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ɋɈɄɊȺЩȿɇɇɕɃ ɉȺɋɉɈɊɌ ȻɂɃ-ХȿɆɋɄɈɃ Ƚɗɋ 

 

1.ɇɚɢɦɟɧɨɜɚɧɢɟ ɪɟɤɢ – Ȼɢɣ-ɏɟɦ(Ȼɨɥɶɲɨɣ ȿɧɢɫɟɣ); 
2.Ɇɟɫɬɨɧɚɯɨɠɞɟɧɢɟ Ƚɗɋ – Ɋɟɫɩɭɛɥɢɤɚ Ɍɵɜɚ; 

3.Ɍɢɩ ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ ɫɨɨɪɭɠɟɧɢɹ – Ƚɗɋ; 

4.ɏɚɪɚɤɬɟɪɧɵɟ ɪɚɫɯɨɞɵ ɜɨɞɵ : 

ɚ) ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɢɣ  

ɛ) ɜɫɟɯ ɬɭɪɛɢɧ = 601,6 ˏଷ/˔; 

ɜ) ɦɚɤɫɢɦɚɥɶɧɵɣ ɫ ɨɛɟɫɩɟɱɟɧɧɨɫɬɶɸ : 

1% = 986 ˏଷ/˔; 

0,1% = 1148 ˏଷ/˔; 

0,01% = 1295 ˏଷ/˔; 

ɝ) ɦɢɧɢɦɚɥɶɧɵɣ =  

5.ɉɚɪɚɦɟɬɪɵ ɜɨɞɨɯɪɚɧɢɥɢɳɚ: 

ɚ) ɯɚɪɚɤɬɟɪ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɬɨɤɚ - ɦɧɨɝɨɥɟɬɧɢɣ 

ɛ) ɨɬɦɟɬɤɚ : 
ɇɉɍ = 697 ɦ; 

Ɏɉɍ = 698 ɦ; 

ɍɆɈ =692,00 ɦ; 

ɜ) ɨɛɴɟɦɵ: 

ɩɨɥɧɵɣ = 10,4 ˍˏଷ; 
ɩɨɥɟɡɧɵɣ = 4,89 ˍˏଷ; 

6. ɇɚɩɨɪɵ Ƚɗɋ: 

ɚ) ɦɚɤɫɢɦɚɥɶɧɵɣ = 47,2 ɦ; 

ɛ) ɪɚɫɱɟɬɧɵɣ = 40,4 ɦ; 

ɜ) ɦɢɧɢɦɚɥɶɧɵɣ = 38,6 ɦ; 

7. ɗɧɟɪɝɟɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: 

ɚ) ɦɨɳɧɨɫɬɶ : 

ɭɫɬɚɧɨɜɥɟɧɧɚɹ = 540 Ɇȼɬ; 

ɝɚɪɚɧɬɢɪɨɜɚɧɧɚɹ = 300 Ɇȼɬ; 

8. Ɋɚɡɦɟɪɵ ɩɥɨɬɢɧɵ (ɨɛɳɚɹ ɞɥɢɧɚ): 
ɚ) ɥɟɜɨɛɟɪɟɠɧɚɹ ɛɟɬɨɧɧɚɹ = 113 ɦ; 

ɛ) ɩɪɚɜɨɛɟɪɟɠɧɚɹ ɛɟɬɨɧɧɚɹ = 474 ɦ; 

ɜ) ɜɨɞɨɫɥɢɜɧɚɹ = 33,9 ɦ; 

ɝ) ɫɬɚɧɰɢɨɧɧɚɹ = 79,1 ɦ; 

9. ȼɨɞɨɫɛɪɨɫɧɵɟ ɫɨɨɪɭɠɟɧɢɹ: 

ɚ) ɬɢɩ – ɩɨɜɟɪɯɧɨɫɬɧɵɣ ɜɨɞɨɫɥɢɜ; 

ɛ) ɱɢɫɥɨ ɢ ɪɚɡɦɟɪ ɩɪɨɥɟɬɨɜ – 3 x 11,3ɦ; 

ɜ) ɨɛɳɚɹ ɞɥɢɧɚ   = 33,9 ɦ; 

ɝ) ɦɚɤɫɢɦɚɥɶɧɚɹ ɜɵɫɨɬɚ = 55,4 ɦ; 

10. Ɂɞɚɧɢɟ Ƚɗɋ 

ɚ) ɬɢɩ ɡɞɚɧɢɹ – ɩɪɢɩɥɨɬɢɧɧɨɟ; 

ɛ) ɱɢɫɥɨ ɚɝɪɟɝɚɬɨɜ – 6; 

ɜ) ɝɪɭɧɬɵ ɜ ɨɫɧɨɜɚɧɢɢ – ɫɤɚɥɚ ( ɝɪɚɧɢɬ); 
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ɝ) ɬɢɩ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ – ɛɟɬɨɧɧɚɹ; 

ɞ) ɬɢɩ ɨɬɫɚɫɵɜɚɸɳɟɣ ɬɪɭɛɵ – ɢɡɨɝɧɭɬɚɹ; 

11. Ɉɫɧɨɜɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ : 

ɚ) ɬɢɩ ɬɭɪɛɢɧɵ – ɉɅ50-ȼ-560; 

ɛ) ɬɢɩ ɝɟɧɟɪɚɬɨɪɚ – ɋȼ-850/190-40Ɍɋ4; 

ɜ) ɦɨɳɧɨɫɬɶ ɝɟɧɟɪɚɬɨɪɚ -  90 Ɇȼɬ; 

ɝ) ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ – 136,4 ˑ˄/ˏˋː; 

ɞ) ɬɢɩ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ – ɌȾɐ 125000/220-ɍ1; 

12. Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ : 

ɚ) ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɷɧɟɪɝɢɢ – 12 ɤɨɩ/ɤȼɬ·ɱ; 

ɛ) ɩɨɤɚɡɚɬɟɥɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ: ɇɉȼ - 10054,32 ɦɥɧ.ɪɭɛ.; 

ɋɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ – 6 ɥɟɬ 11 ɦɟɫɹɰɟɜ. 
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ȼȼȿȾȿɇɂȿ 

 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɜɨɞɧɵɯ ɪɟɫɭɪɫɨɜ ɢɦɟɟɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɩɪɟɜɨɫɯɨɞɫɬɜɨ ɩɟɪɟɞ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɪɭɝɢɯ ɜɢɞɨɜ ɷɧɟɪɝɨɪɟɫɭɪɫɨɜ ɬɚɤ ɤɚɤ: 

Ƚɢɞɪɨɷɧɟɪɝɢɹ – ɜɨɡɨɛɧɨɜɥɹɟɦɵɣ ɢɫɬɨɱɧɢɤ ɷɧɟɪɝɢɢ ɢ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ 
ɢɫɱɟɪɩɚɟɦ, ɬɚɤɠɟ ɟё ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɟ ɞɨɩɭɫɤɚɟɬ  ɜɪɟɞɨɧɨɫɧɨɝɨ ɜɥɢɹɧɢɹ ɧɚ 
ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɜ ɩɪɨɰɟɫɫɟ ɩɪɨɢɡɜɨɞɫɬɜɚ. 

ɋɟɛɟɫɬɨɢɦɨɫɬɶ 1ɤȼɬ·ɱ ɷɧɟɪɝɢɢ ɩɪɨɢɡɜɨɞɢɦɨɣ ɧɚ Ƚɗɋ ɡɧɚɱɢɬɟɥɶɧɨ 
ɦɟɧɶɲɟ , ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɬɟɩɥɨɜɨɣ ɫɬɚɧɰɢɟɣ, ɢɡ ɷɬɨɝɨ ɫɥɟɞɭɟɬ ɫɤɨɪɚɹ ɨɤɭɩɚɟɦɨɫɬɶ 
ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ ɡɚɬɪɚɱɟɧɧɵɯ ɧɚ ɫɬɪɨɢɬɟɥɶɫɬɜɨ Ƚɗɋ. 

Ɍɚɤ ɤɚɤ ɬɟɯɧɨɥɨɝɢɹ ɩɪɨɰɟɫɫɚ ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɫɬɚ, ɬɨ ɧɚ ɜɵɪɚɛɨɬɤɭ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɬɪɟɛɭɟɬɫɹ ɦɟɧɶɲɟ ɪɚɛɨɱɟɣ ɫɢɥɵ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɝɢɞɪɨɚɝɪɟɝɚɬɚ ɜɵɲɟ, ɜ ɫɪɚɜɧɟɧɢɢ ɫ 
ɬɭɪɛɨɚɝɪɟɝɚɬɨɦ. 

Ƚɗɋ ɛɨɥɟɟ ɧɚɞɟɠɧɚ ɜ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɜ ɜɢɞɭ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟɝɨ ɢɡɧɨɫɚ 
ɨɛɨɪɭɞɨɜɚɧɢɹ. 

Ɍɚɤ ɤɚɤ ɝɢɞɪɨɷɧɟɪɝɢɹ ɞɨɫɬɚɬɨɱɧɨ ɞɟɲɟɜɚɹ ɢ ɥɟɝɤɨ ɞɨɛɵɜɚɟɦɚɹ, ɬɨ ɷɬɨ 
ɭɫɢɥɢɜɚɟɬ ɪɚɡɜɢɬɢɟ ɷɥɟɤɬɪɨɟɦɤɢɯ ɩɪɨɢɡɜɨɞɫɬɜ. 
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1 Ⱥɧɚɥɢɡ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ 

  

Ȼɢɣ-ɏɟɦ (Ȼɨɥɶɲɨɣ ȿɧɢɫɟɣ) – ɩɪɢɬɨɤ ɪɟɤɢ ȿɧɢɫɟɣ. Ⱦɥɢɧɚ ɪɟɤɢ – 605 ɤɦ, 
ɩɥɨɳɚɞɶ ɛɚɫɫɟɣɧɚ – 56800 ˍˏଶ. Ȼɟɪɟɬ ɧɚɱɚɥɨ ɢɡ ɧɟɛɨɥɶɲɨɝɨ ɝɨɪɧɨɝɨ ɨɡɟɪɚ 
Ʉɚɪɚ-Ȼɚɥɵɤ. Ɋɚɫɩɨɥɨɠɟɧɚ ɜ ɪɟɫɩɭɛɥɢɤɟ Ɍɵɜɚ. 

 

1.1 ɉɪɢɪɨɞɧɵɟ ɭɫɥɨɜɢɹ 

 

1.1.1 Ʉɥɢɦɚɬ 

 

Ʉɥɢɦɚɬ ɪɟɡɤɨ-ɤɨɧɬɢɧɟɧɬɚɥɶɧɵɣ. Ɂɢɦɚ ɦɨɪɨɡɧɚɹ ɛɟɡɜɟɬɪɟɧɧɚɹ, ɜ 
ɤɨɬɥɨɜɢɧɚɯ ɦɚɥɨɫɧɟɠɧɚɹ. Ʌɟɬɨ ɭɦɟɪɟɧɧɨ ɬɟɩɥɨɟ ɜ ɝɨɪɚɯ ɢ ɠɚɪɤɨɟ ɜ ɤɨɬɥɨɜɢɧɚɯ. 
ɋɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɹɧɜɚɪɹ ɨɬ -28°C ɞɨ -35°C , ɢɸɥɹ ɨɬ 15°C ɞɨ 20°C. Ɂɢɦɚ 
ɞɥɢɬɫɹ ɫ ɧɨɹɛɪɹ ɩɨ ɚɩɪɟɥɶ. ɋɧɟɠɧɵɣ ɩɨɤɪɨɜ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɜ ɤɨɧɰɟ ɨɤɬɹɛɪɹ ɢ 
ɞɨɫɬɢɝɚɟɬ 15-20 ɫɦ, ɜ ɝɨɪɚɯ ɞɨ 1-2 ɦɟɬɪɨɜ, ɫɯɨɞɢɬ ɜ ɫɟɪɟɞɢɧɟ ɚɩɪɟɥɹ, ɜ ɝɨɪɚɯ – ɜ 
ɦɚɟ. ȼɟɫɧɚ ( ɚɩɪɟɥɶ – ɦɚɣ) – ɤɨɪɨɬɤɚɹ, ɹɫɧɚɹ, ɜɟɬɪɟɧɚɹ ɢ ɫɭɯɚɹ. ȼɟɬɪɚ ɧɚɞ Ɍɵɜɨɣ 
ɨɛɵɱɧɨ ɫɥɚɛɵɟ, ɨɫɨɛɟɧɧɨ ɡɢɦɨɣ. ȼɟɫɧɨɣ ɧɚɛɥɸɞɚɟɬɫɹ ɭɫɢɥɟɧɢɟ ɜɟɬɪɨɜɨɣ 
ɞɟɹɬɟɥɶɧɨɫɬɢ, ɦɚɤɫɢɦɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɱɚɫɬɨ ɩɪɟɜɵɲɚɟɬ 15ɦ/ɫ, ɞɨɫɬɢɝɚɹ 20-25 

ɦ/ɫ. 
 

1.1.2 Ƚɢɞɪɨɥɨɝɢɱɟɫɤɢɟ ɞɚɧɧɵɟ 

 

ɂɫɬɨɤ ɪɟɤɢ Ȼɢɣ-ɏɟɦ ɧɚɯɨɞɢɬɫɹ ɜ ɪɟɫɩɭɛɥɢɤɟ Ɍɵɜɚ. Ȼɢɣ-ɏɟɦ ɧɚ ɜɫёɦ 
ɫɜɨёɦ ɩɪɨɬɹɠɟɧɢɢ ɹɜɥɹɟɬɫɹ ɝɨɪɧɨɣ ɪɟɤɨɣ. Ɋɹɞ ɝɢɞɪɨɥɨɝɢɱɟɫɤɢɯ ɧɚɛɥɸɞɟɧɢɣ ɡɚ 
ɪɟɤɨɣ Ȼɢɣ-ɏɟɦ ɡɚ ɩɟɪɢɨɞ 1951-2000 ɝɝ. ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɩɪɢɥɨɠɟɧɢɢ Ⱥ, ɬɚɛɥɢɰɚ 
Ⱥ.1. 

 

1.1.3 ɂɧɠɟɧɟɪɧɨ – ɝɟɨɥɨɝɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ 

 

ɉɨ ɝɟɨɥɨɝɢɱɟɫɤɨɣ ɤɚɪɬɟ ɜɵɹɜɥɟɧɨ, ɱɬɨ ɜ ɪɚɣɨɧɟ ɫɬɜɨɪɚ Ȼɢɣ-ɏɟɦɫɤɨɣ Ƚɗɋ 
ɧɟɬ ɡɨɧ ɤɨɧɬɚɤɬɚ ɬɟɤɬɨɧɢɱɟɫɤɢɯ ɩɥɢɬ. 

ȼ ɨɫɧɨɜɚɧɢɢ ɪɟɤɢ Ȼɢɣ-ɏɟɦ – ɝɪɚɧɢɬ. 
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2 ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ 

 

2.1 ȼɵɛɨɪ ɪɚɫɱɟɬɧɨɝɨ ɦɚɥɨɜɨɞɧɨɝɨ ɢ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ 

 

Ɋɚɡɞɟɥɢɥɢ ɝɨɞ ɧɚ ɞɜɚ ɨɫɧɨɜɧɵɯ ɩɟɪɢɨɞɚ: ɩɨɥɨɜɨɞɶɟ (ɦɧɨɝɨɜɨɞɧɵɣ) ɢ 
ɦɟɠɟɧɶ (ɦɚɥɨɜɨɞɧɵɣ). Ʉ ɩɟɪɢɨɞɭ ɩɨɥɨɜɨɞɶɹ ɨɬɧɨɫɹɬɫɹ ɦɟɫɹɰɵ, ɜ ɤɨɬɨɪɵɯ 
ɪɚɫɯɨɞɵ ɛɨɥɶɲɟ ɢɥɢ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɫɪɟɞɧɟɝɨɞɨɜɨɦɭ ɪɚɫɯɨɞɭ. Ɉɫɬɚɥɶɧɵɟ 
ɦɟɫɹɰɵ ɫɨɫɬɚɜɢɥɢ ɦɟɠɟɧɶ.  

Ɉɛɟɫɩɟɱɟɧɧɨɫɬɶ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 ܲሺ݉ሻ = ௠௡+ଵ ∙ ͳͲͲ ሺ%ሻ,                                                                                 (2.1) 

 

ɝɞɟ   ܲሺ݉ሻ – ɨɛɟɫɩɟɱɟɧɧɨɫɬɶ ɜ %; 

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

Ɋɚɫɱёɬɧɵɟ ɡɧɚɱɟɧɢɹ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɞɥɹ ɜɵɛɨɪɚ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ 
ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɵɦ 90%, ɫɪɟɞɧɟɜɨɞɧɨɝɨ – 50%. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɢ Ⱥ, ɬɚɛɥɢɰɚ Ⱥ.2. 

ɗɦɩɢɪɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɞɥɹ ɫɪɟɞɧɢɯ ɪɚɫɯɨɞɨɜ ɡɚ ɝɨɞ, 
ɩɨɥɨɜɨɞɶɟ ɢ ɦɟɠɟɧɶ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 2.1. 

 
Ɋɢɫɭɧɨɤ 2.1 – ɗɦɩɢɪɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɞɥɹ ɫɪɟɞɧɢɯ ɪɚɫɯɨɞɨɜ ɡɚ 

ɝɨɞ, ɩɨɥɨɜɨɞɶɟ ɢ ɦɟɠɟɧɶ 

 

Ɍɚɤ ɤɚɤ 1957 (50%) ɢ 1989 (90%) ɜ ɩɪɢɜɟɞɟɧɢɢ ɧɟ ɧɭɠɞɚɸɬɫɹ, ɬɨ ɬɚɛɥɢɰɚ 

2.1 ɞɥɹ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɢ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ : 
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Ɍɚɛɥɢɰɚ 2.1 – Ɋɚɫɱɟɬɧɵɟ ɫɪɟɞɧɟɜɨɞɧɵɣ ɢ ɦɚɥɨɜɨɞɧɵɟ ɝɨɞɚ. 
P,% Ƚɨɞ I II III IV V VI VII VIII IX X XI XII 

50 1957 38 35 57 90 266 480 400 300 250 120 60 55 

90 1989 30 30 32 11 264 400 351 250 228 107 50 22 

 

ɉɨ ɬɚɛɥɢɰɟ 2.1 ɩɨɫɬɪɨɢɥɢ ɝɢɞɪɨɝɪɚɮ ɪɟɤɢ ɞɥɹ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɢ 
ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɨɜ (ɪɢɫɭɧɨɤ 2.2) 

 
Ɋɢɫɭɧɨɤ 2.2 – Ƚɢɞɪɨɝɪɚɮ ɪɟɤɢ Ȼɢɣ-ɏɟɦ ɞɥɹ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɢ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɨɜ 

 

2.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɪɚɫɯɨɞɚ 

 

ɋɨɝɥɚɫɧɨ ɋɉ  40.13330.2012, ɩɪɨɟɤɬɢɪɭɟɦɚɹ ɛɟɬɨɧɧɚɹ ɜɨɞɨɫɥɢɜɧɚɹ 
ɩɥɨɬɢɧɚ ɢɦɟɟɬ 1 ɤɥɚɫɫ. ɋɨɨɪɭɠɟɧɢɟ ɬɚɤɨɝɨ ɤɥɚɫɫɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɧɚ ɩɪɨɩɭɫɤ 
ɩɨɥɨɜɨɞɶɹ ɫ ɪɚɫɯɨɞɨɦ, ɩɪɟɜɵɲɟɧɢɟ ɤɨɬɨɪɨɝɨ ɫɨɫɬɚɜɥɹɟɬ 0,1%      (ɨɫɧɨɜɧɨɣ 
ɪɚɫɱɟɬɧɵɣ ɫɥɭɱɚɣ). Ɋɚɡɦɟɪɵ ɜɨɞɨɫɥɢɜɧɵɯ ɨɬɜɟɪɫɬɢɣ ɢ ɢɯ ɱɢɫɥɨ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɩɨ ɞɚɧɧɵɦ ɩɨɜɟɪɨɱɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɫɥɭɱɚɹ ( ɩɪɨɩɭɫɤ ɩɨɥɨɜɨɞɶɹ ɫ ɪɚɫɯɨɞɨɦ, 
ɟɠɟɝɨɞɧɨɟ ɩɪɟɜɵɲɟɧɢɟ ɤɨɬɨɪɨɝɨ ɫɨɫɬɚɜɥɹɟɬ 0,01%). 

 

Ʉɨɷɮɮɢɰɢɟɧɬ ɜɚɪɢɚɰɢɢ ɧɚɯɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ : 
௩ܥ  = √∑ሺ௞−ଵሻమ௡                                                                                             (2.2) 

 

ɝɞɟ k – ɦɨɞɭɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹɟɬɫɹ : 
 ݇ = ொ೙ொɫɪ

                                                                                              (2.3) 

 

Ʉɨɷɮɮɢɰɢɟɧɬ ɚɫɢɦɦɟɬɪɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ : 
௦ܥ  = ∑ሺ௞−ଵሻయ஼ೡయ∙௡                                                                                        (2.4) 
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Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.2. 
 

Ɍɚɛɥɢɰɚ 2.2 – ȼɵɱɢɫɥɟɧɢɟ ɪɚɫɯɨɞɨɜ, ɡɚɞɚɧɧɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɫɪɟɞɧɢɯ 
ɝɨɞɨɜɵɯ ɪɚɫɯɨɞɨɜ ɜɨɞɵ 

P,% 0,01 0,1 0,5 1 

Ɏ 4,61 3,66 2,95 2,61 

Ms 1,23 0,98 0,79 0,70 

Ks 2,23 1,98 1,79 1,70 

Qs 1295 1148 1038 986 

 

2.3 ɉɨɫɬɪɨɟɧɢɟ ɫɭɬɨɱɧɵɯ ɝɪɚɮɢɤɨɜ ɧɚɝɪɭɡɤɢ ɢ ɢɧɬɟɝɪɚɥɶɧɚɹ ɤɪɢɜɚɹ 
ɧɚɝɪɭɡɤɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ 

 

ɂɫɩɨɥɶɡɭɹ ɩɥɚɧ ɝɟɧɟɪɚɰɢɢ ɢ ɩɨɬɪɟɛɥɟɧɢɹ, ɫ ɫɚɣɬɚ ɫɢɫɬɟɦɧɨɝɨ ɨɩɟɪɚɬɨɪɚ 
ɟɞɢɧɨɣ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ, ɩɨɥɭɱɢɥɢ ɫɭɬɨɱɧɵɣ ɝɪɚɮɢɤ ɧɚɝɪɭɡɤɢ ɞɥɹ 
ɥɟɬɧɟɝɨ ɢ ɡɢɦɧɟɝɨ ɩɟɪɢɨɞɨɜ. 

ɂɫɩɨɥɶɡɭɹ ɫɭɬɨɱɧɵɟ ɦɨɳɧɨɫɬɢ ɩɨɫɬɪɨɢɥɢ ɢɧɬɟɝɪɚɥɶɧɭɸ ɤɪɢɜɭɸ 
ɧɚɝɪɭɡɤɢ (ɂɄɇ) ɩɨ ɞɚɧɧɵɦ ɬɚɛɥɢɰ 2.3 ɢ 2.4. 

 

Ɍɚɛɥɢɰɚ 2.3 – Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɂɄɇ ɡɢɦɧɢɯ ɫɭɬɨɤ 
Ɋɪɚɧ, Ɇȼɬ ∆Ɋ,Ɇȼɬ ∆t, ɱ ∆ɗ, ɦɥɧ 

ɤȼɬ∙ɱ 

∆Ɋɫɭɦ, Ɇȼɬ ∆ɗ, ɦɥɧ 
ɤȼɬ∙ɱ 

8738 26 1 0,026 26 0,026 

8712 60 2 0,120 86 0,146 

8652 77 3 0,231 163 0,377 

8575 41 4 0,164 204 0,541 

8534 15 5 0,075 219 0,616 

8519 1 6 0,006 220 0,622 

8518 77 7 0,539 297 1,161 

8441 11 8 0,088 308 1,249 

8430 14 9 0,126 322 1,375 

8416 25 10 0,250 347 1,625 

8391 29 11 0,319 376 1,944 

8362 1 12 0,012 377 1,956 

8361 2 13 0,026 379 1,982 

8359 131 14 1,834 510 3,816 

8228 156 15 2,340 666 6,156 

8072 65 16 1,040 731 7,196 

8007 147 17 2,499 878 9,695 

7860 145 18 2,610 1023 12,305 

7715 106 19 2,014 1129 14,319 

7609 76 20 1,520 1205 15,839 

7533 55 21 1,155 1260 16,994 

7478 17 22 0,374 1277 17,368 

7461 52 23 1,196 1329 18,564 

7409 7213 24 173,103 8542 191,667 
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Ɍɚɛɥɢɰɚ 2.4 – Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɂɄɇ ɥɟɬɧɢɯ ɫɭɬɨɤ            
Ɋɪɚɧ, Ɇȼɬ ∆Ɋ, Ɇȼɬ ∆t, ɱ ∆ɗ, ɦɥɧ 

ɤȼɬ∙ɱ 

∆Ɋɫɭɦ, Ɇȼɬ ∆ɗ, ɦɥɧ 
ɤȼɬ∙ɱ 

6143 2 1 0,002 2 0,002 

6141 3 2 0,006 5 0,008 

6138 16 3 0,048 21 0,056 

6122 3 4 0,012 24 0,068 

6119 7 5 0,035 31 0,103 

6112 11 6 0,066 42 0,169 

6101 8 7 0,056 50 0,225 

6093 0 8 0,000 50 0,225 

6093 21 9 0,189 71 0,414 

6072 12 10 0,120 83 0,534 

6060 23 11 0,253 106 0,787 

6037 31 12 0,372 137 1,159 

6006 17 13 0,221 154 1,380 

5989 59 14 0,826 213 2,206 

5930 166 15 2,490 379 4,696 

5764 85 16 1,360 464 6,056 

5679 186 17 3,162 650 9,218 

5493 39 18 0,702 689 9,920 

5454 110 19 2,090 799 12,010 

5344 72 20 1,440 871 13,450 

5272 15 21 0,315 886 13,765 

5257 47 22 1,034 933 14,799 

5210 37 23 0,851 970 15,650 

5173 5033 24 120,797 6003 136,447 

 

ɂɧɬɟɝɪɚɥɶɧɵɟ ɤɪɢɜɵɟ ɧɚɝɪɭɡɤɢ ɞɥɹ ɡɢɦɧɟɝɨ ɢ ɥɟɬɧɟɝɨ ɩɟɪɢɨɞɚ 
(ɉɪɢɥɨɠɟɧɢɟ Ⱥ, ɪɢɫɭɧɨɤ Ⱥ.1, Ⱥ.2). 
 

2.4 ɉɨɫɬɪɨɟɧɢɟ ɝɨɞɨɜɵɯ ɝɪɚɮɢɤɨɜ ɦɚɤɫɢɦɚɥɶɧɵɯ ɢ ɫɪɟɞɧɟɦɟɫɹɱɧɵɯ 
ɧɚɝɪɭɡɨɤ ɷɧɟɪɝɨɫɢɫɬɟɦɵ 

        

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 ௧ܲ௠𝑎௫ = ܽ + ܾ · cos ሺ͵Ͳ° · ݐ − ͳͷ°ሻ                                                              (2.5) 

 

ɝɞɟ t – ɧɨɦɟɪ ɦɟɫɹɰɚ ɜ ɝɨɞɭ ɩɨ ɩɨɪɹɞɤɭ; 

      a,b – ɤɨɷɮɮɢɰɢɟɧɬɵ ɨɩɪɟɞɟɥɹɟɦɵɟ ɩɨ ɮɨɪɦɭɥɚɦ 2.6 ɢ 2.7 

 ܽ = ௉ɡɢɦ
೘𝑎ೣ+௉ɥɟɬ

೘𝑎ೣଶ                                                                                    (2.6) 

 ܾ = ௉ɡɢɦ
೘𝑎ೣ−௉ɥɟɬ

೘𝑎ೣଶ                                                                                 (2.7) 
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ɝɞɟ ܲ́ ˋ௠ˏ𝑎௫ – ɦɚɤɫɢɦɚɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɜ ɡɢɦɧɢɣ ɩɟɪɢɨɞ; 

     ܲˎ ˈ௠̞𝑎௫ – ɦɚɤɫɢɦɚɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɜ ɥɟɬɧɢɣ ɩɟɪɢɨɞ; 

       
ɋɪɟɞɧɟɦɟɫɹɱɧɵɟ ɧɚɝɪɭɡɤɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɪɚɫɫɱɢɬɵɜɚɟɦ ɚɧɚɥɨɝɢɱɧɵɦ 

ɫɩɨɫɨɛɨɦ. 
Ɋɚɫɱɟɬ ɝɪɚɮɢɤɨɜ ɦɚɤɫɢɦɚɥɶɧɵɯ ɢ ɫɪɟɞɧɟɦɟɫɹɱɧɵɯ ɧɚɝɪɭɡɨɤ 

ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɚɯ 2.5 ɢ 2.6 

 

Ɍɚɛɥɢɰɚ 2.5 – Ɋɚɫɱɟɬɧɚɹ ɬɚɛɥɢɰɚ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɝɪɚɮɢɤɚ ɦɚɤɫɢɦɚɥɶɧɵɯ 
ɝɨɞɨɜɵɯ ɧɚɝɪɭɡɨɤ 

t COS(30*t-15) a b Pmax, Ɇȼɬ 

1 -0,7597 

7607 1086 

8693 

2 0,5253 8358 

3 0,9218 7777 

4 -0,2410 7105 

5 -0,9961 6524 

6 -0,0663 6187 

7 0,9756 6186 

8 0,3673 6521 

9 -0,8623 7101 

10 -0,6333 7773 

11 0,6669 8355 

12 0,8391 8692 

 

Ɍɚɛɥɢɰɚ 2.6 – Ɋɚɫɱɟɬɧɚɹ ɬɚɛɥɢɰɚ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɝɪɚɮɢɤɚ ɫɪɟɞɧɟɝɨɞɨɜɵɯ 
ɧɚɝɪɭɡɨɤ 

t COS(30*t-15) a b Pmax, Ɇȼɬ 

1 -0,7597 

7156 987 

8142 

2 0,5253 7837 

3 0,9218 7309 

4 -0,2410 6700 

5 -0,9961 6171 

6 -0,0663 5866 

7 0,9756 5865 

8 0,3673 6169 

9 -0,8623 6696 

10 -0,6333 7306 

11 0,6669 7834 

12 0,8391 8141 

 

Ƚɪɚɮɢɤ ɫɪɟɞɧɢɯ ɢ ɦɚɤɫɢɦɚɥɶɧɵɯ ɧɚɝɪɭɡɨɤ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.3 
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Ɋɢɫɭɧɨɤ 2.3 – Ƚɪɚɮɢɤɢ ɫɪɟɞɧɢɯ ɢ ɦɚɤɫɢɦɚɥɶɧɵɯ ɧɚɝɪɭɡɨɤ 

 

2.5 Ɋɚɫɱɟɬ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ Ƚɗɋ ɛɟɡ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫ ɭɱɟɬɨɦ 
ɬɪɟɛɨɜɚɧɢɣ ɜɨɞɨɯɨɡɹɣɫɬɜɟɧɧɨɣ ɫɢɫɬɟɦɵ 

 

Ⱦɥɹ ɜɵɛɪɚɧɧɨɝɨ ɝɨɞɚ ɜɵɱɢɫɥɹɟɦ ɡɧɚɱɟɧɢɟ ɦɨɳɧɨɫɬɢ ɧɚ ɩɨɥɟɡɧɨɦ 
ɛɵɬɨɜɨɦ ɪɚɫɯɨɞɟ ɞɥɹ ɤɚɠɞɨɝɨ ɦɟɫɹɰɚ ɩɨ ɮɨɪɦɭɥɟ : 

 NȽɗɋ ɛɵɬ = k୒ ∙ Qɩɨɥɟɡ ∙ H,                                                                             (2.8) 

 

ɝɞɟ  ݇ே – ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ, ݇ே = ͺ,͸͸; 

 ;ɩɨɞɜɟɞɟɧɧɵɣ ɧɚɩɨɪ -ܪ       
       Qɩɨɥɟɡ – ɩɨɥɟɡɧɵɣ ɛɵɬɨɜɨɣ ɪɚɫɯɨɞ. 

 

ɇɚɩɨɪ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ : 

 H = ZȼȻ − ZɇȻ − ∆h,                                                                                    (2.9) 

 

ɝɞɟ  ܼʑʐ – ɨɬɦɟɬɤɚ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ, ɪɚɜɧɚɹ ɨɬɦɟɬɤɟ ɇɉɍ, ɦ; 

       ܼʜʐ – ɨɬɦɟɬɤɚ ɧɢɠɧɟɝɨ ɛɶɟɮɚ, ɪɚɜɧɚɹ ɫɪɟɞɧɟɦɟɫɹɱɧɵɦ ɛɵɬɨɜɵɦ ɪɚɫɯɨɞɚɦ, 
ɨɩɪɟɞɟɥɟɧɧɵɦ ɩɨ ɤɪɢɜɨɣ ɫɜɹɡɢ; 

       ∆ℎ - ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɜɨɞɨɩɨɞɜɨɞɹɳɢɯ ɫɨɨɪɭɠɟɧɢɹɯ. 
ȼɫɟ ɪɚɫɱɟɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.7. 
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Ɍɚɛɥɢɰɚ 2.7 – Ɋɚɫɱɟɬ ɪɟɠɢɦɚ ɪɚɛɨɬɵ Ƚɗɋ ɩɨ ɛɵɬɨɜɨɦɭ ɪɚɫɯɨɞɭ 
Ɇɟɫɹɰ Qɛɵɬ,ɦ3/ɫ Qɩɨɥ, ɦ3/c Zɜɛ,ɦ Zɧɛ,ɦ ɇ,ɦ Nɝɷɫ, Ɇȼɬ 

ɹɧɜɚɪɶ 30 14 697 647 49 6 

ɮɟɜɪɚɥɶ 30 14 697 647 49 6 

ɦɚɪɬ 32 16 697 647 49 7 

ɚɩɪɟɥɶ 11 24 697 648 49 10 

ɦɚɣ 264 288 697 651 46 114 

ɢɸɧɶ 400 394 697 652 45 153 

ɢɸɥɶ 351 341 697 651 45 134 

ɚɜɝɭɫɬ 250 240 697 651 46 96 

ɫɟɧɬɹɛɪɶ 228 222 697 650 46 89 

ɨɤɬɹɛɪɶ 107 101 697 649 48 42 

ɧɨɹɛɪɶ 50 34 697 648 49 15 

ɞɟɤɚɛɪɶ 22 6 697 647 49 3 

 

Ɍɚɤɠɟ ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɫɱɢɬɚɬɶ ɦɨɳɧɨɫɬɶ ɫɬɚɧɰɢɢ ɫ ɭɱɟɬɨɦ ȼɏɄ : 

 NȽɗɋ ɛɵɬ = k୒ ∙ QȼɏɄ ∙ H,                                                                            (2.10) 

 

ɝɞɟ ܳʑʤʙ – ɪɚɫɯɨɞ ɜɨɞɵ ɩɨ ɬɪɟɛɨɜɚɧɢɹɦ ɭɱɚɫɬɧɢɤɨɜ ɜɨɞɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ 
ɤɨɦɩɥɟɤɫɚ (ȼɏɄ), ˏଷ/˔ 

Ɋɚɫɱɟɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.8. 
 

Ɍɚɛɥɢɰɚ 2.8 – Ɋɚɫɱɟɬ ɪɟɠɢɦɚ ɪɚɛɨɬɵ Ƚɗɋ ɩɨ ȼɏɄ 
Ɇɟɫɹɰ Qɛɵɬ,ɦ3/ɫ Qɜɯɤ, ɦ3/c Zɜɛ,ɦ Zɧɛ,ɦ ɇ,ɦ Nɝɷɫ, Ɇȼɬ 

ɹɧɜɚɪɶ 30 60 697 648 48 25 

ɮɟɜɪɚɥɶ 30 60 697 648 48 25 

ɦɚɪɬ 32 60 697 648 48 25 

ɚɩɪɟɥɶ 11 120 697 649 47 49 

ɦɚɣ 264 120 697 649 47 49 

ɢɸɧɶ 400 120 697 649 47 49 

ɢɸɥɶ 351 120 697 649 47 49 

ɚɜɝɭɫɬ 250 120 697 649 47 49 

ɫɟɧɬɹɛɪɶ 228 120 697 649 47 49 

ɨɤɬɹɛɪɶ 107 120 697 649 47 49 

ɧɨɹɛɪɶ 50 60 697 648 48 25 

ɞɟɤɚɛɪɶ 22 60 697 648 48 25 

 

ɋɪɚɜɧɟɧɢɟ ɷɬɢɯ ɞɜɭɯ ɪɟɠɢɦɨɜ ɫɜɟɞɟɧɨ ɜ ɬɚɛɥɢɰɭ 2.9. 
 

Ɍɚɛɥɢɰɚ 2.9 – ɋɪɚɜɧɟɧɢɟ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɩɨ ɛɵɬɨɜɨɦɭ ɪɚɫɯɨɞɭ ɢ ȼɏɄ 
Ɇɟɫɹɰ I II III IV V VI VII VIII IX X XI XII 

Nɪɚɡɧ -19 -19 -18 -39 65 104 84 46 40 -7 -11 -22 

 

ɂɡ ɬɚɛɥɢɰɵ ɞɟɥɚɟɦ ɜɵɜɨɞ, ɱɬɨ ɫɪɚɛɨɬɤɚ ɧɚɱɢɧɚɟɬɫɹ ɫ ɨɤɬɹɛɪɹ. 
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ɋɥɟɞɭɸɳɢɦ ɲɚɝɨɦ ɨɬɨɛɪɚɡɢɦ ɪɚɛɨɬɭ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɬɚɧɰɢɢ ɧɚ ɝɪɚɮɢɤɟ 
ɛɚɥɚɧɫɚ ɷɧɟɪɝɢɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ. Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɵ ɫɜɟɞɟɧɢɹ ɨ 
ɫɪɟɞɧɟɦɟɫɹɱɧɨɣ ɜɵɪɚɛɨɬɤɟ ɫɭɳɟɫɬɜɭɸɳɢɯ Ƚɗɋ, ɤɨɬɨɪɵɟ ɛɟɪɭɬɫɹ ɫ ɫɚɣɬɚ 
ɊɭɫȽɢɞɪɨ. Ȼɚɥɚɧɫ ɷɧɟɪɝɢɢ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.4. 

 

 
Ɋɢɫɭɧɨɤ 2.4 – Ȼɚɥɚɧɫ ɷɧɟɪɝɢɢ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ 
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2.6 ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ ɪɟɠɢɦɚ ɪɚɛɨɬɵ Ƚɗɋ 

 

Ɉɫɧɨɜɧɨɣ ɡɚɞɚɱɟɣ ɞɚɧɧɨɝɨ ɪɚɫɱɟɬɚ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ 
ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɦɨɳɧɨɫɬɢ ɞɥɹ ɤɚɠɞɨɝɨ ɦɟɫɹɰɚ, ɦɢɧɢɦɚɥɶɧɨɝɨ ɭɪɨɜɧɹ 
ɫɪɚɛɨɬɤɢ ɜɨɞɨɯɪɚɧɢɥɢɳɚ (ɨɬɦɟɬɤɚ ɍɆɈ), ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɟɣ ɜɵɪɚɛɨɬɤɢ, 
ɨɩɪɟɞɟɥɟɧɢɟ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɫɬɚɧɰɢɢ. 

Ɋɚɫɱɟɬ ɧɚɱɢɧɚɥɫɹ ɫ ɦɨɦɟɧɬɚ ɡɚɩɨɥɧɟɧɧɨɝɨ ɜɨɞɨɯɪɚɧɢɥɢɳɚ, ɬɨ ɟɫɬɶ ɫ 
ɨɬɦɟɬɤɢ ɇɉɍ = 697 ɦ. 

ɋɪɚɛɨɬɤɚ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɞɜɭɦɹ ɫɩɨɫɨɛɚɦɢ: 

Ɋɚɛɨɬɚ Ƚɗɋ ɫ ɦɨɳɧɨɫɬɹɦɢ, ɪɚɜɧɵɦɢ ɦɨɳɧɨɫɬɹɦ, ɩɪɢɧɹɬɵɦ ɜ 
ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ. 

Ɋɚɛɨɬɚ Ƚɗɋ ɩɨ ɪɟɠɢɦɭ ɭɪɨɜɧɹ ɜ ɪɚɫɱɟɬɧɨɦ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ. 
Ɂɚ ɢɬɨɝɨɜɵɣ ɜɚɪɢɚɧɬ ɩɪɢɧɢɦɚɟɬɫɹ ɫɩɨɫɨɛ ɜ ɤɨɬɨɪɨɦ ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɹɹ 

ɜɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɛɨɥɶɲɟ. ɋɪɚɛɨɬɤɚ ɡɚ ɦɚɥɨɜɨɞɧɵɣ ɢ ɫɪɟɞɧɟɜɨɞɧɵɟ 
ɝɨɞɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɩɪɢɥɨɠɟɧɢɢ. ( ɩɪɢɥɨɠɟɧɢɟ Ⱥ, ɬɚɛɥɢɰɚ Ⱥ3,Ⱥ4). 

Ƚɪɚɮɢɤ ɫɪɚɛɨɬɤɢ – ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 
2.5. 

 

 
Ɋɢɫɭɧɨɤ 2.5 – Ƚɪɚɮɢɤ ɫɪɚɛɨɬɤɢ – ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ 

 

2.7 Ɉɩɪɟɞɟɥɟɧɢɟ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ Ƚɗɋ ɢ ɩɥɚɧɢɪɨɜɚɧɢɟ 
ɤɚɩɢɬɚɥɶɧɵɯ ɪɟɦɨɧɬɨɜ 

 

Ⱦɥɹ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɋɢɛɢɪɢ ɧɚɝɪɭɡɨɱɧɵɣ ɪɟɡɟɪɜ ɫɨɫɬɚɜɥɹɟɬ 1,2%, 
ɚɜɚɪɢɣɧɵɣ 7%. ɋ ɭɱɟɬɨɦ ɷɬɨɝɨ ɪɚɫɫɱɢɬɚɥɢ ɭɫɬɚɧɨɜɥɟɧɧɭɸ ɦɨɳɧɨɫɬɶ 
ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ȼɢɣ-ɏɟɦɫɤɨɣ Ƚɗɋ: 

 Nɭɫɬ.Ƚɗɋ = Nɜɵɬ.ɪɚɛ.Ƚɗɋ + Nɪɟɡ
Ƚɗɋ = ͷͶͲ Ɇȼɬ                                                         (2.11) 
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ɍɫɬɚɧɨɜɥɟɧɧɭɸ ɦɨɳɧɨɫɬɶ Ɍɗɋ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 Nɭɫɬ
Ɍɗɋ = Nɪɚɛ

Ɍɗɋ+Nɚɜ.ɪɟɡ.Ɍɗɋ +Nɧɚɝɪ.ɪɟɡ
Ɍɗɋ  ,                                                                (2.12) 

 

ɉɥɚɧɢɪɨɜɚɧɢɟ ɤɚɩɢɬɚɥɶɧɨɝɨ ɪɟɦɨɧɬɚ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɨɢɡɜɨɞɢɬɫɹ ɧɚ 
ɨɫɧɨɜɟ ɨɫɨɛɟɧɧɨɫɬɟɣ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. Ɋɟɦɨɧɬ ɨɛɨɪɭɞɨɜɚɧɢɹ 
ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɬɟ ɦɟɫɹɰɵ, ɤɨɝɞɚ ɧɚ Ƚɗɋ ɢɦɟɟɬɫɹ ɫɜɨɛɨɞɧɚɹ ɦɨɳɧɨɫɬɶ. ȼ 
Ɋɨɫɫɢɢ ɷɬɨ ɤɨɧɟɰ ɥɟɬɚ ɢ ɨɫɟɧɶ. ɋɨɝɥɚɫɧɨ ɫɬɚɧɞɚɪɬɭ ɊɭɫȽɢɞɪɨ ɱɚɫɬɨɬɚ 
ɩɪɨɜɟɞɟɧɢɹ ɪɟɦɨɧɬɚ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ 1ɪɚɡ ɜ 6 ɥɟɬ. 

  

Ɋɟɦɨɧɬɧɚɹ ɩɥɨɳɚɞɶ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ: 

 Fɪɟɦ
ɩɪ.Ƚɗɋ = ଵ·୒ɭɫɬ

ɩɪ.Ƚɗɋ଺ · ͳɦɟɫ = ହସ଴଺ = ͻͲ Ɇȼɬ · ɦɟɫ/ɝɨɞ                                (2.13) 

 

Ȼɚɥɚɧɫ ɦɨɳɧɨɫɬɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɋɢɛɢɪɢ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.6. 
 

 
Ɋɢɫɭɧɨɤ 2.6 – Ȼɚɥɚɧɫ ɦɨɳɧɨɫɬɟɣ ɷɧɟɪɝɨɫɢɫɬɟɦɵ 
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2.8 ɉɨɫɬɪɨɟɧɢɟ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ 

 

Ɋɟɠɢɦɧɨɟ ɩɨɥɟ – ɨɛɥɚɫɬɶ ɞɨɩɭɫɬɢɦɵɯ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɩɪɨɟɤɬɢɪɭɟɦɨɣ 
Ƚɗɋ. ȼɟɪɯɧɟɣ ɝɪɚɧɢɰɟɣ ɤɨɬɨɪɨɝɨ ɹɜɥɹɟɬɫɹ ɧɚɩɨɪɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɪɢ ɪɚɛɨɬɟ 
ɫɬɚɧɰɢɢ ɫ ɜɨɞɨɯɪɚɧɢɥɢɳɟɦ, ɧɚɩɨɥɧɟɧɧɵɦ ɞɨ ɨɬɦɟɬɤɢ ɇɉɍ. ɇɢɠɧɟɣ ɝɪɚɧɢɰɟɣ 
– ɩɪɢ ɫɪɚɛɨɬɚɧɧɨɦ ɜɨɞɨɯɪɚɧɢɥɢɳɟ ɞɨ ɨɬɦɟɬɤɢ ɍɆɈ. ɉɨɫɬɪɨɟɧɢɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜɵɩɨɥɧɹɟɬɫɹ ɢɡ ɪɚɫɱɟɬɚ ɫɥɟɞɭɸɳɢɯ ɮɨɪɦɭɥ : 

 

ɇȽɗɋሺQȽɗɋሻ = ∇ȼȻ − ZɇȻሺQɇȻሻ − ∆h ,                                                     (2.14) 

 

ɝɞɟ ∇ʑʐ − ˑ˕ˏˈ˕ˍ˃ ˖˓ˑ˅ːˢ ˅ˑˇ˞ ˅ ˅ˈ˓˘ːˈˏ ˄˟ˈ˗ˈ; 
       ZʜʐሺQʜʐሻ − ˑ˕ˏˈ˕ˍ˃ ˖˓ˑ˅ːˢ ˅ˑˇ˞ ˅ ːˋˉːˈˏ ˄˟ˈ˗ˈ ;  
       ∆ℎ − ˒ˑ˕ˈ˓ˋ ː˃˒ˑ˓˃ ˅ ˅ˑˇˑ˒ˑˇ˅ˑˇˢ˜ˋ˘ ˔ˑˑ˓˖ˉˈːˋˢ˘.  

 

Ɉɝɪɚɧɢɱɟɧɢɟɦ ɫɥɟɜɚ ɧɚ ɪɟɠɢɦɧɨɦ ɩɨɥɟ ɹɜɥɹɟɬɫɹ ɦɢɧɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ 
ɜɨɞɵ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɡɚɞɚɧɧɵɦ ɨɝɪɚɧɢɱɟɧɢɟɦ ɩɨ ɭɫɥɨɜɢɹɦ ɫɚɧɢɬɚɪɧɨɝɨ 
ɩɨɩɭɫɤɚ: 

 Q୫୧୬ = Ͷͷ  ɦଷ
ɫ⁄   

 

Ɏɨɪɦɭɥɚ ɞɥɹ ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɪɚɫɱɟɬɧɨɣ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ 
ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ : 

 QʒЭʠ = ୒˖˔˕୩N∙ୌʒЭʠ,                                                                                  (2.15) 

 

ɝɞɟ N˖˔˕ − ˖˔˕˃ːˑ˅ˎˈːː˃ˢ ˏˑ˜ːˑ˔˕˟ ʐˋˌ − ʤˈˏ˔ˍˑˌ ʒЭʠ; 
       k୒ − ˍˑˠ˗˗ˋ˙ˋˈː˕ ˏˑ˜ːˑ˔˕ˋ;  
       HʒЭʠ − ː˃˒ˑ˓ ː˃ ˔˕˃ː˙ˋˋ.  

 

Ɏɨɪɦɭɥɚ ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ Ƚɗɋ: 

 QȽɗɋ = QȽɗɋ
୫ୟ୶ ∙ √ୌȽɗɋୌp ,                                                                                 (2.16) 

 

ɝɞɟ QʒЭʠ୫ୟ୶ − ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɱɟɪɟɡ Ƚɗɋ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɜ ɬɨɱɤɟ 
ɩɟɪɟɫɟɱɟɧɢɹ ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɫ ɥɢɧɢɟɣ 
ɪɚɫɱɟɬɧɨɝɨ ɧɚɩɨɪɚ 

       H୮ − ɪɚɫɱɟɬɧɵɣ ɧɚɩɨɪ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɜ ɬɨɱɤɟ ɩɟɪɟɫɟɱɟɧɢɹ ɥɢɧɢɢ 
ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɫ ɥɢɧɢɟɣ ɪɚɫɱɟɬɧɨɝɨ ɧɚɩɨɪɚ. 

 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɧɨɝɨ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.10 ɢ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 2.7. 
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Ɍɚɛɥɢɰɚ 2.10 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ 
ɤɪɢɜɵɟ ɫɜɹɡɢ ɇȻ 

ɞɥɹ ɥɟɬɧɢɯ ɢ 
ɡɢɦɧɢɯ ɭɫɥɨɜɢɣ 

ɧɚɩɨɪɧɵɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɥɢɧɢɹ ɨɝɪ. ɩɨ 
ɪɚɫɱɟɬɧɨɣ 

Nɭɫɬ 

ɥɢɧɢɢ ɨɝɪ. ɩɨ 
ɩɪɨɩ. 

ɫɩɨɫɨɛɧ.Ƚɗɋ 

ɥɢɧɢɹ ɨɝɪ. ɩɨ 
Qɫɚɧ.ɩɨɩɭɫɤ 

QɇȻ 
ZɇȻ, 

ɥɟɬɨ 

ZɇȻ, 

ɡɢɦa 
ɇɇɉɍ ɇɍɆɈ ɇZȼȻ1(ɪ) ɇ Q ɇ Q H Q 

0  647,0 49,3 44,4 46,4 45,0 1308,7 42,0 1574,1 100 45 

20  647,5 48,8 43,9 45,9 44,0 1338,4 41,0 1555,2 0 45 

45  648,0 48,3 43,4 45,4 43,0 1369,6 40,0 1536,2   

75  648,5 47,8 42,9 44,9 42,0 1402,2 39,0 1516,8   

105  649,0 47,3 42,4 44,4 41,0 1436,4 38,0 1497,3   

140  649,5 46,8 41,9 43,9 40,0 1472,3 37,0 1477,4   

180  650,0 46,3 41,4 43,4 39,0 1510,0 36,0 1457,3   

230  650,5 45,8 40,9 42,9 38,0 1549,8 35,0 1437,0   

290  651,0 45,3 40,4 42,4 37,0 1591,7 34,0 1416,3   

360  651,5 44,8 39,9 41,9 36,0 1635,9 33,0 1395,3   

 

 
Ɋɢɫɭɧɨɤ 2.7 – Ɋɟɠɢɦɧɨɟ ɩɨɥɟ Ȼɢɣ-ɏɟɦɫɤɨɣ Ƚɗɋ 

 

ɂɡ ɩɨɫɬɪɨɟɧɧɨɝɨ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ ɨɩɪɟɞɟɥɹɟɦ : 
-ɦɚɤɫɢɦɚɥɶɧɵɣ ɧɚɩɨɪ (Hmax = 47,2 ɦ) 
-ɪɚɫɱɟɬɧɵɣ ɧɚɩɨɪ (ɇɪ = 40,4 ɦ) 
-ɦɢɧɢɦɚɥɶɧɵɣ ɧɚɩɨɪ (ɇmin = 38,6 ɦ) 
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3 Ɉɫɧɨɜɧɨɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ 

 

3.1 ȼɵɛɨɪ ɝɢɞɪɨɬɭɪɛɢɧɵ 

 

ɇɟɨɛɯɨɞɢɦɨ ɜɵɛɪɚɬɶ ɫɢɫɬɟɦɭ ɢ ɬɢɩ ɬɭɪɛɢɧɵ, ɧɨɦɢɧɚɥɶɧɵɣ ɞɢɚɦɟɬɪ 
ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ D1 ɢ ɱɚɫɬɨɬɭ ɜɪɚɳɟɧɢɹ n ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɩɪɢ 
ɧɚɢɦɟɧɶɲɢɯ ɪɚɡɦɟɪɚɯ ɬɭɪɛɢɧɵ ɢ ɝɟɧɟɪɚɬɨɪɚ, ɩɪɢ ɧɚɢɛɨɥɶɲɟɣ ɜɵɫɨɬɟ 
ɨɬɫɚɫɵɜɚɧɢɹ ɢ ɩɪɢ ɜɨɡɦɨɠɧɨɫɬɢ ɛɨɥɶɲɢɯ ɡɧɚɱɟɧɢɣ ɄɉȾ ɨɛɟɫɩɟɱɢɬɶ ɩɨɥɭɱɟɧɢɟ 
ɡɚɞɚɧɧɨɣ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ.  

ȼɵɛɨɪ ɬɭɪɛɢɧɵ ɩɪɨɢɡɜɨɞɢɥɫɹ ɩɨ ɭɧɢɜɟɪɫɚɥɶɧɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ (ɍɏ), 
ɤɨɬɨɪɵɟ ɩɨɥɭɱɟɧɵ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɩɵɬɚɧɢɣ ɦɨɞɟɥɟɣ. 

ɂɫɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ ɩɪɢ ɜɵɛɨɪɟ ɬɭɪɛɢɧɵ ɹɜɥɹɸɬɫɹ: 
 

- ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ Ƚɗɋ Nɭɫɬ=540000 ɤȼɬ; 
- ɪɚɫɱɟɬɧɵɣ ɩɨ ɦɨɳɧɨɫɬɢ ɧɚɩɨɪ Hɪ=40,4 ɦ; 
- ɦɚɤɫɢɦɚɥɶɧɵɣ ɧɚɩɨɪ Hmax=47,2 ɦ; 
-ɦɢɧɢɦɚɥɶɧɵɣ ɧɚɩɨɪ Hmin=38,6 ɦ; 

 

3.1.1 ȼɵɛɨɪ ɫɢɫɬɟɦɵ ɢ ɬɢɩɚ ɝɢɞɪɨɬɭɪɛɢɧɵ  
 

ȼɵɛɨɪ ɫɢɫɬɟɦɵ ɢ ɬɢɩɚ ɝɢɞɪɨɬɭɪɛɢɧɵ ɩɪɨɢɡɜɨɞɢɥɢ ɩɨ ɦɚɤɫɢɦɚɥɶɧɨɦɭ 
ɧɚɩɨɪɭ. ɉɪɢ ɞɚɧɧɨɦ ɦɚɤɫɢɦɚɥɶɧɨɦ ɧɚɩɨɪɟ Hmax= 47,2 ɦ. ɩɨɞɨɲɥɢ ɫɥɟɞɭɸɳɢɟ 
ɬɢɩɵ: 

 - ɉɅ50-ȼ 

 - ɉɅȾ50-ȼ60ɨ 

ɋɨɫɬɚɜɢɥɢ ɬɚɛɥɢɰɭ 3.1 ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɟɥɟɣ ɞɚɧɧɵɯ ɝɢɞɪɨɬɭɪɛɢɧ: 
 

Ɍɚɛɥɢɰɚ 3.1 – Ɉɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɦɨɞɟɥɟɣ ɝɢɞɪɨɬɭɪɛɢɧ 

Ɍɢɩ ɉɅ50-ȼ ɉɅȾ50-ȼ60ɨ 

Hɩɪɟɞ, ɦ 50 50 

Hmin/Hmax 0,5 0,5 

nI
'
opt, ɨɛ/ɦɢɧ 116 113 

QI
'
opt, ɥ/ɫ 1000 1100 

ɦ opt 0,916 0,910 

QI max, ɥ/ɫ 1520 1700 

 (QI
'
max) 0,6 0,65 

D1ɦɨɞ, ɦ 0,46 0,35 

ɇɦɨɞ, ɦ 12 5 

tɦɨɞ,  
0ɋ 21 16 
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3.1.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɧɨɦɢɧɚɥɶɧɨɝɨ ɞɢɚɦɟɬɪɚ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ 

 

Ɂɚɞɚɥɢɫɶ ɪɹɞɨɦ ɫɬɚɧɞɚɪɬɧɵɯ ɞɢɚɦɟɬɪɨɜ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ (D1, ɦ). Ⱦɥɹ 
ɤɚɠɞɨɝɨ ɡɧɚɱɟɧɢɹ ɞɢɚɦɟɬɪɚ ɪɚɫɫɱɢɬɚɥɢ ɫɥɟɞɭɸɳɢɟ ɩɚɪɚɦɟɬɪɵ: 

Ɇɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɄɉȾ ɧɚɬɭɪɧɨɣ ɝɢɞɪɨɬɭɪɛɢɧɵ: 

 

ηɧ ୭୮୲ = ͳ − ቀͳ − ηɦ ୭୮୲ቁ ∙ (Ͳ,ʹͷ + Ͳ,͹ͷ ቀୖୣɦୖୣɧ
ቁ଴.ଶ),                                     (3.1) 

  ቀୖୣɦୖୣɧ
ቁ଴.ଶ = ሺvɦvɧሻ଴.ଶ ∙ ሺDଵɦDଵɧሻ଴.ଶ ∙ (HɦHɪ)଴.ଵ,                                           (3.2) 

 

ɝɞɟ 𝑣 −ɤɨɷɮɮɢɰɢɟɧɬ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɜɨɞɵ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɟё 
ɬɟɦɩɟɪɚɬɭɪɵ. 

Ɇɨɳɧɨɫɬɶ ɚɝɪɟɝɚɬɚ: 

 

   Nɚɝɪ = ͻ,ͺͳQɪ.ɬ.DଵଶH୮H୮଴,ହηɬηɝ;                                                                  (3.3) 

 

Ʉɨɥɢɱɟɫɬɜɨ ɚɝɪɟɝɚɬɨɜ: 

 

  Z˃ˆ˓ = ୒˖˔˕୒˃ˆ˓ ;                                                                                                  (3.4) 

 

ɉɨɩɪɚɜɤɚ ɄɉȾ: 

 

 ∆ଵ= ηːηˏ ;                                                                                                         (3.5) 

 

ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɬɭɪɛɢɧɵ: 

 

 ݊′ = ௡𝐼 ೚೛𝑡′ (∆భு˓)బ.ఱ஽భ ,                                                                                         (3.6) 

  C ˒ˑ˔ˎˈˇ˖ˡ˜ˋˏ ˑˍ˓˖ˆˎˈːˋˈˏ ˇˑ ˄ˎˋˉ˃ˌ˛ˈˌ ˔ˋː˘˓ˑːːˑˌ ˚˃˔˕ˑ˕˞ ˅˓˃˜ˈːˋˢ 

ɉɪɢɜɟɞɟɧɧɵɟ ɦɚɤɫɢɦɚɥɶɧɵɟ, ɦɢɧɢɦɚɥɶɧɵɟ ɢ ɪɚɫɱɟɬɧɵɟ ɱɚɫɬɨɬɵ 
ɜɪɚɳɟɧɢɹ: 

 

 ݊ூ ௠𝑎௫′ = ௡ɫɢɧх஽భሺ∆భு೘𝑖೙ሻబ.ఱ                                                                                       (3.7) 

 

 ݊ூ ɪɚɫч
′ = ௡ɫɢɧх஽భ(∆భுɪ)బ.ఱ                                                                                           (3.8) 

 

 ݊ூ ௠𝑖௡′ = ௡ɫɢɧх஽భሺ∆భு೘𝑎ೣሻబ.ఱ                                                                                       (3.9) 
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ȼɵɫɨɬɚ ɨɬɫɚɫɵɜɚɧɢɹ: 

௦ܪ  = ͳͲ,͵͵ − ∇ɇȻ ɪଽ଴଴ − 𝜎ܪɪ − ͳ,ͷ − ∆ܼх.ɩɥ                                                  (3.10) 

 

 

3.1.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɦɟɬɤɢ ɭɫɬɚɧɨɜɤɢ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ 

 

ɂɫɯɨɞɹ ɢɡ ɭɫɥɨɜɢɣ ɛɟɫɤɚɜɢɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɝɢɞɪɨɬɭɪɛɢɧɵ, ɨɩɪɟɞɟɥɢɥɢ 
ɞɨɩɭɫɬɢɦɨɟ ɡɚɝɥɭɛɥɟɧɢɟ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ: 

 

 ∇zɪ.ɤ. = zɧɛሺQɧɛሻ + Hୱ                                                                               (3.11) 

 

ɝɞɟ 𝑧ː˄ሺܳː˄ሻ - ɨɬɦɟɬɤɚ ɭɪɨɜɧɹ ɜɨɞɵ ɜ ɇȻ ɩɪɢ ܳː˄, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ 
ɪɚɫɱɟɬɧɨɦɭ ɡɧɚɱɟɧɢɸ ɡɧɚɱɟɧɢɸ ɜɵɫɨɬɵ ɨɬɫɚɫɵɜɚɧɢɹ ܪ௦. 

