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1        -
  

 
1.1   
 

      
     .   

   .   ,   . 
  — 426 ,    — 28 900 ². 

         
. 
          

,   .     ё  
  , ,     

ё .   —  ,  ,    
 .   . 

 
1.2   
 

  ,  .1    
  50     .     

       . 
 
1.3        
 

       
     . 

          
     ,     . 

        
 1.1. 
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 1.1 -   

 
  .1     .  

        
     

k90% = ,  
k90% = ,  
k50% = ,  
k50% = ,  

 ,      
    .  ,   

  ,          
  .   

  1956 ,  1961    
 1.1  1.2.  

 
 1.1 -    

 
P=90% 

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

 

1961 52 72 86 227 498 206 96 83 87 86 66 51 134 

1961( ) 45 63 75 247 543 225 84 72 76 75 57 44 134 
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 1.2 -     

 
P=49% 

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

 

1956 53 60 72 263 665 359 98 86 70 65 51 42 157 
1956( ) 52 59 71 266 672 363 96 84 69 64 50 41 157 

 
        

 (  1.2). 
 

 
 1.2 -      

 
      « »  

     ,    
     ,  

.       
. 

 
1.4   

 
        

 1.3. 
 

 1.3 -       
 

 
            

Q, , 
/  

0 0 0 1 3 1 0 0 0 0 0 0 

Q, 
, /  

3 2 0 -7 -3 0 0 0 0 0 3 2 

Q 
, , 
/  

3 3 3 3 3 3 3 3 3 3 3 3 

 

0

100

200

300

400

500

600

700

0 2 4 6 8 10 12

Q
м
^
3
/
c

Месяцы

50%

90%
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1.5   
 

    ,   
         Δh=1   
  . 

 
1.6     
 

         
 1.4. 

 
 1.4 -   

-
 

            

Q, . . /  45 45 45 45 45 45 45 45 45 45 45 45 
Q,  
, /  

90 90 90 90 90 90 90 90 90 90 90 90 

 
1.7  
 

        
. 

        
  . 

     1.5. 
 

 1.5 -   
P   

 
t   
0 496 344 
1 494 324 
2 491 311 
3 477 301 
4 477 298 
5 471 297 
6 468 313 
7 468 341 
8 466 374 
9 466 405 
10 465 421 
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  1.5 
P   

 

 
  

11 458 421 
12 452 414 
13 441 408 
14 431 408 
15 424 407 
16 418 400 
17 406 395 
18 401 394 
19 391 393 
20 389 392 
21 382 399 
22 380 397 
23 380 368 

 
1.8  
 

         
: 

1  :  17 °,  -11,5 °. 
2   : 550 / . 

3       – 124.  
4     - ,  – -

.    4,0 / . 
5   : 165     

  80%. 
 
1.9  
 

    - ,  
 .   —  ,   

 — -   (   292 ).  
  .  —  .   — 

  . 
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1.10  
 

     -  
  ,      

       - .  
    , , 

,    .   
  2200—2900 .     

 (  ,  ,       
)   ,     

   . 
 

 1.11   
 

      f=H(Q)     
   1.6,   ,       

     1.3, 1.4.   
    ,   . 

 
 1.6 -      

Q , /  Q , /  Z ,  
0 0 115 

220 176 117 
460 368 118,2 
690 552 119 
930 744 119,5 

1184 947,2 120 
1980 1584 121 
2850 2280 122 
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 1.3 -     f=H (Q)   

 

 
 1.4 -     f=H (Q)   

 
      f=H(V)    1.7, 

 ,          1.5 . 
 

 1.7 -      
Z ,  115 121,5 125,5 128 129,4 129,8 130 
V,  0 0,8 1,6 2,4 3,2 3,6 4 

 

y = -0,0000000000000000006688640x6 + 0,0000000000000051571190447x5

- 0,0000000000158993763250612x4 + 0,0000000255723491826565000x3 -

0,0000238370118950115000000x2 + 0,0147755973812309000000000x + 

115,0019732205400000000000000

115

116

117

118

119

120

121

122

123

0 500 1000 1500 2000 2500

y = -0,0000000000000000001753387x6 + 

0,0000000000000016898846884x5 - 0,0000000000065123842191324x4 + 

0,0000000130930440100929000x3 - 0,0000152556910819612000000x2 + 

0,0118204787668219000000000x + 115,0019737411060000000000000

115

116

117

118

119

120

121

122

123

0 500 1000 1500 2000 2500 3000
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 1.5 -    f=H(V) 

 
     (  )  
 .       : 

  ,    so-ups.ru. 
          .1. 

         
      .    

    .1. 
 
1.12     
 

      .  
,   . 

 ,     
        : 

 = + ∙ cos ( ° ∙ − ° ∙ 𝜋 ˚),             (1.1) 

 
 t –     ; 

a, b  – ,      
-    : 
 

,                 (1.2) 
 

y = -0,007367007579887290000000x6 + 

0,101119746919721000000000x5 -

0,563525596633553000000000x4 + 

1,751999218016860000000000x3 -

4,316384654492130000000000x2 + 

10,706349976360700000000000x + 

114,999997823151000000000000
114

116

118

120

122

124

126

128

130

132

0 1 2 3 4 5

яд1

оли о иал ая 
яд1

2

maxmax PP
a
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,                 (1.3) 

 = + = ; 
 = − =  

 

-    : 

 = + ;  = − ,               (1.4) 

 = + = ; 
 = − =  

 
        

 1.8.       
 1.6. 

 
 1.8 -     

             
Pmax, 

 
494 494 494 494 494 494 494 494 494 494 494 494 

 
         

1.9.        1.6. 
 

 1.9 -     
             

P , 
 

440 440 440 440 440 440 440 440 440 440 440 440 

 

2

maxmax PP
b
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 1.6 -      
 

 
1.13   .    

     
 

  ё      
        , 

 : 
 Э = 𝑁 ∙ ∙ Э ,                 (1.5) 

 
 𝑁 = ,  -  ; Q %-     ; H Э -      . 

 H Э = Z − Z Q t − ∆h,               (1.6) 
 

 Z -   ,   =798 ; Z Q t  –   ,   
  ,       ; ∆h = 1  –     ; 

       : 
 N = k ∙ Q ∙ H Э ,                (1.7) 

 

0

50

100

150

200

250

300

350

400

450

500

550

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

P,
М
Вт

месяц

Pmax

P ед.
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 Q  -       
. 

       .1: 
 
∑N =173  
 
∑N =130  
 
1.14   
 

       
.      

   -  .  
     (  ) 

   1.7. 
 

 

 1.7 –     
 

  2     (      
 )       

     ,   
   ,      

 . 
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 N = ∑ N − ∑ N = − =  ,           (1.8) 
 ,Я =   
 , =   
 

         
    (    ).  ,   

 ,    .  ,   
,          

 .  
 
1.15  90%- -  ё      

  
 

       
    .    

-  ё       
      ё   .  

      ё  
. 

        
,    –  . 

     =130 ,  
   = ,  ,  ё     
 =126,88 . 

  : 
 = − − − ;               (1.9) 
 

    : 
 = + ;               (1.10) 
 

  : 
 ±∆ = ± ∙ ∆ ,               (1.11) 

 
 ∆ = ∙ ∗ =  . 

   : 
 = + ;              (1.12) 
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   ,   , 
          . 

  : 
  = +

               (1.13) 

 
  ,      

,           
 : 

 = − − ∆ℎ,              (1.14) 
 

 ∆ℎ -     , ∆ℎ =  . 
  : 

 = 𝑁 ∙ ∙ ,              (1.15) 
 

 𝑁 -  , 𝑁 = , . 
 

  -      
        .1. 

  ,     126,9, 
       . 

 -      
   1.8 

 

 
 1.8 -  -      
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1.16   
 

       12  .  
       26 ,. 12 

    1.10. 
 

 1.10 -  
             

N,  26 17 11 11 11 11 11 11 11 11 17 26 
 
1.17 .       
 

        
   . 

       , . 
     ,      

       .  

.        ,    
 12 . 

        1.11: 
 

 1.11 -   
              

, . ∙  
0,5 0,3 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,3 0,5 

 
,         

   ,     2       
 ,     ,    . 

     : 
 

= i  ∙ ∙ ∙  ∙ ,           (1.16) 

 
 H –    . 

 
   ,      

    .        
   . 

      
,         

. 
    .1, .2, 3  3    

  ,    . 
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      1.12. 
 

 1.12 -   
             

N , 
 

30,7 26 11 11 11 11 11 11 11 11 26 30,7 

 
1.18 ё       

 , ё    
 

  ,    , 
     ([]1, .46)   

 1,0 %    ,   
 8%    . 

         
    : 

  = . . + + ,            (1.17) 
 

         
   .     . . 

   ( ). 
     . . = ,  . 
       

 1,0%    : 
  N = x− % ∙ % = ,  % ∙ % = ,            (1.18) 

 
  ,     
  : 

 
 = . . +  = , + , =           (1.19) 
  

        . 
         

        
          

 . 
 

         .1. 
     .1.9. 

       
: 
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   : 
 

 =  𝑁 . .+𝑁 . ., = + / = ,           (1.20) 

 
   : 

 щ. Э = ∙𝑁 щ. Э = =  ∙ /           (1.21) 

 
  : 

 Э = 𝑁 Э ∙ + 𝑁 Э ∙ = + = ,  ∙ /         (1.22) 

 

 

 1.9 -   
 

1.19 -  ё      
  

 
  -      

   .   
   ,      

.  :       
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   .  :   

    ,      
 ,      ,  

   ё  .   
      . 

-       
 .       

    . 
 
∑ = 1+ 1+...+ 12              (1.23) 
 

  : ∑ =142 . ∙ .  
   -  ,  

        ,   
 1.10.  

        .1. 
 

 
 1.10 -          
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2       
  

 
        - 

    ,     - 
,        

        - 
  . 

 
2.1   . 

 
      

   ,      
,         
 ,          
 ,         

   .  
      , 

          
 .  

      : 
 

Э Э = ( ) − − ∆ℎ,                                      (2.1) 
 

   –     ,    
        ; 

  –          
; 
Δh –      . 

