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1.1      
 
1.1.1      
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  300         1000     
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1.1.2   
 

    50      
     1.1. 

 
 
 
 
 

https://ru.wikipedia.org/wiki/%D0%A8%D1%83%D1%88%D1%82%D0%B0%D0%BB%D0%B5%D0%BF
https://ru.wikipedia.org/wiki/%D0%A1%D0%B0%D1%80%D0%B1%D0%B0%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%A7%D1%83%D0%BB%D0%B5%D1%88_(%D0%BF%D0%BE%D1%81%D1%91%D0%BB%D0%BE%D0%BA)
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 1.1–     50    
     

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

 

1933 27 23 20 186 279 203 154 151 104 82 25 28 107 

1934 26 21 20 142 366 334 191 184 43 124 51 33 128 

1935 30 25 24 134 574 303 165 139 31 66 36 32 130 

1936 23 20 17 172 407 491 425 193 55 99 65 42 167 

1937 39 30 27 184 730 469 294 185 58 57 85 42 183 

1938 33 30 25 295 429 442 373 271 191 158 107 44 200 

1939 46 37 32 238 484 287 266 163 92 77 36 32 149 

1940 29 19 23 217 328 283 194 138 123 90 43 47 128 

1941 37 33 2 189 699 488 286 190 135 120 61 20 188 

1942 40 33 29 165 475 329 302 225 85 140 72 53 162 

1943 33 29 24 208 348 335 203 130 76 62 26 23 125 

1944 21 17 23 196 269 295 242 176 117 95 33 23 126 

1945 23 20 14 174 304 157 160 123 70 54 33 28 97 

1946 25 22 20 188 301 411 369 320 156 124 101 57 175 

1947 53 43 38 357 301 356 307 264 170 107 42 46 174 

1948 38 33 41 262 442 328 283 163 112 110 60 39 159 

1949 37 33 26 227 466 334 248 156 114 93 34 35 150 

1950 30 26 27 175 496 508 187 161 125 86 31 31 157 

1951 23 22 17 185 337 208 160 106 70 61 33 29 104 

1952 23 20 19 300 275 399 297 203 116 86 36 33 151 

1953 29 23 28 238 328 267 157 116 75 64 33 25 115 

1954 24 22 19 243 281 435 429 183 157 94 76 41 167 

1955 28 23 21 200 379 248 172 122 74 100 47 33 121 

1956 19 17 17 220 276 321 290 190 147 110 84 33 144 

1957 29 22 21 259 359 519 298 216 160 132 124 52 183 

1958 33 29 29 312 498 581 550 304 172 138 90 44 232 

1959 27 26 26 275 438 418 288 165 120 75 42 33 161 

1960 26 25 24 195 397 442 385 339 93 113 76 52 181 

1961 40 36 35 429 342 449 306 341 106 138 67 54 195 

1962 40 36 36 318 309 314 161 155 78 70 33 29 132 

1963 25 25 37 128 292 357 177 137 100 84 110 47 127 

1964 36 22 20 178 439 200 228 146 90 62 39 29 124 

1965 27 23 24 205 477 247 153 189 40 110 57 43 133 

1966 31 29 26 197 663 546 357 195 79 65 37 29 188 

1967 23 20 22 152 256 217 197 390 69 106 48 30 128 

1968 22 17 58 275 356 246 134 126 59 65 33 29 118 

1969 20 16 17 299 682 654 253 293 177 182 87 44 227 
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  1.1 
 I II  III  IV V VI  VII VIII IX X XI  XII Q .  

1970 33 28 31 335 354 498 279 202 155 144 64 43 181 

1971 29 27 27 316 440 371 306 200 50 69 38 24 158 

1972 23 20 20 283 384 306 255 162 118 98 71 43 149 

1973 32 27 26 342 440 440 377 198 120 87 53 34 181 

1974 24 19 22 282 277 230 125 125 81 96 43 27 113 

1975 22 19 19 220 311 497 276 154 65 96 50 24 146 

1976 24 16 19 169 381 287 202 320 116 42 53 32 138 

1977 27 23 24 366 434 354 197 177 138 123 84 31 165 

1978 26 25 28 349 309 252 179 171 105 83 57 30 135 

1979 29 26 26 153 447 379 214 155 141 104 101 51 152 

1980 32 25 26 169 287 311 214 146 110 78 56 40 125 

1981 25 23 21 213 281 220 186 112 98 82 42 28 111 

1982 22 23 21 238 254 225 160 132 78 84 70 23 111 

 
        1.2. 

 
 1.2 –        

 
 

I II  III  IV V VI  VII VIII IX X XI  XII 
, 3/  80 80 80 80 80 80 80 80 80 80 80 80 

Q, , 3/  0 0 0 2 3 2 2 1 1 1 0 0 
Q, , 3/  2 2 2 -3 -7 0 0 0 0 0 2 2 

Q , , 3/  1 1 1 1 1 1 1 1 1 1 1 1 ∑ , 3/  3 3 3 0 -3 3 3 2 2 2 3 3 
 

       ,   
,    1.3,    1.1. 

 
 1.3 –        

   
Q, 3/  Z ,  Q, 3/  

0 328,00 0 
150 329,00 120 
350 330,00 280 
550 331,00 440 
790 332,00 632 
1120 333,00 896 
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 1.1 –     Z  

 
       , 

  ,   1.4,   
 1.2. 

 
 1.4 –        

Z,  V, 3 
328,00 0,00 
334,59 0,43 
339,32 0,85 
342,52 1,28 
344,66 1,70 
346,16 2,13 
347,34 2,55 
348,34 2,98 
349,21 3,40 
349,98 3,83 
350,82 4,25 

 

328

329

330

331

332

333

334

335

0 200 400 600 800 1000 1200


Z

, 

Q, 3/

Poly. ( )

Poly. ( )
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 1.2 –     Z  

 
1.1.3 -    
 

       
 .    ,     

  ,      
    ,      

.  
 : -  ,   

   1.5. 
 

 1.5 –  -   
 1 2 3 4 5 6 7 8 9 10 11 12 

N,  120 114 108 103 98 93 93 98 103 108 114 120 
 

.  
1,54 1,48 1,416 1,15 1,09 1,03 1,03 1,095 1,15 1,41 1,48 1,54 

 
 -3% 

 -10% 
  𝑘 = ,  

 
  

328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352

0 1 2 3 4 5


Z

, 

V, 3
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2.2 -  ё      
   

 
         

     .  
     2.1.    

   (90% ). 
 

 2.1 – -       
  

     
90% I II  III  IV V VI  VII VIII IX X XI  XII  

Q  18 17 15 213 331 217 183 110 82 68 33 21  
C   3 3 3 0 -3 3 3 2 2 2 3 3  

Q =Q -- 
Q  

15 14 12 213 334 214 180 108 80 66 30 18  

Z  350 350 350 350 350 350 350 350 350 350 350 350  
Z  328 328 328 329 330 329 329 329 329 328 328 328  

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

Q  80 80 80 80 80 80 80 80 80 80 80 80 80 
Z  350 350 350 350 350 350 350 350 350 350 350 350   
Z  329 329 329 329 329 329 329 329 329 329 329 329   

 21 21 21 21 21 21 21 21 21 21 21 21   
N  14 14 14 14 14 14 14 14 14 14 14 14   

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

N  3 3 2 38 59 39 33 20 15 12 6 3   
N  14 14 14 14 14 14 14 14 14 14 14 14   

 -11 -11 -12 24 45 25 19 6 1 -2 -8 -11 65 

 
2.3  .    . 

 
  -      

      ,  
  .     : 

 ∑( 𝑖 − 𝑖) =  𝑖=  

 
    ,     

   ,       
 . 

  2.2      , 
     2.1. 

 
 2.2 –       
 I II  III  IV V VI  VII VIII IX X XI  XII 
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,  233 222 201 178 157 146 146 157 178 201 222 233 ,  57 55 53 52 51 50 50 51 52 53 55 57 

  2.2 
 I II  III  IV V VI  VII VIII IX X XI  XII ,  3 3 2 38 59 39 33 20 15 12 6 3 ,  14 14 14 14 14 14 14 14 14 14 14 14 

 

 2.1 –   
 

     -
     . 

 
2.4 -       . 
 

        
 , ,   .   

 ,        
    ,   

  . 
      =345,92 , 

 -      
   2.2. 
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 2.2 –  -    

  
 

  -       
     . 

 -      
   ,  .1  .2. 

 
2.5   
 

  -      
      ,  

  : 
 = я =   
 я = =   
 я = =   
 
2.6    
 

       
.         

         ,   
  .  
       . 

 ,        ,  
   . 

345.50
346.00
346.50
347.00
347.50
348.00
348.50
349.00
349.50
350.00
350.50

0 5 10 15

Z
, 
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  ,     , 
        .1  .2 

[  ]. 
 
2.7   

 
       

 .        
 .  

        2.3. 
 

 2.3 –       
 

 .     

Pcm N . . N . . N . N . . N . N m N . . N . N m N .  N . 
I 300 9 30 120 5  33 4  147 30  

II  281 8 28 112 5  30 3  139 28  

III  252 8 25 97 4  25 4  130 25  

IV 219 7 22 96 3  20 4  103 22  

V 190 6 19 88 3  20 3  82 19  

VI  173 5 17 80 3  20 2  73 17 6 

VII 173 5 17 80 3  20 2  73 17 6 

VIII 190 6 19 88 3  20 3  82 19  

IX 219 7 22 96 3  20 4  103 22  

 252 8 25 97 4  25 4  130 25  

XI  281 8 28 112 5  30 3  139 28  

XII 300 9 30 120 5  33 4  147 30  

 
     2.3. 
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 2.3 –   

 
2.8    

 
     ,   

  : 
 . Э = + . Э + . Э + . Э = = + =   (2.1) 
 
2.9 -       

  
 

-         
     .    

