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ɊȿɎȿɊȺɌ 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɧɚ ɬɟɦɭ «ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ 
ɚɜɬɨɦɨɛɢɥɶɧɨɣ ɞɨɪɨɝɢ ɜ ɍɠɭɪɫɤɨɦ ɪɚɣɨɧɟ» ɫɨɞɟɪɠɢɬ 112 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ 
ɞɨɤɭ- ɦɟɧɬɚ, 16 ɢɫɩɨɥɶɡɭɟɦɵɯ ɢɫɬɨɱɧɢɤɨɜ ɢ 6 ɥɢɫɬɨɜ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ. 

ɐɟɥɶ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ: ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɟ ɩɪɨɟɤɬɢ- 
ɪɨɜɚɧɢɟ ɭɱɚɫɬɤɚ ɚɜɬɨɦɨɛɢɥɶɧɨɣ ɞɨɪɨɝɢ ɜ ɍɠɭɪɫɤɨɦ ɪɚɣɨɧɟ ɫ ɩɨɦɨɳɶɸ ɩɪɨ- 
ɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ IndorCAD/Road, IndorDraw ɢ IndorPavement. 

ȼ ɯɨɞɟ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬɵ ɛɵɥ ɜɵɩɨɥɧɟɧ ɚɧɚɥɢɡ ɩɪɢɪɨɞɧɨ-ɤɥɢɦɚɬɢɱɟɫɤɢɯ 
ɩɨɤɚɡɚɬɟɥɟɣ ɪɚɣɨɧɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ, ɨɩɪɟɞɟɥɟɧɚ ɤɚɬɟɝɨɪɢɹ ɚɜɬɨɦɨɛɢɥɶɧɨɣ ɞɨ- 
ɪɨɝɢ, ɫɨɡɞɚɧɚ ɰɢɮɪɨɜɚɹ ɦɨɞɟɥɶ ɦɟɫɬɧɨɫɬɢ, ɡɚɩɪɨɟɤɬɢɪɨɜɚɧɵ ɞɜɚ ɜɚɪɢɚɧɬɚ ɚɜɬɨ- 
ɦɨɛɢɥɶɧɨɣ ɞɨɪɨɝɢ, ɜɵɩɨɥɧɟɧɚ ɢɯ ɤɨɦɩɥɟɤɫɧɚɹ ɨɰɟɧɤɚ ɢ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɟ 
ɫɪɚɜɧɟɧɢɟ, ɜ ɯɨɞɟ ɤɨɬɨɪɨɝɨ ɛɵɥ ɜɵɛɪɚɧ ɛɟɡɨɩɚɫɧɵɣ ɢ ɷɤɨɧɨɦɢɱɧɵɣ ɜɚɪɢɚɧɬ. Ⱦɚ- 
ɥɟɟ ɛɵɥɢ ɡɚɩɪɨɟɤɬɢɪɨɜɚɧɵ ɜɚɪɢɚɧɬɵ ɩɪɨɟɤɬɧɨɣ ɥɢɧɢɢ ɩɪɨɞɨɥɶɧɨɝɨ ɩɪɨɮɢɥɹ ɞɨ- 
ɪɨɝɢ ɞɜɭɦɹ ɦɟɬɨɞɚɦɢ: ɤɥɚɫɫɢɱɟɫɤɢɦ (ɦɟɬɨɞ ɬɚɧɝɟɧɫɨɜ) ɢ ɫɩɥɚɣɧɨɜ ɢ ɜɵɩɨɥɧɟɧ 
ɢɯ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɛɵɥɚ ɜɵɛɪɚɧɚ ɩɪɨɟɤɬɧɚɹ ɥɢɧɢɹ ɩɪɨɞɨɥɶɧɨɝɨ ɩɪɨɮɢɥɹ, ɩɨ- 
ɫɬɪɨɟɧɧɚɹ ɦɟɬɨɞɨɦ ɬɚɧɝɟɧɫɨɜ. Ɍɚɤɠɟ ɡɚɩɪɨɟɤɬɢɪɨɜɚɧɵ ɞɜɟ ɤɨɧɫɬɪɭɤɰɢɢ ɧɟɠɟɫɬ- 
ɤɢɯ ɞɨɪɨɠɧɵɯ ɨɞɟɠɞ ɢ ɜɵɛɪɚɧɚ ɷɤɨɧɨɦɢɱɟɫɤɢ ɜɵɝɨɞɧɚɹ. Ʉɪɨɦɟ ɬɨɝɨ, ɛɵɥɢ ɡɚ- 
ɩɪɨɟɤɬɢɪɨɜɚɧɵ ɩɨɩɟɪɟɱɧɵɟ ɩɪɨɮɢɥɢ. 
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ȼȼȿȾȿɇɂȿ 
 

Ɉɞɧɨɣ ɢɡ ɝɥɚɜɧɵɯ ɩɪɨɛɥɟɦ ɜ ɧɚɲɟɣ ɫɬɪɚɧɟ ɹɜɥɹɟɬɫɹ ɧɟɞɨɫɬɚɬɨɱɧɨ ɤɚɱɟ- 
ɫɬɜɟɧɧɨɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɢ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɞɨɪɨɝ. Ɍɚɤ ɤɚɤ ɚɜɬɨ- 
ɦɨɛɢɥɶɧɵɟ ɞɨɪɨɝɢɟ ɹɜɥɹɸɬɫɹ ɬɟɯɧɢɱɟɫɤɢ ɫɥɨɠɧɵɦɢ ɫɨɨɪɭɠɟɧɢɹɦɢ, ɬɨ ɩɟɪɟɞ 
ɧɚɱɚɥɨɦ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɪɚɡɥɢɱɧɵɟ ɮɚɤɬɨɪɵ, ɤɨ- 
ɬɨɪɵɟ ɦɨɝɭɬ ɩɨɜɥɢɹɬɶ ɧɚ ɞɚɥɶɧɟɣɲɭɸ ɷɤɫɩɥɭɚɬɚɰɢɸ. 

Ⱥɜɬɨɦɨɛɢɥɶɧɵɟ ɞɨɪɨɝɢ ɞɨɥɠɧɵ ɨɛɥɚɞɚɬɶ ɩɪɟɜɨɫɯɨɞɧɵɦɢ ɬɪɚɧɫɩɨɪɬɧɨ- 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ, ɨɛɟɫɩɟɱɢɜɚɬɶ ɜɵɫɨɤɭɸ ɛɟɡɨɩɚɫɧɨɫɬɶ 
ɞɜɢɠɟɧɢɹ ɢ ɩɪɢ ɜɫɟɦ ɷɬɨɦ ɜɨɡɜɨɞɢɬɶɫɹ ɫ ɦɢɧɢɦɚɥɶɧɵɦɢ ɞɟɧɟɠɧɵɦɢ ɡɚɬɪɚɬɚɦɢ 
ɢ ɦɚɬɟɪɢɚɥɨɟɦɤɨɫɬɶɸ. 

ɐɟɥɶɸ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ 
ɭɱɚɫɬɤɚ ɚɜɬɨɦɨɛɢɥɶɧɨɣ ɞɨɪɨɝɢ ɜ ɍɠɭɪɫɤɨɦ ɪɚɣɨɧɟ Ʉɪɚɫɧɨɹɪɫɤɨɝɨ ɤɪɚɹ. Ɉɪɢɝɢ- 
ɧɚɥɶɧɨɫɬɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɟ ɫɨɡɞɚɧɢɟ ɰɢɮɪɨɜɨɣ ɦɨɞɟɥɢ ɦɟɫɬ- 
ɧɨɫɬɢ ɢ ɜɵɩɨɥɧɟɧɢɟ ɪɚɛɨɬɵ ɜ ɩɪɨɝɪɚɦɦɟ IndorCAD. Ⱦɟɬɚɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɥɢɧɢɢ ɩɪɨɞɨɥɶɧɨɝɨ ɩɪɨɮɢɥɹ ɦɟɬɨɞɨɦ ɫɩɥɚɣɧɚ. Ⱦɨɫɬɨɢɧɫɬɜɚɦɢ 
ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɹɜɥɹɸɬɫɹ ɥɭɱɲɟɟ ɫɨɝɥɚɫɨɜɚɧɢɟ ɞɨɪɨɝɢ ɫ ɪɟɥɶɟɮɨɦ ɢ ɦɢɧɢɦɢɡɚ- 
ɰɢɹ ɨɛɴɟɦɨɜ ɡɟɦɥɹɧɵɯ ɪɚɛɨɬ. Ɍɟɦ ɫɚɦɵɦ ɩɨɜɵɲɚɟɬɫɹ ɤɚɱɟɫɬɜɨ ɩɪɨɟɤɬɚ ɚɜɬɨɦɨ- 
ɛɢɥɶɧɨɣ ɞɨɪɨɝɢ. 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɧɟɨɛɯɨɞɢɦɨ ɪɟɲɢɬɶ ɫɥɟɞɭɸɳɢɟ ɡɚ- 
ɞɚɱɢ: 

ɧɢɹ; 

 
- ɩɪɨɜɟɫɬɢ ɚɧɚɥɢɡ ɩɪɢɪɨɞɧɨ-ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɪɚɣɨɧɚ ɩɪɨɟɤɬɢɪɨɜɚ- 
 
- ɩɨ ɢɫɯɨɞɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɞɜɢɠɟɧɢɹ ɨɩɪɟɞɟɥɢɬɶ ɤɚɬɟɝɨɪɢɸ ɚɜɬɨɦɨ- 

ɛɢɥɶɧɨɣ ɞɨɪɨɝɢ; 
- ɪɚɡɪɚɛɨɬɚɬɶ ɞɜɚ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ; 
- ɜɵɩɨɥɧɢɬɶ ɤɨɦɩɥɟɤɫɧɭɸ ɨɰɟɧɤɭ ɛɟɡɨɩɚɫɧɨɫɬɢ ɞɜɢɠɟɧɢɹ ɨɛɨɢɯ ɜɚɪɢɚɧɬɨɜ 

ɬɪɚɫɫɵ; 
- ɩɪɨɜɟɫɬɢ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɫɪɚɜɧɟɧɢɟ ɜɚɪɢɚɧɬɨɜ ɬɪɚɫɫɵ ɢ ɜɵɛɪɚɬɶ 

ɧɚɢɛɨɥɟɟ ɛɥɚɝɨɩɪɢɹɬɧɵɣ; 
- ɜɵɩɨɥɧɢɬɶ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɩɪɨɞɨɥɶɧɨɝɨ ɩɪɨɮɢɥɹ ɪɚɡɥɢɱɧɵɦɢ ɦɟɬɨɞɚɦɢ; 
- ɜɵɩɨɥɧɢɬɶ ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɜɨɞɨɩɪɨɩɭɫɤɧɨɣ ɬɪɭɛɵ; 
- ɪɚɫɫɱɢɬɚɬɶ ɢ ɡɚɩɪɨɟɤɬɢɪɨɜɚɬɶ ɞɜɟ ɤɨɧɫɬɪɭɤɰɢɢ ɞɨɪɨɠɧɨɣ ɨɞɟɠɞɵ, ɚ ɡɚɬɟɦ 

ɜɵɛɪɚɬɶ ɧɚɢɛɨɥɟɟ ɜɵɝɨɞɧɵɣ ɩɭɬɟɦ ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɫɪɚɜɧɟɧɢɹ; 
- ɜɵɩɨɥɧɢɬɶ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɩɨɩɟɪɟɱɧɵɯ ɩɪɨɮɢɥɟɣ. 
ɉɨɹɫɧɢɬɟɥɶɧɚɹ ɡɚɩɢɫɤɚ ɤ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɟ ɜɵɩɨɥɧɟɧɚ 

ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ɋɌɈ 4.2-07-2014 «ɋɢɫɬɟɦɚ ɦɟɧɟɞɠɦɟɧɬɚ ɤɚɱɟ- 
ɫɬɜɚ. Ɉɛɳɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɩɨɫɬɪɨɟɧɢɸ, ɢɡɥɨɠɟɧɢɸ ɢ ɨɮɨɪɦɥɟɧɢɸ ɞɨɤɭɦɟɧɬɨɜ 
ɭɱɟɛɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ» [1]. 
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1 ɉɪɢɪɨɞɧɵɟ ɭɫɥɨɜɢɹ ɪɚɣɨɧɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 
 

1.1 Ʉɥɢɦɚɬ 
 

ȼ ɤɚɱɟɫɬɜɟ ɦɟɫɬɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɚɜɬɨɦɨɛɢɥɶɧɨɣ ɞɨɪɨɝɢ ɛɵɥ ɜɵɛɪɚɧ 
ɍɠɭɪɫɤɢɣ ɪɚɣɨɧ. Ʉɥɢɦɚɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢɜɨɞɹɬɫɹ ɩɨ ɞɚɧɧɵɦ ɦɟɫɬ- 
ɧɨɣ ɦɟɬɟɨɪɨɥɨɝɢɱɟɫɤɨɣ ɫɬɚɧɰɢɢ ɢ [2, ɬɚɛɥ. 3.1, 4.1]. 

Ⱦɨɪɨɠɧɨ-ɤɥɢɦɚɬɢɱɟɫɤɚɹ ɡɨɧɚ – ɬɪɟɬɶɹ, ɩɪɢɧɢɦɚɟɬɫɹ ɩɨ ɤɚɪɬɟ ɞɨɪɨɠɧɨ- 
ɤɥɢɦɚɬɢɱɟɫɤɨɝɨ ɪɚɣɨɧɢɪɨɜɚɧɢɹ ɢɡ [3]. 

Ʉɥɢɦɚɬ ɍɠɭɪɫɤɨɝɨ ɪɚɣɨɧɚ – ɪɟɡɤɨ ɤɨɧɬɢɧɟɧɬɚɥɶɧɵɣ. Ɂɢɦɵ ɡɞɟɫɶ ɯɨɥɨɞɧɵɟ 
ɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɵɟ, ɥɟɬɨ – ɠɚɪɤɨɟ, ɧɨ ɤɨɪɨɬɤɨɟ. Ʉɪɨɦɟ ɬɨɝɨ, ɪɚɣɨɧɭ ɯɚɪɚɤɬɟɪɧɚ 
ɛɵɫɬɪɚɹ ɫɦɟɧɚ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɞɭɯɚ [4]. 

Ʉɥɢɦɚɬɢɱɟɫɤɢɟ ɞɚɧɧɵɟ, ɧɟɨɛɯɨɞɢɦɵɟ ɜ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ, ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛ- 
ɥɢɰɟ 1.1. 

 
Ɍɚɛɥɢɰɚ 1.1 – ȼɟɞɨɦɨɫɬɶ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ 

ɉɨɤɚɡɚɬɟɥɶ ȼɟɥɢɱɢɧɚ 

Ⱥɛɫɨɥɸɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ, °ɋ 
ɦɢɧɢɦɚɥɶɧɚɹ -60 
ɦɚɤɫɢɦɚɥɶɧɚɹ 37 

ɋɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ 
ɧɚɢɛɨɥɟɟ ɯɨɥɨɞɧɨɣ ɩɹɬɢɞɧɟɜɤɢ ɜɟɪɨɹɬɧɨɫɬɶɸ 
ɩɪɟɜɵɲɟɧɢɹ, °ɋ 

0,98 -40 

0,92 -36 

ɉɪɟɨɛɥɚɞɚɸɳɟɟ ɧɚɩɪɚɜɥɟɧɢɟ ɜɟɬɪɚ ɡɚ 
ɞɟɤɚɛɪɶ-ɮɟɜɪɚɥɶ ɘɁ 

ɢɸɧɶ-ɚɜɝɭɫɬ ɘɁ 

ɋɪɟɞɧɟɦɟɫɹɱɧɚɹ ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɜɥɚɠɧɨɫɬɶ ɜɨɡ- 
ɞɭɯɚ, % 

ɧɚɢɛɨɥɟɟ ɯɨɥɨɞɧɨɝɨ ɦɟ- 
ɫɹɰɚ 74 

ɧɚɢɛɨɥɟɟ ɬɟɩɥɨɝɨ ɦɟɫɹɰɚ 68 

Ʉɨɥɢɱɟɫɬɜɨ ɨɫɚɞɤɨɜ ɡɚ, ɦɦ 
ɧɨɹɛɪɶ-ɦɚɪɬ 102 

ɚɩɪɟɥɶ-ɨɤɬɹɛɪɶ 344 
Ɇɚɤɫɢɦɚɥɶɧɚɹ ɢɡ ɫɪɟɞɧɢɯ ɫɤɨɪɨɫɬɟɣ ɜɟɬɪɚ ɩɨ ɪɭɦɛɚɦ ɡɚ ɹɧɜɚɪɶ, ɦ/ɫ 4,7 
Ɇɢɧɢɦɚɥɶɧɚɹ ɢɡ ɫɪɟɞɧɢɯ ɫɤɨɪɨɫɬɟɣ ɜɟɬɪɚ ɩɨ ɪɭɦɛɚɦ ɡɚ ɢɸɥɶ, ɦ/ɫ 2,7 

 
Ⱦɚɥɟɟ ɫɬɪɨɢɬɫɹ ɪɨɡɚ ɜɟɬɪɨɜ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ ɩɨ ɞɥɢɧɟ ɥɭɱɟɣ ɩɨɫɬɪɨɟɧ- 

ɧɨɝɨ ɦɧɨɝɨɭɝɨɥɶɧɢɤɚ ɜɵɹɜɢɬɶ ɧɚɩɪɚɜɥɟɧɢɟ ɩɪɟɨɛɥɚɞɚɸɳɟɝɨ ɜɟɬɪɚ, ɫɨ ɫɬɨɪɨɧɵ 
ɤɨɬɨɪɨɝɨ ɱɚɳɟ ɩɪɢɯɨɞɢɬ ɩɨɬɨɤ ɜɨɡɞɭɯɚ ɜ ɞɚɧɧɭɸ ɦɟɫɬɧɨɫɬɶ. Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨ- 
ɟɧɢɹ ɪɨɡɵ ɜɟɬɪɨɜ ɭɫɥɨɜɧɨ ɛɟɪɭɬɫɹ ɫ ɦɟɬɟɨɫɬɚɧɰɢɢ ɝɨɪɨɞɚ ɍɠɭɪɚ. 

 
Ɍɚɛɥɢɰɚ 1.2 – ɉɨɜɬɨɪɹɟɦɨɫɬɶ ɢ ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ ɡɚ ɢɸɥɶ 

ɇɚɩɪɚɜɥɟɧɢɟ ɜɟɬɪɚ ɋ ɋȼ ȼ ɘȼ ɘ ɘɁ Ɂ ɋɁ 
ɉɨɜɬɨɪɹɟɦɨɫɬɶ, % 6 13 19 8 12 16 18 8 

ɋɤɨɪɨɫɬɶ, ɦ/ɫ 2,8 3 3,3 2,8 3 3,2 3,3 3,1 

 
Ɍɚɛɥɢɰɚ 1.3 – ɉɨɜɬɨɪɹɟɦɨɫɬɶ ɢ ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ ɡɚ ɹɧɜɚɪɶ 

ɇɚɩɪɚɜɥɟɧɢɟ ɜɟɬɪɚ ɋ ɋȼ ȼ ɘȼ ɘ ɘɁ Ɂ ɋɁ 

ɉɨɜɬɨɪɹɟɦɨɫɬɶ, % 0 2 5 12 30 29 21 1 

ɋɤɨɪɨɫɬɶ, ɦ/ɫ - 1,9 3 3,7 5 5,3 5,7 2,5 
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ɉɨ ɩɪɢɜɟɞɟɧɧɵɦ ɜɵɲɟ ɞɚɧɧɵɦ ɫɬɪɨɢɦ ɪɨɡɵ ɜɟɬɪɨɦ. 
 
 

Ʉɪɚɫɧɚɹ ɥɢɧɢɹ – ɩɨɜɬɨɪɹɟɦɨɫɬɶ, % ɋɢɧɹɹ ɥɢɧɢɹ – ɩɨɜɬɨɪɹɟɦɨɫɬɶ, % 
Ɂɟɥɟɧɚɹ ɥɢɧɢɹ – ɫɤɨɪɨɫɬɶ, ɦ/ɫ  Ɂɟɥɟɧɚɹ ɥɢɧɢɹ – ɫɤɨɪɨɫɬɶ, ɦ/ɫ 

 
Ɋɢɫɭɧɨɤ 1.1 – Ɋɨɡɚ ɜɟɬɪɨɜ (ɢɸɥɶ) Ɋɢɫɭɧɨɤ 1.2 – Ɋɨɡɚ ɜɟɬɪɨɜ (ɹɧɜɚɪɶ) 

 
ɉɟɪɟɯɨɞɢɦ ɤ ɩɨɫɬɪɨɟɧɢɸ ɞɨɪɨɠɧɨ-ɤɥɢɦɚɬɢɱɟɫɤɨɝɨ ɝɪɚɮɢɤɚ. ɋɬɪɨɢɦ ɟɝɨ 

ɧɚ ɨɫɧɨɜɚɧɢɢ ɞɚɧɧɵɯ ɨ ɫɪɟɞɧɟɦɟɫɹɱɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜɨɡɞɭɯɚ, ɨɫɚɞɤɚɯ, ɜɥɚɠɧɨ- 
ɫɬɢ ɢ ɧɚɩɪɚɜɥɟɧɢɢ ɜɟɬɪɚ. 
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Ƚɨɥɭɛɚɹ ɥɢɧɢɹ – ɜɥɚɠɧɨɫɬɶ, % 
Ʉɪɚɫɧɚɹ ɥɢɧɢɹ – ɬɟɦɩɟɪɚɬɭɪɚ, oC 

ɋɢɧɹɹ ɲɬɪɢɯɨɜɤɚ – ɫɧɟɝɨɜɨɣ ɩɨɤɪɨɜ, ɦɦ 
ɀɟɥɬɚɹ ɲɬɪɢɯɨɜɤɚ – ɨɫɚɞɤɢ ɜ ɜɢɞɟ ɞɨɠɞɹ, ɦɦ 

 
Ɋɢɫɭɧɨɤ 1.3 – Ⱦɨɪɨɠɧɨ-ɤɥɢɦɚɬɢɱɟɫɤɢɣ ɝɪɚɮɢɤ 

 
1.2 Ɋɟɥɶɟɮ 

 
Ƚɨɪɨɞ ɍɠɭɪ ɪɚɫɩɨɥɨɠɟɧ ɜ ɸɠɧɨɣ ɱɚɫɬɢ ɥɟɫɨɫɬɟɩɧɨɣ ɇɚɡɚɪɨɜɫɤɨɣ ɤɨɬɥɨ- 

ɜɢɧɵ ɜ ɦɟɫɬɟ, ɝɞɟ ɨɛɪɚɡɭɟɬɫɹ ɜɫɯɨɥɦɥɟɧɧɚɹ ɪɚɜɧɢɧɚ ɦɟɠɞɭ ɡɚɩɚɞɧɵɦɢ ɨɬɪɨɝɚɦɢ 
Ʉɭɡɧɟɰɤɨɝɨ Ⱥɥɚɬɚɭ ɢ ɋɨɥɝɨɧɫɤɢɦ ɤɪɹɠɟɦ. ɋɬɟɩɶ, ɩɪɨɫɬɨɪɵ, ɛɥɢɡɨɫɬɶ ɧɟɜɵɫɨɤɢɯ 
ɝɨɪ, ɩɨɥɹ, ɥɭɝɚ, ɩɚɫɬɛɢɳɚ – ɜɫɟ ɷɬɨ ɫɨɡɞɚɟɬ ɫɜɨɟɨɛɪɚɡɧɵɣ ɪɟɥɶɟɮ ɝɨɪɨɞɚ. ȼ 40 ɤɦ 
ɨɬ ɪɚɣɨɧɧɨɝɨ ɰɟɧɬɪɚ ɜ ɤɨɬɥɨɜɢɧɟ ɨɜɚɥɶɧɨɣ ɮɨɪɦɵ ɥɟɠɢɬ ɰɟɥɟɛɧɨɟ ɨɡɟɪɨ ɍɱɭɦ, 
ɤɨɬɨɪɨɟ ɨɤɪɭɠɟɧɨ ɯɨɥɦɢɫɬɵɦɢ ɫɬɟɩɹɦɢ ɢ ɝɨɪɚɦɢ [5]. 

 
1.3 Ɋɚɫɬɢɬɟɥɶɧɨɫɬɶ ɢ ɩɨɱɜɵ 

 
ɉɨɱɜɵ ɍɠɭɪɫɤɨɝɨ ɪɚɣɨɧɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɨɫɧɨɜɧɨɦ ɩɥɨɞɨɪɨɞɧɵɦɢ ɨɛɵɤ- 

ɧɨɜɟɧɧɵɦɢ ɱɟɪɧɨɡɟɦɚɦɢ. Ȼɥɚɝɨɞɚɪɹ ɞɚɧɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ, ɜ ɍɠɭɪɟ ɜɵɫɨɤɨ 
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ɪɚɡɜɢɬɨ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ, ɤɨɬɨɪɨɟ ɹɜɥɹɟɬɫɹ ɜɟɞɭɳɟɣ ɨɬɪɚɫ- 
ɥɶɸ ɝɨɪɨɞɚ. Ɍɚɤɠɟ ɜ ɪɚɣɨɧɟ ɧɚ ɛɟɪɟɝɚɯ ɦɟɫɬɧɵɯ ɨɡɟɪ (ɍɱɭɦ, Ⱥɲɩɚɧ, ɋɨɥɛɚɬ) 
ɜɫɬɪɟɱɚɸɬɫɹ ɫɦɟɲɚɧɧɵɟ ɫɨɥɨɧɱɚɤɢ, ɫɨɥɨɧɰɵ ɢ ɫɨɥɨɧɰɟɜɚɬɵɟ ɩɨɱɜɵ. 

Ɋɚɫɬɢɬɟɥɶɧɨɫɬɶ ɩɪɟɞɫɬɚɜɥɟɧɚ ɛɟɪɟɡɧɹɤɚɦɢ, ɥɢɫɬɜɟɧɧɵɦɢ ɢ ɨɫɢɧɨɜɵɦɢ ɥɟ- 
ɫɚɦɢ, ɡɥɚɤɨɜɵɦɢ ɢ ɛɨɥɨɬɧɵɦɢ ɪɚɫɬɟɧɢɹɦɢ [6]. 

 
1.4 ɂɧɠɟɧɟɪɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ 

 
ɇɚ ɬɟɪɪɢɬɨɪɢɢ ɪɚɣɨɧɚ ɪɚɫɩɨɥɨɠɟɧɵ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɛɭɪɨɝɨ ɭɝɥɹ, ɬɚɤɢɟ ɤɚɤ 

ɋɭɯɨɪɟɱɟɧɫɤɢɣ ɢ ɍɲɤɚɧɫɤɢɣ ɭɱɚɫɬɤɢ, ɩɪɢɫɭɬɫɬɜɭɸɬ ɝɥɢɧɵ ɢ ɫɭɝɥɢɧɤɢ, ɬɨɪɮ, 
ɦɟɞɶ, ɫɜɢɧɟɰ, ɚ ɬɚɤɠɟ ɫɬɪɨɢɬɟɥɶɧɵɟ ɩɟɫɤɢ, ɩɟɫɱɚɧɨ-ɝɪɚɜɢɣɧɵɟ ɦɚɬɟɪɢɚɥɵ, ɤɚɪ- 
ɛɨɧɚɬɧɵɟ ɩɨɪɨɞɵ, ɫɬɪɨɢɬɟɥɶɧɵɟ ɤɚɦɧɢ [5]. 

 
1.5 Ƚɢɞɪɨɥɨɝɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ 

 
Ƚɢɞɪɨɥɨɝɢɹ ɍɠɭɪɫɤɨɝɨ ɪɚɣɨɧɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɛɨɝɚɬɫɬɜɨɦ ɪɟɤ, ɬɚɤɢɯ ɤɚɤ 

ɍɠɭɪɤɚ, ɑɟɪɧɚɜɤɚ, ɑɭɥɵɦ, ɂɡɵɤɱɭɥɶ, ɋɨɥɝɨɧ, ɋɟɪɟɠ, Ⱥɝɚɬɚ, ɑɟɪɟɦɲɚɧɤɚ, 
Ʉɭɡɭɪɛɚ, ɢ ɨɡɟɪ – ɍɱɭɦ, ɋɨɥɛɚɬ, Ⱥɲɩɚɧ, Ʉɵɡɵɥ-Ʉɭɥɶ, Ʉɟɞɪɨɜɨɟ ɢ ɞɪɭɝɢɟ. 

ȼɨɞɵ ɪɟɤ ɢɦɟɸɬ ɝɢɞɪɨɤɚɪɛɨɧɚɬɧɨ-ɤɚɥɶɰɢɟɜɵɣ ɫɨɫɬɚɜ. Ɉɧɢ ɦɢɧɟɪɚɥɢɡɢɪɭ- 
ɸɬɫɹ ɜ ɩɟɪɢɨɞ ɩɨɥɨɜɨɞɶɹ, ɤɨɬɨɪɨɟ ɜɟɫɧɨɣ ɞɥɢɬɫɹ ɨɤɨɥɨ ɞɜɭɯ ɦɟɫɹɰɟɜ. Ɉɡɟɪɨ 
ɍɱɭɦ ɫɨɞɟɪɠɢɬ ɜɨɞɵ ɩɨɜɵɲɟɧɧɨɣ ɦɢɧɟɪɚɥɢɡɚɰɢɢ, ɛɥɚɝɨɞɚɪɹ ɱɟɦɭ ɧɚ ɛɟɪɟɝɭ 
ɨɡɟɪɚ ɮɭɧɤɰɢɨɧɢɪɭɟɬ ɨɡɞɨɪɨɜɢɬɟɥɶɧɵɣ ɤɭɪɨɪɬ. 

Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɨɬɧɨɲɟɧɢɢ ɝɢɞɪɨɝɪɚɮɢɢ ɪɚɣɨɧ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɧɚɥɢɱɢɟɦ 
ɝɪɭɧɬɨɜɵɯ ɢ ɩɨɞɡɟɦɧɵɯ ɜɨɞ. Ƚɪɭɧɬɨɜɵɟ ɜɨɞɵ ɜɫɤɪɵɜɚɸɬɫɹ ɧɚ ɩɨɥɨɝɢɯ ɫɤɥɨɧɚɯ 
ɪɟɱɧɵɯ ɞɨɥɢɧ [7]. 

 
1.6 ɋɜɟɞɟɧɢɹ ɨ ɧɚɥɢɱɢɢ ɞɨɪɨɠɧɨ-ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 

 
ȼ ɍɠɭɪɫɤɨɦ ɪɚɣɨɧɟ ɢɦɟɸɬɫɹ ɜɫɟ ɧɟɨɛɯɨɞɢɦɵɟ ɞɨɪɨɠɧɨ-ɫɬɪɨɢɬɟɥɶɧɵɟ ɦɚ- 

ɬɟɪɢɚɥɵ. Ɂɚɥɟɠɢ ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɚɦɧɟɣ, ɤɚɪɛɨɧɚɬɧɵɯ ɝɨɪɧɵɯ ɩɨɪɨɞ, ɩɟɫɱɚɧɨ-ɝɪɚ- 
ɜɢɣɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɝɥɢɧ ɢ ɫɭɝɥɢɧɤɨɜ ɩɨɡɜɨɥɹɸɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɬɨɥɶɤɨ ɩɪɟɞɫɬɚɜ- 
ɥɟɧɧɵɟ ɡɞɟɫɶ ɪɟɫɭɪɫɵ, ɧɟ ɩɪɢɛɟɝɚɹ ɤ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɟ ɢɡ ɞɪɭɝɢɯ ɪɚɣɨɧɨɜ. 

 
1.7 Ɂɚɤɥɸɱɟɧɢɟ ɩɨ ɩɪɢɪɨɞɧɵɦ ɭɫɥɨɜɢɹɦ 

 
ɂɧɮɨɪɦɚɰɢɹ, ɩɪɢɜɟɞɟɧɧɚɹ ɜɵɲɟ, ɩɨɡɜɨɥɹɟɬ ɨɰɟɧɢɬɶ ɭɫɥɨɜɢɹ ɩɪɨɟɤɬɢɪɨɜɚ- 

ɧɢɹ ɛɭɞɭɳɟɣ ɚɜɬɨɦɨɛɢɥɶɧɨɣ ɞɨɪɨɝɢ. Ɂɚɩɨɥɧɹɟɦ ɬɚɛɥɢɰɭ 1.4. 
 

Ɍɚɛɥɢɰɚ 1.4 – ɉɪɢɪɨɞɧɵɟ ɭɫɥɨɜɢɹ, ɭɱɢɬɵɜɚɟɦɵɟ ɩɪɢ ɪɚɫɱɟɬɟ ɩɪɨɟɤɬɧɵɯ 
ɩɨɤɚɡɚɬɟɥɟɣ ɞɨɪɨɝɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɹ 
ȿɞ. 
ɢɡɦ. ȼɟɥɢɱɢɧɚ 

1 Ⱦɨɪɨɠɧɨ-ɤɥɢɦɚɬɢɱɟɫɤɚɹ ɡɨɧɚ - III 
2 ɋɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɧɚɢɛɨɥɟɟ ɯɨɥɨɞɧɨɣ 
ɩɹɬɢɞɧɟɜɤɢ ɜɟɪɨɹɬɧɨɫɬɶɸ ɩɪɟɜɵɲɟɧɢɹ 0,92 °ɋ -36 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 1.4 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɹ 
ȿɞ. 
ɢɡɦ. ȼɟɥɢɱɢɧɚ 

3 Ɋɚɫɱɟɬɧɚɹ ɬɨɥɳɢɧɚ ɫɧɟɝɨɜɨɝɨ ɩɨɤɪɨɜɚ ɨɛɟɫɩɟɱɟɧɧɨɫɬɶɸ 5% ɦ 0,57 
4 Ƚɥɭɛɢɧɚ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨ (ɧɟ ɛɨɥɟɟ 30 ɫɭɬɨɤ) ɫɬɨɹɳɢɯ ɩɨɜɟɪɯ- 
ɧɨɫɬɧɵɯ ɜɨɞ, ɭɱɢɬɵɜɚɟɦɚɹ ɩɪɢ ɜɵɱɢɫɥɟɧɢɢ ɪɭɤɨɜɨɞɹɳɟɣ ɨɬ- 
ɦɟɬɤɢ ɧɚ ɭɱɚɫɬɤɚɯ, ɨɬɧɨɫɹɳɢɯɫɹ ɤɨ ɜɬɨɪɨɦɭ ɬɢɩɭ ɦɟɫɬɧɨɫɬɢ ɩɨ 
ɭɜɥɚɠɧɟɧɢɸ 

 
ɦ 

 
0,1 

5 Ƚɥɭɛɢɧɚ ɞɥɢɬɟɥɶɧɨ (ɛɨɥɟɟ 30 ɫɭɬɨɤ) ɫɬɨɹɳɢɯ ɩɨɜɟɪɯɧɨɫɬɧɵɯ 
ɜɨɞ, ɭɱɢɬɵɜɚɟɦɚɹ ɩɪɢ ɜɵɱɢɫɥɟɧɢɢ ɪɭɤɨɜɨɞɹɳɟɣ ɨɬɦɟɬɤɢ ɧɚ 
ɭɱɚɫɬɤɚɯ, ɨɬɧɨɫɹɳɢɯɫɹ ɤ ɬɪɟɬɶɟɦɭ ɬɢɩɭ ɦɟɫɬɧɨɫɬɢ ɩɨ ɭɜɥɚɠɧɟ- 
ɧɢɸ 

 
ɦ 

 
0,15 

6 Ƚɥɭɛɢɧɚ ɞɨ ɭɪɨɜɧɹ ɜɵɫɨɤɨ ɫɬɨɹɳɢɯ ɝɪɭɧɬɨɜɵɯ ɜɨɞ, ɭɱɢɬɵɜɚ- 
ɟɦɚɹ ɩɪɢ ɜɵɱɢɫɥɟɧɢɢ ɪɭɤɨɜɨɞɹɳɟɣ ɨɬɦɟɬɤɢ ɧɚ ɭɱɚɫɬɤɚɯ, ɨɬɧɨ- 
ɫɹɳɢɯɫɹ ɤ ɬɪɟɬɶɟɦɭ ɬɢɩɭ ɦɟɫɬɧɨɫɬɢ ɩɨ ɭɜɥɚɠɧɟɧɢɸ 

 
ɦ 

 
0,4 

7 Ƚɪɭɧɬ ɡɟɦɥɹɧɨɝɨ ɩɨɥɨɬɧɚ - ɫɭɝɥɢɧɨɤ ɥɟɝ- 
ɤɢɣ ɩɵɥɟɜɚɬɵɣ 

8 ɋɪɟɞɧɹɹ ɝɥɭɛɢɧɚ ɩɪɨɦɟɪɡɚɧɢɹ ɝɪɭɧɬɨɜ ɦ 2,2 
 

ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɜ ɩɪɢɪɨɞɧɵɟ ɭɫɥɨɜɢɹ ɪɚɣɨɧɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ, ɦɨɠɟɦ ɫɞɟ- 
ɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɪɚɣɨɧ ɩɪɢɝɨɞɟɧ ɞɥɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɚɜɬɨɦɨɛɢɥɶɧɨɣ ɞɨɪɨɝɢ. Ɉɧ 
ɢɦɟɟɬ ɨɩɬɢɦɚɥɶɧɵɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɪɟɠɢɦ, ɪɚɜɧɢɧɧɵɣ ɪɟɥɶɟɮ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɨ- 
ɪɨɠɧɨ-ɫɬɪɨɢɬɟɥɶɧɵɟ ɦɚɬɟɪɢɚɥɵ. 

 
2 Ɉɛɨɫɧɨɜɚɧɢɟ ɬɟɯɧɢɱɟɫɤɢɯ ɧɨɪɦɚɬɢɜɨɜ ɞɨɪɨɝɢ 

 
2.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɤɚɬɟɝɨɪɢɢ ɞɨɪɨɝɢ ɢ ɪɚɫɱɟɬɧɨɣ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ 

ɚɜɬɨɦɨɛɢɥɟɣ 
 

Ʉɚɬɟɝɨɪɢɹ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɞɨɪɨɝɢ ɧɚ ɨɛɯɨɞɟ ɝɨɪɨɞɚ ɍɠɭɪ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ 
ɩɨ [3]. ȿɟ ɧɚɡɧɚɱɚɸɬ ɩɨ ɪɚɫɱɟɬɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɞɜɢɠɟɧɢɹ, ɤɨɬɨɪɚɹ ɢɡɦɟɪɹɟɬɫɹ 
ɜ ɩɪɢɜɟɞɟɧɧɵɯ ɤ ɥɟɝɤɨɜɨɦɭ ɚɜɬɨɦɨɛɢɥɸ ɟɞɢɧɢɰɚɯ ɜ ɫɭɬɤɢ. Ɋɚɫɱɟɬɧɨɣ ɢɧɬɟɧɫɢɜ- 
ɧɨɫɬɶɸ ɹɜɥɹɟɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɚɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɞɜɢɠɟɧɢɹ. Ɉɧɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ: 

 ܰ = ܰˋ˔˘ ∙ (1 + 
ܲ

 
100 

 (2.1) ,ݐ(
 

ɝɞɟ ܰ ˋ˔˘ – ɢɫɯɨɞɧɚɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɞɜɢɠɟɧɢɹ, ˃˅˕. ; ˔˖˕ ܲ – ɟɠɟɝɨɞɧɵɣ ɩɪɢɪɨɫɬ, %; ݐ – ɩɟɪɫɩɟɤɬɢɜɧɵɣ ɩɟɪɢɨɞ, ɪɚɜɧɵɣ 20 ɝɨɞɚɦ. 
 

Ⱦɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ ɩɟɪɫɩɟɤɬɢɜɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɞɜɢɠɟɧɢɹ ɩɨ ɮɨɪɦɭɥɟ 
(2.1) ɛɟɪɭɬɫɹ ɢɡ ɡɚɞɚɧɢɹ ɧɚ ɜɵɩɭɫɤɧɭɸ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɭɸ ɪɚɛɨɬɭ. 

 ܰ = 580 ∙ (1 + 
3,7   20 

) 
100 

= 1200 
˃˅˕.

. ˔˖˕ 
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݉=1 

Ⱦɚɥɟɟ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɜɟɫɬɢ ɩɨɬɨɤ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ ɤ ɩɨɬɨɤɭ, ɫɨɫɬɨ- 
ɹɳɟɦɭ ɬɨɥɶɤɨ ɢɡ ɥɟɝɤɨɜɵɯ ɚɜɬɨɦɨɛɢɥɟɣ. Ⱦɥɹ ɷɬɨɝɨ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɫɩɟɰɢɚɥɶɧɵɦɢ 
ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ ɩɪɢɜɟɞɟɧɢɹ ɢɡ [3]. Ɂɚɬɟɦ ɨɩɪɟɞɟɥɹɟɦ ɢɫɯɨɞɧɭɸ ɢɧɬɟɧɫɢɜɧɨɫɬɶ 
ɤɚɠɞɨɝɨ ɬɢɩɚ ɚɜɬɨɦɨɛɢɥɹ ɩɨ ɮɨɪɦɭɥɟ: 

 ܰ𝑖 = ܰ ∙ ܲ𝑖 , (2.2) 
100 

 

ɝɞɟ ܰ – ɩɟɪɫɩɟɤɬɢɜɧɚɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ, ˃˅˕. ; ˔˖˕ ܲ𝑖 – ɩɪɨɰɟɧɬ ɚɜɬɨɦɨɛɢɥɟɣ ɤɚɠɞɨɝɨ ɬɢɩɚ (ɢɡ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ). 

Ⱦɚɥɟɟ ɜɵɱɢɫɥɹɸɬ ɢɫɯɨɞɧɭɸ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɞɜɢɠɟɧɢɹ, ɢɡɦɟɪɹɟɦɭɸ ɜ ɩɪɢ- 
ɜɟɞɟɧɧɵɯ ɥɟɝɤɨɜɵɯ ɚɜɬɨɦɨɛɢɥɹɯ: 

 ܰ˓˃˔ч = ∑ܯ
 (2.3) ,݉ܭ ∙ ݉ܰ 

 

ɝɞɟ ݉ܭ – ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢɜɟɞɟɧɢɹ ɞɥɹ ݉ − ˆˑ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ ɫɨɨɬɜɟɬ- 
ɫɬɜɟɧɧɨ; ܯ – ɤɨɥɢɱɟɫɬɜɨ ɬɢɩɨɜ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ ɜ ɩɨɬɨɤɟ. 

 
ȼɟɞɟɦ ɪɚɫɱɟɬ ɜ ɬɚɛɥɢɰɟ 2.1. 

 
Ɍɚɛɥɢɰɚ 2.1 – Ɋɚɫɱɟɬ ɩɟɪɫɩɟɤɬɢɜɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɞɜɢɠɟɧɢɹ ɜ ɩɪɢɜɟɞɟɧɧɵɯ 
ɟɞɢɧɢɰɚɯ 

m ȼɢɞ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ 
% ɜ ɩɨ- 

ɬɨɤɟ 
 ˕˖˔ ݉ ݉ .˕˅˃.ˎ.˅ˋ˓˒ , ܭ ∙ ܰ ݉ܭ ˕˖˔   ݉ .˕˅˃ , ܰ

1 Ʌɟɝɤɨɜɵɟ 59 708 1 708 
2 Ƚɪɭɡɨɜɵɟ ɫ ɧɚɝɪɭɡɤɨɣ ɧɚ ɨɫɶ: ɞɨ 2 ɬ 12 144 1,3 187 
3 - ɨɬ 2 ɞɨ 6 ɬ 7 84 1,4 118 
4 - ɨɬ 6 ɞɨ 8 ɬ 11 132 1,6 211 
5 - ɨɬ 8 ɞɨ 14 ɬ 5 60 1,8 108 
6 Ⱥɜɬɨɩɨɟɡɞɚ: ɞɨ 12 ɬ 3 36 1,8 65 
7 - ɨɬ 12 ɞɨ 20 ɬ 1 12 2,2 26 
8 Ⱥɜɬɨɛɭɫɵ ɛɨɥɶɲɨɣ ɜɦɟɫɬɢɦɨɫɬɢ 2 24 3 72 

ɂɬɨɝɨ: 100 1200 - 1495 
 

ȼ ɯɨɞɟ ɪɚɫɱɟɬɚ ɩɨɥɭɱɚɟɦ, ɱɬɨ ܰ ˓˃˔ч = 1495 ˒
˓ˋ˅.ˎ.˃˅˕.

. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɷɬɢɦ ˔˖˕ 

ɡɧɚɱɟɧɢɟɦ ɢ [3] ɤɚɬɟɝɨɪɢɹ ɚɜɬɨɦɨɛɢɥɶɧɨɣ ɞɨɪɨɝɢ IV. 
 

2.2 Ɉɫɧɨɜɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɚɜɬɨɦɨɛɢɥɶɧɨɣ ɞɨɪɨɝɢ 
 

Ɉɩɪɟɞɟɥɢɜ ɤɚɬɟɝɨɪɢɸ ɞɨɪɨɝɢ, ɡɚɩɨɥɧɹɟɦ ɬɚɛɥɢɰɭ 2.2 ɨɛ ɨɫɧɨɜɧɵɯ ɟɟ ɩɨɤɚ- 
ɡɚɬɟɥɹɯ, ɩɨɥɶɡɭɹɫɶ [3]. 
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Ɍɚɛɥɢɰɚ 2.2 – Ɉɫɧɨɜɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɚɜɬɨɦɨɛɢɥɶɧɨɣ ɞɨɪɨɝɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɹ 
ȿɞɢɧɢɰɚ ɢɡ- 

ɦɟɪɟɧɢɹ 
ȼɟɥɢɱɢɧɚ 
ɩɨɤɚɡɚɬɟɥɹ 

1 Ʉɚɬɟɝɨɪɢɹ ɞɨɪɨɝɢ - IV 

2 ɉɟɪɫɩɟɤɬɢɜɧɚɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɞɜɢɠɟɧɢɹ 
˃˅˕. 

 ˔˖˕ 
1200 

3 Ɋɚɫɱɟɬɧɚɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɞɜɢɠɟɧɢɹ 
˒˓ˋ˅. ˎ . ˃ ˅˕. 

 ˔˖˕ 
1495 

4 Ɋɚɫɱɟɬɧɚɹ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ 
ˍˏ 

 ч 80 

5 Ɋɚɫɱɟɬɧɚɹ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɧɚ ɬɪɭɞɧɵɯ ɭɱɚɫɬɤɚɯ 
ˍˏ 

 ч 60 

6 ɑɢɫɥɨ ɩɨɥɨɫ ɞɜɢɠɟɧɢɹ ɲɬ 2 
7 ɒɢɪɢɧɚ ɩɨɥɨɫɵ ɞɜɢɠɟɧɢɹ ɦ 3 
8 ɒɢɪɢɧɚ ɩɪɨɟɡɠɟɣ ɱɚɫɬɢ ɦ 6 
9 ɒɢɪɢɧɚ ɨɛɨɱɢɧ ɦ 2 
10 ɒɢɪɢɧɚ ɤɪɚɟɜɨɣ ɩɨɥɨɫɵ ɦ 0,5 
11 ɒɢɪɢɧɚ ɡɟɦɥɹɧɨɝɨ ɩɨɥɨɬɧɚ ɛɟɡ ɨɝɪɚɠɞɟɧɢɣ ɦ 10 
12 ɒɢɪɢɧɚ ɭɤɪɟɩɥɟɧɧɨɣ ɱɚɫɬɢ ɨɛɨɱɢɧ ɦ 1 
13 ɉɨɩɟɪɟɱɧɵɣ ɭɤɥɨɧ ɩɪɨɟɡɠɟɣ ɱɚɫɬɢ ɢ ɤɪɚɟɜɨɣ ɩɨɥɨɫɵ ɜ ɡɚ- 
ɜɢɫɢɦɨɫɬɢ ɨɬ ɞɨɪɨɠɧɨ-ɤɥɢɦɚɬɢɱɟɫɤɨɣ ɡɨɧɵ (ɩɪɢ ɚ/ɛ ɩɨɤɪɵ- 
ɬɢɢ) 

 
‰ 

 
20 

14 ɉɨɩɟɪɟɱɧɵɣ ɭɤɥɨɧ ɨɛɨɱɢɧɵ ɡɚ ɩɪɟɞɟɥɚɦɢ ɤɪɚɟɜɨɣ ɩɨɥɨɫɵ ‰ 40 
15 ɇɚɢɦɟɧɶɲɢɟ ɪɚɞɢɭɫɵ ɤɪɢɜɵɯ ɜ ɩɥɚɧɟ ɦ 300 
16 ɇɚɢɦɟɧɶɲɢɟ ɪɚɞɢɭɫɵ ɤɪɢɜɵɯ ɜ ɩɥɚɧɟ ɧɚ ɬɪɭɞɧɵɯ ɭɱɚɫɬɤɚɯ ɦ 150 
17 ɇɚɢɛɨɥɶɲɢɣ ɩɪɨɞɨɥɶɧɵɣ ɭɤɥɨɧ ‰ 60 
18 Ⱦɨɩɭɫɤɚɟɦɵɣ ɧɚɢɛɨɥɶɲɢɣ ɩɪɨɞɨɥɶɧɵɣ ɭɤɥɨɧ ɧɚ ɬɪɭɞɧɵɯ 
ɭɱɚɫɬɤɚɯ ‰ 70 

19 ɇɚɢɦɟɧɶɲɢɟ ɪɚɞɢɭɫɵ ɜɵɩɭɤɥɵɯ ɤɪɢɜɵɯ ɜ ɩɪɨɞɨɥɶɧɨɦ ɩɪɨ- 
ɮɢɥɟ 

ɦ 5000 

20 ɇɚɢɦɟɧɶɲɟ ɪɚɞɢɭɫɵ ɜɵɩɭɤɥɵɯ ɤɪɢɜɵɯ, ɞɨɩɭɫɤɚɟɦɵɟ ɧɚ 
ɬɪɭɞɧɵɯ ɭɱɚɫɬɤɚɯ 

ɦ 2500 

21 ɇɚɢɦɟɧɶɲɢɟ ɪɚɞɢɭɫɵ ɜɨɝɧɭɬɵɯ ɤɪɢɜɵɯ ɩɪɨɞɨɥɶɧɨɝɨ ɩɪɨ- 
ɮɢɥɹ 

ɦ 2000 

22 Ɋɚɫɱɟɬɧɵɟ ɪɚɫɫɬɨɹɧɢɹ ɜɢɞɢɦɨɫɬɢ ɜ ɩɪɨɞɨɥɶɧɨɦ ɩɪɨɮɢɥɟ: 
- ɞɥɹ ɨɫɬɚɧɨɜɤɢ 
- ɞɥɹ ɜɫɬɪɟɱɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ 
- ɩɪɢ ɨɛɝɨɧɟ 

 
ɦ 

 
150 
250 
600 

 
ɋɥɟɞɭɸɳɢɦ ɷɬɚɩɨɦ ɹɜɥɹɟɬɫɹ ɫɨɡɞɚɧɢɟ ɰɢɮɪɨɜɨɣ ɦɨɞɟɥɢ ɦɟɫɬɧɨɫɬɢ ɢ ɩɪɨ- 

ɟɤɬɢɪɨɜɚɧɢɟ ɜɚɪɢɚɧɬɨɜ ɬɪɚɫɫɵ ɜ ɩɪɨɝɪɚɦɦɟ IndorCAD. 
 

3 ɉɨɫɬɪɨɟɧɢɟ ɰɢɮɪɨɜɨɣ ɦɨɞɟɥɢ ɦɟɫɬɧɨɫɬɢ ɪɚɣɨɧɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 
 

ɋɥɟɞɭɸɳɢɦ ɷɬɚɩɨɦ ɹɜɥɹɟɬɫɹ ɫɨɡɞɚɧɢɟ ɰɢɮɪɨɜɨɣ ɦɨɞɟɥɢ ɦɟɫɬɧɨɫɬɢ ɢ ɩɪɨ- 
ɟɤɬɢɪɨɜɚɧɢɟ ɜɚɪɢɚɧɬɨɜ ɬɪɚɫɫɵ ɜ ɩɪɨɝɪɚɦɦɟ IndorCAD. ɉɪɨɝɪɚɦɦɚ ɩɨɡɜɨɥɹɟɬ ɩɨ 
ɢɦɟɸɳɢɦɫɹ ɜ ɫɜɨɛɨɞɧɨɦ ɞɨɫɬɭɩɟ ɰɢɮɪɨɜɵɦ ɤɚɪɬɨɝɪɚɮɢɱɟɫɤɢɦ ɦɚɬɟɪɢɚɥɚɦ (ɢɧ- 
ɬɟɪɧɟɬ-ɤɚɪɬɚɦ) ɩɨɫɬɪɨɢɬɶ ɬɪɢɚɧɝɭɥɹɰɢɨɧɧɭɸ ɦɨɞɟɥɶ ɪɟɥɶɟɮɚ ɞɥɹ ɡɚɞɚɧɧɨɝɨ ɪɚɣ- 
ɨɧɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ. Ⱥɥɝɨɪɢɬɦ ɩɨɫɬɪɨɟɧɢɹ ɡɚɤɥɸɱɚɥɫɹ ɜ ɫɥɟɞɭɸɳɟɦ. 
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ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɧɚ ɫɬɚɰɢɨɧɚɪɧɵɣ ɤɨɦɩɶɸɬɟɪ ɛɵɥɚ ɫɤɚɱɚɧɚ ɢɧɬɟɪɧɟɬ-ɤɚɪɬɚ 
ɪɚɣɨɧɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ, ɧɚɯɨɞɹɳɚɹɫɹ ɜ ɫɜɨɛɨɞɧɨɦ ɞɨɫɬɭɩɟ. Ɂɚɬɟɦ ɨɧɚ ɛɵɥɚ ɩɨɞ- 
ɝɪɭɠɟɧɚ ɜ ɩɪɨɝɪɚɦɦɭ IndorCAD ɢ ɧɚɫɬɪɨɟɧɚ ɩɪɨɟɤɰɢɹ ɜ ɦɟɫɬɧɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪ- 
ɞɢɧɚɬ. ɂɡ ɜɫɟɣ ɛɨɥɶɲɨɣ ɢɧɬɟɪɧɟɬ-ɤɚɪɬɵ ɛɵɥ ɜɵɛɪɚɧ ɪɚɣɨɧ, ɜ ɩɪɟɞɟɥɚɯ ɤɨɬɨɪɨɝɨ 
ɬɪɟɛɨɜɚɥɨɫɶ ɩɨɫɬɪɨɢɬɶ ɚɥɶɬɟɪɧɚɬɢɜɧɵɟ ɜɚɪɢɚɧɬɵ ɬɪɚɫɫɵ. ɉɪɨɝɪɚɦɦɚ ɪɚɫɫɦɚɬɪɢ- 
ɜɚɟɬ ɟɝɨ ɤɚɤ «ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɡɨɧɭ», ɜɧɭɬɪɢ ɤɨɬɨɪɨɣ ɫɬɪɨɢɬ ɬɪɢɚɧɝɭɥɹɰɢɨɧɧɭɸ 
ɦɨɞɟɥɶ ɪɟɥɶɟɮɚ. ɋ ɡɚɞɚɧɧɵɦ ɲɚɝɨɦ ɬɪɢɚɧɝɭɥɹɰɢɢ ɩɪɨɝɪɚɦɦɚ ɫɱɢɬɵɜɚɟɬ ɪɚɫɩɨ- 
ɥɨɠɟɧɢɟ ɬɨɱɟɤ ɜ ɦɟɫɬɧɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɢɦ ɜɵɫɨɬɧɵɟ 
ɨɬɦɟɬɤɢ ɦɟɫɬɧɨɫɬɢ. 

Ⱦɚɥɟɟ ɩɨ ɡɚɞɚɧɧɵɦ ɤɨɨɪɞɢɧɚɬɚɦ ɫɬɪɨɢɥɢɫɶ ɫɢɬɭɚɰɢɨɧɧɵɟ ɨɛɴɟɤɬɵ (ɡɟɥɟ- 
ɧɵɟ ɧɚɫɚɠɞɟɧɢɹ, ɡɞɚɧɢɹ ɢ ɨɞɢɧɨɱɧɵɟ ɨɛɴɟɤɬɵ, ɩɪɨɯɨɞɹɳɢɟ ɪɹɞɨɦ ɬɪɚɫɫɵ ɢ ɞɪɭ- 
ɝɨɟ). 

 
4 Ⱥɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɜɚɪɢɚɧɬɨɜ ɬɪɚɫɫɵ 

 
4.1 Ɉɩɢɫɚɧɢɟ ɬɪɚɫɫɵ ɩɨ ɜɨɡɞɭɲɧɨɣ ɥɢɧɢɢ 

 
Ɍɪɚɫɫɚ, ɡɚɩɪɨɟɤɬɢɪɨɜɚɧɧɚɹ ɩɨ ɜɨɡɞɭɲɧɨɣ ɥɢɧɢɢ, ɫɨɟɞɢɧɹɟɬ ɤɨɧɬɪɨɥɶɧɭɸ 

ɬɨɱɤɭ ɧɚɱɚɥɚ ɬɪɚɫɫɵ (ɤɨɨɪɞɢɧɚɬɵ X = 761604 ɦ, Y = 3884540 ɦ) ɢ ɤɨɧɬɪɨɥɶɧɭɸ 
ɬɨɱɤɭ ɤɨɧɰɚ ɬɪɚɫɫɵ (ɤɨɨɪɞɢɧɚɬɵ X = 763760 ɦ, Y = 3888870 ɦ). Ɋɭɦɛ ɧɚɩɪɚɜɥɟɧɢɹ 
ɬɪɚɫɫɵ – ɋȼ 63°31´49´´. Ɉɧ ɪɚɜɟɧ ɚɡɢɦɭɬɭ ɜ I ɱɟɬɜɟɪɬɢ. ɋ ɉɄ 16+70 ɩɨ ɉɄ18+60 
ɬɪɚɫɫɚ ɩɟɪɟɫɟɤɚɟɬ ɧɟɛɨɥɶɲɨɣ ɩɨɫɟɥɨɤ. Ⱦɥɢɧɚ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɢɪɨɜɚɧɢɹ ɩɨ ɜɨɡ- 
ɞɭɲɧɨɣ ɥɢɧɢɢ ɫɨɫɬɚɜɥɹɟɬ ܮ˅.ˎ. = Ͷͺ͵͹ ˏ. Ɍɪɚɫɫɢɪɨɜɚɧɢɟ ɩɨ ɜɨɡɞɭɲɧɨɣ ɥɢɧɢɢ 
ɧɟɜɨɡɦɨɠɧɨ ɩɨ ɩɪɢɱɢɧɟ ɩɟɪɟɫɟɱɟɧɢɹ ɩɨɫɟɥɤɚ. Ɍɪɚɫɫɚ ɨɛɨɡɧɚɱɟɧɚ ɧɚ ɬɨɩɨɝɪɚɮɢ- 
ɱɟɫɤɨɦ ɩɥɚɧɟ ɨɪɚɧɠɟɜɵɦ ɰɜɟɬɨɦ. ɉɪɢɜɹɡɤɚ ɬɪɚɫɫ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ 
ɜɪɟɦɟɧɧɵɯ ɪɟɩɟɪɨɜ. ɂɯ ɜɟɞɨɦɨɫɬɶ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɩɪɢɥɨɠɟɧɢɢ Ⱥ. 

 
4.2 Ɉɩɢɫɚɧɢɟ 1-ɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ 

 
ɇɚ ɬɨɩɨɝɪɚɮɢɱɟɫɤɨɦ ɩɥɚɧɟ ɜɚɪɢɚɧɬ ɬɪɚɫɫɵ ɨɛɨɡɧɚɱɟɧ ɤɪɚɫɧɵɦ ɰɜɟɬɨɦ. 

Ɍɪɚɫɫɚ ɩɪɨɥɨɠɟɧɚ ɬɚɧɝɟɧɰɢɚɥɶɧɵɦ ɦɟɬɨɞɨɦ. Ɉɧɚ ɢɦɟɟɬ 3 ɭɝɥɚ ɩɨɜɨɪɨɬɚ. ɉɟɪɜɵɣ 
ɭɝɨɥ ɩɨɜɨɪɨɬɚ ɧɚ ɉɄ 16+62 ɩɪɢɧɹɬ ɫ ɰɟɥɶɸ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɩɟɪɟɫɟɱɟɧɢɹ ɮɪɭɤ- 
ɬɨɜɨɝɨ ɫɚɞɚ. ȼɬɨɪɨɣ ɭɝɨɥ ɩɨɜɨɪɨɬɚ ɧɚ ɉɄ28+72 ɩɪɢɧɹɬ ɫ ɰɟɥɶɸ ɢɡɛɟɠɚɬɶ ɩɪɨɟɤ- 
ɬɢɪɨɜɚɧɢɹ ɬɪɚɫɫɵ ɱɟɪɟɡ ɥɟɫɧɨɣ ɦɚɫɫɢɜ. Ɍɪɟɬɢɣ ɭɝɨɥ ɩɨɜɨɪɨɬɚ ɧɚ ɉɄ38+96 ɩɪɢ- 
ɧɹɬ ɫ ɰɟɥɶɸ ɩɪɢɯɨɞɚ ɬɪɚɫɫɵ ɜ ɤɨɧɟɱɧɭɸ ɬɨɱɤɭ. ɇɚɢɛɨɥɶɲɢɣ ɩɪɨɞɨɥɶɧɵɣ ɭɤɥɨɧ 
ɫɨɫɬɚɜɥɹɟɬ 46‰. Ⱦɥɢɧɚ ɩɟɪɜɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ ɫɨɫɬɚɜɥɹɟɬ 5037,60 ɦ. 

 
4.3 Ɉɩɢɫɚɧɢɟ 2-ɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ 

 
ɇɚ ɬɨɩɨɝɪɚɮɢɱɟɫɤɨɦ ɩɥɚɧɟ ɜɬɨɪɨɣ ɜɚɪɢɚɧɬ ɬɪɚɫɫɵ ɨɛɨɡɧɚɱɟɧ ɬɟɦɧɨ-ɫɢɧɢɦ 

ɰɜɟɬɨɦ. Ɍɪɚɫɫɚ ɬɚɤɠɟ ɩɪɨɥɨɠɟɧɚ ɦɟɬɨɞɨɦ ɬɚɧɝɟɧɫɨɜ. Ɉɧɚ ɢɦɟɟɬ 2 ɭɝɥɚ ɩɨɜɨɪɨɬɚ, 
ɩɟɪɜɵɣ ɭɝɨɥ ɧɚ ɉɄ20+04 ɩɪɢɧɹɬ ɫ ɰɟɥɶɸ ɨɛɯɨɞɚ ɮɪɭɤɬɨɜɵɯ ɫɚɞɨɜ. ȼɬɨɪɨɣ ɭɝɨɥ 
ɧɚ ɉɄ20+10 ɩɪɢɧɹɬ ɫ ɰɟɥɶɸ ɨɛɯɨɞɚ ɩɨɫɟɥɤɚ ɢ ɩɪɢɯɨɞɚ ɬɪɚɫɫɵ ɜ ɤɨɧɟɱɧɭɸ ɬɨɱɤɭ. 
ɇɚɢɛɨɥɶɲɢɣ ɩɪɨɞɨɥɶɧɵɣ ɭɤɥɨɧ ɫɨɫɬɚɜɥɹɟɬ 89‰. Ⱦɥɢɧɚ ɜɬɨɪɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ 
ɫɨɫɬɚɜɥɹɟɬ 4951 ɦ. 
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5 ɉɨɫɬɪɨɟɧɢɟ ɱɟɪɬɟɠɚ ɭɩɪɨɳɟɧɧɨɝɨ ɩɪɨɞɨɥɶɧɨɝɨ ɩɪɨɮɢɥɹ 
ɞɥɹ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɜɚɪɢɚɧɬɨɜ ɬɪɚɫɫɵ 

 
5.1 Ɉɛɨɫɧɨɜɚɧɢɟ ɪɭɤɨɜɨɞɹɳɢɯ ɨɬɦɟɬɨɤ 

 
ɉɟɪɟɞ ɬɟɦ ɤɚɤ ɧɚɱɚɬɶ ɩɨɫɬɪɨɟɧɢɟ ɩɪɨɟɤɬɧɨɣ ɥɢɧɢɢ ɩɪɨɞɨɥɶɧɨɝɨ ɩɪɨɮɢɥɹ 

ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɪɭɤɨɜɨɞɹɳɢɟ ɨɬɦɟɬɤɢ ɢ ɤɨɧɬɪɨɥɶɧɵɟ ɬɨɱɤɢ. Ɋɭɤɨɜɨɞɹ- 
ɳɢɟ ɨɬɦɟɬɤɢ ɧɟɨɛɯɨɞɢɦɵ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɭɫɬɚɧɨɜɢɬɶ ɨɩɬɢɦɚɥɶɧɭɸ ɜɵɫɨɬɭ 
ɧɚɫɵɩɢ, ɤɨɬɨɪɚɹ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɨɛɟɫɩɟɱɢɬ ɧɨɪɦɚɥɶɧɵɟ ɭɫɥɨɜɢɹ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɡɟɦɥɹɧɨɝɨ ɩɨɥɨɬɧɚ. Ɉɧɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫ ɭɱɟɬɨɦ ɞɨɪɨɠɧɨ-ɤɥɢɦɚɬɢɱɟɫɤɨɣ ɡɨɧɵ, 
ɤɚɬɟɝɨɪɢɢ ɚɜɬɨɦɨɛɢɥɶɧɨɣ ɞɨɪɨɝɢ, ɜɢɞɚ ɝɪɭɧɬɚ ɪɚɛɨɱɟɝɨ ɫɥɨɹ, ɬɢɩɚ ɦɟɫɬɧɨɫɬɢ ɩɨ 
ɯɚɪɚɤɬɟɪɭ ɭɜɥɚɠɧɟɧɢɹ ɢ ɭɫɥɨɜɢɹɦ ɫɧɟɝɨɧɟɡɚɧɨɫɢɦɨɫɬɢ. ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɬɢɩ 
ɦɟɫɬɧɨɫɬɢ ɩɨ ɭɫɥɨɜɢɹɦ ɭɜɥɚɠɧɟɧɢɹ ɦɟɧɹɟɬɫɹ ɜɞɨɥɶ ɬɪɚɫɫɵ, ɪɭɤɨɜɨɞɹɳɢɯ ɨɬɦɟ- 
ɬɨɤ ɛɭɞɟɬ ɧɟɫɤɨɥɶɤɨ. 

Ⱦɥɹ ɩɟɪɜɨɝɨ ɬɢɩɚ ɦɟɫɬɧɨɫɬɢ ɪɭɤɨɜɨɞɹɳɚɹ ɨɬɦɟɬɤɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɫɯɨɞɹ ɢɡ 
ɬɨɝɨ, ɱɬɨ ɨɬɦɟɬɤɚ ɛɪɨɜɤɢ ɡɟɦɥɹɧɨɝɨ ɩɨɥɨɬɧɚ ɞɨɥɠɧɚ ɛɵɬɶ ɧɟ ɦɟɧɟɟ ɜɟɥɢɱɢɧɵ ℎ˓, 
ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 ℎ˓ = ℎ˔ː + 𝛥ℎ, (5.1) 
 

ɝɞɟ ℎ˔ː – ɪɚɫɱɟɬɧɚɹ ɬɨɥɳɢɧɚ ɫɧɟɝɨɜɨɝɨ ɩɨɤɪɨɜɚ 5%-ɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ; 𝛥ℎ – ɜɨɡɜɵɲɟɧɢɟ ɛɪɨɜɤɢ ɡɟɦɥɹɧɨɝɨ ɩɨɥɨɬɧɚ ɧɚɞ ɭɪɨɜɧɟɦ ɫɧɟɠɧɨɝɨ ɩɨɤɪɨɜɚ, 
ɡɚɜɢɫɹɳɟɟ ɨɬ ɤɚɬɟɝɨɪɢɢ ɞɨɪɨɝɢ. 

 
ȼɨɡɜɵɲɟɧɢɟ ɛɪɨɜɤɢ ɧɚɫɵɩɢ ɧɚɞ ɭɪɨɜɧɟɦ ɫɧɟɠɧɨɝɨ ɩɨɤɪɨɜɚ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɩɨ ɬɚɛɥɢɰɟ 5.1. 
 

Ɍɚɛɥɢɰɚ 5.1 – ȼɨɡɜɵɲɟɧɢɟ ɛɪɨɜɤɢ ɡɟɦɥɹɧɨɝɨ ɩɨɥɨɬɧɚ ɧɚɞ ɭɪɨɜɧɟɦ ɫɧɟɠɧɨɝɨ 
ɩɨɤɪɨɜɚ 

ɉɚɪɚɦɟɬɪɵ ȼɨɡɜɵɲɟɧɢɟ ɛɪɨɜɤɢ ɧɚɫɵɩɢ ɧɚɞ ɭɪɨɜɧɟɦ ɫɧɟɠɧɨɝɨ ɩɨɤɪɨɜɚ, ɦ 
Ʉɚɬɟɝɨɪɢɹ I II III IV V 𝛥ℎ 1,2 0,7 0,6 0,5 0,4 

 
ɋɨɝɥɚɫɧɨ ɬɚɛɥɢɰɟ 5.1, 𝛥ℎ ɫɨɫɬɚɜɥɹɟɬ 0,5 ɦ. Ɍɨɝɞɚ ɜɟɥɢɱɢɧɚ ℎ˓ ɪɚɜɧɚ: 

 ℎ˓ = 0,57 + 0,5 = 1,07 ɦ. 
 

Ɋɭɤɨɜɨɞɹɳɚɹ ɨɬɦɟɬɤɚ ɞɥɹ ɩɟɪɜɨɝɨ ɬɢɩɚ ɦɟɫɬɧɨɫɬɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪ- 
ɦɭɥɟ: 

 ℎܫ = ℎ˓ + 𝑖ˑ˄ ⋅ ܾ 2 + 𝑖˒ˑ˒ 
⋅ ܾ1, (5.2) 

2 
 

ɝɞɟ ܾ1 – ɲɢɪɢɧɚ ɩɨɤɪɵɬɢɹ, ɦ; ܾ2 – ɲɢɪɢɧɚ ɨɛɨɱɢɧɵ ɡɚ ɜɵɱɟɬɨɦ ɤɪɚɟɜɨɣ ɩɨɥɨɫɵ, ɦ; 
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𝑖ˑ˄ – ɩɨɩɟɪɟɱɧɵɣ ɭɤɥɨɧ ɧɟɭɤɪɟɩɥɟɧɧɨɣ ɱɚɫɬɢ ɨɛɨɱɢɧɵ, 40‰; 𝑖˒ˑ˒ – ɩɨɩɟɪɟɱɧɵɣ ɭɤɥɨɧ ɩɪɨɟɡɠɟɣ ɱɚɫɬɢ ɢ ɤɪɚɟɜɨɣ ɩɨɥɨɫɵ, 20‰. 
Ɋɭɤɨɜɨɞɹɳɚɹ ɨɬɦɟɬɤɚ ɞɥɹ ɩɟɪɜɨɝɨ ɬɢɩɚ ɦɟɫɬɧɨɫɬɢ ɪɚɜɧɚ: 

 
7 ℎ1,5 ⋅ 0,04 + 1,07 = ܫ + Ͳ,Ͳʹ ⋅ 
2

 = 1,2 ɦ. 
 

Ɋɭɤɨɜɨɞɹɳɚɹ ɨɬɦɟɬɤɚ ɞɥɹ ɜɬɨɪɨɝɨ ɬɢɩɚ ɦɟɫɬɧɨɫɬɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɨɬ ɜɟɪɯɚ 
ɩɨɤɪɵɬɢɹ ɞɨɪɨɠɧɨɣ ɨɞɟɠɞɵ ɞɨ ɩɨɜɟɪɯɧɨɫɬɢ ɡɟɦɥɢ ɢɥɢ ɞɨ ɭɪɨɜɧɹ ɩɨɜɟɪɯɧɨɫɬ- 
ɧɵɯ ɜɨɞ. ɋɱɢɬɚɟɬɫɹ, ɱɬɨ ɩɨɜɟɪɯɧɨɫɬɧɵɣ ɫɬɨɤ ɜɨɞɵ ɧɟ ɨɛɟɫɩɟɱɟɧ ɢ ɜɨɞɚ ɫɬɨɢɬ ɧɟ 
ɛɨɥɟɟ 30 ɫɭɬɨɤ. 

ȿɫɥɢ ɩɨɜɟɪɯɧɨɫɬɧɵɣ ɫɬɨɤ ɜɨɞɵ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɡɟɦɥɢ ɧɟ ɨɛɟɫɩɟɱɟɧ, ɬɨ ɪɭ- 
ɤɨɜɨɞɹɳɚɹ ɨɬɦɟɬɤɚ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 ℎܫܫ = ℎͳ,ː + 𝑖˒ˑ˒ ⋅ ܾ1, 
2 

(5.3) 
 

ɝɞɟ ℎ1,ː – ɜɨɡɜɵɲɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɤɪɵɬɢɹ ɞɨɪɨɠɧɨɣ ɨɞɟɠɞɵ ɧɚɞ ɩɨɜɟɪɯɧɨ- 
ɫɬɶɸ ɡɟɦɥɢ, ɦ [3]; 𝑖˒ˑ˒ – ɩɨɩɟɪɟɱɧɵɣ ɭɤɥɨɧ ɩɪɨɟɡɠɟɣ ɱɚɫɬɢ, 20‰; ܾ1 – ɲɢɪɢɧɚ ɩɨɤɪɵɬɢɹ (ɫɭɦɦɚɪɧɚɹ ɲɢɪɢɧɚ ɩɪɨɟɡɠɟɣ ɱɚɫɬɢ ɢ ɞɜɭɯ ɤɪɚɟɜɵɯ 
ɩɨɥɨɫ ɨɛɨɱɢɧɵ). 

 
ȼɨɡɜɵɲɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɤɪɵɬɢɹ ɞɨɪɨɠɧɨɣ ɨɞɟɠɞɵ ɧɚɞ ɩɨɜɟɪɯɧɨɫɬɶɸ 

ɡɟɦɥɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ [3; ɬɚɛɥ. 7.2]. Ⱦɥɹ III ɞɨɪɨɠɧɨ-ɤɥɢɦɚɬɢɱɟɫɤɨɣ ɡɨɧɵ ɢ ɫɭ- 
ɝɥɢɧɤɚ ɩɵɥɟɜɚɬɨɝɨ ɨɧɨ ɫɨɫɬɚɜɥɹɟɬ 1,8 ɦ. 

Ɍɨɝɞɚ ɪɭɤɨɜɨɞɹɳɚɹ ɨɬɦɟɬɤɚ ɞɥɹ ɜɬɨɪɨɝɨ ɬɢɩɚ ɦɟɫɬɧɨɫɬɢ ɪɚɜɧɚ: 
 

7 ℎ0,02 + 1,8 = ܫܫ ⋅ 
2

 = 1,87 ɦ. 
 

ȿɫɥɢ ɩɨɜɟɪɯɧɨɫɬɧɵɣ ɫɬɨɤ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨ ɫɬɨɹɳɢɯ ɜɨɞ (ɧɟ ɛɨɥɟɟ 30 ɫɭɬɨɤ) 
ɧɟ ɨɛɟɫɩɟɱɟɧ, ɬɨ ɪɭɤɨɜɨɞɹɳɚɹ ɨɬɦɟɬɤɚ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 ℎܫܫ = ℎ˒˅ + ℎͳ,ː + 𝑖˒ˑ˒ 
⋅ ܾ1, (5.4) 

2 
 

ɝɞɟ ℎ˒˅ – ɬɨɥɳɢɧɚ ɫɥɨɹ ɜɨɞɵ ɧɚɞ ɩɨɜɟɪɯɧɨɫɬɶɸ ɡɟɦɥɢ, ɦ; ℎ1,ː – ɜɨɡɜɵɲɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɤɪɵɬɢɹ ɞɨɪɨɠɧɨɣ ɨɞɟɠɞɵ ɧɚɞ ɩɨɜɟɪɯɧɨ- 
ɫɬɶɸ ɡɟɦɥɢ, ɦ [3]; 𝑖˒ˑ˒ – ɩɨɩɟɪɟɱɧɵɣ ɭɤɥɨɧ ɩɪɨɟɡɠɟɣ ɱɚɫɬɢ, 20‰; ܾ1 – ɲɢɪɢɧɚ ɩɨɤɪɵɬɢɹ (ɫɭɦɦɚɪɧɚɹ ɲɢɪɢɧɚ ɩɪɨɟɡɠɟɣ ɱɚɫɬɢ ɢ ɞɜɭɯ ɤɪɚɟɜɵɯ 
ɩɨɥɨɫ ɨɛɨɱɢɧɵ). 

 
Ɋɭɤɨɜɨɞɹɳɚɹ ɨɬɦɟɬɤɚ ɞɥɹ ɜɬɨɪɨɝɨ ɬɢɩɚ ɦɟɫɬɧɨɫɬɢ ɩɪɢ ɧɟɨɛɟɫɩɟɱɟɧɧɨɦ 

ɫɬɨɤɟ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨ ɫɬɨɹɳɢɯ ɜɨɞ ɪɚɜɧɚ: 
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7 ℎ0,02 + 1,4 + 0,35 = ܫܫ ⋅ 
2

 = 1,82 ɦ. 
 

Ɋɭɤɨɜɨɞɹɳɚɹ ɨɬɦɟɬɤɚ ɞɥɹ ɬɪɟɬɶɟɝɨ ɬɢɩɚ ɦɟɫɬɧɨɫɬɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɨɬ ɜɟɪɯɚ 
ɩɨɤɪɵɬɢɹ ɞɨɪɨɠɧɨɣ ɨɞɟɠɞɵ ɞɨ ɭɪɨɜɧɹ ɝɪɭɧɬɨɜɵɯ ɜɨɞ ɢɥɢ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɜɨɞ, 
ɫɬɨɹɳɢɯ ɛɨɥɟɟ 30 ɫɭɬɨɤ. 

ɉɪɢ ɧɟɨɛɟɫɩɟɱɟɧɧɨɦ ɫɬɨɤɟ ɜɨɞ, ɫɬɨɹɳɢɯ ɛɨɥɟɟ 30 ɫɭɬɨɤ, ɪɭɤɨɜɨɞɹɳɚɹ ɨɬ- 
ɦɟɬɤɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 ℎܫܫܫ = ℎ˒˅ + ℎʹ,ː + 𝑖˒ˑ˒ ⋅ ܾ1, 
2 

(5.5) 
 

ɝɞɟ ℎ2,ː – ɜɨɡɜɵɲɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɤɪɵɬɢɹ ɞɨɪɨɠɧɨɣ ɨɞɟɠɞɵ ɧɚɞ ɭɪɨɜɧɟɦ ɩɨ- 
ɜɟɪɯɧɨɫɬɧɵɯ ɜɨɞ, ɦ [3]; ℎ˒˅ – ɬɨɥɳɢɧɚ ɫɥɨɹ ɜɨɞɵ ɧɚɞ ɩɨɜɟɪɯɧɨɫɬɶɸ ɡɟɦɥɢ, ɦ; 𝑖˒ˑ˒ – ɩɨɩɟɪɟɱɧɵɣ ɭɤɥɨɧ ɩɪɨɟɡɠɟɣ ɱɚɫɬɢ, 20‰; ܾ1 – ɲɢɪɢɧɚ ɩɨɤɪɵɬɢɹ (ɫɭɦɦɚɪɧɚɹ ɲɢɪɢɧɚ ɩɪɨɟɡɠɟɣ ɱɚɫɬɢ ɢ ɞɜɭɯ ɤɪɚɟɜɵɯ 
ɩɨɥɨɫ ɨɛɨɱɢɧɵ). 

 
Ɋɭɤɨɜɨɞɹɳɚɹ ɨɬɦɟɬɤɚ ɞɥɹ ɬɪɟɬɶɟɝɨ ɬɢɩɚ ɦɟɫɬɧɨɫɬɢ ɪɚɜɧɚ: 

 
7 ℎ0,02 + 1,8 + 0,42 = ܫܫܫ ⋅ 
2

 = 2,29 ɦ. 
 

ȿɫɥɢ ɟɫɬɶ ɭɱɚɫɬɤɢ ɫ ɜɵɫɨɤɨ ɫɬɨɹɳɢɦɢ ɝɪɭɧɬɨɜɵɦɢ ɜɨɞɚɦɢ, ɬɨ ɪɭɤɨɜɨɞɹɳɚɹ 
ɨɬɦɟɬɤɚ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 ℎܫܫܫ = ℎʹ,ː − ℎˆ˅ + 𝑖˒ˑ˒ ⋅ ܾ1, 
2 

(5.6) 
 

ɝɞɟ ℎˆ˅ – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɡɟɦɥɢ ɞɨ ɭɪɨɜɧɹ ɝɪɭɧɬɨɜɵɯ ɜɨɞ, ɩɪɢɧɢɦɚ- 
ɟɬɫɹ ɪɚɜɧɵɦ 0,2 ɦ; ℎ2,ː – ɜɨɡɜɵɲɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɤɪɵɬɢɹ ɞɨɪɨɠɧɨɣ ɨɞɟɠɞɵ ɧɚɞ ɭɪɨɜɧɟɦ ɩɨ- 
ɜɟɪɯɧɨɫɬɧɵɯ ɜɨɞ, ɦ [3]; 𝑖˒ˑ˒ – ɩɨɩɟɪɟɱɧɵɣ ɭɤɥɨɧ ɩɪɨɟɡɠɟɣ ɱɚɫɬɢ, 20‰; ܾ1 – ɲɢɪɢɧɚ ɩɨɤɪɵɬɢɹ (ɫɭɦɦɚɪɧɚɹ ɲɢɪɢɧɚ ɩɪɨɟɡɠɟɣ ɱɚɫɬɢ ɢ ɞɜɭɯ ɤɪɚɟɜɵɯ 
ɩɨɥɨɫ ɨɛɨɱɢɧɵ). 

 
Ɋɭɤɨɜɨɞɹɳɚɹ ɨɬɦɟɬɤɚ ɜ ɫɥɭɱɚɟ ɜɵɫɨɤɨɝɨ ɫɬɨɹɧɢɹ ɝɪɭɧɬɨɜɵɯ ɜɨɞ ɪɚɜɧɚ: 

 
7 ℎ0,02 + 0,2 − 1,8 = ܫܫܫ ⋅ 
2

 = 1,67 ɦ. 
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5.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɦɟɬɨɤ ɪɟɥɶɟɮɚ ɩɨ ɨɫɢ ɬɪɚɫɫɵ 
 

Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɩɪɨɞɨɥɶɧɨɝɨ ɩɪɨɮɢɥɹ ɩɨɜɟɪɯɧɨɫɬɢ ɡɟɦɥɢ ɧɟɨɛɯɨɞɢɦɨ 
ɡɧɚɬɶ ɟɟ ɨɬɦɟɬɤɢ ɧɚ ɩɢɤɟɬɚɯ ɢ ɩɥɸɫɨɜɵɯ ɬɨɱɤɚɯ ɩɨ ɨɫɢ ɞɨɪɨɝɢ. Ɉɬɦɟɬɤɢ ɪɟɥɶɟɮɚ 
ɩɟɪɜɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 5.2. 

 
Ɍɚɛɥɢɰɚ 5.2 – ȼɟɞɨɦɨɫɬɶ ɨɬɦɟɬɨɤ ɪɟɥɶɟɮɚ ɩɨ ɨɫɢ ɩɟɪɜɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ 

Ɇɟɫɬɨɩɨɥɨɠɟɧɢɟ ɬɨɱɤɢ 
Ɉɬɦɟɬɤɚ ɡɟɦɥɢ, ɦ ȼɢɞ ɬɨɱɤɢ ɉɄ + 

0 00 360,30 ɇɚɱɚɥɨ ɬɪɚɫɫɵ 
1 00 360,59 ɉɄ 
2 00 360,10 ɉɄ 
3 00 358,13 ɉɄ 
4 00 358,82 ɉɄ 
5 00 359,93 ɉɄ 
6 00 359,28 ɉɄ 
7 00 358,75 ɉɄ 
8 00 357,51 ɉɄ 
9 00 357,55 ɉɄ 

10 00 357,54 ɉɄ 
11 00 357,63 Ɍɪɭɛɚ 
12 00 366,12 ɉɄ 
13 00 371,12 ɉɄ 
14 00 373,51 ɉɄ 
14 84 377,05 ɇɚɱɚɥɨ ɡɚɤɪɭɝɥɟɧɢɹ 
15 00 378,42 ɉɄ 
15 84 383,11 ɉɄ 
16 00 383,97 ɉɄ 
17 00 390,94 ɉɄ 
17 26 393,01 Ʉɨɧɟɰ ɤɪɭɝɨɜɨɣ ɤɪɢɜɨɣ 
18 00 394,81 ɉɄ 
18 46 396,21 Ʉɨɧɟɰ ɡɚɤɪɭɝɥɟɧɢɹ 
19 00 398,32 ɉɄ 
20 00 401,45 ɉɄ 
21 00 406,28 ɉɄ 
22 00 409,92 ɉɄ 
22 87 415,07 ɉɟɪɟɯɨɞ ɧɚɫɵɩɢ ɜ ɜɵɟɦɤɭ 
23 00 415,93 ɉɄ 
24 00 429,62 ɉɄ 
25 00 425,97 ɉɄ 
25 58 426,72 ɇɚɱɚɥɨ ɡɚɤɪɭɝɥɟɧɢɹ 
26 00 426,65 ɉɄ 
26 78 426,88 ɇɚɱɚɥɨ ɤɪɭɝɨɜɨɣ ɤɪɢɜɨɣ 
27 00 427,02 ɉɄ 
27 73 427,62 ɉɟɪɟɯɨɞ ɜɵɟɦɤɢ ɜ ɧɚɫɵɩɶ 
28 00 427,78 ɉɄ 
29 00 428,97 ɉɄ 
30 00 430,52 ɉɄ 
30 56 429,75 Ʉɨɧɟɰ ɤɪɭɝɨɜɨɣ ɤɪɢɜɨɣ 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 5.2 
Ɇɟɫɬɨɩɨɥɨɠɟɧɢɟ ɬɨɱɤɢ Ɉɬɦɟɬɤɚ ɡɟɦɥɢ, ɦ ȼɢɞ ɬɨɱɤɢ ɉɄ + 

31 00 430,87 ɉɄ 
31 76 431,41 Ʉɨɧɟɰ ɡɚɤɪɭɝɥɟɧɢɹ 
32 00 431,76 ɉɄ 
33 00 431,55 ɉɄ 
33 83 432,79 ɉɟɪɟɯɨɞ ɧɚɫɵɩɢ ɜ ɜɵɟɦɤɭ 
34 00 433,27 ɉɄ 
35 00 432,32 ɉɄ 
35 23 431,95 ɉɟɪɟɯɨɞ ɜɵɟɦɤɢ ɜ ɧɚɫɵɩɶ 
36 00 431,17 ɉɄ 
37 00 429,18 ɉɄ 
37 41 429,54 ɇɚɱɚɥɨ ɡɚɤɪɭɝɥɟɧɢɹ 
38 00 429,65 ɉɄ 
38 61 428,49 ɇɚɱɚɥɨ ɤɪɭɝɨɜɨɣ ɤɪɢɜɨɣ 
39 00 428,13 ɉɄ 
39 30 427,93 Ʉɨɧɟɰ ɤɪɭɝɨɜɨɣ ɤɪɢɜɨɣ 
40 00 426,63 ɉɄ 
40 50 425,61 Ʉɨɧɟɰ ɡɚɤɪɭɝɥɟɧɢɹ 
41 00 423,72 ɉɄ 
42 00 422,83 ɉɄ 
43 00 422,02 ɉɄ 
44 00 420,58 ɉɄ 
45 00 419,44 ɉɄ 
46 00 417,67 ɉɄ 
47 00 415,09 ɉɄ 
48 00 415,71 ɉɄ 
49 00 417,09 ɉɄ 
50 00 417,83 ɉɄ 
50 38 418,00 Ʉɨɧɟɰ ɬɪɚɫɫɵ 

 
Ɉɬɦɟɬɤɢ ɪɟɥɶɟɮɚ ɜɬɨɪɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 5.3. 