   : 
1)     ,  

: 
 = 𝑁 ∙ Э ∙ Э ,                                        (2.2) 

 
2)     ,    

    : 
 Э = Э ∙ √ Э√ 𝑁 ,                  (2.3) 

 
  Э -    . 

V



27 

 

3)        , 
      , 

 :  
 

Э𝑖 =  

 
ё         2.1   

 2.1. 
 

 2.1-    

Q  Z ,      Hz 1( ) H Q H Q 
0 115,00 14,8 10,9 14,0 15,0 234,8 11,0 321,7 

70 115,93 13,9 10,0 13,1 14,6 242,1 10,3 311,3 
140 116,67 13,2 9,2 12,3 14,1 249,8 9,6 300,5 
210 117,26 12,6 8,6 11,7 13,7 258,1 8,9 289,4 
280 117,74 12,1 8,2 11,3 13,2 266,9 8,2 277,8 
350 118,14 11,7 7,8 10,9 12,8 276,3 7,5 265,6 
420 118,47 11,4 7,4 10,5 12,3 286,4 6,8 252,9 
490 118,75 11,1 7,2 10,3 11,9 297,3 6,1 239,6 
560 118,99 10,9 6,9 10,0 11,4 309,0 5,4 225,4 
630 119,21 10,6 6,7 9,8 11,0 321,7 4,7 210,3 
700 119,41 10,4 6,5 9,6 

    770 119,59 10,3 6,3 9,4 
     

 
 2.1 -     

  
 

 
 

  
 ё  
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    : 

-   =  ; 
-   𝑖 =  ; 
-   =  ; 
-   Э

𝑖 = . 
 

2.2      
 

 
       ,   

   ,     
  D1     n ,    

       ,   
       .  

    2.2. 
 

 2.2 -   
 20-  

,  20 
min/Hmax 0,5 

n'Iopt, -1 146 
Q'Iopt, 3/  1160 

 opt 0,920 
  1 0,882 

Q'I 1, 3/  1,84 
D'1,  0,5 
H ,  10 
t , 0  20 
, 2/ ∙10̂ 6 1,01 

, 2/ ∙10̂ 6 1,3 
 

   Microsoft Excel     
 20- ,    .   

    5,6. 
 

    : 
 N = , Q′ D H √H η η ,                                (2.4) 

 
 Q′ = ,  –     ; 
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η −   ;  η = , −   . 
 

   : 
 η = − − η ( − ε + ε ∙ √ √ N √νν ) = − − , ( −

− , + , · √ ,, √ , √ ,, ) = ,               (2.5) 

 
 η −   ; D −   ; −   ; D –   ; −    ; , −        

  ,      
    t   t ; 

=0,75 – ,       
  (   - ). 

  : 
 N′ = , · , · , · , √ , · , · , = ,  ,             
 

     : 
 Z′ = = = ,                      (2.6) 

 
 N =   –     

 . 
      .  Z =2. 

   : 
 N = Z = = ,  ,              (2.7) 

 
  : 

 n = n′  ∙ √ ∙∆ = ∙ √ , ∙ ,, = ,  / ,            (2.8) 
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 n′   – ё       
ё  ; 

 

∆= ȠȠ = ,, =1,04                (2.9) 

 
 ∆ -   ё         

. 
       

 = ,  / . 
         

  ё   ,  
  .       
 : 

 ′ = ∙√ ∙∆ ,                                           (2.10) 

 
 n –     ; 

H –   ,  Hmax, H   Hmin. 
 

 Hmax: 
 ′ =

, ∙ ,√ , ∙ , =130,2   

 
 H : 

 ′ =
, ∙ ,√ , ∙ , =147,7   

 
 Hmin: 

 ′ =
, ∙ ,√ , ∙ , =160   

 
 –   ё    

ё    .  
 

            (2.11) 
 

    : 
 

         (2.12) 

 

 ′ ∙ 𝜂 = , ∙ ∙ , ∙ 𝜂  = , ∙ , ∙ , , ∙ , = ,  

′ ∙ 𝜂 = , ∙ ∙ x, ∙ 𝜂  = , ∙ , ∙ , , ∙ , = , , 
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ё  :  
 ′ = 𝑖∙ ∙√ ∙∆ = ∙ , ∙√ , ∙ , = , ,     (2.13) 

 
 Qmin =90 3/c –    , 

n=1 –  ,   . 
 ′ = 𝑖∙ ∙√ x∙∆ = ∙ , ∙√ , ∙ , = ,           (2.14) 

 
       D1 

 20-     2.3. 
 

 2.3 -   20-  
D1,  4,00 4,50 5,00 5,60 6,00 6,30 7,10 

η  0,910 0,912 0,913 0,914 0,915 0,916 0,917 

Na .,  10,8 13,6 16,9 21,2 24,3 26,8 34,1 

Z’a, . 2,88 2,27 1,84 1,46 1,27 1,16 0,91 
Za, . 3,0 3,0 2,0 2,0 2,0 2,0 2,0 

N  . 
 

10,33 10,33 15,50 15,50 15,50 15,50 15,50 

∆ 1,03 1,03 1,04 1,04 1,04 1,04 1,04 

n’c, /  129,52 115,22 103,76 92,71 86,57 82,47 73,23 

n  /  130,40 115,40 107,10 93,80 88,20 83,30 75,00 

n'I  Hmin, 
/  

159,21 158,38 163,21 159,99 161,11 159,72 161,95 

n'I  Hmax, 
/  

146,99 146,23 150,69 147,71 148,75 147,47 149,53 

n'I  H , 
/  

127,56 126,90 130,77 130,20 129,09 127,98 129,76 

QI’·η 1,61 1,27 1,54 1,23 1,07 0,97 0,77 

QI’·η  Hmax 1,05 0,83 1,01 0,80 0,70 0,64 0,50 

QI’  Hmin 
/  

1,72 1,36 1,10 0,87 0,76 0,69 0,54 

QI’  Hmax 
/  

1,38 1,09 0,88 0,70 0,61 0,55 0,44 

 
     ,   
  ,     QI’·η     

 20-       D1=5 ; 5,6  
6 .          

20-       
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(  )..      
        
  . 

 
2.3       
 

 ,     , 
   . 

    : 
 H = − Z − σ ∙ H − ∆H ,     (2.15) 

 
  B = ,   –  ; Z Q  –        ; kσ –         

     (kσ = , ); H –   ,      Z Q ; 
Δ s = 1,5  –    , 

       , 
    ; 

ΔZ .  –        
,  -    0. 

 
         

  : 
-         

 𝑖 ; 
-         

 ; 
-         

 . 
 

 ё     20- -560: 
 

1)  Hmin: 
 H = , − , − , ∙ , − , =3,68 ,                    
 
2)  H : 
 H = , − , − , ∙ , − , = 2,06 ,  
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3)  Hmax: 
 H = , − , − , ∙ , − , =3,32 .  

 
       20- -

500  20- -600.      
   20-     2.4 

 
 2.4 -     20- . 
 η Z ,  n , /  N ,  H ,  

-20- 500 0,91 2 107,1 15,5 -0,24 
-20- 560 0,91 2 93,8 15,5 2,06 
-20- 600 0,91 2 88,2 15,5 3,05 

 
          

     ,   
      ,  ,  

      ,  
 : 

20- -500: = − ,   ∇ . = ,  
20- -560: = ,   ∇ . = ,  
20- -600: = ,   ∇ . = ,  

         
 ,      ,   

        
,   c     ,  

         
      20- -560. 

 
2.4.      . 
 

   ё      
,        : 

1.       
.   ,       

    υr. 
2.    (   )  

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

3.        , 
         , 

   . 
  20- ,    ,  

     φ ̊= 210˚. 
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1)    : 
r  = 1,63·D1;               (2.16) 
 
r  = 1,63·5,6 = 9,13  ; 
 

2)   : 
 
b0 = 0,43·D1;               (2.17) 
 
b0= 0,43·5,6=2,41 ; 
 

3)      (   
«   »): 

 D = ,   ; 
 
ra=D /2=8,71/2=4,36 ;              (2.18) 
 

4)      (   
«   »): 

 D = ,   ; 
 
rb=Db/2=7,59/2=3,8 ;              (2.19) 
 

5)          
: 

 Q = , ∙ ∙η  ;               (2.20) 

 Q = , ∙ , ∙ , = ,  /  ; 

 
6)       : 

 Q = ∙φ
                (2.21) 

 Q = , ∙ = ,  /  ; 
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7)        
  : 

 F = ;                (2.22) 

 F = ,,  = 21,61 2 ; 

 
8)    b     : 
 F = b r − r + r − r b − − tg ;         (2.23) 

 
 : 

 , = , , − , + , − , b − − , tg  ; 

 
      : 

 , b + , b − , =  ; 
 

  , : 
 b = ,   ; 
 

9)   : 
 a = r − r = , − , = ,  ;           (2.24) 
 

10)  m : 
 m = b − b = , − , = ,  ;           (2.25) 
 

      
. 

 a = r − r ;  m = k ∙ a ;             (2.26) 
 k = ;                 (2.27) 
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 b = m + b rk = r + m ∙ tn ;            (2.28) 
 

       : 
 J = b ∙ ln + b ln i − rk ∙ ct ∙ ln k + m          (2.29) 

 
     :  

 φ = ∙ J  ;               (2.30) 

 
       : 

 a = r − r = , − , = ,   ;            (2.31) 
 m = k ∙ a = , ∙ , = ,   ;                     (2.32) 
 k = ,, = ,  ; 

 b = m + b = , + , = 6,15 ;                     (2.33) 
 rk = r + m ∙ tn = , + , ∙ tn =   ;          (2.34) 

 J = b ∙ ln + b ln − rk ∙ ct ∙ ln k + m  ;         (2.35) 

 J = , ∙ ln , , + , ∙ , − , + , = ,   ;  

 φ = ∙ J = , ∙ , =   ;                  (2.36) 

