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2  –   
 

2.1    
 

   ( )     
[37]. 

    2.1. 
 

 2.1 –     
  

  (   ) H =   II  
   300  1000 ; =   II  
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: 0 . IV 

 
     , 

, II  .  
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 2.2 –      
 I II  III  IV  V VI  VII VIII IX  X XI  XII .  % 166 150 140 1420 1870 1470 1240 750 650 550 280 190 166 

 
 2.3 –      

 I II  III  IV  V VI  VII VIII IX  X XI  XII .  % 251 223 171 1548 3165 1872 1735 1068 717 599 310 225 251 
 
2.2.3    

 
       

  : 
 = = , ∙∙ = , ,  (2.2)  

 
  –   , . ; 

 –   ; 
 –   . 

 
     ,   

  . 
 
2.3     

 
2.3.1   

 
     [ , . .3],  

     2.3: 
 = ∑ ы − =                                                            (2.3) 

  
     ,    
  . 

       2.4.   
    2.3.  

 
 2.4 –   
 P ,  N ,  N ,  N ,  ,  

I 2944 507 60 174 2263 

II  2848 465 54 174 2209 

III  2681 423 50 174 2084 

IV 2489 423 502 181 1564 
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  2.4 
 P ,  N ,  N ,  N ,  ,  

V 2322 380 638 200 1304 

VI  2226 339 513 200 1374 

VII 2226 339 443 200 1444 

VIII 2322 380 281 200 1661 

IX 2489 423 246 200 1820 

X 2681 423 211 181 2047 

XI  2848 465 104 174 2209 

XII 2944 507 70 174 2263 
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  –      ; 
 –      . 

 
 = , (2.5)  

 
  –      ; 

 –      . 
  

      
,       

 .    [A ,  .4]. 
  [A,  .4],   ,   

   : 
 = я =    

 я = =                                                                                
 = =                                                                                
 
2.3.3        

 
 

       . 
        

(    )   ( )   . 
         

. 
       . 

 = , ∙ . .∙ .                                                                                (2.6) 

  Э = ∙
                                                                                           (2.7) 

 Э = Э . − Э                                                                                 (2.8) 
 

        Э ,  
  . 

   ( )   ( )    [A, . 
.1]  [A, . .2] . 
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2.3.4       
 

 
      ,   

     . 
 .Э = .Э + Э  (2.9) 

 
       ,   

 . 
     ( ). 

      2%   
 ,   – 9%.  

 Э = Э ∙ , = ∙ , =   (2.10) 
 Э = Э ∙ , = ∙ , =    (2.11) 
 

      
      .  , 

     :  
 . Э =    

 . Э =    
 

 ,         
    ,   . 

    ,   
     ,    , 

: . Э = . Э ∙  я = =   (2.12) 

 . Э = . Э ∙  я = =   (2.13) 

 . Э = . Э ∙  я = =   (2.14) 

 
     ,   

.   –    ,    6  7 . 
       . 
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2.3.5   
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2.4  –       
  

 
 –         

     .   
 : 
1.    [ , . .6]; 
2.     [ , . .7]; 

         
  .   ,     

. 
  –     2.5. 

 Э̅ = ∑ Э = ,   ∙  (2.16) 
 Э̅ = ∑ Э = ,   ∙  (2.17) 
 

 
 2.5 –          
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Z
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3     
 
3.1       

 
3.1.1   

 
  –       

.   ,    3.1,  
   .      

 3.1. 
 

 3.1 –     

  
   
   

 

  

 
  

ё  
 

 

 
  

  

Q , 3/  Z ( )  H ,  H ,  H ,  H,  Q, 3/  H,  Q, 3/  

0 298 49,5 35,39 43,57 20 2386,36 42 1501,58 

100 298,9 48,6 34,49 42,67 22 2169,42 40 1465,39 

200 299,76 47,74 33,63 41,81 24 1988,64 38 1428,28 

300 300,56 46,94 32,83 41,01 26 1835,66 36 1390,19 

400 301,31 46,19 32,08 40,26 28 1704,55 34 1351,02 

500 302,02 45,48 31,37 39,55 30 1590,91 32 1310,68 

600 302,68 44,82 30,71 38,89 32 1491,48 30 1269,06 

700 303,31 44,19 30,08 38,26 34 1403,74 28 1226,03 

800 303,9 43,6 29,49 37,67 36 1325,76 26 1181,43 

900 304,46 43,04 28,93 37,11 38 1255,98 24 1135,08 

1000 304,99 42,51 28,40 36,58 40 1193,18 22 1086,76 

1100 305,49 42,01 27,90 36,08 42 1136,36 20 1036,19 

1200 305,96 41,54 27,43 35,61 44 1084,71   

1300 306,41 41,09 26,98 35,16 46 1037,55   

1400 306,83 40,67 26,56 34,74 48 994,32   

1500 307,23 40,27 26,16 34,34 50 954,55   

1600 307,61 39,89 25,78 33,96 52 917,83   

1700 307,98 39,52 25,41 33,59 54 883,84   

1800 308,32 39,18 25,07 33,25 56 852,27   

1900 308,65 38,85 24,74 32,92 58 822,88   

2000 308,97 38,53 24,42 32,60 60 795,45   
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 3.1 –   
 

     : 
• = ,       =  / ; 
• = ,       =  / ; 
• H i = ,  . 
 
3.1.2      

 
 
        ,   

   ,     
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    ,      

 .  
          

     .   
     3.2. 
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 3.2 –    
 50-  -50- 60° ,  50 50 /  0,5 0,5  ′ , /  116 113   0,888 0,862  a′ , /  1520 1700 𝜎  a′  0,46 0,35  ,  12 5 ,  21 16 , ℃ 1,098 1,114 

 
,       ( . 3.3), 
      

 
 3.3 –       ( , ) 

1000 1250 1400 1600 1800 1900 2000 2120 2240 
2360 2500 2650 2800 3000 3150 3350 3550 3750 
4000 4250 4500 4750 5000 5300 5600 6000 6300 
6700 7100 7500 8000 8500 9000 9500 10000 10600 
 

 ё   : 
•    

η = − − η ( − ε + ε√DD ∙ √ ∙ √ νν ), (3.1)  

 
 η  –   ; ε – ,       

 .   : ε = , ;  D  –   ; H  –   ; D  –   ; 
 – ё    ; ν  –      .  

   ν = , ·  / ; ν  –      . 
   3.4,      ( ). 
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 3.4 –       
 , ℃ 0 5 10 15 20 25 30 35 𝑣 · , /  1,79 1,51 1,30 1,14 1,01 0,90 0,81 0,74 

 
•    ё   

 N = , · Q′ · D · H · √H · η ∙ η , (3.2)  
 

 Q′  –    ё  ; η  –   ; η  –  .  η = , ; 
•   

 Z = NN , (3.3)  

 
 N  –     ; N  –    ё  ; 

         
 ( ′ ),       ё   (N′ ).    3.4: 
 N′ = NZ′ , (3.4)  

 
•   

 ∆ = ηη , (3.5)  

 
 η  –   ; η  -   ; 
•    

 ′ = I ′ √∆ ·D , (3.6)  

 
  ′  -      ё  

;  ∆  –   ; 
 – ё    ; D  –   ; 
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      . 
•    

  ′ = ′ D√∆ · 𝑖 , (3.7)   

  ′ = ′ D√∆ · , (3.8)  

  ′ = ′ D√∆ · . (3.9)  

 
•  ё    ё     

 ′ · η = N′, ·D · , ·η , (3.10)  

 
 N′  –   ; D  –   ; 

 – ё    ; η  –  ; 
•        

 ′ · η = N′, ·D · , ·η , (3.11)  

 N′  –   ; D  –   ; a  –    ; η  –  . 
   3.10  3.11,     

   ′    ′  . 
         

  . 
   3.1-3.11     

  50- , -50- 60°   [ , . .1]. 
     : 

•  ; 
•    ; 
•   ; 
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3.2       
 

       ё 
 ,    3.12: 

 ∇ . . = + H , (3.12)  
 

  –       ,  
   . 

    H    
        

.    ,   
    , . .    

,  ,  : 
•         

 ; 
•         

; 
•        

   . 
 : 

 = , − − 𝜎H − ∆H + ∆ .  (3.13)  

 ∆H  –    ,  
  σ   ,    

  (1,5 ); 𝜎 –  ,     
  ё  ; H –  ,      ; ∆   –        

  .    ∆  = . 
   ,     , 

     : 
 = ′ ∙ ∙ ∙ √∆ ∙ ,  (3.14)  

 
 ′ -     ; 

 –  .  = : 
 –  . 

 
          = . 
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      3.5. 
 

 3.5 –      
 50-  -50- 60° 
,  6,7 8 8,5 6,3 6,7 7,5 8 

η  0,932 0,933 0,934 0,926 0,926 0,927 0,928 

N' ,  124549 177761 200891 122369 138402 173613 197746 

z'a,  3,37 2,36 2,09 3,43 3,03 2,42 2,12 

z a,  4 3 3 4 4 3 3 

N ,  105000 140000 140000 105000 105000 140000 140000 

m 1,05 1,051 1,052 1,074 1,074 1,075 1,077 

n ' 104,7 87,8 82,6 109,8 103,2 92,2 86,5 

n  107,1 88,2 83,3 115,4 107,1 100 88,2 

n1' max 133,9 131,6 131,9 134,1 132,3 138,2 130 

n1'  118,6 116,6 116,9 118,8 117,3 122,5 115,2 

n1' min 101,6 99,8 100,1 101,7 100,4 104,9 98,6 

Q1'*η  1,194 1,117 0,989 1,351 1,194 1,271 1,117 

 ,  0,03 1,36 2,55 1,31 3,38 2,39 4,53 

 ,  -1,88 -0,27 1,37 -2,18 0,8 -0,06 2,11 

 ,  -6,29 -4,12 -1,37 -7,54 -2,47 -4,57 -1,09 ∇ a  300,50 302,30 303,6 301,60 303,70 303,40 305,50 ∇  298,60 300,90 302,7 298,40 301,30 301,30 303.40 ∇ i  294,70 297,70 300,4 293,60 298,50 297,40 300,80 

 
       
   50- -670, . .      

