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1   

1.1      

-       ,   
,   ,    (    , 

   ). 
     .  8   ё   ; 

       (  75‰).    
 -          

    .       
- .   - ,   

.       .    
    6‰.     30–40 .  

      .   
   -     -  

.  -     90%   . 
      , 

      ,  ё  .   
        151   .  

      .  
     .  

  ,       
 .       

.       −35 °C,  +34,4 °C. 
         

     1000  ,     —  1000 . 

1.2   

  297 ,   15,1 . 2  – 2-    
       . 

          
 -      1.1.  ё  

      1.2. 

http://water-rf.ru/%D0%93%D0%BB%D0%BE%D1%81%D1%81%D0%B0%D1%80%D0%B8%D0%B9/1029/%D0%A0%D1%83%D1%81%D0%BB%D0%BE
http://water-rf.ru/%D0%93%D0%BB%D0%BE%D1%81%D1%81%D0%B0%D1%80%D0%B8%D0%B9/1746/%D0%9C%D0%B5%D0%B6%D0%B5%D0%BD%D1%8C
http://water-rf.ru/%D0%93%D0%BB%D0%BE%D1%81%D1%81%D0%B0%D1%80%D0%B8%D0%B9/901/%D0%93%D0%B8%D0%B4%D1%80%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D1%80%D0%B5%D0%B6%D0%B8%D0%BC
http://water-rf.ru/%D0%93%D0%BB%D0%BE%D1%81%D1%81%D0%B0%D1%80%D0%B8%D0%B9/1747/%D0%9F%D0%BE%D0%BB%D0%BE%D0%B2%D0%BE%D0%B4%D1%8C%D0%B5
http://water-rf.ru/%D0%93%D0%BB%D0%BE%D1%81%D1%81%D0%B0%D1%80%D0%B8%D0%B9/898/%D0%A0%D0%B5%D1%87%D0%BD%D0%BE%D0%B9_%D0%B1%D0%B0%D1%81%D1%81%D0%B5%D0%B9%D0%BD
http://water-rf.ru/%D0%92%D0%BE%D0%B4%D0%BD%D1%8B%D0%B5_%D0%BE%D0%B1%D1%8A%D0%B5%D0%BA%D1%82%D1%8B/1094/%D0%93%D0%BE%D0%BD%D0%B0%D0%BC
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   (Q  < Q . ).    
      ,  .1,  .1 = + ∙ %,                                                                                         (2.1) 
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;  −    . 

     ,    
 .      
      (2.1)  . 

     ,  .1.  
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% =    . ;  м =   

= %
м = = ,  

% =   . ;   =    
= % = = ,  

  : = , −   = , −   

     :  
,       1,04,  
,     0,79.     2.1. 

 



14 
 

 2.1 –      1993 (  = 50%), 3/  
 I II  III  IV V VI  VII VIII IX X XI  XII 

Q .

. 

1993 31 32 36 37 271 420 456 285 184 117 49 42 163 

 . 24 24 27 28 283 439 476 298 192 89 37 32 162 

c . 25 25 28 29 283 439 476 298 192 93 39 33 163 

2.2  ё    (  = 90%) 

    90%    
 1979 .     ,  .2. 
       . 

    2.2. =  зо ое % = = ,  

                 =  зо ое % = = ,  

  : = , −   = , −   

 2.2 –      1979 (  = 90%), 3/  
 I II  III  IV V VI  VII VIII IX X XI  XII 

Q .

. 

1979 14 15 16 23 418 400 184 178 169 67 38 23 129 

 . 13 15 15 23 415 397 183 177 168 68 39 23 128 

c . 13 15 15 23 415 397 183 177 168 72 41 25 129 

      
 ,  , ,     

-        
 ,    2.3. 

 2.3 –       
 I II  III  IV V VI  VII VIII IX  X XI  XII 

Q50%-Q90% 11 10 13 6 -132 42 294 121 24 20 -2 9 

. 50 % 0 0 0  0 135 0  -135 0 0 -10 10 0 

. 50% 25 25 28 29 418 439 341 298 182 83 49 33 
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  2.2 – 2.3. 

= = ЭЭ =  . ∙ . ∙ = ,                                       .  

= = , =                                                                      .  

    ,    
,  .4.       

,    2.2. 
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  = | ° − °| ∙ , / °;                                                                            (2.5)          

   = +
 ;                                                                                           (2.6)          

   = − .                                                                                             (2.7)   

     : 
 = + ∙ ;                                                                                   (2.8) 

 

  = + ;                                                                                         (2.9)      

                                             

 = − .                                                                                           (2.10)  

     2.4     2.4  
  ,    2.3. 

 2.4 –     
t  Cos  Ptmax,  Pt ,  
1 0,2617 0,9660 1805 1708 
2 0,7850 0,7074 1714 1616 
3 1,3083 0,2595 1557 1456 
4 1,8317 -0,2579 1376 1272 
5 2,3550 -0,7063 1219 1112 
6 2,8783 -0,9655 1128 1019 
7 3,4017 -0,9664 1128 1019 
8 3,9250 -0,7085 1218 1112 
9 4,4483 -0,2610 1375 1272 
10 4,9717 0,2564 1556 1456 
11 5,4950 0,7051 1714 1616 
12 6,0183 0,9651 1805 1708 
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 2.3 –    

2.5 ё         
    

  ё       
         . 

       , 
  ,    –   :    

Э = − − ℎ,                                                                                 (2.11) 

   −   ,   ;  −   ,    
   ё       = ;  

ℎ −     ,  -  
   107 .,   0,4 .  

     : = ∙ ∙ Э ,                                                                                    (2.12) 

  −  ,  = , ; −      ;  Э −  . 

      2.5 

       
     -  . ё  

  ё     .   
       ё    

 . 
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1100
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     : = ∙ ∙ Э ,                                                                                    (2.13) 

  −  ,  = , ;  −       
;  Э −  . 

   ,     
   -    

        .  = ∑ − =                                                                         (2.14) 

      2.6 

      2.7.  
      2.8.  
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 2.5 –            
 I II  III  IV V VI  VII VIII IX X XI  XII , /  13 15 15 23 415 397 183 177 168 72 41 25 ,  357 357 357 357 357 357 357 357 357 357 357 357 ,  250,88 250,96 251,01 251,46 260,64 260,33 256,19 256,05 255,85 253,79 252,40 251,55 Э ,  105,72 105,64 105,59 105,14 95,96 96,27 100,41 100,55 100,75 102,81 104,20 105,05 𝐍 ,  12 13 14 21 334 321 154 149 142 63 36 22 

 2.6 –       
 I II  III  IV V VI  VII VIII IX X XI  XII , /  90 90 90 90 90 90 90 90 90 90 90 90 ,  357 357 357 357 357 357 357 357 357 357 357 357 ,  254,44 254,44 254,44 254,44 254,44 254,44 254,44 254,44 254,44 254,44 254,44 254,44 Э ,  102,16 102,16 102,16 102,16 102,16 102,16 102,16 102,16 102,16 102,16 102,16 102,16 𝐍 ,  77 77 77 77 77 77 77 77 77 77 77 77 

 2.7 –              
 I II  III  IV V VI  VII VIII IX X XI  XII 𝐍 ,  12 13 14 21 334 321 154 149 142 63 36 22 𝐍 ,  77 77 77 77 77 77 77 77 77 77 77 77 𝐍 − 𝐍  -65 -64 -63 -57 257 244 77 72 65 -15 -41 -55 ∑𝐍,  354 

 2.8 –        
 I II  III  IV V VI  VII VIII IX X XI  XII Э . , . ∙  

5,381 5,157 4,932 4,036 3,811 3,587 3,587 3,811 4,036 4,932 5,157 5,381 𝐍 . ,  224 215 206 168 159 149 149 159 168 206 215 224 
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 .    
     -  

. 

2.6   

     ,    2.9. 
  2.4   ,     

   ,    
       

      . 
 ,      

 ,      
 ,       .  
     .   – 

   ,      
    ё   . 

 2.9 –     
 ,  / 𝐍 . Э ,  𝐍 .,  𝐍 ,  

I 1708 224 12 77 
II  1616 215 13 77 
III  1456 205 14 77 
IV 1272 168 21 77 
V 1112 159 334 77 
VI  1019 149 321 77 
VII 1019 149 154 77 
VIII 1112 159 149 77 
IX 1272 168 142 77 
X 1456 205 63 77 
XI  1616 215 36 77 
XII 1708 224 22 77 
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 2.4 –   

     (X),    
,     .  

 2.4 ,     4 ,   
,     . 
  2.10      . 

 2.10 –     
 I II  III  IV V VI  VII VIII IX X XI  XII 𝐍 .,  194 111  111 194 
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2.7 -   ( )     
   

-   ,     
      . 

      ,   
   .     

 ,   : = . ,                                                                                    .  

   . −   ;  −  . 