 ∇z˓.ˍ. = ͸ͷͲ,͹ͷ − ͺ = ͸Ͷʹ,͹ͷ ˏ  

 

ȼɫɟ ɪɚɫɱɟɬɵ ɫɜɟɥɢ ɜ ɬɚɛɥɢɰɭ 3.2. Ɂɚɪɚɧɟɟ ɨɬɛɪɨɫɢɜ ɜɚɪɢɚɧɬɵ ɫ Zɚɝɪ ɛɨɥɟɟ 
6 ɲɬ. ɢ ɜɵɫɨɬɚɦɢ ɨɬɫɚɫɵɜɚɧɢɹ ɦɟɧɟɟ -8 ɦ. 

 

Ɍɚɛɥɢɰɚ 3.2 – ɉɚɪɚɦɟɬɪɵ ȽȺ ɞɥɹ ɪɹɞɚ ɫɬɚɧɞɚɪɬɧɵɯ ɡɧɚɱɟɧɢɣ ɞɢɚɦɟɬɪɚ ɊɄ 

 
ɉɅ50-ȼ ɉɅȾ50-ȼ60ɨ 

D1, ɦ 4,5 4,75 5,3 5,6 4,5 5 5,3 6 

ɄɉȾɬ 0,922 0,923 0,924 0,924 0,913 0,9146 0,915 0,916 

N' ɚɝɪ, ɤȼɬ 69085 77019 95997,4 107233 76055,5 94006,91 105694 135639 

Za', ɲɬ 4,8 4,28 3,86 3,44 4,34 3,9 3,5 3,1 

Za, ɲɬ 8 8 7 6 8 7 6 6 

Nɚɝɪ, ɤȼɬ 67500 67500 90000 90000 67500 90000 90000 135000 

Δ1 1,041 1,041 1,042 1,043 1,0598 1,061 1,0617 1,0632 

nc'1 167,15 158,4 142,03 134,46 164,31 147,97 139,63 123,43 

nc1 167,7 166,7 142,8 136,4 166,7 150 142,8 125 ݊ூ ௠𝑎௫′  119 125 119 120 117 117 118 117 ݊ூ ˓˃˔˚′  116 122 117 118 115 115 116 114 ݊ூ ௠𝑖௡′  108 113 108 109 106 106 107 106 

Q*ɤɩɞɪɚɫɱ 1,378 1,237 1,325 1,187 1,378 1,488 1,32 1,5507 

Q*ɤɩɞ max 1,092 0,980 1,049 0,940 1,094 1,178 1,05 1,228 
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ɋɨɩɨɫɬɚɜɢɜ ɪɚɡɥɢɱɧɵɟ ɬɭɪɛɢɧɵ ɢ ɜɵɛɪɚɜ ɨɩɬɢɦɚɥɶɧɵɣ ɜɚɪɢɚɧɬ. ɉɪɢ 
ɷɬɨɦ ɭɱɢɬɵɜɚɥɢ ɞɢɚɦɟɬɪ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, ɜɵɫɨɬɭ ɨɬɫɚɫɵɜɚɧɢɹ, ɡɧɚɱɟɧɢɟ ɄɉȾ, 
ɪɚɫɩɨɥɨɠɟɧɢɟ ɪɚɛɨɱɟɣ ɡɨɧɵ ɧɚ ɍɏ, ɧɚɥɢɱɢɟ ɤɚɬɚɥɨɠɧɨɝɨ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ ɩɪɢ 
ɡɚɞɚɧɧɨɣ ɫɢɧɯɪɨɧɧɨɣ ɱɚɫɬɨɬɟ ɜɪɚɳɟɧɢɹ ɝɢɞɪɨɬɭɪɛɢɧɵ, ɩɪɢ ɷɬɨɦ ɚɤɬɢɜɧɚɹ 
ɦɨɳɧɨɫɬɶ ɝɟɧɟɪɚɬɨɪɚ ɧɟ ɞɨɥɠɧɚ ɩɪɟɜɵɲɚɬɶ ɦɨɳɧɨɫɬɶ ɝɢɞɪɨɚɝɪɟɝɚɬɚ ɛɨɥɟɟ ɱɟɦ 
ɧɚ 10%. 

ɉɨɥɚɝɚɹɫɶ ɧɚ ɤɚɬɚɥɨɝ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɨɜ, ɢɦɟɸɬɫɹ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɵ ɞɥɹ 
ɬɭɪɛɢɧ ɉɅ50-ȼ-560 ɢ ɉɅȾ50-ȼ60ɨ-530. ɋɪɚɜɧɟɧɢɟ ɞɜɭɯ ɜɚɪɢɚɧɬɨɜ ɫɜɟɥɢ ɜ 
ɬɚɛɥɢɰɭ 3.3: 

 

Ɍɚɛɥɢɰɚ 3.3 – ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɞɜɭɯ ɜɚɪɢɚɧɬɨɜ ɞɢɚɦɟɬɪɚ ɊɄ 

 
ɉɅ50-ȼ ɉɅȾ50-ȼ60ɨ 

D1, ɦ 5,6 - 5,3 + 

ɄɉȾ ɬ 0,924 + 0,915 - 

Za, ɲɬ 6 + 6 + 

N ɚɝɪ, ɤȼɬ 90000 - 90000 + 

nc1 136,4 + 142,8 - 

Hs -8,0 + -9,67 - 

 

ȼɵɛɪɚɥɢ ɬɭɪɛɢɧɭ  ɉɅ50-ȼ-560, ɬ.ɤ. ɩɪɢ ɦɟɧɶɲɟɦ ɞɢɚɦɟɬɪɟ ɪɚɛɨɱɟɝɨ 
ɤɨɥɟɫɚ ɨɧɚ ɢɦɟɟɬ ɛɨɥɶɲɟɟ ɡɧɚɱɟɧɢɟ ɄɉȾ, ɛɨɥɶɲɭɸ ɫɢɧɯɪɨɧɧɭɸ ɱɚɫɬɨɬɭ 
ɜɪɚɳɟɧɢɹ, ɞɨɩɭɫɬɢɦɭɸ ɜɵɫɨɬɭ ɨɬɫɚɫɵɜɚɧɢɹ, ɢ ɛɨɥɟɟ ɩɪɢɟɦɥɟɦɭɸ ɡɨɧɭ ɪɚɛɨɬɵ 
ɧɚ ɍɏ ɪɢɫɭɧɨɤ 3.1. Ⱦɨɫɬɚɜɤɚ ɤ ɦɟɫɬɭ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɫɬɚɧɰɢɢ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɜ 
ɪɚɡɨɛɪɚɧɧɨɦ ɜɢɞɟ ɫ ɩɨɦɨɳɶɸ  ɀ/Ⱦ-ɩɭɬɟɣ.  

 
Ɋɢɫɭɧɨɤ 3.1 – Ɋɚɫɩɨɥɨɠɟɧɢɟ ɪɚɛɨɱɟɣ ɡɨɧɵ ɉɅ50-ȼ-560 ɧɚ ɍɏ 
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3.1 Ɋɚɫɱɟɬ ɜɚɥɚ ɧɚ ɩɪɨɱɧɨɫɬɶ 

 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɧɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɜɚɥɚ: 
 

 Dɜ
∗ ൒ (ͷ,ͳ ∙ ୑ɤɪ[τɞɨɩ])଴,ଷଷ,                                                                                 (3.12) 

 

ɝɞɟ [τɞɨɩ] = ͵Ͳ − ͵ͷ Ɇɉɚ;     
 

 Mɤɪ = ଴,଴଴ଽ଻ସ∙୒୬ɫɢɧɯ
= ͸,Ͷ͵ Ɇɉɚ;                                                                     (3.13) 

 

 Dɜ
∗ ൒ (ͷ,ͳ ∙ ୑ɤɪ[τɞɨɩ])଴,ଷଷ = ቀͷ,ͳ ∙ ଺,ସଷଷହ ቁ଴,ଷଷ = ͻ͹ͺ ɦɦ.                                   (3.14) 

 

ɂɡ ɪɹɞɚ ɫɬɚɧɞɚɪɬɧɵɯ ɡɧɚɱɟɧɢɣ ɩɪɢɧɢɦɚɟɦ ܦ˅ = ͳͲͲͲ ˏˏ 

 

3.2 ȼɵɛɨɪ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ 

 

ȼ ɩɭɧɤɬɟ 3.1.2 ɭɠɟ ɛɵɥɨ ɫɤɚɡɚɧɨ, ɱɬɨ ɨɞɧɢɦ ɢɡ ɭɫɥɨɜɢɣ ɜɵɛɨɪɚ ɞɢɚɦɟɬɪɚ 
ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, ɹɜɥɹɟɬɫɹ ɧɚɥɢɱɢɟ ɤɚɬɚɥɨɠɧɨɝɨ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ. 

Ɉɫɧɨɜɵɜɚɹɫɶ ɧɚ ɫɢɧɯɪɨɧɧɨɣ ɱɚɫɬɨɬɟ ɜɪɚɳɟɧɢɹ ɢ ɦɨɳɧɨɫɬɢ ɝɢɞɪɨɚɝɪɟɝɚɬɚ 
ɛɵɥ ɜɵɛɪɚɧ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪ ɡɨɧɬɢɱɧɨɝɨ ɬɢɩɚ: 

ɋȼ-850/190-40Ɍɋ4 

 

Ɍɚɛɥɢɰɚ 3.6 - ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ ɋȼ-850/190-40Ɍɋ4 
Sɧɨɦ, 

ɆȼȺ 

Pɧɨɦ, 

Ɇȼɬ 
cosɮ 

Uɧɨɦ, 

ɤȼ 

Iɧɨɦ, 

ɤȺ 

nɧɨɦ, 

ɨɛ/ɦɢɧ 
nɭɝ/nɧɨɦ 

ɋɢɫɬɟɦɚ 
ɜɨɡɛɭɠɞɟɧɢɹ 

ɄɉȾ, 
% 

100 90 0,85 10,5 4,92 136,4 2,42 

ɇɟɡɚɜɢɫɢɦɚɹ 
ɬɢɪɢɫɬɨɪɧɚɹ ɫ 

ȼȽ 
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Ƚɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ: 
ȼɧɟɲɧɢɣ ɞɢɚɦɟɬɪ ɦɚɝɧɢɬɨɩɪɨɜɨɞɚ ɫɬɚɬɨɪɚ: 850 ɫɦ. 
ȼɵɫɨɬɚ ɪɨɬɨɪɚ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ: 190 ɫɦ. 
 

3.3 ȼɵɛɨɪ Ɇɇɍ 

 

Ⱦɥɹ ɞɢɚɦɟɬɪɚ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ 5,6 ɦ. ɢ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɧɚɩɨɪɚ 47,2 ɦ. ɛɵɥ 
ɜɵɛɪɚɧ Ɇɇɍ 12,5/1-40-12,5-2 

- ɦɚɫɥɨɧɚɩɨɪɧɚɹ ɭɫɬɚɧɨɜɤɚ ɫ ɝɢɞɪɨɚɤɤɭɦɭɥɹɬɨɪɨɦ ɜɦɟɫɬɢɦɨɫɬɶɸ 12,5 ɦ3, 

ɫɨɫɬɨɹɳɢɦ ɢɡ ɨɞɧɨɝɨ ɫɨɫɭɞɚ ɧɚ ɞɚɜɥɟɧɢɟ 4 Ɇɩɚ, ɫ ɦɚɫɥɨɧɚɫɨɫɧɵɦ ɚɝɪɟɝɚɬɨɦ, 
ɢɦɟɸɳɢɦ ɫɥɢɜɧɨɣ ɛɚɤ ɜɦɟɫɬɢɦɨɫɬɶɸ 12,5 ɦ3, ɫ ɞɜɭɦɹ ɧɚɫɨɫɚɦɢ. 
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3.4 ȼɵɛɨɪ ɷɥɟɤɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɪɟɝɭɥɹɬɨɪɚ 

 

Ɍɚɤ ɤɚɤ ɜɵɛɪɚɧɧɚɹ ɬɭɪɛɢɧɚ ɨɬɧɨɫɢɬɫɹ ɤ ɫɢɫɬɟɦɟ ɉɅ-ɬɭɪɛɢɧ, ɬɨ ɗȽɊ 
ɜɵɛɢɪɚɟɦ ɫ ɞɜɭɦɹ ɪɟɝɭɥɢɪɭɸɳɢɦɢ ɨɪɝɚɧɚɦɢ (ɤɨɦɛɢɧɚɬɨɪɨɦ). 

ɗȽɊɄ-2ɂ1-150-4 

- ɗɥɟɤɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɟɝɭɥɹɬɨɪ ɫ ɤɨɦɛɢɧɚɬɨɪɨɦ. ɉɚɧɟɥɢ 
ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɩɨ ɬɢɩɭ ɭɫɢɥɢɬɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɩɪɢɦɟɧɹɟɦɵɯ ɜ 
ɨɫɧɨɜɧɨɦ ɤɚɧɚɥɟ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɧɚ ɢɧɬɟɝɪɚɥɶɧɵɯ ɦɢɤɪɨɫɯɟɦɚɯ. Ⱦɢɚɦɟɬɪ 
ɝɥɚɜɧɨɝɨ ɡɨɥɨɬɧɢɤɚ 150 ɦɦ. Ƚɢɞɪɨɦɟɯɚɧɢɱɟɫɤɚɹ ɤɨɥɨɧɤɚ 4-ɝɨ ɢɫɩɨɥɧɟɧɢɹ. 
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4 ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɱɚɫɬɶ 

 

4.1 ȼɵɛɨɪ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɵ Ƚɗɋ 

 

Ɉɫɧɨɜɧɵɟ ɬɪɟɛɨɜɚɧɢɹ, ɩɪɟɞɴɹɜɥɹɟɦɵɟ ɤ ɝɥɚɜɧɵɦ ɫɯɟɦɚɦ Ƚɗɋ: 

- ɇɚɞёɠɧɨɫɬɶ ɢ ɛɟɡɨɬɤɚɡɧɨɫɬɶ ɜ ɪɚɛɨɬɟ; 

- Ɇɚɧɟɜɪɟɧɧɨɫɬɶ ɫɯɟɦɵ; 

- ɉɪɨɫɬɨɬɚ ɢ ɧɚɝɥɹɞɧɨɫɬɶ; 

- ɗɤɨɧɨɦɢɱɧɨɫɬɶ. 
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɬɚɧɞɚɪɬɨɦ ɨɪɝɚɧɢɡɚɰɢɢ «Ƚɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. 

ɇɨɪɦɵ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ» ɋɌɈ ɊɭɫȽɢɞɪɨ 01.01.78-2012 ɜ 
ɝɥɚɜɧɵɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɯɟɦɚɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɩɪɢɦɟɧɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɬɢɩɵ 
ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɛɥɨɤɨɜ: 

- Ɉɞɢɧɨɱɧɵɣ ɛɥɨɤ; 

- ɍɤɪɭɩɧɟɧɧɵɣ ɛɥɨɤ; 

- Ɉɛɴɟɞɢɧɟɧɧɵɣ ɛɥɨɤ 

Ɍɢɩ ɛɥɨɤɚ ɜɵɛɢɪɚɟɬɫɹ ɧɚ ɨɫɧɨɜɚɧɢɢ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ. 
Ⱦɥɹ ɪɚɫɫɦɨɬɪɟɧɢɹ ɩɪɢɧɢɦɚɸɬɫɹ ɞɜɟ ɫɯɟɦɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɧɚ ɪɢɫɭɧɤɚɯ 

4.1 ɢ 4.2 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ: 

- ɉɨɥɭɬɨɪɧɚɹ ɫɯɟɦɚ;  

- Ɉɛɴɟɞɢɧɟɧɧɵɣ ɛɥɨɤ . 
 

 
Ɋɢɫɭɧɨɤ 4.1 – ɉɨɥɭɬɨɪɧɚɹ ɫɯɟɦɚ 
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Ɋɢɫɭɧɨɤ 4.2 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɫ ɨɛɴɟɞɢɧёɧɧɵɦɢ ɛɥɨɤɚɦɢ 

 

Ⱦɥɹ ɜɵɛɨɪɚ ɤɥɚɫɫɚ ɧɚɩɪɹɠɟɧɢɹ ɞɥɹ ɩɪɨɟɤɬɢɪɭɟɦɵɯ ɥɢɧɢɣ ɛɵɥɚ 
ɪɚɫɫɦɨɬɪɟɧɚ ɤɚɪɬɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɩɨɞɫɬɚɧɰɢɣ Ɍɵɜɵ. ɋɚɦɨɣ ɛɥɢɡɤɨɣ 
ɩɨɞɫɬɚɧɰɢɟɣ ɤ ɡɞɚɧɢɸ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ȼɢɣ-ɏɟɦɫɤɨɣ Ƚɗɋ                                        
(Nɭɫɬ = ͷͶͲ ɆȼɌ) ɹɜɥɹɟɬɫɹ ɩɨɞɫɬɚɧɰɢɹ «Ʉɵɡɵɥ» 220 ɤȼ. ɉɪɨɬɹɠɟɧɧɨɫɬɶ ɥɢɧɢɣ 
ɞɨ ɜɵɛɪɚɧɧɨɣ ɩɨɞɫɬɚɧɰɢɢ ɫɨɫɬɚɜɥɹɟɬ 35 ɤɦ. 

Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɩɨɞɬɜɟɪɞɢɬɶ ɩɪɚɜɢɥɶɧɨɫɬɶ ɜɵɛɨɪɚ ɤɥɚɫɫɚ ɧɚɩɪɹɠɟɧɢɹ, 
ɢɫɩɨɥɶɡɭɟɦ ɨɞɧɭ ɢɡ ɷɦɩɢɪɢɱɟɫɤɢɯ ɮɨɪɦɭɥ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ ɞɚɬɶ ɨɰɟɧɤɭ 
ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ ɜɵɛɪɚɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ: 

 ܷ = √ܲ(ͳͲͲ + ͳͷ√݈) = ͵ͳͲ,ʹͷ ɤȼ.                                                           (4.1) 

 

Ȼɥɢɠɚɣɲɢɟ ɤ ɞɚɧɧɨɦɭ ɡɧɚɱɟɧɢɸ ɢɡ ɪɹɞɚ ɫɬɚɧɞɚɪɬɧɵɯ ɧɚɩɪɹɠɟɧɢɣ 
ɹɜɥɹɸɬɫɹ 330 ɢ 220 ɤȼ, ɬɚɤ ɤɚɤ ɜɛɥɢɡɢ ɩɪɨɟɤɬɢɪɭɟɦɨɣ  Ƚɗɋ ɧɟɬ ɩɨɞɫɬɚɧɰɢɣ 330 
ɤȼ, ɩɪɢɧɢɦɚɟɦ Uːˑˏ = ʹʹͲ ˍʑ. 

 

4.2 ȼɵɛɨɪ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ Ƚɗɋ 

 

4.2.1 ȼɵɛɨɪ ɬɢɩɚ ɫɟɪɢɣɧɨɝɨ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ 

 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɢɩɚ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɧɟɤɨɬɨɪɵɟ 
ɩɚɪɚɦɟɬɪɵ. 
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ɇɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ: 

 Sɧɨɦ = ୒౗ୡ୭ୱφ = ଽ଴଴,଼ହ = ͳͲͷ,ͻ ɆȼȺ ,                                                               (4.2) 

 

ɝɞɟ ܿݏ݋𝜑 ɩɪɢɧɢɦɚɟɦ 0,85 ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɚɛɥɢɰɟɣ 4.1, 

      𝑁𝑎 – ɦɨɳɧɨɫɬɶ 1 ɚɝɪɟɝɚɬɚ. 
ɉɨ ɤɚɬɚɥɨɝɭ ɈȺɈ «ɋɢɥɨɜɵɟ ɦɚɲɢɧɵ» ɜɵɛɢɪɚɟɦ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪ:  

ɋȼ-850/190-40Ɍɋ4  

ɉɚɫɩɨɪɬ ɞɚɧɧɨɝɨ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ ɩɪɟɞɨɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 4.1. 

 

Ɍɚɛɥɢɰɚ 4.1 – ɉɚɫɩɨɪɬ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ 
ɇɚɢɦɟɧɨɜɚɧɢɟ 

ɜɟɥɢɱɢɧɵ 

Ɉɛɨɡɧɚɱɟɧɢ
ɟ 

ȿɞɢɧɢɰɵ 
ɢɡɦɟɪɟɧɢɹ 

Ɂɧɚɱɟɧɢɹ 

Ɍɢɩ 
ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ 

ɋȼ-850/190-40Ɍɋ4 

ɇɨɦɢɧɚɥɶɧɚɹ 
ɩɨɥɧɚɹ ɦɨɳɧɨɫɬɶ 

ܵɧɨɦ ɆȼȺ 100 

ɇɨɦɢɧɚɥɶɧɚɹ 
ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɧܲɨɦ Ɇȼɬ 90 

Ʉɨɷɮɮɢɰɢɟɧɬ 
ɦɨɳɧɨɫɬɢ 

 𝜑 ɨ.ɫ. 0,85ݏ݋ܿ

ɇɨɦɢɧɚɥɶɧɨɟ 
ɧɚɩɪɹɠɟɧɢɟ ɧܷɨɦ ɤȼ 10,5 

   

4.2.2 ȼɵɛɨɪ ɛɥɨɱɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ (ȼɇ) 
ɞɥɹ ɫɯɟɦɵ ɫ ɩɪɨɫɬɵɦɢ ɛɥɨɤɚɦɢ 

 

Ɋɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ: 

 Sɪɚɫɱ = ୔ɝ−୔ɫɧୡ୭ୱφ = ଽ଴−଴,ଽ଴,଼ହ = ͳͲͶ,ͺ ɆȼȺ ,                                                         (4.3) 

 

ɝɞɟ ܲ̂ − ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɝɟɧɟɪɚɬɨɪɚ,  

      ̝ܲ ː − ɚɤɬɢɜɧɚɹ ɧɚɝɪɭɡɤɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ, Ɇȼɬ. 
ɉɨ ɤɚɬɚɥɨɝɭ ɈɈɈ «Ɍɨɥɶɹɬɬɢɧɫɤɢɣ Ɍɪɚɧɫɮɨɪɦɚɬɨɪ» ɜɵɛɢɪɚɸɬɫɹ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɌȾɐ 125000/220-ɍ1. 
 Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.2. 

 

 

Ɍɚɛɥɢɰɚ 4.2 – Ⱦɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌȾɐ 125000/220-ɍ1 ܵɧɨɦ, Ɇɜɬ ɧܷ, ɤȼ 
ɤܷ,% ∆ ɤܲ, ɤȼɬ 

∆ хܲх, 
ɤȼɬ 

 %,хܫ
ܴɬ, 

Ɉɦ 

ܺɬ, 

Ɉɦ ɜܷɧ ɧܷɧ 

125 242 10,5 11 380 90 0,55 1,42 51,5 

  

Ɋɚɫɫɱɢɬɚɟɦ ɜɪɟɦɹ ɦɚɤɫɢɦɚɥɶɧɵɯ ɩɨɬɟɪɶ Ĳ: 

 



31 

 

Ĳ = ሺͲ,ͳʹͶ + ʡ೘𝑎ೣଵ଴ర ሻଶ ∙ ɝɨɞݐ = ቀͲ,ͳʹͶ + ସହଶ଺ଵ଴ర ቁଶ ∙ ͺ͹͸Ͳ = ʹͻͳʹ,Ͷʹ ч
ɝɨɞ

,         (4.4) 

 

ɝɞɟ Ɍ୫ୟ୶ −ɱɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɣ ɧɚɝɪɭɡɤɢ ; 
       tˆˑˇ − ɱɢɫɥɨ ɱɚɫɨɜ ɜ ɝɨɞɭ. 

ȼɪɟɦɹ ɪɚɛɨɬɵ ɛɥɨɤɚ ɜ ɬɟɱɟɧɢɢ ɝɨɞɚ: 

 tɪɚɛ = ͺ͹͸Ͳ − Ɋ ∙ Tɩɥ − ω ∙ Tɜ,                                                                      (4.5) 

 

ɝɞɟ ߤ = Ͳ,ͻ − ɱɚɫɬɨɬɚ ɪɟɦɨɧɬɨɜ (ɬɟɤɭɳɢɯ, ɫɪɟɞɧɢɯ, ɤɚɩɢɬɚɥɶɧɵɯ), 1/ɝɨɞ; 

      ܶ˒ ˎ = ʹͺ − ɜɪɟɦɹ ɩɥɚɧɨɜɵɯ ɩɪɨɫɬɨɟɜ ɛɥɨɤɚ ɜ ɬɟɱɟɧɢɟ ɝɨɞɚ, ɱ; 

      𝜔 = Ͳ,Ͳ͵ − ɩɚɪɚɦɟɬɪ ɩɨɬɨɤɚ ɨɬɤɚɡɨɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɨɝɨ ɛɥɨɤɚ, 1/ɝɨɞ;  

      ܶ˅ = ͸ͳ − ɫɪɟɞɧɟɟ ɜɪɟɦɹ ɚɜɚɪɢɣɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɪɟɦɨɧɬɨɜ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɱ. 

ɪɚɛݐ  = ͺ͹͸Ͳ − Ͳ,ͻ ∙ ʹͺ − Ͳ,Ͳ͵ ∙ ͸ͳ = ͺ͹͵ʹ,ͻ͹ ч.       
 

ɉɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ: 

 ∆W୶୶ = nɬ ∙ ∆P୶୶ ∙ tɪɚɛ = ʹ ∙ Ͳ,Ͳͻ ∙ ͺ͹ʹ͵,ͻ͹ = ͳͷ͹Ͳ,͵ Ɇȼɬ ∙ ɱ,                 (4.6) 

 

ɝɞɟ  ݊˕ − ɱɢɫɥɨ ɩɚɪɚɥɥɟɥɶɧɨ ɪɚɛɨɬɚɸɳɢɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ. 
ɇɚɝɪɭɡɨɱɧɵɟ ɩɨɬɟɪɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ: 

 ∆Wɧ = ∆୔ɤ୬ɬ
∙ ቀ ୗɪɚɫɱୗɬ ɧɨɦ

ቁଶ ∙ τ = ଴,ଷ଼ଶ ∙ ቀଵ଴ସ,଼ଵଶହ ቁଶ ∙ ʹͻͳʹ,Ͷʹ = ͵ͺͺ,ͻ͸ Ɇȼɬ ∙ ɱ,       (4.7) 

 

ȼɟɥɢɱɢɧɚ ɢɡɞɟɪɠɟɤ ɧɚ ɩɨɬɟɪɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɞɥɹ ɨɞɧɨɝɨ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ: 

 

ɂɩɨɬ = Ⱦଵ ∙ ሺ∆W୶୶ + ∆Wɧሻ,                                                                           (4.8) 

 

ɝɞɟ ߚଵ − ɰɟɧɚ ɡɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ, ɫɨɝɥɚɫɧɨ Ɏɟɞɟɪɚɥɶɧɨɣ ɫɥɭɠɛɟ ɩɨ ɬɚɪɢɮɚɦ. 

 

 ȕଵ = ͵,ͲͶ ˓˖˄/ˍʑ˕ ∙ ˚ 

 

ɂɩɨɬ = ͵,ͲͶ ∙ ሺͳͷ͹Ͳ,͵ + ͵ͺͺ,ͻ͸ሻ = ͷͻͷ͸,ͳͷ ɬɵɫ. ɪɭɛ/ɝɨɞ  
 

Ⱦɥɹ ɲɟɫɬɢ ɛɥɨɤɨɜ: 

 ʗ˒ˑ˕ଵଶଶ଴ = ͸ ∙ ͷͻͷ͸,ͳͷ = ͵ͷ͹͵͸,ͻ ˕˞˔. ˓˖˄/ˆˑˇ. 
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4.2.3 ȼɵɛɨɪ ɛɥɨɱɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ȼɇ ɞɥɹ ɫɯɟɦɵ ɫ 
ɨɛɴɟɞɢɧɟɧɧɵɦɢ ɛɥɨɤɚɦɢ 

 

Ɋɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ: 

 Sɪɚɫɱ = ሺ୔ɝ−୔ɫɧୡ୭ୱφ ሻ = ሺଽ଴−଴,ଽ଴,଼ହ ሻ = ͳͲͶ,ͺ ɆȼȺ ,                                                  (4.9) 

 

ɉɨ ɤɚɬɚɥɨɝɭ ɈɈɈ «Ɍɨɥɶɹɬɬɢɧɫɤɢɣ Ɍɪɚɧɫɮɨɪɦɚɬɨɪ» ɜɵɛɢɪɚɟɬɫɹ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɌȾɐ 125000/220-ɍ1.  

Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.3. 

 

Ɍɚɛɥɢɰɚ 4.3 – Ⱦɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌȾɐ 125000/220-ɍ1 ܵɧɨɦ, Ɇɜɬ ɧܷ, ɤȼ 
ɤܷ,% ∆ ɤܲ, ɤȼɬ 

∆ хܲх, 
ɤȼɬ 

 %,хܫ
ܴɬ, 

Ɉɦ 

ܺɬ, 

Ɉɦ ɜܷɧ ɧܷɧ 

125 242 10,5 11 380 90 0, 55 1,42 51,5 

  

Ɋɚɫɫɱɢɬɚɟɦ ɜɪɟɦɹ ɦɚɤɫɢɦɚɥɶɧɵɯ ɩɨɬɟɪɶ Ĳ: 

 τ = ሺͲ,ͳʹͶ + ʡౣ౗౮ଵ଴ర ሻଶ ∙ tˆˑˇ = ቀͲ,ͳʹͶ + ସହଶ଺ଵ଴ర ቁଶ ∙ ͺ͹͸Ͳ = ʹͻͳʹ,Ͷʹ ˚ˆˑˇ,      (4.10) 

 

ȼɪɟɦɹ ɪɚɛɨɬɵ ɛɥɨɤɚ ɜ ɬɟɱɟɧɢɢ ɝɨɞɚ: 

 tɪɚɛ = ͺ͹͸Ͳ − Ͳ,ͻ ∙ ʹͺ − Ͳ,Ͳ͵ ∙ ͸ͳ = ͺ͹͵ʹ,ͻ͹ ɱ.       
 

ɉɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ: 

 ∆W୶୶ = nɬ ∙ ∆P୶୶ ∙ tɪɚɛ = ʹ ∙ Ͳ,Ͳͻ ∙ ͺ͹ʹ͵,ͻ͹ = ͳͷ͹Ͳ,͵ Ɇȼɬ ∙ ɱ,               (4.11)        

 

ɝɞɟ  ݊˕ − ɱɢɫɥɨ ɩɚɪɚɥɥɟɥɶɧɨ ɪɚɛɨɬɚɸɳɢɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ. 
ɇɚɝɪɭɡɨɱɧɵɟ ɩɨɬɟɪɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ: 

 ∆Wː = ∆୔ˍ୬˕ ∙ ቀ ୗ˓˃˔˚ୗ˕ ːˑˏቁଶ ∙ τ = ଴,ଷ଼ଶ ∙ ቀଵ଴ସ,଼ଵଶହ ቁଶ ∙ ʹͻͳʹ,Ͷʹ = ͵ͺͺ,ͻ͸ ʛʑ˕ ∙ ˚,    (4.12) 

 

ȼɟɥɢɱɢɧɚ ɢɡɞɟɪɠɟɤ ɧɚ ɩɨɬɟɪɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɞɥɹ ɨɞɧɨɝɨ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ: 

 

ɂɩɨɬ = ͵,ͲͶ ∙ ሺͳͷ͹Ͳ,͵ + ͵ͺͺ,ͻ͸ሻ = ͷͻͷ͸,ͳͷ ɬɵɫ. ɪɭɛ/ɝɨɞ , 

 

Ⱦɥɹ ɬɪɟɯ ɛɥɨɤɨɜ: 

 

ɂɩɨɬଶଶଶ଴ = ͵ ∙ ͷͻͷ͸,ͳͷ = ͳ͹ͺ͸ͺ,Ͷͷ ɬɵɫ. ɪɭɛ/ɝɨɞ. 
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4.2.4 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 

 

Ɇɨɳɧɨɫɬɶ, ɩɨɬɪɟɛɥɹɟɦɚɹ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ ɫɬɚɧɰɢɢ, ɫɨɫɬɚɜɥɹɟɬ 
1,25% ɨɬ ܵʒЭʠ: 

 Sɫ.ɧ. = Ͳ,Ͳͳʹͷ ∙ ୗȽɗɋୡ୭ୱφ = Ͳ,Ͳͳ ∙ ହସ଴଴,଼ହ = ͸,͵ͷ͵ Ɇȼ ∙ Ⱥ                                    (4.13) 

 

ɍɫɥɨɜɢɹ, ɤɨɬɨɪɵɟ ɞɨɥɠɧɵ ɫɨɛɥɸɞɚɬɶɫɹ ɩɪɢ ɜɵɛɨɪɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ: 
 ܵ˕˔ː ൒ ܵ˔ː                                                                                                     (4.14) 

 

ɉɨ ɤɚɬɚɥɨɝɭ ɈȺɈ «ɗɥɟɤɬɪɨɡɚɜɨɞ» ɜɵɛɢɪɚɟɬɫɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪ  
ɌɆ 6300/10/0,4 .  

Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.4. 

 

Ɍɚɛɥɢɰɚ 4.4 – Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌɆ-6300/10/0,4  Sːˑˏ, Ɇȼ∙ ʏ 
Uʜ, ɤȼ Uʑʜ Uʜʜ 

6,3 10,5 0,4 

 

4.2.5 ȼɵɛɨɪ ɤɨɥɢɱɟɫɬɜɚ ɨɬɯɨɞɹɳɢɯ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ (ȼɅ) 
 

ɋɭɦɦɚɪɧɚɹ ɦɨɳɧɨɫɬɶ, ɜɵɞɚɜɚɟɦɚɹ ɧɚ ɄɊɍɗ 220 ɤȼ: 

 S∑
 

= ͸ ∙ ሺ୔ɝ−୔ɫ.ɧ.ሻୡ୭ୱφ ;                                                                                         (4.15) 

 S∑
 

= ͸ ∙ ሺଽ଴−ଵ.଺ሻ଴,଼ହ = ͷ͵Ͳ,Ͷ Ɇȼ ∙ Ⱥ.       
       

ɉɟɪɟɞɚɜɚɟɦɚɹ ɦɨɳɧɨɫɬɶ ɧɚ ɨɞɧɭ ɰɟɩɶ ɞɥɹ ȼɅ 220 ɤȼ: 

 Sɩɟɪɟɞ
 

= ୏ɩɪ∙୔ɩɪɟɞୡ୭ୱφɫ
= ଵ,ଶ∙ଵଷହ଴,ଽ = ͳͻͲ,͸ Ɇȼ ∙ Ⱥ.                                               (4.16) 

 

ɝɞɟ ܭ˒˓ − ɞɨɫɬɚɬɨɱɧɚɹ ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ; 

˓˒ܭ  = ͳ,ʹ. 

 

ɑɢɫɥɨ ɥɢɧɢɣ 220 ɤȼ: 

 nɥ = ୗ∑ୗɩɟɪɞ
 

= ହଷ଴,ସ ଵଽ଴,଺ + ͳ = ͵,͹ͺ.                                                                    (4.17) 
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ɉɪɢɧɢɦɚɟɬɫɹ ɱɢɫɥɨ ȼɅ 220 ɤȼ ɪɚɜɧɵɦ ݊ˎ = ͵,͹ͺ = Ͷ.  

 Iɪɚɛ = ୗ∑୬ɥ∙√ଷ∙୙ɧɨɦ 

= ହଷ଴,ସ ୬ɥ∙√ଷ∙ଶଶ଴ = Ͳ,͵ͷ ɤȺ.                                                       (4.18) 

 

Ɋɚɫɱɟɬɧɵɣ ɬɨɤ ȼɅ 220 ɤȼ: 

 Iɪɚɫ = ȽɌ ∙ Ƚ୧ ∙ Iɪɚɛ = Ͳ,ͺ ∙ ͳ,Ͳͷ ∙ ͵Ͷͺ = ʹͻʹ,͵ʹ Ⱥ,                                    (4.19) 

  

ɝɞɟ ߙʡ = Ͳ,ͺ − ɤɨɷɮɮɢɰɢɟɧɬ ɭɱɢɬɵɜɚɸɳɢɣ ɱɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɦɚɤɫɢɦɚɥɶɧɨɣ ɧɚɝɪɭɡɤɢ ɥɢɧɢɢ; 
𝑖ߙ       = ͳ,Ͳͷ − ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɢɡɦɟɧɟɧɢɟ ɧɚɝɪɭɡɤɢ ɩɨ ɝɨɞɚɦ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɥɢɧɢɢ. 

ɉɨ ɜɟɥɢɱɢɧɟ ɪɚɫɱɟɬɧɨɝɨ ɬɨɤɚ ɜɵɛɪɚɧ ɩɪɨɜɨɞ Ⱥɋ – 240/32. Ⱦɨɩɭɫɬɢɦɵɣ 
ɩɪɨɞɨɥɠɢɬɟɥɶɧɵɣ ɬɨɤ ̌ܫ ˑ˒ = ͸Ͳͷ ʏ. 

ɉɪɨɜɟɪɤɚ ɩɨ ɧɚɝɪɟɜɭ: 

 Iɩ.ɚɜ = ୗ∑ሺ୬ɥ−ଵሻ∙√ଷ∙୙ɧɨɦ 

= ହଷ଴,ସ ଷ∙√ଷ∙ଶଶ଴ = Ͳ,Ͷ͸ ɤȺ.                                                 (4.20)      

 Iɞɨɩ > Iɩ.ɚɜ , ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɵɛɢɪɚɟɦɵɣ ɩɪɨɜɨɞ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɸ 
ɧɚɝɪɟɜɚ. ɉɚɪɚɦɟɬɪɵ ɩɪɨɜɨɞɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.5. 

 

Ɍɚɛɥɢɰɚ 4.5 – ɉɚɪɚɦɟɬɪɵ ɩɪɨɜɨɞɚ Ⱥɋ-240/32 

ɑɢɫɥɨ ɩɪɨɜɨɞɨɜ ɜ ɮɚɡɟ ܴ଴, Ɉɦ/ɤɦ ܺ଴, Ɉɦ/ɤɦ 

1 0,121 0,435 

 

4.2.6 ȼɵɛɨɪ ɝɥɚɜɧɨɣ ɫɯɟɦɵ ɧɚ ɨɫɧɨɜɚɧɢɢ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ 
ɪɚɫɱёɬɚ 

 

Ʉɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (4.19): 

 

Ʉଵ = ɄɊɍ + ɄɌ + ɄɌɋɇ                                                                               (4.21) 

 

ɝɞɟ ɄɊɍ − ɪɚɫɱɟɬɧɚɹ ɫɬɨɢɦɨɫɬɶ ɜɵɤɥɸɱɚɬɟɥɹ; 
      ɄɊɍ

ଶଶ଴ = ͹Ͳ ɦɥɧ ɪɭɛ. ; 
      ɄɌ − ɪɚɫɱɟɬɧɚɹ ɫɬɨɢɦɨɫɬɶ ɛɥɨɱɧɨɝɨ ɬɪɟɯɮɚɡɧɨɝɨ ɞɜɭɯɨɛɦɨɬɨɱɧɨɝɨ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɨɞɢɧɨɱɧɨɝɨ (ɨɛɴɟɞɢɧɟɧɧɨɝɨ) ɛɥɨɤɚ. 
      ɄɌ

ଶଶ଴ = ͹͵,͹ͷ ɦɥɧ ɪɭɛ. (ɌȾɐ-1250000/220 ɍ-1); 

     ɄɌɋɇ − ɪɚɫɱɟɬɧɚɹ ɫɬɨɢɦɨɫɬɶ ɬɪɟɯɮɚɡɧɨɝɨ ɞɜɭɯɨɛɦɨɬɨɱɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɨɞɢɧɨɱɧɨɝɨ (ɨɛɴɟɞɢɧɟɧɧɨɝɨ) ɛɥɨɤɚ. 
     ɄɌɋɇ

ଶଶ଴ = ͳ,͸͸ ɦɥɧ ɪɭɛ. (Ɍɋɇ-1600/10/0,4). 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɨɞɢɧɨɱɧɵɯ ɛɥɨɤɨɜ: 
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Ʉଵଶଶ଴ = ሺͶ ∙ ͳ,͸͸ + ͸ ∙ ͹͵,͹ͷ + ͳʹ ∙ ͹Ͳሻ = ͳ,ʹͺͻ,ͳͶ ɦɥɪɞ ɪɭɛ. 
 

Ⱦɥɹ ɨɛɴɟɞɢɧɟɧɧɨɝɨ ɛɥɨɤɚ: 

 

Ʉଶଶଶ଴ = ሺͶ ∙ ͳ,͸͸ + ͸ ∙ ͹͵,͹ͷ + ͺ ∙ ͹Ͳሻ = ͳ,ͲͲͻ,ͳͶ ɦɥɪɞ ɪɭɛ. 
 

ɋɭɦɦɚɪɧɵɟ ɝɨɞɨɜɵɟ ɢɡɞɟɪɠɤɢ ɩɨ ɜɚɪɢɚɧɬɚɦ ɫɨɫɬɚɜɹɬ: 

 

Ɉɞɢɧɨɱɧɵɟ ɛɥɨɤɢ: 

 

ɂଵ = Ͳ,Ͳͻ ∙ Ʉଵ + ɂɩɨɬଵଶଶ଴ ;                                                                             (4.22) 

 

ɂଵ = Ͳ,Ͳͻ ∙ ͳʹͺͻͳͶͲ + ͵ͷ͹͵͸,ͻ = ͳͷͳ͹ͷͻ,ͷ ɬɵɫ.ɪɭɛ/ɝɨɞ 

 

Ɉɛɴɟɞɢɧɟɧɧɵɟ ɛɥɨɤɢ: 

 

ɂଶ = Ͳ,Ͳͻ ∙ Ʉଶ + ɂɩɨɬଶଶଶ଴ ;                                                                              (4.23) 

 

ɂଶ = Ͳ,Ͳͻ ∙ ͳͲͲͻͳͶͲ + ͳ͹ͺ͸ͺ,Ͷͷ = ͳͲͺ͸ͻͳ,Ͳͷ ɬɵɫ.ɪɭɛ/ɝɨɞ. 

 

ɉɪɢɜɟɞёɧɧɵɟ ɡɚɬɪɚɬɵ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 

Ɂ୧ = ȿɧ ∙ Ʉ୧ + ɂ୧,                                                                                         (4.24) 

 

ɝɞɟ ȿɧ − ɧɨɪɦɚɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ. 
 

Ɂଵ = Ͳ,ͳͷ ∙ ͳʹͺͻͳͶͲ + ͵ͷ͹͵͸,ͻ = ʹʹͻͳͲ͹,ͻ ɬɵɫ.ɪɭɛ/ɝɨɞ, 

 

Ɂଶ = Ͳ,ͳͷ ∙ ͳͲͲͻͳͶͲ + ͳ͹ͺ͸ͺ,Ͷͷ = ͳ͸ͻʹ͵ͻ,Ͷͷ ɬɵɫ.ɪɭɛ/ɝɨɞ. 
 

Ƚɥɚɜɧɚɹ ɫɯɟɦɚ ɜɵɛɢɪɚɟɬɫɹ ɧɚ ɨɫɧɨɜɚɧɢɢ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ 
ɫɨɩɨɫɬɚɜɥɟɧɢɹ ɜɚɪɢɚɧɬɨɜ ɫ ɭɱɟɬɨɦ ɪɟɠɢɦɨɜ ɢ ɧɚɞɟɠɧɨɫɬɢ ɪɚɛɨɬɵ 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. 

ȼɜɢɞɭ ɡɧɚɱɢɬɟɥɶɧɨɣ ɮɢɧɚɧɫɨɜɨɣ ɪɚɡɧɢɰɵ ɦɟɠɞɭ ɜɚɪɢɚɧɬɚɦɢ (56%) 
ɨɩɪɟɞɟɥɹɸɳɢɦɢ ɹɜɥɹɸɬɫɹ ɮɚɤɬɨɪɵ ɧɚɞɟɠɧɨɫɬɢ ɷɥɟɦɟɧɬɨɜ ɛɥɨɤɚ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ, ɜ ɤɚɱɟɫɬɜɟ ɝɥɚɜɧɨɣ ɫɯɟɦɵ Ƚɗɋ ɩɪɢɧɢɦɚɟɬɫɹ ɫɯɟɦɚ ɫ 
ɨɛɴɟɞɢɧɟɧɧɵɦɢ ɛɥɨɤɚɦɢ. 

 

4.2.7 ȼɵɛɨɪ ɫɯɟɦɵ Ɋɍ ȼɇ 

 

ȼɵɛɨɪ ɫɯɟɦɵ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɹɜɥɹɟɬɫɹ ɜɚɠɧɵɦ ɢ 
ɨɬɜɟɬɫɬɜɟɧɧɵɦ ɷɬɚɩɨɦ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ. Ɉɬ ɜɵɛɪɚɧɧɨɣ ɫɯɟɦɵ 
ɡɚɜɢɫɢɬ ɧɚɞɟɠɧɨɫɬɶ ɪɚɛɨɬɵ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ, ɷɤɨɧɨɦɢɱɧɨɫɬɶ, ɨɩɟɪɚɬɢɜɧɚɹ 
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ɝɢɛɤɨɫɬɶ (ɩɪɢɫɩɨɫɨɛɥɹɟɦɨɫɬɶ ɤ ɢɡɦɟɧɹɸɳɢɦɫɹ ɭɫɥɨɜɢɹɦ ɪɚɛɨɬɵ) ɢ ɭɞɨɛɫɬɜɨ 
ɷɤɫɩɥɭɚɬɚɰɢɢ, ɛɟɡɨɩɚɫɧɨɫɬɶ ɨɛɫɥɭɠɢɜɚɧɢɹ, ɜɨɡɦɨɠɧɨɫɬɶ ɪɚɫɲɢɪɟɧɢɹ. 

ɋɨɝɥɚɫɧɨ ɋɈ ȿɗɋ «ɋɢɫɬɟɦɵ ɩɪɢɧɰɢɩɢɚɥɶɧɵɟ, ɷɥɟɤɬɪɢɱɟɫɤɢɟ Ɋɍ 35-750 

ɤȼ. Ɍɢɩɨɜɵɟ ɪɟɲɟɧɢɹ» ɨɫɧɨɜɧɵɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ, ɩɪɟɞɴɹɜɥɹɟɦɵɟ ɤ ɫɯɟɦɚɦ Ɋɍ 
ɡɚɤɥɸɱɚɸɬɫɹ ɜ ɨɛɟɫɩɟɱɟɧɢɢ ɤɚɱɟɫɬɜɚ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɉɋ:  

- ɧɚɞɟɠɧɨɫɬɶ 

- ɷɤɨɧɨɦɢɱɧɨɫɬɶ 

- ɧɚɝɥɹɞɧɨɫɬɶ ɢ ɩɪɨɫɬɨɬɚ 

- ɜɨɡɦɨɠɧɨɫɬɶ ɢ ɛɟɡɨɩɚɫɧɨɫɬɶ ɨɛɫɥɭɠɢɜɚɧɢɹ 

- ɜɵɩɨɥɧɟɧɢɟ ɪɟɦɨɧɬɨɜ ɢ ɪɚɫɲɢɪɟɧɢɹ 

Ɉɛɨɛɳɟɧɧɵɦ ɤɪɢɬɟɪɢɟɦ ɩɪɢ ɜɵɛɨɪɟ ɫɯɟɦɵ ɄɊɍɗ ɩɪɢ ɪɚɜɧɨɦ 
ɨɛɟɫɩɟɱɟɧɢɢ ɤɚɱɟɫɬɜɚ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɉɋ ɹɜɥɹɟɬɫɹ ɦɢɧɢɦɭɦ ɡɚɬɪɚɬ ɧɚ 
ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɢ ɷɤɫɩɥɭɚɬɚɰɢɸ Ɋɍ ɢ ɩɨɞɫɬɚɧɰɢɢ ɜ ɰɟɥɨɦ. 

ɑɢɫɥɨ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɄɊɍɗ-220 ɤȼ – 7: 

- 4 ȼɅ 220 ɤȼ; 

- 3 ɛɥɨɤɚ. 
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɬɚɧɞɚɪɬɨɦ: «Ɋɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɩɪɢɦɟɧɟɧɢɸ ɬɢɩɨɜɵɯ 

ɩɪɢɧɰɢɩɢɚɥɶɧɵɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɯɟɦ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ 
ɩɨɞɫɬɚɧɰɢɣ 35-750 ɤȼ», ɨɤɨɧɱɚɬɟɥɶɧɨ ɩɪɢɦɟɧɹɟɦ ɫɯɟɦɭ Ɋɍ ɫ ɞɜɭɦɹ ɪɚɛɨɱɢɦɢ 
ɫɢɫɬɟɦɚɦɢ ɲɢɧ. ȼ ɨɛɳɟɦ ɜɢɞɟ ɫɯɟɦɚ ɩɪɟɞɨɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 4.3. 

 

 
Ɋɢɫɭɧɨɤ 4.3 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ Ɋɍ-220 ɤȼ 

 

4.3 Ɋɚɫɱɟɬ ɬɨɤɨɜ ɬɪɟɯɮɚɡɧɨɝɨ ɢ ɨɞɧɨɮɚɡɧɨɝɨ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ  
 

Ɉɩɪɟɞɟɥɢɦ ɢɧɞɭɤɬɢɜɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɫɟɯ ɷɥɟɦɟɧɬɨɜ 
ɤɨɪɨɬɤɨɡɚɦɤɧɭɬɨɣ ɰɟɩɢ. 

ɋɢɧɯɪɨɧɧɵɣ ɝɟɧɟɪɚɬɨɪ: 

 xȽ = xୢ′′ ∙ ୙ɧɨɦ
మୗɧɨɦ

= Ͳ,ͳͷ ∙ ଵ଴,ହమଵ଴଴ = Ͳ,ͳ͸ͷ Ɉɦ.                                                   (4.25) 

 



37 

 

Ɂɧɚɱɟɧɢɟ ɫɜɟɪɯɩɟɪɟɯɨɞɧɨɣ ɗȾɋ ɝɟɧɟɪɚɬɨɪɨɜ: 

 EȽ = E∗′′ ∙ Uɛ = ͳ,ͳ͵ ∙ ʹ͵Ͳ = ʹ͵Ͳ ɤȼ.                                                         (4.26) 

 

ɂɧɞɭɤɬɢɜɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ: 

 xɌ = ୙Ʉ%∙୙ɧɨɦ
మଵ଴଴∙ୗɧɨɦ

= ଵଵ∙ଶସଶమଵ଴଴∙ଵଶହ = ʹͷ,ͺ Ɉɦ.                                                            (4.27)  

 

ɋɢɫɬɟɦɚ: 

 xɋ = ୙ɧɨɦ
మୗɤɡ

= ଶଶ଴మଵହ଴ = ͵ʹ͵ Ɉɦ.                                                                        
(4.28) 

 

Ʌɢɧɢɢ ɫɜɹɡɢ ɫ ɷɧɟɪɝɨɫɢɫɬɟɦɨɣ: 

 xɅ = x଴,ɭɞ ∙ l = Ͳ,Ͷ͵ͷ ∙ ͹ͺ = ͵͵,ͻ Ɉɦ.                                                       (4.29) 

 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ: 

 kɌ = ୙ȼɇ୙ɇɇ
= ଶଶ଴ଵ଴,ହ = Ͳ,ͲͶ͸.                                                                            (4.30) 

 

Ɉɩɪɟɞɟɥɢɦ ɚɤɬɢɜɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɫɟɯ ɷɥɟɦɟɧɬɨɜ ɤɨɪɨɬɤɨɡɚɦɤɧɭɬɨɣ 
ɰɟɩɢ: 

 rʒ = ୶ʒହ଴ = Ͳ,ͲͲ͵͵ ʝˏ;                                                                                 (4.31) 

 rɋ = ୶ɋହ଴ = ͸,Ͷ͸ Ɉɦ;                                                                                     (4.32) 

 rɅ = r଴,ɭɞ ∙ l = Ͳ,ͳʹͳ ∙ ͹ͺ = ͻ,ͶͶ Ɉɦ;                                                        (4.33) 

 rɌ = ∆୔ౡଶ ∙ ୗɛୗɧɨɦ
మ = ଷ,ଶ଼ ∙ ଵ଴଴ଵଶହ = Ͳ,ͲͲͲͷ͸ Ɉɦ;                                                    (4.34) 

 rɌ = ∆୔ౡଶ ∙ ୙ɛ
మୗɧɨɦ

మ = ଷ,ଶ଼ ∙ ଶଷ଴ଵଶହ = ͵,Ͷͻ͸ Ɉɦ;                                                        (4.35) 

 Tɚɝ = ୶ɝω∙୰ɝ
= ଴,ଵ଺ହ ଷଵସ∙଴,଴଴ଷଷ = Ͳ,ͳ͸ ɫ.                                                                  (4.36) 
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4.3.1 Ɋɚɫɱɟɬ ɬɨɤɨɜ ɬɪɟɯɮɚɡɧɨɝɨ ɢ ɨɞɧɨɮɚɡɧɨɝɨ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɜ 
Ɋɍ ȼɇ ɜ ɩɪɨɝɪɚɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ «RASTR WIN 3» 

 

ɇɚ ɪɢɫɭɧɤɚɯ 4.4, 4.5, 4.6 ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɢɡ ɬɚɛɥɢɰ 
ɩɪɨɝɪɚɦɦɵ «RastrWin3», ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɪɚɫɱɟɬɚ. ɇɚ ɪɢɫɭɧɤɟ 4.7 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɯɟɦɚ ɞɥɹ ɪɚɫɱɟɬɚ.  
 

 
Ɋɢɫɭɧɨɤ 4.4 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɨ ɭɡɥɚɦ 

 

      

 

 
Ɋɢɫɭɧɨɤ 4.5 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɨ ɜɟɬɜɹɦ 

 

 
        Ɋɢɫɭɧɨɤ 4.6 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɨ ɝɟɧɟɪɚɬɨɪɚɦ 
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Ɋɢɫɭɧɨɤ 4.7 – Ɋɚɫɱёɬɧɚɹ ɫɯɟɦɚ ɫ ɬɨɱɤɨɣ ɄɁ 

 

4.3.2 Ɋɚɫɱɟɬ ɬɨɤɨɜ ɬɪɟɯɮɚɡɧɨɝɨ ɢ ɨɞɧɨɮɚɡɧɨɝɨ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ 

(ɄɁ) ɧɚ ɝɟɧɟɪɚɬɨɪɧɨɦ ɧɚɩɪɹɠɟɧɢɢ ɜ ɩɪɨɝɪɚɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ «RASTR 

WIN 3» 

 

Ɍɨɱɤɢ ɪɚɫɱёɬɚ ɄɁ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 4.8. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɚɯ 4.9, 4.10, 4.11 ɢ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 4.6 

 

 
Ɋɢɫɭɧɨɤ 4.8 – Ɋɚɫɱёɬɧɚɹ ɫɯɟɦɚ ɫ ɬɨɱɤɨɣ ɄɁ 
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Ɋɢɫɭɧɨɤ 4.9 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɬɨɤɨɜ ɬɪёɯɮɚɡɧɨɝɨ ɄɁ ɧɚ ɋɒ 

 

 
Ɋɢɫɭɧɨɤ 4.10 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɬɨɤɨɜ ɨɞɧɨɮɚɡɧɨɝɨ ɄɁ ɧɚ ɋɒ 

 

 
Ɋɢɫɭɧɨɤ 4.11 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɬɨɤɨɜ ɬɪёɯɮɚɡɧɨɝɨ ɄɁ 

 

Ɍɚɛɥɢɰɚ 4.6 – Ɇɟɫɬɨ ɄɁ ɢ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɜ ɬɨɱɤɚɯ 
Ɍɢɩ ɄɁ ɉ1 ˒ܫ .଴ 

1ɮ 2 2,7 

3ɮ 2 7,2 

3ɮ 8 88,9 

 

4.3.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɱёɬɧɵɯ ɬɨɤɨɜ ɪɚɛɨɱɟɝɨ ɢ ɭɬɹɠɟɥёɧɧɨɝɨ ɪɟɠɢɦɚ 

 

ɉɪɢ ɜɵɛɨɪɟ ɬɨɤɨɜɟɞɭɳɢɯ ɱɚɫɬɟɣ ɧɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɢɬɶ ɜɵɩɨɥɧɟɧɢɟ 
ɬɪɟɛɨɜɚɧɢɹ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ ɚɩɩɚɪɚɬɨɜ ɢ ɩɪɨɜɨɞɧɢɤɨɜ. 

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

 Iɝ.ɪɚɛ ୫ୟ୶ = ͳ,Ͳͷ ∙ Iɝ.ɧɨɦ                                                                                (4.37) 

 Iɝ.ɪɚɛ ୫ୟ୶ = ͳ,Ͳͷ ∙ ͶͻʹͲ = ͷͳ͸͸ Ⱥ.  
 

Ɋɚɛɨɱɢɣ ɬɨɤ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ: 
 Iɪɚɛ ୫ୟ୶ ሺɊɍȼɇሻ = ୗˆ,ɧɨɦ√ଷ∙୙ɬ,ɧɨɦ

= ଵଶହ√ଷ∙ଶସଶ = ʹͻͺ Ⱥ;               (4.38) 
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4.4 ȼɵɛɨɪ ɢ ɩɪɨɜɟɪɤɚ ɤɨɦɦɭɬɚɰɢɨɧɧɵɯ ɚɩɩɚɪɚɬɨɜ ɜ Ɋɍ ȼɇ 

 

Ⱦɥɹ ɜɵɛɨɪɚ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɪɨɜɟɪɤɚ 
ɧɚ ɬɟɪɦɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ, ɞɢɧɚɦɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ ɢ ɧɚ ɩɪɨɰɟɧɬɧɨɟ 
ɫɨɞɟɪɠɚɧɢɟ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɜ ɷɥɟɝɚɡɨɜɵɯ ɜɵɤɥɸɱɚɬɟɥɹɯ. 
Ɋɚɫɱɟɬɧɨɟ ɡɧɚɱɟɧɢɟ ɫɪɚɜɧɢɜɚɟɬɫɹ ɫ ɩɚɪɚɦɟɬɪɨɦ ɞɚɧɧɵɦ ɜ ɤɚɬɚɥɨɝɟ. ȼ ɬɚɛɥɢɰɟ 
4.6, 4.7 ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɪɢɛɨɪɵ ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɜ ɰɟɩɹɯ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɢ ɢɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. 