   (50%  ).   
 : 
1.      ;  
2.    .  
 

 -      
 ,    2.4. 

 



20 
 

 
 2.4 –  -    

    
 

   224 ∙  
 -      
   ,  .3. 

 
2.10   
 

       
   .     

   2.4,      2.5. 
 

 2.4 –      
Q 

, 
3/  

Z , 
 

H,  
 

,  
 

H z, 
 1 

Q  
. , 

3/  
H,  

Q 
. , 

3/  
H,  

5 328,04 21,96 17,88 20,53 150 26,51515 206 19,30715 
15 328,13 21,87 17,79 20,44 154 25,82645 205,1446544 19,14715 
18 328,15 21,85 17,77 20,42 158 25,17261 204,2857275 18,98715 
53 328,41 21,59 17,51 20,16 162 24,55107 203,4231739 18,82715 
65 328,49 21,51 17,43 20,08 166 23,95947 202,5569474 18,66715 
83 328,61 21,39 17,31 19,96 170 23,39572 201,6870005 18,50715 
92 328,67 21,33 17,25 19,90 174 22,85789 200,8132849 18,34715 
121 328,84 21,16 17,08 19,73 178 22,34423 199,9357512 18,18715 
150 329,00 21,00 16,92 19,57 182 21,85315 199,054349 18,02715 
171 329,11 20,89 16,81 19,46 186 21,38319 198,1690265 17,86715 
181 329,16 20,84 16,76 19,41 190 20,93301 197,2797311 17,70715 
242 329,47 20,53 16,45 19,10 194 20,50141 196,3864087 17,54715 
325 329,88 20,12 16,04 18,69 198 20,08724 195,4890042 17,38715 
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  2.4 
Q 

, 
3/  

Z , 
 

H,  
 

,  
 

H z, 
 1 

Q  
. , 

3/  
H,  

Q 
. , 

3/  
H,  

360 330,05 19,95 15,87 18,52 202 19,68947 194,5874611 17,22715 
400 330,25 19,75 15,67 18,32 206 19,30715 193,6817215 17,06715 
450 330,50 19,50 15,42 18,07     192,7717263 16,90715 
480 330,65 19,35 15,27 17,92     203,2764507 18,8 
500 330,75 19,25 15,17 17,82     204,3548479 19 

 

 
 2.5 –   

 
  2.5  max,= 21,5 ,H ,= 19 , min= 16,5 .  

      
 . 
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3    
 
3.1      
 

       
     ,   
 : 

1)        
 , . . 𝑥 .; 

2) 𝑖 𝑥      ; 
3)        

    . 
 

       
: 

- -   30 - ; 
- -  30 - . 
 

      ( . 3.1). 
 

 3.1 –      
 30 -  30 -  

  𝑖 𝑥⁄  0,5 0,5 

   
 

′ , /  126 130 

   , /  890 1270 

   𝜂    0,912 0,911 

   ′ 𝑥 , /  1950 1900 

   
   ,  0,460 0,460 

    ,  4 8 

 , ℃ 5 21 

 
       

 1,      . 

 30 - : ′ = , , ŋ′ = , ; 

 30 - : ′ = , , ŋ′ = , . 
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 ё     .  ё  

   11, 12,  30 -   30 -  . 
  : 

 𝜂 = − − 𝜂 ∙ ( − + ∙ √ ∙ √ ∙ √𝑣𝑣 ), (3.1) 

 
 ŋ(p1), D1м, – ,     ;  

D1,H  –      ;  
,  –        

  ,      
    t  t ; 

ε- ,       
 (   = , . 
     : 

 
′
а = , ∙ ′ ∙ ∙ , ∙ 𝜂 ∙ 𝜂 , (3.2) 

 
 ′ –     ;  

ŋ .  −    (   0,97 ). 
       : 

 𝑧′ = ′ , (3.3) 

 

 Э =   –   . 
 ,    ,   

    .  ,   
   2  3.      

   . 
       : 

 ∆= 𝜂𝜂 , (3.4) 

 
 𝜂  –   ; 𝜂  –   . 

   : 
 = ′  ∙ √ ∙∆, (3.5) 
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 ∆ -   ё         
,          

. 
       

      . 
      𝑥, ; 𝑖 , 

       ,  
  : 

 ′ 𝑥 = ∙√ 𝑖 ∙∆ (3.6) 

 ′ = ∙√ ∙∆ (3.7) 

 ′ 𝑖 = ∙√ 𝑥∙∆ (3.8) 

 
      ′    

        
    : 

 ′ ∙ 𝜂 = , ∙ ∙ , ∙𝜂  (3.9) 

 
       

  ,     𝑥′ ,  , 
       𝑥    
   .  

    : 
 
′ = 𝑖∙√ ∙∆, (3.10) 

 
 Q_min –    .    

     3.2  3.3. 
 

 3.2 –       
   30 - . 

,  4 4,25 4,5 4,75 5 5,3 𝜂  0,923 0,924 0,924 0,925 0,925 0,926 ′,  20485,7 23140,9 25958,6 28938,8 32081,6 36067,6 𝑧 ′ 1,8 1,6 1,4 1,3 1,2 1,0 𝑧  2,0 2,0 2,0 2,0 2,0 2,0 ,  18500,0 18500,0 18500,0 18500,0 18500,0 18500,0 
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  3.2 
,  4 4,25 4,5 4,75 5 5,3 ∆ 1,04 1,04 1,04 1,05 1,05 1,05 ′ , /  

140,3 132,1 124,8 118,2 112,3 106,0 , /  
142,8 136,4 125,0 125,0 115,4 107,1 

𝑥 , /  
120,6 122,3 118,7 125,2 121,7 119,7 , /  
128,3 130,1 126,3 133,2 129,4 127,3 

𝑖 , /  
137,7 139,7 135,5 143,0 138,9 136,6 ′ ∙ 𝜂  

 
 

1,467 1,300 1,159 1,040 0,939 0,836 

′ ∙ 𝜂  𝑥  
1,219 1,080 0,963 0,864 0,780 0,694 

 
 3.3 –       
   30 -  

,  3,75 4 4,25 4,5 4,75 5 𝜂  0,918 0,919 0,919 0,920 0,920 0,921 ′,  18513,3 21080,0 23814,1 26715,7 29784,8 33021,5 𝑧 ′ 2,0 1,8 1,6 1,4 1,2 1,1 𝑧  2,0 2,0 2,0 2,0 2,0 2,0 ,  18500,0 18500,0 18500,0 18500,0 18500,0 18500,0 ∆ 1,032 1,033 1,034 1,035 1,035 1,036 ′ , /  
153,5 144,0 135,6 128,1 121,4 115,3 , /  
166,7 150,0 136,4 136,4 125,0 125,0 

𝑥 , /  
132,7 127,3 122,9 130,1 125,8 132,4 , /  
141,1 135,4 130,8 138,4 133,9 140,9 

𝑖 , /  
151,5 145,3 140,3 148,6 143,7 151,2 

′ ∙ 𝜂  
 1,669 1,467 1,300 1,159 1,040 0,939 

′ ∙ 𝜂  𝑥  
1,387 1,219 1,080 0,963 0,864 0,780 
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,      30 -    4 , 

          
      ,   

       . 
        

 .1.[  ]. 
 
3.2       
 

        
 ,      

    : 
 𝛻 . . = . . . . + , (3.11) 
 

 . . . .  –       . .,  
ё     . 

    : 
 = − 𝑧 − 𝜎 ∙ − , + . ., (3.12) 

 
 = ,   . . –  ; 

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

,     . 
       3.4. 

 
 3.4 –      

 
 

,  𝑧 ,  
, /  

,  ,  ,  ,  

30 -  4,00 2 150 18500 0,55 -1,99 0,21 

 
  ,    

  30 - ,   ё   
 . 

     ,   
    ,   = − , . 

   = , ,  ,     
 (3.10): 
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𝛻 . . = , + − , = ,   
 

       
     ё  . 

 
3.3     
 

        
        

.  
  : 

 = = =  (3.13) 

 
    :  700/80-40. 

     3.5. 
 

 3.5 –     700/80-40    
 я 

 я я 
 

  23,5 я я 
 

  20   𝜑 . . 0,85  я    10,5     - я  я 
 /  150   

 
 . . 0,97   ’  . . 0,35  

 
”  . . 0,23     

  8,05      - 

  

 
3.4       

 
 

   : 
R х = 1,663·D1=6,7  (3.14) 
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     ( = , ): 

 
ra=Dа/2=6,2/2 =3,1  (3.15) 
 

    ( = ,  ): 
 
rb=Db/2=5,4/2=2,7  (3.16) 
 

         
: 

 Q = , ∙ ∙𝜂 = , ∙ ∙ , = ,  /  (3.17) 

 
      : 

 Q = ∙φ = , ∙ , = ,  /  (3.18) 

 
       

  : 
 F = = ,, =   (3.19) 

 
      

.        
 3.6. 

