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ɋɈɄɊȺЩЁɇɇɕɃ ɉȺɋɉɈɊɌ ȺɅɌȺɃɋɄɈɃ Ƚɗɋ 
 

1. ɇɚɢɦɟɧɨɜɚɧɢɟ ɪɟɤɢ ............................................................................. Ʉɚɬɭɧɶ; 
2. Ɇɟɫɬɨɧɚɯɨɠɞɟɧɢɟ Ƚɗɋ .................................................... Ɋɟɫɩɭɛɥɢɤɚ Ⱥɥɬɚɣ; 
3. Ɍɢɩ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɭɫɬɚɧɨɜɤɢ ................................................................Ƚɗɋ; 
4. ɏɚɪɚɤɬɟɪɧɵɟ ɪɚɫɯɨɞɵ ɜɨɞɵ: 

ɚ) ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɢɣ .................................................................................. 575 ɦ³/ɫ; 
ɛ) ɜɫɟɯ ɬɭɪɛɢɧ ............................................................................................... 873 ɦ³/ɫ; 
ɜ) ɦɚɤɫɢɦɚɥɶɧɵɣ ɫ ɨɛɟɫɩɟɱɟɧɧɨɫɬɶɸ: 0,5% ............................................ 3548 ɦ3/ɫ; 
 0,1% ............................................ 4150 ɦ3/ɫ; 
 0,01% ....................................... 4981,6 ɦ3/ɫ; 
ɝ) ɦɢɧɢɦɚɥɶɧɵɣ ............................................................................................ 132 ɦ³/ɫ; 

5. ɉɚɪɚɦɟɬɪɵ ɜɨɞɨɯɪɚɧɢɥɢɳɚ: 
ɚ) ɯɚɪɚɤɬɟɪ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɬɨɤɚ ................................................................. ɝɨɞɨɜɨɣ; 
ɛ) ɨɬɦɟɬɤɚ: ɇɉɍ ............................................................................................... 516 ɦ; 
 Ɏɉɍ ............................................................................................... 518 ɦ; 
 ɍɆɈ .......................................................................................... 493,88 ɦ 
ɜ) ɨɛɴɟɦɵ: 
 ɩɨɥɧɵɣ .................................................................................................... 10,89 ɤɦ3; 
 ɩɨɥɟɡɧɵɣ ...................................................................................................6,57 ɤɦ3; 

6. ɇɚɩɨɪɵ Ƚɗɋ:  
ɚ) ɦɚɤɫɢɦɚɥɶɧɵɣ ............................................................................................. 49,5 ɦ; 
ɛ) ɪɚɫɱɟɬɧɵɣ ..................................................................................................... 39,9ɦ; 
ɜ) ɦɢɧɢɦɚɥɶɧɵɣ ................................................................................................. 26 ɦ; 

7. ɗɧɟɪɝɟɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: 
ɚ) ɦɨɳɧɨɫɬɶ: 
 ɭɫɬɚɧɨɜɥɟɧɧɚɹ ......................................................................................... 298 Ɇȼɬ; 
 ɪɚɛɨɱɚɹ .................................................................................................... 283 Ɇȼɬ; 
ɛ) ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɹɹ ɜɵɪɚɛɨɬɤɚ ɷɧɟɪɝɢɢ .................................... 1671 ɦɥɧ. ɤȼɬ·ɱ; 

8. Ɋɚɡɦɟɪɵ ɩɥɨɬɢɧɵ (ɨɛɳɚɹ ɞɥɢɧɚ / ɦɚɤɫɢɦɚɥɶɧɚɹ ɜɵɫɨɬɚ): 
ɚ) ɥɟɜɨɛɟɪɟɠɧɚɹ ɛɟɬɨɧɧɚɹ ..................................................................... 150 ɦ / 56 ɦ; 
ɛ) ɩɪɚɜɨɛɟɪɟɠɧɚɹ ɛɟɬɨɧɧɚɹ................................................................... 180 ɦ / 56 ɦ; 
ɜ) ɰɟɧɬɪɚɥɶɧɚɹ ɛɟɬɨɧɧɚɹ ......................................................................... 19 ɦ / 56 ɦ; 
ɝ) ɜɨɞɨɫɥɢɜɧɚɹ ....................................................................................... 209 ɦ / 56 ɦ; 
ɞ) ɫɬɚɧɰɢɨɧɧɚɹ ....................................................................................... 100 ɦ / 56 ɦ; 

9. ȼɨɞɨɫɛɪɨɫɧɵɟ ɫɨɨɪɭɠɟɧɢɹ 
9.1. ɉɨɜɟɪɯɧɨɫɬɧɵɣ ɜɨɞɨɫɥɢɜ: 

ɚ) ɱɢɫɥɨ ɢ ɪɚɡɦɟɪ ɩɪɨɥɟɬɨɜ ...................................................... 11 ɨɬɜɟɪɫɬɢɣ 16×10; 
ɛ) ɨɛɳɚɹ ɞɥɢɧɚ ................................................................................................. 206 ɦ; 
ɜ) ɦɚɤɫɢɦɚɥɶɧɚɹ ɜɵɫɨɬɚ ..................................................................................... 56 ɦ; 

9.2. Ƚɥɭɛɢɧɧɵɟ ɜɨɞɨɜɵɩɭɫɤɢ: 
ɚ) ɱɢɫɥɨ ɢ ɮɨɪɦɚ ɫɟɱɟɧɢɹ ........................................................... 2 ɢ ɩɪɹɦɨɭɝɨɥɶɧɚɹ; 
ɛ) ɪɚɡɦɟɪ ɫɟɱɟɧɢɹ ................................................................................................ 3ɯ2; 

10.  Ɂɞɚɧɢɟ Ƚɗɋ: 
ɚ) ɬɢɩ ɡɞɚɧɢɹ ...................................................................................... ɩɪɢɩɥɨɬɢɧɧɨɟ; 
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ɛ) ɱɢɫɥɨ ɚɝɪɟɝɚɬɨɜ ................................................................................................... 3; 
ɛ) ɝɪɭɧɬɵ ɜ ɨɫɧɨɜɚɧɢɢ.................................................................................... ɝɪɚɧɢɬ; 
ɜ) ɬɢɩ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ ............................ ɛɟɬɨɧɧɚɹ ɬɪɚɩɟɰɟɢɞɚɥɶɧɨɝɨ ɫɟɱɟɧɢɹ; 
ɝ) ɬɢɩ ɨɬɫɚɫɵɜɚɸɳɟɣ ɬɪɭɛɵ .....................................................................ɢɡɨɝɧɭɬɚɹ; 
ɞ) ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɨɫɹɦɢ ɚɝɪɟɝɚɬɨɜ ............................................................... 25 ɦ; 

11. Ɉɫɧɨɜɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ: 
ɚ) ɬɢɩ ɬɭɪɛɢɧɵ ....................................................................................... ɉɅ50-ȼ-630; 
ɛ) ɬɢɩ ɝɟɧɟɪɚɬɨɪɚ ...................................................................... ɋȼ-1130/140-48Ɍɋ4; 
ɜ) ɦɨɳɧɨɫɬɶ ɝɟɧɟɪɚɬɨɪɚ ............................................................................. 100 Ɇȼɬ; 
ɝ) ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ............................................................................... 125 ɨɛ/ɦɢɧ; 
ɞ) ɬɢɩ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ...........................................................ɌȾɐ-125000/220 ɍ1; 

12. Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ: 
ɚ) ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ .......................................................................................... 9 ɥɟɬ; 
ɛ) ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɷɧɟɪɝɢɢ ................................................................. 0,54 ɪɭɛ/ɤȼɬ·ɱ; 
ɜ) ɇɉȼ ........................................................................................... 5607,03 ɦɥɧ. ɪɭɛ.; 
ɝ) ɂɧɞɟɤɫ ɩɪɢɛɵɥɶɧɨɫɬɢ PI.................................................................................. 1,9. 
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ȼȼȿȾȿɇɂȿ 
 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜɨ ɦɧɨɝɢɯ ɪɟɝɢɨɧɚɯ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ 
ɧɚɛɥɸɞɚɟɬɫɹ ɞɟɮɢɰɢɬ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ, ɜɵɡɜɚɧɧɵɣ ɪɚɡɜɢɬɢɟɦ 
ɷɤɨɧɨɦɢɤɢ. Ⱦɥɹ ɪɟɲɟɧɢɹ ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɵ ɧɟɨɛɯɨɞɢɦɨ ɫɬɪɨɢɬɟɥɶɫɬɜɨ 
ɝɟɧɟɪɢɪɭɸɳɢɯ ɩɪɟɞɩɪɢɹɬɢɣ.  

ɋɨɤɪɚɳɟɧɢɟ ɡɚɩɚɫɨɜ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɬɨɩɥɢɜɚ, ɢ ɫɬɪɟɦɢɬɟɥɶɧɨ 
ɜɨɡɪɚɫɬɚɸɳɢɟ ɩɪɨɛɥɟɦɵ ɷɤɨɥɨɝɢɢ ɨɩɪɟɞɟɥɹɸɬ ɜɫё ɛɨɥɶɲɢɣ ɢɧɬɟɪɟɫ ɜɨ ɜɫёɦ 
ɦɢɪɟ ɤ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɩɪɢɪɨɞɧɵɯ ɜɨɡɨɛɧɨɜɥɹɟɦɵɯ ɷɧɟɪɝɨɪɟɫɭɪɫɨɜ. ɋɪɟɞɢ ɧɢɯ 
ɜɟɫɶɦɚ ɫɭɳɟɫɬɜɟɧɧɨɟ ɦɟɫɬɨ ɩɨ ɡɚɩɚɫɚɦ ɢ ɦɚɫɲɬɚɛɚɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɡɚɧɢɦɚɟɬ 
ɷɧɟɪɝɢɹ ɩɨɬɨɤɨɜ ɜɨɞɵ. ɋɬɚɛɢɥɶɧɨɫɬɶ ɩɨɬɨɤɚ ɜɨɞɵ ɢ ɲɢɪɨɤɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɩɨ 
ɪɟɝɭɥɢɪɨɜɚɧɢɸ ɟɝɨ ɷɧɟɪɝɢɢ ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɛɨɥɟɟ ɩɪɨɫɬɵɟ ɢ ɞɟɲёɜɵɟ 
ɫɢɫɬɟɦɵ ɝɟɧɟɪɢɪɨɜɚɧɢɹ ɢ ɫɬɚɛɢɥɢɡɚɰɢɢ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɢɡɜɨɞɢɦɨɣ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ.  

ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɤȼɬ·ɱ ɧɚ Ƚɗɋ ɧɚ ɩɨɪɹɞɨɤ 
ɧɢɠɟ, ɱɟɦ ɧɚ ɬɟɩɥɨɜɵɯ ɢ ɚɬɨɦɧɵɯ ɫɬɚɧɰɢɹɯ. ɂɫɬɨɱɧɢɤ ɷɧɟɪɝɢɢ – ɬɟɤɭɳɚɹ ɜɨɞɚ, 
ɩɨɫɬɨɹɧɧɨ ɜɨɡɨɛɧɨɜɥɹɟɦɚɹ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɧɟɮɬɢ, ɝɚɡɚ, ɬɜɟɪɞɨɝɨ ɬɨɩɥɢɜɚ ɢ 
ɹɞɟɪɧɨɝɨ ɝɨɪɸɱɟɝɨ. ȼ ɭɫɥɨɜɢɹɯ ɦɟɞɥɟɧɧɨɝɨ ɩɪɨɝɪɟɫɫɚ ɜ ɫɨɡɞɚɧɢɢ 
ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɞɨɥɹ ɝɢɞɪɨɷɧɟɪɝɟɬɢɤɢ ɜ 
ɷɧɟɪɝɟɬɢɱɟɫɤɨɦ ɛɚɥɚɧɫɟ ɫɬɪɚɧɵ ɫɨ ɜɪɟɦɟɧɟɦ ɛɭɞɟɬ ɬɨɥɶɤɨ ɜɨɡɪɚɫɬɚɬɶ, ɚ ɭɪɨɜɟɧɶ 
ɪɚɡɜɢɬɢɹ ɷɧɟɪɝɟɬɢɤɢ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɨɬɪɚɠɚɟɬ ɞɨɫɬɢɝɧɭɬɵɣ ɬɟɯɧɢɤɨ-
ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ ɫɬɪɚɧɵ. ɉɨɷɬɨɦɭ, ɫɬɪɭɤɬɭɪɧɵɦ ɥɢɞɟɪɨɦ ɜ ɪɚɡɜɢɬɢɢ 
ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɢ ɧɚ ɛɥɢɠɚɣɲɢɟ ɞɟɫɹɬɢɥɟɬɢɹ ɞɨɥɠɧɚ ɫɬɚɬɶ ɝɢɞɪɨɷɧɟɪɝɟɬɢɤɚ, 
ɤɚɤ ɧɚɢɛɨɥɟɟ ɪɚɡɜɢɬɚɹ, ɷɤɨɥɨɝɢɱɟɫɤɢ ɛɟɡɨɩɚɫɧɚɹ ɢ ɩɪɢɜɥɟɤɚɬɟɥɶɧɚɹ ɞɥɹ 
ɢɧɜɟɫɬɢɰɢɣ ɨɬɪɚɫɥɶ ɧɚɪɨɞɧɨɝɨ ɯɨɡɹɣɫɬɜɚ.  

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ Ɋɟɫɩɭɛɥɢɤɟ Ⱥɥɬɚɣ 
ɧɚɛɥɸɞɚɟɬɫɹ ɞɟɮɢɰɢɬ ɝɟɧɟɪɢɪɭɸɳɢɯ ɦɨɳɧɨɫɬɟɣ. Ⱦɚɧɧɚɹ ɩɪɨɛɥɟɦɚ ɜɵɡɜɚɧɚ 
ɪɚɡɜɢɬɢɟɦ ɜɟɞɭɳɢɯ ɫɟɤɬɨɪɨɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɬɚɤɢɯ ɤɚɤ ɚɝɪɨɩɪɨɦɵɲɥɟɧɧɵɣ 
ɤɨɦɩɥɟɤɫ, ɥɟɝɤɚɹ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ ɢ ɬɪɚɧɫɩɨɪɬɧɵɣ ɤɨɦɩɥɟɤɫ.  

ȼɨɡɜɟɞɟɧɢɟ Ⱥɥɬɚɣɫɤɨɣ Ƚɗɋ (ȺȽɗɋ) ɛɭɞɟɬ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɪɟɲɟɧɢɸ 
ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɵ, ɚ ɬɚɤɠɟ ɛɭɞɟɬ ɹɜɥɹɬɶɫɹ ɫɬɪɚɬɟɝɢɟɣ ɫɨɰɢɚɥɶɧɨ-
ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɪɚɡɜɢɬɢɹ Ɋɟɫɩɭɛɥɢɤɢ Ⱥɥɬɚɣ. Ɍɚɤ, ɜ ɧɟɞɚɥёɤɨɦ ɛɭɞɭɳɟɦ ɡɞɟɫɶ 
ɩɥɚɧɢɪɭɟɬɫɹ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɬɟɯɧɢɱɟɫɤɨɝɨ ɬɟɤɫɬɢɥɹ, ɚ ɬɚɤɠɟ ɧɨɜɵɯ 
ɩɪɨɢɡɜɨɞɫɬɜ ɩɨ ɩɟɪɟɪɚɛɨɬɤɟ ɨɬɯɨɞɨɜ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ Ⱥɥɬɚɣɫɤɚɹ Ƚɗɋ ɦɨɠɟɬ 
ɩɨɫɥɭɠɢɬɶ ɞɥɹ ɧɢɯ ɢɫɬɨɱɧɢɤɨɦ ɷɧɟɪɝɢɢ, ɱɬɨ ɟɳё ɜ ɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ ɩɪɢɜɟɞёɬ ɤ 
ɩɪɨɰɜɟɬɚɧɢɸ ɷɤɨɧɨɦɢɤɢ ɢ ɪɟɝɢɨɧɚ ɜ ɰɟɥɨɦ. 

ɐɟɥɶɸ ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɡɧɚɤɨɦɫɬɜɨ ɢ ɨɫɜɨɟɧɢɟ ɨɫɧɨɜɧɵɯ 
ɷɬɚɩɨɜ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɬɟɨɪɟɬɢɱɟɫɤɢɯ 
ɡɧɚɧɢɣ, ɚ ɬɚɤɠɟ ɩɭɬёɦ ɢɧɠɟɧɟɪɧɨɝɨ ɩɨɞɯɨɞɚ ɤ ɪɟɲɟɧɢɸ ɡɚɞɚɱ, ɫ 
ɫɨɩɨɫɬɚɜɥɟɧɢɟɦ ɜɚɪɢɚɧɬɨɜ ɞɥɹ ɜɵɛɨɪɚ ɧɚɢɥɭɱɲɢɯ ɬɟɯɧɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ. 
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1 Ⱥɧɚɥɢɡ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɢ ɨɩɪɟɞɟɥɟɧɢɟ ɜɧɟɲɧɢɯ ɭɫɥɨɜɢɣ 
ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ Ƚɗɋ 
 

1.1 Ʉɥɢɦɚɬ ɜ ɪɚɣɨɧɟ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ 
 

Ʉɥɢɦɚɬ ɜ ɪɚɣɨɧɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ Ⱥɥɬɚɣɫɤɨɝɨ ɝɢɞɪɨɭɡɥɚ ɭɦɟɪɟɧɧɨ-
ɤɨɧɬɢɧɟɧɬɚɥɶɧɵɣ ɤɥɢɦɚɬ ɫ ɯɨɥɨɞɧɨɣ ɡɢɦɨɣ ɢ ɬɟɩɥɵɦ ɥɟɬɨɦ.  

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ: 
 Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɫɪɟɞɧɟɝɨɞɨɜɚɹ +3,5°ɋ; 
 ɋɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɫɚɦɨɝɨ ɬɟɩɥɨɝɨ ɦɟɫɹɰɚ – ɢɸɥɹ +23,5°ɋ; 
 Ⱥɛɫɨɥɸɬɧɵɣ ɦɚɤɫɢɦɭɦ ɬɟɦɩɟɪɚɬɭɪɵ +38°ɋ; 
 ɋɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɫɚɦɨɝɨ ɯɨɥɨɞɧɨɝɨ ɦɟɫɹɰɚ – ɹɧɜɚɪɹ -20°ɋ; 
 Ⱥɛɫɨɥɸɬɧɵɣ ɦɢɧɢɦɭɦ ɬɟɦɩɟɪɚɬɭɪɵ -43°ɋ.  

 
1.2 Ƚɢɞɪɨɥɨɝɢɱɟɫɤɢɟ ɞɚɧɧɵɟ 

 
Ʉɚɬɭɧɶ ɛɟɪёɬ ɧɚɱɚɥɨ ɧɚ ɥɟɞɧɢɤɟ Ƚɟɛɥɟɪɚ Ʉɚɬɭɧɫɤɨɝɨ ɯɪɟɛɬɚ, ɧɚ ɸɠɧɨɦ 

ɫɤɥɨɧɟ ɝ. Ȼɟɥɭɯɢ. ɉɪɢ ɫɥɢɹɧɢɢ ɫ ɪ. Ȼɢɟɣ ɨɛɪɚɡɭɟɬ Ɉɛɶ. ɉɪɨɬɹɠɟɧɧɨɫɬɶ ɪɟɤɢ 665 
ɤɦ. ɉɥɨɳɚɞɶ ɜɨɞɨɫɛɨɪɧɨɝɨ ɛɚɫɫɟɣɧɚ 60,9 ɬɵɫ. ɤɦ². ɋɤɨɪɨɫɬɶ ɬɟɱɟɧɢɹ ɪɟɤɢ 
ɫɨɫɬɚɜɥɹɟɬ ɜ ɫɪɟɞɧɟɦ 1,1 - 1,5 ɦ/ɫɟɤ. ɉɢɬɚɧɢɟ ɪɟɤɢ ɫɦɟɲɚɧɧɨɟ, ɫ ɛɨɥɶɲɨɣ ɞɨɥɟɣ 
ɥɟɞɧɢɤɨɜɨɝɨ ɩɢɬɚɧɢɹ. 

Ʉɚɬɭɧɶ ɨɬɥɢɱɚɟɬɫɹ ɩɨɜɵɲɟɧɧɵɦ ɫɬɨɤɨɦ ɧɚɧɨɫɨɜ. Ɇɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ 
ɜɡɜɟɲɟɧɧɵɯ ɢ ɦɚɤɫɢɦɚɥɶɧɚɹ ɦɭɬɧɨɫɬɶ ɧɚɛɥɸɞɚɸɬɫɹ ɩɪɢ ɩɪɨɯɨɠɞɟɧɢɢ ɩɟɪɜɨɣ 
ɜɨɥɧɵ ɩɨɥɨɜɨɞɶɹ (ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 400–900 ɤɝ/ɫ ɢ 250–500 ɝ/ɦ3), 
ɦɚɤɫɢɦɚɥɶɧɚɹ ɦɭɬɧɨɫɬɶ ɦɨɠɟɬ ɩɪɟɜɵɲɚɬɶ 1300 ɝ/ɦ3. ȼ ɦɟɠɟɧɶ ɦɭɬɧɨɫɬɶ 
ɭɛɵɜɚɟɬ ɞɨ 50 ɝ/ɦ3 (ɩɪɢ ɦɢɧɢɦɚɥɶɧɵɯ ɡɧɚɱɟɧɢɹɯ 4-8 ɝ/ɦ3).  

ɉɨɥɨɜɨɞɶɟ ɧɚɱɢɧɚɟɬɫɹ ɜ ɦɚɟ ɢ ɩɪɨɞɨɥɠɚɟɬɫɹ ɞɨ ɚɜɝɭɫɬɚ. 
ɋɪɟɞɧɟɦɧɨɝɨɥɟɬɧɢɣ ɪɚɫɯɨɞ ɜɨɞɵ ɪɚɜɟɧ 575 ɦ3/ɫ. ɉɢɬɚɧɢɟ Ʉɚɬɭɧɢ ɫɦɟɲɚɧɧɨɟ, ɫ 
ɛɨɥɶɲɨɣ ɞɨɥɟɣ ɥɟɞɧɢɤɨɜɨɝɨ ɩɢɬɚɧɢɹ. Ɍɚɹɧɢɟ ɥɟɞɧɢɤɨɜ ɢ ɜɵɫɨɤɨɝɨɪɧɵɯ ɫɧɟɝɨɜ 
ɨɛɭɫɥɨɜɥɢɜɚɟɬ ɜɬɨɪɭɸ ɜɨɥɧɭ ɩɨɥɨɜɨɞɶɹ.  

Ɋɹɞ ɝɢɞɪɨɥɨɝɢɱɟɫɤɢɯ ɧɚɛɥɸɞɟɧɢɣ ɡɚ ɪ. Ʉɚɬɭɧɶ ɡɚ ɩɟɪɢɨɞ ɫ 1932 - 1981 ɝɝ. 
ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɩɪɢɥɨɠɟɧɢɢ Ⱥ, ɬɚɛɥɢɰɚ Ⱥ.1. 

ɋɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɫɬɨɤɚ ɡɚ ɜɟɫɶ ɩɟɪɢɨɞ ɧɚɛɥɸɞɟɧɢɣ ɫɨɫɬɚɜɥɹɟɬ ͷ͹ͷˏଷ/˔. 
Ⱦɚɧɧɵɟ ɦɚɤɫɢɦɚɥɶɧɵɯ ɪɚɫɯɨɞɨɜ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɨɛɟɫɩɟɱɟɧɧɨɫɬɟɣ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.1 ɢ ɪɢɫɭɧɤɟ 1.1. 
 

Ɍɚɛɥɢɰɚ 1.1 – Ɇɚɤɫɢɦɚɥɶɧɵɟ ɪɚɫɱёɬɧɵɟ ɪɚɫɯɨɞɵ ɞɥɹ ɪɚɡɥɢɱɧɵɯ 
ɨɛɟɫɩɟɱɟɧɧɨɫɬɟɣ 

P, % 0,01 0,1 0,5 ܳ,ɦ3/ɫ 4981,6 4150 3548 ∇ʜʐ, ɦ 469,69 469,15 469 

 
Ʉɨɨɪɞɢɧɚɬɵ ɤɪɢɜɨɣ ɫɜɹɡɢ ɨɛɴɟɦɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɢ ɨɬɦɟɬɤɢ ɜɟɪɯɧɟɝɨ 

ɛɶɟɮɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.2 ɢ ɪɢɫɭɧɤɟ 1.2. 

http://water-rf.ru/%D0%93%D0%BB%D0%BE%D1%81%D1%81%D0%B0%D1%80%D0%B8%D0%B9/1016/%D0%9B%D0%B5%D0%B4%D0%BD%D0%B8%D0%BA
http://water-rf.ru/%D0%92%D0%BE%D0%B4%D0%BD%D1%8B%D0%B5_%D0%BE%D0%B1%D1%8A%D0%B5%D0%BA%D1%82%D1%8B/270/%D0%91%D0%B8%D1%8F
http://water-rf.ru/%D0%93%D0%BB%D0%BE%D1%81%D1%81%D0%B0%D1%80%D0%B8%D0%B9/1750/%D0%9C%D1%83%D1%82%D0%BD%D0%BE%D1%81%D1%82%D1%8C
http://water-rf.ru/%D0%93%D0%BB%D0%BE%D1%81%D1%81%D0%B0%D1%80%D0%B8%D0%B9/1758/%D0%A0%D0%B0%D1%81%D1%85%D0%BE%D0%B4_%D0%B2%D0%BE%D0%B4%D1%8B
http://water-rf.ru/%D0%93%D0%BB%D0%BE%D1%81%D1%81%D0%B0%D1%80%D0%B8%D0%B9/1747/%D0%9F%D0%BE%D0%BB%D0%BE%D0%B2%D0%BE%D0%B4%D1%8C%D0%B5
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Ɍɚɛɥɢɰɚ 1.2 – Ʉɨɨɪɞɢɧɚɬɵ ɤɪɢɜɨɣ ɫɜɹɡɢ ɨɛɴɟɦɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɢ ɨɬɦɟɬɤɢ 
ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ 
V, ̱ ˏଷ 0 4 8 12 16 20 24 28 32 36 ܼʑʐ, ˏ 465,79 492,16 508,66 518,27 525,10 530,64 535,23 538,98 541,97 544,01 

 

 
Ɋɢɫɭɧɨɤ 1.2 – Ʉɪɢɜɚɹ ɫɜɹɡɢ ɨɛɴɟɦɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɢ ɨɬɦɟɬɤɢ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ 

 
Ʉɨɨɪɞɢɧɚɬɵ ɤɪɢɜɨɣ ɫɜɹɡɢ ɪɚɫɯɨɞɚ ɢ ɭɪɨɜɧɟɣ ɧɢɠɧɟɝɨ ɛɶɟɮɚ ɞɥɹ ɥɟɬɧɟɝɨ 

ɢ ɡɢɦɧɟɝɨ ɩɟɪɢɨɞɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.3 ɢ ɪɢɫɭɧɤɟ 1.3. 
 

Ɍɚɛɥɢɰɚ 1.3 – ɋɜɨɞɧɚɹ ɬɚɛɥɢɰɚ ɡɚɜɢɫɢɦɨɫɬɢ ܼʜʐ = ݂ሺܳሻɞɥɹ ɥɟɬɚ ɢ ɡɢɦɵ ܼʜʐ,ɦ 466,0 466,5 467,0 467,5 468,0 468,5 469,0 ܳˎ, ɦ3/ɫ 0 220,5 441 1073 1705 2693,5 3682 ܳˊ , ɦ3/ɫ 0 187,5 375 912 1449 2289,5 3130 
 

y = -0,0000002034505208257760000x6 + 0,0000291090745249516000000x5 -
0,0017164963955107500000000x4 + 0,0536335409813233000000000x3 -
0,9678511069552940000000000x2 + 11,1626165307316000000000000x + 

459,9720280672700000000000000
466

476

486

496

506

516

526

536

546

556

0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0

Zɜɛ, (ɦ.)

V(ɦ^3)



12 

 
Ɋɢɫɭɧɨɤ 1.3 – Ʉɪɢɜɵɟ ɫɜɹɡɢ ɪɚɫɯɨɞɨɜ ɢ ɭɪɨɜɧɟɣ ɧɢɠɧɟɝɨ ɛɶɟɮɚ ɞɥɹ ɥɟɬɧɟɝɨ ɢ 

ɡɢɦɧɟɝɨ ɩɟɪɢɨɞɨɜ 
 

1.3 Ɍɨɩɨɝɪɚɮɢɱɟɫɤɢɟ ɞɚɧɧɵɟ 
 

ɋɬɜɨɪ  Ⱥɥɬɚɣɫɤɨɝɨ ɝɢɞɪɨɭɡɥɚ, ɩɨɤɚɡɚɧɧɨɝɨ ɧɚ ɪɢɫɭɧɤɟ 1.4, ɪɚɡɦɟɳёɧ ɜ 6 
ɤɦ ɨɬ ɝɨɪɨɞɚ ɑɟɦɚɥ ɢ ɬɚɤɢɯ ɧɚɫɟɥɟɧɧɵɯ ɩɭɧɤɬɨɜ ɤɚɤ: ɑɭɥɵɦ, ɗɥɟɤɦɨɧɚɪ, Ⱥɧɨɫ, 
ɍɡɧɟɡɹ. Ɋɚɡɦɟɳɟɧɢɟ ɜ ɩɥɚɧɟ ɫɚɦɨɝɨ ɫɬɜɨɪɚ ɨɩɪɟɞɟɥɢɥɨɫɶ ɫɥɟɞɭɸɳɢɦɢ 
ɫɨɨɛɪɚɠɟɧɢɹɦɢ: ɫɬɪɟɦɥɟɧɢɟ ɭɜɟɥɢɱɢɬɶ ɧɚɩɨɪ ɧɚ ɬɭɪɛɢɧɵ ɩɪɢɜɟɥɨ ɤ 
ɪɚɡɦɟɳɟɧɢɸ ɡɞɚɧɢɹ Ƚɗɋ ɜ ɜɵɛɪɚɧɧɨɦ ɫɬɜɨɪɟ, ɱɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɫɨɡɞɚɫɬ 
ɥɭɱɲɢɟ ɭɫɥɨɜɢɹ ɞɥɹ ɪɚɛɨɬɵ ɫɬɚɧɰɢɢ. Ȼɥɚɝɨɩɪɢɹɬɧɨɟ ɜɥɢɹɧɢɟ ɨɤɚɡɚɥɢ 
ɝɟɨɥɨɝɢɱɟɫɤɢɟ ɢ ɬɨɩɨɝɪɚɮɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ, ɬɚɤɠɟ ɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ 
ɫɨɨɛɪɚɠɟɧɢɹ, ɜ ɱɚɫɬɧɨɫɬɢ ɭɞɨɛɧɨɟ ɦɟɫɬɨ ɪɚɫɩɨɥɨɠɟɧɢɹ ɮɟɞɟɪɚɥɶɧɨɣ ɬɪɚɫɫɵ 
ɞɥɹ ɝɢɞɪɨɦɟɯɚɧɢɡɚɰɢɢ ɜ ɜɟɪɯɧɟɦ ɛɶɟɮɟ, ɚ ɬɚɤɠɟ ɫɬɪɟɦɥɟɧɢɟ ɫɨɤɪɚɬɢɬɶ ɞɥɢɧɭ 
ɲɨɫɫɟ ɩɨ ɤɨɬɨɪɨɣ ɛɭɞɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɫɜɹɡɶ ɫɬɪɨɢɬɟɥɶɧɨɣ ɩɥɨɳɚɞɤɢ ɫ 
ɨɛɳɟɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɫɟɬɶɸ ɞɨɪɨɝ. 

 

y = 0.0000000000000000296228459x5 - 0.0000000000003231037257559x4 + 

0.0000000013339275638929400x3 - 0.0000026469676130958000000x2 + 

0.0031630993175895100000000x + 465.9908013367090000000000000

y = 0.0000000000000001034241008x5 - 0.0000000000008843609972139x4 + 

0.0000000028325481803842500x3 - 0.0000043234373805489700000x2 + 

0.0039325278858086700000000x + 465.9995188686150000000000000
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Ɋɢɫɭɧɨɤ 1.4 – Ɍɨɩɨɝɪɚɮɢɱɟɫɤɚɹ ɤɚɪɬɚ ɪɚɣɨɧɚ Ⱥɥɬɚɣɫɤɨɣ Ƚɗɋ 

 
1.4 ɂɧɠɟɧɟɪɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

 
ȼ ɨɫɧɨɜɚɧɢɢ ɫɬɜɨɪɚ ɡɚɥɟɝɚɟɬ ɝɪɚɧɢɬ ɢ ɦɟɬɚɦɨɪɮɢɱɟɫɤɢɟ ɫɥɚɧɰɵ, 

ɨɛɥɚɞɚɸɳɢɟ ɫɥɟɞɭɸɳɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ: 
 ɭɞɟɥɶɧɵɣ ɜɟɫ ɝɪɭɧɬɚ ̂ߛ ˓ =  ͳͺ,Ͳͷ ˍʜ/ˏଷ; 
 ɫɰɟɩɥɟɧɢɟ ɝɪɭɧɬɚ ˔ =  ͳͳͲ ˍʞ˃; 
 ɭɝɨɥ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ɝɪɭɧɬɚ ˆ˓ =  ͵͹. 
 

1.5 ɋɟɣɫɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɚɣɨɧɚ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 
 

ɋɟɣɫɦɢɱɧɨɫɬɶ ɬɟɪɪɢɬɨɪɢɢ Ɋɟɫɩɭɛɥɢɤɢ Ⱥɥɬɚɣ ɩɨ ɤɚɪɬɟ ɫɟɣɫɦɢɱɟɫɤɨɝɨ 
ɪɚɣɨɧɢɪɨɜɚɧɢɹ ɈɋɊ-97 ɧɚɯɨɞɢɬɫɹ ɧɚ ɭɪɨɜɧɟ 8 - 9 ɛɚɥɥɨɜ ɩɨ ɲɤɚɥɟ ɆSɄ-64 ɩɪɢ 
ɫɪɟɞɧɟɦ ɩɟɪɢɨɞɟ ɩɨɜɬɨɪɟɧɢɹ ɫɨɬɪɹɫɟɧɢɣ ɬɚɤɨɣ ɫɢɥɵ 500 ɥɟɬ ɢ 9 - 10 ɛɚɥɥɨɜ ɩɪɢ 
ɩɟɪɢɨɞɟ 5000 ɥɟɬ. 

 
1.6 Ⱦɚɧɧɵɟ ɩɨ ɷɧɟɪɝɨɫɢɫɬɟɦɟ 
 

ɉɪɨɟɤɬɢɪɭɟɦɚɹ ɝɢɞɪɨɫɬɚɧɰɢɹ ɜɯɨɞɢɬ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɭ ɈȺɈ «ɋɈ ȿɗɋ» 
ɈȾɍ ɋɢɛɢɪɢ. Ɉɛɴɟɞɢɧɟɧɧɚɹ ɷɧɟɪɝɟɬɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ ɋɢɛɢɪɢ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɧɚ 
ɬɟɪɪɢɬɨɪɢɢ ɋɢɛɢɪɫɤɨɝɨ Ɏɟɞɟɪɚɥɶɧɨɝɨ ɨɤɪɭɝɚ ɢ 12 ɫɭɛɴɟɤɬɨɜ Ɋɨɫɫɢɣɫɤɨɣ 
Ɏɟɞɟɪɚɰɢɢ: ɪɟɫɩɭɛɥɢɤɢ Ⱥɥɬɚɣ, Ȼɭɪɹɬɢɹ, Ɍɵɜɚ ɢ ɏɚɤɚɫɢɹ, Ⱥɥɬɚɣɫɤɢɣ, 
Ɂɚɛɚɣɤɚɥɶɫɤɢɣ ɢ Ʉɪɚɫɧɨɹɪɫɤɢɣ ɤɪɚɹ, ɂɪɤɭɬɫɤɚɹ, Ʉɟɦɟɪɨɜɫɤɚɹ, ɇɨɜɨɫɢɛɢɪɫɤɚɹ, 
Ɍɨɦɫɤɚɹ ɢ Ɉɦɫɤɚɹ ɨɛɥɚɫɬɢ. 

ɉɥɨɳɚɞɶ ɬɟɪɪɢɬɨɪɢɢ Ɉɗɋ ɋɢɛɢɪɢ — 4944,3 ɬɵɫ. ɤɜ. ɤɦ, ɜ ɝɨɪɨɞɚɯ ɢ 
ɧɚɫɟɥɟɧɧɵɯ ɩɭɧɤɬɚɯ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɧɚ ɧɟɣ, ɩɪɨɠɢɜɚɟɬ ɛɨɥɟɟ 20 ɦɥɧ ɱɟɥɨɜɟɤ. 
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ɗɥɟɤɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɤɨɦɩɥɟɤɫ ɨɛɴɟɞɢɧɟɧɢɹ ɨɛɪɚɡɭɸɬ 105 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɫɭɦɦɚɪɧɨɣ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɶɸ 51 911,19 Ɇȼɬ. ɂɡ ɧɢɯ 
ɧɚ ɞɨɥɸ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɩɪɢɯɨɞɢɬɫɹ 25 286,4 Ɇȼɬ (48,7%), ɧɚ ɞɨɥɸ 
ɬɟɩɥɨɜɵɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ – 26 569,59 Ɇȼɬ (51,2%), ɫɨɥɧɟɱɧɵɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ 
– 55,2 Ɇȼɬ (0,1%). Ɉɫɧɨɜɧɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɫɟɬɶ Ɉɗɋ ɋɢɛɢɪɢ ɫɮɨɪɦɢɪɨɜɚɧɚ ɧɚ 
ɛɚɡɟ ɥɢɧɢɣ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ ɜ ɝɚɛɚɪɢɬɚɯ ɤɥɚɫɫɚ ɧɚɩɪɹɠɟɧɢɹ 110, 220, 500 ɢ 
1150 ɤȼ. Ɉɛɳɚɹ ɩɪɨɬɹɠɟɧɧɨɫɬɶ ɥɢɧɢɣ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ ɫɨɫɬɚɜɥɹɟɬ 100 707 ɤɦ. 
Ƚɨɞɨɜɨɣ ɦɚɤɫɢɦɭɦ ɧɚɝɪɭɡɤɢ ௠ܲ௔௫ = ͳͻ͹͹ ʛʑ˕. 
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2 ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ 
 

2.1 Ⱦɚɧɧɵɟ ɞɥɹ ɜɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ 
 

1. Ʉɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ ݇𝑁 = ͺ,ͺ; 
2. Ɂɢɦɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ݇ʖ = Ͳ,ͺͷ; 
3. ɉɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɜɨɞɨɩɨɞɜɨɞɹɳɢɯ ɫɨɨɪɭɠɟɧɢɹɯ 𝛥ℎ =  Ͳ,ͷ ˏ; 
4. Ɍɪɟɛɨɜɚɧɢɹ ɭɱɚɫɬɧɢɤɨɜ ɜɨɞɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ (ȼɏɄ) ɢ 

ɩɨɬɟɪɢ ɜɨɞɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.1. 
 
Ɍɚɛɥɢɰɚ 2.1 – Ɍɪɟɛɨɜɚɧɢɹ ɭɱɚɫɬɧɢɤɨɜ ȼɏɄ ɢ ɩɨɬɟɪɢ ɜɨɞɵ 

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

Ɏɢɥɶɬɪɚɰɢɹ 4 4 4 4 4 4 4 4 4 4 4 4 
ɂɫɩɚɪɟɧɢɟ 1 1 1 1 5 6 4 3 2 1 1 1 

Ʌɶɞɨɨɛɪɚɡɨɜɚɧɢɟ 9 9 0 -13 -22 0 0 0 0 0 9 9 
Ɋɵɛɨɩɪɨɩɭɫɤ 0 0 0 0 13 13 13 0 0 0 0 0 

ȼɏɄ 300 300 300 300 300 300 300 300 300 300 300 300 
ɋɚɧ.ɩɨɩɭɫɤ 150 150 150 150 150 150 150 150 150 150 150 150 

 
2.2 ȼɵɛɨɪ ɪɚɫɱɟɬɧɵɯ ɝɢɞɪɨɝɪɚɮɨɜ ɦɚɥɨɜɨɞɧɨɝɨ ɢ ɫɪɟɞɧɟɜɨɞɧɨɝɨ 

ɝɨɞɚ ɩɪɢ ɡɚɞɚɧɧɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɫɬɨɤɚ 
 
ɉɨ ɞɚɧɧɵɦ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɦ ɜ ɬɚɛɥɢɰɟ Ⱥ.1 (ɩɪɢɥɨɠɟɧɢɟ Ⱥ) ɜɵɱɢɫɥɹɟɦ 

ɫɪɟɞɧɢɟ ɪɚɫɯɨɞɵ (ɦ3/ɫ) ɞɥɹ ɜɫɟɯ ɥɟɬ ɪɹɞɚ, ɡɚ ɩɟɪɢɨɞ ɦɟɠɟɧɢ (VII, VIII, IX,X, XI , 
XII ɢ I, II , III , ɦɟɫɹɰɵ) ɢ ɩɨɥɨɜɨɞɶɹ (IV, V, VI  ɦɟɫɹɰɵ) ɢ ɪɚɫɩɨɥɚɝɚɟɦ ɢɯ ɜ 
ɩɨɪɹɞɤɟ ɭɛɵɜɚɧɢɹ. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɩɨɤɚɡɚɧɵ ɜ ɬɚɛɥɢɰɟ Ȼ.1 ɩɪɢɥɨɠɟɧɢɹ Ȼ. 

 
Ɉɛɟɫɩɟɱɟɧɧɨɫɬɶ ܲሺ݉ሻ ɧɚɯɨɞɢɦ ɩɨ ɮɨɪɦɭɥɟ: 
 ܲሺ݉ሻ = ݉݊ + ͳ ∙ ͳͲͲ%,                                                                                            ሺʹ.ͳሻ 

 
ɝɞɟ ݉ – ɩɨɪɹɞɤɨɜɵɣ ɧɨɦɟɪ ɱɥɟɧɚ ɪɹɞɚ ɪɚɫɯɨɞɨɜ, ɪɚɧɠɢɪɨɜɚɧɧɨɝɨ ɜ ɭɛɵɜɚɸɳɟɦ 
ɩɨɪɹɞɤɟ; ݊ – ɨɛɳɟɟ ɱɢɫɥɨ ɱɥɟɧɨɜ ɪɹɞɚ.  
 

Ɋɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɵɦɢ 90% ɢ 50% 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ (ɬɚɛɥɢɰɚȻ.1.) 

 
2.2.1 ȼɵɛɨɪ ɪɚɫɱёɬɧɨɝɨ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ (Ɋ=50%) 

 
Ⱦɥɹ ɪɚɫɱɟɬɧɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ Ɋ=50% ɩɪɢɧɢɦɚɟɦ 1979 ɝɨɞ ɢ ɜɵɱɢɫɥɹɟɦ  

ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɪɢɜɟɞɟɧɢɹ ɩɨ ɦɟɠɟɧɢ ɢ ɩɨɥɨɜɨɞɶɸ: 
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ʙ˒ = ܳ˒.˄˃ˊܳ˒ଵଽ଻ଽ = ͳͳ͹͸ͳͳͳ͵ = ͳ,Ͳͷ͸;                                                                             ሺʹ.ʹሻ 

 ʙˏ = ܳˏ.˄˃ˊܳˏଵଽ଻ଽ = ʹͷʹʹͺ͸ = Ͳ,ͺͺ.                                                                                  ሺʹ.͵ሻ 

 
Ⱦɥɹ 1979 ɝɨɞɚ ɭɬɨɱɧɹɟɦ ɝɨɞɨɜɨɣ ɫɬɨɤ ɭɦɧɨɠɢɜ ɫɪɟɞɧɟɦɟɫɹɱɧɵɟ ɪɚɫɯɨɞɵ 

ɧɚ ɜɵɱɢɫɥɟɧɧɵɟ ɪɚɧɟɟ ɤɨɷɮɮɢɰɢɟɧɬɵ, ɪɟɡɭɥɶɬɚɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.2. 
 

Ɍɚɛɥɢɰɚ 2.2 – Ɋɚɫɯɨɞɵ ɫɪɟɞɧɟɜɨɞɧɨɝɨ 1979 ɝɨɞɚ (Ɋ=50%) ɫ ɩɪɢɜɟɞɟɧɢɟɦ 
Ɇɟɫɹɰɵ I II  III  IV V VI  VII VIII IX X XI  XII ܳ˔˓.ˆ. ܳ˄˃ˊଵଽ଻ଽ, ˏଷ/ܿ 180 171 161 249 1091 1684 990 686 545 423 353 202 561 ܳ˒˓ଵଽ଻ଽ, ˏଷ/ܿ 158 150 142 259 1152 1778 1045 724 480 372 311 178 562 

 
ɋɪɟɞɧɟɝɨɞɨɜɵɟ ɪɚɫɯɨɞɵ ɧɟ ɫɨɲɥɢɫɶ, ɪɚɫɯɨɞ ɨɤɚɡɚɥɫɹ ɛɨɥɶɲɟ, ɡɧɚɱɢɬ 

ɩɪɢɧɢɦɚɟɦ ʙ˒ = ͳ,Ͳͷʹ ɢ ʙˏ = Ͳ,ͺͺ. ɋɤɨɪɪɟɤɬɢɪɨɜɚɧɧɵɟ ɪɚɫɯɨɞɵ ɛɚɡɨɜɨɝɨ 1979 
ɝɨɞɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.3. 
 
Ɍɚɛɥɢɰɚ 2.3 – Ɋɚɫɯɨɞɵ ɫɪɟɞɧɟɜɨɞɧɨɝɨ 1979 ɝɨɞɚ (Ɋ=50%) ɫ ɤɨɪɪɟɤɬɢɪɨɜɤɨɣ 

Ɇɟɫɹɰɵ I II  III  IV V VI  VII VIII IX X XI  XII ܳ˔˓.ˆ. ܳ˄˃ˊଵଽ଻ଽ, ˏଷ/ܿ 158 150 142 259 1152 1778 1045 724 480 372 311 178 561 ܳˍˑ˓ଵଽ଻ଽ, ˏଷ/ܿ 158 150 142 259 1148 1772 1042 722 480 372 311 178 561 

 
2.2.2 ȼɵɛɨɪ ɪɚɫɱɟɬɧɨɝɨ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ (Ɋ=90%) 
 
ɉɪɢɧɢɦɚɟɦ 1953 ɝɨɞ ɛɚɡɨɜɵɦ ɞɥɹ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ P=90% ɢ ɫɱɢɬɚɟɦ 

ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢɜɟɞɟɧɢɹ ɞɥɹ ɦɟɠɟɧɢ ɢ ɩɨɥɨɜɨɞɶɹ: 
 ʙˏ = ܳˏ.˄˃ˊܳˏଵଽହଷ = ͺͻͺͺͻͺ = ͳ;                                                                                       ሺʹ.Ͷሻ 

 ʙ˒ = ܳ˒.˄˃ˊܳ˒ଵଽହଷ = ʹͳͷʹͳͷ = ͳ.                                                                                         ሺʹ.ͷሻ 

 
ȼ ɩɟɪɢɨɞ ɩɨɥɨɜɨɞɶɟ ɝɨɞ ɫ ɨɛɟɫɩɟɱɟɧɧɨɫɬɶɸ 90% ɫɨɜɩɚɞɚɟɬ ɫ ɛɚɡɨɜɵɦ 

ɝɨɞɨɦ, ɢɡ ɷɬɨɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ ɩɪɢɧɢɦɚɟɦ ɞɚɧɧɵɣ ɝɨɞ 1953 ɡɚ ɦɚɥɨɜɨɞɧɵɣ ɩɨ ɟɝɨ 
ɩɟɪɜɨɧɚɱɚɥɶɧɨɦɭ ɝɢɞɪɨɝɪɚɮɭ, ɛɟɡ ɤɚɤɢɯ - ɥɢɛɨ ɢɡɦɟɧɟɧɢɣ, ɪɟɡɭɥɶɬɚɬɵ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.4. 
 
Ɍɚɛɥɢɰɚ 2.4 – Ɋɚɫɯɨɞɵ ɦɚɥɨɜɨɞɧɨɝɨ 1953 ɝɨɞɚ (Ɋ=90%) ɫ ɩɪɢɜɟɞɟɧɢɟɦ 

Ɋ=90% I II  III  IV V VI  VII VIII IX X XI  XII ܳ˔˓.ˆ. ܳ˄˃ˊଵଽହଷ, ˏଷ/˔ 145 143 154 218 1070 1135 791 597 399 274 203 167 441 
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ɋɤɨɪɪɟɤɬɢɪɭɟɦ ɪɚɫɯɨɞɵ ɞɥɹ ɫɪɟɞɧɟɜɨɞɧɨɝɨ 1979 ɝɨɞɚ ɩɪɢ ɩɨɦɨɳɢ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ ʙ˒ = ͳ,Ͳͷʹ ɢ ʙˏ = Ͳ,ͻ͵͵ (ɬɚɛɥɢɰɚ 2.5). 

 
Ɍɚɛɥɢɰɚ 2.5 – Ɋɚɫɯɨɞɵ ɫɪɟɞɧɟɜɨɞɧɨɝɨ 1979 ɝɨɞɚ (Ɋ=50%) ɫ ɤɨɪɪɟɤɬɢɪɨɜɤɨɣ 

Ɋ=90% I II  III  IV V VI  VII VIII IX X XI  XII ܳ˔˓.ˆ. ܳ˄˃ˊଵଽ଻ଽ, ˏଷ/˔ 158 150 142 259 1148 1772 1042 722 480 372 311 178 561 ܳˍˑ˓ଵଽ଻ଽ, ˏଷ/˔ 158 150 182 259 1148 1732 1042 722 480 372 311 178 561 

 
ɋɪɟɞɧɟɝɨɞɨɜɵɟ ɪɚɫɯɨɞɵ ɫɨɲɥɢɫɶ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɤɨɪɪɟɤɬɢɪɨɜɤɚ 

ɩɪɨɢɡɜɟɞɟɧɚ ɜɟɪɧɨ. 
Ɋɟɡɭɥɶɬɚɬɵ  ɤɨɪɪɟɤɬɢɪɨɜɨɤ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.6.  
 

Ɍɚɛɥɢɰɚ 2.6 – ɋɤɨɪɪɟɤɬɢɪɨɜɚɧɧɵɟ ɪɚɫɯɨɞɵ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɢ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ 
Ɇɟɫɹɰ I II  III  IV V VI  VII VIII IX X XI  XII ܳ˔˓.ˆ. ܳˍˑ˓ଵଽ଻ଽ, ˏଷ/ܿ 158 150 182 259 1148 1732 1042 722 480 372 311 178 561 ܳˍˑ˓ଵଽହଷ, ˏଷ/˔ 145 143 154 218 1070 1135 791 597 399 274 203 167 441 

 
ɇɚ ɨɫɧɨɜɟ ɞɚɧɧɵɯ ɬɚɛɥɢɰɵ 2.6 ɜɵɩɨɥɧɹɟɦ ɩɨɫɬɪɨɟɧɢɟ ɝɢɞɪɨɝɪɚɮɚ 

ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɢ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɧɚ ɪɢɫɭɧɤɟ 2.1. 
 

 
Ɋɢɫɭɧɨɤ 2.1 – Ƚɢɞɪɨɝɪɚɮ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɢ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ 

 
2.3 ɉɨɫɬɪɨɟɧɢɟ ɫɭɬɨɱɧɵɯ ɝɪɚɮɢɤɨɜ ɧɚɝɪɭɡɤɢ ɢ ɂɄɇ ɗɋ 

 
ɋɭɬɨɱɧɵɟ ɝɪɚɮɢɤɢ ɧɚɝɪɭɡɤɢ ɢ ɢɯ ɢɧɬɟɝɪɚɥɶɧɵɟ ɤɪɢɜɵɟ ɩɨɬɪɟɛɭɸɬɫɹ ɞɥɹ 

ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɛɨɱɟɣ ɦɨɳɧɨɫɬɢ Ƚɗɋ ɩɪɢ ɢɡɜɟɫɬɧɨɣ ɷɧɟɪɝɨɨɬɞɚɱɟ ɤɚɠɞɨɝɨ 
ɦɟɫɹɰɚ, ɤɨɬɨɪɚɹ ɛɭɞɟɬ ɨɩɪɟɞɟɥɟɧɚ ɜ ɯɨɞɟ ɜɨɞɧɨ - ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ. 
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Ɍɚɤɠɟ ɂɄɇ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɦɟɫɬɚ ɪɚɛɨɬɵ Ƚɗɋ ɜ ɫɭɬɨɱɧɨɦ 
ɝɪɚɮɢɤɟ ɧɚɝɪɭɡɤɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ. 

ɋɜɟɞɟɧɢɹ ɩɨ ɷɧɟɪɝɨɫɢɫɬɟɦɟ ɋɢɛɢɪɢ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɫ ɫɚɣɬɚ ɋɢɫɬɟɦɧɨɝɨ 
ɨɩɟɪɚɬɨɪɚ[1]ɜ ɜɢɞɟ ɝɪɚɮɢɤɨɜ ɩɨɬɪɟɛɥɟɧɢɹ ɡɚ ɡɢɦɧɢɟ ɢ ɥɟɬɧɢɟ ɫɭɬɤɢ.  

ɇɚɯɨɞɢɦ ɤɨɷɮɮɢɰɢɟɧɬ k, ɪɚɜɧɵɣ ɨɬɧɨɲɟɧɢɸ ɝɨɞɨɜɵɯ ɜɵɪɚɛɨɬɨɤ 
ɇɨɜɨɫɢɛɢɪɫɤɨɝɨ ɊȾɍ ɢ ɈȾɍ ɋɢɛɢɪɢ: 

 ݇ = ЭʝʓʢЭʟʓʢ = ʹͲʹ͸ͷ͹,ͺ͸ ˏˎː. ˍʑ˕ ∙ ˚ͳ͵ͺͷͺ,ʹͳ ˏˎː. ˍʑ˕ ∙ ˚ = ͳͶ,͸͵                                                 ሺʹ.͸ሻ 

 
Ɋɚɫɫɱɢɬɵɜɚɟɦ ɩɨɬɪɟɛɥɟɧɢɟ ɦɨɳɧɨɫɬɢ ɊȾɍ ɞɥɹ ɡɢɦɵ ɢ ɥɟɬɚ ɫ ɭɱёɬɨɦ 

ɦɨɳɧɨɫɬɢ ɈȾɍ ɋɢɛɢɪɢ [1] ɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ݇.  
ȼ ɫɨɨɬɜɟɬɫɬɜɢɟ ɫ ɦɟɬɨɞɢɤɨɣ [2], ɚ ɬɚɤɠɟ ɧɚ ɨɫɧɨɜɟ ɞɚɧɧɵɯ ɬɚɛɥɢɰɵ Ȼ2 ɢ 

Ȼ3  ɫɬɪɨɢɦ ɢɧɬɟɝɪɚɥɶɧɵɟ ɤɪɢɜɵɟ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɧɚ ɪɢɫɭɧɤɚɯ Ȼ.1 ɢ Ȼ.2. 
 

2.4 ɉɨɫɬɪɨɟɧɢɟ ɝɨɞɨɜɵɯ ɝɪɚɮɢɤɨɜ ɦɚɤɫɢɦɚɥɶɧɵɯ ɢ 
ɫɪɟɞɧɟɦɟɫɹɱɧɵɯ ɧɚɝɪɭɡɨɤ ɷɧɟɪɝɨɫɢɫɬɟɦɵ 

 
ɉɨ ɦɟɬɨɞɢɤɟ, ɨɩɢɫɚɧɧɨɣ ɜ 5 ɝɥɚɜɟ [2], ɫ ɭɱёɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬɚ ݇ = ͳͶ,͸͵, 

ɧɚɯɨɞɢɦ ɦɚɤɫɢɦɚɥɶɧɭɸ ɢ ɫɪɟɞɧɟɦɟɫɹɱɧɭɸ ɧɚɝɪɭɡɤɢ ɇɨɜɨɫɢɛɢɪɫɤɨɝɨ ɊȾɍ ɞɥɹ 
ɤɚɠɞɨɝɨ ɦɟɫɹɰɚ, ɪɟɡɭɥɶɬɚɬɵ ɡɚɧɨɫɢɦ ɜ ɬɚɛɥɢɰɭ 2.7. 

Ⱦɚɧɧɵɟ ɝɪɚɮɢɤɢ ɧɟɨɛɯɨɞɢɦɵ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɛɚɥɚɧɫɚ ɦɨɳɧɨɫɬɟɣ (ɝɪɚɮɢɤ 
ɦɚɤɫɢɦɚɥɶɧɵɯ ɦɨɳɧɨɫɬɟɣ) ɢ ɛɚɥɚɧɫɚ ɷɧɟɪɝɢɣ (ɝɪɚɮɢɤ ɫɪɟɞɧɢɯ ɦɨɳɧɨɫɬɟɣ). 

 
Ɍɚɛɥɢɰɚ 2.7 – Ƚɨɞɨɜɵɟ ɦɚɤɫɢɦɚɥɶɧɵɟ ɢ ɫɪɟɞɧɟɦɟɫɹɱɧɵɟ ɧɚɝɪɭɡɤɢ 
ɇɨɜɨɫɢɛɢɪɫɤɨɝɨ ɊȾɍ 

t α cosα 
Pt.max, 

Ɇȼɬ 
Pt.ɫɪɟɞɧ, 

Ɇȼɬ a max b max ɚ ɫɪɟɞɧ b ɫɪɟɞɧ 
1 0,262 0,966 2008 1907 

1740 
 
 
 
 
 

 

277 
 
 
 
 
 
 

1653 
 
 
 
 
 
 

262 
 
 
 
 
 
 

2 0,785 0,707 1936 1839 
3 1,308 0,259 1812 1721 
4 1,832 -0,258 1669 1586 
5 2,355 -0,706 1545 1468 
6 2,878 -0,966 1473 1400 
7 3,402 -0,966 1473 1400 
8 3,925 -0,709 1544 1467 
9 4,448 -0,261 1668 1585 
10 4,972 0,256 1811 1720 
11 5,495 0,705 1935 1838 
12 6,018 0,965 2007 1907 

 
ɇɚ ɨɫɧɨɜɟ ɪɚɫɱёɬɨɜ ɜɵɩɨɥɧɹɟɦ ɩɨɫɬɪɨɟɧɢɟ ɝɪɚɮɢɤɨɜ ɦɚɤɫɢɦɚɥɶɧɵɯ ɢ 

ɫɪɟɞɧɟɦɟɫɹɱɧɵɯ ɦɨɳɧɨɫɬɟɣ ɞɥɹ ɊȾɍ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɧɚ ɪɢɫɭɧɤɟ 2.2. 
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Ɋɢɫɭɧɨɤ 2.2 – Ƚɪɚɮɢɤ ɦɚɤɫɢɦɚɥɶɧɵɯ ɢ ɫɪɟɞɧɟɦɟɫɹɱɧɵɯ ɦɨɳɧɨɫɬɟɣ 

 
2.5 Ɋɚɫɱɟɬ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ Ƚɗɋ ɛɟɡ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫ ɭɱɟɬɨɦ 

ɬɪɟɛɨɜɚɧɢɣ ɜɨɞɨɯɨɡɹɣɫɬɜɟɧɧɨɣ ɫɢɫɬɟɦɵ 
 
Ƚɥɚɜɧɵɦ ɤɪɢɬɟɪɢɟɦ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ 

ɹɜɥɹɟɬɫɹ ɦɚɤɫɢɦɭɦ ɜɵɬɟɫɧɟɧɢɹ ɬɟɩɥɨɜɵɯ ɦɨɳɧɨɫɬɟɣ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɟ. 
Ⱦɥɹ ɜɵɛɪɚɧɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ (1953ɝ.) ɜɵɱɢɫɥɹɟɦ 

ɡɧɚɱɟɧɢɟ ɦɨɳɧɨɫɬɢ ɧɚ ɩɨɥɟɡɧɨɦ ɛɵɬɨɜɨɦ ɫɬɨɤɟ ɞɥɹ ɤɚɠɞɨɝɨ ɦɟɫɹɰɚ ɝɨɞɚ ɩɨ 
ɮɨɪɦɭɥɟ: 
 ʐܰ˞˕.ʒЭʠ = ݇𝑁 ∙ ܳ˒˓ଽ଴% ∙  ʒЭʠ˒ˑˇ˅,                                                                            ሺʹ.͹ሻܪ
 
ɝɞɟ ݇𝑁 – ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ, ݇𝑁  =  ͺ,ͺ; 
 ܳ˒˓ଽ଴% – ɛɵɬɨɜɨɣ ɪɚɫɯɨɞ ɪɚɫɱɟɬɧɨɝɨ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ; 
 .ʒЭʠ˒ˑˇ˅– ɩɨɞɜɟɞɟɧɧɵɣ ɧɚɩɨɪ Ƚɗɋܪ 
˅ˇʒЭʠ˒ˑܪ  = ܼʑʐ − ܼʜʐ(ܳʜʐሺݐሻ൯ − ∆ℎ,                                                                      ሺʹ.ͺሻ 
 
ɝɞɟ ܼʑʐ– ɨɬɦɟɬɤɚ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɨɬɦɟɬɤɟ  ʜʞʢ, ɦ; ܼʜʐ(ܳʜʐሺݐሻ൯ – ɭɪɨɜɟɧɶ ɧɢɠɧɟɝɨ ɛɶɟɮɚ, ɨɩɪɟɞɟɥɟɧɧɵɣ ɩɨ ɥɟɬɧɟɣ ɢɥɢ 
ɡɢɦɧɟɣ ɤɪɢɜɨɣ ɫɜɹɡɢ, ɦ; ∆ℎ– ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɜɨɞɨɩɨɞɜɨɞɹɳɢɯ ɫɨɨɪɭɠɟɧɢɹɯ, ∆ℎ = Ͳ,ͷɦ. 

 
Ɇɨɳɧɨɫɬɶ Ƚɗɋ ɜ ɪɟɠɢɦɟ ɪɚɛɨɬɵ ɩɨ ɬɪɟɛɨɜɚɧɢɹɦ ȼɏɄ: 

 ʑܰʤʙ = ݇𝑁 ∙ ܳʑʤʙ ∙  ʒЭʠ˒ˑˇ˅,                                                                                       ሺʹ.ͻሻܪ
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ɝɞɟ ܳʑʤʙ − ɪɚɫɯɨɞ ɜɨɞɵ ɩɨ ɬɪɟɛɨɜɚɧɢɹɦ ɭɱɚɫɬɧɢɤɨɜ ɜɨɞɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ 
ɤɨɦɩɥɟɤɫɚ, ɦ3/ɫ. 
 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɢ Ȼ, ɬɚɛɥɢɰɚ Ȼ.4. 
Ⱦɚɧɧɵɣ ɪɚɫɱёɬ ɜɵɩɨɥɧɹɟɬɫɹ ɫ ɰɟɥɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɦɟɫɹɰɟɜ, ɜ ɤɨɬɨɪɵɟ 

Ƚɗɋ ɛɭɞɟɬ ɪɚɛɨɬɚɬɶ ɧɚ ɪɚɫɯɨɞɚɯ, ɩɪɟɜɵɲɚɸɳɢɯ ɬɪɟɛɨɜɚɧɢɹ ȼɏɄ. 
Ɉɩɪɟɞɟɥɹɟɦ ɢɡɥɢɲɤɢ ɛɵɬɨɜɨɣ ɦɨɳɧɨɫɬɢ ɩɨɥɨɜɨɞɧɵɣ ɩɟɪɢɨɞ, ɤɨɬɨɪɵɟ 

ɛɭɞɭɬ ɩɟɪɟɧɨɫɢɬɶɫɹ ɧɚ ɡɢɦɭ: 
 ˋܰˊˎ = ∑ܰ˄˞˕ − ∑ ܰ˅˘ˍ =  ͸͸Ͳ ʛʑ˕.                                                          ሺʹ.ͳͲሻ 

 
ɉɨ ɞɚɧɧɵɦ ɬɚɛɥɢɰɵ 2.8 ɫɬɪɨɢɦ ɛɚɥɚɧɫ ɷɧɟɪɝɢɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ 

ɩɥɚɤɚɬɟ «ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ Ⱥɥɬɚɣɫɤɨɣ Ƚɗɋ». 
ɇɚ ɝɪɚɮɢɤɟ ɛɚɥɚɧɫɚ ɷɧɟɪɝɢɢ ɩɪɨɜɨɞɢɦ ɥɢɧɢɸ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɦɨɳɧɨɫɬɢ 

ɬɚɤ, ɱɬɨɛɵ ɩɥɨɳɚɞɶ, ɡɚɤɥɸɱёɧɧɚɹ ɦɟɠɞɭ ɥɢɧɢɟɣ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɦɨɳɧɨɫɬɢ ɢ ˅ܰ˘ˍ ɛɵɥɚ ɪɚɜɧɚ ˋܰˊˎ = ͸͸Ͳ ʛʑ˕. 
Ɂɚ ɦɟɫɹɰ ɫɪɚɛɨɬɤɢ ɩɪɢɧɢɦɚɟɦ ɩɟɪɜɵɣ ɦɟɫɹɰ ɩɨɫɥɟ ɩɨɥɨɜɨɞɶɹ, ɜ ɧɚɲɟɦ 

ɫɥɭɱɚɟ ɷɬɨ ɨɤɬɹɛɪɶ. ɂɡ ɝɪɚɮɢɤɚ ɛɚɥɚɧɫɚ ɷɧɟɪɝɢɢ ɜɢɞɧɨ, ɱɬɨ ɩɨɞ ɪɟɝɭɥɢɪɨɜɚɧɢɟ 
ɩɨɩɚɥɢ 6 ɦɟɫɹɰɟɜ, ɚ ɜ ɨɫɬɚɥɶɧɵɟ ɦɟɫɹɰɵ Ƚɗɋ ɪɚɛɨɬɚɟɬ ɩɨ ɬɪɟɛɨɜɚɧɢɹɦ ȼɏɄ. 
 
Ɍɚɛɥɢɰɚ 2.8 – Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɛɚɥɚɧɫɚ ɷɧɟɪɝɢɢ 

Ɇɟɫɹɰ ̝ܲ ˓, ʛʑ˕ ˄ܰ˞˕, 
Ɇȼɬ 

˅ܰ˘ˍ, 
Ɇȼɬ 

˔ܰ˖˜.ʒЭʠ, 
Ɇȼɬ 

1 1907 57 128 480 
2 1839 56 128 476 
3 1721 64 128 400 
4 1586 97 129 360 
5 1468 452 129 348 
6 1400 469 129 320 
7 1400 326 129 320 
8 1467 251 129 348 
9 1585 168 129 360 
10 1720 115 129 400 
11 1838 81 128 476 
12 1907 66 128 480 

 
2.6 ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɪɚɫɱɟɬ (ȼɗɊ) ɪɟɠɢɦɚ ɪɚɛɨɬɵ Ƚɗɋ ɩɨ 

ɭɫɥɨɜɢɸ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ 
 
ɉɪɨɢɡɜɨɞɢɦ ɧɟɫɤɨɥɶɤɨ ɢɬɟɪɚɰɢɣ ȼɗɊ, ɩɟɪɟɦɟɳɚɹ ɥɢɧɢɸ 

ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɦɨɳɧɨɫɬɢ ɧɚ ɛɚɥɚɧɫɟ ɷɧɟɪɝɢɢ ɞɨ ɩɨɥɧɨɝɨ ɫɨɜɩɚɞɟɧɢɹ ɨɬɦɟɬɨɤ 
ɜ ɧɚɱɚɥɟ ɢ ɤɨɧɰɟ ɫɪɚɛɨɬɤɢ ɜɨɞɨɯɪɚɧɢɥɢɳɚ. Ɉɤɨɧɱɚɬɟɥɶɧɵɣ ɪɟɡɭɥɶɬɚɬ ɜɨɞɧɨ-
ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɪɚɫɱёɬɚ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɩɪɢ ɩɨɥɨɠɟɧɢɢ ɥɢɧɢɢ 
ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɦɨɳɧɨɫɬɢ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɩɪɢɥɨɠɟɧɢɢ Ȼ (ɬɚɛɥɢɰɚ Ȼ.5). 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ȼɗɊ ɩɨ ɭɫɥɨɜɢɸ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ: 
– ɝɚɪɚɧɬɢɪɨɜɚɧɧɚɹ ɦɨɳɧɨɫɬɶ ɹɧɜɚɪɹ, ɞɟɤɚɛɪɹ – ˆܰ˃˓ = ʹͷͶ ʛʑ˕; 
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– ɭɪɨɜɟɧɶ ɦёɪɬɜɨɝɨ ɨɛɴёɦɚ – ʢʛʝ = Ͷͻ͵,ͺͺ ˏ; 
– ɩɨɥɟɡɧɵɣ ɨɛɴɟɦ – ܸ˒ ˑˎˈˊː = ͸,ͷ͹ ˍˏଷ. 
ɉɨɫɥɟ ɜɵɩɨɥɧɟɧɢɹ ȼɗɊ ɧɟɨɛɯɨɞɢɦɨ ɭɛɟɞɢɬɶɫɹ ɜ ɩɪɚɜɢɥɶɧɨɫɬɢ ɜɵɛɨɪɚ 

ɯɚɪɚɤɬɟɪɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɪɟɱɧɨɝɨ ɫɬɨɤɚ ɜ ɫɬɜɨɪɟ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ. Ⱦɥɹ ɷɬɨɝɨ 
ɨɩɪɟɞɟɥɹɟɦ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɪɟɝɭɥɢɪɨɜɚɧɧɨɫɬɢ ɫɬɨɤɚ[3], ɪɚɜɧɵɣ: 

ߚ  = ܸ˒ ˑˎˈˊːܹ̅ = ͸,ͷ͹ ∙ ͳͲଽͳͺ,ͳ͵ ∙ ͳͲଽ = Ͳ,͵͸,                                                                     ሺʹ.ͳͳሻ 

 
ɝɞɟ ܹ̅ – ɫɪɟɞɧɢɣ ɡɚ ɦɧɨɝɨɥɟɬɧɢɣ ɩɟɪɢɨɞ ɨɛɴɟɦ ɝɨɞɨɜɨɝɨ ɫɬɨɤɚ Ƚɗɋ, ɪɚɜɧɵɣ: 

 ܹ = Σܳˆˑˇ˔˓ · ͳͲ−ଽݐ = ͷ͹ͷ · ͵͸ͷ · ʹͶ · ͵͸ͲͲͳͲ−ଽ= ͳͺ,ͳ͵ ˍˏଷ.                                  ሺʹ.ͳʹሻ 
 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɥɭɱɟɧɧɵɣ ɪɟɡɭɥɶɬɚɬ ߚɫɨɨɬɜɟɬɫɬɜɭɟɬ ɝɨɞɨɜɨɦɭ ɯɚɪɚɤɬɟɪɭ 
ɪɟɝɭɥɢɪɨɜɚɧɢɹ. 

 
2.7 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɛɨɱɟɣ ɦɨɳɧɨɫɬɢ Ƚɗɋ 
 
Ɋɚɫɱɟɬɧɵɟ ɫɭɬɨɱɧɵɟ ɢ ɝɨɞɨɜɵɟ ɝɪɚɮɢɤɢ ɧɚɝɪɭɡɤɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɞɨɥɠɧɵ 

ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɩɨɤɪɵɜɚɬɶɫɹ ɫɭɳɟɫɬɜɭɸɳɢɦɢ ɫɬɚɧɰɢɹɦɢ, ɞɥɹ ɱɟɝɨ 
ɧɟɨɛɯɨɞɢɦɨ ɜɩɢɫɚɬɶ ɷɬɢ ɫɬɚɧɰɢɢ ɜ ɝɪɚɮɢɤɢ, ɢɫɩɨɥɶɡɭɹ ɡɚɞɚɧɧɭɸ ɩɨ ɧɢɦ 
ɢɫɯɨɞɧɭɸ ɢɧɮɨɪɦɚɰɢɸ. 

Ɉɩɪɟɞɟɥɢɦ ɪɚɛɨɱɢɟ ɦɨɳɧɨɫɬɢ ɫɭɳɟɫɬɜɭɸɳɟɣ ɇɨɜɨɫɢɛɢɪɫɤɨɣ Ƚɗɋ ɢ 
ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɜ ɹɧɜɚɪɟ. 

Ɂɧɚɹ ɫɭɬɨɱɧɭɸ ɜɵɪɚɛɨɬɤɭ ɩɨ ɹɧɜɚɪɸ ɢ ɞɟɤɚɛɪɸ, ɤɨɬɨɪɚɹ ɛɭɞɟɬ ɪɚɜɧɚ Эˆ˃˓.ˢː˅.˔˖˜.ʒЭʠ = ͳͳͷʹͲ ʛʑ˕ ∙ ˚, ɫɬɪɨɢɦ ɬɪɟɭɝɨɥɶɧɢɤ ɫɭɳɟɫɬɜɭɸɳɟɣ Ƚɗɋ, ɝɞɟ ɩɨ 
ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɨɫɢ ɪɚɫɩɨɥɨɠɟɧɚ ɫɭɬɨɱɧɚɹ ɜɵɪɚɛɨɬɤɚ, ɚ ɩɨ ɜɟɪɬɢɤɚɥɶɧɨɣ – 
ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ Ƚɗɋ. ȼɩɢɫɵɜɚɟɦ ɟɝɨ ɜ ɭɠɟ 
ɩɨɫɬɪɨɟɧɧɭɸ ɪɚɧɟ ɂɄɇ (ɪɢɫɭɧɨɤ Ȼ.1), ɬɚɤ, ɱɬɨɛɵ ɜɫɟ ɜɟɪɲɢɧɵ ɬɪɟɭɝɨɥɶɧɢɤɚ 
ɤɚɫɚɥɢɫɶ ɟё.  

ɂɫɩɨɥɶɡɭɹ ɂɄɇ, ɩɨɫɬɪɨɟɧɧɭɸ ɜ ɩɪɢɥɨɠɟɧɢɢ Ȼ ɧɚ ɪɢɫɭɧɤɟ Ȼ.1 ɨɩɪɟɞɟɥɹɟɦ 
ɡɨɧɭ ɪɚɛɨɬɵ ɇɨɜɨɫɢɛɢɪɫɤɨɣ Ƚɗɋ ɜ ɫɭɬɨɱɧɨɦ ɝɪɚɮɢɤɟ ɧɚɝɪɭɡɤɢ ɢ ɟё ɪɚɛɨɱɭɸ 
ɦɨɳɧɨɫɬɶ ɜ ɹɧɜɚɪɟ, ɪɚɜɧɭɸ: 

  ܰ˓˃˄.ˢː˅.˔˖˜.ʒЭʠ =  ܰˢː˅ ˒ˋˍ.˔˖˜.ʒЭʠ +  ܰˢː˅ ˄˃ˊ˃.˔˖˜.ʒЭʠ = ͳ͸Ͳ + ͵ʹͲ = ͶͺͲ ʛʑ˕.        ሺʹ.ͳ͵ሻ 

 

ȼɵɪɚɛɨɬɤɚ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ⱥɥɬɚɣɫɤɨɣ Ƚɗɋ ɜ ɹɧɜɚɪɟ ɢɡ ɬɚɛɥɢɰɵ Ȼ.6: 
 Эˆ˃˓.ˢː˅.˒˓ˑˈˍ˕.ʒЭʠ = ˆܰ˃˓ ∙ ʹͶ = ͸Ͳͻ͸ ʛʑ˕ ∙ ˚ = ͸,ͳ ˏˎː ˍʑ˕ ∙ ˚.                       ሺʹ.ͳͶሻ 
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Ⱦɚɥɟɟ ɜɩɢɫɵɜɚɟɦ ɩɪɨɟɤɬɢɪɭɟɦɭɸ Ƚɗɋ ɜ ɫɜɨɛɨɞɧɭɸ ɡɨɧɭ ɝɪɚɮɢɤɚ 
ɧɚɝɪɭɡɤɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɧɚ ɪɢɫɭɧɤɟ Ȼ.1. 

Ɋɚɛɨɱɚɹ ɦɨɳɧɨɫɬɶ Ⱥɥɬɚɣɫɤɨɣ Ƚɗɋ: 
  ܰ˓˃˄.ˢː˅.˒˓.ʒЭʠ =  ܰˢː˅ ˒ˋˍ.˒˓.ʒЭʠ +  ܰˢː˅ ˄˃ˊ˃.˒˓.ʒЭʠ = ͳͻͲ + ͳʹͻ = ʹͺ͵ ʛʑ˕               ሺʹ.ͳͷሻ 

 
ɇɚɯɨɞɢɦ ɪɚɛɨɱɢɟ ɦɨɳɧɨɫɬɢ ɞɥɹ ɫɭɳɟɫɬɜɭɸɳɟɣ ɢ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɜ 

ɢɸɧɟ ɢ ɢɸɥɟ. 
Ⱦɥɹ ɇɨɜɨɫɢɛɢɪɫɤɨɣ Ƚɗɋ ɜ ɢɸɧɟ ɢ ɢɸɥɟ: 
 Эˆ˃˓.ˋˡˎ˟.˔˖˜.ʒЭʠ = ͻ,͸ ˏˎː ˍʑ˕ ∙ ˚; 

  ܰ˓˃˄.ˋˡˎ˟.˔˖˜.ʒЭʠ =  ܰˋˡˎ˟ ˒ˋˍ.˔˖˜.ʒЭʠ +  ܰˋˡˎ˟ ˄˃ˊ˃.˔˖˜.ʒЭʠ = ͳͷͲ + ʹͷͲ = ͶͲͲ ʛʑ˕.      ሺʹ.ͳ͸ሻ 

 
Ⱦɥɹ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɜ ɢɸɧɟ ɢ ɢɸɥɟ: 
 Эˆ˃˓.ˋˡˎ˟.˒˓ˑˈˍ˕.ʒЭʠ = ʹ,Ͷ͹ ˏˎː ˍʑ˕ ∙ ˚;   
  ܰ˓˃˄.ˢː˅.˒˓.ʒЭʠ =  ܰˢː˅ ˒ˋˍ.˒˓.ʒЭʠ +  ܰˢː˅ ˄˃ˊ˃.˒˓.ʒЭʠ = ͹ͳ + ͷͳ = ͳʹʹ ʛʑ˕                  ሺʹ.ͳ͹ሻ 

 
ɉɪɨɜɟɞɹ ɚɧɚɥɨɝɢɱɧɭɸ ɪɚɛɨɬɭ ɧɚ ɡɚɪɚɧɟɟ ɩɨɫɬɪɨɟɧɧɵɯ ɞɥɹ ɧɢɯ ɂɄɇ 

ɧɚɯɨɞɢɦ ɪɚɛɨɱɢɟ ɦɨɳɧɨɫɬɢ ɤɚɠɞɨɝɨ ɦɟɫɹɰɚ ɞɥɹ ɫɭɳɟɫɬɜɭɸɳɟɣ ɢ 
ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɛɚɥɚɧɫɚ ɦɨɳɧɨɫɬɟɣ. ȼɫɟ 
ɪɟɡɭɥɶɬɚɬɵ ɫɜɨɞɢɦ ɜ ɬɚɛɥɢɰɭ Ȼ.6 ɩɪɢɥɨɠɟɧɢɹ Ȼ. 

 
2.8 Ɋɚɫɱɟɬ ɪɟɡɟɪɜɨɜ ɢ ɨɩɪɟɞɟɥɟɧɢɟ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ 

ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ, ɪɚɫɱɟɬ ɛɚɥɚɧɫɚ ɦɨɳɧɨɫɬɟɣ 
 

ɉɪɢ ɫɨɫɬɚɜɥɟɧɢɢ ɛɚɥɚɧɫɚ ɦɨɳɧɨɫɬɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɭɱɢɬɵɜɚɟɦ, ɱɬɨ 
ɧɚɝɪɭɡɨɱɧɵɣ ɪɟɡɟɪɜ ɫɢɫɬɟɦɵ ɪɚɜɟɧ ʹ %  ˑ˕ ௧ܲ௠௔௫, ɚɜɚɪɢɣɧɵɣ ɪɟɡɟɪɜ ɫɨɫɬɚɜɥɹɟɬ 
10% ɨɬ ௧ܲ௠௔௫[4].  

ɇɚɝɪɭɡɨɱɧɵɣ ɪɟɡɟɪɜ ɪɚɫɩɨɥɨɠɟɧ ɧɚ ɫɭɳɟɫɬɜɭɸɳɢɯ ɢ ɧɚ ɩɪɨɟɤɬɢɪɭɟɦɨɣ 
Ƚɗɋ, ɩɨɷɬɨɦɭ ɚɜɚɪɢɣɧɵɣ ɛɭɞɟɬ ɪɚɡɦɟɳɟɧ ɧɚ Ɍɗɋ. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ Ȼ.7 ɩɪɢɥɨɠɟɧɢɹ Ȼ. 

Ɋɟɦɨɧɬ ɨɛɨɪɭɞɨɜɚɧɢɹ Ƚɗɋ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɬɟ ɦɟɫɹɰɵ, ɤɨɝɞɚ ɨɧɨ ɧɟ 
ɩɨɥɧɨɫɬɶɸ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɟ, ɬ.ɟ. ɤɨɝɞɚ ɧɚ Ƚɗɋ ɢɦɟɟɬɫɹ ɫɜɨɛɨɞɧɚɹ 
ɦɨɳɧɨɫɬɶ. Ɋɟɦɨɧɬɧɚɹ ɩɥɨɳɚɞɶ ɫɭɳɟɫɬɜɭɸɳɢɯ Ƚɗɋ: 

ɪɟɦܨ 
ɫɭɳ.Ƚɗɋ = ɭܰɫɬ

ɫɭɳ.Ƚɗɋ͸ ∙ ͳ ɦɟɫ = ͶͺͲ͸ = ͺͲ Ɇȼɬ ∙ ˏˈ˔/ˆˑˇ.                          ሺʹ.ͳͺሻ 

 
Ɋɟɦɨɧɬɧɚɹ ɩɥɨɳɚɞɶ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ: 
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ɪɟɦܨ 
ɩɪ.Ƚɗɋ = ɭܰɫɬ

ɩɪ.Ƚɗɋ͸ ∙ ͳ ɦɟɫ = ʹͺ͵͸ = Ͷ͹ Ɇȼɬ ∙ ˏˈ˔/ˆˑˇ.                              ሺʹ.ͳͻሻ 

 
Ʉɚɩɢɬɚɥɶɧɵɣ ɪɟɦɨɧɬ ɨɛɨɪɭɞɨɜɚɧɢɹ Ɍɗɋ ɦɨɠɧɨ ɩɥɚɧɢɪɨɜɚɬɶ, ɢɫɯɨɞɹ ɢɡ 

ɪɚɫɱɟɬɚ ɨɫɬɚɧɨɜɚ ɤɚɠɞɨɝɨ ɚɝɪɟɝɚɬɚ ɧɚ ɩɟɪɢɨɞ ɪɟɦɨɧɬɚ ɜ ɫɪɟɞɧɟɦ 1 ɪɚɡ ɜ 2 ɝɨɞɚ: 
ܨ˓  ˈˏʡЭʠ = ˖ܰ˔˕ʡЭʠʹ ∙ ͳˏˈ˔ = ͳʹͳͶʹ = ʹͲʹ Ɇȼɬ ∙ ˏˈ˔/ˆˑˇ.                                   ሺʹ.ʹͲሻ 

 
ɉɨ ɞɚɧɧɵɦ ɬɚɛɥɢɰɵ Ȼ.7, ɫɬɪɨɢɦ ɛɚɥɚɧɫ ɦɨɳɧɨɫɬɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ 

ɩɥɚɤɚɬɟ «ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ Ⱥɥɬɚɣɫɤɨɣ Ƚɗɋ». 
ɍɫɬɚɧɨɜɥɟɧɧɭɸ ɦɨɳɧɨɫɬɶ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɩɪɟɞɫɬɚɜɢɦ ɜ ɜɢɞɟ ɫɭɦɦɵ: 
 ˖ܰ˔˕.ʒЭʠ = ˓ܰ˃˄ʒЭʠ + ˓ܰˈˊʒЭʠ = ʹͺ͵ + ͳͷ = ʹͻͺ ʛʑ˕.                                             ሺʹ.ʹͳሻ 

 
 
2.9 ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɪɚɫɱёɬ ɪɟɠɢɦɚ ɪɚɛɨɬɵ Ƚɗɋ ɩɨ ɭɫɥɨɜɢɸ 

ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ 
 

Ɂɚɞɚɱɚ ȼɗɊ ɪɟɠɢɦɚ ɪɚɛɨɬɵ Ƚɗɋ ɜ ɫɪɟɞɧɟɜɨɞɧɨɦ ɝɨɞɭ – ɨɩɪɟɞɟɥɢɬɶ 
ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɸɸ ɜɵɪɚɛɨɬɤɭ. 

Ɋɚɫɫɦɨɬɪɢɦ ɪɟɠɢɦ ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɜ ɫɪɟɞɧɟɜɨɞɧɨɦ ɝɨɞɭ, 
ɪɟɡɭɥɶɬɚɬɵ ɤɨɬɨɪɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ Ȼ.8. 

ɉɨ ɞɚɧɧɵɦ ɪɚɫɱёɬɚ ɩɨɥɭɱɚɟɦ ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɸɸ ɜɵɪɚɛɨɬɤɭ, ɪɚɜɧɭɸ: 
 ∑ Э = ͳ͸͹ͳ ˏˎː. ˍʑ˕ ∙ ˚. 
 
ɋɬɪɨɢɦ ɝɪɚɮɢɤ ɫɪɚɛɨɬɤɢ ɢ ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ Ƚɗɋ ɜ 

ɫɪɟɞɧɟɜɨɞɧɨɦ ɝɨɞɭ, ɨɛɴɟɞɢɧёɧɧɵɣ ɫ ɦɚɥɨɜɨɞɧɵɦ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ ɪɢɫɭɧɤɟ 
2.3. 
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Ɋɢɫɭɧɨɤ 2.3 – Ƚɪɚɮɢɤ ɫɪɚɛɨɬɤɢ ɢ ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ Ƚɗɋ 
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3 Ɉɫɧɨɜɧɨɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ 
 

3.1 ɉɨɫɬɪɨɟɧɢɟ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ 
 

ɇɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɨɛɥɚɫɬɶ ɞɨɩɭɫɬɢɦɵɯ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ 
ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ, ɞɥɹ ɷɬɨɝɨ ɫɬɪɨɢɦ ɪɟɠɢɦɧɨɟ ɩɨɥɟ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɟ ɧɚ 
ɪɢɫɭɧɤɟ 3.1, ɫ ɭɤɚɡɚɧɢɟɦ ɥɢɧɢɣ ɨɝɪɚɧɢɱɟɧɢɣ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɨɜ. Ɍɚɤɠɟ 
ɪɟɠɢɦɧɨɟ ɩɨɥɟ ɧɟɡɚɦɟɧɢɦɨ ɩɪɢ ɜɵɛɨɪɟ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɨ Ƚɍɏ. 

Ɇɟɬɨɞɢɤɚ ɫɨɫɬɚɜɥɟɧɢɹ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ ɩɪɢɜɟɞɟɧɚ ɜ ɦɟɬɨɞɢɱɟɫɤɨɦ 
ɩɨɫɨɛɢɢ [2], ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.1. 
 