   ,   ,   
          ,  
   .   ,    

 (4,  3)     ,   
  .  

        [ , 
.1- .7],       [ , .8]. 
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3.3 ё         
     . 

 
      
  ё       .  

   -       = °. 
    [ , .8]    

    : 
     = ° 

   : 
 = , ∙ = , ∙ , = ,    (3.15) 

 
 [ , .2] :     : = = ,  ;     = = ,  .  

    : 
 = = , = ,    (3.16) 

 = = , = ,    (3.17) 

 
 : 

 = + , ∙ = ,  + , ∙ , = ,  , (3.18) 
 

  –   . 
 
 = , = , ∙ , = ,                                                          (3.19) 

 
        

    
 = . ∙ ∙𝜂 = , ∙ , ∙ , = , ⁄ . (3.20) 

 
      : 

 = ∙𝜑 = , ∙ = ,  ⁄ . (3.21) 
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   : 
 = 𝑖 = ,, = ,  . (3.22) 

 
       : 

 = − + − − − ∙ ° (3.23) 

 = ,    
 = − = . − , = ,   (3.24) 
 

      
.  

 = −  (3.25) 
 = ∙  (3.26)   
 = − /                                                                                    (3.27) 

 = +  (3.28) 
 

       (3.29) 
 = ∙ ln + ln 𝑖 − ∙ ∙ ln + . (3.29)   

 
         

: 
 = ∙  (3.30) 

 
      [ , . .2]. 

 ,   [ , . .10],    3.6. 
          

    ∆ = °. 
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 3.6 –      
 0 15 30 45 60 75 90 105 120 135 150 165 180 195 210 225 

r 4,43 5,13 5,81 6,41 6,95 7,46 7,95 8,41 8,86 9,29 9,7 10,11 10,50 10,89 11,28 11,65 

 ′ = , ∙ = , ∙ , = ,   (3.31) 
 

    ′ >  ,     
,    ё    : 
 = + = + , = ,  , (3.32) 

 
  –     . 

 

 = , ∙ ∙𝜂 = , ∙ , ∙ , = ,  /c                                   (3.33) 

 
   ё   :  

 = ′ + = , + , = ,                                                          (3.34) 
 

 
3.4     

 
       

         
    [27]. 

. .       
  ±10%,    -1230/140-56 [22] 

(  3.7). 
    = ,  , ,  

: 
 = ′ ∙ , (3.35)  

 
 ′ -   ; 

  –   . 
 = ∙ , =    

 
       3.7. 
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 3.7–   
 -1230/140-56 ,  130,6 ,  104,5 cos  0,8 ,  13,8 , /  107,1 , % 97 

  

 
 

′′ 0,2 ′  0,3 
 0,96 

 
 

3.5 ё      
 

3.5.1 ё     
 

        
    . ё       

   ,    
. 

   : 
 ∗ ( , ∙ [𝜏 ]) ,

, (3.36)  

 
 [ ] = ÷  .  =  ; 

 –  : 
 = , ·N′ = , ∙ , = ,  ∙  (3.37)  

 ∗ ( , ∙ [𝜏 ]) ,
 (3.38)  

 ∗ , ∙ , ,
  

 ∗ ,    
 

      
(  50     1000    100    ), D = . 
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3.5.2  ё   
 

      
 .       . 

    : 
 = , ∙ N′∙ = , ∙ , ∙ , = ,   (3.39)  

 
    ,   ,   20  

 ′ : 
 = ′ + , = , + , = ,                                                      (3.40) 
 

    : 
 = ∙ℎ = ,, ∙ , = ,  , (3.41)  

 
 ℎ  –  ,  500 . 

 
   

 [ ] = ∙ ∙ ∙ = ∙ , ∙ , ∙ , = ,   (3.42)  

 
 = , [ ] = ,  ,  ё  

       
. 

 
ё   : 

 
   ℎ =      =   

 
    : 

 = + ∙c s α+ ∙c s α = ,+ ∙ °+ · ° = ,  , (3.43)  

 
  –    . 

 = = = °      
 

     : 
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= ∙ℎ = ,, ∙ , = ,  ,  (3.44)  

 
  –     . 

 = , − , ∙                                                                               (3.45) = , · · = , · , · , = ,     

 
  : 

 [ ] = ∙ ∙ ∙ = ∙ , ∙ , ∙ , = ,    (3.46)  

 
 = , [ ] = ,  ,  ё  

       
. 

 
    ,    

,     . 
 

3.6     
 

        
  . 
  [15]      

 = ,   = ,  :  
 12,5/1 – 40 – 12,5 – 2. 

     12,5 3, 
  1    4  (40 / 2),   

  12,5 – 40,     12,5 3  2 
. 

 
3.7    

 
       -  , 

      . 
 – 150 – 4 

   ,   
  150 ,     4-   
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4   
 
4.1       
 

            
4.1.  

 
 4.1 –   ,     

  

n, . , 
 

U , 
 

cos φ , 
. . 

U , 
 

S . ., 
 

ё  
,  

4 104,5 13,8 0,8 220 600 116,08 
 

-    cos φ = , ; 
-     T a =  / ; 
-      P . . = , ∙ P . Э ; 
-       

  cos φ . . = cos φ ; 
-  : ,  . 
 
4.2       
 

       
   .    

ё   , ,   
,  ,    

   . 
        

«  »    220 .  
      

ё  :     (  4.1).  
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 4.1 –       

 

4.3       
 
4.3.1    
 

       
  -1230/140-56   "  ". 
      3.7. 

 
4.3.2        

 
 

       ,   
 .  

        
      ,  

    . .   ,  
  1%   : 

 = − . .c s 𝜑 = , − , · ,, = ,  · , (4.1) 

 
  –  ( )  , ; . . –    , ; cos  –   , . . 
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«  »  -200000/220.   

   4.2. 
 

 4.2 –    -200000/220 ,  
,  , % ∆ ,  ∆ ,  , % 

  

  ,     ,  

 
      

 ,     a    
  . 

 = , + · = , + · =  /  (4.2)  
 

     : 
 = − − 𝜔 , (4.3)  

 
  –  , 1   ; 

 –       , : = ; 𝜔 –    ,   : 𝜔 = ,  / ; 
 –   -  , =  . 

 = − · − , · =    
 

    : 
 ∆ = · ∆ · , (4.4)  

 
  –    , = ; ∆  –    , ; 

 –      , . 
 ∆ = · , · = ,  ·   
 

   : 
 ∆ = ∆ ·  · , (4.5)  

 
 ∆  –    , ; 

 –    ; 
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 –       , ;   –   , ; 
 –   , / . ∆ = , · , · = ,  ·   

     : 
 = · ∆ + · ∆ , (4.6)  

 
 ∆  –   , · ; ∆  –    , · ; ,  –         

: 
 = , · −   ы . / ·   
 = , · −  ы . / ·   
 

   1   (  4.6): 
  = , · − · , + , · − · , = ,  ы  /   
 

    (4  ): 
 = ·  = · , = ,  ы . /   (4.7)  

 
4.3.3       

  
 

        
     ,   

  : 
 = ⋅ − . .c s 𝜑 = ⋅ , − , · ,, = ,  ·  (4.8)  

 

         
« »  -400000/220.     

 4.3. 
 
 

 4.3 –     400000/220 ,  ,  ,  , % ∆ ,  ∆ ,  , % 

400 242 13,8 11 0,88 0,33 0,4 
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  ,     
   . 
 

     (  4.4): 
 ∆ = · , · = ,  ·   
 

    (  4.5): 
 ∆ = , · , · = ,  ·   

 
       1  

  (  4.6): 
  = , · − · , + , · − · , = ,  ы . /   
 

    (2  ): 
 = ∙  . = ∙ , = ,  ы . /  (4.9)  

 
       

  . ,  ,    
       . 

 
4.3.4      
 

 ,     ,  
1%: 

 . . = , ∙ Эc s 𝜑  (4.10)  

 
 : 

 . . = , ∙ , = ,  .  
 

    «  »  
 -6000/10.      4.4. 

 
 4.4 –    -6000/10 ,  

,  , % 
  

6000 13,8 6 5 
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4.4      
       

   
 

 ,   : 
 Σ = − . .c s 𝜑 = − , ∙, = ,  ·  (4.11)  

 
       220 : 

 P . =  .  
 

     (220 ): 
 = , .  
  

  : 
 cos = , ;  
 

   220 : 
 = −· .c s 𝜑 + = − , ∙, · , + = ,  . (4.12)  

 
      ,   

 =  . 
 

   220 : 
 = Σ·√ · = ,·√ · =    (4.13)  

 
ё    220 : 

 = · · 𝜏, (4.14)  
  

  – ,      
, = , ; 𝜏 – ,      

, 𝜏 = . 
 = · , · =    
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       . 
   220  = ,  / .   : 

` = = , = ,   (4.15)  

 
    .   

  =  ,  : 
 . = Σ− ·√ · = ,− ·√ · = ,    (4.16)  

 
  : 

 > .   
   > ,     
 

         
,    300/30.   -300/30 

   4.5. 
 

 4.5 –    –300/39 
 

   
 /   /   /  

3 0,059 0,413 0,00000274 
 
 
4.5       -

 ё  ( )  
 

     
,      

  . 
   : 

 = ∙ + ∙ + ∙ Э, (4.17)  
 

  –    (255,57   –    
 ; 491,72  . –    ё  .);  

 –     (25,23  ); Э –   (115,17  );  
 –   ; 
 –    ; −       . 
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 : 
 = + + , (4.18)   

 
  –   ; 
 –   ; 
 –    (    1) 

 
      : 

 = + + =   
 

     ё  : 
 = + + =   
 

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

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

       
 : 

 i = ∙ i + i, (4.19)   
 

 = 0,15 –  . 
 

       : 
 = , ∙ , + , ≈  .   
  

       : 
 = , ∙ ,  + , ≈  . .  
 

  :  
 = − ∙ %, (4.20)   
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= − ∙ % ≈ ,  %.  
 

  ,      
.   ,      

,     . 
       ,    

  ё . 
 
 
4.6       

 
 

   220    ,  9 (1 
1  , 4  220    4 ),     

    (13 ) [55].      
       -220 . 

       4.2. 
 