 𝑖 = 𝑖 −  (3.20) 
 𝑖 = 𝑘 ∙ 𝑖  (3.21) 
 𝑘 =  (3.22) 

 𝑖 = 𝑖 +  (3.23) 
 = + 𝑖 ∙  (3.24) 
 

       : 
 𝑖 = ∙ ln + 𝑖 ln 𝑖 − ∙ ∙ ln 𝑘 + 𝑖 (3.25) 

     : 



29 
 

 𝜑𝑖 = ∙ 𝑖 (3.26) 

 
  : 

 𝑖 = − + 𝑖 − 𝑖 − 𝑖−
 (3.27) 

 
 3.6 – ё     

  1 2 3 4 5 6 7 8 9 10  

R i 6,7 6,3 5,9 5,6 5,2 4,9 4,5 4,1 3,8 3,4 3,1 2,7 
b i 4,00 3,75 3,49 3,24 2,99 2,74 2,48 2,23 1,98 1,73 1,47 1,22 
r k 3,78 3,71 3,64 3,57 3,50 3,43 3,37 3,30 3,23 3,16 3,09 3,02 
rk/ra 1,22 1,20 1,17 1,15 1,13 1,11 1,09 1,06 1,04 1,02 1,00 0,98 
ln(rk/ra) 0,20 0,18 0,16 0,14 0,12 0,10 0,08 0,06 0,04 0,02 0,00 -0,02 
ri/ra 2,15 2,03 1,91 1,80 1,68 1,57 1,45 1,34 1,22 1,10 0,99 0,87 

ln(ri/ra) 0,76 0,71 0,65 0,59 0,52 0,45 0,37 0,29 0,20 0,10 -0,01 -0,14 
b0∙ ∙ln(ri/ra) 

3,05 2,65 2,27 1,90 1,56 1,23 0,92 0,64 0,39 0,17 -0,02 -0,17 

rk∙ctgϒ 14,08 13,83 13,57 13,32 13,06 12,81 12,55 12,30 12,05 11,79 11,54 11,28 

Rk∙ctgϒ∙ ∙ln(rk/ra) 
2,77 2,47 2,17 1,88 1,59 1,31 1,03 0,76 0,49 0,23 -0,03 -0,28 

mi 2,50 2,25 1,99 1,74 1,49 1,24 0,98 0,73 0,48 0,23 -0,03 -0,28 
Ji 2,98 2,63 2,29 1,97 1,65 1,36 1,08 0,82 0,58 0,37 0,18 0,03 
ϕi 187 165 144 123 104 85 68 51 36 23 12 2 

 
         

(  3.1). 
 

 
 3.1–   φ  = f (Ri) 

 
    Ri  15  

   : 
 
B’=2,695·D1=10,8  (3.28) 

0
15
30
45
60
75
90

105
120
135
150
165
180

2.6 3.1 3.6 4.1 4.6 5.1 5.6 6.1 6.6 7.1

𝜑

Ri, 
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   ,   B’  7 , 

 :  
 b = + = ,    (3.29) 

 
   ё   : 

 = ′ + = , + , = ,   (3.30) 
 

ё       .2.[  
]. 

 
3.5     
 

       , 
    ё   .   

          
.         

 ,    . 
    : 

 ∗ ( . ∙𝜏 ) , ,  (3.31) 

 
 𝜏 = ÷  . 

 𝜏 =  ,       
: 

 = , ∙ = , ∙ = ,  ∙  (3.32) 

 

      (3.30): 
 ∗ ( . ∙ , ) . = ,   

 

     0,6 . 
 
3.6   
 

    : 
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= , ∙ ∙ = , ∙ ∙ = ,   (3.33) 

 
    ,  ё  ,  

  15-20   ,  =0,62 . 
     : 

 p = ∙ [p ],  (3.34) 

 
 h   0,3 .,  D = −  .  

 [p ] = ∙ U = ∙ , = ,   (3.35) 
 U = ∙ n ∙ = ∙ ∙ , = ,  (3.36) 

 = ,, ∙ , = ,   

 
 [ ] . 

  :  ℎ = ,   =  
     : 

 R = + ∙ + ,  (3.37) 

 a = Z =  =  (3.38) 

 
   : 

 = ∙ℎ [ ],   (3.39) 

 l = , − , ∙ Z = , ∙ ∙ , = ,    (3.40) 

 [p ] = ∙ U = ∙ , = ,        (3.41) 
 

:  
 = ,+ ∙ + cos = ,    
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p = ,, ∙ , = ,   

 
 [ ] . 

      ,  -
        . 

 
3.7    

 
        

 ,       
  . 
    30 - -400    

:  2,5/1 – 40 – 4 – 2. 
     2,5 3, 

      40  (40 / 2),  
   4– 2  4 3   . 

 
3.8    

 
  :  – 2 1 – 150 – 4. 

   – –2 1; 
    - –150–4. 
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4   
 
4.1   
 

        
   4.1. 

 
 4.1 –         

  
 cos  U  U  L, . . 

 . .    ∙  
2 0,85 10,5 110 40 150 
 
-    cos φ = , . 
-     T =  / . 
-      P . . = , ∙ P . Э . 
-       

  cos φ . . = cos φ . 
-  « »,  . 
 
4.2       
 

        
     ,    

    ,  , 
 ,  ,    
  .  

    "  " 40 .  
    :     

  ( 4.1). 
 

 
 4.1 –       
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4.3       
 
4.3.1    

 
       700/80-

40   « ». 
    700/80-40   4.2 

 
 4.2 –     700/80-40 

 , 
·                 U  ,  cos φ , . . η 

 
 S     x"  x′  x  

23,5 20 10,5 0,85 96,7 ,  0,32 0,97 
 
4.3.2       

 
 

       
       , 

    , . .   : 
 S =  − . .φ = − ∙ ,, = ,  ∙  , (4.1) 

 
 P . . –    , . 

 
   "  "  

 -25000/110.      4.3. 
 

 4.3–    -25000/110 S ,  
U ,  U , % ∆P ,  ∆P ,  I ,% U  U  

25 115 10,5 10,5 120 31 0,55 
 

      
 ,       

   . 
 τ = , + a ∙  (4.2) 

 τ = ( , + ) ∙ =  /  

 
     : 
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t = − ∙ T − ω ∙ T = − ∙ − , ∙ = , (4.3) 
 

  = 1 –   ( , , ), 1/ ;  T  = 30 –       , ; ω = 0,025 –     , 1/ ;  T =  –   -   
, ; 

    : 
 𝛥 = 𝜂 ∙ 𝛥 ∙ = ∙ , ∙ = ,  ∙ , (4.4) 

 
 n  –    . 

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

 
        
: 

 = ∙ ∆W + ∙ ∆W , (4.6) 
 

 = , ∙ −  . ./ ∙ ; = , ∙ −  . ./ ∙ ; 
        
  110     (4.6): 

 = , ∙ − ∙ ,  + , ∙ − ∙ ,  = ,  . ./ ; 
 

  = ,  . ./ . 
 
4.3.3       

  
 

       
      , 

     . .   
: 

 S = ∙  − . .φ = ∙ − ∙ ,, = ,  ∙ , (4.7) 

 
 P . . –    , . 
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   "  "  
 -40000/110.      4.4. 

 4.4 –    -40000/110 S , 
 

U ,  U , % ∆P ,  ∆P ,  I ,% U  U  
40 115 10,5 10,5 172 30 0,55 

 
      

 ,       
   . 

 τ = , + a ∙ = , + ∙ =  (4.8) 

 
     : 

 t = − ∙ T − ω ∙ T , (4.9) 
 
  = 1 –   ( , , ), 1/ ;  T  = 30 –       , ; ω = 0,025 –     , 1/ ;  T =  –   -   

, ; 
 t = − ∙ − , ∙ =   
 

    : 
 ∆W = n ∙ ∆P ∙ t = ∙ , ∙ = ,  ∙  (4.10) 

 
 n  –    . 

 ( )   : 
 ∆W = ∆ ∙  ∙ τ = , ∙ , ∙ = ,  ∙  (4.11) 

 
        

 (4.6): 
 = ∙ ∆W + ∙ ∆W , 

 
 = , ∙ −  . ./ ∙ ; = , ∙ −  . ./ ∙ ; 
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  110 : 

 = , ∙ − ∙ ,  + , ∙ − ∙ ,  = ,  . ./ ; 
 

4.3.4     
 

 ,     , 
 (1-2) %  S : 

 S . . = , ∙ S = , ∙ =  ∙  (4.12) 
 

   ,     
    .  

  « »   
-630/10/0,4.      4.5. 

 
4.5 –    –630/10/0,4 S , ∙  

U ,  U , % 
I , % U  U  

630 10 0,4 5,4 1,2 
 

4.3.5      
       

  
 

 ,   : 
 S = − . .φ = − , ∙, = , ∙  (4.13) 

 
       110 : 

 P . =       = ,       cosφ = , , 
 

  –     ; 
 –       110 .  

   110 : 
 n = ∙ ./ φ + = ,, ∙ / , + =  (4.14) 

 
   110   n = . 
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I = ∑∙√ ∙ = ,  ∙√ ∙ = ,   (4.15) 

 
ё    110 : I = ∙ ∙ I = , ∙ , ∙ , = ,  , (4.16) 

 
 = ,  – ,     

 ;  = ,  – ,      
. 

  ё      U=110   
   – 240/32. 

   I =  . 
   : 

 I . = ∑− ∙√ ∙ = ,  ∙√ ∙ = ,  (4.17) 

 I > I . ,  >    ,   
  . 

  –240/32    4.6. 
 

 4.6 –    –240/32 
   

 
r0 /  x0 /  b0 /  

1 0,121 0,435 2,60·10-4 
 
4.3.6       -

 ё  
 

     
,      

   .  
   : 

 = n ∙ + m ∙ . . + t ∙ , (4.18) 
 

  –     ; 
 –       110 . 

   = 33 516 . . 
       : 

 = ∙ , + + ∗  =  . .  
 



39 
 

       : 
 = ∙ + + ∙ =  . . 
 

      
    : 

 = ∙ + , (4.19) 
 

 = 0,15 –   
 

         
: 

 = , ∙ + , = ,  . . 
 

         
: 

 = , ∙ + , = , . . 
 

