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ȼȼȿȾȿɇɂȿ 
 
ɉɨɱɬɢ ɜɫɸɞɭ ɦɨɠɧɨ ɭɜɢɞɟɬɶ, ɤɚɤ ɧɚɫɟɥɟɧɢɟ ɢɫɩɨɥɶɡɭɟɬ ɷɧɟɪɝɢɸ 

ɞɜɢɠɭɳɟɣɫɹ ɜɨɞɵ. ɗɬɨɬ ɦɧɨɝɨɨɛɟɳɚɸɳɢɣ ɫɩɨɫɨɛ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɧɟɪɝɢɢ ɫɬɚɥ ɜ 
ɧɟɞɚɜɧɟɟ ɜɪɟɦɹ ɛɨɥɟɟ ɩɨɩɭɥɹɪɧɵɦ ɜɨ ɦɧɨɝɢɯ ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɢ 
ɢɧɞɭɫɬɪɢɚɥɶɧɵɯ ɪɟɝɢɨɧɚɯ ɩɨ ɪɹɞɭ ɩɪɢɱɢɧ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɱɢɫɬɨɣ ɢ ɛɟɡɨɩɚɫɧɨɣ 
ɷɧɟɪɝɢɢ ɜɨɞɵ ɫɧɢɠɚɟɬ ɡɚɜɢɫɢɦɨɫɬɶ ɨɬ ɢɫɤɨɩɚɟɦɨɝɨ ɬɨɩɥɢɜɚ, ɩɪɢɧɨɫɹ ɩɨɥɶɡɭ 
ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɟ.  
 Ɉɩɵɬ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɟɪɜɵɯ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɩɨɤɚɡɚɥ, ɱɬɨ ɨɧɢ ɢɦɟɸɬ 
ɛɨɥɶɲɭɸ ɦɚɧɟɜɪɟɧɧɨɫɬɶ, ɯɨɪɨɲɭɸ ɧɚɞɟɠɧɨɫɬɶ ɪɚɛɨɬɵ ɢ ɦɚɥɵɟ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ, ɧɟ ɬɪɟɛɭɸɬ ɦɧɨɝɨɱɢɫɥɟɧɧɨɝɨ ɨɛɫɥɭɠɢɜɚɸɳɟɝɨ 
ɩɟɪɫɨɧɚɥɚ ɢ ɞɨɩɭɫɤɚɸɬ ɩɨɥɧɭɸ ɚɜɬɨɦɚɬɢɡɚɰɢɸ ɩɪɨɰɟɫɫɚ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɫ ɜɟɫɶɦɚ ɲɢɪɨɤɢɦɢ ɜɨɡɦɨɠɧɨɫɬɹɦɢ ɬɟɥɟɭɩɪɚɜɥɟɧɢɹ. ɗɧɟɪɝɢɹ, 
ɩɪɨɢɡɜɨɞɢɦɚɹ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɹɦɢ, ɞɟɲɟɜɥɟ, ɱɟɦ ɷɥɟɤɬɪɨɷɧɟɪɝɢɹ, 
ɞɨɫɬɚɜɥɹɟɦɚɹ ɬɟɩɥɨɜɵɦɢ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɦɢ. 
 ȼ ɬɟɯɧɢɱɟɫɤɨɦ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɦ ɨɬɧɨɲɟɧɢɹɯ ɨɱɟɧɶ ɜɚɠɧɨ, ɱɬɨ 
ɝɢɞɪɨɷɥɟɤɬɪɢɱɟɫɤɢɟ ɭɫɬɚɧɨɜɤɢ ɨɛɥɚɞɚɸɬ ɛɨɥɶɲɨɣ ɦɚɧɟɜɪɟɧɧɨɫɬɶɸ. ɗɬɚ 
ɨɫɨɛɟɧɧɨɫɬɶ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ ɢɦɟɟɬ ɫɭɳɟɫɬɜɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɤɪɭɩɧɵɯ 
ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ, ɬɚɤ ɤɚɤ ɪɟɡɤɢɣ ɩɪɢɪɨɫɬ ɧɚɝɪɭɡɤɢ, ɜ ɬɨɦ ɱɢɫɥɟ ɩɪɢ 
ɚɜɚɪɢɣɧɵɯ ɫɛɨɹɯ ɜ ɫɢɫɬɟɦɟ, ɦɨɠɧɨ ɛɵɫɬɪɨ ɤɨɦɩɟɧɫɢɪɨɜɚɬɶ ɜɤɥɸɱɟɧɢɟɦ 
ɪɟɡɟɪɜɧɵɯ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɝɢɞɪɨɚɝɪɟɝɚɬɵ ɨɤɚɡɚɥɢɫɶ ɨɱɟɧɶ 
ɭɞɨɛɧɵɦɢ ɞɥɹ ɩɨɤɪɵɬɢɹ ɩɢɤɨɜ ɧɚɝɪɭɡɤɢ ɜ ɫɢɫɬɟɦɚɯ, ɜ ɤɨɬɨɪɵɯ ɪɚɛɨɬɚɸɬ ɤɚɤ 
ɬɟɩɥɨɜɵɟ, ɬɚɤ ɢ ɝɢɞɪɚɜɥɢɱɟɫɤɢɟ ɫɬɚɧɰɢɢ. 
Ƚɢɞɪɨɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɦɨɳɧɨɫɬɢ ɜɧɨɫɹɬ ɨɳɭɬɢɦɵɣ ɜɤɥɚɞ ɜ ɨɛɟɫɩɟɱɟɧɢɟ 
ɫɢɫɬɟɦɧɨɣ ɧɚɞɟɠɧɨɫɬɢ ɢ ɜ ɤɨɧɟɱɧɨɦ ɢɬɨɝɟ ɧɚɞɟɠɧɨɣ ɪɚɛɨɬɵ ɜɫɟɣ ȿɞɢɧɨɣ 
ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɫɬɪɚɧɵ. 
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1 Ⱥɧɚɥɢɡ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɢ ɨɩɪɟɞɟɥɟɧɢɟ ɜɧɟɲɧɢɯ ɭɫɥɨɜɢɣ 
ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ Ƚɗɋ 

 
1.1 Ʉɥɢɦɚɬ ɜ ɪɚɣɨɧɟ ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ ɝɢɞɪɨɭɡɥɚ 
 
Ɍɭɡɚɥɢɧɫɤɚɹ Ƚɗɋ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɪɟɫɩɭɛɥɢɤɢ Ȼɭɪɹɬɢɹ. 

Ɋɚɣɨɧ ɪɚɫɩɨɥɨɠɟɧɢɹ ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ ɝɢɞɪɨɭɡɥɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɪɟɡɤɨ-
ɤɨɧɬɢɧɟɧɬɚɥɶɧɵɦ ɤɥɢɦɚɬɨɦ. Ɂɢɦɚ ɯɨɥɨɞɧɚɹ, ɫ ɫɭɯɢɦ ɦɨɪɨɡɨɦ ɢ ɦɚɥɵɦ 
ɤɨɥɢɱɟɫɬɜɨɦ ɫɧɟɝɚ. ȼɟɫɧɚ ɜɟɬɪɟɧɚɹ, ɫ ɡɚɦɨɪɨɡɤɚɦɢ ɢ ɩɨɱɬɢ ɛɟɡ ɨɫɚɞɤɨɜ. Ʌɟɬɨ 
ɤɨɪɨɬɤɨɟ, ɫ ɠɚɪɤɢɦɢ ɞɧɹɦɢ ɢ ɩɪɨɯɥɚɞɧɵɦɢ ɧɨɱɚɦɢ, ɫ ɨɛɢɥɶɧɵɦɢ ɨɫɚɞɤɚɦɢ ɜ 
ɢɸɥɟ ɢ ɚɜɝɭɫɬɟ. Ɉɫɟɧɶ ɧɚɫɬɭɩɚɟɬ ɧɟɡɚɦɟɬɧɨ, ɛɟɡ ɪɟɡɤɨɣ ɫɦɟɧɵ ɩɨɝɨɞɵ, ɜ 
ɨɬɞɟɥɶɧɵɟ ɝɨɞɵ ɨɧɚ ɛɵɜɚɟɬ ɞɨɥɝɨɣ ɢ ɬɟɩɥɨɣ.  
 Ɉɫɧɨɜɧɵɟ ɤɥɢɦɚɬɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ. 
ɋɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ: 

– ɜ ɧɚɢɛɨɥɟɟ ɯɨɥɨɞɧɵɣ ɦɟɫɹɰ ɝɨɞɚ .................................................. -22,0°ɋ 
– ɜ ɧɚɢɛɨɥɟɟ ɠɚɪɤɢɣ ɦɟɫɹɰ ɝɨɞɚ ...................................................... +18,5°ɋ 
– ɫɪɟɞɧɟɝɨɞɨɜɚɹ ɬɟɦɩɟɪɚɬɭɪɚ........................................................... -1,6 °ɋ 

ɋɪɟɞɧɹɹ ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɜɥɚɠɧɨɫɬɶ ɜɨɡɞɭɯɚ: 
– ɜ ɧɚɢɛɨɥɟɟ ɯɨɥɨɞɧɵɣ ɦɟɫɹɰ ɝɨɞɚ .................................................. 75% 
– ɜ ɧɚɢɛɨɥɟɟ ɠɚɪɤɢɣ ɦɟɫɹɰ ɝɨɞɚ ...................................................... 65% 
– ɫɪɟɞɧɟɝɨɞɨɜɚɹ ɜɥɚɠɧɨɫɬɶ .............................................................. 66% 
–ɤɨɥɢɱɟɫɬɜɨ ɨɫɚɞɤɨɜ ɡɚ ɝɨɞ  ............................................................. 244 ɦɦ 
 
1.2 Ƚɢɞɪɨɥɨɝɢɱɟɫɤɢɟ ɞɚɧɧɵɟ 
 
ɉɢɬɚɧɢɟ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɞɨɠɞɟɜɨɟ. ɋɪɟɞɧɢɣ ɝɨɞɨɜɨɣ ɪɚɫɯɨɞ ɜɨɞɵ ɭ 

ɝɨɪɨɞɚ Ȼɨɞɚɣɛɨ 1530 ɦ³/ɫ, ɜ ɭɫɬɶɟ — ɨɤɨɥɨ 2000 ɦ³/ɫ. Ⱦɥɹ ȼɢɬɢɦɚ ɯɚɪɚɤɬɟɪɧɨ 
ɪɚɫɬɹɧɭɬɨɟ ɩɨɥɨɜɨɞɶɟ (ɫ ɦɚɹ ɩɨ ɨɤɬɹɛɪɶ) ɫ ɩɨɞɴёɦɨɦ ɜɨɞɵ ɞɨ 8—10 ɦ. 
ɇɚɢɛɨɥɟɟ ɦɧɨɝɨɜɨɞɧɵɣ ɦɟɫɹɰ — ɢɸɧɶ (ɞɨ 4900 ɦ³/ɫ). ɋ ɦɚɪɬɚ ɩɨ ɚɩɪɟɥɶ 
ɜɨɞɨɧɨɫɧɨɫɬɶ ɪɟɤɢ ɪɟɡɤɨ ɭɦɟɧɶɲɚɟɬɫɹ (ɞɨ 80 ɦ³/ɫ). Ɂɚɦɟɪɡɚɟɬ ɜ ɧɚɱɚɥɟ ɧɨɹɛɪɹ, 
ɜɫɤɪɵɜɚɟɬɫɹ ɜɨ 2-ɣ ɞɟɤɚɞɟ ɦɚɹ. ɇɚ ɭɱɚɫɬɤɟ ɜɵɲɟ ɫ. Ʉɚɥɚɤɚɧ ɪɟɤɚ ɱɚɫɬɨ 
ɩɟɪɟɦɟɪɡɚɟɬ ɧɚ 100—120 ɞɧɟɣ. 

Ʉɨɨɪɞɢɧɚɬɵ ɤɪɢɜɨɣ ɫɜɹɡɢ ɜɟɪɯɧɟɝɨ ɢ ɧɢɠɧɟɝɨ ɛɶɟɮɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɬɚɛɥɢɰɟ 1.1 ɢ ɧɚ ɪɢɫɭɧɤɚɯ 1.1 ɢ 1.2. 
  

http://ru.wikipedia.org/wiki/%D0%91%D0%BE%D0%B4%D0%B0%D0%B9%D0%B1%D0%BE
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Ɍɚɛɥɢɰɚ1.1–Ʉɨɨɪɞɢɧɚɬɵ ɤɪɢɜɵɯ ɫɜɹɡɢ ɜɟɪɯɧɟɝɨ ɢ ɧɢɠɧɟɝɨ ɛɶɟɮɚ 
Ʉɪɢɜɚɹ ɫɜɹɡɢ ɨɛɴɟɦɨɜ ɢ 
ɭɪɨɜɧɟɣ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ 

Ʉɪɢɜɚɹ ɫɜɹɡɢ ɪɚɫɯɨɞɨɜ ɢ ɭɪɨɜɧɟɣ ɧɢɠɧɟɝɨ ɛɶɟɮɚ 
ɡɢɦɧɹɹ ɥɟɬɧɹɹ ݖʑʐ, ˏ ܹ, ˍˏଷ ݖʜʐ, ˏ ܳ, ˏଷ/ܿ ݖʜʐ, ˏ ܳ, ˏଷ/ܿ 

497,00 0 497,00 0 497,00 0 
542,00 1,8 516,00 4000 516,00 5000 
566,00 3,6 529,00 8000 529,00 10000 
580,00 5,4 541,00 12000 541,00 15000 
591,00 7,2 549,00 16000 549,00 20000 
600,00 9 556,00 20000 556,00 25000 
607,00 10,8 562,00 24000 562,00 30000 
612,00 12,6 567,00 28000 567,00 35000 
617,00 14,4 571,00 32000 571,00 40000 

 

 
Ɋɢɫɭɧɨɤ 1.1–Ʉɪɢɜɚɹ ɫɜɹɡɢ ɨɛɴёɦɨɜ ɢ ɭɪɨɜɧɟɣ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ 

 

 
Ɋɢɫɭɧɨɤ 1.2–Ʉɪɢɜɵɟ ɫɜɹɡɢ ɪɚɫɯɨɞɨɜ ɢ ɭɪɨɜɧɟɣ ɧɢɠɧɟɝɨ ɛɶɟɮɚ 
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1.3 ɂɧɠɟɧɟɪɧɨ–ɝɟɨɥɨɝɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ 
 

Ɋɟɫɩɭɛɥɢɤɚ Ȼɭɪɹɬɢɹ ɜɯɨɞɢɬ ɜ ɝɨɪɧɭɸ ɡɨɧɭ, ɡɚɧɢɦɚɸɳɭɸ ɡɧɚɱɢɬɟɥɶɧɭɸ 
ɱɚɫɬɶ ɸɝɚ ȼɨɫɬɨɱɧɨɣ ɋɢɛɢɪɢ. Ɋɟɥɶɟɮ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɦɨɳɧɵɦɢ ɝɨɪɧɵɦɢ 
ɯɪɟɛɬɚɦɢ ɢ ɨɛɲɢɪɧɵɦɢ, ɝɥɭɛɨɤɢɦɢ ɢ ɢɧɨɝɞɚ ɩɨɱɬɢ ɡɚɦɤɧɭɬɵɦɢ ɦɟɠɝɨɪɧɵɦɢ 
ɤɨɬɥɨɜɢɧɚɦɢ. ɉɥɨɳɚɞɶ ɝɨɪ ɛɨɥɟɟ ɱɟɦ ɜ 4 ɪɚɡɚ ɩɪɟɜɵɲɚɟɬ ɩɥɨɳɚɞɶ, ɡɚɧɢɦɚɟɦɭɸ 
ɧɢɡɦɟɧɧɨɫɬɹɦɢ. Ⱦɥɹ Ɋɟɫɩɭɛɥɢɤɢ Ȼɭɪɹɬɢɹ ɯɚɪɚɤɬɟɪɧɚ ɡɧɚɱɢɬɟɥɶɧɚɹ 
ɩɪɢɩɨɞɧɹɬɨɫɬɶ ɧɚɞ ɭɪɨɜɧɟɦ ɦɨɪɹ. ɋɚɦɨɣ ɧɢɡɤɨɣ ɨɬɦɟɬɤɨɣ ɹɜɥɹɟɬɫɹ ɭɪɨɜɟɧɶ 
ɨɡɟɪɚ Ȼɚɣɤɚɥ – 456ɦ ɜ ɬɢɯɨɨɤɟɚɧɫɤɨɣ ɨɬɦɟɬɤɟ, ɚ ɧɚɢɛɨɥɟɟ ɜɵɫɨɤɨɣ ɩɨɤɪɵɬɚɹ 
ɥɟɞɧɢɤɚɦɢ ɜɟɪɲɢɧɚ Ɇɭɧɤɭ-ɋɚɪɞɵɤɜȼɨɫɬɨɱɧɵɯ ɋɚɹɧɚɯ3491ɦ ɧɚɞ ɭɪɨɜɧɟɦ 
ɦɨɪɹ. 

ɏɚɪɚɤɬɟɪɧɨɣ ɱɟɪɬɨɣ ɝɟɨɥɨɝɢɱɟɫɤɨɝɨ ɫɬɪɨɟɧɢɹ ɬɟɪɪɢɬɨɪɢɢ Ȼɭɪɹɬɢɢ 
ɹɜɥɹɟɬɫɹ ɨɱɟɧɶ ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɡɞɟɫɶ ɩɨɪɨɞ ɝɪɚɧɢɬɧɨɝɨ ɢɥɢ ɛɥɢɡɤɨɝɨ 
ɤ ɧɢɦ ɫɨɫɬɚɜɚ, ɚ ɬɚɤɠɟ ɝɚɥɟɱɧɢɤɨɜɵɟ ɢ ɩɟɫɱɚɧɵɟ ɝɪɭɧɬɵ.  

ȼ ɨɫɧɨɜɚɧɢɢ ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ ɫɨɨɪɭɠɟɧɢɹ ɡɚɥɟɝɚɟɬ ɝɪɚɧɢɬ. 
 
 1.4 ɋɟɣɫɦɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ 
 

ɋɨɝɥɚɫɧɨ ɋɇɢɉɭ ɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɚɪɬɨɣ ɫɟɣɫɦɢɱɟɫɤɨɝɨ 
ɪɚɣɨɧɢɪɨɜɚɧɢɹ ɬɟɪɪɢɬɨɪɢɢ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ (ɈɋɊ-2016) ɪɚɫɱɟɬɧɚɹ 
ɫɟɣɫɦɢɱɟɫɤɚɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɪɚɣɨɧɚ ɪɚɫɩɨɥɨɠɟɧɢɹ Ɍɭɡɚɥɢɧɫɤɨɣ Ƚɗɋ ɩɪɢ 
ɜɟɪɨɹɬɧɨɫɬɢ ɜɨɡɦɨɠɧɨɝɨ ɩɪɟɜɵɲɟɧɢɹ 1% ɪɚɜɧɚ 8 ɛɚɥɥɚɦ ɲɤɚɥɵ MSK-64. 
 ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɛɨɬ ɩɨ ɭɬɨɱɧɟɧɢɸ ɢɫɯɨɞɧɨɣ ɫɟɣɫɦɢɱɧɨɫɬɢ ɩɟɪɟɫɦɨɬɪɟɧɵ 
ɩɟɪɜɢɱɧɵɟ ɨɩɢɫɚɧɢɹ ɡɟɦɥɟɬɪɹɫɟɧɢɣ ɜ ɨɛɲɢɪɧɨɣ ɨɛɥɚɫɬɢ ɡɚ ɩɟɪɢɨɞ ɫ 1952 ɩɨ 
2011 ɝɨɞɵ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɚɧɚɥɢɡɚ ɜɨɡɞɟɣɫɬɜɢɣ ɨɬ ɦɟɫɬɧɵɯ ɢ ɭɞɚɥɟɧɧɵɯ 
ɡɟɦɥɟɬɪɹɫɟɧɢɣ ɢɫɬɨɪɢɱɟɫɤɨɝɨ ɢ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɨɝɨ ɩɟɪɢɨɞɨɜ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ 
ɧɚ ɭɱɚɫɬɤɟ Ɍɭɡɚɥɢɧɫɨɣ Ƚɗɋ ɧɟ ɧɚɛɥɸɞɚɥɨɫɶ ɡɟɦɥɟɬɪɹɫɟɧɢɣ ɛɨɥɟɟ 8 ɛɚɥɥɨɜ. 
 
 1.5 Ⱦɚɧɧɵɟ ɩɨ ɷɧɟɪɝɨɫɢɫɬɟɦɟ 
 

ɌɭɡɚɥɢɧɫɤɚɹȽɗɋɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɪɚɛɨɬɵ ɜ Ɉɗɋ ɋɢɛɢɪɢ. ȼɵɪɚɛɨɬɤɚ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ Ƚɗɋ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɤɚɤ ɢɫɬɨɱɧɢɤ ɷɧɟɪɝɨɫɧɚɛɠɟɧɢɹ 
ɩɪɟɞɩɪɢɹɬɢɣ, ɩɥɚɧɢɪɭɸɳɢɯ ɪɚɡɪɚɛɨɬɤɭ ɪɹɞɚ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɦɟɫɬɨɪɨɠɞɟɧɢɣ ɜ 
ȼɨɫɬɨɱɧɨɣ ɋɢɛɢɪɢ, ɜ ɱɚɫɬɧɨɫɬɢ, ɍɞɨɤɚɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɦɟɞɢ, Ɉɡɟɪɧɨɝɨ 
ɫɜɢɧɰɨɜɨ-ɰɢɧɤɨɜɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ, ɦɟɫɬɨɪɨɠɞɟɧɢɣ ɭɪɚɧɚ. Ɍɚɤɠɟ Ƚɗɋ 
ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɤɚɤ ɨɫɧɨɜɚ ɷɥɟɤɬɪɢɮɢɤɚɰɢɢ ȻȺɆɚ, ɚ ɬɚɤɠɟ ɤɚɤ ɨɞɢɧ ɢɡ 
ɢɫɬɨɱɧɢɤɨɜ ɩɨɤɪɵɬɢɹ ɞɟɮɢɰɢɬɚ Ȼɭɪɹɬɫɤɨɣ ɷɧɟɪɝɨɫɢɫɬɟɦɵ.  

ȼ Ȼɭɪɹɬɢɢ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜɟɞɭɳɟɣ ɫɮɟɪɨɣ ɷɤɨɧɨɦɢɤɢ ɹɜɥɹɟɬɫɹ 
ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ. Ɉɧɚ ɧɚɫɱɢɬɵɜɚɟɬ ɩɪɢɦɟɪɧɨ 160 ɤɪɭɩɧɵɯ ɢ ɫɪɟɞɧɢɯ 
ɩɪɟɞɩɪɢɹɬɢɣ. Ɉɫɧɨɜɧɵɦɢ ɨɬɪɚɫɥɹɦɢ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɹɜɥɹɸɬɫɹ 
ɝɨɪɧɨɞɨɛɵɜɚɸɳɚɹ, ɦɚɲɢɧɨɫɬɪɨɟɧɢɟ ɢ ɦɟɬɚɥɥɨɨɛɪɚɛɨɬɤɚ, ɝɨɪɧɨɞɨɛɵɜɚɸɳɚɹ, 
ɭɝɥɟɞɨɛɵɜɚɸɳɚɹ, ɥɟɫɧɚɹ, ɞɟɪɟɜɨɨɛɪɚɛɚɬɵɜɚɸɳɚɹ ɢ ɰɟɥɥɸɥɨɡɧɨ-ɛɭɦɚɠɧɚɹ 
ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ, ɰɜɟɬɧɚɹ ɦɟɬɚɥɥɭɪɝɢɹ, ɬɨɩɥɢɜɧɚɹ, ɩɢɳɟɜɚɹ ɢ ɥɟɝɤɚɹ 
ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ, ɤɨɬɨɪɵɟ ɬɪɟɛɭɸɬ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. 

http://ru.wikipedia.org/wiki/%D0%92%D0%BE%D1%81%D1%82%D0%BE%D1%87%D0%BD%D0%B0%D1%8F_%D0%A1%D0%B8%D0%B1%D0%B8%D1%80%D1%8C
http://ru.wikipedia.org/wiki/%D0%A0%D0%B5%D0%BB%D1%8C%D0%B5%D1%84
http://ru.wikipedia.org/wiki/%D0%91%D0%B0%D0%B9%D0%BA%D0%B0%D0%BB
http://ru.wikipedia.org/wiki/%D0%9C%D1%83%D0%BD%D0%BA%D1%83-%D0%A1%D0%B0%D1%80%D0%B4%D1%8B%D0%BA
http://ru.wikipedia.org/wiki/%D0%92%D0%BE%D1%81%D1%82%D0%BE%D1%87%D0%BD%D1%8B%D0%B9_%D0%A1%D0%B0%D1%8F%D0%BD
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ȼɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɦɢ ɨɩɟɪɚɰɢɨɧɧɨɣ ɡɨɧɵ 
Ȼɭɪɹɬɫɤɨɝɨ ɊȾɍ ɡɚ 2017 ɝɨɞ ɫɨɫɬɚɜɢɥɚ 5,75 ɦɥɪɞ. ɤȼɬ•ɱ, ɚ ɷɥɟɤɬɪɨɩɨɬɪɟɛɥɟɧɢɟ – 
5,36 ɦɥɪɞ. ɤȼɬ•ɱ. 

 
1.6 Ⱥɧɚɥɨɝɢ ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ ɝɢɞɪɨɭɡɥɚ 

  
 ȼɯɨɞɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɛɵɥɢ ɜɵɛɪɚɧɵ ɜ ɤɚɱɟɫɬɜɟ ɚɧɚɥɨɝɨɜ ɫɥɟɞɭɸɳɢɟ 
ɫɬɚɧɰɢɢ: 

– Ȼɨɝɭɱɚɧɫɤɚɹ Ƚɗɋ. 
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2 ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ ɢ ɜɵɛɨɪ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ 
 
2.1 ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 
 
ɗɧɟɪɝɨɫɢɫɬɟɦɚ: Ȼɭɪɹɬɫɤɨɟ ɊȾɍ. 
ɑɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ: 4600 ɱ. 
Ɂɢɦɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɤɪɢɜɨɣ ɫɜɹɡɢ ɪɚɫɯɨɞɨɜ ɢ ɭɪɨɜɧɟɣ ɜ ɇȻ: 0,8. 
ɇɉɍ ɝɢɞɪɨɭɡɥɚ: ܼ = ͷͺ͵,Ͳ ˏ. 
ȾɇɈ ɝɢɞɪɨɭɡɥɚ: ܼ = Ͷͻ͹,Ͳ ˏ. 

 Ɉɛɴёɦɵ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɢ ɭɪɨɜɧɟɣ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ ɢ ɤɪɢɜɵɟ ɫɜɹɡɢ 
ɪɚɫɯɨɞɨɜ ɢ ɭɪɨɜɧɟɣ ɧɢɠɧɟɝɨ ɛɶɟɮɚ (1ɩ, ɬɚɛɥɢɰɚ 1.1, ɪɢɫɭɧɨɤ 1.1 ɢ 1.2); 

Ɋɹɞ ɝɢɞɪɨɥɨɝɢɱɟɫɤɢɯ ɧɚɛɥɸɞɟɧɢɣ ɡɚ ɪɟɤɨɣ ȼɢɬɢɦ ɡɚ ɩɟɪɢɨɞ 1939-1988 ɝɝ. 
ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɩɪɢɥɨɠɟɧɢɢ Ⱥ, ɬɚɛɥɢɰɚ Ⱥ.1. 

Ɍɪɟɛɨɜɚɧɢɹ ɭɱɚɫɬɧɢɤɨɜ ȼɏɄ ɢ ɩɨɬɟɪɢ ɜɨɞɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.1. 
 

Ɍɚɛɥɢɰɚ 2.1 – Ɍɪɟɛɨɜɚɧɢɹ ɭɱɚɫɬɧɢɤɨɜ ȼɏɄ ɢ ɩɨɬɟɪɢ ɜɨɞɵ ܳ, ɦ3/ɫ I II  III  IV V VI  VII VIII IX X XI  XII 
Ɍɪɟɛɨɜɚɧɢɹ ȼɏɄ 320 320 320 640 640 640 640 640 640 320 320 320 

Ɏɢɥɶɬɪɚɰɢɹ 8 8 8 8 8 8 8 8 8 8 8 8 
ɂɫɩɚɪɟɧɢɟ - - - - 20 30 40 30 - - - - 

Ʌɶɞɨɨɛɪɚɡɨɜɚɧɢɟ -18 -20 -12 -10 +76 - - - - - - -16 
 

ɋɭɬɨɱɧɵɟ ɢ ɝɨɞɨɜɵɟ ɝɪɚɮɢɤɢ ɧɚɝɪɭɡɨɤ (ɩɥɚɤɚɬ «ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɜɨɞɧɨɣ 
ɷɧɟɪɝɢɢ»). 

 
2.1.1 ȼɵɛɨɪ ɪɚɫɱёɬɧɨɝɨ ɦɚɥɨɜɨɞɧɨɝɨ ɢ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ 

 
Ɋɚɡɞɟɥɢɦ ɝɨɞ ɧɚ ɞɜɚ ɨɫɧɨɜɧɵɯ ɩɟɪɢɨɞɚ: ɩɨɥɨɜɨɞɶɟ ɢ ɦɟɠɟɧɶ. Ʉ ɩɟɪɢɨɞɭ 

ɩɨɥɨɜɨɞɶɹ ɨɬɧɨɫɹɬɫɹ ɦɟɫɹɰɵ: V, VI , VII , VIII , IX , X. Ʉ ɩɟɪɢɨɞɭ ɦɟɠɟɧɢ 
ɨɬɧɨɫɹɬɫɹ ɦɟɫɹɰɵ: XI, XII , I, II , III , IV. 

ȼɵɱɢɫɥɹɟɦ ɫɪɟɞɧɢɟ ɪɚɫɯɨɞɵ ɡɚ ɝɨɞ. Ɋɚɧɠɢɪɭɟɦ ɤɚɠɞɭɸ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɜ ɩɨɪɹɞɤɟ ɭɛɵɜɚɧɢɹ ɩɨ ɮɨɪɦɭɥɟ 2.1: 

 P = ୫୬+ଵ                                                                                                          (2.1) 

 
ɝɞɟ m – ɩɨɪɹɞɤɨɜɵɣ ɧɨɦɟɪ ɱɥɟɧɚ ɪɹɞɚ ɫɪɟɞɧɟɝɨɞɨɜɵɯ ɪɚɫɯɨɞɨɜ, 
ɪɚɧɠɢɪɨɜɚɧɧɨɝɨ ɜ ɭɛɵɜɚɸɳɟɦ ɩɨɪɹɞɤɟ;  

n – ɨɛɳɟɟ ɱɢɫɥɨ ɱɥɟɧɨɜ ɪɹɞɚ. 
Ɋɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɞɥɹ ɜɵɛɨɪɚ ɦɚɥɨɜɨɞɧɨɝɨ ɢ 

ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ ɩɪɢɧɢɦɚɸɬɫɹ ɪɚɜɧɵɦɢ 90 ɢ 50% ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
Ɋɟɡɭɥɶɬɚɬɵ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 2.2. 
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Ɍɚɛɥɢɰɚ 2.2 – Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɤɪɢɜɵɯ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɫɪɟɞɧɟɝɨɞɨɜɵɯ, 
ɫɪɟɞɧɟɩɨɥɨɜɨɞɧɵɯ ɢ ɫɪɟɞɧɟɦɟɠɟɧɧɵɯ ɪɚɫɯɨɞɨɜ 

m ɪ,% Ƚɨɞɵ Q ɫɪɟɞ Ƚɨɞɵ Q ɩɨɥ Ƚɨɞɵ Q ɦɟɠ 
1 2 1971 1532 1971 2752 1968 327 
2 4 1983 1466 1983 2714 1981 311 
3 6 1955 1394 1955 2558 1971 311 
4 8 1970 1276 1970 2254 1970 298 
5 10 1953 1215 1953 2138 1953 292 
6 12 1968 1179 1973 2047 1966 286 
7 14 1973 1135 1968 2032 1982 281 
8 16 1961 1105 1961 2024 1943 268 
9 18 1969 1089 1969 1970 1960 249 
10 20 1944 1082 1944 1957 1958 246 
11 22 1957 1050 1957 1924 1962 245 
12 24 1960 1030 1960 1811 1959 242 
13 25 1981 1014 1951 1785 1955 231 
14 27 1945 960 1945 1734 1949 227 
15 29 1966 960 1981 1717 1956 225 
16 31 1951 959 1965 1710 1973 224 
17 33 1942 950 1964 1707 1972 222 
18 35 1962 948 1942 1702 1954 221 
19 37 1959 943 1978 1702 1983 218 
20 39 1965 939 1963 1679 1939 216 
21 41 1963 938 1947 1656 1952 209 
22 43 1972 924 1962 1651 1944 208 
23 45 1978 922 1959 1644 1967 208 
24 47 1956 908 1966 1633 1969 207 
25 49 1964 907 1984 1633 1946 200 
26 51 1982 899 1972 1625 1942 198 
27 53 1984 897 1974 1625 1963 198 
28 55 1974 897 1940 1610 1941 196 
29 57 1967 890 1956 1592 1980 195 
30 59 1939 882 1976 1579 1950 191 
31 61 1947 879 1948 1573 1987 190 
32 63 1976 874 1967 1572 1975 190 
33 65 1940 874 1939 1549 1945 186 
34 67 1975 869 1975 1549 1961 186 
35 69 1985 847 1985 1524 1977 184 
36 71 1948 847 1982 1518 1986 183 
37 73 1943 843 1979 1510 1957 176 
38 75 1979 843 1941 1472 1979 175 
39 76 1941 834 1954 1426 1985 170 
40 78 1954 823 1943 1418 1976 169 
41 80 1958 816 1988 1411 1965 169 
42 82 1980 799 1980 1403 1974 168 
43 84 1949 793 1958 1386 1984 162 
44 86 1988 769 1949 1360 1978 142 
45 88 1952 767 1952 1326 1940 137 
46 90 1950 706 1950 1222 1951 133 
47 92 1986 698 1986 1214 1988 127 
48 94 1977 690 1977 1196 1948 120 
49 96 1946 671 1987 1142 1964 107 
50 98 1987 666 1946 1141 1947 101 
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ȼɵɛɨɪ ɪɚɫɱёɬɧɨɝɨ ɝɨɞɚ (P=50%) 
 
1964 ɝɨɞ: 
 ʙʛ = Qɦଵଽସ଺Qɦଵଽ଺ସ = ʹͲͲͳͲ͹ = ͳ,ͺ͸,  (2.2) 

 ʙʞ = Qɩଵଽ଼ସQɩଵଽ଺ସ = ͳ͸͵͵ͳ͹Ͳ͹ = Ͳ,ͻ,  (2.3) 

 
1982 ɝɨɞ: 
 ʙʛ = QɦଵଽସଶQɦଵଽ଼ଶ = ͳͻͺʹͺͳ = Ͳ,͹,  (2.4) 

 ʙʞ = Qɩଵଽ଻ଶQɩଵଽ଼ଶ = ͳ͸ʹͷͳͷͳͺ = ͳ,Ͳ͹,  (2.5) 

 
ȼ ɤɚɱɟɫɬɜɟ ɪɚɫɱёɬɧɨɝɨ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ ɩɪɢɧɢɦɚɟɦ 1982ɝ. ȼ ɬɚɛɥɢɰɟ 

2.3 ɩɪɟɞɫɬɚɜɥɟɧ ɪɚɫɱёɬɧɵɣ ɫɪɟɞɧɟɜɨɞɧɵɣ ɝɨɞ (P=50%) ɛɟɡ ɩɪɢɜɟɞɟɧɢɹ ɢ ɫ 
ɩɪɢɜɟɞɟɧɢɟɦ. 

 
Ɍɚɛɥɢɰɚ 2.3 –Ɋɚɫɱёɬɧɵɣ ɫɪɟɞɧɟɜɨɞɧɵɣ ɝɨɞ (P=50%) ɛɟɡ ɩɪɢɜɟɞɟɧɢɹ ɢ ɫ 
ɩɪɢɜɟɞɟɧɢɟɦ 

Ɇɟɫɹɰɵ 1 2 3 4 5 6 7 8 9 10 11 12 ܳ 

Qi
50%, ɦ3/ɫ 271 258 235 405 1196 2208 1288 1196 1840 1380 350 166 899 
Qiɩɪ

50%, 
ɦ3/ɫ 257 245 223 385 1207 2228 1300 1207 1857 1392 333 158 899 

 
ȼɵɛɨɪ ɪɚɫɱёɬɧɨɝɨ ɝɨɞɚ (P=90%) 
 
1950 ɝɨɞ: 
 ʙʛ = QɦଵଽହଵQɦଵଽହ଴ = ͳ͵͵ͳͻͳ = Ͳ,͹,  (2.6) 

 ʙʞ = Qɩଵଽହ଴Qɩଵଽହ଴ = ͳʹʹʹͳʹʹʹ = ͳ,  (2.7) 

 
ȼ ɤɚɱɟɫɬɜɟ ɪɚɫɱёɬɧɨɝɨ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ ɩɪɢɧɢɦɚɟɦ 1950ɝ. ȼ ɬɚɛɥɢɰɟ 2.4 

ɩɪɟɞɫɬɚɜɥɟɧ ɪɚɫɱɟɬɧɵɣ ɦɚɥɨɜɨɞɧɵɣ ɝɨɞ (P=90%) ɛɟɡ ɩɪɢɜɟɞɟɧɢɹ. 
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Ɍɚɛɥɢɰɚ 2.4 – Ɋɚɫɱɟɬɧɵɣ ɫɪɟɞɧɟɜɨɞɧɵɣ ɝɨɞ (P=50%) ɛɟɡ ɤɨɪɪɟɤɬɢɪɨɜɤɢ ɢ ɫ 
ɤɨɪɪɟɤɬɢɪɨɜɤɨɣ  

Ɇɟɫɹɰɵ 1 2 3 4 5 6 7 8 9 10 11 12 

Qi
90%, 

ɦ3/ɫ 
138 120 115 193 1601 1595 1658 920 752 806 331 248 

 
Ƚɢɞɪɨɝɪɚɮɵ ɦɚɥɨɜɨɞɧɨɝɨ ɢ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 

2.1. 
 

 
Ɋɢɫɭɧɨɤ 2.1 – Ɋɚɫɱёɬɧɵɟ ɝɢɞɪɨɝɪɚɮɵ ɦɚɥɨɜɨɞɧɨɝɨ ɢ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ 

 
2.1.2 ɉɨɫɬɪɨɟɧɢɟ ɫɭɬɨɱɧɵɯ ɝɪɚɮɢɤɨɜ ɧɚɝɪɭɡɤɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ 

 
ɏɚɪɚɤɬɟɪɧɵɟ ɫɭɬɨɱɧɵɟ ɝɪɚɮɢɤɢ ɧɚɝɪɭɡɤɢ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɞɥɹ ɞɜɭɯ 

ɩɟɪɢɨɞɨɜ: ɜɟɫɟɧɧɟ-ɥɟɬɧɟɝɨ ɢ ɨɫɟɧɧɟ-ɡɢɦɧɟɝɨ. 
ɂɧɬɟɝɪɚɥɶɧɚɹ ɤɪɢɜɚɹ ɧɚɝɪɭɡɤɢ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɡɚɜɢɫɢɦɨɫɬɶ ɩɪɢɪɨɫɬɚ 

ɫɭɬɨɱɧɨɣ ɜɵɪɚɛɨɬɤɢ ɨɬ ɩɪɢɪɨɫɬɚ ɧɚɝɪɭɡɤɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ. ɂɧɬɟɝɪɚɥɶɧɵɟ 
ɤɪɢɜɵɟ ɧɚɝɪɭɡɤɢ ɫɬɪɨɹɬɫɹ ɩɨ ɞɚɧɧɵɦ, ɩɨɥɭɱɟɧɧɵɦ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɧɠɢɪɨɜɚɧɢɹ 
ɦɨɳɧɨɫɬɢ ɩɨ ɭɛɵɜɚɧɢɸ, ɞɟɥɟɧɢɸ ɟё ɧɚ ɡɨɧɵ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɩɪɢɪɚɳɟɧɢɹɦ 
ɧɚɝɪɭɡɤɢ ɢ ɜɵɪɚɛɨɬɤɟ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɞɚɧɧɵɯ ɡɨɧɚɯ. Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ 
ɢɧɬɟɝɪɚɥɶɧɵɯ ɤɪɢɜɵɯ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.5. 
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Ɍɚɛɥɢɰɚ 2.5 – Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɫɭɬɨɱɧɨɝɨ ɝɪɚɮɢɤɚ ɧɚɝɪɭɡɤɢ ɢ ɂɄɇ 
Ƚɪɚɮɢɤ ɧɚɝɪɭɡɤɢ ɂɧɬɟɝɪɚɥɶɧɚɹ ɤɪɢɜɚɹ ɧɚɝɪɭɡɤɢ 

 
P ɡɢɦɚ P ɥɟɬɨ P ɡɢɦɚ ɗ ɡɢɦɚ P ɥɟɬɨ ɗ ɥɟɬɨ 

t Ɇȼɬ Ɇȼɬ Ɇȼɬ ɦɥɧ. ɤȼɬ*ɱ Ɇȼɬ ɦɥɧ. ɤȼɬ*ɱ 
1 752 560 0,714 0,001 1,400 0,001 
2 734 542 9,002 0,017 1,886 0,002 
3 722 529 10,173 0,021 3,372 0,007 
4 715 522 11,345 0,025 5,830 0,017 
5 720 522 13,460 0,036 8,144 0,028 
6 723 521 16,089 0,052 9,202 0,035 
7 740 521 20,490 0,083 9,288 0,035 
8 762 532 23,490 0,107 11,402 0,052 
9 787 543 26,548 0,134 12,174 0,059 
10 810 560 28,206 0,151 13,403 0,071 
11 822 580 30,549 0,177 14,317 0,081 
12 823 591 33,407 0,211 14,974 0,089 
13 817 592 37,522 0,264 16,289 0,106 
14 807 589 46,524 0,390 31,978 0,326 
15 805 587 57,554 0,556 32,235 0,330 
16 796 584 70,986 0,771 49,410 0,605 
17 803 583 81,073 0,942 50,067 0,616 
18 820 579 93,076 1,158 60,898 0,811 
19 833 578 98,762 1,266 63,441 0,859 
20 832 577 110,593 1,503 70,357 0,997 
21 824 576 111,108 1,514 70,443 0,999 
22 813 583 113,594 1,568 71,214 1,016 
23 800 591 118,081 1,672 71,671 1,027 
24 776 581 833,166 18,834 592,403 13,524 

 
2.1.3 ɉɨɫɬɪɨɟɧɢɟ ɝɨɞɨɜɵɯ ɝɪɚɮɢɤɨɜ ɦɚɤɫɢɦɚɥɶɧɵɯ ɢ 

ɫɪɟɞɧɟɦɟɫɹɱɧɵɯ ɧɚɝɪɭɡɨɤ ɷɧɟɪɝɨɫɢɫɬɟɦɵ 
 

Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɝɪɚɮɢɤɨɜ ɝɨɞɨɜɵɯ ɦɚɤɫɢɦɚɥɶɧɵɯ ɢ 
ɫɪɟɞɧɟɦɟɫɹɱɧɵɯ ɧɚɝɪɭɡɨɤ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɋɢɛɢɪɶ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.6. 
Ƚɪɚɮɢɤɢ ɢɡɨɛɪɚɠɟɧɵ ɧɚ ɪɢɫɭɧɤɚɯ 2.2 ɢ 2.3. 
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Ɍɚɛɥɢɰɚ 2.6 – Ɇɚɤɫɢɦɚɥɶɧɵɟ ɢ ɫɪɟɞɧɟɦɟɫɹɱɧɵɟ ɧɚɝɪɭɡɤɢ 
ɦɟɫɹɰ Pmax, Ɇȼɬ Pɫɪ, Ɇȼɬ 

1 829 661 
2 798 634 
3 744 589 
4 681 537 
5 627 492 
6 596 465 
7 596 465 
8 627 491 
9 681 537 
10 743 589 
11 797 634 
12 829 660 

 

 
Ɋɢɫɭɧɨɤ 2.2 – Ƚɪɚɮɢɤ ɦɚɤɫɢɦɚɥɶɧɵɯ ɧɚɝɪɭɡɨɤ ɷɧɟɪɝɨɫɢɫɬɟɦɵ 

 

 
Ɋɢɫɭɧɨɤ 2.3 – Ƚɪɚɮɢɤ ɫɪɟɞɧɟɦɟɫɹɱɧɵɯ ɧɚɝɪɭɡɨɤ ɷɧɟɪɝɨɫɢɫɬɟɦɵ 
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2.1.4 Ɋɟɠɢɦ 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 ɜɵɱɢɫɥɹɟɦ ɡɧɚɱɟɧɢɟ 
ɦɨɳɧɨɫɬɢ ɧɚ ɩɨɥɟɡɧɨɦ ɛɵɬɨɜɨɦ ɫɬɨɤɟ ɞɥɹ ɤɚɠɞɨɝɨ ɦɟɫɹɰɚ ɝɨɞɚ ɩɨ ɮɨɪɦɭɥɟ: 
 ʒܰЭʠ = ݇𝑁 ∙ ܳ˒˓ଽ଴% ∙  ʒЭʠ˒ˑˇ˅, (2.8)ܪ

 
ɝɞɟ kN– ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ, kN = 8,8; ܳ˒˓ଽ଴%- ɩɨɥɟɡɧɵɣ ɛɵɬɨɜɨɣ ɪɚɫɯɨɞ ɪɚɫɱɟɬɧɨɝɨ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ, ɦ3/ɫ; ܪʒЭʠ˒ˑˇ˅ −ɩɨɞɜɟɞɟɧɧɵɣ ɧɚɩɨɪ Ƚɗɋ, ɦ. 
˅ˇʒЭʠ˒ˑܪ  = ܼʑʐ − ܼʜʐ(ܳʜʐሺݐሻ൯ − ∆ℎ, (2.9) 

 
ɝɞɟ ܼʑʐ − ɨɬɦɟɬɤɚ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɨɬɦɟɬɤɟ ɇɉɍ, ɦ ܼʜʐ(ܳʜʐሺݐሻ൯ − ɭɪɨɜɟɧɶ ɧɢɠɧɟɝɨ ɛɶɟɮɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɫɪɟɞɧɟɦɟɫɹɱɧɵɦ 
ɛɵɬɨɜɵɦ ɪɚɫɯɨɞɚɦ ɜɨɞɵ, ɨɩɪɟɞɟɥɟɧɧɵɦ ɩɨ ɥɟɬɧɟɣ ɢɥɢ ɡɢɦɧɟɣ ɤɪɢɜɨɣ ɫɜɹɡɢ, ɦ; ∆ℎ - ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɜɨɞɨɩɨɞɜɨɞɹɳɢɯ ɫɨɨɪɭɠɟɧɢɹɯ, ∆ℎ = Ͳ,ͺ͸ ɦ. 
 Ɂɚɬɟɦ ɪɚɫɫɱɢɬɵɜɚɟɦ ɦɨɳɧɨɫɬɶ Ƚɗɋ ɜ ɪɟɠɢɦɟ ɪɚɛɨɬɵ ɩɨ ɬɪɟɛɨɜɚɧɢɹɦ 
ȼɏɄ ɩɨ ɮɨɪɦɭɥɟ:  
 ʑܰʤʙ = ݇𝑁 ∙ ܳʑʤʙ ∙  ʒЭʠ˒ˑˇ˅, (2.10)ܪ
 
ɝɞɟ ܳʑʤʙ −ɪɚɫɯɨɞ ɜɨɞɵ ɩɨ ɬɪɟɛɨɜɚɧɢɹɦ ɭɱɚɫɬɧɢɤɨɜ ɜɨɞɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ 
ɤɨɦɩɥɟɤɫɚ, ɦ3/ɫ. 

Ɋɟɠɢɦ ɪɚɛɨɬɵ ɛɟɡ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫ ɭɱɟɬɨɦ ȼɏɄ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 
2.7. 

 
Ɍɚɛɥɢɰɚ 2.7 – Ɋɟɠɢɦ ɪɚɛɨɬɵ ɛɟɡ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫ ɭɱɟɬɨɦ ȼɏɄ 

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

Qɛɵɬ90% 138 120 115 193 1601 1595 1658 920 752 806 331 248 
Qɜɯɤ 320 320 320 640 640 640 640 640 640 320 320 320 

Qɮɢɥɶɬɪ 8 8 8 8 8 8 8 8 8 8 8 8 
Qɢɫɩɚɪɟɧ 0 0 0 0 20 30 40 30 0 0 0 0 

Qɥɟɞ -18 -20 -12 -10 76 0 0 0 0 0 0 -16 
ɫɭɦ.ɩɨɬɟɪɶ -10 -12 -4 -2 104 38 48 38 8 8 8 -8 
Qɩɨɥ.ɛɵɬ 148 132 119 195 1497 1557 1610 882 744 798 323 256 

Zɜɛ, ɦ 583 583 583 583 583 583 583 583 583 583 583 583 
Zɧɛ, ɦ 498 498 498 498 503 503 504 501 500 501 499 498 

ɇɩɨɥ, ɦ 84 84 84 84 79 79 78 81 82 81 83 84 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 2.7 

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

Nɜɨɞɨɬ(ɛɵɬ) 110 98 88 145 1040 1078 1112 632 536 568 237 189 
Qɜɯɤ 320 320 320 640 640 640 640 640 640 320 320 320 

Zɜɛ, ɦ 583 583 583 583 583 583 583 583 583 583 583 583 
Zɧɛ, ɦ 499 499 499 500 500 500 500 500 500 499 499 499 
ɇɜɯɤ 83 83 83 82 82 82 82 82 82 83 83 83 
Nɜɯɤ 235 235 235 464 464 464 464 464 464 235 235 235 

Nɜɨɞ-Nɜɯɤ -125 -137 -146 -319 576 614 648 168 73 333 2 -46 

 
 Ȼɚɥɚɧɫ ɷɧɟɪɝɢɢ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.4. 

 

 
Ɋɢɫɭɧɨɤ 2.4 – Ȼɚɥɚɧɫ ɷɧɟɪɝɢɢ ɞɥɹ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ 
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2.1.5 ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɪɚɫɱёɬ ɪɟɠɢɦɚ ɪɚɛɨɬɵ Ƚɗɋ ɩɨ 
ɦɚɥɨɜɨɞɧɨɦɭ ɝɨɞɭ 

 
ɐɟɥɶɸ ȼɗɊ ɪɟɠɢɦɚ ɪɚɛɨɬɵ Ƚɗɋ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ ɹɜɥɹɟɬɫɹ:  
-ɨɩɪɟɞɟɥɟɧɢɟ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɦɨɳɧɨɫɬɢ, ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ; 
- ɨɬɦɟɬɤɢ ∇ʢʛʝ; 
- ɩɨɥɟɡɧɵɣ ɨɛɴɟɦ ɜɨɞɨɯɪɚɧɢɥɢɳɚ. 
ȼ ɩɪɢɥɨɠɟɧɢɢ Ⱥ, ɬɚɛɥɢɰɚ Ⱥ.2 ɩɪɟɞɫɬɚɜɥɟɧ ɜɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɪɚɫɱёɬ 

ɩɨ ɦɚɥɨɜɨɞɧɨɦɭ ɝɨɞɭ, 1 ɢɬɟɪɚɰɢɹ.  
ɉɪɨɜɟɞɹ ɥɢɧɢɸ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɦɨɳɧɨɫɬɢ ɧɚ ɛɚɥɚɧɫɟ ɷɧɟɪɝɢɢ ɢ 

ɪɚɡɦɟɫɬɢɜ ɢɡɛɵɬɤɢ ɦɨɳɧɨɫɬɢ ɧɚɞ ɥɢɧɢɟɣ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɦɨɳɧɨɫɬɢ ∑delN =ͳ͸ͶͲ ʛʑ˕, ɛɵɥ ɩɪɨɜɟɞɟɧ ȼɗɊ ɢ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɩɟɪɜɨɣ ɢɬɟɪɚɰɢɢ ɨɬɦɟɬɤɢ ɢ 
ɨɛɴɟɦɵ ɫɨɲɥɢɫɶ, ɜɜɢɞɭ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ ɦɨɳɧɨɫɬɢ, Ƚɗɋ ɛɭɞɟɬ ɪɚɛɨɬɚɬɶ ɜ 
ɷɧɟɪɝɨɫɢɫɬɟɦɟ ɨɛɪɵɜɢɫɬɨ. ɉɨɞɧɢɦɚɟɦ ɥɢɧɢɸ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɦɨɳɧɨɫɬɢ. 

ɉɨɫɥɟ ɩɨɞɧɹɬɢɹ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɦɨɳɧɨɫɬɢ ɜ ɩɪɢɥɨɠɟɧɢɢȺ, ɬɚɛɥɢɰɚ Ⱥ.3 
ɩɪɢɜɟɞɟɧ ɜɟɪɧɵɣ ɪɚɫɱɟɬ, 2 ɢɬɟɪɚɰɢɹ. 

ɋɪɟɞɧɟɦɧɨɝɨɥɟɬɧɢɣ ɪɚɫɯɨɞ ɡɚ 50 ɥɟɬ Q = 944 ˏ
య̝
.ɋɪɟɞɧɟɝɨɞɨɜɨɣ ɫɬɨɤ ɪɟɤɢ ܹ̅ = ͸͸,ͻʹ ˍˏଷ.Ʉɨɷɮɮɢɰɢɟɧɬ ɡɚɪɟɝɭɥɢɪɨɜɚɧɧɨɫɬɢ ɫɬɨɤɚ ߚ = Ͳ,ͳͳͺ. Ƚɨɞɢɱɧɨɟ 

ɪɟɝɭɥɢɪɨɜɚɧɢɟ. 
 

2.1.6 ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɪɚɫɱёɬ ɪɟɠɢɦɚ ɪɚɛɨɬɵ Ƚɗɋ ɩɨ 
ɫɪɟɞɧɟɜɨɞɧɨɦ ɝɨɞɭ 

 
Ɂɚɞɚɱɚ ȼɗɊ ɪɟɠɢɦɚ ɪɚɛɨɬɵ Ƚɗɋ ɜ ɫɪɟɞɧɟɜɨɞɧɨɦ ɝɨɞɭ – ɨɩɪɟɞɟɥɢɬɶ 

ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɸɸ ɜɵɪɚɛɨɬɤɭ. 
ȼ ɩɪɢɥɨɠɟɧɢɢ Ⱥ, ɬɚɛɥɢɰɚ Ⱥ.4ɩɪɟɞɫɬɚɜɥɟɧ ɜɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɪɚɫɱёɬ 

ɩɨ ɫɪɟɞɧɟɜɨɞɧɨɦɭ ɝɨɞɭ. 
 Ƚɪɚɮɢɤ ɫɪɚɛɨɬɤɢ ɢ ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 
2.5. 
 

 
Ɋɢɫɭɧɨɤ 2.5 – Ƚɪɚɮɢɤ ɫɪɚɛɨɬɤɢ ɢ ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ 
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2.1.7 Ɋɚɡɦɟɳɟɧɢɟ ɬɪɟɭɝɨɥɶɧɢɤɚ ɦɨɳɧɨɫɬɢ ɧɚ ɢɧɬɟɝɪɚɥɶɧɨɣ ɤɪɢɜɨɣ 
ɧɚɝɪɭɡɤɢ, ɨɩɪɟɞɟɥɟɧɢɟ ɪɚɛɨɱɟɣ ɦɨɳɧɨɫɬɢ, ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɜ ɡɢɦɧɢɣ ɢ 
ɥɟɬɧɢɣ ɩɟɪɢɨɞ 

 
ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ: Ɉɬɫɭɬɫɬɜɢɟ ɜ ɊȾɍ ɫɭɳɟɫɬɜɭɸɳɢɯ Ƚɗɋ 
ɇɚ ɢɧɬɟɝɪɚɥɶɧɨɣ ɤɪɢɜɨɣ ɧɚɝɪɭɡɤɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɦɟɫɬɨ ɪɚɛɨɬɵ, 

ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ. 
Ƚɪɚɮɢɤɢ ɢɧɬɟɝɪɚɥɶɧɵɯ ɤɪɢɜɵɯ ɧɚɝɪɭɡɤɢ ɞɥɹ ɡɢɦɧɟɝɨ ɢ ɥɟɬɧɟɝɨ ɩɟɪɢɨɞɚ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 2.6 ɢ 2.7 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
 

 
Ɋɢɫɭɧɨɤ 2.6 – Ƚɪɚɮɢɤ ɧɚɝɪɭɡɤɢ ɢ ɂɄɇ ɡɢɦɧɢɯ ɫɭɬɨɤ  

 

 
Ɋɢɫɭɧɨɤ 2.7 – Ƚɪɚɮɢɤ ɧɚɝɪɭɡɤɢ ɢ ɂɄɇ ɥɟɬɧɢɯ ɫɭɬɨɤ  
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 Ⱦɟɤɚɛɪɶ: ˆܰ˃˓ = ͷͲͲ ʛʑ˕, Эʠʢʡ = ͷͲͲ ∗ ʹͶ =12,011 ɦɥɧ.ɤȼɬ∙ɱ ˓ܰ˃˄ = ͳʹͲ ʛʑ˕ (ɉɢɤɨɜɚɹ ɢ ɩɨɥɭɩɢɤɨɜɚɹ ɱɚɫɬɶ) ˓ܰ˃˄ = Ͷ͵Ͳ ʛʑ˕ (Ȼɚɡɨɜɚɹ ɱɚɫɬɶ) ˓ܰ˃˄ = ͷͷͲ ʛʑ˕ 
 

 ɂɸɧɶ: ˆܰэ˔ = Ͷʹͷ ʛʑ˕, Эʠʢʡ = Ͷʹͷ ∗ ʹͶ =10,200 ɦɥɧ.ɤȼɬ∙ɱ ˓ܰ˃˄ = ͹Ͷ ʛʑ˕ (ɉɢɤɨɜɚɹ ɢ ɩɨɥɭɩɢɤɨɜɚɹ ɱɚɫɬɶ) ˓ܰ˃˄ = ͵ͺ͸ ʛʑ˕ (Ȼɚɡɨɜɚɹ ɱɚɫɬɶ) ˓ܰ˃˄ = Ͷ͸Ͳ ʛʑ˕ 
 
2.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ. Ȼɚɥɚɧɫ Ɇɨɳɧɨɫɬɟɣ 
 

 ɇɚɝɪɭɡɨɱɧɵɣ ɪɟɡɟɪɜ ɛɭɞɟɬ ɩɪɢɯɨɞɢɬɶɫɹ ɧɚ ɩɪɨɟɤɬɢɪɭɟɦɭɸ 
ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɸ. 

Ⱥɜɚɪɢɣɧɵɣ ɪɟɡɟɪɜ ɩɪɢɯɨɞɢɬɫɹ ɧɚ ɬɟɩɥɨɜɵɟ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɢ ɫɨɫɬɚɜɥɹɟɬ 
8% ɦɨɳɧɨɫɬɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ. 

ɇɚɝɪɭɡɨɱɧɵɣ: 
 Nɪɚɛ ∗ ʹ% = ͷͷͷ ∗ Ͳ,Ͳʹ = ͳͳɆȼɬ.                                                           (2.11) 
 
ɉɪɢɧɢɦɚɟɦ ɦɚɤɫɢɦɚɥɶɧɵɣ ɧɚɝɪɭɡɨɱɧɵɣ ɪɟɡɟɪɜ 11 Ɇȼɬ. 
Ɋɚɫɱёɬ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ: 
 NɍɋɌ = Nɪɚɛ + Nɪɟɡ = ͷͷͷ + ͳͳ = ͷ͸͸ Ɇȼɬ.                                           (2.12) 
 
Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɝɪɚɮɢɤɚ ɛɚɥɚɧɫɚ ɦɨɳɧɨɫɬɟɣ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.8 ɢ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.8 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

 
Ɍɚɛɥɢɰɚ 2.8 – Ɋɟɡɟɪɜɵ ɦɨɳɧɨɫɬɢ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɟ 

  
ɉɪɨɟɤɬ.ɝɷɫ Ɍɷɫ 

 
Ɋɦɚɤɫ Nɪɚɛ Ƚɗɋ Nɧɚɝɪ ɪɟɡ Ƚɗɋ Nɝɚɪ Nɪɚɛ Ɍɗɋ Nɚɜɚɪ Ɍɗɋ ɪɟɦ Ɍɗɋ 

1 829 550 11 165 279 66 
 2 798 540 11 132 258 64 
 3 744 525 11 76 219 60 
 4 681 510 10 68 171 55 18 

5 627 480 10 77 147 50 77 
6 596 460 9 97 136 48 112 
7 596 460 9 103 136 48 112 
8 627 480 10 104 147 50 77 
9 681 510 10 105 171 54 18 
10 743 525 11 111 218 59 

 11 797 540 11 132 257 64 
 12 829 550 11 165 279 66 
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Ɋɢɫɭɧɨɤ 2.8 – Ȼɚɥɚɧɫ ɦɨɳɧɨɫɬɢ  

 
2.2.1 ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɪɚɫɱёɬ ɪɟɠɢɦɚ ɪɚɛɨɬɵ Ƚɗɋ ɜ 

ɫɪɟɞɧɟɜɨɞɧɨɦɭ ɝɨɞɭ. Ɉɩɪɟɞɟɥɟɧɢɟ ɫɪɟɞɧɟɣ ɦɧɨɝɨɥɟɬɧɟɣ ɜɵɪɚɛɨɬɤɢ 
 
ɉɪɨɢɡɜɨɞɢɦ ɪɚɫɱёɬ ɢɫɩɨɥɶɡɭɹ ɩɨɥɟɡɧɵɟ ɛɵɬɨɜɵɟ ɪɚɫɯɨɞɵ ɞɥɹ Ɋ50% 

ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ. Ɋɚɛɨɬɚɟɦ ɩɨ ɬɟɦ ɠɟ ɝɚɪɚɧɬɢɪɨɜɚɧɧɵɦ ɦɨɳɧɨɫɬɹɦ, 
ɫɪɚɛɚɬɵɜɚɹɫɶ ɞɨ ɨɬɦɟɬɤɢ ɍɆɈ. ȼ ɩɪɢɥɨɠɟɧɢɢ Ⱥ, ɬɚɛɥɢɰɚ Ⱥ.4 ɩɪɟɞɫɬɚɜɥɟɧ 
ɜɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɪɚɫɱёɬ ɩɨ ɫɪɟɞɧɟɜɨɞɧɨɦɭ ɝɨɞɭ, 1 ɢɬɟɪɚɰɢɹ. ɋɬɪɨɢɦ 
ɝɪɚɮɢɤ ɫɪɚɛɨɬɤɢ - ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɞɥɹ 2-ɭɯ ɪɚɫɱёɬɨɜ (ɪɢɫ. 2.5). 

ɑɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɞɨɩɭɫɬɢɦɭɸ ɩɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɧɚ Ƚɗɋ, ɪɚɫɯɨɞ 
Ƚɗɋ ɧɟ ɞɨɥɠɟɧ ɩɪɟɜɵɲɚɬɶ ɡɧɚɱɟɧɢɹ, ɤɨɬɨɪɵɟ ɭɫɬɚɧɚɜɥɢɜɚɟɬ ɪɟɠɢɦɧɨɟ ɩɨɥɟ ɬ.ɟ. 
ɥɢɧɢɹ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɢ ɥɢɧɢɹ ɩɨ ɩɪɨɩɭɫɤɧɨɣ 
ɫɩɨɫɨɛɧɨɫɬɢ Ƚɗɋ. Ⱦɥɹ ɷɬɨɝɨ ɢɫɩɨɥɶɡɭɟɦ ɯɨɥɨɫɬɵɟ ɫɛɪɨɫɵ. 
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3 Ɉɫɧɨɜɧɨɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ 
 
3.1 ȼɵɛɨɪ ɱɢɫɥɚ ɢ ɬɢɩɚ ɚɝɪɟɝɚɬɨɜ 
 
3.1.1 ɉɨɫɬɪɨɟɧɢɟ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ 
 
Ⱦɥɹ ɜɵɛɨɪɚ ɨɫɧɨɜɧɨɝɨ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨ 

ɨɩɪɟɞɟɥɢɬɶ ɨɛɥɚɫɬɶ ɞɨɩɭɫɬɢɦɨɝɨ ɪɟɠɢɦɚ ɪɚɛɨɬɵ, ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ, ɞɥɹ 
ɷɬɨɝɨ ɫɬɪɨɢɬɫɹ ɪɟɠɢɦɧɨɟ ɩɨɥɟ ɩɨ ɪɚɫɯɨɞɭ ɢ ɧɚɩɨɪɭ. ȼɟɪɯɧɟɣ ɝɪɚɧɢɰɟɣ 
ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ ɹɜɥɹɟɬɫɹ ɧɚɩɨɪɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɪɢ ɪɚɛɨɬɟ Ƚɗɋ ɫ 
ɜɨɞɨɯɪɚɧɢɥɢɳɟɦ, ɩɪɢ ɨɬɦɟɬɤɟ ɇɉɍ (583 ɦ), ɧɢɠɧɟɣ – ɩɪɢ ɪɚɛɨɬɟ Ƚɗɋ ɫ 
ɜɨɞɨɯɪɚɧɢɥɢɳɟɦ, ɫɪɚɛɨɬɚɧɧɵɦ ɞɨ ɨɬɦɟɬɤɢ ɍɆɈ (567,10 ɦ). 