 
 4.2 –    220 : 2  
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4.7 ё         
      RastrWin. 

 
         4.3. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 4.3 –      
 

 ё     . 
 

 : 
 = = = ,   (4.21)  

 = 𝜔∙ , = ,∙ , = ,   (4.22)   

 
 : 

 = ′′ ∙ . = , ∙ , = ,  , (4.24)   
 x = x′′ ∙ = , ∙ , ,  = ,  , (4.24)   

 = 𝜔∙ , = , ∙ , = ,   (4.25)  

 
 
 
 
 

 220  

1 

 

1 

1 

2 

2 

2 

3 

3 

3 

4 

4 

4 
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  : 
 = ,% ∙ = ∙ = ,   (4.26)  

 = ∆ ∙ = , ∙ = ,   (4.27)  

 = = , = ,  . . (4.28)  

 
 : 

 = , ∙ = , ∙ , = ,    (4.29)  
 = , ∙ = , ∙ , = ,                                                 (4.30)  

 
 

4.8      
 

     ,  ,    
 (   ).     4.4-4.6 

 

 
 4.4 –     
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 4.5 –     

 

 4.6 –     
 

  RastrWin 3     . 
     4.6. 

 
 4.6 –  ё    

    ,  ,  

ё   
 1 19,88 48,27 

 – 220  29,43 71,46 

   – 220  30,99 86,12 

 
     : 

 = √ , (4.30)   
 

  –   / ,  =,       = ,     220 . 
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4.9   ё     ё   
 

       
     .  

       
        5% : 

 , = ,√ ∙ , = ,√ ∙ , = ,                                                                 (4.31)   

 ,  a = , ∙ , = , ∙ , = ,    
 

    : 
  a  = , ,√ ∙ , = , ∙ √ ∙ = ,   (4.32)  

 
        220 : 

 . = ∑∙√ ∙ = ,∙√ ∙ = ,   (4.33)   

  
        

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

 
 

4.10       
 13,8  

 
        

          , 
  . 

       
 : 

   (4.35)   
  a  (4.36)   
 э .  (4.37)   
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, ,  (4.38)   
 

     « »  
      –15  
 -20/8000 [25].    

      4.7.  
 

 4.7 –        
 

ё   
  

 
-15 

 
-20/8000 

 = ,   U =   U =   . =   I =   I =   i = ,   э . =   э . =   = ,   . =   . =   

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

. = IT ∙ tT = = ∙ =  ∙  
. = IT ∙ tT = = ∙ =  ∙  

 
     -15: 

 aτ = √ ∙ ∙ − τ = √ ∙ , ∙ − ,, = ,    (4.39)   
 a. = √ ∙ . ∙ − τ = √ ∙ ∙ − ,, = ,   (4.40)   
 a. aτ (4.41)   
 , ,   

 
    , 
      .    

,      .  
,    ,      

4.8. 
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 4.8 – ,     
 

 
  

 

 
  

 

 ( ∙  

  : 

 

 
-1 RS485 0,5 8 

   

 

 
-1 RS485 0,5 8 

 - 3 RS485 0,5 8 

 ∑ =  ∙  

 
,     « - », 

    - .  
         

,        , 
   . -     

    4   15150 (  
   1  45° ;     

55° ;    98 %   35° ).  
  ,    «  

». -1      
        

       
   50     0,4  750 . 

 
 
4.11      
 

   –20-1 [27].   
«  ».    –20-1  
  4.9. 

 
 4.9 –    –20-1 

 ё   
   

 U < U  U = ,   U =   I  a < I  I . =   I =   
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   -20 [27].   
«  ».    -20 

   4.10. 
 

 4.10–      
 ё       U < U  U = ,   U =   

 
      13,8  

     - 1-15/18,0/10/2 1 
  « »  U =  , U  =  , I =   [24]. 
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4.12    
 

   ,   
      

(   SF6)      
 .      -220 
 « ». 

   -220        
 : ,   , 

   , ,    
 ,  ,   
   .  

 
     4.11. 

 
 4.11–     

 ,  U  = 220 
  ,  252 

   , 
 

50 

    ,  
  ,  Id. = 1255 

  ,  IT. = 50 
    

,  
3 

   
 50 ,  

440 

   
,  

900 

   (    ) 
  0,25s 

  0,5s 
  10  

   (    
) 

  0,2s 
  0,5s 

  3  
 ,  

  3150 
  4000 
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5      

5.1     
 

  ,   
         

     , 
      

 ,      
   . 
     : , 

  . 
 
5.2     

 
  5.1-5.3    ( , 
     ),  

  . 
 

 5.1-   

 -1230/140-56 

  
 130,6  

 104,5  

  13,8  

  cos φ 0,8 

 50  

  107,1 /  

    (   ) 1 

   5464  

     1300  

       350  

   
  ( . .) 

  Xd 0,96 

  X'd 0,3 

  X"d 0,2 

 
 5.2 –     

 -200000/220 

  200  

  242/13,8  

   11 % 

  /Δ - 11 
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 5.3 –       

 -6000/6 

  6  

  6/0,4  

   5 % 

  /Δ - 11 

 
 
5.3    

 
    [32]      

   : 
  -1230/140-56:  

−      (    
       );  

−        ;  
−        ; 
−    ;  
−     ,   

;  
−       

      
;  

−     ;  
−      ;  
−        ;  
−        ;  
−     ( ) .  
  

   -200000/220:  
–       ;  
–     ,  

  (    );  
–         
   220 ;  
–    ; 
–        13,8   ;  
–         
;   
–      –    

;  
–    .  
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   220 :  
 : 

– –    (    );  
 :  

–    (   );  
– 4-          

( ); 
–         

 ;  
–  220  (       

 220 ).  
 

    :  
–       ;  
–        

;  
–   ;  
–   . 
 
 
5.4 ё    

 
  ё       

 . 
  :  

 = √ ∙ = √ ⋅ , =    (5.1)  

 
   , ё    

  :  
 = = ⋅ ⁄ = ,    (5.2)  

 
     150 ,    

. 
  : 

 , = ,, ∙ , = , ∙ = ,   (5.3)  

 

   ( )  400   
 . 
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      :  
  = ,√ = √ ∙ , = ,                                                                  (5.4) 

 
      : 

  = ,√ = √ ∙ , = ,                                                              (5.5) 

 
  : 

 ,  =   = ,/ = ,                                                                  (5.6)  

 
 

5.5       
 
5.5.1     𝑰∆𝑮 

 
      

  < , ∙     
        . 

        
          

 . 
  : =  . 
   : = /  .  

1)        
  .  .      

      : 
 = ⋅ ⋅ = , ⋅ , ⋅ = , ⋅ , (5.7)  

 
 = ,  -    ;  = ,  -    . 

 
   : 

 . ∙ = ∙ , ∙ = , ∙ , (5.8)  

 

 =  -  . 
 : . = , ∙ . 
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2)        
    .      

    ,   
     . 

       
 :   

 = ∙ ∙ ∙ , (5.9)  

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

, 1,0   ); 
 -         

        
. 

 = ′′′′ ∙ = , , ∙ =    (5.10)  

 
 ,      (5.7): 

  = ⋅ , ⋅ , ⋅ , , ⋅ =   .  
 

    : 
 >  ∙ , (5.11)  

 > ⋅ = , ,  
 

 =  –  ;  
 –       . 

  = , . 
 
3)    (      

): 
 = ∗ = , , = , . (5.12)  

 

4)        
.      : 
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∗ = , , = ,  (5.13)  

 

     = 1,5 (    
). 

5)         
   ,      

 = ÷ ∙ . 
 : = ∙  

  5.1    
  . 

  
 5.1 –    

  
 

    ,  ,  
   -       

. 
 
5.5.2            

(Un (Uo)) 
 

  100%    , 
         

    . 
 

      : 
1)   (U0)      

  U0   85-95%     

0

0,2

0,4

0,6

0,8

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

IΔ, . .

I , . .

16,7º

I . .

I . .
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  ; U0     
 3U0    ,  

 «  ». 
       

       
     

     Э . .       
 . 

  Э . .     ,  
 . 

    ,  
      

  5.2. 
 

 
 5.2 -     ,  

    .  
 

     : 
 𝛴 = + + + ,                                                                                   (5.14)  

 

    – ё        . 
  0,7 / ;          

 – ё        . 
  0,0073 / ;  

 – ё      .   
0,008 / ;          

 – ё    13,8 .   0,35 
/ . 
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𝛴 = , + , + , + , = ,   

  Э . = ∙ ∙ + 𝛴, (5.15)  

 

  – ,       
 .       

,    , = , ; 
 –         

 , = ,  я = ; 
 –         

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

 
      13,8 : 

 = , ∙ ∙ 𝜔 ∙ 𝛴 = , ∙ , ∙ ∙ , = ,  .  (5.17)  

 
       

    220    5.15: 
  Э . . = , ∙ , ∙ ,, + , = ,  .  
 

     : 
 ∙ ∙  Э . = ,, ⋅ ⋅ ,,√ ⋅ , = , ,                                               (5.18)  

 = ,  –  ; 
 –   ; = ,  –  . 

 
       

,     5  20 . 
  :    10    

  5,0    ;     15   
  0,5      , 

       -  . 
2)         

          30%  
    . 

         1 
 3. 
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  : 

 = +  (5.19)  

 

 = ,        32,3 %  
   . 

    0,5      
,        -  

 ( ). 
 

5.5.3     (U1>), (U2>) 
 
1)   U2> : 
 = , ∙ = , ∙ / =  . (5.20) 

 

2)         
  U1>   , ∙ ,      

     . 
U1>        . 

 U1> : 
 = , ∙ = , ∙ / =  . (5.21) 

 

  ,       
   220      , ∙ . 

    0,5      
,  . 

 
5.5.4      

      (I2) 
 

      
       

       
,         

. 
       ∗ : 

 ∗ = . (5.22)  
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 –       ; 
–      . 

 
      

    : 
 = ∗ , (5.23)  

 

 =  – ,  - . 
 

    : 
1)         
        

(   ). 
   : ∗ = , − , ; = , ∙ . 

2)         
        

 .       
       =  . 