Ɍɚɛɥɢɰɚ 3.1–Ⱦɚɧɧɵɟ ɪɚɫɱёɬɚ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ 

Ʉɪɢɜɵɟ ɫɜɹɡɢ ȼȻ ɢ 
ɇȻ 

ɇɚɩɨɪɧɵɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

Ʌɢɧɢɹ ɨɝɪɚɧɢɱɟɧɢɹ 
ɩɨ ɪɚɫɱɟɬɧɨɣ 

ɭɫɬɚɧɨɜɥɟɧɧɨɣ 
ɦɨɳɧɨɫɬɢ 

Ʌɢɧɢɹ ɨɝɪɚɧɢɱɟɧɢɹ 
ɩɨ ɩɪɨɩɭɫɤɧɨɣ 

ɫɩɨɫɨɛɧɨɫɬɢ Ƚɗɋ ܳː˄,  ˏଷ/ܿ 
ܼː˄.ˎ,  ˏ 

ܼː˄.ˊ,  ˏ  ʜʜʞʢ, ˏ 
ʜʢʛʝ , ˏ 

 ,˅ʑʐˢːܪ
ɦ 

,ܪ ˏ ܳ, ˏଷ/ܿ ܪ, ˏ ܳ, ˏଷ/ܿ 

0 466,0 466,0 49,5 27,4 41,5 50,0 677,3 40,0 851,1 
100 466,3 466,4 49,1 27,0 41,1 48,9 693,2 38,5 834,4 
200 466,5 466,6 48,9 26,7 40,9 47,7 709,9 36,9 817,4 
300 466,7 466,9 48,6 26,5 40,6 46,6 727,5 35,4 800,1 
400 466,9 467,0 48,5 26,3 40,5 45,4 745,9 33,8 782,3 
500 467,1 467,2 48,3 26,2 40,3 44,3 765,3 32,3 764,2 
600 467,2 467,3 48,2 26,1 40,2 43,1 785,7 30,7 745,6 
700 467,3 467,4 48,1 26,0 40,1 42,0 807,2 29,2 726,5 
800 467,4 467,5 48,0 25,9 40,0 40,8 830,0 27,6 706,9 
900 467,5 467,6 47,9 25,8 39,9 39,7 854,1 26,1 686,8 
1000 467,5 467,7 47,8 25,7 39,8 

 

1100 467,6 467,7 47,8 25,6 39,8 
1200 467,7 467,8 47,7 25,6 39,7 
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Ɋɢɫɭɧɨɤ 3.1–Ɋɟɠɢɦɧɨɟ ɩɨɥɟ Ⱥɥɬɚɣɫɤɨɣ Ƚɗɋ 

 
Ɉɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɪɚɛɨɬɵ, ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɢɫɯɨɞɹ ɢɡ ɪɟɠɢɦɧɨɝɨ 

ɩɨɥɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.2. 
 

Ɍɚɛɥɢɰɚ 3.2 – Ɉɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɪɚɛɨɬɵ, ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ܪ௠௔௫ , ɦ ܪɪɚɫɱ, ɦ ܪ௠𝑖௡ , ɦ ܳ௠𝑖௡ , ɦଷ/ɫ ܳ௠௔௫ , ɦଷ/ɫ ܪ௠𝑖௡/ܪ௠௔௫ 
49,5 39,9 26 150 846,6 0,52 

 
3.2 ȼɵɛɨɪ ɫɢɫɬɟɦɵ ɢ ɤɨɥɢɱɟɫɬɜɚ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ 

 

ȼɵɛɨɪ ɫɢɫɬɟɦɵ ɢ ɬɢɩɚ ɬɭɪɛɢɧɵ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɦɚɤɫɢɦɚɥɶɧɨɦɭ ɧɚɩɨɪɭ, 
ɬɚɤ ɱɬɨɛɵ ɡɧɚɱɟɧɢɟ ܪ௠௔௫=49,5 ɦ ɛɵɥɨ ɛɥɢɡɤɨ ɤ ɩɪɟɞɟɥɶɧɨɦɭ ɧɚɩɨɪɭ ܪ˒˓ˈˇ 
ɜɵɛɪɚɧɧɨɝɨ ɬɢɩɚ, ɧɨ ɧɟ ɩɪɟɜɵɲɚɥɨ ɟɝɨ, ɬ.ɟ. ܪ௠௔௫ ൑  .ˇˈ˓˒ܪ

Ɂɚɞɚɧɧɵɦ ɭɫɥɨɜɢɹɦ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɬɭɪɛɢɧɵ ɉɅ50-ȼ ɢ ɉɅȾ50-ȼ60, 
ɨɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɤɨɬɨɪɵɯ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.3: 
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Ɍɚɛɥɢɰɚ 3.3 – ɉɚɪɚɦɟɬɪɵ ɜɵɛɪɚɧɧɵɯ ɬɢɩɨɜ ɦɨɞɟɥɶɧɵɯ ɝɢɞɪɨɬɭɪɛɢɧ 
ɉɚɪɚɦɟɬɪ ɉɅ50-ȼ ɉɅȾ50-ȼ60 ܪɩɪɟɞ, ɦ 50 50 ܪ௠𝑖௡ ⁄௠௔௫ܪ  0,5 0,5 ݊′ଵ   ௢௣௧, ɨɛ/ɦ 116 113 ܳଵ   ௢௣௧ , ɥ/ɫ 1000 1100 𝜂ɦ௢௣௧  0,916 0,910 ܳ′ଵ   ௠௔௫ , ɦଷ/ɫ 1,5 1,65 𝜎 ሺܳଵ  ௠௔௫, ሻ 0,6 0,6 ܦଵ   ௠ , ɦ 0,46 0,46 ܪɦ , ɦ 12 5 ݐɦɨɞ , ℃ 21 16 𝜎ɦ, ɦଷ/ɫ 

 
Ͳ,ͻͺͺ ∙ ͳͲ଺ Ͳ,ͳͳͳ ∙ ͳͲ଺ 

 

ɇɚ ɝɥɚɜɧɵɯ ɭɧɢɜɟɪɫɚɥɶɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ ɬɭɪɛɢɧ ɧɚɦɟɱɚɟɦ ɪɚɫɱɟɬɧɵɟ 
ɬɨɱɤɢ ଵܲ, ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɪɨɜɟɞɹ ɥɢɧɢɸ ɱɟɪɟɡ ɨɩɬɢɦɭɦ ɄɉȾ. 

 
Ⱦɥɹ ɉɅ50-ȼ: ܳሺ௣ଵሻ′ = ͳ,ͷʹ ˏଷ/˔, 𝜂ሺ௣ଵሻ′ = Ͳ,ͺͺ͹; 
Ⱦɥɹ ɉɅȾ50-ȼ60: ܳሺ௣ଵሻ′ = ͳ,͹ ˏଷ/˔, 𝜂ሺ௣ଵሻ′ = Ͳ,ͺ͸ʹ. 
 
Ⱦɚɥɟɟ ɩɪɨɢɡɜɨɞɢɦ ɪɚɫɱɟɬ ɩɚɪɚɦɟɬɪɨɜ ɬɭɪɛɢɧɵ ɉɅ50-ȼ ɞɥɹ ɪɚɡɧɵɯ 

ɡɧɚɱɟɧɢɣ ɞɢɚɦɟɬɪɚ [2]. ɇɢɠɟ ɩɪɟɞɫɬɚɜɥɟɧ ɯɨɞ ɪɚɫɱɟɬɚ ɞɥɹ ɞɢɚɦɟɬɪɚ ܦଵ = ͸ ˏ. 
 
ɄɉȾ ɧɚɬɭɪɧɨɣ ɝɢɞɪɨɬɭɪɛɢɧɵ: 
 

𝜂ʡ = ͳ − ሺͳ − 𝜂ˏሻ ∙ ൮ሺͳ − ሻߝ + ߝ ∙ ଵఱܦˏଵܦ√ ∙ 𝑁˓భబܪˏܪ√ ∙ ఱˏݒːݒ√ ),                          ሺ͵.ͳሻ 

 
ɝɞɟ 𝜂ˏ , ,ˏଵܦ ,ଵܦ ;ɄɉȾ, ɞɢɚɦɟɬɪ ɢ ɧɚɩɨɪ ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ – ˏܪ ,ˏݒ ;𝑁˓ – ɞɢɚɦɟɬɪ ɢ ɪɚɫɱɟɬɧɵɣ ɧɚɩɨɪ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵܪ  ː – ɤɨɷɮɮɢɰɢɟɧɬɵ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɜɨɞɵ ɞɥɹ ɦɨɞɟɥɶɧɨɣ ɢݒ
ɧɚɬɭɪɧɨɣ ɝɢɞɪɨɬɭɪɛɢɧɵ, ɡɚɜɢɫɹɳɢɟ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɞɵ ɞɥɹ ɧɚɬɭɪɧɵɯ ɢ 
ɦɨɞɟɥɶɧɵɯ ɭɫɥɨɜɢɣ ݐˏ;  ɤɨɷɮɮɢɰɢɟɧɬ, ɜɵɪɚɠɚɸɳɢɣ ɨɬɧɨɲɟɧɢɟ ɩɨɬɟɪɶ ɬɪɟɧɢɹ ɤɨ ɜɫɟɦ –ߝ ;ːݐ 
ɝɢɞɪɚɜɥɢɱɟɫɤɢ ɩɨɬɟɪɹɦ ɢ ɩɪɢɧɢɦɚɟɦɵɣ ɪɚɜɧɵɦ 0,75. 

 𝜂ʡ = ͳ − ሺͳ − Ͳ,ͺͺ͹ሻ ∙ ቌͲ,ʹͷ + Ͳ,͹ͷ ∙ √Ͳ,Ͷ͸ͺఱ ∙ √ ͳʹ͵ͻ,ͻభబ ∙ √ͳ,͸ʹʹ ∙ ͳͲ଺Ͳ,ͻͺͺ ∙ ͳͲ଺ఱ ቍ = = Ͳ,ͻʹ. 
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Ɇɨɳɧɨɫɬɶ ɚɝɪɟɝɚɬɚ ɜ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɟ, ɤɨɬɨɪɭɸ ɞɚɥɟɟ ɩɟɪɟɫɱɢɬɵɜɚɟɦ 
ɩɨɫɥɟ ɭɬɨɱɧɟɧɢɹ ɱɢɫɥɚ ɚɝɪɟɝɚɬɨɜ: 

 ˃ܰ′ = ͻ,ͺͳ ∙ ܳூ′˓ ∙ ଵଶܦ ∙ 𝑃ଵ,ହܪ ∙ 𝜂˕ ∙ 𝜂ˆ̝˓,                                                                   ሺ͵.ʹሻ 
 

ɝɞɟ ܳூ′˓  – ɩɪɢɜɟɞɟɧɧɵɣ ɪɚɫɯɨɞ ɜɨɞɵ ɜ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɟ ɧɚ ɍɏ ɬɭɪɛɢɧɵ 
(ɩɪɢɥɨɠɟɧɢɟ ȼ, ɪɢɫɭɧɨɤ ȼ.1); ܦଵ,  .𝑃– ɞɢɚɦɟɬɪ ɢ ɪɚɫɱɟɬɧɵɣ ɧɚɩɨɪ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ; 𝜂ʡ – ɄɉȾ ɧɚɬɭɪɧɨɣ ɝɢɞɪɨɬɭɪɛɢɧɵ; 𝜂ʒ̝˓ – ɫɪɟɞɧɢɣ ɄɉȾ ɝɟɧɟɪɚɬɨɪɚ, ɩɪɢɧɢɦɚɟɦɵɣ ɪɚɜɧɵɦ 0,97ܪ

 ˃ܰ′ = ͻ,ͺͳ ∙ ͳ,ͷʹ ∙ ͸ଶ ∙ ͵ͻ,ͻଵ,ହ ∙ Ͳ,ͻʹ ∙ Ͳ,ͻ͹ = ͳʹͳ ʛʑ˕. 
 

ɑɢɫɥɨ ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɯ ɧɚ Ƚɗɋ ɚɝɪɟɝɚɬɨɜ: 
′˃ݖ  = ˖ܰ˔˕˒˓ʒЭʠܰ′˃ = ʹͻͺͳʹͳ = ʹ,Ͷ͸,                                                                                 ሺ͵.͵ሻ 

 

ɝɞɟ ˖ܰ˔˕˒˓ʒЭʠ = ʹͻͺ ʛʑ˕ – ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɫɬɚɧɰɢɢ; ˃ܰ′ – ɦɨɳɧɨɫɬɶ ɚɝɪɟɝɚɬɚ ɜ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɟ. 
 

ɋɨɝɥɚɫɧɨ ɫɬɚɧɞɚɪɬɭ, ɨɤɪɭɝɥɹɟɦ ɱɢɫɥɨ ɚɝɪɟɝɚɬɨɜ, ɤɨɬɨɪɨɟ ɞɨɥɠɧɨ ɛɵɬɶ 
ɤɪɚɬɧɨ 2 ɢɥɢ 3. ɉɨɥɭɱɚɟɦ ݖ௔ = ͵ ˛˕. 

Ⱦɚɥɟɟ ɩɟɪɟɫɱɢɬɵɜɚɟɦ ɦɨɳɧɨɫɬɶ ɚɝɪɟɝɚɬɚ: 
 ௔ܰ = ʹͻͺ͵ = ͻͻ,͵ ʛʑ˕. 

 
ɉɨɩɪɚɜɤɚ ɧɚ ɩɪɢɜɟɞɟɧɧɭɸ ɱɚɫɬɨɬɭ ɜɪɚɳɟɧɢɹ: 

 ∆= 𝜂˕𝜂ˏ = Ͳ,ͻʹͲ,ͺͺ͹ = ͳ,ͲͶ,                                                                                          ሺ͵.Ͷሻ 

 
ɝɞɟ 𝜂˕ – ɄɉȾ ɧɚɬɭɪɧɨɣ ɝɢɞɪɨɬɭɪɛɢɧɵ; 𝜂ˏ – ɄɉȾ ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ. 

 
ɋɢɧɯɪɨɧɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɬɭɪɛɢɧɵ: 
 ݊˔ = ݊ூ˓′ ∙ 𝑃ܪ√ ∙ ଵܦ∆ = ͳͳ͸ ∙ √͵ͻ,ͻ ∙ ͳ,ͲͶ͸ = ͳʹͶ,ͷ ˑ˄/ˏˋː,                          ሺ͵.ͷሻ 
 

ɝɞɟ ݊ூ˓′  – ɩɪɢɜɟɞɟɧɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɜ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɟ ɧɚ ɍɏ ɜɵɛɪɚɧɧɨɣ 
ɬɭɪɛɢɧɵ; 
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,ଵܦ  .𝑃– ɞɢɚɦɟɬɪ ɢ ɪɚɫɱɟɬɧɵɣ ɧɚɩɨɪ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ; ∆ – ɩɨɩɪɚɜɤɚ ɧɚ ɩɪɢɜɟɞɟɧɧɭɸ ɱɚɫɬɨɬɭ ɜɪɚɳɟɧɢɹܪ
 
ɉɪɢɧɢɦɚɟɦ ɫɬɚɧɞɚɪɬɧɨɟ ɡɧɚɱɟɧɢɟ ɫɢɧɯɪɨɧɧɨɣ ɱɚɫɬɨɬɵ ݊˔ = ͳʹͷ ˑ˄/ˏˋː. 
Ɂɧɚɱɟɧɢɹ ɩɪɢɜɟɞɟɧɧɨɣ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɞɥɹ ɧɚɩɨɪɨɜ ܪ௠௔௫,  ௠𝑖௡ܪ ,˓𝑁ܪ

ɧɚɯɨɞɢɦ ɩɨ ɮɨɪɦɭɥɟ: 
 ݊ூ′ = ݊˔ ∙ ܪ√ଵܦ ∙ ∆,                                                                                                              ሺ͵.͸ሻ 

 
ɝɞɟ ݊˔ – ɫɢɧɯɪɨɧɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɬɭɪɛɢɧɵ; ܪ– ɧɚɩɨɪɵ ܪ௠௔௫,  .௠𝑖௡; ∆ – ɩɨɩɪɚɜɤɚ ɧɚ ɩɪɢɜɟɞɟɧɧɭɸ ɱɚɫɬɨɬɭ ɜɪɚɳɟɧɢɹܪ ,𝑃ܪ

 ݊௠௔௫′ = ͳʹͷ ∙ ͸√ʹ͸ ∙ ͳ,ͲͶ = ͳͶͶ,͵ ˑ˄/ˏˋː; 
 ݊˓˃˔˚′ = ͳʹͷ ∙ ͸√͵ͻ,ͻ ∙ ͳ,ͲͶ = ͳͳ͸,ͷ ˑ˄/ˏˋː; 
 ݊௠𝑖௡′ = ͳʹͷ ∙ ͸√Ͷͻ,ͷ ∙ ͳ,ͲͶ = ͳͲͶ,͸ ˑ˄/ˏˋː. 
 
Ɉɤɨɧɱɚɬɟɥɶɧɨɟ ɩɨɥɨɠɟɧɢɟ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɢ ɧɚ ɥɢɧɢɢ ݊ʜ˓′  ɫ ɭɱɟɬɨɦ 

ɨɤɪɭɝɥɟɧɧɨɝɨ ɱɢɫɥɚ ɚɝɪɟɝɚɬɨɜ ɢ ɭɬɨɱɧɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɚɝɪɟɝɚɬɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 
ɧɚ ɨɫɧɨɜɚɧɢɢ ɪɟɲɟɧɢɹ ɫɥɟɞɭɸɳɟɝɨ ɭɪɚɜɧɟɧɢɹ: 

 ܳூ′ ∙ 𝜂˕ = ˃ܰͻ,ͺͳ ∙ ଵଶܦ ∙ 𝑃ଵ,ହܪ ∙ 𝜂ˆ̝˓ ,                                                                             ሺ͵.͹ሻ 

 
ɝɞɟ ܳூ′ ɢ 𝜂˕– ɩɪɢɜɟɞɟɧɧɵɣ ɪɚɫɯɨɞ ɢ ɄɉȾ ɦɨɞɟɥɶɧɨɣ ɝɢɞɪɨɬɭɪɛɢɧɵ, ɩɨɞɛɨɪɨɦ 
ɤɨɬɨɪɵɯ ɢ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɨɤɨɧɱɚɬɟɥɶɧɨɟ ɩɨɥɨɠɟɧɢɟ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɢ; ˃ܰ – ɨɤɪɭɝɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɚɝɪɟɝɚɬɚ ɜ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɟ; ܦଵ,  .𝑃 – ɞɢɚɦɟɬɪ ɢ ɪɚɫɱɟɬɧɵɣ ɧɚɩɨɪ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ; 𝜂ˆ̝˓ – ɫɪɟɞɧɢɣ ɄɉȾ ɝɟɧɟɪɚɬɨɪɚ, ɩɪɢɧɢɦɚɟɦɵɣ ɪɚɜɧɵɦ 0,97ܪ

 ܳூ′ ∙ 𝜂˕ = ͻͻ͵͵͵ͻ,ͺͳ ∙ ͸ଶ ∙ ͵ͻ,ͻଵ,ହ ∙ Ͳ,ͻ͹ = ͳ,ͳͷ. 
 
ɉɨɥɭɱɚɟɦ ɤɨɨɪɞɢɧɚɬɵ ɪɚɫɱёɬɧɨɣ ɬɨɱɤɢ: 𝜂˕ = Ͳ,ͻͳͲʹ, ܳூ′ = ͳ,ʹ͸ͷ ˏଷ/ܿ. 
Ⱦɥɹ ɩɨɥɭɱɟɧɧɨɣ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɢ ɧɟɨɛɯɨɞɢɦɨ ɩɨɫɬɪɨɢɬɶ ɥɢɧɢɸ 

ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɦɨɳɧɨɫɬɢ. Ⱦɥɹ ɷɬɨɝɨ ɧɚ ɥɢɧɢɢ ݊ʜ௠𝑖௡′ , ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɧɚɩɨɪɭ ܪ௠௔௫, ɚɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦɧɚɯɨɞɢɦ ɬɨɱɤɭ ɢ ɫɨɟɞɢɧɹɟɦ ɟɟ ɫ ɪɚɫɱɟɬɧɨɣ.  
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ܳூ′ ∙ 𝜂˕ = ͻͻ͵͵͵ͻ,ͺͳ ∙ ͸ଶ ∙ Ͷͻ,ͷଵ,ହ ∙ Ͳ,ͻ͹ = Ͳ,ͺ͵. 
 
ɉɨɥɭɱɚɟɦ ɤɨɨɪɞɢɧɚɬɵ ɞɚɧɧɨɣ ɬɨɱɤɢ: 𝜂˕ = Ͳ,ͻͳͳ͹, ܳூ′ = Ͳ,ͻͳ ˏଷ/ܿ. 
Ʌɢɧɢɸ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɬɭɪɛɢɧɟ ɫɬɪɨɢɦ ɩɪɨɜɟɞɟɧɢɟɦ ɱɟɪɟɡ ɪɚɫɱɟɬɧɭɸ 

ɬɨɱɤɭ ɥɢɧɢɢ, ɩɚɪɚɥɥɟɥɶɧɨɣ ɨɬɤɪɵɬɢɸ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ, ܽ଴. 
ȼɫɟ ɪɚɫɱɟɬɵ ɞɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɬɭɪɛɢɧ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɵ 3.4 ɢ 3.5. 
 

Ɍɚɛɥɢɰɚ 3.4 –Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɩɚɪɚɦɟɬɪɨɜ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɪɚɡɥɢɱɧɵɯ 
ɡɧɚɱɟɧɢɣ ܦଵ ɝɢɞɪɨɬɭɪɛɢɧɵ ɉɅ50-ȼ 

ɉɚɪɚɦɟɬɪ 
Ɂɧɚɱɟɧɢɟ 

 ଵ, ɦ 5,3 5,6 6 6,3 6,7 7,1 8 8,5 𝜂Ɍ 0,92 0,92 0,92 0,92 0,92 0,92 0,92 0,93ܦ 8 7 6 5 4 3 2 1

ɚܰ
′, ɤȼɬ 94,3 105,3 121,0 133,5 151,1 169,8 215,8 243,7 ݖɚ

 ɚ 4 3 3 3 2 2 2 2ݖ 1,223 1,381 1,756 1,973 2,232 2,463 2,829 3,160 ′

ɚܰ, ɤȼɬ 74,500 99,333 99,333 99,333 149,000 149,000 149,000 149,000 ∆ 1,038 1,039 1,040 1,040 1,041 1,041 1,043 1,043 ݊′ɫଵ, 
ɨɛ/ɦɢɧ 

140,864 133,358 124,514 118,616 111,571 105,317 93,526 88,052 ݊ɫଵ, 
ɨɛ/ɦɢɧ 

150 150 125 125 115,4 107,1 93,8 88,2 ݊′ଵு௠௔௫ , 
ɨɛ/ɦɢɧ 

153,0 161,6 144,3 145,4 148,6 146,1 144,1 143,9 ݊′ଵுɪ, 
ɨɛ/ɦɢɧ 

123,5 130,5 116,5 117,4 120,0 118,0 116,3 116,2 ݊′ଵு௠𝑖௡ , 
ɨɛ/ɦɢɧ 

110,9 117,1 104,6 105,4 107,7 105,9 104,5 104,3 ܳூ′ ∙ 𝜂Ɍ ሺܪɪɚɫɱሻ 
 

1,11 1,32 1,15 1,04 1,38 1,23 0,97 0,86 ܳூ′ ∙ 𝜂Ɍ ሺܪ௠௔௫ሻ 0,80 0,96 0,83 0,76 1,00 0,89 0,70 0,62 

 
ɂɡ ɚɧɚɥɢɡɚ ɩɨɥɭɱɟɧɧɵɯ ɜɚɪɢɚɧɬɨɜ ɥɢɲɶ ɬɭɪɛɢɧɵ, ɉɅ50-ȼ-600 ɢ ɉɅ50-ȼ-

630, ɢɦɟɸɬ ɨɩɬɢɦɚɥɶɧɵɟ ɪɚɛɨɱɢɟ ɡɨɧɵ ɫ ɪɚɫɱёɬɧɨɣ ɬɨɱɤɨɣ ɛɥɢɡɤɨɣ ɤ ɬɨɱɤɟ 
ɨɩɬɢɦɭɦɚ ɩɪɢ ɜɫɟɯ ɪɚɫɱɟɬɧɵɯ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ, ɧɟɠɟɥɢ ɞɪɭɝɢɟ ɜɚɪɢɚɧɬɵ. Ⱥ 
ɬɚɤɠɟ ɛɨɥɶɲɢɦ ɄɉȾ ɢ ɦɟɧɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɚɝɪɟɝɚɬɨɜ ɛɨɥɶɲɟɣ ɦɨɳɧɨɫɬɢ, ɤ 
ɱɟɦɭ ɢ ɧɭɠɧɨ ɫɬɪɟɦɢɬɶɫɹ (ɩɪɢɥɨɠɟɧɢɟ ȼ, ɪɢɫɭɧɨɤ ȼ.1 ɢ ȼ.2).  

Ⱦɥɹ ɬɭɪɛɢɧ ɫ ɞɚɧɧɵɦɢ ɞɢɚɦɟɬɪɚɦɢ ɜɨɡɦɨɠɧɨ ɨɫɭɳɟɫɬɜɢɬɶ ɩɨɞɛɨɪ 
ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ. 
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Ɍɚɛɥɢɰɚ 3.5 –Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɩɚɪɚɦɟɬɪɨɜ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɪɚɡɥɢɱɧɵɯ 
ɡɧɚɱɟɧɢɣ ܦଵ ɝɢɞɪɨɬɭɪɛɢɧɵ ɉɅȾ50-ȼ60 

ɉɚɪɚɦɟɬɪ 
Ɂɧɚɱɟɧɢɟ 

 ଵ, ɦ 5,3 5,6 6 6,3 6,7 7,1 7,5 8 𝜂Ɍ 0,91 0,91 0,91 0,91 0,92 0,92 0,92 0,92ܦ 8 7 6 5 4 3 2 1

ɚܰ
′, ɤȼɬ 104,5 116,8 134,2 148,0 167,5 188,2 210,2 239,3 ݖɚ

 ɚ 3 3 3 3 2 2 2 2ݖ 1,245 1,418 1,583 1,779 2,013 2,221 2,552 2,851 ′

ɚܰ, ɤȼɬ 99,3 99,3 99,3 99,3 149 149 149 149 ∆ 1,059 1,060 1,060 1,061 1,062 1,062 1,063 1,064 ݊′ɫଵ, 
ɨɛ/ɦɢɧ 

138,589 131,206 122,507 116,705 109,775 103,623 98,125 92,024 ݊ɫଵ, 
ɨɛ/ɦɢɧ 

150 150 125 120 115,4 107,1 100 93,8 ݊′ଵு௠௔௫ , 
ɨɛ/ɦɢɧ 

151,5 160,0 142,8 143,9 147,2 144,7 142,7 142,7 ݊′ଵுɪ, 
ɨɛ/ɦɢɧ 

122,3 129,2 115,3 116,2 118,8 116,8 115,2 115,2 ݊′ଵு௠𝑖௡ , 
ɨɛ/ɦɢɧ 

109,8 116,0 103,5 104,3 106,7 104,9 103,4 103,4 ܳூ′ ∙ 𝜂Ɍ ሺܪɪɚɫɱሻ 
 

1,47 1,32 1,15 1,04 1,38 1,23 1,10 0,97 ܳூ′ ∙ 𝜂Ɍ ሺܪ௠௔௫ሻ 1,07 0,96 0,83 0,76 1,00 0,89 0,80 0,70 

 
Ⱥɧɚɥɨɝɢɱɧɨ ɩɪɟɞɵɞɭɳɟɦɭ ɚɧɚɥɢɡɭ, ɢɡ ɞɜɭɯ ɩɨɞɯɨɞɹɳɢɯ ɩɨ ɡɨɧɚɦ ɪɚɛɨɬɵ 

(ɩɪɢɥɨɠɟɧɢɟ ȼ, ɪɢɫɭɧɨɤ ȼ.3 ɢ ȼ.4) ɜɚɪɢɚɧɬɨɜ ɉɅȾ50-ȼ60-600 ɢ ɉɅȾ50-ȼ60-
750, ɜ ɞɚɥɶɧɟɣɲɟɦ ɛɭɞɟɦ ɩɪɨɢɡɜɨɞɢɬɶ ɚɧɚɥɢɡ ɷɬɢɯ, ɞɥɹ ɜɵɛɨɪɚ ɧɚɢɛɨɥɟɟ 
ɩɨɞɯɨɞɹɳɟɣ. 
 

3.3 ɉɪɨɜɟɪɤɚ ɪɚɛɨɬɵ ɬɭɪɛɢɧɵ ɩɪɢ ɦɢɧɢɦɚɥɶɧɨɦ ɪɚɫɯɨɞɟ 
 

Ʌɢɧɢɸ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɦɢɧɢɦɚɥɶɧɨɦɭ ɪɚɫɯɨɞɭ ɫ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ 
ɩɟɪɟɫɱɢɬɚɟɦ ɜ ɤɨɨɪɞɢɧɚɬɭ ɭɧɢɜɟɪɫɚɥɶɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ (ɪɢɫɭɧɤɢ ȼ.1, ȼ.2, 
ȼ.3 ɢ ȼ.4) ɞɥɹ ɞɜɭɯ ɡɧɚɱɟɧɢɣ ɧɚɩɨɪɚ ܪ௠௔௫ ɢ ܪ௠𝑖௡ ɩɨ ɮɨɪɦɭɥɟ: 

 ܳூ′ = ܳ௠𝑖௡ܦଵଶ ∙ ܼ ∙ ܪ√ ∙ ∆,                                                                                                ሺ͵.ͺሻ 

 
ɝɞɟ ܳ௠𝑖௡ – ɦɢɧɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɱɟɪɟɡ ɬɭɪɛɢɧɭ; ܦଵ–ɞɢɚɦɟɬɪ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ; 
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ܼ ;௠𝑖௡; ∆ – ɩɨɩɪɚɜɤɚ ɧɚ ɩɪɢɜɟɞɟɧɧɭɸ ɱɚɫɬɨɬɭ ɜɪɚɳɟɧɢɹ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵܪ௠௔௫ɢɥɢܪ ,ɧɚɩɨɪ – ܪ = ͳ– ɱɢɫɥɨ ɚɝɪɟɝɚɬɨɜ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɦɢɧɢɦɚɥɶɧɵɣ ɩɨɩɭɫɤ. 
 

Ɍɨɝɞɚ ɩɨ ɮɨɪɦɭɥɟ 3.11ɪɚɫɯɨɞɵɞɥɹ ɉɅ50-ȼ-600 ɩɪɢ ɪɚɡɧɵɯ ɧɚɩɨɪɚɯ: 
 ܳூ௠𝑖௡′ = ͳͷͲ͸ଶ ∙ √Ͷͻ,ͷ ∙ ͳ,ͲͶ = Ͳ,ͷͺͳ ˏଷ̝ = ͷͺͳ ˎ/˔; 
 ܳூ௠௔௫′ = ͳͷͲ͸ଶ ∙ √ʹ͸ ∙ ͳ,ͲͶ = Ͳ,ͺͲͳ ˏଷ̝ = ͺͲͳ ˎ/˔. 

 
Ⱥɧɚɥɨɝɢɱɧɨ ɞɥɹ ɉɅ50-ȼ-630: ܳ ூ௠𝑖௡′ = ͷʹ͹ ˎ/˔, ܳூ௠௔௫′ = ͹ʹ͹ ˎ/˔. 
Ⱦɥɹ ɉɅȾ50-ȼ60-600: ܳ ூ௠𝑖௡′ = ͷ͹ͷ ˎ/˔, ܳூ௠௔௫′ = ͹ͻͶ ˎ/˔. 
Ⱦɥɹ ɉɅȾ50-ȼ60-750: ܳ ூ௠𝑖௡′ = ͵͸ͺ ˎ/˔, ܳூ௠௔௫′ = ͷͲ͹ ˎ/˔. 
ɉɪɢ ɜɵɛɪɚɧɧɵɯ ɩɚɪɚɦɟɬɪɚɯ ɬɭɪɛɢɧɵ ɉɅ50-ȼ-600, ɉɅ50-ȼ-630 ɢ ɉɅȾ50-

ȼ60-600 ɦɨɝɭɬ ɪɚɛɨɬɚɬɶ ɩɪɢ ɦɢɧɢɦɚɥɶɧɨɦ ɪɚɫɯɨɞɟ, ɬɚɤ ɤɚɤ ɥɢɧɢɹ ɨɝɪɚɧɢɱɟɧɢɹ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɩɪɢɜɟɞɟɧɧɵɦ ɪɚɫɯɨɞɚɦ, ɧɟ ɜɵɯɨɞɢɬ ɡɚ ɩɪɟɞɟɥɵ ɪɚɛɨɱɟɝɨ 
ɞɢɚɩɚɡɨɧɚ ɭɧɢɜɟɪɫɚɥɶɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. 

 
3.4 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɦɟɬɤɢ ɭɫɬɚɧɨɜɤɢ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɝɢɞɪɨɬɭɪɛɢɧɵ 
 
Ɉɬɦɟɬɤɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɝɢɞɪɨɬɭɪɛɢɧɵ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɟɟ 

ɛɟɫɤɚɜɢɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 ∇ܼ˓.ˍ. = ʜʐሺܳʜʐሻݖ +  ௌ,                                                                                          ሺ͵.ͻሻܪ
 

ɝɞɟ ݖʜʐሺܳʜʐሻ – ɨɬɦɟɬɤɚ ɭɪɨɜɧɹ ɜɨɞɵ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ ɩɪɢ ɪɚɫɯɨɞɟ ܳʜʐ,ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ ɪɚɫɱɟɬɧɨɦɭ ɡɧɚɱɟɧɢɸ ɜɵɫɨɬɵ ɨɬɫɚɫɵɜɚɧɢɹ ܪௌ. 
 

ȼɵɫɨɬɚ ɨɬɫɚɫɵɜɚɧɢɹ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɞɥɹ ɬɪɟɯ ɫɥɭɱɚɟɜ, ɤɨɬɨɪɵɟ ɬɪɟɛɭɸɬ 
ɇɚɢɛɨɥɶɲɟɝɨ ɡɚɝɥɭɛɥɟɧɢɹ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ: 

1. ɪɚɛɨɬɚ ɨɞɧɨɝɨ ɚɝɪɟɝɚɬɚ ɫ ɦɚɤɫɢɦɚɥɶɧɨɣ ɦɨɳɧɨɫɬɶɸ ɩɪɢ ܪ௠௔௫; 
2. ɪɚɛɨɬɚ ɨɞɧɨɝɨ ɚɝɪɟɝɚɬɚ ɫ ɦɚɤɫɢɦɚɥɶɧɨɣ ɦɨɳɧɨɫɬɶɸ ɩɪɢ ܪ௣; 
3. ɪɚɛɨɬɚ ɨɞɧɨɝɨ ɚɝɪɟɝɚɬɚ ɩɪɢ ܪ௠𝑖௡ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɟɦɭ ɦɨɳɧɨɫɬɢ 

ɧɚ ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ. 
ȼɵɫɨɬɭ ɨɬɫɚɫɵɜɚɧɢɹ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ: 
ௌܪ  = ܤ − ʜʐሺܳʜʐሻͻͲͲݖ − 𝜎 ∙ ܪ − ͳ,ͷ,                                                                    ሺ͵.ͳͲሻ 

 
ɝɞɟ ܤ – ɛɚɪɨɦɟɬɪɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ, ɪɚɜɧɨɟ 10,33 ɦ ɜɨɞ.ɫɬ.; 𝜎 – ɤɨɷɮɮɢɰɢɟɧɬ ɤɚɜɢɬɚɰɢɢ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ Ƚɍɏ; 
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 .ʜʐሺܳʜʐሻݖ ɧɚɩɨɪ ɬɭɪɛɢɧɵ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɭɪɨɜɧɟɦ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ ɢ – ܪ
Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɫɜɨɞɢɦ ɜ ɬɚɛɥɢɰɭ 3.6. 
 

Ɍɚɛɥɢɰɚ 3.6 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɜɵɫɨɬɵ ɨɬɫɚɫɵɜɚɧɢɹ 
Ɍɢɩ ɬɭɪɛɢɧɵ 𝜂˕, ,ଵܦ % ˏ ܼ௔ , ˛˕ ݊௖ , ˑ˄/ˏˋː ௔ܰ , ʛʑ˕ ʜ௦ଵ, ˏ ʜ௦ଶ, ˏ ʜ௦ଷ, ˏ 
ɉɅ50-ȼ-600 0,92 6 3 125 99,3 -2,18 -7,25 -0,01 
ɉɅ50-ȼ-630 0,92 6,3 3 125 99,3 -0,6 -4,14 1,17 

ɉɅȾ50-ȼ60-600 0,91 6 3 125 99,3 0,77 -7,15 -5,12 
 
ɂɡ ɜɫɟɯ ɩɨɥɭɱɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɜɵɫɨɬ ɨɬɫɚɫɵɜɚɧɢɹ ɢ ɨɬɦɟɬɨɤ ɭɫɬɚɧɨɜɤɢ ɊɄ 

ɩɪɢɧɢɦɚɟɦ ɦɢɧɢɦɚɥɶɧɭɸ ɨɬɦɟɬɤɭ ɪɚɫɩɨɥɨɠɟɧɢɹ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, ɤɨɬɨɪɚɹ 
ɛɭɞɟɬ ɨɛɟɫɩɟɱɢɜɚɬɶ ɛɟɫɤɚɜɢɬɚɰɢɨɧɧɭɸ ɪɚɛɨɬɭ ɬɭɪɛɢɧɵ ɜɨ ɜɫɟɯ ɪɟɠɢɦɚɯ, ɬ.ɟ. 
ɢɦɟɟɦ: 

 
ɉɅ50-ȼ-600:  ܪ௦ =  −͹,ʹͷ ɦ ɢ ∇ܼɪ.ɤ. = Ͷͷͻ,ͷ ɦ. 
 
ɉɅ50-ȼ-630:  ܪ௦ =  −Ͷ,ͳͶ ɦ ɢ ∇ܼɪ.ɤ. = Ͷ͸ʹ,͸ɦ. 
 
ɉɅȾ50-ȼ60-600:  ܪ௦ =  −͹,ͳͷ ɦ ɢ ∇ܼɪ.ɤ. = Ͷͷͻ,͸ ɦ. 
 
Ɉɤɨɧɱɚɬɟɥɶɧɨ ɩɪɢɧɢɦɚɟɦ ɤ ɭɫɬɚɧɨɜɤɟ ɝɢɞɪɨɬɭɪɛɢɧɭ ɉɅ50-ȼ-630. ɂɡ 

ɬɚɛɥɢɰɵ 3.6 ɜɢɞɧɨ, ɱɬɨ ɞɚɧɧɵɣ ɜɚɪɢɚɧɬ ɢɦɟɟɬ ɛɨɥɶɲɢɣ ɄɉȾ, ɱɟɦ ɉɅ50-ȼ-600 
ɢ ɉɅȾ50-ȼ60-600 ɩɪɢ ɨɞɢɧɚɤɨɜɨɣ ɦɨɳɧɨɫɬɢ ɢ ɱɚɫɬɨɬɟ ɜɪɚɳɟɧɢɹ. Ʉɪɨɦɟ ɬɨɝɨ 
ɜɵɫɨɬɚ ɨɬɫɚɫɵɜɚɧɢɹ ɩɪɢ ɞɚɧɧɨɦ ɞɢɚɦɟɬɪɟ ɝɢɞɪɨɬɭɪɛɢɧɵ ɧɚɢɦɟɧɶɲɚɹ, ɱɬɨ 
ɹɜɥɹɟɬɫɹ ɷɤɨɧɨɦɢɱɟɫɤɢ ɜɵɝɨɞɧɨ ɢ ɩɨɡɜɨɥɹɟɬ ɭɦɟɧɶɲɢɬɶ ɨɛɴɟɦ ɡɟɦɥɹɧɵɯ ɪɚɛɨɬ. 

 
3.5 ȼɵɛɨɪ ɬɢɩɚ ɫɟɪɢɣɧɨɝɨ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ 

 

Ƚɢɞɪɨɝɟɧɟɪɚɬɨɪ ɩɨɞɛɢɪɚɟɬɫɹ ɩɨ ɫɩɪɚɜɨɱɧɵɦ ɞɚɧɧɵɦ ɫɟɪɢɣɧɵɯ ɬɢɩɨɜ ɩɨ 
ɪɚɫɱɟɬɧɨɦɭ ɡɧɚɱɟɧɢɸ ɟɝɨ ɩɨɥɧɨɣ ɦɨɳɧɨɫɬɢ ɢ ɫɢɧɯɪɨɧɧɨɣ ɱɚɫɬɨɬɟ ɜɪɚɳɟɧɢɹ.  

ɇɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ: 
 ܵɧɨɦ = ௔ܰܿ߮ݏ݋ = ͻͻ,͵͵Ͳ,ͺͷ = ͳͳ͹Ɇȼ ∙ Ⱥ.                                                                ሺ͵.ͳͳሻ 

 
ɑɢɫɥɨ ɩɨɥɸɫɨɜ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ 
 ˓ = ͸ͲͲͲ݊௖ = ͸ͲͲͲͳʹͷ = Ͷͺ.                                                                                      ሺ͵.ͳʹሻ 

 
ɉɨ ɫɩɪɚɜɨɱɧɵɦ ɞɚɧɧɵɦ ɜɵɛɢɪɚɟɦ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪ: ɋȼ-1130/140-48Ɍɋ4, 

ɞɚɧɧɵɟ ɤɨɬɨɪɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ ȼ.1 ɩɪɢɥɨɠɟɧɢɹ ȼ. 
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3.6 Ɋɚɫɱɟɬ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ 
 
ɍɝɨɥ ɨɯɜɚɬɚ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ, ɜɡɹɬɵɣ ɢɡ Ƚɍɏ (ɪɢɫɭɧɨɤ ȼ.5) ˔˒ =ʹʹͷ. 
ɇɚɪɭɠɧɵɣ ɪɚɞɢɭɫ ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɬɚɤɠɟ ɢɡ Ƚɍɏ: 
ݎ˅  ˘ = ͳ,͹͵ͻ ∙ ଵܦ = ͳ,͹͵ͻ ∙ ͸,͵ = ͳͲ,ͻ͸ ˏ.                                                      ሺ͵.ͳ͵ሻ 
 
Ⱦɢɚɦɟɬɪ ɪɚɫɩɨɥɨɠɟɧɢɹ ɜɯɨɞɧɵɯ ɤɪɨɦɨɤ ɫɬɚɬɨɪɚ:ܦ˅˘ = ͻ,ͺ ˏ.  
Ⱦɢɚɦɟɬɪ ɪɚɫɩɨɥɨɠɟɧɢɹ ɜɵɯɨɞɧɵɯ ɤɪɨɦɨɤ ɫɬɚɬɨɪɚ:ܦ˅˞˘ = ͺ,ͷ͹ ˏ.  
ȼɵɫɨɬɚ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ, ɨɩɪɟɞɟɥɟɧɧɚɹ ɩɨ Ƚɍɏ: 
 ܾ଴ = Ͳ,͵ͷ ∙ ଵܦ = Ͳ,͵ͷ ∙ ͸,͵ = ʹ,ʹͲͷ ˏ.                                                            ሺ͵.ͳͶሻ 
 
ȼɵɫɨɬɚ ɫɬɚɬɨɪɚ: 
˕˔ܤ  = ܾ଴ + Ͳ,ͲͲ͵͵ ∙ ଵܦ = ʹ,ʹͲͷ + Ͳ,ͲͲ͵͵ ∙ ͸,͵ = ʹ,ʹ͵ ˏ.                         ሺ͵.ͳͷሻ 
 
Ⱦɨɩɭɫɬɢɦɚɹ ɫɤɨɪɨɫɬɶ, ɜɨ ɜɯɨɞɧɨɦ ɫɟɱɟɧɢɢ ɜɡɹɬɚɹ ɩɨ ɝɪɚɮɢɤɭ ݒ˔˓ =  ௣൯ܪ)݂

ɪɚɜɧɚ: ߭˅˘ = ͷ,͵ ˏ/˔. 
ɉɨɥɧɵɣ ɪɚɫɯɨɞ ɱɟɪɟɡ ɬɭɪɛɢɧɭ ɩɪɢ ɪɚɫɱɟɬɧɵɯ ɡɧɚɱɟɧɢɹɯ ɦɨɳɧɨɫɬɢ ɢ 

ɧɚɩɨɪɚ: 
 ்ܳ =  ܰͻ,ͺͳ ∙ ௣ܪ ∙ 𝜂ˑ˒˕ = ͻͻ͵͵Ͳͻ,ͺͳ ∙ ͵ͻ,ͻ ∙ Ͳ,ͻͳ͵ = ʹ͹ͺ ˏଷ/˔.                           ሺ͵.ͳ͸ሻ 

 
Ɋɚɫɯɨɞ ɱɟɪɟɡ ɜɯɨɞɧɨɟ ɫɟɱɟɧɢɟ ɫɩɢɪɚɥɶɧɨɝɨ ɤɚɧɚɥɚ ɤɚɦɟɪɵ: 
 ܳ𝑖 = ்ܳ ∙ ͵͸Ͳ = ʹ͹ͺ ∙ ʹʹͷ͵͸Ͳ = ͳ͹͵,͹ʹ ˏଷ/˔.                                                        ሺ͵.ͳ͹ሻ 

 
ɉɥɨɳɚɞɶ ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ: 

ܨ˅  ˘ = ܳ𝑖ɓ˅˘ = ͳ͹͵,͹ʹͷ,͵ = ͵ʹ,͹ͺ ˏଶ.                                                                        ሺ͵.ͳͺሻ 

 
ɒɢɪɢɧɚ ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ: 
 ˃˅˘ = ݎ˅ ˘ − ௔ݎ = ͳͲ,ͻ͸ − Ͷ,ͻ = ͸,Ͳ͸ ˏ.                                                           ሺ͵.ͳͻሻ 
 
ȼɵɫɨɬɚ ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ: ܾ˅˘ = ͷ,Ͷͳ͹ ˏ. 
ȼ ɬɚɛɥɢɰɟ ȼ.2 ɩɪɢɥɨɠɟɧɢɹ ȼ ɩɪɟɞɫɬɚɜɥɟɧ ɪɚɫɱɟɬ ɛɟɬɨɧɧɨɣ ɫɩɢɪɚɥɶɧɨɣ 

ɤɚɦɟɪɵ, ɜɵɩɨɥɧɟɧɧɵɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ MicrosoftExcel. 
ɉɨ ɪɚɫɫɱɢɬɚɧɧɵɦ ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɫɟɱɟɧɢɹɦ ɫɩɢɪɚɥɢ ɫɬɪɨɢɦ ɝɪɚɮɢɤ 
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˔˒ = ݂ሺݎ𝑖ሻ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ ɪɢɫɭɧɤɟ 3.2. 
 

 
Ɋɢɫɭɧɨɤ 3.2– ɝɪɚɮɢɤ˔˒ = ݂ሺݎ𝑖ሻ 

 
ɉɭɬɟɦ ɪɚɡɛɢɟɧɢɹ ɝɪɚɮɢɤɚ ɧɚ ɢɧɬɟɪɜɚɥɵ ɫ ɲɚɝɨɦ  

𝑖 = ͳͷ° ɫɧɢɦɚɟɦ ɡɧɚɱɟɧɢɹ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ. 
Ɋɟɡɭɥɶɬɚɬɵ ɡɚɧɨɫɢɦ ɜ ɬɚɛɥɢɰɭ 3.8. 
 
Ɍɚɛɥɢɰɚ 3.8 –Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ ߮° 0 15 30 45 60 75 90 105 120 135 150 165 180 195 210 225 ݎ𝑖 , ˏ 4,2 4,9 5,5 6,05 6,55 7,05 7,5 7,9 8,35 8,7 9,12 9,5 9,9 10,2 10,6 10,95 

 
ɒɢɪɢɧɚ ɩɨɞɜɨɞɚ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɢɡ Ƚɍɏ, ɪɚɜɧɚ ʑ’ = ʹ,ͻʹͺ ∙ ଵܦ = ͳͺ,Ͷ ˏ, 

ɱɬɨ ɦɧɨɝɨ ɛɨɥɶɲɟ ɞɨɩɭɫɬɢɦɵɯ 7 ɦɟɬɪɨɜ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɟɨɛɯɨɞɢɦɨ 
ɭɫɬɚɧɨɜɢɬɶ ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɛɵɱɨɤ, ɲɢɪɢɧɨɣ: 

 ܾ = ͳ + ܳ௠௔௫ͶͲͲ = ͳ + ʹ͹ͺͶͲͲ = ͳ,͹ ˏ,                                                                   ሺ͵.ʹͲሻ 

 
ɝɞɟ ܳ௠௔௫– ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɱɟɪɟɡ ɬɭɪɛɢɧɭ, ɪɚɜɧɵɣ: 
 ܳ௠௔௫ =  ܰͻ,ͺͳ ∙ ௣ܪ ∙ 𝜂˓˃˔˚ = ͻͻ͵͵Ͳͻ,ͺͳ ∙ ͵ͻ,ͻ ∙ Ͳ,ͻͳ͵ = ʹ͹ͺ ˏଷ/˔.                     ሺ͵.ʹͳሻ 

 
Ɍɨɝɞɚ ɲɢɪɢɧɚ ɩɨɞɜɨɞɚ ɫ ɭɱɟɬɨɦ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɛɵɱɤɚ: 
ܤ  = ′ܤ + ܾ = ͳͺ,Ͷ + ͳ,͹ = ʹͲ ˏ. 
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ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɞɚɧɧɵɦ ɫɬɪɨɢɦ ɛɟɬɨɧɧɭɸ ɫɩɢɪɚɥɶɧɭɸ ɤɚɦɟɪɭ, 
ɩɪɟɞɫɬɚɜɥɟɧɧɭɸ ɧɚ ɪɢɫɭɧɤɟ ȼ.6 ɜ ɩɪɢɥɨɠɟɧɢɢ ȼ. 

 
3.7 ȼɵɛɨɪ ɬɢɩɚ ɦɚɫɥɨɧɚɩɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ 
 
Ɇɚɫɥɨɧɚɩɨɪɧɚɹ ɭɫɬɚɧɨɜɤɚ (Ɇɇɍ), ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɤɪɭɩɧɵɯ 

ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɝɢɞɪɨɬɭɪɛɢɧ. ȿё ɝɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ 
ɨɩɪɟɞɟɥɹɸɬɫɹ ɨɛɴёɦɨɦ ɦɚɫɥɨɜɨɡɞɭɲɧɨɝɨ ɤɨɬɥɚ, ɡɚɜɢɫɹɳɟɝɨ ɨɬ ɫɭɦɦɚɪɧɨɝɨ 
ɨɛɴɟɦɚ ɫɟɪɜɨɦɨɬɨɪɨɜ, ɨɛɫɥɭɠɢɜɚɟɦɵɯ ɨɞɧɨɣ Ɇɇɍ. 

ɉɨ ɧɨɦɨɝɪɚɦɦɟ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɜ ɫɩɪɚɜɨɱɧɨɦ ɩɨɫɨɛɢɢ [5] ɨɩɪɟɞɟɥɹɟɦ 
ɬɢɩ Ɇɇɍ, ɚ ɢɦɟɧɧɨ: Ɇɇɍ 12,5/1-40-12,5-2 – ɷɬɨ ɦɚɫɥɨɧɚɩɨɪɧɚɹ ɭɫɬɚɧɨɜɤɚ ɫ 
ɝɢɞɪɨɚɤɤɭɦɭɥɹɬɨɪɨɦ ɜɦɟɫɬɢɦɨɫɬɶɸ 12,5 ɦ3, ɫɨɫɬɨɹɳɢɦ ɢɡ 1 ɫɨɫɭɞɚ ɧɚ ɞɚɜɥɟɧɢɟ 
4 Ɇɉɚ (40 ɤɝɫ/ɫɦ2), ɫ ɦɚɫɥɨɧɚɫɨɫɧɵɦ ɚɝɪɟɝɚɬɨɦ ȽȺ 12,5/1-40, ɢɦɟɸɳɢɦ 
ɫɥɢɜɧɨɣ ɛɚɤ ɜɦɟɫɬɢɦɨɫɬɶɸ 12,5 ɦ3 ɫ 2 ɧɚɫɨɫɚɦɢ. 

 
3.8 ȼɵɛɨɪ ɷɥɟɤɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɪɟɝɭɥɹɬɨɪɚ 
 
ɉɨ ɫɩɪɚɜɨɱɧɵɦ ɞɚɧɧɵɦ[5] (ɬɚɛɥɢɰɚ 9.2, ɫɬɪ. 103), ɨɩɪɟɞɟɥɹɟɦ ɬɢɩ ɗȽɊ.  
Ⱦɥɹ ɩɨɜɨɪɨɬɧɨ-ɥɨɩɚɫɬɧɨɣ ɬɭɪɛɢɧɵ ɫ ɞɢɚɦɟɬɪɨɦ ܦଵ = ͸,͵ ɦ ɷɬɨ: ɗȽɊɄ-

2ɂ1-150-4; ɬɢɩ ɩɚɧɟɥɢ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɗȽɊ-2ɂ1 (ɧɚ ɢɧɬɟɝɪɚɥɶɧɵɯ 
ɦɢɤɪɨɫɯɟɦɚɯ); ɬɢɩ ɝɢɞɪɨɦɟɯɚɧɢɱɟɫɤɨɣ ɤɨɥɨɧɤɢ ɭɩɪɚɜɥɟɧɢɹ ɗȽɊɄ-150-4. 

 
3.9 Ɋɚɫɱёɬ ɜɚɥɚ ɧɚ ɩɪɨɱɧɨɫɬɶ 
 
ȼɚɥ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɷɥɟɦɟɧɬɨɜ ɝɢɞɪɨɬɭɪɛɢɧɵ. 

Ɋɚɫɱɟɬ ɜɚɥɚ ɧɚ ɩɪɨɱɧɨɫɬɶ ɩɪɨɢɡɜɨɞɢɦ ɫ ɭɱɟɬɨɦ ɫɨɜɦɟɫɬɧɨɝɨ ɞɟɣɫɬɜɢɹ 
ɫɤɪɭɱɢɜɚɸɳɢɯ, ɢɡɝɢɛɚɸɳɢɯ ɢ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɭɫɢɥɢɣ. 

 
Ʉɪɭɬɹɳɢɣ ɦɨɦɟɧɬ: ʛˍ˓ = Ͳ,ͲͲͻ͹Ͷ ∙ ܰ݊˔ˋː˘ = Ͳ,ͲͲͻ͹Ͷ ∙ ͻͻ͵͵Ͳͳʹͷ = ͹,͹Ͷˍʜ ∙ ˏ;                        ሺ͵.ʹʹሻ 

 
ɇɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɜɚɥɚ (ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ): 
˅∗ܦ  ൒ ቆͷ,ͳ ∙ ʛˍ˓߬ˇˑ˒ ቇ଴.ଷଷ = (ͷ,ͳ ∙ ͹,͹Ͷ͵Ͳ )଴.ଷଷ = ͳ,Ͳͻˏ;                                       ሺ͵.͵͵ሻ 

 
ɝɞɟ     ߬ ɞɨɩ = ͵Ͳ ÷ ͵ͷɆɉɚ 

 
ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɞɢɚɦɟɬɪɚ ɜɚɥɚ ɨɤɪɭɝɥɹɟɬɫɹ ɞɨ 

ɫɬɚɧɞɚɪɬɢɡɢɪɨɜɚɧɧɨɝɨ: 
ɜܦ  = ͳͳͲͲ ɦɦ. 
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3.10 Ɋɚɫɱёɬ ɩɨɞɲɢɩɧɢɤɚ 
 
ɉɪɢ ɪɚɫɱɟɬɟ ɩɨɞɲɢɩɧɢɤɚ ɨɩɪɟɞɟɥɹɟɦ ɟɝɨ ɪɚɡɦɟɪɵ ɢ ɩɪɨɜɟɪɹɟɦ ɩɨ 

ɤɪɢɬɟɪɢɸ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ. 
Ɋɚɞɢɚɥɶɧɭɸ ɫɢɥɭ ɧɚ ɪɚɛɨɱɟɦ ɤɨɥɟɫɟ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɷɦɩɢɪɢɱɟɫɤɨɣ 

ɡɚɜɢɫɢɦɨɫɬɢ: 
 ܴ˓˃ˇ = Ͳ,ͺ ∙ ܰ݊˔ˋː˘ ∙ ଵܦ = Ͳ,ͺ ∙ ͻͻ͵͵Ͳͳʹͷ ∙ ͸,͵= ͳͲͲ,ͻ ˍʜ;                                                 ሺ͵.͵Ͷሻ 
 
Ⱦɢɚɦɟɬɪ ɜɚɥɚ ɩɨɞ ɩɨɞɲɢɩɧɢɤɨɦ ݀ɩ, ɫ ɭɱɟɬɨɦ ɨɛɥɢɰɨɜɤɢ, ɨɛɵɱɧɨ 

ɩɪɢɧɢɦɚɟɬɫɹ ɧɚ (15 ÷ 20) ɦɦ ɛɨɥɶɲɟ ܦ˅:  
 ݀ɩ = ˅ܦ + Ͳ,Ͳʹ = ͳ,ͳ + Ͳ,Ͳʹ = ͳ,ͳʹ ˏ.                                                          ሺ͵.͵ͷሻ 
 
Ⱦɥɹ ɤɨɥɶɰɟɜɨɝɨ ɩɨɞɲɢɩɧɢɤɚ ɭɞɟɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɪɚɜɧɨ: 
ɭɞ݌  = ܴ˓˃ˇ݀ɩ ∙ ℎ˒ = ͳͲͲ,ͻͳ,ͳʹ ∙ Ͳ,Ͷ = ʹʹͷ,ʹ ˍʞ˃;                                                          ሺ͵.͵͸ሻ 

 
ɝɞɟ    ℎ˒ = Ͳ,Ͷ ˏ, ɜɡɹɬ ɩɨ ɫɩɪɚɜɨɱɧɵɦ ɬɚɛɥɢɰɚɦ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ܦ˅. 

 
Ⱦɥɹ ɤɨɥɶɰɟɜɵɯ ɩɨɞɲɢɩɧɢɤɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɩɨɥɭɱɟɧɨ, ɱɬɨ 

ɞɨɩɭɫɤɚɟɦɨɟ [ɪɭɞ] ɪɚɜɧɨ: 
[ˇ˖݌]  = ʹͻ ∙ ܷ = ʹͻ ∙ ͳͶ,͹ = Ͷʹ͸,͵ ˍʞ˃,                                                         ሺ͵.͵͹ሻ 
 ܷ = ߨ ∙ ݊˔ˋː˘ ∙ ݀ɉ͵Ͳ = ͵,ͳͶ ∙ ͳʹͷ ∙ ͳ,ͳʹ͵Ͳ= ͳͶ,͹ ˏ ˔ˈˍ⁄ ,                                  ሺ͵.͵ͺሻ 
 
Ɍɨɝɞɚ: 
ɭɞ݌  < [ɭɞ݌] → ʹʹͷ,ʹ < Ͷʹ͸,͵ ˍʞ˃ → ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɟɧɨ. 
 
ȼɵɩɨɥɧɢɦ ɪɚɫɱɟɬ ɫɟɝɦɟɧɬɧɨɝɨ ɩɨɞɲɢɩɧɢɤɚ.  
Ɉɩɪɟɞɟɥɢɦ ɭɫɢɥɢɟ ɧɚ ɧɚɢɛɨɥɟɟ ɧɚɝɪɭɠɟɧɧɵɣ ɫɟɝɦɟɧɬ: 
 ܴଵ =  ܴ ɪɚɞ ሺͳ +  ʹcos ߙ + ሻሻ ߙ ʹሺݏ݋ܿʹ  = 

 



38 

= ͳͲͲ,ͻͳ + ʹ cos ቀଷ଺଴଼ ቁ + ʹcos ሺʹ ∙ ଷ଺଴଼ ሻ = Ͷͳ,ͺ ɤɇ,                                               ሺ͵.͵ͻሻ 

 
Ɋɚɫɫɱɢɬɵɜɚɟɬɫɹ ɭɞɟɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɫɟɝɦɟɧɬ: 
ˇ˖݌  = ܴ˓˃ˇ݈˔ˈˆˏ ∙ ℎ˒ = ͳͲͲ,ͻͲ,͵͹͵ ∙ Ͳ,Ͷ= ͸ͺͳ,͹ ˍʞ˃,                                                     ሺ͵.ͶͲሻ 
 

ɝɞɟ    ݈ ɫɟɝɦ- ɞɥɢɧɚ ɫɟɝɦɟɧɬɚ ɜ ɨɤɪɭɠɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ, ɩɪɢɱɟɦ 
 ݈ɫɟɝɦ = Ͳ,ͺͷ ∙ ߨ ∙ ݀ɉܼɫɟɝɦ

= Ͳ,ͺͷ ∙ ͵,ͳͶ ∙ ͳ,ͳʹͺ = Ͳ,͵͹͵ ɦ.                                    ሺ͵.Ͷͳሻ 

 
Ⱦɥɹ ɫɟɝɦɟɧɬɧɵɯ ɩɨɞɲɢɩɧɢɤɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɩɨɥɭɱɟɧɨ, ɱɬɨ 

ɞɨɩɭɫɤɚɟɦɨɟ [ɪɭɞ] ɪɚɜɧɨ: 
[ˇ˖݌]  = ͷͲ ∙ ܷ = ͷͲ ∙ ͳͶ,͹= ͹͵ͷ ˍʞ˃.                                                             ሺ͵.Ͷʹሻ 
 
Ɍɨɝɞɚ: 
ɭɞ݌  < [ɭɞ݌] → ͸ͺͳ,͹ < ͹͵ͷˍʞ˃ → ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɟɧɨ. 
 
ɇɚɩɪɚɜɥɹɸɳɢɣ ɩɨɞɲɢɩɧɢɤ ɬɭɪɛɢɧɵ, ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɜɨɫɩɪɢɹɬɢɹ 

ɪɚɞɢɚɥɶɧɵɯ ɧɚɝɪɭɡɨɤ. ɉɨ ɪɚɫɱɟɬɚɦ ɜɢɞɧɨ, ɱɬɨ ɧɢ ɜ ɨɞɧɨɦ ɢɡ ɩɨɞɲɢɩɧɢɤɨɜ 
ɭɞɟɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɧɟ ɩɪɟɜɵɲɚɟɬ ɞɨɩɭɫɬɢɦɨɝɨ ɡɧɚɱɟɧɢɹ (݌ɭɞ >  Ⱦɥɹ .([ɭɞ݌]
ɭɫɬɚɧɨɜɤɢ ɜɵɛɢɪɚɟɦ ɫɟɝɦɟɧɬɧɵɣ ɩɨɞɲɢɩɧɢɤ, ɬ.ɤ. ɫɟɝɦɟɧɬɧɵɟ ɩɨɞɲɢɩɧɢɤɢ 
ɛɨɥɟɟ ɬɟɯɧɨɥɨɝɢɱɧɵ, ɦɟɧɟɟ ɬɪɭɞɨɟɦɤɢ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɢ ɭɞɨɛɧɟɟ ɜ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɧɚ Ƚɗɋ.  
 

3.11 ȼɵɛɨɪ ɤɨɧɫɬɪɭɤɬɢɜɧɨɣ ɫɯɟɦɵ ɤɨɦɩɨɧɨɜɤɢ ɝɢɞɪɨɬɭɪɛɢɧɵ 
 

Ʉɨɧɫɬɪɭɤɬɢɜɧɚɹ ɫɯɟɦɚ ɤɨɦɩɨɧɨɜɤɢ ɝɢɞɪɨɬɭɪɛɢɧɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɟ ɫ ɈɋɌ 108.023.105-84 [6].  

ɉɪɢ ɞɢɚɦɟɬɪɟ ܦଵ =  ͸,͵ ˏ ɢ ɡɨɧɬɢɱɧɨɦ ɬɢɩɟ ɝɟɧɟɪɚɬɨɪɚ ɜɵɛɢɪɚɟɦ ɫɯɟɦɭ 
ɤɨɦɩɨɧɨɜɤɢ ɬɭɪɛɢɧɵ, ɩɪɢ ɤɨɬɨɪɨɣ ɩɨɞɩɹɬɧɢɤ ɪɚɫɩɨɥɨɠɟɧ ɧɚ ɨɩɨɪɟ, 
ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɧɚ ɤɪɵɲɤɟ ɝɢɞɪɨɬɭɪɛɢɧɵ, ɚ ɜɟɪɯɧɢɣ ɩɨɞɲɢɩɧɢɤ ɝɟɧɟɪɚɬɨɪɚ 
ɪɚɫɩɨɥɨɠɟɧ ɜ ɜɟɪɯɧɟɣ ɤɪɟɫɬɨɜɢɧɟ. ɇɚɝɥɹɞɧɨ ɫɯɟɦɚ ɤɨɦɩɨɧɨɜɤɢ ɩɪɟɞɫɬɚɜɥɟɧɚ 
ɧɚ ɪɢɫɭɧɤɟ 3.3.  
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Ɋɢɫɭɧɨɤ 3.3 –Ʉɨɧɫɬɪɭɤɬɢɜɧɚɹ ɫɯɟɦɚ ɤɨɦɩɨɧɨɜɤɢ ɝɢɞɪɨɬɭɪɛɢɧɵ 
 

3.12 ȼɵɛɨɪ ɤɪɚɧɨɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 
 
Ɇɚɫɫɚ ɊɄ ɝɢɞɪɨɬɭɪɛɢɧɵ ɩɨ ɫɩɪɚɜɨɱɧɵɦ ɞɚɧɧɵɦ: ܩ˕ =  ʹ͹Ͳ,͵ ˕. 
Ɇɚɫɫɚ ɪɨɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ: ܩ˓ = ͶͲʹ ˕. Ɉɛɳɢɣ ɜɟɫ ɝɟɧɟɪɚɬɨɪɚ: ܩˆ =  ͺ͵Ͷ ˕. 
ɉɨ ɜɵɲɟɭɤɚɡɚɧɧɵɦ ɡɧɚɱɟɧɢɹɦ ɦɚɫɫɵ, ɚ ɬɚɤɠɟ ɩɨ ɞɚɧɧɵɦ ɩɨɫɨɛɢɹ[7], 

ɩɪɢɧɢɦɚɟɦ ɤ ɭɫɬɚɧɨɜɤɟ ɦɨɫɬɨɜɨɣ ɤɪɚɧ Ʉ500/80. ɉɪɨɥɟɬ ɤɪɚɧɚ ܮˍ = ʹͶ,ͷ ˏ, 
ɜɵɫɨɬɚ ɤɪɸɤɚ – 2,7 ɦ, ɲɢɪɢɧɚ ɤɪɚɧɚ ʑ =  ͳͶ ˏ, ɜɵɫɨɬɚ ɦɨɫɬɚ ɤɪɚɧɚ ܪ =  ͸,ͺ ˏ. 

 
3.13 Ɉɩɪɟɞɟɥɟɧɢɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɪɚɡɦɟɪɨɜ ɡɞɚɧɢɹ Ƚɗɋ 
 
Ɉɩɪɟɞɟɥɟɧɧɵɟ ɜɵɲɟ ɬɢɩɵ ɬɭɪɛɢɧɵ, ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ, ɤɪɚɧɚ ɢ ɢɯ 

ɨɫɧɨɜɧɵɟ ɪɚɡɦɟɪɵ ɩɨɡɜɨɥɹɸɬ ɪɚɫɫɱɢɬɚɬɶ ɝɚɛɚɪɢɬɵ ɡɞɚɧɢɹ Ƚɗɋ ɩɨ ɦɟɬɨɞɢɤɟ [8], 
ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɞɥɹ ɪɭɫɥɨɜɵɯ Ƚɗɋ. 

ɒɢɪɢɧɚ ɚɝɪɟɝɚɬɧɨɝɨ ɛɥɨɤɚ: 
ˎ˄ܤ  = ሺʹ,ͺ ÷ ͵,ʹሻ ∙ ଵܦ = ͵ ∙ ͸,͵ = ͳͺ,ͻ ˏ.                                                      ሺ͵.Ͷ͵ሻ 
 
Ⱦɥɢɧɚ ɦɨɧɬɚɠɧɨɣ ɩɥɨɳɚɞɤɢ: 
˒ˏܮ  = ͳ,ͷ ∙ ˎ˄ܤ = ʹͻ ˏ.                                                                                        ሺ͵.ͶͶሻ 
 
Ⱦɥɢɧɚ ɡɞɚɧɢɹ Ƚɗɋ ɩɨɩɟɪɟɤ ɬɟɱɟɧɢɹ: 
ʒЭʠܮ  = ݊˃˓ˆ ∙ ˎ˄ܤ + ˒ˏܮ = ͵ͳͺ,ͻ + ʹͻ = ͺ͸ ˏ.                                            ሺ͵.Ͷͷሻ 
 
ɒɢɪɢɧɚ ɡɞɚɧɢɹ Ƚɗɋ ɜɞɨɥɶ ɬɟɱɟɧɢɹ: 
ʒЭʠܤ  = ሺ͹,ͷ ÷ ͺ,ͷሻ ∙ ଵܦ = ͺ,Ͷ ∙ ͸,͵ = ͷ͵ ˏ.                                                    ሺ͵.Ͷ͸ሻ 

 
ȼɵɫɨɬɭ ɦɚɲɢɧɧɨɝɨ ɡɚɥɚ ɧɚɡɧɚɱɚɟɦ ɦɢɧɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɵɦɢ ɢɡ ɭɫɥɨɜɢɹ 

ɩɪɨɧɨɫɚ ɧɚɢɛɨɥɟɟ ɤɪɭɩɧɨɝɨ ɦɨɧɬɚɠɧɨɝɨ ɭɡɥɚ. ɉɪɢɧɢɦɚɟɦ ܪˏˊ = ͳͻ,͹ͺ ˏ.
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4 ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɱɚɫɬɶ 
 

4.1 ȼɵɛɨɪ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɵ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ 
 

Ƚɥɚɜɧɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɫɯɟɦɚ Ⱥɥɬɚɣɫɤɨɣ Ƚɗɋ ɞɨɥɠɧɚ ɨɛɟɫɩɟɱɢɜɚɬɶ 
ɜɵɞɚɱɭ ɦɨɳɧɨɫɬɢ ɜ ɪɚɡɥɢɱɧɵɯ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɪɟɠɢɦɚɯ ɢ ɨɬɜɟɱɚɬɶ 
ɬɪɟɛɨɜɚɧɢɹɦ ɧɟɨɛɯɨɞɢɦɨɣ ɧɚɞɟɠɧɨɫɬɢ, ɦɚɧɟɜɪɟɧɧɨɫɬɢ, ɭɞɨɛɫɬɜɚɦ ɢ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɚ ɬɚɤɠɟ ɭɫɥɨɜɢɹɦ ɨɩɬɢɦɢɡɚɰɢɢ ɡɚɬɪɚɬ ɧɚ 
ɨɛɨɪɭɞɨɜɚɧɢɟ ɢ ɟɝɨ ɷɤɫɩɥɭɚɬɚɰɢɸ[9]. ɍɪɨɜɟɧɶ ɷɬɢɯ ɬɪɟɛɨɜɚɧɢɣ ɜ ɫɨɜɪɟɦɟɧɧɵɯ 
ɭɫɥɨɜɢɹɯ ɩɨɜɵɲɟɧ ɜ ɫɜɹɡɢ ɫ ɜɵɫɨɤɨɣ ɪɨɥɶɸ ɢ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶɸ 
ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɜ ɨɛɟɫɩɟɱɟɧɢɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 
ɩɨɬɪɟɛɢɬɟɥɟɣ ɢ ɧɚɞɟɠɧɨɫɬɢ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɷɧɟɪɝɨɫɢɫɬɟɦɵ. 

 
4.2 ȼɵɛɨɪ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ Ƚɗɋ 

 
4.2.1 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 
 
ȼɵɛɢɪɚɟɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ, ɩɨ ɨɞɧɨɦɭ ɧɚ ɤɚɠɞɵɣ 

ɝɟɧɟɪɚɬɨɪ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɟ ɫ Ɍɟɯɧɢɱɟɫɤɨɣ ɩɨɥɢɬɢɤɨɣ «ɊɭɫȽɢɞɪɨ», «…ɜ ɫɟɬɢ ɞɨ 
35 ɤȼ ɜɤɥɸɱɢɬɟɥɶɧɨ, ɤɚɤ ɩɪɚɜɢɥɨ, ɞɨɥɠɧɵ ɩɪɢɦɟɧɹɬɶɫɹ ɫɭɯɢɟ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ».  

Ⱦɨɥɹ ɦɨɳɧɨɫɬɢ, ɩɨɬɪɟɛɥɹɟɦɨɣ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ ɝɟɧɟɪɚɬɨɪɚ ɪɚɜɧɚ 
1% ɨɬ ∑ܲ̂ ,ːˑˏ: 

 ܵ˔ː = Ͳ,Ͳͳ ∙ ܲ̂  ːˑˏܿ߮ݏ݋ = Ͳ,Ͳͳ ∙ ͳͲͲͲ,ͺͷ = ͳͳ͹͸ ˍʑʏ,                                                 ሺͶ.ͳሻ 

 
ɝɞɟ ܲ̂ ,ːˑˏ – ɧɨɦɢɧɚɥɶɧɚɹ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɝɟɧɟɪɚɬɨɪɚ; 
 .ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ ɝɟɧɟɪɚɬɨɪɚ – ߮ݏ݋ܿ 
 

Ɍɪɚɧɫɮɨɪɦɚɬɨɪɵ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɜɵɛɢɪɚɟɦ ɢɡ ɭɫɥɨɜɢɹ, ɱɬɨ ɨɞɢɧ Ɍɋɇ 
ɞɨɥɠɟɧ ɩɨɤɪɵɜɚɬɶ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ ɜɫɟɣ ɫɬɚɧɰɢɢ. 

ɉɨ ɤɚɬɚɥɨɝɭ [10], ɜɵɛɢɪɚɟɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɌɋɁ-1600/13,8 ɍɁ, 
ɩɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɤɨɬɨɪɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.1. 

 
Ɍɚɛɥɢɰɚ 4.1 – ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌɋɁ-1600/13,8 ɍɁ Sɧɨɦ, 

Ɇȼɬ 
ܷ, ɤȼ ˍܷˊ, % 𝛥 ௫ܲ, ɤȼɬ 𝛥̱ܲ , ɤȼɬ 

ɋɬɨɢɦɨɫɬɶ, 
ɦɥɧ.ɪɭɛ ˅ܷː , ɤȼ ːܷː, ɤȼ 

1,6 13,8 6,0 6,0 2,7 14 3,2 

 ܵ˕˔ː = ͳ͸ͲͲ ˍʑ ∙ ʏ ൒ ܵ˔ː = ͳͳ͹͸ ˍʑ ∙ ʏ. 
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4.2.2 ȼɵɛɨɪ ɛɥɨɱɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 
 
1. Ⱦɥɹ ɫɯɟɦɵ ɫ ɟɞɢɧɢɱɧɵɦɢ ɛɥɨɤɚɦɢ 
Ɍɪɚɧɫɮɨɪɦɚɬɨɪ ɛɥɨɤɚ ɞɨɥɠɟɧ ɨɛɟɫɩɟɱɢɬɶ ɜɵɞɚɱɭ ɦɨɳɧɨɫɬɢ ɝɟɧɟɪɚɬɨɪɨɜ 

ɜ ɫɟɬɶ ɩɨɜɵɲɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɡɚ ɜɵɱɟɬɨɦ ɦɨɳɧɨɫɬɢ ɧɚɝɪɭɡɤɢ, 
ɩɨɞɤɥɸɱɟɧɧɨɣ ɧɚ ɨɬɜɟɬɜɥɟɧɢɢ ɨɬ ɝɟɧɟɪɚɬɨɪɚ ɬ.ɟ. ɧɚɝɪɭɡɤɢ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ: 

 ܵ˓˃˔˚ = ܲ̂ − ̝ܲ ːܿ߮ݏ݋ = ͳͲͲ − ͳͲͲ ∙ Ͳ,ͲͳͲ,ͺͷ = ͳͳ͸,ͷ ʛʑ ∙ ʏ,                                    ሺͶ.͵ሻ 

 
ɉɨ ɤɚɬɚɥɨɝɭ ɈɈɈ «Ɍɨɥɶɹɬɬɢɧɫɤɢɣ Ɍɪɚɧɫɮɨɪɦɚɬɨɪ» ɜɵɛɢɪɚɟɬɫɹ ɫɢɥɨɜɨɣ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɛɟɡ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɫ ɫɢɫɬɟɦɨɣ ɨɯɥɚɠɞɟɧɢɹ ɜɢɞɚ 
«Ⱦɐ», ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɪɚɛɨɬɵ ɜ ɛɥɨɤɟ ɫ ɝɟɧɟɪɚɬɨɪɨɦ ɌȾɐ-125000/220-ɍ1, 
ɍɏɅ1* ɋɌɈ 15352615-024-2012. ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.2. 
 
Ɍɚɛɥɢɰɚ 4.2 −Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌȾɐ-125000/220-ɍ1 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɜɟɥɢɱɢɧɵ Ɉɛɨɡɧɚɱɟɧɢɟ ȿɞɢɧɢɰɵ ɢɡɦɟɪɟɧɢɹ Ɂɧɚɱɟɧɢɟ 
ɇɨɦɢɧɚɥɶɧɚɹ ɩɨɥɧɚɹ ɦɨɳɧɨɫɬɶ Sɧɨɦ Ɇȼ∙Ⱥ 125 

ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɜɵɫɲɟɣ 
ɨɛɦɨɬɤɢ 

Uɜɧ ɤȼ 242 

ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɧɢɡɲɟɣ 
ɨɛɦɨɬɤɢ 

Uɧɧ ɤȼ 13,8 

ɇɚɩɪɹɠɟɧɢɟ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ Uɤ % 11 
ɉɨɬɟɪɢ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ Δܲɤ ɤȼɬ 380 

ɉɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ Δܲɯɯ ɤȼɬ 135 
Ɍɨɤ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ܫɯ % 0,5 

ɋɬɨɢɦɨɫɬɶ Кɬ ɦɥɧ.ɪɭɛ 120 

 
ɉɨɬɟɪɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɨɰɟɧɢɜɚɸɬɫɹ ɦɟɬɨɞɨɦ ɜɪɟɦɟɧɢ 

ɦɚɤɫɢɦɚɥɶɧɵɯ ɩɨɬɟɪɶ, ɢɫɩɨɥɶɡɭɹ ɡɧɚɱɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɵɯ ɧɚɝɪɭɡɨɤ ʡ୫a୶ ɢ 
ɜɪɟɦɹ ɦɚɤɫɢɦɚɥɶɧɵɯ ɩɨɬɟɪɶ . 

 ߬ = (Ͳ,ͳʹͶ + ʡ௠௔௫ͳͲସ )ଶ ∙ ͺ͹͸Ͳ = (Ͳ,ͳʹͶ + ͶͲͲͲͳͲସ )ଶ ∙ ͺ͹͸Ͳ = ʹͶͲͷ ˚ˆˑˇ.  ሺͶ.Ͷሻ 

 
ȼɪɟɦɹ ɪɚɛɨɬɵ ɛɥɨɤɚ ɜ ɬɟɱɟɧɢɟ ɝɨɞɚ: 
˄˃˓ݐ  = ͺ͹͸Ͳ − ߤ ⋅ ܶ˒ ˎ − 𝜔 ∙ ܶ˅ = ͺ͹͸Ͳ − ͳ ∙ ͵Ͳ − Ͳ,Ͳʹͷ ∙ ͸Ͳ = ͺ͹ʹͻ˚; ሺͶ.ͷሻ 
 

ɝɞɟ ߤ = ͳ – ɱɚɫɬɨɬɚ ɪɟɦɨɧɬɨɜ [12, ɬɚɛɥ. 6.5];  ܶ˒ ˎ =  ͵Ͳ  – ɜɪɟɦɹ ɩɥɚɧɨɜɵɯ ɩɪɨɫɬɨɟɜ ɛɥɨɤɚ ɜ ɬɟɱɟɧɢɟ ɝɨɞɚ [12, ɬɚɛɥ. 6.7]; 𝜔 =  Ͳ,Ͳʹͷ  – ɩɚɪɚɦɟɬɪ ɩɨɬɨɤɚ ɨɬɤɚɡɨɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɛɥɨɤɚ [12, ɬɚɛɥ. 
6.4];  
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T˅ = ͸Ͳ – ɫɪɟɞɧɟɟ ɜɪɟɦɹ ɚɜɚɪɢɣɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɪɟɦɨɧɬɨɜ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ [12, ɬɚɛɥ. 6.6]. 

ɉɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ: 
 ∆ܹ̆ ˘ = ݊˕ ∙ ∆ܲ̆ ˘ ∙ ˄˃˓ݐ = ͳ ⋅ Ͳ,ͳ͵ͷ ⋅ ͺ͹ʹͻ = ͳͳ͹ͺ,Ͷʹ Ɇȼɬ ∙ ɱ,                   ሺͶ.͸ሻ 

 
ɝɞɟ nʡ – ɱɢɫɥɨ ɩɚɪɚɥɥɟɥɶɧɨ ɪɚɛɨɬɚɸɳɢɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ. 
 

ɇɚɝɪɭɡɨɱɧɵɟ (ɩɟɪɟɦɟɧɧɵɟ) ɩɨɬɟɪɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ: 
 ∆ܹ = ∆̞̱ܲ݊ ∙ (ܵ˓˃˔˚ܵːˑˏ )ଶ ∙ ߬ = Ͳ,͵ͺͳ ∙ (ͳͲͷͳʹͷ)ଶ ∙ ʹͶͲͷ = ͸ͶͶ,ͺͷ Ɇȼɬ ∙ ɱ.          ሺͶ.͹ሻ 

 
ȼɟɥɢɱɢɧɚ ɢɡɞɟɪɠɟɤ ɧɚ ɩɨɬɟɪɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɞɥɹ ɨɞɧɨɝɨ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ: 
 ሺܷଵሻ = ଵߚ ∙ ∆ ௫ܹ௫ + ଶߚ ∙ ∆ܹ = Ͳ,͸ ∙ ͳͲ−ଶ ∙ ͳͳ͹ͺ,Ͷʹ + Ͳ,ͻ ∙ ͳͲ−ଶ ∙ ͸ͶͶ,ͺͷ = = ͳʹ,ͺ͹ ˕˞˔. ˓˖˄./ˆˑˇ,                                                                                          ሺͶ.ͺሻ 
 
ɝɞɟ 1ߚ – ɩɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɫɨɝɥɚɫɧɨ Ɏɟɞɟɪɚɥɶɧɨɣ ɫɥɭɠɛɟ ɩɨ 
ɬɚɪɢɮɚɦ [13], ɪɚɜɧɵɣ Ͳ,͸ ∙ ͳͲ−ଶ  ˕˞˔. ˓˖˄./ሺʛʑ˕ ∙ ˚ሻ, ߚଶ = Ͳ,ͻ ∙ ͳͲ−ଶ ˕˞˔. ˓˖˄./ሺʛʑ˕ ∙ ˚˃˔ሻ. 
 

Ⱦɥɹ ɬɪёɯ ɛɥɨɤɨɜ ɜɟɥɢɱɢɧɚ ɢɡɞɟɪɠɟɤ: 
 ሺܷଶሻ = ሺܷଵሻ ∙ ͵ = ͳʹ,ͺ͹ ∙ ͵ = ͵ͺ,͸ʹ ˕˞˔. ˓˖˄./ˆˑˇ.                                        ሺͶ.ͻሻ 

 
2. Ⱦɥɹ ɫɯɟɦɵ ɫ ɭɤɪɭɩɧёɧɧɵɦɢ ɛɥɨɤɚɦɢ 

 ܵɪɚɫ = ʹ ⋅ ɝܲɟɧ − ɫܲɧcos ߮ = ʹ ⋅ ͳͲͲ − ͳͲ,ͺͷ = ʹ͵ʹ,ͻ ʛʑ ∙ ʏ.                                      ሺͶ.ͳͲሻ 

 
ɉɨ ɤɚɬɚɥɨɝɭ ɈɈɈ «Ɍɨɥɶɹɬɬɢɧɫɤɢɣ Ɍɪɚɧɫɮɨɪɦɚɬɨɪ» ɜɵɛɢɪɚɟɬɫɹ ɫɢɥɨɜɨɣ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɛɟɡ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɫ ɫɢɫɬɟɦɨɣ ɨɯɥɚɠɞɟɧɢɹ ɜɢɞɚ 
«Ⱦɐ», ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɪɚɛɨɬɵ ɜ ɛɥɨɤɚɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɌȾɐ-250000/220-
ɍ1, ɍɏɅ1 ɋɌɈ 15352615-024-2012. ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.3. 
 
Ɍɚɛɥɢɰɚ 4.3 – Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌȾɐ-250000/220- ɍ1 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɜɟɥɢɱɢɧɵ Ɉɛɨɡɧɚɱɟɧɢɟ ȿɞɢɧɢɰɵ ɢɡɦɟɪɟɧɢɹ Ɂɧɚɱɟɧɢɟ 

ɇɨɦɢɧɚɥɶɧɚɹ ɩɨɥɧɚɹ ɦɨɳɧɨɫɬɶ Sɧɨɦ Ɇȼ∙Ⱥ 250 
ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɜɵɫɲɟɣ 

ɨɛɦɨɬɤɢ 
Uɜɧ ɤȼ 242 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 4.3  
ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɧɢɡɲɟɣ 

ɨɛɦɨɬɤɢ 
Uɧɧ ɤȼ 13,8 

ɇɚɩɪɹɠɟɧɢɟ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ Uɤ % 11 

ɉɨɬɟɪɢ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ Δܲɤ ɤȼɬ 650 

ɉɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ Δܲɯɯ ɤȼɬ 240 
Ɍɨɤ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ܫɯ % 0,45 

ɋɬɨɢɦɨɫɬɶ Кɬ ɦɥɧ.ɪɭɛ 246 

 
ɉɨɬɟɪɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ: 
 ߬ = (Ͳ,ͳʹͶ + ʡ௠௔௫ͳͲସ )ଶ ∙ ͺ͹͸Ͳ = (Ͳ,ͳʹͶ + ͶͲͲͲͳͲସ )ଶ ∙ ͺ͹͸Ͳ = ʹͶͲͷ ˚ˆˑˇ ሺͶ.ͳͳሻ 

 
ȼɪɟɦɹ ɪɚɛɨɬɵ ɛɥɨɤɚ ɜ ɬɟɱɟɧɢɟ ɝɨɞɚ: 
˄˃˓ݐ  = ͺ͹͸Ͳ − ߤ ⋅ ܶ˒ ˎ − 𝜔 ∙ ܶ˅ = ͺ͹͸Ͳ − ͳ ∙ ͵Ͳ − Ͳ,Ͳʹͷ ∙ ͸Ͳ = ͺ͹ʹͻ˚ሺͶ.ͳʹሻ 
 

ɝɞɟ ߤ = ͳ – ɱɚɫɬɨɬɚ ɪɟɦɨɧɬɨɜ [12, ɬɚɛɥ. 6.5];  ܶ˒ ˎ =  ͵Ͳ  – ɜɪɟɦɹ ɩɥɚɧɨɜɵɯ ɩɪɨɫɬɨɟɜ ɛɥɨɤɚ ɜ ɬɟɱɟɧɢɟ ɝɨɞɚ [12, ɬɚɛɥ. 6.7]; 𝜔 =  Ͳ,Ͳʹͷ  – ɩɚɪɚɦɟɬɪ ɩɨɬɨɤɚ ɨɬɤɚɡɨɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɛɥɨɤɚ [12, ɬɚɛɥ. 
6.4];  T˅ = ͸Ͳ – ɫɪɟɞɧɟɟ ɜɪɟɦɹ ɚɜɚɪɢɣɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɪɟɦɨɧɬɨɜ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ [12, ɬɚɛɥ. 6.6]. 

ɉɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ: 
 ∆ܹ̆ ˘ = ݊˕ ∙ ∆ܲ̆ ˘ ∙ ˄˃˓ݐ = ʹ ⋅ Ͳ,ʹͶ ⋅ ͺ͹ʹͻ = ͷͲ͸ʹ,ͺʹ Ɇȼɬ ∙ ɱ;                   ሺͶ.ͳ͵ሻ 

 
ɝɞɟ nʡ – ɱɢɫɥɨ ɩɚɪɚɥɥɟɥɶɧɨ ɪɚɛɨɬɚɸɳɢɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ. 
 

ɇɚɝɪɭɡɨɱɧɵɟ (ɩɟɪɟɦɟɧɧɵɟ) ɩɨɬɟɪɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ: 
 ∆ܹ = ∆̞̱ܲ݊ ∙ (ܵ˓˃˔˚ܵːˑˏ )ଶ ∙ ߬ = Ͳ,͸ͷʹ ∙ (ʹͳͳ,͹͸ʹͷͲ )ଶ ∙ ʹͶͲͷ = ͷ͸Ͳ,͹ͺ ʛʑ˕ ∙ ˚; ሺͶ.ͳͶሻ 

 
ȼɟɥɢɱɢɧɚ ɢɡɞɟɪɠɟɤ ɧɚ ɩɨɬɟɪɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɞɥɹ ɨɞɧɨɝɨ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ: 
 ሺܷଷሻ = ଵߚ ∙ ∆ ௫ܹ௫ + ଶߚ ∙ ∆ܹ = Ͳ,͸ ∙ ͳͲ−ଶ ∙ ͷͲ͸ʹ,ͺʹ + Ͳ,ͻ ∙ ͳͲ−ଶ ∙ ͷ͸Ͳ,͹ͺ = = ͵ͷ,Ͷʹ ˕˞˔. ˓˖˄./ˆˑˇ                                                                                         ሺͶ.ͳͷሻ 
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ɝɞɟ 1ߚ – ɩɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɫɨɝɥɚɫɧɨ Ɏɟɞɟɪɚɥɶɧɨɣ ɫɥɭɠɛɟ ɩɨ 
ɬɚɪɢɮɚɦ [13], ɪɚɜɧɵɣ Ͳ,͸ ∙ ͳͲ−ଶ  ˕˞˔. ˓˖˄./ሺʛʑ˕ ∙ ˚ሻ, ߚଶ = Ͳ,ͻ ∙ ͳͲ−ଶ ˕˞˔. ˓˖˄./ሺʛʑ˕ ∙ ˚˃˔ሻ. 

Ⱦɥɹ ɬɪёɯ ɛɥɨɤɨɜ ɜɟɥɢɱɢɧɚ ɢɡɞɟɪɠɟɤ: 
 ሺܷସሻ = ሺܷଵሻ + ሺܷଷሻ = ͳʹ,ͺ͹ + ͵ͷ,Ͷʹ = Ͷͺ,ʹͻ ˕˞˔. ˓˖˄./ˆˑˇ.                   ሺͶ.ͳ͸ሻ 

 
4.3 ȼɵɛɨɪ ɤɨɥɢɱɟɫɬɜɚ ɨɬɯɨɞɹɳɢɯ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ 
 
ɋɭɦɦɚɪɧɚɹ ɦɨɳɧɨɫɬɶ, ɜɵɞɚɜɚɟɦɚɹ ɧɚ Ɋɍ 220 ɤȼ: 
 SΣ = nˆ ∙ (Pʒ − P̝ ːcosɔˆ ) = ͵ ∙ (ͳͲͲ − ʹ,ͻͺͲ,ͺͷ ) = ͵Ͷʹ,Ͷʹ ʛʑ ∙ ʏ.                        ሺͶ.ͳ͹ሻ 

 
ɇɚɬɭɪɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ, ɩɟɪɟɞɚɜɚɟɦɚɹ ɩɨ 1 ɰɟɩɢ 220 ɤȼ ܲː ˃˕ = ͳ͵ͷ Ɇȼɬ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ ɫɢɫɬɟɦɵ cosɔୡ = Ͳ,ͺͷ. 
 
Ʉɨɥɢɱɟɫɬɜɨ ɨɬɯɨɞɹɳɢɯ ɥɢɧɢɣ 220 ɤȼ: 
 ݊ˎ = ܵΣܲː ˃˕/cosɔୡ + ͳ = ͵Ͷʹ,Ͷʹͳ͵ͷ/Ͳ,ͺͷ + ͳ = ͵,ͳ.                                                ሺͶ.ͳͺሻ 

 
ɉɪɢɧɢɦɚɟɬɫɹ ɱɢɫɥɨ ȼɅ 220 ɤȼ ɪɚɜɧɵɦ nˎ = Ͷ. 
Ɋɚɛɨɱɢɣ ɬɨɤ ȼɅ 220 ɤȼ: 
˄˃˓ܫ  = ܵΣ݊ˎ ∙ √͵ ∙ ːܷˑˏ = ͵Ͷʹ,Ͷʹ√͵ ∙ Ͷ ∙ ʹʹͲ = ʹʹͷ ʏ.                                                ሺͶ.ͳͻሻ 

 
Ɋɚɫɱёɬɧɵɣ ɬɨɤ ȼɅ 220 ɤȼ: 
˚˔˃˓ܫ  = ʡߙ ∙ 𝑖ߙ ∙ ˄˃˓ܫ = ͳ,ͳ ∙ ͳ,Ͳͷ ∙ ʹʹͷ = ʹͷͻ,ͺͺʏ,                                       ሺͶ.ʹͲሻ 

 
ɝɞɟ αi = ͳ,Ͳͷ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɱɚɫɬɢɟ ɩɨɬɪɟɛɢɬɟɥɹ ɜ 
ɦɚɤɫɢɦɭɦɟ ɧɚɝɪɭɡɤɢ [12, ɫ 91]; αɌ = ͳ,ͳ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɢɡɦɟɧɟɧɢɟ ɬɨɤɚ ɜ ɩɪɨɰɟɫɫɟ 
ɷɤɫɩɥɭɚɬɚɰɢɢ [12, ɬɚɛɥ. 3.13]. 
 

ɉɨ ɜɟɥɢɱɢɧɟ ɪɚɫɱёɬɧɨɝɨ ɬɨɤɚ ɜɵɛɢɪɚɟɦ ɩɪɨɜɨɞ Ⱥɋ-240/32, ɤɨɬɨɪɨɦɭ 
ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɫɥɟɞɭɸɳɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ [ͳʹ, ˕˃˄ˎ ͵.ͳͷ]: 

Ⱦɨɩɭɫɬɢɦɵɣ ɩɪɨɞɨɥɠɢɬɟɥɶɧɵɣ ɬɨɤ ܫˇˑ˒ =  ͸Ͳͷ ʏ; 
 
ɉɪɨɜɟɪɤɚ ɩɪɨɜɨɞɚ ɩɨ ɧɚɝɪɟɜɭ: 
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˅˃.˒ܫ = S∑ሺnˎ − ͳሻ ∙ √͵ ∙ Uːˑˏ = ͵Ͷʹ,Ͷʹ͵ ∙ √͵ ∙ ʹʹͲ = Ͳ,ʹͻͻ ˍʏ.                              ሺͶ.ʹͳሻ 

˅˃.˒ܫ  <  ˑ˒, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɵɛɪɚɧɧɵɣ ɩɪɨɜɨɞ Ⱥɋ-240/32 ɭɞɨɜɥɟɬɜɨɪɹɟɬˇܫ
ɭɫɥɨɜɢɸ ɧɚɝɪɟɜɚ. 

 
4.4 ȼɵɛɨɪ ɫɯɟɦɵ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ 

 

Ɍɚɤ ɤɚɤ ɩɪɨɟɤɬɢɪɭɟɦɚɹ ɫɬɚɧɰɢɹ ɢɦɟɟɬ ɦɨɳɧɨɫɬɶ 298 Ɇȼɬ, ɢ ɞɨɥɠɧɚ 
ɢɦɟɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɞɤɥɸɱɟɧɢɹ ɰɢɮɪɨɜɵɯ ɭɫɬɪɨɣɫɬɜ, ɰɟɥɟɫɨɨɛɪɚɡɧɨ 
ɩɪɢɦɟɧɢɬɶ ɄɊɍɗ 220 ɤȼ.  
 ɉɪɢɧɢɦɚɟɬɫɹ ɫɯɟɦɚ ɫ ɞɜɭɦɹ ɫɢɫɬɟɦɚɦɢ ɫɛɨɪɧɵɯ ɲɢɧ (ɩɪɢɥɨɠɟɧɢɟ Ƚ, 
ɪɢɫɭɧɨɤ Ƚ.1 ɢ Ƚ.2). 
 

4.5 ȼɵɛɨɪ ɝɥɚɜɧɨɣ ɫɯɟɦɵ Ƚɗɋ ɧɚ ɨɫɧɨɜɚɧɢɢ ɬɟɯɧɢɤɨ-
ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɪɚɫɱёɬɚ 
 

Ɋɚɫɫɦɚɬɪɢɜɚɟɦɵɟ ɫɯɟɦɵ ɨɬɥɢɱɚɸɬɫɹ ɤɨɥɢɱɟɫɬɜɨɦ ɹɱɟɟɤ 
ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ. ɉɨɷɬɨɦɭ 
ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɨɰɟɧɢɜɚɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 ʙ𝑖 = ݊ ⋅ ʙ˕ + ݐ ⋅ ʙʙʟʢЭ + ݉ ⋅ ʙʡʠʜ,                                                                   ሺͶ.ʹʹሻ 
 
ɝɞɟ ʙʙʟʢЭ- ɪɚɫɱɟɬɧɚɹ ɫɬɨɢɦɨɫɬɶ ɄɊɍɗ (ɹɱɟɣɤɚ ɄɊɍɗ – 15 ɦɥɧ.ɪɭɛ.) ʙ˕- ɪɚɫɱɟɬɧɚɹ ɫɬɨɢɦɨɫɬɶ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ (ɫɦ. ɬɚɛɥɢɰɭ 3, 4) ʙʡʠʜ- ɪɚɫɱɟɬɧɚɹ ɫɬɨɢɦɨɫɬɶ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ (ɫɦ. ɬɚɛɥɢɰɭ 5) ݊ – ɤɨɥɢɱɟɫɬɜɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ  ݉ – ɤɨɥɢɱɟɫɬɜɨ Ɍɋɇ ݐ - ɤɨɥɢɱɟɫɬɜɨ ɹɱɟɟɤ ɈɊɍ 
ݐ  = ߙ + ߚ + ʹ = Ͷ + ͵ + ͳ = ͺ (1 ɫɥɭɱɚɣ) 

ݐ  = ߙ + ߚ + ʹ = Ͷ + ʹ + ͳ = ͹ (2 ɫɥɭɱɚɣ) 
 

ɝɞɟ α – ɤɨɥɢɱɟɫɬɜɨ ɜɜɨɞɧɵɯ ɩɪɢɫɨɟɞɢɧɟɧɢɣ 
ȕ – ɤɨɥɢɱɟɫɬɜɨ ɥɢɧɢɣ 

 
Ʉɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ʙଵଶଶ଴ ɞɥɹ ɫɯɟɦɵ ɫ ɟɞɢɧɢɱɧɵɦɢ ɛɥɨɤɚɦɢ: 

 ʙଵଶଶ଴ = ͵ ⋅ ͳʹͲ + ͺ ⋅ ͳͷ + ͵ ⋅ ͵,ʹ = ͷͲͶ,͸ ˏˎː. ˓˖˄ 
 

Ʉɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ʙଶଶଶ଴ ɞɥɹ ɫɯɟɦɵ ɫ ɭɤɪɭɩɧɟɧɧɵɦɢ ɛɥɨɤɚɦɢ: 
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ʙଶଶଶ଴ = ʹͶ͸ + ͳʹͲ + ͹ ⋅ ͳͷ + ͵ ⋅ ͵,ʹ = Ͷͻͷ,͸ ˏˎː. ˓˖˄. 
 

ɉɪɢɜɟɞёɧɧɵɟ ɡɚɬɪɚɬɵ, ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 ʖ𝑖 = ʔː ∙ ʙ𝑖 + ʗ𝑖,                                                                                                   ሺͶ.ʹ͵ሻ 
 
ɝɞɟ ʔː – Ʉɨɷɮɮɢɰɢɟɧɬ ɧɨɪɦɚɬɢɜɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɣ ɜ 
ɷɧɟɪɝɟɬɢɤɭ ɩɨ ɩɪɢɤɚɡɭ Ɇɢɧɫɬɪɨɹ ɊɎ , ɪɚɜɧɵɣ 15 %. 
 

Зଵ = Ͳ,ͳͷ ∙ ͷͲͶ͸ͲͲͲͲͲͲ + ͵ͺ͸ʹͲ = ͹ͷ͸ͻ͵ͺ͸ʹͲ ˓˖˄./ˆˑˇ. 
 

Зଶ = Ͳ,ͳͷ ∙ Ͷͻͷ͸ͲͲͲͲͲͲ + ͶͺʹͻͲ = ͹Ͷ͵ͶͶͺʹͻͲ ˓˖˄./ˆˑˇ. 
 
Ɋɚɫɫɱɢɬɚɟɦ ɪɚɡɧɢɰɭ ɦɟɠɞɭ ɜɚɪɢɚɧɬɚɦɢ: 
 P = ʖଵ − ʖଶʖଵ ∙ ͳͲͲ% = ͹ͷ͸ͻ͵ͺ͸ʹͲ − ͹Ͷ͵ͶͶͺʹͻͲ͹ͷ͸ͻ͵ͺ͸ʹͲ ∙ ͳͲͲ% = ͳ,͹ͺ%.   ሺͶ.ʹͶሻ 

 
ɉɨɫɤɨɥɶɤɭ ɪɚɡɧɢɰɚ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɣ ɦɟɠɞɭ ɭɤɪɭɩɧɟɧɧɵɦ ɛɥɨɤɨɦ ɢ 

ɨɞɢɧɨɱɧɵɦ ɛɥɨɤɨɦ ɦɟɧɟɟ 5 %, ɚ ɢɦɟɧɧɨ 1,78 %, ɜɚɪɢɚɧɬɵ ɹɜɥɹɸɬɫɹ 
ɷɤɨɧɨɦɢɱɟɫɤɢ ɪɚɜɧɨɰɟɧɧɵɦɢ, ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɜɵɫɨɤɨɣ ɧɚɞёɠɧɨɫɬɢ ɪɚɛɨɬɵ ɢ 
ɩɪɨɫɬɨɬɵ ɫɯɟɦɵ ɜɵɛɢɪɚɟɦ ɩɟɪɜɵɣ ɜɚɪɢɚɧɬ. 

 
4.6 Ɋɚɫɱёɬ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ 
 
4.6.1 Ɋɚɫɱёɬ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ 
 
Ɉɩɪɟɞɟɥɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɫɟɯ ɷɥɟɦɟɧɬɨɜ ɰɟɩɢ ɜ ɢɦɟɧɨɜɚɧɧɵɯ ɟɞɢɧɢɰɚɯ. 
ɋɨɩɪɨɬɢɜɥɟɧɢɹ ɫɢɧɯɪɨɧɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ: 

ˆݔ  = ′′ௗݔ ∙ ːܷˑˏଶܵːˑˏ = Ͳ,ʹͳ ∙ ͳ͵,ͺଶͳͳ͹,͹ = Ͳ,͵ ʝˏ,                                                         ሺͶ.ʹͷሻ 

 
ɝɞɟ ݔௗ′′ – ɫɜɟɪɯɩɟɪɟɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ; ܵːˑˏ – ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɝɟɧɟɪɚɬɨɪɚ; ːܷˑˏ – ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ. 

ݎ̂  = ˘ˆ𝜔 ∙ ʡ˃,ˆ = Ͳ,͵͵ͳͶ ∙ Ͳ,ͲͶͷ = Ͳ,Ͳʹ ʝˏ,                                                            ሺͶ.ʹ͸ሻ 

 
ɝɞɟ 𝜔 – ɭɝɥɨɜɚɹ ɱɚɫɬɨɬɚ, ɪɚɜɧɚɹ 314 ɪɚɞ/ɫ; ܶ˃ ,ˆ – ɩɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ ɡɚɬɭɯɚɧɢɹ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ, 
ɪɚɜɧɚɹ 0,045 ɫ. 
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ɋɨɩɪɨɬɢɜɥɟɧɢɹ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ: 
˕ݔ  = ͳͲͲ%ˊˍݑ ∙ ʑܷʜଶܵːˑˏ = ͳͳͳͲͲ ∙ ʹͶʹଶͳʹͷ = ͷͳ,ͷ ʝˏ,                                                     ሺͶ.ʹ͹ሻ 

 
ɝɞɟ ݑˍˊ% – ɧɚɩɪɹɠɟɧɢɟ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ; ʑܷʜ – ɧɚɩɪɹɠɟɧɢɟ ɨɛɦɨɬɤɢ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. 

ݎ̞  = ∆̱ܲ ∙ ʑܷʜଶܵːˑˏଶ = Ͳ,͵ͺ ∙ ʹͶʹଶͳʹͷଶ = ͳ,Ͷ ʝˏ,                                                          ሺͶ.ʹͺሻ 

 
ɝɞɟ ܵːˑˏ – ɩɨɥɧɚɹ ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ; ∆̱ܲ  – ɩɨɬɟɪɢ ɄɁ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ. 

 
ɋɨɩɪɨɬɢɜɥɟɧɢɹ ȼɅ 220 ɤȼ: 
ˎ˅ݔ  = ˇ˖,ˑݔ ∙ ݈ = Ͳ,Ͷ͵ͷ ∙ ͻͲ = ͵ͻ,ʹ ʝˏ,                                                            ሺͶ.ʹͻሻ 

 
ɝɞɟ ݔˑ,˖ˇ – ɭɞɟɥɶɧɨɟ ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ȼɅ; ݈ – ɞɥɢɧɚ ȼɅ; ݊  – ɱɢɫɥɨ ɩɚɪɚɥɥɟɥɶɧɵɯ ɥɢɧɢɣ. 

ݎ˅  ˎ = ˑݎ ,˖ˇ ∙ ݈ = Ͳ,ͳʹͳ ∙ ͻͲ= ͳͲ,ͻ ʝˏ,                                                              ሺͶ.͵Ͳሻ 
 

ɝɞɟ ˑݎ ,˖ˇ – ɭɞɟɥɶɧɨɟ ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ȼɅ. 
 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɢɫɬɟɦɵ: 
˔ݔ  = ˄ܷଵଶܵˍ.ˊ = ʹ͵ͲଶͳͷͲ = ͵ͷʹ,͸͹ ʝˏ,                                                                         ሺͶ.͵ͳሻ 

 
ɝɞɟ ˄ܷଵ –ɛɚɡɢɫɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɫɢɫɬɟɦɵ; ܵˍ.ˊ – ɦɨɳɧɨɫɬɶ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɫɢɫɬɟɦɵ; 

ݎ̝  = xʠT˃ ,ʠ ∙ ω = ͵ͷʹ,͸͹Ͳ,Ͳ͵ͷ ∙ ͵ͳͶ = ͵ʹ,Ͳͻ ʝˏ.                                                          ሺͶ.͵ʹሻ 

 
ɗȾɋ ɝɟɧɟɪɚɬɨɪɨɜ: 
ˆܧ  = ′′∗ܧ ∙ ˄ܷଶ = ͳ,ͳ͵ ∙ ͳ͵,ͺ = ͳͷ,ͷͻ ˍʑ,                                                         ሺͶ.͵͵ሻ 
 

ɝɞɟ ˄ܷଶ –ɛɚɡɢɫɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ; 
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 .ɫɜɟɪɯɩɟɪɟɯɨɞɧɚɹ ɗȾɋ ɞɥɹ ɝɟɧɟɪɚɬɨɪɚ ɫ ɞɟɦɩɮɟɪɧɨɣ ɨɛɦɨɬɤɨɣ –′′∗ܧ
ɗȾɋ ɫɢɫɬɟɦɵ: 
˔ܧ  = ′′˔∗ܧ ∙ ˄ܷଵ = ͳ ∙ ʹ͵Ͳ = ʹ͵Ͳ ˍʑ,                                                                   ሺͶ.͵Ͷሻ 
 

ɝɞɟ ܧ∗˔′′  – ɡɧɚɱɟɧɢɟ ɫɜɟɪɯɩɟɪɟɯɨɞɧɨɣ ɗȾɋ ɞɥɹ ɷɧɟɪɝɨɫɢɫɬɟɦɵ. 
 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ: 
 ʙଵ = ܷʜʜʑܷʜ = ͳ͵,ͺʹͶʹ = Ͳ,Ͳͷ͹.                                                                                  ሺͶ.͵ͷሻ 

 
4.6.2 Ɋɚɫɱёɬ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɜ ɉɄ RastrWin 
 
ɇɢɠɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɬɚɛɥɢɰɵ ɫ ɜɧɟɫɟɧɧɵɦɢ ɜ ɉɄ ɢɫɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ 

ɞɥɹ ɪɚɫɱɟɬɚ ɬɪɟɯɮɚɡɧɨɝɨ ɢ ɨɞɧɨɮɚɡɧɨɝɨ ɄɁ ɧɚ ɲɢɧɚɯ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ 
ɭɫɬɪɨɣɫɬɜɚ ɢ ɬɪɟɯɮɚɡɧɨɝɨ ɄɁ ɧɚ ɝɥɚɜɧɵɯ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɚ. ɉɪɢɧɰɢɩ 
ɧɭɦɟɪɚɰɢɢ ɭɡɥɨɜ ɢɡɨɛɪɚɠёɧ ɧɚ ɪɢɫɭɧɤɟ 4.1, ɚ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɩɨ ɜɟɬɜɹɦ – ɧɚ 
ɪɢɫɭɧɤɟ 4.2. 

 

 
Ɋɢɫɭɧɨɤ 4.1 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɨ ɭɡɥɚɦ 

 

 
Ɋɢɫɭɧɨɤ 4.2 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɨ ɜɟɬɜɹɦ 
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ɇɚ ɪɢɫɭɧɤɟ 4.3 ɢɡɨɛɪɚɠɟɧɵ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɨ ɝɟɧɟɪɚɬɨɪɚɦ. 

 

 
Ɋɢɫɭɧɨɤ 4.3 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɨ ɝɟɧɟɪɚɬɨɪɚɦ 

 
ɇɚ ɪɢɫɭɧɤɚɯ 4.4 ɢ 4.5 ɢɡɨɛɪɚɠɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɬɨɤɨɜ ɬɪёɯɮɚɡɧɨɝɨ 

ɄɁ ɧɚ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɨɜ ɢ ɄɊɍɗ 220ɤȼ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
 

 
Ɋɢɫɭɧɨɤ 4.4 – Ɋɟɡɭɥɶɬɚɬ ɪɚɫɱёɬɚ ɬɪёɯɮɚɡɧɨɝɨ ɄɁ ɧɚ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɨɜ 

 

 
Ɋɢɫɭɧɨɤ 4.5 – Ɋɟɡɭɥɶɬɚɬ ɪɚɫɱёɬɚ ɬɪɟɯɮɚɡɧɨɝɨ ɄɁ ɧɚ ɄɊɍɗ 

 
ɇɚ ɪɢɫɭɧɤɟ 4.6 ɢɡɨɛɪɚɠёɧ ɪɟɡɭɥɶɬɚɬ ɪɚɫɱёɬɚ ɬɨɤɚ ɨɞɧɨɮɚɡɧɨɝɨ ɄɁ ɧɚ 

ɄɊɍɗ 220 ɤȼ. 
 

 
Ɋɢɫɭɧɨɤ 4.6 – Ɋɟɡɭɥɶɬɚɬ ɪɚɫɱёɬɚ ɨɞɧɨɮɚɡɧɨɝɨ ɄɁ ɧɚ ɄɊɍɗ 220 ɤȼ 

 
4.6.3 Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ 
 
Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɬɨɤɨɜ ɄɁ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.4. 

 
Ɍɚɛɥɢɰɚ 4.4 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɬɨɤɨɜ ɄɁ  

ȼɢɞ ɧɟɫɢɦɦɟɬɪɢɢ Ɍɢɩ ɌКЗ ˒ܫ .ˑ, ˍʏ 𝑖˖ 
1ɮ ɄɊɍɗ 220 ɤȼ 15,54 24,17 
3ɮ ɄɊɍɗ 220 ɤȼ 10,38 16,15 
3ɮ ȼɵɜɨɞɚ ɝɟɧɟɪɚɬɨɪɨɜ 13,8ɤȼ 37,29 94,92 

ʙʟʢЭሺଵሻܫ  = ͳͷ,ͷͶ ˍʏ > ʙʟʢЭሺଷሻܫ = ͳͲ,͵ͺ ˍʏ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɟɥɢɱɢɧɚ ɬɨɤɚ 
ɨɞɧɨɮɚɡɧɨɝɨ ɄɁ ɧɚ ɄɊɍɗ 220ɤȼ ɹɜɥɹɟɬɫɹ ɪɚɫɱёɬɧɨɣ ɞɥɹ ɩɪɨɜɟɪɤɢ 
ɜɵɤɥɸɱɚɬɟɥɟɣ ɧɚ ɨɬɤɥɸɱɚɸɳɭɸ ɫɩɨɫɨɛɧɨɫɬɶ. 
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4.7 ȼɵɛɨɪ ɢ ɩɪɨɜɟɪɤɚ ɨɛɨɪɭɞɨɜɚɧɢɹ 
 
ȼɵɛɨɪ ɢ ɪɚɫɱёɬ ɬɨɤɨɜɟɞɭɳɢɯ ɱɚɫɬɟɣ ɚɩɩɚɪɚɬɨɜ ɢ ɩɪɨɜɨɞɧɢɤɨɜ – 

ɜɚɠɧɟɣɲɢɣ ɷɬɚɩ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɥɸɛɨɣ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ, ɨɬ ɤɨɬɨɪɨɝɨ ɜ 
ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɡɚɜɢɫɢɬ ɧɚɞёɠɧɨɫɬɶ ɟё ɪɚɛɨɬɵ. 

ɉɪɢ ɜɵɛɨɪɟ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ ɧɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɢɬɶ 
ɜɵɩɨɥɧɟɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɬɪɟɛɨɜɚɧɢɣ: 

1. Ⱦɥɢɬɟɥɶɧɨɟ ɩɪɨɜɟɞɟɧɢɟ ɪɚɛɨɱɢɯ ɬɨɤɨɜ ɛɟɡ ɱɪɟɡɦɟɪɧɨɝɨ ɩɨɜɵɲɟɧɢɹ 
ɬɟɦɩɟɪɚɬɭɪɵ; 

2. ɉɪɨɬɢɜɨɫɬɨɹɧɢɟ ɤɪɚɬɤɨɜɪɟɦɟɧɧɵɦ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɢɦ ɢ 
ɬɟɩɥɨɜɵɦ ɞɟɣɫɬɜɢɹɦ ɬɨɤɨɜ ɄɁ; 

3. ȼɵɞɟɪɠɢɜɚɧɢɟ ɦɟɯɚɧɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ, ɭɞɨɜɥɟɬɜɨɪɟɧɢɟ 
ɬɪɟɛɨɜɚɧɢɹɦ ɷɤɨɧɨɦɢɱɧɨɫɬɢ. 

 
4.7.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɱɟɬɧɵɯ ɬɨɤɨɜ ɪɚɛɨɱɟɝɨ ɢ ɭɬɹɠɟɥɟɧɧɨɝɨ ɪɟɠɢɦɚ 

 
Ⱦɥɹ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɝɟɧɟɪɚɬɨɪɨɜ ɧɚɢɛɨɥɶɲɢɣ ɪɚɫɱɟɬɧɵɣ ɬɨɤ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɩɪɢ ɪɚɛɨɬɟ ɫ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɶɸ ɢ ɩɪɢ ɫɧɢɠɟɧɧɨɦ ɧɚ 5 % ɧɚɩɪɹɠɟɧɢɢ: 
ܫ̂   ˓˃˄.ˏ˃˘ = ͳ,Ͳͷ ∙ Iˆ,ːˑˏ = ͳ,Ͳͷ ∙ Ͷ,ͻʹ = ͷ,ͳ͹ ˍʏ;                                       ሺͶ.͵͸ሻ 

 

Ɋɚɛɨɱɢɣ ɬɨɤ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ: 
 I˓˃˄ ୫a୶ ሺʟʢʑʜሻ = Sˆ,ːˑˏ√͵ ∙ U˕,ːˑˏ = ͳʹͷ√͵ ∙ ʹͶʹ = Ͳ,ʹͻ ˍʏ;                                   ሺͶ.͵͹ሻ 

 
Ɋɚɛɨɱɢɣ ɬɨɤ ɜ ɥɢɧɢɹɯ ɫɜɹɡɢ ɫ ɫɢɫɬɟɦɨɣ 220 ɤȼ ɜ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ: 
ܫˎ   ˓˃˄.୫a୶ = ܵ𝛴݊ˎ ∙ √͵ ∙ ːܷˑˏ = ͵ͷ͵,ͳͶ ∙ √͵ ∙ ʹ͵Ͳ = Ͳ,ʹʹ ˍʏ.                              ሺͶ.͵ͺሻ 

 
Ɋɚɫɱɟɬɧɵɣ ɬɨɤ ɭɬɹɠɟɥɟɧɧɨɝɨ ɪɟɠɢɦɚ ɩɪɢ ɨɬɤɥɸɱɟɧɢɢ ɨɞɧɨɣ ɥɢɧɢɢ: 
ܫˎ   ˓˃˄.˖˕ˢˉ. = ܵ𝛴ሺ݊ˎ − ͳሻ ∙ √͵ ∙ ːܷˑˏ = ͵ͷ͵,ͳሺͶ − ͳሻ ∙ √͵ ∙ ʹ͵Ͳ = Ͳ,ʹͻ ˍʏ.     ሺͶ.͵ͻሻ 
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4.7.2 ȼɵɛɨɪ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɚ ɝɟɧɟɪɚɬɨɪɧɨɦ 
ɧɚɩɪɹɠɟɧɢɢ 13,8 ɤȼ 

 
4.7.2.1 ȼɵɛɨɪ ɜɵɤɥɸɱɚɬɟɥɟɣ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ 

 
Ɋɚɡɴɟɞɢɧɢɬɟɥɢ ɜɵɛɢɪɚɸɬɫɹ ɩɨ ɧɚɩɪɹɠɟɧɢɸ ɢ ɬɨɤɭ ɭɬɹɠɟɥɟɧɧɨɝɨ ɪɟɠɢɦɚ 

ɢ ɩɪɨɜɟɪɹɸɬɫɹ ɧɚ ɬɟɪɦɢɱɟɫɤɭɸ ɢ ɞɢɧɚɦɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ ɩɨ ɬɟɦ ɠɟ 
ɡɧɚɱɟɧɢɹɦ, ɱɬɨ ɢ ɜɵɤɥɸɱɚɬɟɥɢ. 

ɂɫɩɨɥɶɡɭɹ ɤɚɬɚɥɨɝ ɩɪɨɢɡɜɨɞɢɬɟɥɹ ɈȺɈ ȼɈ «ɗɥɟɤɬɪɨɚɩɩɚɪɚɬ» ɞɥɹ 
ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɜɵɛɢɪɚɟɦ ɷɥɟɝɚɡɨɜɵɣ ɜɵɤɥɸɱɚɬɟɥɶ ȼȽȽ-15-50/6300 
ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɶ ɊȼɊ-20/8000 Ɇɍ3. Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɝɟɧɟɪɚɬɨɪɧɨɝɨ 
ɜɵɤɥɸɱɚɬɟɥɹ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.5. 

 
Ɍɚɛɥɢɰɚ 4.5 – ɋɜɨɞɧɚɹ ɬɚɛɥɢɰɚ ɩɨ ɜɵɛɨɪɭ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ ɢ 
ɪɚɡɴɟɞɢɧɢɬɟɥɹ 

Ɋɚɫɱёɬɧɵɟ ɞɚɧɧɵɟ 
Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ 

ȼɵɤɥɸɱɚɬɟɥɶ 
ȼȽȽ-15-50/6300 

Ɋɚɡɴɟɞɢɧɢɬɟɥɶ 
ɊȼɊ-20/8000 Ɇɍ3 Uɫɟɬɢ ɧɨɦ = ͳ͵,ͺ ɤȼ Uɧɨɦ = ͳͷ ɤȼ Uɧɨɦ = ʹͲ ɤȼ IȽ.ɪɚɛ = ͷͳ͹Ͳ Ⱥ Iɧɨɦ = ͸͵ͲͲ Ⱥ Iɧɨɦ = ͺͲͲͲ Ⱥ I୬଴ = ͵͹,ʹͻ ɤȺ Iɩɫ.ɫɤɜ = ͷͲ ɤȺ iɷɥ.ɫɬ = ʹͷͲ ɤȺ i୷ = ͻͶ,ͻʹ ɤȺ iɩɢɤ.ɫɤɜ = ͳ͵Ͳ ɤȺ Iɬ.ɫɬ = ͳͲͲ ɤȺ 

 Iɧɨɦ.ɨɬɤɥ = ͷͲ ɤȺ tɨɬɤɥ = ͵ ɫ. 
ȼɤ.ɪɚɫɱ = I୬଴ଶ ∙ (tɨɬɤ + tɪɡ൯ = = ͵͹,ʹͻ ଶ ∙ ሺͲ,Ͳͺ + Ͳ,Ͳͳሻ = = ͳʹͷ,ͳͷ ɤȺଶ ∙ ɫ 

ȼɤ.ɧɨɦ = ITଶ ∙ tT = = ͷͲଶ ∙ ͵ = ͹ͷͲͲ ɤȺଶ ∙ ɫ 
ȼɤ.ɧɨɦ = ITଶ ∙ tT = = ͳͲͲଶ ∙ ͵ = ͵ͲͲͲ ɤȺଶ ∙ ɫ 

 
ɉɪɢɛɨɪɵ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɟ ɜ ɰɟɩɹɯ ɝɟɧɟɪɚɬɨɪɨɜ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 

4.6 
 

Ɍɚɛɥɢɰɚ 4.6 – ɉɪɢɛɨɪɵ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɟ ɜ ɰɟɩɹɯ ɝɟɧɟɪɚɬɨɪɨɜ 
ɇɚɢɦɟɧɨɜɚɧɢɟ 

ɩɪɢɛɨɪɚ 
Ɍɢɩ ɩɪɢɛɨɪɚ 

ɂɧɬɟɪɮɟɣɫ 
ɩɪɢɛɨɪɚ 

Ʉɥɚɫɫ 
ɬɨɱɧɨɫɬɢ 

ɉɨɬɪɟɛɥɹɟɦɚɹ 
ɦɨɳɧɨɫɬɶ (ȼ·Ⱥ) 

 ȼ ɰɟɩɢ ɫɬɚɬɨɪɚ: 
Ⱥɧɚɥɢɡɚɬɨɪ 

ɫɟɬɢ 
ȺɉɄɗ-1 RS485 0,5 8 

 ȼ ɰɟɩɢ ɪɨɬɨɪɚ: 
Ⱥɧɚɥɢɡɚɬɨɪ 

ɫɟɬɢ 
ȺɉɄɗ-1 RS485 0,5 8 

ɋɢɧɯɪɨɧɢɡɚɬɨɪ Ⱥɋ-Ɇ3 RS485 0,5 10 
  ∑ = 26 ȼ·Ⱥ 

 
ȼɵɛɪɚɧ, ɩɪɨɢɡɜɨɞɢɦɵɣ ɪɨɫɫɢɣɫɤɨɣ ɤɨɦɩɚɧɢɟɣ ɈɈɈ «Ⱥɋɍ-ȼɗɂ», 

ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɣ ɚɜɬɨɦɚɬɢɱɟɫɤɢɣ ɫɢɧɯɪɨɧɢɡɚɬɨɪ ɬɢɩɚ Ⱥɋ-Ɇ3. 
ɉɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɜɤɥɸɱɟɧɢɹ ɜ ɫɟɬɶ ɫɢɧɯɪɨɧɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ ɦɟɬɨɞɨɦ ɬɨɱɧɨɣ 
ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɫɢɧɯɪɨɧɢɡɚɰɢɢ, ɚ ɬɚɤɠɟ ɞɥɹ ɜɤɥɸɱɟɧɢɹ ɜ ɫɟɬɶ ɫɢɧɯɪɨɧɧɨɝɨ 
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ɤɨɦɩɟɧɫɚɬɨɪɚ, ɪɚɛɨɬɚɸɳɟɝɨ ɜ ɪɟɠɢɦɟ ɜɵɛɟɝɚ. Ⱥɋ-Ɇ3 ɢɡɝɨɬɚɜɥɢɜɚɟɬɫɹ ɜ 
ɤɥɢɦɚɬɢɱɟɫɤɨɦ ɢɫɩɨɥɧɟɧɢɢ ɍ ɤɚɬɟɝɨɪɢɢ ɪɚɡɦɟɳɟɧɢɹ 4 ɩɨ ȽɈɋɌ 15150 
(ɬɟɦɩɟɪɚɬɭɪɚ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ ɨɬ 1 ɞɨ 45°ɋ; ɜɟɪɯɧɟɟ ɩɪɟɞɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ 
ɬɟɦɩɟɪɚɬɭɪɵ 55°ɋ; ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɜɥɚɠɧɨɫɬɶ ɜɨɡɞɭɯɚ 98 % ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
35°ɋ).  

ȼɵɛɪɚɧ ɨɬɟɱɟɫɬɜɟɧɧɵɣ ɚɧɚɥɢɡɚɬɨɪ, ɩɪɨɢɡɜɨɞɢɦɵɣ ɮɢɪɦɨɣ ɈɈɈ «ɘɉɁ 
ɉɪɨɦɫɜɹɡɶɤɨɦɩɥɟɤɬ». ȺɉɄɗ-1 ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɢɡɦɟɪɟɧɢɣ ɢ 
ɪɟɝɢɫɬɪɚɰɢɢ ɩɚɪɚɦɟɬɪɨɜ ɤɚɱɟɫɬɜɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɜ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɟɬɹɯ 
ɫɢɫɬɟɦ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɨɛɳɟɝɨ ɧɚɡɧɚɱɟɧɢɹ ɩɟɪɟɦɟɧɧɨɝɨ ɬɪɟɯɮɚɡɧɨɝɨ ɢ 
ɨɞɧɨɮɚɡɧɨɝɨ ɬɨɤɚ ɱɚɫɬɨɬɨɣ 50 Ƚɰ ɢ ɧɚɩɪɹɠɟɧɢɟɦ ɨɬ 0,4 ɞɨ 750 ɤȼ. 

ɉɪɢɛɨɪ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɤɨɧɬɪɨɥɢɪɭɟɬ ɨɫɧɨɜɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɤɚɱɟɫɬɜɚ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɫɨɩɨɫɬɚɜɥɹɟɬ ɫ ɧɨɪɦɚɬɢɜɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ (ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ȽɈɋɌ 13109-97), ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɨɬɫɥɟɠɢɜɚɬɶ ɨɬɤɥɨɧɟɧɢɹ ɨɬ ɧɨɪɦɚɬɢɜɧɵɯ 
ɩɚɪɚɦɟɬɪɨɜ, ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ – ɩɪɟɞɨɬɜɪɚɳɚɬɶ ɚɜɚɪɢɣɧɵɟ ɫɢɬɭɚɰɢɢ ɢ 
ɫɭɳɟɫɬɜɟɧɧɨ ɫɨɤɪɚɬɢɬɶ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ ɨɛɨɪɭɞɨɜɚɧɢɹ, 
ɨɛɟɫɩɟɱɢɜ ɟɝɨ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ, ɧɚɞɟɠɧɨɫɬɶ ɢ ɞɨɥɝɨɜɟɱɧɨɫɬɶ. ɉɨɞɤɥɸɱɟɧɢɟ 
ɤ ɫɟɬɢ ɧɚɩɪɹɠɟɧɢɟɦ ɫɜɵɲɟ 0,4 ɤȼ ɩɪɨɢɡɜɨɞɢɬɫɹ ɱɟɪɟɡ ɢɡɦɟɪɢɬɟɥɶɧɵɣ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɧɚɩɪɹɠɟɧɢɹ. 

 
4.7.2.2 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ 
 

ȼɵɛɢɪɚɟɬɫɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ ɈɌɌ-20ɤȼ. ɉɪɨɢɡɜɨɞɢɬɟɥɶ ɈɈɈ 
«ɉɊɈɎɈɌȿɄ». ɉɪɨɜɟɪɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɈɌɌ-20ɤȼ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ 
ɬɚɛɥɢɰɟ 4.7. 
 
Ɍɚɛɥɢɰɚ 4.7 – ɉɪɨɜɟɪɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɐɌɌ-20ɤȼ 

ɉɚɪɚɦɟɬɪɵ Ɋɚɫɱёɬɧɵɟ ɞɚɧɧɵɟ Ⱦɚɧɧɵɟ ɌɌ ɩɨ ɤɚɬɚɥɨɝɭ U˔ˈ˕ˋ < Uːˑˏ Uʒ = ͳ͵,ͺ ˍʑ Uɧɨɦ = ʹͲɤȼ I˓˃˄ ୫a୶ < Iːˑˏ Iʒ.˓˃˄ = ͷͳ͹Ͳʏ Iːˑˏ = ͸ͲͲͲ ʏ 
 
ȼɵɛɪɚɧ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɧɚɩɪɹɠɟɧɢɹ ɈɌɇ-20ɤȼ. ɉɪɨɢɡɜɨɞɢɬɟɥɶ ɈɈɈ 

ɉɪɨɢɡɜɨɞɢɬɟɥɶ ɈɈɈ «ɉɊɈɎɈɌȿɄ». ɉɚɪɚɦɟɬɪɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ 
ɐɌɇ-20ɤȼ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.8. 
 
Ɍɚɛɥɢɰɚ 4.8 – ȼɵɛɨɪ ɢ ɩɪɨɜɟɪɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ 

ɉɚɪɚɦɟɬɪɵ Ɋɚɫɱёɬɧɵɟ ɞɚɧɧɵɟ Ⱦɚɧɧɵɟ Ɍɇ ɩɨ ɤɚɬɚɥɨɝɭ Uɫɟɬɢ < Uɧɨɦ UȽ = ͳ͵,ͺ ɤȼ Uɧɨɦ = ʹͲɤȼ 
 
Ⱦɥɹ ɡɚɳɢɬɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɨɬ ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ ɰɟɩɢ 13,8 ɤȼ 

ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɫɨ ɫɬɨɪɨɧɵ ɧɢɡɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ Ɉɉɇ – 20 ɍɏɅ1 ɮɢɪɦɵ ɈȺɈ 
«ɍɪɚɥɗɧɟɪɝɨ». 
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4.7.2.3 ȼɵɛɨɪ ɩɚɪɚɦɟɬɪɨɜ ɄɊɍɗ 
 
Ⱦɨɫɬɨɢɧɫɬɜɨɦ ɄɊɍɗ ɹɜɥɹɟɬɫɹ ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɨɫɬɶ — ɜ ɨɞɧɨɦ 

ɤɨɪɩɭɫɟ ɫɨɜɦɟɳɟɧɵ ɫɛɨɪɧɵɟ ɲɢɧɵ, ɜɵɤɥɸɱɚɬɟɥɶ, ɪɚɡɴɟɞɢɧɢɬɟɥɢ ɫ 
ɡɚɡɟɦɥɢɬɟɥɹɦɢ, ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ, ɱɬɨ ɫɭɳɟɫɬɜɟɧɧɨ 
ɭɦɟɧɶɲɚɟɬ ɪɚɡɦɟɪɵ ɢ ɩɨɜɵɲɚɟɬ ɧɚɞɟɠɧɨɫɬɶ. ɉɨɞɫɬɚɧɰɢɹ ɫ ɦɨɞɭɥɟɦ ɄɊɍɗ 
ɡɚɧɢɦɚɟɬ 5–10% ɩɥɨɳɚɞɢ ɩɨɞɫɬɚɧɰɢɢ ɫ ɨɬɤɪɵɬɵɦ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɦ 
ɭɫɬɪɨɣɫɬɜɨɦ. Ȼɥɚɝɨɞɚɪɹ ɬɚɤɨɣ ɤɨɦɩɚɤɬɧɨɫɬɢ ɩɨɞɫɬɚɧɰɢɹ ɦɨɠɟɬ ɛɵɬɶ 
ɪɚɡɦɟɳɟɧɚ ɜ ɝɭɫɬɨɧɚɫɟɥɟɧɧɵɯ ɪɚɣɨɧɚɯ, ɝɨɪɢɫɬɨɣ ɦɟɫɬɧɨɫɬɢ ɢ ɬ.ɞ.  

ɄɊɍɗ ɨɬɥɢɱɚɸɬɫɹ ɜɵɫɨɤɨɣ ɧɚɞɟɠɧɨɫɬɶɸ, ɤɨɬɨɪɚɹ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ 
ɜɵɫɨɤɢɦɢ ɢɡɨɥɹɰɢɨɧɧɵɦɢ ɢ ɞɭɝɨɝɚɫɢɬɟɥɶɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɷɥɟɝɚɡɚ 
(ɲɟɫɬɢɮɬɨɪɢɫɬɚɹ ɫɟɪɚ SF6) ɢ ɫɜɟɞɟɧɢɟɦ ɤ ɦɢɧɢɦɭɦɭ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ 
ɚɬɦɨɫɮɟɪɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ. Ⱦɥɹ ɪɚɫɫɦɨɬɪɟɧɢɹ ɜɵɛɢɪɚɟɦ ɹɱɟɣɤɭ ɄɊɍɗ əȽȽ-220 
ɩɪɨɢɡɜɨɞɫɬɜɚ «ɗɥɟɤɬɪɨɚɩɩɚɪɚɬ». Ⱦɚɧɧɵɟ ɩɨ ɜɵɛɨɪɭ ɄɊɍɗ 220ɤȼ ɩɪɟɞɫɬɚɜɥɟɧɵ 
ɜ ɬɚɛɥɢɰɟ 4.9. 

 
Ɍɚɛɥɢɰɚ 4.9 – ɋɜɨɞɧɚɹ ɬɚɛɥɢɰɚ ɩɨ ɜɵɛɨɪɭ ɄɊɍɗ 220ɤȼ 

Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ 
Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ 

əɱɟɣɤɚ əȽȽ-220ɍ 

Uɫɟɬɢ ɧɨɦ = 220 ɤȼ Uɧɨɦ = 220 ɤȼ 
Iɪɚɛ max = 290 Ⱥ Iɧɨɦ = 800 Ⱥ 
Iɩɨ = 15,54 ɤȺ Iɨɬɤɥ.ɧɨɦ. = 50 ɤȺ 

iɭ = 24,17 ɤȺ 
Iɬɟɪɦ = 50 ɤȺ 

tɬɟɪɦ = 3 ɫ 

ȼɤ.ɪɚɫɱ = I୬଴ଶ ∙ (tɨɬɤ + tɪɡ൯ = = ͳͷ,ͷͶ ଶ ∙ ሺͲ,Ͳͺ + Ͳ,Ͳͳሻ = ʹͳ,͹͵ ɤȺଶ ∙ ɫ 

ȼɤ.ɧɨɦ = ITଶ ∙ tT = = ͷͲଶ ∙ ͵ = ͹ͷͲͲ ɤȺଶ ∙ ɫ 

 
ɄɊɍɗ  ɫɟɪɢɢ əȽȽ-220 ɫ ɬɨɤɨɦ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɨɫɧɨɜɧɨɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɟ 

ɨɛɨɪɭɞɨɜɚɧɢɟ ɩɨɞɫɬɚɧɰɢɢ: ɜɵɤɥɸɱɚɬɟɥɢ, ɪɚɡɴɟɞɢɧɢɬɟɥɢ ɫ ɡɚɡɟɦɥɢɬɟɥɹɦɢ, 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ, Ɉɉɇ, ɫɨɜɦɟɳɟɧɧɵɟ ɜ ɡɚɡɟɦɥɟɧɧɨɦ 
ɦɟɬɚɥɥɢɱɟɫɤɨɦ ɤɨɪɩɭɫɟ, ɡɚɩɨɥɧɟɧɧɨɦ ɷɥɟɝɚɡɨɦ, ɨɛɥɚɞɚɸɳɢɦ ɥɭɱɲɢɦɢ 
ɢɡɨɥɢɪɭɸɳɢɦɢ ɢ ɞɭɝɨɝɚɫɢɬɟɥɶɧɵɦɢ ɤɚɱɟɫɬɜɚɦɢ. ɒɤɚɮɵ ɭɩɪɚɜɥɟɧɢɹ ɄɊɍɗ 
ɨɫɧɚɳɟɧɵ ɰɢɮɪɨɜɵɦɢ ɬɟɪɦɢɧɚɥɚɦɢ, ɩɨɡɜɨɥɹɸɳɢɦɢ ɪɟɚɥɢɡɨɜɚɬɶ ɫɢɫɬɟɦɭ 
«ɐɢɮɪɨɜɚɹ ɩɨɞɫɬɚɧɰɢɹ» ɫɨɝɥɚɫɧɨ ɆɗɄ 61850. ɂɡɦɟɪɢɬɟɥɶɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ 
ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɟ ɜ ɄɊɍɗ ɦɨɝɭɬ ɛɵɬɶ ɤɚɤ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦɢ ɫ 
MOU ɭɫɬɪɨɣɫɬɜɚɦɢ, ɬɚɤ ɢ ɩɨɥɧɨɫɬɶɸ ɰɢɮɪɨɜɵɦɢ. Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɹɱɟɣɤɢ ɄɊɍɗ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.10. 

 
Ɍɚɛɥɢɰɚ 4.10– Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɹɱɟɣɤɢ ɄɊɍɗ 

ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɤȼ Uɧɨɦ = 220 
ɇɚɢɛɨɥɶɲɟɟ ɪɚɛɨɱɟɟ ɧɚɩɪɹɠɟɧɢɟ, ɤȼ 252 

ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɨɬɤɥɸɱɟɧɢɹ ɜɵɤɥɸɱɚɬɟɥɹ, 
ɤȺ 

50 

ɉɚɪɚɦɟɬɪɵ ɫɤɜɨɡɧɨɝɨ ɬɨɤɚ ɨɬɤɥɸɱɟɧɢɹ ɜɵɤɥɸɱɚɬɟɥɹ, ɤȺ 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 4.10 
Ɍɨɤ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, ɤȺ Id. = 1255 

Ɍɨɤ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, ɤȺ IT. = 50 
ȼɪɟɦɹ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɚ ɬɟɪɦɢɱɟɫɤɨɣ 

ɫɬɨɣɤɨɫɬɢ, ɫ 
3 

ɂɫɩɵɬɚɬɟɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɪɨɦɵɲɥɟɧɧɨɣ 
ɱɚɫɬɨɬɵ 50 Ƚɰ, ɤȼ 

440 

ɂɫɩɵɬɚɬɟɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɝɪɨɡɨɜɨɝɨ 
ɢɦɩɭɥɶɫɚ, ɤȼ 

900 

ɉɚɪɚɦɟɬɪɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ (ɤɥɚɫɫ ɬɨɱɧɨɫɬɢ ɜɬɨɪɢɱɧɵɯ ɨɛɦɨɬɨɤ) 
Ⱦɥɹ ɭɱɟɬɚ 0,25 

Ⱦɥɹ ɢɡɦɟɪɟɧɢɣ 0,5 
Ⱦɥɹ ɡɚɳɢɬɵ 10ɪ 

ɉɚɪɚɦɟɬɪɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚɩɪɹɠɟɧɢɹ (ɤɥɚɫɫ ɬɨɱɧɨɫɬɢ ɜɬɨɪɢɱɧɵɯ 
ɨɛɦɨɬɨɤ) 

Ⱦɥɹ ɭɱɟɬɚ 0,2 
Ⱦɥɹ ɢɡɦɟɪɟɧɢɣ 0,5 

Ⱦɥɹ ɡɚɳɢɬɵ 3ɪ 
ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ, Ⱥ 

Ʌɢɧɟɣɧɨɣ ɹɱɟɣɤɢ 3150 
ɋɛɨɪɧɵɯ ɲɢɧ 4000 
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5 Ɋɟɥɟɣɧɚɹ ɡɚɳɢɬɚ ɢ ɚɜɬɨɦɚɬɢɤɚ 
 
ɋɢɥɨɜɨɟ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɟ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ, ɩɨɞɫɬɚɧɰɢɣ ɢ 

ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɟɬɟɣ ɧɟɨɛɯɨɞɢɦɨ ɡɚɳɢɳɚɬɶ ɨɬ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ ɢ 
ɧɚɪɭɲɟɧɢɣ ɧɨɪɦɚɥɶɧɵɯ ɪɟɠɢɦɨɜ ɭɫɬɪɨɣɫɬɜɚɦɢ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ, 
ɚɜɬɨɦɚɬɢɱɟɫɤɢɦɢ ɜɵɤɥɸɱɚɬɟɥɹɦɢ ɢɥɢ ɩɪɟɞɨɯɪɚɧɢɬɟɥɹɦɢ. Ɍɚɤɠɟ ɨɛɨɪɭɞɨɜɚɧɢɟ 
ɧɟɨɛɯɨɞɢɦɨ ɨɫɧɚɳɚɬɶ ɭɫɬɪɨɣɫɬɜɚɦɢ ɚɜɬɨɦɚɬɢɤɢ, ɜ ɬɨɦ ɱɢɫɥɟ ɭɫɬɪɨɣɫɬɜɚɦɢ 
ɩɪɨɬɢɜɨɚɜɚɪɢɣɧɨɣ ɚɜɬɨɦɚɬɢɤɢ ɢ ɭɫɬɪɨɣɫɬɜɚɦɢ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɨɫɧɨɜɧɵɟ ɡɚɳɢɬɵ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ ɢ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. 

 
5.1 Ɋɚɫɱɟɬ ɧɨɦɢɧɚɥɶɧɵɯ ɬɨɤɨɜ 
 
ȼ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɪɚɫɱɟɬ ɧɨɦɢɧɚɥɶɧɵɯ ɬɨɤɨɜ, ɤɨɬɨɪɵɟ 

ɹɜɥɹɸɬɫɹ ɨɫɧɨɜɨɣ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɞɚɧɧɨɝɨ ɪɚɫɱёɬɚ.  
ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɝɟɧɟɪɚɬɨɪɚ: 
ʜሺଵሻܫ  = ܵːˑˏ ˆ√͵ ∙ ːܷˑˏ = ͳͳ͹,͹ ∙ ͳͲଷ√͵ ∙ ͳ͵,ͺ = ͶͻʹͲ ʏ,                                                       ሺͷ.ͳሻ 

 
ɝɞɟ ܵːˑˏ ˆ – ɧɨɦɢɧɚɥɶɧɚɹ ɩɨɥɧɚɹ ɦɨɳɧɨɫɬɶ ɝɟɧɟɪɚɬɨɪɚ; ːܷˑˏ – ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ. 
 

ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɝɟɧɟɪɚɬɨɪɚ, ɩɪɢɜɟɞɟɧɧɵɣ ɤ ɧɢɡɲɟɣ ɫɬɨɪɨɧɟ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ: 

ʜሺଶሻܫ  = ːˑˏሺଵሻܫ ∙ ːː ˕˕ܭ˘˔ܭ = ͶͻʹͲ ∙ ͳͷͲͲͲ/ͷ = Ͷ,ͻʹ ʏ,                                                          ሺͷ.ʹሻ 

 
ɝɞɟ ܭ˔˘ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɯɟɦɵ, ɪɚɜɧɵɣ ɟɞɢɧɢɰɟ ɞɥɹ ɫɯɟɦɵ ɫɨɟɞɢɧɟɧɢɹ 
«ɡɜɟɡɞɚ»; ܭ˕˕ ːː  – ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɧɚ ɫɬɨɪɨɧɟ 
ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ. 
 

ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɧɚ ɫɬɨɪɨɧɟ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ 
ɭɫɬɪɨɣɫɬɜɚ: 

ːሺଵሻ˅ܫ  = ܵːˑˏ ˕√͵ ∙ ːܷˑˏ = ͳʹͷ ∙ ͳͲଷ√͵ ∙ ʹͶʹ = ʹͻͺ ʏ,                                                           ሺͷ.͵ሻ 

 
ɝɞɟ ܵːˑˏ ˕ – ɧɨɦɢɧɚɥɶɧɚɹ ɩɨɥɧɚɹ ɦɨɳɧɨɫɬɶ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ; ːܷˑˏ ˕ – ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. 
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ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɧɚ ɫɬɨɪɨɧɟ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɩɪɢɜɟɞɟɧɧɵɣ ɤ 
ɧɢɡɲɟɣ  
ɫɬɨɪɨɧɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ: 

ːሺଶሻ˅ܫ  = ː˅ ˕˕ܭːሺଵሻ˅ܫ = ʹͻͺ͵ͲͲ/ͷ = Ͷ,ͻ͹ ʏ,                                                                      ሺͷ.Ͷሻ 

 
ɝɞɟ ܭ˕˕ ˅ː – ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɧɚ ɫɬɨɪɨɧɟ 
ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ. 

 
ȼɵɛɨɪ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ:  
Ɇɨɳɧɨɫɬɶ ɝɟɧɟɪɚɬɨɪɚ ɜɨɡɛɭɠɞɟɧɢɹ 
 ܵɧɨɦ,ȼȽଵ = ɧɨɦ.ɪɨɬܫ

ሺଵሻͳ,ʹʹͷͷ ⋅ ɧܷɨɦ.ɪɨɬ = ͳ͵ͲͲͳ,ʹʹͷͷ ⋅ ͳͻͳ= ʹͲ͵ɤȼȺ,                               ሺͷ.ͷሻ 
 

ɝɞɟ  ܫɧɨɦ.ɪɨɬ
ሺଵሻ  – ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɪɨɬɨɪɚ; 
ɧܷɨɦ.ɪɨɬ– ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɪɨɬɨɪɚ. 

 
ɉɪɢɧɢɦɚɟɦ ɝɟɧɟɪɚɬɨɪ ɜɨɡɛɭɠɞɟɧɢɹ ɋɌɋ-300-800-2,5 ɦɨɳɧɨɫɬɶɸ 240ɤȼȺ  
ɧɨɦ,ଶܫ  = ܵɧɨɦ,ȼȽଵ

ɧܷɨɦ.ɪɨɬ
= ʹͶͲͳͻͳ= ͳ,ʹ͸ ɤȺ.                                                                      ሺͷ.͸ሻ 

ɧɨɦ,ɪɨɬଶܫ  = = ɬɬܭɧɨɦ,ଶܫ ͳ,ʹ͸ͳͷͲͲ/ͷ= Ͷ,ʹ Ⱥ.                                                                  ሺͷ.͹ሻ  
 
5.2 ɉɟɪɟɱɟɧɶ ɡɚɳɢɬ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 

 
ɋɨɝɥɚɫɧɨ ɉɍɗ [29] ɞɥɹ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ ɋȼ-1130/140-48Ɍɋ4 

ɦɨɳɧɨɫɬɶɸ 117,7 Ɇȼɬ ɞɨɥɠɧɵ ɛɵɬɶ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɫɥɟɞɭɸɳɢɟ ɜɢɞɵ 
ɡɚɳɢɬ: 

 ɉɪɨɞɨɥɶɧɚɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɝɟɧɟɪɚɬɨɪɚ ɨɬ ɦɧɨɝɨɮɚɡɧɵɯ 
ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ ɜ ɨɛɦɨɬɤɚɯ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɢ ɧɚ ɟɝɨ ɜɵɜɨɞɚɯ; 

 Ɂɚɳɢɬɚ ɨɬ ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ (100%) ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ; 
 Ɂɚɳɢɬɚ ɨɬ ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ; 
 Ɂɚɳɢɬɚ ɨɬ ɩɨɜɵɲɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ; 
 Ɂɚɳɢɬɚ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ ɬɨɤɨɜ ɜɧɟɲɧɢɯ 

ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ ɢ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ 
ɝɟɧɟɪɚɬɨɪɚ; 
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 Ɂɚɳɢɬɚ ɨɬ ɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ ɫɬɚɬɨɪɚ;  
 Ⱦɢɫɬɚɧɰɢɨɧɧɚɹ ɡɚɳɢɬɚ ɨɬ ɜɧɟɲɧɢɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ;  
 Ɂɚɳɢɬɚ ɨɬ ɚɫɢɧɯɪɨɧɧɨɝɨ ɪɟɠɢɦɚ ɛɟɡ ɩɨɬɟɪɢ ɜɨɡɛɭɠɞɟɧɢɹ ɝɟɧɟɪɚɬɨɪɚ;  
 Ɂɚɳɢɬɚ ɨɬ ɚɫɢɧɯɪɨɧɧɨɝɨ ɪɟɠɢɦɚ ɩɪɢ ɩɨɬɟɪɟ ɜɨɡɛɭɠɞɟɧɢɹ ɝɟɧɟɪɚɬɨɪɚ;  
 Ɂɚɳɢɬɚ ɨɬ ɩɟɪɟɝɪɭɡɤɢ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ, ɤɨɧɬɪɨɥɶ ɞɥɢɬɟɥɶɧɨɫɬɢ 

ɮɨɪɫɢɪɨɜɤɢ; 
 ɍɫɬɪɨɣɫɬɜɨ ɪɟɡɟɪɜɢɪɨɜɚɧɢɹ ɨɬɤɚɡɚ ɜɵɤɥɸɱɚɬɟɥɹ (ɍɊɈȼ) ɝɟɧɟɪɚɬɨɪɚ. 
ȼɢɞɵ ɡɚɳɢɬ ɞɥɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ –  ɌȾɐ-125000/220-ɍ1 ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɉɍɗ [29]: 
 Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɨɬ ɜɫɟɯ ɜɢɞɨɜ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ; 
 ɍɫɬɪɨɣɫɬɜɨ ɜɵɛɨɪɚ ɩɨɜɪɟɠɞɟɧɧɨɣ ɮɚɡɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, 

ɨɯɜɚɬɵɜɚɸɳɟɟ ɨɛɦɨɬɤɭ ȼɇ (Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɧɭɥɟɜɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ); 

 Ɍɨɤɨɜɚɹ ɡɚɳɢɬɚ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ 
ɧɚ ɡɟɦɥɸ ɜ ɫɟɬɢ 220ɤȼ; 

 Ɋɟɡɟɪɜɧɚɹ ɦɚɤɫɢɦɚɥɶɧɚɹ ɬɨɤɨɜɚɹ ɡɚɳɢɬɚ; 
 Ɂɚɳɢɬɚ ɨɬ ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ ɧɚ ɫɬɨɪɨɧɟ 10,5 ɤȼ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 

ɛɥɨɤɚ; 
 Ʉɨɧɬɪɨɥɶ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ ɞɥɹ ɩɭɫɤɚ ɩɨɠɚɪɨɬɭɲɟɧɢɹ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɛɥɨɤɚ;  
 Ɋɟɥɟ ɬɨɤɚ ɨɯɥɚɠɞɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɛɥɨɤɚ; 
 Ɂɚɳɢɬɚ ɨɬ ɩɨɬɟɪɢ ɨɯɥɚɠɞɟɧɢɹ; 
 Ɂɚɳɢɬɚ ɨɬ ɩɟɪɟɝɪɟɜɚ ɦɚɫɥɚ; 
 Ɂɚɳɢɬɚ ɨɬ ɩɟɪɟɝɪɟɜɚ Ʉɂȼ-220. 
ȼɢɞɵ ɡɚɳɢɬ ɞɥɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ Ƚɗɋ 

ɌɋɁ-1600/13,8 ɍɁ ɜ ɫɨɨɬɜɟɬɫɬɜɢɟ ɫ ɉɍɗ [29]: 
 Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɨɬ ɜɫɟɯ ɜɢɞɨɜ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ; 
 Ɇɚɤɫɢɦɚɥɶɧɚɹ ɬɨɤɨɜɚɹ ɡɚɳɢɬɚ ɫ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɦ ɩɭɫɤɨɦ ɩɨ 

ɧɚɩɪɹɠɟɧɢɸ; 
 Ɂɚɳɢɬɚ ɨɬ ɩɟɪɟɝɪɭɡɤɢ; 
 Ɋɟɥɟ ɬɨɤɚ ɨɯɥɚɠɞɟɧɢɹ. 
Ɂɚɳɢɬɵ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ 220 ɤȼ: 
 Ɉɫɧɨɜɧɵɟ ɡɚɳɢɬɵ: 
 ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨ-ɮɚɡɧɚɹ ɜɵɫɨɤɨɱɚɫɬɨɬɧɚɹ ɡɚɳɢɬɚ ɨɬ ɜɫɟɯ ɜɢɞɨɜ 

ɄɁ. 
 Ɋɟɡɟɪɜɧɵɟ ɡɚɳɢɬɵ: 
 5-ɬɢ ɫɬɭɩɟɧɱɚɬɚɹ ɞɢɫɬɚɧɰɢɨɧɧɚɹ ɡɚɳɢɬɚ ɨɬ ɦɟɠɞɭɮɚɡɧɵɯ ɡɚɦɵɤɚɧɢɣ; 
 ɬɨɤɨɜɚɹ ɨɬɫɟɱɤɚ ɞɥɹ ɪɟɡɟɪɜɢɪɨɜɚɧɢɹ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɵ ɩɪɢ 

ɛɥɢɡɤɢɯ ɦɟɠɞɭɮɚɡɧɵɯ ɄɁ; 
 4-ɯ ɫɬɭɩɟɧɱɚɬɚɹ ɬɨɤɨɜɚɹ ɧɚɩɪɚɜɥɟɧɧɚɹ ɡɚɳɢɬɚ ɨɬ ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ 

(ɌɇɁɇɉ); 
 ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɨɬɤɥɸɱɟɧɢɹ ɄɁ ɩɪɢ ɨɬɤɚɡɚɯ ɜɵɤɥɸɱɚɬɟɥɟɣ 220ɤȼ 

ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɍɊɈȼ 220ɤȼ. 
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5.3 Ɍɟɯɧɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɡɚɳɢɳɚɟɦɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 
 
Ɍɟɯɧɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 5.1. 
 

Ɍɚɛɥɢɰɚ 5.1 – Ɍɟɯɧɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɨɛɨɪɭɞɨɜɚɧɢɹ 
ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɨɛɨɪɭɞɨɜɚɧɢɹ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɚ ɉɚɪɚɦɟɬɪ 

Ƚɟɧɟɪɚɬɨɪ 

Ɍɢɩ 
ɋȼ-1130/140-
48Ɍɋ4 

Ɇɨɳɧɨɫɬɶ 
ɧɨɦɢɧɚɥɶɧɚɹ 

ɉɨɥɧɚɹ, ɆȼȺ 117,7 
Ⱥɤɬɢɜɧɚɹ, Ɇȼɬ 100 

ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɤȼ 13,8 
Ʉɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ cosφ 0,85 
ɑɚɫɬɨɬɚ, Ƚɰ 50 
ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ, ɨɛ/ɦɢɧ 125 
ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɫɬɚɬɨɪɚ, Ⱥ 4920 
Ɍɨɤ ɪɨɬɨɪɚ ɩɪɢ ɧɨɦɢɧɚɥɶɧɨɣ ɧɚɝɪɭɡɤɟ, Ⱥ 1300 
ɂɧɞɭɤɬɢɜɧɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɨ 
ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ 
(ɨ.ɟ.) 

ɋɢɧɯɪɨɧɧɨɟ  Xd 0,91 
ɉɟɪɟɯɨɞɧɨɟ  X'd 0,26 

ɋɜɟɪɯɩɟɪɟɯɨɞɧɨɟ  X"d 0,21 

ɂɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɏ2 

0,22 

ȿɦɤɨɫɬɶ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ, ɦɤɎ 0,7 

Ɍɪɚɧɫɮɨɪɦɚɬɨɪ 

Ɍɢɩ ɌȾɐ-125000/220-ɍ1 
Ɇɨɳɧɨɫɬɶ ɧɨɦɢɧɚɥɶɧɚɹ, ɆȼȺ 125 
ɇɨɦɢɧɚɥɶɧɨɟ ɜɵɫɲɟɟ ɧɚɩɪɹɠɟɧɢɟ, ɤȼ 242 
ɇɨɦɢɧɚɥɶɧɨɟ ɧɢɡɲɟɟ ɧɚɩɪɹɠɟɧɢɟ, ɤȼ 13,8 
ɇɚɩɪɹɠɟɧɢɟ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ, % 11 
Ƚɪɭɩɩɚ ɫɨɟɞɢɧɟɧɢɣ Yɧ/Δ 

Ɍɪɚɧɫɮɨɪɦɚɬɨɪ 
ɫɨɛɫɬɜɟɧɧɵɯ 

ɧɭɠɞ Ƚɗɋ 

Ɍɢɩ ɌɋɁ-1600/13,8 
ɇɨɦɢɧɚɥɶɧɚɹ ɩɨɥɧɚɹ ɦɨɳɧɨɫɬɶ, ɤȼɚ 1600 
ɇɨɦɢɧɚɥɶɧɨɟ ɜɵɫɲɟɟ ɧɚɩɪɹɠɟɧɢɟ, ɤȼ 13,88 
ɇɨɦɢɧɚɥɶɧɨɟ ɧɢɡɲɟɟ ɧɚɩɪɹɠɟɧɢɟ, ɤȼ 6,0 
ɇɚɩɪɹɠɟɧɢɟ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ, % 5,5 
ɋɯɟɦɚ ɢ ɝɪɭɩɩɚ ɫɨɟɞɢɧɟɧɢɣ Δ/Yɧ – 11 

 
5.4 Ɉɩɢɫɚɧɢɟ ɢ ɪɚɫɱɟɬ ɭɫɬɚɜɨɤ ɡɚɳɢɬ 
 
5.4.1 ɉɪɨɞɨɥɶɧɚɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɝɟɧɟɪɚɬɨɪɚ (I∆G) 
 
ɉɪɨɞɨɥɶɧɚɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɝɟɧɟɪɚɬɨɪɚ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɨɣ 

ɛɵɫɬɪɨɞɟɣɫɬɜɭɸɳɟɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɣ ɡɚɳɢɬɨɣ ɨɬ ɦɟɠɞɭɮɚɡɧɵɯ ɤɨɪɨɬɤɢɯ 
ɡɚɦɵɤɚɧɢɣ ɜ ɨɛɦɨɬɤɟ ɝɟɧɟɪɚɬɨɪɚ ɢ ɧɚ ɟɝɨ ɜɵɜɨɞɚɯ.  
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Ɂɚɳɢɬɚ ɜɵɩɨɥɧɹɟɬɫɹ ɬɪёɯɮɚɡɧɨɣ ɢ ɩɨɞɤɥɸɱɚɟɬɫɹ ɤ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦ ɬɨɤɚ 
ɜ ɥɢɧɟɣɧɵɯ ɜɵɜɨɞɚɯ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɢ ɤ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦ ɬɨɤɚ ɜ 
ɧɟɣɬɪɚɥɶɧɵɯ ɜɵɜɨɞɚɯ. 

ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɝɟɧɟɪɚɬɨɪɚ: ܫɧɨɦ = ͶͻʹͲ Ⱥ. 
1. ɇɚɱɚɥɶɧɵɣ ɬɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ܫɫɪ.଴ ɨɩɪɟɞɟɥɹɟɬ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɡɚɳɢɬɵ 

ɩɪɢ ɦɚɥɵɯ ɬɨɪɦɨɡɧɵɯ ɬɨɤɚɯ. ȿɝɨ ɜɟɥɢɱɢɧɚ ɜɵɛɢɪɚɟɬɫɹ ɫ ɭɱɟɬɨɦ ɜɨɡɦɨɠɧɨɫɬɢ 
ɨɬɫɬɪɨɣɤɢ ɡɚɳɢɬɵ ɨɬ ɬɨɤɚ ɧɟɛɚɥɚɧɫɚ ɧɨɦɢɧɚɥɶɧɨɝɨ ɪɟɠɢɦɚ: 

ː˄ሺːሻܫ  = ʙˑˇː ∙ 𝑖݂ ∙ ˏːˑܫ = Ͳ,ͷ ∙ Ͳ,ͳ ∙ ͶͻʹͲ = ʹͶ͸ ʏ,                                         ሺͷ.ͺሻ 
 
ɝɞɟ ܭˑˇː – ɤɨɷɮɮɢɰɢɟɧɬ ɨɞɧɨɬɢɩɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ, ɪɚɜɧɵɣ 0,5; 𝑖݂ – ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ, ɪɚɜɧɚɹ 0,1; ܫʜ – ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤɝɟɧɟɪɚɬɨɪɚ. 

 
1) ɍɫɬɚɜɤɚ ɜɵɛɢɪɚɟɬɫɹ ɢɡ ɫɥɟɞɭɸɳɟɝɨ ɭɫɥɨɜɢɹ: 
ʠʟ.଴ܫ  ൒ ːܭ ∙ ʜʐሺʜሻܫ = ʹ ∙ Ͳ,ͷ ∙ Ͳ,ͳ ∙ ːܫ = Ͳ,ͳ ∙  ːˑˏ,                                             ሺͷ.ͻሻܫ

 
ɝɞɟ ܭː – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ, ɪɚɜɧɵɣ 2. 

 
ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ ɧɚɱɚɥɶɧɨɝɨ ɬɨɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɪɚɜɧɨɣ: 
ʠʟ.଴ܫ  = Ͳ,ͳͷ ∙ ʜܫ = Ͳ,ͳͷ ∙ ͶͻʹͲ = ͹͵ͺ ʏ.                                                         ሺͷ.ͳͲሻ 
 
2) ɑɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɡɚɳɢɬɵ ɤ ɩɨɜɪɟɠɞɟɧɢɹɦ ɩɪɢ ɩɪɨɬɟɤɚɧɢɢ ɬɨɤɚ 

ɨɩɪɟɞɟɥɹɟɬ ɤɨɷɮɮɢɰɢɟɧɬ ɬɨɪɦɨɠɟɧɢɹ, ɜɟɥɢɱɢɧɚ ɤɨɬɨɪɨɝɨ ɜɵɛɢɪɚɟɬɫɹ ɫ ɭɱɟɬɨɦ 
ɨɬɫɬɪɨɣɤɢ ɡɚɳɢɬɵ ɨɬ ɬɨɤɨɜ ɧɟɛɚɥɚɧɫɚ, ɜɵɡɜɚɧɧɵɯ ɩɨɝɪɟɲɧɨɫɬɹɦɢ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɩɪɢ ɫɤɜɨɡɧɵɯ ɄɁ. 

 
Ɇɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɧɟɛɚɥɚɧɫɚ ɩɪɢ ɜɧɟɲɧɟɦ ɬɪɟɯɮɚɡɧɨɦ ɄɁ ɪɚɜɟɧ: 
ɧɛሺКЗሻܫ  = Кɚɩ ∙ 𝑖݂ ∙ Кɨɞɧ∙  ɦɚɤɫ,                                                                               ሺͷ.ͳͳሻܫ

 
ɝɞɟ  Кɚɩ = ʹ – ɤɨɷɮɮɢɰɢɟɧɬ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ; ܫɦɚɤɫ – ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɱɟɪɟɡ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ ɧɚ ɥɢɧɟɣɧɵɯ 
ɜɵɜɨɞɚɯ ɩɪɢ ɜɧɟɲɧɟɦ ɬɪɟɯɮɚɡɧɨɦ ɄɁ ɜ ɰɟɩɢ ɝɟɧɟɪɚɬɨɪɚ, ɪɚɜɧɵɣ: 

ɦɚɤɫܫ  = ′′ௗݔ′′ௗܧ ∙ ɧɨɦܫ = ͳ,ͳ͵Ͳ,ʹͳ ∙ ͶͻʹͲ = ʹ͸Ͷ͹Ͷ,͵ Ⱥ,                                                ሺͷ.ͳʹሻ 

 
ɝɞɟ  ܧௗ′′  – ɫɜɟɪɯɩɟɪɟɯɨɞɧɨɟ ɗȾɋ ɝɟɧɟɪɚɬɨɪɚ; ݔௗ′′  – ɫɜɟɪɯɩɟɪɟɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ. 
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Ɍɨɝɞɚ ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɧɟɛɚɥɚɧɫɚ ɪɚɜɟɧ: 
ɧɛሺКЗሻܫ   = ʹ ∙ Ͳ,ͳ ∙ Ͳ,ͷ ∙ ʹ͸Ͷ͹Ͷ,͵ = ʹ͸Ͷ͹,Ͷ Ⱥ.                                                                
  
Ʉɨɷɮɮɢɰɢɟɧɬ ɬɨɪɦɨɠɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɦɭ ɭɫɥɨɜɢɸ: 
 

Кɬ > ɧɛሺКЗሻܫ ∙ Кɧܫɬ
,                                                                                                    ሺͷ.ͳ͵ሻ 

 
ɝɞɟ  Кɧ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ; ܫɬ – ɬɨɤ ɬɪɟɯɮɚɡɧɨɝɨ ɄɁ ɧɚ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɚ ɪɚɜɧɵɣ ܫɦɚɤɫ. 

 
Ɍɨɝɞɚ: 
 

Кɬ > ʹ͸Ͷ͹,Ͷ ∙ ʹʹ͸Ͷ͹Ͷ,͵ ;                                                                                                   
 

Кɬ > Ͳ,ʹ. 
 

3) ɍɫɬɚɜɤɚ ɧɚɱɚɥɶɧɨɝɨ ɬɨɪɦɨɠɟɧɢɹ ɜɵɛɢɪɚɟɬɫɹ ɢɫɯɨɞɹ ɢɡ ɭɫɥɨɜɢɹ: 
ɧɬܫ  = ɫɪ.଴ܫ

Кɬ
= Ͳ,ͳͷ ∙ ͵,ɧͲܫ = Ͳ,ͷ ∙  ɧ.                                                                         ሺͷ.ͳͶሻܫ

 
4) Ɍɨɪɦɨɡɧɨɣ ɬɨɤ ȼ, ɨɩɪɟɞɟɥɹɸɳɢɣ ɬɨɱɤɭ ɢɡɥɨɦɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɫɪɚɛɚɬɵɜɚɧɢɹ. ɉɪɢ ɜɵɛɨɪɟ ɭɫɬɚɜɤɢ ȼ ɞɨɥɠɧɨ ɜɵɩɨɥɧɹɬɫɹ ɫɥɟɞɭɸɳɟɟ ɭɫɥɨɜɢɟ: 
ܤ  ൒ ɫɪ.଴ܫ

Кɬ
= Ͳ,ͳͷ ∙ ͵,ɧͲܫ = Ͳ,ͷ ∙  ɧ.                                                                            ሺͷ.ͳͷሻܫ

ɉɪɢɧɢɦɚɟɦ ɬɢɩɨɜɨɟ ɡɧɚɱɟɧɢɟ ɭɫɬɚɜɤɢ ܤ = ͳ,ͷܫɧ. 
 
5) Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɞɟɠɧɨɣ ɪɚɛɨɬɵ ɩɪɢ ɛɨɥɶɲɢɯ ɬɨɤɚɯ ɤɨɪɨɬɤɨɝɨ 

ɡɚɦɵɤɚɧɢɹ ɜ ɡɨɧɟ ɞɟɣɫɬɜɢɹ, ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɬɨɤɨɜɚɹ ɨɬɫɟɱɤɚ ɫ ɬɨɤɨɦ 
ɫɪɚɛɚɬɵɜɚɧɢɹ: ܫɨɬɫ = ሺʹ ÷ ͳʹሻܫɧɨɦ. 

ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ: 
ɨɬɫܫ  = ͸ ∙ ɧɨɦܫ = ͸ ∙ ͶͻʹͲ = ʹͻ,ͷʹ ɤȺ.                                                       ሺͷ.ͳ͸ሻ 
 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɡɚɳɢɬɵ ɝɟɧɟɪɚɬɨɪɚ 

ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5.1. 
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Ɋɢɫɭɧɨɤ 5.1 – Ɂɚɳɢɬɚ ɞɟɣɫɬɜɭɟɬ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ, 

ɨɫɬɚɧɨɜɤɭ ɬɭɪɛɢɧɵ ɫɨ ɫɛɪɨɫɨɦ ɚɜɚɪɢɣɧɨ-ɪɟɦɨɧɬɧɵɯ ɡɚɬɜɨɪɨɜ ɢ ɧɚ ɩɭɫɤ 
ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɝɟɧɟɪɚɬɨɪɚ 

 
5.4.2 Ɂɚɳɢɬɚ ɨɬ ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ 

(𝐔ۼ (𝐔۽)) 
 
Ɂɚɳɢɬɚ ɨɛɟɫɩɟɱɢɜɚɟɬ 100% ɨɯɜɚɬ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ. 
Ɂɚɳɢɬɚ ɜɵɩɨɥɧɟɧɚ ɫ ɩɨɦɨɳɶɸ ɞɜɭɯ ɨɪɝɚɧɨɜ ɧɚɩɪɹɠɟɧɢɹ: 
1) ɉɟɪɜɵɣ ɨɪɝɚɧ (͵ ଴ܷ) ɪɟɚɝɢɪɭɟɬ ɧɚ ɨɫɧɨɜɧɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ 

ɧɚɩɪɹɠɟɧɢɹ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ͵ ଴ܷ ɢ ɡɚɳɢɳɚɟɬ 85% ɜɢɬɤɨɜ ɨɛɦɨɬɤɢ 
ɫɬɚɬɨɪɚ ɫɨ ɫɬɨɪɨɧɵ ɥɢɧɟɣɧɵɯ ɜɵɜɨɞɨɜ; ͵ ଴ܷ ɜɤɥɸɱɚɟɬɫɹ ɧɚ ɧɚɩɪɹɠɟɧɢɟ ɧɭɥɟɜɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ͵ ଴ܷ Ɍɇ ɥɢɧɟɣɧɵɯ ɜɵɜɨɞɨɜ ɝɟɧɟɪɚɬɨɪɚ, ɢɡɦɟɪɹɟɦɨɟ 
ɨɛɦɨɬɤɨɣ «ɪɚɡɨɦɤɧɭɬɵɣ ɬɪɟɭɝɨɥɶɧɢɤ». 

ɇɚɩɪɹɠɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɨɪɝɚɧɚ ɨɫɧɨɜɧɨɣ ɝɚɪɦɨɧɢɤɢ ɜɵɛɢɪɚɟɬɫɹ ɢɡ 
ɭɫɥɨɜɢɹ ɨɬɫɬɪɨɣɤɢ ɨɬ ɞɟɣɫɬɜɭɸɳɟɝɨ ɡɧɚɱɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɧɭɥɟɜɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɫɧɨɜɧɨɣ ɱɚɫɬɨɬɵ, ɨɛɭɫɥɨɜɥɟɧɧɨɝɨ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɣ 
ɢɧɞɭɤɰɢɟɣ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɛɥɨɤɚ ሺܷʝ Эʚ.ʠʡ.ሻ ɩɪɢ ɄɁ ɧɚ ɡɟɦɥɸ ɧɚ 
ɫɬɨɪɨɧɟ ȼɇ. 

ɋɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ܷʝ Эʚ.ʠʡ. ɩɪɢɜɟɞɟɧɚ ɧɚ 
ɪɢɫɭɧɤɟ 5.2: 
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Ɋɢɫɭɧɨɤ 5.2 – ɋɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ UɈ ɗɅ.ɋɌ 
 
ɋɭɦɦɚɪɧɚɹ ɟɦɤɨɫɬɶ ɮɚɡɵ ɫɟɬɢ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ: 
 ʠ𝛴 = ʡܥ + ʠʒ + ʠШ + ʠʑʒ,                                                                                   ሺͷ.ͳ͹ሻ 
 

ɝɞɟ ʠʒ – ɟɦɤɨɫɬɶ ɨɞɧɨɣ ɮɚɡɵ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɧɚ ɡɟɦɥɸ; ܥʡ – ɟɦɤɨɫɬɶ ɨɞɧɨɣ ɮɚɡɵ ɨɛɦɨɬɤɢ ɇɇ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚ ɡɟɦɥɸ; ʠШ – ɟɦɤɨɫɬɶ ɲɢɧɨɩɪɨɜɨɞɚ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɡɟɦɥɟ; ʠʑʒ – ɟɦɤɨɫɬɶ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ. 
 ʠ𝛴 = Ͳ,ͲͲ͹͵ + Ͳ,͹ + Ͳ,ͲͲͺ + Ͳ,ʹͷ = Ͳ,ͻ͸ͷ ˏˍʣ˗˃ˊ˖. 

 
ɇɚɩɪɹɠɟɧɢɟ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɩɪɢ ɡɚɦɵɤɚɧɢɢ ɧɚ ɡɟɦɥɸ ɧɚ 

ɫɬɨɪɨɧɟ ȼɇ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ: 
 

଴ܷ = ͳ͵ ∙ ܷʜʝʛ ʑʜ√͵ = ͳ͵ ∙ ʹͶʹ√͵ = Ͷ͸,ͷ͹ ˍʑ,                                                         ሺͷ.ͳͺሻ 

 
ɝɞɟ ܷʜʝʛ ʑʜ – ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɨɛɦɨɬɤɢ ȼɇ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. 
 

ɇɚɩɪɹɠɟɧɢɟ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɫɧɨɜɧɨɣ ɱɚɫɬɨɬɵ 
ɨɛɭɫɥɨɜɥɟɧɧɨɝɨ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɣ ɢɧɞɭɤɰɢɟɣ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ: 

 ܷʝ Эʚ.ʠʡ = ʙ ∙ ଴ܷ ∙ ʠʡሺߤ଴ሻʠʡሺߤ଴ሻ + ʠΣ ,                                                                         ሺͷ.ͳͻሻ 

 
ɝɞɟ ʙ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ଴ܷ ɩɨ ɨɛɦɨɬɤɟ ȼɇ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ; 
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ʠʡሺߤ଴ሻ – ɟɦɤɨɫɬɶ ɦɟɠɞɭ ɨɛɦɨɬɤɚɦɢ ɜɵɫɲɟɝɨ ɢ ɧɢɡɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɨɞɧɨɣ 
ɮɚɡɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. 

 ܷʝ Эʚ.ʠʡ = Ͳ,ͷ ∙ Ͷ͸,ͷ͹ ∙ Ͳ,ͲͳʹͲ,Ͳͳʹ + Ͳ,ͻ͸ͷ = ʹͺ͸ ʑ. 
 

ɋɭɦɦɚɪɧɵɣ ɟɦɤɨɫɬɧɵɣ ɬɨɤ ɫɟɬɢ 13,8 ɤȼ: 
஼ܫ  = ͳ,͹͵ ∙ ܷʚ ∙ 𝜔 ∙ ʠΣ,                                                                                          ሺͷ.ʹͲሻ 
஼ܫ  = ͳ,͹͵ ∙ ͳ͵,ͺ ∙ ͳͲଷ ∙ ͵ͳͶ ∙ Ͳ,ͻ͸ͷ ∙ ͳͲ−଺ = ͹,ʹ ʏ.  

 
ɇɚɩɪɹɠɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ: 
 

˔ܷ˓ ൒ ʙːʙ˅ ∙ ͳ̞݊ː ∙ ܷʝ Эʚ.ʠʡ.,                                                                                      ሺͷ.ʹͳሻ 

 
ɝɞɟ ʙː –ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ; ʙ˅ – ɤɨɷɮɮɢɰɢɟɧɬ ɜɨɡɜɪɚɬɚ; ݊˕ː – ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ. 

 

˔ܷ˓ ൒ ͳ,ͷͲ,ͻͷ ∙ ͳͳ͵,ͺ/ሺ√͵ ∙ ଴,ଵଷ ሻ ∙ ʹͺ͸ = ͳ,ͺͻ ʑ. 
 