 
     2.5: 
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 2.5 - ё     
  1 2 3 4 5 6 7 8 9 10  

ri 9,13 8,69 8,26 7,83 7,39 6,96 6,52 6,09 5,66 5,22 4,79 4,36 
bi 8,56 8,00 7,44 6,88 6,32 5,76 5,20 4,65 4,09 3,53 2,97 2,41 
rk 6,00 5,85 5,70 5,55 5,40 5,25 5,10 4,95 4,80 4,65 4,50 4,36 
rk/ra 1,38 1,34 1,31 1,28 1,24 1,21 1,17 1,14 1,10 1,07 1,03 1,00 
ln(rk/ra) 0,32 0,30 0,27 0,24 0,22 0,19 0,16 0,13 0,10 0,07 0,03 0,00 
ri/ra 2,10 2,00 1,90 1,80 1,70 1,60 1,50 1,40 1,30 1,20 1,10 1,00 
ln(ri/ra) 0,74 0,69 0,64 0,59 0,53 0,47 0,40 0,34 0,26 0,18 0,09 0,00 
b*ln(ri/ra) 6,33 5,53 4,76 4,03 3,35 2,70 2,10 1,56 1,07 0,64 0,28 0,00 
rk*ctgy 22,41 21,85 21,29 20,73 20,17 19,61 19,1 18,5 17,9 17,4 16,8 16,3 
rk*ctgy*ln 7,19 6,46 5,74 5,04 4,35 3,68 3,02 2,38 1,76 1,16 0,57 0,00 
mi 6,15 5,59 5,03 4,47 3,91 3,36 2,80 2,24 1,68 1,12 0,56 0,00 
Ji 5,62 4,99 4,38 3,8 3,24 2,71 2,21 1,74 1,32 0,93 0,6 0,33 

i 210 186 164 142 121 101 82 65 49 35 23 12 
ai 4,77 4,34 3,91 3,47 3,04 2,6 2,17 1,74 1,3 0,87 0,43 0 

 
       φ =f(ri) 

(  2.2). ё       . 
          ∆ φ  

= 150    2.6. 
 

 2.6-  ri  ϕi     
ϕi 0 15 30 45 60 75 90 105 120 135 150 165 180 195 210 
R,  3,8 4,5 5,1 5,5 6,0 6,4 6,7 7,0 7,4 7,7 8 8,3 8,6 8,9 9,1 
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 2.2 –   φ =f(ri) 

 
        ′ =,  . b = .    ; 

   ё   : 
 = ′ + = , + , = ,  .           (2.37) 
 
2.5     

 
       

.         
 ,    . 

 : 
 = , ∙ 𝑁 = , ∙ , = ,  ∙           (2.38) 

 
   ( ): 

 ∗ ( , ∙𝜏 ) . = , ∙ , . = ,             (2.39) 

 𝜏 = ÷ ; 
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: D =650  

 
2.6 ё   

 
         
 . 

        
: 

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

 

    ,   ,  
  (15 ÷ 20)   : 

   = + , = , + , = ,                                                        .  

 

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

 
     ℎ = ,  , -        . 

    ,  
 [ ] : 

 [ ] = ∙ = ∙ , = ,  .   (2.43) 

 = 𝜋∙ ∙ = , ∙ , ∙ , = ,  ⁄ (5.7)   (2.44) 

 

: 
 < [ ] → , < ,  →  . 
 

   .  
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     : 
 =  + 𝛼+  𝛼               (2.45) 

 = ,+ + ∙  ∙ = ,     

 

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

 

  -     ,  

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

 
    ,  

 [ ] : 
 [ ] = ∙ = ∙ , =                                                               .  

 
: 

 < [ ] → , <  →   . 
 

  ,    
 .   ,      

     ( > [ ]).  
   . 

 
2.7   
 

       
.       

 -     ,     
       , 

     . 
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     10%   .  
  =  ; 

   = , ; 
   ,   ,   

     850/110-64.  
     2.7. 

 
 2.7 -     850/110-64 

 
 

    

  
 

  16 

 
 

cos𝜑 . . 0,8 

 
 

  10,5 

  
 

2.8     
 

      
 ,     , 

  . 
  [  , -10.9]   

    20   D1 –5,6 : 
 2,5/1-40-4-2 ; 

 2,5 -  ; 
1 -  ; 
40 - ,    40 / 2; 
4 -  ,  20 3; 
2 -  . 
 
2.9    
 

         
.    - ,   

.  
   - 100 .  

 : 
-100 ; 

  -    ; 
100 -   . 
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3   
 

3.1    . 
 

1.     : 2 . 
2.      1. 

  -850/110-64    3.1. 
 

 3.1-   -850/110-64 
    

   ,  20 
   ,  16 

  𝜑, . . 0,8 
  ,  10,5 

   , /  93,8 
   , . . 0,7 

  ’ , . . 0,29 
  ” , . . 0,20 

 
3.2     
 

        
     ,   

     ,  , 
 ,  ,    
  .  

    "  " 20 .  
    :     

 . 
 
3.3       
  
 

       ,   
 .  

       
       , 

     . .   , 
ё        

   : 
 S =  − . .φ = − ,, = ,  ∙                                      (3.1) 

 
 P . . = ,   –    , . 
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      (3.1)   
,    ,   

        
 40%.  

      -25000/110.   
      3.2. 

 
 3.2-    -25000/110. 

    
  

 ,  25 

  U ,  115 
  U ,  10,5 

   ∆P,  130 
   
   

∆P ,  21 

    
 

∆I , % 0,31 

  
 

U , % 10,5 

 
     , 

   ,   : 
 S = ∙  − . .φ = · − ,, = ,  ∙                                  (3.2) 

 
    ,      

    -40000/110  
 .  

    -40000/110   
 3.3. 

 
 3.3 -    -40000/110. 

    
  

 ,  40 

  U ,  115 
  U ,  10,5 

   ∆P,  170 
   
   

∆P ,  22 

    
 

∆I , % 0,28 
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       τ.  
      : 

 

τ= , + 𝑎𝑥 ∙ = , + ∙ =2405 /               (3.3) 
 

 max=4000  -     
 . 
     . 

 
t =8760- · -ω· =8760-1·30-0,025·60=8728                                      (3.4) 

 

  =1 −   ( , , ); 
=30  –      ; 

ω=0,025  –     ; 
=60  –   -   

. 
      .  
        ё  

 ,        
 . 

      . 
   . 

 
∆Wxx=∆Px·t =0,022·8728=183 ·                                                        (3.5) 
 

 ( ) . 
 

∆W =
∆ ∙ ∙ 𝜏 = , ∙ , ∙ = ,  ·                     (3.6) 

 
 = −    . 

   ,     
   . 

   ==β1·∆Wxx+ β2·∆W =1,2·10-2·183+2·10-2·192,17=6,04 . /            (3.7)  
 

  2 , ,   2 
 ,     . 

 
=  ∙ =6,04∙ =12,09 . /                                        (3.8) 
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       ,  
      ,   

     3.4. 
 

 3.4 –      ё   
   ё   

   ∆Wxx , ·  183 192 
 ( )  ∆W  , ·  192,17 196,32 

   , . /  6,04 6,23 

 
3.4     . 
 

     ,   
  ,        

.        
        . 
 = я ∙ , =31∙ , =0,31                                  (3.9) 
 

      
.      -160/1. 

  -160/1    3.5. 
 

 3.5 -   -160/1  
    
  

 ,  0,16 

  U ,  10,5 

  U ,  0,4 

   
  

∆P,  2,7 

   
   

∆P ,  0,7 

  
 

∆U , % 4 

 
3.5     . 
 

 ,    220 : 
 S∑ = n ∙ −φ =2· − ,, = ,  .                                             (3.10) 
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n = ∑𝑃 ∙ 𝜑 + = ,∙ ,, + = ,                                              (3.11) 

 
 P =30  -       110. 

k=1,4-     110 . 
       , 

,    n =2.  
   110 . 

 I = ∑∙√ ∙ = ,∙√ ∙ = ,                                                         (3.12) 

 
   110 . 

 I = α ∙ α ∙ I = ∙ , ∙ , =                                           (3.13) 
  α = ,  – ,      

;  α =  – ,      
. 

         
   -240/32. 

  -240/32    3.6. 
 

 3.6 -   -240/32 
   

 
R0, /  0, /  b0, /  

 
,  

1 0,121 0,435 2,60·10-4 605 
 

        
   . 

 I . = ∑− ∙√ ∙ = ,∙√ ∙ =  .                                                  (3.14)  

 
3.6       -

 . 
 

     ( , ё ) 
 ,    .    

   . 
    . 

 
K=K ·n+m·K +K =2·8000+2·410+6600=23420 .                    (3.15) 
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 n=2 -   . 
=8000 .  -    . 

m=2 -    . 
K =410 .  -     . 
K =6600 .  -  . 

      ё   
   3.7. 

 
 3.7 -     

    ё   

 , 
.  

23420 29420 

 
       . 

 
1= · + =0,15·23420+12,08=3525,09 .                                        (3.16) 

 
 =0,15-  . 

          
    3.8. 

 
 3.8 -      

      
  

, .  
3525,09 4419,23 

 
        % 

   . 
 

∆ =| − | ∙ = | , − ,, | ∙ = %                     (3.17) 

 
         
 ,      

      . 
 
3.7     
 

    -110    
ё .    – 110     3.1. 
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 3.1 –    110  

 
           
  «RASTRWIN» 

        
RastWin    . 

      -
25000/110- 1. 

 

R =∆ ∙ = , ∙ = ,                                      (3.18) 

 

X = % ∙ = , ∙ = ,                                     (3.19) 

 
 ,      -

850/110-64. 
 

= ′′ ∙ = , ∙ , = ,                              (3.20) 

 

r =𝜔∙ 𝑎, = ,∙ , = ,                                (3.21) 

 ′′=1,13·Ud=1,13·10,5=11,86                             (3.22) 
 

 , =0,045 –   . 
     . 

 

xc= = =                                    (3.23) 

 

r =𝜔∙ 𝑎, = ∙ , =                                     (3.24) 

  E′′=1,13·Ud=1,13·115=129,95                              (3.25) 
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  3.2,3.3,3.4      

 «RastrKZ». 
 

