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ϣ ϸ ϿϺϹ ϼϹ ϼ Ͽ Ϸ  Ͽϼ ϴ ϕϤ  Ϲ Ϲ «ϣ ϹϾ ϼ ϶ϴ ϼϹ ϖϼ ϼ Ͼ Ͻ ϗϱϥ 

ϴ ϹϾϹ ϖϼ ϼ . ϣ ϶ Ϲ ϼϹ ϹϾ ϼ϶ ϼ Ϲ Ϸ ϼ Ϲ  Ϸ ϸϴ ϻϴ Ϲ  

Ϲ ϼ  ϼ ϹϿϿϹϾ ϴϿ Ͻ ϼ Ϲ  Ϲ Ϸ Ϲ ϶.» 

 

Ϟ Ͽ ϴ    
ϴϻϸϹϿϴ : 
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                                                                                                                                  ϸ ϼ , ϸϴ ϴ        ϼ ϼ ϼϴϿ , ϴ ϼϿϼ  
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________ 
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_______________ 

ϼ ϼ ϼϴϿ , ϴ ϼϿϼ  
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ϸ ϼ , ϸϴ ϴ 
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ϼ ϼ ϼϴϿ , ϴ ϼϿϼ  
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________ 
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_______________ 
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_______________ 
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ϦϹ ϼϾ – Ͼ ϼ Ϲ Ͼ Ϲ ϵ ϶ϴ ϼϹ ________ 

ϸ ϼ , ϸϴ ϴ 
_______________ 

ϼ ϼ ϼϴϿ , ϴ ϼϿϼ  

 
   
 
 

  

ϡ Ͼ ϿϹ  ________ 
ϸ ϼ , ϸϴ ϴ 

_______________ 
ϼ ϼ ϼϴϿ , ϴ ϼϿϼ  
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ϡϴϼ Ϲ ϶ϴ ϼϹ ϗϱϥ                                        ϖϼ ϼ Ͼϴ  ϗϱϥ ϴ ϹϾϹ ϖϼ ϼ ; 
ϠϹ ϴ ϺϸϹ ϼϹ ϗϱϥ                                                      Ϝ Ͼ Ͼϴ  ϵϿϴ ; 
Ϧϼ  ϹϾ ϼ Ϲ Ͻ ϴ ϶Ͼϼ                                    ϗϼϸ ϿϹϾ ϴ ϼ ; 
 
ϩϴ ϴϾ Ϲ Ϲ ϴ ϸ  ϶ ϸ : 
  ϴ) Ϲϸ Ϲ Ϸ ϿϹ ϼϽ                                                                        218 3/ ; 
  ϵ) ϶ Ϲ  ϵϼ                                                                                 787,44 3/ ; 
  ϶) ϴϾ ϼ ϴϿ Ͻ  ϵϹ Ϲ Ϲ  0,1%                                    1380 3/ ; 
  Ϸ) ϴϾ ϼ ϴϿ Ͻ c ϵϹ Ϲ Ϲ  0,01%                                  1829 3/ ; 
  ϸ) ϼ ϼ ϴϿ Ͻ                                                                                    75 ³/ ; 
 
ϣϴ ϴ Ϲ  ϶ ϸ ϴ ϼϿϼ ϴ: 
  ϴ) ϴ ϴϾ Ϲ  ϹϷ Ͽϼ ϶ϴ ϼ  Ͼϴ                                                   Ϸ ϸϼ Ͻ; 
  ϵ) Ϲ Ͼϴ: ϡϣϧ                                                                                280,00 ;  
                      Ϩϣϧ                                                                                281,57 ; 
                      ϧϠϢ                                                                                267,22 ; 
  ϶) ϣ Ͽ Ͻ ϵ Ϲ  ϶ ϸ ϴ ϼϿϼ ϴ:                                                 9,50 Ͼ 3; 
  Ϸ) ϣ ϿϹϻ Ͻ ϵ ё  ϶ ϸ ϴ ϼϿϼ ϴ:                                                 2,07 Ͼ 3; 
 
ϡϴ  ϗϱϥ: 
  ϴ) ϴϾ ϼ ϴϿ Ͻ                                                                                    44,8 ; 
  ϵ) ϴ Ϲ Ͻ                                                                                           36,3 ; 
  ϶) ϼ ϼ ϴϿ Ͻ                                                                                     28,5 ; 
 
ϱ Ϲ ϷϹ ϼ Ϲ ϾϼϹ ϴ ϴϾ Ϲ ϼ ϼϾϼ: 
  ϴ)  ϴ ϶ϿϹ ϴ                                                               260 Ϡϖ ;  
  ϶) ϥ Ϲϸ Ϲ Ϸ ϿϹ  ϶ ϴϵ Ͼϴ ϿϹϾ Ϲ Ϸϼϼ          549,2 Ͽ . Ͼϖ ∙ .; 
  Ϸ) ϫϼ Ͽ  ϴ ϶ ϼ Ͽ ϻ ϶ϴ ϼ  ϴ ϶ϿϹ Ͻ ϼ              1488 ϴ ; 
 
ϣϿ ϼ : 
  ϴ) Ϸ ϴ϶ϼ ϴ ϼ ϴ  ϶ ϸ Ͽϼ϶ ϴ  Ͽ ϼ ϴ, ϴ Ϲ ϼϴϿ ϵϹ ; 
  ϵ) ϿϹ϶ ϵϹ ϹϺ ϴ  Ϸ ϶ϴ ; 
  ϶) ϴ϶ ϵϹ ϹϺ ϴ  ϷϿ ϴ  ϵϹ ϴ ; 
  Ϸ) ϴ ϼ ϴ  Ϸ ϴ϶ϼ ϴ ϼ ϴ  Ͽ ϼ ϴ, ϴ Ϲ ϼϴϿ ϵϹ ; 
  ϸ) ϵ ϴ  ϸϿϼ ϴ                                                                                        962 ;  
  Ϲ) ϴϾ ϼ ϴϿ ϴ  ϶ ϴ                                                                        53,3 ; 
 
ϖ ϸ ϵ Ϲ ϺϹ ϼ : 
  ϴ) ϼ  Ϸϴ Ϲ ϼ :                                                                 ϶ ϸ ϵ Ͻ ϴ  Ϲ Ͼϴ; 
  ϵ) ϼ Ͽ  ϿϹ ϶                                                                                           2; 
  ϶) ϵ ϴ  ϸϿϼ ϴ                                                                                        92,4 ; 
  Ϸ) ϴϾ ϼ ϴϿ ϴ  ϶ ϴ                                                                         53,3 ; 
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ϛϸϴ ϼϹ ϗϱϥ: 
  ϴ) ϼ  ϻϸϴ ϼ                                                                              ϼ Ͽ ϼ Ϲ;  
  ϵ) ϼ Ͽ  ϴϷ ϹϷϴ ϶                                                                                          4; 
  ϶) ϼ  ϼ ϴϿ Ͻ Ͼϴ Ϲ                                     ϵϹ ϴ  ϴ Ϲ ϹϼϸϴϿ ; 
  Ϸ) ϼ  ϴ ϶ϴ ϹϽ ϵ :                                                           ϼϻ Ϸ ϴ ; 
  ϸ) ϴϻ Ϲ :  
- ϵ ϴ  ϸϿϼ ϴ                                                                                         84,14 ;  
- ϼ ϼ ϴ                                                                                                105,98 ; 
 
Ϣ ϶ Ϲ ϵ ϸ ϶ϴ ϼϹ: 
  ϴ) ϼ  ϵϼ                                                                             ϣϟ-50-ϖ-530;  
  ϵ) ϼ  ϷϹ Ϲ ϴ ϴ                                                                  ϥϖ -845/140-44Ϧ; 
  ϶)                                                                                      65 Ϡϖ∙ϔ; 
  Ϸ) ϴ ϴ ϶ ϴ Ϲ ϼ                                                                     136,4 ϵ/ ϼ ; 
  ϸ) ϼ  ϴ ϴ ϶                                                      ϦϤϘϪϡ-6300/220;  
  Ϲ) Ͼ Ͽϼ Ϲ ϶                                                                                                    4;  
 
ϦϹ ϼϾ - Ͼ ϼ Ϲ ϾϼϹ Ͼϴϻϴ ϹϿϼ: 
ϴ) Ϲ ϼ ϸ Ͼ ϴϹ ϼ                                                                      153 Ϲ ϴ; 
ϵ) ϹϵϹ ϼ  Ϲ Ϸϼϼ                                                            0,61 ϵ/Ͼϖ ∙ ; 
϶) ϸϹϿ Ϲ Ͼϴ ϼ ϴϿ Ϲ ϶Ͽ ϺϹ ϼ                                       94084,62 ϵ/Ͼϖ ; 
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ϱ Ϲ ϷϹ ϼϾϴ ϼϷ ϴϹ  ϶ϴϺ  Ͽ , ϾϴϾ ϸϿ  ϵ Ϸ  Ϲϵϼ ϹϿ , ϴϾ ϼ ϸϿ  
϶ ϹϽ ϿϹ ϼ. ϖ ϴ ϹϹ ϶ Ϲ , ϶ ϶ ϻϼ  ϴϻ϶ϼ ϼϹ  Ϲ Ͽ ϷϼϽ 

ϴ Ϲ  ϼ Ͽ  Ϲϵϼ ϹϿϹϽ ϿϹϾ ϼ Ϲ Ͼ Ͻ Ϲ Ϸϼϼ. ϣ ϴ϶ϼϿ Ϲ ϼ Ͽ ϻ ϶ϴ ϼϹ 
Ϲ ϶ ϿϹϾ Ϲ ϷϹ ϼϾϼ ϻϸϴ  Ϲ ϵ ϸϼ Ϲ Ͽ ϶ϼ  ϸϿ  ϴ Ͼ ϼϾϼ 

ϼ ϶ Ϲ ϼ  Ͼϴ Ϲ ϶ϴ Ϻϼϻ ϼ ϴ ϹϿϹ ϼ  ϴ .  
ϗϼϸ Ϲ ϷϹ ϼϾϴ ϶Ͽ Ϲ  ϴϼϵ ϿϹϹ ϹϾ ϼ϶  ϵ  Ͽ Ϲ ϼ  

ϿϹϾ Ϲ Ϸϼϼ, ϴϾ ϾϴϾ ϼ ϹϹ  ϶ Ͼ Ϲ ϻ ϴ Ϲ ϼϹ Ͼ ϼ ϼϹ ϴ ϿϹϻ Ϸ  
ϸϹϽ ϶ϼ  Ϸϼϸ ϵϼ . ϥϹϵϹ ϼ  ϼϻ϶ ϸ ϶ϴ ϿϹϾ Ϲ Ϸϼϼ ϴ 
Ϸϼϸ ϴ ϼ  Ϲ ϶Ϲ  Ϲ Ϲ, Ϲ  ϴ ϴ  ϼ Ϲ Ͽ ϶  ϴ ϼ , ϴϾ 
ϾϴϾ Ϲ Ϲϵ Ϲ  Ͽϼ϶ ϴ  ϴ϶Ͽ ϴ , ϴ ϼ Ͽ ϻ Ϲ  ϶ ϻ ϵ ϶Ͽ Ϲ Ͻ 
ϼ ϼϾ Ϲ Ϸϼϼ – ϹϾ ϴ  ϶ ϸϴ. Ϝϻ Ϲ  Ͼ  ϶ ϸ Ϸ  Ͼϴ Ϻ  
ϿϹϷϾ  Ͼ Ͽϼ ϶ϴ  ϼϻ϶ ϸϼ ϹϿ  Ϸϼϸ ϿϹϾ ϴ ϼϼ, ϵϿϴϷ ϸϴ  

Ϲ  Ϸϼϸ ϴ ϼϼ ϶Ͽ  ϴϼϵ ϿϹϹ ϴ Ϲ϶ Ϲ ϼ ϼϻ ϶ Ϲ  ϼ ϶ 
ϿϹϾ ϴ ϼϽ. ϱ  ϻ϶ Ͽ Ϲ  Ͼ ϶ϴ  Ϲ ϴ϶ Ϲ  ϴ  Ϸ ϴ ϼϾ ϶ 
ϴϷ ϻϾϼ.  

ϗϼϸ ϿϹϾ ϴ ϼϼ ϼ ϴϹ  Ͼ Ͽ Ϸϼ Ϲ Ͼϼ ϵϹϻ ϴ  ϵ ϹϾ , ϴϾ 
ϾϴϾ Ϲ ϼ Ͽ ϻ Ϲ  Ϲ , Ϸϴϻ, ϶Ϲ ϸ Ϸ  Ͽϼ϶ϴ ϼ ϸϹ Ϸ  Ϸ ϹϷ , Ϲ  ϴ  

Ϲ ϻϴϷ ϻ Ϲ  ϴ Ϲ  ϼ Ͼ Ϻϴ Ϲ  Ϲϸ . 
ϪϹϿ  ϸϼ Ͽ Ϸ  ϹϾ ϴ ϶Ͽ Ϲ  ϴϵ Ͼϴ ϶  ϴ ϶ 

ϹϾ ϼ ϶ϴ ϼ  Ϸϼϸ ϿϹϾ ϴ ϼϼ ϼ ϶ Ϲ Ϲ ϴϵ Ͼϼ, ϴ ϺϸϹ ϼϹ 
ϼ ϴϿ  ϹϾ  Ϲ Ϲ ϼϽ. ϖ ϹϾ  ϶ ϸ  ϴϾϼϹ ϴ ϹϾ , ϾϴϾ 
ϹϸϹϿϹ ϼϹ ϴ ϶ϿϹ Ͻ ϼ, ϶ ϵ  ϶ Ϸ  ϼ ϶ Ϸϴ ϹϿ Ϸ  

Ϲ ϷϹ ϼ Ϲ Ͼ Ϸ  ϵ ϸ ϶ϴ ϼ , ϴ Ϲ  Ϸϼϸ Ϲ ϼ Ϲ Ͼϼ  ϺϹ ϼϽ, ϴ ϴ 
Ͼ Ϻϴ ϹϽ Ϲϸ  ϼ ϸϴ, ϴ ϴϾ ϺϹ Ͼ ϼ Ϲ Ͼ Ϲ ϵ ϶ϴ ϼϹ ϹϴϿϼϻϴ ϼϼ 

ϹϾ ϴ.  
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1   
 
1.1   

 
Ϥ ϸ Ϸϼϸ Ͽ Ϸϼ Ϲ Ͼϼ  ϴϵϿ ϸϹ ϼϽ ϻϴ ϹϾ Ͻ ϖϼ ϼ  ϻϴ Ϲ ϼ ϸ 1939-1988 ϷϷ 

Ϲϸ ϴ϶ϿϹ  ϶ ϴϵϿϼ Ϲ 1.1. 
 

ϦϴϵϿϼ ϴ 1.1 – ϗϼϸ Ͽ Ϸϼ Ϲ ϾϼϽ ϸ ϹϾϼ ϖϼ ϼ   
ϗ ϸ  I II  III  IV  V VI  VII VIII IX  X XI  XII Q . 

1939 75 43 36 72 214 484 406 329 310 287 131 105 208 
1940 43 26 21 56 290 510 464 326 206 276 98 49 197 
1941 46 36 33 98 224 716 310 213 252 204 134 72 195 
1942 65 29 16 36 224 506 422 406 387 272 196 79 220 
1943 56 52 46 134 306 505 355 282 253 247 113 72 202 
1944 72 26 21 69 395 652 489 411 372 220 141 115 249 
1945 49 43 31 39 381 531 375 335 326 320 144 92 222 
1946 59 52 51 49 220 320 225 203 164 153 114 101 143 
1947 29 28 23 21 271 648 374 355 245 226 65 49 195 
1948 36 23 20 28 290 648 339 277 256 234 82 69 192 
1949 49 46 39 101 284 523 282 243 242 207 134 115 189 
1950 49 43 41 69 337 499 201 194 176 168 118 88 165 
1951 33 28 18 56 313 552 481 422 303 236 105 46 216 
1952 52 36 29 131 309 604 213 205 196 181 131 65 179 
1953 98 49 33 51 342 662 522 484 435 327 278 115 283 
1954 43 39 16 131 310 493 350 272 234 207 134 108 195 
1955 65 64 62 72 493 697 661 539 510 397 137 92 316 
1956 59 57 44 137 339 622 300 281 267 236 101 80 210 
1957 46 43 39 59 302 625 490 430 330 327 134 56 240 
1958 52 49 43 79 238 536 395 215 206 197 193 108 193 
1959 75 69 56 46 174 343 234 200 172 164 144 72 146 
1960 70 57 54 75 273 616 397 374 361 314 196 79 239 
1961 46 43 39 65 252 629 420 387 360 302 147 56 229 
1962 52 51 39 82 268 771 352 281 251 234 235 62 223 
1963 59 56 20 85 306 548 435 387 251 226 131 72 215 
1964 36 26 21 25 223 532 468 395 338 300 72 49 207 
1965 46 36 33 88 300 577 422 329 319 303 101 56 217 
1966 98 72 57 59 361 593 374 271 264 235 216 108 226 
1967 52 47 46 69 261 329 522 484 213 226 131 98 207 
1968 85 83 77 173 306 771 526 387 328 284 164 115 275 
1969 101 59 49 126 662 903 716 657 490 389 220 149 377 
1970 137 88 31 65 474 832 458 426 406 353 177 137 299 
1971 147 92 52 38 619 735 716 639 440 426 209 124 353 
1972 72 69 59 49 345 487 358 339 310 277 144 82 216 
1973 72 69 46 82 416 819 426 371 340 290 134 75 262 
1974 52 51 46 82 384 629 306 284 251 221 72 56 203 
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ϢϾ ϴ ϼϹ ϴϵϿϼ  1.1 
ϗ ϸ  I II  III  IV  V VI  VII VIII IX  X XI  XII Q . 
1975 46 43 39 82 319 522 371 361 265 200 128 69 204 
1976 56 52 28 62 252 581 361 339 290 252 105 59 203 
1977 52 47 46 44 205 426 318 232 201 174 131 72 162 
1978 46 39 33 21 329 568 384 348 326 252 98 65 209 
1979 72 23 20 92 310 568 306 290 271 240 98 69 196 
1980 49 46 36 65 235 411 294 255 235 214 137 82 172 
1981 108 65 56 43 387 677 390 390 271 227 162 131 242 
1982 97 92 83 144 252 471 364 352 287 277 124 59 217 
1983 56 36 26 82 697 929 581 484 426 403 190 75 332 
1984 59 46 23 44 348 600 371 348 252 214 105 69 207 
1985 36 33 26 79 252 571 377 329 211 210 101 88 193 
1986 46 43 33 65 172 296 232 213 184 143 131 72 136 
1987 52 46 26 75 190 429 245 235 216 164 114 92 157 
1988 39 36 26 29 235 406 368 310 281 265 98 43 178 

 
ϡϴ ϼ ϾϹ 1.1 Ϲϸ ϴ϶ϿϹ  Ϸϼϸ Ϸ ϴ  ϹϾϼ ϖϼ ϼ . 

 

 
Ϥϼ Ͼ 1.1 – ϗϼϸ Ϸ ϴ  ϹϾϼ ϖϼ ϼ  

 
ϥ Ϲϸ ϹϽ Ϸ ϿϹ ϼϽ ϴ ϸ ϴ϶Ϲ  218 /c, 
Qmax ϴ . = 1892 3/ . 
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1.2.   
 
1.2.1   ё       

  
 

ϖ ϵ ϴ϶ Ϻ Ϲ Ϲ  ϸϿ  ϶ ϴ, ϴ ϸϼ   Ͼϴ Ϲ Ͽ ϴϸ  ϻϴ ϿϹ ϼ  
ϼ ϴϻϿϼ  Ϲ Ͼϴ   ϸϼ ϴϾ ϶ Ͻ ϴϻ  ϶ . 

Ϣ Ϲ Ͼϴ ϸ ϴ ϶ ϴ 233 . ϖ ϴϵϿϼ Ϲ 1.2 Ϲϸ ϴ϶ϿϹ ϴ ϛϴ϶ϼ ϼ  = V .  
 
ϦϴϵϿϼ ϴ 1.2 – ϛϴ϶ϼ ϼ  = V  

Z϶ϵ,  240 253 260 265 268 271 274 276 280 281 

V,  0 0,32 0,64 0,96 1,28 1,6 1,92 2,24 2,88 3,2 

 
ϖ ϼ Ͽ Ϲ  ϿϹ Ϲ ϴ Ͻ ϵ Ϲ  ϸϿ  ϾϴϺϸ Ͻ ϴϻ ϼ Ϲ Ͼ. 

ϣ Ͽ Ϲ Ϲ Ͼϼ ϴ ϼ  ϴ ϼϿϿϼ Ϲ ϶ϾϹ ϼ ϴ Ͼ ϼ ϼ Ϲ . Ϙ ϵϴ϶Ͽ  
Ͽϼ  ϼ ϶ ϼ ϶ϴ  ϼϵϾ , ϴ Ϲ ϸ ϿϺ ϴ ϵ  ϵ Ͽ Ϲ ϸ ϼ Ͻ. ϣ  
Ͽ Ϲ  ϸϴ  ϼ  Ͼ ϼ϶ϴ  ϶ ϻϼ, Ϲ Ͼ  ϵ ё ϴ. ϣ  ϹϽ ϶ ϵϼ ϴϹ  

ϡϣϧ. ϡϣϧ ϖϼ ϼ Ͼ Ͻ ϗϱϥ 280 . Ϟ ϼ϶ Ϲ ϶ ϻϼ Ϲϸ ϴ϶ϿϹ  ϴ ϼ ϾϹ 1.2. 
 

y = -0,152176891046111x6 + 1,93849947443231x5 - 10,2157986182719x4 + 
28,9198828227818x3 - 47,8868858218193x2 + 52,7573004625737x + 
240,0292053788 
 

 
Ϥϼ Ͼ 1.2 – Ϟ ϼ϶ϴ  ϶ ϻϼ ϵ ё ϶ ϼ ϶ ϹϽ ϶Ϲ ϹϷ  ϵ Ϲ ϴ 

 
1.2.2          

 
Ϝϻ Ϲ ϼ϶ ϼ ϼ  ϶ ϴ ϼ ϴϻϿϼ  Ϲ Ͼϴ  ϶ ϼ Ͽ Ϲ  Ͽ ϴϸ  

Ϲ Ϲ ϼ  ϶ ϴ. ϛ ϴ  Ͼ  ϹϾϼ ϴϽϸϹ  ϴ ϸ, ϸ Ϻϼ϶ ϴ Ͼ ϼ ϼϹ  
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ϸϿ  ϻϼ . ϦϴϾ ϺϹ Ϲ Ͼϼ Ϲ Ϲ  ϴ ϼϿϿϼ Ϲ ϶Ͼ , ϴ Ͼ ϼ ϼ  ϼ 
϶ ϼ Ͽ Ϲ  ϼϵϾϴ. ϣ  ϸϴ  ϼ  Ͼ ϼ϶ϴ  ϶ ϻϼ Ϲ Ͼ  ϴ ϸ ϶. ϖ 
ϴϵϿϼ Ϲ 1.3 Ϲϸ ϴ϶ϿϹ ϴ ϻϴ϶ϼ ϼ  Z = f Q  ϸϿ  ϿϹ ϴ ϼ ϻϼ . Ϟ ϼ϶ Ϲ ϶ ϻϼ 

Ϲϸ ϴ϶ϿϹ  ϴ ϼ ϾϹ 1.3. 
 
ϦϴϵϿϼ ϴ 1.3 – ϛϴ϶ϼ ϼ  Z = f Q  ϸϿ  ϿϹ ϴ ϼ ϻϼ  

Ϣ Ϲ Ͼϴ ϡϕ ʋ ϹϾϼ, /  ω, 2 QϿϹ , 3/  Ϟ . ϻϼ  Qϻϼ ϼϽ, 3/  
233  

 
5 

0 0  
 

0.9 
 

0 
234 9 44 35 
236 31 155 124 
238 72 361 289 
240 123 617 493 

 
ϣ Ͽϼ   ϻϼ Ϲ : y= 0,0000000000000000000271051x4 + 

0,000000070935311569098x3 - 0,0000709225492272481x2 + 0,0319479613144722x 
+ 232,98360777575 

ϣ Ͽϼ   ϿϹ  : y = 0,000000000000000000067762635780x4 + 
0,0000000363188794733071x3 - 0,0000453904314774434x2 + 
0,0255583690327512x + 232,98360778021 
 

 
Ϥϼ Ͼ 1.3 – Ϟ ϼ϶ Ϲ ϶ ϻϼ ϴ ϸ ϶ ϼ ϶ ϹϽ ϼϺ ϹϷ  ϵ Ϲ ϴ ϸϿ  ϿϹ ϹϷ  ϼ 

ϻϼ ϹϷ  Ϲ ϼ ϸ ϶ 
 

1.3    
 
Ϧ Ϲϵ ϶ϴ ϼ  ϴ ϼϾ ϶ ϖϩϞ ϼ Ϲ ϼ ϶ ϸ  Ϲϸ ϴ϶ϿϹ  ϶ ϴϵϿϼ Ϲ 1.4. 

 

233

234

235

236

237

238

239

240

241

0 100 200 300 400 500 600 700

Ϲ Ͼϴ ϡϕ, 

Q ³/c

ϟϹ

ϛϼ ϴ



14 
 

ϦϴϵϿϼ ϴ 1.4 – Ϧ Ϲϵ ϶ϴ ϼ  ϴ ϼϾ ϶ ϖϩϞ ϼ Ϲ ϼ ϶ ϸ  
Q, 3/  I II  III  IV  V VI  VII VIII IX  X XI  XII 

Ϧ Ϲϵ ϶ϴ ϼ  ϖϩϞ 108 108 108 108 108 108 108 108 108 108 108 108 

ϣ ϹϵϿϹ ϼϹ ϼϻ 
϶ ϸ ϴ ϼϿϼ ϴ 

52 47 46 44 205 426 318 232 201 174 131 72 

ϨϼϿ ϴ ϼ  1 1 1 1 1 1 1 1 1 1 1 1 
Ϝ ϴ Ϲ ϼϹ 1 1 1 1 3 3 4 3 2 1 1 1 

ϟ ϸ ϵ ϴϻ ϶ϴ ϼϹ 5 0 -4 -5 -10 0 0 0 0 1 6 7 
ϬϿ ϻ ϶ϴ ϼϹ 0 0 0 0 0 0 0 0 0 0 0 0 

 
1.4     

 
Ϝ Ͼ Ͼ Ϲ ϤϘϧ Pmax=6870 Ϡϖ  
ϥ Ϲ Ϸ ϴ ϼϾϼ ϴϷ ϻϾϼ ϤϘϧ Ϝ Ͼ Ͼ Ͻ ϵϿϴ ϼ Ϲϸ ϴ϶ϿϹ  ϶ 

ϴϵϿϼ Ϲ 1.5. 
 
ϦϴϵϿϼ ϴ 1.5 – ϥ Ϲ Ϸ ϴ ϼϾϼ ϴϷ ϻϾϼ 

ϴ  ϻϼ ϴ ϿϹ  
1 6074 4418 
2 6265 4376 
3 6498 4479 
4 6640 4646 
5 6791 4815 
6 6837 4987 
7 6803 5039 
8 6714 5062 
9 6672 5074 
10 6635 5049 
11 6612 5082 
12 6658 5083 
13 6729 5033 
14 6870 5072 
15 6820 5028 
16 6730 5050 
17 6634 4984 
18 6516 5043 
19 6371 5055 
20 6179 4937 

 
ϥ Ϲ ϶ ϼϹ ϗϱϥ Ϲϸ ϴ϶ϿϹ  ϶ ϴϵϿϼ Ϲ 1.6. 

 
ϦϴϵϿϼ ϴ 1.6 – ϥ Ϲ ϶ ϼϹ ϗϱϥ 

ϡϴϻ϶ϴ ϼϹ ϗϱϥ 
ϱϷ ϸ Ͽ  

Ͼϖ ∙  
N , 
Ϡϖ  

Ϝ Ͼ Ͼϴ  4100 662 
ϕ ϴ Ͼϴ  (1/3) 7533 1500 
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ϢϾ ϴ ϼϹ ϴϵϿϼ  1.6 

ϡϴϻ϶ϴ ϼϹ ϗϱϥ 
ϱϷ ϸ Ͽ  

Ͼϖ ∙  
N , 
Ϡϖ  

ϧ -ϜϿϼ Ͼϴ  (1/3) 7233 1280 
 
ϔ϶ϴ ϼϽ Ͻ ϹϻϹ ϶ -  10% 
ϡϴϷ ϻ Ͻ ϹϻϹ ϶ -  3% 
Ϟ ϼ ϼϹ  ϼ K  =8,8 
ϣ Ϲ ϼ ϴ ϴ ϶ ϶ ϸ ϸ϶ ϸ ϼ  ϺϹ ϼ  h=5 . 

 
1.5  

 
ϖϼ ϼ   — ϸ ϴ ϼϻ Ͼ ϹϽ ϼ  ϹϾ ϖ Ͻ ϥϼϵϼ ϼ, ϴ϶ Ͻ 

ϼ Ͼ ϟϹ , ϵ ϴϻ Ϲ  Ͽϼ ϼϹ  ϖϼ ϼ Ͼϴ ϴ ϼ ϫϼ . ϘϿϼ ϴ ϹϾϼ — 1837 Ͼ  (  
ё  ϹϾϼ ϖϼ ϼ Ͼϴ  — 1978 Ͼ ). 

ϡϴ ϼ ϴϹ  ϼ Ͽϼ ϼϼ ϹϾϼ ϖϼ ϼ Ͼϴ   ϹϾ Ͻ ϫϼ Ͻ. ϥ ϻϴ ϴϸϴ ϴ ϶ Ͼ 
Ϸ Ͻ ϸ Ϸ Ͻ Ͼ ϺϴϹ  ϶ Ϻ Ͻ ϴ ϼ ϖϼ ϼ Ͼ Ϲ Ͽ Ͼ Ϸ Ϲ, ϸϴϿϹϹ Ͼ Ϲ϶Ϲ  

ϹϻϴϹ  ϲϺ -Ϡ Ͻ ϾϼϽ ϼ ϥϹ϶Ϲ -Ϡ Ͻ ϾϼϽ Ϲϵ , ϴϻϸϹϿ Ϲ  ϥϹ϶Ϲ -
ϕϴϽϾϴϿ Ͼ Ϲ ϼ ϣϴ Ͼ Ϲ ϴϷ  ϼ ϶ ϴϸϴϹ  ϶ ϟϹ . ϖϹ ϹϹ ϼ Ϲϸ ϹϹ Ϲ Ϲ ϼϹ 
ϖϼ ϼ ϴ ϴ Ͽ ϺϹ  ϶ ϹϸϹϿϴ  ϖϼ ϼ Ͼ Ϸ  Ͽ Ͼ Ϸ  ϼ ϥ ϴ ϶ Ϸ  ϴϷ . 
ϖ ϼϺ Ϲ  Ϲ Ϲ ϼϼ ϸ Ͽϼ ϴ ϖϼ ϼ ϴ ϵ ϴ Ͽ Ϲ   ϻϴ ϴϸϴ ϣϴ Ͼ Ϲ ϴϷ Ϲ. 
ϕϴ ϹϽ  ϖϼ ϼ ϴ ϴ Ͽ ϺϹ  ϶ ϻ Ϲ ё ϶ Ͻ -Ͽϼ ϶Ϲ ϼ  ϿϹ ϶, Ͼ Ϲ 
 ϶ Ͻ Ϲ Ϲ ϸ  ϶ ϻϴ Ͽϼ ϾϹϸ ϶ Ϸ  Ͽϴ ϼϾϴ, ϸϷ Ͽ Ϲ϶ Ϲ ϹϸϾ ϿϹ  ϼ 

϶ -Ͼ ϴ ϼ Ͼ ϶  ϼ Ͽϼ ϴϽ ϼϾ ϶  Ϸ  ϸ . ϤϹϻϾϴ  
Ͼ ϼ Ϲ ϴϿ  ϾϿϼ ϴ ϴ ϶ ϻϴ ϴ  Ͻ ϼ϶  ϴ Ͽ ϺϹ ϼϹ  ϶ ϹϷϼ Ϲ 
ϥϼϵϼ Ͼ Ϸ  ϴ ϼ ϼϾϿ ϴ ϶ ϻϼ ϼϽ Ϲ ϼ ϸ. ϥ ϼ  ϶ ϻϴ  ϻ ϴ ϼ ϹϿ Ϲ 
Ͼ ϴ  Ϲ Ϲ ϴ  ё Ͽ Ϸ  ϼ Ͽ ϸ Ϸ  Ϲϻ ϶. ϥ Ϲϸ  Ϲ Ϲ ϴ ϴ 

϶ϴ  -26…-31 ϥ; ϼ Ͽ  – +17…+21 ϥ. ϥ ϶ Ϲ ϾϿϼ ϴ ϼ Ϲ ϾϼϹ Ͽ ϶ϼ  
ϵ ϶  ϶ Ϲ Ϲ  ϴ ϴ Ϲ ϼ  Ϸ ϿϹ ϹϽ Ϲ ϻϿ .ϥ ϴ϶ 

ϸ ϴ: Ϸ ϴ϶ϼϽ, ϷϴϿ Ͼϴ. 
ϣϼ ϴ ϼϹ Ϲϼ Ϲ ϶Ϲ  ϸ ϺϸϹ϶ Ϲ. ϥ Ϲϸ ϼϽ Ϸ ϸ ϶ Ͻ ϴ ϸ ϶ ϸ   

Ϸ ϸϴ ϕ ϸϴϽϵ  1530 ³/ , ϶ Ϲ — Ͼ Ͽ  2000 ³/ . ϘϿ  ϖϼ ϼ ϴ ϴ ϴϾ Ϲ  
ϴ Ϲ Ͽ ϶ ϸ Ϲ (  ϴ   Ͼ ϵ )  ϸ ё  ϶ ϸ  ϸ  8—10 . ϡϴϼϵ ϿϹϹ 

Ϸ ϶ ϸ Ͻ Ϲ  — ϼ  (ϸ  4900 ³/ ). ϥ ϴ ϴ  ϴ ϹϿ  ϶ ϸ  ϹϾϼ 
ϹϻϾ  Ϲ ϴϹ  (ϸ  80 ³/ ). ϛϴ Ϲ ϻϴϹ  ϶ ϴ ϴϿϹ ϵ , ϶ Ͼ ϶ϴϹ  ϶  2-Ͻ 

ϸϹϾϴϸϹ ϴ . ϡϴ ϴ ϾϹ ϶ Ϲ . ϞϴϿϴϾϴ  ϹϾϴ ϴ  Ϲ Ϲ Ϲ ϻϴϹ  ϴ 100—120 
ϸ ϹϽ. 

Ϧ Ͽ ϼ ϴ Ͽ ϸϴ ϸ ϼϷϴϹ  1,5–1,9 . ϖ ϶Ϲ ϶  ϴ ϸϹϿ  ϴ Ͼϴ  ϹϾϴ 
Ϲ ϻϴϹ . ϖ Ͼ ϼϹ ϹϾϼ ϼ ϸϼ  ϶Ϲ  ϶ ϼϻ ϻϴ 7–8 ϸ ϹϽ ϶  ϶ Ͻ 

Ͽ ϶ϼ Ϲ ϴ . ϥ Ϲϸ Ϲ Ϸ ϿϹ ϼϽ ϴ ϸ ϶ϻ϶Ϲ Ϲ  ϴ ϶ ϴ϶Ϲ  55 ϾϷ/  ϼ 
Ϲϸ ϹϽ ϼ ϶ ϸ  30–50 Ϸ/Ͽ. 

ϣ ϴ϶ Ϲ ϼ Ͼϼ: Ϟ ϴ ϸϴ, Ϟϴ Ϲ Ϸϴ, ϞϴϿϴϾϴ , ϞϴϿϴ , ϕ ϸϴϽϵ , ϦϴϾ ϼ ϴ. 
ϟϹ϶ Ϲ ϼ Ͼϼ: Ϫϼ ϴ, Ϡ , Ϡϴ ϴϾϴ , Ϡϴ ϴ. 
Ϥϴ Ͽ ϺϹ ϼϹ ϶ ϴ Ϲϸ ϴ϶ϿϹ  ϴ ϼ ϾϹ 1.4. 

 

https://ru.wikipedia.org/wiki/%D0%92%D0%BE%D1%81%D1%82%D0%BE%D1%87%D0%BD%D0%B0%D1%8F_%D0%A1%D0%B8%D0%B1%D0%B8%D1%80%D1%8C
https://ru.wikipedia.org/wiki/%D0%9B%D0%B5%D0%BD%D0%B0_(%D1%80%D0%B5%D0%BA%D0%B0)
https://ru.wikipedia.org/wiki/%D0%92%D0%B8%D1%82%D0%B8%D0%BC%D0%BA%D0%B0%D0%BD_(%D1%80%D0%B5%D0%BA%D0%B0)
https://ru.wikipedia.org/w/index.php?title=%D0%A7%D0%B8%D0%BD%D0%B0_(%D0%BF%D1%80%D0%B8%D1%82%D0%BE%D0%BA_%D0%92%D0%B8%D1%82%D0%B8%D0%BC%D0%B0)&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%92%D0%B8%D1%82%D0%B8%D0%BC%D0%BA%D0%B0%D0%BD
https://ru.wikipedia.org/wiki/%D0%92%D0%B8%D1%82%D0%B8%D0%BC%D0%BA%D0%B0%D0%BD
https://ru.wikipedia.org/w/index.php?title=%D0%A7%D0%B8%D0%BD%D0%B0_(%D1%80%D0%B5%D0%BA%D0%B0)&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%92%D0%B8%D1%82%D0%B8%D0%BC%D1%81%D0%BA%D0%BE%D0%B5_%D0%BF%D0%BB%D0%BE%D1%81%D0%BA%D0%BE%D0%B3%D0%BE%D1%80%D1%8C%D0%B5
https://ru.wikipedia.org/wiki/%D0%AE%D0%B6%D0%BD%D0%BE-%D0%9C%D1%83%D0%B9%D1%81%D0%BA%D0%B8%D0%B9_%D1%85%D1%80%D0%B5%D0%B1%D0%B5%D1%82
https://ru.wikipedia.org/wiki/%D0%A1%D0%B5%D0%B2%D0%B5%D1%80%D0%BE-%D0%9C%D1%83%D0%B9%D1%81%D0%BA%D0%B8%D0%B9_%D1%85%D1%80%D0%B5%D0%B1%D0%B5%D1%82
https://ru.wikipedia.org/wiki/%D0%A1%D0%B5%D0%B2%D0%B5%D1%80%D0%BE-%D0%91%D0%B0%D0%B9%D0%BA%D0%B0%D0%BB%D1%8C%D1%81%D0%BA%D0%BE%D0%B5_%D0%BD%D0%B0%D0%B3%D0%BE%D1%80%D1%8C%D0%B5
https://ru.wikipedia.org/wiki/%D0%A1%D0%B5%D0%B2%D0%B5%D1%80%D0%BE-%D0%91%D0%B0%D0%B9%D0%BA%D0%B0%D0%BB%D1%8C%D1%81%D0%BA%D0%BE%D0%B5_%D0%BD%D0%B0%D0%B3%D0%BE%D1%80%D1%8C%D0%B5
https://ru.wikipedia.org/wiki/%D0%9F%D0%B0%D1%82%D0%BE%D0%BC%D1%81%D0%BA%D0%BE%D0%B5_%D0%BD%D0%B0%D0%B3%D0%BE%D1%80%D1%8C%D0%B5
https://ru.wikipedia.org/wiki/%D0%9B%D0%B5%D0%BD%D0%B0_(%D1%80%D0%B5%D0%BA%D0%B0)
http://water-rf.ru/%D0%93%D0%BB%D0%BE%D1%81%D1%81%D0%B0%D1%80%D0%B8%D0%B9/1026/%D0%A0%D0%B5%D1%87%D0%BD%D0%B0%D1%8F_%D0%B4%D0%BE%D0%BB%D0%B8%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/%D0%91%D0%BE%D0%B4%D0%B0%D0%B9%D0%B1%D0%BE_(%D0%B3%D0%BE%D1%80%D0%BE%D0%B4)
http://water-rf.ru/%D0%93%D0%BB%D0%BE%D1%81%D1%81%D0%B0%D1%80%D0%B8%D0%B9/1754/%D0%92%D1%81%D0%BA%D1%80%D1%8B%D1%82%D0%B8%D0%B5
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
https://ru.wikipedia.org/wiki/%D0%9A%D1%83%D0%B0%D0%BD%D0%B4%D0%B0_(%D1%80%D0%B5%D0%BA%D0%B0)
https://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D1%80%D0%B5%D0%BD%D0%B3%D0%B0
https://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D0%BB%D0%B0%D0%BA%D0%B0%D0%BD
https://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D0%BB%D0%B0%D1%80
https://ru.wikipedia.org/wiki/%D0%91%D0%BE%D0%B4%D0%B0%D0%B9%D0%B1%D0%BE_(%D1%80%D0%B5%D0%BA%D0%B0)
https://ru.wikipedia.org/wiki/%D0%A2%D0%B0%D0%BA%D1%81%D0%B8%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/%D0%A6%D0%B8%D0%BF%D0%B0_(%D1%80%D0%B5%D0%BA%D0%B0)
https://ru.wikipedia.org/wiki/%D0%9C%D1%83%D1%8F_(%D0%BF%D1%80%D0%B8%D1%82%D0%BE%D0%BA_%D0%92%D0%B8%D1%82%D0%B8%D0%BC%D0%B0)
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D0%BC%D0%B0%D0%BA%D0%B0%D0%BD_(%D1%80%D0%B5%D0%BA%D0%B0)
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D0%BC%D0%B0_(%D1%80%D0%B5%D0%BA%D0%B0)
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Ϥϼ Ͼ 1.4  ϖϼϸ ϶ ϴ ϴ Ͼϴ Ϲ 

 
1.6 -     

 
1.6.1  

 
ϞϿϼ ϴ  Ϝ Ͼ Ͼϴ ϹϻϾ -Ͼ ϼ Ϲ ϴϿ Ͻ. ϥ Ϲϸ ϼϹ Ϲ Ϲ ϴ  

Ͽ ϸ Ϸ  Ϲ ϼ ϸϴ Ϸ ϸϴ ϶ϴ ϼ   ϼ  12 °C ϸ  ϼ  20 °C, ϴ Ϲ Ͽ Ϸ   
16 °C ϸ  20 °C. ϥ Ϲϸ ϹϹ ϶ ϴϸϹ ϼϹ ϴϸϾ ϶ Ͼ Ͽ  450  ϶ Ϸ ϸ. ϣ ϿϹ 

ϽϾϼ Ϝ Ͼ Ͼ Ͻ ϗϱϥ ( Ͽ ϴϸ  185 Ͼ ²), ϴ ϻϸ ϹϹ ϸ Ϸϼ  
Ϸϼϸ ϿϹϾ ϴ ϼϽ ϔ Ϸϴ Ͼ Ϸ  Ͼϴ Ͼϴϸϴ, ϾϿϼ ϴ  ϶ Ϸ ϸϹ ϼ Ͼ Ϲ  ϴϿ 

Ϲ ϹϹ Ͼ ϼ Ϲ ϴϿ . ϣ ϼϻϼϿϼ  Ϲ Ϲ ϴ  ϿϹ ϹϷ  Ϲ ϼ ϸϴ, ϴ ϻϼ  
ϴϿϼ ϴ ϴϾ Ϲ ϼϻ ϶ϴ  ϶ Ϲ ϼ Ϲ Ϲ ϴ ϴ ϼ ϼ ϹϿ  Ϲ ϼ ϸϴ 

ϸ  ϽϾϼ Ϸϼϸ ϿϹϾ ϴ ϼϽ. 
 

1.6.2   
 

ϥ ϷϿϴ   Ͼϴ Ͻ ϹϽ ϼ Ϲ Ͼ Ϸ  ϴϽ ϼ ϶ϴ ϼ  Ϲ ϼ ϼϼ Ϥ ϼϽ Ͼ Ͻ 
ϨϹϸϹ ϴ ϼϼ ϴ Ϲ ϴ  ϹϽ ϼ Ϲ Ͼϴ  ϼ Ϲ ϼ϶  ϴϽ ϴ ϴ Ͽ ϺϹ ϼ  
ϖϼ ϼ Ͼ Ͻ ϗϱϥ ϴ϶ ϴ 6 ϵϴϿϿϴ  ϾϴϿ  MSK-64. 
 

1.6.3   
 

ϣ  ϷϹ Ͽ Ϸϼ Ϲ Ͼ Ͻ Ͼϴ Ϲ ϹϸϹϿϹ ,  ϶ ϴϽ Ϲ ϶ ϴ ϖϼ ϼ Ͼ Ͻ ϗϱϥ 
Ϲ  ϻ  ϹϾ ϼ Ϲ Ͼ Ϸ  Ͼ ϴϾ ϴ. 

ϖ ϶ϴ ϼϼ ϹϾϼ ϖϼ ϼ  – ϾϴϿ Ϲ ϸ : Ϸ ϴ ϼ . 
 

1.6.4    
 
ϥ  ϸϿ  ϴϾ ϼ ϴϿ  ϼ Ϲϸ ϼ  ϻ ϴ Ϲ ϼϽ ϴ ϶Ϲ  

Ϸ ϴ ϼϾ ϶ ϴϷ ϻϾϼ ϤϘϧ ϥϼϵϼ ϼ. ϗ ϸ ϶ Ͻ Ϸ ϴ ϼϾ ϴϾ ϼ ϴϿ Ͻ ϴϷ ϻϾϼ 
Ϲϸ ϴ϶Ͽ Ϲ  ϵ Ͻ Ͼ ϼ ϼϸϴϿ  Ͼ ϼ :  

 

https://ru.wikipedia.org/wiki/%D0%98%D1%80%D0%BA%D1%83%D1%82%D1%81%D0%BA
https://ru.wikipedia.org/wiki/%D0%A0%D0%B5%D0%B7%D0%BA%D0%BE_%D0%BA%D0%BE%D0%BD%D1%82%D0%B8%D0%BD%D0%B5%D0%BD%D1%82%D0%B0%D0%BB%D1%8C%D0%BD%D1%8B%D0%B9_%D0%BA%D0%BB%D0%B8%D0%BC%D0%B0%D1%82
https://ru.wikipedia.org/wiki/%D0%98%D1%80%D0%BA%D1%83%D1%82%D1%81%D0%BA%D0%B0%D1%8F_%D0%93%D0%AD%D0%A1
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P = a + b ∙ cos °t − ° ,                                                                         (1.1) 
 

ϷϸϹ t – Ϲ ϴ Ϲ Ϲ϶; a ϼ b – Ͼ ϼ ϼϹ , ϶ ϼ Ͽ Ϲ Ϲ  Ͽϴ :  
 a = + = + = ,                                                                  .   

                                  b = − = − = ,                                                                    .   

 
ϷϸϹ P  – ϴϾ ϼ ϴϿ Ϲ ϹϵϿϹ ϼϹ ϶ ϻϼ ϼϹ Ͼϼ, ϴ P  – ϴϾ ϼ ϴϿ Ϲ 

ϹϵϿϹ ϼϹ ϶ ϿϹ ϼϹ Ͼϼ. 
ϥ Ϲϸ Ϲ Ϲ Ϲ ϴϷ ϻϾϼ Ϲ Ϸ ϼ Ϲ  ϴ ϼ ϴϹ   Ͽϴ : 

 P = a + b ∙ cos °t − ° ,                                                                         .   
 a = p+ p = + = ,                                                                         .   

 b = p− p = − = ,                                                                           .   

 
ϷϸϹ P  – Ϲϸ ϹϹ ϹϵϿϹ ϼϹ ϶ ϻϼ ϼϹ Ͼϼ, ϴ P  – Ϲϸ ϹϹ ϹϵϿϹ ϼϹ ϶ 
ϿϹ ϼϹ Ͼϼ. 

Ϙϴ Ϲ  ϸϿ  Ϲ ϼ  Ϸ ϸ ϶  Ϸ ϴ ϼϾ ϶ ϴϷ ϻϾϼ ϻϴ  ϶ ϴϵϿϼ  
1.7. 
 
ϦϴϵϿϼ ϴ 1.7 − ϦϴϵϿϼ ϴ ϸϿ  Ϲ ϼ  Ϸ ϸ ϶  Ϸ ϴ ϼϾ ϶ ϴϷ ϻϾϼ 

t α cos Pt.max Pt. Ϲϸ  
1 0,262 0,966 6839 6477 
2 0,785 0,707 6608 6263 
3 1,308 0,259 6208 5893 
4 1,832 -0,258 5746 5465 
5 2,355 -0,706 5345 5095 
6 2,878 -0,966 5114 4881 
7 3,402 -0,966 5113 4880 
8 3,925 -0,709 5343 5093 
9 4,448 -0,261 5743 5463 
10 4,972 0,256 6205 5890 
11 5,495 0,705 6606 6261 
12 6,018 0,965 6838 6476 
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Ϥϼ Ͼ 1.5  ϠϴϾ ϼ ϴϿ Ͻ ϼ Ϲϸ ϹϷ ϸ ϶ Ͻ Ϸ ϴ ϼϾ ϴϷ ϻϾϼ 

 
1.6.5      
 
ϖ ϸϴ  Ͼ ϶  ϹϾ Ϲ ϴ ϴ ϼ϶ϴ  ϴ ϴϾ Ϲ Ϲ Ϲ 

Ϸ ϴ ϼϾϼ ϴϷ ϻϾϼ ϸϿ  ϸ϶  Ϲ ϼ ϸ ϶: ϶Ϲ Ϲ Ϲ-ϿϹ ϹϷ  ϼ Ϲ Ϲ-ϻϼ ϹϷ . ϘϿ  
Ͼ ϴ Ͼ ϼ ϶ ϸϴϿ ϹϽ Ϲ  Ϲ ϶ Ͻ Ϸ ϴ ϼϾ ϴϻ ϶ϴϹ  ϿϹ ϼ , ϶ Ͻ — ϻϼ ϼ .  

ϘϿ  ϴ Ϲ ϴ ϼ  Ϸ ϴ ϼϾ ϶ ϸϴ Ϲ ϵϹ   ϴϽ ϴ ϼ Ϲ Ϸ  Ϲ ϴ ϴ. 
ϣ ϹϾ ϼ Ϲ ϴ  ϴ ϼ  ϶ ϸϼ  ϶ ϼϿϼϴϿ ϔϢ «ϥϢ ϙϱϥ» «ϤϹϷϼ ϴϿ Ϲ 

ϸϼ Ϲ Ϲ Ͼ Ϲ ϴ϶ϿϹ ϼϹ Ϲ Ϸ ϼ Ϲ  Ϝ Ͼ Ͼ Ͻ ϵϿϴ ϼ» (Ϝ Ͼ Ͼ Ϲ ϤϘϧ) 
Ϲ ϶Ͽ Ϲ  Ͼ ϼϼ Ϲ ϴ ϼ϶ -ϸϼ Ϲ Ϲ Ͼ Ϸ  ϴ϶ϿϹ ϼ  ϵ ϹϾ ϴ ϼ 

ϿϹϾ Ϲ ϷϹ ϼϾϼ ϴ Ϲ ϼ ϼϼ Ϝ Ͼ Ͼ Ͻ ϵϿϴ ϼ. 
 
ϥ Ϲ ϶ ϼϹ ϗϱϥ, ϶ ϸ ϼϹ ϶ ϴ϶ ϤϘϧ: 
Ϝ Ͼ Ͼϴ  ϗϱϥ (N = ,Э =  . ∙ ); 
ϫϴ  (1/3) ϕ ϴ Ͼ Ͻ ϗϱϥ (N =  , Э =  . ∙ ). 
ϫϴ (1/3)ϧ -ϜϿϼ Ͼ Ͻ ϗϱϥ(N = , Э =  . ∙ ). 
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Ϝ ϹϷ ϴϿ Ϲ Ͼ ϼ϶ Ϲ ϴϷ ϻϾϼ   ϸϴ , Ͽ Ϲ  ϶ 
Ϲϻ Ͽ ϴ Ϲ ϴ Ϻϼ ϶ϴ ϼ  ϼ  ϵ ϶ϴ ϼ , ϸϹϿϹ ϼ  Ϲё ϴ ϻ , 

϶Ϲ ϶ ϼ  ϼ ϴ Ϲ ϼ  ϴϷ ϻϾϼ ϼ ϶ ϴϵ ϾϹ ϿϹϾ Ϲ Ϸϼϼ ϶ 
ϸϴ  ϻ ϴ . Ϙϴ Ϲ ϴ Ϲ ϶ ϸϿ  ϻϼ  ϼ ϿϹ ϴ Ϲϸ ϴ϶ϿϹ  ϶ ϴϵϿϼ Ϲ 1.8, 1.9 

϶Ϲ ϶Ϲ . 
 

1.6.6      
 

ϣ ϼ  Ϸ Ͽ Ϲ Ϲ Ϸ Ͽ ϼϾϼ, ϸϼ  Ͼϴ Ϲ  Ͼ Ϸ  ϴ϶Ϲ  
϶ ϴϵ ϾϹ ϴ ϼϼ ϻϴ Ͼϼ, ϴ ϶ Ͻ Ͼϴ Ϲ  ϴ϶Ϲ  ϴ ϶ϿϹ Ͻ ϼ 

Ϲ ϶ ϼ  ϗϱϥ.  
 
ϦϴϵϿϼ ϴ 1.8  ϜϞϡ ϻϼ ϴ 

ϜϞϡ ϻϼ ϴ 

, 
Ϡϖ  

∆P, Ϡϖ  ∆t,  
∆ϱ, Ͽ  
Ϟϖ ∙  

∆P , 
Ϡϖ  

∆ϱ, Ͽ  
Ϟϖ ∙  

6870 33 1 33 33 33 
6837 16 2 33 49 66 
6820 18 3 53 67 119 
6803 12 4 47 79 166 
6791 61 5 305 140 471 
6730 1 6 7 141 478 
6729 15 7 104 156 582 
6714 42 8 337 198 919 
6672 14 9 123 212 1042 
6658 18 10 182 230 1224 
6640 5 11 57 235 1282 
6635 0 12 6 236 1287 
6634 22 13 286 258 1573 
6612 96 14 1344 354 2917 
6516 18 15 273 372 3190 
6498 127 16 2031 499 5221 
6371 106 17 1796 604 7018 
6265 87 18 1557 691 8575 
6179 105 19 1994 796 10569 
6074 5 20 99 801 10669 
6069 44 21 928 845 11597 
6025 29 22 629 874 12226 
5996 15 23 348 889 12574 
5981 5981 24 143540 6870 156115 

 
 
 
 
 



20 
 

ϦϴϵϿϼ ϴ 1.9  ϜϞϡ ϿϹ  
ϜϞϡ ϿϹ  

, 
Ϡϖ  

∆P, Ϡϖ  ∆t,  
∆ϱ, Ͽ  
Ϟϖ ∙  

∆P , 
Ϡϖ  

∆ϱ, Ͽ  
Ϟϖ ∙  

5083 1 1 1 1 1 
5082 8 2 16 9 17 
5074 2 3 7 11 24 
5072 10 4 40 21 63 
5062 7 5 35 28 99 
5055 5 6 31 33 130 
5049 6 8 51 40 183 
5043 4 9 32 44 215 
5039 6 10 61 50 276 
5033 5 11 57 55 333 
5028 41 12 491 96 824 
4987 3 13 43 99 867 
4984 47 14 662 146 1529 
4937 121 15 1819 268 3348 
4815 129 16 2058 396 5406 
4687 40 17 687 437 6093 
4646 95 18 1711 532 7804 
4551 73 19 1379 604 9183 
4479 24 20 473 628 9656 
4451 32 22 707 665 10457 
4418 43 23 979 707 11436 
4376 4376 24 105021 5083 116457 

 
ϥ Ͻ Ϸ ϴ ϼϾ ϴϷ ϻϾϼ ϼ ϜϞϡ (ϻϼ ϴ) Ϲϸ ϴ϶ϿϹ  ϴ ϼ ϾϹ 1.6. 

 

 
Ϥϼ Ͼ 1.6  ϥ Ͻ Ϸ ϴ ϼϾ ϴϷ ϻϾϼ ϼ ϜϞϡ (ϻϼ ϴ) 
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ϥ Ͻ Ϸ ϴ ϼϾ ϴϷ ϻϾϼ ϼ ϜϞϡ (ϿϹ ) Ϲϸ ϴ϶ϿϹ  ϴ ϼ ϾϹ 1.7. 

 

 
Ϥϼ Ͼ 1.7  ϥ Ͻ Ϸ ϴ ϼϾ ϴϷ ϻϾϼ ϼ ϜϞϡ (ϿϹ ) 
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2 -   
 
2.1        

    
 

ϖ ϶Ϲ ϶ϼϼ  Ϲ ϸϼϾ Ͻ ϶ ϵ ϴ ϴ Ϲ  Ϸϼϸ Ϸ ϴ ϶ ( Ϲ ϸ 
ϹϴϿ Ϸ  Ϸ ϸϴ) ϹϿϹ ϵ ϴϻ  ϴϻϸϹϿϼ  Ϸ ϸ ϴ ϸ϶ϴ ϶  Ϲ ϼ ϸϴ: 

Ϸ ϶ ϸ Ͻ ( Ͽ ϶ ϸ Ϲ) ϼ ϴϿ ϶ ϸ Ͻ ( ϹϺϹ ). ϥ ϼ ϴϹ ,  Ͼ Ϲ ϼ ϸ  
Ͽ ϶ ϸ   Ϲ , ϶ Ͼ Ϲ ϴ ϸ  ϵ Ͽ Ϲ ϼϿϼ ϴ϶  
Ϲϸ ϹϷ ϸ ϶  ϴ ϸ  (Q Q .Ϸ ϸ). Ϧ Ϸϸϴ ϴϿ Ϲ Ϲ  ϴ϶  

ϴϿ ϶ ϸ Ͻ Ϲ ϼ ϸ (Qm<Q .Ϸ ϸ). 
 P m = mn + ∙ ,                                                                                              .  

 
ϘϴϿϹϹ ϶ ϼ Ͽ Ϲ  Ϲϸ ϼϹ ϴ ϸ  ϻϴ Ϸ ϸ, Ϲ ϼ ϸ ϹϺϹ ϼ ϼ Ϲ ϼ ϸ 

Ͽ ϶ ϸ . Ϥϴ Ϻϼ Ϲ  ϾϴϺϸ  ϿϹϸ ϶ϴ ϹϿ  ϶ ϸϾϹ ϵ ϶ϴ ϼ  ϼ  
ϿϹ 2.1 ϶ ϼ Ͽ Ϲ  ϵϹ Ϲ Ϲ ϼ. ϤϹϻ Ͽ ϴ  ϻϴ  ϶ ϴϵϿϼ  2.1. 

 
ϦϴϵϿϼ ϴ 2.1  Ϙϴ Ϲ ϸϿ  Ͼ ϼ϶  ϵϹ Ϲ Ϲ ϼ 

P % 
ϥ .Ϸ ϸ ϶ Ͻ ϥ . Ͽ ϶ ϸ Ϲ ϥ . ϹϺϹ  

ϗ ϸ  Q .Ϸ ϸ, 3/  ϗ ϸ  Q Ͽ ϶., 3/  ϗ ϸ  Q ϹϺ., 3/  
2 1969 377 1969 636 1969 117 
4 1971 353 1971 596 1968 116 
6 1983 332 1983 587 1971 110 
8 1955 316 1955 550 1970 106 
10 1970 299 1970 492 1953 104 
12 1953 283 1953 462 1966 102 
14 1968 275 1973 444 1982 100 
16 1973 262 1968 434 1981 94 
18 1944 249 1944 423 1960 89 
20 1981 242 1957 417 1958 87 
22 1957 240 1961 392 1962 87 
24 1960 239 1981 390 1955 82 
25 1961 229 1960 389 1949 81 
27 1966 226 1951 385 1956 80 
29 1962 223 1945 378 1973 80 
31 1945 222 1964 376 1972 79 
33 1942 220 1965 375 1943 79 
35 1965 217 1942 370 1954 78 
37 1951 216 1962 360 1939 77 
39 1972 216 1963 359 1959 77 
41 1963 215 1984 356 1952 74 
43 1956 210 1947 353 1944 74 
45 1978 209 1972 353 1967 74 
47 1939 208 1966 350 1946 71 
49 1964 207 1974 346 1963 70 



23 
 

ϢϾ ϴ ϼϹ ϴϵϿϼ  2.1 

P % 
ϥ .Ϸ ϸ ϶ Ͻ ϥ . Ͽ ϶ ϸ Ϲ ϥ . ϹϺϹ  

ϗ ϸ  Q .Ϸ ϸ, 3/  ϗ ϸ  Q .Ϸ ϸ, 3/  ϗ ϸ  Q .Ϸ ϸ, 3/  
51 1984 207 1976 346 1942 70 
53 1967 207 1940 345 1941 70 
55 1975 204 1956 341 1980 69 
57 1976 203 1948 341 1950 68 
59 1974 203 1975 340 1975 68 
61 1943 202 1967 339 1987 68 
63 1940 197 1939 338 1945 66 
65 1979 196 1982 334 1961 66 
67 1941 195 1979 331 1977 65 
69 1954 195 1985 325 1986 65 
71 1954 195 1985 325 1986 65 
73 1947 195 1943 325 1957 63 
75 1985 193 1941 320 1979 62 
76 1958 193 1954 311 1985 60 
80 1949 189 1958 298 1965 60 
82 1952 179 1949 297 1974 60 
84 1988 178 1952 285 1984 58 
86 1980 172 1980 274 1978 50 
88 1950 165 1950 263 1940 49 
90 1977 162 1977 259 1951 47 
92 1987 157 1987 247 1988 45 
94 1959 146 1959 215 1948 43 
96 1946 143 1946 214 1964 38 
98 1986 136 1986 207 1947 36 

 
ϱ ϼ ϼ Ϲ ϾϼϹ Ͼ ϼ϶ Ϲ ϵϹ Ϲ Ϲ ϼ ϸϿ  Ϲϸ ϼ  ϴ ϸ ϶ ϻϴ Ϸ ϸ, 

Ͽ ϶ ϸ Ϲ ϼ ϹϺϹ  Ϲϸ ϴ϶ϿϹ  ϴ ϼ ϾϹ ϔ.1 ϶ ϼϿ ϺϹ ϼϼ ϔ. 
Ϥϴ Ϲ Ϲ ϻ ϴ Ϲ ϼ  ϵϹ Ϲ Ϲ ϼ ϸϿ  ϶ ϵ ϴ ϴϿ ϶ ϸ Ϸ  ϼ 

Ϲϸ Ϲ϶ ϸ Ϸ  Ϸ ϸϴ ϶ ϹϾ Ϲ ϼ ϼ ϴ  ϴ϶ ϼ 90 ϼ 50%, ϶Ϲ ϶Ϲ . 
ϣ  ϶Ϲ Ϲ  ϵ  ϴ ϶ Ϲ  Ϲ  Ͼ ϼ϶  ϵ Ͽ Ϲ Ϲ  ϸϼ  ϼ  ϺϹ 

Ϸ ϸ. 
ϙ Ͽϼ ϴ Ϲ  Ͼ ϼ϶  ϼ ϻϴϸϴ Ͻ ϵϹ Ϲ Ϲ ϼ Ͼϴϻ ϶ϴ  ϴϻ Ϲ 

Ϸ ϸϴ,  ϶  Ͽ ϴϹ Ϲ ϵ ϸϼ  ϴϽ ϼ Ͼ ϼ ϼϹ  ϼ϶ϹϸϹ ϼ  ϼ ϼ϶Ϲ ϼ 
ϴ Ϲ Ͻ Ϸ ϸ Ͼ ϻϴϸϴ Ͻ ϵϹ Ϲ Ϲ ϼ. 

Ϥϴ Ϲ Ϲ ϻ ϴ Ϲ ϼ  ϵϹ Ϲ Ϲ ϼ ϸϿ  ϶ ϵ ϴ ϴϿ ϶ ϸ Ϸ  ϼ 
Ϲϸ Ϲ϶ ϸ Ϸ  Ϸ ϸϴ ϶ ϹϾ Ϲ ϼ ϼ ϴϹ  ϴ϶ ϼ 90 ϼ 50% ϶Ϲ ϶Ϲ . 

 
2.2      ( =50%) 

 
ϡϴ Ͼ ϼ϶  ϶ Ϲ  Ͼ Ͼ Ϲ Ϲ Ϸ ϸ. Ϣ ϹϸϹϿϼ  ϵϿϼϺϴϽ ϼϹ Ϸ ϸ   
(1939 – 1964) ϼ ϴ ϼ ϴϹ  Ͼ ϼ ϼϹ : 

 
1939 Ϸ ϸ   
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= . = = , ,                                                                                    .   

 = . = = , ,                                                                                    .   

 
1964 Ϸ ϸ 

 = . = = , ,                                                                                    .   

 

 = . = = , ,                                                                                   .   

 
ϖ ϵϼ ϴϹ  1939 Ϸ ϸ, ϴϾ ϾϴϾ ϹϷ  Ͼ ϼ ϼϹ  ϵϿϼϺϹ ϶ ϹϷ  Ͼ Ϲϸϼ ϼ Ϲ. 

ϛϴ ϼ  ϸϴ Ϲ ϴ ϸ ϶ ϶ ϴ Ϲ  Ϲϸ Ϲ϶ ϸ  Ϸ ϸ  1939 (Ϥ=50%), /c  
ϼ϶ϹϸϹ ϼϹ  ϶ ϴϵϿϼ  2.2. 

 
ϦϴϵϿϼ ϴ 2.2  Ϥϴ ϸ  ϶ ϴ Ϲ  Ϲϸ Ϲ϶ ϸ  Ϸ ϸ  1939 (Ϥ=50%), /c  

ϼ϶ϹϸϹ ϼϹ  
ϠϹ  I II  III  IV  V VI  VII VIII IX  X XI  XII Q .Ϸ ϸ. 

Ϝ ϸ Ϲ 75 43 36 72 214 484 406 329 310 287 131 105 208 
 

2.3      ( =90%)  
 

1977 Ϸ ϸ 
 = . = = ,                                                                                          .         

            

 = . = = , ,                                                                                   .  

 
ϦϴϾ ϾϴϾ ϸϼ  Ͼ ϼ ϼϹ  ϼϺϴ ϼϽ, ϴ ϸ Ϸ Ͻ ϴ϶Ϲ  1,  ϸϿ  ϸϴ Ϸ  

Ϸ ϸϴ Ϲ ϼ϶ ϸ  Ͼ ϹϾ ϼ ϶Ͼϼ, ϴϾ ϾϴϾ ϼ ϶Ͽϼ  ϴ Ϲϸ ϹϷ ϸ ϶ Ͻ ϴ ϸ. 
ϣ ϶Ϲ ϼ , Ϲ Ϲ϶ ϴ  Ͽϼ ϶ ϾϴϾϼϹ-Ͽϼϵ  Ϲ  ϴ ϸ  ϴϿ ϶ ϸ Ϸ  

Ϸ ϸϴ ϴ ϴϿ Ϸϼ  ϴ ϸ ϶ Ϲϸ Ϲ϶ ϸ Ϸ  Ϸ ϸϴ. Ϥϴ Ϲ  Ϲϸ Ϲ϶ ϸ Ϸ  Ϸ ϸϴ 
(P=50%)  Ͼ ϹϾ ϼ ϶Ͼ Ͻ Ϲϸ ϴ϶ϿϹ  ϶ ϴϵϿϼ Ϲ 2.3. 
 
ϦϴϵϿϼ ϴ 2.3  Ϥϴ Ϲ  Ϲϸ Ϲ϶ ϸ Ϸ  Ϸ ϸϴ (P=50%)  Ͼ ϹϾ ϼ ϶Ͼ Ͻ 

ϠϹ  I II  III  IV  V VI  VII VIII IX  X XI  XII 𝑄 % − 𝑄 % 17 -7 -13 22 11 69 98 85 116 120 -11 25 
Ϝϻ Ϲ Ϲ ϼ  

Q50% 

0 7 13 0 0 0 0 0 0 0 11 0 

Q50%  
Ͼ ϹϾ ϼ ϶Ͼ Ͻ 

69 47 46 66 216 484 403 330 317 294 131 97 
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Ϥϴ ϸ  ϶ ϴ Ϲ  ϴϿ ϶ ϸ  ϼ Ϲϸ Ϲ϶ ϸ  Ϸ ϸ  Ϲϸ ϴ϶ϿϹ  ϶ 
ϴϵϿϼ Ϲ 2.4. 

 
ϦϴϵϿϼ ϴ 2.4  Ϥϴ ϸ  ϶ ϴ Ϲ  ϴϿ ϶ ϸ  ϼ Ϲϸ Ϲ϶ ϸ  Ϸ ϸ  

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

P=90% 52 47 46 44 205 426 318 232 201 174 131 72 162 
P=50% 69 47 46 66 216 484 403 330 317 294 131 97 208 

 
ϗϼϸ Ϸ ϴ  ϴϿ ϶ ϸ Ϸ  ϼ Ϲϸ Ϲ϶ ϸ Ϸ  Ϸ ϸϴ Ϲϸ ϴ϶ϿϹ  ϴ ϼ ϾϹ 2.1. 

 

 
Ϥϼ Ͼ 2.1  ϗϼϸ Ϸ ϴ  ϴϿ ϶ ϸ Ϸ  ϼ Ϲϸ Ϲ϶ ϸ Ϸ  Ϸ ϸϴ 

 
2.4         

  
 
ϗϿϴ϶  Ͼ ϼ Ϲ ϼϹ  ϼ ϹϸϹϿϹ ϼϼ ϴ ϴ Ϲ ϶ ϹϾ ϼ Ϲ Ͻ ϗϱϥ 

϶Ͽ Ϲ  ϴϾ ϼ  ϶ Ϲ Ϲ ϼ  Ϲ Ͽ ϶  ϹϽ ϶ Ϲ Ϸ ϼ Ϲ Ϲ. 
ϘϿ  ϶ ϵ ϴ Ϸ  ϴ Ϲ Ϸ  ϴϿ ϶ ϸ Ϸ  Ϸ ϸϴ (1977Ϸ.) ϶ ϼ Ͽ Ϲ  

ϻ ϴ Ϲ ϼϹ ϼ ϴ ϿϹϻ  ϵ ϶  ϾϹ ϸϿ  ϾϴϺϸ Ϸ  Ϲ ϴ Ϸ ϸϴ  
ϿϹ: 
  N . Э = k ∙ Q % ∙ H Э ,                                                                            .  
 

ϷϸϹ k   –  Ͼ ϼ ϼϹ  ϼ, k  =  , ; Q % – ϵ ϶ Ͻ ϴ ϸ ϴ Ϲ Ϸ  ϴϿ ϶ ϸ Ϸ  Ϸ ϸϴ, 3/ ; 

44

94

144

194

244

294

344

394

444

494

544
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Q , 3/ ϗϼϸ Ϸ ϴ  Ϲϸ Ϲ϶ ϸ Ϸ  ϼ ϴϿ ϶ ϸ Ϸ  Ϸ ϸϴ

Ϲϸ Ϲ϶ ϸ Ͻ Ϸ ϸ

ϴϿ ϶ ϸ Ͻ Ϸ ϸ
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H Э −  ϸ϶ϹϸϹ Ͻ ϴ  ϗϱϥ, . 
 H Э = Z − Z (Q t − ∆h,                                                                    .  