 
Ɍɚɛɥɢɰɚ 5.3 – ȼɟɞɨɦɨɫɬɶ ɨɬɦɟɬɨɤ ɪɟɥɶɟɮɚ ɩɨ ɨɫɢ ɜɬɨɪɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ 

Ɇɟɫɬɨɩɨɥɨɠɟɧɢɟ ɬɨɱɤɢ Ɉɬɦɟɬɤɚ ɡɟɦɥɢ, ɦ ȼɢɞ ɬɨɱɤɢ ɉɄ + 
0 00 360,30 ɇɚɱɚɥɨ ɬɪɚɫɫɵ 
1 00 361,89 ɉɄ 
2 00 359,72 ɉɄ 
3 00 358,80 ɉɄ 
4 00 359,50 ɉɄ 
5 00 357,83 ɉɄ 
6 00 355,95 Ɍɪɭɛɚ 
7 00 356,38 ɉɄ 
8 00 357,82 ɉɄ 
9 00 363,39 ɉɄ 

10 00 368,85 ɉɄ 
10 87 374,94 ɉɟɪɟɯɨɞ ɧɚɫɵɩɢ ɜ ɜɵɟɦɤɭ 
11 00 375,97 ɉɄ 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 5.3 
Ɇɟɫɬɨɩɨɥɨɠɟɧɢɟ ɬɨɱɤɢ Ɉɬɦɟɬɤɚ ɡɟɦɥɢ, ɦ ȼɢɞ ɬɨɱɤɢ ɉɄ + 

12 00 382,25 ɉɄ 
13 00 389,13 ɉɄ 
14 00 394,87 ɉɄ 
15 00 397,63 ɉɄ 
15 50 398,43 ɉɟɪɟɯɨɞ ɜɵɟɦɤɢ ɜ ɧɚɫɵɩɶ 
16 00 399,53 ɉɄ 
16 88 403,32 ɇɚɱɚɥɨ ɡɚɤɪɭɝɥɟɧɢɹ 
17 00 403,75 ɉɄ 
18 00 409,18 ɉɄ 
18 08 409,83 ɇɚɱɚɥɨ ɤɪɭɝɨɜɨɣ ɤɪɢɜɨɣ 
18 20 410,93 ɉɟɪɟɯɨɞ ɧɚɫɵɩɢ ɜ ɜɵɟɦɤɭ 
19 00 416,84 ɉɄ 
20 00 421,77 ɉɄ 
21 00 425,32 ɉɄ 
21 83 428,00 Ʉɨɧɟɰ ɤɪɭɝɨɜɨɣ ɤɪɢɜɨɣ 
22 00 428,46 ɉɄ 
23 00 432,04 ɉɄ 
23 03 432,16 Ʉɨɧɟɰ ɡɚɤɪɭɝɥɟɧɢɹ 
23 44 433,63 ɉɟɪɟɯɨɞ ɜɵɟɦɤɢ ɜ ɧɚɫɵɩɶ 
24 00 435,15 ɉɄ 
25 00 437,44 ɉɄ 
25 33 437,95 ɇɚɱɚɥɨ ɡɚɤɪɭɝɥɟɧɢɹ 
26 00 439,09 ɉɄ 
26 53 441,94 ɇɚɱɚɥɨ ɤɪɭɝɨɜɨɣ ɤɪɢɜɨɣ 
26 72 443,43 ɉɟɪɟɯɨɞ ɧɚɫɵɩɢ ɜ ɜɵɟɦɤɭ 
27 00 445,92 ɉɄ 
28 00 451,12 ɉɄ 
29 00 451,64 ɉɄ 
29 50 450,25 Ʉɨɧɟɰ ɤɪɭɝɨɜɨɣ ɤɪɢɜɨɣ 
29 67 449,82 ɉɟɪɟɯɨɞ ɜɵɟɦɤɢ ɜ ɧɚɫɵɩɶ 
30 00 448,69 ɉɄ 
30 70 448,04 Ʉɨɧɟɰ ɡɚɤɪɭɝɥɟɧɢɹ 
31 00 447,99 ɉɄ 
32 00 446,97 ɉɄ 
33 00 446,57 ɉɄ 
34 00 442,52 ɉɄ 
35 00 439,99 ɉɄ 
36 00 436,42 ɉɄ 
37 00 433,67 ɉɄ 
38 00 431,19 ɉɄ 
39 00 429,27 ɉɄ 
40 00 426,00 ɉɄ 
41 00 424,55 ɉɄ 
42 00 422,66 ɉɄ 
43 00 421,18 ɉɄ 
44 00 420,41 ɉɄ 
45 00 418,46 ɉɄ 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 5.3 
Ɇɟɫɬɨɩɨɥɨɠɟɧɢɟ ɬɨɱɤɢ Ɉɬɦɟɬɤɚ ɡɟɦɥɢ, ɦ 

ȼɢɞ ɬɨɱɤɢ 
ɉɄ ɉɄ + 

46 00 416,09 ɉɄ 
47 00 415,83 ɉɄ 
48 00 417,00 ɉɄ 
49 00 417,68 ɉɄ 
49 51 418,00 Ʉɨɧɟɰ ɬɪɚɫɫɵ 

 
5.3 Ɉɛɨɫɧɨɜɚɧɢɟ ɤɨɧɬɪɨɥɶɧɵɯ ɨɬɦɟɬɨɤ 

 
5.3.1 Ʉɨɧɬɪɨɥɶɧɵɟ ɨɬɦɟɬɤɢ ɩɪɨɟɤɬɧɨɣ ɥɢɧɢɢ ɩɟɪɜɨɝɨ ɜɚɪɢɚɧɬɚ 

ɬɪɚɫɫɵ 
 

Ɉɩɪɟɞɟɥɢɦ ɤɨɧɬɪɨɥɶɧɵɟ ɬɨɱɤɢ ɩɪɨɟɤɬɧɨɣ ɥɢɧɢɢ ɜ ɧɚɱɚɥɟ ɢ ɜ ɤɨɧɰɟ ɬɪɚɫɫɵ. 
ɗɬɨ ɬɚɤɢɟ ɬɨɱɤɢ, ɱɟɪɟɡ ɤɨɬɨɪɵɟ ɩɪɨɟɤɬɧɚɹ ɥɢɧɢɹ ɩɪɨɞɨɥɶɧɨɝɨ ɩɪɨɮɢɥɹ ɨɛɹɡɚɧɚ 
ɩɪɨɣɬɢ. ɉɪɢɧɢɦɚɟɦ ɷɬɢ ɨɬɦɟɬɤɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɭɤɨɜɨɞɹɳɢɦɢ ɢ ɨɩɪɟɞɟɥɹɟɦ 
ɩɨ ɮɨɪɦɭɥɚɦ: 

 ℎ1, (5.8) + ˕ˍ,ˊܪ = ˕ˍܪ ː˕ + ℎ1, (5.7),ˊܪ = ˕ːܪ 

ɝɞɟ ܪˊ,ː˕ ɢ ܪˊ,ˍ˕ – ɨɬɦɟɬɤɢ ɡɟɦɥɢ ɜ ɧɚɱɚɥɟ ɢ ɜ ɤɨɧɰɟ ɬɪɚɫɫɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; ℎ1 – ɪɭɤɨɜɨɞɹɳɚɹ ɨɬɦɟɬɤɚ ɞɥɹ ɩɟɪɜɨɝɨ ɬɢɩɚ ɦɟɫɬɧɨɫɬɢ ɩɨ ɭɜɥɚɠɧɟɧɢɸ. 
 

Ɉɬɦɟɬɤɚ ɜ ɧɚɱɚɥɟ ɬɪɚɫɫɵ: 
 .ˏ ː˕ = 360,30 + 1,2 = ͵͸ͳ,ͷͲܪ 

Ɉɬɦɟɬɤɚ ɜ ɤɨɧɰɟ ɬɪɚɫɫɵ: 
 .ˏ Ͷͳͻ,ʹͲ = 1,2 + 418,00 = ˕ˍܪ 

Ɉɩɪɟɞɟɥɢɦ ɤɨɧɬɪɨɥɶɧɭɸ ɬɨɱɤɭ ɩɪɨɟɤɬɧɨɣ ɥɢɧɢɢ ɧɚɞ ɬɪɭɛɨɣ. Ɇɢɧɢɦɚɥɶɧɨ 
ɞɨɩɭɫɬɢɦɵɟ ɨɬɦɟɬɤɢ ɧɚɞ ɬɪɭɛɚɦɢ ɹɜɥɹɸɬɫɹ ɤɨɧɬɪɨɥɶɧɵɦɢ ɬɨɱɤɚɦɢ, ɤɨɬɨɪɵɟ 
ɨɝɪɚɧɢɱɢɜɚɸɬ ɩɨɥɨɠɟɧɢɟ ɩɪɨɟɤɬɧɨɣ ɥɢɧɢɢ ɫɧɢɡɭ. ȼ ɫɥɭɱɚɟ ɛɟɡɧɚɩɨɪɧɨɝɨ ɬɟɱɟ- 
ɧɢɹ ɜɨɞɵ ɜ ɬɪɭɛɚɯ ɦɢɧɢɦɚɥɶɧɚɹ ɜɵɫɨɬɚ ɧɚɫɵɩɢ ɜ ɫɬɜɨɪɟ ɬɪɭɛɵ ɨɩɪɟɞɟɥɹɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ: 

 ℎː = ݀ + ߜ + Δ + ℎʓʝ, (5.9) 
 

ɝɞɟ ݀ – ɞɢɚɦɟɬɪ ɬɪɭɛɵ, ɦ; ߜ – ɬɨɥɳɢɧɚ ɫɬɟɧɤɢ ɬɪɭɛɵ, ɦ; Δ – ɬɨɥɳɢɧɚ ɡɚɫɵɩɤɢ ɧɚɞ ɬɪɭɛɨɣ, ɦ; 



24  

ℎʓʝ – ɬɨɥɳɢɧɚ ɦɨɧɨɥɢɬɧɵɯ ɫɥɨɟɜ ɤɨɧɫɬɪɭɤɰɢɢ ɞɨɪɨɠɧɨɣ ɨɞɟɠɞɵ, ɦ. 
 

Ɍɨɥɳɢɧɚ ɡɚɫɵɩɤɢ ɧɚɞ ɬɪɭɛɨɣ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ 0,5 ɦ, ɫɱɢɬɚɹ ɨɬ ɜɟɪɯɚ 
ɡɜɟɧɚ ɬɪɭɛɵ ɞɨ ɧɢɡɚ ɞɨɪɨɠɧɨɣ ɨɞɟɠɞɵ. Ɍɨɥɳɢɧɚ ɫɥɨɟɜ ɞɨɪɨɠɧɨɣ ɨɞɟɠɞɵ ɩɪɢ- 
ɧɢɦɚɟɬɫɹ ɞɥɹ IV ɤɚɬɟɝɨɪɢɢ ɞɨɪɨɝɢ ɪɚɜɧɨɣ 0,45 ɦ. Ɍɨɥɳɢɧɚ ɫɬɟɧɤɢ ɠɟɥɟɡɨɛɟɬɨɧ- 
ɧɨɣ ɬɪɭɛɵ ɪɚɜɧɚ 0,16 ɦ. 

 ℎː = 2 + 0,16 + 0,5 + 0,45 = 3,11 ˏ. 
Ɉɩɪɟɞɟɥɹɟɦ ɤɨɧɬɪɨɥɶɧɭɸ ɨɬɦɟɬɤɭ ɧɚɞ ɬɪɭɛɨɣ ɩɨ ɮɨɪɦɭɥɟ: 

 ℎː, (5.10) + ˓˕,ˊܪ = ˓˕ܪ 
 

ɝɞɟ ܪˊ,˕˓ – ɨɬɦɟɬɤɚ ɪɟɥɶɟɮɚ ɜ ɫɬɜɨɪɟ ɬɪɭɛɵ, ɦ. 
 .ˏ ͸Ͳ,͹Ͷ͵ = 3,11 + 357,63 = ˓˕ܪ 
 

ɉɨɦɟɳɚɟɦ ɜɫɟ ɧɚɣɞɟɧɧɵɟ ɨɬɦɟɬɤɢ ɜ ɬɚɛɥɢɰɭ 5.4. 
 

Ɍɚɛɥɢɰɚ 5.4 – ȼɟɞɨɦɨɫɬɶ ɤɨɧɬɪɨɥɶɧɵɯ ɬɨɱɟɤ ɩɟɪɜɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ 

№ 
ɬɨɱɤɢ 

 
ɇɚɡɜɚɧɢɟ ɬɨɱɤɢ 

 
ɉɢɤɟɬ 

Ɉɬɦɟɬɤɚ, ɦ ɉɨɥɨɠɟɧɢɟ ɩɪɨɟɤɬɧɨɣ 
ɥɢɧɢɢ ɪɟɥɶɟɮɚ 

ɩɪɨɟɤɬɧɨɣ 
ɥɢɧɢɢ 

1 ɧɚɱɚɥɨ ɬɪɚɫɫɵ 0+00 360,30 361,50 ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɬɨɱɤɭ 
2 ɬɪɭɛɚ 11+00 357,63 360,74 ɧɟ ɧɢɠɟ ɬɨɱɤɢ 
3 ɤɨɧɟɰ ɬɪɚɫɫɵ 50+38 418,00 419,20 ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɬɨɱɤɭ 

 
5.3.2 Ʉɨɧɬɪɨɥɶɧɵɟ ɨɬɦɟɬɤɢ ɩɪɨɟɤɬɧɨɣ ɥɢɧɢɢ ɜɬɨɪɨɝɨ ɜɚɪɢɚɧɬɚ 

ɬɪɚɫɫɵ 
 

Ⱥɧɚɥɨɝɢɱɧɨ ɪɚɫɱɟɬɭ ɤɨɧɬɪɨɥɶɧɵɯ ɨɬɦɟɬɨɤ ɞɥɹ ɩɟɪɜɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ 
ɧɚɯɨɞɢɦ ɨɬɦɟɬɤɢ ɞɥɹ ɜɬɨɪɨɝɨ. ɇɚɣɞɟɧɧɵɟ ɨɬɦɟɬɤɢ ɩɨɦɟɳɚɟɦ ɜ ɬɚɛɥɢɰɭ 5.5. 

Ɉɬɦɟɬɤɚ ɜ ɧɚɱɚɥɟ ɬɪɚɫɫɵ: 
 .ˏ ː˕ = 360,30 + 1,2 = ͵͸ͳ,ͷͲܪ 

Ɉɬɦɟɬɤɚ ɜ ɤɨɧɰɟ ɬɪɚɫɫɵ: 
 .ˏ Ͷͳͻ,ʹͲ = 1,2 + 418,00 = ˕ˍܪ 

Ɇɢɧɢɦɚɥɶɧɚɹ ɜɵɫɨɬɚ ɧɚɫɵɩɢ ɧɚɞ ɬɪɭɛɨɣ: 
 ℎː = 2 + 0,16 + 0,5 + 0,45 = 3,11 ˏ. 

Ʉɨɧɬɪɨɥɶɧɚɹ ɨɬɦɟɬɤɚ ɧɚɞ ɬɪɭɛɨɣ: 
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 .ˏ ͷͻ,Ͳ͸͵ = 3,11 + 355,95 = ˓˕ܪ
 

Ɍɚɛɥɢɰɚ 5.5 – ȼɟɞɨɦɨɫɬɶ ɤɨɧɬɪɨɥɶɧɵɯ ɬɨɱɟɤ ɜɬɨɪɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ 

№ 
ɬɨɱɤɢ 

 
ɇɚɡɜɚɧɢɟ ɬɨɱɤɢ 

 
ɉɢɤɟɬ 

Ɉɬɦɟɬɤɚ, ɦ ɉɨɥɨɠɟɧɢɟ ɩɪɨɟɤɬɧɨɣ 
ɥɢɧɢɢ ɪɟɥɶɟɮɚ 

ɩɪɨɟɤɬɧɨɣ 
ɥɢɧɢɢ 

1 ɧɚɱɚɥɨ ɬɪɚɫɫɵ 0+00 360,30 361,50 ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɬɨɱɤɭ 
2 ɬɪɭɛɚ 6+00 355,95 359,06 ɧɟ ɧɢɠɟ ɬɨɱɤɢ 
3 ɤɨɧɟɰ ɬɪɚɫɫɵ 49+51 418,00 419,20 ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɬɨɱɤɭ 

 
5.4 ɉɨɫɬɪɨɟɧɢɟ ɥɨɦɚɧɨɝɨ ɯɨɞɚ ɩɪɨɟɤɬɧɨɣ ɥɢɧɢɢ 

 
ɉɪɢ ɧɚɧɟɫɟɧɢɢ ɩɪɨɟɤɬɧɨɣ ɥɢɧɢɢ ɪɭɤɨɜɨɞɫɬɜɭɸɬɫɹ ɩɪɚɜɢɥɚɦɢ: 
- ɞɥɹ ɤɨɦɮɨɪɬɧɨɝɨ ɩɪɨɟɡɞɚ ɩɨ ɚɜɬɨɦɨɛɢɥɶɧɨɣ ɞɨɪɨɝɟ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɡɚɞɚ- 

ɜɚɬɶ ɩɪɨɞɨɥɶɧɵɣ ɭɤɥɨɧ, ɧɟ ɩɪɟɜɵɲɚɸɳɢɣ 30‰, ɧɨ ɢɧɨɝɞɚ ɭɫɥɨɜɢɹ ɪɟɥɶɟɮɚ ɧɟ 
ɞɚɸɬ ɜɵɞɟɪɠɚɬɶ ɞɚɧɧɨɟ ɬɪɟɛɨɜɚɧɢɟ, ɩɨɷɬɨɦɭ ɞɨɩɭɫɤɚɟɬɫɹ ɩɪɢɧɢɦɚɬɶ ɭɤɥɨɧɵ, ɧɟ 
ɩɪɟɜɵɲɚɸɳɢɟ ɦɚɤɫɢɦɚɥɶɧɵɯ ɞɥɹ ɞɚɧɧɨɣ ɤɚɬɟɝɨɪɢɢ ɞɨɪɨɝɢ ɢ ɦɚɤɫɢɦɚɥɶɧɵɯ 
ɭɤɥɨɧɨɜ ɧɚ ɬɪɭɞɧɵɯ ɭɱɚɫɬɤɚɯ ɦɟɫɬɧɨɫɬɢ; 

- ɧɟɞɨɩɭɫɬɢɦ ɩɢɥɨɨɛɪɚɡɧɵɣ ɩɪɨɮɢɥɶ; 
- ɨɛɴɟɦ ɡɟɦɥɹɧɵɯ ɪɚɛɨɬ ɞɨɥɠɟɧ ɛɵɬɶ ɫɜɟɞɟɧ ɤ ɦɢɧɢɦɭɦɭ; 
- ɧɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɢɬɶ ɛɟɫɩɪɟɩɹɬɫɬɜɟɧɧɵɣ ɨɬɜɨɞ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɜɨɞɵ ɨɬ ɡɟɦ- 
ɥɹɧɨɝɨ ɩɨɥɨɬɧɚ, ɞɥɹ ɷɬɨɝɨ ɭɤɥɨɧɵ ɩɪɨɟɤɬɧɨɣ ɥɢɧɢɢ ɜ ɦɟɫɬɚɯ ɜɵɟɦɨɤ ɞɨɥɠɧɵ ɫɨ- 
ɫɬɚɜɥɹɬɶ ɧɟ ɦɟɧɟɟ 5‰, ɚ ɞɥɢɧɵ ɜɵɟɦɨɤ – ɧɟ ɛɨɥɟɟ 500 ɦ; 

- ɭɱɚɫɬɤɢ ɩɪɨɟɤɬɧɨɣ ɥɢɧɢɢ, ɩɪɨɯɨɞɹɳɢɟ ɩɨ ɦɨɫɬɭ ɢɥɢ ɩɭɬɟɩɪɨɜɨɞɭ, 
ɞɨɥɠɧɵ ɢɦɟɬɶ ɭɤɥɨɧ ɧɟ ɦɟɧɟɟ 5‰ ɢ ɧɟ ɛɨɥɟɟ 30‰; 

- ɞɥɢɧɵ ɜɵɩɭɤɥɵɯ ɜɟɪɬɢɤɚɥɶɧɵɯ ɤɪɢɜɵɯ ɞɨɥɠɧɵ ɛɵɬɶ ɧɟ ɦɟɧɟɟ 300 ɦ, ɚ 
ɜɨɝɧɭɬɵɯ – ɧɟ ɦɟɧɟɟ 100 ɦ. 

ɉɪɨɟɤɬɧɚɹ ɥɢɧɢɢ ɫɬɪɨɢɬɫɹ ɞɜɭɦɹ ɫɩɨɫɨɛɚɦɢ: ɩɨ ɨɛɟɪɬɵɜɚɸɳɟɣ ɢ ɩɨ ɫɟɤɭ- 
ɳɟɣ. ɉɟɪɜɵɣ ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɭɫɥɨɜɢɹɯ ɪɚɜɧɢɧɧɨɝɨ ɪɟɥɶɟɮɚ ɧɚ ɞɨɪɨɝɚɯ ɧɢɡɤɨɣ ɤɚ- 
ɬɟɝɨɪɢɢ, ɚ ɜɬɨɪɨɣ – ɜ ɭɫɥɨɜɢɹɯ ɯɨɥɦɢɫɬɨɝɨ ɢ ɫɢɥɶɧɨ ɩɟɪɟɫɟɱɟɧɧɨɝɨ ɪɟɥɶɟɮɚ. ɉɪɢ 
ɷɬɨɦ ɫɨɛɥɸɞɚɟɬɫɹ ɩɪɢɦɟɪɧɵɣ ɛɚɥɚɧɫ ɡɟɦɥɹɧɵɯ ɪɚɛɨɬ. ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɥɢɧɢɢ 
ɜɬɨɪɵɦ ɦɟɬɨɞɨɦ ɞɚɟɬ ɩɥɚɜɧɵɣ ɩɪɨɞɨɥɶɧɵɣ ɩɪɨɮɢɥɶ. 

 
6 Ʉɨɦɩɥɟɤɫɧɚɹ ɨɰɟɧɤɚ ɛɟɡɨɩɚɫɧɨɫɬɢ ɞɜɢɠɟɧɢɹ ɧɚ ɩɪɨɟɤɬɢɪɭɟɦɵɯ 

ɜɚɪɢɚɧɬɚɯ ɞɨɪɨɝɢ 
 

6.1 Ɋɚɫɱɟɬ ɫɤɨɪɨɫɬɟɣ ɞɜɢɠɟɧɢɹ ɢ ɨɰɟɧɤɚ ɩɨ ɝɪɚɮɢɤɚɦ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɛɟɡɨɩɚɫɧɨɫɬɢ 

 
6.1.1 Ⱥɥɝɨɪɢɬɦ ɪɚɫɱɟɬɚ 

 
ɇɚ ɫɬɚɞɢɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɚɜɬɨɦɨɛɢɥɶɧɨɣ ɞɨɪɨɝɢ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɨɰɟɧɢɬɶ 

ɬɪɚɧɫɩɨɪɬɧɨ-ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɤɚɱɟɫɬɜɚ, ɧɟɨɛɯɨɞɢɦɨ ɭɫɬɚɧɨɜɢɬɶ ɫɤɨɪɨɫɬɶ ɞɜɢ- 
ɠɟɧɢɹ ɩɨ ɞɨɪɨɝɟ ɜ ɫɪɟɞɧɟɦ ɢ ɧɚ ɨɬɞɟɥɶɧɵɯ ɭɱɚɫɬɤɚɯ. Ɉɰɟɧɤɚ ɜɵɩɨɥɧɹɟɬɫɹ ɩɨ ɦɟ- 
ɬɨɞɭ Ȼɟɥɶɫɤɨɝɨ. 
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0 

0 

ȼ ɨɫɧɨɜɭ ɪɚɫɱɟɬɚ ɩɨɥɨɠɟɧɨ ɭɪɚɜɧɟɧɢɟ ɞɜɢɠɟɧɢɹ ɚɜɬɨɦɨɛɢɥɹ: 
 ∓ 𝑖 ± ݂ = ܦ 

𝑥 
+

 ܴ 

 ݃ ⋅ ߜ

ܸ݀ 
 

 ݐ݀ 
, (6.1) 

 

ɝɞɟ ݂ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɤɚɱɟɧɢɸ; 𝑖 – ɩɪɨɞɨɥɶɧɵɣ ɭɤɥɨɧ; 𝑥 – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɧɚɡɧɚɱɟɧɧɨɝɨ ɧɚɱɚɥɚ ɤɨɨɪɞɢɧɚɬ ɞɨ ɬɨɱɤɢ, ɜ ɤɨɬɨɪɨɣ ɨɩɪɟ- 
ɞɟɥɹɟɬɫɹ ɞɜɢɠɟɧɢɟ, ɦ; ܴ – ɪɚɞɢɭɫ ɜɟɪɬɢɤɚɥɶɧɨɣ ɤɪɢɜɨɣ, ɦ; ߜ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɢɧɟɪɰɢɸ ɜɪɚɳɚɸɳɢɯɫɹ ɦɚɫɫ ɚɜɬɨɦɨɛɢɥɹ; ݃ – ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ (9,81 ɦ/ɫ2); ܦ – ɞɢɧɚɦɢɱɟɫɤɢɣ ɮɚɤɬɨɪ; ܸ – ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɚɜɬɨɦɨɛɢɥɹ, ɦ/ɫ; ܸ݀ – ɭɫɤɨɪɟɧɢɟ. ݀ݐ 

 

ɉɪɨɢɧɬɟɝɪɢɪɨɜɚɜ ɭɪɚɜɧɟɧɢɟ (6.1), ɩɨɥɭɱɚɟɦ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ 
ɫɤɨɪɨɫɬɢ: ܸ = √(ܸ2 ± 𝑧) ⋅ ݁−2݊𝑥 ± ݉𝑥 ± 𝑧, (6.2) 

ɝɞɟ ܸ0 – ɫɤɨɪɨɫɬɶ, ɩɪɢɧɹɬɚɹ ɜ ɧɚɱɚɥɶɧɨɣ ɬɨɱɤɟ ɜɟɪɬɢɤɚɥɶɧɨɣ ɤɪɢɜɨɣ 𝑥 = 0 ɦ; 𝑧 – ɩɚɪɚɦɟɬɪ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɬɢɩɚ ɚɜɬɨɦɨɛɢɥɹ ɢ ɞɨɪɨɠɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ. 
 

ɉɚɪɚɦɟɬɪ 𝑧 ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 𝑧 = 

݉
 

2݊ 
± 

 ܾ ∙ ܩ − ܽ) ∙ 1
(݂ ± 𝑖 )), (6.3) 

 

ɝɞɟ ܩ – ɜɟɫ ɚɜɬɨɦɨɛɢɥɹ; ܽ ɢ ܾ – ɩɚɪɚɦɟɬɪɵ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ ɬɢɩ ɚɜɬɨɦɨɛɢɥɹ ɢ ɩɟɪɟɞɚɱɭ, ɧɚ ɤɨɬɨɪɨɣ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɞɜɢɠɟɧɢɟ; ݉ ɢ ݊ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ (6.4) ɢ (6.5) 

 ݉ = 
 ܩ

, (6.4) ܾ∙ܴ 

 ݊ = 
ܾ∙݃

 ܩ∙ߜ (6.5) .

 

ɉɪɢ ɞɜɢɠɟɧɢɢ ɩɨ ɩɪɹɦɨɥɢɧɟɣɧɨɦɭ ɭɱɚɫɬɤɭ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɩɪɨɮɢɥɹ ɮɨɪ- 
ɦɭɥɚ (6.2) ɢɦɟɟɬ ɜɢɞ: 

 (6.6) ,ܮ + 2݊𝑥−݁ ⋅ (ܮ − 2ܸ)√ = ܸ 
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ɝɞɟ ܮ – ɩɚɪɚɦɟɬɪ, ɩɪɢɧɢɦɚɟɦɵɣ ɩɨ [10, ɩɪɢɥɨɠɟɧɢɟ 1, ɬɚɛɥ. 1] ɢɥɢ ɜɵɱɢɫɥɹɟɬɫɹ 
ɩɨ ɮɨɪɦɭɥɟ: 

 ܾ ∙ ܩ − ܽ) ∙ 1 = ܮ 
(݂ + 𝑖 )). (6.7) 

 

Ⱥɥɝɨɪɢɬɦ ɪɚɫɱɟɬɚ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ: 
- ɧɚɡɧɚɱɚɸɬ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ (ɚɜɬɨɦɨɛɢɥɶ, ɧɚɱɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ, ɧɚɱɚɥɶɧɚɹ 

ɩɟɪɟɞɚɱɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɪɚɫɱɟɬɧɨɣ ɫɤɨɪɨɫɬɢ, ɢ ɬɢɩ ɩɨɤɪɵɬɢɹ); 
- ɜɵɞɟɥɹɸɬɫɹ ɯɚɪɚɤɬɟɪɧɵɟ ɭɱɚɫɬɤɢ ɧɚ ɩɪɨɞɨɥɶɧɨɦ ɩɪɨɮɢɥɟ (ɫ ɧɭɥɟɜɵɦ 

ɭɤɥɨɧɨɦ ɢ ɭɱɚɫɬɤɢ ɩɨɞɴɟɦɨɜ ɢ ɫɩɭɫɤɨɜ, ɜ ɩɪɟɞɟɥɚɯ ɤɨɬɨɪɵɯ ɭɤɥɨɧ ɩɨɫɬɨɹɧɧɵɣ); 
- ɜɜɨɞɢɬɫɹ ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɫɢɫɬɟɦɚ ɤɨɨɪɞɢɧɚɬ; 
- ɜɵɱɢɫɥɹɟɬɫɹ ɫɤɨɪɨɫɬɶ ɩɨ ɮɨɪɦɭɥɟ (6.6); 
- ɩɪɨɜɟɪɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɞɜɢɠɟɧɢɹ ɚɜɬɨɦɨɛɢɥɹ ɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɩɟ- 

ɪɟɞɚɱɟ; 
- ɧɚɯɨɞɢɬɫɹ ɬɨɱɤɚ ɩɟɪɟɤɥɸɱɟɧɢɹ ɫ ɨɞɧɨɣ ɩɟɪɟɞɚɱɢ ɧɚ ɞɪɭɝɭɸ; 
- ɩɪɢ ɪɚɫɱёɬɚɯ ɫɤɨɪɨɫɬɟɣ ɧɟ ɩɪɢɧɢɦɚɸɬɫɹ ɜɨ ɜɧɢɦɚɧɢɟ ɦɟɫɬɧɵɟ ɨɝɪɚɧɢɱɟ- 

ɧɢɹ, ɧɚɤɥɚɞɵɜɚɟɦɵɟ ɉȾȾ; 
- ɫɬɪɨɹɬɫɹ ɝɪɚɮɢɤɢ ɞɥɹ ɨɛɨɢɯ ɧɚɩɪɚɜɥɟɧɢɣ ɞɜɢɠɟɧɢɹ. 
Ʉɨɷɮɮɢɰɢɟɧɬ ɛɟɡɨɩɚɫɧɨɫɬɢ – ɷɬɨ ɨɬɧɨɲɟɧɢɟ ɦɢɧɢɦɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɞɜɢ- 

ɠɟɧɢɹ, ɤɨɬɨɪɚɹ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɬɟɦ ɢɥɢ ɢɧɵɦ ɭɱɚɫɬɤɨɦ ɞɨɪɨɝɢ, ɤ ɦɚɤɫɢɦɚɥɶɧɨ 
ɜɨɡɦɨɠɧɨɣ ɫɤɨɪɨɫɬɢ ɜɴɟɡɞɚ ɚɜɬɨɦɨɛɢɥɟɣ ɧɚ ɷɬɨɬ ɭɱɚɫɬɨɤ. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪ- 
ɦɭɥɟ: 

 ʙ˄ˈˊ 
= 

ܸ݉𝑖݊, (6.8) ܸ݉ܽ𝑥 

 

ɝɞɟ ܸ݉𝑖݊ ɢ ܸ݉ܽ𝑥 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɦɢɧɢɦɚɥɶɧɚɹ ɢ ɦɚɤɫɢɦɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟ- 
ɧɢɹ, ɤɦ/ɱ. 

 
ɑɟɦ ɦɟɧɶɲɟ ɤɨɷɮɮɢɰɢɟɧɬ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɬɟɦ ɛɨɥɟɟ ɜɟɪɨɹɬɧɵ ɞɨɪɨɠɧɵɟ 

ɩɪɨɢɫɲɟɫɬɜɢɹ. ȼ ɩɪɨɟɤɬɚɯ ɧɨɜɵɯ ɞɨɪɨɝ ɧɟɞɨɩɭɫɬɢɦɵ ɭɱɚɫɬɤɢ ɫɨ ɡɧɚɱɟɧɢɹɦɢ ɤɨ- 
ɷɮɮɢɰɢɟɧɬɚ ɦɟɧɟɟ 0,8. 

 
6.1.2 Ɋɚɫɱɟɬ ɫɤɨɪɨɫɬɟɣ ɞɜɢɠɟɧɢɹ ɢ ɨɰɟɧɤɚ ɩɨ ɝɪɚɮɢɤɚɦ 

ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɛɟɡɨɩɚɫɧɨɫɬɢ ɞɥɹ ɩɟɪɜɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ 
 

ɇɚɡɧɚɱɚɟɦ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ: ɞɨɪɨɝɚ IV ɤɚɬɟɝɨɪɢɢ; ɪɚɫɱɟɬɧɵɣ ɚɜɬɨɦɨɛɢɥɶ 
ɁɂɅ-130, ɜɟɫ 8495 = ܩ ɤɝ. Ɍɢɩ ɩɨɤɪɵɬɢɹ: ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɟ ɩɨɤɪɵɬɢɟ ɜ ɯɨɪɨɲɟɦ 
ɫɨɫɬɨɹɧɢɢ, ݂ = 0,018. ɉɪɢ ɧɨɜɨɦ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɜ ɤɚɱɟɫɬɜɟ ɧɚɱɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ 
ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɫɱɟɬɧɚɹ ɫɤɨɪɨɫɬɶ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɚɛɥɢɰɟɣ 6.1. 

 
Ɍɚɛɥɢɰɚ 6.1 – ɇɚɱɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɢ ɧɚɱɚɥɶɧɚɹ ɩɟɪɟɞɚɱɚ 

Ⱥɜɬɨɦɨɛɢɥɶ ɇɚɱɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ, ɤɦ/ɱ ɇɚɱɚɥɶɧɚɹ ɩɟɪɟɞɚɱɚ 

ȽȺɁ-24 
80 III-IV 

100 IV 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 6.1 
Ⱥɜɬɨɦɨɛɢɥɶ ɇɚɱɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ, ɤɦ/ɱ ɇɚɱɚɥɶɧɚɹ ɩɟɪɟɞɚɱɚ 

ȽȺɁ-24 120 IV 
ɁɂɅ-130 80 V 

 
ȼ ɬɚɛɥɢɰɟ 6.2 ɩɪɢɜɟɞɟɧɚ ɫɤɨɪɨɫɬɧɚɹ ɩɟɪɟɞɚɱɚ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɟɣ ɩɚɪɚ- 

ɦɟɬɪɵ. 
 

Ɍɚɛɥɢɰɚ 6.2 – ɉɟɪɟɞɚɱɚ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɟɣ ɩɚɪɚɦɟɬɪɵ 
ɉɟɪɟɞɚɱɚ V, ɤɦ/ɱ a b n 

I 10 3170 51,83 0,015 

II 20 1749 8,93 0,005 

III 40 974 1,776 0,002 

IV 60 626 0,677 0,0007 

V 80 416 0,397 0,0004 

 
Ɋɚɫɱɟɬ ɩɪɨɜɨɞɢɬɫɹ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ Microsoft Excel. Ɉɧ ɩɪɢɜɟɞɟɧ ɜ 

ɬɚɛɥɢɰɟ 6.3. 
Ⱦɚɥɟɟ ɩɨ ɮɨɪɦɭɥɟ (6.8) ɫɬɪɨɢɬɫɹ ɝɪɚɮɢɤ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɛɟɡɨɩɚɫɧɨɫɬɢ. 
ɗɩɸɪɵ ɫɤɨɪɨɫɬɟɣ ɢ ɝɪɚɮɢɤ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɛɟɡɨɩɚɫɧɨɫɬɢ ɞɥɹ ɩɟɪɜɨɝɨ ɜɚ- 

ɪɢɚɧɬɚ ɬɪɚɫɫɵ ɩɪɢɜɟɞɟɧɵ ɧɚ ɥɢɫɬɟ ɧɨɦɟɪ 2 ɝɪɚɮɢɱɟɫɤɨɣ ɱɚɫɬɢ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢ- 
ɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ. 
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Ɍɚɛɥɢɰɚ 6.3 – Ɋɚɫɱɟɬ ɫɤɨɪɨɫɬɟɣ ɞɜɢɠɟɧɢɹ ɞɥɹ ɩɟɪɜɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ 
 

№ 
ɇɚɱɚɥɶ- 

ɧɚɹ ɫɤɨ- 
ɪɨɫɬɶ, ɦ/ɫ 

 
Ɋɚɫɫɬɨɹ- 
ɧɢɟ, ɦ 

 
ɍɤɥɨɧ 

ɉɟɪɟɞɚɱɚ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɟɣ 
ɩɚɪɚɦɟɬɪɵ 

 
e-2nx 

 
L 

 
V, ɦ/ɫ 

 
V, ɤɦ/ɱ 

 
ɉɪɢɦɟɱɚɧɢɟ 

ɂɫɤɭɫɫɬɜɟɧɧɨɟ 
ɫɧɢɠɟɧɢɟ ɫɤɨ- 

ɪɨɫɬɢ ɞɨ 80 
ɤɦ/ɱ 

ɉɟɪɟ- 
ɞɚɱɚ a b n 

ɉɪɹɦɨɟ ɧɚɩɪɚɜɥɟɧɢɟ 
1 22,22 100 -0,006 V 416 0,397 0,0004 0,92 791,08 22,73 81,82 Ⱦɜɢɠɟɧɢɟ ɧɚ 

ɫɩɭɫɤ 

 
 
 
 

80 

2 22,80 100 -0,006 V 416 0,397 0,0004 0,92 791,08 23,19 83,48 
3 23,32 100 -0,006 V 416 0,397 0,0004 0,92 791,08 23,60 84,98 
4 23,80 100 0,006 V 416 0,397 0,0004 0,92 534,31 23,75 85,48 ɋɦɟɧɚ ɭɤɥɨɧɚ 
5 23,75 100 0,006 V 416 0,397 0,0004 0,92 534,31 23,70 85,31  

 
Ⱦɜɢɠɟɧɢɟ ɧɚ 

ɩɨɞɴɟɦ 

6 23,70 100 0,006 V 416 0,397 0,0004 0,92 534,31 23,65 85,15 
7 23,65 100 0,006 V 416 0,397 0,0004 0,92 534,31 23,61 85,00 
8 23,61 100 0,006 V 416 0,397 0,0004 0,92 534,31 23,57 84,87 
9 23,57 100 0,006 V 416 0,397 0,0004 0,92 534,31 23,54 84,74 
10 23,54 100 0,006 V 416 0,397 0,0004 0,92 534,31 23,51 84,63 
11 23,51 100 0,006 V 416 0,397 0,0004 0,92 534,31 23,48 84,52 
12 23,48 100 0,046 V 416 0,397 0,0004 0,92 -321,61 22,00 79,21 ɋɦɟɧɚ ɭɤɥɨɧɚ  

 
 
 
 
 
 
 

ɇɟ ɬɪɟɛɭɟɬɫɹ 

13 22,00 100 0,046 V 416 0,397 0,0004 0,92 -321,61 20,55 73,97 
Ⱦɜɢɠɟɧɢɟ ɧɚ 

ɩɨɞɴɟɦ 
14 20,55 100 0,046 V 416 0,397 0,0004 0,92 -321,61 19,10 68,77 
15 19,10 100 0,046 V 416 0,397 0,0004 0,92 -321,61 17,67 63,61 
16 17,67 100 0,046 IV 626 0,677 0,0007 0,87 121,60 16,95 61,02 ɉɟɪɟɯɨɞ ɧɚ IV 
17 16,95 100 0,046 IV 626 0,677 0,0007 0,87 121,60 16,30 58,67  

Ⱦɜɢɠɟɧɢɟ ɧɚ 
ɩɨɞɴɟɦ 

18 16,30 100 0,046 IV 626 0,677 0,0007 0,87 121,60 15,71 56,56 
19 15,71 100 0,046 IV 626 0,677 0,0007 0,87 121,60 15,18 54,65 
20 15,18 100 0,046 IV 626 0,677 0,0007 0,87 121,60 14,70 52,94 
21 14,70 100 0,032 IV 626 0,677 0,0007 0,87 297,27 15,06 54,22 ɋɦɟɧɚ ɭɤɥɨɧɚ 
22 15,06 100 0,032 IV 626 0,677 0,0007 0,87 297,27 15,36 55,31  

Ⱦɜɢɠɟɧɢɟ ɧɚ 
ɩɨɞɴɟɦ 

23 15,36 100 0,032 IV 626 0,677 0,0007 0,87 297,27 15,62 56,24 
24 15,62 100 0,032 IV 626 0,677 0,0007 0,87 297,27 15,84 57,03 
25 15,84 100 0,032 IV 626 0,677 0,0007 0,87 297,27 16,03 57,72 
26 16,03 100 0,021 IV 626 0,677 0,0007 0,87 435,30 16,74 60,27 ɋɦɟɧɚ ɭɤɥɨɧɚ 
27 16,74 100 0,021 V 416 0,397 0,0004 0,92 213,34 16,59 59,72 ɉɟɪɟɯɨɞ ɧɚ V 
28 16,59 100 0,021 V 416 0,397 0,0004 0,92 213,34 16,44 59,20 

Ⱦɜɢɠɟɧɢɟ ɧɚ 
ɩɨɞɴɟɦ 

29 16,44 100 0,021 V 416 0,397 0,0004 0,92 213,34 16,31 58,72 
30 16,31 100 0,021 V 416 0,397 0,0004 0,92 213,34 16,19 58,27 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 6.3 
 