ɉɨɫɬɪɨɟɧɢɟ ɷɬɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜɵɩɨɥɧɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɦɭ ɭɪɚɜɧɟɧɢɸ: 
 
ɇȽɗɋሺQȽɗɋሻ = zɜɛ(Vɫɪɚɛ൯ − zɧɛሺQɧɛሻ − ∆hɜɫ, (3.1) 
 

ɝɞɟ zɜɛ(Vɫɪɚɛ൯ – ɨɬɦɟɬɤɚ ɭɪɨɜɧɹ ɜɨɞɵ ɜ ɜɨɞɨɯɪɚɧɢɥɢɳɟ, ɤɨɬɨɪɚɹ ɢɡɦɟɧɹɟɬɫɹ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɨɛɴɟɦɚ ɫɪɚɛɨɬɤɢ  Vɫɪɚɛ ɨɬ ɇɉɍ ɞɨ ɍɆɈ; zɧɛሺQɧɛሻ – ɨɬɦɟɬɤɚ ɭɪɨɜɧɹ ɜɨɞɵ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɫɯɨɞɚ Qɧɛ; ∆hɜɫ – ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɜɨɞɨɩɪɨɜɨɞɹɳɢɯ ɫɨɨɪɭɠɟɧɢɹɯ. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɨɝɪɚɧɢɱɟɧɢɹ ɪɚɛɨɬɵ ɬɭɪɛɢɧ: 
– ɨɝɪɚɧɢɱɟɧɢɟ ɫɥɟɜɚ ɧɚ ɪɟɠɢɦɧɨɦ ɩɨɥɟ ɹɜɥɹɟɬɫɹ ɦɢɧɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ 

ɜɨɞɵ ɩɨ ɭɫɥɨɜɢɹɦ ɜɨɞɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ (QʒЭʠ୫୧୬ = ͳ͸Ͳ ˏଷ/˔); 
– ɨɝɪɚɧɢɱɟɧɢɟ ɩɨ ɪɚɫɱɟɬɧɨɣ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ, ɨɩɪɟɞɟɥɹɟɦɨɟ 

ɭɪɚɜɧɟɧɢɟɦ: 
 Nɭɫɬ

ɪ = kN ∙ QȽɗɋ ∙ ɇȽɗɋ, (3.2) 
 
ɝɞɟ kN– ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ (ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ); 

– ɨɝɪɚɧɢɱɟɧɢɟ ɩɨ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ Ƚɗɋ, ɤɨɬɨɪɭɸ ɞɨ ɜɵɛɨɪɚ 
ɬɭɪɛɢɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫɬɪɨɢɦ ɩɨ ɡɚɜɢɫɢɦɨɫɬɢ: 

 QȽɗɋ = QȽɗɋ
୫ୟ୶√ɇȽɗɋ √ɇɪ

N⁄ , (3.3) 

 
ɝɞɟ QȽɗɋ

୫ୟ୶ – ɦɚɤɫɢɦɚɥɶɧɚɹ ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ Ƚɗɋ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ 
ɪɚɛɨɬɟ ɝɢɞɪɨɫɬɚɧɰɢɢ ɩɪɢ ɪɚɫɱɟɬɧɨɦ ɧɚɩɨɪɟ. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.1 ɢ ɪɢɫɭɧɤɟ 3.1. 
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Ɍɚɛɥɢɰɚ 3.1 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ Ɍɭɡɚɥɢɧɫɤɨɣ Ƚɗɋ 

Ʉɪɢɜɚɹ ɫɜɹɡɢ ɇɚɩɨɪɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

Ɉɝɪɚɧɢɱɟɧɢɟ ɩɨ 
ɪɚɫɱёɬɧɨɣ 

ɭɫɬɚɧɨɜɥɟɧɧɨɣ 
ɦɨɳɧɨɫɬɢ 

Ɉɝɪɚɧɢɱɟɧɢɟ ɩɨ 
ɩɪɨɩɭɫɤɧɨɣ 

ɫɩɨɫɨɛɧɨɫɬɢ Ƚɗɋ Qʜʐ, ˏଷ⁄̝  zʜʐ, ˏ H∇ʜʞʢ, ˏ H∇ʢʛʝ, ˏ H˓, ˏ HʒЭʠ, ˏ QʒЭʠ, ˏଷ⁄̝  HʒЭʠ, ˏ QʒЭʠ , ˏଷ⁄̝  
0,00 497,08 85,06 73,07 79,31 81,30 791,00 74,80 860,00 

200,00 498,14 84,00 72,01 78,25 74,80 800,00 69,00 858,00 
400,00 499,19 82,95 70,96 77,20 81,30 805,00 74,80 854,00 
600,00 500,22 81,92 69,93 76,17 74,80 810,00 69,00 850,00 
800,00 501,24 80,90 68,92 75,15 81,30 815,00 74,80 845,00 
1000,00 502,24 79,90 67,91 74,15 74,80 820,00 69,00 840,00 
1200,00 503,23 78,91 66,93 73,17 81,30 825,00 74,80 835,00 
1400,00 504,20 77,94 65,96 72,19 74,80 830,00 69,00 830,00 
1600,00 505,15 76,99 65,00 71,24 81,30 835,00 74,80 825,00 
1800,00 506,10 76,04 64,06 70,29 74,80 840,00 69,00 820,00 
2000,00 507,03 75,11 63,13 69,36 81,30 845,00 74,80 815 

 

 
Ɋɢɫɭɧɨɤ 3.1 – Ɋɟɠɢɦɧɨɟ ɩɨɥɟ Ɍɭɡɚɥɢɧɫɤɨɣ Ƚɗɋ 

 
ɂɡ ɩɨɫɬɪɨɟɧɧɨɝɨ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ ɨɩɪɟɞɟɥɹɟɦ: 
– ɦɚɤɫɢɦɚɥɶɧɵɣ ɧɚɩɨɪ. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɜ ɬɨɱɤɟ ɩɟɪɟɫɟɱɟɧɢɹ ɧɚɩɨɪɧɨɣ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢ ɇɉɍ ɢ ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɦɢɧɢɦɚɥɶɧɨɦɭ ɪɚɫɯɨɞɭ: 
௠௔௫ܪ  = ͺͶɦ;  
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– ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɜ ɬɨɱɤɟ ɩɟɪɟɫɟɱɟɧɢɹ ɥɢɧɢɢ 
ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɪɚɫɱɟɬɧɨɣ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɫ ɥɢɧɢɟɣ ɪɚɫɱёɬɧɨɝɨ 
ɧɚɩɨɪɚ: 

 ܳ௠௔௫ = ͺ͸Ͳ ɦଷ
ɫ⁄ ;  

 
– ɪɚɫɱёɬɧɵɣ ɧɚɩɨɪ. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɜ ɬɨɱɤɟ ɩɟɪɟɫɟɱɟɧɢɹ ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ 

ɩɨ ɪɚɫɱɟɬɧɨɣ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɫ ɥɢɧɢɟɣ ɪɚɫɱёɬɧɨɝɨ ɧɚɩɨɪɚ: 
ɪܪ  = ͹Ͷ,ͺɦ;  

 
– ɦɢɧɢɦɚɥɶɧɵɣ ɧɚɩɨɪ. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɜ ɬɨɱɤɟ ɩɟɪɟɫɟɱɟɧɢɹ ɧɚɩɨɪɧɨɣ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢ ɍɆɈ ɢ ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ 
Ƚɗɋ: 
௠𝑖௡ܪ  = ͸ͻɦ.  
 

3.2 ȼɵɛɨɪ ɝɢɞɪɨɬɭɪɛɢɧ ɩɨ ɝɥɚɜɧɵɦ ɭɧɢɜɟɪɫɚɥɶɧɵɦ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ 

 
Ⱦɥɹ ɩɨɥɭɱɟɧɧɨɝɨ ɞɢɚɩɚɡɨɧɚ ɢɡɦɟɧɟɧɢɹ ɧɚɩɨɪɚ ɩɨ ɫɩɪɚɜɨɱɧɵɦ 

ɦɚɬɟɪɢɚɥɚɦ ɩɨɞɛɢɪɚɟɦ ɜɫɟ ɜɨɡɦɨɠɧɵɟ ɬɢɩɵ ɝɢɞɪɨɬɭɪɛɢɧ, ɢɫɯɨɞɹ ɢɡ 
ɫɥɟɞɭɸɳɢɯ ɭɫɥɨɜɢɣ: 

1) ɡɧɚɱɟɧɢɟ ɩɪɟɞɟɥɶɧɨɝɨ ɧɚɩɨɪɚ ɧɟ ɞɨɥɠɧɨ ɛɵɬɶ ɦɟɧɶɲɟ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 
ɪɚɫɱɟɬɧɨɝɨ; 

2) ɨɬɧɨɲɟɧɢɟ ୌౣi౤ୌౣa౮ = ଺ଽଵଵହ = Ͳ,͸ ɞɨɥɠɧɨ ɛɵɬɶ ɧɟ ɦɟɧɶɲɟ ɫɩɪɚɜɨɱɧɵɯ 
ɞɚɧɧɵɯ; 

3) ɦɚɤɫɢɦɚɥɶɧɵɣ ɞɢɚɦɟɬɪ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɝɢɞɪɨɬɭɪɛɢɧ ɞɨɥɠɟɧ 
ɜɵɛɢɪɚɬɶɫɹ ɫ ɭɱɟɬɨɦ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ ɤ ɦɟɫɬɭ ɦɨɧɬɚɠɚ. 

Ⱦɢɚɩɚɡɨɧɭ ɧɚɩɨɪɨɜ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɊɈ115-ȼ ɢ ɉɅȾ90-ȼ45 ɫɨ ɫɥɟɞɭɸɳɢɦɢ 
ɩɚɪɚɦɟɬɪɚɦɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɦɢ ɜ ɬɚɛɥɢɰɟ 3.2. 

 
Ɍɚɛɥɢɰɚ 3.2– ɉɚɪɚɦɟɬɪɵ ɬɭɪɛɢɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 

ɉɚɪɚɦɟɬɪ Ɍɭɪɛɢɧɚ ɊɈ115-ȼ Ɍɭɪɛɢɧɚ ɉɅȾ90-ȼ45 
Ɇɚɤɫɢɦɚɥɶɧɵɣ ɧɚɩɨɪ Hɩɪɟɞ 115 90 
Ⱦɢɚɩɚɡɨɧ ɪɟɝɭɥɢɪɨɜɚɧɢɹ Hmin/Hmax 0,6 0,5 
Ɉɩɬɢɦɚɥɶɧɚɹ ɩɪɢɜɟɞɟɧɧɚɹ ɱɚɫɬɨɬɚ 
ɜɪɚɳɟɧɢɹ 

n'1o, ɦɢɧ-1 74,5 85 
Ɉɩɬɢɦɚɥɶɧɵɣ ɄɉȾ ɦɨɞɟɥɢ ηɦɨ 0,927 0,921 
ɉɪɢɜɟɞɟɧɧɵɣ ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ Q'1max, ɥ/ɫ 900 820 
Ʉɨɷɮɮɢɰɢɟɧɬ ɤɚɜɢɬɚɰɢɢ σ ɩɪɢ Q'1max 0,12-0,15 0,26-0,38 
ɉɪɢɜɟɞɟɧɧɵɣ ɞɢɚɦɟɬɪ ɊɄ D'1ɦ, ɦ 0,515 0,46 
ɇɚɩɨɪ ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ Hɦ, ɦ 4 4 
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ɉɨɫɥɟ ɨɩɪɟɞɟɥɟɧɢɹ ɬɢɩɚ ɝɢɞɪɨɬɭɪɛɢɧ ɞɥɹ ɞɚɥɶɧɟɣɲɢɯ ɪɚɫɱɟɬɨɜ, 
ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɟɪɟɪɚɫɱɟɬ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɨɬ ɦɨɞɟɥɶɧɵɯ ɤ ɧɚɬɭɪɧɵɦ.ɇɚ Ƚɍɏ 
ɧɚɦɟɱɚɸɬɫɹ ɪɚɫɱɟɬɧɵɟ ɬɨɱɤɢ Ɋ1, ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɪɨɜɨɞɢɬɫɹ ɥɢɧɢɹ ɱɟɪɟɡ 
ɨɩɬɢɦɭɦ ɄɉȾ. 

Ⱦɥɹ ɜɵɛɨɪɚ ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ 
ɨɫɧɨɜɧɵɟ ɪɚɫɱёɬɵ ɞɥɹ ɪɹɞɚ ɫɬɚɧɞɚɪɬɧɵɯ ɞɢɚɦɟɬɪɨɜ. ɄɉȾ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ ɩɨ 
ɮɨɪɦɭɥɟ: 
 

ηɬ = ͳ − (ͳ − ηɦ൯ ൮ሺͳ − İሻ + İ ∙ √DଵɦDଵఱ √ɇɦ

ɇɪ
Nభబ √Ȟɧ

Ȟɦ

ఱ ), (3.4) 

 
ɝɞɟ ηɦ, Dଵɦ, ɇɦ– ɄɉȾ, ɞɢɚɦɟɬɪ ɢ ɧɚɩɨɪ ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ; 
 Dଵ, ɇɪ

N– ɞɢɚɦɟɬɪ ɢ ɪɚɫɱɟɬɧɵɣ ɧɚɩɨɪ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ; 

 Ȟɦ, Ȟɧ − ɤɨɷɮɮɢɰɢɟɧɬɵ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɜɨɞɵ ɞɥɹ ɧɚɬɭɪɧɨɣ ɢ 
ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɡɚɜɢɫɹɳɢɟ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɞɵ ɞɥɹ 
ɧɚɬɭɪɧɵɯ ɢ ɦɨɞɟɥɶɧɵɯ ɭɫɥɨɜɢɣ tɧ ɢ tɦ; 
 İ −ɞɥɹ ɩɨɜɨɪɨɬɧɨ - ɥɨɩɚɫɬɧɵɯ ɝɢɞɪɨɬɭɪɛɢɧ ɤɨɷɮɮɢɰɢɟɧɬ, ɜɵɪɚɠɚɸɳɢɣ 
ɨɬɧɨɲɟɧɢɟ ɩɨɬɟɪɶ ɬɪɟɧɢɹ ɤɨ ɜɫɟɦ ɝɢɞɪɚɜɥɢɱɟɫɤɢɦ ɩɨɬɟɪɹɦ, ɪɚɜɟɧ = Ͳ,͹ͷ. 

Ɇɨɳɧɨɫɬɶ ɨɞɧɨɝɨ ɚɝɪɟɝɚɬɚ: 
 N′ɚ = ͻ,ͺͳ ∙ Qଵɪ

′ ∙ Dଵଶ ∙ Hɪ
N ∙ √Hɪ

N ∙ ηɬ ∙ ηɝ
ɫɪ , (3.5) 

 
ɝɞɟ Qଵɪ

′ – ɩɪɢɜɟɞɟɧɧɵɣ ɪɚɫɯɨɞ ɜɨɞɵ ɜ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɟ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ Ƚɍɏ; 

 ηɝ
ɫɪ − ɫɪɟɞɧɢɣ ɄɉȾ ɝɟɧɟɪɚɬɨɪɚ (ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɪɢɧɢɦɚɟɦ ηɝ

ɫɪ = Ͳ,ͻ͹). 
ɑɢɫɥɨ ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɯ ɧɚ Ƚɗɋ ɚɝɪɟɝɚɬɨɜ ɧɚɯɨɞɢɦ ɩɨ ɮɨɪɦɭɥɟ: 
 Z′ɚ = Nɭɫɬ

ɪ N′ɚ
⁄ ,  (3.6) 

 
ɝɞɟ  Nɭɫɬ

ɪ = ͷ͸͸Ɇȼɬ – ɪɚɫɱɟɬɧɚɹ ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ. ܰ′а – ɦɨɳɧɨɫɬɶ ɚɝɪɟɝɚɬɚ ɢɡ ɜɵɪɚɠɟɧɢɹ (3.5). 
Ɋɚɫɫɱɢɬɚɧɧɨɟ ɱɢɫɥɨ ɚɝɪɟɝɚɬɨɜ ɨɤɪɭɝɥɹɟɬɫɹ ɜ ɛɨɥɶɲɭɸ ɫɬɨɪɨɧɭ, ɤɪɚɬɧɨ 

ɞɜɭɦ ɢɥɢ ɬɪɟɦ ɞɥɹ ɫɢɦɦɟɬɪɢɱɧɨɫɬɢ ɝɥɚɜɧɨɣ ɫɯɟɦɵ ɫɟɬɢ. Ɂɚɬɟɦ ɭɬɨɱɧɹɟɬɫɹ 
ɦɨɳɧɨɫɬɶ ɚɝɪɟɝɚɬɚ: 
 N˃ = N˖˔˕˓ Z˃⁄ . (3.7) 
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ɋɢɧɯɪɨɧɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɬɭɪɛɢɧɵ: 
 

nʠ′ = n′˓ ∙ √∆ ∙ HN˓Dଵ , (3.8) 

 
ɝɞɟ     n′˓ −ɩɪɢɜɟɞɟɧɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɜ ɪɚɫɱёɬɧɨɣ ɬɨɱɤɟ ɧɚ Ƚɍɏ;  ∆= ɳːɳˏ – ɩɨɩɪɚɜɤɚ ɧɚ ɩɪɢɜɟɞёɧɧɭɸ ɱɚɫɬɨɬɭ ɜɪɚɳɟɧɢɹ ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ ɦɨɞɟɥɢ ɤ 
ɧɚɬɭɪɟ. 

ɉɨ ɩɨɥɭɱɟɧɧɨɣ ɫɢɧɯɪɨɧɧɨɣ ɱɚɫɬɨɬɟ ɜɪɚɳɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɧɹɬɶ 
ɛɥɢɠɚɣɲɟɟ ɛɨɥɶɲɟɟ ɫɬɚɧɞɚɪɬɧɨɟ ɡɧɚɱɟɧɢɟn˔. ɫɢɧɯɪɨɧɧɨɣ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɩɨ 
ɢɡɜɟɫɬɧɨɦɭ ɫɬɚɧɞɚɪɬɧɨɦɭ ɪɹɞɭ [2]. 

ɉɪɢɜɟɞɟɧɧɵɟ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɦɚɤɫɢɦɚɥɶɧɨɦɭ, 
ɪɚɫɱɟɬɧɨɦɭ ɢ ɦɢɧɢɦɚɥɶɧɨɦɭ ɧɚɩɨɪɚɦ ɧɚɯɨɞɹɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ 3.9, 3.10, 3.11: 

 nଵʜౣa౮′ = ୬˔∙Dభ√∆∙ʜౣi౤,. 
 

(3.9) 

nଵʜ˓′ = n˔ ∙ Dଵ√∆ ∙∙ ʜ˓, 
 

(3.10) 

nଵʜౣi౤′ = n˔ ∙ Dଵ√∆ ∙ H୫ୟ୶. (3.11) 

 
ɇɚɯɨɠɞɟɧɢɹ ɩɨɥɨɠɟɧɢɹ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɢ ɧɚ ɥɢɧɢɢ np ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 

ɧɚ ɨɫɧɨɜɚɧɢɢ ɫɥɟɞɭɸɳɟɝɨ ɭɪɚɜɧɟɧɢɹ: 
 ܳ′𝐼 ∙ 𝜂ʡ = ˃ܰͻ,ͺͳ ∙ ଵଶܦ ∙ ଵ˓,ହܪ ∙ 𝜂ˆ ˔˓. (3.12) 

 
ɉɪɚɜɚɹ ɱɚɫɬɶ ɭɪɚɜɧɟɧɢɹ (3.12) ɹɜɥɹɟɬɫɹ ɤɨɧɫɬɚɧɬɨɣ ɩɪɢ ɜɫɟɯ ɢɡɜɟɫɬɧɵɯ 

ɟɝɨ ɩɚɪɚɦɟɬɪɚɯ, ɚ ɥɟɜɚɹ ɱɚɫɬɶ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨɞɛɨɪɨɦ ɬɚɤɨɣ ɬɨɱɤɢ ɧɚ ɥɢɧɢɢ ݊′𝐼 ˓, ɱɬɨɛɵ ɩɪɨɢɡɜɟɞɟɧɢɟܳ′𝐼 ∙ 𝜂ʡ ɜ ɷɬɨɣ ɬɨɱɤɟ ɨɛɟɫɩɟɱɢɜɚɥɨ ɜɵɩɨɥɧɟɧɢɟ 
ɭɤɚɡɚɧɧɨɝɨ ɪɚɜɟɧɫɬɜɚ. 

Ʌɟɜɚɹ ɝɪɚɧɢɰɚ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ – ɥɢɧɢɹ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɦɢɧɢɦɚɥɶɧɨɦɭ 
ɪɚɫɯɨɞɭ. ɉɪɢɜɟɞёɧɧɵɣ ɪɚɫɯɨɞ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ: 
 ܳ′𝐼 = ܳ௠𝑖௡ܼ௔ ∙ ଵଶܦ ∙ ܪ√ ∙ ∆, (3.13) 

  
ɝɞɟ ܳ௠𝑖௡ – ɦɢɧɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɱɟɪɟɡ ɫɬɚɧɰɢɸ. 
 Za – ɱɢɫɥɨ ɚɝɪɟɝɚɬɨɜ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɦɢɧɢɦɚɥɶɧɵɣ ɩɨɩɭɫɤ. 



31 
 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɩɚɪɚɦɟɬɪɨɜ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɨɫɬɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ D1 
ɝɢɞɪɨɬɭɪɛɢɧ ɊɈ115-ȼ ɢ ɉɅȾ90-ȼ45 ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɚɯ 3.3 ɢ 3.4. 

 
Ɍɚɛɥɢɰɚ 3.3– Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɩɚɪɚɦɟɬɪɨɜ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɧɟɫɤɨɥɶɤɢɯ 
ɡɧɚɱɟɧɢɣ D1 ɝɢɞɪɨɬɭɪɛɢɧɵ ɊɈ115-ȼ 
D1ɦ, ɦ 4 4,25 4,5 4,75 5 
ƞɬ 0,955 0,956 0,956 0,956 0,957 
Na*, ɤȼɬ 101692 114838 128784 143532 159080 
Za* 5,56 4,92 4,39 3,94 3,55 
Za 6 5 5 4 4 
Na, ɤȼɬ 94333 113200 113200 141500 141500 
Δ 1,031 1,032 1,032 1,032 1,032 
nc*, ɨɛ/ɦɢɧ 164,6 155,0 146,4 138,7 131,8 
nc, ɨɛ/ɦɢɧ 166,7 166,7 150 142,8 136,4 
n min, ɨɛ/ɦɢɧ 71,6 76,1 72,5 72,8 73,2 
n'ɪ, ɨɛ/ɦɢɧ 75,9 80,6 76,8 77,1 77,6 
n'max, ɨɛ/ɦɢɧ 79,0 83,9 79,9 80,3 80,8 
Q1*ƞɬ, ɇɪ 0,929 0,988 0,881 0,988 0,892 
Q1*ƞɬ, ɇmax 0,781 0,830 0,740 0,830 0,749 

Q1', ɦ3/c; (Hmax) 0,537 0,476 0,424 0,381 0,344 

Q1', ɦ3/c; (Hmin) 0,593 0,525 0,468 0,420 0,379 

 
Ɍɚɛɥɢɰɚ 3.4 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɩɚɪɚɦɟɬɪɨɜ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɧɟɫɤɨɥɶɤɢɯ 
ɡɧɚɱɟɧɢɣ D1 ɝɢɞɪɨɬɭɪɛɢɧɵ ɉɅȾ90-ȼ45 
D1ɦ, ɦ 4 4,25 4,5 4,75 5 
ƞɬ 0,950 0,951 0,951 0,951 0,952 
Na*, Ɇȼɬ 118934 134315 150634 167891 186086 
Za* 4,75 4,21 3,75 3,37 3,04 
Za 5 5 4 4 3 
Na, Ɇȼɬ 113200 113200 141500 141500 188667 
Δ 1,032 1,033 1,033 1,033 1,034 
nc*, ɨɛ/ɦɢɧ 186,7 175,7 166,0 157,3 149,4 
nc, ɨɛ/ɦɢɧ 187,5 187,5 166,7 166,7 150 
n min, ɨɛ/ɦɢɧ 80,5 85,5 80,5 84,9 80,4 
n'ɪ, ɨɛ/ɦɢɧ 85,3 90,6 85,3 90,0 85,2 
n'max, ɨɛ/ɦɢɧ 88,8 94,3 88,8 93,7 88,8 
Q1*ƞɬ, ɇɪ 1,115 0,988 1,101 0,988 1,189 
Q1*ƞɬ, ɇmax 0,937 0,830 0,925 0,830 0,999 
Q1', ɦ3/c; (Hmax) 0,537 0,951 0,848 0,761 0,687 
Q1', ɦ3/c; (Hmin) 0,592 1,049 0,936 0,840 0,758 

 
ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɜ ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ, ɨɤɨɧɱɚɬɟɥɶɧɨ ɩɪɢɧɢɦɚɟɬɫɹ ɤ 

ɭɫɬɚɧɨɜɤɟ ɝɢɞɪɨɬɭɪɛɢɧɚɊɈ115-ȼ-400. ɍɧɢɜɟɪɫɚɥɶɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɬɭɪɛɢɧɵ 
ɊɈ115-ȼ ɫ ɩɨɫɬɪɨɟɧɧɨɣ ɪɚɛɨɱɟɣ ɡɨɧɨɣ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɩɪɢɥɨɠɟɧɢɢ Ȼ. 
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ɉɟɪɟɫɱɢɬɵɜɚɟɬɫɹ ɨɝɪɚɧɢɱɟɧɢɟ ɩɨ ɦɢɧɢɦɚɥɶɧɨɦɭ ɪɚɫɯɨɞɭ ɫ ɪɟɠɢɦɧɨɝɨ 
ɩɨɥɹ ɜ ɤɨɨɪɞɢɧɚɬɵ Ƚɍɏ ɞɥɹ ɞɜɭɯ ɡɧɚɱɟɧɢɣ ɧɚɩɨɪɚ HmaxɢHmin. 

Ɍɨɝɞɚ ɩɨ ɮɨɪɦɭɥɟ (3.13): 
 ܳ𝐼′ = ͳ͸Ͳʹ · ሺͶ,Ͳଶ ∙ √͸ͻ ∙ ͳ,Ͳ͵ͳሻ = Ͳ,ͷͻ͵ ˏଷ̝ = ͷͻ͵ ˎ/˔; 

 ܳ𝐼′ = ʹ͵Ͳʹ · ሺͶ,Ͳଶ ∙ √ͺͶ ∙ ͳ,Ͳ͵ͳሻ = Ͳ,ͷ͵͹ ˏଷ̝ = ͷ͵͹ ˎ/˔. 
 
ɉɪɢ ɜɵɛɪɚɧɧɵɯ ɩɚɪɚɦɟɬɪɚɯ ɬɭɪɛɢɧɚ ɊɈ115-ȼ-400 ɦɨɠɟɬ ɪɚɛɨɬɚɬɶ ɩɪɢ 

ɦɢɧɢɦɚɥɶɧɨɦ ɪɚɫɯɨɞɟ, ɬɚɤ ɤɚɤ ɥɢɧɢɹ ɨɝɪɚɧɢɱɟɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ 
ɩɪɢɜɟɞɟɧɧɵɦ ɪɚɫɯɨɞɚɦ, ɧɟ ɜɵɯɨɞɢɬ ɡɚ ɩɪɟɞɟɥɵ ɪɚɛɨɱɟɝɨ ɞɢɚɩɚɡɨɧɚ 
ɭɧɢɜɟɪɫɚɥɶɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. 

 
3.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɦɟɬɤɢ ɪɚɫɩɨɥɨɠɟɧɢɹ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ 

ɝɢɞɪɨɬɭɪɛɢɧɵ 
 
Ɉɬɦɟɬɤɚ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɧɚɯɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 ∇ܼʟ.ʙ. = ܼʜ.ʐ.ሺܳʜ.ʐ.ሻ + ʜௌ̌ˑ˒, (3.14) 
 

ɝɞɟ ܼʜ.ʐ.ሺܳʜ.ʐ.ሻ – ɨɬɦɟɬɤɚ ɭɪɨɜɧɹ ɜɨɞɵ ɜ ɇȻ ɩɪɢ ܳʜ.ʐ., ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ 
ɪɚɫɱɟɬɧɨɦɭ ɡɧɚɱɟɧɢɸ ɜɵɫɨɬɵ ɨɬɫɚɫɵɜɚɧɢɹ ܪௌ.  

Ƚɥɭɛɢɧɚ ɨɬɫɚɫɵɜɚɧɢɹ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɞɥɹ ɬɪɟɯ ɧɚɢɛɨɥɟɟ ɨɩɚɫɧɵɯ ɫ ɬɨɱɤɢ 
ɡɪɟɧɢɹ ɤɚɜɢɬɚɰɢɢ ɫɥɭɱɚɟɜ: 

1. Ɋɚɛɨɬɚ ɨɞɧɨɝɨ ɚɝɪɟɝɚɬɚ ɩɪɢ Hmax ɢ Nmax; 
2. Ɋɚɛɨɬɚ ɨɞɧɨɝɨ ɚɝɪɟɝɚɬɚ ɩɪɢ HpɢNmax; 
3. Ɋɚɛɨɬɚ ɨɞɧɨɝɨ ɚɝɪɟɝɚɬɚ ɩɪɢ Hmin ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɟɦɭ N ɧɚ 

ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ. 
ȼɵɫɨɬɚ ɨɬɫɚɫɵɜɚɧɢɹ: 
 ʜௌ̌ˑ˒ = ܤ − ∇ܼʜʐሺܳʜʐሻͻͲͲ − 𝜎 ∙ ܪ − ͳ,ͷ, (3.15) 

 
ɝɞɟ ܤ = ͳͲ,͵͵ ɦ ɜɨɞ.ɫɬ. – ɛɚɪɨɦɟɬɪɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ; ∇ܼʜʐሺܳʜʐሻ – ɨɬɦɟɬɤɚ ɇȻ ɩɪɢ ɞɚɧɧɨɦ ɪɚɫɯɨɞɟ; 𝜎 – ɤɨɷɮɮɢɰɢɟɧɬ ɤɚɜɢɬɚɰɢɢ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɭɧɢɜɟɪɫɚɥɶɧɨɣ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɞɥɹ ɪɚɫɱɟɬɧɵɯ ɭɫɥɨɜɢɣ. 

1. Ɋɚɛɨɬɚ ɨɞɧɨɝɨ ɚɝɪɟɝɚɬɚ ɩɪɢ Hmax ɢ Nmax. 
ɇɚ ɍɏ ɜɵɛɪɚɧɧɨɣ ɬɭɪɛɢɧɵ (ɩɪɢɥɨɠɟɧɢɟ Ȼ) ɞɚɧɧɨɦɭ ɪɟɠɢɦɭ 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɨɱɤɚ 1. 
ȼ ɧɚɣɞɟɧɧɨɣ ɬɨɱɤɟ 𝜎 = Ͳ,Ͳͻ, ∇ܼʜʐሺܳ௔ሻ = Ͷͻ͹,͸ͳ ɦ.  
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ȼɵɫɨɬɚ ɨɬɫɚɫɵɜɚɧɢɹ: 
 ʜௌ̌ˑ˒ = ͳͲ,͵͵ − Ͷͻ͹,͸ͳͻͲͲ − Ͳ,Ͳͻ ∙ ͺͶ − ͳ,ͷ = ͳ,͵ ˏ.  

 
Ɉɬɦɟɬɤɚ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ:∇ܼʟ.ʙ.ଵ = ͷͲͲ,͵ ˏ. 
2. Ɋɚɛɨɬɚ ɨɞɧɨɝɨ ɚɝɪɟɝɚɬɚ ɩɪɢ Hp ɢ  Nmax 
Ⱦɥɹ ɞɚɧɧɨɣ ɬɨɱɤɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɚɧɚɥɨɝɢɱɧɵɣ ɪɚɫɱɟɬ ɬɨɥɶɤɨ ɞɥɹ ɬɨɱɤɢ ɫ 

ɪɚɫɱɟɬɧɵɦ ɪɚɫɯɨɞɨɦ. 
 𝜎 = Ͳ,ͳ͵ͻ; ∇ܼʜʐሺܳሻ = Ͷͻ͹,͸ͺ ˏ. 
 ʜௌ̌ˑ˒ = ͳͲ,͵͵ − ସଽ଻,଺଼ଽ଴଴ − Ͳ,ͳ͵ͻ ∙ ͹Ͷ,ͺ − ͳ,ͷ +  ଴,ଷଵ଺ଶ = −ͳ,ͷ ˏ.   

 
Ɉɬɦɟɬɤɚ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ:∇ܼʟ.ʙ.ଵ = Ͷͻ͹,ͷ ˏ. 
3. Ɋɚɛɨɬɚ ɨɞɧɨɝɨ ɚɝɪɟɝɚɬɚ ɩɪɢ Hmin ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɟɦɭ N ɧɚ 

ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ. 
Ɋɚɫɫɱɢɬɵɜɚɟɬɫɹ ɚɧɚɥɨɝɢɱɧɨ ɩɪɟɞɵɞɭɳɟɦɭ ɩɭɧɤɬɭ ɬɨɥɶɤɨɞɥɹ ɫɬɨɱɤɢ ɫ 

ɦɢɧɢɦɚɥɶɧɵɦ ɧɚɩɨɪɨɦ. 
 𝜎 = Ͳ,ͳ͵ͺ;∇ܼʜʐሺܳ௔ሻ = Ͷͻ͹,͸ͷ ˏ. 
 

Ɋɚɫɫɱɢɬɵɜɚɟɦ ɚɧɚɥɨɝɢɱɧɨ: 
 ʜௌ̌ˑ˒ = ͳͲ,͵͵ − Ͷͻ͹,͸ͷͻͲͲ − Ͳ,ͳ͵ͺ ∙ ͸ͻ − ͳ,ͷ +  Ͳ,͵ͳ͸ʹ = −Ͳ,͸ ˏ.  

 
Ɉɬɦɟɬɤɚ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ:∇ܼʟ.ʙ.ଵ = Ͷͻͺ,Ͷ ˏ. 
ɂɡ ɜɫɟɯ ɩɨɥɭɱɟɧɧɵɯ ɪɚɫɱɟɬɧɵɯ ɡɧɚɱɟɧɢɣ Hs ɜɵɛɢɪɚɟɬɫɹ ɬɚɤɨɟ ɡɧɚɱɟɧɢɟ, 

ɤɨɬɨɪɨɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɛɟɫɤɚɜɢɬɚɰɢɨɧɧɭɸ ɪɚɛɨɬɭ ɜɨ ɜɫɟɯ ɪɚɫɫɦɨɬɪɟɧɧɵɯ 
ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ, ɬɨ ɟɫɬɶ ɧɚɢɦɟɧɶɲɟɟ ܪௌ = −ͳ,ͷ ɦ ɢ ɧɚɢɦɟɧɶɲɭɸ ɨɬɦɟɬɤɭ 
ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ∇ܼɪ.ɤ. = Ͷͻ͹,ͷ ɦ. 
 

3.4 Ɉɩɪɟɞɟɥɟɧɢɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɪɚɡɦɟɪɨɜ ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ ɢ 
ɦɚɲɢɧɧɨɝɨ ɡɚɥɚ 

 
 ɉɨ ɱɟɪɬɟɠɭ ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ ɦɨɞɟɥɶɧɨɣ ɝɢɞɪɨɬɭɪɛɢɧɵ ɨɩɪɟɞɟɥɹɸɬɫɹ 
ɨɫɧɨɜɧɵɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɪɚɡɦɟɪɵ ɝɢɞɪɨɬɭɪɛɢɧɵ. 
 ȼɵɫɨɬɚ ɨɬɫɚɫɵɜɚɸɳɟɣ ɬɪɭɛɵ: 
 ℎ = ʹ,ͷ͹ ∙ ଵܦ = ʹ,ͷ͹ ∙ Ͷ,Ͳ = ͳͲ,ʹͺ ˏ. (3.16) 
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 Ⱦɢɚɦɟɬɪ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ ɧɚ ɜɯɨɞɟ: 
˘˅.ˍ.˔ܦ  = ͳ,͵͹ͷ ∙ ଵܦ = ͳ,͵͹ͷ ∙ Ͷ,Ͳ = ͷ,ͷ ˏ. (3.17) 
 
 ɍɝɨɥ ɨɯɜɚɬɚ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ: 
 𝜑˔.ˍ = ͵ͷͳ°. (3.18) 
 
 ɒɢɪɢɧɚ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ: 
˒˔ܤ  = ͵,ͷʹʹ ∙ ଵܦ = ͵,ͷʹʹ ∙ Ͷ,Ͳ = ͳͶ,Ͳͺͺ ˏ. (3.19) 
 
 Ⱦɥɢɧɧɚ ɨɬɫɚɫɵɜɚɸɳɟɣ ɬɪɭɛɵ: 
ܮ  = Ͷ,͵͸Ͷ ∙ ଵܦ = Ͷ,͵͸Ͷ ∙ Ͷ,Ͳ =  ͳ͹,Ͷͷ͸ ˏ. (3.20) 
 
 ɒɢɪɢɧɚ ɨɬɫɚɫɵɜɚɸɳɟɣ ɬɪɭɛɵ ɧɚ ɜɵɯɨɞɟ: 
ଵܤ  = ʹ,ͻͻ͹ ∙ ଵܦ = ʹ,ͻͻ͹ ∙ Ͷ,Ͳ = ͳͳ,ͻͺͺ ˏ. (3.21) 
 

Ɉɩɪɟɞɟɥɢɦ ɧɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɜɚɥɚ: 
˅∗ܦ  ൒ (ହ.ଵ∙ʛˍ˓𝜏ˇˑ˒ )଴.ଷଷ

, (3.22) 

 
ɝɞɟ [𝜏ˇˑ˒] = ͵Ͳ ˏʞ˃, 
 ʛˍ˓ = Ͳ,ͲͲͻ͹Ͷ ∙ ܰ݊˔ˋː˘ = Ͳ,ͲͲͻ͹Ͷ ∙ ͻͶ͵ͲͲͳ͸͸,͹ = ͷ,ͷͳ ˍʜ ∙ ˏ. (3.23) 

˅∗ܦ   ൒ ቀହ,ଵ∙ହ,ହଵଷ଴ ቁ଴.ଷଷ = Ͳ,ͻ͹ͻ ˏ. 
(3.24) 
 
 

ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɞɢɚɦɟɬɪɚ ɨɤɪɭɝɥɹɟɬɫɹ ɞɨ ɫɬɚɧɞɚɪɬɢɡɢɪɨɜɚɧɧɨɝɨ: 
˅ܦ  = ͳ,Ͳ ˏ.  

 
Ⱦɥɢɧɚ ɦɚɲɢɧɧɨɝɨ ɡɚɥɚ: 
ʛʖܮ  = ݊ ∙ ˎ˄ܤ +  ʛʞ.   (3.25)ܮ
 
ɒɢɪɢɧɚ ɚɝɪɟɝɚɬɧɨɝɨ ɛɥɨɤɚ: 
ˎ˄ܤ  = ˒˔ܤ + ʹ ∙ ˎ˔ܤ = ͳͶ,Ͳͺͺ + ʹ ∙ ͳ = ͳ͸,Ͳͺͺ ˏ.   (3.26) 
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Ⱦɥɢɧɚ ɦɨɧɬɚɠɧɨɣ ɩɥɨɳɚɞɤɢ: 
 
ɫܮʛʞ = ͳ,ͷ ∙ ˎ˄ܤ = ͳ,ͷ ∙ ͳ͸,Ͳͺͺ = ʹͶ,ͳ͵ʹ ˏ.                        (3.27) 

 
Ɍɨɝɞɚ ɞɥɢɧɚ ɦɚɲɢɧɧɨɝɨ ɡɚɥɚ: 
ʛʖܮ  = ͸ ∙ ͳ͸,Ͳͺͺ + ʹͶ,ͳ͵ʹ = ͳʹͲ,͸͸ ˏ. (3.28) 
 
ɒɢɪɢɧɚ ɦɚɲɢɧɧɨɝɨ ɡɚɥɚ: 
ʛʖܤ  = D˓ + ሺͶ − ͸ሻ = ͺ,͵ͷ + ͸ = ͳͶ,͵ͷ  ˏ. (3.29) 

 
ȼɵɫɨɬɭ ɢ ɩɪɨɥёɬ ɦɚɲɢɧɧɨɝɨ ɡɚɥɚ ɧɚɡɧɚɱɚɟɦ ɦɢɧɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɵɦɢ ɢɡ 

ɭɫɥɨɜɢɹ ɩɪɨɧɨɫɚ ɧɚɢɛɨɥɟɟ ɤɪɭɩɧɨɝɨ ɦɨɧɬɚɠɧɨɝɨ ɭɡɥɚ. 
 

3.5 ȼɵɛɨɪ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 
 
ɇɚɢɛɨɥɟɟ ɤɪɭɩɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ ɩɨ ɝɚɛɚɪɢɬɚɦ ɫɢɫɬɟɦɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 

ɝɢɞɪɨɬɭɪɛɢɧ ɹɜɥɹɟɬɫɹ ɦɚɫɥɨɧɚɩɨɪɧɚɹ ɭɫɬɚɧɨɜɤɚ (Ɇɇɍ), ɪɚɡɦɟɳɟɧɢɟ ɤɨɬɨɪɨɣ 
ɞɨɥɠɧɨ ɛɵɬɶ ɩɪɟɞɭɫɦɨɬɪɟɧɨ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɫɬɪɨɢɬɟɥɶɧɨɣ ɱɚɫɬɢ ɡɞɚɧɢɹ 
Ƚɗɋ.  

Ƚɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ Ɇɇɍ ɨɩɪɟɞɟɥɹɸɬɫɹ ɨɛɴёɦɨɦ ɦɚɫɥɨɜɨɡɞɭɲɧɨɝɨ 
ɤɨɬɥɚ, ɡɚɜɢɫɹɳɟɝɨ ɨɬ ɫɭɦɦɚɪɧɨɝɨ ɨɛɴɟɦɚ ɫɟɪɜɨɦɨɬɨɪɨɜ, ɨɛɫɥɭɠɢɜɚɟɦɵɯ ɨɞɧɨɣ 
Ɇɇɍ. 

ɉɨ ɧɚɧɨɝɪɚɦɦɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɢɩ ɦɚɫɥɨɧɚɩɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ: 
Ɇɇɍ 4/1 – 40-4-2. 
Ɇɚɫɥɨɧɚɩɨɪɧɚɹ ɭɫɬɚɧɨɜɤɚ ɫ ɝɢɞɪɨɚɤɤɭɦɭɥɹɬɨɪɨɦ ɜɦɟɫɬɢɦɨɫɬɶɸ 4 ɦ3, 

ɫɨɫɬɨɹɳɢɦ ɢɡ 1 ɫɨɫɭɞɚ ɧɚ ɞɚɜɥɟɧɢɟ 4 Ɇɉɚ (40 ɤɝɫ/ɫɦ2), ɫ ɦɚɫɥɨɧɚɫɨɫɧɵɦ 
ɚɝɪɟɝɚɬɨɦ ȽȺ 4/1 – 40, ɢɦɟɸɳɢɦ ɫɥɢɜɧɨɣ ɛɚɤ ɜɦɟɫɬɢɦɨɫɬɶɸ 4 ɦ3 ɫ 2 ɧɚɫɨɫɚɦɢ. 
 Ɍɚɤ ɤɚɤ ɬɭɪɛɢɧɚ ɊɈ, ɬɨ ɜɵɛɢɪɚɟɦ ɗȽɊ (ɞɥɹ ȽȺ ɫ ɨɞɧɢɦ ɪɟɝɭɥɢɪɭɸɳɢɦ 
ɨɪɝɚɧɨɦ). Ⱦɢɚɦɟɬɪ ɝɥɚɜɧɨɝɨ ɡɨɥɨɬɧɢɤɚ 100 ɦɦ. ȼɵɛɪɚɧɧɵɣ ɪɟɝɭɥɹɬɨɪ ɗȽɊ-100-
11. 

 
3.6 ȼɵɛɨɪ ɬɢɩɚ ɫɟɪɢɣɧɨɝɨ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ 
 
Ƚɢɞɪɨɝɟɧɟɪɚɬɨɪ ɩɨɞɛɢɪɚɟɬɫɹ ɩɨ ɫɩɪɚɜɨɱɧɵɦ ɞɚɧɧɵɦ ɫɟɪɢɣɧɵɯ ɬɢɩɨɜ ɩɨ 

ɪɚɫɱёɬɧɨɦɭ ɡɧɚɱɟɧɢɸ ɟɝɨ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ ɢ ɫɢɧɯɪɨɧɧɨɣ ɱɚɫɬɨɬɟ 
ɜɪɚɳɟɧɢɹ. 

ɇɚ ɜɵɛɪɚɧɧɭɸ ɝɢɞɪɨɬɭɪɛɢɧɭ ɦɨɳɧɨɫɬɶɸ 94,3 Ɇȼɬ ɦɨɠɧɨ ɩɨɞɨɛɪɚɬɶ ɩɨ 
ɤɚɬɚɥɨɝɭ ɈȺɈ «ɋɢɥɨɜɵɟ ɦɚɲɢɧɵ» ɫɟɪɢɣɧɵɣ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪ ɋȼ-835/180-36 

ɉɪɢ ɱɚɫɬɨɬɚɯ ɜɪɚɳɟɧɢɹ ɞɨ 200 ɨɛ/ɦɢɧ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɵ ɜɵɩɨɥɧɹɸɬɫɹ 
ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɜ ɡɨɧɬɢɱɧɨɦ ɢɫɩɨɥɧɟɧɢɢ. ɉɪɢɧɢɦɚɟɬɫɹ ɡɨɧɬɢɱɧɵɣ ɬɢɩ 
ɝɟɧɟɪɚɬɨɪɚ. 
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ɉɚɪɚɦɟɬɪɵ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 3.5.  
 

Ɍɚɛɥɢɰɚ 3.5 – ɉɚɪɚɦɟɬɪɵ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ ɋȼ-835/180-36 
ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 
ɇɨɦɢɧɚɥɶɧɚɹ ɩɨɥɧɚɹ ɦɨɳɧɨɫɬɶ  ܵːˑˏ, ʛʑ ∙ ʏ 111 
ɇɨɦɢɧɚɥɶɧɚɹ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ܲː ˑˏ, Ɇȼɬ 100 
Ʉɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ ܿݏ݋𝜑 0,9 
ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ːܷˑˏ ,ɤȼ 13,8 
ɇɨɦɢɧɚɥɶɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ݊ːˑˏ, ɨɛ/ɦɢɧ 166,7 
Ⱦɢɚɦɟɬɪ ɫɬɚɬɨɪɚ ɩɨ ɤɨɪɩɭɫɭ ܦ˅ː.˔˕˃˕ˑ˓˃, ɦ 8,35 
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4 ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɱɚɫɬɶ 
 

4.1 ȼɵɛɨɪ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɵ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ 
 
 Ƚɥɚɜɧɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɫɯɟɦɚ Ɍɭɡɚɥɢɧɫɤɨɣ 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. 
 ɍɪɨɜɟɧɶ ɷɬɢɯ ɬɪɟɛɨɜɚɧɢɣ ɜ ɫɨɜɪɟɦɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɩɨɜɵɲɟɧ ɜ ɫɜɹɡɢ ɫ 
ɜɵɫɨɤɨɣ ɪɨɥɶɸ ɢ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶɸ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɜ ɨɛɟɫɩɟɱɟɧɢɢ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɨɬɪɟɛɢɬɟɥɟɣ ɢ ɧɚɞɟɠɧɨɫɬɢ 
ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɷɧɟɪɝɨɫɢɫɬɟɦ, ɜ ɬɨɦ ɱɢɫɥɟ, ɜ ɩɟɪɢɨɞɵ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɢ 
ɥɢɤɜɢɞɚɰɢɢ ɚɜɚɪɢɣɧɵɯ ɫɢɬɭɚɰɢɣ. 

Ⱦɥɹ ɪɚɫɫɦɨɬɪɟɧɢɹ ɩɪɢɧɢɦɚɸɬɫɹ ɞɜɟ ɫɯɟɦɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɧɚ ɪɢɫɭɧɤɚɯ 
4.1 ɢ 4.2 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
 

  

Ɋɢɫɭɧɨɤ 4.1 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ 
ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɫ ɩɪɨɫɬɵɦɢ 

ɛɥɨɤɚɦɢ 

Ɋɢɫɭɧɨɤ 4.2 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ 
ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɫ 

ɭɤɪɭɩɧɟɧɧɵɦɢ ɛɥɨɤɚɦɢ 
 

4.2 ȼɵɛɨɪ ɛɥɨɱɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 
 

4.2.1 ȼɵɛɨɪ ɛɥɨɱɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɞɥɹ ɫɯɟɦɵ ɫ ɩɪɨɫɬɵɦɢ 
ɛɥɨɤɚɦɢ 
 

ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɨɩɪɟɞɟɥɟɧɢɟ ɢɯ ɱɢɫɥɚ, ɬɢɩɚ ɢ 
ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ. 

Ɍɪɚɧɫɮɨɪɦɚɬɨɪ ɛɥɨɤɚ ɞɨɥɠɟɧ ɨɛɟɫɩɟɱɢɬɶ ɜɵɞɚɱɭ ɦɨɳɧɨɫɬɢ ɝɟɧɟɪɚɬɨɪɨɜ 
ɜ ɫɟɬɶ ɩɨɜɵɲɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɡɚ ɜɵɱɟɬɨɦ ɦɨɳɧɨɫɬɢ ɧɚɝɪɭɡɤɢ, 
ɩɨɞɤɥɸɱɟɧɧɨɣ ɧɚ ɨɬɜɟɬɜɥɟɧɢɢ ɨɬ ɝɟɧɟɪɚɬɨɪɚ ɬ.ɟ. ɧɚɝɪɭɡɤɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ: 
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S˓˃˔˚ = ʟʒ ːˑˏ − ʟ˔.ː.cosφʒ , (4.1) 

 
ɝɞɟ P̝ .ː. – ɚɤɬɢɜɧɚɹ ɧɚɝɪɭɡɤɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ, Ɇȼɬ. 
 S˓˃˔˚ = ͳͲͲ − ͷ,͸͸Ͳ,ͻ = ͳͲͶ,ͺ ʛʑ ∙ ʏ,  

 
ɉɨ ɤɚɬɚɥɨɝɭ ɈɈɈ "Ɍɨɥɶɹɬɬɢɧɫɤɢɣ Ɍɪɚɧɫɮɨɪɦɚɬɨɪ" ɜɵɛɢɪɚɸɬɫɹ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɌȾɐ– 125000/220. Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 
4.1. 
 
Ɍɚɛɥɢɰɚ 4.1 –Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌȾɐ –125000/220 Sːˑˏ, Ɇȼ·Ⱥ 

Uʜ, ɤȼ Uˍ, % ∆P̱ , ɤȼɬ ∆P̆ ˘, ɤȼɬ I˘,% Uʑʜ Uʜʜ 

125 242 13,8 11 380 90 0,55 

 
ɉɨɬɟɪɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɨɰɟɧɢɜɚɸɬɫɹ ɦɟɬɨɞɨɦ ɜɪɟɦɟɧɢ 

ɦɚɤɫɢɦɚɥɶɧɵɯ ɩɨɬɟɪɶ, ɢɫɩɨɥɶɡɭɹ ɡɧɚɱɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɵɯ ɧɚɝɪɭɡɨɤ ʡ୫ୟ୶ ɢ 
ɜɪɟɦɹ ɦɚɤɫɢɦɚɥɶɧɵɯ ɩɨɬɟɪɶ . 

 τ = ቀͲ,ͳʹͶ + ʡౣa౮ଵ଴ర ቁଶ ∙ ͺ͹͸Ͳ, (4.2) 

 τ = ቀͲ,ͳʹͶ + ସ଺଴଴ଵ଴ర ቁଶ ∙ ͺ͹͸Ͳ = ʹͻͺ͹,͸ͷ ˚/ˆˑˇ.  

  
ȼɪɟɦɹ ɪɚɛɨɬɵ ɛɥɨɤɚ ɜ ɬɟɱɟɧɢɟ ɝɨɞɚ: 

 t˓˃˄ = ͺ͹͸Ͳ − μ ∙ T˒ ˎ − ω ∙ T˅ , (4.3) 
 
ɝɞɟ μ=1 – ɱɚɫɬɨɬɚ ɪɟɦɨɧɬɨɜ (ɬɟɤɭɳɢɯ, ɫɪɟɞɧɢɯ, ɤɚɩɢɬɚɥɶɧɵɯ), 1/ɝɨɞ;  T˒ ˎ = 32 – ɜɪɟɦɹ ɩɥɚɧɨɜɵɯ ɩɪɨɫɬɨɟɜ ɛɥɨɤɚ ɜ ɬɟɱɟɧɢɟ ɝɨɞɚ, ɱ; ω = 0,03 – ɩɚɪɚɦɟɬɪ ɩɨɬɨɤɚ ɨɬɤɚɡɨɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɛɥɨɤɚ, 1/ɝɨɞ;  T˅ = ͹Ͳ – ɫɪɟɞɧɟɟ ɜɪɟɦɹ ɚɜɚɪɢɣɧɨ–ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɪɟɦɨɧɬɨɜ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɱ; 
 t˓˃˄ = ͺ͹͸Ͳ − ͳ ∙ ͵ʹ − Ͳ,Ͳ͵ ∙ ͹Ͳ = ͺ͹ʹͷ,ͻ ˚.  

 
ɉɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ: 

 ∆W˘˘ = nʡ ∙ ∆P̆ ˘ ∙ t˓˃˄, (4.4) 
ɝɞɟ nʡ – ɱɢɫɥɨ ɩɚɪɚɥɥɟɥɶɧɨ ɪɚɛɨɬɚɸɳɢɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, 
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 ∆W˘˘ = ͳ ∙ Ͳ,Ͳͻ ∙ ͺ͹ʹͷ,ͻ = ͹ͺͷ,͵͵ Ɇȼɬ ∙ ɱ,  
 

ɇɚɝɪɭɡɨɱɧɵɟ (ɩɟɪɟɦɟɧɧɵɟ) ɩɨɬɟɪɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ: 
 ∆Wː = ∆ʟˍ୬˕ ∙ ቀ ୗ˓˃˔˚ୗ˕ ːˑˏቁଶ ∙ τ, (4.5) 

 ∆Wː = ଴,ଷ଼ଵ ∙ ቀଵ଴ସ,଼ଵଶହ ቁଶ ∙ ʹͻͺ͹,͸ͷ = ͹ͻͺ,Ͳʹ Ɇȼɬ ∙ ɱ.  

 
ȼɟɥɢɱɢɧɚ ɢɡɞɟɪɠɟɤ ɧɚ ɩɨɬɟɪɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɞɥɹ ɨɞɧɨɝɨ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ: 
 ʗ˒ˑ˕ = Ⱦଵ ∙ ሺ∆W˘˘ + ∆Wːሻ, (4.6) 
 

ɝɞɟ 1ߚ – ɩɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɫɨɝɥɚɫɧɨ Ɏɟɞɟɪɚɥɶɧɨɣ ɫɥɭɠɛɟ ɩɨ ɬɚɪɢɮɚɦ; 
 Ⱦଵ = Ͳ,ͻ  ˕ы˔. ˓˖˄./ሺʛʑ˕ ∙ ˚ሻ;  
 ʗ˒ˑ˕ଵଶଶ଴ = Ͳ,ͻ ∙ ሺ͹ͺͷ,͵͵ + ͹ͻͺ,Ͳʹሻ = ͳͶʹͷ,Ͳʹ ˕ы˔. ˓˖˄ˆˑˇ ;  

 
Ⱦɥɹ ɲɟɫɬɢ ɛɥɨɤɨɜ: 

 ʗ˒ˑ˕ଵଶଶ଴ =  ͸ ∙ ͳͶʹͷ,Ͳʹ = ͺͷͷͲ,Ͳͻ ˕ы˔. ˓˖˄/ˆˑˇ.  
 

4.2.2 ȼɵɛɨɪ ɛɥɨɱɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɞɥɹ ɫɯɟɦɵ ɫ ɭɤɪɭɩɧɟɧɧɵɦɢ 
ɛɥɨɤɚɦɢ 
 

Ɋɚɫɱёɬɧɚɹ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɭɤɪɭɩɧɟɧɧɨɝɨ ɛɥɨɤɚ ɨɩɪɟɞɟɥɢɬɫɹ 
ɤɚɤ: 
 S˓˃˔˚ = ʹ ∙ ሺʟʒ − ʟ˔.ː.ሻcosφʒ = ʹ ∙ ሺͳͲͲ − ͷ,͸͸ሻͲ,ͻ = ʹͲͻ,͸Ͷ ʛʑ ∙ ʏ. (4.7) 

 
ɉɨ ɤɚɬɚɥɨɝɭ ɈɈɈ "Ɍɨɥɶɹɬɬɢɧɫɤɢɣ Ɍɪɚɧɫɮɨɪɦɚɬɨɪ" ɜɵɛɢɪɚɸɬɫɹ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɌȾɐ 250000/220. Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 
4.2. 
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Ɍɚɛɥɢɰɚ 4.2–Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌȾɐ– 250000/220 Sːˑˏ, Ɇȼ·Ⱥ 
Uʜ, ɤȼ Uˍ, % ∆P̱ , ɤȼɬ ∆P̆ ˘, ɤȼɬ I˘,% Uʑʜ Uʜʜ 

250 242 13,8 11 600 207 0,3 

 
ɉɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

(4.4): 
 ∆W˘˘ = ͳ ∙ Ͳ,ʹͲ͹ ∙ ͺ͹ʹͷ,ͻ = ͳͺͲ͸,ʹ͸ ʛʑ˕ ∙ ˚,  
 

ɇɚɝɪɭɡɨɱɧɵɟ (ɩɟɪɟɦɟɧɧɵɟ) ɩɨɬɟɪɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ (4.5): 
 ∆Wː = Ͳ,͸ͳ ∙ ቀʹͲͻ,͸ͶʹͷͲ ቁʹ ∙ ʹͻͺ͹,͸ͷ = ͳʹ͸Ͳ,ͷͳ ʛʑ˕ ∙ ˚.  

 
ȼɟɥɢɱɢɧɚ ɢɡɞɟɪɠɟɤ ɧɚ ɩɨɬɟɪɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɞɥɹ ɨɞɧɨɝɨ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɩɨ ɮɨɪɦɭɥɟ (4.6): 
 ʗ˒ˑ˕ଶଶଶ଴ = Ͳ,ͻ ∙ ሺͳͺͲ͸,ʹ͸ + ͳʹ͸Ͳ,ͷͳሻ = ʹ͹͸Ͳ,Ͳͻ ˕ы˔. ˓˖˄ˆˑˇ ;  

 
Ⱦɥɹ ɫɯɟɦɵ ɫ ɬɪɟɦɹ ɭɤɪɭɩɧɟɧɧɵɦɢ ɛɥɨɤɚɦɢ: 

 ʗ˒ˑ˕ଶଶଶ଴ =  ʗ˒ˑ˕ʹʹʹͲ =  ͵ ∙ ʹ͹͸Ͳ,Ͳͻ = ͺʹͺͲ,ʹ͹ ˕ы˔. ˓˖˄/ˆˑˇ.  
 

4.3 ȼɵɛɨɪ ɫɢɧɯɪɨɧɧɵɯ ɝɟɧɟɪɚɬɨɪɨɜ 
 

ɉɨ ɢɫɯɨɞɧɵɦ ɞɚɧɧɵɦ ɜɵɛɢɪɚɟɬɫɹ ɫɢɧɯɪɨɧɧɵɣ ɝɟɧɟɪɚɬɨɪ ɋȼ-835/180-36 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɈȺɈ "ɋɢɥɨɜɵɟ ɦɚɲɢɧɵ". ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɝɟɧɟɪɚɬɨɪɚ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.3. 

 
Ɍɚɛɥɢɰɚ 4.3– ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɝɟɧɟɪɚɬɨɪɚ  

ɇɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ Uˆ ːˑˏ,ɤȼ cos φʒ,ɨ.ɟ. ݊ːˑˏ 
ɨɛ/ɦɢɧ 

ɂɧɞɭɤɬɢɜɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ Sˆ ːˑˏ, Ɇȼ·Ⱥ ʟˆ ːˑˏ, Ɇȼɬ x "ୢ  x ′ୢ  xୢ 
111 100 13,8 0,9 166,7 0,22 0,3 0,94 

 
4.4 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 

 
Ɇɨɳɧɨɫɬɶ, ɩɨɬɪɟɛɥɹɟɦɚɹ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ (ɋɇ) ɩɪɨɟɤɬɢɪɭɟɦɨɣ 

ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɫɨɫɬɚɜɥɹɟɬ 1,0% ɨɬ Pʢ˔˕.ȽЭС: 
 S˔.ː. = Ͳ,Ͳͳ∙ʟʠʜୡ୭ୱφʜˑˏ = Ͳ,Ͳͳ∙ͷ͸͸଴,ଽ = ͸,ʹͻ ʛʑ ∙ ʏ.  
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ɍɫɥɨɜɢɟ ɜɵɛɨɪɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ: 
 Sʡ˔.ː. ൒ S˔.ː.  
 

ɉɨ ɤɚɬɚɥɨɝɭ ɁȺɈ «ɗɧɟɪɝɨɦɚɲ (ȿɤɚɬɟɪɢɧɛɭɪɝ) - ɍɪɚɥɷɥɟɤɬɪɨɬɹɠɦɚɲ» 
ɜɵɛɢɪɚɟɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɌɋɁ-6300/15. ɇɚ ɫɬɚɧɰɢɢ ɛɭɞɟɬ ɭɫɬɚɧɨɜɥɟɧɨ 3 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɞɚɧɧɨɝɨ ɬɢɩɚ, ɱɬɨ ɩɨɡɜɨɥɢɬ ɩɨɥɧɨɫɬɶɸ ɩɨɤɪɵɬɶ ɧɚɝɪɭɡɤɭ 
ɫɢɫɬɟɦɵ ɋɇ. Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.4. 

 
Ɍɚɛɥɢɰɚ 4.4 –Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌɋɁ-6300/15 ɍɁ Sːˑˏ, ɤȼ∙Ⱥ 

Uɇ, ɤȼ Uˍ, % ∆P̱ , ɤȼɬ ∆P̆ ˘, ɤȼɬ 
Uȼɇ Uɇɇ 

6300 13,8 6 8 14 2,70 

 
4.5 ȼɵɛɨɪ ɤɨɥɢɱɟɫɬɜɚ ɨɬɯɨɞɹɳɢɯ ɥɢɧɢɣ Ɋɍ ȼɇ 

 
ɋɭɦɦɚɪɧɚɹ ɦɨɳɧɨɫɬɶ, ɜɵɞɚɜɚɟɦɚɹ ɧɚ Ɋɍ 220 ɤȼ: 
 S∑ = nˆ ∙ ቀ୔ˆ−୔˔ːୡ୭ୱφˆ ቁ, (4.8) 

 S∑ = ͸ ∙ (ͳͲͲ − ͸,ʹͻͲ,ͻ ) = ͸ʹͶ,͹ ʛʑ ∙ ʏ.  

 
ɉɟɪɟɞɚɜɚɟɦɚɹ ɦɨɳɧɨɫɬɶ ɧɚ ɨɞɧɭ ɰɟɩɶ ɞɥɹ ȼɅ 220 ɤȼ: 
 P˒ ˈ˓ˈˇ. = ͳ͵ͷ ʛʑ˕.  
 
ɑɢɫɥɨ ɥɢɧɢɣ 220 ɤȼ: 
 nˎ = S∑ · cosφk · P˒ ˈ˓ˈˇ. = ͸ʹͶ,͹ · Ͳ,ͻͳ,ʹ · ͳ͵ͷ = ͵,Ͷ͹. (4.9) 

 
ɝɞɟ k = ͳ,ʹ – ɤɨɷɮɮɢɰɢɟɧɬ;  

 
ɉɪɢɧɢɦɚɟɬɫɹ ɱɢɫɥɨ ȼɅ 220 ɤȼ ɪɚɜɧɵɦ nˎ = Ͷ + ͳ = ͷ. 
 I˓˃˄ = S∑nˎ ∙ √͵ ∙ Uːˑˏ, (4.10) 

 I˓˃˄ = ͸ʹͶ,͹ͷ ∙ √͵ ∙ ʹʹͲ = Ͳ,͵ʹ͹ ˍʏ.  
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Ɋɚɫɱёɬɧɵɣ ɬɨɤ ȼɅ 220 ɤȼ: 
 I˓˃˔˚ = Ƚʡ ∙ Ƚ୧ ∙ I˓˃˄, (4.11) 

 
ɝɞɟ Ƚ୧ = ͳ,Ͳͷ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɱɚɫɬɢɟ ɩɨɬɪɟɛɢɬɟɥɹ ɜ ɦɚɤɫɢɦɭɦɟ 

ɧɚɝɪɭɡɤɢ;  ȽɌ = ͳ,Ͳ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɢɡɦɟɧɟɧɢɟ ɬɨɤɚ ɜ ɩɪɨɰɟɫɫɟ 
ɷɤɫɩɥɭɚɬɚɰɢɢ. 

 I˓˃˔˚ = ͳ,Ͳ ∙ ͳ,Ͳͷ ∙ Ͳ,͵ʹ͹ = Ͳ,͵͹͹ ˍʏ.  
 
ɉɨ ɜɟɥɢɱɢɧɟ ɪɚɫɱёɬɧɨɝɨ ɬɨɤɚ ɜɵɛɢɪɚɟɦ ɩɪɨɜɨɞ Ⱥɋ – 300/39. Ⱦɨɩɭɫɬɢɦɵɣ 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɵɣ ɬɨɤ Iˇˑ˒ = ͹ͳͲ ʏ. 
 
ɉɪɨɜɟɪɤɚ ɩɪɨɜɨɞɚ ɩɨ ɧɚɝɪɟɜɭ: 
 I˒.˃˅ = S∑ሺnˎ − ͳሻ ∙ √͵ ∙ Uːˑˏ, (4.12) 

 I˒.˃˅ = ͸ʹͶ,͹Ͷ ∙ √͵ ∙ ʹʹͲ = Ͳ,ͶͳͲ ˍʏ.  

 Iˇˑ˒ > I˒.˃˅, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɵɛɪɚɧɧɵɣ ɩɪɨɜɨɞ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɸ 
ɧɚɝɪɟɜɚ. 

 
4.6 ȼɵɛɨɪ ɝɥɚɜɧɨɣ ɫɯɟɦɵ Ƚɗɋ ɧɚ ɨɫɧɨɜɚɧɢɢ ɬɟɯɧɢɤɨ–

ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɪɚɫɱёɬɚ 
 

Ɉɩɪɟɞɟɥɢɦ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ Ʉ ɞɥɹ ɫɯɟɦɵ ɫ ɩɪɨɫɬɵɦɢ ɛɥɨɤɚɦɢ ɩɨ 
ɮɨɪɦɭɥɟ: 

 ʙଵ = ʙʡ + ʙʡ˔.ː. +  ʙʝʟʢ, (4.13) 
 
ɝɞɟ ʙʡ – ɫɬɨɢɦɨɫɬɶ ɛɥɨɱɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɌȾɐ 125000/220 (50750 ɬɵɫ.ɪɭɛ);  ʙʡ˔.ː.– ɫɬɨɢɦɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ (876,99 ɬɵɫ.ɪɭɛ);  ʙʝʟʢ–ɫɬɨɢɦɨɫɬɶ ɹɱɟɟɤ ɈɊɍ – 220 ɤȼ (38400 ɬɵɫ.ɪɭɛ); 
 ʙଵ = ͷͲ͹ͷͲ ∙ ͸ + ͺ͹͸,ͻͻ ∙ Ͷ +  ͵ͺͶͲͲ ∙ ͳ͵ = ͺͲ͹ʹͲ͹ ˕ы˔. ˓˖˄.  
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Ʉɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ Ʉ ɞɥɹ ɫɯɟɦɵ ɫ ɭɤɪɭɩɧɟɧɧɵɦɢ ɛɥɨɤɚɦɢ: 
 ʙଶ = ʙʡ + ʙʡ˔.ː. +  ʙʝʟʢ, (4.14) 

 
ɝɞɟ ʙʡଶ – ɫɬɨɢɦɨɫɬɶ ɛɥɨɱɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɌȾɐ 250000/220 (126500 
ɬɵɫ.ɪɭɛ);  ʙʡ˔.ː.– ɫɬɨɢɦɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ (876,99 ɬɵɫ.ɪɭɛ);  ʙʝʟʢ–ɫɬɨɢɦɨɫɬɶ ɹɱɟɟɤ ɈɊɍ – 220 ɤȼ (38400 ɬɵɫ.ɪɭɛ); 
 ʙଶ = ͳʹ͸ͷͲͲ ∙ ͵ + ͺ͹͸,ͻͻ ∙ Ͷ + ͵ͺͶͲͲ ∙ ͳͲ = ͹͸͹ͲͲ͹ ˕ы˔. ˓˖˄.  
 