 
ϷϸϹ Z − Ϲ Ͼϴ ϶Ϲ ϹϷ  ϵ Ϲ ϴ, ϶Ϲ ϶ ϴ  Ϲ ϾϹ  , ; Z (Q t − ϶Ϲ  ϼϺ ϹϷ  ϵ Ϲ ϴ, ϹϸϹϿϹ Ͻ  ϿϹ ϹϽ ϼϿϼ 
ϻϼ ϹϽ Ͼ ϼ϶ Ͻ ϶ ϻϼ, ; ∆h −  Ϲ ϼ ϴ ϴ ϶ ϶ ϸ ϸ϶ ϸ ϼ  ϺϹ ϼ , ∆h = ,  . 

ϛϴ Ϲ  ϴ ϼ ϶ϴϹ   ϗϱϥ ϶ ϹϺϼ Ϲ ϴϵ   Ϲϵ ϶ϴ ϼ  ϖϩϞ 
 ϿϹ:  

 N = k ∙ Q ∙ H Э ,                                                                                     .  
 

ϷϸϹ   Q − ϴ ϸ ϶ ϸ   Ϲϵ ϶ϴ ϼ  ϴ ϼϾ ϶ ϶ ϸ ϻ Ͻ ϶Ϲ Ϸ  
Ͼ ϿϹϾ ϴ, 3/ . 

ϖ ϴϵϿϼ Ϲ 2.5 ϼ϶ϹϸϹ  Ͼϴϻϴ ϹϿϼ ϹϺϼ ϴ ϴϵ  ϵϹϻ ϹϷ Ͽϼ ϶ϴ ϼ   
Ϲ  ϖϩϞ. 

 
ϦϴϵϿϼ ϴ 2.5  ϤϹϺϼ  ϴϵ  ϵϹϻ ϹϷ Ͽϼ ϶ϴ ϼ   Ϲ  ϖϩϞ 

Ϲ              Q  %, 3/  52 47 46 44 205 426 318 232 201 174 131 72 ∑Q  , 3/  7 2 -2 -3 -6 4 5 4 3 3 8 9 Q , 3/  45 45 48 47 211 422 314 228 198 171 123 63 

Ϥϴϵ ϴ  ϶ ϸ Ͼ  Q  %, 3/  52 47 46 44 205 426 318 232 201 174 131 72 Z ,  280 280 280 280 280 280 280 280 280 280 280 280 Z ,  234 234 234 234 237 238 238 237 237 236 236 234 

H,   39 44 48 49 50 37 38 39 41 40 36 37 

Ϥϴϵ ϴ  ϖϩϞ Q  , 3/  108 108 108 108 108 108 108 108 108 108 108 108 Z ,  280 280 280 280 280 280 280 280 280 280 280 280 Z ,  235 235 235 235 235 235 235 235 235 235 235 235 

H ,  45 45 45 45 45 45 45 45 45 45 45 45 N − N  -27 -25 -22 -22 50 97 62 37 28 18 -3 -22 

 
Ϙϴ Ͻ ϴ ё  ϶ Ͽ Ϲ   ϹϿ  ϹϸϹϿϹ ϼ  Ϲ Ϲ϶, ϶ Ͼ Ϲ ϗϱϥ 

ϵ ϸϹ  ϴϵ ϴ  ϴ ϴ ϸϴ , Ϲ϶ ϴ ϼ  Ϲϵ ϶ϴ ϼ  ϖϩϞ. Ϡ , 
Ͼ   ϺϹ  ϴ ϹϸϹϿϼ  ϶ Ϲ  ϹϷ Ͽϼ ϶ϴ ϼ , ϴ ϼ ϶ϴϹ   

ϿϹ: 
 

Nϵ -N϶ Ͼ= 170 Ϡϖ .                                                                                             .  
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2.5   
 

ϥϿϹϸ ϼ  ϴ  ϴ ϼ ϴ Ϲ 2 ϹϺϼ ϴ ϴϵ  ϹϾ ϼ Ϲ Ͻ ϗϱϥ 
϶ ϼ ϶ϴ  ϶ Ϸ ϸ ϶ Ͻ Ϸ ϴ ϼϾ Ϲϸ Ϲ Ϲ  ϴϷ ϻ Ͼ Ϲ Ϸ ϼ Ϲ   ϺϹ 
϶ ϼ ϴ ϼ ϴ ё  Ϲ ϶ ϼ ϼ  ϗϱϥ.ϖ Ͼϴ Ϲ ϶Ϲ Ϲ ϶ ϼ  ϗϱϥ 
϶ ϻ Ϲ   Ϝ Ͼ Ͼ Ͻ ϗϱϥ, ϴ  ϕ ϴ Ͼ Ͻ ϗϱϥ ϼ ϴ  ϧ -ϜϿϼ Ͼ Ͻ 
ϗϱϥ. ϣ Ͼ ϼϹ Ϸ ϸ ϶ Ϸ  Ϸ ϴ ϼϾϴ Ϲϸ Ϲ Ϲ  ϴϷ ϻ Ͼ Ϲ Ϸ ϼ Ϲ  

Ϲϸ ϴ϶ϿϹ  ϴ ϼ ϾϹ ϔ.2 ϶ ϼϿ ϺϹ ϼϼ ϔ. Ϙϴ Ϲ ϸϿ  Ϲ ϼ  ϵϴϿϴ ϴ 
Ϲ Ϸϼϼ ϻϴ Ϲ Ϲ  ϶ ϴϵϿϼ  2.6. 

 
ϦϴϵϿϼ ϴ 2.6  Ϙϴ Ϲ ϸϿ  Ϲ ϼ  ϵϴϿϴ ϴ Ϲ Ϸϼϼ 

t, Ϲ . P , Ϡϖ  N . Ϸ , Ϡϖ  Nϵ , Ϡϖ  N϶ Ͼ, Ϡϖ  
1 6477 3442 15 43 
2 6263 3442 17 43 
3 5893 3442 20 43 
4 5465 3442 20 43 
5 5095 3442 93 43 
6 4881 3442 139 43 
7 4880 3442 104 43 
8 5093 3442 79 43 
9 5463 3442 71 43 
10 5890 3442 61 43 
11 6261 3442 39 43 
12 6476 3442 20 43 

 
ϖ ϸϴ  Ͽ ϴϹ ϼϻϿϼ ϹϾ ϼ ϶ϴ ϼϿ  ϴ ϶ ϸϴ  Ϸϴ ϴ ϼ ϶ϴ Ͻ 

ϼ ϶ ϸ϶  Ϲ ϴ  ( ϶ϴ  ϼ ϸϹϾϴϵ ). ϖ Ϲ , Ϲ ϴ϶ ϼϹ ϸ 
ϹϷ Ͽϼ ϶ϴ ϼϹ, ϴϵ ϴϹ   ϼ ϖϩϞ. ϖ Ϲ , ϴ϶ ϼϹ ϸ 
ϹϷ Ͽϼ ϶ϴ ϼϹ, ϴϵ ϴϹ  ϴ ϼ ϴ϶ Ϲ Ϲ N  ϼ N  ϸϿ  

Ͼ Ͼ Ϲ Ϸ  Ϲ ϴ. ϖ Ϲϻ Ͽ ϴ Ϲ Ϸϴ ϴ ϼ ϶ϴ ϴ   ϶ϴ  ϼ ϸϹϾϴϵ  
ϴ϶Ͽ Ϲ  126 Ϡϖ . 

 
 N = N + N ,                                                                                     .  

 
ϖ ϸ - Ϲ ϷϹ ϼ Ϲ ϾϼϽ ϴ Ϲ  ϴ ϴϵ Ͼ - ϴ Ͽ Ϲ ϼϹ ϶ ϸ ϴ ϼϿϼ ϴ 

(90%).  
ϪϹϿ  ϖϱϤ ϹϺϼ ϴ ϴϵ  ϗϱϥ ϶ ϴϿ ϶ ϸ  Ϸ ϸ  ϶Ͽ Ϲ :  
 ϹϸϹϿϹ ϼϹ Ϸϴ ϴ ϼ ϶ϴ Ͻ ϼ, ϹϾ ϼ Ϲ Ͻ ϗϱϥ; 
 Ϲ Ͼϼ ∇ ; 
 ϿϹϻ Ͻ ϵ Ϲ  ϶ ϸ ϴ ϼϿϼ ϴ. 
Ϥϴ Ϲ  ϴ ϼ ϴϹ   Ϲ ϴ, Ͼ Ϸϸϴ ϶ ϸ ϴ ϼϿϼ Ϲ ϴ Ͽ Ϲ  ϼ, 

ϿϹϸ ϶ϴ ϹϿ , ϶Ϲ  ϶ ϸ  ϶ Ϲ  ϴ϶Ϲ  ∇ϡϣϧ = 280 . ϤϹϷ Ͽϼ ϶ϴ ϼϹ 
ϼ Ϲ ϶Ͽ Ϲ  ϹϷ Ͽϼ ϶ϴ ϼϹ  ϴ ϸϴ ϗϱϥ. ϧ ϶ ϼ ϶Ϲ ϹϷ  ϼ 

ϼϺ ϹϷ  ϵ Ϲ ϴ ϹϸϹϿ    Ͼ ϼ϶  ϶ ϻϹϽ. ϣ Ͽ Ϲ Ϲ ϴ Ϲ  
ϻϴ ϼ  ϶ ϴϵϿϼ  ϔ.1. ϦϴϵϿϼ ϴ ϔ.1 Ϲϸ ϴ϶ϿϹ ϴ ϶ ϼϿ ϺϹ ϼϼ ϔ. 
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ϘϿ  ϴ϶ϼϿ Ϸ  ϴ Ϲ ϴ  ϸ ϿϺ  ϵϿ ϸϴ  ϼ Ͽ ϶ϼ : 
 Q = Q , 
 Z = Z , 
 N Э = N . 
ϖ ϸϴ  ϴ Ϲ Ϲ ϶ϼϸ ,  Ϲ Ͼϴ ϖϕ ϶ Ͼ Ϲ ϴϵ Ͼϼ ϶ Ϲ 

Ϲ ϶ ϴ ϴϿ  Ϲ Ͼ  ϴ 0,01 Ϲ ϴ. ϱ  ϻ ϴ ϴϹ ,  Ϲ ϵ ϸϼ  
϶ Ͽ ϼ  Ͼ ϹϾ ϼ ϶Ͼ  𝑁 .  

ϘϴϿϹϹ ϼϻ϶ ϸϼ  ϴ ё  ϴϵ Ͼϼ- ϴ Ͽ Ϲ ϼ  ϶ ϸ ϴ ϼϿϼ ϴ, Ϲ ϴ  
ϼ Ϸϴ ϴ ϼ ϶ϴ  Ϲ  Ϲ Ϲ϶, Ͼ Ϲ ϴϿϼ ϸ ϹϷ Ͽϼ ϶ϴ ϼϹ, ϸ  

Ϲ  , Ͼϴ Ϲ ϵ ϸϹ  ϼϻ϶Ϲϸё  Ͽ Ͻ ϼϾϿ ϴϵ Ͼϼ- ϴ Ͽ Ϲ ϼ  ( ϴϵϿϼ ϴ 
ϔ.2). ϦϴϵϿϼ ϴ ϔ.2 Ϲϸ ϴ϶ϿϹ ϴ ϶ ϼϿ ϺϹ ϼϼ ϔ. 

ϤϹϻ Ͽ ϴ  ϴ Ϲ ϶ ϖϱϤ  Ͽ ϶ϼ  ϴϿ ϶ ϸ Ϸ  Ϸ ϸϴ: 
– Ϸϴ ϴ ϼ ϶ϴ ϴ   ϶ϴ , ϸϹϾϴϵ  – 𝑁 =  ; 
– ϶Ϲ  ё ϶ Ϸ  ϵ ё ϴ –  = ,  . 
– ϿϹϻ Ͻ ϵ Ϲ  – = ,  . 

 
2.6    

 
ϘϿ  ϹϸϹϿϹ ϼ  ϼ ϴ ϹϷ Ͽϼ ϶ϴ ϼ  ϹϸϹϿ Ϲ  Ͼ ϼ ϼϹ  

ϻϴ ϹϷ Ͽϼ ϶ϴ ϼ Ͼϴ β. ϥ Ϲϸ Ϲ Ϸ ϿϹ ϼϽ Ͼ ϴ ϸϼ   ϿϹ: 
 W̅ = Q̅ ∙ t = ∙ 9 = ,  ,                                                               .   

 
ϷϸϹ Q̅ – Ϲϸ Ϲ Ϸ ϿϹ ϼϽ ϴ ϸ;  

t – ϼ Ͽ  ϹϾ ϸ ϶ Ϸ ϸ . 
 = ̅̅ ̅ = ,, = , ,                                                                                  (2.15) 

 
ϷϸϹ V Ͽ – ϿϹϻ Ͻ ϵ Ϲ  ϶ ϸ ϴ ϼϿϼ ϴ. 

ϥϿϹϸ ϶ϴ ϹϿ , ϴ ϹϾ ϼ Ϲ Ͻ ϴ ϼϼ ϵ ϸϹ  Ϸ ϸϼ Ͻ ϼ  
ϹϷ Ͽϼ ϶ϴ ϼ . 

 
2.7        

 
ϡϴ ϼ ϹϷ ϴϿ Ͻ Ͼ ϼ϶ Ͻ ϴϷ ϻϾϼ ϹϸϹϿ Ϲ  Ϲ  ϴϵ  

Ϲ ϶ ϼ  ϿϹϾ ϴ ϼϽ Ϝ Ͼ Ͼ Ͻ ϗϱϥ , ϕ ϴ Ͼ Ͻ ϗϱϥ , ϧ -ϜϿϼ Ͼ Ͻ 
ϗϱϥ ϼ ϹϾ ϼ Ϲ Ͻ ϖϼ ϼ Ͼ Ͻ ϗϱϥ. ϖ ϴϵ Ͼ  Ϲ ϶ ϼ  ϗϱϥ ϴ Ͽϼ 

ϴ ϴϽ Ϲ ϼ Ϲ Ϸ  Ϲ ϴ ϴ. ϣ ϹϾ ϼ Ϲ ϴ  ϴ ϼ  ϶ ϼ ϶ϴϹ  ϶ Ϸ ϴ ϼϾ 
 ϴϷ ϻ Ͼ. 

  𝑁ϵϴϻ=(8,8∙Q ϴ .  ∙ϡ)/1000,                                                                          (2.16) 
 

ϱϵϴϻ=( 𝑁ϵϴϻ ∙24)/1000,                                                                                   (2.17) 
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ϱϷϴ  = 𝑁Ϸϴ  ∙ 24 /1000,                                                                                 (2.18) 

 
ϱ = ϱϷϴ - ϱϵϴϻ,                                                                                               (2.19) 

 𝑁 ϴϵ = 𝑁 + 𝑁ϵϴϻ,                                                                                            (2.20) 

 
ϧ ϴ ϶ϿϹ   ϗϱϥ Ϲϸ ϴ϶Ͽ Ϲ  ϶ ϶ϼϸϹ : 
  𝑁 = 𝑁 +𝑁 . ,                                                                               (2.21) 
                                            
ϡϴϷ ϻ Ͻ ϹϻϹ ϶ ϼ Ϲ  ϹϸϹϿ Ϲ  ϼϻ Ͽ ϶ϼ  ϸϸϹ Ϻϴ ϼ  

ϴ  ϼ ϴ ϺϹ ϼ  ϶ ϸ ϼ  ϹϸϹϿϴ . ϱ  ϹϻϹ ϶ ϴ϶Ͽ Ϲ  3% 
ϻϼ ϹϷ  ϴϾ ϼ ϴ ϴϷ ϻϾϼ ϼ ϴ ϹϸϹϿ Ϲ  ϹϺϸ  ϹϾ ϼ Ϲ Ͻ ϴ ϼϹϽ 
ϼ ϺϹ Ϲ ϶ ϼ ϼ ϴ ϼ ϼ. Ϥϴ ё  ϴϵ ϹϽ ϼ ϻϴ ϼ  ϶ 
ϴϵϿϼ  2.7. 

 𝑁 = + =  ,                                                                             
                                

ϦϴϵϿϼ ϴ 2.7  ϴ ё  ϴϵ ϹϽ ϼ 
ϠϹ  N Ϸϴ  ϱ  ϱϵ ϱ  Nϵ N  N  

1 126 3024 1512 1512 63 180 243 
2 26 624 312 312 13 40 53 
3 24 576 288 288 12 30 42 
4 21 504 252 252 11 23 34 
5 22 528 264 264 11 18 29 
6 29 696 348 348 15 40 55 
7 35 840 420 420 18 50 68 
8 38 912 456 456 19 56 75 
9 40 960 480 480 20 60 80 
10 41 984 492 492 21 61 82 
11 42 1008 504 504 21 62 83 
12 126 3024 1512 1512 63 180 243 

 
2.8   

 
ϣ ϼ ϴ϶ϿϹ ϼϼ ϵϴϿϴ ϴ ϼ Ϲ Ϸ ϼ Ϲ  ϼ ϶ϴϹ  

ϿϹϸ ϹϹ: ϴ϶ϴ ϼϽ Ͻ ϹϻϹ ϶ ϴ϶Ͽ Ϲ  10%  ϴϵ ϹϽ ϼ, 
ϴϷ ϻ Ͻ ϹϻϹ ϶- 3%  ϴϵ ϹϽ ϼ. ϤϹϻ Ͽ ϴ ϴ ϴ Ϲ ϶ ϼ϶ϹϸϹ  ϶ 
ϴϵϿϼ Ϲ 2.8. ϕϴϿϴ  ϼ Ϲϸ ϴ϶ϿϹ  ϴ ϼ ϾϹ ϔ.3 ϶ ϼϿ ϺϹ ϼϼ ϔ. 
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ϦϴϵϿϼ ϴ 2.8  ϵϴϿϴ  ϼ 

Ϲ  
ϱϥ ϣ .ϗϱϥ ϥ .ϗϱϥ Ϧϱϥ 

 .  N  N  N  N  N  N  N  N  N  
 6839 70 243 17  2584 53  4012 401  
 6608 70 53 10  2563 60  3992 399  
 6208 60 42 9  2154 51  4012 401  
 5746 60 34 8  1938 52  3774 377  
 5345 50 29 7  1874 43  3442 344 44 
 5114 50 55 10  1723 40  3336 334 286 
 5113 50 68 11  1723 39  3322 332 288 
 5343 50 75 12  1874 38  3394 339 51 

 5743 60 80 13  1938 47  3725 372  
 6205 60 82 14  2154 46 431 3970 397  
 6606 70 83 15 41 2563 55  3960 396  
 6838 70 243 17  2584 53  4011 401  

 
ϤϹ Ϲ Ͽ ϴϸϼ: 

 Э = ·𝑁 Э =  ,                                                                                .   

                                       . Э = ·𝑁 Э =  ,                                                                          .       

                                 Э = ·𝑁 Э · =  ,                                                                           .     

                                    
2.9 -         

  (50%) 
 

ϖ ϸ - Ϲ ϷϹ ϼ Ϲ ϾϼϹ ϴ Ϲ  ϶ Ϲϸ ϼ   ϶ ϸ ϼ Ͽ ϶ϼ  
϶ ϸ  ϸϿ  Ϲ Ͼϼ Ϲϸ Ϲ Ϸ ϿϹ ϹϽ ϶ ϴϵ Ͼϼ Ϲ Ϸϼϼ ϗϱϥ. ϣ Ͼ Ͽ Ͼ  

ϴϵ ϴ  ϶ ϸ ϴ ϼϿϼ Ϲ Ϻ  ϴϻ ϼ ϵϴ ϼ,  ϶ ϸϼ  Ϲ Ϲ ϹϹ 
ϸ϶  ϴ Ϲ ϶. ϣϹ ϶ Ͻ ϶ϴ ϼϴ :  Ϸ ϴ ϼϾ  ϴϵ Ͼϼ ϴϿ ϶ ϸ Ϸ  Ϸ ϸϴ  
϶ϹϿϼ Ϲ ϼϹ  ϶ ϸϴ϶ϴϹ Ͻ ϼ ϻϴ Ϲ  ϶ϹϿϼ Ϲ ϼ  ϼ Ͼ ϶ ϶ 
Ϲϸ Ϲ϶ ϸ  Ϸ ϸ  ϼ ϹϿ  ϴϿ ϶ ϸ Ϸ . ϖ Ͻ ϶ϴ ϼϴ : ϶ ϴ ϴϿϹ 
ϴϵ Ͼϼ ϶ ϸϴϹ  ϼ ϴϿ ϶ ϸ Ϸ  Ϸ ϸϴ, ϴ ϸϴϿϹϹ ϴϵ ϴϹ  ϼ ϵ ϿϹϹ 

϶ Ͼϼ  ϴ ϴ , Ϲ  ϶ ϴϿ ϶ ϸ  Ϸ ϸ  Ϲ ϼ ϼ, Ͼ Ϲ ϻ϶ Ͽ  
ϼ Ͽ ϻ ϶ϴ  ϶  ё Ͼ  ϶ ϸ ϴ ϼϿϼ ϴ. ϡϴϼϵ Ͽ ϴ  ϶ ϴϵ Ͼϴ ϼϻ ϼ  
϶ϴ ϼϴ ϶ ϵ ϶Ͽ Ϲ  Ϲϸ Ϲ Ϸ ϿϹ ϹϽ ϶ ϴϵ Ͼ Ͻ ϗϱϥ. 

 ϖ ϸ - Ϲ ϷϹ ϼ Ϲ ϾϼϽ ϴ Ϲ  ϸϿ  Ϲϸ Ϲ϶ ϸ Ϸ  Ϸ ϸϴ ϶ Ͽ Ϲ  
ϴ ϴϿ Ϸϼ  ϴϿ ϶ ϸ . ϤϹϻ Ͽ ϴ  ϴ Ϲ ϴ Ϲϸ ϴ϶ϿϹ  ϶ ϼϿ ϺϹ ϼϼ ϔ ϸϿ  

Ϲ ϶ Ϸ  ϼ ϶ Ϸ  ϹϺϼ ϴ ϶Ϲ ϶Ϲ . 
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ϥ Ϲϸ ϹϷ ϸ ϶ϴ  ϶ ϴϵ Ͼϴ  Ϲ ϶  ϶ϴ ϼϴ  ϴ Ϲ ϴ ϴ϶ ϴ: ∑ϱ= 538,1 
Ͽ  Ͼϖ · , ϴ  ϶ : ∑ϱ= 549,2 Ͽ  Ͼϖ · . ϦϴϾϼ  ϵ ϴϻ , ϼϻ ϸ϶  ϶ϴ ϼϴ ϶ 
ϼ ϼ ϴϹ  ϴϼϵ Ͽ  ϶ ϴϵ Ͼ  ϼ ϵ ϶Ͽ Ϲ  Ϲё Ϲϸ Ϲ Ϸ ϿϹ ϹϽ Э . = ,   · . ϗ ϴ ϼϾ ϴϵ Ͼϼ ϼ ϴ Ͽ Ϲ ϼ  ϶ ϸ ϴ ϼϿϼ ϴ 

ϗϱϥ Ϲϸ ϴ϶ϿϹ  ϴ ϼ ϾϹ 2.4. 
 

 
Ϥϼ Ͼ 2.4  ϗ ϴ ϼϾ ϴϵ Ͼϼ ϼ ϴ Ͽ Ϲ ϼ  ϶ ϸ ϴ ϼϿϼ ϴ ϗϱϥ 
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ϠϴϿ ϶ ϸ
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Ͻ Ϸ ϸ
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3   
 

3.1    
 

ϖ ϵ  ϵ ϸ ϶ϴ ϼ   ϼ Ͽ ϻ ϶ϴ ϼϹ  ϷϿϴ϶  ϼ϶Ϲ ϴϿ  
ϴ ϴϾ Ϲ ϼ ϼϾ ϼ  ϶ , ϵ  ϸϿ  ϾϴϺϸ Ϸ  ϴ ϴ ϼ϶ϴϹ Ϸ  ϼ ϴ ϵϼ , 
ϴ Ϲ ϼ  ϴϾϼϹ ϶ϴ ϼϴ  ϸϼϴ Ϲ ϴ ϴϵ ϹϷ  Ͼ ϿϹ ϴ ϼ ϼ Ͻ ϴ  

϶ ϴ Ϲ ϼ , ϼ Ͼ  ϶ ϵϿϴ ϼ ϸ ϼ  ϹϺϼ ϶  ϴ  ϼ ϴ ϸ  
϶ ϸ , ϹϾ ϼ Ϲ ϴ  ϗϱϥ ϴϵ ϴϿϴ ϵ   ϴϼϵ Ͽ ϼ  ϞϣϘ ϼ ϼ ϼ ϴϿ  
ϻϴϷϿ ϵϿϹ ϼϼ ϴϵ ϹϷ  Ͼ ϿϹ ϴ.  

ϡϹ ϵ ϸϼ  ϹϸϹϿϼ  ϵϿϴ  ϸ ϼ Ͻ ϴϵ , ϹϾ ϼ Ϲ Ͻ ϗϱϥ, 
ϸϿ  Ϸ  ϼ  ϹϺϼ Ϲ ϿϹ  Ͼϴϻϴ ϼϹ  Ͽϼ ϼϽ Ϸ ϴ ϼ Ϲ ϼϽ ϸϿ  

ϴϻϿϼ  ϹϺϼ ϶. 
ϣ Ϲ ϼϹ ϼ  ϴ ϴϾ Ϲ ϼ ϼϾ ϶ Ͽ Ϲ   ϿϹϸ Ϲ  ϴ϶ Ϲ ϼ : 
 H Э Q Э = Z (V − Z Q − ∆h,                                                     .  
 

ϷϸϹ Z (V  – Ϲ Ͼϴ ϶  ϶ ϸ  ϶ ϶ ϸ ϴ ϼϿϼ Ϲ, Ͼ ϴ  ϼϻ Ϲ Ϲ  ϶ 
ϻϴ϶ϼ ϼ ϼ  ϵ Ϲ ϴ ϴϵ Ͼϼ  ϡϣϧ ϸ  ϧϠϢ; Z Q  – Ϲ Ͼϴ ϶  ϶ ϸ  ϶ ϼϺ Ϲ  ϵ Ϲ Ϲ ϶ ϻϴ϶ϼ ϼ ϼ  ϴ ϸϴ.  

Ϣ ϹϸϹϿϼ  Ϸ ϴ ϼ Ϲ ϼ  ϴϵ  ϵϼ : 
1) ϢϷ ϴ ϼ Ϲ ϼϹ  ϴ Ϲ Ͻ ϴ ϶ϿϹ Ͻ ϼ, ϹϸϹϿ Ϲ Ϲ 

ϴ϶ Ϲ ϼϹ : 
 N = k ∙ Q Э ∙ Э ,                                                                                           .  
 
2) ϢϷ ϴ ϼ Ϲ ϼϹ  Ͼ Ͻ ϵ ϼ ϗϱϥ, ϹϸϹϿ Ϲ Ϲ 

ϴ϶ Ϲ ϼϹ : 
 Q Э = Q Э ∙ √ Э√H ,                                                                                             .  

 
ϷϸϹ Q Э – ϴϾ ϼ ϴϿ ϴ  Ͼ ϴ  ϵ ; H  – ϴ Ϲ Ͻ  ϼ ϴ . 

Ϣ ϹϸϹϿ Ϲ  ϶ ϾϹ Ϲ Ϲ Ϲ Ϲ ϼ  Ͽϼ ϼϽ Ϸ ϴ ϼ Ϲ ϼ   ϴ Ϲ Ͻ 
ϴ ϶ϿϹ Ͻ ϼ  Ͽϼ ϼϹϽ ϴ Ϲ Ϸ  ϴ ϴ. ϤϹϻ Ͽ ϴ  Ϲϸ ϴ϶ϿϹ  

϶ ϴϵϿϼ Ϲ 3.1. 
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ϦϴϵϿϼ ϴ 3.1  Ϲϻ Ͽ ϴ  ϴ Ϲ ϴ ϹϺϼ Ϸ  Ͽ  ϖϼ ϼ Ͼ Ͻ ϗϱϥ 
Ϟ ϼ϶ Ϲ ϶ ϻϼ ϵ 

ϸϿ  ϿϹ ϼ  ϼ 
ϻϼ ϼ  Ͽ ϶ϼϽ 

ϡϴ Ϲ 
ϴ ϴϾ Ϲ ϼ ϼϾϼ 

ϟϼ ϼ  Ϸ .  
ϴ . N  

ϟϼ ϼ  Ϸ .  
. ϵ .ϗϱϥ 

Q ϵ Z ϵ H  H  Hz϶ϵ Q H Q H 
0 232,96 47,04 34,26 42,55 420 43,29 499,97 36,36 
15 233,38 46,62 33,84 42,13 430 42,28 497,22 35,96 
30 233,76 46,24 33,46 41,75 440 41,32 494,44 35,56 
40 233,99 46,01 33,23 41,52 450 40,40 491,66 35,16 

44,22 234,09 45,91 33,13 41,42 460 39,53 488,85 34,76 
50 234,21 45,79 33,01 41,30 470 38,68 486,03 34,36 
70 234,62 45,38 32,60 40,89 475 38,28 483,19 33,96 
90 234,98 45,02 32,24 40,53 490 37,11 480,34 33,56 
110 235,30 44,70 31,92 40,21 500 36,36 477,47 33,16 

154,63 235,93 44,07 31,29 39,58 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

474,58 32,76 
200 236,48 43,52 30,74 39,03 471,67 32,36 
225 236,75 43,25 30,47 38,76 468,75 31,96 
280 237,30 42,70 29,92 38,21 465,81 31,56 

361,09 238,05 41,95 29,17 37,46 462,84 31,16 
400 238,39 41,61 28,83 37,12 459,86 30,76 
500 239,18 40,82 28,04 36,33 456,86 30,36 
600 239,83 40,17 27,39 35,68 453,84 29,96 

616,56 239,92 40,08 27,30 35,59 450,80 29,56 

 
 
 
 
 
 

 
447,74 29,16 
444,66 28,76 

 441,56 28,36 

 

438,43 27,96 
435,29 27,56 
432,12 27,16 

ϣ  Ͽ Ϲ  ϻ ϴ Ϲ ϼ  Ϲ  ϹϺϼ Ϲ ϿϹ  Ϲ  
Ϸ ϴ ϼ Ϲ ϼϽ  ϼ ϼ Ͼ Ͻ ϵ ϼ. Ϣ  ϵ ϴϺϹ  ϴ 
ϼ ϾϹ 3.1. 

 

 
Ϥϼ Ͼ 3.1  ϤϹϺϼ Ϲ ϿϹ ϹϾ ϼ Ϲ Ͻ ϗϱϥ 
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Ϝϻ Ϲ Ϸ  ϹϺϼ Ϸ  Ͽ  ϹϸϹϿ Ϲ : 
- ϴϾ ϼ ϴϿ Ͻ ϴ  H = ,  . Ϣ ϹϸϹϿ Ϲ  ϶ ϾϹ Ϲ Ϲ Ϲ Ϲ ϼ  

ϴ Ͻ ϴ ϴϾ Ϲ ϼ ϼϾϼ ϼ ϡϣϧ ϼ Ͽϼ ϼϼ Ϸ ϴ ϼ Ϲ ϼ   ϼ ϼ ϴϿ  
ϴ ϸ  Q = Q . =   3/ ; 

- ϴ ё Ͻ ϴ  H = ,  . Ϣ ϹϸϹϿ Ϲ  ϶ ϾϹ Ϲ Ϲ Ϲ Ϲ ϼ  
Ͽϼ ϼϼ Ϸ ϴ ϼ Ϲ ϼ   ϴ Ϲ Ͻ ϴ ϶ϿϹ Ͻ ϼ  Ͽϼ ϼϹϽ 

ϴ ё Ϸ  ϴ ϴ; 
- ϼ ϼ ϴϿ Ͻ ϴ  H = ,  . Ϣ ϹϸϹϿ Ϲ  ϶ ϾϹ 

Ϲ Ϲ Ϲ Ϲ ϼ  ϴ Ͻ ϴ ϴϾ Ϲ ϼ ϼϾϼ ϼ ϧϠϢ ϼ Ͽϼ ϼϼ Ϸ ϴ ϼ Ϲ ϼ   
Ͼ Ͻ ϵ ϼ ϗϱϥ. 

 
3.2      

 
ϘϿ  Ͽ Ϲ Ϸ  ϸϼϴ ϴϻ ϴ ϼϻ Ϲ Ϲ ϼ  ϴ ϴ  ϴ϶  

ϴ Ϲ ϼϴϿϴ  ϸϵϼ ϴϹ  ϶ Ϲ ϶ ϻ Ϻ Ϲ ϼ  Ϸϼϸ ϵϼ , ϼ ϸ  ϼϻ 
ϿϹϸ ϼ  Ͽ ϶ϼϽ: 

ϛ ϴ Ϲ ϼϹ ϹϸϹϿ Ϸ  ϴ ϴ Ϲ ϸ ϿϺ  ϵ  Ϲ Ϲ ϴϾ ϼ ϴϿ Ϸ  
ϴ Ϲ Ϸ , .Ϲ. H H .; 

Ϣ Ϲ ϼϹ  i  ϸ ϿϺ  ϵ  Ϲ Ϲ Ϲ ϴ϶  ϸϴ ; 
ϠϴϾ ϼ ϴϿ Ͻ ϸϼϴ Ϲ  ϴϵ ϹϷ  Ͼ ϿϹ ϴ ϸ ϿϺϹ  ϶ ϵϼ ϴ   Ϲ  

ϴ ϼ ϶Ͼϼ Ͼ Ϲ  ϴϺϴ. 
ϘϿ  ϸϴ Ϸ  ϴϾ ϼ ϴϿ Ϸ  ϴ ϴ ϶ ϵϼ ϴϹ  ϿϹϸ ϼϹ ϹϴϾ ϼ϶ Ϲ 

Ϸϼϸ ϵϼ : 
ϣ ϶ -Ͽ ϴ ϴ  ϣϟ-50-ϖ; 
ϣ ϶ -Ͽ ϴ ϴ  ϸϼϴϷ ϴϿ ϴ  ϣϟϘ-50-60-ϖ. 
ϥ ϴ϶ϼ  ϴϵϿϼ  ϴ ϴ Ϲ ϶ ϸϹϿϹϽ ϸϴ  Ϸϼϸ ϵϼ  ( ϴϵϿϼ ϴ 

3.2): 
 

ϦϴϵϿϼ ϴ 3.2  ϣϴ ϴ Ϲ  ϶ ϵ ϴ  ϼ ϶ ϸϹϿ  Ϸϼϸ ϵϼ  
ϣϴ ϴ Ϲ  ϣϟ-50-ϖ 

 
ϣϟϘ-50-60-ϖ 

Ϙϼϴ ϴϻ  ϹϷ Ͽϼ ϶ϴ ϼ  H H⁄  0,5 0,5 

Ϣ ϼ ϴϿ ϴ  ϼ϶ϹϸϹ ϴ  ϴ ϴ 
϶ ϴ Ϲ ϼ  

n′  , /  116 113 

Ϣ ϼ ϴϿ Ͻ ϼ϶ϹϸϹ Ͻ ϴ ϸ Q  , /  1520 1710 

Ϣ ϼ ϴϿ Ͻ ϞϣϘ ϸϹϿϼ η    0,884 0,861 

ϣ ϼ϶ϹϸϹ Ͻ ϴϾ ϼ ϴϿ Ͻ ϴ ϸ Q′ , /  1500 1650 

Ϟ ϼ ϼϹ  Ͼϴ϶ϼ ϴ ϼϼ σ Q,  0,6 0,6 
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ϢϾ ϴ ϼϹ ϴϵϿϼ  3.2 
ϣϴ ϴ Ϲ  ϣϟ-50-ϖ 

 
ϣϟϘ-50-60-ϖ 

ϣ ϼ϶ϹϸϹ Ͻ ϸϼϴ Ϲ  ϴϵ ϹϷ  
Ͼ ϿϹ ϴ D   ,  0,460 0,350 

ϡϴ  ϸϹϿ Ͻ ϵϼ  H  ,  12 5 

ϦϹ Ϲ ϴ ϴ t ,℃ 21 16 
 

 
ϡϴ ϷϿϴ϶  ϼ϶Ϲ ϴϿ  ϴ ϴϾ Ϲ ϼ ϼϾϴ  ϵϼ  ϴ Ϲ ϴϹ  ϴ Ϲ Ϲ 

Ͼϼ Ϥ1, Ϲϸ϶ϴ ϼ ϹϿ  ϶Ϲϸ  Ͽϼ ϼ  Ϲ Ϲϻ ϼ  ϞϣϘ. 

ϘϿ  ϣϟ-50-ϖ: Q′ = , , ŋ′ = , ;  

ϘϿ  ϣϟϘ-50-60-ϖ: Q′ = , , ŋ′ = , .  

ϘϿ  ϶ ϵ ϴ ϼ ϴϿ Ϸ  ϴϵ ϹϷ  Ͼ ϿϹ ϴ Ϲ ϵ ϸϼ  ϶ Ͽ ϼ  
϶ Ϲ ϴ ё  ϸϿ  ϸϴ ϴ ϸϴ  ϸϼϴ Ϲ ϶. ϤϹϻ Ͽ ϴ  ϴ ё ϶ 

Ϲϸ ϴ϶ϿϹ  ϶ ϴϵϿϼ ϴ  3.3, 3.4, ϸϿ  ϣϟ-50-ϖ ϼ ϣϟϘ-50-60-ϖ ϶Ϲ ϶Ϲ . 
ϞϣϘ ϴ Ͻ ϵϼ  ϹϸϹϿϼ   ϿϹ: 
 

η = − − η ∙ − + ∙ √DD5 ∙ √HH ∙ √vv5 ),                          .  

 

η = − − , ∙ − , + , ∙ √ , ,5 ∙ √ ,, ∙ √ ,,5 ) = 

= , , 
 

ϷϸϹ η ; D ; H – ϞϣϘ, ϸϼϴ Ϲ  ϼ ϴ  ϸϹϿ Ͻ ϵϼ ;  D ,H  – ϸϼϴ Ϲ  ϼ ϴ Ϲ Ͻ ϴ  ϴ Ͻ ϵϼ ;  v , v – Ͼ ϼ ϼϹ  Ͼϼ Ϲ ϴ ϼ Ϲ Ͼ Ͻ ϶ ϻϾ ϼ ϶ ϸ  ϸϿ  ϴ Ͻ ϼ 
ϸϹϿ Ͻ ϵϼ  ϶Ϲ ϶Ϲ , ϻϴ϶ϼ ϼϹ  Ϲ Ϲ ϴ  ϶ ϸ  ϸϿ  

ϴ  ϼ ϸϹϿ  Ͽ ϶ϼϽ  t ; t ; 
    – Ͼ ϼ ϼϹ , ϶ ϴϺϴ ϼϽ Ϲ ϼϹ Ϲ  Ϲ ϼ  Ͼ  ϶ Ϲ  

Ϸϼϸ ϴ϶Ͽϼ Ϲ Ͼϼ  Ϲ  (  =0,75). 
 Ϡ  ϴϷ ϹϷϴ ϴ ϶ ϴ Ϲ Ͻ ϾϹ, Ͼ  ϸϴϿϹϹ Ϲ Ϲ ϼ ϶ϴϹ  

ϿϹ Ϲ ϼ  ϼ Ͽϴ ϴϷ ϹϷϴ ϶: 
 N′

ϴ = , ∙ Q′  ∙ D ∙ H , ∙ ηϦ ∙ η ,                                                                   .   

                                                      N′
ϴ = , ∙ , ∙ , ∙ , ,5∙ , ∙ , = ,  ,                                                 
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ϷϸϹ Q′  – ϼ϶ϹϸϹ Ͻ ϴ ϸ ϶ ϴ Ϲ Ͻ ϾϹ;  D ,H – ϸϼϴ Ϲ  ϼ ϴ Ϲ Ͻ ϴ  ϴ Ͻ ϵϼ ; η  – ϞϣϘ ϴ Ͻ Ϸϼϸ ϵϼ ; η − Ϲϸ ϼϽ ϞϣϘ ϷϹ Ϲ ϴ ϴ ( Ϲϸ϶ϴ ϼ ϹϿ  ϼ ϼ ϴϹ  0,965).   
ϫϼ Ͽ  ϴ ϴ϶Ͽϼ϶ϴϹ  ϴ ϗϱϥ ϴϷ ϹϷϴ ϶ ϴ ϸϼ   ϿϹ: 
 z ′ = N ЭN′ ,                                                                                                             .  

 z ′ = , = , ≈ ,  

 
ϷϸϹ N Э =  – ϴ Ϲ ϴ  ϴ ϶ϿϹ ϴ  . 

ϞϴϾ ϴ϶ϼϿ , ϼ Ͽ  ϴϷ ϹϷϴ ϶ Ͽ ϴϹ  ϸ ϵ Ϲ,  Ϲϵ Ϲ  Ͼ ϷϿϹ ϼ  
ϹϷ  ϶ ϵ Ͽ  . ϥ ϷϿϴ  ϴ ϸϴ , Ͼ ϷϿ Ϲ Ϲ ϼ Ͽ  ϸ ϿϺ  ϵ  
Ͼ ϴ  2 ϼϿϼ 3. ϕϿϴϷ ϸϴ   Ͽ ϶ϼ  ϵϿ ϸϴϹ  ϼ Ϲ ϼ  Ϲ  
ϿϹϾ ϼ Ϲ Ͼϼ  Ϲϸϼ Ϲ ϼϽ ϴ ϼϼ. 

ϣ ϴ϶Ͼϴ ϴ ϼ϶ϹϸϹ  ϴ  ϶ ϴ Ϲ ϼ : 
 ∆= ηη ,                                                                                                                        .  

 

  ∆= ,, = , ; 

 
ϷϸϹ η  – ϞϣϘ ϴ Ͻ Ϸϼϸ ϵϼ ; η  – ϞϣϘ ϸϹϿ Ͻ ϵϼ . 

ϥϼ ϴ  ϴ ϴ ϶ ϴ Ϲ ϼ  ϵϼ : 
 n = n′ ∙ √H ∙ ∆D ,                                                                                                   .  

 n = ∙√ , ∙ ,, = , ≈ , ,  
 
ϷϸϹ n′   – ϼ϶Ϲϸё ϴ  ϴ ϴ ϶ ϴ Ϲ ϼ  ϸϹϿ Ͻ Ϸϼϸ ϵϼ  ϶ ϴ ё Ͻ 

ϾϹ; ∆ - ϴ϶Ͼϴ ϴ ϼ϶Ϲϸё  ϴ  ϶ ϴ Ϲ ϼ  ϼ Ϲ Ϲ ϸϹ  ϸϹϿϼ 
Ͼ ϴ Ϲ, ϴ϶ ϴ  Ϲ ϼ  ϞϣϘ ϴ Ͻ ϵϼ  Ͼ ϞϣϘ ϸϹϿϼ ϴ Ϲ Ͻ 

ϾϹ. 
ϣ  Ͽ Ϲ Ͻ ϼ Ͻ ϴ Ϲ ϶ ϴ Ϲ ϼ  Ϲ ϵ ϸϼ  ϼ  

ϵϿϼϺϴϽ ϹϹ ϵ Ͽ ϹϹ ϴ ϸϴ Ϲ ϻ ϴ Ϲ ϼϹ ϼ Ͻ ϴ  ϶ ϴ Ϲ ϼ . 
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ϛ ϴ Ϲ ϼ  ϼ϶ϹϸϹ Ͻ ϴ  ϶ ϴ Ϲ ϼ  ϸϿ  ϴ ϶ H ,H ; H , 
Ϲ ϵ ϸϼ  ϸϿ  ϴ Ϲ Ϲ ϼ  Ͽϼ ϼϽ ϼ϶ϹϸϹ Ͻ ϴ  ϴ ϧϩ, Ͼ Ϲ 
ϴ ϼ ϶ϴ   Ͽϴ : 

 n′ = n ∙ D√H ∙ ∆ = , ∙ ,√ , ∙ , = ,                                                       .  

 n′ = n ∙ D√H ∙ ∆ = , ∙ ,√ , ∙ , = ,                                                            .  

 n′ = n ∙ D√H ∙ ∆ = , ∙ ,√ , ∙ , = ,                                                    .  

 
ϢϾ ϴ ϹϿ Ϲ Ͽ ϺϹ ϼϹ ϴ Ϲ Ͻ Ͼϼ ϴ Ͽϼ ϼϼ n′   Ϲ  

Ͼ ϷϿϹ Ϸ  ϼ Ͽϴ ϴϷ ϹϷϴ ϶ ϼ Ϲ Ͻ ϼ ϴϷ ϹϷϴ ϴ Ϲ ϶Ͽ Ϲ  
ϴ ϶ϴ ϼϼ Ϲ Ϲ ϼ  ϿϹϸ ϹϷ  ϴ϶ Ϲ ϼ : 

 Q′ ∙ η = N, ∙ D ∙ H , ∙ η ,                                                                            .  

 Q′ ∙ η = ,, ∙ , ∙ , ,5∙ , = , , 

 
ϘϿ  Ͽ Ϲ Ͻ ϴ Ϲ Ͻ Ͼϼ Ϲ ϵ ϸϼ  ϼ  Ͽϼ ϼ  

Ϸ ϴ ϼ Ϲ ϼ   ϼ, ϸϿ  Ϸ  ϴ Ͽϼ ϼϼ n′ , ϴ ϴϿ Ϸϼ  ϵ ϴϻ , 
ϸ ϴ϶Ͽ  ϶ ϴ϶ Ϲ ϼϹ ϶ Ϲ ϶ Ϲ  H  ϴ  H  ϴ ϸϼ  Ͼ  ϼ Ϲϸϼ Ϲ  

ϹϹ  ϴ Ϲ Ͻ.  
 

ϖ Ϲ ϴ Ϲ  ϸϿ  ϴ ϴ ϼ϶ϴϹ  ϵϼ  ϶ϹϸϹ  ϶ ϴϵϿϼ  3.3 ϼ 3.4. 
 
ϦϴϵϿϼ ϴ  3.3 ϤϹϻ Ͽ ϴ  ϴ Ϲ ϴ ϴ ϴ Ϲ ϶ ϵ ϸ ϶ϴ ϼ  ϸϿ  ϴϻϿϼ  
ϻ ϴ Ϲ ϼϽ 𝐷  Ϸϼϸ ϵϼ  ϣϟ-50-ϖ 

D1,  5 5,3 5,6 6 6,3 
η ϵ 0,9266 0,9271 0,9276 0,9282 0,9286 

N`ϴϷ ,Ϡϖ  73,27 82,38 92,01 105,70 116,58 
Za` 3,5 3,2 2,8 2,5 2,2 
Za 4 4 3 3 3 

NϴϷ  Ϡϖ  65,00 65,00 86,66 86,66 86,66 
m(∆1) 1,05 1,05 1,05 1,05 1,05 

nc` 143,11 135,04 127,84 119,36 113,70 
ncϼ  150 136,4 130,4 120 115,4 

n1`Hmax 137 132 134 132 133 
n1`Hp 122 117 118 117 118 

n1`Hmin 109 105 107 105 106 
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ϢϾ ϴ ϼϹ ϴϵϿϼ  3.3 
D1,  5 5,3 5,6 6 6,3 

Q1*ƞ  1,25 1,11 1,33 1,16 1,05 
ŋ ϴ Ϲ Ͻ 0,90 0,91 0,89 0,91 0,91 
Q1*ƞmax 0,91 0,81 0,97 0,84 0,77 

Q max 548,89 488,37 437,33 380,84 345,36 
Q min 437,79 389,52 348,82 303,76 275,46 

 
ϦϴϵϿϼ ϴ 3.4  ϤϹϻ Ͽ ϴ  ϴ Ϲ ϴ ϴ ϴ Ϲ ϶ ϵ ϸ ϶ϴ ϼ  ϸϿ  ϴϻϿϼ  
ϻ ϴ Ϲ ϼϽ 𝐷  Ϸϼϸ ϵϼ  ϣϟϘ-50-60-ϖ 

D1,  4,25 5,30 5,6 6 6,3 
η ϵ 0,9127 0,9150 0,9155 0,9162 0,9167 

N`ϴϷ ,Ϡϖ  61,97 96,62 107,94 124 136,78 
Za` 5,2 3,35 3,00 2,61 2,4 
Za 6 4 3 3 3 

NϴϷ  Ϡϖ  54 81 108 108 108 
m(∆1) 1,06 1,06 1,06 1,06 1,06 

nc` 190,61 135,13 127,93 119,44 113,79 
ncϼ  200 142,80 136,40 125,00 125 

n1`Hmax 137,27 138,25 139,49 136,91 143,72 
n1`Hp 118,57 119,41 120,48 118,26 124,14 

n1`Hmin 104,63 105,38 106,32 104,36 109,55 
Q1*ƞ  1,352 1,304 1,557 1,357 1,23 

ŋ ϴ Ϲ Ͻ 0,888 0,885 0,820 0,878 0,895 
Q1*ƞmax 0,929 0,896 0,817 0,932 0,846 

Q max 772 496 444 387 350 
Q min 1013 650 582 507 460 

 
ϣ ϶Ϲϸё  ϴ ϴϿϼϻ ϶ ϵ ϴ  ϸϼϴ Ϲ ϶  ϿϹϸ ϼ  Ͼ ϼ Ϲ ϼ : 
 ϠϴϾ ϼ ϴϿ Ͻ ϞϣϘ; 
 Ϣ ϼ ϴϿ ϴ  ϴϵ ϴ  ϻ ϴ ϵϼ ; 
 ϥ Ͼ ϴ Ϲ ϼϹ Ͼ Ͽϼ Ϲ ϶ϴ ϴϷ ϹϷϴ ϶. 
ϦϴϾϺϹ Ϲ ϵ ϸϼ  ϴ ϷϿϴ϶ Ͻ ϼ϶Ϲ ϴϿ Ͻ ϴ ϴϾ Ϲ ϼ ϼϾϹ ϼ  

ϻ  ϴϵ  ϸϿ  ϾϴϺϸ Ϸ  ϶ ϵ ϴ Ϸ  ϸϼϴ Ϲ ϴ.  
ϖ Ϲϻ Ͽ ϴ Ϲ ϶ϹϸϹ  Ϲ ϼϽ ϴϵ ϼ  ϻ  ϴϻϿϼ  ϸϼϴ Ϲ ϶ 

ϴϵ ϹϷ  Ͼ ϿϹ ϴ ϵϼ   ϣϟ50-ϖ-500, ϣϟϘ50-ϖ-425 ϼ ϣϟϘ50-ϖ-630 ϶ ϵ ϶ϴ  
ϼϻ ϴ Ϲ ϼ , ϴϾ ϾϴϾ ϴϵ ϴ  Ͼϴ ϶ ϸϼ  ϻϴ Ͽϼ ϼ  Ϸ ϴ ϼ Ϲ ϼ  

ϼ, ϴ ϴϾϺϹ ϵϼ ϴ ϣϟϘ50-ϖ-560 ϴϾ ϾϴϾ ϴ Ϲ ϴ  Ͼϴ ϴ ϸϼ  ϻϴ 
ϹϸϹϿϴ ϼ ϻ  ϴϵ  ϵϼ . 

ϦϴϾϼ  ϵ ϴϻ , ϸ ϿϺϼ  ϴ Ϲ  ϸϿ  ϿϹϸ ϼ  ϵϼ : ϣϟ50-ϖ-530, 
ϣϟ50-ϖ-560, ϣϟ50-ϖ-600, ϣϟ50-ϖ-630, ϣϟϘ50-ϖ-530, ϣϟ50Ϙ-ϖ-560, ϣϟϘ50-ϖ-
600. 
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3.3       
 
ϡϹ ϵ ϸϼ  ϶ Ͽ ϼ  ϸ  ϼϻ ϶ϴϺ  Ͽ ϶ϼϽ  ϵϹϻϾϴ϶ϼ ϴ ϼ ϴ  

ϴϵ ϴ Ϸϼϸ ϵϼ , ϸϿ  Ϸ  Ϲ ϵ ϸϼ  ϹϸϹϿϼ  ϸ ϼ Ϲ 
ϻϴϷϿ ϵϿϹ ϼϹ ϴϵ ϹϷ  Ͼ ϿϹ ϴ  ϿϹ: 
 ∇Z . . = Z . . Q . . + H ,                                                                                   .               

 
ϷϸϹ      Z . . Q . .  – Ϲ Ͼϴ ϶  ϶ ϸ  ϶ ϡϕ ϼ  Q . .,  ϶Ϲ ϶ ϼ  

ϴ ё  ϻ ϴ Ϲ ϼ  ϶  ϴ ϶ϴ ϼ  H . 
ϖ ϴ ϴ ϶ϴ ϼ  ϴ ϼ ϶ϴϹ  ϸϿ  Ϲ  ϴϼϵ ϿϹϹ ϴ   Ͼϼ 

ϻ Ϲ ϼ  Ͼϴ϶ϼ ϴ ϼϼ Ͽ ϴϹ϶,  Ϲ  Ϲϵ ϼ ϼ ϴϼϵ Ͽ ϹϷ  ϻϴϷϿ ϵϿϹ ϼ  
ϴϵ ϹϷ  Ͼ ϿϹ ϴ:  

Ϥϴϵ ϴ ϸ Ϸ  ϴϷ ϹϷϴ ϴ  ϴ ϶ϿϹ Ͻ  ϼ ϡϣϧ; 
Ϥϴϵ ϴ ϸ Ϸ  ϴϷ ϹϷϴ ϴ  ϴ ё Ͻ  ϼ H ; 
Ϥϴϵ ϴ ϸ Ϸ  ϴϷ ϹϷϴ ϴ ϼ H   ϼ ϶Ϲ ϶ ϹϽ Ϲ  ϼ ϴ 

Ͽϼ ϼϼ Ϸ ϴ ϼ Ϲ ϼ . 
ϖ  ϴ ϶ϴ ϼ  ϹϸϹϿϼ   ϿϹ: 
  H = B − z Q − σ ∙ H − , + Z . .,                                                   .  

 H = B − , − , ∙ , − , = ,  , 

 
ϷϸϹ B = ,   ϶ ϸ. . – ϵϴ Ϲ ϼ Ϲ Ͼ Ϲ ϸϴ϶ϿϹ ϼϹ; Z Q  – Ϲ Ͼϴ ϡϕ ϼ ϸϴ  ϴ ϸϹ;  , - Ͼ Ͼ ϼ϶ Ͻ ϻϴ ϴ ; 𝜎 – Ͼ ϼ ϼϹ  Ͼϴ϶ϼ ϴ ϼϼ, ϹϸϹϿ Ϲ Ͻ  ϼ϶Ϲ ϴϿ Ͻ     

ϴ ϴϾ Ϲ ϼ ϼϾϹ ϸϿ  ϴ ё  Ͽ ϶ϼϽ;  
 Z . . – ϴϻ  Ϲ Ͼ ϴ ϴϾ Ϲ  Ͽ Ͼ ϹϽ ϸϹϿ Ͻ ϼ ϴ Ͻ 

ϵϼ , Ͼ ϴ  ϸϿ  ϣϟ- ϵϼ  Z . Ͽ.=0. 
Ϥϴ ё  ϶ Ϲ  ϶ ϵ ϴ  Ϸϼϸ ϵϼ  Ϲϸ ϴ϶ϿϹ  ϶ ϴϵϿϼ Ϲ 3.5. 

 
ϦϴϵϿϼ ϴ 3.5  ϤϹϻ Ͽ ϴ  ϴ Ϲ ϴ ϶  ϴ ϶ϴ ϼ  Ϸϼϸ ϵϼ  

Ϧϼ  
ϵϼ  

D ,  z ,  
n , /  

N ,  H ,  H ,  
H ,  

ϣϟ50-ϖ 5,3 4 136,4 65 -4,5 -5,77 2,58 
  

Ϝϻ ϴ ϴϿϼϻϴ Ͽ Ϲ  ϶ϴ ϼϴ ϶ ϸϿ  ϣϟ50 ϼ ϣϟϘ50, ϵ Ͽϴ ϶ ϵ ϴ ϴ 
ϵϼ ϴ ϣϟ50-ϖ-530, .Ͼ ϵϼ ϴ ϸϴ Ϸ  ϸϼϴ Ϲ ϴ ϵϿϴϸϴϹ  ϴϼϵ Ͽ ϼ  

ϻ ϴ Ϲ ϼϹ  ϞϣϘ ϶ ϴ Ϲ Ͻ ϾϹ, ϼ ϴϿ  Ͼ Ͽϼ Ϲ ϶  ϴϷ ϹϷϴ ϶, 
Ͼ Ϲ Ϸ  Ϸϴ ϴ ϼ ϶ϴ  ϵϹ Ϲ Ϲϵ Ͻ  ϴϵ  ϴ ϼϼ. ϦϴϾϺϹ ϸϿ  



40 
 

ϸϴ Ϸ  ϸϼϴ Ϲ ϴ ϵ Ͽ  ϴϽϸϹ  ϻ ϴ Ϲ ϼϹ Hs Ͼ Ϲ ϵϹ Ϲ ϼ϶ϴϹ  
ϵϹ Ͼϴ϶ϼ ϴ ϼ Ͻ ϹϺϼ . 

 
 ∇Z . . = , − , = ,  .                                                                

 
3.4    .  

 
ϣ  ϴ Ϲ ϶ ϴ Ϲ ϼ  ϼ ϼ ϸ ϸϼ  ϥϖ-845/140-44Ϧ 
ϣ Ͼ Ͽ Ͼ  ϹϿ  Ͼ ϶ Ϸ  ϹϾ ϴ Ϲ ϶Ͽ Ϲ  ϴ Ϲ  ϶  

ϴϻ Ϲ ϶ Ϸϼϸ ϷϹ Ϲ ϴ ϴ, ϼ Ϲ  ϼ  Ϲ ϼϽ ϼ, ϼϻ ϼ ϼϾϴ [6]. Ϙϴ Ϲ 
Ϸϼϸ ϷϹ Ϲ ϴ ϴ ϻϴ Ϲ Ϲ  ϶ ϴϵϿϼ  3.6. 

  
ϦϴϵϿϼ ϴ 3.6  Ϙϴ Ϲ Ϸϼϸ ϷϹ Ϲ ϴ ϴ. 

S 
, 

Ϡϖ  

P 
, 

Ϡϖ  

n ϼ , 
ϵ/ ϼ  

cosφ ƞ ϥϼ Ϲ ϴ 
϶ ϻϵ ϺϸϹ ϼ  

Ϡϴ ϴ 
ϴ,  

Ϙϼϴ Ϲ  
ϴϾ ϼ϶ Ͻ 

ϴϿϼ, 
 

ϖ ϴ 
ϴϾ ϼ϶ Ͻ 

ϴϿϼ,  

Ϝ  
Ͽ Ϲ ϼϹ 

56 50,4 136,4 0,9 97,8 ϱϿϹϾ - 
ϴ ϼ ϴ  

282 9800 12855 ϛ ϼ  
Ϲ 

 
3.5  ё      

,   ё     
 

ϖ ϶  Ϸϼϸ Ϲ ϴ ϼ Ϲ Ͼ Ϸ  ϴ ё ϴ ϼ ϴϿ Ͻ Ͼϴ Ϲ  ϻϴϿ ϺϹ  ϼ 
Ͽ ϶ϼ , Ͼ  ϸ ϿϺϹ  ϸ ϼ  Ͼ ϹϾϴ ϹϽ ϶ ϹϽ ϺϼϸϾ ϼ: 

1. Ϥϴ϶ Ϲ Ϲ ϴ ϹϸϹϿϹ ϼϹ ϴ ϸϴ  Ͼ Ϻ ϼ ϴ ϴ϶Ͽ ϹϷ  
ϴ ϴ ϴ ϴ. ϱ  Ͽ ϶ϼϹ ϵϹ Ϲ ϼ϶ϴϹ , Ϲ Ͽϼ ϶ Ͽ ϵ  ϴϸϼϴϿ  Ϲ Ϲ ϼϼ ϵ ϸ  

ϸϼ ϴϾ ϶  ϴϸϼϴϿ Ϲ ϴ϶Ͽ ϼϹ Ͼ ϼ υr. 
2. Ϣϸϼ ϴϾ ϶ϴ  ϻϴϾ Ͼϴ Ͼϴ ( ϶  Ϲ ϴ Ͼ ϼ) Ϲ Ϲϸ 

ϴ ϴ϶Ͽ ϼ  ϴ ϴ ϴ , .Ϲ. υur = const, ϷϸϹ υu – Ͼ Ϻ ϴ  ϴ϶Ͽ ϴ  
Ͼ ϼ ϶ Ͽ ϵ Ͻ ϾϹ Ͼϴ; r – ϴϸϼ  ϴ Ͽ ϺϹ ϼ  Ͼϼ. 

3. Ϥϴϻ Ϲ  ϴϸϼϴϿ  Ϲ Ϲ ϼϽ ϼ ϴϿ Ͻ Ͼϴ Ϲ  ϸ ϿϺ  ϵ  ϴϾϼ ϼ, 
ϵ  Ϲϸ ϼϹ Ͼ ϼ Ͼϴ ϶ ϼ  Ϲ Ϲ϶ ϸϼϿϼ ϹϸϹϿ  ϻ ϴ Ϲ ϼϽ, 
ϹϸϹϿ Ϲ  ϶ Ϲ  ϸ ϼ  Ϲ . 

ϣ  Ϲ ϹϺ  Ͻ ϴ ϼ ( ϼϿ ϺϹ ϼϹ ϕ) ϸϹϿ Ͻ Ϸϼϸ ϵϼ  
ϹϸϹϿ  ϶ Ϲ ϷϹ Ϲ ϼ Ϲ ϾϼϹ ϴϻ Ϲ  Ϸϼϸ ϵϼ . 

1. ϡϴ Ϻ Ͻ ϴϸϼ  ϶ ϸ Ϸ  Ϲ Ϲ ϼ  
 

R϶  = 1,739·D1=9,217 ,                                                                         (3.15)  
 

2. Ϙϼϴ Ϲ  ϴ Ͽ ϺϹ ϼ  ϶ ϸ  Ͼ Ͼ ϴ ϴ, D = ,  :                          
 

ra= Dϴ/2=8,71/2 =4,105 ,                                                                           (3.16) 
 

3. Ϙϼϴ Ϲ  ϴ Ͽ ϺϹ ϼ  ϶ ϸ  Ͼ Ͼ ϴ ϴ, D = ,  :                        
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rb= Db/2=7,45/2=3,585 ,                                                                            (3.17) 

 
4. ϣ Ͽ Ͻ ϴ ϸ Ϲ Ϲϻ ϵϼ  ϼ ϴ Ϲ  ϻ ϴ Ϲ ϼ  ϴ ϴ ϼ 

ϼ: Q = , ∙ p∙ . . . . = , ∙ , ∙ , = , ,                                         (3.18)

                       
5. Ϥϴ ϸ Ϲ Ϲϻ ϶ ϸ Ϲ Ϲ Ϲ ϼϹ ϼ ϴϿ Ϸ  Ͼϴ ϴϿϴ Ͼϴ Ϲ : 

 Q = ∙φ = , ∙ = , ,                                                         (3.19) 

 
6. ϣϿ ϴϸ  Ϲ Ϲ Ϸ  ϶ ϸ Ϸ  Ϲ Ϲ ϼ  ϹϸϹϿ Ϲ   ϶ϹϿϼ ϼ Ϲ 

ϸ ϼ Ͻ Ϲϸ ϹϽ Ͼ ϼ: 
 F = = ,,  = 24,08 2,                                                                     (3.20) 

 
ϘϴϿ ϹϽ ϼϽ ϴ Ϲ  ϵϹ Ͻ ϼ ϴϿ Ͻ Ͼϴ Ϲ  ϶ Ͽ Ϲ  

ϴ ϴϿ Ϸϼ . ϖ Ͽ ϻ Ϲ  ϿϹϸ ϼ ϼ Ϲ ϼ ϼ ϼ ϶ϹϸϹ  ϴ Ϲ  ϶ 
ϴϵϿϼ  ϕ.1. ϦϴϵϿϼ ϴ ϕ.1 Ϲϸ ϴ϶ϿϹ ϴ ϶ ϼϿ ϺϹ ϼϼ ϕ. 

 a = r − r ,                                                                                                 (3.21) 
 m = k ∙ a ,                                                                                                 (3.22) 
  k = ,                                                                                               (3.23) 

 b = m + b ,                                                                                                           .  
 r = r + m ∙ tg ,                                                                                   (3.25) 
 

ϛ ϴ Ϲ ϼϹ ϼ ϹϷ ϴϿϴ ϸϿ  Ͽ ϵ Ϸ  Ϲ Ϲ ϼ  ϶ ϼ Ͽ Ϲ   ϿϹ: 
 J = b ∙ ln + b ln i − r ∙ ctg ∙ ln k +m ,                               (3.26) 

 
ϖϹϿϼ ϼ ϴ ϷϿϴ ϼ ϴϿϼ ϸϿ  Ͽ ϵ Ϸ  Ϲ Ϲ ϼ : 
  φ = ∙ J ,                                                                                                 (3.27) 

 
ϖϹϿϼ ϼ ϴ Ͽ ϴϸϼ Ϲ Ϲ ϼ : 
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F = b r − r + r − r b − i− tg ,                                        (3.28) 

 
ϥ  ϸϴ Ͻ ϴϵϿϼ  ϼ ϼϻ϶Ϲϸё  ϴ ё ϶ ϶ Ͽ ϼ  
Ϲ ϼϹ Ͽϴ ϴ ϼ ϴϿ Ͻ Ͼϴ Ϲ  (ϣ ϼϿ ϺϹ ϼϹ ϕ) ϼ ϼ  Ϸ ϴ ϼϾ 

ϻϴ϶ϼ ϼ ϼ ri=f(ɸ ) (Ϥϼ Ͼ 3.2). 
 

 
Ϥϼ Ͼ 3.2  Ϝϻ Ϲ Ϲ ϼϹ ϴ Ϻ Ϸ  ϸϼϴ Ϲ ϴ ϼ ϴϿ Ͻ Ͼϴ Ϲ  R=f(𝜑  

 
ϥ Ͽ Ϲ Ϸ  Ϸ ϴ ϼϾϴ ϼ ϴϹ  ϻ ϴ Ϲ ϼ  𝑖 Ϲ Ϲϻ ϾϴϺϸ Ϲ 15 . 
Ϭϼ ϼ ϴ ϸ϶ ϸϴ ϼϻ ϗϧϩ: 

 
B`=2,928·D1=15,518 ,                                                                               (3.29) 

 
ϡϹ ϵ ϸϼ  ϴ ϶ϼ  ϹϺ Ͻ ϵ Ͼ, ϴϾ ϾϴϾ B’ ϵ Ͽ Ϲ 7 , 

ϼ ϼ ϴ Ͼ Ϸ :  
 b = + = ,   ,                                                                                  (3.30) 

 
Ϭϼ ϼ ϴ ϸ϶ ϸϴ  ё  ϼ ϼ  ϵ Ͼϴ: 
 B = B′ + b = , + , = ,  ,                                                  (3.31) 
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3.6 ё      
 
3.6.1    .  
 
ϘϿ  Ϲ ϼ  Ϲ ϹϺϴ Ϸϼϸ ϴϷ ϹϷϴ ϴ Ϲ ϵ ϸϼ  ϻ ϴ  ϴϻ Ϲ  ϶ϴϿϴ, 

ϴϾϺϹ Ϲ ϵ ϸϼ  ϼϻ϶Ϲ ϼ ϹϷ  ϴ ё  ϴ . ϖϴϿ Ϸϼϸ ϴϷ ϹϷϴ ϴ 
Ϲϸ ϴϻ ϴ Ϲ  ϸϿ  Ϲ Ϲϸϴ ϼ Ͼ ϹϷ  Ϲ ϴ  ϴϵ ϹϷ  Ͼ ϿϹ ϴ Ͼ  

ϷϹ Ϲ ϴ ϴ. Ϥϴ Ϲ  ϶ϴϿϴ ϴ  ϼϻ϶ ϸϼ   Ϲ  ϶ Ϲ Ϸ  ϸϹϽ ϶ϼ  
Ͼ ϼ϶ϴ ϼ , ϼϻϷϼϵϴ ϼ  ϼ ϴ Ϸϼ϶ϴ ϼ  ϼϿϼϽ. 

ϣ Ϲϸ϶ϴ ϼ ϹϿ Ͻ ϴ Ϲ  ϴ Ϻ Ϸ  ϸϼϴ Ϲ ϴ ϶ϴϿϴ: 
 D∗ . ∙τ , ,                                                                                           .  

 
ϷϸϹ τ = ÷  Ϡϣϴ. 

ϣ ϼ ϼ ϴϹ  τ =  Ϡϣϴ, ϴ Ͼ ϼϽ Ϲ   ϹϸϹϿ Ϲ   
ϿϹ: 
 = , ∙ Nn = , ∙, ∙ = ,  ∙ ,               .  

 
ϘϴϿϹϹ ϴϽϸϹ  ϸϼϴ Ϲ  ϶ϴϿϴ  ϿϹ (3.32): 
 D∗ ( . ∙ , ) . = ,  , 
 
ϢϾ ϴ ϹϿ  ϼ ϼ ϴϹ  ϸϼϴ Ϲ  ϶ϴϿϴ ϴ ϸϴ  1 Ϲ . 

 
3.6.2   
 
ϡϴ ϴ϶Ͽ ϼϽ ϸ ϼ ϼϾ ϵϼ  Ϲϸ ϴϻ ϴ Ϲ  ϸϿ  ϶ ϼ ϼ  

ϴϸϼϴϿ  ϴϷ ϻ Ͼ.  
Ϥϴ Ϲ  ϸ ϼ ϼϾϴ ϶ ϸϼ  Ͼ ϹϸϹϿϹ ϼ  ϹϷ  ϴϻ Ϲ ϴ ϼ ϶Ϲ ϾϹ  

Ͼ ϼ Ϲ ϼ  ϴϵ ϵ ϼ. 
ϤϴϸϼϴϿ ϴ  ϼϿϴ ϴ ϴϵ Ϲ  Ͼ ϿϹ Ϲ ϹϸϹϿ Ϲ   ϼ ϼ Ϲ Ͼ Ͻ 

ϻϴ϶ϼ ϼ ϼ (Ͼϡ): 
 R = , ∙ Nn ∙ D = , ∙, ∙ , = ,  ,                                                     .  

 
Ϙϼϴ Ϲ  ϶ϴϿϴ ϸ ϸ ϼ ϼϾ  d ,  Ϲ  ϵϿϼ ϶Ͼϼ, ϵ  

ϼ ϼ ϴϹ  ϴ 15-20  ϵ Ͽ Ϲ D : 
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d = D + , = , + , = ,  ,                                                    .  
 
Ϝϻ ϴ϶  ϸϴ  ϶ ϶Ϲ ϶ϼϼ  D : Z = , hϣ = ,  . 
 
ϘϿ  Ͼ Ͽ Ϲ϶ Ϸ  ϸ ϼ ϼϾϴ ϸϹϿ Ϲ ϸϴ϶ϿϹ ϼϹ ϴ϶  (Ͼϣϴ): 
 p = Rd ∙ hϣ

= ,, ∙ , = ,  Ͼϣϴ,                                                    .  