№ 
ɇɚɱɚɥɶ- 

ɧɚɹ ɫɤɨ- 
ɪɨɫɬɶ, ɦ/ɫ 

 
Ɋɚɫɫɬɨɹ- 
ɧɢɟ, ɦ 

 
ɍɤɥɨɧ 

ɉɟɪɟɞɚɱɚ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɟɣ 
ɩɚɪɚɦɟɬɪɵ 

 
e-2nx 

 
L 

 
V, ɦ/ɫ 

 
V, ɤɦ/ɱ 

 
ɉɪɢɦɟɱɚɧɢɟ 

ɂɫɤɭɫɫɬɜɟɧɧɨɟ 
ɫɧɢɠɟɧɢɟ ɫɤɨ- 

ɪɨɫɬɢ ɞɨ 80 
ɤɦ/ɱ 

ɉɟɪɟ- 
ɞɚɱɚ a b n 

31 16,19 100 0,021 V 416 0,397 0,0004 0,92 213,34 16,07 57,85   
 
 

ɇɟ ɬɪɟɛɭɟɬɫɹ 

32 16,07 100 -0,006 V 416 0,397 0,0004 0,92 791,08 17,30 62,27 ɋɦɟɧɚ ɭɤɥɨɧɚ 
33 17,30 100 -0,006 V 416 0,397 0,0004 0,92 791,08 18,36 66,09  

Ⱦɜɢɠɟɧɢɟ ɧɚ 
ɫɩɭɫɤ 

34 18,36 100 -0,006 V 416 0,397 0,0004 0,92 791,08 19,29 69,43 
35 19,29 100 -0,006 V 416 0,397 0,0004 0,92 791,08 20,10 72,37 
36 20,10 100 -0,006 V 416 0,397 0,0004 0,92 791,08 20,83 74,99 
37 20,83 100 -0,006 V 416 0,397 0,0004 0,92 791,08 21,48 77,33 
38 21,48 100 -0,011 V 416 0,397 0,0004 0,92 898,07 22,25 80,09 ɋɦɟɧɚ ɭɤɥɨɧɚ  

 
 
 
 
 

80 

39 22,25 100 -0,011 V 416 0,397 0,0004 0,92 898,07 22,93 82,56  
Ⱦɜɢɠɟɧɢɟ ɧɚ 

ɫɩɭɫɤ 

40 22,93 100 -0,011 V 416 0,397 0,0004 0,92 898,07 23,55 84,78 
41 23,55 100 -0,011 V 416 0,397 0,0004 0,92 898,07 24,10 86,77 
42 24,10 100 -0,011 V 416 0,397 0,0004 0,92 898,07 24,60 88,57 
43 24,60 100 -0,011 V 416 0,397 0,0004 0,92 898,07 25,06 90,20 
44 25,06 100 -0,019 V 416 0,397 0,0004 0,92 1069,26 25,73 92,61 ɋɦɟɧɚ ɭɤɥɨɧɚ 
45 25,73 100 -0,019 V 416 0,397 0,0004 0,92 1069,26 26,33 94,78 

Ⱦɜɢɠɟɧɢɟ ɧɚ 
ɫɩɭɫɤ 

46 26,33 100 -0,019 V 416 0,397 0,0004 0,92 1069,26 26,87 96,73 
47 26,87 100 -0,019 V 416 0,397 0,0004 0,92 1069,26 27,36 98,51 
48 27,36 100 0,0075 V 416 0,397 0,0004 0,92 502,21 26,69 96,07 ɋɦɟɧɚ ɭɤɥɨɧɚ 
49 27,06 100 0,0075 V 416 0,397 0,0004 0,92 502,21 26,38 94,98 

Ⱦɜɢɠɟɧɢɟ ɧɚ 
ɩɨɞɴɟɦ 

50 26,78 100 0,0075 V 416 0,397 0,0004 0,97 502,21 26,27 94,58 
51 26,51 38 0,0075 V 416 0,397 0,0004 0,92 502,21 26,69 96,07 

Ɉɛɪɚɬɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ 
1 22,22 100 -0,0075 V 416 0,397 0,0004 0,92 823,18 22,78 82,02  

Ⱦɜɢɠɟɧɢɟ ɧɚ 
ɫɩɭɫɤ 

 
 
 

80 

2 22,73 100 -0,0075 V 416 0,397 0,0004 0,92 823,18 23,29 83,85 
3 23,19 100 -0,0075 V 416 0,397 0,0004 0,92 823,18 23,75 85,50 
4 23,60 38 -0,0075 V 416 0,397 0,0004 0,97 823,18 23,91 86,08 
5 23,75 100 0,019 V 416 0,397 0,0004 0,92 256,13 23,25 83,69 ɋɦɟɧɚ ɭɤɥɨɧɚ 
6 23,25 100 0,019 V 416 0,397 0,0004 0,92 256,13 22,77 81,98 Ⱦɜɢɠɟɧɢɟ ɧɚ 

ɩɨɞɴɟɦ 
7 22,77 100 0,019 V 416 0,397 0,0004 0,92 256,13 22,33 80,37 
8 22,33 100 0,019 V 416 0,397 0,0004 0,92 256,13 21,90 78,86  
9 21,90 100 0,011 V 416 0,397 0,0004 0,92 427,32 21,81 78,52 ɋɦɟɧɚ ɭɤɥɨɧɚ 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 6.3 
 

№ 
ɇɚɱɚɥɶ- 

ɧɚɹ ɫɤɨ- 
ɪɨɫɬɶ, ɦ/ɫ 

 
Ɋɚɫɫɬɨɹ- 
ɧɢɟ, ɦ 

 
ɍɤɥɨɧ 

ɉɟɪɟɞɚɱɚ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɟɣ 
ɩɚɪɚɦɟɬɪɵ 

 
e-2nx 

 
L 

 
V, ɦ/ɫ 

 
V, ɤɦ/ɱ 

 
ɉɪɢɦɟɱɚɧɢɟ 

ɂɫɤɭɫɫɬɜɟɧɧɨɟ 
ɫɧɢɠɟɧɢɟ ɫɤɨ- 

ɪɨɫɬɢ ɞɨ 80 
ɤɦ/ɱ 

ɉɟɪɟ- 
ɞɚɱɚ a b n 

10 21,81 100 0,011 V 416 0,397 0,0004 0,92 427,32 21,73 78,22  
Ⱦɜɢɠɟɧɢɟ ɧɚ 

ɩɨɞɴɟɦ 

 
 
 
 

ɇɟ ɬɪɟɛɭɟɬɫɹ 

11 21,73 100 0,011 V 416 0,397 0,0004 0,92 427,32 21,65 77,93 
12 21,65 100 0,011 V 416 0,397 0,0004 0,92 427,32 21,57 77,67 
13 21,57 100 0,011 V 416 0,397 0,0004 0,92 427,32 21,51 77,42 
14 21,51 100 0,011 V 416 0,397 0,0004 0,92 427,32 21,44 77,20 
15 21,44 100 0,006 V 416 0,397 0,0004 0,92 534,31 21,58 77,67 ɋɦɟɧɚ ɭɤɥɨɧɚ 
16 21,58 100 0,006 V 416 0,397 0,0004 0,92 534,31 21,70 78,11  

Ⱦɜɢɠɟɧɢɟ ɧɚ 
ɩɨɞɴɟɦ 

17 21,70 100 0,006 V 416 0,397 0,0004 0,92 534,31 21,81 78,52 
18 21,81 100 0,006 V 416 0,397 0,0004 0,92 534,31 21,91 78,89 
19 21,91 100 0,006 V 416 0,397 0,0004 0,92 534,31 22,01 79,23 
20 22,01 100 0,006 V 416 0,397 0,0004 0,92 534,31 22,10 79,54 
21 22,10 100 -0,021 V 416 0,397 0,0004 0,92 1112,05 23,16 83,36 ɋɦɟɧɚ ɭɤɥɨɧɚ  

 
 
 
 
 
 
 
 

80 

22 23,16 100 -0,021 V 416 0,397 0,0004 0,92 1112,05 24,09 86,73  
Ⱦɜɢɠɟɧɢɟ ɧɚ 

ɫɩɭɫɤ 

23 24,09 100 -0,021 V 416 0,397 0,0004 0,92 1112,05 24,93 89,73 
24 24,93 100 -0,021 V 416 0,397 0,0004 0,92 1112,05 25,67 92,42 
25 25,67 100 -0,021 V 416 0,397 0,0004 0,92 1112,05 26,34 94,83 
26 26,34 100 -0,021 V 416 0,397 0,0004 0,92 1112,05 26,94 97,00 
27 26,94 100 -0,032 V 416 0,397 0,0004 0,92 1347,43 27,82 100,14 ɋɦɟɧɚ ɭɤɥɨɧɚ 
28 27,82 100 -0,032 V 416 0,397 0,0004 0,92 1347,43 28,60 102,96  

Ⱦɜɢɠɟɧɢɟ ɧɚ 
ɫɩɭɫɤ 

29 28,60 100 -0,032 V 416 0,397 0,0004 0,92 1347,43 29,30 105,49 
30 29,30 100 -0,032 V 416 0,397 0,0004 0,92 1347,43 29,94 107,77 
31 29,94 100 -0,032 V 416 0,397 0,0004 0,92 1347,43 30,51 109,84 
32 30,51 100 -0,046 V 416 0,397 0,0004 0,92 1647,00 31,40 113,04 ɋɦɟɧɚ ɭɤɥɨɧɚ 
33 31,40 100 -0,046 V 416 0,397 0,0004 0,92 1647,00 32,20 115,92  

 
 

Ⱦɜɢɠɟɧɢɟ ɧɚ 
ɫɩɭɫɤ 

34 32,20 100 -0,046 V 416 0,397 0,0004 0,92 1647,00 32,92 118,51 
35 32,92 100 -0,046 V 416 0,397 0,0004 0,92 1647,00 33,57 120,85 
36 33,57 100 -0,046 V 416 0,397 0,0004 0,92 1647,00 34,16 122,98 
37 34,16 100 -0,046 V 416 0,397 0,0004 0,92 1647,00 34,70 124,91 
38 34,70 100 -0,046 V 416 0,397 0,0004 0,92 1647,00 35,18 126,66 
39 35,18 100 -0,046 V 416 0,397 0,0004 0,92 1647,00 35,63 128,26 
40 35,63 100 -0,046 V 416 0,397 0,0004 0,92 1647,00 36,03 129,72 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 6.3 
 

№ 
ɇɚɱɚɥɶ- 

ɧɚɹ ɫɤɨ- 
ɪɨɫɬɶ, ɦ/ɫ 

 
Ɋɚɫɫɬɨɹ- 
ɧɢɟ, ɦ 

 
ɍɤɥɨɧ 

ɉɟɪɟɞɚɱɚ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɟɣ 
ɩɚɪɚɦɟɬɪɵ 

 
e-2nx 

 
L 

 
V, ɦ/ɫ 

 
V, ɤɦ/ɱ 

 
ɉɪɢɦɟɱɚɧɢɟ 

ɂɫɤɭɫɫɬɜɟɧɧɨɟ 
ɫɧɢɠɟɧɢɟ ɫɤɨ- 

ɪɨɫɬɢ ɞɨ 80 
ɤɦ/ɱ 

ɉɟɪɟ- 
ɞɚɱɚ a b n 

41 36,03 100 -0,006 V 416 0,397 0,0004 0,92 791,08 35,49 127,76 ɋɦɟɧɚ ɭɤɥɨɧɚ  
 
 
 

80 

42 35,49 100 -0,006 V 416 0,397 0,0004 0,92 791,08 34,98 125,92  

 
Ⱦɜɢɠɟɧɢɟ ɧɚ 

ɫɩɭɫɤ 

43 34,98 100 -0,006 V 416 0,397 0,0004 0,92 791,08 34,50 124,20 
44 34,50 100 -0,006 V 416 0,397 0,0004 0,92 791,08 34,05 122,58 
45 34,05 100 -0,006 V 416 0,397 0,0004 0,92 791,08 33,63 121,08 
46 33,63 100 -0,006 V 416 0,397 0,0004 0,92 791,08 33,24 119,67 
47 33,24 100 -0,006 V 416 0,397 0,0004 0,92 791,08 32,88 118,36 
48 32,88 100 -0,006 V 416 0,397 0,0004 0,92 791,08 32,54 117,13 
49 32,54 100 0,006 V 416 0,397 0,0004 0,92 534,31 31,91 114,89 ɋɦɟɧɚ ɭɤɥɨɧɚ 
50 31,86 100 0,006 V 416 0,397 0,0004 0,92 534,31 31,33 112,77 Ⱦɜɢɠɟɧɢɟ ɧɚ 

ɩɨɞɴɟɦ 51 31,22 100 0,006 V 416 0,397 0,0004 0,92 534,31 30,77 110,78 
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6.1.3 Ɋɚɫɱɟɬ ɫɤɨɪɨɫɬɟɣ ɞɜɢɠɟɧɢɹ ɢ ɨɰɟɧɤɚ ɩɨ ɝɪɚɮɢɤɚɦ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɛɟɡɨɩɚɫɧɨɫɬɢ ɞɥɹ ɜɬɨɪɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ 

 
Ɋɚɫɱɟɬ ɫɤɨɪɨɫɬɟɣ ɞɜɢɠɟɧɢɹ ɞɥɹ ɜɬɨɪɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ ɩɪɨɜɨɞɢɬɫɹ ɚɧɚ- 

ɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ, ɱɬɨ ɢ ɞɥɹ ɩɟɪɜɨɝɨ, ɢɫɩɨɥɶɡɭɹ ɮɨɪɦɭɥɵ (6.6) – (6.7) ɢ ɩɪɨ- 
ɝɪɚɦɦɭ Microsoft Excel. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 6.4. 

ɉɨ ɮɨɪɦɭɥɟ (6.8) ɫɬɪɨɢɬɫɹ ɝɪɚɮɢɤ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɛɟɡɨɩɚɫɧɨɫɬɢ. 
ɗɩɸɪɵ ɫɤɨɪɨɫɬɟɣ ɢ ɝɪɚɮɢɤ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɛɟɡɨɩɚɫɧɨɫɬɢ ɞɥɹ ɜɬɨɪɨɝɨ ɜɚ- 

ɪɢɚɧɬɚ ɬɪɚɫɫɵ ɩɪɢɜɟɞɟɧɵ ɧɚ ɥɢɫɬɟ ɧɨɦɟɪ 3 ɝɪɚɮɢɱɟɫɤɨɣ ɱɚɫɬɢ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢ- 
ɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ. 
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Ɍɚɛɥɢɰɚ 6.4 – Ɋɚɫɱɟɬ ɫɤɨɪɨɫɬɟɣ ɞɜɢɠɟɧɢɹ ɞɥɹ ɜɬɨɪɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ 
 

№ 
ɇɚɱɚɥɶ- 

ɧɚɹ ɫɤɨ- 
ɪɨɫɬɶ, ɦ/ɫ 

 
Ɋɚɫɫɬɨɹ- 
ɧɢɟ, ɦ 

 
ɍɤɥɨɧ 

ɉɟɪɟɞɚɱɚ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɟɣ 
ɩɚɪɚɦɟɬɪɵ 

 
e-2nx 

 
L 

 
V, ɦ/ɫ 

 
V, ɤɦ/ɱ 

 
ɉɪɢɦɟɱɚɧɢɟ 

ɂɫɤɭɫɫɬɜɟɧɧɨɟ 
ɫɧɢɠɟɧɢɟ ɫɤɨ- 

ɪɨɫɬɢ ɞɨ 80 
ɤɦ/ɱ 

ɉɟɪɟ- 
ɞɚɱɚ a b n 

ɉɪɹɦɨɟ ɧɚɩɪɚɜɥɟɧɢɟ 
1 22,22 100 0,016 V 416 0,397 0,0004 0,92 320,33 21,92 78,90 ɇɚ ɩɨɞɴɟɦ  

2 21,96 100 -0,011 V 416 0,397 0,0004 0,92 898,07 22,67 81,62 ɋɦɟɧɚ ɭɤɥɨɧɚ  
 

 
80 

3 22,67 100 -0,011 V 416 0,397 0,0004 0,92 898,07 23,31 83,93 ɇɚ ɫɩɭɫɤ 
4 23,31 100 -0,008 V 416 0,397 0,0004 0,92 833,88 23,79 85,64 ɋɦɟɧɚ ɭɤɥɨɧɚ 
5 23,79 100 -0,008 V 416 0,397 0,0004 0,92 833,88 24,22 87,18 Ⱦɜɢɠɟɧɢɟ ɧɚ 

ɫɩɭɫɤ 6 24,22 100 -0,008 V 416 0,397 0,0004 0,92 833,88 24,61 88,59 
7 24,61 100 0,016 V 416 0,397 0,0004 0,92 320,33 24,16 86,97 ɋɦɟɧɚ ɭɤɥɨɧɚ 
8 24,16 100 0,016 V 416 0,397 0,0004 0,92 320,33 23,73 85,44 ɇɚ ɩɨɞɴɟɦ 
9 23,73 100 0,043 V 416 0,397 0,0004 0,92 -257,42 22,37 80,52 ɋɦɟɧɚ ɭɤɥɨɧɚ 
10 22,37 100 0,043 V 416 0,397 0,0004 0,92 -257,42 21,02 75,68 ɇɚ ɩɨɞɴɟɦ  

 
 
 
 
 
 
 
 

ɇɟ ɬɪɟɛɭɟɬɫɹ 

11 21,02 100 0,053 V 416 0,397 0,0004 0,92 -471,40 19,28 69,41 ɋɦɟɧɚ ɭɤɥɨɧɚ 
12 19,28 100 0,053 V 416 0,397 0,0004 0,92 -471,40 17,52 63,07 ɇɚ ɩɨɞɴɟɦ 
13 17,52 100 0,053 IV 626 0,677 0,0007 0,87 33,76 16,47 59,29 ɉɟɪɟɯɨɞ ɧɚ IV 
14 16,47 100 0,053 IV 626 0,677 0,0007 0,87 33,76 15,50 55,80 ɇɚ ɩɨɞɴɟɦ 
15 15,50 100 0,046 IV 626 0,677 0,0007 0,87 121,60 14,99 53,97 ɋɦɟɧɚ ɭɤɥɨɧɚ 
16 14,99 100 0,046 IV 626 0,677 0,0007 0,87 121,60 14,53 52,32 Ⱦɜɢɠɟɧɢɟ ɧɚ 

ɩɨɞɴɟɦ 17 14,53 100 0,046 IV 626 0,677 0,0007 0,87 121,60 14,13 50,85 
18 14,13 100 0,047 IV 626 0,677 0,0007 0,87 109,05 13,70 49,32 ɋɦɟɧɚ ɭɤɥɨɧɚ 
19 13,70 100 0,047 IV 626 0,677 0,0007 0,87 109,05 13,32 47,95 

Ⱦɜɢɠɟɧɢɟ ɧɚ 
ɩɨɞɴɟɦ 

20 13,32 100 0,047 IV 626 0,677 0,0007 0,87 109,05 12,98 46,73 
21 12,98 100 0,047 IV 626 0,677 0,0007 0,87 109,05 12,68 45,64 
22 12,68 100 0,039 IV 626 0,677 0,0007 0,87 209,43 12,93 46,54 ɋɦɟɧɚ ɭɤɥɨɧɚ 
23 12,93 100 0,039 IV 626 0,677 0,0007 0,87 209,43 13,14 47,30 Ⱦɜɢɠɟɧɢɟ ɧɚ 

ɩɨɞɴɟɦ 24 13,14 100 0,039 IV 626 0,677 0,0007 0,87 209,43 13,32 47,95 
25 13,32 100 0,028 IV 626 0,677 0,0007 0,87 347,46 14,13 50,87 ɋɦɟɧɚ ɭɤɥɨɧɚ 
26 14,13 100 0,028 IV 626 0,677 0,0007 0,87 347,46 14,80 53,27 Ⱦɜɢɠɟɧɢɟ ɧɚ 

ɩɨɞɴɟɦ 27 14,80 100 0,028 IV 626 0,677 0,0007 0,87 347,46 15,35 55,27 
28 15,35 100 0,021 IV 626 0,677 0,0007 0,87 435,30 16,18 58,25 ɋɦɟɧɚ ɭɤɥɨɧɚ 
29 16,18 100 0,021 IV 626 0,677 0,0007 0,87 435,30 16,87 60,72 ɇɚ ɩɨɞɴɟɦ 
30 16,87 100 0,021 V 416 0,397 0,0004 0,92 213,34 16,70 60,13 ɉɟɪɟɯɨɞ ɧɚ V 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 6.4 
 

№ 
ɇɚɱɚɥɶ- 

ɧɚɹ ɫɤɨ- 
ɪɨɫɬɶ, ɦ/ɫ 

 
Ɋɚɫɫɬɨɹ- 
ɧɢɟ, ɦ 

 
ɍɤɥɨɧ 

ɉɟɪɟɞɚɱɚ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɟɣ 
ɩɚɪɚɦɟɬɪɵ 

 
e-2nx 

 
L 

 
V, ɦ/ɫ 

 
V, ɤɦ/ɱ 

 
ɉɪɢɦɟɱɚɧɢɟ 

ɂɫɤɭɫɫɬɜɟɧɧɨɟ 
ɫɧɢɠɟɧɢɟ ɫɤɨ- 

ɪɨɫɬɢ ɞɨ 80 
ɤɦ/ɱ 

ɉɟɪɟ- 
ɞɚɱɚ a b n 

31 16,70 100 -0,007 V 416 0,397 0,0004 0,92 812,48 17,89 64,40 ɋɦɟɧɚ ɭɤɥɨɧɚ  
ɇɟ ɬɪɟɛɭɟɬɫɹ 

32 17,89 100 -0,007 V 416 0,397 0,0004 0,92 812,48 18,92 68,10 Ⱦɜɢɠɟɧɢɟ ɧɚ 
ɫɩɭɫɤ 33 18,92 100 -0,007 V 416 0,397 0,0004 0,92 812,48 19,82 71,35 

34 19,82 100 -0,029 V 416 0,397 0,0004 0,92 1283,24 21,48 77,32 ɋɦɟɧɚ ɭɤɥɨɧɚ 
35 21,48 100 -0,029 V 416 0,397 0,0004 0,92 1283,24 22,90 82,45 

Ⱦɜɢɠɟɧɢɟ ɧɚ 
ɫɩɭɫɤ 

 
 
 
 
 
 
 

80 

36 22,90 100 -0,029 V 416 0,397 0,0004 0,92 1283,24 24,14 86,91 
37 24,14 100 -0,029 V 416 0,397 0,0004 0,92 1283,24 25,23 90,84 
38 25,23 100 -0,022 V 416 0,397 0,0004 0,92 1133,45 25,98 93,52 ɋɦɟɧɚ ɭɤɥɨɧɚ 
39 25,98 100 -0,022 V 416 0,397 0,0004 0,92 1133,45 26,65 95,93  

Ⱦɜɢɠɟɧɢɟ ɧɚ 
ɫɩɭɫɤ 

40 26,65 100 -0,022 V 416 0,397 0,0004 0,92 1133,45 27,25 98,11 
41 27,25 100 -0,022 V 416 0,397 0,0004 0,92 1133,45 27,80 100,07 
42 27,80 100 -0,022 V 416 0,397 0,0004 0,92 1133,45 28,29 101,85 
43 28,29 100 -0,022 V 416 0,397 0,0004 0,92 1133,45 28,74 103,47 
44 28,74 100 -0,016 V 416 0,397 0,0004 0,92 1005,06 28,98 104,33 ɋɦɟɧɚ ɭɤɥɨɧɚ 
45 28,98 100 -0,016 V 416 0,397 0,0004 0,92 1005,06 29,20 105,11 

Ⱦɜɢɠɟɧɢɟ ɧɚ 
ɫɩɭɫɤ 

46 29,20 100 -0,016 V 416 0,397 0,0004 0,92 1005,06 29,40 105,83 
47 29,40 100 -0,016 V 416 0,397 0,0004 0,92 1005,06 29,58 106,49 
48 29,58 100 0,008 V 416 0,397 0,0004 0,92 491,51 29,08 104,68 ɋɦɟɧɚ ɭɤɥɨɧɚ 
49 29,05 100 0,008 V 416 0,397 0,0004 0,92 491,51 28,61 102,98 Ⱦɜɢɠɟɧɢɟ ɧɚ 

ɩɨɞɴɟɦ 50 28,55 51 0,008 V 416 0,397 0,0004 0,96 491,51 28,38 102,16 
Ɉɛɪɚɬɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ 

1 22,22 100 -0,008 V 416 0,397 0,0004 0,92 833,88 22,80 82,08 Ⱦɜɢɠɟɧɢɟ ɧɚ 
ɫɩɭɫɤ 

 
 
 

80 

2 22,84 100 -0,008 V 416 0,397 0,0004 0,92 833,88 23,32 83,97 
3 23,39 51 -0,008 V 416 0,397 0,0004 0,96 833,88 23,57 84,86 
4 23,65 100 0,016 V 416 0,397 0,0004 0,92 320,33 23,26 83,74 ɋɦɟɧɚ ɭɤɥɨɧɚ 
5 23,26 100 0,016 V 416 0,397 0,0004 0,92 320,33 22,89 82,42 Ⱦɜɢɠɟɧɢɟ ɧɚ 

ɩɨɞɴɟɦ 
6 22,89 100 0,016 V 416 0,397 0,0004 0,92 320,33 22,55 81,18 
7 22,55 100 0,016 V 416 0,397 0,0004 0,92 320,33 22,23 80,01 
8 22,23 100 0,022 V 416 0,397 0,0004 0,92 191,94 21,70 78,11 ɋɦɟɧɚ ɭɤɥɨɧɚ  

ɇɟ ɬɪɟɛɭɟɬɫɹ 9 21,70 100 0,022 V 416 0,397 0,0004 0,92 191,94 21,20 76,31 Ⱦɜɢɠɟɧɢɟ ɧɚ 
ɩɨɞɴɟɦ 10 21,20 100 0,022 V 416 0,397 0,0004 0,92 191,94 20,73 74,61 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 6.4 
 

№ 
ɇɚɱɚɥɶ- 

ɧɚɹ ɫɤɨ- 
ɪɨɫɬɶ, ɦ/ɫ 

 
Ɋɚɫɫɬɨɹ- 
ɧɢɟ, ɦ 

 
ɍɤɥɨɧ 

ɉɟɪɟɞɚɱɚ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɟɣ 
ɩɚɪɚɦɟɬɪɵ 

 
e-2nx 

 
L 

 
V, ɦ/ɫ 

 
V, ɤɦ/ɱ 

 
ɉɪɢɦɟɱɚɧɢɟ 

ɂɫɤɭɫɫɬɜɟɧɧɨɟ 
ɫɧɢɠɟɧɢɟ ɫɤɨ- 

ɪɨɫɬɢ ɞɨ 80 
ɤɦ/ɱ 

ɉɟɪɟ- 
ɞɚɱɚ a b n 

11 20,73 100 0,022 V 416 0,397 0,0004 0,92 191,94 20,28 73,01 
Ⱦɜɢɠɟɧɢɟ ɧɚ 

ɩɨɞɴɟɦ 

 
 
 
 
 

ɇɟ ɬɪɟɛɭɟɬɫɹ 

12 20,28 100 0,022 V 416 0,397 0,0004 0,92 191,94 19,86 71,50 
13 19,86 100 0,022 V 416 0,397 0,0004 0,92 191,94 19,46 70,07 
14 19,46 100 0,029 V 416 0,397 0,0004 0,92 42,15 18,79 67,63 ɋɦɟɧɚ ɭɤɥɨɧɚ 
15 18,79 100 0,029 V 416 0,397 0,0004 0,92 42,15 18,14 65,30 

Ⱦɜɢɠɟɧɢɟ ɧɚ 
ɩɨɞɴɟɦ 

16 18,14 100 0,029 V 416 0,397 0,0004 0,92 42,15 17,52 63,08 
17 17,52 100 0,029 V 416 0,397 0,0004 0,92 42,15 16,93 60,95 
18 16,93 100 0,007 V 416 0,397 0,0004 0,92 512,91 17,44 62,77 ɋɦɟɧɚ ɭɤɥɨɧɚ 
19 17,44 100 0,007 V 416 0,397 0,0004 0,92 512,91 17,89 64,41 Ⱦɜɢɠɟɧɢɟ ɧɚ 

ɩɨɞɴɟɦ 20 17,89 100 0,007 V 416 0,397 0,0004 0,92 512,91 18,30 65,88 
21 18,30 100 -0,021 V 416 0,397 0,0004 0,92 1112,05 19,87 71,52 ɋɦɟɧɚ ɭɤɥɨɧɚ 
22 19,87 100 -0,021 V 416 0,397 0,0004 0,92 1112,05 21,21 76,35 Ⱦɜɢɠɟɧɢɟ ɧɚ 

ɫɩɭɫɤ 23 21,21 100 -0,021 V 416 0,397 0,0004 0,92 1112,05 22,38 80,56  
 
 
 
 
 
 
 

80 

24 22,38 100 -0,028 V 416 0,397 0,0004 0,92 1261,84 23,65 85,14 ɋɦɟɧɚ ɭɤɥɨɧɚ 
25 23,65 100 -0,028 V 416 0,397 0,0004 0,92 1261,84 24,76 89,15 Ⱦɜɢɠɟɧɢɟ ɧɚ 

ɫɩɭɫɤ 26 24,76 100 -0,028 V 416 0,397 0,0004 0,92 1261,84 25,75 92,71 
27 25,75 100 -0,039 V 416 0,397 0,0004 0,92 1497,22 26,97 97,08 ɋɦɟɧɚ ɭɤɥɨɧɚ 
28 26,97 100 -0,039 V 416 0,397 0,0004 0,92 1497,22 28,04 100,96 Ⱦɜɢɠɟɧɢɟ ɧɚ 

ɫɩɭɫɤ 29 28,04 100 -0,039 V 416 0,397 0,0004 0,92 1497,22 29,00 104,41 
30 29,00 100 -0,047 V 416 0,397 0,0004 0,92 1668,40 30,08 108,28 ɋɦɟɧɚ ɭɤɥɨɧɚ 
31 30,08 100 -0,047 V 416 0,397 0,0004 0,92 1668,40 31,04 111,74 Ⱦɜɢɠɟɧɢɟ ɧɚ 

ɫɩɭɫɤ 
32 31,04 100 -0,047 V 416 0,397 0,0004 0,92 1668,40 31,90 114,84 
33 31,90 100 -0,047 V 416 0,397 0,0004 0,92 1668,40 32,68 117,63 
34 32,68 100 -0,046 V 416 0,397 0,0004 0,92 1647,00 33,35 120,06 ɋɦɟɧɚ ɭɤɥɨɧɚ 
35 33,35 100 -0,046 V 416 0,397 0,0004 0,92 1647,00 33,96 122,26 Ⱦɜɢɠɟɧɢɟ ɧɚ 

ɫɩɭɫɤ 36 33,96 100 -0,046 V 416 0,397 0,0004 0,92 1647,00 34,51 124,25 
37 34,51 100 -0,053 V 416 0,397 0,0004 0,92 1796,79 35,18 126,66 ɋɦɟɧɚ ɭɤɥɨɧɚ 
38 35,18 100 -0,053 V 416 0,397 0,0004 0,92 1796,79 35,79 128,84 Ⱦɜɢɠɟɧɢɟ ɧɚ 

ɫɩɭɫɤ 
39 35,79 100 -0,053 V 416 0,397 0,0004 0,92 1796,79 36,34 130,82 
40 36,34 100 -0,053 V 416 0,397 0,0004 0,92 1796,79 36,84 132,62 



37  

Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 6.4 
 

№ 
ɇɚɱɚɥɶ- 

ɧɚɹ ɫɤɨ- 
ɪɨɫɬɶ, ɦ/ɫ 

 
Ɋɚɫɫɬɨɹ- 
ɧɢɟ, ɦ 

 
ɍɤɥɨɧ 

ɉɟɪɟɞɚɱɚ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɟɣ 
ɩɚɪɚɦɟɬɪɵ 

 
e-2nx 

 
L 

 
V, ɦ/ɫ 

 
V, ɤɦ/ɱ 

 
ɉɪɢɦɟɱɚɧɢɟ 

ɂɫɤɭɫɫɬɜɟɧɧɨɟ 
ɫɧɢɠɟɧɢɟ ɫɤɨ- 

ɪɨɫɬɢ ɞɨ 80 
ɤɦ/ɱ 

ɉɟɪɟ- 
ɞɚɱɚ a b n 

41 36,84 100 -0,043 V 416 0,397 0,0004 0,92 1582,81 37,07 133,46 ɋɦɟɧɚ ɭɤɥɨɧɚ  
 
 
 
 

80 

42 37,07 100 -0,043 V 416 0,397 0,0004 0,92 1582,81 37,29 134,24 ɇɚ ɫɩɭɫɤ 
43 37,29 100 -0,016 V 416 0,397 0,0004 0,92 1005,06 36,89 132,80 ɋɦɟɧɚ ɭɤɥɨɧɚ 
44 36,89 100 -0,016 V 416 0,397 0,0004 0,92 1005,06 36,52 131,46 ɇɚ ɫɩɭɫɤ 
45 36,52 100 0,008 V 416 0,397 0,0004 0,92 491,51 35,62 128,23 ɋɦɟɧɚ ɭɤɥɨɧɚ 
46 35,62 100 0,008 V 416 0,397 0,0004 0,92 491,51 34,77 125,17 Ⱦɜɢɠɟɧɢɟ ɧɚ 

ɩɨɞɴɟɦ 47 34,77 100 0,008 V 416 0,397 0,0004 0,92 491,51 33,97 122,29 
48 33,97 100 0,011 V 416 0,397 0,0004 0,92 427,32 33,14 119,29 ɋɦɟɧɚ ɭɤɥɨɧɚ 
49 33,14 100 0,011 V 416 0,397 0,0004 0,92 427,32 32,35 116,45 ɇɚ ɩɨɞɴɟɦ 

 
50 

 
32,35 

 
100 

 
-0,016 

 
V 

 
416 

 
0,397 

 
0,0004 

 
0,92 

 
1005,06 

 
32,30 

 
116,27 

ɋɦɟɧɚ ɭɤɥɨɧɚ, 
ɞɜɢɠɟɧɢɟ ɧɚ 

ɫɩɭɫɤ 



38  

𝑖=1 

6.2 Ɉɰɟɧɤɚ ɛɟɡɨɩɚɫɧɨɫɬɢ ɞɜɢɠɟɧɢɹ ɩɨ ɝɪɚɮɢɤɚɦ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 
ɚɜɚɪɢɣɧɨɫɬɢ 

 
Ɇɟɬɨɞ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɚɜɚɪɢɣɧɨɫɬɢ ɨɫɧɨɜɚɧ ɧɚ ɨɛɨɛɳɟɧɢɢ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ 

ɞɚɧɧɵɯ ȾɌɉ. ɂɬɨɝɨɜɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɫɬɟɩɟɧɶ ɨɩɚɫɧɨɫɬɢ ɭɱɚɫɬɤɨɜ 
ɞɨɪɨɝɢ. Ɉɧ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɪɨɢɡɜɟɞɟɧɢɟ ɱɚɫɬɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ, ɭɱɢɬɵɜɚ- 
ɸɳɢɯ ɜɥɢɹɧɢɟ ɨɬɞɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɩɥɚɧɚ ɢ ɩɪɨɮɢɥɹ ɬɪɚɫɫɵ. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ: 

18∏ = .˅˃.˕ˋܭ 
 𝑖 , (6.10)ܭ 

 

ɝɞɟ ܭ𝑖 – ɱɚɫɬɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɚɜɚɪɢɣɧɨɫɬɢ, ɨɩɪɟɞɟɥɹɟɦɵɟ ɨɬɧɨɲɟɧɢɟɦ ɤɨɥɢ- 
ɱɟɫɬɜɚ ȾɌɉ ɧɚ ɭɱɚɫɬɤɟ ɢɫɤɨɦɨɣ ɞɨɪɨɝɢ ɤ ɤɨɥɢɱɟɫɬɜɭ ȾɌɉ ɧɚ ɷɬɚɥɨɧɧɨɦ ɝɨɪɢɡɨɧ- 
ɬɚɥɶɧɨɦ ɭɱɚɫɬɤɟ ɫ ɩɪɨɟɡɠɟɣ ɱɚɫɬɶɸ ɲɢɪɢɧɨɣ 7,5 ɦ, ɫ ɲɟɪɨɯɨɜɚɬɵɦ ɩɨɤɪɵɬɢɟɦ ɢ 
ɭɤɪɟɩɥɟɧɧɵɦɢ ɨɛɨɱɢɧɚɦɢ. 

 
Ƚɪɚɮɢɤɢ ɫɬɪɨɹɬɫɹ ɞɥɹ ɬɪɟɯ ɫɟɡɨɧɨɜ ɝɨɞɚ: ɥɟɬɚ, ɡɢɦɵ ɢ ɩɟɪɟɯɨɞɧɨɝɨ ɩɟɪɢ- 

ɨɞɚ. Ɋɚɫɱɟɬ ɧɚɱɢɧɚɟɬɫɹ ɫ ɥɟɬɧɟɝɨ ɫɟɡɨɧɚ. 
ɑɬɨɛɵ ɩɨɥɭɱɢɬɶ ɫɟɡɨɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ 1ܭ, ɧɭɠɧɨ ɭɦɧɨɠɢɬɶ ɡɧɚɱɟɧɢɟ ɢɧ- 

ɬɟɧɫɢɜɧɨɫɬɢ ɞɜɢɠɟɧɢɹ ɧɚ ɩɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɫɟɡɨɧɚ 
ɝɨɞɚ. Ɋɚɫɱɟɬ ɜɟɞɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 ܹ𝑖 = ܹ ∙ ܭ˒ˑ˒˓, (6.11) 
 
ɝɞɟ ܹ – ɡɧɚɱɟɧɢɟ ɩɨɤɚɡɚɬɟɥɹ; ܭ˒ˑ˒˓ – ɡɧɚɱɟɧɢɟ ɩɨɩɪɚɜɨɱɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ. 

 
Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ ɩɨɩɪɚɜɨɱɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɢɫɩɨɥɶɡɭɟɦ [10, ɬɚɛɥ.2]. 

 
6.2.1 Ɉɰɟɧɤɚ ɞɥɹ ɩɟɪɜɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ 

 
Ɉɩɪɟɞɟɥɢɦ ɡɧɚɱɟɧɢɹ ɱɚɫɬɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɚɜɚɪɢɣɧɨɫɬɢ ɞɥɹ ɩɟɪɜɨɝɨ ɜɚ- 

ɪɢɚɧɬɚ ɬɪɚɫɫɵ. 
ɉɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɥɟɬɧɟɝɨ ɩɟɪɢɨɞɚ ɞɥɹ 1ܭ ɪɚɜɟɧ 1. Ⱦɥɹ ɩɟɪɟɯɨɞ- 

ɧɨɝɨ ɩɟɪɢɨɞɚ ɪɚɜɟɧ 1,2, ɚ ɞɥɹ ɡɢɦɧɟɝɨ – 0,95. 
 ܹˎ 

 ܹ˒ 

 ܹˊ 

= 1200 ∙ 1 = 1200 ˃
˅˕.

, ˔˖˕. 
 

= 1200 ∙ 1,2 = 1440 ˃
˅˕.

, ˔˖˕. 
 

= 1200 ∙ 0,95 = 1140 ˃
˅˕.