ȿɠɟɝɨɞɧɵɟ ɢɡɞɟɪɠɤɢ ɧɚ ɚɦɨɪɬɢɡɚɰɢɸ, ɬɟɤɭɳɢɣ ɪɟɦɨɧɬ ɢ ɨɛɫɥɭɠɢɜɚɧɢɟ 
ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵ ɫɬɨɢɦɨɫɬɢ ɨɫɧɨɜɧɵɯ 
ɮɨɧɞɨɜ (ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹɦ): 
 ʗ௔+଴ = ሺ௔+଴ሻΣߙ  ∙ K, (4.15) 
 
ɝɞɟ(ɚ+ɨ)– ɧɨɪɦɚ ɫɭɦɦɚɪɧɵɯ ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɯ ɨɬɱɢɫɥɟɧɢɣ (ɨɬɱɢɫɥɟɧɢɹ ɧɚ 
ɪɟɧɨɜɚɰɢɸ ɢ ɤɚɩɢɬɚɥɶɧɵɣ ɪɟɦɨɧɬ) ɢ ɡɚɬɪɚɬ ɧɚ ɷɤɫɩɥɭɚɬɚɰɢɸ 
ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ(ɬɟɤɭɳɢɣ ɪɟɦɨɧɬ ɢ ɡɚɪɩɥɚɬɚ ɩɟɪɫɨɧɚɥɭ), ɩɪɢɧɢɦɚɟɦ ߙሺа+଴ሻ𝛴 =Ͳ,ͲͶͷ ɨ. ɟ. 
 

Ⱦɥɹ ɜɚɪɢɚɧɬɚ ɫ ɩɪɨɫɬɵɦɢ ɛɥɨɤɚɦɢ: 
 ʗଵ௔+଴ = Ͳ,ͲͶͷ ∙ ͺͲ͹ʹͲ͹ = ͵͸͵ʹͶ ˕ы˔. ˓˖˄.,  
 

Ⱦɥɹ ɜɚɪɢɚɧɬɚ ɫ ɭɤɪɭɩɧɟɧɧɵɦɢ ɛɥɨɤɚɦɢ: 
 ʗଶ௔+଴ = Ͳ,ͲͶͷ ∙ ͹͸͹ͲͲ͹ = ͵Ͷͷͳ͵ ˕ы˔. ˓˖˄.,  
  

ɋɭɦɦɚɪɧɵɟ ɝɨɞɨɜɵɟ ɢɡɞɟɪɠɤɢ ɩɨ ɜɚɪɢɚɧɬɚɦ: 
 ʗଵ = ʗଵ௔+଴ + ʗ˒ˑ˕ଵଶଶ଴ = ͵͸͵ʹͶ + ͺͷͷͲ = ͶͶͺ͹Ͷ ˕ы˔. ˓˖˄.,  

 ʗଶ = ʗଶ௔+଴ + ʗ˒ˑ˕ଶଶଶ଴ = ͵Ͷͷͳ͵ + ͺʹͺͲ = Ͷʹ͹ͻͷ ˕ы˔. ˓˖˄..  
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ɇɚɢɛɨɥɟɟ ɷɤɨɧɨɦɢɱɧɵɣ ɢɡ ɜɚɪɢɚɧɬɨɜ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ ɬɪɟɛɭɟɬ 
ɧɚɢɦɟɧɶɲɟɝɨ ɡɧɚɱɟɧɢɹ ɩɨɥɧɵɯ ɩɪɢɜɟɞёɧɧɵɯ ɡɚɬɪɚɬ, ɤɨɬɨɪɨɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ: 
 ͵ = ʔ ∙ ʙ𝑖 + ʗ𝑖 , (4.16) 
 
ɝɞɟ ȿ – Ʉɨɷɮɮɢɰɢɟɧɬ ɧɨɪɦɚɬɢɜɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɣ ɜ 
ɷɧɟɪɝɟɬɢɤɭ ɩɨ ɩɪɢɤɚɡɭ Ɇɢɧɫɬɪɨɹ ɊɎ (ȿ=15 %). 
 ʖଵ = Ͳ,ͳͷ ∙ ͺͲ͹ʹͲ͹ + ͶͶͺ͹Ͷ = ͳ͸ͷͻͷͷ ˕ы˔. ˓˖˄.,  
 ʖଶ = Ͳ,ͳͷ ∙ ͹͸͹ͲͲ͹ + Ͷʹ͹ͻͷ = ͳͷ͹ͺͶ͸ ˕ы˔. ˓˖˄..  
 

ɂɡ ɫɪɚɜɧɟɧɢɹ ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɜɚɪɢɚɧɬɨɜ 
ɛɥɨɱɧɵɯ ɫɯɟɦ ɜɢɞɧɨ, ɱɬɨ ɪɚɡɧɢɰɚ ɦɟɠɞɭ ɜɚɪɢɚɧɬɚɦɢ ɫɨɫɬɚɜɥɹɟɬ ɧɟ ɛɨɥɟɟ 5% ɢ 
ɜɵɛɢɪɚɬɶ ɫɯɟɦɭ ɧɟɨɛɯɨɞɢɦɨ ɢɡ ɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɛɪɚɠɟɧɢɣ. ɋɯɟɦɚ ɫ ɨɞɢɧɨɱɧɵɦ 
ɛɥɨɤɨɦ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɭɞɚɱɧɨɣ ɬɚɤ ɤɚɤ ɜ ɫɬɚɧɰɢɢ ɛɭɞɟɬ ɪɚɛɨɬɚɬɶ 6 
ɛɥɨɤɨɜ, ɢ ɜ ɚɜɚɪɢɣɧɵɯ ɪɟɠɢɦɚɯ, ɩɪɢ ɜɵɜɟɞɟɧɢɢ ɨɞɧɨɝɨ ɛɥɨɤɚ ɢɡ ɫɬɪɨɹ, ɫɬɚɧɰɢɹ 
ɩɪɨɞɨɥɠɢɬ ɮɭɧɤɰɢɨɧɢɪɨɜɚɬɶ, ɬɚɤ ɠɟ ɭɱɢɬɵɜɚɹ ɢɯ ɧɟɡɧɚɱɢɬɟɥɶɧɭɸ ɰɟɧɨɜɭɸ 
ɪɚɡɧɢɰɭ, ɢ ɨɩɢɪɚɹɫɶ ɧɚ ɫɬɚɧɞɚɪɬ ɊɭɫȽɢɞɪɨ, ɬɨ ɛɨɥɟɟ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɟɟ ɛɭɞɟɬ 
ɜɚɪɢɚɧɬ ɫɯɟɦɵ ɫ ɨɞɢɧɨɱɧɵɦɢ ɛɥɨɤɚɦɢ. 
 

4.7 ȼɵɛɨɪ ɫɯɟɦɵ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ 
 

ɋɬɚɧɞɚɪɬ «Ƚɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. ɇɨɪɦɵ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ» ɪɟɝɥɚɦɟɧɬɢɪɭɟɬ ɫɯɟɦɭ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ. Ⱦɥɹ 
ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ 220 ɤȼ ɢ 11 ɩɪɢɫɨɟɞɢɧɟɧɢɣ: 

– ɨɞɧɚ ɪɚɛɨɱɚɹ ɫɟɤɰɢɨɧɢɪɨɜɚɧɧɚɹ ɜɵɤɥɸɱɚɬɟɥɟɦ ɢ ɨɛɯɨɞɧɚɹ ɫɢɫɬɟɦɚ ɲɢɧ 
ɫ ɫɟɤɰɢɨɧɧɵɦ ɢ ɨɛɯɨɞɧɵɦ ɜɵɤɥɸɱɚɬɟɥɹɦɢ (5 ɢ ɛɨɥɟɟ ɩɪɢɫɨɟɞɢɧɟɧɢɣ). ɋɯɟɦɚ 
ɩɪɢɦɟɧɹɟɬɫɹ ɩɪɢ ɞɨɩɭɫɬɢɦɨɫɬɢ ɩɨɬɟɪɢ ɩɢɬɚɧɢɹ ɩɨɬɪɟɛɢɬɟɥɟɣ ɧɚ ɜɪɟɦɹ 
ɩɟɪɟɤɥɸɱɟɧɢɹ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɧɚ ɨɛɯɨɞɧɭɸ ɫɢɫɬɟɦɭ ɲɢɧ; 

– ɞɜɟ ɪɚɛɨɱɢɟ ɢ ɨɛɯɨɞɧɚɹ ɫɢɫɬɟɦɵ ɲɢɧ (ɨɬ 5 ɞɨ 15 ɩɪɢɫɨɟɞɢɧɟɧɢɣ). 
ɋɯɟɦɚ ɩɪɢɦɟɧɹɟɬɫɹ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɜɨɡɦɨɠɧɨɫɬɢ ɨɬɤɥɸɱɟɧɢɹ ɜɫɟɯ 
ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɫɢɫɬɟɦɵ ɲɢɧ ɧɚ ɜɪɟɦɹ ɪɟɜɢɡɢɢ ɢ ɪɟɦɨɧɬɚ ɷɬɨɣ ɫɢɫɬɟɦɵ ɲɢɧ; 

Ⱦɜɟ ɫɢɫɬɟɦɵ ɫɛɨɪɧɵɯ ɲɢɧ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɞɧɨɣ ɫɟɤɰɢɨɧɢɪɨɜɚɧɧɨɣ 
ɫɢɫɬɟɦɨɣ ɫɛɨɪɧɵɯ ɲɢɧ ɩɨɡɜɨɥɹɸɬ: 

1. ɉɨɨɱɟɪɟɞɧɨ ɪɟɦɨɧɬɢɪɨɜɚɬɶ ɫɛɨɪɧɵɟ ɲɢɧɵ ɛɟɡ ɩɟɪɟɪɵɜɚ ɜ ɪɚɛɨɬɟ 
ɫɬɚɧɰɢɢ ɢ ɛɟɡ ɧɚɪɭɲɟɧɢɹ ɩɢɬɚɧɢɹ ɩɨɬɪɟɛɢɬɟɥɟɣ; 

2. Ɋɟɦɨɧɬɢɪɨɜɚɬɶ ɥɸɛɨɣ ɲɢɧɧɵɣ ɪɚɡɴɟɞɢɧɢɬɟɥɶ, ɨɬɤɥɸɱɚɹ ɥɢɲɶ ɨɞɧɨ 
ɩɪɢɫɨɟɞɢɧɟɧɢɟ (ɨɫɬɚɥɶɧɵɟ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɩɟɪɟɜɨɞɹɬɫɹ ɧɚ ɞɪɭɝɭɸ ɫɢɫɬɟɦɭ 
ɲɢɧ); 
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3. Ȼɵɫɬɪɨ ɜɨɫɫɬɚɧɚɜɥɢɜɚɬɶ ɪɚɛɨɬɭ ɫɬɚɧɰɢɢ ɩɪɢ ɩɨɜɪɟɠɞɟɧɢɢ ɧɚ 
ɫɟɤɰɢɢ (ɩɨɬɪɟɛɢɬɟɥɢ ɬɟɪɹɸɬ ɩɢɬɚɧɢɟ ɬɨɥɶɤɨ ɧɚ ɜɪɟɦɹ, ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ 
ɩɟɪɟɤɥɸɱɟɧɢɹ ɨɩɟɪɚɬɢɜɧɵɦ ɩɟɪɫɨɧɚɥɨɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɧɚ 
ɪɟɡɟɪɜɧɭɸ ɫɢɫɬɟɦɭ ɲɢɧ). 

ɑɢɫɥɨ ɩɪɢɫɨɟɞɢɧɟɧɢɣ Ɋɍ–220 ɤȼ –11: 
– 5 ȼɅ 220 ɤȼ; 
–6 ɛɥɨɤɚ; 
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɬɚɧɞɚɪɬɨɦ: "Ɋɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɩɪɢɦɟɧɟɧɢɸ ɬɢɩɨɜɵɯ 

ɩɪɢɧɰɢɩɢɚɥɶɧɵɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɯɟɦ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ 
ɩɨɞɫɬɚɧɰɢɣ 35–750 ɤȼ", ɩɪɢɦɟɧɹɟɦ ɫɯɟɦɭ ɫ ɞɜɭɦɹ ɪɚɛɨɱɢɦɢ ɫɢɫɬɟɦɚɦɢ ɲɢɧ ɢ 
ɨɛɯɨɞɧɨɣ, ɪɟɤɨɦɟɧɞɭɟɦɚɹ ɫɯɟɦɚ 13ɇ.ȼ ɨɛɳɟɦ ɜɢɞɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 
4.3. 

 
Ɋɢɫɭɧɨɤ 4.3 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ Ɋɍ–220 ɤȼ 

 
4.8 Ɋɚɫɱёɬ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ 

 
4.8.1 Ɋɚɫɱёɬ ɜ ɩɪɨɝɪɚɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ «RastrWin» 
 

Ɋɚɫɱёɬ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɩɪɨɢɡɜɟɞёɧ ɜ ɩɪɨɝɪɚɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ 
RastrWin. 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ: 
 
 xˆ = x′ୢ′ ∙ U˄˃ˊଶSːˑˏ, (4.17) 

   
 rˆ = ˘ˆω ∙ ʡˆ, (4.18) 

   
ɝɞɟ ݔௗ′′–ɫɜɟɪɯɩɟɪɟɯɨɞɧɨɟ ɩɪɨɞɨɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ ɢɡ ɬɚɛɥɢɰɵ 4.3; 
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 ˄ܷ˃ˊ–ɛɚɡɢɫɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ; 
 ʡˆ = Ͳ,ͲͶͷ˔–ɩɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ ɞɥɹ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ; 
 ܵːˑˏ – ɩɨɥɧɚɹ ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɝɟɧɟɪɚɬɨɪɚ, ɢɡ ɬɚɛɥɢɰɵ 4.3; 
 
ˆݔ  = Ͳ,ʹʹ ∙ ͳ͵,ͺʹͳͳͳ = Ͳ,͵͹͹ ʝˏ, 

 
 

ݎ̂  = Ͳ,͵͹͹͵ͳͶ ∙ Ͳ,ͲͶͷ = Ͳ,Ͳʹ͸ ʝˏ.  

 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ: 

 
˕ݔ  = ͳͲͲ%ˍݑ ∙ ʑܷʜଶܵːˑˏ, (4.19) 

   
ݎ̞  = ∆̱ܲ ∙ ʑܷʜଶܵːˑˏଶ , (4.20) 

   
ɝɞɟ ݑˍ%– ɧɚɩɪɹɠɟɧɢɟ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɢɡ ɬɚɛɥɢɰɵ 4.1; ʑܷʜ – ɧɚɩɪɹɠɟɧɢɟ ɨɛɦɨɬɤɢ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɢɡ 
ɬɚɛɥɢɰɵ 4.1; 
 ܵːˑˏ – ɩɨɥɧɚɹ ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɢɡ ɬɚɛɥɢɰɵ 4.1; 
 ∆̱ܲ  – ɩɨɬɟɪɢ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɢɡ ɬɚɛɥɢɰɵ 4.1. 
  
˕ݔ  = ͳͳͳͲͲ ∙ ʹͶʹଶͳʹͷ = ͷͳ,ͷͶ ʝˏ,  

   
ݎ̞  = Ͳ,͵ͺ ∙ ʹͶʹଶͳʹͷଶ = ͳ,͵Ͳ ʝˏ.   

   
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɢɫɬɟɦɵ: 
 

˔ݔ  = ˄ܷଶܵˍ.ˊ, (4.21) 

   
ݎ̝  = ˃ʠܶݔ ,ʠ ∙ 𝜔, (4.22) 

   
ɝɞɟ ˄ܷ  – ɛɚɡɢɫɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɫɢɫɬɟɦɵ; 
 ܵˍ.ˊ – ɦɨɳɧɨɫɬɶ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɫɢɫɬɟɦɵ; 
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˔ݔ  = ʹ͵ͲଶͳͷͲ = ͵ͷʹ,͹Ͳ ʝˏ,  

   
ݎ̝  = ͵ͷʹ,͹ͲͲ,Ͳ͵ͷ ∙ ͵ͳͶ = ͵ʹ,Ͳͻ ʝˏ.  

   
ɍɞɟɥɶɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɪɨɜɨɞɨɜ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ Ⱥɋ – 300/39: 

 
ˇ˖,ˑݔ  = Ͳ,Ͷʹͻ ʝˏ/ˍˏ,  
   
 ˑݎ ,˖ˇ = Ͳ,Ͳͻͺ ʝˏ/ˍˏ.  

 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɜɨɡɞɭɲɧɨɣ ɥɢɧɢɢ 220ɤȼ: 

ˎ˅ݔ  = ˇ˖,଴ݔ ∙ ݈, (4.23) 
   
ݎ˅  ˎ = ˇ˖,଴ݎ ∙ ݈, (4.24) 
   

ɝɞɟ ݈ – ɞɥɢɧɧɚ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ. 
 
ˎ˅ݔ  = Ͳ,Ͷʹͻ ∙ ͵͹ = ͳͷ,ͺ͹ = ͳ͵,ͺ ʝˏ,  
   
ݎ˅  ˎ = Ͳ,Ͳͻͺ ∙ ͵͹ = ͵,͸͵ ʝˏ.  
 

ɗȾɋ ɝɟɧɟɪɚɬɨɪɨɜ: 
 
ˆܧ  = ͳ,ͳ͵ ∙ ˄ܷ, (4.25) 
   

ɝɞɟ ˄ܷ –ɛɚɡɢɫɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ. 
  
ˆܧ  = ͳ,ͳ͵ ∙ ͳ͵,ͺ = ͳͷ,ͷͻ ˍʑ. 

 
ɗȾɋ ɫɢɫɬɟɦɵ: 
 

˔ܧ  = ʹ͵Ͳ ˍʑ.  
 
ɇɚ ɪɢɫɭɧɤɚɯ 4.4, 4.5, 4.6 ɩɪɟɞɫɬɚɜɥɟɧɵ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɢɡ ɬɚɛɥɢɰ 

ɩɪɨɝɪɚɦɦɵ «RastrWin», ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɪɚɫɱɟɬɚ, ɚ ɧɚ ɪɢɫɭɧɤɚɯ 4.7, 4.8 ɢ 4.9 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ.  
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Ɋɢɫɭɧɨɤ 4.4– ɍɡɥɵ 

 

 
Ɋɢɫɭɧɨɤ 4.5– ȼɟɬɜɢ 

 

 
Ɋɢɫɭɧɨɤ 4.6– Ƚɟɧɟɪɚɬɨɪɵ 

 

 
Ɋɢɫɭɧɨɤ 4.7– ɋɨɫɬɚɜ ɞɥɹ ɬɪёɯɮɚɡɧɨɝɨ ɄɁ 
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Ɋɢɫɭɧɨɤ 4.8– ɋɨɫɬɚɜ ɞɥɹ ɬɪёɯɮɚɡɧɨɝɨ ɄɁ 

 

 
Ɋɢɫɭɧɨɤ 4.9– ɋɨɫɬɚɜ ɞɥɹ ɨɞɧɨɮɚɡɧɨɝɨ ɄɁ 

 
Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɬɨɤɨɜ ɄɁ ɞɥɹ ɯɚɪɚɤɬɟɪɧɵɯ ɬɨɱɟɤ ɫɯɟɦɵ ɩɪɟɞɫɬɚɜɢɦ ɜ 

ɬɚɛɥɢɰɟ 4.5. 
 

Ɍɚɛɥɢɰɚ 4.5–Ɇɟɫɬɨ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɢ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɜ ɬɨɱɤɚɯ 
Ɍɨɱɤɚ ɄɁ iy,ɤȺ Iɩ0

(3) ,ɤȺ Iɩ0
(1) ,ɤȺ 

Ʉ−2 15,27 6 3·3=9 
Ʉ−3  146,78 57,028 − 

 
Ɍɨɤ ɭɞɚɪɧɵɣ ɧɚ ɲɢɧɟ: 
 

 𝑖˖ˇ = √ʹ ∙ ௡଴ሺଷሻܫ ∙ ݇௬ = √ʹ ∙ ͸ ∙ ͳ,ͺ = ͳͷ,ʹ͹ ˍʏ, (4.26) 
 

 
 ݇௬ = ͳ + ݁−బ.బభ𝑇𝑎 = ͳ + ݁−బ.బభబ,బరల = ͳ,ͺ, (4.27) 

 
 
 ௔ܶ = Σ𝜔ݔ ∙ Σݎ = Ͳ,͵͹͹͵ͳͶ ∙ Ͳ,Ͳʹ͸ = Ͳ,ͲͶ͸ ;, (4.28) 

 
 

Ɍɨɤ ɭɞɚɪɧɵɣ ɧɚ ɝɟɧɟɪɚɬɨɪɟ: 
 𝑖˖ˇ = √ʹ ∙ ͷ͹,Ͳʹͺ ∙ ͳ,ͺʹ = ͳͶ͸,͹ͺ ˍʏ, 

 ݇௬ = ͳ + ݁−బ.బభబ,బఱ = ͳ,ͺʹ, 
 Tୟ = ʹͷ,ͻ͸ͷ͵ͳͶ ∙ ͳ,ͷͶͷ = Ͳ,Ͳͷ˔. 
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4.9 ȼɵɛɨɪ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ 
 
ȼ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜɚɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɬɚɧɰɢɣ ɢ ɩɨɞɫɬɚɧɰɢɣ 

ɫɨɞɟɪɠɢɬɫɹ ɛɨɥɶɲɨɟ ɱɢɫɥɨ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ ɢ ɫɨɟɞɢɧɹɸɳɢɯ ɢɯ 
ɩɪɨɜɨɞɧɢɤɨɜ. ȼɵɛɨɪ ɢ ɪɚɫɱёɬ ɬɨɤɨɜɟɞɭɳɢɯ ɱɚɫɬɟɣ ɚɩɩɚɪɚɬɨɜ ɢ ɩɪɨɜɨɞɧɢɤɨɜ – 
ɜɚɠɧɟɣɲɢɣ ɷɬɚɩ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɥɸɛɨɣ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ, ɨɬ ɤɨɬɨɪɨɝɨ ɜ 
ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɡɚɜɢɫɢɬ ɧɚɞёɠɧɨɫɬɶ ɟё ɪɚɛɨɬɵ. 

 
4.9.1 ȼɵɛɨɪ ɢ ɪɚɫɱёɬ ɬɨɤɨɜɟɞɭɳɢɯ ɱɚɫɬɟɣ ɚɩɩɚɪɚɬɨɜ ɢ ɩɪɨɜɨɞɧɢɤɨɜ 

 
ɉɪɢ ɜɵɛɨɪɟ ɬɨɤɨɜɟɞɭɳɢɯ ɱɚɫɬɟɣ ɧɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɢɬɶ ɜɵɩɨɥɧɟɧɢɟ 

ɪɹɞɚ ɬɪɟɛɨɜɚɧɢɣ, ɜɵɬɟɤɚɸɳɢɯ ɢɡ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ. Ɉɞɢɧ ɢɡ ɜɚɠɧɟɣɲɢɯ 
ɜɨɩɪɨɫɨɜ – ɨɛɟɫɩɟɱɟɧɢɟ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ ɚɩɩɚɪɚɬɨɜ ɢ ɩɪɨɜɨɞɧɢɤɨɜ.  

ɉɪɨɜɟɪɤɚ ɬɨɤɨɜɟɞɭɳɢɯ ɱɚɫɬɟɣ ɧɚ ɬɟɪɦɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ ɫɨɫɬɨɢɬ ɜ 
ɬɨɦ, ɱɬɨɛɵ ɭɛɟɞɢɬɶɫɹ, ɱɬɨ ɧɢ ɜ ɨɞɧɨɦ ɢɡ ɷɬɢɯ ɪɟɠɢɦɨɜ ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɨɜɨɞɧɢɤɚ 
ɧɟ ɩɪɟɜɵɫɢɬ ɞɨɩɭɫɬɢɦɨɣ.  

Ⱦɥɹ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɝɟɧɟɪɚɬɨɪɨɜ ɧɚɢɛɨɥɶɲɢɣ ɪɚɫɱёɬɧɵɣ ɬɨɤ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɩɪɢ ɪɚɛɨɬɟ ɫ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɶɸ ɢ ɫɧɢɠɟɧɢɟɦ ɧɚɩɪɹɠɟɧɢɹ ɧɚ 5 %: 

 
˄˃˓ ʒܫ  = ͳ,Ͳͷ ∙ ˏʒ ːˑܫ = ͳ,Ͳͷ ∙ ܵʒ ːˑˏ√͵ ∙ ʒܷ ːˑˏ , (4.29) 

   
˄˃˓ ʒܫ  = ͳ,Ͳͷ ∙ ͳͳͳ√͵ ∙ ͳ͵.ͺ = Ͷͺ͹͸ A.  

 
ɉɪɢɫɨɟɞɢɧɟɧɢɟ ɥɢɧɢɣ ɫɜɹɡɢ ɫ ɫɢɫɬɟɦɨɣ 220 ɤȼ: 
 

ʚଵ−ʚହ ˓˃˄ ௠௔௫ܫ  = S∑√͵ ∙ ݊ʚ ∙  ܷːˑˏ = ܵʒଵ−ʒସ ːˑˏ −∙ ܵ˔ː√͵ ∙ ݊ʚ ∙  ܷːˑˏ , (4.30) 

   
ʚଵ−ʚହ ˓˃˄ ௠௔௫ܫ  = ሺͳͳͳ ∗ ͸ሻ − ͸,ʹͻ√͵ ∙ ͷ ∙ ʹʹͲ = ͵Ͷ͸ ʏ.  

 
Ɋɚɫɱёɬɧɵɣ ɬɨɤ ɭɬɹɠɟɥёɧɧɨɝɨ ɪɟɠɢɦɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɢ ɨɬɤɥɸɱɟɧɢɢ 

ɨɞɧɨɣ ɢɡ ɥɢɧɢɢ ɫɜɹɡɢ: 
 

ˉя˕˖ ˄˃˓ ܫ  = S∑ሺnˎ − ͳሻ ∙ √͵ ∙ Uːˑˏ, 
 

(4.31) 

ˉя˕˖ ˄˃˓ ܫ  = ሺͳͳͳ ∗ ͸ሻ − ͸,ʹͻͶ ∙ √͵ ∙ ʹʹͲ = Ͷ͵Ͳ ʏ.  
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4.9.2 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. 

ɉɪɢ ɜɵɛɨɪɟ ɜɵɤɥɸɱɚɬɟɥɟɣ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ ɧɟɨɛɯɨɞɢɦɨ ɫɨɛɥɸɞɚɬɶ 
ɫɥɟɞɭɸɳɢɟ ɭɫɥɨɜɢɹ: 

 
 ːܷˑˏ ൒ ːܷˑˏ.˔.  
   
ˏːˑܫ  ൒   . ௠௔௫,˄˃˓ܫ
   
ˏ˓ːˑ,ˍܤ  ൒   .˚˔˃˓,ˍܤ

 
ɂɫɩɨɥɶɡɭɹɤɚɬɚɥɨɝɢ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ ɈȺɈ ȼɈ «ɗɥɟɤɬɪɨɚɩɩɚɪɚɬ» ɢ ɁȺɈ 

«ȼɁȼȺ» ɞɥɹ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɜɵɛɢɪɚɟɦ ɷɥɟɝɚɡɨɜɵɣ ɜɵɤɥɸɱɚɬɟɥɶ 
ȼȽȽ–20–90/8000 ɍ3ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɶ ɊȼɉɁ–2–20/12500ɇ ɍ3. 

Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɢ ɩɪɨɜɟɪɤɚ ɜɵɤɥɸɱɚɬɟɥɹ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɹ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 4.6. 

 
Ɍɚɛɥɢɰɚ 4.6–ɋɜɨɞɧɚɹ ɬɚɛɥɢɰɚ ɩɨ ɜɵɛɨɪɭ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ ɢ 
ɪɚɡɴɟɞɢɧɢɬɟɥɹ 

Ɋɚɫɱёɬɧɵɟ ɞɚɧɧɵɟ 

Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ 

ɜɵɤɥɸɱɚɬɟɥɶ 
ȼȽȽ-20-90/6300 ɍ3 

ɪɚɡɴɟɞɢɧɢɬɟɥɶ 
ɊȼɉɁ–2–20/12500ɇ ɍ3 

˔ܷˈ˕ˋ ːˑˏ = ͳ͵.ͺ ˍʑ Uɧɨɦ = ʹͲ ɤȼ Uɧɨɦ = ʹͲ ɤȼ ܫʒ.˓˃˄ = Ͷͺ͹Ͳ ʏ Iɧɨɦ = ͸͵ͲͲ Ⱥ Iɧɨɦ = ͳʹͷͲͲ Ⱥ ܫ௡଴ = ͷ͹,Ͳʹͺ ɤȺ Iɩɪ.ɫɤɜ = ͻͲ ɤȺ iɩɪ.ɫɤɜ = ͶͳͲ ɤȺ 𝑖௬ = ͳͶ͸,͹ͺ ɤȺ iɩɪ.ɫɤɜ = ʹ͵Ͳ ɤȺ Iɬ.ɫɬ = ͳ͸Ͳ ɤȺ 
 Iɧɨɦ.ɨɬɤɥ = ͻͲ ɤȺ tɨɬɤɥ = ͵ ɫ. 

ȼɤ.ɪɚɫɱ = I୬଴ଶ ∙ (tɨɬɤ + tɪɡ൯ = = ͷ͹,Ͳʹͺ ଶ ∙ ሺͲ,Ͳ͵ + Ͳ,Ͳͳሻ = = ͳ͵Ͳ,Ͳͺ ɤȺଶ ∙ ɫ 

ȼɤ.ɧɨɦ = I୘ଶ ∙ t୘ = = ͻͲଶ ∙ ͵ = ʹͶ͵ͲͲ ɤȺଶ ∙ ɫ 
ȼɤ.ɧɨɦ = I୘ଶ ∙ t୘ = = ͳ͸Ͳଶ ∙ ͵ = ͹͸ͺͲͲ ɤȺଶ ∙ ɫ 

 
ȼ ɬɚɛɥɢɰɭ 4.7 ɫɜɟɞɟɧɵ ɩɚɪɚɦɟɬɪɵ ɚɧɚɥɢɡɚɬɨɪɚ ɫɟɬɢ ɧɢɡɠɟɝɨɧɚɩɪɹɠɟɧɢɹ, ɚ 

ɬɚɤɠɟ ɫɢɧɯɪɨɧɢɡɚɬɨɪɚ. 
 

Ɍɚɛɥɢɰɚ 4.7– 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 
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ȼɵɛɪɚɧ, ɩɪɨɢɡɜɨɞɢɦɵɣ ɪɨɫɫɢɣɫɤɨɣ ɤɨɦɩɚɧɢɟɣ ɈɈɈ «Ⱥɋɍ–ȼɗɂ», 
ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɣ ɚɜɬɨɦɚɬɢɱɟɫɤɢɣ ɫɢɧɯɪɨɧɢɡɚɬɨɪ ɬɢɩɚ Ⱥɋ–Ɇ3. 
ɉɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɜɤɥɸɱɟɧɢɹ ɜ ɫɟɬɶ ɫɢɧɯɪɨɧɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ ɦɟɬɨɞɨɦ ɬɨɱɧɨɣ 
ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɫɢɧɯɪɨɧɢɡɚɰɢɢ. 

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.  

 
4.9.3 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ 
 
ȼɵɛɢɪɚɟɬɫɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ Ɍɒ–20. ɉɪɨɢɡɜɨɞɢɬɟɥɶ ɈȺɈ ȼɈ 

«ɗɥɟɤɬɪɨɚɩɩɚɪɚɬ». ɉɪɨɜɟɪɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ Ɍɒ–20ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ 
ɬɚɛɥɢɰɟ 4.8. 

 
Ɍɚɛɥɢɰɚ 4.8 –ɉɪɨɜɟɪɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ Ɍɒ–20 

ɉɚɪɚɦɟɬɪɵ Ɋɚɫɱёɬɧɵɟ ɞɚɧɧɵɟ Ⱦɚɧɧɵɟ ɌɌ ɩɨ ɤɚɬɚɥɨɝɭ ˔ܷˈ˕ˋ < ːܷˑˏ UȽ = ͳ͵,ͺ ɤȼ Uɧɨɦ = ʹͲ ɤȼ ܫ˓˃˄ ୫ୟ୶ < ːˑˏ IȽ.ɪɚɛܫ = ͶͲͷͲ Ⱥ Iɧɨɦ = ͺͲͲͲ Ⱥ 𝑖୷ < 𝑖ˇˋː i୷ = ͳͶ͸,͹ͺ ɤȺ 160 ɤȺ ܵଶ < ܵଶːˑˏ ʹ͸ ȼ ∙ Ⱥ ͶͲ ȼ ∙ Ⱥ 

 
ȼɤ.ɪɚɫɱ = I୬଴ଶ ∙ (tɨɬɤ + tɪɡ൯ = = ͷ͹,Ͳʹͺଶ ∙ ሺͲ,Ͳ͵ + Ͳ,Ͳͳሻ = = ͳ͵Ͳ,Ͳͺ ɤȺଶ ∙ ɫ 

ȼɤ.ɧɨɦ = I୘ଶ ∙ t୘ = = ͳ͸Ͳଶ ∙ ͵ = ͹͸ͺͲͲ ɤȺଶ ∙ ɫ 

 
ȼɵɛɪɚɧ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɧɚɩɪɹɠɟɧɢɹ ɇɈɅ–ɋɗɓ 20. ɉɪɨɢɡɜɨɞɢɬɟɥɶ ɁȺɈ 

«ȽɄ «ɗɥɟɤɬɪɨɳɢɬ» – ɌɆ ɋɚɦɚɪɚ». ɉɚɪɚɦɟɬɪɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ 
ɇɈɅ–ɋɗɓ 20ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.9. 

 
Ɍɚɛɥɢɰɚ 4.9– ȼɵɛɨɪ ɢ ɩɪɨɜɟɪɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ 

ɉɚɪɚɦɟɬɪɵ Ɋɚɫɱёɬɧɵɟ ɞɚɧɧɵɟ Ⱦɚɧɧɵɟ Ɍɇ ɩɨ ɤɚɬɚɥɨɝɭ ˔ܷˈ˕ˋ < ːܷˑˏ ʒܷ = ͳ͵,ͺ ˍʑ ːܷˑˏ = ʹͲ ˍʑ ܵଶ < ܵଶːˑˏ ʹ͸ ʑ ∙ ʏ ͹ͷ ʑ ∙ ʏ 

 
Ⱦɥɹ ɡɚɳɢɬɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɨɬ ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ ɰɟɩɢ 13,8 ɤȼ 

ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɫɨ ɫɬɨɪɨɧɵ ɧɢɡɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ Ɉɉɇ–ɉ1–15/18/10/2ɍɏɅ1 
ɮɢɪɦɵ ɁȺɈ «ɁɗɌɈ».  
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4.10 ȼɵɛɨɪ ɩɚɪɚɦɟɬɪɨɜ ɈɊɍ 
 

4.10.1 ȼɵɛɨɪ ɜɵɤɥɸɱɚɬɟɥɟɣ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ 
 
ɂɫɩɨɥɶɡɭɹ ɤɚɬɚɥɨɝ ɩɪɨɢɡɜɨɞɢɬɟɥɹɁȺɈ «ɗɧɟɪɝɨɦɚɲ» ɜɵɛɢɪɚɟɦ 

ɷɥɟɝɚɡɨɜɵɣ ɜɵɤɥɸɱɚɬɟɥɶ ȼɗȻ–220 ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɶ ɊɉȾ–220/1250 ɍɏɅ1. 
Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɢ ɩɪɨɜɟɪɤɚ ɜɵɤɥɸɱɚɬɟɥɹ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɹ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 4.10. 
 
Ɍɚɛɥɢɰɚ 4.10–ɋɜɨɞɧɚɹ ɬɚɛɥɢɰɚ ɩɨ ɜɵɛɨɪɭ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ ɢ 
ɪɚɡɴɟɞɢɧɢɬɟɥɹ 

Ɋɚɫɱёɬɧɵɟ ɞɚɧɧɵɟ 
Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ 

ɜɵɤɥɸɱɚɬɟɥɶ 
ȼɗȻ–220 

ɪɚɡɴɟɞɢɧɢɬɟɥɶ 
ɊɉȾ–220/1250 ɍɏɅ1 Uɫɟɬɢɧɨɦ = ʹʹͲ ɤȼ Uɧɨɦ = ʹʹͲ ɤȼ Uɧɨɦ = ʹʹͲ ɤȼ Iɪɚɛ ୫ୟ୶ = ͵ͳͲ Ⱥ Iɧɨɦ = ʹͷͲͲ Ⱥ Iɧɨɦ = ͳʹͷͲ Ⱥ I୬଴ = ͷͻ ɤȺ Iɩɪ.ɫɤɜ = ͷͲ ɤȺ Iɩɪ.ɫɤɜ = ʹͷ ɤȺ i୷ = ͳͷ,ʹ͹ ɤȺ iɩɪ.ɫɤɜ = ͳʹͷ ɤȺ iɩɪ.ɫɤɜ = ͸Ͷ ɤȺ 

 Iɧɨɦ.ɨɬɤɥ = ͷͲ ɤȺ Iɬ.ɫɬ = ʹͷ ɤȺ 
ȼɤ.ɪɚɫɱ = I୬଴ଶ ∙ (tɨɬɤ + tɪɡ൯ = = ͻଶ ∙ ሺͲ,Ͳ͵ + Ͳ,Ͳͳሻ = = ͵,ʹͶ ɤȺଶ ∙ ɫ 

ȼɤ.ɧɨɦ = I୘ଶ ∙ t୘ = = ͷͲଶ ∙ ͵ = ͹ͷͲͲ ɤȺଶ ∙ ɫ 
ȼɤ.ɧɨɦ = I୘ଶ ∙ t୘ = = ʹͷଶ ∙ ͵ = ͳͺ͹ͷ ɤȺଶ ∙ ɫ 

 
ȼ ɬɚɛɥɢɰɭ 4.11 ɫɜɟɞɟɧɵ ɩɚɪɚɦɟɬɪɵ ɚɧɚɥɢɡɚɬɨɪɚ ɫɟɬɢ ɜɵɫɲɟɝɨ 

ɧɚɩɪɹɠɟɧɢɹ. 
 

Ɍɚɛɥɢɰɚ 4.11– ɉɪɢɛɨɪɵ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɟ ɜ ɰɟɩɢ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ 220 ɤȼ 
ɧɚ ɨɬɯɨɞɹɳɢɯ ɥɢɧɢɹɯ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɪɢɛɨɪɚ Ɍɢɩ ɩɪɢɛɨɪɚ 
ɂɧɬɟɪɮɟɣɫ 

ɩɪɢɛɨɪɚ 
Ʉɥɚɫɫ 

ɬɨɱɧɨɫɬɢ 
ɉɨɬɪɟɛɥɹɟɦɚɹ 

ɦɨɳɧɨɫɬɶ (ȼ·Ⱥ) 
Ⱥɧɚɥɢɡɚɬɨɪ ɫɟɬɢ ȺɉɄɗ–1 RS485 0,5 8 

 
4.10.2 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ 
 
ȼɵɤɥɸɱɚɬɟɥɶ ȼɗȻ–220 ɭɤɨɦɩɥɟɤɬɨɜɚɧ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɦ ɬɨɤɚ ɌȼȽ–220. 

ɉɪɨɢɡɜɨɞɢɬɟɥɶ ɁȺɈ «ɗɧɟɪɝɨɦɚɲ». ɉɪɨɜɟɪɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ Ɍȼ–220–III –
2000/5ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 4.12. 
 
Ɍɚɛɥɢɰɚ 4.12– ɉɪɨɜɟɪɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ 

ɉɚɪɚɦɟɬɪɵ Ɋɚɫɱёɬɧɵɟ ɞɚɧɧɵɟ Ⱦɚɧɧɵɟ ɌɌ ɩɨ ɤɚɬɚɥɨɝɭ U˔ˈ˕ˋ < Uːˑˏ U˔ˈ˕ˋ = ʹʹͲ ˍʑ Uːˑˏ = ʹʹͲ ˍʑ I˓˃˄ ୫ୟ୶ < Iːˑˏ I˓˃˄ ୫ୟ୶ = ͵ͳͲ ʏ Iːˑˏ = ͸ͲͲ ʏ Sଶ < Sଶːˑˏ ͺ ʑ ∙ ʏ ͵Ͳ ʑ ∙ ʏ i୷ < iˇˋː ͳͷ,ʹ͹ ʑ ∙ ʏ ͷͲ ʑ ∙ ʏ 

 
ʑˍ.˓˃˔˚ = I୬଴ଶ ∙ (tˑ˕ˍ + t˓ˊ൯ = = ͻଶ ∙ ሺͲ,Ͳ͵ + Ͳ,Ͳͳሻ = = ͵,ʹͶ ˍʏଶ ∙ ˔ 

ʑˍ.ːˑˏ = I୘ଶ ∙ t୘ = = ͷͲଶ ∙ ͵ = ͹ͷͲͲ ˍʏଶ ∙ ˔ 
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ȼɵɛɪɚɧ ɨɩɬɢɱɟɫɤɢɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɧɚɩɪɹɠɟɧɢɹ Ⱦɇȿɗ-220. 
ɉɪɨɢɡɜɨɞɢɬɟɥɶ ɁȺɈ «ɉɊɈɎɈɌȿɄ». ɉɚɪɚɦɟɬɪɵ ɨɩɬɢɱɟɫɤɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
ɧɚɩɪɹɠɟɧɢɹ Ⱦɇȿɗ-220 ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.13. 

 
Ɍɚɛɥɢɰɚ 4.13– ȼɵɛɨɪ ɢ ɩɪɨɜɟɪɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ 

ɉɚɪɚɦɟɬɪɵ Ɋɚɫɱёɬɧɵɟ ɞɚɧɧɵɟ Ⱦɚɧɧɵɟ Ɍɇ ɩɨ ɤɚɬɚɥɨɝɭ ˔ܷˈ˕ˋ < ːܷˑˏ ˔ܷˈ˕ˋ = ʹʹͲ ˍʑ ːܷˑˏ = ʹʹͲ ˍʑ ܵଶ < ܵଶːˑˏ ͺ ʑ ∙ ʏ ͵Ͳ ʑ ∙ ʏ 

 
ȼ ɈɊɍ 220 ɤȼ ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɫɨ ɫɬɨɪɨɧɵ ɧɢɡɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ Ɉɉɇ–ɉ1–

220/163/10/2III(IV)ɍɏɅ1ɮɢɪɦɵ ɁȺɈ «ɁɗɌɈ». 
  



55 
 

5 Ɋɟɥɟɣɧɚɹ ɡɚɳɢɬɚ ɢ ɚɜɬɨɦɚɬɢɤɚ 
 
ɋɢɥɨɜɨɟ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɟ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ, ɩɨɞɫɬɚɧɰɢɣ ɢ 

ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɟɬɟɣ ɞɨɥɠɧɨ ɛɵɬɶ ɡɚɳɢɳɟɧɨ ɨɬ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ ɢ 
ɧɚɪɭɲɟɧɢɣ ɧɨɪɦɚɥɶɧɵɯ ɪɟɠɢɦɨɜ ɭɫɬɪɨɣɫɬɜɚɦɢ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ, 
ɚɜɬɨɦɚɬɢɱɟɫɤɢɦɢ ɜɵɤɥɸɱɚɬɟɥɹɦɢ ɢɥɢ ɩɪɟɞɨɯɪɚɧɢɬɟɥɹɦɢ ɢ ɨɫɧɚɳɟɧɨ 
ɭɫɬɪɨɣɫɬɜɚɦɢ ɷɥɟɤɬɪɨɚɜɬɨɦɚɬɢɤɢ, ɜ ɬɨɦ ɱɢɫɥɟ ɭɫɬɪɨɣɫɬɜɚɦɢ ɩɪɨɬɢɜɨɚɜɚɪɢɣɧɨɣ 
ɚɜɬɨɦɚɬɢɤɢ ɢ ɭɫɬɪɨɣɫɬɜɚɦɢ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. 

Ɋɚɫɫɦɨɬɪɢɦ ɡɚɳɢɬɵ ɨɫɧɨɜɧɵɯ ɷɥɟɦɟɧɬɨɜ Ƚɗɋ: ɝɟɧɟɪɚɬɨɪɨɜ, 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɢ Ʌɗɉ. 

 
5.1 Ɍɟɯɧɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɡɚɳɢɳɚɟɦɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 
 
ɉɚɪɚɦɟɬɪɵ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 5.1, ɚ ɩɚɪɚɦɟɬɪɵ 

ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɜ ɬɚɛɥɢɰɟ 5.2. 
 

Ɍɚɛɥɢɰɚ 5.1 – ɉɚɪɚɦɟɬɪɵ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ 
Ɍɢɩ ɋȼ-835/180-36 

ɦɨɳɧɨɫɬɶ ɧɨɦɢɧɚɥɶɧɚɹ 
ɩɨɥɧɚɹ 111 ɆȼȺ 
ɚɤɬɢɜɧɚɹ 100 Ɇȼɬ 

ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ 13,8 

ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ cos φ 0,9 

ɱɚɫɬɨɬɚ 50 Ƚɰ 

ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ 166,7ɨɛ/ɦɢɧ 

ɱɢɫɥɨ ɮɚɡ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ (ɤɨɥɢɱɟɫɬɜɨ ɩɚɪɚɥɥɟɥɶɧɵɯ ɜɟɬɜɟɣ) 1 

ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɫɬɚɬɨɪɚ 3,857 ɤȺ 

ɬɨɤ ɪɨɬɨɪɚ ɩɪɢ ɧɨɦɢɧɚɥɶɧɨɣ ɧɚɝɪɭɡɤɟ 1,185 ɤȺ 

ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɤɨɥɶɰɚɯ ɪɨɬɨɪɚ ɩɪɢ ɧɨɦɢɧɚɥɶɧɨɣ ɧɚɝɪɭɡɤɟ 285 ȼ 

ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɨ 
ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ (ɨ.ɟ.) 

ɫɢɧɯɪɨɧɧɨɟ  Xd 0,94 
ɩɟɪɟɯɨɞɧɨɟ  X'd 0,30 
ɫɜɟɪɯɩɟɪɟɯɨɞɧɨɟ X"d 0,22 

ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɏ2 0,39 

ɟɦɤɨɫɬɶ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ 0,82ɦɤɮ 

 
Ɍɚɛɥɢɰɚ 5.2 – ɉɚɪɚɦɟɬɪɵ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
Ɍɢɩ ɌȾɐ - 125000/220 
ɦɨɳɧɨɫɬɶ ɧɨɦɢɧɚɥɶɧɚɹ 125 
ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ 242/13,8 

ɧɚɩɪɹɠɟɧɢɟ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ 11 

ɝɪɭɩɩɚ ɫɨɟɞɢɧɟɧɢɣ Yɧ/D-11 

 
5.2 ɉɟɪɟɱɟɧɶ ɡɚɳɢɬ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 
 
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɟɣɫɬɜɭɸɳɢɦɢ «ɉɪɚɜɢɥɚɦɢ ɭɫɬɪɨɣɫɬɜɚ 

ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ» ɩɪɢɧɢɦɚɟɦ ɤ ɭɫɬɚɧɨɜɤɟ ɫɥɟɞɭɸɳɢɟ ɜɢɞɵ ɡɚɳɢɬ ɧɚ ɨɫɧɨɜɧɨɦ 
ɨɛɨɪɭɞɨɜɚɧɢɢ.  

Ɂɚɳɢɬɵ ɝɟɧɟɪɚɬɨɪɚ ɋȼ-835/180-36 – 100 Ɇȼ∙Ⱥ: 



56 
 

 ɩɪɨɞɨɥɶɧɚɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɝɟɧɟɪɚɬɨɪɚ (ɨɬ ɦɟɠɞɭɮɚɡɧɵɯ 
ɄɁɜ ɨɛɦɨɬɤɚɯ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɢ ɧɚ ɟɝɨ ɜɵɜɨɞɚɯ); 

 ɡɚɳɢɬɚ ɨɬ ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ; 
 ɡɚɳɢɬɚ ɨɬ ɩɨɜɵɲɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ; 
 ɡɚɳɢɬɚ ɨɬ ɩɟɪɟɝɪɭɡɤɢ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ, ɤɨɧɬɪɨɥɶ ɞɥɢɬɟɥɶɧɨɫɬɢ 

ɮɨɪɫɢɪɨɜɤɢ; 
 Ɂɚɳɢɬɚ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ ɬɨɤɨɜ ɜɧɟɲɧɢɯ 

ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ ɢ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ 
ɝɟɧɟɪɚɬɨɪɚ; 

 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; 
 ɍɫɬɪɨɣɫɬɜɨ ɪɟɡɟɪɜɢɪɨɜɚɧɢɹ ɨɬɤɚɡɚ ɜɵɤɥɸɱɚɬɟɥɹ (ɍɊɈȼ) ɝɟɧɟɪɚɬɨɪɚ. 
Ɂɚɳɢɬɵ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌȾɐ-125000/220-ɍ1: 
– 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 220 ɤȼ; 

– Ɋɟɡɟɪɜɧɚɹ ɦɚɤɫɢɦɚɥɶɧɚɹ ɬɨɤɨɜɚɹ ɡɚɳɢɬɚ; 
– Ɂɚɳɢɬɚ ɨɬ ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ ɧɚ ɫɬɨɪɨɧɟ 13,8 ɤȼ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 

ɛɥɨɤɚ; 
– Ʉɨɧɬɪɨɥɶ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ ɞɥɹ ɩɭɫɤɚ ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 

ɛɥɨɤɚ;  
– Ɋɟɥɟ ɬɨɤɚ ɨɯɥɚɠɞɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɛɥɨɤɚ. 
– Ɂɚɳɢɬɚ ɨɬ ɩɨɬɟɪɢ ɨɯɥɚɠɞɟɧɢɹ; 
– Ɂɚɳɢɬɚ ɨɬ ɩɟɪɟɝɪɟɜɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. 
Ɂɚɳɢɬɵ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ 220 ɤȼ: 
– Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɨ–ɮɚɡɧɚɹ ɜɵɫɨɤɨɱɚɫɬɨɬɧɚɹ ɡɚɳɢɬɚ (ɨɬ ɜɫɟɯ ɜɢɞɨɜ ɄɁ); 
Ɋɟɡɟɪɜɧɵɟ ɡɚɳɢɬɵ: 
– Ɍɪɟɯɫɬɭɩɟɧɱɚɬɚɹ ɞɢɫɬɚɧɰɢɨɧɧɚɹ ɡɚɳɢɬɚ (ɨɬ ɦɟɠɞɭɮɚɡɧɵɯ ɡɚɦɵɤɚɧɢɣ); 
– 4-ɯ ɫɬɭɩɟɧɱɚɬɚɹ ɬɨɤɨɜɚɹ ɧɚɩɪɚɜɥɟɧɧɚɹ ɡɚɳɢɬɚ ɨɬ ɡɚɦɵɤɚɧɢɣ ɧɚ 

ɡɟɦɥɸ(ɌɇɁɇɉ); 
– Ɍɨɤɨɜɚɹ ɨɬɫɟɱɤɚ (ɨɬ ɛɥɢɡɤɢɯ ɦɟɠɞɭɮɚɡɧɵɯ ɡɚɦɵɤɚɧɢɣ); 
– ɍɊɈȼ 220ɤȼ (ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɨɬɤɥɸɱɟɧɢɹ ɄɁ ɩɪɢ ɨɬɤɚɡɚɯ 

ɜɵɤɥɸɱɚɬɟɥɟɣ 220ɤȼ). 
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Ɂɚɳɢɬɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ Ƚɗɋ: 
– Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɨɬ ɜɫɟɯ ɜɢɞɨɜ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ 
– Ɇɚɤɫɢɦɚɥɶɧɚɹ ɬɨɤɨɜɚɹ ɡɚɳɢɬɚ ɫ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɦ ɩɭɫɤɨɦ ɩɨ 

ɧɚɩɪɹɠɟɧɢɸ; 
– Ɂɚɳɢɬɚ ɨɬ ɩɟɪɟɝɪɭɡɤɢ; 
– Ɋɟɥɟ ɬɨɤɚ ɨɯɥɚɠɞɟɧɢɹ. 
 
5.3 Ɋɚɫɱёɬ ɧɨɦɢɧɚɥɶɧɵɯ ɬɨɤɨɜ 
 
Ⱦɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɫɱёɬɚ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ɧɨɦɢɧɚɥɶɧɵɟ ɬɨɤɢ ɧɚ 

ɝɟɧɟɪɚɬɨɪɧɨɦ ɢ ɧɚ ɜɵɫɲɟɦ ɧɚɩɪɹɠɟɧɢɢ. 
ɇɚ ɝɟɧɟɪɚɬɨɪɧɨɦ ɧɚɩɪɹɠɟɧɢɢ:  
 ːܫ ˆሺଵሻ = ܲː ˑˏ/ݏ݋ܥ𝜑√͵ ∙ ܷːˑˏ = ͳͲͲ/Ͳ,ͻ√͵ ∙ ͳ͵,ͺ = Ͷ,͸Ͷͺ ˍʏ; (5.1) 

 
ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɩɪɢɜɟɞёɧɧɵɣ ɤ ɧɢɡɲɟɣ 

ɫɬɨɪɨɧɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ:  
ːˆሺଶሻܫ  = 𝐼ːˆሺభሻ∙𝐾˔˘𝐾˕˕ = ସ଺ସ଼∙ଵ଼଴଴଴/ହ = ʹ,ͻͲ ʏ; (5.2) 

 
ɇɚ ɜɵɫɲɟɦ ɧɚɩɪɹɠɟɧɢɢ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ:  
ːሺଵሻ˅ܫ  = ͳͲͲ/Ͳ,ͻ√͵ ∙ ʹʹͲ = Ͳ,ʹͻͳ ˍʏ;  

 
ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɩɪɢɜɟɞёɧɧɵɣ ɤ ɧɢɡɲɟɣ ɫɬɨɪɨɧɟ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ:  
ːሺଶሻ˅ܫ  = 𝐼˅ːሺభሻ∙𝐾˔˘𝐾˕˕ = ଶସଵ∙√ଷ଺଴଴/ହ = ʹ,Ͳʹ ʏ; (5.3) 

 
5.4 Ɋɟɤɨɦɟɧɞɭɟɦɵɟ ɤ ɭɫɬɚɧɨɜɤɟ ɭɫɬɪɨɣɫɬɜɚ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ 
 
Ⱦɥɹ ɡɚɳɢɬɵ ɫɢɥɨɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɝɥɚɜɧɨɣ ɫɯɟɦɵ Ƚɗɋ ɢ ɥɢɧɢɣ 

ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɭɫɬɚɧɨɜɤɚ ɫɨɜɪɟɦɟɧɧɵɯ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɯ 
ɬɟɪɦɢɧɚɥɨɜ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɢ ɚɜɬɨɦɚɬɢɤɢ ɪɨɫɫɢɣɫɤɨɝɨ ɧɚɭɱɧɨ– 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɩɪɟɞɩɪɢɹɬɢɹ «ɗɄɊȺ». 

ɍɫɬɚɧɨɜɤɚ Ɉɬɟɱɟɫɬɜɟɧɧɨɝɨ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɨɡɜɨɥɢɬ 
ɢɡɛɟɠɚɬɶ ɜɨɡɦɨɠɧɨɝɨ ɜɦɟɲɚɬɟɥɶɫɬɜɚ ɢɡɜɧɟ ɜ ɪɚɛɨɬɭ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɚ ɬɚɤɠɟ 
ɭɦɟɧɶɲɢɬ ɡɚɬɪɚɬɵ. 

Ȼɥɚɝɨɞɚɪɹ ɛɥɨɱɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɰɢɮɪɨɜɵɯ ɬɟɪɦɢɧɚɥɨɜ ɢ ɦɨɞɭɥɶɧɨɦɭ 
ɩɪɨɝɪɚɦɦɧɨɦɭ ɨɛɟɫɩɟɱɟɧɢɸ, ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɟ ɡɚɳɢɬɵ ɨɛɟɫɩɟɱɢɜɚɸɬ 
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ɜɵɫɨɤɭɸ ɚɞɚɩɬɚɰɢɸ ɤ ɤɨɧɤɪɟɬɧɨɣ ɩɟɪɜɢɱɧɨɣ ɫɯɟɦɟ ɫɬɚɧɰɢɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɨɛɴɟɦɚ ɡɚɳɢɳɚɟɦɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɨɜ ɟɝɨ ɪɚɛɨɬɵ 

ɇɚɥɢɱɢɟ ɮɭɧɤɰɢɣ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɚɦɨɤɨɧɬɪɨɥɹ ɢ ɞɢɚɝɧɨɫɬɢɤɢ 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɫɨɤɭɸ ɝɨɬɨɜɧɨɫɬɶ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɯ ɡɚɳɢɬ ɩɪɢ ɧɚɥɢɱɢɢ 
ɬɪɟɛɨɜɚɧɢɹ ɤ ɫɪɚɛɚɬɵɜɚɧɢɸ, ɚ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜɵɫɨɤɨɢɧɬɟɝɪɢɪɨɜɚɧɧɵɯ ɢ 
ɜɵɫɨɤɨɧɚɞɟɠɧɵɯ ɦɢɤɪɨɫɯɟɦ – ɩɨɜɵɲɟɧɧɭɸ ɧɚɞɟɠɧɨɫɬɶ ɚɩɩɚɪɚɬɧɨɣ ɱɚɫɬɢ 
ɡɚɳɢɬɵ. 

 
5.5 ɉɪɨɞɨɥɶɧɚɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɝɟɧɟɪɚɬɨɪɚ 
 
ɉɪɨɞɨɥɶɧɚɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɝɟɧɟɪɚɬɨɪɚ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɨɣ 

ɛɵɫɬɪɨɞɟɣɫɬɜɭɸɳɟɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɣ (ܫʠ.ʖ.. <Ͳ,ʹ ∙  ːˑˏ) ɡɚɳɢɬɨɣ ɨɬ ɦɟɠɞɭɮɚɡɧɵɯܫ
ɄɁ ɜ ɨɛɦɨɬɤɟ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɢ ɧɚ ɟɝɨ ɜɵɜɨɞɚɯ. 

Ɂɚɳɢɬɚ ɜɵɩɨɥɧɹɟɬɫɹ ɬɪɟɯɮɚɡɧɨɣ ɢ ɩɨɞɤɥɸɱɚɟɬɫɹ ɤ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦ ɬɨɤɚ 
ɜ ɥɢɧɟɣɧɵɯ ɜɵɜɨɞɚɯ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɢ ɤ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦ ɬɨɤɚ ɜ 
ɧɟɣɬɪɚɥɶɧɵɯ ɜɵɜɨɞɚɯ. 

ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɝɟɧɟɪɚɬɨɪɚ: ܫʜ = Ͷ͸Ͷͺ ʏ. 
1) ɇɚɱɚɥɶɧɵɣ ɬɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɨɩɪɟɞɟɥɹɟɬ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɡɚɳɢɬɵ 

ɩɪɢ ɦɚɥɵɯ ɬɨɪɦɨɡɧɵɯ ɬɨɤɚɯ. ȼɟɥɢɱɢɧɚ ܫ˔˓଴ ɜɵɛɢɪɚɟɬɫɹ ɫ ɭɱɟɬɨɦ ɜɨɡɦɨɠɧɨɫɬɢ 
ɨɬɫɬɪɨɣɤɢ ɡɚɳɢɬɵ ɨɬ ɬɨɤɚ ɧɟɛɚɥɚɧɫɚ ɧɨɦɢɧɚɥɶɧɨɝɨ ɪɟɠɢɦɚ: 

ʜʐሺʜሻܫ  = ʝʓʜܭ ∙ 𝑖݂ ∙ ʜܫ = Ͳ,ͷ ∙ Ͳ,ͳ ∙ ʜܫ = Ͳ,Ͳͷ ∙  ʜ,   (5.4)ܫ
 

ɝɞɟ     ܭʝʓʜ = Ͳ,ͷ − ɤɨɷɮɮɢɰɢɟɧɬ ɨɞɧɨɬɢɩɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ; 
 𝑖݂ = Ͳ,ͳ − ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ. 
 
ʜʐሺʜሻܫ  = Ͳ,Ͳͷ ∙ Ͷ͸Ͷͺ = ʹ͵ʹ,Ͷ ʏ. 

 
ɍɫɬɚɜɤɚ ɜɵɛɢɪɚɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ: 
଴˓˔ܫ  ൒ ʜܭ ∙ ʜʐሺʜʜሻܫ = ʹ ∙ Ͳ,Ͳͷ ∙ ʜܫ = Ͳ,ͳ ∙  ʜ,   (5.5)ܫ
 

ɝɞɟ     ܭʜ = ʹ − ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ. 
 ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ: ܫ˔˓଴ = Ͳ,ͳͷ ∙ ʜܫ = ͸ͻ͹ Ⱥ. 

2) Ʉɨɷɮɮɢɰɢɟɧɬ ɬɨɪɦɨɠɟɧɢɹ ்ܭ ɨɩɪɟɞɟɥɹɟɬ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɡɚɳɢɬɵ ɤ 
ɩɨɜɪɟɠɞɟɧɢɹɦ ɩɪɢ ɩɪɨɬɟɤɚɧɢɢ ɬɨɤɚ ɧɚɝɪɭɡɤɢ. ȼɟɥɢɱɢɧɚ ்ܭ ɜɵɛɢɪɚɟɬɫɹ ɫ 
ɭɱɟɬɨɦ ɨɬɫɬɪɨɣɤɢ ɡɚɳɢɬɵ ɨɬ ɬɨɤɨɜ ɧɟɛɚɥɚɧɫɚ, ɜɵɡɜɚɧɧɵɯ ɩɨɝɪɟɲɧɨɫɬɹɦɢ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɩɪɢ ɫɤɜɨɡɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɹɯ. 
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 Ɇɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɧɟɛɚɥɚɧɫɚ ɩɪɢ ɜɧɟɲɧɟɦ ɬɪɟɯɮɚɡɧɨɦ ɄɁ ɪɚɜɟɧ: 
ʜʐሺʙʖሻܫ  = ʏʞܭ ∙ ʝʓʜܭ ∙ 𝑖݂ ∙  ʛʏʙʠ   (5.6)ܫ
 

ɝɞɟܭʏʞ = ʹ − ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɧɚɥɢɱɢɟ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ 
ɫɨɫɬɚɜɥɹɸɳɟɣ; 
 𝑖݂ = Ͳ,ͳ − ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ; 
ʝʓʜܭ  = Ͳ,ͷ − ɤɨɷɮɮɢɰɢɟɧɬ ɨɞɧɨɬɢɩɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ; 
ʛʏʙʠܫ  − ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɱɟɪɟɡ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ ɜ ɥɢɧɟɣɧɵɯ 
ɜɵɜɨɞɚɯ ɩɪɢ ɜɧɟɲɧɟɦ ɬɪɟɯɮɚɡɧɨɦ ɤɨɪɨɬɤɨɦ ɡɚɦɵɤɚɧɢɢ ɜ ɰɟɩɢ ɝɟɧɟɪɚɬɨɪɧɨɝɨ 
ɧɚɩɪɹɠɟɧɢɹ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɤɚɤ: 

ʛʏʙʠܫ  = ′′ௗݔ′̂′ܧ ∙  ʜ   (5.7)ܫ

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɧɟɛɚɥɚɧɫɚ: 
ʜʐሺʙʖሻܫ  = ʹ ∙ Ͳ,ͷ ∙ Ͳ,ͳ ∙ ଵ,ଵଷ଴,ଶଶ ∙ Ͷ͸Ͷͺ = ʹ͵ͺ͹ ʏ . 

 
Ʉɨɷɮɮɢɰɢɟɧɬ ɬɨɪɦɨɠɟɧɢɹ ɜɵɛɢɪɚɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ: 
 ʙʡ > ʜʐሺʙʖሻܫ ∙ ʙʜܫʛʏʙʠ , (5.8) 

 
ɝɞɟʙʜ = ʹ − Ʉɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ;  
 ʙʡ > ଶଷ଼଻∙ଶଶଷ଼଻ଷ,଼ଵ = Ͳ,ʹ. 

 
ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ ʙʡ = Ͳ,͵. 
3) ɍɫɬɚɜɤɚ ɧɚɱɚɥɶɧɨɝɨ ɬɨɪɦɨɠɟɧɢɹ (ɭɜɟɥɢɱɢɜɚɟɬ ɡɨɧɭ ɪɚɛɨɬɵ ɡɚɳɢɬɵ ɛɟɡ 

ɬɨɪɦɨɠɟɧɢɹ): 
ʜʡܫ  = ʠʟʙʡ∗ܫ = Ͳ,ͳͷͲ,͵ = Ͳ,ͷ. (5.9) 

 
4) Ɍɨɪɦɨɡɧɨɣ ɬɨɤ ܤ ɨɩɪɟɞɟɥɹɟɬ ɬɨɱɤɭ ɢɡɥɨɦɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɫɪɚɛɚɬɵɜɚɧɢɹ. 
ɉɪɢ ɜɵɛɨɪɟ ܤ ɞɨɥɠɧɨ ɜɵɩɨɥɧɹɬɶɫɹ ɭɫɥɨɜɢɟ: 
ܤ  ൒ ʠʟʙʡ∗ܫ = Ͳ,ͳͷͲ,͵ = Ͳ,ͷ. (5.10) 
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ɉɪɢɧɢɦɚɟɦ ɬɢɩɨɜɨɟ ɡɧɚɱɟɧɢɟ ɭɫɬɚɜɤɢ ܤ = ͳ,ͷ (ɩɪɢ ɷɬɨɦ ɭɫɥɨɜɢɟ 
ɜɵɩɨɥɧɹɟɬɫɹ). 

ɇɚ ɪɢɫɭɧɤɟ 5.1 ɩɪɢɜɟɞɟɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɡɚɳɢɬɵ: 

 

 
Ɋɢɫɭɧɨɤ 5.1 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɡɚɳɢɬɵ 

ɝɟɧɟɪɚɬɨɪɚ 
 

Ɂɚɳɢɬɚ ɞɟɣɫɬɜɭɟɬ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ 
ɩɨɥɟɣ, ɨɫɬɚɧɨɜ ɬɭɪɛɢɧɵ ɫɨ ɫɛɪɨɫɨɦ ɚɜɚɪɢɣɧɨ-ɪɟɦɨɧɬɧɵɯ ɡɚɬɜɨɪɨɜ ɢ ɧɚ ɩɭɫɤ 
ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɝɟɧɟɪɚɬɨɪɚ. 

 
5.6 Ɂɚɳɢɬɚ ɨɬ ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ 
 
Ɂɚɳɢɬɚ ɨɛɟɫɩɟɱɢɜɚɟɬ 100% ɨɯɜɚɬ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ, 

ɪɚɛɨɬɚɸɳɟɝɨ ɜ ɪɟɠɢɦɟ ɢɡɨɥɢɪɨɜɚɧɧɨɝɨ ɛɥɨɤɚ ɢ ɧɟ ɢɦɟɸɳɟɝɨ ɝɚɥɶɜɚɧɢɱɟɫɤɨɣ 
ɫɜɹɡɢ ɫ ɫɢɫɬɟɦɨɣ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ. 

Ɂɚɳɢɬɚ ɜɵɩɨɥɧɟɧɚ ɫ ɩɨɦɨɳɶɸ ɞɜɭɯ ɨɪɝɚɧɨɜ ɧɚɩɪɹɠɟɧɢɹ: 
1) ɉɟɪɜɵɣ ɨɪɝɚɧ (U0) ɪɟɚɝɢɪɭɟɬ ɧɚ ɨɫɧɨɜɧɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ ɧɚɩɪɹɠɟɧɢɹ 

ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ U0 ɢ ɡɚɳɢɳɚɟɬ 85-95% ɜɢɬɤɨɜ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɫɨ 
ɫɬɨɪɨɧɵ ɮɚɡɧɵɯ ɜɵɜɨɞɨɜ; U0 ɜɤɥɸɱɚɟɬɫɹ ɧɚ ɧɚɩɪɹɠɟɧɢɟ ɧɭɥɟɜɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 3U0 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. 