Ɍɨɤ ɪɚɛɨɱɢɣ ɜ Ɋɍ: 
 I˓˃˄ʟʢ = ୒˖˔˕√ଷ୙˓˖ୡ୭ୱφ = ହଵ଴√ଷ∙ଶଶ଴∙଴,଼ହ = ͳ,͸ ˍʏ           (4.39) 

 

ɉɨɥɚɝɚɹɫɶ ɧɚ ɪɚɛɨɱɢɣ ɬɨɤ Ɋɍ ɜɵɛɢɪɚɟɬɫɹ ɤɨɦɩɥɟɤɬɧɨɟ 
ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɷɥɟɝɚɡɨɜɨɟ (ɄɊɍɗ) ɫɟɪɢɢ əȽȽ-220. 

 

Ɍɚɛɥɢɰɚ 4.6 – ɉɚɪɚɦɟɬɪɵ əȽȽ-220 

Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ 

ȼɵɤɥɸɱɚɬɟɥɶ əȽȽ-220 

Uɧɨɦ =220ɤȼ 

Iɧɨɦ =3150 Ⱥ 

Iɧɨɦ.ɨɬɤɥ =50 ɤȺ 

Iɞɢɧ = 125 ɤȺ ̞ܫ ˈ˓ˏ = ͷͲ ˍʏ 

 

Ɍɨɤ ɭɞɚɪɧɵɣ: 
 i˖ = √ʹI˒଴ (ͳ + e− బ,బభబ,బరఱ) = √ʹ ∙ ͹,ʹ (ͳ + e− బ,బభబ,బరఱ) = ͳͺ,͵Ͷ ˍʏ        (4.40) 

 

ɂɦɩɭɥɶɫ ɬɟɪɦɢɱɟɫɤɨɝɨ ɬɨɤɚ: 
 B˕,ːˑˏ = Iଶ̞ ∙ t˕ = ͷͲଶ ∙ ͵ = ͹ͷͲͲ ˍʏଶ ∙ ˔                     (4.41) 

 B˕,˓˃˔˚ = I˒଴ଶ ∙ ሺtˑ˕ˍ + tʟʖሻ = ͹,ʹଶ ∙ ሺͲ,Ͳ͵ + Ͳ,Ͳͳሻ = ʹ,Ͳ͹ ˍʏଶ ∙ ˔       (4.40) 

 

ȼɵɛɪɚɧɧɨɟ ɄɊɍɗ ɫɟɪɢɢ əȽȽ-220 ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɜɫɟɦ ɧɟɨɛɯɨɞɢɦɵɦ 
ɩɚɪɚɦɟɬɪɚɦ, ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɟɞɫɬɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 4.12. ɄɊɍɗ ɫɟɪɢɢ əȽȽ-

220 ɤɨɦɩɥɟɤɬɭɟɬɫɹ ɜɫɬɪɨɟɧɧɵɦɢ ɢɧɞɭɤɬɢɜɧɵɦɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɦ ɬɨɤɚ ɢ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɦ ɧɚɩɪɹɠɟɧɢɹ. 
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Ɋɢɫɭɧɨɤ 4.12 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɄɊɍɗ ɫɟɪɢɢ əȽɌ-110, əȽȽ-220 

 

4.5 ȼɵɛɨɪ ɢ ɩɪɨɜɟɪɤɚ ɤɨɦɦɭɬɚɰɢɨɧɧɵɯ ɚɩɩɚɪɚɬɨɜ ɝɟɧɟɪɚɬɨɪɧɨɝɨ 
ɧɚɩɪɹɠɟɧɢɹ 

 

ȼɵɛɪɚɧ ɝɟɧɟɪɚɬɨɪɧɵɣ ɚɩɩɚɪɚɬɧɵɣ ɤɨɦɩɥɟɤɫ ɷɥɟɝɚɡɨɜɵɣ ɄȺȽ-20 

ɩɪɨɢɡɜɨɞɫɬɜɚ «ɗɥɟɤɬɪɨɚɩɩɚɪɚɬ». Ʉɨɦɩɥɟɤɬɭɟɬɫɹ ɜɵɤɥɸɱɚɬɟɥɟɦ  
ȼȽȽ-20-90/8000. 
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Ɍɚɛɥɢɰɚ 4.7 – ɉɚɪɚɦɟɬɪɵ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ 

Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ 

ȼɵɤɥɸɱɚɬɟɥɶ ɄȺȽ-20 

Uɧɨɦ =20 ɤȼ 

Iɧɨɦ =8000 Ⱥ 

Iɧɨɦ.ɨɬɤɥ =90 ɤȺ 

iɞɢɧ ɫɬɨɣɤ  = 230 ɤȺ I˕ˈ˓ˏ = ͻͲ  ˍʏଶ ∙ ˔ Ⱦʜ, % = ͻͲ 

 

Ɍɨɤ ɭɞɚɪɧɵɣ: 
 i˖ = √ʹI˒଴ (ͳ + e− బ,బభబ,బరఱ) = √ʹ ∙ ͺͻ (ͳ + e− బ,బభబ,బరఱ) = ʹʹ͸,͸ͷ ˍʏ                 (4.41) 

 

ɂɦɩɭɥɶɫ ɬɟɪɦɢɱɟɫɤɨɝɨ ɬɨɤɚ: 
 B˕,ːˑˏ = Iଶ̞ ∙ t˕ = ͻͲଶ ∙ ͵ = ʹͶ͵ͲͲ ˍʏଶ ∙ ˔;                                                (4.42) 

 B˕,˓˃˔˚ = I˒଴ଶ ∙ ሺtˑ˕ˍ + tʟʖሻ = ͺͻଶ ∙ ሺͲ,Ͳ͵ + Ͳ,Ͳͳሻ = ͵ͳ͸,ͺ ˍʏଶ ∙ ˔;          (4.43) 

 Ⱦ˓˃˔˚ = √ଶ୍˒బቆଵ+ୣ− బ,బభబ,బరఱቇ୍˒బ ∙ ͳͲͲ% = √ଶ∙଼ଽ∙ቆଵ+ୣ− బ,బభబ,బరఱቇ଼ଽ ∙ ͳͲͲ% = ͹ͻ%            (4.44)

   

ȼɵɛɪɚɧɧɵɣ ɝɟɧɟɪɚɬɨɪɧɵɣ ɚɩɩɚɪɚɬɧɵɣ ɤɨɦɩɥɟɤɫ ɷɥɟɝɚɡɨɜɵɣ ɄȺȽ-20 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɜɫɟɦ ɧɟɨɛɯɨɞɢɦɵɦ ɩɚɪɚɦɟɬɪɚɦ.  
ɄȺȽ-20 ɫɨɫɬɨɢɬ ɢɡ ɷɥɟɝɚɡɨɜɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ ɬɢɩɚ ȼȽȽ-20 ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɤɨɬɨɪɨɝɨ ɢɡɨɛɪɚɠɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 4.13, ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ, ɡɚɡɟɦɥɢɬɟɥɟɣ, 
Ɉɉɇ,ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ.   
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Ɋɢɫɭɧɨɤ 4.13 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɵɤɥɸɱɚɬɟɥɹ ȼȽȽ-20 

 

4.6 ȼɵɛɨɪ ɦɨɳɧɨɫɬɢ ȾȽɍ 

 

Ⱦɥɹ ɪɟɡɟɪɜɧɨɝɨ ɩɢɬɚɧɢɹ ɨɛɳɟɫɬɚɧɰɢɨɧɧɵɯ ɧɭɠɞ ɢ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 
ɨɞɧɨɝɨ ɚɝɪɟɝɚɬɚ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ȾȽɍ, ɬ.ɤ ȾȽɍ ɞɨɥɠɟɧ ɩɨɥɧɨɫɬɶɸ ɩɨɤɪɵɜɚɬɶ 
ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ 1 ɚɝɪɟɝɚɬɚ, ɬɨ ɩɪɢɧɢɦɚɟɦ Pʓʒʢ = Ͳ,ͷ ʛʑ˕. 
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5 Ɋɟɥɟɣɧɚɹ ɡɚɳɢɬɚ ɢ ɚɜɬɨɦɚɬɢɤɚ Ƚɗɋ 

 

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  
 

ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 5.1 , ɚ 
ɞɚɧɧɵɟ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɜ ɬɚɛɥɢɰɟ 5.2. 

 

Ɍɚɛɥɢɰɚ 5.1 – ɉɚɫɩɨɪɬ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ 
ɇɚɢɦɟɧɨɜɚɧɢɟ 

ɜɟɥɢɱɢɧɵ 
Ɉɛɨɡɧɚɱɟɧɢɟ ȿɞɢɧɢɰɵ ɢɡɦɟɪɟɧɢɹ Ɂɧɚɱɟɧɢɹ 

Ɍɢɩ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ ɋȼ-850/190-40Ɍɋ4 

ɇɨɦɢɧɚɥɶɧɚɹ ɩɨɥɧɚɹ 
ɦɨɳɧɨɫɬɶ 

ܵɧɨɦ ɆȼȺ 100 

ɇɨɦɢɧɚɥɶɧɚɹ 
ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɧܲɨɦ Ɇȼɬ 90 

Ʉɨɷɮɮɢɰɢɟɧɬ 
ɦɨɳɧɨɫɬɢ 

 𝜑 ɨ.ɫ. 0,85ݏ݋ܿ

ɇɨɦɢɧɚɥɶɧɨɟ 
ɧɚɩɪɹɠɟɧɢɟ ɧܷɨɦ ɤȼ 10,5 

   

Ɍɚɛɥɢɰɚ 5.2 – Ⱦɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌȾɐ 125000/220-ɍ1 Sɧɨɦ, Ɇɜɬ 
Uɧ, ɤȼ Uɤ,% ∆Pɤ, ɤȼɬ 

∆Pɯɯ, 

ɤȼɬ 
Iɯ,% Rɬ, Ɉɦ Xɬ, Ɉɦ Uɜɧ Uɧɧ 

125 242 10,5 11 380 90 0,55 1,42 51,5 

  

5.2 Ɋɚɫɱɟɬ ɧɨɦɢɧɚɥɶɧɵɯ ɬɨɤɨɜ  
 

Ⱦɥɹ ɩɨɫɥɟɞɭɸɳɢɯ ɪɚɫɱɟɬɨɜ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ɧɨɦɢɧɚɥɶɧɵɟ ɬɨɤɢ ɧɚ 
ɝɟɧɟɪɚɬɨɪɧɨɦ ɢ ɧɚ ɜɵɫɲɟɦ ɧɚɩɪɹɠɟɧɢɢ. 

ɇɚ ɝɟɧɟɪɚɬɨɪɧɨɦ ɧɚɩɪɹɠɟɧɢɢ: 
 

 Iːˑˏ = ୔ːˑˏ/ୡ୭ୱφ√ଷ∙୙ːˑˏ = ଽ଴∙ଵ଴య/଴,଼ହ√ଷ∙ଵ଴,ହ = ͷͺʹʹ ʏ                                                      (5.1) 

 

ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɩɪɢɜɟɞɟɧɧɵɣ ɤ ɧɢɡɲɟɣ 
ɫɬɨɪɨɧɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ: 
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Iːˑˏଶ = ୍ːˑˏభ∙ʙ˔˘ʙ˕˕ = ହ଼ଶଶ∙ଵ଺଴଴଴/ହ = Ͷ,ͺͷ ʏ                                                               (5.2) 

 

ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɧɚ ɜɵɫɲɟɦ ɧɚɩɪɹɠɟɧɢɢ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ 
ɭɫɬɪɨɣɫɬɜɚ: 

 I˅ːଵ = ୗːˑˏ√ଷ∙୙ːˑˏ = ଵଶହ∙ଵ଴య√ଷ∙ଶସଶ = ʹͻͺ,ͷ͹ ʏ                                                             (5.3) 

 

ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɩɪɢɜɟɞɟɧɧɵɣ ɤ ɧɢɡɲɟɣ ɫɬɨɪɨɧɟ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ: 

 I˅ːଶ = ଶଽ଼,ହ଻ଷ଴଴/ହ = Ͷ,ͻͺ ʏ                                                                                    

 

ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ ɜɨɡɛɭɠɞɟɧɢɹ:  
 Iɜɧ ୘ȼ ଵ = ଼଴଴√ଷ∙ଵ଴,ହ = ͶͶ Ⱥ                                                                                 

 

5.3 ɉɟɪɟɱɟɧɶ ɡɚɳɢɬ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 

 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɉɍɗ ɫɨɝɥɚɫɧɨ ɦɨɳɧɨɫɬɢ ɝɟɧɟɪɚɬɨɪɚ ɩɪɢɧɢɦɚɟɦ ɤ 
ɭɫɬɚɧɨɜɤɟ ɫɥɟɞɭɸɳɢɟ ɜɢɞɵ ɡɚɳɢɬ ɧɚ ɨɫɧɨɜɧɨɦ ɨɛɨɪɭɞɨɜɚɧɢɢ. 

ɇɚ ɨɫɧɨɜɧɨɦ ɝɟɧɟɪɚɬɨɪɟ  ɋȼ-850/190-40Ɍɋ4 : 

 − ɉɪɨɞɨɥɶɧɚɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɲɢɬɚ ɝɟɧɟɪɚɬɨɪɚ ɨɬ ɦɧɨɝɨɮɚɡɧɵɯ 
ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ ɜ ɨɛɦɨɬɤɚɯ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɢ ɧɚ ɟɝɨ ɜɵɜɨɞɚɯ; − Ɂɚɳɢɬɚ ɨɬ ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ (100%) ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ; − Ɂɚɳɢɬɚ ɨɬ ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ; − Ɂɚɳɢɬɚ ɨɬ ɩɨɜɵɲɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ; − Ɂɚɳɢɬɚ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ ɬɨɤɨɜ ɜɧɟɲɧɢɯ 
ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ ɢ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ 
ɝɟɧɟɪɚɬɨɪɚ; − Ɂɚɳɢɬɚ ɨɬ ɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ ɫɬɚɬɨɪɚ; − Ⱦɢɫɬɚɧɰɢɨɧɧɚɹ ɡɚɳɢɬɚ ɨɬ ɜɧɟɲɧɢɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ; − Ɂɚɳɢɬɚ ɨɬ ɚɫɢɧɯɪɨɧɧɨɝɨ ɪɟɠɢɦɚ ɛɟɡ ɩɨɬɟɪɢ ɜɨɡɛɭɠɞɟɧɢɹ ɝɟɧɟɪɚɬɨɪɚ; − Ɂɚɳɢɬɚ ɨɬ ɚɫɢɧɯɪɨɧɧɨɝɨ ɪɟɠɢɦɚ ɩɪɢ ɩɨɬɟɪɟ ɜɨɡɛɭɠɞɟɧɢɹ ɝɟɧɟɪɚɬɨɪɚ; − Ɂɚɳɢɬɚ ɨɬ ɩɟɪɟɝɪɭɡɤɢ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ, ɤɨɧɬɪɨɥɶ ɞɥɢɬɟɥɶɧɨɫɬɢ 
ɮɨɪɫɢɪɨɜɤɢ; 

ɍɫɬɪɨɣɫɬɜɨ ɪɟɡɟɪɜɢɪɨɜɚɧɢɹ ɨɬɤɚɡɚ ɜɵɤɥɸɱɚɬɟɥɹ (ɍɊɈȼ) ɝɟɧɟɪɚɬɨɪɚ; 
Ɂɚɳɢɬɚ ɧɚ ɫɢɥɨɜɨɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ ɛɥɨɤɚ ɌȾɐ 125000/220-ɍ1: 
 − Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɨɬ ɜɫɟɯ ɜɢɞɨɜ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ; 
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− Ɍɨɤɨɜɚɹ ɡɚɳɢɬɚ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ ɧɚ 
ɡɟɦɥɸ ɜ ɫɟɬɢ 220 ɤȼ; − Ɋɟɡɟɪɜɧɚɹ ɦɚɤɫɢɦɚɥɶɧɚɹ ɬɨɤɨɜɚɹ ɡɚɳɢɬɚ; − Ɂɚɳɢɬɚ ɨɬ ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ ɧɚ ɫɬɨɪɨɧɟ 10,5 ɤȼ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
ɛɥɨɤɚ; − Ʉɨɧɬɪɨɥɶ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ ɞɥɹ ɩɭɫɤɚ ɩɨɠɚɪɨɬɭɲɟɧɢɹ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɛɥɨɤɚ;  − Ɋɟɥɟ ɬɨɤɚ ɨɯɥɚɠɞɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɛɥɨɤɚ; − Ɂɚɳɢɬɚ ɨɬ ɩɟɪɟɝɪɟɜɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ; − Ɂɚɳɢɬɚ ɨɬ ɩɨɬɟɪɢ ɨɯɥɚɠɞɟɧɢɹ; 

 

Ɂɚɳɢɬɚ Ɍɋɇ Ƚɗɋ: 
 − Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɨɬ ɜɫɟɯ ɜɢɞɨɜ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ; − Ɇɚɤɫɢɦɚɥɶɧɚɹ ɬɨɤɨɜɚɹ ɡɚɳɢɬɚ ɫ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɦ ɩɭɫɤɨɦ ɩɨ 

ɧɚɩɪɹɠɟɧɢɸ; − Ɂɚɳɢɬɚ ɨɬ ɩɟɪɟɝɪɭɡɤɢ; − Ɋɟɥɟ ɬɨɤɚ ɨɯɥɚɠɞɟɧɢɹ; 

 

ɇɚ ɥɢɧɢɹɯ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ 220 ɤȼ: 
 

Ɉɫɧɨɜɧɵɟ ɡɚɳɢɬɵ: − ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨ-ɮɚɡɧɚɹ ɜɵɫɨɤɨɱɚɫɬɨɬɧɚɹ ɡɚɳɢɬɚ ɨɬ ɜɫɟɯ ɜɢɞɨɜ ɄɁ. 

 

Ɋɟɡɟɪɜɧɵɟ ɡɚɳɢɬɵ: − 5-ɬɢ ɫɬɭɩɟɧɱɚɬɚɹ ɞɢɫɬɚɧɰɢɨɧɧɚɹ ɡɚɳɢɬɚ ɨɬ ɦɧɨɝɨɮɚɡɧɵɯ ɡɚɦɵɤɚɧɢɣ; − ɬɨɤɨɜɚɹ ɨɬɫɟɱɤɚ ɞɥɹ ɪɟɡɟɪɜɢɪɨɜɚɧɢɹ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɵ ɩɪɢ 
ɛɥɢɡɤɢɯ ɦɟɠɞɭɮɚɡɧɵɯ ɄɁ; − 4-ɯ ɫɬɭɩɟɧɱɚɬɚɹ ɬɨɤɨɜɚɹ ɧɚɩɪɚɜɥɟɧɧɚɹ ɡɚɳɢɬɚ ɨɬ ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ 
(ɌɇɁɇɉ); − ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɨɬɤɥɸɱɟɧɢɹ ɄɁ ɩɪɢ ɨɬɤɚɡɚɯ ɜɵɤɥɸɱɚɬɟɥɟɣ 220 ɤȼ 
ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɍɊɈȼ 220 ɤȼ. 

 

5.4 ɉɪɨɞɨɥɶɧɚɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɝɟɧɟɪɚɬɨɪɚ (I∆G) 
 

ɉɪɨɞɨɥɶɧɚɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɝɟɧɟɪɚɬɨɪɚ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɨɣ 
ɛɵɫɬɪɨɞɟɣɫɬɜɭɸɳɟɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɣ ሺIʠʟ < Ͳ,ʹ ∙ Iʜሻ ɡɚɳɢɬɨɣ ɨɬ ɦɟɠɞɭɮɚɡɧɵɯ 
ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ ɜ ɨɛɦɨɬɤɟ 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: Iʜʝʛ = ͷͺʹʹ ʏ 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ: ηʡʡ = ͸ͲͲͲ/ͷ ʏ 
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ɇɚɱɚɥɶɧɵɣ ɬɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɨɩɪɟɞɟɥɹɟɬ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɡɚɳɢɬɵ ɩɪɢ 
ɦɚɥɵɯ ɬɨɪɦɨɡɧɵɯ ɬɨɤɚɯ. ȼɟɥɢɱɢɧɚ Iʠʟ.ʝ ɜɵɛɢɪɚɟɬɫɹ ɫ ɭɱɟɬɨɦ ɜɨɡɦɨɠɧɨɫɬɢ 
ɨɬɫɬɪɨɣɤɢ ɡɚɳɢɬɵ ɨɬ ɬɨɤɚ ɧɟɛɚɥɚɧɫɚ ɧɨɦɢɧɚɥɶɧɨɝɨ ɪɟɠɢɦɚ: 

 IɇȻሺɇሻ = ɄɈȾɇ ∙ f୧ ∙ Iɇ = Ͳ,ͷ ∙ Ͳ,ͳ ∙ Iɇ,                                                           (5.4)  

 

ɝɞɟ  ʙʝʓʜ = Ͳ,ͷ - ɤɨɷɮɮɢɰɢɟɧɬ ɨɞɧɨɬɢɩɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ;  
       𝑖݂ = Ͳ,ͳ - ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ. 

            IɇȻሺɇሻ = Ͳ,ͷ ∙ Ͳ,ͳ ∙ ͷͺʹʹ = ʹͻͳ,ͳ ʏ 

 

ɍɫɬɚɜɤɚ ɜɵɛɢɪɚɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ: 
 Iʠʟ.଴ ൒ Kʜ ∙ Iʜʐሺʜሻ = ʹ ∙ Ͳ,Ͳͷ ∙ Iʜ = Ͳ,ͳ ∙ Iʜ,                                                 (5.5) 

 

ɝɞɟ Kʜ = ʹ - ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ. 
ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ: 
 

ɋɊ.Ɉܫ  = Ͳ,ͳͷ ∙ ɇܫ = ͺ͹͵,͵ ʏ                                                                         (5.6) 

 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɨɪɦɨɠɟɧɢɹ KɌ ɨɩɪɟɞɟɥɹɟɬ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɡɚɳɢɬɵ ɤ 
ɩɨɜɪɟɠɞɟɧɢɹɦ ɩɪɢ ɩɪɨɬɟɤɚɧɢɢ ɬɨɤɚ ɧɚɝɪɭɡɤɢ. ȼɟɥɢɱɢɧɚ KɌ ɜɵɛɢɪɚɟɬɫɹ ɫ 
ɭɱɟɬɨɦ ɨɬɫɬɪɨɣɤɢ ɡɚɳɢɬɵ ɨɬ ɬɨɤɨɜ ɧɟɛɚɥɚɧɫɚ, ɜɵɡɜɚɧɧɵɯ ɩɨɝɪɟɲɧɨɫɬɹɦɢ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɩɪɢ ɫɤɜɨɡɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɹɯ. 

Ɇɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɧɟɛɚɥɚɧɫɚ ɩɪɢ ɜɧɟɲɧɟɦ ɬɪɟɯɮɚɡɧɨɦ ɤɨɪɨɬɤɨɦ 
ɡɚɦɵɤɚɧɢɢ ɪɚɜɟɧ:   

 Iʜʐሺʙʖሻ = ʙʏʞ ∙ f୧ ∙ ʙʝʓʜ ∙ Iʛʏʙʠ,                                                                     
(5.7) 

 

ɝɞɟ  ɄȺɉ = ʹ – ɤɨɷɮɮɢɰɢɟɧɬ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ;  
        f୧ = Ͳ,ͳ - ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ; 
        ɄɈȾɇ = Ͳ,ͷ - ɤɨɷɮɮɢɰɢɟɧɬ ɨɞɧɨɬɢɩɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ (0,5-ɞɥɹ 
ɨɞɧɨɬɢɩɧɵɯ ɌɌ); 
        IɆȺɄɋ - ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɱɟɪɟɡ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ ɜ ɥɢɧɟɣɧɵɯ 
ɜɵɜɨɞɚɯ ɩɪɢ ɜɧɟɲɧɟɦ ɬɪɟɯɮɚɡɧɨɦ ɤɨɪɨɬɤɨɦ ɡɚɦɵɤɚɧɢɢ ɜ ɰɟɩɢ ɝɟɧɟɪɚɬɨɪɧɨɝɨ 
ɧɚɩɪɹɠɟɧɢɹ; 

 Iʛʏʙʠ = ୉′̂′୶ౚ′′ ∙ Iʜ.                                                                                            (5.8) 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɧɟɛɚɥɚɧɫɚ ɪɚɜɟɧ ɩɨ (5.9): 
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 IɇȻሺɄɁሻ = ʹ ∙ Ͳ,ͳ ∙ Ͳ,ͷ ∙ ଵ,଴ଶ଴,ଵଽ ∙ ͷͺʹʹ = ͵ͳʹͷ,ͷ Ⱥ.  
 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɨɪɦɨɠɟɧɢɹ ɜɵɛɢɪɚɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ: 
 Kʡ >  ୍ʜʐሺʙʖሻ∙୏ʜ୍ʡ ,                                                                                             (5.9) 

 Kʡ > ଷଵଶହ,ହ∙ଶଷଵଶହସ,ଽ ,  
 Kʡ > Ͳ,ʹ,  

 

ɝɞɟ ܭʜ = ʹ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ;  
 .ʡ - ɬɨɤ ɬɪɟɯɮɚɡɧɨɝɨ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɧɚ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɚܫ       

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

ɬɨɪɦɨɠɟɧɢɹ): 
 IɇɌ = ୍∗ɋɊ

ɄɌ
= ଴,ଵହ଴,ଷ = Ͳ,ͷ.                                                                                (5.10) 

 

Ɍɨɪɦɨɡɧɨɣ ɬɨɤ ȼ ɨɩɪɟɞɟɥɹɟɬ ɬɨɱɤɭ ɢɡɥɨɦɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ. 
ɉɪɢ ɜɵɛɨɪɟ ȼ ɞɨɥɠɧɨ ɜɵɩɨɥɧɹɬɶɫɹ ɭɫɥɨɜɢɟ: 

 B ൒ ୍∗ʠʟʙʡ = ଴,ଵହ଴,ଷ = Ͳ,ͷ.                                                                                   (5.11) 

 

ɉɪɢɧɢɦɚɟɦ ɬɢɩɨɜɨɟ ɡɧɚɱɟɧɢɟ ɭɫɬɚɜɤɢ  ȼ = 1,5 (ɩɪɢ ɷɬɨɦ ɭɫɥɨɜɢɟ 
ɜɵɩɨɥɧɹɟɬɫɹ). 

ɇɚ ɪɢɫɭɧɤɟ 5.1 ɩɪɢɜɟɞɟɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɡɚɳɢɬɵ ɝɟɧɟɪɚɬɨɪɚ. 

 
Ɋɢɫɭɧɨɤ 5.1 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ 
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ɡɚɳɢɬɵ ɝɟɧɟɪɚɬɨɪɚ 

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

 

5.5 Ɂɚɳɢɬɚ ɨɬ ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ (UN 

(UO)) 

 

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 ሺUɈ ɗɅ.ɋɌ.ሻ ɩɪɢ ɄɁ ɧɚ ɡɟɦɥɸ ɧɚ 
ɫɬɨɪɨɧɟ ȼɇ. 

Ɋɚɫɱɟɬ UɈ ɗɅ.ɋɌ. ɜɵɩɨɥɧɟɧ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɦɟɬɨɞɢɤɨɣ, ɪɟɤɨɦɟɧɞɨɜɚɧɧɨɣ 
Ɋɭɤɨɜɨɞɹɳɢɦɢ ɍɤɚɡɚɧɢɹɦɢ. 

ɋɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ, ɨɛɭɫɥɨɜɥɟɧɧɨɝɨ 
ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɣ ɢɧɞɭɤɰɢɟɣ ɦɟɠɞɭ ɨɛɦɨɬɤɚɦɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5.2. 

 
Ɋɢɫɭɧɨɤ 5.2 - ɋɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ, ɨɛɭɫɥɨɜɥɟɧɧɨɝɨ 

ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɣ ɢɧɞɭɤɰɢɟɣ ɦɟɠɞɭ ɨɛɦɨɬɤɚɦɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 

 

ɝɞɟ ʠʒ – ɟɦɤɨɫɬɶ ɨɞɧɨɣ ɮɚɡɵ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɧɚ ɡɟɦɥɸ; 
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      ɋɌ – ɟɦɤɨɫɬɶ ɨɞɧɨɣ ɮɚɡɵ ɨɛɦɨɬɤɢ ɇɇ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚ ɡɟɦɥɸ; 
      ɋɒ – ɟɦɤɨɫɬɶ ɲɢɧɨɩɪɨɜɨɞɚ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɡɟɦɥɟ; 
      ʠʑʒ – ɟɦɤɨɫɬɶ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ ɫɨ ɫɬɨɪɨɧɵ ɝɟɧɟɪɚɬɨɪɚ. 

ɋɭɦɦɚɪɧɚɹ ɟɦɤɨɫɬɶ ɮɚɡɵ ɫɟɬɢ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ: 
 CΣ = CɌ + ɋȽ + ɋɒ + ɋȼȽ = Ͳ,ͲͲ͹͵ + ͳ,Ͳʹ + Ͳ,ͲͲͺ + Ͳ,ʹ͸ = = ͳ,Ͷʹͷ ˏˍʣ˗˃ˊ˖,                                                                                                 (5.12) 

 Uʝ Эʚ.ʠʡ = ʙ ∙ U଴ ∙ ʠʡሺஜబሻʠʡሺஜబሻ+ʠΣ,                                                                         
(5.13) 

 

ɝɞɟ  ʙ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ U଴ ɩɨ ɨɛɦɨɬɤɟ 
ȼɇ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ Ɋɭɤɨɜɨɞɹɳɢɦɢ ɍɤɚɡɚɧɢɹɦɢ ɞɥɹ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɪɚɛɨɬɚɸɳɢɯ ɫ ɝɥɭɯɨɡɚɡɟɦɥɟɧɧɨɣ ɧɟɣɬɪɚɥɶɸ, ʙ = Ͳ,ͷ; 
       ʠʡሺɊ଴ሻ – ɟɦɤɨɫɬɶ ɦɟɠɞɭ ɨɛɦɨɬɤɚɦɢ ɜɵɫɲɟɝɨ ɢ ɧɢɡɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɨɞɧɨɣ 
ɮɚɡɵ ɬɪɚɫɧɮɨɪɦɚɬɨɪɚ, ʠʡ(ȝ଴) = Ͳ,ͲͲͻ ˏˍʣ˗˃ˊ˖ ; 
       U଴ – ɧɚɩɪɹɠɟɧɢɟ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɩɪɢ ɡɚɦɵɤɚɧɢɢ ɧɚ ɡɟɦɥɸ ɧɚ 
ɫɬɨɪɨɧɟ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. ɉɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ: 

 U଴ = ଵଷ ∙ Uʜʝʛ ʑʜ √͵ = ଵଷ⁄ ∙ ଶସଶ√ଷ = Ͷ͸,͸ ˍʑ,                                                 (5.14) 

 

ɋɭɦɦɚɪɧɵɣ ɟɦɤɨɫɬɧɨɣ ɬɨɤ ɫɟɬɢ 10,5 ɤȼ: 
 Iେ = ͳ,͹͵ ∙ Uʚ ∙ ω ∙ ʠΣ = ͳʹ,ʹ ʏ.                                                                 (5.15) 

 

ɇɚɩɪɹɠɟɧɢɟ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɧɚ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɚ ɩɪɢ 
ɨɞɧɨɮɚɡɧɵɯ ɡɚɦɵɤɚɧɢɣ ɧɚ ɫɬɨɪɨɧɟ 220 ɤȼ: 

 UɈ ɗɅ.ɋɌ. = Ͳ,ͷ ∙ Ͷ͸ͷ͹͵ ∙ ଴,଴଴ଽ଴,଴଴ଽ+ଵ,ସଶହ = ͳͶ͸,ʹ ȼ.                                           
 

ɇɚɩɪɹɠɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ ɨɩɪɟɞɟɥɢɬɫɹ ɢɡ ɜɵɪɚɠɟɧɢɹ: 
 UɋɊ ൒ Ʉɇ

Ʉȼ
∙ ଷ୬Ɍɇ

∙ U଴ ɗɅ.ɋɌ,                                                                              (5.16) 

 Uʠʟ ൒ ଵ,ହ଴,ଽହ ∙ ଷ∙ଵସ଺,ଶభయ,ఴ√య∙బ,భయ ,                                                                                        
 Uʠʟ ൒ ʹ,ͻ ʑ.                                                                                                  

 

ɝɞɟ Ʉɇ = ͳ,ͷ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ; 
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      nɌɇ – ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ Ɍɇ; 
      Ʉȼ = Ͳ,ͻͷ – ɤɨɷɮɮɢɰɢɟɧɬ ɜɨɡɜɪɚɬɚ. 

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

ɉɪɢɧɢɦɚɟɦ ɫɥɟɞɭɸɳɢɟ ɭɫɬɚɜɤɢ: U଴ଵୋ ɫ ɭɫɬɚɜɤɨɣ 6 ȼ ɞɟɣɫɬɜɭɟɬ ɫ 
ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 9,0 ɫ ɞɟɣɫɬɜɭɟɬ ɧɚ ɫɢɝɧɚɥ; U଴ଶୋ ɫ ɭɫɬɚɜɤɨɣ 10 ȼ ɢ 
ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 0,5ɫ ɞɟɣɫɬɜɭɟɬ ɧɚ ɪɚɡɝɪɭɡɤɭ ɚɝɪɟɝɚɬɚ; U଴ୋ ɫ ɭɫɬɚɜɤɨɣ 
ɪɚɜɧɨɣ 15 ȼ ɢ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 0,5 ɫ ɞɟɣɫɬɜɭɟɬ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ 
ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ ɢ ɨɫɬɚɧɨɜ ɬɭɪɛɢɧɵ ɫɨ ɫɛɪɨɫɨɦ ɚɜɚɪɢɣɧɨ-ɪɟɦɨɧɬɧɵɯ 
ɡɚɬɜɨɪɨɜ. 

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

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

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

 

ɏ = ଵ
ɄɌ+ଶ = ଵଵ,ଵ+ଶ = Ͳ,͵ ɨ. ɟ.                                                                        (5.17) 

 

ɉɪɢ Kʡ = ͳ,ͳ ɨɪɝɚɧ U଴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. 

 

5.6 Ɂɚɳɢɬɚ ɨɬ ɩɨɜɵɲɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ (U1>), (U2>) 

 

ɍɫɬɚɜɤɚ ɡɚɳɢɬɵ U2> ɜɵɛɢɪɚɟɬɫɹ: 
 Uେʟଶ = ଵ,ସ∙୙ʜ୬ʡʜ = ଵ,ସ∙ଵ଴ହ଴଴ଵ଴ହ଴଴/ଵ଴଴ = ͳͶͲ ʑ.                                                            (5.18) 

 

ȼ ɞɨɩɨɥɧɟɧɢɟ ɤ ɜɵɲɟɭɤɚɡɚɧɧɨɣ ɡɚɳɢɬɟ ɧɚ ɝɟɧɟɪɚɬɨɪɟ ɩɪɟɞɭɫɦɨɬɪɟɧ 
ɜɬɨɪɨɣ ɨɪɝɚɧ U1> ɫ ɭɫɬɚɜɤɨɣ ሺͳ,ʹ ∙ ܷʜሻ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɪɚɛɨɬɵ ɜ ɪɟɠɢɦɟ 
ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɢɥɢ ɩɪɢ ɫɛɪɨɫɟ ɧɚɝɪɭɡɤɢ. 

U1> ɜɜɨɞɢɬɫɹ ɜ ɪɚɛɨɬɭ ɜ ɪɟɠɢɦɟ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɝɟɧɟɪɚɬɨɪɚ. 
ɍɫɬɚɜɤɚ U1> ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ: 
 Uେʟଵ = ଵ,ଶ∙୙ʜ୬ʡʜ = ଵ,ଶ∙ଵ଴ହ଴଴ଵ଴ହ଴଴/ଵ଴଴ = ͳʹͲ ʑ.                                                            (5.19) 
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ɍɫɬɚɜɤɚ ɨɪɝɚɧɚ ɬɨɤɚ, ɤɨɧɬɪɨɥɢɪɭɸɳɟɝɨ ɨɬɫɭɬɫɬɜɢɟ ɬɨɤɚ ɜ ɰɟɩɢ 
ɝɟɧɟɪɚɬɨɪɚ ɢ ɧɚ ɫɬɨɪɨɧɟ 220 ɤȼ ɩɪɢɧɢɦɚɟɬɫɹ ɦɢɧɢɦɚɥɶɧɨɣ ɢ ɪɚɜɧɨɣ Ͳ,Ͳͻ ∙ Iɇ. 

Ɂɚɳɢɬɚ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 0,5 ɫ ɞɟɣɫɬɜɭɟɬ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ 
ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 

 

5.7 Ɂɚɳɢɬɚ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ 
ɩɟɪɟɝɪɭɡɨɤ ɢ ɜɧɟɲɧɢɯ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ (I2) 

 

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: 

 I∗ଶ = ୍మ୍ʜ,                                                                                                        (5.20) 

 

ɝɞɟ Iଶ – ɬɨɤ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜ ɩɟɪɜɢɱɧɨɣ ɰɟɩɢ ɝɟɧɟɪɚɬɨɪɚ; 

      Iɇ – ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɝɟɧɟɪɚɬɨɪɚ ɜ ɩɟɪɜɢɱɧɨɣ ɰɟɩɢ. 
Ⱦɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɧɟɫɢɦɦɟɬɪɢɱɧɨɝɨ ɪɟɠɢɦɚ ɩɪɢ ɧɟɢɡɦɟɧɧɨɦ 

ɡɧɚɱɟɧɢɢ ɬɨɤɚ ܫଶ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ: 
 tʓʝʞ = ୅୍∗మమ ,                                                                                                     (5.21) 

 

ɝɞɟ A = ͵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: 
 IଶɋɂȽɇ = Ͳ,Ͳ͹ ∙ Iɇ.                                                                                       (5.22) 

 

2) ɉɭɫɤɨɜɨɣ ɨɪɝɚɧ ሺIଶɉɍɋɄሻ ɫɪɚɛɚɬɵɜɚɟɬ ɛɟɡ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɩɪɢ 
ɭɜɟɥɢɱɟɧɢɢ ɡɧɚɱɟɧɢɹ Iଶ ɜɵɲɟ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢ ɨɫɭɳɟɫɬɜɥɹɟɬ ɩɭɫɤ 
ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ. Ɍɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɭɫɤɨɜɨɝɨ ɨɪɝɚɧɚ ɜɵɛɢɪɚɟɬɫɹ ɩɨ 
ɭɫɥɨɜɢɸ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɞɟɠɧɨɝɨ ɩɭɫɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɩɪɢ  tɆȺɄɋ =͸ͲͲ ɫ. 
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I∗ଶ = √ʏ୲ = √ ଷ଴଺଴଴ = Ͳ,ʹʹ.                                                                            (5.23) 

 

ɍɫɬɚɜɤɚ ɪɚɜɧɚ: 
 I∗ଶʞʢʠʙ = ୍∗మʙʜ = ଴,ଶଶଵ,ଶ = Ͳ,ͳͺ,                                                                         (5.24) 

 

ɝɞɟ  Ʉɇ = ͳ,ʹ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ. 
 IଶɉɍɋɄ = Ͳ,ͳͺ ∙ Iɇ                                                                                       (5.25) 

 

ɉɪɢ ɷɬɨɦ ɞɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɟɪɟɝɪɭɡɤɢ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ 
ɩɨ ɬɟɩɥɨɜɨɦɭ ɞɟɣɫɬɜɢɸ ɬɨɤɚ, ɪɚɜɧɨɝɨ I∗ଶɉɍɋɄ = Ͳ,ͳͺ: 

 tȾɈɉ = ଷ଴଴,ଵ଼మ ≈ ͻʹ͸ ɫ  

 

3) ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ ɫɪɚɛɚɬɵɜɚɟɬ ɩɪɢ ɭɞɚɥɟɧɧɵɯ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ 
ɪɟɠɢɦɚɯ, ɫɨɩɪɨɜɨɠɞɚɸɳɢɯɫɹ ɬɨɤɚɦɢ ɩɟɪɟɝɪɭɡɤɢ ܫଶ ɫ ɡɚɜɢɫɢɦɨɣ ɨɬ ɬɨɤɚ 
ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ, ɨɩɪɟɞɟɥɹɟɦɨɣ ɭɪɚɜɧɟɧɢɟɦ: 

 tʠʟ = ଷ଴ሺ୍∗మሻమ,                                                                                                   (5.26) 

 ʏʗʝ = ͵Ͳ = I∗ଶଶ ∙ tʠʟ.                                                                                 (5.27) 

 

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) 20 55 80 125 220 500 

 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ 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. = 20 ɫ, t ɦɚɤɫ. = 600 ɫ. 

ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ ɢɦɢɬɢɪɭɟɬ ɩɪɨɰɟɫɫ ɨɯɥɚɠɞɟɧɢɹ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ 
ɩɨɫɥɟ ɭɫɬɪɚɧɟɧɢɹ ɩɟɪɟɝɪɭɡɤɢ ɩɨ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɦɭ ɡɚɤɨɧɭ. ɉɪɢ ɷɬɨɦ 
ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ, ɡɚ ɤɨɬɨɪɵɣ ɩɟɪɟɝɪɟɜ ɝɟɧɟɪɚɬɨɪɚ ɫɧɢɠɚɟɬɫɹ ɨɬ 
ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɨɣ ɜɟɥɢɱɢɧɵ ɞɨ 0,135 ɨɬ ɷɬɨɣ ɜɟɥɢɱɢɧɵ, ɭɫɥɨɜɧɨ 
ɧɚɡɵɜɚɟɬɫɹ ɜɪɟɦɟɧɟɦ «ɩɨɥɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ» (Iɨɯɥ) ɢ ɪɟɝɭɥɢɪɭɟɬɫɹ ɜ ɞɢɚɩɚɡɨɧɟ 
ɨɬ 10 ɞɨ 999 ɫ. ɗɬɨɬ ɩɚɪɚɦɟɬɪ ɜɵɫɬɚɜɥɹɟɬɫɹ ɫɨɝɥɚɫɧɨ ɭɤɚɡɚɧɢɹɦ ɡɚɜɨɞɚ-

ɢɡɝɨɬɨɜɢɬɟɥɹ (tɨɯɥ= 100ɫ). 
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: 
ɂɡ ɭɫɥɨɜɢɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɩɟɪɟɝɪɟɜɚ ɪɨɬɨɪɚ ɩɪɢ ɩɪɨɬɟɤɚɧɢɢ ɬɨɤɚ 

ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ; 
ɂɡ ɭɫɥɨɜɢɹ ɨɛɟɫɩɟɱɟɧɢɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɩɪɢ ɞɜɭɯɮɚɡɧɨɦ ɤɨɪɨɬɤɨɦ 

ɡɚɦɵɤɚɧɢɢ ɧɚ ɲɢɧɚɯ ȼɇ ɛɥɨɤɚ ɢ ɧɚ ɨɬɯɨɞɹɳɢɯ BɅ. 
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: 
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xୢ˅ː′′ = xୢ′′ ∙ ቀ୙˅ː୙ːːቁଶ = 0,19∙ ቀଶସଶଵ଴,ହቁଶ = ͳͲͲ,ͻʹ,                                          

(5.28) 

 xଶ˅ː = xଶ ∙ ቀ୙˅ː୙ːːቁଶ = 0,25∙ ቀଶସଶଵ଴,ହቁଶ = ͳ͵ʹ,ͺ,                                               (5.29) 

 Iଶʠ.ʖ.∗ = ଵଵ,ଷ∙(୶ౚ˅ː        ′′+୶మ˅ː+ଶ∙୶ʡ) = ଵଵ,ଷ∙ሺଵ଴଴,ଽଶ+ଵଷଶ,଼+ଶ∙଴,ଵଵሻ = Ͳ,ͲͲ͵͵ ˑ. ˈ.,         (5.30)  

 

Ɍɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ ɧɚ ɇɇ: 
 Iଶʠ.ʖ.∗ = ʹIଶʠ.ʖ. ∙ kʡଵ. = ʹ ∙ Ͳ,ͲͲ͵͵ ∙ ቀଶସଶଵ଴,ହቁ = Ͳ,ͳͷʹ                                 (5.31) 

 

ɝɞɟ xୢ′′ − ɫɜɟɪɯɩɟɪɟɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ ɩɨ ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ;  
      xଶ −  ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɝɟɧɟɪɚɬɨɪɚ;  
      xɌ −  ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ; 

      ɫɜɟɪɯɩɟɪɟɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ ɩɨ ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ, 
ɩɟɪɟɜɟɞɟɧɧɨɟ ɧɚ ȼɇ; 
      xଶɜɧ − ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɝɟɧɟɪɚɬɨɪɚ, 
ɩɟɪɟɜɟɞɟɧɧɨɟ ɧɚ ȼɇ. 

ɛ) ɩɨ ɭɫɥɨɜɢɸ ɨɛɟɫɩɟɱɟɧɢɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɤ ɩɨɜɪɟɠɞɟɧɢɹɦ ɜ ɤɨɧɰɟ 
ɥɢɧɢɣ 220 ɤȼ ɩɪɢ ɨɬɤɥɸɱɟɧɢɢ ɜɵɤɥɸɱɚɬɟɥɟɣ ɧɚ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɦ ɤɨɧɰɟ ȼɅ ɢ 
ɪɚɛɨɬɟ ɜɫɟɯ ɝɟɧɟɪɚɬɨɪɨɜ: 

 Iଶʠ.ʖ.∗ = ୉Ʃ′′୶భƩ+୶మƩ = ଵሺ୶ౚ′′+୶ ˕+୶ ˎሻ+ሺ୶ మ+୶ ˕+୶ ˎሻ = ଵሺଵ଴଴,ଽଶ+଴,ଵଵ+଴,଴଻ଶሻ+ሺଵଷଶ,଼+଴,ଵଵ+଴,଴଻ଶሻ =଴,଴଴ସଷ ୏Ч =  Ͳ,ͲͲ͵ͷ ˑ. ˈ.                                                                                              (5.32) 

 

Ɍɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ ɧɚ ɇɇ: 
 I˕∗ = ʹIଶʠ.ʖ.∗ ∙ kʡଵ. = ʹ ∙ Ͳ,ͲͲ͵ͷ ∙ ቀଶସଶଵ଴,ହቁ = Ͳ,2                                     (5.33) 

 

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. 
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5.8 Ɂɚɳɢɬɚ ɨɬ ɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ ሺ𝑰૚ሻ 

 

Ɂɚɳɢɬɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɥɢɤɜɢɞɚɰɢɢ ɧɟɞɨɩɭɫɬɢɦɵɯ ɩɟɪɟɝɪɭɡɨɤ 
ɨɛɦɨɬɨɤ ɫɬɚɬɨɪɚ. Ɂɚɳɢɬɚ ɜɵɩɨɥɧɟɧɚ ɫ ɡɚɜɢɫɢɦɨɣ ɨɬ ɬɨɤɚ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ ɢ 
ɫɨɞɟɪɠɢɬ ɫɥɟɞɭɸɳɢɟ ɮɭɧɤɰɨɧɚɥɶɧɵɟ ɨɪɝɚɧɵ: 

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

ɍɫɬɚɜɤɚ ɫɢɝɧɚɥɶɧɨɝɨ ɨɪɝɚɧɚ: 
 Iʠʗʒʜ = ୏ʜ∙୍ʜ୏ʑ = ଵ,଴ହ∙୍ʜ଴,ଽ଼ = ͳ,Ͳ͹ ∙ Iʜ,                                                               (5.34) 

 

ɝɞɟ Kɇ = ͳ,Ͳͷ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ; 
      Kȼ = Ͳ,ͻͺ – ɤɨɷɮɮɢɰɢɟɧɬ ɜɨɡɜɪɚɬɚ. 

 

ȼɵɞɟɪɠɤɚ ɜɪɟɦɟɧɢ ݐ = Ͳ,ͻ ˔. 
- ɉɭɫɤɨɜɨɣ ɨɪɝɚɧ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɛɟɡ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ 

ɬɨɤɚ ɜɵɲɟ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢ ɨɫɭɳɟɫɬɜɥɹɸɳɢɣ ɩɭɫɤ ɢɧɬɟɝɪɚɥɶɧɨɝɨ 
ɨɪɝɚɧɚ. 

ɍɫɬɚɜɤɚ ɩɭɫɤɨɜɨɝɨ ɨɪɝɚɧɚ: 
 IଵɉɍɋɄ = ଵ,଴଼∙୍ɇ଴,ଽ଼ = ͳ,ͳ ∙ Iɇ.                                                                           (5.35) 

 

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

ɩɟɪɟɝɪɭɡɨɱɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ, ɩɪɢɜɟɞɟɧɧɨɣ ɜ ɬɚɛɥɢɰɟ 5.4: 

 

Ɍɚɛɥɢɰɚ 5.4 - ɍɫɬɚɜɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɩɨ ɢɧɬɟɝɪɚɥɶɧɨɣ 
ɩɟɪɟɝɪɭɡɨɱɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ 

Ʉɪɚɬɧɨɫɬɶ 
ɩɟɪɟɝɪɭɡɤɢ ܫ ⁄ʜܫ  

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. 
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Ɋɢɫɭɧɨɤ 5.4 - ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ 

ɡɚɳɢɬɵ ɨɬ ɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ ሺܫଵሻ 

 

ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ ɡɚɳɢɬɵ ɱɟɪɟɡ ɨɬɤɥɸɱɚɸɳɢɣ ɨɪɝɚɧ ɞɟɣɫɬɜɭɟɬ ɧɚ 
ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 

ɍɫɬɚɜɤɚ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɨɬɤɥɸɱɚɸɳɟɝɨ ɨɪɝɚɧɚ ɩɪɢɧɢɦɚɟɬɫɹ 
ɦɢɧɢɦɚɥɶɧɨɣ ɢ ɪɚɜɧɨɣ 0,01 ɫ. 

- Ɉɪɝɚɧ ɬɨɤɨɜɨɣ ɨɬɫɟɱɤɢ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɫ ɧɟɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ 
ɜɪɟɦɟɧɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ɜɵɲɟ ɡɧɚɱɟɧɢɹ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ. 

ɍɫɬɚɜɤɚ ɨɪɝɚɧɚ ɨɬɫɟɱɤɢ:  
 Iଵʝʡʠ = ଵ,ଶ∙୍ʜʝʛ଴,ଽ଼ = ͳ,ʹʹͶ ∙ Iʜʝʛ,                                                                   (5.36) 

 

Ɍɨɤɨɜɚɹ ɨɬɫɟɱɤɚ ɜɵɩɨɥɧɟɧɚ ɫ ɩɭɫɤɨɦ ɩɨ ɦɢɧɢɦɚɥɶɧɨɦɭ ɧɚɩɪɹɠɟɧɢɸ ܷʒ <. ɇɚɩɪɹɠɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɪɢɧɹɬɨ ɪɚɜɧɵɦ: 
 Uʠʟ = ଴,଺଼∙୙ʜʝʛ୏ʑ∙୬ʡ = ଴,଺଼∙ଵ଴ହ଴଴ଵ,଴ଷ∙ଵ଴ହ,଴ = ͸͸ ʑ.                                                           (5.37) 

 

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 Ⱦɢɫɬɚɧɰɢɨɧɧɚɹ ɡɚɳɢɬɚ ɝɟɧɟɪɚɬɨɪɚ ሺ𝒁૚ <ሻ, ሺ𝒁૛ <ሻ 

 

Ɂɚɳɢɬɚ ɜɵɩɨɥɧɹɟɬɫɹ ɧɚ ɨɫɧɨɜɟ ɞɢɫɬɚɧɰɢɨɧɧɵɯ ɨɪɝɚɧɨɜ ɢ ɩɨɞɤɥɸɱɚɟɬɫɹ ɤ 
ɢɡɦɟɪɢɬɟɥɶɧɵɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦ ɬɨɤɚ ɜ ɧɟɣɬɪɚɥɢ ɝɟɧɟɪɚɬɨɪɚ ɢ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɚ. 
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ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɞɚɟɬɫɹ ɜ ɜɢɞɟ ɤɪɭɝɚ, ɪɚɫɩɨɥɨɠɟɧɧɨɝɨ ɜ I 
ɢ II ɤɜɚɞɪɚɧɬɟ ɫɨ ɫɦɟɳɟɧɢɟɦ ɜ III ɢ IV ɤɜɚɞɪɚɧɬ ɤɨɦɩɥɟɤɫɧɨɣ ɩɥɨɫɤɨɫɬɢ 
ɫɨɩɪɨɬɢɜɥɟɧɢɣ. 

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

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

ɚ) ɩɨ ɫɨɝɥɚɫɨɜɚɧɢɸ ɫ ɩɟɪɜɨɣ ɫɬɭɩɟɧɶɸ ɡɚɳɢɬ ɜɥ 220 ɤȼ: 
 Zଵ ൑ Ͳ,ͺ ∙ Zʡ + ଴,଼୏ʡ ∙ Zଵʚ′ = Ͳ,ͺ ∙ ͷͳ,ͷ + ଴,ଷ଼ ∙ ͵͵,ͻ = ͷͲ,ʹͶ ʝˏ,                  (5.38) 

 

ɝɞɟ KɌ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ, ɱɬɨ ɥɢɧɢɢ ɩɚɪɚɥɥɟɥɶɧɵ; 
       ZɌ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɚɫɮɨɪɦɚɬɨɪɚ, ɩɪɢɜɟɞɟɧɧɨɟ ɤ ɧɚɩɪɹɠɟɧɢɸ ɫɬɨɪɨɧɵ 
220 ɤȼ. 

 Zʡ = ଴,ଵଵ∙ଶସଶଵଶହ ଶ = ͷͳ,ͷ ʝˏ.  
 

ȼ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ, ɩɪɢɜɟɞɟɧɧɵɯ ɤ ɧɨɦɢɧɚɥɶɧɵɦ ɩɚɪɚɦɟɬɪɚɦ 
ɝɟɧɟɪɚɬɨɪɚ: 

 Zଵ ˑ.ˈ. ൑ Ͳ,ͺ ∙ Ͳ,ͳͳ ∙ ଽ଴ଵଶହ + ଴,ଷ଼ ∙ ଽ଴ଶସଶమ ∙ ͵͵,ͻ = Ͳ,Ͳ͹͹,  
 Zଵ ɜ ɩɟɪɜɢɱɧɵɯ Ɉɦɚɯ ɫɨɫɬɚɜɢɬ: 
 Zଵ = Zଵ ˑ.ˈ. ∙ Z˄ = Ͳ,Ͳ͹͹ ∙ ͳ,ʹʹͷ = Ͳ,ͲͻͶ ʝˏ,                                            (5.39) 

 Zɛ = ୙ɛ
మୗɇȽ

= ଵ଴,ହమଽ଴ = ͳ,ʹʹͷ.                                                                            (5.40) 

 

ɍɫɬɚɜɤɚ ɧɚ ɪɟɥɟ ɛɭɞɟɬ ɪɚɜɧɚ: 
 Zଵେଷ = Zଵ ∙ ୬ʡ୬ʜ = Ͳ,ͲͻͶ ∙ లబబబఱభబ,ఱబ,భ = ͳ,Ͳ͹ ʝˏ.                                                   (5.41) 

 

ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ Zଵ = ͳ,ͳ Ɉɦ. 
Ɏɭɧɤɰɢɹ ∆ܼ ɨɬɥɢɱɚɟɬ ɩɨɜɪɟɠɞɟɧɢɟ ɨɬ ɤɚɱɚɧɢɣ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɟ ɩɨ 

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

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

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚɝɪɭɡɤɢ ɜ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ: 
 Zʜʏʒʟ = ୙ʜʝʛ√ଷ∙୍ʜʏʒʟ = ଵ଴,ହ∙ଵ଴య√ଷ∙ହ଼ଶଶ = ͳ,ͲͶ ʝˏ,                                                        (5.42) 

 

ɝɞɟ IɇȺȽɊ – ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɫɬɚɬɨɪɚ, Ⱥ. 
Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɧɚɝɪɭɡɤɢ ɜ ɪɟɠɢɦɟ ɮɨɪɫɢɪɨɜɤɢ 

ɜɨɡɛɭɠɞɟɧɢɹ ɝɟɧɟɪɚɬɨɪɚ ɜɵɩɨɥɧɹɟɬɫɹ ɪɚɫɱɟɬ ɬɨɤɚ ɫɬɚɬɨɪɚ ɩɪɢ ɞɜɨɣɧɨɦ ɬɨɤɟ 
ɜɨɡɛɭɠɞɟɧɢɹ ሺʹ ∙ Iȼ.ɇ.ሻ ɢ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɡɚɠɢɦɚɯ ɫɬɚɬɨɪɚ Ͳ,ͻͷ ∙ Uɇ (ɛɟɡ ɭɱɟɬɚ 
ɧɚɫɵɳɟɧɢɹ): 

 Iʣ = మ∙Iʑ.ʜʝʛIʑ.ʤ.ʤ. −଴,ଽହ୶ౚ = మ∙భభఴఱలమయ,ళ −଴,ଽହ଴,଻ହ = ͵,ͺ,                                                            (5.43) 

 

ɝɞɟ Iȼ.ɏ.ɏ. – ɬɨɤ ɪɨɬɨɪɚ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ, Ⱥ; 
      xୢ – ɫɢɧɯɪɨɧɧɨɟ ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ ɩɨ ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ. 

ɋ ɭɱɟɬɨɦ ɧɚɫɵɳɟɧɢɹ ɦɚɲɢɧɵ ɜɟɥɢɱɢɧɚ ɬɨɤɚ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɜ ɪɟɠɢɦɟ 
ɮɨɪɫɢɪɨɜɤɢ ɫɨɫɬɚɜɢɬ ʹ,ͷ ∙ IɇɈɆ. 

ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚɝɪɭɡɤɢ ɜ ɷɬɨɦ ɪɟɠɢɦɟ: 
 Zʜʏʒʟ.ʣ = ଴,ଽହ∙୙ʜ୍ʣ = ଴,ଽହ∙ଵଶ,ହ = Ͳ,͵ͺ ˑ. ˈ.,                                                         (5.44) 

 cosφ ʜʏʒʟ.ʣ = ୡ୭ୱφʜ଴,ଽହ∙୍ʣ = ଴,଼ହ଴,ଽହ∙ଶ,ହ = Ͳ,͵͸,                                                       (5.45) 

 

ɍɝɨɥ ɧɚɝɪɭɡɤɢ ɜ ɪɟɠɢɦɟ ɮɨɪɫɢɪɨɜɤɢ ɪɚɜɟɧ φɇȺȽɊ.Ɏ = ͸ͺ,ͻ°. 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɧɹɬɨ: 
 Zେ ʖ୍୍ = Zʜʏʒʟ.ʣʙʜ = ଴,ଶଽଵ,ଵ = Ͳ,͵ͷ ˑ. ˈ.,                                                               (5.46) 

 Zେ ʖ୍୍ = Z୍୍ ˑ.ˈ. ∙ Zʐ = Ͳ,͵ͷ ∙ ଵ଴,ହమଵ଴଴ = Ͳ,͵ͺ ʝˏ.                                              (5.47) 

 

Ɂɧɚɱɟɧɢɟ ɭɫɬɚɜɤɢ ɪɟɥɟ ɫɨɫɬɚɜɢɬ: 
 Zେ ʖ୍୍ = Zʠ.ʖ.II∙୬ʡ୬ʜ = ଴,ଷ଼∙଺଴଴଴/ହଵ଴ହ଴଴/ଵ଴଴ = Ͷ,͵Ͷ ʝˏ,                                                    (5.48) 

 

ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ Z୍୍ = Ͷ,Ͷ Ɉɦ. 
ȼɟɥɢɱɢɧɚ ɫɦɟɳɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹɩɨ ɨɫɢ ɦɚɤɫɢɦɚɥɶɧɨɣ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɫɨɫɬɚɜɥɹɟɬ 12%.  
ɍɫɬɚɜɤɢ ɩɨ ɫɨɩɪɨɬɢɜɥɟɧɢɸ ɫɦɟɳɟɧɢɹ: 
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 ܼ஼ʛଵ = Ͳ,ͳ͵ʹ ʝˏ, ܼ஼ʛଶ = Ͳ,ͷ͵ ʝˏ.                                                          (5.49) 

 

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 Ɍɋɇ, ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 9,0 
ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ ɢ ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɵ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 
ɪɢɫɭɧɤɟ 5.5. 