 
 3.2 -  
 

 
 3.3 -  

 

 

 3.4 4  
 

        3.9.  
 

 3.9-     
  Ta K y I 0, А iy. А 

 110 , 3  0,035 1,75 3,40 8,41 
 110 , 1  0,035 1,75 1,68 4,16 

, 3  0,045 1,979 6,29 17,60 
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3.8   . 
 

       
        

.   ё       – 
    ,    

   ё  ё . 
       

 ,    .    
 –      .  

        
,  ,          

  .  
       

  ,      
. 

    ё    
         5 %. 

 I   x = , ∙ I  = , ∙ G √ ∙ G = , ∙√ ∙ , =  A.                   (3.26) 

 
ё      −− 110     . 

 I − −   x = , ∙ G √ ∙  = , ∙√ ∙ =                              (3.27) 

 
     110 . 

 I −   x =  x√ ∙ W∙  = G −G  √ ∙ W∙  = ∙√ ∙ ∙ =             (3.28) 

 
ё   ё      

   . 
 I −   я = G −G  √ ∙ W− ∙  = ∙√ ∙ − ∙ =  A                (3.30) 

 
ё        

 : 
 I   x = , ∙  √ ∙  = , ∙ ,√ ∙ , =  A                           (3.31) 
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3.9      
 

 
     ,    
       

      . 
       

 ,     . 
      

 1- 2       110 . 
  3.10     

 -10-63/4000   -1-10/4000 . 
 

 3.10 -   

  
  
 -10-63/4000 

  -
1-10/4000  

U =10,5  U =10  U =10  
I  max=1155  I = 4000  I = 4000  
I 0 = 6,29  I . =63  - 
i  = 17,60  - - 

 
      

   . 
 B ,   ≥ B ,                                                                                                        3.32) 
 
B , =I ∙ t + , = , ∙ , + , =2,37 2·               (3.33) 
 

, =I . ∙ t . = ∙ =  2·                   (3.34) 
 
11709 2·   2,37 2·                                        
 

 ,   .   
    . 

 B , B , ,                                                             (3.35) 
 
B , =I ∙ t + , = , ∙ , + , =2,37 2·                 (3.36) 

 
, =I . ∙ t . = ∙ =  2·                                 (3.37) 

 
2500 2·   2,37 2·                                        
 

 ,   . 
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    -10- 3.   
"    ".    

        
 . 

        
 3.11. 

 
 3.11-     -10- 3. 

ё   -10- 3 
U =10,5 .  U =10  

I  max=1155  I = 4000  
I 0 = 6,29  I . . = 35  = . ∙ + , = , ∙ ∙ , + , = ,  ∙  

= ∙ = ∙ =  ∙  

 
   -10.   

"    ”.  
   -10   

 3.12.   
 

 3.12 -      
U1 ,  U . ,  U2 ,    

10  100/√  0,5 

 
  ,      

 .   10,5    
 -10,5/12,0/10/550 (I) 1. 

 
3.10     110 . 
 

 -110 -   ,   
 .    " ". 

     3.13. 
 

 3.13 -   
а чёт е да е -110 U =    U . =    I  . =    I =    I  . =     

ове ка I . = ,    I . =    
i =  ,    I . = ,    i = ,    
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  -110.    
" ". 

  -110    3.14. 
 

 3.14 -   
   -110 U =   U  = 110  I  . =    I  = 3150  

 I  . =    
I . = 63   I . = ,    I . = ,     i = ,    I . . = 157,5   B = I . ∙ t + , = , ∙ ∙ + , = ,  ∙  

B = I ∙ t = ∙ = ∙   i = ,   t =   

 
     - 110.  

  " ".  
    - 110    3.15. 

 
 3.15 -    

     - 110 =   
U  = 110  . =   

 . =    
I1  = (50-3000)  

I2  - 5  
  . =    

I . = 63  . = ,    𝑖 =  ,    . = ,    =   𝑖 = ,    I и . . = 157,5   = . ∙ + , = , ∙ ∙ + , = ,  ∙   
= ∙ = ∙ = ∙   

 
      - 

110.    " ". 
   -110   

 3.16. 
 

 3.16 -     - 110 
U1  ,  U . ,  U2 ,  

110/√  /√  100/√  
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  ,      
 . -110 1.    

"  - ".  
 ,     ё  

 -400-0,5. 
 

3.11    
 

       
     -  

 -160.  
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4     
 

4.1     
 

      
  ,    ё  

   ,   ,  
      .   

   ,    
;    , ё   ,  

     . 
 
4.2     
 

        
 ( =15 )     (   – ) 

[7], : IV. 
        

-      [7].  
  (N=31 ), : III . 

       
   (  ,  

       
 , 8800 ,     2000  20000), 

: II . 
  ,     ,  
   II  . 

 
4.3      
 

         
 : 

 = + ℎ % +           (4.1) 
 

  -  ,    ,    : 
 II   – 0,7 . 

   =  /   = , ∙ − . 
 : =  . 

   1% : 
  : 

 gLv = , ∙ = ,  
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gtv = , ∙ ∙ =   

 
: t = 6  -     .  

  [6]       v   v  

  
̅v   v̅ . 

 v =   
̅v = ,   v̅ = ,  

 v =   
̅v = ,   v̅ = ,  

    
̅v   v̅    

  T̅     h̅: 
 h̅ = , ∙ vg = , ∙, = ,  , 
 

         (4.2) 

T̅ = , ∙ vg = , ∙, = ,  c.          (4.3) 

 
   : 

 

̅̅̅ = gT̅π = , ∙ ,∙ , = ,  .          (4.4) 

 
 d = ,  > , ∙ ̅̅̅ = ,   , ё    
  

   1% : 
 h % = h̅k = , ∙ , = ,  ,          (4.5) 

 
: ki = 2,12 –    ([6] . 2). 

 = + , + , = ,  ,  

 − = , − = ,  .  

 
     : 

 = + , ∙ = + , ∙ = ,  ,          (4.6) 
  =  ,    2.1.2.  
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 133,6 . 

 
4.4  ё  
 

   ё  : 
-   ,     ; 
-   ; 
-   ; 
-   ; 
-     ; 
-  ; 
-        

. 
 ,       
      ё   

   .  ё     
ё            

. ё         
  ё  .  ё     

 ё        m   
 . 

   .  
         

       : 
       

 : 
 

. . = . . − Э − − == − , ∙∙ ∙ ∙ ∙ − = ⁄  

     (4.7) 

 
 −    1% ,  −   ;  –   (6 

,   -  ); 

 

Э −      
         . 
 ,      

(n-1)     6  [3]. 
 

 

= − % = − , = ,          
 

> 𝑖 , , < , , ,   

     (4.8) 
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   . 
     : 

 = , ∙               (4.9) 
 

 −    ,  :  

 = [ ℎ] ∙ ℎ   (4.10) 

 
 ℎ −       ,   

 Q= f(H),  = 119,88 ,   
 ℎ = − ∇ = , − = ,    (4.11) 
 

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

 

 
 

 = , ∙ , = ,  ⁄   
 

   : 
 = = , = ,             (4.12) 

 
   .   

   b = 8 ,   : 
 = = , = , ≈  (4.13) 

 
  ,     

 : 
 = ∙ = ∙ =  ; (4.14) 
 

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

        : 
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 = + − ∙ = + − ∙ =  .       
 

 (4.15) 

4.5    . 
 

    ,     
   , . .  ё     

 : 
 = ( ∙ ′∙√ ) ⁄

,   (4.16) 

 
 m–  ,      

  B(m ≈ 0,49). 
 = , ∙ ∙√ ∙ , ⁄ = ,  ,  

 
  ,  ё     , 

   : 
 = ( ∙ 𝜎 ∙ 𝜎 ∙ 𝜎 ∙ ∙ √ g) ⁄ ,   (4.17) 

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

    ( - ) 
   4.1. 

  

 
 4.1 –     

 𝜎 = − , ∙ ∙ ,  (4.18) 

 
  = 0,45 –  ,      
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( ). 
       4.2. 

 

 
 4.2 –     

  𝜎 = − , ∙ , ∙ , = , , 
 

 

= ( , ∙ ∙ , ∙ ∙ ∙ √ ∙ , ) ⁄ = ,  .  

 
          

  : 
 = − g ,  (4.19) 

 
  = 1,1 –  . 

 
 

= ∇ − ∇ + − · , 
 

 (4.20) 

= − + − ∙ = ,  ⁄ , 

 

 

= , − , ∙ ,∙ , = ,  .  

 
ё         

      : = ,   
   : 

 ∇ = ∇ − = − =  .  (4.21) 
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4.6      
 

     
.      ,   
,         : 

 

. = . − Э − −  

 . = − − , ∙∙ ∙ ∙ ∙ − = ⁄ . 

 

 (4.22) 

= − ( , %) = − , = ,   
 

> 𝑖 , , > , , ,   
  . 
 = 𝑁, ∙ ∙𝜂 = , ∙, ∙ , ∙ , =                (4.24)  

 

 (4.23) 

= 𝑁, ∙ ∙𝜂 = , ∙, ∙ , ∙ , =                         (4.24)  

 Э = ∙ − = ∙ =                  (4.25)  

 
        

          
 : 

 

. = ( .∙ ∙√ ) ⁄ = , ∙ ∙√ ∙ , ⁄ = ,  . 
 (4.26) 

 
     .    

    : 
 

. = ( .∙ 𝜎 ∙ 𝜎 ∙ 𝜎 ∙ ∙ √ g) ⁄ , 
 

 (4.27) 

𝜎 = − , ∙ , ∙ , = , ,  

 
 –     ,   

: 
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 = [ , + , . − , . ],  (4.28) 

 = , ∙ [ , + , ∙ , − , ∙ , ] = , , 

 

. = , ∙ ∙ , ∙ ∙ ∙√ ∙ , ⁄ = ,  . 

 
          
 : 

 = − 𝛼
, 

 

 (4.29) 

= .∇ −∇ + − , 

 

 (4.30) 

𝑣 = − ∙ + − ∙ = ,  ⁄ , 

 

 

= , − , ∙ ,∙ , = ,  .  