Ɋɚɫɱɟɬܷʝ Эʚ.ʠʡ.ɜɵɩɨɥɧɟɧ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɦɟɬɨɞɢɤɨɣ, ɪɟɤɨɦɟɧɞɨɜɚɧɧɨɣ 
Ɋɭɤɨɜɨɞɹɳɢɦɢ ɍɤɚɡɚɧɢɹɦɢ. 
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ɋɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ, ɨɛɭɫɥɨɜɥɟɧɧɨɝɨ 
ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɣ ɢɧɞɭɤɰɢɟɣ ɦɟɠɞɭ ɨɛɦɨɬɤɚɦɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5.2. 

 

 
Ɋɢɫɭɧɨɤ 5.2 – ɋɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ଴ܷэˎ.˔˕. 

 
ɇɚɩɪɹɠɟɧɢɟ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɩɪɢ ɡɚɦɵɤɚɧɢɢ ɧɚ ɡɟɦɥɸ ɧɚ 

ɫɬɨɪɨɧɟ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɪɚɜɧɨ: 
 U଴ = ͳ͵ ∙ ܷʜʝʛ ʑʜ √͵⁄ , (5.11) 

 U଴ = ͳ͵ · ʹͶʹ√͵ = Ͷ͸,ͷ͹ ˍʑ. 
 
ɋɭɦɦɚɪɧɚɹ ёɦɤɨɫɬɶ ɮɚɡɵ ɫɟɬɢ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ: 

Σܥ  = ʡܥ + ʠʒ + ʠʧ + ʠʑ.ʒ, (5.12) 
 
ɝɞɟ   ்ܥ ∙ ሺߤ଴ሻ – ёɦɤɨɫɬɶ ɦɟɠɞɭ ɨɛɦɨɬɤɚɦɢ ɜɵɫɲɟɝɨ ɢ ɧɢɡɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ 
ɨɞɧɨɣ ɮɚɡɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. ɉɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ 0,009 ɦɤɎ/ɮɚɡɭ; ܥʒ – ёɦɤɨɫɬɶ ɨɞɧɨɣ ɮɚɡɵ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɧɚ ɡɟɦɥɸ. ɉɪɢɧɢɦɚɟɬɫɹ 
ɪɚɜɧɨɣ 0,82 ɦɤɎ/ɮɚɡɭ; ܥʡ– ёɦɤɨɫɬɶ ɨɞɧɨɣ ɮɚɡɵ ɨɛɦɨɬɤɢ ɇɇ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚ ɡɟɦɥɸ. ɉɪɢɧɢɦɚɟɬɫɹ 
ɪɚɜɧɨɣ 0,0073 ɦɤɎ/ɮɚɡɭ; ܥ˛ – ёɦɤɨɫɬɶ ɲɢɧɨɩɪɨɜɨɞɚ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɡɟɦɥɟ. ɉɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ 0,008 
ɦɤɎ/ɮɚɡɭ; 
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 ʑ.ʒ – ёɦɤɨɫɬɶ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ 13,8 ɤȼ. ɉɪɢɧɢɦɚɟɦ ɪɚɜɧɨɣ 0,025ܥ
ɦɤɎ/ɮɚɡɭ. 
Σܥ  = Ͳ,ͲͲ͹͵ + Ͳ,ͺʹ + Ͳ,ͲͲͺ + Ͳ,Ͳʹͷ = Ͳ,ͺ͸ ˏˍʣ/˗˃ˊ˖,  

 
ɋɭɦɦɚɪɧɵɣ ёɦɤɨɫɬɧɨɣ ɬɨɤ ɫɟɬɢ 13,8 ɤȼ: 
௖ܫ  = ͳ,͹͵ ∙ ˎܷ ∙ 𝜔 ∙ ʠ∑ = ͳ,͹͵ ∙ ͳ͵,ͺ ∙ ͵ͳͶ ∙ Ͳ,ͺ͸ = ͸,Ͷͷ ʏ. (5.13) 
 
ɇɚɩɪɹɠɟɧɢɟ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɧɚ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɚ ɩɪɢ 

ɨɞɧɨɮɚɡɧɵɯ ɡɚɦɵɤɚɧɢɹɯ ɧɚ ɫɬɨɪɨɧɟ 220 ɤȼ: 
 ܷʝ Эʚ.ʠʡ = ʙ ∙ ܷ଴ ∙ ʠʡሺߤ଴ሻʠʡሺߤ଴ሻ + ʠΣ,  (5.14) 

 ܷʝ Эʚ.ʠʡ = Ͳ,ͷ ∙ Ͷ͸ͷ͹Ͳ ∙ Ͳ,ͲͲͻͲ,ͲͲͻ + Ͳ,ͺ͸ = ʹͶͳ ʑ. 
 

ɝɞɟ ଴ܷ – ɧɚɩɪɹɠɟɧɢɟ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɩɪɢ ɡɚɦɵɤɚɧɢɢ ɧɚ ɡɟɦɥɸ ɧɚ 
ɫɬɨɪɨɧɟ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ; ܭ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ଴ܷ ɨɛɦɨɬɤɟ ȼɇ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ Ɋɭɤɨɜɨɞɹɳɢɦɢ ɍɤɚɡɚɧɢɹɦɢ ɞɥɹ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɪɚɛɨɬɚɸɳɢɯ ɫ ɝɥɭɯɨɡɚɡɟɦɥёɧɧɨɣɧɟɣɬɪɚɥɶɸ, ɩɪɢɧɢɦɚɟɬɫɹ 
ɪɚɜɧɵɦ 0,5;  

ɇɚɩɪɹɠɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɜɵɪɚɠɟɧɢɸ: 
 ˔ܷ˓ ൒ ʙːʙ˅ ∙ ͵̞݊ː ∙ ଴ܷ эˎ.˔˕. (5.15) 

 
ɝɞɟʙː=1,5 – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ; ݊˕ː – ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ Ɍɇ; ʙ˅ =0,95 – ɤɨɷɮɮɢɰɢɟɧɬ ɜɨɡɜɪɚɬɚ. 

 

˔ܷ˓ ൒ ͳ,ͷͲ,ͻͷ ∙ ͵ଵଷ,଼√ଷ∙బ,భయ
∙ ʹͶͳ,  

 ܷʠʟ ൒ Ͷ,͹͹ 
 

 ଴ܷ ɢɦɟɟɬ ɭɫɬɚɜɤɭ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɨ ɧɚɩɪɹɠɟɧɢɸ ɧɭɥɟɜɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɪɟɝɭɥɢɪɭɟɦɭɸ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 5 ɞɨ 20 ȼ. 

ɉɪɢɧɢɦɚɟɦ ɫɥɟɞɭɸɳɢɟ ɭɫɬɚɜɤɢ: ଴ܷଵ𝐺ɫ ɭɫɬɚɜɤɨɣ 5 ȼ ɞɟɣɫɬɜɭɟɬ ɫ 
ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 9,0 ɫ ɞɟɣɫɬɜɭɟɬ ɧɚ ɫɢɝɧɚɥ; ଴ܷଶ𝐺 ɫ ɭɫɬɚɜɤɨɣ 10 ȼ ɢ 
ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 0,5ɫ ɞɟɣɫɬɜɭɟɬ ɧɚ ɪɚɡɝɪɭɡɤɭ ɚɝɪɟɝɚɬɚ; ଴ܷ𝐺 ɫ ɭɫɬɚɜɤɨɣ 
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ɪɚɜɧɨɣ 15 ȼ ɢ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 0,5 ɫ ɞɟɣɫɬɜɭɟɬ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ 
ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ ȽȽ ɢ ȼȽ ɢ ɨɫɬɚɧɨɜ ɬɭɪɛɢɧɵ ɫɨ ɫɛɪɨɫɨɦ ɚɜɚɪɢɣɧɨ-
ɪɟɦɨɧɬɧɵɯ ɡɚɬɜɨɪɨɜ. 

2) ȼɬɨɪɨɣ ɨɪɝɚɧ ଴ܷଷɪɟɚɝɢɪɭɟɬ ɧɚ ɫɨɨɬɧɨɲɟɧɢɟ ɧɚɩɪɹɠɟɧɢɟ ɬɪɟɬɟɣ 
ɝɚɪɦɨɧɢɤɢ ɢ ɜ ɧɟɣɬɪɚɥɢ ɧɚ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɚ ɢ ɡɚɳɢɳɚɟɬ ɩɨɪɹɞɤɚ 30% 
ɜɢɬɤɨɜ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɫɨ ɫɬɨɪɨɧɵ ɧɟɣɬɪɚɥɢ. 

Ⱦɥɹ ɨɪɝɚɧɚ ଴ܷଷ ɭɫɬɚɜɤɚ ɩɨ ɤɨɷɮɮɢɰɢɟɧɬɭ ɬɨɪɦɨɠɟɧɢɹ ɪɟɝɭɥɢɪɭɟɬɫɹ ɨɬ 1 
ɞɨ 3. 

Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɧɟɣɬɪɚɥɢ ɝɟɧɟɪɚɬɨɪɚ ɞɨ ɦɟɫɬɚ ɡɚɦɵɤɚɧɢɹ ɜ ɨɛɦɨɬɤɟ ɫɬɚɬɨɪɚ 
ɡɚɜɢɫɢɬ ɨɬܭʡ: 

 ʤ = ͳʙ˕ + ʹ = ͳͳ,ʹ + ʹ = Ͳ,͵ ˑ. ˈ. (5.16) 

 
ɉɪɢܭʡ = ͳ,ʹ ɨɪɝɚɧ ଴ܷଷ ɪɚɛɨɬɚɟɬ ɫɟɥɟɤɬɢɜɧɨ ɢ ɡɚɳɢɳɚɟɬ 32,3 % ɨɛɦɨɬɤɢ 

ɫɬɚɬɨɪɚ ɫɨ ɫɬɨɪɨɧɵ ɧɟɣɬɪɚɥɢ. 
Ɂɚɳɢɬɚ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 0,5 ɫ ɞɟɣɫɬɜɭɟɬ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ 

ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ ɢ ɨɫɬɚɧɨɜ ɬɭɪɛɢɧɵ ɫɨ ɫɛɪɨɫɨɦ ɚɜɚɪɢɣɧɨ-ɪɟɦɨɧɬɧɵɯ 
ɡɚɬɜɨɪɨɜ.  

 
5.7 Ɂɚɳɢɬɚ ɨɬ ɩɨɜɵɲɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ 
 
1) ɍɫɬɚɜɤɚ ɤɨɦɩɥɟɤɬɚ U2> ɜɵɛɢɪɚɟɬɫɹ: 

 U˔˓૛ = ͳ,Ͷ · Uːnʡʜ , 
 

(5.17) 

U˔˓૛ = ͳ,Ͷ · ͳ͵ͺͲͲͳ͵ͺͲͲ/ͳͲͲ = ͳͶͲʑ;  

 
2) ȼ ɞɨɩɨɥɧɟɧɢɟ ɤ ɜɵɲɟɭɤɚɡɚɧɧɨɣ ɡɚɳɢɬɟ ɧɚ ɝɟɧɟɪɚɬɨɪɟ ɩɪɟɞɭɫɦɨɬɪɟɧ 

ɜɬɨɪɨɣ ɨɪɝɚɧ U1> ɫ ɭɫɬɚɜɤɨɣ ͳ,ʹ ∙ ܷʜ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɪɚɛɨɬɵ ɜ ɪɟɠɢɦɟ 
ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɢɥɢ ɩɪɢ ɫɛɪɨɫɟ ɧɚɝɪɭɡɤɢ.  Uͳ >ɜɜɨɞɢɬɫɹ ɜ ɪɚɛɨɬɭ ɜ ɪɟɠɢɦɟ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɝɟɧɟɪɚɬɨɪɚ: 

 U˔˓૚ = ͳ,ʹ · Uːnʡʜ , 
 

(5.18) 
 U˔˓૚ = ͳ,ʹ · ͳ͵ͺͲͲͳ͵ͺͲͲ/ͳͲͲ = ͳʹͲʑ;  

 
ɍɫɬɚɜɤɚ ɨɪɝɚɧɚɬɨɤɚ, ɤɨɧɬɪɨɥɢɪɭɸɳɟɝɨ ɨɬɫɭɬɫɬɜɢɟ ɬɨɤɚ ɜ ɰɟɩɢ ɝɟɧɟɪɚɬɨɪɚ 

ɧɚ ɫɬɨɪɨɧɟ 220 ɤȼ ɩɪɢɧɢɦɚɟɬɫɹ ɦɢɧɢɦɚɥɶɧɨɣ ɪɚɜɧɨɣ Ͳ,Ͳͻ · Iː. 
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Ɂɚɳɢɬɚ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 0,5 ɫ ɞɟɣɫɬɜɭɟɬ ɧɚ ɨɬɤɥɸɱɟɧɢɟ 
ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 

 
5.8 Ɂɚɳɢɬɚ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ 

ɩɟɪɟɝɪɭɡɨɤ ɢ ɜɧɟɲɧɢɯ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ 
 
Ɂɚɳɢɬɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɥɢɤɜɢɞɚɰɢɢ ɧɟɞɨɩɭɫɬɢɦɵɯ 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 ɪɟɚɝɢɪɭɟɬ ɧɚ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɬɨɤ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ܫ∗ଶ: 
ଶ∗ܫ  =  ʜ, (5.19)ܫଶܫ

 
ɝɞɟ ܫଶ– ɬɨɤ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜ ɩɟɪɜɢɱɧɨɣ ɰɟɩɢ ɝɟɧɟɪɚɬɨɪɚ,  ܫʜ– ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɝɟɧɟɪɚɬɨɪɚ ɜ ɩɟɪɜɢɱɧɨɣ ɰɟɩɢ. 

Ⱦɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɧɟɫɢɦɦɟɬɪɢɱɧɨɝɨ ɪɟɠɢɦɚ ɩɪɢ ɧɟɢɡɦɟɧɧɨɦ 
ɡɧɚɱɟɧɢɢ ɬɨɤɚ ܫଶ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ: 

ʓʝʞݐ  = ଶଶ∗ܫܣ , (5.20) 

 
ɝɞɟ ܣ = ͵Ͳ – ɩɚɪɚɦɟɬɪ, ɡɚɞɚɧɧɵɣ ɡɚɜɨɞɨɦ-ɢɡɝɨɬɨɜɢɬɟɥɟɦ. 

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: ܫ∗ଶʠʗʒʜ = Ͳ,Ͳ͹; ܫଶʠʗʒʜ = Ͳ,Ͳ͹ ∙  .ʜܫ
2) ɉɭɫɤɨɜɨɣ ɨɪɝɚɧ ሺܫଶʞʢʠʙሻ ɫɪɚɛɚɬɵɜɚɟɬ ɛɟɡ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɩɪɢ 

ɭɜɟɥɢɱɟɧɢɢ ɡɧɚɱɟɧɢɹ ܫଶɜɵɲɟ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢ ɨɫɭɳɟɫɬɜɥɹɟɬ ɩɭɫɤ 
ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ. Ɍɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɭɫɤɨɜɨɝɨ ɨɪɝɚɧɚ ɜɵɛɢɪɚɟɬɫɹ ɩɨ 
ɭɫɥɨɜɢɸ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɞɟɠɧɨɝɨ ɩɭɫɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɩɪɢݐʛʏʙʠ = ͹ͷͲ ˔. 

ɉɪɢ ɷɬɨɦ: 
ଶ∗ܫ  = √ʏݐ = √ ʹͲ͹ͷͲ = Ͳ,ʹʹ. (5.21) 
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ɍɫɬɚɜɤɚ ɪɚɜɧɚ: 
ଶʞʢʠʙ∗ܫ  = ଶʙʜ∗ܫ = Ͳ,ʹʹͳ,ʹ = Ͳ,ͳͺ, (5.22) 

 
ɝɞɟʙʜ = ͳ,ʹ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ. 
ଶʞʢʠʙܫ  = Ͳ,ͳͺ ∙  ʜ. (5.23)ܫ

 
ɉɪɢ ɷɬɨɦ ɞɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɟɪɟɝɪɭɡɤɢ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ 

ɩɨ ɬɟɩɥɨɜɨɦɭ ɞɟɣɫɬɜɢɸ ɬɨɤɚ, ɪɚɜɧɨɝɨ ܫ∗ଶʞʢʠʙ = Ͳ,ͳͺ: 
ʓʝʞݐ  = ͵ͲͲ,ͳͺଶ ≈ ͻʹ͸ ˔.  

 
3) ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ ɫɪɚɛɚɬɵɜɚɟɬ ɩɪɢ ɭɞɚɥɟɧɧɵɯ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ 

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

ʠʟݐ  = ʹͲሺܫ∗ଶሻଶ, 
 

(5.24) ʏʗʝ = ͵Ͳ = ଶଶ∗ܫ ∙   .ʠʟݐ
 

Ⱦɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɨɜ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜ ɝɟɧɟɪɚɬɨɪɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 5.3. 

 
Ɍɚɛɥɢɰɚ 5.3 – Ⱦɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɨɜ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜ ɝɟɧɟɪɚɬɨɪɟ 

Ʉɪɚɬɧɨɫɬɶ ɩɟɪɟɝɪɭɡɤɢ ɩɨ ɬɨɤɭ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ I2/Iɧ 1,0 0,6 0,5 0,4 0,3 0,2 

Ⱦɥɢɬɟɥɶɧɨɫɬɶ (ɫ) 30 83 120 188 333 750 
 
ɏɚɪɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɛɪɚɬɧɨɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ ɢ ɜɧɟɲɧɢɯ 
ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ (I2) ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5.3. 
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Ɋɢɫɭɧɨɤ 5.3 –ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ ɢ ɜɧɟɲɧɢɯ 

ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ (I2) 
 
ɂɫɯɨɞɹ ɢɡ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɜɪɟɦɹ 

ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɪɢɧɢɦɚɟɦ: t ɦɢɧ. = 30 ɫ, t ɦɚɤɫ. = 750 ɫ. 
ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ ɢɦɢɬɢɪɭɟɬ ɩɪɨɰɟɫɫ ɨɯɥɚɠɞɟɧɢɹ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ 

ɩɨɫɥɟ ɭɫɬɪɚɧɟɧɢɹ ɩɟɪɟɝɪɭɡɤɢ ɩɨ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɦɭ ɡɚɤɨɧɭ. ɂɧɬɟɝɪɚɥɶɧɵɣ 
ɨɪɝɚɧ ɞɟɣɫɬɜɭɟɬ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 

4) Ɉɪɝɚɧ ɬɨɤɨɜɨɣ ɨɬɫɟɱɤɢ ሺܫଶʝʡʠሻ 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 ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 

ɉɨ ɜɬɨɪɨɦɭ ɭɫɥɨɜɢɸ: 
ɚ) ɩɨ ɭɫɥɨɜɢɸ ɨɛɟɫɩɟɱɟɧɢɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɩɪɢ ɞɜɭɯɮɚɡɧɵɯ ɤɨɪɨɬɤɢɯ 

ɡɚɦɵɤɚɧɢɹɯ ɧɚ ɲɢɧɚɯ ȼɇ ɛɥɨɤɚ: 
ʙʏଵܫ  ൑ ʦܭଶଶܫ = ͳͳ,͵ ∙ ቀݔௗ′′ ∙ ሺ୙ʑʜ୙ʜʜሻଶ + ଶʒݔ ∙ ሺ୙ʑʜ୙ʜʜሻଶ + ʹ ∙  ʡቁ, (5.25)ݔ

 
ɝɞɟ ݔௗ′′ - ɫɜɟɪɯɩɟɪɟɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ ɩɨ ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ;  ݔʒ - ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɝɟɧɟɪɚɬɨɪɚ;  ݔʡ - ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ. 
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ʙʏଵܫ ൑ ͳͳ,͵ ∙ ቀͲ,ʹʹ ∙ ሺଶସଶଵଷ,଼ሻଶ + Ͳ,͵ͻ ∙ ሺଶସଶଵଷ,଼ሻଶ + ʹ ∙ Ͳ,ͳͳቁ = Ͳ,ͲͲ͹ ˑ. ˈ.  

 
ɛ) ɩɨ ɭɫɥɨɜɢɸ ɨɛɟɫɩɟɱɟɧɢɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɤ ɩɨɜɪɟɠɞɟɧɢɹɦ ɜ ɤɨɧɰɟ 

ɥɢɧɢɣ 220 ɤȼ ɩɪɢ ɨɬɤɥɸɱɟɧɢɢ ɜɵɤɥɸɱɚɬɟɥɟɣ ɧɚ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɦ ɤɨɧɰɟ ȼɅ ɢ 
ɪɚɛɨɬɟ ɜɫɟɯ ɝɟɧɟɪɚɬɨɪɨɜ: 

.ଶʠ.ʖܫ  ൑ ʹ ∙ Ͳ,ͲͲ͹ ∙ ʹͶʹͳ,ʹ ∙ ͳ͵,ͺ = ሺͲ,ͳ͸ ∙  ʜሻ, (5.26)ܫ

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

 
5.9 Ɂɚɳɢɬɚ ɨɬ ɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ ɫɬɚɬɨɪɚ 
 
Ɂɚɳɢɬɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɥɢɤɜɢɞɚɰɢɢ ɧɟɞɨɩɭɫɬɢɦɵɯ ɩɟɪɟɝɪɭɡɨɤ 

ɨɛɦɨɬɨɤ ɫɬɚɬɨɪɚ. Ɂɚɳɢɬɚ ɜɵɩɨɥɧɟɧɚ ɫ ɡɚɜɢɫɢɦɨɣ ɨɬ ɬɨɤɚ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ ɢ 
ɫɨɞɟɪɠɢɬ ɫɥɟɞɭɸɳɢɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɨɪɝɚɧɵ: 

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

ɍɫɬɚɜɤɚ ɫɢɝɧɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɪɚɜɧɚ: 
 Iଵ˔ˋˆː = ʙʜ ∙ Iʜʙʑ = ͳ,Ͳͷ ∙ IʜͲ,ͻͺ = ͳ,Ͳ͹Iʜ, (5.27) 

 
ɝɞɟ  Ʉɇ=1,05 – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ, 

Ʉȼ=0,98 – ɤɨɷɮɮɢɰɢɟɧɬ ɜɨɡɜɪɚɬɚ. 
ȼɵɞɟɪɠɤɚ ɜɪɟɦɟɧɢ t=9,0 ɫ. 
2) ɉɭɫɤɨɜɨɣ ɨɪɝɚɧ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɛɟɡ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɩɪɢ 

ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ɜɵɲɟ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢ ɨɫɭɳɟɫɬɜɥɹɸɳɢɣ ɩɭɫɤ 
ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ. 

ɍɫɬɚɜɤɚ ɩɭɫɤɨɜɨɝɨ ɨɪɝɚɧɚ ɪɚɜɧɚ: 
 Iଵ˒˖˔ˍ = ͳ,Ͳͺ ∙ IʜͲ,ͻͺ = ͳ,ͳ ∙ Iʜ, (5.28) 

 
3) ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ ɫɪɚɛɚɬɵɜɚɟɬ ɫ ɡɚɜɢɫɢɦɨɣ ɨɬ ɬɨɤɚ ɜɵɞɟɪɠɤɨɣ 

ɜɪɟɦɟɧɢ. 
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ɍɫɬɚɜɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɢɧɬɟɝɪɚɥɶɧɨɣ 
ɩɟɪɟɝɪɭɡɨɱɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ, ɩɪɢɜɟɞɟɧɧɨɣ ɜ ɬɚɛɥɢɰɟ 5.4. 

 
Ɍɚɛɥɢɰɚ 5.4 – ɂɧɬɟɝɪɚɥɶɧɚɹ ɩɟɪɟɝɪɭɡɨɱɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ 

Ʉɪɚɬɧɨɫɬɶ ɩɟɪɟɝɪɭɡɤɢ, I/I ɇ 1,1 1,15 1,2 1,25 1,3 1,4 1,5 2,0 
Ⱦɥɢɬɟɥɶɧɨɫɬɶ ɩɟɪɟɝɪɭɡɤɢ (ɫ) 3800 1200 450 340 280 160 80 3 

 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɬ ɫɢɦɦɟɬɪɢɱɧɵɯ 

ɩɟɪɟɝɪɭɡɨɤ ሺܫଵሻ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5.4. 
 

 
Ɋɢɫɭɧɨɤ 5.4 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ 

 
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. 
4) Ɉɪɝɚɧ ɬɨɤɨɜɨɣ ɨɬɫɟɱɤɢ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɫ ɧɟɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ 

ɜɪɟɦɟɧɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ɜɵɲɟ ɡɧɚɱɟɧɢɹ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ. 
ɍɫɬɚɜɤɚ ɨɪɝɚɧɚ ɨɬɫɟɱɤɢ: 

 Iଵˑ˕˔ = ͳ,ʹ ∙ IːˑˏͲ,ͻͺ = ͳ,ʹʹͶ ∙ Iːˑˏ, (5.29) 

 
Ɍɨɤɨɜɚɹ ɨɬɫɟɱɤɚ ɜɵɩɨɥɧɟɧɚ ɫ ɩɭɫɤɨɦ ɩɨ ɦɢɧɢɦɚɥɶɧɨɦɭ ɧɚɩɪɹɠɟɧɢɸ UȽ<. 

ɇɚɩɪɹɠɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɪɢɧɹɬɨ ɪɚɜɧɵɦ: 
 Uʠʟ = Ͳ,͸ͺ ∙ Uːˑˏʙʑ ∙ nʡ = Ͳ,͸ͺ ∙ ͳ͵ͺͲͲͳ,Ͳ͵ ∙ ͳ͵ͺͲͲ/ͳͲͲ = ͸͸ʑ. (5.30) 
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Ɉɬɫɟɱɤɚ ɞɟɣɫɬɜɭɟɬ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 8,5 ɫɧɚ ɨɬɤɥɸɱɟɧɢɟ ɛɥɨɱɧɵɯ 
ɜɵɤɥɸɱɚɬɟɥɟɣ 220 ɤȼ ɢ ɜɵɤɥɸɱɚɬɟɥɟɣ Ɍɋɇ, ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 9,0 ɫɧɚ 
ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ ɢ ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 

 
5.10 Ⱦɢɫɬɚɧɰɢɨɧɧɚɹ ɡɚɳɢɬɚ ɝɟɧɟɪɚɬɨɪɚ 

 
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 1 ɫ. 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: 
 ܼଵ ൑ Ͳ,ͺ ∙ ܼʡ + Ͳ,ͺܭʡ ∙ ܼଵʚ′ . (5.31) 

 
ɝɞɟ ܭʡ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɤɨɥɢɱɟɫɬɜɨ ɨɬɯɨɞɹɳɢɯ ɥɢɧɢɣ; ܼʡ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɚɫɮɨɪɦɚɬɨɪɚ, ɩɪɢɜɟɞɟɧɧɨɟ ɤ ɧɚɩɪɹɠɟɧɢɸ ɫɬɨɪɨɧɵ  

220 ɤȼ; 
Z1Ʌ’ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɥɢɧɢɢ. 

 ܼʡ = Ͳ,ͳͳ ∙ ʹ͵Ͳͳʹͷ ʹ = Ͷ͸,ͷͷ ʝˏ. (5.32) 

 ܼଵ ൑ Ͳ,ͺ ∙ Ͷ͸,ͷͷ + Ͳ,ͷͅ ∙ ͷ͹,͸ͳ = Ͷ͸,Ͷ͸ ʝˏ.  

 
ȼ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ, ɩɪɢɜɟɞɟɧɧɵɯ ɤ ɧɨɦɢɧɚɥɶɧɵɦ ɩɚɪɚɦɟɬɪɚɦ 

ɝɟɧɟɪɚɬɨɪɚ: 
 ܼଵ ˑ.ˈ. ൑ Ͳ,ͺ ∙ Ͳ,ͳͳ ∙ ͳͳͳͳʹͷ + Ͳ,ͷͅ ∙ ͳͳͳʹ͵Ͳʹ ∙ ͷ͹,͸ͳ = Ͳ,ͳ. (5.33) 

 ܼଵɜ ɩɟɪɜɢɱɧɵɯ Ɉɦɚɯ ɫɨɫɬɚɜɢɬ: 
 ܼଵ = ܼଵ ˑ.ˈ. ∙ ܼ˄ = Ͳ,ͳ ∙ ʹ,Ͷͺ = Ͳ,ʹͶͺ ʝˏ, (5.34) 
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ɝɞɟ ܼ˄ = ௎మ˄ௌʜʒ = ଵହ,଻ହమଵ଴଴ = ʹ,Ͷͺ. 
 
ɍɫɬɚɜɤɚ ɧɚ ɪɟɥɟ ɛɭɞɟɬ ɪɚɜɧɚ: 
 ܼଵ𝐶ଷ = ܼଵ ∙ ݊ʡ݊ʜ = Ͳ,ʹͶͺ ∙ ͺͲͲͲͷͳ͵,ͺͲ,ͳ = ʹ,ͺ͹ ʝˏ. (5.35) 

 
ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ ܼଵ = ʹ,ͻ ʝˏ. 
 
ȼɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ 1 ɫɬɭɩɟɧɢ: 
2) Ɏɭɧɤɰɢɹ ΔZ ɨɬɥɢɱɚɟɬ ɩɨɜɪɟɠɞɟɧɢɟ ɨɬ ɤɚɱɚɧɢɣ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɟ ɩɨ 

ɫɤɨɪɨɫɬɢ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɩɨɥɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɟ. ȼɜɢɞɭ ɨɬɫɭɬɫɬɜɢɹ 
ɧɟɨɛɯɨɞɢɦɵɯ ɞɚɧɧɵɯ ɞɥɹ ɪɚɫɱɟɬɚ ɩɪɢɧɢɦɚɟɦ ∆ܼ = ͵Ͳ ʝˏ˔ˈˍ. 

3) ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ ɜɵɛɢɪɚɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ 
ɨɬɫɬɪɨɣɤɢ ɨɬ ɪɟɠɢɦɚ ɧɚɝɪɭɡɤɢ ɢ ɪɟɠɢɦɚ ɮɨɪɫɢɪɨɜɤɢ ɜɨɡɛɭɠɞɟɧɢɹ. 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚɝɪɭɡɤɢ ɜ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ: 
 Zː˃ˆ˓ = Uːˑˏ√͵ ∙ Iː˃ˆ˓, (5.36) 

 
ɝɞɟ Iɧɚɝɪ – ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɫɬɚɬɨɪɚ, Ⱥ. 

 Zː˃ˆ˓ = ͳ͵ͺͲͲ√͵ ∙ Ͷ͸Ͷͺ = ͳ,͹ͳ ʝˏ.  

 
Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɧɚɝɪɭɡɤɢ ɜ ɪɟɠɢɦɟ ɮɨɪɫɢɪɨɜɤɢ 

ɜɨɡɛɭɠɞɟɧɢɹ ɝɟɧɟɪɚɬɨɪɚ ɜɵɩɨɥɧɹɟɬɫɹ ɪɚɫɱɟɬ ɬɨɤɚ ɫɬɚɬɨɪɚ ɩɪɢ ɞɜɨɣɧɨɦ ɬɨɤɟ 
ɜɨɡɛɭɠɞɟɧɢɹ (2Iɜ.ɧ.) ɢ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɡɚɠɢɦɚɯ ɫɬɚɬɨɪɚ 0,95Uɧ. (ɛɟɡ ɭɱɟɬɚ 
ɧɚɫɵɳɟɧɢɹ): 

 Iʣ = ଶ∙୍˅.ːˑˏ୍˅.˘˘ − Ͳ,ͻͷXୢ , (5.37) 

 
ɝɞɟ Iɜ.ɯɯ– ɬɨɤ ɪɨɬɨɪɚ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ, Ⱥ; 

Xd – ɫɢɧɯɪɨɧɧɨɟ ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ ɩɨ ɩɪɨɞɨɥɶɧɨɣ 
ɨɫɢ. 

 Iʣ = ʹ ∙ ʹ − Ͳ,ͻͷͲ,ͻͶ = ͵,ʹͶ ˑ. ˈ.  
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ɋ ɭɱɟɬɨɦ ɧɚɫɵɳɟɧɢɹ ɦɚɲɢɧɵ ɜɟɥɢɱɢɧɚ ɬɨɤɚ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɜ ɪɟɠɢɦɟ 
ɮɨɪɫɢɪɨɜɤɢ ɩɪɢɧɢɦɚɟɬɫɹ ʹ,ͷ ∙  .ʜʝʛܫ

ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚɝɪɭɡɤɢ ɜ ɷɬɨɦ ɪɟɠɢɦɟ: 
 Zː˃ˆ˓.˗ = Ͳ,ͻͷ ∙ UʜIʣ , (5.38) 

 Zː˃ˆ˓.˗ = Ͳ,ͻͷ ∙ ͳʹ,ͷ = Ͳ,͵ͺ ˑ. ˈ.                                                 

 cosφː˃ˆ˓ ˗ = cosφːͲ,ͻͷ ∙ Iʣ, (5.39) 

 cosφː˃ˆ˓ ˗ = Ͳ,ͻͲ,ͻͷ ∙ ʹ,ͷ = Ͳ,͵ͺ.  

 
ɍɝɨɥ ɧɚɝɪɭɡɤɢ ɜ ɪɟɠɢɦɟ ɮɨɪɫɢɪɨɜɤɢ ɪɚɜɟɧ φɧɚɝɪ.ɮ≈ 68ɨ. 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɧɹɬɨ: 
 Z˔ˊ୍୍∗ = Zː˃ˆ˓.˗ʙː , (5.40) 

 Z˔ˊ୍୍∗ = Ͳ,͵ͺͳ,ͳ = Ͳ,͵ͷ ˑ. ˈ.  

 Z˔ˊ୍୍ = Z˔ˊ୍୍∗ ∙ Z˄, (5.41) 
 Z˔ˊ୍୍ = Ͳ,͵ͷ ∙ ͳͷ,͹ͷଶͳʹͷ = Ͳ,͸ͺ ʝˏ.   

 
Ɂɧɚɱɟɧɢɟ ɭɫɬɚɜɤɢ ɧɚ ɪɟɥɟ ɫɨɫɬɚɜɢɬ: 
 Z˔˓୍୍ = Z˔ˊ୍୍ ∙ n˕nː , (5.42) 

 Z˔˓୍୍ = Ͳ,͸ͻ ∙ ͺͲͲͲ/ͷͳ͵ͺͲͲ/ͳͲͲ = ͺ ʝˏ.  

 
ɉɪɢɧɢɦɚɟɬɫɹ ɭɫɬɚɜɤɚZII= 8 Ɉɦ. 
 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɵ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 

ɪɢɫɭɧɤɟ 5.5. 
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Ɋɢɫɭɧɨɤ 5.5 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɵ 

 
ȼɟɥɢɱɢɧɚ ɫɦɟɳɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɨ ɨɫɢ ɦɚɤɫɢɦɚɥɶɧɨɣ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɫɨɫɬɚɜɥɹɟɬ 12%. ɍɫɬɚɜɤɢ ɩɨ ɫɨɩɪɨɬɢɜɥɟɧɢɸ ɫɦɟɳɟɧɢɹ: 
Zɫɦ1=0,35 Ɉɦ, ZɫɦII=0,96 Ɉɦ. 

ȼɵɞɟɪɠɤɚ ɜɪɟɦɟɧɢ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ ɞɨɥɠɧɚ ɛɵɬɶ ɨɬɫɬɪɨɟɧɚ ɨɬ 
ɧɚɢɛɨɥɶɲɟɣ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɪɟɡɟɪɜɧɵɯ ɡɚɳɢɬ ɥɢɧɢɣ. ȼɬɨɪɚɹ ɫɬɭɩɟɧɶ 
ɞɟɣɫɬɜɭɟɬ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 8,5 ɫ – ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɛɥɨɱɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ 
220 ɤȼ ɢ ɜɵɤɥɸɱɚɬɟɥɟɣ 0,4 ɤȼ Ɍɋɇ, ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 9,0 ɫ – ɧɚ 
ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ ɢ ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 

 
5.11 Ɂɚɳɢɬɚ ɪɨɬɨɪɚ ɨɬ ɩɟɪɟɝɪɭɡɤɢ 
 
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 ɞɟɣɫɬɜɭɸɳɢɣ ɜ 
ɩɪɟɞɭɩɪɟɞɢɬɟɥɶɧɭɸ ɫɢɝɧɚɥɢɡɚɰɢɸ. ɍɫɬɚɜɤɚ ɫɢɝɧɚɥɶɧɨɝɨ ɨɪɝɚɧɚ: 

ːˆˋ˔ܫ  = ʙː ∙ Iːˑˏʙ˅ = ͳ,Ͳͷ ∙ IːˑˏͲ,ͻͺ = ͳ,Ͳ͹ ∙ Iːˑˏ. (5.43) 

 
2) ɉɭɫɤɨɜɨɣ ɨɪɝɚɧ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɛɟɡ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɩɪɢ 

ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ɜɵɲɟ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢ ɨɫɭɳɟɫɬɜɥɹɸɳɢɣ ɩɭɫɤ 
ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ. ɍɫɬɚɜɤɚ ɩɭɫɤɨɜɨɝɨ ɨɪɝɚɧɚ: 

ˍ˔˖˒ܫ  = ͳ,Ͳͺ ∙ IːˑˏͲ,ͻͺ = ͳ,ͳ ∙ Iːˑˏ. (5.44) 
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3) ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɫ ɡɚɜɢɫɢɦɨɣ ɨɬ ɬɨɤɚ ɜɵɞɟɪɠɤɨɣ 
ɜɪɟɦɟɧɢ. 

ɉɟɪɟɝɪɭɡɨɱɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 5.5. 
 

Ɍɚɛɥɢɰɚ 5.5 – ɉɟɪɟɝɪɭɡɨɱɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ 
Ʉɪɚɬɧɨɫɬɶ ɩɟɪɟɝɪɭɡɤɢ I/Iɧ  1,1 1,15 1,2 1,25 1,3 1,4 1,5 2,0 

Ⱦɥɢɬɟɥɶɧɨɫɬɶ, ɫ Ⱦɥɢɬɟɥɶɧɨ 250 180 160 120 90 72 45 

 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɟɪɟɝɪɭɡɨɱɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5.6. 

 

 
Ɋɢɫɭɧɨɤ 5.6 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɟɪɟɝɪɭɡɨɱɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɨɛɦɨɬɤɢ 

ɪɨɬɨɪɚ 
 

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

 ˑܫ ˕˔ = ʹ,ͳͷ ∙ IːˑˏͲ,ͻͺ = ʹ,ͳͻ ∙ Iːˑˏ. (5.45) 

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

ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 
 
5.12 Ɍɚɛɥɢɰɚ ɭɫɬɚɜɨɤ 
 
ɍɫɬɚɜɤɢ ɡɚɳɢɬ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɢ ȼ, ɬɚɛɥɢɰɚ ȼ.1 
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6 Ʉɨɦɩɨɧɨɜɤɚ ɢ ɫɨɨɪɭɠɟɧɢɹ ɝɢɞɪɨɭɡɥɚ 
 
6.1 ɋɨɫɬɚɜ ɢ ɤɨɦɩɨɧɨɜɤɚ ɝɢɞɪɨɭɡɥɚ 
 
ȼ ɫɨɫɬɚɜ ɫɨɨɪɭɠɟɧɢɹ ɜɯɨɞɹɬ: 
– ɜɨɞɨɫɛɪɨɫɧɚɹ ɛɟɬɨɧɧɚɹ ɩɥɨɬɢɧɚ ɝɪɚɜɢɬɚɰɢɨɧɧɨɝɨ ɬɢɩɚ; 
– ɫɬɚɧɰɢɨɧɧɚɹ ɱɚɫɬɶ ɩɥɨɬɢɧɵ; 
– ɥɟɜɨɛɟɪɟɠɧɚɹ ɤɚɦɟɧɧɨ-ɧɚɛɪɨɫɧɚɹ ɩɥɨɬɢɧɚ; 
– ɩɪɚɜɨɛɟɪɟɠɧɚɹ ɛɟɬɨɧɧɚɹ ɩɥɨɬɢɧɚ; 
– ɩɪɢɩɥɨɬɢɧɧɨɟ ɡɞɚɧɢɟ Ƚɗɋ. 
 
6.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɤɥɚɫɫɚ ɩɥɨɬɢɧɵ ɢ ɨɬɦɟɬɤɢ ɝɪɟɛɧɹ ɩɥɨɬɢɧɵ 
 
6.2.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɤɥɚɫɫɚ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɨɪɭɠɟɧɢɹ 
 
Ⱦɥɹ ɧɚɱɚɥɚ ɪɚɫɱёɬɨɜ ɬɪɟɛɭɟɬɫɹ ɨɩɪɟɞɟɥɢɬɶ ɤɥɚɫɫ ɛɭɞɭɳɟɝɨ 

ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɨɪɭɠɟɧɢɹ. 
Ȼɟɬɨɧɧɚɹ ɜɨɞɨɫɥɢɜɧɚɹ ɩɥɨɬɢɧɚ ɧɚ ɫɤɚɥɶɧɨɦ ɨɫɧɨɜɚɧɢɢ ɜɵɫɨɬɨɣ ɜ 

ɩɪɟɞɟɥɚɯ 60-100 ɦ - II  ɤɥɚɫɫ. 
Ƚɪɭɧɬɨɜɚɹ ɩɥɨɬɢɧɚ ɧɚ ɫɤɚɥɶɧɨɦ ɨɫɧɨɜɚɧɢɢ ɜɵɫɨɬɨɣ ɛɨɥɟɟ 80 ɦ - I ɤɥɚɫɫ. 
ɍɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ Ƚɗɋ - 566 Ɇȼɬ - II  ɤɥɚɫɫ. 
ɑɢɫɥɨ ɠɢɬɟɥɟɣ ɜ ɇȻ ɩɥɨɬɢɧɵ ɛɨɥɟɟ 3000 - I ɤɥɚɫɫ. 
ɇɚ ɨɫɧɨɜɚɧɢɢ ɷɬɨɝɨ ɩɪɢɧɢɦɚɟɦ I ɤɥɚɫɫ ɫɨɨɪɭɠɟɧɢɹ.  
 
6.2.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɦɟɬɤɢ ɝɪɟɛɧɹ ɩɥɨɬɢɧɵ 
 
Ɉɬɦɟɬɤɭ ɝɪɟɛɧɹ ɩɥɨɬɢɧɵ ɜɵɱɢɫɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ: 
 ∇ʒʒʞ = ∇ʜʞʢ + hୱ                                                                                     (6.1) 
 

ɝɞɟ hୱ– ɩɪɟɜɵɲɟɧɢɟ ɝɪɟɛɧɹ ɩɥɨɬɢɧɵ ɧɚɞ ɪɚɫɱɟɬɧɵɦ ɭɪɨɜɧɟɦ ɜ ɜɟɪɯɧɟɦ ɛɶɟɮɟ. 
 hୱ = h୰୳୬ଵ% + ∆hୱୣ୲ + a                                                                              (6.2) 
 

ɝɞɟ h୰୳୬ଵ%– ɜɵɫɨɬɚ ɧɚɤɚɬɚ ɜɨɥɧ ɧɚ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ; ∆hୱୣ୲– ɜɵɫɨɬɚ ɜɟɬɪɨɜɨɝɨ ɧɚɝɨɧɚ;  
ɚ – ɤɨɧɫɬɪɭɤɬɢɜɧɵɣ ɡɚɩɚɫ, ɚ = 0,8 ɦ. 

Ɉɩɪɟɞɟɥɢɦ ɜɵɫɨɬɭ ɜɟɬɪɨɜɨɝɨ ɧɚɝɨɧɚ ɜɨɥɧɵ ɩɨ ɮɨɪɦɭɥɟ: 
 ∆hୱୣ୲ = K୛ ∙ ୴మ∙L୥∙ሺୢ+଴,ହ∙∆୦౩౛౪ሻ ∙ cosȽ୵                                                               (6.3) 

 
ɝɞɟ v= 13 ɦ/ɫ – ɪɚɫɱɟɬɧɚɹ ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ; 

KW – ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ, ɞɥɹ 13 ɦ/ɫ: KW =1,4710-6; 
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L = 1094 ɦ – ɞɥɢɧɚ ɪɚɡɝɨɧɚ ɜɨɥɧɵ; ߙ௪ = Ͳ°; 
d –ɫɪɟɞɧɹɹ ɝɥɭɛɢɧɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɩɟɪɟɞ ɩɥɨɬɢɧɨɣ: 

 ݀ = ∇ʜʞʢ−∇ˇː˃ଶ = ହ଼ଷ−ସଽ଻ଶ = Ͷ͵ ˏ                                                                  (6.4) 

 
ɉɪɢɧɢɦɚɟɦ ɜ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ∆ℎ௦௘௧ = Ͳ ɢ ɧɚɯɨɞɢɦ ɜɵɫɨɬɭ ɜɟɬɪɨɜɨɝɨ 

ɧɚɝɨɧɚ ɜɨɥɧɵ: ∆hୱୣ୲ = ͳ,Ͷ͹ ∙ ͳͲ−଺ ∙ ͳ͵ଶ ∙ ͳͲͻͶͻ,ͺͳ ∙ Ͷ͵ ∙ cosͲ° = Ͳ,ͲͲͲ͸Ͷ ɦ 

 
ɉɪɢɧɢɦɚɟɦ ∆ℎ௦௘௧ = Ͳ,ͲͲͲ͸Ͷ: 
 ∆hୱୣ୲ = ͳ,Ͷ͹ ∙ ͳͲ−଺ ∙ ͳ͵ଶ ∙ ͳͲͻͶͻ,ͺͳ ∙ ሺͶ͵ + Ͳ,ͷ ∙ Ͳ,ͲͲͲ͸Ͷሻ ∙ cosͲ° = Ͳ,ͲͲͲ͸Ͷ ɦ 

 ℎ௥௨௡ଵ% = ݇௥ ∙ ݇𝑝 ∙ ݇௦𝑝 ∙ ݇௥௨௡ ∙ ℎଵ%                                                               (6.5) 
 

ɝɞɟ ݇௥ɢ݇𝑝-ɤɨɷɮɮɢɰɢɟɧɬɵ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɢ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɨɬɤɨɫɚ, ɤɨɬɨɪɵɣ 
ɤɪɟɩɢɬɫɹ ɛɟɬɨɧɧɵɦɢ ɩɥɢɬɚɦɢ, ݇௥ = ͳ,݇𝑝 = Ͳ,ͻ. ݇௦𝑝 = ͳ,ͳ ɩɪɢɧɢɦɚɟɦ ɞɥɹ ɝɪɭɧɬɨɜɨɣ ɤɚɦɟɧɧɨ-ɧɚɛɪɨɫɧɨɣ ɩɥɨɬɢɧɵ ɫ 
ɡɚɥɨɠɟɧɢɟɦ ɨɬɤɨɫɨɜ m = 1,5, ɩɪɢ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ 13 ɦ/ɫ. ݇௥௨௡ = ʹ,ʹͷ ɩɪɢɧɢɦɚɟɬɫɹ ɩɨ ɝɪɚɮɢɤɚɦ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɨɥɨɝɨɫɬɢ ɜɨɥɧɵ λౚ୦భ% = ͻ,ͻͶ ɧɚ ɝɥɭɛɨɤɨɣ ɜɨɞɟ, ɩɪɢ ɡɚɥɨɠɟɧɢɢ ɨɬɤɨɫɚ m = 1,5. 

ɇɚɣɞɟɦ ɛɟɡɪɚɡɦɟɪɧɵɟ ɜɟɥɢɱɢɧɵ ୥∙L୚మ , 
୥∙୲୚  

 ୥∙L୚మ = ଽ,଼ଵ∙ଵ଴ଽସଵଷమ = ͸Ͷ ;                                                                                      (6.6) 

 ୥∙୲୚ = ଽ,଼ଵ∙ଶଵ଺଴଴ଵଷ = ͳ͸͵ͲͲ                                                                                (6.7) 

 
ɝɞɟ ݐ - ɜɪɟɦɹ ɪɚɡɝɨɧɚ ɜɨɥɧɵ, ɩɪɢɧɢɦɚɟɬɫɹ 6 ɱ = 21600 ɫ. 

ɉɨ ɛɟɡɪɚɡɦɟɪɧɵɦ ɜɟɥɢɱɢɧɚɦ ɢ ɜɟɪɯɧɟɣ ɨɝɢɛɚɸɳɟɣ ɤɪɢɜɨɣ ɫɧɢɦɚɟɦ 
ɨɬɧɨɲɟɧɢɹ: 

 ୥∙୦୚మ = Ͳ,Ͳͳͷ                                                                                                    (6.8) 

 ୥∙୘୚ = ͳ,Ͷ                                                                                                         (6.9)  
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୥∙୦୚మ = Ͳ,Ͳͻ                                                                                                     (6.10) 

 ୥∙୘୚ = Ͷ,ʹ                                                                                                       (6.11) 

 
ɉɨ ɧɚɢɦɟɧɶɲɟɣ ɢɡ ɛɟɡɪɚɡɦɟɪɧɵɯ ɜɟɥɢɱɢɧ ɨɩɪɟɞɟɥɢɦ ɡɧɚɱɟɧɢɹ T, h̅ɢɡ 

ɨɬɧɨɲɟɧɢɣ ୥∙୦̅୚౭మ, ୥∙୘୚𝑤.  

 h̅ = ଴,଴ଵହ∙୴మ୥ = ଴.଴ଵହ∙ଵଷమଽ.଼ଵ = Ͳ,ʹ͸ ˏ                                                                 (6.12) 

 T̅ = ଵ,ସ∙୴୥ = ଵ.ସ∙ଵଷଽ.଼ଵ = ͳ,ͺ͸ ɫ                                                                           (6.13) 

 
ɇɚɣɞɟɦ ɫɪɟɞɧɸɸ ɞɥɢɧɭ ɜɨɥɧɵ ɩɨ ɮɨɪɦɭɥɟ:  
 

λୢ = ௚∙்̅మଶ𝜋 = ଵ,଼଺మ∙ଽ,଼ଵଶ∙ଷ,ଵସ = ͷ,Ͷ ɦ                                                                      (6.14) 

 
ɉɪɨɜɟɪɤɚ ɧɚ ɝɥɭɛɨɤɨɜɨɞɧɨɫɬɶ 
 

                                                                                                  (6.15) 

 Ͷ͵ˏ > ʹ,͹ˏ 
 
ȼɵɜɨɞ: ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɟɧɨ, ɡɨɧɚ ɝɥɭɛɨɤɨɜɨɞɧɚɹ. 
ȼɵɫɨɬɚ ɜɨɥɧɵ 1% ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɜ ɫɢɫɬɟɦɟ ɜɨɥɧ ɝɥɭɛɨɤɨɜɨɞɧɨɣ ɡɨɧɵ:  
 hଵ% = k୧ ∙ h̅                                                                                                 (6.16) 
 

ɝɞɟ ݇𝑖- ɤɨɷɮɮɢɰɢɟɧɬ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɝɪɚɮɢɤɭ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɡɧɚɱɟɧɢɹ ୥∙L୚మ , ݇𝑖 = ʹ,ͳ. 
 hଵ% = ʹ,ͳ ∙ Ͳ,ʹ͸ = Ͳ,ͷͶ͵ ɦ 
 ℎ௥௨௡ଵ% = ͳ ∙ Ͳ,ͻ ∙ ͳ,ͳ ∙ ʹ,ʹͷ ∙ Ͳ,ͷͶ͵ = ͳ,ʹͳ ɦ 
 
ɉɪɟɜɵɲɟɧɢɟ ɝɪɟɛɧɹ ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ ɧɚɞ ɪɚɫɱɟɬɧɵɦ ɭɪɨɜɧɟɦ ɜ 

ɜɟɪɯɧɟɦ ɛɶɟɮɟ: 
 hୱ = ͳ,ʹͳ + Ͳ,ͲͲͲ͸Ͷ + Ͳ,ͺ = ʹ,Ͳͳ ɦ 

  

dd 5,0
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɡɚ ɨɬɦɟɬɤɭ ɝɪɟɛɧɹ ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ ɩɪɢɧɢɦɚɟɦ: 
ʒʒʞߘ  = ͷͺ͵ + ʹ,Ͳͳ = ͷͺͷ,Ͳͳˏ. 
 
6.3 Ƚɢɞɪɚɜɥɢɱɟɫɤɢɟ ɪɚɫɱёɬɵ ɛɟɬɨɧɧɨɣ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ 
 
6.3.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɲɢɪɢɧɵ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ 
 
ȼɵɛɨɪ ɬɢɩɚ, ɱɢɫɥɚ ɢ ɪɚɡɦɟɪɨɜ ɨɬɜɟɪɫɬɢɣ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ 

ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɢɡɜɨɞɢɬɶ ɢɫɯɨɞɹ ɢɡ ɬɪɟɛɨɜɚɧɢɣ ɩɪɨɩɭɫɤɚ ɪɚɫɱёɬɧɨɝɨ ɪɚɫɯɨɞɚ 
ɜɨɞɵ ɨɫɧɨɜɧɨɝɨ ɪɚɫɱёɬɧɨɝɨ ɫɥɭɱɚɹ, ɡɚɬɟɦ ɢɯ ɱɢɫɥɨ ɩɨɞɥɟɠɢɬ ɩɪɨɜɟɪɤɟ ɧɚ 
ɩɨɜɟɪɨɱɧɵɣ ɪɚɫɱёɬɧɵɣ ɫɥɭɱɚɣ. ɉɪɨɩɭɫɤ ɪɚɫɱёɬɧɨɝɨ ɪɚɫɯɨɞɚ ɜɨɞɵ ɞɥɹ 
ɩɨɜɟɪɨɱɧɨɝɨ ɫɥɭɱɚɹ ɧɚɞɥɟɠɢɬ ɜɵɩɨɥɧɹɬɶ ɩɪɢ Ɏɉɍ ɜɫɟɦɢ ɩɪɨɩɭɫɤɧɵɦɢ 
ɫɨɨɪɭɠɟɧɢɹɦɢ. ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 6.1. 

 
Ɍɚɛɥɢɰɚ 6.1 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ 

Q 0,01% ɦ3/ɫ Q 0.1% ɦ3/ɫ Ɉɬɦɟɬɤɚ ɞɧɚ 
ɦ 

Q ɚɝɪɟɝɚɬɚ 
ɦ3/ɫ 

ɇɉɍ ɦ Ɏɉɍ ɦ ɍɇȻ ɦ 
Q0.1% = 3381ɦ3/ɫ 

3946 3381 497 134,5 583 584 506,6 

 
Ɋɚɫɱёɬɧɵɣ ɪɚɫɯɨɞ, ɫɛɪɚɫɵɜɚɟɦɵɣ ɱɟɪɟɡ ɜɨɞɨɫɥɢɜɧɭɸ ɩɥɨɬɢɧɭ ɩɪɢ ɇɉɍ: 
 Q˓.ˑ˔ː = Q୫ୟ୶ ɨɫɧ − ሺn − ͳሻ ∙ QȽȺ                                                               (6.17) 
 

ɝɞɟ Q୫ୟ୶.ˑ˔ː –ɪɚɫɱɟɬɧɵɣ ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ 
ɫɥɭɱɚɹ ɫ ɭɱɟɬɨɦ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɟɝɨ ɜɨɞɨɯɪɚɧɢɥɢɳɟɦ ɩɪɢɧɢɦɚɟɦɵɣ ɩɪɢ 
ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ 0,1% ɞɥɹ I ɤɥɚɫɫɚ ɫɨɨɪɭɠɟɧɢɣ, QȽȺ – ɪɚɫɯɨɞ ɱɟɪɟɡ ɨɞɢɧ ɝɢɞɪɨɚɝɪɟɝɚɬ, 

n – ɤɨɥɢɱɟɫɬɜɨ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ. 
 Q˓.ˑ˔ː = ͵͵ͺͳ − ሺ͸ − ͳሻ ∗ ͳ͵Ͷ,ͷ = ʹ͹Ͳͺ,ͷ ɦଷ ɫ⁄  
 
ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɧɚ ɪɢɫɛɟɪɦɟ: 
 q˓ = [v୦] ∙ hʜʐ = ͷ ∙ ͻ,͸ = Ͷͺ ˏଶ ˔⁄                                                           (6.18) 
 
ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɧɚ ɜɨɞɨɫɥɢɜɟ: 
˅ݍ  = ͳ,ʹͷ ∙ ˓ݍ = ͳ,ʹͷ ∙ Ͷͺ = ͸Ͳ ˏଶ ˔⁄                                                         (6.19) 
 

ɝɞɟ hʜʐ = ∇ʢʜʐ − ∇ˇː˃ = ͷͲ͸,͸ − Ͷͻ͹ = ͻ,͸ ˏ − ɝɥɭɛɢɧɚ ɜɨɞɵ ɜ ɇȻ, 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɤɪɢɜɨɣ Q = f(H)ɩɪɢ Q୫ୟ୶ ɨɫɧ; [ݒℎ] = ͷ ˏ ˔⁄ −ɞɨɩɭɫɬɢɦɚɹ ɫɤɨɪɨɫɬɶ ɧɚ ɪɢɫɛɟɪɦɟ ɞɥɹ ɫɤɚɥɶɧɨɝɨ 
ɨɫɧɨɜɚɧɢɹ. 
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ɒɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ: 
 B = ୕ɪ.ɨɫɧ୯ɜ

= ଶ଻଴଼,ହ ଺଴ = Ͷͷ,ͳͶ  ɦ                                                                     (6.20) 

 
ɉɪɢɧɢɦɚɟɦ ݊ = ͵ ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɥɟɬɨɜ ɲɢɪɢɧɨɣ b=16 ɦɟɬɪɨɜ, ɬɨɝɞɚ 

 
ȼ = 48 ɦ 
 
Ɍɨɥɳɢɧɚ ɛɵɤɚ ɩɨ Ȼɟɪɟɡɢɧɫɤɨɦɭ: 
 d ൒ ሺͲ,ͳʹ ÷ Ͳ,ͳ͸ሻ ∙ b                                                                                  (6.21) 
 d ൒ ሺͲ,ͳʹ ÷ Ͳ,ͳ͸ሻ ∙ ͳ͸ ˏ 
 d ൒ ሺͳ,ͻʹ ÷ ʹ,ͷ͸ሻˏ 
 
ȼɵɛɢɪɚɟɦ ɛɵɤ ɫ d = ͵ ɦ.  
 
Ɍɨɝɞɚ ɲɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ ɫ ɭɱɟɬɨɦ ɛɵɤɨɜ: 
 Bɜ = b ∙ n + ሺn − ͳሻ ∙ d = ͳ͸ ∙ ͵ + ሺ͵ − ͳሻ ∙ ͵ = ͷͶ ɦ                             (6.22) 
 
6.3.2. Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɦɟɬɤɢ ɝɪɟɛɧɹ ɜɨɞɨɫɥɢɜɚ 
 
ɂɡ ɮɨɪɦɭɥɵ ɪɚɫɯɨɞɚ ɜɨɞɨɫɥɢɜɚ ɦɟɬɨɞɨɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɩɪɢɛɥɢɠɟɧɢɣ 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɨɩɪɟɞɟɥɹɟɦ ɧɚɩɨɪ ɧɚ ɝɪɟɛɧɟ ɜɨɞɨɫɥɢɜɚ, ɫɧɚɱɚɥɚ ɛɟɡ ɭɱɟɬɚ 
ɫɠɚɬɢɹ ɢ ɩɨɞɬɨɩɥɟɧɢɹ - 01H , ɚ ɡɚɬɟɦ ɫ ɭɱɟɬɨɦ ɫɠɚɬɢɹ ɢ ɩɨɞɬɨɩɥɟɧɢɹ - 02H . 

 H଴ଵ = ( ୕˓˃˔˚୫∙B∙√ଶ∙୥)మయ = ቀ ଶ଻଴଼,ହ ଴,ସଽ∙ସ଼∙√ଶ∙ଽ,଼ଵቁమయ = ͺ,͹ͺ ˏ                                          (6.23) 

 
ɝɞɟ m = 0,49– ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ. 

 
ȼɨ ɜɬɨɪɨɦ ɩɪɢɛɥɢɠɟɧɢɢ, ɫ ɭɱёɬɨɦ ɛɨɤɨɜɨɝɨ ɫɠɚɬɢɹ ɢ ɩɨɞɬɨɩɥɟɧɢɹ, 

ɩɨɥɧɵɣ ɧɚɩɨɪ ɧɚ ɜɨɞɨɫɥɢɜɟ 
 H଴ଶ = ( ୕˓˃˔˚୫∙σ˔ˉ∙σ౤∙B∙√ଶ∙୥)మయ

                                                                               (6.24) 

 
ɝɞɟ ɫɠ - ɤɨɷɮɮɢɰɢɟɧɬ ɛɨɤɨɜɨɝɨ ɫɠɚɬɢɹ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ; 

n- ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɞɬɨɩɥɟɧɢɹ, ɩɟɪɜɨɧɚɱɚɥɶɧɨ ɩɪɟɞɩɨɥɚɝɚɟɦ ɱɬɨ 
ɩɨɞɬɨɩɥɟɧɢɹ ɜɨɞɨɫɥɢɜɚ ɧɟɬ ɢ n= 1,0. 
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σɫɠ = ͳ − Ͳ,ʹ ∙ Ɛ ∙ ୌబభୠ                                                                                  (6.25) 

 
ɝɞɟ ܾ - ɲɢɪɢɧɚ ɨɞɧɨɝɨ ɩɪɨɥёɬɚ, 

Ɛ - ɤɨɷɮɮɢɰɢɟɧɬ ɮɨɪɦɵ ɛɟɪɟɝɨɜɵɯ ɭɫɬɨɟɜ ɢɥɢ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɛɟɪɟɝɨɜ 
ɜɨɞɨɫɥɢɜɚ (ɪɢɫ. 6.1). 

 
Ɋɢɫɭɧɨɤ 6.1 - Ɏɨɪɦɚ ɛɨɤɨɜɵɯ ɭɫɬɨɟɜ 

 𝜎ɫɠ = ͳ − Ͳ,ʹ ∙ Ͳ,͹ ∙ ͺ,͹ͺͳ͸ = Ͳ,ͻʹ͵ 

 
Ɉɬɫɸɞɚ: 

 H଴ଶ = ሺ ʹ͹Ͳͺ,ͷͲ,Ͷͻ ∙ Ͳ,ͻʹ͸ ∙ ͳ ∙ Ͷͺ ∙ √ʹ ∙ ͻ,ͺͳሻଶ/ଷ = ͻ,ʹ͸ ɦ 

 
ɇɚɩɨɪ ɧɚ ɝɪɟɛɧɟ ɜɨɞɨɫɥɢɜɚ ɛɟɡ ɭɱɟɬɚ ɫɤɨɪɨɫɬɢ ɩɨɞɯɨɞɚ: 

 H = H଴ଶ − α∙୚బమଶ∙୥                                                                                             (6.26) 

 
ɝɞɟ ଴ܸ - ɫɤɨɪɨɫɬɶ ɩɨɞɯɨɞɚ ɩɨɬɨɤɚ ɤ ɩɥɨɬɢɧɟ, ߙ = ͳ,ͳ- ɤɨɷɮɮɢɰɢɟɧɬ Ʉɨɪɢɨɥɢɫɚ, 

 V଴ = ୕˓ሺ∇ʜʞʢ−∇ʓʜʏሻ∙ሺB+ሺ୬−ଵሻ∙ஔ˄ሻ = ଶ଻଴଼,ହ ሺହ଼ଷ−ସଽ଻ሻ∙ሺସ଼+ଶ∗ଷሻ = Ͳ,͸ͳ ˏ/˔                  (6.27) 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ: 
 H = ͻ,ʹ͸ − ͳ,ͳ ∙ Ͳ,͸ͳଶʹ ∙ ͻ,ͺͳ = ͻ,ʹͶ ɦ 

 
Ɉɤɪɭɝɥɹɟɦ ɞɨ ɰɟɥɨɝɨ ɫɬɚɧɞɚɪɬɧɨɝɨ ɡɧɚɱɟɧɢɹ ܪɫɬ = ͳͲ ɦ. 

Ɛ = Ͳ,͹ 
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Ɉɬɦɟɬɤɚ ɝɪɟɛɧɹ ɜɨɞɨɫɥɢɜɚ: 
 ∇Ƚȼ = ∇ɇɉɍ − ʜ˔˕ = ͷͺ͵ − ͳͲ = ͷ͹͵ ɦ                                               (6.28) 

 
Ɉɬɦɟɬɤɚ ɝɪɟɛɧɹ ɛɵɤɚ ɛɟɬɨɧɧɨɣ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ: 
 ∇ȽȻ = ∇Ƚȼ + ͳ,͸ ∙ Hɫɬ = ͷ͹͵ + ͳ,͸ ∙ ͳͲ = ͷͺͻ ɦ                                   (6.29) 
 

 Ɂɚ ɨɬɦɟɬɤɭ ɝɪɟɛɧɹ ɩɪɢɧɢɦɚɟɬɫɹ ɛɨɥɶɲɟɟ ɢɡ ɩɨɥɭɱɢɜɲɢɯɫɹ ɡɧɚɱɟɧɢɣ 
(∇Ƚɉ = ͷͺͷ,Ͳͳ ɦ ɢ ∇ȽȻ = ͷͺͻ ɦ), ɬɨ ɟɫɬɶ: 

 ∇ȽȽɉ = ∇ȽȻ = ͷͺͻ ɦ. 
 
6.3.3 ɉɪɨɜɟɪɤɚ ɧɚ ɩɪɨɩɭɫɤ ɩɨɜɟɪɨɱɧɨɝɨ ɪɚɫɯɨɞɚ 

 
ɉɪɨɜɟɪɢɦ ɞɨɫɬɚɬɨɱɧɨɫɬɶ ɜɨɞɨɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɜɨɞɨɫɥɢɜɧɨɣ 

ɩɥɨɬɢɧɵ. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɪɚɫɯɨɞ ɩɨɜɟɪɨɱɧɨɝɨ ɫɥɭɱɚɹ, ɫɛɪɚɫɵɜɚɟɦɵɣ ɱɟɪɟɡ 
ɜɨɞɨɫɥɢɜɧɭɸ ɩɥɨɬɢɧɭ ɩɪɢ ɇɉɍ: 

 Q˓ = Q୫ୟ୶ − n ∙ Qɚɝɪ = ͵ͻͶ͸ − ͸ ∙ ͳ͵Ͷ,ͷ = ͵ͳ͵ͻ ˏଷ ˔⁄                           (6.30) 
 

ɝɞɟ n –ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɟɤɬɢɪɭɟɦɵɯ ȽȺ; 
 ܳ୫ୟ୶ - ɦɚɤɫɢɦɚɥɶɧɵɣ ɩɨɜɟɪɨɱɧɵɣ ɪɚɫɯɨɞ, ɫ ɭɱёɬɨɦ ɬɪɚɧɫɮɨɪɦɚɰɢɢ 
ɩɚɜɨɞɤɚ, ɩɪɢɧɢɦɚɟɦɵɣ ɩɪɢ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ 0,01% ɞɥɹ I ɤɥɚɫɫɚ ɫɨɨɪɭɠɟɧɢɣ. 