   :  
 = − ∙ % (4.20) 

 = ,  − ,, ∙ % = ,  % 

 
  ,        5%  
  ,     

 . 
 
4.3.7      

 
 

    -110    
ё .    – 110     4.2. 
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 4.2–    

 
4.4        

       RastrWin 
 
4.4.1 ё    
 

 ,     ё    
,      

      
 : 

 x = x′′ ∙  = , ∙ ,,  = ,  (4.21) 

 r = 𝜔∙ = ,, ∙ , = ,  , (4.22) 

 
  x′′ −    ; = , − я я  я ; 

   : 
 E = E∗" ∙ U = , ∙ , = ,   (4.23) 
 

  : 
 x = %∙∙ = , ∙ ∙ = ,   (4.24) 
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r = ∆ ∙ = , ∙ = ,   (4.25) 

 
  : 

 x =  = = ,   (4.26) 

 = = ,  = ,   (4.27) 

 
  110   : 

 r = r , ∙ l = , ∙ = ,   (4.28) 
 x = x , ∙ l = , ∙ = ,   (4.29) 

 : 
 = ∗ ∙ U = , ∙ =  (4.30) 

 
 : 

 k = = , = ,  (4.31) 

 
      4.3, 4.4  4.5  

   4.7. 
 

 
 4.3–  ё  3-      

  
 

 
 4.4–  ё  3-      
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 4.5–  ё  1-      

  
 

       110  : 
 = ∙ = ∙ , = ,   (4.32) 
 

 4.7–         
  1 I .  i  

1  5 5,007 7,789 
3  5 3,370 5,242 
3  1 6,428 16,362 

 
4.4.2  ё     ё   

 
       

    .  
       

        5% : 
 I ,  = , ∙ I , = , ⋅ ,√ ⋅ , = ,   (4.33) 

 
    : 

 I   = ,√ ∙ , = ,√ ∙ = ,   (4.34) 

 
        110 : 

 I . 𝑥 = ∑∙√ ∙ = ∙√ ∙ = ,   (4.35) 

 
       

   : 
 I . = ∑− ∙√ ∙ = ∙√ ∙ = ,   (4.36) 
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4.4.3      
 10,5  

 
        

          
,   . 
       

 : 
1) U U .  
2) I I ,  
3) B , B ,  

     « »  
     –10  
 –10/4000 3.    

      4.8.  
 

 4.8 –        
 

ё   
  

 
-10 

 
-10/4000 3 U  = ,   U =   U =   I . = ,   I =   I =   I = ,   I =   i . =   i = ,   i . =   i . =   

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

. = I ∙ t = = ∙ =  ∙  
. = I ∙ t = = ∙ =  ∙  

 
     –10: 

 i τ = √ ∙ I ∙ − τ = √ ∙ , ∙ − ,, = ,   (4.37) 
 

,    ,    
4.9. 

 
 4.9 – ,     

 
 

  
 

 
 

 
 

 ( · ) 
   : 
  -1 RS485 0,5 8 
   : 
  -1 RS485 0,5 8 
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  4.9 
 

 
  

 
 

 
 

 
 ( · ) 

   : 
 - 3 RS485 0,5 10 

  ∑ = 26 ·  
 

,     « - », 
    - 3.  

         
 ,        

,    . - 3   
     4   15150 

(     1  45° ;    
 55° ;    98 %   

35° ). - 3     ,  
    15150.  

  ,    «  
». -1      

        
       

   50     0,4  750 . 
      

      (    
 13109-97),       

,   –     
      , 

  ,   .  
 

4.4.4      
 

   –10–1.   
«  ».    -10-1  
  4.10. 

 
 4.10 –    –10 

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

   -10.   
«  ».    -10 

   4.11. 
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 4.11–      
 ё       U < U  U = ,   U =  

 
      10,5  

      – 10 1   
« z ». 
 

4.5    
 
4.5.1     

 
    « »   « » 

    -110   -
110/1000 1.      

    4.12.  ,   
   110       

 4.13. 
 

 4.12–        
 

ё   
  

 
-110 

 
-110/1000 1 U  =   U =   U =   I  =   I =   I =   I = ,   I . =   − i = ,   i . =  i . =   

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

. = I ∙ t = = ∙ =  ∙  
. = I ∙ t = = ∙ =  ∙  

 
 4.13 – ,      110  

   
 

 
  

 
 

 
 

 
 ( · ) 

  -1 RS485 0,5 8 
 

4.5.2      
 

 -110    -110-
1.   « ».    -

100- 1    4.14. 
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 4.14 –    
 ё       U < U  U =   U =   I  < I  I  =   I =   

 
   -110.   

« ».    -110   
 4.15. 

 
 4.15 –    

 ё       U < U  U =   U =   
 

  110       - -
110 1,   « ». 
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5     
 

  ,    
         

   ,   
 .     

 ,      
   . 

   ,     
    37 : , 

  . 
 

5.1    
 

      5.1. 
 

 5.1 –    
 
 

   

 

  700/80-40 
 

 
,  23,5 

,  20 
 ,  10,5 
  cos 𝜑 0,85 

 , /  150 
  ,  1295 

    ,  930 

 
  

  .  

 Xd 0,97 
 X’d 0,32 

 
X’’d 

0,23 

 ,  0,65 

 

  25000/110 
 

,  
 115 
 10,5 

  ,% 10,5 
 

5.2     
 

      ,   
      . 

   700/80-40: 
     (   

        ); 
        ; 
    ; 
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; 
      ; 
       ; 
      ; 
     ,   

; 
      ; 
    ; 
         ; 

    25000/110: 
    (    

      ); 
   (   ); 
        ; 
     (     

     ); 
     (   

   ); 
      (     

 ); 
      ; 
         110 ; 
    10,5 ; 
    (  ). 

   110  (  ): 
 -    (    ); 
  : 
    (   ); 
      

 (    ); 
   (    ); 
  110  (       

 110 ). 
    : 

  ; 
  ; 
    10,5 ; 
   ; 
   ; 

    ( ) . 
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5.3 ё    
 

  : 
 = / 𝜑√ ∙ = / ,√ ∙ , = ,  , (5.1) 

 
 −    ; 𝜑 −   ; −   . 

   ,    
  : 

 = ∙ = ∙/ = ,  , (5.2) 

 
 =  –  ,      

« »; 
 –       

 . 
     10,5 : 

 , = ,, = , = ,  (5.3) 

 
  : 

 , = , / = , / = ,  (5.4) 

 
5.4    ё    
 
5.4.1    
 

      
  . . < , ∙ .    

         . 
        

          
 . 

   : . =  . 
   = /  

1)       
   .  .      

      : 
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= ∙ 𝑖 ∙ . = , ∙ , ∙ . = , ∙ . (5.5) 
 = , ∙ = ,  , 
 

 = , −    ;  𝑖 = , −    . 
   : 

 . ∙ = ∙ , ∙ ., (5.6) 
 

 = −  . 
 : 

 I . = , ∙ I . = , ∙ = ,  (5.7) 
 
2)        

    .     
     ,   

     . 
      : 

 = ∙ ∙ 𝑖 ∙ ., (5.8) 
 

 = − ,    
; . −        

         
,  : 

 . = ,𝑥 ., ∙ I . = , ∙ = ,  , (5.9) 

 
 "  –   ; 𝑥"  –   . 

      : 
 = ∙ 𝑖 ∙ ∙ = ∙ , ∙ , ∙ , = ,  
 

     : 
 > ∙ = ,  ∙, = , , (5.10) 
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 =  –  ; 
 –      . > , ; 

 
,    0,3. 

3)    (      
) 

 = . = , , = ,  (5.11) 

 
       . 

     : 
 > . = ,  (5.12) 

 
    =1,5. 

 5.1    
  . 

 

 
 5.1–     

 
 

     ,  
,     -      

 . 
 
5.4.2          
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  100%    , 
         

    . 
      : 

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

 3U0    ,  
 «  ». 

       
       

     
     Э . .      

 . 
  Э . .     ,  

 . 
    ,  

     
   5.2. 

 
 5.2–      

     
 

 
  5.2    : 
 –        ; 
 –        ; 
 –      ; 

 –   ; 
  0,7    0,25   

 10,5 . 
 

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

  Э . = ∙ ∙ 𝜇𝜇 + Σ (5.14) 

 
  – ,      

  . (  ,   
 , = , ; 

 –        
  , = ,   ; 

 –        
    .  : 

 = ∙  √ =⁄ ∙ √ = ,   (5.15) 

 
     : 

 = , ∙ ∙ 𝜔 ∙ Σ = ,   (5.16) 
 

       
    110     (97): 

 

 Э . . = , ∙ ∙ ,, + , = ,   

 
     : 

 ∙ ∙  Э .  (5.17) 

 ,, ∙ ∙ ,,√ ∙ , /  

 , , 
 

 = ,  –  ; = /  –   ; = ,  –  . 
Uo       

,     5  20 .  
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   . 
  : U01G    5    

  9,0 ,   ; U0G    15   
  0,5      , 

 ,     -  . 
  U03       1 

 3. 
         

: 
 = +  (5.18) 

 
 = ,        32,3 %  

   . 
    0,5     
 ,        

-  . 
 
5.4.3     (U1>), (U2>) 
 
1)   U2> : 
 = , ∙ = , ∙ / =   (5.19) 

 
2)         
  U1>  , ∙ ,      

     . 
U1>        . 

 U1> : 
 = , ∙ = , ∙ / =   (5.20) 

 
  ,      

    110      , ∙ . 
    0,5     
 ,  . 

 
5.4.4      

      (I2) 
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  ,     

    . 
       ∗ : 

 ∗ = , (5.21) 

 
 –       , 

–      . 
      