. ˔˖˕. 
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Ɇɟɬɨɞɨɦ ɢɧɬɟɪɩɨɥɹɰɢɢ, ɢɫɩɨɥɶɡɭɹ [2], ɨɩɪɟɞɟɥɹɟɦ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧ- 
ɬɨɜ ɚɜɚɪɢɣɧɨɫɬɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɧɚɣɞɟɧɧɵɦ ɡɧɚɱɟɧɢɹɦ. ɉɨɥɭɱɚɟɦ, ɱɬɨ 1ܭ,ˎ = 

 ͳ,ˊ = 1,076. Ɉɫɬɚɥɶɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹܭ ,ͳ,˒ = 1,023ܭ ,1,065
ɚɧɚɥɨɝɢɱɧɨ. Ɋɚɫɱɟɬ ɜɟɞɟɬɫɹ ɜ ɬɚɛɥɢɰɟ 6.5. 
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Ɍɚɛɥɢɰɚ 6.5 – Ʉɨɷɮɮɢɰɢɟɧɬɵ ɚɜɚɪɢɣɧɨɫɬɢ ɞɥɹ ɩɟɪɜɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ 
Ʉɨɷɮɮɢ- 
ɰɢɟɧɬ 
ɚɜɚɪɢɣ- 
ɧɨɫɬɢ 

 
Ɉɰɟɧɢɜɚɟɦɵɣ ɩɨɤɚ- 

ɡɚɬɟɥɶ 

 
ɍɱɚɫɬɨɤ ɞɨɪɨɝɢ 

 
Ɂɧɚɱɟɧɢɟ ɩɨ- 

ɤɚɡɚɬɟɥɹ 

 
ȼɪɟɦɹ ɝɨɞɚ 

ɉɨɩɪɚɜɨɱ- 
ɧɵɣ ɤɨɷɮ- 
ɮɢɰɢɟɧɬ 

Ɂɧɚɱɟɧɢɟ ɢɫ- 
ɩɪɚɜɥɟɧɧɨɝɨ 
ɩɨɤɚɡɚɬɟɥɹ 

Ɂɧɚɱɟɧɢɟ ɤɨ- 
ɷɮɮɢɰɢɟɧɬɚ 
ɚɜɚɪɢɣɧɨɫɬɢ 

1 2 3 4 5 6 7 8 
 

K1 
ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɞɜɢ- 

ɠɟɧɢɹ, ɚɜɬ./ɫɭɬ 

 
ɜɫɹ ɞɨɪɨɝɚ 

 
1200 

ɥɟɬɨ 1,0 1200 0,615 
ɩɟɪɟɯɨɞɧɵɣ ɩɟɪɢɨɞ 1,2 1440 0,633 

ɡɢɦɚ 0,95 1140 0,61 
 

K2 
ɒɢɪɢɧɚ ɩɪɨɟɡɠɟɣ 

ɱɚɫɬɢ, ɦ 

 
ɜɫɹ ɞɨɪɨɝɚ 

 
6,0 

ɥɟɬɨ 1,0 6 1,35 
ɩɟɪɟɯɨɞɧɵɣ ɩɟɪɢɨɞ 1,0 6 1,35 

ɡɢɦɚ 0,9 5,4 1,57 
 

K3 

 
ɒɢɪɢɧɚ ɨɛɨɱɢɧɵ, ɦ 

 
ɜɫɹ ɞɨɪɨɝɚ 

 
2 

ɥɟɬɨ 1,0 2 1,2 
ɩɟɪɟɯɨɞɧɵɣ ɩɟɪɢɨɞ 1,0 2 1,2 

ɡɢɦɚ 0,9 1,8 1,28 
 
 
 

K4 

 
 
 

ɉɪɨɞɨɥɶɧɵɣ ɭɤɥɨɧ, 
‰ 

ɉɄ0+00-ɉɄ3+00 
ɉɄ3+00-ɉɄ11+00 
ɉɄ11+00-ɉɄ20+00 
ɉɄ20+00-ɉɄ25+00 
ɉɄ25+00-ɉɄ31+00 
ɉɄ31+00-ɉɄ37+00 
ɉɄ37+00-ɉɄ43+00 
ɉɄ43+00-ɉɄ47+00 
ɉɄ47+00-ɉɄ50+38 

6 
6 
46 
32 
21 
6 
11 
19 
7,5 

 
 
 

ɞɥɹ ɜɫɟɯ ɫɟɡɨɧɨɜ 

 
 
 

1,0 

6 
6 

46 
32 
21 
6 

11 
19 
7,5 

1,0 
1,0 

2,25 
1,37 
1,03 
1,0 
1,0 
1,0 
1,0 

 
K5 

Ɋɚɞɢɭɫ ɤɪɢɜɵɯ ɜ 
ɩɥɚɧɟ, ɦ 

ɉɄ15+84-ɉɄ17+26 
ɉɄ26+78-ɉɄ30+56 
ɉɄ38+61-ɉɄ39+30 

1000 
1000 
1000 

 
ɞɥɹ ɜɫɟɯ ɫɟɡɨɧɨɜ 

 
1,0 

1000 
1000 
1000 

1,25 
1,25 
1,25 

 
K6 

 
ȼɢɞɢɦɨɫɬɶ, ɦ 

ɉɄ14+84-ɉɄ18+46 
ɉɄ25+58-ɉɄ31+76 
ɉɄ30+33-ɉɄ31+68 
ɉɄ37+41-ɉɄ40+50 

 
154 

ɥɟɬɨ 1,0 154 2,66 
ɩɟɪɟɯɨɞɧɵɣ ɩɟɪɢɨɞ 1,0 154 2,66 

ɡɢɦɚ 0,8 123,26 2,86 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 6.5 
Ʉɨɷɮɮɢ- 
ɰɢɟɧɬ 
ɚɜɚɪɢɣ- 
ɧɨɫɬɢ 

 
Ɉɰɟɧɢɜɚɟɦɵɣ ɩɨɤɚ- 

ɡɚɬɟɥɶ 

 
ɍɱɚɫɬɨɤ ɞɨɪɨɝɢ 

 
Ɂɧɚɱɟɧɢɟ ɩɨ- 

ɤɚɡɚɬɟɥɹ 

 
ȼɪɟɦɹ ɝɨɞɚ 

ɉɨɩɪɚɜɨɱ- 
ɧɵɣ ɤɨɷɮ- 
ɮɢɰɢɟɧɬ 

Ɂɧɚɱɟɧɢɟ ɢɫ- 
ɩɪɚɜɥɟɧɧɨɝɨ 
ɩɨɤɚɡɚɬɟɥɹ 

Ɂɧɚɱɟɧɢɟ ɤɨ- 
ɷɮɮɢɰɢɟɧɬɚ 
ɚɜɚɪɢɣɧɨɫɬɢ 

1 2 3 4 5 6 7 8 

 
K7 

ɒɢɪɢɧɚ ɩɪɨɟɡɠɟɣ 
ɱɚɫɬɢ ɦɨɫɬɚ ɩɨ ɨɬɧɨ- 
ɲɟɧɢɸ ɤ ɩɪɨɟɡɠɟɣ 

ɱɚɫɬɢ ɞɨɪɨɝɢ, ɦ 

 
ɜɫɹ ɞɨɪɨɝɚ 

 
ɧɟɬ ɦɨɫɬɚ 

 
ɞɥɹ ɜɫɟɯ ɫɟɡɨɧɨɜ 

 
1,0 

 
ɧɟɬ ɦɨɫɬɚ 

 
1,0 

K8 
Ⱦɥɢɧɚ ɩɪɹɦɵɯ 
ɭɱɚɫɬɤɨɜ, ɤɦ ɜɫɹ ɞɨɪɨɝɚ <3 ɦ ɞɥɹ ɜɫɟɯ ɫɟɡɨɧɨɜ 1,0 <3 ɦ 1,0 

 
 

K9 

 
Ɍɢɩ ɩɟɪɟɫɟɱɟɧɢɹ ɫ 

ɩɪɢɦɵɤɚɸɳɟɣ ɞɨɪɨ- 
ɝɨɣ 

 
 

ɧɟɬ 

 
10% ɨɬ ɫɭɦ- 
ɦɚɪɧɨɣ ɢɧ- 
ɬɟɧɫɢɜɧɨɫɬɢ 

 
 

ɞɥɹ ɜɫɟɯ ɫɟɡɨɧɨɜ 

 
 

1,0 

 
10% ɨɬ ɫɭɦ- 
ɦɚɪɧɨɣ ɢɧ- 
ɬɟɧɫɢɜɧɨɫɬɢ 

 
 

1,0 

 
 

K10 

ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɞɜɢ- 
ɠɟɧɢɹ ɧɚ ɨɫɧɨɜɧɨɣ 
ɞɨɪɨɝɟ ɧɚ ɩɟɪɟɫɟɱɟ- 
ɧɢɢ ɜ ɨɞɧɨɦ ɭɪɨɜɧɟ, 

ɚɜɬ./ɫɭɬ 

 
 

ɧɟɬ 

 
 

1200 

ɥɟɬɨ 1,0 1200 1,0 
ɩɟɪɟɯɨɞɧɵɣ ɩɟɪɢɨɞ 1,0 1200 1,0 

 
ɡɢɦɚ 

 
1,0 

 
1200 

 
1,0 

 
K11 

ȼɢɞɢɦɨɫɬɶ ɩɟɪɟɫɟɱɟ- 
ɧɢɹ ɜ ɨɞɧɨɦ ɭɪɨɜɧɟ ɫ 
ɩɪɢɦɵɤɚɸɳɟɣ ɞɨɪɨ- 

ɝɨɣ, ɦ 

 
ɧɟɬ 

 
>60 ɦ 

ɥɟɬɨ 1,0 >60 ɦ 1,0 
ɩɟɪɟɯɨɞɧɵɣ ɩɟɪɢɨɞ 1,0 >60 ɦ 1,0 

ɡɢɦɚ 1,0 >60 ɦ 1,0 

 
K12 

ɑɢɫɥɨ ɩɨɥɨɫ ɞɜɢɠɟ- 
ɧɢɹ ɧɚ ɩɪɨɟɡɠɟɣ ɱɚ- 

ɫɬɢ 

 
ɜɫɹ ɞɨɪɨɝɚ 

 
2 

 
ɞɥɹ ɜɫɟɯ ɫɟɡɨɧɨɜ 

 
1,0 

 
2 

 
1,0 

 
K13 

Ɋɚɫɫɬɨɹɧɢɟ ɩɪɨɟɡɠɟɣ 
ɱɚɫɬɢ ɨɬ ɡɚɫɬɪɨɣɤɢ 

 
ɜɫɹ ɞɨɪɨɝɚ 

 
>50 ɦ 

 
ɞɥɹ ɜɫɟɯ ɫɟɡɨɧɨɜ 

 
1,0 

 
>50 ɦ 

 
1,0 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 6.5 
Ʉɨɷɮɮɢ- 
ɰɢɟɧɬ 
ɚɜɚɪɢɣ- 
ɧɨɫɬɢ 

 
Ɉɰɟɧɢɜɚɟɦɵɣ ɩɨɤɚ- 

ɡɚɬɟɥɶ 

 
ɍɱɚɫɬɨɤ ɞɨɪɨɝɢ 

 
Ɂɧɚɱɟɧɢɟ ɩɨ- 

ɤɚɡɚɬɟɥɹ 

 
ȼɪɟɦɹ ɝɨɞɚ 

ɉɨɩɪɚɜɨɱ- 
ɧɵɣ ɤɨɷɮ- 
ɮɢɰɢɟɧɬ 

Ɂɧɚɱɟɧɢɟ ɢɫ- 
ɩɪɚɜɥɟɧɧɨɝɨ 
ɩɨɤɚɡɚɬɟɥɹ 

Ɂɧɚɱɟɧɢɟ ɤɨ- 
ɷɮɮɢɰɢɟɧɬɚ 
ɚɜɚɪɢɣɧɨɫɬɢ 

1 2 3 4 5 6 7 8 

 
K14 

Ⱦɥɢɧɚ ɧɚɫɟɥɟɧɧɨɝɨ 
ɩɭɧɤɬɚ, ɜɞɨɥɶ ɤɨɬɨ- 
ɪɨɝɨ ɩɪɨɯɨɞɢɬ ɞɨ- 

ɪɨɝɚ, ɦ 

 
ɜɫɹ ɞɨɪɨɝɚ 

 
0 

 
ɞɥɹ ɜɫɟɯ ɫɟɡɨɧɨɜ 

 
1,0 

 
0 

 
1,0 

 
 

K15 

ɉɪɨɬɹɠɟɧɧɨɫɬɶ 
ɭɱɚɫɬɤɨɜ ɩɨɞɯɨɞɨɜ, 

ɩɪɢɦɵɤɚɸɳɢɯ ɤ 
ɧɚɫɟɥɟɧɧɵɦ ɩɭɧɤ- 

ɬɚɦ, ɦ 

 
 

ɜɫɹ ɞɨɪɨɝɚ 

 
 

0 

 
 

ɞɥɹ ɜɫɟɯ ɫɟɡɨɧɨɜ 

 
 

1,0 

 
 

0 

 
 

1,0 

 
K16 

Ʉɨɷɮɮɢɰɢɟɧɬ ɫɰɟɩ- 
ɥɟɧɢɹ 

 
ɜɫɹ ɞɨɪɨɝɚ 

0,6 ɥɟɬɨ 1,0 0,6 1,3 
0,3 ɩɟɪɟɯɨɞɧɵɣ ɩɟɪɢɨɞ 0,9 0,27 2,5 
0,4 ɡɢɦɚ 0,8 0,32 2,4 

 
 

K17 

Ɋɚɫɫɬɨɹɧɢɟ ɨɬ 
ɤɪɨɦɤɢ ɩɪɨɟɡɠɟɣ ɱɚ- 
ɫɬɢ ɞɨ ɫɨɨɪɭɠɟɧɢɹ, 
ɫɬɨɥɛɚ ɢɥɢ ɞɟɪɟɜɚ ɜ 

ɛɥɢɡɢ ɞɨɪɨɝɢ, ɦ 

 
 

ɜɫɹ ɞɨɪɨɝɚ 

 
 

>5 ɦ 

 
 

ɞɥɹ ɜɫɟɯ ɫɟɡɨɧɨɜ 

 
 

1,0 

 
 

>5 ɦ 

 
 

1,0 

 
K18 

 
ɒɢɪɢɧɚ ɪɚɡɞɟɥɢ- 
ɬɟɥɶɧɨɣ ɩɨɥɨɫɵ, ɦ 

 
ɜɫɹ ɞɨɪɨɝɚ 

 
0 

 
ɞɥɹ ɜɫɟɯ ɫɟɡɨɧɨɜ 

 
1,0 

 
0 

 
1,0 
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6.2.2 Ɉɰɟɧɤɚ ɞɥɹ ɜɬɨɪɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ 
 

ɋɬɟɩɟɧɶ ɨɩɚɫɧɨɫɬɢ ɭɱɚɫɬɤɨɜ ɜɬɨɪɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɚɧɚɥɨ- 
ɝɢɱɧɵɦ ɨɛɪɚɡɨɦ, ɱɬɨ ɢ ɞɥɹ ɩɟɪɜɨɝɨ. 

Ɋɚɫɱɟɬ ɜɟɞɟɬɫɹ ɜ ɬɚɛɥɢɰɟ 6.6. 
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Ɍɚɛɥɢɰɚ 6.6 – Ʉɨɷɮɮɢɰɢɟɧɬɵ ɚɜɚɪɢɣɧɨɫɬɢ ɞɥɹ ɜɬɨɪɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ 
Ʉɨɷɮɮɢ- 
ɰɢɟɧɬ 
ɚɜɚɪɢɣ- 
ɧɨɫɬɢ 

 
Ɉɰɟɧɢɜɚɟɦɵɣ ɩɨɤɚ- 

ɡɚɬɟɥɶ 

 
ɍɱɚɫɬɨɤ ɞɨɪɨɝɢ 

 
Ɂɧɚɱɟɧɢɟ ɩɨ- 

ɤɚɡɚɬɟɥɹ 

 
ȼɪɟɦɹ ɝɨɞɚ 

ɉɨɩɪɚɜɨɱ- 
ɧɵɣ ɤɨɷɮ- 
ɮɢɰɢɟɧɬ 

Ɂɧɚɱɟɧɢɟ ɢɫ- 
ɩɪɚɜɥɟɧɧɨɝɨ 
ɩɨɤɚɡɚɬɟɥɹ 

Ɂɧɚɱɟɧɢɟ ɤɨ- 
ɷɮɮɢɰɢɟɧɬɚ 
ɚɜɚɪɢɣɧɨɫɬɢ 

1 2 3 4 5 6 7 8 
 

K1 
ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɞɜɢ- 

ɠɟɧɢɹ, ɚɜɬ./ɫɭɬ 

 
ɜɫɹ ɞɨɪɨɝɚ 

 
1200 

ɥɟɬɨ 1,0 1200 0,615 
ɩɟɪɟɯɨɞɧɵɣ ɩɟɪɢɨɞ 1,2 1440 0,633 

ɡɢɦɚ 0,95 1140 0,61 
 

K2 
ɒɢɪɢɧɚ ɩɪɨɟɡɠɟɣ 

ɱɚɫɬɢ, ɦ 

 
ɜɫɹ ɞɨɪɨɝɚ 

 
6,0 

ɥɟɬɨ 1,0 6 1,35 
ɩɟɪɟɯɨɞɧɵɣ ɩɟɪɢɨɞ 1,0 6 1,35 

ɡɢɦɚ 0,9 5,4 1,57 
 

K3 

 
ɒɢɪɢɧɚ ɨɛɨɱɢɧɵ, ɦ 

 
ɜɫɹ ɞɨɪɨɝɚ 

 
2 

ɥɟɬɨ 1,0 2 1,2 
ɩɟɪɟɯɨɞɧɵɣ ɩɟɪɢɨɞ 1,0 2 1,2 

ɡɢɦɚ 0,9 1,8 1,28 
 
 
 
 
 
 
 

K4 

 
 
 
 
 

 
ɉɪɨɞɨɥɶɧɵɣ ɭɤɥɨɧ, 

‰ 

ɉɄ0+00-ɉɄ1+00 
ɉɄ1+00-ɉɄ3+00 
ɉɄ3+00-ɉɄ6+00 
ɉɄ6+00-ɉɄ8+00 
ɉɄ8+00-ɉɄ10+00 
ɉɄ10+00-ɉɄ14+00 
ɉɄ14+00-ɉɄ17+00 
ɉɄ17+00-ɉɄ21+00 
ɉɄ21+00-ɉɄ24+00 
ɉɄ24+00-ɉɄ27+00 
ɉɄ27+00-ɉɄ30+00 
ɉɄ30+00-ɉɄ33+00 
ɉɄ33+00-ɉɄ37+00 
ɉɄ37+00-ɉɄ43+00 
ɉɄ43+00-ɉɄ47+00 
ɉɄ47+00-ɉɄ49+51 

16 
11 
8 
16 
43 
53 
46 
47 
39 
28 
21 
7 
29 
22 
16 
8 

 
 
 
 
 
 
 

ɞɥɹ ɜɫɟɯ ɫɟɡɨɧɨɜ 

 
 
 
 
 
 
 

1,0 

16 
11 
8 

16 
43 
53 
46 
47 
39 
28 
21 
7 

29 
22 
16 
8 

1,0 
1,0 
1,0 
1,0 

2,06 
2,55 
2,25 
2,31 
1,81 
1,2 

1,03 
1,0 

1,23 
1,05 
1,0 
1,0 

 
K5 

Ɋɚɞɢɭɫ ɤɪɢɜɵɯ ɜ 
ɩɥɚɧɟ, ɦ 

ɉɄ18+08-ɉɄ21+83 
ɉɄ26+53-ɉɄ29+50 

800 
600 

 
ɞɥɹ ɜɫɟɯ ɫɟɡɨɧɨɜ 

 
1,0 

800 
600 

1,43 
1,6 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 6.6 
Ʉɨɷɮɮɢ- 
ɰɢɟɧɬ 
ɚɜɚɪɢɣ- 
ɧɨɫɬɢ 

 
Ɉɰɟɧɢɜɚɟɦɵɣ ɩɨɤɚ- 

ɡɚɬɟɥɶ 

 
ɍɱɚɫɬɨɤ ɞɨɪɨɝɢ 

 
Ɂɧɚɱɟɧɢɟ ɩɨ- 

ɤɚɡɚɬɟɥɹ 

 
ȼɪɟɦɹ ɝɨɞɚ 

ɉɨɩɪɚɜɨɱ- 
ɧɵɣ ɤɨɷɮ- 
ɮɢɰɢɟɧɬ 

Ɂɧɚɱɟɧɢɟ ɢɫ- 
ɩɪɚɜɥɟɧɧɨɝɨ 
ɩɨɤɚɡɚɬɟɥɹ 

Ɂɧɚɱɟɧɢɟ ɤɨ- 
ɷɮɮɢɰɢɟɧɬɚ 
ɚɜɚɪɢɣɧɨɫɬɢ 

1 2 3 4 5 6 7 8 

 
K6 

 
ȼɢɞɢɦɨɫɬɶ, ɦ 

ɉɄ0+35-ɉɄ1+65 
ɉɄ16+88-ɉɄ23+03 
ɉɄ25+33-ɉɄ30+70 
ɉɄ29+30-ɉɄ30+70 

 
154 

ɥɟɬɨ 1,0 154 2,66 
ɩɟɪɟɯɨɞɧɵɣ ɩɟɪɢɨɞ 1,0 154 2,66 

ɡɢɦɚ 0,8 123,26 2,86 

 
K7 

ɒɢɪɢɧɚ ɩɪɨɟɡɠɟɣ 
ɱɚɫɬɢ ɦɨɫɬɚ ɩɨ ɨɬɧɨ- 
ɲɟɧɢɸ ɤ ɩɪɨɟɡɠɟɣ 

ɱɚɫɬɢ ɞɨɪɨɝɢ, ɦ 

 
ɜɫɹ ɞɨɪɨɝɚ 

 
ɧɟɬ ɦɨɫɬɚ 

 
ɞɥɹ ɜɫɟɯ ɫɟɡɨɧɨɜ 

 
1,0 

 
ɧɟɬ ɦɨɫɬɚ 

 
1,0 

K8 
Ⱦɥɢɧɚ ɩɪɹɦɵɯ 
ɭɱɚɫɬɤɨɜ, ɤɦ 

ɜɫɹ ɞɨɪɨɝɚ <3 ɦ ɞɥɹ ɜɫɟɯ ɫɟɡɨɧɨɜ 1,0 <3 ɦ 1,0 

 
K9 

Ɍɢɩ ɩɟɪɟɫɟɱɟɧɢɹ ɫ 
ɩɪɢɦɵɤɚɸɳɟɣ ɞɨɪɨ- 

ɝɨɣ 

 
ɧɟɬ 

10% ɨɬ ɫɭɦ- 
ɦɚɪɧɨɣ ɢɧ- 
ɬɟɧɫɢɜɧɨɫɬɢ 

 
ɞɥɹ ɜɫɟɯ ɫɟɡɨɧɨɜ 

 
1,0 

10% ɨɬ ɫɭɦ- 
ɦɚɪɧɨɣ ɢɧ- 

ɬɟɧɫɢɜɧɨɫɬɢ 

 
1,0 

 
 

K10 

ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɞɜɢ- 
ɠɟɧɢɹ ɧɚ ɨɫɧɨɜɧɨɣ 
ɞɨɪɨɝɟ ɧɚ ɩɟɪɟɫɟɱɟ- 
ɧɢɢ ɜ ɨɞɧɨɦ ɭɪɨɜɧɟ, 

ɚɜɬ./ɫɭɬ 

 
 

ɧɟɬ 

 
 

1200 

ɥɟɬɨ 1,0 1200 1,0 
ɩɟɪɟɯɨɞɧɵɣ ɩɟɪɢɨɞ 1,0 1200 1,0 

 
ɡɢɦɚ 

 
1,0 

 
1200 

 
1,0 

 
K11 

ȼɢɞɢɦɨɫɬɶ ɩɟɪɟɫɟɱɟ- 
ɧɢɹ ɜ ɨɞɧɨɦ ɭɪɨɜɧɟ ɫ 
ɩɪɢɦɵɤɚɸɳɟɣ ɞɨɪɨ- 

ɝɨɣ, ɦ 

 
ɧɟɬ 

 
>60 ɦ 

ɥɟɬɨ 1,0 >60 ɦ 1,0 
ɩɟɪɟɯɨɞɧɵɣ ɩɟɪɢɨɞ 1,0 >60 ɦ 1,0 

ɡɢɦɚ 1,0 >60 ɦ 1,0 

 
K12 

ɑɢɫɥɨ ɩɨɥɨɫ ɞɜɢɠɟ- 
ɧɢɹ ɧɚ ɩɪɨɟɡɠɟɣ ɱɚ- 

ɫɬɢ 

 
ɜɫɹ ɞɨɪɨɝɚ 

 
2 

 
ɞɥɹ ɜɫɟɯ ɫɟɡɨɧɨɜ 

 
1,0 

 
2 

 
1,0 

 
K13 

Ɋɚɫɫɬɨɹɧɢɟ ɩɪɨɟɡɠɟɣ 
ɱɚɫɬɢ ɨɬ ɡɚɫɬɪɨɣɤɢ 

 
ɜɫɹ ɞɨɪɨɝɚ 

 
>50 ɦ 

 
ɞɥɹ ɜɫɟɯ ɫɟɡɨɧɨɜ 

 
1,0 

 
>50 ɦ 

 
1,0 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 6.6 
Ʉɨɷɮɮɢ- 
ɰɢɟɧɬ 
ɚɜɚɪɢɣ- 
ɧɨɫɬɢ 

 
Ɉɰɟɧɢɜɚɟɦɵɣ ɩɨɤɚ- 

ɡɚɬɟɥɶ 

 
ɍɱɚɫɬɨɤ ɞɨɪɨɝɢ 

 
Ɂɧɚɱɟɧɢɟ ɩɨ- 

ɤɚɡɚɬɟɥɹ 

 
ȼɪɟɦɹ ɝɨɞɚ 

ɉɨɩɪɚɜɨɱ- 
ɧɵɣ ɤɨɷɮ- 
ɮɢɰɢɟɧɬ 

Ɂɧɚɱɟɧɢɟ ɢɫ- 
ɩɪɚɜɥɟɧɧɨɝɨ 
ɩɨɤɚɡɚɬɟɥɹ 

Ɂɧɚɱɟɧɢɟ ɤɨ- 
ɷɮɮɢɰɢɟɧɬɚ 
ɚɜɚɪɢɣɧɨɫɬɢ 

1 2 3 4 5 6 7 8 

 
K14 

Ⱦɥɢɧɚ ɧɚɫɟɥɟɧɧɨɝɨ 
ɩɭɧɤɬɚ, ɜɞɨɥɶ ɤɨɬɨ- 
ɪɨɝɨ ɩɪɨɯɨɞɢɬ ɞɨ- 

ɪɨɝɚ, ɦ 

 
ɉɄ24+00-ɉɄ27+00 

 
300 

 
ɞɥɹ ɜɫɟɯ ɫɟɡɨɧɨɜ 

 
1,0 

 
300 

 
1,0 

 
 

K15 

ɉɪɨɬɹɠɟɧɧɨɫɬɶ 
ɭɱɚɫɬɤɨɜ ɩɨɞɯɨɞɨɜ, 

ɩɪɢɦɵɤɚɸɳɢɯ ɤ 
ɧɚɫɟɥɟɧɧɵɦ ɩɭɧɤ- 

ɬɚɦ, ɦ 

 
 

ɜɫɹ ɞɨɪɨɝɚ 

 
 

0 

 
 

ɞɥɹ ɜɫɟɯ ɫɟɡɨɧɨɜ 

 
 

1,0 

 
 

0 

 
 

1,0 

 
K16 

Ʉɨɷɮɮɢɰɢɟɧɬ ɫɰɟɩ- 
ɥɟɧɢɹ 

 
ɜɫɹ ɞɨɪɨɝɚ 

0,6 ɥɟɬɨ 1,0 0,6 1,3 
0,3 ɩɟɪɟɯɨɞɧɵɣ ɩɟɪɢɨɞ 0,9 0,27 2,5 
0,4 ɡɢɦɚ 0,8 0,32 2,4 

 
 

K17 

Ɋɚɫɫɬɨɹɧɢɟ ɨɬ 
ɤɪɨɦɤɢ ɩɪɨɟɡɠɟɣ ɱɚ- 
ɫɬɢ ɞɨ ɫɨɨɪɭɠɟɧɢɹ, 
ɫɬɨɥɛɚ ɢɥɢ ɞɟɪɟɜɚ ɜ 

ɛɥɢɡɢ ɞɨɪɨɝɢ, ɦ 

 
 

ɜɫɹ ɞɨɪɨɝɚ 

 
 

>5 ɦ 

 
 

ɞɥɹ ɜɫɟɯ ɫɟɡɨɧɨɜ 

 
 

1,0 

 
 

>5 ɦ 

 
 

1,0 

 
K18 

 
ɒɢɪɢɧɚ ɪɚɡɞɟɥɢ- 
ɬɟɥɶɧɨɣ ɩɨɥɨɫɵ, ɦ 

 
ɜɫɹ ɞɨɪɨɝɚ 

 
0 

 
ɞɥɹ ɜɫɟɯ ɫɟɡɨɧɨɜ 

 
1,0 

 
0 

 
1,0 



47  

6.3 Ɉɰɟɧɤɚ ɩɨ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɢ ɭɪɨɜɧɹɦ ɡɚɝɪɭɡɤɢ 
 

6.3.1 Ɇɟɬɨɞɢɤɚ ɨɰɟɧɤɢ 
 

ɉɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ ɧɚɡɵɜɚɟɬɫɹ ɦɚɤɫɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɚɜɬɨɦɨ- 
ɛɢɥɟɣ, ɤɨɬɨɪɨɟ ɦɨɠɟɬ ɩɪɨɣɬɢ ɩɨ ɞɨɪɨɝɟ ɡɚ ɨɩɪɟɞɟɥɟɧɧɵɣ ɨɬɪɟɡɨɤ ɜɪɟɦɟɧɢ ɩɪɢ 
ɨɩɪɟɞɟɥɟɧɧɨɦ ɪɟɠɢɦɟ ɞɜɢɠɟɧɢɹ. 

ɉɨɞɪɚɡɞɟɥɹɟɬɫɹ ɧɚ: 
- ɦɚɤɫɢɦɚɥɶɧɭɸ ɬɟɨɪɟɬɢɱɟɫɤɭɸ, ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ ɞɥɹ 

ɢɞɟɚɥɢɡɢɪɨɜɚɧɧɨɝɨ ɤɨɥɨɧɧɨɝɨ ɞɜɢɠɟɧɢɹ ɚɜɬɨɦɨɛɢɥɟɣ ɨɞɧɨɝɨ ɬɢɩɚ ɜ ɛɥɚɝɨɩɪɢ- 
ɹɬɧɵɯ ɭɫɥɨɜɢɹɯ, ɬɨ ɟɫɬɶ ɩɪɢ ɞɜɢɠɟɧɢɢ ɩɨ ɷɬɚɥɨɧɧɨɦɭ ɭɱɚɫɬɤɭ; 

- ɩɪɚɤɬɢɱɟɫɤɭɸ, ɨɩɪɟɞɟɥɹɟɦɭɸ ɫ ɩɨɦɨɳɶɸ ɨɩɵɬɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ, ɤɨ- 
ɬɨɪɵɟ ɨɬɪɚɠɚɸɬ ɜɥɢɹɧɢɟ ɞɨɪɨɠɧɵɯ ɭɫɥɨɜɢɣ ɧɚ ɢɡɦɟɧɟɧɢɟ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛ- 
ɧɨɫɬɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɷɬɚɥɨɧɧɵɦ ɭɱɚɫɬɤɨɦ. 

Ɏɚɤɬɢɱɟɫɤɚɹ ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 ܲ˗ = β ⋅ ܲ݉ܽ𝑥 , (6.12) 
 
ɝɞɟ β – ɢɬɨɝɨɜɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɫɧɢɠɟɧɢɹ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ; ܲ݉ܽ𝑥 – ɦɚɤɫɢɦɚɥɶɧɚɹ ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ, ɩɪɢɜɟɞɟɧɧɚɹ ɤ ɥɟɝɤɨɜɨɦɭ ɚɜ- 
ɬɨɦɨɛɢɥɸ, ˒˓ˋ˅.ˎ.˃˅˕.

.
 ч˃˔ 

 

ɂɬɨɝɨɜɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɫɧɢɠɟɧɢɹ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɪɚɜɟɧ ɩɪɨɢɡ- 
ɜɟɞɟɧɢɸ ɱɚɫɬɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ: 

 β = β1 ∙ β2 … β15, (6.13) 

ɝɞɟ β1, … , β15 – ɱɚɫɬɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ, ɭɱɢɬɵɜɚɸɳɢɟ ɫɧɢɠɟɧɢɟ ɩɪɨɩɭɫɤɧɨɣ 
ɫɩɨɫɨɛɧɨɫɬɢ ɡɚ ɫɱɟɬ ɜɥɢɹɧɢɹ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ ɭɫɥɨɜɢɣ. 

 

 
 
 
 

ɝɞɟ  ܰ

Ʉɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ ɤɚɠɞɨɝɨ ɭɱɚɫɬɤɚ ɞɨɪɨɝɢ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ: 
 𝑧 = 

ܰч˃˔, (6.14) ܲ˗ 

 
– ɱɚɫɨɜɚɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɞɜɢɠɟɧɢɹ, ˒˓ˋ˅.ˎ.˃˅˕. ; 

 ч˃˔ ܲ˗ – ɬɨ ɠɟ, ɱɬɨ ɮɨɪɦɭɥɟ (6.12). 
ч˃˔ 

 

ɑɚɫɨɜɚɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɞɜɢɠɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 ܰч˃˔ = 0,1 ∙ ܰ, (6.15) 
 
ɝɞɟ ܰ – ɫɭɬɨɱɧɚɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɞɜɢɠɟɧɢɹ ɩɨ ɞɨɪɨɝɟ, ˒˓ˋ˅.ˎ.˃˅˕.. ˔˖˕. 
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ч˃˔ 

ɋɨɝɥɚɫɧɨ ɢɫɯɨɞɧɵɦ ɞɚɧɧɵɦ: 
 ܲ݉ܽ𝑥 = 2000 

˒˓ˋ˅.ˎ.˃˅˕.
.
 ч˃˔ 

 ܰ = 1495 
˒˓ˋ˅.ˎ.˃˅˕.

.
 ˔˖˕ 

 ܰч˃˔ͳ = 0,1 ∙ 1495 = 149,5 ˒˓ˋ˅.ˎ.˃˅˕.. 

 
Ɂɧɚɱɟɧɢɹ ɱɚɫɬɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɪɢɧɢɦɚɸɬɫɹ ɩɨ [10, ɩɪɢɥ. 4]. 

 
6.3.2 Ɉɰɟɧɤɚ ɩɨ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɢ ɭɪɨɜɧɹɦ ɡɚɝɪɭɡɤɢ 

ɞɥɹ ɩɟɪɜɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ 
 

ȼ ɬɚɛɥɢɰɭ 6.7 ɜɧɨɫɢɦ ɧɚɡɜɚɧɢɹ, ɡɧɚɱɟɧɢɹ ɱɚɫɬɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɢ ɢɧɬɟɪ- 
ɜɚɥ ɢɯ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɩɨ ɞɥɢɧɟ ɞɨɪɨɝɢ ɞɥɹ ɩɟɪɜɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ. 

 
Ɍɚɛɥɢɰɚ 6.7 – Ɂɧɚɱɟɧɢɹ ɱɚɫɬɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɫɧɢɠɟɧɢɹ ɡɚɝɪɭɡɤɢ ɩɟɪɜɨɝɨ 
ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ 

ɇɚɡɜɚɧɢɟ ɱɚɫɬɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɂɧɬɟɪɜɚɥ 
Ɂɧɚɱɟɧɢɟ ɱɚɫɬɧɨɝɨ ɤɨ- 

ɷɮɮɢɰɢɟɧɬɚ 
ɒɢɪɢɧɚ ɩɨɥɨɫɵ ɞɜɢɠɟɧɢɹ β1 ɜɫɹ ɬɪɚɫɫɚ 0,85 

ɒɢɪɢɧɚ ɨɛɨɱɢɧɵ β2 ɜɫɹ ɬɪɚɫɫɚ 0,8 
 

Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɤɪɨɦɤɢ ɩɪɨɟɡɠɟɣ ɱɚɫɬɢ 
ɞɨ ɩɪɟɩɹɬɫɬɜɢɹ β3 

ɉɄ5+57–ɉɄ16+84 
ɉɄ18+05–ɉɄ22+33 
ɉɄ30+04–ɉɄ32+06 
ɉɄ40+66–ɉɄ43+93 

0,85 
0,85 
0,85 
0,85 

Ʉɨɥɢɱɟɫɬɜɨ ɚɜɬɨɩɨɟɡɞɨɜ ɜ ɩɨɬɨɤɟ ɚɜɬɨ- 
ɦɨɛɢɥɟɣ β4 

ɉɄ0+00–ɉɄ9+50 
ɉɄ31+00–ɉɄ50+38 

0,94 
0,94 

 
 
 

ɉɪɨɞɨɥɶɧɵɣ ɭɤɥɨɧ β5 

ɉɄ0+00–ɉɄ3+00 
ɉɄ3+00–ɉɄ11+00 
ɉɄ11+00–ɉɄ20+00 
ɉɄ20+00–ɉɄ25+00 
ɉɄ25+00–ɉɄ31+00 
ɉɄ31+00–ɉɄ37+00 
ɉɄ37+00–ɉɄ43+00 
ɉɄ43+00–ɉɄ47+00 
ɉɄ47+00–ɉɄ50+38 

1,0 
1,0 

0,86 
0,93 
0,94 
1,0 
1,0 
1,0 
1,0 

 
Ɋɚɫɫɬɨɹɧɢɟ ɜɢɞɢɦɨɫɬɢ β6 

ɉɄ13+84–ɉɄ19+46 
ɉɄ24+58–ɉɄ32+76 
ɉɄ29+33–ɉɄ32+68 
ɉɄ36+41–ɉɄ41+50 

0,90 
0,90 
0,90 
0,90 

 
Ʉɪɢɜɵɟ ɜ ɩɥɚɧɟ β7 

ɉɄ14+84–ɉɄ18+46 
ɉɄ26+78–ɉɄ30+56 
ɉɄ38+61–ɉɄ39+30 

1,0 
1,0 
1,0 

Ɉɝɪɚɧɢɱɟɧɢɟ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɞɨ- 
ɪɨɠɧɵɦɢ ɡɧɚɤɚɦɢ β8 

ɜɫɹ ɬɪɚɫɫɚ 1,0 

Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 6.7 



Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 6.8 
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ɇɚɡɜɚɧɢɟ ɱɚɫɬɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɂɧɬɟɪɜɚɥ 
Ɂɧɚɱɟɧɢɟ ɱɚɫɬɧɨɝɨ ɤɨ- 

ɷɮɮɢɰɢɟɧɬɚ 
ɉɟɪɟɫɟɱɟɧɢɹ ɜ ɨɞɧɨɦ ɭɪɨɜɧɟ β9 ɧɟɬ ɩɟɪɟɫɟɱɟɧɢɣ 1,0 

ɋɨɫɬɨɹɧɢɟ ɨɛɨɱɢɧ β10 ɜɫɹ ɬɪɚɫɫɚ 0,99 
Ɍɢɩ ɩɨɤɪɵɬɢɹ β11 ɜɫɹ ɬɪɚɫɫɚ 1,0 

Ɋɚɫɩɨɥɨɠɟɧɢɟ ɫɟɪɜɢɫɚ β12 ɜɫɹ ɬɪɚɫɫɚ 1,0 
Ɋɚɡɦɟɬɤɚ ɩɪɨɟɡɠɟɣ ɱɚɫɬɢ β13 ɜɫɹ ɬɪɚɫɫɚ 1,05 

ɇɚɥɢɱɢɟ ɭɤɚɡɚɬɟɥɹ ɩɨɥɨɫ ɞɜɢɠɟɧɢɹ β14 ɜɫɹ ɬɪɚɫɫɚ 1,0 
Ʉɨɥɢɱɟɫɬɜɨ ɚɜɬɨɛɭɫɨɜ ɜ ɬɪɚɧɫɩɨɪɬɧɨɦ 

ɩɨɬɨɤɟ β15 
ɜɫɹ ɬɪɚɫɫɚ 0,78 

 

ɋɬɪɨɢɦ ɷɩɸɪɭ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɞɥɹ ɩɟɪɜɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ. 
ɉɭɬɟɦ ɩɟɪɟɦɧɨɠɟɧɢɹ ɱɚɫɬɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɧɚɯɨɞɢɦ ɢɬɨɝɨɜɵɟ ɤɨɷɮɮɢ- 

ɰɢɟɧɬɵ ɫɧɢɠɟɧɢɹ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɧɚ ɜɫɟɯ ɭɱɚɫɬɤɚɯ ɬɪɚɫɫɵ ɩɨ ɮɨɪɦɭɥɟ 
(6.13), ɜɵɱɢɫɥɹɟɦ ɩɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɩɨ ɮɨɪɦɭɥɟ (6.12) ɢ ɩɨ ɮɨɪɦɭɥɟ 
(6.14) ɨɩɪɟɞɟɥɹɟɦ ɭɪɨɜɧɢ ɡɚɝɪɭɡɤɢ ɢ ɜɩɢɫɵɜɚɟɦ ɢɯ ɜ ɬɚɛɥɢɰɭ 6.8. 

 
Ɍɚɛɥɢɰɚ 6.8 – Ɋɚɫɱɟɬ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɢ ɭɪɨɜɧɟɣ ɡɚɝɪɭɡɤɢ ɞɥɹ ɩɟɪɜɨɝɨ 
ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ 

№ 
ɭɱɚɫɬɤɚ 

Ƚɪɚɧɢɰɵ 
ɂɬɨɝɨɜɵɣ ɤɨɷɮ- 

ɮɢɰɢɟɧɬ β 

ɉɪɨɩɭɫɤɧɚɹ 
ɫɩɨɫɨɛɧɨɫɬɶ ܲ ˗ 

ɍɪɨɜɟɧɶ ɡɚ- 
ɝɪɭɡɤɢ 𝑧 

1 ɉɄ0+00 – ɉɄ3+00 0,52 1040 0,14 
2 ɉɄ3+00 – ɉɄ5+57 0,51 1020 0,15 
3 ɉɄ5+57 – ɉɄ9+50 0,44 880 0,17 
4 ɉɄ9+50 – ɉɄ11+00 0,46 920 0,16 
5 ɉɄ11+00 – ɉɄ13+84 0,40 800 0,19 
6 ɉɄ13+84 – ɉɄ14+84 0,36 720 0,21 
7 ɉɄ14+84 – ɉɄ16+84 0,36 720 0,21 
8 ɉɄ16+84 – ɉɄ18+05 0,43 860 0,17 
9 ɉɄ18+05 – ɉɄ18+46 0,36 720 0,21 

10 ɉɄ18+46 – ɉɄ19+46 0,36 720 0,21 
11 ɉɄ19+46 – ɉɄ20+00 0,40 800 0,19 
12 ɉɄ20+00 – ɉɄ22+33 0,44 880 0,17 
13 ɉɄ22+33 – ɉɄ24+58 0,51 1020 0,15 
14 ɉɄ24+58 – ɉɄ25+00 0,46 920 0,16 
15 ɉɄ25+00 – ɉɄ26+78 0,46 920 0,16 
16 ɉɄ26+78 – ɉɄ30+04 0,46 920 0,16 
17 ɉɄ30+04 – ɉɄ30+56 0,40 800 0,19 
18 ɉɄ30+56 – ɉɄ31+00 0,40 800 0,19 
19 ɉɄ31+00 – ɉɄ32+06 0,40 800 0,19 
20 ɉɄ32+06 – ɉɄ32+76 0,47 940 0,16 
21 ɉɄ32+76 – ɉɄ36+41 0,52 1040 0,14 
22 ɉɄ36+41 – ɉɄ37+00 0,47 940 0,16 
23 ɉɄ37+00 – ɉɄ38+61 0,47 940 0,16 
24 ɉɄ38+61 – ɉɄ39+30 0,47 940 0,16 
25 ɉɄ39+30 – ɉɄ40+66 0,47 940 0,16 
26 ɉɄ40+66 – ɉɄ41+50 0,40 800 0,19 
27 ɉɄ41+50 – ɉɄ43+00 0,43 860 0,17 
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№ 
ɭɱɚɫɬɤɚ 

Ƚɪɚɧɢɰɵ 
ɂɬɨɝɨɜɵɣ ɤɨɷɮ- 

ɮɢɰɢɟɧɬ β 

ɉɪɨɩɭɫɤɧɚɹ 
ɫɩɨɫɨɛɧɨɫɬɶ ܲ ˗ 

ɍɪɨɜɟɧɶ ɡɚ- 
ɝɪɭɡɤɢ 𝑧 

28 ɉɄ43+00 – ɉɄ43+93 0,43 860 0,17 
29 ɉɄ43+93 – ɉɄ47+00 0,52 1040 0,14 
30 ɉɄ47+00 – ɉɄ50+38 0,51 1020 0,15 

 

ɉɨ ɧɚɣɞɟɧɧɵɦ ɡɧɚɱɟɧɢɹɦ ɫɬɪɨɢɦ ɝɪɚɮɢɤ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɢ ɭɪɨɜ- 
ɧɟɣ ɡɚɝɪɭɡɤɢ. Ɉɧɢ ɩɪɢɜɟɞɟɧɵ ɧɚ ɥɢɫɬɟ ɧɨɦɟɪ 2 ɝɪɚɮɢɱɟɫɤɨɣ ɱɚɫɬɢ ɜɵɩɭɫɤɧɨɣ 
ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ. 

 
6.3.3 Ɉɰɟɧɤɚ ɩɨ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɢ ɭɪɨɜɧɹɦ ɡɚɝɪɭɡɤɢ 

ɞɥɹ ɜɬɨɪɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ 
 

ȼ ɬɚɛɥɢɰɭ 6.9 ɜɧɨɫɢɦ ɧɚɡɜɚɧɢɹ, ɡɧɚɱɟɧɢɹ ɱɚɫɬɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɢ ɢɧɬɟɪ- 
ɜɚɥ ɢɯ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɩɨ ɞɥɢɧɟ ɞɨɪɨɝɢ ɞɥɹ ɜɬɨɪɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ. 