ɉɪɢɧɢɦɚɟɦ ɫɥɟɞɭɸɳɢɟ ɭɫɬɚɜɤɢ: ଴ܷଵீ ɫ ɭɫɬɚɜɤɨɣ 5 ȼ ɞɟɣɫɬɜɭɟɬ ɫ 
ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 5,0 ɫ ɞɟɣɫɬɜɭɟɬ ɧɚ ɫɢɝɧɚɥ; ଴ܷீ ɫ ɭɫɬɚɜɤɨɣ ɪɚɜɧɨɣ 15 ȼ ɢ 
ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 0,5 ɫ ɞɟɣɫɬɜɭɟɬ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ, 
ɝɚɲɟɧɢɟ ɩɨɥɟɣ ɢ ɨɫɬɚɧɨɜ ɬɭɪɛɢɧɵ ɫɨ ɫɛɪɨɫɨɦ ɚɜɚɪɢɣɧɨ - ɪɟɦɨɧɬɧɵɯ ɡɚɬɜɨɪɨɜ. 

2) ȼɬɨɪɨɣ ɨɪɝɚɧ – ɷɬɨ ɨɪɝɚɧ ଴ܷଷ, ɪɟɚɝɢɪɭɸɳɢɣ ɧɚ ɫɨɨɬɧɨɲɟɧɢɟ 
ɧɚɩɪɹɠɟɧɢɹ ɬɪɟɬɶɟɣ ɝɚɪɦɨɧɢɤɢ ɢ ɧɚɩɪɹɠɟɧɢɹ ɜ ɧɟɣɬɪɚɥɢ ɧɚ ɜɵɜɨɞɚɯ 
ɝɟɧɟɪɚɬɨɪɚ. Ɉɧ ɡɚɳɢɳɚɟɬ ɨɤɨɥɨ 30% ɜɢɬɤɨɜ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɫɨ ɫɬɨɪɨɧɵ 
ɧɟɣɬɪɚɥɢ. 

ɍɫɬɚɜɤɚ ɞɥɹ ɨɪɝɚɧɚ ଴ܷଷ ɜɵɛɢɪɚɟɬɫɹ ɩɨ ɤɨɷɮɮɢɰɢɟɧɬɭ ɬɨɪɦɨɠɟɧɢɹ ʙʡ ɨɬ 1 
ɞɨ 3.  Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɧɟɣɬɪɚɥɢ ɝɟɧɟɪɚɬɨɪɚ ɞɨ ɦɟɫɬɚ ɡɚɦɵɤɚɧɢɹ ɜ ɨɛɦɨɬɤɟ ɫɬɚɬɨɪɚ 
ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ʙʡ ɛɭɞɟɬ ɪɚɜɧɨ: 

 ʤ = ͳʙʡ + ʹ = ͳͳ,ͳ + ʹ =  Ͳ,͵ʹ͵ ˑ. ˈ.                                                                 ሺͷ.ʹʹሻ 

 
ɂɡ ɜɵɪɚɠɟɧɢɹ 5.24 ɜɢɞɧɨ, ɱɬɨ ɨɪɝɚɧ ଴ܷଷ ɩɪɢ ʙʡ = ͳ,ͳ ɪɚɛɨɬɚɟɬ 

ɫɟɥɟɤɬɢɜɧɨ ɢ ɡɚɳɢɳɚɟɬ 32,3 % ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɫɨ ɫɬɨɪɨɧɵ ɧɟɣɬɪɚɥɢ. 
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Ⱦɚɧɧɚɹ ɡɚɳɢɬɚ ɪɚɛɨɬɚɟɬ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 0,5 ɫɟɤɭɧɞ ɢ ɞɟɣɫɬɜɭɟɬ ɧɚ 
ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ, ɧɚ ɝɚɲɟɧɢɟ ɩɨɥɟɣ ɢ ɨɫɬɚɧɨɜ ɬɭɪɛɢɧɵ ɫɨ 
ɫɛɪɨɫɨɦ ɚɜɚɪɢɣɧɨ-ɪɟɦɨɧɬɧɵɯ ɡɚɬɜɨɪɨɜ. 
 

5.4.3 Ɂɚɳɢɬɚ ɨɬ ɩɨɜɵɲɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ (𝐔૚ >), (𝐔૛ >ሻ 
 
1) ɍɫɬɚɜɤɚ ɡɚɳɢɬɵ Uʹ >ɜɵɛɢɪɚɟɬɫɹ: 
 ஼ܷʟଶ = ͳ,Ͷ ∙ ːܷˑˏ݊ʡʜ = ͳ,Ͷ ∙ ͳ͵ͺͲͲͳ͵ͺͲͲ/ͳͲͲ = ͳͶͲ ʑ.                                                     ሺͷ.ʹ͵ሻ 

 
2) ȼ ɞɨɩɨɥɧɟɧɢɟ ɤ ɜɵɲɟɭɤɚɡɚɧɧɨɣ ɡɚɳɢɬɟ ɧɚ ɝɟɧɟɪɚɬɨɪɟ 

ɩɪɟɞɭɫɦɨɬɪɟɧ ɜɬɨɪɨɣ ɨɪɝɚɧ Uͳ >, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɪɚɛɨɬɵ ɜ ɪɟɠɢɦɟ 
ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɢɥɢ ɩɪɢ ɫɛɪɨɫɟ ɧɚɝɪɭɡɤɢ. 

ɍɫɬɚɜɤɚUͳ > ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ: 
 ஼ܷʟଵ = ͳ,ʹ ∙ ːܷˑˏ݊ʡʜ = ͳ,ʹ ∙ ͳ͵ͺͲͲͳ͵ͺͲͲ/ͳͲͲ = ͳʹͲ ʑ.                                                     ሺͷ.ʹͶሻ 

 
ɍɫɬɚɜɤɚ ɨɪɝɚɧɚ ɬɨɤɚ, ɤɨɧɬɪɨɥɢɪɭɸɳɟɝɨ ɨɬɫɭɬɫɬɜɢɟ ɬɨɤɚ ɜ ɰɟɩɢ 

ɝɟɧɟɪɚɬɨɪɚ ɢ ɧɚ ɫɬɨɪɨɧɟ 220 ɤȼ, ɩɪɢɧɢɦɚɟɬɫɹ ɦɢɧɢɦɚɥɶɧɨɣ ɢ ɪɚɜɧɨɣ Ͳ,Ͳͻ ∙  .ʜܫ
Ɂɚɳɢɬɚ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 0,5 ɫ ɞɟɣɫɬɜɭɟɬ ɧɚ ɨɬɤɥɸɱɟɧɢɟ 

ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 
 
5.4.4 Ɂɚɳɢɬɚ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ 

ɩɟɪɟɝɪɭɡɨɤ ɢ ɜɧɟɲɧɢɯ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ (𝐈૛) 
 
Ⱦɚɧɧɚɹ ɡɚɳɢɬɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɥɢɤɜɢɞɚɰɢɢ ɩɟɪɟɝɪɭɡɨɤ ɝɟɧɟɪɚɬɨɪɚ 

ɬɨɤɚɦɢ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɩɪɢ ɜɧɟɲɧɢɯ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ 
ɦɟɠɞɭɮɚɡɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɹɯ ɢ ɞɪɭɝɢɯ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɪɟɠɢɦɚɯ 
ɷɧɟɪɝɨɫɢɫɬɟɦɵ, ɚ ɬɚɤɠɟ ɩɪɢ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɹɯ ɜ ɫɚɦɨɦ 
ɝɟɧɟɪɚɬɨɪɟ. 

Ɂɚɳɢɬɚ ɫɨɞɟɪɠɢɬ ɫɥɟɞɭɸɳɢɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɨɪɝɚɧɵ: 
1) ɋɢɝɧɚɥɶɧɵɣ ɨɪɝɚɧ ሺܫଶʠʗʒʜሻ ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ܫଶ 

ɜɵɲɟ ɡɧɚɱɟɧɢɹ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɫ ɧɟɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 
(ɞɟɣɫɬɜɭɟɬ ɧɚ ɫɢɝɧɚɥ). 

ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ ɫɢɝɧɚɥɶɧɨɝɨ ɨɪɝɚɧɚ: 
ଶʠʗʒʜ∗ܫ  = Ͳ,Ͳ͹ ∙  .ʜܫ
 
2) ɉɭɫɤɨɜɨɣ ɨɪɝɚɧ ሺܫଶʞʢʠʙሻ ɫɪɚɛɚɬɵɜɚɟɬ ɛɟɡ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɩɪɢ 

ɭɜɟɥɢɱɟɧɢɢ ɡɧɚɱɟɧɢɹ ܫଶ ɜɵɲɟ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢ ɨɫɭɳɟɫɬɜɥɹɟɬ ɩɭɫɤ 
ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ. Ɍɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɭɫɤɨɜɨɝɨ ɨɪɝɚɧɚ ɜɵɛɢɪɚɟɬɫɹ ɩɨ 
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ɭɫɥɨɜɢɸ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɞɟɠɧɨɝɨ ɩɭɫɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɩɪɢ ݐʛʏʙʠ =͹ͲͲ ˔. 
Ɉɬɧɨɫɢɬɟɥɶɧɵɣ ɬɨɤ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ܫ∗ଶ: 
ଶ∗ܫ  = √ʏݐ = √ ͵Ͳ͹ͲͲ = Ͳ,ʹͳ,                                                                                   ሺͷ.ʹͷሻ 

 
ɝɞɟ ʏ – ɩɚɪɚɦɟɬɪ, ɡɚɞɚɧɧɵɣ ɡɚɜɨɞɨɦ-ɢɡɝɨɬɨɜɢɬɟɥɟɦ; ݐ – ɞɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɧɟɫɢɦɦɟɬɪɢɱɧɨɝɨ ɪɟɠɢɦɚ ɩɪɢ ɧɟɢɡɦɟɧɧɨɦ 
ɡɧɚɱɟɧɢɢ ɬɨɤɚ ܫଶ. 

 
ɍɫɬɚɜɤɚ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ ɪɚɜɧɚ: 
ଶʞʢʠʙ∗ܫ  = ːܭଶ∗ܫ = Ͳ,ʹͳͳ,ʹ = Ͳ,ͳͺ,                                                                              ሺͷ.ʹ͸ሻ 

 
ɝɞɟ ܭː – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ. 

 
ɍɫɬɚɜɤɚ ɜ ɢɦɟɧɨɜɚɧɧɵɯ ɟɞɢɧɢɰɚɯ: 
ଶʞʢʠʙܫ  = Ͳ,ͳͷ ∙ ʜʝʛܫ = Ͳ,ͳͺ ∙  ː,                                                                        ሺͷ.ʹ͹ሻܫ

 
ɝɞɟ ܫʜʝʛ – ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɝɟɧɟɪɚɬɨɪɚ. 

 
ɉɪɢ ɷɬɨɦ ɞɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɟɪɟɝɪɭɡɤɢ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ 

ɩɨ ɬɟɩɥɨɜɨɦɭ ɞɟɣɫɬɜɢɸ ɬɨɤɚ ܫ∗ଶʞʢʠʙ:  
ʓʝʞݐ  = ʏܫ∗ଶʞʢʠʙଶ = ͵ͲͲ,ͳͺଶ ≈ ͻʹ͸ ˔.                                                                       ሺͷ.ʹͺሻ 

 
3) ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ ɫɪɚɛɚɬɵɜɚɟɬ ɩɪɢ ɭɞɚɥɟɧɧɵɯ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ 

ɪɟɠɢɦɚɯ, ɫɨɩɪɨɜɨɠɞɚɸɳɢɯɫɹ ɬɨɤɚɦɢ ɩɟɪɟɝɪɭɡɤɢ ܫଶ ɫ ɡɚɜɢɫɢɦɨɣ ɨɬ ɬɨɤɚ 
ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ, ɨɩɪɟɞɟɥɹɟɦɨɣ ɭɪɚɜɧɟɧɢɟɦ: 

ʠʟݐ  = ʏʗʝሺܫ∗ଶሻଶ = ͵Ͳሺܫ∗ଶሻଶ .                                                                                           ሺͷ.ʹͻሻ 

 
ɂɡ ɮɨɪɦɭɥɵ (5.29): 
 ͵Ͳ = ሺܫ∗ଶሻଶ ∙       .ʠʟݐ
 
Ⱦɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɨɜ ɨɛɪɚɬɧɨɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜ ɝɟɧɟɪɚɬɨɪɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 5.1: 
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Ɍɚɛɥɢɰɚ 5.1 – Ⱦɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɨɜ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜ ɝɟɧɟɪɚɬɨɪɟ 

Ʉɪɚɬɧɨɫɬɶ ɩɟɪɟɝɪɭɡɤɢ ɩɨ ɬɨɤɭ 
ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ܫଶ/ܫɇ 

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

Ⱦɥɢɬɟɥɶɧɨɫɬɶ ݐ, (ɫ) 30 83 120 188 333 700 
 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɛɪɚɬɧɨɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ ɢ ɜɧɟɲɧɢɯ 
ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ (ܫଶ) ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5.3: 

 

 
Ɋɢɫɭɧɨɤ 5.3 – ɏɚɪɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɛɪɚɬɧɨɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ ɢ ɜɧɟɲɧɢɯ 
ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ ܫଶ 

 
ɂɫɯɨɞɹ ɢɡ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ, ɜɪɟɦɹ 

ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɪɢɧɢɦɚɟɦ: ݐˏˋː = ͵Ͳ ܿ, ݐˏ˃ˍ˔ = ͹ͲͲ ܿ. 
4) Ɉɪɝɚɧ ɬɨɤɨɜɨɣ ɨɬɫɟɱɤɢሺܫଶʝʡʠሻ ɫɪɚɛɚɬɵɜɚɟɬ ɫ ɧɟɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ 

ɜɪɟɦɟɧɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ܫଶɜɵɲɟ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɨɪɝɚɧɚ ɢ ɹɜɥɹɟɬɫɹ 
ɡɚɳɢɬɨɣ ɨɬ ɜɧɟɲɧɢɯ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ. 

Ɍɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɨɪɝɚɧɚ ɨɬɫɟɱɤɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɫɥɟɞɭɸɳɢɯ ɭɫɥɨɜɢɣ: 
1. ɂɡ ɭɫɥɨɜɢɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɩɟɪɟɝɪɟɜɚ ɪɨɬɨɪɚ ɩɪɢ ɩɪɨɬɟɤɚɧɢɢ ɬɨɤɚ 

ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ; 
2. ɂɡ ɭɫɥɨɜɢɹ ɨɛɟɫɩɟɱɟɧɢɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɩɪɢ ɞɜɭɯɮɚɡɧɨɦ ɤɨɪɨɬɤɨɦ 

ɡɚɦɵɤɚɧɢɢ ɧɚ ɲɢɧɚɯ ȼɇ ɛɥɨɤɚ ɢ ɧɚ ɨɬɯɨɞɹɳɢɯ BɅ; 
3. ɂɡ ɭɫɥɨɜɢɹ ɫɨɝɥɚɫɨɜɚɧɢɹ ɩɨ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɢ ɜɪɟɦɟɧɢ ɞɟɣɫɬɜɢɹ ɫ 

ɡɚɳɢɬɚɦɢ BJI. 
ɉɨ ɩɟɪɜɨɦɭ ɭɫɥɨɜɢɸ: ɜɵɛɨɪ ɬɨɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɤɪɢɜɨɣ 

ɩɪɟɞɟɥɶɧɨɣ ɞɥɢɬɟɥɶɧɨɫɬɢ ɩɪɨɬɟɤɚɧɢɹ ɱɟɪɟɡ ɝɟɧɟɪɚɬɨɪ ɬɨɤɨɜ ܫଶ. 
ɉɨ ɜɬɨɪɨɦɭ ɭɫɥɨɜɢɸ: 
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ɚ) ɩɨ ɭɫɥɨɜɢɸ ɨɛɟɫɩɟɱɟɧɢɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɩɪɢ ɞɜɭɯɮɚɡɧɵɯ ɤɨɪɨɬɤɢɯ 
ɡɚɦɵɤɚɧɢɹɯ ɧɚ ɲɢɧɚɯ ȼɇ ɛɥɨɤɚ: 

ɝݔ  = ′′ௗݔ = Ͳ,ʹͳ, 
ௗɜɧݔ 

′′ = ′′ௗݔ ∙ ( ɜܷɧ

ɧܷɧ
)ଶ = Ͳ,ʹͳ ∙ ( ʹͶʹͳ͵,ͺ)ଶ = ͸Ͷ,ͷͺ ɨ. ɟ.                                        ሺͷ.͵Ͳሻ 

∗ݔ 
ɜɥ = ɜɥݔ ∙ ܵɛ

ɛܷ
ଶ = ͵ͻ,ʹ ∙ ͳͳ͹,͹ʹͶʹଶ = Ͳ,Ͳ͹ͺ ɨ. ɟ.                                                    ሺͷ.͵ͳሻ 

ɬݔ   = ɤ%ͳͲͲݑ ∙ ܵɛܵɧɨɦ
= ͳͳͳͲͲ ∙ ͳͳ͹,͹ͳʹͷ= Ͳ,ͳͲͶ ɨ. ɟ                                                   ሺͷ.͵ʹሻ 

∗ଶɋ.Зܫ  = ͳͳ,͵ ⋅ ʹ ⋅ ௗɜɧݔ)
′′ + ɬݔ  + ∗ݔ

ɜɥ൯ = ͳͳ,͵ ⋅ ʹ ⋅ ሺ͸Ͷ,ͺͷ + Ͳ,ͳͲͶ + Ͳ,Ͳ͹ͺሻ = = Ͳ,ͲͲ͸ ɨ. ɟ                                                                                                             ሺͷ.͵͵ሻ 
 

ɝɞɟ     ݔௗ′′  - ɫɜɟɪɯɩɟɪɟɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ ɩɨ ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ; ݔௗȼɇ
′′- ɫɜɟɪɯɩɟɪɟɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ, ɩɪɢɜɟɞɟɧɧɨɟ ɤ 

ɜɵɫɲɟɣ ɫɬɨɪɨɧɟ ɧɚɩɪɹɠɟɧɢɹ; ݔȽ - ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɝɟɧɟɪɚɬɨɪɚ;  
 .Ɍ - ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯݔ          
 

Ɍɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ ɧɚ ɫɬɨɪɨɧɟ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ: 
∗ଶɋ.Зܫ  = ʹ ∙ ∗ଶɋ.Зܫ ∙ ɬܭ = ʹ ∙ Ͳ,ͲͲ͸ ∙ (ʹͶʹͳ͵,ͺ) = Ͳ,ʹͳ                                        ሺͷ.͵Ͷሻ 

 
ɉɨ ɬɪɟɬɶɟɦɭ ɭɫɥɨɜɢɸ: ɬɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɜɵɛɢɪɚɟɬɫɹ ɢɫɯɨɞɹ ɢɡ 

ɫɨɝɥɚɫɨɜɚɧɢɹ ɩɨ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɫ ɪɟɡɟɪɜɧɵɦɢ ɡɚɳɢɬɚɦɢ ɥɢɧɢɢ. ȼ ɫɜɹɡɢ ɫ 
ɨɬɫɭɬɫɬɜɢɟɦ ɧɟɨɛɯɨɞɢɦɵɯ ɞɚɧɧɵɯ ɩɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɨ 
ɜɬɨɪɨɦɭ ɭɫɥɨɜɢɸ. 

Ɉɬɫɟɱɤɚ ɞɟɣɫɬɜɭɟɬ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 8 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ Ɇɒȼ, 8,5 ɫ 
ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɛɥɨɱɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ 220 ɤȼ ɢ ɜɵɤɥɸɱɚɬɟɥɟɣ Ɍɋɇ, ɫ 
ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 9,0 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ ɢ ɝɚɲɟɧɢɟ 
ɩɨɥɟɣ. 

  
5.4.5 Ɂɚɳɢɬɚ ɨɬ ɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ (𝐈૚) 
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Ɂɚɳɢɬɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɥɢɤɜɢɞɚɰɢɢ ɧɟɞɨɩɭɫɬɢɦɵɯ ɩɟɪɟɝɪɭɡɨɤ 
ɨɛɦɨɬɨɤ ɫɬɚɬɨɪɚ. Ɂɚɳɢɬɚ ɜɵɩɨɥɧɟɧɚ ɫ ɡɚɜɢɫɢɦɨɣ ɨɬ ɬɨɤɚ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ ɢ 
ɫɨɞɟɪɠɢɬ ɫɥɟɞɭɸɳɢɟ ɮɭɧɤɰɨɧɚɥɶɧɵɟ ɨɪɝɚɧɵ: 

1) ɋɢɝɧɚɥɶɧɵɣ ɨɪɝɚɧ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɫ ɧɟɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ 
ɜɪɟɦɟɧɢ ɩɪɢ ɭɜɟɥɟɱɟɧɢɢ ɬɨɤɚ ɜɵɲɟ ɡɧɚɱɟɧɢɹ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢ 
ɞɟɣɫɬɜɭɸɳɢɣ ɜ ɩɪɟɞɭɩɪɟɞɢɬɟɥɶɧɭɸ ɫɢɝɧɚɥɢɡɚɰɢɸ. 

ɍɫɬɚɜɤɚ ɫɢɝɧɚɥɶɧɨɝɨ ɨɪɝɚɧɚ: 
ʠʗʒʜܫ  = ʜܭ ∙ ʑܭʜܫ = ͳ,Ͳͷ ∙ ʜͲ,ͻͺܫ = ͳ,Ͳ͹ ∙  ʜ,                                                             ሺͷ.͵ͷሻܫ

 
ɝɞɟ ܭʜ = ͳ,Ͳͷ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ; ܭʑ = Ͳ,ͻͺ – ɤɨɷɮɮɢɰɢɟɧɬ ɜɨɡɜɪɚɬɚ. 

 
ȼɵɞɟɪɠɤɚ ɜɪɟɦɟɧɢ 0,9 ɫɟɤɭɧɞ. 
2) ɉɭɫɤɨɜɨɣ ɨɪɝɚɧ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɛɟɡ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɩɪɢ 

ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ɜɵɲɟ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢ ɨɫɭɳɟɫɬɜɥɹɸɳɢɣ ɩɭɫɤ 
ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ. 

ɍɫɬɚɜɤɚ ɩɭɫɤɨɜɨɝɨ ɨɪɝɚɧɚ: 
ଵʞʢʠʙܫ  = ͳ,Ͳͺ ∙ ʜ    Ͳ,ͻͺܫ = ͳ,ͳ ∙  ʜ.                                                                             ሺͷ.͵͸ሻܫ

 
3) ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ ɫɪɚɛɚɬɵɜɚɟɬ ɫ ɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ. 
ɍɫɬɚɜɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɢɧɬɟɝɪɚɥɶɧɨɣ 

ɩɟɪɟɝɪɭɡɨɱɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ, ɩɪɢɜɟɞɟɧɧɨɣ ɜ ɬɚɛɥɢɰɟ 5.2: 
 

Ɍɚɛɥɢɰɚ 5.2 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɬ ɫɢɦɦɟɬɪɢɱɧɵɯ 
ɩɟɪɟɝɪɭɡɨɤ 

Ʉɪɚɬɫɧɨɫɬɶ 
ɩɟɪɟɝɪɭɡɤɢ ܫ ⁄ʜܫ  

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

Ⱦɥɢɬɟɥɶɧɨɫɬɶ 
ɩɟɪɟɝɪɭɡɤɢ (ɫ) 3600 900 360 300 240 120 60 1 

 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɬ ɫɢɦɦɟɬɪɢɱɧɵɯ 

ɩɟɪɟɝɪɭɡɨɤ ሺܫଵሻ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɢɠɟ ɧɚ ɪɢɫɭɧɤɟ 5.4. 
ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ ɡɚɳɢɬɵ ɱɟɪɟɡ ɨɬɤɥɸɱɚɸɳɢɣ ɨɪɝɚɧ ɞɟɣɫɬɜɭɟɬ ɧɚ 

ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 
ɍɫɬɚɜɤɚ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɨɬɤɥɸɱɚɸɳɟɝɨ ɨɪɝɚɧɚ ɩɪɢɧɢɦɚɟɬɫɹ 

ɦɢɧɢɦɚɥɶɧɨɣ ɢ ɪɚɜɧɨɣ 0,01 ɫ. 
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Ɋɢɫɭɧɨɤ 5.4 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ  

ɡɚɳɢɬɵ ɨɬ ɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ ሺܫଵሻ 
 
ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ ɡɚɳɢɬɵ ɱɟɪɟɡ ɨɬɤɥɸɱɚɸɳɢɣ ɨɪɝɚɧ ɞɟɣɫɬɜɭɟɬ ɧɚ 

ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ ȽȽ . 
ɍɫɬɚɜɤɚ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɨɬɤɥɸɱɚɸɳɟɝɨ ɨɪɝɚɧɚ ɩɪɢɧɢɦɚɟɬɫɹ 

ɦɢɧɢɦɚɥɶɧɨɣ ɢ ɪɚɜɧɨɣ 0,01 ɫ. 
4) Ɉɪɝɚɧ ɬɨɤɨɜɨɣ ɨɬɫɟɱɤɢ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɫ ɧɟɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ 

ɜɪɟɦɟɧɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ɜɵɲɟ ɡɧɚɱɟɧɢɹ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ. 
ɍɫɬɚɜɤɚ ɨɪɝɚɧɚ ɨɬɫɟɱɤɢ: 
ଵʝʡʠܫ  = ͳ,Ͷ ∙ ʜͲ,ͻͺܫ = ͳ,Ͷʹͻ ∙  ʜ.                                                                               ሺͷ.͵͹ሻܫ

 
Ɍɨɤɨɜɚɹ ɨɬɫɟɱɤɚ ɜɵɩɨɥɧɟɧɚ ɫ ɩɭɫɤɨɦ ɩɨ ɦɢɧɢɦɚɥɶɧɨɦɭ ɧɚɩɪɹɠɟɧɢɸ ሺ ʒܷ <ሻ. ɇɚɩɪɹɠɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ: 
 ʠܷʟ = Ͳ,͸ͺ ∙ ܷʜʝʛܭʑ ∙ ݊ʡ = Ͳ,͸ͺ ∙ ͳ͵ͺͲͲͳ,Ͳ͵ ∙ ͳ͵ͺͲͲ/ͳͲͲ = ͸͸ ʑ.                                          ሺͷ.͵ͺሻ 

 
Ɉɬɫɟɱɤɚ ɞɟɣɫɬɜɭɟɬ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 8 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ Ɇɒȼ, 8,5 ɫ 

ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɛɥɨɱɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ 220 ɤȼ ɢ ɜɵɤɥɸɱɚɬɟɥɟɣ Ɍɋɇ, ɫ 
ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 9,0 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ ɢ ɝɚɲɟɧɢɟ 
ɩɨɥɟɣ. 
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5.4.6 Ɂɚɳɢɬɚ ɨɬ ɩɟɪɟɝɪɭɡɤɢ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ 
 

Ɂɚɳɢɬɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɥɢɤɜɢɞɚɰɢɢ ɧɟɞɨɩɭɫɬɢɦɵɯ ɩɟɪɟɝɪɭɡɨɤ 
ɨɛɦɨɬɨɤ ɪɨɬɨɪɚ. Ɂɚɳɢɬɚ ɜɵɩɨɥɧɟɧɚ ɫ ɡɚɜɢɫɢɦɨɣ ɨɬ ɬɨɤɚ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ. 
Ɂɚɳɢɬɚ ɫɨɞɟɪɠɢɬ ɫɥɟɞɭɸɳɢɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɨɪɝɚɧɵ: 

1) ɋɢɝɧɚɥɶɧɵɣ ɨɪɝɚɧ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɫ ɧɟɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ 
ɜɪɟɦɟɧɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ɜɵɲɟ ɡɧɚɱɟɧɢɹ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢ 
ɞɟɣɫɬɜɭɸɳɟɣ ɜ ɩɪɟɞɭɩɪɟɞɢɬɟɥɶɧɭɸ ɫɢɝɧɚɥɢɡɚɰɢɸ. ɍɫɬɚɜɤɚ ɫɢɝɧɚɥɶɧɨɝɨ 
ɨɪɝɚɧɚ: 

.𝑃 ʠʗʒʜܫ  = ʙʜ ∙ ʑܭ˕ʜ ˓ˑܫ = ͳ,Ͳͷ ∙ ʜʝʛ.ʟͲ,ͻͺܫ = ͳ,Ͳ͹ ∙  ʜʝʛ.ʟ,                                    ሺͷ.͵ͻሻܫ

 
ɝɞɟ ܫʜʝʛ.ʟ – ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɪɨɬɨɪɚ. 
 

2) ɉɭɫɤɨɜɨɣ ɨɪɝɚɧ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɛɟɡ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɩɪɢ 
ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ɜɵɲɟ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢ ɨɫɭɳɟɫɬɜɥɹɸɳɢɣ ɩɭɫɤ 
ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ. ɍɫɬɚɜɤɚ ɩɭɫɤɨɜɨɝɨ ɨɪɝɚɧɚ: 

.𝑃 ʞʢʠʙܫ  = ͳ,Ͳͺ ∙ ʜʝʛ.ʟͲ,ͻͺܫ = ͳ,ͳ ∙  ʜʝʛ.ʟ.                                                               ሺͷ.ͶͲሻܫ

 
3) ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɫ ɡɚɜɢɫɢɦɨɣ ɨɬ ɬɨɤɚ 

ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ, ɡɚɞɚɧɧɨɣ ɜ ɬɚɛɥɢɰɟ 5.3, ɢ ɞɟɣɫɬɜɭɸɳɟɣ ɧɚ ɨɬɤɥɸɱɟɧɢɟ 
ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 

 
Ɍɚɛɥɢɰɚ 5.3 – ɉɟɪɟɝɪɭɡɨɱɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ 

Ʉɪɚɬɫɧɨɫɬɶ ɩɟɪɟɝɪɭɡɤɢ ܫ ⁄ɇܫ  
1,1 1,15 1,2 1,25 1,3 1,4 1,5 2,0 

Ⱦɥɢɬɟɥɶɧɨɫɬɶ 
ɩɟɪɟɝɪɭɡɤɢ (ɫ) ɞɥɢɬɟɥɶɧɨ 210 150 120 90 72 60 20 

 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɬ ɩɟɪɟɝɪɭɡɤɢ ɨɛɦɨɬɤɢ 

ɪɨɬɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5.5: 
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Ɋɢɫɭɧɨɤ 5.5 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ  

ɡɚɳɢɬɵ ɨɬ ɩɟɪɟɝɪɭɡɤɢ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ 
 

4) Ɉɪɝɚɧ ɬɨɤɨɜɨɣ ɨɬɫɟɱɤɢ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɫ ɧɟɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ 
ɜɪɟɦɟɧɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ɜɵɲɟ ɡɧɚɱɟɧɢɹ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ. ɍɫɬɚɜɤɚ 
ɨɪɝɚɧɚ ɨɬɫɟɱɤɢ: 

.𝑃 ʞʢʠʙܫ  = ʹ,ͳ ∙ ʜʝʛ.ʟͲ,ͻͺܫ = ʹ,ͳͶ͵ ∙  ʜʝʛ.ʟ.                                                             ሺͷ.Ͷͳሻܫ

 
ȼɵɞɟɪɠɤɚ ɜɪɟɦɟɧɢ ɬɨɤɨɜɨɣ ɨɬɫɟɱɤɢ ɩɪɢɧɢɦɚɟɬɫɹ 3,0 ɫ. Ɂɚɳɢɬɚ ɞɟɣɫɬɜɭɟɬ 

ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ ɢ ɧɚ ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 
 
5.4.7 Ⱦɢɫɬɚɧɰɢɨɧɧɚɹ ɡɚɳɢɬɚ ɝɟɧɟɪɚɬɨɪɚ ሺ𝒁૚ <ሻ, ሺ𝒁૛ <ሻ 

 
Ɂɚɳɢɬɚ ɜɵɩɨɥɧɹɟɬɫɹ ɧɚ ɨɫɧɨɜɟ ɞɢɫɬɚɧɰɢɨɧɧɵɯ ɨɪɝɚɧɨɜ ɢ ɩɨɞɤɥɸɱɚɟɬɫɹ ɤ 

ɢɡɦɟɪɢɬɟɥɶɧɵɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦ ɬɨɤɚ ɜ ɧɟɣɬɪɚɥɢ ɝɟɧɟɪɚɬɨɪɚ ɢ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɚ. 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɞɚɟɬɫɹ ɜ ɜɢɞɟ ɤɪɭɝɚ, ɪɚɫɩɨɥɨɠɟɧɧɨɝɨ ɜ I 
ɢ II  ɤɜɚɞɪɚɧɬɟ ɫɨ ɫɦɟɳɟɧɢɟɦ ɜ III  ɢ IV  ɤɜɚɞɪɚɧɬ ɤɨɦɩɥɟɤɫɧɨɣ ɩɥɨɫɤɨɫɬɢ 
ɫɨɩɪɨɬɢɜɥɟɧɢɣ. 

1) ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ ɜɵɛɢɪɚɟɬɫɹ ɩɨ ɭɫɥɨɜɢɸ 
ɨɛɟɫɩɟɱɟɧɢɹ ɞɟɣɫɬɜɢɹ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ ɧɟ ɛɨɥɟɟ 1ɫ. ɍɤɚɡɚɧɧɚɹ ɜɵɞɟɪɠɤɚ 
ɜɪɟɦɟɧɢ ɩɪɢɧɢɦɚɟɬɫɹ ɩɨ ɭɫɥɨɜɢɸ ɫɨɝɥɚɫɨɜɚɧɢɹ ɫ ɩɟɪɜɵɦɢ ɫɬɭɩɟɧɹɦɢ ɡɚɳɢɬ 
ɥɢɧɢɣ, ɨɬɯɨɞɹɳɢɯ ɨɬ ɲɢɧ Ƚɗɋ. 

ɋɨɝɥɚɫɨɜɚɧɢɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɞɥɹ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ ɧɚ ɲɢɧɚɯ 220 ɤȼ Ƚɗɋ 
ɨɞɧɨɝɨ ɛɥɨɤɚ. ܼଵ, ɩɪɢɜɟɞɟɧɧɨɟ ɤ ɧɚɩɪɹɠɟɧɢɸ 220 ɤȼ, ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɧɹɬɨ: 

ɚ) ɩɨ ɫɨɝɥɚɫɨɜɚɧɢɸ ɫ ɩɟɪɜɨɣ ɫɬɭɩɟɧɶɸ ɡɚɳɢɬ ȼɅ 220 ɤȼ Ⱥɥɬɚɣɫɤɚɹ Ƚɗɋ – 
Ʉɚɬɭɧɶ: 
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ܼଵ ൑ Ͳ,ͺ ∙ ܼʡ + Ͳ,ͺܭʡ ∙ ܼଵʚ′ = Ͳ,ͺ ∙ ͸ͷ,ͷͻ + Ͳ,ͺ͵ ∙ ʹ,͹ͳ = ͷ͵,ͳͻ ʝˏ,             ሺͷ.Ͷʹሻ 

 
ɝɞɟ ܼʡ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɩɪɢɜɟɞɟɧɧɨɟ ɤ ɜɵɫɲɟɣ ɫɬɨɪɨɧɟ; ܼଵʚ′  – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɥɢɧɢɢ; ܭʡ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ, ɱɬɨ ɥɢɧɢɢ ɩɚɪɚɥɥɟɥɶɧɵ. 

 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɩɪɢɜɟɞɟɧɧɨɟ ɤ ɜɵɫɲɟɣ ɫɬɨɪɨɧɟ: 

 ܼʡ = Ͳ,ͳͶ ∙ ʹͶʹͳʹͷ ଶ = ͸ͷ,ͷͻ ʝˏ.                                                                            
 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɥɢɧɢɢ: 
 ܼଵʚ′ = ˎଶݔ√ + ଶݎˎ = √͵ͻ,ʹଶ + ͳͲ,ͻଶ = ʹ,͹ͳ ʝˏ.                                           ሺͷ.Ͷ͵ሻ 

 
ȼ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ, ɩɪɢɜɟɞɟɧɧɵɯ ɤ ɧɨɦɢɧɚɥɶɧɵɦ ɩɚɪɚɦɟɬɪɚɦ 

ɝɟɧɟɪɚɬɨɪɚ: 
 ܼଵ ˑ.ˈ. ൑ Ͳ,ͺ ∙ Ͳ,ͳͶ ∙ ͳͳ͹,͹ͳʹͷ + Ͳ,ͺ͵ ∙ ͳͳ͹,͹ʹͶʹଶ ∙ ʹ,͹ͳ = Ͳ,ͳͲ͹ ˑ. ˈ.                      

 ܼଵ ɜ ɩɟɪɜɢɱɧɵɯ Ɉɦɚɯ ɫɨɫɬɚɜɢɬ: 
 ܼଵ = ܼଵ ˑ.ˈ. ∙ ܼ˄ଵ = Ͳ,ͳͲ͹ ∙ ͳ,͸ʹ = Ͳ,ͳ͹͵ ʝˏ,                                                 ሺͷ.ͶͶሻ 

 
ɝɞɟ ܼ˄ – ɛɚɡɢɫɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ, ɪɚɜɧɨɟ: 
 ܼ˄ଵ = ˄ܷଵଶܵːˑˏ ˆ = ͳ͵,ͺଶͳͳ͹,͹ = ͳ,͸ʹ ʝˏ.                                                                      ሺͷ.Ͷͷሻ 

 
ɍɫɬɚɜɤɚ ɧɚ ɪɟɥɟ ɛɭɞɟɬ ɪɚɜɧɚ: 
 ܼ஼ଷ ூ = ܼଵ ∙ ݊ʡ݊ʜ = Ͳ,ͳ͹͵ ∙ ହ଴଴଴ହଵଷ,଼଴,ଵ = ͳ,ʹͷ ʝˏ.                                                      ሺͷ.Ͷ͸ሻ 

 
ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ ܼଵ = Ͳ,ͷͲ ʝˏ. 
2) Ɏɭɧɤɰɢɹ ∆ܼ ɨɬɥɢɱɚɟɬ ɩɨɜɪɟɠɞɟɧɢɟ ɨɬ ɤɚɱɚɧɢɣ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɟ ɩɨ 

ɫɤɨɪɨɫɬɢ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɩɨɥɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ. ɍɫɬɚɜɤɚ ɮɭɧɤɰɢɢ ∆ܼ, ɜ ɫɜɹɡɢ ɫ ɨɬɫɭɬɫɬɜɢɟɦ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ, ɩɪɢɧɢɦɚɟɬɫɹ ɢɫɯɨɞɹ ɢɡ ɞɚɧɧɵɯ, 
ɪɚɫɫɱɢɬɚɧɧɵɯ ɪɚɧɟɟ, ∆ܼ = ͵Ͳ ʝˏ/˔. 

3) ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ ɜɵɛɢɪɚɟɬɫɹ ɢɡ 
ɭɫɥɨɜɢɹ ɨɬɫɬɪɨɣɤɢ ɨɬ ɪɟɠɢɦɚ ɧɚɝɪɭɡɤɢ ɢ ɪɟɠɢɦɚ ɮɨɪɫɢɪɨɜɤɢ ɜɨɡɛɭɠɞɟɧɢɹ. 
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ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚɝɪɭɡɤɢ ɜ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ: 
 ܼʜʏʒʟ = ܷʜʝʛ√͵ ∙ ʜʏʒʟܫ = ͳ͵,ͺ ∙ ͳͲଷ√͵ ∙ ͶͻʹͲ = ͳ,͸ͳ ʝˏ,                                                   ሺͷ.Ͷ͹ሻ 

 
ɝɞɟ ܫʜʏʒʟ– ɧɨɦɢɧɚɥɶɬɵɣ ɬɨɤ ɫɬɚɬɨɪɚ. 
 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɧɚɝɪɭɡɤɢ ɜ ɪɟɠɢɦɟ ɮɨɪɫɢɪɨɜɤɢ 
ɜɨɡɛɭɠɞɟɧɢɹ ɝɟɧɟɪɚɬɨɪɚ ɜɵɩɨɥɧɹɟɬɫɹ ɪɚɫɱɟɬ ɬɨɤɚ ɫɬɚɬɨɪɚ ɩɪɢ ɞɜɨɣɧɨɦ ɬɨɤɟ 
ɜɨɡɛɭɠɞɟɧɢɹ ሺʹ ∙ ʑ.ʜʝʛሻ ɢ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɡɚɠɢɦɚɯ ɫɬɚɬɨɪɚ Ͳ,ͻͷܫ ∙ ܷʜ (ɛɟɡ ɭɱɟɬɚ 
ɧɚɫɵɳɟɧɢɹ): 

ʣܫ  = ଶ∙ூʑ.ʜʝʛூʑ.ʤ.ʤ. − Ͳ,ͻͷݔௗ = ʹ ∙ ʹ − Ͳ,ͻͷͲ,ͻͳ = ͵,͵ͷ,                                                     ሺͷ.Ͷͺሻ 

 

ɝɞɟ 
ூʑ.ʜʝʛூʑ.ʤ.ʤ.  – ɨɬɧɨɲɟɧɢɟ ɬɨɤɨɜ ɝɟɧɟɪɚɬɨɪɚ ɜ ɧɨɦɢɧɚɥɶɧɨɦ ɢ ɯɨɥɨɫɬɨɦ ɪɟɠɢɦɚɯ; ݔௗ – ɫɢɧɯɪɨɧɧɨɟ ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ ɩɨ ɩɪɨɞɨɥɶɧɨɣ 

ɨɫɢ. 
 
ɋ ɭɱɟɬɨɦ ɧɚɫɵɳɟɧɢɹ ɦɚɲɢɧɵ ɜɟɥɢɱɢɧɚ ɬɨɤɚ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɜ ɪɟɠɢɦɟ 

ɮɨɪɫɢɪɨɜɤɢ ɫɨɫɬɚɜɢɬ ʹ,ͷ ∙  .ʜܫ
ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚɝɪɭɡɤɢ ɜ ɷɬɨɦ ɪɟɠɢɦɟ: 
 ܼʜʏʒʟ.ʣ = Ͳ,ͻͷ ∙ ܷʜܫʣ = Ͳ,ͻͷ ∙ ͳʹ,ͷ = Ͳ,͵ͺ ˑ. ˈ.                                                     ሺͷ.Ͷͻሻ 

 ܼʜʏʒʟ.ʣ = ܼʜʏʒʟ.ʣ ˑ.ˈ. ∙ ܼ˄ଵ = Ͳ,͵ͺ ∙ ͳ,͸ʹ = Ͳ,͸ͳ͸ ʝˏ.                                 ሺͷ.ͷͲሻ 
ʜʏʒʟ.ʣ߮ݏ݋ܿ  = ʜͲ,ͻͷ߮ݏ݋ܿ ∙ ʣܫ = Ͳ,ͺͲ,ͻͷ ∙ ʹ,ͷ = Ͳ,͵Ͷ.                                                   ሺͷ.ͷͳሻ 

 
ɍɝɨɥ ɧɚɝɪɭɡɤɢ ɜ ɪɟɠɢɦɟ ɮɨɪɫɢɪɨɜɤɢ ɪɚɜɟɧ ߮ʜʏʒʟ.ʣ = ͹Ͳ°. 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɧɹɬɨ: 
 ܼ஼ʖ ூூ = ܼʜʏʒʟ.ʣʙʜ = Ͳ,͵ͺͳ,ͳ = Ͳ,͵Ͷͷ ˑ. ˈ.                                                               ሺͷ.ͷʹሻ 

 ܼ஼ʖ ூூ = ܼʠʖ ூூ ˑ.ˈ. ∙ ܼ˄ଵ = Ͳ,͵Ͷͷ ∙ ͳ,͸ʹ = Ͳ,ͷ͸ ʝˏ.                                         ሺͷ.ͷ͵ሻ 
 

Ɂɧɚɱɟɧɢɟ ɭɫɬɚɜɤɢ ɪɟɥɟ ɫɨɫɬɚɜɥɹɟɬ: 
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ܼ஼ ʖூூ = ܼʠ.ʖ.ூூ ∙ ݊ʡ݊ʜ = Ͳ,ͷ͸ ∙ ͷͲͲͲ/ͷͳ͵,ͺ/Ͳ,ͳ = Ͷ,Ͳ͸ ʝˏ.                                           ሺͷ.ͷͶሻ 

 
ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ ܼூூ = Ͷ,Ͳ͸ ʝˏ. 
ȼɟɥɢɱɢɧɚ ɫɦɟɳɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɨ ɨɫɢ ɦɚɤɫɢɦɚɥɶɧɨɣ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɫɨɫɬɚɜɥɹɟɬ 15%.  
ɍɫɬɚɜɤɢ ɩɨ ɫɨɩɪɨɬɢɜɥɟɧɢɸ ɫɦɟɳɟɧɢɹ, ɜɡɵɬɵɟ ɨɬ ɩɟɪɜɢɱɧɵɯ ɜɟɥɢɱɢɧ ܼ஼ʛଵ = Ͳ,Ͳ͵ ʝˏ, ܼ஼ʛଶ = Ͳ,ͲͺͶ ʝˏ. 
ȼɵɞɟɪɠɤɚ ɜɪɟɦɟɧɢ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ ɞɨɥɠɧɚ ɛɵɬɶ ɨɬɫɬɪɨɟɧɚ ɨɬ 

ɧɚɢɛɨɥɶɲɟɣ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɪɟɡɟɪɜɧɵɯ ɡɚɳɢɬ ɥɢɧɢɣ. 
ȼɬɨɪɚɹ ɫɬɭɩɟɧɶ ɞɟɣɫɬɜɭɟɬ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 8 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ Ɇɒȼ, 

ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 8,5 ɫ – ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɛɥɨɱɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ 220 ɤȼ ɢ 
ɜɵɤɥɸɱɚɬɟɥɟɣ Ɍɋɇ, ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 9,0 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ ɢ 
ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɵ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 
ɪɢɫɭɧɤɟ 5.6. 

 
 

 
Ɋɢɫɭɧɨɤ 5.6 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɵ 

 
5.5 ȼɵɛɨɪ ɤɨɦɩɥɟɤɫɚ ɡɚɳɢɬ ɛɥɨɤɚ ɝɟɧɟɪɚɬɨɪ-ɬɪɚɧɫɮɨɪɦɚɬɨɪ 
 
ɂɫɯɨɞɹ ɢɡ ɪɚɫɱɟɬɚ ɭɫɬɚɜɨɤ, ɞɥɹ ɡɚɳɢɬɵ ɛɥɨɤɚ ɝɟɧɟɪɚɬɨɪ-ɬɪɚɧɫɮɨɪɦɚɬɨɪ 

Ⱥɥɬɚɣɫɤɨɣ Ƚɗɋ ɛɵɥɨ ɜɵɛɪɚɧɵ ɫɨɜɪɟɦɟɧɧɵɟ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɟ ɬɟɪɦɢɧɚɥɵ 
ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɢ ɚɜɬɨɦɚɬɢɤɢ ɪɨɫɫɢɣɫɤɨɝɨ ɧɚɭɱɧɨ-ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ 
ɩɪɟɞɩɪɢɹɬɢɹ «ɗɤɪɚ»[30].  

ȼɵɛɪɚɧɧɵɣ ɬɟɪɦɢɧɚɥ ɢɦɟɟɬ ɲɢɪɨɤɢɣ ɫɩɟɤɬɪ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ 
ɜɨɡɦɨɠɧɨɫɬɟɣ ɞɥɹ ɡɚɳɢɬɵ ɫɢɧɯɪɨɧɧɵɯ ɝɟɧɟɪɚɬɨɪɨɜ ɨɬ ɩɨɜɪɟɠɞɟɧɢɣ ɜ ɡɨɧɟ 
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ɞɟɣɫɬɜɢɹ ɡɚɳɢɬɵ, ɚ ɬɚɤɠɟ ɞɥɹ ɡɚɳɢɬɵ ɨɬ ɚɜɚɪɢɣɧɵɯ ɭɫɥɨɜɢɣ ɜɨ ɜɧɟɲɧɢɯ 
ɫɢɫɬɟɦɚɯ. 

Ȼɥɚɝɨɞɚɪɹ ɛɥɨɱɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɰɢɮɪɨɜɨɝɨ ɬɟɪɦɢɧɚɥɚ ɢ ɦɨɞɭɥɶɧɨɦɭ 
ɩɪɨɝɪɚɦɦɧɨɦɭ ɨɛɟɫɩɟɱɟɧɢɸ, ɡɚɳɢɬɵ ɝɟɧɟɪɚɬɨɪɚ ɨɛɟɫɩɟɱɢɜɚɸɬ ɜɵɫɨɤɭɸ 
ɚɞɚɩɬɚɰɢɸ ɤ ɤɨɧɤɪɟɬɧɨɣ ɩɟɪɜɢɱɧɨɣ ɫɯɟɦɟ ɫɬɚɧɰɢɢ.  

 
5.6 Ɍɚɛɥɢɰɚ ɭɫɬɚɜɨɤ ɢ ɦɚɬɪɢɰɚ ɨɬɤɥɸɱɟɧɢɣ ɡɚɳɢɬ 
 
ɍɫɬɚɜɤɢ ɡɚɳɢɬ ɢ ɦɚɬɪɢɰɚ ɨɬɤɥɸɱɟɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɢ Ⱦ ɜ 

ɬɚɛɥɢɰɚɯ Ⱦ.1 ɢ Ⱦ.2 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
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6 Ʉɨɦɩɨɧɨɜɤɚ ɢ ɫɨɫɬɚɜ ɫɨɨɪɭɠɟɧɢɣ ɝɢɞɪɨɭɡɥɚ 
 
Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɬɪɟɛɭɟɦɵɯ ɪɚɫɱёɬɨɜ ɫɧɚɱɚɥɚ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ 

ɤɥɚɫɫ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɨɪɭɠɟɧɢɹ (ȽɌɋ). 
ɑɢɫɥɨ ɩɨɫɬɨɹɧɧɨ ɩɪɨɠɢɜɚɸɳɢɯ ɥɸɞɟɣ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɩɨɫɬɪɚɞɚɬɶ ɩɪɢ 

ɚɜɚɪɢɢ ɧɚ Ƚɗɋ ɪɚɜɧɨ 4011 ɱɟɥɨɜɟɤ. ɉɪɢɫɜɚɢɜɚɟɬɫɹ I ɤɥɚɫɫ ɫɨɨɪɭɠɟɧɢɹ, ɬɚɤ ɤɚɤ 
ɱɢɫɥɟɧɧɨɫɬɶ ɥɸɞɟɣ ɛɨɥɟɟ 3000. ˖ܰ˔˕ = ʹͻͺ ʛʑ˕, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ III ɤɥɚɫɫɭ ɫɨɨɪɭɠɟɧɢɹ. 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɚɹ ɤɨɦɩɨɧɨɜɤɚ ɩɨɤɚɡɚɥɚ, ɱɬɨ ɜɵɫɨɬɚ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ 
ɛɭɞɟɬ ɧɚɯɨɞɢɬɶɫɹ ɜ ɩɪɟɞɟɥɚɯ 50-55 ɦ, Ƚɪɭɧɬ ɨɫɧɨɜɚɧɢɹ - ɝɪɚɧɢɬ ɢ 
ɦɟɬɚɦɨɪɮɢɱɟɫɤɢɟ ɫɥɚɧɰɵ. ɇɚ ɨɫɧɨɜɚɧɢɢ ɷɬɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɩɪɟɞɭɫɦɨɬɪɟɧ II  
ɤɥɚɫɫ. 

ȼ ɤɨɧɟɱɧɨɦ ɢɬɨɝɟ Ⱥɥɬɚɣɫɤɢɣ ɝɢɞɪɨɭɡɟɥ ɛɭɞɟɬ ɨɬɧɨɫɢɬɶɫɹ ɤ I ɤɥɚɫɫɭ 
ɫɨɨɪɭɠɟɧɢɣ.  

 
6.1 ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɫɨɨɪɭɠɟɧɢɣ ɧɚɩɨɪɧɨɝɨ ɮɪɨɧɬɚ 
 
6.1.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɦɟɬɤɢ ɝɪɟɛɧɹ ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ 

 
Ɂɚ ɨɬɦɟɬɤɭ ɝɪɟɛɧɹ ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ ɩɪɢɧɢɦɚɟɬɫɹ ɨɬɦɟɬɤɚ, ɜɵɱɢɫɥɟɧɧɚɹ 

ɩɨ ɮɨɪɦɭɥɟ: 
ʒʐʞߘ  = ʜʞʢߘ + ℎ௦,                                                                                               ሺ͸.ͳሻ 
 

ɝɞɟ ℎ௦– ɩɪɟɜɵɲɟɧɢɟ ɝɪɟɛɧɹ ɩɥɨɬɢɧɵ ɧɚɞ ɪɚɫɱɟɬɧɵɦ ɭɪɨɜɧɟɦ ɜ ɜɟɪɯɧɟɦ 
ɛɶɟɮɟ. 
 ℎ௦ = ∆ℎ௦௘௧ + ℎଵ% + ܽ,                                                                                            ሺ͸.ʹሻ 

 
ɝɞɟ ∆ℎ௦௘௧ – ɜɵɫɨɬɚ ɜɟɬɪɨɜɨɝɨ ɧɚɝɨɧɚ;  ℎଵ% – ɜɵɫɨɬɚ ɧɚɤɚɬɚ ɜɨɥɧ ɧɚ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ; 

ɚ – ɤɨɧɫɬɪɭɤɬɢɜɧɵɣ ɡɚɩɚɫ, ܽ =  Ͳ,ͺ ˏ. 
 

Ɉɩɪɟɞɟɥɹɟɦ ɜɵɫɨɬɭ ɜɟɬɪɨɜɨɝɨ ɧɚɝɨɧɚ ɜɨɥɧɵ ɩɨ ɮɨɪɦɭɥɟ: 
 ∆ℎ௦௘௧ = 𝑊ܭ ∙ ଶݒ ∙ ݃ܮ ∙ ݀ ∙  ௪,                                                                                  ሺ͸.͵ሻߙݏ݋ܿ

 
ɝɞɟ ݒ = ʹͷ ˏ/˔ – ɪɚɫɱɟɬɧɚɹ ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ; ܭ𝑊 – ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ, ɪɚɜɧɵɣ: 
𝑊ܭ  = ͵ ∙ ሺͳ + Ͳ,͵ ∙ ሻݒ ∙ ͳͲ−଻ = ʹ,ͷͷ ∙ ͳͲ−଻,                                                     ሺ͸.Ͷሻ 

ܮ  = ͸Ͳͺͷ ˏ – ɞɥɢɧɚ ɪɚɡɝɨɧɚ ɜɨɥɧɵ; 



77 

௪ߙ = Ͳ°; ݀ – ɫɪɟɞɧɹɹ ɝɥɭɛɢɧɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɩɟɪɟɞ ɩɥɨɬɢɧɨɣ: 
 ݀ = ɇɉɍߘ − ʹȾɇȺߘ = ͷͳ͸ − Ͷ͸͸ʹ = ʹͷ ɦ.                                                      ሺ͸.ͷሻ 

 
ȼɵɫɨɬɚ ɜɟɬɪɨɜɨɝɨ ɧɚɝɨɧɚ ɜɨɥɧɵ ɜ ȼȻ ɪɚɜɧɚ: 
 ∆ℎ௦௘௧ = ʹ,ͷͷ ∙ ͳͲ−଺ ∙ ʹͷଶ ∙ ͸Ͳͺͷͻ,ͺͳ ∙ ʹͷ ∙ °Ͳݏ݋ܿ = Ͳ,ͲͶˏ. 
 

Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ ݇𝑖 ɧɚɯɨɞɢɦ ɛɟɡɪɚɡɦɟɪɧɵɟ ɜɟɥɢɱɢɧɵ 
2

gL
,

gt

: 

 ݃ ∙ ଶݒܮ = ͻ,ͺͳ ∙ ͸Ͳͺͷʹͷଶ = ͻͷ,ͷͳ,                                                                                 ሺ͸.͸ሻ 

 ݃ ∙ ݒݐ = ͻ,ͺͳ ∙ ʹͳ͸ͲͲʹͷ = ͺͶ͹ͷ,                                                                                ሺ͸.͹ሻ 

 
ɝɞɟ ݐ – ɩɟɪɢɨɞ ɞɟɣɫɬɜɢɹ ɜɟɬɪɚ, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ ͸ ˚ = ʹͳ͸ͲͲ ˔. 
 

ɉɨ ɜɟɪɯɧɟɣ ɨɝɢɛɚɸɳɟɣ ɤɪɢɜɨɣ ɝɪɚɮɢɤɚ ɫɧɢɦɚɟɦ [32, ɩɪɢɥɨɠɟɧɢɟ 1, 

ɪɢɫ.1] ɜɟɥɢɱɢɧɵ 
2
hg

 ɢ 


Tg
 ɞɥɹ ɩɨɥɭɱɟɧɧɵɯ ɡɧɚɱɟɧɢɣ 

2
gL

 ɢ

gt , ɪɟɡɭɥɶɬɚɬɵ 

ɤɨɬɨɪɵɯ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 6.1. 
 

Ɍɚɛɥɢɰɚ 6.1 – Ɋɟɡɭɥɶɬɚɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɢɡ ɝɪɚɮɢɤɚ 

ɉɚɪɚɦɟɬɪ 
g ∙ Lݒଶ = ͻͷ,ͷͳ 

g ∙ tݒ = ͺͶ͹ͷ g ∙ ݒ̅ܶ  1,58 3,7 g ∙ ℎ̅ݒଶ  0,018 0,076 

 

ɉɪɢɧɢɦɚɟɦ ɡɧɚɱɟɧɢɹ 58,1
2



hg

 ɢ 018,0


Tg
ɢ ɨɩɪɟɞɟɥɹɟɦ ɩɚɪɚɦɟɬɪɵ 

ɜɨɥɧɵ. 
 
ɋɪɟɞɧɹɹ ɜɵɫɨɬɚ ɜɨɥɧɵ: 
 ℎ̅ = Ͳ,Ͳͳͺ ∙ ଶ݃ݒ = Ͳ,Ͳͳͺ ∙ ʹͷଶͻ,ͺͳ = ͳ,ͳͶ͹ ɦ.                                                          ሺ͸.ͺሻ 
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ɋɪɟɞɧɢɣ ɩɟɪɢɨɞ ɜɨɥɧɵ: 
 ܶ̅ = ͳ,ͷͺ ∙ ݃ݒ = ͳ,ͷͺ ∙ ʹͷͻ,ͺͳ = Ͷ,Ͳʹ͹ɫ.                                                                     ሺ͸.ͻሻ 

 
ɇɚɣɞɟɦ ɫɪɟɞɧɸɸ ɞɥɢɧɭ ɜɨɥɧɵ ɩɨ ɮɨɪɦɭɥɟ:  
ߣ̅  = ݃ ∙ ܶ̅ଶʹߨ = ͻ,ͺͳ ∙ Ͷ,Ͳʹ͹ଶʹ ∙ ͵,ͳͶ = ʹͷ,͵ ɦ.                                                               ሺ͸.ͳͲሻ 

 
ɉɪɨɜɟɪɤɚ ɧɚ ɝɥɭɛɨɤɨɜɨɞɧɨɫɬɶ: 
 ݀ ൒ ߣʹ̅ = ʹͷ,͵ʹ = ͳʹ,͸ͷ ൑ ʹͷ.                                                                            ሺ ͸.ͳͳሻ 

 ʹͷ ൒ ͳʹ,ͷ͸ – ɭɫɥɨɜɢɟ (6.11) ɜɵɩɨɥɧɹɟɬɫɹ, ɡɧɚɱɢɬ, ɡɨɧɚ ɝɥɭɛɨɤɨɜɨɞɧɚɹ. 
 

 ȼɵɫɨɬɚ ɜɨɥɧɵ 1% ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɜ ɫɢɫɬɟɦɟ ɜɨɥɧ ɝɥɭɛɨɤɨɜɨɞɧɨɣ ɡɨɧɵ: 
 ℎଵ% = ݇𝑖 ∙ ℎ̅ = ʹ,Ͳͻ ∙ ͳ,ͳͶ͹ = ʹ,͵ͻɦ,                                                              ሺ͸.ͳʹሻ 

 
ɝɞɟ ݇𝑖 = ʹ,Ͳͻ – ɤɨɷɮɮɢɰɢɟɧɬ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɝɪɚɮɢɤɭ [32, ɩɪɢɥɨɠɟɧɢɟ 1, 

ɪɢɫ.2] ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɡɧɚɱɟɧɢɹ 
2

gL
. 

ɉɪɟɜɵɲɟɧɢɟ ɝɪɟɛɧɹ ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ ɧɚɞ ɪɚɫɱɟɬɧɵɦ ɭɪɨɜɧɟɦ ɜ 
ɜɟɪɯɧɟɦ ɛɶɟɮɟ: 

 
ℎ௦ = Ͳ,ͲͶ + ʹ,͵ͻ + Ͳ,ͺ = ͵,ʹ͵  ɦ. 
 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɨɬɦɟɬɤɚ ɝɪɟɛɧɹ ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ ɩɨ (6.1) ɪɚɜɧɚ: 
 ∇ʒʐʞ = ͷͳ͸ + ͵,ʹ͵ = ͷͳͻ,ʹ͵ ˏ. 
 
ɉɪɢɧɢɦɚɟɦ ∇ȽȻɉ = ͷʹͲɦ. 
 
6.2 Ƚɢɞɪɚɜɥɢɱɟɫɤɢɟ ɪɚɫɱёɬɵ 
 
6.2.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɲɢɪɢɧɵ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ 

 
Ɋɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɱɟɪɟɡ ɜɨɞɨɫɛɪɨɫɧɭɸ ɩɥɨɬɢɧɭ: 
 ܳˑ˔ː.˓˃˔˚ = ܳ௠௔௫.ˑ˔ː − ሺ݊ − ͳሻ ∙ ܳˆ˃ − ܸ˒ ˑˎݐ˔˓ ,                                                   ሺ͸.ͳ͵ሻ 



79 

ɝɞɟ ܳ௠௔௫.ˑ˔ː  – ɦɚɤɫɢɦɚɥɶɧɵɣ ɨɫɧɨɜɧɨɣ ɪɚɫɯɨɞ ɫ ɭɱɟɬɨɦ ɬɪɚɧɫɮɨɪɦɚɰɢɢ 
ɩɚɜɨɞɤɚ, ɩɪɢɧɢɦɚɟɦɵɣ ɩɪɢ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ 0,1% ɞɥɹ I ɤɥɚɫɫɚ ɫɨɨɪɭɠɟɧɢɣ; ݊ – ɤɨɥɢɱɟɫɬɜɨ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ ɧɚ ɫɬɚɧɰɢɢ; ܳɝɚ – ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɨɞɧɨɝɨ ɚɝɪɟɝɚɬɚ. 

 ܳˑ˔ː.˓˃˔˚ = ͶͳͷͲ,ͳ − ሺ͵ − ͳሻ · ʹͻͳ − ͸,ͷ͹ ∙ ͳͲଽ͸ ∙ ʹͷͻʹͲͲͲ = ͵ͳͶͷ,͸ͷ ˏଷ/˔. 
 

ɒɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ: 
ܤ  = ܳˑ˔ː.˓˃˔˚ݍ˅ ,                                                                                                          ሺ͸.ͳͶሻ 

 
ɝɞɟ ݍ˅ – ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɧɚ ɜɨɞɨɫɥɢɜɟ;  ݍ˓ – ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɧɚ ɪɢɫɛɟɪɦɟ;  ℎː˄ – ɝɥɭɛɢɧɚ ɜɨɞɵ ɜ ɇȻ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɩɨ ɤɪɢɜɨɣ ߘʜʐ = ݂ሺܳʜʐሻ, ɩɪɢ ܳ௠௔௫.ˑ˔ː  ɢɡ ɪɢɫɭɧɤɚ 1.3; ݒˇˑ˒ – ɞɨɩɭɫɬɢɦɚɹ ɫɤɨɪɨɫɬɶ ɧɚ ɪɢɫɛɟɪɦɟ, ɪɚɜɧɚɹ 5 ɦ/ɫ, ɬ.ɤ. ɝɪɭɧɬ, 
ɫɥɚɝɚɸɳɢɣ ɞɧɨ ɪɟɤɢ – ɝɪɚɧɢɬ. 

 
ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɧɚ ɪɢɫɛɟɪɦɟ: 

˓ݍ  = ˒ˑˇݒ ∙ ℎː˄ = ͷ ∙ ͵,ͳͷ = ͳͷ,͹ͷ ˏଷ/ܿ.                                                        ሺ͸.ͳͷሻ 
 
ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɧɚ ɜɨɞɨɫɥɢɜɟ: 
˅ݍ  = ͳ,ʹͷ ∙ ˓ݍ = ͳ,ʹͷ ∙ ͳͷ,͹ͷ = ͳͻ,͸ͻ ˏଷ/ܿ.                                                 ሺ͸.ͳ͸ሻ 
 
ɒɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ: 
ܤ  = ͵ͳͶͷ,͸ͷͳͻ,͸ͻ = ͳͷͻ,͹ͺ ˏ. 
 
Ɋɚɡɛɢɜɚɟɦ ɜɨɞɨɫɥɢɜɧɨɣ ɮɪɨɧɬ ɧɚ ɨɬɞɟɥɶɧɵɟ ɨɬɜɟɪɫɬɢɹ, ɩɪɢɜɟɞɹ ɲɢɪɢɧɭ 

ɩɪɨɥɟɬɚ ɤ ɫɬɚɧɞɚɪɬɧɨɦɭ ɡɧɚɱɟɧɢɸ, ɩɪɢ ɷɬɨɦ ɮɪɨɧɬ ɞɨɥɠɟɧ ɛɵɬɶ ɛɨɥɶɲɟ ɢɥɢ 
ɪɚɜɟɧ ɪɚɫɱɟɬɧɨɦɭ. 

ܤ  = ݊ ∙ ܾ = ͳͲ ∙ ͳ͸ = ͳ͸Ͳ ˏ,                                                                             ሺ͸.ͳ͹ሻ 
 

ɝɞɟ ݊ – ɱɢɫɥɨ ɩɪɨɥёɬɨɜ;  ܾ – ɫɬɚɧɞɚɪɬɧɚɹ ɲɢɪɢɧɚ ɩɪɨɥёɬɚ, ɩɪɢɧɢɦɚɟɬɫɹ 16 ɦ. 
 

Ɍɚɤ ɤɚɤ ɱɢɫɥɨ ɡɚɬɜɨɪɨɜ ɛɨɥɟɟ 6, ɬɨ ɭɱɢɬɵɜɚɟɦ ɜɨɡɦɨɠɧɨɫɬɶ ɧɟɨɬɤɪɵɬɢɹ 
ɨɞɧɨɝɨ ɢɡ ɧɢɯ, ɩɨɷɬɨɦɭ ɞɨɛɚɜɥɹɟɦ ɟɳё ɨɞɢɧ ɩɪɨɥёɬ. 
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ɉɪɢ ɷɬɨɦ ɩɪɨɩɭɫɤ ɪɚɫɱёɬɧɨɝɨ ɪɚɫɯɨɞɚ ɜɨɞɵ ɞɨɥɠɟɧ ɨɛɟɫɩɟɱɢɜɚɬɶɫɹ ɩɪɢ 
ɇɉɍ ɛɟɡ ɭɱёɬɚ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɩɪɨɥёɬɚ, ɬ.ɟ. ɱɟɪɟɡ ɜɨɞɨɫɥɢɜɧɨɣ ɮɪɨɧɬ 
ɲɢɪɢɧɨɣ ܤ = ͳ͸Ͳ ˏ. 

ɒɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ ɫ ɭɱёɬɨɦ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɩɪɨɥёɬɚ ɢ 
ɛɵɤɨɜ: 

˅ܤ  = ሺ݊ + ͳሻ ∙ ܾ + (ሺ݊ + ͳሻ − ͳ൯ ∙ ʐߜ = ሺͳͲ + ͳሻ ∙ ͳ͸ + (ሺͳͲ + ͳሻ − ͳ൯ ∙ ͵ = ʹͲ͸ ˏ.                                                                                                                  ሺ͸.ͳͺሻ 
 

6.2.2 Ɋɚɫɱёɬ ɚɜɚɪɢɣɧɨɝɨ ɜɨɞɨɫɛɪɨɫɚ (ɝɥɭɛɢɧɧɵɯ ɜɨɞɨɜɵɩɭɫɤɨɜ) 
 
ɉɨ ɮɨɪɦɭɥɟ (6.19) ɨɩɪɟɞɟɥɹɸɬ ɩɥɨɳɚɞɶ ɜɨɞɨɫɛɪɨɫɧɵɯ ɨɬɜɟɪɫɬɢɣ 𝜔ɜɨ, 

ɡɚɬɟɦ ɧɚɡɧɚɱɚɸɬ ɢɯ ɱɢɫɥɨ ɢ ɪɚɡɦɟɪɵ ɜɨɞɨɫɛɪɨɫɧɨɝɨ ɨɬɜɟɪɫɬɢɹ. 
 ܳ =  ˑ                                                                                                  ሺ͸.ͳͻሻ˅ܪ݃ʹ√𝜔˅ˑߤ
 𝜔 = ʹ√ߤܳ ∙ ݃ ∙ ˑ˅ܪ = ͶʹʹͲ,ͺ ⋅ √ʹ ∙ ͻ,ͺͳ ∙ Ͷ͸,ͷ = ͳ͹,ͷ ˏଶ,                                 ሺ͸.ʹͲሻ 

 
ɝɞɟ  ߤ – ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ, ɪɚɜɧɵɣ 0,8; ܪ˅ˑ – ɧɚɩɨɪ ɧɚɞ ɰɟɧɬɪɨɦ ɫɟɱɟɧɢɹ ɜɯɨɞɧɨɝɨ ɨɬɜɟɪɫɬɢɹ ɝɥɭɛɢɧɧɨɝɨ 
ɜɨɞɨɜɵɩɭɫɤɚ. 

ˑ˅ܪ  = ∇ʜʞʢ − ∇ʑʝ = ͷͳ͸ − Ͷ͸ͻ,ͷ = Ͷ͸,ͷ ˏ;                                            ሺ͸.ʹͳሻ 
 

ɝɞɟ    ߘȼɈ – ɨɬɦɟɬɤɚ ɰɟɧɬɪɚ ɜɵɯɨɞɧɨɝɨ ɜɨɞɨɫɛɪɨɫɧɨɝɨ ɨɬɜɟɪɫɬɢɹ, ɪɚɜɧɚɹ: 
ʑʝߘ  = ʞʝߘ + ℎ˅ˑʹ = Ͷ͸ͺ + ͵ʹ = Ͷ͸ͻ,ͷ ˏ,                                                      ሺ͸.ʹʹሻ 

 
ɝɞɟ     ℎɜɨ = 3ɦ – ɜɵɫɨɬɚ ɨɬɜɟɪɫɬɢɹ, ɩɪɢɧɹɬɚɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ, ɦ;   ߘɉɈ - ɨɬɦɟɬɤɚ ɩɨɪɨɝɚ ɨɬɜɟɪɫɬɢɹ, ɪɚɜɧɚɹ: 

 ∇ɉɈ =  ∇ȾɇȺ + ℎɩ = Ͷ͸͸ + ʹ = Ͷ͸ͺɦ,                                                       ሺ͸.ʹ͵ሻ 
 

ɝɞɟ ℎɩ = ʹ  – ɜɵɫɨɬɚ ɩɨɪɨɝɚ, ɦ. 
 

ɒɢɪɢɧɚ ɜɵɯɨɞɧɨɝɨ ɨɬɜɟɪɫɬɢɹ:  
 ܾ′ɜɨ = 𝜔ɜɨ

ℎɜɨ
= ͳ͹,ͷ͵ = ͷ,ͺ ɦ.                                                                                  ሺ͸.ʹͶሻ 

 
Ʉɨɥɢɱɟɫɬɜɨ ɞɨɧɧɵɯ ɜɨɞɨɫɛɪɨɫɨɜ n=2. ɒɢɪɢɧɚ ɨɞɧɨɝɨ ɞɨɧɧɨɝɨ ɨɬɜɟɪɫɬɢɹ 

ɜɨɞɨɫɛɪɨɫɚ: 
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ܾɜɨ = ܾ′ɜɨʹ = ͷ,ͺʹ = ͳ,ͻ͵ ɦ.                                                                                   ሺ͸.ʹͷሻ 

 
Ɉɤɨɧɱɚɬɟɥɶɧɨ ɩɪɢɧɢɦɚɟɦ ܾɜɨ = ʹ ɦ. 

 
ȼ ɢɬɨɝɟ ɩɪɢɧɢɦɚɟɦ ɞɜɚ ɜɨɞɨɜɵɩɭɫɤɚ, ɜɵɫɨɬɚ ɤɨɬɨɪɵɯ 3 ɦ, ɲɢɪɢɧɚ 2 ɦ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɉɪɢ ɷɬɨɦ ɩɥɨɳɚɞɶ ɨɞɧɨɝɨ ɫɟɱɟɧɢɹ 6 ɦ2. 
 
6.2.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɦɟɬɤɢ ɝɪɟɛɧɹ ɜɨɞɨɫɥɢɜɚ 
 
Ɉɩɪɟɞɟɥɹɟɦ ɧɚɩɨɪ ɧɚ ɝɪɟɛɧɟ ɜɨɞɨɫɥɢɜɚ ɛɟɡ ɭɱёɬɚ ɫɠɚɬɢɹ ɢ ɩɨɞɬɨɩɥɟɧɢɹ: 
଴ଵܪ  = ቆ ܳˑ˔ː.˓˃˔˚𝜎ː ∙ 𝜎௡ ∙ ݉ ∙ ܤ ∙ √ʹ݃ቇమయ = ( ͵ͳͶͷ,͸ͷ ͳ ∙ ͳ ∙ Ͳ,Ͷͻ ∙ ͳ͸Ͳ ∙ √ʹ ∙ ͻ,ͺͳ)మయ = = Ͷ,͵ͷ ˏ,                                                                                                                  ሺ͸.ʹ͸ሻ 
 

ɝɞɟ ݉ = Ͳ,Ͷͻ – ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ ɞɥɹ ɜɨɞɨɫɥɢɜɚ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɨɮɢɥɹ. 
 

Ɉɩɪɟɞɟɥɹɟɦ ɧɚɩɨɪ ɧɚ ɝɪɟɛɧɟ ɜɨɞɨɫɥɢɜɚ ɫ ɭɱёɬɨɦ ɫɠɚɬɢɹ ɢ ɩɨɞɬɨɩɥɟɧɢɹ: 
଴ଶܪ  = ቆ ܳˑ˔ː.˓˃˔˚݉ ∙ 𝜎ː ∙ 𝜎௡ ∙ ܤ ∙ √ʹ݃ቇଶ/ଷ ,                                                                     ሺ͸.ʹ͹ሻ 

 
ɝɞɟ 𝜎௡ = ͳ – ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɞɬɨɩɥɟɧɢɹ; 𝜎ː – ɤɨɷɮɮɢɰɢɟɧɬ ɛɨɤɨɜɨɝɨ ɫɠɚɬɢɹ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɭɫɥɨɜɢɣ ɜɯɨɞɚ, 
ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ: 

 𝜎ː = ͳ − Ͳ,ʹ ∙ 𝜉˖ + ሺ݊ − ͳሻ ∙ 𝜉଴݊ ∙ ଴ଵܾܪ = ͳ − Ͳ,ʹ ∙ Ͳ,͹ + ሺͳͲ − ͳሻ ∙ Ͳ,ͶͷͳͲ ∙ Ͷ,͵ͷͳ͸  = Ͳ,ͻͺ,                                                                                                                     ሺ͸.ʹͺሻ 
 
ɝɞɟ ܾ – ɲɢɪɢɧɚ ɩɪɨɥёɬɚ; ݊ – ɱɢɫɥɨ ɩɪɨɥёɬɨɜ; 𝜉˖ = Ͳ,͹ – ɤɨɷɮɮɢɰɢɟɧɬ ɮɨɪɦɵ ɛɨɤɨɜɵɯ ɭɫɬɨɟɜ; 𝜉଴ = Ͳ,Ͷͷ – ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɪɚɫɩɨɥɨɠɟɧɢɹ ɛɵɤɚ ɜ ɩɥɚɧɟ. 

 
ɇɚɩɨɪ ɩɟɪɟɞ ɜɨɞɨɫɥɢɜɨɦ: 
଴ଶܪ  = ( ͵ͳͶͷ,͸ͷͲ,Ͷͻ ∙ Ͳ,ͻͺ ∙ ͳ ∙ ͳ͸Ͳ ∙ √ʹ ∙ ͻ,ͺͳ)ଶ/ଷ = Ͷ,Ͷʹ ˏ. 

 
ɇɚɩɨɪ ɧɚ ɝɪɟɛɧɟ ɜɨɞɨɫɥɢɜɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ: 
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˅ܪ = ଴ଶܪ − ߙ ∙ ݃ʹ଴ଶݒ ,                                                                                                ሺ͸.ʹͻሻ 

଴ݒ    ˈˇˆ  = ܳˑ˔ː.˓˃˔˚ሺߘʜʞʢ − ː˃ሻሺʑˇߘ + ሺ݊ − ͳሻ ∙  ʐሻ,                                                        ሺ͸.͵Ͳሻߜ

 
ɝɞɟ ߜʐ = ͵ˏ – ɬɨɥɳɢɧɚ ɪɚɡɪɟɡɧɨɝɨ ɛɵɤɚ, ɪɚɜɧɚɹ: 
 

ɋɤɨɪɨɫɬɶ ɩɨɞɯɨɞɚ ɩɨɬɨɤɚ ɩɟɪɟɞ ɜɨɞɨɫɥɢɜɨɦ: 
଴ݒ  = ͵ͳͶͷ,͸ͷሺͷͳ͸ − Ͷ͸͸ሻሺͳ͹͸ + ሺͳͳ − ͳሻ ∙ ͵ሻ = Ͳ,͵ͳˏ/˔. 

 
ɇɚɩɨɪ ɧɚ ɝɪɟɛɧɟ ɜɨɞɨɫɥɢɜɚ: 

˅ܪ  = Ͷ,Ͷʹ − ͳ,ͳ ∙ Ͳ,͵ͳଶʹ ∙ ͻ,ͺͳ = ͵,ͻʹ ˏ. 
 

ɋɬɚɧɞɚɪɬɧɨɟ ɡɧɚɱɟɧɢɟ ܪ˔˕ = Ͷ ˏ. 
Ɉɬɦɟɬɤɭ ɝɪɟɛɧɹ ɜɨɞɨɫɥɢɜɚ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ: 
 ∇ʒʑ = ʜʞʢߘ − ˕˔ܪ = ͷͳ͸ − Ͷ = ͷͳʹ ˏ.                                                       ሺ͸.͵ͳሻ 
 
Ɉɬɦɟɬɤɚ ɝɪɟɛɧɹ ɛɵɤɚ ɛɟɬɨɧɧɨɣ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ: 
 ∇ʒʐ = ʒʑߘ + ͳ,͸ܪ˔˕ = ͷͳʹ + ͳ,͸ ∙ Ͷ = ͷͳͻ ˏ.                                            ሺ͸.͵ʹሻ 

 
ɍɫɬɚɧɚɜɥɢɜɚɟɦ ɩɪɨɟɤɬɧɭɸ ɨɬɦɟɬɤɭ ɝɪɟɛɧɹ ɩɥɨɬɢɧ ɧɚɩɨɪɧɨɝɨ ɮɪɨɧɬɚ – 

ɧɚɢɛɨɥɶɲɭɸ ɢɡ: ߘȽȻɉ = ͷʹͲ ɦ,  ∇ȽȻ = ͷͳͻ ˏ. 
Ɂɚ ɨɬɦɟɬɤɭ ɩɥɨɬɢɧɵ ɩɪɢɧɢɦɚɟɦ:ߘʒʐ = ͷʹͲ ˏ. 

 
6.2.4 ɉɪɨɜɟɪɤɚ ɧɚ ɩɪɨɩɭɫɤ ɪɚɫɱɟɬɧɨɝɨ ɪɚɫɯɨɞɚ ɩɪɢ ɩɨɜɟɪɨɱɧɨɦ 

ɪɚɫɱɟɬɧɨɦ ɫɥɭɱɚɟ 
 
ɉɨɜɟɪɨɱɧɵɣ ɪɚɫɯɨɞ ɱɟɪɟɡ ɜɨɞɨɫɛɪɨɫɧɭɸ ɩɥɨɬɢɧɭ: 
 ܳɪ.ɩɨɜ = ܳ௠௔௫.ɩɨɜ − ܳɝɚ− ɩܸɨɥݐɫɪ

;                                                                            ሺ͸.͵͵ሻ 

 
ɝɞɟ ܳ௠௔௫.ɩɨɜ – ɦɚɤɫɢɦɚɥɶɧɵɣ ɨɫɧɨɜɧɨɣ ɪɚɫɯɨɞ ɫ ɭɱɟɬɨɦ ɬɪɚɧɫɮɨɪɦɚɰɢɢ 
ɩɚɜɨɞɤɚ, ɩɪɢɧɢɦɚɟɦɵɣ ɩɪɢ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ 0,01% ɞɥɹ I ɤɥɚɫɫɚ ɫɨɨɪɭɠɟɧɢɣ; ݊ – ɤɨɥɢɱɟɫɬɜɨ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ ɧɚ ɫɬɚɧɰɢɢ; 
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ܳɝɚ – ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɨɞɧɨɝɨ ɚɝɪɟɝɚɬɚ. ܳɪ.ɩɨɜ = Ͷͻͺͳ,͸ − ʹͻͳ − ͸,ͷ͹ ∙ ͳͲଽ͸ ∙ ʹͷͻʹͲͲͲ = Ͷʹ͸ͺ,ͳ ɦଷ/ɫ 

 
Ɉɩɪɟɞɟɥɹɟɦ ɧɚɩɨɪ ɧɚɞ ɝɪɟɛɧɟɦ ɜɨɞɨɫɥɢɜɚ ɩɪɢ ɩɪɨɩɭɫɤɟ ɩɨɜɟɪɨɱɧɨɝɨ 

ɪɚɫɯɨɞɚ: 
଴ଵܪ  = ቆ ܳɪ.ɩɨɜ𝜎ɧ ∙ 𝜎௡ ∙ ݉ ∙ ܤ ∙ √ʹ݃ቇଶ/ଷ = ( Ͷʹ͸ͺ,ͳͳ ∙ ͳ ∙ Ͳ,Ͷͻ ∙ ͳ͸Ͳ ∙ √ʹ ∙ ͻ,ͺͳ)ଶ/ଷ == ͷ,͵͵ ɦ                                                                                                                       ሺ͸.͵Ͷሻ 
 

ɝɞɟ ݉ = Ͳ,Ͷͻ – ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ ɞɥɹ ɜɨɞɨɫɥɢɜɚ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɨɮɢɥɹ. 
 
Ɉɩɪɟɞɟɥɹɟɦ ɧɚɩɨɪ ɧɚ ɝɪɟɛɧɟ ɜɨɞɨɫɥɢɜɚ ɫ ɭɱёɬɨɦ ɫɠɚɬɢɹ ɢ ɩɨɞɬɨɩɥɟɧɢɹ: 
଴ଶܪ  = ቆ ܳɪ.ɩɨɜ݉ ∙ 𝜎ɧ ∙ 𝜎௡ ∙ ܤ ∙ √ʹ݃ቇଶ/ଷ ,                                                                      ሺ͸.͵ͷሻ 

 
ɝɞɟ 𝜎௡ = ͳ – ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɞɬɨɩɥɟɧɢɹ; 𝜎ɧ – ɤɨɷɮɮɢɰɢɟɧɬ ɛɨɤɨɜɨɝɨ ɫɠɚɬɢɹ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɭɫɥɨɜɢɣ ɜɯɨɞɚ, 
ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ: 

 𝜎ɧ = ͳ − Ͳ,ʹ ∙ 𝜉ɭ + ሺ݊ − ͳሻ ∙ 𝜉଴݊ ∙ ଴ଵܾܪ = ͳ − Ͳ,ʹ ∙ Ͳ,͹ + ሺͳͲ − ͳሻ ∙ Ͳ,ͶͷͳͲ ∙ ͷ,͵͵ͳ͸= Ͳ,ͻͻ,                                                                                                                        ሺ͸.͵͸ሻ 
 
ɝɞɟ ܾ – ɲɢɪɢɧɚ ɩɪɨɥёɬɚ; ݊ – ɱɢɫɥɨ ɩɪɨɥёɬɨɜ; 𝜉ɭ = Ͳ,͹ – ɤɨɷɮɮɢɰɢɟɧɬ ɮɨɪɦɵ ɛɨɤɨɜɵɯ ɭɫɬɨɟɜ; 𝜉଴ = Ͳ,Ͷͷ – ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɪɚɫɩɨɥɨɠɟɧɢɹ ɛɵɤɚ ɜ ɩɥɚɧɟ. 
଴ଶܪ  = ( Ͷʹ͸ͺ,ͳͲ,Ͷͻ ∙ Ͳ,ͻͻ ∙ ͳ ∙ ͳ͸Ͳ ∙ √ʹ ∙ ͻ,ͺͳ)ଶ/ଷ = ͷ,͵͸ ɦ 

 
ɇɚɩɨɪ ɧɚ ɝɪɟɛɧɟ ɜɨɞɨɫɥɢɜɚ ɛɟɡ ɭɱɟɬɚ ɫɤɨɪɨɫɬɢ ɩɨɞɯɨɞɚ ɩɪɢ ɩɪɨɩɭɫɤɟ 
ɩɨɜɟɪɨɱɧɨɝɨ ɪɚɫɯɨɞɚ: 
ɩɨɜܪ  = ଴ଶܪ − ߙ ∙ ݃ʹ଴ଶݒ ,                                                                                             ሺ͸.͵͹ሻ 

 

ɝɞɟ    ݒ଴ɩɨɜ = ܳɪ.ɩɨɜሺߘɎɉɍ − ܤȾɇɈሻሺߘ + ሺ݊ − ͳሻ ∙  Ȼሻ ,                                               ሺ͸.͵ͺሻߜ
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ɋɤɨɪɨɫɬɶ ɩɨɞɯɨɞɚ ɩɨɬɨɤɚ ɩɟɪɟɞ ɜɨɞɨɫɥɢɜɨɦ: 
଴ɩɨɜݒ  = Ͷʹ͸ͺ,ͳሺͷͳͺ − Ͷ͸͸ሻሺͳ͹͸ + ሺͳͳ − ͳሻ ∙ ͵ሻ = Ͳ,Ͷ ɦ/ɫ. 

ɩɨɜܪ  = ͷ,͵͸ − ͳ,ͳ ∙ Ͳ,Ͷଶʹ ∙ ͻ,ͺͳ = ͷ,Ͷ ɦ. 
 

Ɉɩɪɟɞɟɥɹɟɦ ɪɚɫɱɟɬɧɭɸ ɨɬɦɟɬɤɭ ɮɨɪɫɢɪɨɜɚɧɧɨɝɨ ɭɪɨɜɧɹ: 
Ɏɉɍɪߘ  = Ƚȼߘ + ɩɨɜܪ = ͷͳʹ + ͷ,͵ͷ = ͷͳ͹,Ͷ ɦ.                                         ሺ͸.͵ͻሻ 

 
Ɍɚɤ ɤɚɤ ɪɚɫɱɟɬɧɨɣ ɨɬɦɟɬɤɢ ߘɎɉɍɪ = ͷͳ͹,Ͷ  ɦ ɧɟ ɞɨɫɬɚɬɨɱɧɨ ɞɥɹ 

ɩɪɨɩɭɫɤɚ ɩɨɜɟɪɨɱɧɨɝɨ ɪɚɫɯɨɞɚ, ɩɪɢɧɢɦɚɟɦ ɨɬɦɟɬɤɭ ߘɎɉɍ = ͷͳͺ ɦ. 
 
6.2.5 ɉɨɫɬɪɨɟɧɢɟ ɨɝɨɥɨɜɤɚ ɜɨɞɨɫɥɢɜɚ ɩɨ Ʉɪɢɝɟɪ - Ɉɮɢɰɟɪɨɜɭ 
 
Ɉɱɟɪɬɚɧɢɟ ɨɝɨɥɨɜɤɚ ɫɬɪɨɢɬɫɹ ɩɨ ɤɨɨɪɞɢɧɚɬɚɦ Ʉɪɢɝɟɪɚ – Ɉɮɢɰɟɪɨɜɚ 

(ɬɚɛɥɢɰɚ 6.2), ɝɞɟ ɤɨɨɪɞɢɧɚɬɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ [33, ɬɚɛɥ. 6-12], 
ɩɟɪɟɦɧɨɠɚɸɬɫɹ ɧɚ ܪ˔˕ = Ͷ ˏ. 