Ɉɩɪɟɞɟɥɹɟɦ ɧɚɩɨɪ ɧɚɞ ɝɪɟɛɧɟɦ ɜɨɞɨɫɥɢɜɚ ɩɪɢ ɩɪɨɩɭɫɤɟ ɩɨɜɟɪɨɱɧɨɝɨ 
ɪɚɫɯɨɞɚ: 

 H଴ଵ˒ˑ˅ = ( ୕ɪ.ɩɨɜ୫B√ଶ୥)మయ = ቀ ଷଵଷଽ଴,ସଽ∙ସ଼∙√ଶ∙ଽ,଼ଵቁଶ/ଷ = ͻ,͸ͺ ɦ                                    (6.31) 

 
ɉɨɥɧɵɣ ɧɚɩɨɪ ɧɚ ɜɨɞɨɫɥɢɜɟ: 

 H଴ଶɩɨɜ = ( ୕ɪɩɨɜ୫∙σɫɠ∙σɩ∙B∙√ଶ∙୥)మయ = ቀ ଷଵଷଽ଴,ସଽ∙଴,ଽଷହ∙ସ଼∙√ଶ∙ଽ,଼ଵቁమయ = ͳͲ,ͳʹ ɦ                  (6.32) 

 
ɋɤɨɪɨɫɬɶ ɩɨɞɯɨɞɚ ɩɨɬɨɤɚ ɤ ɩɥɨɬɢɧɟ: 

 V଴˒ˑ˅ = ୕˓.˒ˑ˅ሺ∇ʣʞʢ−∇ʓʜʏሻ∙ሺB+ሺ୬−ଵሻஔʐሻ = ଷଵଷଽሺହ଼ସ−ସଽ଻ሻ∙ሺସ଼+ሺଷ−ଵሻ∙ଷሻ = Ͳ,͸ͻ ˏ/˔        (6.33) 

 
ɝɞɟ ∇Ɏɉɍ −ɨɬɦɟɬɤɚ ɮɨɪɫɢɪɨɜɚɧɧɨɝɨ ɩɨɞɩɨɪɧɨɝɨ ɭɪɨɜɧɹ, ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ 
ɨɬɦɟɬɤɭ Ɏɉɍ – ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɨɣ 584 ɦ, ɤɨɬɨɪɚɹ ɜ ɞɚɥɶɧɟɣɲɟɦ ɭɬɨɱɧɢɬɫɹ. 
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ɇɚɩɨɪ ɧɚ ɝɪɟɛɧɟ ɜɨɞɨɫɥɢɜɚ ɛɟɡ ɭɱɟɬɚ ɫɤɨɪɨɫɬɢ ɩɨɞɯɨɞɚ ɩɪɢ ɩɪɨɩɭɫɤɟ 
ɩɨɜɟɪɨɱɧɨɝɨ ɪɚɫɯɨɞɚ: 

ɩɨвܪ  = ଴ଶ ɩɨвܪ − 𝛼∙ బ ɩɨв
మଶ௚ = ͳͲ,ͳʹ − ଵ,ଵ∙଴,଺ଽమଶ∙ଽ,଼ଵ = ͳͲ,ͳͲ ɦ                            (6.34) 

 
Ɉɩɪɟɞɟɥɹɟɦ ɪɚɫɱёɬɧɭɸ ɨɬɦɟɬɤɭ ɮɨɪɫɢɪɨɜɚɧɧɨɝɨ ɭɪɨɜɧɹ: 

˓ʣʞʢߘ  = ʒʑߘ + ˅ˑ˒ܪ = ͷ͹͵ + ͳͲ,ͳͲ = ͷͺ͵,ͳͲ ɦ                                  (6.35) 
 ͷͺ͵,Ͷ ˏ < ͷͺͶ ɦ 

 
Ɋɚɫɱёɬɧɚɹ ɨɬɦɟɬɤɚ ߘɎɉɍ ɨɤɚɡɚɥɚɫɶ ɦɟɧɶɲɟ ɡɚɞɚɧɧɨɣ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ 

ɨɬɦɟɬɤɢ ∇Ɏɉɍ ɪɚɜɧɨɣ 584 ɦɟɬɪɚɦ, ɞɨɫɬɚɬɨɱɧɨ ɞɥɹ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ 
ɜɨɞɨɫɥɢɜɚ. 

 
6.3.4 ɉɨɫɬɪɨɟɧɢɟ ɨɝɨɥɨɜɤɚ ɜɨɞɨɫɥɢɜɚ ɩɨ Ʉɪɢɝɟɪ-Ɉɮɢɰɟɪɨɜɭ 
 
ȼɵɱɢɫɥɟɧɧɵɟ ɤɨɨɪɞɢɧɚɬɵ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɨɝɨɥɨɜɤɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 

ɬɚɛɥɢɰɟ 6.2, ɨɝɨɥɨɜɨɤ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ ɧɚ ɪɢɫɭɧɤɟ 6.2. 
 

Ɍɚɛɥɢɰɚ 6.2 – ɉɪɢɜɟɞёɧɧɵɟ ɤɨɨɪɞɢɧɚɬɵ ɨɱɟɪɬɚɧɢɹ ɝɪɟɛɧɹ ɜɨɞɨɫɥɢɜɧɨɣ ɫɬɟɧɤɢ ܪɫɬ = ͳͲ ɦ. 
№ x y x* y*  
1 0 0,126 0 1,26 
2 0,1 0,036 1 0,36 
3 0,2 0,007 2 0,07 
4 0,3 0 3 0 
5 0,4 0,006 4 0,06 
6 0,5 0,027 5 0,27 
7 0,6 0,06 6 0,6 
8 0,7 0,1 7 1 
9 0,8 0,146 8 1,46 
10 0,9 0,198 9 1,98 
11 1 0,256 10 2,56 
12 1,1 0,321 11 3,21 
13 1,2 0,394 12 3,94 
14 1,3 0,475 13 4,75 
15 1,4 0,564 14 5,64 
16 1,5 0,661 15 6,61 
17 1,6 0,764 16 7,64 
18 1,7 0,873 17 8,73 
19 1,8 0,987 18 9,87 
20 1,9 1,108 19 11,08 
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Ɋɢɫɭɧɨɤ 6.2 – Ɉɝɨɥɨɜɨɤ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ 

 
6.3.5 Ɋɚɫɱёɬ ɫɨɩɪɹɠɟɧɢɹ ɩɨɬɨɤɚ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ 

 
Ɉɩɪɟɞɟɥɢɦ ɜɢɞ ɞɚɧɧɨɝɨ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɩɪɵɠɤɚ ɡɚ ɜɨɞɨɫɥɢɜɨɦ. 
Ʉɪɢɬɢɱɟɫɤɚɹ ɝɥɭɛɢɧɚ: 
 hɤɪ = √ α୕ɪ

మሺB+ሺ୬−ଵሻįȻሻమ୥య = √ ଵ,ଵ∙ଶ଻଴଼,ହ మሺସ଼+ሺଷ−ଵሻ∙ଷሻమ∙ଽ,଼ଵ =య ͸,ͷ͸ ɦ                                 (6.36) 

 
ɉɨɥɧɚɹ ɭɞɟɥɶɧɚɹ ɷɧɟɪɝɢɹ ɜ ɫɟɱɟɧɢɢ ɩɟɪɟɞ ɜɨɞɨɫɥɢɜɨɦ: 
 T଴ = ∇ɇɉɍ − ∇ɞɧɚ = ͷͺ͵ − Ͷ͹ͻ = ͺ͸ ɦ                                                (6.37) 

 
Ɉɩɪɟɞɟɥɹɟɦ ɨɬɧɨɲɟɧɢɟ: 
 

ȟ୘బ = ୘బ୦ɤɪ
= ଼଺଺,ହ଺ = ͳ͵,ͳͳ                                                                             (6.38) 

 
Ɉɩɪɟɞɟɥɢɦ ɫɨɩɪɹɠɟɧɧɵɟ ɝɥɭɛɢɧɵ: 
 h′ୡ = c ∙ hɤɪ = Ͳ,ʹʹ ∙ ͸,ͷ͸ = ͳ,ͶͶ ɦ                                                         (6.39) 
 h′′ୡ = c " ∙ hɤɪ = ʹ,ͻ ∙ ͸,ͷ͸ = ͳͻ,Ͳʹ ɦ                                                      (6.40) 
 

Ɍɚɤ ɤɚɤ h′′ୡ = ͳͻ,Ͳʹ ɦ > hɇȻ = ͻ,͸ ɦ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɵɠɨɤ ɨɬɨɝɧɚɧɧɵɣ. 
ȼɵɩɨɥɧɹɟɦ ɫɨɩɪɹɠɟɧɢɟ ɛɶɟɮɨɜ ɨɬɛɪɨɲɟɧɧɨɣ ɫɬɪɭёɣ.  
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6.3.6 Ƚɚɲɟɧɢɟ ɷɧɟɪɝɢɢ ɫɩɨɫɨɛɨɦ ɫɜɨɛɨɞɧɨ ɨɬɛɪɨɲɟɧɧɨɣ ɫɬɪɭɢ 
 
ȼɵɫɨɬɚ ɨɬ ɞɧɚ ɞɨ ɧɨɫɨɱɤɚ: 
 a = hɇȻ୫ୟ୶ + ͳ,ͷ = ͳͲ,ͺ + ͳ,ͷ = ͳʹ,͵ ɦ                                                  (6.41) 
 
Ɉɬɦɟɬɤɚ ɧɨɫɤɚ: 
 ∇ɇɈɋ = ∇ȾɇȺ + a = Ͷͻ͹ + ͳʹ,͵ = ͷͲͻ,͵ ɦ                                         (6.42) 
 
ɋɤɨɪɨɫɬɧɨɟ ɩɚɞɟɧɢɟ (ɧɚɩɨɪ ɜɨɞɵ ɧɚ ɧɨɫɤɟ): 
 Zୌ = ∇ɇɉɍ − ∇ɇɈɋ = ͷͺ͵ − ͷͲͻ,͵ = ͹͵,͹ ɦ                                      (6.43) 
 
ɋɤɨɪɨɫɬɶ ɩɨɬɨɤɚ ɜɨɞɵ ɧɚ ɧɨɫɤɟ: 
 Vɇ = φ ∙ √ʹ ∙ g ∙ Zୌ = Ͳ,ͻ ∙ √ʹ ∙ ͻ,ͺͳ ∙ ͹͵,͹ = ͵Ͷ,ʹʹ ˏ/˔                        (6.44)  
 

ɝɞɟ 𝜑 − ɤɨɷɮɮɢɰɢɟɧɬ ɫɤɨɪɨɫɬɢ ɩɨɬɨɤɚ, 𝜑 = Ͳ,ͻ. 
 

ȼɵɫɨɬɚ ɩɨɬɨɤɚ ɜɨɞɵ ɧɚ ɧɨɫɤɟ: 
 hɧ = ୯୚ɧ

= ହ଴,ଶଷସ,ଶଶ = ͳ,Ͷ͹ ɦ                                                                            (6.45)  

 q = ୕ɪɚɫɱBɩɨɥɧ
= ଶ଻଴଼,ହହସ = ͷͲ,ʹ ɦయ

ɫ
                                                                         (6.46) 

 
ɑɢɫɥɨ Ɏɪɭɞɚ: 
 Fr = ୚ɧ

మ୥∙୦ɇ
= ଷସ,ଶଶమଽ,଼ଵ∙ଵ,ସ଻ = ͺͳ,Ͷ͹                                                                      (6.47) 

 
Ⱦɚɥɶɧɨɫɬɶ ɨɬɥёɬɚ ɫɬɪɭɢ: 
ܮ  = ݇௔ ∙ ܼଵ ∙ 𝜑ଶ ∙ ߙʹ𝑖݊ݏ ∙ (√ቀͳ + ቀ௭బ௭భ − ͳቁ ∙ ଵ𝜑మ௦𝑖௡మ𝛼ቁ + ͳ) =  ɦ             (6.48) 

ܮ  = Ͳ,ͺͷ ∙ ͹͵,͹ ∙ Ͳ,ͻଶ ∙ sinሺʹ ∙ ͵Ͳ଴ሻ ቆ√ͳ + ቀ଻଺,ସ଻ଷ,଻ − ͳቁ ∙ ଵ଴,ଽమ∙௦𝑖௡మሺଷ଴బሻ + ͳቇ = ͻͳ,Ͷ͹ ɦ. 

 
ɝɞɟ ܭ௔ − Ʉɨɷɮɮɢɰɢɟɧɬ ɚɷɪɚɰɢɢ, ܭ௔ = Ͳ,ͺͷ; ߙ −ɭɝɨɥ ɧɚɤɥɨɧɚ ɧɨɫɤɚ, ߙ = ͵Ͳ. 
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ܼ଴ = ∇ɇɉɍ − ∇ȾɇȺ − ℎɇȻ = ͷͺ͵ − Ͷͻ͹ − ͻ,͸ = ͹͸,Ͷ ɦ                      (6.49) 
 
ȼɵɩɨɥɧɢɦ ɩɪɨɜɟɪɤɭ ɞɨɫɬɚɬɨɱɧɨɫɬɢ ɨɬɥɟɬɚ ɫɬɪɭɢ: 
 Ͳ,ͷ ∙ ሺ∇Ƚɉ − ∇ȾɇȺሻ = Ͳ,ͷ ∙ ሺͷͺͻ − Ͷͻ͹ሻ = Ͷ͸ɦ                                    (6.50) 
 L = ͻͳ,Ͷ͹ ɦ > Ͳ,ͷ ∙ ሺ∇Ƚɉ − ∇ȾɇȺሻ = Ͷ͸ ɦ                                            (6.51) 
 
ɍɫɥɨɜɢɟ ܮ > Ͳ,ͷ ∙ ሺ∇Ƚɉ − ∇ȾɇȺሻ ɜɵɩɨɥɧɟɧɨ. 
 
Ƚɥɭɛɢɧɚ ɪɚɡɦɵɜɚ – ɹɦɚ: 
 hɪɚɡ = t − hɇȻ = ͵͵,ͺͳ − ͻ,͸ = ʹͶ,ʹͳ ɦ                                                   (6.52) 
 

ɝɞɟ     ɦh
d

h
FrFrt ɧ

НБ 81,3347,1
1

6,9
47,8147,8145,01,045,01,0 4444          (6.53) 

 
ɝɞɟ d – ɫɪɟɞɧɹɹ ɤɪɭɩɧɨɫɬɶ ɨɬɞɟɥɶɧɨɫɬɟɣ, ɩɪɢɧɢɦɚɟɦ d=1 ɦ. 
 

Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɩɥɨɬɢɧɵ ɞɨ ɰɟɧɬɪɚ ɹɦɵ ɪɚɡɦɵɜɚ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ: 
 

ɦ
tg

t
LL 93,155

524,0

81,33
47,91

1
1 

                                                             (6.54)  

 
ɝɞɟ 

1  − ɭɝɨɥ ɜɯɨɞɚ ɫɬɪɭɢ ɜ ɜɨɞɭ. 
 tgȽଵ =  √tgȽଶ + ଶ∙୥ሺ଴,ହ∙୦H∙ୡ୭ୱα+ୟ−୦ʜʐሻ୚ʜమ ∙ୡ୭ୱమα                                                         (6.55) 

 tgȽଵ = √tgଶሺ͵Ͳሻ + ʹ ∙ ͻ.ͺͳሺͲ,ͷ ∙ ͳ,Ͷ͹ ∙ cos ሺ͵Ͳሻ + ͳʹ,͵ − ͻ,͸ሻ͵Ͷ,ʹʹ ∙ cosଶ ሺ͵Ͳሻ = Ͳ,ͷʹͶ 

 
ɝɞɟ a− ɜɵɫɨɬɚ ɭɫɬɭɩɚ ɧɚɞ ɞɧɨɦ. 

Ⱦɥɢɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɭɱɚɫɬɤɚ ɹɦɵ ɪɚɡɦɵɜɚ ɜɞɨɥɶ ɬɟɱɟɧɢɹ ɧɚ ɭɪɚɜɧɟɧɢɟ 
ɪɚɡɦɵɬɨɝɨ ɪɭɫɥɚ ɪɚɜɧɚ: 

 
ɦhhb разкрр 10621,247,356,65,27,35,2                                       (6.56) 
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6.3.7 ɉɪɨɩɭɫɤ ɪɚɫɯɨɞɨɜ ɱɟɪɟɡ ɝɥɭɛɢɧɧɵɟ ɜɨɞɨɫɛɪɨɫɵ ɜ ɝɪɭɧɬɨɜɨɣ 
ɩɥɨɬɢɧɟ Ƚɗɋ 

 
Ⱦɥɹ ɛɟɡɨɩɚɫɧɨɝɨ ɫɛɪɨɫɚ ɜɨɞɵ ɜ ɧɢɠɧɢɣ ɛɶɟɮ ɜ ɡɢɦɧɢɣ ɩɟɪɢɨɞ ɜ ɫɥɭɱɚɟ 

ɚɜɚɪɢɢ ɢɥɢ ɨɝɪɚɧɢɱɟɧɢɹ ɜɵɪɚɛɨɬɤɢ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɦ ɝɥɭɛɢɧɧɵɣ ɜɨɞɨɫɛɪɨɫ ɜ 
ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɟ ɜ ɜɢɞɟ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɬɪɭɛɨɩɪɨɜɨɞɨɜ. 

ɉɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɜɨɞɨɫɛɪɨɫɚ, ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɪɚɛɨɬɵ ɜ 
ɡɢɦɧɢɣ ɩɟɪɢɨɞ, ɞɨɥɠɧɚ ɨɩɪɟɞɟɥɹɬɶɫɹ ɢɡ ɭɫɥɨɜɢɹ ɨɛɟɫɩɟɱɟɧɢɹ ɫɪɚɛɨɬɤɢ 
ɩɨɥɟɡɧɨɣ ɟɦɤɨɫɬɢ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɤ ɧɚɱɚɥɭ ɜɟɫɟɧɧɟɝɨ ɩɨɥɨɜɨɞɶɹ. 

ɇܸɉɍ = ͳʹ,͹ͳ ɤɦଷ - ɨɛɴɟɦ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɩɪɢ ɇɉɍ; 
ɍܸɆɈ = Ͷ,ͺ͵ ɤɦଷ - ɨɛɴɟɦ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɩɪɢ ɍɆɈ; 
ɩܸɨɥɟɡɧ = ͳʹ,͹ͳ − Ͷ,ͺ͵ = ͹,ͺͺ ɤɦଷ - ɩɨɥɟɡɧɵɣ ɨɛɴɟɦ ɜɨɞɨɯɪɚɧɢɥɢɳɚ; Vɩɨɥɟɡɧ = ͹,ͺͺ ∙ ͳͲଽɦଷ. 

 
ȼɪɟɦɹ ɫɪɚɛɨɬɤɢ ɜɨɞɨɯɪɚɧɢɥɢɳɚ 7 ɦɟɫɹɰɟɜ. 
ݐ  = ͹ ∙ ͵Ͳ ∙ ʹͶ ∙ ͸Ͳ ∙ ͸Ͳ = ͳͺͳͶͶͲͲͲ ܿ 
 ܳ˔˓ = ୚˒ˑˎˈˊː୲ = ଻,଼଼∙ଵ଴9ଵ଼ଵସସ଴଴଴ = Ͷ͵Ͷ,͵ ˏ͵/˔                                                     (6.57) 

 ∇ɇȻ = Ͷͻͺ,ͷ ɦ, - ɨɬɦɟɬɤɚ ɇȻ ɩɪɢ ܳɫɪ; 
 ∇ɞɧа = Ͷͻ͹ ɦ; 
 ∇ɇɉɍ = ͷͺ͵ ɦ. 
 
Ɋɚɫɱɟɬ ɫɟɱɟɧɢɹ ɜɨɞɨɫɛɪɨɫɚ: 
ɉɨɪɨɝ ɜɵɯɨɞɧɨɝɨ ɨɬɜɟɪɫɬɢɹ ɜɨɞɨɫɛɪɨɫɚ ɪɚɫɩɨɥɚɝɚɟɦ ɧɚ ∇= ͷ͵͵,ʹ ɦ. 

ɉɪɢɧɢɦɚɟɦ ɬɨɥɳɢɧɭ ɠɟɥɟɡɨɛɟɬɨɧɧɨɣ ɬɪɭɛɵ 0,2 ɦ. 
Ɂɚɞɚɟɦɫɹ ɜɵɫɨɬɨɣ ɨɬɜɟɪɫɬɢɹ ɜɨɞɨɫɛɪɨɫɚ h = 3 ɦ, ɬɚɤ ɤɚɤ ɝɥɭɛɢɧɚ  ∇ʜʐ =  Ͷͻͺ,ͷˏ, ɚ ɜɟɪɯ ɨɬɜɟɪɫɬɢɹ ɧɚ ∇= ͷ͵͸,ʹ ɦ, ɬɨ ɜɵɯɨɞɧɨɟ ɨɬɜɟɪɫɬɢɟ ɧɟ 

ɡɚɬɨɩɥɟɧɧɨɟ. 
ɉɪɢ ɧɟɡɚɬɨɩɥɟɧɧɨɦ ɜɵɯɨɞɧɨɦ ɨɬɜɟɪɫɬɢɢ: 
 ܳ = µ𝜔√ʹ݃ɇвɨ                                                                                           (6.58) 

 
ɝɞɟ ܳ = Ͷ͵Ͷ,͵ ɦ͵/ɫ. 

ɇвɨ= ∇ɇɉɍ − ∇ȼɵɯ. ɨɬɜ = 583 - 534,7=48,3 ɦ - ɧɚɩɨɪ ɧɚɞ ɰɟɧɬɪɨɦ 
ɜɵɯɨɞɧɨɝɨ ɨɬɜɟɪɫɬɢɹ; 𝜔 - ɩɥɨɳɚɞɶ ɜɵɯɨɞɧɨɝɨ ɨɬɜɟɪɫɬɢɹ; 

µ = 0,80 - ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ. 
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ω =  ୕
µ√ଶ୥ɇɜɨ

= ସଷସ,ଷ଴,଼଴∙√ଶ∙ଽ,଼ଵ∙ସ଼,ଷ = ͳ͹,͸Ͷ ɦଶ                                                 (6.59) 

 
ɋɟɱɟɧɢɹ ɨɬɜɟɪɫɬɢɣ ɩɪɹɦɨɭɝɨɥɶɧɨɟ, ɬɨ 
 𝜔 = ܾ ∙ ℎ(6.60) 
 

ɝɞɟb - ɲɢɪɢɧɚ ɨɬɜɟɪɫɬɢɣ; 
 

Ɍɨɝɞɚ ɲɢɪɢɧɚ ɨɬɜɟɪɫɬɢɣ: 
 ܾ = 𝜔ℎ =  ଵ଻,଺ସଷ = ͷ,ͺͺ ɦ(6.61) 

 
Ɉɤɪɭɝɥɹɟɦ ɞɨ ɫɬɚɧɞɚɪɬɧɨɝɨ ɡɧɚɱɟɧɢɹ b = 6 ɦ. 
ɉɪɢɧɢɦɚɟɦ, ɤɨɥɢɱɟɫɬɜɨ ɨɬɜɟɪɫɬɢɣ n=2, ɜɵɫɨɬɨɣ h =3ɦ, ɲɢɪɢɧɨɣ b =3ɦ.  
ɉɨɪɨɝ ɜɯɨɞɧɨɝɨ ɨɬɜɟɪɫɬɢɹ ɪɚɫɩɨɥɚɝɚɟɦ ɧɚ ∇= ͷͷ͸,͸ ɦ. 
Ɋɚɡɦɟɪɵ ɜɯɨɞɧɨɝɨ ɨɬɜɟɪɫɬɢɹ ɩɪɢɧɢɦɚɟɦ ɤɨɧɫɬɪɭɤɬɢɜɧɨ, ɜɵɫɨɬɚ h =4,5 ɦ, 

ɲɢɪɢɧɚ b =3,5 ɦ.  
 

6.4 Ʉɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɩɥɨɬɢɧɵ 
 
6.4.1 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 (ɪɢɫ. 6.3). 

ɇɨ ɩɪɢ ɫɜɨɟɣ ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɷɬɨɬ ɩɪɨɮɢɥɶ ɞɨɥɠɟɧ ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɞɜɭɦ 
ɭɫɥɨɜɢɹɦ: 

1) Ɉɬɫɭɬɫɬɜɢɟ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɛɟɬɨɧɟ; 
2) ɍɫɬɨɣɱɢɜɨɫɬɶ ɬɟɥɚ ɩɥɨɬɢɧɵ ɩɪɨɬɢɜ ɫɞɜɢɝɚ ɩɨ ɨɫɧɨɜɚɧɢɸ. 

 
Ɋɢɫɭɧɨɤ 6.3 – ɋɯɟɦɚ ɬɪɟɭɝɨɥɶɧɨɝɨ ɩɪɨɮɢɥɹ ɩɥɨɬɢɧɵ. 
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Ȼɟɬɨɧ ɫɥɚɛɨ ɫɨɩɪɨɬɢɜɥɹɟɬɫɹ ɪɚɫɬɹɠɟɧɢɸ, ɜ ɧёɦ ɧɟɞɨɩɭɫɬɢɦɨ ɩɨɹɜɥɟɧɢɟ 
ɬɪɟɳɢɧ ɫ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ, ɱɬɨ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɩɨɹɜɥɟɧɢɸ ɨɩɚɫɧɨɣ 
ɮɢɥɶɬɪɚɰɢɢ ɫɨ ɜɫɟɦɢ ɜɵɬɟɤɚɸɳɢɦɢ ɩɨɫɥɟɞɫɬɜɢɹɦɢ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɡ ɭɫɥɨɜɢɹ ɧɟɞɨɩɭɳɟɧɢɹ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ, 
ɲɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ ɩɨ ɨɫɧɨɜɚɧɢɸ ɨɩɪɟɞɟɥɹɟɬɫɹ, ɤɚɤ: 

 B୬୍ = ୦√ ρɛ
ρ౭ሺଵ−୬ሻ+୬ሺଶ−୬ሻ−αభ                                                                             (6.60) 

 
ɝɞɟ ߙଵ - ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɩɨɬɟɪɸ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ ɡɚ ɫɱɟɬ 
ɭɫɬɪɨɣɫɬɜɚ ɡɚɜɟɫ, ɞɪɟɧɚɠɟɣ ɢ ɲɩɭɧɬɨɜ, ɩɪɢɧɢɦɚɟɦɵɣ 0,5;  ߩ˄ ɢ ߩ௪ – ɩɥɨɬɧɨɫɬɢ ɛɟɬɨɧɚ ɢ ɜɨɞɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; 

 ℎ = ʜʞʢߘ − ʞʝʓߘ = ͷͺ͵ − Ͷͻ͹ = ͺ͸ ˏ                                                (6.61) 
 

ɝɞɟ ߘʞʝʓ = ˃ːˇߘ = Ͷͻ͹ˏ. 
ɂɡ ɭɫɥɨɜɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɥɨɬɢɧɵ ɧɚ ɫɞɜɢɝ ɩɨ ɨɫɧɨɜɚɧɢɸ ɲɢɪɢɧɚ 

ɩɨɞɨɲɜɵ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɜɵɪɚɠɟɧɢɹ: 
௡𝐼𝐼ܤ  = 𝛾𝑛∙ℎ௧௚𝜑ሺ 𝜌˄𝜌𝑤+௡−𝛼భሻ                                                                                      (6.62) 

 
ɝɞɟ ߛ௡ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞёɠɧɨɫɬɢ ɩɨ ɧɚɡɧɚɱɟɧɢɸ ɫɨɨɪɭɠɟɧɢɹ, ɩɪɢɧɢɦɚɟɦɵɣ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɥɚɫɫɚ ɫɨɨɪɭɠɟɧɢɹ. Ⱦɥɹ I ɤɥɚɫɫɚ ɫɨɨɪɭɠɟɧɢɹ ߛ௡ = ͳ,ʹͷ; ݃ݐ𝜑 – ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ ɛɟɬɨɧɚ ɩɨ ɝɪɭɧɬɭ, ɩɪɢɧɢɦɚɟɦɵɣ ɞɥɹ ɫɤɚɥɵ 0,7. 

Ɂɚɞɚɜɚɹɫɶ ɪɚɡɥɢɱɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ݊, ɩɪɨɢɡɜɟɞɟɧ ɪɚɫɱёɬ (ɬɚɛɥɢɰɚ 6.3) ɢ 
ɩɨɫɬɪɨɟɧ ɝɪɚɮɢɤɢ ɡɚɜɢɫɢɦɨɫɬɟɣܤ௡𝐼 = ݂ሺ݊ሻɢ ܤ௡𝐼𝐼 = ݂ሺ݊ሻ(ɪɢɫ. 6.4). 

 
Ɍɚɛɥɢɰɚ 6.3 –Ʉɨɨɪɞɢɧɚɬɵ ɡɚɜɢɫɢɦɨɫɬɟɣܤ௡𝐼 = ݂ሺ݊ሻɢ ܤ௡𝐼𝐼 = ݂ሺ݊ሻ 

n ܤ௡𝐼  ௡𝐼𝐼ܤ 
0 80,83 62,39 

0,1 76,79 63,23 
0,12 76,03 63,44 
0,15 74,91 63,79 
0,3 69,81 66,15 
0,6 61,43 75,43 
0,8 56,88 88,70 

 
Ɍɨɱɤɚ ɩɟɪɟɫɟɱɟɧɢɹ ɤɪɢɜɵɯ ɨɩɪɟɞɟɥɢɬ ɢɫɤɨɦɭɸ ɲɢɪɢɧɭ ɩɨɞɨɲɜɵ 

ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ. 
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Ɋɢɫɭɧɨɤ 6.4 – ɉɟɪɟɫɟɱɟɧɢɟ ɤɪɢɜɵɯ B୬୍ = fሺnሻ ɢ B୬୍୍ = fሺnሻ 

 
Ƚɪɚɮɢɤɢ ɩɟɪɟɫɟɤɚɸɬɫɹ ɜ ɬɨɱɤɟ n = Ͳ,͵͹ ɢ B˒ = ͸ͺ ˏ. 
 
6.4.2 Ɋɚɡɪɟɡɤɚ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ ɲɜɚɦɢ 
 
Ȼɟɬɨɧɧɚɹ ɩɥɨɬɢɧɚ ɪɚɡɪɟɡɚɟɬɫɹ ɩɨ ɞɥɢɧɟ ɩɨɫɬɨɹɧɧɵɦɢ ɲɜɚɦɢ ɧɚ 

ɨɬɞɟɥɶɧɵɟ ɫɟɤɰɢɢ. ȼ ɩɥɨɬɢɧɚɯ ɧɚ 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. Ɋɚɡɪɟɡɚɟɦ ɩɥɨɬɢɧɭ ɬɟɦɩɟɪɚɬɭɪɧɨ-ɭɫɚɞɨɱɧɵɦɢ ɲɜɚɦɢ c 
ɢɧɬɟɪɜɚɥɨɦ 19 ɦ ɩɨ ɨɫɹɦ ɛɵɱɤɨɜ. Ɋɚɫɩɨɥɨɠɟɧɢɟ ɲɜɨɜ ɭɜɹɡɵɜɚɟɬɫɹ ɫɨ 
ɫɬɪɨɢɬɟɥɶɧɵɦɢ ɭɫɥɨɜɢɹɦɢ ɢ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɨɬɜɟɪɫɬɢɣ ɜ ɩɥɨɬɢɧɟ (ɱɬɨɛɵ ɧɟ 
ɩɟɪɟɪɟɡɚɬɶ ɨɬɜɟɪɫɬɢɣ), ɚ ɬɚɤɠɟ ɫ ɪɚɡɪɟɡɤɨɣ ɧɚ ɛɥɨɤɢ ɛɟɬɨɧɢɪɨɜɚɧɢɹ. 

Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɲɜɵ ɩɨ ɤɨɧɬɭɪɭ ɩɥɨɬɢɧɵ ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɨɦɟɪɧɵɦɢ ɫ 
ɩɨɫɬɨɹɧɧɨɣ ɲɢɪɢɧɨɣ ɜ 1 ɫɦ.  

ɒɢɪɢɧɭ ɪɚɫɤɪɵɬɢɹ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɲɜɨɜ, ɨɛɪɚɡɭɟɦɵɯ ɩɭɬёɦ ɩɨɤɪɚɫɤɢ 
ɩɨɜɟɪɯɧɨɫɬɢ ɛɥɨɤɚ ɛɢɬɭɦɨɦ ɩɪɢɧɢɦɚɟɦ 5 ɦɦ. ɉɪɢ ɷɬɨɦ ɭɱɢɬɵɜɚɸɬ, ɱɬɨ ɩɪɢ 
ɫɚɦɨɣ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɫɪɟɞɵ ɲɨɜ ɡɚɦɤɧёɬɫɹ, ɚ ɩɪɢ ɫɚɦɨɣ ɧɢɡɤɨɣ 
ɦɚɤɫɢɦɚɥɶɧɨ ɪɚɫɤɪɨɟɬɫɹ. 

 
6.4.3 Ȼɵɤɢ 

 
ɒɢɪɢɧɚ ɩɪɨɥɟɬɨɜ ܾ=16 ɦ, ɬɨɥɳɢɧɚ ɛɵɤɚ ɩɨ ɮɨɪɦɭɥɟ Ȼɟɪɟɡɢɧɫɤɨɝɨ 

ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 0,12∙ ܾ ɞɨ 0,16∙ ܾ. Ɍɨɥɳɢɧɚ ɪɚɡɪɟɡɧɨɝɨ ɛɵɤɚ 
ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɨɣ 3 ɦ. Ɋɚɡɪɟɡɧɨɣ ɛɵɤ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɩɨɥɭ ɛɵɤɨɜ. ɉɪɢ ɷɬɨɦ 
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ɬɨɥɳɢɧɭ ɩɚɡɨɜɨɝɨ ɩɟɪɟɲɟɣɤɚ ɞɥɹ ɩɨɥɭ-ɛɵɤɚ ɧɚɡɧɚɱɚɟɦ 0,8 ɦ. Ƚɨɥɨɜɧɚɹ ɱɚɫɬɶ 
ɛɵɤɚ ɢɦɟɟɬ ɨɛɬɟɤɚɟɦɭɸ ɜ ɩɥɚɧɟ ɮɨɪɦɭ.  

ɉɚɡɵ ɞɥɹ ɩɥɨɫɤɨɝɨ ɪɚɛɨɱɟɝɨ ɡɚɬɜɨɪɚ ɩɪɢɧɢɦɚɟɦ ɲɢɪɢɧɨɣ 1,6 ɦ, ɩɚɡɵ ɞɥɹ 
ɪɟɦɨɧɬɧɨɝɨ ɡɚɬɜɨɪɚ ɩɪɢɧɢɦɚɟɦ ɲɢɪɢɧɨɣ 0,5 ɦ. Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɭɫɥɨɜɢɣ 
ɩɪɨɜɟɞɟɧɢɹ ɪɟɦɨɧɬɧɵɯ ɪɚɛɨɬ ɞɥɹ ɪɟɦɨɧɬɧɨɝɨ ɡɚɬɜɨɪɚ ɪɚɡɦɟɳɚɟɦ ɩɚɡɵ ɫɨ 
ɫɬɨɪɨɧɵ ȼȻ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 1,5 ɦ ɨɬ ɪɚɛɨɱɟɝɨ ɡɚɬɜɨɪɚ. 

ɒɢɪɢɧɚ ɩɥɨɬɢɧɵ ɩɨ ɝɪɟɛɧɸ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɲɢɪɢɧɭ ɩɟɲɟɯɨɞɧɨɣ 
ɞɨɪɨɠɤɢ, ɚɜɬɨɞɨɪɨɝɢ ɢ ɦɟɫɬɨ ɞɥɹ ɞɜɢɠɟɧɢɹ ɤɪɚɧɚ. ɇɚ ɝɪɟɛɧɟ ɩɪɨɟɤɬɢɪɭɟɦ 
ɞɨɪɨɠɤɭ ɞɥɹ ɥɸɞɟɣ ɨɛɳɟɣ ɲɢɪɢɧɨɣ – 3 ɦ, ɩɪɨɟɡɠɭɸ ɱɚɫɬɶ ɲɢɪɢɧɨɣ – 6 ɦ ɢ 
ɦɟɫɬɨ ɩɨɞ ɤɪɚɧ – 6 ɦ. Ɉɛɳɚɹ ɲɢɪɢɧɚ ɫɨɨɪɭɠɟɧɢɹ ɩɨ ɝɪɟɛɧɸ 15 ɦ. ɒɢɪɢɧɚ 
ɩɥɨɬɢɧɵ ɩɨ ɝɪɟɛɧɸ ɦɨɠɟɬ ɢɡɦɟɧɢɬɶɫɹ ɩɪɢ ɪɚɫɱёɬɚɯ ɫɨɨɪɭɠɟɧɢɹ ɧɚ ɩɪɨɱɧɨɫɬɶ ɢ 
ɭɫɬɨɣɱɢɜɨɫɬɶ, ɧɨ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɦɟɧɶɲɟ ɡɚɞɚɧɧɨɣ ɜɟɥɢɱɢɧɵ. 

 
6.4.4 ɍɫɬɨɢ 
 

ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɭɱɢɬɵɜɚɟɦ, ɱɬɨ ɜɵɫɨɬɚ ɩɥɨɬɢɧɵ ɛɨɥɟɟ 40ɦ, 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɫɨɩɪɹɠɟɧɢɟ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ ɫ ɝɪɭɧɬɨɜɨɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɡɚ 
ɫɱɟɬ ɜɜɟɞɟɧɢɹ ɝɥɭɯɨɣ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ ɜ ɝɪɭɧɬɨɜɭɸ. Ɇɟɠɞɭ ɫɬɚɧɰɢɨɧɧɨɣ ɢ 
ɜɨɞɨɫɥɢɜɧɨɣ ɱɚɫɬɶɸ ɩɥɨɬɢɧɵ ɭɫɬɪɚɢɜɚɟɦ ɪɚɡɞɟɥɢɬɟɥɶɧɵɣ ɭɫɬɨɣ ɞɥɹ 
ɭɦɟɧɶɲɟɧɢɹ ɩɨɩɚɞɚɧɢɹ ɛɪɵɡɝ ɨɬɛɪɚɫɵɜɚɟɦɨɣ ɫɬɪɭɢ ɧɚ ɡɞɚɧɢɟ Ƚɗɋ. 

 
6.4.5 Ⱦɪɟɧɚɠ ɬɟɥɚ ɛɟɬɨɧɧɨɣ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ 
 
ȼɞɨɥɶ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɩɥɨɬɢɧ ɫɥɟɞɭɟɬ ɩɪɟɞɭɫɦɚɬɪɢɜɚɬɶ ɭɫɬɪɨɣɫɬɜɨ 

ɞɪɟɧɚɠɚ ɜ ɜɢɞɟ ɜɟɪɬɢɤɚɥɶɧɵɯ ɫɤɜɚɠɢɧ, ɢɦɟɸɳɢɯ ɜɵɯɨɞɵ ɜ ɩɪɨɞɨɥɶɧɵɟ 
ɝɚɥɟɪɟɢ.  

Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɞɨ ɨɫɢ ɞɪɟɧɚɠɚ ɞɨɥɠɧɨ ɛɵɬɶ ɧɟ ɦɟɧɟɟ 2 ɦ 
ɩɪɢ ɫɨɛɥɸɞɟɧɢɢ ɭɫɥɨɜɢɹ:  

 ܽɞɪ ≥ ୌ ∙ ஓ୬୍ˍ˓,୫                                                                                                     (6.63) 

 ܽɞɪ≥ ଼ସ ∙ ଵ,ଶହଶହ  = 4,2 ɦ,  
 

ɝɞɟ ߘ = ܪʜʞʢ −  .ɤɪ,௠= 25 – ɤɪɢɬɢɱɟɫɤɢɣ ɫɪɟɞɧɢɣ ɝɪɚɞɢɟɧɬ ɧɚɩɨɪɚ ɞɥɹ ɛɟɬɨɧɚ ɩɥɨɬɢɧɵܫ  ௡= 1,25  – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ ɩɨ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ ɫɨɨɪɭɠɟɧɢɹߛ ;К - ɨɬɦɟɬɤɚ ɩɨɥɚ ɝɚɥɟɪɟɢ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ ɢ ɞɪɟɧɚɠɧɨɣ ɝɚɥɟɪɟɢߘ ;К = 583 - 499 = 84 ɦ  – ɧɚɩɨɪ ɧɚɞ ɪɚɫɱɟɬɧɵɦ ɫɟɱɟɧɢɟɦߘ
Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɞɨ ɜɟɪɬɢɤɚɥɶɧɨɣ ɞɪɟɧɚɠɧɨɣ ɫɤɜɚɠɢɧɵ 
ɩɪɢɧɢɦɚɟɦ 5 ɦ, ɞɢɚɦɟɬɪ ɫɤɜɚɠɢɧɵ ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɵɦ 0,3 ɦ. 
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6.4.6 Ƚɚɥɟɪɟɢ ɜ ɬɟɥɟ ɩɥɨɬɢɧɵ 
 
ȼ ɬɟɥɟ ɩɥɨɬɢɧɵ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɩɪɨɞɨɥɶɧɵɟ ɢ ɩɨɩɟɪɟɱɧɵɟ ɝɚɥɟɪɟɢ. 

ɋɦɨɬɪɨɜɵɟ ɝɚɥɟɪɟɢ ɪɚɫɩɨɥɨɠɟɧɵ ɱɟɪɟɡ 15 ɦ ɩɨ ɜɵɫɨɬɟ, ɪɚɡɦɟɪɨɦ 1,5ɯ2 ɦ. Ɉɞɧɚ 
ɢɡ ɩɪɨɞɨɥɶɧɵɯ ɝɚɥɟɪɟɣ ɫɩɪɨɟɤɬɢɪɨɜɚɧɚ ɜɵɲɟ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɭɪɨɜɧɹ ɧɢɠɧɟɝɨ 
ɛɶɟɮɚ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɫɚɦɨɬɟɱɧɨɝɨ ɨɬɜɨɞɚ ɜɨɞɵ ɢɡ ɜɫɟɣ ɜɵɲɟɥɟɠɚɳɟɣ ɱɚɫɬɢ 
ɩɥɨɬɢɧɵ. 

Ɋɚɡɦɟɪɵ ɝɚɥɟɪɟɣ, ɭɫɬɪɚɢɜɚɟɦɵɯ ɞɥɹ ɰɟɦɟɧɬɚɰɢɢ ɨɫɧɨɜɚɧɢɹ ɩɥɨɬɢɧɵ, 
ɫɨɡɞɚɧɢɹ ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɞɪɟɧɚɠɚ, ɫɥɟɞɭɟɬ ɩɪɢɧɢɦɚɬɶ 
ɦɢɧɢɦɚɥɶɧɵɦɢ, ɧɨ ɩɪɢ ɷɬɨɦ ɨɛɟɫɩɟɱɢɜɚɸɳɢɦɢ ɩɪɨɜɨɡ ɢ ɪɚɛɨɬɭ ɛɭɪɨɜɨɝɨ, 
ɰɟɦɟɧɬɚɰɢɨɧɧɨɝɨ ɢ ɞɪɭɝɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. ɉɨɷɬɨɦɭ ɭɫɬɪɚɢɜɚɟɦ ɝɚɥɟɪɟɸ 
ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ ɢ ɞɪɟɧɚɠɧɭɸ ɝɚɥɟɪɟɸ, ɢɯ ɪɚɡɦɟɪɵ ɢɡ ɩɪɚɤɬɢɱɟɫɤɢɯ 
ɪɟɤɨɦɟɧɞɚɰɢɣ ɩɪɢɧɢɦɚɟɦ ɫ ɭɱɟɬɨɦ ɪɚɛɨɬɚɸɳɟɣ ɬɟɯɧɢɤɢ ͵,ͷхͶɦ. 

 
6.4.7 Ʉɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɨɬɞɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɩɨɞɡɟɦɧɨɝɨ ɤɨɧɬɭɪɚ 

ɩɥɨɬɢɧɵ 
 
ȼ ɨɫɧɨɜɚɧɢɢ ɩɥɨɬɢɧɵ, ɫɬɨɹɳɟɣ ɧɚ ɫɤɚɥɟ, ɭɫɬɪɚɢɜɚɟɦ 

ɩɪɨɬɢɜɨɮɢɥɶɬɪɚɰɢɨɧɧɵɟ ɷɥɟɦɟɧɬɵ: ɰɟɦɟɧɬɚɰɢɨɧɧɭɸ ɡɚɜɟɫɭ ɢ ɜɟɪɬɢɤɚɥɶɧɵɣ 
ɞɪɟɧɚɠ. 

ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɰɟɦɟɧɬɧɨɣ ɡɚɜɟɫɵ ɢ ɞɪɟɧɚɠɧɨɣ ɫɤɜɚɠɢɧɵ 
ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 6.5. 

Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɞɨ ɨɫɢ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ: 
 ݈ଵ = ሺͲ,Ͳͷ ÷ Ͳ,ͳሻ ∙ ˒ܤ = Ͳ,ͳ ∙ ͸ͺ = ͸,ͺ ɦ.                                                 (6.64) 
 

ɝɞɟ ܤ˒ - ɲɢɪɢɧɚ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ. 
 

 
Ɋɢɫɭɧɨɤ 6.5 – ɋɯɟɦɚ ɰɟɦɟɧɬɧɨɣ ɡɚɜɟɫɵ ɢ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɞɪɟɧɚɠɚ 
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Ɋɚɫɫɬɨɹɧɢɟ ݈ଶɩɪɢɧɢɦɚɟɬɫɹ ɤɨɧɫɬɪɭɤɬɢɜɧɨ ݈ଶ = ͷ ɦ. 
 
Ƚɥɭɛɢɧɚ ɰɟɦɟɧɬɧɨɣ ɡɚɜɟɫɵ: 
 ℎɡав = ሺͲ,ͷ ÷ Ͳ,ͺሻ ∙ ௠௔௫ܪ = Ͳ,͸ ∙ ͺͷ = ͷͳɦ                                             (6.65) 

 
ɝɞɟH୫ୟ୶ − ɦɚɤɫɢɦɚɥɶɧɵɣɧɚɩɨɪ, 
 H୫ୟ୶ = ∇ʜʞʢ − ∇ʜʐmin = ͷͺ͵ − Ͷͻͺ = ͺͷɦ                                      (6.66) 
 
ɝɞɟ ∇ʜʐmin = 498 ɦ - ɦɢɧɢɦɚɥɶɧɚɹ ɨɬɦɟɬɤɚ ɇȻ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɪɨɩɭɫɤɭ 
ɜɨɞɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɪɚɫɯɨɞɚ. 
 

Ɍɨɥɳɢɧɚ ɰɟɦɟɧɬɧɨɣ ɡɚɜɟɫɵ: 
 Ɂɡɚɜ = ∆ୌ୎ɤɪ

∙ ɀ୦                                                                                               (6.67) 

 
ɝɞɟ ∆ܪ – ɧɚɩɨɪ, ɞɟɣɫɬɜɭɸɳɢɣ ɧɚ ɡɚɜɟɫɭ;  ܬɤɪ = ͳͷ – ɤɪɢɬɢɱɟɫɤɢɣ ɝɪɚɞɢɟɧɬ ɞɥɹ ɡɚɜɟɫɵ; ߛ௡ = ͳ,ʹͷ –  ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞёɠɧɨɫɬɢ. 

 
ɉɨ ɷɩɸɪɟ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ ɞɥɹ ɝɪɚɜɢɬɚɰɢɨɧɧɨɣ ɩɥɨɬɢɧɵ ɫ ɰɟɦ. 
ɡɚɜɟɫɨɣ ɜ ɨɫɧɨɜɚɧɢɢ ɧɚɯɨɞɢɦ ∆ܪ:  
ܪ∆  = ௗܪ −  ௔௦  (6.68)ܪ
 
ɝɞɟ ܪௗ – ɩɨɥɧɵɣ ɮɢɥɶɬɪɚɰɢɨɧɧɵɣ ɧɚɩɨɪ; ܪ௔௦  - ɧɚɩɨɪ ɧɚ ɰɟɦ. ɡɚɜɟɫɟ (ɪɚɫɫɱɢɬɚɧɨ ɜ ɩ. 6.5). 

ܪ∆  = ͺͷ − ͵Ͷ = ͷͳ ˏ.  
 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ:  
˅˃ˊߜ  ൒ ͷͳͳͷ ∙ ͳ,ʹͷ = Ͷ,ʹͷ ˏ.  

 
Ƚɥɭɛɢɧɚ ɞɪɟɧɚɠɚ: 
 ℎɞɪ = Ͳ,ͷ ∙ ℎɡав = Ͳ,ͷ ∙ ͷͳ = ʹͷ,ͷ ɦ                                                           (6.69) 

 
Ⱦɢɚɦɟɬɪ ɞɪɟɧɚɠɧɵɯ ɫɤɜɚɠɢɧ ɩɪɢɧɢɦɚɟɬɫɹ 0,3 ɦ, ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɧɢɦɢ 

2,5 ɦ. 
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6.5 Ɏɢɥɶɬɪɚɰɢɨɧɧɵɟ ɪɚɫɱɟɬɵ 
 

Ɋɚɫɱɟɬɵ ɩɪɨɜɨɞɹɬ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɫɥɭɱɚɹ: ɨɬɦɟɬɤɚ ɜɟɪɯɧɟɝɨ 
ɛɶɟɮɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ НПУ = 583 ɦ, ɧɢɠɧɟɝɨ ɛɶɟɮɚ - minУНБ = 498 ɦ, ɩɪɢ 
ɩɪɨɩɭɫɤɟ ɜɨɞɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɪɚɫɯɨɞɚ вхкQ = 320ˏ ଷ/˔. 

ɉɪɨɜɟɞɟɦ ɮɢɥɶɬɪɚɰɢɨɧɧɵɣ ɪɚɫɱɟɬ ɩɥɨɬɢɧɵ ɧɚ ɫɤɚɥɶɧɨɦ ɨɫɧɨɜɚɧɢɢ. Ⱦɥɹ 
ɝɪɚɜɢɬɚɰɢɨɧɧɨɣ ɩɥɨɬɢɧɵ ɫ ɰɟɦ. ɡɚɜɟɫɨɣ ɜ ɨɫɧɨɜɚɧɢɢ (I ɤɥɚɫɫ ɫɨɨɪɭɠɟɧɢɹ). 
ɗɩɸɪɚ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɩɪɨɬɢɜɨɞɚɜɥɟɧɢɹ ɞɥɹ ɩɥɨɬɢɧ (ɪɢɫ. 6.6):  
݀ܪ௔௦ܪ  = Ͳ,Ͷ (6.70) 

݀ܪௗ௥ܪ  = Ͳ,ʹ (6.71) 

 
ɝɞɟ ܪ௔௦ −ɧɚɩɨɪ ɧɚ ɰɟɦ. ɡɚɜɟɫɟ; ܪௗ௥ – ɧɚɩɨɪ ɧɚ ɞɪɟɧɚɠɟ. 

 
 Ɂɧɚɹ ɜɟɥɢɱɢɧɭ ܪௗ = ͷͺ͵ − Ͷͻͺ = ͺͷ ˏ, ɜɵɱɢɫɥɹɟɦ ɢɡ ɫɨɨɬɧɨɲɟɧɢɣ ܪ௔௦ ɢ ܪௗ௥.  
௔௦ܪ  = Ͳ,Ͷ ∙ ௗܪ = Ͳ,Ͷ ∙ ͺͷ = ͵Ͷ ˏ. (6.72) 

௔௦ܪ   = Ͳ,ʹ ∙ ௗܪ = Ͳ,ʹ ∙ ͺͷ = ͳ͹ ˏ. (6.73) 
 

Ƚɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɷɩɸɪɵ ɮɢɥɶɬɪɚɰɢɢ: ܪ௧ = ͳˏ; ܪ௔௦ = ͵Ͷ ˏ; ܪ௨ = ͺ͸ ˏ; ܪௗ = ͺͷ ˏ. ܪௗ௥ = ͳ͹ ˏ.  
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Ɋɢɫɭɧɨɤ 6.6 – ɗɩɸɪɚ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɩɪɨɬɢɜɨɞɚɜɥɟɧɢɹ ɞɥɹ ɩɥɨɬɢɧ ɧɚ 

ɫɤɚɥɶɧɨɦ ɨɫɧɨɜɚɧɢɢ 
 
6.6 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɫɧɨɜɧɵɯ ɧɚɝɪɭɡɨɤ ɧɚ ɩɥɨɬɢɧɭ 

 
 Ɋɚɫɱɟɬɵ ɩɪɨɱɧɨɫɬɢ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ 
ɜɵɩɨɥɧɹɸɬ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ ɢ ɜɨɡɞɟɣɫɬɜɢɣ. 
 Ɉɫɧɨɜɧɨɣ ɪɚɫɱɟɬɧɵɣ ɫɥɭɱɚɣ - ɧɨɪɦɚɥɶɧɵɣ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɣ ɩɪɢ ɇɉɍ 
ɜ ɜɟɪɯɧɟɦ ɛɶɟɮɟ ɢ ɦɢɧɢɦɚɥɶɧɨɦ ɭɪɨɜɧɟ ɧɢɠɧɟɝɨ ɛɶɟɮɚ (ɩɪɢ вхкQ = 320ˏ ଷ/˔) 
 
 6.6.1 ȼɟɫ ɫɨɨɪɭɠɟɧɢɹ 

 
ɉɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ, ɚ ɬɚɤɠɟ ɬɨɱɤɚ ɩɪɢɥɨɠɟɧɢɹ 

ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɟɣ ɫɢɥɵ ܩ˒ˎ ɨɩɪɟɞɟɥɹɸɬɫɹ ɜ ɩɪɨɝɪɚɦɦɟ AutoCAD. 
 ܵ˒ˎ = ͵Ͳͻ͵ ˏଶ; 
 ܵ˄ = ͵͵Ͷͷ ˏଶ. 

 
ȼɟɫ 1ɩ.ɦ. ɜɨɞɨɫɥɢɜɧɨɣ ɱɚɫɬɢ ɩɥɨɬɢɧɵ:  
 

                           (6.74) 
 

 
ɝɞɟ ߛ˄ − ɩɥɨɬɧɨɫɬɶ ɛɟɬɨɧɚ; ܵ˒ˎ − ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɩɥɨɬɢɧɵ; ܾ − ɲɢɪɢɧɚ ɩɪɨɥɟɬɚ; ݀ − ɬɨɥɳɢɧɚ ɛɵɤɚ.  

Gɩɥ = ୗɩɥ∙ୠ∙γɛୠ+ୢ = ଷ଴ଽଷ∙ଵ଺∙ଶସଵ଺+ଷ = ͸ʹͷͳͳ,ͳ͸ ɤɇ/ɦ 



94 
 

ȼɟɫ ɛɵɤɚ ɩɥɨɬɢɧɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɚɧɚɥɨɝɢɱɧɨ: 
˄ܩ  = ܵ˄ ∙ ݀ ∙ ܾ˄ߛ + ݀ = ͵͵Ͷͷ ∙ ͵ ∙ ʹͶͳ͸ + ͵ = ͳʹ͸͹͸ ˍʜ/ˏ (6.75) 

 
ɝɞɟ ܵ˄ − ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɛɵɤɚ. 
 

ȼɟɫ ɩɥɨɫɤɨɝɨ ɡɚɬɜɨɪɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ Ⱥ.Ɋ. Ȼɟɪɟɡɢɧɫɤɨɝɨ: 
 

 
ɝɞɟ ݂ − ɩɥɨɳɚɞɶ ɡɚɬɜɨɪɚ: 
 ݂ = ሺߘʣʞʢ − ʒʑߘ + Ͳ,ͷሻ ∙ ܾ = ሺͷͺͶ − ͷ͹͵ + Ͳ,ͷሻ ∙ ͳ͸ = ͳͺͶ ˏଶ (6.77) 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ: 

 ܳˊ = Ͳ,Ͳͷͷ ∙ ͳͺͶ ∙ √ͳͺͶ ∙ ͻ,ͺͳ = ͳ͵Ͷ͸,͸͸ ˍʜ. 
 

ȼɟɫ ɡɚɬɜɨɪɚ ɩɪɢɜɨɞɢɬɫɹ ɤ 1 ɩ.ɦ.: 
 

 
6.6.2 ɋɢɥɚ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨɞɵ 
 
ɋɢɥɭ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨɞɵ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɚɦ 

ɝɢɞɪɚɜɥɢɤɢ. ɗɩɸɪɵ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɜɟɪɯɨɜɭɸ ɢ ɧɢɡɨɜɭɸ ɝɪɚɧɢ 
ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ ɢɦɟɸɬ ɮɨɪɦɭ ɪɚɜɧɨɛɟɞɪɟɧɧɨɝɨ ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ 
ɬɪɟɭɝɨɥɶɧɢɤɚ. 

ɋɢɥɚ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨɞɵ ɫɨ ɫɬɨɪɨɧɵ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ ɞɥɹ 
ɨɫɧɨɜɧɨɝɨ ɫɥɭɱɚɹ: 
 

 
ɝɞɟ ℎଵ =  ∇ʜʞʢ − ∇˒ˑˇˑ˛˅ы = ͷͺ͵ − Ͷͻ͹ = ͺ͸ ˏ,                                       (6.80) ߛ௪ = ͳͲ ɤɇ/ɦ3 – ɭɞɟɥɶɧɵɣ ɜɟɫ ɜɨɞɵ, 
  

ܳˊ ≈ Ͳ.Ͳͷͷ ∙ ݂√݂ ∙ ݃ (6.76) 

qˊ = Qˊb + Ɂ˄ = ͳ͵͸͸,͸͸ͳ͸ + ͵ = ͹Ͳ,ͺͺ ˍʜ/ˏ (6.78) 

Tɜ = ୵ ∙ hଵଶʹ = ͳͲ ∙ ͺ͸ଶʹ = ͵͸ͻͺͲ ɤɇ/ɦ (6.79) 
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- ɫɨ ɫɬɨɪɨɧɵ ɧɢɠɧɟɝɨ ɛɶɟɮɚ: 
 

 
ɝɞɟℎଶ = ʢʜʐ௠𝑖௡ߘ  − ∇˒ˑˇˑ˛˅ы = Ͷͻͺ − Ͷͻ͹ = ͳ ˏ,                                     (6.82) 

 
6.6.3 Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɜɡɜɟɲɢɜɚɸɳɟɝɨ ɞɚɜɥɟɧɢɹ 

 
Cɢɥɭ ɜɡɜɟɲɢɜɚɸɳɟɝɨ ɞɚɜɥɟɧɢɹ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ: 

 

 
ɝɞɟ ʑ˒ = ͸ͺ ˏ − ˛ˋ˓ˋː˃ ˒ˑˇˑ˛˅ы ˅ˑˇˑ˔ˎˋ˅ːˑˌ ˒ˎˑ˕ˋːы; ℎʜʐ = ͳˏ −  ˆˎ˖˄ˋː˃ ˅ˑˇы ˅ ʜʐ, ˒˓ˋ ܳʑʤʙ. 

 
6.6.4 ɋɢɥɚ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ 

 
ɋɢɥɚ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɩɨɞɨɲɜɭ ɫɨɨɪɭɠɟɧɢɹ: 

 

 
ɝɞɟ фS - ɩɥɨɳɚɞɶ ɷɩɸɪɵ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ, ɞɟɣɫɬɜɭɸɳɟɝɨ ɧɚ 
ɩɨɞɨɲɜɭ ɩɥɨɬɢɧɵ, ɪɚɜɧɚ 1010 ˏଶ. 

 
6.6.5 Ⱦɚɜɥɟɧɢɟ ɝɪɭɧɬɚ 

 
Ⱦɚɜɥɟɧɢɟ ɧɚɧɨɫɨɜ ɧɚ ɜɟɪɬɢɤɚɥɶɧɭɸ ɝɪɚɧɶ: 
ɧ݌  = ɧߛ ∙ ℎɧ ∙ ଶ݃ݐ ቀͶͷ° − 𝜑ɧʹ ቁ = ͳͲ ∙ ͳͲ ∙ ଶ݃ݐ (Ͷͷ° − ʹͲ°ʹ ) = Ͷͻ ɤɉа (6.85) 

 
ɝɞɟ ːߛ  – ɭɞɟɥɶɧɵɣ ɜɟɫ ɧɚɧɨɫɨɜ ɜɨ ɜɡɜɟɲɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ ːߛ = ͳͲ ˍʜ/ˏଷ; ℎː – ɬɨɥɳɢɧɚ ɫɥɨɹ ɧɚɧɨɫɨɜ ℎː = ͳͲ ˏ; 𝜑ː – ɭɝɨɥ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ɞɥɹ ɧɚɧɨɫɨɜ,𝜑ː = ʹͲ°.  

 
Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɞɚɜɥɟɧɢɹ ɧɚɧɨɫɨɜ: 
 

  

ܶː = ௪ ∙ ℎଶଶʹ = ͳͲ ∙ ͳଶʹ = ͷ ˍʜ/ˏ (6.81) 

вܹɡв = ȼɩ ∙ ℎɇȻ ∙ ௪ = ͸ͺ ∙ ͳ ∙ ͳͲ = ͸ͺͲ ɤɇ/ɦ (6.83) 

˗ܹ = ௪ ∙ ܵ˗ = ͳͲ ∙ ͳͲͳͲ = ͳͲͳͲͲ ˍʜ/ˏ (6.84) 

ɧܧ = ɧ݌ ∙ ℎɧʹ = Ͷͻ ∙ ͳͲʹ = ʹͶͷ ɤɇ    (6.86) 
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6.6.6 ȼɨɥɧɨɜɨɟ ɞɚɜɥɟɧɢɟ 
 
Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɜɨɥɧɨɜɨɝɨ ɞɚɜɥɟɧɢɹ ɩɪɢ ɨɫɧɨɜɧɨɦ ɪɚɫɱɟɬɧɨɦ ɫɥɭɱɚɟ 

ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ ɭɩɪɨɳɟɧɧɨ ɩɨ ɮɨɪɦɭɥɟ A.JI. Ɇɨɠɟɜɢɬɢɧɨɜɚ: 
 

 
ɝɞɟ %h1 - ɜɵɫɨɬɚ ɜɨɥɧɵ 1%-ɧɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ;  

  - ɫɪɟɞɧɹɹ ɞɥɢɧɚ ɜɨɥɧɵ; 
 

 
ɉɚɪɚɦɟɬɪɵ ɜɨɥɧ ɨɩɪɟɞɟɥɟɧɵ ɜ ɩ.1. 

 

 
Ʌɢɧɢɹ ɞɟɣɫɬɜɢɹ ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɟɣ ܹ˅ ˑˎː ɧɚɯɨɞɢɬɫɹ ɧɢɠɟ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɭɪɨɜɧɹ ɩɨɤɨɹ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ ɧɚ ɜɟɥɢɱɢɧɭ: 
 

 
ɉɥɟɱɨ ɫɢɥɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ ɜɪɚɳɟɧɢɹ ɦɨɦɟɧɬɨɜ: 
 y˅ˑˎː = ∆ʜʞʢ − ∆ʞʝʓ − y˔ = ͷͺ͵ − Ͷͻ͹ − Ͳ,͸ͷ = ͺͷ,͵ͷ ˏ                (6.90) 

 
6.7 Ɋɚɫɱёɬ ɩɪɨɱɧɨɫɬɢ ɩɥɨɬɢɧɵ 
 
ȼɫɟ ɧɚɩɪɹɠɟɧɢɹ ɫɱɢɬɚɟɦ ɨɬɧɨɫɢɬɟɥɶɧɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɫɟɱɟɧɢɹ 

ɩɨɞɨɲɜɵ. 
ɂɫɯɨɞɹ ɢɡ ɩɪɚɤɬɢɱɟɫɤɢɯ ɫɨɨɛɪɚɠɟɧɢɣ, ɜ ɪɚɫɱёɬɟ ɩɥɨɬɢɧɵ ɩɪɢɧɢɦɚɟɦ 

ɫɠɢɦɚɸɳɢɟ ɧɚɩɪɹɠɟɧɢɹ ɫɨ ɡɧɚɤɨɦ «–», ɪɚɫɬɹɝɢɜɚɸɳɢɟ – ɫɨ ɡɧɚɤɨɦ «+»  
Ɍɨɱɤɢ ɩɪɢɥɨɠɟɧɢɹ ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɢɯ ɜɫɟɯ ɫɢɥ ɪɚɫɫɱɢɬɚɧɵ ɫ ɩɨɦɨɳɶɸ 

ɩɪɨɝɪɚɦɦɵ AutoCAD.  
Ⱦɥɹ ɭɞɨɛɫɬɜɚ ɪɚɫɱёɬɚ ɫɨɫɬɚɜɢɦ ɬɚɛɥɢɰɭ 6.4, ɜ ɤɨɬɨɪɭɸ ɜɧɟɫɟɦ ɜɫɟ 

ɧɚɝɪɭɡɤɢ, ɭɦɧɨɠɟɧɧɵɟ ɧɚ ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ ɩɨ ɧɚɝɪɭɡɤɟ. 
  