 
Ɍɚɛɥɢɰɚ 6.9 – Ɂɧɚɱɟɧɢɹ ɱɚɫɬɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɫɧɢɠɟɧɢɹ ɡɚɝɪɭɡɤɢ ɜɬɨɪɨɝɨ 
ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ 

ɇɚɡɜɚɧɢɟ ɱɚɫɬɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɂɧɬɟɪɜɚɥ 
Ɂɧɚɱɟɧɢɟ ɱɚɫɬɧɨɝɨ ɤɨ- 

ɷɮɮɢɰɢɟɧɬɚ 
ɒɢɪɢɧɚ ɩɨɥɨɫɵ ɞɜɢɠɟɧɢɹ β1 ɜɫɹ ɬɪɚɫɫɚ 0,85 

ɒɢɪɢɧɚ ɨɛɨɱɢɧɵ β2 ɜɫɹ ɬɪɚɫɫɚ 0,8 
 ɉɄ1+75–ɉɄ3+27 0,85 
 ɉɄ5+15–ɉɄ9+82 0,85 

Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɤɪɨɦɤɢ ɩɪɨɟɡɠɟɣ ɱɚɫɬɢ ɉɄ25+66–ɉɄ26+13 0,85 
ɞɨ ɩɪɟɩɹɬɫɬɜɢɹ β3 ɉɄ31+85–ɉɄ32+09 

ɉɄ33+12–ɉɄ43+38 
0,85 
0,85 

 ɉɄ44+92–ɉɄ46+67 0,85 

Ʉɨɥɢɱɟɫɬɜɨ ɚɜɬɨɩɨɟɡɞɨɜ ɜ ɩɨɬɨɤɟ ɚɜɬɨ- 
ɦɨɛɢɥɟɣ β4 

ɉɄ0+00–ɉɄ8+00 
ɉɄ30+00–ɉɄ33+00 
ɉɄ43+00–ɉɄ49+51 

0,94 
0,94 
0,94 

 ɉɄ0+00-ɉɄ1+00 1,0 
 ɉɄ1+00-ɉɄ3+00 1,0 
 ɉɄ3+00-ɉɄ6+00 1,0 
 ɉɄ6+00-ɉɄ8+00 1,0 
 ɉɄ8+00-ɉɄ10+00 0,91 
 ɉɄ10+00-ɉɄ14+00 0,84 
 ɉɄ14+00-ɉɄ17+00 0,9 

ɉɪɨɞɨɥɶɧɵɣ ɭɤɥɨɧ β5 
ɉɄ17+00-ɉɄ21+00 
ɉɄ21+00-ɉɄ24+00 

0,84 
0,95 

 ɉɄ24+00-ɉɄ27+00 0,97 
 ɉɄ27+00-ɉɄ30+00 0,97 
 ɉɄ30+00-ɉɄ33+00 1,0 
 ɉɄ33+00-ɉɄ37+00 0,96 
 ɉɄ37+00-ɉɄ43+00 0,94 
 ɉɄ43+00-ɉɄ47+00 1,0 
 ɉɄ47+00-ɉɄ49+51 1,0 
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ɇɚɡɜɚɧɢɟ ɱɚɫɬɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɂɧɬɟɪɜɚɥ 
Ɂɧɚɱɟɧɢɟ ɱɚɫɬɧɨɝɨ ɤɨ- 

ɷɮɮɢɰɢɟɧɬɚ 

 
Ɋɚɫɫɬɨɹɧɢɟ ɜɢɞɢɦɨɫɬɢ β6 

ɉɄ0+35–ɉɄ1+65 
ɉɄ15+88–ɉɄ24+03 
ɉɄ24+33–ɉɄ31+70 
ɉɄ29+30–ɉɄ30+70 

0,90 
0,90 
0,90 
0,90 

Ʉɪɢɜɵɟ ɜ ɩɥɚɧɟ β7 
ɉɄ18+08–ɉɄ21+83 
ɉɄ26+53–ɉɄ29+50 

1,0 
1,0 

Ɉɝɪɚɧɢɱɟɧɢɟ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɞɨ- 
ɪɨɠɧɵɦɢ ɡɧɚɤɚɦɢ β8 

ɉɄ15+38–ɉɄ24+53 
ɉɄ23+38–ɉɄ32+20 

1,0 
1,0 

ɉɟɪɟɫɟɱɟɧɢɹ ɜ ɨɞɧɨɦ ɭɪɨɜɧɟ β9 ɧɟɬ ɩɟɪɟɫɟɱɟɧɢɣ 1,0 
ɋɨɫɬɨɹɧɢɟ ɨɛɨɱɢɧ β10 ɜɫɹ ɬɪɚɫɫɚ 0,99 

Ɍɢɩ ɩɨɤɪɵɬɢɹ β11 ɜɫɹ ɬɪɚɫɫɚ 1,0 
Ɋɚɫɩɨɥɨɠɟɧɢɟ ɫɟɪɜɢɫɚ β12 ɜɫɹ ɬɪɚɫɫɚ 1,0 

Ɋɚɡɦɟɬɤɚ ɩɪɨɟɡɠɟɣ ɱɚɫɬɢ β13 ɜɫɹ ɬɪɚɫɫɚ 1,05 
ɇɚɥɢɱɢɟ ɭɤɚɡɚɬɟɥɹ ɩɨɥɨɫ ɞɜɢɠɟɧɢɹ β14 ɜɫɹ ɬɪɚɫɫɚ 1,0 
Ʉɨɥɢɱɟɫɬɜɨ ɚɜɬɨɛɭɫɨɜ ɜ ɬɪɚɧɫɩɨɪɬɧɨɦ 

ɩɨɬɨɤɟ β15 
ɜɫɹ ɬɪɚɫɫɚ 0,78 

 

ɋɬɪɨɢɦ ɷɩɸɪɭ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɞɥɹ ɜɬɨɪɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ ɩɨ 
ɩɨɥɭɱɟɧɧɵɦ ɤɨɷɮɮɢɰɢɟɧɬɚɦ ɫɧɢɠɟɧɢɹ ɡɚɝɪɭɡɤɢ. 

ɉɭɬɟɦ ɩɟɪɟɦɧɨɠɟɧɢɹ ɱɚɫɬɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɧɚɯɨɞɢɦ ɢɬɨɝɨɜɵɟ ɤɨɷɮɮɢ- 
ɰɢɟɧɬɵ ɫɧɢɠɟɧɢɹ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɧɚ ɜɫɟɯ ɭɱɚɫɬɤɚɯ ɬɪɚɫɫɵ ɩɨ ɮɨɪɦɭɥɟ 
(6.13), ɜɵɱɢɫɥɹɟɦ ɩɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɩɨ ɮɨɪɦɭɥɟ (6.12) ɢ ɩɨ ɮɨɪɦɭɥɟ 
(6.14) ɨɩɪɟɞɟɥɹɟɦ ɭɪɨɜɧɢ ɡɚɝɪɭɡɤɢ ɢ ɜɩɢɫɵɜɚɟɦ ɢɯ ɜ ɬɚɛɥɢɰɭ 6.10. 

 
Ɍɚɛɥɢɰɚ 6.10 – Ɋɚɫɱɟɬ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɢ ɭɪɨɜɧɟɣ ɡɚɝɪɭɡɤɢ ɞɥɹ ɜɬɨɪɨɝɨ 
ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ 

№ 
ɭɱɚɫɬɤɚ 

Ƚɪɚɧɢɰɵ 
ɂɬɨɝɨɜɵɣ ɤɨɷɮ- 

ɮɢɰɢɟɧɬ ߚ 

ɉɪɨɩɭɫɤɧɚɹ 
ɫɩɨɫɨɛɧɨɫɬɶ ܲ ˗ 

ɍɪɨɜɟɧɶ ɡɚ- 
ɝɪɭɡɤɢ 𝑧 

1 ɉɄ0+00 – ɉɄ0+35 0,51 1020 0,15 
2 ɉɄ0+35 – ɉɄ1+00 0,46 920 0,16 
3 ɉɄ1+00 – ɉɄ1+65 0,46 920 0,16 
4 ɉɄ1+65 – ɉɄ1+75 0,51 1020 0,15 
5 ɉɄ1+75 – ɉɄ3+00 0,44 880 0,17 
6 ɉɄ3+00 – ɉɄ3+27 0,44 880 0,17 
7 ɉɄ3+27 – ɉɄ5+15 0,51 1020 0,15 
8 ɉɄ5+15 – ɉɄ6+00 0,44 880 0,17 
9 ɉɄ6+00 – ɉɄ8+00 0,44 880 0,17 

10 ɉɄ8+00 – ɉɄ9+82 0,43 860 0,17 
11 ɉɄ9+82 – ɉɄ10+00 0,51 1020 0,15 
12 ɉɄ10+00 – ɉɄ14+00 0,47 940 0,16 
13 ɉɄ14+00 – ɉɄ15+38 0,53 1060 0,14 
14 ɉɄ15+38 – ɉɄ15+88 0,53 1060 0,14 
15 ɉɄ15+88 – ɉɄ17+00 0,48 960 0,16 
16 ɉɄ17+00 – ɉɄ18+08 0,44 880 0,17 
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№ 
ɭɱɚɫɬɤɚ 

Ƚɪɚɧɢɰɵ 
ɂɬɨɝɨɜɵɣ ɤɨɷɮ- 

ɮɢɰɢɟɧɬ ߚ 

ɉɪɨɩɭɫɤɧɚɹ 
ɫɩɨɫɨɛɧɨɫɬɶ ܲ ˗ 

ɍɪɨɜɟɧɶ ɡɚ- 
ɝɪɭɡɤɢ 𝑧 

17 ɉɄ18+08 – ɉɄ21+00 0,44 880 0,17 
18 ɉɄ21+00 – ɉɄ21+83 0,51 1020 0,15 
19 ɉɄ21+83 – ɉɄ24+00 0,51 1020 0,15 
20 ɉɄ24+00 – ɉɄ24+03 0,51 1020 0,15 
21 ɉɄ24+03 – ɉɄ24+33 0,57 1140 0,13 
22 ɉɄ24+33 – ɉɄ24+53 0,51 1020 0,15 
23 ɉɄ24+53 – ɉɄ25+65 0,51 1020 0,15 
24 ɉɄ25+66 – ɉɄ26+13 0,44 880 0,17 
25 ɉɄ26+13 – ɉɄ26+53 0,51 1020 0,15 
26 ɉɄ26+53 – ɉɄ27+00 0,51 1020 0,15 
27 ɉɄ27+00 – ɉɄ29+50 0,51 1020 0,15 
28 ɉɄ29+50 – ɉɄ30+00 0,51 1020 0,15 
29 ɉɄ30+00 – ɉɄ31+70 0,47 940 0,16 
30 ɉɄ31+70 – ɉɄ31+85 0,52 1040 0,14 
31 ɉɄ31+85 – ɉɄ32+09 0,43 860 0,17 
32 ɉɄ32+09 – ɉɄ32+20 0,52 1040 0,14 
33 ɉɄ32+20 – ɉɄ33+00 0,52 1040 0,14 
34 ɉɄ33+00 – ɉɄ33+12 0,48 960 0,16 
35 ɉɄ33+12 – ɉɄ37+00 0,47 940 0,16 
36 ɉɄ37+00 – ɉɄ43+00 0,47 940 0,16 
37 ɉɄ43+00 – ɉɄ43+38 0,43 860 0,17 
38 ɉɄ43+38 – ɉɄ44+92 0,52 1040 0,14 
39 ɉɄ44+92 – ɉɄ46+67 0,43 860 0,17 
40 ɉɄ46+67 – ɉɄ47+00 0,52 1040 0,14 
41 ɉɄ47+00 – ɉɄ49+51 0,48 960 0,16 

 

ɉɨ ɧɚɣɞɟɧɧɵɦ ɡɧɚɱɟɧɢɹɦ ɫɬɪɨɢɦ ɝɪɚɮɢɤ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɢ ɭɪɨɜ- 
ɧɟɣ ɡɚɝɪɭɡɤɢ. Ɉɧɢ ɩɪɢɜɟɞɟɧɵ ɧɚ ɥɢɫɬɟ ɧɨɦɟɪ 2 ɜ ɝɪɚɮɢɱɟɫɤɨɣ ɱɚɫɬɢ ɜɵɩɭɫɤɧɨɣ 
ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ. 

 
6.4 Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɫɪɚɜɧɟɧɢɟ ɜɚɪɢɚɧɬɨɜ ɬɪɚɫɫɵ 

 
Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɫɪɚɜɧɟɧɢɟ ɜɚɪɢɚɧɬɨɜ ɬɪɚɫɫɵ ɩɪɨɜɨɞɢɬɫɹ ɩɨ ɬɪɟɦ 

ɝɪɭɩɩɚɦ ɩɨɤɚɡɚɬɟɥɟɣ: 
- ɬɟɯɧɢɤɨ-ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ; 
- ɫɬɨɢɦɨɫɬɶ ɫɬɪɨɢɬɟɥɶɫɬɜɚ; 
- ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ. 
Ʉ ɬɟɯɧɢɤɨ-ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɦ ɩɨɤɚɡɚɬɟɥɹɦ ɨɬɧɨɫɹɬɫɹ: 
- ɤɨɷɮɮɢɰɢɟɧɬ ɭɞɥɢɧɟɧɢɹ ɬɪɚɫɫɵ; 
- ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɫɪɟɞɧɹɹ ɜɟɥɢɱɢɧɚ ɭɝɥɨɜ ɩɨɜɨɪɨɬɚ; 
- ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɫɪɟɞɧɢɣ ɪɚɞɢɭɫ ɡɚɤɪɭɝɥɟɧɢɹ; 
- ɫɪɟɞɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɛɟɡɨɩɚɫɧɨɫɬɢ; 
- ɫɪɟɞɧɟɜɡɜɟɲɟɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɚɜɚɪɢɣɧɨɫɬɢ; 
- ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɫɪɟɞɧɟɬɟɯɧɢɱɟɫɤɚɹ ɫɤɨɪɨɫɬɶ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɩɨɬɨɤɚ; 
- ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɜɪɟɦɹ ɞɨɫɬɚɜɤɢ ɝɪɭɡɨɜ. 
Ʉɨɷɮɮɢɰɢɟɧɬ ɭɞɥɢɧɟɧɢɹ ɬɪɚɫɫɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
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 .ˎ.˅ܮ (6.15) ,
 

ɝɞɟ ܮ˕˓ – ɞɥɢɧɚ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ, ɦ; ܮ˅.ˎ. – ɞɥɢɧɚ ɬɪɚɫɫɵ ɩɨ ɜɨɡɞɭɲɧɨɣ ɥɢɧɢɢ, ɦ. 

Ɍɚɤ ɤɨɷɮɮɢɰɢɟɧɬ ɭɞɥɢɧɟɧɢɹ ɬɪɚɫɫɵ ɞɥɹ ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ ɜɚɪɢɚɧɬɚ ɫɨɨɬ- 
ɜɟɬɫɬɜɟɧɧɨ ɪɚɜɟɧ: 

 = ܫܭ 
5037,6 = 1,04, ˖ˇˎ 

 

4837,07 
 = ܫܫܭ 

4950,51 
= 1,02. 

 ˖ˇˎ 4837,07 
 

ɉɥɚɜɧɨɫɬɶ ɬɪɚɫɫɵ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɫɪɟɞɧɟɣ ɜɟɥɢɱɢɧɨɣ ɭɝ- 
ɥɨɜ ɩɨɜɨɪɨɬɚ. ɍɝɥɵ ɩɨɜɨɪɨɬɚ ɫɧɚɱɚɥɚ ɩɟɪɟɜɨɞɹɬɫɹ ɜ ɝɪɚɞɭɫɵ, ɚ ɩɨɬɨɦ ɜ ɪɚɞɢɚɧɵ. 

 
ɍɝɥɵ ɩɨɜɨɪɨɬɚ ɩɟɪɜɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ: 

 
ȼɍ 1 = ͳͶ°ʹͷ´ͷͳ´´ = ͳͶ°ʹͷ 

51 
= ͳͶ°ʹͷ,ͺͷ´ = ͳͶ° 

ʹͷ,ͺͷ´ 
= ͳͶ,Ͷ͵°, 

60 60 
 

ȼɍ 2 = ʹͺ°͵ʹ´ͳͻ´´ = ʹͺ°͵ʹ 
19 

= ʹͺ°͵ʹ,͵ʹ´ = ʹͺ° 
͵ʹ,͵ʹ´ 

= ʹͺ,ͷͶ°, 
60 

 

ȼɍ 3 = ͳͲ°Ͷ͹´Ͳͺ´´ = ͳͲ°Ͷ͹ 
8

 
60 

60 

 

= ͳͲ°Ͷ͹,ͳ͵´ = ͳͲ° 
Ͷ͹,ͳ͵´ 

= ͳͲ,͹ͻ°. 
60 

 

ɍɝɥɵ ɩɨɜɨɪɨɬɚ ɜɬɨɪɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ: 
 

ȼɍ 1 = ͵ͷ°ʹ͹´ͳͲ´´ = ͵ͷ°ʹ͹ 
10 

= ͵ͷ°ʹ͹,ͳ͸͹´ = ͵ͷ° ʹ
͹,ͳ͸͹´ 

= ͵ͷ,Ͷͷ°, 
60 60 

 

ȼɍ 2 = ͵ͻ°Ͷ͹´ͳ͵´´ = ͵ͻ°Ͷ͹ 
13 

= ͵ͻ°Ͷ͹,ʹʹ´ = ͵ͻ° 
Ͷ͹,ʹʹ´ 

= ͵ͻ,͹ͻ°. 
60 60 

 

Ⱦɥɹ ɩɟɪɟɜɨɞɚ ɡɧɚɱɟɧɢɣ ɭɝɥɨɜ ɩɨɜɨɪɨɬɚ ɜ ɪɚɞɢɚɧɵ ɧɟɨɛɯɨɞɢɦɨ ɜɨɫɩɨɥɶɡɨ- 
ɜɚɬɶɫɹ ɮɨɪɦɭɥɨɣ: 

 = 𝑖݀ܽݎ 
ܽ𝑖⋅𝜋, (6.16) 
180 

 

ɝɞɟ ܽ𝑖 – ݊-ɣ ɭɝɨɥ ɩɨɜɨɪɨɬɚ. 

Ɂɧɚɱɟɧɢɹ ɭɝɥɨɜ ɩɨɜɨɪɨɬɚ ɩɟɪɜɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ ɜ ɪɚɞɢɚɧɚɯ: 
 = 1݀ܽݎ 

ͳͶ,Ͷ͵°⋅𝜋 
= 0,25 ˓˃ˇ, 

180 
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 2݀ܽݎ

 3݀ܽݎ 

= 
ʹͺ,ͷͶ°⋅𝜋 

= 0,5 ˓˃ˇ, 
180 

 

= 
ͳͲ,͹ͻ°⋅𝜋 

= 0,18 ˓˃ˇ. 
180 

 

Ɂɧɚɱɟɧɢɹ ɭɝɥɨɜ ɩɨɜɨɪɨɬɚ ɜɬɨɪɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ ɜ ɪɚɞɢɚɧɚɯ: 
 1݀ܽݎ 

 2݀ܽݎ 

= 
͵ͷ,Ͷͷ°⋅𝜋 

= 0,62 ˓˃ˇ, 
180 

 

= 
͵ͻ,͹ͻ°⋅𝜋 

= 0,694 ˓˃ˇ. 
180 

 

Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɫɪɟɞɧɹɹ ɜɟɥɢɱɢɧɚ ɭɝɥɨɜ ɩɨɜɨɪɨɬɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪ- 
ɦɭɥɟ: 

˔ݎ   ˓= 
݊ 𝑖=1 ݀ܽݎ𝑖 , (6.17) ܮ˕˓ 

 

ɝɞɟ ܰ – ɤɨɥɢɱɟɫɬɜɨ ɭɝɥɨɜ; ݀ܽݎ𝑖 – ɜɟɥɢɱɢɧɚ ɭɝɥɚ ɩɨɜɨɪɨɬɚ, ɪɚɞɢɚɧɵ; ܮ˕˓ – ɬɨ ɠɟ, ɱɬɨ ɜ ɮɨɪɦɭɥɟ (6.15). 
 

ɋɪɟɞɧɹɹ ɜɟɥɢɱɢɧɚ ɭɝɥɨɜ ɩɨɜɨɪɨɬɚ ɞɥɹ ɩɟɪɜɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ: 
 = ˓˔ݎ 

0,25+0,5+0,18 
= 1,85 ∙ 10−Ͷ.

 
5037,6 

 

ɋɪɟɞɧɹɹ ɜɟɥɢɱɢɧɚ ɭɝɥɨɜ ɩɨɜɨɪɨɬɚ ɞɥɹ ɜɬɨɪɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ: 
 = ˓˔ݎ 

0,62+0,694 
= 2,65 ∙ 10−Ͷ.

 
4950,51 

 

Ɉɬɧɨɫɢɬɟɥɶɧɵɣ ɫɪɟɞɧɢɣ ɪɚɞɢɭɫ ɡɚɤɪɭɝɥɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 ܴ˔˓ = 

݊ 𝑖=1 ܭ𝑖 , (6.18) ݊ 𝑖=1 ݀ܽݎ𝑖 

 

ɝɞɟ ܭ𝑖 – ɩɨɥɧɵɟ ɤɪɢɜɵɟ, ɜɤɥɸɱɚɸɳɢɟ ɜ ɫɟɛɹ ɤɪɭɝɨɜɭɸ ɤɪɢɜɭɸ ɢ ɞɜɟ ɩɟɪɟɯɨɞɧɵɯ 
ɤɪɢɜɵɯ, ɦ. 

 
ɋɪɟɞɧɹɹ ɜɟɥɢɱɢɧɚ ɡɚɤɪɭɝɥɟɧɢɹ ɞɥɹ ɩɟɪɜɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ: 

 ܴ = 
471,72+737,86+428,23 

= 1761,1 
ˏ 

.
 

  ˔˓ 0,25+0,5+0,18 ˓˃ˇ 

ɋɪɟɞɧɹɹ ɜɟɥɢɱɢɧɚ ɡɚɤɪɭɝɥɟɧɢɹ ɞɥɹ ɜɬɨɪɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ: 

∑ 

∑ ∑ 
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ܴ = 
734,72+656,47 

= 1058, 74 
ˏ 

.
 

  ˔˓ 0,62+0,694 ˓˃ˇ 
 

ɉɟɪɟɯɨɞɢɦ ɤ ɨɩɪɟɞɟɥɟɧɢɸ ɫɪɟɞɧɟɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɛɟɡɨɩɚɫɧɨɫɬɢ. ɋɧɚɱɚɥɚ 
ɜɵɱɢɫɥɹɸɬɫɹ ɫɪɟɞɧɟɜɡɜɟɲɟɧɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɛɟɡɨɩɚɫɧɨɫɬɢ ɜ ɩɪɹɦɨɦ ɢ ɨɛɪɚɬ- 
ɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɨ ɮɨɪɦɭɥɚɦ: 

ܭ˒˓̅ ݈⋅ ܭ ˊˈ˄ܯ∑   =  𝑖=1 ˄ˈˊ,𝑖    𝑖
 ˓˕ܮ (6.19) ,

ܭˑ˄̅ ݈⋅ ܭ ˊˈ˄ܯ∑   =  𝑖=1 ˄ˈˊ,𝑖    𝑖
 ˓˕ܮ (6.20) ,

 

ɝɞɟ ܭ˄ˈˊ,𝑖 – 𝑖–ɣ ɤɨɷɮɮɢɰɢɟɧɬ ɛɟɡɨɩɚɫɧɨɫɬɢ ɧɚ 𝑖–ɦ ɭɱɚɫɬɤɟ; ݈𝑖 – ɞɥɢɧɚ 𝑖–ɝɨ ɭɱɚɫɬɤɚ, ɦ; ܯ˄ˈˊ – ɤɨɥɢɱɟɫɬɜɨ ɭɱɚɫɬɤɨɜ. 

ɋɪɟɞɧɟɜɡɜɟɲɟɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɟɪɜɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ ɜ 
ɩɪɹɦɨɦ ɢ ɨɛɪɚɬɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ: 

ܭ˒˓̅   

 ̅˄ˑܭ  

= 
͵ͲͲ∙ͳ+ͺͲͲ∙ͳ+ͻͲͲ∙Ͳ,͸͸+ͷͲͲ∙ͳ+͸ͲͲ∙ͳ+͸ͲͲ∙ͳ+͸ͲͲ∙ͳ+ͶͲͲ∙ͳ+͵͵͹,͸∙ͳ 

= 0,94,
 

5037,6 

 

= 
͵͵͹,͸∙ͳ+ͶͲͲ∙Ͳ,ͻͻ+͸ͲͲ∙Ͳ,ͻͺ+͸ͲͲ∙ͳ+͸ͲͲ∙ͳ+ͷͲͲ∙ͳ+ͻͲͲ∙ͳ+ͺͲͲ∙ͳ+͵ͲͲ∙ͳ 

= 0,99.
 

5037,6 
 

ɋɪɟɞɧɟɜɡɜɟɲɟɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɛɟɡɨɩɚɫɧɨɫɬɢ ɜɬɨɪɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ ɜ 
ɩɪɹɦɨɦ ɢ ɨɛɪɚɬɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ: 

ܭ˒˓̅   = 
ͳͲͲ∙Ͳ,ͻͻ+ʹͲͲ∙ͳ+͵ͲͲ∙ͳ+ʹͲͲ∙ͳ+ͳͲͲ∙ͳ+ͳͲͲ∙Ͳ,ͻͷ+ͶͲͲ∙Ͳ,͸͸+͵ͲͲ∙Ͳ,ͻͳ+ͶͲͲ∙Ͳ,ͻ+   

=
 

4950,51 

= 
+͵ͲͲ∙ͳ+͵ͲͲ∙ͳ+ʹͲͲ∙ͳ+ͳͲͲ∙Ͳ,ͻͻ+͵ͲͲ∙ͳ+ͶͲͲ∙ͳ+͸ͲͲ∙ͳ+ͶͲͲ∙ͳ+ʹͷͲ,ͷͳ∙ͳ 

= 0,96,
 

4950,51 
 ̅˄ˑܭ  = 

ʹͷͲ,ͷͳ∙ͳ+ͶͲͲ∙ͳ+͸ͲͲ∙Ͳ,ͺͺ+ͶͲͲ∙Ͳ,ͺ͹+͵ͲͲ∙ͳ+ͳͲͲ∙ͳ+ʹͲͲ∙ͳ+͵ͲͲ∙ͳ+͵ͲͲ∙ͳ+   
=

 
4950,51 

= 
+ͶͲͲ∙ͳ+͵ͲͲ∙ͳ+ͶͲͲ∙ͳ+ͳͲͲ∙ͳ+ͳͲͲ∙ͳ+ʹͲͲ∙ͳ+͵ͲͲ∙ͳ+ʹͲͲ∙ͳ+ͳͲͲ∙ͳ 

= 0,97.
 

4950,51 
 

ɋɥɟɞɭɸɳɢɦ ɲɚɝɨɦ ɹɜɥɹɟɬɫɹ ɫɪɟɞɧɢɣ ɦɟɠɞɭ ɫɪɟɞɧɟɜɡɜɟɲɟɧɧɵɦɢ ɤɨɷɮɮɢ- 
ɰɢɟɧɬɚɦɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɜ ɩɪɹɦɨɦ ɢ ɨɛɪɚɬɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɤɨɷɮɮɢɰɢɟɧɬ ɛɟɡ- 
ɨɩɚɫɧɨɫɬɢ ɩɨ ɮɨɪɦɭɥɟ: 

ܭ˄̍̅  ˊ 
= 

ܭ˒˓̅ +̅˄ˑܭ ˓
, (6.21) 

2 
 

ɝɞɟ ̅˓˒ܭ   ɢ ̅˄ˑܭ ˓  – ɬɨ ɠɟ, ɱɬɨ ɜ ɮɨɪɦɭɥɚɯ (6.19) ɢ (6.20). 
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Ɉɩɪɟɞɟɥɹɟɦ ɫɪɟɞɧɟɜɡɜɟɲɟɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ ɩɨ ɮɨɪɦɭɥɟ: 
 ˓˕ܮ 𝑧 ⋅݈ 𝑧 ̅=   𝑖=1 𝑖 𝑖, (6.22) ˓ˆ˃ˊܯ∑ 

 

ɝɞɟ 𝑧𝑖 – ɭɪɨɜɟɧɶ ɡɚɝɪɭɡɤɢ ɧɚ 𝑖–ɦ ɭɱɚɫɬɤɟ; ݈𝑖 – ɬɨ ɠɟ, ɱɬɨ ɜ ɮɨɪɦɭɥɟ (6.20); ܯˊ˃ˆ˓ – ɤɨɥɢɱɟɫɬɜɨ ɭɱɚɫɬɤɨɜ. 
 

ɋɪɟɞɧɟɜɡɜɟɲɟɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ ɞɥɹ ɩɟɪɜɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ: 
 𝑧 ̅ = 

͵ͲͲ∙Ͳ,ͳͶ+ʹͷ͹∙Ͳ,ͳͷ+͵ͻ͵∙Ͳ,ͳ͹+ͳͷͲ∙Ͳ,ͳ͸+ʹͺͶ∙Ͳ,ͳͻ+ͳͲͲ∙Ͳ,ʹͳ+ʹͲͲ∙Ͳ,ʹͳ+ͳʹͳ∙Ͳ,ͳ͹+Ͷͳ∙Ͳ,ʹͳ+
=

 
5037,6 

= 
+ͳͲͲ∙Ͳ,ʹͳ+ͷͶ∙Ͳ,ͳͻ+ʹ͵͵∙Ͳ,ͳ͹+ʹʹͷ∙Ͳ,ͳͷ+Ͷʹ∙Ͳ,ͳ͸+ͳ͹ͺ,ͷͺ∙Ͳ,ͳ͸+͵ʹͷ,Ͷʹ∙Ͳ,ͳ͸+ͷʹ∙Ͳ,ͳͻ+ͶͶ∙Ͳ,ͳͻ+ 

5037,6 

= 
+ͳͲ͸∙Ͳ,ͳͻ+͹Ͳ∙Ͳ,ͳ͸+͵͸ͷ∙Ͳ,ͳͶ+ͷͻ∙Ͳ,ͳ͸+ͳ͸Ͳ,ͳ͹∙Ͳ,ͳ͸+͸ͻ,ͺͶ∙Ͳ,ͳ͸+ͳ͵͸∙Ͳ,ͳ͸+ͺͶ∙Ͳ,ͳͻ+ 

=
 

5037,6 

= 
+ͳͷͲ∙Ͳ,ͳ͹+ͻ͵∙Ͳ,ͳ͹+͵Ͳ͹∙Ͳ,ͳͶ+͵͵͹,͸∙Ͳ,ͳͷ 

= 
829,05 

= 0,164.
 

5037,6 5037,6 
 

ɋɪɟɞɧɟɜɡɜɟɲɟɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ ɞɥɹ ɜɬɨɪɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ: 
 𝑧 ̅ = 

͵ͷ∙Ͳ,ͳͷ+͸ͷ∙Ͳ,ͳ͸+͸ͷ∙Ͳ,ͳ͸+ͳͲ∙Ͳ,ͳͷ+ͳʹͷ∙Ͳ,ͳ͹+ʹ͹∙Ͳ,ͳ͹+ͳͺͺ∙Ͳ,ͳͷ+ͺͷ∙Ͳ,ͳ͹+ʹͲͲ∙Ͳ,ͳ͹+ 
=

 
4950,51 

= 
+ͳͺʹ∙Ͳ,ͳ͹+ͳͺ∙Ͳ,ͳͷ+ͶͲͲ∙Ͳ,ͳ͸+ͳ͵ͺ∙Ͳ,ͳͶ+ͷͲ∙Ͳ,ͳͶ+ͳͳʹ∙Ͳ,ͳ͸+ͳͲͺ∙Ͳ,ͳ͹+ͶͲ∙Ͳ,ͳͷ+ͺʹ,͹ͷ∙Ͳ,ͳͷ+ 

=
 

4950,51 

= 
+ʹͻʹ,ʹ͸∙Ͳ,ͳ͹+ʹͳ͹∙Ͳ,ͳͷ+͵∙Ͳ,ͳ͹+͵Ͳ∙Ͳ,ͳ͵+ʹͲ∙Ͳ,ͳͷ+ͳͳ͵∙Ͳ,ͳͷ+Ͷ͹∙Ͳ,ͳ͹+͵ͺ∙Ͳ,ͳ͹+Ͷ͹∙Ͳ,ͳͷ+ 

=
 

4950,51 

= 
+ʹͷͲ∙Ͳ,ͳͷ+ͷͲ∙Ͳ,ͳͷ+ͳ͹Ͳ∙Ͳ,ͳ͸+ͳ͹,͸͸∙Ͳ,ͳͶ+ʹͳ,͵Ͷ∙Ͳ,ͳ͹+ͳͳ∙Ͳ,ͳͶ+ͺͲ∙Ͳ,ͳͶ+ͳʹ∙Ͳ,ͳ͸+ 

=
 

4950,51 

=
+͵ͺͺ∙Ͳ,ͳ͸+͸ͲͲ∙Ͳ,ͳ͸+ͳͷͶ∙Ͳ,ͳͶ+ͳ͹ͷ,Ͷ͵∙Ͳ,ͳ͹+͵ʹ,ͷ͹∙Ͳ,ͳͶ+ʹͷͲ,ͷͳ∙Ͳ,ͳ͸   

=   
783,85 = 0,158. 

4950,51 4950,51 
 

Ɉɩɪɟɞɟɥɹɟɦ ɫɪɟɞɧɟɜɡɜɟɲɟɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɚɜɚɪɢɣɧɨɫɬɢ ɩɨ ɮɨɪɦɭɥɟ: 
ܭ˃˅̅ ݈⋅ ܭ ˅˃ܯ∑   =  𝑖=1 ˋ˕,𝑖    𝑖

 ˓˕ܮ (6.23) ,

 

ɝɞɟ ܭˋ˕,𝑖 – ɢɬɨɝɨɜɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɚɜɚɪɢɣɧɨɫɬɢ ɧɚ 𝑖–ɦ ɭɱɚɫɬɤɟ, ɡɧɚɱɟɧɢɟ ɩɪɢɧɢ- 
ɦɚɟɬɫɹ ɞɥɹ ɫɚɦɨɝɨ ɚɜɚɪɢɣɧɨɝɨ ɩɟɪɢɨɞɚ ɝɨɞɚ; ݈𝑖 – ɬɨ ɠɟ, ɱɬɨ ɜ ɮɨɪɦɭɥɟ (6.20); ܯ˃˅ – ɤɨɥɢɱɟɫɬɜɨ ɭɱɚɫɬɤɨɜ. 

ɋɪɟɞɧɟɜɡɜɟɲɟɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɚɜɚɪɢɣɧɨɫɬɢ ɩɟɪɜɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ: 
ܭ˃˅̅   = 

͵ͲͲ∙ʹ,ͻͷ+ͺͲͲ∙ʹ,ͻͷ+͵ͺͶ∙͸,͸͵+ͳͲͲ∙ͳͺ,ͻͶ+ͳͶʹ∙ʹ͵,͹+ͳʹͲ∙ͳͺ,ͻͶ+ͳͷͶ∙͸,͸͵+ͷͲͲ∙Ͷ,Ͳ͹+   
=

 
5037,6 

= 
+ͷͺ∙͵,ͲͶ+ͳʹͲ∙ͺ,͸ͺ+͵͹ͺ∙ͳͲ,ͺ͹+ͶͶ∙ͺ,͸ͺ+͹͸∙ͺ,Ͷʹ+ͷʹͶ∙ʹ,ͻͷ+Ͷͳ∙ʹ,ͻͷ+ͳʹͲ∙ͺ,Ͷʹ+͸ͻ∙ͳͲ,ͷʹ+ 

=
 

5037,6 
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= 
+ͳʹͲ∙ͺ,Ͷʹ+ʹͷͲ∙ʹ,ͻͷ+ͶͲͲ∙ʹ,ͻͷ+͵͵͹,͸∙ʹ,ͻͷ 

= 5,97.
 

5037,6 
 

ɋɪɟɞɧɟɜɡɜɟɲɟɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɚɜɚɪɢɣɧɨɫɬɢ ɜɬɨɪɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ: 
ܭ˃˅̅   = 

͵ͷ∙ʹ,ͻͶ+͸ͷ∙ͺ,Ͷͳ+͸ͷ∙ͺ,Ͷͳ+ͳ͵ͷ∙ʹ,ͻͶ+͵ͲͲ∙ʹ,ͻͶ+ʹͲͲ∙ʹ,ͻͶ+ʹͲͲ∙͸,Ͳ͸+ͶͲͲ∙͹,ͷ+ʹͺͺ∙͸,͸ʹ+   
=

 
4950,51 

= 
+ͳʹ∙ͳ͹,ͻ+ͳͲͺ∙ͳͻ,Ͷ͵+ʹͻͶ,ͷͷ∙ʹ͹,͹͹+ͺͲ,Ͷͷ∙ʹͳ,͹͸+ͳʹͲ∙ͳͷ,ʹʹ+ͻ͹∙ͷ,͵ʹ+ͳ͵͵∙͵,ͷ͵+ 

=
 

4950,51 

= 
+ͳʹͲ∙ͳͲ,ͳͲ+Ͷ͹∙ͳ͸,ͳ͸+ʹͷͲ∙ͳ͵,ͺ͸+͹Ͳ∙ͺ,Ͷͳ+ͷͲ∙ͺ,͸͸+ʹ͵Ͳ∙ʹ,ͻͶ+ͶͲͲ∙͵,͸ʹ+͸ͲͲ∙͵,Ͳͻ+ 

=
 

4950,51 

= 
+ͶͲͲ∙ʹ,ͻͶ+ʹͷͲ,ͷͳ∙ʹ,ͻͶ 

= 7,39.
 

4950,51 
 

ɉɟɪɟɯɨɞɢɦ ɤ ɨɩɪɟɞɟɥɟɧɢɸ ɫɪɟɞɧɟɬɟɯɧɢɱɟɫɤɨɣ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ. ɉɪɢɧɢ- 
ɦɚɟɦ ɡɚ ɫɪɟɞɧɸɸ ɫɤɨɪɨɫɬɶ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɩɨɬɨɤɚ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɪɚɫɱɟɬɧɨɝɨ 
ɚɜɬɨɦɨɛɢɥɹ. ɋɧɚɱɚɥɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɜ ɩɪɹɦɨɦ ɢ ɨɛ- 
ɪɚɬɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɨ ɮɨɪɦɭɥɚɦ: 

 ܸ˒̅˓ 

 ܸˑ˄̅  

= 
𝛺˒˓

 ˓˕ܮ (6.24) ,

 

= 
𝛺ˑ˄, (6.25) ܮ˕˓ 

 

ɝɞɟ 𝛺˒˓ ɢ 𝛺ˑ˄ – ɩɥɨɳɚɞɢ ɩɨɞ ɷɩɸɪɚɦɢ ɫɤɨɪɨɫɬɢ ɪɚɫɱɟɬɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ ɜ ɩɪɹɦɨɦ 
ɢ ɨɛɪɚɬɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɤɦ2/ɱ. 

 
ɋɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɜ ɩɪɹɦɨɦ ɢ ɨɛɪɚɬɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɞɥɹ ɩɟɪɜɨɝɨ 

ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ: 
 ܸ̅ = 

357,26 
= 70,92 ̱

ˏ 
 

  ˒˓ 5,0376 ч 
,
 ܸ̅ = 

400,74 
= 79,55 

ˍˏ 
 

  ˑ˄ 5,0376 ч 
.
 

ɋɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɜ ɩɪɹɦɨɦ ɢ ɨɛɪɚɬɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɞɥɹ ɜɬɨɪɨɝɨ 
ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ: 

 ܸ˒̅˓ 

 ܸˑ˄̅  

= 
338,95 

4,95051 

 

= 
380,39 

4,95051 

= 68,45 
ˍˏ

 ч 

 

= 76,84 
ˍˏ

 ч 
 

ɋɥɟɞɭɸɳɢɣ ɲɚɝ – ɨɩɪɟɞɟɥɟɧɢɟ ɫɪɟɞɧɟɬɟɯɧɢɱɟɫɤɨɣ ɫɤɨɪɨɫɬɢ (ɨɫɪɟɞɧɟɧɧɚɹ 
ɩɨ ɨɛɨɢɦ ɧɚɩɪɚɜɥɟɧɢɹɦ) ɩɨ ɮɨɪɦɭɥɟ: ܸ̝˓̅ .˕. 

= 
ܸ˒˓̅ +ܸˑ˄̅  

. (6.26) 
2 

, 

. 
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ɋɪɟɞɧɟɬɟɯɧɢɱɟɫɤɚɹ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɞɥɹ ɩɟɪɜɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ: 
 ܸ̅ = 

70,92+79,55 
= 75,24 

ˍˏ 
 

  ˔˓.˕. 2 ч 
. 

 

ɋɪɟɞɧɟɬɟɯɧɢɱɟɫɤɚɹ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɞɥɹ ɜɬɨɪɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ: 
 ܸ̅ = 

68,45+76,84 
= 72,65 

ˍˏ 
 

  ˔˓.˕. 2 ч 
. 

 

Ɉɩɪɟɞɟɥɹɸɬ ɫɪɟɞɧɟɬɟɯɧɢɱɟɫɤɭɸ ɫɤɨɪɨɫɬɶ, ɨɬɧɟɫɟɧɧɭɸ ɤ ɪɚɫɱɟɬɧɨɣ, ɩɨ 
ɮɨɪɦɭɥɟ: 

 ܸˑ̞̅ ː.˔˓.˕. 
= 

ܸ̝˓̅ .˕.
, (6.27) ܸ˓ 

 

ɝɞɟ ܸ̝˓̅ .˕.  – ɬɨ ɠɟ, ɱɬɨ ɜ ɮɨɪɦɭɥɟ (6.26); ܸ˓ – ɪɚɫɱɟɬɧɚɹ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɪɚɫɱɟɬɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ, ɤɦ/ɱ. 
 

ɋɪɟɞɧɟɬɟɯɧɢɱɟɫɤɚɹ ɫɤɨɪɨɫɬɶ, ɨɬɧɟɫɟɧɧɚɹ ɤ ɪɚɫɱɟɬɧɨɣ, ɞɥɹ ɩɟɪɜɨɝɨ ɜɚɪɢ- 
ɚɧɬɚ ɬɪɚɫɫɵ: 

 ܸˑ̞̅ ː.˔˓.˕. 
= 

75,24 
= 0,94. 

80 
 

ɋɪɟɞɧɟɬɟɯɧɢɱɟɫɤɚɹ ɫɤɨɪɨɫɬɶ, ɨɬɧɟɫɟɧɧɚɹ ɤ ɪɚɫɱɟɬɧɨɣ, ɞɥɹ ɜɬɨɪɨɝɨ ɜɚɪɢ- 
ɚɧɬɚ ɬɪɚɫɫɵ: 

 ܸˑ̞̅ ː.˔˓.˕. 
= 

72,65 
= 0,91. 

80 
 

ȼɪɟɦɹ ɞɨɫɬɚɜɤɢ ɝɪɭɡɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɦɟɠɞɭ ɜɪɟɦɟ- 
ɧɟɦ ɞɨɫɬɚɜɤɢ ɜ ɩɪɹɦɨɦ ɢ ɨɛɪɚɬɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ. ȼɪɟɦɹ ɞɨɫɬɚɜɤɢ ɝɪɭɡɨɜ ɜ ɩɪɹ- 
ɦɨɦ ɢ ɨɛɪɚɬɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ: 

 ˓˒ݐ 

 ˄ˑݐ 

= 
˓˕ܮ

, (6.28) ܸ˒˓̅  

 

= 
 ˓˕ܮ

. (6.29) ܸˑ˄̅  

 

ȼɪɟɦɹ ɞɨɫɬɚɜɤɢ ɝɪɭɡɚ ɜ ɩɪɹɦɨɦ ɢ ɨɛɪɚɬɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɞɥɹ ɩɟɪɜɨɝɨ ɜɚɪɢ- 
ɚɧɬɚ ɬɪɚɫɫɵ: 

 ˄ˑݐ ˓˒ݐ 

= 
5,0376 

= 0,071 ч, 
70,92 

= 
5,0376 

= 0,063 ч. 
79,55 
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ȼɪɟɦɹ ɞɨɫɬɚɜɤɢ ɝɪɭɡɚ ɜ ɩɪɹɦɨɦ ɢ ɨɛɪɚɬɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɞɥɹ ɜɬɨɪɨɝɨ ɜɚɪɢ- 
ɚɧɬɚ ɬɪɚɫɫɵ: 

 ˓˒ݐ 

 ˄ˑݐ 

= 
4,95051 

= 0,072 ч, 
68,45 

 

= 
4,95051 

= 0,064 ч. 
76,84 

 

Ɉɩɪɟɞɟɥɢɦ ɫɪɟɞɧɟɟ ɜɪɟɦɹ ɞɨɫɬɚɜɤɢ ɝɪɭɡɨɜ ɩɨ ɮɨɪɦɭɥɟ: 
 ˓˔ݐ 

= 
˄ˑݐ+˓˒ݐ

. (6.30) 
2 

 

ɋɪɟɞɧɟɟ ɜɪɟɦɹ ɞɨɫɬɚɜɤɢ ɝɪɭɡɨɜ ɞɥɹ ɩɟɪɜɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ: 
 = ˓˔ݐ 

0,071+0,063 
= 0,067 ч. 