 
Ɍɚɛɥɢɰɚ 6.2 – ɉɪɢɜɟɞёɧɧɵɟ ɤɨɨɪɞɢɧɚɬɵ ɨɱɟɪɬɚɧɢɹ ɝɪɟɛɧɹ ɜɨɞɨɫɥɢɜɚ  

x y x*  y*  
0 0,126 0,000 1,008 

0,1 0,036 0,800 0,288 
0,2 0,007 1,600 0,056 
0,3 0,000 2,400 0,000 
0,4 0,006 3,200 0,048 
0,5 0,027 4,000 0,216 
0,6 0,060 4,800 0,480 
0,7 0,100 5,600 0,800 
0,8 0,146 6,400 1,168 
0,9 0,198 7,200 1,584 
1 0,256 8,000 2,048 

1,1 0,321 8,800 2,568 
1,2 0,394 9,600 3,152 
1,3 0,475 10,400 3,800 
1,4 0,564 11,200 4,512 
1,5 0,661 12,000 5,288 

 
Ɉɝɨɥɨɜɨɤ ɩɥɨɬɢɧɵ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ ȿ.1 ɩɪɢɥɨɠɟɧɢɹ ȿ. 
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6.2.6 Ɋɚɫɱёɬ ɫɨɩɪɹɠɟɧɢɹ ɩɨɬɨɤɚ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ 
 

ɉɪɢɧɢɦɚɟɦ ɫɨɩɪɹɠɟɧɢɟ ɛɶɟɮɨɜ ɫ ɞɨɧɧɵɦ ɪɟɠɢɦɨɦ. Ɉɩɪɟɞɟɥɢɦ 
ɩɚɪɚɦɟɬɪɵ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɪɟɠɢɦɚ. 

Ʉɪɢɬɢɱɟɫɤɚɹ ɝɥɭɛɢɧɚ ɩɨɬɨɤɚ ɩɪɢ ɩɨɥɧɨɦ ɨɬɤɪɵɬɢɢ ɜɫɟɯ ɨɬɜɟɪɫɬɢɣ: 
 ℎˍ˓ = ߙ√ ∙ ܳˑ˔ː.˓˃˔˚.ଶܤ˅ଶ݃య  ,                                                                                           ሺ͸.ͶͲሻ 

 
ɝɞɟ α – ɤɨɷɮɮɢɰɢɟɧɬ Ʉɨɪɢɨɥɢɫɚ, ɪɚɜɧɵɣ 1,1. 
 ℎˍ˓ = √ͳ,ͳ ∙ ͵ͳͶͷ,͸ͷ ଶʹͲ͸ଶ ∙ ͻ,ͺͳయ = ʹ,ͻ͹ ˏ. 

 
ɉɟɪɜɚɹ ɫɨɩɪɹɠɟɧɧɚɹ ɝɥɭɛɢɧɚ, ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɦɟɬɨɞɨɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ 

ɩɪɢɛɥɢɠɟɧɢɣ: 
 hୡଵ′ = ௖߮ݍ ∙ √ʹ݃ ∙ (∇ɇɉɍ − ∇ȾɇɈ − hୡଵ′ ൯ 

= ͳͷ,͵Ͳ,ͻ ∙ √ʹ ∙ ͻ,ͺͳ ∙ ሺͷͳ͸ − Ͷ͸͸ − Ͳሻ = Ͳ,ͷͶ                                                   ሺ͸.Ͷͳሻ 

௖ݍ  = ܳɨɫɧ.ɪɚɫɱܤ஻ = ͵ͳͶͷ,͸ͷʹͲ͸ = ͳͷ,͵ ɦଶc  .                                                              ሺ͸.Ͷʹሻ 

 
ɍɬɨɱɧɢɦ ɜɟɥɢɱɢɧɭ ɩɟɪɜɨɣ ɫɨɩɪɹɠɟɧɧɨɣ ɝɥɭɛɢɧɵ: 
 hୡଵ′ = ௖߮ݍ ∙ √ʹ݃ ∙ (∇ɇɉɍ − ∇ȾɇɈ − hୡଵ′ ൯ 

= ͳͷ,͵Ͳ,ͻ ∙ √ʹ ∙ ͻ,ͺͳ ∙ ሺͷͳ͸ − Ͷ͸͸ − Ͳ,ͷͶሻ  = Ͳ,ͷͶ                                            ሺ͸.Ͷ͵ሻ 

 
ȼɬɨɪɚɹ ɫɨɩɪɹɠɟɧɧɚɹ ɝɥɭɛɢɧɚ: 
 hୡ′′ = hୡଵ′ʹ ∙ ቌ√ͳ + ͺ ∙ ቆ hɤɪhɫଵ ′ቇଷ − ͳቍ = Ͳ,ͷͶʹ ∙ ቌ√ͳ + ͺ ∙ (ʹ,ͻ͹Ͳ,ͷͶ)ଷ − ͳቍ = ͻ,ͷ͵ɦ.                                                                                                                    ሺ͸.ͶͶሻ 
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Ɉɩɪɟɞɟɥɢɦ ɬɢɩ ɩɪɵɠɤɚ: 
 
Ɍɚɤ ɤɚɤ ℎ′′௖ = ͻ,ͷ͵  ɦ > ℎɇȻ = ͵,ͳͷ ɦ, ɬɨ ɢɦɟɟɦ ɨɬɨɝɧɚɧɧɵɣ ɩɪɵɠɨɤ. 
 

ɝɞɟ ℎɇȻ − ɝɥɭɛɢɧɚ ɜɨɞɵ ɜ ɇȻ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɤɪɢɜɨɣ ܳ =  ݂ሺܪሻɩɪɢ ܳ௠௔௫.ɨɫɧ 
 
Ɉɬɨɝɧɚɧɧɵɣ ɩɪɵɠɨɤ ɡɚ ɩɥɨɬɢɧɨɣ ɧɟ ɞɨɩɭɫɤɚɟɬɫɹ, ɩɨɷɬɨɦɭ ɧɟɨɛɯɨɞɢɦɨ 

ɩɪɨɟɤɬɢɪɨɜɚɬɶ ɫɨɩɪɹɠɟɧɢɟ ɛɶɟɮɨɜ ɩɨ ɬɢɩɭ ɡɚɬɨɩɥɟɧɧɨɝɨ ɩɪɵɠɤɚ.  
Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɫɨɡɞɚɬɶ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ 

ɝɥɭɛɢɧɭ ɢɥɢ ɩɨɝɚɫɢɬɶ ɱɚɫɬɶ ɢɡɛɵɬɨɱɧɨɣ ɷɧɟɪɝɢɢ ɫ ɩɨɦɨɳɶɸ ɝɚɫɢɬɟɥɟɣ ɷɧɟɪɝɢɢ.  
ɉɪɢɦɟɧɢɦ ɝɚɲɟɧɢɟ ɢɡɛɵɬɨɱɧɨɣ ɷɧɟɪɝɢɢ ɫ ɩɨɦɨɳɶɸ ɧɨɫɤɚ ɬɪɚɦɩɥɢɧɚ. 
 
6.2.7 Ɋɚɫɱɟɬ ɧɨɫɤɚ ɬɪɚɦɩɥɢɧɚ ɢ ɞɚɥɶɧɨɫɬɢ ɨɬɥɟɬɚ ɫɬɪɭɢ 
 
ɂɡ ɪɟɤɨɦɟɧɞɚɰɢɣ ɨɬɦɟɬɤɚ ɧɨɫɤɚ ɩɪɢɧɢɦɚɟɬɫɹ ɜɵɲɟ ɦɚɤɫɢɦɚɥɶɧɨɣ 

ɨɬɦɟɬɤɢ ɧɢɠɧɟɝɨ ɛɶɟɮɚ. Ɇɚɤɫɢɦɚɥɶɧɚɹ ɨɬɦɟɬɤɚ ɧɢɠɧɟɝɨ ɛɶɟɮɚ ɩɪɢ ɪɚɫɱɟɬɧɨɦ 
ɫɥɭɱɚɟ ∇ɇȻ୕଴,଴ଵ%=469,63 ɦ, ɬɨɝɞɚ hɇȻ୕଴,଴ଵ%=3,63 ɦ 

ȼɵɫɨɬɚ ɨɬ ɞɧɚ ɞɨ ɧɨɫɤɚ: 
 ܽ = hɇȻ୕଴,଴ଵ% + ʹ = ͵,͸͵ + ʹ = ͷ,͸͵ ɦ,                                                        ሺ͸.Ͷͷሻ  
 
Ɉɬɦɟɬɤɚ ɧɨɫɤɚ: 
 ∇ɇɈɋ = ∇ȾɇɈ + ܽ = Ͷ͸͸ + ͷ,͸͵ = Ͷ͹ͳ,͸͵ ɦ,                                          ሺ͸.Ͷ͸ሻ 
 
Ɉɩɪɟɞɟɥɢɦ ɧɚɩɨɪ ɜɨɞɵ ɧɚ ɧɨɫɤɟ: 
ɧݖ  = ∇ɇɉɍ − ∇ɇɈɋ = ͷͳ͸ − Ͷ͹ͳ,͸͵ = ͶͶ,͵͹ ɦ,                                      ሺ͸.Ͷ͹ሻ

   
Ⱦɚɥɟɟ, ɢɫɩɨɥɶɡɭɹ ɜɟɥɢɱɢɧɭ ɧɚɩɨɪɚ ɧɚ ɧɨɫɤɟ, ɨɩɪɟɞɟɥɢɦ ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚ 

ɧɚ ɧɟɦ: 
ɧݒ  = ߮ ∙ √ʹ ∙ ݃ ∙ ɧݖ = Ͳ,ͻ ∙ √ʹ ∙ ͻ,ͺͳ ∙ ͶͶ,͵͹ = ʹ͸,ͷͷɦ/ɫ,                         ሺ͸.Ͷͺሻ 
  ܼ଴ = ∇ɇɉɍ − ∇ȾɇɈ − ℎɇȻ = ͷͳ͸ − Ͷ͸͸ − ͵,ͳͷ = Ͷ͸,ͺͷ ɦ.                  ሺ͸.Ͷͻሻ

  
Ɉɩɪɟɞɟɥɢɦ ɞɚɥɶɧɨɫɬɶ ɨɬɥɟɬɚ ɫɬɪɭɢ: 
ܮ  = ɚܭ ∙ ɧݖ ∙ ߮ଶ ∙ sin ߙʹ ∙ ቌͳ + √ͳ + ɧݖ଴ݖ)

− ͳ) ∙ ͳ߮ଶ ∙ sinଶߙቍ,                   ሺ͸.ͷͲሻ 

 
ɝɞɟ     ߙ – ɭɝɨɥ ɧɚɤɥɨɧɚ ɧɨɫɤɚ, ߙ = ͵Ͳ°  

Kɚ =0,9– ɤɨɷɮɮɢɰɢɟɧɬ ɚɷɪɚɰɢɢ, ɩɪɢɧɢɦɚɟɦɵɣ ɢɫɯɨɞɹ ɢɡ ɱɢɫɥɚ Ɏɪɭɞɚ: 
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ݎܨ = ɧݒ
ଶ݃ ∙ ℎɧ

= ʹ͸,ͷͷଶͻ,ͺͳ ∙ Ͳ,ͷͺ = ͳʹͷ ൒ ͵ͷ,                                                            ሺ͸.ͷͳሻ 

 
ɝɞɟ     hɧ – ɜɵɫɨɬɚ ɩɨɬɨɤɚ ɜɨɞɵ ɧɚ ɧɨɫɤɟ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 

ℎɧ = ɧݒɜݍ
= ͳͷ,͵ʹ͸,ͷͷ = Ͳ,ͷͺ ɦ,                                                                                  ሺ͸.ͷʹሻ 

ܮ  = Ͳ,ͻ ∙ ͶͶ,͵͹ ∙ Ͳ,ͻଶ ∙ sinሺʹ ∙ ͵Ͳሻ ∙ ቌͳ + √ͳ + (Ͷ͸,ͺͷͶͶ,͵͹ − ͳ) ∙ ͳͲ,ͻଶ ∙  𝑖݊ଶ͵Ͳቍݏ

= ͸Ͳ ɦ.      
 
ɐɟɥɟɫɨɨɛɪɚɡɧɨ ɜɵɛɢɪɚɬɶ ɩɪɨɮɢɥɶ ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ ɨɬɥɟɬ ɫɬɪɭɢ ɧɚ 

ɪɚɫɫɬɨɹɧɢɟ ɛɨɥɶɲɟ 0,4 ɨɬ ݖ଴- ɧɚɩɨɪɚ ɫɨɡɞɚɜɚɟɦɨɝɨ ɩɥɨɬɢɧɨɣ, ɚ ɬɚɤɠɟ ɫ 
ɧɚɢɦɟɧɶɲɟɣ ɜɵɫɨɬɨɣ ɧɨɫɤɚ.  

ܮ  > Ͳ,Ͷ ∙ ሺ∇Ƚɉ − ∇ȾɇɈሻ,                                                                                    ሺ͸.ͷ͵ሻ 
 ͸Ͳ ɦ > ʹͳ,͸ ɦ 

 
Ɉɩɪɟɞɟɥɢɦ ɝɥɭɛɢɧɭ ɪɚɡɦɵɜɚ: 
ɪɚɡܪ  = ݐ − ℎɧɛ,          

 
ɝɞɟ     ݐ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ: ݐ = (Ͳ,ͳ + Ͳ,Ͷͷ ∙ రݎܨ√ ൯ ∙ ݎܨ√ ∙ √ℎɧɛ݀ర ∙ ℎɧ 

= (Ͳ,ͳ + Ͳ,Ͷͷ ∙ √ͳʹͷర ൯ ∙ √ͳʹͷ ∙ √͵,ͳͷͳర ∙ Ͳ,ͷͺ = ͵͵,ͻͶ ɦ,                          ሺ͸.ͷͶሻ 

 
ɝɞɟ     ݀  – ɫɪɟɞɧɹɹ ɤɪɭɩɧɨɫɬɶ ɝɪɭɧɬɚ, ɩɪɢɧɢɦɚɟɦ ݀ = ͳ ɦ 

 
Ɍɨɝɞɚ: 
ɪɚɡܪ  = ͵͵,ͻͶ − ͵,ͳͷ = ͵Ͳ,ͺ ɦ. 
 
Ɉɩɪɟɞɟɥɢɦ ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɩɥɨɬɢɧɵ ɰɟɧɬɪɚ ɪɚɡɦɵɜɚ ɹɦɵ: 
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ଵܮ = ܮ + ଵߙ݃ݐݐ ,                                                                                                       ሺ͸.ͷͷሻ 

 
ɝɞɟ ߙ݃ݐଵ = ߙଶ݃ݐ√ + ʹ ∙ ݃ ∙ ሺͲ,ͷ ∙ ℎɧ ∙ cos ߙ + ܽ − ℎɧɛሻݒɧ

ଶ ∙ ߙଶݏ݋ܿ  

= ଶ͵Ͳ݃ݐ√ + ʹ ∙ ͻ,ͺͳ ∙ ሺͲ,ͷ ∙ Ͳ,ͷͺ ∙ cos ͵Ͳ + ͷ,͸͵ − ͵,ͳͷሻʹ͸,ͷͷଶ ∙ ଶ͵Ͳݏ݋ܿ = Ͳ,͸͹,          ሺ͸.ͷ͸ሻ 

 
ɝɞɟ    ܽ = ͷ,͸͵ ɦ – ɜɵɫɨɬɚ ɨɬ ɞɧɚ ɞɨ ɧɨɫɤɚ 

 
Ɍɨɝɞɚ: 
ଵܮ  = ͸Ͳ + ͵͵,ͻͶͲ,͸͹ = ͳͳͲ ɦ. 
 
Ⱦɥɢɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɭɱɚɫɬɤɚ ɹɦɵ ɪɚɡɦɵɜɚ ɜɞɨɥɶ ɬɟɱɟɧɢɹ ɧɚ ɭɪɚɜɧɟɧɢɟ 

ɪɚɡɦɵɬɨɝɨ ɪɭɫɥɚ ɪɚɜɧɚ:  
 ܾ௣ = ʹ,ͷℎɤɪ + ͵,͹ܪɪɚɡ = ʹ,ͷ ∙ ʹ,ͻ͹ + ͵,͹ ∙ ͵Ͳ,ͺ = ͳͳͻ,ʹ ɦ.                       ሺ͸.ͷ͹ሻ 
 
6.3 Ʉɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ 
 
6.3.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɲɢɪɢɧɵ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ 

 
Ɂɚɞɚɱɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨɛɵ ɩɪɢ ɡɚɞɚɧɧɨɣ ɜɵɫɨɬɟ 

ɫɨɨɪɭɠɟɧɢɹ ɧɚɣɬɢ ɦɢɧɢɦɚɥɶɧɭɸ ɲɢɪɢɧɭ ɫɨɨɪɭɠɟɧɢɹ ɩɨ ɨɫɧɨɜɚɧɢɸ. ɇɚɢɛɨɥɟɟ 
ɷɤɨɧɨɦɢɱɧɵɦ ɹɜɥɹɟɬɫɹ ɬɪɟɭɝɨɥɶɧɵɣ ɩɪɨɮɢɥɶ ɩɥɨɬɢɧɵ, ɢɦɟɸɳɢɣ 
ɦɢɧɢɦɚɥɶɧɭɸ ɲɢɪɢɧɭ ɩɨɧɢɡɭ. Ⱦɚɧɧɵɣ ɩɪɨɮɢɥɶ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ ȿ.2 
ɩɪɢɥɨɠɟɧɢɹ ȿ. 

ɇɨ ɩɪɢ ɫɜɨɟɣ ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɷɬɨɬ ɩɪɨɮɢɥɶ ɞɨɥɠɟɧ ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɞɜɭɦ 
ɭɫɥɨɜɢɹɦ: 

1) ɨɬɫɭɬɫɬɜɢɟ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɛɟɬɨɧɟ; 
2) ɭɫɬɨɣɱɢɜɨɫɬɶ ɬɟɥɚ ɩɥɨɬɢɧɵ ɩɪɨɬɢɜ ɫɞɜɢɝɚ ɩɨ ɨɫɧɨɜɚɧɢɸ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɡ ɭɫɥɨɜɢɹ ɧɟɞɨɩɭɳɟɧɢɹ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ, 

ɲɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ ɩɨ ɨɫɧɨɜɚɧɢɸ ɨɩɪɟɞɟɥɹɟɬɫɹ, ɤɚɤ: 
௡ூܤ  = ℎ˒ˎ√𝛾˄𝛾𝑤 ሺͳ − ݊ሻ + ݊ሺʹ − ݊ሻ − ଵߙ ,                                                                ሺ͸.ͷͺሻ 
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ɝɞɟ ߙଵ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɩɨɬɟɪɸ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ ɡɚ 
ɫɱɟɬ ɭɫɬɪɨɣɫɬɜɚ ɩɪɨɬɢɜɨɮɢɥɶɬɪɚɰɢɨɧɧɵɯ ɡɚɜɟɫ, ɞɪɟɧɚɠɟɣ ɢ ɲɩɭɧɬɨɜ, 
ɩɪɢɧɢɦɚɟɦɵɣ 0,5; 
௪ߛ  = ͳͲ ɤɇ

ɦଷ⁄  – ɭɞɟɥɶɧɚɹ ɩɥɨɬɧɨɫɬɶ ɜɨɞɵ; ߛɛ = ʹͶ ɤɇ
ɦଷ⁄ – ɭɞɟɥɶɧɚɹ ɩɥɨɬɧɨɫɬɶ ɛɟɬɨɧɚ. 

 
ȼɵɫɨɬɚ ɩɥɨɬɢɧɵ ℎ ɪɚɜɧɚ: 

 ℎ = ∇ʜʞʢ − ∇ʞʝʓ = ͷͳ͸ − Ͷ͸Ͷ= ͷʹ ˏ.                                                     ሺ͸.ͷͻሻ 
 

ɂɡ ɭɫɥɨɜɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɥɨɬɢɧɵ ɧɚ ɫɞɜɢɝ ɩɨ ɨɫɧɨɜɚɧɢɸ ɲɢɪɢɧɚ 
ɩɨɞɨɲɜɵ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ ɨɩɪɟɞɟɥɢɬɫɹ ɢɡ ɜɵɪɚɠɟɧɢɹ: 

௡ூூܤ  = ߮݃ݐˎ˒௡ℎߛ ቀ𝛾˄𝛾𝑤 + ݊ −  ଵቁ ,                                                                                  ሺ͸.͸Ͳሻߙ

 

ɝɞɟ ߛ௡ = ͳ,ʹͷ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞёɠɧɨɫɬɢ ɩɨ ɧɚɡɧɚɱɟɧɢɸ ɫɨɨɪɭɠɟɧɢɹ, 
ɩɪɢɧɢɦɚɟɦɵɣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɥɚɫɫɚ ɫɨɨɪɭɠɟɧɢɹ; ߮݃ݐ = Ͳ,͹ͷ – ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ ɛɟɬɨɧɚ ɩɨ ɝɪɭɧɬɭ [34]; 
 

Ɂɚɞɚɜɚɹɫɶ ɪɚɡɥɢɱɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ݊, ɩɪɟɞɫɬɚɜɥɟɧɧɵɦɢ ɜ ɬɚɛɥɢɰɟ 6.3, 
ɧɟɫɤɨɥɶɤɨ ɪɚɡ, ɩɨ ɞɜɭɦ ɮɨɪɦɭɥɚɦ ɨɩɪɟɞɟɥɹɟɦܤ˒ ɢ ɫɬɪɨɢɦ ɝɪɚɮɢɤɢ ɡɚɜɢɫɢɦɨɫɬɢ ܤ௡ூ = ݂ ሺ݊ሻ ɢ ܤ௡ூூ = ݂ ሺ݊ሻ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɧɚ ɪɢɫɭɧɤɟ 6.3. Ɍɨɱɤɚ ɩɟɪɟɫɟɱɟɧɢɹ 
ɝɪɚɮɢɤɨɜ ɨɩɪɟɞɟɥɢɬ ɪɚɫɱɟɬɧɭɸ ɲɢɪɢɧɭ ɩɨɞɨɲɜɵ. 

 
Ɍɚɛɥɢɰɚ 6.3 – Ɉɩɪɟɞɟɥɟɧɢɟ ɲɢɪɢɧɵ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ. ݊ ܤூ˒, ɦ ܤூ˒ூ, ɦ 

0,1 28,11 43,33 
0,2 29,21 41,27 
0,3 30,77 39,39 
0,4 32,91 37,68 
0,5 35,86 36,11 

0,505 40,00 34,67 
0,6 46,02 33,33 
0,7 55,32 32,10 
0,8 71,23 30,95 
0,9 104,00 29,89 
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Ɋɢɫɭɧɨɤ 6.3 – Ɉɩɪɟɞɟɥɟɧɢɟ ɲɢɪɢɧɵ ɩɨɞɨɲɜɵ 

 
Ƚɪɚɮɢɤɢ ɩɟɪɟɫɟɤɚɸɬɫɹ ɜ ɬɨɱɤɟ ݊ = Ͳ,ͷͲͷ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ ɲɢɪɢɧɚ 

ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ ɪɚɜɧɚ ܤɩ = ͵͸ ɦ, ɢɫɯɨɞɹ ɢɡ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɯ ɪɚɫɱɟɬɨɜ, 
ɩɪɢɧɢɦɚɸ ɲɢɪɢɧɭ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ ܤɩ = ͵ͺ ɦ.  

 
6.3.2 Ɋɚɡɪɟɡɤɚ ɛɟɬɨɧɧɵɯ ɩɥɨɬɢɧ ɲɜɚɦɢ 
 
ȼ ɩɥɨɬɢɧɚɯ ɧɚ ɠɟɫɬɤɢɯ ɫɤɚɥɶɧɵɯ ɨɫɧɨɜɚɧɢɹɯ ɭɫɬɪɨɣɫɬɜɨ ɷɬɢɯ ɲɜɨɜ 

ɨɛɟɫɩɟɱɢɜɚɟɬ ɫɜɨɛɨɞɧɨɟ ɪɚɡɜɢɬɢɟ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɢ ɭɫɚɞɨɱɧɵɯ ɞɟɮɨɪɦɚɰɢɣ ɢ 
ɩɨɷɬɨɦɭ ɨɧɢ ɧɚɡɵɜɚɸɬɫɹ ɬɟɦɩɟɪɚɬɭɪɧɨ-ɭɫɚɞɨɱɧɵɦɢ. ɗɬɢ ɲɜɵ, ɤɚɤ ɩɪɚɜɢɥɨ, 
ɪɚɫɩɨɥɚɝɚɸɬ ɧɚ ɪɚɜɧɵɯ ɪɚɫɫɬɨɹɧɢɹɯ ɩɨ ɞɥɢɧɟ ɩɥɨɬɢɧɵ, ɡɚɜɢɫɹɳɢɯ ɨɬ 
ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɚ ɩɥɨɬɢɧɵ ɜ ɩɟɪɢɨɞ 
ɷɤɫɩɥɭɚɬɚɰɢɢ. Ɋɚɫɩɨɥɨɠɟɧɢɟ ɲɜɨɜ ɭɜɹɡɵɜɚɟɬɫɹ ɫɨ ɫɬɪɨɢɬɟɥɶɧɵɦɢ ɭɫɥɨɜɢɹɦɢ ɢ 
ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɨɬɜɟɪɫɬɢɣ ɜ ɩɥɨɬɢɧɟ, ɚ ɬɚɤɠɟ ɫ ɪɚɡɪɟɡɤɨɣ ɧɚ ɛɥɨɤɢ 
ɛɟɬɨɧɢɪɨɜɚɧɢɹ.  

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɛɟɬɨɧɧɚɹ ɜɨɞɨɫɥɢɜɧɚɹ ɩɥɨɬɢɧɚ ɪɚɡɪɟɡɚɧɚ ɲɜɚɦɢ ɩɨ ɨɫɹɦ 
ɛɵɤɨɜ, ɬ.ɟ. ɲɢɪɢɧɚ ɨɞɧɨɣ ɫɟɤɰɢɢ ɦɟɠɞɭ ɲɜɚɦɢ ɪɚɜɧɚ: 

˔˄ܤ  = ܾ + ʐߜ = ͳ͸ + ͵ = ͳͻ ˏ,                                                                         ሺ͸.͸ͳሻ 
 

ɝɞɟ b – ɲɢɪɢɧɚ ɩɪɨɥɟɬɚ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ; ߜʐ – ɬɨɥɳɢɧɚ ɛɵɤɚ. 
 
ɒɢɪɢɧɭ ɩɨɫɬɨɹɧɧɵɯ ɞɟɮɨɪɦɚɰɢɨɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɧɨ-ɨɫɚɞɨɱɧɵɯ ɲɜɨɜ 

ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɨɣ 5 ɫɦ ɜ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɢ 1 ɫɦ ɜ ɩɪɟɞɟɥɚɯ ɮɭɧɞɚɦɟɧɬɧɨɣ 
ɩɥɢɬɵ. 
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6.3.3 Ȼɵɤɢ 
 
Ƚɨɥɨɜɧɚɹ ɱɚɫɬɶ ɛɵɤɚ ɢɦɟɟɬ ɨɛɬɟɤɚɟɦɭɸ ɮɨɪɦɭ ɜ ɜɢɞɟ ɩɨɥɭɤɪɭɝɚ. ɉɚɡɵ 

ɪɚɛɨɱɢɯ ɡɚɬɜɨɪɨɜ ɪɚɫɩɨɥɨɠɟɧɵ ɧɚ ɥɢɧɢɢ ɝɪɟɛɧɹ ɜɨɞɨɫɥɢɜɚ, ɛɵɤɢ ɜɵɞɜɢɧɭɬɵ ɜ 
ɜɟɪɯɧɢɣ ɛɶɟɮ. Ȼɵɤɢ ɪɚɡɛɢɜɚɸɬ ɜɟɫɶ ɜɨɞɨɫɥɢɜɧɨɣ ɮɪɨɧɬ ɧɚ ɨɬɞɟɥɶɧɵɟ 
ɜɨɞɨɫɥɢɜɧɵɟ ɨɬɜɟɪɫɬɢɹ. 

ȼ ɛɵɤɚɯ ɭɫɬɪɨɟɧɵ ɩɚɡɵ ɞɥɹ ɪɚɛɨɱɢɯ ɢ ɚɜɚɪɢɣɧɨ-ɪɟɦɨɧɬɧɵɯ ɡɚɬɜɨɪɨɜ, ɩɨɞ 
ɡɚɳɢɬɨɣ ɤɨɬɨɪɵɯ ɜɵɩɨɥɧɹɸɬɫɹ ɪɟɦɨɧɬɧɵɟ ɪɚɛɨɬɵ. Ɂɚɬɜɨɪ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɦɟɬɚɥɥɢɱɟɫɤɭɸ ɤɨɧɫɬɪɭɤɰɢɸ, ɩɨɤɪɵɬɭɸ ɫ ɜɟɪɯɨɜɨɣ ɫɬɨɪɨɧɵ 
ɜɨɞɨɧɟɩɪɨɧɢɰɚɟɦɨɣ ɨɛɲɢɜɤɨɣ, ɜɵɩɨɥɧɟɧɧɨɣ ɢɡ ɥɢɫɬɨɜɨɣ ɫɬɚɥɢ. ɇɟɫɭɳɚɹ 
ɤɨɧɫɬɪɭɤɰɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɛɚɥɨɱɧɭɸ ɤɥɟɬɤɭ ɢɡ ɪɢɝɟɥɟɣ ɢ ɫɬɨɟɤ.  

Ƚɥɭɛɢɧɚ ɢ ɲɢɪɢɧɚ ɩɚɡɚ ɪɚɛɨɱɟɝɨ ɡɚɬɜɨɪɚ ɫɨɫɬɚɜɥɹɟɬ - 0,7ɯ0,7 ɦ.  
Ƚɥɭɛɢɧɚ ɢ ɲɢɪɢɧɚ ɩɚɡɚ ɪɟɦɨɧɬɧɨɝɨ ɡɚɬɜɨɪɚ – 0,5ɯ0,5 ɦ.  
Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɡɚɬɜɨɪɚɦɢ ɩɪɢɧɢɦɚɟɦ 1 ɦ, ɫ ɰɟɥɶɸ ɨɛɟɫɩɟɱɟɧɢɹ 

ɭɞɨɛɧɵɯ ɭɫɥɨɜɢɣ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɪɟɦɨɧɬɧɵɯ ɪɚɛɨɬ ɧɚ ɪɚɛɨɱɟɦ ɡɚɬɜɨɪɟ. 
 
6.3.4 ɍɫɬɨɢ 
 
ɇɚ Ⱥɥɬɚɣɫɤɨɣ Ƚɗɋ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɞɜɚ ɪɚɡɞɟɥɢɬɟɥɶɧɵɯ ɭɫɬɨɹ. 
ɉɟɪɜɵɣ ɪɚɡɞɟɥɢɬɟɥɶɧɵɣ ɭɫɬɨɣ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɦɟɠɞɭ ɝɥɭɯɨɣ ɰɟɧɬɪɚɥɶɧɨɣ 

ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɨɣ ɢ ɫɟɤɰɢɟɣ ɝɥɭɛɢɧɧɵɯ ɜɨɞɨɫɛɪɨɫɨɜ. ȼɬɨɪɨɣ ɪɚɡɞɟɥɢɬɟɥɶɧɵɣ 
ɭɫɬɨɣ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɦɟɠɞɭ ɫɟɤɰɢɟɣ ɝɥɭɛɢɧɧɵɯ ɜɨɞɨɫɛɪɨɫɨɜ ɢ ɡɞɚɧɢɟɦ Ƚɗɋ, 
ɫɥɭɠɢɬ ɞɥɹ ɪɚɡɞɟɥɟɧɢɹ ɩɨɬɨɤɨɜ ɜɨɞɵ, ɢɞɭɳɢɯ ɱɟɪɟɡ ɝɢɞɪɨɚɝɪɟɝɚɬɵ 
ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɢ ɜɨɞɨɫɥɢɜ. 

 
6.3.5 Ƚɚɥɟɪɟɢ ɜ ɬɟɥɟ ɩɥɨɬɢɧɵ 

 
ȼ ɬɟɥɟ ɩɥɨɬɢɧɵ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɩɪɨɞɨɥɶɧɵɟ ɢ ɩɨɩɟɪɟɱɧɵɟ ɝɚɥɟɪɟɢ. ɉɨ 

ɜɵɫɨɬɟ ɩɥɨɬɢɧɵ ɩɪɨɞɨɥɶɧɵɟ ɝɚɥɟɪɟɢ ɪɚɫɩɨɥɚɝɚɟɦ ɱɟɪɟɡ 14ɦ. Ɉɞɧɭ ɢɡ 
ɩɪɨɞɨɥɶɧɵɯ ɝɚɥɟɪɟɣ ɩɪɨɟɤɬɢɪɭɟɦ ɜɵɲɟ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɭɪɨɜɧɹ ɧɢɠɧɟɝɨ ɛɶɟɮɚ 
ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɫɚɦɨɬɟɱɧɨɝɨ ɨɬɜɨɞɚ ɜɨɞɵ ɢɡ ɜɫɟɣ ɜɵɲɟɥɟɠɚɳɟɣ ɱɚɫɬɢ 
ɩɥɨɬɢɧɵ. Ɋɚɡɦɟɪɵ ɝɚɥɟɪɟɣ, ɭɫɬɪɚɢɜɚɟɦɵɯ ɞɥɹ ɰɟɦɟɧɬɚɰɢɢ ɨɫɧɨɜɚɧɢɹ ɢ 
ɫɬɪɨɢɬɟɥɶɧɵɯ ɲɜɨɜ ɩɥɨɬɢɧɵ, ɫɨɡɞɚɧɢɹ ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɜɟɪɬɢɤɚɥɶɧɨɝɨ 
ɞɪɟɧɚɠɚ, ɩɪɢɧɹɬɶ ɦɢɧɢɦɚɥɶɧɵɦɢ, ɧɨ ɩɪɢ ɷɬɨɦ ɨɛɟɫɩɟɱɢɜɚɸɳɢɦɢ ɩɪɨɜɨɡ ɢ 
ɪɚɛɨɬɭ ɛɭɪɨɜɨɝɨ, ɰɟɦɟɧɬɚɰɢɨɧɧɨɝɨ ɢ ɞɪɭɝɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. ɉɨɷɬɨɦɭ 
ɭɫɬɪɚɢɜɚɟɦ ɝɚɥɟɪɟɸ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ ɢ ɞɪɟɧɚɠɧɭɸ ɝɚɥɟɪɟɸ, ɢɡ ɪɚɡɦɟɪɵ 
ɢɡ ɩɪɚɤɬɢɱɟɫɤɢɯ ɪɟɤɨɦɟɧɞɚɰɢɣ ɩɪɢɧɢɦɚɟɦ ɫ ɭɱɟɬɨɦ ɪɚɛɨɬɚɸɳɟɣ ɬɟɯɧɢɤɢ 
3ɯ3,5ɦ. Ƚɚɛɚɪɢɬɵ ɞɥɹ ɫɦɨɬɪɨɜɵɯ ɝɚɥɟɪɟɣ ɩɪɢɧɢɦɚɟɦ 2ɯ2,5ɦ.  

Ɍɚɤ ɠɟ ɜ ɩɥɨɬɢɧɟ ɢɦɟɸɬɫɹ ɝɚɥɟɪɟɢ, ɩɪɟɞɭɫɦɨɬɪɟɧɧɵɟ ɞɥɹ ɫɛɨɪɚ ɢ ɨɬɜɨɞɚ 
ɜɨɞɵ, ɤɨɧɬɪɨɥɹ ɫɨɫɬɨɹɧɢɹ ɛɟɬɨɧɚ ɩɥɨɬɢɧɵ ɢ ɭɩɥɨɬɧɟɧɢɹ ɲɜɨɜ, ɪɚɡɦɟɳɟɧɢɹ 
ɄɂȺ ɢ ɪɚɡɥɢɱɧɨɝɨ  ɪɨɞɚ  ɤɨɦɦɭɧɢɤɚɰɢɣ.  

Ⱦɪɟɧɚɠ ɜ ɬɟɥɟ ɩɥɨɬɢɧɵ. 
Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɞɨ ɨɫɢ ɞɪɟɧɚɠɚ: 
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ܽɞɪ ൒ ɞɪܪ ∙ ௖௥.௠ܬ௡ߛ ,                                                                                                         ሺ͸.͸ʹሻ 

 ܽɞɪ ൒ ͷͲ ∙ ͳ,ʹͷʹͷ  

 ܽɞɪ ൒ ʹ,ͷ ɦ,       
 

ɝɞɟ     ܽ ɞɪ −ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɞɨ ɨɫɢ ɞɪɟɧɚɠɚ, ܪɞɪ −ɧɚɩɨɪ ɧɚɞ ɪɚɫɱɟɬɧɵɦ ɫɟɱɟɧɢɟɦ, ܬ௖௥.௠ −ɤɪɢɬɢɱɟɫɤɢɣ ɝɪɚɞɢɟɧɬ ɧɚɩɨɪɚ ɞɥɹ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ ሺܬ௖௥.௠ = ʹͷሻ 
ɞɪܪ  = ∇ɇɉɍ − ∇ ȾɇɈ = ͷͳ͸ − Ͷ͸͸ = ͷͲ ɦ.                                              ሺ͸.͸͵ሻ 

 
Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɞɨ ɨɫɢ ɞɪɟɧɚɠɚ ɩɪɢɧɢɦɚɟɦ 2,7 ɦ.  
 
6.3.6 Ɉɩɪɟɞɟɥɟɧɢɟ ɲɢɪɢɧɵ ɩɥɨɬɢɧɵ ɩɨ ɝɪɟɛɧɸ 
 
ɒɢɪɢɧɚ ɩɥɨɬɢɧɵ ɩɨ ɝɪɟɛɧɸ ɜɤɥɸɱɚɟɬ ɲɢɪɢɧɭ ɩɪɨɟɡɠɟɣ ɱɚɫɬɢ, 

ɩɟɲɟɯɨɞɧɨɣ ɞɨɪɨɠɤɢ ɢ ɦɟɫɬɨ ɞɥɹ ɤɨɡɥɨɜɨɝɨ ɤɪɚɧɚ. ɉɪɨɟɡɠɚɹ ɱɚɫɬɶ 
ɩɪɢɧɢɦɚɟɬɫɹ ɲɢɪɢɧɨɣ 4 ɦ, ɲɢɪɢɧɚ ɩɟɲɟɯɨɞɧɨɣ ɞɨɪɨɠɤɢ – 2 ɦ, ɲɢɪɢɧɚ ɩɭɬɟɣ 
ɤɨɡɥɨɜɨɝɨ ɤɪɚɧɚ –8 ɦ. Ȼɟɡɨɩɚɫɧɨɟ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɤɨɡɥɨɜɵɦ ɤɪɚɧɨɦ ɢ 
ɚɜɬɨɞɨɪɨɝɨɣ ɩɪɢɧɢɦɚɟɬɫɹ 1 ɦ. Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɩɭɬɹɦɢ ɤɨɡɥɨɜɨɝɨ ɤɪɚɧɚ ɢ 
ɜɟɪɯɨɜɨɣ ɝɪɚɧɶɸ ɛɵɤɚ ɩɪɢɧɢɦɚɟɬɫɹ 1 ɦ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɲɢɪɢɧɚ ɩɥɨɬɢɧɵ ɩɨ 
ɝɪɟɛɧɸ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ 16 ɦ. 
 

6.3.7 Ɋɚɫɱɟɬ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ ɢ ɞɪɟɧɚɠɚ 
 

ɇɚ ɫɤɚɥɶɧɨɦ ɨɫɧɨɜɚɧɢɢ ɤɚɤ ɩɪɚɜɢɥɨ ɭɫɬɪɚɢɜɚɸɬɫɹ ɬɨɥɶɤɨ ɜɟɪɬɢɤɚɥɶɧɵɟ 
ɞɪɟɧɚɠɧɵɟ ɭɫɬɪɨɣɫɬɜɚ: ɰɟɦɟɧɬɚɰɢɨɧɧɚɹ ɡɚɜɟɫɚ ɢ ɞɪɟɧɚɠ.  

Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɩɥɨɬɢɧɵ ɞɨ ɨɫɢ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ: 
 ݈ɡ = ሺͲ,ͳͲ ÷ Ͳ,ʹͷሻ ∙ ɩܤ = ሺͲ,ͳͲ ÷ Ͳ,ʹͷሻ ∙ ͵ͺ = ͵,͹Ͷ ÷ ͻ,͵ͷɦ,                 ሺ͸.͸Ͷሻ 
 

ɝɞɟ    ܤɩ - ɲɢɪɢɧɚ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ, 

ɉɪɢɧɢɦɚɸ ݈ɡ = Ͷ,ʹ ɦ. 
Ƚɥɭɛɢɧɚ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ: 
 
ℎɡɚɜ = Ͳ,͸ ∙ ௗܪ = Ͳ,͸ ⋅ ሺͷͳ͸ − Ͷ͸͸,ͷሻ = ͵Ͳɦ,                                               ሺ͸.͸ͷሻ 
 

ɝɞɟ    ܪௗ − ɦɚɤɫɢɦɚɥɶɧɵɣ ɧɚɩɨɪ ɧɚɞ ɪɚɫɱɟɬɧɵɦ ɫɟɱɟɧɢɟɦ. 
 
Ɍɨɥɳɢɧɚ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɫɯɨɞɹ ɢɯ ɞɨɩɭɫɬɢɦɨɝɨ 
ɝɪɚɞɢɟɧɬɚ ɮɢɥɶɬɪɚɰɢɢ ɱɟɪɟɡ ɡɚɜɟɫɭ: 
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ɡߜ ൒ ܪ∆ ∙ ௖௥.௠ܬ௡ߛ ,                                                                                                           ሺ͸.͸͸ሻ 

 
ɝɞɟ     ∆ܪ −ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɧɚ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɟ, ܬ௖௥.௠ − ɤɪɢɬɢɱɟɫɤɢɣ ɝɪɚɞɢɟɧɬ ɧɚɩɨɪɚ ɞɥɹ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ ሺܬ௖௥.௠ = ͳͷሻ 

ܪ∆  = ௗܪ − Ͳ,Ͷ ∙ ௗܪ ,                                                                                              ሺ͸.͸͹ሻ 
ܪ∆  = Ͷͻ,ͷ − Ͳ,Ͷ ∙ Ͷͻ,ͷ = ʹͻ,͹ ɦ. 

ɡߜ  ൒ ʹͻ,͹ ⋅ ͳ,ʹͷͳͷ ,                                                                                                    ሺ͸.͸ͺሻ 

ɡߜ  ൒ ʹ,Ͷ ɦ,     ɩɪɢɧɢɦɚɸ ͵ ɦ.            
 
Ƚɥɭɛɢɧɭ ɞɪɟɧɚɠɧɵɯ ɫɤɜɚɠɢɧ ɪɚɜɧɚ: 
 
ℎɞɪ = Ͳ,͸ ∙ ℎɡɚɜ = Ͳ,͸ ⋅ ͵Ͳ = ͳͺɦ,                                                                      ሺ͸.͸ͻሻ 
 
Ⱦɥɹ ɨɬɜɨɞɚ ɮɢɥɶɬɪɭɸɳɟɣɫɹ ɜɨɞɵ ɢ ɫɧɢɠɟɧɢɹ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ 

ɧɚ ɫɨɨɪɭɠɟɧɢɟ ɜ ɨɫɧɨɜɚɧɢɢ ɫɨɨɪɭɠɟɧɢɹ ɭɫɬɪɚɢɜɚɸɬ ɞɪɟɧɚɠɢ.  
ȼ ɫɤɚɥɶɧɵɯ ɝɪɭɧɬɚɯ ɞɪɟɧɚɠ ɜɵɩɨɥɧɹɸɬ ɜ ɜɢɞɟ ɜɟɪɬɢɤɚɥɶɧɵɯ ɫɤɜɚɠɢɧ 

ɞɢɚɦɟɬɪɨɦ 200 ɦɦ ɫ ɲɚɝɨɦ 3 ɦ. 
Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɞɪɟɧɚɠɧɵɦɢ ɢ ɰɟɦɟɧɬɚɰɢɨɧɧɵɦɢ ɫɤɜɚɠɢɧɚɦɢ 6 ɦ. 
ɑɟɪɟɡ ɞɪɟɧɚɠɧɵɟ ɫɤɜɚɠɢɧɵ ɮɢɥɶɬɪɭɸɳɭɸɫɹ ɜɨɞɭ ɜɵɜɨɞɹɬ ɜ 

ɰɟɦɟɧɬɚɰɢɨɧɧɭɸ ɢɥɢ ɞɪɟɧɚɠɧɭɸ ɝɚɥɟɪɟɸ, ɚ ɨɬɜɨɞ ɜɨɞɵ ɜ ɇȻ ɨɫɭɳɟɫɬɜɥɹɸɬ 
ɫɚɦɨɬɟɤɨɦ ɢɥɢ ɧɚɫɨɫɚɦɢ. 
 

6.4 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɫɧɨɜɧɵɯ ɧɚɝɪɭɡɨɤ ɧɚ ɩɥɨɬɢɧɭ 
 
Ɋɚɫɱёɬɧɵɣ ɫɥɭɱɚɣ – ɧɨɪɦɚɥɶɧɵɣ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɣ ɩɪɢ ʜʞʢ = ͳͲͶ ɦ ɜ 

ɜɟɪɯɧɟɦ ɛɶɟɮɟ ɢ ɦɢɧɢɦɚɥɶɧɨɦ ɭɪɨɜɧɟ ɧɢɠɧɟɝɨ ɛɶɟɮɚ ɩɪɢ ɨɬɦɟɬɤɟ ∇ʢʜʐ௠𝑖௡, 
ɪɚɜɧɨɣ 87 ɦ. 

ȼɫɟ ɧɚɝɪɭɡɤɢ ɨɩɪɟɞɟɥɹɟɦ ɛɟɡ ɭɱёɬɚ ɡɭɛɶɟɜ, ɞɨ ɨɬɦɟɬɤɢ ɩɨɞɨɲɜɵ ɦɟɠɞɭ 
ɜɵɫɬɭɩɚɦɢ, ɪɚɜɧɨɣ ∇= ͺʹ ˏ. 

 
6.4.1 ȼɟɫ ɫɨɨɪɭɠɟɧɢɹ ɢ ɡɚɬɜɨɪɨɜ 

 
ɉɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɨɩɪɟɞɟɥɟɧɚ ɜ ɩɪɨɝɪɚɦɦɟ AutoCad: 
 ܵɩɥ = ͳͲͷ͵ ɦଶ, ܵɛ = ͳʹͲͻ ɦଶ. ȼɟɫ ɨɞɧɨɝɨ ɩɨɝɨɧɧɨɝɨ ɦɟɬɪɚ ɜɨɞɨɫɥɢɜɧɨɣ 

ɱɚɫɬɢ ɩɥɨɬɢɧɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
ˎ˒ܩ  = ܵ˒ˎ ∙ ܾ ∙ ܾ˄ߛ + ˄ߜ =   ͳͲͷ͵ ∙ ͳ͸ ∙ ʹͶͳ͸ + ͵ = ʹͳʹͺʹˍʜˏ ,                                        ሺ͸.͹Ͳሻ 
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ɝɞɟ    b – ɲɢɪɢɧɚ ɩɪɨɥɟɬɚ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ, 20 ɦ; ߛɛ –  ɭɞɟɥɶɧɵɣ ɜɟɫ ɛɟɬɨɧɚ; ߜɛ – ɬɨɥɳɢɧɚ ɛɵɤɚ. 
 
ȼɟɫ ɛɵɤɚ ɛɟɡ ɭɱёɬɚ ɡɭɛɶɟɜ ɨɩɪɟɞɟɥɹɟɦ ɚɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ: 
˄ܩ  = ܵ˄ ∙ ˄ߜ ∙ ܾ˄ߛ + ˄ߜ = ͳʹͲͻ ∙ ͵ ∙ ʹͶͳ͸ + ͵ = Ͷͷͺͳ ˍʜ/ˏ.                                            ሺ͸.͹ͳሻ 

 
ȼɟɫ ɩɥɨɫɤɨɝɨ ɡɚɬɜɨɪɚ ɩɨ ɮɨɪɦɭɥɟ Ȼɟɪɟɡɢɧɫɤɨɝɨ: 
 ܳˊ ≈ Ͳ,Ͳͷͷ ∙ ݂ଵ,ହ ∙ ݃ =  Ͳ,Ͳͷͷ ∙ ͳͲͶଵ,ହ ∙ ͻ,ͺͳ = ͷ͹ʹ ˍʜ,                            ሺ͸.͹ʹሻ 
 

ɝɞɟ ݂ – ɩɥɨɳɚɞɶ ɡɚɬɜɨɪɚ, ɪɚɜɧɚɹ: 
 ݂ = ሺ∇ʣʞʢ − ∇ʒʑ + Ͳ,ͷሻ ∙ ܾ = ሺͷͳͺ − ͷͳʹ + Ͳ,ͷሻ ∙ ͳ͸ = ͳͲͶ   ˏଶ.     ሺ͸.͹͵ሻ 
 
ȼɟɫ ɡɚɬɜɨɪɚ ɩɪɢɜɨɞɹɬ ɤ 1 ɩ. ɦ. ɞɥɢɧɵ ɫɟɤɰɢɢ: 
ˊݍ  =  ܳˊܾ + ˄ߜ = ͷ͹ʹͳ͸ + ͵ = ͵Ͳˍʜ/ˏ.                                                                   ሺ͸.͹Ͷሻ 

 
6.4.2 ɋɢɥɚ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨɞɵ 
 
ɗɩɸɪɵ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨɞɵ ɩɪɢɧɢɦɚɟɦ ɩɨ ɬɪɟɭɝɨɥɶɧɢɤɭ. 

Ƚɨɪɢɡɨɧɬɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɢɥɵ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨɞɵ ɫ 
ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ. 

 

ʑܶʐ = ʑߛ ∙ ʹʑଶܪ = ͳͲ ∙ ͷʹଶʹ = ͳ͵ͷʹͲ ˍʜ,                                                            ሺ͸.͹ͷሻ 

 
ɝɞɟ ܪʑ = ∇ʜʞʢ − ∇ʞʝʓ = ͷͳ͸ − Ͷ͸Ͷ = ͷʹ ˏ.                                                  ሺ͸.͹͸ሻ 

 
Ƚɨɪɢɡɨɧɬɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɢɥɵ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨɞɵ ɫɨ 

ɫɬɨɪɨɧɵ ɧɢɠɧɟɝɨ ɛɶɟɮɚ: 
 

ʜܶʐ = ʑߛ ∙ ʹʜଶܪ = ͳͲ ∙ ʹ,ͷଶʹ = ͵ͳ,ʹͷ ˍʜ;                                                            ሺ͸.͹͹ሻ 

 
ɝɞɟ ܪʜ = ∇ʜʐ௠𝑖௡ − ∇˒ˑˇ = Ͷ͸͸,ͷ − Ͷ͸Ͷ = ʹ,ͷ ˏ.                                           ሺ͸.͹ͺሻ 

 
6.4.3 Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɜɡɜɟɲɢɜɚɸɳɟɝɨ ɞɚɜɥɟɧɢɹ 
 
ɋɢɥɚ ɜɡɜɟɲɢɜɚɸɳɟɝɨ ɞɚɜɥɟɧɢɹ: 
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ɜܹɡ = ɇܪ ∙ ɩɨɞܤ ∙ ȼߛ = ʹ,ͷ ∙ ͵ͺ ∙ ͳͲ = ͻͷͲ ɤɇ,                                             ሺ͸.͹ͻሻ 
 

ɝɞɟ      ܪɇ – ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ; 
 .ɩɨɞ – ɲɢɪɢɧɚ ɩɨɞɨɲɜɵܤ 
 
6.4.4 ɋɢɥɚ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ 

ௗܪ  = ∇ɇɉɍ − ∇ɇȻ௠𝑖௡ = ͷͳ͸ − Ͷ͸͸,ͷ = Ͷͻ,ͷ ɦ.                                       ሺ͸.ͺͲሻ 
 
ɇɚ ɨɫɧɨɜɚɧɢɢ ɋɇɢɉɚ 2.06.06-85 ɉɥɨɬɢɧɵ ɛɟɬɨɧɧɵɟ ɢ ɠɟɥɟɡɨɛɟɬɨɧɧɵɟ: 
௔௦ܪ  = Ͳ,Ͷܪௗ = Ͳ,Ͷ ∙ Ͷͻ,ͷ = ͳͻ,ͺ ɦ.                                                                ሺ͸.ͺͳሻ 
ௗ௥ܪ  = Ͳ,ʹܪௗ = Ͳ,ʹ ∙ Ͷͻ,ͷ = ͻ,ͻ ɦ.                                                                  ሺ͸.ͺʹሻ 

 

ɮܹ = ܵɷɩ ∙ ȼߛ = ͵͹͵ ∙ ͳͲ = ͵͹͵Ͳ ɤɇ.                                                             ሺ͸.ͺ͵ሻ 
 

6.4.5 Ⱦɚɜɥɟɧɢɟ ɝɪɭɧɬɚ 
 

Ⱥɤɬɢɜɧɨɟ ɞɚɜɥɟɧɢɟ ɧɚɧɨɫɨɜ ɫɨ ɫɬɨɪɨɧɵ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

 ˓ː = ːߛ˅ˊ˅ ∙ ℎː ∙ gଶݐ ቀͶͷ − ߮ːʹቁ = ͳͲ ∙ ʹ ∙ ଶ݃ݐ (Ͷͷ − ʹͲʹ) == ͻ,ͺ  ˍ ʜ ˏଶ⁄ ,                                                                                                       ሺ͸.ͺͶሻ 
 

ɝɞɟ ːߛ˅ˊ˅ = ͳͲ ˍ ʜ ˏଷ⁄  – ɭɞɟɥɶɧɵɣ ɜɟɫ ɧɚɧɨɫɨɜ ɜɨ ɜɡɜɟɲɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ; ߮ː = ʹͲ – ɭɝɨɥ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ɧɚɧɨɫɨɜ; ℎː = ʹ ˏ – ɬɨɥɳɢɧɚ ɫɥɨɹ ɧɚɧɨɫɨɜ. 
 
Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɞɚɜɥɟɧɢɹ ɧɚɧɨɫɨɜ ɧɚ 1 ɩ.ɦ: 

ːܧ  = ˓ː ∙ ℎːʹ = ͻ,ͺ ∙ ʹʹ = ͻ,ͺ ˍʜ.                                                                        ሺ͸.ͺͷሻ 

 
ȼɡɜɟɲɟɧɧɵɣ ɭɞɟɥɶɧɵɣ ɜɟɫ ɝɥɢɧɵ: 
ߛ̂  ˎ˅́ ˅ = ߛ̂ ˎ − (ͳ − ݊ˆ˓൯ ∙ ௪ߛ = ͳ͹,ͷ − ሺͳ − Ͳ,Ͷͷሻ ∙ ͳͲ = ͳʹ ˍ ʜ ˏଷ,⁄     ሺ͸.ͺ͹ሻ 
 

ɝɞɟ ̂ߛ ˎ = ͳ͹,ͷ ˍ ʜ ˏଷ −⁄  ɭɞɟɥɶɧɵɣ ɜɟɫ ɝɥɢɧɵ; ݊ˆ˓ = Ͳ,Ͷͷ − ɩɨɪɢɫɬɨɫɬɶ ɝɪɭɧɬɚ. 
 
Ⱥɤɬɢɜɧɨɟ ɞɚɜɥɟɧɢɟ ɝɪɭɧɬɚ ɨɫɧɨɜɚɧɢɹ ɫɨ ɫɬɨɪɨɧɵ ȼȻ: 
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ଵ݌ = ɧߛ ∙ ℎɧ ∙ ଶ݃ݐ ቀͶͷ − ߮ɝɪʹ ቁ − ʹ ∙ ܿ ∙ ݃ݐ ቀͶͷ − ߮ɝɪʹ ቁ,                                   ሺ͸.ͺͺሻ 

ଵ݌  = ͳͲ ∙ ʹ ∙ ଶ݃ݐ (Ͷͷ − ͵͹ʹ) − ʹ ∙ ͳͳͲ ∙ ݃ݐ (Ͷͷ − ͵͹ʹ) = −ͳͲͷ ɤɇ/ɦଶ 

 
ȼ ɬɨɱɤɟ ɧɚ ɧɢɠɧɟɣ ɝɪɚɧɢɰɟ ɫɥɨɹ ɝɪɭɧɬɚ ɬɨɥɳɢɧɨɣ ℎɝɪ, ɝɞɟ ɞɟɣɫɬɜɭɟɬ ɜɟɫ 

ɧɚɧɨɫɨɜ ɢ ɜɟɫ ɝɪɭɧɬɚ, ɚɤɬɢɜɧɨɟ ɞɚɜɥɟɧɢɟ: 
ଶ݌  = ሺߛɧ ∙ ℎɧ + Ȗɝɪ ∙ ℎɝɪሻ ∙ ଶ݃ݐ ቀͶͷ − ߮ɝɪʹ ቁ − ʹ ∙ ܿ ∙ ݃ݐ ቀͶͷ − ߮ɝɪʹ ቁ             ሺ͸.ͺͻሻ 

ଶ݌  = ሺͳͲ ∙ ʹ + ͳͺ,Ͳͷ ∙ ʹሻ ∙ ଶ݃ݐ (Ͷͷ − ͵͹ʹ) − ʹ ∙ ͳͳͲ ∙ (Ͷͷ − ͵͹ʹ) = −ͻ͸ ɤɇ/ɦଶ,   
 
ɝɞɟ     Ȗɝɪ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 

Ȗɝɪ = Ȗɝɪ
ɫɭɯ − ሺͳ − nሻ ∙ Ȗɜ = ʹͺ − ሺͳ − Ͳ,ͲͲͷሻ ∙ ͳͲ = ͳͺ,Ͳͷ ɤɇ/ɦଷ;         ሺ͸.ͻͲሻ 

 
ɝɞɟ    n – ɩɨɪɢɫɬɨɫɬɶ ɫɭɯɨɝɨ ɝɪɭɧɬɚ, ɞɥɹ ɝɪɚɧɢɬɚ n = Ͳ,ͲͲͷ; 

c – ɫɰɟɩɥɟɧɢɟ ɝɪɭɧɬɚ, ɪɚɜɧɨɟ 110 ɤɉɚ. 
ɑɢɫɥɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɟɝɨ ɚɤɬɢɜɧɨɝɨ ɞɚɜɥɟɧɢɹ ɝɪɭɧɬɚ ɧɚ 1 

ɩ.ɦ: 
 

ȿɚ = ଵ݌ + ʹଶ݌ = −ͳͲͷ − ͻ͸ʹ = −ͳͲͳ ɤɇ,                                                        ሺ͸.ͻͳሻ 

 
Ɍɚɤ ɤɚɤ ɩɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɨɬɪɢɰɚɬɟɥɶɧɨ, ɬɨ ɚɤɬɢɜɧɨɟ ɞɚɜɥɟɧɢɟ ɝɪɭɧɬɚ 

ɧɚ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɟ ɫɨɨɪɭɠɟɧɢɟ ɨɬɫɭɬɫɬɜɭɟɬ. 
ɉɚɫɫɢɜɧɨɟ ɞɚɜɥɟɧɢɟ ɝɪɭɧɬɚ ɫɨ ɫɬɨɪɨɧɵ ɧɢɠɧɟɝɨ ɛɶɟɮɚ: 

ɝɪ݌  = ɝɪߛ ∙ ℎɝɪ ∙ ଶ݃ݐ ቀͶͷ + ߮ɝɪʹ ቁ + ʹ ∙ ܿ ∙ ݃ݐ ቀͶͷ + ߮ɝɪʹ ቁ,                               ሺ͸.ͻʹሻ 

ɝɪ݌  = ͳͺ,Ͳͷ ∙ ʹ ∙ ଶ݃ݐ (Ͷͷ + ͵͹ʹ) + ʹ ∙ ͳͳͲ ∙ ݃ݐ (Ͷͷ + ͵͹ʹ) = ͷͺ͸ ɤɇ/ɦଶ 

ɩɚɫܧ  = ɪɝɪ ∙ ℎɝɪʹ = ͷͺ͸ ∙ ʹʹ = ͷͺ͸ ɤɇ.                                                                ሺ͸.ͻ͵ሻ 
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6.4.6 ȼɨɥɧɨɜɨɟ ɞɚɜɥɟɧɢɟ 
 

Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɜɨɥɧɨɜɨɝɨ ɞɚɜɥɟɧɢɹ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ 
ɭɩɪɨɳɟɧɧɨ ɩɨ ɮɨɪɦɭɥɟ Ⱥ.Ʌ. Ɇɨɠɟɜɢɬɢɧɨɜɚ: 

 

ɜܹɨɥɧ = ͳʹ ɜߛ ∙ ℎଵ% ∙ ቆλୢߨ + ℎ଴ʹቇ,                                                                           ሺ͸.ͻͶሻ 

 

ɜܹɨɥɧ = ͳʹ ∙ ͳͲ ∙ ʹ,͵ͻ ∙ (ʹͷ,͵ߨ + Ͳ,͵ͻʹ ) = ͻͺ,͸ ɤɇ/ɦ. 
 
ɝɞɟ     ℎଵ% – ɜɵɫɨɬɚ ɜɨɥɧɵ 1% ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ, ℎଵ% = ʹ,͵ͻ ɦ; 

λୢ – ɫɪɟɞɧɹɹ ɞɥɢɧɚ ɜɨɥɧɵ, λୢ = ʹͷ,͵ ɦ; 
 

ℎ଴ = ߨ ∙ ℎଵ%ଶ
λୢ = ߨ ∙ ʹ,͵ͻଶʹͷ,͵ = Ͳ,͹ͳ ɦ,                                                                ሺ͸.ͻͷሻ 

 
ɉɥɟɱɨ ɫɢɥɵ ɜܹɨɥɧ ɨɬɧɨɫɢɬɟɥɶɧɨ ɭɪɨɜɧɹ ɩɨɤɨɹ ȼȻ: 
௖ݕ  = λୢʹߨ − ͵ͅ

ℎଵ% = ʹͷ,͵ʹߨ − ͵ͅ ∙ ʹ,͵ͻ = ͵,ͳ͵ ɦ.                                                ሺ͸.ͻ͸ሻ 

 

6.5 Ɉɰɟɧɤɚ ɩɪɨɱɧɨɫɬɢ ɩɥɨɬɢɧɵ 
 

Ɋɚɫɱɟɬ ɩɪɨɱɧɨɫɬɢ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ ɫɥɟɞɭɟɬ ɩɪɨɢɡɜɨɞɢɬɶ ɩɨ ɦɟɬɨɞɭ 
ɩɪɟɞɟɥɶɧɵɯ ɫɨɫɬɨɹɧɢɣ ɩɟɪɜɨɣ ɝɪɭɩɩɵ (ɩɨ ɧɟɩɪɢɝɨɞɧɨɫɬɢ ɤ ɷɤɫɩɥɭɚɬɚɰɢɢ). 
Ɋɚɫɱɟɬ ɩɪɨɢɡɜɨɞɢɬɫɹ ɛɟɡ ɭɱёɬɚ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ. Ⱦɥɹ ɨɰɟɧɤɢ 
ɩɪɨɱɧɨɫɬɢ ɩɥɨɬɢɧɵ ɜɜɨɞɹɬɫɹ ɤɪɢɬɟɪɢɢ ɩɪɨɱɧɨɫɬɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɟɡɭɥɶɬɚɬɟ 
ɪɚɫɱɟɬɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɧɚɩɪɹɠɟɧɢɹ ɜ ɩɥɨɬɢɧɟ, ɤɨɬɨɪɵɟ ɡɚɬɟɦ ɫɪɚɜɧɢɜɚɸɬɫɹ ɫ 
ɤɪɢɬɟɪɢɹɦɢ ɩɪɨɱɧɨɫɬɢ. 

ɂɫɯɨɞɹ ɢɡ ɩɪɚɤɬɢɱɟɫɤɢɯ ɫɨɨɛɪɚɠɟɧɢɣ ɜ ɪɚɫɱɟɬɟ ɩɥɨɬɢɧɵ ɫɠɢɦɚɸɳɢɟ 
ɧɚɩɪɹɠɟɧɢɹ ɩɪɢɧɢɦɚɸɬɫɹ ɫɨ ɡɧɚɤɨɦ «–», ɚ ɪɚɫɬɹɝɢɜɚɸɳɚɹ ɫɨ ɡɧɚɤɨɦ «+».  

Ⱦɥɹ ɭɞɨɛɫɬɜɚ ɪɚɫɱɟɬɨɜ ɫɨɫɬɚɜɥɹɟɬɫɹ ɬɚɛɥɢɰɚ 6.5, ɜ ɤɨɬɨɪɭɸ ɜɧɟɫɟɧɵ ɜɫɟ 
ɧɚɝɪɭɡɤɢ, ɭɦɧɨɠɟɧɧɵɟ ɧɚ ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ ɩɨ ɧɚɝɪɭɡɤɟ. 

Ɍɨɱɤɢ ɩɪɢɥɨɠɟɧɢɹ ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɢɯ ɫɢɥ ɪɚɫɫɱɢɬɚɧɵ ɫ ɩɨɦɨɳɶɸ 
ɩɪɨɝɪɚɦɦɵ AutoCAD. 

 
Ɍɚɛɥɢɰɚ 6.5 – Ɉɫɧɨɜɧɵɟ ɧɚɝɪɭɡɤɢ ɧɚ ɩɥɨɬɢɧɭ 

ɇɚɝɪɭɡɤɢ ߛ௙ ɇɚɩɪɚɜɥɟɧɢɟ 
ɫɢɥɵ 

ɋɢɥɚ, ɤɇ 
ɋɢɥɚ ߛ௙, 

ɤɇ 
ɉɥɟɱɨ, ɦ Ɇɨɦɟɧɬ, ɤɇ∙ɦ 

ȼܶȻ 1  13520 13520 17,35 234572,0 

ɇܶȻ 1  31,25 31,25 0,83 -25,9 ܩɩɥ 0,95  21282 20217,6 -6,91 -139703,6 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 6.5 ܩɛ 0,95  4581 4352,4 -8,19 -35646,2 

ɜܹɡ 1  950 950 0 0,0 

ɮܹ 1  3730 3730 8,43 31443,9 
ȿɧ 1,2  9,8 11,76 2,67 31,4 

ȿɩɚɫ 0,8  586 468,8 0,67 -314,1 

ɜܹɨɥɧ 1  98,6 98,6 48,9 4821,5 ݍɡ 0,9  30 27 21,5 -582,8 

 ∑ ܯ = ͻͶͷͻ͸  ˍʜ ∙ ˏ 

 ∑ ܰ = ˎ˒ܩ + ˄ܩ + ˊݍ − ܹ˅ ˊ − ˗ܹ = = ʹͲʹͳ͹,͸ + Ͷ͵ͷʹ,Ͷ + ʹ͹ − ͻͷͲ − ͵͹͵Ͳ = ͳͻͻͳ͹ ˍʜ                             ሺ͸.ͻ͹ሻ 

 
Ʉɪɚɟɜɵɟ ɧɚɩɪɹɠɟɧɢɹ ɞɥɹ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ: 
ɇɨɪɦɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɨ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦ ɩɥɨɳɚɞɤɚɦ: 
 𝜎௬௨ = − ˒ܤܰ + ͸ ∑ ˒ଶܤܯ = − ͳͻͻͳ͹͵ͺ + ͸ ∙ ͻͶͷͻ͸͵ͺଶ = −ͳ͵ͳ,ͳ ˍʞ˃,                   ሺ͸.ͻͺሻ 

 
ɝɞɟ ∑  .ɲɢɪɢɧɚ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ – ˒ܤ ;ɫɭɦɦɚ ɦɨɦɟɧɬɨɜ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɩɨɞɨɲɜɭ – ܯ
 

ɇɨɪɦɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɨ ɜɟɪɬɢɤɚɥɶɧɵɦ ɩɥɨɳɚɞɤɚɦ: 
 𝜎௫௨ = 𝜎௬௨ ∙ ݉௨ଶ − ௪ߛ ∙ ௗ௨ܪ ∙ ሺͳ − ݉௨ଶሻ = −ͳ͵ͳ,ͳ ∙ Ͳଶ − ͳͲ ∙ ͷʹ ∙ ሺͳ − Ͳଶሻ = = −ͷʹͲ ˍʞ˃,                                                                                                         ሺ͸.ͻͻሻ 
 

ɝɞɟ ݉௨ – ɡɚɥɨɠɟɧɢɟ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ ɧɚ ɭɪɨɜɧɟ ɪɚɫɱɟɬɧɨɝɨ ɫɟɱɟɧɢɹ; ܪௗ௨ – ɧɚɩɨɪ ɧɚɞ ɪɚɫɱɟɬɧɵɦ ɫɟɱɟɧɢɟɦ ɫɨ ɫɬɨɪɨɧɵ ȼȻ, ɦ; ߛ௪ – ɭɞɟɥɶɧɵɣ ɜɟɫ ɜɨɞɵ, ɤɇ/ɦ3. 
 
Ʉɚɫɚɬɟɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɭ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ: 
 ߬௫௬௨ = ௪ߛ) ∙ ௗ௨ܪ + 𝜎௬௨൯ ∙ ݉௨ = ሺͳͲ ∙ ͷʹ − ͳͶͷ,͸ሻ ∙ Ͳ = Ͳ ˍʞ˃.                ሺ͸.ͳͲͲሻ 
 
Ɇɚɤɫɢɦɚɥɶɧɵɟ ɪɚɫɬɹɝɢɜɚɸɳɢɟ ɝɥɚɜɧɵɟ ɧɚɩɪɹɠɟɧɢɹ: 
 𝜎ଵ௨ = 𝜎௬௨ ∙ ሺͳ + ݉௨ଶሻ + ௪ߛ ∙ ௗ௨ܪ ∙ ݉௨ଶ = −ͳ͵ͳ,ͳ ∙ ሺͳ + Ͳଶሻ + ͳͲ ∙ ͷʹ ∙ Ͳଶ = = −ͳ͵ͳ,ͳ ˍʞ˃.                                                                                                                ሺ͸.ͳͲͳሻ 
 
Ɇɚɤɫɢɦɚɥɶɧɵɟ ɫɠɢɦɚɸɳɢɟ ɝɥɚɜɧɵɟ ɧɚɩɪɹɠɟɧɢɹ: 
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𝜎ʖ௨ = ௪ߛ− ∙ ௗ௨ܪ = −ͳͲ ∙ ͷʹ = −ͷʹͲ ˍʞ˃.                                                    ሺ͸.ͳͲʹሻ 
 
Ʉɪɚɟɜɵɟ ɧɚɩɪɹɠɟɧɢɹ ɞɥɹ ɧɢɡɨɜɨɣ ɝɪɚɧɢ: 
ɇɨɪɦɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɨ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦ ɩɥɨɳɚɞɤɚɦ: 
 𝜎௬௧ = − ˒ܤܰ − ͸ ∑ ˒ଶܤܯ = − ͳͻͻͳ͹͵ͺ − ͸ ∙ ͻͶͷͻ͸͵ͺଶ = −ͻͳ͹,ʹˍʞ˃,                  ሺ͸.ͳͲ͵ሻ 

 
ɝɞɟ ∑  .ɲɢɪɢɧɚ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ; ܰ – ɫɭɦɦɚ ɜɟɪɬɢɤɚɥɶɧɵɯ ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɩɥɨɬɢɧɭ – ˒ܤ ;ɫɭɦɦɚ ɦɨɦɟɧɬɨɜ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɩɨɞɨɲɜɭ – ܯ

 
ɇɨɪɦɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɨ ɜɟɪɬɢɤɚɥɶɧɵɦ ɩɥɨɳɚɞɤɚɦ: 
 𝜎௫௧ = 𝜎௬௧ ∙ ݉௧ଶ − ௪ߛ ∙ ௗ௧ܪ ሺͳ − ݉௧ଶሻ = −ͻͳ͹,ʹ ∙ Ͳ,͸͹ଶ − ͳͲ ∙ ʹ,ͷ ∙ ሺͳ − Ͳ,͸͹ଶሻ == −Ͷʹͷ,ͷ ˍʞ˃;                                                                                                    ሺ͸.ͳͲͶሻ 
 

ɝɞɟ ݉௧ – ɡɚɥɨɠɟɧɢɟ ɧɢɡɨɜɨɣ ɝɪɚɧɢ ɧɚ ɭɪɨɜɧɟ ɪɚɫɱɟɬɧɨɝɨ ɫɟɱɟɧɢɹ; ܪௗ௧  – ɧɚɩɨɪ ɧɚɞ ɪɚɫɱɟɬɧɵɦ ɫɟɱɟɧɢɟɦ ɫɨ ɫɬɨɪɨɧɵ ɇȻ, ɦ; ߛ௪ – ɭɞɟɥɶɧɵɣ ɜɟɫ ɜɨɞɵ, ɤɇ/ɦ3. 
 
Ʉɚɫɚɬɟɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɭ ɧɢɡɨɜɨɣ ɝɪɚɧɢ: 
 ߬௫௬௧ = ௪ߛ)− ∙ ௗ௧ܪ + 𝜎௬௧൯ ∙ ݉௧ = −(ͳͲ ∙ ʹ,ͷ + ሺ−ͻͳ͹,͹ሻ൯ ∙ Ͳ,͸͹ == ͷͻ͹,ͺ ˍʞ˃.                                                                                                        ሺ͸.ͳͲͷሻ 

 
Ɇɚɤɫɢɦɚɥɶɧɵɟ ɫɠɢɦɚɸɳɢɟ ɝɥɚɜɧɵɟ ɧɚɩɪɹɠɟɧɢɹ: 
 𝜎ʖ௧ = 𝜎௬௧ሺͳ + ݉௧ଶሻ + ௪ߛ ∙ ௗ௧ܪ ∙ ݉௧ଶ − ͻͳ͹,ʹ ∙ ሺͳ + Ͳ,͸͹ଶሻ + ͳͲ ∙ ʹ,ͷ ∙ Ͳ,͸͹ଶ = = −ͳ͵ͳͺ ˍʞ˃.                                                                                                   ሺ͸.ͳͲ͸ሻ 
 
Ɇɚɤɫɢɦɚɥɶɧɵɟ ɪɚɫɬɹɝɢɜɚɸɳɢɟ ɝɥɚɜɧɵɟ ɧɚɩɪɹɠɟɧɢɹ: 
 𝜎ଵ௧ = ௪ߛ− ∙ ௗ௧ܪ = −ͳͲ ∙ ʹ,ͷ = −ʹͷ ˍʞ˃.                                                       ሺ͸.ͳͲ͹ሻ 
 
6.6 Ʉɪɢɬɟɪɢɢ ɩɪɨɱɧɨɫɬɢ ɩɥɨɬɢɧɵ ɢ ɟё ɨɫɧɨɜɚɧɢɹ 

 
ɇɚ ɞɚɧɧɨɦ ɷɬɚɩɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɪɨɜɟɪɤɚ ɪɚɫɱɟɬɨɜ ɧɚɩɪɹɠɟɧɢɣ ɞɥɹ 

ɨɫɧɨɜɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ ɢɫɯɨɞɹ ɢɡ ɫɥɟɞɭɸɳɢɯ ɭɫɥɨɜɢɣ: 
1. ȼɨ ɜɫɟɯ ɬɨɱɤɚɯ ɩɥɨɬɢɧɵ: 

௡ߛ   ∙ ௟௖ߛ ∙ |𝜎ଷ| ൑ ௖ߛ ∙ ܴ௕ ,                                                                                     ሺ͸.ͳͲͺሻ 
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ɝɞɟ ߛ௡ = ͳ,ʹͷ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ ɩɨ ɧɚɡɧɚɱɟɧɢɸ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɤɥɚɫɫɚ ɫɨɨɪɭɠɟɧɢɹ;  ߛ௟௖ = ͳ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ, ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɪɚɫɱёɬɧɨɝɨ 
ɫɥɭɱɚɹ [36]; ߛ௖ௗ = Ͳ,ͻ – ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ, ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ 
ɫɥɭɱɚɹ. 

 ܴ௕ ൒ ௡ߛ  ∙ ௟௖ߛ ∙ |𝜎ଷ|ߛ௖ = ͳ,ʹͷ ∙ Ͳ,ͻ ∙ ͳ͵ͳͺͳ = ͳͶͺʹ,ͺ ˍʜ/ˏଶ.                       ሺ͸.ͳͲͻሻ 

 
ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɢɡ [37] ɩɪɢɧɢɦɚɟɬɫɹ ɤɥɚɫɫ ɛɟɬɨɧɚ ȼ5 ɫ ɪɚɫɱɟɬɧɵɦ 

ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɛɟɬɨɧɚ ɧɚ ɫɠɚɬɢɟ ܴ௕ = ʹͺͲͲ ˍʜ/ˏʹ.  
2. ɇɚ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ ɧɟ ɞɨɥɠɧɨ ɛɵɬɶ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ: 

 𝜎௬௨ < Ͳ.                                                                                                                   ሺ͸.ͳͳͲሻ 
 
ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ 𝜎௬௨ = −ͳ͵ͳ,ͳ ˍʞ˃, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ. 
3. ȼ ɡɨɧɟ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ ɩɥɨɬɢɧɵ: 

 |𝜎௬௨| ൒ Ͳ,ʹͷ ∙ ௪ߛ ∙ ;ௗ௨ܪ                                                                                         ሺ͸.ͳͳͳሻ 
 |−ʹͳ͹,͸Ͳ| ൒ Ͳ,ʹͷ ∙ ͳͲ ∙ ͷʹ, ɬ.ɟ. ͳ͵ͳ,ͳ ˍʜ/ˏଶ ൒ ͳ͵Ͳ ˍʜ/ˏଶ, ɭɫɥɨɜɢɟ ɜɟɪɧɨ. 

 
6.7 Ɉɛɨɫɧɨɜɚɧɢɟ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɥɨɬɢɧɵ 
 
ɍɫɬɨɣɱɢɜɨɫɬɶ ɛɟɬɨɧɧɵɯ ɩɥɨɬɢɧ ɧɚ ɫɤɚɥɶɧɵɯ ɨɫɧɨɜɚɧɢɹɯ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɶɸ ɨɫɧɨɜɚɧɢɹ, ɬɨ ɟɫɬɶ ɟɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɫɞɜɢɝɭ 
ɫɨɨɪɭɠɟɧɢɹ. ɉɥɨɬɢɧɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɧɚ ɫɞɜɢɝ ɩɨ ɩɟɪɜɨɦɭ ɩɪɟɞɟɥɶɧɨɦɭ 
ɫɨɫɬɨɹɧɢɸ – ɩɨ ɩɨɬɟɪɟ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ. 

ɉɪɢ ɩɨɫɬɭɩɚɬɟɥɶɧɨɣ ɮɨɪɦɟ ɫɞɜɢɝɚ ɩɥɨɬɢɧɚ ɛɭɞɟɬ ɭɫɬɨɣɱɢɜɚ, ɟɫɥɢ 
ɜɵɩɨɥɧɹɟɬɫɹ ɭɫɥɨɜɢɟ:  
 ܴ ∙ ܨ௖ௗߛ ∙ ௟௖ߛ ൒ ௡ߛ ,                                                                                                          ሺ͸.ͳͳʹሻ 

 
ɝɞɟ ߛ௡ = ͳ,ʹͷ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ ɩɨ ɧɚɡɧɚɱɟɧɢɸ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɤɥɚɫɫɚ ɫɨɨɪɭɠɟɧɢɹ; ߛ௟௖ = ͳ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ, ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɪɚɫɱёɬɧɨɝɨ 
ɫɥɭɱɚɹ; ߛ௖ௗ = Ͳ,ͻͷ – ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ, ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ 
ɫɥɭɱɚɹ. 

 ܴ = ɛܩ) + ɩɥܩ − ɜܹɡɜ − ɮܹ + ɡ൯ݍ ∙ ߮݃ݐ + ȿɩɚɫ ∙ ′௖ߛ + ܿ ∙ = ɩܤ ሺͶ͵ͷʹ,Ͷ + ʹͲʹͳ͹,͸ − ͻͷͲ − ͵͹͵Ͳ + ʹ͹ሻ ∙ Ͳ,͹ͷ + Ͷ͸ͺ,ͺ ∙ Ͳ,͹ + ͳͳͲ ∙ ͵ͺ 
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= ͳͻͶͶ͸ɤɇ/ɦଶ ,                                                                                                        ሺ͸.ͳͳ͵ሻ 
 
ɝɞɟ ߮݃ݐ – ɬɚɧɝɟɧɫ ɭɝɥɚ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ɞɥɹ ɝɪɚɧɢɬɚ 0,75; ܿ – ɫɰɟɩɥɟɧɢɟ ɞɥɹ ɝɪɭɧɬɚ, 110 ɤɇ/ɦ2; ܤɩ – ɲɢɪɢɧɚ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ 38ɦ. 

ɋɞɜɢɝɚɸɳɚɹ ɫɢɥɚ: 
 F = ɜܶɛ − ɧܶɛ + ɜܹɨɥɧ + ɧܧ = ͳ͵ͷʹͲ − ͵ͳ,ʹͷ + ͻͺ,͸ + ͳͳ,͹͸ = = ͳ͵ͷͻͻ ɤɇ/ɦଶ.                                                                                                  ሺ͸.ͳͳͶሻ 
 ͳͻͶͶ͸ ∙ Ͳ,ͻͷͳ͵ͷͻͻ ∙ ͳ ൒ ͳ,ʹͷ                                                                                          ሺ͸.ͳͳͷሻ 

 ͳ,͵͸ > ͳ,ʹͷ, ɩɨɷɬɨɦɭ ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ. 
 

 



102 

7 ɉɨɠɚɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ. Ɉɯɪɚɧɚ ɬɪɭɞɚ 
 

7.1 Ȼɟɡɨɩɚɫɧɨɫɬɶ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ 
 

Ⱥɥɬɚɣɫɤɚɹ Ƚɗɋ ɫɨɝɥɚɫɧɨ ɩɪɨɟɤɬɭ ɨɬɧɨɫɢɬɫɹ ɤ ɩɟɪɜɨɦɭ ɤɥɚɫɫɭ ɩɨ 
ɤɚɩɢɬɚɥɶɧɨɫɬɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɨɞɧɨɣ ɢɡ 
ɜɚɠɧɟɣɲɢɯ ɡɚɞɚɱ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ ɫɥɭɠɛɵ ɹɜɥɹɟɬɫɹ ɨɛɟɫɩɟɱɟɧɢɟ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ.  

ȼɫɹ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɡɚ ɨɛɟɫɩɟɱɟɧɢɟ ɛɟɡɨɩɚɫɧɨɫɬɢ ɥɟɠɢɬ ɧɚ ɫɨɛɫɬɜɟɧɧɢɤɟ 
ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. Ⱦɥɹ ɤɨɧɬɪɨɥɹ ɫɨɫɬɨɹɧɢɹ ɨɫɧɨɜɧɵɯ ɫɨɨɪɭɠɟɧɢɣ 
Ⱥɥɬɚɣɫɤɨɣ Ƚɗɋ ɨɧɢ ɞɨɥɠɧɵ ɛɵɬɶ ɨɫɧɚɳɟɧɵ ɤɨɧɬɪɨɥɶɧɨ-ɢɡɦɟɪɢɬɟɥɶɧɨɣ 
ɚɩɩɚɪɚɬɭɪɨɣ (ɄɂȺ) ɞɥɹ ɨɬɫɥɟɠɢɜɚɧɢɹ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ 
ɫɨɫɬɨɹɧɢɹ, ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɢ ɜɟɪɬɢɤɚɥɶɧɵɯ ɩɟɪɟɦɟɳɟɧɢɣ, ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ 
ɪɟɠɢɦɚ, ɫɟɣɫɦɨɤɨɧɬɪɨɥɹ. Ɍɚɤɠɟ ɜ ɫɨɫɬɚɜ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɝɨ ɩɟɪɫɨɧɚɥɚ ɞɨɥɠɧɨ 
ɛɵɬɶ ɜɜɟɞɟɧɨ ɫɩɟɰɢɚɥɶɧɨɟ ɩɨɞɪɚɡɞɟɥɟɧɢɟ (ɫɥɭɠɛɚ ɦɨɧɢɬɨɪɢɧɝɚ), ɡɚɞɚɱɟɣ 
ɤɨɬɨɪɨɝɨ ɹɜɥɹɟɬɫɹ ɢɡɦɟɪɟɧɢɟ ɫ ɩɨɦɨɳɶɸ ɄɂȺ ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɩɨɤɚɡɚɬɟɥɟɣ, 
ɜɢɡɭɚɥɶɧɵɣ ɨɫɦɨɬɪ ɢ ɨɰɟɧɤɚ ɛɟɡɨɩɚɫɧɨɫɬɢ ȽɌɋ ɧɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɜɟɥɢɱɢɧ 
ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɩɨɤɚɡɚɬɟɥɟɣ. 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ Ɏɟɞɟɪɚɥɶɧɵɦ ɡɚɤɨɧɨɦ «Ɉ ɛɟɡɨɩɚɫɧɨɫɬɢ 
ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ» ɫɨɛɫɬɜɟɧɧɢɤ ȽɌɋ ɪɚɡɪɚɛɚɬɵɜɚɟɬ Ⱦɟɤɥɚɪɚɰɢɸ. 
Ⱦɟɤɥɚɪɚɰɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɜ ɤɨɬɨɪɨɣ ɨɛɨɫɧɨɜɵɜɚɟɬɫɹ ɛɟɡɨɩɚɫɧɨɫɬɶ ȽɌɋ, ɢɯ 
ɫɨɨɬɜɟɬɫɬɜɢɟ ɤɪɢɬɟɪɢɹɦ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɩɪɨɟɤɬɭ, ɞɟɣɫɬɜɭɸɳɢɦ ɧɨɪɦɚɦ ɢ 
ɩɪɚɜɢɥɚɦ, ɚ ɬɚɤɠɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɯɚɪɚɤɬɟɪ ɢ ɦɚɫɲɬɚɛɵ ɜɨɡɦɨɠɧɵɯ ɚɜɚɪɢɣɧɵɯ 
ɫɢɬɭɚɰɢɣ ɢ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɩɪɟɞɨɬɜɪɚɳɟɧɢɸ ɢ ɥɢɤɜɢɞɚɰɢɸ ɹɜɥɟɧɢɣ 
ɩɪɟɩɹɬɫɬɜɭɸɳɢɯ ɛɟɡɨɩɚɫɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ. 

 
7.2 Ɍɪɟɛɨɜɚɧɢɹ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ ɢ ɬɟɯɧɢɤɢ ɛɟɡɨɩɚɫɧɨɫɬɢ 
 
ɉɪɚɜɢɥɶɧɨ ɨɪɝɚɧɢɡɨɜɚɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɛɟɡɨɩɚɫɧɨɫɬɢ ɬɪɭɞɚ 

ɩɨɜɵɲɚɟɬ ɞɢɫɰɢɩɥɢɧɢɪɨɜɚɧɧɨɫɬɶ ɪɚɛɨɬɧɢɤɨɜ, ɱɬɨ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɜɟɞɟɬ ɤ 
ɩɨɜɵɲɟɧɢɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɬɪɭɞɚ, ɫɧɢɠɟɧɢɸ ɤɨɥɢɱɟɫɬɜɚ ɧɟɫɱɚɫɬɧɵɯ 
ɫɥɭɱɚɟɜ, ɩɨɥɨɦɨɤ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɢɧɵɯ ɧɟɲɬɚɬɧɵɯ ɫɢɬɭɚɰɢɣ, ɬɨ ɟɫɬɶ ɩɨɜɵɲɚɟɬ 
ɜ ɤɨɧɟɱɧɨɦ ɢɬɨɝɟ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɨɢɡɜɨɞɫɬɜɚ. ɍɩɪɚɜɥɟɧɢɟ ɨɯɪɚɧɨɣ ɬɪɭɞɚ ɜ 
ɨɪɝɚɧɢɡɚɰɢɢ ɨɫɭɳɟɫɬɜɥɹɟɬ ɟɟ ɬɟɯɧɢɱɟɫɤɢɣ ɪɭɤɨɜɨɞɢɬɟɥɶ. 