    : 
 = ∗  (5.22) 

 
 =  – ,  -  (T =700 ) . 

    : 
1)         
        

(   ). 
   : ∗ = , ; = , ∙ . 

2)         
        

 .       
      =  . 

 : 
 

∗ = √ = √ = ,  (5.23) 

 : 
 ∗ = ∗ = , , = , , (5.24) 

 
 = ,  –  . 

 = , ∙  (5.25) 
 

        
   ,  ∗ = , : 

 = , ≈   
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3)       
,         

 ,  : 
 = ∗  (5.26) 

 = = ∗ ∙  (5.27) 
 

     
      5.2. 

 
 5.2–      

   
  

   
-  
I2/I  

1,0 0,74 0,61 0,49 0,37 0,24 0,21 

 ( ) 30 55 80 125 220 500 700 
 

     
      

   (I2)    5.3. 
 

 
 5.3–      

      
   (I2) 

 
       
 : t . = 30 , t . = 700 . 

       
     .  

0

100

200

300

400

500

600

700

800

0 0.2 0.4 0.6 0.8 1 1.2

t,
 c

I2/I
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     ,  . 
1)    /20      

    /2       
    . 

       : 
1.         

 ; 
2.         
     ; 
3.          

 . 
  :       

       
. 

  : 
        

 110          
  . 

 ∗ . . = , ⋅ ∙(𝑋  ′′ +𝑋 +𝑋 ) (5.28) 

 ∗ = ∙ = , ∙ , = ,  (5.29) 

  ′′ =  ′′ ∙ = , ∙ , = , , (5.30) 

 
  ′′ −      , 

    ; −    ; 
 = % ∙ = , ∙ , = ,  (5.31) 

 
 −     . 

       110 : 
 ∗ . . , ⋅ ∙ , + , + , = ,  . . 
 

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

       
 . 

     8,5     
 110    ,    9,0   

     . 
 
5.4.5     (I1) 
 

      
 .          
   : 

1)  ,     
         

   . 
  : 

 = ∙ = , ∙, = , ∙ , (5.33) 

 
 = ,  –  ; = ,  –  . 

  =  . 
2)  ,      

        
 . 
  : 

 = , ∙, = , ∙  (5.34) 

 
3)       . 

      
   ,    5.3. 

 
 5.3–   ,    

    
 
 

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

 
,  

3800 1200 450 340 280 160 80 3 1 
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     5.4. 

 

 
 5.4–    

     
 

        
  ,  . 

      
   0,01 . 

4)   ,     
       . 

  :  
 = , ∙, = , ∙  (5.35) 

 
        <.    : 

 = , ∙∙ = , ∙, ∙ =   (5.36) 

 
     8,5     
 110    ,    9,0   

     . 
 
5.4.6    𝒁 < , 𝒁 <  
 

         
       

    . 

0

500

1000

1500

2000

2500

3000

3500

4000

1 1.2 1.4 1.6 1.8 2 2.2 2.4

t,
 c

I2/I



60 
 

     ,   I 
 II      III  IV    

. 
1)       

        1 .  
        
  ,    . 

       110   
 . ,    110 ,   : 
)       : 

 , ∙ + , ∙ ′ = , ∙ , + , ∙ , = ,  , (5.37) 

 
  – , ,   ; 

 –  ,     
110 ; 

 = , ∙ = ,   (5.38) 

 
  ,     

: 
  . . , ∙ ∙ .. + , ∙ . ∙ ′  (5.39) 

 

 . . , ∙ , ∙ , + , ∙ , ∙ , = ,  

 
   : 

 =  . . ∙ = , ∙ , = ,  , (5.40) 
 = = ,, = ,  (5.41) 

 
  : 

 = ∙ = , ∙ = ,   (5.42) 

 
  = ,  . 

1)  ∆         
    .   
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∆ ,      ,    , 
 , ∆ = − . 

2)  ∆ =  

3)       
        . 

    : 
 = √ ∙ = , ∙√ ∙ = ,  , (5.43) 

 
  –   , . 

       
         
 ∙ . .       , ∙  (   

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

 
 . . . –    , ; 𝑥  –       
. 

          
  , ∙ . 

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

 𝜑 . = 𝜑, ∙ = ,, ∙ , = ,  (5.46) 

 
      𝜑 . = , °. 

     : 
  = . = ,, = ,  . . (5.48) 

  =  . . ∙ = , ∙ ,, = ,   (5.49) 

 
  : 

  = . .𝐼𝐼∙ = , ∙ // = ,   (5.50) 
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  = ,   . 
      

  15%.     = ,  , = ,  . 
        

     . 
      8,5  –   

  110    ,    9,0 
         . 

      
 5.5. 

 

 
 5.5–     

 
5.4.7      
 

      
 .        . 

    : 
1)  ,     

         
   .   

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

2)  ,      
        

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

 
3)  ,      

 ,    ,    
  ,  . 

        5.4. 
 

 5.4 –     
 
 ⁄  

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

  
 

100  
 

250 180 160 120 90 72 45 20 

 
       

    5.6. 
 

 
 5.6–    

     
 
4)   ,     

       .  
 :  . = , ∙ ., = , ∙ .  (5.53) 

0

100

200

300

400

500

600

700

800

1 1.5 2 2.5

t,

I/I
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     3,0 .   

   ,  . 
 
5.5       
 

   ,    -  
      

,   , ,    
     1113    

« ». 
1113       

        ,  
        . 
 
5.6       
 

    5.5. 
    5.6. 
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 5.5 –   

  

     
 

 

.  
 ∆  

 
, .  , ∙  0,45  

 
,  

,  - 

 
 

,  
, ∙  1,5  

 ,  , ∙  4,5  

 
 

  - 5  

  - 15  

 
 

,  
1,3 - 

 > 

2   , ∙  140  

1   , ∙  120  

 
 

  

 . .  
 

 

  , ∙  90,3  

  , ∙  0,45  

 I . . , ∙  3,3  

  
 

. .  
 

 

  , ∙  3,21  
  , ∙  3,3  

  , ∙  4,59  

 < 

1  
 0,09 ,   

 0,15∙  0,063 

2  
 0,21 3,77  

 0,15∙  0,15 

  
  

 
  . , ∙ .  4  
  . , ∙ .  4  

  . , ∙ .  8,17  
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 5.6 –   

 

 
/

 

 
 

 
 

 
 

 

 
 

 

 
-1

10
 

 
-

  
  

 
 

  

.  
 ∆  + + + +    

 
 

       + 

 + + +     

  + + +     

 > 

1  + +      

2  + +      

  
 

  
. .   

 

       + 

 + +      

 I 
     +   

 + +      

  
 . .  
 

 

       + 
 + +      

 
     +  

 
 

 + +      

 < 

1 
 

     +   

 + + +     

2 
 

     +   

 + +      

   
 

 
       + 
 + +      

 + +      
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6     
 

6.1       
 
6.1.1     

 
     2  2013 . № 986: 

1         
    : 

       25  IV  
. 

1          
 . 

  , , 
        10-

300    III . (     37 
). 
3        

  : 
   ,   5 ,   

  ,      
   3000 ,  II   

. 
     II .  

ё      II  : = ,  
 

6.1.2     
 

   ∇ : 
 ∇ =  ∇ +  h , (6.1) 
 

 h  -         
 . 

 h = h % + ∆h + , (6.2) 
 

 ∆h  -   ;  
 -  ,    0,6 . 

     : 
 ∆h = k ∙ ∙∙ ∙ cos , (6.3) 
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 L -   , ;  
 -         

( = );  d -      . 
 k =  ∙ + ,  ∙ V ∙ −  (6.4) 
 

   V =  / ,  : L = ,  , 
 k = , ∙ −  

 
  : 

 d = ∇ −∇  = − =   (6.5) 

 
,    : 

 ∆h = , ∙ − ∙ ∙, ∙ = ,  

 
   1 %      

: 
1)    ∙

  ∙ ,  t −   
   (t = 6  = 21600 ). 

 ∙ = , ∙ = ,  (6.6) 

 ∙ = , ∙ = ,  (6.7) 

 
2)   [38,  1,  1]    
 (      d > , ƛ ,      

  )   ∙
  ∙   ∙̅

 

 ∙ .      6.1.  

 
 6.1 –    g ∙ LV  

g ∙ tV  g ∙ TV  
g ∙ h̅V  

g ∙ TV  
g ∙ h̅V  

0,9 0,0075 4,0 0,08 
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,    ,   
  T( )     h̅( ). 

 ∙ = , => = , ∙, = ,   (6.8) 

 ∙̅ = , => h̅ = , ∙, = ,   (6.9) 

 
3)    : 
 ƛ̅̅̅ = ∙∙  (6.10) 

 ƛ̅̅̅ = g ∙ T∙ = , ∙ ,∙ , = ,   

 
4)     d > , ƛ . > ,   

 . 
5)    1 % : 
 h % = h ∙ K , (6.11) 
 

 K  - ,    [38,  1,  
2]     ∙

 (   ).  
 

 h % = h̅ ∙ k = , ∙ , = ,  , 
 h = , + , + , = ,  , 
 ∇ = + , =  ,    
 

       
  ∇      , 

   ∇ , ∇ . 
 
6.2       

  
 
6.2.1     
 

       Q , 
  ,  ,     
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     -Q Э .  , 

    ,    : 
(n -1)     ; 
 Q = Q . − n − ∙ Q , (6.12) 
 

 n –  . Q .  -    1%   
       . Q  –    . 