        
ϘϿ  ϴϾϼ  ϸ ϼ ϼϾ ϶ Ͼ Ϲ ϼ Ϲ ϴϿ  Ͽ Ϲ ,  ϸ ϾϴϹ Ϲ [p ]: 
 [p ] = ∙ U = ∙ , = ,   Ͼϣϴ,                                                   .  
 [p ] = ∙ U = ∙ , = ,  Ͼϣϴ,                                                    .  

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

 
ϦϴϾ ϾϴϾ: p < [p ] → , < ,    – Ͽ ϶ϼϹ ϶ Ͽ Ϲ , 

Ͼ Ͽ Ϲ϶ Ͻ ϸ ϼ ϼϾ.   p < [p ] → , < ,   – Ͽ ϶ϼϹ ϶ Ͽ Ϲ , ϹϷ Ϲ Ͻ 
ϸ ϼ ϼϾ. 

ϦϴϾ ϾϴϾ ϵϴ Ͽ ϶ϼ  ϶ Ͽ , Ͼ ϴ ϹϿ  ϼ ϼ ϴϹ  ϹϷ Ϲ Ͻ 
ϸ ϼ ϼϾ. 

 
3.7     

 
Ϡϴ Ͽ ϴ ϴ  ϴ ϶Ͼϴ Ϲ ϵ ϸϼ ϴ ϸϿ  ϻϸϴ ϼ  ϸϴ϶ϿϹ ϼ  ϴ Ͽϴ ϶ 

ϼ Ϲ Ϲ ϹϷ Ͽϼ ϶ϴ ϼ , Ͼ ϴ  ϸϿ  ϸϴ Ϸ  Ͽ ϴ  Ϲ ϶Ͽ Ϲ  ϶  
Ͽ ϴ Ͼ ϴ ϴ϶Ͽ ϹϷ  ϴ ϴ ϴ ϴ. 

ϣ  Ϸ ϴ Ϲ [4] ϸϿ  ϵϼ  ϣϟ50-ϖ-530 ϹϸϹϿϼ  ϼ  
ϴ Ͽ ϴ Ͻ ϴ ϶Ͼϼ: Ϡϡϧ 8/1 – 40 – 8 – 2. 

Ϡϴ Ͽ ϴ ϴ  ϴ ϶Ͼϴ  Ϸϼϸ ϴϾϾ Ͽ  ϶ Ϲ ϼ  8 3, 
ϼ  ϼϻ ϸ Ϸ  ϸϴ ϴ ϸϴ϶ϿϹ ϼϹ 4,0 Ϡϣϴ (40 ϾϷ / 2), ϼ Ϲ ϼ  

Ͽϼ϶ Ͻ ϵϴϾ Ϡϔ 8 – 2 ϶ Ϲ ϼ  8 3  ϸ϶  ϴ ϴ ϼ. 
 

3.8    
 

ϣ  ϴ϶  ϸϴ  [4]. ϖ ϵϼ ϴϹ  ϿϹϾ Ϸϼϸ ϴ϶Ͽϼ Ϲ ϾϼϽ ϹϷ Ͽ  
[4]: ϱϗϤ – 2Ϝ1 – 150 – 11. 

Ϧϼ  ϴ ϹϿϼ ϿϹϾ ϵ ϸ ϶ϴ ϼ  – ϱϗϤ–2Ϝ1; 
Ϧϼ  Ϸϼϸ Ϲ ϴ ϼ Ϲ Ͼ Ͻ Ͼ Ͽ Ͼϼ ϴ϶ϿϹ ϼ  - ϱϗϤ–150–11; 
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4   
 
4.1   
 
Ϝ ϸ Ϲ ϸϴ Ϲ ϼ Ͽϴ ϼ ϼ ϷϹ Ϲ ϴ ϶ ϼ ϼ Ϲ  Ϲϸ ϴ϶ϿϹ  

϶ ϴϵϿϼ Ϲ 4.1. 
 

ϦϴϵϿϼ ϴ 4.1  Ϝ ϸ Ϲ ϸϴ Ϲ ϼ Ͽϴ ϼ ϼ ϷϹ Ϲ ϴ ϶ ϼ ϼ Ϲ  
ϗϹ Ϲ ϴ  ϥϼ Ϲ ϴ 

ϫϼ Ͽ  ϼ  U  cosφ  U  S . . ϣ Ϻё  
Ͽϼ ϼϽ ×Ϡϖ  Ͼϖ .Ϲ. Ͼϖ Ϡϖ∙ϔ Ͼ  

4×65 11 0,9 220 150 16 
 
Ϟ ϼ ϼϹ  ϼ ϼ Ϲ  cosφ = , . 
ϖ Ϲ  ϼ Ͽ ϻ ϶ϴ ϼ  ϴ ϶ϿϹ Ͻ ϼ T =  /Ϸ ϸ. 
Ϡ  ϵ ϶Ϲ  Ϻϸ ϗϱϥ  P . . = , ∙ P . Э . 
Ϟ ϼ ϼϹ  ϼ ϵ ϶Ϲ  Ϻϸ ϴ϶Ϲ  Ͼ ϼ ϼϹ  

ϼ ϷϹ Ϲ ϴ ϶ cosφ . . = cosφ . 
ϣ ϸ ϴ ϼ  «Ϡϴ ϴϾϴ », Ϲ Ϸ ϼ Ϲ ϴ Ϝ Ͼ Ͼ Ͻ ϵϿϴ ϼ. 

 
4.2       
 
ϖ ϵ  ϷϿϴ϶ Ͻ Ϲ  ϿϹϾ ϼ Ϲ Ͼϼ  Ϲϸϼ Ϲ ϼϽ ϶Ͽ Ϲ  ϸ ϼ  ϼϻ ϴ  

϶Ϲ ϶Ϲ  ϴ ϶ ϹϾ ϼ ϶ϴ ϼ  ϿϹϾ ϼ Ϲ Ͼϼ  ϴ ϼϽ, ϴϾ ϾϴϾ  Ϸ  
ϻϴ϶ϼ ϼ  ϴϸϹϺ  ϴϵ  ϿϹϾ ϴ ϶ Ͼ, ϹϹ Ͼ ϼ , Ϲ ϴ ϼ϶ ϴ  
ϷϼϵϾ , ϸ ϵ ϶  Ͼ Ͽ ϴ ϴ ϼϼ, ϵϹϻ ϴ  ϵ Ͽ Ϻϼ϶ϴ ϼ  ϼ ϶ ϻ Ϻ  
ϸϴϿ ϹϽ ϹϷ  ϴ ϼ Ϲ ϼ .  

ϖ Ϲ Ϸ ϼ Ϲ Ϲ Ϝ Ͼ Ͼ Ͻ ϵϿϴ ϼ ϼ ϶  ϸ ϴ ϼϼ 220 Ͼϖ. ϣ  
Ͼϴ Ϲ – Ϲ Ϲ ϴϻ Ϲ Ϲ ϼ  Ͽϼ ϼϽ ϿϹϾ Ϲ Ϲϸϴ ϼ ϸ ϴ ϼϽ ϵ Ͽ  ϹϸϹϿϹ , 

 ϵϿϼϺϴϽ ϹϽ ϶Ͽ Ϲ  ϣϥ «Ϡϴ ϴϾϴ » 220 Ͼϖ  ϴ ϼϹ  16 Ͼ . 
Ϝ Ͽ ϻ  Ϲ  ϾϴϾ  ϼ ϵϿ Ͼϴ ϼ, ϶ Ͼ  ϾϴϺϸ  

ϷϹ Ϲ ϴ  ϶Ϲ ϶ Ϲ  ϶ ϴ ϼϽ ϴ ϴ , ϴϾ ϼ  Ͼ Ϲ ϼ 
ϵϿ Ͼϴ ϼ. ϡϴ ϷϹ Ϲ ϴ  ϴ ϺϹ ϼϼ ϶ Ͽ  ϶Ϲ ϶ϿϹ ϼ  ϸϿ  ϼ ϴ ϼ  

ϵ ϶Ϲ  Ϻϸ. Ϧϼ  Ϲ  ϻϴ϶ϼ ϼ   ϼ Ͽϴ ϼ ϼ Ϸϼϸ ϴϷ ϹϷϴ ϶. 
ϘϿ  ϴ Ϲ ϼ  ϼ ϼ ϴ  ϸ϶Ϲ Ϲ :  ϸϼ ϼ ϵϿ Ͼϴ ϼ ϼ 

Ͼ Ϲ ϼ ϵϿ Ͼϴ ϼ, Ϲϸ ϴ϶ϿϹ Ϲ ϴ ϼ ϾϹ 4.1. 
ϥ Ϲ ϴ ϵ ϶Ϲ  Ϻϸ ϗϱϥ ϸ ϿϺ ϴ ϶ ϵϼ ϴ   Ϲ  ϵϹ Ϲ Ϲ ϼ  

Ϲё ϴϸϹϺ ϼ ϶ ϴϿ , Ϲ  ϼ ϴ϶ϴ ϼϽ  ϹϺϼ ϴ . 
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Ϥϼ Ͼ 4.1  ϥ Ϲ ϴ  ϸϼ ϼ ϼ Ͼ Ϲ ϼ ϵϿ Ͼϴ ϼ 

 
Ϝ ϸ  ϼϻ ϥϦϢ [8],  Ϲ Ϸ ϵϿ Ͼϴ ϼ Ϲϸϼ Ϲ Ϸ  Ͼ Ϥϧ 220 Ͼϖ, 

Ϲ ϸ ϿϺ ϴ Ϲ϶ ϴ  330 Ϡϖ . ϦϴϾ ϾϴϾ ϴ ϴ ϼϼ ϴϷ ϹϷϴ   ϴ ϶ϿϹ Ͻ 
 65 Ϡϖ , ϼ Ϲ Ϲ ϼϹ Ͼ Ϲ  ϵϿ Ͼ ϶ ϸ ϼ . 

 
4.3       
 
4.3.1    
 
ϣ  ϼ ϸ  ϸϴ  ϶ ϵϼ ϴϹ  ϼ Ͻ ϷϹ Ϲ ϴ  ϥϖ–845/140–44Ϧ 

ϼϻ϶ ϸ ϶ϴ ϢϔϢ "ϥϼϿ ϶ Ϲ ϴ ϼ ". ϣϴ Ϲ ϸϴ Ϲ ϷϹ Ϲ ϴ ϴ ϥϖ-
845/140–44Ϧ Ϲϸ ϴ϶ϿϹ  ϶ ϴϵϿϼ Ϲ 4.2. 

 
ϦϴϵϿϼ ϴ 4.2  ϣϴ Ϲ ϸϴ Ϲ ϷϹ Ϲ ϴ ϴ ϥϖ–845/140–44Ϧ 

ϡ ϼ ϴϿ ϴ  , 
Ϡϖ·ϔ               Ϡϖ  U  ,Ͼϖ cosφ , .Ϲ. η 

Ϝ ϸ Ͼ ϼ϶ Ϲ 
ϼ϶ϿϹ ϼ  S     x"  x′  x  

56 50,4 11 0,9 97,8 ,  0,26 0,77 
 

4.3.2        
 

 
ϖ ϵ  ϴ ϴ ϶ ϶ϾϿ ϴϹ  ϶ Ϲϵ  ϹϸϹϿϹ ϼϹ ϼ  ϼ Ͽϴ, ϼ ϴ ϼ 

ϼ ϴϿ Ͻ ϼ.  
Ϧ ϴ ϴ  ϵϿ Ͼϴ ϸ ϿϺϹ  ϵϹ Ϲ ϼ  ϶ ϸϴ  ϼ ϷϹ Ϲ ϴ ϶ ϶ 

Ϲ  ϶ Ϲ Ϸ  ϴ ϺϹ ϼ  ϻϴ ϶ Ϲ  ϼ ϴϷ ϻϾϼ, ϸϾϿ Ϲ Ͻ 
ϴ ϶Ϲ ϶ϿϹ ϼϼ  ϷϹ Ϲ ϴ ϴ .Ϲ. ϴϷ ϻϾϴ ϵ ϶Ϲ  Ϻϸ: 

 S =  − . .cosφ = , − , ∙ ,, = ,  ∙  ,                        .  

Ϧϕϟ 

ϥ.ϡ.

G

Ϧϥϡ 

Uϖϡ 

ϥ.ϡ.
ϗ

Ϧϥϡ 

Uϖϡ   

ϗ
ϥ.ϡ.

Ϧϥϡ 

Ϧϕϟ 
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ϷϸϹ    P . . – ϴϾ ϼ϶ ϴ  ϴϷ ϻϾϴ ϵ ϶Ϲ  Ϻϸ, Ϡϖ .  

ϣ  Ͼϴ ϴϿ Ϸ  ϢϢϢ "Ϧ ϴ ϼ Ϻϼ ϼ ϼ Ϸ" ϶ ϵϼ ϴϹ  ϴ ϴ   
ϦϤϘϪϡ-63000/220. Ϟϴ ϴϿ Ϻ Ϲ ϸϴ Ϲ ϼ϶ϹϸϹ  ϶ ϴϵϿϼ Ϲ 4.3. 

 
ϦϴϵϿϼ ϴ 4.3  Ϟϴ ϴϿ Ϻ Ϲ ϸϴ Ϲ ϴ ϴ ϴ ϦϤϘϪϡ - 63000/220 S , Ϡϖϔ 

Uϡ, Ͼϖ UϾ, % ∆PϾ, Ͼϖ  ∆P , Ͼϖ  I ,% Uϖϡ Uϡϡ 
63 230 11 12 300 82 0,800 

 
ϣ Ϲ ϼ ϿϹϾ ϼ Ϲ Ͼ Ͻ Ϲ Ϸϼϼ Ϲ ϼ϶ϴ  Ϲ ϸ  ϶ Ϲ Ϲ ϼ 

ϴϾ ϼ ϴϿ  Ϲ , ϼ Ͽ ϻ  ϻ ϴ Ϲ ϼ  ϴϾ ϼ ϴϿ  ϴϷ ϻ Ͼ  ϼ ϶ Ϲ  
ϴϾ ϼ ϴϿ  Ϲ  . 

 τ = ( , + ) ∙ = ( , + ) ∙ = =  /                                                                                                            (4.2)       
 
ϖ Ϲ  ϴϵ  ϵϿ Ͼϴ ϶ Ϲ Ϲ ϼϹ Ϸ ϸϴ: 
 t = − ∙ T − ω ∙ T ,                                                           (4.3) 
            

ϷϸϹ  = 1 – ϴ ϴ Ϲ ϶ ( ϹϾ ϼ , Ϲϸ ϼ , Ͼϴ ϼ ϴϿ ), 1/Ϸ ϸ;  T  = 30 – ϶ Ϲ  Ͽϴ ϶  Ϲ϶ ϵϿ Ͼϴ ϶ Ϲ Ϲ ϼϹ Ϸ ϸϴ, ; ω = 0,025 – ϴ ϴ Ϲ  Ͼϴ Ͼϴϻ ϶ ϴ ϴ ϴ ϵϿ Ͼϴ, 1/Ϸ ϸ;  T =  – Ϲϸ ϹϹ ϶ Ϲ  ϴ϶ϴ ϼϽ -϶ ϴ ϶ϼ ϹϿ  Ϲ ϶ 
ϴ ϴ ϴ, . 

 t = − ∙ − , ∙ =  . 
 
ϣ Ϲ ϼ Ͽ Ϸ  ϸϴ ϶ ϴ ϴ Ϲ: 
 ∆W = n ∙ ∆P ∙ t = ∙ , ∙ = ,  ∙ ,                  (4.4) 
             

ϷϸϹ    nϦ – ϼ Ͽ  ϴ ϴϿϿϹϿ  ϴϵ ϴ ϼ  ϴ ϴ ϶. 
ϡϴϷ ϻ Ϲ ( Ϲ Ϲ Ϲ Ϲ) Ϲ ϼ ϶ ϴ ϴ Ϲ: 
 ∆W = ∆n ∙ ( SS  ) ∙ τ = , ∙ ( , ) ∙ = ,  ∙ , .  

   
ϖϹϿϼ ϼ ϴ ϼϻϸϹ ϺϹϾ ϴ Ϲ ϼ ϿϹϾ ϼ Ϲ Ͼ Ͻ Ϲ Ϸϼϼ ϸϿ  Ϲ Ϲ  

ϴ ϴ ϴ: 
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= ∆W + ∆W ∙ T ∙ ,                                                           (4.6) 
                   

ϷϸϹ   – ϼ  ϸ Ϸ  Ϡϖ ∙  ϿϹϾ Ϲ Ϸϼϼ. 
 = ,  + , ∙ ∙ , = ,  . ϵ./Ϸ ϸ.  
 
ϘϿ  4 ϵϿ Ͼ ϶: 
 = ∙ , = ,  . ϵ./Ϸ ϸ.                                      

 
4.3.3       

  
 

Ϧ ϴ ϴ  ϸ ϿϺϹ  ϵϹ Ϲ ϼ  ϶ ϸϴ  ϼ ϷϹ Ϲ ϴ ϶ ϶ Ϲ  
϶ Ϲ Ϸ  ϴ ϺϹ ϼ  ϻϴ ϶ Ϲ  ϼ ϴϷ ϻϾϼ, ϸϾϿ Ϲ Ͻ ϴ 
϶Ϲ ϶ϿϹ ϼϼ  ϷϹ Ϲ ϴ ϴ .Ϲ. ϴϷ ϻϾϴ ϵ ϶Ϲ  Ϻϸ: 

 S = ∙  − . .cosφ = ∙ , − , ∙ ,, = ,  ∙ ,   .  

 
ϷϸϹ P . . – ϴϾ ϼ϶ ϴ  ϴϷ ϻϾϴ ϵ ϶Ϲ  Ϻϸ, Ϡϖ . 

ϣ  Ͼϴ ϴϿ Ϸ  ϢϢϢ "Ϧ Ͽ ϼ ϾϼϽ Ϧ ϴ ϴ " ϶ ϵϼ ϴϹ  
ϴ ϴ  ϦϘϪ-125000/220. Ϟϴ ϴϿ Ϻ Ϲ ϸϴ Ϲ ϼ϶ϹϸϹ  ϶ ϴϵϿϼ Ϲ 4.4. 

 
ϦϴϵϿϼ ϴ 4.4  Ϟϴ ϴϿ Ϻ Ϲ ϸϴ Ϲ ϴ ϴ ϴ ϦϘϪ 125000/220 S , 

Ϡϖϔ 
U , Ͼϖ U , % ∆P , Ͼϖ  ∆P , Ͼϖ  I ,% U  U  

125 242 10,5 11 380 135 0,5 
 

ϣ Ϲ ϼ ϿϹϾ ϼ Ϲ Ͼ Ͻ Ϲ Ϸϼϼ Ϲ ϼ϶ϴ  Ϲ ϸ  ϶ Ϲ Ϲ ϼ 
ϴϾ ϼ ϴϿ  Ϲ , ϼ Ͽ ϻ  ϻ ϴ Ϲ ϼ  ϴϾ ϼ ϴϿ  ϴϷ ϻ Ͼ  ϼ ϶ Ϲ  
ϴϾ ϼ ϴϿ  Ϲ  . 

 τ = ( , + ) ∙ = ( , + ) ∙ = ,   .  

 
ϖ Ϲ  ϴϵ  ϵϿ Ͼϴ ϶ Ϲ Ϲ ϼϹ Ϸ ϸϴ: 
 t = − ∙ T − ω ∙ T ,                                                            (4.9) 
            

ϷϸϹ  = 1 – ϴ ϴ Ϲ ϶ ( ϹϾ ϼ , Ϲϸ ϼ , Ͼϴ ϼ ϴϿ ), 1/Ϸ ϸ;  T  = 30 – ϶ Ϲ  Ͽϴ ϶  Ϲ϶ ϵϿ Ͼϴ ϶ Ϲ Ϲ ϼϹ Ϸ ϸϴ, ; ω = 0,025 – ϴ ϴ Ϲ  Ͼϴ Ͼϴϻ ϶ ϴ ϴ ϴ ϵϿ Ͼϴ, 1/Ϸ ϸ;  
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T =  – Ϲϸ ϹϹ ϶ Ϲ  ϴ϶ϴ ϼϽ -϶ ϴ ϶ϼ ϹϿ  Ϲ ϶ 
ϴ ϴ ϴ, . 

 t = − ∙ − , ∙ =  . 
 
ϣ Ϲ ϼ Ͽ Ϸ  ϸϴ ϶ ϴ ϴ Ϲ: 
 ∆W = n ∙ ∆P ∙ t = ∙ , ∙ = ,  ∙ ,       (4.10) 
            

ϷϸϹ n  – ϼ Ͽ  ϴ ϴϿϿϹϿ  ϴϵ ϴ ϼ  ϴ ϴ ϶. 
ϡϴϷ ϻ Ϲ ( Ϲ Ϲ Ϲ Ϲ) Ϲ ϼ ϶ ϴ ϴ Ϲ: 
 ∆W = ∆n ∙ ( SS  ) ∙ τ = , ∙ ( , ) ∙ = = ,  ∙ ,                                                                                                  .  
 
ϖϹϿϼ ϼ ϴ ϼϻϸϹ ϺϹϾ ϴ Ϲ ϼ ϿϹϾ ϼ Ϲ Ͼ Ͻ Ϲ Ϸϼϼ ϸϿ  Ϲ Ϲ  

ϴ ϴ ϴ: 
 = ∆W + ∆W ∙ T ∙ ,                                                 (4.12) 
                  

ϷϸϹ     – ϼ  ϸ Ϸ  ∙  ϿϹϾ Ϲ Ϸϼϼ. 
 = ,  + , ∙ ∙ , = ,  . / . 
 
ϘϿ  2 ϵϿ Ͼ ϶: 
 = ∙ , = ,  . .     

 
4.3.4    

 
ϘϿ  ϴ ϴ ϼ϶ϴϹ  Ϲ  ϶ ϵϼ ϴϹ  ϸϼ ϴϾ ϶ Ϲ ϴ ϴ  

ϵ ϶Ϲ  Ϻϸ, ϴϾ ϾϴϾ Ͼ Ͽϼ Ϲ ϶  ϼ  ϴ ϴ ϶ ϸϼ ϴϾ ϶ϴ 
϶ ϵϹϼ  Ϲ ϴ . 

Ϙ Ͽ  ϼ, ϹϵϿ Ϲ Ͻ ϴ ϵ ϶Ϲ Ϲ Ϻϸ  ϴ ϼϼ, ϴ϶Ͽ Ϲ  
(1-2) %  S : 

 S . . = , ∙ 𝑆cosφ ,                                                                                              .  

 S . . = , ∙ , =  ∙ . 
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ϥ ϷϿϴ  ϥϦϢ [9], ϶ ϴ ϹϸϹϿϼ ϹϿ Ͻ Ϲ ϼ ϥϡ, ϴ ϴϾϺϹ ϶ ϼ ϹϿ Ϲ 

ϴ ϴ  ϹϾ Ϲ ϸ Ϲ  ϼ Ϲ   Ͻ ϼϻ Ͽ ϼϹϽ.  
ϥ ϷϿϴ  ϥϦϢ [14], ϸ ϿϺ  Ϲϸ ϴ ϼ϶ϴ  Ϲ Ϲ ϹϹ ϸ϶  

Ϲϻϴ϶ϼ ϼ  ϼ ϼϾ ϶ ϼ ϴ ϼ ».  
 
ϣ  Ͼϴ ϴϿ Ϸ  ϻϴ϶ ϸϴ «Ϧ ϴ ϴ» ϶ ϵϼ ϴ  3 ϴ ϴ ϴ 

Ϧϥϛ-1000/10/6, ϼ  ϾϴϺϸ Ͻ 1589 . ϵ. Ϟϴ ϴϿ Ϻ Ϲ ϸϴ Ϲ 
ϼ϶ϹϸϹ  ϶ ϴϵϿϼ Ϲ 4.5. 

 
ϦϴϵϿϼ ϴ 4.5  Ϟϴ ϴϿ Ϻ Ϲ ϸϴ Ϲ ϴ ϴ ϴ Ϧϥϛ–1000/10/6 S , Ͼϖ∙ϔ 

Uϡ, Ͼϖ UϾ, % Uϖϡ Uϡϡ 
1000 10 6 6 

 
ϱϿϹϾ ϼ Ϲ Ͼϴ  Ϲ ϴ ϥϡ ϖϼ ϼ Ͼ Ͻ ϗϱϥ ϶ Ͽ Ϲ ϴ  ϸ϶  Ϲ ϼ 

ϴ ϺϹ ϼ : 6 Ͼϖ ϼ 0,4 Ͼϖ. 
 

4.4      
       

   
 
ϥ ϴ ϴ  , ϶ ϸϴ϶ϴϹ ϴ  ϶ ϼ Ϲ : 
 S = − P . .cosφ = − ,, = ,  ∙ ,                                          .  

 
ϣϹ Ϲϸϴ϶ϴϹ ϴ   ϴ ϸ  Ϲ  ϸϿ  ϖϟ 220 Ͼϖ: 
 P . =  ;      = , ;      cosφ = , ;    
 

ϷϸϹ Ϟ – Ͼ ϼ ϼϹ  ϼ϶ϹϸϹ ϼ  ϴ ϴϿ Ͻ ϼ ϟϱϣ, ϼ ϼ ϴϿ  
ϴ ϺϹ ϼϼ 330 Ͼϖ ϼ ϶ Ϲ Ϟ = 1, ϼ ϴ ϺϹ ϼϼ 220 Ͼϖ – Ϟ =1,2, ϼ 
ϴ ϺϹ ϼϼ 110 Ͼϖ – Ϟ = 1,4; 

 – ϴ ϴϿ ϴ   ϖϟ ϸϿ  ϼ ϴϿ Ϸ  ϴ ϺϹ ϼ  220 Ͼϖ.  
 
ϫϼ Ͽ  ϸ ϼ  Ͽϼ ϼϽ 220 Ͼϖ: 
 n = P − P∙ P ./cosφ + = ,, ∙ / , + = , ,                         .  

                                   
ϣ ϼ ϼ ϴϹ  ϼ Ͽ  ϖϟ 220 Ͼϖ ϴ϶  n = . 
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I = S∑n ∙ √ ∙ U = ,  ∙ √ ∙ = ,  .                                             .  

 
Ϥϴ ё Ͻ Ͼ ϖϟ 220 Ͼϖ: 
 I = ∙ ∙ I = , ∙ , ∙ , = ,  ,               (4.17)     
 

ϷϸϹ = ,  – Ͼ ϼ ϼϹ , ϼ ϶ϴ ϼϽ ϴ ϼϹ Ϲϵϼ ϹϿ  ϶ ϴϾ ϼ Ϲ 
ϴϷ ϻϾϼ;  = ,  – Ͼ ϼ ϼϹ , ϼ ϶ϴ ϼϽ ϼϻ Ϲ Ϲ ϼϹ Ͼϴ ϶ Ϲ Ϲ 
Ͼ Ͽ ϴ ϴ ϼϼ. 

ϣ  ϶ϹϿϼ ϼ Ϲ ϴ ё Ϸ  Ͼϴ ϸϿ  Ͽϼ ϼϼ ϴ ϺϹ ϼϹ  U=220Ͼϖ ϶ ϵϼ ϴϹ  
϶ ϸ ϴ Ͼϼ ϔϥ – 400/51.  

Ϙ ϼ Ͻ ϸ ϿϺϼ ϹϿ Ͻ Ͼ I =  . 
ϣ ϶Ϲ Ͼϴ ϶ ϸϴ  ϴϷ Ϲ϶ : 
 I . = S∑n − ∙ √ ∙ U = ,  ∙ √ ∙ = ,  .                              .  

 I > I . ,  >   ϿϹϸ ϶ϴ ϹϿ , ϶ ϵ ϴ Ͻ ϶ ϸ 
ϸ ϶ϿϹ ϶ Ϲ  Ͽ ϶ϼ  ϴϷ Ϲ϶ϴ. 

ϣϴ ϴ Ϲ  ϶ ϸϴ ϔϥ–400/51 ϼ϶ϹϸϹ  ϶ ϴϵϿϼ Ϲ 4.6. 
 
ϦϴϵϿϼ ϴ 4.6  ϣϴ ϴ Ϲ  ϶ ϸϴ ϴ Ͼϼ ϔϥ–400/51 

ϫϼ Ͽ  ϶ ϸ ϶ ϶ 
ϴϻϹ 

r0 Ϣ /Ͼ  x0 Ϣ /Ͼ  b0 ϥ /Ͼ  

1 0,073 0,42 2,701·10-6 
 

4.5       -  
ё   
 
Ϥϴ ϴ ϼ϶ϴϹ Ϲ Ϲ  ϴϻϿϼ ϴ  Ͼ Ͽϼ Ϲ ϶  ϼϿ ϶  

ϴ ϴ ϶, ϴ ϴ ϶ ϵ ϶Ϲ  Ϻϸ ϼ ϹϹϾ 
ϴ ϹϸϹϿϼ ϹϿ Ϸ  Ͻ ϶ϴ ϶ ϹϷ  ϴ ϺϹ ϼ . ϣ  

Ͼϴ ϼ ϴϿ ϶Ͽ ϺϹ ϼ  Ϲ ϼ϶ϴ   ϿϹ: 
 = n ∙ + m ∙ . . + t ∙ ,                                                                        .  
 

ϷϸϹ  – ϼ  ϼϿ ϶ Ϸ  ϴ ϴ ϶ (24000 . ϵ.);  . .– ϼ  ϴ ϴ ϴ ϵ ϶Ϲ  Ϻϸ (1589 . ϵ.); 
 – ϼ  ϹϽϾϼ ϢϤϧ;  n – ϼ Ͽ  ϼϿ ϶  ϴ ϴ ϶; m – ϼ Ͽ  ϴ ϴ ϴ ϵ ϶Ϲ  Ϻϸ; 
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t – ϼ Ͽ  ϹϹϾ ϢϤϧ (ϸϿ  Ϲ   2ϥϬ Ϲϸ ϴ ϼ϶ϴϹ  k+2) 
ϥ ϼ  ϸ Ͻ ϹϽϾϼ ϢϤϧ  Ϲ  Ͼ ϼ ϼϹ ϴ ϼ Ͽ ϼϼ: 
 

 = 17957 . ϵ. 
 
Ϟϴ ϼ ϴϿ ϶Ͽ ϺϹ ϼ  ϸϿ  Ϲ   ϸϼ ϼ ϵϿ Ͼ   ϿϹ:  
 
Ϟ = ∙ + ∙ + ∙  =  . .           

 
Ϟϴ ϼ ϴϿ ϶Ͽ ϺϹ ϼ  ϸϿ  Ϲ   Ͼ Ϲ ϼ ϵ Ͼϴ ϼ  ϿϹ: 
 
Ϟ = ∙ + ∙ + ∙ =  . .  
 
ϡϴϼϵ ϿϹϹ Ͼ ϼ Ͻ ϼϻ ϶ϴ ϼϴ ϶ ϿϹϾ ϴ ϶Ͼϼ Ϲϵ Ϲ  

ϴϼ Ϲ ϹϷ  ϻ ϴ Ϲ ϼ  Ͽ  ϼ϶ϹϸϹ  ϻϴ ϴ : 
 = ∙ + ,                                                            (4.20)

      
ϷϸϹ = 0,15 – ϴ ϼ϶ Ͻ Ͼ ϼ ϼϹ .  

ϣ Ͽ Ϲ ϼ϶ϹϸϹ Ϲ ϻϴ ϴ  ϸϿ  Ϲ   ϸϼ  ϵϿ Ͼ   
ϿϹ: 

 
ϛ = , ∙ + ,  = ,  . .                  
 
ϣ Ͽ Ϲ ϼ϶ϹϸϹ Ϲ ϻϴ ϴ  ϸϿ  Ϲ   Ͼ Ϲ ϼ ϵϿ Ͼϴ ϼ  

ϿϹ: 
 
ϛ = , ∙ + , = ,  . . 
 
Ϥϴ ϼ ϴϹ  ϴϻ ϼ  ϹϺϸ  ϶ϴ ϼϴ ϴ ϼ:  
 = − ∙ %,                                                                                              .  

 = ,  − ,, ∙ % = , . 
 
Ϝϻ ϴ Ϲ ϶ ϶ϼϸ ,  ϸϴ Ϲ ϶ϴ ϼϴ  Ͽϼ ϴ  Ϲ Ϲ Ϲ  ϴ 7% ϼ  

϶Ͽ  Ͼ ϼ Ϲ Ͼϼ ϴ϶ Ϲ ϼ, Ͼ ϴ ϹϿ  ϶ ϵϼ ϴϹ  ϶ϴ ϼϴ   
ϸϼ ϼ ϵϿ Ͼϴ ϼ, Ϲϸ ϴ϶ϿϹ Ͻ ϴ ϼ ϾϹ 4.2. 

ϣ  ϴϸёϺ ϼ Ϲ ϴ  ϸϼ ϼ ϵϿ Ͼϴ ϼ ϶Ͽ Ϲ  ϵ ϿϹϹ ϼϹ ϿϹ Ͻ. 
ϥ ϷϿϴ  ϥϦϢ Ϥ ϗϼϸ  [9] – «ϗϿϴ϶ ϴ  ϿϹϾ ϼ Ϲ Ͼϴ  Ϲ ϴ ϸ ϿϺ ϴ 

ϵϹ Ϲ ϼ϶ϴ  ϶ ϻ Ϻ  ϼ ϵϹϻ ϴ  ϶ϹϸϹ ϼ  Ϲ  ϼ 
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Ͼ Ͽ ϴ ϴ ϼ  ϴϵ  ϴ ϿϹϾ ϵ ϸ ϶ϴ ϼϼ Ϥϧ. ϥ Ϲ ϴ ϸ ϿϺ ϴ ϵ  
ϴϷϿ ϸ Ͻ ϼ ϵϹ Ϲ ϼ϶ϴ  ϸ ϵ ϶  Ͼ Ͽ ϴ ϴ ϼϼ ϿϹϾ ϵ ϸ ϶ϴ ϼ ». 

 

 
Ϥϼ Ͼ 4.2  ϥ Ϲ ϴ  ϸϼ ϼ ϵϿ Ͼϴ ϼ 

 
4.6       

 
 
ϫϼ Ͽ  ϼ Ϲϸϼ Ϲ ϼϽ Ϥϧ–220 Ͼϖ: 7 (3 ϖϟϱϣ 220 Ͼϖ, 4 ϵϿ Ͼ ϶). ϣ ϼ 

ϸϴ  ϼ ϿϹ ϼ Ϲϸϼ Ϲ ϼϽ ϸϿ  ϸϴ Ϸ  ϾϿϴ ϴ ϴ ϺϹ ϼ  Ϥϧ ϶ ϵϼ ϴϹ  
϶ϴ ϼϴ   ϸ϶  ϴϵ ϼ ϼ. ϖ ϵ ϴ ϴ  Ϲ ϴ Ϥϧ – 220 Ͼϖ Ϲϸ ϴ϶ϿϹ ϴ ϴ 

ϼ ϾϹ 4.3. 
 

 
Ϥϼ Ͼ 4.3  ϥ Ϲ ϴ №220-13 ϸ϶Ϲ ϴϵ ϼϹ ϼ Ϲ  ϼ  
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4.7 ё         
      RastrWin. 

 
4.7.1 ё    
 
Ϣ ϹϸϹϿϼ  ϼ ϸ Ͼ ϼ϶ Ϲ ϼ϶ϿϹ ϼ  ϶ Ϲ  ϿϹ Ϲ ϶ 

Ͼ Ͼ ϻϴ Ͼ Ͻ Ϲ ϼ ϶ ϼ Ϲ ϶ϴ  Ϲϸϼ ϼ ϴ . 
ϥϼ Ϲ ϷϹ Ϲ ϴ : 
 x = x′′ ∙ US = , ∙  = ,  ,                                                       .  

 
ϛ ϴ Ϲ ϼϹ ϶Ϲ Ϲ Ϲ ϸ Ͻ ϱϘϥ ϷϹ Ϲ ϴ ϶: 
 E = E∗" ∙ U = , ∙ , = ,  .                                     (4.23) 
 
Ϝ ϸ Ͼ ϼ϶ Ϲ ϼ϶ϿϹ ϼ  ϴ ϴ ϶: 
 x = U % ∙ U∙ S = ∙ ∙ = ,  .                                                .  

 
ϥϼ Ϲ ϴ: 
 x = US = = ,  ,                                                                 .  

 
ϟϼ ϼϼ ϶ ϻϼ 220 Ͼϖ  Ϲ Ϸ ϼ Ϲ Ͻ: 
 x = x , ∙ l = , ∙ = ,  .                               (4.26)

   
ϱϘϥ Ϲ Ϸ ϼ Ϲ : 
 = ∗ ∙ U = , ∙ =  ,                                     (4.27)

  
Ϟ ϼ ϼϹ  ϴ ϴ ϼϼ: 
 k = UU = = , .                                                                                 .   
 
Ϣ ϹϸϹϿϼ  ϴϾ ϼ϶ Ϲ ϼ϶ϿϹ ϼ  ϶ Ϲ  ϿϹ Ϲ ϶ Ͼ Ͼ ϻϴ Ͼ Ͻ 

Ϲ ϼ ϶ ϼ Ϲ ϶ϴ  Ϲϸϼ ϼ ϴ . 
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r = x∗T , ∙ ω = ,  , ∙ = ,  ,                                                         .  

     r = xT , ∙ ω = ,, ∙ = ,  ,                                                         .  

        r = r , ∙ l = , ∙ = ,  ,                                                            .  
 r = ΔP ∙ US = , ∙ =  .                                                                  .  

 
4.7.2          
         

  «RastrWin»  
 
ϡϴ ϼ ϾϹ 4.4 Ϲϸ ϴ϶ϿϹ  ϼ ϸ Ϲ ϸϴ Ϲ  ϻϿϴ . ϡϴ ϼ ϾϹ 4.5 

Ϲϸ ϴ϶ϿϹ  ϼ ϸ Ϲ ϸϴ Ϲ  ϶Ϲ ϶ . ϡϴ ϼ ϾϹ 4.6 Ϲϸ ϴ϶ϿϹ  
ϼ ϸ Ϲ ϸϴ Ϲ  ϷϹ Ϲ ϴ ϴ . ϖ Ϲ ϼ ϸ Ϲ ϸϴ Ϲ ϼϻ ϴϵϿϼ  Ϸ ϴ  
«RastrWin», Ϲ ϵ ϸϼ Ϲ ϸϿ  ϴ Ϲ ϴ. 
 

 
 

Ϥϼ Ͼ 4.4  Ϝ ϸ Ϲ ϸϴ Ϲ  ϻϿϴ  
 

 
 

Ϥϼ Ͼ 4.5  Ϝ ϸ Ϲ ϸϴ Ϲ  ϶Ϲ ϶  
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Ϥϼ Ͼ 4.6  Ϝ ϸ Ϲ ϸϴ Ϲ  ϷϹ Ϲ ϴ ϴ  
 

ϤϹϻ Ͽ ϴ  ϴ ё ϶ Ͼ ϶ Ϟϛ Ϲϸ ϴ϶ϿϹ  ϴ ϼ Ͼϴ  4.7,4.8,4.9 ϼ 
϶ϹϸϹ  ϶ ϴϵϿϼ  4.7. 

 

 
 

Ϥϼ Ͼ 4.7 – ϤϹϻ Ͽ ϴ  ϴ Ϲ ϴ Ͼ ϶ Ϲ ϴϻ Ϸ  Ϟϛ 
 

 
 

Ϥϼ Ͼ 4.8 – ϤϹϻ Ͽ ϴ  ϴ Ϲ ϶ Ͼ ϶ ϸ ϴϻ Ϸ  Ϟϛ 
 

 
 

Ϥϼ Ͼ 4.9 – ϤϹϻ Ͽ ϴ  ϴ Ϲ ϶ Ͼ ϶ ё ϴϻ Ϸ  Ϟϛ 
 
ϦϴϵϿϼ ϴ 4.7  ϠϹ  Ͼ Ͼ Ϸ  ϻϴ Ͼϴ ϼ  ϼ Ϲϻ Ͽ ϴ  ϴ ё ϴ ϶ Ͼϴ  Ϟϛ 

Ϧϼ  Ϟϛ ϣ1 I .  i  
1  5 3,63 9,24 
3  5 3,23 8,22 
3  1 42,47 108,11 

 
4.8  ё     ё   
 
ϣ ϼ ϶ ϵ Ϲ Ͼ ϶Ϲϸ ϼ  ϴ ϹϽ Ϲ ϵ ϸϼ  ϵϹ Ϲ ϼ  ϶ Ͽ Ϲ ϼϹ 

Ϲϵ ϶ϴ ϼ  Ϲ ϼ Ϲ Ͼ Ͻ ϽϾ ϼ  ϴ ϴ ϴ ϶ ϼ ϶ ϸ ϼϾ ϶.  
ϘϿ  ϼ Ϲϸϼ Ϲ ϼϽ ϷϹ Ϲ ϴ ϶ ϴϼϵ Ͽ ϼϽ ϴ Ϲ Ͻ Ͼ ϹϸϹϿ Ϲ  

ϼ ϴϵ Ϲ  ϼ ϴϿ Ͻ  ϼ ϼϺϹ  ϴ 5% ϴ ϺϹ ϼϼ: 
            I ,  = , ∙ I , ,                                                                              (4.33) 
 I ,  = , ∙ , = ,  ;  
 
Ϥϴϵ ϼϽ Ͼ ϼ Ϲϸϼ Ϲ ϼϽ ϼϿ ϶  ϴ ϴ ϶: 
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I   = S ,√ ∙ U , = √ ∙ = ,  ,                                   .  

 
Ϥϴϵ ϼϽ ϴϾ ϼ ϴϿ Ͻ Ͼ ϶ Ͽϼ ϼϼ ϶ ϻϼ  ϼ Ϲ Ͻ 220Ͼϖ: 
 I .𝑚𝑎 = S∑n ∙ √ ∙ U = ∙ √ ∙ = ,  ,                               .  

  
Ϥϴ Ϲ Ͻ Ͼ ϺϹϿϹ Ϸ  ϹϺϼ ϴ ϹϸϹϿ Ϲ  ϼ ϾϿ Ϲ ϼϼ ϸ Ͻ 

ϼϻ Ͽϼ ϼϼ ϶ ϻϼ: 
 I . = S∑n − ∙ √ ∙ U = ∙ √ ∙ = ,  .                        .  

 
 

4.9      
 11  

 
Ϥϴϻ Ϲϸϼ ϼ ϹϿϼ ϶ ϵϼ ϴ   ϴ ϺϹ ϼ  ϼ Ͼ  ϺϹϿϹ Ϸ  ϹϺϼ ϴ 

ϼ ϶Ϲ  ϴ Ϲ ϼ Ϲ Ͼ  ϼ ϸϼ ϴ ϼ Ϲ Ͼ  ϽϾ   Ϲ  ϺϹ ϻ ϴ Ϲ ϼ , 
 ϼ ϶ ϾϿ ϴ ϹϿϼ. 

ϣ ϼ ϶ ϵ Ϲ ϶ ϾϿ ϴ ϹϿϹϽ ϼ ϴϻ Ϲϸϼ ϼ ϹϿϹϽ Ϲ ϵ ϸϼ  ϵϿ ϸϴ  
ϿϹϸ ϼϹ Ͽ ϶ϼ : 

 U U . .  
  I I ϴϵ,  .  
  BϾ, BϾ, ϴ .  

 
Ϝ Ͽ ϻ  Ͼϴ ϴϿ Ϸ ϼϻ϶ ϸϼ ϹϿ  ϢϔϢ ϖϢ «ϱϿϹϾ ϴ ϴ ϴ » ϸϿ  

ϷϹ Ϲ ϴ Ϸ  ϴ ϺϹ ϼ  ϶ ϵϼ ϴϹ  ϴϿ ϴ Ͻ ϶ ϾϿ ϴ ϹϿ  ϖϗϗ-15 ϼ 
ϴϻ Ϲϸϼ ϼ ϹϿ  ϤϖϤϛ–20/12500 ϧ3. Ϟϴ ϴϿ Ϻ Ϲ ϸϴ Ϲ ϷϹ Ϲ ϴ Ϸ  

϶ ϾϿ ϴ ϹϿ  ϼ ϴϻ Ϲϸϼ ϼ ϹϿ  Ϲϸ ϴ϶ϿϹ  ϶ ϴϵϿϼ Ϲ 4.8.  
 

ϦϴϵϿϼ ϴ 4.8  ϥ϶ ϸ ϴ  ϴϵϿϼ ϴ  ϶ ϵ  ϷϹ Ϲ ϴ Ϸ  ϶ ϾϿ ϴ ϹϿ  ϼ 
ϴϻ Ϲϸϼ ϼ ϹϿ  

Ϥϴ ё Ϲ ϸϴ Ϲ 
Ϟϴ ϴϿ Ϻ Ϲ ϸϴ Ϲ 

ϖ ϾϿ ϴ ϹϿ  
ϖϗϗ-15 

Ϥϴϻ Ϲϸϼ ϼ ϹϿ  
ϤϖϤϛ-20/12500 ϧ3 U  =   U =  Ͼϖ U =  Ͼϖ I . =   I =  ϔ I =  ϔ I = ,  Ͼϔ I . =  Ͼϔ I . =   
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ϢϾ ϴ ϼϹ ϴϵϿϼ  4.8 

Ϥϴ ё Ϲ ϸϴ Ϲ 
Ϟϴ ϴϿ Ϻ Ϲ ϸϴ Ϲ 

ϖ ϾϿ ϴ ϹϿ  
ϖϗϗ-15 

Ϥϴϻ Ϲϸϼ ϼ ϹϿ  
ϤϖϤϛ-20/12500 ϧ3 i = ,  Ͼϔ i . =  Ͼϔ i . =  Ͼϔ 

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

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

 
ϣ ϶Ϲ Ͼϴ ϴ ϴ Ϲ ϼ ϸϼ Ϲ Ͼ  ϴ϶Ͽ  ϶ ϾϿ ϴ ϹϿ  ϖϗϗ-15: 
 i τ = √ ∙ I ∙ Ϲ−τ/Ϧϴ = √ ∙ , ∙ Ϲ− , / , = ,  Ͼϔ.                 (4.37) 
 i τ√I ∙ % = % 

 
31% < % 
 
ϣ ϼϵ , ϴ ϴ϶Ͽϼ϶ϴϹ Ϲ ϶ Ϲ  ϷϹ Ϲ ϴ ϶, Ϲϸ ϴ϶ϿϹ  ϶ ϴϵϿϼ Ϲ 

4.9. 
 
ϦϴϵϿϼ ϴ 4.9  ϣ ϼϵ , ϴ ϴ϶Ͽϼ϶ϴϹ Ϲ ϶ Ϲ  ϷϹ Ϲ ϴ ϶ 

ϡϴϼ Ϲ ϶ϴ ϼϹ 
ϼϵ ϴ 

Ϧϼ  ϼϵ ϴ 
Ϝ Ϲ ϹϽ  

ϼϵ ϴ 
ϞϿϴ  

ϼ 
ϣ ϹϵϿ Ϲ ϴ  

 (ϖ·ϔ) 
 ϖ Ϲ ϼ ϴ ϴ: 

ϔ ϴϿϼϻϴ  Ϲ ϼ ϔϣϞϱ-1 RS485 0,5 8 
 ϖ Ϲ ϼ ϴ: 

ϔ ϴϿϼϻϴ  Ϲ ϼ ϔϣϞϱ-1 RS485 0,5 8 
ϥϼ ϼϻϴ  ϔϥ-Ϡ3 RS485 0,5 10 

  ∑ = 26 ϖ·ϔ 
 
ϖ ϵ ϴ , ϼϻ϶ ϸϼ Ͻ ϼϽ Ͼ Ͻ Ͼ ϴ ϼϹϽ ϢϢϢ «ϔϥϧ-ϖϱϜ», 

ϼϾ Ϲ Ͻ ϴ϶ ϴ ϼ Ϲ ϾϼϽ ϼ ϼϻϴ  ϼ ϴ ϔϥ-Ϡ3. ϣ Ϲϸ ϴϻ ϴ Ϲ  
ϸϿ  ϶ϾϿ Ϲ ϼ  ϶ Ϲ  ϼ Ϸ  ϷϹ Ϲ ϴ ϴ Ϲ ϸ  Ͻ ϴ϶ ϴ ϼ Ϲ Ͼ Ͻ 
ϼ ϼϻϴ ϼϼ, ϴ ϴϾϺϹ ϸϿ  ϶ϾϿ Ϲ ϼ  ϶ Ϲ  ϼ Ϸ  Ͼ Ϲ ϴ ϴ, 
ϴϵ ϴ ϹϷ  ϶ ϹϺϼ Ϲ ϶ ϵϹϷϴ. ϔϥ-Ϡ3 ϼϻϷ ϴ϶Ͽϼ϶ϴϹ  ϶ ϾϿϼ ϴ ϼ Ϲ Ͼ  

ϼ Ͽ Ϲ ϼϼ ϧ Ͼϴ ϹϷ ϼϼ ϴϻ Ϲ Ϲ ϼ  4  ϗϢϥϦ 15150 ( Ϲ Ϲ ϴ ϴ 
Ͼ Ϻϴ ϹϷ  ϶ ϻϸ ϴ  1 ϸ  45°ϥ; ϶Ϲ ϹϹ ϹϸϹϿ Ϲ ϻ ϴ Ϲ ϼϹ Ϲ Ϲ ϴ  

55°ϥ; ϼ ϹϿ ϴ  ϶ϿϴϺ  ϶ ϻϸ ϴ 98 % ϼ Ϲ Ϲ ϴ Ϲ 35°ϥ). ϔϥ-Ϡ3 
Ϲϸ ϴϻ ϴ Ϲ  ϸϿ  Ͼ Ͽ ϴ ϴ ϼϼ ϶ ϴ Ϲ Ϲ, ϶Ϲ ϶ ϹϽ Ϸ Ϲ ϣ  

ϗϢϥϦ 15150.  
ϖ ϵ ϴ  Ϲ Ϲ ϶Ϲ Ͻ ϴ ϴϿϼϻϴ , ϼϻ϶ ϸϼ Ͻ ϼ Ͻ ϢϢϢ «ϲϣϛ 

ϣ ϶ ϻ Ͼ ϿϹϾ ». ϔϣϞϱ-1 Ϲϸ ϴϻ ϴ Ϲ  ϸϿ  ϴ϶ ϴ ϼϻϴ ϼϼ ϼϻ Ϲ Ϲ ϼϽ ϼ 
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ϹϷϼ ϴ ϼϼ ϴ ϴ Ϲ ϶ Ͼϴ Ϲ ϶ϴ ϿϹϾ ϼ Ϲ Ͼ Ͻ Ϲ Ϸϼϼ ϶ ϿϹϾ ϼ Ϲ Ͼϼ  Ϲ  
ϼ Ϲ  ϿϹϾ ϴϵϺϹ ϼ  ϵ ϹϷ  ϴϻ ϴ Ϲ ϼ  Ϲ Ϲ Ϲ Ϸ  Ϲ ϴϻ Ϸ  ϼ 
ϸ ϴϻ Ϸ  Ͼϴ ϴ Ͻ 50 ϗ  ϼ ϴ ϺϹ ϼϹ   0,4 ϸ  750 Ͼϖ. 

ϣ ϼϵ  ϴ϶ ϴ ϼ Ϲ Ͼϼ Ͼ Ͽϼ Ϲ  ϶ Ϲ Ͼϴϻϴ ϹϿϼ Ͼϴ Ϲ ϶ϴ 
ϿϹϾ Ϲ Ϸϼϼ ϼ ϴ϶Ͽ Ϲ   ϴ ϼ϶ ϼ ϻ ϴ Ϲ ϼ ϼ (϶ ϶Ϲ ϶ϼϼ  

ϗϢϥϦ 13109-97),  ϻ϶ Ͽ Ϲ  ϿϹϺϼ϶ϴ  ϾϿ Ϲ ϼ   ϴ ϼ϶  
ϴ ϴ Ϲ ϶, ϴ ϿϹϸ ϶ϴ ϹϿ  – Ϲϸ ϶ ϴ ϴ  ϴ϶ϴ ϼϽ Ϲ ϼ ϴ ϼϼ ϼ 

Ϲ ϶Ϲ  Ͼ ϴ ϼ  Ͼ Ͽ ϴ ϴ ϼ Ϲ ϴ ϸ  ϴ Ϲ  ϵ ϸ ϶ϴ ϼ , 
ϵϹ Ϲ ϼ϶ ϹϷ  ϴϵ ϵ , ϴϸϹϺ  ϼ ϸ ϿϷ ϶Ϲ . ϣ ϸϾϿ Ϲ ϼϹ Ͼ 
Ϲ ϼ ϴ ϺϹ ϼϹ  ϶ Ϲ 0,4 Ͼϖ ϼϻ϶ ϸϼ  Ϲ Ϲϻ ϼϻ Ϲ ϼ ϹϿ Ͻ 
ϴ ϴ  ϴ ϺϹ ϼ . 

 
4.10      
 
ϖ ϵϼ ϴϹ  ϴ ϴ  Ͼϴ ϦϬϟ–10–1. ϣ ϼϻ϶ ϸϼ ϹϿ  ϢϔϢ 

«ϥ϶Ϲ ϸϿ ϶ ϾϼϽ ϻϴ϶ ϸ». ϣ ϶Ϲ Ͼϴ ϴ ϴ ϴ Ͼϴ ϦϬϟ-10-1 Ϲϸ ϴ϶ϿϹ ϴ 
϶ ϴϵϿϼ Ϲ 4.10. 
 
ϦϴϵϿϼ ϴ 4.10  ϣ ϶Ϲ Ͼϴ ϴ ϴ ϴ Ͼϴ ϦϬϟ–10 

ϣϴ ϴ Ϲ  Ϥϴ ё Ϲ ϸϴ Ϲ Ϙϴ Ϲ ϦϦ  Ͼϴ ϴϿ Ϸ  U < U  U =   U =   I  < I  I . =   I =   
 
ϖ ϵ ϴ  ϴ ϴ  ϴ ϺϹ ϼ  ϛϡϢϟ06. ϣ ϼϻ϶ ϸϼ ϹϿ  ϢϔϢ 

«ϥ϶Ϲ ϸϿ ϶ ϾϼϽ ϻϴ϶ ϸ». ϣϴ ϴ Ϲ  ϴ ϴ ϴ ϴ ϺϹ ϼ  ϛϡϢϟ06 
Ϲϸ ϴ϶ϿϹ  ϶ ϴϵϿϼ Ϲ 4.11. 

 
ϦϴϵϿϼ ϴ 4.11  ϖ ϵ  ϼ ϶Ϲ Ͼϴ ϴ ϴ ϴ ϴ ϺϹ ϼ  

ϣϴ ϴ Ϲ  Ϥϴ ё Ϲ ϸϴ Ϲ Ϙϴ Ϲ Ϧϡ  Ͼϴ ϴϿ Ϸ  U Ϲ ϼ < U  Uϗ =  Ͼϖ U = Ͼϖ 
 

4.11    
 
4.11.1     
 
Ϝ Ͽ ϻ  Ͼϴ ϴϿ Ϸ ϼϻ϶ ϸϼ ϹϿ  ϛϔϢ «ϱ Ϲ Ϸ ϴ » ϼ ϛϔϢ «ϛϱϦϢ» 

϶ ϵϼ ϴϹ  ϿϹϷϴϻ ϶ Ͻ ϵϴϾ ϶ Ͻ ϶ ϾϿ ϴ ϹϿ  ϖϱϕ-220 ϼ ϴϻ Ϲϸϼ ϼ ϹϿ  Ϥϗ-
220/1000 ϧϩϟ1. Ϟϴ ϴϿ Ϻ Ϲ ϸϴ Ϲ ϷϹ Ϲ ϴ Ϸ  ϶ ϾϿ ϴ ϹϿ  ϼ 

ϴϻ Ϲϸϼ ϼ ϹϿ  Ϲϸ ϴ϶ϿϹ  ϶ ϴϵϿϼ Ϲ 4.12.  ϣ ϼϵ , ϴ ϴ϶Ͽϼ϶ϴϹ Ϲ ϶ Ϲ ϼ 
϶ ϹϷ  ϴ ϺϹ ϼ  220 Ͼϖ ϴ ϸ ϼ  Ͽϼ ϼ  Ϲϸ ϴ϶ϿϹ  ϶ ϴϵϿϼ Ϲ 4.13. 
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ϦϴϵϿϼ ϴ 4.12  ϥ϶ ϸ ϴ  ϴϵϿϼ ϴ  ϶ ϵ  ϷϹ Ϲ ϴ Ϸ  ϶ ϾϿ ϴ ϹϿ  ϼ 
ϴϻ Ϲϸϼ ϼ ϹϿ  

Ϥϴ ё Ϲ ϸϴ Ϲ 
Ϟϴ ϴϿ Ϻ Ϲ ϸϴ Ϲ 

ϖ ϾϿ ϴ ϹϿ  
ϖϱϕ-220 

Ϥϴϻ Ϲϸϼ ϼ ϹϿ  
Ϥϗ-220/1000 ϧϩϟ1 U Ϲ ϼ =  Ͼϖ U =  Ͼϖ U =  Ͼϖ I ϴϵ = ,  ϔ I =  ϔ I =  ϔ I = ,  Ͼϔ I . =   I . = ,  − i = ,   i . =   i . =   . = I ∙ (t + t = = ∙ , + , = = ,  ∙  

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

 
ϦϴϵϿϼ ϴ 4.13  ϣ ϼϵ , ϴ ϴ϶Ͽϼ϶ϴϹ Ϲ ϶ Ϲ ϼ ϶ ϹϷ  ϴ ϺϹ ϼ  220 Ͼϖ 

ϴ ϸ ϼ  Ͽϼ ϼ  
ϡϴϼ Ϲ ϶ϴ ϼϹ 

ϼϵ ϴ 
Ϧϼ  ϼϵ ϴ 

Ϝ Ϲ ϹϽ  
ϼϵ ϴ 

ϞϿϴ  
ϼ 

ϣ ϹϵϿ Ϲ ϴ  
 (ϖ·ϔ) 

ϔ ϴϿϼϻϴ  Ϲ ϼ ϔϣϞϱ-1 RS485 0,5 8 
 

4.11.2      
 
ϖ ϾϿ ϴ ϹϿ  ϖϱϕ-220 Ͼ ϿϹϾ ϶ϴ  ϴ ϴ  Ͼϴ ϦϢϗϨ-220-

ϧϩϟ1. ϣ ϼϻ϶ ϸϼ ϹϿ  ϛϔϢ «ϛϱϦϢ». ϣ ϶Ϲ Ͼϴ ϴ ϴ ϴ Ͼϴ ϦϢϗϨ-220-
ϧϩϟ1 Ϲϸ ϴ϶ϿϹ ϴ ϶ ϴϵϿϼ Ϲ 4.14. 

 
ϦϴϵϿϼ ϴ 4.14 – ϣ ϶Ϲ Ͼϴ ϴ ϴ ϴ Ͼϴ 

ϣϴ ϴ Ϲ  Ϥϴ ё Ϲ ϸϴ Ϲ Ϙϴ Ϲ ϦϦ  Ͼϴ ϴϿ Ϸ  U Ϲ ϼ < U  U Ϲ ϼ =  Ͼϖ U =  Ͼϖ I ϴϵ < I  I ϴϵ = ,  ϔ I =  ϔ 
 
ϖ ϵ ϴ  ϴ ϴ  ϴ ϺϹ ϼ  ϛϡϢϗ-220. ϣ ϼϻ϶ ϸϼ ϹϿ  ϛϔϢ 

«ϛϱϦϢ». ϣϴ ϴ Ϲ  ϴ ϴ ϴ ϴ ϺϹ ϼ  ϛϡϢϗ-220 Ϲϸ ϴ϶ϿϹ  ϶ 
ϴϵϿϼ Ϲ 4.15. 

 
ϦϴϵϿϼ ϴ 4.15 – ϖ ϵ  ϴ ϴ ϴ ϴ ϺϹ ϼ  

ϣϴ ϴ Ϲ  Ϥϴ ё Ϲ ϸϴ Ϲ Ϙϴ Ϲ Ϧϡ  Ͼϴ ϴϿ Ϸ  U Ϲ ϼ < U  U Ϲ ϼ =  Ͼϖ U =  Ͼϖ 
 
ϖ ϢϤϧ 220Ͼϖ ϴ ϴ϶Ͽϼ϶ϴϹ    ϶ ϹϷ  ϴ ϺϹ ϼ  Ϣϣϡ-ϣ-220 

ϧϩϟ1, ϼ  ϛϔϢ «ϛϱϦϢ». 
 
 
 
 
 



61 
 

5     
 

5.1    
 

ϣϴ ϴ Ϲ  Ϸϼϸ ϷϹ Ϲ ϴ ϴ ϼ ϼϿ ϶ Ϸ  ϴ ϴ ϴ ϼ϶ϹϸϹ  ϶ 
ϴϵϿϼ Ϲ 5.1, 5.2 ϼ 5.3. 

 
ϦϴϵϿϼ ϴ 5.1 – ϣϴ ϴ Ϲ  Ϸϼϸ ϷϹ Ϲ ϴ ϴ ϥϖ 845/140-44Ϧ 
Ϧϼ  ϥϖ 845/140-44Ϧ 

Ϡ  ϼ ϴϿ ϴ  
ϣ Ͽ ϴ , Ϡϖϔ 56 
ϔϾ ϼ϶ ϴ , Ϡϖ  50,4 

ϡ ϼ ϴϿ Ϲ ϴ ϺϹ ϼϹ, Ͼϖ 11 
Ϟ ϼ ϼϹ  ϼ  cos φ 0,9 
ϫϴ ϴ ϶ ϴ Ϲ ϼ , ϵ/ ϼ  136,4 
ϫϼ Ͽ  ϴϻ ϵ Ͼϼ ϴ ϴ (Ͼ Ͽϼ Ϲ ϶  

ϴ ϴϿϿϹϿ  ϶Ϲ ϶ϹϽ) 3 

ϡ ϼ ϴϿ Ͻ Ͼ ϴ ϴ, ϔ 2945 
Ϧ Ͼ ϴ ϼ ϼ ϴϿ Ͻ ϴϷ ϻϾϹ, ϔ 980 
Ϝ ϸ Ͼ ϼ϶ Ϲ 

ϼ϶ϿϹ ϼϹ  
ϸ Ͽ Ͻ ϼ 

ϼ Ϲ Xd, .Ϲ. 0,77 
Ϲ Ϲ ϸ Ϲ X'd, .Ϲ. 0,26 
϶Ϲ Ϲ Ϲ ϸ Ϲ X"d, .Ϲ. 0,18 

Ϝ ϸ Ͼ ϼ϶ Ϲ ϼ϶ϿϹ ϼϹ ϵ ϴ Ͻ 
ϿϹϸ ϶ϴ ϹϿ ϼ, .Ϲ. 0,23 

ϙ Ͼ  ϵ Ͼϼ ϴ ϴ, ϾϨ/ ϴϻ  0,82 
 

ϦϴϵϿϼ ϴ 5.2 – ϣϴ ϴ Ϲ  ϼϿ ϶ Ϸ  ϴ ϴ ϴ ϦϤϘϪϡ-63000/220 
Ϧϼ  ϦϤϘϪϡ-63000/220 

 ϼ ϴϿ ϴ  63 Ϡϖϔ 
ϼ ϴϿ Ϲ ϴ ϺϹ ϼϹ 230/11 

ϴ ϺϹ ϼϹ Ͼ Ͼ Ϸ  ϻϴ Ͼϴ ϼ  12 

Ϸ ϴ Ϲϸϼ Ϲ ϼϽ Y /Δ 

 
ϦϴϵϿϼ ϴ 5.3 – ϣϴ ϴ Ϲ  ϴ ϴ ϴ ϵ ϶Ϲ  Ϻϸ Ϧϥϛ-1000/10/0,4 
Ϡ  ϼ ϴϿ ϴ  1 Ϡϖϔ 

ϼ ϴϿ Ϲ ϴ ϺϹ ϼϹ 10/0,4 

ϴ ϺϹ ϼϹ Ͼ Ͼ Ϸ  ϻϴ Ͼϴ ϼ  6 

Ϸ ϴ Ϲϸϼ Ϲ ϼϽ Δ/Y  

 
5.2    

 
ϡϴ ϷϹ Ϲ ϴ  ϴ ϺϹ ϼϼ: 
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I = P /cosφ√ ∙ U = , ∙ / ,√ ∙ = ,  ,                                          .  

 
ϷϸϹ P − ϼ ϴϿ ϴ  ϴϾ ϼ϶ ϴ   ϷϹ Ϲ ϴ ϴ; cosφ − Ͼ ϼ ϼϹ  ϼ ϷϹ Ϲ ϴ ϴ; U − ϼ ϴϿ Ϲ ϴ ϺϹ ϼϹ ϷϹ Ϲ ϴ ϴ. 

ϡ ϼ ϴϿ Ͻ ϶ ϼ Ͻ Ͼ ϷϹ Ϲ ϴ ϴ: 
 I = I ∙ = , ∙/ = ,  ,                                                      .  

 
ϡ ϼ ϴϿ Ͻ Ϲ ϶ϼ Ͻ Ͼ ϴ Ϲ ϶ ϹϷ  ϴ ϺϹ ϼ : 
 I = S√ ∙ U  = ∙√ ∙ = ,  ,                                                       .  

 
ϷϸϹ S   ϼ ϴϿ ϴ  Ͽ ϴ   ϼϿ ϶ Ϸ  ϴ ϴ ϴ; U    ϼ ϴϿ Ϲ ϴ ϺϹ ϼϹ ϼϿ ϶ Ϸ  ϴ ϴ ϴ. 

ϡ ϼ ϴϿ Ͻ ϶ ϼ Ͻ Ͼ ϴ Ϲ ϖϡ: 
 I = I  = ,/ = ,  ,                                                                        .  

 
ϷϸϹ    Ͼ ϼ ϼϹ  ϴ ϴ ϼϼ ϴ ϴ ϴ Ͼϴ ϴ Ϲ 
϶ ϹϷ  ϴ ϺϹ ϼ . 

ϖ ϵ  ϶ Ϸϴ ϹϿ Ϸ  ϷϹ Ϲ ϴ ϴ: ϘϹϿϼ , ϵ  Ϲ ϹϽ ϼ  Ͻ 
϶ϹϿϼ ϼ  Ͼ Ϲ Ϲ Ϲ Ͻ  

 I . = I ., = ,  ,                                                                                .  

 
ϷϸϹ I .   ϼ ϴϿ Ͻ Ͼ ϴ.  

Ϡ  ϷϹ Ϲ ϴ ϴ ϶ ϻϵ ϺϸϹ ϼ : 
 S = √ U .  I . = √   ,   , = ,  ,                         .  
 
ϡ ϼ ϴϿ Ͻ ϶ ϼ Ͻ Ͼ ϶ Ϸϴ ϹϿ Ϸ  ϷϹ Ϲ ϴ ϴ: 
 I = I . = , / =  ,                                                                              .  
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5.3     
 
ϗϹ Ϲ ϴ  ϥϖ – 845/140-44Ϧ 
ϥϼϿ ϶ Ͻ ϴ ϴ  ϦϤϘϪϡ 63000/220 
ϟϼ ϼϼ ϿϹϾ Ϲ Ϲϸϴ ϼ 220 Ͼϖ 
ϖ ϶Ϲ ϶ϼϼ  ϣϧϱ ϷϿϴ  ϼ ϷϹ Ϲ ϴ ϴ ϼ ϼ ϴϹ  Ͼ 

ϴ ϶ϾϹ ϿϹϸ ϼϹ ϶ϼϸ  ϻϴ ϼ  ϴ ϶  ϵ ϸ ϶ϴ ϼϼ. 
 

    – 845/144-44 : 
• ϣ ϸ Ͽ ϴ  ϸϼ Ϲ Ϲ ϼϴϿ ϴ  ϻϴ ϼ ϴ ϷϹ Ϲ ϴ ϴ  Ϸ ϴϻ  

Ͼ Ͼϼ  ϻϴ Ͼϴ ϼϽ ϶ ϵ Ͼϴ  ϴ ϴ ϷϹ Ϲ ϴ ϴ ϼ ϴ ϹϷ  ϶ ϶ ϸϴ ; 
• ϛϴ ϼ ϴ  ϻϴ Ͼϴ ϼϽ ϴ ϻϹ Ͽ  (100%) ϵ Ͼϼ ϴ ϴ ϷϹ Ϲ ϴ ϴ; 
• ϛϴ ϼ ϴ  ϻϴ Ͼϴ ϼϽ ϴ ϻϹ Ͽ  ϵ Ͼϼ ϴ ϷϹ Ϲ ϴ ϴ; 
• ϛϴ ϼ ϴ  ϶ Ϲ ϼ  ϴ ϺϹ ϼ ; 
• ϛϴ ϼ ϴ ϵ ϴ Ͻ ϿϹϸ ϶ϴ ϹϿ ϼ  Ͼ ϶ ϶ Ϲ ϼ  

Ϲ ϼ Ϲ ϼ  Ͼ Ͼϼ  ϻϴ Ͼϴ ϼϽ ϼ Ϲ ϼ Ϲ ϼ  Ϲ ϹϷ ϻ Ͼ 
ϷϹ Ϲ ϴ ϴ; 

• ϛϴ ϼ ϴ  ϼ Ϲ ϼ  Ϲ ϹϷ ϻ Ͼ ϴ ϴ; 
• Ϙϼ ϴ ϼ ϴ  ϻϴ ϼ ϴ  ϶ Ϲ ϼ  Ͼ Ͼϼ  ϻϴ Ͼϴ ϼϽ; 
• ϛϴ ϼ ϴ  ϴ ϼ Ϸ  ϹϺϼ ϴ ϵϹϻ Ϲ ϼ ϶ ϻϵ ϺϸϹ ϼ  ϷϹ Ϲ ϴ ϴ; 
• ϛϴ ϼ ϴ  ϴ ϼ Ϸ  ϹϺϼ ϴ ϼ Ϲ Ϲ ϶ ϻϵ ϺϸϹ ϼ  ϷϹ Ϲ ϴ ϴ; 
• ϛϴ ϼ ϴ  Ϲ ϹϷ ϻϾϼ ϵ Ͼϼ ϴ, Ͼ Ͽ  ϸϿϼ ϹϿ ϼ 

ϼ ϶Ͼϼ; 
• ϧ Ͻ ϶  ϹϻϹ ϶ϼ ϶ϴ ϼ  Ͼϴϻϴ ϶ ϾϿ ϴ ϹϿ  (ϧϤϢϖ) ϷϹ Ϲ ϴ ϴ; 
 

     63000/220: 
• Ϙϼ Ϲ Ϲ ϼϴϿ ϴ  ϻϴ ϼ ϴ  ϶ Ϲ  ϶ϼϸ ϶ Ͼ Ͼϼ  ϻϴ Ͼϴ ϼϽ; 
• ϧ Ͻ ϶  ϶ ϵ ϴ ϶ ϹϺϸϹ Ͻ ϴϻ  ϴ ϴ ϴ, 

϶ϴ ϶ϴ ϹϹ ϵ Ͼ  ϖϡ (Ϙϼ Ϲ Ϲ ϼϴϿ ϴ  ϻϴ ϼ ϴ ϿϹ϶ Ͻ 
ϿϹϸ ϶ϴ ϹϿ ϼ); 

• Ϧ Ͼ ϶ϴ  ϻϴ ϼ ϴ ϿϹ϶ Ͻ ϿϹϸ ϶ϴ ϹϿ ϼ  Ͼ Ͼϼ  ϻϴ Ͼϴ ϼϽ 
ϴ ϻϹ Ͽ  ϶ Ϲ ϼ 220 Ͼϖ; 

• ϤϹϻϹ ϶ ϴ  ϴϾ ϼ ϴϿ ϴ  Ͼ ϶ϴ  ϻϴ ϼ ϴ; 
• ϛϴ ϼ ϴ  ϻϴ Ͼϴ ϼϽ ϴ ϻϹ Ͽ  ϴ Ϲ 11 Ͼϖ ϴ ϴ ϴ 

ϵϿ Ͼϴ; 
• Ϟ Ͽ  Ͼϴ ϼ ϴ ϺϹ ϼ  ϸϿ  Ͼϴ Ϻϴ Ϲ ϼ  

ϴ ϴ ϴ ϵϿ Ͼϴ;  
• ϤϹϿϹ Ͼϴ ϿϴϺϸϹ ϼ  ϴ ϴ ϴ ϵϿ Ͼϴ; 
• ϛϴ ϼ ϴ  ϶ Ϲ ϼ  Ϲ Ϲ ϴ  ϴ Ͽϴ ϶ ϵϴϾϹ ϴ ϴ ϴ; 
• ϛϴ ϼ ϴ  Ϲ ϼ ϿϴϺϸϹ ϼ  
 

   : 
• Ϙϼ Ϲ Ϲ ϼϴϿ ϴ  ϻϴ ϼ ϴ  ϶ Ϲ  ϶ϼϸ ϶ Ͼ Ͼϼ  ϻϴ Ͼϴ ϼϽ 
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• ϠϴϾ ϼ ϴϿ ϴ  Ͼ ϶ϴ  ϻϴ ϼ ϴ  Ͼ ϵϼ ϼ ϶ϴ  Ͼ   
ϴ ϺϹ ϼ  

• ϛϴ ϼ ϴ  Ϲ ϹϷ ϻϾϼ 
• ϤϹϿϹ Ͼϴ ϿϴϺϸϹ ϼ  
 

   220 : 
– Ϣ ϶ Ϲ ϻϴ ϼ : 
• ϸϼ Ϲ Ϲ ϼϴϿ - ϴϻ ϴ  ϶ Ͼ ϴ ϴ  ϻϴ ϼ ϴ  ϶ Ϲ  ϶ϼϸ ϶ Ϟϛ. 
– ϤϹϻϹ ϶ Ϲ ϻϴ ϼ : 
• 5- ϼ Ϲ ϴ ϴ  ϸϼ ϴ ϼ ϴ  ϻϴ ϼ ϴ  Ϸ ϴϻ  ϻϴ Ͼϴ ϼϽ; 
• Ͼ ϶ϴ  Ϲ Ͼϴ ϸϿ  ϹϻϹ ϶ϼ ϶ϴ ϼ  ϸϼ ϴ ϼ Ͻ ϻϴ ϼ  ϼ 

ϵϿϼϻϾϼ  ϹϺϸ ϴϻ  Ϟϛ; 
• 4-  Ϲ ϴ ϴ  Ͼ ϶ϴ  ϴ ϴ϶ϿϹ ϴ  ϻϴ ϼ ϴ  ϻϴ Ͼϴ ϼϽ ϴ ϻϹ Ͽ  

(Ϧϡϛϡϣ); 
• ϸϿ  ϵϹ Ϲ Ϲ ϼ  ϾϿ Ϲ ϼ  Ϟϛ ϼ Ͼϴϻϴ  ϶ ϾϿ ϴ ϹϿϹϽ 220 Ͼϖ 

Ϲϸ ϴ ϼ϶ϴϹ  ϧϤϢϖ 220 Ͼϖ. 
 