 
,     ∇    = 131,0  

  : 
 ∇ = ∇ + = + , = ,  . 
 

 (4.31) ∇ > ∇ ,      
  =  3/ . 
   =      

    .   
  .       

(   - )    4.1. 
 

 4.1 –    .  
 ,  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 
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  4.1 
 ,  Y,  №  ,  Y,  

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 

 
       

 4.3. 
 

 
 4.3 –      

 

0

10

20

30

40

50

60

0 5 10 15 20 25 30 35 40
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4.7 ё       
 

       
. 

         
        

      C-C    4.4. 
         

         ё .  
 

 
 4.4 –     

 
  : 

 ℎ = √ 𝛼∙ . .∙ +∑ = √ , ∙, ∙ = ,  . 
 (4.32) 

 
       : 

 = − = − =  .  (4.33) 
  

      : 
 = ℎ = , = ,  .  (4.34) 

 
  [4, . 12.3 , . 171]   ℎ     

   ℎ`` -  ё   ,    
 ,  = ,   `` = , . 

, ё  : 
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 ℎ` = ∙ ℎ = , ∙ , = ,  , 
 

 (4.35) ℎ`` = `` ∙ ℎ = , ∙ , = ,  .  (4.36) 

 
    =1117 ( 3/ ), h  = 4,88 , ,  

 (hc
’’>h ). 

     ,   
     .    

         
     .     

    . 
 
4.8    
 

        . 
      

.     , ё  
,    5-10 %. 

,     : 
 = 𝜎 ∙ ℎ`` − ℎ + ′ ,  (4.37) 

 
 𝜎 – ,    ,   

  , 𝜎 = , ; ′ -   ,    
   d. 
 ′  = ∙ ∙ 𝜑 ∙ ℎ − 𝜎 ∙ ℎ"  

 (4.38) 

 
 𝜑 –       , 

   ,  0,92. 
 

 

= . .+ ∑ = = ,  /  
 (4.39) 

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

 

 
,    : 

 

 

= , ∙ , − , + , = ,  .  
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      : 

 = − + = − + , = ,          (4.40) 
 

      : 
 = ℎ = ,, = ,  .        (4.41) 

 
  [4, . 12.3 , . 171]   ℎ     

   ℎ`` -  ё   ,    
 ,  = ,   `` = , . 

, ё  : 
 ℎ` = ∙ ℎ = , ∙ , = ,  , 
 

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

 (4.43) 

′  = ,∙ , ∙ ( , ∙ , − ,, ∙ , ) = ,   

 

 

= , ∙ , − , + , = ,  . 
 

 

     : 
 = − + , = ,   
 

 

      : 
 = ℎ = ,, = ,  .  (4.44) 

 
  [4, . 12.3 , . 171]   ℎ     

   ℎ`` -  ё   ,    
 ,  = ,   `` = ,  . 

 
, ё  : 

 ℎ` = ∙ ℎ = , ∙ , = ,  , 
 

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

 (4.46) 
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′  = ,∙ , ∙ ( , ∙ , − ,, ∙ , ) = ,   

 

 

= , ∙ , − , + , = ,  .  
 

          
   3%,   = ,  . 
  : 

 = − = − , = ,    (4.47) 
 

      : 
 = , ÷ , ∙  
 

 (4.48) = , ∙ ( , ∙ ℎ`` − ℎ` ) = , ∙ , ∙ , − , = ,   
 

 (4.49) = , ÷ , ∙ , = ,    
 

4.9    
 

     ,   
,      . 

        
 ,   .    

     . . . 
 = , ∙ ∙ √ℎ`  

 (4.50) 

 
  –      

 

 

= ℎ` = ,, = ,  /  

 

 (4.51) 

= , ∙ , ∙ √ , = ,  .  

 
     : 

 Σ ∙Σ ∙  
 (4.52) 

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

    I   , = ; 
 –    ,    I 

     II  ,  = , . 
 : 

     : 
 = − ∙ ∙ ∙ ∙  
 

 (4.53) = , − , ∙ , ∙ , ∙ , ∙ , = ,   
 

,   : 
 : 

 = , ∙ ∙ ∙ ∙ , ∙ (ℎ`` − ℎ` )  (4.54) 
 = , ∙ , ∙ , ∙ , ∙ , ∙ , − , = ,   
 

 : 
 = , ∙ ∙ ∙ ∙ , ∙ ( − ℎ``) ∙  
 = , ∙ , ∙ , ∙ , ∙ , ∙ , − , ∙ = ,  
 

 (4.55) 

= − = − , = ,    (4.56) 
 

  : 
 = ∙ ∙ ∙ 𝜔 = , ∙ , ∙ , ∙ , = ,   

 

 (4.57) 

= , ÷ , ,  = ,  𝜔 = ,  . 
 

 

∙+ + ∙ = , ∙ ,, + , + , ∙ = ,  
 (4.58) 

 
0,911,2,     . 

 = , ,       
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= , ∙ + + ∙
              (4.59) 

 = , ∙ , + , + , ∙, = ,   

 
 : 

 = − ∙ ∙ ∙  
 (4.60) 

 = ,, − , ∙ , ∙ , ∙ , = ,   

 
    2,90 . 

    
  ,    , 

  .      
:         

   . 
  :  

 ∇ = ∇ − − − ÷   (4.61) 
 

 d –  ; 
 –   ; 

 

 ∇ = − , − , − = ,   
 

 : 
 ℎ = ∇ − ∇ = − , = ,  .  (4.62) 
 

  B = , ÷ ,      
     . 

  : 
 = , ∙ ℎ = , ∙ , =  .  (4.63) 
 

       ,  
,        . 

: 
 =    
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4.10      
 

      
. 

        
 ,     .  

  20 .     - 3 ,    
      2 . 

    
         

 0,2    3 . 
      : 

 = , ∙ = , ∙ = ,  , 
 

 (4.64) 

4.11      
 

        
    ,    

     ,    
  -  .   

   ,      
,      . 

     . 
        . 
 :  

 = + ;  (4.65) 
 

 −      ,        −    ,        −       
 . 

 

 

= + =  .  
 

   B=20 ,  2   10 . 
      

 1,5 . 
: 

       
.     4  (  2.1.1).  



71 

 

   0,8 .     21.42    
      . 

: 
  ,    

     ,  ,  
        . 

 1        
 . 

   : 
        
.       11,15 ,   

       
         

  . 
 ,      
  ,     

,   ,     
   ,    .  

 – 3 ,  – 3,5 . 
,      ,   

    ,      
   – 2,5 ,  – 2,5 .   

  : 117,62 . 
: 
 –    , ё   

,      .   
    ,    .  

    : 
 = , ∙ ℎ`` = ,, ∙ , = ,  ~             (4.66) 

 
    : 

N=L /17=34/17=2,    - 2. 
     . 
  :       

    – 2,90 ,   – 2,20 . 
 
4.12   
 

      [5]. 
   : 

  : 
 = ∇ − ∇ = − , = ,  .  (4.67) 
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    : 

 𝑟 = , , 

 

(4.68) 

= , ∙ , = ,  , 
 

 

4.13      
 

    ,   
 ,    ,    

 . 
       

    . 
 

. . = . . + = ∙ ∙ ∙ ∙ + = ,  / ;  (4.69) 

 
      

  : 
 = ∙ 𝜔 ∙ √ ∙ ∙       (4.70) 

 
 Q – ,   ; 

 –     ;  𝜔 − щ   я. 

 

    .    
  : 
 

 = . . = ,  / ;  (4.71) 

 
 ,        
      . 

    h=3 ,    
  112 .      

 ∇ = + ℎ = ,  ,  (4.72) 

 
    : 

 = ∇ − ∇ = − , = ,  ,  (4.73) 
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       : 

 𝜔 =  ∙ √ ∙ ∙  = ,, ∙ √ ∙ , ∙ ,  = ,  ,  (4.74) 

 
    1,5 ,     

 = 𝜔ℎ = , = ,  , (4.75) 

 
  2 . 

        
 𝜔 = ∙ =  , 
 

    4   h=3 , b=2 . 
 
4.14  ё   
 

ё       
      .   

    , ,   
.        
,  ,      

 . 
 : 

      AutoCad. 
 = ,  , = ,  . 
 

 

         
:  

 = ∙ ∙ ∙+ = , ∙ ∙ , ∙+ = , .  (4.76) 

 
         

  AutoCad. 
 = ,   .  
 

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

 (4.77) 

= ,  .  
 

  : 
 ≈ , ∙ √ ∙  ,  (4.78) 

 
  -  : 

 

 

= − + , ∙ = − + , ∙ =  .  (4.79) 
 

 : 
 = , ∙ ∙ √ ∙ , = ,  .  
 

    1 . : 
 = + = ,+ = , .  (4.80) 

 
    

     : 
-   : = ,  . 
 = ∙ ∙ = ∙ , ∙ , = ,  /  ,  (4.81) 

  
-   : = ,  . 
 = ∙ ∙ = ∙ , ∙ , = ,  /  ,  (4.82) 

  
       

  : 
 = ∙ = , ∙ , = ,  / ;  (4.83) 

 
 S −       

   ,     utoCAD.  
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= ∙ ∙ , 
 

(4.84) 

= ∙ , ∙ = , , 
 

        
           
        . 
   : 

 = ∙ ∙ ∇ 𝑖 − ∇       (4.85) 
 = ∙ , ∙ , − , = ,  , 
 

       
    . 

 = ∙ ∙ = ∙ , ∙ , = ,  ,  (4.86) 

 
 : 
        : 

 = ∙ ℎ ∙ tan − 𝜑 = ∙ ∙ tan ( − ) = ,   (4.87) 

 
  =   / 3 –      

; 
h –   ,    , 
 

 

ℎ = ∇ − ∇ = − =  ,  (4.88) 
 

 𝜑 = ° –    . 
 