 Q = , ∙ ∙η = , ∙, ∙ ∙ , = ,  (6.13) 

 = −  Q . = , − = ,  (6.14) 
 Q = − − ∙ , = ,  /  
 

  : 
 B = , (6.15) 

 
 q  -    , 

 q = , ∙ q , (6.16) 
 

 q  -    , 
 q = V ∙ h = ∙ , = ,  /  (6.17) 
 

 q = , ∙ q = ,  ∙ , = ,  / , 
 

 V  -   (    5,0 / ); h  -      Q . 1% - 4,0 . 
 B = Qq = , = ,  . 
 

   B    ,  
     .   

 : 

6n



71 
 

B = b ∙ n, (6.18) 
 

 n-   (   2÷3),  b -    (8, 9, 10, 12, 14, 16, 18, 20, 24, 30) . 
  n =     9 . 

    B =  . 
   : 

 = , ÷ , ∙ = , ÷ ,   
 

  ,     ,   
         0,8 , 
 =   

 
      : 

 B = b ∙ n + n − ∙ б = ∙ + − ∙ =   (6.19) 
 
6.2.2     

 
     

. 
    ,    

     , . .  ё     
  - H ,        - H .  

 H = ∙B∙√ ∙ / , (6.20) 

 
 m-         

       . 
    m = 0,49. 

       :  
 H = ,, ∙ ∙ √ ∙ , / = ,   

 H = ∙σ ∙σ ∙B∙√ ∙ / , (6.21) 

 
 σ  -   , σ  -   (   1). 
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σ = − , ∙ Ɛ+ − ∙Ɛ ∙ , (6.22) 

 
 b -   ё , Ɛ -        

.       6.1. Ɛ  = 0,45 –  ,     
 ( ); 
 

 

 6.1 -    
 σ = − , ∙ , + − ∙ , ∙ , = ,  

 
: 

 H = ,, ∙ , ∙ ∙ ∙ √ ∙ , / = ,    
 

   : 
 H = H − α∙∙  , (6.23) 

 
 V  -     , = ,  -  , 

 V = ∇ −∇ ∙ B+ − ∙ = ,− ∙ + − ∙ = ,  / , (6.24) 

 
  -  ;  B -   .  

 : 
 H = , − , ∙ ,∙ , = ,  , 
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 H  -  , ,       
 (4; 4,5; 5,0; 5,5; 6,0; 7,0; 8,0; 9,0; 10,0; 12,0; 14,0; 16,0; 18,0; 20,0 ). 

 H =  . 
     : 

 ∇ = ∇ − H = − = ,   (6.25) 
 

     : 
 ∇ = ∇ + , ∙ H = , + , ∙ = ,   (6.26) 

 
        

(∇ = ,     ∇ = , ),   ∇ = ,  . 
 

6.2.3      
 

        
  : 

 H = .∙B∙√ ∙ /  (6.27) 

 Q . = Q − n − ∙ Q − Q . , (6.28) 
 

 Q . -  ё  ,  ё   
,    0,1% , 

 Q = N, ∙  ∙ η = , ∙, ∙  , ∙ , = ,  

 . = −  Q . = , − , = ,  (6.29) 
 

 Q .  - ,      
. 

     = − = − = , 
 Q . = , ∙ ∙ √ ∙ , ∙ = ,  
 Q . = − − ∙ , − , =  ,  / , 
 

       : 
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H = Q .m ∙ B ∙ √ ∙ g = ( ,  , ∙ ∙ √ ∙ , ) / = ,  , 
 

  ,  ё     , 
   : 

 H = ( .∙σ ∙σ ∙B∙√ ∙ ) /
 (6.30) 

 σ = − , ∙ , + − ∙ , ∙ , = ,  

 
: 

 H = Q .m ∙ σ ∙ σ ∙ B ∙ √ ∙ g / = ,   

 H = H  − α∙ ∙  (6.31) 

 
    : 

 V = .∇ −∇ ∙ B+ − ∙ = ,  − ∙ + ∙ = ,  /  (6.32) 

 H = H  − ∙ V∙ g = , − , ∙ ,∙ , = ,  , 
 

    : 
 ∇ = ∇ + H = , + , = ,   (6.33) 
 

ё   ∇    ,   
    ; ∇ = ,  . 

 
6.2.4     

 
     [38,  

6-12].        .   6.2 
      . 

 ,  .1. 
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 6.2 -        
      H =  . 

x y x y x y x y 
0 0,756 6 1,536 12 7,41 18 16,944 

0,6 0,216 6,6 1,926 12,6 8,214 18,6 18,078 
1,2 0,042 7,2 2,364 13,2 9,048 19,2 19,242 
1,8 0 7,8 2,85 13,8 9,918 19,8 20,43 
2,4 0,036 8,4 3,384 14,4 10,878 20,4 21,654 
3 0,162 9 3,966 15 11,76 21 22,908 

3,6 0,36 9,6 4,584 15,6 12,732 21,6 24,186 
4,2 0,6 10,2 5,238 16,2 13,734 22,2 25,494 
4,8 0,876 10,8 5,922 16,8 14,772 22,8 26,826 
5,4 1,188 11,4 6,648 17,4 15,84 23,4 28,188 

 
6.2.5       

 
         

        
      (  6.2).    

         
      ё . 

 

 

 6.2 -     
 

 : 
 h = √ α∙∙ B+∑ = √ , ∙ ,, ∙ + ∙ = ,   (6.34) 

 
  : 

 h` = 𝜑√ 𝑔 − −ℎ′ = ,, √ ∙ , ∙ + − = ,  (6.35) 
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h` = 𝜑√ 𝑔 ℎ + −ℎ′ = ,, √ ∙ , ∙ + − , = ,  (6.36) 

 q = pB+ ∙ − = ,+ ∙ − = ,  (6.37) 

 h" = c̀ √ + ℎ c̀ − = ,  (6.38) 

 h" > ℎ  , ,  > ,    . 
     ,   

     .    
     . 

 
6.2.6      

 
    ,   

 ,    ,    
 . 

       
   ё  .  

 Q . . = .  +  . = , + ,  . = = , ⁄ , (6.39) 

 
 V .   -  ё  , V  = 1,57 3 (1,57∙109 3), V  –  ; t . -  , t . =  . 

,     (6 ). 
      

  : 
 Q = ∙ ω ∙ √ ∙ g ∙ H , (6.40) 
 

 H -     ; ω -   ; 
Q- ,   , -  . 

    .     
 : 

 Q  = . . (6.41) 
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Q  = , = ,  /  

 
    H      
      . 

    h = 2 ,    
  332,5 .     : 

 ∇ = ,  + = ,   (6.42) 

 
    :  

 H = ∇ − ∇ = − , = ,   (6.43) 
 

   ω    Q  ,  :  
 ω =  ·√ ∙ ∙  (6.44) 

 ω = ,, · √ ∙ , ∙ , = ,   

 
    - 2 ,    : 

 b = ω
 (6.45) 

 b = , = ,   

 
    2,0 .  

       
: 

 ω = b · h = · =   (6.46) 
 

  ,  2  h= 2 , b= 2 . 
     2 .  

 
6.2.7 ё      

 
 

         
     .  
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   d = ,  . T = ∇ − ∇ + d = − + =   (6.47) 
 = = , = ,   (6.48) 

 
   = ,   " = , ,  

 ё  : 
 h` = ∙ h = , ∙ , = ,   (6.49) 
 h`` = `` ∙ h = , ∙ , = ,   (6.50) 
 h" > ℎ  , ,  > ,    . 

     
 H  = ∙√ − α∙(σ∙ c̀̀) = ,, ∙√ ∙ , − , ∙ ,∙ , ∙ , ∙ , = ,  (6.51) 

 h = σ ∙ h`` − H  = , ∙ , −  , = , , (6.52) 
 

 m = ,  –    . σ – 1,1 –   
   3      4,2 . 

      
  : 

 T = , + , − = ,   ,      
 = Th = ,, = ,  , 
 

   = ,   " = , ,  
 ё  : 

 h` = ∙ h = , ∙ , = ,  , 
 h`` = `` ∙ h = , ∙ , = ,  ,   
 h" > ℎ  , ,  > ,    . 

      : 
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= + Ʃ =  +   =    (6.53) 
 : 

 l = , ∙ ( , ∙ h`` − h` ) = , ∙ , ∙ , − , = ,   (6.54) 
 

 : 
 l = , ÷ ∙ l = , ÷ ,   (6.55) 
 

 l =   . 
      . . 

: 
 = ,  ∙ , ∙  √ , =   (6.56) 
 

   : 
 = + − ∙ ∙ c̀ = ,+ − ∙ ∙ , = ,  /c (6.57) 

 
    = 3,0      . 

 : 
 ∇ = , − − =   (6.58) 
 

    
     

 H  = qm ∙ √ g − qg ∙ σ ∙ h``
= ( ,, ∙ √ ∙ , ) − , ∙ ,∙ , ∙ , ∙ , = ,    

 h = σ ∙ h`` − H  = , ∙ , − , = ,  
 

     1,7 . 
       

  : 
 T = , + , = ,   
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= ,, = ,   

 
   = ,   " = , ,  

 ё  : 
 h` = ∙ h = , ∙ , = ,   
 h`` = `` ∙ h = , ∙ , = ,   
 ,  < ,    / 

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

 : 
 l = , ÷ ∙ l = , ÷ , ,    
  

 l =   . 
      . . 

: 
 = ,  ∙ , ∙  √ , = ,   
 

   : 
 = + − ∙ ∙ h` = ,+ − ∙ ∙ , = ,  /c  
 

    = 1,8      . 
 

6.2.8  
 

 ,        .  
       