5.4       
 

5.4.1     (I∆G) 
 

ϣ ϸ Ͽ ϴ  ϸϼ Ϲ Ϲ ϼϴϿ ϴ  ϻϴ ϼ ϴ ϷϹ Ϲ ϴ ϴ ϶Ͽ Ϲ  ϶ Ͻ 
ϵ ϸϹϽ ϶ ϹϽ ϶ ϶ϼ ϹϿ Ͻ I < , ∙ I  ϻϴ ϼ Ͻ  ϹϺϸ ϴϻ  
Ͼ Ͼϼ  ϻϴ Ͼϴ ϼϽ ϶ ϵ ϾϹ ϷϹ Ϲ ϴ ϴ ϼ ϴ ϹϷ  ϶ ϶ ϸϴ . 

ϛϴ ϼ ϴ ϶ Ͽ Ϲ  Ϲ ϴϻ Ͻ ϼ ϸϾϿ ϴϹ  Ͼ ϴ ϴ ϴ  Ͼϴ 
϶ Ͽϼ ϹϽ  ϶ ϶ ϸϴ  ϴ ϴ ϷϹ Ϲ ϴ ϴ ϼ Ͼ ϴ ϴ ϴ  Ͼϴ ϶ 

ϹϽ ϴϿ  ϶ ϶ ϸϴ . 
ϡ ϼ ϴϿ Ͻ Ͼ ϷϹ Ϲ ϴ ϴ: I = ,  . 
Ϟ ϼ ϼϹ  ϴ ϴ ϼϼ ϴ ϴ ϶ Ͼϴ: η = /  . 
1. ϡϴ ϴϿ Ͻ Ͼ ϴϵϴ ϶ϴ ϼ  ϹϸϹϿ Ϲ  ϶ ϶ϼ ϹϿ  ϻϴ ϼ  ϼ 

ϴϿ  ϻ  Ͼϴ . ϖϹϿϼ ϼ ϴ I .  ϶ ϵϼ ϴϹ   Ϲ  ϶ ϻ Ϻ ϼ 
ϽϾϼ ϻϴ ϼ   Ͼϴ ϹϵϴϿϴ ϴ ϼ ϴϿ Ϸ  ϹϺϼ ϴ: 

 I = ∙ f ∙ I = , ∙ , ∙ I ,                                                         .  
 

ϷϸϹ = ,  – Ͼ ϼ ϼϹ  ϸ ϼ ϼ ϴ ϴ ϶ Ͼϴ;  f = ,  – ϼ ϹϿ ϴ  Ϸ Ϲ  ϴ ϴ ϶ Ͼϴ. 
ϧ ϴ϶Ͼϴ ϶ ϵϼ ϴϹ  ϼϻ Ͽ ϶ϼ : 
 I . K ∙ I = ∙ , ∙ I = , ∙ I ,                                             .  
 

ϷϸϹ K =  – Ͼ ϼ ϼϹ  ϴϸϹϺ ϼ. 
 I . ,  . 
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ϧ ϴ϶Ͼϴ ϴ ϴϿ Ϸ  Ͼϴ ϴϵϴ ϶ϴ ϼ  ϼ ϼ ϴϹ  ϴ϶ Ͻ: 
 I . = , − , ∙ I ,                                                                                  .  
 
ϣ ϼ ϼ ϴϹ  ϴ϶Ͼ : 
 
 I . = , ∙ I = ,  . 
 
2. Ϟ ϼ ϼϹ  ϺϹ ϼ  K  ϹϸϹϿ Ϲ  ϶ ϶ϼ ϹϿ  ϻϴ ϼ  Ͼ 

϶ ϹϺϸϹ ϼ  ϼ ϹϾϴ ϼϼ Ͼϴ ϴϷ ϻϾϼ. ϖϹϿϼ ϼ ϴ  ϶ ϵϼ ϴϹ   Ϲ  
ϽϾϼ ϻϴ ϼ   Ͼ ϶ ϹϵϴϿϴ ϴ, ϶ ϻ϶ϴ  Ϸ Ϲ ϼ 

ϴ ϴ ϶ Ͼϴ ϼ Ͼ϶ ϻ  Ͼ Ͼϼ  ϻϴ Ͼϴ ϼ . 
ϠϴϾ ϼ ϴϿ Ͻ Ͼ ϹϵϴϿϴ ϴ ϼ ϶ Ϲ Ϲ  Ϲ ϴϻ  Ͼ Ͼ  

ϻϴ Ͼϴ ϼϼ ϴ϶Ϲ :   
 I = ∙ f ∙ ∙ I ,                                                                          .  
 

ϷϸϹ =  – Ͼ ϼ ϼϹ  ϴ Ϲ ϼ ϸϼ Ϲ Ͼ Ͻ ϴ϶Ͽ ϹϽ;  f = ,  – ϼ ϹϿ ϴ  Ϸ Ϲ  ϴ ϴ ϶ Ͼϴ; = ,  – Ͼ ϼ ϼϹ  ϸ ϼ ϼ ϴ ϴ ϶ Ͼϴ (0,5-ϸϿ  
ϸ ϼ  ϦϦ, 1,0 ϸϿ  ϴϻ  ϦϦ); I  – ϴϾ ϼ ϴϿ Ͻ Ͼ Ϲ Ϲϻ ϴ ϴ  Ͼϴ ϶ Ͽϼ ϹϽ  ϶ ϶ ϸϴ  

ϼ ϶ Ϲ Ϲ  Ϲ ϴϻ  Ͼ Ͼ  ϻϴ Ͼϴ ϼϼ ϶ Ϲ ϼ ϷϹ Ϲ ϴ Ϸ  
ϴ ϺϹ ϼ ; 

 I = E′′x′′ ∙ I = ,, ∙ , = ,  ,                                       .  

 
ϷϸϹ E′′ – ϶Ϲ Ϲ Ϲ ϸ Ϲ ϱϘϥ ϷϹ Ϲ ϴ ϴ; x′′ – ϶Ϲ Ϲ Ϲ ϸ Ϲ ϼ϶ϿϹ ϼϹ ϷϹ Ϲ ϴ ϴ. 

ϦϴϾϼ  ϵ ϴϻ , ϴϾ ϼ ϴϿ Ͻ Ͼ ϹϵϴϿϴ ϴ ϴ϶Ϲ  : 
  I = ∙ , ∙ , ∙ , = ,  ,                                            .  
 
Ϟ ϼ ϼϹ  ϺϹ ϼ  ϶ ϵϼ ϴϹ  ϼϻ Ͽ ϶ϼ : 
 K >  I ∙ KI                                                                                                   .  

 
ϷϸϹ  – Ͼ ϼ ϼϹ  ϴϸϹϺ ϼ; I  – Ͼ Ϲ ϴϻ Ϸ  Ϟϛ ϴ ϶ ϶ ϸϴ  ϷϹ Ϲ ϴ ϴ ϴ϶ Ͻ I . 
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K > ,  ∙, , 
 K > , ,  

 
ϷϸϹ K =  – Ͼ ϼ ϼϹ  ϴϸϹϺ ϼ;  I  - Ͼ Ϲ ϴϻ Ϸ  Ͼ Ͼ Ϸ  ϻϴ Ͼϴ ϼ  ϴ ϶ ϶ ϸϴ  ϷϹ Ϲ ϴ ϴ. 

ϣ ϼ ϼ ϴϹ  ϴ϶Ͼ  K = , . 
3. ϧ ϴ϶Ͼϴ ϴ ϴϿ Ϸ  ϺϹ ϼ  ( ϶ϹϿϼ ϼ϶ϴϹ  ϻ  ϴϵ  ϻϴ ϼ  ϵϹϻ 
ϺϹ ϼ ): 
 I = I . = ,, = , ,                                                                                      .  

 
4. Ϧ ϻ Ͻ Ͼ ϖ ϹϸϹϿ Ϲ  Ͼ  ϼϻϿ ϴ ϴ ϴϾ Ϲ ϼ ϼϾϼ 

ϴϵϴ ϶ϴ ϼ . ϣ ϼ ϶ ϵ Ϲ ϖ ϸ ϿϺ  ϶ Ͽ  Ͽ ϶ϼϹ: 
 B I .K = , ∙ I, = , ∙ I ,                                                                           .  

 
ϣ ϼ ϼ ϴϹ  ϼ ϶ Ϲ ϻ ϴ Ϲ ϼϹ ϴ϶Ͼϼ B = , I . 
5. ϘϿ  ϵϹ Ϲ Ϲ ϼ  ϴϸϹϺ Ͻ ϴϵ  ϼ ϵ Ͽ ϼ  Ͼϴ  Ͼ Ͼ Ϸ  

ϻϴ Ͼϴ ϼ  ϶ ϻ Ϲ ϸϹϽ ϶ϼ , Ϲϸ ϴ ϼ϶ϴϹ  Ͼ ϶ϴ  Ϲ Ͼϴ  Ͼ  
ϴϵϴ ϶ϴ ϼ : I = ÷ I . 

ϣ ϼ ϼ ϴϹ  ϴ϶Ͼ : 
 I = ∙ I = ∙ , = ,  .                                                       .  
 
ϩϴ ϴϾ Ϲ ϼ ϼϾϴ ϴϵϴ ϶ϴ ϼ  ϸϼ Ϲ Ϲ ϼϴϿ Ͻ ϻϴ ϼ  ϷϹ Ϲ ϴ ϴ 

Ϲϸ ϴ϶ϿϹ ϴ ϴ ϼ ϾϹ 5.1. 
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Ϥϼ Ͼ 5.1 – ϩϴ ϴϾ Ϲ ϼ ϼϾϴ ϴϵϴ ϶ϴ ϼ  ϸϼ Ϲ Ϲ ϼϴϿ Ͻ 

ϻϴ ϼ  ϷϹ Ϲ ϴ ϴ 
 

ϛϴ ϼ ϴ ϸϹϽ ϶ Ϲ  ϴ ϾϿ Ϲ ϼϹ ϷϹ Ϲ ϴ ϴ, Ϸϴ Ϲ ϼϹ ϿϹϽ, ϴ ϶Ͼϴ 
ϵϼ   ϵ  ϴ϶ϴ ϼϽ - Ϲ  ϻϴ ϶ ϶ ϼ ϴ Ͼ Ϻϴ Ϲ ϼ  

ϷϹ Ϲ ϴ ϴ. 
 

5.4.2         (Un 
(Uo)) 

 
ϛϴ ϼ ϴ ϵϹ Ϲ ϼ϶ϴϹ  100% ϶ϴ  ϵ Ͼϼ ϴ ϴ ϷϹ Ϲ ϴ ϴ, 

ϴϵ ϴ ϹϷ  ϶ ϹϺϼ Ϲ ϼϻ Ͽϼ ϶ϴ Ϸ  ϵϿ Ͼϴ ϼ Ϲ ϼ Ϲ ϹϷ  ϷϴϿ ϶ϴ ϼ Ϲ Ͼ Ͻ 
϶ ϻϼ  ϼ Ϲ Ͻ ϵ ϶Ϲ  Ϻϸ. 

ϛϴ ϼ ϴ ϶ Ͽ Ϲ ϴ   ϸ϶  Ϸϴ ϶ ϴ ϺϹ ϼ : 
1) ϣϹ ϶ Ͻ Ϸϴ  (U0) ϹϴϷϼ Ϲ  ϴ ϶  ϴ϶Ͽ  ϴ ϺϹ ϼ  

ϿϹ϶ Ͻ ϿϹϸ ϶ϴ ϹϿ ϼ U0 ϼ ϻϴ ϼ ϴϹ  85% ϶ϼ Ͼ ϶ ϵ Ͼϼ ϴ ϴ  
 ϴϻ  ϶ ϶ ϸ ϶; U0 ϶ϾϿ ϴϹ  ϴ ϴ ϺϹ ϼϹ ϿϹ϶ Ͻ 

ϿϹϸ ϶ϴ ϹϿ ϼ 3U0 Ϧϡ Ͽϼ ϹϽ  ϶ ϶ ϸ ϶ ϷϹ Ϲ ϴ ϴ, ϼϻ Ϲ Ϲ Ϲ 
ϵ Ͼ Ͻ « ϴϻ Ͼ Ͻ Ϲ Ϸ Ͽ ϼϾ». 

ϡϴ ϺϹ ϼϹ ϴϵϴ ϶ϴ ϼ  Ϸϴ ϴ ϶ Ͻ Ϸϴ ϼϾϼ ϶ ϵϼ ϴϹ  ϼϻ 
Ͽ ϶ϼ  ϽϾϼ  ϸϹϽ ϶ ϹϷ  ϻ ϴ Ϲ ϼ  ϴ ϺϹ ϼ  ϿϹ϶ Ͻ 

ϿϹϸ ϶ϴ ϹϿ ϼ ϶ Ͻ ϴ  ϵ Ͽ ϶ϿϹ Ϸ  ϿϹϾ ϴ ϼ Ϲ Ͼ Ͻ 
ϼ ϸ Ͼ ϼϹϽ ϼϿ ϶ Ϸ  ϴ ϴ ϴ ϵϿ Ͼϴ U  Э . . ϼ Ϟϛ ϴ ϻϹ Ͽ  ϴ 

Ϲ ϖϡ. 
Ϥϴ Ϲ  U  Э . . ϶ Ͽ Ϲ  ϶ ϶Ϲ ϶ϼϼ  Ϲ ϸϼϾ Ͻ, ϹϾ Ϲ ϸ ϶ϴ Ͻ 

Ϥ Ͼ ϶ ϸ ϼ ϼ ϧϾϴϻϴ ϼ ϼ. 
ϥ Ϲ ϴ ϻϴ Ϲ Ϲ ϼ  ϸϿ  ϹϸϹϿϹ ϼ  ϴ ϺϹ ϼ  UϢ ϱϟ.ϥϦ. ϼ϶ϹϸϹ ϴ ϴ 

ϼ ϾϹ 5.2: 
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Ϥϼ Ͼ 5.2 – ϥ Ϲ ϴ ϻϴ Ϲ Ϲ ϼ  ϸϿ  ϹϸϹϿϹ ϼ  ϴ ϺϹ ϼ  U  .  

 
 ϡϴ ϼ ϾϹ 5.2 ϶Ϲ ϶ ϼ ϼ ϵ Ͼ϶Ϲ ϼ ϻ ϴ Ϲ ϼ ϼ 

ϵ ϻ ϴ Ϲ : 
 – Ϲ Ͼ  ϸ Ͻ ϴϻ  ϵ Ͼϼ ϴ ϴ ϷϹ Ϲ ϴ ϴ ϴ ϻϹ Ͽ ; 
 – Ϲ Ͼ  ϸ Ͻ ϴϻ  ϵ Ͼϼ ϡϡ ϴ ϴ ϴ ϴ ϻϹ Ͽ ; Ш – Ϲ Ͼ  ϼ ϶ ϸϴ  Ϲ ϼ  Ͼ ϻϹ ϿϹ; 

 – Ϲ Ͼ  ϷϹ Ϲ ϴ Ϸ  ϶ ϾϿ ϴ ϹϿ . 
ϥ ϴ ϴ  Ϲ Ͼ  ϴϻ  Ϲ ϼ ϷϹ Ϲ ϴ Ϸ  ϴ ϺϹ ϼ : 
 Σ = C + + Ш + = , + , + , + , = = ,  ,                                                                                                         .   
  
ϥ ϴ Ͻ Ϲ Ͼ Ͻ Ͼ Ϲ ϼ 11 Ͼϖ: 
 I = , ∙ U ∙ ω ∙ Σ = , ∙ ∙ ∙ , = ,  ,                           .  
  
ϡϴ ϺϹ ϼϹ ϿϹ϶ Ͻ ϿϹϸ ϶ϴ ϹϿ ϼ ϴ ϶ ϶ ϸϴ  ϷϹ Ϲ ϴ ϴ ϼ 

ϸ ϴϻ  ϻϴ Ͼϴ ϼ  ϴ Ϲ 220Ͼϖ: 
 U  Э . = ∙ U ∙ + Σ ,                                                                         .  

 
ϷϸϹ  – Ͼ ϼ ϼϹ , ϼ ϶ϴ ϼϽ ϴ ϹϸϹϿϹ ϼϹ ϴ ϺϹ ϼ  U   ϵ ϾϹ 
ϖϡ ϴ ϴ ϴ. ϖ ϶Ϲ ϶ϼϼ  Ϥ Ͼ ϶ ϸ ϼ ϼ ϧϾϴϻϴ ϼ ϼ ϸϿ  

ϴ ϴ ϶, ϴϵ ϴ ϼ   ϷϿ ϻϴϻϹ ϿϹ Ͻ ϹϽ ϴϿ , = , ; 
 – Ϲ Ͼ  ϹϺϸ  ϵ Ͼϴ ϼ ϶ ϹϷ  ϼ ϼϻ ϹϷ  ϴ ϺϹ ϼ  ϸ Ͻ 

ϴϻ  ϴ ϴ ϴ, = , ; U  – ϴ ϺϹ ϼϹ ϿϹ϶ Ͻ ϿϹϸ ϶ϴ ϹϿ ϼ ϼ ϻϴ Ͼϴ ϼϼ ϴ ϻϹ Ͽ  ϴ 
Ϲ ϶ ϹϷ  ϴ ϺϹ ϼ  ϴ ϴ ϴ.  
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ϣ ϼ ϼ ϴϹ  ϴ϶ : 
 U = ∙ U  √ =⁄ ∙ √ = ,  ,                                                 .  

 
Ϧ Ϸϸϴ ϴ ϺϹ ϼϹ ϿϹ϶ Ͻ ϿϹϸ ϶ϴ ϹϿ ϼ ϴ ϶ ϶ ϸϴ  ϷϹ Ϲ ϴ ϴ ϼ 

ϸ ϴϻ  ϻϴ Ͼϴ ϼϽ ϴ Ϲ 220 Ͼϖ: 
 U  Э . . = , ∙ ∙ ,, + , = ,  ,                                   .  

   U  Э . . = ,   . 
 
ϡϴ ϺϹ ϼϹ ϴϵϴ ϶ϴ ϼ  ϻϴ ϼ  ϹϸϹϿϼ  ϼϻ ϶ ϴϺϹ ϼ : 
 U ∙ n ∙ U  Э . ,                                                                                      .  

 U ,, ∙ ∙ ,
√ ∙ , ,   

 U , , 
 
ϷϸϹ = ,  – Ͼ ϼ ϼϹ  ϴϸϹϺ ϼ; n  – Ͼ ϼ ϼϹ  ϴ ϴ ϼϼ Ϧϡ; = ,  – Ͼ ϼ ϼϹ  ϶ ϻ϶ ϴ ϴ. U  ϼ ϹϹ  ϴ϶Ͼ  ϴϵϴ ϶ϴ ϼ   ϴ ϺϹ ϼ  ϿϹ϶ Ͻ 

ϿϹϸ ϶ϴ ϹϿ ϼ, ϹϷ Ͽϼ Ϲ  ϶ ϸϼϴ ϴϻ Ϲ  5 ϸ  20 ϖ. 
ϣ ϼ ϼ ϴϹ  ϿϹϸ ϼϹ ϴ϶Ͼϼ: U   ϴ϶Ͼ Ͻ 5 ϖ  ϶ ϸϹ ϺϾ Ͻ ϶ Ϲ Ϲ ϼ 

5  ϸϹϽ ϶ Ϲ  ϴ ϼϷ ϴϿ; U   ϴ϶Ͼ Ͻ 15 ϖ ϼ ϶ ϸϹ ϺϾ Ͻ ϶ Ϲ Ϲ ϼ 0,5    
ϸϹϽ ϶ϼϹ  ϴ ϾϿ Ϲ ϼϹ ϶ ϾϿ ϴ ϹϿ  ϷϹ Ϲ ϴ ϴ, Ϸϴ Ϲ ϼϹ ϿϹϽ 
Ϸϼϸ ϷϹ Ϲ ϴ ϴ ϼ ϶ ϾϿ ϴ ϹϿ , ϴ ϶ ϵϼ  ϼ ϵ  ϴ϶ϴ ϼϽ - Ϲ  
ϻϴ ϶ ϶. 

2) ϖ Ͻ Ϸϴ  U  ϹϴϷϼ Ϲ  ϴ Ϲ ϼϹ ϴ ϺϹ ϼϹ Ϲ ϹϽ 
Ϸϴ ϼϾϼ ϼ ϶ ϹϽ ϴϿϼ ϴ ϶ ϶ ϸϴ  ϷϹ Ϲ ϴ ϴ ϼ ϻϴ ϼ ϴϹ  ϸϾϴ 30% ϶ϼ Ͼ ϶ 

ϵ Ͼϼ ϴ ϴ   ϹϽ ϴϿϼ. 
ϘϿ  Ϸϴ ϴ U  ϴ϶Ͼϴ  Ͼ ϼ ϼϹ  ϺϹ ϼ  ϹϷ Ͽϼ Ϲ   1 ϸ  

3. 
Ϥϴ ϼϹ  ϹϽ ϴϿϼ ϷϹ Ϲ ϴ ϴ ϸ  Ϲ ϴ ϻϴ Ͼϴ ϼ  ϶ ϵ ϾϹ ϴ ϴ 

ϻϴ϶ϼ ϼ   K : 
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   = + ,                                                                                                          .  

 
ϣ ϼ K = ,  Ϸϴ  U  ϴϵ ϴϹ  ϹϿϹϾ ϼ϶  ϼ ϻϴ ϼ ϴϹ  31,3 % ϵ Ͼϼ 

ϴ ϴ   ϹϽ ϴϿϼ. 
ϛϴ ϼ ϴ  ϶ ϸϹ ϺϾ Ͻ ϶ Ϲ Ϲ ϼ 500  ϸϹϽ ϶ Ϲ  ϴ ϾϿ Ϲ ϼϹ 

϶ ϾϿ ϴ ϹϿ  ϷϹ Ϲ ϴ ϴ, Ϸϴ Ϲ ϼϹ ϿϹϽ ϼ ϴ ϶ ϵϼ   ϵ  
ϴ϶ϴ ϼϽ - Ϲ  ϻϴ ϶ ϶. 
 

5.4.3     (U1>), (U2>) 
 
ϛϴ ϼ ϴ  ϶ Ϲ ϼ  ϴ ϺϹ ϼ  ϼ ϹϹ  ϸ϶Ϲ Ϲ ϼ 
1) ϧ ϴ϶Ͼϴ ϻϴ ϼ  U2 > ϶ ϵϼ ϴϹ : 
 U = , ∙ Un = , ∙ / =  ,                                                        .  

 
2) ϖ ϸ Ͽ Ϲ ϼϹ Ͼ ϶ Ϲ Ͼϴϻϴ Ͻ ϻϴ ϼ Ϲ ϴ ϷϹ Ϲ ϴ Ϲ Ϲϸ Ϲ  

϶ Ͻ Ϸϴ  U1 >  ϴ϶Ͼ Ͻ , ∙ U , Ϲϸ ϴϻ ϴ Ϲ Ͻ ϸϿ  ϴϵ  ϶ ϹϺϼ Ϲ 
Ͽ Ϸ  ϸϴ ϼϿϼ ϼ ϵ Ϲ ϴϷ ϻϾϼ. 

U1> ϶϶ ϸϼ  ϶ ϴϵ  ϶ ϹϺϼ Ϲ Ͽ Ϸ  ϸϴ ϷϹ Ϲ ϴ ϴ. 
ϧ ϴ϶Ͼϴ U1> ϴ ϼ ϶ϴϹ : 
 U = , ∙ Un = , ∙ / =  ,                                                        .  

 
ϧ ϴ϶Ͼϴ Ϸϴ ϴ Ͼϴ, Ͼ Ͽϼ ϹϷ  ϶ϼϹ Ͼϴ ϶ Ϲ ϼ ϷϹ Ϲ ϴ ϴ 

ϼ ϴ Ϲ 220 Ͼϖ ϼ ϼ ϴϹ  ϼ ϼ ϴϿ Ͻ ϼ ϴ϶ Ͻ , ∙ I . 
ϛϴ ϼ ϴ  ϶ ϸϹ ϺϾ Ͻ ϶ Ϲ Ϲ ϼ 0,5  ϸϹϽ ϶ Ϲ  ϴ ϾϿ Ϲ ϼϹ ϶ ϾϿ ϴ ϹϿ  

ϷϹ Ϲ ϴ ϴ, Ϸϴ Ϲ ϼϹ ϿϹϽ. 
 

5.4.4      
      (I2) 

 
ϛϴ ϼ ϴ Ϲϸ ϴϻ ϴ Ϲ ϴ ϸϿ  ϿϼϾ϶ϼϸϴ ϼϼ Ϲϸ ϼ  Ϲ ϹϷ ϻ Ͼ 

ϷϹ Ϲ ϴ ϴ Ͼϴ ϼ ϵ ϴ Ͻ ϿϹϸ ϶ϴ ϹϿ ϼ ϼ ϶ Ϲ ϼ  Ϲ ϼ Ϲ ϼ  
ϹϺϸ ϴϻ  Ͼ Ͼϼ  ϻϴ Ͼϴ ϼ  ϼ ϸ Ϸϼ  Ϲ ϼ Ϲ ϼ  ϹϺϼ ϴ  
Ϲ Ϸ ϼ Ϲ , ϴ ϴϾϺϹ ϼ Ϲ ϼ Ϲ ϼ  Ͼ Ͼϼ  ϻϴ Ͼϴ ϼ  ϶ ϴ  

ϷϹ Ϲ ϴ Ϲ. 
ϛϴ ϼ ϴ ϹϴϷϼ Ϲ  ϴ ϼ ϹϿ Ͻ Ͼ ϵ ϴ Ͻ ϿϹϸ ϶ϴ ϹϿ ϼ I∗ : 
 I∗ = II ,                                                                                                                   .  
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ϷϸϹ I  – Ͼ ϵ ϴ Ͻ ϿϹϸ ϶ϴ ϹϿ ϼ ϶ Ϲ ϶ϼ Ͻ Ϲ ϼ ϷϹ Ϲ ϴ ϴ;  I – ϼ ϴϿ Ͻ Ͼ ϷϹ Ϲ ϴ ϴ ϶ Ϲ ϶ϼ Ͻ Ϲ ϼ. 
Ϙ ϼ ϴ  ϸϿϼ ϹϿ  Ϲ ϼ Ϲ ϼ Ϸ  ϹϺϼ ϴ ϼ Ϲϼϻ Ϲ  

ϻ ϴ Ϲ ϼϼ Ͼϴ I  ϴ ϴϾ Ϲ ϼϻ Ϲ  ϶ ϴϺϹ ϼϹ : 
 t = AI∗ ,                                                                                                               .  

 
ϷϸϹ A =  – ϴ ϴ Ϲ , ϻϴϸϴ Ͻ ϻϴ϶ ϸ -ϼϻϷ ϶ϼ ϹϿϹ . 

ϛϴ ϼ ϴ ϼ  ϼϻ ϿϹϸ ϼ  Ϸϴ ϶: 
1) ϥϼϷ ϴϿ Ͻ Ϸϴ  I  ϴϵϴ ϶ϴ ϼϽ ϼ ϶ϹϿϼ Ϲ ϼϼ Ͼϴ I  

϶ Ϲ ϻ ϴ Ϲ ϼ  ϴ϶Ͼϼ ϴϵϴ ϶ϴ ϼ   Ϲϻϴ϶ϼ ϼ Ͻ ϶ ϸϹ ϺϾ Ͻ ϶ Ϲ Ϲ ϼ 
(ϸϹϽ ϶ Ϲ  ϴ ϼϷ ϴϿ). 

ϣ ϼ ϼ ϴϹ  ϴ϶Ͼ  ϼϷ ϴϿ Ϸ  Ϸϴ ϴ: 
 I∗ = , − , ,                                                                                      .  
  I = , ∙ I ,                                                                                                  .  
 
2) ϣ Ͼ ϶ Ͻ Ϸϴ  I  ϴϵϴ ϶ϴϹ  ϵϹϻ ϶ ϸϹ ϺϾϼ ϶ Ϲ Ϲ ϼ ϼ 

϶ϹϿϼ Ϲ ϼϼ ϻ ϴ Ϲ ϼ  I   ϶ Ϲ ϴ϶Ͼϼ ϴϵϴ ϶ϴ ϼ  ϼ Ϲ ϶Ͽ Ϲ  Ͼ 
ϼ ϹϷ ϴϿ Ϸ  Ϸϴ ϴ. Ϧ Ͼ ϴϵϴ ϶ϴ ϼ  Ͼ ϶ Ϸ  Ϸϴ ϴ ϶ ϵϼ ϴϹ   

Ͽ ϶ϼ  ϵϹ Ϲ Ϲ ϼ  ϴϸϹϺ Ϸ  Ͼϴ ϼ ϹϷ ϴϿ Ϸ  Ϸϴ ϴ ϼ t =  . 
Ϧ Ϸϸϴ: 
 I∗ = √t = √ = , ,                                                                                  .  

 
ϧ ϴ϶Ͼϴ ϴ϶ ϴ: 
 I∗ = I∗ = ,, = , ,                                                                              .  

 
ϷϸϹ = ,  – Ͼ ϼ ϼϹ  ϴϸϹϺ ϼ. 

 I = , ∙ I ,                                                                                                  .  
 

ϣ ϼ  ϸ ϼ ϴ  ϸϿϼ ϹϿ  Ϲ ϹϷ ϻϾϼ ϺϹ  ϵ  ϹϸϹϿϹ ϴ  
Ϲ Ͽ ϶  ϸϹϽ ϶ϼ  Ͼϴ, ϴ϶ Ϸ  I∗ = , : 

 t = , ≈   
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3) Ϝ ϹϷ ϴϿ Ͻ Ϸϴ  ϴϵϴ ϶ϴϹ  ϼ ϸϴϿϹ  Ϲ ϼ Ϲ ϼ  
ϹϺϼ ϴ , ϶ Ϻϸϴ ϼ  Ͼϴ ϼ Ϲ ϹϷ ϻϾϼ I   ϻϴ϶ϼ ϼ Ͻ  Ͼϴ 

϶ ϸϹ ϺϾ Ͻ ϶ Ϲ Ϲ ϼ, ϹϸϹϿ Ϲ Ͻ ϴ϶ Ϲ ϼϹ : 
 t = I∗ ,                                                                                                            .  

 = = I∗ ∙ t ,                                                                                                .  
 
 Ϙ ϼ ϴ  ϸϿϼ ϹϿ  ϹϾϴ ϼ  Ͼ ϶ ϵ ϴ Ͻ 

ϿϹϸ ϶ϴ ϹϿ ϼ ϶ ϷϹ Ϲ ϴ Ϲ Ϲϸ ϴ϶ϿϹ ϴ ϶ ϴϵϿϼ Ϲ 5.4. 
 
ϦϴϵϿϼ ϴ 5.4 – Ϙ ϼ ϴ  ϸϿϼ ϹϿ  ϹϾϴ ϼ  Ͼ ϶ ϵ ϴ Ͻ 

ϿϹϸ ϶ϴ ϹϿ ϼ ϶ ϷϹ Ϲ ϴ Ϲ 
Ϟ ϴ  Ϲ ϹϷ ϻϾϼ  Ͼ  ϵ ϴ Ͻ 

ϿϹϸ ϶ϴ ϹϿ ϼ I2/I  
1,0 0,6 0,5 0,4 0,3 0,2 

ϘϿϼ ϹϿ  ( ) 20 55 80 125 220 500 

 
ϩϴ Ͼ Ϲ ϼ ϼϾϴ ϼ ϹϷ ϴϿ Ϸ  Ϸϴ ϴ ϻϴ ϼ  ϵ ϴ Ͻ 

ϿϹϸ ϶ϴ ϹϿ ϼ  Ϲ ϼ Ϲ ϼ  Ϲ ϹϷ ϻ Ͼ ϼ ϶ Ϲ ϼ  
Ϲ ϼ Ϲ ϼ  Ͼ Ͼϼ  ϻϴ Ͼϴ ϼϽ (I2) Ϲϸ ϴ϶ϿϹ ϴ ϴ ϼ ϾϹ 5.3. 

 

 
Ϥϼ Ͼ 5.3 – ϩϴ ϴϾ Ϲ ϼ ϼϾϴ ϼ ϹϷ ϴϿ Ϸ  Ϸϴ ϴ ϻϴ ϼ  ϵ ϴ Ͻ 

ϿϹϸ ϶ϴ ϹϿ ϼ  Ϲ ϼ Ϲ ϼ  Ϲ ϹϷ ϻ Ͼ ϼ ϶ Ϲ ϼ  
Ϲ ϼ Ϲ ϼ  Ͼ Ͼϼ  ϻϴ Ͼϴ ϼϽ (I2) 

 

0
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Ϝ ϸ  ϼϻ ϴ ϴϾ Ϲ ϼ ϼϾϼ ϴϵϴ ϶ϴ ϼ  ϼ ϹϷ ϴϿ Ϸ  Ϸϴ ϴ ϶ Ϲ  
ϴϵϴ ϶ϴ ϼ  ϼ ϼ ϴϹ : t ϼ . = 30 , t ϴϾ . = 700 . 

Ϝ ϹϷ ϴϿ Ͻ Ϸϴ  ϼ ϼ ϼ Ϲ  Ϲ  ϿϴϺϸϹ ϼ  ϴ ϴ ϷϹ Ϲ ϴ ϴ 
ϿϹ ϴ Ϲ ϼ  Ϲ ϹϷ ϻϾϼ  Ͼ Ϲ ϼϴϿ  ϻϴϾ . ϣ ϼ  

ϹϺ Ͼ ϶ Ϲ Ϲ ϼ, ϻϴ Ͼ Ͻ Ϲ ϹϷ Ϲ϶ ϷϹ Ϲ ϴ ϴ ϼϺϴϹ   ϴϾ ϼ ϴϿ  
ϸ ϼ Ͻ ϶ϹϿϼ ϼ  ϸ  0,135  Ͻ ϶ϹϿϼ ϼ , Ͽ ϶  ϴϻ ϶ϴϹ  ϶ Ϲ Ϲ Ϲ  
« Ͽ Ϸ  ϿϴϺϸϹ ϼ » (I Ͽ) ϼ ϹϷ Ͽϼ Ϲ  ϶ ϸϼϴ ϴϻ Ϲ  10 ϸ  999 . ϱ  

ϴ ϴ Ϲ  ϶ ϴ϶Ͽ Ϲ  ϷϿϴ  Ͼϴϻϴ ϼ  ϻϴ϶ ϸϴ-ϼϻϷ ϶ϼ ϹϿ  (t Ͽ= 100 ). 
4) Ϣ Ϸϴ  Ͼ ϶ Ͻ Ϲ Ͼϼ I  ϴϵϴ ϶ϴϹ   Ϲϻϴ϶ϼ ϼ Ͻ ϶ ϸϹ ϺϾ Ͻ 

϶ Ϲ Ϲ ϼ ϼ ϶ϹϿϼ Ϲ ϼϼ Ͼϴ ϶ Ϲ ϴ϶Ͼϼ ϴϵϴ ϶ϴ ϼ  Ϸϴ ϴ ϼ ϶Ͽ Ϲ  
ϻϴ ϼ Ͻ  ϶ Ϲ ϼ  Ϲ ϼ Ϲ ϼ  Ͼ Ͼϼ  ϻϴ Ͼϴ ϼϽ. 

Ϧ Ͼ ϴϵϴ ϶ϴ ϼ  Ϸϴ ϴ Ϲ Ͼϼ ϹϸϹϿ Ϲ  ϼϻ ϿϹϸ ϼ  Ͽ ϶ϼϽ: 
Ϝϻ Ͽ ϶ϼ  Ϲϸ ϶ ϴ Ϲ ϼ  Ϲ ϹϷ Ϲ϶ϴ ϴ ϼ ϹϾϴ ϼϼ Ͼϴ 

ϵ ϴ Ͻ ϿϹϸ ϶ϴ ϹϿ ϼ; 
Ϝϻ Ͽ ϶ϼ  ϵϹ Ϲ Ϲ ϼ  ϶ ϶ϼ ϹϿ ϼ ϼ ϸ϶ ϴϻ  Ͼ Ͼ  

ϻϴ Ͼϴ ϼϼ ϴ ϼ ϴ  ϖϡ ϵϿ Ͼϴ ϼ ϴ ϸ ϼ  Bϟ. 
Ϝϻ Ͽ ϶ϼ  ϷϿϴ ϶ϴ ϼ   ϶ ϶ϼ ϹϿ ϼ ϼ ϶ Ϲ Ϲ ϼ ϸϹϽ ϶ϼ   

ϻϴ ϼ ϴ ϼ BJI. 
ϣ  Ϲ ϶  Ͽ ϶ϼ : ϶ ϵ  Ͼϴ ϴϵϴ ϶ϴ ϼ  ϼϻ϶ ϸϼ   Ͼ ϼ϶ Ͻ 

ϹϸϹϿ Ͻ ϸϿϼ ϹϿ ϼ ϹϾϴ ϼ  Ϲ Ϲϻ ϷϹ Ϲ ϴ  Ͼ ϶ ϵ ϴ Ͻ 
ϿϹϸ ϶ϴ ϹϿ ϼ 

ϣ  ϶  Ͽ ϶ϼ : 
ϴ)  Ͽ ϶ϼ  ϵϹ Ϲ Ϲ ϼ  ϶ ϶ϼ ϹϿ ϼ ϼ ϸ϶ ϴϻ  Ͼ Ͼϼ  

ϻϴ Ͼϴ ϼ  ϴ ϼ ϴ  ϖϡ ϵϿ Ͼϴ: 
 x ′′ = x ′′ ∙ = 0,19∙ = , ,                                               .  

 
ϷϸϹ x ′′– ϶Ϲ Ϲ Ϲ ϸ Ϲ ϼ϶ϿϹ ϼϹ ϷϹ Ϲ ϴ ϴ, ϼ϶ϹϸϹ Ϲ Ͼ ϶ ϹϽ 

Ϲ ϴ ϺϹ ϼ . 
 x = x ∙ = 0,19∙ = , ,                                                    .  

 
ϷϸϹ x  – ϼ϶ϿϹ ϼϹ ϵ ϴ Ͻ ϿϹϸ ϶ϴ ϹϿ ϼ ϷϹ Ϲ ϴ ϴ, ϼ϶ϹϸϹ ϴ  
Ͼ ϶ ϹϽ Ϲ; x =x ′′. 

 I . .∗ = ,  x ′′ + x + ∙ x = ,  , + , + ∙ , == , … . . . ,                                                                                                         .   
 
Ϧ Ͼ ϴϵϴ ϶ϴ ϼ  ϻϴ ϼ  ϴ Ϲ ϷϹ Ϲ ϴ Ϸ  ϴ ϺϹ ϼ  
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I . .∗ = I . .∗ ∙ k . = ∙ , ∙ ( ) = ,  . ,                         .  

 
ϷϸϹ x  – ϼ϶ϿϹ ϼϹ ϴ ϴ ϴ ϶ ϼ ϹϿ  Ϲϸϼ ϼ ϴ . 

ϵ)  Ͽ ϶ϼ  ϵϹ Ϲ Ϲ ϼ  ϶ ϶ϼ ϹϿ ϼ Ͼ ϶ ϹϺϸϹ ϼ  ϶ Ͼ Ϲ 
Ͽϼ ϼϽ 220Ͼϖ ϼ ϾϿ Ϲ ϼϼ ϶ ϾϿ ϴ ϹϿϹϽ ϴ ϼ϶ Ͽ Ϻ  Ͼ Ϲ ϖϟ ϼ 

ϴϵ Ϲ ϶ Ϲ  ϷϹ Ϲ ϴ ϶: 
 I . .∗ = EƩ′′Ʃ+ Ʃ = ,  ′′+  +  +  +  +  =

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

 
Ϧ Ͼ ϴϵϴ ϶ϴ ϼ  ϻϴ ϼ  ϴ Ϲ ϷϹ Ϲ ϴ Ϸ  ϴ ϺϹ ϼ  
 I . .∗ = I . .∗ ∙ k . = ∙ , ∙ ( ) = ,  . ,                                    .  

 
Ϧ Ͼ ϴϵϴ ϶ϴ ϼ  ϶ ϵϼ ϴϹ  ϼ ϸ  ϼϻ ϷϿϴ ϶ϴ ϼ   

϶ ϶ϼ ϹϿ ϼ  ϹϻϹ ϶ ϼ ϻϴ ϼ ϴ ϼ Ͽϼ ϼϼ. ϖ ϶ ϻϼ  ϶ϼϹ  
Ϲ ϵ ϸϼ  ϸϴ  ϼ ϼ ϴϹ  ϴ϶Ͼ  ϴϵϴ ϶ϴ ϼ   ϶  Ͽ ϶ϼ . 

Ϣ Ϲ Ͼϴ ϸϹϽ ϶ Ϲ   ϶ ϸϹ ϺϾ Ͻ ϶ Ϲ Ϲ ϼ 8,0 ϴ ϾϿ Ϲ ϼϹ ϹϾ ϼ  
϶ ϾϿ ϴ ϹϿϹϽ,  ϶ ϸϹ ϺϾ Ͻ ϶ Ϲ Ϲ ϼ 8,5  ϴ ϾϿ Ϲ ϼϹ ϵϿ  
϶ ϾϿ ϴ ϹϿϹϽ 220 Ͼϖ ϼ ϶ ϾϿ ϴ ϹϿϹϽ Ϧϥϡ,  ϶ ϸϹ ϺϾ Ͻ ϶ Ϲ Ϲ ϼ 9,0  ϴ 

ϾϿ Ϲ ϼϹ ϶ ϾϿ ϴ ϹϿ  ϷϹ Ϲ ϴ ϴ ϼ Ϸϴ Ϲ ϼϹ ϿϹϽ. 
 

5.4.5     𝐈  
 
ϛϴ ϼ ϴ Ϲϸ ϴϻ ϴ Ϲ ϴ ϸϿ  ϿϼϾ϶ϼϸϴ ϼϼ Ϲϸ ϼ  Ϲ ϹϷ ϻ Ͼ ϵ Ͼ 

ϴ ϴ. ϛϴ ϼ ϴ ϶ Ͽ Ϲ ϴ  ϻϴ϶ϼ ϼ Ͻ  Ͼϴ ϶ ϸϹ ϺϾ Ͻ ϶ Ϲ Ϲ ϼ ϼ ϸϹ Ϻϼ  
ϿϹϸ ϼϹ Ͼ ϴϿ Ϲ Ϸϴ : 

1) ϥϼϷ ϴϿ Ͻ Ϸϴ , ϴϵϴ ϶ϴ ϼϽ  Ϲϻϴ϶ϼ ϼ Ͻ ϶ ϸϹ ϺϾ Ͻ ϶ Ϲ Ϲ ϼ 
ϼ ϶ϹϿϹ Ϲ ϼϼ Ͼϴ ϶ Ϲ ϻ ϴ Ϲ ϼ  ϴ϶Ͼϼ ϴϵϴ ϶ϴ ϼ  ϼ ϸϹϽ ϶ ϼϽ ϶ 
Ϲϸ Ϲϸϼ ϹϿ  ϼϷ ϴϿϼϻϴ ϼ . 

ϧ ϴ϶Ͼϴ ϼϷ ϴϿ Ϸ  Ϸϴ ϴ: 
 I = K ∙ IK = , ∙ I, = , ∙ I ,                                                            .  

 
ϷϸϹ K = ,  – Ͼ ϼ ϼϹ  ϴϸϹϺ ϼ; K = ,  – Ͼ ϼ ϼϹ  ϶ ϻ϶ ϴ ϴ; 

ϖ ϸϹ ϺϾϴ ϶ Ϲ Ϲ ϼ t = ,  . 
2) ϣ Ͼ ϶ Ͻ Ϸϴ , ϴϵϴ ϶ϴ ϼϽ ϵϹϻ ϶ ϸϹ ϺϾϼ ϶ Ϲ Ϲ ϼ ϼ ϶ϹϿϼ Ϲ ϼϼ 

Ͼϴ ϶ Ϲ ϴ϶Ͼϼ ϴϵϴ ϶ϴ ϼ  ϼ Ϲ ϶Ͽ ϼϽ Ͼ ϼ ϹϷ ϴϿ Ϸ  Ϸϴ ϴ. 
ϧ ϴ϶Ͼϴ Ͼ ϶ Ϸ  Ϸϴ ϴ: 
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I = , ∙ I, = , ∙ I ,                                                                               .  

 
3) Ϝ ϹϷ ϴϿ Ͻ Ϸϴ  ϴϵϴ ϶ϴϹ   ϻϴ϶ϼ ϼ Ͻ ϶ ϸϹ ϺϾ Ͻ ϶ Ϲ Ϲ ϼ. 
ϧ ϴ϶Ͼϴ ϼ ϹϷ ϴϿ Ϸ  Ϸϴ ϴ ϹϸϹϿ Ϲ   ϼ ϹϷ ϴϿ Ͻ 

Ϲ ϹϷ ϻ Ͻ ϴ ϴϾ Ϲ ϼ ϼϾϹ ϵ Ͼϼ ϴ ϴ, ϼ϶ϹϸϹ Ͻ ϶ ϴϵϿϼ Ϲ 5.5: 
 
ϦϴϵϿϼ ϴ 5.5 – ϧ ϴ϶Ͼϴ ϼ ϹϷ ϴϿ Ϸ  Ϸϴ ϴ, ϹϸϹϿ Ϲ ϴ   ϼ ϹϷ ϴϿ Ͻ 

Ϲ ϹϷ ϻ Ͻ ϴ ϴϾ Ϲ ϼ ϼϾϹ ϵ Ͼϼ ϴ ϴ 
Ϟ ϴ  

Ϲ ϹϷ ϻϾϼ I I⁄  
1,1 1,15 1,2 1,25 1,3 1,4 1,5 2,0 2,0 

ϘϿϼ ϹϿ  
Ϲ ϹϷ ϻϾϼ ( ) 3800 1200 450 340 280 160 80 3 1 

 
ϩϴ ϴϾ Ϲ ϼ ϼϾϴ ϼ ϹϷ ϴϿ Ϸ  Ϸϴ ϴ ϻϴ ϼ   ϼ Ϲ ϼ  

Ϲ ϹϷ ϻ Ͼ I  Ϲϸ ϴ϶ϿϹ ϴ ϴ ϼ ϾϹ 5.4. 
 

 
Ϥϼ Ͼ 5.4 – ϩϴ ϴϾ Ϲ ϼ ϼϾϴ ϼ ϹϷ ϴϿ Ϸ  Ϸϴ ϴ  

ϻϴ ϼ   ϼ Ϲ ϼ  Ϲ ϹϷ ϻ Ͼ I  
 
Ϝ ϹϷ ϴϿ Ͻ Ϸϴ  ϻϴ ϼ  Ϲ Ϲϻ ϾϿ ϴ ϼϽ Ϸϴ  ϸϹϽ ϶ Ϲ  ϴ 

ϾϿ Ϲ ϼϹ ϶ ϾϿ ϴ ϹϿ  ϷϹ Ϲ ϴ ϴ, Ϸϴ Ϲ ϼϹ ϿϹϽ. 
ϧ ϴ϶Ͼϴ ϶ ϸϹ ϺϾϼ ϶ Ϲ Ϲ ϼ ϾϿ ϴ ϹϷ  Ϸϴ ϴ ϼ ϼ ϴϹ  

ϼ ϼ ϴϿ Ͻ ϼ ϴ϶ Ͻ 0,01 . 
1) Ϣ Ϸϴ  Ͼ ϶ Ͻ Ϲ Ͼϼ, ϴϵϴ ϶ϴ ϼϽ  Ϲϻϴ϶ϼ ϼ Ͻ ϶ ϸϹ ϺϾ Ͻ 

϶ Ϲ Ϲ ϼ ϼ ϶ϹϿϼ Ϲ ϼϼ Ͼϴ ϶ Ϲ ϻ ϴ Ϲ ϼ  ϴ϶Ͼϼ ϴϵϴ ϶ϴ ϼ . 
ϧ ϴ϶Ͼϴ Ϸϴ ϴ Ϲ Ͼϼ:  
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I = , ∙ I, = , ∙ I ,                                                                     .  

 
Ϧ Ͼ ϶ϴ  Ϲ Ͼϴ ϶ Ͽ Ϲ ϴ  Ͼ   ϼ ϼ ϴϿ  ϴ ϺϹ ϼ  U < 
ϡϴ ϺϹ ϼϹ ϴϵϴ ϶ϴ ϼ  ϼ  ϴ϶ : 
 U = , ∙ UK ∙ n = , ∙, ∙ = ,  ,                                              .  

 
Ϣ Ϲ Ͼϴ ϸϹϽ ϶ Ϲ   ϶ ϸϹ ϺϾ Ͻ ϶ Ϲ Ϲ ϼ 8,0  ϴ ϾϿ Ϲ ϼϹ ϹϾ ϼ Ϸ  

϶ ϾϿ ϴ ϹϿ , 8,5  ϴ ϾϿ Ϲ ϼϹ ϵϿ  ϶ ϾϿ ϴ ϹϿϹϽ 220 Ͼϖ ϼ 
϶ ϾϿ ϴ ϹϿϹϽ Ϧϥϡ,  ϶ ϸϹ ϺϾ Ͻ ϶ Ϲ Ϲ ϼ 9,0  ϴ ϾϿ Ϲ ϼϹ ϶ ϾϿ ϴ ϹϿ  
ϷϹ Ϲ ϴ ϴ ϼ Ϸϴ Ϲ ϼϹ ϿϹϽ. 
 

5.4.6    𝐙 < , 𝐙 <  
 
ϛϴ ϼ ϴ ϶ Ͽ Ϲ  ϴ ϶Ϲ ϸϼ ϴ ϼ  Ϸϴ ϶ ϼ ϸϾϿ ϴϹ  Ͼ 

ϼϻ Ϲ ϼ ϹϿ  ϴ ϴ ϴ  Ͼϴ ϶ ϹϽ ϴϿϼ ϷϹ Ϲ ϴ ϴ ϼ 
ϴ ϴ ϴ  ϴ ϺϹ ϼ  ϴ ϶ ϶ ϸϴ  ϷϹ Ϲ ϴ ϴ. 

ϩϴ ϴϾ Ϲ ϼ ϼϾϴ ϴϵϴ ϶ϴ ϼ  ϻϴϸϴϹ  ϶ ϶ϼϸϹ Ͼ Ϸϴ, ϴ Ͽ ϺϹ Ϸ  ϶ I ϼ 
II  Ͼ϶ϴϸ ϴ Ϲ  Ϲ Ϲ ϼϹ  ϶ III  ϼ IV Ͼ϶ϴϸ ϴ  Ͼ ϿϹϾ Ͻ Ͽ Ͼ ϼ 

ϼ϶ϿϹ ϼϽ. 
1) ϥ ϼ϶ϿϹ ϼϹ ϴϵϴ ϶ϴ ϼ  Ϲ ϶ Ͻ Ϲ ϼ ϶ ϵϼ ϴϹ   Ͽ ϶ϼ  

ϵϹ Ϲ Ϲ ϼ  ϸϹϽ ϶ϼ   ϶ ϸϹ ϺϾ Ͻ ϶ Ϲ Ϲ ϼ Ϲ ϵ ϿϹϹ 1 . ϧϾϴϻϴ ϴ  ϶ ϸϹ ϺϾϴ 
϶ Ϲ Ϲ ϼ ϼ ϼ ϴϹ   Ͽ ϶ϼ  ϷϿϴ ϶ϴ ϼ   Ϲ ϶ ϼ Ϲ ϼ ϻϴ ϼ  
Ͽϼ ϼϽ, ϸ ϼ   ϼ  ϗϱϥ. 

ϥ ϷϿϴ ϶ϴ ϼϹ ϼϻ϶ ϸϼ  ϸϿ  Ͽ ϶ϼϽ ϴϵ  ϴ ϼ ϴ  220 Ͼϖ ϗϱϥ 
ϸ Ϸ  ϵϿ Ͼϴ. Z , ϼ϶ϹϸϹ Ϲ Ͼ ϴ ϺϹ ϼ  220 Ͼϖ, ϺϹ  ϵ  ϼ : 

ϔ)  ϷϿϴ ϶ϴ ϼ   Ϲ ϶ Ͻ Ϲ  ϻϴ ϼ  ϖϟ 220 Ͼϖ: 
 Z , ∙ Z + ,K ∙ Z′ = , ∙ , + , ∙ , = ,  ,             .  

 
ϷϸϹ K  – Ͼ ϼ ϼϹ , ϼ ϶ϴ ϼϽ,  Ͽϼ ϼϼ ϴ ϴϿϿϹϿ ; Z  – ϼ϶ϿϹ ϼϹ ϴ ϴ ϴ, ϼ϶ϹϸϹ Ϲ Ͼ ϴ ϺϹ ϼ   
220 Ͼϖ; 
 Z = ∙ ∙ = ,  .                                                                               .  

 
ϖ ϼ ϹϿ  Ϲϸϼ ϼ ϴ , ϼ϶ϹϸϹ  Ͼ ϼ ϴϿ  ϴ ϴ Ϲ ϴ  

ϷϹ Ϲ ϴ ϴ: 
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Z  . . , ∙ , ∙ + , ∙ ∙ , = , ,                                        
 Z  ϶ Ϲ ϶ϼ  Ϣ ϴ  ϴ϶ϼ : 
 Z = Z  . . ∙ Z = , ∙ , = ,  ,                                                        .  
 Z = US = = , ,                                                                                       .  

 
ϧ ϴ϶Ͼϴ ϴ ϹϿϹ ϵ ϸϹ  ϴ϶ ϴ: 
 Z = Z ∙ nn = , ∙ , = ,  ,                                                      .  

 
ϣ ϼ ϼ ϴϹ  ϴ϶Ͼ  Z = ,  . 
1) Ϩ Ͼ ϼ  ∆Z Ͽϼ ϴϹ  ϶ ϹϺϸϹ ϼϹ  Ͼϴ ϴ ϼϽ ϶ Ϲ Ϸ ϼ Ϲ Ϲ  

Ͼ ϼ ϼ ϹϿ Ϸ  ϼϻ Ϲ Ϲ ϼ  Ͽ Ϸ  ϼ϶ϿϹ ϼ . ϧ ϴ϶Ͼϴ Ͼ ϼϼ ∆Z, ϶ ϶ ϻϼ  ϶ϼϹ  ϼ ϸ  ϸϴ , ϼ ϼ ϴϹ  ϼ ϸ  ϼϻ ϸϴ , 
ϴ ϼ ϴ  ϴ ϹϹ, ∆Z = . 

2) ϥ ϼ϶ϿϹ ϼϹ ϴϵϴ ϶ϴ ϼ  ϶ Ͻ Ϲ ϼ ϶ ϵϼ ϴϹ  ϼϻ Ͽ ϶ϼ  
ϽϾϼ  ϹϺϼ ϴ ϴϷ ϻϾϼ ϼ ϹϺϼ ϴ ϼ ϶Ͼϼ ϶ ϻϵ ϺϸϹ ϼ . 

ϥ ϼ϶ϿϹ ϼϹ ϴϷ ϻϾϼ ϶ ϴϿ  ϹϺϼ Ϲ: 
 Z = U√ ∙ I = ∙√ ∙ = ,  ,                                                     .  

 
ϷϸϹ I  – ϼ ϴϿ Ͻ Ͼ ϴ ϴ, ϔ. 

ϘϿ  ϹϸϹϿϹ ϼ  ϼ϶ϿϹ ϼ  ϴϷ ϻϾϼ ϶ ϹϺϼ Ϲ ϼ ϶Ͼϼ 
϶ ϻϵ ϺϸϹ ϼ  ϷϹ Ϲ ϴ ϴ ϶ Ͽ Ϲ  ϴ Ϲ  Ͼϴ ϴ ϴ ϼ ϸ϶ Ͻ  ϾϹ 
϶ ϻϵ ϺϸϹ ϼ  ∙ I . .  ϼ ϴ ϺϹ ϼ  ϴ ϻϴϺϼ ϴ  ϴ ϴ , ∙ U  (ϵϹϻ Ϲ ϴ 

ϴ Ϲ ϼ ): 
 I = ∙ I .I . . . − ,x = ∙ , − ,, = , ,                                          .  

 
ϷϸϹ I . . . – Ͼ ϴ Ͽ Ϸ  ϸϴ, ϔ; x  – ϼ Ϲ ϼ ϸ Ͼ ϼ϶ Ϲ ϼ϶ϿϹ ϼϹ ϷϹ Ϲ ϴ ϴ  ϸ Ͽ Ͻ 

ϼ. 
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ϥ Ϲ  ϴ Ϲ ϼ  ϴ ϼ  ϶ϹϿϼ ϼ ϴ Ͼϴ ϴ ϴ ϷϹ Ϲ ϴ ϴ ϶ ϹϺϼ Ϲ 
ϼ ϶Ͼϼ ϴ϶ϼ  , ∙ I . 
ϥ ϶Ϲ ϶Ϲ  ϼ϶ϿϹ ϼϹ ϴϷ ϻϾϼ ϶  ϹϺϼ Ϲ: 
 Z .  . . = , ∙ UI = , ∙, = ,  . . ,                                              .  

 cosφ . = cosφ, ∙ I = ,, ∙ , = , ,                                                  .  

 Z . . . Ϲ ϶ϼ  Ϣ ϴ  ϴ϶ϼ : 
 Z . = Z . . . ∙ Z = , ∙ = ,  ,                                        .  

 
ϧϷ Ͽ ϴϷ ϻϾϼ ϶ ϹϺϼ Ϲ ϼ ϶Ͼϼ ϴ϶Ϲ  φ . = , °. 
ϥ ϼ϶ϿϹ ϼϹ ϴϵϴ ϶ϴ ϼ  ϻϴ ϼ  ϺϹ  ϵ  ϼ : 

 Z = Z . = ,, = ,  . . ,                                                                 .  

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

 
ϛ ϴ Ϲ ϼϹ ϴ϶Ͼϼ ϹϿϹ ϴ϶ϼ : 
 Z = Z . . ∙ nn = , ∙ // = ,  ,                                                .  

 
ϣ ϼ ϼ ϴϹ  ϴ϶Ͼ  Z = ,  . 
ϖϹϿϼ ϼ ϴ Ϲ Ϲ ϼ  ϴ ϴϾ Ϲ ϼ ϼϾϼ ϴϵϴ ϶ϴ ϼ  ϼ ϴϾ ϼ ϴϿ Ͻ 

϶ ϶ϼ ϹϿ ϼ ϴ϶Ͽ Ϲ  15%. ϧ ϴ϶Ͼϼ  ϼ϶ϿϹ ϼ  Ϲ Ϲ ϼ   Z =, ∙ , = ,  , Z = , ∙ , = ,  . 
ϖ ϸϹ ϺϾϴ ϶ Ϲ Ϲ ϼ ϶ Ͻ Ϲ ϼ ϸ ϿϺ ϴ ϵ  Ϲ ϴ  ϴϼϵ Ͽ ϹϽ 

϶ ϸϹ ϺϾϼ ϶ Ϲ Ϲ ϼ ϹϻϹ ϶  ϻϴ ϼ  Ͽϼ ϼϽ. 
ϖ ϴ  Ϲ  ϸϹϽ ϶ Ϲ   ϶ ϸϹ ϺϾ Ͻ ϶ Ϲ Ϲ ϼ 8  ϴ ϾϿ Ϲ ϼϹ 

ϹϾ ϼ Ϸ  ϶ ϾϿ ϴ ϹϿ ,  ϶ ϸϹ ϺϾ Ͻ ϶ Ϲ Ϲ ϼ 8,5  – ϴ ϾϿ Ϲ ϼϹ ϵϿ  
϶ ϾϿ ϴ ϹϿϹϽ 220 Ͼϖ ϼ ϶ ϾϿ ϴ ϹϿϹϽ Ϧϥϡ,  ϶ ϸϹ ϺϾ Ͻ ϶ Ϲ Ϲ ϼ 9,0  ϴ 

ϾϿ Ϲ ϼϹ ϷϹ Ϲ ϴ ϴ ϼ Ϸϴ Ϲ ϼϹ ϿϹϽ. 
ϩϴ ϴϾ Ϲ ϼ ϼϾϴ ϴϵϴ ϶ϴ ϼ  ϸϼ ϴ ϼ Ͻ ϻϴ ϼ  Ϲϸ ϴ϶ϿϹ ϴ ϴ 

ϼ ϾϹ 5.5. 
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Ϥϼ Ͼ 5.5  ϩϴ ϴϾ Ϲ ϼ ϼϾϴ ϴϵϴ ϶ϴ ϼ  ϸϼ ϴ ϼ Ͻ ϻϴ ϼ  

 
5.4.7      
 
ϛϴ ϼ ϴ Ϲϸ ϴϻ ϴ Ϲ ϴ ϸϿ  ϿϼϾ϶ϼϸϴ ϼϼ Ϲϸ ϼ  Ϲ ϹϷ ϻ Ͼ ϵ Ͼ 
ϴ. ϛϴ ϼ ϴ ϶ Ͽ Ϲ ϴ  ϻϴ϶ϼ ϼ Ͻ  Ͼϴ ϶ ϸϹ ϺϾ Ͻ ϶ Ϲ Ϲ ϼ. ϛϴ ϼ ϴ 

ϸϹ Ϻϼ  ϿϹϸ ϼϹ Ͼ ϼ ϴϿ Ϲ Ϸϴ : 
1) ϥϼϷ ϴϿ Ͻ Ϸϴ , ϴϵϴ ϶ϴ ϼϽ  Ϲϻϴ϶ϼ ϼ Ͻ ϶ ϸϹ ϺϾ Ͻ ϶ Ϲ Ϲ ϼ 

ϼ ϶ϹϿϼ Ϲ ϼϼ Ͼϴ ϶ Ϲ ϻ ϴ Ϲ ϼ  ϴ϶Ͼϼ ϴϵϴ ϶ϴ ϼ  ϼ ϸϹϽ ϶ ϹϽ ϶ 
Ϲϸ Ϲϸϼ ϹϿ  ϼϷ ϴϿϼϻϴ ϼ . ϧ ϴ϶Ͼϴ ϼϷ ϴϿ Ϸ  Ϸϴ ϴ: 

 I  . = ∙ I .K = , ∙ I ., = , ∙ I . ,                                   .  

 
2) ϣ Ͼ ϶ Ͻ Ϸϴ , ϴϵϴ ϶ϴ ϼϽ ϵϹϻ ϶ ϸϹ ϺϾϼ ϶ Ϲ Ϲ ϼ ϼ ϶ϹϿϼ Ϲ ϼϼ 

Ͼϴ ϶ Ϲ ϴ϶Ͼϼ ϴϵϴ ϶ϴ ϼ  ϼ Ϲ ϶Ͽ ϼϽ Ͼ ϼ ϹϷ ϴϿ Ϸ  Ϸϴ ϴ. 
ϧ ϴ϶Ͼϴ Ͼ ϶ Ϸ  Ϸϴ ϴ: 

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

 
3) Ϝ ϹϷ ϴϿ Ͻ Ϸϴ , ϴϵϴ ϶ϴ ϼϽ  ϻϴ϶ϼ ϼ Ͻ  Ͼϴ ϶ ϸϹ ϺϾ Ͻ 

϶ Ϲ Ϲ ϼ, ϻϴϸϴ Ͻ ϶ ϴϵϿϼ Ͻ Ϲ, ϼ ϸϹϽ ϶ ϹϽ ϴ ϾϿ Ϲ ϼϹ 
϶ ϾϿ ϴ ϹϿ  ϷϹ Ϲ ϴ ϴ, Ϸϴ Ϲ ϼϹ ϿϹϽ. ϛ ϴ ϼ  Ϲ ϹϷ ϻ Ͻ ϵ ϼ 

ϵ Ͼϼ ϴ Ϲϸ ϴ϶ϿϹ ϴ  ϶ ϴϵϿϼ Ϲ 5.6. 
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ϦϴϵϿϼ ϴ 5.6 – ϣϹ ϹϷ ϻ ϴ  ϵ  ϵ Ͼϼ ϴ 
Ϟ ϴ  

Ϲ ϹϷ ϻϾϼ ⁄  
1,1 1,15 1,2 1,25 1,3 1,4 1,5 2,0 2,2 

ϘϿϼ ϹϿ  
Ϲ ϹϷ ϻϾϼ,  

ϸϿϼ ϹϿ  250 180 160 120 90 72 45 20 

 
ϩϴ ϴϾ Ϲ ϼ ϼϾϴ ϼ ϹϷ ϴϿ Ϸ  Ϸϴ ϴ ϻϴ ϼ   Ϲ ϹϷ ϻϾϼ ϵ Ͼϼ 
ϴ Ϲϸ ϴ϶ϿϹ ϴ ϴ ϼ ϾϹ 5.6. 
 

 
Ϥϼ Ͼ 5.6  ϩϴ ϴϾ Ϲ ϼ ϼϾϴ ϼ ϹϷ ϴϿ Ϸ  Ϸϴ ϴ  

ϻϴ ϼ   Ϲ ϹϷ ϻϾϼ ϵ Ͼϼ ϴ 
 

4) Ϣ Ϸϴ  Ͼ ϶ Ͻ Ϲ Ͼϼ, ϴϵϴ ϶ϴ ϼϽ  Ϲϻϴ϶ϼ ϼ Ͻ ϶ ϸϹ ϺϾ Ͻ 
϶ Ϲ Ϲ ϼ ϼ ϶ϹϿϼ Ϲ ϼϼ Ͼϴ ϶ Ϲ ϻ ϴ Ϲ ϼ  ϴ϶Ͼϼ ϴϵϴ ϶ϴ ϼ . ϧ ϴ϶Ͼϴ 

Ϸϴ ϴ Ϲ Ͼϼ: 
 I  . = , ∙ I ., = , ∙ I . ,                                                             .  

 
ϖ ϸϹ ϺϾϴ ϶ Ϲ Ϲ ϼ Ͼ ϶ Ͻ Ϲ Ͼϼ ϼ ϼ ϴϹ  3,0 . ϛϴ ϼ ϴ ϸϹϽ ϶ Ϲ  

ϴ ϾϿ Ϲ ϼϹ ϶ ϾϿ ϴ ϹϿ  ϷϹ Ϲ ϴ ϴ, Ϸϴ Ϲ ϼϹ ϿϹϽ. 
 

5.5.     -  
 
Ϝ ϸ  ϼϻ ϴ Ϲ ϴ ϴ϶ Ͼ, ϸϿ  ϻϴ ϼ  ϵϿ Ͼϴ ϷϹ Ϲ ϴ - ϴ ϴ  

ϵ Ͽ  ϶ ϵ ϴ  Ͼ ϿϹϾ Ϲ ϼ ϹϿϿϹϾ ϴϿ Ϲ Ͻ ϶  ϴ϶ϿϹ ϼ  
ϷϹ Ϲ ϴ , Ϲϸ ϴϻ ϴ Ϲ Ϲ ϸϿ  ϻϴ ϼ , ϴ϶ϿϹ ϼ , ϼϻ Ϲ Ϲ ϼ  ϼ Ͼ Ͽ  
ϷϹ Ϲ ϴ ϶ ϴϿ Ͻ ϼ Ϲϸ ϹϽ ϶ϹϿϼ ϼ  ϼϻ϶ ϸ ϶ϴ ϢϢϢ ϡϣϣ «ϱϞϤϔ». 

ϦϴϵϿϼ ϴ ϴ϶ Ͼ ϼ ϴ ϼ ϴ ϾϿ Ϲ ϼϽ ϻϴ ϼ  Ϲϸ ϴ϶ϿϹ ϴ ϶ 
ϣ ϼϿ ϺϹ ϼϼ ϖ, ϴϵϿϼ ϴ ϖ.1, ϖ.2. ϖ Ϲ ϴ ϼ ϴ Ϲ ϻϴ ϼ  Ϲϸ ϴ϶ϿϹ  ϴ 

Ϲ ϹϺϹ. 