= ∙ = , ; 
. = − .                                                                             (2.16) 

     .    
    2/3   .   
,     2.11. 

 2.11 –     
,  ,  ,  ,  

357 321 7,65 2,37 

. = , − , = ,  ; = , , = , . 

    ,   
 .       

,     . 

       2.12. 
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 2.12 – -        

,  , 3/  , 3 ,  , 𝐍,
 

𝐍,
 

   . .  Э ..  . 


  .    . . . . .  .  .  

-        

X 72 0 1 1 1 69 19 90 88 0 90 7,65 0,05 7,60 357,00 356,73 356,87 254,43 102,03 76  

XI  41 0 1 0 1 38 119 90 157 0 158 7,60 0,31 7,29 356,73 355,01 355,87 256,52 98,95 131 131 

XII 25 0 1 0 3 20 252 90 272 0 274 7,29 0,65 6,64 355,01 351,50 353,26 259,33 93,53 214 214 

I 14 0 1 0 3 9 276 90 285 0 286 6,64 0,72 5,92 351,50 347,69 349,60 259,62 89,58 214 214 

II  15 0 1 0 2 11 164 90 175 0 176 5,92 0,43 5,50 347,69 345,33 346,51 256,99 89,12 131 131 

III  16 0 1 0 1 13 76 90 89 0 90 5,50 0,20 5,30 345,33 344,18 344,76 254,45 89,90 67  

IV 23 0 1 0 1 21 68 90 89 0 90 5,30 0,18 5,13 344,18 343,13 343,66 254,44 88,81 66  

V 415 0 1 4 -7 403 -314 90 89 0 90 5,13 -0,81 5,94 343,13 347,78 345,45 253,77 91,29 68  

VI  397 0 1 4 -6 386 -297 90 89 0 90 5,94 -0,77 6,71 347,78 351,87 349,83 253,78 95,65 71  

VII 183 0 1 2 0 179 -90 90 89 0 90 6,71 -0,23 6,94 351,87 353,11 352,49 253,78 98,31 74  

VIII 177 0 1 2 0 174 -85 90 89 0 90 6,94 -0,22 7,16 353,11 354,30 353,71 253,77 99,54 74  

IX 168 0 1 2 0 165 -76 90 89 0 90 7,16 -0,20 7,36 354,30 355,38 354,84 253,77 100,67 75  

               ё  
 –    IX   .    ,  

  .   ё    2.13.
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 2.13 – -        

,  , 3/  , 3 ,  , 𝐍,
 

𝐍,
 

   . .  Э ..  . 


  .    . . . . .  .  .  

-        

X 72 0 1 1 1 69 19 90 88 0 90 7,65 0,05 7,60 357,00 356,73 356,86 254,44 102,03 76  

XI  41 0 1 0 1 38 95 90 133 0 134 7,60 0,24 7,36 356,73 355,36 356,04 255,84 99,80 111 111 

XII 25 0 1 0 3 20 224 90 244 0 246 7,36 0,58 6,77 355,36 352,22 353,79 258,68 94,71 194 194 

I 14 0 1 0 3 9 244 90 253 0 254 6,77 0,63 6,14 352,22 348,87 350,54 258,88 91,26 194 194 

II  15 0 1 0 2 11 134 90 145 0 146 6,14 0,35 5,80 348,87 346,99 347,93 256,20 91,33 111 111 

III  16 0 1 0 1 13 76 90 89 0 90 5,80 0,20 5,60 346,99 345,89 346,44 254,46 91,58 69  

IV 23 0 1 0 1 21 69 90 89 0 90 5,60 0,18 5,42 345,89 344,87 345,38 254,46 90,52 68  

V 415 0 1 4 -7 403 -314 90 89 0 90 5,42 -0,81 6,23 344,87 349,35 347,11 253,78 92,92 70  

VI  397 0 1 4 -6 386 -297 90 89 0 90 6,23 -0,77 7,00 349,35 353,43 351,39 253,78 97,21 73  

VII 183 0 1 2 0 179 -90 90 89 0 90 7,00 -0,23 7,23 353,43 354,69 354,06 253,79 99,88 75  

VIII 177 0 1 2 0 174 -84 90 89 0 90 7,23 -0,22 7,45 354,69 355,90 355,30 253,79 101,11 76  

IX 168 0 1 2 0 165 -76 90 89 0 90 7,45 -0,20 7,65 355,90 357,00 356,45 253,78 102,27 77  
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     X  XI    

.       
  X  XI    .  

    0,     
   (90% ),      

. 
       .  
      . 

      , 
   2.13.  

     : 

 = =                                                                                      = =                                                                                   = ,                                                                                                              
         

   ,    2.5. 

 
 2.5 –        

  

344

345

346

347

348

349

350

351

352

353

354

355

356

357
Z , 

t, 

 = 357

= 344,87

X XI XII I II III IV V VI VII VIII   IX
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2.8     

  –   ,   
   .  ,  

    ,   
        

   . 
   :   

    .  ,     
    . 

  : 

. = . + ..                                                                                        .  

     : 

. = ∙ . . ∙ ,                                                                                         .  

  . . −   ;  −    ;  −  . 

  ,   
  : Э . = . ∙ .                                                                                                .  

         
  : Э . . Э = ,  . ∙ ,                                                                                    

    ,    
  20%,    : Э . .. Э = ,  . ∙ ,                                                                                    Э .. Э = ,  . ∙ ,                                                                                   

  : ̅ . . = , ∙ =   

   (  20% ): 224  
   (  20% ): 149  
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 ,    2.6  2.7 ,   
         . 

         
,      . 

    . . =  / , : 

. = , ∙ ∙ , =  , Э . = ∙ = ,  . ∙ . 

     . 

         
 : 

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

 ,       : Э . = Э . − Э . = , − , = ,  . ∙ .               .  

        
 ,       

,      .   
 ,         

 2 ,       . 

. =  , 

 ,       .: 
. = + =  . 

     ,  
    2.14.  

 2.14 –      

 
𝐍 ., 

 

Э . .∙  

𝐍 ., 
 

Э . .∙  

𝐍 , 
 

Э . .∙  

𝐍 , 
 

Э . .∙  
I 34 0,816 194 4,656 190 3,840 224 5,376 
II  35 0,840 111 2,664 108 1,824 143 3,432 
III  35 0,840 69 1,656 54 0,816 89 2,136 
IV 34 0,816 68 1,632 51 0,816 85 2,04 
V 35 0,840 70 1,68 47 0,840 82 1,968 
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  2.14 –     
 

 
𝐍 ., 

 

Э . .∙  

𝐍 ., 
 

Э . .∙  

𝐍 , 
 

Э . .∙  

𝐍 , 
 

Э . .∙  
VI  37 0,888 73 1,752 44 0,864 81 1,944 
VII 38 0,912 75 1,8 43 0,888 81 1,944 
VIII 38 0,912 76 1,824 46 0,912 84 2,016 
IX 39 0,936 77 1,848 46 0,912 85 2,04 
X 39 0,936 76 1,824 49 0,888 88 2,112 
XI  38 0,912 111 2,664 105 1,752 143 3,432 
XII 36 0,864 194 4,656 188 3,792 224 5,376 

 

 2.6 –        
   ( ) 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
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 2.7 –        
   ( ) 

  ,    
    . 

     ( - ) 
        ,  

    . 

2.9    .    
   .    

     ,  
    2%  ,    

10%  . 
        

,      .   
   2.15.   2.8   . 

       ,  
     , . .     

 . 

   : 

. . Э = . . ∙  . = = ∙  ,                                             .  
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   : 

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

     ,   
        1   2 . 

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

 2.15 –    ,   
 

t 
, 

 
 

,  
 

,  
 ,  

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

I 1805 181 36 292 20  224 16  1289 0 129  

II  1714 171 34 282 23  143 11  1289 0 129  

III  1557 156 31 276 23  89 8  1192 0 119  

IV 1376 138 28 233 21  85 7  1058 0 106  

V 1219 122 24 270 18  82 6  867 0 87 54 

VI  1128 113 23 250 17  81 6  797 0 80 54 

VII 1128 113 23 250 17  81 6  797 0 80 54 

VIII 1218 122 24 269 18  84 6  865 0 87 54 

IX 1375 138 28 288 22  85 6  1002 0 100  

X 1556 156 31 276 24 45 88 7 37 1192 0 119  

XI  1714 171 34 282 23  143 11  1289 0 129  

XII 1805 181 36 292 20  224 16  1289 0 129  

        
   : 

. = . + . = + =                                           .  
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 2.8 –   

2.10 -        
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  ,    2.16  
      

     ,   
 2.9. 

 

 2.9 –         
  

344

345

346

347

348

349

350

351

352

353

354

355

356

357

358
Z , 

t, 

90%

50%

 = 357 

= 344,87 

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



 
 

34 
 

 2.16 – -           

,  , 3/  , 3 ,  

𝐍,
 

𝐍,
 

Э ., . ∙    . .  Э ..  . 