 .        
 .     .  

  l = l =  .  
   8 ,      1 

  8 . 
      :  
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 t =  ∙ p∙ c−  (6.59) 

 h = ∙ h ∙ . . = ∙ ,  ∙ , . = ,  , (6.60) 

 
 x = 48–       ; h = 𝛼∙ ∙𝑔 =  ,  ∙ , ∙ ,  = ,  , (6.61) 

 
  –      K  –  ,  1,25 h .  –    : 

 –    : 
 =  = , = ,  / , (6.62) 

 
  –   (       

  ). 
:  

 t =  p ∙ h ∙ Kp −  p =  ∙ ,  ∙ ,− = ,  

 
 t  = 0,15 . 

 
6.3   

 
6.3.1     

 
  ,    , 

  . 
     :  

          
.  

    ,     
: 

 B = h ∙ tg =  ∙ , = ,  (6.63) 
 h = ∇ − ∇ = − =   (6.64) 
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6.3.2     
 

      ,   
 ,      

 . 
      1 .,   

 0,3 .       
 10 . 

6.3.3  
 

        
    ,   , 

      ,   
     .   

 .     6.3. 

 

 6.3 –   

    = 3 .    - 
     =  = 0,5 .  
     m = n= 0,5 . 
  -       
   1,5    ,    

       .  
     ,   

    .     
 – 2 ,    - 4      -6 .  

    12 .      
  ё      ,   

    . 
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6.3.4  
 

        , 
  ;       

       ;   
         
  ;        .   

         
  65,0 . 

 
6.3.5     
 

      
    . 

  : 
 = ∆ ∙ , (6.65) 

 
 ∆H  –    ,    

ё . 
 ∆H = H − H = , − , = ,  , (6.66) 

 
 J  –        J = . 

 -       II  
 = , ; H , H  -    . 

 = , ∙ , = ,  ,                                                                          
 

    : 
 h = , ÷ , ∙ ∇ − ∇  

 h = , ÷ , ∙ − ,  = , ÷ , , (6.67) 
 

 ∇ = 328,59   
 h =  . 
      : 

 l = , ÷ , ∙ B , (6.68) 
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 B  -  . 

 l = , ÷ , ∙ , = , ÷ ,  
 

 l =  . 
     4 . 

 
 
6.3.6       
 

   ,   
  ,       
      .  

    :  
 h = , ÷ , ∙ h = , ÷ , ∙ = , ÷ , , (6.69) 
 

 h =  .  
       20 - 25 . 

  0,2 . 
      : l =  . 

 
6.3.7     
 

       . 
   2  2,5     337,50. 

   ,      
 324,00 .  

        
     ,  ,     

 . 
 
6.3.8     
 

       
     ( ). 

       : 
 ∙  ∙ , ,   (6.70) 

 
  -        25; 

 -     ; 
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 -       = − =  ;  
 = ,  .    = ,  . 

 
6.4       
 
6.4.1      
 

  −       
      (  Q  ) 
6.4.2   
 

  ,     
  G     AutoCad. S = ,  . 

 1 . .   :  
 G = ∙ ∙ ∙+ = , ∙ ∙ , ∙+ = ,  / , (6.71) 

 
 S  -    ; b -  ; 

-  ; 
-  . 

 : 
 G = ∙ ∙ ∙+ = , ∙ ∙ ∙ ,+ = ,  /  (6.72) 

 
      . . : 

 Q ≈ , ∙ √ ∙ g, (6.73) 
 

  -  : 
 = ∇ − ∇ + , ∙ b = − + , ∙ = ,   (6.74) 

 
 : 

 Q = , ∙ , ∙ √ , ∙ , = ,   
 

     : 
 P = ∙ g ∙ ∇ − ∇ ∙ , ∙ b (6.75) 
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P = ∙ , ∙ − ∙ , ∙ = ,   
 

    1 . : 
 q = + = ,+ = ,  /  (6.76) 

 
 
 
6.4.3     
 

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

 h = ∇ − ∇ = − =   (6.78) 
 

-   :   
 W = ∙ ∙ = ∙ , ∙ , = ,  /   (6.79) 

 h = ∇  − ∇ = , − = ,   (6.80) 
 
6.4.4      
 W = ∙ g ∙ S = ∙ , ∙ , = ,  /  (6.81) 
 

 S –      . 
 
6.4.5    
 

        
         

.  
     : 

 W = ∙ g ∙ B ∙ ∇ − ∇ = = ∙ , ∙ , ∙ , − = ,  /  (6.82) 
 
6.4.6    
 

        
 6.4. 
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 6.4 –       

 
  : 

 H = ∇ − ∇  (6.83) 
 H = − , = ,   
 H = , ∙ H = , ∙ , = ,   (6.84) 
 H = , ∙ H = , ∙ , = ,   (6.85) 
 

       
  ё ,     

   ,    AutoCAD. 
        

: 
 W = ∙ g ∙ S = ∙ , ∙ , = ,  /  (6.86) 
 

6.4.7   
 

    : 
 p = ∙ h ∙ tg − φ = ∙ ∙ tg − = , , (6.87) 
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  -       (9 ÷ 13 / 3), =  / 3;  h -   ;  φ  = 20°-    . 
    1 . .: 

 = ∙ = , ∙ = ,  /  (6.88) 

 
        

  .          
,     :    

  ,    ,   
:  

 p = ∙ h ∙ tg − φ − ∙ c ∙ tg ∙ − φ = ∙ ∙ tg ∙ ∙ − − ∙ ∙ tg ∙ − = − ,  /  (6.89) 

 
 φ  –    , 35⁰; 

   : 
 = − −  n ∙   (6.90) 
 

  –      25 ; n –   , 0,05; 
 –   , 9,81 . 

 = − − , ∙ , = ,  /  
 

        h ,     
,   ,  : 

 p = ∙ h + ∙ h ∙ tg − φ − ∙ c ∙ tg ∙ − φ = = ∙ + , ∙ ∙ tg ( − ) − ∙ ∙ tg ∙ ( − ) = = − ,  ⁄  (6.91) 
 

     1 . .: 
 = + ∙ = − , − , ∙ = − ,  /  (6.92) 
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.      . 

 
6.4.8   
 

      
 A.JI. :  

 W = , ∙ ∙ g ∙ h % ∙ ̅ + h = = , ∙ ∙ , ∙ , ∙ ,, + , ,  , (6.93) 

 
 h % -   1%-  ;  ̅-   ; 
 h = ∙ %̅ = , ∙ ,, = ,   (6.94) 

 
   W    

     : 
 y = ̅ − h % = ,∙ , − ∙ , = ,   (6.95) 

 
       , 

     ,   
,   ,    (1,05÷1,1) ∙ h % 

 ,     (5÷8)∙ h % . 
 
6.5    
 
6.5.1   
 

ё         
    (    ). 

ё     ё   .   
    .  ,   

ё     ,     
 . 

   ,  ё    
    «–»,  –   «+»  

  ё    6.3,     
,      .  
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AutoCad.        6.3. 
 

 6.3-     

  
 

 
,  ,  , ∙  W  1,0  3845,52 9,33 35891,52 W  1,0  213,01 2,2 -467,92 W  1,0  131,55 12,29 -1616,78 G  0,95  2422,60 5,98 -14487,17 G  0,95  4426,61 3,2 -14165,16 W  1,0  1267,10 0 0 W  1,0  1125,40 4,69 5278,14 W  1,0  8,34 27,28 227,38 

E  1,2  11,77 6,67 78,45 
q  0,9  22,44 7,55 -169,43 

∑ N4610,71 ∑ M10569,03 
 

ё         322,0  (  
  1   ): 

1)   : 
 σ = − B + ∙∑B , (6.96) 

 
 N –   ,   ; M –    ,   ; B –   . 

 N = (G + G − W − W + q + W ) = = , + , − , − , + , + , =           = ,  
 (6.97) 
 σ = − ,, + ∙ ,, = − ,   /  

 σ = σ ∙ m − ∙ H ∙ − m  (6.98) 
 H = ∇ − ∇ = − = , (6.99) 

 
 H  -   ё      ; 
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m = tg , (6.100) 
 
  -      .     

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

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

 σ = − ∙ H = − , ∙ = − ,  /  (6.104) 
 
2)   : 
 σ = − B − ∙∑B = − ,, − ∙ ,, = − ,  /  (6.105) 

 σ = σ ∙ m − ∙ H ∙ − m = − , ∙ , − , ∙ , ∙ ∙ −  , = − ,  / , (6.106) 

 
 m = tg ; 

 -      ;  tg = , .  
 H = ∇ Q − ∇ = , − = ,  , (6.107) 

 
 H  -   ё      . 

 τ = −( ∙ H + σ ) ∙ m  (6.108) 
 τ = − , ∙ , − ,   ∙ , = ,  /  
 σ = − ∙ , = − , ∙ , = − ,  /  (6.109) 
 σ = σ ∙ + m + ∙ H ∙ m  (6.110) 

 σ = − ,  ∙ + , + , ∙ , ∙ , = − ,  /  
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ё       6.4. 
 

 6.4-      
  , /   , /  σ  -70,20 -400,31 σ  -274,68 -299,12 τ  0  325,47 σ  -70,20 -64,65 σ  -274,68 -564,79 

 
6.5.2    
 

      , 
    ,   

 : 
1)    : 
 ∙ ∙ |σ | ∙ R , (6.111) 

 
 R  -    ; = ,  -        

 ; 
 -    = ; 
 -    = ,  ; 

    3,5  ё  
    R =  / , 

 ,   : 
 , ∙ ∙ , , ∙   

 ,  /   /  
 

2)         
: 

 σ′ <  (6.112) 
 − ,  / <  
 

3)     : 
 |σ | , ∙ ∙ H  (6.113) 
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,  / , /  
 

  ,    
. 

 
6.5.3 ё    
 

       
  ,      

.        
 –    . 