Ɉɞɧɨɣ ɢɡ ɨɫɧɨɜɧɵɯ ɡɚɞɚɱ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɛɟɡɨɩɚɫɧɵɯ ɭɫɥɨɜɢɣ ɬɪɭɞɚ ɧɚ 
Ⱥɥɬɚɣɫɤɨɣ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɹɜɥɹɟɬɫɹ ɫɨɡɞɚɧɢɟ ɫɬɪɭɤɬɭɪɧɨɝɨ 
ɩɨɞɪɚɡɞɟɥɟɧɢɹ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ ɢ ɬɟɯɧɢɤɟ ɛɟɡɨɩɚɫɧɨɫɬɢ.  

ɋɥɭɠɛɚ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ ɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɤɨɧɬɪɨɥɹ ɜɵɩɨɥɧɹɟɬ 
ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

– ɨɪɝɚɧɢɡɨɜɵɜɚɟɬ ɪɚɛɨɬɵ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ; 
– ɨɫɭɳɟɫɬɜɥɹɟɬ ɬɟɯɧɢɱɟɫɤɢɣ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɧɚɞɡɨɪ ɡɚ ɷɤɫɩɥɭɚɬɚɰɢɟɣ 

ɨɛɨɪɭɞɨɜɚɧɢɹ, ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ; 
– ɨɫɭɳɟɫɬɜɥɹɟɬ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɣ ɤɨɧɬɪɨɥɶ ɡɚ ɫɨɛɥɸɞɟɧɢɟɦ ɬɪɟɛɨɜɚɧɢɣ 

ɩɪɨɦɵɲɥɟɧɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɧɚ ɨɩɚɫɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɨɛɴɟɤɬɚɯ; 
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– ɨɫɭɳɟɫɬɜɥɹɟɬ ɤɨɧɬɪɨɥɶ ɡɚ ɨɪɝɚɧɢɡɚɰɢɟɣ ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɝɨ ɪɟɠɢɦɚ ɢ 
ɫɨɛɥɸɞɟɧɢɟɦ ɬɪɟɛɨɜɚɧɢɣ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ; 

– ɨɪɝɚɧɢɡɨɜɵɜɚɟɬ ɢ ɤɨɨɪɞɢɧɢɪɭɟɬ ɩɪɢɪɨɞɨɨɯɪɚɧɧɭɸ ɞɟɹɬɟɥɶɧɨɫɬɶ.  
Ⱦɥɹ ɜɫɟɯ ɪɚɛɨɬɧɢɤɨɜ ɫɬɚɧɰɢɢ ɪɚɡɪɚɛɚɬɵɜɚɸɬɫɹ ɞɨɥɠɧɨɫɬɧɵɟ ɢɧɫɬɪɭɤɰɢɢ 

ɢ ɢɧɫɬɪɭɤɰɢɢ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ. ȼɫɟ ɪɚɛɨɬɧɢɤɢ ɫɬɚɧɰɢɢ ɞɨɥɠɧɵ ɩɪɢ ɢɫɩɨɥɧɟɧɢɢ 
ɫɜɨɢɯ ɫɥɭɠɟɛɧɵɯ ɨɛɹɡɚɧɧɨɫɬɟɣ ɞɨɥɠɧɵ ɪɭɤɨɜɨɞɫɬɜɨɜɚɬɶɫɹ ɞɨɥɠɧɨɫɬɧɵɦɢ 
ɢɧɫɬɪɭɤɰɢɹɦɢ.  

ɇɚ Ⱥɥɬɚɣɫɤɨɣ Ƚɗɋ ɞɨɥɠɟɧ ɛɵɬɶ ɨɪɝɚɧɢɡɨɜɚɧ ɤɚɛɢɧɟɬ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ, 
ɹɜɥɹɸɳɢɣɫɹ ɨɪɝɚɧɢɡɚɰɢɨɧɧɵɦ ɢ ɭɱɟɛɧɨ-ɦɟɬɨɞɢɱɟɫɤɢɦ ɰɟɧɬɪɨɦ ɩɨ ɪɚɛɨɬɟ ɫ 
ɩɟɪɫɨɧɚɥɨɦ.  

Ɉɫɧɨɜɧɚɹ ɰɟɥɶ ɭɥɭɱɲɟɧɢɹ ɭɫɥɨɜɢɣ ɬɪɭɞɚ – ɨɛɟɫɩɟɱɟɧɢɟ ɛɟɡɨɩɚɫɧɨɫɬɢ 
ɬɪɭɞɚ, ɫɨɯɪɚɧɟɧɢɟ ɠɢɡɧɢ ɢ ɡɞɨɪɨɜɶɹ ɪɚɛɨɬɚɸɳɢɯ, ɫɨɤɪɚɳɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ 
ɧɟɫɱɚɫɬɧɵɯ ɫɥɭɱɚɟɜ ɢ ɡɚɛɨɥɟɜɚɧɢɣ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɟ.  

ɍɥɭɱɲɟɧɢɟ ɭɫɥɨɜɢɣ ɬɪɭɞɚ ɛɭɞɟɬ ɞɚɜɚɬɶ ɢ ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɪɟɡɭɥɶɬɚɬɵ: 
ɪɨɫɬ ɩɪɢɛɵɥɢ; ɫɨɤɪɚɳɟɧɢɟ ɡɚɬɪɚɬ, ɫɜɹɡɚɧɧɵɯ ɫ ɤɨɦɩɟɧɫɚɰɢɹɦɢ: ɡɚ ɪɚɛɨɬɭ ɫ 
ɜɪɟɞɧɵɦɢ ɢ ɬɹɠɟɥɵɦɢ ɭɫɥɨɜɢɹɦɢ ɬɪɭɞɚ, ɫ ɬɪɚɜɦɚɬɢɡɦɨɦ, ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɣ 
ɡɚɛɨɥɟɜɚɟɦɨɫɬɶɸ. Ɉɫɧɨɜɧɵɦ ɞɨɤɭɦɟɧɬɨɦ ɜ ɧɨɪɦɚɬɢɜɧɨ–ɬɟɯɧɢɱɟɫɤɨɣ 
ɞɨɤɭɦɟɧɬɚɰɢɢ ɹɜɥɹɟɬɫɹ ɧɨɪɦɚɬɢɜɧɵɣ ɚɤɬ «ɋɢɫɬɟɦɚ ɫɬɚɧɞɚɪɬɨɜ ɛɟɡɨɩɚɫɧɨɫɬɢ 
ɬɪɭɞɚ».  

ɉɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ Ƚɗɋ ɩɟɪɫɨɧɚɥ ɢ ɞɪɭɝɢɟ ɥɢɰɚ, 
ɡɚɧɹɬɵɟ ɬɟɯɧɢɱɟɫɤɢɦ ɨɛɫɥɭɠɢɜɚɧɢɟɦ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ, ɩɪɨɜɨɞɹɳɢɯ ɜ ɧɢɯ 
ɨɩɟɪɚɬɢɜɧɵɟ ɩɟɪɟɤɥɸɱɟɧɢɹ, ɨɪɝɚɧɢɡɭɸɳɢɯ ɢ ɜɵɩɨɥɧɹɸɳɢɯ ɫɬɪɨɢɬɟɥɶɧɵɟ, 
ɦɨɧɬɚɠɧɵɟ, ɧɚɥɚɞɨɱɧɵɟ, ɪɟɦɨɧɬɧɵɟ ɪɚɛɨɬɵ, ɢɫɩɵɬɚɧɢɹ ɢ ɢɡɦɟɪɟɧɢɹ, ɨɛɹɡɚɧɵ 
ɜɵɩɨɥɧɹɬɶ ɬɪɟɛɨɜɚɧɢɹ ɧɨɪɦ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɚ, ɞɟɣɫɬɜɭɸɳɢɯ ɜɜɟɞɟɧɧɵɯ 
ɭɩɨɥɧɨɦɨɱɟɧɧɵɦɢ ɨɪɝɚɧɚɦɢ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɜɥɚɫɬɢ ɩɪɚɜɢɥ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ 
(ɩɪɚɜɢɥ ɛɟɡɨɩɚɫɧɨɫɬɢ), ɫɬɚɧɞɚɪɬɨɜ ɨɪɝɚɧɢɡɚɰɢɢ (ɢɧɫɬɪɭɤɰɢɣ) Ƚɗɋ.  

Ʉɚɠɞɵɣ ɪɚɛɨɬɧɢɤ ɫɬɚɧɰɢɢ ɞɨɥɠɟɧ ɛɵɬɶ ɨɛɭɱɟɧ ɛɟɡɨɩɚɫɧɵɦ ɦɟɬɨɞɚɦ 
ɬɪɭɞɚ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ, ɚ ɬɚɤɠɟ ɩɨ ɷɥɟɤɬɪɨ-, 
ɩɨɠɚɪɨ-, ɜɡɪɵɜɨɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɬɟɯɧɢɱɟɫɤɢɯ ɪɚɛɨɬ, ɩɪɨɣɬɢ 
ɩɪɨɜɟɪɤɭ ɡɧɚɧɢɣ, ɪɚɛɨɬɧɢɤɭ, ɩɪɨɲɟɞɲɟɦɭ ɩɪɨɜɟɪɤɭ ɡɧɚɧɢɣ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ, 
ɜɵɞɚɟɬɫɹ ɭɞɨɫɬɨɜɟɪɟɧɢɟ ɨ ɩɪɨɜɟɪɤɟ ɡɧɚɧɢɣ.  

ɗɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ Ⱥɥɬɚɣɫɤɨɣ Ƚɗɋ ɞɨɥɠɧɵ ɛɵɬɶ ɭɤɨɦɩɥɟɤɬɨɜɚɧɵ 
ɢɫɩɵɬɚɧɧɵɦɢ, ɝɨɬɨɜɵɦɢ ɤ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɡɚɳɢɬɧɵɦɢ ɫɪɟɞɫɬɜɚɦɢ, ɚ ɬɚɤɠɟ 
ɫɪɟɞɫɬɜɚɦɢ ɨɤɚɡɚɧɢɹ ɩɟɪɜɨɣ ɦɟɞɢɰɢɧɫɤɨɣ ɩɨɦɨɳɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɞɟɣɫɬɜɭɸɳɢɦɢ ɩɪɚɜɢɥɚɦɢ ɢ ɧɨɪɦɚɦɢ.  

ȼɫɟ ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɱɚɫɬɢ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ ɢ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ, ɧɚ 
ɤɨɬɨɪɵɯ ɦɨɠɟɬ ɜɨɡɧɢɤɧɭɬɶ ɧɚɩɪɹɠɟɧɢɟ ɜɫɥɟɞɫɬɜɢɟ ɧɚɪɭɲɟɧɢɹ ɢɡɨɥɹɰɢɢ, 
ɞɨɥɠɧɵ ɛɵɬɶ ɡɚɧɭɥɟɧɵ. 

Ɉɪɝɚɧɢɡɚɰɢɨɧɧɵɦɢ ɦɟɪɨɩɪɢɹɬɢɹɦɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɦɢ ɛɟɡɨɩɚɫɧɨɫɬɶ 
ɪɚɛɨɬ ɜ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɚɯ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ, ɹɜɥɹɸɬɫɹ: 

– ɨɮɨɪɦɥɟɧɢɟ ɪɚɛɨɬ ɧɚɪɹɞɨɦ, ɪɚɫɩɨɪɹɠɟɧɢɟɦ ɢɥɢ ɩɟɪɟɱɧɟɦ ɪɚɛɨɬ, ɜ 
ɩɨɪɹɞɤɟ ɬɟɤɭɳɟɣ ɷɤɫɩɥɭɚɬɚɰɢɢ; 

– ɞɨɩɭɫɤ ɤ ɪɚɛɨɬɟ; 
– ɧɚɞɡɨɪ ɜɨ ɜɪɟɦɹ ɪɚɛɨɬɵ; 
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– ɨɮɨɪɦɥɟɧɢɟ ɩɟɪɟɪɵɜɚ ɜ ɪɚɛɨɬɟ, ɩɟɪɟɜɨɞɚ ɧɚ ɞɪɭɝɨɟ ɦɟɫɬɨ, ɨɤɨɧɱɚɧɢɹ 
ɪɚɛɨɬɵ. 

ɇɚ Ⱥɥɬɚɣɫɤɨɣ Ƚɗɋ ɞɨɥɠɧɵ ɛɵɬɶ ɪɚɡɪɚɛɨɬɚɧɵ ɢ ɞɨɜɟɞɟɧɵ ɞɨ ɫɜɟɞɟɧɢɹ 
ɜɫɟɝɨ ɩɟɪɫɨɧɚɥɚ ɛɟɡɨɩɚɫɧɵɟ ɦɚɪɲɪɭɬɵ ɫɥɟɞɨɜɚɧɢɹ ɩɨ ɬɟɪɪɢɬɨɪɢɢ ɤ ɦɟɫɬɭ 
ɪɚɛɨɬɵ, ɨɩɟɪɚɬɢɜɧɵɟ ɩɥɚɧɵ ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɢ ɷɜɚɤɭɚɰɢɢ ɥɸɞɟɣ ɧɚ ɫɥɭɱɚɣ 
ɩɨɠɚɪɚ ɢɥɢ ɚɜɚɪɢɣɧɨɣ ɫɢɬɭɚɰɢɢ. 

 
7.3 ɉɨɠɚɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ 

 
 Ƚɗɋ ɞɨɥɠɧɵ ɛɵɬɶ ɨɛɨɪɭɞɨɜɚɧɵ ɫɢɫɬɟɦɨɣ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ, 
ɧɚɩɪɚɜɥɟɧɧɨɣ ɧɚ ɩɪɟɞɨɬɜɪɚɳɟɧɢɟ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɥɸɞɟɣ ɨɩɚɫɧɵɯ ɮɚɤɬɨɪɨɜ 
ɩɨɠɚɪɚ. 

Ɋɭɤɨɜɨɞɢɬɟɥɶ Ƚɗɋ ɨɛɹɡɚɧ: 
 – ɨɪɝɚɧɢɡɨɜɚɬɶ ɢɡɭɱɟɧɢɟ ɢ ɜɵɩɨɥɧɟɧɢɟ ɩɪɚɜɢɥ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ 
ɜɫɟɦɢ ɪɚɛɨɬɧɢɤɚɦɢ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ; 
 – ɨɛɟɫɩɟɱɢɬɶ ɪɚɡɪɚɛɨɬɤɭ ɢ ɜɵɩɨɥɧɟɧɢɟ ɦɟɪɨɩɪɢɹɬɢɣ, ɧɚɩɪɚɜɥɟɧɧɵɯ ɧɚ 
ɩɨɜɵɲɟɧɢɟ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ; 

–ɭɫɬɚɧɨɜɢɬɶ ɩɪɨɬɢɜɨɩɨɠɚɪɧɵɣ ɪɟɠɢɦ ɧɚ ɬɟɪɪɢɬɨɪɢɢ, ɜ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ, ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɵɯ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɩɨɦɟɳɟɧɢɹɯ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɢɯ ɩɨɠɚɪɧɨɣ ɨɩɚɫɧɨɫɬɢ;  
 – ɭɫɬɚɧɨɜɢɬɶ ɩɨɪɹɞɨɤ ɪɟɝɭɥɹɪɧɨɣ ɩɪɨɜɟɪɤɢ ɫɨɫɬɨɹɧɢɹ ɩɨɠɚɪɧɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɢ Ƚɗɋ; 
 – ɧɚɡɧɚɱɢɬɶ ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɥɢɰ ɡɚ ɩɨɠɚɪɧɭɸ ɛɟɡɨɩɚɫɧɨɫɬɶ ɩɨ ɤɚɠɞɨɦɭ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɦɭ ɭɱɚɫɬɤɭ ɢ ɩɨɦɟɳɟɧɢɸ; 
 – ɨ ɤɚɠɞɨɦ ɩɨɠɚɪɟ ɫɨɨɛɳɚɬɶ ɜ ɦɟɫɬɧɵɟ ɨɪɝɚɧɵ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ, 
ɧɚɡɧɚɱɚɬɶ ɤɨɦɢɫɫɢɸ ɞɥɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɩɪɢɱɢɧ ɩɨɠɚɪɚ ɢ ɪɚɡɪɚɛɨɬɤɢ 
ɩɪɨɬɢɜɨɩɨɠɚɪɧɵɯ ɦɟɪɨɩɪɢɹɬɢɣ ɢ ɬ.ɞ.  
 Ɉɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɡɚ ɩɨɠɚɪɧɭɸ ɛɟɡɨɩɚɫɧɨɫɬɶ ɨɬɞɟɥɶɧɵɯ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɩɨɦɟɳɟɧɢɣ (ɫɨɨɪɭɠɟɧɢɣ) ɢ 
ɪɚɡɦɟɳɟɧɧɵɯ ɜ ɧɢɯ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɭɫɬɪɨɣɫɬɜ ɜɨɡɥɚɝɚɟɬɫɹ ɧɚ ɪɭɤɨɜɨɞɢɬɟɥɟɣ 
ɫɬɪɭɤɬɭɪɧɵɯ ɩɨɞɪɚɡɞɟɥɟɧɢɣ ɢɥɢ ɧɚ ɫɩɟɰɢɚɥɶɧɨ ɧɚɡɧɚɱɟɧɧɵɯ ɞɨɥɠɧɨɫɬɧɵɯ ɥɢɰ.  
 Ɋɭɤɨɜɨɞɢɬɟɥɢ ɫɬɪɭɤɬɭɪɧɵɯ ɩɨɞɪɚɡɞɟɥɟɧɢɣ ɨɬɜɟɬɫɬɜɟɧɧɵɟ ɡɚ ɩɨɠɚɪɧɭɸ 
ɛɟɡɨɩɚɫɧɨɫɬɶ, ɨɛɹɡɚɧɵ ɨɛɟɫɩɟɱɢɬɶ ɧɚ ɫɜɨɢɯ ɭɱɚɫɬɤɚɯ ɫɨɛɥɸɞɟɧɢɟ 
ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɝɨ ɪɟɠɢɦɚ ɢ ɜɵɩɨɥɧɟɧɢɟ ɦɟɪɨɩɪɢɹɬɢɣ, 
ɩɨɜɵɲɚɸɳɢɯ ɩɨɠɚɪɧɭɸ ɛɟɡɨɩɚɫɧɨɫɬɶ. 
 ȼ ɨɛɹɡɚɧɧɨɫɬɢ ɨɩɟɪɚɬɢɜɧɨɝɨ ɩɟɪɫɨɧɚɥɚ ɜɯɨɞɢɬ: ɩɪɢ ɜɨɡɧɢɤɧɨɜɟɧɢɢ 
ɩɨɠɚɪɚ, ɚɜɚɪɢɢ ɢɥɢ ɞɪɭɝɢɯ ɨɩɚɫɧɵɯ ɮɚɤɬɨɪɨɜ, ɭɝɪɨɠɚɸɳɢɯ ɩɟɪɫɨɧɚɥɭ ɢ 
ɧɚɪɭɲɚɸɳɢɯ ɪɟɠɢɦ ɪɚɛɨɬɵ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɩɪɢɧɹɬɶ ɦɟɪɵ ɤ ɧɟɦɟɞɥɟɧɧɨɦɭ 
ɜɵɡɨɜɭ ɩɨɠɚɪɧɵɯ ɩɨɞɪɚɡɞɟɥɟɧɢɣ, ɢɡɜɟɫɬɢɬɶ ɪɭɤɨɜɨɞɫɬɜɨ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, 
ɨɛɟɫɬɨɱɢɬɶ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɟ ɜ ɡɨɧɟ ɩɨɠɚɪɚ, ɜɵɞɚɬɶ ɩɢɫɶɦɟɧɧɵɣ ɞɨɩɭɫɤ 
ɞɥɹ ɬɭɲɟɧɢɹ ɩɨɠɚɪɚ, ɨɪɝɚɧɢɡɨɜɚɬɶ ɟɝɨ ɬɭɲɟɧɢɟ ɢ ɷɜɚɤɭɚɰɢɸ ɩɟɪɫɨɧɚɥɚ (ɩɪɢ 
ɧɟɨɛɯɨɞɢɦɨɫɬɢ), ɚ ɬɚɤɠɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɧɨɪɦɚɥɶɧɨɝɨ ɪɟɠɢɦɚ ɪɚɛɨɬɵ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɬ.ɞ.  

Ʉɚɠɞɵɣ ɪɚɛɨɬɚɸɳɢɣ ɧɚ Ƚɗɋ ɨɛɹɡɚɧ ɡɧɚɬɶ ɢ ɫɨɛɥɸɞɚɬɶ ɭɫɬɚɧɨɜɥɟɧɧɵɟ 
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 ɬɪɟɛɨɜɚɧɢɹ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɩɪɢ ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɩɨɠɚɪɚ 
ɧɟɦɟɞɥɟɧɧɨ ɫɨɨɛɳɢɬɶ ɜɵɲɟɫɬɨɹɳɟɦɭ ɪɭɤɨɜɨɞɢɬɟɥɸ ɢɥɢ ɨɩɟɪɚɬɢɜɧɨɦɭ 
ɩɟɪɫɨɧɚɥɭ ɨ ɦɟɫɬɟ ɩɨɠɚɪɚ, ɩɪɢɧɹɬɶ ɜɨɡɦɨɠɧɵɟ ɦɟɪɵ ɤ ɫɩɚɫɟɧɢɸ ɥɸɞɟɣ, 
ɢɦɭɳɟɫɬɜɚ ɢ ɩɪɢɫɬɭɩɢɬɶ ɤ ɥɢɤɜɢɞɚɰɢɢ ɩɨɠɚɪɚ ɢɦɟɸɳɢɦɢɫɹ ɫɪɟɞɫɬɜɚɦɢ 
ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɫ ɫɨɛɥɸɞɟɧɢɟɦ ɦɟɪ ɛɟɡɨɩɚɫɧɨɫɬɢ.  
 ȼɫɟ ɪɚɛɨɬɧɢɤɢ Ƚɗɋ ɞɨɥɠɧɵ ɩɪɨɯɨɞɢɬɶ ɩɨɞɝɨɬɨɜɤɭ ɩɨ ɩɨɠɚɪɧɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɢ.  

Ⱦɥɹ ɦɢɧɢɦɢɡɚɰɢɢ ɪɢɫɤɨɜ, ɫɜɹɡɚɧɧɵɯ ɫ ɩɨɠɚɪɚɦɢ ɧɚ ɩɪɨɟɤɬɢɪɭɟɦɨɣ 
Ⱥɥɬɚɣɫɤɨɣ Ƚɗɋ ɞɨɥɠɧɵ ɛɵɬɶ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɫɩɟɰɢɚɥɶɧɵɟ ɦɟɪɵ:  

 ɫɩɟɰɢɚɥɶɧɵɟ ɦɟɫɬɚ ɞɥɹ ɤɭɪɟɧɢɹ ɪɚɫɩɨɥɨɠɟɧɵ ɜ ɧɚɢɛɨɥɟɟ ɜɵɝɨɞɧɵɯ 
ɩɨɡɢɰɢɹɯ;  

 ɜɨ ɜɫɟɯ ɩɨɦɟɳɟɧɢɹɯ, ɫɤɥɚɞɚɯ, ɡɞɚɧɢɹɯ ɞɨɥɠɧɵ ɛɵɬɶ ɭɫɬɚɧɨɜɥɟɧɵ 
ɞɚɬɱɢɤɢ, ɪɟɚɝɢɪɭɸɳɢɟ ɧɚ ɡɚɞɵɦɥɟɧɢɟ ɢ ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ; 

  ɜɨ ɜɫɟɯ ɧɟɨɛɯɨɞɢɦɵɯ ɦɟɫɬɚɯ ɭɫɬɚɧɨɜɥɟɧɵ ɨɝɧɟɬɭɲɢɬɟɥɢ.  
ɇɚ ɝɟɧɟɪɚɬɨɪɚɯ Ƚɗɋ ɜ ɤɚɱɟɫɬɜɟ ɨɝɧɟɝɚɫɹɳɟɝɨ ɜɟɳɟɫɬɜɚ ɩɪɢɦɟɧɹɟɬɫɹ 

ɪɚɫɩɵɥɟɧɧɚɹ ɜɨɞɚ. ȼɛɥɢɡɢ ɥɨɛɨɜɵɯ ɱɚɫɬɟɣ ɝɢɞɪɨɚɝɪɟɝɚɬɚ ɪɚɡɦɟɳɚɸɬ 
ɞɪɟɧɱɟɪɧɵɟ ɤɨɥɶɰɟɜɵɟ ɬɪɭɛɨɩɪɨɜɨɞɵ. ȼɤɥɸɱɟɧɢɟ ɫɢɫɬɟɦ ɩɨɠɚɪɨɬɭɲɟɧɢɹ – 
ɚɜɬɨɦɚɬɢɱɟɫɤɨɟ, ɫ ɞɟɣɫɬɜɢɟɦ ɨɬ ɡɚɳɢɬ ɨɬ ɜɧɭɬɪɟɧɧɢɯ ɩɨɜɪɟɠɞɟɧɢɣ ɨɛɦɨɬɨɤ 
ɫɬɚɬɨɪɚ.  

Ɍɭɲɟɧɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɫ ɩɭɫɤɨɦ ɨɬ 
ɡɚɳɢɬ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. ɉɨ ɩɟɪɢɦɟɬɪɭ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɦɨɧɬɢɪɭɸɬɫɹ ɧɚ 
ɛɟɡɨɩɚɫɧɨɦ ɪɚɫɫɬɨɹɧɢɢ ɤɨɥɶɰɟɜɵɟ ɬɪɭɛɨɩɪɨɜɨɞɵ, ɧɚ ɤɨɬɨɪɵɯ ɜɟɪɬɢɤɚɥɶɧɨ 
ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɞɪɟɧɱɟɪɧɵɟ ɨɪɨɫɢɬɟɥɢ. ɉɪɟɞɭɫɦɨɬɪɟɧɵ ɫɩɟɰɢɚɥɶɧɨ 
ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɟɦɤɨɫɬɢ, ɤɭɞɚ ɛɭɞɟɬ ɫɥɢɜɚɬɶɫɹ ɜɨɞɧɨ-ɦɚɫɥɹɧɚɹ ɫɦɟɫɶ, 
ɨɛɪɚɡɭɸɳɚɹɫɹ ɜɨ ɜɪɟɦɹ ɬɭɲɟɧɢɹ ɩɨɠɚɪɚ. ȼ ɷɬɨɦ ɦɚɫɥɨɫɛɨɪɧɢɤɟ 
ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɭɫɬɪɨɣɫɬɜɨ ɞɥɹ ɪɚɡɞɟɥɟɧɢɹ ɜɨɞɵ ɢ ɦɚɫɥɚ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɨɛɧɚɪɭɠɟɧɢɹ, ɨɩɨɜɟɳɟɧɢɹ, ɬɭɲɟɧɢɹ ɢ ɥɨɤɚɥɢɡɚɰɢɢ 
ɩɨɠɚɪɚ ɜɧɭɬɪɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɨɦɟɳɟɧɢɣ ɫ ɩɨɜɵɲɟɧɧɨɣ ɩɨɠɚɪɧɨɣ 
ɨɩɚɫɧɨɫɬɶɸ ɧɚ Ⱥɥɬɚɣɫɤɨɣ Ƚɗɋ ɛɭɞɟɬ ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɫɢɫɬɟɦɚ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 
ɩɨɠɚɪɨɬɭɲɟɧɢɹ.  
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8 Ɉɯɪɚɧɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ 
 
Ɉɛɳɚɹ ɩɥɨɳɚɞɶ ɡɟɦɟɥɶ ɩɪɢɪɨɞɧɨɝɨ ɮɨɧɞɚ Ɋɟɫɩɭɛɥɢɤɢ 

Ⱥɥɬɚɣ ɫɨɫɬɚɜɥɹɟɬ 22% ɨɬ ɜɫɟɣ ɬɟɪɪɢɬɨɪɢɢ ɪɟɫɩɭɛɥɢɤɢ. Ƚɨɪɧɵɟ 
ɬɟɪɪɢɬɨɪɢɢ Ɋɟɫɩɭɛɥɢɤɢ Ⱥɥɬɚɣ ɨɛɥɚɞɚɸɬ ɨɫɨɛɨ ɰɟɧɧɵɦɢ ɛɢɨɬɢɱɟɫɤɢɦɢ, 
ɦɢɧɟɪɚɥɶɧɵɦɢ, ɪɟɤɪɟɚɰɢɨɧɧɵɦɢ ɢ ɨɡɞɨɪɨɜɢɬɟɥɶɧɵɦɢ ɪɟɫɭɪɫɚɦɢ. 

ȼ ɪɚɣɨɧɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ Ⱥɥɬɚɣɫɤɨɣ Ƚɗɋ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɞɜɟ ɨɫɨɛɨ 
ɨɯɪɚɧɹɟɦɵɟ ɩɪɢɪɨɞɧɵɟ ɬɟɪɪɢɬɨɪɢɢ ɮɟɞɟɪɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ: Ⱥɥɬɚɣɫɤɢɣ ɢ 
Ʉɚɬɭɧɫɤɢɣ ɡɚɩɨɜɟɞɧɢɤɢ. 

Ɍɟɪɪɢɬɨɪɢɢ ɡɚɩɨɜɟɞɧɢɤɚ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɧɚ ɪɢɫɭɧɤɟ 8.1, ɩɨɤɪɵɬɵ 
ɫɨɫɧɨɜɵɦɢ, ɛɟɪɟɡɨɜɵɦɢ ɢ ɟɥɨɜɵɦɢ ɥɟɫɚɦɢ. ɋɨɱɟɬɚɧɢɟ ɡɚɩɨɜɟɞɧɨɝɨ ɪɟɠɢɦɚ ɢ 
ɛɥɚɝɨɩɪɢɹɬɧɵɯ ɩɪɢɪɨɞɧɵɯ ɭɫɥɨɜɢɣ ɫɩɨɫɨɛɫɬɜɭɟɬ ɨɛɪɚɡɨɜɚɧɢɸ ɭɧɢɤɚɥɶɧɵɯ 
ɩɨɩɭɥɹɰɢɣ ɪɟɞɤɢɯ ɜɢɞɨɜ ɩɬɢɰ (ɫɤɨɩɚ, ɨɪɥɚɧ – ɛɟɥɨɯɜɨɫɬ).   

  

 
Ɋɢɫɭɧɨɤ 8.1 – Ʉɚɪɬɚ ɨɫɨɛɨ ɨɯɪɚɧɹɟɦɵɯ ɬɟɪɪɢɬɨɪɢɣ Ɋɟɫɩɭɛɥɢɤɢ Ⱥɥɬɚɣ 
 
ɇɚ ɬɟɪɪɢɬɨɪɢɢ ɡɚɩɨɜɟɞɧɢɤɨɜ ɨɛɢɬɚɟɬ 59 ɪɟɞɤɢɯ ɢ ɢɫɱɟɡɚɸɳɢɯ ɜɢɞɨɜ 

ɠɢɜɨɬɧɵɯ, ɱɬɨ ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 52 % ɨɬ ɜɫɟɯ ɨɯɪɚɧɹɟɦɵɯ ɜ Ɋɟɫɩɭɛɥɢɤɟ Ⱥɥɬɚɣ. 
Ɇɥɟɤɨɩɢɬɚɸɳɢɯ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɡɚɩɨɜɟɞɧɢɤɨɜ ɨɛɢɬɚɟɬ 70 ɜɢɞɨɜ. ɂɡ ɧɢɯ 

ɞɜɚ ɜɢɞɚ ɡɚɧɟɫɟɧɵ ɜ ɦɟɠɞɭɧɚɪɨɞɧɭɸ Ʉɪɚɫɧɭɸ ɤɧɢɝɭ (ɆɋɈɉ) — ɋɧɟɠɧɵɣ 
ɛɚɪɫ, Ⱥɥɬɚɣɫɤɢɣ ɝɨɪɧɵɣ ɛɚɪɚɧ, ɋɢɛɢɪɫɤɚɹ ɤɚɛɚɪɝɚ. ȼ Ʉɪɚɫɧɭɸ ɤɧɢɝɭ Ɋɨɫɫɢɢ 
ɡɚɧɟɫɟɧ ɫɟɜɟɪɧɵɣ ɨɥɟɧɶ (ɥɟɫɧɨɣ ɩɨɞɜɢɞ). 
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ȼ ɡɚɩɨɜɟɞɧɢɤɚɯ ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɜɵɫɨɤɚɹ ɩɥɨɬɧɨɫɬɶ ɩɨɩɭɥɹɰɢɣ ɥɨɫɹ, 
ɤɚɛɚɧɚ, ɦɟɞɜɟɞɹ, ɛɨɛɪɚ, ɜɵɞɪɵ, ɤɭɧɢɰɵ, ɝɥɭɯɚɪɹ, ɬɟɬɟɪɟɜɚ, ɪɹɛɱɢɤɚ ɢ ɞɪɭɝɢɯ 
ɠɢɜɨɬɧɵɯ. ɉɪɨɢɫɯɨɞɢɬ ɩɨɫɬɨɹɧɧɨɟ ɪɚɫɫɟɥɟɧɢɟ ɨɯɨɬɧɢɱɶɢɯ ɢ ɤɪɚɫɧɨɤɧɢɠɧɵɯ 
ɜɢɞɨɜ ɠɢɜɨɬɧɵɯ ɧɚ ɫɨɩɪɟɞɟɥɶɧɵɟ ɬɟɪɪɢɬɨɪɢɢ. ȼɫɟɝɨ ɜ ɡɚɩɨɜɟɞɧɢɤɟ 
ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɨ 23 ɜɢɞɚ ɪɟɞɤɢɯ ɢ ɡɚɧɟɫɟɧɧɵɯ ɜ Ʉɪɚɫɧɭɸ ɤɧɢɝɭ Ɋɨɫɫɢɣɫɤɨɣ 
Ɏɟɞɟɪɚɰɢɢ ɡɜɟɪɟɣ ɢ ɩɬɢɰ, ɜ ɬɨɦ ɱɢɫɥɟ 16 ɜɢɞɨɜ ɩɬɢɰ (ɫɤɨɩɚ, ɨɪɥɚɧ-ɛɟɥɨɯɜɨɫɬ, 
ɛɟɪɤɭɬ, ɮɢɥɢɧ, ɛɟɥɚɹ ɤɭɪɨɩɚɬɤɚ ɢ ɞɪɭɝɢɟ).  

ɇɚ ɬɟɪɪɢɬɨɪɢɢ ɡɚɩɨɜɟɞɧɢɤɨɜ ɫɭɳɟɫɬɜɭɟɬ 1500 ɜɢɞɨɜ ɜɵɫɲɢɯ ɫɨɫɭɞɢɫɬɵɯ 
ɪɚɫɬɟɧɢɣ, ɢɡ ɤɨɬɨɪɵɯ 22 ɜɢɞɚ ɡɚɧɟɫɟɧɵ ɜ Ʉɪɚɫɧɭɸ ɤɧɢɝɭ Ɋɨɫɫɢɣɫɤɨɣ 
Ɏɟɞɟɪɚɰɢɢ.  

ɉɨɜɫɸɞɭ ɜ ɝɨɪɚɯ ɪɨɞɧɢɤɢ, ɪɭɱɶɢ ɫ ɱɢɫɬɟɣɲɟɣ, ɜɤɭɫɧɨɣ ɢ ɯɨɥɨɞɧɨɣ ɜɨɞɨɣ. 
ɇɚ ɜɨɞɨɪɚɡɞɟɥɶɧɵɯ ɩɥɚɬɨ ɨɛɵɱɧɵ ɜɵɫɨɤɨɝɨɪɧɵɟ ɨɡɟɪɚ. ɋɚɦɨɟ ɛɨɥɶɲɨɟ ɢɡ ɧɢɯ 
— Ⱦɠɭɥɭɤɭɥɶ, ɞɥɢɧɧɨɣ ɛɨɥɟɟ 10 ɤɢɥɨɦɟɬɪɨɜ; ɨɧɨ ɧɚɯɨɞɢɬɫɹ ɜ ɢɫɬɨɤɚɯ 
ɑɭɥɵɲɦɚɧɚ, ɧɚ ɜɵɫɨɬɟ 2200 ɦɟɬɪɨɜ. Ɉɡɟɪɨ Ⱦɠɭɥɭɤɭɥɶ — ɭɧɢɤɚɥɶɧɵɣ ɜɨɞɨɟɦ 
Ⱥɥɬɚɣɫɤɨɝɨ ɡɚɩɨɜɟɞɧɢɤɚ, ɦɟɫɬɨ ɨɛɢɬɚɧɢɹ, ɝɧɟɡɞɨɜɶɹ ɪɚɡɧɨɨɛɪɚɡɧɵɯ 
ɩɪɟɞɫɬɚɜɢɬɟɥɟɣ ɦɢɪɚ ɩɟɪɧɚɬɵɯ, ɦɟɫɬɨ ɧɟɪɟɫɬɚ ɰɟɧɧɟɣɲɢɯ ɩɨɪɨɞ ɪɵɛ Ƚɨɪɧɨɝɨ 
Ⱥɥɬɚɹ. ȼɫɟ ɜɵɫɨɤɨɝɨɪɧɵɟ ɨɡɟɪɚ Ⱥɥɬɚɣɫɤɨɝɨ ɡɚɩɨɜɟɞɧɢɤɚ (ɡɚɧɢɦɚɸɬ ɜ ɰɟɥɨɦ 
ɩɥɨɳɚɞɶ ɜ 15 ɬɵɫ. ɤɦ2) ɨɱɟɧɶ ɤɪɚɫɢɜɵ, ɫ ɢɡɭɦɪɭɞɧɨ-ɝɨɥɭɛɨɣ ɩɪɨɡɪɚɱɧɨɣ ɜɨɞɨɣ, 
ɠɢɜɨɩɢɫɧɵɦɢ ɛɟɪɟɝɚɦɢ. 

ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦɢ ɞɪɟɜɟɫɧɵɦɢ ɩɨɪɨɞɚɦɢ ɜ Ⱥɥɬɚɣɫɤɨɦ 
ɡɚɩɨɜɟɞɧɢɤɟ ɹɜɥɹɸɬɫɹ: ɤɟɞɪ, ɩɢɯɬɚ, ɥɢɫɬɜɟɧɧɢɰɚ, ɟɥɶ, ɫɨɫɧɚ, ɛɟɪɟɡɚ. ɑɢɫɬɵɟ 
ɤɟɞɪɨɜɵɟ ɜɵɫɨɤɨɝɨɪɧɵɟ ɥɟɫɚ — ɝɨɪɞɨɫɬɶ ɡɚɩɨɜɟɞɧɢɤɚ. Ʉɟɞɪɵ ɡɞɟɫɶ ɞɨɫɬɢɝɚɸɬ 
1,8 ɦɟɬɪɚ ɜ ɞɢɚɦɟɬɪɟ ɢ ɜɨɡɪɚɫɬɚ 400—450 ɥɟɬ. ȼ ɰɟɥɨɦ ɛɨɝɚɬɚɹ ɢ ɪɚɡɧɨɨɛɪɚɡɧɚɹ 
ɮɥɨɪɚ ɡɚɩɨɜɟɞɧɢɤɚ ɧɚɫɱɢɬɵɜɚɟɬ 1500 ɜɢɞɨɜ ɜɵɫɲɢɯ ɫɨɫɭɞɢɫɬɵɯ ɪɚɫɬɟɧɢɣ, 
ɝɪɢɛɨɜ — 136 ɜɢɞɨɜ ɢ 272 ɜɢɞɚ ɥɢɲɚɣɧɢɤɨɜ. ȼɨɞɨɪɨɫɥɟɣ ɜ ɡɚɩɨɜɟɞɧɢɤɟ 
ɢɡɜɟɫɬɧɨ 668 ɜɢɞɨɜ, ɢɡ ɥɢɲɚɣɧɢɤɨɜ ɞɟɜɹɬɶ ɜɢɞɨɜ ɜɤɥɸɱɟɧɵ ɜ Ʉɪɚɫɧɭɸ ɤɧɢɝɭ 
Ɋɨɫɫɢɢ: ɥɨɛɚɪɢɹ ɥɟɝɨɱɧɚɹ, ɥɨɛɚɪɢɹ ɫɟɬɱɚɬɚɹ, ɫɬɢɤɬɚ ɨɤɚɣɦɥɟɧɧɚɹ ɢ ɞɪ.. ȼɢɞɨɜɨɣ 
ɫɨɫɬɚɜ ɪɚɫɬɟɧɢɣ ɢ ɠɢɜɨɬɧɵɯ ɢɧɬɟɪɟɫɟɧ ɫɜɨɢɦ ɦɧɨɝɨɨɛɪɚɡɢɟɦ. 

ȼɨɡɞɟɣɫɬɜɢɟ Ⱥɥɬɚɣɫɤɨɣ Ƚɗɋ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɛɭɞɟɬ ɨɤɚɡɵɜɚɬɶɫɹ 
ɤɚɤ ɜ ɩɟɪɢɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ, ɬɚɤ ɢ ɜ ɩɟɪɢɨɞ ɞɚɥɶɧɟɣɲɟɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɫɬɚɧɰɢɢ. 

ȼɨɡɞɟɣɫɬɜɢɟ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɜ ɩɟɪɢɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɛɭɞɟɬ ɫɜɹɡɚɧɨ 
ɫ ɩɪɨɜɟɞɟɧɢɟɦ ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɚɛɨɬ, ɩɟɪɟɞɜɢɠɟɧɢɟɦ 
ɚɜɬɨɬɪɚɧɫɩɨɪɬɚ, ɨɪɝɚɧɢɡɚɰɢɟɣ ɢɧɠɟɧɟɪɧɵɯ ɤɨɦɦɭɧɢɤɚɰɢɣ, ɨɬɜɚɥɨɜ, Ʌɗɉ, 
ɠɢɥɵɯ ɩɨɫёɥɤɨɜ ɢ ɩɪɨɱɟɟ. Ɍɚɤɠɟ ɜɨɡɞɟɣɫɬɜɢɟ ɛɭɞɟɬ ɜɵɡɜɚɧɨ ɜɵɩɨɥɧɟɧɢɟɦ 
ɪɚɛɨɬ ɩɨ ɨɫɧɨɜɧɵɦ ɫɨɨɪɭɠɟɧɢɹɦ ɝɢɞɪɨɭɡɥɚ, ɫ ɩɨɞɝɨɬɨɜɤɨɣ ɥɨɠɚ 
ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɢ ɜɵɩɨɥɧɟɧɢɟɦ ɡɚɳɢɬɧɵɯ ɫɨɨɪɭɠɟɧɢɣ, ɜɤɥɸɱɚɹ 
ɛɟɪɟɝɨɭɤɪɟɩɥɟɧɢɟ, ɫ ɜɨɡɜɟɞɟɧɢɟɦ ɞɚɦɛ, ɫ ɩɨɷɬɚɩɧɵɦ ɡɚɩɨɥɧɟɧɢɟɦ 
ɜɨɞɨɯɪɚɧɢɥɢɳɚ.  

ɉɨɷɬɨɦɭ ɤ ɧɚɢɛɨɥɟɟ ɡɧɚɱɢɦɵɦ ɷɤɨɥɨɝɢɱɟɫɤɢɦ ɡɚɞɚɱɚɦ ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ 
ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ Ⱥɥɬɚɣɫɤɨɣ Ƚɗɋ ɨɬɧɨɫɹɬɫɹ: 

– ɫɨɡɞɚɧɢɟ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɢ ɫɜɹɡɚɧɧɵɟ ɫ ɷɬɢɦ ɬɪɚɧɫɮɨɪɦɚɰɢɹ 
ɥɚɧɞɲɚɮɬɨɜ, ɤɥɢɦɚɬɢɱɟɫɤɢɟ ɢɡɦɟɧɟɧɢɹ ɢ ɩɪ.; 

– ɩɨɞɝɨɬɨɜɤɚ ɥɨɠɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ, ɜ ɬɨɦ ɱɢɫɥɟ, ɫɜɨɞɤɚ ɥɟɫɚ ɢ ɫɚɧɚɰɢɹ 
ɬɟɪɪɢɬɨɪɢɢ; 

– ɫɛɪɨɫɵ Ƚɗɋ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɫɜɹɡɚɧɧɵɟ ɫ ɷɬɢɦ ɢɡɦɟɧɟɧɢɹ, 

https://ru.wikipedia.org/wiki/%D0%9A%D1%80%D0%B0%D1%81%D0%BD%D0%B0%D1%8F_%D0%BA%D0%BD%D0%B8%D0%B3%D0%B0_%D0%A0%D0%BE%D1%81%D1%81%D0%B8%D0%B8
https://ru.wikipedia.org/wiki/%D0%9A%D1%80%D0%B0%D1%81%D0%BD%D0%B0%D1%8F_%D0%BA%D0%BD%D0%B8%D0%B3%D0%B0_%D0%A0%D0%BE%D1%81%D1%81%D0%B8%D0%B8
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ɝɢɞɪɨɥɨɝɢɱɟɫɤɨɝɨ, ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɢ ɥɟɞɨɜɨɝɨ ɪɟɠɢɦɚ ɪɟɤɢ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ 
ɝɢɞɪɨɭɡɥɚ; 

– ɜɵɛɪɨɫɵ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɭ ɧɚ ɷɬɚɩɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ 
ɷɤɫɩɥɭɚɬɚɰɢɢ; 

– ɨɛɪɚɡɨɜɚɧɢɟ ɢ ɭɩɪɚɜɥɟɧɢɟ ɨɬɯɨɞɚɦɢ ɧɚ ɫɬɚɞɢɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ 
ɷɤɫɩɥɭɚɬɚɰɢɢ; 

– ɩɟɪɟɫɟɥɟɧɢɟ ɧɚɫɟɥɟɧɢɹ ɢɡ ɡɨɧɵ ɡɚɬɨɩɥɟɧɢɹ. 
ɉɪɢɪɨɞɨɨɯɪɚɧɧɵɟ ɦɟɪɨɩɪɢɹɬɢɹ ɦɨɠɧɨ ɪɚɡɛɢɬɶ ɧɚ ɬɪɢ ɝɪɭɩɩɵ: 
1) Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɩɨɞɝɨɬɨɜɤɟ ɡɨɧɵ ɜɨɞɨɯɪɚɧɢɥɢɳɚ; 
2) ɋɨɡɞɚɧɢɟ ɜɨɞɨɨɯɪɚɧɧɨɣ ɡɨɧɵ ɜɨɤɪɭɝ ɜɨɞɨɯɪɚɧɢɥɢɳɚ; 
3) ȼɨɞɨɨɯɪɚɧɧɵɟ ɦɟɪɨɩɪɢɹɬɢɹ ɧɚ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɜ ɩɟɪɢɨɞ 

ɷɤɫɩɥɭɚɬɚɰɢɢ. 
 
8.1 Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɩɨɞɝɨɬɨɜɤɟ ɡɨɧɵ ɜɨɞɨɯɪɚɧɢɥɢɳɚ 
 
ɉɪɨɟɤɬɢɪɭɟɦɚɹ Ⱥɥɬɚɣɫɤɚɹ Ƚɗɋ ɪɚɫɩɨɥɨɠɟɧɚ ɧɚ ɬɟɪɪɢɬɨɪɢɢ Ɋɟɫɩɭɛɥɢɤɢ 

Ⱥɥɬɚɣ. ȼ ɩɪɢɥɟɠɚɳɢɯ ɤ ɦɟɫɬɭ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɪɚɣɨɧɚɯ 
ɧɚɯɨɞɹɬɫɹ ɩɨɫёɥɤɢ ɑɭɥɵɦ, ɗɥɟɤɦɨɧɚɪ, Ⱥɧɨɫ, ɍɡɧɟɡɹ ɢ ɝ.ɑɟɦɚɥ. 

ɉɥɨɳɚɞɶ ɡɚɬɨɩɥɟɧɢɹ ɬɟɪɪɢɬɨɪɢɢ ɞɥɹ ɫɨɡɞɚɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɪɚɜɧɚ ͳʹ ɤɦଶ. ɇɚ ɬɟɪɪɢɬɨɪɢɢ ɡɚɬɨɩɥɟɧɢɹ ɨɬɫɭɬɫɬɜɭɸɬ ɜɚɠɧɵɟ ɷɤɨɧɨɦɢɱɟɫɤɢɟ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɫɨɰɢɚɥɶɧɨ–ɤɭɥɶɬɭɪɧɵɟ ɨɛɴɟɤɬɵ. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɟ ɩɪɢɪɨɞɧɵɟ ɡɚɩɨɜɟɞɧɢɤɢ ɧɟ 
ɩɨɩɚɞɚɸɬ ɜ ɡɨɧɭ ɡɚɬɨɩɥɟɧɢɹ. 

ȼ ɤɨɦɩɥɟɤɫ ɦɟɪɨɩɪɢɹɬɢɣ ɫɚɧɢɬɚɪɧɨɣ ɩɨɞɝɨɬɨɜɤɢ ɬɟɪɪɢɬɨɪɢɢ ɜɯɨɞɹɬ: 
 – ɫɚɧɢɬɚɪɧɚɹ ɨɱɢɫɬɤɚ ɬɟɪɪɢɬɨɪɢɣ ɧɚɫɟɥɟɧɧɵɯ ɩɭɧɤɬɨɜ; 
 – ɜɵɧɨɫ ɩɪɟɞɩɪɢɹɬɢɣ, ɫɧɨɫ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ ɢɡ ɡɨɧɵ ɡɚɬɨɩɥɟɧɢɹ; 
 – ɫɚɧɢɬɚɪɧɚɹ ɨɱɢɫɬɤɚ ɢ ɞɪɭɝɢɟ ɦɟɪɨɩɪɢɹɬɢɹ ɜ ɦɟɫɬɚɯ ɡɚɯɨɪɨɧɟɧɢɣ ɢ 
ɫɤɨɬɨɦɨɝɢɥɶɧɢɤɨɜ; 
 – ɦɨɧɢɬɨɪɢɧɝ ɜɨɞɨɨɯɪɚɧɧɵɯ ɡɨɧ; 
 – ɨɱɢɫɬɤɚ ɨɬ ɞɪɟɜɟɫɧɨɣ ɢ ɤɭɫɬɚɪɧɢɤɨɜɨɣ ɪɚɫɬɢɬɟɥɶɧɨɫɬɢ. 
 ȼ ɧɚɫɟɥɟɧɧɵɯ ɩɭɧɤɬɚɯ ɧɟɱɢɫɬɨɬɵ ɨɬ ɞɟɣɫɬɜɭɸɳɢɯ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɢ 
ɨɛɳɟɫɬɜɟɧɧɵɯ ɭɛɨɪɧɵɯ, ɫɤɨɬɧɵɯ ɞɜɨɪɨɜ ɢ ɫɜɚɥɨɤ ɜɵɛɢɪɚɸɬɫɹ ɢ ɨɬɜɨɡɹɬɫɹ ɜ 
ɫɩɟɰɢɚɥɶɧɨ ɨɛɨɪɭɞɨɜɚɧɧɵɯ ɫɚɦɨɫɜɚɥɚɯ ɧɚ ɩɨɥɢɝɨɧɵ ɨɬɯɨɞɨɜ, ɝɞɟ 
ɭɤɥɚɞɵɜɚɸɬɫɹ ɜ ɫɩɟɰɢɚɥɶɧɨ ɩɨɞɝɨɬɨɜɥɟɧɧɵɟ ɤɨɬɥɨɜɚɧɵ.  

ɋɨɝɥɚɫɧɨ ɋɉ 1.07.1985 «ɋɚɧɢɬɚɪɧɵɟ ɩɪɚɜɢɥɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ, 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɜɨɞɨɯɪɚɧɢɥɢɳ», ɩɨɞɥɟɠɚɬ ɩɟɪɟɧɨɫɭ ɤɥɚɞɛɢɳɚ, 
ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɜ ɩɪɟɞɟɥɚɯ ɡɨɧɵ ɫɪɚɛɨɬɤɢ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɢ ɧɚ 2ɦ ɧɢɠɟ ɍɆɈ. 
ȼɫɟ ɪɚɛɨɬɵ ɩɨ ɫɚɧɢɬɚɪɧɨɣ ɩɨɞɝɨɬɨɜɤɟ ɬɟɪɪɢɬɨɪɢɣ ɤɥɚɞɛɢɳ ɤ ɩɟɪɟɡɚɯɨɪɨɧɟɧɢɹɦ 
ɞɨɥɠɧɵ ɩɪɨɜɨɞɢɬɶɫɹ ɫ ɜɵɩɨɥɧɟɧɢɟɦ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɨɛɟɡɡɚɪɚɠɢɜɚɧɢɸ ɩɨɱɜ, 
ɢɧɫɬɪɭɦɟɧɬɨɜ, ɦɟɯɚɧɢɡɦɨɜ, ɫ ɫɨɛɥɸɞɟɧɢɟɦ ɫɚɧɢɬɚɪɧɵɯ ɧɨɪɦ ɢ ɬɟɯɧɢɤɢ 
ɛɟɡɨɩɚɫɧɨɫɬɢ. 
 Ⱦɥɹ ɤɨɦɩɟɧɫɚɰɢɢ ɭɳɟɪɛɚ, ɩɪɢɧɨɫɢɦɨɝɨ ɡɚɬɨɩɥɟɧɢɟɦ ɢ ɩɨɞɬɨɩɥɟɧɢɟɦ 
ɡɟɦɟɥɶ, ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɫɬɢ ɫɥɟɞɭɸɳɢɟ ɦɟɪɨɩɪɢɹɬɢɹ: 

– ɩɟɪɟɧɨɫ ɨɬɞɟɥɶɧɵɯ ɭɱɚɫɬɤɨɜ ɞɨɪɨɝ, ɧɚɪɚɳɢɜɚɧɢɟ ɢɯ ɩɨɥɨɬɧɚ, ɤɪɟɩɥɟɧɢɟ 
ɨɬɤɨɫɨɜ, ɩɟɪɟɧɨɫ ɥɢɧɢɣ ɫɜɹɡɢ ɢ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ; 
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 – ɜɵɪɚɛɨɬɤɚ ɩɨɥɟɡɧɵɯ ɢɫɤɨɩɚɟɦɵɯ ɢɥɢ ɨɛɟɫɩɟɱɟɧɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɢɯ 
ɩɨɫɥɟɞɭɸɳɟɣ ɪɚɡɪɚɛɨɬɤɢ; 
 – ɩɟɪɟɧɨɫ ɢɥɢ ɡɚɳɢɬɚ ɩɚɦɹɬɧɢɤɨɜ ɢɫɬɨɪɢɢ ɢ ɤɭɥɶɬɭɪɵ, ɚ ɬɚɤɠɟ ɢɯ 
ɨɛɫɥɟɞɨɜɚɧɢɟ ɢ ɨɩɢɫɚɧɢɟ; 
 – ɜɨɡɦɟɳɟɧɢɟ ɭɳɟɪɛɚ ɭɧɢɱɬɨɠɟɧɢɹ ɧɟɪɟɫɬɢɥɢɳ ɪɵɛ ɢ ɱɢɫɥɟɧɧɨɫɬɢ ɞɢɤɢɯ 
ɠɢɜɨɬɧɵɯ ɢ ɩɬɢɰ. 

 
8.2 ȼɨɞɨɨɯɪɚɧɧɚɹ ɡɨɧɚ 
 
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɨɫɬɚɧɨɜɥɟɧɢɟɦ ɉɪɚɜɢɬɟɥɶɫɬɜɚ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ 

ɨɬ 21 ɧɨɹɛɪɹ 2007 ɝ. № 800 ɢ ɜɨ ɢɫɩɨɥɧɟɧɢɟ ɬɪɟɛɨɜɚɧɢɣ ȼɨɞɧɨɝɨ ɤɨɞɟɤɫɚ № 74 
– ɎɁ ɨɬ 3.06.2006 (ɢɡɦ. 31.10.2016 ɝ.) ɜɨɤɪɭɝ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɞɨɥɠɧɚ ɛɵɬɶ 
ɭɫɬɚɧɨɜɥɟɧɚ ɜɨɞɨɨɯɪɚɧɧɚɹ ɡɨɧɚ ɫɨ ɫɩɟɰɢɚɥɶɧɵɦ ɪɟɠɢɦɨɦ ɯɨɡɹɣɫɬɜɟɧɧɨɣ 
ɞɟɹɬɟɥɶɧɨɫɬɢ. 

ȼɫɟ ɩɨɤɚɡɚɬɟɥɢ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ ɫɨɫɬɨɹɧɢɟ ɥɟɫɧɨɝɨ ɮɨɧɞɚ, 
ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɥɟɫɧɵɯ ɪɟɫɭɪɫɨɜ, ɭɪɨɜɟɧɶ ɫɨɫɬɨɹɧɢɹ ɥɟɫɧɨɝɨ ɢ 
ɫɟɥɶɫɤɨɝɨ ɯɨɡɹɣɫɬɜɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɜ ɩɪɨɟɤɬɟ ɜɨɞɨɨɯɪɚɧɧɨɣ ɡɨɧɵ. 

ȼ ɩɪɨɟɤɬɟ ɨɛɨɫɧɨɜɵɜɚɸɬɫɹ ɝɪɚɧɢɰɵ ɜɨɞɨɨɯɪɚɧɧɨɣ ɡɨɧɵ ɢ ɩɪɢɛɪɟɠɧɨɣ 
ɡɚɳɢɬɧɨɣ ɩɨɥɨɫɵ, ɚ ɬɚɤɠɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɨɦɩɥɟɤɫ ɥɟɫɨɯɨɡɹɣɫɬɜɟɧɧɵɯ, 
ɩɪɨɬɢɜɨɷɪɨɡɢɨɧɧɵɯ ɢ ɞɪɭɝɢɯ ɜɨɞɨɨɯɪɚɧɧɨ-ɡɚɳɢɬɧɵɯ ɦɟɪɨɩɪɢɹɬɢɣ. 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɨɫɬɚɧɨɜɥɟɧɢɟɦ ɉɪɚɜɢɬɟɥɶɫɬɜɚ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ  
ɨɬ 21 ɧɨɹɛɪɹ 2007 ɝ. № 800 ɜ ɜɨɞɨɨɯɪɚɧɨɣ ɡɨɧɟ ɡɚɩɪɟɳɚɟɬɫɹ: 
 – ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɧɨɜɵɯ ɢ ɪɚɫɲɢɪɟɧɢɟ ɞɟɣɫɬɜɭɸɳɢɯ ɩɪɟɞɩɪɢɹɬɢɣ ɢ 
ɨɛɴɟɤɬɨɜ, ɩɪɹɦɨ ɢɥɢ ɤɨɫɜɟɧɧɨ ɜɥɢɹɸɳɢɯ ɧɚ ɫɚɧɢɬɚɪɧɨ-ɬɟɯɧɢɱɟɫɤɨɟ ɫɨɫɬɨɹɧɢɟ 
ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɢ ɩɪɢɥɟɝɚɸɳɢɯ ɤ ɧɟɦɭ ɡɟɦɟɥɶ; 
 – ɪɚɡɦɟɳɟɧɢɟ ɠɢɜɨɬɧɨɜɨɞɱɟɫɤɢɯ ɮɟɪɦ, ɩɬɢɰɟɮɚɛɪɢɤ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜ 
ɤɚɱɟɫɬɜɟ ɭɞɨɛɪɟɧɢɣ ɧɟ ɨɛɟɡɜɪɟɠɟɧɧɵɯ ɧɚɜɨɡɨɫɨɞɟɪɠɚɳɢɯ ɫɬɨɱɧɵɯ ɜɨɞ; 

– ɪɚɡɦɟɳɟɧɢɟ ɫɤɥɚɞɨɜ ɞɥɹ ɯɪɚɧɟɧɢɹ ɝɨɪɸɱɟɫɦɚɡɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, 
ɭɞɨɛɪɟɧɢɣ ɢ ɹɞɨɯɢɦɢɤɚɬɨɜ; 
 – ɪɚɡɦɟɳɟɧɢɟ ɦɟɫɬ ɡɚɯɨɪɨɧɟɧɢɹ ɛɵɬɨɜɵɯ ɢ ɩɪɨɦɵɲɥɟɧɧɵɯ ɨɬɯɨɞɨɜ, 
ɫɤɨɬɨɦɨɝɢɥɶɧɢɤɨɜ, ɚ ɬɚɤɠɟ ɞɪɭɝɢɯ ɨɛɴɟɤɬɨɜ, ɨɬɪɢɰɚɬɟɥɶɧɨ ɜɥɢɹɸɳɢɯ ɧɚ 
ɤɚɱɟɫɬɜɨ ɜɨɞ; 
 – ɩɪɢɦɟɧɟɧɢɟ ɚɜɢɚɨɩɵɥɟɧɢɹ ɥɟɫɧɵɯ ɭɝɨɞɢɣ ɹɞɨɯɢɦɢɤɚɬɚɦɢ, ɧɚ ɤɨɬɨɪɵɟ 
ɧɟ ɭɫɬɚɧɨɜɥɟɧɵ ɩɪɟɞɟɥɶɧɨ-ɞɨɩɭɫɬɢɦɵɟ ɤɨɧɰɟɧɬɪɚɰɢɢ (ɉȾɄ); 
 – ɪɚɡɪɭɲɟɧɢɟ ɝɪɭɧɬɨɜɨɝɨ ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɩɨɤɪɨɜɚ ɜ ɩɪɟɞɟɥɚɯ ɛɟɪɟɝɨɜɵɯ 
ɭɫɬɭɩɨɜ ɢ ɩɥɹɠɟɣ ɜɨɞɨɯɪɚɧɢɥɢɳɚ, ɫɤɥɨɧɨɜ ɪɟɤ, ɨɜɪɚɝɨɜ, ɭɫɬɭɩɨɜ ɢ ɤɪɭɬɵɯ 
ɭɱɚɫɬɤɨɜ ɫɤɥɨɧɨɜ ɬɟɪɪɚɫ ɢ ɞɪɭɝɢɯ ɮɨɪɦ ɪɟɥɶɟɮɚ. 
 ȼ ɩɪɟɞɟɥɚɯ ɩɪɢɛɪɟɠɧɨɣ ɡɚɳɢɬɧɨɣ ɩɨɥɨɫɵ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɤ 
ɨɝɪɚɧɢɱɟɧɢɹɦ, ɭɫɬɚɧɨɜɥɟɧɧɵɦ ɜ ɜɨɞɨɨɯɪɚɧɧɨɣ ɡɨɧɟ ɡɚɩɪɟɳɚɟɬɫɹ: 
 – ɪɚɫɩɚɲɤɚ ɡɟɦɟɥɶ; 
 – ɤɨɨɩɟɪɚɬɢɜɧɨɟ ɢ ɢɧɞɢɜɢɞɭɚɥɶɧɨɟ ɫɬɪɨɢɬɟɥɶɫɬɜɨ; 
 – ɩɪɢɦɟɧɟɧɢɟ ɹɞɨɯɢɦɢɤɚɬɨɜ ɢ ɭɞɨɛɪɟɧɢɣ; 
 – ɨɪɝɚɧɢɡɚɰɢɹ ɥɟɬɧɢɯ ɥɚɝɟɪɟɣ, ɜɨɞɨɩɨɣ ɢ ɜɵɩɚɫ ɫɤɨɬɚ; 

– ɭɫɬɪɨɣɫɬɜɨ ɫɬɨɹɧɨɤ ɚɜɬɨɬɪɚɧɫɩɨɪɬɚ ɢ ɥɨɞɨɱɧɵɯ ɩɪɢɱɚɥɨɜ ɡɚ ɩɪɟɞɟɥɚɦɢ 
ɨɬɜɟɞɟɧɧɵɯ ɞɥɹ ɷɬɨɝɨ ɦɟɫɬ. 
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 ɇɚ ɩɟɪɢɨɞ ɷɤɫɩɥɭɚɬɚɰɢɢ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɜ ɜɨɞɨɨɯɪɚɧɧɨɣ ɡɨɧɟ 
ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɜ ɤɚɱɟɫɬɜɟ ɩɟɪɜɨɨɱɟɪɟɞɧɵɯ ɦɟɪɨɩɪɢɹɬɢɣ ɩɥɚɧɢɪɭɸɬɫɹ 
ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɜɟɞɟɧɢɸ ɥɟɫɧɨɝɨ ɯɨɡɹɣɫɬɜɚ: ɪɭɛɤɢ, ɭɯɨɞɚ, ɫɚɧɢɬɚɪɧɵɟ ɪɭɛɤɢ, 
ɨɯɪɚɧɚ ɥɟɫɨɜ ɨɬ ɩɨɠɚɪɚ. 
 

8.3 Ɉɬɯɨɞɵ, ɨɛɪɚɡɭɸɳɢɟɫɹ ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ 
 
ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɜ ɩɟɪɢɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɛɭɞɟɬ ɜɵɩɨɥɧɹɬɶɫɹ ɛɨɥɶɲɨɣ 

ɨɛɴɟɦ ɫɬɪɨɢɬɟɥɶɧɨ-ɦɨɧɬɚɠɧɵɯ ɪɚɛɨɬ, ɩɪɢ ɷɬɨɦ ɛɭɞɟɬ ɨɛɪɚɡɨɜɵɜɚɬɶɫɹ ɛɨɥɶɲɨɟ 
ɤɨɥɢɱɟɫɬɜɨ ɨɬɯɨɞɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ: 

Ʌɨɦ ɛɟɬɨɧɧɵɯ ɢɡɞɟɥɢɣ, ɨɬɯɨɞɵ ɛɟɬɨɧɚ ɜ ɤɭɫɤɨɜɨɣ ɮɨɪɦɟ: 
ܯ   = ܰ ∙ %ͳͲͲݍ ⋅ ߩ = ܵɛ ⋅ ɜܤ ∙ %ͳͲͲݍ ⋅ ߩ = ͳʹͲͻ ⋅ ʹͲ͸ ⋅ ͳ,ͺͳͲͲ% ∙ ʹ,ͷ = ͳͳʹͲ͹ɬ.            ሺͺ.ͳሻ 

 
ɝɞɟ    ܰ- ɨɛɴɟɦ ɛɟɬɨɧɧɵɯ ɪɚɛɨɬ, ɦ3  ݍ- ɭɞɟɥɶɧɵɣ ɧɨɪɦɚɬɢɜ ɨɛɪɚɡɨɜɚɧɢɹ, % (1,8= ݍ%) ߩ- ɩɥɨɬɧɨɫɬɶ ɛɟɬɨɧɚ, ɬ/ɦ3 (2,5= ߩ ɬ/ɦ3) ܵ˄ – ɩɥɨɳɚɞɶ ɛɵɤɚ, ˏଶ (ܵ˄ = ͳʹͲͻ ˏଶ) ܤ˅ - ɲɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ ɫ ɭɱёɬɨɦ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɩɪɨɥёɬɚ ɢ 
ɛɵɤɨɜ, ɦ (ܤ˅ = ʹͲ͸ˏሻ 

 
Ʌɨɦ ɢ ɨɬɯɨɞɵ, ɫɨɞɟɪɠɚɳɢɟ ɧɟɡɚɝɪɹɡɧɟɧɧɵɟ ɱɟɪɧɵɟ ɦɟɬɚɥɥɵ ɜ ɜɢɞɟ 

ɢɡɞɟɥɢɣ, ɤɭɫɤɨɜ, ɧɟɫɨɪɬɢɪɨɜɚɧɧɵɟ 
ɍɞɟɥɶɧɵɣ ɧɨɪɦɚɬɢɜ ɨɛɪɚɡɨɜɚɧɢɹ ɨɬɯɨɞɨɜ ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 

ɉɪɢɥɨɠɟɧɢɟɦ ɤ ɫɛɨɪɧɢɤɭ Ɍɢɩɨɜɵɯ ɧɨɪɦ ɩɨɬɟɪɶ ɦɚɬɟɪɢɚɥɶɧɵɯ ɪɟɫɭɪɫɨɜ ɜ 
ɫɬɪɨɢɬɟɥɶɫɬɜɟ. 

ܯ  = ܰ ∙ %ͳͲͲݍ ⋅ ߩ = ܵɛ ⋅ ɜܤ ∙ %ͳͲͲݍ ⋅ ߩ = ͳʹͲͻ ⋅ ʹͲ͸ ⋅ ͳ,Ͳ ⋅ Ͳ,ʹͳͲͲ% ∙ ʹ,Ͳ = ʹʹͶͳɬ.     ሺͺ.ʹሻ 

 
ɝɞɟ    ܰ- ɤɨɥɢɱɟɫɬɜɨ ɚɪɦɚɬɭɪɵ (20% ɨɬ ɨɛɴɟɦɚ ɛɟɬɨɧɚ), ɦ3  ݍ- ɭɞɟɥɶɧɵɣ ɧɨɪɦɚɬɢɜ ɨɛɪɚɡɨɜɚɧɢɹ, % (1,0= ݍ%) ߩ- ɩɥɨɬɧɨɫɬɶ ɛɟɬɨɧɚ, ɬ/ɦ3 (2,0= ߩ ɬ/ɦ3) ܵ˄ – ɩɥɨɳɚɞɶ ɛɵɤɚ, ˏଶ (ܵ˄ = ͳʹͲͻ ˏଶ) ܤ˅ - ɲɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ ɫ ɭɱёɬɨɦ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɩɪɨɥёɬɚ ɢ 
ɛɵɤɨɜ, ɦ (ܤ˅ = ʹͲ͸ˏሻ 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɛɭɞɟɬ ɨɛɪɚɡɨɜɚɧɨ 11207 ɬ 

ɥɨɦɚ ɛɟɬɨɧɧɵɯ ɢɡɞɟɥɢɣ (ɨɬɯɨɞɵ ɛɟɬɨɧɚ ɜ ɤɭɫɤɨɜɨɣ ɮɨɪɦɟ), 2241 ɬ ɨɬɯɨɞɨɜ 
ɱɟɪɧɵɯ ɦɟɬɚɥɥɨɜ ɜ ɜɢɞɟ ɢɡɞɟɥɢɣ, ɤɭɫɤɨɜ. Ɉɬɯɨɞɵ ɛɟɬɨɧɚ ɞɨɥɠɧɵ ɛɵɬɶ 
ɜɵɜɟɡɟɧɵ ɧɚ ɡɚɯɨɪɨɧɟɧɢɟ ɧɚ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɣ ɩɨɥɢɝɨɧ. Ɉɬɯɨɞɵ ɱɟɪɧɨɝɨ 
ɦɟɬɚɥɥɚ ɞɨɥɠɧɵ ɛɵɬɶ ɩɟɪɟɞɚɧɵ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɣ ɨɪɝɚɧɢɡɚɰɢɢ, ɢɦɟɸɳɟɣ 
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ɥɢɰɟɧɡɢɸ ɧɚ ɡɚɝɨɬɨɜɤɭ ɥɨɦɚ ɱɟɪɧɵɯ ɦɟɬɚɥɥɨɜ ɜ ɰɟɥɹɯ ɞɚɥɶɧɟɣɲɟɣ ɩɟɪɟɩɥɚɜɤɢ, 
ɬɚɤ ɤɚɤ ɱɟɪɧɵɣ ɦɟɬɚɥɥ ɹɜɥɹɟɬɫɹ ɜɬɨɪɢɱɧɵɦ ɪɟɫɭɪɫɨɦ. 

 
8.4 ȼɨɞɨɨɯɪɚɧɧɵɟ ɦɟɪɨɩɪɢɹɬɢɹ ɧɚ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɜ ɩɟɪɢɨɞ 

ɷɤɫɩɥɭɚɬɚɰɢɢ 
 
ȼ ɩɟɪɢɨɞ ɷɤɫɩɥɭɚɬɚɰɢɢ Ⱥɥɬɚɣɫɤɨɝɨ Ƚɍ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɨɤɪɭɠɚɸɳɭɸ 

ɫɪɟɞɭ ɛɭɞɟɬ ɨɤɚɡɵɜɚɬɶɫɹ: 
1) ɋɛɪɨɫɨɦ ɫɬɨɱɧɵɯ (ɞɪɟɧɚɠɧɵɯ, ɞɨɠɞɟɜɵɯ ɢ ɬɚɥɵɯ) ɜɨɞ; 
2) ȼɵɛɪɨɫɚɦɢ ɜ ɚɬɦɨɫɮɟɪɭ ɨɬ ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɨɩɪɨɛɨɜɚɧɢɹ ɞɢɡɟɥɶ-

ɝɟɧɟɪɚɬɨɪɨɜ, ɫɜɚɪɨɱɧɵɯ ɢ ɨɤɪɚɫɨɱɧɵɯ ɪɚɛɨɬ, ɩɪɨɜɨɞɢɦɵɯ ɜ ɩɟɪɢɨɞ ɬɟɤɭɳɢɯ ɢ 
ɤɚɩɢɬɚɥɶɧɵɯ ɪɟɦɨɧɬɨɜ; 

3) Ɉɛɪɚɡɨɜɚɧɢɟɦ ɨɬɯɨɞɨɜ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɬɟɯɨɛɫɥɭɠɢɜɚɧɢɢ ɢ 
ɬɟɤɭɳɢɯ ɤɚɩɢɬɚɥɶɧɵɯ ɪɟɦɨɧɬɚɯ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɡɞɚɧɢɣ ɢ 
ɫɨɨɪɭɠɟɧɢɣ; 

4) ɇɚ ɫɪɟɞɭ ɨɛɢɬɚɧɢɹ ɧɚɫɟɥɟɧɢɹ ɛɥɢɡɥɟɠɚɳɢɯ ɧɚɫɟɥɟɧɧɵɯ ɩɭɧɤɬɨɜ, 
ɫɜɹɡɚɧɧɵɟ ɫ ɩɪɨɰɟɫɫɨɦ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ Ƚɗɋ ɢ ɫɨɫɬɨɹɧɢɟɦ 
ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ. 
 Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɧɨɪɦɚɥɶɧɨɣ ɪɚɛɨɬɵ ɨɛɨɪɭɞɨɜɚɧɢɹ Ƚɗɋ ɬɪɟɛɭɟɬɫɹ 
ɩɪɢɦɟɧɟɧɢɟ ɬɭɪɛɢɧɧɨɝɨ ɦɚɫɥɚ, ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɨɝɨ, ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ, 
ɢɧɞɭɫɬɪɢɚɥɶɧɨɝɨ ɢ ɤɨɦɩɪɟɫɫɨɪɧɨɝɨ ɦɚɫɟɥ, ɱɬɨ ɦɨɠɟɬ ɩɪɢɜɨɞɢɬɶ ɤ ɩɨɩɚɞɚɧɢɸ 
ɧɟɮɬɟɩɪɨɞɭɤɬɨɜ ɜ ɩɨɜɟɪɯɧɨɫɬɧɵɟ ɜɨɞɵ. Ʉɪɨɦɟ ɬɨɝɨ, ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ 
ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɩɪɟɞɩɪɢɹɬɢɹ ɬɪɟɛɭɟɬɫɹ ɩɨɬɪɟɛɥɟɧɢɟ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɨɛɴɟɦɚ 
ɜɨɞɵ.  
 Ɂɚɦɚɫɥɟɧɧɵɟ ɫɬɨɤɢ Ƚɗɋ ɞɨɥɠɧɵ ɩɨɫɬɭɩɚɬɶ ɧɚ ɫɩɟɰɢɚɥɶɧɵɟ 
ɦɚɫɥɨɨɱɢɫɬɢɬɟɥɶɧɵɟ ɭɫɬɚɧɨɜɤɢ. ȼ ɚɜɚɪɢɣɧɨɣ ɫɢɬɭɚɰɢɢ (ɩɨɠɚɪ ɧɚ ɩɥɨɳɚɞɢ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ) ɫɬɨɤɢ ɜɨɞɵ ɨɬ ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɢ ɦɚɫɥɚ ɫɨɛɢɪɚɸɬɫɹ ɜ 
ɫɩɟɰɢɚɥɶɧɵɟ ɟɦɤɨɫɬɢ – ɜ ɛɚɤɢ ɚɜɚɪɢɣɧɨɝɨ ɫɥɢɜɚ ɦɚɫɥɚ. 
 Ʉ ɤɚɬɟɝɨɪɢɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɫɬɨɤɨɜ, ɧɟ ɬɪɟɛɭɸɳɢɯ ɨɱɢɫɬɤɢ 
(ɧɨɪɦɚɬɢɜɧɨ-ɱɢɫɬɵɟ ɜɨɞɵ), ɨɬɧɟɫɟɧɵ ɜɨɞɵ, ɢɞɭɳɢɟ ɧɚ ɨɯɥɚɠɞɟɧɢɟ 
ɨɛɨɪɭɞɨɜɚɧɢɹ, ɢ ɫɬɨɱɧɵɟ ɜɨɞɵ ɨɬ ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɤɚɛɟɥɶɧɵɯ ɩɨɦɟɳɟɧɢɣ. ɗɬɢ 
ɜɨɞɵ ɧɟ ɡɚɝɪɹɡɧɹɸɬɫɹ ɜ ɩɪɨɰɟɫɫɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɢ ɨɬɜɨɞɹɬɫɹ ɜ ɧɢɠɧɢɣ ɛɶɟɮ ɛɟɡ 
ɨɱɢɫɬɤɢ. 

ɉɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ Ƚɗɋ ɞɨɥɠɧɨ ɛɵɬɶ ɨɛɟɫɩɟɱɟɧɧɨ ɦɢɧɢɦɚɥɶɧɨɟ 
ɨɬɪɢɰɚɬɟɥɶɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ: 
 – ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɫɬɨɤɚ ɞɨɥɠɧɨ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɭɬɜɟɪɠɞɟɧɧɵɦɢ ɩɪɚɜɢɥɚɦɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɨɞɧɵɯ ɪɟɫɭɪɫɨɜ ɢ ɩɪɚɜɢɥɚɦɢ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɜɨɞɨɯɪɚɧɢɥɢɳɚ; 
 – ɷɤɫɩɥɭɚɬɚɰɢɹ ɢ ɨɛɫɥɭɠɢɜɚɧɢɟ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ 
ɬɟɪɪɢɬɨɪɢɢ ɞɨɥɠɧɵ ɫɨɩɪɨɜɨɠɞɚɬɶɫɹ ɩɪɨɜɟɞɟɧɢɟɦ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ 
ɩɪɟɞɨɬɜɪɚɳɟɧɢɸ ɩɨɩɚɞɚɧɢɹ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɨɞ ɜ ɩɨɞɡɟɦɧɵɟ ɜɨɞɵ ɢ ɜ ɜɨɞɧɵɣ 
ɨɛɴɟɤɬ (ɜɨɞɨɯɪɚɧɢɥɢɳɟ, ɧɢɠɧɢɣ ɛɶɟɮ); 
 – ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɮɥɨɬɚ ɞɨɥɠɧɨ ɛɵɬɶ ɨɛɟɫɩɟɱɟɧɨ 
ɧɟɩɨɩɚɞɚɧɢɟ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ ɚɤɜɚɬɨɪɢɸ; 
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– ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɪɟɦɨɧɬɨɜ (ɪɟɤɨɧɫɬɪɭɤɰɢɢ) ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ 
ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ ɞɨɥɠɧɵ ɫɨɛɥɸɞɚɬɶɫɹ ɩɪɢɪɨɞɨɨɯɪɚɧɧɵɟ 
ɬɪɟɛɨɜɚɧɢɹ ɤ ɩɪɨɢɡɜɨɞɫɬɜɭ ɪɚɛɨɬ ɢ ɤ ɩɪɢɦɟɧɹɟɦɵɦ ɦɚɬɟɪɢɚɥɚɦ. 
 ɉɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɞɨɥɠɧɵ ɫɨɛɥɸɞɚɬɶɫɹ 
ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɩɪɨɟɤɬɨɦ ɢ ɭɬɨɱɧɟɧɧɵɟ ɜ ɩɨɫɥɟɞɭɸɳɢɣ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɣ 
ɩɟɪɢɨɞ ɡɧɚɱɟɧɢɹ ɧɨɪɦɚɬɢɜɨɜ ɞɨɩɭɫɬɢɦɵɯ ɫɛɪɨɫɨɜ (ɇȾɋ) ɦɚɫɟɥ ɢ ɞɪɭɝɢɯ 
ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɢɫɯɨɞɹ ɢɡ ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɞɥɹ ɜɨɞɧɨɝɨ ɨɛɴɟɤɬɚ 
ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ (ɉȾɄ). 
 Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɞɥɟɠɚɳɟɝɨ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɝɨ ɢ ɫɚɧɢɬɚɪɧɨ-
ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɬɟɪɪɢɬɨɪɢɢ Ƚɗɋ ɞɨɥɠɧɵ ɛɵɬɶ ɜɵɩɨɥɧɟɧɵ, ɢ 
ɫɨɞɟɪɠɚɬɶɫɹ ɜ ɢɫɩɪɚɜɧɨɦ ɫɨɫɬɨɹɧɢɢ: 
 – ɫɢɫɬɟɦɵ ɨɬɜɨɞɚ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɢ ɩɨɞɡɟɦɧɵɯ ɜɨɞ ɫɨ ɜɫɟɣ ɬɟɪɪɢɬɨɪɢɢ, ɨɬ 
ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ (ɞɪɟɧɚɠɢ, ɤɚɧɚɜɵ, ɜɨɞɨɨɬɜɨɞɹɳɢɟ ɤɚɧɚɥɵ ɢ ɞɪ.); 
 – ɫɟɬɢ ɜɨɞɨɩɪɨɜɨɞɚ, ɤɚɧɚɥɢɡɚɰɢɢ, ɞɪɟɧɚɠɚ ɢ ɢɯ ɫɨɨɪɭɠɟɧɢɹ; 
 – ɨɱɢɫɬɧɵɟ ɫɨɨɪɭɠɟɧɢɹ ɢ ɭɫɬɪɨɣɫɬɜɚ; 
 –ɩɪɨɬɢɜɨɨɩɨɥɡɧɟɜɵɟ, ɩɪɨɬɢɜɨɨɛɜɚɥɶɧɵɟ, ɩɪɨɬɢɜɨɥɚɜɢɧɧɵɟ, 
ɩɪɨɬɢɜɨɫɟɥɟɜɵɟ ɢ ɛɟɪɟɝɨɭɤɪɟɩɢɬɟɥɶɧɵɟ ɫɨɨɪɭɠɟɧɢɹ; 

– ɤɨɧɬɪɨɥɶɧɵɟ ɫɤɜɚɠɢɧɵ ɞɥɹ ɧɚɛɥɸɞɟɧɢɹ ɡɚ ɪɟɠɢɦɨɦ ɩɨɞɡɟɦɧɵɯ ɜɨɞ; 
ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 6 ɤɦ ɨɬ Ƚɗɋ ɧɚɯɨɞɢɬɫɹ ɧɚɫɟɥɟɧɧɵɣ 

ɩɭɧɤɬ, ɝ. ɑɟɦɚɥ, ɫɨɝɥɚɫɧɨ ɋɉ ɨɬ 2.2.1/2.1.11200-03 «ɋɚɧɢɬɚɪɧɨ-ɡɚɳɢɬɧɵɟ ɡɨɧɵ 
ɢ ɫɚɧɢɬɚɪɧɚɹ ɤɥɚɫɫɢɮɢɤɚɰɢɹ ɩɪɟɞɩɪɢɹɬɢɣ, ɫɨɨɪɭɠɟɧɢɣ ɢ ɢɧɵɯ ɨɛɴɟɤɬɨɜ», 
ɬɪɟɛɭɟɬɫɹ ɩɪɨɜɟɞɟɧɢɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɭɫɬɚɧɨɜɥɟɧɢɹ 
ɫɚɧɢɬɚɪɧɨ-ɡɚɳɢɬɧɨɣ ɡɨɧɵ: ɢɫɫɥɟɞɨɜɚɧɢɹ ɯɢɦɢɱɟɫɤɢɯ (ɜɵɛɪɨɫɵ ɜ ɚɬɦɨɫɮɟɪɭ 
ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɨɬ ɢɫɬɨɱɧɢɤɨɜ ɜɵɛɪɨɫɨɜ) ɢ ɮɢɡɢɱɟɫɤɢɯ (ɲɭɦ, 
ɢɧɮɪɚɡɜɭɤ, ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɩɨɥɟɣ) ɮɚɤɬɨɪɨɜ.  

Ɍɚɤɠɟ, ɫɨɝɥɚɫɧɨ ɋɉ ɨɬ 2.1.4.1110-02 «Ɂɨɧɵ ɫɚɧɢɬɚɪɧɨɣ ɨɯɪɚɧɵ 
ɢɫɬɨɱɧɢɤɨɜ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɩɢɬɶɟɜɨɝɨ ɧɚɡɧɚɱɟɧɢɹ», ɬɪɟɛɭɟɬɫɹ ɩɪɨɜɟɞɟɧɢɟ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɧɟ ɭɯɭɞɲɟɧɢɸ ɤɚɱɟɫɬɜɚ ɜɨɞɵ ɪɟɤɢ Ʉɚɬɭɧɶ ɨɬ 
ɫɛɪɨɫɨɜ Ⱥɥɬɚɣɫɤɨɣ Ƚɗɋ ɧɢɠɟ ɩɨ ɬɟɱɟɧɢɸ ɪɟɤɢ. 

ɋɬɨɢɬ ɭɱɟɫɬɶ, ɱɬɨ ɩɟɪɫɩɟɤɬɢɜɧɨɟ ɪɚɡɜɢɬɢɟ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɜ ɛɚɫɫɟɣɧɟ 
ɪɟɤɢ, ɩɪɢ ɭɫɥɨɜɢɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɨɜɵɯ ɨɛɴɟɤɬɨɜ ɨɱɢɫɬɧɵɦɢ ɫɨɨɪɭɠɟɧɢɹɦɢ ɧɟ 
ɩɨɜɥɢɹɟɬ ɧɚ ɤɚɱɟɫɬɜɨ ɜɨɞɵ. 
 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɫɨɯɪɚɧɟɧɢɹ ɮɥɨɪɵ ɢ ɮɚɭɧɵ, ɪɚɡɥɢɱɧɵɯ ɩɚɦɹɬɧɢɤɨɜ ɢ 
ɞɨɫɬɨɩɪɢɦɟɱɚɬɟɥɶɧɨɫɬɟɣ, ɢɦɟɸɳɢɯɫɹ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ Ⱥɥɬɚɣɫɤɨɣ 
Ƚɗɋ, ɫ ɰɟɥɶɸ ɧɚɧɟɫɟɧɢɹ ɧɚɢɦɟɧɶɲɟɝɨ ɜɪɟɞɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɟ ɧɟɨɛɯɨɞɢɦɨ 
ɩɪɨɜɟɞɟɧɢɟ ɤɨɦɩɥɟɤɫɧɨɝɨ ɦɨɧɢɬɨɪɢɧɝɚ ɡɨɧɵ ɫɬɪɨɢɬɟɥɶɫɬɜɚ Ƚɗɋ ɞɥɹ 
ɬɳɚɬɟɥɶɧɨɣ ɪɚɡɪɚɛɨɬɤɢ ɩɪɢɪɨɞɨɨɯɪɚɧɧɵɯ ɦɟɪɨɩɪɢɹɬɢɣ. 
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9 Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɟɨɛɨɫɧɨɜɚɧɢɟ 
 
9.1 Ɉɰɟɧɤɚ ɨɛɴɟɦɨɜ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 
 
Ɋɵɧɨɤ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɦɨɳɧɨɫɬɢ – ɨɞɢɧ ɢɡ ɫɚɦɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢ 

ɫɥɨɠɧɵɯ ɪɵɧɤɨɜ, ɬɚɤ ɤɚɤ ɷɥɟɤɬɪɨɷɧɟɪɝɢɹ ɹɜɥɹɟɬɫɹ ɭɧɢɤɚɥɶɧɵɦ ɬɨɜɚɪɨɦ, 
ɨɫɧɨɜɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɤɨɬɨɪɨɝɨ ɹɜɥɹɟɬɫɹ ɧɟɜɨɡɦɨɠɧɨɫɬɶ ɟɝɨ ɧɚɤɨɩɥɟɧɢɹ ɢ 
ɯɪɚɧɟɧɢɹ, ɢɦɟɧɧɨ ɩɨɷɬɨɦɭ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɥɸɛɨɣ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɜɨɡɦɨɠɧɨ 
ɥɢɲɶ ɩɪɢ ɭɫɥɨɜɢɢ ɩɨɫɬɨɹɧɧɨ ɩɨɞɞɟɪɠɢɜɚɸɳɟɝɨɫɹ ɛɚɥɚɧɫɚ ɫɩɪɨɫɚ ɢ 
ɩɪɟɞɥɨɠɟɧɢɹ. 