  .    . . . . .  .  .  

X 83 0 1 1 1 80 9 90 89 0 90 7,65 0,02 7,63 357,00 356,88 356,94 254,40 76  56,547 

XI  49 0 1 0 1 46 86 90 132 0 133 7,63 0,22 7,40 356,88 355,63 356,25 255,79 111 111 79,837 

XII 34 0 1 0 5 27 216 90 243 0 244 7,40 0,56 6,84 355,63 352,59 354,11 258,65 194 194 139,577 

I 25 0 1 0 5 18 234 90 252 0 253 6,84 0,61 6,24 352,59 349,38 350,98 258,87 194 194 139,712 

II  25 0 1 0 2 22 122 90 144 0 145 6,24 0,32 5,92 349,38 347,68 348,53 256,13 111 111 79,882 

III  28 0 1 0 1 26 122 90 148 0 149 5,92 0,32 5,61 347,68 345,93 346,81 256,24 112  80,506 

IV 29 0 1 0 1 27 72 90 99 0 100 5,61 0,19 5,42 345,93 344,87 345,40 254,75 75  53,883 

V 418 0 1 4 -10 403 -314 90 89 0 90 5,42 -0,81 6,23 344,87 349,35 347,11 253,73 69  49,953 

VI  439 0 1 4 -7 426 -330 90 96 0 98 6,23 -0,86 7,09 349,35 353,90 351,62 253,96 79  56,604 

VII 341 0 1 3 0 337 -217 90 120 0 121 7,09 -0,56 7,65 353,90 357,00 355,45 254,65 101  72,925 

VIII 298 0 1 3 0 293 0 90 293 0 295 7,65 0,00 7,65 357,00 357,00 357,00 258,45 242  174,186 

IX 192 0 1 2 0 189 0 90 189 0 190 7,65 0,00 7,65 357,00 357,00 357,00 256,33 159  114,611 

 ∑Э . .1098,22 



  ё    : 

∑Э . . = ∑ ∙   = ;                                                                  .  

    -   
 ∑Э . . = ,  . ∙ . 

3     

3.1    

        
  .   

   ,    
         
. 
        3.1. 

   ,    3.1,  
   ,     
 ,      .  
        

   ,    ,  
   –       

,    .    
    –  ,  –   

  . 

 3.1 –      

    
    

 
 

 
 

  
N  

 
 

 
 
 

 

 
 

 Q  

Q ,  
Z ,/c 

Z ,/c 
H ,  ,  Z , 

 
,  

Q, 
3/  

,  
Q, 
3/  

,  
Q, 
3/  

0 250,01 250,01 106,59 94,46 100,13 89,89 318 89,89 318 100 45 

200 257,59 256,57 99,01 86,88 92,55 91,45 312 88,69 316 80 45 

400 262,08 260,38 94,52 82,39 88,06 93,01 307 87,49 314   

600 265,44 263,57 91,16 79,03 84,70 94,57 302 86,29 312   

800 268,06 266,01 88,54 76,41 82,08 96,13 297 85,09 309   

900 267,83 267,13 88,77 76,64 82,31 96,82 295 84,41 308   
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 3.1 –    ё     , 
    

      : 
   = ,  ; 
 ё   = ,  ; 
   = ,  ; 
   =  3/c. 

3.2      
  

3.2.1       

      
   ,       

          
 ,          

 ,         
       

.  
       

     ,   
 : 

80
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0 40 80 120 160 200 240 280 320 360 400 440

H,  
 
  

     
    

, /

Qmin = 45 3/  
Hmax = 104,00  

H  = 89,89  

Qmax = 318 3/  
Hmin = 84,41  



 
 

37 
 

1.        
  ; 

2.  iax       

,    . 
 iax = , , = , . 

     115– , 115– 45°.  
       3.2. 

 3.2 –      
 115-  115- 45° 

  H  115 115 

  Hmin/Hmax 0,6 0,5 

    n'1o, -1 75 83 

     η  0,927 0,916 

   Q'1max, /  1080 1200 

  σ (Q'1max) 0,15 - 

   D'1 ,  0,5156 0,46 

   H ,  4 4 

 t, 0C 2 9 

3.2.2       

       
 1,      . 

 Q΄1  = 1,080 3/c  115 – ; 
  Q΄1  = 1,200 3/c  115 – 45°. 

        
  . 

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

  Q'I  – ё    ё  ; 
  –   ;              
  –  ,  η = , . 

 Na = , · , · , · √ , · , ∙ , =  .  
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  : 
 

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

                       
  η  –   ; D  –   ; H  –   ; 

D1 –   ; 
 – ё    ; ν , ν  –        

 ,         
 ; ν        10°   

1,3039·10-6 2/ . ε – ,       
  (ε = , ). 

η = − − , ( − , + , √ , , ∙ √ , ∙ √ , ∙, ∙ ) =  = ,   

    : 

 N′ = , ∙ Q′ ∙ D ∙ H , ∙ η ∙ η ,                                                           (3.3) 

  ′ –     ;  η  −    (  0,975).  N′ = , ∙ , ∙ , ∙ , , ∙ , ∙ , =  . 

 :  Z′ = NN                                                                                                             (3.4) 

  N  –   ; N  –  . Z′ = = ,   

   :   
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= Э = =                                                                (3.5) 

     .  , 
     2  3.  

 :  m = ηη = , , = ,                                                                                                       (3.6) 

     (   
   ):  n′ = 𝐼 ′ √ ∙Нр

                                                                                                                        (3.7) 

   ′  – ё       ё  
. n′ = ∙√ , ∙ ,, = ,  /   

       
, ё     : n  a′ = D√ · i = , ∙ ,√ , ∙ , = ,  /                                                        (3.8) 

n  ′ = D√ · p = , ∙ ,√ , ∙ , = ,  /                                                          (3.9) 

n  i′ = D√ · ax = , ∙ ,√ , ∙ = ,  /                                                      (3.10) 

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

          ′ , 
  Q′ ∙ η        

. 

    :  Q′ ∙ η = Na, ∙D ∙ ax, ∙η  = , ∙ , ∙ , ∙ , = ,                               (3.12) 
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ё  :  Q′ i = Q i∙D ∙√ i ∙ = , ∙√ , ∙ , = ,                                                (3.13) 

Q′ ax = Q i∙D ∙√ ax∙ = , ∙√ ∙ , = ,                                                   (3.14) 

 ё     3.3 – 3.4.  

 3.3 –   115 –  

 3.4 –   115 – 45 𝐃 ,  2,24 4 4,5 𝛈 , . . 0,9297 0,9374 0,9389 𝐍′ ,  45,631 146,712 185,980 ′ ,  5,26 1,64 1,29 ,  6 2 2 𝐍 ,  40 120 120 , . . 1,018 1,027 1,028 ′ , /  354,45 199,37 177,3 
p'  8,46 15,05 16,92 
p 8 14 16 , /  375 214 188 ′ 𝐱 , /  90,6 91,9 90,8 ′ , /  87,8 89,1 88 ′ , /  81,6 82,8 81,8 ′ ∙ 𝛈  0,928 0,862 0,68 ′ ∙ 𝛈 𝐱  0,746 0,693 0,546 ′ 𝐱 , /  0,872 0,272 0,215 ′ , /  0,938 0,293 0,231 

𝐃 ,  2,5 2,65 2,8 3 3,15 3,35 3,55 4 𝛈 , . . 0,9163 0,9172 0,9181 0,9193 0,9201 0,921 0,9219 0,9238 𝐃 ,  2,5 2,65 2,8 3 3,15 3,35 3,55 4 𝐍′ ,  50,418 56,705 63,368 72,839 80,375 90,994 102,283 130,125 ′ ,  4,76 4,23 3,79 3,29 2,99 2,64 2,35 1,84 ,  5 4 4 3 3 4 4 2 𝐍 ,  48 60 60 80 80 60 60 120 , . . 1,027 1,028 1,029 1,031 1,032 1,033 1,034 1,036 ′ , /  288,25 272,06 257,61 240,67 229,32 215,74 203,68 180,94 

p' 10,41 11,03 11,65 12,47 13,08 13,91 14,73 16,58 

p 10 11 11 12 13 14 14 16 , /  300 272,6 272,6 250 230,8 214 214 188 ′ 𝐱 , /  80,6 77,5 81,9 80,4 77,9 76,8 81,3 80,4 ′ , /  78,1 75,1 79,4 77,9 75,5 74,4 78,8 77,9 ′ , /  72,6 69,9 73,8 72,4 70,2 69,2 73,3 72,4 ′ ∙ 𝛈  0,883 0,98 0,877 1,016 0,92 0,609 0,542 0,851 ′ ∙ 𝛈 𝐱  0,709 0,788 0,705 0,816 0,739 0,489 0,435 0,684 ′ 𝐱 , /  0,697 0,62 0,555 0,483 0,438 0,387 0,344 0,271 ′ , /  0,749 0,667 0,597 0,519 0,471 0,416 0,37 0,291 
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:  

  ;  
    ;  
   .  