ܹ˅ ˑˎː = ͳʹ ∙ ௪ ∙ ℎଵ% ቆ̅ߨߣ + ℎ଴ʹቇ ; (6.87) 

ℎ଴ = ߨ ∙ ℎଵ%ଶ̅ߣ = ͵,ͳͶ ∙ Ͳ,ͷͶ͵ଶͷ,Ͷ = Ͳ,ͳ͹ ˏ (6.88) 

ܹ˅ ˑˎː = ͳʹ ∙ ͳͲ ∙ Ͳ,ͷͶ͵ ( ͷ,Ͷ͵,ͳͶ + Ͳ,ͳ͹ʹ ) = Ͷ,ͺͺ ˍʜ/ˏ  

௖ݕ = ߨߣʹ̅ − ͵ͅ ℎଵ% = ͷ,Ͷ ͸,ʹͺ − ͵ͅ ∙ Ͳ,ͷͶ͵ = Ͳ,͸ͷ ˏ (6.89) 
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Ɍɚɛɥɢɰɚ 6.4 – Ɉɫɧɨɜɧɵɟ ɧɚɝɪɭɡɤɢ ɧɚ ɩɥɨɬɢɧɭ 

ɇɚɝɪɭɡɤɚ 

 

 

ɇɚɩɪɚɜɥɟɧɢɟ ɫɢɥɵ 

Ɉɫɧɨɜɧɨɣ ɫɥɭɱɚɣ 

ɪɚɫɱɟɬɧɚɹ 
ɫɢɥɚ, ɤɇ 

ɫɢɥɚ ɫ 
ɭɱɟɬɨɦ ߛ௙ , 

ɤɇ 
ɩɥɟɱɨ, ɦ ɦɨɦɟɧɬ, ɤɇɦ 

Ɍɜ 1  36980 36980 28,66 1059846,8 
Ɍɧ 1  5 5 0,33 -1,7 
Gɛ 0,95  12676 12042 11,65 -140289,3 

Gɩɥ 0,95  62511,16 59385,60 9,97 -592074,4 

Wɜɡɜ 1  680 680 0 0 
Wɮ 1  10100 10100 17,25 174225 
qɡ 0,9  70,88 63,79 31,2 -1990,2 

Wɜɨɥɧ 1  4,88 4,88 85,35 416,5 
Eɧ 1,2  245 294 3,33 979 

ΣN  60711 

ΣM 501112 

 
Ɋɚɫɱёɬ ɤɪɚɟɜɵɯ ɧɚɩɪɹɠɟɧɢɣ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɫɥɭɱɚɹ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ 

ɫɟɱɟɧɢɢ ɩɥɨɬɢɧɵ (ɩɪɢ ɪɚɫɱёɬɟ ɧɚ 1 ɩɨɝɨɧɧɵɣ ɦɟɬɪ ɞɥɢɧɵ) ɜɵɩɨɥɧɹɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɚɦ: 

Ⱦɥɹ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ: 
 

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

 𝜎௬௨ = − ͸Ͳ͹ͳͳ͸ͺ + ͸ ∙ ͷͲͳͳͳʹ͸ͺଶ = −ʹͶʹ,ͷͺ ˍʜ/ˏଶ 

 
(6.92) 

 
ɝɞɟ ܪௗ௨ = ∇ʜʞʢ − ∇ʞʝʓ = ͷͺ͵ − Ͷͻ͹ = ͺ͸ˏ– ɧɚɩɨɪ ɧɚɞ ɪɚɫɱёɬɧɵɦ ɫɟɱɟɧɢɟɦ 
ɫɨ ɫɬɨɪɨɧɵ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ; ݉௨ – ɡɚɥɨɠɟɧɢɟ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ ɧɚ ɭɪɨɜɧɟ ɪɚɫɱёɬɧɨɝɨ ɫɟɱɟɧɢɹ, ݉௨ = Ͳ; 
 

(6.93) 

 σ୶୳ = −ʹͶʹ,ͷͻ ∙ Ͳ − ͳͲ ∙ ͺ͸ ∙ ሺͳ − Ͳሻ = −ͺ͸Ͳ ˍʜ/ˏଶ 
 𝜏௫௬௨ = ߛ˅) ∙ ௗ௨ܪ + 𝜎௬௨൯ ∙ ݉௨ = Ͳ    (6.94)   

𝜎௬௨ = − ˒ܤܰ + ͸ ∙ ∑ ˒ଶܤܯ  (6.91) 

𝜎௫௨ = 𝜎௬௨ ∙ ݉௨ଶ − ௪ߛ ∙ ௗ௨ܪ ∙ ሺͳ − ݉௨ଶሻ  

𝜎௫௨ = 𝜎௬௨ ∙ ݉௨ଶ − ௪ߛ ∙ ௗ௨ܪ ∙ ሺͳ − ݉௨ଶሻ 
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  𝜎ଵ௨ = 𝜎௬௨ ∙ ሺͳ + ݉௨ଶሻ + ߛ˅ ∙ ௗ௨ܪ ∙ ݉௨ଶ  
 

   (6.95) 𝜎ଵ௨ = −ʹͶʹ,ͷͺ ∙ ሺͳ + Ͳሻ + ͳͲ ∙ ͺ͸ ∙ Ͳ = −ʹͶʹ,ͷͺ ˍʜ/ˏଶ; 
 𝜎ଷ௨ = ߛ˅− ∙ ௗ௨ܪ = −ͳͲ ∙ ͺ͸ = −ͺ͸Ͳ ˍʜ/ˏଶ    (6.96)   
 
Ⱦɥɹ ɧɢɡɨɜɨɣ ɝɪɚɧɢ: 
 

(6.97) 

 
(6.98) 

 𝜎௫௧ = −ͳͷͶ͵,ͲͶ ∙ Ͳ,͹ͷଶ − ͳͲ ∙ ͳ ∙ ሺͳ − Ͳ,͹ͷଶሻ = −ͺ͹ʹ,͵Ͷ ˍʜ/ˏଶ 
 
ɝɞɟ݉௧ = ˔tg ଶߙ ଶ, ɝɞɟߙ = ͷ͵º – ɭɝɨɥ ɦɟɠɞɭ ɧɢɡɨɜɨɣ ɝɪɚɧɶɸ ɢ ɥɢɧɢɟɣ ɩɨɞɨɲɜɵ. ܪௗ௧ = ∇ʢʜʐ௠𝑖௡ − ∇ʞʝʓ = Ͷͻͺ − Ͷͻ͹ = ͳˏ– ɧɚɩɨɪ ɧɚɞ ɪɚɫɱёɬɧɵɦ ɫɟɱɟɧɢɟɦ 

ɫɨ ɫɬɨɪɨɧɵ ɧɢɠɧɟɝɨ ɛɶɟɮɚ; 
 

(6.99) 

 𝜏௫௬௧ = −ሺͳͲ ∙ ͳ − ͳͷͶ͵,ͲͶሻ ∙ Ͳ,͹ͷ = ͳͳͶͻ,͹ͺ ˍʜ/ˏଶ 
 

(6.100) 

 
(6.101) 

 𝜎ଷ௧ = −ͳͷͶ͵,ͲͶ ∙ ሺͳ + Ͳ,͹ͷଶሻ + ͳͲ ∙ ͳ ∙ Ͳ,͹ͷଶ = −ʹͶͲͷ,͵ͺ ˍʜ/ˏଶ 
 
Ⱦɥɹ ɧɚɝɥɹɞɧɨɫɬɢ ɜɫɟ ɪɚɫɱёɬɵ ɫɜɟɞёɦ ɜ ɬɚɛɥɢɰɭ 6.5. 
 

Ɍɚɛɥɢɰɚ 6.5 – ɇɚɩɪɹɠɟɧɢɹ, ɜɨɡɧɢɤɚɸɳɢɟ ɜ ɩɥɨɬɢɧɟ 
ɇɚɩɪɹɠɟɧɢɟ ɇɚɩɨɪɧɚɹ ɝɪɚɧɶ, ɤɇ/ɦ2 ɇɢɡɨɜɚɹ ɝɪɚɧɶ, ɤɇ/ɦ2 𝜎௬ -242,58 -1543,05 𝜎௫ -860 -872,34 𝜏௫௬ 0 1149,78 𝜎ଵ -242,58 -10 𝜎ଷ -860 -2405,38 

 
  

𝜎௬௧ = − ˒ܤܰ − ͸ ∙ ∑ ˒ଶܤܯ = − ͸Ͳ͹ͳͳ͸ͺ − ͸ ∙ ͷͲͳͳͳʹ͸ͺଶ = −ͳͷͶ͵,Ͳͷ ˍʜ/ˏଶ 

𝜎௫௧ = 𝜎௬௧ ∙ ݉௧ଶ − ௪ߛ ∙ ௗ௧ܪ ∙ ሺͳ − ݉௧ଶሻ 

𝜏௫௬௧ = ௪ߛ)− ∙ ௗ௧ܪ + 𝜎௬௧൯ ∙ ݉௧ 

𝜎ଵ௧ = ௪ߛ− ∙ ௗ௧ܪ = −ͳͲ ∙ ͳ = −ͳͲ ˍʜ/ˏଶ 𝜎ଷ௧ = 𝜎௬௧ ∙ ሺͳ + ݉௧ଶሻ + ௪ߛ ∙ ௧ௗܪ ∙ ݉௧ଶ 
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6.7.1 Ʉɪɢɬɟɪɢɢ ɩɪɨɱɧɨɫɬɢ ɩɥɨɬɢɧɵ 
 
ɉɨɫɥɟ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ, 

ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɪɢɬɶ ɫɨɨɪɭɠɟɧɢɟ ɧɚ ɩɪɨɱɧɨɫɬɶ, ɞɨɥɠɧɵ ɜɵɩɨɥɧɹɬɶɫɹ 
ɫɥɟɞɭɸɳɢɟ ɭɫɥɨɜɢɹ: 

 
1. ȼɨ ɜɫɟɯ ɬɨɱɤɚɯ ɩɥɨɬɢɧɵ: 
 

(6.102) 
 

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

 

 
ɂɡ ɞɚɧɧɨɝɨ ɭɫɥɨɜɢɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɪɢɧɢɦɚɟɦ ɛɟɬɨɧ ɤɥɚɫɫɚ ȼ7,5 ɫ 

ɪɚɫɱёɬɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɛɟɬɨɧɚ ɧɚ ɫɠɚɬɢɟܴ௕ = ͶͷͲͲˍʜ/ˏଶ, 
 ͶͷͲͲ ɤɇ/ɦଶ ൒ ͵͵ʹ͹ ɤɇ/ɦଶ.  
 

2. ɇɚ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ ɩɥɨɬɢɧɵ ɧɟ ɞɨɥɠɧɨ ɛɵɬɶ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ: 
 𝜎′௬ < Ͳ 

 
 − ʹͶʹ,ͷͺ ˍʜ/ˏଶ < Ͳ  

 
3. ȼ ɡɨɧɟ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ ɩɥɨɬɢɧɵ: 
 |𝜎௬௨| ൒ Ͳ,ʹͷ ∙ ௪ߛ ∙ H୳ୢ,                                                                               (6.103) 
 
ɝɞɟ H୳ୢ = ʜʞʢ − ˑˇˑ˛˅ы˒ߘ = ͷͺ͵ − Ͷͻ͹ = ͺ͸ˏ                                        (6.104) 

 ʹͶʹ,ͷͺ ൒ Ͳ,ʹͷ ∙ ͳͲ ∙ ͺ͸. ʹͶʹ,ͷͺ ˍʜ/ˏଶ ൒ ʹͳͷ ˍʜ/ˏଶ 
 
ȼɫɟ ɭɫɥɨɜɢɹ ɜɵɩɨɥɧɹɸɬɫɹ, ɫɨɨɪɭɠɟɧɢɟ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɹɦɢ 

ɩɪɨɱɧɨɫɬɢ.  

௡ߛ ∙ ௟௖ߛ ∙ |𝜎ଷ ௠௔௫| ൑ ௖ௗߛ ∙ ܴ௕  

ܴ௕ ൒ ͳ,ʹͷ ∙ ͳ ∙ ʹͶͲͷ,͵ͺͲ,ͻ = ͵͵ʹ͹ ˍʜ/ˏଶ  
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6.8 Ɋɚɫɱёɬ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɥɨɬɢɧɵ ɧɚ ɫɞɜɢɝ 
 
ɍɫɬɨɣɱɢɜɨɫɬɶ ɛɟɬɨɧɧɵɯ ɩɥɨɬɢɧ ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɶɸ 

ɨɫɧɨɜɚɧɢɹ, ɬɨ ɟɫɬɶ ɟɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɫɞɜɢɝɭ ɫɨɨɪɭɠɟɧɢɹ. ɉɥɨɬɢɧɵ 
ɪɚɫɫɱɢɬɵɜɚɸɬ ɧɚ ɫɞɜɢɝ ɩɨ ɩɟɪɜɨɦɭ ɩɪɟɞɟɥɶɧɨɦɭ ɫɨɫɬɨɹɧɢɸ – ɩɨ ɩɨɬɟɪɟ 
ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ. 

 
ɉɪɢ ɩɨɫɬɭɩɚɬɟɥɶɧɨɣ ɮɨɪɦɟ ɫɞɜɢɝɚ ɩɥɨɬɢɧɚ ɛɭɞɟɬ ɭɫɬɨɣɱɢɜɚ, ɟɫɥɢ 

ɜɵɩɨɥɧɹɟɬɫɹ ɭɫɥɨɜɢɟ: 
 

(6.105) 

 R = (G˒ˎ + Gʐ − W˅ˊ˅ − W˗ + qˊ൯ ∙ tg φ + c ∙ ω = 
 = ሺͷͻ͵ͺͷ,͸Ͳ + ͳʹͲͶʹ − ͸ͺͲ − ͳͲͳͲͲ + ͸͵,͹ͻሻ ∙ 
 ∙ Ͳ,͹ + ͸ͺ ∙ ͳͲͲ = Ͷͻʹͻ͹,ͻ͹ ˍʜ/ˏ 

(6.106) 

 
ɝɞɟ ݃ݐ𝜑 = Ͳ,͹ – ɜɧɭɬɪɟɧɧɟɟ ɬɪɟɧɢɟ ɞɥɹ ɝɪɭɧɬɚ ɨɫɧɨɜɚɧɢɹ; ܿ = ͳͲͲ ˍʜ/ˏଶ– ɫɰɟɩɥɟɧɢɟ ɞɥɹ ɫɤɚɥɵ; 𝜔 = ˒ܤ ∙ ͳ = ͸ͺ ˏଶ – ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ ɩɪɨɟɤɰɢɹ ɩɥɨɳɚɞɢ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ, 
ɩɪɢ ɪɚɫɱёɬɟ ɧɚ 1 ɩɨɝɨɧɧɵɣ ɦɟɬɪ. 

 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɭɫɥɨɜɢɟ ɧɚ ɫɞɜɢɝ ɩɪɢɧɢɦɚɟɬ ɜɢɞ: 

 Ͷͻʹͻ͹,ͻ͹ ∙ Ͳ,ͻͷ͵͹ʹ͹͵,ͺͺ ∙ ͳ ൒ ͳ,ʹͷ   

  ͳ,ʹ͸ ൒ ͳ,ʹͷ   
 

ɉɨ ɩɪɨɜɟɞёɧɧɵɦ ɩɪɨɜɟɪɤɚɦ ɦɨɠɟɦ ɭɬɜɟɪɠɞɚɬɶ, ɱɬɨ ɜɵɛɪɚɧɧɵɣ ɩɪɨɮɢɥɶ 
ɩɥɨɬɢɧɵ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɹɦ ɩɪɨɱɧɨɫɬɢ ɢ ɧɚɞёɠɧɨɫɬɢ ɩɪɢ ɨɫɧɨɜɧɨɦ 
ɫɨɱɟɬɚɧɢɢ ɧɚɝɪɭɡɨɤ. Ⱥ ɬɚɤɠɟ ɹɜɥɹɟɬɫɹ ɷɤɨɧɨɦɢɱɧɵɦ. Ɂɚɩɚɫ ɩɨ ɧɚɞёɠɧɨɫɬɢ 
ɩɥɨɬɢɧɵ ɨɛɟɫɩɟɱɢɜɚɟɬ ɟё ɭɫɬɨɣɱɢɜɨɫɬɶ. 
  

ܴ ∙ ܨ௖ௗߛ ∙ ௟௖ߛ ൒ ௡ߛ   

ܨ = ܶ˅ − ܶː + ܹ˅ ˑˎː + ʔː = ͵͸ͻͺͲ − ͷ + Ͷ,ͺͺ + ʹͻͶ == ͵͹ʹ͹͵,ͺͺ ˍʜ/ˏ. (6.107) 
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7 Ɉɯɪɚɧɚ ɬɪɭɞɚ. ɉɨɠɚɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ. Ɉɯɪɚɧɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ 
 
7.1 Ɍɪɟɛɨɜɚɧɢɹ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ ɢ ɬɟɯɧɢɤɢ ɛɟɡɨɩɚɫɧɨɫɬɢ  
 
Ɉɞɧɨɣ ɢɡ ɨɫɧɨɜɧɵɯ ɡɚɞɚɱ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɛɟɡɨɩɚɫɧɵɯ ɭɫɥɨɜɢɣ ɬɪɭɞɚ ɧɚ 

Ɍɭɡɚɥɢɧɫɤɨɣ Ƚɗɋ ɹɜɥɹɟɬɫɹ ɫɨɡɞɚɧɢɟ ɫɬɪɭɤɬɭɪɧɨɝɨ ɩɨɞɪɚɡɞɟɥɟɧɢɹ ɩɨ ɨɯɪɚɧɟ 
ɬɪɭɞɚ.  

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; 
– 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. 
Ⱦɨɥɠɧɨɫɬɧɚɹ ɢɧɫɬɪɭɤɰɢɹ – ɷɬɨ ɨɪɝɚɧɢɡɚɰɢɨɧɧɨ–ɩɪɚɜɨɜɨɣ ɞɨɤɭɦɟɧɬ, ɜ ɤɨɬɨɪɨɦ 
ɨɩɪɟɞɟɥɹɸɬɫɹ ɨɫɧɨɜɧɵɟ ɮɭɧɤɰɢɢ, ɨɛɹɡɚɧɧɨɫɬɢ, ɩɪɚɜɚ ɢ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ 
ɫɨɬɪɭɞɧɢɤɚ ɨɪɝɚɧɢɡɚɰɢɢ ɩɪɢ ɨɫɭɳɟɫɬɜɥɟɧɢɢ ɢɦ ɞɟɹɬɟɥɶɧɨɫɬɢ ɜ ɨɩɪɟɞɟɥɟɧɧɨɣ 
ɞɨɥɠɧɨɫɬɢ.  

Ⱦɨɥɠɧɨɫɬɧɵɟ ɞɨɤɭɦɟɧɬɵ ɪɚɡɪɚɛɚɬɵɜɚɸɬɫɹ ɧɚ ɨɫɧɨɜɟ ɞɟɣɫɬɜɭɸɳɢɯ 
ɧɨɪɦɚɬɢɜɧɨ–ɩɪɚɜɨɜɵɯ ɚɤɬɨɜ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ, ɬɚɤɢɯ ɤɚɤ: 

– ȽɈɋɌ 12.0.230–2007 Ɇɟɠɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɫɬɚɧɞɚɪɬ «ɋɢɫɬɟɦɚ 
ɫɬɚɧɞɚɪɬɨɜ ɛɟɡɨɩɚɫɧɨɫɬɢ ɬɪɭɞɚ. ɋɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɨɯɪɚɧɨɣ ɬɪɭɞɚ. Ɉɛɳɢɟ 
ɬɪɟɛɨɜɚɧɢɹ» ɉɪɢɤɚɡ Ɋɨɫɬɟɯɪɟɝɭɥɢɪɨɜɚɧɢɹ ɨɬ 10.07.2007 N 169–ɫɬ (ɪɟɞ. ɨɬ 
31.10.2013); 

– «ɉɪɚɜɢɥɚ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ» ɩɪɢɤɚɡ 
ɦɢɧɢɫɬɟɪɫɬɜɚ ɬɪɭɞɚ ɢ ɫɨɰɢɚɥɶɧɨɣ ɡɚɳɢɬɵ ɊɎ ɨɬ 24.07.2013 №328ɧ (ɢɡɦ. ɧɚ 19. 
02. 2016 ɝ);  

– ɊȾ 153–34.0–03.301–00. – «ɉɪɚɜɢɥɚ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɞɥɹ 
ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɪɟɞɩɪɢɹɬɢɣ»;  

– ɞɪɭɝɢɟ ɧɨɪɦɚɬɢɜɧɵɟ ɞɨɤɭɦɟɧɬɵ ɜ ɫɮɟɪɟ ɨɯɪɚɧɵ ɬɪɭɞɚ.  
Ɋɭɤɨɜɨɞɢɬɟɥɢ ɢ ɪɚɛɨɬɧɢɤɢ ɩɪɟɞɩɪɢɹɬɢɹ ɧɟɫɭɬ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 

Ɂɚɤɨɧɨɞɚɬɟɥɶɫɬɜɨɦ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɞɢɫɰɢɩɥɢɧɚɪɧɭɸ, ɝɪɚɠɞɚɧɫɤɭɸ, 
ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɭɸ ɢ ɭɝɨɥɨɜɧɭɸ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɡɚ ɧɟɜɵɩɨɥɧɟɧɢɟ 
ɞɨɥɠɧɨɫɬɧɵɯ ɢ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɨɛɹɡɚɧɧɨɫɬɟɣ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ, ɟɫɥɢ ɷɬɨ ɦɨɝɥɨ 
ɩɪɢɜɟɫɬɢ ɢɥɢ ɩɪɢɜɟɥɨ ɤ ɧɟɫɱɚɫɬɧɵɦ ɫɥɭɱɚɹɦ, ɡɚɛɨɥɟɜɚɧɢɹɦ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɟ, 
ɚɜɚɪɢɹɦ, ɩɨɠɚɪɚɦ, ɦɚɬɟɪɢɚɥɶɧɨɦɭ ɢ ɦɨɪɚɥɶɧɨɦɭ ɭɳɟɪɛɭ.  
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ɇɚ Ɍɭɡɚɥɢɧɫɤɨɣ 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» (ɢɡɦ. 27.04.2017).  

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 Ɍɭɡɚɥɢɧɫɤɨɣ 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 ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ɊȾ 153–34–03.205–2001 «ɉɪɚɜɢɥɚ ɛɟɡɨɩɚɫɧɨɫɬɢ 
ɩɪɢ ɨɛɫɥɭɠɢɜɚɧɢɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ ɢ ɝɢɞɪɨɦɟɯɚɧɢɱɟɫɤɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɷɧɟɪɝɨɫɧɚɛɠɚɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ». 

ɉɪɢ ɪɚɫɩɨɥɨɠɟɧɢɢ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ ɫ ɛɨɥɶɲɢɦ ɬɨɤɨɦ ɡɚɦɵɤɚɧɢɹ ɧɚ 
ɡɟɦɥɸ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɹɬɶ ɫɥɟɞɭɸɳɢɟ ɦɟɪɨɩɪɢɹɬɢɹ: 

1) ɜɫɟ ɩɪɢɥɟɝɚɸɳɢɟ ɡɞɚɧɢɹ ɞɨɥɠɧɵ ɛɵɬɶ ɜɤɥɸɱɟɧɵ ɜ ɨɛɳɢɣ ɤɨɧɬɭɪ 
ɡɚɡɟɦɥɟɧɢɹ; 

2) ɞɨɥɠɧɵ ɩɪɢɧɢɦɚɬɶɫɹ ɦɟɪɵ ɤ ɜɵɪɚɜɧɢɜɚɧɢɸ ɩɨɬɟɧɰɢɚɥɨɜ ɜɧɭɬɪɢ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɨɦɟɳɟɧɢɣ; 

3) ɜɨɤɪɭɝ ɡɞɚɧɢɣ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 1 ɦ ɨɬ ɫɬɟɧ ɧɚ ɝɥɭɛɢɧɟ 1 ɦ ɞɨɥɠɟɧ ɛɵɬɶ 
ɩɪɨɥɨɠɟɧ ɩɪɨɜɨɞɧɢɤ, ɫɨɟɞɢɧɟɧɧɵɣ ɫ ɡɚɡɟɦɥɹɸɳɢɦɢ ɩɪɨɜɨɞɧɢɤɚɦɢ ɜɧɭɬɪɢ 
ɡɞɚɧɢɹ, ɚ ɭ ɜɯɨɞɨɜ ɢ ɜɴɟɡɞɨɜ ɜ ɡɞɚɧɢɹ ɞɨɥɠɧɨ ɛɵɬɶ ɜɵɩɨɥɧɟɧɨ ɜɵɪɚɜɧɢɜɚɧɢɟ 
ɩɨɬɟɧɰɢɚɥɨɜ ɩɭɬɟɦ ɩɪɨɤɥɚɞɤɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɩɨɥɨɫ ɫ ɩɨɫɬɟɩɟɧɧɵɦ 
ɡɚɝɥɭɛɥɟɧɢɟɦ; 
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4) ɜɨɤɪɭɝ ɡɞɚɧɢɣ ɫɥɟɞɭɟɬ ɭɫɬɪɚɢɜɚɬɶ ɚɫɮɚɥɶɬɢɪɨɜɚɧɧɵɟ ɨɬɦɨɫɬɤɢ 
ɲɢɪɢɧɨɣ 1–1,5 ɦ. 

Ɍɚɤ ɤɚɤ ɬɨɤɢ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɧɚ ɡɟɦɥɸ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ 
ɭɫɬɚɧɨɜɤɚɯ ɢɦɟɸɬ ɛɨɥɶɲɢɟ ɡɧɚɱɟɧɢɹ, ɞɨɥɠɧɚ ɛɵɬɶ ɨɛɟɫɩɟɱɟɧɚ ɬɟɪɦɢɱɟɫɤɚɹ 
ɫɬɨɣɤɨɫɬɶ ɡɚɡɟɦɥɹɸɳɢɯ ɩɪɨɜɨɞɧɢɤɨɜ. ɋɟɱɟɧɢɹ ɡɚɡɟɦɥɹɸɳɢɯ ɩɪɨɜɨɞɧɢɤɨɜ 
ɞɨɥɠɧɵ ɛɵɬɶ ɜɵɛɪɚɧɵ ɬɚɤɢɦɢ, ɱɬɨɛɵ ɩɪɢ ɩɪɨɬɟɤɚɧɢɢ ɩɨ ɧɢɦ ɪɚɫɱɟɬɧɵɯ ɬɨɤɨɜ 
ɨɞɧɨɮɚɡɧɵɯ ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ ɬɟɦɩɟɪɚɬɭɪɚ ɢɯ ɡɚ ɜɪɟɦɹ, ɞɨ ɫɪɚɛɚɬɵɜɚɧɢɹ 
ɨɫɧɨɜɧɨɣ ɡɚɳɢɬɵ ɧɟ ɩɪɟɜɵɫɢɥɚ ɞɨɩɭɫɬɢɦɨɣ (400° ɋ). 

ɇɚ Ɍɭɡɚɥɢɧɫɤɨɣ Ƚɗɋ ɛɭɞɭɬ 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. 

Ɋɚɛɨɱɢɟ ɢɧɫɬɪɭɤɰɢɢ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ ɞɨɥɠɧɵ ɛɵɬɶ ɪɚɡɪɚɛɨɬɚɧɵ ɞɥɹ ɜɫɟɯ 
ɩɨɞɪɚɡɞɟɥɟɧɢɣ. 

 
7.2 ɉɨɠɚɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ 
 
Ʉɨɦɩɥɟɤɫ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɩɪɟɞɨɬɜɪɚɳɟɧɢɸ ɩɨɠɚɪɚ, ɨɝɪɚɧɢɱɟɧɢɸ ɟɝɨ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɢ ɫɪɟɞɫɬɜɚ ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɧɚ ɝɢɞɪɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɨɛɴɟɤɬɚɯ 
ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ Ɏɟɞɟɪɚɥɶɧɵɦ ɡɚɤɨɧɨɦ ɨ "ɉɨɠɚɪɧɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɢ", ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɦɢ ɢ ɜɟɞɨɦɫɬɜɟɧɧɵɦɢ ɧɨɪɦɚɬɢɜɧɵɦɢ 
ɞɨɤɭɦɟɧɬɚɦɢ. Ɉɯɪɚɧɚ ɬɪɭɞɚ ɢ ɬɟɯɧɢɤɚ ɛɟɡɨɩɚɫɧɨɫɬɢ ɧɚ ɩɪɟɞɩɪɢɹɬɢɢ, ɜ ɬɨɦ 
ɱɢɫɥɟ, ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɨɛɭɱɟɧɢɟ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɞɥɹ ɩɟɪɫɨɧɚɥɚ ɢ 
ɪɭɤɨɜɨɞɢɬɟɥɟɣ.  

Ɍɚɤ ɤɚɤ ɬɟɪɪɢɬɨɪɢɹ ɛɭɞɭɳɟɝɨ ɝɢɞɪɨɭɡɥɚ ɧɚɯɨɞɢɬɫɹ ɜ ɦɚɥɨɧɚɫɟɥɟɧɧɨɣ 
ɡɨɧɟ, ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɭɫɬɪɨɣɫɬɜɨ ɩɨɠɚɪɧɨɣ ɱɚɫɬɢ ɜ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ 
ɛɥɢɡɨɫɬɢ ɨɬ ɫɬɚɧɰɢɢ, ɨɛɫɥɭɠɢɜɚɸɳɭɸ ɤɚɤ ɝɢɞɪɨɭɡɟɥ, ɬɚɤ ɢ ɛɥɢɡɥɟɠɚɳɢɟ 
ɧɚɫɟɥɟɧɧɵɟ ɩɭɧɤɬɵ.  

Ʉɚɠɞɵɣ ɨɛɴɟɤɬ ɫɬɚɧɰɢɢ ɨɫɧɚɳɚɟɬɫɹ ɫɢɫɬɟɦɨɣ ɩɨɠɚɪɧɨɣ ɫɢɝɧɚɥɢɡɚɰɢɢ, ɫ 
ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɤɨɧɬɪɨɥɶ ɡɚ ɩɪɨɬɢɜɨɩɨɠɚɪɧɵɦ ɫɨɫɬɨɹɧɢɟɦ 
ɡɚɳɢɳɚɟɦɨɝɨ ɨɛɴɟɤɬɚ, ɚɜɬɨɦɚɬɢɱɟɫɤɢɦ ɩɭɫɤɨɦ ɫɢɫɬɟɦɵ ɩɨɠɚɪɨɬɭɲɟɧɢɹ. 

Ʉɨɧɬɪɨɥɶ ɡɚ ɩɪɨɬɢɜɨɩɨɠɚɪɧɵɦ ɫɨɫɬɨɹɧɢɟɦ ɨɛɴɟɤɬɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ 
ɩɨɦɨɳɶɸ ɞɚɬɱɢɤɨɜ ɩɨɠɚɪɨɬɭɲɟɧɢɹ, ɤɨɬɨɪɵɦɢ ɨɫɧɚɳɚɸɬɫɹ ɨɛɴɟɤɬɵ.  

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 
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ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɭɫɬɪɨɣɫɬɜɨ ɞɥɹ ɪɚɡɞɟɥɟɧɢɹ ɜɨɞɵ ɢ ɦɚɫɥɚ. ȼɦɟɫɬɢɦɨɫɬɶ 
ɦɚɫɥɨɫɛɨɪɧɢɤɚ ɩɪɢɧɢɦɚɟɬɫɹ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɨɛɴɟɦɭ ɦɚɫɥɚ ɜ ɫɢɥɨɜɵɯ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ ɌȾɐ–125000/220. 

Ɋɚɡɪɚɛɨɬɚɟɦ ɭɫɬɚɧɨɜɤɭ ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɞɥɹ ɲɟɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 
ɌȾɐ–125000/220, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɭ ɡɞɚɧɢɹ Ƚɗɋ, ɫ ɩɥɨɳɚɞɶɸ ɡɚɳɢɳɚɟɦɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ Fɡ = 180 ɦ2. 

ɋɨɝɥɚɫɧɨ ɉɍɗ, ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɧɚɩɪɹɠɟɧɢɟɦ 110 ɤȼ ɢ ɜɵɲɟ ɦɨɳɧɨɫɬɶɸ 
63 Ɇȼ·Ⱥ ɢ ɛɨɥɟɟ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɟ ɜ ɤɚɦɟɪɚɯ ɩɨɞɫɬɚɧɰɢɣ ɢ ɭ ɡɞɚɧɢɣ Ƚɗɋ 
ɨɫɧɚɳɚɸɬɫɹ ɚɜɬɨɦɚɬɢɱɟɫɤɢɦɢ ɭɫɬɚɧɨɜɤɚɦɢ ɩɨɠɚɪɨɬɭɲɟɧɢɹ.  

Ⱥɍȼɉ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɜɤɥɸɱɚɟɬ ɭɫɬɚɧɨɜɤɭ ɜɨɞɹɧɨɝɨ ɩɨɠɚɪɨɬɭɲɟɧɢɹ 
(ɍȼɉ) ɢ ɫɢɫɬɟɦɭ ɟɟ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ (ɋȺɍ). 

ɍȼɉ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫɨɫɬɨɢɬ ɢɡ ɜɨɞɨɩɢɬɚɬɟɥɹ, ɫɢɫɬɟɦɵ ɬɪɭɛɨɩɪɨɜɨɞɨɜ 
ɫ ɨɬɞɟɥɶɧɵɦɢ ɫɟɤɰɢɹɦɢ. Ʉɚɠɞɚɹ ɫɟɤɰɢɹ ɍȼɉ ɫɨɫɬɨɢɬ ɢɡ ɩɨɞɜɨɞɹɳɟɝɨ 
ɬɪɭɛɨɩɪɨɜɨɞɚ, ɡɚɩɨɪɧɨ–ɩɭɫɤɨɜɨɝɨ ɭɫɬɪɨɣɫɬɜɚ (Ɂɉɍ) ɢ ɫɭɯɨ–ɬɪɭɛɧɨɣ ɫɢɫɬɟɦɵ, 
ɫɨɫɬɨɹɳɟɣ ɢɡ ɩɢɬɚɬɟɥɶɧɨɝɨ ɬɪɭɛɨɩɪɨɜɨɞɚ ɢ ɫɟɬɢ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ 
ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɫ ɞɪɟɧɱɟɪɧɵɦɢ ɨɪɨɫɢɬɟɥɹɦɢ. 

ɋɨɝɥɚɫɧɨ ɊȾ 34.15.109 – 91 «Ɋɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ 
ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ ɭɫɬɚɧɨɜɨɤ ɜɨɞɹɧɨɝɨ ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɦɚɫɥɹɧɵɯ ɫɢɥɨɜɵɯ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ», ɞɥɹ ɡɚɳɢɬɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɪɚɫɩɵɥɟɧɧɨɣ ɜɨɞɨɣ ɫɥɟɞɭɟɬ 
ɩɪɢɦɟɧɹɬɶ ɞɪɟɧɱɟɪɧɵɟ ɨɪɨɫɢɬɟɥɢ ɬɢɩɚ ɈɉȾɊ–15ɫ ɩɥɨɳɚɞɶɸ ɨɪɨɲɟɧɢɹ Fo = 12 
ɦ2. Ɋɚɫɩɨɥɨɠɟɧɢɟ ɨɪɨɫɢɬɟɥɟɣ ɞɨɥɠɧɨ ɨɛɟɫɩɟɱɢɜɚɬɶ ɨɪɨɲɟɧɢɟ ɪɚɫɩɵɥɟɧɧɨɣ 
ɜɨɞɨɣ ɡɚɳɢɳɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ ɧɟ ɦɟɧɟɟ 0,2 ɥ/ɫ×ɦ2. 

Ɇɢɧɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɨɪɨɫɢɬɟɥɟɣ:  
 n = Fଷ ∙ Ͳ.qʹ = ͳͺͲ ∙ Ͳ.Ͷʹ = ͻ ˛˕, (7.1) 

 
ɝɞɟ n –ɦɢɧɢɦɚɥɶɧɨɟ ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɬɭɲɟɧɢɹ ɩɨɠɚɪɚ ɤɨɥɢɱɟɫɬɜɨ ɨɪɨɫɢɬɟɥɟɣ 
[ɲɬ]; 
Fɡ =180 ɦ2– ɡɚɳɢɳɚɟɦɚɹ ɨɪɨɫɢɬɟɥɹɦɢ ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ; 
      0,2 – ɧɨɪɦɚɬɢɜɧɚɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɨɪɨɲɟɧɢɹ [ɥ/ɫ×ɦ2]; 
q –ɪɚɫɯɨɞ ɜɨɞɵ, ɩɨɞɚɜɚɟɦɵɣ ɱɟɪɟɡ ɨɪɨɫɢɬɟɥɶ, ɩɪɢɧɢɦɚɟɦ 4 ɥ/ɫ.  

ɇɟɨɛɯɨɞɢɦɨɟ ɤɨɥɢɱɟɫɬɜɨ ɨɪɨɫɢɬɟɥɟɣ:  
 n =∙ FଷF଴ = ͳͺͲͳʹ = ͳͷ ˛˕, (7.2) 

 
ɉɪɢɧɢɦɚɟɦ n = 15 ɲɬ.  
ɋɭɦɦɚɪɧɵɣ ɪɚɫɯɨɞ ɨɪɨɫɢɬɟɥɟɣ: 
 Q = n ∙ q = ͳͷ ∙ Ͷ = ͸Ͳ ˎ/˔ = Ͳ,Ͳ͸ ˏଷ/˔. (7.3) 
 



105 
 

Ɋɚɫɱɟɬɧɨɟ ɜɪɟɦɹ ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɨɞɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɫɨɝɥɚɫɧɨ ɊȾ 
34.15.109 – 91, ɫɨɫɬɚɜɥɹɟɬ t = 10 ɦɢɧ. Ɂɚɩɚɫ ɜɨɞɵ ɞɨɥɠɟɧ ɨɛɟɫɩɟɱɢɜɚɬɶ 
ɛɟɫɩɟɪɟɛɨɣɧɭɸ ɪɚɛɨɬɭ Ⱥɍȼɉ ɜ ɬɟɱɟɧɢɟ 30 ɦɢɧɭɬ = 1800 ɫ. 

Ɉɛɳɢɣ ɡɚɩɚɫ ɜɨɞɵ: 
 V = Ͳ,Ͳ͸ ∙ ͳͺͲͲ = ͳͲͺ ˏଷ.  
 
ɋɨɝɥɚɫɧɨ ɊȾ 34.15.109 – 91, ɟɦɤɨɫɬɶ ɜɨɞɨɧɚɩɨɪɧɨɝɨ ɛɚɤɚ ɞɨɥɠɧɚ 

ɩɪɢɧɢɦɚɬɶɫɹ ɧɟ ɦɟɧɟɟ 3 ɦ3. ȼ ɞɚɧɧɨɦ ɪɚɫɱɟɬɟ ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ. 
 
7.3 Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɯɪɚɧɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ ɡɨɧɟ ɜɥɢɹɧɢɹ 

Ɍɭɡɚɥɢɧɫɤɨɝɨ Ƚɍ 
 

7.3.1 ȼɨɡɞɟɣɫɬɜɢɹ ɧɚ ɩɪɢɪɨɞɧɭɸ ɫɪɟɞɭ ɜ ɫɬɪɨɢɬɟɥɶɧɵɣ ɩɟɪɢɨɞ 
 
ɉɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ Ɍɭɡɚɥɢɧɫɤɨɝɨ Ƚɍ ɜɵɩɨɥɧɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɜɢɞɵ 

ɪɚɛɨɬ: 
− ɜɵɟɦɤɚ ɝɪɭɧɬɚ ɢ ɫɤɥɚɞɢɪɨɜɚɧɢɟ ɟɝɨ ɜ ɩɨɥɟɡɧɭɸ ɧɚɫɵɩɶ; 
− ɨɬɫɵɩɤɚ ɩɟɪɟɦɵɱɟɤ; 
− ɩɨɞɝɨɬɨɜɤɚ ɩɥɨɳɚɞɤɢ ɤ ɫɬɪɨɢɬɟɥɶɫɬɜɭ ɢ ɟɟ ɨɛɭɫɬɪɨɣɫɬɜɨ; 
− ɪɚɫɱɢɫɬɤɚ ɢ ɩɥɚɧɢɪɨɜɤɚ ɬɟɪɪɢɬɨɪɢɢ; 
− ɜɨɡɜɟɞɟɧɢɟ ɢ ɩɨɫɥɟɞɭɸɳɢɣ ɞɟɦɨɧɬɚɠ ɜɪɟɦɟɧɧɵɯ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ; 
− ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɨɫɧɨɜɧɵɯ ɫɨɨɪɭɠɟɧɢɣ; 
− ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɩɨɫɟɥɤɚ ɷɤɫɩɥɭɚɬɢɪɭɸɳɟɝɨ ɩɟɪɫɨɧɚɥɚ.  
ȼ ɩɟɪɢɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɩɨɞɝɨɬɨɜɤɟ ɥɨɠɚ 

ɜɨɞɨɯɪɚɧɢɥɢɳɚ, ɚ ɬɚɤɠɟ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɦɢɧɢɦɢɡɚɰɢɢ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ 
ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɨɬ ɫɬɪɨɢɬɟɥɶɫɬɜɚ.  

ȼ ɞɚɧɧɵɣ ɩɟɪɢɨɞ ɧɚɪɭɲɚɟɬɫɹ ɟɫɬɟɫɬɜɟɧɧɵɣ ɥɚɧɞɲɚɮɬ ɦɟɫɬɧɨɫɬɢ. ȼɨɞɚ, 
ɢɫɩɨɥɶɡɭɟɦɚɹ ɞɥɹ ɪɚɡɧɨɨɛɪɚɡɧɵɯ ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɚɛɨɬ, ɜɨɡɜɪɚɳɚɟɬɫɹ ɜ ɪɟɤɭ ɫ 
ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɩɪɢɦɟɫɹɦɢ – ɱɚɫɬɢɰɚɦɢ ɩɟɫɤɚ, ɝɥɢɧɵ ɢ ɬ. ɩ. ȼɨɡɦɨɠɧɨ 
ɡɚɝɪɹɡɧɟɧɢɟ ɜɨɞɵ ɤɨɦɦɭɧɚɥɶɧɨ–ɛɵɬɨɜɵɦɢ ɫɬɨɤɚɦɢ ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɩɨɫёɥɤɚ. 
ɋɨɡɞɚɧɧɨɟ ɜɨɞɨɯɪɚɧɢɥɢɳɟ ɩɪɢɜɨɞɢɬ ɤ ɤɥɢɦɚɬɢɱɟɫɤɢɦ ɢɡɦɟɧɟɧɢɹɦ. ȼ ɩɟɪɜɵɟ 
ɝɨɞɵ ɩɨɫɥɟ ɡɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɜ ɧɟɦ ɩɨɹɜɥɹɟɬɫɹ ɦɧɨɝɨ ɪɚɡɥɨɠɢɜɲɟɣɫɹ 
ɪɚɫɬɢɬɟɥɶɧɨɫɬɢ, ɚ "ɧɨɜɵɣ" ɝɪɭɧɬ ɦɨɠɟɬ ɪɟɡɤɨ ɫɧɢɡɢɬɶ ɭɪɨɜɟɧɶ ɤɢɫɥɨɪɨɞɚ ɜ 
ɜɨɞɟ. Ƚɧɢɟɧɢɟ ɨɪɝɚɧɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɜɵɞɟɥɟɧɢɸ ɨɝɪɨɦɧɨɝɨ 
ɤɨɥɢɱɟɫɬɜɚ ɩɚɪɧɢɤɨɜɵɯ ɝɚɡɨɜ – ɦɟɬɚɧɚ ɢ ɞɜɭɨɤɢɫɢ ɭɝɥɟɪɨɞɚ. Ɍɚɤɠɟ ɧɚ ɷɬɚɩɟ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɫɭɳɟɫɬɜɭɸɬ ɜɵɛɪɨɫɵ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɭ, 
ɧɚɩɪɢɦɟɪ, ɩɪɢ ɫɠɢɝɚɧɢɢ ɬɨɩɥɢɜɚ ɜ Ⱦȼɋ ɚɜɬɨɬɪɚɧɫɩɨɪɬɚ ɜ ɚɬɦɨɫɮɟɪɭ 
ɩɨɫɬɭɩɚɸɬ: ɞɢɨɤɫɢɞ ɢ ɨɤɫɢɞ ɚɡɨɬɚ, ɞɢɨɤɫɢɞ ɫɟɪɵ, ɨɤɫɢɞ ɭɝɥɟɪɨɞɚ, ɫɚɠɚ, 
ɤɟɪɨɫɢɧ, ɛɟɧɡɢɧ ɧɟɮɬɹɧɨɣ. ɇɟɢɡɛɟɠɧɵ ɫɬɪɨɢɬɟɥɶɧɵɟ ɨɬɯɨɞɵ, ɤɨɬɨɪɵɟ ɞɨɥɠɧɵ 
ɛɵɬɶ ɭɬɢɥɢɡɢɪɨɜɚɧɵ ɫɩɟɰɢɚɥɶɧɵɦ ɨɛɪɚɡɨɦ.  
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Ɉɫɧɨɜɧɵɟ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɯɪɚɧɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ ɞɚɧɧɵɣ ɩɟɪɢɨɞ: 
1 Ɉɪɝɚɧɢɡɚɰɢɨɧɧɵɟ 
1.1 Ɋɚɡɪɚɛɨɬɤɚ ɢ ɭɬɜɟɪɠɞɟɧɢɟ ɩɪɨɟɤɬɨɜ ɧɨɪɦɚɬɢɜɨɜ ɩɪɟɞɟɥɶɧɨ–

ɞɨɩɭɫɬɢɦɵɯ ɜɵɛɪɨɫɨɜ ɜ ɚɬɦɨɫɮɟɪɧɵɣ ɜɨɡɞɭɯ (ɉȾȼ); 
1.2 Ɋɚɡɪɚɛɨɬɤɚ ɢ ɭɬɜɟɪɠɞɟɧɢɟ ɩɪɨɟɤɬɨɜ ɧɨɪɦɚɬɢɜɨɜ ɨɛɪɚɡɨɜɚɧɢɹ ɨɬɯɨɞɨɜ 

ɢ ɥɢɦɢɬɨɜ ɧɚ ɢɯ ɪɚɡɦɟɳɟɧɢɟ (ɉɇɈɈɅɊ); 
1.3 Ɋɚɡɪɚɛɨɬɤɚ, ɫɨɝɥɚɫɨɜɚɧɢɟ ɢ ɭɬɜɟɪɠɞɟɧɢɟ ɧɨɪɦɚɬɢɜɨɜ ɞɨɩɭɫɬɢɦɵɯ 

ɫɛɪɨɫɨɜ (ɇȾɋ) ɜɟɳɟɫɬɜ ɢ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɜ ɜɨɞɧɵɟ ɨɛɴɟɤɬɵ; 
1.4 ɉɨɥɭɱɟɧɢɟ ɪɚɡɪɟɲɟɧɢɣ ɧɚ ɜɵɛɪɨɫ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ 

ɚɬɦɨɫɮɟɪɧɵɣ ɜɨɡɞɭɯ; 
1.5 ɉɨɥɭɱɟɧɢɟ ɪɚɡɪɟɲɟɧɢɣ ɧɚ ɫɛɪɨɫ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ ɜɨɞɧɵɟ 

ɨɛɴɟɤɬɵ; 
1.6 Ɉɮɨɪɦɥɟɧɢɟ Ɋɟɲɟɧɢɹ ɨ ɩɪɟɞɨɫɬɚɜɥɟɧɢɢ ɜɨɞɧɨɝɨ ɨɛɴɟɤɬɚ ɜ 

ɩɨɥɶɡɨɜɚɧɢɟ ɜ ɰɟɥɹɯ ɫɛɪɨɫɚ ɫɬɨɱɧɵɯ ɢɥɢ ɞɪɟɧɚɠɧɵɯ ɜɨɞ;  
1.7 Ɋɚɫɱɟɬ ɢ ɫɜɨɟɜɪɟɦɟɧɧɨɟ ɜɧɟɫɟɧɢɟ ɩɥɚɬɵ ɡɚ ɧɟɝɚɬɢɜɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ 

ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ;  
1.8 Ɉɪɝɚɧɢɡɚɰɢɹ ɢ ɩɪɨɜɟɞɟɧɢɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɷɤɨɥɨɝɢɱɟɫɤɨɝɨ 

ɤɨɧɬɪɨɥɹ 
2 ɋɚɧɢɬɚɪɧɨ– ɬɟɯɧɢɱɟɫɤɢɟ 
2.1 Ɋɚɡɞɟɥɶɧɨɟ ɧɚɤɨɩɥɟɧɢɟ ɨɩɚɫɧɵɯ ɨɬɯɨɞɨɜ ɩɨ ɜɢɞɚɦ ɨɬɯɨɞɨɜ ɢ ɤɥɚɫɫɚɦ 

ɨɩɚɫɧɨɫɬɢ; 
2.2 Ɋɚɡɦɟɳɟɧɢɟ ɨɬɯɨɞɨɜ ɧɚ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɯ ɢ ɨɛɨɪɭɞɨɜɚɧɧɵɯ ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɚ ɩɨɥɢɝɨɧɚɯ; 
2.3 ɉɟɪɟɞɚɱɚ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɥɨɦɚ ɱɟɪɧɵɯ ɢ ɰɜɟɬɧɵɯ ɦɟɬɚɥɥɨɜ, ɨɬɯɨɞɨɜ 

ɤɚɛɟɥɶɧɨɣ ɩɪɨɞɭɤɰɢɢ; 
2.4 ɉɟɪɟɞɚɱɚ ɨɬɪɚɛɨɬɚɧɧɵɯ ɦɚɫɟɥ ɧɚ ɨɛɟɡɜɪɟɠɢɜɚɧɢɟ 

ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɣ ɨɪɝɚɧɢɡɚɰɢɢ; 
2.5 ɍɱɟɬ ɨɛɪɚɡɨɜɚɧɢɹ, ɢɫɩɨɥɶɡɨɜɚɧɢɹ, ɩɟɪɟɞɚɱɢ ɨɬɯɨɞɨɜ ɫ ɪɟɝɢɫɬɪɚɰɢɟɣ ɜ 

ɠɭɪɧɚɥɚɯ; 
2.6 Ɉɪɝɚɧɢɡɚɰɢɹ ɤɨɧɬɪɨɥɹ ɡɚ ɫɨɛɥɸɞɟɧɢɟɦ ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɧɨɪɦɚɬɢɜɨɜ 

ɉȾȼ; 
2.7 Ɉɪɝɚɧɢɡɚɰɢɹ ɢ ɨɫɭɳɟɫɬɜɥɟɧɢɟ ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ ɫɬɨɱɧɵɯ, ɞɪɟɧɚɠɧɵɯ 

ɢ ɩɪɢɪɨɞɧɵɯ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɜɨɞ; 
2.8 ɋɨɛɥɸɞɟɧɢɟ ɪɟɠɢɦɚ ɯɨɡɹɣɫɬɜɨɜɚɧɢɹ ɜ ɜɨɞɨɨɯɪɚɧɧɨɣ ɡɨɧɟ; 
2.9 ɉɟɪɟɞɚɱɚ ɯɨɡɹɣɫɬɜɟɧɧɨ ɛɵɬɨɜɵɯ ɫɬɨɱɧɵɯ ɜɨɞ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɣ 

ɨɪɝɚɧɢɡɚɰɢɢ ɧɚ ɨɛɟɡɜɪɟɠɢɜɚɧɢɟ; 
2.10 Ɉɪɝɚɧɢɡɚɰɢɹ ɫɬɨɹɧɨɤ ɚɜɬɨɬɪɚɧɫɩɨɪɬɚ ɜ ɫɩɟɰɢɚɥɶɧɨ– ɨɛɨɪɭɞɨɜɚɧɧɵɯ 

ɦɟɫɬɚɯ, ɢɦɟɸɳɢɯ ɬɜɟɪɞɨɟ ɩɨɤɪɵɬɢɟ. 
 
7.3.2 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: 
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1. Ʌɨɦ ɛɟɬɨɧɧɵɯ ɢɡɞɟɥɢɣ, ɨɬɯɨɞɵ ɛɟɬɨɧɚ ɜ ɤɭɫɤɨɜɨɣ ɮɨɪɦɟ (ɤɨɞ 
ɨɬɯɨɞɨɜ ɩɨ ɎɄɄɈ – 2014 ɝ.  8 22 201 01 21 5 (ɪɟɞ. ɨɬ 16.08.2016)): 

 




%100

qN
M , (7.4) 

 
ɝɞɟܰ– ɨɛɴɟɦ ɛɟɬɨɧɧɵɯ ɪɚɛɨɬ, ɦ3 (2184285 ɦ3), ݍ– ɭɞɟɥɶɧɵɣ ɧɨɪɦɚɬɢɜ ɨɛɪɚɡɨɜɚɧɢɹ, % (1,8= ݍ%), ߩ– ɩɥɨɬɧɨɫɬɶ ɛɟɬɨɧɚ, ɬ/ɦ3 (2,5= ߩ ɬ/ɦ3). 

 

3931715,2
%100

8,12184285



M ɬ.  

 
2. Ʌɨɦ ɢ ɨɬɯɨɞɵ, ɫɨɞɟɪɠɚɳɢɟ ɧɟɡɚɝɪɹɡɧɟɧɧɵɟ ɱɟɪɧɵɟ ɦɟɬɚɥɥɵ ɜ ɜɢɞɟ 

ɢɡɞɟɥɢɣ, ɤɭɫɤɨɜ, ɧɟɫɨɪɬɢɪɨɜɚɧɧɵɟ (ɤɨɞ ɨɬɯɨɞɨɜ ɩɨ ɎɄɄɈ – 2014 ɝ. 4 61 010 01 
20 5 (ɪɟɞ. ɨɬ 16.08.2016)): 

 




%100

qN
M , (7.5) 

 
ɝɞɟܰ – ɤɨɥɢɱɟɫɬɜɨ ɚɪɦɚɬɭɪɵ, ɬ (150 ɬ) ݍ– ɭɞɟɥɶɧɵɣ ɧɨɪɦɚɬɢɜ ɨɛɪɚɡɨɜɚɧɢɹ, % (1,0= ݍ%) ߩ– ɭɞɟɥɶɧɵɣ ɜɟɫ ɚɪɦɚɬɭɪɵ, ɬ/ɦ3 (2,0= ߩ ɬ/ɦ3) 

 

30,2
%100

0,1150



M ɬ.  

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɛɭɞɟɬ ɨɛɪɚɡɨɜɚɧɨ 393171 ɬ 

ɥɨɦɚ ɛɟɬɨɧɧɵɯ ɢɡɞɟɥɢɣ (ɨɬɯɨɞɵ ɛɟɬɨɧɚ ɜ ɤɭɫɤɨɜɨɣ ɮɨɪɦɟ), 2,3 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 
ɥɢɰɟɧɡɢɸ ɧɚ ɡɚɝɨɬɨɜɤɭ ɥɨɦɚ ɱɟɪɧɵɯ ɦɟɬɚɥɥɨɜ ɜ ɰɟɥɹɯ ɞɚɥɶɧɟɣɲɟɣ ɩɟɪɟɩɥɚɜɤɢ, 
ɬɚɤ ɤɚɤ ɱɟɪɧɵɣ ɦɟɬɚɥɥ ɹɜɥɹɟɬɫɹ ɜɬɨɪɢɱɧɵɦ ɪɟɫɭɪɫɨɦ. 

 
7.3.3 Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɯɪɚɧɟ ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ 
 
ȼ ɩɟɪɢɨɞ ɩɨɞɝɨɬɨɜɤɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ, ɩɪɨɢɡɜɨɞɫɬɜɚ ɫɬɪɨɢɬɟɥɶɫɬɜɚ, 

ɦɨɧɬɚɠɚ ɨɫɧɨɜɧɨɝɨ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɩɪɟɞɩɪɢɹɬɢɹ ɞɨɥɠɧɵ ɫɨɛɥɸɞɚɬɶɫɹ ɩɪɚɜɢɥɚ ɢ ɩɪɨɢɡɜɨɞɢɬɶɫɹ 
ɤɨɧɬɪɨɥɶ ɡɚ ɚɬɦɨɫɮɟɪɧɵɦ ɜɨɡɞɭɯɨɦ ɜ ɡɨɧɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ. ɇɚɥɚɝɚɸɬɫɹ 
ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɜɵɛɪɨɫɚɦ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɭ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 



108 
 

Ɏɟɞɟɪɚɥɶɧɵɦ ɡɚɤɨɧɨɦ «Ɉɛ ɨɯɪɚɧɟ ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ». №96–ɎɁ ɨɬ 4 ɦɚɹ 
1999 ɝ (ɢɡɦ. 13 ɢɸɥɹ 2015 ɝ.). 

Ⱦɥɹ ɫɧɢɠɟɧɢɹ ɡɚɝɪɹɡɧɟɧɢɹ ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɩɟɪɢɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 
ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɨɪɝɚɧɢɡɚɰɢɨɧɧɨ–ɬɟɯɧɢɱɟɫɤɢɟ ɢ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɦɟɪɨɩɪɢɹɬɢɹ:  

 ɭɤɪɵɬɢɟ ɫɵɩɭɱɢɯ ɝɪɭɡɨɜ ɜɨ ɢɡɛɟɠɚɧɢɟ ɫɞɭɜɚɧɢɹ ɢ ɩɨɬɟɪɶ ɩɪɢ 
ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɟ;  

 ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɬɨɥɶɤɨ ɢɫɩɪɚɜɧɨɝɨ ɚɜɬɨɬɪɚɧɫɩɨɪɬɚ ɢ ɫɬɪɨɢɬɟɥɶɧɨɣ 
ɬɟɯɧɢɤɢ ɫ ɞɨɩɭɫɬɢɦɵɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɫɨɞɟɪɠɚɧɢɹ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ 
ɨɬɪɚɛɨɬɚɧɧɵɯ ɝɚɡɚɯ;  

 ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɨɜɪɟɦɟɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫ ɭɥɭɱɲɟɧɧɵɦɢ 
ɩɨɤɚɡɚɬɟɥɹɦɢ ɷɦɢɫɫɢɢ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɭ;  

 ɨɛɟɫɩɟɱɟɧɢɟ ɧɚɞɥɟɠɚɳɟɝɨ ɬɟɯɧɢɱɟɫɤɨɝɨ ɨɛɫɥɭɠɢɜɚɧɢɹ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɫɬɪɨɢɬɟɥɶɧɨɣ ɬɟɯɧɢɤɢ ɢ ɚɜɬɨɬɪɚɧɫɩɨɪɬɚ;  

 ɡɚɩɪɟɬ ɧɚ ɫɜɟɪɯɧɨɪɦɚɬɢɜɧɭɸ ɪɚɛɨɬɭ ɞɜɢɝɚɬɟɥɟɣ ɚɜɬɨɦɨɛɢɥɟɣ ɢ 
ɫɬɪɨɢɬɟɥɶɧɨɣ ɬɟɯɧɢɤɢ ɜ ɪɟɠɢɦɟ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɜ ɩɪɟɞɟɥɚɯ ɫɬɨɹɧɤɢ ɧɚ 
ɫɬɪɨɢɬɟɥɶɧɵɯ ɩɥɨɳɚɞɤɚɯ ɢ ɨɛɴɟɤɬɚɯ;  

 ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɮɢɥɶɬɪɨɜ, ɩɵɥɟɭɥɚɜɥɢɜɚɸɳɢɯ 
ɭɫɬɪɨɣɫɬɜ ɢ ɝɢɞɪɨɨɛɟɫɩɵɥɟɜɚɧɢɹ ɧɚ ɨɛɨɪɭɞɨɜɚɧɢɢ ɨɛɨɝɚɬɢɬɟɥɶɧɨɝɨ ɢ 
ɛɟɬɨɧɧɨɝɨ ɯɨɡɹɣɫɬɜɚ. 

 
7.3.4 Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɩɨɞɝɨɬɨɜɤɟ ɡɨɧɵ ɜɨɞɨɯɪɚɧɢɥɢɳɚ, ɜɥɢɹɸɳɢɟ ɧɚ 

ɫɨɫɬɨɹɧɢɟ ɜɨɞɧɵɯ ɪɟɫɭɪɫɨɜ 
 
ɉɪɨɟɤɬɢɪɭɟɦɚɹ Ɍɭɡɚɥɢɧɫɤɚɹ Ƚɗɋ ɪɚɫɩɨɥɨɠɟɧɚ ɧɚ ɬɟɪɪɢɬɨɪɢɢ Ɋɟɫɩɭɛɥɢɤɢ 

Ȼɭɪɹɬɢɹ. ɉɥɨɬɧɨɫɬɶ ɧɚɫɟɥɟɧɢɹ ɜ ɷɬɨɦ ɪɚɣɨɧɟ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɧɟɜɵɫɨɤɚ ʹ,ͺͲ ˚ˈˎ./ˍˏଶ. ȼ ɩɪɢɥɟɠɚɳɢɯ ɤ ɦɟɫɬɭ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ 
ɪɚɣɨɧɚɯ ɧɚɯɨɞɢɬɫɹ ɩɨɫɟɥɨɤ Ɍɚɤɫɢɦɨ, ɧɚɫɟɥɟɧɢɟ ɤɨɬɨɪɨɝɨ ɫɨɫɬɚɜɥɹɟɬ 8114 
ɱɟɥɨɜɟɤ ɧɚ 2017 ɝ. ɉɥɨɳɚɞɶ ɡɚɬɨɩɥɟɧɢɹ ɬɟɪɪɢɬɨɪɢɢ ɞɥɹ ɫɨɡɞɚɧɢɹ 
ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɪɚɜɧɚ ͳͻ ˕ы˔. ˍˏଶ, ɜ ɬɨɦ ɱɢɫɥɟ 0 ɝɚ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɵɯ 
ɡɟɦɟɥɶ, 19 ɬɵɫ. ɝɚ ɥɟɫɨɩɨɤɪɵɬɨɣ ɩɥɨɳɚɞɢ. ɇɚ ɬɟɪɪɢɬɨɪɢɢ ɡɚɬɨɩɥɟɧɢɹ 
ɨɬɫɭɬɫɬɜɭɸɬ ɜɚɠɧɵɟ ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɫɨɰɢɚɥɶɧɨ–ɤɭɥɶɬɭɪɧɵɟ 
ɨɛɴɟɤɬɵ ɢ ɧɚɫɟɥɟɧɧɵɟ ɩɭɧɤɬɵ. 

ȼ ɤɨɦɩɥɟɤɫ ɦɟɪɨɩɪɢɹɬɢɣ ɫɚɧɢɬɚɪɧɨɣ ɩɨɞɝɨɬɨɜɤɢ ɬɟɪɪɢɬɨɪɢɢ ɜɯɨɞɢɬ: 
– ɫɚɧɢɬɚɪɧɚɹ ɨɱɢɫɬɤɚ ɬɟɪɪɢɬɨɪɢɣ ɤɥɚɞɛɢɳ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜ ɩɪɟɞɟɥɚɯ 

ɡɚɬɨɩɥɟɧɢɹ; 
– ɦɨɧɢɬɨɪɢɧɝ ɜɨɞɨɨɯɪɚɧɧɵɯ ɡɨɧ; 
– ɨɱɢɫɬɤɚ ɨɬ ɞɪɟɜɟɫɧɨɣ ɢ ɤɭɫɬɚɪɧɢɤɨɜɨɣ ɪɚɫɬɢɬɟɥɶɧɨɫɬɢ. 
ɋɚɧɢɬɚɪɧɚɹ ɨɱɢɫɬɤɚ ɩɪɨɜɨɞɢɬɫɹ ɧɚ ɜɫɟɣ ɬɟɪɪɢɬɨɪɢɢ, ɩɨɞɥɟɠɚɳɟɣ 

ɩɨɫɬɨɹɧɧɨɦɭ ɢɥɢ ɜɪɟɦɟɧɧɨɦɭ ɡɚɬɨɩɥɟɧɢɸ, ɩɨɞɬɨɩɥɟɧɢɸ ɢ ɛɟɪɟɝɨɨɛɪɭɲɟɧɢɸ. 
 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; 

– ɜɨɡɦɟɳɟɧɢɟ ɭɳɟɪɛɚ ɭɧɢɱɬɨɠɟɧɢɹ ɧɟɪɟɫɬɢɥɢɳ ɪɵɛ ɢ ɱɢɫɥɟɧɧɨɫɬɢ ɞɢɤɢɯ 
ɠɢɜɨɬɧɵɯ ɢ ɩɬɢɰ. 
 

7.3.5 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 ȼɨɞɨɨɯɪɚɧɧɚɹ 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 ɜɨɞɨɨɯɪɚɧɨɣ ɡɨɧɵ ɩɨ ɞɚɧɧɵɦ 
ɥɟɫɨɭɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɝɨɞɨɜɵɯ ɨɬɱёɬɨɜ ɥɟɫɨɯɨɡɹɣɫɬɜɟɧɧɵɯ ɢ 
ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ, ɦɚɬɟɪɢɚɥɨɜ ɨɛɫɥɟɞɨɜɚɧɢɹ ɧɚ ɤɥɸɱɟɜɵɯ 
ɭɱɚɫɬɤɚɯ ɬɟɪɪɢɬɨɪɢɢ ɜɨɞɨɨɯɪɚɧɨɣ ɡɨɧɵ, ɜɵɩɨɥɧɟɧɧɵɯ ɜ ɩɪɨɰɟɫɫɟ ɢɡɵɫɤɚɧɢɣ. ȼ 
ɩɪɨɟɤɬɟ ɨɛɨɫɧɨɜɵɜɚɸɬɫɹ ɝɪɚɧɢɰɵ ɜɨɞɨɨɯɪɚɧɨɣ 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 ɜɜɨɞɨɨɯɪɚɧɨɣ 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 ɧɚɜɨɡ ɫɨɞɟɪɠɚɳɢɯ ɫɬɨɱɧɵɯ ɜɨɞ; 

– ɪɚɡɦɟɳɟɧɢɟ ɫɤɥɚɞɨɜ ɞɥɹ ɯɪɚɧɟɧɢɹ ɝɨɪɸɱɟ ɫɦɚɡɨɱɧɵɯ 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 ɜɜɨɞɨɨɯɪɚɧɨɣ ɡɨɧɟ ɡɚɩɪɟɳɚɟɬɫɹ: 

– ɪɚɫɩɚɲɤɚ ɡɟɦɟɥɶ; 
– ɫɤɥɚɞɢɪɨɜɚɧɢɟ ɨɬɜɚɥɨɜ ɪɚɡɦɵɜɚɟɦɵɯ ɝɪɭɧɬɨɜ; 
– ɞɜɢɠɟɧɢɟ ɚɜɬɨɦɨɛɢɥɟɣ ɢ ɬɪɚɤɬɨɪɨɜ, ɤɪɨɦɟ ɚɜɬɨɦɨɛɢɥɟɣ ɫɩɟɰɢɚɥɶɧɨɝɨ 

ɧɚɡɧɚɱɟɧɢɹ.  
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7.3.6. ȼɨɞɨɨɯɪɚɧɧɵɟ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ 
 
ȼ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɨɛɨɪɭɞɨɜɚɧɢɹ Ƚɗɋ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɟɝɨ 

ɧɨɪɦɚɥɶɧɨɣ ɪɚɛɨɬɵ ɬɪɟɛɭɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɬɭɪɛɢɧɧɨɝɨ, ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɨɝɨ, 
ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ, ɢɧɞɭɫɬɪɢɚɥɶɧɨɝɨ ɢ ɤɨɦɩɪɟɫɫɨɪɧɨɝɨ ɦɚɫɟɥ, ɱɬɨ ɦɨɠɟɬ 
ɩɪɢɜɟɫɬɢ ɤ ɩɨɫɬɭɩɥɟɧɢɟ ɯɢɦɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ ɜ ɜɨɞɭ ɪɟɤ ɧɢɠɟ ɩɥɨɬɢɧɵ. Ʉɪɨɦɟ 
ɬɨɝɨ, ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɩɪɟɞɩɪɢɹɬɢɹ ɬɪɟɛɭɟɬɫɹ ɩɨɬɪɟɛɥɟɧɢɟ 
ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɨɛɴɟɦɚ ɜɨɞɵ. 

ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɬɚɧɰɢɣ ɢ ɫɟɬɟɣ ɞɨɥɠɧɚ ɛɵɬɶ 
ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɭɬɢɥɢɡɚɰɢɹ ɡɚɦɚɫɥɟɧɧɵɯ ɫɬɨɱɧɵɯ ɜɨɞ, ɨɬɪɚɛɨɬɚɧɧɵɯ ɦɚɫɟɥ, 
ɪɟɚɝɟɧɬɨɜ ɢ ɦɚɬɟɪɢɚɥɨɜ.  

Ʉ ɤɚɬɟɝɨɪɢɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɫɬɨɤɨɜ, ɧɟ ɬɪɟɛɭɸɳɢɯ ɨɱɢɫɬɤɢ 
(ɧɨɪɦɚɬɢɜɧɨ–ɱɢɫɬɵɟ ɜɨɞɵ), ɨɬɧɟɫɟɧɵ ɜɨɞɵ, ɢɞɭɳɢɟ ɧɚ ɨɯɥɚɠɞɟɧɢɟ 
ɨɛɨɪɭɞɨɜɚɧɢɹ (ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ, ɩɨɞɲɢɩɧɢɤɢ), ɢ ɫɬɨɱɧɵɟ ɜɨɞɵ ɨɬ 
ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɤɚɛɟɥɶɧɵɯ ɩɨɦɟɳɟɧɢɣ. ɗɬɢ ɜɨɞɵ ɧɟ ɡɚɝɪɹɡɧɹɸɬɫɹ ɜ ɩɪɨɰɟɫɫɟ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɢ ɨɬɜɨɞɹɬɫɹ ɜ ɧɢɠɧɢɣ ɛɶɟɮ ɛɟɡ ɨɱɢɫɬɤɢ. 