Ɉɛɴɟɦɵ ɩɪɨɞɚɠ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ Ⱥɥɬɚɣɫɤɨɣ Ƚɗɋ ɜɢɞɧɵ ɜ ɬɚɛɥɢɰɟ 9.1. 
 
Ɍɚɛɥɢɰɚ 9.1 – Ɉɰɟɧɤɚ ɨɛɴɟɦɨɜ ɩɪɨɞɚɠ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ Ⱥɥɬɚɣɫɤɨɣ Ƚɗɋ 

Ƚɨɞ 2023 2024 2025 2026 2027 
ɍɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ, Ɇȼɬ 298 298 298 298 298 

ɑɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ 

4000 4000 4000 4000 4000 

ȼɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, Ɇȼɬ ∙
ɱ 

1192000 1192000 1192000 1192000 1192000 

Ɋɚɫɯɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ 
ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ, % 

1 1 1 1 1 

Ɋɚɫɯɨɞɵ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ 
ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ, Ɇȼɬ ∙ ɱ 

11920 11920 11920 11920 11920 

Ɉɛɴɟɦ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, 
Ɇȼɬ ∙ ɱ 

1180080 1180080 1180080 1180080 1180080 

Ɍɚɪɢɮ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ,  ɪɭɛ./Ɇȼɬ ∙ ɱ 
1077 1110 1143 1175 1206 

ȼɵɪɭɱɤɚ ɨɬ ɪɟɚɥɢɡɚɰɢɢ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɦɥɧ. ɪɭɛ. 1271 1310 1349 1387 1423 

ɇȾɋ ɤ ɜɵɪɭɱɤɟ,ɦɥɧ. ɪɭɛ. 212 218 225 231 237 

 
ɋɨɝɥɚɫɧɨ ɬɚɛɥɢɰɟ 9.1, ɪɨɫɬ ɜɵɪɭɱɤɢ ɡɚ ɢɫɫɥɟɞɭɟɦɵɣ ɩɟɪɢɨɞ ɩɪɨɢɡɨɲёɥ ɡɚ 

ɫɱɟɬ ɢɡɦɟɧɟɧɢɹ ɬɚɪɢɮɚ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ȿɞɢɧɵɦɢ 
ɫɰɟɧɚɪɧɵɦɢ ɭɫɥɨɜɢɹɦɢ ɉȺɈ «ɊɭɫȽɢɞɪɨ», ɩɪɢ ɷɬɨɦ ɨɛɴɟɦɵ ɪɟɚɥɢɡɚɰɢɢ ɧɟ 
ɢɡɦɟɧɢɥɢɫɶ. 

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ (ɨɩɥɚɬɚ ɬɪɭɞɚ, ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɡɚɬɪɚɬɵ, 
ɩɪɨɱɢɟ ɪɚɫɯɨɞɵ) ɩɨ Ƚɗɋ ɨɩɪɟɞɟɥɹɸɬɫɹ ɜ ɪɚɫɱɟɬɟ ɧɚ 1 Ɇȼɬ ɭɫɬɚɧɨɜɥɟɧɧɨɣ 
ɦɨɳɧɨɫɬɢ. 

 
9.2 Ɍɟɤɭɳɢɟ ɪɚɫɯɨɞɵ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 
 
Ɍɟɤɭɳɢɟ ɪɚɫɯɨɞɵ ɮɨɪɦɢɪɭɸɬɫɹ ɧɚ ɨɫɧɨɜɚɧɢɢ «ȿɞɢɧɵɯ ɫɰɟɧɚɪɧɵɯ 

ɭɫɥɨɜɢɣ ɉȺɈ «ɊɭɫȽɢɞɪɨ» ɧɚ 2017 – 2042 ɝɝ. (ɩɪɢɤɚɡ ɉȺɈ «ɊɭɫȽɢɞɪɨ» ɨɬ 
16.01.2017 ɝ. №9) [38]ɫ ɭɱɟɬɨɦ ɪɟɚɥɢɡɨɜɚɧɧɨɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. 

Ɍɟɤɭɳɢɟ ɪɚɫɯɨɞɵ ɩɨ ɝɢɞɪɨɭɡɥɭ ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ: 
 ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ; 



114 

 ɪɚɫɯɨɞɵ ɩɨ ɫɬɪɚɯɨɜɚɧɢɸ ɢɦɭɳɟɫɬɜɚ; 
 ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ; 
 ɪɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ; 
 ɪɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ; 
 ɧɚɥɨɝ ɧɚ ɜɨɞɭ. 
Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ ɪɚɫɫɱɢɬɚɧɵ ɢɫɯɨɞɹ ɢɡ ɫɪɟɞɧɟɝɨ ɫɪɨɤɚ 

ɫɥɭɠɛɵ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 
Ɋɚɫɯɨɞɵ ɩɨ ɫɬɪɚɯɨɜɚɧɢɸ ɢɦɭɳɟɫɬɜɚ ɩɪɢɧɹɬɵ ɜ ɪɚɡɦɟɪɟ (ɨɬ ɨɫɬɚɬɨɱɧɨɣ 

ɛɚɥɚɧɫɨɜɨɣ ɫɬɨɢɦɨɫɬɢ ɨɫɧɨɜɧɵɯ ɮɨɧɞɨɜ) – 0,08%. 
ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ (ɨɩɥɚɬɚ ɬɪɭɞɚ, ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɡɚɬɪɚɬɵ ɢ 

ɩɪɨɱɢɟ ɪɚɫɯɨɞɵ) ɩɨ Ƚɗɋ ɨɩɪɟɞɟɥɹɸɬɫɹ ɜ ɪɚɫɱɟɬɟ ɧɚ 1 Ɇȼɬ ɭɫɬɚɧɨɜɥɟɧɧɨɣ 
ɦɨɳɧɨɫɬɢ. ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 9.2. 

 
Ɍɚɛɥɢɰɚ 9.2 – ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɝɢɞɪɨɭɡɥɚ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɋɬɚɜɤɚ, ɬɵɫ. ɪɭɛ./Ɇȼɬ ȼɟɥɢɱɢɧɚ, ɦɥɧ. ɪɭɛ. 
Ɋɚɫɯɨɞɵ ɧɚ ɨɩɥɚɬɭ ɬɪɭɞɚ 257,5 75,95 

ɉɪɨɱɢɟ ɪɚɫɯɨɞɵ 276,5 81,54 

ɂɬɨɝɨ 157,49 

 
ɂɡ ɬɚɛɥɢɰɵ 9.2 ɜɢɞɧɨ, ɱɬɨ ɞɨɥɹ ɩɪɨɱɢɯ ɪɚɫɯɨɞɨɜ ɢ ɡɚɬɪɚɬ ɧɚ ɨɩɥɚɬɭ ɬɪɭɞɚ  

ɫɨɩɨɫɬɚɜɢɦɚ.  
Ɉɬɱɢɫɥɟɧɢɹ ɧɚ ɪɟɦɨɧɬ ɨɫɧɨɜɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ 

ɨɩɪɟɞɟɥɹɸɬɫɹ ɢɫɯɨɞɹ ɢɡ ɫɬɨɢɦɨɫɬɢ ɚɤɬɢɜɨɜ. ȼ ɬɚɛɥɢɰɟ 9.3 ɩɪɢɜɟɞɟɧɵ ɭɞɟɥɶɧɵɟ 
ɡɧɚɱɟɧɢɹ ɪɚɫɯɨɞɨɜ ɧɚ ɪɟɦɨɧɬ ɨɛɨɪɭɞɨɜɚɧɢɹ. 

 
Ɍɚɛɥɢɰɚ 9.3 – ɍɞɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɪɚɫɯɨɞɨɜ ɧɚ ɪɟɦɨɧɬ ɨɛɨɪɭɞɨɜɚɧɢɹ 

ɍɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ, 
Ɇȼɬ 

ɗɬɚɩɵ ɠɢɡɧɟɧɧɨɝɨ ɰɢɤɥɚ ɩɪɨɟɤɬɚ, ɥɟɬ 
ɨɬ 1 ɞɨ 5  ɨɬ 6 ɞɨ 15 ɨɬ 16 ɞɨ 25 ɫɜɵɲɟ 25 

ɨɬ 100 Ɇȼɬ ɞɨ 399 Ɇȼɬ 0,12% 0,17% 0,3% 0,4% 

 
ɇɚ Ⱥɥɬɚɣɫɤɨɣ Ƚɗɋ ɫ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɶɸ 298 Ɇȼɬ ɭɞɟɥɶɧɨɟ 

ɡɧɚɱɟɧɢɟ ɪɚɫɯɨɞɨɜ ɫɨɫɬɚɜɢɬ 0,12; 0,17%; 0,3% ɢ 0,4%. 
Ɋɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ ɪɚɫɫɱɢɬɚɧɵ ɢɫɯɨɞɹ ɢɡ 

ɬɚɪɢɮɨɜ ɛɟɡ ɇȾɋ, ɩɨ ɞɚɧɧɵɦ ɟɞɢɧɵɯ ɫɰɟɧɚɪɧɵɯ ɭɫɥɨɜɢɣ [38]. Ⱦɚɧɧɵɟ ɩɨ 
ɪɚɫɯɨɞɚɦ ɧɚ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɤɨɦɩɚɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 9.4. 

 
Ɍɚɛɥɢɰɚ 9.4 – Ɋɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɋɬɚɜɤɚ ȼɟɥɢɱɢɧɚ, ˏˎː. ˓˖˄. 
ɈȺ "ɋɈ - ȿɗɋ" 135,38̞ ˞˔. ˓˖˄./ʛʑ˕ 13,66 

ȺɈ «ȺɌɋ» (ɚɞɦɢɧɢɫɬɪɚɬɨɪ 
ɬɨɪɝɨɜɨɣ ɫɢɫɬɟɦɵ) 0,001097̞˞˔. ˓˖˄./ʛʑ˕˚ 2,82 

ȺɈ «ɐɎɊ» (ɰɟɧɬɪ ɮɢɧɚɧɫɨɜɵɯ 
ɪɚɫɱɟɬɨɜ) 0,000318̞˞˔. ˓˖˄. ʛʑ˕˚ 0,82 

ɂɬɨɝɨ 17,3 
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Ɉɝɪɨɦɧɚɹ ɞɨɥɹ ɡɚɬɪɚɬ ɩɪɢɯɨɞɢɬɫɹ ɧɚ ɭɫɥɭɝɢ ɈȺ "ɋɈ – ȿɗɋ". ɗɬɨ 
ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɞɚɧɧɚɹ ɨɪɝɚɧɢɡɚɰɢɹ ɟɞɢɧɨɥɢɱɧɨ ɨɫɭɳɟɫɬɜɥɹɟɬ 
ɨɩɟɪɚɬɢɜɧɨ-ɞɢɫɩɟɬɱɟɪɫɤɨɟ ɭɩɪɚɜɥɟɧɢɟ ɜ ȿɞɢɧɨɣ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ 
Ɋɨɫɫɢɢ. 

Ɍɟɤɭɳɢɟ ɡɚɬɪɚɬɵ ɩɨ ɝɢɞɪɨɭɡɥɭ ɜ ɩɟɪɜɵɟ ɝɨɞɵ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɢɜɟɞɟɧɵ ɜ 
ɬɚɛɥɢɰɟ 9.5. Ɍɟɤɭɳɢɟ ɡɚɬɪɚɬɵ ɡɚ ɜɟɫɶ ɩɟɪɢɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ ɩɪɟɞɫɬɚɜɥɟɧɵ 
ɜ ɩɪɢɥɨɠɟɧɢɢ ɀ ɧɚ ɪɢɫɭɧɤɟ ɀ.1. 

 
Ɍɚɛɥɢɰɚ 9.5 – Ɍɟɤɭɳɢɟ ɡɚɬɪɚɬɵ ɩɨ ɝɢɞɪɨɭɡɥɭ ɜ ɩɟɪɜɵɟ ɝɨɞɵ ɷɤɫɩɥɭɚɬɚɰɢɢ 

Ƚɨɞ 2024 2025 2026 2027 2028 
Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ 

ɨɬɱɢɫɥɟɧɢɹ, ˏˎː. ˓˖˄. 1280,64 165,47 75,19 75,19 75,19 

Ɋɚɫɯɨɞɵ ɧɚ ɫɬɪɚɯɨɜɚɧɢɟ, ˏˎː. ˓˖˄. 21,99 37,42 44,81 44,81 44,81 

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ, ˏˎː. ˓˖˄. 144,37 157,49 157,49 157,49 157,49 

Ɋɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ, ˏˎː. ˓˖˄. 2,75 4,68 5,60 5,60 7,93 

Ɋɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ 
ɪɟɝɭɥɢɪɭɸɳɢɯ ɤɨɦɩɚɧɢɣ, ˏˎː. ˓˖˄. 40,57 43,93 43,93 43,93 43,93 

ɇɚɥɨɝ ɧɚ ɜɨɞɭ, ˏˎː. ˓˖˄. 18,54 18,54 18,54 18,54 18,54 

ɂɬɨɝɨ, ˏˎː. ˓˖˄. 1508,86 427,53 345,56 345,56 347,89 

 
ɂɡ ɬɚɛɥɢɰɵ 9.5 ɫɥɟɞɭɟɬ, ɱɬɨ ɬɟɤɭɳɢɟ ɡɚɬɪɚɬɵ ɩɨ Ⱥɥɬɚɣɫɤɨɦɭ ɝɢɞɪɨɭɡɥɭ в 

ɢɫɫɥɟɞɭɟɦɵɣ ɩɟɪɢɨɞ ɨɛɴɹɫɧɹɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟɦ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɪɚɫɯɨɞɨɜ. 
Ɍɚɤɠɟ ɩɪɨɢɫɯɨɞɢɬ ɪɨɫɬ ɪɚɫɯɨɞɨɜ ɧɚ ɪɟɦɨɧɬ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ. 

Ⱦɥɹ ɛɨɥɶɲɟɣ ɧɚɝɥɹɞɧɨɫɬɢ ɬɟɤɭɳɢɟ ɡɚɬɪɚɬɵ ɩɨ Ⱥɥɬɚɣɫɤɨɦɭ ɝɢɞɪɨɭɡɥɭ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɜɢɞɟ ɞɢɚɝɪɚɦɦɵ ɧɚ ɪɢɫɭɧɤɟ 9.1. 
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Ɋɢɫɭɧɨɤ 9.1 – ɋɬɪɭɤɬɭɪɚ ɬɟɤɭɳɢɯ ɡɚɬɪɚɬ ɩɨ ɝɢɞɪɨɭɡɥɭ 

 
Ȼɨɥɶɲɚɹ ɱɚɫɬɶ ɨɫɧɨɜɧɵɯ ɫɪɟɞɫɬɜ ɫɩɢɫɵɜɚɟɬɫɹ ɜ ɩɟɪɜɵɟ ɝɨɞɵ 

ɷɤɫɩɥɭɚɬɚɰɢɢ, ɩɨɷɬɨɦɭ ɧɚɢɛɨɥɟɟ ɜɵɫɨɤɢɟ ɛɭɞɭɬ ɡɚɬɪɚɬɵ ɧɚ ɷɤɫɩɥɭɚɬɚɰɢɸ ɢ 
ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ. ɇɚɢɦɟɧɶɲɢɟ ɡɚɬɪɚɬɵ – ɪɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ ɢ ɧɚɥɨɝ ɧɚ ɜɨɞɭ, ɬɚɤ ɤɚɤ ɩɪɨɢɡɜɨɞɫɬɜɨ ɷɧɟɪɝɢɢ ɢ 
ɦɨɳɧɨɫɬɢ ɩɪɨɢɫɯɨɞɢɬ ɩɨɫɬɟɩɟɧɧɨ, ɫ ɭɫɬɚɧɨɜɤɨɣ ɩɟɪɜɨɝɨ ɚɝɪɟɝɚɬɚ ɢ 
ɩɨɞɤɥɸɱɟɧɢɟɦ ɤ ɩɨɬɪɟɛɢɬɟɥɸ. 

 
9.3 ɇɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ 
 
ɇɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɨɬɬɨɤ ɞɟɧɟɠɧɵɯ ɫɪɟɞɫɬɜ ɩɨɫɥɟ 

ɡɚɜɟɪɲɟɧɢɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ Ƚɗɋ. Ɂɧɚɱɢɬɟɥɶɧɚɹ ɱɚɫɬɶ ɨɬɱɢɫɥɹɟɬɫɹ ɜ 
ɪɟɝɢɨɧɚɥɶɧɵɣ ɛɸɞɠɟɬ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɇɚɥɨɝɨɜɵɦ Ʉɨɞɟɤɫɨɦ ɊɎ.  

ɍɱɬɟɧɵ ɫɥɟɞɭɸɳɢɟ ɧɚɥɨɝɢ: 
 ɇɚɥɨɝ ɧɚ ɩɪɢɛɵɥɶ – 20%; 
 ɇȾɋ – 20%; 
 ȼɡɧɨɫɵ ɜ ɫɨɰɢɚɥɶɧɵɟ ɮɨɧɞɵ – 34%; 
 ɇɚɥɨɝ ɧɚ ɢɦɭɳɟɫɬɜɨ – 2,2%  
 ɇɚɥɨɝ ɧɚ ɜɨɞɭ ɧɚ  1 ɬɵɫ. ɤȼɬ.ɱ – 4,8 ɪɭɛ. 

ɉɪɟɞɩɨɥɚɝɚɟɦɵɟ ɧɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɥɶɝɨɬ ɩɪɢɜɟɞɟɧɵ ɜ 
ɬɚɛɥɢɰɟ 9.6. 

 
 
 

Ⱥɦɨɪɬɢɡɚɰɢɹ 
ɨɬɱɢɫɥɟɧɢɹ

22%

Ɋɚɫɯɨɞɵ ɧɚ 
ɫɬɪɚɯɨɜɚɧɢɟ 

13%
ɗɤɫɩɥɭɚɬɚɰɢɨɧ

ɧɵɟ ɡɚɬɪɚɬɵ 
45%

Ɋɚɫɯɨɞɵ ɧɚ 
ɪɟɦɨɧɬ 

ɩɪɨɢɡɜɨɞɫɬɜɟɧɧ
ɵɯ ɮɨɧɞɨɜ 

2%

Ɋɚɫɯɨɞɵ ɧɚ 
ɭɫɥɭɝɢ ɪɟɝ. 
Ʉɨɦɩɧɚɧɢɣ

13%

ɇɚɥɨɝ ɧɚ ɜɨɞɭ
5%
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Ɍɚɛɥɢɰɚ 9.6 – ɇɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ 
Ƚɨɞ 2025 2026 2027 2028 2029 

ɇɚɥɨɝ ɧɚ ɩɪɢɛɵɥɶ, ˏˎː. ˓˖˄. 536,31 617,47 634,96 651,64 665,44 

ɇȾɋ, ˏˎː. ˓˖˄. 240,68 639,75 721,88 738,23 751,70 
ȼɡɧɨɫɵ ɜ ɫɨɰ. 

ɮɨɧɞɵ, ˏˎː. ˓˖˄. 61,67 61,67 61,67 61,67 61,67 

ɇɚɥɨɝ ɧɚ ɢɦɭɳɟɫɬɜɨ, ˏˎː. ˓˖˄. 72,33 99,39 97,74 96,08 94,43 

ɂɬɨɝɨ, ˏˎː. ˓˖˄. 910,99 1418,28 1516,24 1547,63 1573,24 
ɂɫɯɨɞɹ ɢɡ ɜɵɲɟ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɜ ɬɚɛɥɢɰɟ 9.6, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ 

ɨ ɬɨɦ, ɱɬɨ ɛɨɥɶɲɭɸ ɱɚɫɬɶ ɧɚɥɨɝɨɜ, ɜɵɩɥɚɱɢɜɚɟɦɵɯ Ƚɗɋ ɝɨɫɭɞɚɪɫɬɜɭ, ɡɚɧɢɦɚɸɬ 
ɧɚɥɨɝ ɧɚ ɞɨɛɚɜɥɟɧɧɭɸ ɫɬɨɢɦɨɫɬɶ ɢ ɧɚɥɨɝ ɧɚ ɩɪɢɛɵɥɶ.  

Ɍɚɤɠɟ ɢɡ ɬɚɛɥɢɰɵ 9.6 ɜɢɞɧɨ, ɱɬɨ ɟɠɟɝɨɞɧɨ ɧɚɛɥɸɞɚɟɬɫɹ ɪɨɫɬ ɧɚɥɨɝɨɜɵɯ 
ɪɚɫɯɨɞɨɜ ɡɚ ɫɱɟɬ ɭɜɟɥɢɱɟɧɢɹ ɇȾɋ, ɧɚɥɨɝɚ ɧɚ ɩɪɢɛɵɥɶ ɢ ɧɚɥɨɝɚ ɧɚ ɢɦɭɳɟɫɬɜɨ. 

 
9.4 Ɉɰɟɧɤɚ ɫɭɦɦɵ ɩɪɢɛɵɥɢ 
 
ɉɪɢɛɵɥɶ ɹɜɥɹɟɬɫɹ ɤɨɧɟɱɧɵɦ ɮɢɧɚɧɫɨɜ ɪɟɡɭɥɶɬɚɬɨɦ ɨɬ ɩɪɨɞɚɠɢ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɝɟɧɟɪɢɪɭɸɳɟɣ ɤɨɦɩɚɧɢɢ ɢ ɜ ɨɛɳɟɦ ɜɢɞɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɪɚɡɧɢɰɭ 
ɦɟɠɞɭ ɰɟɧɨɣ ɩɪɨɞɭɤɰɢɢ ɢ ɟё ɫɟɛɟɫɬɨɢɦɨɫɬɶɸ.  

Ƚɨɞɨɜɚɹ ɩɪɢɛɵɥɶ ɡɚ ɩɟɪɜɵɟ ɝɨɞɵ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 
9.7.  

 
Ɍɚɛɥɢɰɚ 9.7 – Ƚɨɞɨɜɚɹ ɩɪɢɛɵɥɶ ɡɚ ɩɟɪɜɵɟ ɝɨɞɵ ɷɤɫɩɥɭɚɬɚɰɢɢ 

Ƚɨɞ 2024 2025 2026 2027 2028 
ȼɵɪɭɱɤɚ (ɧɟɬɬɨ), ˏ ˎː. ˓˖˄. 2514,65 2312,75 2125,18 1950,46 1718,07 

Ɍɟɤɭɳɢɟ ɪɚɫɯɨɞɵ, ˏˎː. ˓˖˄. 1525,35 427,53 345,56 345,56 347,90 
EBIT(ɩɪɢɛɵɥɶ ɞɨ 

ɧɚɥɨɝɨɨɛɥɨɠɟɧɢɹ), ˏ ˎː. ˓˖˄. 3336,05 3424,59 3512,37 3597,99 3679,40 

ɋɤɨɪɪɟɤɬɢɪɨɜɚɧɧɵɣ ɧɚɥɨɝ ɧɚ 
ɩɪɢɛɵɥɶ, ˏ ˎː. ˓˖˄. 1762,45 2932,04 3094,78 3182,06 3265,13 

NOPAT (ɱɢɫɬɚɹ ɩɪɢɛɵɥɶ) 377,80 586,41 618,96 636,41 653,03 
ɋɬɚɜɤɚ ɧɚɥɨɝɚ ɧɚ ɩɪɢɛɵɥɶ, % 1384,65 2345,63 2475,83 2545,65 2612,10 

 
ɉɨ ɞɚɧɧɵɦ ɬɚɛɥɢɰɵ 9.7 ɜɢɞɧɨ, ɱɬɨ ɜɟɥɢɱɢɧɚ ɱɢɫɬɨɣ ɩɪɢɛɵɥɢ ɧɚɩɪɹɦɭɸ 

ɡɚɜɢɫɢɬ ɨɬ ɜɟɥɢɱɢɧɵ ɜɵɪɭɱɤɢ ɢ ɬɟɤɭɳɢɯ ɡɚɬɪɚɬ. ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɜɵɪɭɱɤɢ ɢɡ-ɡɚ 
ɪɨɫɬɚ ɰɟɧ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɢ ɪɨɫɬɚ ɨɛɴёɦɨɜ ɩɪɨɞɚɠ, ɚ ɬɚɤɠɟ ɭɦɟɧɶɲɟɧɢɟɦ 
ɡɚɬɪɚɬ, ɜɢɞɟɧ ɟɠɟɝɨɞɧɵɣ ɪɨɫɬ ɱɢɫɬɨɣ ɩɪɢɛɵɥɢ. Ⱦɢɧɚɦɢɤɚ ɱɢɫɬɨɣ ɩɪɢɛɵɥɢ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 9.2. 
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Ɋɢɫɭɧɨɤ 9.2 – Ⱦɢɧɚɦɢɤɚ ɱɢɫɬɨɣ ɩɪɢɛɵɥɢ 

 
ɂɡ ɪɢɫɭɧɤɚ 9.2 ɜɢɞɧɨ, ɱɬɨ ɩɪɨɟɤɬ ɛɭɞɟɬ ɭɜɟɥɢɱɢɜɚɬɶ ɫɜɨɸ ɷɤɨɧɨɦɢɱɟɫɤɭɸ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɫ 2024 ɝɨɞɚ, ɱɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɩɨɨɱɟɪёɞɧɵɦ ɩɭɫɤɨɦ 
ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ. 

 
9.5 Ɉɰɟɧɤɚ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ 
 
Ƚɥɚɜɧɨɣ ɰɟɥɶɸ ɨɰɟɧɤɢ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ 

ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ, ɫ ɭɱɟɬɨɦ ɭɫɥɨɜɢɣ Ɂɚɤɚɡɱɢɤɚ 
(ɉɪɢɥɨɠɟɧɢɟ ɤ ɩɪɢɤɚɡɭ ɉȺɈ «ɊɭɫȽɢɞɪɨ» ɨɬ 16.01.2017 № 9 ‒ «ȿɞɢɧɵɟ 
ɫɰɟɧɚɪɧɵɟ ɭɫɥɨɜɢɹ ɉȺɈ «ɊɭɫȽɢɞɪɨ» ɧɚ 2017-2042 ɝɝ.»). 

 
9.5.1 Ɇɟɬɨɞɨɥɨɝɢɹ ɢ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 
 
ɐɟɥɶɸ ɨɰɟɧɤɢ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɩɨɤɚɡɚɬɟɥɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ, 

ɤ ɤɨɬɨɪɵɦ ɨɬɧɨɫɹɬɫɹ: 
1. ɑɢɫɬɵɣ ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɞɨɯɨɞ; 
2. ɂɧɞɟɤɫ ɩɪɢɛɵɥɶɧɨɫɬɢ; 
3. ɋɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ; 
4. ɂ ɬ.ɞ. 
Ⱦɚɧɧɵɣ ɪɚɡɞɟɥ ɜɵɩɨɥɧɟɧ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɨɤɭɦɟɧɬɚɰɢɟɣ, [38],[40],[41]. 
Ɋɚɫɱɟɬɵ ɩɪɨɢɡɜɨɞɢɥɢɫɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɥɢɰɟɧɡɢɨɧɧɨɣ ɜɟɪɫɢɢ 

ɩɪɨɝɪɚɦɦɧɨɝɨ ɩɪɨɞɭɤɬɚ «ProjectExpert».  
Ⱦɥɹ ɰɟɥɟɣ ɮɢɧɚɧɫɨɜɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɢɧɹɬɵ 

ɫɥɟɞɭɸɳɢɟ ɩɪɟɞɩɨɫɵɥɤɢ: 
1) ɩɟɪɢɨɞ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɞɥɹ Ⱥɥɬɚɣɫɤɚɹ Ƚɗɋ ɧɚ ɪɟɤɟ Ʉɚɬɭɧɶ 

ɦɨɳɧɨɫɬɶɸ 298 Ɇȼɬ ɫɨɫɬɚɜɥɹɟɬ 20 ɥɟɬ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɪɨɤɨɦ ɫɥɭɠɛɵ 
ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ; 

2) ɢɫɩɨɥɶɡɭɟɦɚɹ ɩɪɢ ɨɰɟɧɤɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɮɢɧɚɧɫɨɜɚɹ ɦɨɞɟɥɶ 
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ɨɬɪɚɠɚɟɬ ɪɟɚɥɶɧɭɸ ɫɢɬɭɚɰɢɸ, ɫɥɨɠɢɜɲɭɸɫɹ ɤ ɧɚɫɬɨɹɳɟɦɭ ɦɨɦɟɧɬɭ ɧɚ 
ɪɨɫɫɢɣɫɤɨɦ ɪɵɧɤɟ; 

3) ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɜ ɬɟɱɟɧɢɟ ɜɪɟɦɟɧɢ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ ɧɟ ɛɭɞɟɬ 
ɩɪɨɢɫɯɨɞɢɬɶ ɝɥɨɛɚɥɶɧɵɯ ɢɡɦɟɧɟɧɢɣ ɫɭɳɟɫɬɜɭɸɳɢɯ ɩɪɚɜɢɥ ɢ ɡɚɤɨɧɨɜ. 

 
9.5.2 ɉɨɤɚɡɚɬɟɥɢ ɤɨɦɦɟɪɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ 
 
ɐɟɥɶ ɩɪɨɜɟɞɟɧɢɹ ɪɚɫɱɟɬɨɜ ɤɨɦɦɟɪɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ 

ɫɜɨɞɢɬɫɹ ɤ ɨɩɪɟɞɟɥɟɧɢɸ ɩɨɤɚɡɚɬɟɥɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɧɜɟɫɬɢɰɢɣ ɩɪɨɟɤɬɚ, 
ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ɬɚɛɥɢɰɟ 9.8. 

 
Ɍɚɛɥɢɰɚ 9.8 – ɉɨɤɚɡɚɬɟɥɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɧɜɟɫɬɢɰɢɣ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ȼɟɥɢɱɢɧɚ 

ɋɬɚɜɤɚ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ, % 11,6 

ɉɟɪɢɨɞ ɨɤɭɩɚɟɦɨɫɬɢ – PB, ˏ ˈ˔ 108 

ɑɢɫɬɵɣ ɩɪɢɜɟɞɟɧɧɵɣ ɞɨɯɨɞ – NPV, ɦɥɧ.ɪɭɛ. 5607,03 

ɂɧɞɟɤɫ ɩɪɢɛɵɥɶɧɨɫɬɢ – PI 1,9 

ɋɟɛɟɫɬɨɢɦɨɫɬɶ ˓˖˄./ˍʑ˕ ∙ ˚ 0,54 

ɍɞɟɥɶɧɵɟ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ, ˓˖˄./ˍʑ˕ 0,046 

 
ɂɡ ɞɚɧɧɵɯ ɬɚɛɥɢɰɵ 9.8 ɜɢɞɧɨ, ɱɬɨ ɩɟɪɢɨɞ ɨɤɭɩɚɟɦɨɫɬɢ ɩɪɨɟɤɬɚ 

ɫɨɫɬɚɜɥɹɟɬ 98 ɦɟɫɹɰɟɜ (8,4 ɥɟɬ). Ⱦɥɹ ɟɝɨ ɫɨɤɪɚɳɟɧɢɹ ɦɨɠɧɨ ɩɪɢɛɟɝɧɭɬɶ ɤ 
ɧɟɤɨɬɨɪɵɦ ɜɚɪɢɚɧɬɚɦ, ɧɚɩɪɢɦɟɪ, ɬɚɤɢɦ, ɤɚɤ ɩɪɢɜɥɟɱɟɧɢɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɯ 
ɫɪɟɞɫɬɜ ɢɥɢ ɤɪɟɞɢɬɨɜ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ Ⱥɥɬɚɣɫɤɨɣ ɝɢɞɪɨɭɡɥɚ. 

ɂɧɞɟɤɫ ɩɪɢɛɵɥɶɧɨɫɬɢPI > ͳ, ɱɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɶ ɢ 
ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɡɜɢɬɢɹ ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ ɨɛɴɟɤɬɚ. 

ɉɨɤɚɡɚɬɟɥɶ ɱɢɫɬɨɝɨ ɩɪɢɜɟɞёɧɧɨɝɨ ɞɨɯɨɞɚ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ 
ɹɜɥɹɟɬɫɹ ɩɨɥɨɠɢɬɟɥɶɧɨɣ ɜɟɥɢɱɢɧɨɣ, ɱɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɩɪɢɛɵɥɶɧɨɫɬɶ ɩɪɨɟɤɬɚ, 
ɟɝɨ ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ ɢ ɩɪɢɜɥɟɤɚɬɟɥɶɧɨɫɬɶ ɢɧɜɟɫɬɢɪɨɜɚɧɢɹ.  
 

9.6 Ȼɸɞɠɟɬɧɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
 
ɉɨɤɚɡɚɬɟɥɢ ɛɸɞɠɟɬɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɨɬɪɚɠɚɸɬ ɜɥɢɹɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ 

ɩɪɨɟɤɬɚ ɧɚ ɞɨɯɨɞɧɭɸ ɱɚɫɬɶ ɮɟɞɟɪɚɥɶɧɨɝɨ ɢ ɪɟɝɢɨɧɚɥɶɧɨɝɨ ɛɸɞɠɟɬɚ. Ⱦɨɯɨɞɧɚɹ 
ɱɚɫɬɶ ɛɸɞɠɟɬɨɜ ɪɚɡɥɢɱɧɵɯ ɭɪɨɜɧɟɣ ɮɨɪɦɢɪɭɟɬɫɹ ɡɚ ɫɱёɬ ɧɚɥɨɝɨɜɵɯ 
ɩɨɫɬɭɩɥɟɧɢɣ, ɜɟɥɢɱɢɧɚ ɤɨɬɨɪɵɯ ɩɨɤɚɡɚɧɚ ɜ ɬɚɛɥɢɰɟ 9.9.  
 
Ɍɚɛɥɢɰɚ 9.9 – ɉɪɟɞɩɨɥɚɝɚɟɦɵɟ ɧɚɥɨɝɨɜɵɟ ɩɨɫɬɭɩɥɟɧɢɹ ɜ ɮɟɞɟɪɚɥɶɧɵɣ ɢ 
ɪɟɝɢɨɧɚɥɶɧɵɟ ɛɸɞɠɟɬɵ 

Ƚɨɞ 2021 2022 2023 2024 2025 

ȼ Ɏɟɞɟɪɚɥɶɧɵɣ ɛɸɞɠɟɬ, ɦɥɧ. ɪɭɛ. 61,67 61,67 36,21 456,63 853,16 

ȼ ɪɟɝɢɨɧɚɥɶɧɵɣ ɛɸɞɠɟɬ, ɦɥɧ. ɪɭɛ. 0,38 0,38 10,80 43,76 72,69 

ɇɚɥɨɝɨɜɵɟ ɩɨɫɬɭɩɥɟɧɢɹ, ɦɥɧ. ɪɭɛ. 62,05 62,05 74,01 500,39 925,86 
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Ɉɬɱɢɫɥɟɧɢɹ ɜ ɮɟɞɟɪɚɥɶɧɵɣ ɛɸɞɠɟɬ ɬɚɤɢɯ ɧɚɥɨɝɨɜ, ɤɚɤ ɇȾɋ, ɧɚɥɨɝɚ ɧɚ 
ɩɪɢɛɵɥɶ, ɨɬɱɢɫɥɟɧɢɣ ɜɨ ɜɧɟɛɸɞɠɟɬɧɵɟ ɮɨɧɞɵ ɢ ɜɨɞɧɨɝɨ ɧɚɥɨɝɚ, ɚ ɬɚɤɠɟ ɜ 
ɪɟɝɢɨɧɚɥɶɧɵɣ ɛɸɞɠɟɬ ɧɚɥɨɝɚ ɧɚ ɢɦɭɳɟɫɬɜɚ ɞɟɥɚɸɬ ɩɪɨɟɤɬ ɨɛɳɟɫɬɜɟɧɧɨ 
ɩɪɢɜɥɟɤɚɬɟɥɶɧɵɦ. 

Ɍɚɤɠɟ ɫɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɧɚɥɨɝɨɜɵɟ ɩɨɫɬɭɩɥɟɧɢɹ ɭɜɟɥɢɱɢɜɚɸɬɫɹ ɢɡ-ɡɚ 
ɩɨɜɵɲɟɧɢɹ ɜɵɪɭɱɤɢ ɨɬ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɦɨɳɧɨɫɬɢ. 

 
9.7 Ⱥɧɚɥɢɡ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ 
 
Ⱥɧɚɥɢɡ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɧɚɫɤɨɥɶɤɨ ɫɢɥɶɧɨ 

ɢɡɦɟɧɢɬɫɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɨɟɤɬɚ ɩɪɢ ɨɩɪɟɞɟɥёɧɧɨɦ ɢɡɦɟɧɟɧɢɢ ɨɞɧɨɝɨ ɢɡ  
ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɟɤɬɚ. 

ȼ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɜɟɥɢɱɢɧɵ ɱɢɫɬɨɝɨ  
ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɨɝɨ ɞɨɯɨɞɚ ɤ ɢɡɦɟɧɟɧɢɹɦ: 

 ɨɛɴɟɦɚ ɢɧɜɟɫɬɢɰɢɣ; 
 ɫɬɚɜɤɢ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ; 
 ɰɟɧɵ ɫɛɵɬɚ; 
 ɫɬɚɜɤɢ ɧɚɥɨɝɨɜ;  
 ɡɚɪɚɛɨɬɧɨɣ ɩɥɚɬɵ.  
ɉɪɟɞɟɥɵ ɢɡɦɟɧɟɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɮɚɤɬɨɪɨɜ ɨɩɪɟɞɟɥɹɥɢɫɶ ɷɤɫɩɟɪɬɧɨ. 
ɂɡɦɟɧɟɧɢɟ ɜɟɥɢɱɢɧɵ ɱɢɫɬɨɝɨ ɩɪɢɜɟɞɟɧɧɨɝɨ ɞɨɯɨɞɚ (PI) ɨɬ ɢɡɦɟɧɟɧɢɹ 

ɫɬɚɜɤɢ ɧɚɥɨɝɨɜ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 9.3. 
 

 
Ɋɢɫɭɧɨɤ 9.3 – ɂɡɦɟɧɟɧɢɟ ɜɟɥɢɱɢɧɵ PI ɨɬ ɢɡɦɟɧɟɧɢɹ ɫɬɚɜɤɢ ɧɚɥɨɝɨɜ 

 
ɂɡ ɪɢɫɭɧɤɚ 9.3 ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɫɬɚɜɤɢ 

ɧɚɥɨɝɨɜ ɭɦɟɧɶɲɚɟɬɫɹ ɜɟɥɢɱɢɧɚ PI, ɬɨ ɟɫɬɶ ɤ ɨɛɪɚɬɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɜɟɥɢɱɢɧɵ PI. 
ɂɡɦɟɧɟɧɢɟ ɜɟɥɢɱɢɧɵ ɱɢɫɬɨɝɨ ɩɪɢɜɟɞɟɧɧɨɝɨ ɞɨɯɨɞɚ (PI) ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɢɡɦɟɧɟɧɢɹ ɰɟɧɵ ɫɛɵɬɚ, ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 9.4. 
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Ɋɢɫɭɧɨɤ 9.4 – ɂɡɦɟɧɟɧɢɟ ɜɟɥɢɱɢɧɵ PI ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɰɟɧɵ ɫɛɵɬɚ 

 
ɂɡ ɪɢɫɭɧɤɚ 9.4 ɫɥɟɞɭɟɬ ɜɵɜɨɞ: ɭɜɟɥɢɱɟɧɢɟ ɰɟɧɵ ɫɛɵɬɚ  ɜɟɞɟɬ ɤ 

ɭɜɟɥɢɱɟɧɢɸ ɩɪɢɛɵɥɢ ɫ ɤɚɠɞɨɣ ɟɞɢɧɢɰɵ ɩɪɨɞɭɤɰɢɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɷɬɨ ɜɟɞɟɬ ɤ 
ɪɨɫɬɭ ɩɪɢɛɵɥɶɧɨɫɬɢ.  

ɂɡɦɟɧɟɧɢɟ PI ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɬɚɜɤɢ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ, ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ 
ɪɢɫɭɧɤɟ 9.5. 

 
Ɋɢɫɭɧɨɤ 9.5 – ɂɡɦɟɧɟɧɢɟ PI ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɬɚɜɤɢ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ 

 
ȼɵɜɨɞ: ɭɜɟɥɢɱɟɧɢɟ ɫɬɚɜɤɢ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ ɜɥɟɱɟɬ ɡɚ ɫɨɛɨɣ ɭɦɟɧɶɲɟɧɢɟ 

ɜɟɥɢɱɢɧɵ PI, ɫɜɹɡɶ ɦɟɠɞɭ ɩɚɪɚɦɟɬɪɚɦɢ ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚɹ. 
ɉɪɨɜɟɞɟɧɧɵɣ ɚɧɚɥɢɡ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɩɨɤɚɡɚɥ, ɱɬɨ ɧɚɢɛɨɥɶɲɢɣ ɪɢɫɤ ɞɥɹ 

ɩɪɨɟɤɬɚ ɩɪɟɞɫɬɚɜɥɹɸɬ ɢɡɦɟɧɟɧɢɟ ɫɥɟɞɭɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ:  
1) ɍɜɟɥɢɱɟɧɢɟ ɫɬɚɜɤɢ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ  
2) ɍɜɟɥɢɱɟɧɢɟ ɨɛɴɟɦɚ ɢɧɜɟɫɬɢɰɢɣ  
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10 ɐɢɮɪɨɜɵɟ ɫɬɚɧɰɢɢ 
 

10.1 ɂɧɞɭɫɬɪɢɹ 4.0 
 

Ɇɢɪ ɫɬɨɢɬ ɧɚ ɩɨɪɨɝɟ ɧɨɜɨɣ, ɱɟɬɜɟɪɬɨɣ ɩɪɨɦɵɲɥɟɧɧɨɣ ɪɟɜɨɥɸɰɢɢ 
(«ɂɧɞɭɫɬɪɢɹ 4.0»), ɤɨɬɨɪɚɹ ɩɪɢɜɟɞɟɬ ɤ ɩɨɥɧɨɣ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɛɨɥɶɲɢɧɫɬɜɚ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɭɜɟɥɢɱɟɧɢɸ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɬɪɭɞɚ,  ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɪɨɫɬɚ ɢ ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɨɫɬɢ ɟɟ 
ɫɬɪɚɧ-ɥɢɞɟɪɨɜ.  

ɋɭɬɶ «ɂɧɞɭɫɬɪɢɢ 4.0» ɫɨɫɬɨɢɬ ɜ ɭɫɤɨɪɟɧɧɨɣ ɢɧɬɟɝɪɚɰɢɢ 
ɤɢɛɟɪɮɢɡɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɜ ɡɚɜɨɞɫɤɢɟ ɩɪɨɰɟɫɫɵ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɡɧɚɱɢɬɟɥɶɧɚɹ 
ɱɚɫɬɶ ɩɪɨɢɡɜɨɞɫɬɜɚ ɛɭɞɟɬ ɩɪɨɯɨɞɢɬɶ ɛɟɡ ɭɱɚɫɬɢɹ ɱɟɥɨɜɟɤɚ.  

ɋ «ɂɧɞɭɫɬɪɢɟɣ 4.0» ɫɜɹɡɚɧɵ ɬɚɤɢɟ ɩɨɧɹɬɢɹ, ɤɚɤ «ɩɪɨɦɵɲɥɟɧɧɵɣ 
ɢɧɬɟɪɧɟɬ ɜɟɳɟɣ», «ɰɢɮɪɨɜɨɟ ɩɪɟɞɩɪɢɹɬɢɟ» ɢ «ɰɢɮɪɨɜɚɹ ɷɧɟɪɝɟɬɢɤɚ». 
 

10.2 ɐɢɮɪɨɜɚɹ ɷɧɟɪɝɟɬɢɤɚ 
 

Ɍɟɪɦɢɧɵ «ɰɢɮɪɨɜɚɹ ɷɧɟɪɝɟɬɢɤɚ» ɢ «ɰɢɮɪɨɜɢɡɚɰɢɹ» ɩɨɹɜɢɥɢɫɶ 
ɜ ɤɨɧɬɟɤɫɬɟ ɩɪɨɰɟɫɫɨɜ ɮɨɪɦɢɪɨɜɚɧɢɹ ɰɢɮɪɨɜɨɣ ɷɤɨɧɨɦɢɤɢ, ɢ ɢɦɟɟɬ ɫɦɵɫɥ 
ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɢɯ ɬɨɥɶɤɨ ɜ ɷɬɨɣ ɫɜɹɡɤɟ. ɋɭɬɶɸ ɰɢɮɪɨɜɨɣ ɷɧɟɪɝɟɬɢɤɢ ɹɜɥɹɟɬɫɹ 
ɩɟɪɟɫɛɨɪɤɚ ɢ ɪɚɡɜɢɬɢɟ ɫɨɜɨɤɭɩɧɨɫɬɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɢ ɷɤɨɧɨɦɢɱɟɫɤɢɯ 
ɨɬɧɨɲɟɧɢɣ ɜ ɨɬɪɚɫɥɢ ɧɚ ɨɫɧɨɜɟ ɰɢɮɪɨɜɵɯ ɩɨɞɯɨɞɨɜ ɢ ɫɪɟɞɫɬɜ. ɂɬɨɝɨ, 
ɜ ɫɥɨɜɨɫɨɱɟɬɚɧɢɢ «ɰɢɮɪɨɜɚɹ ɷɤɨɧɨɦɢɤɚ», ɚ ɡɧɚɱɢɬ ɢ «ɰɢɮɪɨɜɚɹ ɷɧɟɪɝɟɬɢɤɚ», 
ɨɩɪɟɞɟɥɹɸɳɢɦ ɫɥɨɜɨɦ ɹɜɥɹɟɬɫɹ «ɷɤɨɧɨɦɢɤɚ», ɚ ɩɪɢɥɚɝɚɬɟɥɶɧɨɟ «ɰɢɮɪɨɜɚɹ» 
ɥɢɲɶ ɭɤɚɡɵɜɚɟɬ ɧɚ ɫɪɟɞɫɬɜɚ ɞɨɫɬɢɠɟɧɢɹ ɰɟɥɢ. 

ɐɢɮɪɨɜɚɹ  ɷɧɟɪɝɟɬɢɤɚ ɤɚɤ ɱɚɫɬɶ ɰɢɮɪɨɜɨɣ ɷɤɨɧɨɦɢɤɢ ɮɨɪɦɢɪɭɟɬ ɧɨɜɵɟ 
ɦɟɯɚɧɢɡɦɵ ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, ɞɚɸɳɢɟ ɟɝɨ ɫɭɛɴɟɤɬɚɦ ɧɨɜɵɣ 
ɩɨɬɟɧɰɢɚɥ ɞɥɹ ɧɚɪɚɳɢɜɚɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ.  

ȼ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɟ ɧɚɢɛɨɥɟɟ ɤɚɪɞɢɧɚɥɶɧɵɟ ɢɡɦɟɧɟɧɢɹ ɜɨɡɧɢɤɚɸɬ ɜ 
ɫɜɹɡɢ ɫ ɦɚɫɲɬɚɛɧɵɦ ɪɚɡɜɢɬɢɟɦ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɷɧɟɪɝɟɬɢɤɢ, ɩɨɹɜɥɟɧɢɟɦ ɧɨɜɵɯ 
ɫɭɛɴɟɤɬɨɜ — ɩɪɨɫɶɸɦɟɪɨɜ (ɷɬɨ ɩɨɬɪɟɛɢɬɟɥɶ (consumer) ɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶ 
(producer) ɜ ɨɞɧɨɦ ɮɥɚɤɨɧɟ), ɚɤɬɢɜɧɵɯ ɩɨɬɪɟɛɢɬɟɥɟɣ. ȼ ɷɬɨɣ ɫɜɹɡɢ ɦɧɨɝɨɤɪɚɬɧɨ 
ɪɚɫɬɭɬ ɢɡɞɟɪɠɤɢ ɤɨɦɦɟɪɱɟɫɤɢɯ ɬɪɚɧɫɚɤɰɢɣ (ɬɪɚɧɫɚɤɰɢɨɧɧɵɟ ɢɡɞɟɪɠɤɢ –
 ɷɬɨ ɡɚɬɪɚɬɵ ɧɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɚɝɟɧɬɨɜ), ɫɤɨɨɪɞɢɧɢɪɨɜɚɧɧɨɝɨ 
ɭɩɪɚɜɥɟɧɢɹ, ɬɟɯɧɢɱɟɫɤɨɣ ɢɧɬɟɝɪɚɰɢɢ ɢ ɭɫɬɨɣɱɢɜɨɣ ɪɚɛɨɬɵ ɜɫɟɯ ɷɬɢɯ ɧɨɜɵɯ 
ɷɥɟɦɟɧɬɨɜ ɷɧɟɪɝɟɬɢɤɢ. ɂɦɟɧɧɨ ɰɢɮɪɨɜɵɟ ɬɟɯɧɨɥɨɝɢɢ ɩɨɡɜɨɥɹɸɬ ɫɩɪɚɜɢɬɶɫɹ ɫ 
ɪɨɫɬɨɦ ɢɡɞɟɪɠɟɤ ɩɨɹɜɥɟɧɢɹ ɢ ɪɚɡɜɢɬɢɹ ɧɨɜɨɝɨ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɭɤɥɚɞɚ. ȼ ɷɬɨɦ 
ɤɪɨɟɬɫɹ ɨɫɧɨɜɨɣ ɫɦɵɫɥ ɢ ɤɥɸɱɟɜɚɹ ɰɟɧɧɨɫɬɶ ɰɢɮɪɨɜɢɡɚɰɢɢ ɜ 
ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɟ. 

ɐɢɮɪɨɜɚɹ ɬɪɚɧɫɮɨɪɦɚɰɢɹ ɜ ɷɧɟɪɝɟɬɢɤɟ —  ɷɬɨ, ɩɪɟɠɞɟ ɜɫɟɝɨ ɫɨɡɞɚɧɢɟ 
ɧɨɜɵɯ ɛɢɡɧɟɫ-ɦɨɞɟɥɟɣ, ɫɟɪɜɢɫɨɜ ɢ ɪɵɧɤɨɜ ɫ ɨɩɨɪɨɣ ɧɚ ɜɨɡɦɨɠɧɨɫɬɢ ɰɢɮɪɨɜɨɣ 
ɷɤɨɧɨɦɢɤɢ. ȼɚɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɧɨɜɭɸ ɛɢɡɧɟɫ-ɦɨɞɟɥɶ, ɩɨɬɟɧɰɢɚɥ ɤɨɬɨɪɨɣ 
ɨɬɤɪɵɜɚɟɬɫɹ ɡɚ ɫɱɟɬ ɜɫɟɩɪɨɧɢɡɵɜɚɸɳɢɯ ɤɨɦɦɭɧɢɤɚɰɢɣ, ɦɟɠɦɚɲɢɧɧɨɝɨ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɢ ɰɢɮɪɨɜɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ.  

http://digitalsubstation.com/blog/2017/09/13/tssr-predlozhil-stsenarij-tsifrovogo-perehoda-dlya-nbsp-elektroenergetiki-rossii/
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ɋɭɳɟɫɬɜɭɸɳɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɤɥɚɞ ɜ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɟ ɞɨɫɬɢɝ 
ɩɪɟɞɟɥɚ ɫɜɨɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ ɜ ɩɟɪɫɩɟɤɬɢɜɟ ɩɹɬɢ ɥɟɬ ɜ ɪɹɞɟ ɫɮɟɪ, ɝɞɟ 
ɩɨɬɪɟɛɢɬɟɥɢ ɩɪɟɞɴɹɜɥɹɸɬ ɛɨɥɟɟ ɜɵɫɨɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɧɚɞɟɠɧɨɫɬɢ, ɤɚɱɟɫɬɜɭ, 
ɞɨɫɬɭɩɧɨɫɬɢ, ɷɤɨɥɨɝɢɱɧɨɫɬɢ ɷɧɟɪɝɨɫɧɚɛɠɟɧɢɹ, ɛɭɞɟɬ ɢɦɟɬɶ ɦɟɧɶɲɭɸ 
ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɨɫɬɶ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɪɟɲɟɧɢɹɦɢ ɧɨɜɨɣ, ɰɢɮɪɨɜɨɣ 
ɷɧɟɪɝɟɬɢɤɢ. ɋɬɪɭɤɬɭɪɧɵɟ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ ɩɨɫɬɪɨɟɧɢɹ 
ɷɧɟɪɝɨɫɢɫɬɟɦ ɛɭɞɭɬ ɧɚɩɨɦɢɧɚɬɶ ɢɧɬɟɪɧɟɬ, ɩɨɷɬɨɦɭ ɧɨɜɵɣ ɩɨɞɯɨɞ ɱɚɫɬɨ 
ɧɚɡɵɜɚɸɬ ɢɧɬɟɪɧɟɬ ɷɧɟɪɝɢɢ (Internet of Energy).  

 
10.3 ɐɟɥɢ ɩɨɫɬɪɨɟɧɢɹ ɫɬɪɭɤɬɭɪɵ ɢɧɬɟɪɧɟɬɚ ɷɧɟɪɝɢɢ  

 
Ɍɪɚɞɢɰɢɨɧɧɚɹ ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɚɹ ɫɬɪɭɤɬɭɪɚ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɢ ɜ 

ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɢɫɱɟɪɩɚɥɚ ɫɜɨɣ ɩɨɬɟɧɰɢɚɥ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ ɜ ɭɫɥɨɜɢɹɯ 
ɧɨɜɵɯ ɜɵɡɨɜɨɜ, ɫɬɨɹɳɢɯ ɩɟɪɟɞ ɷɧɟɪɝɟɬɢɤɨɣ, ɧɟ ɦɨɠɟɬ ɫɱɢɬɚɬɶɫɹ ɛɨɥɟɟ 
ɷɮɮɟɤɬɢɜɧɨɣ ɢ ɨɩɬɢɦɚɥɶɧɨɣ [42]. Ɍɚɤɢɦɢ ɜɵɡɨɜɚɦɢ ɹɜɥɹɸɬɫɹ:  

— ɢɡɦɟɧɟɧɢɟ ɯɚɪɚɤɬɟɪɚ ɫɩɪɨɫɚ ɩɨɬɪɟɛɢɬɟɥɟɣ, ɪɨɫɬ ɪɚɡɧɨɨɛɪɚɡɢɹ ɢɯ 
ɬɪɟɛɨɜɚɧɢɣ ɢ ɩɟɪɟɯɨɞ ɤ «ɰɢɮɪɨɜɨɦɭ» ɫɩɪɨɫɭ;  

— ɩɚɞɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɷɧɟɪɝɟɬɢɤɢ, ɧɢɡɤɚɹ ɡɚɝɪɭɡɤɚ ɫɟɬɟɜɵɯ ɢ 
ɝɟɧɟɪɢɪɭɸɳɢɯ ɦɨɳɧɨɫɬɟɣ ɢ ɪɨɫɬ ɢɡɞɟɪɠɟɤ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɚɯ;  

— ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɩɟɪɟɯɨɞ: ɛɵɫɬɪɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ȼɂɗ, 
ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɷɧɟɪɝɟɬɢɤɢ, ɧɨɜɵɯ ɛɢɡɧɟɫ-ɦɨɞɟɥɟɣ ɢ ɫɟɪɜɢɫɨɜ, ɛɚɡɢɪɭɸɳɢɯɫɹ 
ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɰɢɮɪɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ;  

— ɨɫɜɨɟɧɢɟ ɧɟɡɚɫɟɥɟɧɧɵɯ ɢ ɢɧɮɪɚɫɬɪɭɤɬɭɪɧɨ ɧɟɪɚɡɜɢɬɵɯ ɬɟɪɪɢɬɨɪɢɣ, 
ɩɨɬɪɟɛɧɨɫɬɶ ɜ ɷɮɮɟɤɬɢɜɧɨɦ ɷɧɟɪɝɨɫɧɚɛɠɟɧɢɢ ɭɞɚɥɟɧɧɵɯ ɢ ɢɡɨɥɢɪɨɜɚɧɧɵɯ 
ɬɟɪɪɢɬɨɪɢɣ.  

Ɋɟɚɥɢɡɨɜɚɧɧɚɹ ɜ ɫɭɳɟɫɬɜɭɸɳɢɯ ɷɧɟɪɝɨɫɢɫɬɟɦɚɯ ɫɬɪɚɧ ɦɢɪɚ 
ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɚɹ ɫɬɪɭɤɬɭɪɚ ɫ ɨɞɧɨɧɚɩɪɚɜɥɟɧɧɵɦɢ ɩɨɬɨɤɚɦɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 
ɨɬ ɤɪɭɩɧɨɣ ɝɟɧɟɪɚɰɢɢ ɤ ɪɚɫɩɪɟɞɟɥɟɧɧɵɦ ɩɨɬɪɟɛɢɬɟɥɹɦ ɧɟ ɫɩɨɫɨɛɧɚ 
ɷɮɮɟɤɬɢɜɧɨ ɨɬɜɟɬɢɬɶ ɧɚ ɭɤɚɡɚɧɧɵɟ ɜɵɡɨɜɵ. ɍɞɨɜɥɟɬɜɨɪɢɬɶ ɭɤɚɡɚɧɧɵɦ 
ɬɪɟɛɨɜɚɧɢɹɦ ɫɦɨɠɟɬ ɬɨɥɶɤɨ ɪɚɫɩɪɟɞɟɥɟɧɧɚɹ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɚ ɫ 
ɞɟɰɟɧɬɪɚɥɢɡɨɜɚɧɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ ɢ ɪɵɧɤɚɦɢ, ɚ ɬɚɤɠɟ ɲɢɪɨɤɢɦ ɜɨɜɥɟɱɟɧɢɟɦ 
ɜɫɟɯ ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɷɧɟɪɝɨɫɢɫɬɟɦ ɜ ɩɪɨɰɟɫɫ ɭɩɪɚɜɥɟɧɢɹ ɢɦɢ. Ɋɚɫɩɪɟɞɟɥɟɧɧɚɹ 
ɷɧɟɪɝɟɬɢɤɚ ɩɨɜɵɲɚɟɬ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɷɧɟɪɝɨɫɢɫɬɟɦɵ, ɩɪɢɞɚɸɳɟɣ ɟɣ ɝɢɛɤɨɫɬɶ. 
ɇɨ ɜ ɫɭɳɟɫɬɜɭɸɳɟɣ ɫɬɪɭɤɬɭɪɟ ɦɚɫɲɬɚɛɧɨɟ ɪɚɡɜɢɬɢɟ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ 
ɷɧɟɪɝɟɬɢɤɢ ɫɬɚɥɤɢɜɚɟɬɫɹ ɫ ɪɨɫɬɨɦ ɢɡɞɟɪɠɟɤ ɪɚɡɧɨɝɨ ɬɢɩɚ:  

— ɬɪɚɧɫɚɤɰɢɨɧɧɵɟ ɢɡɞɟɪɠɤɢ ɤɨɦɦɟɪɱɟɫɤɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, ɪɚɫɬɭɳɢɟ 
ɩɪɢ ɪɨɫɬɟ ɱɢɫɥɚ ɭɱɚɫɬɧɢɤɨɜ ɬɪɚɧɫɚɤɰɢɣ;  

— ɤɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɢɧɮɨɪɦɚɰɢɨɧɧɭɸ ɢɧɬɟɝɪɚɰɢɸ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜ 
ɤɨɧɬɭɪɵ ɭɩɪɚɜɥɟɧɢɹ; 

— ɤɚɩɢɬɚɥɶɧɵɟ ɢ ɢɧɠɢɧɢɪɢɧɝɨɜɵɟ ɡɚɬɪɚɬɵ ɧɚ ɢɧɬɟɝɪɚɰɢɸ ɨɛɨɪɭɞɨɜɚɧɢɹ 
ɜ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɟɬɢ, ɢɡɞɟɪɠɤɢ ɨɛɟɫɩɟɱɟɧɢɹ ɫɢɫɬɟɦɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ. ȼ ɧɨɜɨɣ 
ɚɪɯɢɬɟɤɬɭɪɟ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɷɧɟɪɝɟɬɢɤɢ ɷɬɢ ɢɡɞɟɪɠɤɢ ɞɨɥɠɧɵ ɫɜɨɞɢɬɶɫɹ ɤ 
ɦɢɧɢɦɭɦɭ, ɚ ɫɚɦɚ ɪɚɫɩɪɟɞɟɥɟɧɧɚɹ ɷɧɟɪɝɟɬɢɤɚ ɞɨɥɠɧɚ ɩɨɜɵɫɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
ɪɚɛɨɬɵ ɷɧɟɪɝɨɫɢɫɬɟɦ ɜ ɰɟɥɨɦ. 
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ɋɬɪɭɤɬɭɪɚ ɢɧɬɟɪɧɟɬɚ ɷɧɟɪɝɢɢ ɞɨɥɠɧɚ ɨɛɟɫɩɟɱɢɜɚɬɶ, ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, 
ɜɨɡɦɨɠɧɨɫɬɶ ɪɟɚɥɢɡɚɰɢɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɬɪɚɧɫɚɤɰɢɣ, ɫ ɞɪɭɝɨɣ — ɜɨɡɦɨɠɧɨɫɬɶ 
ɭɩɪɚɜɥɟɧɢɹ ɷɧɟɪɝɟɬɢɱɟɫɤɢɦɢ ɹɱɟɣɤɚɦɢ ɡɚ ɫɱɟɬ ɦɟɠɦɚɲɢɧɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, 
ɧɚɤɨɧɟɰ, ɨɛɟɫɩɟɱɢɜɚɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɬɚɤɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɧɨɝɨ ɪɟɠɢɦɧɨɝɨ 
ɭɩɪɚɜɥɟɧɢɹ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ, ɤɨɬɨɪɨɟ ɩɨɡɜɨɥɹɟɬ ɩɨɞɞɟɪɠɢɜɚɬɶ ɛɚɥɚɧɫ 
ɦɨɳɧɨɫɬɢ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɟ, ɟɟ ɫɬɚɬɢɱɟɫɤɭɸ ɢ ɞɢɧɚɦɢɱɟɫɤɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ. 
ɂɧɬɟɪɧɟɬ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɷɧɟɪɝɟɬɢɤɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɢɫɬɟɦɭ ɫɢɫɬɟɦ 
(System of Systems, SoS), ɚɪɯɢɬɟɤɬɭɪɚ ɤɨɬɨɪɨɣ ɫɬɪɨɢɬɫɹ ɧɚ ɨɫɨɛɨɦ ɨɛɴɟɞɢɧɟɧɢɢ 
ɬɪɟɯ ɫɢɫɬɟɦ, ɝɪɚɧɢɰɵ ɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɤɨɬɨɪɵɯ ɞɪɭɝ ɫ ɞɪɭɝɨɦ ɩɨɤɚɡɚɧɵ ɧɚ 
ɪɢɫɭɧɤɟ 10.1:  

— ɫɢɫɬɟɦɵ ɮɨɪɦɢɪɨɜɚɧɢɹ, ɤɨɧɬɪɨɥɹ ɢɫɩɨɥɧɟɧɢɹ ɢ ɨɩɥɚɬɵ ɫɦɚɪɬ-
ɤɨɧɬɪɚɤɬɨɜ Transactive energy (TE);  

— ɫɢɫɬɟɦɵ ɦɟɠɦɚɲɢɧɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɢ ɨɛɦɟɧɚ ɭɩɪɚɜɥɹɸɳɢɦɢ 
ɜɨɡɞɟɣɫɬɜɢɹɦɢ ɦɟɠɞɭ ɷɧɟɪɝɟɬɢɱɟɫɤɢɦɢ ɹɱɟɣɤɚɦɢ ɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɦ 
ɨɛɨɪɭɞɨɜɚɧɢɟɦ Internet of Things (IoT);  

— ɫɢɫɬɟɦɵ ɩɨɞɞɟɪɠɚɧɢɹ ɛɚɥɚɧɫɚ ɦɨɳɧɨɫɬɢ ɢ ɨɛɟɫɩɟɱɟɧɢɹ ɫɬɚɬɢɱɟɫɤɨɣ ɢ 
ɞɢɧɚɦɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ Neural Grid (NG). 

 

 
Ɋɢɫɭɧɨɤ 10.1 – ɋɬɪɭɤɬɭɪɚ ɢɧɬɟɪɧɟɬɚ ɷɧɟɪɝɢɢ ɤɚɤ ɫɢɫɬɟɦɵ ɫɢɫɬɟɦ: ɝɪɚɧɢɰɵ 

ɫɢɫɬɟɦ ɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɧɢɦɢ 
 

Ʉɚɠɞɚɹ ɢɡ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɫɢɫɬɟɦ ɦɨɠɟɬ ɛɵɬɶ ɪɚɡɜɟɪɧɭɬɚ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ 
ɢ ɜɵɩɨɥɧɹɬɶ ɫɜɨɸ ɮɭɧɤɰɢɸ ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɞɪɭɝɢɯ ɫɢɫɬɟɦ, ɧɨ ɬɨɥɶɤɨ 
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ɫɨɜɨɤɭɩɧɨɫɬɶ ɜɡɚɢɦɨɫɜɹɡɚɧɧɵɯ ɢ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɯ ɩɨ ɫɩɟɰɢɚɥɶɧɵɦ 
ɩɪɨɬɨɤɨɥɚɦ ɫɢɫɬɟɦ TE, IoT ɢ NG ɮɨɪɦɢɪɭɟɬ ɢɧɬɟɪɧɟɬ ɷɧɟɪɝɢɢ. 
 

10.4 ɐɢɮɪɨɜɚɹ ɫɬɚɧɰɢɹ 
 
ɐɢɮɪɨɜɚɹ ɫɬɚɧɰɢɹ (ɐɋ) - ɫɬɚɧɰɢɹ, ɨɛɨɪɭɞɨɜɚɧɧɚɹ ɤɨɦɩɥɟɤɫɨɦ ɰɢɮɪɨɜɵɯ 

ɭɫɬɪɨɣɫɬɜ (ɬɟɪɦɢɧɚɥɨɜ) ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɢ ɚɜɬɨɦɚɬɢɤɢ 
(ɊɁȺ) ɢ ȺɋɍɌɉ — ɪɟɝɢɫɬɪɚɰɢɢ ɚɜɚɪɢɣɧɵɯ ɫɨɛɵɬɢɣ (ɊȺɋ), ɭɱёɬɚ ɢ ɤɨɧɬɪɨɥɹ 
ɤɚɱɟɫɬɜɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɬɟɥɟɦɟɯɚɧɢɤɢ. ȼɫɟ ɨɛɨɪɭɞɨɜɚɧɢɟ «ɨɛɳɚɟɬɫɹ» ɦɟɠɞɭ 
ɫɨɛɨɣ ɢ ɰɟɧɬɪɚɥɶɧɵɦ ɫɟɪɜɟɪɨɦ ɨɛɴɟɤɬɚ ɩɨ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɦ ɤɚɧɚɥɚɦ ɫɜɹɡɢ ɧɚ 
ɟɞɢɧɵɯ ɩɪɨɬɨɤɨɥɚɯ. 

ɇɟɨɬɴɟɦɥɟɦɨɣ ɱɚɫɬɶɸ ɐɋ ɹɜɥɹɸɬɫɹ: 
— ɉɟɪɟɞɚɱɚ ɞɚɧɧɵɯ ɦɟɠɞɭ ɬɟɪɦɢɧɚɥɚɦɢ ɊɁȺ ɢ ɤɨɧɬɪɨɥɥɟɪɚɦɢ Ⱥɋɍ 

Ɍɉ ɜ ɰɢɮɪɨɜɨɣ ɮɨɪɦɟ. 
— Ɍɟɥɟɭɩɪɚɜɥɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹɦɢ. 
— Ɍɟɥɟɭɩɪɚɜɥɟɧɢɟ ɜɫɟɦɢ ɤɨɦɦɭɬɚɰɢɨɧɧɵɦɢ ɚɩɩɚɪɚɬɚɦɢ. 
— ɋɢɫɬɟɦɵ, ɢɫɩɨɥɶɡɭɸɳɢɟ ɋȼɂ. 

Ɉɫɧɨɜɧɵɟ ɩɪɟɢɦɭɳɟɫɬɜɚ ɋȼɂ ɫɜɹɡɚɧɵ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɪɚɫɱɟɬɚ ɧɚ ɛɚɡɟ 
ɫɢɧɯɪɨɧɢɡɢɪɨɜɚɧɧɵɯ ɜɟɤɬɨɪɨɜ (ɫɢɧɯɪɨɜɟɤɬɨɪɨɜ) ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ 
ɩɚɪɚɦɟɬɪɨɜ ɪɟɠɢɦɚ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɩɨ ɨɫɧɨɜɧɨɣ ɝɚɪɦɨɧɢɤɟ ɧɚ ɥɸɛɨɦ ɭɪɨɜɧɟ 
ɭɩɪɚɜɥɟɧɢɹ, ɜ ɬɨɦ ɱɢɫɥɟ ɬɚɤɢɯ ɩɚɪɚɦɟɬɪɨɜ, ɤɚɤ ɞɟɣɫɬɜɭɸɳɢɟ ɡɧɚɱɟɧɢɹ ɬɨɤɨɜ 
ɢ ɧɚɩɪɹɠɟɧɢɣ, ɚɤɬɢɜɧɵɟ, ɪɟɚɤɬɢɜɧɵɟ ɢ ɩɨɥɧɵɟ ɦɨɳɧɨɫɬɢ, ɩɚɪɚɦɟɬɪɵ ɪɟɠɢɦɚ 
ɩɨ ɫɢɦɦɟɬɪɢɱɧɵɦ ɫɨɫɬɚɜɥɹɸɳɢɦ ɢ ɬ. ɞ. 

— ɋɢɫɬɟɦɵ ɦɨɧɢɬɨɪɢɧɝɚ ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫɬɚɧɰɢɢ. 
— ɋɢɫɬɟɦɚ ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. 
— Ⱥɂɂɋ Ʉɍɗ 

Ⱥɂɂɋ Ʉɍɗ - ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɚɹ ɢɧɮɨɪɦɚɰɢɨɧɧɨ-ɢɡɦɟɪɢɬɟɥɶɧɚɹ ɫɢɫɬɟɦɚ 
ɤɨɦɦɟɪɱɟɫɤɨɝɨ ɭɱɟɬɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ – ɢɟɪɚɪɯɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ, 
ɩɪɟɞɫɬɚɜɥɹɸɳɚɹ ɫɨɛɨɣ ɬɟɯɧɢɱɟɫɤɨɟ ɭɫɬɪɨɣɫɬɜɨ, ɮɭɧɤɰɢɨɧɚɥɶɧɨ ɨɛɴɟɞɢɧɹɸɳɟɟ 
ɫɨɜɨɤɭɩɧɨɫɬɶ ɢɡɦɟɪɢɬɟɥɶɧɨ-ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɤɨɦɩɥɟɤɫɨɜ ɬɨɱɟɤ ɢɡɦɟɪɟɧɢɣ, 
ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɤɨɦɦɟɪɱɟɫɤɢɯ ɪɚɫɱёɬɚɯ (ɤɨɦɦɟɪɱɟɫɤɢɣ ɭɱёɬ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ) ɢ 
ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɪɚɫɱɟɬɚɯ ɛɚɥɚɧɫɨɜ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ (ɬɟɯɧɢɱɟɫɤɢɣ ɭɱёɬ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ), ɢɧɮɨɪɦɚɰɢɨɧɧɨ-ɜɵɱɢɫɥɢɬɟɥɶɧɵɣ ɤɨɦɩɥɟɤɫ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ 
ɫɨɜɦɟɳɟɧɧɵɣ ɫ ɭɪɨɜɧɟɦ ɢɧɮɨɪɦɚɰɢɨɧɧɨ-ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɤɨɦɩɥɟɤɫɚ, ɫɢɫɬɟɦɭ 
ɨɛɟɫɩɟɱɟɧɢɹ ɟɞɢɧɨɝɨ ɜɪɟɦɟɧɢ, ɜɵɩɨɥɧɹɸɳɟɟ ɮɭɧɤɰɢɢ ɩɪɨɜɟɞɟɧɢɹ ɢɡɦɟɪɟɧɢɣ, 
ɫɛɨɪɚ, ɨɛɪɚɛɨɬɤɢ ɢ ɯɪɚɧɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɢɡɦɟɪɟɧɢɣ ɨɛɴɟɦɨɜ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ 
ɦɨɳɧɨɫɬɢ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɤɨɦɦɟɪɱɟɫɤɢɯ ɢ ɛɚɥɚɧɫɨɜɵɯ ɪɚɫɱɟɬɚɯ, ɚ ɬɚɤɠɟ 
ɩɟɪɟɞɚɱɢ ɢɧɮɨɪɦɚɰɢɢ ɜ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɦ ɪɟɠɢɦɟ. 

— ɋɢɫɬɟɦɵ ɤɢɛɟɪɛɟɡɨɩɚɫɧɨɫɬɢ. 
Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɰɢɮɪɨɜɵɯ ɫɬɚɧɰɢɣ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɥɟɝɤɨ 

ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɷɮɮɟɤɬɢɜɧɭɸ ɪɚɛɨɬɚ ɫ ɛɨɥɶɲɢɦɢ ɨɛɴɟɦɚɦɢ ɞɚɧɧɵɯ, ɚ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɚɹ ɪɚɛɨɬɚ ɜɫɟɣ ɷɧɟɪɝɨɫɢɫɬɟɦɵ. Ɍɚɤ ɠɟ 
ɜɨɡɦɨɠɧɨ ɜɧɟɞɪɟɧɢɟ ɧɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ. 

ȼɬɨɪɢɱɧɵɟ ɰɟɩɢ ɐɋ ɞɨɥɠɧɵ ɨɛɟɫɩɟɱɢɜɚɬɶ ɨɛɦɟɧ ɞɚɧɧɵɦɢ ɦɟɠɞɭ 
ɭɪɨɜɧɟɦ ɩɪɨɰɟɫɫɚ ɢ ɭɪɨɜɧɹɦɢ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɜ ɰɢɮɪɨɜɨɦ ɜɢɞɟ. IEC 61850 ɢ 

http://uchetelectro.ru/uchet-elektroenergii/kommercheskij-uchet
http://uchetelectro.ru/uchet-elektroenergii/tekhnicheskij-uchet
http://uchetelectro.ru/uchet-elektroenergii/tekhnicheskij-uchet
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IEC 61869 ɹɜɥɹɸɬɫɹ ɞɨɫɬɚɬɨɱɧɵɦɢ ɞɥɹ ɨɩɢɫɚɧɢɹ ɩɪɢɧɰɢɩɨɜ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ 
ɐɋ.  ɋɬɪɭɤɬɭɪɚ ɐɋ ɞɨɥɠɧɚ ɛɵɬɶ ɨɩɬɢɦɚɥɶɧɨɣ, ɬ.ɟ. ɧɚɢɥɭɱɲɟɟ ɫɨɨɬɧɨɲɟɧɢɟ 
ɫɬɨɢɦɨɫɬɶ/ɧɚɞɟɠɧɨɫɬɶ. Ɋɟɲɟɧɢɹ ɞɨɥɠɧɵ ɛɵɬɶ ɝɢɛɤɢɦɢ ɢ ɦɚɫɲɬɚɛɢɪɭɟɦɵɦɢ, ɚ 
ɤɨɧɤɪɟɬɧɚɹ ɫɬɪɭɤɬɭɪɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɚ ɫɬɚɞɢɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ. ɇɚɞɟɠɧɨɫɬɶ 
ɞɨɫɬɢɝɚɟɬɫɹ ɡɚ ɫɱɟɬ ɪɟɡɟɪɜɢɪɨɜɚɧɢɹ ɷɥɟɦɟɧɬɨɜ, ɚ ɬɚɤɠɟ ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ 
ɫɚɦɨɞɢɚɝɧɨɫɬɢɤɢ ɫɢɫɬɟɦɵ. 

 
10.5 ɋɪɚɜɧɟɧɢɟ ɰɢɮɪɨɜɵɯ ɢ ɚɧɚɥɨɝɨɜɵɯ ɫɢɫɬɟɦ 
 
Ɋɟɲɢɬɶ ɩɪɨɛɥɟɦɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɢɡɦɟɧɟɧɢɟɦ ɫɬɪɭɤɬɭɪɵ ɝɟɧɟɪɚɰɢɢ ɢ 

ɩɨɬɪɟɛɥɟɧɢɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɦɨɠɧɨ ɬɨɥɶɤɨ ɩɟɪɟɯɨɞɨɦ ɤ ɰɢɮɪɨɜɨɣ ɷɧɟɪɝɟɬɢɤɟ. 
Ƚɥɚɜɧɵɦ ɨɬɥɢɱɢɟɦ ɰɢɮɪɨɜɨɣ ɷɧɟɪɝɟɬɢɤɢ ɨɬ ɚɧɚɥɨɝɨɜɨɣ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ 
ɪɟɝɭɥɢɪɨɜɤɚ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɹ ɜ ɧɚɝɪɭɡɤɟ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɛɚɥɚɧɫɚ ɦɨɳɧɨɫɬɢ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɟ ɩɭɬɟɦ ɢɡɦɟɧɟɧɢɹ ɱɚɫɬɨɬɵ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ, ɚ ɩɭɬɟɦ 
ɭɩɪɚɜɥɟɧɢɹ ɧɚɝɪɭɡɤɨɣ ɰɢɮɪɨɜɵɦ ɫɩɨɫɨɛɨɦ. 

Ⱦɪɭɝɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɰɢɮɪɨɜɨɣ ɷɧɟɪɝɟɬɢɤɢ ɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ 
ɪɟɚɥɢɡɚɰɢɢ ɩɨɥɧɨɫɬɶɸ ɞɟɰɟɧɬɪɚɥɢɡɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ. ɋɥɟɞɭɟɬ 
ɨɬɦɟɬɢɬɶ, ɱɬɨ ɰɢɮɪɨɜɚɹ ɷɧɟɪɝɟɬɢɤɚ ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɦɨɠɟɬ ɫɭɳɟɫɬɜɨɜɚɬɶ ɢ 
ɩɪɢ ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɨɦ ɭɩɪɚɜɥɟɧɢɢ. ɇɨ ɪɟɚɥɢɡɨɜɚɬɶ ɩɨɥɧɨɫɬɶɸ 
ɞɟɰɟɧɬɪɚɥɢɡɨɜɚɧɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɦɨɠɧɨ ɬɨɥɶɤɨ ɧɚ ɨɫɧɨɜɟ ɰɢɮɪɨɜɵɯ 
ɬɟɯɧɨɥɨɝɢɣ. 

Ʉɚɤ ɷɬɨ ɪɚɛɨɬɚɟɬ ɧɚ ɩɪɚɤɬɢɤɟ? Ʉɥɢɟɧɬ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɤɨɦɩɚɧɢɢ 
ɩɪɢɨɛɪɟɬɚɟɬ ɨɛɨɪɭɞɨɜɚɧɢɟ ɫɨ ɜɫɬɪɨɟɧɧɵɦ ɛɥɨɤɨɦ (ɢɥɢ ɠɟ ɡɚɤɚɡɵɜɚɟɬ 
ɭɫɬɚɧɨɜɤɭ ɬɚɤɨɝɨ ɛɥɨɤɚ ɜ ɭɠɟ ɢɦɟɸɳɭɸɫɹ ɭ ɧɟɝɨ ɬɟɯɧɢɤɭ), ɩɨɡɜɨɥɹɸɳɢɦ 
ɞɢɫɬɚɧɰɢɨɧɧɨ ɭɩɪɚɜɥɹɬɶ ɞɚɧɧɵɦ ɭɫɬɪɨɣɫɬɜɨɦ, ɩɟɪɟɜɨɞɹ ɟɝɨ ɜ ɬɨɬ ɢɥɢ ɢɧɨɣ 
ɪɟɠɢɦ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣɫɹ ɬɟɦ ɢɥɢ ɢɧɵɦ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟɦ. ɇɚɩɪɢɦɟɪ, ɩɪɢ 
ɧɟɯɜɚɬɤɟ ɦɨɳɧɨɫɬɢ ɷɥɟɤɬɪɨɦɨɛɢɥɶ ɛɭɞɟɬ ɡɚɪɹɠɚɬɶɫɹ ɦɟɧɶɲɢɦ ɬɨɤɨɦ, ɧɚ ɱɬɨ 
ɩɨɬɪɟɛɭɟɬɫɹ ɧɟɦɧɨɝɨ ɛɨɥɶɲɟ ɜɪɟɦɟɧɢ, ɱɟɦ ɨɛɵɱɧɨ. ȿɫɬɟɫɬɜɟɧɧɨ, ɱɚɫɬɢɱɧɚɹ 
ɩɟɪɟɞɚɱɚ ɭɩɪɚɜɥɟɧɢɹ ɷɧɟɪɝɨɟɦɤɢɦ ɨɛɨɪɭɞɨɜɚɧɢɟɦ ɷɧɟɪɝɟɬɢɤɚɦ ɩɪɨɢɫɯɨɞɢɬ 
ɞɨɛɪɨɜɨɥɶɧɨ. ȼ ɨɛɦɟɧ ɤɥɢɟɧɬ ɩɨɥɭɱɚɟɬ ɯɨɪɨɲɭɸ ɫɤɢɞɤɭ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ, 
ɬɚɤ ɤɚɤ ɷɧɟɪɝɟɬɢɤɚɦ ɧɟ ɧɭɠɧɨ ɞɟɪɠɚɬɶ ɞɥɹ ɧɟɝɨ ɪɟɡɟɪɜɧɵɟ ɦɨɳɧɨɫɬɢ. 

ɇɚ ɩɪɨɢɡɜɨɞɫɬɜɟ ɩɪɢ ɧɟɯɜɚɬɤɟ ɦɨɳɧɨɫɬɢ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɟ ɫɬɚɧɤɢ 
ɩɟɪɟɜɨɞɹɬɫɹ ɜ ɷɤɨɧɨɦɢɱɧɵɣ ɪɟɠɢɦ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣɫɹ ɩɨɧɢɠɟɧɧɨɣ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ. Ɉɩɹɬɶ-ɬɚɤɢ, ɪɭɤɨɜɨɞɫɬɜɨ ɩɪɟɞɩɪɢɹɬɢɹ ɦɨɠɟɬ ɜɵɛɪɚɬɶ — 
ɢɥɢ ɨɱɟɧɶ ɞɟɲɟɜɚɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɹ, ɧɨ ɢɧɨɝɞɚ ɬɟɦɩɵ ɩɪɨɢɡɜɨɞɫɬɜɚ ɭ ɜɚɫ ɛɭɞɭɬ 
ɫɧɢɠɚɬɶ ɢɡɜɧɟ, ɥɢɛɨ ɩɨɥɧɚɹ ɧɟɡɚɜɢɫɢɦɨɫɬɶ ɩɚɪɚɦɟɬɪɨɜ ɫɬɚɧɤɨɜ ɨɬ ɫɢɬɭɚɰɢɢ ɜ 
ɷɧɟɪɝɨɫɢɫɬɟɦɟ, ɧɨ ɬɨɝɞɚ ɢɡɜɨɥɶɬɟ ɩɥɚɬɢɬɶ ɡɚ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɪɟɡɟɪɜɧɵɟ 
ɦɨɳɧɨɫɬɢ. Ɂɞɟɫɶ ɦɨɠɧɨ ɜɵɛɪɚɬɶ ɨɩɬɢɦɚɥɶɧɵɣ «ɬɚɪɢɮɧɵɣ ɩɥɚɧ», ɤɚɤ ɫɟɣɱɚɫ 
ɦɵ ɟɝɨ ɜɵɛɢɪɚɟɦ ɞɥɹ ɦɨɛɢɥɶɧɨɣ ɫɜɹɡɢ. 

ɐɢɮɪɨɜɚɹ ɷɧɟɪɝɟɬɢɤɚ ɩɨɡɜɨɥɢɥɚ ɩɨ-ɧɨɜɨɦɭ ɩɨɞɨɣɬɢ ɤ ɜɵɛɨɪɭ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɞɥɹ ɩɨɞɫɬɚɧɰɢɣ. ɉɪɢɦɟɧɟɧɢɟ ɝɪɨɦɨɡɞɤɢɯ, ɧɟɷɤɨɥɨɝɢɱɧɵɯ ɢ 
ɫɥɨɠɧɵɯ ɜ ɨɛɫɥɭɠɢɜɚɧɢɢ ɦɚɫɥɹɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɜ ɧɚɲɟ ɜɪɟɦɹ ɨɩɪɚɜɞɚɧɨ 
ɬɨɥɶɤɨ ɬɟɦ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨɦ, ɱɬɨ ɭ ɧɢɯ ɜɵɫɨɤɚɹ ɩɟɪɟɝɪɭɡɨɱɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ. 
Ȼɨɥɟɟ ɩɪɨɝɪɟɫɫɢɜɧɵɟ ɨɩɬɨɷɥɟɤɬɪɨɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ. ɉɨɜɫɟɦɟɫɬɧɚɹ ɡɚɦɟɧɚ 
ɦɚɫɥɹɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚ ɨɩɬɨɷɥɟɤɬɪɨɧɧɵɟ ɧɟɦɵɫɥɢɦɚ ɛɟɡ ɰɢɮɪɨɜɢɡɚɰɢɢ 
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ɷɧɟɪɝɟɬɢɤɢ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɢɬ ɪɚɫɩɪɟɞɟɥɹɬɶ ɧɚɝɪɭɡɤɭ ɧɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ, 
ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɧɚ ɫɬɚɧɰɢɹɯ, ɛɨɥɟɟ ɪɚɜɧɨɦɟɪɧɨ.  