   3.3  3.4   ,    
  ,          

. 
  ё    115 –  – 315,   

  ,    ,  .1,   
         . 

   115 –     ,   
      . 

      :   
    ,     

  (Q′      Q′    ). 
  –     .  

3.3        

     ,   
  .  

    115 –  – 315. 

      :  ∇ . . = +                                                                                     (3.15) 

  ( ) –         ;  
 –  .  

         
  ,      

 :  
1.     ё    Hmax; 
2.     ё    H ; 
3.     min     

  . 
 

     :  = − − 𝜎 − , + ΔZ .                                                                     (3.16) 
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  = ,  ,  ;  𝜎 –  ,        
 ,  .1;  

 – ;  ΔZ . −   .   –  ΔZ . = =, ∙ , = , . 
1)     ё    Hmax: 

 
     : Q = Q′ ∙ D ∙ √m ∙ H a = ∙ , ∙ √ , ∙ = ,        (3.17) 

        Z Q , 
  254,94 .     

,   σ = , .  

 : Hs = , − , − , · − , + , = − ,  .   

   : ∇Z . = , − , = ,  .   

2)     ё    H : 
 

     : Q = Q′ ∙ D ∙ √m ∙ H = , ∙ , ∙ √ , ∙ , = ,   (3.18) 

        Z Q , 
  254,7 .     

,   σ = , .  

 : Hs = , − , − , · , − , + , = − ,  .   

   : ∇Z . = , − , = ,  .  
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3)     min     
  . 

 
     : Q = Q′ ∙ D ∙ √m ∙ H i = , ∙ , ∙ √ , ∙ , =                  = ,  / . (3.19) 

        Z Q , 
  254,59 .     

,   σ = , . 

 : Hs = , − , − , · , − , + , = ,  .    

   : ∇Z . = , + , = ,  .    

  3.5       
  . 

 3.5 –  ё      
115 –  – 315 

    , /  97,19 104,54 94,18 ,  254,7 254,94 254,59 

σ 0,134 0,13 0,084 

∆ Z .  0,5 

s -4,2 -5,83 1,25 𝛁Z,  250,5 249,11 255,84 𝛁 . .,  249,11 

   ,     115 –  
– 315     n = ,  /    

 Z = ,          
        .    , 

      ,  
,       . 

         
   :  ∇ . . = ,  . 
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3.4     

       
       

    . 
        

    710/180-26 4.    
   3.6. 

 3.6 –    
     

  S   94 

  P   80 
 

 
cos  . . 0,89 

 
 

U   13,8 

  I   1,1 
  

 
n  /  230,8 

 
  

x  . . 1,13 

 
  x′  . . 0,28 

 
 

x′′ . . 0,18 

  

3.5  ё     

   = ÷ °    
        ,   

            
.          

 . 
   ,    ,  .2, 

       
: 

    = ,  ,     
 ,  .2: = ,  ; = ,  ; = ,  ; = ,  ; ℎ = ,    

 : = °  
  : 
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= , ∙ = , ∙ , = ,     (3.20) 

 : = + , = , + , = ,     (3.21) 

       
.  

  : = + ∙ ℎ = , + ∙ , = ,     (3.22) 

         =    3.2,  = , ⁄ . 

 

 3.2 –       
     

ё  : = N ., ·η · = , · , · , =     (3.23) 

   : = ∙ ° = ∙ °° =     (3.24) 

    : = = , = ,    (3.25) 

  : 
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= √ = √ ,  , = ,    (3.26) 

       : 

= + √ − = , + √ , − , = ,    (3.27) 

   : = + = , + , = ,    (3.28) 

   : ∙ = − √ − = , − √ , − , = ,   (3.29) 

  : = = , ; = ,             

,       Δ = °, 
     .     

 ,  .1. 

   ,       
,  ,  ,  .    
           = °; = = , = ,  ,    ,  .1.  

     ,  
          

 3.3. 

 
 3.3 –      R = f (φ) 

2,00

3,00

4,00

5,00

6,00

7,00

0 30 60 90 120 150 180 210 240 270 300 330 360

R
,

,  
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   °        .  
   : = ·si   (3.30) 

  = ° 
  : = − + · − s· s   (3.31) 

 ё        
 ,  .2. 

  : = · · = · , · , = ,   (3.32) 

     (     ):  = ∙ ∙⁄ = ∙ , ∙ ,⁄ , = ,   (3.33) =  = °  (3.34) 

  ё        
,    ,  .3.    

 ,    ,  .2. 

3.6 ё       

3.6.1 ё      

        
    .      

    ,   
 . 

       
:  

∗ ( , ∙ ) ,  = , ∙ , , , =                                               (3.35) 

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

     =  . 

3.6.2 ё    

      
 .       

 ,        .   
ё           

 .  

        
:  = , = , ∙, ∙ , = ,                                                                 (3.37) 

   ,  ё  ,  
  15-20     :  = + = + =                                                             (3.38) 

     :  = ℎ = ,, ∙ , = ,   [ ] = = ,              (3.39) 

  ℎ =  . = = , ∙ , ∙ , = ,  /   

         
: = , ℎ =  .  

        
:  = + s 𝛼+ s 𝛼 = ,+ s + s = ,                                    (3.40) 

  = ° = ° . 
       :  
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= ℎ = ,, ∙ , = ,   [ ] = = ,  ,             (3.41) 

  = , = , ∙ , ∙ , = ,  .    

 ё  ,       
,         .  

3.6.3     

  ( ) –      
   ,     

    ,      
   . ё   

 ё   ,     
 ,     

. 
   =       =,          

 1,6 3,   1    40 / 2,  
   1,6/1-40,     2,5 

3   :  1,6/1-40-2,5-2. 

3.6.4     

  –       
      100   

  11-  :  – 100 – 11. 

4   

4.1     

         
      , 

    ё   , ё 
,  ,  ,  

    . 
    ( )    

 220 , 110 .  
      ,   

    ,    
 .     

    .      
   . 



 
 

50 
 

        
  ё   ,    

. 

4.2       

4.2.1     

       
,  ё        

 .  
       -

710/180-26 4.       4.1. 

 4.1 –    -710/180-30 4 

4.2.2        
  

       ,   
 . 

      
        , 

ё     , . .   :  =  − . .s = − , ∙, = ,  ∙                                              (4.1) 

                          
-125000/220- 1   «  ».  

    4.2.  

 4.2 –    -125000/220- 1 

        
 ,       

     :  = , + ∙ = , + ∙ =  /        (4.2) 

 
  ,   

𝐬 𝛗 , 
. . 

, /  

  𝐒  ,  ∙  
 ,  

 
𝐱′′ 𝐱′  𝐱  

94 80 13,8 0,89 230,8 0,18 0,28 1,13 

𝐒 ,  ∙  
,  , % ∆ ,  ∆ ,  , % 

  

125 242 13,8 11 380 90 0,55 
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      : = − 𝜇 ∙ − 𝜔 ∙ ,                                                                         (4.3) 

  𝜇 =  –  ;  =   –    ;  𝜔 = ,  –     ;  =   –   -  .  = − ∙ − , ∙ = ,    

    :  ∆ = ∙ ∆ ∙ = ∙ , ∙ , = ,  ∙ ,                       (4.4) 

  =  –    .  

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

      :  = ∆ ∙ + ∆ ∙                                                                                (4.6) 

  = , ∙ −  . ./ ∙ ; = , ∙ −  . ./ ∙ . = , ∙ , ∙ − + , ∙ , ∙ − = ,  . ./    = ∙ = ∙ , = ,  . ./                                                (4.7) 

  =  –  .  

4.2.3       
ё    

ё   :  = ∙  − . .s = ∙ − , ∙, = ,  ∙                                    (4.8) 

                          
-250000/220- 1   «  ».  

    4.3.  
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 4.3 –    -250000/220- 1 

     (4.4):  ∆ = ∙ ∆ ∙ = ∙ , ∙ , = ,  ∙                       

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

    (4.6):  = ∆ ∙ + ∆ ∙ = , ∙ , ∙ − + , ∙ , ∙ − =,  . ./                                                                                   = ∙ = ∙ , = ,  . ./ ,                                              (4.9)          

  =  –  .  

4.2.4      

       
     .  

    :  

. . = , ∙ ∙  s = , ∙ ∙ , = ,  ∙                                      (4.10) 

      
:  

. .                                                                                                           (4.11) 

     -3000/13,8,  
    4.4.  