 
Ɋɢɫɭɧɨɤ 5.5  - ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɵ 

 

5.10 Ɂɚɳɢɬɚ ɨɬ ɩɟɪɟɝɪɭɡɤɢ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ 

 

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

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

ɍɫɬɚɜɤɚ ɫɢɝɧɚɥɶɧɨɝɨ ɨɪɝɚɧɚ: 
 I୔ ʠʗʒʜ. = ʙʜ∙୍ʜʝʛ.ʟ୏ʑ = ଵ,଴ହ∙୍ʜʝʛ.ʟ଴,ଽ଼ = ͳ,Ͳ͹ ∙ Iʜʝʛ.ʟ                                            (5.50) 

 

- ɉɭɫɤɨɜɨɣ ɨɪɝɚɧ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɛɟɡ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ 
ɬɨɤɚ ɜɵɲɟ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢ ɨɫɭɳɟɫɬɜɥɹɸɳɢɣ ɩɭɫɤ ɢɧɬɟɝɪɚɥɶɧɨɝɨ 
ɨɪɝɚɧɚ. 

 ɍɫɬɚɜɤɚ ɩɭɫɤɨɜɨɝɨ ɨɪɝɚɧɚ: 
 I୔ ʞʢʠʙ. = ଵ,ଶ∙୍ʜʝʛ.ʟ଴,ଽ଼ = ͳ,ͳ ∙ Iʜʝʛ.ʟ                                                                 (5.51) 



62 

 

- ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɫ ɡɚɜɢɫɢɦɨɣ ɨɬ ɬɨɤɚ ɜɵɞɟɪɠɤɨɣ 
ɜɪɟɦɟɧɢ, ɡɚɞɚɧɧɨɣ ɜ ɬɚɛɥɢɱɧɨɣ ɮɨɪɦɟ, ɢ ɞɟɣɫɬɜɭɸɳɟɣ ɧɚ ɨɬɤɥɸɱɟɧɢɟ 
ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ ȽȽ ɢ ȼȽ. ɉɟɪɟɝɪɭɡɨɱɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ 
ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 5.6. 

 

Ɍɚɛɥɢɰɚ 5.6  – ɉɟɪɟɝɪɭɡɨɱɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ 

Ʉɪɚɬɧɨɫɬɶ 
ɩɟɪɟɝɪɭɡɤɢ ܫ ⁄ʜܫ  

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

Ⱦɥɢɬɟɥɶɧɨɫɬɶ 
ɩɟɪɟɝɪɭɡɤɢ (ɫ) ɞɥɢɬɟɥɶɧɨ 250 180 160 120 90 72 45 

 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɬ ɩɟɪɟɝɪɭɡɤɢ ɨɛɦɨɬɤɢ 
ɪɨɬɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5.6. 

 

 
Ɋɢɫɭɧɨɤ 5.6 - ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ  

ɡɚɳɢɬɵ ɨɬ ɩɟɪɟɝɪɭɡɤɢ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ 

 

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

 I୔ ʞʢʠʙ. = ଶ,ଵହ∙୍ʜʝʛ.ʟ଴,ଽ଼ = ʹ,ͳͻ ∙ Iʜʝʛ.ʟ.                                                             (5.52) 

 

ȼɵɞɟɪɠɤɚ ɜɪɟɦɟɧɢ ɬɨɤɨɜɨɣ ɨɬɫɟɱɤɢ ɩɪɢɧɢɦɚɟɬɫɹ 3,0 ɫ. Ɂɚɳɢɬɚ ɞɟɣɫɬɜɭɟɬ 
ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 

 

5.11 ȼɵɛɨɪ ɤɨɦɩɥɟɤɫɚ ɡɚɳɢɬ ɛɥɨɤɚ ɝɟɧɟɪɚɬɨɪ-ɬɪɚɧɫɮɨɪɦɚɬɨɪ 

 

ɂɫɯɨɞɹ ɢɡ ɪɚɫɱɟɬɚ ɭɫɬɚɜɨɤ, ɞɥɹ ɡɚɳɢɬɵ ɛɥɨɤɚ ɝɟɧɟɪɚɬɨɪ-ɬɪɚɧɫɮɨɪɦɚɬɨɪ 
ɛɵɥɨ ɜɵɛɪɚɧɨ ɤɨɦɩɥɟɤɫɧɨɟ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɭɩɪɚɜɥɟɧɢɹ 
ɝɟɧɟɪɚɬɨɪɨɦ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɟ ɞɥɹ ɡɚɳɢɬɵ, ɭɩɪɚɜɥɟɧɢɹ, ɢɡɦɟɪɟɧɢɹ ɢ ɤɨɧɬɪɨɥɹ 
ɝɟɧɟɪɚɬɨɪɨɜ ɦɚɥɨɣ ɢ ɫɪɟɞɧɟɣ ɜɟɥɢɱɢɧɵ ɩɪɨɢɡɜɨɞɫɬɜɚ ɈɈɈ ɇɉɉ «ɗɄɊȺ» 
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ɒɤɚɮ ɒɗ1110-900G ɢɦɟɟɬ ɲɢɪɨɤɢɣ ɫɩɟɤɬɪ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ 
ɜɨɡɦɨɠɧɨɫɬɟɣ ɞɥɹ ɡɚɳɢɬɵ ɫɢɧɯɪɨɧɧɵɯ ɝɟɧɟɪɚɬɨɪɨɜ ɨɬ ɩɨɜɪɟɠɞɟɧɢɣ ɜ ɡɨɧɟ 
ɞɟɣɫɬɜɢɹ ɡɚɳɢɬɵ, ɚ ɬɚɤɠɟ ɞɥɹ ɡɚɳɢɬɵ ɨɬ ɚɜɚɪɢɣɧɵɯ ɭɫɥɨɜɢɣ ɜɨ ɜɧɟɲɧɢɯ 
ɫɢɫɬɟɦɚɯ. 

ɒɤɚɮ ɒɗ1110-900G ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ ɡɚɳɢɬɵ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ ɦɚɥɨɣ 
ɦɨɳɧɨɫɬɢ. ȼɵɩɨɥɧɹɟɬɫɹ ɜ ɜɢɞɟ ɞɜɭɯ ɜɡɚɢɦɨɪɟɡɟɪɜɢɪɭɟɦɵɯ ɚɜɬɨɧɨɦɧɵɯ ɫɢɫɬɟɦ 
ɡɚɳɢɬ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜ ɨɞɧɨɦ ɲɤɚɮɭ ɞɜɭɯɫɬɨɪɨɧɧɟɝɨ ɨɛɫɥɭɠɢɜɚɧɢɹ. Ⱦɥɹ 
ɤɚɠɞɨɝɨ ɤɨɦɩɥɟɤɬɚ ɡɚɳɢɬ ɞɨɥɠɧɵ ɩɪɟɞɭɫɦɚɬɪɢɜɚɬɶɫɹ ɢɧɞɢɜɢɞɭɚɥɶɧɵɟ 
ɢɡɦɟɪɢɬɟɥɶɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ, ɨɬɞɟɥɶɧɵɟ ɰɟɩɢ ɩɨ ɩɨɫɬɨɹɧɧɨɦɭ 
ɨɩɟɪɚɬɢɜɧɨɦɭ ɬɨɤɭ ɢ ɨɬɞɟɥɶɧɵɟ ɰɟɩɢ ɜɨɡɞɟɣɫɬɜɢɹ ɜɨ ɜɧɟɲɧɢɟ ɫɯɟɦɵ. 

Ʉɨɦɩɥɟɤɬ ɫɨɞɟɪɠɢɬ ɡɚɳɢɬɵ ɨɬ ɜɫɟɯ ɜɢɞɨɜ ɩɨɜɪɟɠɞɟɧɢɣ ɢ ɧɚɪɭɲɟɧɢɣ 
ɧɨɪɦɚɥɶɧɨɝɨ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɝɟɧɟɪɚɬɨɪɚ, ɪɚɛɨɬɚɸɳɟɝɨ ɧɚ ɫɛɨɪɧɵɟ ɲɢɧɵ. 
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5.12 Ɍɚɛɥɢɰɚ ɭɫɬɚɜɨɤ ɢ ɦɚɬɪɢɰɚ ɨɬɤɥɸɱɟɧɢɣ ɡɚɳɢɬ 

 

ɍɫɬɚɜɤɢ ɡɚɳɢɬ ɩɪɟɞɫɬɚɜɥɟɧɵ  ɜ ɬɚɛɥɢɰɟ 5.7 

 

Ɍɚɛɥɢɰɚ 5.7 – ɍɫɬɚɜɤɢ ɡɚɳɢɬ 

Ɂɚɳɢɬɵ ɍɫɬɚɜɤɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ Ɉɛɨɡɧɚɱɟɧɢɟ ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ɉɬɧɨɫɢɬɟɥɶɧɵɟ 

ɟɞɢɧɢɰɵ 

ɂɦɟɧɨɜɚɧɧɵɟ 
ɟɞɢɧɢɰɵ 

Ⱦɢɮ. Ɂɚɳɢɬɚ 

ɩɪɨɞɨɥɶɧɚɹ 
I∆G 

Ɍɨɤ 
ɫɪɚɛɚɬɵɜɚɧɢɹ,IɋɊ.Ɉ 

Ͳ,ͳͷ ∙ Iɇ 0,73 Ⱥ 

Ʉɨɷɮɮɢɰɢɟɧɬ 
ɬɨɪɦɨɠɟɧɢɹ,KɌ 

Ͳ,͵ - 

ɍɫɬɚɜɤɚ 
ɧɚɱɚɥɶɧɨɝɨ 

ɬɨɪɦɨɠɟɧɢɹ, IɇɌ 
Ͳ,ͷ ∙ Iɇ 2,43 Ⱥ 

Ɍɨɪɦɨɡɧɨɣ ɬɨɤ, ȼ ͳ,ͷ ∙ Iɇ 7,23 Ⱥ 

ɁɁȽ 

U଴ 

tଵ U଴ଵୋ - 5 ȼ tଶ U଴ଶୋ - 10 ȼ tଷ U଴ୋ - 15 ȼ U଴ଷ 
Ʉɨɷɮɮɢɰɢɟɧɬ 

ɬɨɪɦɨɠɟɧɢɹ,KɌ 
1,1 - 

Ɂɉɇ U > 

2ɫɬɭɩɟɧɶ UେɊଶ ͳ,Ͷ ∙ Uɇ 140 ȼ 

1 

ɫɬɭɩɟɧɶ 
UେɊଵ ͳ,ʹ ∙ Uɇ 120 ȼ 

Ɂɚɳɢɬɚ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 
ɨɬ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ 

ɤ.ɡ. ɢ ɩɟɪɟɝɪɭɡɨɤ 

Iଶ 

ɋɈ IଶɋɂȽɇ Ͳ,Ͳ͹ ∙ Iɇ 0,34 Ⱥ 

ɉɈ Iଶʞʢʠʙ Ͳ,ͳͷ ∙ Iʜ 0,73 Ⱥ 

ɈɌɋ I Iଶʠ.ʖ. ͳ,ͳͳ ∙ Iʜ 5,38 Ⱥ 

Ɂɚɳɢɬɚ ɨɬ 
ɫɢɦɦɟɬɪɢɱɧɵɯ ɤ.ɡ. 

ɢ ɩɟɪɟɝɪɭɡɨɤ 
Iଵ 

ɋɈ Iʠʗʒʜ ͳ,Ͳ͹ ∙ Iʜ 5,19 Ⱥ 

ɉɈ Iଵʞʢʠʙ ͳ,ͳ ∙ Iʜ 5,34 Ⱥ 

ɈɌɋ Iଵʝʡʠ ͳ,ʹʹͶ ∙ Iʜʝʛ 5,94 Ⱥ 

ȾɁ Z < 

1 

ɫɬɭɩɟɧɶ 
Z୍ 0,077 Ͳ,ͲͻͶ ʝˏ 

2 

ɫɬɭɩɟɧɶ 
Z୍୍ 0,35 0,38 Ɉɦ 

Ɂɚɳɢɬɚ ɪɨɬɨɪɚ ɨɬ 
ɩɟɪɟɝɪɭɡɤɢ 

I˓ 

ɋɈ I୔ ʠʗʒʜ. ͳ,Ͳ͹ ∙ Iʜʝʛ.ʟ 5,19 Ⱥ 

ɉɈ I୔ ʞʢʠʙ. ͳ,ͳ ∙ Iʜʝʛ.ʟ 5,34 Ⱥ 

Ɉɬɫɟɱɤɚ I୔ ʞʢʠʙ. ʹ,ͳͻ ∙ Iʜʝʛ.ʟ 10,63 Ⱥ 
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Ɇɚɬɪɢɰɚ ɨɬɤɥɸɱɟɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 5.8 

 

Ɍɚɛɥɢɰɚ 5.8 – Ɇɚɬɪɢɰɚ ɨɬɤɥɸɱɟɧɢɣ ɡɚɳɢɬ 

Ɂɚɳɢɬɵ 

Ⱦ
ɟɣ

ɫɬ
ɜɢ

ɟ 

Ɉ
ɬɤ

ɥɸ
ɱɟ

ɧɢ
ɟ 

ȼ/
Ƚ 

Ƚɚ
ɲ

ɟɧ
ɢɟ

 ɩ
ɨɥ

ɟɣ
 

Ɉ
ɫɬ

ɚɧ
ɨɜ

 
ɬɭ

ɪɛ
ɢɧ

ɵ 
ɢ 

ɫɛ
ɪɨ

ɫ 
Ⱥ

ɊɁ
 

ɉ
ɭɫ

ɤ 
ɉ

ɀ
Ɍ 

ȽȽ
 

Ɉ
ɬɤ

ɥɸ
ɱɟ

ɧɢ
ɟ 

ȼ
-

22
0 

ɢ 
ȼ-

Ɍɋ
ɇ

 

Ɋɚ
ɡɝ

ɪɭ
ɡɤ

ɚ 
ɩɨ

 
ɦɨ

ɳ
ɧɨ

ɫɬ
ɢ 

ɉ
ɪɟ

ɞɭ
ɩɪ

ɟɞ
ɢɬ

ɟɥ
ɶɧ

ɵɣ
 ɫ

ɢɝ
ɧɚ

ɥ 

ɇɚɢɦɟɧɨɜɚɧɢɟ Ɉɛɨɡɧɚɱɟɧɢɟ 

Ⱦɢɮ. Ɂɚɳɢɬɚ 

ɩɪɨɞɨɥɶɧɚɹ 
I∆G + 

ɁɁȽ 
U଴ 

tଵ  tଶ  tଷ + U଴ t + 

Ɂɉɇ U > 

1 ɫɬɭɩɟɧɶtଵ + 

2 ɫɬɭɩɟɧɶtଶ + 

Ɂɚɳɢɬɚ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 
ɨɬ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ 

ɤ.ɡ. ɢ ɩɟɪɟɝɪɭɡɨɤ 

Iଶ 

ɋɈ  

ɂɈ + 

ɈɌɋ I 
tଵ  tଶ + 

Ɂɚɳɢɬɚ ɨɬ 
ɫɢɦɦɟɬɪɢɱɧɵɯ ɤ.ɡ. ɢ 

ɩɟɪɟɝɪɭɡɨɤ 
Iଵ 

ɋɈ  

ɂɈ + 

ɈɌɋ 
tଵ  tଶ + 

ȾɁ Z < 

1 

ɫɬɭɩɟɧɶ 

tଵ  tଶ + 

2 

ɫɬɭɩɟɧɶ 

tଵ  tଶ + 

Ɂɚɳɢɬɚ ɪɨɬɨɪɚ ɨɬ 
ɩɟɪɟɝɪɭɡɤɢ 

Iɪ 

ɋɈ  

ɂɈ + 

Ɉɬɫɟɱɤɚ + 
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6 Ʉɨɦɩɨɧɨɜɤɚ ɢ ɫɨɨɪɭɠɟɧɢɹ ɝɢɞɪɨɭɡɥɚ     

                  

6.1 ɋɨɫɬɚɜ ɝɢɞɪɨɭɡɥɚ 

 

ɋɨɫɬɚɜ ɝɢɞɪɨɭɡɥɚ : 

1) ɉɪɚɜɨɛɟɪɟɠɧɚɹ ɝɥɭɯɚɹ ɛɟɬɨɧɧɚɹ ɩɥɨɬɢɧɚ 

2) ȼɨɞɨɫɥɢɜɧɚɹ ɛɟɬɨɧɧɚɹ ɩɥɨɬɢɧɚ 

3) ɋɬɚɧɰɢɨɧɧɚɹ ɛɟɬɨɧɧɚɹ ɩɥɨɬɢɧɚ ɫ ɜɨɞɨɜɨɞɨɦ  ɞɢɚɦɟɬɪɨɦ 8ɦ 

4) ɉɪɢɩɥɨɬɢɧɧɨɟ ɡɞɚɧɢɟ Ƚɗɋ 

5) Ʌɟɜɨɛɟɪɟɠɧɚɹ ɝɥɭɯɚɹ ɛɟɬɨɧɧɚɹ ɩɥɨɬɢɧɚ 

 

ɉɥɨɬɢɧɚ ɞɨɥɠɧɚ ɨɛɟɫɩɟɱɢɜɚɬɶ ɨɩɬɢɦɚɥɶɧɵɟ ɭɫɥɨɜɢɹ ɞɥɹ 
ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɫɨɨɪɭɠɟɧɢɣ, ɜɯɨɞɹɳɢɯ ɜ ɫɨɫɬɚɜ ɝɢɞɪɨɭɡɥɚ ɢ 
ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɬɪɟɛɨɜɚɧɢɹɦ ɩɪɨɱɧɨɫɬɢ. 

 
6.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɤɥɚɫɫɚ ɩɥɨɬɢɧɵ ɢ ɨɬɦɟɬɤɢ ɝɪɟɛɧɹ ɩɥɨɬɢɧɵ 

 

6.2.1 ɇɚɡɧɚɱɟɧɢɟ ɤɥɚɫɫɚ ȽɌɋ 

 

Ʉɪɢɬɟɪɢɢ ɤɥɚɫɫɢɮɢɤɚɰɢɢ: 
 

1.Ɉɫɧɨɜɚɧɢɟ ɫɤɚɥɶɧɨɟ (ɝɪɚɧɢɬ). ȼɵɫɨɬɚ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ 50 ɦ. 
(∇ɇɉɍ−∇ɞɧɨ)=(697−647)=50 ɦ – III ɤɥɚɫɫ 

2. Ʉɥɚɫɫ ȽɌɋ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɯ ɫɨɰɢɚɥɶɧɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɣ 
ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ ɢ ɭɫɥɨɜɢɣ ɷɤɫɩɥɭɚɬɚɰɢɢ: ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ 540 Ɇȼɬ – 

II ɤɥɚɫɫ 

3. Ʉɥɚɫɫ ȽɌɋ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɨɫɥɟɞɫɬɜɢɣ ɢ ɚɜɚɪɢɣ: ɱɢɫɥɨ ɩɨɫɬɨɹɧɧɨ 
ɩɪɨɠɢɜɚɸɳɢɯ ɥɸɞɟɣ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɩɨɫɬɪɚɞɚɬɶ ɨɬ ɚɜɚɪɢɢ ɛɨɥɟɟ 3000 ɱɟɥ., ɚ 
ɬɚɤɠɟ ɱɢɫɥɨ ɥɸɞɟɣ ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɶ ɤɨɬɨɪɵɯ ɛɭɞɟɬ ɧɚɪɭɲɟɧɚ ɛɨɥɟɟ   20000 
ɱɟɥ. – I ɤɥɚɫɫ 

Ʉɥɚɫɫ ȽɌɋ ɧɚɡɧɚɱɟɧ ɫɨɝɥɚɫɧɨ ɋɉ 58.13330.2012 –I. 

 

6.2.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɦɟɬɤɢ ɝɪɟɛɧɹ ɩɥɨɬɢɧɵ 

 

Ƚɪɭɧɬɨɜɚɹ ɩɥɨɬɢɧɚ: 

 

Ɂɚ ɨɬɦɟɬɤɭ ɝɪɟɛɧɹ ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ ∇ȽȽɉ ɩɪɢɧɢɦɚɸɬ ɧɚɢɛɨɥɶɲɭɸ ɢɡ 
ɞɜɭɯ, ɜɵɱɢɫɥɟɧɧɵɯ ɩɨ ɮɨɪɦɭɥɚɦ: 

 ∇ȽȽɉ =  ∇ɇɉɍ + hୱ = ͸ͻ͹ + ͳ,͵ͺ = ͸ͻͺ,͵ͺ ɦ                                      (6.1)  

      ∇ȽȽɉ =  ∇Ɏɉɍ + hୱ = ͸ͻͺ + ͳ,͵ͺ = ͸ͻͻ,͵ͺ ɦ                                      (6.2) 
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ɝɞɟ hୱ − ɩɪɟɜɵɲɟɧɢɟ ɝɪɟɛɧɹ ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ ɧɚɞ ɪɚɫɱɟɬɧɵɦ ɭɪɨɜɧɟɦ ɜ 
ɜɟɪɯɧɟɦ ɛɶɟɮɟ. 

 hୱ = h୰୳୬ଵ% + ∆hୱୣ୲ + a = Ͳ,ͺͺ + Ͳ,ͲͲͲͲ͵ͷʹ + Ͳ,ͷ = ͳ,͵ͺ ɦ                 (6.3)          
 

ɝɞɟ h୰୳୬ଵ%− ɜɵɫɨɬɚ ɧɚɤɚɬɚ ɜɨɥɧ ɪɚɫɱɟɬɧɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɶɸ 1 % ɧɚ ɨɬɤɨɫ 

ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ;  
      ∆hୱୣ୲ − ɜɵɫɨɬɚ ɜɟɬɪɨɜɨɝɨ ɧɚɝɨɧɚ;  
      a − ɤɨɧɫɬɪɭɤɬɢɜɧɵɣ ɡɚɩɚɫ, ɩɪɢɧɢɦɚɟɦɵɣ ɧɟ ɦɟɧɟɟ 0,5 ɦ. 

ȼɵɫɨɬɭ ɜɟɬɪɨɜɨɝɨ ɧɚɝɨɧɚ ɪɚɫɫɱɢɬɵɜɚɸɬ ɩɨ ɮɨɪɦɭɥɟ: 
 ∆hୱୣ୲ = k୵ ୚౭మ ∙୐୥∙ୢ cosȽ = Ͳ,͵͸ ∙ ͳͲ−଺ ∙ ସమ∙ଵସଽ଺ଽ,଼ଵ∙ଶହ ∙ ͳ = Ͳ,ͲͲͲͲ͵ͷʹ ɦ                (6.4)           

 

ɝɞɟ k୵ − ɤɨɷɮɮɢɰɢɟɧɬ, ɩɪɢɧɢɦɚɟɦɵɣ ɩɨ ɋɇɢɉ 2.06.04-82; 

      ௪ܸ− ɪɚɫɱɟɬɧɚɹ ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ ɧɚ ɜɵɫɨɬɟ 10ɦ ɧɚɞ ɭɪɨɜɧɟɦ ɜɨɞɵ, ɦ/ɫ;  
      L − ɞɥɢɧɚ ɪɚɡɝɨɧɚ ɜɨɥɧɵ, ɦ;  
      Ƚ − ɭɝɨɥ ɦɟɠɞɭ ɩɪɨɞɨɥɶɧɨɣ ɨɫɶɸ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɢ ɧɚɩɪɚɜɥɟɧɢɟɦ ɜɟɬɪɚ 
(Ƚ = Ͳ);  

      d − ɭɫɥɨɜɧɚɹ ɪɚɫɱɟɬɧɚɹ ɝɥɭɛɢɧɚ ɜɨɞɵ ɜ ɜɨɞɨɯɪɚɧɢɥɢɳɟ: 
 d = ∇ɇɉɍ−∇ȾɇȺଶ = ଺ଽ଻−଺ସ଻ଶ = ʹͷ ɦ                                                                (6.5) 

 

Ɉɩɪɟɞɟɥɹɸɬ ɜɵɫɨɬɭ ɜɨɥɧɵ 1 % ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɢ 
ɩɨɜɟɪɨɱɧɨɝɨ ɫɥɭɱɚɟɜ ɞɥɹ ɷɬɨɝɨ: 

1. ȼɵɱɢɫɥɹɸɬ ɛɟɡɪɚɡɦɟɪɧɵɟ ɤɨɦɩɥɟɤɫɵ ୥୐୚౭మ  ɢ ୥୲୚౭, ɝɞɟ t − ɩɟɪɢɨɞ ɪɚɡɜɢɬɢɹ 
ɜɨɥɧ ɧɚ ɜɨɞɨɯɪɚɧɢɥɢɳɟ (ݐ = ͸ ˚ = ʹͳ͸ͲͲ ˔). 

2. ɂɡ ɝɪɚɮɢɤɚ ɋɇɢɉɚ 2.06.04-82 ɩɨ ɜɟɪɯɧɟɣ ɨɝɢɛɚɸɳɟɣ ɤɪɢɜɨɣ (ɞɥɹ 
ɝɥɭɛɨɤɨɜɨɞɧɨɣ ɡɨɧɵ ɫ ɝɥɭɛɢɧɨɣ 

d
d 5,0 , ɝɞɟ ɞɧɨ ɧɟ ɜɥɢɹɟɬ ɧɚ ɨɫɧɨɜɧɵɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɨɥɧ) ɩɨ ɡɧɚɱɟɧɢɹɦ ୥୐୚౭మ   ɢ  
୥୲୚౭, ɨɩɪɟɞɟɥɹɸɬ ɩɚɪɚɦɟɬɪɵ ௚ℎ̅𝑉మ ɢ  ௚𝑇̅𝑉 . 

Ɂɚɬɟɦ, ɢɫɩɨɥɶɡɭɹ ɦɟɧɶɲɢɟ ɩɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ, ɜɵɱɢɫɥɹɸɬ ɫɪɟɞɧɢɣ 
ɩɟɪɢɨɞ ɜɨɥɧɵ ܶ̅ (ɫ) ɢ ɫɪɟɞɧɸɸ ɜɵɫɨɬɭ ɜɨɥɧɵ ℎ̅ (ɦ). 

3. ȼɵɱɢɫɥɹɸɬ ɫɪɟɞɧɸɸ ɞɥɢɧɭ ɜɨɥɧɵ: 
 

Ȝ̅ୢ = ୥୘̅మଶπ
= ଽ,଼ଵ∙ଶ,ଵమଶ∙ଷ,ଵସ = ͸,ͺͺ ˏ                                                                         (6.6)              

 

4. ɉɪɨɜɟɪɹɸɬ ɭɫɥɨɜɢɟ ݀ > Ͳ,ͷ Ȝ̅ୢ. ȿɫɥɢ ɭɫɥɨɜɢɟ ɧɟ ɜɵɩɨɥɧɟɧɨ, ɬ. ɟ. ɡɨɧɚ 

ɦɟɥɤɨɜɨɞɧɚɹ, ɬɨ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ܶ̅ ɢ  ℎ̅ ɧɚ ɝɪɚɮɢɤɟ [2, ɉɪɢɥɨɠɟɧɢɟ 1, ɪɢɫ. 
1] ɢɫɩɨɥɶɡɭɸɬ ɨɝɢɛɚɸɳɭɸ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɛɟɡɪɚɡɦɟɪɧɨɦɭ ɤɨɦɩɥɟɤɫɭ ୥ୢ୚౭మ . 

5. Ɉɩɪɟɞɟɥɹɸɬ ɜɵɫɨɬɭ ɜɨɥɧɵ 1 % ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ: 



68 

 

 hଵ% = h ∙ K୧ = Ͳ,ʹ ∙ ʹ,ͳͺ = Ͳ,Ͷ͵͸ ɦ                                                            (6.7)          
 

ɝɞɟ K୧ − ɤɨɷɮɮɢɰɢɟɧɬ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɝɪɚɮɢɤɭ ɋɇɢɉɚ 2.06.04-82  ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɡɧɚɱɟɧɢɹ  ୥୐୚౭మ    (ɞɥɹ ɝɥɭɛɨɤɨɜɨɞɧɨɣ ɡɨɧɵ).  

6. ȼɵɫɨɬɭ ɧɚɤɚɬɚ ɜɨɥɧ 1 % ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɧɚ ɨɬɤɨɫ ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ 
ɞɥɹ ɮɪɨɧɬɚɥɶɧɨ ɩɨɞɯɨɞɹɳɢɯ ɜɨɥɧ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ: 

 h୰୳୬ଵ% = k୰ ∙ k୮ ∙ kୱ୮ ∙ k୰୳୬ ∙ hଵ% = ͳ ∙ Ͳ,ͻ ∙ ͳ ∙ ʹ,ʹͷ ∙ Ͳ,Ͷ͵͸ = Ͳ,ͺͺ ɦ     (6.8)            
 

ɝɞɟ k୰ − ɤɨɷɮɮɢɰɢɟɧɬ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɩɪɢɧɢɦɚɟɦɵɣ ɩɨ ɋɇɢɉ 2.06.04-82; 

      k୮ − ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɨɬɤɨɫɚ, ɩɪɢɧɢɦɚɟɦɵɣ ɩɨ ɋɇɢɉ 2.06.04-

82;  

      kୱ୮ − ɤɨɷɮɮɢɰɢɟɧɬ, ɩɪɢɧɢɦɚɟɦɵɣ ɩɨ ɋɇɢɉɚ 2.06.04-82  ; 

      k୰୳୬− ɤɨɷɮɮɢɰɢɟɧɬ, ɩɪɢɧɢɦɚɟɦɵɣ ɩɨ ɝɪɚɮɢɤɚɦ ɋɇɢɉɚ 2.06.04-82 ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɨɥɨɝɨɫɬɢ ɜɨɥɧɵ  

஛̅ౚ୦భ% ɧɚ ɝɥɭɛɨɤɨɣ ɜɨɞɟ. 
7. ȼɵɱɢɫɥɹɸɬ ɨɬɦɟɬɤɢ ɝɪɟɛɧɹ ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɢ 

ɨɫɨɛɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ ɩɨ ɮɨɪɦɭɥɚɦ 6.1 ɢ  6.2. ɇɚɢɛɨɥɶɲɟɟ ɡɧɚɱɟɧɢɟ 
ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɧɹɬɨ ɡɚ ɨɬɦɟɬɤɭ ɝɪɟɛɧɹ ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ. 

 

Ȼɟɬɨɧɧɵɟ ɩɥɨɬɢɧɵ: 

 

Ⱦɥɹ ɛɟɬɨɧɧɵɯ ɩɥɨɬɢɧ ɫ ɜɟɪɬɢɤɚɥɶɧɨɣ ɧɚɩɨɪɧɨɣ ɝɪɚɧɶɸ ɨɬɦɟɬɤɭ ɝɪɟɛɧɹ 

ɧɚɯɨɞɹɬ ɩɨ ɮɨɪɦɭɥɟ: 
 ∇ȽȻɉ = ∇ɇɉɍ + hଵ% + a = ͸ͻ͹ + Ͳ,Ͷ͵͸ + Ͳ,ͺ = ͸ͻͺ,ʹ͵͸ ɦ                (6.9) 

 ∇ȽȻɉ = ∇Ɏɉɍ + hଵ% + a = ͸ͻͺ + Ͳ,Ͷ͵͸ + Ͳ,ͺ = ͸ͻͻ,ʹ͵͸ ɦ              (6.10) 

 

ɝɞɟ a − ɜɟɥɢɱɢɧɚ ɡɚɩɚɫɚ, ɡɚɜɢɫɢɬ ɨɬ ɤɥɚɫɫɚ ɫɨɨɪɭɠɟɧɢɹ, ɢ ɫɨɫɬɚɜɥɹɟɬ ɧɟ ɦɟɧɟɟ: 
ɞɥɹ  I ɤɥɚɫɫɚ− 0,8 ɦ. 
ɉɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɢ ɨɩɪɟɞɟɥɟɧɢɹ ɨɬɦɟɬɤɢ 

ɝɪɟɛɧɹ ɛɵɤɚ ∇ȽȻ, ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɩɪɨɟɤɬɧɭɸ ɨɬɦɟɬɤɭ ɝɪɟɛɧɹ ɩɥɨɬɢɧɵ, 
ɧɚɢɛɨɥɶɲɭɸ ɨɬɦɟɬɤɭ ɢɡ: ∇ȽȽɉ, ∇ȽȻɉ ɢ ∇ȽȻ. 

 

6.3 Ƚɢɞɪɚɜɥɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ 

 

ɂɫɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɹɜɥɹɸɬɫɹ: 
ɨɬɦɟɬɤɢ ɇɉɍ ɢ Ɏɉɍ, ɪɚɫɱɟɬɧɵɟ ɦɚɤɫɢɦɚɥɶɧɵɟ ɪɚɫɯɨɞɵ ɜɨɞɵ, ɤɪɢɜɵɟ ɫɜɹɡɢ 
ɭɪɨɜɧɟɣ ɧɢɠɧɟɝɨ ɛɶɟɮɚ ɢ ɪɚɫɯɨɞɨɜ, ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɪɭɧɬɨɜ ɨɫɧɨɜɚɧɢɹ. 
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Ɇɚɤɫɢɦɚɥɶɧɵɟ ɪɚɫɱɟɬɧɵɟ ɪɚɫɯɨɞɵ ɨɩɪɟɞɟɥɹɸɬ ɝɢɞɪɨɥɨɝɢɱɟɫɤɢɦɢ 
ɪɚɫɱɟɬɚɦɢ ɩɨ ɤɪɢɜɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɩɚɜɨɞɤɨɜɵɯ ɪɚɫɯɨɞɨɜ (ɦɚɤɫɢɦɚɥɶɧɵɯ 
ɪɚɫɯɨɞɨɜ ɜ ɤɚɠɞɨɦ ɝɨɞɭ ɢɡ ɡɚɞɚɧɧɨɝɨ ɪɹɞɚ ɧɚɛɥɸɞɟɧɢɣ). 

Ƚɢɞɪɚɜɥɢɱɟɫɤɢɦɢ ɪɚɫɱɟɬɚɦɢ ɭɫɬɚɧɚɜɥɢɜɚɸɬ: 
ɒɢɪɢɧɭ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ ɢ ɪɚɡɦɟɪɵ ɜɨɞɨɫɥɢɜɧɵɯ ɨɬɜɟɪɫɬɢɣ, 

ɨɬɦɟɬɤɭ ɝɪɟɛɧɹ ɜɨɞɨɫɥɢɜɚ, ɮɨɪɦɭ ɜɨɞɨɫɥɢɜɧɨɣ ɝɪɚɧɢ ɢ ɫɨɩɪɹɠɟɧɢɟ ɟɟ ɫ 
ɜɨɞɨɛɨɟɦ, ɮɨɪɦɭ ɫɨɩɪɹɠɟɧɢɹ ɛɶɟɮɨɜ, ɪɚɡɦɟɪɵ ɝɚɫɢɬɟɥɟɣ ɷɧɟɪɝɢɢ ɜɨɞɵ ɜ 
ɧɢɠɧɟɦ ɛɶɟɮɟ. 

 

6.3.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɲɢɪɢɧɵ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ 

 

Ɉɩɪɟɞɟɥɹɸɬ ɪɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɜɨɞɵ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɫɥɭɱɚɹ ܳ˓, 

ɤɨɬɨɪɵɣ ɞɨɥɠɟɧ ɩɪɨɩɭɫɤɚɬɶɫɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɩɪɢ ɇɉɍ ɱɟɪɟɡ ɜɫɟ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɜɨɞɨɩɪɨɩɭɫɤɧɵɟ ɫɨɨɪɭɠɟɧɢɹ ɝɢɞɪɨɭɡɥɚ ɩɪɢ ɩɨɥɧɨɦ ɢɯ 
ɨɬɤɪɵɬɢɢ ɢ ɱɟɪɟɡ ɝɢɞɪɨɚɝɪɟɝɚɬɵ Ƚɗɋ – QȽɗɋ. Ʉɨɥɢɱɟɫɬɜɨ ɚɝɪɟɝɚɬɨɜ, 
ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɩɪɨɩɭɫɤɟ ɪɚɫɱɟɬɧɵɯ ɪɚɫɯɨɞɨɜ, ɞɨɥɠɧɨ ɛɵɬɶ ɧɟ ɛɨɥɟɟ: ሺ݊ − ͳሻ ɩɪɢ ɱɢɫɥɟ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ Ƚɗɋ ݊ < ͸; 

 Qɪ = Q୫ୟ୶ ɪɚɫɱ − QȽɗɋ = ͳͳͶͺ − ሺሺ͸ − ͳሻ ∗ ͳͷͳ,Ͷሻ = ͵ͻͳ ɦଷ
ɫ⁄            (6.11) 

 

ɝɞɟ Q୫ୟ୶ ɪɚɫɱ− ɪɚɫɱɟɬɧɵɣ ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ 
ɫɥɭɱɚɹ ɫ ɭɱɟɬɨɦ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɟɝɨ ɜɨɞɨɯɪɚɧɢɥɢɳɟɦ. 

ɒɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ: 
 B = ୕ɪ୯ɜ

= ଷଽଵଵ଺,ହ = ʹ͵,͹ ɦ,                                                                               (6.12) 

 

ɝɞɟ q˅ − ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɧɚ ɜɨɞɨɫɥɢɜɟ, 
 qɜ = ͳ,ʹͷ ∙ qɪ = ͳ,ʹͷ ∙ ͳ͵,ʹ = ͳ͸,ͷ ɦଷ

ɫ⁄ ,                                                 (6.13) 

 

ɝɞɟ qɪ − ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɧɚ ɪɢɫɛɟɪɦɟ. 
 qɪ = [ϑ୦] ∙ hɇȻ = ͸ ∙ ሺ͸Ͷͻ,ʹ − ͸Ͷ͹ሻ = ͳ͵,ʹ ɦଶ

ɫ⁄ ,                                   (6.14) 

 

ɝɞɟ hɇȻ − ɝɥɭɛɢɧɚ ɜɨɞɵ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɤɪɢɜɨɣ ∇ʜʐ = ݂ሺܳʜʐሻ 

ɩɪɢ Q୫ୟ୶ ɪɚɫɱ = ͳͳͶͺ ˏଷ ˔⁄ ;  [ϑ୦]− ɞɨɩɭɫɬɢɦɚɹ ɫɤɨɪɨɫɬɶ ɧɚ ɪɢɫɛɟɪɦɟ, ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɝɪɭɧɬɨɜ, ɫɥɚɝɚɸɳɢɯ ɞɧɨ ɪɟɤɢ  𝜗ℎ = ͸  ˏ⁄̝  ሺˇˎˢ ˔ˍ˃ˎ˟ːˑˆˑ ˆ˓˖ː˕˃ሻ. 

ɒɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ B ɞɨɥɠɧɚ ɛɵɬɶ ɰɟɥɵɦ ɱɢɫɥɨɦ, ɩɨɷɬɨɦɭ 

ɩɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɨɤɪɭɝɥɹɸɬ ɜ ɛɨɥɶɲɭɸ ɫɬɨɪɨɧɭ ɢ, ɤɪɨɦɟ ɬɨɝɨ, 
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 B = b ∙ n = ͺ ∙ ͵ = ʹͶ ɦ                                                                            (6.15) 

 

ɝɞɟ n − ɱɢɫɥɨ ɩɪɨɥɟɬɨɜ (ɧɟ ɦɟɧɟɟ 2÷3),  
      b − ɫɬɚɧɞɚɪɬɧɚɹ ɲɢɪɢɧɚ ɩɪɨɥɟɬɚ, ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɬɟɯɧɢɱɟɫɤɢɦ ɪɟɝɥɚɦɟɧɬɨɦ ɡɚɜɨɞɨɜ-ɢɡɝɨɬɨɜɢɬɟɥɟɣ ɝɢɞɪɨɦɟɯɚɧɢɱɟɫɤɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɪɚɜɧɨɣ 8 ɦ. 

 

6.3.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɦɟɬɤɢ ɝɪɟɛɧɹ ɜɨɞɨɫɥɢɜɚ 

 

Ɋɚɫɫɱɢɬɵɜɚɟɦ ɤɪɢɜɨɥɢɧɟɣɧɵɣ ɛɟɡɜɚɤɭɭɦɧɵɣ ɜɨɞɨɫɥɢɜ ɩɪɚɤɬɢɱɟɫɤɨɝɨ 
ɩɪɨɮɢɥɹ. 

ɉɨ ɨɫɧɨɜɧɨɣ ɮɨɪɦɭɥɟ ɪɚɫɯɨɞɚ ɞɥɹ ɜɨɞɨɫɥɢɜɨɜ ɜɫɟɯ ɬɢɩɨɜ ɦɟɬɨɞɨɦ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɩɪɢɛɥɢɠɟɧɢɣ ɨɩɪɟɞɟɥɹɸɬ ɧɚɩɨɪ ɧɚ ɝɪɟɛɧɟ ɜɨɞɨɫɥɢɜɚ, 
ɫɧɚɱɚɥɚ ɛɟɡ ɭɱɟɬɚ ɫɠɚɬɢɹ ɢ ɩɨɞɬɨɩɥɟɧɢɹ − ܪ଴ଵ, ɚ ɡɚɬɟɦ ɫ ɭɱɟɬɨɦ ɫɠɚɬɢɹ ɢ 
ɩɨɞɬɨɩɥɟɧɢɹ − ܪ଴ଶ. 

 H଴ଵ = ሺ ୕ɪ୫୆√ଶ୥ሻଶ ଷ⁄ = ሺ ଷଽଵ଴,ସଽ∙ଶସ∙√ଶ∙ଽ,଼ଵሻଶ ଷ⁄ = ͵,ͺ͵ ɦ                                        (6.16) 

 

ɝɞɟ m − ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ ɡɚɜɢɫɢɬ ɨɬ ɮɨɪɦɵ ɩɪɨɮɢɥɹ ɜɨɞɨɫɥɢɜɚ ɢ 
ɩɪɢɧɢɦɚɟɬɫɹ ɞɥɹ ɩɪɨɮɢɥɹ Ⱥ [18, ɪɚɡɞɟɥ 6-4]. 

 H଴ଶ = ሺ ୕p୫க∙σ౤∙୆∙√ଶ୥ሻଶ ଷ⁄ = ሺ ଷଽଵ଴,ସଽ∙଴,ଽହ∙ଵ∙ଶସ∙√ଶ∙ଽ,଼ଵሻଶ ଷ⁄ = ͵,ͻ͹ ˏ                       (6.17) 

                                                                                                                   

 

ɝɞɟ σ୬− ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɞɬɨɩɥɟɧɢɹ [18, ɪɚɡɞɟɥ 6-3] (σ୬ = ͳ, ɬ.ɤ. ɜɨɞɨɫɥɢɜ ɧɟ 
ɩɨɞɬɨɩɥɟɧ);  

 :ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ ߝ  .ɤɨɷɮɮɢɰɢɟɧɬ ɛɨɤɨɜɨɝɨ ɫɠɚɬɢɹ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɭɫɥɨɜɢɣ ɜɯɨɞɚ − ߝ       
 ɂ = ͳ − Ͳ,ʹ ∙ ஞ+ሺ୬−ଵሻ∙ஞబ୬ ∙ ୌబభୠ = ͳ − Ͳ,ʹ ∙ ଴,଻+ሺଷ−ଵሻ∙଴,ସହଷ ∙ ଷ,଼ଷ଼ = Ͳ,ͻͷ            (6.18) 

 

ɝɞɟ b − ɲɢɪɢɧɚ ɩɪɨɥɟɬɚ;  
      n− ɱɢɫɥɨ ɩɪɨɥёɬɨɜ;  
      ξ − ɤɨɷɮɮɢɰɢɟɧɬ ɮɨɪɦɵ ɛɨɤɨɜɵɯ ɭɫɬɨɟɜ,  =0,7. 

      ξ଴ − ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɪɚɫɩɨɥɨɠɟɧɢɹ ɛɵɤɚ ɜ ɩɥɚɧɟ, ɬ. ɟ. ɜɟɥɢɱɢɧɵ 
a, ɢ ɨɬ ɮɨɪɦɵ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ ɛɵɤɚ [18, ɬɚɛɥɢɰɚ 6-8, 6-9]. 

ɉɪɢ ɤɪɭɝɥɨɦ ɨɱɟɪɬɚɧɢɢ ɝɨɥɨɜɤɢ ɛɵɤɚ:  

 

ξ଴= 0,45. 

 

ɇɚɩɨɪ ɧɚ ɝɪɟɛɧɟ ɜɨɞɨɫɥɢɜɚ ɛɟɡ ɭɱɟɬɚ ɫɤɨɪɨɫɬɢ ɩɨɞɯɨɞɚ ɩɨɬɨɤɚ ɤ 
ɜɨɞɨɫɥɢɜɭ ଴ܸ: 
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 H = H଴ଶ − ஑୚బమଶ୥ = ͵,ͻ͹ − ଵ,ଵ∙଴,ଶ଺మଶ∙ଽ,଼ଵ = ͵,ͻ͸͸ɦ                                               (6.19) 

 V଴ = ୕ሺ∇ɇɉɍ−∇ȾɇȺሻሺ୆+ሺ୬−ଵሻஔɛሻ = ଷଽଵሺ଺ଽ଻−଺ସ଻ሻሺଶସ+ሺଷ−ଵሻ∙ଷ,ଷሻ = Ͳ,ʹ͸ ɦ ɫ⁄         (6.20) 

 

ɝɞɟ Ɂɛ − ɬɨɥɳɢɧɚ ɪɚɡɪɟɡɧɨɝɨ ɛɵɤɚ [6.4.2]. 

Ɉɬɦɟɬɤɭ ɝɪɟɛɧɹ ɜɨɞɨɫɥɢɜɚ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ: 
 ∇Ƚȼ = ∇ɇɉɍ − ɇɫɬ = ͸ͻ͹ − Ͷ = ͸ͻ͵ ɦ                                                 (6.21) 

 

ɝɞɟ ɇɫɬ = 4 − ɫɬɚɧɞɚɪɬɧɵɣ ɧɚɩɨɪ, ɦ, ɛɥɢɠɚɣɲɢɣ ɤ H ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɬɟɯɧɢɱɟɫɤɢɦ ɪɟɝɥɚɦɟɧɬɨɦ. 

 

6.3.3 ɉɨɫɬɪɨɟɧɢɟ ɩɪɨɮɢɥɹ ɜɨɞɨɫɥɢɜɧɨɣ ɝɪɚɧɢ 

 

ɉɨ ɩɪɨɟɤɬɧɨɦɭ ɧɚɩɨɪɭ Hɩɪ = Hɫɬ = 4ɦ ɨɩɪɟɞɟɥɹɸɬ ɤɨɨɪɞɢɧɚɬɵ ɨɝɨɥɨɜɤɚ 
ɛɟɡɜɚɤɭɭɦɧɨɝɨ ɜɨɞɨɫɥɢɜɚ ɫ ɨɝɨɥɨɜɤɨɦ ɩɪɨɮɢɥɹ Ⱥ [18, ɬɚɛɥɢɰɚ 6-12] .Ɍɚɛɥɢɱɧɵɟ 
ɤɨɨɪɞɢɧɚɬɵ ɯ ɢ ɭ ɭɦɧɨɠɚɸɬ ɧɚ Hɫɬ ɢ ɩɨ ɞɚɧɧɵɦ ɬɚɛɥɢɰɵ 6.1 ɫɬɪɨɹɬ ɤɪɢɜɭɸ Ⱥ-ȼ 
ɧɚ ɪɢɫɭɧɤɟ 6.2, ɩɪɨɮɢɥɶ ɜɨɞɨɫɥɢɜɧɨɣ ɝɪɚɧɢ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 6.1. 

ɉɪɢ ɧɚɥɢɱɢɢ ɭɫɬɭɩɚ ɧɚ ɧɢɡɨɜɨɣ ɝɪɚɧɢ ɫɨɩɪɹɠɟɧɢɟ ɜɵɩɨɥɧɹɟɬɫɹ ɬɚɤɢɦ ɠɟ 
ɨɛɪɚɡɨɦ. 

ȼɵɫɨɬɚ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ :  
 pɜ = ∇Ƚȼ − ∇ɞɧɨ = ͸ͻ͵ − ͸Ͷ͹ = Ͷ͸ɦ                                                    (6.22) 

 

Ɋɚɞɢɭɫ ɫɨɩɪɹɠɟɧɢɹ ɨɝɨɥɨɜɤɚ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ ɫ ɧɨɫɤɨɦ: 

 R = ሺͲ,ʹ ÷ Ͳ,ͷሻሺpɜ + ɇɩɪሻ                                                                         (6.23) 

 R = Ͳ,ʹ ∙ ሺͶ͸ + Ͷሻ = ͳͲɦ                                       

                             

Ɉɬɦɟɬɤɭ ɜɟɪɯɚ ɛɵɤɚ ɜɵɱɢɫɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ: 
 ∇ʒʐ = ∇ʒʑ + ͳ,͸ʜ˔˕ = ͸ͻ͵ + ͳ,͸ ∙ Ͷ = ͸ͻͻ,Ͷ ˏ                                     (6.24)    
   

Ɍɚɤ ɤɚɤ 𝞩 ȽȻ > 𝞩 ȽȻɉ = 699,236 , ɬɨ ɡɚ ɩɪɨɟɤɬɧɭɸ ɨɬɦɟɬɤɭ ɝɪɟɛɧɹ 
ɫɨɨɪɭɠɟɧɢɹ ɩɪɢɧɢɦɚɟɦ 𝞩 ȽȻ = 699,4 ɦ. 
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Ɋɢɫɭɧɨɤ 6.1 - ɉɪɨɮɢɥɶ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ 

 

 

 

Ɍɚɛɥɢɰɚ 6.1 – Ʉɨɨɪɞɢɧɚɬɵ ɩɪɨɮɢɥɹ ɜɨɞɨɫɥɢɜɧɨɣ ɝɪɚɧɢ ɩɥɨɬɢɧɵ ɫ ɨɝɨɥɨɜɤɨɦ 
ɩɪɨɮɢɥɹ Ⱥ 

x, ɦ y, ɦ x, ɦ y, ɦ x, ɦ y, ɦ x, ɦ y, ɦ 

0 0,504 4 1,024 8 4,94 12 11,296 

0,4 0,144 4,4 1,284 8,4 5,476 12,4 12,052 

0,8 0,028 4,8 1,576 8,8 6,032 12,8 12,828 

1,2 0 5,2 1,9 9,2 6,612 13,2 13,62 

1,6 0,024 5,6 2,256 9,6 7,216 13,6 14,436 

2 0,108 6 2,644 10 7,84 14 15,272 

2,4 0,24 6,4 3,056 10,4 8,488 14,4 16,124 

2,8 0,4 6,8 3,492 10,8 9,156 14,8 16,996 

3,2 0,464 7,2 3,948 11,2 9,848 15,2 17,884 

3,6 0,792 7,6 4,432 11,6 10,44 15,6 18,792 

            16 19,68 
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Ɋɢɫɭɧɨɤ 6.2 - ɉɪɨɮɢɥɶ ɨɝɨɥɨɜɤɚ ɜɨɞɨɫɥɢɜɧɨɣ ɝɪɚɧɢ ɩɥɨɬɢɧɵ ɫ ɩɪɨɮɢɥɟɦ Ⱥ 

 

6.3.4 Ɋɚɫɱɟɬ ɫɨɩɪɹɠɟɧɢɹ ɩɨɬɨɤɚ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ 

       

ȼɵɱɢɫɥɹɸɬ ɤɪɢɬɢɱɟɫɤɭɸ ɝɥɭɛɢɧɭ ɩɨɬɨɤɚ ɩɪɢ ɩɨɥɧɨɦ ɨɬɤɪɵɬɢɢ ɜɫɟɯ 
ɨɬɜɟɪɫɬɢɣ: 

 h୩୮ = √ ஑୕pమሺ୆+ሺ୬−ଵሻஔ˄ሻమ୥ = √ ଵ,ଵ∙ଷଽଵమሺଶସ+ሺସ−ଵሻ∙ଷ,ଷሻమ∙ଽ,଼ଵయయ = ʹ,Ͷ͸ ˏ,                             (6.25) 

 

ɝɞɟ Ƚ − ɤɨɷɮɮɢɰɢɟɧɬ Ʉɨɪɢɨɥɢɫɚ, ɩɪɢɧɹɬɶ ɪɚɜɧɵɦ 1,1. 
ȼɵɱɢɫɥɹɸɬ ɩɨɥɧɭɸ ɭɞɟɥɶɧɭɸ ɷɧɟɪɝɢɸ ɜ ɫɟɱɟɧɢɢ ɩɟɪɟɞ ɜɨɞɨɫɥɢɜɨɦ: 
 T଴ = ∇ʜʞʢ − ∇ʓʜʏ = ͸ͻ͹ − ͸Ͷ͹ = ͷͲ ˏ,                                              (6.26) 

 

ȼɵɱɢɫɥɹɸɬ ɨɬɧɨɲɟɧɢɟ: ߦʡ଴ = ʡబℎˍ˓ = ହ଴ଶ,ସ଺ = ʹͲ,͵   

Ɉɩɪɟɞɟɥɹɸɬ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɤɨɪɨɫɬɢ φ =0,90 ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɞɥɢɧɵ ɫɥɢɜɧɨɣ ɝɪɚɧɢ [18, ɬɚɛɥɢɰɚ 9-10]. ɉɥɨɬɢɧɵ ɜɵɫɨɬɨɣ ɛɨɥɟɟ 40 ɦ ɢɦɟɸɬ 
ɛɨɥɶɲɭɸ ɞɥɢɧɭ ɫɥɢɜɧɨɣ ɝɪɚɧɢ. 

ɉɨ ɝɪɚɮɢɤɭ Ɇ.Ⱦ. ɑɟɪɬɨɭɫɨɜɚ [18, ɪɢɫ.9.55] ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɤɨɪɨɫɬɢ φ =0,90  ɢ ߦʡ଴= 20,3 ɨɩɪɟɞɟɥɹɸɬ ߦ˔ ɢ ߦ௖". 

ȼɵɱɢɫɥɹɸɬ ɫɨɩɪɹɠɟɧɧɵɟ ɝɥɭɛɢɧɵ: 
 hୡ′ = ξɫh୩୮ = Ͳ,ͳͺ ∙ ʹ,Ͷ͸ = Ͳ,ͶͶˏ;                                                            (6.27)  

 hୡ′′ = ξୡ" h୩୮ = ͵,͵ ∙ ʹ,Ͷ͸ = ͺ,ͳʹˏ.                                                              (6.28)             
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Ɍɚɤ ɤɚɤ hୡ′′ = ͺ,ͳʹˏ > hʜʐ = ʹ,ʹˏ, ɛɶɟɮɵ ɫɨɩɪɹɝɚɸɬɫɹ ɩɨ ɬɢɩɭ 
ɨɬɨɝɧɚɧɧɨɝɨ ɩɪɵɠɤɚ. 

 

6.3.5 Ƚɚɲɟɧɢɟ ɷɧɟɪɝɢɢ ɫɩɨɫɨɛɨɦ ɫɜɨɛɨɞɧɨ ɨɬɛɪɨɲɟɧɧɨɣ ɫɬɪɭɢ 

 

Ⱦɥɹ ɜɨɞɨɫɛɪɨɫɧɵɯ ɩɥɨɬɢɧ ɧɚ ɫɤɚɥɶɧɨɦ ɨɫɧɨɜɚɧɢɢ ɜɵɫɨɬɨɣ ɛɨɥɟɟ 40 ɦ, ɚ 
ɬɚɤɠɟ ɩɪɢ ɡɧɚɱɟɧɢɢ ɨɬɧɨɲɟɧɢɹ ɞɥɢɧɵ ɫɬɜɨɪɚ ɤ ɜɵɫɨɬɟ ɩɥɨɬɢɧɵ: 

 

 
଻଴଴ሺ∇ʒʞ−∇ˇːˑሻ = ଻଴଴ሺ଺ଽଽ,ସ−଺ସ଻ሻ = ͳ͵,Ͷ > ͵                                                           (6.29) 

 

Ƚɚɲɟɧɢɟ ɷɧɟɪɝɢɢ ɫɛɪɚɫɵɜɚɟɦɨɣ ɜɨɞɵ ɱɚɫɬɨ ɨɫɭɳɟɫɬɜɥɹɸɬ ɫɩɨɫɨɛɨɦ 
ɫɜɨɛɨɞɧɨ ɨɬɛɪɨɲɟɧɧɨɣ ɫɬɪɭɢ, ɫɯɟɦɚɬɢɱɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɨɬɨɛɪɚɠɟɧɨ ɧɚ 
ɪɢɫɭɧɤɟ 6.3.  

Ɉɫɧɨɜɧɚɹ ɡɚɞɚɱɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ - ɨɛɟɫɩɟɱɟɧɢɟ ɨɬɛɪɨɫɚ ɫɬɪɭɢ ɧɚ 
ɪɚɫɫɬɨɹɧɢɟ, ɛɟɡɨɩɚɫɧɨɟ ɞɥɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɜɨɞɨɫɛɪɨɫɧɨɣ ɩɥɨɬɢɧɵ ɢ ɞɪɭɝɢɯ ȽɌɋ. 

Ɉɬɦɟɬɤɭ ɭɫɬɭɩɚ ɧɚɡɧɚɱɚɸɬ ɜɵɲɟ ɦɚɤɫɢɦɚɥɶɧɨɣ ɨɬɦɟɬɤɢ ɍɇȻ(649,5ɦ), 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɪɚɫɯɨɞɭ ɜɨɞɵ ɩɪɢ ɩɪɨɩɭɫɤɟ ɪɚɫɯɨɞɚ ɩɨɜɟɪɨɱɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ 
ɫɥɭɱɚɹ (Qɩɨɜ. = ͳʹͻͷ ɦଷ

ɫ⁄ ሻ, ɧɨ ɧɟ ɦɟɧɟɟ ɱɟɦ ɧɚ 1÷ 2 ɦ. 
Ⱦɚɥɶɧɨɫɬɶ ɨɬɥɟɬɚ ɫɬɪɭɢ ɨɬ ɩɥɨɬɢɧɵ ɞɨ ɜɯɨɞɚ ɜ ɜɨɞɭ ɧɢɠɧɟɝɨ ɛɶɟɮɚ 

ɦɨɠɧɨ ɜɵɱɢɫɥɢɬɶ ɩɨ ɮɨɪɦɭɥɟ: 
 L = kୟzଵφଶsinʹȽ (ቀͳ + ቀ୸బ୸భ − ͳቁ ଵφమୱ୧୬మ஑ቁ଴,ହ + ͳ) =  Ͳ,ͺ ∙ Ͷͷ,ͷ ∙ Ͳ,ͻ͹ଶ ∙ Ͳ,ͺ͹ (ቀͳ + ቀସ଻,଼ସହ,ହ − ͳቁ ∙ ଵ଴,ଽ଻మ∙଴,ଶହቁ଴,ହ + ͳ) = ͸ʹ,͸ ɦ. (6.30) 

 

ɝɞɟ kୟ − ɤɨɷɮɮɢɰɢɟɧɬ ɚɷɪɚɰɢɢ ɩɨɬɨɤɚ;  
      Ƚ = ͵Ͳ°− ɭɝɨɥ ɫɯɨɞɚ ɫɬɪɭɢ ɫ ɬɪɚɦɩɥɢɧɚ; 
      φ − ɤɨɷɮɮɢɰɢɟɧɬ ɫɤɨɪɨɫɬɢ ɩɨɬɨɤɚ [18, ɬɚɛɥɢɰɚ 9-10] (ɩɪɢ ɫɜɨɛɨɞɧɨɦ ɩɨɥɟɬɟ 
ɫɬɪɭɢ φ =0,97). 

. 