 
 : 

 

∗ = √ = √ = ,  (5.24)  

 
 : 

 ∗ = ∗ = , , = , ,  
 

 = ,  –  . 
 = , ∙   
 

         
  ,  ∗ : 

 = , ≈    

 
3)       

,         
 ,  : 
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= ∗ , (5.25)  

 = = ∗ ∙  (5.26)  

 
      

     5.4. 
 

 5.4 -      
   

    
  I2/I  

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

 ( ),  20 56 80 125 222 500 
 

     
      

   (I2)    5.3. 
 

 
 

 5.3 -        
       (I2) 

 
       
 : t . = 20 , t . = 600 . 

       
     .   

 ,        
   0,135   ,    

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

4)          
           
     . 

       : 

0
100
200
300
400
500
600
700

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

t, 

I2/I
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1.         
 ; 

2.        
   B . 

3.          
 BJI. 

        
   . 

        
220           

 . 
 ∗ . . = , ⋅ ∙(  ′′ + + ), (5.27)  

 
  ∗  –     ;   ′′ −       , 

    ; −    ; −     . 
 ∗ = ∙ = , ∙ , ∙ , = ,  (5.28)  

  ′′ =  ′′ ∙ = , ∙ , =  (5.29)  

 = % ∙ = ∙ , = ,  (5.30)  

 
       220 : 

 ∗ . . , ⋅ ∙ + , + , = ,  . .   
 

      : 
 . . = ∗ . . ∙ ∙ = , ∙ ∙ , = ,                                             (5.31) 

       
    .     

        . . = , . 
  :      

      .    
        

. 
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     8    ,  
  8,5      220   

 ,    9,0     
   . 

 
5.5.5     𝑰  
 

       
.           

  : 
1)  ,      

          
 . 

  : 
 = ∙ = , ∙, = , ∙ ,  (5.32) 

 
 = ,  –  ; = ,  –  . 

  =  . 
 
2)  ,       

        . 
  : 

 = , ∙, = , ∙    (5.33) 

 
3)       . 

      
   ,    5.5. 

 
 5.5 -   ,    

    
 

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

 
 ( ) 

3600 900 360 300 240 120 60 1 

 
      

     5.4. 
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 5.4 -        

 
 

        
  ,  . 

      
   0,01 . 

4)   ,     
       . 

  :  
 = , ∙, = , ∙ ,   (5.34) 

 
        <. 

   : 
 = , ∙∙ = , ∙, ∙ , ∙ = ,   (5.35)  

 
     8    ,  

  8,5      220   
 ,    9,0     

   . 
 

5.5.6     𝒁 < , 𝒁 <  
 

         
       

    . 
1)        

       1 .   

0

500

1000

1500

2000

2500

3000

3500

4000

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

t,
 

I/I
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,    . 

       220   
 . ,    220 ,   : 
)        220    

–   : 
 , ∙ + , ∙ ′ = , ∙ , + , ∙ , = ,                    (5.36)   

  – , ,   ; = , ∙ = ,   –  ,   
  220 . ′ = √ + = √ , + , = ,   –   

220  
 

  ,     
: 

  . . , ∙ , ∙ , + , ∙ , ∙ , = , ,                                       (5.37) 

 

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

 

 = = , , = ,  –  .                                        (5.39) 

 

  : 
 = ∙ = , ∙ = ,    (5.40) 

 
  = ,   

 
 2)  ∆         

    .   ∆ ,      ,    , 
 , ∆ = . 

3)        
       . 

    : 
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= √ ∙ = , ∙√ ∙ = ,  ,                                                                (5.41)  

 
  –   , . 

 
       

         
 ∙ . .       , ∙  (   

): 
 = ∙𝐼 .𝐼 . . . − , = ∙ − ,, = ,  . ., (5.42)  

 
 . . . –    , ; 

 –       . 
          

  , ∙ . 
     : 

 . = , ∙ = , ∙, = ,  . ., (5.43) 

  . = 𝜑, ∙ = ,, ∙ , = , , (5.44)  

 
      . = , °. 

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

  =  . . ∙ = , ∙ , , = ,  . (5.46) 

 
  : 

  = . .𝐼𝐼∙ = , ∙ // = ,  , (5.47) 

 

  = ,  . 
       

  10%.     =,  , = ,  . 
         

    . 
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      8    , 
   8,5  –     220   

 ,    9,0      
    . 

      
 5.5. 

 

 
 5.5  -     

 
5.5.7      
 

       
.        .  

   : 
1)  ,      

          
 .  

  : 
  . = ∙ . = , ∙ ., = , ∙ . .  
 
2)  ,       

        . 
  : 

  . = , ∙ ., = , ∙ . .   
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3)  ,       
,     ( .5.6),     

 ,  . 
 

 5.6 –     
 

 

Н⁄  

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 

 
       

    5.6. 

 
 5.6 -        

 
 
4)   ,     

       .  
 : 

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

 
     3,0 .   

   ,  . 
 

5.6     -  
 

   ,    -  
      

0

100

200

300

400

500

600

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

t,
 

I2/I
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      -
    « ». 

      
     ,    

. 
        

 ,    
          

ё        . 
       

       
  ,      

ё   –  ё    
. 

      [ , . .1].  
   [ , . .2]. 
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6     
 

6.1        
 
6.1.1.     ( ) 

  

      :  
 ∇ = ∇ + ℎ = , + , = ,                                          (6.1) 
 

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

  ℎ % –    ё   1%   
 ;  ∆ℎ  –   ;  = ,   –  ,    .  

 
     :  

 ∆ℎ = ∙ ∙𝑔∙ ∙ cos = , ∙ − ∙ ∙, ∙ ∙ cos = ,                (6.3) 

     = , ∙ −  – ,    [3,  ]; =  /  – ё      10    ; =   –   ;  =  –        
;  

 –  ё     ,   
 :  

 = ∇ −∇ = , − , =                                                                (6.4) 

 
  [37] 

 = ∙ + , ∙ √𝑔∙ ∙ −  (6.6) 

 = ∙ ( + , ∙ √ , ∙ − ) ∙ − = ,   

  
  :  

 𝑔 = , ∙ = ,                                                                                                 (6.6) 
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𝑔 = , ∙ =                                                                                          (6.7) 

     =  =  .  
 

  [37]    
 

  
𝑔 = ,               

𝑔ℎ = , ;              
𝑔 = ,  

  
𝑔 =              

𝑔ℎ = , ;                
𝑔 =3,8  

 
      :  

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

  :  = 𝑔 = , ∙ ,∙ , = ,                                                                          (6.8) 

 
 > , , ,   > , ∙ , = , .  

 
  1% :  ℎ % = ℎ ∙ = , ∙ , = ,                                                                 (6.9) 

      – ,    [37]. 
 

   1%       
     :  ℎ % = ℎ % = ∙ , ∙ , ∙ , ∙ , = ,              (6.10) 

     = , = ,  –     ; = ,   = ,  – ,     ℎ % = , = ,  

  . 
 
6.1.2.     ( ) 
 

         
  : 

 ∇ = ∇ + ℎ % + ∆ℎ +                                                           (6.11) 
     = ,   –  ,    .  ∇ = , + , + , + , =349,10  



74 
 

6.2   
 

6.2.1      
 

          
     (  6.1).    

  :   – 1%,  – 0,1%.  

 
 6.1 –  ∇       

 
   ( . 6.1) : 

 
  . = ,  ⁄   ∇ = ,   
  . = ,  ⁄   ∇ = ,   
  . . =  ⁄   ∇ = ,   

 
6.2.2        

     
 

       
         

 : 
 =  − ( . ) = , − , = ,   (6.12) 

 =  − ( . ) = − , = ,                    (6.13) 
 

     ,   >  
 > . = ,  . 

 

298

300

302

304

306

308

310

312

314

316

318

0 2000 4000 6000 8000 10000 12000

Z
, 

Q, 3/
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  : 

 

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

 

 = . ∙ −∆ℎ ∙ = ∙, ∙ , − , ∙ , = ,  /  (6.15)   

 
  [37]  ,    

  – ,     −     
 . 

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

 Э = ∙  = ∙ , = ,  /   (6.17)   
 

        
  : 

 = . − Э − , (6.18)   
 = , − , − , = ,  /   

 . =  + = , + , ∙ = ,  /   (6.19)  

 
 : 

 = . − Э −   (6.20)  
 = , − , − , = ,  /   

 
6.2.3       
 

     D   
 1  5 . 

   D = 5,0     ,     
 . 
        

   
 

 + , = , + , = ,     
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     : 

 ∇ = ∇ + ℎ + , = , + , + , = ,  , (6.21) 
 

 ∇  –   ; ℎ  –  . 
 

      : 
 

 = ∇ −∇ − ∇ = , − , − = ,       (6.22) 

 
  :  = 𝜔√ = , ∙ , ∙ √ ∙ , ∙ , = ,  / , (6.23)  

 
  = ,  –  ;  

 𝜔 = = , ∙ , = ,   –    
 5,0 .                                            

 
  ,    

ё   :  
 =  = ,, = , , (6.24)  

 
      

 ё   = . 
 
6.2.4     
 

   :  = [ ℎ] ∙ ℎ = ∙ , = ,  / , (6.25)  
 

 ℎ  −     ,     = f (Q ) 
  . ;  [ ℎ] -    ,     

,   .  [ ℎ] =  / .  ℎ = ∇ − ∇ = , − , = ,  –    
 ,    ∇ =     
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   :  
  =  , ∙  = , ∙ , = ,  /   (6.26) 

 
  :  

 = = ,, = ,   (6.27)  

 
  ,       

(6.28),       .  = ∙ = ∙ =                                                                                   (6.28) 
  =   –   ё ,    

   -   
;  =  –  ё .  

 
6.2.5     
 
          

      ,  
     − 01,        − 

02 
 =  ( ∙ ∙ ∙√ 𝑔) ⁄ = ,, ∙ ∙√ ∙ , / = ,  , (6.29)  

 
 m −         

        (   
 m = 0,49) 

 H =  ( ∙ ∙𝜎∙ ∙√ 𝑔) / = ,, ∙ , ∙ ∙ ∙√ ∙ , / = ,  , (6.30)  

 
 𝜎 =  −  ; 

 −   ,       
,   : 

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

 
  –  ё ;  

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

 
    : 

 = − + − =  ,, − , ∙ + − ∙ = ,  / ,      (6.32) 

 
  –  ,       

   (     = 3  -   
 b ≤ 14    = 4  –    b> 14 ).;  =   –   . 

