954 90 1928 382 1926 30 
29 57 1941 89 1968 371 1933 29 
30 59 1959 85 1941 361 1939 29 
31 61 1924 84 1929 356 1948 28 
32 63 1942 84 1942 341 1946 28 
33 65 1969 83 1951 340 1931 28 
34 67 1929 82 1938 333 1929 28 
35 69 1968 81 1933 332 1957 28 
36 71 1934 80 1969 331 1953 27 
37 73 1925 80 1925 323 1951 27 
38 75 1933 80 1959 322 1923 27 
39 76 1951 79 1934 320 1930 27 
40 78 1928 78 1924 319 1967 27 
41 80 1935 78 1935 317 1936 27 
42 82 1938 75 1948 308 1965 27 
43 84 1948 75 1954 302 1938 24 
44 86 1947 74 1930 292 1968 23 
45 88 1930 71 1927 289 1945 23 
46 90 1932 67 1932 280 1932 23 
47 92 1953 65 1947 278 1961 21 
48 94 1936 64 1936 254 1963 20 
49 96 1927 64 1953 252 1927 19 
50 98 1967 61 1967 232 1928 17 



 

   
 

 .3 –  ,      (1 ) 
. Q 

 
Q 

 
Q  

Q 
 

Q 
 

Q 
. 

Q 
 

Q 
. . 

Q 
 

Q 
 

Q 
 

V 
( 3) 

dV 
V 

 
Z  
( ) 

Z 
( ) 

Z 
( ) Z  

H 
 

N   N  

7 41 0 0 1 0 40 3 0 44 43 44 2,20 0,01 2,20 250,00 249,96 249,98 213,02 36,96 14 10051,52  
8 29 0 0 1 0 28 15 0 44 43 44 2,20 0,04 2,16 249,96 249,72 249,84 213,02 36,82 13 10013,52  
9 20 0 0 1 0 19 24 0 44 43 44 2,16 0,06 2,10 249,72 249,35 249,53 213,02 36,52 13 8968,85  
10 19 0 0 1 0 18 25 0 44 43 44 2,10 0,06 2,04 249,35 249,00 249,17 213,20 35,97 13 9781,36  
11 8 0 5 1 0 2 41 0 44 43 44 2,04 0,11 1,93 249,00 248,36 248,68 213,20 35,48 13 9336,34  
12 4 0 5 1 0 -2 156 0 44 154 155 1,93 0,40 1,52 248,36 245,39 246,88 214,56 32,32 43 31843,29 43 
1 3 0 5 1 0 -3 182 0 44 179 180 1,52 0,49 1,04 245,39 239,84 242,62 214,76 27,85 43 30816,12 43 
2 6 0 5 1 0 0 43 0 44 43 44 1,04 0,11 0,93 239,84 238,72 239,28 213,20 26,08 10 7091,98  
3 18 0 0 1 0 17 26 0 44 43 44 0,93 0,07 0,86 238,72 238,62 238,67 213,20 25,47 9 6925,46  
4 369 2 -8 1 0 374 -332 0 44 43 44 0,86 -0,89 1,75 238,62 247,20 242,91 213,02 29,89 11 7865,59  
5 204 1 -12 1 0 214 -172 0 44 43 44 1,75 -0,44 2,19 247,20 249,92 248,56 213,02 35,54 13 9664,33  
6 48 0 0 1 0 47 -5 0 44 43 44 2,19 -0,01 2,20 249,92 250,00 249,96 213,02 36,94 14 9721,14  

 
 .4 –  ,      (2 ) 

. Q 
 

Q 
 Q  

Q 
 

Q 
 

Q 
. 

Q 
 

Q 
. . 