 
Ɋɢɫɭɧɨɤ 6.3- ɫɯɟɦɚɬɢɱɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɫɩɨɫɨɛɚ ɫɜɨɛɨɞɧɨ ɨɬɛɪɨɲɟɧɧɨɣ ɫɬɪɭɢ 

 z଴ = ∇ɇɉɍ − ∇ɇȻ = ͸ͻ͹ − ͸Ͷͻ,ʹ = Ͷ͹,ͺ ɦ                                           (6.31) 
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 𝑧ଵ = ∇ʜʞʢ − ∇ːˑ˔ˍ˃ = ͸ͻ͹ − ͸ͷͳ,ͷ = Ͷͷ,ͷ ˏ,                                     (6.32) 

 ∇ːˑ˔ˍ˃ = ∇ʜʐொ˒ˑ˅ + ʹ = ͸Ͷͻ,ͷ + ʹ = ͸ͷͳ,ͷˏ,                                      (6.33)          

 

Ʉɨɷɮɮɢɰɢɟɧɬ ɚɷɪɚɰɢɢ  kୟ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ, ɡɧɚɹ ɱɢɫɥɨ Ɏɪɭɞɚ, ɡɧɚɱɟɧɢɹ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 6.2: 

 Fr = ୚ɧ
మ୥୦ɧ

= ଶ଺,ଽమଽ,଼ଵ∙଴,ସସ = ͳ͸͵,ͻ,                                                                       (6.34) 

                  

ɝɞɟ Vɧ − ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚ ɧɚ ɧɨɫɤɟ;  
      hɧ − ɜɵɫɨɬɚ ɩɨɬɨɤɚ ɜɨɞɵ ɧɚ ɧɨɫɤɟ. 
 Vː = φ√ʹgzଵ = Ͳ,ͻ͹√ʹ ∙ ͻ,ͺͳ ∙ Ͷͷ,ͷ = ʹͻ ˏ ˔⁄                                      (6.35)          

 hɧ = ୯୚ɧ
= ଵଶ,଼ଶଽ = Ͳ,ͶͶ ɦ                                                                              (6.36) 

                      

ɝɞɟ q − ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɧɚ ɜɨɞɨɫɥɢɜɟ. 
 q = ୕ɪ୆+ሺ୬−ଵሻஔɛ

= ଷଽଵଶସ+ሺଷ−ଵሻ∙ଷ,ଷ = ͳʹ,ͺ  ɦଶ
ɫ⁄                                                   (6.37) 

 

Ɍɚɛɥɢɰɚ 6.2 – ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ Ɏɪɭɞɚ 

Fr < 35   kୟ = ͳ 

Fr ≥ 35   kୟ = Ͳ,ͺ − Ͳ,ͻ 

 

Ȼɟɡɨɩɚɫɧɨɟ ɪɚɫɫɬɨɹɧɢɟ ɨɬɥɟɬɚ ɫɬɪɭɢ ɞɥɹ ɩɥɨɬɢɧɵ ɧɚ ɨɫɧɨɜɚɧɢɢ ɢɡ 
ɩɪɨɱɧɨɣ ɫɤɚɥɵ ɫɨɫɬɚɜɥɹɟɬ ܮ > Ͳ,Ͷz  , ɝɞɟ z  – ɧɚɩɨɪ, ɫɨɡɞɚɜɚɟɦɵɣ ɩɥɨɬɢɧɨɣ. 

 

 Ͳ,Ͷ ∙ Ͷ͹,ͺ = ͳͻ,ͳʹ ˏ < ܮ = ͸ʹ,͸ˏ - ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ. 
 

Ƚɥɭɛɢɧɭ ɹɦɵ ɪɚɡɦɵɜɚ ɦɨɠɧɨ ɜɵɱɢɫɥɢɬɶ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ: 
 h˓˃ˊ = t − hʜʐ = ͳͳ,Ͷ͹ − ʹ,ʹ = ͻ,ʹ͹ ˏ,                                                   (6.38)                 

 t ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ: t = (Ͳ,ͳ + Ͳ,Ͷͷ ∙ √Frర ) ∙ √Fr ∙ √୦ɇȻୢర ∙ hɧ = (Ͳ,ͳ + Ͳ,Ͷͷ ∙ √ͳ͸͵,ͻర ) ∙ √ͳ͸͵,ͻ ∙√ଶ,ଶଵర ∙ Ͳ,ͶͶ = ͳͳ,Ͷ͹ ɦ,                                                                                           (6.39) 
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ɝɞɟ d − ɫɪɟɞɧɹɹ ɤɪɭɩɧɨɫɬɶ ɨɬɞɟɥɶɧɨɫɬɟɣ ɜ ɫɤɚɥɟ, ɜ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɯ ɪɚɫɱёɬɚɯ 
ɦɨɠɧɨ ɩɪɢɧɢɦɚɬɶ ɪɚɜɧɨɣ 1 ɦ. 

Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɩɥɨɬɢɧɵ ɞɨ ɰɟɧɬɪɚ ɹɦɵ ɪɚɡɦɵɜɚ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ: 
 Lଵ = L + ୲୲୥஑భ = ͸ʹ,͸ + ଵଵ,ସ଻଴,ହ଼ = ͺʹ,Ͷ ɦ,                                                      (6.40)              

                                                                                            

ɝɞɟ Ƚଵ − ɭɝɨɥ ɜɯɨɞɚ ɫɬɪɭɢ ɜ ɜɨɞɭ. 
                                                                       tgȽଵ =√tgଶ͵Ͳ° + ଶ୥ሺ଴,ହ୦ɧ∙ୡ୭ୱ஑+஑−୦ɇȻሻ୚ɧమ∙ୡ୭ୱమ஑ = √Ͳ,͵͵͸ + ଶ∙ଽ,଼ଵሺ଴,ହ∙଴,ସଷ∙଴,଼଻+ሺ଺ହଵ,ହ−଺ସ଻ሻ−ଶ,ଶሻଶ଺,ଽమ∙଴,଻ହ = Ͳ,ͷͺ               
                                                                                                                     (6.41) 

ɝɞɟ Ƚ − ɜɵɫɨɬɚ ɭɫɬɭɩɚ ɧɚɞ ɞɧɨɦ. 
Ⱦɥɢɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɭɱɚɫɬɤɚ ɹɦɵ ɪɚɡɦɵɜɚ ɜɞɨɥɶ ɬɟɱɟɧɢɹ ɧɚ ɭɪɨɜɧɟ 

ɪɚɡɦɵɬɨɝɨ ɪɭɫɥɚ ɪɚɜɧɚ: 
 b୮ = ʹ,ͷhˍ˓ + ͵,͹h˓˃ˊ = ʹ,ͷ ∙ ʹ,Ͷ͸ + ͵,͹ ∙ ͻ,ʹ͹ = Ͷʹ ˏ                          (6.42) 

                                                          

Ⱥ ɩɨ ɞɧɭ ɹɦɵ ɪɚɡɦɵɜɚ: 

 ʹ,ͷ ∙ hˍ˓ = ʹ,ͷ ∙ ʹ,Ͷ͸ = ͸,ͳͷˏ,                                                                   (6.43) 

 

ɝɞɟ hˍ˓– ɤɪɢɬɢɱɟɫɤɚɹ ɝɥɭɛɢɧɚ ɩɨɬɨɤɚ. 
ɍɤɥɨɧ ɜɟɪɯɨɜɨɝɨ ɨɬɤɨɫɚ ɹɦɵ ɪɚɡɦɵɜɚ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɧɹɬ 1:2,2, ɭɤɥɨɧ 

ɧɢɡɨɜɨɝɨ ɨɬɤɨɫɚ 1:1,5. 
 

6.4 Ʉɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɩɥɨɬɢɧɵ 

 

6.4.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɲɢɪɢɧɵ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ 

 

ɉɪɚɤɬɢɤɨɣ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɧɚ ɫɤɚɥɶɧɵɯ ɨɫɧɨɜɚɧɢɹɯ ɷɤɨɧɨɦɢɱɧɚɹ ɩɨ 
ɩɪɨɱɧɨɫɬɢ ɲɢɪɢɧɚ ɩɨɞɨɲɜɵ ȼ ɹɜɥɹɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨɣ ɢ ɩɨ ɭɫɥɨɜɢɸ 
ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɨɨɪɭɠɟɧɢɹ ɩɪɨɬɢɜ ɫɞɜɢɝɚ, ɟɫɥɢ: 

 ୆୦ = ሺͲ,͹ ÷ Ͳ,ͺሻ                                                                                            (6.44) 

 B = ሺͲ,͹ ÷ Ͳ,ͺሻh                                                                                         (6.45) 

 

Ɉɬɧɨɫɢɬɟɥɶɧɚ ɲɢɪɢɧɚ ɩɨɞɨɲɜɵ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ B = Ͳ,͹ͷh 

ȼɵɫɨɬɚ ɩɥɨɬɢɧɵ ɫ ɭɱɟɬɨɦ ɜɵɟɦɤɢ ɫɥɚɛɨɧɟɫɭɳɢɯ ɝɪɭɧɬɨɜ : 

 h = ∇ɇɉɍ − ∇ɩɨɞɨɲɜɵ = ͸ͻ͹ − ͸Ͷ͵ = ͷͶɦ,                                        (6.46) 
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ɝɞɟ  ∇ɩɨɞ – ɨɬɦɟɬɤɚ ɩɨɞɨɲɜɵ.  

 Ɉɬɦɟɬɤɚ ɩɨɞɨɲɜɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ: 
 ∇ɩɨɞɨɲɜɵ = ∇ɞɧɚ − hɝɪ − hɫɤ = ͸Ͷ͹ − ͵ − ͳ = ͸Ͷ͵ɦ,                         (6.47) 

 

ɝɞɟ h˔ˍ− ɬɨɥɳɢɧɚ ɫɥɚɛɨɧɟɫɭɳɟɝɨ ɜɵɧɢɦɚɟɦɨɝɨ ɫɤɚɥɶɧɨɝɨ ɝɪɭɧɬɚ, h˔ˍ= 1 ɦ;  
      hˆ˓− ɬɨɥɳɢɧɚ ɭɞɚɥɹɟɦɨɝɨ ɫɥɨɹ ɝɚɥɟɱɧɨɝɨ ɝɪɭɧɬɚ ɫ ɩɟɫɤɨɦ; ℎˆ˓= 3 ɦ; 

ɒɢɪɢɧɚ ɩɨɞɨɲɜɵ : 

 B = Ͳ,͹ͷ ∙ ͷͶ = ͶͲ,ͷ ɦ                                                                               (6.48) 

 

Ɋɚɡɪɟɡɤɚ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ ɲɜɚɦɢ: 

 

ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɛɟɬɨɧɧɵɯ ɩɥɨɬɢɧ ɧɚ ɫɤɚɥɶɧɵɯ ɨɫɧɨɜɚɧɢɹɯ 
ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬ ɢɯ ɪɚɡɪɟɡɤɭ ɩɨɩɟɪɟɱɧɵɦɢ ɦɟɠɫɟɤɰɢɨɧɧɵɦɢ ɲɜɚɦɢ ɢ 
ɩɪɨɞɨɥɶɧɵɦɢ ɦɟɠɫɬɨɥɛɱɚɬɵɦɢ ɲɜɚɦɢ. 

Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɫɟɤɰɢɨɧɧɵɦɢ ɲɜɚɦɢ ɜɵɛɢɪɚɟɬɫɹ ɪɚɜɧɵɦ ɲɢɪɢɧɟ 
ɫɟɤɰɢɢ ɧɚ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɟ: 

 lୡ = b + Ɂɛ = ͺ + ͵,͵ = ͳͳ,͵ɦ                                                                  (6.49) 

 

ɉɪɢ ɜɨɡɜɟɞɟɧɢɢ ɩɥɨɬɢɧɵ ɞɥɹ ɭɦɟɧɶɲɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɨɛɪɚɡɨɜɚɧɢɹ 
ɬɪɟɳɢɧ ɜ ɛɥɨɤɚɯ, ɧɟɨɛɯɨɞɢɦɨ ɪɚɡɪɟɡɚɬɶ ɫɟɤɰɢɸ ɧɚ 2 ɫɬɨɥɛɚ. Ɍɨɝɞɚ ɩɥɚɧɨɜɵɣ 
ɪɚɡɦɟɪ ɛɥɨɤɚ ɛɭɞɟɬ 11,3 ɯ 20,25 ɦ. 

 

6.4.2 Ȼɵɤɢ 

 

ɇɚ ɜɨɞɨɫɥɢɜɟ ɭɫɬɪɚɢɜɚɸɬɫɹ ɛɵɤɢ ɞɥɹ ɞɟɥɟɧɢɹ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ ɧɚ 
ɩɪɨɥɟɬɵ ɢ ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɡɚɬɜɨɪɨɜ. Ȼɵɤɢ ɜɵɩɨɥɧɹɸɬɫɹ ɪɚɡɪɟɡɧɵɦɢ ɞɥɹ 
ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɡɚɤɥɢɧɢɜɚɧɢɹ ɡɚɬɜɨɪɨɜ. 

ɒɢɪɢɧɚ ɪɚɡɪɟɡɧɨɝɨ ɛɵɤɚ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ : 
 Ɂ˄ = Ɂ′˄ + ሺͳ ÷ ͳ,ͷሻˏ,                                                                                 (6.50) 

 

ɝɞɟ ߜ ′˄  - ɬɨɥɳɢɧɚ ɧɟɪɚɡɪɟɡɧɨɝɨ ɛɵɤɚ, ߜ ′˄ = ͳ,ͺ [19,ɪɢɫ.7.30] 

             δɛ = ͳ,ͺ + ͳ,ͷ = ͵,͵ɦ 

 

ɒɢɪɢɧɚ ɩɚɡɚ ɪɚɛɨɱɟɝɨ ɢ ɚɜɚɪɢɣɧɨ-ɪɟɦɨɧɬɧɨɝɨ ɡɚɬɜɨɪɚ ɩɪɢɧɢɦɚɟɬɫɹ  
ɪɚɜɧɨɣ 1 ɦ. 
Ⱦɥɢɧɚ ɩɚɡɚ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ 1 ɦ, ɬɨɥɳɢɧɚ ɛɵɤɚ ɦɟɠɞɭ ɩɚɡɚɦɢ 

ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ 1,2 ɦ, ɪɚɡɦɟɪɵ ɪɚɡɪɟɡɧɨɝɨ ɛɵɤɚ ɢɡɨɛɪɚɠɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 
6.4. 
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Ɋɢɫɭɧɨɤ 6.4 - Ɋɚɡɦɟɪɵ ɪɚɡɪɟɡɧɨɝɨ ɛɵɤɚ 

 

6.4.3 ɍɫɬɨɢ 

 

ɍɫɬɪɚɢɜɚɟɬɫɹ ɨɞɢɧ ɪɚɡɞɟɥɢɬɟɥɶɧɵɣ ɭɫɬɨɣ ɦɟɠɞɭ ɜɨɞɨɫɛɪɨɫɧɨɣ ɢ 
ɫɬɚɧɰɢɨɧɧɨɣ ɩɥɨɬɢɧɨɣ. ɒɢɪɢɧɚ ɭɫɬɨɹ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ ɲɢɪɢɧɟ ɪɚɡɪɟɡɧɨɝɨ 
ɛɵɤɚ, ɬ.ɟ. bɭɫɬ = ͵,͵ ɦ. Ⱦɥɢɧɚ ɭɫɬɨɹ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ 109,6 ɦ. 

 

6.4.4 Ƚɚɥɟɪɟɢ ɜ ɬɟɥɟ ɩɥɨɬɢɧɵ 

 

ȼ ɬɟɥɟ ɩɥɨɬɢɧɵ ɧɟɨɛɯɨɞɢɦɨ ɩɪɟɞɭɫɦɚɬɪɢɜɚɬɶ ɩɪɨɞɨɥɶɧɵɟ ɢ ɩɨɩɟɪɟɱɧɵɟ 
ɝɚɥɟɪɟɢ. ɉɨ ɜɵɫɨɬɟ ɩɥɨɬɢɧɵ ɝɚɥɟɪɟɢ ɪɚɫɩɨɥɚɝɚɟɦ ɱɟɪɟɡ 15ɦ. ɨɞɧɭ ɢɡ 
ɩɪɨɞɨɥɶɧɵɯ ɝɚɥɟɪɟɣ ɪɚɫɩɨɥɚɝɚɟɦ ɜɵɲɟ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɭɪɨɜɧɹ ɧɢɠɧɟɝɨ ɛɶɟɮɚ 
ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɫɚɦɨɬɟɱɧɨɝɨ ɨɬɜɨɞɚ ɜɨɞɵ ɢɡ ɜɫɟɣ ɜɵɲɟɥɟɠɚɳɟɣ ɱɚɫɬɢ 
ɩɥɨɬɢɧɵ. 

Ɋɚɡɦɟɪɵ ɩɪɨɞɨɥɶɧɵɯ ɝɚɥɟɪɟɣ : 

- ɋɦɨɬɪɨɜɚɹ ɝɚɥɟɪɟɹ 2 ɯ 3 ɦ (ɨɬɦɟɬɤɢ : 𝞩665,𝞩680) 

- ɐɟɦɟɧɬɚɰɢɨɧɧɚɹ ɢ ɞɪɟɧɚɠɧɚɹ ɝɚɥɟɪɟɹ 3 ɯ 4 ɦ (ɨɬɦɟɬɤɚ: 𝞩650) 

Ɋɚɡɦɟɪɵ ɩɨɩɟɪɟɱɧɵɯ ɝɚɥɟɪɟɣ ɛɟɪёɦ 2 ɯ 3 ɦ. 

 

6.4.5 Ⱦɪɟɧɚɠ ɬɟɥɚ ɛɟɬɨɧɧɵɯ ɩɥɨɬɢɧ 

 

ȼɞɨɥɶ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɭɫɬɪɨɣɫɬɜɨ ɞɪɟɧɚɠɚ ɜ ɜɢɞɟ 
ɜɟɪɬɢɤɚɥɶɧɵɯ ɫɤɜɚɠɢɧ. Ⱦɢɚɦɟɬɪ ɜɟɪɬɢɤɚɥɶɧɵɯ ɞɪɟɧɚɠɧɵɯ ɫɤɜɚɠɢɧ ɫɥɟɞɭɟɬ 
ɩɪɢɧɢɦɚɬɶ 15 ɫɦ; ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɨɫɹɦɢ ɞɪɟɧɚɠɚ - 3 ɦ. Ɋɚɫɫɬɨɹɧɢɟ ɨɬ 
ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɩɥɨɬɢɧɵ ɞɨ  ɨɫɢ ɞɪɟɧɚɠɚ ɫɥɟɞɭɟɬ ɧɚɡɧɚɱɚɬɶ ɧɟ ɦɟɧɟɟ 2 ɦ ɩɪɢ 
ɭɫɥɨɜɢɢ : aɞɪ ൒ ୌౚȖ౤୍ɤɪ,ౣ ,                                                                                                   (6.51) 
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ɝɞɟ Hୢ− ɧɚɩɨɪ ɧɚɞ ɪɚɫɱёɬɧɵɦ ɫɟɱɟɧɢɟɦ; 

       ɀ୬− ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞёɠɧɨɫɬɢ ɩɨ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ ɫɨɨɪɭɠɟɧɢɹ, ɪɚɜɟɧ 1,25; 
       Iɤɪ,୫− ɤɪɢɬɢɱɟɫɤɢɣ ɫɪɟɞɧɢɣ ɝɪɚɞɢɟɧɬ ɧɚɩɨɪɚ, ɞɥɹ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ ɪɚɜɟɧ 
25. 

Ⱦɥɹ ɝɚɥɟɪɟɢ ∇650: 

 Hୢ = ∇ɇɉɍ − ∇ɝɚɥ = ͸ͻ͹ − ͸ͷͲ = Ͷ͹ ɦ                                                (6.52) 

 

Ɇɢɧɢɦɚɥɶɧɨɟ ɞɨɩɭɫɬɢɦɨɟ ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɞɨ ɞɪɟɧɚɠɚ: 

 aɞɪ = ସ଻∙ଵ,ଶହଶହ = ʹ,͵ͷ ɦ,                                                                                      

 

ɉɪɢɧɢɦɚɟɬɫɹ 3 ɦ ɢ ɨɫɬɚɥɶɧɵɟ ɝɚɥɟɪɟɢ, ɤɨɬɨɪɵɟ ɧɚɯɨɞɹɬɫɹ ɜɵɲɟ 
ɪɚɫɱɟɬɧɨɝɨ ɫɟɱɟɧɢɹ, ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɧɚ ɬɨɦ ɠɟ ɪɚɫɫɬɨɹɧɢɢ. 

 

6.5 Ɉɫɧɨɜɧɵɟ ɷɥɟɦɟɧɬɵ ɩɥɨɬɢɧɵ 

 

6.5.1 ɉɪɨɬɢɜɨɮɢɥɶɬɪɚɰɢɨɧɧɚɹ ɡɚɜɟɫɚ 

 

Ɍɨɥɳɢɧɚ ɩɪɨɬɢɜɨɮɢɥɶɬɪɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ ɞɨɥɠɧɚ ɛɵɬɶ : 

 Ɂɡɚɜ > ∆ୌɡஓ౤୎ౙr,ౣ                                                                                                   (6.53) 

 

ɝɞɟ  ∆Hˊ− ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɧɚ ɡɚɜɟɫɟ; 
        ɀ୬ − ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞёɠɧɨɫɬɢ ɩɨ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ ɫɨɨɪɭɠɟɧɢɹ, ɪɚɜɧɵɣ 
1,25; 

        Jୡ୰,୫ − ɤɪɢɬɢɱɟɫɤɢɣ ɝɪɚɞɢɟɧɬ ɧɚɩɨɪɚ ɧɚ ɡɚɜɟɫɟ, ɜ ɫɤɚɥɶɧɵɯ ɝɪɭɧɬɚɯ ɪɚɜɧɵɣ 
ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɣ 15. 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ [18], ɧɚɩɨɪ ɧɚ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɟ, ɨɬɧɟɫёɧɧɵɣ ɤ 
ɦɚɤɫɢɦɚɥɶɧɨɦɭ ɧɚɩɨɪɭ, ɪɚɜɟɧ: 

 ୌɡୌౣ౗౮ = Ͳ,Ͷɦ,                                                                                          (6.54) 

 

Ɉɬɫɸɞɚ ɧɚɲɥɢ: 

 Hˊ = Ͳ,Ͷ ∙ H୫ୟ୶ = Ͳ,Ͷ ∙ ሺ∇ʜʞʢ − ∇ʢʜʐ୫୧୬ሻ;                                            (6.55) 
 Hˊ = Ͳ,Ͷ ∙ ሺ͸ͻ͹ − ͸Ͷͺሻ = ͳͻ,͸ ˏ.  
 

Ɍɨɝɞɚ ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɧɚ ɡɚɜɟɫɟ : 
 ∆Hɡ = H୫ୟ୶ − Hɡ = Ͷͻ − ͳͻ,͸ = ʹͻ,Ͷɦ                                                   (6.56) 
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Ɍɨɝɞɚ ɬɨɥɳɢɧɚ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ : 

 Ɂɡɚɜ ൒ ଶଽ,ସ∙ଵ,ଶହଵହ = ʹ,Ͷͷɦ        

                                                                              

Ɍɚɤ ɤɚɤ ɨɛɵɱɧɨ ɪɹɞ ɰɟɦɟɧɬɚɰɢɨɧɧɵɯ ɫɤɜɚɠɢɧ ɨɛɟɫɩɟɱɢɜɚɟɬ ɬɨɥɳɢɧɭ 
ɡɚɜɟɫɵ ɩɪɢɦɟɪɧɨ 3ɦ, ɨɬɫɸɞɚ, ɬɨɥɳɢɧɚ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ ɩɪɢɧɢɦɚɟɬɫɹ 3 
ɦ. Ɂɚɜɟɫɚ ɨɞɧɨɪɹɞɧɚɹ. 

Ƚɥɭɛɢɧɚ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ: 

 hɡ = ሺͲ,ͷ ÷ Ͳ,ͺሻH୫ୟ୶;                                                                                (6.57) 

 hɡ = Ͳ,ͷ ∙ Ͷͻ = ʹͶ,ͷ ɦ.                                                                        
               

Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɞɨ ɨɫɢ ɡɚɜɟɫɵ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 l = ሺͲ,ͳ ÷ Ͳ,ʹͷሻB ;                                                                                      (6.58) 

 l = Ͳ,ͳ ∙ ͶͲ,ͷ = Ͷ,ͳˏ. 

 

Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɫɤɜɚɠɢɧɚɦɢ ɜ ɪɹɞɭ ɫɨɫɬɚɜɥɹɟɬ 3ɦ. 
 

6.5.2 Ⱦɪɟɧɚɠɧɵɟ ɭɫɬɪɨɣɫɬɜɚ ɜ ɨɫɧɨɜɚɧɢɢ ɜ ɫɤɚɥɶɧɵɯ ɝɪɭɧɬɚɯ 

 

Ⱦɪɟɧɚɠ ɜ ɫɤɚɥɶɧɵɯ ɝɪɭɧɬɚɯ ɜɵɩɨɥɧɹɟɬɫɹ ɜ ɜɢɞɟ ɜɟɪɬɢɤɚɥɶɧɵɯ ɫɤɜɚɠɢɧ 
ɞɢɚɦɟɬɪɨɦ 150 ɦɦ ɫ ɲɚɝɨɦ 3ɦ.  

ɇɚɩɨɪ ɧɚ ɞɪɟɧɚɠɟ ɪɚɜɟɧ: 
 ୌɞɪୌౣ౗౮ = Ͳ,ʹɦ,  
 Hɞɪ = Ͳ,ʹH୫ୟ୶ = Ͳ,ʹ ∙ Ͷͻ = ͻ,ͺ ɦ;                                                            (6.59) 

 

Ƚɥɭɛɢɧɚ ɫɤɜɚɠɢɧ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ: 
 

 hɞɪ = ሺͲ,ͷ ÷ Ͳ,͹ሻhɡɚɜ;                                                                                (6.60) 

  hɞɪ = Ͳ,͸ ∙ ʹͶ,ͷ = ͳͶ,͹ ɦ.  

 

Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɞɪɟɧɚɠɧɵɦɢ ɢ ɰɟɦɟɧɬɚɰɢɨɧɧɵɦɢ ɫɤɜɚɠɢɧɚɦɢ 
ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 5 ɦ. 
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6.6 Ɉɩɪɟɞɟɥɟɧɢɟ ɫɨɤɪɚɳёɧɧɨɝɨ ɫɨɫɬɚɜɚ ɧɚɝɪɭɡɨɤ ɧɚ ɩɥɨɬɢɧɭ ɞɥɹ 
ɨɫɧɨɜɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ ɢ ɜɨɡɞɟɣɫɬɜɢɣ 

 

ɋɨɤɪɚɳёɧɧɵɣ ɫɨɫɬɚɜ ɧɚɝɪɭɡɨɤ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɢ ∇ʜʞʢ = ͸ͻ͹ ˏ ɜ 
ɜɟɪɯɧɟɦ ɛɶɟɮɟ ɢ ɦɢɧɢɦɚɥɶɧɨɦ ɭɪɨɜɧɟ ɧɢɠɧɟɝɨ ɛɶɟɮɚ ɩɪɢ ɩɪɨɩɭɫɤɟ 
ɫɚɧɢɬɚɪɧɨɝɨ ɪɚɫɯɨɞɚ . ɇɚɝɪɭɡɤɢ ɫɨɛɢɪɚɸɬɫɹ ɧɚ 1 ɩ.ɦ. ɞɥɢɧɵ ɩɥɨɬɢɧɵ. 

ɉɥɨɳɚɞɢ ɩɥɨɬɢɧɵ, ɛɵɤɚ, ɷɩɸɪ ɞɟɣɫɬɜɭɸɳɢɯ ɧɚɝɪɭɡɨɤ ɢ ɩɥɟɱɢ 
ɞɟɣɫɬɜɭɸɳɢɯ ɫɢɥ ɫɬɪɨɹɬɫɹ ɢ ɜɵɱɢɫɥɹɸɬɫɹ ɜ ɩɪɨɝɪɚɦɦɟ AutoCad. 

 

6.6.1 ȼɟɫ ɫɨɨɪɭɠɟɧɢɹ ɢ ɡɚɬɜɨɪɨɜ 

 

ȼɟɫ ɩɥɨɬɢɧɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫ ɭɱɟɬɨɦ ɨɛɴɟɦɚ ɩɪɨɞɨɥɶɧɵɯ ɝɚɥɟɪɟɣ ɢ 
ɩɨɥɨɫɬɢ. (Ɋɢɫɭɧɨɤ 6.5). 

 

ɚ) ɛɵɤ                                                    ɛ) ɩɥɨɬɢɧɚ 

Ɋɢɫɭɧɨɤ 6.5 – ɉɨɩɟɪɟɱɧɵɣ ɪɚɡɪɟɡ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɥɨɳɚɞɢ ɩɨɩɟɪɟɱɧɨɝɨ 
ɫɟɱɟɧɢɹ 

 G˒ˎ = ୗ˒ˎୠ୥஡ʐୠ+ஔʐ = ଽ଼଼,ଽ∙଼∙ଽ,଼ଵ∙ଶ,ସ଼+ଷ,ଷ = ͳ͸Ͷͺ͵,͵ ˍʜ,                                            (6.61) 

 

ɝɞɟ  ܵ˒ˎ − ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɩɥɨɬɢɧɵ (ܵ˒ˎ = ͻͺͺ,ͻ ˏଶሻ; 

       ܾ −ɲɢɪɢɧɚ ɩɪɨɥёɬɚ; 
ʐߜ        −ɬɨɥɳɢɧɚ ɛɵɤɚ; 
       𝜌ʐ −ɩɥɨɬɧɨɫɬɶ ɛɟɬɨɧɚ. 

 

ȼɟɫ ɛɵɤɚ ɢ ɟɝɨ ɰɟɧɬɪ ɬɹɠɟɫɬɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɚɧɚɥɨɝɢɱɧɨ: 
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Gɛ = ୗȻδȻ୥ρȻୠ+δȻ
= ଵଷ଻ଽ,ଽ∙ଷ,ଷ∙ଽ,଼ଵ∙ଶ,ସ଼+ଷ,଼ = ͻͶͺ͹,ͺ ɤɇ;                                             (6.62) 

 

ɝɞɟ  ܵʐ −ɷɬɨ ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɛɵɤɚ (ܵʐ = ͳ͵͹ͻ,ͻˏଶሻ. 

 

ȼɟɫ ɩɥɨɫɤɨɝɨ ɡɚɬɜɨɪɚ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɮɨɪɦɭɥɟ Ⱥ.Ɋ. Ȼɟɪɟɡɢɧɫɤɨɝɨ: 
 Qɡ ≈ Ͳ,Ͳͷͷf√fg ≈ Ͳ,Ͳͷͷ ∙ ͺͶ ∙ √ͺͶ ∙ ͻ,ͺͳ = Ͷͳͷ,Ͷ ɤɇ;                            (6.63) 

 

ɝɞɟ  ݂ −ɩɥɨɳɚɞɶ ɡɚɬɜɨɪɚ. 
 f = ሺ∇Ɏɉɍ − ∇Ƚȼ + Ͳ,ͷሻb = ሺ͸ͻͺ − ͸ͺͺ + Ͳ,ͷሻ ∙ ͺ = ͺͶɦଶ;               (6.64) 

 qɡ = ୕ɡୠ+ஔȻ
= ସଵହ,ସ଼+ଷ,ଷ = ͵͸,͹͸ ɤɇ;                                                                   (6.65) 

 

6.6.2 ɋɢɥɚ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨɞɵ 

 

Ƚɨɪɢɡɨɧɬɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɢɥɵ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨɞɵ: 
 

ɋɨ ɫɬɨɪɨɧɵ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ: 
 

Ɍɜ = ஡౭୥୦భమଶ = ଵ∙ଽ,଼ଵ∙ହସమଶ = ͳͶ͵Ͳʹ ɤɇ;                                                          (6.66) 

 hଵ = ∇ɇɉɍ − ∇ɩɨɞ = ͸ͻ͹ − ͸Ͷ͵ = ͷͶ ɦ;                                              
(6.67) 

 

ɋɨ ɫɬɨɪɨɧɵ ɧɢɠɧɟɝɨ ɛɶɟɮɚ: 
 ʡː = 𝜌ೢ௚ℎమమଶ = ଵ∙ଽ,଼ଵ∙ହమଶ = ͳʹʹ,͸ ˍʜ;                                                            (6.68) 

 hଶ = ∇ɍɇȻɦɢɧ − ∇ɩɨɞ = ͸Ͷͺ − ͸Ͷ͵ = ͷ ɦ;                                           (6.69) 

 

ɉɥɟɱɨ ɫɢɥɵ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɟɪɟɞɢɧɵ 
ɩɨɞɨɲɜɵ ɪɚɜɧɨ: 

 tɜ = ଵଷ hଵ = ଵଷ ∙ ͷͶ = ͳͺ ɦ,                                                                             (6.70) 

 

Ⱦɥɹ ɧɢɠɧɟɝɨ ɛɶɟɮɚ ɚɧɚɥɨɝɢɱɧɨ: 
 tɧ = ଵଷ hଶ = ଵଷ ∙ ͷ = ͳ,͹ ɦ.                                                                            (6.71) 

6.6.3 Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɜɡɜɟɲɢɜɚɸɳɟɝɨ ɞɚɜɥɟɧɢɹ 
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ɋɢɥɭ ɜɡɜɟɲɢɜɚɸɳɟɝɨ ɞɚɜɥɟɧɢɹ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ: 
 Wɜɡɜ = Sɷɩρg = ʹͲʹ,ͷ ∙ ͳ ∙ ͻ,ͺͳ = ͳͻͺ͸,ͷ ɤɇ;                                          (6.72) 

 

ɝɞɟ  ܵˠ˒ − ɩɥɨɳɚɞɶ ɷɩɸɪɵ ɜɡɜɟɲɢɜɚɸɳɟɝɨ ɞɚɜɥɟɧɢɹ, ɤɨɬɨɪɚɹ ɢɡɨɛɪɚɠɟɧɚ ɧɚ 
ɪɢɫɭɧɤɟ 6.6. 

 
Ɋɢɫɭɧɨɤ 6.6 – ɗɩɸɪɚ ɜɡɜɟɲɢɜɚɸɳɟɝɨ ɞɚɜɥɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɟɪɟɞɢɧɵ 

ɩɨɞɨɲɜɵ 

 

ɉɥɟɱɨ ɫɢɥɵ ɜɡɜɟɲɢɜɚɸɳɟɝɨ ɞɚɜɥɟɧɢɹ ɪɚɜɧɨ ɧɭɥɸ, ɬɚɤ ɤɚɤ ɰɟɧɬɪ 
ɩɪɢɥɨɠɟɧɢɹ ɫɢɥɵ ɜɡɜɟɲɢɜɚɸɳɟɝɨ ɞɚɜɥɟɧɢɹ ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɫɟɪɟɞɢɧɭ ɩɨɞɨɲɜɵ 
ɩɥɨɬɢɧɵ.  

 

6.6.4 ɋɢɥɚ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ 

 

ɗɩɸɪɚ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ ɩɨɫɬɪɨɟɧɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ [6.5.1 ɢ 
6.5.2].  

ɇɚɩɨɪ ɧɚ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɟ: 

 

ˊܪ  = ͳͻ,͸ ˏ; 
 

ɇɚɩɨɪ ɧɚ ɞɪɟɧɚɠɟ: 
˓ˇܪ  = ͻ,ͺ ˏ;  
 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɷɬɢɦɢ ɡɧɚɱɟɧɢɹɦɢ ɫɬɪɨɢɬɫɹ ɷɩɸɪɚ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ 
ɞɚɜɥɟɧɢɹ ɪɢɫɭɧɨɤ 6.7, ɩɥɨɳɚɞɶ ɤɨɬɨɪɨɣ ɪɚɜɧɚ 306,98 ɦ2. 
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Ɋɢɫɭɧɨɤ 6.7 – ɗɩɸɪɚ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ 

 

Ɏɢɥɶɬɪɚɰɢɨɧɧɨɟ ɞɚɜɥɟɧɢɟ, ɞɟɣɫɬɜɭɸɳɟɟ ɧɚ ɩɨɞɨɲɜɭ: 
 Wɮ = ρ୵gSɷɩ = ͳ ∙ ͻ,ͺͳ ∙ ͵͸ͺ = ͵͸ͳͲ ɤɇ;                                               (6.73) 

 

ɉɥɟɱɨ ɫɢɥɵ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ ɪɚɜɧɨ 12,54 ɦ. 
 

6.6.5 Ⱦɚɜɥɟɧɢɟ ɝɪɭɧɬɚ 

 

Ⱦɚɜɥɟɧɢɟ ɧɚɧɨɫɨɜ ɧɚ ɜɟɪɬɢɤɚɥɶɧɭɸ ɝɪɚɧɶ ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ: 
 ʟː = ɀː ∙ hː ∙ tgଶ(Ͷͷ − φː ʹ⁄ );                                                                    (6.74) 

 ʟː = ͳͳ,ͳ ∙ ͵ ∙ tgଶ(Ͷͷ − ʹ͹ ʹ⁄ ) = ͳʹ,͹ ˍʞ˃  

                                  

ɝɞɟ  ːߛ -ɭɞɟɥɶɧɵɣ ɜɟɫ ɧɚɧɨɫɨɜ ɜɨ ɜɡɜɟɲɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ; 
       ℎː – ɬɨɥɳɢɧɚ ɫɥɨɹ ɧɚɧɨɫɨɜ (3ɦ) 
       𝜑ː –ɭɝɨɥ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ɧɚɧɨɫɨɜ ɜɨ ɜɡɜɟɲɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ  
 𝜑ː = ʹ͹°[ʹͳ]. ɀː ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 ɀɧ = ɀɫ − ሺͳ − n଴ሻɀ୵ = ͳͺ − ሺͳ − Ͳ,͵ሻ ∙ ͻ.ͺͳ = ͳͳ,ͳ ɤɇ
ɦయ ;                  (6.75) 
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ɝɞɟ  ̝ߛ − ɭɞɟɥɶɧɵɣ ɜɟɫ ɫɪɟɞɧɟɝɨ ɩɟɫɤɚ ɜ ɫɭɯɨɦ ɫɨɫɬɨɹɧɢɢ ͳͺ ˍʜˏయ [21]; 

       ݊଴ − ɩɨɪɢɫɬɨɫɬɶ ɫɪɟɞɧɟɝɨ ɩɟɫɤɚ[21]; 

௪ߛ        − ɭɞɟɥɶɧɵɣ ɜɟɫ ɜɨɞɵ; 
Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɞɚɜɥɟɧɢɹ ɧɚɧɨɫɨɜ ɧɚ 1 ɩ.ɦ: 
 Eɧ = (ɪɧhɧ) ʹ⁄ = ሺͳͳ,ͻͳ ∙ ͵ሻ ʹ = ͳ͹,ͺ͹ ɤɇ

ɦ
.⁄                                             (6.76) 

 

Ⱥɤɬɢɜɧɨɟ ɞɚɜɥɟɧɢɟ ɝɪɭɧɬɚ ɨɫɧɨɜɚɧɢɹ ɫɨ ɫɬɨɪɨɧɵ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

 pɝɪ
′ = ɀɧhɧtgଶ ቀͶͷ − φɝɪଶ ቁ = ͳͳ,ͳ ∙ ͵ ∙ tgଶ ቀͶͷ − ଷଷଶ ቁ = ͻ,ͺͳ ɤɉɚ;            (6.77) 

 

ɝɞɟ 𝜑ˆ˓ – ɭɝɨɥ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ɜɨɞɨɧɚɫɵɳɟɧɧɨɝɨ ɝɚɥɟɱɧɨ – ɩɟɫɱɚɧɨɝɨ 
ɝɪɭɧɬɚ ɜɨ ɜɡɜɟɲɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɪɚɜɧɵɣ 𝜑ˆ˓ = ͵͵°. 

ȼ ɬɨɱɤɟ ɧɚ ɧɢɠɧɟɣ ɝɪɚɧɢɰɟ ɫɥɨɹ ɝɚɥɟɱɧɨɝɨ ɝɪɭɧɬɚ c ɩɟɫɤɨɦ ɬɨɥɳɢɧɨɣ 2 ɦ, 
ɝɞɟ ɞɟɣɫɬɜɭɸɬ ɢ ɜɟɫ ɧɚɧɨɫɨɜ, ɢ ɜɟɫ ɝɪɭɧɬɚ, ɞɚɜɥɟɧɢɟ ɪɚɜɧɹɟɬɫɹ: 

 pɝɪ
′′ = ሺɀɧhɧ + ɀɝɪ

ɜɡɜhɝɪሻtgଶ ቀͶͷ − φɝɪଶ ቁ = ሺͳͳ,ͳ ∙ ͵ + ͳʹ,Ͷ ∙ ʹሻ ∙ tgଶ ቀͶͷ −ଷଷଶ ቁ = ͳ͹,͵ ɤɉɚ                                                                                                      (6.78) 

 ɀɝɪ
ɜɡɜ = ɀɝɪ − ሺͳ − n଴ሻɀ୵ = ͳͻ − ሺͳ − Ͳ,͵͵ሻ ∙ ͻ.ͺͳ = ͳʹ,Ͷ ɤɇ

ɦయ ;             (6.79) 

 

ɝɞɟ  ̂ߛ ˓ − ɭɞɟɥɶɧɵɣ ɜɟɫ ɝɚɥɟɱɧɨɝɨ ɝɪɭɧɬɚ c ɩɟɫɤɨɦ; 
       ݊଴ − ɩɨɪɢɫɬɨɫɬɶ ɫɭɯɨɝɨ ɝɪɭɧɬɚ; 
௪ߛ        − ɭɞɟɥɶɧɵɣ ɜɟɫ ɜɨɞɵ. 

Ȼɨɤɨɜɨɟ ɞɚɜɥɟɧɢɟ ɫɤɚɥɶɧɨɝɨ ɝɪɭɧɬɚ ɪɚɫɫɱɢɬɚɟɦ ɚɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ: 
 pɫɤ

′ = ሺɀɧhɧ + ɀɝɪ
ɜɡɜhɝɪሻtgଶ ቀͶͷ − φɫɤଶ ቁ − ʹctgሺͶͷ − φɫɤଶ ሻ =  = ሺͳͳ,ͳ ∙ ͵ + ͳʹ,Ͷ ∙ ʹሻ ∙ ଶ݃ݐ ቀͶͷ − ଷହଶ ቁ − ݃ݐܿʹ ቀͶͷ − 𝜑˔ˍଶ ቁ = ͳͷ,ͻ ˍʞ˃;  (6.80) 

 

ȼ ɬɨɱɤɟ ɧɚ ɧɢɠɧɟɣ ɝɪɚɧɢɰɟ ɫɥɨɹ ɝɪɚɧɢɬɚ ɬɨɥɳɢɧɨɣ 1 ɦ, ɝɞɟ ɞɟɣɫɬɜɭɸɬ ɢ 
ɜɟɫ ɧɚɧɨɫɨɜ, ɢ ɜɟɫ ɜɫɟɯ ɫɥɨёɜ ɝɪɭɧɬɚ, ɞɚɜɥɟɧɢɟ ɪɚɜɧɹɟɬɫɹ: 

 p˔ˍ′′ = ሺɀːhː + ɀˆ˓˅ˊ˅hˆ˓ + ɀ˔ˍh˔ˍሻtgଶ ቀͶͷ − φ˔ˍଶ ቁ + ʹctgሺͶͷ − φ˔ˍଶ ሻ =  = ሺͳͳ,ͳ ∙ ͵ + ͳʹ,Ͷ ∙ ʹ + ʹͺ ∙ ͳሻ ∙ tgଶ ቀͶͷ − ଷହଶ ቁ + ʹctgሺͶͷ − φ˔ˍଶ ሻ =ʹ͵,ͷ ˍʞ˃;                                                                                                     (6.81) 

ɝɞɟ  𝜑˔ˍ – ɭɝɨɥ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ɫɤɚɥɶɧɨɝɨ ɝɪɭɧɬɚ, ɪɚɜɧɵɣ 𝜑ˆ˓ = ͵ͷ°; 
ߛ̝         ˍ −  ɭɞɟɥɶɧɵɣ ɜɟɫ ɫɤɚɥɶɧɨɝɨ ɝɪɭɧɬɚ, ɪɚɜɧɵɣ ̝ߛ ˍ = ʹͺ ˍʜˏయ. 



86 

 

ɗɩɸɪɚ ɚɤɬɢɜɧɨɝɨ ɞɚɜɥɟɧɢɹ ɝɪɭɧɬɚ ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 6.8. 
 

 
Ɋɢɫɭɧɨɤ 6.8 – ɗɩɸɪɚ ɞɚɜɥɟɧɢɹ ɧɚɧɨɫɨɜ ɢ ɚɤɬɢɜɧɨɝɨ ɞɚɜɥɟɧɢɹ ɝɪɭɧɬɚ 

 

Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɚɤɬɢɜɧɨɝɨ ɞɚɜɥɟɧɢɹ ɝɪɭɧɬɚ ɧɚ 1ɩ.ɦ ɞɥɢɧɵ ɩɥɨɬɢɧɵ 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɥɨɳɚɞɢ ɷɩɸɪɵ ɚɤɬɢɜɧɨɝɨ ɞɚɜɥɟɧɢɹ ɝɪɭɧɬɚ: 

 E˃˅ = ୮ˆ˓′ +୮ˆ˓′′ଶ ∙ hˆ˓ + ୮˔ˍ′ +୮˔ˍ′′ଶ ∙ h˔ˍ;                                                                (6.82) 

 E˃˅ = ଽ,଼ଵ+ଵ଻,ଷଶ ∙ ͵ + ଵହ,ଽ+ଶଷ,ହଶ ∙ ͳ = ͸Ͳ,͵͹ ˍʜ.              
 

ɉɥɟɱɨ ɫɢɥɵ ɞɚɜɥɟɧɢɹ ɧɚɧɨɫɨɜ ͷ ˏ. ɉɥɟɱɨ ɫɢɥɵ ɚɤɬɢɜɧɨɝɨ ɞɚɜɥɟɧɢɹ 
ɝɪɭɧɬɚ Ͷ ˏ. 

ɉɚɫɫɢɜɧɨɟ ɞɚɜɥɟɧɢɟ ɝɪɭɧɬɚ ɨɫɧɨɜɚɧɢɹ ɫɨ ɫɬɨɪɨɧɵ ɧɢɠɧɟɝɨ ɛɶɟɮɚ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɚɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ: 

ȼ ɬɨɱɤɟ ɧɚ ɧɢɠɧɟɣ ɝɪɚɧɢɰɟ ɫɥɨɹ ɝɪɚɜɢɣɧɨ - ɝɚɥɟɱɧɨɝɨ ɝɪɭɧɬɚ c ɩɟɫɤɨɦ 
ɬɨɥɳɢɧɨɣ 3 ɦ, ɞɚɜɥɟɧɢɟ ɪɚɜɧɹɟɬɫɹ: 

 pɝɪ
′ = ɀɝɪ

ɜɡɜhɝɪ ∙ tgଶ ቀͶͷ + φɝɪଶ ቁ ;                                                                  (6.83) 

 pˆ˓′ = ͳʹ,Ͷ ∙ ͵ ∙ tgଶ ቀͶͷ + ଷଷଶ ቁ =  ͳʹ͸,ʹ ˍʞ˃  

Ȼɨɤɨɜɨɟ ɞɚɜɥɟɧɢɟ ɫɤɚɥɶɧɨɝɨ ɝɪɭɧɬɚ ɪɚɫɫɱɢɬɚɟɦ ɚɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ: 
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p˔ˍ′ = ɀˆ˓˅ˊ˅hˆ˓ ∙ tgଶ ቀͶͷ + φ˔ˍଶ ቁ ;                                                                (6.84)   

                                                                                                                                         p˔ˍ′ = ሺͳʹ,Ͷ ∙ ʹሻ ∙ tgଶ ቀͶͷ + ଷହଶ ቁ = ͻͳ,ͷʹˍʞ˃        
 

ȼ ɬɨɱɤɟ ɧɚ ɧɢɠɧɟɣ ɝɪɚɧɢɰɟ ɫɥɨɹ ɝɪɚɧɢɬɚ ɬɨɥɳɢɧɨɣ 1 ɦ, ɞɚɜɥɟɧɢɟ: 
 pɫɤ
′′ = (ɀɝɪ

ɜɡɜhɝɪ + ɀɫɤ hɫɤ)tgଶ ቀͶͷ + φɫɤଶ ቁ ;                                               (6.85)    

                             pɫɤ
′′ = ሺͳʹ,Ͷ ∙ ʹ + ʹͺ ∙ ͳሻ ∙ tgଶ ቀͶͷ + ଷହଶ ቁ = ͳͻͶ,ͺͶ ɤɉɚ .                  

 

ɗɩɸɪɚ ɩɚɫɫɢɜɧɨɝɨ ɞɚɜɥɟɧɢɹ ɝɪɭɧɬɚ ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 6.9. 

 
Ɋɢɫɭɧɨɤ 6.9 – ɗɩɸɪɚ ɩɚɫɫɢɜɧɨɝɨ ɞɚɜɥɟɧɢɹ ɝɪɭɧɬɚ 

 

Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɩɚɫɫɢɜɧɨɝɨ ɞɚɜɥɟɧɢɹ ɝɪɭɧɬɚ: 
 Eɩɧ = ଵଶ ∙ hɝɪ ∙ pɝɪ

′ + ୮ɫɤ
′ +୮ɫɤ

′′ଶ ∙ hɫɤ;                                                                  (6.86) 

     E˒ː = ଵଶ ∙ ʹ ∙ ͺͶ,ͳ + ଽଵ,ହଶ+ଵଽସ,଼ସଶ ∙ ʹ = ͵͹Ͳ,Ͷ͸ ˍʜ.   
  

ɉɥɟɱɨ ɫɢɥɵ ɩɚɫɫɢɜɧɨɝɨ ɞɚɜɥɟɧɢɹ ɝɪɭɧɬɚ Ͷ ˏ. 
 

6.6.6 ȼɨɥɧɨɜɨɟ ɞɚɜɥɟɧɢɟ 

 

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

 Wɜɨɥɧ = Ͳ,ͷρ୵ghଵ% ቀ Ȝ̅஠ + ୦బଶ ቁ ;                                                                    (6.87) 
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Wɜɨɥɧ = Ͳ,ͷ ∙ ͳ ∙ ͻ,ͺͳ ∙ Ͳ,Ͷ͵͸ ∙ ቀ଺,଼଼ଷ,ଵସ + ଴,଴ଽଶ ቁ = Ͷ,͹ͺ ˍʜ.  
                                                                                                

ɝɞɟ  ℎଵ% − ɜɵɫɨɬɚ ɜɨɥɧɵ 1% ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ; 
        ɉ̅ = ͸,ͺͺˏ − ɫɪɟɞɧɹɹ ɞɥɢɧɚ ɜɨɥɧɵ ; 

 h଴ = π୦భ%మ
Ȝ̅

= ଷ,ଵସ∙଴,ସଷ଺మ଺,଼଼ = Ͳ,Ͳͻ ɦ,                                                                (6.88) 

 

Ʌɢɧɢɹ ɞɟɣɫɬɜɢɹ ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɟɣ ܹ˅ ˑˎː ɧɚɯɨɞɢɬɫɹ ɧɢɠɟ ∇ʜʞʢ ɧɚ 
ɜɟɥɢɱɢɧɭ: 

 yୡ = Ȝ̅ଶπ
− ଷ଼ hଵ% = ଺,଼଼ଶ∙ଷ,ଵସ − ଷ଼ ∙ Ͳ,Ͷ͵͸ = Ͳ,ͻ͵ ɦ;                                           (6.89) 

 

ɗɩɸɪɭ ɜɨɥɧɨɜɨɝɨ ɞɚɜɥɟɧɢɹ  ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ ɬɪɟɭɝɨɥɶɧɢɤɚ, 
ɨɫɧɨɜɚɧɢɟ ɤɨɬɨɪɨɝɨ ɩɚɪɚɥɥɟɥɶɧɨ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ ɩɥɨɬɢɧɵ, ɨɞɧɚ ɜɟɪɲɢɧɚ 
ɬɪɟɭɝɨɥɶɧɢɤɚ, ɥɟɠɚɳɚɹ ɧɚ ɨɫɧɨɜɚɧɢɢ, ɪɚɫɩɨɥɨɠɟɧɚ ɧɚ ͳ,ͳℎଵ% = ͳ,ͳ ∙ Ͳ,Ͷ͵͸ =Ͳ,Ͷͺˏ ɧɚɞ ∇ʜʞʢ, ɚ ɞɪɭɝɚɹ ɧɢɠɟ ∇ʜʞʢ ɧɚ ͺℎଵ% = ͺ ∙ Ͳ,Ͷ͵͸ = ͵,ͷ ˏ. 

ȼɵɫɨɬɚ ɬɪɟɭɝɨɥɶɧɢɤɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢ: 
 Wɜɨɥɧ = ሺSଵ + SଶሻȖɜ = ቀଵଶ ∙ ͳ,ͳhଵ% ∙ x + ଵଶ ∙ ͺhଵ% ∙ xቁ ∙ Ȗɜ = ቀଵଶ ∙ Ͳ,Ͷͺ ∙ x + ଵଶ ∙͵,ͷ ∙ xቁ ∙ ͻ,ͺͳ = ͳͻ,ͷx,                                                                                          (6.90) 

 

ɝɞɟ  ɯ – ɜɵɫɨɬɚ ɬɪɟɭɝɨɥɶɧɢɤɚ. 
Ɉɬɫɸɞɚ: 
 x = ୛ɜɨɥɧଵଽ,ହ = ସ,଻଼ଵଽ,ହ = Ͳ,ʹͷ ɦ;                                                                           (6.91) 

 

ɗɩɸɪɚ ɜɨɥɧɨɜɨɝɨ ɞɚɜɥɟɧɢɹ ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 6.10. 
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Ɋɢɫɭɧɨɤ 6.10 – ɗɩɸɪɚ ɜɨɥɧɨɜɨɝɨ ɞɚɜɥɟɧɢɹ 

 

ɉɥɟɱɨ ɫɢɥɵ ɜɨɥɧɨɜɨɝɨ ɞɚɜɥɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɟɪɟɞɢɧɵ ɩɨɞɨɲɜɵ ɪɚɜɧɨ 
ɪɚɫɫɬɨɹɧɢɸ ɨɬ ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ ɷɩɸɪɵ ɞɨ ɩɨɞɨɲɜɵ: 

 ∇ɇɉɍ − yୡ − ∇ɩɨɞ = ͸ͻ͹ − Ͳ,ͻ͵ − ͸Ͷ͵ = ͷ͵,Ͳ͹ ɦ.                              (6.92) 

 

6.6.7 Ɉɰɟɧɤɚ ɩɪɨɱɧɨɫɬɢ ɩɥɨɬɢɧɵ 

 

Ɉɰɟɧɤɭ ɩɪɨɱɧɨɫɬɢ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ ɫɥɟɞɭɟɬ ɩɪɨɢɡɜɨɞɢɬɶ ɩɨ ɦɟɬɨɞɭ 
ɩɪɟɞɟɥɶɧɵɯ ɫɨɫɬɨɹɧɢɣ ɩɟɪɜɨɣ ɝɪɭɩɩɵ (ɩɨ ɧɟɩɪɢɝɨɞɧɨɫɬɢ ɤ ɷɤɫɩɥɭɚɬɚɰɢɢ). ȼ 
ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱёɬɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɝɪɚɧɹɯ ɩɥɨɬɢɧɵ, ɤɨɬɨɪɵɟ 
ɫɪɚɜɧɢɜɚɸɬɫɹ ɫ ɤɪɢɬɟɪɢɹɦɢ ɩɪɨɱɧɨɫɬɢ. 

ȼɫɟ ɧɚɩɪɹɠɟɧɢɹ ɨɩɪɟɞɟɥɹɸɬɫɹ ɧɚ ɝɪɚɧɹɯ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɫɟɱɟɧɢɢ ɧɚ 
ɨɬɦɟɬɤɟ ɩɨɞɨɲɜɵ. 

ȼ ɪɚɫɱёɬɟ ɩɥɨɬɢɧɵ ɫɠɢɦɚɸɳɢɟ ɧɚɩɪɹɠɟɧɢɹ ɫɨ ɡɧɚɤɨɦ «–», 
ɪɚɫɬɹɝɢɜɚɸɳɢɟ – ɫɨ ɡɧɚɤɨɦ «+», ɢɡɝɢɛɚɸɳɢɣ ɦɨɦɟɧɬ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɟɪɟɞɢɧɵ 
ɪɚɫɱёɬɧɨɝɨ ɫɟɱɟɧɢɹ, ɞɟɣɫɬɜɭɸɳɢɣ ɧɚ ɬɟɥɨ ɩɥɨɬɢɧɵ ɩɨ ɱɚɫɨɜɨɣ ɫɬɪɟɥɤɟ 
ɩɪɢɧɢɦɚɟɬɫɹ ɫɨ ɡɧɚɤɨɦ «+», ɩɪɨɬɢɜ ɱɚɫɨɜɨɣ ɫɬɪɟɥɤɢ – ɫɨ ɡɧɚɤɨɦ «–» . 

ȼ ɬɚɛɥɢɰɟ 6.2 ɩɪɢɜɟɞɟɧɵ ɞɟɣɫɬɜɭɸɳɢɟ ɫɢɥɵ, ɢɯ ɦɨɦɟɧɬɵ ɢ ɩɥɟɱɢ. 
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Ɍɚɛɥɢɰɚ 6.2 – Ɉɫɧɨɜɧɵɟ ɧɚɝɪɭɡɤɢ ɧɚ ɩɥɨɬɢɧɭ 

ɇɚɝɪɭɡɤɚ ߛ௙ ɇɚɩɪɚɜɥɟɧɢɟ ɫɢɥɵ 

Ⱦɥɹ ɨɫɧɨɜɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ ɢ 
ɜɨɡɞɟɣɫɬɜɢɣ 

ɋɢɥɚ, ɤɇ ɉɥɟɱɨ, ɦ Ɇɨɦɟɧɬ, ɤɇɦ 

Ɍɜ 1  14302 16 228832 

Ɍɧ 1  122,6 1,9 -232,94 

Gɛ 0,95  9013,41 10 -90134,1 

Gɩɥ 0,95  15659,14 5 -78295,7 

Wɜɡɜ 1  1986,5 0 0,0 

Wɮ 1  3010 12,54 37745,4 

Eɧ 1,2  ͳ͹,ͺ͹ 8,03 143,5 

Wɜɨɥɧ 1  4,78 53,07 253,7 

Qɡ 1  415,4 14,8 -6147,92 

ȿɚɜ 1,2  ͸Ͳ,͵͹ 5,5 332 

ȿɩɧ 0,8  ͵͹Ͳ,Ͷ͸ 5,1 -1889,4 

  
∑ 

 
∑Ɇ=90606,54 

 

Ɋɚɫɱёɬ ɤɪɚɟɜɵɯ ɧɚɩɪɹɠɟɧɢɣ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ ɢ 
ɜɨɡɞɟɣɫɬɜɢɣ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɫɟɱɟɧɢɢ ɩɥɨɬɢɧɵ ɧɚ ɨɬɦɟɬɤɟ ɩɨɞɨɲɜɵ (ɩɪɢ 
ɪɚɫɱёɬɟ ɧɚ 1 ɩɨɝɨɧɧɵɣ ɦɟɬɪ ɞɥɢɧɵ) ɜɵɩɨɥɧɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ: 

Ⱦɥɹ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ: 
 

ɇɨɪɦɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɞɟɣɫɬɜɭɸɳɟɟ ɩɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɳɚɞɤɟ: 
 𝜎௨௬ = − ே஻ + ଺∙∑ ெ஻మ = − ସସଽ଺ଶ,ହଶସ + ଺∙ଽ଴଺଴଺,ହସଶସమ = −ͻʹͻ,͸ʹ ˍʞ˃ ,                    (6.93) 

 

ɝɞɟ  N – ɫɭɦɦɚ ɜɟɪɬɢɤɚɥɶɧɵɯ ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɩɥɨɬɢɧɭ;  
       M – ɫɭɦɦɚ ɦɨɦɟɧɬɨɜ ɜɫɟɯ ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɩɥɨɬɢɧɭ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɫɟɪɟɞɢɧɵ ɩɨɞɨɲɜɵ; 

       B – ɲɢɪɢɧɚ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ. 
ɇɨɪɦɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɞɟɣɫɬɜɭɸɳɟɟ ɩɨ ɜɟɪɬɢɤɚɥɶɧɨɣ ɩɥɨɳɚɞɤɟ: 
 σ୶୳ = σ୷୳ ∙ m୳ଶ − ɀ୵ ∙ H୳ୢ ∙ ሺͳ − m୳ଶሻ = −ͻʹͻ,͸ʹ ∙ Ͳ − ͳͲ ∙ ͷͶ ∙ ሺͳ − Ͳሻ =−ͷͶͲ ɤɉɚ ,                                                                                                             (6.94) 

 

ɝɞɟ  ߛ௪ = ͳͲ ɤɇ/ɦ3 – ɭɞɟɥɶɧɵɣ ɜɟɫ ɜɨɞɵ; 
ௗ௨ܪ       = ∇ʜʞʢ − ∇˒ˑˇˑ˛˅˞ = ͸ͻ͹ − ͸Ͷ͵ = ͷͶ ˏ. –ɧɚɩɨɪ ɧɚɞ ɪɚɫɱёɬɧɵɦ 
ɫɟɱɟɧɢɟɦ ɫɨ ɫɬɨɪɨɧɵ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ; 
      ݉௨ = tan  ,ଵ. Ɍɚɤ ɤɚɤ ɭ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ ɧɚɩɨɪɧɚɹ ɝɪɚɧɶ ɜɟɪɬɢɤɚɥɶɧɚߙ
ɬɨ ݉௨ = Ͳ. 

Ʉɚɫɚɬɟɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɳɚɞɤɟ: 
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τ୶୷୳ = (ɀ୵ ∙ H୳ୢ + σ୷୳) ∙ m୳ = ሺͳͲ ∙ ͷͶ − ͻʹͻ,͸ʹሻ ∙ Ͳ = Ͳ,                        (6.95) 

  

Ƚɥɚɜɧɨɟ ɦɢɧɢɦɚɥɶɧɨɟ ɫɠɢɦɚɸɳɟɟ ɧɚɩɪɹɠɟɧɢɟ: 
 σଵ୳ = σ୷୳ ∙ ሺͳ + m୳ଶሻ + ɀ୵ ∙ H୳ୢ ∙ m୳ଶ = −ͻʹͻ,͸ʹ ∙ ሺͳ + Ͳሻ + ͳͲ ∙ ͷͶ ∙ Ͳ =−ͻʹͻ,͸ʹ ɤɉɚ.                                                                                                        (6.96) 

 

Ƚɥɚɜɧɨɟ ɦɚɤɫɢɦɚɥɶɧɨɟ ɫɠɢɦɚɸɳɟɟ ɧɚɩɪɹɠɟɧɢɟ: 
 σଷ୳ = −ɀ୵ ∙ H୳ୢ = −ͳͲ ∙ ͷͶ = −ͷͶͲ ɤɇ/ɦଶ.                                             (6.97) 

 

ɇɢɡɨɜɚɹ ɝɪɚɧɶ: 
 

ɇɨɪɦɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɞɟɣɫɬɜɭɸɳɟɟ ɩɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɳɚɞɤɟ: 
 σ୷୲ = − ୒୆ − ଺∙∑ ୑୆మ = − ସସଽ଺ଶ,ହଶସ − ଺∙ଽ଴଺଴଺,ହସଶସమ = −ʹͺͳ͹,͵ ɤɇ/ɦଶ.                   (6.98) 

 

ɇɨɪɦɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɞɟɣɫɬɜɭɸɳɟɟ ɩɨ ɜɟɪɬɢɤɚɥɶɧɨɣ ɩɥɨɳɚɞɤɟ: 
 σ୶୲ = σ୷୲ ∙ m୲ଶ − ɀ୵ ∙ H୲ୢ ∙ ሺͳ − m୲ଶሻ = −ʹͺͳ͹,͵ ∙ Ͳ,͹ͷଶ − ͳͲ ∙ ͷ ∙ሺͳ − Ͳ,͹ͷଶሻ = −ͷͲ ɤɇ/ɦଶ,                                                                                  (6.99) 

 

ɝɞɟ  m୲ = ctan Ƚଶ= 0,75 – ɡɚɥɨɠɟɧɢɟ ɧɢɡɨɜɨɣ ɝɪɚɧɢ ɜ ɪɚɫɱёɬɧɨɦ ɫɟɱɟɧɢɢ; 

        H୲ୢ − ɧɚɩɨɪ ɧɚɞ ɪɚɫɱёɬɧɵɦ ɫɟɱɟɧɢɟɦ ɫɨ ɫɬɨɪɨɧɵ ɧɢɠɧɟɝɨ ɛɶɟɮɚ. 
 H୲ୢ = ∇ʢʜʐ୫୧୬ − ∇˒ˑˇˑ˛˅˞ = ͸Ͷͺ − ͸Ͷ͵ = ͷ ˏ.                              
(6.100) 

 

Ʉɚɫɚɬɟɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɳɚɞɤɟ: 
 τ୶୷୲ = −(ɀ୵ ∙ H୲ୢ + σ୲୷) ∙ m୲ = −ሺͳͲ ∙ ͷ − ʹͺͳ͹,͵ሻ ∙ Ͳ = Ͳ ɤɇ/ɦଶ     (6.101) 

 

Ƚɥɚɜɧɵɟ ɧɚɩɪɹɠɟɧɢɹ: 

 σଷ୲ = σ୷୲ ∙ ሺͳ + m୲ଶሻ + ɀ୵ ∙ H୲ୢ ∙ m୲ଶ = −ʹͺͳ͹,͵ ∙ ሺͳ + Ͳଶሻ + ͳͲ ∙ ͷ ∙ Ͳଶ =−ʹͺͳ͹,͵ ɤɇ/ɦଶ,                                                                                                  (6.102) 

 

 

ıଵ୲ = −Ȗ୵ ∙ H୲ୢ = −ͳͲ ∙ ͷ = −ͷͲ ɤɇ/ɦଶ.                                                (6.103) 

 

ȼ ɬɚɛɥɢɰɭ 6.3 ɫɜɟɞɟɧɵ ɤɪɚɟɜɵɟ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɝɪɚɧɹɯ ɩɥɨɬɢɧɵ. 
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Ɍɚɛɥɢɰɚ 6.3 – Ʉɪɚɟɜɵɟ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɝɪɚɧɹɯ ɩɥɨɬɢɧɵ 
Ƚɪɚɧɶ ɇɚɩɪɹɠɟɧɢɟ Ɂɧɚɱɟɧɢɟ, ɤɉɚ 

ȼɟɪɯɨɜɚɹ 

𝜎௨௬ −ͻʹͻ,͸ʹ 𝜎௫௨ −ͷͶͲ 𝜏௫௬௨  0 𝜎ଵ௨ −ͻʹͻ,͸ʹ 𝜎ଷ௨ −ͷͶͲ 

ɇɢɡɨɜɚɹ 

𝜎௬௧ −ʹͺͳ͹,͵ 𝜎௫௧ −ͷͲ 𝜏௫௬௧  Ͳ 𝜎ଵ௧ −ͷͲ 𝜎ଷ௧ −ʹͺͳ͹,͵ 

 

6.6.8 Ʉɪɢɬɟɪɢɢ ɩɪɨɱɧɨɫɬɢ ɩɥɨɬɢɧɵ 

 

ɇɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɪɢɬɶ ɫɨɛɥɸɞɟɧɢɟ ɤɪɢɬɟɪɢɟɜ ɩɪɨɱɧɨɫɬɢ: 

 

- ȼɨ ɜɫɟɯ ɬɨɱɤɚɯ ɩɥɨɬɢɧɵ: 
 

Ȗ୬  ∙ Ȗ୪ୡ ∙ |ıଷ| ൑ Ȗୡୢ ∙ Rୠ ,                                                                         (6.104) 

 

ɝɞɟ ߛ௡ = ͳ,ʹͷ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ ɩɨ ɧɚɡɧɚɱɟɧɢɸ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɤɥɚɫɫɚ ɫɨɨɪɭɠɟɧɢɹ [15];  

 ௟௖ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ, ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤߛ         
ɢ ɜɨɡɞɟɣɫɬɜɢɣ ɜ ɩɟɪɢɨɞ ɧɨɪɦɚɥɶɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ, ߛ௟௖ = ͳ [15]; 

 ௖ௗ – ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ, ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ ɢߛ         
ɜɨɡɞɟɣɫɬɜɢɣ. ߛ௖ௗ = Ͳ,ͻͲ [15]; 

ȼ ɩɪɨɟɤɬɟ ɧɚɡɧɚɱɚɟɬɫɹ ɛɟɬɨɧ ɤɥɚɫɫɚ ȼ20. ȼɵɩɨɥɧɹɟɬɫɹ ɩɪɨɜɟɪɤɚ ɛɟɬɨɧɚ ɩɨ 
ɩɪɨɱɧɨɫɬɢ ɧɚ ɫɠɚɬɢɟ:  

 ͳ,ʹͷ ∙ ͳ,ͲͲ ∙ |−ʹͺͳ͹,͵| ൑ Ͳ,ͻͲ ∙ ʹͲͲͲͲ,                                                 
 ͵ͷʹͳ,͸ < ͳͺͲͲͲ, ɭɫɥɨɜɢɟ ɩɪɨɱɧɨɫɬɢ (101) ɜɵɩɨɥɧɹɟɬɫɹ. 

 

- ɇɚ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ ɩɥɨɬɢɧɵ ɧɟ ɞɨɥɠɧɨ ɛɵɬɶ ɪɚɫɬɹɝɢɜɚɸɳɢɯ 
ɧɚɩɪɹɠɟɧɢɣ: 

 

ı′୷ < Ͳ ,                                                                                                     (6.105) 

 −ͻʹͻ,͸ʹ ɤɇ
ɦమ < Ͳ - ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɟɧɨ. 

 

- ȼ ɡɨɧɟ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ ɩɥɨɬɢɧɵ: 
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|ı୷୳| ൒ Ͳ,ʹͷ ∙ Ȗ୵ ∙ H୳ୢ;                                                                                (6.106) ͻʹͻ,͸ʹ ൒ Ͳ,ʹͷ ∙ ͳͲ ∙ ሺ͸ͻ͹ − ͸Ͷ͵ሻ; 
 ͻʹͻ,͸ʹ ɤɇ/ɦଶ > ͳ͵ͷ ɤɇ/ɦଶ.  

 

ȼɫɟ ɭɫɥɨɜɢɹ ɜɵɩɨɥɧɹɸɬɫɹ, ɫɨɨɪɭɠɟɧɢɟ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɹɦɢ 
ɩɪɨɱɧɨɫɬɢ. 

 

6.6.9 Ɋɚɫɱёɬ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɥɨɬɢɧɵ 

 

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: 

  ୖ∙ஓౙౚ୊∙ஓౢౙ ൒ ɀ୬,                                                                                                 (6.107) 

 R = (Gɩɥ + GȻ − Wɜɡɜ − Wɮ + Qɡ) ∙ tan φ + E˒ː ∙ ɀୡୢ′ + c ∙ ω = ሺͳ͸Ͷͺ͵,͵ +ͻͶͺ͹,ͺ − ͳͻͺ͸,ͷ − ͵ͲͳͲ + Ͷͳͷ,Ͷሻ ∙ Ͳ,͹ + ͵͹Ͳ,Ͷ͸ ∙ Ͳ,͹ + ͳͲͲ ∙ ͶͲ,ͷ =ͳͻʹͺʹ,͵ ɤɇ/ɦ,                                                                                                    (6.108) 

 

ɝɞɟ  ݊ܽݐ𝜑 = Ͳ,͹ – ɜɧɭɬɪɟɧɧɟɟ ɬɪɟɧɢɟ ɞɥɹ ɫɤɚɥɵ ɜ ɨɫɧɨɜɚɧɢɢ; 
       ܿ = ͳͲͲ ˍʜ/ˏଶ– ɫɰɟɩɥɟɧɢɟ ɫɤɚɥɵ; 
       𝜔 = ˒ܤ ∙ ͳ = ͶͲ,ͷ ˏଶ – ɩɪɨɟɤɰɢɹ ɩɥɨɳɚɞɢ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ, ɩɪɢ ɪɚɫɱёɬɟ 
ɧɚ 1 ɩɨɝɨɧɧɵɣ ɦɟɬɪ; 
′௖ௗߛ        − ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɥɨɜɢɹ ɪɚɛɨɬɵ ɞɥɹ ɩɚɫɫɢɜɧɨɝɨ ɞɚɜɥɟɧɢɹ ɝɪɭɧɬɚ, 
ɩɪɢɧɢɦɚɟɬɫɹ ߛ௖ௗ′ = Ͳ,͹. 

 F = Tɜ − Tɧ + Wɜɨɥ + Eɧ + Eɩɧ = ͳͶ͵Ͳʹ − ͳʹʹ,͸ + Ͷ,͹ͺ + ͳ͹,ͺ͹ +͵͹Ͳ,Ͷ͸ = ͳͶʹͲʹ,Ͳͷ ɤɇ
ɦ

.                                                                                      (6.109)                

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɭɫɥɨɜɢɟ ɧɚ ɫɞɜɢɝ: 
 ͳͻʹͺʹ,͵ ∙ Ͳ,ͻͷͳͶʹͲʹ,Ͳͷ ∙ ͳ = ͳ,ʹ͸, 

 ͳ,ʹ͸ > ͳ,ʹͷ  – ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ.  
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ɂɫɯɨɞɹ ɢɡ ɪɚɫɱɟɬɨɜ, ɜɵɛɪɚɧɧɵɣ ɩɪɨɮɢɥɶ ɩɥɨɬɢɧɵ ɭɞɨɜɥɟɬɜɨɪɹɟɬ 
ɭɫɥɨɜɢɹɦ ɩɪɨɱɧɨɫɬɢ ɢ ɧɚɞёɠɧɨɫɬɢ ɩɪɢ ɨɫɧɨɜɧɨɦ ɫɨɱɟɬɚɧɢɢ ɧɚɝɪɭɡɨɤ ɢ 
ɜɨɡɞɟɣɫɬɜɢɣ. 

7 Ɉɯɪɚɧɚ ɬɪɭɞɚ. ɉɨɠɚɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ. Ɉɯɪɚɧɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ 

 

7.1 Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɨɯɪɚɧɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ 
ɩɟɪɢɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 

 

Ƚɢɞɪɨɬɟɯɧɢɱɟɫɤɨɟ ɫɬɪɨɢɬɟɥɶɫɬɜɨ, ɪɟɲɚɹ ɪɚɡɥɢɱɧɵɟ ɩɪɨɛɥɟɦɵ ɭɱɚɫɬɧɢɤɨɜ  
ɜɨɞɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ  ɤɨɦɩɥɟɤɫɚ,  ɩɪɢɜɨɞɢɬ  ɤ  ɧɟɠɟɥɚɬɟɥɶɧɵɦ  ɷɮɮɟɤɬɚɦ  

ɞɥɹ 

ɨɤɪɭɠɚɸɳɟɣ  ɫɪɟɞɵ  ɢ  ɱɟɥɨɜɟɤɚ,  ɤɨɬɨɪɵɟ  ɧɟɪɟɞɤɨ  ɫɬɚɧɨɜɹɬɫɹ  
ɩɪɢɱɢɧɨɣ  

ɪɟɚɥɢɡɚɰɢɢ ɪɚɡɥɢɱɧɨɝɨ ɪɨɞɚ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ, ɫɩɨɫɨɛɧɵɯ 
ɧɚɧɨɫɢɬɶ ɦɚɬɟɪɢɚɥɶɧɵɟ, ɷɤɨɧɨɦɢɱɟɫɤɢɟ, ɷɤɨɥɨɝɢɱɟɫɤɢɟ ɢ ɫɨɰɢɚɥɶɧɵɟ ɭɳɟɪɛɵ.  

Ɍɟɧɞɟɧɰɢɹ  ɤ  ɧɚɢɛɨɥɟɟ  ɷɮɮɟɤɬɢɜɧɨɦɭ  ɢ  ɛɟɡɨɩɚɫɧɨɦɭ  ɢɫɩɨɥɶɡɨɜɚɧɢɸ  
ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ  ɬɪɟɛɭɟɬ  ɪɟɲɟɧɢɹ  ɪɹɞɚ  ɡɚɞɚɱ  ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ  

Ƚɗɋ ɫ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɨɣ. Ⱦɥɹ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɩɪɨɜɨɞɢɦ ɚɧɚɥɢɡ 
ɮɟɞɟɪɚɥɶɧɵɯ ɢ  

ɪɟɝɢɨɧɚɥɶɧɵɯ ɡɚɤɨɧɨɞɚɬɟɥɶɧɵɯ ɢ ɧɨɪɦɚɬɢɜɧɵɯ ɞɨɤɭɦɟɧɬɨɜ, ɚ ɬɚɤɠɟ 
ɬɪɟɛɨɜɚɧɢɣ ɦɟɠɞɭɧɚɪɨɞɧɨɝɨ  ɩɪɚɜɚ,  ɪɟɝɥɚɦɟɧɬɢɪɭɸɳɢɯ  ɨɯɪɚɧɭ  ɨɤɪɭɠɚɸɳɟɣ  
ɫɪɟɞɵ  ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɢɪɨɞɧɵɯ ɪɟɫɭɪɫɨɜ ɧɚ ɫɬɚɞɢɹɯ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ, 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɝɢɞɪɨɫɨɨɪɭɠɟɧɢɣ. 

ɉɪɚɜɨɜɨɣ ɨɫɧɨɜɨɣ ɜ ɨɛɥɚɫɬɢ ɨɯɪɚɧɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɩɪɢɪɨɞɧɵɯ  ɪɟɫɭɪɫɨɜ  ɩɪɢ  ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɩɪɨɟɤɬɢɪɭɟɦɨɣ  Ƚɗɋ ɹɜɥɹɸɬɫɹ 
ɫɥɟɞɭɸɳɢɟ ɧɨɪɦɚɬɢɜɵ: 

− Ɏɟɞɟɪɚɥɶɧɵɣ ɡɚɤɨɧ ɨɬ  10 ɹɧɜɚɪɹ 2002 ɝ. N 7 

– ɎɁ (ɪɟɞ. ɨɬ 29.12.2015) «Ɉɛ ɨɯɪɚɧɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ»;   
−Ɏɟɞɟɪɚɥɶɧɵɣ Ɂɚɤɨɧ ɨɬ 24 ɚɩɪɟɥɹ 1995 ɝɨɞɚ N 52 

– ɎɁ   (ɪɟɞ. ɨɬ 13.07.2015) «Ɉ ɠɢɜɨɬɧɨɦ ɦɢɪɟ»;  
−ȼɨɞɧɵɣ ɤɨɞɟɤɫ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢɨɬ 03 ɢɸɧɹ 2006 N    74 

-ɎɁ (ɪɟɞ. ɨɬ 28.11.2015 ɫ ɢɡɦ. ɢ ɞɨɩ., ɜɫɬɭɩ. ȼ ɫɢɥɭ ɫ 01.01.2016); 
−Ʌɟɫɧɨɣ ɤɨɞɟɤɫ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɨɬ 4 ɞɟɤɚɛɪɹ 2006 No 200 

–ɎɁ(ɪɟɞ. ɨɬ 01.05.2016); 
−Ⱦɪɭɝɢɟ ɧɨɪɦɚɬɢɜɧɵɟ ɞɨɤɭɦɟɧɬɵ ɊɎ.  

Ʉ  ɧɚɢɛɨɥɟɟ  ɡɧɚɱɢɦɵɦ  ɷɤɨɥɨɝɢɱɟɫɤɢɦ  ɡɚɞɚɱɚɦ  ɩɪɢ  ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ,  
ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɨɟɤɬɢɪɭɟɦɨɣȽɗɋ ɨɬɧɨɫɹɬɫɹ:  
− ɫɨɡɞɚɧɢɟ  ɜɨɞɨɯɪɚɧɢɥɢɳɚ  ɢ  ɫɜɹɡɚɧɧɵɟ  ɫ  ɷɬɢɦ  ɬɪɚɧɫɮɨɪɦɚɰɢɹ 

ɥɚɧɞɲɚɮɬɨɜ, ɤɥɢɦɚɬɢɱɟɫɤɢɟ ɢɡɦɟɧɟɧɢɹ ɢ ɩɪ.; 
−ɩɨɞɝɨɬɨɜɤɚ ɥɨɠɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ, ɜ ɬɨɦ ɱɢɫɥɟ, ɫɜɨɞɤɚ ɥɟɫɚ ɢ ɫɚɧɚɰɢɹ 

ɬɟɪɪɢɬɨɪɢɢ; 
−ɫɛɪɨɫɵ  Ƚɗɋ  ɜ  ɩɪɨɰɟɫɫɟ  ɷɤɫɩɥɭɚɬɚɰɢɢ  ɢ  ɫɜɹɡɚɧɧɵɟ  ɫ  ɷɬɢ  ɢɡɦɟɧɟɧɢɹ, 

ɝɢɞɪɨɥɨɝɢɱɟɫɤɨɝɨ,  ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ  ɢ  ɥɟɞɨɜɨɝɨ  ɪɟɠɢɦɚ  ɪɟɤɢ  ɜ ɧɢɠɧɟɦ  
ɛɶɟɮɟ ɝɢɞɪɨɭɡɥɚ;  
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− ɜɵɛɪɨɫɵ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɭ ɧɚ ɷɬɚɩɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ 

ɷɤɫɩɥɭɚɬɚɰɢɢ;  
−ɨɛɪɚɡɨɜɚɧɢɟ  ɢ  ɭɩɪɚɜɥɟɧɢɟ  ɨɬɯɨɞɚɦɢ  ɧɚ  ɫɬɚɞɢɢ  ɫɬɪɨɢɬɟɥɶɫɬɜɚ  ɢ 

ɷɤɫɩɥɭɚɬɚɰɢɢ;  
−ɩɟɪɟɫɟɥɟɧɢɟ ɧɚɫɟɥɟɧɢɹ ɢɡ ɡɨɧɵ ɡɚɬɨɩɥɟɧɢɹ.  
 

7.2 Ɉɯɪɚɧɚ ɬɪɭɞɚ 

 

ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ,  ɫɬɪɨɢɬɟɥɶɫɬɜɨ,  ɪɟɤɨɧɫɬɪɭɤɰɢɹ,  ɪɟɦɨɧɬ  ɢ  ɨɪɝɚɧɢɡɚɰɢɹ 
ɷɤɫɩɥɭɚɬɚɰɢɢ   ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ   ɫɨɨɪɭɠɟɧɢɣ   ɢ   ɝɢɞɪɨɦɟɯɚɧɢɱɟɫɤɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɷɧɟɪɝɨɫɧɚɛɠɚɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ, ɬɟɪɪɢɬɨɪɢɹ ɢ ɚɤɜɚɬɨɪɢɹ, ɝɞɟ 
ɨɧɢ ɪɚɡɦɟɳɚɸɬɫɹ,  ɚ  ɬɚɤɠɟ  ɨɫɧɨɜɧɨɟ  ɢ  ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ  ɨɛɨɪɭɞɨɜɚɧɢɟ,  
ɫɪɟɞɫɬɜɚ ɦɟɯɚɧɢɡɚɰɢɢ ɢ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɞɨɥɠɧɵ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɞɟɣɫɬɜɭɸɳɢɦ 
ɇɨɪɦɚɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɝɢɞɪɨɷɥɟɤɬɪɢɱɟɫɤɢɯ ɢ 
ɝɢɞɪɨɚɤɤɭɦɭɥɢɪɭɸɳɢɯ  ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ,  Ɍɪɭɞɨɜɨɝɨ  ɤɨɞɟɤɫɚ, ɋɚɧɢɬɚɪɧɵɦ 145 

ɩɪɚɜɢɥɚɦ   ɩɨ   ɨɪɝɚɧɢɡɚɰɢɢ   ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ   ɩɪɨɰɟɫɫɨɜ   ɢ   ɫɚɧɢɬɚɪɧɨ-

ɝɢɝɢɟɧɢɱɟɫɤɢɦ    ɬɪɟɛɨɜɚɧɢɹɦ    ɤ    ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɦɭ    ɨɛɨɪɭɞɨɜɚɧɢɸ, 
Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɦ  ɫɬɚɧɞɚɪɬɚɦ  ɛɟɡɨɩɚɫɧɨɫɬɢ  ɬɪɭɞɚ,  ɉɪɚɜɢɥɚɦ  ɬɟɯɧɢɱɟɫɤɨɣ 

ɷɤɫɩɥɭɚɬɚɰɢɢ   ɷɥɟɤɬɪɢɱɟɫɤɢɯ   ɫɬɚɧɰɢɣ   ɢ   ɫɟɬɟɣ,   ɉɪɚɜɢɥɚɦ   ɭɫɬɪɨɣɫɬɜɚ 
ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ,  Ɍɟɯɧɢɱɟɫɤɨɦɭ  ɪɟɝɥɚɦɟɧɬɭ  ɨ  ɩɨɠɚɪɧɨɣ  ɛɟɡɨɩɚɫɧɨɫɬɢ  ɢ 
ɉɪɚɜɢɥɚɦ   ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɝɨ   ɪɟɠɢɦɚ   ɊɎ ɢ   ɢɧɵɦ   ɞɟɣɫɬɜɭɸɳɢɦ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɦ ɢ ɨɬɪɚɫɥɟɜɵɦ ɧɨɪɦɚɬɢɜɧɵɦ ɢ ɩɪɚɜɨɜɵɦ ɚɤɬɚɦ. 

Ɉɬɫɬɭɩɥɟɧɢɹ  ɨɬ  ɬɪɟɛɨɜɚɧɢɣ  ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɯ  ɩɪɚɜɢɥ  ɤɚɤ  ɩɪɢ  
ɨɛɫɥɭɠɢɜɚɧɢɢ ɞɟɣɫɬɜɭɸɳɟɝɨ, ɬɚɤ ɢ  ɜɧɨɜɶ ɜɜɨɞɢɦɨɝɨ ɢɥɢ 

ɪɟɤɨɧɫɬɪɭɢɪɭɟɦɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɟ ɞɨɩɭɫɤɚɸɬɫɹ,ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɜɜɟɞɟɧɢɹ 
ɧɨɜɵɯ ɧɨɪɦɚɬɢɜɧɵɯ ɚɤɬɨɜ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ. 

Ɉɫɧɨɜɧɵɦɢ ɡɚɞɚɱɚɦɢ ɜ ɨɛɥɚɫɬɢ ɨɯɪɚɧɵ ɬɪɭɞɚ, ɬɟɯɧɢɤɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢ 

ɷɤɫɩɥɭɚɬɚɰɢɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɫɨɨɪɭɠɟɧɢɣ Ƚɗɋ ɹɜɥɹɟɬɫɹ ɫɨɡɞɚɧɢɟ ɛɟɡɨɩɚɫɧɵɯ 
ɭɫɥɨɜɢɣ  ɬɪɭɞɚ,  ɨɛɭɱɟɧɢɟ  ɩɟɪɫɨɧɚɥɚ  ɛɟɡɨɩɚɫɧɵɦ  ɩɪɢɟɦɚɦ  ɪɚɛɨɬ,  ɩɪɢɟɦɚɦ 
ɨɤɚɡɚɧɢɹ  ɩɟɪɜɨɣ  ɩɨɦɨɳɢ  ɩɪɢ  ɧɟɫɱɚɫɬɧɵɯ  ɫɥɭɱɚɹɯ,  ɜɵɹɜɥɟɧɢɟ  ɢ  ɭɫɬɪɚɧɟɧɢɟ 
ɩɪɢɱɢɧ  ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ  ɬɪɚɜɦɚɬɢɡɦɚ,  ɩɨɜɵɲɟɧɢɟ  ɤɭɥɶɬɭɪɵ  
ɩɪɨɢɡɜɨɞɫɬɜɚ, ɪɚɡɪɚɛɨɬɤɚ  ɢ  ɨɫɭɳɟɫɬɜɥɟɧɢɟ  ɨɪɝɚɧɢɡɚɰɢɨɧɧɨ-ɬɟɯɧɢɱɟɫɤɢɯ  ɢ  
ɫɚɧɢɬɚɪɧɨ-ɝɢɝɢɟɧɢɱɟɫɤɢɯ    ɦɟɪɨɩɪɢɹɬɢɣ    ɩɨ    ɩɪɟɞɭɩɪɟɠɞɟɧɢɸ    ɢ    
ɫɧɢɠɟɧɢɸ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɬɪɚɜɦɚɬɢɡɦɚ ɢ ɡɚɛɨɥɟɜɚɟɦɨɫɬɢ. 

ɇɚ  Ƚɗɋ  ɨɪɝɚɧɢɡɚɰɢɸ  ɪɚɛɨɬɵ  ɩɨ  ɬɟɯɧɢɤɟ  ɛɟɡɨɩɚɫɧɨɫɬɢ,  ɨɯɪɚɧɟ  ɬɪɭɞɚ 
ɞɨɥɠɟɧ ɨɫɭɳɟɫɬɜɥɹɬɶ ɪɭɤɨɜɨɞɢɬɟɥɶ ɨɪɝɚɧɢɡɚɰɢɢ, ɪɭɤɨɜɨɞɢɬɟɥɢ ɩɨɞɪɚɡɞɟɥɟɧɢɣ 
ɢ  ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ  ɭɱɚɫɬɤɨɜ.  ɇɚɡɜɚɧɧɵɟ  ɥɢɰɚ,  ɜ ɫɨɨɬɜɟɬɫɬɜɢɟ  ɫɨ  ɫɜɨɢɦɢ 
ɞɨɥɠɧɨɫɬɧɵɦɢ    ɢɧɫɬɪɭɤɰɢɹɦɢ,    ɨɛɹɡɚɧɵ    ɨɛɟɫɩɟɱɢɬɶ    ɩɪɨɜɟɞɟɧɢɟ 
ɨɪɝɚɧɢɡɚɰɢɨɧɧɵɯ ɢ ɬɟɯɧɢɱɟɫɤɢɯ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɫɨɡɞɚɧɢɸ ɛɟɡɨɩɚɫɧɵɯ 
ɭɫɥɨɜɢɣ ɬɪɭɞɚ, ɢɧɫɬɪɭɤɬɚɠ ɢ ɨɛɭɱɟɧɢɟ ɩɟɪɫɨɧɚɥɚ ɛɟɡɨɩɚɫɧɵɦ ɦɟɬɨɞɚɦ ɪɚɛɨɬɵ 
ɢ ɤɨɧɬɪɨɥɶ ɜɵɩɨɥɧɟɧɢɹ ɩɪɚɜɢɥ ɬɟɯɧɢɤɢ ɛɟɡɨɩɚɫɧɨɫɬɢ. 

ɉɪɢɤɚɡɨɦ ɪɭɤɨɜɨɞɢɬɟɥɹ Ƚɗɋ ɞɨɥɠɧɨ ɛɵɬɶ ɧɚɡɧɚɱɟɧɨ ɥɢɰɨ, 
ɨɬɜɟɬɫɬɜɟɧɧɵɟ ɡɚ ɨɪɝɚɧɢɡɚɰɢɸ ɩɪɚɤɬɢɱɟɫɤɨɣ ɪɚɛɨɬɵ ɢ ɨɫɭɳɟɫɬɜɥɹɸɳɢɟ 
ɜɧɭɬɪɟɧɧɢɣ ɧɚɞɡɨɪ ɡɚ ɫɨɫɬɨɹɧɢɟɦ ɨɯɪɚɧɵ ɬɪɭɞɚ ɢ ɬɟɯɧɢɤɢ ɛɟɡɨɩɚɫɧɨɫɬɢ. 
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ɇɚɞɡɨɪ  ɡɚ  ɫɨɛɥɸɞɟɧɢɟɦ  ɩɪɚɜɢɥ  ɩɨ  ɨɯɪɚɧɟ  ɬɪɭɞɚ,  ɬɟɯɧɢɤɟ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɟɪɫɨɧɚɥɨɦ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɨɫɭɳɟɫɬɜɥɹɸɬ: ɋɈɌ ɢ ɉɄ, 
ɭɩɨɥɧɨɦɨɱɟɧɧɵɟ  

ɩɨ  ɈɌ,  ɚ  ɬɚɤɠɟ  ɨɪɝɚɧɵ  ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ  ɜɥɚɫɬɢ,  ɭɩɨɥɧɨɦɨɱɟɧɧɵɟ  ɜ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɨɛɥɚɫɬɹɯ ɞɟɹɬɟɥɶɧɨɫɬɢ. 

Ɋɚɫɫɥɟɞɨɜɚɧɢɟ    ɧɟɫɱɚɫɬɧɵɯ    ɫɥɭɱɚɟɜ    ɧɚ    ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ 
ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɟɣɫɬɜɭɸɳɢɦ ɩɨɥɨɠɟɧɢɟɦ ɨ ɪɚɫɫɥɟɞɨɜɚɧɢɢ ɢ 
ɭɱɟɬɟ ɧɟɫɱɚɫɬɧɵɯ ɫɥɭɱɚɟɜ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɟ. 

ɇɚ Ƚɗɋ ɞɨɥɠɟɧ ɛɵɬɶ ɨɪɝɚɧɢɡɨɜɚɧ ɤɚɛɢɧɟɬ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ, ɹɜɥɹɸɳɢɣɫɹ 

ɨɪɝɚɧɢɡɚɰɢɨɧɧɵɦ ɢ ɭɱɟɛɧɨ-ɦɟɬɨɞɢɱɟɫɤɢɦ ɰɟɧɬɪɨɦ ɩɨ ɪɚɛɨɬɟ ɫ ɩɟɪɫɨɧɚɥɨɦ.  
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 146 ɨɪɝɚɧɚɦɢ   ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ   ɜɥɚɫɬɢ   ɩɪɚɜɢɥ   
ɩɨ   ɨɯɪɚɧɟ   ɬɪɭɞɚ   (ɩɪɚɜɢɥ ɛɟɡɨɩɚɫɧɨɫɬɢ), ɫɬɚɧɞɚɪɬɚ, ɫɬɚɧɞɚɪɬɨɜ ɨɪɝɚɧɢɡɚɰɢɢ 
(ɢɧɫɬɪɭɤɰɢɣ) Ƚɗɋ. 

Ʉɚɠɞɵɣ  ɪɚɛɨɬɧɢɤ  ɫɬɚɧɰɢɢ  ɞɨɥɠɟɧ  ɛɵɬɶ  ɨɛɭɱɟɧ  ɛɟɡɨɩɚɫɧɵɦ  ɦɟɬɨɞɚɦ 
ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬ, ɜ ɬɨɦ ɱɢɫɥɟ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɨɝɧɟɜɵɯ ɪɚɛɨɬ, ɩɪɨɣɬɢ 
ɩɪɨɜɟɪɤɭ ɡɧɚɧɢɣ ɢ ɢɦɟɬɶ ɞɨɤɭɦɟɧɬ ɨ ɩɪɚɜɟ ɩɪɨɜɟɞɟɧɢɹ ɷɬɢɯ ɪɚɛɨɬ.  

ɗɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɞɨɥɠɧɵ ɧɚɯɨɞɢɬɶɫɹ ɬɟɯɧɢɱɟɫɤɢ 
ɢɫɩɪɚɜɧɨɦ  ɫɨɫɬɨɹɧɢɢ,  ɨɛɟɫɩɟɱɢɜɚɸɳɟɦ  ɛɟɡɨɩɚɫɧɵɟ  ɭɫɥɨɜɢɹ  ɬɪɭɞɚ,  ɢ  ɛɵɬɶ 
ɭɤɨɦɩɥɟɤɬɨɜɚɧɵ  ɢɫɩɵɬɚɧɧɵɦɢ,  ɝɨɬɨɜɵɦɢ  ɤ  ɢɫɩɨɥɶɡɨɜɚɧɢɸ  ɡɚɳɢɬɧɵɦɢ 
ɫɪɟɞɫɬɜɚɦɢ,  ɚ  ɬɚɤɠɟ  ɫɪɟɞɫɬɜɚɦɢ  ɨɤɚɡɚɧɢɹ  ɩɟɪɜɨɣ  ɦɟɞɢɰɢɧɫɤɨɣ  ɩɨɦɨɳɢ  ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɟɣɫɬɜɭɸɳɢɦɢ ɩɪɚɜɢɥɚɦɢ ɢ ɧɨɪɦɚɦɢ. 

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

– ɨɮɨɪɦɥɟɧɢɟ ɧɚɪɹɞɚ, ɪɚɫɩɨɪɹɠɟɧɢɹ ɢɥɢ ɩɟɪɟɱɧɹ ɪɚɛɨɬ, ɜɵɩɨɥɧɹɟɦɵɯ ɜ 

ɩɨɪɹɞɤɟ ɬɟɤɭɳɟɣ ɷɤɫɩɥɭɚɬɚɰɢɢ;  
– ɜɵɞɚɱɚɪɚɡɪɟɲɟɧɢɹ ɧɚ ɩɨɞɝɨɬɨɜɤɭ ɪɚɛɨɱɟɝɨ ɦɟɫɬɚ ɢ ɧɚ ɞɨɩɭɫɤ ɤ ɪɚɛɨɬɟ ɜ  

ɫɥɭɱɚɹɯ, ɨɩɪɟɞɟɥёɧɧɵɯ ɜ ɩɭɧɤɬɟ 5.14 ɉɪɚɜɢɥ [13]; 
 – ɞɨɩɭɫɤ ɤ ɪɚɛɨɬɟ;  
– ɧɚɞɡɨɪ ɜɨ ɜɪɟɦɹ ɪɚɛɨɬɵ;  
– ɨɮɨɪɦɥɟɧɢɟ ɩɟɪɟɪɵɜɚ ɜ ɪɚɛɨɬɟ, ɩɟɪɟɜɨɞɚ ɧɚɞɪɭɝɨɟ ɦɟɫɬɨ, ɨɤɨɧɱɚɧɢɹ 

ɪɚɛɨɬɵ;  
Ɋɚɛɨɬɧɢɤɚɦɢ,   ɨɬɜɟɬɫɬɜɟɧɧɵɦɢ   ɡɚ   ɛɟɡɨɩɚɫɧɨɟ   ɜɟɞɟɧɢɟ   ɪɚɛɨɬ   ɜ 

ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɚɯ,  ɹɜɥɹɸɬɫɹ:  ɜɵɞɚɸɳɢɣ ɧɚɪɹɞ,  ɨɬɞɚɸɳɢɣ  ɪɚɫɩɨɪɹɠɟɧɢɟ, 
ɭɬɜɟɪɠɞɚɸɳɢɣ ɩɟɪɟɱɟɧɶ ɪɚɛɨɬ, ɜɵɩɨɥɧɹɟɦɵɯ ɜ ɩɨɪɹɞɤɟ ɬɟɤɭɳɟɣ ɷɤɫɩɥɭɚɬɚɰɢɢ. 

ȼɵɞɚɸɳɢɣ  ɪɚɡɪɟɲɟɧɢɟ  ɧɚ  ɩɨɞɝɨɬɨɜɤɭ  ɪɚɛɨɱɟɝɨ  ɦɟɫɬɚ  ɢ  ɧɚ  ɞɨɩɭɫɤ  ɜ 
ɫɥɭɱɚɹɯ, ɨɩɪɟɞɟɥёɧɧɵɯ ɜ ɩɭɧɤɬɟ 5.14 ɉɪɚɜɢɥ [13]: ɨɬɜɟɬɫɬɜɟɧɧɵɣ ɪɭɤɨɜɨɞɢɬɟɥɶ 
ɪɚɛɨɬ, ɞɨɩɭɫɤɚɸɳɢɣ, ɩɪɨɢɡɜɨɞɢɬɟɥɶ ɪɚɛɨɬ, ɧɚɛɥɸɞɚɸɳɢɣ, ɱɥɟɧɵ ɛɪɢɝɚɞɵ. 

ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɪɚɛɨɬ ɩɨ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɦɭ ɨɛɫɥɭɠɢɜɚɧɢɸ, ɪɟɦɨɧɬɭ, 
ɧɚɥɚɞɤɟ  ɢ  ɢɫɩɵɬɚɧɢɹɦ  ɝɢɞɪɨɬɭɪɛɢɧɧɨɝɨ  ɨɛɨɪɭɞɨɜɚɧɢɹ,  ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ 
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ɨɛɨɪɭɞɨɜɚɧɢɹ,  ɦɟɯɚɧɢɱɟɫɤɨɝɨ  ɨɛɨɪɭɞɨɜɚɧɢɹ  ȽɌɋ  ɢ  ȽɌɋ  Ƚɗɋ  ɞɨɥɠɧɵ 
ɜɵɩɨɥɧɹɬɶɫɹ  ɬɪɟɛɨɜɚɧɢɹ  ɞɟɣɫɬɜɭɸɳɢɯ  ɨɛɳɢɯ  ɩɪɚɜɢɥ  ɛɟɡɨɩɚɫɧɨɫɬɢ  ɞɥɹ  
ɷɬɨɣ ɨɛɥɚɫɬɢ  ɞɟɹɬɟɥɶɧɨɫɬɢ,  ɋɬɚɧɞɚɪɬɚ,  ɫɬɚɧɞɚɪɬɨɜ  ɨɪɝɚɧɢɡɚɰɢɢ  
(ɢɧɫɬɪɭɤɰɢɣ) ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ. 

ȼ  ɬɟɯɧɢɱɟɫɤɭɸ  ɞɨɤɭɦɟɧɬɚɰɢɸ  ɩɨ  ɷɤɫɩɥɭɚɬɚɰɢɢ  ɢ  ɬɟɯɧɢɱɟɫɤɨɦɭ 
ɨɛɫɥɭɠɢɜɚɧɢɸ ɨɫɧɨɜɧɨɝɨ ɝɢɞɪɨɬɭɪɛɢɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɦɟɯɚɧɢɱɟɫɤɨɣ 
ɱɚɫɬɢ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɨɜ,  ɜɤɥɸɱɚɹ  ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ  ɨɛɨɪɭɞɨɜɚɧɢɟ;  ɩɨ  
ɷɤɫɩɥɭɚɬɚɰɢɢ ȽɌɋ;  ɩɨ  ɬɟɯɧɢɱɟɫɤɨɦɭ  ɨɛɫɥɭɠɢɜɚɧɢɸ  ȽɌɋ;  ɩɨ  ɬɟɯɧɢɱɟɫɤɨɦɭ  
ɨɛɫɥɭɠɢɜɚɧɢɸ ɧɚɩɨɪɧɵɯ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɢ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɬɪɭɛɨɩɪɨɜɨɞɨɜ; ɩɨ 
ɨɛɫɥɭɠɢɜɚɧɢɸ ɦɟɯɚɧɢɡɦɨɜ ɡɚɬɜɨɪɨɜ  ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ  ɫɨɨɪɭɠɟɧɢɣ;  ɩɨ  
ɪɚɫɱɢɫɬɤɟ  ɜɨɞɧɵɯ ɨɛɴɟɤɬɨɜ ɢ ɫɨɨɪɭɠɟɧɢɣ ɨɬ ɫɨɪɚ; ɩɨ ɩɪɨɩɭɫɤɭ ɩɨɥɨɜɨɞɧɵɯ ɢ 
ɩɚɜɨɞɤɨɜɵɯ ɪɚɫɯɨɞɨɜ ɜɨɞɵ  ɱɟɪɟɡ  ɫɨɨɪɭɠɟɧɢɹ;  ɩɨ  ɨɩɨɪɨɠɧɟɧɢɸ  ɢ  
ɧɚɩɨɥɧɟɧɢɸ  ɜɨɞɨɯɪɚɧɢɥɢɳɚ  ɢ ɛɶɟɮɚ;  ɩɨ  ɪɚɫɱɢɫɬɤɟ  ɜɨɞɨɯɪɚɧɢɥɢɳ  ɨɬ  
ɧɚɧɨɫɨɜ;  ɧɚ  ɜɫɟɯ  ɨɛɴɟɤɬɚɯ  Ƚɗɋ, ɜɵɩɨɥɧɹɟɦɵɯ  ɜ  ɡɢɦɧɢɣ  ɩɟɪɢɨɞ;  ɧɚ  
ɨɛɴɟɤɬɚɯ  Ƚɗɋ,  ɜɵɩɨɥɧɹɟɦɵɯ  ɩɨɞ  ɜɨɞɨɣ (ɜɨɞɨɥɚɡɧɵɟ  ɪɚɛɨɬɵ);  ɩɨ  
ɨɛɫɥɭɠɢɜɚɧɢɸ  ɢɧɵɯ  ɨɛɴɟɤɬɨɜ  Ƚɗɋ,  ɞɨɥɠɧɵ  ɛɵɬɶ ɜɤɥɸɱɟɧɵ ɬɪɟɛɨɜɚɧɢɹ ɩɨ 
ɛɟɡɨɩɚɫɧɨɣ ɨɪɝɚɧɢɡɚɰɢɢ ɪɚɛɨɬ ɢ ɨɯɪɚɧɟ ɬɪɭɞɚ.147 

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

 

7.3 ɉɨɠɚɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ 

 

Ɍɪɟɛɨɜɚɧɢɹ ɤ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢɡɥɨɠɟɧɵ ɜ ɮɟɞɟɪɚɥɶɧɨɦ ɡɚɤɨɧɟ ɨɬ 
22  ɢɸɥɹ  2008ɝ.  No123-ɎɁ  «Ɍɟɯɧɢɱɟɫɤɢɣ  ɪɟɝɥɚɦɟɧɬ  ɨ  ɬɪɟɛɨɜɚɧɢɹɯ  
ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ». 

ȼ   ɫɨɨɬɜɟɬɫɬɜɢɢ   ɫ   ɞɟɣɫɬɜɭɸɳɢɦ   ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɨɦ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ   
ɡɚ   ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɟ   ɫɨɫɬɨɹɧɢɟ   Ƚɗɋ   ɜɨɡɥɚɝɚɟɬɫɹ   ɧɚ ɪɭɤɨɜɨɞɢɬɟɥɹ ɫɬɚɧɰɢɢ 

ɢɥɢ ɞɪɭɝɨɟ ɥɢɰɨ, ɧɚɡɧɚɱɟɧɧɨɟ ɩɪɢɤɚɡɨɦ.  
Ƚɗɋ ɞɨɥɠɧɵ ɛɵɬɶ ɨɛɨɪɭɞɨɜɚɧɵ ɭɫɬɚɧɨɜɤɚɦɢ ɩɨɠɚɪɧɨɣ ɫɢɝɧɚɥɢɡɚɰɢɢ ɢ 

ɫɢɫɬɟɦɨɣ ɨɩɨɜɟɳɟɧɢɹ ɢ ɭɩɪɚɜɥɟɧɢɹ ɷɜɚɤɭɚɰɢɟɣ ɥɸɞɟɣ. 
Ɉɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɡɚ ɩɨɠɚɪɧɭɸ ɛɟɡɨɩɚɫɧɨɫɬɶ ɨɬɞɟɥɶɧɵɯ 

ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɢ  ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ  ɩɨɦɟɳɟɧɢɣ  (ɫɨɨɪɭɠɟɧɢɣ)  ɢ  
ɪɚɡɦɟɳɟɧɧɵɯ  ɜ  ɧɢɯ ɨɛɨɪɭɞɨɜɚɧɢɹ  ɢ  ɭɫɬɪɨɣɫɬɜ  ɜɨɡɥɚɝɚɟɬɫɹ  ɧɚ  
ɪɭɤɨɜɨɞɢɬɟɥɟɣ  ɫɬɪɭɤɬɭɪɧɵɯ ɩɨɞɪɚɡɞɟɥɟɧɢɣ ɢɥɢ ɧɚ ɫɩɟɰɢɚɥɶɧɨ ɧɚɡɧɚɱɟɧɧɵɯ 
ɞɨɥɠɧɨɫɬɧɵɯ ɥɢɰ.  

Ɋɭɤɨɜɨɞɢɬɟɥɢ  ɫɬɪɭɤɬɭɪɧɵɯ  ɩɨɞɪɚɡɞɟɥɟɧɢɣ  ɨɬɜɟɬɫɬɜɟɧɧɵɟ  ɡɚ  
ɩɨɠɚɪɧɭɸ ɛɟɡɨɩɚɫɧɨɫɬɶ, ɨɛɹɡɚɧɵ: 

– ɨɛɟɫɩɟɱɢɬɶ   ɧɚ   ɫɜɨɢɯ   ɭɱɚɫɬɤɚɯ   ɫɨɛɥɸɞɟɧɢɟ   ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ 
ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɝɨ   ɪɟɠɢɦɚ   ɢ   ɜɵɩɨɥɧɟɧɢɟ   ɦɟɪɨɩɪɢɹɬɢɣ,   ɩɨɜɵɲɚɸɳɢɯ 
ɩɨɠɚɪɧɭɸ ɛɟɡɨɩɚɫɧɨɫɬɶ; 
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 – ɨɛɟɫɩɟɱɢɬɶ ɢɫɩɪɚɜɧɨɫɬɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɧɟɦɟɞɥɟɧɧɨ 
ɩɪɢɧɢɦɚɬɶ  ɦɟɪɵ  ɤ  ɭɫɬɪɚɧɟɧɢɸ  ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ,  ɤɨɬɨɪɵɟ  ɦɨɝɭɬ  ɩɪɢɜɟɫɬɢ  ɤ 
ɩɨɠɚɪɭ;   

– ɨɪɝɚɧɢɡɨɜɚɬɶ   ɩɨɠɚɪɧɨ-ɬɟɯɧɢɱɟɫɤɭɸ   ɩɨɞɝɨɬɨɜɤɭ   ɩɨɞɱɢɧɟɧɧɨɝɨ 
ɩɟɪɫɨɧɚɥɚ  ɢ  ɬɪɟɛɨɜɚɬɶ  ɨɬ  ɧɟɝɨ  ɫɨɛɥɸɞɟɧɢɹ  ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɝɨ  ɪɟɠɢɦɚ  ɢ 
ɜɵɩɨɥɧɟɧɢɹ ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɬɪɟɛɨɜɚɧɢɣ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ; 

 – ɨɛɟɫɩɟɱɢɬɶ   ɤɨɧɬɪɨɥɶ   ɡɚ   ɜɵɩɨɥɧɟɧɢɟɦ   ɬɪɟɛɨɜɚɧɢɣ   ɩɨɠɚɪɧɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɢ  ɩɪɢ  ɩɪɨɜɟɞɟɧɢɢ  ɪɟɦɨɧɬɧɵɯ  ɪɚɛɨɬ  ɩɟɪɫɨɧɚɥɨɦ  ɩɨɞɪɚɡɞɟɥɟɧɢɣ  
ɢ ɩɨɞɪɹɞɧɵɦɢ ɨɪɝɚɧɢɡɚɰɢɹɦɢ;  

– ɭɫɬɚɧɨɜɢɬɶ  ɩɨɪɹɞɨɤ  ɢ  ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ  ɡɚ  ɫɨɞɟɪɠɚɧɢɟ  ɜ  ɢɫɩɪɚɜɧɨɦ 
ɫɨɫɬɨɹɧɢɢ ɢ ɩɨɫɬɨɹɧɧɨɣ ɝɨɬɨɜɧɨɫɬɢ ɤ ɞɟɣɫɬɜɢɸ ɢɦɟɸɳɢɯɫɹ ɧɚ ɭɱɚɫɬɤɟ ɫɪɟɞɫɬɜ 
ɨɛɧɚɪɭɠɟɧɢɹ ɢ ɬɭɲɟɧɢɹ ɩɨɠɚɪɚ. 

ȼ  ɨɛɹɡɚɧɧɨɫɬɢ  ɨɩɟɪɚɬɢɜɧɨɝɨ  ɩɟɪɫɨɧɚɥɚ  ɜɯɨɞɢɬ:  ɩɪɢ  ɜɨɡɧɢɤɧɨɜɟɧɢɢ 
ɩɨɠɚɪɚ,  ɚɜɚɪɢɢ  ɢɥɢ  ɞɪɭɝɢɯ  ɨɩɚɫɧɵɯ  ɮɚɤɬɨɪɨɜ,  ɭɝɪɨɠɚɸɳɢɯ  ɩɟɪɫɨɧɚɥɭ  ɢ 
ɧɚɪɭɲɚɸɳɢɯ  ɪɟɠɢɦ  ɪɚɛɨɬɵ  ɨɛɨɪɭɞɨɜɚɧɢɹ,  ɩɪɢɧɹɬɶ  ɦɟɪɵ  ɤ  ɧɟɦɟɞɥɟɧɧɨɦɭ 
ɜɵɡɨɜɭ ɩɨɠɚɪɧɵɯ ɩɨɞɪɚɡɞɟɥɟɧɢɣ, ɢɡɜɟɫɬɢɬɶ ɪɭɤɨɜɨɞɫɬɜɨ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, 
ɨɛɟɫɬɨɱɢɬɶ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɟ ɜ ɡɨɧɟ ɩɨɠɚɪɚ, ɜɵɞɚɬɶ ɩɢɫɶɦɟɧɧɵɣ ɞɨɩɭɫɤ 
ɞɥɹ ɬɭɲɟɧɢɹ  ɩɨɠɚɪɚ,  ɨɪɝɚɧɢɡɨɜɚɬɶ  ɟɝɨ  ɬɭɲɟɧɢɟ  ɢ  ɷɜɚɤɭɚɰɢɸ  ɩɟɪɫɨɧɚɥɚ  
(ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ),  ɚ  ɬɚɤɠɟ  ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ  ɧɨɪɦɚɥɶɧɨɝɨ  ɪɟɠɢɦɚ  ɪɚɛɨɬɵ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɬ.ɞ.  

Ʉɚɠɞɵɣ ɪɚɛɨɬɚɸɳɢɣ ɧɚ Ƚɗɋ ɨɛɹɡɚɧ ɡɧɚɬɶ ɢ ɫɨɛɥɸɞɚɬɶ ɭɫɬɚɧɨɜɥɟɧɧɵɟ 
ɬɪɟɛɨɜɚɧɢɹ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɧɚ ɪɚɛɨɱɟɦ ɦɟɫɬɟ, ɜ ɞɪɭɝɢɯ ɩɨɦɟɳɟɧɢɹɯ ɢ 

ɧɚ ɬɟɪɪɢɬɨɪɢɢ, ɩɪɢ ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɩɨɠɚɪɚ ɧɟɦɟɞɥɟɧɧɨ ɫɨɨɛɳɢɬɶ 
ɜɵɲɟɫɬɨɹɳɟɦɭ ɪɭɤɨɜɨɞɢɬɟɥɸ ɢɥɢ ɨɩɟɪɚɬɢɜɧɨɦɭ ɩɟɪɫɨɧɚɥɭ ɨ ɦɟɫɬɟ ɩɨɠɚɪɚ, 

ɩɪɢɧɹɬɶ ɜɨɡɦɨɠɧɵɟ ɦɟɪɵ  ɤ  ɫɩɚɫɟɧɢɸ  ɥɸɞɟɣ,  ɢɦɭɳɟɫɬɜɚ  ɢ  ɩɪɢɫɬɭɩɢɬɶ  ɤ 
ɥɢɤɜɢɞɚɰɢɢ  ɩɨɠɚɪɚ ɢɦɟɸɳɢɦɢɫɹ ɫɪɟɞɫɬɜɚɦɢ ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɫ ɫɨɛɥɸɞɟɧɢɟɦ 
ɦɟɪ ɛɟɡɨɩɚɫɧɨɫɬɢ. ɉɨɞɝɨɬɨɜɤɚ  ɢɧɠɟɧɟɪɧɨ-ɬɟɯɧɢɱɟɫɤɢɯ  ɪɚɛɨɬɧɢɤɨɜ,  ɪɚɛɨɱɢɯ  
ɢ  ɫɥɭɠɚɳɢɯ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ  ɩɨ  ɩɨɠɚɪɧɨɣ  ɛɟɡɨɩɚɫɧɨɫɬɢ  
ɫɨɫɬɨɢɬ  ɢɡ ɫɥɟɞɭɸɳɢɯ ɨɫɧɨɜɧɵɯ ɩɨɥɨɠɟɧɢɣ:  

˗ ɜɜɨɞɧɵɣ ɢɧɫɬɪɭɤɬɚɠ ɩɨ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ;  
˗ ɩɪɨɜɨɞɢɦɵɟ ɜ ɫɬɪɭɤɬɭɪɧɵɯ ɩɨɞɪɚɡɞɟɥɟɧɢɹɯ ɪɟɝɭɥɹɪɧɵɟ ɢɧɫɬɪɭɤɬɚɠɢ, 

ɩɨ ɜɨɩɪɨɫɚɦ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ;  
˗ ɡɚɧɹɬɢɹ  ɩɨ  ɩɨɠɚɪɧɨ-ɬɟɯɧɢɱɟɫɤɨɦɭ  ɦɢɧɢɦɭɦɭ  ɞɥɹ  ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 

ɤɚɬɟɝɨɪɢɣ ɩɟɪɫɨɧɚɥɚ; 
˗ ɩɪɨɜɟɞɟɧɢɟ ɩɪɨɬɢɜɨɩɨɠɚɪɧɵɯ ɬɪɟɧɢɪɨɜɨɤ;  
˗ ɩɨɜɵɲɟɧɢɟ ɤɜɚɥɢɮɢɤɚɰɢɢ ɜ ɭɱɟɛɧɵɯ ɰɟɧɬɪɚɯ, ɚ ɬɚɤɠɟ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ 

ɫɟɦɢɧɚɪɨɜ ɢ ɰɟɥɟɜɵɯ ɤɨɧɮɟɪɟɧɰɢɣ ɩɨ ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɣ ɡɚɳɢɬɟ; 
˗ ɢɡɭɱɟɧɢɟ ɢ ɩɪɨɜɟɪɤɚ ɡɧɚɧɢɣ ɩɪɚɜɢɥ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ.  
ɉɪɨɜɟɪɤɚ ɡɧɚɧɢɣ ɢ ɢɧɫɬɪɭɤɰɢɣ ɩɨ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɤɨɧɤɪɟɬɧɵɟ 

ɬɪɟɛɨɜɚɧɢɹ  ɩɨ  ɪɚɛɨɬɟ  ɫ  ɩɟɪɫɨɧɚɥɨɦ  ɨɩɪɟɞɟɥɹɸɬɫɹ  "ɉɪɚɜɢɥɚɦɢ  ɨɪɝɚɧɢɡɚɰɢɢ 

ɪɚɛɨɬɵ  ɫ  ɩɟɪɫɨɧɚɥɨɦ  ɧɚ  ɩɪɟɞɩɪɢɹɬɢɹɯ  ɢ  ɜ  ɭɱɪɟɠɞɟɧɢɹɯ  ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ 
ɩɪɨɢɡɜɨɞɫɬɜɚ". 

ȼɫɟ    ɥɢɰɚ,    ɩɨɫɬɭɩɚɸɳɢɟ    ɪɚɛɨɬɚɬɶ    ɧɚ ɩɪɨɟɤɬɢɪɭɟɦɭɸ 

ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɸ,  ɥɢɛɨ  ɩɪɢɧɹɬɵɟ  ɧɚ  ɜɪɟɦɟɧɧɭɸ  ɪɚɛɨɬɭ,  ɭɱɚɳɢɟɫɹ  ɢ 
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ɫɬɭɞɟɧɬɵ, ɩɪɨɯɨɞɹɳɢɟ  ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɭɸ  ɩɪɚɤɬɢɤɭ,  ɞɨɥɠɧɵ  ɩɪɨɣɬɢ  
ɜɜɨɞɧɵɣ ɢɧɫɬɪɭɤɬɚɠ ɩɨ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ.  