      ,  
 : 

 ∙ cF∙ c  (6.114) 

 R = (G + G − W − W + q + W ) ∙ tg φ + c ∙ ω = = , + , − , − , + , + , ∙ , + ∙ ∙ ,  = ,  / , (6.115) 
 

 tgφ = , –        
( ); c =  / –   ; ω = B ∙ = ,   –     

,  ё   1  . 
 F = W − W + W + E = , − , + , = = , ⁄  (6.116) 

 
    : 

 ,  ∙ ,,  ∙ ,   
 , ,  
 

        
ё         10%. 

       
. 
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 7.1 –        
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∙  1478,4 1478,4 1478,4 1478,4 1478,4 
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   / ∙  325394 331 863 338658 345268 371336 
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      , , 
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 .       
. 

 
7.2     
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     « », 
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     « »,   
   « ». 

       
 ,     ,   

        
   ,    

    . 
,    ,   

.   ,    
 ,  ,   . 

       
,     ,    

.  ,   ,    , 
      . 

      : 
-  ; 
-    ; 
-  ; 
-     ;  
-     ; 
-   . 

      , 
     . 

       (   
       

  ,    , 
        

        
 ): 0,08%. 

  (  ,  , 
 )       1   

.      42. 
 

 7.2 –    

      
     ,    

   ,    7.3. 
 
 

 
, 

. /  
, 

. . 
    255,2 9,43 

 274,0 10,13 
    19,56 
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 7.3 –      
 

 
( ) 

    ( ) 
 1  5  6  15  16  25  25 

 25   99 
 

0,120% 0,170% 0,300% 0,400% 

 
        

    .    
 7.4. 

 
 7.4 –      

  
 , 

. . 
 «  – » 135,38 . /  5,004 

  (   ) 0,001097 . / ∙  0,351 
 (   ) 0,000318 . / ∙  0,102 
  5,456 
 

      1 . ∙      
     4,8 . 
          

7.5. 
 

 7.5 –         

 
   

2024  2025 2026 2027 2028 

 
, . . 35,4 35,4 35,4 35,5 35,5 

  
, . . 21,9 21,6 21,2 20,96 20,6 

 
, . . 19,6 19,6 19,6 19,6 19,6 

   
 

, . . 
27,4 26,9 26,5 26,2 25,77 

   
 

, . . 
5,5 5,5 5,5 5,5 5,5 

  , 
. . 1,5 1,5 1,5 1,5 1,5 

, . . 111,2 110,5 109,7 109,2 108,4 
 

  7.5 ,      , 
       .    

         
   .  
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  (  7.1). 

 

 
7.1–     , %  

 
       

  .       
     . 

      . 
 
7.3   
 

        
  .     

       .  
  : 

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

        
 7.6. 

 
 7.6–   

 
   

2024 2025 2026 2027 2028 

  , . . 0,307 0,307 0,307 0,307 0,307 
   , 
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  7.6 
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      , 

          , 
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7.4        
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        7.7. 

 
 7.7 -       
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,% 
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       , 

     ,  
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     - .  
    ,  -    

 7.2. 
 



99 
 

 
 7.2 –  -  

 
  7.2 : 

1.    2020 ; 
2.    2020 ; 
3.    2021 ; 
4.    2020 ; 
5.    2020 ; 
6.     2021 ; 
7.    2021 ; 
8.    2021 ; 
9.     2021 ; 
10.    2021 . 
 
7.5    
 

       
  ,     

(     « »  16.01.2017 №9 - «  
   « »  2017-2042 .»). 

 
7.5.1 ,   
 

      , 
   : 

1. ,   
2.   
3.   
4.  . . 

ё        
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) «        
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    «  »  07.02.2000 . № 54  
     26.05.1999 . №24-16-1/20-

113; 
)«        

   -      
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1)       25 , 
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3) ,        

     ,  
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 9.1       ( )   
  . 

 
,  

 

 ( )   
.   
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 , 

 
 

 
,  

 

 > −  > −  > −  > −  >  

 , 
 

 
 

, , 
Z 
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 , 
 

 
 

, , 
X, Y 
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    . 
 

 9.2      
    

  

   , ,   
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 9.3      
    

 
,  

   , ,   X , Y , Z   
  1/3    

 1/3   1/1  

Z  X , Y  Z  X , Y  
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9.5.3  2.     
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 1 
 

2 
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 .1 –            

№  
Q V Z  

 

N 

    
 
 

      dV           

10 70 0 1 1 68 84 80 15 83 3,80 0,04 3,760 350,00 349,86 349,93 328,62 21,16 15 15 

11 36 2 0 1 33 154 80 120 153 3,760 0,321 3,438 349,86 349,28 349,57 329,02 20,39 28 28 

12 24 2 0 1 21 182 80 160 181 3,438 0,424 3,010 349,28 348,41 348,85 329,17 19,52 31 31 

1 21 2 0 1 18 189 80 170 188 3,010 0,45 2,555 348,41 347,35 347,88 329,20 18,52 31 31 

2 20 2 0 1 17 185 80 167 184 2,555 0,44 2,107 347,35 346,11 346,73 329,18 17,39 28 28 

3 18 2 0 1 15 101 80 85 100 2,107 0,22 1,880 346,11 345,35 345,73 328,72 16,85 15 15 

4 213 -3 2 1 213 80 80 -134 79 1,880 -0,35 2,238 345,35 346,50 345,93 328,59 17,17 12  

5 328 -7 3 1 331 80 80 -252 79 2,238 -0,67 2,913 346,50 348,20 347,35 328,59 18,60 13  

6 220 0 2 1 217 80 80 -138 79 2,913 -0,36 3,283 348,20 348,98 348,59 328,59 19,84 14  

7 186 0 2 1 183 80 80 -104 79 3,283 -0,27 3,562 348,98 349,51 349,25 328,59 20,49 14  

8 112 0 1 1 110 80 80 -31 79 3,562 -0,08 3,645 349,51 349,66 349,59 328,59 20,83 15  

9 84 0 1 1 82 80 80 -3 79 3,645 
-

0,004 
3,65 349,66 349,67 349,67 328,59 20,92 15  

 
 
 
 
 
 
 



   
 

 .2–            

№  
Q V Z  

 

N 

    
 
 

      dV           

10 74 0 1 1 72 78 80 5 77 3,80 0,01 3,787 350,00 349,97 349,99 328,58 21,25 14 14 

11 36 2 0 1 33 151 80 117 150 3,787 0,31 3,473 349,97 349,41 349,69 329,01 20,52 27 27 

12 22 2 0 1 19 167 80 146,5 166 3,473 0,39 3,081 349,41 348,63 349,02 329,09 19,77 29 29 

1 21 2 0 1 18 179 80 160 178 3,081 0,42 2,652 348,63 347,65 348,14 329,15 18,83 29 29 

2 20 2 0 1 17 174 80 156,5 173 2,652 0,41 2,233 347,65 346,54 347,10 329,13 17,81 27 27 

3 18 2 0 1 15 93 80 77 92 2,233 0,20 2,027 346,54 345,92 346,23 328,67 17,40 14 14 

4 213 -3 2 1 213 80 80 -134 79 2,027 -0,35 2,386 345,92 346,97 346,44 328,59 17,69 12  

5 328 -7 3 1 331 80 80 -252 79 2,386 -0,67 3,061 346,97 348,58 347,78 328,59 19,02 13  

6 220 0 2 1 217 80 80 -138 79 3,061 -0,36 3,430 348,58 349,33 348,96 328,59 20,20 14  

7 186 0 2 1 183 80 80 -104 79 3,430 -0,27 3,709 349,33 349,83 349,58 328,59 20,83 14  

8 112 0 1 1 110 80 80 -31 79 3,709 -0,08 3,792 349,83 349,98 349,91 328,59 21,15 15  

9 84 0 1 1 82 80 80 -3 79 3,792 -0,00 3,80 349,98 350,00 349,99 328,59 21,24 15  

 
 
 
 
 
 
 
 
 



   
 

 .3–         

№ 
 

Q V Z 
H N  

N 
          . dV . . 

 
. 
 

.  

10 77 1 0 1 75 84 8 83 80 3,80 0,02 3,78 350,00 349,96 349,98 328,62 21,36 16 11 14 

11 36 0 2 1 33 149 115 148 80 3,78 0,30 3,47 349,96 349,40 349,68 328,99 20,69 27 19 27 

12 32 0 2 1 29 194 164 193 80 3,47 0,39 3,07 349,40 348,61 349,01 329,23 19,78 34 24 29 

1 46 0 2 1 43 206 162 205 80 3,07 0,42 2,65 348,61 347,65 348,13 329,29 18,84 34 24 29 

2 37 0 2 1 34 198 163 197 80 2,65 0,42 2,23 347,65 346,54 347,10 329,25 17,85 31 22 27 

3 32 0 2 1 29 106 76 105 80 2,23 0,20 2,03 346,54 345,92 346,23 328,75 17,48 16 12 14 

4 238 2 -3 1 238 80 -159 79 80 2,03 -0,42 2,45 345,92 347,15 346,53 328,59 17,94 13 9  

5 484 3 -7 1 487 80 -408 79 80 2,45 -1,09 3,55 347,15 349,54 348,35 328,59 19,75 14 10  

6 287 2 0 1 284 187 -98 186 80 3,55 -0,25 3,80 349,54 350,00 349,77 329,19 20,58 34 24  

7 266 2 0 1 263 264 0 263 80 3,80 0,00 3,80 350,00 350,00 350,00 329,58 20,42 47 34  

8 163 1 0 1 161 162 0 161 80 3,80 -0,00 3,80 350,00 350,00 350,00 329,06 20,93 30 21  

9 92 1 0 1 90 91 0 90 80 3,80 -0,00 3,80 350,00 350,00 350,00 328,66 21,34 17 12  
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