Q 
 

Q 
 

Q 
 

V 
( 3) dV 

V 
 

Z  
( ) 

Z 
( ) 

Z 
( ) Z  

H 
 N   N  

7 72 0 0 1 0 71 1 0 44 72 73 2,20 0,00 2,20 250,00 249,99 249,99 213,48 36,52 23 16823,17  
8 35 0 0 1 0 34 9 0 44 43 44 2,20 0,02 2,18 249,99 249,84 249,91 213,03 36,88 14 10147,88  
9 32 0 0 1 0 31 12 0 44 43 44 2,18 0,03 2,15 249,84 249,64 249,74 213,03 36,71 14 9122,94  
10 22 0 0 1 0 21 22 0 44 43 44 2,15 0,05 2,09 249,64 249,32 249,48 213,21 36,27 13 9978,93  
11 19 0 5 1 0 13 30 0 44 43 44 2,09 0,08 2,01 249,32 248,85 249,09 213,21 35,88 13 9552,24  
12 4 0 5 1 0 -2 153 0 44 151 152 2,01 0,40 1,62 248,85 246,19 247,52 214,54 32,99 43 31870,36 43 
1 8 0 5 1 0 2 172 0 44 174 175 1,62 0,46 1,15 246,19 241,33 243,76 214,73 29,03 43 31279,64 43 
2 6 0 5 1 0 0 44 0 44 44 45 1,15 0,11 1,04 241,33 239,89 240,61 213,23 27,37 10 7706,47  
3 9 0 0 1 0 8 36 0 44 44 45 1,04 0,10 0,94 239,89 238,62 239,25 213,23 26,02 10 7325,68  
4 585 2 -8 1 0 590 -300 0 44 290 291 0,94 -0,80 1,75 238,62 247,20 242,91 215,21 27,70 69 49801,55  
5 279 1 -12 1 0 289 -171 0 44 118 119 1,75 -0,44 2,19 247,20 249,92 248,56 213,98 34,57 35 25993,85  
6 78 0 0 1 0 77 -5 0 44 72 73 2,19 -0,01 2,20 249,92 250,00 249,96 213,48 36,49 23 16266,55  
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 .1 –   40 -  

D1,  6 6,3 7,1 7,5 8 
η  0,927 0,927 0,928 0,929 0,929 

N` ,  73784 81384 103480 115526 131520 
Za  ̀ 1,9 1,8 1,4 1,2 1,1 
Za 2 2 2 2 2 

N   71500 71500 71500 71500 71500 
m(∆1) 1,049 1,049 1,050 1,051 1,051 

nc` 109 104 92 87 82 
nc  115,4 107,1 93,8 88,2 83,3 
n1`Hmin 111 109 107 106 107 
n1`Hp 133 129 127 127 127 

n1`Hmax 145 142 140 139 140 
Q1*ƞ  1,591 1,443 1,136 1,018 0,895 

ŋ  0,945 0,857 0,675 0,605 0,531 
Q1*ƞmax 1,019 0,924 0,727 0,651 0,572 
Q max 0,197 0,178 0,140 0,126 0,111 
Q min 0,257 0,233 0,183 0,164 0,144 

 
 .2 –   40 -  

D1,  5,6 6 6,3 7,1 7,5 
η  0,925 0,925 0,926 0,927 0,927 

N` ,  61100 70188 77420 98444 109906 
Za  ̀ 2,3 2,0 1,8 1,5 1,3 
Za 3 3 2 2 2 

N   47667 47667 71500 71500 71500 
m(∆1) 1,045 1,046 1,046 1,047 1,048 

nc` 114 107 102 90 86 
nc  125 115,4 115,4 100 90,9 
n1`Hmin 113 112 117 114 110 
n1`Hp 134,3 132,8 139,4 136,1 130,6 

n1`Hmax 147 146 153 149 143 
Q1*ƞ  1,217 1,061 1,443 1,136 1,018 
ŋ  0,723 0,630 0,857 0,675 0,605 

Q1*ƞmax 0,782 0,681 0,926 0,728 0,652 
Q max 0,226 0,197 0,179 0,141 0,126 
Q min 0,295 0,257 0,233 0,184 0,164 
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