 4.4 –    -3000/13,8 

𝐒 ,  ∙  
,  , % ∆ ,  ∆ ,  , % 

  

250 242 13,8 11 650 240 0,45 

𝐒 , ∙  
,  , % 

  

3,0 13,8 6,0 5,0 
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4.3           

    :  = ∙ − ∙ s∙ + = , ∙ − , ∙ ,, ∙ + = , ≈                                  (4.12)   = ,  –      
 (    220 ); =   –    .  

   220 :  = Σ∙√ ∙ ∙ s = .− . .∙√ ∙ ∙ s = − ,∙√ ∙ ∙ , =                           (4.13) 

ё    220 :  = ∙ ∙ = ∙ ∙ , =                                                  (4.14) 

 =  – ,      
; = ,  – ,      

.  

       
  .  

   :  = = , = ,  ,                                                                           (4.15) 

   = ,  /  –   .  

    -240/32,     
  605 ,     100  =,  ,     100  = ,  , 
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 . ℎ = ℎ % + ∆ℎ + = , + , + , = ,  ,                       (6.2) 

 ℎ % −    ё   1%   
 ;  

        ℎ −   ;  
        = , −  .  

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

  = , ∙ − − ,    3,  ; 
        =  / − ё      10    ;  
        − 4700  –   ; 
        = −        

;  
        −  ё     ,   

 : = ∇ −∇ = , − , = ,  .                                                     (6.4) 

  : = , ∙ = ,                                                                                    (6.5) = , ∙ = ,                                                                                 (6.6) 

  =  =  . 
          

: 

 = ,                      
ℎ = , ;                           = ,  

 = ,                      
ℎ = , ;                               =  

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

  : 

 = = , ∙ ,∙ , = , .                                                                    (6.7) 

  > ,  ,  ,   53,5 > 20,10 
(0,5 = 10,05). 

  1% : ℎ % = ℎ ∙ = , ∙ , = ,  ,                                                             (6.8) 

  −  . 

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

   = , = , −     ; = , −  ; = , − ,     ℎ % = ,, =,    . 

6.2.3   

         
  : ∇ = ∇ + ℎ % + ∇ℎ + = , + , + , + , =  = ,  ,                                                                                       (6.10) 

  = ,  −  ,    . 

6.3  ё  

         6.1  
      .     
 :   – 0,1%,  – 0,01%. 
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 6.1 –  ∇       

  . =  /    ∇ = ,  ; 

  . =  /    ∇ = ,  ; 

  . . =  /     ∇ = ,  . 

6.3.1     

     ё  : = ∇ − ∇ ( . ) = , − , = , .           (6.11) 

     ,   > . 
      ё  : = , ∙ −∆ℎ ∙ = ∙, ∙ , − , ∙ , = ,  /                           (6.12) 

 ,    ё   –  , 
    −      . 

, = − = . 

Э = ∙ = , ∙ = ,  /                                              (6.13) 

ё         
ё   : 

, % =  /  ;  ∇ = ,   , % =  /  ;  ∇ = ,   
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= . − Э − ,                                                                   (6.14) 

  = + = , + , ∙ = ,  / ;  

        . =  /   − ё     ё  
. = − , − , = ,  / . 

  : = = ,, = ,  ,                                                                        (6.15) 

  =  . 

  −    , : = , ∙ = , ∙ , = ,  /                                              (6.16) 

   : = [𝑣ℎ] ∙ ℎ = ∙ , = ,  / ,                                                  (6.17) 

  [𝑣ℎ] −    ; 
        ℎ = ,  −     ,    ∇ =    . 

     : = ∙ = ∙ =  ,                                                                         (6.18) 

 =  −   ё ,     
  -   
; 

        = −  ё . 

6.3.2     

         
      ,  

 ё     ( ,    ё     
: 

= ( ∙ ∙√ ) = ,, ∙ ∙√ ∙ ,  = ,                                           (6.19) 
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  = , −         
       . 

= ( ∙ ∙𝜎∙ ∙√ ) = ,, ∙ , ∙ ∙ ∙√ ∙ ,  = ,  ,                         (6.20) 

  𝜎 = −  ;  
        −  ,    , ё   

: = − , ∙  + − ∙ ∙ = − , ∙ , + − ∙ , ∙ , = , ,       (6.21) 

  −  ё ;  
        −  ё ; 
        = , −    ; 
        = , − ,        

 . 

     ё      : = ∙ ∙ = , ∙ , ∙ ,∙ , = ,  ,                                                  (6.22) 

  = ∇ −∇ ∙ + − ∙ = ,, − , ∙ + − ∙ = , ;  = 3  –  ;  =  −   . 

     : ∇ = ∇ − = , − = ,  ,                                     (6.23) 

 =  −  ,    (6.22)    
 . 

6.3.3    ё   

     ё  : = ∇ − ∇ ( . ) = , − , = ,             (6.24) 

     ,   > . 

      ё  : = [ ], ∙ −∆ℎ ∙ = ∙, ∙ , − , ∙ , = ,  /                          (6.25) 
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Э = ∙ = , ∙ = ,  /                                              (6.26) 

ё         
ё   : = . − Э − = − , − , = ,  / ,  

   . =  / − ё      
ё  . 

         
      ,  

 ё     ,    ё     
: 

= ( ∙ ∙√ ) = ,, ∙ ∙√ ∙ , = ,                                            (6.27) 

= ( ∙ ∙𝜎∙ ∙√ ) = ,, ∙ , ∙ ∙ ∙√ ∙ , = ,  ,                          (6.28) 

   −   ,    , ё  
 : = − , ∙  + − ∙ ∙ = − , ∙ , + − ∙ , ∙ , = , ,      (6.29) 

  = −  ё ; 
        = −  ё ; 
        = , −    ;  
        = , − ,        

 . 

     ё      : = − ∙ = , ∙ , ∙ ,∙ , = ,  ,                                           (6.30) 

  = ∇ −∇ ∙ + − ∙ = ,, − , ∙ + − ∙ = , .  
ё    : ∇ = ∇ + = , + , = ,                                 (6.31) 

   ∇ = ,  . 
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6.3.4     

       
 ,  .1.,   ,   
 ,  .1,      

   = ,  . 

     : ∇ = ∇ + , = , + , ∙ = ,                              (6.32) 

      : ∇ = [∇ , ∇ , ∇ ] = ,                                              (6.33) 

        
  -D  = ,  .      

    =       = ,  . 

6.3.5 ё       

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

  : ℎ = √ 𝛼∙+∑ − ∙ ∙ = √ , ∙ ,+ ∙ ∙ ∙ , = ,                                  (6.35) 

  𝜉 = ℎ = ,, = ,     

         . 

 = , > ,  =>  = , . 

  . .         𝜉 ,   ′ = ,   ′′ = , . 

    : ℎ′ = ′ ∙ ℎ = , ∙ , = ,                                                            (6.36) ℎ′′ = ′′ ∙ ℎ = , ∙ , = ,                                                            (6.37) ℎ′′ = ,  > ℎ = ,  , ,    . 
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   ,    
    .       

         
  .        

40         
 . 

6.3.6       

        40  
        

 .      : 
    ,     

 ,     ,  
        
 . 

         
  - . ,   - ,   

   .         
.         

        . 

 ё           
  : 

 = ∙ ∙ ∙ sin ∙ ( + −∙si 𝛼 , + ),                                  (6.38) 

   = ∇ − ∇ = , − , = ,  ; 
        = ∇ − ∇ = , − , = ,  −   
(    ); 
        −   ; 
        = ° −     ; 
        = , −   . 

 : ∇ = ∇ + = , + , = ,  ,                               (6.39) 

  = ℎ  + − = , + = ,  −   ,  ; 
        ℎ = ∇ (  ) − ∇ = ,  . 

    : = ∙ √ ∙ ∙ = , ∙ √ ∙ , ∙ , = ,  / ,                      (6.40) 
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  −   . 

    : ℎ = = ,, = ,  ,                                                                            (6.41) 

  −    . 

    ,   : = ∙ℎ = ,, ∙ , = ,                                                                       (6.42) 

   = , ,  = , . 

 : 

= , ∙ , ∙ , ∙ sin ° ∙ ( + ,, −, ∙si ° , + ) = ,  .  

  ё     , . . 
  > ,  (124,93  > 39,36 ). 

      : ℎ = − ℎ = , − , = ,  ,                                              (6.43) 

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

         : = + 𝛼 = , + ,, = ,  ,                                        (6.44) 

  −     . 

 = √ + ∙ , ∙ℎ ∙ s 𝛼+ −ℎ∙ s 𝛼 = 

                       = √ ° + ∙ , ∙ , ∙ , ∙ s °+ , − ,, ∙ s ° = ,                      (6.45) 

          
 : 
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= , ℎ + , ℎ = , ∙ , + , ∙ , = ,  .                (6.46) 

    –  , ℎ  , ℎ = , ∙ , = ,  ,                                                                     (6.47) 

6.3.7        
      

      . 
   = ,  . 