    1 . : 
 = ℎ ∙ = ∙ , = ,  

 (4.89) 

 
        

 : 
            

  ,      ,  
  ,   . 𝜑 = ° 
 



76 

 

′ = ∙ ℎ ∙ − 𝜑
  (4.90) 

 ′ = ∙ ∙ ( − ) = ,  /  

 

 

        ℎ     
   

  ′′ = ( ∙ ℎ + ∙ ℎ ) ∙ − 𝜑
 

  ′′ = ∙ + , ∙ , ∙ ( − ) = −  /  

 

 (4.91) 

ℎ = ∇ − ∇ = − , = ,    (4.92) 
 

    
 = − − = , − − , ∙ , = ,  / ;  (4.93) 

 

  –    , = , ; 
 –     , = , ; ℎ  –   , ℎ = ,  ; 𝜑  –    , 𝜑 = ° ; 
 –   . 

      1 . . 
 = ′ + ′′ ∙ ℎ = , + , ∙ , = ,  /  

 (4.94) 

 
 : 

      
   . . . 

 ℎ = ∙ ℎ %̅ = , ∙ ,, = ,   

 

   (4.95) 

= ∙ ∙ ∙ ℎ % ̅ + ℎ
 

   (4.96) 

 = ∙ ∙ , ∙ , ∙ ( ,, + ,  )  =   ,   
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  W    :  

 = ̅ − ℎ % = ,, − ∙ , = ,  . 
 

         (4.97) 

4.15 ё    
 

ё         
    (    ). 

ё      ё   .   
    .  ,   

ё     ,     
 . 

   ,  ё    
    «–»,  –   «+»  

  ё    4.2,     
,      . 

        
 AutoCad.  

 
 4.2 –     

   
 

  

,  ,  
, 

 
 1,00  2716,30 7,84 21307,22 

 1,00  483,91 -3,31 -1602,16 
W3 1,00  641,18 6,57 4212,56 
G  0,95  2479,21 -5,00 -12396,05 

G  0,95  2702,21 -2,37 -6404,23 

W  1,00  1948,77 0,00 0,00 
W  1,00  333,54 5,33 1777,77 
Q  0,9  18,81 -7,57 -142,37 

 0,8  155,63 2,84 442,63 

 1,00  21,63 22,04 476,52 

 1,20  11,76 2,67 31,36 
F ← 

 2421,41 
N  3559,09 

 Σ 7703,25 
 

ё        (  
  1   )   : 

  : 
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 𝜎 = − + ∙ ∑ = − ,, + ∙ ,, = − ,  / ,     (4.98) 

 
  –   ,   ; 

 –    ,   ; 
 –   . 

 

 

𝜎 = 𝜎 ∙ − ∙ ∙ − = − , ∙ , = − ,  ,      (4.99) 

 
 = ,  Н/ 3 –   , 

 = ,     –   ё      
; 

 –    ; 
 –      .     
   ,  tan = . 

 𝜏 = ( ∙ + 𝜎 ) ∙ =  
 

  (4.100) 𝜎 = 𝜎 ∙ + + ∙ ∙ = − ,  / ; 
 

  (4.101) 𝜎 = − ∙ = − , ∙ , = − ,  / . 
 

  (4.102) 

  : 
 𝜎 = − − ∙ ∑ = − ,, − ∙ ,, = − ,  / ,
 

    (4.103) 

𝜎 = 𝜎 ∙ − ∙ ∙ − =     (4.104) 
 

 = tan ,   –      .  = ,   –   ё      ; 
 𝜎 = − , ∙ , − , ∙ , ∙ − , = − ,  /  , 
 𝜏 = −( ∙ + 𝜎 ) ∙  
 𝜏 = − , ∙ , − , ∙ , = ,  / , 
 

 
    (4.105) 

𝜎 = 𝜎 ∙ + + ∙ ∙ = = − , ∙ + , + , ∙ , ∙ , = − ,  / ; 
 

    (4.106) 
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𝜎 = − ∙ = − , ∙ , = − ,  /      (4.107) 
 

ё       4.3. 
 

 4.3 –  ,    
   

 
 

 
 𝜎  -62,41 -293,50 𝜎  -230,85 -229,27 𝜏  0 160,77 𝜎  -62,41 -97,44 𝜎  -230,85 -425,34 

 
  : 

   : 
 ∙ ∙ |𝜎 | ∙ ,       (4.108) 

 
 = 1,2 –    ,   II  

; 
 –   ,  

= 1,0 –         
 ;  

σ3 –   ;  
 = 7,5  –       

 10;  
 –   ;  
=0,9 –    .   

 , ∙ ∙ |− , | ∙ , , 
 

 ,   . 
 

 

  : 𝜎 <  (
 − ,  < . 

 
 

    : 
 |𝜎 | , ∙ ∙ .     (4.109) 
 ,  , ∙ ∙ , = ,  .  
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     . 

 
4.16 ё    
 

       
  ,      

.        
 –    . 

      ,  
 : 

 ∙∙ , 
 

(4.110) 

= ( + − − + + ) ∙ tan 𝜑 + ∙ 𝜔 = (4.111) 
 

 𝜑 = , –      (   - 
)[3]; =  / –    [3]; 𝜔 = ,   –     ,  

ё   1  . 
 = , + , − , − , + , + , ∙∙ , + ∙ , = ,  /  , 
 = − + + +  (4.112) 
 = , − , + , + , + , = ,  / . 
 

 ,   : 
 , ∙ ,, ∙ , ,  , 
 

 

, ,  .  
 

   . 
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5   
 
5.1     
 

     5.1,  
    5.2. 

 
 5.1 -  . 

 -850/110-64 

  
 20  

 16  
  10,5  
   cosφ 0,8 

  93,8 /  
   1099  

     965  
 

  
  ( . ) 

 Xd 0,7 
 X’d 0,29 

 X”d 0,2 
   0,9 /  

 
 5.2 -   .  

  – 25000/110/10,5 
  25  

  115  
   U  = 11,0 

 
5.2     
 

  ,   
         

     , 
      

 ,      
   . 

    : , 
  . 

 

   -850/110-64. 

      
          

; 
      (100%)   ; 



82 

 

        ; 
    ; 
       

      
; 

     ; 
      ; 
        

; 
        

; 
     ,   

; 
     ( ) 

; 
     25000/110. 

       ; 
     , 

   (    
); 

       
     110 ; 

    ; 
        10,5   

; 
        

 ;  
     ; 
        ; 
     

   . 
        
        

 
    
    

   110 . 
 : 

 -       
. 

 : 
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 5-       
; 

        
  ; 
 4-         

 ( ); 
        110  

  110 . 
 

5.3    . 
 

     : 

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

 

 ,      : 

 I . = ∙ = ∙/ = ,                                                                  (5.2) 

 

  : 

 S , = ,, ∙ U , = , ∙ =                                    (5.3)    

 

   ( )  250 .  

      :  

 I  = √ ∙ , = ,                                                                              (5.4) 

 I  =  T = ,⁄ = ,                                                                    (5.5) 
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5.4     (I∆G). 
 

      
  I < , ∙ I     

        . 
        

          
 . 

  : I =  . 
   : η = /  . 

1)        
  .   I .      

      : 
 I . = ∙ f ∙ I = , ∙ , ∙ I ,                                                        (5.6) 

   = ,  -    ;  f = ,  -    . 
   : 

 I . K ∙ I = ∙ , ∙ I = , ∙ I                                                   (5.7) 
 

  K =  -  . 
 : I . = , ∙ I . 

2)   K      
    .  K    

     ,   
     . 

       
 :   

 I = ∙ f ∙ ∙ I                                                                       (5.8) 
  =  –   ;         f = ,  -    ;        = ,  -     (0,5-

  );        I  -        
         

; 
 I = ′′x′′ ∙ I = , , ∙ = ,                                                    (5.9)           
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 ,      (5.8): 
  I . = ∙ , ∙ , ∙ , , ∙ = ,  .                              (5.10) 

 
    : 

 K >  ∙ = , ∙, =   ,                                                        (5.11) 

 K > ,                                                                                               (5.12) 
 

 I  -       . 
 K =  –  . 

  K = , . 
3)    (5     

 ): 
 I = ∗ = , , = , .                                                                         (5.13) 

 
4)        

.      : 
 B ∗ = , , = ,                                                                               (5.14) 

 
     = 1,5 (    

). 
        
   ,      

: 
 I = ÷ ∙ I = ∙ =   
 

  5.1    
  . 
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 5.1 –    
  

 
    ,  ,  

   -       
. 

 
5.5         

(UN (UO)) 
 

  100%    , 
         

    . 
      : 

1)   (U0)      
  U0   85%     
  ; U0     

 3U0    ,  
 «  ». 

       
       

     
     Э . .      

 . 
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  Э . .     ,  
 . 

 –        ; 
 –        ; 
 –      ; 

 –      ; 
     : 

 𝛴 = + + + = , + , + , + , = = , ,                         (5.15) 

 
    10,5 : 

 = , ∙ ∙ 𝜔 ∙ 𝛴 = ,  .                                                                           .  
  

       
    110  

  Э . = ∙ ∙ + 𝛴,                                                                                 (5.17) 

   – ,       
 .       

,    , = , ; 
 –        

  , = , ; 
 –        

    .  : 
 = ∙  √ =⁄ ∙ √ = ,  ,                                                     (5.18) 

 
       

     110 : 
  Э . . = , ∙ ∙ ,, + , = ,  .                                              (5.19) 

    Э . . = ,   
     : 

 ∙ ∙  Э . ,                                                                                         (5.20) 
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,, ∙ ,,√ ∙ , ,                                                                                         (5.21) 

 ,                                                                                                 (5.22) 
  = ,  –  ; 

 –   ; = ,  –  . 
       

,     5  20 . 
  :    5    

 9,0    ;    15     
0,5        ,   

,     -  . 
2)        

       .   
  30%      . 
         1 

 3. 
          

  : 
 = + .                                                                                                                   (5.23) 

 
 = ,        32,3 %  

   . 
    0,5      

,        -  
. 

 
5.6     (U1>), (U2>) 
 

       
  U2> : 

 = , ∙ = , ∙ / =  .                                                                   (5.24) 

 
2)         
  U1>   , ∙ ,      

     . 
U1>        . 