 
          : 

 = − 𝛼∙𝑔 = , − , ∙ ,∙ , = ,  ;                                            (6.33)  

 
6.2.6     
 

     :  
 ∇ = ∇ − = , − , =340                                              (6.34) 
 

    = ,   –  ,   ,  
 (6.34),     .  

 
6.2.7       

  
 

        
   (  )     :  

 H = ( ∙ ∙√ 𝑔) / = ,, ∙ ∙√ ∙ , / = ,   

 H =  ( ∙ ∙𝜎∙ ∙√ 𝑔) / = ,, ∙ , ∙ ∙ ∙√ ∙ , / = ,     

 
          

  : 
 V = ∇ −∇ B+ − δ = ,, − , ∙ + − ∙ = ,  /    
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H = H − α∙V = , − , ∙ ,∙ , = ,    

 
ё    ,    

     :  
 ∇ = ∇ + H =  , + , = ,   (6.35) 

 
  ,     ,   

 ∇ = ,  . 
 
6.2.8     
 

       
     = 8 . 

      [41].  
         H =1 ,  

 ,    ,   
      = 8 . 

       ( . 
6.1)    (  6.2). 

 
 6.1 –     

x y x y 
0 1,01 8 2,048 

0,8 0,288 8,8 2,568 
1,6 0,056 9,6 3,152 
2,4 0 10,4 3,8 
3,2 0,048 11,2 4,512 
4 0,216 12 5,288 

4,8 0,48 12,8 6,112 
5,6 0,8 13,6 6,984 
6,4 1,168 14,4 7,896 
7,2 1,584 15,2 8,864 
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 6.2 –   

 
        

   R.         
       [41].  

 
 = 8 ,  = 42 , R = 18,46   

 
   (  )   : 

 ∇ = ∇ + , ∙ H =  , + , ∙ = ,   . (6.36)  
 

       
    ё :   ∇ ,   ∇      ∇ .    . 

 
6.2.9 ё       
 

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

  :  
 ℎ = √ 𝛼∙+∑ 𝑔 = √ , ∙ ,+ ∙ ∙ , =5,76                                                   (6.38) 

 

0,00

1,00

2,00

3,00

4,00

5,00

6,00

7,00

8,00

9,00

10,00

0 5 10 15 20

Y
, 

X, 
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ё     :  
 ℎ′ = 𝜑∙√ 𝑔∙ −ℎ′                                                                                               (6.39) 

 

     = .+ ∙ − = ,+ ∙ − = ,  / ;                                            (6.40) = ,  –  ,    . 
  

    ℎ′      :  
 ℎ′ = ,, ∙√ ∙ , ∙ − = ,                                                                     

 
  :  

 ℎ′ = ,, ∙√ ∙ , ∙ − , = ,    
 ℎ′′ = ℎ′ ∙ [√ + ∙ ℎ ℎ′⁄ − ] = , ∙ [√ + ∙ , ,⁄ − ] =   = ,                                                                                                                 (6.41) 
 

  ℎ′′ = ,  > ℎ = ,   –    .  
 

      . . :  
 = , ∙ ∙ √ℎ′ = , ∙ , ∙ √ , = ,                                  (6.42) 
 

     = .ℎ′ ∙ + ∙ − = ,, ∙ + ∙ − = ,  /                                 (6.43) 

 
    5,4 . 

 
     ё  :  

 = , ∙ = , ∙ =                                                                 (6.44) 
    = , ∙ , ∙ ℎ′′ − ℎ′ = , ∙ , ∙ , − , =       (6.45) 

 
 
6.2.10   ё      
 

  :  ℎ = 𝜎 ∙ ℎ′′ − = , ∙ , − , = ,                                                (6.46) 
      –    .  
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= ( √ 𝑔) / − 𝛼∙𝑔∙(𝜎∙ℎ′′)                                                                     (6.47) = ,, ∙√ ∙ , / − , ∙ ,∙ , ∙ , ∙ , = ,    

 
     .    

  :  
 = + ℎ = , + , = ,                                                            (6.48) 

 
 (6.39) ё     : 

 ℎ′ = ,∙√ ∙ , ∙ , − = ,    
 

  :  
 ℎ′ = ,∙√ ∙ , ∙ , − , = ,    
 

 (6.41): 
 ℎ′′ = ℎ′ ∙ [√ + ∙ ℎ ℎ′⁄ − ] = , ∙ [√ + ∙ , ,⁄ − ] =                  = ,              
                                                                    

     ,   ё   ℎ =,   > ℎ′′ = ,       , 
,      .  

    8,3 . 
 
 

6.3   
 
6.3.1     
 

  ,    , 
  .      
:  

•      
•       
 

        
,    :  
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= ℎ√ 𝜌𝜌 ∙ − + ∙ − −𝛼                                                                                 (6.49) 

 
     = ,  – ,    
  ё    ,   
;  =  /  –  ;  = ,  /  –  ;  

 
  :  

 ℎ = ∇ − ∇ = − , = ,                                               (6.50) 
 

         : 
  ∇ = ∇ − = − , = ,                                                  (6.51) 

      –   .  
 

        , 
   : 

  = ∙ℎ𝑔𝜑∙ 𝜌𝜌 + −𝛼                                                                                             (6.52) 

 
     =  –     ; = ,  –  ё    , 

     . 
     =   =  

   6.2,     6.3. 
 

 6.2 –   =   =  
n   

0 32,41 85,38 
0,1 33,86 81,21 
0,2 35,52 77,43 
0,3 37,46 73,98 
0,4 39,75 70,83 
0,5 42,51 67,93 
0,6 45,95 65,27 
0,7 50,39 62,8 
0,8 56,42 60,51 
0,9 65,32 58,39 
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 6.3 –   =   =  

 
    = ,    = , .  
    59,6 . 

  :   =  ,   ℎ = . 
 
6.3.2      
 

     (   -
)   ( )  .    

        
        

 .  
         

   ,     . 
  -   24 .  

 -     
 4-5      1-1,5     . 

 -  1-2 .  
 
6.3.3  
 

         
    .      ,  

  4 .  
       . 

       ,  
   .    1 .   

        1,5    
. 

30

40

50

60

70

80

90

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

B
, 

n
B1 B2
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6.3.4  
 

,      ,   
        ,   

          
  .  ,     

  68,8 ,  ,      
 14 .  

,      ,  
 ,  :  11,6 ,  111 . 

 
6.3.5      
 

       
    ,     . 

         = ,  
.     :  

 ∙ .                                                                                                           (6.53) 

 ,   , ∙ , = ,    

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

 
6.3.6     
 

       .  
     15 .  

 ,      
  ,     

,  ,      
  ,    .  

,      ,   
    ,      

     ∇ =,   ∇ = ,    , , × ,   ×,  . 
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6.3.7    
 

   :  ,  ,   
,     ,     , 

 , , ,      .  
 

6.4      
 

6.4.1   
  –      

     ё   ё  
.  
  :  = , ∙ = , ∙ = ,                                                                                (6.54) 

     = ∇ − ∇ = − , = ,  . 
 

6.4.2     
 

        
      .  

ё  ё         
. 

     1,5 .  
 
6.4.3   

 

ё   .   15 . 
    . 

        
.  

 ,      :  
 = , = , ∙ =                                                                            (6.55) 

    =   –   .  
 

6.5     
 

6.5.1  
 

     ,   
,      .  
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 .       

      .   
   . .  (2.38).  

 
 
6.5.2    

 

 –   ,     
 .        

 ,    .   
   ,   ё   

 .    1-      
  ,      , 

       0,5 .    
 .  

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

 
     = ,  – ,    ;  = ,  /  –    ;  = ,  /  –          

    1 . 
 

       3 .   
 1:2.  

       
   :  

 = = ∙ =                                                                      (6.57) 
      –  .  

 

6.6  ё    
 

    ё  ё   
ё   .  

        
ё  .  
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     :  = + = , + , = ,                                                              (6.58) 
     –   .  

 
     :  

 = ∇ − ∇ + = , − , + = ,                 (6.59) 
    ∇  –   .  

 
        

 ⁄ :  
 = , = , ∙ , = ,                                                            (6.60) 
 

     ,  ё    
 .  

 
       

,        ,  :  
 = + + + + + = , + , + , + , + , + , = ,       (6.61) 

     = = = ,  ;  = − , = ,  ;  = = − ∇ − ∇ = ,  − , − , = ,  ;  = − ∇ − ∇ = , − , − , = ,  .  
 

       
  .   −   − :  

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

 :  
 = ∇ − ∇ = − , = ,                                  (6.63) 
 

          
6.3.  
 

 6.3 – ,      
 

№ ,  
0 47,9 
1 41,667 
2 41,488 
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  6.3 
 

№ ,  
3 28,672 
4 27,71 
5 27,264 
6 22,808 
7 18,352 
8 17,906 
9 17,15 
10 9,378 
11 8,622 
12 7,731 
13 6,233 
14 0 

 

6.7      
 

ё       
      .  ё  

       ,    – ∇ . 
 
 

6.7.1      
 
6.7.1.1      
 

  ,     
        AutoCAD: =,   ,  = ,  . 

 
 1 . .      :  

 = ∙ ∙𝑔∙+ = , ∙ ∙ , ∙ ,+ = ,  /                          (6.64)      –    ; 
–  ё ; 
–  ;  –   

 
        : 

   = ∙ ∙ ∙𝑔+ = , ∙ ∙ , ∙ ,+ = ,  /                                     (6.65) 
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  : 
 ≈ , ∙ √ ∙                                                                                         (6.66) 

     –  . = − + , ∙                                                                          (6.67) = , − , + , ∙ = ,                                                                                                             
 = , ∙ , ∙ √ , ∙ , = ,    
 

    1 . .  : 
 = + = ,  + = ,  /                                                               (6.68) 

 
 1 . . :  

 
 = ∙ ∙ = , ∙ . ∙ , = ,  /                        (6.69) 

 = ,   –    ,   
 AutoCAD. 

 
 

 
6.7.1.2     
 

        
      

. 
     .  