ɇɚ ɝɟɧɟɪɚɬɨɪɚɯ Ƚɗɋ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɡɚɳɢɬɵ, ɤɨɬɨɪɵɟ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɫ 
ɞɟɣɫɬɜɢɟɦ ɨɬ ɡɚɳɢɬ ɨɬ ɜɧɭɬɪɟɧɧɢɯ ɩɨɜɪɟɠɞɟɧɢɣ ɨɛɦɨɬɨɤ ɫɬɚɬɨɪɚ 
ɫɢɝɧɚɥɢɡɢɪɭɸɬ ɨ  ɧɚɥɢɱɢɢ  ɜɨɡɝɨɪɚɧɢɹ.  ɉɨɠɚɪɨɬɭɲɟɧɢɟ  ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ  
ɜɪɭɱɧɭɸ.  ȼ  ɤɚɱɟɫɬɜɟ ɨɝɧɟɝɚɫɹɳɟɝɨ ɜɟɳɟɫɬɜɚ ɩɪɢɦɟɧɹɟɬɫɹ ɪɚɫɩɵɥɟɧɧɚɹ ɜɨɞɚ. 
ȼɛɥɢɡɢ ɥɨɛɨɜɵɯ ɱɚɫɬɟɣ ɨɛɦɨɬɨɤ ɫɬɚɬɨɪɚ ɪɚɡɦɟɳɚɸɬ ɞɪɟɧɱɟɪɧɵɟ ɤɨɥɶɰɟɜɵɟ 
ɬɪɭɛɨɩɪɨɜɨɞɵ, ɜ ɤɨɬɨɪɵɯ ɜɵɩɨɥɧɟɧɵ ɨɬɜɟɪɫɬɢɹ ɫɨ ɫɩɟɰɢɚɥɶɧɵɦɢ ɧɚɫɚɞɤɚɦɢ - 

ɞɪɟɧɱɟɪɚɦɢ - ɨɫɶ ɤɨɬɨɪɵɯ ɧɚɩɪɚɜɥɟɧɚ ɜ ɫɬɨɪɨɧɭ ɨɛɦɨɬɤɢ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, 
ɱɬɨ ɩɪɢ ɥɨɠɧɨɦ ɫɪɚɛɚɬɵɜɚɧɢɢ ɡɚɳɢɬɵ  ɢɥɢ  ɩɪɢ  ɞɥɢɬɟɥɶɧɨɣ  ɩɨɞɚɱɟ  ɜɨɞɵ  
ɩɪɨɢɫɯɨɞɢɬ  ɢɡɥɢɲɧɟɟ  ɭɜɥɚɠɧɟɧɢɟ ɢɡɨɥɹɰɢɢ,  ɩɨɷɬɨɦɭ  ɬɪɟɛɭɟɬɫɹ  ɞɨɫɬɚɬɨɱɧɨ  
ɜɵɫɨɤɚɹ  ɧɚɞɟɠɧɨɫɬɶ  ɪɚɛɨɬɵ  ɷɬɢɯɭɫɬɪɨɣɫɬɜ.  

Ɍɪɚɧɫɮɨɪɦɚɬɨɪɵ ɧɚ Ƚɗɋ ɹɜɥɹɸɬɫɹ ɜɨɡɦɨɠɧɵɦɢ ɨɛɴɟɤɬɚɦɢ 
ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɩɨɠɚɪɚ, ɬɚɤ ɤɚɤ ɫɨɞɟɪɠɚɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɨɝɨ ɦɚɫɥɚ, ɩɨɷɬɨɦɭ  ɬɭɲɟɧɢɟ  ɢɯ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ  
ɚɜɬɨɦɚɬɢɱɟɫɤɢ  ɫ  ɩɭɫɤɨɦ  ɨɬ  ɡɚɳɢɬ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ.  ɋ  ɷɬɨɣ  ɰɟɥɶɸ  ɩɨ  
ɩɟɪɢɦɟɬɪɭ  ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ  ɧɚ  ɛɟɡɨɩɚɫɧɨɦ ɪɚɫɫɬɨɹɧɢɢ    ɦɨɧɬɢɪɭɸɬɫɹ    
ɤɨɥɶɰɟɜɵɟ    ɬɪɭɛɨɩɪɨɜɨɞɵ,    ɧɚ    ɤɨɬɨɪɵɯ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɞɪɟɧɱɟɪɧɵɟ 
ɨɪɨɫɢɬɟɥɢ. 
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8 Ɉɰɟɧɤɚ ɨɛɴɟɦɨɜ ɪɟɚɥɢɡɚɰɢɢ ɷɧɟɪɝɢɢ ɢ ɪɚɫɯɨɞɨɜ 

 

8.1 Ɉɛɴёɦɵ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɪɚɫɯɨɞɵ ɜ ɩɟɪɢɨɞ 
ɷɤɫɩɥɭɚɬɚɰɢɢ 

 

8.1.1 Ɉɰɟɧɤɚ ɨɛɴёɦɨɜ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 

 

Ɉɛɴɟɦɵ ɩɪɨɞɚɠɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 8.1 

 

Ɍɚɛɥɢɰɚ 8.1 – Ɉɰɟɧɤɚ ɨɛɴɟɦɨɜ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɩɪɢ ɩɟɪɜɵɯ ɝɨɞɚɯ 
ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɹ 
ȿɞɢɧɢɰɚ 

ɢɡɦɟɪɟɧɢɹ 

Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 

2022 2023 2024 2025 2026 

ɍɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ Ɇȼɬ 540 540 540 540 540 

ɑɢɫɥɨ ɱɚɫɨɜ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ 

ɑɚɫɵ 5500 5500 5500 5500 5500 

ȼɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ Ɇȼɬ*ɱ 2392500 2392500 2392500 2392500 2392500 

Ɋɚɫɯɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ 

ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ 
% 1 1 1 1 1 

Ɋɚɫɯɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ 

ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ 
Ɇȼɬ*ɱ 23925 23925 23925 23925 23925 

Ɉɛɴɟɦ ɪɟɚɥɢɡɚɰɢɢ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 
Ɇȼɬ*ɱ 2368575 2368575 2368575 2368575 2368575 

Ɍɚɪɢɮ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ 
ɪɭɛ/ 

Ɇȼɬ*ɱ 
1077 1110 1143 1175 1206 

ȼɵɪɭɱɤɚ ɨɬ ɪɟɚɥɢɡɚɰɢɢ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 
ɦɥɧ.ɪɭɛ. 212,6 219,1 225,6 231,9 238,04 

ɇȾɋ ɤ ɜɵɪɭɱɤɟ ɦɥɧ.ɪɭɛ 32,4 33,4 34,4 35,4 36,3 

 

8.1.2 Ɍɟɤɭɳɢɟ ɪɚɫɯɨɞɵ ɩɨ ɝɢɞɪɨɭɡɥɭ 

 

Ɏɨɪɦɢɪɨɜɚɧɢɟ ɬɟɤɭɳɢɯ ɪɚɫɯɨɞɨɜ ɜɵɩɨɥɧɟɧɨ ɧɚ ɨɫɧɨɜɚɧɢɢ «ɉȺɈ 
«ɊɭɫȽɢɞɪɨ» ɨɬ 16.01.2017 №9 - «ȿɞɢɧɵɟ ɫɰɟɧɚɪɧɵɟ ɭɫɥɨɜɢɹ ɉȺɈ «ɊɭɫȽɢɞɪɨ» 
ɧɚ 2017-2042 ɝɝ.) 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», 
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ɞɨɱɟɪɧɢɦɢ ɢ ɡɚɜɢɫɢɦɵɦɢ ɨɛɳɟɫɬɜɚɦɢ ɈȺɈ «ɊɭɫȽɢɞɪɨ»,ɞɨɱɟɪɧɢɦɢ ɢ 
ɡɚɜɢɫɢɦɵɦɢ ɨɛɳɟɫɬɜɚɦɢ ȾɁɈɈȺɈ «ɊɭɫȽɢɞɪɨ». 

ȿɞɢɧɵɟ ɫɰɟɧɚɪɧɵɟ ɭɫɥɨɜɢɹ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɩɟɪɟɱɟɧɶ ɧɚɢɛɨɥɟɟ 
ɡɧɚɱɢɦɵɯ ɩɨɤɚɡɚɬɟɥɟɣ, ɚ ɬɚɤɠɟ ɭɫɥɨɜɢɣ ɢ ɞɨɩɭɳɟɧɢɣ, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ 
ɩɨɞɝɨɬɨɜɤɢ ɪɚɫɱɟɬɨɜ ɜ ɪɚɦɤɚɯ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɪɨɝɧɨɡɧɵɯ ɞɨɤɭɦɟɧɬɨɜ ɧɚ 
ɫɪɟɞɧɟɫɪɨɱɧɭɸ ɢ ɞɨɥɝɨɫɪɨɱɧɭɸ ɩɟɪɫɩɟɤɬɢɜɭ, ɜɤɥɸɱɚɹ ɩɪɨɜɟɞɟɧɢɟ ɪɚɫɱɟɬɚ 
ɩɚɪɚɦɟɬɪɨɜ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɧɜɟɫɬɢɰɢɨɧɧɵɯ ɩɪɨɟɤɬɨɜ. 

Ɂɚɬɪɚɬɵ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɫɨɡɞɚɧɢɹ ɩɪɨɞɭɤɰɢɢ, ɧɚɡɵɜɚɸɬɫɹ ɬɟɤɭɳɢɦɢ 
ɪɚɫɯɨɞɚɦɢ, ɷɬɨ ɞɟɧɟɠɧɵɟ ɫɪɟɞɫɬɜɚ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɨɪɝɚɧɢɡɚɰɢɢ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɢ ɫɨɡɞɚɧɢɹ ɩɪɨɞɭɤɰɢɢ, ɪɚɛɨɬ ɢɥɢ ɭɫɥɭɝ. 

ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɩɪɨɞɭɤɰɢɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɡɚɜɢɫɢɬ ɨɬ ɬɟɤɭɳɢɯ ɪɚɫɯɨɞɨɜ 
ɩɪɟɞɩɪɢɹɬɢɹ, ɬɚɤ ɤɚɤ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɜɟɥɢɱɢɧɭ ɡɚɬɪɚɬ, ɩɪɢɯɨɞɹɳɢɯɫɹ ɧɚ ɟɞɢɧɢɰɭ 
ɩɪɨɞɭɤɰɢɢ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɜɫɟ ɮɚɤɬɨɪɵ, ɜɥɢɹɸɳɢɟ ɧɚ ɮɨɪɦɢɪɨɜɚɧɢɟ ɪɚɫɯɨɞɨɜ, 
ɨɤɚɡɵɜɚɸɬ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɢ ɧɚ ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɩɪɨɞɭɤɰɢɢ. 

Ɍɟɤɭɳɢɟ ɪɚɫɯɨɞɵ ɩɨ ɝɢɞɪɨɭɡɥɭ ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ: 
- ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ; 
- ɪɚɫɯɨɞɵ ɩɨ ɫɬɪɚɯɨɜɚɧɢɸ ɢɦɭɳɟɫɬɜɚ; 
- ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ; 
- ɪɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ;  
- ɪɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ; 
- ɧɚɥɨɝ ɧɚ ɜɨɞɭ. 
- Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɤɚɠɞɨɦɭ ɜɢɞɭ ɚɤɬɢɜɚ, 
ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɚɫɫɱɢɬɚɧɧɨɣ ɧɨɪɦɨɣ ɚɦɨɪɬɢɡɚɰɢɢ. 
- Ɋɚɫɯɨɞɵ ɩɨ ɫɬɪɚɯɨɜɚɧɢɸ ɢɦɭɳɟɫɬɜɚ ɩɪɢɧɢɦɚɸɬɫɹ ɜ ɪɚɡɦɟɪɟ (ɨɬ ɫɭɦɦɵ 

ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɣ ɫɬɨɢɦɨɫɬɢ ɢɦɭɳɟɫɬɜɚ ɨɛɴɟɤɬɨɜ ɨɫɧɨɜɧɵɯ ɫɪɟɞɫɬɜ ɢ 
ɨɛɴɟɤɬɨɜ ɧɟɡɚɜɟɪɲɟɧɧɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ, ɨɩɪɟɞɟɥɟɧɧɨɣ ɞɥɹ ɰɟɥɟɣ ɫɬɪɚɯɨɜɚɧɢɹ, 
ɫ ɭɱɟɬɨɦ ɩɪɢɪɨɫɬɚ ɛɚɥɚɧɫɨɜɨɣ ɫɬɨɢɦɨɫɬɢ ɨɫɧɨɜɧɵɯ ɫɪɟɞɫɬɜ ɦ ɧɟɡɚɜɟɪɲɟɧɧɨɝɨ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɡɚ ɢɫɬɟɤɲɢɣ ɩɟɪɢɨɞ ɨɬ ɞɚɬɵ ɩɨɫɥɟɞɧɟɝɨ ɨɩɪɟɞɟɥɟɧɢɹ 
ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɣ ɫɬɨɢɦɨɫɬɢ): 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 ɝɢɞɪɨɭɡɥɚ 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɋɬɚɜɤɚ, ɬɵɫ.ɪɭɛ/Ɇɜɬ ɋɭɦɦɚ, ɦɥɧ.ɪɭɛ. 

Ɋɚɫɯɨɞɵ ɧɚ ɨɩɥɚɬɭ ɬɪɭɞɚ 255,2 84,2 

ɉɪɨɱɢɟ 274 90,4 

ɂɬɨɝɨ ɩɨ Ƚɗɋ  174,64 

 

Ɉɬɱɢɫɥɟɧɢɹ ɧɚ ɪɟɦɨɧɬ ɨɫɧɨɜɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ 
ɨɩɪɟɞɟɥɹɸɬɫɹ ɢɫɯɨɞɹ ɢɡ ɜɟɥɢɱɢɧɵ ɢɯ ɫɬɨɢɦɨɫɬɢ, ɭɞɟɥɶɧɵɟ ɡɧɚɧɢɹ ɪɚɫɯɨɞɨɜ ɧɚ 
ɪɟɦɨɧɬ ɜ %, ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 8.3. 
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Ɍɚɛɥɢɰɚ 8.3 – ɍɞɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɪɚɫɯɨɞɨɜ ɧɚ ɪɟɦɨɧɬ 
ɗɬɚɩ ɩɪɨɟɤɬɚ ȼɟɥɢɱɢɧɚ, % 

ɨɬ 1 ɞɨ 5 0,06 

ɨɬ 6 ɞɨ 15 0,09 

ɨɬ 16 ɞɨ 25 0,14 

ɫɜɵɲɟ 26 0,2 

 

Ɋɚɫɫɱɢɬɵɜɚɸɬɫɹ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ ɢɫɯɨɞɹ ɢɡ ɫɬɚɜɨɤ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɟɞɢɧɵɦ ɫɰɟɧɚɪɧɵɦ ɭɫɥɨɜɢɹɦ ɊɭɫȽɢɞɪɨ, ɪɟɡɭɥɶɬɚɬ ɩɪɟɞɫɬɚɜɥɟɧ ɜ 
ɬɚɛɥɢɰɟ 8.4. 

 

Ɍɚɛɥɢɰɚ 8.4 – Ɋɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɋɬɚɜɤɚ ɋɭɦɦɚ, ɦɥɧ.ɪɭɛ. 

ɈȺɈ «ɋɈ – ȿɗɋ» 135,38ɬɵɫ.ɪɭɛ/Ɇɜɬ 44,68 

ɇɉ ȺɌɋ (ɚɞɦɢɧɢɫɬɪɚɬɨɪ ɬɨɪɝɨɜɨɣ 
ɫɢɫɬɟɦɵ) 0.001097ɬɵɫ.ɪɭɛ/Ɇɜɬ*ɱ 3,13 

ɐɎɊ (ɰɟɧɬɪ ɮɢɧɚɧɫɨɜɵɯ ɪɚɫɱɟɬɨɜ) 0.000318ɬɵɫ.ɪɭɛ/Ɇɜɬ*ɱ 0,91 

ɂɬɨɝɨ  48,72 

 

ɇɚɥɨɝ ɧɚ ɜɨɞɭ ɜ ɪɚɫɱɟɬɟ ɧɚ 1 ɬɵɫ. ɤȼɬ*ɱ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɇɚɥɨɝɨɜɵɦ 
ɤɨɞɟɤɫɨɦ ɊɎ ɞɥɹ ɪɟɤɢ Ȼɢɣ-ɏɟɦ ɫɨɫɬɚɜɥɹɟɬ 4,8 ɪɭɛ. 

Ɍɟɤɭɳɢɟ ɡɚɬɪɚɬɵ ɩɨ ɝɢɞɪɨɭɡɥɭ ɜ ɩɟɪɜɵɟ ɝɨɞɵ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɢɜɟɞɟɧɵ ɜ 
ɬɚɛɥɢɰɟ 8.5. 

 

Ɍɚɛɥɢɰɚ 8.5 – Ɍɟɤɭɳɢɟ ɡɚɬɪɚɬɵ ɩɨ ɝɢɞɪɨɭɡɥɭ ɜ ɩɟɪɜɵɟ ɝɨɞɵ ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 

Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 

2022 2023 2024 2025 2026 

Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ 
ɨɬɱɢɫɥɟɧɢɹ, ɦɥɧ.ɪɭɛ. 583,4 74,3 74,3 74,3 74,3 

Ɋɚɫɯɨɞɵ ɧɚ 
ɫɬɪɚɯɨɜɚɧɢɟ, ɦɥɧ.ɪɭɛ. 0,37 31,1 64,3 98,5 133,9 

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ 
ɡɚɬɪɚɬɵ, ɦɥɧ.ɪɭɛ. 174,64 174,64 176,64 176,64 176,64 

Ɋɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ 
ɮɨɧɞɨɜ, ɦɥɧ.ɪɭɛ. 

0,013 1,7 3,44 5,3 7,2 

Ɋɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ 
ɪɟɝɭɥɢɪɭɸɳɢɯ 

ɤɨɦɩɚɧɢɣ, ɦɥɧ.ɪɭɛ. 
44,7 44,7 44,7 44,7 44,7 

ɇɚɥɨɝ ɧɚ ɜɨɞɭ, ɦɥɧ.ɪɭɛ. 12,5 13,7 13,7 13,7 13,7 

ɂɬɨɝɨ, ɦɥɧ.ɪɭɛ. 815,7 340,04 375 411,1 448,4 
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Ⱦɥɹ ɛɨɥɶɲɟɣ ɧɚɝɥɹɞɧɨɫɬɢ ɬɟɤɭɳɢɟ ɡɚɬɪɚɬɵ ɩɨ ɝɢɞɪɨɭɡɥɭ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɜɢɞɟ 
ɞɢɚɝɪɚɦɦɵ (ɪɢɫɭɧɨɤ 8.1). 

 

Ɋɢɫɭɧɨɤ 8.1– ɋɬɪɭɤɬɭɪɚ ɬɟɤɭɳɢɯ ɡɚɬɪɚɬ ɩɨ ɝɢɞɪɨɭɡɥɭ, % 

 

8.1.3 ɇɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ 

 

ɇɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɨɬɬɨɤ ɞɟɧɟɠɧɵɯ ɫɪɟɞɫɬɜ ɩɨɫɥɟ 
ɡɚɜɟɪɲɟɧɢɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ Ȼɢɣ-ɏɟɦɫɤɨɣ Ƚɗɋ. Ɂɧɚɱɢɬɟɥɶɧɚɹ ɱɚɫɬɶ ɨɬɱɢɫɥɹɟɬɫɹ ɜ 
ɪɟɝɢɨɧɚɥɶɧɵɣ ɛɸɞɠɟɬ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɇɚɥɨɝɨɜɵɦ Ʉɨɞɟɤɫɨɦ ɊɎ.  

ɍɱɬɟɧɵ ɫɥɟɞɭɸɳɢɟ ɧɚɥɨɝɢ: 
- ɇɚɥɨɝ ɧɚ ɩɪɢɛɵɥɶ – 20%; 

- ɇȾɋ – 18%; 

- ȼɡɧɨɫɵ ɜ ɫɨɰɢɚɥɶɧɵɟ ɮɨɧɞɵ – 34%; 

- ɇɚɥɨɝ ɧɚ ɢɦɭɳɟɫɬɜɨ – 2,2%;  

- ɇɚɥɨɝ ɧɚ ɜɨɞɭ ɧɚ  1 ɬɵɫ. ɤȼɬ.ɱ – 4,8 ɪɭɛ. 
ɉɪɟɞɩɨɥɚɝɚɟɦɵɟ ɧɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɥɶɝɨɬ ɡɚ ɩɟɪɢɨɞ 

2021-2025 ɝɨɞɵ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 8.6. 

 

Ɍɚɛɥɢɰɚ 8.6– ɇɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 

2021 2022 2023 2024 2025 

ɇɚɥɨɝ ɧɚ ɩɪɢɛɵɥɶ, ɦɥɧ.ɪɭɛ. 146,2 313,3 325,0 339,5 353,2 

ɇȾɋ, ɦɥɧ.ɪɭɛ. 209,6 317,5 327,5 340,1 351,9 

ȼɡɧɨɫɵ ɜ ɫɨɰɢɚɥɶɧɵɟ ɮɨɧɞɵ, 
ɦɥɧ.ɪɭɛ. 3,3 3,3 3,3 3,3 3,3 

ɇɚɥɨɝ ɧɚ ɢɦɭɳɟɫɬɜɨ, ɦɥɧ.ɪɭɛ. 46,2 43,3 40,4 37,4 34,5 

ɂɬɨɝɨ, ɦɥɧ.ɪɭɛ. 405,3 677,3 696,2 720,3 742,9 

39%

15%

31%

7%

7%

1%
Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ

Ɋɚɫɯɨɞɵ ɧɚ ɫɬɪɚɯɨɜɚɧɢɟ

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ

Ɋɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ

Ɋɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ 
ɪɟɝɭɥɢɪɭɸɳɢɯ ɤɨɦɩɚɧɢɣ

ɇɚɥɨɝ ɧɚ ɜɨɞɭ
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8.2 Ɉɰɟɧɤɚ ɫɭɦɦɵ ɩɪɢɛɵɥɢ ɨɬ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ 
ɦɨɳɧɨɫɬɢ 

 

ɉɪɢɛɵɥɶ ɹɜɥɹɟɬɫɹ ɤɨɧɟɱɧɵɦ ɮɢɧɚɧɫɨɜ ɪɟɡɭɥɶɬɚɬɨɦ ɨɬ ɩɪɨɞɚɠɢ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɝɟɧɟɪɢɪɭɸɳɟɣ ɤɨɦɩɚɧɢɢ ɢ ɜ ɨɛɳɟɦ ɜɢɞɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɪɚɡɧɢɰɭ 
ɦɟɠɞɭ ɰɟɧɨɣ ɩɪɨɞɭɤɰɢɢ ɢ ɟё ɫɟɛɟɫɬɨɢɦɨɫɬɶɸ.  

Ƚɨɞɨɜɚɹ ɩɪɢɛɵɥɶ ɩɟɪɜɵɯ ɥɟɬ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 8.7, ɚ 
ɬɚɤɠɟ ɩɨɤɚɡɚɧɚ ɱɢɫɬɚɹ ɩɪɢɛɵɥɶ ɧɚ ɪɢɫɭɧɤɟ 8.2. 

 

Ɍɚɛɥɢɰɚ 8.7 - Ƚɨɞɨɜɚɹ ɩɪɢɛɵɥɶ ɜ ɩɟɪɜɵɟ ɝɨɞɵ ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 

2020 2021 2022 2023 2024 

ȼɵɪɭɱɤɚ (ɧɟɬɬɨ), ɦɥɧ.ɪɭɛ. 669,82 1569,4 1768,6 1824,3 1895,0 

Ɍɟɤɭɳɢɟ ɪɚɫɯɨɞɵ, ɦɥɧ.ɪɭɛ. 262,3 336,2 343,0 338,2 333,5 

EBITDA (ȼɚɥɨɜɚɹ ɩɪɢɛɵɥɶ), ɦɥɧ.ɪɭɛ. 407,6 1233,2 1425,6 1486,1 1561,5 

EBIT(ɩɪɢɛɵɥɶ ɨɬ ɧɚɥɨɝɨɨɛɥɨɠɟɧɢɹ), ɦɥɧ.ɪɭɛ. 407,6 1233,2 1425,6 1486,1 1561,5 

ɋɤɨɪɪɟɤɬɢɪɨɜɚɧɧɵɣ ɧɚɥɨɝ ɧɚ ɩɪɢɛɵɥɶ, ɦɥɧ.ɪɭɛ. 81,5 246,6 285,1 297,2 312,3 

NOPAT (ɱɢɫɬɚɹ ɩɪɢɛɵɥɶ), ɦɥɧ.ɪɭɛ. 326,1 986,6 1140,5 1188,9 1249,2 

ɋɬɚɜɤɚ ɧɚɥɨɝɚ ɧɚ ɩɪɢɛɵɥɶ,% 20,00 20,00 20,00 20,00 20,00 

 

 

 

Ɋɢɫɭɧɨɤ 8.2  – ɑɢɫɬɚɹ ɩɪɢɛɵɥɶ, ɦɥɧ. ɪɭɛ. 
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8.3 Ɉɰɟɧɤɚ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ 

 

Ƚɥɚɜɧɨɣ ɰɟɥɶɸ ɨɰɟɧɤɢ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ 
ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ, ɫ ɭɱɟɬɨɦ ɭɫɥɨɜɢɣ Ɂɚɤɚɡɱɢɤɚ 
(ɉɪɢɥɨɠɟɧɢɟ ɤ ɩɪɢɤɚɡɭ ɈȺɈ «ɊɭɫȽɢɞɪɨ» ɨɬ 16.01.2017 №9 - «ȿɞɢɧɵɟ 
ɫɰɟɧɚɪɧɵɟ ɭɫɥɨɜɢɹ ɈȺɈ «ɊɭɫȽɢɞɪɨ» ɧɚ 2017-2042 ɝɝ.») 

Ɇɟɬɨɞɨɥɨɝɢɹ, ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 

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

- ɑɢɫɬɵɣ, ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɞɨɯɨɞ 

- ɂɧɞɟɤɫ ɩɪɢɛɵɥɶɧɨɫɬɢ 

- ɋɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ 

- ɂ ɬ.ɞ. 
Ɋɚɫɱёɬ ɩɨɤɚɡɚɬɟɥɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ ɜɵɩɨɥɧɹɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ 

ɫ: 
ɚ) «Ɇɟɬɨɞɢɱɟɫɤɢɟ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɨɰɟɧɤɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ ɪɚɡɪɚɛɨɬɤɟ 

ɢɧɜɟɫɬɢɰɢɨɧɧɵɯ ɩɪɨɟɤɬɨɜ ɢ ɛɢɡɧɟɫ-ɩɥɚɧɨɜ ɜ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɟ», 
ɭɬɜɟɪɠɞɟɧɧɵɯ 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)«Ɇɟɬɨɞɢɱɟɫɤɢɟ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɨɰɟɧɤɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ ɪɚɡɪɚɛɨɬɤɟ 
ɢɧɜɟɫɬɢɰɢɨɧɧɵɯ ɩɪɨɟɤɬɨɜ ɢ ɛɢɡɧɟɫ-ɩɥɚɧɨɜ ɜ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɟ ɧɚ ɫɬɚɞɢɢ 
ɩɪɟɞɌɗɈ ɢ ɌɗɈ», 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)ɉɪɢɥɨɠɟɧɢɟ ɤ ɩɪɢɤɚɡɭ ɈȺɈ «ɊɭɫȽɢɞɪɨ» ɨɬ 16.01.2017 №9 - «ȿɞɢɧɵɟ 
ɫɰɟɧɚɪɧɵɟ ɭɫɥɨɜɢɹ ɈȺɈ «ɊɭɫȽɢɞɪɨ» ɧɚ 2017-2042 ɝɝ.» 

Ɋɚɫɱёɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɥɢɰɟɧɡɢɨɧɧɨɣ ɜɟɪɫɢɢ 
ɩɪɨɝɪɚɦɦɧɨɝɨ ɩɪɨɞɭɤɬɚ ProjectExpert, ɮɢɪɦɵ ExpertSystems.  

Ⱦɥɹ ɰɟɥɟɣ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ ɩɪɢɧɢɦɚɸɬɫɹ 
ɫɥɟɞɭɸɳɢɟ ɩɪɟɞɩɨɫɵɥɤɢ: 

ɉɟɪɢɨɞ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɞɥɹ Ȼɢɣ-ɏɟɦɫɤɨɣ Ƚɗɋ ɫɨɫɬɚɜɥɹɟɬ 20ɥɟɬ, ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɪɨɤɨɦ ɫɥɭɠɛɵ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 

ɂɫɩɨɥɶɡɭɟɦɚɹ ɩɪɢ ɨɰɟɧɤɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɧɮɨɪɦɚɰɢɹ ɨɬɪɚɠɚɟɬ 
ɷɤɨɧɨɦɢɱɟɫɤɭɸ ɫɢɬɭɚɰɢɸ, ɫɥɨɠɢɜɲɭɸɫɹ ɧɚ 1 ɤɜ. 2018 ɝɨɞɚ. 

ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ ɱɬɨ ɜ ɬɟɱɟɧɢɢ ɩɪɨɝɧɨɡɧɨɝɨ ɩɟɪɢɨɞɚ ɧɟ ɛɭɞɟɬ ɩɪɨɢɫɯɨɞɢɬɶ 
ɝɥɨɛɚɥɶɧɵɯ ɢɡɦɟɧɟɧɢɣ ɜ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɫɢɬɭɚɰɢɢ, ɫɭɳɟɫɬɜɭɸɳɢɯ ɩɪɚɜɢɥ ɢ 
ɡɚɤɨɧɨɜ. 

 

8.3.1 Ʉɨɦɦɟɪɱɟɫɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 

 

ɐɟɥɶ ɩɪɨɜɟɞɟɧɢɹ ɪɚɫɱёɬɚ ɤɨɦɦɟɪɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ ɹɜɥɹɟɬɫɹ 
ɪɚɫɱёɬ ɩɨɤɚɡɚɬɟɥɟɣ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 8.8. 
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Ɍɚɛɥɢɰɚ 8.8 - ɉɨɤɚɡɚɬɟɥɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ «Ȼɢɣ-ɏɟɦɫɤɚɹ 
Ƚɗɋ ɧɚ ɪɟɤɟ Ȼɢɣ-ɏɟɦ» 

ɇɚɢɦɟɧɨɜɚɧɢɟ Ɂɧɚɱɟɧɢɟ 

ɋɬɚɜɤɚ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ,% 11,6 

Ⱦɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɩɟɪɢɨɞ ɨɤɭɩɚɟɦɨɫɬɢ - DPB, ɦɟɫ 83 

ɑɢɫɬɵɣ ɩɪɢɜɟɞɟɧɧɵɣ ɞɨɯɨɞ – NPV, ɦɥɧ.ɪɭɛ 10054,32 

ɂɧɞɟɤɫ ɩɪɢɛɵɥɶɧɨɫɬɢ – PI, ɪɭɛ. 1,79 

ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɷɥ.ɷɧɟɪɝɢɢ, ɪɭɛ/Ʉɜɬ*ɱ 0,12 

ɍɞɟɥɶɧɵɟ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ, ɪɭɛ/Ʉɜɬ 24514,1 

 

8.3.2 Ȼɸɞɠɟɬɧɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 

 

ɉɨɤɚɡɚɬɟɥɢ ɛɸɞɠɟɬɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɨɬɪɚɠɚɸɬ ɜɥɢɹɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ 
ɩɪɨɟɤɬɚ ɧɚ ɞɨɯɨɞɧɭɸ ɱɚɫɬɶ ɮɟɞɟɪɚɥɶɧɨɝɨ ɢ ɪɟɝɢɨɧɚɥɶɧɨɝɨ ɛɸɞɠɟɬɚ. Ⱦɨɯɨɞɧɚɹ 
ɱɚɫɬɶ ɛɸɞɠɟɬɨɜ ɪɚɡɥɢɱɧɵɯ ɭɪɨɜɧɟɣ ɮɨɪɦɢɪɭɟɬɫɹ ɡɚ ɫɱёɬ ɧɚɥɨɝɨɜɵɯ 
ɩɨɫɬɭɩɥɟɧɢɣ ɜɟɥɢɱɢɧɚ ɤɨɬɨɪɵɯ ɩɨɤɚɡɚɧɚ ɜ ɬɚɛɥɢɰɟ 8.9.  

 

Ɍɚɛɥɢɰɚ 8.9 – ɉɪɟɞɩɨɥɚɝɚɟɦɵɟ ɧɚɥɨɝɨɜɵɟ ɩɨɫɬɭɩɥɟɧɢɹ ɜ ɮɟɞɟɪɚɥɶɧɵɣ ɢ 
ɪɟɝɢɨɧɚɥɶɧɵɟ ɛɸɞɠɟɬɵ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 2022 2023 2024 2025 2026 

ȼ ɮɟɞɟɪɚɥɶɧɵɣ ɛɸɞɠɟɬ, ɦɥɧ.Ɋɭɛɥɟɣ 540,9 994,4 1025,97 1055,7 1085,3 

ȼ ɪɟɝɢɨɧɚɥɶɧɵɣ ɛɸɞɠɟɬ, ɦɥɧ.Ɋɭɛɥɟɣ 68,5 57,3 56,9 55,3 53,7 

ɂɬɨɝɨ ɧɚɥɨɝɨɜɵɯ ɩɨɫɬɭɩɥɟɧɢɣ, 
ɦɥɧ.Ɋɭɛɥɟɣ 

609,4 1051,7 1082,8 1111,04 1138,98 

 

8.4 Ⱥɧɚɥɢɡ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ 

 

Ɍɢɩɵ ɪɢɫɤɚ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ: 
 

- ɪɵɧɨɱɧɵɟ - ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ ɨɛɴɟɦɨɜ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ; 
- ɤɚɩɢɬɚɥɶɧɵɟ - ɜɨɡɦɨɠɧɨɫɬɶ ɧɟɭɞɚɱɧɨɝɨ ɤɨɧɫɬɪɭɤɬɢɜɧɨɝɨ ɪɟɲɟɧɢɹ, 

ɫɥɟɞɫɬɜɢɟɦ ɤɨɬɨɪɨɝɨ ɹɜɥɹɟɬɫɹ ɢɡɦɟɧɟɧɢɹ ɡɚɬɪɚɬ ɜ ɫɬɪɨɢɬɟɥɶɫɬɜɨ; 
- ɨɩɟɪɚɰɢɨɧɧɵɟ - ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ ɯɨɞɚ ɩɪɨɟɤɬɚ ɜ ɟɝɨ ɩɪɨɞɭɤɬɢɜɧɵɣ 

ɩɟɪɢɨɞ; 
- ɩɪɚɜɨɜɵɟ (ɩɨɥɢɬɢɱɟɫɤɢɣ, ɸɪɢɞɢɱɟɫɤɢɣ, ɫɭɜɟɪɟɧɧɵɣ) ɜɨɡɦɨɠɧɨɫɬɶ 

ɢɡɦɟɧɟɧɢɹ ɩɪɚɜɨɜɨɣ ɫɪɟɞɵ, ɜ ɤɨɬɨɪɨɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɛɢɡɧɟɫ; 
- ɮɢɧɚɧɫɨɜɵɟ (ɩɪɨɰɟɧɬɧɵɣ, ɜɚɥɸɬɧɵɣ) - ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ ɨɛɦɟɧɧɵɯ ɢ 

ɩɪɨɰɟɧɬɧɵɯ ɫɬɚɜɨɤ ɧɚ ɮɢɧɚɧɫɨɜɵɯ ɪɵɧɤɚɯ. 
ɇɚɢɛɨɥɟɟ ɡɧɚɱɢɦɵ ɞɥɹ ɩɪɨɟɤɬɚ ɪɵɧɨɱɧɵɟ, ɤɚɩɢɬɚɥɶɧɵɟ ɢ ɨɩɟɪɚɰɢɨɧɧɵɟ 

ɪɢɫɤɢ. ɋɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɨɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɮɢɧɚɧɫɨɜɨɣ ɦɨɞɟɥɢ 
ɩɟɪɟɱɢɫɥɟɧɧɵɦ ɪɢɫɤɚɦ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 8.10. 
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Ɍɚɛɥɢɰɚ 8.10 - Ɋɢɫɤɢ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɩɚɪɚɦɟɬɪɵ ɮɢɧɚɧɫɨɜɨɣ ɦɨɞɟɥɢ 

 

Ɉɫɧɨɜɧɵɦ ɦɟɬɨɞɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɢɫɤɨɜ ɹɜɥɹɟɬɫɹ ɚɧɚɥɢɡ 
ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ - ɦɟɬɨɞ ɨɰɟɧɤɢ ɜɥɢɹɧɢɹ ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɮɢɧɚɧɫɨɜɨɣ 
ɦɨɞɟɥɢ ɧɚ ɪɟɡɭɥɶɬɢɪɭɸɳɢɣ ɩɨɤɚɡɚɬɟɥɶ. 

ȼ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɜɟɥɢɱɢɧɵ 
ɩɪɨɝɧɨɡɧɨɝɨ ɬɚɪɢɮɚ ɤ ɢɡɦɟɧɟɧɢɹɦ: 

 

ɚ) ɋɬɚɜɤɢ ɧɚɥɨɝɨɜ; 
ɛ) Ɉɛɴɟɦɚ ɢɧɜɟɫɬɢɰɢɣ; 
ɜ) Ɉɛɴёɦ ɫɛɵɬɚ; 
 

ɉɪɟɞɟɥɵ ɢɡɦɟɧɟɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɮɚɤɬɨɪɨɜ ɨɩɪɟɞɟɥɹɥɢɫɶ ɷɤɫɩɟɪɬɧɨ 

ɢ ɨɬɨɛɪɚɠɟɧɵ ɧɚ ɪɢɫɭɧɤɚɯ 8.3- 8.6. 

 

 

Ɋɢɫɭɧɨɤ 8.3- ɂɡɦɟɧɟɧɢɟ PI ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɫɬɚɜɤɢ ɧɚɥɨɝɨɜ 

 

ȼɵɜɨɞ: ɍɜɟɥɢɱɟɧɢɟ ɫɬɚɜɤɢ ɧɚɥɨɝɨɜ – ɭɦɟɧɶɲɟɧɢɟ ɜɟɥɢɱɢɧɵ PI. 
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Ɋɢɫɤ ɉɚɪɚɦɟɬɪɵ ɮɢɧɚɧɫɨɜɨɣ ɦɨɞɟɥɢ 

Ɋɵɧɨɱɧɵɣ Ɉɛɴɟɦ ɩɪɨɞɚɠ 

Ʉɚɩɢɬɚɥɶɧɵɣ Ʉɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ 

Ɉɩɟɪɚɰɢɨɧɧɵɣ Ɉɩɟɪɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ 
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Ɋɢɫɭɧɨɤ 8.4- ɋɭɦɦɚ PI ɨɬ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɨɛɴёɦɚ ɢɧɜɟɫɬɢɰɢɣ 

 

ȼɵɜɨɞ: ɍɜɟɥɢɱɟɧɢɟ ɨɛɴɟɦɚ ɢɧɜɟɫɬɢɰɢɣ - ɭɦɟɧɶɲɟɧɢɟ ɜɟɥɢɱɢɧɵ PI. 

 

 

Ɋɢɫɭɧɨɤ 8.5- ɋɭɦɦɚ PI ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɨɛɴёɦɚ ɫɛɵɬɚ 

 

ȼɵɜɨɞ: ɍɜɟɥɢɱɟɧɢɢ ɰɟɧɵ ɫɛɵɬɚ –ɭɜɟɥɢɱɟɧɢɟ ɜɟɥɢɱɢɧɵ PI. 
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Ɋɢɫɭɧɨɤ 8.6 - ɋɭɦɦɚ PI ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɫɬɚɜɤɢ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ 

 

ȼɵɜɨɞ: ɍɜɟɥɢɱɟɧɢɟ ɫɬɚɜɤɢ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ – ɭɦɟɧɶɲɟɧɢɟ ɜɟɥɢɱɢɧɵ PI. 
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9 Ɋɚɫɱɟɬ ɩɨɬɟɪɶ ɧɚɩɨɪɚ ɧɚ ɭɱɚɫɬɤɚɯ ɜɨɞɨɩɨɞɜɨɞɹɳɟɝɨ ɬɪɚɤɬɚ 
ɝɢɞɪɨɚɝɪɟɝɚɬɚ 

 

9.1 ȼɥɢɹɧɢɟ ɩɨɬɟɪɶ ɧɚɩɨɪɚ ɧɚ ɭɱɚɫɬɤɚɯ ɜɨɞɨɩɨɞɜɨɞɹɳɟɝɨ ɬɪɚɤɬɚ 

 

9.1.1 ȼɥɢɹɧɢɟ ɩɨɬɟɪɶ ɧɚɩɨɪɚ ɧɚ ɫɨɪɨɭɞɟɪɠɢɜɚɸɳɟɣ ɪɟɲɟɬɤɟ 

 
ɍɜɟɥɢɱɟɧɢɟ ɩɨɬɟɪɶ ɧɚɩɨɪɚ ɜɥɟɱɟɬ ɡɚ ɫɨɛɨɣ ɫɧɢɠɟɧɢɟ ɜɵɪɚɛɨɬɤɢ ɧɚ 

ɪɟɲɟɬɤɟ. ȼ ɫɜɨɟ ɜɪɟɦɹ ɛɵɥɨ ɩɨɞɫɱɢɬɚɧɨ (Ɏ.Ɏ. Ƚɭɛɢɧ), ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ ɩɨɬɟɪɶ 
ɧɚɩɨɪɚ ɧɚ 1 ɫɦ ɧɚ ɪɟɲɟɬɤɚɯ ɜɫɟɯ Ƚɗɋ ɛɵɜɲɟɝɨ ɋɋɋɊ ɭɦɟɧɶɲɚɟɬ ɜɵɪɚɛɨɬɤɭ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɩɪɢɦɟɪɧɨ ɧɚ 100 ɦɥɧ. ɤȼɬ ɱɚɫ ɜ ɝɨɞ. ɉɨɷɬɨɦɭ ɫɧɢɠɟɧɢɟ 
ɫɤɨɪɨɫɬɟɣ ɜɨɞɵ ɧɚ ɪɟɲɟɬɤɚɯ ɜ ɨɩɪɟɞɟɥɟɧɧɵɯ ɩɪɟɞɟɥɚɯ ɫ ɰɟɥɶɸ ɭɦɟɧɶɲɟɧɢɹ 
ɩɨɬɟɪɶ ɢ ɨɛɥɟɝɱɟɧɢɹ ɢɯ ɨɱɢɫɬɤɢ, ɤɚɤ ɩɪɚɜɢɥɨ, ɷɤɨɧɨɦɢɱɟɫɤɢ ɨɩɪɚɜɞɚɧɨ. 
ɋɭɳɟɫɬɜɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɜ ɷɬɢɯ ɭɫɥɨɜɢɹɯ ɢɦɟɸɬ ɬɚɤɠɟ ɦɟɪɨɩɪɢɹɬɢɹ, 
ɧɚɩɪɚɜɥɟɧɧɵɟ ɧɚ ɭɦɟɧɶɲɟɧɢɟ ɡɚɫɨɪɟɧɧɨɫɬɢ ɜɨɞɨɯɪɚɧɢɥɢɳ, ɧɚɩɪɢɦɟɪ, ɩɭɬɟɦ 
ɩɨɥɧɨɣ ɥɟɫɨɨɱɢɫɬɤɢ ɢɯ ɥɨɠɚ, ɯɨɬɹ ɷɬɨ ɢ ɤɪɚɣɧɟ ɞɨɪɨɝɨɫɬɨɹɳɟɟ ɦɟɪɨɩɪɢɹɬɢɟ. 

 

9.1.2 ȼɥɢɹɧɢɟ ɩɨɬɟɪɶ ɧɚɩɨɪɚ ɧɚ ɜɨɞɨɩɪɢɟɦɧɢɤ 

 

ȼɨɞɨɩɪɢɟɦɧɢɤɢ ɬɭɪɛɢɧ ɫɨɫɬɚɜɥɹɸɬ ɝɨɥɨɜɧɭɸ ɱɚɫɬɶ ɜɨɞɨɩɨɞɜɨɞɹɳɟɝɨ 
ɧɚɩɨɪɧɨɝɨ ɬɪɚɤɬɚ ɩɨɷɬɨɦɭ ɨɱɟɪɬɚɧɢɟ ɜɨɞɨɩɪɢɟɦɧɢɤɚ ɬɭɪɛɢɧɵ ɨɛɟɫɩɟɱɢɜɚɟɬ 
ɩɥɚɜɧɵɣ ɜɯɨɞ ɜɨɞɵ ɫ ɦɢɧɢɦɚɥɶɧɵɦɢ ɩɨɬɟɪɹɦɢ ɧɚɩɨɪɚ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɨɣ 
ɰɟɥɶɸ ɩɪɢ ɟɝɨ ɪɚɫɱɟɬɟ ɧɚɪɹɞɭ ɫ ɩɪɢɞɚɧɢɟɦ ɟɦɭ ɧɟɨɛɯɨɞɢɦɨɣ ɩɪɨɱɧɨɫɬɢ. 
Ɉɱɟɪɬɚɧɢɟ ɜɨɞɨɩɪɢɟɦɧɢɤɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɨɛɬɟɤɚɧɢɟ ɟɝɨ ɜɧɭɬɪɟɧɧɢɯ 
ɩɨɜɟɪɯɧɨɫɬɟɣ ɛɟɡ ɨɬɪɵɜɚ ɩɨɬɨɤɚ ɨɬ ɫɬɟɧɨɤ ɢ ɛɟɡ ɨɛɪɚɡɨɜɚɧɢɹ ɜɢɯɪɟɜɵɯ ɡɨɧ. 

 

9.2 Ɋɚɫɱɟɬ ɩɨɬɟɪɶ ɜɨɞɨɩɨɞɜɨɞɹɳɟɝɨ ɬɪɚɤɬɚ 

 

ȼ ɫɨɫɬɚɜ ɜɨɞɨɩɨɞɜɨɞɹɳɟɝɨ ɬɪɚɤɬɚ ɜɯɨɞɹɬ : 

- ɫɨɪɨɭɞɟɪɠɢɜɚɸɳɚɹ ɪɟɲɟɬɤɚ 

- ɜɨɞɨɩɪɢɟɦɧɨɟ ɨɬɜɟɪɫɬɢɟ 

- ɬɭɪɛɢɧɧɵɣ ɜɨɞɨɜɨɞ 

- ɫɩɢɪɚɥɶɧɚɹ ɤɚɦɟɪɚ 

- ɧɚɩɪɚɜɥɹɸɳɢɣ ɚɩɩɚɪɚɬ 

 

9.2.1 Ɋɚɫɱɟɬ ɩɨɬɟɪɶ ɧɚ ɫɨɪɨɭɞɟɪɠɢɜɚɸɳɟɣ ɪɟɲɟɬɤɟ 

 

ɋɨɪɨɭɞɟɪɠɢɜɚɸɳɢɟ ɪɟɲɟɬɤɢ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɡɚɳɢɬɵ ɨɬ ɩɨɩɚɞɚɧɢɹ ɜ 
ɜɨɞɨɩɪɨɜɨɞɹɳɢɣ ɬɪɚɤɬ, ɫɨɪɚ ɢ ɩɥɚɜɚɸɳɢɯ ɬɟɥ (ɥɶɞɚ, ɛɪɟɜɟɧ, ɬɨɪɮɹɧɢɤɨɜ ɢ ɬ.ɞ.), 
ɫɩɨɫɨɛɧɵɯ ɧɚɪɭɲɢɬɶ ɧɨɪɦɚɥɶɧɭɸ ɷɤɫɩɥɭɚɬɚɰɢɸ ɝɢɞɪɨɚɝɪɟɝɚɬɚ.  

Ɍɪɟɛɨɜɚɧɢɹ, ɩɪɟɞɴɹɜɥɹɟɦɵɟ ɤ ɫɨɪɨɭɞɟɪɠɢɜɚɸɳɟɣ ɪɟɲɟɬɤɟ, ɫɥɟɞɭɸɳɢɟ: 
  

ɚ) ɨɛɬɟɤɚɟɦɨɫɬɶ ɤɨɧɫɬɪɭɤɰɢɢ ɫ ɰɟɥɶɸ ɭɦɟɧɶɲɟɧɢɹ ɩɨɬɟɪɶ ɧɚɩɨɪɚ;  
ɛ) ɩɪɨɱɧɨɫɬɶ; 



111 

 

ɜ) ɭɞɨɛɫɬɜɨ ɷɤɫɩɥɭɚɬɚɰɢɢ (ɨɱɢɫɬɤɚ ɨɬ ɫɨɪɚ, ɭɫɬɚɧɨɜɤɚ ɢ ɨɛɫɥɭɠɢɜɚɧɢɟ 

ɪɟɲɟɬɤɢ). 
ɉɪɢɦɟɧɹɸɬɫɹ ɫɟɬɱɚɬɵɟ ɢ ɫɬɟɪɠɧɟɜɵɟ ɪɟɲɟɬɤɢ. ɋɟɬɱɚɬɵɟ 

ɪɟɲɟɬɤɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɜɨɞɨɡɚɛɨɪɚɯ ɧɚɫɨɫɧɵɯ ɫɬɚɧɰɢɣ ɢ ɤɚɧɚɥɨɜ. ɇɚɢɛɨɥɶɲɟɟ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɥɭɱɢɥɢ ɫɬɟɪɠɧɟɜɵɟ ɪɟɲɟɬɤɢ, ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ 
ɜɨɞɨɩɪɢɟɦɧɢɤɚɯ Ƚɗɋ ɢ ȽȺɗɋ.  

Ɋɟɲɟɬɤɢ ɦɨɝɭɬ ɜɵɩɨɥɧɹɬɶɫɹ ɫɴɟɦɧɵɦɢ, ɪɚɫɩɨɥɨɠɟɧɧɵɦɢ ɜ ɩɚɡɚɯ ɛɵɤɨɜ, 
ɢ ɧɟɫɴɟɦɧɵɦɢ, ɫɬɚɰɢɨɧɚɪɧɵɦɢ. ɇɚɢɛɨɥɶɲɟɟ ɩɪɢɦɟɧɟɧɢɟ ɧɚɲɥɢ ɫɴɟɦɧɵɟ 
ɪɟɲɟɬɤɢ, ɤɨɬɨɪɵɟ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɜ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɢ ɧɟɡɧɚɱɢɬɟɥɶɧɨ 
ɡɚɝɥɭɛɥɟɧɧɵɯ ɜɨɞɨɩɪɢɟɦɧɢɤɚɯ. ɋɴɟɦɧɵɟ ɪɟɲɟɬɤɢ ɜɵɧɢɦɚɸɬɫɹ ɞɥɹ ɪɟɜɢɡɢɢ 
ɢɥɢ ɪɟɦɨɧɬɚ.  

ɉɨɬɟɪɢ ɧɚɩɨɪɚ ɧɚ ɪɟɲɟɬɤɚɯ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 

 h୮ = ξ୮ ஝మଶ୥ , ˏ                                                                                                (9.1) 

 

ɝɞɟ  ߥ - ɫɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚ ɩɟɪɟɞ ɪɟɲɟɬɤɨɣ ; 

       g – ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ 

 : 𝑝 ɩɪɢɛɥɢɠɟɧɧɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ Ⱥ.Ɋ. Ȼɟɪɟɡɢɧɫɤɨɝɨߦ  .𝑝 - ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɬɟɪɶ ɧɚɩɨɪɚ ɧɚ ɪɟɲɟɬɤɟߦ      

 

 ξ୮ = Ⱦ (ωpωɡ୊p ) ቀʹ,͵ ୪ୠ + ʹ,Ͷ ୠ୪ + ͺቁ sin Ƚ                                                       (9.2) 

 

  ɝɞɟ  ߚ, l, b - ɤɨɷɮɮɢɰɢɟɧɬ ɮɨɪɦɵ ɫɬɟɪɠɧɟɣ, ɢɯ ɞɥɢɧɚ (ɩɨ ɩɨɬɨɤɭ) ɢ ɩɪɨɫɜɟɬ 
ɦɟɠɞɭ ɧɢɦɢ; 
         𝜔𝑝, 𝜔ˊ, 𝐹𝑝  - ɩɥɨɳɚɞɢ ɷɥɟɦɟɧɬɨɜ ɪɟɲɟɬɤɢ ɜ ɟɟ ɩɥɨɫɤɨɫɬɢ, ɡɚɫɨɪɟɧɢɹ ɢ 
ɨɬɜɟɪɫɬɢɹ, ɩɟɪɟɤɪɵɜɚɟɦɨɝɨ ɪɟɲɟɬɤɨɣ,  
 .ɭɝɨɥ ɧɚɤɥɨɧɚ ɪɟɲɟɬɤɢ ɤ ɝɨɪɢɡɨɧɬɭ - ߙ         

Ʉɚɤ ɩɪɢɦɟɪ ɞɥɹ ɪɚɫɱɟɬɚ, ɛɟɪёɦ  ɞɚɧɧɵɟ ɞɥɹ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ȼɢɣ-ɏɟɦɫɤɨɣ 
Ƚɗɋ ɜ ɤɨɬɨɪɨɣ ɛɵɥɚ ɜɵɛɪɚɧɚ ɫɴɟɦɧɚɹ, ɫɬɟɪɠɧɟɜɚɹ ɫɨɪɨɭɞɟɪɠɢɜɚɸɳɚɹ ɪɟɲɟɬɤɚ 
ɫ ɩɪɹɦɨɭɝɨɥɶɧɵɦ ɫɟɱɟɧɢɟɦ ɫɬɟɪɠɧɟɣ : 

 

 h୮ = ξ୮ ଴,ଶ଺మଶ·ଽ,଼ଵ = Ͳ,ͳͷ ˏ 

 

 ξ୮ = Ͳ,ͷͲͶ ቀଷ଺∙଴,଼ଷହ ቁ ቀʹ,͵ ଶ଴,଴ହ + ʹ,Ͷ ଴,଴ହଶ + ͺቁ sin ͻͲ° = Ͷʹ 

 

9.2.2 Ɋɚɫɱɟɬ ɜɨɞɨɩɪɢɟɦɧɨɝɨ ɨɬɜɟɪɫɬɢɹ 

 

Ɋɚɡɦɟɪɵ ɜɨɞɨɩɪɢɟɦɧɵɯ ɨɬɜɟɪɫɬɢɣ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɫɪɟɞɧɟɣ ɫɤɨɪɨɫɬɢ ɜɬɟ-

ɤɚɧɢɹ ɜɨɞɵ ɜ ɨɬɜɟɪɫɬɢɹ ɫɨɪɨɭɞɟɪɠɢɜɚɸɳɢɯ ɪɟɲɟɬɨɤ, ɫɟɬɨɤ ɢɥɢ ɩɨɪɵ ɮɢɥɶɬɪɨɜ 
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ɫ ɭɱɟɬɨɦ ɬɪɟɛɨɜɚɧɢɹ ɪɵɛɨɡɚɳɢɬɵ. Ɍɪɟɛɭɟɦɭɸ ɩɥɨɳɚɞɶ ɜɨɞɨɩɪɢɟɦɧɨɝɨ 
ɨɬɜɟɪɫɬɢɹ ɨɞɧɨɣ ɫɟɤɰɢɢ ɜɵɱɢɫɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ: 

 

 F୔ = ୖభ∙ୖమ∙୕ౙ୚BT , ɦଶ                                                                                           (9.3) 

ɝɞɟ ܳ௖  - ɪɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɨɞɧɨɣ ɫɟɤɰɢɢ ɜɨɞɨɡɚɛɨɪɚ, ɦ3/ɫ. ܳ௖ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ : 
 

 Qୡ = ୕ɜ୬ , ɦଷ
ɫ⁄
                                                                                      (9.4) 

 

ɝɞɟ  ܳɜ - ɩɨɥɧɵɣ ɪɚɫɯɨɞ ɜɨɞɨɡɚɛɨɪɧɵɯ ɫɨɨɪɭɠɟɧɢɣ, ɦ
ଷ

ɫ⁄  ; 

       n – ɱɢɫɥɨ ɫɟɤɰɢɣ ɜɨɞɨɡɚɛɨɪɚ; 
       ܴଵ - ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɦɟɧɶɲɟɧɢɟ ɠɢɜɨɝɨ ɫɟɱɟɧɢɹ ɨɬɜɟɪɫɬɢɣ ɡɚ 
ɫɱɟɬ ɡɚɝɪɹɡɧɟɧɢɣ, ɪɚɜɧɵɣ 1,25; 
       ܴଶ  - ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɫɬɟɫɧɟɧɢɟ ɨɬɜɟɪɫɬɢɣ ɪɟɲɟɬɨɤ ɢɥɢ ɫɟɬɨɤ, 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (9.5); 
       ஻ܸ𝑇   - ɫɤɨɪɨɫɬɶ ɜɬɟɤɚɧɢɹ ɜɨɞɵ ɜ ɜɨɞɨɩɪɢɟɦɧɵɟ ɨɬɜɟɪɫɬɢɹ, ɦ/ɫ,  
ɩɪɢ ܸ̞ ˈ˚ = Ͳ,ʹ͸ ˏ⁄̝   0,3 ɦ/ɫ   ஻ܸ𝑇 = 0,1 ɦ/ɫ 

 

 Rଶ = ୟ+ୡୟ                                                                                              (9.5) 

 

ɝɞɟ ܽ - ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɫɬɟɪɠɧɹɦɢ ɪɟɲɟɬɤɢ ɜ ɫɜɟɬɭ 70 ɦɦ; 
      c - ɬɨɥɳɢɧɚ ɫɬɟɪɠɧɟɣ ɪɟɲɟɬɤɢ 10 ɦɦ. 

Ʉɚɤ ɩɪɢɦɟɪ ɞɥɹ ɪɚɫɱɟɬɚ, ɛɟɪёɦ  ɞɚɧɧɵɟ ɞɥɹ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ȼɢɣ-ɏɟɦɫɤɨɣ 
Ƚɗɋ: 

 

 F୔ = ଵ,ଶହ∙ଵ,ଵସ∙ଶସହ,ଵ଻଴,ଵ = ͵ͷ ɦଶ; 

 

 Qୡ = ଵସ଻ଵ଺ = ʹͶͷ,ͳ͹  ˏଷ ˔⁄  ; 
 

 Rଶ = ଻଴+ଵ଴଻଴ = ͳ,ͳͶ. 
 

ɉɪɢɧɢɦɚɟɦ ɫɨɪɨɭɞɟɪɠɢɜɚɸɳɭɸ ɪɟɲɟɬɤɭ ɪɚɡɦɟɪɨɦ 6ɯ6 ɦ 

 

 

 

 

9.2.3 Ɋɚɫɱɟɬ ɩɨɬɟɪɶ ɜ ɬɭɪɛɢɧɧɨɦ ɜɨɞɨɜɨɞɟ 
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Ɍɭɪɛɢɧɧɵɣ ɜɨɞɨɜɨɞ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɩɨɞɜɨɞɚ ɜɨɞɵ ɤ ɡɞɚɧɢɹɦ Ƚɗɋ (ɫ 
ɩɪɢɩɥɨɬɢɧɧɵɦ ɢɯ ɪɚɫɩɨɥɨɠɟɧɢɟɦ, ɚ ɬɚɤɠɟ ɪɚɫɩɨɥɨɠɟɧɧɵɦ ɜ ɤɨɧɰɟ ɞɟɪɢɜɚɰɢɢ).  

ɇɚɢɛɨɥɟɟ ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɥɭɱɢɥɢ ɫɬɚɥɶɧɵɟ ɜɨɞɨɜɨɞɵ. ɉɪɢ 
ɧɚɩɨɪɚɯ ɞɨ 200-300 ɦ ɧɚɪɹɞɭ ɫɨ ɫɬɚɥɶɧɵɦɢ ɩɪɢɦɟɧɹɸɬ ɠɟɥɟɡɨɛɟɬɨɧɧɵɟ 
ɜɨɞɨɜɨɞɵ. ɂɡ-ɡɚ ɭɧɢɤɚɥɶɧɨɫɬɢ ɋɚɹɧɨ-ɒɭɲɟɧɫɤɨɣ Ƚɗɋ ɛɵɥɚ ɢɡɨɛɪɟɬɟɧɚ ɧɨɜɚɹ 
ɤɨɧɫɬɪɭɤɰɢɹ ɜɨɞɨɜɨɞɨɜ ɞɥɹ ɟё ɬɭɪɛɢɧ - ɫɬɚɥɟɠɟɥɟɡɨɛɟɬɨɧɧɚɹ, ɜ ɤɨɬɨɪɨɣ 
ɫɨɜɦɟɫɬɧɨ ɪɚɛɨɬɚɟɬ ɜɧɭɬɪɟɧɧɹɹ ɫɬɚɥɶɧɚɹ ɨɛɨɥɨɱɤɚ (ɬɪɭɛɚ) ɢ ɚɪɦɚɬɭɪɚ 
ɠɟɥɟɡɨɛɟɬɨɧɧɨɣ ɨɛɥɢɰɨɜɤɢ ɜɨɞɨɜɨɞɚ. 

ɉɨ ɪɚɫɩɨɥɨɠɟɧɢɸ ɬɭɪɛɢɧɧɵɟ ɜɨɞɨɜɨɞɵ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɜɫɬɪɨɟɧɧɵɟ, 
ɜɵɧɨɫɧɵɟ, ɨɬɤɪɵɬɵɟ, ɡɚɤɪɵɬɵɟ ɢ ɩɨɞɡɟɦɧɵɟ. 