 U1> : 
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= , ∙ = , ∙ / =  .                                                                   (5.25) 

 
  ,      

    110      , ∙ . 
    0,5      

,  . 
 
5.7      

      (5.I2) 
 

      
      

      
  ,     

    . 
       ∗ : 

 ∗ = / ,                                                                                                                (5.26) 
 

 –       ,  
–      . 

      
    : 

 = / ∗ ,                                                                                                            (5.27) 
 

 =  – ,  - . 
 

   : 
 
1)          
        

(   ). 
   : ∗ = , − , ; = ,  

2)         
        

 .       
       =  . 

: 
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∗ = √ = √ = , .                                                                                      (5.28) 

 
 : 

 ∗ = ∗ = , ,    = , ,                                                                             (5.29) 

  = ,  –  . 
 = , ∙ .                                                                                                 (5.30) 
 

        
   ,  ∗ = , : 

 = / ∗ = , ≈                                                                     (5.31) 

 
3)       

,         
 ,  : 

 = ∗ ,                                                                                                               (5.32) 

 = = ∗ ∙ .                                                                                 (5.33) 
 

     
      5.3. 

 
 5.3 -   

     
 I2/I  

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

 ( ) 30 83 120 188 333 750 

 
     

      
   (I2)    5.2. 
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 5.2. -      
      

   (I2) 
 

       
 : t . = 30 , t . = 750 . 

       
     .   

 ,       
    0,135   ,  

  «  » (I )     
 10  999 .      -

 (t = 100 ). 
4)         

          
     . 

       : 
        
 ; 

       
        B . 

         
 BJI. 

  :       
       

 
  : 
        

 110          
  . 

0

100

200

300

400

500

600

700

800

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

t,

I2/I
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 ∗ . . = , ⋅ ∙(  ′′ + + ),                                                           (5.34) 

 ∗ = ∙ = , ∙ = , .                                                            (5.35) 

  ′′ =  ′′ ∙ = , ∙ , = ,                                                (5.36) 

 = % ∙ = ∙ = ,                                                                (5.37) 

 
   ′′ −      , 

    ;                                                                                    
 −    ;  
 −     . 
 

       110 : 
 ∗ . . , ⋅ ∙ , + , + , = ,  . .                                       (5.38) 

 
      : 

 . . = ∗ . . ∙ ∙ = , ∙ ∙ , = ,  . .                            (5.39) 

 
  , ∙ . 

  :      
      .    

       
 . 

     8,5     
 110    ,    9,0   

     . 
 
5.8    𝐈  
 

      
 .          

   : 
 

 ,      
          

 . 
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  : 
 = 𝐾 ∙𝐾 = , ∙, = , ∙ ,                                                                      (5.40) 

 
 = ,  –  ; = ,  –  . 

  =  . 
 

 ,       
        

. 
  : 

 = , ∙, = , ∙ .                                                                                     (5.41) 

 
      . 

      
   ,    5.4: 

 
 5.4 -    

 
 ⁄  

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

 
 ( ) 3800 1200 450 340 280 160 80 

 
      

     5.3. 
 

 

 5.3. -    

0

500

1000

1500

2000

2500

3000

3500

4000

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

t,
 c

I/I
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  ,  . 
      
   0,01 . 

  ,     
       . 

  :  
 = , ∙, = , ∙ ,                                                                              (5.42) 

 
        < 

   : 
 = , ∙𝐾 ∙ = , ∙, ∙ , =  .                                                             (5.43) 

 
     8,5     
 110    ,    9,0   

     . 
 
5.9    𝐙 < , 𝐙 <  
 

         
       

    . 
     ,   I 

 II      III   IV    
. 

       
       1 .   

         
,    . 

       110   
 . ,    110 ,   : 
)        110 : 

 , ∙ + ,𝐾 ∙ ′ = , ∙ , + , ∙ , = ,  ,                 (5.44) 

 
  – , ,   ; 

 –  ,     
110 ; 
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= , ∙ = ,  .                                                                         (5.45) 

 
  ,     

: 
  . . , ∙ , ∙ + , ∙ ∙ , = , ,                                     (5.46) 

 
   : 

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

 
  : 

 = ∙ = , ∙ ,, = ,  .                                                         (5.49) 

 
  = ,  . 

 ∆         
    .   ∆ ,      ,    , 

 , ∆ = − . 
 ∆ =  

       
       . 

    : 
 = √ ∙ = , ∙√ ∙ = ,  ,                                                        (5.50) 

 
  –   , . 

       
         
 ∙ . .       , ∙  (   

): 
 = ∙𝐼 .𝐼 . . . − , = ∙ , − ,, = , ,                                                                (5.51) 

 
 . . . –    , ; 
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 –       
. 

          
  , ∙ . 

     : 
 . = , ∙ = , ∙, = ,  . .,                                                              (5.52) 

 𝜑 . = 𝜑, ∙ = ,, ∙ , = , ,                                                          (5.53) 

 
      𝜑 . = , °. 

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

  =  . . ∙ = , ∙ , = ,  .                                                 (5.55) 

 
  : 

  = . .𝐼𝐼∙ = , ∙ // = ,  ,                                                       (5.56) 

 
  = ,  . 

      
  15%.     = ,  , = ,  . 

        
     . 
      8,5  –   

  110    ,    9,0  
        . 

      
 5.4. 
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 5.4  -     
 

 
5.10      
 

      
 .        . 

    : 
 ,      

          
 .   : 

  . = ∙ .𝐾 = , ∙ ., = , ∙ . .                                               (5.57) 

 
 ,       

        
.   : 
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 .1 –         1930-
1979  
 

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

1930 40 85 182 352 471 255 167 101 86 54 48 38 157 

1931 45 68 187 352 373 257 120 102 87 70 55 35 146 

1932 53 60 72 263 665 359 98 86 70 65 51 42 157 

1933 49 50 76 241 586 156 104 94 90 76 55 45 135 

1934 52 61 84 185 757 242 107 92 83 70 51 36 152 

1935 60 88 102 262 525 287 133 112 90 88 73 51 156 

1936 61 85 302 601 457 198 117 108 95 73 65 54 185 

1937 76 105 298 580 813 370 145 120 103 96 77 67 238 

1938 61 89 161 337 690 176 108 92 87 71 69 63 167 

1939 59 72 84 274 567 189 111 95 91 79 70 55 146 

1940 58 77 83 237 840 307 113 110 95 92 89 73 181 

1941 45 62 84 355 564 199 112 104 94 88 72 63 154 

1942 41 51 93 271 528 156 121 99 89 78 63 62 138 

1943 69 102 201 477 593 189 99 94 85 82 73 64 177 

1944 52 73 97 246 451 166 139 121 100 93 86 62 141 

1945 53 92 228 545 524 197 109 101 99 96 60 48 179 

1946 51 61 108 297 676 156 99 87 86 62 54 38 148 

1947 65 85 225 544 826 375 136 117 104 94 76 66 226 

1948 58 72 99 216 621 166 103 93 90 84 65 42 142 

1949 54 82 91 207 723 216 112 92 88 80 76 56 156 

1950 61 86 102 228 831 199 109 97 88 84 65 53 167 

1951 66 84 102 429 654 389 105 96 87 73 62 51 183 

1952 51 78 84 177 674 180 109 84 64 62 54 42 138 

1953 46 76 84 220 418 214 106 100 81 73 68 52 128 

1954 48 58 62 231 682 373 91 81 79 77 67 60 159 

1955 71 87 95 217 605 190 101 83 75 68 57 43 141 

1956 52 72 86 227 498 206 96 83 87 86 66 51 134 

1957 43 53 62 258 611 228 87 78 60 55 53 46 136 

1958 54 56 78 266 611 257 96 70 62 58 56 43 142 

1959 57 78 191 511 623 358 98 92 83 81 62 44 190 

1960 57 67 74 371 663 224 94 83 81 76 68 52 159 

1961 63 83 93 272 763 180 90 84 79 77 61 56 158 

1962 59 67 82 155 291 165 68 65 61 60 55 48 98 

1963 70 71 97 397 322 156 96 84 74 72 67 66 131 
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  .1 
 I II  III  IV V VI VII VIII IX X XI XII Q .  

1964 65 74 124 296 771 171 103 82 71 70 62 41 161 

1965 56 96 201 474 849 359 108 107 99 85 67 54 213 

1966 73 92 118 507 710 172 107 102 86 71 68 65 181 

1967 47 87 121 368 575 325 109 98 94 79 50 34 166 

1968 66 84 102 436 801 245 105 88 75 68 62 45 181 

1969 58 59 87 414 727 360 90 86 68 55 51 32 174 

1970 57 98 199 579 642 306 140 105 100 74 60 49 201 

1971 42 43 99 290 581 201 104 78 77 66 56 59 141 

1972 97 109 203 543 730 305 97 85 71 67 55 50 201 

1973 42 60 206 407 609 381 108 98 78 63 54 44 179 

1974 59 67 90 308 734 238 80 71 71 64 53 36 156 

1975 45 76 99 387 546 155 88 75 80 75 63 51 145 

1976 46 77 101 287 669 289 107 91 80 70 60 50 161 

1977 27 40 81 219 310 200 102 88 65 43 37 33 104 

1978 64 87 98 328 792 169 89 86 66 60 55 32 161 

1979 97 102 245 614 698 207 89 85 80 71 51 42 198 
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 .1 – ё       