0
25
50
75

100
125
150
175
200
225
250

1 1,1 1,2 1,3 1,4 1,5 1,6 1,7 1,8 1,9 2 2,1 2,2 2,3

t, 

I/Iϡ
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6  ,        
 
6.1      

 
ϞϿϴ  ϶ ϸ Ͽϼ϶ Ͻ Ͽ ϼ  ϹϸϹϿ Ϲ   ё  Ͼ ϼ Ϲ ϼ : 
 ϣ  ϶ Ϲ ϺϹ ϼ  ϼ ϼ  Ϸ ϴ: 
ϖ ϶ϴ ϼϼ ϺϹ ϼ  ϻϴϿϹϷϴϹ  Ϸ ϴ ϼ . Ϥϴ Ϲ Ϲ ϴ ϴϾ Ϲ ϼ ϼϾϼ ϸϿ  

ϴ Ϲ ϶ Ͻ ϼ϶ ϼ ϗϦϥ  Ͼ ϴϾ  ϵϹ  – ϾϴϿϴ:  c =  , tgφ = , , 
ϸϹϿ Ͻ ϶Ϲ  Ϸ ϴ ϶ ϴ ϼ϶Ϲ =  / . 

ϖ ϴ ϵϹ Ͻ ϶ ϸ Ͽϼ϶ Ͻ Ͽ ϼ  – 47  (∇ ϡϣϧ – ∇ϸ =280-233=47 
) 

ϞϿϴ  ϺϹ ϼ  – ΙΙΙ 
 ϣ  ϴϻ ϴ Ϲ ϼ  ϼ Ͽ ϶ϼ  Ͼ Ͽ ϴ ϴ ϼϼ: 
ϧ ϴ ϶ϿϹ ϴ   N =260 Ϡϖ  
ϞϿϴ  ϺϹ ϼ  – ΙΙΙ 
 ϣ  ϿϹϸ ϶ϼ  ϶ ϻ Ϻ  Ϸϼϸ ϸϼ ϴ ϼ Ϲ Ͼϼ  ϴ϶ϴ ϼϽ ϴ ϗϦϥ: 
ϫϼ Ͽ   Ϻϼ϶ϴ ϼ  Ͽ ϸϹϽ, Ͼ Ϲ Ϸ  ϴϸϴ   

ϴ϶ϴ ϼϼ Ϸϼϸ Ϲ ϼ Ϲ Ͼϼ  ϺϹ ϼϽ: 1800 ϹϿ ϶ϹϾ. 
ϞϿϴ  ϺϹ ϼ  – IΙ 
ϖ ϵϼ ϴϹ  ϾϿϴ , ϼϽ  Ͼ ϴϼϵ ϿϹϹ ϶Ϲ ϶Ϲ  ϾϿϴ  – ΙΙ 

ϾϿϴ . 
 

6.2     
 

6.2.1        
 

ϗ ϶ϴ  Ͽ ϼ ϴ 
ϛϴ Ϲ Ͼ  Ϸ Ϲϵ  Ϸ ϶ Ͻ Ͽ ϼ  ϼ ϼ ϴϹ  Ϲ Ͼϴ, 

϶ ϼ ϿϹ ϴ   ϿϹ: 
 ∇ = ∇ + h ,                                                                                       .  

 
ϷϸϹ h  – Ϲ϶ Ϲ ϼϹ Ϸ Ϲϵ  Ͽ ϼ  ϴϸ ϴ Ϲ  ϶ Ϲ  ϶ ϶Ϲ Ϲ  
ϵ Ϲ Ϲ. 
 h = h % + ∆h + ,                                                                                       .   

 
ϷϸϹ h % – ϶ ϴ ϴϾϴ ϴ ϶ Ͽ  ϴ Ͼ  ϵϹ Ϲ Ϲ  1%; ∆h  – ϶ ϴ ϶Ϲ ϶ Ϸ  ϴϷ ϴ ϶ ϸ  ϶ ϶Ϲ Ϲ  ϵ Ϲ Ϲ; 

 – Ͼ Ͼ ϼ϶ Ͻ ϻϴ ϴ , ϼ ϼ ϴϹ  0,6 . 
Ϣ ϹϸϹϿϹ ϼϹ ϶  ϶Ϲ ϶ Ϸ  ϴϷ ϴ: 
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∆h = k ∙ V ∙ Lg ∙ d ∙ cos ,                                                                                      .  

 
ϷϸϹ k  = 2,1 ∙ 106 – Ͼ ϼ ϼϹ , ϼ ϼ ϴϹ Ͻ ϸϿ  Ͼ ϼ ϶Ϲ ϴ 20 / ;  𝑤 = 20 /  – ϴ Ϲ ϴ   Ͼ  ϶Ϲ ϴ; 

 = 1700  – ϴϻϷ  ϶ Ͽ  ϸϿ  ϻϴϸϴ Ͻ Ϲ ϼ, 
ϹϸϹϿ Ϲ Ͻ  ϻϹ ϶Ϲ ϶ ϴϽ ϴ Ϸϼϸ ϻϿϴ; 

 – Ͽ ϶ ϴ  ϴ Ϲ ϴ  ϷϿ ϵϼ ϴ ϶ ϸ  ϶ ϶ ϸ ϴ ϼϿϼ Ϲ; 
 = 0 – Ϸ Ͽ ϹϺϸ  ϸ Ͽ Ͻ  ϶ ϸ ϴ ϼϿϼ ϴ ϼ ϴ ϴ϶ϿϹ ϼϹ  

Ϸ ϸ ϶ ϼ  ϶Ϲ ϶; 
 – Ͽ ϶ ϴ  ϴ Ϲ ϴ  ϷϿ ϵϼ ϴ ϶ ϸ  ϶ ϶ ϸ ϴ ϼϿϼ Ϲ. 

 ∆h = , ∙ ∙ ∙, ∙ , = ,  ,                                                             
 d = ∇ − ∇  = − = ,  ,                                                   .  

 
Ϣ ϹϸϹϿϹ ϼϹ ϶  ϶ Ͽ  1% ϵϹ Ϲ Ϲ ϼ.  
ϖ ϼ Ͽ Ϲ  ϵϹϻ ϴϻ Ϲ Ϲ Ͼ ϿϹϾ  

∙
 ϼ ∙

, ϷϸϹ 𝑡 =   –  Ϲ ϼ ϸ 
ϴϻ϶ϼ ϼ  ϶ Ͽ  ϴ ϶ ϸ ϴ ϼϿϼ Ϲ 

 g ∙ LV = , ∙ = , ,                                                                                 .  

 g ∙ tV = , ∙ = , ,                                                                           .  

 
Ϝϻ Ϸ ϴ ϼϾϴ [26, ϣ ϼϿ ϺϹ ϼϹ 1, ϼ Ͼ 1]  ϶Ϲ ϹϽ Ϸϼϵϴ ϹϽ Ͼ ϼ϶ Ͻ 

(ϸϿ  ϷϿ ϵ Ͼ ϶ ϸ Ͻ ϻ   ϷϿ ϵϼ Ͻ d > , ƛ , ϷϸϹ ϸ  Ϲ ϶Ͽϼ Ϲ  ϴ ϶ Ϲ 
ϴ ϴϾ Ϲ ϼ ϼϾϼ ϶ Ͽ )  ϻ ϴ Ϲ ϼ  ∙

 ϼ ∙  ϹϸϹϿ  ϴ ϴ Ϲ  ∙̅
 ϼ ∙

. 

 

ϣ ϼ ∙
= 41,69: 

∙̅
= 0,012, 

∙
 = 1,25; 

 

ϣ ϼ ∙
= 10594,8: 

∙̅
= 0,075, 

∙
= 3,5. 

 

ϣ ϼ ϼ ϴϹ  ϴϼ Ϲ ϼϹ ϻ ϴ Ϲ ϼ  Ͼ ϿϹϾ ϶ ∙̅
=0,012, 

∙
=1,25 ϼ 

ϴ ϸϼ  Ϲϸ ϼϽ Ϲ ϼ ϸ ϶ Ͽ  𝑇̅ ( ) ϼ Ϲϸ  ϶  ϶ Ͽ  ℎ  ( ): 
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𝑇̅ = , ∙ Vg = , ∙, = ,  ,                                                                    .  

 h̅ = , ∙ Vg = , ∙, = ,  ,                                                            .  

 
ϖ ϼ Ͽ Ϲ  Ϲϸ  ϸϿϼ  ϶ Ͽ : 

 ƛ̅̅̅ = g ∙ T∙ ,                                                                                                                .  

 ƛ̅̅̅ = , ∙ ,∙ , = ,  , 
 

ϣ ϶Ϲ Ϲ  Ͽ ϶ϼϹ ϸϿ  ϷϿ ϵ Ͼ ϶ ϸ Ͻ ϻ  ϶ ϸ ϴ ϼϿϼ ϴ: d > , ƛ . d > , ƛ . , > ,   − Ͽ ϶ϼϹ ϶ Ͽ Ϲ , ϻ ϴ ϷϿ ϵ Ͼ ϶ ϸ ϴ . 
Ϣ ϹϸϹϿ Ϲ  ϶  ϶ Ͽ  1% ϵϹ Ϲ Ϲ ϼ: 

 h % = h ∙ K = , ∙ , = ,  ,                                                               .  
 
ϷϸϹ 𝑖 = 2,09 - Ͼ ϼ ϼϹ , ϹϸϹϿ Ϲ Ͻ  Ϸ ϴ ϼϾ  [26, ϣ ϼϿ ϺϹ ϼϹ 1, 

ϼ Ͼ 2] ϶ ϻϴ϶ϼ ϼ ϼ  ϻ ϴ Ϲ ϼ  
w

gL

V 
= 41,69. 

 h % = k k k k h %,                                                                              .  
 

ϷϸϹ k  ϼ k   Ͼ ϼ ϼϹ  Ϲ ϶ϴ ϼ ϼ ϼ ϴϹ ϼ Ͼ ϴ, 
ϼ ϼ ϴϹ Ϲ  ϴϵϿϼ Ϲ 6 [25], ϸϿ  Ͼϴ Ϲ Ϸ  Ͼ ϼ  Ͽϼ  k  = 1,0 ϼ k  = 

0,9; 
      k  = 1,5  Ͼ ϼ ϼϹ , ϼ ϼ ϴϹ Ͻ  ϴϵϿϼ Ϲ 7 [25] ϼ Ͼ ϼ 
϶Ϲ ϴ 20 /  ϼ 𝑡 𝜑 = 3  ϸϿ  Ͼϴ Ϲ - ϴϵ Ͻ Ͽ ϼ ; k = 1,2  Ͼ ϼ ϼϹ , ϼ ϼ ϴϹ Ͻ  ϼ Ͼ  10* ϴ ϴ ϼ Ϲ 7[25] 
϶ ϻϴ϶ϼ ϼ ϼ  Ͽ Ϸ ϼ ϶ Ͽ  ƛd/h %. 
 h % = , ∙ , ∙ , ∙ , ∙ , = ,  . 
 

Ϣ ϹϸϹϿϹ ϼϹ Ϲ Ͼϼ Ϸ ϶ Ͻ Ͽ ϼ . 
ϘϿ  ϶ Ϸ  ϴ Ϲ Ϸ  Ͽ ϴ : 

 ∇ϗϗϣ =280 + 2,26 = 282,26 .  
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6.3   
 

Ϝ ϸ ϼ ϸϴ ϼ ϸϿ  ϶ϹϸϹ ϼ  Ϸϼϸ ϴ϶Ͽϼ Ϲ Ͼϼ  ϴ Ϲ ϶ ϶Ͽ : 
Ϲ Ͼϼ ϡϣϧ ϼ Ϙ ϴ, ϴ Ϲ Ϲ ϴϾ ϼ ϴϿ Ϲ ϴ ϸ  ϶ ϸ , Ͼ ϼ϶ Ϲ ϶ ϻϼ 
϶ ϹϽ ϼϺ ϹϷ  ϵ Ϲ ϴ ϼ ϴ ϸ ϶, ϴ ϴϾ Ϲ ϼ ϼϾϼ Ϸ ϶ ϶ϴ ϼ . 

 
6.3.1     

 
Ϣ ϹϸϹϿ Ϲ  ϴ Ϲ Ͻ ϴ ϸ ϶ ϸ  ϸϿ  ϶ Ϸ  ϴ Ϲ Ϸ  Ͽ ϴ  Q , 

Ͼ Ͻ ϸ ϿϺϹ  Ͼϴ , ϼ ϡϣϧ Ϲ Ϲϻ ϶ Ϲ Ͼ Ͽ ϴ ϴ ϼ Ϲ 
϶ ϸ Ͼ Ϲ ϺϹ ϼ  Ϸϼϸ ϻϿϴ ϼ Ͽ  ϼ  Ͼ ϼϼ ϼ Ϲ Ϲϻ 
Ϸϼϸ ϴϷ ϹϷϴ  ϗϱϥ.  
 Q . = Q . − Q Э − Q .  = Q % − Q n − − Vt ,                                                                 .  

 Q . = , − ,  − − , = ,  / , 
 
ϷϸϹ Q .   − ϴ Ϲ Ͻ ϴϾ ϼ ϴϿ Ͻ ϴ ϸ ϸϿ  ϶ Ϸ  ϴ Ϲ Ϸ  
Ͽ ϴ ,  Ϲ  ϴ ϴ ϼϼ ϹϷ  ϶ ϸ ϴ ϼϿϼ Ϲ ; Q  – ϴ ϸ Ϲ Ϲϻ ϸϼ  Ϸϼϸ ϴϷ ϹϷϴ  ϖϼ ϼ Ͼ Ͻ ϗϱϥ; 

n – ϼ Ͽ  Ϸϼϸ ϴϷ ϹϷϴ ϶; Q . = = , − , ∙ 9 = ,  / ;  V  – ϿϹϻ Ͻ ϵ Ϲ  ϶ ϸ ϴ ϼϿϼ ϴ = − ; 
 𝑡  – ϶ Ϲ  ϴϵ Ͼϼ ϶ ϸ ϴ ϼϿϼ ϴ (2 Ϲ ϴ) ( 5256006 )t  . 

Ϭϼ ϼ ϴ ϶ ϸ Ͽϼ϶ Ϸ  ϴ: 
 B = Qq = , = ,  ,                                                                               .  

 
ϷϸϹ q  - ϸϹϿ Ͻ ϴ ϸ ϴ ϶ ϸ Ͽϼ϶Ϲ, 

 q = , ∙ q ,                                                                                                        .  
 
ϷϸϹ q  - ϸϹϿ Ͻ ϴ ϸ ϴ ϼ ϵϹ Ϲ, 

 q = V ∙ h = ∙ , = ,  / ,                                                              .  
 
Ϧ Ϸϸϴ  q = ,  ∙ , =  / ,  
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ϷϸϹ V  - ϸ ϼ ϴ  Ͼ  (ϸϿ  ϾϴϿ Ϸ  ϶ϴ ϼ  4,0 / ); h  - ϷϿ ϵϼ ϴ ϶ ϸ  ϶ ϡϕ ϼ Q .  0,1% - 9,2 . 
ϫϼ Ͽ  ϿϹ ϶ n ϼ ϼ ϴϹ  ϴ϶  2, ϼ ϼ ϴ ϿϹ ϴ b ϴ϶ ϴ 4   

 B = b ∙ n =  =  ,                                                                                          .  
 

6.3.2      
 

Ϥϴ ϼ ϶ϴϹ  Ͼ ϼ϶ Ͽϼ ϹϽ Ͻ ϵϹϻ϶ϴϾ Ͻ ϶ ϸ Ͽϼ϶ ϴϾ ϼ Ϲ Ͼ Ϸ  
ϼϿ . 
ϡϴ  ϴ Ϸ Ϲϵ Ϲ ϶ ϸ Ͽϼ϶ϴ ϵϹϻ Ϲ ϴ Ϻϴ ϼ  ϼ ϸ ϿϹ ϼ : 

 H = Qm ∙ B ∙ √ ∙ g = ,, ∙ ∙ √ ∙ , = ,  ,                        .  

 
ϷϸϹ m − Ͼ ϼ ϼϹ  ϴ ϸϴ ϻϴ϶ϼ ϼ    ϼϿ  ϶ ϸ Ͽϼ϶ϴ ϼ 

ϼ ϼ ϴϹ  ϶ ϻϴ϶ϼ ϼ ϼ  ϼ ϴ ϶ ϸ Ͽϼ϶ϴ ϴϾ ϼ Ϲ Ͼ Ϸ  ϼϿ  [27, 
ϴϻϸϹϿ 6-4]. ϣ ϼ ϼ ϴϹ  ϶ Ͼ ϶  ϹϾ Ϲ m = 0,49. 

Ϧ Ϸϸϴ Ͽ Ͻ ϴ  ϴ ϶ ϸ Ͽϼ϶Ϲ ϶ Ϲ ϶  ϼϵϿϼϺϹ ϼϼ:  
 H = Qm ∙ σ ∙ σ ∙ B ∙ √ ∙ g / = ,, ∙ , ∙ ∙ ∙ √ ∙ , /= ,  ,                                                                                                                    .  

 
ϷϸϹ σ  – Ͼ ϼ ϼϹ  ϸ ϿϹ ϼ , ϸϿ  Ͼ ϶ Ϸ  ϹϾ ϼ ϶ϴ ϼ  ϼ ϼ ϴϹ  

ϴ϶  1. − Ͼ ϼ ϼϹ  ϵ Ͼ ϶ Ϸ  Ϻϴ ϼ , ϻϴ϶ϼ ϼϽ  Ͽ ϶ϼϽ ϶ ϸϴ, 
ϹϸϹϿ Ϲ   ϿϹ: 

 = − , + − ∙ ,                                                                                  . ) 

 = − , , + − ∙ , ∙ , = , .  
 
ϷϸϹ − ϼ ϼ ϴ ϿϹ ϴ;  − ϼ Ͽ  ϿϹ ϶;  − Ͼ ϼ ϼϹ   ϵ Ͼ ϶  Ϲ϶, ϼ ϼ ϴϹ  0,7;  − Ͼ ϼ ϼϹ , ϻϴ϶ϼ ϼϽ  ϴ Ͽ ϺϹ ϼ  ϵ Ͼϴ ϶ Ͽϴ Ϲ, ϼ ϼ ϴϹ  
0,45. 

ϡϴ  ϴ Ϸ Ϲϵ Ϲ ϶ ϸ Ͽϼ϶ϴ ϵϹϻ Ϲ ϴ Ͼ ϼ ϸ ϸϴ Ͼϴ Ͼ ϶ ϸ Ͽϼ϶  
: 
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H = H − ∙ V∙ g = , − , ∙ ,∙ , = ,  ,                                            .  

 
ϷϸϹ V  − Ͼ  ϸ ϸϴ Ͼϴ Ͼ Ͽ ϼ Ϲ, = ,  − Ͼ ϼ ϼϹ  Ϟ ϼ Ͽϼ ϴ, 

 V = Q∇ − ∇ ∙ B + n − ∙ = = ,− + − ∙ = ,  / ,                                                           .  

 
ϷϸϹ  − Ͽ ϼ ϴ ϵ Ͼϴ;  B − ϼ ϼ ϴ ϶ ϸ ϵ Ϸ  ϴ.  

ϦϴϾϼ  ϵ ϴϻ : ,  = ,   ; 
ϣ ϼ ϴϻ ϹϻϾϹ ϵ Ͼϴ ϹϷ  Ͽ ϼ ϴ ϶ϹϿϼ ϼ϶ϴϹ  ϴ 2 Ϲ : 
 = + =  . 
 
Ϣ Ϲ Ͼ  Ϸ Ϲϵ  ϶ ϸ Ͽϼ϶ϴ ϹϸϹϿ Ϲ :  

 ∇ = ∇ − H = − , = ,  ,                                                .  
 

ϷϸϹ H  – ϴ ϸϴ Ͻ ϴ , ϵϿϼϺϴϽ ϼϽ Ͼ H ϶ ϶Ϲ ϶ϼϼ  Ϲ ϼ Ϲ Ͼϼ  
ϹϷϿϴ Ϲ , ϼ ϼ ϴϹ  5,5 . 

Ϣ Ϲ Ͼ  ϶Ϲ ϴ ϵ Ͼϴ ϶ ϼ Ͽ Ϲ : 
 ∇ = ∇ + , ∙ H = , + , ∙ , = ,  ,                              .  

 
ϣ ϹϾ ϴ  Ϲ Ͼϴ Ϸ Ϲϵ  Ͽ ϼ  ϶ ϸϴ  Ͽ ϴϹ ϴ ϴ϶Ͽϼ϶ϴϹ   

Ϲ ϾϹ ϶Ϲ ϴ ϵ Ͼϴ, .Ͼ. ∇ = ,   ϵ Ͽ Ϲ ∇ = ,    
 

6.3.3        
 

 
Ϣ ϹϸϹϿϼ  Ͽ ϴϸ  ϶ ϸ ϵ  ϶Ϲ ϼϽ ω϶ , ϻϴ Ϲ  ϴϻ ϴ ϼ  ϴϻ Ϲ  

ϸ Ϸ  ϶ ϸ ϵ Ϸ  ϶Ϲ ϼ : 
  Q . = = , − , ∙ 9 = ,  ,                                                        (6.24) 

 Q . = ω √ gH ,                                                                                  (6.25) 
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ω = √ = ,, √ ∙ , ∙ = ,  ,                                                     (6.26) 

 

ϷϸϹ Q .  – ϴ ϸ, ϵ ϴ ϶ϴϹ Ͻ Ϲ Ϲϻ ϴ϶ϴ ϼϽ Ͻ ϶ ϸ ϵ  ; ωво – Ͽ ϴϸ  ϶ ϸ  ϶Ϲ ϼϽ, ; μ – Ͼ ϼ ϼϹ  ϴ ϸϴ, ϴ϶ Ͻ 0,8÷0,82; 
Hво – ϴ  ϴϸ Ϲ  ϶ ϸ Ϸ  ϶Ϲ ϼ . 
 

϶  = ▽ϡϣϧ − ▽ϖϢ = 280– 235 = 45 ,                                                                    (6.27) 
 
ϷϸϹ ϖϢ – Ϲ Ͼϴ Ϲ ϴ ϶ ϸ Ϸ  ϶ ϸ ϵ Ϸ  ϶Ϲ ϼ . 

 

ϖϢ = ϣϢ +  = 235 +  = 235 ,                                                                (6.28) 

 
ϷϸϹ h϶  = 2  – ϶ ϴ ϶Ϲ ϼ  ϼ ϴ  Ϲϸ϶ϴ ϼ ϹϿ , ; 

ϣϢ – Ϲ Ͼϴ Ϸϴ ϶Ϲ ϼ , ϴ϶ ϴ : 
 

ϣϢ = Ϙϡϔ + h  = 233 + 2 = 235 ,                                                          (6.29) 
 

ϷϸϹ h  = 2  – ϶ ϴ Ϸϴ, . 
Ϭϼ ϼ ϴ ϶ ϸ Ϸ  ϶Ϲ ϼ : 
 b′ = ω = , = ,  ,                                                                               (6.30) 

 
Ϥϴϻϵϼ϶ϴϹ  ϼ ϼ  ϶ ϸ Ͽϼ϶ Ϸ  ϴ ϴ ϴ ϸϴ Ϲ ϶Ϲ ϼ : 
 B = n ∙ b = ∙ =  ,                                                                               (6.31) 
 
ϢϾ ϴ ϹϿ  ϼ ϼ ϴϹ  b϶  = 3 . 

 
6.3.4      

 
ϢϷ Ͽ ϶ Ͼ ϵϹϻ϶ϴϾ Ϸ  ϴϾ ϼ Ϲ Ͼ Ϸ  ϼϿ  ϼ ϴ ϔ ϼ   

Ͼ ϸϼ ϴ ϴ  Ϟ ϼϷϹ ϴ-Ϣ ϼ Ϲ ϶ϴ, ϼ϶ϹϸϹ  ϶ ϴϵϿϼ Ϲ 6-12 [27]. 
Ϟ ϸϼ ϴ  ϸϿ  Ϲ ϼ  Ϸ Ͽ ϶Ͼϴ Ͽ ϼ  ϴϾ ϼ Ϲ Ͼ Ϸ  ϼϿ  

ϹϸϹϿ  Ϲ  ϺϹ ϼ  ϴϵϿϼ  Ͼ ϸϼ ϴ  ϴ  = 5,5  ( ϴϵϿϼ ϴ 
6.1). 

 
ϦϴϵϿϼ ϴ 6.1 – ϣ ϼ϶ϹϸϹ Ϲ Ͼ ϸϼ ϴ  ϴ ϴϿ Ϸ  Ϲ ϴ ϼ  Ϸ Ϲϵ  

ϴϿ Ͻ ϵϹϻ϶ϴϾ Ͻ ϶ ϸ Ͽϼ϶ Ͻ Ϲ Ͼϼ (Ϟ ϼϷϹ ϴ – Ϣ ϼ Ϲ ϶ϴ) 
№ Ͼϼ x y № Ͼϼ x y 

1 0 1,134 21 18 11,115 
2 0,9 0,324 22 18,9 12,321 
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ϢϾ ϴ ϼϹ ϴϵϿϼ  6.1 
3 1,8 0,063 23 19,8 13,572 
4 2,7 0 24 20,7 14,877 
5 3,6 0,054 25 21,6 16,2 
6 4,5 0,243 26 22,5 17,64 
7 5,4 0,54 27 23,4 19,098 
8 6,3 0,9 28 24,3 20,601 
9 7,2 1,314 29 25,2 22,158 
10 8,1 1,782 30 26,1 23,76 
11 9 2,304 31 27 25,416 
12 9,9 2,889 32 27,9 27,117 
13 10,8 3,546 33 28,8 28,863 
14 11,7 4,275 34 29,7 30,645 
15 12,6 5,076 35 30,6 32,481 
16 13,5 5,949 36 31,5 34,362 
17 14,4 6,876 37 32,4 36,279 
18 15,3 7,857 38 33,3 38,241 
19 16,2 8,883 39 34,2 40,239 
20 17,1 9,972 40 35,1 42,282 

 
ϡϴ ϼ ϾϹ 6.1 Ϲϸ ϴ϶ϿϹ  ϴ ϴϿ Ϲ Ϲ ϴ ϼϹ Ϸ Ϲϵ  ϴϿ Ͻ 

ϵϹϻ϶ϴϾ Ͻ ϶ ϸ Ͽϼ϶ Ͻ Ϲ Ͼϼ Ϟ ϼϷϹ ϴ – Ϣ ϼ Ϲ ϶ϴ. 
 

 
Ϥϼ Ͼ 6.1 ϡϴ ϴϿ Ϲ Ϲ ϴ ϼϹ Ϸ Ϲϵ  ϴϿ Ͻ ϵϹϻ϶ϴϾ Ͻ 

϶ ϸ Ͽϼ϶ Ͻ Ϲ Ͼϼ Ϟ ϼϷϹ ϴ – Ϣ ϼ Ϲ ϶ϴ. 
 
ϖ ϴ Ͽ ϼ  ϴ϶ ϴ: 

 
С  = ∇ϗϖ - ∇ϸ ϴ = 274,5 - 233 = 41,5 .   (6.32) 
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6.3.5       
 

ϛϴ Ͽ ϼ Ͻ Ϲ ϵ ϸϼ  Ͽ ϼ  ϻϴ ϿϹ Ͻ Ϻ Ͼ. ϘϿ  Ϸ  
Ϲ ϵ ϸϼ ϴ Ͽϼϵ  ϶Ϲ ϶ ϴ  ϷϿ ϵϼ ϴ ϶ ϼϺ Ϲ  ϵ Ϲ Ϲ, Ͽϼϵ  Ϸϴ Ϲ ϼϹ ϴ ϼ 

ϼϻϵ Ͻ Ϲ Ϸϼϼ   ϶ ϸ ϵ Ͻ Ͻ Ϲ Ͼϼ, ϶ ϸ ϵ Ͻ Ϸ  Ͼ Ͽ ϸ ϴ ϼϿϼ 
ϼ  Ͼ ϵϼ ϴ ϼϼ. 

Ϣ ϹϸϹϿ Ϲ  Ͼ ϼ ϼ Ϲ Ͼϴ  ϷϿ ϵϼ ϴ: 
 h = √ ∙ QB + n − ∙ ∙ g = √ , ∙ ,+ − ∙ ∙ , = ,  , .  

 
ϖ ϼ Ͽ Ϲ  Ͽ  ϸϹϿ  Ϲ Ϸϼ  ϶ Ϲ Ϲ ϼϼ Ϲ Ϲϸ ϶ ϸ Ͽϼ϶ : T = ∇ − ∇ = − =  ,                                                  .  

ϣϹ ϶ϴ  ϺϹ ϴ  ϷϿ ϵϼ ϴ, ϴ ϼ ϶ϴϹ  Ϲ ϸ  ϿϹϸ ϶ϴ ϹϿ  
ϼϵϿϼϺϹ ϼϽ: 

 h′ = φ√ ( − − ′  ,                                                                                       .  

 h′ = ,, ∙ √ ∙ , ∙ − − = ,  , 
 
ϷϸϹ q – ϸϹϿ Ͻ ϴ ϸ ϴ ϶ ϸ Ͽϼ϶Ϲ: 

 q = QB + = ,+ = ,  / ,                                                               .  

 
ϧ Ϲ  ϶ϹϿϼ ϼ  h′ : 

 h′ = ,, ∙ √ ∙ , ∙ − − , = ,  .     
 
ϖ ϴ  ϺϹ ϴ  ϷϿ ϵϼ ϴ: 

 h′′ = ′ √ + ∙ ′ − ,                                                                    (6.37)     h′′ = , √ + ∙ ,, − =  ,  .  
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ϦϴϾ ϾϴϾ h ϵ=9,2 , ϴ ϶ ϴ  Ϻё ϴ  ϷϿ ϵϼ ϴ ϴ϶ ϴ 11,21 ϿϹϸ ϶ϴ ϹϿ  
Ϻ Ͼ Ϲ ϻϴ ϿϹ  ϼ ϶ ϸ ϵ Ͻ ϴ  Ϲ Ͼϴ ϴ ϴ϶Ͽϼ϶ϴϹ . 

 
6.3.6     

 
Ϥϴ Ϲ  ϶  ϶ ϸ ϵ Ͻ Ͻ Ϲ Ͼϼ h  ϶ ϸ , ϴ ϴ ϼ϶ϴ  Ϲ Ͼ  ϾϴϾ 

Ϲ ϸ ϿϹ Ͻ ϶ ϸ Ͽϼ϶ ϴϾ ϼ Ϲ Ͼ Ϸ  ϼϿ , ϿϹϸ ϼ  ϵ ϴϻ : 
ϴ ϼ ϶ϴ  ϶  ϶ ϸ ϵ Ͻ Ͻ Ϲ Ͼϼ h   ϿϹ: 

 h = σh′′ − H = , ∙ , − , = ,  ,                                         .  
 
ϷϸϹ  – ϴ  ϴϸ ϶ ϸ ϵ Ͻ Ͻ Ϲ Ͼ Ͻ: 
 H = ( √ ) ⁄ − (σ ′′ =  

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

 
ϣ ϿϹ ϹϸϹϿϹ ϼ  ϶  Ϲ Ͼϼ h  ϶Ϲ Ϲ  Ͽ ϶ϼϹ ϺϹ ϼ  ϻϴ 

Ϲ Ͼ Ͻ  Ϲ ϸϼϾϹ, ϼϻϿ ϺϹ Ͻ ϶ Ͼ Ϲ 6.3.5, ϼ ϼ ϴ  Ϧ0= 
h +ϡ =6,61+5,72=12,32 . 

ϣϹ ϶ϴ  ϺϹ ϴ  ϷϿ ϵϼ ϴ: 
 h′ = qφ√ g T − h′ = ,, ∙ √ ∙ , ∙ , − = ,  ,           .  

 
ϧ Ϲ  ϶ϹϿϼ ϼ  ℎ′ : 

 h′ = ,, ∙ √ ∙ , ∙ , − , = ,  , 
 

ϖ ϴ  ϺϹ ϴ  ϷϿ ϵϼ ϴ: 
 h′′ = h′ √ + ∙ hh′ − = , √ + ∙ ( ,, ) − = =  ,  ,                                                                                                                               .  
 

ϦϴϾ ϾϴϾ h б = 9,2 , ϴ ϶ ϴ  Ϻё ϴ  ϷϿ ϵϼ ϴ ℎ ,"  = 7,3 , ϿϹϸ ϶ϴ ϹϿ  
Ϻ Ͼ ϻϴ ϿϹ . 
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6.3.7      
 

ϣ ϶Ϲ ϼ  ϸ ϴ  ϶ ϸ Ͼ Ͻ ϵ ϼ ϶ ϸ Ͽϼ϶ Ͻ 
Ͽ ϼ  ϼ ϵ Ϲ ϶Ϲ Ϸ  ϴ Ϲ Ϸ  ϴ ϸϴ. Ϣ ϹϸϹϿ Ϲ  ϴ ϸ 

϶Ϲ Ϸ  Ͽ ϴ , ϵ ϴ ϶ϴϹ Ͻ Ϲ Ϲϻ ϶ ϸ Ͽϼ϶  Ͽ ϼ  ϼ Ϩϣϧ. 
 Q = Q , % − nQ − ,                                                                       (6.42) 

 
ϷϸϹ n – Ͼ Ͽϼ Ϲ ϶  ϹϾ ϼ Ϲ  ϗϔ; Q =  /   – ϴϾ ϼ ϴϿ Ͻ ϴ ё Ͻ ϴ ϸ ϼ 

ϵϹ Ϲ Ϲ ϼ 0,1% ϸϿ  II  ϾϿϴ ϴ ϺϹ ϼϽ. 
 Q Э = n  Q =  , = ,  / ,                                              (6.43) 

 Q = = , − ,  9 = ,  / ,                                            (6.44) 

 Q = − , − , =  / . 
 
Ϣ ϹϸϹϿ Ϲ  ϴ  ϴϸ Ϸ Ϲϵ Ϲ  ϶ ϸ Ͽϼ϶ϴ ϼ ϾϹ ϶Ϲ Ϸ  

ϴ ϸϴ: 
 H = ,  √  , = ,  , 
 
Ϟ ϼ ϼϹ  Ϻϴ ϼ  ϴϽϸϹ   ϿϹ (6.19): 
 = − , , + − ∙ , ∙ , = , ,  

 
ϡϴ  ϴϸ Ϸ Ϲϵ Ϲ  ϶ ϸ Ͽϼ϶ϴ (6.18): 
 H = , ∙ , ∙ ∙ √ ∙ , / = ,  ,                                            .  

 
ϥϾ  ϸ ϸϴ Ͼϴ Ͼ Ͽ ϼ Ϲ: 

 V = .∇ −∇ ∙ + − ∙δ ,  

 
ϷϸϹ ∇   – Ϲ Ͼϴ ϼ ϶ϴ Ϸ  ϸ Ϸ  ϶ , Ϲϸ϶ϴ ϼ ϹϿ  

Ϲ Ͼ  Ϩϣϧ – ϼ ϼ ϴϹ  ϴ϶ Ͻ 281 , ϶ ϸϴϿ ϹϽ Ϲ  Ϲ Ͼϴ ϼ . 
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V = − + − ∙ = ,  / ,                                     
 
ϡϴ  ϴ Ϸ Ϲϵ Ϲ ϶ ϸ Ͽϼ϶ϴ ϵϹϻ Ϲ ϴ Ͼ ϼ ϸ ϸϴ ϼ ϾϹ 

϶Ϲ Ϸ  ϴ ϸϴ: 
 H = H − ∙ V∙ g = , − , ∙ ,∙ , = ,  ,                          .  

 
Ϣ ϹϸϹϿ Ϲ  ϴ ё  Ϲ Ͼ  ϼ ϶ϴ Ϸ  ϶ : 

 ∇ = ∇ + H = , + , = ,  ,                                     .  
 
ϖ ϼ ϷϹ ϴ Ϲ ϴ  Ϲ Ͼϴ Ϩϣϧ Ϲ϶ ϴϹ  ϼ ϸ  Ϲ Ͼ  Ϩϣϧ=281 

. ϣ ϼ ϼ ϴϹ  Ϩϣϧ=281,57. 
 

6.4    
 

6.4.1     
 

ϤϹϴϿ Ͻ ϼϿ  Ͽ  ϸ ϿϺϹ  ϸ ϶ϿϹ ϶  ϸ϶  Ͽ ϶ϼ : 
Ϣ ϶ϼϹ ϴ Ϸϼ϶ϴ ϼ  ϴ ϺϹ ϼϽ ϶ ϵϹ Ϲ, 
ϧ Ͻ ϼ϶  Ͽ ϼ  ϼ϶ ϸ϶ϼϷϴ  ϶ϴ ϼ . 
Ϝ ϸ  ϼϻ Ͽ ϶ϼ  ϶ϼ  ϴ Ϸϼ϶ϴ ϼ  ϴ ϺϹ ϼϽ ϴ ϶Ϲ ϶ Ͻ 

Ϸ ϴ ϼ ϼ Ͻ ϼ϶ ϼ Ͽ ϼ  ϼ϶ ϸ϶ϼϷϴ, ϼ ϼ ϴ ϸ ϶  ϸϿ  ϾϴϿ Ϸ  
϶ϴ ϼ : 

 = , h = ,  =  ,                                                                          .  
 h = ∇ − ∇ = − =  ,                                                      .  
 ∇ = ∇ −  = − =  ,                                                        .  
 
ϷϸϹ   – Ͽ ϼ ϴ ϶ ϸ ϵ Ͻ Ͻ Ͽϼ  ϹϸϹϿϹ ϴ ϶ Ͼ Ϲ 6.3.2. 
 

6.4.2     
 

Ϭϼ ϼ ϴ Ͽ ϼ   Ϸ Ϲϵ  ϶ϾϿ ϴϹ  ϶ Ϲϵ  ϼ ϼ  Ϲ Ϲ ϸ Ͻ 
ϸ ϺϾϼ, ϴ϶ ϸ Ϸ  ϼ Ϲ  ϸϿ  ϸ϶ϼϺϹ ϼ  Ͼ ϴ ϴ. ϡϴ Ϸ Ϲϵ Ϲ ϹϾ ϼ Ϲ  
ϸ ϺϾ  ϸϿ  Ͽ ϸϹϽ ϵ ϹϽ ϼ ϼ Ͻ – 1 , ϹϻϺ  ϴ  ϼ ϼ Ͻ – 4  ϼ Ϲ  

ϸ Ͼ ϴ  – 7 . Ϣϵ ϴ  ϼ ϼ ϴ ϺϹ ϼ   Ϸ Ϲϵ  14 .  
 

6.4.3    
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Ϭ϶  ϴϼ϶ϴ  ϸϿ  ϵϹ Ϲ Ϲ ϼ  Ͽϼ ϼ ϵϹ ϴ ϹϾ ϼϽ Ͽ ϼ  
ϹϺϸ  ϶ϴ ϼ. Ϥϴ ϼϹ ϹϺϸ  ϹϾ ϼ ϼ ϶ϴ ϼ ϶ ϵϹ  ϺϹ ϼ  
ϴ ϾϴϿ  ϶ϴ ϼϼ ϼ ϼ ϴϹ : 

 S = + b = + =   ,                                                                                 .  
 

ϷϸϹ  – Ͽ ϼ ϴ ϵ Ͼϴ; 
b – ϼ ϼ ϴ ϿϹ ϴ. 
Ϥϴϻ Ϲϻ ϸϹϿϴϹ   ϵ Ͼ .  
ϦϹ Ϲ ϴ Ϲ ϶  ϸϿ  Ͽ ϼ  ϴ ϾϴϿ  ϶ϴ ϼϼ ϼ ϼ ϴ  

ϼ ϼ Ͻ 1  ϴ ϴ ϼϼ 5   Ͽϼ Ϲ϶  Ϸ ϴ ϹϽ ϼ Ϸ Ϲϵ , ϴ ϶ ϼ ϹϿϴ 
Ͽ ϼ  0,3 . 

 
6.4.4  

 
Ϧ Ͽ ϼ ϴ ϵ Ͼϴ ϵ Ͽϴ ϹϸϹϿϹ ϴ ϶ Ͼ Ϲ 6.3.2. ϣ ϼ ϼ ϴϹ  ϵ Ͼϼ Ͼ ϷϿ Ͻ 
, ϼ ϼ ϴ ϼ ϸϿϼ ϴ ϴϻϴ ϸϿ  Ϲ Ϸ  ϻϴ ϶ ϴ 0,5 , ϼ ϼ ϴ ϴϻϴ ϴϵ ϹϷ  

ϻϴ ϶ ϴ ϼ ϼ ϴϹ  0,7 , ϸϿϼ ϴ ϴϻϴ ϴϵ ϹϷ  ϻϴ ϶ ϴ ϼ ϼ ϴϹ  ϴ϶ Ͻ 1,0 
. Ϧ Ͽ ϼ ϴ ϵ Ͼϴ ϹϺϸ  ϴϻϴ ϼ 1,5 . 

 
6.4.5   

 
ϘϿ  ϸϹϿϹ ϼ  ϶ ϸ Ͽϼ϶ϴ  ϻϸϴ ϼ  ϗϱϥ ϼ Ϸ ϶ Ͻ Ͽ ϼ , 

ϼ ϼ ϴ  ϴϻϸϹϿϼ ϹϿ Ϲ ϼ. Ϧ Ͽ ϼ ϴ  ϼ ϼ ϴϹ   ϼ ϼ Ϲ 
ϵ Ͼϴ, ϴ϶ Ͻ 3 . 
 

6.4.6    
 

ϣ ϼ ϼ ϴϹ  ϶Ϲ ϼϾϴϿ Ͻ ϸ Ϲ ϴϺ. Ϙϼϴ Ϲ  ϶Ϲ ϼϾϴϿ  Ͼ϶ϴϺϼ  – 20 
, ϴ ϼϹ ϹϺϸ  ϼ ϸ Ϲ ϴϺϴ – 3 . 

Ϥϴ ϼϹ  ϴ Ͻ Ϸ ϴ ϼ Ͽ ϼ  ϸ  ϼ ϸ Ϲ ϴϺϴ , ϴ ϴϾϺϹ ϸ  
϶Ϲ ϶ Ͻ Ϸ ϴ ϼ ϸ Ͽ Ͻ ϷϴϿϹ Ϲϼ: 
 H ∙J ∙ , = ,  ,                                                                   .  

 
ϷϸϹ H   ϴ  ϴϸ ϴ Ϲ  Ϲ Ϲ ϼϹ  ϼ Ϲ ϾϹ H = − =  ; 

  Ͼ ϼ ϼϹ  ϴϸϹϺ ϼ   ϶Ϲ ϶Ϲ ϼ ϺϹ ϼ ;  J   Ͼ ϼ ϼ Ϲ ϾϼϽ Ϲϸ ϼϽ Ϸ ϴϸϼϹ  ϴ ϴ ϸϿ  ϵϹ ϴ Ͽ ϼ  25; 
ϣ ϼ ϼ ϴϹ  a = ,  . 
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6.4.7      
 

ϖ ϶ϴ ϼϼ Ͽ ϼ , ϹϾ ϼ Ϲ Ͻ ϴ ϾϴϿϹ, ϴϼ϶ϴϹ  
Ϲ Ϲ ϴ ϼ ϴ  ϻϴ϶Ϲ ϴ ϼ ϶Ϲ ϼϾϴϿ Ͻ ϸ Ϲ ϴϺ. 

ϗϿ ϵϼ ϴ Ϲ Ϲ ϴ ϼ Ͻ ϻϴ϶Ϲ : 
 h = , − , ∙ H = , − , ∙ − , = ,  ,       .  

 
ϷϸϹ H  – ϴϾ ϼ ϴϿ Ͻ ϴ  ϴ Ͽ ϼ  ϼ ϡϣϧ ϼ ϼ ϼ ϴϿ  ϧϡϕ. 

ϗϿ ϵϼ ϴ ϸ Ϲ ϴϺϴ: 
 h = , ∙ h = , ∙ , = ,  ,                                                          .  

 
Ϙϼϴ Ϲ  Ͼ϶ϴϺϼ  ϸϿ  ϸ Ϲ ϴϺϴ ϼ ϼ ϴϹ  20   ϴϷ  2 . 
Ϧ Ͽ ϼ ϴ Ϲ Ϲ ϴ ϼ Ͻ ϻϴ϶Ϲ : 

 = ∆H ∙J = , ∙ , = ,  ,                                                                 .  

 
ϷϸϹ ∆H – ϴ  ϴ ϻϴ϶Ϲ ; J  –  Ͼ ϼ ϼ Ϲ ϾϼϽ Ϸ ϴϸϼϹ  ϴ ϴ ϶ ϻϴ϶Ϲ Ϲ. 

 ∆H = H − H = , − , = ,  ,                                                       .  
 

ϷϸϹ H  – Ͽ Ͻ ϼϿ ϴ ϼ Ͻ ϴ . 
 H = ∇ − ∇ = − , = ,  ,                                        .  

 
ϡϴ ϶ϴ ϼϼ ϥϡϼϣϴ 2.06.06-85 ϣϿ ϼ  ϵϹ Ϲ ϼ ϺϹϿϹϻ ϵϹ Ϲ, 

Ϲ  ϴ ϴ ϴ Ϲ . ϻϴ϶Ϲ Ϲ: 
 H = , H = , ∙ , = ,   ,                                                                .  

 
Ϥϴ ϼϹ  ϴ Ͻ Ϸ ϴ ϼ ϸ  ϼ Ϲ Ϲ Ͻ ϻϴ϶Ϲ : 

 l = , ÷ , = , ÷ , ∙ =  ,                                        .  
 

ϣ ϼ ϼ ϴϹ  l =  . 
Ϥϴ ϼϹ  ϼ Ϲ Ϲ Ͻ ϻϴ϶Ϲ  ϸ  ϼ ϸ Ϲ ϴϺϴ: l = ,  . 
 
6.4.8     
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ϣ  ϶ Ϲ Ͽ ϼ  ϷϴϿϹ Ϲϼ ϴ ϿϴϷϴϹ  Ϲ Ϲϻ 13 . 
ϗϴϿϹ Ϲϼ ϴϻ ϴ ϴϹ  ϼ ϼ Ͻ 2 , ϶ Ͻ 3 . ϕ ϶ Ϲ ϷϴϿϹ Ϲϼ ϼ ϼ Ͻ 3 

, ϶ Ͻ 4 .  
 

6.5     
 

ϘϿ  ϻϴ ϼ  Ϸ ϶ ϶ϴ ϼ   ϴϻ ϶ϴ Ͼ , ϵ ϴ ϶ϴϹ  Ϲ Ϲϻ 
Ͽ ϼ , ϴϼ϶ϴ  ϶ ϸ ϵ Ͻ  ϶ ϸ ϵ Ͻ Ͻ Ϲ Ͼ Ͻ ϼ ϼ ϵϹ . 

 
6.5.1   
 
ϖ ϸ ϵ Ͻ Ϲϸ ϴϻ ϴ Ϲ  ϸϿ  Ϸϴ Ϲ ϼ  Ϲ Ϸϼϼ Ͼϴ, ϸ ϹϷ   

϶ ϸ Ͽϼ϶ϴ, ϼ ϴϼ϶ϴϹ  ϶ ϶ϼϸϹ ϺϹϿϹϻ ϵϹ Ͻ Ͽϼ . 
Ϧ Ͽ ϼ ϴ ϶ ϸ ϵ Ͻ Ͻ Ͽϼ  ϺϹ  ϵ  ϹϸϹϿϹ ϴ  ϿϹ 

ϖ.Ϙ.Ϙ ϵ ϶ Ͼ Ϸ : 
 = , ∙ ϑ ∙ √h′ ,                                                                                             .  
 
ϷϸϹ 𝜈   Ͼ  ϶ Ϻϴ  Ϲ Ϲ ϼϼ: 

 ϑ = qh′ = ,, = ,  /  ,                                                                        .  

 
Ϧ Ϸϸϴ Ͽ ϼ ϴ ϶ ϸ ϵ Ͻ Ͻ Ͽϼ : 

 
 = ,   ,  √ , = ,   

 
ϣ ϼ ϼ ϴϹ  Ͽ ϼ  ϶ ϸ ϵ Ͻ Ͻ Ͽϼ  =3 , ϼ ϻϴϾ Ϲ Ͽ Ϲ  ϴ ϾϴϿϹ  

 ϴ ϾϹ ϶. 
 l = , ÷ l ,                                                                                                   .  
 
ϷϸϹ l  – ϸϿϼ ϴ Ϸϼϸ ϴ϶Ͽϼ Ϲ Ͼ Ϸ  ϺϾϴ: 
 l = , ∙ ( , h" − h′ = , ∙ , ∙ , − , = ,  ,                .  

 
Ϧ Ϸϸϴ ϸϿϼ ϴ ϶ ϸ ϵ : 

 l = , ∙ , = ,  ,                                                                                    
 
ϘϿϼ  ϶ ϸ ϵ  ϼ ϼ ϴϹ  41 . 
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6.5.2  
 

ϘϿϼ ϴ ϼ ϵϹ : 
 = , ∙ = ,  . 
 

6.6       
 

Ϣ ϹϸϹϿϹ ϼϹ ϶  ϴϷ ϻ Ͼ ϹϸϹϿ Ϲ  ϼ ϴ Ϲ  Ͽ ϴϹ -
ϴϿ Ͻ Ͼ Ͽ ϴ ϴ ϼ Ͻ ϼ ϡϣϧ ϶ ϶Ϲ Ϲ  ϵ Ϲ Ϲ ϼ ϼ ϼ ϴϿ  

϶ Ϲ ϼϺ ϹϷ  ϵ Ϲ ϴ ( ϼ Q϶ Ͼ). ϣϿ ϼ ϴ ϼ ϹϹ  ϶ ,  ϴϷ ϻϾϼ 
ϵϼ ϴ  ϴ ϸ  ϹϾ ϼ . 

 
6.6.1     

 
ϖϹ  1 . . ϶ ϸ Ͽϼ϶ Ͻ ϴ ϼ Ͽ ϼ  ϹϸϹϿ Ϲ   ϿϹ: 

 G = S ∙ b ∙b + ,                                                                                                   .  

 
ϷϸϹ 𝑆  – Ͽ ϴϸ  Ϲ Ϲ Ϸ  Ϲ Ϲ ϼ  Ͽ ϼ ; 

b – ϼ ϼ ϴ ϿϹ ϴ; 
 – Ͽ ϼ ϴ ϵ Ͼϴ; = ∙ g. 

 
 ϣϿ ϴϸ  Ϲ Ϲ Ϸ  Ϲ Ϲ ϼ  ϺϹ ϼ  ϹϸϹϿ Ϲ  

Ϸ ϴ ϼ Ϲ Ͼϼ  ϵ   Ϲ ϹϺ    Ϸ ϴ  AutoCad. 
 G = , ∙ ∙+ =  /  .                                                                      

 
ϖϹ  ϵ Ͼϴ ϼ ϹϷ  Ϲ  ϺϹ ϼ ϹϸϹϿ Ϲ  ϴ ϴϿ Ϸϼ : 

 G = S ∙ b ∙b + ,                                                                                                   .  

 
ϷϸϹ 𝑆  – Ͽ ϴϸ  Ϲ Ϲ Ϸ  Ϲ Ϲ ϼ  ϵ Ͼϴ; 

 – Ͽ ϼ ϴ ϵ Ͼϴ. 
 G = , ∙ ∙+ =  / . 
 

Ϧ Ͼϼ ϼϿ ϺϹ ϼ  ϴ϶ ϸϹϽ ϶ ϹϽ ϶Ϲ ϴ Ͽ ϼ  ϼ ϶Ϲ ϴ ϵ Ͼϴ ϼ ϼ  
ϿϹ ϼ ϼϿ ϹϸϹϿ  ϶ Ϸ ϴ Ϲ AutoCad:  
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 = ,  , = ,  , 
ϷϸϹ  – ϿϹ  ϼϿ  ϼ ϹϿ  Ϲ Ϲϸϼ  ϴ Ϲ Ϸ  Ϲ Ϲ ϼ  ( ϸ ϶ ). 

ϖϹ  Ͽ Ͼ Ϸ  ϻϴ ϶ ϴ ϹϸϹϿ Ϲ   ϿϹ ϔ.Ϥ. ϕϹ Ϲϻϼ Ͼ Ϸ : 
 Q = , ∙ √ ∙ g ,                                                                                           .  
 
ϷϸϹ f – Ͽ ϴϸ  ϻϴ ϶ ϴ. 

ϣϿ ϴϸ  ϻϴ ϶ ϴ ϶ ϼ Ͽ Ϲ   ϿϹ: 
 f = ∇ − ∇ + , ∙ b = , − , + , ∙= ,  ,                                                                                                             .  

 

Ϧ Ϸϸϴ ϶Ϲ  Ͽ Ͼ Ϸ  ϻϴ ϶ ϴ: 
 Q = , ∙ , ∙ √ , ∙ , = ,  . 

 
ϖϹ  ϻϴ ϶ ϴ ϼ϶ ϸ  Ͼ 1 . . ϸϿϼ  ϹϾ ϼϼ: 

 q = Qb + = ,+ = ,  / .                                                          .  

 

6.6.2     
 

ϱ  Ϸϼϸ ϴ ϼ Ϲ Ͼ Ϸ  ϸϴ϶ϿϹ ϼ  ϶ ϸ  ϼ ϼ ϴϹ   Ϲ Ϸ Ͽ ϼϾ . 
ϗ ϼϻ ϴϿ ϴ  ϴ϶Ͽ ϴ  ϼϿ  Ϸϼϸ ϴ ϼ Ϲ Ͼ Ϸ  ϸϴ϶ϿϹ ϼ  ϶ ϸ :  

 ϶Ϲ ϹϷ  ϵ Ϲ ϴ: 
 H = ∇ − ∇ = − =  ,                                                   .  
 W = ∙ H = ∙ ∙ = ,  ,                                        .  

 
ϥ ϼϺ ϹϷ  ϵ Ϲ ϴ: 
 H = ∇ − ∇ = , − = ,  ,                                 .  

 W = ∙ H = ∙ ∙ , = ,  ,                                         .  
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ϡϴ ϴ ϴϿ  ϴ Ϲ ϼϻ϶Ϲϸё  ϴ ё  ϼϿ ϴ ϼϼ ϴ ϾϴϿ  
϶ϴ ϼϼ. 

ϣ Ϲϻ Ϲ ϼ Ϲ ϾϼϽ ϴ   ϼ ϶ϻ϶Ϲ Ϲ Ϸ  ϸϴ϶ϿϹ ϼ  H = ,  ; 
ϣ  ϼ ϴ Ϸ  ϸϴ϶ϿϹ ϼ  Ϸ ϴ ϴ Ͽ ϼ  H =  ;  
ϣ  ϼ ϼϿ ϴ ϼ Ϸ  ϸϴ϶ϿϹ ϼ  H = ,  . 
ϛ ϴ ,  ϸϿ  II  ϾϿϴ ϴ ϗϦϥ = , ; = ,  

ϣ  ϼ Ϲ Ϲ ϴ ϼ Ͻ ϻϴ϶Ϲ : 
 H = , ∙ , = ,  . 
 
ϣ  ϼ ϸ Ϲ ϴϺ  Ͻ ϶: 
 H = , ∙ , = ,  . 

 
ϱ ϴ ϶ϻ϶Ϲ ϼ϶ϴ ϹϷ  ϸϴ϶ϿϹ ϼ  ϼ ϼ ϴϹ  ϶ ϶ϼϸϹ Ϸ Ͽ ϼϾϴ  

ϼ ϼ ϴϿ Ϸ  ϶  ϼϺ ϹϷ  ϵ Ϲ ϴ ϸ  ϸ ϶  ϸϿ  ϶ Ϸ  Ͽ ϴ : 
 h = ∇ − ∇ = , − = ,  ,                                  .  
 S = B ∙ h = ∙ , = ,   / ,                                               .   
 

ϣϿ ϴϸϼ ϶ϻ϶Ϲ ϼ϶ϴ ϹϷ  ϼ ϼϿ ϴ ϼ Ϸ  ϸϴ϶ϿϹ ϼ  ϹϸϹϿϹ  ϶ 
Ϸ ϴ Ϲ AutoCad: S = ,  , S = ,  . 

ϥϼϿϴ ϶ϻ϶Ϲ ϼ϶ϴ ϹϷ  ϼ ϼϿ ϴ ϼ Ϸ  ϸϴ϶ϿϹ ϼ  ϹϸϹϿ Ϲ   
Ͽϴ : 
 W = 𝑆 ∙  = , ∙ = ,  /  ,                                        (6.75) 
 W = 𝑆 ∙  = , ∙ = ,  /  ,                                          (6.76) 

 
ϥϼϿϴ ϼϷ ϻϴ ϶ ϸ    ϼϺ ϹϷ  ϵ Ϲ ϴ 25,24 ;S   

 W = 𝑆 ∙  = , ∙ = ,  /  ,                                                (6.77) 
 

ϣϿ ϴϸϼ  ϴ c ϼ ϴ  ϶ Ϸ ϴ Ϲ AutoCad. 
 

6.6.3   
 

Ϙϴ϶ϿϹ ϼϹ ϴ ϶ ϴ ϶Ϲ ϼϾϴϿ  Ϸ ϴ : 
 p = ∙ h ∙ tg − φ ,                                                                              .  
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ϷϸϹ  – ϸϹϿ Ͻ ϶Ϲ  ϴ ϶ ϶  ϶ϻ϶Ϲ Ϲ  ϼϼ; h  – Ͽ ϼ ϴ Ͽ  ϴ ϶, h =  ; φ  – Ϸ Ͽ ϶ Ϲ ϹϷ  Ϲ ϼ  ϴ ϶, φ = . p = ∙ ∙ tg ( − ) = ,  / ,                                                      .  

 
Ϥϴ϶ ϸϹϽ ϶ ϴ  ϸϴ϶ϿϹ ϼ  ϴ ϶ ϴ 1 . .: 

 E = ∙ h = , ∙ = ,  ,                                                                      .  

 
ϔϾ ϼ϶ Ϲ ϸϴ϶ϿϹ ϼϹ Ϸ ϴ ϶ϴ ϼ    ϖϕ: 

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

ϖ ϾϹ ϴ ϼϺ ϹϽ Ϸ ϴ ϼ Ϲ Ͽ  Ϸ ϴ Ͽ ϼ Ͻ h , ϷϸϹ ϸϹϽ ϶ Ϲ  ϶Ϲ  
ϴ ϶ ϼ ϶Ϲ  Ϸ ϴ, ϴϾ ϼ϶ Ϲ ϸϴ϶ϿϹ ϼϹ: 

 p = ∙ h + ∙ h ∙ tg − φ − ∙ c ∙ tg − φ =  = ∙ + , ∙ ∙ tg ( − ) − ∙ ∙ tg ( − ) =                 = − ,  / ,                                                                                                  .  
 
ϷϸϹ  ϶ ϼ Ͽ Ϲ   ϿϹ: 
 = − − n ∙ = − − , ∙ = ,  / ,       .  
 
ϷϸϹ n – ϼ  Ϸ  Ϸ ϴ, ϸϿ  Ϸ ϴ ϼ ϴ n = , . 

ϫϼ ϿϹ Ϲ ϻ ϴ Ϲ ϼϹ ϴ϶ ϸϹϽ ϶ ϹϷ  ϴϾ ϼ϶ Ϸ  ϸϴ϶ϿϹ ϼ  Ϸ ϴ ϴ 1 
. .: 

 = p + p = − , − , = − ,  ,                                                .  

 
ϦϴϾ ϾϴϾ ϻ ϴ Ϲ ϼϹ ϴ϶ ϸϹϽ ϶ ϹϽ ϴϾ ϼ϶ Ϸ  ϸϴ϶ϿϹ ϼ  Ϸ ϴ 

ϼ ϴ ϹϿ ,  ϹϷ  Ϲ ϼ ϶ϴϹ  ϶ ϸϴϿ ϹϽ ϼ  ϴ Ϲ ϴ . 
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6.6.4   
 

Ϥϴ϶ ϸϹϽ ϶ ϴ  ϶ Ͽ ϶ Ϸ  ϸϴ϶ϿϹ ϼ  ϼ ϶  ϴ Ϲ  Ͽ ϴϹ 
ϺϹ  ϵ  ϹϸϹϿϹ ϴ Ϲ   ϿϹ ϔ.ϟ. Ϡ ϺϹ϶ϼ ϼ ϶ϴ: W = , ∙ ∙ h % ∙ π̅+ = , ∙ ∙ , ∙  ∙ ,, + , = ,  ,                                                                                    .   

 
ϷϸϹ h %  ϶ ϴ ϶ Ͽ  1%- Ͻ ϵϹ Ϲ Ϲ ϼ;  ̅ - Ϲϸ  ϸϿϼ ϴ ϶ Ͽ ; 

 h = ∙ h %̅ = , ∙ ,, = ,  ,                                                             .  

 
ϟϼ ϼ  ϸϹϽ ϶ϼ  ϴ϶ ϸϹϽ ϶ ϹϽ  ϴ ϸϼ  ϼϺϹ ϼ ϹϿ  

϶  Ͼ  ϶Ϲ ϹϷ  ϵ Ϲ ϴ ϴ ϶ϹϿϼ ϼ : 
 y = ̅ − h % = ,∙ , − ∙ , = , ,                                           .  

 
ϣϿϹ  ϼϿ  ϶ Ͽ ϶ Ϸ  ϸϴ϶ϿϹ ϼ  ϹϸϹϿ : 
 X = h − y = − , = ,  ,                                                              .  

 h = ∇ − ∇ = − =  ,                                                    .  
 

ϖϹ  Ͼϴ ϶ϴ ϼ   ϶ Ͽ ϶ Ϸ  ϸϴ϶ϿϹ ϼ  ϼ ϹϿ   ∇ − , h % = , ∙ , = ,  . 
ϡϼϺ  Ͼϴ ϶ϴ ϼ   ϶ Ͽ ϶ Ϸ  ϶ ϻϸϹϽ ϶ϼ  ϼ ϹϿ  ∇ − h % = ∙ , = ,  . 
 ϛ ϴ  ϶Ϲ  ϼ ϼϺ  Ͼϼ , ϴ ϴϾϺϹ Ͽ ϴϸ   

( ), ϹϸϹϿϼ  ϶   Ϲ Ϸ Ͽ ϼϾϴ: 
 X = W, + h % = ∙ ,, + ∙ , = , .                                                .  

 
6.6.5     
 
ϥ ϴ϶Ͽ Ϲ  ϴϵϿϼ  6.2, ϶ Ͼ  ϶ ϼ  ϶ Ϲ ϴϷ ϻϾϼ, ϺϹ Ϲ ϴ 

Ͼ ϼ ϼϹ  ϴϸϹϺ ϼ  ϴϷ ϻϾϹ. ϘϿ  Ϲ Ͼϼ ϼ Ͽ ϼ  ϶϶ ϸ  
Ͼ ϼ Ϲ ϼϼ ϼ.  ϖ Ϲϻ Ͽ ϴ Ϲ ϹϷ  ϹϸϹϿ Ϲ  ϴ ϺϹ ϼ  ϶ Ͽ ϼ Ϲ, 
Ͼ Ϲ ϻϴ Ϲ  ϴ϶ ϼ϶ϴ   Ͼ ϼ Ϲ ϼ ϼ ϼ. Ϧ Ͼϼ ϼϿ ϺϹ ϼ  

ϴ϶ ϸϹϽ ϶ ϼ  ϶ Ϲ  ϼϿ ϴ ϼ ϴ    Ϸ ϴ  AutoCAD.  
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ϖ ϴϵϿϼ Ϲ 6.2 Ϲϸ ϴ϶ϿϹ  ϴϷ ϻϾϼ ϸϹϽ ϶ ϼϹ ϴ Ͽ ϼ . 
 
ϦϴϵϿϼ ϴ 6.2 – ϡϴϷ ϻϾϼ, ϸϹϽ ϶ ϼϹ ϴ Ͽ ϼ  

Ϣϵ ϻ ϴ Ϲ ϼϹ 
ϼϿ   

ϡϴ ϴ϶ϿϹ ϼϹ 
ϼϿ  

Ϣ ϶ Ϲ Ϲ ϴ ϼϹ ϴϷ ϻ Ͼ 

ϥϼϿϴ, Ͼϡ/  ϣϿϹ ,  
Ϡ Ϲ , 
Ͼϡ /  

W϶ϵ 1,0  12500 16,67 192317 
W ϵ 1,0  101,7 1,5 -261 
Gϵ 0,95  12343 7,46 -121747 

G Ͽ 0,95  10073 6,56 -87115 
W϶ϻ϶ 1,0  1578,5 0 0 
W  1,0  2794,9 9,66 25225 
E  1,2  2,94 3,38 10 

W϶ Ͽ  1,0  17,3 48,76 792 
qϻ 0,9   11,56 14,8 308 

W  1,0  52,4 15,56 -2461 
N 18106 M 77256 

 
Ϥϴ Ϲ  Ͼ ϴϹ϶  ϴ ϺϹ ϼϽ ϴ Ͼ ϴ Ϲ Ͻ ϴ϶ ϴϷ ϻ Ͼ: 
ϡ ϴϿ Ϲ ϴ ϺϹ ϼϹ, ϸϹϽ ϶ ϹϹ  Ϸ ϼϻ ϴϿ Ͻ Ͽ ϴϸϾϹ: 
ϘϿ  ϶Ϲ ϶ Ͻ Ϸ ϴ ϼ: 

 σ = − NB + ∙ ∑MB ,                                                                                          .  

 
ϷϸϹ N – ϴ ϶Ϲ ϼϾϴϿ  ϼϿ, ϸϹϽ ϶ ϼ  ϴ Ͽ ϼ ; 

M  – ϴ Ϲ ϶ ϶ Ϲ  ϼϿ, ϸϹϽ ϶ ϼ  ϴ Ͽ ϼ ; 
ϖd – ϼ ϼ ϴ ϸ ϶  Ͽ ϼ . 
 N = G + G −W −W + q +W ,                                                           .  
 N = + − , − , + , + , =  ,          

 σ = − + ∙ = −  ,   
 σ = σ ∙ m − ∙ H ∙ − m ,                                                                   .  
 
ϷϸϹ H  - ϴ  ϴϸ ϴ ё  Ϲ Ϲ ϼϹ    ϶Ϲ ϹϷ  ϵ Ϲ ϴ; 

– ϻϴϿ ϺϹ ϼϹ ϶Ϲ ϶ Ͻ Ϸ ϴ ϼ ϴ ϶ Ϲ ϴ Ϲ Ϸ  Ϲ Ϲ ϼ ; 
 – ϸϹϿ Ͻ ϶Ϲ  ϶ ϸ , Ͼϡ/ 3. 

 σ = − ∙ − ∙ ∙ − = −  / ,                                    
   H = −( ∙ H + σ ∙ = − ∙ − ∙ = ,                       .  
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 σ = σ ∙ + m + ∙ H ∙ m = − ∙ + + ∙ ∙ =  = −  / ,                                                                                            (6.95) 
 σ = − ∙ H = − ∙ = −  / ,                                                   .  
 
ϘϿ  ϼϻ ϶ Ͻ Ϸ ϴ ϼ: 

 σ = − − ∙∑ = − − ∙ = −  ,                                    .   

 σ = σ ∙ m − ∙ H ∙ − m ,                                                                    .  

ϷϸϹ = 0,6 – ϻϴϿ ϺϹ ϼϹ ϼϻ ϶ Ͻ Ϸ ϴ ϼ; 
 – ϴ  ϴϸ ϴ Ϲ  Ϲ Ϲ ϼϹ    ϡϕ, ; 

 – ϸϹϿ Ͻ ϶Ϲ  ϶ ϸ , Ͼϡ/ 3 

 σ = − ∙ , − ∙ , ∙ − , = − ,  / ,   
 τ = ( ∙ H + σ ∙ m = ∙ , + ∙ , = = ,  / ,                                                                                                   .  
 σ = − = − ∙ , = − ,  / ,                                                .  
 σ = σ ∙ + m + ∙ H ∙ m = − ∙ + , + ∙ , ∙ ∙ , = − ,  / ,                                                                               .   

 
6.6.6       
 
ϖ  ϶ Ϲ  Ͼϴ  Ͽ ϼ : 

 ∙ ∙ |σ | ∙ R ,                                                                                       .   
 
ϷϸϹ = ,  – Ͼ ϼ ϼϹ  ϴϸϹϺ ϼ  ϴϻ ϴ Ϲ ϼ  ϶ ϻϴ϶ϼ ϼ ϼ  ϾϿϴ ϴ 

ϺϹ ϼ ; 
 – Ͼ ϼ ϼϹ  Ϲ ϴ ϼ  ϴϷ ϻ Ͼ, ϸϿ  ϶ Ϸ  ϴ Ϲ Ϸ  Ͽ ϴ  = ; 

 – Ͼ ϼ ϼϹ  Ͽ ϶ϼϽ ϴϵ , ϸϿ  ϶ Ϸ  ϴ Ϲ Ϸ  Ͽ ϴ  =, . 
 R , ∙ ∙ , / , = ,   / ,                                      .  
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ϦϴϾϼ  ϵ ϴϻ , Ϲϸ϶ϴ ϼ ϹϿ  ϼ ϼ ϴϹ  ϵϹ  ϾϿϴ ϴ ϖ5  ϴ Ϲ  
ϼ϶ϿϹ ϼϹ  ϵϹ ϴ ϴ Ϻϴ ϼϹ R =   / . 

  / ,  / . 
 
ϡϴ ϶Ϲ ϶ Ͻ Ϸ ϴ ϼ Ͽ ϼ  Ϲ ϸ ϿϺ  ϵ  ϴ Ϸϼ϶ϴ ϼ  ϴ ϺϹ ϼϽ: 

 σ′ < ,                                                                                                                  .  
 −  / < . 
 
ϖ ϻ Ϲ ϶Ϲ ϶ Ͻ Ϸ ϴ ϼ Ͽ ϼ : 

 |σ | , ∙ ∙ H ,                                                                                           .   
 |− , | , ∙ ∙   
 ,  /  / . 

 
ϖ Ϲ ϼ Ͼ ϼ Ϲ ϼ  ϼ ϵϿ ϸϴ . 

 
6.6.7    
 
ϧ Ͻ ϼ϶  ϵϹ  Ͽ ϼ  ϴ ϾϴϿ  ϶ϴ ϼ  ϹϸϹϿ Ϲ  

Ϲ ϹϽ ϵ  ϶ϴ ϼ ,  Ϲ  ϹϷ  ϼ϶ϿϹ ϼϹ  ϸ϶ϼϷ  
ϺϹ ϼ . ϣϿ ϼ ϴ ϴ ϼ ϶ϴϹ  ϴ ϸ϶ϼϷ  Ϲ ϶  ϹϸϹϿ  

ϼ  –  Ϲ Ϲ Ϲ ϹϽ ϵ ϼ.  
ϣ ϼ ϴ ϹϿ Ͻ Ϲ ϸ϶ϼϷϴ, Ͽ ϼ ϴ Ͻ ϼ϶ϴ, Ϲ Ͽϼ ϶ Ͽ Ϲ  

Ͽ ϶ϼϹ: 
 R ∙F ∙ ,                                                                                                          .  

 R = ∑N ∙ tgφ + c ∙ ω,                                                                                      .  