 
   : = ∙𝑔∙ℎ = ∙ , ∙ , = ,  /                                                (6.70) 

     ℎ = − = , − , = ,  . 
 

   : = ∙𝑔∙ℎ = ∙ , ∙ , = ,  /                                                     (6.71) 

 ℎ = ∇ − = , − , = ,  . 
 

     :  
 
-         

          : 
 = ∙ ∙ э = ∙ , ∙ = ,  /                                          (6.72) 
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 э =   –     ,   
  AutoCAD. 

 
-    –        

      : 
 = ∙ ∙ э = ∙ , ∙ = ,  /                                           (6.73) 

 э =   –     ,   
  AutoCAD. 

 
6.7.1.3    
 

         
      : = ∙ ∙ ℎ = ∙ , ∙ , = ,                                       (6.74) 

    ℎ = ∇ − = , − , = ,  . 
 

     : = э ∙ ∙ = , ∙ ∙ , = ,  /                    (6.75) 
   э = ,   –    ,  

,    AutoCAD. 
 

6.7.1.4    
 

     . 6.   
       , 

    :  
 = ∙ ∙ э = ∙ , ∙ , = ,  /                      (6.76) 

 э = ,   –    , 
   . 

     ,   
     AutoCAD,    

  1-4  : = ,  .  
 

6.7.1.5   
 

    : = ∙ ℎ ∙ t − 𝜑
                                                                         (6.77) 

  = ,   / 3 –      ; ℎ  –   ,  ℎ =  ; = ° –    . 
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= , ∙ ∙ − = ,  /   

 
    1 . .: 

 = ℎ ∙ = ∙ , = ,  /                                                                          (6.78) 

 
   ,      

     ,     
 .     ,   

,         . 
 
6.7.1.6    
 

       
  ё    . . : = , ∙ ∙ ∙ ℎ % ̅ + ℎ

                                                                     (6.79) = , ∙ ∙ , ∙ , ∙ ,, + , = ,  /   

    ℎ % –   1%-  ; ̅ –   .  ℎ = ∙ℎ %̅ = , ∙ ,, = ,                                                                       (6.80) 

 
   W     

    :  = ̅ − ℎ % = ,, − ∙ , = ,                                                  (6.81) 

 
6.7.1.7      
 

 ,       
(  ),  : 

 = ( − ) ∙ + ∙                                                                     (6.82) 
      –       1 . .  ; 

 –      1 . . ; = ,   –  ; =  –     ;  =  –   . 
 = ∙ = ∙ , = ,                                                  (6.83) 

     =   –        ; 
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= ∙ = , ∙ , = ,                                               (6.84) 
 = , − , ∙ + ∙ , = ,        
 
 
6.8    
 

        
   (    ).  

  ё   .    
   .  ,    

   ,      
. 

         
 .  
     6.4,     

.  ё       
ё         « »,  

  –   « »;     
   « »,  –   « ».  
       

AutoCAD.  
 

     [ , . .1]. ё  
     6.4. 

 
 6.4 –     

 γ  
 

 
,  ,  , ∙  

 1,0  15075,98 18,48 278604,05 
 1,0  278,86 2,51 -700,86 
 1,0  7357,50 22,35 -164440,13 
 1,0  100,03 27,31 2731,71 
 0,95  9280,72 3,65 -32180,90 
 0,95  25649,26 1,07 -26072,48 
 1,0  3568,58 0,00 0,00 
 1,0  4495,06 15,93 71606,34 
 1,2  10,90 0,67 8,76 

 1,0  3,88 54,96 213,03 
 1,0  62,13 13,12 -815,15 

  Σ  32639,50 Σ  128954,38 
 

 
ё        (  

ё   1 . . )   :  
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-   :  
 𝜎 = − + ∙∑ = − ,, + ∙ ,, = − ,  /                  (6.85) 

 𝜎 = 𝜎 ∙ − ∙ ∙ −                                                                    (6.86) 
     = ,  / –   , = ∇ − ∇ = , − , = ,    –   

ё      ; = t ,   –      .    
    ,  tg = . 

 𝜎 = − , ∙ − , ∙ , ∙ − = − ,  /   
 = ( ∙ + 𝜎 ) ∙ = , ∙ , + − , ∙ =             (6.87) 
 𝜎 = 𝜎 ∙ + + ∙ ∙                                                                   (6.88) 𝜎 = − , ∙ + + , ∙ , ∙ = − ,  /   
 𝜎 = − ∙ = − , ∙ , = − ,  / ;                                (6.89) 
 

  :  𝜎 = − − ∙∑ = − ,, − ∙ ,, = − ,  /                  (6.90) 

 𝜎 = 𝜎 ∙ − ∙ ∙ −                                                                       (6.91) 𝜎 = − , ∙ , − , ∙ , ∙ − , = − ,  /   
   = ∇ − ∇ = , − , = ,   -   ё  

    . = tg  =tg ° = ,                                                                               (6.92) 
     = ° –      . 

 = −( ∙ + 𝜎 ) ∙ ,                                                                             (6.93) = − , ∙ , − , ∙ , = ,  /   
 𝜎 = 𝜎 ∙ + + ∙ ∙ ,                                                                       (6.94) 𝜎 = − , ∙ + , + , ∙ , ∙ , = − ,  /   
 𝜎 = − ∙                                                                                              (6.95) 𝜎 = − , ∙ , = − ,  /  
 

  : 𝜎 , 𝜎 , 𝜎 , 𝜎  –      
 ,      , ; 



95 
 

 ,  –       
,      , ; 𝜎 , 𝜎 , 𝜎 , 𝜎  –  ,      

, ; 
 –   ,   ; 
 –    ,   ; 

 –   . 
 

6.9       
 

  ,     
 .  

 
1.    :  ∙ ∙ |𝜎 | ∙                                                                                  (6.96) 

      = ,  –  ё   ; 
 = ,  –   ; 
 = ,   – ё     
 = ,  –   ;  
 , ∙ , ∙ |− , | , ∙ ,     /  /   

 . 
 
2.       :  
 𝜎 <                                                                                                             (6.97) − ,  < ,   
 
3.     :  
 |𝜎 | , ∙ ∙                                                                                           (6.98) ,  ,  ,  . 
 

     . 
 
 
6.10    
 

       
  , . .    . 
        –   
 .  
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      ,  
 :  ∙∙                                                                                                           (6.99) 

     = ,  –  ё    ; = ,  –   ; = ,  –   ; 
 – ё   ё    ( , 

 );  
 –  .  

 = ( + + − − + + ) ∙ tg +                      (6.100) = , + , + , − , − , + , +, ∙ tg + , = ,       
 = − + + +                                                                  (6.101) = , − , + , + , + = ,      
 , ∙ ,, ∙ , = , ,   

 
   ,   10% 

 . 
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7         
  

 
7.1      
 

        
. 

ё  : 
1)  – ,       ,  
  . 

2)  –    . 
3)   – 392 .  
4)        

  .  
5)    – 8 270 2 
6)   – 6 . 
7)  : , ,    
8)   –  ,   .  
9)         

 .       
  .  

         
  -+35-38° ,         -54° ,  

  - 57° .      
.         

      1000 ,     
 -   1800 . 

       
,     .  
       73  

,  325  ,  40  .   
:  

1) : , , , , , , , -
,  , ,  . 
2) : , , , , ,  
3) : , , ,   

 ,     :  
, , , . ,     , 

        
        
       

     ,     
       . 

          
17.09.2009 № 818 «       

https://ru.wikipedia.org/wiki/%D0%A1%D1%82%D0%B5%D0%BF%D1%8C
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     ( )  
 ,        

»         
 I   ,     

,          
         

,   . 
 

7.2        
   

 
   ,  ,    

         ,   
        
    .    

    .   «   
 ». No96–   4  1999 .  

        
,        

    .  
 

      : 
−  ,  ,  

;  
−   ,        

;  
−        ;  
−     ; 
−       ,    

       ;  
 

     
: 

   ,    
;  

       
    ; 

      
      ,    

   . 
         

       
  ,     . 

         
  ,     . 
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7.3      
 

        : 
 
1         

 1.1      -
     ( ) ;    

 1.2       
      ( );     

 1.3 ,      
 ( )      ;   

 1.4        
 ;          

 1.5         
;   

1.6        
       ;    

 1.7         
  ;         

1.8      
 

 
2 -        

 2.1          
;           2.2

        
     ;   

 2.3        , 
  ;        

 2.4      
 ;        

 2.5  , ,     
 ;           

2.6       
  
2.7      , 

    ;      
2.8      ;  

 2.9       
  ;      

2.10     -  
,   . 
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7.4  ,    
 

   ,        
 -  ,      

 ,   : 
 

  ,     : 
 

    – 2014 82220101215 = ∙ % = ∙ ,% ∙ , =                                                       (6.102) 

 N –   , 3 (773400 3) q –   , % (  =1,8%) 
 –  , / 3 (  =2,5 / 3) 

 
  ,       

, , : 
    – 2014 46101001205 

        
         
,      1,0%. = ∙ % = ∙ ,% ∙ , = ,                                                              .  

 -  ,  (57 ) 
-   , % (  =1,0%) 
-   , / 3 (  =2,0 / 3) 

 
          

  (     ), ,     
   , .       

   .     
   ,    

       ,    
   . 

 
7.5        

  
 

         
  : 
1)   ( ,   ) ; 
2)    :   - 

,    ,      
 ; 
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3)    ,    
  ,    ; 

 
        

  : 
1.    ; 
2.  ,    ; 
3.        

   ; 
4.       

    . 
 
7.6      

 
        

  -    
: 

•          
; 

•       
        

 ; 
•      

     ; 
•      

    ; 
•        

          
   , 

•   ,  
        
. 
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8  .   
 
8.1    

 
        

    .  
   (   )     

 .       
 .     

      
 , , ,    
 .       

«    ».   «  
 »      , 

  ,   .  
  ,     

 .     
     , ,   
, ,   ,    
,  ,   . 

       
.      

   –    
 –  ,   
 ,  , . 

      , 
  –      , 

          
 . 

         
   ,    

,       
. 

 
8.2   

 
, , ,    

     
  ,   ,   

,      ,  
       

    
 ,  ,  

      -
    , 
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   ,   
    ,   

,       
       

      . 
       