 
P ,  ∆P,  ∆t,  ∆ ,  ∙  ∆P ,    ∆ ,  ∙  

496 2 1 2 2 2 

494 3 2 6 5 8 

491 14 3 41 19 49 

477 0 4 0 19 49 

477 6 5 29 25 78 

471 3 6 18 28 96 

468 0 7 2 28 98 

468 2 8 12 29 111 

466 0 9 2 30 112 

466 1 10 13 31 125 

465 7 11 75 38 200 

458 6 12 78 44 277 

452 10 13 132 54 409 

441 11 14 147 65 557 

431 7 15 98 71 655 

424 6 16 97 77 752 

418 13 17 213 90 965 

406 5 18 87 95 1052 

401 10 19 191 105 1243 

391 2 20 32 107 1276 

389 7 21 149 114 1425 

382 2 22 43 116 1468 

380 0 23 10 116 1478 

380 380 24 9115 496 10593 

 
P ,  ∆P,  ∆t,  ∆ ,  ∙  ∆P ,  ∆ ,  ∙  

421 1 1 1 1 1 
421 7 2 14 13 14 
414 6 3 17 14 17 
408 0 4 2 16 24 
408 1 5 6 16 25 
407 2 6 10 16 26 
405 5 7 38 20 52 
400 0 8 1 20 57 
399 2 9 19 23 77 
397 3 10 25 27 119 
395 1 11 12 27 120 
394 0 12 4 31 166 
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  .1 
 

P ,  ∆P,  ∆t,  ∆ ,  ∙  ∆P ,  ∆ ,  ∙  
393 1 13 13 33 193 
392 19 14 263 36 244 
374 5 15 80 63 641 
368 24 16 382 72 795 
344 4 17 64 84 983 
341 17 18 303 95 1183 
324 11 19 210 106 1405 
313 2 20 44 108 1447 
311 10 21 207 112 1515 
301 3 22 58 122 1732 
298 1 23 21 123 1769 
297 297 24 7132 760 17044 
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 .1 –    
 1 2 3 4 5 6 7 8 9 10 11 12 

Q90% 45 63 75 247 543 225 84 76 75 72 57 44 
Q  0 0 0 1 3 1 0 0 0 0 0 0 
Q  3 3 3 3 3 3 3 3 3 3 3 3 
Q  3 2 0 -7 -3 0 0 0 0 0 3 2 

  1 1 3 -1 3 4 3 3 8 6 6 5 
 

Q  90 90 90 90 90 90 90 90 90 90 90 90 
-        

Q90% 45 63 75 247 543 225 84 76 75 72 57 44 
  1 1 3 -1 3 4 3 3 8 6 6 5 

Q  44 62 71 248 540 220 80 73 67 66 51 39 
Z  130 130 130 130 130 130 130 130 130 130 130 130 
Z  116 116 116 117 119 117 116 116 116 116 116 116 
H 14 14 14 13 11 13 14 14 14 14 14 14 
N 5 8 9 27 53 25 10 9 8 8 6 5 

      
Q  90 90 90 90 90 90 90 90 90 90 90 90 
Z  130 130 130 130 130 130 130 130 130 130 130 130 
Z  116 116 116 116 116 116 116 116 116 116 116 116 
H 13,8 13,8 14,0 14,0 14,0 14,0 14,0 14,0 14,0 14,0 13,8 13,8 
N 11 11 11 11 11 11 11 11 11 11 11 11 
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  .1 
 2-   

 1 2 3 4 5 6 7 8 9 10 11 12 
N  5,5 7,5 8,7 27,4 53,3 24,7 9,7 8,9 8,2 8,1 6,3 4,9 
N  11 11 11 11 11 11 11 11 11 11 11 11 
N -N  -5 -3 -2 17 42 14 -1 -2 -3 -3 -4 -6 
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 .1 – -     1 . 

 
Q , 

3/  
Q . 
3/  

Q  
3/  

Q  
3/  

Q  
 

Q  
3/  

Q  
3/  

Q  
3/  

Q  
3/  

Q  
3/  

V  
3 Dv 

V  
3 

Z  
 

 
 Z  Z  N  

 
 H,  

7 84 0 0 3 84 90 90 6 0 90 4,0 0,02 4,0 130,00 130,00 130,00 115,95 11 8 13,7 

8 76 0 0 3 76 90 90 14 0 90 4,0 0,04 3,9 130,00 129,99 129,99 115,95 11 8 13,7 

9 75 0 0 3 75 90 90 15 0 90 3,9 0,04 3,9 129,99 129,98 129,98 115,95 11 8 13,7 

10 72 0 0 3 72 90 90 18 0 90 3,9 0,05 3,9 129,98 129,96 129,97 115,95 11 8 13,7 

11 57 3 0 3 54 144 90 90 0 144 3,9 0,24 3,6 129,96 129,81 129,88 116,71 16 12 12,9 

12 44 2 0 3 42 242 90 200 0 242 3,6 0,54 3,1 129,81 129,25 129,53 117,49 25 18 11,7 

1 45 3 0 3 42 262 90 220 0 262 3,1 0,59 2,5 129,25 128,21 128,73 117,63 25 18 10,8 

2 63 2 0 3 61 171 90 110 0 171 2,5 0,29 2,2 128,21 127,49 127,85 116,95 16 11 10,6 

3 75 0 0 3 75 90 90 15 0 90 2,2 0,04 2,2 127,49 127,38 127,43 115,95 9 6 11,2 

4 247 -7 1 3 253 90 90 -163 0 90 2,2 -0,44 2,6 127,38 128,43 127,90 115,95 9 7 11,6 

5 543 -3 3 3 543 90 90 -453 0 90 2,6 -1,21 3,8 128,43 129,93 129,18 115,95 10 7 12,9 

6 225 0 1 3 224 90 90 -134 0 90 3,8 -0,15 4,0 129,93 129,99 129,96 115,95 11 8 13,7 
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 .2 – -     2-  . 

 
Q , 

3/  
Q . 
3/  

Q  
3/  

Q  
3/  

Q  
 

Q  
3/  

Q  
3/  

Q  
3/  

Q  
3/  

Q  
3/  

V  
3 Dv 

V  
3 

Z  
 

 
 Z  Z  N  

,  
 H,  

7 84 0 0 3 84 90 90 6 0 90 4,0 0,02 4,0 130,00 130,00 130,00 115,95 11 8 13,7 

8 76 0 0 3 76 90 90 14 0 90 4,0 0,04 3,9 130,00 129,99 129,99 115,95 11 8 13,7 

9 75 0 0 3 75 90 90 15 0 90 3,9 0,04 3,9 129,99 129,98 129,98 115,95 11 8 13,7 

10 72 0 0 3 72 90 90 18 0 90 3,9 0,05 3,9 129,98 129,96 129,97 115,95 11 8 13,7 

11 57 3 0 3 54 154 90 100 0 154 3,9 0,27 3,6 129,96 129,79 129,87 116,80 17 12 12,8 

12 44 2 0 3 42 256 90 214 0 256 3,6 0,57 3,0 129,79 129,16 129,47 117,59 26 19 11,6 

1 45 3 0 3 42 281 90 239 0 281 3,0 0,64 2,4 129,16 127,95 128,55 117,75 26 19 10,5 

2 63 2 0 3 61 190 90 129 0 190 2,4 0,35 2,0 127,95 127,01 127,48 117,10 17 12 10,1 

3 75 0 0 3 75 90 90 15 0 90 2,0 0,04 2,0 127,01 126,88 126,95 115,95 8 6 10,7 

4 247 -7 1 3 253 90 90 -163 0 90 2,0 -0,44 2,4 126,88 128,06 127,47 115,95 9 6 11,2 

5 543 -3 3 3 543 90 90 -453 0 90 2,4 -1,21 3,6 128,06 129,83 128,95 115,95 10 7 12,7 

6 225 0 1 3 224 90 90 -134 0 90 3,6 -0,36 4,0 129,83 130,00 129,92 115,95 11 8 13,7 
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 .2 –         . 
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 .3 –         . 
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 .1 –     . 

 
     

P . N . . N . . N .max 
N 
. . N . N .max 

N 
.  

N . 

 494 10 40 39 2,0   455 36   
 485 10 39 30 2   455 36   

 468 9 37 16 2   452 36   
 449 9 36 15 2   434 35   

 432 9 35 15 1   417 33 18 
 423 8 34 15 1   408 33 18 
 423 8 34 15 1   408 33 18 
 432 9 35 16 1   416 33 18 
 449 9 36 16 2 3 433 35   
 468 9 37 16 2   452 36   
 485 10 39 29,5 2   455 36   
 494 10 40 39 2   455 36   

 
  



152 

 

  
 

   
 

 .1 – -     

 
Q , 

3/  
Q . 
3/  

Q  
3/  

Q  
3/  

Q  
 

Q  
3/  

Q  
3/  

Q  
3/  

Q  
3/  

Q  
3/  

V  
3 Dv 

V  
3 

Z  
 

 
 Z  Z  N  

 
 H,  

7 86 0 0 3 86 91 90 5 0 91 4,0 0,01 4,0 130,00 130,00 130,00 115,96 11 8 13,7 

8 84 0 0 3 84 89 90 5 0 89 4,0 0,01 4,0 130,00 129,99 130,00 115,94 11 8 13,8 

9 76 0 0 3 76 94 90 18 0 94 4,0 0,05 3,9 129,99 129,98 129,99 115,99 11 8 13,7 

10 75 0 0 3 75 95 90 20 0 95 3,9 0,05 3,9 129,98 129,96 129,97 116,00 11 8 13,7 

11 57 3 0 3 54 149 90 95 0 149 3,9 0,25 3,6 129,96 129,81 129,89 116,75 17 12 12,8 

12 44 2 0 3 42 257 90 215 0 257 3,6 0,58 3,0 129,81 129,19 129,50 117,60 26 19 11,6 

1 48 3 0 3 45 275 90 230 0 275 3,0 0,62 2,4 129,19 128,06 128,62 117,71 26 18 10,6 

2 63 2 0 3 61 208 90 147 0 208 2,4 0,39 2,0 128,06 127,01 127,53 117,25 18 13 10,0 

3 75 0 0 3 75 90 90 15 0 90 2,0 0,04 2,0 127,01 126,88 126,95 115,95 8 6 10,7 

4 262 -7 1 3 268 88 90 -180 0 88 2,0 -0,48 2,5 126,88 128,17 127,53 115,93 9 6 11,3 

5 654 -3 3 3 654 154 90 -500 0 154 2,5 -1,34 3,8 128,17 129,94 129,05 116,50 17 12 12,2 

6 363 0 1 3 362 292 90 -70 0 292 3,8 -0,19 4,0 129,94 130,00 129,97 117,43 31 23 12,2 
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