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

     : = ∇ +∇ − ∇ = , + , − , = ,  .                   (6.49) 

  : = 𝜇𝜔√ = , ∙ , ∙ √ ∙ , ∙ , = ,  / ,             (6.50) 

 𝜇 = ,  −  ; 𝜔 = = , ∙ , = ,  − 
  . 

  ,    
ё  : = = ,, = ,                                                                                  (6.51) 

      
 ё   = . 

6.4   

6.4.1     

   ,   
 ,   .    



 
 

102 
 

  :     
   ё    . 

      
,  ,       
 ,       

 .     ,    
       . 

     ,  
  . 

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

         
     : = , ℎ = , ∙ = , ≈ ,                                                       (6.54) 

6.4.2     

        
        

    . 
 ,    ,     

   .  

  : = + = + =  ,                                                                  (6.55) 

  −  ё   ; 
        −   . 

        
 1    5     ,    
 0,3 . 

6.4.3  

         
    . 

       .   
 . 
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       ,  
   .    1 .   

        1,5    
,          

 ё . 

6.4.4  

 -    3 .    
    .  ,  

    . 

6.4.5     

       
    ,     . 
    20 .     
     =  .     

: ∙ . ,                                                                                                    (6.56) 

  ∙ , = ,   
  = ,  −   ё  ; 

        = , −  ё     (  
I  ); 
        . = −       . 

 = ,  . 

6.4.6     

       .  
     20,5 . 

 ,      
  ,     

,  ,      
  ,    . 

,      ,   
    ,      

     ∇ . . =,   ∇ . . = ,     , , , ×,   × ,  . 
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6.5    

   :   ,  ё , 
    ,  , 

     . 

6.5.1   

  : = ∆ ∙. = , ∙ , = ,  ,                                                               (6.57) 

   . = −     ; 
        = , −  ё    ; 
        ∆ −    ,   : ∆ = − = , − , = ,  ,                                         (6.58) 

  −   . , : = , = , ∙ = ,  ,                                                           (6.59) 

       : = , ÷ , = , ÷ , ∙ , = , ÷ ,  .                  (6.60) 

   : =   

  : ℎ = , ∙ = , ∙ , = ,  ,                                              (6.61) 

  = ∇ − ∇ = , − , = ,  . 

6.5.2     

        
      . 

        
 200    3 . 

   : ℎ = , ∙ ℎ = , ∙ , = ,                                                       (6.62) 

       ,  8 . 
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6.6  ё     

ё     ё  :   
  ∇ ,   ∇ . 

ё   ё     .  
   .    (I  ): = , ,                                                                                                       (6.63) = , ,                                                                                                       (6.64) 

  = ,  −   . ; 
        −   . 

  : = , = , ∙ , = ,  .                                                     (6.65) 

6.7  ё      

6.7.1      

ё       
      .  ё  

       ∇ ,     ∇ . 

6.7.2     

  ,     
        AutoCAD: =,  , = ,  . 

 1 . .      : = ∙ ∙ ∙+ = , ∙ ∙ , ∙+ = ,  /                               (6.66) 

  −    ; −  ё ; −  ; −  . 

        : = ∙ ∙ ∙+ = , ∙ ∙ ∙ ,+ = ,  /                                  (6.67) 
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  : ≈ , ∙ ∙ √ ∙ ,                                                                                 (6.68) 

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

   =                                                                                                       (6.69) = , ∙ ∙ √ ∙ , = ,    

     1 . .  : = + = ,+ =  /                                                                        (6.70) 

6.7.3     

        
      

. 
       

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

  ℎ = ∇ − ∇ = , − , = ,  . 

   : = ∙ ∙ℎ = ∙ , ∙ , = ,  / ,                                                  (6.72) 

  ℎ = ∇ − ∇ = , − , = ,  . 

6.7.4    

         
     : = ∙ ∙ ℎ = ∙ , ∙ , =                                             (6.73) 

  ℎ = ∇ − ∇ = , − , = ,  . 

     : = ∙ ∙ = , ∙ ∙ , = ,  / ,                   (6.74) 
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  = ,  −    ,  
,    AutoCAD. 

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

  = ,  −    ,  
,    AutoCAD. 

6.7.5    

     . 5.   
       , 

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

 = ,   −    , 
   . 

 : = ∙ ∙ = ∙ , ∙ , = , / ,                   (6.77) 

 = ,  −    , 
   . 

6.7.6   

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

  =  / −      ; 
        ℎ −   ,  ℎ =  ; 
        = ° −    . 

    1 . .: = ℎ ∙ = ∙ , = ,  /                                                                    (6.79) 

      : 
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    ′ = ∙ ℎ ∙ − − · ∙ − ,                                  (6.80)  

  = , °; =  . 

      ′ = ∙ ∙ − , − · ∙ − , = − ,  /   

        ℎ ,    
  ,  : 

    ′′ = γ ∙ ℎ + ∙ ℎ ∙ − − · ∙ −                   (6.81)  

    = − − ∙ = − − , ∙ = ,  / ,      (6.82)  

   –    , = ; = ,  –   ; ℎ =  −    ; = , ° −    ; 
 –   . 

 : 

′′ = ∙ + , ∙ ∙ − , − ∙ ∙ − , =  

         = − ,  /   

      : = ′ + ′′ ∙ ℎ = − , − , ∙  = − ,                                   (6.83)  

       
,       ё . 

6.7.7   

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

                                                               (6.84) 
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= , ∙ ∙ , ∙ , ∙ ,, + , = ,  /   

  ℎ % −   1%-  ; 
        ̅ −   . ℎ = ∙ℎ %

̅
= , ∙ ,, = ,                                                                     (6.85) 

       
    : = ̅ − ℎ % = ,∙ , − ∙ , = ,                                                   (6.86) 

6.7.8    

         
 . 
  ё    6.2,    

,     ё   
.  ё       

ё         « »,  
  –   « »;     

   « »,  –   « ».  
       

AutoCAD. 

 6.2 –    . 
  

 
𝜸   

 

    
, 

 
, 

 
,  ∙  

, 
 

, 
 

,  ∙  
 1,0  58276,31 36,3 2115429,87 60434,51 37,00 2236076,69 
 1,0  48,98 -1,05 -51,43 606,81 -3,82 -2318,01 
 0,95  29850,85 -13,15 -322911,73 29850,85 -13,15 -372911,73 
 0,95  86805,01 -12,91 -1064620 86805,01 -12,91 -1064620 
 1,0  7910,39 0 0 8544,12 0 0 

 1,0  15140,26 17,1 258898,51 15119,47 17,88 270354,20 
 1,2  8,82 2,67 28,27 8,82 2,67 28,27 

 1,0  61,05 106,55 6504,52 61,05 106,55 6504,52 
 0,9  58 -34,29 -1790,04 58 -34,29 -1790,04 

  Σ ↓↑ 139764,52 140377,44 
   941487,95 1071323,88 

ё        (  
ё   1 . . )   : 

  : 
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𝜎 = − + ∙∑ = − , + ∙ ,, = − ,  /                 (6.87) 𝜎 = 𝜎 ∙ − ∙ ∙ −                                                               (6.88) 𝜎 = − , ∙ − , ∙ , ∙ − = − ,  / ,  
  = ,  / –   ; 

        = ∇ − ∇ = , − , = ,    –   
ё      ; = t ,  = ° –      .  = ( ∙ + 𝜎 ) ∙ = ( , ∙ , + − , ) ∙ =          (6.89) 𝜎 = 𝜎 ∙ + + ∙ ∙                                                              (6.90) 𝜎 = − , ∙ + + , ∙ , ∙ = − ,  /   𝜎 = − ∙ = − , ∙ , = − ,  / ;                            (6.91) 

  :  𝜎 = − − ∙∑ = − ,, − ∙ ,, = − ,  /                     (6.92) 𝜎 = 𝜎 ∙ − ∙ ∙ −                                                                (6.93) 𝜎 = − , ∙ , − , ∙ , ∙ − , = − ,  / ,  
  = ∇ − ∇ = , − , = ,   –   ё  

    .  = tg  =tg ° = , ,                                                                          (6.94) 

   = ° –      . = −( ∙ + 𝜎 ) ∙ ,                                                                     (6.95) 

 = − , ∙ , − , ∙ , = ,  /  

 𝜎 = 𝜎 ∙ + + ∙ ∙ ,                                                           (6.96) 𝜎 = − , ∙ + , + , ∙ , ∙ , = − ,  /   𝜎 = − ∙                                                                                              (6.97) 𝜎 = − , ∙ , = − ,  / , 
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   𝜎 , 𝜎 , 𝜎 , 𝜎  –       
,      , ;  ,  –       
,      , ; 𝜎 , 𝜎 , 𝜎 , 𝜎  –  ,      

, ; 
 –   ,   ; 
 –    ,   ; 

 –   . 

ё       6.4. 

 6.4 –  ,    

6.8     ё  

  ,     
 . 