 ,       
  ,      

   . 
     ,    

        
 ,     ,  
     ,    

  ,   , 
   -   -

      
   . 

      ,   
   ,   

  .  ,     
 ,    

        
,          

   . 
      ,  

         
     . 

      ,   
  :   ,  

 ,     ,   
  . 

     
         

    . 
        ,  

  -      .  
       ,  

  ,     
,    , , 

,  ,   ,   
  ,    

       (  
), ,   ( ) . 
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 ,       ,   

        .  
      

 ,    ,   
 ,     

,         
     . 

 ,   
   , :  
1)   ,    , 

    ; 
2)            

    5.14 ; 
3)   ; 
4)    ; 
5)    ,    ,  

. 
     , , 

    ,  
,        

        
 , ,   ( ) 

. 
       

       
,   ;   

;    ;    
    ;   

   ;    
    ;       

  ;       
;     ;    , 

   ;   ,    
(  );     ,   

        . 
          

        , 
          

 . 
 

    : 
•      ; 
•      ,   

; 
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•   ё      ; 
•  ,      
 SF ; 
•    ; 
•      . 

     ё     
.        

ё   . 
      , 

   . 
     ,   

  . 
    ,    

,   . 
 

8.3   
 

        
   ,   .   
      

        , 
 . 

         
     . 

  : 
–        
  ; 
 –     ,   

  ; 
 –     ,  

,    , 
   ; 

 –       
 ; 

 –         
   ; 

 –         , 
        

   . . 
      

   ( )     
       
      .  
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, : 

–       
    ,  

 ; 
 –    ,  

    ,     
;  

–  -    
         

    ; 
 –       

        
 ;  

–         
          

   . 
    :   
,     ,    

   ,     
  ,   , 

    ,     
 ,       (  

),       
  . . 

          
     ,      
,       

      ,   
   ,       

      . 
 ,      

       
 :  

˗     ;  
˗      ,  

  ;  
˗   -     

 ; 
 ˗   ;  
˗     ,     

      ; 
 ˗       .  

         
      "   
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". 

 ,      
,     ,   

,   ,    
   .  

    ,    
         

  .   .   
    .    

     ,   
     -  -   
   .  ,     

         
,        
. 

       
,       , 
         

.         
   ,   

  .  
  



108 
 

9  –   
 

9.1  ё    
 

      
,        . 
        

   9.1. 
 

 9.1 –        
 

  
 
 

   
2024 2025 2026 2027 2028 

   420 420 420 420 420 
   

  
 6405 6405 6405 6405 6405 

  *  2690100 2690100 2690100 2690100 2690100 
   

  
% 1 1 1 1 1 
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 –   
 

 .1 -   .    1932-1983 . 
 I II  III  IV  V VI  VII VIII IX  X XI  XII Q .  

1936 178 
152 132 1240 1860 1150 1020 1000 890 540 170 190 710 

1937 171 141 135 290 2440 2230 1270 1160 950 890 340 220 850 
1938 199 170 157 530 3820 2020 1100 920 570 440 240 210 860 
1939 155 135 114 420 2710 3270 2830 1280 1070 660 430 280 1110 
1940 259 202 178 430 4860 3130 1960 1230 790 780 570 280 1220 
1941 221 199 170 1960 2860 2950 2480 1810 1270 1050 710 290 1330 
1942 305 248 210 1580 3230 1910 1770 1090 610 510 240 210 990 
1943 197 124 155 1450 2190 1880 1290 920 820 600 290 310 850 
1944 244 217 197 880 4660 3250 1910 1240 930 830 410 270 1250 
1945 269 217 197 870 3170 2190 2010 1500 770 930 480 350 1080 
1946 217 197 160 1390 2320 2240 1360 800 570 410 180 150 830 
1947 138 114 155 1300 1790 1970 1610 1180 780 630 220 160 840 
1948 150 135 93 1160 2030 1050 1070 820 470 360 220 190 650 
1949 166 145 135 1250 2010 2740 1790 1460 1710 1490 670 380 1160 
1950 352 285 254 2380 2010 2380 2050 1760 1130 710 280 310 1160 
1951 256 217 274 1750 2950 2180 1880 1090 750 730 400 260 1060 
1952 248 217 171 1510 3110 2230 1720 970 760 620 230 230 1000 
1953 202 176 177 500 3970 3380 1310 1000 830 570 210 210 1040 
1954 155 145 115 1230 2250 1390 1070 710 470 410 220 190 700 
1955 152 135 124 670 3170 2660 1980 1350 780 570 240 220 1000 
1956 197 155 186 1580 2180 1780 1050 770 510 420 220 170 770 
1957 160 145 124 290 3210 2900 2860 1220 1050 630 510 280 1110 
1958 186 150 140 1340 2530 1660 1150 680 620 670 310 220 800 
1959 129 114 113 1470 1840 2140 1940 1070 1180 730 560 220 960 
1960 197 145 143 1730 2390 3460 1990 1440 1070 880 830 350 1220 
1961 221 197 196 2080 3320 3870 3660 2030 1150 920 600 290 1540 
1962 181 176 176 1830 2920 2780 1920 1100 800 500 280 220 1070 
1963 176 166 160 770 3180 2950 2570 1590 1280 760 510 350 1210 
1964 264 238 233 2860 2280 2990 2040 1670 1300 920 450 360 1300 
1965 269 238 238 2120 2320 2090 1080 770 520 470 220 200 880 
1966 166 164 311 790 1950 2380 1250 850 670 560 730 310 840 
1967 238 145 135 520 2930 2000 1520 970 600 410 260 200 830 
1968 181 155 159 1370 3180 1650 1020 600 930 730 380 290 890 
1969 207 197 176 1310 4420 3640 2380 1170 660 430 250 200 1250 
1970 155 135 145 1010 1710 1450 1310 1940 1120 700 320 200 850 
1971 145 114 388 1830 2370 1640 890 700 530 430 220 190 790 
1972 135 104 114 1320 5220 4360 2350 1280 1180 1210 580 290 1510 
1973 217 186 207 2240 2360 3320 1860 1350 1040 960 420 290 1200 
1974 196 177 181 2110 2930 2480 2040 1000 660 460 250 160 1050 
1975 151 130 130 1880 2560 2040 1700 1080 790 650 480 290 990 
1976 212 177 174 2280 2940 2930 2520 1320 800 580 350 220 1210 
1977 161 128 149 1880 1840 1530 830 580 550 860 280 180 750 
1978 149 129 129 1470 2080 3320 1840 890 570 640 330 160 980 
1979 160 110 125 1130 2540 1910 1350 1460 770 950 360 210 920 
1980 180 150 158 2440 2900 2360 1310 1180 920 820 560 210 1100 
1981 176 166 186 2330 2060 1680 1190 1140 700 550 380 200 900 
1982 197 176 176 820 3180 2680 1430 880 940 690 670 340 1010 
1983 212 166 176 1130 1910 2070 1430 970 730 520 370 270 830 
1984 166 150 140 1420 1870 1470 1240 750 650 550 280 190 740 
1985 145 150 140 1590 1690 1500 1070 880 520 560 470 160 740 
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 .2 –     , 
    

m P,% .  . ы  . ы  
1 2 1545 2992 559 
2 4 1512 2906 536 
3 6 1331 2584 521 
4 8 1300 2412 516 
5 10 1253 2398 516 
6 12 1253 2388 511 
7 14 1222 2370 474 
8 16 1219 2322 474 
9 18 1209 2248 460 
10 20 1205 2226 459 
11 22 1204 2202 456 
12 24 1162 2116 443 
13 25 1158 2112 437 
14 27 1115 2110 428 
15 29 1113 2102 416 
16 31 1099 2096 414 
17 33 1079 2060 412 
18 35 1074 2038 406 
19 37 1061 2032 404 
20 39 1054 1970 402 
21 41 1045 1966 384 
22 43 1015 1948 374 
23 45 1004 1920 359 
24 47 1001 1916 357 
25 49 993 1908 356 
26 51 990 1852 354 
27 53 976 1798 349 
28 55 959 1738 339 
29 57 923 1680 337 
30 59 897 1678 333 
31 61 887 1678 333 
32 63 878 1676 330 
33 65 865 1622 328 
34 67 853 1614 317 
35 69 852 1588 314 
36 71 850 1570 310 
37 73 844 1564 308 
38 75 837 1546 306 
39 76 833 1540 304 
40 78 830 1502 303 
41 80 827 1486 301 
42 82 805 1472 298 
43 84 787 1472 295 
44 86 768 1444 288 
45 88 747 1350 284 
46 90 740 1346 284 
47 92 740 1332 269 
48 94 710 1330 265 
49 96 696 1292 244 
50 98 646 1226 231 
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 .3 – ё          
    

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

Q90%, 3/  166 150 140 1420 1870 1470 1240 750 650 550 280 190 

Q , 3/  0 0 0 14 19 15 12 8 7 6 0 0 

Q , 3/  15 15 15 15 15 15 15 15 15 15 15 15 

Q , 3/  7 7 7 -12 -23 0 0 0 0 0 7 7 

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

Q , 3/  450 450 450 450 500 500 500 500 500 450 450 450 

     

Q , 3/  144 128 118 1403 1859 1440 1213 727 628 529 258 168 

Z ,  348 

Z ,  300,1 299,9 299,7 306,8 308,5 307,0 306,0 303,5 302,9 302,2 301,5 300,4 

,  47,42 47,64 47,77 40,66 38,98 40,51 41,48 44,03 44,64 45,29 45,98 47,10 

N ,  60 54 50 502 638 513 443 282 247 211 104 70 

     
Q , 

3/  
450 450 450 450 500 500 500 500 500 450 450 450 

Z ,  348 

Z ,  303,6 303,6 303,6 301,7 302,0 302,0 302,0 302,0 302,0 303,6 303,6 303,6 

,  43,89 43,89 43,89 45,83 45,48 45,48 45,48 45,48 45,48 43,89 43,89 43,89 

N ,
 

174 174 174 181 200 200 200 200 200 174 174 174 

  