ȼɫɬɪɨɟɧɧɵɟ ɢ ɜɵɧɨɫɧɵɟ ɜɨɞɨɜɨɞɵ ɩɪɢɦɟɧɹɸɬɫɹ ɞɥɹ ɩɨɞɜɨɞɚ ɜɨɞɵ ɤ 
ɩɪɢɩɥɨɬɢɧɧɵɦ ɡɞɚɧɢɹɦ Ƚɗɋ, ɪɚɫɩɨɥɨɠɟɧɧɵɦ ɡɚ ɛɟɬɨɧɧɵɦɢ, ɤɨɧɬɪɮɨɪɫɧɵɦɢ, 
ɚɪɨɱɧɵɦɢ ɢ ɡɟɦɥɹɧɵɦɢ ɩɥɨɬɢɧɚɦɢ.  

ɉɪɢɦɟɧɹɸɬɫɹ ɨɬɤɪɵɬɵɟ, ɡɚɫɵɩɚɧɧɵɟ ɢ ɩɨɞɡɟɦɧɵɟ ɜɨɞɨɜɨɞɵ; ɨɬɤɪɵɬɵɟ 
ɨɛɵɱɧɨ ɜɵɩɨɥɧɹɸɬɫɹ ɜ ɜɢɞɟ ɬɪɭɛɨɩɪɨɜɨɞɨɜ, ɭɥɨɠɟɧɧɵɯ ɧɚ ɨɩɨɪɵ 
(ɩɪɨɦɟɠɭɬɨɱɧɵɟ ɢ ɚɧɤɟɪɧɵɟ); ɡɚɫɵɩɚɧɧɵɟ - ɡɚɝɥɭɛɥɹɸɬɫɹ ɜ ɬɪɚɧɲɟɢ - 

ɡɚɳɢɳɚɸɬɫɹ ɨɬ ɨɛɜɚɥɨɜ ɢ ɩɪɨɦɟɪɡɚɧɢɹ; ɩɨɞɡɟɦɧɵɟ (ɬɭɧɧɟɥɶɧɵɟ) ɜɨɞɨɜɨɞɵ 
ɫɨɨɪɭɠɚɸɬɫɹ ɜ ɫɤɚɥɶɧɵɯ ɩɨɪɨɞɚɯ. 

Ɋɚɫɫɦɨɬɪɢɦ ɫɯɟɦɚɬɢɱɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɩɪɨɬɨɱɧɨɝɨ ɬɪɚɤɬɚ (ɪɢɫɭɧɨɤ 9.1). 

ɂɡ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ ɜɨɞɚ ɱɟɪɟɡ ɜɨɞɨɩɪɢёɦɧɢɤ ɢ ɧɚɩɨɪɧɵɣ ɜɨɞɨɜɨɞ ɜɫɬɪɨɟɧɧɨɝɨ 
ɬɢɩɚ ɩɨɞɜɨɞɢɬɫɹ ɤ ɬɭɪɛɢɧɟ (ɫɟɱ. I-I)  

 

  

Ɋɢɫɭɧɨɤ 9.1 – ɋɯɟɦɚɬɢɱɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɩɪɨɬɨɱɧɨɝɨ ɬɪɚɤɬɚ 

 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɭɪɚɜɧɟɧɢɟɦ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɭɞɟɥɶɧɨɣ ɷɧɟɪɝɢɢ ɩɨɬɨɤɚ 
ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ: 

 eଵ = ୮భ஡୥ + zଵ + ஑భ஝భమଶ୥   ;                                                                                 (9.6) 
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      ɝɞɟ v1 - ɫɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɜ ɫɟɱɟɧɢɢ I-I. 
Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ  

𝑝భ𝜌௚  ɫɨɫɬɚɜɢɦ ɭɪɚɜɧɟɧɢɟ Ȼɟɪɧɭɥɥɢ ɞɥɹ ɫɟɱɟɧɢɣ 0-0 ɜ 
ɜɟɪɯɧɟɦ ɛɶɟɮɟ ɢ I-I  ɭ ɜɯɨɞɚ ɜ ɬɭɪɛɢɧɭ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɬɦɟɬɤɢ ɭɪɨɜɧɹ ɧɢɠɧɟɝɨ 
ɛɶɟɮɚ: 

 

 
୮బ஡୥ + Z଴ + ஑బ஝బమଶ୥ = ୮భ஡୥ + Zଵ + ஑భ஝భమଶ୥ + hɩɨɬ  ;                                                    (9.7) 

 

ɝɞɟ  
𝑝భ𝜌௚ = ℎ˒ˑ˕ 

       ℎ˒ˑ˕ - ɝɢɞɪɚɜɥɢɱɟɫɤɢɟ ɩɨɬɟɪɢ ɜ ɩɨɞɜɨɞɹɳɟɦ ɜɨɞɨɜɨɞɟ ɩɨ ɞɥɢɧɟ ɢ ɦɟɫɬɧɵɟ 
(ɧɚ ɜɯɨɞ ɜ ɜɨɞɨɩɪɢёɦɧɢɤ, ɧɚ ɩɨɜɨɪɨɬɵ ɢ ɞɪ); 
       𝜌 - ɩɥɨɬɧɨɫɬɶ ɠɢɞɤɨɫɬɢ; 

 ;ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚ  - ߥ      

 ;ɞɚɜɥɟɧɢɟ ɜ ɬɨɱɤɟ ɩɪɨɫɬɪɚɧɫɬɜɚ, ɝɞɟ ɪɚɫɩɨɥɨɠɟɧ ɰɟɧɬɪ ɦɚɫɫɵ - ݌      

      ݃ - ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ; 

      ܼ – ɝɟɨɦɟɬɪɢɱɟɫɤɢɣ ɧɚɩɨɪ; 

 .ɤɨɷɮɮɢɰɢɟɧɬ Ʉɨɪɢɨɥɢɫɚ ɩɪɢɧɢɦɚɟɦɵɣ 1,1 – ߙ      
Ʉɚɤ ɩɪɢɦɟɪ ɞɥɹ ɪɚɫɱɟɬɚ, ɛɟɪёɦ  ɞɚɧɧɵɟ ɞɥɹ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ȼɢɣ-ɏɟɦɫɤɨɣ 

Ƚɗɋ: 

 

 
ଵ଴଴ଵ଴଴଴∙ଽ,଼ଵ + ͶͲ,ͷ + ଵ,ଵ∙଴,ଶ଺మଶ∙ଽ,଼ଵ = ୮భ஡୥ + Ͷ + ଵ,ଵ∙଺,ଶమଶ∙ଽ,଼ଵ + hɩɨɬ 

 

 ℎ˒ˑ˕ = ͳ,͹ʹ ˏ 

 

9.2.4 Ɋɚɫɱɟɬ ɩɨɬɟɪɶ ɜ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɟ 

 

ɋɩɢɪɚɥɶɧɚɹ ɤɚɦɟɪɚ (ɋɄ) ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɩɨɞɜɨɞɚ ɜɨɞɵ ɤ ɬɭɪɛɢɧɟ ɢ 
ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɨɬɨɤɚ ɧɚ ɜɯɨɞɟ ɜ ɧɚɩɪɚɜɥɹɸɳɢɣ ɚɩɩɚɪɚɬ. ɍ ɜɯɨɞɚ ɜ ɬɭɪɛɢɧɧɵɣ 
ɜɨɞɨɜɨɞ, ɝɞɟ ɧɚɢɛɨɥɶɲɢɟ ɪɚɫɯɨɞɵ ɜɨɞɵ, ɩɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ 
ɧɚɢɛɨɥɶɲɚɹ. ɋɨ ɫɬɨɪɨɧɵ ɬɭɪɛɢɧɵ ɜ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɟ ɢɦɟɟɬɫɹ ɜɵɪɟɡ 
ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɮɨɪɦɵ – ɜɵɯɨɞ ɢɡ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ ɜ ɤɚɦɟɪɭ ɪɚɛɨɱɟɝɨ 
ɤɨɥɟɫɚ.  

ɋɄ ɞɨɥɠɧɚ ɨɛɟɫɩɟɱɢɜɚɬɶ: 
- ɪɚɜɧɨɦɟɪɧɵɣ ɩɨɞɜɨɞ ɜɨɞɵ ɤ ɧɚɩɪɚɜɥɹɸɳɟɦɭ ɚɩɩɚɪɚɬɭ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨ 

ɜɨɡɦɨɠɧɨɣ ɨɫɟɜɨɣ ɫɢɦɦɟɬɪɢɢ ɩɨɬɨɤɚ; 
- ɞɨɩɭɫɬɢɦɵɟ ɜɟɥɢɱɢɧɵ ɫɤɨɪɨɫɬɟɣ ɢ ɭɝɥɨɜ, ɩɪɢ ɤɨɬɨɪɵɯ ɩɨɬɟɪɢ ɷɧɟɪɝɢɢ ɜ 

ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɟ ɢ ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ ɜ ɧɚɩɪɚɜɥɹɸɳɟɦ ɚɩɩɚɪɚɬɟ ɦɢɧɢɦɚɥɶɧɵ; 
- ɜɟɥɢɱɢɧɭ ɡɚɤɪɭɬɤɢ ɩɨɬɨɤɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɢɥɢ ɛɥɢɡɤɭɸ ɤ ɪɚɫɱɟɬɧɨɣ. 
Ʉɪɨɦɟ ɬɨɝɨ, ɫɩɢɪɚɥɶɧɚɹ ɤɚɦɟɪɚ ɞɨɥɠɧɚ ɢɦɟɬɶ ɦɢɧɢɦɚɥɶɧɵɟ ɪɚɡɦɟɪɵ ɢ 

ɩɪɨɫɬɭɸ ɤɨɧɫɬɪɭɤɰɢɸ. 
ɉɨ ɞɚɧɧɵɦ ɦɨɞɟɥɶɧɵɯ ɢɫɩɵɬɚɧɢɣ ɪɚɡɥɢɱɧɵɯ ɝɢɞɪɨɬɭɪɛɢɧ, ɩɨɬɟɪɢ 

ɷɧɟɪɝɢɢ ɜ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɟ, ɫɬɚɬɨɪɟ ɢ ɧɚɩɪɚɜɥɹɸɳɟɦ ɚɩɩɚɪɚɬɟ ɡɚɜɢɫɹɬ ɨɬ 

https://ru.wikipedia.org/wiki/%D0%9F%D0%BB%D0%BE%D1%82%D0%BD%D0%BE%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%A1%D0%BA%D0%BE%D1%80%D0%BE%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%94%D0%B0%D0%B2%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%A3%D1%81%D0%BA%D0%BE%D1%80%D0%B5%D0%BD%D0%B8%D0%B5_%D1%81%D0%B2%D0%BE%D0%B1%D0%BE%D0%B4%D0%BD%D0%BE%D0%B3%D0%BE_%D0%BF%D0%B0%D0%B4%D0%B5%D0%BD%D0%B8%D1%8F
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ɫɨɨɬɧɨɲɟɧɢɹ ɦɟɠɞɭ ɩɪɢɧɹɬɨɣ ɩɥɨɳɚɞɶɸ ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ Fȼɏ ɢ ɭɝɥɨɦ 
ɨɯɜɚɬɚ φ. 

ɉɪɢ ɜɵɛɪɚɧɧɵɯ ɪɚɡɦɟɪɚɯ ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ 

ɍɜɟɥɢɱɟɧɢɟ ɭɝɥɚ ɨɯɜɚɬɚ φ - ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ ɩɨɬɨɤɚ 
ɜɞɨɥɶ ɩɟɪɢɦɟɬɪɚ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ, ɱɬɨ ɭɥɭɱɲɚɟɬ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɝɢɞɪɨɬɭɪɛɢɧ, ɧɨ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɫɤɨɪɨɫɬɢ ɜ ɫɩɢɪɚɥɶɧɨɦ ɤɚɧɚɥɟ ɢ 
ɛɨɥɶɲɟɣ ɡɚɤɪɭɬɤɟ ɩɨɬɨɤɚ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɦɨɝɭɬ ɜɨɡɪɚɫɬɢ ɩɨɬɟɪɢ ɷɧɟɪɝɢɢ ɜ 
ɧɚɩɪɚɜɥɹɸɳɟɦ ɚɩɩɚɪɚɬɟ. 

Ɉɬɫɸɞɚ ɫɥɟɞɭɟɬ, ɱɬɨ ɩɪɢ ɡɚɞɚɧɧɨɣ ɲɢɪɢɧɟ ɛɥɨɤɚ ɜ ɩɥɚɧɟ  ɧɟɨɛɯɨɞɢɦɨ 
ɩɨɞɨɛɪɚɬɶ ɬɚɤɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ Fȼɏ ɢ φ, ɩɪɢ ɤɨɬɨɪɨɦ ɄɉȾ ɬɭɪɛɢɧɵ ɛɵɥ 
ɛɵ ɧɚɢɛɨɥɶɲɢɦ. Ɉɩɬɢɦɚɥɶɧɵɣ ɜɚɪɢɚɧɬ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ ɜɵɛɢɪɚɸɬ ɧɚ 
ɨɫɧɨɜɚɧɢɢ ɞɚɧɧɵɯ ɦɨɞɟɥɶɧɵɯ ɢɫɩɵɬɚɧɢɣ ɩɪɢɧɹɬɨɝɨ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɫ 
ɪɚɡɥɢɱɧɵɦɢ ɫɩɢɪɚɥɶɧɵɦɢ ɤɚɦɟɪɚɦɢ. 

Ⱦɥɹ ɫɪɟɞɧɟ- ɢ ɜɵɫɨɤɨɧɚɩɨɪɧɵɯ ɝɢɞɪɨɬɭɪɛɢɧ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɯ ɧɚ 
ɩɪɢɩɥɨɬɢɧɧɵɯ ɢ ɞɟɪɢɜɚɰɢɨɧɧɵɯ Ƚɗɋ, ɭɝɥɵ ɨɯɜɚɬɚ ɫɩɢɪɚɥɶɧɵɯ ɤɚɦɟɪ 
ɩɪɢɧɢɦɚɸɬ: φ = 270 ÷ 360°. 

ɑɟɦ ɜɵɲɟ ɧɚɩɨɪ ɧɚ ɝɢɞɪɨɬɭɪɛɢɧɟ, ɬɟɦ ɛɨɥɶɲɢɣ ɭɝɨɥ ɨɯɜɚɬɚ ɞɨɥɠɧɚ 
ɢɦɟɬɶ ɫɩɢɪɚɥɶɧɚɹ ɤɚɦɟɪɚ, ɩɨɫɤɨɥɶɤɭ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɧɚɩɨɪɚ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɚɫɯɨɞɚ ɢ ɫɤɨɪɨɫɬɟɣ ɩɨ ɩɟɪɢɦɟɬɪɭ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ 

ɜɵɡɵɜɚɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɩɨɬɟɪɢ ɷɧɟɪɝɢɢ ɢ ɧɟɫɬɚɰɢɨɧɚɪɧɨɫɬɶ ɩɨɬɨɤɚ ɜ 
ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ ɬɭɪɛɢɧɵ.  

Ɋɟɤɨɦɟɧɞɭɟɦɵɟ ɡɧɚɱɟɧɢɹ ɭɝɥɚ ɨɯɜɚɬɚ ɫɩɢɪɚɥɶɧɵɯ ɤɚɦɟɪ ɝɢɞɪɨɬɭɪɛɢɧ 
ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ, ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 9.1. 

 

Ɍɚɛɥɢɰɚ 9.1  ɍɝɥɵ ɨɯɜɚɬɚ ɫɩɢɪɚɥɶɧɵɯ ɤɚɦɟɪ ɝɢɞɪɨɬɭɪɛɢɧ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ. 
Ɍɢɩɵ ɬɭɪɛɢɧ Ⱦɢɚɩɚɡɨɧ ɧɚɩɨɪɨɜ ɇ, ɦ ɍɝɨɥ ɨɯɜɚɬɚ ɫɩɢɪɚɥɢ, φ 

Ɉɫɟɜɵɟ ɉɅ 3-30 180-200 

Ɉɫɟɜɵɟ ɉɅ ɢ ɊɈ 30-50 200-225 

Ɉɫɟɜɵɟ ɉɅ, ɊɈ ɢ ɉɅȾ 50-75 200-225 

ɊɈ ɢ ɉɅȾ 95-310 315-330 

ɊɈ 310-700 345-360 

 

Ⱦɥɹ Ȼɢɣ-ɏɟɦɫɤɨɣ Ƚɗɋ ɧɚ ɨɫɧɨɜɟ Ƚɍɏɚ ɞɥɹ ɬɭɪɛɢɧɵ ɉɅ50-ȼ-560  

ɜɵɛɢɪɚɟɦ: 

ɍɝɨɥ ɨɯɜɚɬɚ φ = 225° 

ɉɥɨɳɚɞɶ ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ Fȼɏ  = 30,4 ˏଶ, ɪɚɫɫɱɢɬɚɥɢ ɩɨ ɮɨɪɦɭɥɟ:  

 

 Fɜɯ = ୕ɜɯ୴ɫɪ
, ɦଶ                                                                                                 (9.8) 

 

    ɝɞɟ Qɜɯ − ɪɚɫɯɨɞ ɱɟɪɟɡ ɜɯɨɞɧɨɟ ɫɟɱɟɧɢɟ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ; 
           vɫɪ − ɫɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚ ɩɪɨɯɨɞɹɳɟɝɨ ɱɟɪɟɡ ɜɯɨɞɧɨɟ ɫɟɱɟɧɢɟ 
ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ. 
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 Fɜɯ = ଵ଺଴,ଽହ,ଷ = ͵Ͳ,Ͷ ɦଶ 

 

9.2.5 Ɋɚɫɱɟɬ ɩɨɬɟɪɶ ɜ ɧɚɩɪɚɜɥɹɸɳɟɦ ɚɩɩɚɪɚɬɟ 

 

ɇɚɩɪɚɜɥɹɸɳɢɣ ɚɩɩɚɪɚɬ (ɇȺ) – ɫɨɫɬɨɢɬ ɢɡ ɨɞɢɧɚɤɨɜɵɯ, ɪɚɜɧɨɦɟɪɧɨ 
ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɥɨɩɚɬɨɤ, ɫɩɨɫɨɛɧɵɯ ɫɢɧɯɪɨɧɧɨ ɩɨɜɨɪɚɱɢɜɚɬɶɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɫɜɨɢɯ ɨɫɟɣ. ɉɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɫɨɡɞɚɧɢɹ ɪɚɜɧɨɦɟɪɧɨɝɨ, ɚɫɫɢɦɟɬɪɢɱɧɨɝɨ ɩɨɬɨɤɚ, 
ɡɚɤɪɭɱɟɧɧɨɝɨ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ ɜɪɚɳɟɧɢɹ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, ɪɟɝɭɥɢɪɨɜɚɧɢɹ 
ɪɚɫɯɨɞɚ ɢ ɦɨɳɧɨɫɬɢ ɬɭɪɛɢɧɵ ɩɭɬɟɦ ɢɡɦɟɧɟɧɢɹ ɩɪɨɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɢ 
ɰɢɪɤɭɥɹɰɢɢ ɧɚ ɜɯɨɞɟ ɜ ɪɚɛɨɱɟɟ ɤɨɥɟɫɨ, ɩɨɥɧɨɝɨ ɩɟɪɟɤɪɵɬɢɹ ɩɨɬɨɤɚ ɱɟɪɟɡ 
ɬɭɪɛɢɧɭ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɚɜɚɪɢɣɧɵɯ ɫɥɭɱɚɹɯ. 

Ɉɫɧɨɜɧɨɣ ɜɢɞ ɩɨɬɟɪɶ ɜ ɧɚɩɪɚɜɥɹɸɳɟɦ ɚɩɩɚɪɚɬɟ – ɷɬɨ ɩɪɨɮɢɥɶɧɵɟ 
ɩɨɬɟɪɢ ɷɧɟɪɝɢɢ ɜ ɤɪɭɝɨɜɨɣ ɪɟɲɟɬɤɟ ɪɚɞɢɚɥɶɧɨɝɨ ɚɩɩɚɪɚɬɚ. 

Ⱦɥɹ ɤɚɱɟɫɬɜɟɧɧɨɣ ɨɰɟɧɤɢ ɩɨɬɟɪɶ ɷɧɟɪɝɢɢ ɜ ɧɚɩɪɚɜɥɹɸɳɟɦ ɚɩɩɚɪɚɬɟ, 
ɜɨɫɩɨɥɶɡɨɜɚɥɢɫɶ ɪɚɫɱɟɬɧɵɦɢ ɡɚɜɢɫɢɦɨɫɬɹɦɢ, ɩɨɥɭɱɟɧɧɵɦɢ ɩɭɬɟɦ ɡɚɦɟɧɵ 
ɤɪɭɝɨɜɨɣ ɪɟɲɟɬɤɢ ɩɪɹɦɨɣ ɪɟɲɟɬɤɨɣ ɢɡ ɩɥɚɫɬɢɧ. ɇɚ ɨɫɧɨɜɚɧɢɢ, 
ɪɚɫɱɟɬɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɹɦɨɣ ɪɟɲɟɬɤɢ ɢɡ ɩɥɚɫɬɢɧ ɩɨɥɭɱɟɧɚ ɩɪɢɛɥɢɠɟɧɧɚɹ 
ɮɨɪɦɭɥɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɩɨɬɟɪɶ ɷɧɟɪɝɢɢ ɜ ɧɚɩɪɚɜɥɹɸɳɟɦ 
ɚɩɩɚɪɚɬɟ: 

 ξɇȺ = ଵଶ஠మ୥ ∙ C୶ ∙ ୐ ୲⁄ቀDబDభቁమ∙ቀౘబDభቁమ∙ୱ୧୬యஒɍɋɌ

∙ (Q୍′ ),                                               (9.9) 

 

 

ɝɞɟ Cɏ — ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ ɥɨɩɚɬɤɢ; 
       ȕɍɋɌ — ɭɝɨɥ ɭɫɬɚɧɨɜɤɢ ɥɨɩɚɬɤɢ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɨɬɤɪɵɬɢɟɦ ɧɚɩɪɚɜɥɹɸɳɟɝɨ 
ɚɩɩɚɪɚɬɚ; 
       L / t = 1,1 - ɝɭɫɬɨɬɚ ɪɟɲɟɬɤɢ ɰɢɥɢɧɞɪɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ. 

ɇɚ ɩɪɢɦɟɪɟ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ȼɢɣ-ɏɟɦɫɤɨɣ Ƚɗɋ, ɪɚɫɫɱɢɬɚɟɦ  
ɨɬɧɨɫɢɬɟɥɶɧɵɟ ɩɨɬɟɪɢ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ ɜ ɬɨɱɤɟ ɨɩɬɢɦɭɦɚ: 

 

 ξɇȺ = ଵଶ∙ଷ,ଵସమ∙ଽ,଼ଵ ∙ Ͳ,ͷ ∙ ଵ,ଵቀ ళఱ,లቁమ∙ቀమ,భఱ,లቁమ∙ୱ୧୬యଷହ ∙ ͳ = Ͳ,Ͳ͸ͺ ɦ 

 

 

 

 

ɁȺɄɅɘЧȿɇɂȿ 
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ȼ ɩɪɨɟɤɬɟ ɪɚɫɫɱɢɬɚɧɵ ɢ ɨɩɪɟɞɟɥɟɧɵ ɨɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɢ ɷɥɟɦɟɧɬɵ 
ɫɪɟɞɧɟɧɚɩɨɪɧɨɣ Ȼɢɣ-ɏɟɦɫɤɨɣ Ƚɗɋ ɫ ɜɵɫɨɬɨɣ 55,4 ɦ ɧɚ ɪɟɤɟ Ȼɢɣ-ɏɟɦ (Ȼɨɥɶɲɨɣ 
ȿɧɢɫɟɣ), ɹɜɥɹɸɳɟɣɫɹ ɫɨɨɪɭɠɟɧɢɟɦ I ɤɥɚɫɫɚ. 

ɇɚ ɧɚɱɚɥɶɧɨɦ ɷɬɚɩɟ ɧɚ ɨɫɧɨɜɟ ɝɢɞɪɨɥɨɝɢɱɟɫɤɨɝɨ ɪɹɞɚ ɪɟɤɢ ɛɵɥɢ 
ɨɩɪɟɞɟɥɟɧɵ ɡɧɚɱɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɵɯ ɪɚɫɱɟɬɧɵɯ ɪɚɫɯɨɞɨɜ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɫɥɭɱɚɹ 
0,1% ɢ ɩɨɜɟɪɨɱɧɨɝɨ 0,01% (Q଴,ଵ% = ͳͳͶͺ ˏଷ ˔⁄   , Q଴,଴ଵ% = ͳʹͻͷ ˏଷ ˔⁄ ሻ. 

ɇɚ  ɫɥɟɞɭɸɳɟɦ ɷɬɚɩɟ ɧɚ ɨɫɧɨɜɟ ɜɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɢ 
ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɩɨ ɷɧɟɪɝɨɫɢɫɬɟɦɟ, ɝɢɞɪɨɥɨɝɢɢ ɛɵɥɚ ɜɵɛɪɚɧɚ ɭɫɬɚɧɨɜɥɟɧɧɚɹ 
ɦɨɳɧɨɫɬɶ Ȼɢɣ-ɏɟɦɫɤɨɣ Ƚɗɋ, ɚ ɬɚɤɠɟ ɜɵɹɜɥɟɧɚ ɟё ɡɨɧɚ ɪɚɛɨɬɵ ɜ ɫɭɬɨɱɧɵɯ 
ɝɪɚɮɢɤɚɯ ɧɚɝɪɭɡɤɢ ɡɢɦɧɟɝɨ ɢ ɥɟɬɧɟɝɨ ɩɟɪɢɨɞɨɜ. ɍɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ Ƚɗɋ 
ɫɨɫɬɚɜɢɥɚ 540 Ɇȼɬ, ɨɬɦɟɬɤɚ ɭɪɨɜɧɹ ɦɟɪɬɜɨɝɨ ɨɛɴɟɦɚ ɪɚɜɧɚ 692 ɦ. Ɉɩɪɟɞɟɥɟɧ 
ɩɨɥɧɵɣ 10,4 ˍˏଷ ɢ ɩɨɥɟɡɧɵɣ 4,89 ˍˏଷ. 

Ɍɪɟɬɶɢɦ ɷɬɚɩɨɦ ɛɵɥɨ ɨɩɬɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɢ ɬɢɩ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ 
ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɬɚɧɰɢɢ. Ⱦɥɹ ɷɬɨɝɨ ɛɵɥɨ ɩɨɫɬɪɨɟɧɨ ɪɟɠɢɦɧɨɟ ɩɨɥɟ ɩɨ ɧɚɩɨɪɭ ɢ 
ɪɚɫɯɨɞɭ ( ɨɛɥɚɫɬɶ ɞɨɩɭɫɬɢɦɵɯ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ), ɩɨ ɤɨɬɨɪɨɦɭ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ 
ɧɚɩɨɪɵ: 

- ɦɚɤɫɢɦɚɥɶɧɵɣ = 47,2 ɦ; 

- ɪɚɫɱɟɬɧɵɣ = 40,4 ɦ; 

- ɦɢɧɢɦɚɥɶɧɵɣ = 38,6 ɦ. 

Ɇɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɱɟɪɟɡ ɜɫɟ ɚɝɪɟɝɚɬɵ  1471 ˏଷ ˔⁄  . 

ɇɚ ɨɫɧɨɜɟ ɪɚɫɱɟɬɨɜ ɜɵɛɨɪɚ ɬɭɪɛɢɧ ɛɵɥ ɨɩɪɟɞɟɥɟɧ ɨɩɬɢɦɚɥɶɧɵɣ ɜɚɪɢɚɧɬ ɫ 
6 ɝɢɞɪɨɚɝɪɟɝɚɬɚɦɢ, ɞɢɚɦɟɬɪɨɦ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɪɚɜɧɵɦ 5,6 ɦ (ɉɅ50-ȼ-560). 

ɉɨ ɫɩɪɚɜɨɱɧɵɦ ɞɚɧɧɵɦ ɞɥɹ ɜɵɛɪɚɧɧɨɣ ɩɨɜɨɪɨɬɧɨ-ɥɨɩɚɫɬɧɨɣ ɬɭɪɛɢɧɵ ɫ 
ɫɢɧɯɪɨɧɧɨɣ ɱɚɫɬɨɬɨɣ ɜɪɚɳɟɧɢɹ 136,4 ɨɛ/ɦɢɧ ɛɵɥ ɜɵɛɪɚɧ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪ  

ɋȼ-850/190-40Ɍɋ4. 
ɋɥɟɞɭɸɳɢɦ ɲɚɝɨɦ ɛɵɥɚ ɜɵɛɪɚɧɚ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ Ƚɗɋ ɫ 

ɨɛɴɟɞɢɧɟɧɧɵɦɢ ɛɥɨɤɚɦɢ, ɚ ɬɚɤɠɟ ɩɪɢɧɹɬɚ ɫɯɟɦ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ 
ɄɊɍɗ-220ɤȼ – “ɞɜɟ ɫɢɫɬɟɦɵ ɫɛɨɪɧɵɯ ɲɢɧ”. ɉɨ ɫɩɪɚɜɨɱɧɵɦ ɞɚɧɧɵɦ ɢ 
ɤɚɬɚɥɨɝɚɦ ɛɵɥɨ ɩɨɞɨɛɪɚɧɨ ɬɚɤɨɟ ɜɵɫɨɤɨɜɨɥɶɬɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɤɚɤ : ɫɢɥɨɜɵɟ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɌȾɐ 125000/220-ɍ1, ɚ ɬɚɤɠɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɫɨɛɫɬɜɟɧɧɵɯ 
ɧɭɠɞ Ɍɋɇ 1600/10/0,4. 

Ȼɵɥ ɜɵɛɪɚɧ ɝɟɧɟɪɚɬɨɪɧɵɣ ɚɩɩɚɪɚɬɧɵɣ ɤɨɦɩɥɟɤɫ ɷɥɟɝɚɡɨɜɵɣ ɄȺȽ-20 

ɩɪɨɢɡɜɨɞɫɬɜɚ «ɗɥɟɤɬɪɨɚɩɩɚɪɚɬ». Ʉɨɦɩɥɟɤɬɭɸɳɢɣɫɹ ɜɵɤɥɸɱɚɬɟɥɟɦ ȼȽȽ-20-

90/8000. 

Ⱦɚɥɟɟ ɛɵɥ ɪɚɫɫɦɨɬɪɟɧ ɨɛɹɡɚɬɟɥɶɧɵɣ ɩɟɪɟɱɟɧɶ ɭɫɬɪɨɣɫɬɜ ɪɟɥɟɣɧɨɣ 
ɡɚɳɢɬɵ ɢ ɚɜɬɨɦɚɬɢɤɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɉɍɗ. 

Ʉɨɦɩɨɧɨɜɤɚ ɝɢɞɪɨɭɡɥɚ ɛɵɥɚ ɩɪɢɧɹɬɚ ɩɪɢɩɥɨɬɢɧɧɚɹ. 
ȼ ɫɨɫɬɚɜ ɫɨɨɪɭɠɟɧɢɹ ɜɯɨɞɹɬ: 

1) ɉɪɚɜɨɛɟɪɟɠɧɚɹ ɝɥɭɯɚɹ ɛɟɬɨɧɧɚɹ ɩɥɨɬɢɧɚ 

2) ȼɨɞɨɫɥɢɜɧɚɹ ɛɟɬɨɧɧɚɹ ɩɥɨɬɢɧɚ 

3) ɋɬɚɧɰɢɨɧɧɚɹ ɛɟɬɨɧɧɚɹ ɩɥɨɬɢɧɚ ɫ ɜɨɞɨɜɨɞɨɦ  ɞɢɚɦɟɬɪɨɦ 8ɦ 

4) ɉɪɢɩɥɨɬɢɧɧɨɟ ɡɞɚɧɢɟ Ƚɗɋ 

5) Ʌɟɜɨɛɟɪɟɠɧɚɹ ɝɥɭɯɚɹ ɛɟɬɨɧɧɚɹ ɩɥɨɬɢɧɚ 
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Ɋɚɫɱɟɬɧɵɦ ɩɭɬɟɦ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɝɚɛɚɪɢɬɵ ɢ ɯɚɪɚɤɬɟɪɧɵɟ ɨɬɦɟɬɤɢ 
ɩɥɨɬɢɧɵ: 

- ɲɢɪɢɧɚ ɩɨɞɨɲɜɵ – 40,5 ɦ; 

- ɨɬɦɟɬɤɚ ɩɨɞɨɲɜɵ – 643 ɦ; 

- ɨɬɦɟɬɤɚ ɝɪɟɛɧɹ  –  700,4 ɦ; 

- ɲɢɪɢɧɚ ɝɪɟɛɧɹ – 23,7 ɦ. 

ɇɚ ɜɨɞɨɫɥɢɜɧɨɣ ɱɚɫɬɢ ɩɪɢɦɟɧɹɟɬɫɹ ɫɩɨɫɨɛ ɨɬɥɟɬɚ ɫɬɪɭɢ. 
Ɍɚɤɠɟ ɛɵɥɚ ɩɪɨɢɡɜɟɞɟɧɚ ɨɰɟɧɤɚ ɩɪɨɱɧɨɫɬɢ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɥɨɬɢɧɵ ɩɪɢ 

ɨɫɧɨɜɧɨɦ ɫɨɱɟɬɚɧɢɢ ɧɚɝɪɭɡɨɤ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɭɱɢɥɢ, ɱɬɨ ɤɨɷɮɮɢɰɢɟɧɬ 
ɧɚɞɟɠɧɨɫɬɢ ɫɨɨɪɭɠɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ 1,26 (ɧɨɪɦɚɬɢɜɧɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ I ɤɥɚɫɫɚ - = 

1,25). Ɍɚɤɢɯ ɨɛɪɚɡɨɦ ɩɥɨɬɢɧɚ Ȼɢɣ-ɏɟɦɫɤɨɣ Ƚɗɋ ɨɬɜɟɱɚɟɬ ɬɪɟɛɨɜɚɧɢɹɦ 
ɧɚɞɟɠɧɨɫɬɢ. ɉɥɨɬɢɧɚ ɨɬɜɟɱɚɟɬ ɜɫɟɦ ɬɪɟɛɨɜɚɧɢɹɦ ɩɪɟɞɭɫɦɨɬɪɟɧɧɵɦɢ ɋɇɢɉ. 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɟɣɫɬɜɭɸɳɢɦ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɨɦ ɪɚɫɫɦɨɬɪɟɧɵ 
ɦɟɪɨɩɪɢɹɬɢɹ ɨɪɝɚɧɢɡɚɰɢɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ȽɌɋ. Ɍɚɤɠɟ ɧɚɡɜɚɧɵ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ 
ɨɯɪɚɧɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ ɩɟɪɢɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɝɢɞɪɨɭɡɥɚ. 

ɉɨ ɬɟɯɧɢɤɨ–ɷɤɨɧɨɦɢɱɟɫɤɢɦ ɪɚɫɱɟɬɚɦ ɩɨɥɭɱɢɥɢ ɩɨɤɚɡɚɬɟɥɶ: 

- ɭɞɟɥɶɧɚɹ ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ – 0,12 ɪɭɛ/ɤȼɬ·ɱ. 
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ɧɚ ɨɫɧɨɜɚɧɢɢ Ɂɚɤɥɸɱɟɧɢɹ Ƚɥɚɜɝɨɫɷɤɫɩɟɪɬɢɡɵ Ɋɨɫɫɢɢ ɨɬ 26.05.1999ɝ. 
№24-16-1/20-113; 

 

 

 

 

 

 

 

 

 

 

 

 

ɉɊɂɅɈɀȿɇɂȿ Ⱥ 
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Ⱥɧɚɥɢɡ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ 

 

Ɍɚɛɥɢɰɚ Ⱥ.1 – Ɋɹɞ ɝɢɞɪɨɥɨɝɢɱɟɫɤɢɯ ɧɚɛɥɸɞɟɧɢɣ ɡɚ ɪɟɤɨɣ Ȼɢɣ-ɏɟɦ ɡɚ ɩɟɪɢɨɞ 
1951-2000 ɝɝ. (Ɋɚɫɯɨɞɵ ɜ ɤɭɛɢɱɟɫɤɢɯ ɦɟɬɪɚɯ ɜ ɫɟɤɭɧɞɭ) 

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

1951 31 27 34 66 442 884 316 321 280 113 60 54 219 

1952 31 44 57 76 497 661 126 231 278 133 69 43 187 

1953 44 63 42 63 497 762 111 344 280 115 67 52 203 

1954 42 71 35 56 310 889 142 221 135 88 44 54 174 

1955 30 33 62 52 269 815 417 322 243 113 56 49 205 

1956 42 25 54 81 297 729 357 177 217 107 64 59 184 

1957 30 33 57 90 266 643 317 256 291 107 45 55 183 

1958 52 40 37 50 363 505 360 322 237 127 72 62 186 

1959 52 42 37 90 373 655 399 242 212 136 66 71 198 

1960 55 42 36 60 235 550 292 250 219 128 65 55 166 

1961 52 48 44 108 288 573 434 305 220 133 70 59 195 

1962 49 40 38 65 404 461 316 205 177 136 64 57 168 

1963 48 46 36 54 232 543 285 240 281 149 67 50 169 

1964 47 31 29 180 407 441 475 194 224 116 69 53 186 

1965 43 34 30 31 435 452 295 235 255 159 74 47 174 

1966 43 41 34 32 294 909 474 426 229 146 88 32 229 

1967 14 18 29 56 483 440 259 402 271 138 68 66 187 

1968 46 34 40 58 289 311 137 215 145 73 43 47 120 

1969 31 27 27 55 449 602 188 169 270 138 60 56 173 

1970 48 44 40 50 446 667 343 496 335 185 80 72 234 

1971 51 41 40 82 313 319 309 327 226 126 51 45 161 

1972 35 32 34 74 269 567 342 208 204 123 63 48 167 

1973 47 44 36 68 259 950 471 247 140 87 54 63 206 

1974 30 22 22 66 284 495 213 170 141 96 40 51 136 

1975 47 39 32 29 312 708 317 244 256 129 51 43 184 

1976 55 40 37 42 211 285 263 160 97 87 43 61 166 

1977 42 37 41 59 243 705 561 293 161 121 61 48 198 

1978 42 32 32 61 284 576 195 169 152 99 67 44 146 

1979 31 27 30 47 418 440 184 129 178 104 46 42 140 

1980 38 35 37 55 409 641 276 318 201 126 74 66 190 

1981 57 49 40 89 339 313 226 243 212 127 48 60 150 

1982 54 49 43 87 411 442 264 240 145 106 58 50 162 

1983 51 42 41 43 234 706 395 290 198 156 87 62 192 

1984 50 39 34 39 301 487 508 443 231 136 67 60 200 

1985 59 55 52 58 310 602 420 280 263 130 56 56 195 

1986 45 38 38 58 475 349 285 278 202 110 69 69 168 

1987 66 61 57 74 330 567 450 312 247 200 52 48 205 

1988 51 51 79 60 316 629 490 227 140 122 84 65 193 

1989 38 30 32 11 264 481 351 364 228 113 53 22 115 

ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ⱥ 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ Ⱥ.1 
Ƚɨɞ I II III IV V VI VII VIII IX X XI XII Qɫɪ 

1990 57 47 64 73 393 614 302 382 267 125 61 41 202 

1991 55 53 75 89 348 675 275 232 274 138 43 51 192 

1992 44 34 56 43 312 745 284 211 157 74 50 53 172 

1993 54 44 43 50 246 641 303 302 233 160 64 64 184 

1994 57 52 53 88 341 500 273 289 308 169 72 50 188 

1995 71 69 60 82 239 637 378 293 198 158 71 69 194 

1996 74 72 63 64 271 420 456 184 285 182 59 76 184 

1997 63 52 64 125 392 388 388 413 296 157 57 36 203 

1998 45 51 52 97 289 436 253 217 184 139 80 68 159 

1999 64 54 45 67 457 379 190 383 249 125 58 62 178 

2000 58 50 52 66 315 476 347 289 216 141 62 56 176 

 

Ɍɚɛɥɢɰɚ Ⱥ.2 – Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɤɪɢɜɵɯ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɫɪɟɞɧɟɝɨɞɨɜɵɯ, 
ɫɪɟɞɧɟɩɨɥɨɜɨɞɧɵɯ ɢ ɫɪɟɞɧɟɦɟɠɟɧɧɵɯ ɪɚɫɯɨɞɨɜ 

m p,% Ƚɨɞ ɋɪɟɞ Ƚɨɞ Ɇɟɠɟɧɶ Ƚɨɞ ɉɨɥɨɜɨɞɶɟ 

1 1,8 1970 234 1996 84 1970 466 

2 3,6 1966 229 1995 83 1976 457 

3 5,4 1951 219 1987 80 1993 449 

4 7,1 1973 206 1997 79 1985 413 

5 8,9 1955 205 1994 77 1978 413 

6 10,7 1987 205 1998 76 1984 399 

7 12,5 1953 203 1964 75 1972 394 

8 14,3 1997 203 1970 74 1967 393 

9 16,1 1990 202 1961 73 1973 392 

10 17,9 1984 200 1988 73 1975 381 

11 19,6 1959 198 1991 72 1977 376 

12 21,4 1977 198 1959 71 1953 375 

13 23,2 1961 195 1983 69 1981 375 

14 25,0 1985 195 1993 68 1962 371 

15 26,8 1995 194 1999 68 1979 369 

16 28,6 1988 193 1981 67 1966 367 

17 30,4 1983 192 1990 67 1974 365 

18 32,1 1991 192 1985 67 1992 364 

19 33,9 1980 190 1952 65 1951 361 

20 35,7 1994 188 1963 64 1956 360 

21 37,5 1952 187 1962 64 1980 359 

22 39,3 1967 187 1982 64 1990 357 

23 41,1 1958 186 1953 64 1987 355 

24 42,9 1964 186 1960 63 1994 355 

25 44,6 1956 184 1958 63 1954 349 

26 46,4 1975 184 1971 62 1997 348 

27 48,2 1993 184 1956 62 1971 345 

28 50,0 1996 184 1980 62 1963 342 

29 51,8 1957 183 1986 61 1952 342 

ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ⱥ 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ Ⱥ.2 
m p,% Ƚɨɞ ɋɪɟɞ Ƚɨɞ Ɇɟɠɟɧɶ Ƚɨɞ ɉɨɥɨɜɨɞɶɟ 

30 53,6 1999 178 1986 61 1991 339 

31 55,4 2000 176 1984 61 1969 338 

32 57,1 1954 174 1965 60 1968 336 

33 58,9 1965 174 1957 60 1999 334 

34 60,7 1969 173 1966 59 1955 332 

35 62,5 1992 172 1972 58 2000 329 

36 64,3 1963 169 1977 58 1961 323 

37 66,1 1962 168 1973 57 1986 318 

38 67,9 1986 168 1955 56 1960 318 

39 69,6 1972 167 1969 56 1988 316 

40 71,4 1960 166 1954 56 1996 313 

41 73,2 1976 166 1967 56 1995 309 

42 75,0 1982 162 1951 55 1959 300 

43 76,8 1971 161 1978 54 1965 299 

44 78,6 1998 159 1975 53 1957 276 

45 80,4 1981 150 1976 52 1958 275 

46 82,1 1978 146 1992 51 1998 270 

47 83,9 1979 140 1968 49 1964 267 

48 85,7 1974 136 1974 47 1982 261 

49 87,5 1968 120 1979 47 1983 219 

50 89,3 1989 115 1989 43 1989 203 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ⱥ 
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Ɋɢɫɭɧɨɤ Ⱥ.1 – ɂɧɬɟɝɪɚɥɶɧɚɹ ɤɪɢɜɚɹ ɧɚɝɪɭɡɤɢ ɥɟɬɧɟɝɨ ɩɟɪɢɨɞɚ 

 

 
Ɋɢɫɭɧɨɤ Ⱥ.2 – ɢɧɬɟɝɪɚɥɶɧɚɹ ɤɪɢɜɚɹ ɧɚɝɪɭɡɤɢ ɡɢɦɧɟɝɨ ɩɟɪɢɨɞɚ 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ⱥ 

 

Ɍɚɛɥɢɰɚ Ⱥ.3 – ɋɪɚɛɨɬɤɚ ɡɚ ɦɚɥɨɜɨɞɧɵɣ ɝɨɞ 

 

 

 

 

 

 

 

 

 

 

 

        
Vɜɞɯɪ 

  
Zɜɛ 

      
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

t,ɦɟɫɹɰ Qɛɵɬ.ɩɨɥ 
Qɮɢɥɶɬ

ɪ 
Qɜɨɞɨɯɪ Qɯɨɥ.ɫɛɪ Qɝɷɫ Qɧɛ Qɜɯɤ Vɧɚɱ dV, ɤɦ3 Vɤɨɧ Zɧ Zɤ Zɫɪɟɞ Zɧɛ H Nɝɷɫ Nɝɚɪ 

10 107 1 12 0 119 120 120 10,4 0,03 10,37 697,00 696,90 696,95 649,23 47,72 51,06 ɩɨ ɜɯɤ 

11 50 1 10 0 60 61 60 10,37 0,03 10,34 696,90 696,85 696,88 648,28 48,59 26,21 ɩɨ ɜɯɤ 

12 22 1 291 0 313 314 60 10,34 0,75 9,59 696,85 695,36 696,11 651,19 44,91 126,38 125 

1 30 1 290 0 320 321 60 9,59 0,75 8,84 695,36 693,79 694,58 651,24 43,34 124,67 125 

2 30 1 30 0 60 61 60 8,84 0,08 8,76 693,79 693,63 693,71 648,28 45,42 24,50 ɩɨ ɜɯɤ 

3 32 1 27 0 59 60 60 8,76 0,07 8,69 693,63 693,47 693,55 648,27 45,28 24,02 ɩɨ ɜɯɤ 

4 11 1 108 0 119 120 120 8,69 0,28 8,41 693,47 692,86 693,17 649,23 43,94 47,01 ɩɨ ɜɯɤ 

5 264 1 -145 0 119 120 120 8,41 -0,38 8,79 692,86 693,68 693,27 649,23 44,05 47,12 ɩɨ ɜɯɤ 

6 400 1 -280 0 120 121 120 8,79 -0,73 9,51 693,68 695,21 694,44 649,24 45,20 48,77 ɩɨ ɜɯɤ 

7 351 1 -230 0 121 122 120 9,51 -0,60 10,11 695,21 696,39 695,80 649,25 46,55 50,63 ɩɨ ɜɯɤ 

8 250 1 -130 0 120 121 120 10,11 -0,34 10,44 696,39 697,04 696,72 649,24 47,48 51,22 ɩɨ ɜɯɤ 

9 228 1 -110 0 118 119 120 10,44 -0,29 10,73 697,04 697,58 697,31 649,21 48,10 51,03 ɩɨ ɜɯɤ 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ⱥ 

 

Ɍɚɛɥɢɰɚ Ⱥ.4 – ɫɪɚɛɨɬɤɚ ɡɚ ɫɪɟɞɧɟɜɨɞɧɵɣ ɝɨɞ 

        
Vɜɞɯɪ 

  
Zɜɛ 

      
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

t,ɦɟɫɹɰ Qɛɵɬ.ɩɨɥ Qɮɢɥɶɬɪ Qɜɨɞɨɯɪ Qɯɨɥ.ɫɛɪ Qɝɷɫ Qɧɛ Qɜɯɤ Vɧɚɱ 
dV, 

ɤɦ3 
Vɤɨɧ Zɧ Zɤ Zɫɪɟɞ Zɧɛ H Nɝɷɫ Nɝɚɪ 

10 107 1 12 0 119 120 120 10,4 0,03 10,37 697,00 696,90 696,95 649,23 47,72 51,06 ɩɨ ɜɯɤ 

11 50 1 10 0 60 61 60 10,37 0,03 10,34 696,90 696,85 696,88 648,28 48,59 26,21 ɩɨ ɜɯɤ 

12 22 1 350 0 372 373 60 10,34 0,91 9,44 696,85 695,05 695,95 651,57 44,38 148,43 145 

1 30 1 360 0 390 391 60 9,44 0,93 8,50 695,05 693,07 694,06 651,66 42,39 148,64 145 

2 30 1 30 0 60 61 60 8,50 0,08 8,42 693,07 692,89 692,98 648,28 44,70 24,11 ɩɨ ɜɯɤ 

3 32 1 27 0 59 60 60 8,42 0,07 8,35 692,89 692,74 692,82 648,27 44,55 23,63 ɩɨ ɜɯɤ 

4 11 1 108 0 119 120 120 8,35 0,28 8,07 692,74 692,11 692,42 649,23 43,20 46,22 ɩɨ ɜɯɤ 

5 264 1 -145 0 119 120 120 8,07 -0,38 8,45 692,11 692,95 692,53 649,23 43,31 46,33 ɩɨ ɜɯɤ 

6 400 1 -280 0 120 121 120 8,45 -0,73 9,18 692,95 694,51 693,73 649,24 44,49 48,00 ɩɨ ɜɯɤ 

7 351 1 -230 0 121 122 120 9,18 -0,60 9,77 694,51 695,73 695,12 649,25 45,87 49,90 ɩɨ ɜɯɤ 

8 250 1 -130 0 120 121 120 9,77 -0,34 10,11 695,73 696,40 696,07 649,24 46,83 50,52 ɩɨ ɜɯɤ 

9 232 1 -112 0 120 121 120 10,11 -0,29 10,40 696,40 697,00 696,70 649,24 47,46 51,20 ɩɨ ɜɯɤ 
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ɉɊɂɅɈɀȿɇɂȿ Ȼ 

 

Хɚɪɚɤɬɟɪɢɫɬɢɤɚ ɬɭɪɛɢɧɵ 

 

 
Ɋɢɫɭɧɨɤ Ȼ.1 – ɉɪɨɬɨɱɧɚɹ ɱɚɫɬɶ ɦɨɞɟɥɢ ɝɢɞɪɨɬɭɪɛɢɧɵ ɉɅ50-ȼ 



Формат А3

Бий-Хемская ГЭС



Изм. Кол.уч. Лист № док.Подпись Дата
Стадия Лист

Провер.

Н.контр.
Т.контр.

Разраб. Листов

2 6

Ø 5,6



№

Формат А1

Изм. Кол.уч. Лист № док.Подпись Дата
Стадия Лист

Провер.

Н.контр.
Т.контр.

Разраб. Листов

Утв.

№ № №

Диспетчерское наименование ВЛ 220 кВ    Бий-Хемская ГЭС-Кызыл N 1 ВЛ 220 кВ    Бий-Хемская ГЭС - Кызыл N 2 ВЛ 220 кВ    Бий-Хемская ГЭС - Кызыл N 3 ВЛ 220 кВ    Бий-Хемская ГЭС - Кызыл N 4

Конструкǿия фазы линии  АС 240/32  АС 240/32  АС 240/32  АС 240/32

Конденсатор связи 220/√3 кВ
Фильтр присоединения
Разъединитель однополюсный 220 кВ
ВЧ заградитель 220 кВ

Волоконно-оптическая линия связи

Быстродействующий заземлтель 220 кВ;
50 кА
Разъединитель 220 кВ; 3150 А; 50 кА

Быстродействующий заземлтель 220 кВ;
50 кА

Трансформатор напряжения индуктивный
220 кВ; 220√3 / 

0,1

√3/
 
0,1

√3/0,1; 0,2/0,2/3P

Трансформатор тока 220 кВ; 50 кА;
0,2S/0,2/5P

Выключатель элегазовый 220 кВ; 50 кА

Быстродействующий заземлитель 220
кВ; 50 кА
Сборные шины 4000 А
Разъединитель 220 кВ; 50 кА
Заземлитель 220 кВ; 50 кА
ОПН 220 кВ

Трансформатор напряжения индуктивный
220 кВ; 220√3 / 

0,1

√3/
 
0,1

√3/0,1; 0,2/0,2/3P

Трансформатор тока 220 кВ; 50 кА;
0,2S/0,2S/5P

Выключатель элегазовый 220 кВ; 50 кА

Заземлитель 220 кВ; 50 кА
Разъединитель 220 кВ; 50 кА
Заземлитель 220 кВ; 50 кА

ОПН 220 кВ

Трансформатор трёхфазный Т-1,
Т-2,Т-3,Т-4,Т-5,Т-6
ТДЦ-125000/220 У1
125 МВА
Uном=220/15 кВ
Uк(вн-нн)=11%
Трансформатор тока встроенный
Ввод ВН: 5P/0,5S/0,5S-(1500/1)
Ввод нейтрали: 10P/10P-(1000/1)

Разъединитель вертикальный рубящего
типа с 2 ЗН 20кВ; 8000 А; 125 кА

Разъединитель вертикальный рубящего
типа с 1 ЗН 20 кВ; 400 А; 40 кА
Трансформатор тока 6 кВ; 20кА;
10P/0,5S/0,5-(100/1)

Трансформатор собственных нужд ТСН-1,
ТСН-2, ТСН-3
ТМ-6300/10/0,4
6300 кВА
Uном=10 кВ

Трансформатор тока 10,5 кВ; 120 кА;
10P/0,5S/0,5

Трансформатор напряжения индуктивный
10,5 кВ; 16√3/ 

0,1

√3/
 
0,1

√3/0,1; 0,2/0,2S/3P

Заземлитель 10,5кВ; 150 кА

Выключатель элегазовый 10,5кВ; 230 кА

Гидрогенератор
СВ-850/190-40ТС4
100 МВА; 90 МВт; 10,5 кВ; 4920 А
Разъединитель вертикальный рубящего
типа с 1 ЗН 20 кВ; 400 А; 40 кА

Трансформатор тока 10,5 кВ; 40кА

Дизель-генератор 0,4кВ; 500 кВт



СВ-850/190-40ТС4
Р=90 МВТ, cosφ=0,85
Iн=5822 А

UNг UNг

Δ

Δ

к Т

ТН1

Uг,∆ Uг,∆

Uг,Y Uг,Y

ТН2
10500

√3 /
100

√3 /
100
3

Iг
Iг ТТ 1-2

6000/5

ТТ ТЕ
50/5

IТВ ВН

IТВ ВН

ТЕ
ТСЗП 800 кВА
10,5/0,4 кВ
Iном рот = 1185 А

ТНн 1
10500

√3 /
100

√3 /
100
3

ТНн 2
10500

√3 /
100

√3 /
100
3

Изм. Кол. уч. Лист № док. Подп. Дата
Разраб. Стадия Лист Листов

Проверил Казанцева
1 1Т.контр.

Н.контр.
Каǿедра ГГЭЭС 2018

Утв.



Козловой кран г/п 100т

Межстолбчатый шов

11
,3

Цементаǿионная завеса

Смотровые галереи 2х3м

62,6

82,4

m=2.2 m
=1
.5

3
,3

Дренаж
Дренажная галерея 3х4м

Ось автодороги

Ось сооружения

42

6,15

3

5

m
=0,8

3,3

Цементаǿионная галерея 3х4м

Ось автодороги

Ось сооружения

Разделительный устой

647,00

688,00

БР-13.03.02-1405672-ГР2

Саяно-Шушенский филиал Сибирского федерального
университетаИзм. Кол. уч. Лист № док. Подп. Дата

Разраб. Башкирǿев Проектирование Бий-Хемской ГЭС
на реке Бий-Хем

Стадия Лист Листов
Провер.

3 6Т. Контр
Н. Контр

Разрез по оси водосливной плотины.
План. Кафедра ГГЭЭС 2018

Утвердил

1.Размеры и отметки на чертеже даны в м.

2
2
,6

Разрез по оси водосливной плотины
Масштаб 1:1000

План

702,40

22,6

643,00

650,00

665,00

680,00

НПУ 697,00
ФПУ 698,00

УМО 692,00

618,50

20,25

40,5

20,25

109,6

637,70

УНБ
Q=0,01%

 651,00

УНБ
Q=0,1%

 649,20653,00

Затеев

8

4,1

628,30



Саяно-Шушенский филиал Сибирского федерального
университетаИзм. Кол. уч. Лист № док. Подп. Дата

Разраб. Башкирǿев Проектирование Бий-Хемской ГЭС
на реке Бий-Хем

Стадия Лист Листов
Провер.

3 6Т. Контр
Н. Контр

Кафедра ГГЭЭС 2018
Утвердил

Затеев

БР-13.03.02-1405672-РР

Разрез по оси водосливной
плотины. Действующие нагрузки

Напряжение
Значение, кПа

Верховая грань Низовая грань

Нормальное напряжение, действующее по гор-ой
площадке σу

-310 -2198

Нормальное напряжение, действующее по вер-ой
площадке σх

-540 -50

Касательное напряжение по гор-ой площадке τу 0 0

Главное минимальное сжимающее напряжение σ1 -310 -50

Главное максимальное сжимающее напряжение σ3 -540 -2198

s у
u sу

sx
u sx

t

txyttxy
u

s1
u s1

t

s3
u s3

t

t

Эпюры напряжений,Масштаб 1 мм 50 кПа

Эпюры напряжений в
горизонтальном сечении по
подошве
Масштаб: в 1 мм 100 кПа

48600

6000

Wвз

49

23520

11760 Wф

Ен

Еак Епн

Gб
Gпл

Ось цементной завесы Ось дренажа

Середина Расчетного сечения

2501,73

6004,21

49

Wв

58800

WнWн

Wн

Нагрузки для основного сочетания нагрузок и
воздействий

40,5

5

4
9

1
9
,6

9
,8

УНБmin 650,75
643

651,5

4,58

5
50

5
0

647

Масштаб 1:1000

Нагрузка Обозначение Значение, кН/м
Вес водосливной части плотины Gпл 16483.3

Вес быка Gб 9487.8

Вес затвора Q3 415.4

Гидростатическое давление воды со стороны ВБ WB 14302.0

Гидростатическое давление воды со стороны НБ WH 122.6

Сила фильтраǿионного противодавления Wф 3011.5

Взвешивающее давление воды Wвзв 1986.5

Волновое давление Wволн 4.8

Давление наносов EH 17.9

Активное давление грунта ЕАВ 60.4

Пассивное давление грунта ЕПН 370.5
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Контур ǿементаǿионной
завесы

Ось автодороги

Ось сооружения

113 79,1 22,6 474

Контур дренажных скважин

700

УНБQmax 650,75

НПУ 697,00

УМО 692,00

№ Наименование
1 КРУЭ 220 кВ
2 Площадка для ремонта трансформаторов
3 Монтажная площадка
4 Машинный зал
5 Левобережная глухая плотина
6 Станǿионная часть бетонной плотины
7 Водосливная часть беотонной плотины
8 Правобережная глухая плотина

БР-13.03.02-1405672-ГП

Саяно-Шушенский филиал Сибирского федерального
университета

Изм. Кол. уч. Лист № док. Подп. Дата
Разраб. Башкирǿев Проектирование Бий-Хемской ГЭС

на реке Бий-Хем

Стадия Лист Листов
Провер.
Т. Контр
Н. Контр Генеральный план

 вид с верхнего бьефа Кафедра ГГЭЭС 2018 г.
Утвердил

Вид с верхнего бьефаМасштаб 1:1000

Вид с верхнего бьефа
1. Размеры и отметки даны в м.

Размеры и отметки даны в метрах

Генеральный план
Масштаб 1:1000312 4 6

11,3

р.Бий-Хем 87
C1C4C8C12C16C20C24C28C32C36C40C44

№ Обозначение Наименование

1 БР-13.03.02-1405672-ГП
Генеральный план. Вид с верхнего
бьефа. Ведомость состава проекта.

2 БР-13.03.02-1405672-ГР1
Поперечный разрез станǿионной части
и здания ГЭС. Основные
характеристики гидроагрегата.

3 БР-13.03.02-1405672-ГР2 Поперечный разрез по оси водосливной
части плотины

4 БР-13.03.02-1405672-РР
Эпюры напряжений и нагрузки
действующие на водосливную плотину

5 БР-13.03.02-1405672-ЭС1 Главная схема электрических
соединений

6 БР-13.03.02-1405672-ЭС2 Релейная защита и автоматика
7 БР-13.03.02-1405672-ПЗ Пояснительная записка

Ведомость состава проекта