1.    : ∙ ∙ |𝜎 |  ∙ ,                                                                                (6.98) 

  = ,  –  ё   ; = ,  –   ; =   – ё    ; = ,  –   . , ∙ , ∙ |− , | , ∙    ,     
2.       :  𝜎 <                                                                                                            (6.99) − ,  <   

3.     :  |𝜎 | , ∙ ∙                                                                                     (6.100) 

      𝜎 , /  -861,01 -2817,01 𝜎 , /  -1067,11 -5713,42 , /  0 3978,92 𝜎 , /  -861,01 -30,94 𝜎 , /  -1067,11 -8499,49 
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,  ,    

     . 

6.8.1    

      ,  
 : ∙∙ ,                                                                                                     (6.101) 

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

 ); 
 –  .  = ( + + − − ) ∙ tg + ∙ + ∙ 𝜔                      (6.102) = , + , + − , − , ∙ , ° + ∙, + , ∙ = ,      𝜔 = ∙ = ,   = − + + +                                                                 (6.103) = , − , + , + , + = ,      , ∙ ,, ∙ , = , ,   

   . 

7         -
  

7.1      

      ,  
,      ё  .  

     151   .  
      .  

  .  
  ,      

  .      .  
  −35 °C,  +34,4 °C.    
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         935  ,  
 —  1000 . 

   25 / 3.    20-50 
/  (  )   200 /  (    ).  
         

. 
   :  (212 ,),  (167 ,), 

-  (180 ,),  (92 .). 
         

  )    28,44%  :  – 
    ,  
,  – , , ,   , 

 –  .     
       

   – . 
       — 

      ,   
,  .      

         
. 

      ,  
  .       . 

 : , , . , ,    
  III  IV  .     
 1 763 .       . 
     .   

  ( , , ,  7 ), , 
   40   . 

      :  
  ,    ,  

 – .      . 
      ,   

 ,      .   , 
 ,   ,     

      .   
    200  . 

  , , , ,      
  .  ,   , 

 .      — 
    .     

.       
   , , , .  , 

 , , , .     

http://water-rf.ru/%D0%93%D0%BB%D0%BE%D1%81%D1%81%D0%B0%D1%80%D0%B8%D0%B9/1750/%D0%9C%D1%83%D1%82%D0%BD%D0%BE%D1%81%D1%82%D1%8C
http://water-rf.ru/%D0%93%D0%BB%D0%BE%D1%81%D1%81%D0%B0%D1%80%D0%B8%D0%B9/1335/%D0%A5%D0%B8%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D1%81%D0%BE%D1%81%D1%82%D0%B0%D0%B2_%D0%B2%D0%BE%D0%B4%D1%8B
https://республика-саха-якутия.рф/stati/stranicy-istorii/olenevodstvo-u-jakutov.html
https://республика-саха-якутия.рф/stati/jakutija/reka-aldan.html
https://республика-саха-якутия.рф/photos/117
https://республика-саха-якутия.рф/photos/166
https://республика-саха-якутия.рф/photos/167
https://республика-саха-якутия.рф/stati/jakutija/reka-amga.html
https://республика-саха-якутия.рф/stati/flora-i-fauna/brusnika.html
https://республика-саха-якутия.рф/stati/flora-i-fauna/golubika.html
https://республика-саха-якутия.рф/stati/flora-i-fauna/severnyi-olen.html
https://республика-саха-якутия.рф/stati/flora-i-fauna/los.html
https://республика-саха-якутия.рф/stati/flora-i-fauna/izyubr.html
https://республика-саха-якутия.рф/stati/flora-i-fauna/kabarga.html
https://республика-саха-якутия.рф/stati/flora-i-fauna/snezhnyi-baran.html
https://республика-саха-якутия.рф/stati/flora-i-fauna/rosomaha.html
https://республика-саха-якутия.рф/stati/flora-i-fauna/kolonok.html
https://республика-саха-якутия.рф/stati/flora-i-fauna/rys.html
https://республика-саха-якутия.рф/stati/flora-i-fauna/buryi-medved.html
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, .     , 
, . 

-         
,    ,    . 

    , , , , , .  
  – , .      

 . 
     -    

   ,   -   
.         

      .    
     ,   

. 
 -       

         
,          . 

7.2         
  

  -      
: 
        ; 
  ; 
       ; 
    ; 
        

; 
   ; 
    .  

        
,        

    .  

      : 
  ,  , 

 ;  
   ,        

;  
        

;  
     ; 

https://республика-саха-якутия.рф/stati/flora-i-fauna/buryi-medved.html
https://республика-саха-якутия.рф/stati/flora-i-fauna/volk.html
https://республика-саха-якутия.рф/stati/flora-i-fauna/sobol.html
https://республика-саха-якутия.рф/stati/flora-i-fauna/gornostai.html
https://республика-саха-якутия.рф/stati/flora-i-fauna/dikusha.html
https://республика-саха-якутия.рф/stati/flora-i-fauna/krasnaja-kniga-respubliki-saha-jakutija--959.html
https://республика-саха-якутия.рф/stati/flora-i-fauna/taimen.html
https://республика-саха-якутия.рф/stati/flora-i-fauna/tugun.html
https://республика-саха-якутия.рф/stati/flora-i-fauna/elec.html
https://республика-саха-якутия.рф/stati/flora-i-fauna/schuka.html
https://республика-саха-якутия.рф/stati/flora-i-fauna/lenok.html
https://республика-саха-якутия.рф/stati/flora-i-fauna/sig.html
https://республика-саха-якутия.рф/stati/flora-i-fauna/sibirskii-harius.html
https://республика-саха-якутия.рф/stati/flora-i-fauna/obyknovennyi-valyok.html
https://республика-саха-якутия.рф/stati/flora-i-fauna/jakutskii-karas.html
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-   

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

1958 18 20 26 25 363 505 360 322 237 82 60 34 18 

1959 19 21 26 45 373 655 399 242 212 88 55 39 19 

1960 18 21 27 30 235 550 292 250 219 83 54 30 18 

1961 22 24 26 54 288 573 434 305 220 86 59 33 22 

1962 19 20 25 33 404 461 316 205 177 88 53 32 19 

1963 18 23 24 27 232 543 285 240 281 96 56 28 18 

1964 15 16 23 20 407 441 175 194 224 75 57 30 15 

1965 15 17 21 15 435 452 295 235 255 103 62 26 15 

1966 17 20 22 16 294 909 474 426 229 94 73 18 17 

1967 15 9 7 28 483 440 259 406 271 89 57 37 15 

1968 20 17 23 29 249 256 177 215 200 47 36 26 20 

1969 14 13 16 27 449 602 188 169 270 89 50 31 14 

1970 20 22 24 25 446 667 343 496 335 119 66 40 20 

1971 20 21 26 41 313 319 309 327 226 81 43 25 20 

1972 17 16 18 37 269 567 342 208 204 79 52 27 17 

1973 18 22 24 34 259 900 426 247 235 56 45 35 18 

1974 11 11 15 33 284 470 213 170 166 62 33 28 11 

1975 16 20 24 15 312 708 317 244 256 83 43 24 16 

1976 16 15 19 5 264 481 351 364 228 73 44 12 16 

1977 20 18 21 30 243 705 561 293 161 78 51 27 20 

1978 16 16 21 31 284 558 195 169 170 64 56 24 16 

1979 15 14 16 23 418 400 184 178 169 67 38 23 15 

1980 18 18 19 27 409 641 276 318 201 81 61 36 18 

1981 20 25 29 44 339 313 226 243 212 82 40 33 20 

1982 22 24 27 44 411 422 244 240 185 68 48 28 22 

1983 21 21 25 21 234 706 395 290 198 101 67 34 21 

1984 17 20 25 20 301 487 508 443 231 88 56 33 17 

1985 26 28 30 29 310 602 420 280 263 84 46 31 26 

1986 19 19 22 29 475 349 285 278 202 71 58 38 19 

1987 28 31 33 37 330 567 450 312 211 152 44 26 28 

1988 25 26 26 30 316 629 440 227 190 79 70 36 25 

1989 18 20 28 21 211 240 210 180 175 56 36 34 18 

1990 22 22 27 25 246 641 303 302 233 103 54 36 22 

1991 27 26 28 44 341 500 273 289 308 109 60 28 27 

1992 30 35 35 41 239 637 378 293 198 102 59 39 30 

1993 31 36 37 32 271 420 456 285 184 117 49 42 31 

1994 32 26 32 63 392 388 388 413 296 101 47 20 32 

1995 26 26 23 49 289 436 253 217 184 90 67 38 26 

1996 22 27 32 34 457 379 190 383 249 81 49 34 22 

 20 21 24 31 330 526 323 279 222 86 53 31 162 
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 .1 –    