 R = ∙ , + ∙ = ,  / ,                        
 
ϷϸϹ tgφ = ,  – ϶ Ϲ ϹϹ Ϲ ϼϹ ϸϿ  Ϸ ϴ ϶ϴ ϼ ; c =  /  – Ϲ ϿϹ ϼϹ Ϸ ϴ ϶ϴ ϼ ; ω = B ∙ =   – Ϸ ϼϻ ϴϿ ϴ  ϹϾ ϼ  Ͽ ϴϸϼ ϸ ϶  

Ͽ ϼ , ϼ ϴ Ϲ Ϲ ϴ 1 Ϸ Ͻ Ϲ . 
 F = W −W +W + ,                                                                        .  
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F = − , + , + , = ,  / ,                               
 

Ϧ Ϸϸϴ Ͽ ϶ϼϹ ϴ ϸ϶ϼϷ: 
 , ∙ ,, ∙ ,                                     
 , ,  
 

ϥ ϺϹ ϼϹ ϸ ϶ϿϹ ϶ Ϲ  Ͽ ϶ϼ  Ͻ ϼ϶ ϼ. 
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7  .   
 

7.1   ,   
 
ϖϴϺ ϹϽ ϹϽ ϻϴϸϴ ϹϽ Ͽ Ϻϵ  Ͼ Ͽ ϴ ϴ ϼϼ ϖϼ ϼ Ͼ Ͻ ϗϱϥ ϶Ͽ  

ϵϹ Ϲ Ϲ ϼϹ ϵϹϻ ϴ ϼ Ϸϼϸ Ϲ ϼ Ϲ Ͼϼ  ϺϹ ϼϽ. ϣ ϿϹϸ ϶ϼ  ϴ϶ϴ ϼϽ 
Ϸ  ϵ  Ͼϴ ϴ ϼ Ϲ Ͼϼ ϼ,  ϵϹ Ϲ Ϲ ϼϹ ϵϹϻ ϴ ϼ ϗϦϥ 

϶Ͽ Ϲ  ϻϴϸϴ ϹϽ ϵ ϹϷ ϸϴ ϶Ϲ Ϸ  ϻ ϴ Ϲ ϼ .  ϘϹ ϹϿ  Ͽ Ϻϵ   
ϵϹ Ϲ Ϲ ϼ  ϵϹϻ ϴ Ͻ Ͼ Ͽ ϴ ϴ ϼϼ ϹϾ ϼ Ϲ Ͻ ϗϦϥ ϹϷ Ͽϼ Ϲ  

Ͽ ϺϹ ϼ ϼ Ϲ ϼ Ϲ Ͼϼ  ϹϷϿϴ Ϲ ϶, ϻϴϾ ϶, ϴ ϸϴ ϶, Ϲ  
ϼϻ϶ ϸ ϶Ϲ  ϼ ϸ ϿϺ  ϼ Ͼ ϼϽ. Ϣ ϶  ϼϻ Ͼ  ϶Ͽ Ϲ  

ϨϹϸϹ ϴϿ Ͻ ϻϴϾ  «Ϣ ϵϹϻ ϴ ϼ Ϸϼϸ Ϲ ϼ Ϲ Ͼϼ  ϺϹ ϼϽ», 
Ϲϵ ϶ϴ ϼϹ  Ͼ Ϸ  ϶Ͽ Ϲ  ϴ϶ϿϹ ϼϹ ϸϹϾϿϴ ϴ ϼϼ  ϵϹϻ ϴ ϼ ϗϦϥ, 

Ͼ Ϲ ϹϸϹϿ Ϲ  Ͽ ϺϹ ϼϹ , ϶Ϲ ϺϸϹ  ϣ ϴ϶ϼ ϹϿ ϶  ϤϨ. Ϙϴ Ϲ 
ϣ Ͽ ϺϹ ϼϹ ϹϸϹϿ Ϲ  ϸ Ͼ, ϸϹ Ϻϴ ϼϹ ϴ϶ϿϹ ϼ  ϘϹϾϿϴ ϴ ϼϼ  
ϵϹϻ ϴ ϼ  ϗϦϥ. ϵ ϻϴ ϹϿ  ϶Ͽ Ϲ  Ϲ ϶ϿϹ ϼϹ Ϸ ϸϴ ϶Ϲ Ͻ 
Ͼ Ϲ ϼϻ  ϸϿ  ϗϦϥ ϼ ϼ  ϹϾ ϼ ϶ϴ ϼ , ϼ ϹϿ ϶Ϲ, ϶϶ ϸϹ ϶ 
Ͼ Ͽ ϴ ϴ ϼ , Ͼ Ͽ ϴ ϴ ϼϼ, ϶ ϶ ϸϹ ϼϻ Ͼ Ͽ ϴ ϴ ϼϼ, ϴ ϴϾϺϹ ϿϹ 
ϹϾ Ͼ ϼϼ, Ͼϴ ϼ ϴϿ  Ϲ Ϲ ϼϿϼ ϶ ϴ ϶ϿϹ ϼϼ. 

Ϣ ϶Ϲ ϶Ϲ  ϻϴ ϵϹ Ϲ Ϲ ϼϼ ϵϹϻ ϴ ϼ ϿϹϺϼ  ϴ ϵ ϶Ϲ ϼϾϹ 
ϗϱϥ. ϘϿ  Ͼ Ͽ  ϼ  ϶  ϺϹ ϼϽ ϹϾ ϼ Ϲ Ͻ ϗϱϥ 
ϸ ϿϺ  ϵ  Ϲϸ Ϲ  Ͼ Ͽ -ϼϻ Ϲ ϼ ϹϿ Ϲ ϴ ϴ ϴ , Ͼ Ͻ 

ϿϹϺϼ϶ϴ  ϼϻ Ϲ Ϲ ϼ  ϶ ϼϼ Ͽ ϼ . ϥ ϵ ϶Ϲ ϼϾ ϗϦϥ ϶ ϶Ϲ ϶ϼϼ 
 ϨϹϸϹ ϴϿ  ϻϴϾ  ϸ ϿϺϹ  ϴϻ ϴϵ ϴ  ϸϹϾϿϴ ϴ ϼ  ϵϹϻ ϴ ϼ, Ͼ ϴ  
϶Ͽ Ϲ  ϶  ϸ Ͼ Ϲ , ϸϹ Ϻϴ ϼ  ϶ϹϸϹ ϼ   ϶Ϲ ϶ϼϼ ϗϦϥ 

Ͼ ϼ Ϲ ϼ  ϵϹϻ ϴ ϼ.  
 
Ϣ ϴ ϴ ϸϴ 
ϣ ϹϾ ϼ ϶ϴ ϼϹ, ϼ ϹϿ ϶ , ϹϾ Ͼ ϼ , Ϲ  ϼ Ϸϴ ϼϻϴ ϼ  

Ͼ Ͽ ϴ ϴ ϼϼ Ϸϼϸ Ϲ ϼ Ϲ Ͼϼ  ϺϹ ϼϽ ϼ Ϸϼϸ Ϲ ϴ ϼ Ϲ Ͼ Ϸ  
ϵ ϸ ϶ϴ ϼ  Ϲ Ϸ ϴϵϺϴ ϼ  Ϸϴ ϼϻϴ ϼϽ, Ϲ ϼ ϼ  ϼ ϴϾ϶ϴ ϼ , ϷϸϹ ϼ 
ϴϻ Ϲ ϴ , ϴ ϴϾϺϹ ϶ Ϲ ϼ ϶ Ϸϴ ϹϿ Ϲ ϵ ϸ ϶ϴ ϼϹ, Ϲϸ ϶ϴ 
Ϲ ϴ ϼϻϴ ϼϼ ϼ ϴ϶ ϴ ϼϻϴ ϼϼ ϸ ϿϺ  ϶Ϲ ϶ ϶ϴ  ϸϹϽ ϶ ϼ  ϴ : 

- ϥ ϼ ϹϿ  ϴ  ϼ ϴ϶ϼϿϴ ; 
- ϡ ϴ  Ϲ Ͽ Ϸϼ Ϲ Ͼ Ϸ  ϹϾ ϼ ϶ϴ ϼ  Ϸϼϸ ϿϹϾ ϼ Ϲ Ͼϼ  ϼ 

Ϸϼϸ ϴϾϾ Ͽϼ ϼ  ϿϹϾ ϴ ϼϽ;  
- Ϥ ϼϽ Ͼ Ϸ  ϹϷϼ ϴ Ϸϼϸ Ϲ ϼ Ϲ Ͼϼ  ϺϹ ϼϽ; 
- ϨϹϸϹ ϴϿ  ϻϴϾ ϴ  «Ϣϵ ϶ϴ  ϴ  ϸϴ ϶ Ϥ ϼϽ Ͼ Ͻ 

ϨϹϸϹ ϴ ϼϼ»;  
- ϨϹϸϹ ϴϿ Ͻ ϻϴϾ  «Ϣ ϵϹϻ ϴ ϼ Ϸϼϸ Ϲ ϼ Ϲ Ͼϼ  ϺϹ ϼϽ»;   
- ϥϴ ϼ ϴ  ϴ϶ϼϿϴ   Ϸϴ ϼϻϴ ϼϼ Ϲ Ͽ Ϸϼ Ϲ Ͼϼ  Ϲ ϶ ϼ 

ϴ ϼ ϴ -ϷϼϷϼϹ ϼ Ϲ Ͼϼ  Ϲϵ ϶ϴ ϼ  Ͼ ϼϻ϶ ϸ ϶Ϲ  ϵ ϸ ϶ϴ ϼ ;  
- Ϸ ϸϴ ϶Ϲ  ϴ ϸϴ ϴ  ϵϹϻ ϴ ϼ ϸϴ;  
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- ϴ϶ϼϿϴ Ϲ ϼ Ϲ Ͼ Ͻ Ͼ Ͽ ϴ ϴ ϼϼ ϿϹϾ ϼ Ϲ Ͼϼ  ϴ ϼϽ ϼ Ϲ ϹϽ 
Ϥ ϼϽ Ͼ Ͻ ϨϹϸϹ ϴ ϼϼ;  

- ϴ϶ϼϿϴ Ϻϴ Ͻ ϵϹϻ ϴ ϼ ϶ Ϥ ϼϽ Ͼ Ͻ ϨϹϸϹ ϴ ϼϼ;  
- ϼ Ϲ ϸϹϽ ϶ ϼϹ Ϸ ϸϴ ϶Ϲ Ϲ ϼ ϴ ϿϹ϶ Ϲ ϴ ϼ϶ Ϲ ϼ 
ϴ϶ ϶ Ϲ ϴϾ . 

Ϣ ϾϿ Ϲ ϼϹ  ϴ϶ϼϿ, ϾϴϾ ϼ ϵ Ͽ Ϻϼ϶ϴ ϼϼ ϸϹϽ ϶ ϹϷ , ϴϾ ϼ ϶ ϶  
϶϶ ϸϼ Ϸ  ϼϿϼ ϹϾ ϼ Ϲ Ϸ  ϵ ϸ ϶ϴ ϼ  Ϲ ϸ Ͼϴ . Ϧ Ͽ Ͼ  ϼ 
϶϶ϹϸϹ ϼ  ϶  ϴ ϼ϶  ϴϾ ϶  ϴ Ϲ ϸϴ. 

Ϣ ϶ ϼ ϻϴϸϴ ϴ ϼ ϶ ϵϿϴ ϼ ϴ  ϸϴ, Ϲ ϼϾϼ ϵϹϻ ϴ ϼ ϼ 
Ͼ Ͽ ϴ ϴ ϼϼ ϵ ϸ ϶ϴ ϼ  ϼ ϺϹ ϼϽ ϗϱϥ ϶Ͽ Ϲ  ϵϹ Ϲ Ϲ ϼϹ 

϶ Ͽ Ϲ ϼ  Ϲϵ ϶ϴ ϼϽ ϴ  ϸϴ, ϼ ϼ ϶ϴ ϼϹ ϼ Ͼ Ͽ ϼ ϶ϴ ϼϹ  
϶ ϴ  ϴ  ϸϴ, ϸϿ  ϻϸϴ ϼ  ϵϹϻ ϴ  Ͽ ϶ϼϽ ϴϵ  ϼ Ϲ Ϲ ϼϹ 

ϼϻ϶ ϸ ϶Ϲ Ϸ  ϴ϶ ϴ ϼϻ ϴ, ϻϴϵ ϿϹ϶ϴϹ ϼ. Ϣϵ Ϲ ϼϹ ϵϹϻ ϴ  
ϼϹ ϴ  ϴϵ ,  ϼϹ ϴ  Ͼϴϻϴ ϼ  Ϲ ϶ Ͻ Ϲϸϼ ϼ Ͼ Ͻ ϼ ϼ 

Ϲ ϴ  Ͽ ϴ , ϶ ϶ϿϹ ϼϹ ϼ ϴ Ϲ ϼϹ ϼ ϼ  ϼϻ϶ ϸ ϶Ϲ Ϸ  
ϴ϶ ϴ ϼϻ ϴ. 

ϡϴ ϗϱϥ Ϸϴ ϼϻϴ ϼ  ϴϵ   Ϲ ϼϾϹ ϵϹϻ ϴ ϼ, ϴ Ϲ ϸϴ 
ϸ ϿϺϹ  Ϲ ϶Ͽ  Ͼ ϶ ϸϼ ϹϿ  Ϸϴ ϼϻϴ ϼϼ, Ͼ ϶ ϸϼ ϹϿϼ ϸ ϴϻϸϹϿϹ ϼϽ 
ϼ ϼϻ϶ ϸ ϶Ϲ  ϴ Ͼ ϶. ϡϴϻ϶ϴ Ϲ Ͽϼ ϴ, ϶ ϶Ϲ ϶ϼϹ  ϶ ϼ ϼ 
ϸ ϿϺ ϼ ϼ Ͼ ϼ ϼ, ϵ ϻϴ  ϵϹ Ϲ ϼ  ϶ϹϸϹ ϼϹ 

Ϸϴ ϼϻϴ ϼ  ϼ Ϲ ϼ Ϲ Ͼϼ  Ϲ ϼ ϼϽ  ϻϸϴ ϼ  ϵϹϻ ϴ  Ͽ ϶ϼϽ 
ϸϴ, ϼ Ͼ ϴϺ ϼ ϵ Ϲ ϼϹ Ϲ ϴϿϴ ϵϹϻ ϴ  Ϲ ϸϴ  ϴϵ  ϼ Ͼ Ͽ  

϶ Ͽ Ϲ ϼ  ϴ϶ϼϿ Ϲ ϼϾϼ ϵϹϻ ϴ ϼ. 
ϡϴ ϗϱϥ ϸ ϿϺϹ  ϵ  Ϸϴ ϼϻ ϶ϴ  Ͼϴϵϼ Ϲ   ϴ Ϲ ϸϴ, ϶Ͽ ϼϽ  

Ϸϴ ϼϻϴ ϼ  ϼ Ϲϵ - Ϲ ϸϼ Ϲ Ͼϼ  Ϲ   ϴϵ Ϲ  Ϲ ϴϿ .  
ϣ ϼ Ͼ Ͽ ϴ ϴ ϼϼ ϿϹϾ ϴ ϶ Ͼ ϗϱϥ Ϲ ϴϿ ϼ ϸ ϷϼϹ Ͽϼ ϴ, ϻϴ Ϲ 

Ϲ ϼ Ϲ Ͼϼ  ϵ Ͽ Ϻϼ϶ϴ ϼϹ  ϿϹϾ ϴ ϶ Ͼ, ϶ ϸ ϼ  ϶ ϼ  Ϲ ϴ ϼ϶ Ϲ 
Ϲ ϹϾϿ Ϲ ϼ , Ϸϴ ϼϻ ϼ  ϼ ϶ Ͽ ϼ  ϼ ϹϿ Ϲ, ϴϺ Ϲ, 
ϴϿϴϸ Ϲ, Ϲ Ϲ ϴϵ , ϼ ϴ ϼ  ϼ ϼϻ Ϲ Ϲ ϼ , ϵ ϻϴ  ϶ Ͽ  
Ϲϵ ϶ϴ ϼ   ϻϴϾ ϸϴ ϹϿ ϶ϴ, ϸϹϽ ϶ ϼ  ϶϶ϹϸϹ  Ͽ Ϲ ϼ 
Ϸϴ ϴ ϼ Ϸ ϸϴ ϶Ϲ Ͻ ϶Ͽϴ ϼ ϴ϶ϼϿ  ϴ Ϲ ϸϴ ( ϴ϶ϼϿ 

ϵϹϻ ϴ ϼ), ϴ ϸϴ ϴ, ϴ ϸϴ ϶ Ϸϴ ϼϻϴ ϼϼ (ϼ Ͼ ϼϽ) ϗϱϥ. 
ϞϴϺϸ Ͻ ϴϵ ϼϾ ϴ ϼϼ ϸ ϿϺϹ  ϵ  ϵ Ϲ  ϵϹϻ ϴ  ϼϹ ϴ  

ϴϵ ,  ϼϹ ϴ  Ͼϴϻϴ ϼ  Ϲ ϶ Ͻ Ϲϸϼ ϼ Ͼ Ͻ ϼ ϼ Ϲ ϴ  
Ͽ ϴ , Ͻ ϼ ϶Ϲ Ͼ  ϻ ϴ ϼϽ ϼ ϼ Ϲ  ϸ Ͼ Ϲ   ϴ϶Ϲ ϶ϹϸϹ ϼ  ϼ  
ϴϵ .  

ϱϿϹϾ ϴ ϶Ͼϼ Ϸϼϸ ϿϹϾ ϴ ϼϽ ϸ ϿϺ  ϴ ϸϼ  ϶ Ϲ ϼ Ϲ Ͼϼ 
ϼ ϴ϶  ϼϼ, ϵϹ Ϲ ϼ϶ϴ Ϲ  ϵϹϻ ϴ Ϲ Ͽ ϶ϼ  ϸϴ, ϼ ϵ  
Ͼ ϿϹϾ ϶ϴ  ϼ ϴ ϼ, Ϸ ϶ ϼ Ͼ ϼ Ͽ ϻ ϶ϴ ϼ  ϻϴ ϼ ϼ 
Ϲϸ ϶ϴ ϼ, ϴ ϴϾϺϹ Ϲϸ ϶ϴ ϼ Ͼϴϻϴ ϼ  Ϲ ϶ Ͻ Ϲϸϼ ϼ Ͼ Ͻ ϼ ϶ 

϶Ϲ ϶ϼϼ  ϸϹϽ ϶ ϼ ϼ ϴ϶ϼϿϴ ϼ ϼ ϴ ϼ. 
Ϣ Ϸϴ ϼϻϴ ϼ ϼ Ϲ ϼ ϼ ϼ, ϵϹ Ϲ ϼ϶ϴ ϼ ϼ ϵϹϻ ϴ  

ϴϵ  ϶ ϿϹϾ ϴ ϶Ͼϴ  Ϸϼϸ ϿϹϾ ϴ ϼϽ, ϶Ͽ :  
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– ϿϹ ϼϹ ϴ ϸϴ, ϴ ϺϹ ϼ  ϼϿϼ Ϲ Ϲ  ϴϵ , ϶ Ͽ Ϲ  ϶ 
ϸϾϹ ϹϾ ϹϽ Ͼ Ͽ ϴ ϴ ϼϼ;  

– ϶ ϸϴ ϴ ϴϻ Ϲ Ϲ ϼ  ϴ ϸϷ ϶Ͼ  ϴϵ ϹϷ  Ϲ ϴ ϼ ϴ ϸ Ͼ Ͼ ϴϵ Ϲ; 
– ϸ Ͼ Ͼ ϴϵ Ϲ;  
– ϴϸϻ  ϶  ϶ Ϲ  ϴϵ ;  
– ϿϹ ϼϹ Ϲ Ϲ ϶ϴ ϶ ϴϵ Ϲ, Ϲ Ϲ϶ ϸϴ ϴ ϸ Ϸ Ϲ Ϲ , Ͼ ϴ ϼ  

ϴϵ ; 
ϡϴ ϗϱϥ ϸ ϿϺ  ϵ  ϴϻ ϴϵ ϴ  ϼ ϸ ϶ϹϸϹ  ϸ  ϶ϹϸϹ ϼ  ϶ ϹϷ  

Ϲ ϴϿϴ ϵϹϻ ϴ Ϲ ϴ  ϿϹϸ ϶ϴ ϼ   Ϲ ϼ ϼϼ Ͼ Ϲ  ϴϵ , 
Ϲ ϴ ϼ϶ Ϲ Ͽϴ  Ϻϴ Ϲ ϼ  ϼ ϶ϴϾ ϴ ϼϼ Ͽ ϸϹϽ ϴ Ͽ ϴϽ Ϻϴ ϴ ϼϿϼ 

ϴ϶ϴ ϼϽ Ͻ ϼ ϴ ϼϼ. 
 

7.2   
 

Ϧ Ϲϵ ϶ϴ ϼ  Ͼ Ϻϴ Ͻ ϵϹϻ ϴ ϼ  ϼϻϿ ϺϹ  ϶ ϹϸϹ ϴϿ  ϻϴϾ Ϲ  
22 ϼ Ͽ  2008Ϸ. №123-Ϩϛ «ϦϹ ϼ Ϲ ϾϼϽ ϹϷϿϴ Ϲ   Ϲϵ ϶ϴ ϼ  Ϻϴ Ͻ 
ϵϹϻ ϴ ϼ». ϖ ϶Ϲ ϶ϼϼ  ϸϹϽ ϶ ϼ  ϻϴϾ ϸϴ ϹϿ ϶  

϶Ϲ ϶Ϲ  ϻϴ ϼ϶ Ϻϴ Ϲ ϼϹ ϗϱϥ ϶ ϻϿϴϷϴϹ  ϴ 
Ͼ ϶ ϸϼ ϹϿ  ϴ ϼϼ ϼϿϼ ϸ Ϸ Ϲ Ͽϼ , ϴϻ ϴ Ϲ Ϲ ϼϾϴϻ . ϗϱϥ ϸ ϿϺ ϴ 

ϵ  ϵ ϸ ϶ϴ ϴ ϼ Ϲ ϴ ϼ Ϻϴ Ϲ ϼ  ϼ Ϻϴ Ͻ ϼϷ ϴϿϼϻϴ ϼϼ, ϸϿ  
ϵ ϴ ϺϹ ϼ , ϶Ϲ Ϲ ϼ  ϼ ϴ Ϲ ϼ  Ϻϴ ϶, ϼ ϶ϴϾ ϴ ϼϼ Ͽ ϸϹϽ. 

Ϣ ϶Ϲ ϶Ϲ  ϻϴ Ϻϴ  ϵϹϻ ϴ  ϸϹϿ  ϼϻ϶ ϸ ϶Ϲ  
Ϲ Ϲ ϼϽ ϼ ϴ ϶ Ͼ ϶ ϻϿϴϷϴϹ  ϴ Ͼ ϶ ϸϼ ϹϿϹϽ Ͼ  

ϸ ϴϻϸϹϿϹ ϼϽ ϼϿϼ ϴ ϴϻ ϴ Ϲ  ϸ ϿϺ  Ͽϼ .  
Ϥ Ͼ ϶ ϸϼ ϹϿϼ ϸϹϿ ϶, ϸ ϴϻϸϹϿϹ ϼϽ ϼ Ͽϼ , ϶Ϲ ϶Ϲ  ϻϴ Ϻϴ  

ϵϹϻ ϴ  ϸϹϿ  ϸ ϴϻϸϹϿϹ ϼϽ, Ϲ Ϲ ϼϽ ϼ ϵ ϸ ϶ϴ ϼ , ϵ ϻϴ : 
 ϵϹ Ϲ ϼ϶ϴ  ϴϻ ϴϵ Ͼ  Ͽϴ ϶ ϶ϴϾ ϴ ϼϼ Ͽ ϸϹϽ, ϵ ϸ ϶ϴ ϼ  ϴ 

Ͽ ϴϽ Ϻϴ ϴ. 
 ϵϹ Ϲ ϼ϶ϴ  ϵϿ ϸϹ ϼϹ ϴ ϶ϿϹ Ϸ  ϼ϶ Ϻϴ Ϸ  ϹϺϼ ϴ, 

Ϲϵ ϶ϴ ϼϽ ϴ϶ϼϿ Ϻϴ Ͻ ϵϹϻ ϴ ϼ ϼ ϼ Ͼ ϼϼ  Ϲ ϴ  Ϻϴ Ͻ 
ϵϹϻ ϴ ϼ. 

 ϻ ϴ  ϴ ϴϾ Ϲ ϼ ϼϾϼ Ϻϴ Ͻ ϴ ϼ ϻϸϴ ϼϽ, ϺϹ ϼϽ, 
Ϲ Ͽ Ϸϼ Ϲ Ͼϼ  Ϲ ϶, ϼϻ϶ ϸ ϶Ϲ Ϸ  ϵ ϸ ϶ϴ ϼ , ϴ ϼ , 

ϼ Ͽ ϻ Ϲ  ϼ ϵ ϴ ϴ ϼ  ϶ ϼϻ϶ ϸ ϶Ϲ ϶Ϲ Ϲ ϶ ϼ ϴ Ϲ ϼϴϿ ϶ ϼ 
Ϸϴ ϼϻ ϶ ϶ϴ  Ϻϴ ϵϹϻ ϴ Ϲ ϴ Ϲ ϼϹ, ϴ ϼ ϶ϴ ϼϹ ϼ ϼ Ϲ Ϲ ϼϹ 
Ϻϴ ϶ϻ ϶ ϴ  ϶Ϲ Ϲ ϶. 

 ϶ ϸϼ  Ϲ ϼ ϸϼ Ϲ ϾϼϹ  Ϲ ϼ ϼϼ, ϻϸϴ ϼ , 
ϼϻ϶ ϸ ϶Ϲ  ϼ Ͽ ϺϹϵ  Ϲ Ϲ ϼϽ  ϹϿ  Ͼ Ͽ  ϻϴ ϸϹ Ϻϴ ϼϹ  
ϹϽ ϶ϴϾ ϴ ϼϼ Ͽ ϸϹϽ, Ϲ ϶ϼ  Ϲϸ ϶ Ϻϴ Ϲ ϼ , ϼ ϼϾ ϶ 

϶ ϸ ϴϵϺϹ ϼ  ϼ .ϸ. ϼ ϼ ϼ ϴ  Ϲ Ϲ   ϴ Ϲ ϼ  Ϲ Ϲ  
Ϲϸ ϴ Ͼ ϶. 

 ϵϹ Ϲ ϼ϶ϴ  ϼ ϴ϶ Ϲ ϸϹ Ϻϴ ϼϹ ϼ  Ϸ ϶  Ͼ 
ϸϹϽ ϶ϼ  Ϲϸ ϶ ϼ϶ Ϻϴ Ͻ ϻϴ ϼ , Ϻϴ Ͻ ϼϷ ϴϿϼϻϴ ϼϼ ϼ ϶ ϻϼ 

 ϵ ϴ  ϴϵ ϴ ϼ  ϴ϶ϼϿϴ  Ϻϴ Ͻ ϵϹϻ ϴ ϼ. 
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 Ϲ ϸ Ͼϴ  ϶ϹϸϹ ϼϹ ϴϵ   ϼ Ϲ Ϲ ϼϹ  Ͼ Ϸ  Ϸ  ϶ 
Ϲ Ϲϸ Ϲ  ϸϿ  Ͻ ϹϿϼ Ϲ ϴ  ϵϹϻ ϼ Ϲ Ϸ  ϴϻ Ϲ Ϲ ϼ  
Ͼ ϶ ϸϼ ϹϿ  Ϲϸ ϼ ϼ . 

 ϻ ϴ  ϴ϶ϼϿϴ ϸϹ Ϻϴ ϼ  ϼ ϼ Ϲ Ϲ ϼ  ϼ Ϲ ϼ  ϶ ϸ ϴϻϸϹϿϹ ϼϼ 
Ϲ ϶ϼ  Ϲϸ ϶ Ϻϴ Ϲ ϼ  ϼ ϵϹ Ϲ ϼ϶ϴ  ϼ   Ϸ ϶ ;  

 Ͼ ϶ ϸϼ  ϸϹϽ ϶ϼ ϼ Ϻϴ  ϴ Ϲ ϶ ϶  ϶ Ϲ  Ϲ ϼ  Ϻϴ ϶;  
 Ͼ ϶ ϸϼ  ϶ϴϾ ϴ ϼϹϽ Ͽ ϸϹϽ ϼ ϴ Ϲ ϼϴϿ  Ϲ ϹϽ ϶  ϶ Ϲ  

Ϻϴ ϴ. 
ϞϴϺϸ Ͻ ϴϵ ϴ ϼϽ ϴ ϗϱϥ ϵ ϻϴ  ϻ ϴ  ϼ ϵϿ ϸϴ  ϴ ϶ϿϹ Ϲ 

Ϲϵ ϶ϴ ϼ  Ϻϴ Ͻ ϵϹϻ ϴ ϼ ϴ ϴϵ Ϲ  Ϲ Ϲ, ϶ ϸ Ϸϼ  Ϲ Ϲ ϼ  ϼ ϴ 
Ϲ ϼ ϼϼ, ϼ ϶ ϻ ϼϾ ϶Ϲ ϼϼ Ϻϴ ϴ Ϲ ϹϸϿϹ  ϵ ϼ  ϶ Ϲ Ϲ  

Ͼ ϶ ϸϼ ϹϿ  ϼϿϼ Ϲ ϴ ϼ϶  Ϲ ϴϿ   Ϲ Ϲ Ϻϴ ϴ, ϼ  ϶ ϻ Ϻ Ϲ 
Ϲ  Ͼ ϴ Ϲ ϼ  Ͽ ϸϹϽ, ϼ Ϲ ϶ϴ ϼ ϼ ϼ  Ͼ ϿϼϾ϶ϼϸϴ ϼϼ Ϻϴ ϴ 

ϼ Ϲ ϼ ϼ  Ϲϸ ϶ϴ ϼ Ϻϴ Ϲ ϼ   ϵϿ ϸϹ ϼϹ  Ϲ  ϵϹϻ ϴ ϼ. 
ϖ Ϲ ϴϵ ϼϾϼ ϗϱϥ ϸ ϿϺ  ϸϼ  ϸϷ ϶Ͼ   Ϻϴ Ͻ 

ϵϹϻ ϴ ϼ. ϣ ϸϷ ϶Ͼϴ ϴϵ ϼϾ ϶ ϶ϾϿ ϴϹ  ϶ Ϲϵ : 
 ϖ϶ ϸ Ͻ ϼ Ͼ ϴϺ  Ϻϴ Ͻ ϵϹϻ ϴ ϼ;  
 ϣ ϶ Ϲ ϼ Ͼ ϴϺϼ, ϶ ϶  Ϻϴ Ͻ ϵϹϻ ϴ ϼ;  
 ϣ ϶ϹϸϹ ϼϹ ϼ϶ Ϻϴ  Ϲ ϼ ϶ Ͼ;  
 ϣ ϶ Ϲ ϼϹ ϻ ϴ ϼϽ  ϼ϶ Ϻϴ Ͻ ϻϴ ϼ Ϲ ϶ Ϲϵ  Ϲ ϴ ;  
 Ϝϻ Ϲ ϼϹ ϼ ϶Ϲ Ͼϴ ϻ ϴ ϼϽ ϴ϶ϼϿ Ϻϴ Ͻ ϵϹϻ ϴ ϼ ϼ .ϸ. 
ϣϹ ϴϿ ϗϱϥ Ϲ Ϲ  ϶Ϲ ϶Ϲ  ϻϴ ϵϹ Ϲ Ϲ ϼϹ Ϻϴ Ͻ 

ϵϹϻ ϴ ϼ. ϟϼ ϴ, ϶ϼ ϶ Ϲ ϶ ϴ Ϲ ϼϼ ϴ϶ϼϿ Ϻϴ Ͻ ϵϹϻ ϴ ϼ 
Ϲ  ϸϼ ϼ Ͽϼ ϴ , ϴϸ ϼ ϼ ϴ ϼ϶  ϼϿϼ Ϸ Ͽ ϶  ϶Ϲ ϶Ϲ  ϶ 

϶Ϲ ϶ϼϼ  ϸϹϽ ϶ ϼ  ϻϴϾ ϸϴ ϹϿ ϶ . 
ϖ Ϲ Ͽϼ ϴ, ϴ ϼϹ ϴϵ ϴ  ϴ ϹϾ ϼ Ϲ  

Ϸϼϸ ϿϹϾ ϴ ϼ , Ͽϼϵ  ϼ Ϲ ϴ ϶ Ϲ Ϲ  ϴϵ , ϴ ϼϹ  ϼ 
ϸϹ , ϸ ϼϹ ϼϻ϶ ϸ ϶Ϲ  ϴϾ ϼϾ , ϸ ϿϺ  Ͻ ϼ ϶϶ ϸ Ͻ 

ϼ Ͼ ϴϺ  Ϻϴ Ͻ ϵϹϻ ϴ ϼ.  
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8.1      

 
ϖϼ ϼ ϾϼϽ Ϸϼϸ ϻϹϿ  ϴ Ͽ ϺϹ  ϶ Ϝ Ͼ Ͼ Ͻ ϵϿϴ ϼ  ϴ ϹϾϹ ϖϼ ϼ  ϶ 

϶ϵϿϼϻϼ  Ϸ ϸ   ϕ ϸϴϽϵ .  
  Ϝ Ͼ . ϖϼ ϼ  ϼ Ϲ  ϴ Ͽϼ ϼϼ ϶ ϸ  Ͼ ϶ ϫϼ ϴ ϼ 

ϖϼ ϼ Ͼϴ . Ϧ Ͼϴ ϿϹϺϼ  ϴ ϸ  ϼϻ ϾϿ ϶ ϜϾϴ Ͼ Ϸ  Ϲϵ ϴ, ϴ ϶ Ϲ 1 171 
Ϲ  ϴϸ ϶ Ϲ  . ϥ ϻϴ ϴϸϴ ϴ ϶ Ͼ Ϸ Ͻ ϸ Ϸ Ͻ Ͼ ϺϴϹ  ϶ Ϻ Ͻ 
ϴ ϼ ϖϼ ϼ Ͼ Ϲ Ͽ Ͼ Ϸ Ϲ, ϸϴϿϹϹ Ͼ Ϲ϶Ϲ  ϹϻϴϹ  ϲϺ -Ϡ Ͻ ϾϼϽ ϼ 

ϥϹ϶Ϲ -Ϡ Ͻ ϾϼϽ Ϲϵ , ϴϻϸϹϿ  ϥϹ϶Ϲ  ϕϴϽϾϴϿ Ͼ Ϲ ϼ ϣϴ Ͼ Ϲ ϴϷ  ϼ 
϶ ϴϸϴϹ  ϶ ϟϹ . 

ϘϿϼ ϴ ϹϾϼ  ϴ϶Ͽ Ϲ  1837 Ͼ . ϣϿ ϴϸ  ϶ ϸ ϵ Ϸ  ϵϴ ϹϽ ϴ — 225 
. Ͼ 2. Ϭϼ ϼ ϴ Ͽϴ ϼϻ Ϲ Ϲ   160 (϶Ϲ ϹϹ Ϲ Ϲ ϼϹ) ϸ  400  ( ϼϺ ϹϹ 

Ϲ Ϲ ϼϹ). ϗϿ ϵϼ ϴ Ͼϴ ϸ  7 Ϲ ϶. 
 ϣ ϹϾ ϼ Ϲ Ͻ Ϸϼϸ ϻϹϿ ϴ ϸϼ  ϼϺ Ϲ  Ϲ Ϲ ϼϹ . ϖϼ ϼ . Ϭϼ ϼ ϴ 

Ͽϴ ϶ ϼϺ Ϲ  Ϲ Ϲ ϼϼ ϸ ϼϷϴϹ  400 . 
ϣϼ ϴ ϼϹ ϹϾϼ ϖϼ ϼ  Ϲϼ Ϲ ϶Ϲ  ϸ ϺϸϹ϶ Ϲ. Ϙ  75–90% Ͼϴ ϶ ϸ  

ϹϾϼ ϼ Ϲ  ϸ ϺϸϹ϶ ϼ ϴϸϾϴ ϼ (ϸ  400  ϶ Ϸ ϸ).  
ϕ Ϲ ϼ ϶ϴ ϼϹ ϶ Ͽ  Ͽ ϶ ϸ  ϼ ϹϷ ϴ ϼϼ ϶ ϻϴ   

ϴ ϴ Ϲ ϼϹ  Ϲ ϻϿ  ϼ ϻ ϴ ϼ ϹϿ  ϵ ϼ  ϾϿ  Ϲ ϼ ϼϼ. ϱ  
϶Ͽ Ϲ  ϶ ϵ Ͽ Ͻ ϼ Ϲ ϼ϶ ϼ ϸ ё ϴ ϼ ϴϸϴ ϶ ϹϽ ϶ ϹϾϹ. 

Ϙ ϺϸϹ϶ Ϲ ϴ϶ ϸϾϼ Ϲ ϹϹ ϹϻϾϼϹ. ϣ ϼ ϺϸϹ ϼϼ ϴ϶ ϸϾ ϶ ϴϵϿ ϸϴ  
ϴϼϵ Ͽ ϼϹ ϴ ϸ  ϶ ϸ , Ϲ϶ ϴ ϼϹ ϴ ϸ  ϶Ϲ Ϲ ϹϷ  Ͽ ϶ ϸ . 

ϡϴ ϴϿ  ϿϹϸ ϶  ϶ϿϹ ϼϽ – ϶ Ϲ Ϲϸϼ Ϲ Ͼ ϵ . Ϣ Ϲ ϼϽ ϿϹϸ ϸ ϸ ϿϺϴϹ  
2-3 ϹϸϹϿϼ, ϶ ϺϸϴϹ  ϻϴ ϴ ϼ ϴ Ϲ ϹϾϴ ϴ  ϟϹϸ ϴ϶ ϴ ϴ϶Ͽϼ϶ϴϹ  ϶ 
Ͼ Ϲ Ͼ ϵ  – ϴ ϴϿϹ ϵ . Ϧ Ͽ ϼ ϴ Ͽ ϸϴ ϸ ϼϷϴϹ  1,5-1,9 . ϖ ϶Ϲ ϶  

ϴ ϸϹϿ  ϴ Ͼϴ  ϹϾϴ Ϲ ϻϴϹ . ϖ Ͼ ϼϹ ϹϾϼ ϼ ϸϼ  ϶Ϲ  ϶ ϼϻ 
ϻϴ 7-8 ϸ ϹϽ ϶  ϶ Ͻ Ͽ ϶ϼ Ϲ ϴ .  

Ϥϴ ϴ ϼ϶ϴϹ ϴ  Ϲ ϼ ϼ  ϼ  Ͼ ϹϻϾ -Ͼ ϼ Ϲ ϴϿ  
ϾϿϼ ϴ .  ϥ Ϲϸ ϼϹ Ϲ Ϲ ϴ  Ͽ ϸ Ϸ  Ϲ ϼ ϸϴ Ϸ ϸϴ ϶ϴ ϼ   -5 °C ϸ  -
40 °C, ϴ Ϲ Ͽ Ϸ   10 °C ϸ  35 °C. ϥ Ϲϸ ϹϹ ϶ ϴϸϹ ϼϹ ϴϸϾ ϶ Ͼ Ͽ  450  ϶ 
Ϸ ϸ. 

Ϣ ϶ ϼ ϼ ϼϾϴ ϼ ϻϴϷ ϻ Ϲ ϼ  ϹϾϼ ϖϼ ϼ  ϶ϵϿϼϻϼ Ϸ ϸϴ ϕ ϸϴϽϵ  
϶Ͽ Ϲ  ϵ  Ϲ ϼ Ϲ  ϼ Ϲϸ ϴ  ϼ Ϲ   ϶ ϸ,  

϶ Ϲϻ Ͽ ϴ Ϲ ϹϷ , ϶ ϶ ϸ  ϵ ϹϾ Ϲ Ͼ Ϲ ϴ ϼ  ϴ ϼ , ϼ ϼ ϶, ϴ ϶, 
ϴ ϴϾϺϹ Ϲ Ϲ ϸ Ͼ ϶ Ϲ϶ ϴϹ  ϹϸϹϿ Ͻ ϶Ϲ . Ϣϸ ϼ  ϼϻ Ͼ ϹϽ ϼ  
ϻϴϷ ϻ ϼ  ϵ ϹϾ ϶ ϶Ͽ Ϲ  Ͼ Ͻ ϻ Ͽ ϸ ϵ ϶ϴ ϼϽ ϵ ϹϾ  ϶ ϴϽ Ϲ 
Ϸϼϸ ϻϿϴ. ϖ Ϸ Ϲ Ͼ Ϲ Ϲ ϵϹ ϹϷϴ ϹϾϼ – Ͼ Ϲ, Ͽ ϺϹ  ϼ 
Ͼ Ϲ ϼ ϸϴ ϼ; ϴ ϼ  ϴϻ϶ϼ  ϶ϴϿ - Ϲ Ϲ , 

ϴ϶Ͽ ϼϹ ϶ Ͽ  Ͼ ϵϿ Ͻ ϴ Ϲ ϼϴϿ. 
ϡϴ ϶Ϲ  Ϲ ϻϿ Ͻ ϶Ϲ ϵϴ ϹϽ ϴ ϖϼ ϼ  ϸ Ϲ϶Ϲ ϴ  ϴ ϼ ϹϿ  ϼ  

Ϲϼ Ϲ ϶Ϲ  ϼϻ ϶ Ͻ  ϿϹ ϶. ϖ Ϲ Ϲ ϴ Ͽ ϺϹ ϼ  ϶ ϴ Ϲ ϴ ϼ 

https://ru.wikipedia.org/wiki/%D0%92%D0%B8%D1%82%D0%B8%D0%BC%D1%81%D0%BA%D0%BE%D0%B5_%D0%BF%D0%BB%D0%BE%D1%81%D0%BA%D0%BE%D0%B3%D0%BE%D1%80%D1%8C%D0%B5
https://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
https://water-rf.ru/%D0%93%D0%BB%D0%BE%D1%81%D1%81%D0%B0%D1%80%D0%B8%D0%B9/1725/%D0%9B%D0%B5%D0%B4%D0%BE%D1%81%D1%82%D0%B0%D0%B2
https://water-rf.ru/%D0%93%D0%BB%D0%BE%D1%81%D1%81%D0%B0%D1%80%D0%B8%D0%B9/1754/%D0%92%D1%81%D0%BA%D1%80%D1%8B%D1%82%D0%B8%D0%B5
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϶ Ϲ ϴ  ϷϿ ϼϹ ϴ ϼ ϿϹ ϴ, ϹϷ  ϼϻ Ϲ ϼ , ϾϹϸ ϴ, Ͽϼ ϶Ϲ ϼ , 
ϼ , Ͽ ϼ, ϵϹ Ϲϻ , ϼ  ϼ . ϸ. ϣ  Ϲ Ϲ ϸ ϼ  ϴ ϶Ϲ ϼ  Ϸ  ϶ ϾϼϽ 

ϿϹ  Ϲ Ϲ  Ͼ ϶ ϼ ϼ Ͼϴ ϿϼϾ ϶ ϼ ϸϴ ϼ ϼ ϻϹϿϹ  Ͽ Ϸ ϶ — ϷϹϿ ϼ ϼ 
ϴ ϼ.  

ϖ ϕ ϸϴϽϵϼ Ͼ  ϴϽ Ϲ ϵϼ ϴϹ  35 ϶ϼϸ ϶ ϿϹϾ ϼ ϴ ϼ , ϴ ϴϾ ϺϹ 228 
϶ϼϸ ϶ ϼ . 

Ϟ ϶  ϶ϼϸϴ  :  
ϴ Ͼ Ϲ – Ϲ϶Ϲ Ͻ ϿϹ , ϼϻ ϵ , Ͽ , Ͼϴϵϴ Ϸϴ, Ͼ Ͽ . 

Ϲ - Ϲϸ϶Ϲϸ , ϴ ϴ, ϶ ϿϾ, ϶ ϸ ϴ, ϴ Ϲ ϼϾϴ Ͼϴ  Ͼϴ, ϵϹϿϾϴ, ϻϴ , 
ϵ Ͽ , Ͼ Ͽ Ͼ, Ͽϴ Ͼϴ;  

ϼ  – Ͼ Ͼ϶ϴ, ϵϹϿϴ  Ϸ ϻϾϴ, Ϲ ϴ  Ͼ ϴ Ͼϴ, ϶Ϲ Ͼϴ, Ϲ Ϲ϶ϼ ϴ, 
Ϲϵϼ ϴ  ϶ϴ. 

Ϟ Ϻϼ϶  ϶ϾϿ Ϲ  ϶ Ϟ ϴ  Ͼ ϼϷ  ϤϨ : Ϲ ϴ Ͻ 
Ͼ ё Ͻ ϴϼ , ϵϹ Ͼ , Ͽϴ  – ϵϹϿ ϶ , Ͼ Ͽ – ϴ ϴ , Ͼ ϴ, ϼϿϼ , 

Ϻ ϴ϶Ͽ -Ͼ ϴ ϴ϶Ͼϴ ϼ ϸ . ϖ ϶ ϻϼ  ϼ , ϴ ϼ ϴ   Ϲ ϶ Ϸ  Ϸ ϸϴ ϼ ϹϿ ϶ϴ, ϼ 
ϴ ϺϹ ϼϼ ϶ ϹϷ  Ϲ ϼ ϸϴ Ͼ Ͽ ϴ ϴ ϼϼ Ϲ ϵ ϸϼ  ϶ ϸϼ  ϼ ϼ Ϸ 
ϼ ϿϹ ϼ ϼ Ϲϻϴ ϼ   ϶ϼϸ ϶ ϸϿ  ϴϻ ϴϵ Ͼϼ Ϲ ϼ ϼϽ  ϼ ϼ ϼϻϴ ϼϼ 

϶ ϻϸϹϽ ϶ϼ  ϵ ϹϾ ϶ ϖϼ ϼ Ͼ Ϸ  Ϸϼϸ ϻϿϴ ϴ ϹϸϾϼϹ ϶ϼϸ  Ϻϼ϶ , ϴ ϴϾϺϹ 
ϹϸϹϿϼ  Ϲ ϼ ϼ   Ͼ Ϲ ϴ ϼϼ Ϲ ϵϴ ϼ  ϶ϼϸϴ   ϼ ϹϿ ϶ϴ 

Ϸϼϸ ϻϿϴ. 
 ϖ ϸ Ϲ ϵϼ Ͽ Ϸϼ Ϲ ϾϼϹ Ϲ  ϹϾϼ ϖϼ ϼ  ϴ ϴ ϾϹ ϼ ϹϿ ϶ϴ 

ϖϼ ϼ Ͼ Ͻ ϗϱϥ Ϲϸ ϴ϶ϿϹ  ϿϹϸ ϼ ϼ ϶ϼϸϴ ϼ:  ϻ , Ͼϴ, Ͽ ϶ϴ, Ͼ , 
Ϸ , ϴϽ Ϲ , ϴ ϼ , ϴϿϼ  ϼ ϸ .  

ϖ ϶Ϲ ϶ϼϼ  ϣ ϼϾϴϻ  ϨϹϸϹ ϴϿ Ϸ  ϴϷϹ ϶ϴ  ϵ Ͽ ϶ ϶   
17.09.2009 № 818 «Ϣϵ ϴ ϶ϿϹ ϼϼ Ͼϴ ϹϷ ϼϼ  ϶ ϸ  ϵ ϹϾ ϶ 

ϵ ϻ Ͻ ϶Ϲ Ϸ  ϻ ϴ Ϲ ϼ  ϼ ϵϹ ϹϽ ϸ ϵ ϼ (϶ Ͽ ϶ϴ) ϶ ϸ  
ϵϼ Ͽ Ϸϼ Ϲ Ͼϼ  Ϲ ϶, ϵϼ ϴ ϼ  ϶ ϼ  ϼ Ϲ Ϲ  Ͼ ϵ ϹϾ ϴ  

ϵ Ͽ ϶ ϶ϴ», ϴ ϴϾ ϺϹ ϗ ϸϴ ϶Ϲ  ϵ ϻ Ͻ ϶Ϲ  ϹϹ , ϹϾϴ 
ϖϼ ϼ , ϼ  Ͼ ϶ ϸ  ϵ ϹϾ  I Ͼϴ ϹϷ ϼϼ ϵ ϻ Ͻ ϶Ϲ Ϸ  ϻ ϴ Ϲ ϼ , 

 ϼ ϶ Ϲ ϼ ϸ ϼ ϹϿ ϶ϴ, ϼ ϶ Ϲ ϼ ϸ ϸϴϿ ϹϽ ϹϽ Ͼ Ͽ ϴ ϴ ϼϼ 
Ϸϼϸ ϻϿϴ ϵ    ϶ ϸ ϶ . ϖϼ ϼ  Ϲ ϵ ϸϼ  ϼϻ϶ ϸϼ   

ϸϹ Ϻϴ ϼϹ  ϻϴϷ ϻ ϼ   ϶Ϲ Ϲ ϶  Ͼ Ϲ ϴ ϼ ϼ, Ϲ Ϲ϶ ϴ ϼ ϼ 
ϣϘϞ. 

ϖ ϻϸϹϽ ϶ϼϹ ϖϼ ϼ Ͼ Ͻ ϗϱϥ ϴ Ͼ Ϻϴ  Ϲϸ  ϵ ϸϹ  Ͼϴϻ ϶ϴ  ϶ 
Ϲ ϼ ϸ ϼ ϹϿ ϶ϴ ϼ ϶ Ϲ ϼ ϸ ϸϴϿ ϹϽ ϹϽ Ͼ Ͽ ϴ ϴ ϼϼ ϴ ϼϼ. 

 
8.2         

  
 

ϣ ϼ ϼ ϹϿ ϶Ϲ ϖϼ ϼ Ͼ Ϸ  ϗϧ ϶ Ͽ  ϿϹϸ ϼϹ ϶ϼϸ  ϴϵ : 
϶ Ϲ Ͼϴ Ϸ ϴ ϼ ϾϿϴϸϼ ϶ϴ ϼϹ ϹϷ  ϶ ϿϹϻ  ϴ ; 

Ͼϴ Ϲ Ϲ ϹϾ; 
ϸϷ ϶Ͼϴ Ͽ ϴϸϾϼ Ͼ ϼ ϹϿ ϶  ϼ ϹϹ ϵ Ͻ ϶ ; 

ϴ ϼ Ͼϴ ϼ Ͽϴ ϼ ϶Ͼϴ Ϲ ϼ ϼϼ; 

https://республика-саха-якутия.рф/stati/flora-i-fauna/jaz.html
https://республика-саха-якутия.рф/stati/flora-i-fauna/schuka.html
https://республика-саха-якутия.рф/stati/flora-i-fauna/sibirskaja-plotva.html
https://республика-саха-якутия.рф/stati/flora-i-fauna/okun.html
https://республика-саха-якутия.рф/stati/flora-i-fauna/tugun.html
https://республика-саха-якутия.рф/stati/flora-i-fauna/taimen.html
https://республика-саха-якутия.рф/stati/flora-i-fauna/sibirskii-harius.html
https://республика-саха-якутия.рф/stati/flora-i-fauna/nalim.html
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϶ ϻ϶ϹϸϹ ϼϹ ϼ ϿϹϸ ϼϽ ϸϹ ϴϺ ϶ Ϲ Ϲ  ϻϸϴ ϼϽ ϼ ϺϹ ϼϽ; 
ϼ ϹϿ ϶  ϶  ϺϹ ϼϽ; 
ϼ ϹϿ ϶  ϹϿϾϴ Ͼ Ͽ ϴ ϼ ϹϷ  Ϲ ϴϿϴ.  

ϖ Ϲ ϼ ϸ ϼ ϹϿ ϶ϴ Ϲϸ Ϲ  Ϲ ϼ ϼ   ϸϷ ϶ϾϹ Ͽ Ϻϴ 
϶ ϸ ϴ ϼϿϼ ϴ, ϴ ϴϾϺϹ Ϲ ϼ ϼ   ϼ ϼ ϼϻϴ ϼϼ ϶ ϻϸϹϽ ϶ϼ  ϴ 

Ͼ Ϻϴ  Ϲϸ  Ϲ Ϲϸ ϶Ϲ   ϼ ϹϿ ϶ϴ.  
ϖ ϻϸϹϽ ϶ϼϹ ϴ Ͼ Ϻϴ  Ϲϸ  ϶ Ϲ ϼ ϸ ϼ ϹϿ ϶ϴ: 

ϻϸϴ ϼϹ ϶ ϸ ϴ ϼϿϼ ϴ, ϴ ϴ ϼ  Ͽϴ ϸ ϴ ϶, ϾϿϼ ϴ ϼ Ϲ ϾϼϹ 
ϼϻ Ϲ Ϲ ϼ ;  

ϸϷ ϶Ͼϴ Ͽ Ϻϴ ϶ ϸ ϴ ϼϿϼ ϴ, ϶  ϼ ϿϹ ϶ ϸϾϴ ϿϹ ϴ ϼ ϴ ϴ ϼ  
Ϲ ϼ ϼϼ;  

϶ ϵ  ϻϴϷ ϻ ϼ  ϶Ϲ Ϲ ϶ ϶ ϴ Ϲ  ϴ ϴ Ϲ ϼ ϹϿ ϶ϴ;  
ϵ ϴϻ ϶ϴ ϼϹ ϼ ϵ ϴ Ϲ ϼϹ  ϸϴ ϼ; 

ϴ ϼ ϼ ϼ Ͼϼ ϸϿ  ϴ ϹϿϹ ϼ  ϼ Ϲ ϴϿϴ, ϶ ϻϴ Ϲ  ϼϹ  
Ϸϼϸ Ϲ ϼ Ϲ Ͼϼ  ϺϹ ϼϽ ϼ ϸϾ  ϼ ϹϿ ϶ϴ ϼ Ͼ Ͽ ϴ ϴ ϼϼ ϗϱϥ;  

Ϲ Ϲ ϹϿϹ ϼϹ ϴ ϹϿϹ ϼ  ϼϻ ϻ  ϻϴ ϿϹ ϼ . 
ϥ ϻϸϴ ϼϹ ϶ ϸ ϴ ϼϿϼ ϴ ϵ ϸϹ  ϶ Ϻϸϴ  ϿϹϸ ϼ ϼ 

Ϲ ϴ ϼ: 
ϼ ϶ϴ ϼϹ ϶  Ϲ ϶ ϶ ϸ Ϸ , ϿϹϸ ϶ Ϸ  ϼ Ϲ ϼ Ϲ Ͼ Ϸ  

ϹϺϼ ϶;  
ϼϻ Ϲ Ϲ ϼϹ Ϲ ϶ Ϲ Ϲ ϴ ϼ Ϲϸϼ Ϲ ϴ ϼϼ ϴ ϶;  

ϼ ϶ϴ ϼϹ ϶ Ϸ  Ϸϼϸ ϼ ϼ Ϲ Ͼ Ϸ  ϹϺϼ ϴ ϼ ϼϻ Ϲ Ϲ ϼϹ Ͼϴ Ϲ ϶ϴ 
϶ ϸ  ϶ ϼϺ Ϲ  ϵ Ϲ Ϲ ϖϼ ϼ Ͼ Ϸ  Ϸϼϸ ϻϿϴ; 

ϼ ϶ϴ ϼϹ ϶ Ϸ  Ϸϼϸ ϵϼ Ͽ Ϸϼ Ϲ Ͼ Ϸ  ϹϺϼ ϴ ϼ ϼϻ Ϲ Ϲ ϼ  
ϵϼ Ͽ Ϸϼ Ϲ Ͼ Ͻ ϸ Ͼ ϼ϶ ϼ ϶ ϸ Ϲ ϴ ϶ ϶ ϻϼ  Ϲ ,  Ϲ Ͻ ϼ  
Ͼ ϼ Ϲ  ϼϻ Ϲ ϼ  ϴ ϻϹ Ͻ. 

ϖ ϶Ϲ ϶ϼϼ  Ϲϵ ϶ϴ ϼ ϼ ϥϣ  01.07.1985 № 3907-85 «ϥϴ ϼ ϴ Ϲ 
ϴ϶ϼϿϴ ϹϾ ϼ ϶ϴ ϼ , ϼ ϹϿ ϶ϴ ϼ Ͼ Ͽ ϴ ϴ ϼϼ ϶ ϸ ϴ ϼϿϼ » ϶ 

ϴ Ͼϴ  ϶ϹϸϹ ϼ  ϴϵ   ϴ ϼ ϴ Ͻ ϸϷ ϶ϾϹ Ͽ Ϻϴ ϶ ϸ ϴ ϼϿϼ ϴ 
Ϲ ϵ ϸϼ  ϶ Ͽ ϼ  ϿϹϸ ϼϹ ϴϵ : 

ϼ Ͼϴ Ϲ ϼ ϼϼ  ϴ Ͼ ϶ Ϲ ϼϽ ϼ ϴ;  
϶ ϶ ϻ Ϲ ϼ  ϼϻ ϵ , ϵ ϶  ϸ ϶;  
ϴ ϼ ϴ ϴ  ϼ Ͼϴ Ϲ ϼ ϼϽ Ϻϼ϶ ϶ ϸ Ϲ Ͼϼ  ϵ ϹϾ ϶;  

ϻϴ Ͼϴ ϼ Ͼ ϶Ϲ  ϷϿ ϵϿϹ ϼϽ ϼ ϴ ϴϺ Ͼ϶ϴϺϼ ; 
ϼ Ͼϴ Ͽ Ϻϴ  ϸ Ϲ϶Ϲ Ͻ ϼ Ͼ ϴ ϼϾ ϶ Ͻ ϴ ϼ ϹϿ ϼ. 

ϣ ϼ ϹϾ ϼ ϶ϴ ϼϼ Ϲ ϼ ϼϽ  ϼ ϺϹ Ϲ Ͻ ϻϴ ϼ Ϲ ϴ ϹϿϹ  
Ͼ ϶, ϴϸϴ ϼ  ϶ ϻ  ϻϴ ϿϹ ϼ , ϸ ϿϹ ϼ , ϵϹ ϹϷ ϵ Ϲ ϼ , 

ϸ ϿϺ  ϵ  Ϲϸ Ϲ : 
Ϲ ϼ Ϲ ϾϼϹ Ϲ ϼ ϼ , ϼ ϾϿ ϴ ϼϹ ϻϴ ϿϹ ϼϹ ϼ ϸ ϿϹ ϼϹ 

ϴ϶Ͽ Ϲ  ϴ ϹϿϹ  Ͼ ϶, Ϲϸ ϼ ϼϽ, ϻϸϴ ϼϽ ϼ ϺϹ ϼϽ, 
ϵϹ Ϲ ϼ϶ϴ ϼϹ ϴϿ Ϲ Ͽ ϶ϼ  ϸϴ ϼ ϵ ϴ ϴ ϹϿϹ ϼ ; 

Ϲ ϼ Ϲ ϾϼϹ Ϲ ϼ ϼ   ϸ Ϲ ϼ ϶ϴ ϼ  Ϲ Ϲ ϶Ϲ Ϸ  
϶Ϲ Ϸ  Ͼϴ  ϵ ϶Ϲ Ͻ Ϲ ϼ ϼϼ ϼ ϺϹ Ϲ Ͻ ϻϴ ϼ . 
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       ϖ ϻϸϹϽ ϶ϼϹ ϴ Ͼ Ϻϴ  Ϲϸ  ϶ Ϲ ϼ ϸ ϼ ϹϿ ϶ϴ ϵ ϸϹ  
϶ ϻϴ   ϴϵ Ͻ ϴ϶ ϴ ϴ, ϶ϹϸϹ ϼϹ  ϴϻϿϼ  ϶ϼϸ ϶ ϼ ϹϿ  
ϴϵ . 

 
8.3      

 
Ϣ ϶ Ϲ Ϲϵ ϶ϴ ϼ  Ͼ ϹϾ ϼ ϶ϴ ϼ , ϼ ϹϿ ϶  ϼ Ͼ Ͽ ϴ ϴ ϼϼ 

϶ ϸ ϴ ϼϿϼ  ϹϷϿϴ Ϲ ϼ  ϥϣ  1.07.1985 № 3907-85 «ϥϴ ϼ ϴ Ϲ 
ϴ϶ϼϿϴ ϹϾ ϼ ϶ϴ ϼ , ϼ ϹϿ ϶ϴ ϼ Ͼ Ͽ ϴ ϴ ϼϼ ϶ ϸ ϴ ϼϿϼ », ϶ 

϶Ϲ ϶ϼϼ  Ͼ ϼ: 
ϴϻ ϴϵϴ ϶ϴϹ Ϲ Ϲϸ ϹϾ Ϲ ϴ Ϲ ϼϴϿ , ϹϾ  ϼ ϹϿ ϶ϴ ϼ 

ϹϾ Ͼ ϼϼ ϶ ϸ ϴ ϼϿϼ  ϸϿϹϺϴ  ϵ ϻϴ ϹϿ  ϷϿϴ ϶ϴ ϼ   
Ϸϴ ϴ ϼ Ϸ ϸϴ ϶Ϲ Ϸ  ϴ ϼ ϴ Ϸ  ϴϸϻ ϴ; 

Ϲ ϼ ϼ   ϸϷ ϶ϾϹ Ͽ Ϻϴ ϶ ϸ ϴ ϼϿϼ ϴ ϼ ϴ ϼ ϴ Ϲ Ͼϼ 
ϴ϶Ͽ   Ϲ  Ϲ ϵ ϸϼ  ϼ ϺϹ Ϲ  ϼϻ Ͼϴ ϼϽ ϴ Ϲ ϶, 

϶ϴ ϼϴ  ϴϵ Ͼ ϶ ϦϱϢ (ϦϱϤ), ϶ ϹϾ ϴ  ϼ ϹϿ ϶ϴ ϶ ϸ ϴ ϼϿϼ ; 
ϴϵ   ϴ ϼ ϴ Ͻ ϸϷ ϶ϾϹ Ͽ Ϻϴ ϶ ϸ ϴ ϼϿϼ ϴ ϸ ϿϺ  ϵ  

ϻϴϾ Ϲ  Ϲ ϻϸ ϹϹ, Ϲ  ϻϴ ϸϼ  ϶Ϲ Ϲ Ϲ-ϿϹ ϼϽ Ϲϻ  ϸ  ϴ ϴϿϴ ϻϴ Ͽ Ϲ ϼ  
϶ ϸ ϴ ϼϿϼ ϴ; 

Ϲϵ ϶ϴ ϼ  Ͼ Ϲ Ϲ  ϼ ϼ ϺϹ Ϲ Ͻ ϻϴ ϼ Ϲ ϴ ϹϿϹ  Ͼ ϶, 
Ϲϸ ϼ ϼϽ, ϻϸϴ ϼϽ ϼ ϺϹ ϼϽ. 

ϥ ϻϸϴ ϼϹ ϶ ϸ ϴ ϼϿϼ ϴ ϶ϿϹ Ϲ  ϻϴ ϵ Ͻ Ϲ ϵ ϸϼ  ϶ Ϲ Ϲ ϹϿϹ ϼϼ 
Ϻϼ ϹϿϹϽ ϼϻ ϻ  ϻϴ ϿϹ ϼ .  

ϴ Ϲ ϼ ϼϼ ϴ ϹϿϹ  Ͼ ϶, Ͽ  ϼϿϼ ϴ ϼ  ϶ ϼ  
ϼϻ ϻ  ϻϴ ϿϹ ϼ , ϸϿϹϺϴ  ϸϴϿϹ ϼ  , ϹϿϹϷ ϴ Ϲ Ͽϵ , 

ϸϴ Ϲ  ϼ ϸ ϷϼϹ ϺϹ ϼ ; 
ϴ϶ ϼϽ  ϼ ϹϿ Ͻ , Ͽ ϴ, Ϸ ϼϿϴ  ϸ Ϲ϶Ϲ ϼ ϴ ϼ ϸ . 

ϺϼϷϴ  ϴ Ϲ Ϲ. 
Ϲ ϴϿϿϼ Ϲ ϾϼϽ Ͽ  ϵϼ ϴϹ  ϼ ϶ ϶ ϻϼ  ϻϴ ϹϸϹϿ  Ϲ ϼ ϼϼ ϻ  

ϴ ϼ ϴ Ͻ ϼ Ͼϼ; 
϶ Ϸ Ϲϵϴ ϵ  ϿϹ ϶ ϶ ϻϴ ϸ ϶ ϸϹϻϼ ϼ ϼ  ϼ ϼ 

Ϲ ϴ ϴ ϴ ϼ ϘϦϥ Ϟϗ ϼϿϼ Ͽ Ͻ ϼϻ϶Ϲ  ϼ ϻϴ ϴ  ϼ  Ϸ ; 
Ϲ ϼ  ϼϻ ϵ , ϵ ϶ Ϲ ϵ  ϶ ϶ ϻ  ϻϴ ϹϸϹϿ  Ϲ ϼ ϼϼ 

ϻ  ϴ ϼ ϴ Ͻ ϼ Ͼϼ; 
ϼ Ϲ Ͼϴ ϴϿϼϻϴ ϼ Ϲ ϺϹ ϼ , ϶ϴϿϾϼ, Ͽ  ϴ Ϲ ϼϻϴ ϼϼ, 

Ϲ ϼ  ϼ ϼϿ ϴ ϼϼ, ϴϸϴ ϼϹ ϶ ϻ  ϴ ϼ ϴ Ͻ ϼ Ͼϼ, ϸϿϹϺϴ  
ϻϴϾ ϼ ; 

ϴ϶ ϻ, ϴ϶ ϻ Ϲ Ͼϼ ϼ  Ϻϼ϶ ϶ ϸ Ϲ Ͼϼ  ϵ ϹϾ ϶ 
ϵϹϻϻϴ ϴϺϼ϶ϴ , ϿϹ ϹϷ  ϶ ϶ ϻ  ϴ ϹϿ Ͼ ϻ Ͻ ϶Ϲ Ϲ Ͽ ; 

϶ϴ Ϻϼ϶ ϶ ϸ Ϲ Ͼϼ  Ϲ Ϲ ϼϽ, ϻϴϷ ϶ ϺϼϷϴϹ   ϼ Ϲ Ϲ ϼϹ  
Ϸ ϼ  ϴ Ϲ ϼϴϿ ϶ ϼϿϼ ϴϹ  ϴ ϶ ϴ ϼ ϸ϶ Ϲ ϼ ϶ Ͻ Ͽϼ 
Ϸϼ Ͽ ϼ ϴ ϾϴϿ ϼ  ϼϿϼ Ͽ Ͻ ϼϻ϶Ϲ ϼ, ϸϹ Ϻϴ ϹϽ Ϲ Ϲ ϹϹ 5% ϴϾ ϼ϶ Ϸ  

Ͽ ϴ, ϿϹ ϹϷ  Ͽ Ͻ ϶  ϷϿ ϵϼ Ͻ ϸ  ϼ Ϸ  ϶ ϶ ϻϼ  ϻϴ ϹϸϹϿ  



113 
 

Ϲ ϼ ϼϼ ϻϴ ϿϹ ϼ  ϼ ϻϴϾϴ ϶ϴϹ  ϴ Ϲ ϼ ϼϼ Ͼ ϷϼϿ ϼϾϴ ϴ 
ϷϿ ϵϼ  Ϲ Ϲ ϹϹ 2 . 

Ϣ ϶ Ϲ Ϲ ϼ ϼ   ϴ Ϲ Ͼ Ϻϴ ϹϽ Ϲϸ  ϶ ϸϴ Ͻ Ϲ ϼ ϸ 
϶ϾϿ ϴ  ϶ Ϲϵ  Ϸϴ ϼϻϴ ϼ Ϲ ϼ ϴ ϼ ϴ - Ϲ ϼ Ϲ ϾϼϹ Ϲ ϼ ϼ .  

Ϟ Ϸϴ ϼϻϴ ϼ  Ϲ ϼ ϼ  :   
ϴϻ ϴϵ Ͼϴ ϼ ϶Ϲ ϺϸϹ ϼϹ ϹϾ ϶ ϴ ϼ϶ ϶ ϹϸϹϿ -ϸ ϼ  

϶ ϵ ϶ ϶ ϴ Ϲ Ͻ ϶ ϻϸ  (ϣϘϖ) ;  
ϴϻ ϴϵ Ͼϴ ϼ ϶Ϲ ϺϸϹ ϼϹ ϹϾ ϶ ϴ ϼ϶ ϶ ϵ ϴϻ ϶ϴ ϼ  ϸ ϶ ϼ 

Ͽϼ ϼ ϶ ϴ ϼ  ϴϻ Ϲ Ϲ ϼϹ (ϣϡϢϢϟϤ);  
ϴϻ ϴϵ Ͼϴ, ϷϿϴ ϶ϴ ϼϹ ϼ ϶Ϲ ϺϸϹ ϼϹ ϴ ϼ϶ ϶ ϸ ϼ  ϵ ϶ 

(ϡϘϥ) ϶Ϲ Ϲ ϶ ϼ ϼϾ Ϸϴ ϼϻ ϶ ϶ ϶ ϸ Ϲ ϵ ϹϾ ;  
Ͽ Ϲ ϼϹ ϴϻ Ϲ Ϲ ϼϽ ϴ ϶ ϵ  ϻϴϷ ϻ ϼ  ϶Ϲ Ϲ ϶ ϶ ϴ Ϲ Ͻ 

϶ ϻϸ ; 
Ͽ Ϲ ϼϹ ϴϻ Ϲ Ϲ ϼϽ ϴ ϵ  ϻϴϷ ϻ ϼ  ϶Ϲ Ϲ ϶ ϶ ϶ ϸ Ϲ ϵ ϹϾ ;

   
ϿϹ ϼϹ ϤϹ Ϲ ϼ   Ϲϸ ϴ϶ϿϹ ϼϼ ϶ ϸ Ϸ  ϵ ϹϾ ϴ ϶ Ͽ ϻ ϶ϴ ϼϹ ϶ 

ϹϿ  ϵ ϴ  ϼϿϼ ϸ Ϲ ϴϺ  ϶ ϸ;     
ϴ Ϲ  ϼ ϶ Ϲ϶ Ϲ Ϲ Ϲ ϶ Ϲ Ϲ ϼϹ Ͽϴ  ϻϴ ϹϷϴ ϼ϶ Ϲ ϶ ϻϸϹϽ ϶ϼϹ ϴ 

Ͼ Ϻϴ  Ϲϸ ;  
Ϸϴ ϼϻϴ ϼ  ϼ ϶ϹϸϹ ϼϹ ϼϻ϶ ϸ ϶Ϲ Ϸ  Ͼ Ͽ Ϸϼ Ϲ Ͼ Ϸ  Ͼ Ͽ . 