Ⱦɥɹ ɭɦɟɧɶɲɟɧɢɹ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɢ ɚɜɚɪɢɣɧɵɯ ɜɵɛɪɨɫɨɜ ɧɟɨɛɯɨɞɢɦɨ:  
1. Ɍɪɚɧɫɮɨɪɦɚɬɨɪɵ ɫɬɚɧɰɢɢ ɨɛɨɪɭɞɨɜɚɬɶ ɫɥɢɜɧɵɦɢ ɦɟɬɚɥɥɢɱɟɫɤɢɦɢ 

ɪɟɡɟɪɜɭɚɪɚɦɢ, ɤɨɬɨɪɵɟ ɜ ɚɜɚɪɢɣɧɨɣ ɫɢɬɭɚɰɢɢ ɨɛɟɫɩɟɱɚɬ ɩɨɥɧɵɣ ɫɛɨɪ ɦɚɫɥɚ;  
2. Ɍɭɪɛɢɧɵ ɨɫɧɚɫɬɢɬɶ ɫɨɜɪɟɦɟɧɧɵɦɢ ɭɩɥɨɬɧɟɧɢɹɦɢ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, 

ɩɪɟɞɨɬɜɪɚɳɚɸɳɢɦɢ ɩɨɩɚɞɚɧɢɟ ɦɚɫɥɚ ɜ ɜɨɞɭ;  
3. ɋɬɨɱɧɵɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɜɨɞɵ ɫɛɪɚɫɵɜɚɬɶ ɜ ɜɨɞɨɟɦ 

ɧɟɡɚɝɪɹɡɧɟɧɧɵɦɢ;  
4. ɏɨɡɹɣɫɬɜɟɧɧɨ–ɛɵɬɨɜɵɟ ɫɬɨɱɧɵɟ ɜɨɞɵ ɩɟɪɟɞ ɜɵɩɭɫɤɨɦ ɜ ɜɨɞɨɟɦ 

ɨɱɢɳɚɬɶ ɢ ɯɥɨɪɢɪɨɜɚɬɶ; 
5. Ɍɜɟɪɞɵɟ ɨɫɚɞɤɢ ɢɡ ɨɬɫɬɨɣɧɢɤɨɜ ɜɵɜɨɡɢɬɶ ɧɚ ɫɜɚɥɤɢ. 
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 ɡɚɝɪɹɡɧɟɧɧɵɯ ɜɨɞ ɜ ɩɨɞɡɟɦɧɵɟ ɜɨɞɵ ɢ ɜ ɜɨɞɧɵɣ 
ɨɛɴɟɤɬ (ɜɨɞɨɯɪɚɧɢɥɢɳɟ, ɧɢɠɧɢɣ ɛɶɟɮ); 

– 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) ɡɚɝɪɹɡɧɟɧɧɵɯ ɜɨɞ ɢ 
ɞɪɭɝɢɯ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɢɫɯɨɞɹ ɢɡ ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɞɥɹ ɜɨɞɧɨɝɨ ɨɛɴɟɤɬɚ 
ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ (ɉȾɄ). 
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8Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ 

8.1  Ɉɰɟɧɤɚ ɨɛɴɟɦɨɜ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 

ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɹɜɥɹɟɬɫɹ ɬɨɜɚɪɨɦ, ɤɨɬɨɪɵɣ ɩɪɢɨɛɪɟɬɚɸɬ 
ɭɱɚɫɬɧɢɤɢ ɨɩɬɨɜɨɝɨ ɪɵɧɤɚ ɭ ɝɟɧɟɪɢɪɭɸɳɢɯ ɤɨɦɩɚɧɢɣ, ɚ ɭɱɚɫɬɧɢɤɢ ɪɨɡɧɢɱɧɨɝɨ 
ɪɵɧɤɚ ɭ ɷɧɟɪɝɨɫɛɵɬɨɜɵɯ ɤɨɦɩɚɧɢɣ. ɐɟɧɚ ɧɚ ɷɥɟɤɬɪɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ 
ɜɵɪɚɠɚɟɬɫɹ ɜ ɪɭɛɥɹɯ ɢ ɤɨɩɟɣɤɚɯ ɡɚ ɩɨɬɪɟɛɥɟɧɧɵɣ ɤɢɥɨɜɚɬɬ–ɱɚɫ (ɤɨɩ/ɤȼɬ·ɱ, 
ɪɭɛ/ɤȼɬ·ɱ). 

Ɉɛɴɟɦɵ ɩɪɨɞɚɠ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɩɪɨɝɧɨɡɧɨɦ ɩɟɪɢɨɞɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɬɚɛɥɢɰɟ 8.1 

 
Ɍɚɛɥɢɰɚ 8.1 – Ɉɰɟɧɤɚ ɨɛɴɟɦɨɜ ɩɪɨɞɚɠ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɩɟɪɜɵɟ ɝɨɞɵ 
ɷɤɫɩɥɭɚɬɚɰɢɢ 

Ƚɨɞ 2025 2026 2027 2028 
ɍɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ, Ɇȼɬ 566,00 566,00 566,00 566,00 
ɑɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ 

4600,00 4600,00 4600,00 4600,00 

ȼɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, Ɇȼɬ·ɱ 2603784,00 2603784,00 2603784,00 2603784,00 
Ɋɚɫɯɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ 
ɧɭɠɞɵ, % 

1,00 1,00 1,00 1,00 

Ɋɚɫɯɨɞɵ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ 
ɧɭɠɞɵ, Ɇȼɬ·ɱ 

26037,84 26037,84 26037,84 26037,84 

Ɉɛɴɟɦ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, 
Ɇȼɬ·ɱ 

2577746,16 2577746,16 2577746,16 2577746,16 

Ɍɚɪɢɮ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ, ɪɭɛ./Ɇȼɬ·ɱ 1175,00 1206,00 1235,00 1262,00 
ȼɵɪɭɱɤɚ ɨɬ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, 
ɦɥɧ.ɪɭɛ. 252,40 259,06 265,29 271,09 

ɇȾɋ ɤ ɜɵɪɭɱɤɟ, ɦɥɧ.ɪɭɛ. 38,50 39,52 40,47 41,35 
 

ɍɜɟɥɢɱɟɧɢɟ ɜɵɪɭɱɤɢ ɨɛɭɫɥɨɜɥɟɧɨ ɪɨɫɬɨɦ ɬɚɪɢɮɨɜ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ. 
 
8.2  Ɍɟɤɭɳɢɟ ɪɚɫɯɨɞɵ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 

Ɏɨɪɦɢɪɨɜɚɧɢɟ ɬɟɤɭɳɢɯ ɪɚɫɯɨɞɨɜ ɜɵɩɨɥɧɹɟɦ ɧɚ ɨɫɧɨɜɚɧɢɢ ȿɞɢɧɵɯ 
ɫɰɟɧɚɪɧɵɯ ɭɫɥɨɜɢɣ ɉȺɈ «ɊɭɫȽɢɞɪɨ» ɧɚ 2017 – 2042 ɝɝ. (ɩɪɢɤɚɡ ɉȺɈ 
«ɊɭɫȽɢɞɪɨ» ɨɬ 16.01.2017 № 9) ɫ ɭɱɟɬɨɦ ɪɟɚɥɢɡɨɜɚɧɧɨɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ.  

ȿɞɢɧɵɟ ɫɰɟɧɚɪɧɵɟ ɭɫɥɨɜɢɹ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɭɧɢɮɢɤɚɰɢɢ ɢɫɯɨɞɧɨɣ 
ɢɧɮɨɪɦɚɰɢɢ ɜ ɰɟɥɹɯ ɨɛɟɫɩɟɱɟɧɢɹ ɟɞɢɧɨɝɨ ɩɨɞɯɨɞɚ ɩɪɢ ɮɨɪɦɢɪɨɜɚɧɢɢ 
ɩɪɨɝɧɨɡɧɵɯ ɞɨɤɭɦɟɧɬɨɜ ɧɚ ɫɪɟɞɧɟɫɪɨɱɧɵɣ ɢ ɞɨɥɝɨɫɪɨɱɧɵɣ ɝɨɪɢɡɨɧɬ 
ɩɥɚɧɢɪɨɜɚɧɢɹ ɜɫɟɦɢ ɫɬɪɭɤɬɭɪɧɵɦɢ ɩɨɞɪɚɡɞɟɥɟɧɢɹɦɢ ɉȺɈ «ɊɭɫȽɢɞɪɨ», 
ɞɨɱɟɪɧɢɦɢ ɢ ɡɚɜɢɫɢɦɵɦɢ ɨɛɳɟɫɬɜɚɦɢ ɉȺɈ «ɊɭɫȽɢɞɪɨ», ɞɨɱɟɪɧɢɦɢ ɢ 
ɡɚɜɢɫɢɦɵɦɢ ɨɛɳɟɫɬɜɚɦɢ ȾɁɈɉȺɈ «ɊɭɫȽɢɞɪɨ». 

Ɍɟɤɭɳɢɟ ɪɚɫɯɨɞɵ ɩɨ ɝɢɞɪɨɭɡɥɭ ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ: 
 ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ; 
 ɪɚɫɯɨɞɵ ɩɨ ɫɬɪɚɯɨɜɚɧɢɸ ɢɦɭɳɟɫɬɜɚ; 
 ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ; 
 ɪɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ; 
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 ɪɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ; 
 ɧɚɥɨɝ ɧɚ ɜɨɞɭ. 
Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ, ɢɫɯɨɞɹ ɢɡ ɫɪɟɞɧɟɝɨ ɫɪɨɤɚ 

ɫɥɭɠɛɵ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 
Ɋɚɫɯɨɞɵ ɩɨ ɫɬɪɚɯɨɜɚɧɢɸ ɢɦɭɳɟɫɬɜɚ ɩɪɢɧɢɦɚɟɦ ɜ ɪɚɡɦɟɪɟ (ɨɬ ɨɫɬɚɬɨɱɧɨɣ 

ɛɚɥɚɧɫɨɜɨɣ ɫɬɨɢɦɨɫɬɢ ɨɫɧɨɜɧɵɯ ɮɨɧɞɨɜ) 0,08%. 
ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ (ɨɩɥɚɬɚ ɬɪɭɞɚ, ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɡɚɬɪɚɬɵ, 

ɩɪɨɱɢɟ ɪɚɫɯɨɞɵ) ɩɨ Ƚɗɋ ɨɩɪɟɞɟɥɹɸɬɫɹ ɜ ɪɚɫɱɟɬɟ ɧɚ 1 Ɇȼɬ ɭɫɬɚɧɨɜɥɟɧɧɨɣ 
ɦɨɳɧɨɫɬɢ. 

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 8.2.  
 

Ɍɚɛɥɢɰɚ 8.2 – ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɋɬɚɜɤɚ, ɬɵɫ.ɪɭɛ./Ɇȼɬ ȼɟɥɢɱɢɧɚ, ɬɵɫ.ɪɭɛ. 

Ɏɨɧɞ ɨɩɥɚɬɵ ɬɪɭɞɚ 255,2 144453,40 
ɉɪɨɱɢɟ ɪɚɫɯɨɞɵ 274,0 155094,96 
ɂɬɨɝɨ 529,2 299548,36 

 
Ɉɬɱɢɫɥɟɧɢɹ ɧɚ ɪɟɦɨɧɬ ɨɫɧɨɜɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ 

ɨɩɪɟɞɟɥɹɸɬɫɹ ɢɫɯɨɞɹ ɢɡ ɜɟɥɢɱɢɧɵ ɢɧɜɟɫɬɢɰɢɣ. ɍɞɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɪɚɫɯɨɞɨɜ ɜ 
ɩɪɨɰɟɧɬɚɯ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 8.3. 

 
Ɍɚɛɥɢɰɚ 8.3 – ɍɞɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɪɚɫɯɨɞɨɜ ɧɚ ɪɟɦɨɧɬ ɨɛɨɪɭɞɨɜɚɧɢɹ 

ɗɬɚɩɵ ɩɪɨɟɤɬɚ ȼɟɥɢɱɢɧɚ, % 
Ɉɬ 1 ɞɨ 5 ɥɟɬ 0,04 

Ɉɬ 6 ɞɨ 15 ɥɟɬ 0,06 
Ɉɬ 16 ɞɨ 25 0,08 

ɋɜɵɲɟ 25 ɥɟɬ 0,10 

 
Ɋɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ ɪɚɫɫɱɢɬɚɧɵ ɢɫɯɨɞɹ ɢɡ 

ɬɚɪɢɮɨɜ ɛɟɡ ɇȾɋ, ɩɨ ɞɚɧɧɵɦ ɟɞɢɧɵɯ ɫɰɟɧɚɪɧɵɯ ɭɫɥɨɜɢɣ ɉȺɈ «ɊɭɫȽɢɞɪɨ» 
2017 ɝɨɞɚ. Ɋɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɬɚɛɥɢɰɟ 8.4. 

 
Ɍɚɛɥɢɰɚ 8.4 – Ɋɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɋɬɚɜɤɚ ȼɟɥɢɱɢɧɚ, ɬɵɫ.ɪɭɛ. 
ɈȺɈ «ɋɈ ȿɗɋ» 135,38 ɬɵɫ.ɪɭɛ./Ɇȼɬ 76630,50 
ɈȺɈ «ȺɌɋ» (ɚɞɦɢɧɢɫɬɪɚɬɨɪ ɬɨɪɝɨɜɨɣ ɫɢɫɬɟɦɵ) 0,001097 ɬɵɫ.ɪɭɛ./Ɇȼɬ·ɱ 5364,59 
ɈȺɈ «ɐɎɊ» (ɰɟɧɬɪ ɮɢɧɚɧɫɨɜɵɯ ɪɚɫɱɟɬɨɜ) 0,000318 ɬɵɫ.ɪɭɛ./Ɇȼɬ·ɱ 1555,10 
ɂɬɨɝɨ 

 
83550,18 

ɇɚɥɨɝ ɧɚ ɜɨɞɭ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɧɚɥɨɝɨɜɵɦ ɤɨɞɟɤɫɨɦ Ɋɨɫɫɢɣɫɤɨɣ 
Ɏɟɞɟɪɚɰɢɢ ɞɥɹ ɪɟɤɢ ȼɢɬɢɦ, ɫɨɫɬɚɜɥɹɟɬ 4,8 ɪɭɛɥɟɣ ɡɚ 1 ɬɵɫ. ɤȼɬ·ɱ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ (ɩɨɫɬɚɧɨɜɥɟɧɢɟ ɉɪɚɜɢɬɟɥɶɫɬɜɚ ɊɎ ɨɬ 30.12.2006ɝ. №876). 
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Ɍɟɤɭɳɢɟ ɡɚɬɪɚɬɵ ɩɨ ɝɢɞɪɨɭɡɥɭ ɜ ɩɟɪɜɵɟ ɝɨɞɵ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɢɜɟɞɟɧɵ ɜ 
ɬɚɛɥɢɰɟ 8.5. 

 
Ɍɚɛɥɢɰɚ 8.5 – Ɍɟɤɭɳɢɟ ɡɚɬɪɚɬɵ ɩɨ ɝɢɞɪɨɭɡɥɭ, ɦɥɧ. ɪɭɛ. 

ɇɚɢɦɟɧɨɜɚɧɢɟ 2021 2022 2023 2024 2025 
Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ 39,00 61,43 73,96 85,46 86,51 
Ɋɚɫɯɨɞɵ ɧɚ ɫɬɪɚɯɨɜɚɧɢɟ 16,29 24,20 37,63 57,92 82,33 
ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ 10,70 98,42 201,13 288,85 299,55 
Ɋɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ 0,68 1,01 2,35 3,62 5,15 
Ɋɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɤɨɦɩɚɧɢɣ 2,98 27,45 56,10 80,57 83,55 
ɇɚɥɨɝ ɧɚ ɜɨɞɭ 0,56 7,04 15,09 22,30 23,47 
ɂɬɨɝɨ 70,20 219,55 386,26 538,72 580,56 

 
ɋɬɪɭɤɬɭɪɚ ɬɟɤɭɳɢɯ ɡɚɬɪɚɬ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 8.1. 
 

 
Ɋɢɫɭɧɨɤ 8.1. – ɋɬɪɭɤɬɭɪɚ ɬɟɤɭɳɢɯ ɡɚɬɪɚɬ, % 

 
8.3  ɇɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ 

ɇɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ ɹɜɥɹɸɬɫɹ ɤɪɭɩɧɨɣ ɫɬɚɬɶɟɣ ɨɬɬɨɤɨɜ ɞɟɧɟɠɧɵɯ ɫɪɟɞɫɬɜ 
ɩɨɫɥɟ ɡɚɜɟɪɲɟɧɢɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ. Ɂɧɚɱɢɬɟɥɶɧɚɹ ɢɯ ɱɚɫɬɶ 
ɨɬɱɢɫɥɹɟɬɫɹ ɜ ɮɟɞɟɪɚɥɶɧɵɣ ɛɸɞɠɟɬ. ɋɭɳɟɫɬɜɭɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɜɜɟɞɟɧɢɹ 
ɥɶɝɨɬɧɨɝɨ ɩɟɪɢɨɞɚ, ɱɬɨ ɫɭɳɟɫɬɜɟɧɧɨ ɩɨɜɥɢɹɟɬ ɧɚ ɩɨɤɚɡɚɬɟɥɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ ɨɛɴɟɤɬɚ. 

ɍɱɢɬɵɜɚɟɦ ɫɥɟɞɭɸɳɢɟ ɧɚɥɨɝɢ: 
– ɇȾɋ – 18% ɨɬ ɞɨɛɚɜɥɟɧɧɨɣ ɫɬɨɢɦɨɫɬɢ; 
– ɜɡɧɨɫɵ ɜ ɫɨɰɢɚɥɶɧɵɟ ɮɨɧɞɵ – 34 % ɨɬ ɮɨɧɞɚ ɨɩɥɚɬɵ ɬɪɭɞɚ; 
– ɧɚɥɨɝ ɧɚ ɢɦɭɳɟɫɬɜɨ – 2,2 % ɨɬ ɫɪɟɞɧɟɝɨɞɨɜɨɣ ɫɬɨɢɦɨɫɬɢ ɢɦɭɳɟɫɬɜɚ; 
– ɧɚɥɨɝ ɧɚ ɩɪɢɛɵɥɶ – 20 % ɨɬ ɧɚɥɨɝɨɨɛɥɚɝɚɟɦɨɣ ɩɪɢɛɵɥɢ; 
– ɧɚɥɨɝ ɧɚ ɜɨɞɭ ɧɚ 1 ɬɵɫ. ɤȼɬ·ɱ – 4,8 ɪɭɛ. 
ɇɚɥɨɝ ɧɚ ɜɨɞɭ ɜɯɨɞɢɬ ɜ ɬɟɤɭɳɢɟ ɡɚɬɪɚɬɵ ɢ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɪɚɡɞɟɥɟ 8.2. 
ɉɪɟɞɩɨɥɚɝɚɟɦɵɟ ɧɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɥɶɝɨɬ ɡɚ ɩɟɪɢɨɞ 

2022–2026 ɝɨɞɵ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 8.6.  
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Ɍɚɛɥɢɰɚ 8.6 – ɇɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ 
ɇɚɢɦɟɧɨɜɚɧɢɟ 2022 2023 2024 2025 2026 

ɇɚɥɨɝ ɧɚ ɩɪɢɛɵɥɶ, ɦɥɧ.ɪɭɛ. 194,26 524,23 844,91 939,06 987,70 
ɇȾɋ, ɦɥɧ.ɪɭɛ. 135,39 547,84 834,84 903,13 926,90 

ȼɡɧɨɫɵ ɜ ɫɨɰɢɚɥɶɧɵɟ ɮɨɧɞɵ, ɦɥɧ.ɪɭɛ. 8,00 8,00 8,00 8,00 8,00 
ɇɚɥɨɝ ɧɚ ɢɦɭɳɟɫɬɜɨ, ɦɥɧ.ɪɭɛ. 38,85 44,06 48,98 48,57 46,66 

ɂɬɨɝɨ 376,50 1124,13 1736,73 1898,76 1969,26 

 
ɇɚɱɢɫɥɹɟɦɵɟ ɧɚɥɨɝɢ ɩɨɞɥɟɠɚɬ ɩɟɪɟɱɢɫɥɟɧɢɸ ɜ ɪɚɡɥɢɱɧɵɟ ɛɸɞɠɟɬɵ, ɚ 

ɢɦɟɧɧɨ ɜ ɮɟɞɟɪɚɥɶɧɵɣ ɢ ɪɟɝɢɨɧɚɥɶɧɵɣ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ ɨɛɳɟɫɬɜɟɧɧɭɸ 
ɩɪɢɜɥɟɤɚɬɟɥɶɧɨɫɬɶ ɩɪɨɟɤɬɚ. 
 

8.4  Ɉɰɟɧɤɚ ɫɭɦɦɵ ɩɪɢɛɵɥɢ ɨɬ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ 
ɦɨɳɧɨɫɬɢ 

Ɉɫɧɨɜɧɨɣ ɮɨɪɦɨɣ ɨɬɪɚɠɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ 
ɞɟɹɬɟɥɶɧɨɫɬɢ Ɍɭɡɚɥɢɧɫɤɨɣ Ƚɗɋ ɩɨ ɩɪɨɢɡɜɨɞɫɬɜɭ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɹɜɥɹɟɬɫɹ 
«Ɉɬɱɟɬ ɨ ɩɪɢɛɵɥɢ ɢ ɭɛɵɬɤɚɯ». ȼ ɨɬɱɟɬɟ ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɩɨɤɚɡɚɬɟɥɢ: 
ɜɚɥɨɜɚɹ ɩɪɢɛɵɥɶ, ɧɚɥɨɝɨɨɛɥɚɝɚɟɦɚɹ ɩɪɢɛɵɥɶ, ɪɚɡɦɟɪɵ ɜɵɩɥɚɬ ɩɨ ɧɚɥɨɝɭ ɧɚ 
ɩɪɢɛɵɥɶ, ɱɢɫɬɚɹ ɩɪɢɛɵɥɶ. 

Ƚɨɞɨɜɚɹ ɩɪɢɛɵɥɶ ɜ ɩɟɪɜɵɟ ɝɨɞɵ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 
8.7. 

 
Ɍɚɛɥɢɰɚ 8.7 – Ƚɨɞɨɜɚɹ ɩɪɢɛɵɥɶ ɜ ɩɟɪɜɵɟ ɝɨɞɵ ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 2021 2022 2023 2024 2025 
ȼɵɪɭɱɤɚ (ɧɟɬɬɨ), ɦɥɧ.ɪɭɛ. 154,23 1466,54 3088,67 4567,73 4869,52 
Ɍɟɤɭɳɢɟ ɪɚɫɯɨɞɵ, ɦɥɧ.ɪɭɛ. 70,2 219,55 386,26 538,72 580,56 
EBIT (ɉɪɢɛɵɥɶ ɞɨ ɧɚɥɨɝɨɨɛɥɨɠɟɧɢɹ), ɦɥɧ.ɪɭɛ. 84,02 1246,99 2702,41 4029,01 4288,96 
ɋɤɨɪɪɟɤɬɢɪɨɜɚɧɧɵɣ ɧɚɥɨɝ ɧɚ ɩɪɢɛɵɥɶ, ɦɥɧ.ɪɭɛ. 16,8 249,4 540,48 805,8 857,79 
NOPAT (ɑɢɫɬɚɹ ɩɪɢɛɵɥɶ), ɦɥɧ.ɪɭɛ. 67,22 997,59 2161,93 3223,21 3431,17 
ɋɩɪɚɜɨɱɧɨ: ɋɬɚɜɤɚ ɧɚɥɨɝɚ ɧɚ ɩɪɢɛɵɥɶ Ɍ,% 20 20 20 20 20 

 
Ⱦɢɧɚɦɢɤɚ ɫɭɦɦɵ ɱɢɫɬɨɣ ɩɪɢɛɵɥɢ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 8.2. 

 
Ɋɢɫɭɧɨɤ 8.2 – ɋɭɦɦɚ ɱɢɫɬɨɣ ɩɪɢɛɵɥɢ, ɦɥɧ. ɪɭɛ. 
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Ɋɨɫɬ ɫɭɦɦɵ ɩɪɢɛɵɥɢ ɨɛɭɫɥɨɜɥɟɧ ɪɨɫɬɨɦ ɰɟɧ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɢ 
ɦɨɳɧɨɫɬɶ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɟɞɢɧɵɦɢ ɫɰɟɧɚɪɧɵɦɢ ɭɫɥɨɜɢɹɦɢ ɊɭɫȽɢɞɪɨ ɜ 
ɩɪɨɝɧɨɡɢɪɭɟɦɨɦ ɩɟɪɢɨɞɟ. 

 
8.5  Ɉɰɟɧɤɚ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ 

Ƚɥɚɜɧɨɣ ɰɟɥɶɸ ɨɰɟɧɤɢ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ 
ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ, ɫ ɭɱɟɬɨɦ ɭɫɥɨɜɢɣ Ɂɚɤɚɡɱɢɤɚ 
(ɋɰɟɧɚɪɧɵɟ ɭɫɥɨɜɢɹ ɉȺɈ «ɊɭɫȽɢɞɪɨ» ɨɬ 16.01.2017 № 9). 

 
Ɇɟɬɨɞɨɥɨɝɢɹ ɢ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɨɰɟɧɤɚ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ 

 

ɐɟɥɶɸ ɨɰɟɧɤɢ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɩɨɤɚɡɚɬɟɥɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ, 
ɤ ɬɚɤɢɦ ɩɨɤɚɡɚɬɟɥɹɦ ɨɬɧɨɫɹɬɫɹ:  

1. ɑɢɫɬɵɣ, ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɞɨɯɨɞ  
2. ɂɧɞɟɤɫ ɩɪɢɛɵɥɶɧɨɫɬɢ  
3. ɋɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ 
4. ɂ ɬ.ɞ.  
Ɋɚɫɱёɬ ɩɨɤɚɡɚɬɟɥɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ ɜɵɩɨɥɧɹɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ 

ɫ: 
ɚ) «Ɇɟɬɨɞɢɱɟɫɤɢɦɢ ɪɟɤɨɦɟɧɞɚɰɢɹɦɢ ɩɨ ɨɰɟɧɤɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ 

ɪɚɡɪɚɛɨɬɤɟ ɢɧɜɟɫɬɢɰɢɨɧɧɵɯ ɩɪɨɟɤɬɨɜ ɢ ɛɢɡɧɟɫ–ɩɥɚɧɨɜ ɜ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɟ», 
ɭɬɜɟɪɠɞɟɧɧɵɣ ɩɪɢɤɚɡɨɦ ɈȺɈ ɊȺɈ «ȿɗɋ Ɋɨɫɫɢɢ» ɨɬ 07.02.2000ɝ. №54 ɧɚ 
ɨɫɧɨɜɚɧɢɢ Ɂɚɤɥɸɱɟɧɢɹ Ƚɥɚɜɝɨɫɷɤɫɩɟɪɬɢɡɵ Ɋɨɫɫɢɢ ɨɬ 26.05.1999ɝ. №24–16–
1/20–113;  

ɛ) «Ɇɟɬɨɞɢɱɟɫɤɢɦɢ ɪɟɤɨɦɟɧɞɚɰɢɹɦɢ ɩɨ ɨɰɟɧɤɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ 
ɪɚɡɪɚɛɨɬɤɟ ɢɧɜɟɫɬɢɰɢɨɧɧɵɯ ɩɪɨɟɤɬɨɜ ɢ ɛɢɡɧɟɫ–ɩɥɚɧɨɜ ɜ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɟ ɧɚ 
ɫɬɚɞɢɢ ɩɪɟɞɌɈɗ ɢ ɌɈɗ», Ɇɨɫɤɜɚ, 2008 ɝ., ɭɬɜɟɪɠɞɟɧɧɵɦɢ ɊȺɈ «ȿɗɋ Ɋɨɫɫɢɢ» 
ɨɬ 31.03.2008ɝ. №155 ɢ Ƚɥɚɜɝɨɫɷɤɫɩɟɪɬɢɡɨɣ Ɋɨɫɫɢɢ ɨɬ 26.05.99ɝ. №24–16–1/20–
113.  

ɜ) ȿɞɢɧɵɦɢ ɫɰɟɧɚɪɧɵɦɢ ɭɫɥɨɜɢɹɦɢ ɉȺɈ «ɊɭɫȽɢɞɪɨ» ɧɚ 2017–2042 ɝɝ.  
Ɋɚɫɱɟɬɵ ɩɪɨɢɡɜɨɞɢɥɢɫɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɥɢɰɟɧɡɢɨɧɧɨɣ ɜɟɪɫɢɢ 

ɩɪɨɝɪɚɦɦɧɨɝɨ ɩɪɨɞɭɤɬɚ «ProjectExpert ɮɢɪɦɵ Expertsystems». Ⱦɥɹ ɰɟɥɟɣ 
ɮɢɧɚɧɫɨɜɨ–ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɢɧɹɬɵ ɫɥɟɞɭɸɳɢɟ ɩɪɟɞɩɨɫɵɥɤɢ:  

− ɩɟɪɢɨɞ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɞɥɹ ɋɟɥɟɧɝɢɧɫɤɨɣ Ƚɗɋ ɧɚ ɪɟɤɟ ɋɟɥɟɧɝɚ 
ɦɨɳɧɨɫɬɶɸ 295 Ɇȼɬ ɫɨɫɬɚɜɥɹɟɬ 24 ɝɨɞɚ;  

− ɢɫɩɨɥɶɡɭɟɦɚɹ ɩɪɢ ɨɰɟɧɤɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɮɢɧɚɧɫɨɜɚɹ ɦɨɞɟɥɶ ɨɬɪɚɠɚɟɬ 
ɪɟɚɥɶɧɭɸ ɫɢɬɭɚɰɢɸ, ɫɥɨɠɢɜɲɭɸɫɹ ɤ ɧɚɫɬɨɹɳɟɦɭ ɦɨɦɟɧɬɭ ɧɚ ɪɨɫɫɢɣɫɤɨɦ 
ɪɵɧɤɟ.  

Ɋɨɫɬ ɬɚɪɢɮɚ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɩɪɢɧɹɬ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ȿɋɍ, 
ɪɚɡɪɚɛɨɬɚɧɧɵɦɢ ɉȺɈ «ɊɭɫȽɢɞɪɨ».  

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɜɥɢɹɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɩɪɨɟɤɬɚ ɧɚ ɛɸɞɠɟɬ 
ɪɚɫɫɱɢɬɚɧ ɱɢɫɬɵɣ ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɞɨɯɨɞ ɛɸɞɠɟɬɚ. 
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8.6  ɉɨɤɚɡɚɬɟɥɢ ɤɨɦɦɟɪɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ 

ɐɟɥɶ ɩɪɨɜɟɞɟɧɢɹ ɪɚɫɱɟɬɨɜ ɤɨɦɦɟɪɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ 
ɫɜɨɞɢɬɫɹ ɤ ɨɩɪɟɞɟɥɟɧɢɸ ɩɨɤɚɡɚɬɟɥɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɧɜɟɫɬɢɰɢɣ.  

Ⱦɨɯɨɞɧɚɹ ɱɚɫɬɶ ɮɨɪɦɢɪɭɟɬɫɹ ɨɬ ɩɪɨɞɚɠɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ Ɍɭɡɚɥɢɧɫɤɨɣ 
Ƚɗɋ ɧɚ ɪɟɤɟ ȼɢɬɢɦ ɦɨɳɧɨɫɬɶɸ 566 Ɇȼɬ. 

ɉɨɞ ɪɚɫɯɨɞɚɦɢ ɩɨɧɢɦɚɸɬɫɹ ɫɨɛɫɬɜɟɧɧɵɟ ɫɪɟɞɫɬɜɚ ɉȺɈ «ɊɭɫȽɢɞɪɨ», 
ɪɟɚɥɢɡɭɸɳɟɝɨ ɢɧɜɟɫɬɢɰɢɨɧɧɵɣ ɩɪɨɟɤɬ ɫɬɪɨɢɬɟɥɶɫɬɜɚ Ɍɭɡɚɥɢɧɫɤɨɣ Ƚɗɋ.  

Ɉɫɧɨɜɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɬɚɛɥɢɰɟ 8.8. 
 
Ɍɚɛɥɢɰɚ 8.8 – ɉɨɤɚɡɚɬɟɥɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɧɜɟɫɬɢɰɢɣ 
ɋɬɚɜɤɚ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ 11,60 
ɉɟɪɢɨɞ ɨɤɭɩɚɟɦɨɫɬɢ – DPB, ɦɟɫ 73 
ɑɢɫɬɵɣ ɩɪɢɜɟɞɟɧɧɵɣ ɞɨɯɨɞ – NPV, ɦɥɧ.ɪɭɛ. 7683,52 
ɂɧɞɟɤɫ ɩɪɢɛɵɥɶɧɨɫɬɢ – PI 1,46 
ɋɟɛɟɫɬɨɢɦɨɫɬɶ, ɪɭɛ./ɤȼɬ·ɱ 0,18 
ɍɞɟɥɶɧɵɟ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ, ɪɭɛ./ɤȼɬ 24730,57 

 
8.7  Ȼɸɞɠɟɬɧɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
 
ɉɨɤɚɡɚɬɟɥɢ ɛɸɞɠɟɬɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɨɬɪɚɠɚɸɬ ɜɥɢɹɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ 

ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɩɪɨɟɤɬɚ ɧɚ ɞɨɯɨɞɵ ɢ ɪɚɫɯɨɞɵ ɮɟɞɟɪɚɥɶɧɨɝɨ ɢ ɪɟɝɢɨɧɚɥɶɧɨɝɨ 
ɛɸɞɠɟɬɨɜ. ɉɨɤɚɡɚɬɟɥɢ ɛɸɞɠɟɬɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɧɚ 
ɨɫɧɨɜɚɧɢɢ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɬɨɤɚ ɛɸɞɠɟɬɧɵɯ ɫɪɟɞɫɬɜ. 

Ʉ ɩɪɢɬɨɤɚɦ ɛɸɞɠɟɬɧɵɯ ɫɪɟɞɫɬɜ ɨɬɧɨɫɢɬɫɹ ɩɪɢɬɨɤɢ ɨɬ ɧɚɥɨɝɨɜ, 
ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɞɟɣɫɬɜɭɸɳɢɦ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɨɦ. ɉɪɟɞɩɨɥɚɝɚɟɦɵɟ ɧɚɥɨɝɨɜɵɟ 
ɩɨɫɬɭɩɥɟɧɢɹ ɜ ɮɟɞɟɪɚɥɶɧɵɣ ɢ ɪɟɝɢɨɧɚɥɶɧɵɣ ɛɸɞɠɟɬɵ ɩɨɤɚɡɚɧɵ ɜ ɬɚɛɥɢɰɟ 8.9. 

 
Ɍɚɛɥɢɰɚ 8.9 – ɉɪɟɞɩɨɥɚɝɚɟɦɵɟ ɧɚɥɨɝɨɜɵɟ ɩɨɫɬɭɩɥɟɧɢɹ ɜ ɮɟɞɟɪɚɥɶɧɵɟ ɢ 
ɪɟɝɢɨɧɚɥɶɧɵɟ ɛɸɞɠɟɬɵ 

Ƚɨɞɵ 2022 2023 2024 2025 2026 
ȼ Ɏɟɞɟɪɚɥɶɧɵɣ ɛɸɞɠɟɬ, ɦɥɧ. ɪɭɛ. 336,74 1087,22 1702,10 1865,72 1938,13 
ȼ ɪɟɝɢɨɧɚɥɶɧɵɣ ɛɸɞɠɟɬ, ɦɥɧ. ɪɭɛ. 38,85 44,06 48,98 48,57 46,66 

ɂɬɨɝɨ ɧɚɥɨɝɨɜɵɯ ɩɨɫɬɭɩɥɟɧɢɣ, ɦɥɧ.ɪɭɛ 375,60 1131,27 1751,08 1914,28 1984,79 

 
ɇɚɱɢɫɥɹɟɦɵɟ ɧɚɥɨɝɢ ɩɨɞɥɟɠɚɬ ɩɟɪɟɱɢɫɥɟɧɢɸ ɜ ɪɚɡɥɢɱɧɵɟ ɛɸɞɠɟɬɵ, ɚ 

ɢɦɟɧɧɨ ɜ ɮɟɞɟɪɚɥɶɧɵɣ ɢ ɪɟɝɢɨɧɚɥɶɧɵɣ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ ɨɛɳɟɫɬɜɟɧɧɭɸ 
ɩɪɢɜɥɟɤɚɬɟɥɶɧɨɫɬɶ ɩɪɨɟɤɬɚ. 

 
8.8  Ⱥɧɚɥɢɡ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ 

Ⱥɧɚɥɢɡ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɧɚɫɤɨɥɶɤɨ ɫɢɥɶɧɨ 
ɢɡɦɟɧɢɬɫɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɨɟɤɬɚ ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɨɦ ɢɡɦɟɧɟɧɢɢ ɨɞɧɨɝɨ ɢɡ 
ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɟɤɬɚ.  
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Ʉ ɮɚɤɬɨɪɚɦ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɨɬɧɨɫɹɬ:  
– ɢɧɜɟɫɬɢɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ; 
– ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɫɪɨɤɢ ɧɚɱɚɥɚ ɩɪɨɢɡɜɨɞɫɬɜɚ; 
– ɬɚɪɢɮɵ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ; 
–ɫɬɚɜɤɚ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ. 
Ⱥɧɚɥɢɡɢɪɭɹ ɢɡɦɟɧɟɧɢɟ NPV ɩɨ ɫɥɟɞɭɸɳɢɦ ɩɚɪɚɦɟɬɪɚɦ: ɫɬɚɜɤɟ ɧɚɥɨɝɨɜ, 

ɨɛɴɟɦɭ ɢɧɜɟɫɬɢɰɢɣ, ɰɟɧɟ ɫɛɵɬɚ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ -20 – 20 %, ɩɨɥɭɱɚɟɦ 
ɫɥɟɞɭɸɳɢɟ ɪɟɡɭɥɶɬɚɬɵ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɚɯ 8.3 – 8.6. 

 

 
Ɋɢɫɭɧɨɤ 8.3 – ɂɡɦɟɧɟɧɢɹ NPV ɨɬ ɢɡɦɟɧɟɧɢɹ ɫɬɚɜɤɢ ɧɚɥɨɝɨɜ, % 

 
ɍɜɟɥɢɱɟɧɢɟ ɫɬɚɜɤɢ ɧɚɥɨɝɨɜ ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɡɧɚɱɟɧɢɹ NPV, 

ɭɦɟɧɶɲɟɧɢɟ – ɨɛɪɚɬɧɵɣ ɷɮɮɟɤɬ. 

 
Ɋɢɫɭɧɨɤ 8.4 – ɂɡɦɟɧɟɧɢɹ NPV ɨɬ ɢɡɦɟɧɟɧɢɹ ɨɛɴёɦɚ ɢɧɜɟɫɬɢɰɢɣ, % 

 
ɑɟɦ ɛɨɥɶɲɟ ɢɧɜɟɫɬɢɰɢɣ ɩɪɢɜɥɟɤɚɟɬɫɹ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ, ɬɟɦ 

ɦɟɧɶɲɟ NPV. 
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Ɋɢɫɭɧɨɤ 8.5 – ɂɡɦɟɧɟɧɢɹ NPV ɨɬ ɢɡɦɟɧɟɧɢɹ ɰɟɧɵ ɫɛɵɬɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, 

% 
ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɰɟɧɵ ɫɛɵɬɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɩɪɨɢɫɯɨɞɢɬ ɪɨɫɬ ɩɪɢɛɵɥɢ, 

ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢɧɞɟɤɫ ɩɪɢɛɵɥɶɧɨɫɬɢ ɪɚɫɬɟɬ, ɱɬɨ ɜɢɞɧɨ ɢɡ ɝɪɚɮɢɤɚ ɧɚ ɪɢɫɭɧɤɟ 
8.6. 
 

 

Ɋɢɫɭɧɨɤ 8.6 – ɂɡɦɟɧɟɧɢɹ NPV ɨɬ ɢɡɦɟɧɟɧɢɹ ɫɬɚɜɤɢ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ, % 
 
ɍɜɟɥɢɱɟɧɢɟ ɫɬɚɜɤɢ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ – ɭɦɟɧɶɲɟɧɢɟ ɜɟɥɢɱɢɧɵ NPV. 
ɉɪɨɜɟɞɟɧɧɵɣ ɚɧɚɥɢɡ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɩɨɤɚɡɚɥ, ɱɬɨ ɧɚɢɛɨɥɶɲɢɣ ɪɢɫɤ ɞɥɹ 

ɩɪɨɟɤɬɚ ɩɪɟɞɫɬɚɜɥɹɸɬ ɢɡɦɟɧɟɧɢɟ ɫɥɟɞɭɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ: 
– ɢɡɦɟɧɟɧɢɟ ɫɬɚɜɤɢ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ; 
– ɢɡɦɟɧɟɧɢɟ ɰɟɧɵ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ; 
– ɢɡɦɟɧɟɧɢɟ ɧɚɥɨɝɨɜ; 
– ɢɡɦɟɧɟɧɢɟ ɢɧɜɟɫɬɢɰɢɣ. 
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9 ɋɢɫɬɟɦɵ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɢ ɤɨɧɬɪɨɥɹ ȽȺ Ƚɗɋ-
ɬɟɩɥɨɜɨɣ ɤɨɧɬɪɨɥɶ 

 
9.1 ɇɚɡɧɚɱɟɧɢɟ 
 
ɋɢɫɬɟɦɚ ɬɟɩɥɨɜɨɝɨ ɤɨɧɬɪɨɥɹ (ɌɄ) ɹɜɥɹɟɬɫɹ ɱɚɫɬɶɸ ɫɢɫɬɟɦɵ 

ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɝɢɞɪɨɚɝɪɟɝɚɬɚ (ȽȺ). 
Ɍɟɩɥɨɜɨɣ ɤɨɧɬɪɨɥɶ ɝɢɞɪɨɚɝɪɟɝɚɬɚ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɧɟɩɪɟɪɵɜɧɨɝɨ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɤɨɧɬɪɨɥɹ ɬɟɩɥɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ ɝɢɞɪɨɚɝɪɟɝɚɬɚ ɫ ɜɵɞɚɱɟɣ 
ɩɪɟɞɭɩɪɟɞɢɬɟɥɶɧɵɯ (ɉ) ɢ ɚɜɚɪɢɣɧɵɯ (Ⱥ) ɫɢɝɧɚɥɨɜ ɨ ɧɢɡɤɨɦ ɢɥɢ ɜɵɫɨɤɨɦ 
ɭɪɨɜɧɟ ɬɟɦɩɟɪɚɬɭɪɵ ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɭɡɥɨɜ ɝɢɞɪɨɚɝɪɟɝɚɬɚ, ɤɨɦɚɧɞɵ 
ɚɜɚɪɢɣɧɨɝɨ ɨɫɬɚɧɨɜɚ ɢ ɛɥɨɤɢɪɨɜɤɢ ɩɭɫɤɚ ɝɢɞɪɨɚɝɪɟɝɚɬɚ ɩɨ ɬɟɦɩɟɪɚɬɭɪɧɵɦ 
ɩɚɪɚɦɟɬɪɚɦ, ɚ ɬɚɤɠɟ ɤɨɧɬɪɨɥɹ ɢɫɩɪɚɜɧɨɫɬɢ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɞɚɬɱɢɤɨɜ ɢ 
ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ ɬɟɩɥɨɜɨɝɨ ɤɨɧɬɪɨɥɹ. 

ɋɢɫɬɟɦɚ ɤɨɧɬɪɨɥɢɪɭɟɬ ɬɟɦɩɟɪɚɬɭɪɵ: 
- ɩɨɞɲɢɩɧɢɤɚ ɝɟɧɟɪɚɬɨɪɚ (ɉɒȽ); 
- ɩɨɞɩɹɬɧɢɤɚ (ɉɉ); 
- ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ (Ƚȼ); 
- ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯ; 
- ɫɟɪɞɟɱɧɢɤɚ ɢ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ; 
- ɦɚɫɥɨ ɩɨɞɲɢɩɧɢɤɨɜ. 
Ⱦɥɹ ɤɨɧɬɪɨɥɹ ɬɟɩɥɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ ɦɟɯɚɧɢɡɦɨɜ ɝɢɞɪɨɚɝɪɟɝɚɬɚ ɧɚ 

ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɫɥɟɞɭɸɳɢɟ ɭɫɬɪɨɣɫɬɜɚ, ɩɨɡɜɨɥɹɸɳɢɟ 
ɢɡɦɟɪɹɬɶ ɢ ɪɟɝɢɫɬɪɢɪɨɜɚɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɨɬɞɟɥɶɧɵɯ ɭɡɥɨɜ: 

1) ɋɬɚɰɢɨɧɚɪɧɚɹ: ɫɢɫɬɟɦɚ ɤɨɧɬɪɨɥɹ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɩɚɪɚɦɟɬɪɨɜ (ɄɌɉ), 
ɦɚɧɨɦɟɬɪɢɱɟɫɤɢɟ ɬɟɪɦɨɦɟɬɪɵ ɬɢɩɚ ɌɄɉ-160. 

2) ɉɟɪɟɧɨɫɧɨɣ: ɬɟɩɥɨɜɢɡɢɨɧɧɵɣ ɤɨɧɬɪɨɥɶ, ɫ ɩɨɦɨɳɶɸ ɫɩɟɰɢɚɥɶɧɨɝɨ 
ɩɪɢɛɨɪɚ, ɬɟɩɥɨɜɢɡɨɪɚ. 

 
9.2 ɋɬɚɰɢɨɧɚɪɧɚɹ ɫɢɫɬɟɦɚ. ɇɚɡɧɚɱɟɧɢɟ ɢ ɫɨɫɬɚɜ ɫɢɫɬɟɦɵ ɄɌɉ 

 
ɋɢɫɬɟɦɚ ɄɌɉ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɩɨɫɬɨɹɧɧɨɝɨ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɤɨɧɬɪɨɥɹ, 

ɜɢɡɭɚɥɶɧɨɝɨ ɨɬɨɛɪɚɠɟɧɢɹ, ɮɨɪɦɢɪɨɜɚɧɢɹ ɚɪɯɢɜɚ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 
ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ, ɮɨɪɦɢɪɨɜɚɧɢɹ ɨɬɱɟɬɧɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ, ɫɢɝɧɚɥɢɡɚɰɢɢ 
ɚɜɚɪɢɣɧɵɯ ɢ ɩɪɟɞɚɜɚɪɢɣɧɵɯ ɡɧɚɱɟɧɢɣ ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ. 

ɉɟɪɟɱɟɧɶ ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɫɢɝɧɚɥɨɜ ɢ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ 
ɫɢɝɧɚɥɢɡɚɰɢɢ ɄɌɉ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 9.1.  
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Ɍɚɛɥɢɰɚ 9.1– ɉɟɪɟɱɟɧɶ ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ ɢ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ 
ɫɢɝɧɚɥɢɡɚɰɢɢ ɫɢɫɬɟɦɵ ɄɌɉ 
Ƚɢɞɪɨɚɝɪɟɝɚɬ Ƚ1 Ƚ2 Ƚ3 Ƚ4 Ƚ5 Ƚ6 
ɉɨɞɩɹɬɧɢɤ 
ɦɚɬɟɪɢɚɥ Ɏɬɨɪɨ-

ɩɥɚɫɬ 
Ɏɬɨɪɨ-
ɩɥɚɫɬ 

Ɏɬɨɪɨ-
ɩɥɚɫɬ 

Ɏɬɨɪɨ-
ɩɥɚɫɬ 

Ɏɬɨɪɨ-
ɩɥɚɫɬ 

Ɏɬɨɪɨ-
ɩɥɚɫɬ 

ɍɫɬɚɜɤɢ 
ɩɪɟɞ/ɫɢɝɧ 

ɫɟɝɦɟɧɬ 68/75 
ɦɚɫɥɨ ɝɨɪ. 50 
ɦɚɫɥɨ ɯɨɥ. 45 

ɉɨɞɲɢɩɧɢɤ 
ɦɚɬɟɪɢɚɥ Ɏɬɨɪɨ-

ɩɥɚɫɬ 
Ɏɬɨɪɨ-
ɩɥɚɫɬ 

Ɏɬɨɪɨ-
ɩɥɚɫɬ 

Ɏɬɨɪɨ-
ɩɥɚɫɬ 

Ɏɬɨɪɨ-
ɩɥɚɫɬ 

Ɏɬɨɪɨ-
ɩɥɚɫɬ 

ɍɫɬɚɜɤɢ 
ɩɪɟɞ/ɫɢɝɧ 

ɫɟɝɦɟɧɬ 60/70 
ɦɚɫɥɨ ɝɨɪ. 50 
ɦɚɫɥɨ ɯɨɥ. 45 

ɏɨɥɨɞɧɵɣ ɜɨɡɞɭɯ 
ɍɫɬɚɜɤɢ ɩɪɟɞ/ɫɢɝɧ 42/47 
Ƚɨɪɹɱɢɣ ɜɨɡɞɭɯ 
ɍɫɬɚɜɤɢ ɩɪɟɞ/ɫɢɝɧ 60/65 
ɋɬɚɬɨɪ: ɦɟɞɶ ɢ ɠɟɥɟɡɨ 
ɍɫɬɚɜɤɢ ɩɪɟɞ/ɫɢɝɧ 115/120 

 
ɋɢɫɬɟɦɚ ɄɌɉ ɜɵɩɨɥɧɟɧɚ ɨɬɞɟɥɶɧɵɦ ɭɫɬɪɨɣɫɬɜɨɦ ɧɚ ɤɚɠɞɭɸ ɩɚɪɭ 

ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ ɢ ɫɨɫɬɨɢɬ ɢɡ: 
- ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɞɚɬɱɢɤɨɜ (ɬɟɪɦɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɫɨɩɪɨɬɢɜɥɟɧɢɹ); 
- ɦɨɞɭɥɟɣ ɢɡɦɟɪɟɧɢɹ ɫɨɩɪɨɬɢɜɥɟɧɢɣ (R3IN6-50 ɢ R3IN6-100); 
- ɭɫɬɪɨɣɫɬɜ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ; 
- ɤɨɧɬɪɨɥɥɟɪɨɜ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ; 
- ɛɥɨɤɨɜ ɩɢɬɚɧɢɹ ɭɫɬɪɨɣɫɬɜɚ; 
- ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɨɛɪɚɛɨɬɤɢ ɢɧɮɨɪɦɚɰɢɢ; 
- ɭɫɬɪɨɣɫɬɜ ɨɬɨɛɪɚɠɟɧɢɹ ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ ɢ ɫɢɝɧɚɥɢɡɚɰɢɢ ɨ 

ɧɟɢɫɩɪɚɜɧɨɫɬɢ. 
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ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɫɢɫɬɟɦɵ ɄɌɉ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 9.1 
 
 
 

Ɋɢɫɭɧɨɤ 9.1- ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɫɢɫɬɟɦɵ ɄɌɉ 
 
ɋɢɫɬɟɦɚ ɄɌɉ ɨɛɟɫɩɟɱɢɜɚɟɬ: 

- ɫɪɚɜɧɟɧɢɟ ɫ ɡɚɞɚɧɧɵɦɢ ɭɫɬɚɜɤɚɦɢ ɢ ɜɢɡɭɚɥɶɧɨɟ ɨɬɨɛɪɚɠɟɧɢɟ 
ɪɟɡɭɥɶɬɚɬɨɜ ɢɡɦɟɪɟɧɢɹ ɧɚ ɦɧɟɦɨɫɯɟɦɚɯ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ ɪɚɛɨɱɢɯ ɦɟɫɬɚɯ 
(ȺɊɆ) ɜɟɪɯɧɟɝɨ ɭɪɨɜɧɹ ȺɋɍɌɉ; 

- ɡɜɭɤɨɜɭɸ ɢ ɜɢɡɭɚɥɶɧɭɸ ɫɢɝɧɚɥɢɡɚɰɢɸ ɨ ɧɟɢɫɩɪɚɜɧɨɫɬɹɯ ɜ ɪɚɛɨɬɟ 
ɄɌɉ ɢ ɨɬɤɥɨɧɟɧɢɹɯ ɢɡɦɟɪɹɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ ɨɬ ɡɚɞɚɧɧɵɯ ɭɫɬɚɜɨɤ, ɜ ɜɢɞɟ 
ɢɡɦɟɧɟɧɢɹ ɰɜɟɬɚ ɨɤɪɚɫɤɢ ɩɚɪɚɦɟɬɪɚ, ɧɚ ɦɧɟɦɨɫɯɟɦɚɯ ȺɊɆɨɜ ɜɟɪɯɧɟɝɨ ɭɪɨɜɧɹ 
ȺɋɍɌɉ; 

- ɮɢɤɫɚɰɢɸ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɢ ɨɬɤɥɨɧɟɧɢɣ ɢɡɦɟɪɹɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ ɜ 
ɠɭɪɧɚɥɟ ɫɨɛɵɬɢɣ ɢ ɛɚɡɟ ɫɨɛɵɬɢɣ; 

-ɮɨɪɦɢɪɨɜɚɧɢɟ ɩɨɫɦɟɧɧɵɯ ɷɥɟɤɬɪɨɧɧɵɯ ɮɨɪɦ ɨɬɱɟɬɧɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ 
ɢɡɦɟɪɟɧɧɵɯ ɡɧɚɱɟɧɢɣ. 

ɋɢɫɬɟɦɚ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɞɚɬɱɢɤɢ ɌɋɆ ɢ Ɍɋɉ, ɤɨɬɨɪɵɟ ɜɟɞɭɬ 
ɧɟɩɪɟɪɵɜɧɨɟ ɢɡɦɟɪɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɬɟɯ ɱɚɫɬɟɣ, ɜ ɤɨɬɨɪɵɟ ɨɧɢ ɭɫɬɚɧɨɜɥɟɧɵ. 
ɂɡɦɟɪɢɬɟɥɶɧɵɦ ɭɡɥɨɦ ɞɚɬɱɢɤɚ ɹɜɥɹɟɬɫɹ ɱɭɜɫɬɜɢɬɟɥɶɧɵɣ ɷɥɟɦɟɧɬ, 
ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɩɥɚɬɢɧɨɜɵɣ ɢɥɢ ɦɟɞɧɵɣ ɧɚɩɵɥɟɧɧɵɣ ɷɥɟɦɟɧɬ. ɗɥɟɦɟɧɬ 
ɩɨɦɟɳɟɧ ɜ ɡɚɳɢɬɧɭɸ ɚɪɦɚɬɭɪɭ. ɉɪɢɧɰɢɩ ɪɚɛɨɬɵ ɞɚɬɱɢɤɚ ɨɫɧɨɜɚɧ ɧɚ ɫɜɨɣɫɬɜɟ 
ɱɭɜɫɬɜɢɬɟɥɶɧɨɝɨ ɷɥɟɦɟɧɬɚ ɢɡɦɟɧɹɬɶ ɫɜɨɟ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ. ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɞɚɬɱɢɤɨɜ ɢɡɦɟɪɹɟɬɫɹ ɢ 
ɩɪɟɨɛɪɚɡɭɸɬɫɹ ɜ ɰɢɮɪɨɜɭɸ ɮɨɪɦɭ ɩɨɫɪɟɞɫɬɜɨɦ ɦɨɞɭɥɟɣ ɚɧɚɥɨɝɨɜɨ ɜɜɨɞɚ, 
ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜ ɲɤɚɮɭ ɌɄ. Ⱦɚɥɶɧɟɣɲɚɹ ɨɛɪɚɛɨɬɤɚ ɨɰɢɮɪɨɜɚɧɧɵɯ ɞɚɧɧɵɯ ɨ 
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ɬɟɦɩɟɪɚɬɭɪɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɤɨɧɬɪɨɥɥɟɪɨɦ ɉɌɄ ɌɄ. ȿɫɥɢ ɬɟɤɭɳɚɹ ɬɟɦɩɟɪɚɬɭɪɚ 
ɢɡɦɟɪɹɟɦɚɹ ɞɚɬɱɢɤɚɦɢ, ɩɪɟɜɵɲɚɟɬ ɡɧɚɱɟɧɢɟ, ɡɚɞɚɧɧɨɟ ɩɪɟɞɭɩɪɟɞɢɬɟɥɶɧɵɯ ɢɥɢ 
ɚɜɚɪɢɣɧɵɯ ɭɫɬɚɜɨɤ, ɉɌɄ ɌɄ ɮɨɪɦɢɪɭɟɬ ɢ ɩɟɪɟɞɚɟɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɫɢɝɧɚɥɵ ɢ 
ɤɨɦɚɧɞɵ ɜ ɩɪɨɝɪɚɦɦɧɨ-ɬɟɯɧɢɱɟɫɤɢɣ ɤɨɦɩɥɟɤɫ (ɉɌɄ) ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ 
ɚɜɬɨɦɚɬɢɤɢ ɢ ɢɡɦɟɪɟɧɢɹ ɫɨɫɬɨɹɧɢɹ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 
ɝɢɞɪɨɚɝɪɟɝɚɬɨɦ (ɋȺɍ ȽȺ).  

Ɍɟɪɦɨɦɟɬɪ ɌɄɉ-160 ɫɨɫɬɨɢɬ ɢɡ ɦɚɧɨɦɟɬɪɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ, 
ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɢ ɫɢɝɧɚɥɢɡɢɪɭɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜ. Ɇɚɧɨɦɟɬɪɢɱɟɫɤɚɹ 
ɬɟɪɦɨɫɢɫɬɟɦɚ ɫɨɫɬɨɢɬ ɢɡ ɬɟɪɦɨɛɚɥɥɨɧɚ, ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ ɤɚɩɢɥɥɹɪɚ ɢ 
ɦɚɧɨɦɟɬɪɢɱɟɫɤɨɣ ɩɪɭɠɢɧɵ. 

ɉɪɢɧɰɢɩ ɞɟɣɫɬɜɢɹ ɬɟɪɦɨɦɟɬɪɚ ɨɫɧɨɜɚɧ ɧɚ ɫɬɪɨɝɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɦɟɠɞɭ 
ɬɟɦɩɟɪɚɬɭɪɨɣ ɢ ɞɚɜɥɟɧɢɟɦ ɬɟɪɦɨɦɟɬɪɢɱɟɫɤɨɝɨ ɜɟɳɟɫɬɜɚ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ 
ɝɟɪɦɟɬɢɱɧɨ ɡɚɦɤɧɭɬɨɣ ɦɚɧɨɦɟɬɪɢɱɟɫɤɨɣ ɬɟɪɦɨɫɢɫɬɟɦɟ. ɉɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ 
ɬɟɦɩɟɪɚɬɭɪɵ ɢɡɦɟɧɹɟɬɫɹ ɞɚɜɥɟɧɢɟ ɜɧɭɬɪɢ ɦɚɧɨɦɟɬɪɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ, 
ɩɪɨɢɫɯɨɞɢɬ ɪɚɫɤɪɭɬɤɚ ɦɚɧɨɦɟɬɪɢɱɟɫɤɨɣ ɩɪɭɠɢɧɵ, ɫɜɹɡɚɧɧɨɣ ɫɨ ɫɬɪɟɥɤɨɣ 
ɨɬɫɱɟɬɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ. 

 
9.3 ȼɵɛɨɪ ɨɛɨɪɭɞɨɜɚɧɢɹ ɄɌɉ ɢ ɨɫɧɨɜɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɞɚɧɧɵɟ 
 
Ɍɟɦɩɟɪɚɬɭɪɚ «ɝɨɪɹɱɟɝɨ» ɜɨɡɞɭɯɚ ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ ɌɄɉ-160 ɢ ɌɋɆ ɞɨ 

ɜɨɡɞɭɯɨɨɯɥɚɞɢɬɟɥɟɣ. 
Ɍɟɦɩɟɪɚɬɭɪɚ «ɯɨɥɨɞɧɨɝɨ» ɜɨɡɞɭɯɚ ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ ɩɨɫɥɟ ɤɚɠɞɨɝɨ  

ɜɨɡɞɭɯɨɨɯɥɚɞɢɬɟɥɹ. 
Ɍɟɦɩɟɪɚɬɭɪɚ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɢ ɠɟɥɟɡɚ ɫɬɚɬɨɪɚ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ 

ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ ɞɚɬɱɢɤɚɦɢ  ɬɢɩɚ Ɍɋɉ ɩɪɨɢɡɜɨɞɫɬɜɚ ɮɢɪɦɵ "ɗɬɚɥɨɧ" ɝ. Ɉɦɫɤ. 
ɍɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɜ ɩɚɡɭ ɦɟɠɞɭ ɫɬɟɪɠɧɹɦɢ ɢ ɧɚ ɞɧɟ ɩɚɡɚ. 

Ⱦɚɬɱɢɤɢ ɫɢɫɬɟɦɵ ɄɌɉ ɤɨɧɬɪɨɥɢɪɭɸɳɢɟ ɬɟɦɩɟɪɚɬɭɪɭ ɨɛɦɨɬɤɢ ɢ ɠɟɥɟɡɚ 
ɫɬɚɬɨɪɚ ɩɨɞɤɥɸɱɟɧɵ ɤ ɜɯɨɞɚɦ ɦɨɞɭɥɟɣ  R3IN6-100, ɨɫɬɚɥɶɧɵɟ ɤ ɦɨɞɭɥɹɦ 
ɢɡɦɟɪɟɧɢɣ R3IN6-50 3-ɯ ɩɪɨɜɨɞɧɵɦɢ ɤɚɛɟɥɶɧɵɦɢ ɥɢɧɢɹɦɢ ɫɜɹɡɢ. 

Ɉɛɨɪɭɞɨɜɚɧɢɟ ɫɢɫɬɟɦɵ ɄɌɉ ɤɚɠɞɨɣ ɩɚɪɵ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ 1Ƚ-6Ƚ 
ɪɚɡɦɟɳɟɧɨ ɜ ɲɤɚɮɭ ɍɄɌɉ. 

ȼ ɬɚɛɥɢɰɟ 9.2 ɩɪɟɞɫɬɚɜɥɟɧɵ ɞɚɧɧɵɟ ɨ ɬɟɪɦɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹɯ. 
 
 
 
 
 
 
 
 
 
 
 
 

http://www.power-m.ru/customers/hydropower/automatic-control-systems-acs/
http://www.power-m.ru/customers/hydropower/automatic-control-systems-acs/
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Ɍɚɛɥɢɰɚ9.2–Ⱦɚɧɧɵɟ ɬɟɪɦɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ 

ɉɨɤɚɡɚɬɟɥɢ 
Ɍɢɩ 

ɌɄɉ-
160 

ɌɋɆ 9417-
00 

Ɍɋɉ 9502 ɌɋɆ-6097 ɌɋɆ- 9204 

Ⱦɢɚɩɚɡɨɧ ɬɟɦɩɟɪɚɬɭɪɵ, ɨɋ 
ɨɬ 0 ɞɨ 
+120 

-50...+100 
ɨɬ 0 ɞɨ 
+180 

-50...+150 -50...+120 

Ʉɥɚɫɫ ɬɨɱɧɨɫɬɢ 2,5 
±[0,3+0,005(

t)] 
±[0,3+0,00

5(t)] 
±[0,6+0,01(t)] ±[0,6+0,01(

t)] 

ɇɨɦɢɧɚɥɶɧɵɟ ɫɬɚɬɢɱɟɫɤɢɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ (ɇɋɏ) 50Ɇ 50Ɇ 

 
100ɉ 

 
23 

 
50Ɇ 

Ⱦɢɚɦɟɬɪ ɱɭɜɫɬɜɢɬɟɥɶɧɨɝɨ 
ɷɥɟɦɟɧɬɚ, ɦɦ 

12 6 6 6 6 

Ɇɚɬɟɪɢɚɥ ɱɭɜɫɬɜɢɬɟɥɶɧɨɝɨ 
ɷɥɟɦɟɧɬɚ 

Ʌɚɬɭɧɶ 
Ʌɋ-59 

Ɇɟɞɶ ɉɥɚɬɢɧɚ Ɇɟɞɶ Ɇɟɞɶ 

Ʉɥɢɦɚɬɢɱɟɫɤɨɟ ɢɫɩɨɥɧɟɧɢɟ ɍɏɅ2 Ɍ2 ɍ2 ɍ2 ɍ2 

ɝɞɟ t - ɢɡɦɟɪɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ 
 

ɇɚ ɪɢɫɭɧɤɟ 9.2 ɢɡɨɛɪɚɠɟɧɵ ɜɵɛɪɚɧɧɵɟ ɞɚɬɱɢɤɢ ɬɢɩɚ ɌɄɉ-160, ɌɋɆ 
9417-00, Ɍɋɉ 9502. 

 

 
Ɋɢɫɭɧɨɤ 9.2 - ȼɵɛɪɚɧɧɵɟ ɞɚɬɱɢɤɢ 
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9.4 Ɋɚɡɦɟɳɟɧɢɟ ɩɟɪɜɢɱɧɵɯ ɭɫɬɪɨɣɫɬɜ ɬɟɪɦɨɤɨɧɬɪɨɥɹ 
 
Ʉɨɧɬɪɨɥɶ ɬɟɦɩɟɪɚɬɭɪɵ ɤɨɦɩɨɧɟɧɬɨɜ ɝɢɞɪɨɚɝɪɟɝɚɬɚ ɩɪɨɟɤɬɢɪɭɟɦɨɣ 

ɫɬɚɧɰɢɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɟɡɚɜɢɫɢɦɨ ɧɚ ɤɚɠɞɨɦ ɝɢɞɪɨɚɝɪɟɝɚɬɟ. 
Ɍɟɦɩɟɪɚɬɭɪɚ ɫɟɝɦɟɧɬɨɜ ɩɨɞɩɹɬɧɢɤɚ ɢ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɩɨɞɲɢɩɧɢɤɚ 

ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ ɩɪɢɛɨɪɚɦɢ ɌɄɉ-160 ɩɪɨɢɡɜɨɞɫɬɜɚ ɮɢɪɦɵ "Ɍɟɩɥɨɤɨɧɬɪɨɥɶ"     
ɝ. ɋɚɮɨɧɨɜɨ ɢ ɞɚɬɱɢɤɚɦɢ ɌɋɆ ɩɪɨɢɡɜɨɞɫɬɜɚ ɮɢɪɦɵ "ɗɬɚɥɨɧ" ɝ. Ɉɦɫɤ. 

ɇɚ ɪɢɫɭɧɤɚɯ 9.3 - 9.8 ɩɪɟɞɫɬɚɜɥɟɧɨ ɪɚɡɦɟɳɟɧɢɟ ɩɟɪɜɢɱɧɵɯ ɭɫɬɪɨɣɫɬɜ 
ɬɟɪɦɨɤɨɧɬɪɨɥɹ. 