2 
 

ɋɪɟɞɧɟɟ ɜɪɟɦɹ ɞɨɫɬɚɜɤɢ ɝɪɭɡɨɜ ɞɥɹ ɜɬɨɪɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ: 
 = ˓˔ݐ 

0,072+0,064 
= 0,068 ч. 

2 
 

 
ɦɭɥɟ: 

ɋɬɨɢɦɨɫɬɶ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɚɜɬɨɦɨɛɢɥɶɧɨɣ ɞɨɪɨɝɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪ- 
ܭ + ˔ܭ = 0ܭ   ́, (6.31) 

 

ɝɞɟ ܭ˔ – ɫɬɪɨɢɬɟɥɶɧɵɟ ɡɚɬɪɚɬɵ (ɫɦɟɬɧɚɹ ɫɬɨɢɦɨɫɬɶ); ܭˊ – ɫɬɨɢɦɨɫɬɶ ɡɟɦɟɥɶ, ɢɡɴɹɬɵɯ ɢɡ ɫɟɥɶɯɨɡɭɝɨɞɢɣ ɩɨɞ ɚɜɬɨɦɨɛɢɥɶɧɭɸ ɞɨɪɨɝɭ 
ɢ ɟɟ ɫɨɨɪɭɠɟɧɢɹ. 

 
ɋɬɪɨɢɬɟɥɶɧɵɟ ɡɚɬɪɚɬɵ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 (6.32) ,˓˕ܮ ∙ .ˇ˖.˓˔ܭ = ˔ܭ 
 
ɝɞɟ ܭ˔˓.˖ˇ. – ɫɪɟɞɧɹɹ (ɭɞɟɥɶɧɚɹ) ɫɬɨɢɦɨɫɬɶ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 1 ɤɦ ɞɨɪɨɝɢ, ɞɥɹ IV ɤɚ- 
ɬɟɝɨɪɢɢ ɞɨɪɨɝɢ ɫɨɫɬɚɜɥɹɟɬɫɹ 200 ɬɵɫ. ɭ.ɟ. 

 
ɋɬɪɨɢɬɟɥɶɧɵɟ ɡɚɬɪɚɬɵ ɞɥɹ ɩɟɪɜɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ ɫɨɫɬɚɜɥɹɸɬ: 

 .ɬɵɫ. ɭ.ɟ 1007,52 = 5,0376 ∙ 200 = ˔ܭ 

ɋɬɪɨɢɬɟɥɶɧɵɟ ɡɚɬɪɚɬɵ ɞɥɹ ɜɬɨɪɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ ɫɨɫɬɚɜɥɹɸɬ: 
 .ɬɵɫ. ɭ.ɟ 990,10 = 4,95051 ∙ 200 = ˔ܭ 
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ˊ 

ɋɬɨɢɦɨɫɬɶ ɡɟɦɟɥɶ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
= ܭ 

 ˓˕ ˊ ˓˔ 2ܧ∙ͳͲͲͲ ˊ (6.33) , ܮ ∙ ܵ ∙ ܲ ∙    ˅ܭ+ˊܧ 

 

ɝɞɟ ܧˊ – ɤɨɷɮɮɢɰɢɟɧɬ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɫ/ɯ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɪɚɜɧɵɣ 0,08; ܭ˅ – ɤɨɷɮɮɢɰɢɟɧɬ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɫ/ɯ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɪɚɜɧɵɣ 1,2; ܲ˔˓ – ɫɪɟɞɧɹɹ ɲɢɪɢɧɚ ɩɨɫɬɨɹɧɧɨɣ ɩɨɥɨɫɵ ɨɬɜɨɞɚ, ɞɥɹ ɩɟɪɜɨɝɨ ɜɚɪɢɚɧɬɚ ɫɨ- 
ɫɬɚɜɥɹɟɬ 66 ɦ, ɞɥɹ ɜɬɨɪɨɝɨ – 64 ɦ; ܵˊ – ɫɟɛɟɫɬɨɢɦɨɫɬɶ 1 ɝɟɤɬɚɪɚ ɡɟɦɥɢ, ɫɨɫɬɚɜɥɹɟɬ 230 ɬɵɫ. ɭ.ɟ. ɞɥɹ Ʉɪɚɫɧɨɹɪ- 
ɫɤɨɝɨ ɤɪɚɹ. 

 
ɋɬɨɢɦɨɫɬɶ ɢɡɴɹɬɵɯ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɵɯ ɭɝɨɞɢɣ ɩɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɩɟɪ- 

ɜɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ ɫɨɫɬɚɜɥɹɟɬ: 
 = ˊܭ 

0,08+0,12 ͳͲͲͲ∙Ͳ,Ͳͺ2 
∙ ͸͸ ∙ 230 ∙ 5037,6 = 2389711,5 ɬɵɫ. ɭ.ɟ. 

 

ɋɬɨɢɦɨɫɬɶ ɢɡɴɹɬɵɯ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɵɯ ɭɝɨɞɢɣ ɩɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɜɬɨ- 
ɪɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ ɫɨɫɬɚɜɥɹɟɬ: 

 = ˊܭ 
0,08+0,12 ͳͲͲͲ∙Ͳ,Ͳͺ2 

∙ 64 ∙ 230 ∙ 4950,51 = 2277234,6 ɬɵɫ. ɭ.ɟ. 
 

Ɍɨɝɞɚ ɫɬɨɢɦɨɫɬɶ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɩɟɪɜɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ ɫɨɫɬɚɜɥɹɟɬ: 
 .ɬɵɫ. ɭ.ɟ 2390719 = 2389711,5 + 1007,52 = 0ܭ 
 

ɋɬɨɢɦɨɫɬɶ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɩɟɪɜɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ ɫɨɫɬɚɜɥɹɟɬ: 
 .ɬɵɫ. ɭ.ɟ 2278225 = 2277234,6 + 990,10 = 0ܭ 
 

ɉɟɪɟɯɨɞɢɦ ɤ ɪɚɫɱɟɬɭ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ. Ɉɧɚ ɨɰɟɧɢɜɚɟɬɫɹ ɩɨ 
ɫɭɦɦɚɪɧɵɦ ɩɪɢɜɟɞɟɧɧɵɦ ɡɚɬɪɚɬɚɦ: 

, ݐː     + ∑ܶ   Эܧ  ∙ ܭ = ܲ 
ːܧ 0 ˅ˋ˓˒ (6.34)   ˒

 ݐ(˒ːܧ+1) 1=ݐ

 

ɝɞɟ 0ܭ – ɬɨ ɠɟ, ɱɬɨ ɜ ɮɨɪɦɭɥɟ (6.31); ܧː – ɧɨɪɦɚɬɢɜɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ ɜ ɞɨ- 
ɪɨɠɧɨɟ ɫɬɪɨɢɬɟɥɶɫɬɜɨ, ɪɚɜɧɵɣ 0,12–0,14; ܧː˒ – ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢɜɟɞɟɧɢɹ ɪɚɡɧɨɜɪɟɦɟɧɧɵɯ ɡɚɬɪɚɬ ɤ ɛɚɡɢɫɧɨɦɭ ɝɨɞɭ, ɪɚ- 
ɜɟɧ 0,08; ܶ – ɫɪɨɤ ɫɥɭɠɛɵ ɩɨɤɪɵɬɢɹ; Эݐ – ɬɟɤɭɳɢɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɫɨɞɟɪɠɚɧɢɟ ɚɜɬɨɦɨɛɢɥɶɧɨɣ ɞɨ- 
ɪɨɝɢ, ɩɟɪɟɜɨɡɤɢ, ɪɟɦɨɧɬɵ ɜ ɝɨɞɭ ݐ. 
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Ɍɟɤɭɳɢɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 Э   = Эˇ.э. + Эˇ.˓. + Э˕˓ + Эˇ˕˒ + Э˅˓, (6.35) ݐ ݐ ݐ ݐ ݐ ݐ 
 

ɝɞɟ Эˇ.э. – ɟɠɟɝɨɞɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɫɨɞɟɪɠɚɧɢɟ ɞɨɪɨɝɢ; Эˇ.˓. – ɫɬɨɢɦɨɫɬɶ ɫɪɟɞɧɟɝɨ ɪɟɦɨɧɬɚ; Э˕˓ – ɡɚɬɪɚɬɵ ɧɚ ɩɟɪɟɜɨɡɤɢ ɝɪɭɡɨɜ; Эˇ˕˒ – ɩɨɬɟɪɢ ɨɬ ȾɌɉ; Э˅˓ – ɩɨɬɟɪɢ ɜɪɟɦɟɧɢ ɩɚɫɫɚɠɢɪɨɜ ɜ ɩɭɬɢ. 
 

ɋɬɨɢɦɨɫɬɶ ɫɨɞɟɪɠɚɧɢɹ ɞɨɪɨɝɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 Эˇ.э. = 0,72% ∙ (6.36) .0ܭ ∙ 0,0072 = 0ܭ 

ɋɬɨɢɦɨɫɬɶ ɫɨɞɟɪɠɚɧɢɹ ɩɟɪɜɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ ɫɨɫɬɚɜɥɹɟɬ: 
 Эˇ.э. = 0,0072 ∙ ʹ͵ͻͲ͹ͳͻ = 17213,2 ɬɵɫ. ɭ.ɟ. 
 

ɋɬɨɢɦɨɫɬɶ ɫɨɞɟɪɠɚɧɢɹ ɜɬɨɪɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ ɫɨɫɬɚɜɥɹɟɬ: 
 Эˇ.э. = 0,0072 ∙ ʹʹ͹ͺʹʹͷ = 16403,2 ɬɵɫ. ɭ.ɟ. 
 

ɋɬɨɢɦɨɫɬɶ ɫɪɟɞɧɟɝɨ ɪɟɦɨɧɬɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 Эˇ.˓. = 7% ∙ 0 0 ݐ (6.37) . ܭ ∙ 0,07 =   ܭ 
 

ɋɬɨɢɦɨɫɬɶ ɫɪɟɞɧɟɝɨ ɪɟɦɨɧɬɚ ɩɟɪɜɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ ɫɨɫɬɚɜɥɹɟɬ: 
 Эˇ.˓. = 0,07 ∙ ʹ͵ͻͲ͹ͳͻ = 167350,3 ɬɵɫ. ɭ.ɟ. 
 

ɋɬɨɢɦɨɫɬɶ ɫɪɟɞɧɟɝɨ ɪɟɦɨɧɬɚ ɜɬɨɪɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ ɫɨɫɬɚɜɥɹɟɬ: 
 Эˇ.˓. = 0,07 ∙ ʹʹ͹ͺʹʹͷ = 159475,8 ɬɵɫ. ɭ.ɟ. 
 

ɋɬɨɢɦɨɫɬɶ ɩɟɪɟɜɨɡɤɢ ɝɪɭɡɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 Э˕˓ =  ܶ  + ܵ) ∙ ܮ ∙ ܰ ∙

ܵ˒ˑ˔˕+݀˕), (6.38) ݐ ˓˃˄ ˒ˈ˓ ˕˓ ˒ˈ˓ ܸ̝˓̅ .˕. 
 

ɝɞɟ ܶ˓˃˄ – ɤɨɥɢɱɟɫɬɜɨ ɪɚɛɨɱɢɯ ɞɧɟɣ ɜ ɝɨɞɭ, 250 ɞɧɟɣ; ܰ˒ˈ˓ – ɩɟɪɫɩɟɤɬɢɜɧɚɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɝɪɭɡɨɜɨɝɨ ɞɜɢɠɟɧɢɹ, ɤɨɬɨɪɚɹ ɫɨɫɬɚɜɥɹ- 
ɟɬɫɹ 420 ɚɜɬ./ɫɭɬ; 
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ܵ˒ˈ˓ – ɫɪɟɞɧɟɜɡɜɟɲɟɧɧɵɟ ɫ ɭɱɟɬɨɦ ɫɨɫɬɚɜɚ ɞɜɢɠɟɧɢɹ ɩɟɪɟɦɟɧɧɵɟ ɪɚɫɯɨɞɵ ɧɚ 
1 ɤɦ ɩɪɨɛɟɝɚ (ɬɨɩɥɢɜɨ, ɢɡɧɨɫ ɲɢɧ, ɚɦɨɪɬɢɡɚɰɢɹ ɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ, ɬɟɯɨɛɫɥɭ- 
ɠɢɜɚɧɢɟ), ɞɥɹ ɞɪɨɝɢ IV ɤɚɬɟɝɨɪɢɢ ɫɨɫɬɚɜɥɹɟɬ 0,07 ɭ. ɟ./ɤɦ; ܵ˒ˑ˔˕ – ɩɨɫɬɨɹɧɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ (ɧɚɤɥɚɞɧɵɟ ɪɚɫɯɨɞɵ), ɞɥɹ ɞɨɪɨɝɢ IV ɤɚɬɟ- 
ɝɨɪɢɢ ɫɨɫɬɚɜɥɹɟɬ 0,39 ɭ. ɟ./ɱ; ݀˕ – ɫɪɟɞɧɹɹ ɬɚɪɢɮɧɚɹ ɫɬɚɜɤɚ ɜɨɞɢɬɟɥɹ, ɪɚɜɧɚɹ 0,54 ɭ. ɟ./ɱɚɫ. 

ɋɬɨɢɦɨɫɬɶ ɩɟɪɟɜɨɡɤɢ ɝɪɭɡɨɜ ɞɥɹ ɩɟɪɜɨɝɨ ɜɚɪɢɚɧɬɚ ɫɨɫɬɚɜɥɹɟɬ: 
 ˕˓ = 250 ∙ 420 ∙ 5,0376 ∙ (0,07 + 

0,39+0,54 
) = 43564,4 

75,24 
 

ɋɬɨɢɦɨɫɬɶ ɩɟɪɟɜɨɡɤɢ ɝɪɭɡɨɜ ɞɥɹ ɜɬɨɪɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ ɫɨɫɬɚɜɥɹɟɬ: 
 Э˕˓ = 250 ∙ 420 ∙ 4,95051 ∙ (0,07 + 

0,39+0,54
) = 43040,3 ɬɵɫ. ɭ.ɟ. 

 72,65 ݐ 
 

ɉɨɬɟɪɢ ɨɬ ȾɌɉ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 Эˇ˕˒ = 3,65 ∙ 10−6 ∙ ܯ ∙ ʞ˔˓ ∙  ܰ  ݐ ˓˕ ݐ ݐ ݐ (6.39) , ܽ ∙  ∙
 

ɝɞɟ ʞ˔˓ – ɫɪɟɞɧɢɟ ɩɨɬɟɪɢ ɨɬ ɨɞɧɨɝɨ ɩɪɨɢɫɲɟɫɬɜɢɹ ɜ ɝɨɞɭ ݐ, ɪɚɜɧɵɟ 4860 ɭ. ɟ.; ܯ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɬɹɠɟɫɬɶ ɩɨɬɟɪɶ ɨɬ ȾɌɉ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ (6.40); ܽݐ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɟɦɵɣ ɩɪɢ ɪɚɫɱɟɬɟ ɩɨɬɟɪɶ ɨɬ ȾɌɉ, ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɩɨ ɮɨɪɦɭɥɟ (6.41). ܰݐ – ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɞɜɢɠɟɧɢɹ ɜ ɝɨɞɭ, ɪɚɜɧɚɹ ܰ˒ˈ˓. 

݉ … 2݉ ∙ 1݉ = ܯ  11, (6.40) 

ɝɞɟ ݉1 ∙ ݉2 … ݉ 11 – ɤɨɷɮɮɢɰɢɟɧɬɵ, ɭɱɢɬɵɜɚɸɳɢɟ ɬɹɠɟɫɬɶ ɩɨɬɟɪɶ. 

Ʉɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɬɹɠɟɫɬɶ ɩɨɬɟɪɶ ɞɥɹ ɩɟɪɜɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ: 
 .2,64 = 1 ∙ 1,1 ∙ 1,6 ∙ 1 ∙ 1 ∙ 1 ∙ 1 ∙ 1 ∙ 1,25 ∙ 1 ∙ 1,2 = ܯ 
 

Ʉɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɬɹɠɟɫɬɶ ɩɨɬɟɪɶ ɞɥɹ ɜɬɨɪɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ: 2,64 = 1 ∙ 1,1 ∙ 1,6 ∙ 1 ∙ 1 ∙ 1 ∙ 1 ∙ 1 ∙ 1,25 ∙ 1 ∙ 1,2 = ܯ. 
ܭ˃˅̅ ∙ 0,009 = ݐܽ   (6.41) .34,5 + ܭ0,27̅ − 2 
 

Ʉɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɟɦɵɣ ɩɪɢ ɪɚɫɱɟɬɟ ɩɨɬɟɪɶ ɨɬ ȾɌɉ ɞɥɹ ɩɟɪɜɨɝɨ ɜɚɪɢ- 
ɚɧɬɚ ɬɪɚɫɫɵ: ܽ5,972 ∙ 0,009 = ݐ − Ͳ,ʹ͹ ∙ ͷ,ͻ͹ + 34,5 = 33,21. 

Э ɬɵɫ. ɭ.ɟ. 

˃˅ 
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Ʉɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɟɦɵɣ ɩɪɢ ɪɚɫɱɟɬɟ ɩɨɬɟɪɶ ɨɬ ȾɌɉ ɞɥɹ ɜɬɨɪɨɝɨ ɜɚɪɢ- 
ɚɧɬɚ ɬɪɚɫɫɵ: 

 .32,996 = 34,5 + 7,39 ∙ 0,27 − 7,392 ∙ 0,009 = ݐܽ 

Ɍɨɝɞɚ ɩɨɬɟɪɢ ɨɬ ȾɌɉ ɞɥɹ ɩɟɪɜɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ ɫɨɫɬɚɜɥɹɸɬ: 
 Эˇ˕˒ = 3,65 ∙ 10−͸ ∙ ʹ,͸Ͷ ∙ 4680 ∙ 1495 ∙ 5,0376 ∙ 33,21 = 11279,2 ɬɵɫ.ɭ.ɟ. 
 

ɉɨɬɟɪɢ ɨɬ ȾɌɉ ɞɥɹ ɜɬɨɪɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ ɫɨɫɬɚɜɥɹɸɬ: 
 Эˇ˕˒ = ͵,͸ͷ ∙ 10−͸ ∙ 2,64 ∙ 4680 ∙ 1495 ∙ 4,9605 ∙ 32,996 = 11012,7 ɬɵɫ.ɭ.ɟ. 
 

ɉɨɬɟɪɢ ɜɪɟɦɟɧɢ ɩɚɫɫɚɠɢɪɨɜ ɜ ɩɭɬɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 Э˅˓ = 0,25 ∙  ܶ ܲ  ∙   ˓˕ܮ ∙ ] ∙ +  ܰ ̅˓̝ܸ ˆˈˎ ˄˃˓ ݐ (6.42) ,[ ܲ ∙   ˓˕ܮ ∙ .˕.  ˎ

˃˅˕ ܸ̝˓̅ .˕. 
˃

 

 

ɝɞɟ ܰˎˈˆ ɢ ܰ˃˅˕ – ɤɨɥɢɱɟɫɬɜɨ ɥɟɝɤɨɜɵɯ ɚɜɬɨɦɨɛɢɥɟɣ ɢ ɚɜɬɨɛɭɫɨɜ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 
ɜ ɩɟɪɫɩɟɤɬɢɜɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɞɜɢɠɟɧɢɹ; ܲˎ – ɜɦɟɫɬɢɦɨɫɬɶ ɥɟɝɤɨɜɨɝɨ ɚɜɬɨɦɨɛɢɥɹ, 5 ɱɟɥɨɜɟɤ; ܲ˃ – ɜɦɟɫɬɢɦɨɫɬɶ ɚɜɬɨɛɭɫɚ, 50 ɱɟɥɨɜɟɤ. 

ɉɨɬɟɪɢ ɜɪɟɦɟɧɢ ɩɚɫɫɚɠɢɪɨɜ ɜ ɩɭɬɢ ɞɥɹ ɩɟɪɜɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ ɫɨɫɬɚɜ- 
ɥɹɸɬ:  Э˅˓ = 0,25 ∙ 250 ∙ [708 ∙ 5,0376 ∙ 5 + 24 ∙ 5,0376 ∙ 45] = 19333,1 ɬɵɫ. ɭ.ɟ. 

 75,24 75,24 ݐ  
 

 
ɥɹɸɬ: 

ɉɨɬɟɪɢ ɜɪɟɦɟɧɢ ɩɚɫɫɚɠɢɪɨɜ ɜ ɩɭɬɢ ɞɥɹ ɜɬɨɪɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ ɫɨɫɬɚɜ- 
 
 Э˅˓ = 0,25 ∙ 250 ∙ [708 ∙ 4,95051 ∙ 5 + 24 ∙ 4,95051 ∙ 45] = 19675,6 ɬɵɫ. ɭ.ɟ. 

 72,65 72,65 ݐ  
 

Ɍɟɤɭɳɢɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ ɞɥɹ ɩɟɪɜɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ ɪɚɜɧɵ: 
 Э19333,1 + 11279,2 + 43564,4 + 167350,3 + 17213,2 = ݐ = 

= 258740,2 ɬɵɫ. ɭ.ɟ. 
 

Ɍɟɤɭɳɢɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ ɞɥɹ ɜɬɨɪɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ ɪɚɜɧɵ: 
 Э19675,6 + 11012,7 + 43030,3 + 159475,8 + 16403,2 = ݐ = 

= 249597,6 ɬɵɫ. ɭ.ɟ. 
ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɧɚɣɞɹ ɬɟɤɭɳɢɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɫɬɪɨɢɬɟɥɶ- 

ɫɬɜɨ, ɩɟɪɟɯɨɞɢɦ ɤ ɪɚɫɱɟɬɭ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ. 
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Ⱦɥɹ ɩɟɪɜɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɫɨɫɬɚɜɥɹɟɬ: 
 ܲ = 2390719 ∙ 0,12 

+ ∑ܶ 
 

258740,2 = 3641602,2 ɬɵɫ. ɭ.ɟ. ˒˓ˋ˅ 0,08 20(0,08+1) 1=ݐ 

 

Ⱦɥɹ ɜɬɨɪɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɫɨɫɬɚɜɥɹɟɬ: 
 ܲ = 2278225 ∙ 0,12 

+ ∑ܶ 
 

249597,6 = 3470899,2 ɬɵɫ. ɭ.ɟ. ˒˓ˋ˅ 0,08 20(0,08+1) 1=ݐ 

 

Ɍɨɝɞɚ ɞɥɹ ܲ˒˓ˋ˅ ɦɨɠɧɨ ɨɰɟɧɢɬɶ ɜɟɪɯɧɸɸ ɝɪɚɧɢɰɭ ɩɨ ɧɟɪɚɜɟɧɫɬɜɭ: 
 ː   + 20 ∙ Э ∙ ∑20ܧ ∙ ܭ > ܲ 

1 
, 

 

(6.43) ˒˓ˋ˅ 

ɝɞɟ ∑20 1
 

 ˒ːܧ 0

= 
1 

 ݐ(˒ːܧ+1) 1=ݐ 20

+ 
1 

+ ⋯ + 
1

 
 

 
 
 1=ݐ .9,37 =

 ݐ(˒ːܧ+1)

 

 2(˒ːܧ+1) 1(˒ːܧ+1)

 

 20(˒ːܧ+1)

 

Ⱦɥɹ ɩɟɪɜɨɝɨ ɜɚɪɢɚɧɬɚ ɜɟɪɯɧɹɹ ɝɪɚɧɢɰɚ ɫɨɫɬɚɜɥɹɟɬ: 
 

3641602,2 < 2390719 ∙ 0,12 
+ 20 ∙ 258740,2 ∙ 9,37 = 52073992 ɬɵɫ. ɭ.ɟ. 

0,08 
 

Ⱦɥɹ ɜɬɨɪɨɝɨ ɜɚɪɢɚɧɬɚ ɜɟɪɯɧɹɹ ɝɪɚɧɢɰɚ ɫɨɫɬɚɜɥɹɟɬ: 
 

3470899,2 < 2278225 ∙ 0,12 
+ 20 ∙ 249597,6 ∙ 9,37 = 50191928 ɬɵɫ. ɭ.ɟ. 

0,08 
 

Ⱦɥɹ ɧɚɝɥɹɞɧɨɝɨ ɫɪɚɜɧɟɧɢɹ ɪɟɡɭɥɶɬɚɬɵ ɩɪɨɜɟɞɟɧɧɵɯ ɪɚɫɱɟɬɨɜ ɜɧɨɫɢɦ ɜ ɬɚɛ- 
ɥɢɰɭ 6.11. 

 
Ɍɚɛɥɢɰɚ 6.11 – ɋɪɚɜɧɟɧɢɟ ɜɚɪɢɚɧɬɨɜ ɬɪɚɫɫɵ ɩɨ ɩɨɤɚɡɚɬɟɥɹɦ 

ȼɢɞ ɩɨɤɚɡɚɬɟɥɹ ɇɚɢɦɟɧɨɜɚɧɢɟ ȿɞ. ɢɡɦ. I ɜɚɪ. II ɜɚɪ. 
 
 
 
 

Ɍɟɯɧɢɤɨ-ɷɤɫɩɥɭɚ- 
ɬɚɰɢɨɧɧɵɟ 

Ʉɨɷɮɮɢɰɢɟɧɬ ɭɞɥɢɧɟɧɢɹ 
ɬɪɚɫɫɵ 

- 1,04 1,02 

Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɫɪɟɞɧɹɹ ɜɟɥɢ- 
ɱɢɧɚ ɭɝɥɨɜ ɩɨɜɨɪɨɬɚ 

ɪɚɞ/ɦ 1,84·10-4 2,65·10-4 

Ɉɬɧɨɫɢɬɟɥɶɧɵɣ ɫɪɟɞɧɢɣ ɪɚ- 
ɞɢɭɫ ɡɚɤɪɭɝɥɟɧɢɹ 

ɦ/ɪɚɞ 1761,1 1058,74 

ɋɪɟɞɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɛɟɡɨɩɚɫ- 
ɧɨɫɬɢ 

- 0,965 0,965 

ɋɪɟɞɧɟɜɡɜɟɲɟɧɧɵɣ ɭɪɨɜɟɧɶ ɡɚ- 
ɝɪɭɡɤɢ 

- 0,164 0,158 

ɋɪɟɞɧɟɜɡɜɟɲɟɧɧɵɣ ɤɨɷɮɮɢɰɢ- 
ɟɧɬ ɚɜɚɪɢɣɧɨɫɬɢ - 5,97 7,39 

 
Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 6.11 

ȼɢɞ ɩɨɤɚɡɚɬɟɥɹ ɇɚɢɦɟɧɨɜɚɧɢɟ ȿɞ. ɢɡɦ. I ɜɚɪ. II ɜɚɪ. 
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 Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɫɪɟɞɧɟɬɟɯɧɢɱɟ- 
ɫɤɚɹ ɫɤɨɪɨɫɬɶ ɬɪɚɧɫɩɨɪɬɧɨɝɨ 
ɩɨɬɨɤɚ 

 
- 

 
0,94 

 
0,91 

ɋɬɨɢɦɨɫɬɶ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɬɵɫ.ɭ.ɟ. 2390719 2278225 
ɗɤɨɧɨɦɢɱɟɫɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɬɵɫ.ɭ.ɟ. 52073992 50191928 

 

ɉɨ ɢɬɨɝɚɦ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɫɪɚɜɧɟɧɢɹ ɞɜɭɯ ɜɚɪɢɚɧɬɨɜ ɬɪɚɫɫɵ ɞɟ- 
ɥɚɟɦ ɜɵɜɨɞ: ɧɚɢɛɨɥɟɟ ɛɥɚɝɨɩɪɢɹɬɧɵɦ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ 
ɩɟɪɜɵɣ ɜɚɪɢɚɧɬ. ɇɟɫɦɨɬɪɹ ɧɚ ɜɵɫɨɤɭɸ ɫɬɨɢɦɨɫɬɶ ɫɬɪɨɢɬɟɥɶɫɬɜɚ, ɜɵɫɨɤɭɸ ɷɤɨ- 
ɧɨɦɢɱɟɫɤɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɭɞɥɢɧɟɧɢɹ ɬɪɚɫɫɵ, ɨɫɬɚɥɶɧɵɟ ɟɝɨ 
ɩɨɤɚɡɚɬɟɥɢ ɩɪɟɜɨɫɯɨɞɹɬ ɩɨɤɚɡɚɬɟɥɢ ɜɬɨɪɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ. 

 
7 ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɜɨɞɨɩɪɨɩɭɫɤɧɨɣ ɬɪɭɛɵ 

 
7.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɱɟɬɧɨɝɨ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɪɚɫɯɨɞɚ ɜɨɞɵ 

 
ȼɨɞɨɩɪɨɩɭɫɤɧɵɟ ɫɨɨɪɭɠɟɧɢɹ ɩɪɨɟɤɬɢɪɭɸɬɫɹ ɫ ɰɟɥɶɸ ɩɪɨɩɭɫɤɚ ɜɨɞɵ ɱɟɪɟɡ 

ɬɟɥɨ ɧɚɫɵɩɢ ɡɚɞɚɧɧɨɣ ɜɟɪɨɹɬɧɨɫɬɢ ɩɪɟɜɵɲɟɧɢɹ. ȼɟɪɨɹɬɧɨɫɬɶɸ ɩɪɟɜɵɲɟɧɢɹ 
ɧɚɡɵɜɚɟɬɫɹ ɜɟɪɨɹɬɧɨɫɬɶ ɩɪɟɜɵɲɟɧɢɹ ɪɚɫɱɟɬɧɨɝɨ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɪɚɫɯɨɞɚ ɜɨɞɵ 
ɟɳɟ ɛɨɥɶɲɢɦ ɩɨ ɡɧɚɱɟɧɢɸ ɪɚɫɯɨɞɨɦ. Ɉɧɚ ɧɨɪɦɢɪɭɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ 
ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɫɨɨɪɭɠɟɧɢɹ ɢ ɤɚɬɟɝɨɪɢɢ ɚɜɬɨɦɨɛɢɥɶɧɨɣ ɞɨɪɨɝɢ. ɇɨɪɦɚɬɢɜɧɵɟ 
ɡɧɚɱɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɢ ɩɪɟɜɵɲɟɧɢɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɚɬɟɝɨɪɢɢ ɞɨɪɨɝɢ ɩɪɢɧɢɦɚ- 
ɸɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ [5]. 

Ɍɪɭɛɚ ɪɚɫɩɨɥɨɠɟɧɚ ɧɚ ɉɄ10+50. 
ȼ ɬɚɛɥɢɰɟ 7.1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɡɧɚɱɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɢ ɩɪɟɜɵɲɟɧɢɹ ɞɥɹ ɦɚɥɵɯ 

ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɫɨɨɪɭɠɟɧɢɣ. 
 
Ɍɚɛɥɢɰɚ 7.1 – ȼɟɪɨɹɬɧɨɫɬɢ ɩɪɟɜɵɲɟɧɢɹ ɞɥɹ ɦɚɥɵɯ ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɫɨɨɪɭɠɟɧɢɣ 

Ʉɚɬɟɝɨɪɢɹ ɞɨɪɨɝɢ ȼɉ, % 
I 1 

II, III 2 
IV, V 3 

 
Ɍɚɤ ɤɚɤ ɩɪɨɟɤɬɢɪɭɟɦɚɹ ɞɨɪɨɝɚ IV ɤɚɬɟɝɨɪɢɢ, ɬɨ ɜɟɪɨɹɬɧɨɫɬɶ ɩɪɟɜɵɲɟɧɢɹ 

ɪɚɜɧɚ 3%. 
Ɉɛɪɚɡɭɸɳɚɹɫɹ ɜɨɞɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɡɟɦɥɢ ɩɨɫɪɟɞɫɬɜɨɦ ɥɢɜɧɹ ɢɥɢ ɬɚɹɧɢɹ 

ɫɧɟɝɨɜ ɫɨɛɢɪɚɟɬɫɹ ɜ ɩɨɧɢɠɟɧɧɵɯ ɦɟɫɬɚɯ ɫ ɨɩɪɟɞɟɥɟɧɧɨɣ ɬɟɪɪɢɬɨɪɢɢ, ɤɨɬɨɪɚɹ 
ɧɚɡɵɜɚɟɬɫɹ ɜɨɞɨɫɛɨɪɧɵɣ ɛɚɫɫɟɣɧ. ȿɝɨ ɝɪɚɧɢɰɵ – ɷɬɨ ɜɨɞɨɪɚɡɞɟɥɵ ɢ ɫɭɳɟɫɬɜɭɸ- 
ɳɢɟ ɢ ɩɪɨɟɤɬɢɪɭɟɦɵɟ ɞɨɪɨɝɢ. Ʌɢɧɢɹ, ɤɨɬɨɪɚɹ ɫɨɟɞɢɧɹɟɬ ɫɚɦɵɟ ɩɨɧɢɠɟɧɧɵɟ 
ɬɨɱɤɢ ɛɚɫɫɟɣɧɚ, ɧɚɡɵɜɚɟɬɫɹ ɬɚɥɶɜɟɝɨɦ. 

Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɧɚɣɬɢ ɪɚɫɱɟɬɧɵɣ ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɜɨɞɵ, ɧɟɨɛɯɨɞɢɦɨ 
ɨɩɪɟɞɟɥɢɬɶ ɩɚɪɚɦɟɬɪɵ ɜɨɞɨɫɛɨɪɧɨɝɨ ɛɚɫɫɟɣɧɚ, ɬɚɤɢɟ ɤɚɤ: ɩɥɨɳɚɞɶ, ɞɥɢɧɭ ɢ 
ɫɪɟɞɧɢɣ ɭɤɥɨɧ. ȼ ɜɵɩɭɫɤɧɨɣ ɪɚɛɨɬɟ ɨɧɢ ɜɵɱɢɫɥɟɧɵ ɩɨ ɰɢɮɪɨɜɨɣ ɦɨɞɟɥɢ ɪɟɥɶ- 
ɟɮɚ, ɤɚɤ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨɥɢɝɨɧɚ, ɝɪɚɧɢɰɵ ɤɨɬɨɪɨɝɨ ɧɚɦɟɱɟɧɵ ɩɨ ɜɨɞɨɪɚɡɞɟɥɶ- 
ɧɵɦ ɭɱɚɫɬɤɚɦ ɢ ɨɫɢ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɞɨɪɨɝɢ. 

ɉɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɛɚɫɫɟɣɧɚ ɫɨɫɬɚɜɢɥɚ 0,24 ɤɦ2. 



66  

Ⱦɥɢɧɚ ɥɢɧɢɢ ɬɚɥɶɜɟɝɚ, ɩɨɫɬɪɨɟɧɧɨɣ ɫ ɭɱɟɬɨɦ ɧɚɩɪɚɜɥɟɧɢɣ ɫɬɨɤɚ: 0,686 ɤɦ. 
ɋɪɟɞɧɢɣ ɭɤɥɨɧ ɛɚɫɫɟɣɧɚ ɢ ɭɤɥɨɧ ɬɚɥɶɜɟɝɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɨ 

ɮɨɪɦɭɥɚɦ: 
 𝑖 = 

 ܮ (7.1) ,0ܪ−1ܪ
 𝑖˔ = 

 ː, (7.2)ܪ−˅ܪ
100 

 

ɝɞɟ 0ܪ ˋ 1ܪ – ɨɬɦɟɬɤɢ ɪɟɥɶɟɮɚ ɜ ɜɟɪɲɢɧɟ ɛɚɫɫɟɣɧɚ ɢ ɫɬɜɨɪɟ ɫɨɨɪɭɠɟɧɢɹ ɫɨɨɬɜɟɬ- 
ɫɬɜɟɧɧɨ; ܪ ˋ ˅ܪː – ɨɬɦɟɬɤɢ ɞɧɚ ɛɚɫɫɟɣɧɚ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 50 ɦ ɨɬ ɨɫɢ ɞɨɪɨɝɢ ɜɜɟɪɯ ɢ ɜɧɢɡ 
ɩɨ ɬɚɥɶɜɟɝɭ; ܮ – ɞɥɢɧɚ ɬɚɥɶɜɟɝɚ, ɦ. 

 
ɋɨɝɥɚɫɧɨ ɮɨɪɦɭɥɟ (7.1), ɫɪɟɞɧɢɣ ɭɤɥɨɧ ɛɚɫɫɟɣɧɚ ɪɚɜɟɧ: 

 𝑖 = 
͵ͻ͹,͵Ͷ−͵ͷ͸,͹ͳ 

= ͷͻ‰. 
686 

 

ɍɤɥɨɧ ɬɚɥɶɜɟɝɚ ɭ ɬɪɭɛɵ ɪɚɜɟɧ: 
 𝑖˔ = 

͵ͷ͹,ͲͲ−͵ͷͶ,͹͹ 
= ʹʹ‰. 

100 
 

ȼ ɤɚɱɟɫɬɜɟ ɪɚɫɱɟɬɧɨɝɨ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɪɚɫɯɨɞɚ ɜɨɞɵ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɧɹɬɶ 
ɧɚɢɛɨɥɶɲɢɣ ɪɚɫɯɨɞ ɢɡ ɪɚɫɯɨɞɚ ɥɢɜɧɟɜɵɣ ɢ ɬɚɥɵɯ ɜɨɞ. Ɋɚɫɯɨɞ ɥɢɜɧɟɜɵɯ ɜɨɞ ɨɩɪɟ- 
ɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 ܳʚ = 16,7 ⋅ ܽч˃˔ ⋅ ߙ ⋅ ݐܭ ⋅ 𝜑 ⋅ (7.3) ,ܨ 

ɝɞɟ ܽч˃˔ – ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɥɢɜɧɹ ɱɚɫɨɜɨɣ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ, ɦɦ/ɦɢɧ; ݐܭ – ɤɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɯɨɞɚ ɨɬ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɥɢɜɧɹ ɱɚɫɨɜɨɣ ɩɪɨɞɨɥɠɢɬɟɥɶ- 
ɧɨɫɬɢ ɤ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɥɢɜɧɹ ɪɚɫɱɟɬɧɨɣ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ; ߙ – ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɬɟɪɶ ɫɬɨɤɚ; 𝜑 – ɤɨɷɮɮɢɰɢɟɧɬ ɪɟɞɭɤɰɢɢ; ܨ – ɩɥɨɳɚɞɶ ɛɚɫɫɟɣɧɚ, ɤɦ2. 

 
ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɥɢɜɧɹ ɱɚɫɨɜɨɣ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɬɚɛ- 

ɥɢɰɟ 7.2 ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɟɪɨɹɬɧɨɫɬɢ ɩɪɟɜɵɲɟɧɢɹ ɢ ɧɨɦɟɪɚ ɥɢɜɧɟɜɨɝɨ ɪɚɣɨɧɚ, 
ɤɨɬɨɪɵɣ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɤɚɪɬɟ-ɫɯɟɦɟ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɧɚ ɪɢ- 
ɫɭɧɤɟ 7.1 
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Ɋɢɫɭɧɨɤ 7.1 – Ʉɚɪɬɚ-ɫɯɟɦɚ ɥɢɜɧɟɜɵɯ ɪɚɣɨɧɨɜ 
 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɬɟɪɪɢɬɨɪɢɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɚɜɬɨɦɨɛɢɥɶɧɨɣ ɞɨɪɨɝɢ ɨɬɧɨ- 
ɫɢɬɫɹ ɤ ɲɟɫɬɨɦɭ ɥɢɜɧɟɜɨɦɭ ɪɚɣɨɧɭ. 

 
Ɍɚɛɥɢɰɚ 7.2 – ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɥɢɜɧɹ ɱɚɫɨɜɨɣ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ 

Ɋɚɣɨɧ 
ܽч˃˔, ɦɦ/ɦɢɧ ɩɪɢ ȼɉ, % 

10 5 4 3 2 1 0,3 0,1 
1 0,27 0,27 0,29 0,32 0,34 0,40 0,49 0,57 
2 0,29 0,36 0,39 0,42 0,45 0,50 0,61 0,75 
3 0,29 0,41 0,47 0,52 0,58 0,70 0,95 1,15 
4 0,45 0,59 0,64 0,69 0,74 0,90 1,14 1,32 
5 0,46 0,62 0,69 0,75 0,82 0,97 1,26 1,48 
6 0,49 0,65 0,73 0,81 0,89 1,01 1,46 1,79 
7 0,54 0,74 0,82 0,89 0,97 1,15 1,50 1,99 
8 0,79 0,98 1,07 1,15 1,24 1,41 1,78 2,07 
9 0,81 1,02 1,11 1,20 1,28 1,48 1,83 2,14 
10 0,82 1,11 1,23 1,35 1,46 1,74 2,25 2,65 

 
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɚɛɥɢɰɟɣ 7.2 ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɥɢɜɧɹ ɱɚɫɨɜɨɣ ɩɪɨɞɨɥɠɢ- 

ɬɟɥɶɧɨɫɬɢ ɪɚɜɧɚ 0,81. 
Ʉɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɯɨɞɚ ݐܭ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɞɥɢɧɵ ɢ ɭɤɥɨɧɚ 

ɛɚɫɫɟɣɧɚ ɩɨ ɬɚɛɥɢɰɟ 7.3 ɫ ɩɨɦɨɳɶɸ ɢɧɬɟɪɩɨɥɹɰɢɢ. 
 
Ɍɚɛɥɢɰɚ 7.3 – Ʉɨɷɮɮɢɰɢɟɧɬɵ ɩɟɪɟɯɨɞɚ 

L, ɤɦ 
Ɂɧɚɱɟɧɢɟ ݐܭ ɩɪɢ ɭɤɥɨɧɟ ɛɚɫɫɟɣɧɚ i 

0,0001 0,001 0,01 0,1 0,2 0,3 0,5 0,7 
0,15 4,21  

0,30 2,57 3,86 ɉɨɥɧɵɣ ɫɬɨɤ 5,24 
0,50 1,84 2,76 3,93  
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√ 

4 ͳͲ∙Ͳ,ʹͶ 

Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 7.3 

L, ɤɦ 
Ɂɧɚɱɟɧɢɟ ݐܭ ɩɪɢ ɭɤɥɨɧɟ ɛɚɫɫɟɣɧɚ i 

0,0001 0,001 0,01 0,1 0,2 0,3 0,5 0,7 
0,75 1,41 2,08 2,97 4,5 5,05  

1,0 1,16 1,71 2,53 3,74 4,18 4,5 4,9 5,18 
1,25 1,0 1,49 2,2 3,24 3,6 3,9 4,23 4,46 
1,5 0,88 1,30 1,93 2,82 3,15 3,4 3,7 3,90 
1,75 0,80 1,18 1,75 2,58 2,84 3,06 3,33 3,52 
2,0 0,73 1,07 1,59 2,35 2,64 2,85 3,09 3,27 
2,5 0,63 0,92 1,37 2,02 2,26 2,44 2,65 2,80 
3,0 0,56 0,82 1,21 1,79 2,0 2,16 2,34 2,49 

 
Ɍɚɤ ɤɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɯɨɞɚ ݐܭ ɪɚɜɟɧ 4,01. 
Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɬɟɪɶ ɫɬɨɤɚ ɡɚɜɢɫɢɬ ɨɬ ɜɢɞɚ ɢ ɯɚɪɚɤɬɟɪɚ ɩɨɜɟɪɯɧɨɫɬɢ ɞɧɚ 

ɛɚɫɫɟɣɧɚ. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɬɚɛɥɢɰɟ 7.4. 