 .2 –       
,     

m P,% Q . ., ³/   Q , 3/   Q , 3/   
1 2,5 217 1970 466 1966 50 1987 
2 5 216 1966 457 1970 49 1993 
3 7,5 192 1973 413 1973 49 1992 
4 10 186 1984 394 1984 46 1991 
5 12,5 185 1987 393 1977 46 1994 
6 15 184 1977 376 1959 45 1970 
7 17,5 183 1994 375 1994 45 1995 
8 20 181 1959 375 1985 43 1961 
9 22,5 179 1985 374 1987 42 1959 
10 25 177 1961 372 1967 42 1983 
11 27,5 176 1983 369 1980 42 1988 
12 30 176 1980 367 1975 41 1990 
13 32,5 175 1967 365 1983 40 1996 
14 35 174 1988 364 1961 39 1985 
15 37,5 174 1992 360 1988 39 1981 
16 40 172 1975 357 1958 39 1963 
17 42,5 171 1958 349 1992 38 1962 
18 45 169 1991 345 1990 38 1958 
19 47,5 168 1990 342 1991 38 1960 
20 50 163 1993 338 1976 37 1980 
21 52,5 161 1996 336 1969 37 1982 
22 55 161 1965 334 1965 37 1965 
23 57,5 160 1969 332 1996 37 1966 
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  .2 –      
 ,     

24 60 156 1976 323 1993 37 1984 
25 62,5 154 1963 318 1972 37 1971 
26 65 154 1986 318 1986 37 1986 
27 67,5 153 1972 316 1963 35 1972 
28 70 153 1962 313 1962 35 1977 
29 72,5 151 1960 309 1960 35 1967 
30 75 147 1982 300 1982 34 1969 
31 77,5 146 1971 299 1971 34 1964 
32 80 141 1995 288 1964 34 1973 
33 82,5 140 1964 276 1995 33 1978 
34 85 134 1981 275 1978 32 1975 
35 87,5 134 1978 270 1979 30 1989 
36 90 129 1979 267 1981 28 1968 
37 92,5 125 1974 261 1974 28 1979 
38 95 108 1968 219 1968 28 1974 
39 97,5 102 1989 203 1989 26 1976 
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 .3 –    ( )     . 
      

 ,  
  
 ( )  ,  

   
( ) 

1 5772 1 3187 
2 5705 2 3092 
3 5677 3 3044 
4 5699 4 3043 
5 5810 5 3121 
6 6023 6 3305 
7 6260 7 3559 
8 6315 8 3711 
9 6438 9 3817 
10 6442 10 3845 
11 6369 11 3822 
12 6286 12 3791 
13 6228 13 3789 
14 6172 14 3763 
15 6160 15 3747 
16 6211 16 3728 
17 6366 17 3741 
18 6497 18 3771 
19 6438 19 3860 
20 6353 20 3923 
21 6269 21 3990 
22 6191 22 3851 
23 6034 23 3592 
24 5886 24 3348 

 .4 –         
 . 

      

 , 
 

 
 

 ( ) 

 
 

 ( ) 

 
,  

 
 

 ( ) 

 
 

 ( ) 
1 5772 1614 1 3187 891 
2 5705 1595 2 3092 865 
3 5677 1588 3 3044 851 
4 5699 1594 4 3043 851 
5 5810 1625 5 3121 873 
6 6023 1684 6 3305 924 
7 6260 1751 7 3559 995 
8 6315 1766 8 3711 1038 
9 6438 1800 9 3817 1067 
10 6442 1801 10 3845 1075 
11 6369 1781 11 3822 1069 
12 6286 1758 12 3791 1060 
13 6228 1742 13 3789 1060 
14 6172 1726 14 3763 1052 
15 6160 1723 15 3747 1048 
16 6211 1737 16 3728 1043 
17 6366 1780 17 3741 1046 
18 6497 1817 18 3771 1055 
19 6438 1800 19 3860 1079 
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  .4 –       
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 , 
 

 
 

 ( ) 

 
,  

 
 

 ( ) 

 , 
 

 
 

 ( ) 
20 6353 1777 20 3923 1097 
21 6269 1753 21 3990 1116 
22 6191 1731 22 3851 1077 
23 6034 1687 23 3592 1004 
24 5886 1646 24 3348 936 
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 .1 –    115 –  – 315     



   
 

 .2 –    115 – 
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 .1–       
φ - - - - - x x2 p2 p a R 

– 𝝋 ° 𝝋 𝑪 ∙𝑹 ∙[
]  

[] −(𝑯 ) √[]  [] +[
]  []  [] +(𝑯 ) √[]  𝑹+[
]  

[] +[]
 

° ° -   -2  2 2    

351 0,975 0,471 2,477 1,805 1,344 1,815 3,294 3,966 1,991 4,445 6,436 
336 0,933 0,451 2,372 1,7 1,304 1,755 3,08 3,752 1,937 4,385 6,322 
321 0,892 0,431 2,267 1,595 1,263 1,694 2,87 3,542 1,882 4,324 6,206 
306 0,85 0,411 2,162 1,49 1,221 1,632 2,663 3,335 1,826 4,262 6,088 
291 0,808 0,39 2,051 1,379 1,174 1,564 2,446 3,118 1,766 4,194 5,96 
276 0,767 0,37 1,946 1,274 1,129 1,499 2,247 2,919 1,709 4,129 5,838 
261 0,725 0,35 1,841 1,169 1,081 1,431 2,048 2,72 1,649 4,061 5,71 
246 0,683 0,33 1,736 1,064 1,032 1,362 1,855 2,527 1,59 3,992 5,582 
231 0,642 0,31 1,631 0,959 0,979 1,289 1,662 2,334 1,528 3,919 5,447 
216 0,6 0,29 1,525 0,853 0,924 1,214 1,474 2,146 1,465 3,844 5,309 
201 0,558 0,27 1,42 0,748 0,865 1,135 1,288 1,96 1,4 3,765 5,165 
186 0,517 0,25 1,315 0,643 0,802 1,052 1,107 1,779 1,334 3,682 5,016 
171 0,475 0,229 1,205 0,533 0,73 0,959 0,92 1,592 1,262 3,589 4,851 
351 0,975 0,471 2,477 1,805 1,344 1,815 3,294 3,966 1,991 4,445 6,436 

 .2 –  ё    
   

№ φ a,  p,  R,  
1 351 4,45 1,99 6,44 
2 336 4,39 1,94 6,32 
3 321 4,32 1,88 6,21 
4 306 4,26 1,83 6,09 
5 291 4,19 1,77 5,96 
6 276 4,13 1,71 5,84 
7 261 4,06 1,65 5,71 
8 246 3,99 1,59 5,58 
9 231 3,92 1,53 5,45 
10 216 3,84 1,47 5,31 
11 201 3,77 1,40 5,17 
12 186 3,68 1,33 5,02 
13 171 3,59 1,26 4,85 

   
№ φ ρ1,  R,  ρ2,  
14 156 

1,43 

4,71 0,97 
15 141 4,57 0,89 
16 126 4,43 0,80 
17 111 4,29 0,72 
18 96 4,15 0,63 
19 81 4,01 0,54 
20 66 3,87 0,46 
21 51 3,73 0,37 
22 45 3,59 0,29 
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 > 
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 .  , ∙ .  2,10  
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 .1 –   

 .1 –     
X Y X* Y* X Y X* Y* 
0 0,13 0,0 1,26 2,0 1,24 20,0 12,35 

0,1 0,04 1,0 0,36 2,1 1,37 21,0 13,69 
0,2 0,01 2,0 0,07 2,2 1,51 22,0 15,08 
0,3 0,00 3,0 0,00 2,3 1,65 23,0 16,53 
0,4 0,01 4,0 0,06 2,4 1,89 24,0 18,22 
0,5 0,03 5,0 0,27 2,5 1,96 25,0 19,60 
0,6 0,06 6,0 0,60 2,6 2,12 26,0 21,22 
0,7 0,10 7,0 1,00 2,7 2,29 27,0 22,89 
0,8 0,15 8,0 1,46 2,8 2,46 28,0 24,62 
0,9 0,20 9,0 1,98 2,9 2,64 29,0 26,40 
1,0 0,26 10,0 2,56 3,0 2,86 30,0 28,44 
1,1 0,32 11,0 3,21 3,1 3,01 31,0 30,13 
1,2 0,39 12,0 3,94 3,2 3,21 32,0 32,07 
1,3 0,48 13,0 4,75 3,3 3,41 33,0 34,05 
1,4 0,56 14,0 5,64 3,4 3,61 34,0 36,09 
1,5 0,66 15,0 6,61 3,5 3,82 35,0 38,18 
1,6 0,76 16,0 7,64 3,6 4,03 36,0 40,31 
1,7 0,87 17,0 8,73 3,7 4,25 37,0 42,49 
1,8 0,99 18,0 9,87 3,8 4,47 38,0 44,71 
1,9 1,11 19,0 11,08 3,9 4,70 39,0 46,98 

    4,0 4,94 40,0 49,38 
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