 

 
Ɋɢɫɭɧɨɤ 9.3 – ɌɄɉ-160, ɤɨɧɬɪɨɥɢɪɭɸɳɢɟ ɬɟɦɩɟɪɚɬɭɪɭ ɫɟɝɦɟɧɬɨɜ 

ɩɨɞɩɹɬɧɢɤɚ 
 

 
Ɋɢɫɭɧɨɤ 9.4 – ȼɵɜɨɞɵ ɬɟɪɦɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɌɋɆ- 9204, 

ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɜ ɫɟɝɦɟɧɬɟ ɩɨɞɩɹɬɧɢɤɚ 
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Ɋɢɫɭɧɨɤ 9.5 – Ɉɬɜɟɪɫɬɢɹ ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɬɟɪɦɨɛɚɥɨɧɚ ɌɄɉ-160 ɜ ɫɟɝɦɟɧɬɟ 

ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɩɨɞɲɢɩɧɢɤɚ 
 

 
Ɋɢɫɭɧɨɤ 9.6 – ɌɋɆ-6097 ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɦɚɫɥɚ ɜ 

ɝɟɧɟɪɚɬɨɪɧɨɦ ɩɨɞɲɢɩɧɢɤɟ 
 

 
Ɋɢɫɭɧɨɤ 9.7 – ɌɋɆ 9417-00 ɧɚ ɜɨɡɞɭɯɨɨɯɥɚɞɢɬɟɥɹɯ ɞɥɹ ɢɡɦɟɪɟɧɢɹ 

ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ 
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Ɋɢɫɭɧɨɤ 9.8 – ɌɋɆ-6097 ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɯɨɥɨɞɧɨɝɨ ɢ 

ɝɨɪɹɱɟɝɨ ɦɚɫɥɚ ɩɨɞɩɹɬɧɢɤɚ 
 

9.5 ɉɨɪɹɞɨɤ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɢ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɪɚɛɨɬɵ 
 
ɉɪɢ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɫɢɫɬɟɦɵ ɨɩɟɪɚɬɢɜɧɨɦɭ ɩɟɪɫɨɧɚɥɭ 

ɧɟ ɬɪɟɛɭɟɬɫɹ ɩɪɨɢɡɜɨɞɢɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɦɟɪɨɩɪɢɹɬɢɣ ɞɥɹ 
ɩɨɥɭɱɟɧɢɹ ɢɧɮɨɪɦɚɰɢɢ ɩɨ ɩɚɪɚɦɟɬɪɚɦ. Ɉɬɨɛɪɚɠɟɧɢɟ ɜɫɟɯ ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ 
ɩɚɪɚɦɟɬɪɨɜ ɄɌɉ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɚ ȺɊɆ ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɫ 
ɭɫɬɚɧɨɜɥɟɧɧɵɦ ɤɥɢɟɧɬɫɤɢɦ ɩɪɨɝɪɚɦɦɧɵɦ ɨɛɟɫɩɟɱɟɧɢɟɦ «SCADA–ɫɢɫɬɟɦɚ 
ɄȺɋɄȺȾ» ɜɟɪɯɧɟɝɨ ɭɪɨɜɧɹ Ⱥɋɍ Ɍɉ. 

 
9.6 Ɉɬɨɛɪɚɠɟɧɢɟ ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ ɫɢɫɬɟɦɵ ɄɌɉ ɧɚ 

ɩɪɢɦɟɪɟ Чɟɛɨɤɫɚɪɫɤɨɣ Ƚɗɋ 
 
Ⱦɥɹ ɩɪɨɫɦɨɬɪɚ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ ɜ ɦɟɧɸ 

ɝɥɚɜɧɨɣ ɦɧɟɦɨɫɯɟɦɵ ȺɊɆɚ (ɪɢɫ. 9.9) ɧɭɠɧɨ ɧɚɠɚɬɢɟɦ ɩɪɚɜɨɣ ɤɧɨɩɤɢ 
ɦɚɧɢɩɭɥɹɬɨɪɚ «ɦɵɲɶ» ɜɵɡɜɚɬɶ ɩɭɧɤɬ «ɌȿɊɆɈ». 
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Ɋɢɫɭɧɨɤ 9.9 - Ƚɥɚɜɧɚɹ ɦɧɟɦɨɫɯɟɦɚ ȺɊɆ 

 
ȼ ɩɨɹɜɢɜɲɟɦɫɹ ɦɟɧɸ ɜɵɛɪɚɬɶ ɧɟɨɛɯɨɞɢɦɵɣ ɝɢɞɪɨɚɝɪɟɝɚɬ (ɪɢɫ. 9.10). 
 

 
Ɋɢɫɭɧɨɤ 9.10 - Ƚɥɚɜɧɚɹ ɦɧɟɦɨɫɯɟɦɚ ȺɊɆ 
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ɇɨɪɦɚɥɶɧɨɟ ɫɨɫɬɨɹɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɡɟɥɟɧɨɦɭ ɫɟɤɬɨɪɭ (ɪɢɫ. 
9.11). ɂɫɬɨɱɧɢɤ ɩɟɪɟɝɪɟɜɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɢɨɥɟɬɨɜɨɦɭ ɫɟɤɬɨɪɭ (ɩɪɟɜɵɲɟɧɢɟ 
ɩɪɟɞɭɩɪɟɞɢɬɟɥɶɧɨɣ ɭɫɬɚɜɤɢ) ɢ ɩɨ ɤɪɚɫɧɨɦɭ ɫɟɤɬɨɪɭ ɜ ɫɨɩɪɨɜɨɠɞɟɧɢɢ ɡɜɭɤɨɜɨɝɨ 
ɫɢɝɧɚɥɚ (ɩɪɟɜɵɲɟɧɢɟ ɚɜɚɪɢɣɧɨɣ ɭɫɬɚɜɤɢ) ɜ ɫɬɪɨɤɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɤɚɧɚɥɚ ɧɚ 
ɝɢɫɬɨɝɪɚɦɦɚɯ ɬɟɪɦɨɤɨɧɬɪɨɥɹ. 

 

 
Ɋɢɫɭɧɨɤ 9.11 - Ƚɥɚɜɧɚɹ ɦɧɟɦɨɫɯɟɦɚ ȺɊɆ 

 
ȼɵɛɨɪ ɩɭɧɤɬɚ ɦɟɧɸ «ɌɊȿɇȾɕ» ɩɨɡɜɨɥɹɟɬ ɜ ɝɪɚɮɢɱɟɫɤɨɦ ɜɢɞɟ 

ɩɪɨɫɦɨɬɪɟɬɶ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɩɚɪɚɦɟɬɪɵ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ (ɪɢɫ. 9.12).  
Ƚɨɪɢɡɨɧɬɚɥɶɧɚɹ ɲɤɚɥɚ ɩɨɤɚɡɵɜɚɟɬ ɜɪɟɦɹ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ, 

ɜɟɪɬɢɤɚɥɶɧɚɹ ɩɨɤɚɡɵɜɚɟɬ ɬɟɦɩɟɪɚɬɭɪɭ ɜ ɝɪɚɞɭɫɚɯ ɐɟɥɶɫɢɹ. 
ɉɨɞ ɝɪɚɮɢɤɚɦɢ ɢɦɟɟɬɫɹ ɫɬɪɨɤɚ, ɝɞɟ ɦɨɠɧɨ ɜɵɛɪɚɬɶ ɧɟɨɛɯɨɞɢɦɵɣ 

ɤɨɧɬɪɨɥɢɪɭɟɦɵɣ ɨɛɴɟɤɬ ɝɢɞɪɨɚɝɪɟɝɚɬɚ, ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɷɬɨ ɩɨɞɩɹɬɧɢɤ 
(Ɍɩɨɞɩ(ɫ1-ɫ8)). Ʉɚɠɞɨɦɭ ɫɟɝɦɟɧɬɭ ɩɨɞɩɹɬɧɢɤɚ ɩɪɢɫɜɨɟɧ ɫɜɨɣ ɰɜɟɬ ɞɥɹ 
ɧɚɝɥɹɞɧɨɫɬɢ. Ⱦɚɥɟɟ ɩɨɤɚɡɚɧɨ ɱɢɫɥɨɜɨɟ ɡɧɚɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɫɟɝɦɟɧɬɨɜ 
ɩɨɞɩɹɬɧɢɤɚ ɢ ɜɪɟɦɹ ɮɢɤɫɚɰɢɢ ɬɟɦɩɟɪɚɬɭɪɵ. 

ɇɚ ɝɪɚɮɢɤɚɯ ɜɢɞɧɨ, ɱɬɨ ɪɟɡɤɢɣ ɫɩɚɞ ɬɟɦɩɟɪɚɬɭɪɵ ɯɚɪɚɤɬɟɪɢɡɭɟɬ 
ɨɫɬɚɧɨɜɤɭ ɝɢɞɪɨɚɝɪɟɝɚɬɚ. 
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Ɋɢɫɭɧɨɤ 9.12 - Ƚɥɚɜɧɚɹ ɦɧɟɦɨɫɯɟɦɚ ȺɊɆ 
 

9.7 ɋɢɝɧɚɥɢɡɚɰɢɹ ɫɢɫɬɟɦɵ ɄɌɉ 
 
ɋɢɝɧɚɥɢɡɚɰɢɹ ɨ ɫɨɫɬɨɹɧɢɢ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɧɚɪɭɲɟɧɢɹɯ ɜ ɪɚɛɨɬɟ ɤɚɠɞɨɣ 

ɫɢɫɬɟɦɵ ɄɌɉ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ȺɊɆɚɯ ɜɟɪɯɧɟɝɨ ɭɪɨɜɧɹ 
ȺɋɍɌɉ. 

ȼ ɧɢɠɧɟɣ ɱɚɫɬɢ ɦɧɟɦɨɫɯɟɦɵ ɨɬɨɛɪɚɠɟɧ ɠɭɪɧɚɥ «ɋɨɛɵɬɢɣ» ɢ 
«ɋɢɝɧɚɥɢɡɚɰɢɢ» (ɪɢɫ. 9.13). ɉɪɢ ɧɚɪɭɲɟɧɢɹɯ ɜ ɪɚɛɨɬɟ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢɥɢ 
ɜɵɯɨɞɚ ɤɨɧɬɪɨɥɢɪɭɟɦɨɝɨ ɩɚɪɚɦɟɬɪɚ ɡɚ ɩɪɟɞɚɜɚɪɢɣɧɵɟ, ɚɜɚɪɢɣɧɵɟ ɭɫɬɚɜɤɢ ɜ 
ɫɬɪɨɤɟ ɠɭɪɧɚɥɚ «ɋɢɝɧɚɥɢɡɚɰɢɢ» ɩɨɹɜɥɹɟɬɫɹ ɧɚɞɩɢɫɶ ɫ ɭɤɚɡɚɧɢɟɦ ɧɨɦɟɪɚ 
ɭɫɬɪɨɣɫɬɜɚ ɄɌɉ, ɜ ɤɨɬɨɪɨɦ ɫɪɚɛɨɬɚɥɚ ɫɢɝɧɚɥɢɡɚɰɢɹ. ɋɨɛɵɬɢɟ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ 
ɡɜɭɤɨɜɨɣ ɫɢɪɟɧɨɣ ɢ ɩɪɟɞɥɨɠɟɧɢɟɦ ɤɜɢɬɢɪɨɜɚɬɶ. 
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Ɋɢɫɭɧɨɤ 9.13 - Ƚɥɚɜɧɚɹ ɦɧɟɦɨɫɯɟɦɚ ȺɊɆ 

 
9.8 Ɉɛɫɥɭɠɢɜɚɧɢɟ ɫɢɫɬɟɦɵ ɄɌɉ ɜ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ 
 
ȼ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɫɢɫɬɟɦɚ ɄɌɉ ɞɨɥɠɧɚ ɛɵɬɶ ɩɨɫɬɨɹɧɧɨ ɜɜɟɞɟɧɚ ɜ 

ɪɚɛɨɬɭ. 
Ɉɛɫɥɭɠɢɜɚɧɢɟ ɫɢɫɬɟɦɵ ɄɌɉ ɞɨɥɠɧɨ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 

ɧɚɫɬɨɹɳɟɣ ɢɧɫɬɪɭɤɰɢɟɣ, ɫ ɭɤɚɡɚɧɢɹɦɢ ɢ ɢɧɫɬɪɭɤɰɢɹɦɢ ɡɚɜɨɞɨɜ-ɢɡɝɨɬɨɜɢɬɟɥɟɣ 
ɨɛɨɪɭɞɨɜɚɧɢɹ. 

Ɍɟɤɭɳɟɟ ɨɛɫɥɭɠɢɜɚɧɢɟ ɫɢɫɬɟɦɵ ɄɌɉ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɪɨɜɟɞɟɧɢɟ ɨɫɦɨɬɪɚ 
ɫɨɫɬɨɹɧɢɹ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫɢɫɬɟɦɵ ɧɚ ɩɪɟɞɦɟɬ ɨɬɫɭɬɫɬɜɢɹ ɫɢɝɧɚɥɨɜ 
ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɢ ɨɬɤɚɡɨɜ. 

Ɉɩɟɪɚɬɢɜɧɵɣ ɩɟɪɫɨɧɚɥ ɞɨɥɠɟɧ ɨɫɭɳɟɫɬɜɥɹɬɶ ɩɨɫɬɨɹɧɧɵɣ ɤɨɧɬɪɨɥɶ 
ɫɨɫɬɨɹɧɢɹ ɫɢɝɧɚɥɢɡɚɰɢɢ ɢ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ ɧɚ ȺɊɆɟ. 

 
9.9 Ⱦɟɣɫɬɜɢɹ ɨɩɟɪɚɬɢɜɧɨɝɨ ɩɟɪɫɨɧɚɥɚ ɩɪɢ ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɫɢɫɬɟɦɵ 

ɄɌɉ 
 

ɇɟɢɫɩɪɚɜɧɨɫɬɶ ɫɢɫɬɟɦɵ ɜɵɹɜɥɹɟɬɫɹ ɧɚ ɨɫɧɨɜɚɧɢɢ ɧɚɫɬɨɹɳɟɣ ɢɧɫɬɪɭɤɰɢɢ 
ɩɨ ɨɬɨɛɪɚɠɟɧɢɸ ɢɧɮɨɪɦɚɰɢɢ ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɧɚ ȺɊɆ. 

ɉɪɢ ɧɟɢɫɩɪɚɜɧɨɫɬɢ (ɞɵɦ, ɝɚɪɶ, ɢɫɤɪɟɧɢɟ), ɟɫɥɢ ɧɟɢɫɩɪɚɜɧɨɫɬɶ ɝɪɨɡɢɬ 
ɩɨɜɪɟɠɞɟɧɢɟɦ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɨɩɟɪɚɬɢɜɧɵɣ ɩɟɪɫɨɧɚɥ ɞɨɥɠɟɧ ɨɛɟɫɬɨɱɢɬɶ 
ɫɢɫɬɟɦɭ ɄɌɉ ɩɨ ɰɟɩɹɦ ɨɩɟɪɚɬɢɜɧɨɝɨ ɩɢɬɚɧɢɹ ɨɬɤɥɸɱɟɧɢɟɦ ɚɜɬɨɦɚɬɨɜ. 

ɉɪɢ ɨɬɤɥɸɱɟɧɢɢ ɚɜɬɨɦɚɬɨɜ ɨɩɟɪɚɬɢɜɧɨɝɨ ɩɢɬɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɜɤɥɸɱɢɬɶ 
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ɢɯ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ, ɟɫɥɢ ɩɪɢ ɩɨɜɬɨɪɧɨɦ ɜɤɥɸɱɟɧɢɢ ɚɜɬɨɦɚɬɵ ɫɧɨɜɚ 
ɨɬɤɥɸɱɚɸɬɫɹ, ɬɨ ɧɟɨɛɯɨɞɢɦɨ ɫɨɨɛɳɢɬɶ ɨɬɜɟɬɫɬɜɟɧɧɨɦɭ ɡɚ ɷɤɫɩɥɭɚɬɚɰɢɸ 
ɩɟɪɫɨɧɚɥɭ ɭɱɚɫɬɤɚ Ⱥɋɍ Ɍɉ ɋɌɋɍ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɢɡɜɟɳɟɧɢɟɦ ɨɬɜɟɬɫɬɜɟɧɧɨɝɨ 
ɡɚ ɨɛɨɪɭɞɨɜɚɧɢɟ ɝɪɭɩɩɵ ɋɌɍ ɉɌɋ. 

ɉɪɢ ɷɬɨɣ, ɚ ɬɚɤɠɟ ɩɪɢ ɜɫɟɯ ɨɫɬɚɥɶɧɵɯ ɧɟɢɫɩɪɚɜɧɨɫɬɹɯ (ɧɟɢɫɩɪɚɜɧɨɫɬɶ 
ɜɫɟɣ ɫɢɫɬɟɦɵ ɄɌɉ, ɧɟɢɫɩɪɚɜɧɨɫɬɶ ɫɢɫɬɟɦɵ ɄɌɉ ɧɚ ɨɞɧɨɦ ɝɢɞɪɨɚɝɪɟɝɚɬɟ ɢɥɢ 
ɩɚɪɟ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ, ɧɚ ɨɞɧɨɣ ɢɥɢ ɧɟɫɤɨɥɶɤɢɯ ɬɨɱɤɚɯ ɤɨɧɬɪɨɥɹ) ɨɩɟɪɚɬɢɜɧɨɦɭ 
ɩɟɪɫɨɧɚɥɭ ɞɟɣɫɬɜɨɜɚɬɶ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ «ɂɧɫɬɪɭɤɰɢɟɣ ɩɨ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɝɢɞɪɨɬɭɪɛɢɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɦɟɯɚɧɢɱɟɫɤɨɣ ɱɚɫɬɢ ɝɢɞɪɨɚɝɪɟɝɚɬɚ». 

ȼɫɟ ɫɥɭɱɚɢ ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɞɨɥɠɧɵ ɛɵɬɶ ɡɚɮɢɤɫɢɪɨɜɚɧɵ ɜ ɠɭɪɧɚɥɟ 
ɞɟɮɟɤɬɨɜ. 

ɍɫɬɪɚɧɟɧɢɟ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɟɪɫɨɧɚɥɨɦ ɋɌɋɍ, 
ɨɬɜɟɬɫɬɜɟɧɧɵɦ ɡɚ ɷɤɫɩɥɭɚɬɚɰɢɸ ɫɢɫɬɟɦɵ ɄɌɉ. 

 
9.10 Ⱦɟɣɫɬɜɢɹ ɨɩɟɪɚɬɢɜɧɨɝɨ ɩɟɪɫɨɧɚɥɚ ɩɪɢ ɫɪɚɛɚɬɵɜɚɧɢɢ ɫɢɫɬɟɦɵ 

ɄɌɉ 
ɉɪɢ ɫɪɚɛɚɬɵɜɚɧɢɢ ɩɪɟɞɭɩɪɟɞɢɬɟɥɶɧɨɣ ɢ ɚɜɚɪɢɣɧɨɣ ɫɢɝɧɚɥɢɡɚɰɢɢ 

ɩɪɟɜɵɲɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɡɚɞɚɧɧɵɯ ɭɫɬɚɜɨɤ ɨɩɟɪɚɬɢɜɧɵɣ ɩɟɪɫɨɧɚɥ ɞɨɥɠɟɧ: 
- ɨɫɭɳɟɫɬɜɢɬɶ ɨɫɦɨɬɪ ɦɟɫɬɚ ɩɪɟɜɵɲɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɨɛɨɪɭɞɨɜɚɧɢɢ 

ɝɢɞɪɨɚɝɪɟɝɚɬɚ ɞɥɹ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɫɢɝɧɚɥɢɡɚɰɢɢ; 
- ɜ ɫɥɭɱɚɟ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɩɪɟɜɵɲɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɡɚɞɚɧɧɵɯ ɭɫɬɚɜɨɤ 

ɨɩɟɪɚɬɢɜɧɵɣ ɩɟɪɫɨɧɚɥ ɞɨɥɠɟɧ ɩɪɟɞɩɪɢɧɹɬɶ ɪɟɲɟɧɢɹ ɢ ɞɟɣɫɬɜɢɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ 
ɫ «ɂɧɫɬɪɭɤɰɢɟɣ ɩɨ ɷɤɫɩɥɭɚɬɚɰɢɢ ɝɢɞɪɨɬɭɪɛɢɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ 
ɦɟɯɚɧɢɱɟɫɤɨɣ ɱɚɫɬɢ ɝɢɞɪɨɚɝɪɟɝɚɬɚ»; 

-   ɜ ɫɥɭɱɚɟ ɥɨɠɧɨɝɨ ɫɪɚɛɚɬɵɜɚɧɢɹ ɫɢɝɧɚɥɢɡɚɰɢɢ ɫɨɨɛɳɢɬɶ ɩɟɪɫɨɧɚɥɭ 
ɋɌɋɍ, ɨɬɜɟɬɫɬɜɟɧɧɨɦɭ ɡɚ ɷɤɫɩɥɭɚɬɚɰɢɸ ɫɢɫɬɟɦɵ ɄɌɉ. 

 
9.11 ɉɟɪɟɧɨɫɧɚɹ ɫɢɫɬɟɦɚ ɌɄ 
 
ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɧɟ ɜɫɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɨɯɜɚɱɟɧɨ ɫɢɫɬɟɦɨɣ ɫɬɚɰɢɨɧɚɪɧɨɝɨ 

ɬɟɩɥɨɤɨɧɬɪɨɥɹ, ɛɨɥɶɲɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɥɭɱɢɥɚ ɩɟɪɟɧɨɫɧɚɹ ɫɢɫɬɟɦɚ 
ɬɟɩɥɨɜɨɝɨ ɤɨɧɬɪɨɥɹ. 

ɉɪɢ ɧɚɱɚɥɶɧɨɣ ɫɬɚɞɢɢ ɪɚɡɜɢɬɢɹ ɞɟɮɟɤɬɨɜ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ, ɤɨɬɨɪɵɟ 
ɨɛɵɱɧɨ ɩɪɨɹɜɥɹɸɬɫɹ ɜ ɜɢɞɟ ɥɨɤɚɥɶɧɵɯ ɧɚɝɪɟɜɨɜ. ɇɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦ 
ɦɟɬɨɞɨɦ ɤɨɧɬɪɨɥɹ ɨɛɨɪɭɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɬɟɩɥɨɜɢɡɢɨɧɧɵɣ ɤɨɧɬɪɨɥɶ. 
ɂɫɫɥɟɞɨɜɚɧɢɟ ɨɛɴɟɤɬɨɜ ɫ ɩɨɦɨɳɶɸ ɬɟɩɥɨɜɢɡɨɪɚ - ɬɟɩɥɨɜɢɡɢɨɧɧɵɣ ɤɨɧɬɪɨɥɶ. 

ɉɪɢ ɬɟɩɥɨɜɢɡɢɨɧɧɨɦ ɤɨɧɬɪɨɥɟ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɫɥɟɞɭɟɬ ɩɪɢɦɟɧɹɬɶ 
ɬɟɩɥɨɜɢɡɨɪɵ ɫ ɪɚɡɪɟɲɚɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɶɸ 0,1°ɋ. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɞɜɟ ɬɨɱɤɢ 
ɨɛɴɟɤɬɚ ɫ ɪɚɡɧɨɫɬɶɸ ɬɟɦɩɟɪɚɬɭɪɵ 0,1..0,2°ɋ ɛɭɞɭɬ ɨɬɥɢɱɚɬɶɫɹ ɰɜɟɬɨɦ. 

Ȼɭɞɟɦ ɢɫɩɨɥɶɡɨɜɚɬɶ ɬɟɩɥɨɜɢɡɨɪNECTH7800 — ɤɨɦɩɚɤɬɧɵɣ, ɥёɝɤɢɣ, 
ɩɪɨɫɬɨɣ, ɞɟɲёɜɵɣ, ɞɢɚɩɚɡɨɧ ɢɡɦɟɪɟɧɢɹ -20...+250 °ɋ, ɪɚɡɪɟɲɟɧɢɟ 0,1 °ɋ, 
ɯɪɚɧɟɧɢɟ ɞɚɧɧɵɯ ɧɚ ɤɚɪɬɟ. 

Ɍɟɩɥɨɜɢɡɢɨɧɧɵɣ ɤɨɧɬɪɨɥɶ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɪɚɛɨɱɟɦ ɫɨɫɬɨɹɧɢɢ 
ɨɛɨɪɭɞɨɜɚɧɢɹ, ɬɨ ɟɫɬɶ ɩɨɞ ɧɚɝɪɭɡɤɨɣ ɢ ɧɚɩɪɹɠɟɧɢɟɦ. Ɋɟɡɭɥɶɬɚɬɵ ɨɛɫɥɟɞɨɜɚɧɢɹ 



132 
 

ɜ ɬɚɤɨɦ ɫɨɫɬɨɹɧɢɢ ɹɜɥɹɸɬɫɹ ɛɨɥɟɟ ɞɨɫɬɨɜɟɪɧɵɦɢ, ɱɟɦ ɪɟɡɭɥɶɬɚɬɵ 
ɨɛɫɥɟɞɨɜɚɧɢɣ ɩɨɫɥɟ ɫɧɹɬɢɹ ɧɚɝɪɭɡɤɢ ɢɥɢ ɧɚɩɪɹɠɟɧɢɹ. Ɍɟɩɥɨɜɢɡɢɨɧɧɵɣ 
ɤɨɧɬɪɨɥɶ ɩɪɨɜɨɞɢɬɫɹ ɛɟɡ ɨɬɤɥɸɱɟɧɢɹ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɜ ɥɸɛɨɟ ɜɪɟɦɹ. ɉɨɷɬɨɦɭ 
ɬɟɩɥɨɜɢɡɢɨɧɧɨɟ ɨɛɫɥɟɞɨɜɚɧɢɟ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɟ ɦɟɲɚɟɬ ɩɪɟɞɩɪɢɹɬɢɸ 
ɜɵɩɨɥɧɹɬɶ ɫɜɨɸ ɨɫɧɨɜɧɭɸ ɡɚɞɚɱɭ ɩɨ ɩɟɪɟɞɚɱɟ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɸ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. 

Ɍɟɩɥɨɜɢɡɢɨɧɧɵɣ ɤɨɧɬɪɨɥɶ ɩɨɡɜɨɥɹɟɬ ɩɪɟɞɭɩɪɟɞɢɬɶ ɜɨɡɧɢɤɧɨɜɟɧɢɟ 
ɚɜɚɪɢɣɧɨɣ ɫɢɬɭɚɰɢɢ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɬɟɦ ɫɚɦɵɦ ɩɨɜɵɫɢɬɶ ɧɚɞɟɠɧɨɫɬɶ 
ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɨɬɪɟɛɢɬɟɥɟɣ, ɫɧɢɡɢɬɶ ɡɚɬɪɚɬɵ ɧɚ ɪɟɦɨɧɬ, ɬɚɤ ɤɚɤ 
ɩɨɜɪɟɠɞɟɧɢɹ ɜɵɹɜɥɹɸɬɫɹ ɧɚ ɪɚɧɧɢɯ ɫɬɚɞɢɹɯ, ɨɰɟɧɢɬɶ ɫɨɫɬɨɹɧɢɟ ɨɛɨɪɭɞɨɜɚɧɢɹ 
ɫ ɨɩɪɟɞɟɥɟɧɢɟɦ ɡɚɩɚɫɚ ɟɝɨ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ. 
 ɇɚ ɪɢɫɭɧɤɚɯ 9.14-9.15 ɩɪɟɞɫɬɚɜɥɟɧɵ, ɫɧɢɦɤɢ ɫ ɬɟɩɥɨɜɢɡɨɪɚ, ɩɨ ɤɨɬɨɪɵɦ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɚ ɳɟɬɨɱɧɨɝɨ ɚɩɩɚɪɚɬɚ 1 ɢ 2. 
 

 

 
Ɋɢɫɭɧɨɤ 9.14 - ɓɟɬɨɱɧɵɣ ɚɩɩɚɪɚɬ 1 
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Ɋɢɫɭɧɨɤ 9.15 - ɓɟɬɨɱɧɵɣ ɚɩɩɚɪɚɬ 2 

 
ɓёɬɨɱɧɵɣ ɚɩɩɚɪɚɬ 1 ɧɟ ɝɨɞɟɧ ɞɥɹ ɷɤɫɩɥɭɚɬɚɰɢɢ. Ɉɰɟɧɤɚ ɪɚɛɨɬɵ 

ɳёɬɨɱɧɨɝɨ ɚɩɩɚɪɚɬɚ ɫɨɝɥɚɫɧɨ ɪɚɡɞɟɥɚ 4 ɬɚɛɥ. 4-1 ɩ. 11 ɧɚ ɫɬɪ.111 ɊȾ 153-34.0-
20.363-99 «Ɉɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢɹ ɦɟɬɨɞɢɤɢ ɢɧɮɪɚɤɪɚɫɧɨɣ ɞɢɚɝɧɨɫɬɢɤɢ 
ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ȼɅ», ɫɨɫɬɨɢɬ ɜ ɢɡɦɟɪɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɝɪɟɜɚ ɢ 
ɨɰɟɧɤɚ ɬɟɩɥɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ ɤɨɧɬɚɤɬɨɜ ɩɨ ɩɪɟɜɵɲɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɵ. 
ɉɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɨɟ ɩɪɟɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɞɥɹ ɳɟɬɨɱɧɨɝɨ ɚɩɩɚɪɚɬɚ 
ɫɨɫɬɚɜɥɹɟɬ 60°ɋ (ɪɚɡɞɟɥ 3 ɫɬɪ.17). Ɍɟɦɩɟɪɚɬɭɪɚ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ 
ɫɨɫɬɚɜɥɹɟɬ 28°ɋ. Ɇɚɤɫɢɦɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚ ɳёɬɨɱɧɨɦ ɚɩɩɚɪɚɬɟ 1 
ɫɨɫɬɚɜɥɹɟɬ 89,8°ɋ. ɉɪɟɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɫɨɫɬɚɜɥɹɟɬ 63,8 °ɋ, ɱɬɨ ɹɜɥɹɟɬɫɹ 
ɛɨɥɶɲɟ ɞɨɩɭɫɬɢɦɨɝɨ. 

ɓёɬɨɱɧɵɣ ɚɩɩɚɪɚɬ 2 ɝɨɞɟɧ ɞɥɹ ɷɤɫɩɥɭɚɬɚɰɢɢ. Ɉɰɟɧɤɚ ɪɚɛɨɬɵ ɳёɬɨɱɧɨɝɨ 
ɚɩɩɚɪɚɬɚ ɫɨɝɥɚɫɧɨ ɪɚɡɞɟɥɚ 4 ɬɚɛɥ. 4-1 ɩ. 11 ɧɚ ɫɬɪ.111 ɊȾ 153-34.0-20.363-99 
«Ɉɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢɹ ɦɟɬɨɞɢɤɢ ɢɧɮɪɚɤɪɚɫɧɨɣ ɞɢɚɝɧɨɫɬɢɤɢ 
ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ȼɅ», ɫɨɫɬɨɢɬ ɜ ɢɡɦɟɪɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɝɪɟɜɚ ɢ 
ɨɰɟɧɤɚ ɬɟɩɥɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ ɤɨɧɬɚɤɬɨɜ ɩɨ ɩɪɟɜɵɲɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɵ. 
ɉɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɨɟ ɩɪɟɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɞɥɹ ɳɟɬɨɱɧɨɝɨ ɚɩɩɚɪɚɬɚ 
ɫɨɫɬɚɜɥɹɟɬ 60°ɋ (ɪɚɡɞɟɥ 3 ɫɬɪ.17). Ɍɟɦɩɟɪɚɬɭɪɚ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ 
ɫɨɫɬɚɜɥɹɟɬ 28°ɋ. Ɇɚɤɫɢɦɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚ ɳёɬɨɱɧɨɦ ɚɩɩɚɪɚɬɟ 2 
ɫɨɫɬɚɜɥɹɟɬ 86,6°ɋ. ɉɪɟɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɫɨɫɬɚɜɥɹɟɬ 58,6 °ɋ, ɱɬɨ ɹɜɥɹɟɬɫɹ 
ɦɟɧɶɲɟ ɞɨɩɭɫɬɢɦɨɝɨ. 

 
9.12 ɂɬɨɝɢ 

 
ɉɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɝɟɧɟɪɚɬɨɪɨɜ ɞɨɥɠɧɵ ɛɵɬɶ ɨɛɟɫɩɟɱɟɧɵ ɢɯ 

ɛɟɫɩɟɪɟɛɨɣɧɚɹ ɪɚɛɨɬɚ ɜ ɞɨɩɭɫɬɢɦɵɯ ɪɟɠɢɦɚɯ, ɧɚɞɟɠɧɨɟ ɞɟɣɫɬɜɢɟ ɫɢɫɬɟɦ 
ɜɨɡɛɭɠɞɟɧɢɹ, ɨɯɥɚɠɞɟɧɢɹ, ɦɚɫɥɨɫɧɚɛɠɟɧɢɹ, ɭɫɬɪɨɣɫɬɜ ɤɨɧɬɪɨɥɹ, ɡɚɳɢɬɵ, 
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ɚɜɬɨɦɚɬɢɤɢ ɢ ɞɢɚɝɧɨɫɬɢɤɢ. ɉɪɢ ɩɭɫɤɟ ɢ ɜɨ ɜɪɟɦɹ ɷɤɫɩɥɭɚɬɚɰɢɢ ɝɟɧɟɪɚɬɨɪɨɜ 
ɞɨɥɠɟɧ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɤɨɧɬɪɨɥɶ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɫɬɚɬɨɪɚ, ɪɨɬɨɪɚ ɢ 
ɫɢɫɬɟɦɵ ɜɨɡɛɭɠɞɟɧɢɹ; ɬɟɦɩɟɪɚɬɭɪɵ ɨɛɦɨɬɤɢ ɫɬɚɥɢ ɫɬɚɬɨɪɚ, ɨɯɥɚɠɞɚɸɳɢɯ 
ɫɪɟɞ, ɩɨɞɲɢɩɧɢɤɨɜ, ɩɨɞɩɹɬɧɢɤɨɜ, ɬɟɦɩɟɪɚɬɭɪ ɦɚɫɟɥ. ɉɨɷɬɨɦɭ ɫɢɫɬɟɦɚ 
ɬɟɩɥɨɜɨɝɨ ɤɨɧɬɪɨɥɹ ɫɬɚɧɰɢɢ ɹɜɥɹɟɬɫɹ ɜɚɠɧɨɣ ɫɢɫɬɟɦɨɣ. Ɉɧɚ ɨɛɟɫɩɟɱɢɜɚɟɬ 
ɫɪɚɜɧɟɧɢɟ ɫ ɡɚɞɚɧɧɵɦɢ ɭɫɬɚɜɤɚɦɢ ɢ ɜɢɡɭɚɥɶɧɨɟ ɨɬɨɛɪɚɠɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ 
ɢɡɦɟɪɟɧɢɹ ɧɚ ɦɧɟɦɨɫɯɟɦɚɯ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ ɪɚɛɨɱɢɯ ɦɟɫɬɚɯ (ȺɊɆ) 
ɜɟɪɯɧɟɝɨ ɭɪɨɜɧɹ ȺɋɍɌɉ, ɡɜɭɤɨɜɭɸ ɢ ɜɢɡɭɚɥɶɧɭɸ ɫɢɝɧɚɥɢɡɚɰɢɸ ɨ 
ɧɟɢɫɩɪɚɜɧɨɫɬɹɯ ɜ ɪɚɛɨɬɟ ɄɌɉ ɢ ɨɬɤɥɨɧɟɧɢɹɯ ɢɡɦɟɪɹɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ ɨɬ 
ɡɚɞɚɧɧɵɯ ɭɫɬɚɜɨɤ, ɜ ɜɢɞɟ ɢɡɦɟɧɟɧɢɹ ɰɜɟɬɚ ɨɤɪɚɫɤɢ ɩɚɪɚɦɟɬɪɚ, ɧɚ ɦɧɟɦɨɫɯɟɦɚɯ 
ȺɊɆɨɜ ɜɟɪɯɧɟɝɨ ɭɪɨɜɧɹ ȺɋɍɌɉ, ɮɢɤɫɚɰɢɸ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɢ ɨɬɤɥɨɧɟɧɢɣ 
ɢɡɦɟɪɹɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ ɜ ɠɭɪɧɚɥɟ ɫɨɛɵɬɢɣ ɢ ɛɚɡɟ ɫɨɛɵɬɢɣ, ɮɨɪɦɢɪɨɜɚɧɢɟ 
ɩɨɫɦɟɧɧɵɯ ɷɥɟɤɬɪɨɧɧɵɯ ɮɨɪɦ ɨɬɱɟɬɧɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ ɢɡɦɟɪɟɧɧɵɯ ɡɧɚɱɟɧɢɣ. 

ɋɢɫɬɟɦɚ ɬɟɩɥɨɜɨɝɨ ɤɨɧɬɪɨɥɹ ɞɥɹ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɬɚɧɰɢɢ ɹɜɥɹɟɬɫɹ 
ɜɚɠɧɨɣ ɫɢɫɬɟɦɨɣ. Ɍɚɤ ɤɚɤ ɟɫɥɢ ɟё ɧɟ ɛɭɞɟɬ, ɬɨ ɧɟ ɜɨɡɦɨɠɧɨ ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶ 
ɬɟɦɩɟɪɚɬɭɪɭ ɭɡɥɨɜ ɚɝɪɟɝɚɬɚ ɢ ɬɟɦ ɫɚɦɵɦ ɜ ɫɥɭɱɚɟ ɧɟɞɨɩɭɫɬɢɦɨɝɨ ɧɚɝɪɟɜɚ 
ɨɛɨɪɭɞɨɜɚɧɢɟ ɩɪɢɞɟɬ ɜ ɧɟɝɨɞɧɨɫɬɶ, ɚ ɡɚɦɟɧɚ ɧɚ ɧɨɜɨɟ ɫɬɨɢɬ ɛɨɥɶɲɢɯ ɡɚɬɪɚɬ. 
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ȼ ɞɢɩɥɨɦɧɨɦ ɩɪɨɟɤɬɟ ɪɚɫɫɱɢɬɚɧɵ ɢ ɨɩɪɟɞɟɥɟɧɵ ɨɫɧɨɜɧɵɟ ɷɥɟɦɟɧɬɵ ɢ 
ɩɚɪɚɦɟɬɪɵ Ɍɭɡɚɥɢɧɫɤɨɝɨ ɝɢɞɪɨɭɡɥɚ ɧɚ ɪɟɤɟ ȼɢɬɢɦ, ɹɜɥɹɸɳɢɦɫɹ ɫɨɨɪɭɠɟɧɢɟɦ I 
ɤɥɚɫɫɚ. 

ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɧɚ ɨɫɧɨɜɟ ɝɢɞɪɨɥɨɝɢɱɟɫɤɢɯ ɞɚɧɧɵɯ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ 
ɡɧɚɱɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɵɯ ɪɚɫɱɟɬɧɵɯ ɪɚɫɯɨɞɨɜ ɞɥɹ ɫɥɭɱɚɟɜ: ɨɫɧɨɜɧɨɝɨ 
ɨɛɟɫɩɟɱɟɧɧɨɫɬɶɸ 0,1 % ɢ ɩɨɜɟɪɨɱɧɨɝɨ 0,01 % ɪɚɜɧɵɯ 3381 ɢ 3946 ɦ3/ɫ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ȼ ɯɨɞɟ ɜɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɛɵɥɚ ɪɚɫɫɱɢɬɚɧɚ ɭɫɬɚɧɨɜɥɟɧɧɚɹ 
ɦɨɳɧɨɫɬɶ, ɪɚɜɧɚɹ 566 Ɇȼɬ ɢ ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɹɹ ɜɵɪɚɛɨɬɤɚ 4,34 ɦɥɪɞ. ɤȼɬ∙ɱ. 

ɇɚ ɬɪɟɬɶɟɦ ɷɬɚɩɟ ɛɵɥɨ ɨɩɪɟɞɟɥɟɧɨ ɨɩɬɢɦɚɥɶɧɨɟ ɱɢɫɥɨ ɢ ɬɢɩ 
ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. Ⱦɥɹ ɷɬɨɝɨ ɛɵɥɚ ɩɨɫɬɪɨɟɧɚ ɨɛɥɚɫɬɶ ɞɨɩɭɫɬɢɦɵɯ 
ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ (ɪɟɠɢɦɧɨɟ ɩɨɥɟ ɩɨ ɧɚɩɨɪɭ ɢ ɪɚɫɯɨɞɭ), ɧɚ ɤɨɬɨɪɨɣ ɨɩɪɟɞɟɥɟɧɵ 
ɫɥɟɞɭɸɳɢɟ ɧɚɩɨɪɵ:  
 ɦɚɤɫɢɦɚɥɶɧɵɣ – 84,00 ɦ; 
 ɪɚɫɱɟɬɧɵɣ  – 74,80 ɦ ; 
 ɦɢɧɢɦɚɥɶɧɵɣ  – 69,00 ɦ.  
 ɉɪɢ ɜɵɛɨɪɟ ɬɭɪɛɢɧ ɪɚɫɫɦɚɬɪɢɜɚɥɨɫɶ ɞɜɚ ɜɚɪɢɚɧɬɚ ɊɈ115-ȼ ɢ ɉɅȾ90-
ȼ45. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɫɱɟɬɨɜ ɛɵɥ ɨɩɪɟɞɟɥɟɧ ɨɩɬɢɦɚɥɶɧɵɣ ɜɚɪɢɚɧɬ ɫ ɲɟɫɬɶɸ 
ɝɢɞɪɨɬɭɪɛɢɧɚɦɢ ɊɈ115-ȼ-400. 
 ɉɨ ɫɩɪɚɜɨɱɧɵɦ ɞɚɧɧɵɦ ɞɥɹ ɜɵɛɪɚɧɧɨɣ ɬɭɪɛɢɧɵ ɫ ɫɢɧɯɪɨɧɧɨɣ ɱɚɫɬɨɬɨɣ 
ɜɪɚɳɟɧɢɹ 166,7 ɨɛ/ɦɢɧ ɛɵɥ ɩɨɞɨɛɪɚɧ ɫɟɪɢɣɧɵɣ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪ ɋȼ-835/180-36 
ɫ ɧɨɦɢɧɚɥɶɧɨɣ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɶɸ 80 Ɇȼɬ.  
 Ⱦɚɥɟɟ ɛɵɥɚ ɜɵɛɪɚɧɚ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ Ƚɗɋ ɫ ɩɪɨɫɬɵɦɢ ɛɥɨɤɚɦɢ ɢ 
ɩɪɢɧɹɬɚ ɫɯɟɦɚ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɧɚ 11 ɩɪɢɫɨɟɞɢɧɟɧɢɣ (6 ɛɥɨɤɨɜ, 
5 ɨɬɯɨɞɹɳɢɯ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ) ɈɊɍ 220 ɤȼ – "ɞɜɟ ɪɚɛɨɱɢɟ ɢ ɨɛɯɨɞɧɚɹ ɫɢɫɬɟɦɚ 
ɲɢɧ". ɉɨ ɫɩɪɚɜɨɱɧɵɦ ɞɚɧɧɵɦ ɢ ɤɚɬɚɥɨɝɚɦ ɛɵɥɨ ɜɵɛɪɚɧɨ ɫɥɟɞɭɸɳɟɟ 
ɜɵɫɨɤɨɜɨɥɶɬɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ: ɛɥɨɱɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɌȾɐ–125000/220, 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɨɛɳɟɫɬɚɧɰɢɨɧɧɵɯ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɌɋɁ-6300/15 ɍɁ, ɞɥɹ 
ȼɅɗɉ – ɫɬɚɥɟɚɥɸɦɢɧɟɜɵɟ ɩɪɨɜɨɞɚ ɦɚɪɤɢ Ⱥɋ – 300/39. 
 ɉɨɫɥɟ ɜɵɛɨɪɚ ɨɫɧɨɜɧɨɝɨ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɛɵɥ ɪɚɫɫɦɨɬɪɟɧ 
ɨɛɹɡɚɬɟɥɶɧɵɣ ɩɟɪɟɱɟɧɶ ɭɫɬɪɨɣɫɬɜ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɢ ɚɜɬɨɦɚɬɢɤɢ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɉɍɗ.  
 Ʉɨɦɩɨɧɨɜɤɚ ɝɢɞɪɨɭɡɥɚ ɛɵɥɚ ɩɪɢɧɹɬɚ ɩɪɢɩɥɨɬɢɧɧɚɹ. 
 ȼ ɫɨɫɬɚɜ ɫɨɨɪɭɠɟɧɢɣ ɜɯɨɞɹɬ: 

– ɜɨɞɨɫɛɪɨɫɧɚɹ ɛɟɬɨɧɧɚɹ ɩɥɨɬɢɧɚ ɫ ɨɬɥɟɬɨɦ ɫɬɪɭɢ – 91,47 ɦ; 
– ɝɥɭɯɚɹ ɩɥɨɬɢɧɚ, ɫɨɩɪɹɝɚɸɳɚɹ ɜɨɞɨɫɥɢɜɧɭɸ ɢ ɫɬɚɧɰɢɨɧɧɭɸ ɱɚɫɬɢ – 

19,00 ɦ; 
– ɫɬɚɧɰɢɨɧɧɚɹ ɛɟɬɨɧɧɚɹ ɩɥɨɬɢɧɚ – 127,00 ɦ; 
– ɩɪɚɜɨɛɟɪɟɠɧɚɹ ɝɥɭɯɚɹ, ɫɨɩɪɹɝɚɸɳɚɹ ɜɨɞɨɫɥɢɜɧɭɸ ɢ ɝɪɭɧɬɨɜɭɸ 

ɩɥɨɬɢɧɵ – 142,00 ɦ; 
– ɥɟɜɨɛɟɪɟɠɧɚɹ ɝɥɭɯɚɹ ɤɚɦɟɧɧɨ-ɧɚɛɪɨɫɧɚɹ ɩɥɨɬɢɧɚ – 282,00 ɦ; 
– ɩɪɚɜɨɛɟɪɟɠɧɚɹ ɝɥɭɯɚɹ ɛɟɬɨɧɧɚɹ ɩɥɨɬɢɧɚ – 54,00 ɦ. 
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 ɇɚ ɞɚɧɧɨɦ ɷɬɚɩɟ ɪɚɫɱɟɬɧɵɦ ɩɭɬɟɦ ɨɩɪɟɞɟɥɟɧɵ ɝɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ ɢ 
ɯɚɪɚɤɬɟɪɧɵɟ ɨɬɦɟɬɤɢ ɩɥɨɬɢɧɵ: 

– ɲɢɪɢɧɚ ɩɨɞɨɲɜɵ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ – 68,00 ɦ; 
– ɨɬɦɟɬɤɚ ɩɨɞɨɲɜɵ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ – 497,00 ɦ;  
– ɱɢɫɥɨ ɜɨɞɨɫɥɢɜɧɵɯ ɨɬɜɟɪɫɬɢɣ –3; 
– ɲɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɵɯ ɨɬɜɟɪɫɬɢɣ ɜ ɫɜɟɬɭ – 16 ɦ; 
– ɨɬɦɟɬɤɚ ɝɪɟɛɧɹ – 589,00 ɦ; 
– ɲɢɪɢɧɚ ɝɪɟɛɧɹ – 15,00 ɦ. 

 Ɍɚɤɠɟ ɜ ɷɬɨɦ ɪɚɡɞɟɥɟ ɩɪɨɢɡɜɟɞɟɧɚ ɨɰɟɧɤɚ ɩɪɨɱɧɨɫɬɢ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ 
ɩɥɨɬɢɧɵ ɩɪɢ ɨɫɧɨɜɧɨɦ ɫɨɱɟɬɚɧɢɹɯ ɧɚɝɪɭɡɨɤ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱɟɬɨɜ 
ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ ɫɨɨɪɭɠɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ 1,26 (ɧɨɪɦɚɬɢɜɧɨɟ ɡɧɚɱɟɧɢɟ 
ɞɥɹ ɫɨɨɪɭɠɟɧɢɣ I ɤɥɚɫɫɚ – 1,25). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɥɨɬɢɧɚ Ɍɭɡɚɥɢɧɫɤɨɝɨ 
ɝɢɞɪɨɭɡɥɚ ɨɬɜɟɱɚɟɬ ɬɪɟɛɨɜɚɧɢɹɦ ɧɚɞɟɠɧɨɫɬɢ. ɉɪɢ ɪɚɫɱɟɬɟ ɩɥɨɬɢɧɵ ɧɚ 
ɩɪɨɱɧɨɫɬɶ ɫɠɢɦɚɸɳɢɟ ɧɚɩɪɹɠɟɧɢɹ ɧɟ ɩɪɟɜɵɲɚɸɬ ɤɪɢɬɢɱɟɫɤɢɯ ɡɧɚɱɟɧɢɣ, 
ɪɚɫɬɹɝɢɜɚɸɳɢɟ ɧɚɩɪɹɠɟɧɢɹ ɨɬɫɭɬɫɬɜɭɸɬ. ɉɥɨɬɢɧɚ ɨɬɜɟɱɚɟɬ ɜɫɟɦ ɬɪɟɛɨɜɚɧɢɹɦ, 
ɩɪɟɞɭɫɦɨɬɪɟɧɧɵɦɢ ɋɇɢɉ. 
 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 ɪɚɫɱɟɬɚɦ ɩɨɥɭɱɟɧɵ ɫɥɟɞɭɸɳɢɟ ɩɨɤɚɡɚɬɟɥɢ: 
 – ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ – 6 ɥɟɬ, 1 ɦɟɫɹɰ;  

– ɫɟɛɟɫɬɨɢɦɨɫɬɶ – 0,18 ɪɭɛ/ɤȼɬ∙ɱ 
– ɭɞɟɥɶɧɵɟ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ – 24730,57 ɪɭɛ./ɤȼɬ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɬɪɨɢɬɟɥɶɫɬɜɨ Ɍɭɡɚɥɢɧɫɤɨɣ Ƚɗɋ ɹɜɥɹɟɬɫɹ ɨɛɨɫɧɨɜɚɧɧɵɦ, 

ɜ ɬɨɦ ɱɢɫɥɟ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ. 
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ɉɊИЛɈɀȿɇИȿ Ⱥ 
 

Ⱥɧɚɥɢɡ ɢɫхɨɞɧɵх ɞɚɧɧɵх 
 

Ɍɚɛɥɢɰɚ Ⱥ.1 – Ɋɚɫɱɟɬɧɵɣ ɝɢɞɪɨɥɨɝɢɱɟɫɤɢɣ ɪɹɞ ɧɚɛɥɸɞɟɧɢɣ ɪ. ȼɢɬɢɦ ɜ 
ɫɬɜɨɪɟ Ɍɭɡɚɥɢɧɫɤɨɣ ȽЭɋ ɫ 1939 ɩɨ 1988 ɝɝ. 

Ɋɚɫɯɨɞɵ ɜ ɤɭɛɢɱɟɫɤɢɯ ɦɟɬɪɚɯ ɜ ɫɟɤɭɧɞɭ 
Ƚɨɞ I II  III  IV V VI  VII VIII IX X XI  XII Qɫɪ 

1939 212 120 101 202 928 2200 1932 1564 1472 1196 368 294 882 
1940 120 74 60 156 1380 1422 2008 2024 1932 894 276 138 874 
1941 129 101 92 276 882 3304 1472 1012 1196 966 377 202 834 
1942 184 83 46 101 920 1932 2484 1932 1840 1104 552 221 950 
1943 156 147 129 377 1932 2208 1104 1196 1058 1012 598 202 843 
1944 202 74 60 193 1229 1196 2736 2668 2622 1288 396 322 1082 
1945 138 120 87 110 1334 1573 2162 2070 2024 1242 405 258 960 
1946 166 147 143 138 1306 2013 966 1012 797 751 322 285 671 
1947 83 78 64 60 1288 1656 1754 2162 2116 960 184 138 879 
1948 101 64 55 78 1380 3082 1610 1316 1122 929 230 193 847 
1949 138 129 110 285 874 2962 1104 1058 1150 1012 377 322 793 
1950 138 120 115 193 1601 1595 1658 920 752 806 331 248 706 
1951 92 78 51 156 1012 1196 2560 2484 2392 1065 294 129 959 
1952 147 101 83 368 2144 2208 1012 844 898 852 368 184 767 
1953 276 138 92 143 1250 3425 2484 2300 2070 1296 782 322 1215 
1954 120 110 46 368 1472 2346 1380 1196 1113 1049 377 304 823 
1955 184 179 175 202 2346 2912 2668 3036 2898 1486 386 258 1394 
1956 166 161 124 386 2336 2484 1426 1334 999 970 285 225 908 
1957 129 120 110 166 1435 1546 2042 2806 2521 1196 377 156 1050 
1958 147 138 120 221 1132 2048 1877 1500 853 907 543 304 816 
1959 212 193 156 129 2324 3180 1242 982 1090 1044 561 202 943 
1960 198 161 152 212 1297 1978 1886 2168 2254 1282 552 221 1030 
1961 129 120 110 184 1196 1564 3358 3266 1472 1288 414 156 1105 
1962 147 143 110 230 1100 3840 1196 1334 1288 1150 662 175 948 
1963 166 156 55 239 1932 1656 2496 1840 1098 1052 368 202 938 
1964 101 74 60 69 1058 2530 1748 1426 1877 1601 202 138 907 
1965 129 101 92 248 1426 1794 2484 1564 1518 1472 285 156 939 
1966 276 202 161 166 2668 2672 1288 1028 1044 1098 607 304 960 
1967 147 133 129 193 1242 1564 2384 2300 1012 928 368 276 890 
1968 239 235 216 488 1932 3440 2024 1840 1656 1298 460 322 1179 
1969 285 166 138 120 1380 1702 3358 2944 1288 1150 377 156 1089 
1970 386 248 87 184 2254 3956 1932 2024 1702 1656 497 386 1276 
1971 414 258 147 106 2944 3496 3404 3036 2024 1610 589 350 1532 
1972 202 193 166 138 2116 1840 1702 1472 1610 1012 405 230 924 
1973 202 193 129 230 1978 4370 2024 1288 1380 1242 377 212 1135 
1974 147 143 129 230 2300 1564 2658 1288 974 968 202 156 897 
1975 129 120 110 230 1518 2484 1242 1288 1426 1334 359 193 869 
1976 156 147 78 175 1196 1334 3036 1242 1380 1288 294 166 874 
1977 147 133 129 124 736 2024 1748 1104 828 736 368 202 690 
1978 129 110 92 60 1564 1748 2200 1656 2024 1020 276 184 922 
1979 202 64 55 258 1472 1748 1932 1288 1380 1242 276 193 843 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ⱥ 
 
Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ Ⱥ.1 
Ƚɨɞ I II  III  IV V VI  VII VIII IX X XI  XII Qɫɪ 

1980 138 129 101 184 2852 2068 920 836 844 898 386 230 799 
1981 304 184 156 120 1840 3220 1380 1380 1288 1196 736 368 1014 
1982 271 258 235 405 1196 2208 1288 1196 1840 1380 350 166 899 
1983 156 101 74 230 3312 4416 2760 2300 2024 1472 534 212 1466 
1984 166 129 64 124 1656 2852 1656 1288 1196 1150 294 193 897 
1985 101 92 74 221 1196 1288 2720 1564 1472 905 285 248 847 
1986 129 120 92 184 1416 2024 1012 1104 874 856 368 202 698 
1987 147 129 74 212 1380 1064 2116 744 752 798 322 258 666 
1988 110 101 74 83 844 1732 1748 1334 1472 1334 276 120 769 𝑄ʛʜ ˔˓ 174 136 106 199 1590 2275 1966 1651 1478 1129 398 226 944 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ⱥ 
 
Ɍɚɛɥɢɰɚ Ⱥ.2 – ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɪɚɫɱёɬ ɩɨ ɦɚɥɨɜɨɞɧɨɦɭ ɝɨɞɭ, 1 ɢɬɟɪɚɰɢɹ 
Ɇɟɫɹɰ Q,ɦ3/ɫ Qɜɯɤ<Qɧɛ Vɜɞɯщ,ɤɦ3 Zɜɛ,ɦ Zɧɛ,ɦ H,ɦ Nɝɷɫ, 

Ɇȼɬ 
Nɝɚɪ, 
Ɇȼɬ  Qɛɵɬ Qɮɢɥɶɬɪ Qɯɨɥɫɛɪ Qɜɞɯщ Qɝɷɫ Qɜɯɤ Qɧɛ ɧɚɱ dV ɤɨɧ ɧɚɱ ɤɨɧ ɫɪɟɞɧ   

11 323 8 0 475 798 320 806 12,71 1,23 11,48 583,00 580,89 581,94 501,27 79,82 560 560 
12 256 8 0 610 866 320 874 11,48 1,58 9,90 580,89 577,50 579,19 501,61 76,72 585 585 
1 148 8 0 771 919 320 927 9,90 2,00 7,90 577,50 572,68 575,09 501,88 72,35 585 585 
2 132 8 0 806 938 320 946 7,90 2,09 5,81 572,68 568,64 570,66 501,97 67,83 560 560 
3 300 8 0 593 893 320 901 5,81 1,54 4,27 568,64 565,86 567,25 500,84 65,55 515 515 
4 195 8 0 437 632 640 640 4,27 1,13 3,14 565,86 561,59 563,73 499,77 63,10 351 ɜɯɤ 
5 1497 8 0 -865 632 640 640 3,14 -2,24 5,38 561,59 567,95 564,77 499,77 64,14 357 ɜɯɤ 
6 1557 8 0 -925 632 640 640 5,38 -2,40 7,78 567,95 572,41 570,18 499,77 69,55 387 ɜɯɤ 
7 1610 8 0 -978 632 640 640 7,78 -2,53 10,31 572,41 578,46 575,44 499,77 74,81 416 ɜɯɤ 
8 882 8 0 -250 632 640 640 10,31 -0,65 10,96 578,46 579,86 579,16 499,77 78,53 437 ɜɯɤ 
9 798 8 0 -349 449 320 457 10,96 -0,90 11,87 579,86 581,60 580,73 499,49 80,39 318 ɜɯɤ 
10 744 8 0 -325 419 320 427 11,87 -0,84 12,71 581,60 583,00 582,30 499,33 82,11 303 ɜɯɤ 

 
Ɍɚɛɥɢɰɚ Ⱥ.3 – ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɪɚɫɱёɬ ɩɨ ɦɚɥɨɜɨɞɧɨɦɭ ɝɨɞɭ, 2 ɢɬɟɪɚɰɢɹ 
Ɇɟɫɹɰ Q,ɦ3/ɫ Qɜɯɤ<Qɧɛ Vɜɞɯщ,ɤɦ3 Zɜɛ,ɦ Zɧɛ,ɦ H,ɦ Nɝɷɫ, 

Ɇȼɬ 
Nɝɚɪ, 
Ɇȼɬ  Qɛɵɬ Qɮɢɥɶɬɪ Qɯɨɥɫɛɪ Qɜɞɯщ Qɝɷɫ Qɜɯɤ Qɧɛ ɧɚɱ dV ɤɨɧ ɧɚɱ ɤɨɧ ɫɪɟɞɧ   

11 323 8 0 345 668 320 676 12,71 0,89 11,82 583,00 581,51 582,25 500,61 80,78 475 475 
12 256 8 0 468 724 320 732 11,82 1,21 10,60 581,51 579,10 580,30 500,89 78,55 500 500 
1 148 8 0 606 754 320 762 10,60 1,57 9,03 579,10 575,40 577,25 501,05 75,35 500 500 
2 132 8 0 622 754 320 762 9,03 1,61 7,42 575,40 571,62 573,51 501,05 71,60 475 475 
3 300 8 0 401 701 320 709 7,42 1,04 6,38 571,62 569,59 570,60 500,05 69,69 430 430 
4 195 8 0 600 795 640 803 6,38 1,56 4,83 569,59 567,01 568,30 500,44 67,00 469 ɜɯɤ 
5 1497 8 0 -710 787 640 795 4,83 -1,84 6,67 567,01 570,10 568,56 500,41 67,29 466 ɜɯɤ 
6 1557 8 0 -885 672 640 680 6,67 -2,29 8,96 570,10 575,23 572,67 499,93 71,87 425 ɜɯɤ 
7 1610 8 0 -978 632 640 640 8,96 -2,53 11,49 575,23 580,92 578,07 499,77 77,44 431 ɜɯɤ 
8 882 8 0 -230 652 640 660 11,49 -0,60 12,09 580,92 581,99 581,45 499,85 80,74 463 ɜɯɤ 
9 798 8 0 -149 649 320 657 12,09 -0,39 12,48 581,99 582,63 582,31 500,51 80,94 462 ɜɯɤ 
10 744 8 0 -325 419 320 427 11,87 -0,84 12,71 581,60 583,00 582,30 499,33 82,11 303 ɜɯɤ 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ⱥ 
 
Ɍɚɛɥɢɰɚ Ⱥ.4 – ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɪɚɫɱёɬ ɩɨ ɫɪɟɞɧɟɜɨɞɧɨɦɭ ɝɨɞɭ 
Ɇɟɫɹɰ Q,ɦ3/ɫ Qɜɯɤ<Qɧɛ Vɜɞɯщ,ɤɦ3 Zɜɛ,ɦ Zɧɛ,ɦ H,ɦ Nɝɷɫ, 

Ɇȼɬ 
Nɝɚɪ, 
Ɇȼɬ  Qɛɵɬ Qɮɢɥɶɬɪ Qɯɨɥɫɛɪ Qɜɞɯщ Qɝɷɫ Qɜɯɤ Qɧɛ ɧɚɱ dV ɤɨɧ ɧɚɱ ɤɨɧ ɫɪɟɞɧ   

11 325 8 0 343 668 320 676 12,71 0,89 11,82 583,00 581,52 582,26 500,61 80,79 475 475 
12 356 8 0 365 721 320 729 11,82 0,95 10,87 581,52 579,68 580,60 500,88 78,86 500 500 
1 267 8 0 477 744 320 752 10,87 1,24 9,64 579,68 576,88 578,28 501,00 76,43 500 500 
2 257 8 0 600 857 320 865 9,64 1,56 8,08 576,88 573,90 575,39 501,56 72,96 550 475 
3 227 8 0 675 902 320 910 8,08 1,75 6,33 573,90 571,59 572,74 500,87 71,01 564 430 
4 387 8 0 568 955 640 963 6,33 1,47 4,86 571,59 567,01 569,30 501,09 67,35 566 ɜɯɤ 
5 1497 8 0 -800 697 640 705 4,86 -2,07 6,94 567,01 570,62 568,81 500,04 67,92 417 ɜɯɤ 
6 2090 8 0 -1210 880 640 888 6,94 -3,14 10,07 570,62 577,90 574,26 500,78 72,62 562 ɜɯɤ 
7 1647 8 0 -830 817 640 825 10,07 -2,15 12,22 577,90 582,21 580,06 500,53 78,67 566 ɜɯɤ 
8 1069 8 200 -70 799 640 1007 12,22 -0,18 12,40 582,21 582,51 582,36 501,27 80,24 564 ɜɯɤ 
9 1464 8 580 -60 824 320 1412 12,40 -0,16 12,56 582,51 582,76 582,64 504,26 77,52 562 ɜɯɤ 
10 990 8 130 -58 802 320 940 12,56 -0,15 12,71 582,76 583,00 582,88 501,94 80,08 565 ɜɯɤ 
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ɉɊИЛɈɀȿɇИȿ Ȼ 
 

Ɉɫɧɨɜɧɨɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ  

 

 

Ɋɢɫɭɧɨɤ Ȼ.1 – Ƚɥɚɜɧɚɹ ɭɧɢɜɟɪɫɚɥɶɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɊɈ115-ȼ 
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ɉɊИЛɈɀȿɇИȿ ȼ 
 

Ɋɟɥɟɣɧɚя ɡɚщɢɬɚ ɢ ɚɜɬɨɦɚɬɢɤɚ 
 

Ɍɚɛɥɢɰɚ ȼ.1 – ɍɫɬɚɜɤɢ ɡɚщɢɬ  
Зɚщɢɬɵ ɍɫɬɚɜɤɢ 

ɧɚɢɦɟɧɨɜɚɧɢɟ ɨɛɨɡɧɚɱɟɧɢɟ ɧɚɢɦɟɧɨɜɚɧɢɟ 
ɨɬɧɨɫɢɬɟɥɶɧɵɟ 

ɟɞɢɧɢɰɵ 
ɢɦɟɧɨɜɚɧɧɵɟ 

ɟɞɢɧɢɰɵ 

Ⱦɢɮ. Зɚщɢɬɚ 
ɩɪɨɞɨɥɶɧɚɹ 𝐼∆𝐺 

Ɍɨɤ 
ɫɪɚɛɚɬɵɜɚɧɢɹ,𝐼ʠʟ.ʝ 

Ͳ,ͳͷ ∙ 𝐼ʜ 0,44 Ⱥ 

Кɨɷɮɮɢɰɢɟɧɬ 
ɬɨɪɦɨɠɟɧɢɹ,𝐾ʡ Ͳ,͵ - 

ɍɫɬɚɜɤɚ ɧɚɱɚɥɶɧɨɝɨ 
ɬɨɪɦɨɠɟɧɢɹ, 𝐼ʜʡ 

Ͳ,ͷ ∙ 𝐼ʜ 1,45 Ⱥ 

Ɍɨɪɦɨɡɧɨɣ ɬɨɤ, ȼ ͳ,ͷ ∙ 𝐼ʜ 4,35 Ⱥ 

ЗЗȽ 
𝑈଴ 

𝑡ଵ 𝑈଴ଵ𝐺 - 5 ȼ 𝑡ଶ 𝑈଴ଶ𝐺 - 10 ȼ 𝑡ଷ 𝑈଴𝐺 - 15 ȼ 𝑈଴ଷ 
Кɨɷɮɮɢɰɢɟɧɬ 

ɬɨɪɦɨɠɟɧɢɹ,𝐾ʡ 
1,1 - 

Зɉɇ 𝑈 > 

2ɫɬɭɩɟɧɶ  𝑈𝐶ʟଶ ͳ,Ͷ ∙ 𝑈ʜ 140 ȼ 

1 ɫɬɭɩɟɧɶ  𝑈𝐶ʟଵ ͳ,ʹ ∙ 𝑈ʜ 120 ȼ 

Зɚщɢɬɚ 
ɨɛɪɚɬɧɨɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧ
ɨɫɬɢ ɨɬ 

ɧɟɫɢɦɦɟɬɪɢɱɧɵ
ɯ ɤ.ɡ. ɢ 

ɩɟɪɟɝɪɭɡɨɤ 

𝐼ଶ 

ɋɈ 𝐼ଶʠʗГʜ Ͳ,Ͳ͹ ∙ 𝐼ʜ 0,20 Ⱥ 

ɉɈ 𝐼ଶʞʢʠК Ͳ,ͳͺ ∙ 𝐼ʜ 0,52 Ⱥ 

ɈɌɋ I 𝐼ଶʠ.ʖ. Ͳ,ͳ͸ ∙ 𝐼ʜ 0,46 Ⱥ 

Зɚщɢɬɚ ɨɬ 
ɫɢɦɦɟɬɪɢɱɧɵɯ 

ɤ.ɡ. ɢ 
ɩɟɪɟɝɪɭɡɨɤ 

𝐼ଵ 

ɋɈ 𝐼ʠʗГʜ ͳ,Ͳ͹ ∙ 𝐼ʜ 3,10 Ⱥ 
ɉɈ 𝐼ଵʞʢʠК ͳ,ͳ ∙ 𝐼ʜ 3,19 Ⱥ 

ɈɌɋ 𝐼ଵʝʡʠ ͳ,ʹʹͶ ∙ 𝐼ʜʝʛ 3,55 Ⱥ 

ȾЗ 𝑍 < 
1 ɫɬɭɩɟɧɶ 𝑍𝐼 0,1 0,248 Ɉɦ 

2 ɫɬɭɩɟɧɶ 𝑍𝐼𝐼 0,35 0,69 Ɉɦ 

Зɚщɢɬɚ ɪɨɬɨɪɚ 
ɨɬ ɩɟɪɟɝɪɭɡɤɢ 

𝐼  
ɋɈ 𝐼𝑃 ʠʗГʜ. ͳ,Ͳ͹ ∙ 𝐼ʜʝʛ.ʟ 2,91 Ⱥ 
ɉɈ 𝐼𝑃 ʞʢʠК. ͳ,ͳ ∙ 𝐼ʜʝʛ.ʟ 3,54 Ⱥ 

Ɉɬɫɟɱɤɚ 𝐼𝑃 ʞʢʠК. ʹ,ͳͻ ∙ 𝐼ʜʝʛ.ʟ 6,35 Ⱥ 
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