Ϟ ϴ ϼ ϴ - Ϲ ϼ Ϲ Ͼϼ  Ϲ ϼ ϼ  :  
ϴϻϸϹϿ Ϲ ϴϾ ϿϹ ϼϹ ϴ  ϸ ϶  ϶ϼϸϴ  ϸ ϶ ϼ ϾϿϴ ϴ  

ϴ ϼ; 
ϴϻ Ϲ Ϲ ϼϹ ϸ ϶ ϴ Ϲ ϼϴϿϼϻϼ ϶ϴ  ϼ ϵ ϸ ϶ϴ  ϶ 

϶Ϲ ϶ϼϼ  Ϲϵ ϶ϴ ϼ ϼ ϻϴϾ ϸϴ ϹϿ ϶ϴ ϿϼϷ ϴ  ; 
Ϲ Ϲϸϴ ϴ ϴ ϼ Ͽ ϻ ϶ϴ ϼϹ Ͽ ϴ Ϲ  ϼ ϶Ϲ  Ϲ ϴϿϿ ϶, ϸ ϶ 

ϾϴϵϹϿ Ͻ ϸ Ͼ ϼϼ; 
Ϲ Ϲϸϴ ϴ ϴϵ ϴ  ϴ ϹϿ ϴ ϵϹϻ϶ ϹϺϼ϶ϴ ϼϹ Ϲ ϼϴϿϼϻϼ ϶ϴ Ͻ 

Ϸϴ ϼϻϴ ϼϼ; 
Ϲ  ϵ ϴϻ ϶ϴ ϼ , ϼ Ͽ ϻ ϶ϴ ϼ , Ϲ Ϲϸϴ ϼ ϸ ϶  ϹϷϼ ϴ ϼϹϽ ϶ 

Ϻ ϴϿϴ ; 
Ϸϴ ϼϻϴ ϼ  Ͼ Ͽ  ϴϸ ϵϿ ϸϹ ϼϹ  ϴ ϶ϿϹ   ϴ ϼ϶ ϶ ϣϘϖ; 
Ϸϴ ϼϻϴ ϼ  ϼ Ϲ ϶ϿϹ ϼϹ Ͼ Ͽ  Ͼϴ Ϲ ϶ϴ  , ϸ Ϲ ϴϺ  ϼ 

ϼ ϸ  ϶Ϲ  ϶ ϸ;  
ϵϿ ϸϹ ϼϹ ϹϺϼ ϴ ϻ Ͻ ϶ ϶ϴ ϼ  ϶ ϶ ϸ ϴ Ͻ ϻ Ϲ;  

Ϲ Ϲϸϴ ϴ ϻ Ͻ ϶Ϲ  ϵ ϶   ϶ ϸ Ϲ ϼϴϿϼϻϼ ϶ϴ Ͻ 
Ϸϴ ϼϻϴ ϼϼ ϴ ϵϹϻ϶ ϹϺϼ϶ϴ ϼϹ; 

Ϸϴ ϼϻϴ ϼ  Ͼ ϴ϶ ϴ ϴ ϶ Ϲ ϼϴϿ - ϵ ϸ ϶ϴ  Ϲ ϴ , 
ϼ Ϲ ϼ  ϶Ϲ ϸ Ϲ Ͼ ϼϹ. 
 

8.4 ,    
 

ϖ ϶ ϻϼ  Ϲ ,  ϶ Ϲ ϼ ϸ ϼ ϹϿ ϶ϴ ϵ ϸϹ  ϶ Ͽ  ϵ Ͽ Ͻ 
ϵ Ϲ  ϼ ϹϿ - ϴϺ  ϴϵ , ϼ  ϵ ϸϹ  ϵ ϴϻ ϶ ϶ϴ  ϵ Ͽ Ϲ 
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Ͼ Ͽϼ Ϲ ϶  ϸ ϶, ϶  ϼ ϿϹ Ͽ  ϵϹ  ϼϻϸϹϿϼϽ, ϸ  ϵϹ ϴ ϶ 
Ͼ Ͼ ϶ Ͻ Ϲ, Ͽ  ϼ ϸ , ϸϹ Ϻϴ ϼϹ ϹϻϴϷ ϻ Ϲ Ϲ Ϲ Ϲ Ϲ ϴϿϿ  ϶ 
϶ϼϸϹ ϼϻϸϹϿϼϽ, Ͼ Ͼ ϶, Ϲ ϼ ϶ϴ Ϲ. 
 

8.4.1   ,      
 

Ϟ ϸ ϸ ϶  ϨϞϞϢ – 2014 8 22 201 01 21 5 
 M = N ∙ q% ∙ , ,                                                                                                       .  

 
ϷϸϹ 𝑁 – ϵ Ϲ  ϵϹ  ϴϵ , 3 (  3);  – ϸϹϿ Ͻ ϴ ϼ϶ ϵ ϴϻ ϶ϴ ϼ , % (  =1,8%);  – Ͽ  ϵϹ ϴ, / 3 (  =2,5 / 3); 
 M = N ∙ q% = ∙ ,% ∙ , = ,   
 

8.4.2   ,      
 , ,  

 
Ϟ ϸ ϸ ϶  ϨϞϞϢ – 2014 4 61 010 01 20 5 
ϧϸϹϿ Ͻ ϴ ϼ϶ ϵ ϴϻ ϶ϴ ϼ  ϸ ϶ ϼ ϼ ϴϹ  ϶ ϶Ϲ ϶ϼϼ  

ϣ ϼϿ ϺϹ ϼϹ  Ͼ ϵ ϼϾ  Ϧϼ ϶   Ϲ  ϴ Ϲ ϼϴϿ  Ϲ ϶ ϶ 
ϼ ϹϿ ϶Ϲ (ϸ Ͽ Ϲ ϼϹ Ͼ ϤϘϥ 82-202-96) Ϡ Ͼ϶ϴ, ϗ Ͻ Ϥ ϼϼ, 1988Ϸ., 

ϴϵϿϼ ϴ 4, ϴ ϵ ϴϻ ϶ϴ ϼ  ϸ ϶ ϴ ϴ  ϴ϶Ͽ Ϲ  1,0 %. 
 M = N ∙ q% ∙ ,                                                                                                         .  

 
ϷϸϹ 𝑁 – Ͼ Ͽϼ Ϲ ϶  ϴ ϴ , (𝑁 =  ); 

 – ϸϹϿ Ͻ ϴ ϼ϶ ϵ ϴϻ ϶ϴ ϼ , (  =1,0 %); 
 – Ͽ  ϵϹ ϴ, (  =2,0 / 3); 

 M = ∙ q% ∙ = ,  . 
 

8.5         
 

 
 ϖ Ϲ ϼ ϸ Ͼ Ͽ ϴ ϴ ϼϼ ϖϼ ϼ Ͼ Ϸ  ϗϧ ϶ ϻϸϹϽ ϶ϼϹ ϴ Ͼ Ϻϴ  

Ϲϸ  ϵ ϸϹ  Ͼϴϻ ϶ϴ : 
ϵ   (ϸ Ϲ ϴϺ , ϸ ϺϸϹ϶  ϼ ϴϿ ) ϶ ϸ; 
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϶ ϵ ϴ ϼ ϶ ϴ Ϲ  : Ϲ ϼ ϸϼ Ϲ Ͼ Ϸ  ϵ ϶ϴ ϼ  ϸϼϻϹϿ – 
ϷϹ Ϲ ϴ ϶, ϶ϴ  ϼ Ͼ ϴ  ϴϵ , ϶ ϸϼ  ϶ Ϲ ϼ ϸ ϹϾ ϼ  ϼ 
Ͼϴ ϼ ϴϿ  Ϲ ϶; 

ϵ ϴϻ ϶ϴ ϼϹ  ϸ ϶ ϼ Ͼ Ͽ ϴ ϴ ϼϼ, Ϲ ϵ Ͽ Ϻϼ϶ϴ ϼϼ ϼ ϹϾ ϼ  
Ͼϴ ϼ ϴϿ  Ϲ ϴ  ϵ ϸ ϶ϴ ϼ , ϼϻ϶ ϸ ϶Ϲ  ϻϸϴ ϼϽ ϼ ϺϹ ϼϽ; 

ϴ Ϲϸ  ϵϼ ϴ ϼ  ϴ ϹϿϹ ϼ  ϵϿϼϻϿϹϺϴ ϼ  ϴ ϹϿϹ  Ͼ ϶, 
϶ ϻϴ Ϲ  Ϲ  ϼ ϹϿ ϶ϴ ϼ Ͼ Ͽ ϴ ϴ ϼϼ ϗϱϥ ϼ ϼϹ  

Ϸϼϸ Ϲ ϼ Ϲ Ͼϼ  ϺϹ ϼϽ. 
ϖ Ϲ ϼ ϸ Ͼ Ͽ ϴ ϴ ϼϼ ϗϱϥ ϶ ϼ Ϲ ϼ ϼ ϼ  ϴ Ϲ 

Ͼ Ϻϴ ϹϽ Ϲϸ  ϶Ͽ : 
ϹϷ Ͽϼ ϶ϴ ϼϹ ϶ ϸ  ϹϺϼ  ϶ ϸ Ͼϴ; 
ϼ Ͼϴ ϶ ϸ , ϵ ϴ ϶ϴϹ Ͻ ϶ ϶ ϸ Ϲ ϵ ϹϾ ; 

ϵϹ Ϲ Ϲ ϼϹ Ͽ ϶ϼ  Ϲ ϴϸϴ ϼ  ϴ ϹϿ ϼ ϸ Ϸϼ  ϻϴϷ ϻ ϼ  ϶Ϲ Ϲ ϶ 
϶ ϶ ϸ Ͻ ϵ ϹϾ ; 

ϼ ϶ϹϸϹ ϼϼ Ϲ ϶ ϸ ϿϺ  ϵϹ Ϲ ϼ϶ϴ  Ϲ ϴϸϴ ϼϹ 
ϻϴϷ ϻ ϼ  ϶Ϲ Ϲ ϶ ϶ ϶ ϸ Ϲ ϵ ϹϾ . 

ϖ ϶ ϻϼ  Ϲ ,  ϶ϵϿϼϻϼ  ϗϱϥ ϴ ϸϼ  ϴ ϹϿϹ Ͻ Ͼ  – Ϸ.ϕ ϸϴϽϵ , 
ϷϿϴ  ϥϣ  2.2.1/2.1.11200-03 «ϥϴ ϼ ϴ -ϻϴ ϼ Ϲ ϻ  ϼ ϴ ϼ ϴ ϴ  

ϾϿϴ ϼ ϼϾϴ ϼ  Ϲϸ ϼ ϼϽ, ϺϹ ϼϽ ϼ ϼ  ϵ ϹϾ ϶» Ϲϵ Ϲ  
϶ϹϸϹ ϼϹ ϼ ϿϹϸ ϶ϴ ϼϽ  Ϲ ϵ ϸϼ ϼ ϴ ϶ϿϹ ϼ  ϴ ϼ ϴ -ϻϴ ϼ Ͻ 

ϻ : ϼ ϿϹϸ ϶ϴ ϼ  ϼ ϼ Ϲ Ͼϼ  (϶ ϵ  ϶ ϴ Ϲ  ϻϴϷ ϻ ϼ  ϶Ϲ Ϲ ϶ 
 ϼ ϼϾ ϶ ϶ ϵ ϶) ϼ ϼϻϼ Ϲ Ͼϼ  ( , ϼ ϴϻ϶ Ͼ, ϼ Ϲ ϼ϶  

ϿϹϾ ϴϷ ϼ  ϿϹϽ) ϴϾ ϶. 
ϦϴϾϺϹ, ϷϿϴ  ϥϣ  2.1.4.1110-02 «ϛ  ϴ ϼ ϴ Ͻ ϴ  ϼ ϼϾ ϶ 

϶ ϸ ϴϵϺϹ ϼ  ϼ Ϲ϶ Ϸ  ϴϻ ϴ Ϲ ϼ » Ϲϵ Ϲ  ϶ Ͽ Ϲ ϼϹ Ϲ ϼ ϼϽ  
Ϲ ϸ Ϲ ϼ  Ͼϴ Ϲ ϶ϴ ϶ ϸ  ϹϾϼ ϖϼ ϼ   ϵ ϶ ϖϼ ϼ Ͼ Ͻ ϗϱϥ ϼϺϹ  
Ϲ Ϲ ϼ  ϹϾϼ.  

ϤϹϺϼ  ϼ Ͽ ϻ ϶ϴ ϼ  ϻ  ϴ ϼ ϴ Ͻ ϴ  ϼ ϼϾ ϶ (ϛϥϢ) ϼ Ϲ϶ Ϸ  
϶ ϸ ϴϵϺϹ ϼ  Ϸ ϸϴ ϕ ϸϴϽϵ , ϶ ϹϸϹϿϴ  ϿϹ  Ͽ ϴϸ Ͼ ϵ ϹϾ ϶ 
ϖϼ ϼ Ͼ Ͻ ϗϱϥ ϹϷϿϴ Ϲ ϼ Ϲ  Ϲϵ ϶ϴ ϼ ϼ ϥϴ ϣϼϡ 2.1.4.1110-02: 

϶ Ϲ ϶  Ϲ ϛϥϢ Ϲ ϸ ϾϴϹ  Ͼ Ͽ ϵ   ϶ ϸ, ϶  ϼ ϿϹ 
 ϶ ϸ ϶ ϸ Ϸ  ϴ ϴ; 

϶ ϶ϿϹ ϼϹ ϵ ϹϾ ϶ ϻϴϷ ϻ ϼ  ϼ ϼϾ ϶ ϶ ϸ ϴϵϺϹ ϼ ,  
ϴϻ ϴϵ Ͼ Ͻ Ͼ Ͼ Ϲ  ϶ ϸ ϴ  Ϲ ϼ ϼϽ, ϵϹ Ϲ Ϲ  

ϼ ϼϾ  ϼ ϴ ϼ ϶ϴ ϼ , ϸ ϸ ϼ Ϸϴ ϼϻϴ ϼ ϼ ϼ ϷϿϴ ϶ϴ   
Ϲ  Ϸ ϸϴ ϶Ϲ Ϸ  ϴ ϼ ϴ - ϼϸϹ ϼ Ͽ Ϸϼ Ϲ Ͼ Ϸ  ϴϸϻ ϴ. 
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9 ё        
 

 
9.1  ё    

 
ϣ ϹϾ ϼ ϶ϴ ϼϹ ϗϱϥ Ϲϸ ϿϴϷϴϹ  ϶ Ͽ Ϲ ϼϹ ϹϸϹϿϹ  ϴ ϶, ϴ ϼ ϴ  

 ϻϹ Ͽ  ϴϵ  ϼ ϻϴϾϴ ϼ϶ϴ  ϴ ϶Ͼ Ͻ ϵ ϸ ϶ϴ ϼ . Ϣ Ϲ Ͼϴ ϵ Ϲ ϶ 
ϹϴϿϼϻϴ ϼϼ ϿϹϾ Ϲ Ϸϼϼ ϶ Ϲ ϶ Ϲ Ϸ ϸ  Ͼ Ͽ ϴ ϴ ϼϼ Ϲϸ ϴ϶ϿϹ ϴ ϶ ϴϵϿϼ Ϲ 

9.1. 
 

ϦϴϵϿϼ ϴ 9.1 – Ϣ Ϲ Ͼϴ ϵ Ϲ ϶ ϹϴϿϼϻϴ ϼϼ ϿϹϾ Ϲ Ϸϼϼ ϶ Ϲ ϶ Ϲ Ϸ ϸ  
Ͼ Ͽ ϴ ϴ ϼϼ 

ϡϴϼ Ϲ ϶ϴ ϼϹ Ͼϴϻϴ ϹϿ  
ϙϸϼ ϼ ϴ 

ϼϻ Ϲ Ϲ ϼ  

ϗ ϸ ϹϴϿϼϻϴ ϼϼ ϹϾ ϴ 

2022 2023 2024 2025 2026 

ϧ ϴ ϶ϿϹ ϴ   Ϡϖ  260 260 260 260 260 

ϫϼ Ͽ  ϴ ϶ ϼ Ͽ ϻ ϶ϴ ϼ  

ϴ ϶ϿϹ Ͻ ϼ 
ϫϴ  1488 1488 1488 1488 1488 

ϖ ϴϵ Ͼϴ ϿϹϾ Ϲ Ϸϼϼ Ϡϖ *  386880 386880 386880 386880 386880 

Ϥϴ ϸ ϿϹϾ Ϲ Ϸϼϼ ϴ 

ϵ ϶Ϲ Ϲ Ϻϸ  
% 1,0 1,0 1,0 1,0 1,0 

Ϥϴ ϸ ϿϹϾ Ϲ Ϸϼϼ ϴ 

ϵ ϶Ϲ Ϲ Ϻϸ  
Ϡϖ *  3868,8 3868,8 3868,8 3868,8 3868,8 

Ϣϵ Ϲ  ϹϴϿϼϻϴ ϼϼ 

ϿϹϾ Ϲ Ϸϼϼ 
Ϡϖ *  383011 383011 383011 383011 383011 

Ϧϴ ϼ  ϴ ϿϹϾ Ϲ Ϸϼ  
ϵ/ 

Ϡϖ *  
1077 1110 1143 1175 1170 

ϖ Ͼϴ  ϹϴϿϼϻϴ ϼϼ 

ϿϹϾ Ϲ Ϸϼϼ 
Ͽ . ϵ. 412,5 425,14 437,78 450,04 461,91 

ϡϘϥ Ͼ ϶ ϾϹ Ͽ . ϵ 68,75 70,86 72,96 75,01 76,99 

 
Ϝϻ ϶ Ϲ  Ϲϸ ϴ϶ϿϹ  ϶ ϴϵϿϼ Ϲ Ͼϴϻϴ ϹϿϹϽ ϼϻ Ϲ  Ϧϴ ϼ  ϴ 

ϿϹϾ Ϲ Ϸϼ , ϖ Ͼϴ  ϹϴϿϼϻϴ ϼϼ ϿϹϾ Ϲ Ϸϼϼ ϼ ϡϘϥ Ͼ ϶ ϾϹ, 
ϼ ϸ  ϼϻ Ϸ  Ϻ  ϸϹϿϴ  ϶ ϶ ϸ, ϶ϹϿϼ Ϲ ϼϹ ϶ Ͼϼ ϵ Ͽ ϶ϿϹ  
϶ϹϿϼ Ϲ ϼϹ  ϴ ϼ ϶ ϴ ϿϹϾ Ϲ Ϸϼ . 

 
 
 
 



117 
 

9.2     
 

Ϩ ϼ ϶ϴ ϼϹ ϹϾ ϼ  ϴ ϸ ϶ ϶ Ͽ Ϲ  ϴ ϶ϴ ϼϼ «ϣϔϢ 
«Ϥ ϗϼϸ »  16.01.2017 №9 - «ϙϸϼ Ϲ Ϲ ϴ Ϲ Ͽ ϶ϼ  ϣϔϢ «Ϥ ϗϼϸ » 

ϴ 2017-2042 ϷϷ.)  Ϲ  ϹϴϿϼϻ ϶ϴ Ͻ ϿϹϾ Ϲ Ϸϼϼ. 
ϙϸϼ Ϲ Ϲ ϴ Ϲ Ͽ ϶ϼ  Ϲϸ ϴϻ ϴ Ϲ  ϸϿ  ϼ ϼϾϴ ϼϼ ϼ ϸ Ͻ 

ϼ ϴ ϼϼ ϶ ϹϿ  ϵϹ Ϲ Ϲ ϼ  Ϲϸϼ Ϸ  ϸ ϸϴ ϼ ϼ ϶ϴ ϼϼ 
Ϸ ϻ  ϸ Ͼ Ϲ ϶ ϴ Ϲϸ Ϲ Ͻ ϼ ϸ ϿϷ Ͻ Ϸ ϼϻ  

Ͽϴ ϼ ϶ϴ ϼ  ϶ Ϲ ϼ Ͼ ϼ ϸ ϴϻϸϹϿϹ ϼ ϼ ϢϔϢ «Ϥ ϗϼϸ », 
ϸ Ϲ ϼ ϼ ϼ ϻϴ϶ϼ ϼ ϼ ϵ Ϲ ϶ϴ ϼ ϢϔϢ «Ϥ ϗϼϸ »,ϸ Ϲ ϼ ϼ ϼ 
ϻϴ϶ϼ ϼ ϼ ϵ Ϲ ϶ϴ ϼ ϘϛϢϢϔϢ «Ϥ ϗϼϸ ». 

ϙϸϼ Ϲ Ϲ ϴ Ϲ Ͽ ϶ϼ  Ϲϸ ϴ϶Ͽ  ϵ Ͻ Ϲ Ϲ Ϲ  ϴϼϵ ϿϹϹ 
ϻ ϴ ϼ  Ͼϴϻϴ ϹϿϹϽ, ϴ ϴϾϺϹ Ͽ ϶ϼϽ ϼ ϸ Ϲ ϼϽ, Ϲ ϵ ϸϼ  ϸϿ  

ϸϷ ϶Ͼϼ ϴ Ϲ ϶ ϶ ϴ Ͼϴ  ϼ ϶ϴ ϼ  Ϸ ϻ  ϸ Ͼ Ϲ ϶ ϴ 
Ϲϸ Ϲ  ϼ ϸ ϿϷ  Ϲ ϹϾ ϼ϶ , ϶ϾϿ ϴ  ϶ϹϸϹ ϼϹ ϴ Ϲ ϴ 

ϴ ϴ Ϲ ϶ Ͼ ϼ Ϲ Ͼ Ͻ ϹϾ ϼ϶ ϼ ϼ ϶Ϲ ϼ ϼ  ϹϾ ϶. 
ϛϴ ϴ , Ϲ ϵ ϸϼ Ϲ ϸϿ  ϻϸϴ ϼ  ϸ Ͼ ϼϼ, ϴϻ ϶ϴ  ϹϾ ϼ ϼ 

ϴ ϸϴ ϼ,  ϸϹ ϹϺ Ϲ Ϲϸ ϶ϴ, Ϲ ϵ ϸϼ Ϲ ϸϿ  Ϸϴ ϼϻϴ ϼϼ 
ϼϻ϶ ϸ ϶Ϲ Ϸ  Ϲ ϴ ϼ ϻϸϴ ϼ  ϸ Ͼ ϼϼ, ϴϵ  ϼϿϼ Ͽ Ϸ. 

ϥϹϵϹ ϼ  ϸ Ͼ ϼϼ Ϲ Ϲϸ ϶Ϲ  ϻϴ϶ϼ ϼ   ϹϾ ϼ  ϴ ϸ ϶ 
Ϲϸ ϼ ϼ , ϴϾ ϾϴϾ ϴ ϴϾ Ϲ ϼϻ Ϲ  ϶ϹϿϼ ϼ  ϻϴ ϴ , ϼ ϸ ϼ  ϴ Ϲϸϼ ϼ  
ϸ Ͼ ϼϼ. Ϣ Ϲ϶ϼϸ ,  ϶ Ϲ ϴϾ , ϶Ͽϼ ϼϹ ϴ ϼ ϶ϴ ϼϹ ϴ ϸ ϶, 

Ͼϴϻ ϶ϴ  Ϲ Ϲϸ ϶Ϲ Ϲ ϶Ͽϼ ϼϹ ϼ ϴ ϹϵϹ ϼ  ϸ Ͼ ϼϼ. 
ϦϹϾ ϼϹ ϴ ϸ   Ϸϼϸ ϻϿ  ϶ϾϿ ϴ  ϶ Ϲϵ : 
 ϴ ϼϻϴ ϼ Ϲ ϼ ϿϹ ϼ ; 
 ϴ ϸ   ϴ ϶ϴ ϼ  ϼ Ϲ ϶ϴ; 
 Ͼ Ͽ ϴ ϴ ϼ Ϲ ϴ ϸ ; 
 ϴ ϸ  ϴ Ϲ  ϼϻ϶ ϸ ϶Ϲ  ϸ ϶;  
 ϴ ϸ  ϴ Ͽ Ϸϼ ϹϷ Ͽϼ ϼ  Ϸϴ ϼϻϴ ϼϽ; 
 ϴϿ Ϸ ϴ ϶ ϸ . 
ϔ ϼϻϴ ϼ Ϲ ϼ ϿϹ ϼ  ϹϸϹϿ   ϾϴϺϸ  ϶ϼϸ  ϴϾ ϼ϶ϴ, 
϶ ϶Ϲ ϶ϼϼ ϴ ϼ ϴ Ͻ Ͻ ϴ ϼϻϴ ϼϼ. 
Ϥϴ ϸ   ϴ ϶ϴ ϼ  ϼ Ϲ ϶ϴ ϼ ϼ ϴ  ϶ ϴϻ Ϲ Ϲ (   

϶ ϴ ϶ϼ ϹϿ Ͻ ϼ ϼ ϼ Ϲ ϶ϴ ϵ ϹϾ ϶ ϶  Ϲϸ ϶ ϼ ϵ ϹϾ ϶ 
Ϲϻϴ϶Ϲ Ϲ Ϸ  ϼ ϹϿ ϶ϴ, ϹϸϹϿϹ Ͻ ϸϿ  ϹϿϹϽ ϴ ϶ϴ ϼ ,  Ϲ  
ϼ ϴ ϵϴϿϴ ϶ Ͻ ϼ ϼ ϶  Ϲϸ ϶  Ϲϻϴ϶Ϲ Ϲ Ϸ  

ϼ ϹϿ ϶ϴ ϻϴ ϼ ϹϾ ϼϽ Ϲ ϼ ϸ  ϸϴ  ϿϹϸ ϹϷ  ϹϸϹϿϹ ϼ  
϶ ϴ ϶ϼ ϹϿ Ͻ ϼ ϼ): 0,08%. 

ϱϾ Ͽ ϴ ϴ ϼ Ϲ ϴ ϸ  ( Ͽϴ ϴ ϸϴ, ϼϻ϶ ϸ ϶Ϲ Ϲ ϻϴ ϴ , 
ϼϹ ϴ ϸ )  ϗϱϥ ϹϸϹϿ  ϶ ϴ Ϲ Ϲ ϴ 1 Ϡϖ  ϴ ϶ϿϹ Ͻ 

ϼ. 
ϱϾ Ͽ ϴ ϴ ϼ Ϲ ϴ ϸ  Ϲϸ ϴ϶ϿϹ  ϶ ϴϵϿϼ Ϲ 9.2. 
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ϦϴϵϿϼ ϴ 9.2 – ϱϾ Ͽ ϴ ϴ ϼ Ϲ ϴ ϸ  Ϸϼϸ ϻϿϴ 

ϡϴϼ Ϲ ϶ϴ ϼϹ ϥ ϴ϶Ͼϴ, 
. ϵ/Ϡ϶  

ϥ ϴ, 
Ͽ . ϵ. 

Ϥϴ ϸ  ϴ Ͽϴ  ϸϴ 255,20 66,36 

ϣ ϼϹ 274,00 71,25 

Ϝ Ϸ   ϗϱϥ  137,61 

 
Ϣ ϼ ϿϹ ϼ  ϴ Ϲ  ϶  ϼϻ϶ ϸ ϶Ϲ  ϸ ϶ ϹϸϹϿ  

ϼ ϸ  ϼϻ ϶ϹϿϼ ϼ  ϼ  ϼ ϼ, ϸϹϿ Ϲ ϻ ϴ ϼ  ϴ ϸ ϶ ϴ Ϲ  ϶ %, 
Ϲϸ ϴ϶ϿϹ  ϶ ϴϵϿϼ Ϲ 9.3. 

 
ϦϴϵϿϼ Ϲ 9.3 – ϧϸϹϿ Ϲ ϻ ϴ Ϲ ϼ  ϴ ϸ ϶ ϴ Ϲ  

ϱ ϴ  Ϻϼϻ Ϲ Ϸ  ϼϾϿϴ ϹϾ ϴ (ϿϹ ) 

1 - 5 6 - 15 16 - 25 ϶ Ϲ 25 

0,06% 0,09% 0,14% 0,20% 

 
Ϥϴ ϼ ϶ϴ  Ͽ Ϸϼ ϹϷ Ͽϼ ϼ  Ϸϴ ϼϻϴ ϼϽ ϼ ϸ  ϼϻ ϴ϶ Ͼ ϶ 

϶Ϲ ϶ϼϼ Ϲϸϼ  Ϲ ϴ  Ͽ ϶ϼ  Ϥ ϗϼϸ , Ϲϻ Ͽ ϴ  Ϲϸ ϴ϶ϿϹ  ϶ 
ϴϵϿϼ Ϲ 9.4. 

 
ϦϴϵϿϼ ϴ9.4 – Ϥϴ ϸ  ϴ Ͽ Ϸϼ ϹϷ Ͽϼ ϼ  Ϸϴ ϼϻϴ ϼϽ 

ϡϴϼ Ϲ ϶ϴ ϼϹ ϥ ϴ϶Ͼϴ ϥ ϴ, Ͽ . ϵ. 

ϢϔϢ «ϥϢ – ϙϱϥ» 135,38 . ϵ/Ϡ϶  35,20 

ϡϣ ϔϦϥ (ϴϸ ϼ ϼ ϴ  
Ϸ ϶ Ͻ ϼ Ϲ ) 0,001097 ϵ/Ϡ϶ *  2,46 

ϪϨϤ ( Ϲ  ϼ ϴ ϶  
ϴ Ϲ ϶) 0,000318 . ϵ/Ϡ϶ *  0,71 

Ϝ Ϸ   38,38 

 
ϡϴϿ Ϸ ϴ ϶ ϸ  ϶ ϴ Ϲ Ϲ ϴ 1 . Ͼϖ *  ϶ ϶Ϲ ϶ϼϼ  ϡϴϿ Ϸ ϶  

Ͼ ϸϹϾ  ϤϨ ϸϿ  ϹϾϼ ϴ϶Ͽ Ϲ  4,8 ϵ. 
ϦϹϾ ϼϹ ϻϴ ϴ   Ϸϼϸ ϻϿ  ϶ Ϲ ϶ Ϲ Ϸ ϸ  Ͼ Ͽ ϴ ϴ ϼϼ ϼ϶ϹϸϹ  ϶ 

ϴϵϿϼ Ϲ 9.5. 
 
ϦϴϵϿϼ ϴ 9.5 – ϦϹϾ ϼϹ ϻϴ ϴ   Ϸϼϸ ϻϿ  ϶ Ϲ ϶ Ϲ Ϸ ϸ  Ͼ Ͽ ϴ ϴ ϼϼ 

ϡϴϼ Ϲ ϶ϴ ϼϹ 
ϗ ϸ ϹϴϿϼϻϴ ϼϼ ϹϾ ϴ 

2021 2022 2023 2024 2025 
ϔ ϼϻϴ ϼ Ϲ 

ϼ ϿϹ ϼ , Ͽ . ϵ. 137,08 163,88 260,00 364,92 387,88 
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ϢϾ ϴ ϼϹ ϴϵϿϼ  9.5 

ϡϴϼ Ϲ ϶ϴ ϼϹ 
ϗ ϸ ϹϴϿϼϻϴ ϼϼ ϹϾ ϴ 

2021 2022 2023 2024 2025 
Ϥϴ ϸ  ϴ ϴ ϶ϴ ϼϹ, 

Ͽ . ϵ. 12,75 14,84 22,23 29,81 28,76 

ϱϾ Ͽ ϴ ϴ ϼ Ϲ 
ϻϴ ϴ , Ͽ . ϵ. 137,61 137,61 137,61 137,61 137,61 

Ϥϴ ϸ  ϴ Ϲ  
ϼϻ϶ ϸ ϶Ϲ  
ϸ ϶, Ͽ . ϵ. 

15,90 18,54 27,78 37,26 35,95 

Ϥϴ ϸ  ϴ Ͽ Ϸϼ 
ϹϷ Ͽϼ ϼ  Ͼ ϴ ϼϽ, 

Ͽ . ϵ. 
38,38 38,38 38,38 38,38 38,38 

ϡϴϿ Ϸ ϴ ϶ ϸ , Ͽ . ϵ. 9,88 10,78 10,78 10,78 10,78 
Ϝ Ϸ , Ͽ . ϵ. 351,64 384,05 496,79 618,77 639,37 

 
ϕ Ͽ  ϴ  ϹϾ ϼ  ϻϴ ϴ  ϴ϶Ͽ  ϴ ϼϻϴ ϼ Ϲ ϼ ϿϹ ϼ  

ϼ Ͼ Ͽ ϴ ϴ ϼ Ϲ ϻϴ ϴ . ϔ ϼϻϴ ϼ Ϲ ϼ ϿϹ ϼ  ϶ϹϿϼ ϼ϶ϴ   
Ϲ Ϲ ϼϹ  ϶ Ϲ Ϲ ϼ, ϴ ϼ Ϸ ϶ϴ  ϼ  ϹϾ ϼ  ϻϴ ϴ  ϹϻϾ  ϶ ϻ ϴ ϴϹ  ϶ 2024 

Ϸ ϸ . ϘϿ  ϵ Ͽ ϹϽ ϴϷϿ ϸ ϼ ϹϾ ϼϹ ϻϴ ϴ   Ϸϼϸ ϻϿ  Ϲϸ ϴ϶ϿϹ  ϶ 
϶ϼϸϹ ϸϼϴϷ ϴ  ( ϼ Ͼ 9.1). 
 

 

 
Ϥϼ Ͼ 9.1– ϥ Ͼ ϴ ϹϾ ϼ  ϻϴ ϴ   Ϸϼϸ ϻϿ , % 

 
9.3   

 
ϡϴϿ Ϸ ϶ Ϲ ϴ ϸ  Ϲϸ ϴ϶Ͽ  ϵ Ͻ Ͼ ϸϹ ϹϺ  Ϲϸ ϶ ϿϹ 

ϻϴ϶Ϲ Ϲ ϼ  ϼ ϹϿ ϶ϴ ϗϱϥ. ϛ ϴ ϼ ϹϿ ϴ  ϴ  ϼ Ͽ Ϲ  ϶ ϹϷϼ ϴϿ Ͻ 
ϵ ϸϺϹ  ϶ ϶Ϲ ϶ϼϼ  ϡϴϿ Ϸ ϶  Ϟ ϸϹϾ  ϤϨ.  

ϧ Ϲ  ϿϹϸ ϼϹ ϴϿ Ϸϼ: 
 ϡϴϿ Ϸ ϴ ϼϵ Ͽ  – 20%; 
 ϡϘϥ – 20%; 
 ϖϻ  ϶ ϼϴϿ Ϲ ϸ  – 34%; 

39%

4%
39%

4%

11%
3%

ϔ ϼϻϴ ϼ Ϲ ϼ ϿϹ ϼ , 
Ͽ . ϵ.

Ϥϴ ϸ  ϴ ϴ ϶ϴ ϼϹ, Ͽ . ϵ.

ϱϾ Ͽ ϴ ϴ ϼ Ϲ ϻϴ ϴ , Ͽ . ϵ.

Ϥϴ ϸ  ϴ Ϲ  
ϼϻ϶ ϸ ϶Ϲ  ϸ ϶, Ͽ . ϵ.

Ϥϴ ϸ  ϴ Ͽ Ϸϼ ϹϷ Ͽϼ ϼ  
Ͼ ϴ ϼϽ, Ͽ . ϵ.
ϡϴϿ Ϸ ϴ ϶ ϸ , Ͽ . ϵ.
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 ϡϴϿ Ϸ ϴ ϼ Ϲ ϶  – 2,2%  
 ϡϴϿ Ϸ ϴ ϶ ϸ  ϴ  1 . Ͼϖ .  – 4,8 ϵ. 
ϣ Ϲϸ ϿϴϷϴϹ Ϲ ϴϿ Ϸ ϶ Ϲ ϴ ϸ  ϼ ϶ϼϼ Ͽ Ϸ  ϼ϶ϹϸϹ  ϶ 

ϴϵϿϼ Ϲ 9.6. 
 
ϦϴϵϿϼ ϴ 9.6 – ϡϴϿ Ϸ ϶ Ϲ ϴ ϸ  

ϡϴϼ Ϲ ϶ϴ ϼϹ 
ϗ ϸ ϹϴϿϼϻϴ ϼϼ ϹϾ ϴ 

2021  2022 2023 2024 2025 

ϡϴϿ Ϸ ϴ ϼϵ Ͽ , Ͽ . ϵ. 313,95 368,09 356,25 312,74 351,13 

ϡϘϥ, Ͽ . ϵ. 73,29 276,12 302,92 147,43 412,30 

ϖϻ  ϶ ϼϴϿ Ϲ ϸ , 

Ͽ . ϵ. 71,76 71,76 71,76 71,76 71,76 

ϡϴϿ Ϸ ϴ ϼ Ϲ ϶ , Ͽ . ϵ. 29,25 29,47 49,37 64,23 65,84 

Ϝ Ϸ , Ͽ . ϵ. 416,56 673,76 708,60 524,47 829,34 

 
9.4        

 
 

ϣ ϼϵ Ͽ  ϶Ͽ Ϲ  Ͼ Ϲ  ϼ ϴ ϶ Ϲϻ Ͽ ϴ   ϸϴϺϼ 
ϿϹϾ Ϲ Ϸϼϼ ϷϹ Ϲ ϼ ϹϽ Ͼ ϴ ϼϼ ϼ ϶ ϵ Ϲ  ϶ϼϸϹ Ϲϸ ϴ϶Ͽ Ϲ  ϴϻ ϼ  
ϹϺϸ  Ϲ Ͻ ϸ Ͼ ϼϼ ϼ Ϲё ϹϵϹ ϼ .  

ϗ ϸ ϶ϴ  ϼϵ Ͽ  Ϲ ϶  ϿϹ  Ͼ Ͽ ϴ ϴ ϼϼ Ϲϸ ϴ϶ϿϹ ϴ ϶ ϴϵϿϼ Ϲ 9.7. 
 

ϦϴϵϿϼ ϴ 9.7 - ϗ ϸ ϶ϴ  ϼϵ Ͽ  ϶ Ϲ ϶ Ϲ Ϸ ϸ  Ͼ Ͽ ϴ ϴ ϼϼ 

ϡϴϼ Ϲ ϶ϴ ϼϹ 
ϗ ϸ ϹϴϿϼϻϴ ϼϼ ϹϾ ϴ 

2021  2022 2023 2024 2025 

ϖ Ͼϴ ( Ϲ ), Ͽ . ϵ. 2011,55 2079,35 2142,58 2023,01 2271,51 

ϦϹϾ ϼϹ ϴ ϸ , Ͽ . ϵ. 351,64 384,05 496,79 618,77 639,37 

EBITDA (ϖϴϿ ϶ϴ  ϼϵ Ͽ ), 

Ͽ . ϵ. 2000,77 2068,57 2131,79 2012,23 2260,73 

EBIT( ϼϵ Ͽ   

ϴϿ Ϸ ϵϿ ϺϹ ϼ ), Ͽ . ϵ. 1798,53 1834,73 1784,91 1543,04 1770,99 

ϥϾ ϹϾ ϼ ϶ϴ Ͻ ϴϿ Ϸ ϴ 

ϼϵ Ͽ , Ͽ . ϵ. 343,91 366,95 356,98 308,61 354,19 

NOPAT ( ϼ ϴ  ϼϵ Ͽ ), 

Ͽ . ϵ. 1454,62 1467,78 1427,93 1234,43 1416,79 

ϥ ϴ϶Ͼϴ ϴϿ Ϸϴ ϴ ϼϵ Ͽ ,% 20,00 20,00 20,00 20,00 20,00 
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Ϙϼ ϴ ϼϾϴ ϴ ϸ ϶ Ϲ Ϲ, Ϲ  ϸϼ ϴ ϼϾϴ ϸ ϸ ϶, ϿϹϸ ϶ϴ ϹϿ , 
ϼϵ Ͽ  ϴ Ϲ . Ϙϼ ϴ ϼϾϴ ϼ Ͻ ϼϵ Ͽϼ Ͼϴϻϴ ϴ ϴ ϼ ϾϹ 9.2: 

 

 
Ϥϼ Ͼ 9.2  – Ϙϼ ϴ ϼϾϴ ϼ Ͻ ϼϵ Ͽϼ, Ͽ . ϵ 

 
ϖ ϴ ϴϿϹ ϹϴϿϼϻϴ ϼϼ ϹϾ ϴ  2020 ϼ ϸ  Ͼ ϴ Ϸ ϸϴ ϼ ϸϼ  Ͼ 

ϸϹ ϹϺ  Ϲϸ ϶, ϴϾ ϾϴϾ ϶ ϴ ϴϿϹ ϼ ϹϿ ϶ϴ ϿϹϾ Ϲ Ϸϼ  ϼ  
Ϲ ϶ ϴϵϴ ϶ϴϹ .  

ϥ ϴ ϴϿϴ 2021 Ϸ ϸϴ ϴ ϼ ϴϹ  ϼϻ϶ ϸ ϶  ϿϹϾ Ϲ Ϸϼϼ ϼ ϼ 
ϼ ϶Ϲ ϶Ϲ  ϵ Ͼϼ Ϲ ϴ  ϼ ϼ ϹϿ ϶  ϴ ϼ ϴϹ  Ͼ ϴ . 

ϥ 2028 Ϸ ϸϴ  ϻϴ϶Ϲ Ϲ ϼ  ϼ ϹϿ ϶ϴ ϼ ϹϾ ϴ Ϲ ϼ  Ͼ ϶ Ϲϸ ϶ 
ϴ ϼ ϹϿ ϶ , ϴϵϿ ϸϴϹ  Ͽ Ϻϼ ϹϿ ϴ  ϸϼ ϴ ϼϾϴ ϶ϹϿϼ Ϲ ϼ  ϼϵ Ͽϼ, ϼ 

ϻϴ ϴ  ϴ ϼ ϴ  Ͼ ϴ . 
ϡϴϷϿ ϸ  ϼϻ Ϲ Ϲ ϼϹ  ϼϵ Ͽϼ/ ϵ Ͼ ϶  ϹϾ  Ϻ  ϶ϼϸϹ  

ϴ ϼ ϾϹ 9.3: 
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Ϥϼ Ͼ 9.3 – Ϝϻ Ϲ Ϲ ϼϹ  ϼϵ Ͽϼ/ ϵ Ͼ ϶  ϹϾ ,  
ϸ ϵϴ϶ϿϹ ϼϹ  Ͼ Ϲ  ϴ ϶ ϼ ϹϿ ϶ϴ ϹϾ ϴ, Ͽ . ϵ 

 
9.5    

 
ϗϿϴ϶ Ͻ ϹϿ  Ϲ Ͼϼ ϼ ϶Ϲ ϼ ϼ Ϸ  ϹϾ ϴ ϶Ͽ Ϲ  ϹϸϹϿϹ ϼϹ 

ϹϿϹ ϵ ϴϻ ϼ ϹϴϿϼϻϴ ϼϼ ϹϾ ϴ,  Ϲ  Ͽ ϶ϼϽ ϛϴϾϴϻ ϼϾϴ (ϣ ϼϿ ϺϹ ϼϹ 
Ͼ ϼϾϴϻ  ϣϔϢ «Ϥ ϗϼϸ »  16.01.2017 №9 - «ϙϸϼ Ϲ Ϲ ϴ Ϲ Ͽ ϶ϼ  ϣϔϢ 
«Ϥ ϗϼϸ » ϴ 2017-2042 ϷϷ.»)  

 

9.6 ,   
 

ϪϹϿ  Ϲ Ͼϼ ϶Ͽ Ϲ  ϹϸϹϿϹ ϼϹ Ͼϴϻϴ ϹϿϹϽ ϹϾ ϼ϶ ϼ ϹϾ ϴ, 
Ͼ ϴϾϼ  Ͼϴϻϴ ϹϿ  : 

1. ϫϼ Ͻ, ϸϼ Ͼ ϼ ϶ϴ Ͻ ϸ ϸ 
2. Ϝ ϸϹϾ  ϼϵ Ͽ ϼ 
3. ϥ Ͼ Ͼ ϴϹ ϼ 
4. Ϝ .ϸ. 
Ϥϴ ё  Ͼϴϻϴ ϹϿϹϽ ϹϾ ϼ϶ ϼ ϹϾ ϴ ϶ Ͽ Ϲ  ϶ ϶Ϲ ϶ϼϼ : 
ϴ) «ϠϹ ϸϼ Ϲ ϾϼϹ ϹϾ Ϲ ϸϴ ϼϼ  Ϲ ϾϹ ϹϾ ϼ϶ ϼ ϼ ϴϻ ϴϵ ϾϹ 

ϼ ϶Ϲ ϼ ϼ  ϹϾ ϶ ϼ ϵϼϻ Ϲ - Ͽϴ ϶ ϶ ϿϹϾ Ϲ ϷϹ ϼϾϹ», ϶Ϲ ϺϸϹ  
ϼϾϴϻ  ϢϔϢ ϤϔϢ «ϙϱϥ Ϥ ϼϼ»  07.02.2000Ϸ. № 54 ϴ ϶ϴ ϼϼ 

ϛϴϾϿ Ϲ ϼ  ϗϿϴ϶Ϸ Ͼ Ϲ ϼϻ  Ϥ ϼϼ  26.05.1999Ϸ. №24-16-1/20-113; 
ϵ)«ϠϹ ϸϼ Ϲ ϾϼϹ ϹϾ Ϲ ϸϴ ϼϼ  Ϲ ϾϹ ϹϾ ϼ϶ ϼ ϼ ϴϻ ϴϵ ϾϹ 

ϼ ϶Ϲ ϼ ϼ  ϹϾ ϶ ϼ ϵϼϻ Ϲ - Ͽϴ ϶ ϶ ϿϹϾ Ϲ ϷϹ ϼϾϹ ϴ ϴϸϼϼ 
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ϹϸϦϱϢ ϼ ϦϱϢ», Ϡ Ͼ϶ϴ, 2008 Ϸ., ϶Ϲ ϺϸϹ ϼ ϤϔϢ «ϙϱϥ Ϥ ϼϼ»  
31.03.2008Ϸ № 155 ϼ ϗϿϴ϶Ϸ Ͼ Ϲ ϼϻ Ͻ Ϥ ϼϼ  26.05.99Ϸ. №24-16-1/20-113. 

϶)ϣ ϼϿ ϺϹ ϼϹ Ͼ ϼϾϴϻ  ϣϔϢ «Ϥ ϗϼϸ »  16.01.2017 №9 - «ϙϸϼ Ϲ 
Ϲ ϴ Ϲ Ͽ ϶ϼ  ϣϔϢ «Ϥ ϗϼϸ » ϴ 2017-2042 ϷϷ.» 

Ϥϴ ё  ϶ ϸϼϿϼ   ϼ Ͽ ϻ ϶ϴ ϼϹ  Ͽϼ Ϲ ϻϼ Ͻ ϶Ϲ ϼϼ 
Ϸ ϴ Ϸ  ϸ Ͼ ϴ ProjectExpert, ϼ  ExpertSystems.  

ϘϿ  ϹϿϹϽ Ϲ Ͼϼ ϹϾ ϼ϶ ϼ ϼ ϶Ϲ ϼ ϼ Ϸ  ϹϾ ϴ ϼ ϼ ϴ  
ϿϹϸ ϼϹ Ϲϸ ϿϾϼ: 

1. ϣϹ ϼ ϸ Ϸ ϻϼ ϶ϴ ϼ  ϸϿ  ϖϼ ϼ Ͼ Ͻ ϗϱϥ ϴ϶Ͽ Ϲ  25 ϿϹ , ϶ 
϶Ϲ ϶ϼϼ  Ͼ  Ͽ Ϻϵ  ϶ Ϸ  ϵ ϸ ϶ϴ ϼ . 

2. Ϝ Ͽ ϻ Ϲ ϴ  ϼ Ϲ ϾϹ ϹϾ ϼ϶ ϼ ϼ ϴ ϼ  ϴϺϴϹ  
Ͼ ϼ Ϲ Ͼ  ϼ ϴ ϼ , Ͽ Ϻϼ϶  ϴ 1 Ͼ϶. 2020 Ϸ ϸϴ. 

3. ϣ Ϲϸ ϿϴϷϴϹ   ϶ Ϲ Ϲ ϼϼ Ϸ ϻ Ϸ  Ϲ ϼ ϸϴ Ϲ ϵ ϸϹ  
ϼ ϸϼ  ϷϿ ϵϴϿ  ϼϻ Ϲ Ϲ ϼϽ ϶ Ͼ ϼ Ϲ Ͼ Ͻ ϼ ϴ ϼϼ, Ϲ ϶ ϼ  

ϴ϶ϼϿ ϼ ϻϴϾ ϶. 
 
9.7   

 
ϪϹϿ  ϶ϹϸϹ ϼ  ϴ Ϲ ϶ Ͼ Ϲ Ϲ Ͼ Ͻ ϹϾ ϼ϶ ϼ ϹϾ ϴ ϶ ϸϼ  

Ͼ ϹϸϹϿϹ ϼ  Ͼϴϻϴ ϹϿϹϽ ϹϾ ϼ϶ ϼ ϼ ϶Ϲ ϼ ϼϽ.  
Ϙ ϸ ϴ  ϴ  ϼ Ϲ   ϸϴϺϼ ϿϹϾ Ϲ Ϸϼϼ ϖϼ ϼ Ͼ Ͻ ϗϱϥ 

ϴ ϹϾϹ ϖϼ ϼ   260 Ϡϖ . 
ϣ Ͼϴϻϴ ϹϿϼ ϹϾ ϼ϶ ϼ Ϲϸ ϴ϶ϿϹ  ϶ ϴϵϿϼ Ϲ 9.8: 

 
ϦϴϵϿϼ ϴ 9.8 ─ ϣ Ͼϴϻϴ ϹϿϼ ϹϾ ϼ϶ ϼ ϹϴϿϼϻϴ ϼϼ ϹϾ ϴ «ϖϼ ϼ Ͼϴ  ϗϱϥ 

ϴ ϹϾϹ ϖϼ ϼ » 
ϡϴϼ Ϲ ϶ϴ ϼϹ 2020 

ϥ ϴ϶Ͼϴ ϸϼ Ͼ ϼ ϶ϴ ϼ  11,6 

Ϙϼ Ͼ ϼ ϶ϴ Ͻ Ϲ ϼ ϸ Ͼ ϴϹ ϼ - DPB, Ϲ  153 

ϫϼ Ͻ ϼ϶ϹϸϹ Ͻ ϸ ϸ – NPV, Ͽ . ϵ 810,2 

Ϝ ϸϹϾ  ϼϵ Ͽ ϼ – PI, ϵ. 1,1 

ϖ Ϲ  ϴ Ϲ ϴϵϹϿ ϼ - IRR, % 12,32 

ϥϹϵϹ ϼ  Ͽ. Ϲ Ϸϼϼ, ϵ/Ϟ϶ ·  0,51 

ϧϸϹϿ Ϲ Ͼϴ ϼ ϴϿ ϶Ͽ ϺϹ ϼ , ϵ/Ϟ϶  94084,62 

 
9.8   

 
ϣ Ͼϴϻϴ ϹϿϼ ϵ ϸϺϹ Ͻ ϹϾ ϼ϶ ϼ ϴϺϴ  ϶Ͽϼ ϼϹ Ϲϻ Ͽ ϴ ϶ 

ϹϾ ϴ ϴ ϸ ϸ  ϴ  ϹϸϹ ϴϿ Ϸ  ϼ ϹϷϼ ϴϿ Ϸ  ϵ ϸϺϹ ϴ. Ϙ ϸ ϴ  
ϴ  ϵ ϸϺϹ ϶ ϴϻϿϼ  ϶ ϹϽ ϼ Ϲ  ϻϴ ё  ϴϿ Ϸ ϶  

ϿϹ ϼϽ ϶ϹϿϼ ϼ ϴ Ͼ  Ͼϴϻϴ ϴ ϶ ϴϵϿϼ Ϲ 9.9.  
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ϦϴϵϿϼ ϴ 9.9 – ϣ Ϲϸ ϿϴϷϴϹ Ϲ ϴϿ Ϸ ϶ Ϲ ϿϹ ϼ  ϶ ϹϸϹ ϴϿ Ͻ ϼ 
ϹϷϼ ϴϿ Ϲ ϵ ϸϺϹ  

ϡϴϼ Ϲ ϶ϴ ϼϹ 2021 2022 2023 2024 2025 
ϖ ϹϸϹ ϴϿ Ͻ ϵ ϸϺϹ , 

Ͽ .Ϥ ϵϿϹϽ 
397,12 654,99 669,95 470,95 774,21 

ϖ ϹϷϼ ϴϿ Ͻ ϵ ϸϺϹ , 
Ͽ .Ϥ ϵϿϹϽ 

29,25 29,47 49,37 64,23 65,84 

Ϝ Ϸ  ϴϿ Ϸ ϶  
ϿϹ ϼϽ, Ͽ .Ϥ ϵϿϹϽ 

426,37 684,466 719,31 535,18 840,05 

 
ϡϴϿ Ϸ ϶ Ϲ ϿϹ ϼ  ϶ϹϿϼ ϼ϶ϴ  ϼϻ–ϻϴ ϶ Ϲ ϼ  ϶ Ͼϼ  

ϹϴϿϼϻϴ ϼϼ ϿϹϾ Ϲ Ϸϼϼ. 
 
9.9   
 
Ϣ ϶  Ϲ ϸ  ϼ ϿϹϸ ϶ϴ ϼ  ϼ Ͼ ϶ ϶Ͽ Ϲ  ϴ ϴϿϼϻ 

϶ ϶ϼ ϹϿ ϼ - Ϲ ϸ Ϲ Ͼϼ ϶Ͽϼ ϼ  ϶  ϴ ϴ Ϲ ϶ ϼ ϴ ϶ Ͻ 
ϸϹϿϼ ϴ Ϲϻ Ͽ ϼ ϼϽ Ͼϴϻϴ ϹϿ . 

ϖ ϸϴ  ϴϻϸϹϿϹ ϶ϹϸϹ  ϴ ϴϿϼϻ ϶ ϶ϼ ϹϿ ϼ ϼ ϸϹϾ ϴ ϸ ϸ ϼ 
Ͼ ϼϻ Ϲ Ϲ ϼ : 

ϴ) ϥ ϴ϶Ͼϼ ϴϿ Ϸ ϶; 
ϵ) ϪϹ ϴ ϵ ϴ; 
϶) Ϣϵ ё  ϵ ϴ; 
ϣ ϹϸϹϿ  ϼϻ Ϲ Ϲ ϼ  ϴ ϴ ϼ϶ϴϹ  ϴϾ ϶ ϹϸϹϿ Ͽϼ  Ͼ Ϲ . 
ϡϴ ϼ ϾϹ 9.4 Ϲϸ ϴ϶ϿϹ  ϼϻ Ϲ Ϲ ϼϹ PI ϶ ϻϴ϶ϼ ϼ ϼ  ϼϻ Ϲ Ϲ ϼ  

ϴ϶Ͼϼ ϴϿ Ϸ ϶. 
 

 
Ϥϼ Ͼ 9.4 ─ Ϝϻ Ϲ Ϲ ϼϹ PI ϶ ϻϴ϶ϼ ϼ ϼ  ϼϻ Ϲ Ϲ ϼ  ϴ϶Ͼϼ ϴϿ Ϸ ϶ 

 
ϣ  Ϲ  Ϸ ϴ ϼϾ  Ϻ  ϸϹϿϴ  ϻϴϾϿ Ϲ ϼϹ,  ϼ 

Ϲ Ϲ ϼϼ ϴ϶Ͼϼ ϴϿ Ϸ ϶, ϼ ϸϹϾ  ϼϵ Ͽ ϼ ϶ϹϿϼ ϼ϶ϴϹ , ϴ ϼ 
϶ϹϿϼ Ϲ ϼϼ- ϴ ϵ , Ϲ  ϼ ϶ Ϲ  ϵ ϴ ϴ  ϻϴ϶ϼ ϼ . ϣ ϼ 
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Ϲ Ϲ ϼϼ ϴ϶Ͼϼ ϴϿ Ϸ ϶, ϹϾ  ϵ ϸϹ  ϵ ϹϹ Ͼ ϴ  ϼ ϵ ϸϹ  ϵ ϿϹϹ 
ϹϾ ϼ϶Ϲ . 

ϡϴ ϼ ϾϹ 9.5 Ϲϸ ϴ϶ϿϹ  ϼϻ Ϲ Ϲ ϼϹ PI ϶ ϻϴ϶ϼ ϼ ϼ  ϼϻ Ϲ Ϲ ϼ  
Ϲ  ϵ ϴ.  

 

 
Ϥϼ Ͼ 9.5 ─ ϥ ϴ PI ϶ ϻϴ϶ϼ ϼ ϼ  ϼϻ Ϲ Ϲ ϼ  Ϲ  ϵ ϴ 

 
ϣ  ϸϴ  Ϸ ϴ ϼϾ  Ϻ  Ͼϴϻϴ ,  ϴϾ Ͻ Ͼϴϻϴ ϹϿ , ϾϴϾ ϼ ϸϹϾ  

ϼϵ Ͽ ϼ  ϻϴ϶ϼ ϼ   Ϲ  ϵ ϴ. ϣ ϼ ϶ϹϿϼ Ϲ ϼϼ Ϲ  ϵ ϴ, 
ϴ Ϲ  ϼϵ Ͽ   ϾϴϺϸ Ͻ Ϲϸϼ ϼ  ϸ Ͼ ϼϼ, ϶Ϲ ϶Ϲ  ϼ ϴ Ϲ  ϼ ϸϹϾ  

ϼϵ Ͽ ϼ. 
ϡϴ ϼ ϾϹ 9.6 Ϲϸ ϴ϶ϿϹ  ϼϻ Ϲ Ϲ ϼϹ  PI ϶ ϻϴ϶ϼ ϼ ϼ  

ϼϻ Ϲ Ϲ ϼ  ϴ϶Ͼϼ ϸϼ Ͼ ϼ ϶ϴ ϼ . ϧ϶ϹϿϼ Ϲ ϼϹ ϴ϶Ͼϼ ϸϼ Ͼ ϼ ϶ϴ ϼ  
ϼ϶ ϸϼ  Ͼ Ϲ Ϲ ϼ  ϶ϹϿϼ ϼ  PI. 

 

 
Ϥϼ Ͼ 9.6 ─ ϥ ϴ PI ϶ ϻϴ϶ϼ ϼ ϼ  ϼϻ Ϲ Ϲ ϼ  ϴ϶Ͼϼ 
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10       
    

 
ϣ ϵϿϹ Ͻ ϸϿ  Ͽ ϵ Ͻ ϿϹϾ ϼ Ϲ Ͼ Ͻ Ϲ ϼ ϶Ͽ  Ϲ ϼ Ϲ ϾϼϹ Ϲ ϼ 

ϿϹϾ ϼ Ϲ Ͼ Ͻ Ϲ Ϸϼϼ ϼϻ-ϻϴ ϼ϶ϿϹ ϼ  ϶ ϸ ϼϾ ϶ ϼ Ͼ Ϲ Ϲ ϾϼϹ 
Ϲ ϼ ϼϻ-ϻϴ ϼ Ϲ ϼ  Ϲϵϼ ϹϿ ϼ. Ϣϸ Ͻ ϼϻ ϾϿ Ϲ϶  ϻϴϸϴ  

ϼ ϹϿϿϹϾ ϴϿ Ͻ ϼ Ϲ  ϶Ͽ Ϲ  ϼϺϹ ϼϹ ϶ Ϲ  ϶ϼϸ ϶ Ϲ . ϟϼϸϼ ϼϹ 
ϻϼ ϼϼ  ϼ ϼ ϼϻϴ ϼϼ ϶  Ϲ  ϿϹϾ Ϲ Ϸϼϼ ϶ ϼ Ϲ: ϤϹ ϵϿϼϾϴ 

Ϟ Ϲ , Ϝϻ ϴϼϿ , ϗϹ ϴ ϼ  ϼ ϳ ϼ . ϖ Ϥ ϼϼ ϴ Ϲ Ϲ ϼ ϶ Ϲ  ϙϸϼ Ͻ 
ϴ ϼ ϴϿ Ͻ ϿϹϾ ϼ Ϲ Ͼ Ͻ Ϲ ϼ (ϙϡϱϥ) ϴ϶Ͽ Ϲ  12,34%  Ͼϴ 
ϿϹϾ Ϲ Ϸϼϼ ϶ Ϲ . 

ϖ ϴ ϹϹ ϶ Ϲ  ϶ Ϥ ϼϼ ϴϻ϶ϼ϶ϴϹ  Ϲ Ͽ Ϸϼ  ϼ ϹϿϿϹϾ ϴϿ Ͻ 
Ϲ Ϸ ϼ Ϲ , ϴϻ ϶ϴϹ ϴ  Smart Grid. 

 
10.1  Smart Grid 

 
Smart Grid ("ϼ ϹϿϿϹϾ ϴϿ Ϲ Ϲ ϼ ϿϹϾ ϴϵϺϹ ϼ ") —  

ϸϹ ϼϻϼ ϶ϴ Ϲ Ϲ ϼ ϿϹϾ ϴϵϺϹ ϼ . Ϟ Ϲ ϵ ϴϵϴ ϶ϴ  ϵ Ͽ Ͻ 
ϵ Ϲ  ϼ ϴ ϼϼ ϼ ϼ Ͽ ϻ  Ϲϻ Ͽ ϴ  ϴ ϴϿϼϻϴ, Ϲ  ϴ  ϻ϶ Ͽ  

Ϲ ϶Ϲ  ϶ ϼ  ϹϾ ϼ϶ , ϴϸϹϺ , Ͼ ϼ Ϲ Ͼ  ϶ Ϸ ϸ , ϴ 
ϴϾϺϹ Ͻ ϼ϶  ϼϻ϶ ϸ ϶ϴ ϼ ϴ ϹϸϹϿϹ ϼϹ ϿϹϾ Ϲ Ϸϼϼ.   

Ϝ ϹϿϿϹϾ ϴϿ ϴ  Ϲ  ϶Ϲ ϶ Ϲ  Ͼ ϼ Ϲ ϼ :  
– ϴϵϿ ϸϴϹ  ϴ ϴ Ϲ ϶ ϼ Ϲ  ϼ ϹϺϼ ϴ ϴϵ  ϶ Ϲ  ϿϹ Ϲ ϶ 

ϿϹϾ Ϲ Ϲ϶ Ϸ  Ͼ ϿϹϾ ϴ;  
–ϼ ϹϿϿϹϾ ϴϿ Ͻ Ϲ  ϿϹϾ Ϲ Ϸϼϼ;  
– ϴ϶Ͽ Ϲ  ϿϹϾ Ϲ Ϲ϶ Ϸ  Ͼ ϿϹϾ ϴ ϶ ϹϺϼ Ϲ ϹϴϿ Ϸ  ϶ Ϲ Ϲ ϼ 

Ϲϸ ϶  ϼ ϶  ϼ Ϲ  ϶ ϻϼ ϼ ϵ ϸ ϶ϴ ϼ ; 
 – ϴ ϸϼϴϷ ϼϾϴ ϼ ϵ  Ͼ ϴ ϶ ϴ ϶ϿϹ ϼ  ϿϹ ϵ Ϲ϶ ϶ 

ϴϵ Ϲ ϸϹϿ  ϿϹ Ϲ ϶;  
–ϼ ϹϿϿϹϾ ϴϿ Ϲ, ϴϸϴ ϼ϶ Ϲ ϴ϶ϿϹ ϼϹ ϹϺϼ  ϴϵ  

ϿϹϾ Ϲ Ϲ϶ Ϸ  ϵ ϸ ϶ϴ ϼ   Ϲ  ϹϺϼ ϶ ϹϵϿϹ ϼ  ϿϹϾ ϼ Ϲ Ͼ Ͻ 
Ϲ Ϸϼϼ. 

 
10.2   Smart Gird     

 
 ϣ ϶ Ϲ ϼϹ Ͼϴ Ϲ ϶ϴ ϼ ϴϸϹϺ ϼ ϿϹϾ ϴϵϺϹ ϼ  Ϲϵϼ ϹϿϹϽ; 
 ϥ ϼϺϹ ϼϹ ϴ϶ϴ ϼϽ ϼ ϶ ϿϹϾ ϼ Ϲ Ͼϼ  Ϲ ; 
 ϥ ϼϺϹ ϼϹ Ͼ Ͽ ϴ ϴ ϼ  ϻϴ ϴ  ϶ ϿϹϾ ϼ Ϲ Ͼϼ  Ϲ ; 
 ϣ ϶ Ϲ ϼϹ ϴ϶Ͽ Ϲ ϼ ϿϹϾ Ϲ Ϲ϶ Ͻ ϼ ϴ Ͼ ; 
 ϥ Ϲ ϶Ϲ Ϲ ϼϺϹ ϼϹ Ϲ  Ϲ Ϸϼϼ. 

 
10.3      .  
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Ϥϴ ϼ  ϹϾ   ϶ Ϲϸ Ϲ ϼ  Smart Grid ϶ Ϸ ϸϹ ϧ ϴ ϴ Ͼ Ͼ Ϲ  
ϼ Ϲ Ϲ, ϹϴϿϼϻ ϶ϴ  Ͼ ϴ ϼϹϽ «ϕϱϥϞ». ϣ ϹϾ  ϼ  ϼϻ Ϲ Ͼ Ͽ Ͼϼ  

ϾϿ Ϲ϶  ϴ ϶: 
 ϣ ϸϷ ϶Ͼϴ Ϲ ϼ Ϲ Ͼ Ϸ  ϻϴϸϴ ϼ  ϴ ϴϻ ϴϵ Ͼ  Ϲϸ϶ϴ ϼ ϹϿ Ϸ  

Ϲ ϼϾ - Ͼ ϼ Ϲ Ͼ Ϸ  ϵ ϶ϴ ϼ  (ϣ ϹϸϦϱϢ); 
 Ϥϴϻ ϴϵ Ͼϴ ϣ ϹϸϦϱϢ 

 ϥϵ  ϼ ϸ  ϸϴ  
 ϣ ϸϷ ϶Ͼϴ ϸϹϿϼ «ϾϴϾ Ϲ » 
 ϔ ϴϿϼϻ Ϲ ϼ  Ϲ Ͻ ϸϹϿϼ  
 Ϩ ϼ ϶ϴ ϼϹ Ϲ ϴ ϼϹ϶ ϴϻ϶ϼ ϼ  Ϲ ϼ 
 ϥ ϻϸϴ ϼϹ Ͼ Ϲ ϼϼ Smart Gird ϸϿ  ϾϴϺϸ Ϸ  Ϲ ϴ ϼ  
 ϦϹ ϼϾ - Ͼ ϼ Ϲ Ͼ Ϲ ϴ϶ Ϲ ϼϹ Ϲ ϴ ϼϹ϶ 
 ϣ Ϲ ϼϹ Ͽϴ ϴ Ϲ Ϲ ϸϴ  ϹϾ ϹϽ ϼ ϴ ϼϼ Ͼ ϹϿϹ϶ Ͻ ϸϹϿϼ 

 ϤϹϴϿϼϻϴ ϼ  ϼϿ Ϸ  ϹϾ ϴ 
 ϤϹϴϿϼϻϴ ϼ  ϶ Ϸ  ϹϾ ϴ 

 
      

-   ( ) 
 

ϦϹ ϼ Ϲ Ͼ Ϲ ϻϴϸϴ ϼϹ ϣ ϹϸϦϱϢ ϶Ͽ Ϲ  ϾϿ Ϲ϶  ϸ Ͼ Ϲ  ϼ 
ϴ϶Ͽ Ϲ  70% Ϲ ϴ. ϡϴ ϸϴ  ϴ Ϲ ϸ ϿϺ  ϵ  ϴ ϴϾ Ϲ ϼϻ ϶ϴ  

ϼϻ Ϲ Ϲ Ϲ ϹϿϼ ϴϵ . ϥ  Ϸ ϴ  project expert ϼ  
ϾϴϿϹ ϸϴ Ͻ Ͽϴ   ϼ ϴ ϼϹ  ϸ ϿϺϼ ϹϿ ϼ ϾϴϺϸ Ϸ  ϴ ϴ ( ϼ Ͼ 
10.1). 
 

 
Ϥϼ Ͼ 10.1  ϞϴϿϹ ϸϴ Ͻ Ͽϴ  

 
  

 
    

 
ϣϹ ϶  ϴϷ  ϼ ϶ϴ ϼ  ϸϹϿϼ Ϲ ϼ ϶Ͽ Ϲ  ϵ  ϼ ϸ  

ϸϴ . ϣϹ Ϲϸϴ ϴ ϼ ϸ   ϻϴϾϴϻ ϼϾϴ ϼ Ͽ ϼ ϹϿ  ϸϴ  Ϲ ϶Ͽ Ϲ  
Ϲ  ϻϴ Ͽ Ϲ ϼ   Ͽϼ ϶ Ͽϼϵ  Ϲ  Ϲ Ϲϸϴ ϼ Ϲ ϶ ϼ  
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Ͼ Ͽ ϴ ϴ ϼ  ϸ Ͼ Ϲ ϶. Ϣ  ϾϴϻϴϿ,  ϴϼϿ ϼ  ϶Ͽ Ϲ  
Ϲ ϴ ϼ  ϵ ϼ  ϶ϴ ϼϴ ϶.  

 
  «  » 

 
ϣ ϿϹ ϵ ϴ ϶ Ϲ  ϼ ϸ  ϸϴ  ϼ  ϸϹϿ  ϹϾ ϹϷ  ϼ  

ϿϹϾ Ϲ Ϲ϶ Ͻ ϼ ϴ Ͼ . ϘϿ  Ϸ  ϼ Ͽ ϻ Ϲ  Ϲ ϼϴϿϼϻϼ ϶ϴ Ϲ 
Ϸ ϴ Ϲ ϵϹ Ϲ Ϲ ϼϹ, ϻ϶ Ͽ ϹϹ ϴ ϴϿϼϻϼ ϶ϴ  ϹϾ ϹϹ ϼϹ 

ϿϹϾ ϼ Ϲ Ͼ Ͻ Ϲ ϼ. ϣ Ͼ Ͽ Ͼ  ϼ Ͽ ϼ ϹϿϹ  ϣ ϹϸϦϱϢ ϶ ϴϿϴ Ͼ ϴ ϼ  
«ϥϼ Ϲ », ϸϹϿϼ ϶ϴ ϼϹ Ϲ ϶Ͽ Ͽ  ϴ ϵϴϻϹ Ϸ ϴ Ϸ  ϵϹ Ϲ Ϲ ϼ  
ϸϴ Ͻ Ͼ ϴ ϼϼ – PSS Sincal. ϱ  ϸ Ͼ  ϻ϶ Ͽ Ϲ  ϶ Ϲϸϼ Ͻ ϹϸϹ ϼ  

ϸϹϿ  ϼ ϶Ϲ ϼ ϶ Ϲ Ϲ ϵ ϸϼ Ϲ ϴ Ϲ .  
 