 
10.6 Ɉɫɧɨɜɧɵɟ ɩɪɢɧɰɢɩɵ ɫɨɡɞɚɧɢɹ 

 
ɉɟɪɟɯɨɞ ɧɚ ɰɢɮɪɨɜɵɟ (ɜ ɨɫɧɨɜɧɨɦ – ɨɩɬɢɱɟɫɤɢɟ) ɬɟɯɧɨɥɨɝɢɢ ɫɴɟɦɚ 

ɢɧɮɨɪɦɚɰɢɢ ɢ ɩɟɪɟɞɚɱɢ ɤɨɦɚɧɞ ɭɩɪɚɜɥɟɧɢɹ: 
–    ɜɨɡɦɨɠɧɨɫɬɶ «ɡɚɦɟɧɵ ɧɚ ɯɨɞɭ» ɢɫɬɨɱɧɢɤɚ ɫɢɝɧɚɥɚ ɢ ɬɟɦ ɫɚɦɵɦ – 

ɩɨɜɵɲɟɧɢɟ ɧɚɞɟɠɧɨɫɬɢ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɪɟɥɟɣɧɵɯ ɡɚɳɢɬ; 
–    ɭɜɟɥɢɱɟɧɢɟ ɛɵɫɬɪɨɞɟɣɫɬɜɢɹ (ɧɟ ɬɪɟɛɭɟɬɫɹ ɡɚɳɢɬɚ «ɨɬ ɞɪɟɛɟɡɝɚ», 

ɭɦɟɧɶɲɟɧɢɟ ɜɪɟɦɟɧɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢɫɩɨɥɧɢɬɟɥɶɧɨɣ ɱɚɫɬɢ ɡɚ ɫɱɟɬ ɨɩɬɢɱɟɫɤɢɯ 
IGBT-ɦɨɞɭɥɟɣ, ɭɦɟɧɶɲɟɧɢɟ ɜɪɟɦɟɧɢ ɜɵɹɜɥɟɧɢɹ ɚɜɚɪɢɣɧɨɝɨ ɪɟɠɢɦɚ); 

–    ɭɥɭɱɲɟɧɢɟ ɭɫɥɨɜɢɣ ɜ ɱɚɫɬɢ ɛɟɡɨɩɚɫɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɪɚɛɨɬ ɢ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɫɨɜɦɟɫɬɢɦɨɫɬɢ (ɛɥɚɝɨɞɚɪɹ ɨɩɬɢɱɟɫɤɢɦ ɫɜɹɡɹɦ ɧɟɬ ɜɵɧɨɫɚ 
ɩɨɬɟɧɰɢɚɥɚ ɫ ɈɊɍ); 

–    ɪɚɡɜɢɬɢɟ ɫɪɟɞɫɬɜ ɢ ɦɟɬɨɞɨɜ ɧɟɩɪɟɪɵɜɧɨɣ ɞɢɚɝɧɨɫɬɢɤɢ (ɤɨɧɬɪɨɥɶ 
ɞɟɝɪɚɞɚɰɢɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɤɨɧɬɪɨɥɶ ɝɨɬɨɜɧɨɫɬɢ ɤ ɜɵɩɨɥɧɟɧɢɸ ɨɩɟɪɚɰɢɣ, 
ɤɨɧɬɪɨɥɶ ɦɟɬɪɨɥɨɝɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ); 

–    ɪɚɫɲɢɪɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɮɭɧɤɰɢɣ, ɪɟɚɥɢɡɭɟɦɵɯ ɜ ɤɚɠɞɨɦ ɬɟɪɦɢɧɚɥɟ; 
–    ɩɟɪɟɧɨɫ ɱɚɫɬɢ ɪɚɫɱɟɬɧɨ-ɞɢɚɝɧɨɫɬɢɱɟɫɤɢɯ ɡɚɞɚɱ ɜ ɢɧɬɟɪɮɟɣɫɧɵɟ 

ɦɨɞɭɥɢ (Smart-IED). 
 
10.7 Ɋɟɚɥɢɡɚɰɢɹ ɐɋ ɧɚ ɨɫɧɨɜɟ ɫɬɚɧɞɚɪɬɚ ɆɗɄ 61850  
 
ɆɗɄ-61850 ɫɬɚɧɞɚɪɬ, ɨɩɢɫɵɜɚɸɳɢɣ ɫɜɨɞ ɩɪɚɜɢɥ ɞɥɹ ɨɪɝɚɧɢɡɚɰɢɢ 

ɫɨɛɵɬɢɣɧɨɝɨ ɩɪɨɬɨɤɨɥɚ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ [43].  
ɗɬɨɬ ɫɬɚɧɞɚɪɬ ɡɚɞɭɦɵɜɚɥɫɹ ɤɚɤ ɭɧɢɜɟɪɫɚɥɶɧɵɣ ɫɬɚɧɞɚɪɬ, ɤɨɬɨɪɵɣ 

ɩɨɡɜɨɥɢɬ ɭɩɨɪɹɞɨɱɢɬɶ ɪɚɡɪɨɡɧɟɧɧɵɟ ɪɟɲɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ 
ɭɫɬɪɨɣɫɬɜ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɢ ɫɢɫɬɟɦ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ, ɩɪɢɦɟɧɹɟɦɵɯ ɧɚ 
ɫɬɚɧɰɢɹɯ. ɋɬɚɧɞɚɪɬ ɩɨɥɭɱɢɥɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɥɨɠɧɵɦ ɢɦɟɧɧɨ ɢɡ-ɡɚ ɫɜɨɟɣ 
ɭɧɢɜɟɪɫɚɥɶɧɨɫɬɢ. Ɉɧ ɨɩɢɫɵɜɚɟɬ ɧɟ ɬɨɥɶɤɨ ɤɚɤ ɩɟɪɟɞɚɸɬɫɹ ɞɚɧɧɵɟ, ɧɨ ɢ 
ɡɚɤɪɟɩɥɹɟɬ ɬɪɟɛɨɜɚɧɢɹ ɤ ɨɩɢɫɚɧɢɸ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɧɚ ɜɫɟɯ ɭɪɨɜɧɹɯ, 
ɧɚɱɢɧɚɹ ɨɬ ɭɪɨɜɧɹ ɫɢɫɬɟɦɵ ɜ ɰɟɥɨɦ, ɡɚɤɚɧɱɢɜɚɹ ɤɨɧɮɢɝɭɪɚɰɢɟɣ ɨɬɞɟɥɶɧɨɝɨ 
ɬɟɪɦɢɧɚɥɚ ɊɁȺ. ɋɨɝɥɚɫɧɨ ɷɬɢɦ ɬɪɟɛɨɜɚɧɢɹɦ, ɫɢɫɬɟɦɚ ɨɩɢɫɵɜɚɟɬɫɹ ɜ ɩɨɧɹɬɧɨɣ ɢ 
ɫɬɚɧɞɚɪɬɢɡɨɜɚɧɧɨɣ ɮɨɪɦɟ. ȼɫɹ ɢɧɮɨɪɦɚɰɢɹ ɨ ɤɨɧɮɢɝɭɪɚɰɢɹɯ ɯɪɚɧɢɬɫɹ ɜ 
ɮɚɣɥɚɯ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɮɨɪɦɚɬɚ. 

 ɋɨɝɥɚɫɧɨ 61850 ɭɫɬɪɨɣɫɬɜɚ ɊɁȺ ɨɛɴɟɞɢɧɟɧɵ ɲɢɧɨɣ, ɩɨ ɤɨɬɨɪɨɣ ɫɚɦɢ 
ɭɫɬɪɨɣɫɬɜɚ ɨɛɦɟɧɢɜɚɸɬɫɹ ɞɚɧɧɵɦɢ ɦɟɠɞɭ ɫɨɛɨɣ ɢ ɩɟɪɟɞɚɸɬ ɷɬɢ ɞɚɧɧɵɟ ɧɚ 
ɜɟɪɯɧɢɣ ɭɪɨɜɟɧɶ. Ɍɚɤɚɹ ɚɪɯɢɬɟɤɬɭɪɚ ɭɞɨɛɧɚ ɬɟɦ, ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɲɢɧɵ 
ɡɧɚɱɢɬɟɥɶɧɨ ɭɦɟɧɶɲɚɟɬ ɤɨɥɢɱɟɫɬɜɨ ɦɟɞɧɵɯ ɩɪɨɜɨɞɨɜ, ɭɩɪɨɳɚɟɬ ɧɚɫɬɪɨɣɤɭ, 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɢ ɷɤɫɩɥɭɚɬɚɰɢɸ ɫɢɫɬɟɦɵ. Ⱦɚɧɧɵɟ ɨɬ ɬɟɪɦɢɧɚɥɨɜ ɪɟɥɟɣɧɨɣ 
ɡɚɳɢɬɵ ɩɨ ɫɬɚɧɰɢɨɧɧɨɣ ɲɢɧɟ ɦɨɝɭɬ ɩɟɪɟɞɚɜɚɬɶɫɹ ɧɚ ɜɟɪɯɧɢɣ ɭɪɨɜɟɧɶ 
ɨɩɟɪɚɬɨɪɭ, ɤɪɨɦɟ ɬɨɝɨ, ɭ ɤɨɧɬɪɨɥɢɪɭɸɳɢɯ ɨɪɝɚɧɨɜ, ɢɦɟɸɳɢɯ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɭɪɨɜɟɧɶ ɞɨɫɬɭɩɚ, ɟɫɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɚɬɶ ɨɩɟɪɚɬɢɜɧɵɟ 
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ɞɚɧɧɵɟ ɫ ɥɸɛɨɣ ɩɨɞɫɬɚɧɰɢɢ ɢ ɫ ɥɸɛɨɝɨ ɬɟɪɦɢɧɚɥɚ ɊɁȺ. ɗɬɚ ɢɧɮɨɪɦɚɰɢɹ 
ɩɨɡɜɨɥɹɟɬ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɞɟɹɬɟɥɶɧɨɫɬɶ ɩɨɞɱɢɧɟɧɧɵɯ ɫɥɭɠɛ, ɱɬɨ ɩɨɜɵɲɚɟɬ 
ɧɚɞɟɠɧɨɫɬɶ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ ɜ ɰɟɥɨɦ. 

Ɉɫɧɨɜɧɵɦɢ ɩɪɨɬɨɤɨɥɚɦɢ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ, ɫɨɝɥɚɫɧɨ ɫɬɚɧɞɚɪɬɭ ɆɗɄ- 
61850, ɹɜɥɹɸɬɫɹ ɩɪɨɬɨɤɨɥɵ ɆMS, GOOSE ɢ SV . MMS ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ 
ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɨɬ ɬɟɪɦɢɧɚɥɨɜ ɊɁȺ ɜ SCADA ɫɢɫɬɟɦɭ ɞɥɹ ɞɚɥɶɧɟɣɲɟɣ 
ɜɢɡɭɚɥɢɡɚɰɢɢ, ɚ GOOSE - ɞɥɹ ɨɛɦɟɧɚ ɞɚɧɧɵɦɢ ɦɟɠɞɭ ɬɟɪɦɢɧɚɥɚɦɢ (GOOSE-
ɝɨɪɢɡɨɧɬɚɥɶɧɵɣ ɨɛɦɟɧ ɦɟɠɞɭ ɧɢɡɨɜɵɦɢ ɭɫɬɪɨɣɫɬɜɚɦɢ). SV — ɩɪɨɬɨɤɨɥ 
ɩɟɪɟɞɚɱɢ ɦɝɧɨɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ ɨɬ ɢɡɦɟɪɢɬɟɥɶɧɵɯ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ. 

SCADA – ɩɪɨɝɪɚɦɦɧɵɣ ɩɚɤɟɬ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɢɥɢ 
ɨɛɟɫɩɟɱɟɧɢɹ ɪɚɛɨɬɵ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ ɫɢɫɬɟɦ ɫɛɨɪɚ, ɨɛɪɚɛɨɬɤɢ, ɨɬɨɛɪɚɠɟɧɢɹ 
ɢ ɚɪɯɢɜɢɪɨɜɚɧɢɹ ɢɧɮɨɪɦɚɰɢɢ ɨɛ ɨɛɴɟɤɬɟ ɦɨɧɢɬɨɪɢɧɝɚ ɢɥɢ ɭɩɪɚɜɥɟɧɢɹ. 

 
10.8 Ʉɨɦɩɨɧɟɧɬɵ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɵ Ⱥɋɍ Ɍɉ 
 
ȼ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ Ⱥɋɍ Ɍɉ ɫɢɫɬɟɦɵ ɨɛɵɱɧɨ ɫɬɪɨɹɬɫɹ ɩɨ 

ɬɪɟɯɭɪɨɜɧɟɜɨɦɭ ɩɪɢɧɰɢɩɭ. 
ɇɢɠɧɢɣ ɭɪɨɜɟɧɶ (ɩɨɥɟɜɨɣ ɭɪɨɜɟɧɶ) Ⱥɋɍ Ɍɉ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɪɚɡɥɢɱɧɵɟ ɞɚɬɱɢɤɢ (ɫɟɧɫɨɪɵ). 
ɋɪɟɞɧɢɣ ɭɪɨɜɟɧɶ ɫɨɫɬɨɢɬ ɢɡ ɩɪɨɝɪɚɦɦɢɪɭɟɦɵɯ ɥɨɝɢɱɟɫɤɢɯ 

ɤɨɧɬɪɨɥɥɟɪɨɜ. Ɉɧ ɤɚɤ ɪɚɡ ɩɪɢɧɢɦɚɟɬ ɩɨɥɟɜɵɟ ɞɚɧɧɵɟ ɢ ɜɵɞɚɟɬ ɤɨɦɚɧɞɵ 
ɭɩɪɚɜɥɟɧɢɹ ɧɚ ɧɢɠɧɢɣ ɭɪɨɜɟɧɶ. ɍɩɪɚɜɥɟɧɢɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɡɚɪɚɧɟɟ 
ɪɚɡɪɚɛɨɬɚɧɧɨɦɭ ɚɥɝɨɪɢɬɦɭ, ɤɨɬɨɪɵɣ ɢɫɩɨɥɧɹɟɬɫɹ ɰɢɤɥɢɱɟɫɤɢ (ɩɪɢɟɦ ɞɚɧɧɵɯ – 
ɨɛɪɚɛɨɬɤɚ – ɜɵɞɚɱɚ ɭɩɪɚɜɥɹɸɳɢɯ ɤɨɦɚɧɞ). 

ȼɟɪɯɧɢɣ ɭɪɨɜɟɧɶ - ɷɬɨ ɭɪɨɜɟɧɶ ɜɢɡɭɚɥɢɡɚɰɢɢ, ɦɨɧɢɬɨɪɢɧɝɚ ɢ ɫɛɨɪɚ 
ɞɚɧɧɵɯ. ɇɚ ɷɬɨɦ ɭɪɨɜɧɟ ɡɚɞɟɣɫɬɜɨɜɚɧ ɞɢɫɩɟɬɱɟɪ. Ⱦɥɹ ɬɚɤɢɯ ɞɢɫɩɟɬɱɟɪɫɤɢɯ 
ɫɢɫɬɟɦ ɱɚɫɬɨ ɩɪɢɦɟɧɢɦ ɬɟɪɦɢɧ SCADA. ȼɟɪɯɧɢɣ ɭɪɨɜɟɧɶ Ⱥɋɍ Ɍɉ 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɫɛɨɪ, ɚ ɬɚɤɠɟ ɚɪɯɢɜɚɰɢɸ ɜɚɠɧɟɣɲɢɯ ɞɚɧɧɵɯ, ɢɯ ɜɢɡɭɚɥɢɡɚɰɢɸ, 
ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɧɚ ɷɤɪɚɧɟ ɩɚɪɚɦɟɬɪɵ ɩɪɨɢɫɯɨɞɹɳɟɝɨ ɩɪɨɰɟɫɫɚ. ɉɪɢ ɩɨɥɭɱɟɧɢɢ 
ɞɚɧɧɵɯ ɫɢɫɬɟɦɚ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ ɫɪɚɜɧɢɜɚɟɬ ɢɯ ɫ ɝɪɚɧɢɱɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɢ 
ɩɪɢ ɜɵɯɨɞɟ ɡɚ ɝɪɚɧɢɰɵ ɭɜɟɞɨɦɥɹɟɬ ɨɩɟɪɚɬɨɪɚ ɫ ɩɨɦɨɳɶɸ ɬɪɟɜɨɝ. Ɉɩɟɪɚɬɨɪ, 
ɤɨɬɨɪɵɣ ɞɥɹ ɧɚɱɚɥɚ ɪɚɛɨɬɵ ɞɨɥɠɟɧ ɚɜɬɨɪɢɡɨɜɚɬɶɫɹ, ɡɚɩɭɫɤɚɟɬ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ 
ɩɪɨɰɟɫɫ, ɢɦɟɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɨɫɬɚɧɨɜɢɬɶ ɟɝɨ ɩɨɥɧɨɫɬɶɸ ɢɥɢ ɱɚɫɬɢɱɧɨ, ɦɨɠɟɬ 
ɢɡɦɟɧɢɬɶ ɪɟɠɢɦɵ ɪɚɛɨɬɵ ɚɝɪɟɝɚɬɨɜ (ɢɡɦɟɧɹɹ ɭɫɬɚɜɤɢ) ɢ ɬ.ɩ. ɉɪɢ ɷɬɨɦ ɫɢɫɬɟɦɚ 
ɡɚɩɢɫɵɜɚɟɬ ɜɫɟ ɩɪɨɢɫɯɨɞɹɳɟɟ, ɜɤɥɸɱɚɹ ɞɟɣɫɬɜɢɹ ɨɩɟɪɚɬɨɪɚ. Ɍɟɦ ɫɚɦɵɦ 
ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɩɟɪɫɨɧɚɥɶɧɚɹ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɭɩɪɚɜɥɹɸɳɟɝɨ ɨɩɟɪɚɬɨɪɚ. 

ɒɢɧɚ ɩɪɨɰɟɫɫɨɪɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɢɡɦɟɪɟɧɢɹɦɢ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ 
ɭɫɬɪɨɣɫɬɜ ɊɁȺ, ɫɱɟɬɱɢɤɚɦɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɢ ɞɪɭɝɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ. 

ɗɥɟɤɬɪɨɧɧɨ-ɨɩɬɢɱɟɫɤɢɟ ɛɥɨɤɢ – ɤɥɸɱɟɜɵɟ ɷɥɟɦɟɧɬɵ ɲɢɧɵ ɩɪɨɰɟɫɫɚ, 
ɜɵɩɨɥɧɹɸɳɢɟ ɪɨɥɶ ɢɧɬɟɪɮɟɣɫɚ ɦɟɠɞɭ ɨɩɬɢɱɟɫɤɨɣ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɨɣ ɢ 
ɜɬɨɪɢɱɧɵɦɢ ɭɫɬɪɨɣɫɬɜɚɦɢ. 

ɉɟɪɟɞɚɱɚ ɦɝɧɨɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ ɩɨ ɲɢɧɟ ɩɪɨɰɟɫɫɚ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɨɝɥɚɫɧɨ ɫɬɚɧɞɚɪɬɭ ɆɗɄ 61850. 
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ɂɧɬɟɥɥɟɤɬɭɚɥɶɧɨɟ ɷɥɟɤɬɪɨɧɧɨɟ ɭɫɬɪɨɣɫɬɜɨ NTP micro RPU 
ɩɪɟɞɧɚɡɧɚɱɟɧɨ ɞɥɹ ɫɛɨɪɚ ɢ ɨɛɪɚɛɨɬɤɢ ɢɧɮɨɪɦɚɰɢɢ ɨ ɫɨɫɬɨɹɧɢɢ ɨɛɴɟɤɬɚ, ɚ 
ɬɚɤɠɟ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɢɫɩɨɥɧɢɬɟɥɶɧɵɦɢ ɭɫɬɪɨɣɫɬɜɚɦɢ.  

ɍɩɪɚɜɥɹɟɦɵɣ ɤɨɦɦɭɬɚɬɨɪ Hirschmann RSPE30 [44] ɨɛɟɫɩɟɱɢɜɚɟɬ 
ɦɚɤɫɢɦɚɥɶɧɭɸ ɝɢɛɤɨɫɬɶ ɡɚ ɫɱɟɬ ɰɟɥɨɝɨ ɪɹɞɚ ɦɨɞɭɥɟɣ ɫ ɲɢɪɨɤɢɦɢ 
ɜɨɡɦɨɠɧɨɫɬɹɦɢ ɫɟɬɟɜɨɝɨ ɪɟɡɟɪɜɢɪɨɜɚɧɢɹ ɢ ɨɛɟɫɩɟɱɟɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ. 
Ɉɛɥɚɞɚɟɬ ɜɵɫɨɤɨɣ ɜɢɛɪɨɭɫɬɨɣɱɢɜɨɫɬɶɸ ɢ ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɤ ɷɥɟɤɬɪɢɱɟɫɤɢɦ 
ɪɚɡɪɹɞɚɦ. 

Ʉɨɦɦɭɬɚɬɨɪ Omron RS20 ɨɬɥɢɱɚɟɬɫɹ ɮɭɧɤɰɢɨɧɚɥɶɧɨɫɬɶɸ, ɫɨɜɪɟɦɟɧɧɵɦɢ 
ɬɟɯɧɨɥɨɝɢɹɦɢ ɪɟɡɟɪɜɢɪɨɜɚɧɢɹ ɢ ɫɟɬɟɜɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɩɨɞɞɟɪɠɤɨɣ ɩɪɨɮɢɥɹ 
ɩɪɨɬɨɤɨɥɚ ɆɗɄ61850. 

SNTP (ɚɧɝɥ. Simple Network Time Protocol) — ɩɪɨɬɨɤɨɥ ɫɢɧɯɪɨɧɢɡɚɰɢɢ 
ɜɪɟɦɟɧɢ ɩɨ ɤɨɦɩɶɸɬɟɪɧɨɣ ɫɟɬɢ. 

ɉɪɨɬɨɤɨɥ ɫɢɧɯɪɨɧɢɡɚɰɢɢ PTPv2 ɩɨɡɜɨɥɹɟɬ ɞɨɛɢɬɶɫɹ ɬɨɱɧɨɫɬɢ 
ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɜ ɧɟɫɤɨɥɶɤɨ ɞɟɫɹɬɤɨɜ ɧɚɧɨɫɟɤɭɧɞ. 

ɋɟɪɜɟɪ ɜɪɟɦɟɧɢ Meinberg M400/PTP ɩɪɟɞɥɚɝɚɟɬ ɧɟɩɪɟɜɡɨɣɞɟɧɧɭɸ 
ɝɢɛɤɨɫɬɶ ɢ ɭɧɢɜɟɪɫɚɥɶɧɨɫɬɶ ɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɬɨɱɧɨɟ ɜɪɟɦɹ ɜ ɫɟɬɢ. 

RedBox  Hirschmann RSP25 ɞɚɧɧɵɟ ɩɪɨɬɨɤɨɥɵ ɨɛɟɫɩɟɱɢɜɚɸɬ ɧɭɥɟɜɨɟ 
ɜɪɟɦɹ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɫɟɬɢ ɩɨɫɥɟ ɫɛɨɹ, ɱɬɨ ɝɚɪɚɧɬɢɪɭɟɬ ɦɚɤɫɢɦɚɥɶɧɵɣ ɧɚ 
ɫɟɝɨɞɧɹ ɭɪɨɜɟɧɶ ɧɚɞɟɠɧɨɫɬɢ ɢ ɨɬɤɚɡɨɭɫɬɨɣɱɢɜɨɫɬɢ. 

Ʉɨɧɬɪɨɥɥɟɪ ɩɪɢɫɨɟɞɢɧɟɧɢɣ NTP BAY/MU ɭɫɬɪɨɣɫɬɜɨ ɫɛɨɪɚ, ɨɛɪɚɛɨɬɤɢ 
ɚɧɚɥɨɝɨɜɨɣ ɢ ɞɢɫɤɪɟɬɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɨ ɫɨɫɬɨɹɧɢɢ ɨɛɴɟɤɬɚ,  ɚ ɬɚɤɠɟ 
ɭɩɪɚɜɥɟɧɢɹ ɤɨɦɦɭɬɚɰɢɨɧɧɵɦ ɨɛɨɪɭɞɨɜɚɧɢɟɦ. 

ɋɱɟɬɱɢɤ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ARIS EM ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɢ 
ɦɧɨɝɨɬɚɪɢɮɧɨɝɨ ɭɱɟɬɚ ɚɤɬɢɜɧɨɣ ɢ ɪɟɚɤɬɢɜɧɨɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɜɟɞɟɧɢɹ 
ɦɚɫɫɢɜɨɜ ɩɪɨɮɢɥɹ ɦɨɳɧɨɫɬɢ ɧɚɝɪɭɡɤɢ ɫ ɩɪɨɝɪɚɦɦɢɪɭɟɦɵɦ ɜɪɟɦɟɧɟɦ 
ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ (ɜ ɬɨɦ ɱɢɫɥɟ ɫ ɭɱɟɬɨɦ ɩɨɬɟɪɶ), ɮɢɤɫɚɰɢɢ ɦɚɤɫɢɦɭɦɨɜ 
ɦɨɳɧɨɫɬɢ, ɢɡɦɟɪɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɬɪɟɯɮɚɡɧɨɣ ɫɟɬɢ ɢ ɩɚɪɚɦɟɬɪɨɜ ɤɚɱɟɫɬɜɚ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɫ ɩɪɢɟɦɨɦ ɞɚɧɧɵɯ ɢɡɦɟɪɟɧɢɣ ɫɨɝɥɚɫɧɨ ɆɗɄ 61850-9-2LE. 

Ɍɟɪɦɢɧɚɥ ɊɁȺ SEL-401U ɢɦɟɟɬ ɮɭɧɤɰɢɢ ɦɟɫɬɧɨɝɨ ɢ ɭɞɚɥɟɧɧɨɝɨ 
ɭɩɪɚɜɥɟɧɢɹ ɤɨɦɦɭɬɚɰɢɨɧɧɵɦɢ ɚɩɩɚɪɚɬɚɦɢ, ɚ ɬɚɤɠɟ ɬɟɥɟɫɢɝɧɚɥɢɡɚɰɢɟɣ. 
ɍɫɬɪɨɣɫɬɜɨ ɫɨɡɞɚɟɬ ɜɵɛɨɪɤɢ ɚɧɚɥɨɝɨɜɵɯ ɞɚɧɧɵɯ, ɬɚɤɢɯ ɤɚɤ ɬɨɤɢ ɢ ɧɚɩɪɹɠɟɧɢɹ, 
ɢ ɩɭɛɥɢɤɭɟɬ ɜɵɛɨɪɤɢ ɜ ɫɟɬɢ ɲɢɧɵ ɩɪɨɰɟɫɫɚ, ɨɛɟɫɩɟɱɢɜɚɹ ɥɨɤɚɥɶɧɭɸ ɡɚɳɢɬɭ. 

Ʉɨɦɦɭɬɚɬɨɪ Hirschmann MACH 1030 ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɪɚɛɨɬɵ ɜ ɫɢɫɬɟɦɚɯ 
ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɨɞɫɬɚɧɰɢɣ, ɫɢɫɬɟɦ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ ɛɥɢɡɨɫɬɢ ɨɬ ɫɢɥɨɜɵɯ ɭɫɬɚɧɨɜɨɤ.  
Ʉɨɦɦɭɬɚɬɨɪ ɩɨɞɞɟɪɠɢɜɚɟɬ ɭɧɢɤɚɥɶɧɭɸ ɬɟɯɧɨɥɨɝɢɸ ɪɟɡɟɪɜɢɪɨɜɚɧɢɹ ɫ 
ɝɚɪɚɧɬɢɪɨɜɚɧɧɵɦ ɜɪɟɦɟɧɟɦ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɜ ɫɥɭɱɚɟ ɫɛɨɹ ɦɟɧɟɟ 10 ɦɫ.  

Omron RS40 ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɣ ɤɨɦɦɭɬɚɬɨɪ ɫɬɚɧɰɢɨɧɧɨɝɨ ɭɪɨɜɧɹ. 
Ɉɛɥɚɞɚɟɬ ɜɵɫɨɤɨɣ ɧɚɞɟɠɧɨɫɬɶɸ, ɪɚɫɫɱɢɬɚɧɵ ɧɚ ɩɟɪɟɞɚɱɭ ɛɨɥɶɲɢɯ ɨɛɴɟɦɨɜ 
ɞɚɧɧɵɯ, ɩɨɡɜɨɥɹɟɬ ɫɨɡɞɚɜɚɬɶ ɪɚɫɲɢɪɹɟɦɵɟ ɫɟɬɢ. 

Kaspersky Security Center [45]  ɭɩɪɨɳɚɟɬ ɭɩɪɚɜɥɟɧɢɟ ɛɟɡɨɩɚɫɧɨɫɬɶɸ ɢ IT-
ɫɢɫɬɟɦɚɦɢ. Ƚɢɛɤɚɹ, ɦɚɫɲɬɚɛɢɪɭɟɦɚɹ ɤɨɧɫɨɥɶ, ɞɨɫɬɭɩɧɚɹ ɜ ɬɨɦ ɱɢɫɥɟ ɜ ɜɢɞɟ 
ɜɟɛ-ɜɟɪɫɢɢ, ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɩɨɬɪɟɛɧɨɫɬɢ ɜ ɡɚɳɢɬɟ. Ɉɧɚ ɨɛɟɫɩɟɱɢɜɚɟɬ 
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ɜɫɟɫɬɨɪɨɧɧɟɟ ɭɩɪɚɜɥɟɧɢɟ IT-ɫɢɫɬɟɦɚɦɢ ɢ ɫɪɟɞɫɬɜɚɦɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɨɛɥɟɝɱɚɟɬ 
ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɨɛɹɡɚɧɧɨɫɬɟɣ ɦɟɠɞɭ ɚɞɦɢɧɢɫɬɪɚɬɨɪɚɦɢ. 

KICS for Networks ɹɜɥɹɟɬɫɹ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɦ ɩɪɨɝɪɚɦɦɧɨ-
ɚɩɩɚɪɚɬɧɵɦ ɫɪɟɞɫɬɜɨɦ ɦɨɧɢɬɨɪɢɧɝɚ ɫɟɬɟɜɨɝɨ ɨɛɦɟɧɚ ɦɟɠɞɭ ɭɡɥɚɦɢ ɫɟɬɢ ɫɢɫɬɟɦ 
ɡɚɳɢɬɵ ɢ ɭɩɪɚɜɥɟɧɢɹ, ɤɨɬɨɪɨɟ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɹɬɶ ɢ ɪɟɝɢɫɬɪɢɪɨɜɚɬɶ 
ɚɧɨɦɚɥɶɧɵɟ ɢ ɜɚɠɧɵɟ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɨɛɟɫɩɟɱɟɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ ɢ ɛɟɫɩɟɪɟɛɨɣɧɨɝɨ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 
ɩɨɬɪɟɛɢɬɟɥɟɣ ɢɧɮɨɪɦɚɰɢɨɧɧɵɟ ɫɨɛɵɬɢɹ. Ɉɛ ɨɛɧɚɪɭɠɟɧɧɵɯ ɨɬɤɥɨɧɟɧɢɹɯ KICS 
for Networks ɨɩɨɜɟɳɚɟɬ ɨɛɫɥɭɠɢɜɚɸɳɢɣ ɩɟɪɫɨɧɚɥ (ɜ ɬɨɦ ɱɢɫɥɟ ɫɩɟɰɢɚɥɢɫɬɨɜ 
ɂȻ). ɋɢɫɬɟɦɚ KICS for Networks ɨɛɟɫɩɟɱɢɜɚɟɬ ɯɪɚɧɟɧɢɟ ɜɵɹɜɥɟɧɧɵɯ ɫɨɛɵɬɢɣ 
ɜɨ ɜɧɭɬɪɟɧɧɟɣ ɡɚɳɢɳɟɧɧɨɣ ɛɚɡɟ. 

PT ISIM (Positive Technologies Industrial Security Incident Manager) 
ɩɪɨɝɪɚɦɦɧɨ-ɚɩɩɚɪɚɬɧɵɣ ɤɨɦɩɥɟɤɫ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɧɟɩɪɟɪɵɜɧɨɝɨ 
ɦɨɧɢɬɨɪɢɧɝɚ ɡɚɳɢɳɟɧɧɨɫɬɢ, ɭɩɪɚɜɥɟɧɢɹ ɢɧɰɢɞɟɧɬɚɦɢ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɜɵɹɜɥɟɧɢɹ ɤɢɛɟɪɚɬɚɤ ɧɚ ɩɪɨɦɵɲɥɟɧɧɵɟ ɫɢɫɬɟɦɵ ɜ ɪɚɧɧɟɣ 
ɫɬɚɞɢɢ. 

Ɍɢɩ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ SPAN ɩɪɟɞɫɬɚɜɥɹɟɬ ɧɟɩɪɟɪɵɜɧɭɸ ɨɛɥɚɫɬɶ ɩɚɦɹɬɢ. 
ɐɟɥɶ ɞɚɧɧɨɝɨ ɬɢɩɚ - ɩɨɜɵɫɢɬɶ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɚɦɹɬɢ. SPAN ɩɨɡɜɨɥɹɟɬ ɢɡɛɟɠɚɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɜɵɞɟɥɟɧɢɣ 
ɩɚɦɹɬɢ ɩɪɢ ɨɩɟɪɚɰɢɢ ɫ ɧɚɛɨɪɚɦɢ ɞɚɧɧɵɯ. 
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ɁȺɄɅɘɑȿɇɂȿ 
 

Ɋɚɫɫɱɢɬɚɧɵ ɢ ɨɩɪɟɞɟɥɟɧɵ ɨɫɧɨɜɧɵɟ ɷɥɟɦɟɧɬɵ ɢ ɩɚɪɚɦɟɬɪɵ Ⱥɥɬɚɣɫɤɨɝɨ 
ɝɢɞɪɨɭɡɥɚ ɧɚ ɪɟɤɟ Ʉɚɬɭɧɶ, ɹɜɥɹɸɳɟɝɨɫɹ ɫɨɨɪɭɠɟɧɢɟɦ I ɤɥɚɫɫɚ. 

ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɧɚ ɨɫɧɨɜɟ ɝɢɞɪɨɥɨɝɢɱɟɫɤɢɯ ɞɚɧɧɵɯ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ 
ɡɧɚɱɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɵɯ ɪɚɫɱёɬɧɵɯ ɪɚɫɯɨɞɨɜ ɞɥɹ ɫɥɭɱɚɟɜ: ɨɫɧɨɜɧɨɝɨ 
ɨɛɟɫɩɟɱɟɧɧɨɫɬɶɸ 0,1 % ɢ ɩɨɜɟɪɨɱɧɨɝɨ – 0,01%, ɪɚɜɧɵɯ 4150 ɢ 4981,6 ˏ ଷ/˔ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ȼ ɯɨɞɟ ɜɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɚɫɱёɬɨɜ ɛɵɥɚ ɜɵɛɪɚɧɚ ɭɫɬɚɧɨɜɥɟɧɧɚɹ 
ɦɨɳɧɨɫɬɶ, ɪɚɜɧɚɹ ʹͻͺ Ɇȼɬ. Ɍɚɤɠɟ ɛɵɥ ɨɩɪɟɞɟɥёɧ ɭɪɨɜɟɧɶ ɦёɪɬɜɨɝɨ ɨɛɴёɦɚ, 
ɨɬɦɟɬɤɚ ɤɨɬɨɪɨɝɨ ɫɨɫɬɚɜɢɥɚ 493,88 ɦ. ɉɨɥɟɡɧɵɣ ɨɛɴёɦ ɩɪɢ ɨɬɦɟɬɤɟ ɇɉɍ 
ɫɨɫɬɚɜɢɥ 6,57 ˍˏଷ. ɉɪɨɢɡɜɟɞɟɧɚ ɨɰɟɧɤɚ ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɟɣ ɜɵɪɚɛɨɬɤɢ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɤɨɬɨɪɚɹ ɫɨɫɬɚɜɢɥɚ ͳ͸͹ͳ ˏˎː. ˍʑ˕ ∙ ˚.  

ɇɚ ɫɥɟɞɭɸɳɟɦ ɷɬɚɩɟ ɨɩɪɟɞɟɥɟɧɨ ɨɩɬɢɦɚɥɶɧɨɟ ɱɢɫɥɨ ɢ ɬɢɩ 
ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. Ⱦɥɹ ɷɬɨɝɨ ɛɵɥɚ ɩɨɫɬɪɨɟɧɚ ɨɛɥɚɫɬɶ 
ɞɨɩɭɫɬɢɦɵɯ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ (ɪɟɠɢɦɧɨɟ ɩɨɥɟ ɩɨ ɧɚɩɨɪɭ ɢ ɪɚɫɯɨɞɭ), ɧɚ ɤɨɬɨɪɨɣ 
ɨɩɪɟɞɟɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɧɚɩɨɪɵ: 

ɦɚɤɫɢɦɚɥɶɧɵɣ – 49,5 ɦ; 
ɪɚɫɱёɬɧɵɣ – 39,9 ɦ; 
ɦɢɧɢɦɚɥɶɧɵɣ – 26 ɦ. 
Ɇɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɱɟɪɟɡ ɜɫɟ ɚɝɪɟɝɚɬɵ Ƚɗɋ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ 

ɪɚɫɱёɬɧɨɦɭ ɧɚɩɨɪɭ, ɫɨɫɬɚɜɥɹɟɬ 873 ˏ ଷ/˔. 
ȼɵɛɪɚɧɚ ɝɢɞɪɨɬɭɪɛɢɧɚ ɉɅ50-ȼ-630. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɫɱёɬɨɜ 

ɨɩɬɢɦɚɥɶɧɵɦ ɨɤɚɡɚɥɫɹ ɜɚɪɢɚɧɬ ɫ 3 ɝɢɞɪɨɚɝɪɟɝɚɬɚɦɢ, ɞɢɚɦɟɬɪɚɦɢ ɪɚɛɨɱɢɯ ɤɨɥёɫ 
6,3 ɦ. 

Ⱦɥɹ ɜɵɛɪɚɧɧɨɣ ɩɨɜɨɪɨɬɧɨ-ɥɨɩɚɫɬɧɨɣ ɬɭɪɛɢɧɵ ɫ ɫɢɧɯɪɨɧɧɨɣ ɱɚɫɬɨɬɨɣ 
ɜɪɚɳɟɧɢɹ 125 ɨɛ/ɦɢɧ ɩɨɞɨɛɪɚɧ ɫɟɪɢɣɧɵɣ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪ ɋȼ-1130/140-48Ɍɋ4 ɫ 
ɧɨɦɢɧɚɥɶɧɨɣ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɶɸ 100 Ɇȼɬ. 

Ⱦɚɥɟɟ ɛɵɥɚ ɜɵɛɪɚɧɚ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ Ƚɗɋ ɫ ɨɞɢɧɨɱɧɵɦɢ ɛɥɨɤɚɦɢ ɢ 
ɩɪɢɧɹɬɚ ɫɯɟɦɚ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ – «ɞɜɟ ɫɢɫɬɟɦɵ ɫɛɨɪɧɵɯ ɲɢɧ». 
ɉɨ ɫɩɪɚɜɨɱɧɵɦ ɞɚɧɧɵɦ ɢ ɤɚɬɚɥɨɝɚɦ ɜɵɛɪɚɧɨ ɫɥɟɞɭɸɳɟɟ ɜɵɫɨɤɨɜɨɥɶɬɧɨɟ 
ɨɛɨɪɭɞɨɜɚɧɢɟ: ɛɥɨɱɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɌȾɐ 125000/220 ɍ1, ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ 
ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɌɋɁ-1600/13,8 ɍɁ, ɞɥɹ Ʌɗɉ – ɫɬɚɥɟɚɥɸɦɢɧɟɜɵɟ ɩɪɨɜɨɞɚ 
ɦɚɪɤɢ Ⱥɋ 240/32. 

ɉɨɫɥɟ ɛɵɥ ɪɚɫɫɦɨɬɪɟɧ ɨɛɹɡɚɬɟɥɶɧɵɣ ɩɟɪɟɱɟɧɶ ɭɫɬɪɨɣɫɬɜ ɪɟɥɟɣɧɨɣ 
ɡɚɳɢɬɵ ɢ ɚɜɬɨɦɚɬɢɤɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɉɍɗ. 

Ʉɨɦɩɨɧɨɜɤɚ ɝɢɞɪɨɭɡɥɚ – ɩɪɢɩɥɨɬɢɧɧɚɹ. ȼ ɫɨɫɬɚɜ Ⱥɥɬɚɣɫɤɨɝɨ ɝɢɞɪɨɭɡɥɚ 
ɜɯɨɞɹɬ: 

– ɝɥɭɯɚɹ ɥɟɜɨɛɟɪɟɠɧɚɹ ɛɟɬɨɧɧɚ ɩɥɨɬɢɧɚ; 
– ɜɨɞɨɫɥɢɜɧɚɹ ɛɟɬɨɧɧɚɹ ɩɥɨɬɢɧɚ; 
– ɝɥɭɯɚɹ ɰɟɧɬɪɚɥɶɧɚɹ ɛɟɬɨɧɧɚɹ ɩɥɨɬɢɧɚ; 
– ɜɨɞɨɫɥɢɜɧɚɹ ɛɟɬɨɧɧɚɹ ɩɥɨɬɢɧɚ ɫ ɝɥɭɛɢɧɧɵɦɢ ɜɨɞɨɜɵɩɭɫɤɚɦɢ; 
– ɫɬɚɧɰɢɨɧɧɚɹ ɛɟɬɨɧɧɚɹ ɩɥɨɬɢɧɚ; 
– ɝɥɭɯɚɹ ɩɪɚɜɨɛɟɪɟɠɧɚɹ ɛɟɬɨɧɧɚɹ ɩɥɨɬɢɧɚ. 
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ɇɚ ɞɚɧɧɨɦ ɷɬɚɩɟ ɪɚɫɱёɬɧɵɦ ɩɭɬɟɦ ɨɩɪɟɞɟɥɟɧɵ ɝɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ ɢ 
ɯɚɪɚɤɬɟɪɧɵɟ ɨɬɦɟɬɤɢ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ: 

– ɲɢɪɢɧɚ ɩɨɞɨɲɜɵ– 38 ɦ; 
– ɨɬɦɟɬɤɚ ɩɨɞɨɲɜɵ – 464 ɦ; 
– ɨɬɦɟɬɤɚ ɝɪɟɛɧɚɹ ɜɨɞɨɫɥɢɜɚ – 512 ɦ; 
– ɱɢɫɥɨ ɜɨɞɨɫɥɢɜɧɵɯ ɨɬɜɟɪɫɬɢɣ – 11; 
– ɲɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɵɯ ɨɬɜɟɪɫɬɢɣ – 16 ɦ; 
– ɨɬɦɟɬɤɚ ɝɪɟɛɧɹ ɩɥɨɬɢɧɵ – 520 ɦ. 
– ɱɢɫɥɨ ɝɥɭɛɢɧɧɵɯ ɜɨɞɨɜɵɩɭɫɤɨɜ – 2; 
–ɲɢɪɢɧɚ ɝɥɭɛɢɧɧɵɯ ɜɨɞɨɜɵɩɭɫɤɨɜ – 2 ɦ; 
ȼ ɷɬɨɦ ɠɟ ɪɚɡɞɟɥɟ ɩɪɨɢɡɜɟɞɟɧɚ ɨɰɟɧɤɚ ɩɪɨɱɧɨɫɬɢ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ 

ɩɥɨɬɢɧɵ ɩɪɢ ɨɫɧɨɜɧɨɦ ɫɨɱɟɬɚɧɢɢ ɧɚɝɪɭɡɨɤ. ɉɪɢ ɪɚɫɱёɬɟ ɩɥɨɬɢɧɵ ɧɚ ɩɪɨɱɧɨɫɬɶ 
ɫɠɢɦɚɸɳɢɟ ɧɚɩɪɹɠɟɧɢɹ ɧɟ ɩɪɟɜɵɲɚɸɬ ɤɪɢɬɢɱɟɫɤɢɯ ɡɧɚɱɟɧɢɣ, ɪɚɫɬɹɝɢɜɚɸɳɢɟ 
ɧɚɩɪɹɠɟɧɢɹ ɨɬɫɭɬɫɬɜɭɸɬ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɥɨɬɢɧɚ Ⱥɥɬɚɣɫɤɨɣ Ƚɗɋ ɨɬɜɟɱɚɟɬ 
ɬɪɟɛɨɜɚɧɢɹɦ ɧɚɞёɠɧɨɫɬɢ. 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɟɣɫɬɜɭɸɳɢɦ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɨɦ ɪɚɫɫɦɨɬɪɟɧɵ 
ɦɟɪɨɩɪɢɹɬɢɹ ɨɪɝɚɧɢɡɚɰɢɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ȽɌɋ. Ɍɚɤɠɟ ɩɟɪɟɱɢɫɥɟɧɵ ɦɟɪɨɩɪɢɹɬɢɹ 
ɩɨ ɨɯɪɚɧɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ ɩɟɪɢɨɞ ɜɨɡɜɟɞɟɧɢɹ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɝɢɞɪɨɭɡɥɚ. 

ɉɨ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɦ ɪɚɫɱёɬɚɦ ɩɨɥɭɱɟɧɵ ɫɥɟɞɭɸɳɢɟ ɩɨɤɚɡɚɬɟɥɢ: 
– ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ 9 ɥɟɬ; 
– ɱɢɫɬɵɣ ɩɪɢɜɟɞɟɧɧɵɣ ɞɨɯɨɞ NPV– 5607030000 ɪɭɛ; 
– ɢɧɞɟɤɫ ɩɪɢɛɵɥɶɧɨɫɬɢ PI–1,9; 
– ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ – 0,54ɪɭɛ./ɤȼɬɱ; 
ɂɡ ɷɬɨɝɨ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɫɬɪɨɢɬɟɥɶɫɬɜɨ Ⱥɥɬɚɣɫɤɨɣ Ƚɗɋ 

ɹɜɥɹɟɬɫɹ ɨɛɨɫɧɨɜɚɧɧɵɦ, ɜ ɬɨɦ ɱɢɫɥɟ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɷɤɨɧɨɦɢɱɟɫɤɢɯ 
ɩɨɤɚɡɚɬɟɥɟɣ. 
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ɉɊɂɅɈɀȿɇɂȿ Ⱥ 
 

Ⱥɧɚɥɢɡ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ 
 

Ɍɚɛɥɢɰɚ Ⱥ.1 – Ƚɢɞɪɨɥɨɝɢɱɟɫɤɢɣ ɪɹɞ ɪ.Ʉɚɬɭɧɶ 
ɝɨɞɵ I II  III  IV V VI  VII VIII IX X XI  XII ܳɫɪ.ɝɨɞ 
1932 187 178 173 244 1074 1330 1096 1027 560 478 275 221 570 
1933 164 159 164 300 1051 900 848 876 465 284 242 187 470 
1934 182 173 168 175 1151 1539 976 797 548 441 275 210 553 
1935 145 145 168 263 1333 1394 1104 744 376 265 196 164 525 
1936 164 158 154 188 864 2300 1381 930 543 367 264 191 625 
1937 156 154 159 234 1136 2114 1367 841 630 403 238 187 635 
1938 168 164 210 490 2510 2600 1726 1052 810 550 320 230 903 
1939 149 148 154 262 1416 1364 1468 799 409 348 214 173 575 
1940 176 166 157 322 1006 1580 1025 835 560 423 275 205 561 
1941 182 172 162 400 1338 1949 1266 906 659 515 386 216 679 
1942 161 158 165 206 901 2004 1203 979 547 395 242 190 596 
1943 150 150 158 308 1051 1648 991 810 436 302 215 172 533 
1944 152 149 155 264 1103 1661 1294 711 521 349 230 181 564 
1945 139 138 152 511 1048 849 660 672 344 255 182 160 426 
1946 241 209 199 346 1298 2088 1282 1307 608 600 449 300 744 
1947 164 154 164 322 1172 1960 1835 1066 600 413 260 191 692 
1948 145 144 154 322 984 1643 1254 774 418 339 202 164 545 
1949 151 149 154 308 1135 1718 1208 733 473 320 214 173 561 
1950 153 149 159 174 1542 1520 948 798 521 302 221 173 555 
1951 137 136 150 308 1058 857 795 575 307 251 182 157 409 
1952 155 153 164 239 1331 2139 1660 976 557 312 226 177 674 
1953 145 143 154 218 1070 1135 791 597 399 274 203 167 441 
1954 154 145 157 210 1219 1152 693 640 529 348 233 184 472 
1955 168 132 126 290 1650 1875 1256 772 628 445 254 197 649 
1956 153 147 154 308 1136 1719 1213 737 471 96 210 178 544 
1957 191 200 179 244 686 1966 1103 1033 586 447 245 199 590 
1958 191 182 137 274 1081 2051 2238 1287 763 464 307 228 767 
1959 162 156 165 386 1113 1544 1206 793 536 350 234 210 571 
1960 164 168 196 263 870 2051 1346 884 537 403 263 186 611 
1961 261 228 203 484 1213 1856 1340 1054 598 431 316 302 691 
1962 154 150 161 322 1331 1075 732 664 395 283 255 211 478 
1963 150 132 154 197 650 880 810 545 320 280 210 170 375 
1964 139 150 159 234 840 1510 1070 739 372 264 224 178 490 
1965 207 202 173 280 1220 974 806 805 512 468 320 327 525 
1966 140 142 161 275 870 2872 1598 855 529 348 227 181 683 
1967 175 173 173 336 888 849 1126 1106 513 472 259 200 523 
1968 140 142 161 317 2534 888 887 597 353 273 217 181 558 
1969 173 160 158 288 2936 2475 1619 817 661 548 325 247 867 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ⱥ 
 
ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ Ⱥ.1 
ɝɨɞɵ I II  III  IV V VI  VII VIII IX X XI  XII ܳɫɪ.ɝɨɞ ܳɫɪ 166 160 164 301 1200 1627 1143 819 503 375 251 195 575 
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ɉɊɂɅɈɀȿɇɂȿ Ȼ 
 

ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɚɫɱёɬɵ 
 

Ɍɚɛɥɢɰɚ Ȼ.1 –ɋɪɟɞɧɢɟ ɪɚɫɯɨɞɵ ɡɚ ɝɨɞ ɜ ɦɚɥɨɜɨɞɧɵɣ ɩɟɪɢɨɞ ɢ ɩɟɪɢɨɞ ɩɨɥɨɜɨɞɶɹ 

Ƚɨɞɵ 
Q,ɫɪ. 
ɝɨɞ 

Ƚɨɞɵ 
Qɫɪ. 
ɩɨɥ. Ƚɨɞɵ 

Qɫɪ. 
ɦɟɠ 

Ɋ,% 

1938 903 1938 1972 1946 369 2 
1969 867 1969 1962 1938 368 4 
1958 767 1958 1664 1961 353 6 
1946 744 1966 1549 1941 337 8 
1947 692 1952 1527 1969 320 10 
1961 691 1947 1508 1977 319 12 
1966 683 1946 1494 1958 318 14 
1941 679 1973 1431 1965 311 16 
1952 674 1955 1388 1970 294 18 
1973 660 1936 1369 1932 290 20 
1955 649 1961 1366 1967 288 22 
1937 635 1941 1365 1957 286 24 
1936 625 1937 1365 1940 286 25 
1960 611 1971 1341 1979 286 27 
1970 610 1960 1288 1976 284 29 
1971 608 1942 1272 1947 284 31 
1942 596 1939 1262 1955 280 33 
1977 594 1970 1243 1959 275 35 
1957 590 1968 1227 1973 274 37 
1939 575 1950 1202 1960 273 39 
1959 571 1956 1201 1934 272 41 
1932 570 1949 1199 1937 270 43 
1944 564 1957 1197 1942 258 45 
1949 561 1944 1192 1972 258 47 
1979 561 1975 1187 1936 254 49 
1940 561 1959 1164 1966 250 51 
1968 558 1948 1164 1944 250 53 
1950 555 1972 1148 1981 249 55 
1972 555 1935 1144 1980 248 57 
1934 553 1977 1144 1952 248 59 
1975 549 1932 1132 1933 246 61 
1948 545 1943 1125 1954 245 63 
1956 544 1934 1116 1949 243 65 
1943 533 1979 1113 1971 242 67 
1976 530 1940 1112 1962 241 69 
1980 527 1980 1085 1978 241 71 
1935 525 1964 1040 1943 236 73 
1965 525 1976 1020 1948 236 75 
1967 523 1967 992 1945 235 76 
1964 490 1981 960 1939 232 78 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 
 
Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ Ȼ.1 

1981 486 1965 951 1950 232 80 
1962 478 1962 951 1975 231 82 
1954 472 1978 927 1968 223 84 
1933 470 1954 926 1974 223 86 
1978 470 1933 919 1935 215 88 
1953 441 1953 898 1964 215 90 
1945 426 1951 821 1956 215 92 
1951 409 1945 807 1953 213 94 
1974 386 1963 721 1951 204 96 
1963 375 1974 714 1963 202 98 

 
Ɍɚɛɥɢɰɚ Ȼ.2 – Ʉɨɨɪɞɢɧɚɬɵ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɂɄɇ ɡɢɦɧɢɯ ɫɭɬɨɤ 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ɋɫɪ.ɡɢɦ=1916 
 
 
 

 
t,ɱ 
 

Ɋ ɪɚɧɠ, Ɇȼɬ ∆Ɋ, Ɇȼɬ ∆ɗ,ɤȼɬ∙ɱ Ɋ ɤɨɪ, Ɇȼɬ ɗ ɤɨɪ, ɦɥɧ. ɤȼɬ∙ɱ 

1 2017 14 14 10 0,01 
2 2003 0 0 10 0,01 
3 2003 4 11 14 0,02 
4 1999 7 27 20 0,05 
5 1993 10 50 31 0,10 
6 1983 2 9 32 0,11 
7 1981 11 79 43 0,19 
8 1970 0 1 43 0,19 
9 1970 7 60 50 0,25 
10 1963 2 19 52 0,27 
11 1961 13 144 65 0,41 
12 1948 5 62 70 0,47 
13 1943 1 14 71 0,48 
14 1942 18 258 90 0,74 
15 1923 1 14 91 0,76 
16 1922 51 819 142 1,58 
17 1871 34 576 176 2,15 
18 1837 19 336 194 2,49 
19 1819 24 465 219 2,95 
20 1794 0 1 219 2,96 
21 1794 13 264 231 3,22 
22 1782 2 54 234 3,27 
23 1779 1 33 235 3,31 
24 1778 1778 42665 2013 45,97 



140 

ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 
 
Ɍɚɛɥɢɰɚ Ȼ.3 – Ʉɨɨɪɞɢɧɚɬɵ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɂɄɇ ɥɟɬɧɢɯ ɫɭɬɨɤ 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ɋɫɪ.ɥɟɬɨ=1391 
 
 

 
t,ɱ 
 

Ɋ ɪɚɧɠ, Ɇȼɬ ∆Ɋ, Ɇȼɬ ∆ɗ,ɤȼɬ∙ɱ Ɋ ɤɨɪ, Ɇȼɬ ɗ ɤɨɪ, ɦɥɧ. ɤȼɬ∙ɱ 

1 1463 2 2 3 0,003 
2 1462 5 10 8 0,013 
3 1457 6 18 14 0,031 
4 1451 0 0 14 0,031 
5 1451 1 7 15 0,038 
6 1450 1 8 17 0,046 
7 1448 2 11 18 0,057 
8 1447 1 11 20 0,068 
9 1445 0 1 20 0,069 
10 1445 7 72 27 0,141 
11 1438 3 29 30 0,170 
12 1435 6 69 35 0,239 
13 1430 2 21 37 0,261 
14 1428 11 160 48 0,420 
15 1417 37 559 86 0,979 
16 1379 38 602 123 1,581 
17 1342 4 60 127 1,641 
18 1338 42 758 169 2,399 
19 1296 0 5 169 2,404 
20 1296 22 440 191 2,844 
21 1274 9 192 200 3,037 
22 1265 4 80 204 3,117 
23 1261 1 14 205 3,131 
24 1260 1260 30248 1465 33,379 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 
 

 
Ɋɢɫɭɧɨɤ Ȼ.1 – ɂɄɇ ɡɢɦɧɢɯ ɫɭɬɨɤ: 

Ɋɨɡɨɜɵɣ–ɫɭɳɟɫɬɜɭɸɳɚɹ ɇɨɜɨɫɢɛɢɪɫɤɚɹ Ƚɗɋ ɫ ɪɚɛɨɱɟɣ ɦɨɳɧɨɫɬɶɸ 480 Ɇȼɬ,  ɜɵɪɚɛɨɬɤɨɣ ͳͳ,ͷʹ ɦɥɧ ɤȼɬ ∙ ɱ; 
Ɂɟɥёɧɵɣ–ɩɪɨɟɤɬɢɪɭɟɦɚɹ Ⱥɥɬɚɣɫɤɚɹ Ƚɗɋ ɫ ɪɚɛɨɱɟɣ ɦɨɳɧɨɫɬɶɸ 283 Ɇȼɬ, ɜɵɪɚɛɨɬɤɨɣ ͸,ͳ ɦɥɧ ɤȼɬ ∙ ɱ. 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 
 

 
Ɋɢɫɭɧɨɤ Ȼ.2 – ɂɄɇ ɥɟɬɧɢɯ ɫɭɬɨɤ: 

Ɋɨɡɨɜɵɣ–ɫɭɳɟɫɬɜɭɸɳɚɹ ɇɨɜɨɫɢɛɢɪɫɤɚɹ Ƚɗɋ ɫ ɪɚɛɨɱɟɣ ɦɨɳɧɨɫɬɶɸ 320 Ɇȼɬ,  ɜɵɪɚɛɨɬɤɨɣ ͹,͹ ɦɥɧ ɤȼɬ ∙ ɱ;  
Ɂɟɥёɧɵɣ–ɩɪɨɟɤɬɢɪɭɟɦɚɹ Ⱥɥɬɚɣɫɤɚɹ Ƚɗɋ ɫ ɪɚɛɨɱɟɣ ɦɨɳɧɨɫɬɶɸ 122 Ɇȼɬ, ɜɵɪɚɛɨɬɤɨɣ ʹ,Ͷ͹ ɦɥɧ ɤȼɬ ∙ ɱ 

ɊȾɍ 

ɇɨɜɨɫɢɛɢɪɫɤɚɹ Ƚɗɋ  

Ⱥɥɬɚɣɫɤɚɹ Ƚɗɋ 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 
 
Ɍɚɛɥɢɰɚ Ȼ.4 – Ɋɟɠɢɦ ɪɚɛɨɬɵ ɛɟɡ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫ ɭɱɟɬɨɦ ȼɏɄ 

Ɇɟɫɹɰ I II  III  IV V VI  VII VIII IX X XI  XII ܳ𝑖ɩɪଽ଴%, ɦଷ/ɫ 145 143 154 218 1070 1135 791 597 399 274 203 167 ܳȼɏК ,ɦଷ/ɫ 300 300 300 300 300 300 300 300 300 300 300 300 ܳɢɫɩ ,ɦଷ/ɫ 1 1 1 1 5 6 4 3 2 1 1 1 ܳɥɟɞ,ɦଷ/ɫ 9 9 0 -13 -22 0 0 0 0 0 9 9 ܳɮɢɥɶɬɪ,ɦଷ/ɫ 4 4 4 4 4 4 4 4 4 4 4 4 ܳɪɵɛ , ɦଷ/ɫ 0 0 0 0 13 13 13 0 0 0 0 0 ∑ ܳɩɨɬɟɪɶ, ɦଷ/ɫ 14 14 5 -8 1 23 21 7 6 5 14 14 ܳɩɨɥ.ɛɵɬ., ɦଷ/ɫ 145 143 154 218 1070 1135 791 597 399 274 203 167 ܳɇȻ, ɦଷ/ɫ 131 129 149 226 1069 1112 770 590 393 269 189 153 ܼɜɛ, ɦ 516 516 516 516 516 516 516 516 516 516 516 516 ܼɧɛ, ɦ 467 467 467 467 467 467 467 467 467 467 467 467 

ɇɩɨɥ, ɦ 49 49 49 49 49 49 49 49 49 49 49 49 

ɛܰɵɬ, Ɇȼɬ 57 56 64 97 452 469 326 251 168 115 81 66 

ɜܰɯɤ, Ɇȼɬ 128 128 128 129 129 129 129 129 129 129 128 128 

ɜܰɨɞɨɬ − ɜܰɯɤ, Ɇȼɬ -71 -72 -64 -32 323 340 197 122 39 -14 -47 -62 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 

 
Ɍɚɛɥɢɰɚ Ȼ.5 – Ɋɟɠɢɦ ɪɚɛɨɬɵ, ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ (ɨɤɨɧɱɚɬɟɥɶɧɵɣ) 

Ɇ
ɟɫ

ɹɰ
 

Ɋɚɫɯɨɞɵ Ɉɛɴɟɦɵ ɜ-ɳɚ Ɉɬɦɟɬɤɢ ȼȻ 

ܼ ʜʐ, ˏ ʜ ˆˠ˔, ˏ ˆܰˠ˔, ʛʑ˕ ˆܰ˃˓, ʛʑ˕ ܳ ˄˞˕., ˏଷ /ܿ ܳ ˒ˑˎ.˄˞
˕., ˏଷ /ܿ ܳ ˋ˔˒, ˏଷ /ܿ ܳ ˗, ˏଷ /ܿ ܳ ˅−˜˃, ˏଷ /ܿ ܳ ˎˈˇ., ˏଷ /ܿ ܳ ˓˞˄, ˏଷ /ܿ ܳ ˆˠ˔, ˏଷ /ܿ ܳ ː˄, ˏଷ /ܿ ܳ ˅˘ˍ, ˏଷ /ܿ ܸː, ˏଷ  𝛥ܸ, ˏଷ  ܸ̱, ˏଷ  ܼ ː, ˏ  ܼ ˍ, ˏ  ܼ ˔˓, ˏ  

10 274 269 1 4 176 0 0 362 366 300 10,89 0,25 10,64 516,00 515 515,7 466,85 48,4 154 154 

11 203 189 1 4 365 9 0 464 468 300 10,64 0,74 9,91 515 514 514,6 467,01 47,1 192 192 

12 167 153 1 4 619 9 0 652 656 300 9,91 1,34 8,57 514 510 512,0 467,25 44,3 254 254 

1 145 131 1 4 775 9 0 721 725 300 8,57 1,58 6,99 510 505 507,9 467,32 40,0 254 254 

2 143 129 1 4 831 9 0 620 624 300 6,99 1,32 5,67 505 500 502,9 467,21 35,1 192 192 

3 154 149 1 4 900 0 0 586 590 300 5,67 1,17 4,50 500 495 497,6 467,17 29,9 154 154 

4 218 226 1 4 70 -13 0 296 300 300 4,50 0,19 4,32 495 493,88 494,37 466,73 27,1 71 ɜɯɤ 

5 
107
0 1070 5 4 -774 -22 13 296 300 300 4,32 -2,07 6,39 493,88 503 498,5 466,73 31,3 82 ɜɯɤ 

6 
113
5 

1112 6 4 -816 0 13 296 300 300 6,39 -2,19 8,57 503 510 506,8 466,73 39,5 103 ɜɯɤ 

7 791 770 4 4 -474 0 13 296 300 300 8,57 -1,27 9,84 510 514 512,0 466,73 44,7 117 ɜɯɤ 

8 597 590 3 4 -294 0 0 296 300 300 9,84 -0,79 10,63 514 515 514,5 466,73 47,3 123 ɜɯɤ 

9 399 393 2 4 -97 0 0 296 300 300 10,63 -0,26 10,89 515 516,00 515,7 466,73 48,5 126 ɜɯɤ 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 
 
Ɍɚɛɥɢɰɚ Ȼ.6– ɋɜɨɞɧɚɹ ɬɚɛɥɢɰɚ ɪɚɛɨɱɢɯ ɦɨɳɧɨɫɬɟɣ ɫɭɳɟɫɬɜɭɸɳɟɣ ɢ 
ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ 

Ɇ
ɟɫ

ɹɰ
 ɉɪɨɟɤɬɢɪɭɟɦɚɹ Ƚɗɋ 

ɋɭɳɟɫɬɜɭɸɳɚɹ 
Ƚɗɋ 

Nɝɚɪ, 
Ɇȼɬ 

 

ɗɫɭɬ, ɦɥɧ ɤȼɬ ∙
ɱ 

ɗɛ, ɦɥɧ ɤȼɬ ∙
ɱ 

ɗɩ, ɦɥɧ ɤȼɬ ∙
ɱ 

Nɛ, 
Ɇȼɬ 

 

Nɩ, 
Ɇȼɬ 

 

Nɪɚɛ, 
Ɇȼɬ 

 

Nɪɚɛ, 
Ɇȼɬ 

 

ɗɫɭɬ, ɦɥɧ ɤȼɬ ∙
ɱ 

1 254 6,10 3,1 3,0 93 128 221 480 11,5 
2 192 4,61 2,3 2,3 74 106 180 476 11,4 
3 154 3,70 1,8 1,8 35 56 91 400 9,6 
4 71 1,70 0,8 0,9 41 54 95 360 8,6 
5 82 1,97 1,0 1,0 51 71 122 348 8,4 
6 103 2,47 1,2 1,2 58 73 131 320 7,7 
7 117 2,81 1,4 1,4 62 81 143 320 7,7 
8 123 2,95 1,5 1,5 63 96 159 348 8,4 
9 126 3,02 1,5 1,5 74 106 180 360 8,6 
10 154 3,70 1,8 1,8 93 128 221 400 9,6 
11 192 4,61 2,3 2,3 127 190 317 476 11,4 
12 254 6,10 3,0 3,0 93 128 221 480 11,5 

 
Ɍɚɛɥɢɰɚ Ȼ.7 –Ȼɚɥɚɧɫ ɦɨɳɧɨɫɬɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ 

Ɇ
ɟɫ

ɹɰ
  ɗɋ 

ɉɪɨɟɤɬɢɪɭɟɦɚɹ  
Ƚɗɋ 

Ɍɗɋ 
ɋɭɳɟɫɬɜɭɸɳɚɹ 

Ƚɗɋ ௠ܲ௔௫ , ʛʑ˕ 
ːܰ˃ˆ˓, ʛʑ˕ 

˃ܰ˅˃˓, ʛʑ˕ 
˓ܰ˃˄, ʛʑ˕ 

ːܰ˃ˆ˓, ʛʑ˕ 
˓ܰˈˏ, ʛʑ˕ 

˓ܰ˃˄, ʛʑ˕ 
˃ܰ˅˃˓, ʛʑ˕ 

˓ܰˈˏ, ʛʑ˕ 
˓ܰ˃˄, ʛʑ˕ 

ːܰ˃ˆ˓, ʛʑ˕ 
˓ܰˈˏ, ʛʑ˕ 

1 1977 158 40 283 15   1214 158   480 25   
2 1911 153 40 221 15   1214 153   476 25   
3 1795 144 40 180 15   1215 144   400 25   
4 1661 133 30 91 11   1210 133   360 19   
5 1545 124 30 95 11   1102 124 25 348 19   
6 1478 118 30 122 11   1036 118 76 320 19   
7 1478 118 30 131 11   1027 118 76 320 19   
8 1545 124 30 143 11   1054 124 25 348 19   
9 1660 133 30 159 11 46 1141 133   360 19   
10 1794 144 40 180 15   1214 144   400 25 80 
11 1910 153 40 218 15   1216 153   476 25   
12 1977 158 40 283 15   1214 158   480 25   
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 
 

Ɍɚɛɥɢɰɚ Ȼ.8– Ɋɟɠɢɦ ɪɚɛɨɬɵ, ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɜ ɫɪɟɞɧɟɜɨɞɧɨɦ ɝɨɞɭ 

Ɇ
ɟɫ

ɹɰ
 Ɋɚɫɯɨɞɵ Ɉɛɴɟɦɵ ɜ-ɳɚ Ɉɬɦɟɬɤɢ ȼȻ Z ɇȻ, Ɇ

 

ɇ
ɝɷ

ɫ, 
Ɇ

 N ɝɷɫ, Ɇ
ȼɬ

 N ɝɚɪ, Ɇ
ȼɬ

 

ɗ,
 

ɦɥ
ɧ.

ɤȼ
ɬ∙ɱ

 

Q ɛɵɬ., ɦଷ /c ܳ ɩɨɥ.ɛɵɬ
, 

ɦଷ /c Q ɢɫɩ, ɦଷ /c Q ɮ, ɦଷ /c Q ɜ−ɳɚ, ɦଷ /c Q ɥɟɞ., ɦଷ /c Q ɪɵɛ, ɦଷ /c Q ɝɷɫ, ɦଷ /c Q ɧɛ, ɦଷ /c Q ɜɯɤ, ɦଷ /c Q ɯɫ, ɦଷ /c V ɧ, ɦଷ  ΔV, ɦଷ  V ɤ, ɦଷ  Z ɧ, ɦ Z ɤ, ɦ Z ɫɪ, ɦ 

10 372 367 1 4 10 0 0 377 381 300 0 10,89 0,03 10,86 516,00 515,94 516,0 466,88 48,6 161 154 120 

11 311 297 1 4 300 9 0 597 601 300 0 10,86 0,80 10,06 515,94 514,13 515,0 467,19 47,4 249 192 179 

12 178 164 1 4 500 9 0 664 668 300 0 10,06 1,34 8,72 514,13 510,74 512,4 467,26 44,7 261 254 194 

1 158 144 1 4 600 9 0 744 748 300 0 8,72 1,61 7,11 510,74 505,82 508,3 467,34 40,4 265 254 197 

2 150 136 1 4 480 9 0 616 620 300 0 7,11 1,29 5,83 505,82 500,98 503,4 467,21 35,7 193 192 130 

3 182 177 1 4 470 0 0 647 651 300 0 5,83 1,26 4,57 500,98 495,20 498,1 467,24 30,3 173 154 129 

4 199 207 1 4 95 -13 0 302 306 300 0 4,57 0,25 4,32 495,20 493,88 494,5 466,75 27,3 73 71 52 

5 1148 1148 5 4 
-

830 
-22 13 318 322 300 0 4,32 -2,22 6,54 493,88 503,77 498,8 466,78 31,5 88 82 66 

6 1692 1669 6 4 
-

931 
0 13 558 742 300 180 6,54 -2,49 9,03 503,77 511,57 507,7 467,33 39,8 196 103 141 

7 1042 1021 4 4 -
491 

0 13 530 534 300 0 9,03 -1,32 10,35 511,57 514,80 513,2 467,10 45,6 213 117 158 

8 722 715 3 4 
-

185 
0 0 530 534 300 0 10,35 -0,50 10,84 514,80 515,90 515,3 467,10 47,7 223 123 166 

9 480 474 2 4 -18 0 0 456 460 300 0 10,84 -0,05 10,89 515,90 516,00 515,9 467,00 48,4 194 126 140 

 
ɉɨ ɞɚɧɧɵɦ ɪɚɫɱёɬɚ ɩɨɥɭɱɢɥɢ ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɸɸ ɜɵɪɚɛɨɬɤɭ, ɪɚɜɧɭɸ: ∑ Э = ͳ͸͹ͳ ˏˎː. ˍʑ˕ ∙ ˚. 
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ɉɊɂɅɈɀȿɇɂȿ ȼ 
 

Ɉɫɧɨɜɧɨɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ Ƚɗɋ 
 

 
Ɋɢɫɭɧɨɤ ȼ.1 – ɍɧɢɜɟɪɫɚɥɶɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɬɭɪɛɢɧɵ ɉɅ-50-ȼ-600 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ ȼ 
 

 
Ɋɢɫɭɧɨɤ ȼ.2 – ɍɧɢɜɟɪɫɚɥɶɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɬɭɪɛɢɧɵ ɉɅ-50-ȼ-630 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ ȼ 
 

 
 

Ɋɢɫɭɧɨɤ ȼ.3 – ɍɧɢɜɟɪɫɚɥɶɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɬɭɪɛɢɧɵ ɉɅȾ50-ȼ60-600 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ ȼ 

 

 
Ɋɢɫɭɧɨɤ ȼ.4 – ɍɧɢɜɟɪɫɚɥɶɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɬɭɪɛɢɧɵ ɉɅȾ50-ȼ60-750 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ ȼ 
 
Ɍɚɛɥɢɰɚ ȼ.1 – ɇɨɦɢɧɚɥɶɧɵɟ ɞɚɧɧɵɟ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ ɋȼ-1130/140-48Ɍɋ4 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɜɟɥɢɱɢɧɵ Ɉɛɨɡɧɚɱɟɧɢɟ Ɂɧɚɱɟɧɢɟ 

ɇɨɦɢɧɚɥɶɧɚɹ ɩɨɥɧɚɹ ɦɨɳɧɨɫɬɶ ܵːˑˏ, ʛʑʏ 117,7 

ɇɨɦɢɧɚɥɶɧɚɹ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ʟːˑˏ, ʛʑ˕ 100 

Ʉɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ ܿ߮ݏ݋, ˑ. ˈ. 0,85 

ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ːܷˑˏ, ˍʑ 13,8 

ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ːܫ ˑˏ, ˍʏ 4,92 

ɇɨɦɢɧɚɥɶɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ݊ːˑˏ, ˑ˄/ˏˋː 125 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ܺௗ, ˑ. ˈ. 0,91 

ɉɟɪɟɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ܺ’ௗ , ˑ. ˈ. 0,26 

ɋɜɟɪɯɩɟɪɟɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ܺ”ௗ , ˑ. ˈ. 0,21 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ɋɢɫɭɧɨɤ ȼ.5 – ɉɪɨɬɨɱɧɚɹ ɱɚɫɬɶ ɝɢɞɪɨɬɭɪɛɢɧɵ ɉɅ 50 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ ȼ 
 
Ɍɚɛɥɢɰɚ ȼ.2 – Ɋɚɫɱɟɬ ɛɟɬɨɧɧɨɣ ɋɄ 

ȼɟɥɢɱɢɧɚ 
ɋɟɱɟɧɢɹ 

ɜɯ 1 2 3 4 5 6 7 8 9 10 ɜɵɯ ݎ𝑖, ɦ 10,96 10,4 9,7 9,1 8,5 7,9 7,3 6,7 6,1 5,5 4,9 4,3 𝑖ܾ , ɦ 5,417 5,096 4,775 4,454 4,133 3,813 3,492 3,171 2,850 2,529 2,208 1,879 ܽ𝑖, ɦ 6,056 5,451 4,846 4,241 3,636 3,031 2,426 1,821 1,216 0,611 0,006 -0,615 ݎ௞, ɦ 5,761 5,675 5,589 5,503 5,417 5,331 5,245 5,159 5,073 4,987 4,901 4,813 ݎ௞/ݎ௔ 1,176 1,158 1,141 1,123 1,105 1,088 1,070 1,053 1,035 1,018 1,000 0,982 ݈݊ሺݎ௞/ݎ௔ሻ 0,162 0,147 0,132 0,116 0,100 0,084 0,068 0,051 0,035 0,018 0,000 -0,018 ݎ𝑖/ݎ௔ 2,236 2,112 1,989 1,865 1,742 1,619 1,495 1,372 1,248 1,125 1,001 0,874 ݎ௞ܿ17,96 18,29 18,61 18,93 19,25 19,57 19,89 20,22 20,54 20,86 21,18 21,50 ݕ݃ݐ ሺͺሻ ∙ ሺ͸ሻ 3,479 3,108 2,743 2,382 2,027 1,676 1,331 0,991 0,656 0,327 0,003 -0,323 ݉𝑖 3,21 2,89 2,57 2,25 1,93 1,61 1,29 0,97 0,64 0,32 0,00 -0,33 ܬ𝑖 4,39 3,89 3,41 2,94 2,49 2,06 1,66 1,27 0,92 0,59 0,30 0,04 

𝑖 225,0 199,5 174,7 150,8 127,8 105,8 84,9 65,3 47,0 30,3 15,3 2,1 

 

 
Ɋɢɫɭɧɨɤ ȼ.6 – ɋɯɟɦɚ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ Ⱥɥɬɚɣɫɤɨɣ Ƚɗɋ 
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ɉɊɂɅɈɀȿɇɂȿ Ƚ 
 

ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɱɚɫɬɶ Ƚɗɋ 
 

Г1 Г2 Г3

 
Ɋɢɫɭɧɨɤ Ƚ.1 – ɋɯɟɦɚ «ɞɜɟ ɫɢɫɬɟɦɵ ɫɛɨɪɧɵɯ ɲɢɧ» ɞɥɹ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɵ ɫ 

ɬɪɟɦɹ ɨɞɢɧɨɱɧɵɦɢ ɛɥɨɤɚɦɢ. 
 

Г1 Г2 Г3

   
Ɋɢɫɭɧɨɤ Ƚ.2 – ɋɯɟɦɚ «ɞɜɟ ɫɢɫɬɟɦɵ ɫɛɨɪɧɵɯ ɲɢɧ» ɞɥɹ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɵ 

ɫ ɨɞɢɧɨɱɧɵɦ ɢ ɨɛɴɟɞɢɧёɧɧɵɦ ɛɥɨɤɚɦɢ. 
 

 
  



 

154 
 

ɉɊɂɅɈɀȿɇɂȿ Ⱦ 
 

Ɋɟɥɟɣɧɚɹ ɡɚɳɢɬɚ ɢ ɚɜɬɨɦɚɬɢɤɚ 
 

Ɍɚɛɥɢɰɚ Ⱦ.1 – ɍɫɬɚɜɤɢ ɡɚɳɢɬ 
Ɂɚɳɢɬɵ ɍɫɬɚɜɤɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ Ɉɛɨɡɧɚɱɟɧɢɟ ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ɉɬɧɨɫɢɬɟɥɶɧɵɟ 

ɟɞɢɧɢɰɵ 
ɂɦɟɧɨɜɚɧɧɵɟ 

ɟɞɢɧɢɰɵ 

Ⱦɢɮ. Ɂɚɳɢɬɚ 
ɩɪɨɞɨɥɶɧɚɹ ܩ∆ܫ 

Ɍɨɤ 
ɫɪɚɛɚɬɵɜɚɧɢɹ,ܫɫɪ.Ɉ Ͳ,ͳͷ ∙  ɇ 0,74 Ⱥܫ

Ʉɨɷɮɮɢɰɢɟɧɬ 
ɬɨɪɦɨɠɟɧɢɹ,ܭɌ 

Ͳ,ʹ - 

ɍɫɬɚɜɤɚ ɧɚɱɚɥɶɧɨɝɨ 
ɬɨɪɦɨɠɟɧɢɹ, IɇɌ 

Ͳ,ͷ ∙  ɇ 2,46 Ⱥܫ

Ɍɨɪɦɨɡɧɨɣ ɬɨɤ, ȼ ͳ,ͷ ∙  ɇ 7,38 Ⱥܫ

ɁɁȽ 
଴ܷ 

 ଷ U଴G - 15 ȼݐ ଵ U଴ଵG - 5 ȼݐ

଴ܷଷ 
Ʉɨɷɮɮɢɰɢɟɧɬ 

ɬɨɪɦɨɠɟɧɢɹ,KɌ 
1,1 - 

Ɂɉɇ ܷ > 

2ɫɬɭɩ
ɟɧɶ UCɊଶ ͳ,Ͷ ∙ ܷɇ 140 ȼ 

1ɫɬɭɩ
ɟɧɶ UCɊଵ ͳ,ʹ ∙ ܷɇ 120 ȼ 

Ɂɚɳɢɬɚ 
ɨɛɪɚɬɧɨɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧ
ɨɫɬɢ ɨɬ 

ɧɟɫɢɦɦɟɬɪɢɱɧɵ
ɯ ɤ.ɡ. ɢ 

ɩɟɪɟɝɪɭɡɨɤ 

 ଶܫ

ɋɈ IଶɋɂȽɇ Ͳ,Ͳ͹ ∙  ɇ 0,34 Ⱥܫ
ɉɈ IଶɉɍɋɄ Ͳ,ͳͺ ∙  ɇ 0,89 Ⱥܫ

ɈɌɋ I Iଶɋ.Ɂ. Ͳ,ʹͳ ∙  ɇ 1,03Ⱥܫ

Ɂɚɳɢɬɚ ɨɬ 
ɫɢɦɦɟɬɪɢɱɧɵɯ 

ɤ.ɡ. ɢ ɩɟɪɟɝɪɭɡɨɤ 
 ଵܫ

ɋɈ IɋɂȽɇ ͳ,Ͳ͹ ∙  ɇ 5,26 Ⱥܫ
ɉɈ IଵɉɍɋɄ ͳ,ͳ ∙  ɇ 5,41 Ⱥܫ

ɈɌɋ IଵɈɌɋ ͳ,Ͷʹͻ ∙  ɇ 7,03 Ⱥܫ

ȾɁ ܼ < 

1 
ɫɬɭɩɟ

ɧɶ 
ZI 1,25 0,173 Ɉɦ 

2 
ɫɬɭɩɟ

ɧɶ 
ZII 4,06 0,56 Ɉɦ 

Ɂɚɳɢɬɚ ɪɨɬɨɪɚ 
ɨɬ ɩɟɪɟɝɪɭɡɤɢ 

 ɪܫ

ɋɈ I୔ ɋɂȽɇ. ͳ,Ͳ͹ ∙  ɇɈɆ.Ɋ 6,74 Ⱥܫ
ɉɈ I୔ ɉɍɋɄ. ͳ,ͳ ∙  ɇɈɆ.Ɋ 6,93 Ⱥܫ

Ɉɬɫɟɱ
ɤɚ I୔ ɉɍɋɄ. ʹ,ͳͶ͵ ∙  ɇɈɆ.Ɋ 13,5 Ⱥܫ
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ⱦ 
 
Ɍɚɛɥɢɰɚ Ⱦ.2 – Ɇɚɬɪɢɰɚ ɨɬɤɥɸɱɟɧɢɣ ɡɚɳɢɬ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 

Ɉ
ɬɤ

ɥɸ
ɱɟ

ɧɢ
ɟ 

ȼ/
Ƚ 

Ƚɚ
ɲ

ɟɧ
ɢɟ

 ɩ
ɨɥ

ɟɣ
 

Ɉ
ɫɬ

ɚɧ
ɨɜ

 
ɬɭ

ɪɛ
ɢɧ

ɵ
 ɢ

 ɫ
ɛɪ

ɨɫ
 

Ⱥ
ɊɁ

 

ɉ
ɭɫ

ɤ 
ɉ

ɀ
Ɍ 

ȽȽ
 

Ɉ
ɬɤ

ɥɸ
ɱɟ

ɧɢ
ɟ 

ɋȼ
 

Ɉ
ɬɤ

ɥɸ
ɱɟ

ɧɢ
ɟ 

ȼ-
22

0 
ɢ 

ȼ-
Ɍɋ

ɇ
 

ɉ
ɪɟ

ɞɭ
ɩɪ

ɟɞ
ɢɬ

ɟɥ
ɶ

ɧɵ
ɣ 

ɫɢ
ɝɧ

ɚɥ
 

ɇɚɢɦɟɧɨɜɚɧɢɟ Ɉɛɨɡɧɚɱɟɧɢɟ 
Ⱦɢɮ. ɡɚɳɢɬɚ 
ɩɪɨɞɨɥɶɧɚɹ I∆G + + + +    

ɁɁȽ 
U଴ 

tଵ       + tଷ + + +     U଴ t + + +     

Ɂɉɇ U > 

1 
ɫɬɭɩɟɧɶ tଵ + +      

2 
ɫɬɭɩɟɧɶ tଶ + +      

Ɂɚɳɢɬɚ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 
ɨɬ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ 

ɤ.ɡ. ɢ ɩɟɪɟɝɪɭɡɨɤ 

Iଶ 

ɋɈ       + 
ɂɈ + +      

ɈɌɋ I 
tଵ     + 

 
 tଶ      +  tଷ + +      

Ɂɚɳɢɬɚ ɨɬ 
ɫɢɦɦɟɬɪɢɱɧɵɯ ɤ.ɡ. ɢ 

ɩɟɪɟɝɪɭɡɨɤ 
Iଵ 

ɋɈ       + 
ɂɈ + +      

ɈɌɋ 
tଵ     + 

 
 tଶ      +  tଷ + +      

ȾɁ Z < 

1 
ɫɬɭɩɟɧɶ 

tଵ      +  tଶ + + +     

2 
ɫɬɭɩɟɧɶ 

tଵ     + 
 

 tଶ   
   +  tଷ + +      

Ɂɚɳɢɬɚ ɪɨɬɨɪɚ ɨɬ 
ɩɟɪɟɝɪɭɡɤɢ 

Iɪ 
ɋɈ       + 
ɂɈ + +      

Ɉɬɫɟɱɤɚ + +      
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ɉɊɂɅɈɀȿɇɂȿ ȿ 
 

Ʉɨɦɩɨɧɨɜɤɚ ɢ ɫɨɨɪɭɠɟɧɢɹ ɝɢɞɪɨɭɡɥɚ 
 

 
Ɋɢɫɭɧɨɤ ȿ.1 – Ɉɝɨɥɨɜɨɤ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ 

 

 
Ɋɢɫɭɧɨɤ ȿ.2 – ɋɯɟɦɚ ɬɪɟɭɝɨɥɶɧɨɝɨ ɩɪɨɮɢɥɹ ɩɥɨɬɢɧɵ 
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ɉɊɂɅɈɀȿɇɂȿ ɀ 
 

Ɉɰɟɧɤɚ ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ 
 

 
Ɋɢɫɭɧɨɤ ɀ.1 – ɂɡɦɟɧɟɧɢɟ ɞɟɧɟɠɧɵɯ ɩɨɬɨɤɨɜ ɫ ɭɤɚɡɚɧɢɟɦ ɭɤɪɭɩɧɟɧɧɵɯ ɷɬɚɩɨɜ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 



 
Суточный график нагрузки для зимнего периода

 

 

 

График сработки и наполнения водохранилища 
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Стадия Лист

Провер.

Н.контр.
Т.контр.

Разраб. Проектирование Алтайсой ГЭС
на р. Катунь

Саяно-Шушенский филиал Сибирского федерального
университета

Листов

Поперечный разрез по оси агрегата.
Основные характеристики

гидросилового оборудования

Арсентьева
Масленникова

2 7

Ø6,30

Размеры и отметки на чертеже даны в м.

Кафедра
ГГЭЭС, 2020 г

ВКР - 13.03.02 - 1618950-ГР1

462,60
УНБmin

469,63
УНБ Q(0,01%)

УМО
493,88

516,00
НПУ

518,00
ФПУ

466,50

Поперечный разрез здания ГЭС
1:500

Ось а/м дороги

Кран козловой г/п 200 т.

Помещение аэрационной трубы

Деформационный
шов

Цементационная
скважина
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скважина

Мокрая потерна
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ГБ520,00
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Ремонтный
затвор

Сороудерживающая
решетка

Аварийно -
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459,93
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ПОД

466,00
ДНО

Наименование Тип, параметр Количество,
шт

1
Турбина

поворотно-лопастная ПЛ50-В-630 3

2 Генератор СВ-1130/140-48ТС4 3

3 Напор максимальный, м 49,5

4 Напор расчетный, м 39,9

5 Напор минимальный, м 26,0

444,84

Широков
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Г1
Гидрогенератор СВ-1130/140-48ТС4
100 МВт; 13,8 кВ; сosф=0,85; IН=4920 А
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13,8 /0,1 /0,1
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ВКР -13.03.02.-1618950- РЗ

Защиты Уставки

Наименование Обозначение Наименование Относительные
единицы

Именованные
единицы

Диф. защита
продольная IΔG

Ток
срабатывания,

IСР.О

0.15·IН 0,74 А

Коэффициент
торможения,
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начального

торможения,
IНТ

0,5·IН 2,46 А

Тормозной ток,
В 1,5·IН 7,38 А

ЗЗГ
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t1 U01G - 6 В
t3 U0G - 15 В

U03

Коэффициент
торможения,
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1,1 -

ЗПН U>
2 ст. UСР2 1,4·UН 140 В
1 ст. UСР1 1,2·UН 120 В

Защита обратной
последовательно

сти от
несимметричных
к.з. и перегрузок

I2

СО I2СИГН 0,07·IН 0,34 А

ПО I2ПУСК 0,18·IН 0,89 А

ОТС I I2С.З. 0,21·IН 1,03 А

Защита от
симметричных

к.з. и перегрузок
I1

СО IСИГН 1,07·IН 5,26 А

ПО I1ПУСК 1,1·IН 5,41 А

ОТС I1ОТС 1,429·IН 7,03 А

ДЗ Z<
1 ст. ZI 1,25 0,173 Ом

2 ст. ZII 4,06 0,56 Ом

Защита ротора
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СО IР СИГН. 1,07·IНОМ.Р. 6,74 А

ПО IР ПУСК. 1,1·IНОМ.Р. 6,93 А

Отсечка IР ПУСК. 2,143·IНОМ.Р. 13,5 А
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