N ,  60 54 50 502 638 513 443 282 247 211 104 70 

N ,  174 174 174 181 200 200 200 200 200 174 174 174 

N -
N ,  

-114 -120 -124 321 438 313 243 82 47 37 -70 -104 
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 .4 –            
 Q  Q  Q  Q  Q  Q  Q  Q  Q  V  dV V  

Z   
( ) 

Z   
( ) 

Z   
( ) Z  H  N  N  

 280 0 15 7 258 629 450 887 902 16,28 1,63 14,65 348,00 346,23 347,12 307,24 39,38 307 307 

 190 0 15 7 168 975 450 1143 1158 14,65 2,53 12,12 346,23 344,05 345,14 308,75 35,89 361 361 
 166 0 15 7 144 1134 450 1278 1293 12,12 2,94 9,18 344,05 340,08 342,07 309,44 32,13 361 361 
 150 0 15 7 128 1121 450 1249 1264 9,18 2,91 6,27 340,08 335,39 337,74 309,29 27,95 307 307 

 140 0 15 7 118 624 450 742 757 6,27 1,62 4,65 335,39 333,89 334,64 306,24 27,90 182 182 
 1420 14 15 -12 1403 -968 450 435 450 4,65 -2,51 7,16 333,89 336,62 335,26 306,25 28,51 109  

 1870 19 15 -23 1859 -1374 500 485 500 7,16 -3,56 10,72 336,62 342,47 339,55 303,65 35,40 151  
 1470 15 15 0 1440 -955 500 485 500 10,72 -2,48 13,20 342,47 344,98 343,73 301,67 41,56 177  
 1240 12 15 0 1213 -728 500 485 500 13,20 -1,89 15,09 344,98 346,67 345,83 302,02 43,31 185  
 750 8 15 0 727 -242 500 485 500 15,09 -0,63 15,72 346,67 347,37 347,02 302,02 44,50 190  
 650 7 15 0 628 -143 500 485 500 15,72 -0,37 16,09 347,37 347,79 347,58 302,02 45,06 192  
 550 6 15 0 529 -73 450 456 471 16,09 -0,19 16,28 347,79 348,00 347,90 302,02 45,38 182 182 
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 .5 –   

 ,   ,   ,   ,  

max P   N  N  N  N  N  N _ N  N _ N  

I 3071 61 276 611 12 0 412 8 0 2048 276 0 
II  2981 60 268 579 12 0 354 7 0 2048 268 0 
III  2826 57 254 462 9 0 316 6 0 2048 254 0 
IV 2646 53 238 485 10 0 201 4 0 1960 238 0 
V 2491 50 224 413 8 0 251 5 0 1827 224 0 
VI  2401 48 216 370 7 0 281 6 0 1750 216 171 
VII 2401 48 216 370 7 0 290 6 0 1741 216 171 
VIII 2491 50 224 414 8 0 298 6 0 1779 224 0 
IX 2646 53 238 458 9 0 306 6 0 1882 238 0 
X 2826 57 254 477 10 102 301 6 69 2048 254 0 
XI  2981 60 268 583 12 0 350 7 0 2048 268 0 
XII 3071 61 276 611 12 0 412 8 0 2048 276 0 
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 .6 –          
 Q  Q  Q . . Q  Q  Q  V  dV V  Z  ( ) Z  ( ) Z  ( ) Z  H  N   

 280 629,55 0 450 909,55 929,55 16,28 1,63 14,65 348,00 346,23 347,12 307,42 39,20 314 0,23 

 195 977,57 0 450 1172,57 1192,57 14,65 2,53 12,12 346,23 344,05 345,14 308,93 35,71 368 0,27 

 221 1133,23 0 450 1354,23 1374,23 12,12 2,94 9,18 344,05 340,08 342,07 309,82 31,75 378 0,28 

 193 1123,63 0 450 1316,63 1336,63 9,18 2,91 6,27 340,08 335,39 337,74 309,64 27,60 320 0,22 

 141 628,28 0 450 769,28 789,28 6,27 1,63 4,64 335,39 333,89 334,64 306,47 27,67 187 0,14 

 1523 -1093,00 0 450 430,00 450 4,64 -2,83 7,47 333,89 337,11 335,50 306,56 28,44 108 0,08 

 3129 -1948,68 0 500 1180,32 1200,32 7,47 -5,05 12,52 337,11 344,41 340,76 303,84 36,42 378 0,28 

 1857 -920,00 0 500 937,00 957 12,52 -2,38 14,90 344,41 346,48 345,45 301,67 43,28 357 0,26 

 1698 -530,58 0 500 1167,42 1187,42 14,90 -1,38 16,28 346,48 348,00 347,24 305,96 40,78 419 0,31 

 1037 0,00 0 500 1037,00 1057 16,28 0 16,28 348,00 348,00 348,00 304,77 42,73 390 0,29 

 690 0,00 0 500 690,00 710 16,28 0 16,28 348,00 348,00 348,00 305,90 41,60 253 0,18 

 573 0,00 0 450 573,00 593 16,28 0 16,28 348,00 348,00 348,00 305,28 42,22 213 0,16 

               Σ 2,69 
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 .7 –          
 Q  Q  Q . . Q  Q  Q  V  dV V  Z  ( ) Z  ( ) Z  ( ) Z  H  N   

 280 604,82 0 450 884,82 904,82175 16,28 1,57 14,71 348,00 346,29 347,15 307,26 39,39 307,00 0,22 

 195 943,70 0 450 1138,70 1158,69895 14,71 2,45 12,26 346,29 344,18 345,24 308,75 35,99 361,00 0,27 

 221 1038,37 0 450 1259,37 1279,3673 12,26 2,69 9,57 344,18 340,74 342,46 309,37 32,59 361,00 0,27 

 193 1172,72 0 450 1365,72 1385,72 9,57 3,04 6,53 340,74 335,72 338,23 309,87 27,86 335,00 0,23 

 141 726,16 0 450 867,16 887,16 6,53 1,88 4,65 335,72 333,89 334,81 307,15 27,16 207,00 0,15 

 1523 -887,00 0 450 636,00 656 4,65 -2,3 6,95 333,89 336,30 335,10 306,77 27,83 156,00 0,11 

 3129 -1940,00 0 500 1189,00 1209 6,95 -5,03 11,98 336,30 343,92 340,11 304,39 35,22 369,00 0,27 

 1857 -1058,00 0 500 799,00 819 11,98 -2,74 14,72 343,92 346,30 345,11 303,04 41,57 292,00 0,21 

 1698 -520,00 0 500 1178,00 1198 14,72 -1,35 16,07 346,30 347,76 347,03 306,00 40,53 420,00 0,31 

 1037 0,00 0 500 1037,00 1057 16,07 0 16,07 347,76 347,76 347,76 304,01 43,25 395,00 0,29 

 690 0,00 0 500 690,00 710 16,07 0 16,07 347,76 347,76 347,76 305,95 41,31 251,00 0,18 

 573 -80,77 0 450 492,23 512,23 16,07 -0,21 16,28 347,76 348,00 347,88 305,28 42,10 182,00 0,14 

               Σ 
2,66 
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 .1 –      
 50-  -50- 60° D ,  6,7 8 8,5 6,3 6,7 7,5 8 η , .  0,932 0,933 0,934 0,932 0,926 0,926 0,927 N ,  124549 177761 200891 124549 122369 138402 173613 Z′ ,  3,37 2,36 2,09 3,37 3,43 3,03 2,42 Z ,  4 3 3 4 4 4 3 N′ ,  105000 140000 140000 105000 105000 105000 140000 ∆  1,05 1,051 1,052 1,05 1,074 1,074 1,075 ′, /  104,7 87,8 82,6 104,7 109,8 103,2 92,2 ′ , /  107,1 88,2 83,3 107,1 115,4 107,1 100 

 ′ , /  133,9 131,6 131,9 133,9 134,1 132,3 138,2 

 ′ , /  118,6 116,6 116,9 118,6 118,8 117,3 122,5 

 ′ , /  101,6 99,8 100,1 101,6 101,7 100,4 104,9 ′ · η  1,194 1,117 0,989 1,194 1,351 1,194 1,271 ′ · η  0,750 0,701 0,621 0,848 0,750 0,798 0,701 

 

 
 .1 –      50- -670 
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 .2 –      50- -800 

 
 

 .3 –      50- -850 
  



139 
 

   
 

 
 .4 –      50- -630 

 

 
 .5 –      50- -670 
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 .7 –      50- -800 
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 .8 –     50-  
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  .9 –    
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 .2 –     

 
 

 1 2 3 4 5 6 7 8 9 10  

 6,60 5,90 5,20 4,50 3,80 3,10 2,40 1,70 1,00 0,30 -0,40 -0,63 

 11,65 10,95 10,25 9,55 8,85 8,15 7,45 6,75 6,05 5,35 4,65 4,43 

 6,39 5,96 5,53 5,10 4,67 4,24 3,82 3,39 2,96 2,53 2,10 1,96 

 6,13 6,02 5,90 5,79 5,67 5,56 5,44 5,33 5,21 5,10 4,98 4,95 

 1,21 1,19 1,17 1,15 1,12 1,10 1,08 1,06 1,03 1,01 0,99 0,98 

ln  0,19 0,18 0,16 0,14 0,12 0,10 0,08 0,05 0,03 0,01 -0,01 -0,02 

 2,31 2,17 2,03 1,89 1,75 1,61 1,48 1,34 1,20 1,06 0,92 0,88 ln  0,84 0,77 0,71 0,64 0,56 0,48 0,39 0,29 0,18 0,06 -0,08 -0,13 

ln  5,34 4,61 3,91 3,25 2,62 2,03 1,48 0,98 0,53 0,15 -0,17 -0,26 ∙  22,89 22,46 22,03 21,60 21,17 20,75 20,32 19,89 19,46 19,03 18,60 18,46 ∙ ∙ ln  4,45 3,94 3,44 2,95 2,47 1,99 1,53 1,07 0,62 0,18 -0,24 -0,38 

 4,04 3,61 3,19 2,76 2,33 1,90 1,47 1,04 0,61 0,18 -0,25 -0,38 

 5,24 4,60 3,97 3,37 2,79 2,25 1,74 1,26 0,83 0,45 0,13 0,05 

 225,00 197,18 170,32 144,50 119,84 96,47 74,54 54,24 35,80 19,52 5,79 2,00 
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