      
 

ϣ ϿϹ Ϸ  ϾϴϾ ϸϹϿ  ϻϴ϶Ϲ Ϲ ϴ, ϼ Ͽ ϼ ϹϿϹ  Ϲ ϶Ͽ Ϲ  ϹϹ 
ϴ ϴϿϼϻ. ϣ  Ϲϻ Ͽ ϴ ϴ  ϴ ϴϿϼϻϴ ϸ ϿϺϹ  ϵ  Ͽϼ ϶ϴ  Ϲ ϾϼϽ Ϲ Ϲ Ϲ  

ϵϿϹ , Ϲ ϻ϶ Ͽ ϼ  ϿϹϾ Ϲ Ϲ϶ Ͻ Ͼ ϴ ϼϼ ϸ ϼ  ϴ϶ϿϹ Ͻ ϹϿϼ.  
ϡϴ ϼ Ϲ , ϶ Ͽ ϴϹ  ϢϔϢ «ϕϱϥϞ» ϶ ϼ ϿϹ ϶ ϸϹϿϹ  ϵϿϹ  ϵ Ͽϼ: 

ϼϻϾϼϽ ϶Ϲ  ϹϿϹ Ϲ ϴ ϼϻϴ ϼϼ ϴ ϹϸϹϿϼ ϹϿ Ͻ Ϲ ϼ, ϴ Ϲ϶ ϹϹ 
Ͼ ϴ ϼ Ϲ ϵ ϸ ϶ϴ ϼϹ ϼ ϵ ϸ ϶ϴ ϼϹ Ϥϛϔ, ϶ϼϹ ϼ ϶  
Ϲ ϼ Ϲ Ͼϼ  Ϲ Ϲ ϼϽ ϶ ϵϿϴ ϼ ϹϿϹϽ Ͻ ϻϴ ϼ  ϾϴϵϹϿ  
ϴ ϹϸϹϿϼ ϹϿ  Ϲ ϹϽ, ϵ Ͽ Ϲ Ͼ Ͽϼ Ϲ ϶  Ϲ Ϲ  ϶ ϻϹϽ ϹϺϸ  

Ͽϼ ϼ ϼ, ϶Ϲϸ ϹϹ Ͼ ϴ ϴ Ϲ ϼ  ϶ ϹϺϸϹ ϼϽ. ϡϹ  ϴ ϴϿϼ ϼϹ ϶ 
ϿϹϾ Ϲ Ϲ϶ Ͻ Ͼ ϴ ϼϼ ϵ ϶Ϲ Ϸ  ϴ ϴ ϶ Ͼ Ͼ϶ϴϿϼ ϼ ϼ ϶ϴ  ϼ 

 Ϲ ϼ Ϲ Ͼϼ  Ϲ ϼϴϿϼ ϶, Ͽϼ  ϻ ϴ ϼ  ϴ϶Ͽ Ϲ  ϼ ϼ 
Ϲ Ϲ϶  ϼ ϴ Ͼ , Ϲ ϵ ϸϼ  ϼ϶ϿϹ  Ͼ ϴ ϴϿϼϻ  ϼ  

ϼ Ͽ ϼ ϹϿϹϽ. ϖ - Ϲ ϶ ,  ϻ϶ Ͽϼ  Ϲ ϼ  ϵϿϹ , ϴϸ Ͼ ϼ ϻϴ  
Ϲ ϼ Ϲ ϾϼϹ Ϲ ϼϴϿϼ , ϶ -϶ , ϵϹ Ϲ ϼ  ϶ϹϺϼϽ ϶ϻϷϿ ϸ   ϼ, ϶-

Ϲ ϼ , ϼϽ ϴϵϿ ϸϴ ϹϿ  ϺϹ  ϶ϼϸϹ  Ϲϸ ϴ Ͼ ϶ Ϲ  
ϴ ϴϾ Ϲ ϼ ϼϾϴ  Ϲ ϼ, Ͼ Ϲ Ϲ Ϲ Ϲ ϼ Ϲ ϾϼϹ Ϲ ϼϴϿϼ  ϼ ϴ  

Ϲϼ Ϲ ϶ . ϣ ϿϹ ϻϴ϶Ϲ Ϲ ϼ  ϴ ϴ ϴ ϴϿϼϻϴ ϼ Ͽ ϼ ϹϿϹ  ϶ ϸϼ  
ϹϻϹ ϴ ϼ  ϹϺ  Ϲϻ Ͽ ϴ ϶ ϹϾ ϴ,  Ϲϻ Ͽ ϴ ϴ  Ͼ Ͻ 

 
    

 
ϣ ϿϹ ϶ϹϸϹ ϼ  ϴ ϴϿϼϻϴ ϼ  Ϲ ϼ «ϾϴϾ Ϲ », ϵ ϴϻ  

ϴϿ Ϲ ϴ ϼ϶ Ϲ Ϲ ϴ ϼ  ϴϻ϶ϼ ϼ  ϿϹϾ Ϲ Ϲ϶ Ͻ ϼ ϴ Ͼ , 
ϴ ϴ϶ϿϹ Ϲ ϴ Ϲ Ϲ ϼ  ϵϿϹ , ϶ ϶ϿϹ   ϹϷ  Ϲϻ Ͽ ϴ ϴ .  

ϘϿ  ϾϴϺϸ Ϸ  Ϲ ϴ ϼ  ϼ Ϲ  ϴϵ  Ϲ ϼ Ϲ Ͼϼ  Ϲ Ϲ ϼϽ  
ϹϾ Ͼ ϼϼ ϿϹϾ Ϲ Ϲ϶ Ͻ ϼ ϴ Ͼ . ϥ Ϲ ϴ Ϲ Ϲ ϼ ϼ  

϶ϾϿ ϴϿϼ ϴϻϿϼ Ϲ ϶ϴ ϼϴ :  
•  ϼ ϼϻϴ ϼϼ Ͽ Ϸϼϼ Ϲ ϼ;  
•  ϵϹ Ϲ Ϲ ϼ  ϴϵϿ ϸϴϹ ϼ ϼ ϴ϶Ͽ Ϲ ϼ Ϲ ϼ;  



129 
 

• ϴ϶ ϴ ϼϻϴ ϼϼ Ϲ ϴ ϼ϶ - Ϲ Ͽ Ϸϼ Ϲ Ͼ Ϸ  ϴ϶ϿϹ ϼ . 
 ϘϿ  ϾϴϺϸ Ϸ  ϼϻ Ϲ ϴ ϼϹ϶ Ϸ ϶ϼ  ϼ ϼ ϴ ϼ ϴ  ϸϹϿ  ϿϹϾ ϼ Ϲ Ͼ Ͻ 

Ϲ ϼ «ϾϴϾ ϸ ϿϺ  ϵ »  Ϲ  ϴ ϴϾ Ϲ ϼ ϼϾ ϹϸϿϴϷϴϹ Ϸ  ϵ ϸ ϶ϴ ϼ . ϖ 
ϸϹϿ  «ϾϴϾ ϸ ϿϺ  ϵ » ϴϺϴ  ϾϴϾ ϼϻ Ϲ Ϲ ϼ  Ϲ ϶ ϹϽ Ϲ ϼ, ϴϾ 

ϼ ϶ Ϲ ϟϱϣ, Ϥϣ, Ϧϣ ϼ ϸ ϷϼϹ ϵ ϹϾ  ϼ ϴ Ͼ .  
 

  Smart Gird    
 

ϣ ϿϹ ϴϻ ϴϵ Ͼϼ Ϲ ϴ ϼϹ϶ ϴϻ϶ϼ ϼ  ϿϹϾ ϼ Ϲ Ͼ Ͻ Ϲ ϼ ϸϿ  ϾϴϺϸ Ϸ  ϼϻ 
ϼ  Ϲϸ ϿϴϷϴϿ  ϼ ϶ϴ ϼϹ «Ͼ Ϲ ϼϼ ϼ Ϲ  Ͼ Ͽ , ϼϷ ϴϿϼϻϴ ϼϼ, 

ϻϴ ϼ , ϴ϶ ϴ ϼϻϴ ϼϼ Ϲ ϴ ϼ϶ -ϸϼ Ϲ Ϲ Ͼ Ϸ  ϴ϶ϿϹ ϼ  ϿϹϾ Ϲ Ϲ϶  
Ͼ ϿϹϾ  ϼ Ϲ ϴ ϿϹϾ ϼ Ϲ Ͼ Ͻ Ϲ Ϸϼϼ».  

ϖ Ϲ Ϲ ϴϻ ϴϵ Ͼϼ ϣ ϹϸϦϱϢ ϼ ϼ Ͽ ϼ ϹϿ  ϼ ϻϴϾϴϻ ϼϾ ϵϹϸϼϿϼ ,  
Ϲ϶ ϻ Ϻ  Ͼ ϹϾ  ϼ  ϸϹϿ  Ϲ ϼ ϸϿ  Ϲ ϴ ϼ , Ͼ Ͻ Ϲ ϵ Ͽ 
ϷϿϴ ϶ϴ   Ͼ Ϲ ϼϹϽ Smart Grid. ϣ  ϶ Ͽ ϴϹ  ϢϔϢ «ϕϱϥϞ» ϴϵ  
 ϼ ϶ϴ ϼ  Ϲ ϴ ϼϹ϶ ϴϻ϶ϼ ϼ  Ϲ ϼ ϸϿ  ϾϴϺϸ Ϸ  ϼϻ ϼ  ϶ϹϿϼ  

ϴ ϴϿϿϹϿ .  
 

-    
 

ϣ ϿϹ ϼ ϶ϴ ϼϽ Ϲ ϴ ϼϽ ϴϻ϶ϼ ϼ  ϿϹϾ Ϲ Ϲ϶ Ͻ ϼ ϴ Ͼ , 
϶ϾϿ ϴ  ϼ ϶ϴ ϼϼ Ͼ Ϲ ϼϼ Smart Grid ϸϿ  ϾϴϺϸ Ϸ  ϼϻ Ϲ ϴ ϼϹ϶, 

ϼϻ϶ ϸϼ  ϼ  Ϲ ϼϾ - Ͼ ϼ Ϲ Ͼ Ϲ ϵ ϶ϴ ϼϹ. 
ϣ ϼ ϴϻ ϴϵ ϾϹ Ϲ ϼ Ϲ Ͼ Ϸ  ϻϴϸϴ ϼ  ϴ ϣ ϹϸϦϱϢ ϵ Ͽϼ ϴ ϶ϿϹ  

ϿϹϸ ϼϹ Ͼ ϼ Ϲ ϼϼ: 
• Ͼϴ ϼ ϴϿ Ϲ ϻϴ ϴ  ϴ ϹϴϿϼϻϴ ϼ  Ϲ ϴ ϼ ;  
• ϶Ϲ  Ͼ Ͽ ϴ ϴ ϼ  ϻϴ ϴ  ϶ ϿϹϾ ϼ Ϲ Ͼϼ  Ϲ  ϿϹ 

ϹϴϿϼϻϴ ϼϼ Ϲ ϴ ϼ ; 
• ϴϸϹϺ  ϿϹϾ ϴϵϺϹ ϼ  Ϲϵϼ ϹϿϹϽ:  
– Ϲϸ  ϸ ϿϺϼ ϹϿ  Ϲ Ϲ ϶ ϶ ϿϹϾ ϴϵϺϹ ϼ ;  
– Ϲϸ Ͼ ϿϹϾ Ϲ Ϸϼϼ ϶ ϿϹϸ ϶ϼϹ Ϲ Ϲ ϶ ϶ ϿϹϾ ϴϵϺϹ ϼ ; 
• ϶Ϲ  Ϲ ϼ Ϲ Ͼϼ  Ϲ  ϿϹϾ ϼ Ϲ Ͼ Ͻ Ϲ Ϸϼϼ; 
• ϶Ϲ  Ͼ Ϲ Ϲ Ͼϼ  Ϲ  ϿϹϾ ϼ Ϲ Ͼ Ͻ Ϲ Ϸϼϼ. 

ϘϿ  ϵ ϶ϴ ϼ  Ͼ ϼ Ϲ Ͼ Ͻ ϹϿϹ ϵ ϴϻ ϼ ϹϾ ϴ ϶ ϸ  
ϴ϶ Ϲ ϼ  Ϲ ϴ ϼϹ϶  ϴϻ϶ϼ ϼ  ϿϹϾ ϼ Ϲ Ͼ Ͻ Ϲ ϼ. ϖ ϵϼ ϴϹ  ϴϼϿ ϼϽ  
Ͼϼ ϻ Ϲ ϼ  Ͼϴ ϼ ϴϿ  ϶Ͽ ϺϹ ϼϽ, Ͽ Ϲ ϼ  Ϲ ϼ Ϲ Ͼϼ  Ͼϴϻϴ ϹϿϹϽ, ϼ 

Ͼ ϼ Ϲ Ͼ Ͻ ϹϾ ϼ϶ ϼ.  
 

         
 

ϣ ϿϹ ϶ ϵ ϴ Ϲ ϴ ϼ  ϸ ϿϺϹ  ϵ  ϸϷ ϶ϿϹ  ϸϹ ϴϿ Ͻ Ͽϴ  ϹϷ  
ϹϴϿϼϻϴ ϼϼ, ϶ϾϿ ϴ ϼϽ: 

• ϸ ϵ Ͻ ϾϴϿϹ ϸϴ - Ϲ Ϲ϶ Ͻ Ϸ ϴ ϼϾ ϹϴϿϼϻϴ ϼϼ ϹϾ ϴ;  
• ϸϹϿ  Ϲ ϼ ϸϿ  ϸ Ͻ ϼϿϼ Ϲ Ͼ Ͽ Ͼϼ  ϹϺ  ϹϾ ϹϾ ϴ; 
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•ϸϹ ϴϿϼϻϼ ϶ϴ Ͻ ϴ Ϲ  Ͼ ϼ Ϲ Ͼ Ͻ ϹϾ ϼ϶ ϼ ϹϾ ϴ  
ϴ ϹϸϹϿϹ ϼϹ  ϼ ϴ ϶  Ͼ ϶ ϶ ϶Ϲ ϶ϼϼ  ϸ ϵ  ϾϴϿϹ ϸϴ -
Ϲ Ϲ϶  Ϸ ϴ ϼϾ  ϼ ϸϹϿ  Ϲ ϼ ϸϿ  ϹϺ  ϹϾ ϹϾ ϴ.   

ϣ  ϻϴ϶Ϲ Ϲ ϼ  ϴϵ  ϴ ϹϾ ϼ Ϲ Ϲ ϼ ϼ Ϸϴ ϼϻϴ ϼ  Ϲ Ϲ ϸϼ  
ϴ ϴ  ϹϴϿϼϻϴ ϼϼ ϹϾ ϴ. 

 
   

 
ϣϼϿ Ͻ ϹϾ  ϵ Ͽ ϿϹ , ϾϴϾ ϸϹϿ Ͻ ϾϿ Ϲ϶ Ͻ ϹϾ . ϖ Ϲ  

Ϲ ϼ ϶ϴϿ  ϴϻ ϴϵ ϴ Ͻ Ͽϴ  ϶ ϴ Ͼϴ  ϣ ϹϸϦϱϢ. ϣ ϼ ϶ ϵ Ϲ ϼϿ Ϸ  
ϴϽ ϴ Ϲ ϼ϶ϴϿ  ϷϹ Ϸ ϴ ϼ Ϲ Ͼ Ϲ ϴ Ͽ ϺϹ ϼϹ ϵ ϹϾ ϶, ϶Ϲ  ϼϻ ϴ 
Ϲ ϼ. ϖ Ϲϻ Ͽ ϴ Ϲ Ϲ ϼ ϶ϴ ϼ  ϵ Ͽ  ϼ  Ϲ Ϲ ϼϹ  ϹϴϿϼϻϴ ϼϼ ϼϿ Ϸ  

ϹϾ ϴ ϶ ϴϿ  ϴϽ Ϲ Ϸ ϸϴ, ϶ϾϿ ϴ  ϶ Ϲϵ  ϴϾ ϼ Ϲ Ͼϼ ϶ Ϲ ϶ϼϸ  ϺϼϿ  
ϸ ϶, Ϸ ϶ Ͻ Ϲ , ϵ Ͽ ϼ , ϸϹ ϾϼϹ ϴϸ  ϼ Ͼ Ͽ , ϴ Ϲ ϴ ϼϼ 
Ϲ Ͽ ϶  Ϲ ϹϽ ϼ .ϸ. ϦϴϾ Ͻ ϸ ϸ ϻ϶ ϿϼϿ ϴϵ ϴ  Ϲ Ͽ Ϸϼϼ Smart Gird 

ϸϿ  ϴϻ Ϸ  ϼ ϴ Ϲϵϼ ϹϿϹϽ. ϣϼϿ Ͻ ϴϽ  Ϲϸ ϴ϶ϿϹ  ϴ ϼ ϾϹ 10.2. 
ϖ ϸϴϿ ϹϽ Ϲ  ϿϹϸ ϶ϴϿ ϴ  ϸϷ ϶Ͼϼ ϴϵ ϹϽ ϸ Ͼ Ϲ ϴ ϼϼ  

ϹϾ Ͼ ϼϼ Ϥϣ ϼ Ϧϣ, ϴ ϴϾϺϹ Ϸϴ ϼϻϴ ϼ  Ϲ ϴϿ Ϸ  ϴ϶ϿϹ ϼ  Ϲ ϼ 
(Ϫϧϥ). ϥ ϻϸϴ ϼ  Ϫϧϥ Ϸ. ϧ  ϶Ͽ Ϲ  ϻϷ ϶  Ϲ  ϿϹϾ Ϲ Ϲ϶ Ϸ  
Ͼ ϿϹϾ ϴ, Ͼ Ͻ Ͼ ϸϼ ϼ Ϲ  ϼ ϴ϶Ͽ Ϲ  Ͼ ϼ ϼ ϶ϴ ϼϹ  
ϿϹϾ ϼ Ϲ Ͼϼ  Ϲ ϹϽ Ϸ. ϧ .  

ϖ ϴ Ͼϴ  ϹϴϿϼϻϴ ϼϼ ϼϿ Ϸ  ϹϾ ϴ ϵ Ͽϼ ϹϴϿϼϻ ϶ϴ  ϿϹϸ ϼϹ 
Ϲ ϼ ϼ :  

1. Ϣ Ϸϴ ϼϻϴ ϼ  ϸ϶ Ͽ Ϲ϶ Ͻ Ϲ  ϾϴϵϹϿ  Ͽϼ ϼϽ (Ϟϟ) 6 – 10Ͼϖ, 
϶ ϻ ϶ϴ ϼ  2 Ϥϣ ϼ 5 Ϧϣ ϹϾ ϼ Ϲ Ϸ  ϴ Ͼϴ Ϲ ϼ; 

2. ϣ Ͽ ϴ  ϻϴ Ϲ ϴ ϴ Ϲ϶ ϹϷ  ϵ ϸ ϶ϴ ϼ  ϴ ϹϸϹϿϼ ϹϿ  
Ͻ ϶ (Ϥϧ) 6Ͼϖ ϼ 0,4Ͼϖ ϴ ϶ Ϲ ϵ ϸ ϶ϴ ϼϹ, ϶Ϲ ϶ ϹϹ Ϲ Ϲϸ ϶  

ϼ ϶  ϴϾ ϼϾϴ ,  Ͼ ϼ ϼ ϴϵϿ ϸϴϹ ϼ ϼ ϴ϶Ͽ Ϲ ϼ,  ϶ Ͼϼ  
϶ Ϲ  ϵϹϻ ϴ ϼ ϼ ϴϸϹϺ ϼ, ϴ ϴϾϺϹ  ϻ ϴ ϼ ϹϿ  ϼϺϹ ϼ 

Ͼ Ͽ ϴ ϴ ϼ ϼ ϻϴ ϴ ϴ ϼ;  
3. ϧ ϴ ϶Ͼϴ ϼϵ ϶ Ͼ Ϲ Ϲ Ͼ Ϸ  Ϲ ϴ ϿϹϾ Ϲ Ϸϼϼ, 

ϻ϶ Ͽ ϼ  Ͽ ϴ  ϼϿ  ϹϵϿϹ ϼ  ϼ ϼ ϶ϴ  ϵϴϿϴ  
ϿϹϾ Ϲ Ϸϼϼ; 

4. Ϣ Ϸϴ ϼϻϴ ϼ  ϼ ϴ ϼ Ϸ  ϵ Ϲ ϴ ϼ Ϲ Ϲϸϴ ϴ Ϲ Ͽ Ϸϼ Ϲ Ͼϼ  
ϸϴ  ϸϿ  Ϥϣ ϼ Ϧϣ  ϶ Ͽ Ͼ - ϼ Ϲ Ͼϼ  Ͽϼ ϼ  ϶ ϻϼ (ϖϢϟϥ); 

5. ϣ Ϲ ϼϹ ϪϹ ϴ ϧ ϴ϶ϿϹ ϼ  ϥϹ ϼ  ϶ Ϲϸ Ϲ ϼϹ  ϼ Ϲ  
ϴ϶ ϴ ϼϻϼ ϶ϴ Ϸ  ϸϼ Ϲ Ϲ Ͼ Ϸ  ϴ϶ϿϹ ϼ  ϴ ϹϸϹϿϼ ϹϿ ϼ Ϲ ϼ 
Ϸ ϸϴ ϧ ϴ. 
 

ϕϿϴϷ ϸϴ  ϹϴϿϼϻϴ ϼϼ ϼϿ Ϸ  ϹϾ ϴ, ϶ ϻ Ϲ, ϻϴ ϼ ϴ Ͻ  
ϹϾ ϼ ϶ϴ  Ϥϣ ϼ Ϧϣ, ϵ Ͽ  ϸ ϼϷ  ϼϺϹ ϼϹ Ϲ  
ϿϹϾ Ϲ Ϸϼϼ ϴ 95% –  19% ϸ  1%. ϦϴϾϺϹ ϸ ϼϷ  ϿϹϸ ϼϹ 

Ͼϴ Ϲ ϶Ϲ Ϲ ϹϾ :  
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• ϥ ϼϺϹ  ϴ Ϲ Ϲ ϶ Ϲ  ϴ Ϲ ϼ  Ϲϼ ϴ϶ ϹϽ ϶ ϼϿ  ϴϽ Ϲ 
 2,5 ϴ ϴ ϸ  2 ϼ ; 

• ϣ ϸϷ ϶ϿϹ  ϼ Ϲ ϼ ϶ϴ  Ͼ Ͼ Ϲ Ϲ Ϲ ϼ Ϲ ϾϼϹ Ϲ Ϲ ϼ   
ϹϾ Ͼ ϼϼ Ϥϣ ϼ Ϧϣ, Ϲ ϼ  ϼ Ϲ  ϸϼ Ϲ Ϲ Ͼ Ϸ  ϴ϶ϿϹ ϼ ; 

• ϣ Ϲ ϼ ϶ϴ  ϶ Ϲ Ϲ Ϲ ϴϿϷ ϼ  ϴ϶ϿϹ ϼ  ϿϹϾ Ϲ Ϲ϶ Ͻ 
ϼ ϴ Ͼ Ͻ; 

• ϣ ϸ ϶Ϲ ϺϸϹ ϴ Ϲ ϴϵϹϿ  ϶ Ϲϸ Ϲ ϼ  ϼ Ϲ  Ϲ ϴ.  
 

 
Ϥϼ Ͼ 10.2 – Ϟ  ϹϴϿϼϻϴ ϼϼ ϼϿ Ϸ  ϹϾ ϴ ϶ Ϸ. ϧ ϴ 

 
   

 
ϙ ё ϸ  ϻϴ϶Ϲ Ϲ ϼ  ϴϵ  ϶ ϼϿ  ϹϺϼ Ϲ Ͼ ϴ ϼ  ϼ ϼϿϴ Ͼ 

ϹϴϿϼϻϴ ϼϼ ϶ Ͻ ϴ ϼ ϹϾ ϴ. Ϣ ϶ Ͻ ϹϾ  ϹϴϿϼϻ ϶ ϶ϴϿ  ϴ ϶Ϲ 
Ϲϸ ϸ ϼ  ϴ ϶. 



132 
 

ϣϹ ϶ Ϲ Ϲϸ Ͻ ϻϴϸϴ ϹϽ ϴϿϴ ϴϻ ϴϵ Ͼϴ ϹϾ Ͻ ϸ Ͼ Ϲ ϴ ϼϼ  
ϹϾ Ͼ ϼϼ ϴ ϹϸϹϿϼ ϹϿ  Ϲ ϹϽ Ϸ. ϧ ϴ ϶ ϴ Ͼϴ  ϶ Ϸ  ϹϾ ϴ 

Smart Gird.  
ϣ ϿϹ ϻϴ϶Ϲ Ϲ ϼ  ϴϸϼϼ ϹϾ ϼ ϶ϴ ϼ  ϵ Ͽϼ ϹϸϹϿϹ : 
 – ϼ ϶ Ϲ Ϲ ϼ Ϲ ϾϼϹ Ϲ Ϲ ϼ   ϹϾ Ͼ ϼϼ Ϥϣ ϼ Ϧϣ (  ϻϴ Ϲ Ͻ 

Ϲ ϶ϼ Ϸ  ϵ ϸ ϶ϴ ϼ  ϼ ϵϹϻ ϻϴ Ϲ ,  ϹϾ Ͼ ϼϹϽ ϵ ϸ ϶ϴ ϼ  Ϥϛϔ ϼ 
ϵϹϻ ϹϾ Ͼ ϼϼ); 

– ϼ ϶ Ϲ Ϲ ϼ Ϲ ϾϼϹ Ϲ Ϲ ϼ   ϾϿϴϸϾϹ Ͽϼ ϼϽ;  
– ϿϹϸ ϶ϴ ϹϿ  ϼ Ϲϵ Ϲ Ͻ ϶Ϲ  ϹϾ Ͼ ϼϼ Ϥϣ ϼ Ϧϣ, 

ϿϹϸ ϶ϴ ϹϿ  ϾϿϴϸϾϼ ϾϴϵϹϿ  Ͽϼ ϼϽ;  
– Ϲ ϴ ϴϻ Ϲ Ϲ ϼ  ϼϵ ϶ Ϲ ϴ, ϹϾ ϴϿ Ϸ  ϴϻ ϶ϴ, 

Ͼϴϻϴ ϹϿϹϽ Ͼϴ Ͼ Ͼ Ϸ  ϻϴ Ͼϴ ϼ  ϼ ϻϴ Ͼϴ ϼ  ϴ ϻϹ Ͽ ;   
– Ϲϵ ϶ϴ ϼ  Ͼ ϸϹ ϼϻϴ ϼϼ Ϥϛϔ ϶ Ϥϣ, Ϸϴ ϼϻϴ ϼϼ ϴϵϿ ϸϴϹ ϼ Ϧϣ.  
ϣ ϿϹ Ϸ , ϾϴϾ ϴϸϼ  ϹϾ ϼ ϶ϴ ϼ   ϵ Ͽϴ ϴϻ ϴϵ ϴ ϴ, ϢϔϢ «ϕϱϥϞ» 

ϼ ϼϿϴ Ͼ ϹϴϿϼϻϴ ϼϼ ϶ Ͻ ϹϷ  ϴ ϼ. Ϙϴ Ͻ ϴ  Ϲ ϶Ͽ Ϲ , 
ϴ ϼ ϴ   2016 Ϸ ϸϴ ϼ Ͽϴ ϼ Ϲ  Ͼ ϻϴ϶Ϲ Ϲ ϼ  Ͼ 2020 Ϸ ϸ . ϦϹ  ϹϴϿϼϻϴ ϼϼ 

ϹϾ ϴ Ϲϸ ϴ϶ϿϹ  ϴ ϼ ϾϹ 10.3. 
 
 

 
Ϥϼ Ͼ 10.3  ϦϹ  ϹϴϿϼϻϴ ϼϼ ϶ Ϸ  ϹϾ ϴ 

 
10.4    

 
Ϥϴϻ ϴϵ ϴ϶ ϼ ϹϿϿϹϾ ϴϿ  ϼ Ϲ  Ϲ Ϸ Ϲ ϶, Ϲ ϼϴϿϼ  

Ͼ ϴ ϼϼ «ϕϱϥϞ» ϸ ϼϷϿϼ Ͼ ϼ Ϲ Ͼ Ϸ  ϹϾ ϴ  ϹϴϿϼϻϴ ϼϼ Ϸ ϴ  
ϵ ϵ   Ϲ ϼ ϶ Ϲ . ϱ ϹϾ ϼ϶  ϹϾ ϴ Ϲϸ ϴ϶ϿϹ ϴ ϴ ϼ ϾϹ 
10.4. 
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Ϥϼ Ͼ 10.4  Ϝ ϶Ϲ ϼ ϼϼ ϼ ϹϾ  ϶ ϹϴϿϼϻ ϶ϴ  ϹϾ Ϲ, Ͽ . ϵ 

 
ϕ Ͽϼ ϸ ϼϷ  ϼ ϼ Ͽ Ϲ  ϴ϶ϿϹ Ϲ ϻϴϸϴ ϼ  ϼϺϹ ϼ  Ϲ  

϶ ϿϹϾ ϼ Ϲ Ͼϼ  Ϲ ,   Ϲ Ϲ ϸϴ  ϴϸϼ ϼ  ϿϹϾ ϼ Ϲ Ͼϼ  
Ϲ ϹϽ Ͼ Ϲ   ϿϹ Ϲ ϴ ϼ Smart Grid. ϣ ϶ ϼϿ  Ͼϴ Ϲ ϶  ϼ ϴϸϹϺ  
ϿϹϾ ϴϵϺϹ ϼ  Ϲϵϼ ϹϿϹϽ. ϦϴϾ ϺϹ ϼϻϼϿϴ  ϴ϶ϴ ϼϽ  ϶ ϿϹϾ ϼ Ϲ Ͼϼ  
Ϲ . ϥ Ͼ ϴ ϼϿ  ϶ Ϲ  ϴ Ϲ ϼ  Ϲϼ ϴ϶ ϹϽ ϶ Ϲ ϼ. ϢϵϿϹϷ ϼϿ  

ϸϼ Ϲ Ϲ Ͼ Ϲ ϴ϶ϿϹ ϼϹ Ϲ . ϢϵϹ Ϲ ϼϿ  ϶ ϻ Ϻ  Ͽ Ͻ 
ϴ϶ ϴ ϼϻϴ ϼϼ ϼ ϹϿϿϹϾ ϴϿ Ͻ ϼ Ϲ . 
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ϣ ϹϾ ϼ ϶ϴ ϼϹ ϖϼ ϼ Ͼ Ͻ ϗϱϥ ϵ ϸϹ  ϶Ͽ  ϶ϴϺ Ͻ ϴ  ϸϿ  
ϼϴϿ - Ͼ ϼ Ϲ Ͼ Ϸ  ϴϻ϶ϼ ϼ , ϴϾ ϾϴϾ ϵϿϼϻϿϹϺϴ ϼϹ Ϲ ϼ ϼϼ 

ϸ ϵ ϶ϴ  ϵ Ͻ ϼ Ͼϴ Ϲ Ͻ Ϸ Ͽ , ϺϹϿϹϻ ϴ  ϸϴ, ϻ Ͽ , Ͼϴ Ϲ ϴ  Ͽ  ϼ 
ϸ .  Ϝ Ͼ Ͼϴ  ϵϿϴ  ϻϴ ϼ ϴϹ  Ϲ ϶ё Ϲ Ϲ  ϶ Ϥ ϼϼ  ϸ ϵ Ϲ ϻ Ͽ ϴ, 95% 
ϻ Ͽ ϴ ϸ ϵ ϶ϴϹ  ϶ ϕ ϸϴϽϵϼ Ͼ  ϴϽ Ϲ. ϥ ϼ ϹϿ ϶  ϖϼ ϼ Ͼ Ͻ ϗϱϥ 

Ϲ ϼ  ϵϿϹ  Ϲ Ϸ ϸϹ ϼ ϼ ϴ ϕ ϸϴϵϴϽ Ͼ Ϸ  ϴϽ ϴ, ϴϾ ϾϴϾ  ϹϷϼ  
ϴ ϸϼ  ϶ Ϲ Ϲ Ϲ ϶ Ͼϼ  ϼ Ͼ ϶ ϴ Ϲ ϼ  ϿϹϾ ϴϵϺϹ ϼ . 

ϖ ϹϾ Ϲ ϴ ϼ ϴ  ϼ ϹϸϹϿϹ  ϶ Ϲ ϿϹ Ϲ  ϼ ϴ ϴ Ϲ  
ϖϼ ϼ Ͼ Ͻ ϗϱϥ ϴ ϹϾϹ ϖϼ ϼ , Ͼ Ͻ ϶Ͽ Ϲ  ϺϹ ϼϹ  II  ϾϿϴ ϴ. 

ϖ ϶ ϸ - Ϲ ϷϹ ϼ Ϲ Ͼϼ  ϴ Ϲ ϴ  ϵ Ͽϴ ϴ ϼ ϴ ϴ ϴ ϶ϿϹ ϴ  
 ϖϼ ϼ Ͼ Ͻ ϗϱϥ, ϴ϶ ϴ  260 Ϡϖ  ϼ Ϲϸ Ϲ Ϸ ϿϹ  ϶ ϴϵ Ͼϴ 

549,2 Ͽ .Ϟϖ · . ϦϴϾ ϺϹ ϹϸϹϿϹ ϴ ϻ ϴ ϴϵ  ϶  Ϸ ϴ ϼϾϴ  ϴϷ ϻϾϼ. 
Ϣ ϹϸϹϿϹ  ϼ ϴϿ Ϲ ϼ Ͽ  ϼ ϼ  Ϸϼϸ ϴϷ ϹϷϴ ϶ ϿϹϾ ϴ ϼϼ. 

ϕ Ͽϴ Ϲ ϴ ϵϿϴ  ϸ ϼ  ϹϺϼ ϶ ϴϵ   Ͼ  ϹϸϹϿϹ  
ϿϹϸ ϼϹ ϴ : 

- ϴϾ ϼ ϴϿ Ͻ ϴ   H = ,  , 
- ϴ ё Ͻ ϴ          H ϴ = ,  , 
- ϼ ϼ ϴϿ Ͻ ϴ    H = ,  . 
ϣ  Ϲϻ Ͽ ϴ ϴ  ϴ Ϲ ϶ ϵ Ͽ ϹϸϹϿϹ  ϼ ϴϿ Ͻ ϶ϴ ϼϴ  

Ϸϼϸ ϵϼ  ϣϟ 50-ϖ-530,  ϼ ϴϿ  ϸϼϴ Ϲ  ϴϵ ϹϷ  Ͼ ϿϹ ϴ D1 = 
5,30 . 

ϣ  ϴ϶  ϸϴ  ϸϿ  ϶ ϵ ϴ Ͻ Ϸϼϸ ϵϼ   ϼ Ͻ 
ϴ Ͻ ϶ ϴ Ϲ ϼ  136,4 ϵ/ ϼ  ϵ Ͽ ϸ ϵ ϴ  Ϸϼϸ ϷϹ Ϲ ϴ  ϥϖ -845/140-44Ϧ 
 ϼ ϴϿ Ͻ ϴϾ ϼ϶ Ͻ  50,4 Ϡϖ . 

ϘϴϿϹϹ ϵ Ͽϴ ϶ ϵ ϴ ϴ Ͼ ϴ  Ϲ ϴ ϗϱϥ  Ϲϸϼ ϼ ϼ ϵϿ Ͼϴ ϼ ϼ 
ϼ ϴ Ϲ ϴ ϴ ϹϸϹϿϼ ϹϿ Ϸ  Ͻ ϶ϴ ϴ 7 ϼ Ϲϸϼ Ϲ ϼϽ (3 ϖϟϱϣ 220 

Ͼϖ, 4 ϵϿ Ͼϴ) ϢϤϧ 220 Ͼϖ , , ϸ϶Ϲ ϼ Ϲ  ϵ  ϼ   ϠϬϖ.  
ϣ  ϴ϶  ϸϴ  ϼ Ͼϴ ϴϿ Ϸϴ  ϵ Ͽ  ϶ ϵ ϴ  ϿϹϸ ϹϹ 

϶ Ͼ ϶ Ͽ Ϲ  ϵ ϸ ϶ϴ ϼϹ: ϼϿ ϶ Ϲ ϴ ϴ  ϦϤϘϪϡ-63000/220, 
ϴ ϴ  ϵ ϶Ϲ  Ϻϸ Ϧϥϛ-1000/10/0,4 ϸϿ  ϖϟϱϣ - 
ϴϿϹϴϿ ϼ Ϲ϶ Ϲ ϶ ϸϴ ϴ Ͼϼ ϔϥ - 400/51. 

ϣ ϿϹ ϶ ϵ ϴ ϶ Ϸ  ϿϹϾ ϵ ϸ ϶ϴ ϼ  ϵ Ͽ ϴ ϹϿ Ϲ Ϲ Ϲ  
ϷϿϴ϶  ϻϴ ϼ  ϹϿϹϽ Ͻ ϻϴ ϼ  ϼ ϴ϶ ϴ ϼϾϼ ϷϿϴ  ϣϧϱ. 

Ϟ ϶Ͼϴ Ϸϼϸ ϻϿϴ ϵ Ͽϴ ϶ ϵ ϴ ϴ ϼ Ͽ ϼ ϴ . ϣϿ ϼ ϴ ϼ  ϼϻ 
ϿϹϸ ϼ  ϴ ϹϽ: 

ϴ) Ϸ ϴ϶ϼ ϴ ϼ ϴ  ϶ ϸ Ͽϼ϶ ϴ  Ͽ ϼ ϴ, ϴ Ϲ ϼϴϿ ϵϹ ; 
ϵ) ϿϹ϶ ϵϹ ϹϺ ϴ  Ϸ ϶ϴ  ; 
϶) ϴ϶ ϵϹ ϹϺ ϴ  ϷϿ ϴ  ϵϹ ϴ ; 
Ϸ) ϴ ϼ ϴ  Ϸ ϴ϶ϼ ϴ ϼ ϴ  Ͽ ϼ ϴ, ϴ Ϲ ϼϴϿ ϵϹ ; 
ϘϿ  Ϸϴ Ϲ ϼ  Ͼϼ Ϲ ϼ Ϲ Ͼ Ͻ Ϲ Ϸϼϼ ϶ ϸ Ϸ  Ͼϴ, ϾϴϹ Ϸ  Ϲ Ϲϻ 

϶ ϸ Ͽϼ϶  Ͽ ϼ , ϼ Ϲ Ϲ  ϶ ϸ ϵ Ͻ ϴ  Ϲ Ͼϴ. ϦϴϾ ϺϹ ϶ Ͼϴ Ϲ ϶Ϲ 
ϸ Ͽ ϼ ϹϿ  ϵ Ͽϼ ϹϾ ϼ ϶ϴ  ϸ Ϲ ϶Ϲ ϼ  ϶ ϸ ϵ Ͻ 

http://irkipedia.ru/content/bodaybinskiy_rayon
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Ͽ ϼ , Ͼ Ϲ Ϲϸ ϴ ϼ϶ϴ , ϾϴϾ ϴ Ϲ ϼ ϸ ϼ ϹϿ ϶ϴ, ϴϾ ϼ ϸϿ  
ϸϴϿ ϹϽ ϹϽ Ͼ Ͽ ϴ ϴ ϼϼ. 

ϦϴϾ ϺϹ ϶  ϴϻϸϹϿϹ ϼϻ϶ϹϸϹ ϴ Ϲ Ͼϴ ϼ ϼ Ͻ ϼ϶ ϼ 
Ͽ ϼ . 

 ϖ  ϼϻϵϹϺϴ ϼϹ Ϲϸ ϼ  ϵ Ͽ ϼ  ϴ ϺϹ ϼϽ, ϶Ͽ ϼ  ϼ 
Ϲ ϴ϶ Ϲ  ϴϸϾϴ  ϶ϴ ϼ  ϼ ϼ Ϲ Ϲ ϴ  ϸϹ ϴ ϼ , ϶ 
ϴϻϿϼ  ϴ  ϹϿϴ ϵϹ Ͻ Ͽ ϼ , ϴ ϴϻϸϹϿϹ ϴ ϴ ϹϾ ϼϼ ϼ 
Ϲ Ϲ ϴ - ϴϸ ϼ ϶ϴ ϼ.  

ϣ ϼϻ϶ϹϸϹ ϴ Ϲ Ͼϴ ϼ ϼ ϼ ϼ Ͻ ϼ϶ ϼ Ͽ ϼ  ϼ 
϶  ϴϷ ϻϾϴ . ϖ Ϲϻ Ͽ ϴ Ϲ ϴ Ϲ ϶ Ͼ ϼ ϼϹ  ϴϸϹϺ ϼ ϴ϶Ͽ Ϲ  

1,20 ϼ ϴ ϼ϶  ϻ ϴ Ϲ ϼϼ 1,20 ϸϿ  II ϾϿϴ ϴ ϺϹ ϼϽ. ϦϴϾϼ  ϵ ϴϻ  
Ͽ ϼ ϴ ϖϼ ϼ Ͼ Ͻ ϗϱϥ ϶Ϲ ϴϹ  ϶ Ϲ  Ϲϵ ϶ϴ ϼ  ϴϸϹϺ ϼ. ϣ ϼ ϴ Ϲ Ϲ 
Ͽ ϼ  ϴ   Ϻϼ ϴ ϼϹ ϴ ϺϹ ϼ  Ϲ Ϲ϶ ϴ  ϹϸϹϿ  

ϻ ϴ Ϲ ϼϽ, ϴ Ϸϼ϶ϴ ϼϹ ϴ ϺϹ ϼ  ϶ .  
Ϥϴ Ϲ  Ϲ ϼ ϼ   Ϸϴ ϼϻϴ ϼϼ ϵϹϻ ϴ ϼ ϗϦϥ. ϦϴϾ ϺϹ 

Ϲ Ϲ ϼ ϿϹ  Ϲ ϼ ϼ   ϴ Ϲ Ͼ Ϻϴ ϹϽ Ϲϸ  ϼ ϶ Ϲ ϼ ϸ ϶ ϻ϶ϹϸϹ ϼ  
ϼ Ͼ Ͽ ϴ ϴ ϼϼ Ϸϼϸ ϻϿϴ. 

ϣ  Ϲ ϼϾ - Ͼ ϼ Ϲ Ͼϼ  ϴ Ϲ ϴ  Ͽ Ϲ  ϿϹϸ ϼϹ Ͼϴϻϴ ϹϿϼ: 
- Ͼ Ͼ ϴϹ ϼ - 153 Ϲ ϴ; 
- ϹϵϹ ϼ  – 0,61 ϵ/Ͼϖ ∙ ; 
- ϸϹϿ Ϲ Ͼϴ ϼ ϴϿ ϶Ͽ ϺϹ ϼ  - 94084,62 ϵ/Ͼϖ ; 
Ϝϻ Ϸ  Ϻ  ϸϹϿϴ  ϶ ϶ ϸ,  ϼ ϹϿ ϶  ϖϼ ϼ Ͼ Ͻ ϗϱϥ 

϶Ͽ Ϲ  ϹϿϹ ϵ ϴϻ Ͻ ϼ Ͼ ϼ Ϲ Ͼϼ ϵ ϶ϴ Ͻ. 
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1. Ϝ Ͽ ϻ ϶ϴ ϼϹ ϶ ϸ Ͻ Ϲ Ϸϼϼ: Ϲϵ Ϲ ϵϼϹ ϶ ϻϴϸϴ ϴ  ϼ 
ϴϺ Ϲ ϼ . ϖ 2 . ϫ.1.ϖ ϸ - Ϲ ϷϹ ϼ Ϲ ϾϼϹ ϴ Ϲ  ϹϺϼ ϶ ϗϱϥ / . 
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Ϲ

ϕϴϿϴ  ϼ ϤϹ  Ϧϱϥ

ϤϹ  
Ϲ ϶ ϼ  ϗϱϥ

ϤϹ  
ϹϾ ϼ Ϲ Ͻ ϗϱϥ

ϔ϶ϴ ϼϽ Ͻ ϹϻϹ ϶ 
Ϧϱϥ

ϡϴϷ ϻ Ͻ ϹϻϹ ϶ 
Ϲ ϶ ϼ  ϗϱϥ

ϡϴϷ ϻ Ͻ ϹϻϹ ϶ 
ϹϾ ϼ Ϲ Ͻ ϗϱϥ

ϥ Ϲ ϶ ϼϹ ϗϱϥ

ϣ ϹϾ ϼ Ϲ ϴ  ϗϱϥ

ϥ Ϲ ϶ ϼϹ Ϧϱϥ
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ϣ ϸ ϿϺϹ ϼϹ ϼϿ ϺϹ ϼ  ϔ 
 
ϦϴϵϿϼ ϴ ϔ.1  ϤϹϺϼ  ϴϵ , ϹϾ ϼ Ϲ Ͻ ϗϱϥ ϶ ϴϿ ϶ ϸ  Ϸ ϸ  (1 ϼ Ϲ ϴ ϼ ) 

Ϲ  Qϵ  Qϼ  QϿёϸ Q  Q Ͽ Q϶ Ͼ Q ϵ Q϶ ϸ Q ϵ QϷ  Q ϵ V ϴ  dV VϾ  Z ϴ  ϖϕ ZϾ  ϖϕ Z  ϖϕ Zϡϕ HϷ  NϷ  NϷϴ ϴ  

12 72 1 7 1 63 108 0 314 0 377 378 2,87 0,81 2,06 280 274,62 277,31 238,12 39 128 128 

1 52 1 5 2 44 108 0 446 0 490 492 2,06 1,19 0,86 274,62 263,70 269,16 238,90 30 128 128 
2 47 1 0 2 44 108 0 62 0 106 108 0,86 0,15 0,71 263,70 261,51 262,60 235,26 27 25  ϶ Ͼ 

3 46 1 -4 1 48 108 0 59 0 107 108 0,71 0,16 0,56 261,51 258,66 260,08 235,26 24 23  ϶ Ͼ 

4 44 1 -5 1 47 108 0 60 0 107 108 0,56 0,16 0,40 258,66 255,10 256,88 235,26 21 20  ϶ Ͼ 
5 205 3 -10 1 211 108 13 -104 0 107 108 0,40 -0,28 0,68 255,10 260,93 258,02 235,26 22 21  ϶ Ͼ 

6 426 3 0 1 422 108 13 -315 0 107 108 0,68 -0,82 1,50 260,93 270,26 265,60 235,26 30 28  ϶ Ͼ 

7 318 4 0 1 313 108 13 -206 0 107 108 1,50 -0,55 2,05 270,26 274,54 272,40 235,26 37 34  ϶ Ͼ 

8 232 3 0 1 228 108 0 -121 0 107 108 2,05 -0,31 2,36 274,54 276,69 275,62 235,26 40 37  ϶ Ͼ 

9 201 2 0 1 198 108 0 -91 0 107 108 2,36 -0,24 2,61 276,69 278,29 277,49 235,26 42 39  ϶ Ͼ 

10 174 1 1 1 171 108 0 -64 0 107 108 2,61 -0,17 2,77 278,29 279,36 278,82 235,26 43 41  ϶ Ͼ 

11 131 1 6 1 123 108 0 -16 0 107 108 2,77 -0,04 2,81 279,36 279,62 279,49 235,26 44 41  ϶ Ͼ 

 
ϦϴϵϿϼ ϴ ϔ.2  ϤϹϺϼ  ϴϵ , ϹϾ ϼ Ϲ Ͻ ϗϱϥ ϶ ϴϿ ϶ ϸ  Ϸ ϸ  (2 ϼ Ϲ ϴ ϼ ) 

Ϲ  Qϵ  Qϼ  QϿёϸ Q  Q Ͽ Q϶ Ͼ Q ϵ Q϶ ϸ Q ϵ QϷ  Q ϵ V ϴ  dV VϾ  Z ϴ  ϖϕ ZϾ  ϖϕ Z  ϖϕ Zϡϕ HϷ  NϷ  NϷϴ ϴ  

12 72 1 7 1 63 108 0 307 0 370 371 2,87 0,80 2,08 280 274,74 277,37 238,08 39 126 126 

1 52 1 5 2 44 108 0 429 0 473 475 2,08 1,15 0,93 274,74 264,49 269,62 238,78 30 126 126 

2 47 1 0 2 44 108 0 62 0 106 108 0,93 0,15 0,78 264,49 262,45 263,47 235,26 28 26  ϶ Ͼ 

3 46 1 -4 1 48 108 0 59 0 107 108 0,78 0,16 0,62 262,45 259,84 261,15 235,26 25 24  ϶ Ͼ 

4 44 1 -5 1 47 108 0 60 0 107 108 0,62 0,16 0,46 259,84 256,62 258,23 235,26 22 21  ϶ Ͼ 

5 205 3 -10 1 211 108 13 -104 0 107 108 0,46 -0,28 0,74 256,62 261,93 259,27 235,26 24 22  ϶ Ͼ 

6 426 3 0 1 422 108 13 -315 0 107 108 0,74 -0,82 1,56 261,93 270,78 266,35 235,26 31 29  ϶ Ͼ 

7 318 4 0 1 313 108 13 -206 0 107 108 1,56 -0,55 2,11 270,78 274,97 272,88 235,26 37 35  ϶ Ͼ 

8 232 3 0 1 228 108 0 -121 0 107 108 2,11 -0,31 2,42 274,97 277,10 276,04 235,26 40 38  ϶ Ͼ 

9 201 2 0 1 198 108 0 -91 0 107 108 2,42 -0,24 2,67 277,10 278,69 277,89 235,26 42 40  ϶ Ͼ 

10 174 1 1 1 171 108 0 -64 0 107 108 2,67 -0,17 2,83 278,69 279,75 279,22 235,26 43 41  ϶ Ͼ 

11 131 1 6 1 123 108 0 -16 0 107 108 2,83 -0,04 2,87 279,75 280 279,88 235,26 44 42 по вхк 
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ϢϾ ϴ ϼϹ ϼϿ ϺϹ ϼ  ϔ 
 

ϦϴϵϿϼ ϴ ϔ.3  Ϥϴϵ ϴ ϗϱϥ  ϹϺϼ  ϶  ϶ ϴ Ϲ  Ϲϸ Ϲ϶ ϸ  Ϸ ϸ  Ϲ ϶  Ϲ ϸ  
Ϲ  Qϵ  Qϼ  QϿёϸ Q  Q Ͽ Q϶ Ͼ Q ϵ Q϶ ϸ Q ϵ QϷ  Q ϵ V ϴ  dV VϾ  Z ϴ  ϖϕ ZϾ  ϖϕ Z  ϖϕ Zϡϕ HϷ  NϷ  NϷϴ ϴ  ϱ Ϲ  

12 105 1 7 1 96 108 0 308 0 404 405 2,87 0,80 2,08 280 274,74 277,37 238 39 137 137 98,6 

1 75 1 5 2 67 108 0 430 0 497 499 2,08 1,15 0,93 274,74 264,49 269,61 239 30 132 132 94,9 

2 43 1 0 2 40 108 0 62 0 102 104 0,93 0,15 0,78 264,49 262,45 263,47 235 28 25  ϶ Ͼ 18,0 

3 36 1 -4 1 38 108 0 59 0 97 98 0,78 0,16 0,62 262,45 259,84 261,14 235 26 22  ϶ Ͼ 15,7 

4 72 1 -5 1 75 108 0 60 0 135 136 0,62 0,16 0,46 259,84 256,62 258,23 236 22 26  ϶ Ͼ 18,8 

5 214 3 -10 1 220 108 13 -104 0 116 117 0,46 -0,28 0,74 256,62 261,93 259,28 235 23 24  ϶ Ͼ 17,1 

6 484 3 0 1 480 108 13 -317 0 163 164 0,74 -0,82 1,56 261,93 270,84 266,38 236 30 43  ϶ Ͼ 30,7 

7 406 4 0 1 401 108 13 -241 0 160 161 1,56 -0,65 2,21 270,84 275,67 273,25 236 37 52  ϶ Ͼ 37,2 

8 329 3 0 1 325 108 0 -171 0 154 155 2,21 -0,44 2,65 275,67 278,59 277,13 236 41 55  ϶ Ͼ 39,7 

9 310 2 0 1 307 108 0 -41 0 266 267 2,65 -0,11 2,76 278,59 279,29 278,94 237 41 96  ϶ Ͼ 69,4 

10 287 1 1 1 284 108 0 -31 0 254 255 2,76 -0,08 2,84 279,29 279,80 279,55 237 42 93  ϶ Ͼ 67,3 

11 131 1 6 1 123 108 0 -13 0 110 111 2,84 -0,03 2,87 279,80 280 279,90 235 44 43  ϶ Ͼ 30,7 

 
ϦϴϵϿϼ ϴ ϔ.4  Ϥϴϵ ϴ ϗϱϥ  ϹϺϼ  ϶  ϶ ϴ Ϲ  Ϲϸ Ϲ϶ ϸ  Ϸ ϸ  ϶  Ϲ ϸ  

Ϲ  Qϵ  Qϼ  QϿёϸ Q  Q Ͽ Q϶ Ͼ Q ϵ Q϶ ϸ Q ϵ QϷ  Q ϵ V ϴ  dV VϾ  Z ϴ  ϖϕ ZϾ  ϖϕ Z  ϖϕ Zϡϕ HϷ  NϷ  NϷϴ ϴ  ϱ Ϲ  

12 105 1 7 1 96 108 0 270 0 366 367 2,87 0,70 2,17 280 275,42 277,71 238 39 126 126 90,8 
1 75 1 5 2 67 108 0 380 0 447 449 2,17 1,02 1,16 275,42 267,09 271,25 239 32 126 126 91,1 

2 43 1 0 2 40 108 0 40 0 80 82 1,16 0,10 1,06 267,09 266,06 266,57 235 31 22 0 15,9 

3 36 1 -4 1 38 108 0 90 0 128 129 1,06 0,24 0,82 266,06 263,06 264,56 236 28 32 0 23,1 

4 72 1 -5 1 75 108 0 137 0 212 213 0,82 0,35 0,46 263,06 256,62 259,84 237 23 42 0 30,4 

5 214 3 -10 1 220 108 13 -137 0 83 84 0,46 -0,37 0,83 256,62 263,21 259,92 235 25 18 0 13,0 

6 484 3 0 1 480 108 13 -296 0 184 185 0,83 -0,77 1,60 263,21 271,10 267,16 236 30 49 0 35,2 

7 406 4 0 1 401 108 13 -242 0 159 160 1,60 -0,65 2,24 271,10 275,91 273,50 236 37 52 0 37,2 

8 329 3 0 1 325 108 0 -199 0 126 127 2,24 -0,52 2,76 275,91 279,28 277,59 236 42 46 0 33,2 

9 310 2 0 1 307 108 0 -21 0 286 287 2,76 -0,06 2,82 279,28 279,64 279,46 237 42 105 0 75,2 

10 287 1 1 1 284 108 0 -22 0 262 263 2,82 -0,06 2,87 279,64 280,00 279,82 237 42 97 0 69,9 
11 131 1 6 1 123 108 0 0 0 123 124 2,87 0,00 2,87 280,00 280,00 280,00 236 44 48 0 34,2 
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Ϥϼ Ͼ ϕ.1  ϗϧϩ ϵϼ  ϣϟ50-ϖ-530
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ϣ ϸ ϿϺϹ ϼϹ ϼϿ ϺϹ ϼ  ϕ 
 
 

 
Ϥϼ Ͼ ϕ.2  ϴ  ϴ  Ϸϼϸ ϵϼ  ϣϟ50/1075-ϖ-46 
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ϢϾ ϴ ϼϹ ϼϿ ϺϹ ϼ  ϕ 
 

ϦϴϵϿϼ ϴ ϕ.1  Ϥϴ ё  ϵϹ Ͻ ϼ ϴϿ Ͻ Ͼϴ Ϲ  

϶ϹϿϼ ϼ ϴ 
Ϲ Ϲ ϼϹ 

϶  1 2 3 4 5 6 7 8 9 10 ϶  
ri 9,22 8,75 8,29 7,82 7,36 6,89 6,43 5,96 5,50 5,03 4,57 4,11 
ai 5,11 4,65 4,18 3,72 3,25 2,79 2,32 1,86 1,39 0,93 0,46 0,00 
bi 4,27 4,05 3,83 3,61 3,39 3,17 2,95 2,73 2,51 2,29 2,07 1,86 

rk 4,75 4,69 4,63 4,58 4,52 4,46 4,40 4,34 4,28 4,22 4,16 4,11 
rk/ra 1,16 1,14 1,13 1,11 1,10 1,09 1,07 1,06 1,04 1,03 1,01 1,00 

ln(rk/ra) 0,15 0,13 0,12 0,11 0,10 0,08 0,07 0,06 0,04 0,03 0,01 0,00 
ri/ra 2,25 2,13 2,02 1,91 1,79 1,68 1,57 1,45 1,34 1,23 1,11 1,00 

ln(ri/ra) 0,81 0,76 0,70 0,64 0,58 0,52 0,45 0,37 0,29 0,20 0,11 0,00 

b*ln(ri/ra) 3,46 3,07 2,69 2,33 1,98 1,64 1,32 1,02 0,74 0,47 0,22 0,00 
rk ctgy 17,74 17,52 17,30 17,08 16,86 16,64 16,42 16,20 15,98 15,76 15,54 15,32 

rk*ctgy*ln(rk/ra) 2,60 2,35 2,10 1,86 1,61 1,37 1,14 0,90 0,67 0,45 0,22 0,00 
mi 2,42 2,20 1,98 1,76 1,54 1,32 1,10 0,88 0,66 0,44 0,22 0,00 

Ji 3,52 3,17 2,82 2,48 2,16 1,84 1,54 1,25 0,97 0,71 0,47 0,25 
i 225,00 202,24 180,07 158,52 137,65 117,50 98,14 79,63 62,07 45,53 30,14 16,04 
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ϦϴϵϿϼ ϴ ϖ.1 – ϧ ϴ϶Ͼϼ ϻϴ ϼ  

ϛϴ ϼ  ϧ ϴ϶Ͼϼ 

ϡϴϼ Ϲ ϶ϴ ϼϹ Ϣϵ ϻ ϴ Ϲ ϼϹ ϡϴϼ Ϲ ϶ϴ ϼϹ 
Ϣ ϼ ϹϿ Ϲ 

Ϲϸϼ ϼ  
Ϝ Ϲ ϶ϴ Ϲ 

Ϲϸϼ ϼ  

Ϙϼ . ϛϴ ϼ ϴ 
ϸ Ͽ ϴ  ∆  

Ϧ Ͼ 
ϴϵϴ ϶ϴ ϼ , .  , ∙  0,44 ϔ 

Ϟ ϼ ϼϹ  
ϺϹ ϼ ,  ,  - 

ϧ ϴ϶Ͼϴ ϴ . 
ϺϹ ϼ , I  

, ∙  1,47 ϔ 

Ϧ ϻ Ͻ Ͼ, ϖ , ∙  4,41 ϔ 

ϛϛϗ 
 

𝑡  U  - 5 ϖ 𝑡  U  - 15 ϖ 

 
Ϟ ϼ ϼϹ  

ϺϹ ϼ ,K  
1,2 - 

ϛϣϡ > 
2 Ϲ   U  , ∙  140 ϖ 
1 Ϲ   U  , ∙  120 ϖ 

ϛϴ ϼ ϴ ϵ ϴ Ͻ 
ϿϹϸ ϶ϴ ϹϿ ϼ 

 Ϲ ϼ Ϲ ϼ  
Ͼ.ϻ. ϼ Ϲ ϹϷ ϻ Ͼ 

 

ϥϢ I  , ∙  0,21 ϔ 
ϣϢ I  , ∙  0,50 ϔ 

ϢϦϥ I I . . , ∙  0,68 ϔ 

ϛϴ ϼ ϴ  
ϼ Ϲ ϼ  Ͼ.ϻ. 

ϼ Ϲ ϹϷ ϻ Ͼ 
 

ϥϢ I  , ∙  3,15 ϔ 
ϣϢ I  , ∙  3,23 ϔ 

ϢϦϥ I  , ∙  4,50 ϔ 

Ϙϛ < 

1 
Ϲ  Z  0,09 0,19 Ϣ  

2 
Ϲ  Z  0,34 0,74 Ϣ  

ϛϴ ϼ ϴ ϴ  
Ϲ ϹϷ ϻϾϼ 

 
ϥϢ I  . , ∙ .  3,15 ϔ 
ϣϢ I  . , ∙ .  3,23 ϔ 

Ϣ Ϲ Ͼϴ I  . , ∙ .  6,60 ϔ 
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ϢϾ ϴ ϼϹ ϼϿ ϺϹ ϼ  ϖ 
 
ϦϴϵϿϼ ϴ ϖ.2 – Ϡϴ ϼ ϴ ϾϿ Ϲ ϼϽ 
 
 
 

ϘϹϽ ϶ϼϹ ϻϴ ϼ  
 
 
 Ϣ

ϾϿ
Ϲ

ϼϹ
 ϖ

/ϗ
 

ϗϴ
Ϲ

ϼϹ
 

ϿϹ
Ͻ 

Ϣ
ϴ

϶ 
ϵϼ

 ϼ
 

ϵ
 ϔ

Ϥϛ
 

ϣ
Ͼ 

ϣ
Ϛ

Ϧ 
ϗϗ

 

Ϣ
ϾϿ

Ϲ
ϼϹ

 ϖ
-2

20
 

ϼ 
ϖ-

Ϧϥ
ϡ

 

ϣ
Ϲϸ

Ϲϸ
ϼ

ϹϿ
Ͻ 

ϼϷ
ϴϿ

 

Ϣ
ϾϿ

Ϲ
ϼϹ

 
ϹϾ

 
϶

ϾϿ
 

ϡϴϼ Ϲ ϶ϴ ϼϹ Ϣϵ ϻ ϴ Ϲ ϼϹ 
Ϙϼ . ϛϴ ϼ ϴ 
ϸ Ͽ ϴ  I∆G + + + +    

ϛϛϗ 
U  

t       +  t  + + +     U  t + + +     

ϛϣϡ U > 

1 
Ϲ  t  + +      

2 
Ϲ  t  + +      

ϛϴ ϼ ϴ ϵ ϴ Ͻ 
ϿϹϸ ϶ϴ ϹϿ ϼ 

 Ϲ ϼ Ϲ ϼ  
Ͼ.ϻ. ϼ Ϲ ϹϷ ϻ Ͼ 

I  

ϥϢ      +  
ϜϢ + +      

ϢϦϥ I 
t        + t      +   t  + +      

ϛϴ ϼ ϴ  
ϼ Ϲ ϼ  Ͼ.ϻ. 

ϼ Ϲ ϹϷ ϻ Ͼ 
I  

ϥϢ        
ϜϢ + +      

ϢϦϥ 
t        + t      +   t  + +      

Ϙϛ Z < 

1 
Ϲ  

t      +   t  + + +     

2 
Ϲ  

t        + t      +   t  + +      

ϛϴ ϼ ϴ ϴ  
Ϲ ϹϷ ϻϾϼ 

I  
ϥϢ      +  
ϜϢ + +      

Ϣ Ϲ Ͼϴ + +      
 



Генеральный план. Вид с верхнего
бьефа. Экспликация объектов

Генеральный план
Масштаб 1:2000

Вид с верхнего бьефа
Масштаб 1:2000

Проектирование Витимской
ГЭС на реке Витим

ВКР-13.03.02-1627231-ГП

Затеев
Михайлов

Саяно-Шушенский филиал Сибирского
федерального университетаИзм. Кол.уч. Лист

Т.контр.

Разраб.

Утв.

№ док.Подпись Дата

Н.контр.

Провер.
Листов

Кафедра ГГЭЭС

Стадия Лист

3
0
0

2
8
0

2
6
0

2
4
0

2
6
0

У
Н

Бм
ах

 2
42

,2
3

НПУ 
28

0,0
0

1  Левобережная грунтовая плотина
2  Сопрягающий устой

4  Водосливная бетонная плотина
5  Здание ГЭС
6  Монтажная площадка
7 Правобережная глухая бетонная плотина

10  ОРУ 220 кВ
9  Служебно - технологический комплекс

Экспликация объектов

8  Автодорога

       5

280

270

260

250

240

230

220

210

290

Контур
цемзавесы

Контур
дренажа

под 230,00 дно 233,00

2
8
0

962,00

486,00 174,00 14,00 106,00 180,00

ФПУ-281,57
УМО-267,22

НПУ-280,00
274,50

258,82

ГБ
283,30

200

190

180

235,00

       1

       2

3  Донный водосброс

       3       4

       6

       8

       9

       10

       7

р.
 В

ит
им

грунт гранит

Размеры и отметки на
чертежи даны в м.

Ведомость чертежей

НаименованиеОбозначение№
п.п.

Генеральный план. Вид с верхнего1 ВКР-13.03.02-1627231-ГП

2 ВКР-13.03.02-1627231-ГР1

Поперечный разрез и план

водосливной плотины

3

бьефа. Экспликация объектов

Поперечный разрез здания ГЭС.

Основные характеристики

гидроагрегатов

ВКР-13.03.02-1627231-ГР2

Нагрузки, действующие при

основном сочетании нагрузок и

воздействий

ВКР-13.03.02-1627231-ГР3

4

5 Главная схема электрических

присоединений

ВКР-13.03.02-1627231-ЭС1

Схема подключения электрических

защит к ТТ и ТН

ВКР-13.03.02-1627231-ЭС26

1 6

7 Пояснительная запискаВКР-13.03.02-1627231-ПЗ



КК г/п 100т

КК г/п 80 т

Ось гидроподъемников
Помещение гидроподъемников

Ось а\м дороги
283,30 ГП

Помещение аэрационных труб

Аэрационные трубы

263,22

Цеменетационная завеса Дренажная скважина

Трансформатор

267,22 УМО

280,00 НПУ

УНБ(Qрасч) 236,95

УНБ(Qсп) 234,51

281,57 ФПУ

Ось агрегата

256,49

Аварийно-ремонтный завтор

Котел МНУ

258,82

265,22

233,00 Дно

Мокрая потерна

233,00 Дно

241,86

234,59

219,88

224,23

240,42

244,77

227,67

221,19

228,52

227,33

224,33

Тип гидротурбины

Генератор

Максимальный напор

Расчетный напор

Минимальный напор
Высота

отсасывания, м
Частота

вращения, об/мин

Основные характеристики
гидроагрегатов

ПЛ 50-В-530

СВ-845-140-44Т

44,8

36,3

22,5

-5,77

136,4

Поперечный разрез здания ГЭС
Масштаб 1:200

Мостовой кран г/п 300 т

Деформационный шов

УНБ(Q1%) 242,23

Поперечный разрез здания ГЭС.
Основные характеристики

гидроагрегатов

Проектирование Витимской
ГЭС на реке Витим

ВКР-13.03.02-1627231-ГР1

Масленникова

Михайлов

Саяно-Шушенский филиал Сибирского
федерального университетаИзм. Кол.уч. Лист

Т.контр.

Разраб.

Утв.

№ док.Подпись Дата

Н.контр.

Провер.
Листов

Кафедра ГГЭЭС
2020 г

Стадия Лист

Ø5,3

1. Ведомость состава проекта смотреть на ВКР-13.03.02-162723-ГП
2. Размеры и отметки на чертежи даны в м.

230,96

234,54

грунт гранит

228,59

2



Поперечный разрез и план водосливной плотины
Масштаб 1:500

Проектирование Витимской
ГЭС на реке Витим

Поперечный разрез и план
водосливной плотины

под 230,00

НПУ 280,00

УМО 267,22

Ось дренажа

Ось цемзавесы

Смотровые галереи 2x 3 м

Дренажная галерея 3 x 4 м

НБmin(Qсп) 234,51

УНБ(Qрасч) 236,95
УНБ(Q1%) 242,23

239,61

274,50

283,30

250,02

266,02

219,25

207,50

Ось сооружения

Цементационная
галереят 3x4 м

ФПУ 281,57

дно 233,00

Ось дороги

дно 233,00

262,14

270,85

276,33

Саяно-Шушенский филиал Сибирского
федерального университетаИзм. Кол.уч. Лист

Т.контр.

Разраб.

Утв.

№ док.Подпись Дата

Н.контр.

Провер.
Листов

Кафедра ГГЭЭС

Стадия Лист
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2. Размеры и отметки на чертежи даны в м.
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УНБ(Qрасч) 236,95
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ГЭС на реке Витим

 Кафедра ГГЭЭС

Нагрузки, действующие при основном сочетании нагрузок и воздействий

под 230,00

УМО 267,22 Середина расчетного сечения
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266,02

250,02

283,30

274,50

НПУ 280,00

НБmin(Qсп) 234,51
Eн

Нагрузки, действующие при
основном сочетании нагрузок и
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ЛистовСтадия Лист
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Главная схема электрических
присоединений

Проектирование Витимской
ГЭС на реке Витим
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Листов
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Стадия Лист

Утв.

Провер.
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Разраб. Проектирование Витимской ГЭС
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университета
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2020 г
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Наименование Обозначение

Диф. защита
продольная IΔG + + + +

ЗЗГ
U0

t1 +

t2 + + +

U0 t + + +

ЗПН U>
1 ступеньt1 + +

2 ступеньt2 + +

Действие

Защиты

Защита обратной
последовательности от
несимметричных к.з. и

перегрузок
I2

СО +

ИО + +

ОТС I

t1 + +

t2

t3 + +

Защита от
симметричных к.з. и

перегрузок
I1

СО +

ИО + +

ОТС
t1 +

t2 +

t3 + +

ДЗ Z<

1
ступень

t1 +

t2 + + +

2
ступень

t1 +

t2 +

t3 + +

Защита ротора от
перегрузки Iр

СО +

ИО + +

Отсечка + +

Защиты Уставки

Наименование обозначение наименован
ие

Отн-ые
единицы

Имен-ые
единицы

Диф. защита
продольная IΔG

ток
срабат-ия,

IСР.О

0.15·IН 0.44 А

коэф-т
торможения,

КТ

0.3 -

уставка
начального

торможения,
IНТ

0.5·IН 1.47 А

тормозной
ток, В 1.5·IН 4.41 А

ЗЗГ
U0

t1 U01G - 5 В
t2 U0G - 15 В

U03

коэф-т
торм-ия, КТ

1.2 -

ЗПН U>
2 ст. UСР2 1.4·UН 140 В
1 ст. UСР1 1.2·UН 120 В

Защита
обратной

последователь
ности от

несимметричн
ых к.з. и

перегрузок

I2

СО I2СИГН 0.07·IН 0.21 А

ПО I2ПУСК 0.17·IН 0.50 А

ОТС I I2С.З. 0.23·IН 0.68 А

Защита от
симметричны

х к.з. и
перегрузок

I1

СО IСИГН 1.07·IН 3.15 А
ПО I1ПУСК 1.1·IН 3.23 А

ОТС I1ОТС 1.53·IН 4.50 А

ДЗ Z<
1 ст. ZI 0.09 0.19 Ом

2 ст. ZII 0.34 0.74 Ом

Защита ротора
от перегрузки IР

СО IР СИГН. 1.07·IНОМ.Р. 3.15 А

ПО IР ПУСК. 1.1·IНОМ.Р. 3.23 А
Отсеч

ка IР ПУСК.
2.245·I
НОМ.Р.

6.60 А

ШЭ1 (Система Б)

IГ IΔG

UГ.Y Z1<, Z2<, U1>,
U2>, КИН

UГ.Δ КИН, Un(U0)

IN.Г.В.Г Iр

IНГ IΔG, I2, I1, Z1<,
Z2<

UГ.N Un(U0)

ШЭ1 (Система А)

IΔG IГ

Z1<, Z2<, U1>,
U2>, КИН

UГ.Y

КИН, Un(U0) UГ.Δ

Iр IN.Г.В.Г

IΔG, I2, I1, Z1<,
Z2<

IНГ

Un(U0) UГ.N -

Г1
Гидрогенератор СВ-845/140-44Т; 50,4 МВт;
11 кВ; сosф=0,9; IН= 2945 А

Uнг

11 /0,1 /0,1

√3  √3    3

ТТ-1
3000/5

Iнг

Г1

ТВ
ВГ

Схема подключения электрических
защит к ТТ и ТН.

ТТн-1

ТН-1 Г1

Iг

UгY
UгΔ

ТТ-5
ТТ-6

1000/5

ТТ-2

ТТн-2
Uнг

Iнг

UгΔ

UгY

ТН-2 Г1

ТТ-4
3000/5

ТТ-3Iг

ВГ1

Т-1

В 220 Т1

ШР-1 220 Т-1 ШР-2 220 Т-1

СШ1
СШ2

МШВ

1. Ведомость состава проекта смотреть на ВКР-13.03.02-162723-ГП



П   ЭС                С яя : Э = 9,2 . Вт ∙ ч  
                                                              У я щ : N = 260 М  
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