Ɍɚɛɥɢɰɚ 7.4 – Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɬɟɪɶ ɫɬɨɤɚ 

 
 
 
 
 
 
 
 
 

ɉɨɱɜɵ ɪɚɣɨɧɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɱɟɪɧɨɡɟɦɚɦɢ. Ʉɨɷɮɮɢɰɢɟɧɬ 
ɩɨɬɟɪɶ ɫɬɨɤɚ ɨɩɪɟɞɟɥɹɟɦ ɫ ɩɨɦɨɳɶɸ ɢɧɬɟɪɩɨɥɹɰɢɢ. Ɉɧ ɪɚɜɟɧ 0,6. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɪɟɞɭɤɰɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ: 
 

1 𝜑   = {
4 ͳͲ∙ܨ 

  ,2ˏˍ 0,1 < ܨ ˋ˓˒ ,
(7.4) 

 .൑ 0,1 ˍˏ2 ܨ ˋ˓˒ ,1
 

ɝɞɟ ܨ – ɩɥɨɳɚɞɶ ɜɨɞɨɫɛɨɪɧɨɝɨ ɛɚɫɫɟɣɧɚ, ɤɦ2. 
 

ɉɥɨɳɚɞɶ ɜɨɞɨɫɛɨɪɧɨɝɨ ɛɚɫɫɟɣɧɚ ɛɨɥɶɲɟ 0,1 ɤɦ2, ɬɨɝɞɚ ɤɨɷɮɮɢɰɢɟɧɬ ɪɟ- 
ɞɭɤɰɢɢ ɪɚɜɟɧ: 

 𝜑 = 
1

 √ 
= 0,803. 

 

ɉɨɞɫɬɚɜɥɹɟɦ ɧɚɣɞɟɧɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɜ ɮɨɪɦɭɥɭ (5.3) ɢ ɨɩɪɟɞɟɥɹɟɦ ɡɧɚ- 
ɱɟɧɢɟ ɪɚɫɯɨɞɚ ɥɢɜɧɟɜɵɯ ɜɨɞ: 

ȼɢɞ ɢ ɯɚɪɚɤɬɟɪ ɩɨɜɟɪɯɧɨɫɬɢ 
Ʉɨɷɮɮɢɰɢɟɧɬ ߙ ɩɪɢ ɩɥɨɳɚɞɢ F, ɤɦ2 

0–1 1–10 10–100 
Ⱥɫɮɚɥɶɬ, ɛɟɬɨɧ, ɫɤɚɥɚ ɛɟɡ ɬɪɟɳɢɧ 1,0 1,0 1,0 
ɀɢɪɧɚɹ ɝɥɢɧɚ, ɬɵɤɵɪɵ 0,7–0,95 0,65–0,95 0,65–0,9 
ɋɭɝɥɢɧɤɢ, ɩɨɞɡɨɥɢɫɬɵɟ, ɬɭɧɞɪɨɜɵɟ 
ɢ ɛɨɥɨɬɧɵɟ ɩɨɱɜɵ 0,6–0,9 0,55–0,8 0,5–0,75 

ɑɟɪɧɨɡɟɦ, ɥɟɫɫ, ɤɚɲɬɚɧɨɜɵɟ ɢ ɤɚɪ- 
ɛɨɧɚɬɧɵɟ ɩɨɱɜɵ 0,55–0,75 0,45–0,7 0,35–0,65 

ɋɭɩɟɫɢ, ɫɬɟɩɧɵɟ ɩɨɱɜɵ 0,3–0,55 0,2–0,5 0,2–0,45 
ɉɟɫɱɚɧɵɟ, ɝɪɚɜɟɥɢɫɬɵɟ, ɪɵɯɥɵɟ ɢ 
ɤɚɦɟɧɢɫɬɵɟ ɩɨɱɜɵ 

0,2 0,15 0,10 
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ܳʚ = 16,7 ⋅ 0,81 ⋅ Ͷ,Ͳͳ ⋅ Ͳ,͸ ⋅ 0,803 ⋅ 0,24 = 6,27 
ˏ3

. ˔ 
 

ɋɥɟɞɭɸɳɢɣ ɩɚɪɚɦɟɬɪ – ɷɬɨ ɪɚɫɯɨɞ ɬɚɥɵɯ ɜɨɞ. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 ܳܶ = 

݇0⋅ℎ2ߜ⋅1ߜ⋅ܨ⋅݌
, (7.5)

 
 ݊(1+ܨ)

 

ɝɞɟ ݇0 – ɤɨɷɮɮɢɰɢɟɧɬ ɞɪɭɠɧɨɫɬɢ ɩɨɥɨɜɨɞɶɹ; ℎ݌ – ɪɚɫɱɟɬɧɵɣ ɫɥɨɣ ɫɭɦɦɚɪɧɨɝɨ ɫɬɨɤɚ ɬɨɣ ɠɟ ɜɟɪɨɹɬɧɨɫɬɢ ɩɪɟɜɵɲɟɧɢɹ, ɱɬɨ 
ɢ ɪɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ, ɦɦ; 1ߜ – ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɨɡɟɪɟɧɧɨɫɬɢ, ɪɚɜɧɵɣ 1; 2ߜ – ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɥɟɫɟɧɧɨɫɬɢ ɢ ɡɚɛɨɥɨɱɟɧɧɨɫɬɢ, ɪɚɜɧɵɣ 1; ݊ – ɩɨɤɚɡɚɬɟɥɶ ɫɬɟɩɟɧɢ. 

 
Ʉɨɷɮɮɢɰɢɟɧɬ ɞɪɭɠɧɨɫɬɢ ɩɨɥɨɜɨɞɶɹ ɡɚɜɢɫɢɬ ɨɬ ɜɢɞɚ ɦɟɫɬɧɨɫɬɢ. Ɉɩɪɟɞɟɥɹ- 

ɟɬɫɹ ɩɨ ɬɚɛɥɢɰɟ 7.5. 
 
Ɍɚɛɥɢɰɚ 7.5 – Ʉɨɷɮɮɢɰɢɟɧɬ ɞɪɭɠɧɨɫɬɢ ɩɨɥɨɜɨɞɶɹ 

ɉɪɢɪɨɞɧɚɹ ɡɨɧɚ Ɋɚɜɧɢɧɧɵɟ ɪɚɣɨɧɵ ݊ ݇0 

Ɍɭɧɞɪɚ ɢ ɥɟɫ 
ȿɜɪɨɩɟɣɫɤɚɹ ɬɟɪɪɢɬɨɪɢɹ ɋɇȽ ɢ ȼɨɫɬɨɱɧɚɹ ɋɢɛɢɪɶ 0,17 0,01 
Ɂɚɩɚɞɧɚɹ ɋɢɛɢɪɶ 0,25 0,013 

 
Ʌɟɫɨɫɬɟɩɶ ɢ ɫɬɟɩɶ 

ȿɜɪɨɩɟɣɫɤɚɹ ɬɟɪɪɢɬɨɪɢɹ (ɛɟɡ ɋɟɜɟɪɧɨɝɨ Ʉɚɜɤɚɡɚ) 0,25 0,02 
ɋɟɜɟɪɧɵɣ Ʉɚɜɤɚɡ 0,25 0,03 
Ɂɚɩɚɞɧɚɹ ɋɢɛɢɪɶ 0,25 0,03 

Ɂɚɫɭɲɥɢɜɚɹ ɫɬɟɩɶ ɢ 
ɩɨɥɭɩɭɫɬɵɧɹ 

Ɂɚɩɚɞɧɵɣ ɢ ɐɟɧɬɪɚɥɶɧɵɣ Ʉɚɡɚɯɫɬɚɧ 0,35 0,06 
ɐɟɧɬɪɚɥɶɧɵɣ ɪɚɣɨɧ 0,35 0,0007 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɨɷɮɮɢɰɢɟɧɬ ɞɪɭɠɧɨɫɬɢ ɩɨɥɨɜɨɞɶɹ ɪɚɜɟɧ 0,01, ɚ ɩɨɤɚɡɚ- 

ɬɟɥɶ ɫɬɟɩɟɧɢ – 0,17. 
ɉɨ ɤɚɪɬɟ ɫɪɟɞɧɢɯ ɫɥɨɟɜ ɬɚɥɵɯ ɜɨɞ ɨɩɪɟɞɟɥɹɟɬɫɹ ɡɧɚɱɟɧɢɟ ɫɪɟɞɧɟɝɨ ɦɧɨɝɨ- 

ɥɟɬɧɟɝɨ ɫɬɨɤɚ. Ʉɚɪɬɚ-ɫɯɟɦɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 7.2. 
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Ɋɢɫɭɧɨɤ 7.2 – Ʉɚɪɬɚ-ɫɯɟɦɚ ɫɪɟɞɧɢɯ ɫɥɨɟɜ ɬɚɥɵɯ ɜɨɞ 
 

Ɍɚɤ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɢɫɭɧɤɨɦ 7.2 ɫɪɟɞɧɢɣ ɦɧɨɝɨɥɟɬɧɢɣ ɫɥɨɣ ɫɬɨɤɚ ℎ′ ɪɚ- 
ɜɟɧ 200 ɦɦ. 

ɉɨ ɤɚɪɬɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɜɚɪɢɚɰɢɢ ɫɥɨɟɜ ɫɬɨɤɚ ɬɚɥɵɯ ɜɨɞ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ 
ɧɚ ɪɢɫɭɧɤɟ 7.3, ɨɩɪɟɞɟɥɹɟɬɫɹ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɜɚɪɢɚɰɢɢ. 

 

Ɋɢɫɭɧɨɤ 7.3 – Ʉɚɪɬɚ-ɫɯɟɦɚ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɜɚɪɢɚɰɢɢ ɫɥɨɟɜ ɫɬɨɤɚ ɬɚɥɵɯ ɜɨɞ 

Ɂɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɜɚɪɢɚɰɢɢ ɫɥɨɟɜ ɫɬɨɤɚ ɬɚɥɵɯ ɜɨɞ ɪɚɜɟɧ 0,2. 
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Ⱦɚɧɧɚɹ ɤɚɪɬɚ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɜɚɪɢɚɰɢɢ ɢɦɟɟɬ ɦɟɫɬɨ ɞɥɹ ɜɨɞɨɫɛɨɪɧɵɯ ɛɚɫ- 
ɫɟɣɧɨɜ ɩɥɨɳɚɞɶɸ ɛɨɥɟɟ 200 ɤɦ2. ɇɟɨɛɯɨɞɢɦɨ ɧɚɣɞɟɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɭɦɧɨ- 
ɠɢɬɶ ɧɚ ɩɨɩɪɚɜɨɱɧɵɣ, ɤɨɬɨɪɵɣ ɩɪɢɧɢɦɚɟɬɫɹ ɩɨ ɬɚɛɥɢɰɟ 7.6. 

 
Ɍɚɛɥɢɰɚ 7.6 – ɉɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ 

ɉɥɨɳɚɞɶ ɛɚɫɫɟɣɧɚ, ɤɦ2 ݇˒ˑ˒˓ 

Ⱦɨ 50 1,25 
51–100 1,20 

101–150 1,15 
151–200 1,05 

 
Ɉɩɪɟɞɟɥɹɟɦ ɨɤɨɧɱɚɬɟɥɶɧɵɣ ɜɚɪɢɚɧɬ ɤɨɷɮɮɢɰɢɟɧɬ ɜɚɪɢɚɰɢɢ ɫɥɨɟɜ ɫɬɨɤɚ 

ɬɚɥɵɯ ɜɨɞ ɩɨ ɮɨɪɦɭɥɟ: 
 𝑣 ˍ˃˓˕ ⋅ ݇˒ˑ˒˓, (7.6)ܥ =   𝑣ܥ 
 
ɝɞɟ ܥ𝑣 ˍ˃˓˕ – ɤɨɷɮɮɢɰɢɟɧɬ ɜɚɪɢɚɰɢɢ ɫɥɨɟɜ ɫɬɨɤɚ ɬɚɥɵɯ ɜɨɞ, ɩɪɢɧɢɦɚɟɦɵɣ ɩɨ ɪɢ- 
ɫɭɧɤɭ 5.3; ݇˒ˑ˒˓ – ɩɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɩɪɢɧɢɦɚɟɦɵ ɩɨ ɬɚɛɥɢɰɟ 7.6. 

 .𝑣 = 0,2 ⋅ 1,25 = 0,25ܥ 

Ⱦɚɥɟɟ ɨɩɪɟɞɟɥɹɟɦ ɤɨɷɮɮɢɰɢɟɧɬ ɚɫɢɦɦɟɬɪɢɢ ɩɨ ɬɚɛɥɢɰɟ 7.7. 
 
Ɍɚɛɥɢɰɚ 7.7 – Ʉɨɷɮɮɢɰɢɟɧɬ ɚɫɢɦɦɟɬɪɢɢ 

Ɋɚɣɨɧ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ Ʉɨɷɮɮɢɰɢɟɧɬ ɚɫɢɦɦɟɬɪɢɢ 
Ɋɚɜɧɢɧɧɵɟ ɪɚɣɨɧɵ 2ܥ𝑣 

ɋɟɜɟɪɨ-ɡɚɩɚɞ ɢ ɫɟɜɟɪɨ-ɜɨɫɬɨɤ Ɋɨɫɫɢɢ 
(ɨɛɢɥɶɧɵɟ ɞɨɠɞɢ), ɝɨɪɧɵɟ ɪɚɣɨɧɵ 3ܥ𝑣 

 
Ʉɨɷɮɮɢɰɢɟɧɬ ɚɫɢɦɦɟɬɪɢɢ ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɵɦ 2ܥ𝑣. 
ɉɨ ɝɪɚɮɢɤɭ ɧɚ ɪɢɫɭɧɤɟ 7.4 ɞɥɹ ɜɟɥɢɱɢɧ P, ܥ𝑣 ɢ ݏܥ ɨɩɪɟɞɟɥɹɟɦ ɡɧɚɱɟɧɢɟ 

ɦɨɞɭɥɶɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɥɨɹ ɫɬɨɤɚ. 
 
 

Ɋɢɫɭɧɨɤ 7.4 – Ʉɪɢɜɵɟ ɦɨɞɭɥɶɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɫɥɨɟɜ ɫɬɨɤɚ 

Ɇɨɞɭɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɫɥɨɹ ɫɬɨɤɚ ɪɚɜɟɧ 2. 
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˓ 

Ⱦɚɥɟɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɫɱɟɬɧɵɣ ɫɥɨɣ ɫɭɦɦɚɪɧɨɝɨ ɫɬɨɤɚ ɩɨ ɮɨɪɦɭɥɟ: 
 ℎ݌ = ℎ′ ⋅ (7.7) ,˓ܭ 

ɝɞɟ ℎ′ - ɫɪɟɞɧɢɣ ɦɧɨɝɨɥɟɬɧɢɣ ɫɥɨɣ ɫɬɨɤɚ, ɪɚɜɧɵɣ 200 ɦɦ; ܭ˓ – ɦɨɞɭɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɫɥɨɹ ɫɬɨɤɚ, ɪɚɜɧɵɣ 2. 
 ℎ400 = 2 ⋅ 200 = ݌ ɦɦ. 
 

ɉɨ ɮɨɪɦɭɥɟ (7.5) ɨɩɪɟɞɟɥɹɟɦ ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɬɚɥɵɯ ɜɨɞ: 
 ܳ = 

Ͳ,Ͳͳ⋅ͶͲͲ⋅Ͳ,ʹͶ⋅ͳ⋅ͳ 
= 0,93 

ˏ3

.
 

  ʡ (0,24+1)0,17 ˔ 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɤɚɱɟɫɬɜɟ ɪɚɫɱɟɬɧɨɝɨ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɪɚɫɯɨɞɚ ɜɨɞɵ ɩɪɢ- 
ɧɢɦɚɟɬɫɹ ɧɚɢɛɨɥɶɲɢɣ ɪɚɫɯɨɞ ɢɡ ɧɚɣɞɟɧɧɵɯ ɩɨ ɮɨɪɦɭɥɟ: 

 ܳ˓ = ݉ܽ 𝑥(ܳˎ, ܳʡ), (7.8) 
 
ɝɞɟ ܳˎ – ɪɚɫɯɨɞ ɥɢɜɧɟɜɵɯ ɜɨɞ, ɦ3/ɫ; ܳʡ – ɪɚɫɯɨɞ ɬɚɥɵɯ ɜɨɞ, ɦ3/ɫ. 

 ܳ˓ = ܳˎ = 6,27 
ˏ3

. ˔ 
 

7.2 Ɋɚɫɱɟɬ ɨɬɜɟɪɫɬɢɹ ɬɪɭɛɵ 
 

ɇɚ ɨɫɧɨɜɟ ɩɨɥɭɱɟɧɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɪɚɫɯɨɞɚ ɜɨɞɵ ɧɚɡɧɚ- 
ɱɚɟɦ ɜɨɞɨɩɪɨɩɭɫɤɧɭɸ ɬɪɭɛɭ ɤɪɭɝɥɨɝɨ ɫɟɱɟɧɢɹ ɞɢɚɦɟɬɪɨɦ 2 ɦ. 

Ʉɪɢɬɢɱɟɫɤɚɹ ɝɥɭɛɢɧɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 

3 ˍ˓ = ܾˍ˓ 

 2ܳ⋅ߙ

, (7.9) ݃ 

 

ɝɞɟ 𝜔ˍ˓ ɢ ܾˍ˓ – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɥɨɳɚɞɶ ɠɢɜɨɝɨ ɫɟɱɟɧɢɹ ɢ ɲɢɪɢɧɚ ɩɨɬɨɤɚ ɩɨ- 
ɜɟɪɯɭ (ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ) ɩɪɢ ℎ = ℎˍ˓; ܳ˓ – ɪɚɫɱɟɬɧɵɣ ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɜɨɞɵ, ɦ3/ɫ; ߙ – ɤɨɷɮɮɢɰɢɟɧɬ Ʉɨɪɢɨɥɢɫɚ, ɪɚɜɧɵɣ 1,1; ݃ – ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ, ɦ/ɫ2. 

 

ɋɨɝɥɚɫɧɨ ɮɨɪɦɭɥɟ (7.9), ɨɬɧɨɲɟɧɢɟ 
3 ˍ˓ ɪɚɜɧɨ: ܾˍ˓ 

 

3 ˍ˓ = ܾˍ˓ 

ͳ,ͳ⋅͸,ʹ͹2 
 

 

9,81 
= 4,41. 

𝜔 

𝜔 

𝜔 
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Ɏɨɪɦɭɥɚ (7.9) ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɤɪɢɜɭɸ ɫɜɹɡɶ ɦɟɠɞɭ ɝɥɭɛɢɧɨɣ ɩɨɬɨɤɚ ɢ 
ɪɚɫɯɨɞɨɦ ɜɨɞɵ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɚɫɱɟɬ ɜɟɞɟɬɫɹ ɝɪɚɮɨɚɧɚɥɢɬɢɱɟɫɤɢɦ ɫɩɨɫɨɛɨɦ ɜ 
ɬɚɛɥɢɰɟ 7.8. ȼ ɧɟɟ ɜɧɨɫɹɬɫɹ ɜɫɟ ɜɨɡɦɨɠɧɵɟ ɞɨɩɭɫɬɢɦɵɟ ɡɧɚɱɟɧɢɹ ɝɥɭɛɢɧɵ ɜɨɞ- 
ɧɨɝɨ ɩɨɬɨɤɚ h ɫ ɲɚɝɨɦ 0,1 ɦ. 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɨɟ ɡɧɚɱɟɧɢɟ ɝɥɭɛɢɧɵ 
ɛɟɡɧɚɩɨɪɧɨɝɨ ɩɨɬɨɤɚ ɜɨɞɵ ɜ ɬɪɭɛɟ ɩɨ ɮɨɪɦɭɥɟ: 

 ℎ˒˓ˈˇ = 
3 ∙ ݀, (7.10) 
4 

 

ɝɞɟ ݀ – ɞɢɚɦɟɬɪ ɤɪɭɝɥɨɣ ɬɪɭɛɵ, ɦ. 
 

Ɍɨɝɞɚ ℎ˒˓ˈˇ ɜ ɬɪɭɛɟ ɪɚɜɧɨ: 
 ℎ˒˓ˈˇ = 

3 ∙ 2 = 1,5 ɦ. 
4 

 

ɉɪɢ ɪɚɫɱɟɬɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɮɨɪɦɭɥɵ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɲɢɪɢɧɵ ɩɨɬɨɤɚ ɩɨ 
ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɫɦɨɱɟɧɧɨɝɨ ɩɟɪɢɦɟɬɪɚ, ɩɥɨɳɚɞɢ ɠɢɜɨɝɨ ɫɟɱɟɧɢɹ. 

ɒɢɪɢɧɚ ɩɨɬɨɤɚ ɩɨ ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɩɪɟɞɟɥɹɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 ܾ = 2 ⋅ √ℎ ⋅ ݀ − ℎ2, (7.11) 

ɝɞɟ ℎ – ɡɧɚɱɟɧɢɟ ɝɥɭɛɢɧɵ, ɦ; ݀ – ɞɢɚɦɟɬɪ ɤɪɭɝɥɨɣ ɬɪɭɛɵ, ɦ. 
 

ɋɦɨɱɟɧɧɵɣ ɩɟɪɢɦɟɬɪ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 
 ݈ = √ܾ2 + 

16 ⋅ ℎ2, (7.12) 
3 

 

ɝɞɟ ܾ – ɲɢɪɢɧɚ ɩɨɬɨɤɚ ɩɨ ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɦ; ℎ – ɡɧɚɱɟɧɢɟ ɝɥɭɛɢɧɵ, ɦ. 
 

ɉɥɨɳɚɞɶ ɠɢɜɨɝɨ ɫɟɱɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 𝜔 = 

1 ⋅ (݈ ⋅ ݀ 
2 2 

݀ − ܾ ⋅ ( 
2 

− ℎሻሻ, (7.13) 
 

ɝɞɟ ݈ – ɫɦɨɱɟɧɧɵɣ ɩɟɪɢɦɟɬɪ, ɦ; ݀ – ɞɢɚɦɟɬɪ ɤɪɭɝɥɨɣ ɬɪɭɛɵ, ɦ; ܾ – ɲɢɪɢɧɚ ɩɨɬɨɤɚ ɩɨ ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɦ; ℎ – ɡɧɚɱɟɧɢɟ ɝɥɭɛɢɧɵ, ɦ. 
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Ⱦɥɹ ɪɚɫɱɟɬɨɜ ɢɫɩɨɥɶɡɭɟɦ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ Microsoft Excel ɢ ɡɚ- 
ɩɨɥɧɹɟɦ ɬɚɛɥɢɰɭ 7.8. 

 
Ɍɚɛɥɢɰɚ 7.8 – Ɋɚɫɱɟɬ ɤɪɢɬɢɱɟɫɤɨɣ ɝɥɭɛɢɧɵ 

h, ɦ b, ɦ l, ɦ ω, ɦ2 ω3/b, ɦ5 
0,1 0,87 0,90 0,06 0,00 
0,2 1,20 1,29 0,16 0,00 
0,3 1,43 1,59 0,29 0,02 
0,4 1,60 1,85 0,44 0,05 
0,5 1,73 2,08 0,61 0,13 
0,6 1,83 2,30 0,78 0,26 
0,7 1,91 2,50 0,96 0,47 
0,8 1,96 2,69 1,15 0,78 
0,9 1,99 2,88 1,34 1,21 
1,0 2,00 3,06 1,53 1,78 
1,1 1,99 3,23 1,71 2,53 
1,2 1,96 3,39 1,89 3,46 
1,3 1,91 3,56 2,06 4,61 
1,4 1,83 3,72 2,22 6,01 
1,5 1,73 3,87 2,37 7,68 

 

ɉɨ ɞɚɧɧɵɦ ɬɚɛɥɢɰɵ 7.8 ɫɬɪɨɢɬɫɹ ɝɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ℎ = ℎ ( 2ܳ⋅ߙ 

𝜔3 ܾ 
), ɩɪɟɞ- 

ɫɬɚɜɥɟɧɧɵɣ ɧɚ ɪɢɫɭɧɤɟ 7.5. Ɍɚɤɠɟ, ɡɧɚɹ, ɱɬɨ ˓ = 4,41 ɦ5, ɨɬɤɥɚɞɵɜɚɟɦ ɞɚɧɧɨɟ ݃ 

ɡɧɚɱɟɧɢɟ ɩɨ ɨɫɢ ɚɛɫɰɢɫɫ ɢ ɧɚɯɨɞɢɦ ɡɧɚɱɟɧɢɟ ɤɪɢɬɢɱɟɫɤɨɣ ɝɥɭɛɢɧɵ ɩɨ ɨɫɢ ɨɪɞɢ- 
ɧɚɬ. 

 
 
 
 
 
 
 
 
 
 
 
 

 

Ɋɢɫɭɧɨɤ 7.5 – Ʉɪɢɜɚɹ ɫɜɹɡɢ ɦɟɠɞɭ ɪɚɫɯɨɞɨɦ ɢ ɭɪɨɜɧɟɦ ɜɨɞɵ ɜ ɬɪɭɛɟ 

Ɂɧɚɱɟɧɢɟ ɤɪɢɬɢɱɟɫɤɨɣ ɝɥɭɛɢɧɵ ɩɨɥɭɱɢɥɨɫɶ ɪɚɜɧɵɦ 1,28 ɦ. 
Ⱦɟɥɚɟɦ ɩɪɨɜɟɪɤɭ ɪɟɠɢɦɚ ɬɟɱɟɧɢɹ ɜ ɬɪɭɛɟ. ɂɫɩɨɥɶɡɭɟɦ ɩɪɢɛɥɢɠɟɧɧɭɸ 

ɮɨɪɦɭɥɭ, ɜ ɤɨɬɨɪɨɣ ɡɚɞɚɟɬɫɹ ɝɥɭɛɢɧɚ ɩɨɬɨɤɚ ɜ ɫɠɚɬɨɦ ɫɟɱɟɧɢɢ: 

1,6 
 

1,4 

 

1,2 

 

1 

 

0,8 

 

0,6 

 

0,4 

 

0,2 

 

0 

0,00 1,00 2,00 3,00 4,00 5,00 

ω3/b, ɦ5 

6,00 7,00 8,00 

h,
 м
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˓ ˔ˉ 

ℎ˔ˉ = 0,9 ∙ ℎˍ˓, (7.14) 
 
ɝɞɟ ℎˍ˓ – ɤɪɢɬɢɱɟɫɤɚɹ ɝɥɭɛɢɧɚ, ɦ. 

 
Ɍɨɝɞɚ ɝɥɭɛɢɧɚ ɩɨɬɨɤɚ ɜ ɫɠɚɬɨɦ ɫɟɱɟɧɢɢ ɪɚɜɧɚ: 

 ℎ˔ˉ = Ͳ,ͻ ∙ 1,284 = 1,16 ɦ. 

Ⱦɚɥɟɟ ɩɨ ɮɨɪɦɭɥɚɦ (7.11) – (7.13) ɨɩɪɟɞɟɥɹɟɦ ɲɢɪɢɧɭ, ɫɦɨɱɟɧɧɵɣ ɩɟɪɢ- 
ɦɟɬɪ ɢ ɩɥɨɳɚɞɶ ɩɨɬɨɤɚ ɜ ɫɠɚɬɨɦ ɫɟɱɟɧɢɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ: 

 
 ܾ˔ˉ = 2 ∙ √1,16 ⋅ 2 − 1,162 = 1,97 ɦ, 
 

 ݈˔ˉ 
= √ͳ,ͻ͹2 + 

16 ⋅ 1,162 = 3,33 ɦ, 
3 

 𝜔 
1 

 
 

( ) ɦ2. ˔ˉ = 
2 

⋅ (3,33 − 1,97 ⋅ 1 − 1,16 ) = 1,82 
 

Ɉɩɪɟɞɟɥɢɜ ɜɫɟ ɩɚɪɚɦɟɬɪɵ ɜ ɫɠɚɬɨɦ ɫɟɱɟɧɢɢ, ɩɟɪɟɯɨɞɢɦ ɤ ɪɚɫɱɟɬɭ ɧɚɩɨɪɚ 
ɩɟɪɟɞ ɬɪɭɛɨɣ: 

 ˉ˔ℎ = ܪ 
ܳ2 

+ ʹ⋅݃⋅𝜑2⋅𝜔2 
, (7.15) 

 

ɝɞɟ ℎ˔ˉ – ɝɥɭɛɢɧɚ ɩɨɬɨɤɚ ɜ ɫɠɚɬɨɦ ɫɟɱɟɧɢɢ, ɦ; ܳ˓ – ɪɚɫɱɟɬɧɵɣ ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɜɨɞɵ, ɦ3/ɫ; ݃ – ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ, ɦ/ɫ2; 𝜑 – ɤɨɷɮɮɢɰɢɟɧɬ ɫɤɨɪɨɫɬɢ, ɪɚɜɧɵɣ 0,85; 𝜔˔ˉ – ɩɥɨɳɚɞɶ ɩɨɬɨɤɚ ɜ ɫɠɚɬɨɦ ɫɟɱɟɧɢɢ, ɦ2. 

Ɍɨɝɞɚ ɧɚɩɨɪ ɩɟɪɟɞ ɬɪɭɛɨɣ ɪɚɜɟɧ: 
  + 1,16 = ܪ 

6,272 ʹ⋅ͻ,ͺͳ⋅Ͳ,ͺͷ2⋅1,822 
= 1,997 ɦ. 

 

 
ɜɢɟ: 

ɉɪɢ ɛɟɡɧɚɩɨɪɧɨɦ ɪɟɠɢɦɟ ɬɟɱɟɧɢɹ ɞɨɥɠɧɨ ɜɵɩɨɥɧɹɬɫɹ ɫɥɟɞɭɸɳɟɟ ɭɫɥɨ- 
 
 ൑ 1,2 ∙ ℎ˕˓, (7.16) ܪ 

 

ɝɞɟ ℎ˕˓ – ɜɵɫɨɬɚ (ɞɢɚɦɟɬɪ) ɜɯɨɞɧɨɝɨ ɨɬɜɟɪɫɬɢɹ ɬɪɭɛɵ, ɦ. 
 

ɉɨɞɫɬɚɜɥɹɟɦ ɡɧɚɱɟɧɢɹ ɜ ɭɫɥɨɜɢɟ ɢ ɩɨɥɭɱɚɟɦ: 
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1,997 ൑ 1,2 ∙ 2, 

 

1,997 < 2,4. 
 

ɍɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ. ȼɨɞɨɩɪɨɩɭɫɤɧɚɹ ɬɪɭɛɚ ɪɚɛɨɬɚɟɬ ɜ ɛɟɡɧɚɩɨɪɧɨɦ ɪɟ- 
ɠɢɦɟ. 

ɉɟɪɟɯɨɞɢɦ ɤ ɨɩɪɟɞɟɥɟɧɢɸ ɤɪɢɬɢɱɟɫɤɨɝɨ ɭɤɥɨɧɚ. Ⱦɥɹ ɤɪɢɬɢɱɟɫɤɨɣ ɝɥɭ- 
ɛɢɧɵ ɩɨ ɮɨɪɦɭɥɚɦ (7.11) – (7.13) ɨɩɪɟɞɟɥɹɟɦ ɲɢɪɢɧɭ, ɫɦɨɱɟɧɧɵɣ ɩɟɪɢɦɟɬɪ ɢ 
ɩɥɨɳɚɞɶ ɩɨɬɨɤɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ: 

 
 ܾˍ˓ = 2 ∙ √1,284 ⋅ 2 − 1,2842 = 1,92 ɦ, 
 

 ݈ˍ˓ 
= √ͳ,ͻʹ2 + 

16 ⋅ 1,2842 = 3,53 ɦ, 
3 

 𝜔 
1 

 
 

( ) ɦ2. ˍ˓ = 
2 

⋅ ሺ͵,ͷ͵ − 1,92 ⋅ 1 − 1,284 ) = 2,04 
 

Ɉɩɪɟɞɟɥɹɟɦ ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɚɞɢɭɫ ɩɨ ɮɨɪɦɭɥɟ: 
 ܴˍ˓ 

= 
𝜔ˍ˓

, (7.17) ݈ˍ˓ 

 

ɝɞɟ 𝜔ˍ˓ – ɩɥɨɳɚɞɶ ɩɨɬɨɤɚ ɞɥɹ ɤɪɢɬɢɱɟɫɤɨɣ ɝɥɭɛɢɧɵ, ɦ2; ݈ˍ˓ – ɫɦɨɱɟɧɧɵɣ ɩɟɪɢɦɟɬɪ ɞɥɹ ɤɪɢɬɢɱɟɫɤɨɣ ɝɥɭɛɢɧɵ, ɦ. 
 

Ƚɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɚɞɢɭɫ ɪɚɜɟɧ: 
 ܴˍ˓ 

= 
2,04 

= 0,58 ɦ. 
3,53 

 

Ɉɩɪɟɞɟɥɹɟɦ ɤɨɷɮɮɢɰɢɟɧɬ ɝɢɞɪɚɜɥɢɱɟɫɤɨɣ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɢɥɢ ɤɨɷɮɮɢɰɢ- 
ɟɧɬ ɒɟɡɢ ɩɨ ɮɨɪɦɭɥɟ: 

 

 ˓ˍܥ 

1 ܴ6 

= ˍ˓, (7.18) ݊ 
 

ɝɞɟ ܴˍ˓ – ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɚɞɢɭɫ, ɦ; ݊ – ɤɨɷɮɮɢɰɢɟɧɬ ɲɟɪɨɯɨɜɚɬɨɫɬɢ, ɩɪɢɧɢɦɚɟɦɵɣ ɞɥɹ ɛɟɬɨɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 
ɬɪɭɛɵ ɪɚɜɧɵɦ ɨɬ 0,012 ɞɨ 0,014. ȼ ɪɚɫɱɟɬɟ ɩɪɢɦɟɦ ɡɧɚɱɟɧɢɟ 0,014. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɒɟɡɢ ɪɚɜɟɧ: 
1 

 ˓ˍܥ 
= 

0,586 

= 65,23. 
0,014 
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˓ 

Ɂɧɚɹ ɧɟɨɛɯɨɞɢɦɵɟ ɞɚɧɧɵɟ, ɨɩɪɟɞɟɥɹɟɦ ɤɪɢɬɢɱɟɫɤɢɣ ɭɤɥɨɧ ɩɨ ɮɨɪɦɭɥɟ: 
 𝑖ˍ˓ 

ܳ2 = 𝜔2  ⋅(7.19) , 2ܴ⋅ 2ܥ ˍ˓  ˍ˓   ˍ˓ 

 

ɝɞɟ ܳ˓ – ɪɚɫɱɟɬɧɵɣ ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɜɨɞɵ, ɦ3/ɫ; 𝜔ˍ˓ – ɩɥɨɳɚɞɶ ɩɨɬɨɤɚ ɞɥɹ ɤɪɢɬɢɱɟɫɤɨɣ ɝɥɭɛɢɧɵ, ɦ2; ܥˍ˓ – ɤɨɷɮɮɢɰɢɟɧɬ ɒɟɡɢ; ܴˍ˓ – ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɚɞɢɭɫ, ɦ. 
 

Ʉɪɢɬɢɱɟɫɤɢɣ ɭɤɥɨɧ ɪɚɜɟɧ: 
 𝑖ˍ˓ = 

6,272 

2,042⋅͸ͷ,ʹ͵2⋅Ͳ,ͷͺ2 
= 0,0066 = 6,6‰. 

 

Ɉɬ ɫɨɨɬɧɨɲɟɧɢɹ ɭɤɥɨɧɨɜ (ɤɪɢɬɢɱɟɫɤɨɝɨ ɢ ɭɤɥɨɧɚ ɬɪɭɛɵ) ɡɚɜɢɫɢɬ ɪɟɠɢɦ 
ɬɟɱɟɧɢɹ ɜ ɬɪɭɛɟ. Ɉɛɵɱɧɨ ɭɤɥɨɧ ɬɪɭɛɵ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ ɭɤɥɨɧɭ ɥɨɝɚ ɩɟɪɟɞ 
ɫɨɨɪɭɠɟɧɢɟɦ, ɧɨ ɟɝɨ ɡɧɚɱɟɧɢɟ ɞɨɥɠɧɨ ɛɵɬɶ ɧɟ ɦɟɧɟɟ 5‰ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɨɛɟɫ- 
ɩɟɱɢɬɶ ɫɬɨɤ ɜɨɞɵ. 

ɍɤɥɨɧ ɬɪɭɛɵ ɪɚɜɟɧ 22‰, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɪɟɠɢɦ ɬɟɱɟɧɢɹ – ɛɭɪɧɵɣ. ȼ ɬɚɤɨɦ 
ɫɥɭɱɚɟɦ ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɪɭɛɵ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 𝑣˅ы˘ 
= 

ͳ,ʹͳ⋅ܳ˓
, (7.20) 𝜔˔ˉ 

 

ɝɞɟ ܳ˓ – ɪɚɫɱɟɬɧɵɣ ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɜɨɞɵ, ɦ3/ɫ; 𝜔ˍ˓ – ɩɥɨɳɚɞɶ ɩɨɬɨɤɚ ɞɥɹ ɤɪɢɬɢɱɟɫɤɨɣ ɝɥɭɛɢɧɵ, ɦ2. 

ɋɤɨɪɨɫɬɶ ɩɨɬɨɤɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɪɭɛɵ ɪɚɜɧɚ: 
 𝑣 = 

ͳ,ʹͳ⋅͸,ʹ͹ ˏ ˅ы˘ = 4,17 . 
1,82 ˔ 

 

Ƚɥɭɛɢɧɚ ɩɨɬɨɤɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɪɭɛɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 ℎ˅ы˘ = ℎ˔ˉ, (7.21) 

ɝɞɟ ℎ˔ˉ – ɝɥɭɛɢɧɚ ɩɨɬɨɤɚ ɜ ɫɠɚɬɨɦ ɫɟɱɟɧɢɢ, ɦ. 

Ƚɥɭɛɢɧɚ ɩɨɬɨɤɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɪɭɛɵ ɪɚɜɧɚ: 
 ℎ˅ы˘ = 1,16 ɦ. 

ɇɚɣɞɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɫɤɨɪɨɫɬɢ ɢ ɝɥɭɛɢɧɵ ɜɨɞɵ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɪɭɛɵ ɧɟɨɛ- 
ɯɨɞɢɦɵ ɞɥɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɜɵɯɨɞɧɨɝɨ ɪɭɫɥɚ ɡɚ ɬɪɭɛɨɣ. 
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7.3 ɇɚɡɧɚɱɟɧɢɟ ɬɟɯɧɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɬɪɭɛɵ 
 

Ɇɢɧɢɦɚɥɶɧɚɹ ɨɬɦɟɬɤɚ ɛɪɨɜɤɢ ɧɚɫɵɩɢ ɡɚɜɢɫɢɬ ɨɬ: 
- ɝɥɭɛɢɧɵ ɜɨɞɵ ɩɟɪɟɞ ɬɪɭɛɨɣ; 
- ɜɵɫɨɬɵ ɨɬɜɟɪɫɬɢɹ ɬɪɭɛɵ; 
- ɬɨɥɳɢɧɵ ɫɬɟɧɤɢ ɤɪɭɝɥɨɣ ɬɪɭɛɵ ɢɥɢ ɬɨɥɳɢɧɵ ɩɥɢɬɵ ɩɟɪɟɤɪɵɬɢɹ ɩɪɹɦɨ- 

ɭɝɨɥɶɧɨɣ ɬɪɭɛɵ. 
Ʉɨɝɞɚ ɪɟɠɢɦ ɩɪɨɬɟɤɚɧɢɹ ɩɨɬɨɤɚ ɛɟɡɧɚɩɨɪɧɵɣ, ɦɢɧɢɦɚɥɶɧɨɟ ɜɨɡɜɵɲɟɧɢɟ 

ɤɨɧɬɪɨɥɶɧɨɣ ɬɨɱɤɢ ɧɚɞ ɞɧɨɦ ɛɚɫɫɟɣɧɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 ℎ݉𝑖݊ = ℎ˕˓ + ߜ + Δ + ℎʓʝ, (7.22) 
 
ɝɞɟ ℎ˕˓ – ɜɵɫɨɬɚ ɨɬɜɟɪɫɬɢɹ ɬɪɭɛɵ, ɦ; ߜ – ɬɨɥɳɢɧɚ ɫɬɟɧɤɢ ɬɪɭɛɵ, ɦ; Δ – ɦɢɧɢɦɚɥɶɧɚɹ ɜɵɫɨɬɚ ɡɚɫɵɩɤɢ ɬɪɭɛɵ ɭ ɜɯɨɞɧɨɝɨ ɨɝɨɥɨɜɤɚ, ɦ; ℎʓʝ – ɬɨɥɳɢɧɚ ɞɨɪɨɠɧɨɣ ɨɞɟɠɞɵ, ɦ. 

 
Ɍɨɥɳɢɧɭ ɡɚɫɵɩɤɢ ɧɚɞ ɬɪɭɛɨɣ ɩɪɢɧɢɦɚɸɬ ɪɚɜɧɨɣ 0,5 ɦ, ɟɫɥɢ ɫɱɢɬɚɬɶ ɨɬ 

ɜɟɪɯɚ ɡɜɟɧɚ ɬɪɭɛɵ ɢ ɞɨ ɧɢɡɚ ɤɨɧɫɬɪɭɤɰɢɢ ɞɨɪɨɠɧɨɣ ɨɞɟɠɞɵ. 
Ɍɨɥɳɢɧɚ ɫɬɟɧɤɢ ɬɪɭɛɵ ɡɚɜɢɫɢɬ ɨɬ ɜɵɫɨɬɵ ɧɚɫɵɩɢ ɢ ɪɚɜɧɚ 0,16 ɦ. 
Ɍɨɥɳɢɧɚ ɤɨɧɫɬɪɭɤɰɢɢ ɫɥɨɟɜ ɞɨɪɨɠɧɨɣ ɨɞɟɠɞɵ ɞɥɹ ɞɨɪɨɝɢ IV ɤɚɬɟɝɨɪɢɢ 

ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ 0,45 ɦ. 
Ɇɢɧɢɦɚɥɶɧɨɟ ɜɨɡɜɵɲɟɧɢɟ ɬɨɱɤɢ ɧɚɞ ɞɧɨɦ ɛɚɫɫɟɣɧɚ ɪɚɜɧɨ: 

 ℎ݉𝑖݊ = 2 + 0,16 + 0,5 + 0,45 = 3,11 ɦ. 

Ʉɨɧɬɪɨɥɶɧɚɹ ɬɨɱɤɚ ɩɪɨɟɤɬɧɨɣ ɥɢɧɢɢ ɩɪɨɞɨɥɶɧɨɝɨ ɩɪɨɮɢɥɹ ɧɚɞ ɬɪɭɛɨɣ 
ɞɨɥɠɧɚ ɛɵɬɶ ɧɟ ɦɟɧɟɟ ɜɟɥɢɱɢɧɵ, ɨɩɪɟɞɟɥɹɸɳɟɣɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 ː + ℎ݉𝑖݊, (7.23)ˇܪ = 𝑖݊݉ܪ 
 
ɝɞɟ ܪˇː – ɨɬɦɟɬɤɚ ɪɟɥɶɟɮɚ ɜ ɫɬɜɨɪɟ ɬɪɭɛɵ, ɦ. 

 
Ʉɨɧɬɪɨɥɶɧɚɹ ɬɨɱɤɚ ɧɚɞ ɬɪɭɛɨɣ ɧɚ ɉɄ10+50 ɢ ɉɄ47+00 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 

ɪɚɜɧɚ: 
 .𝑖݊ = 415,09 + 3,11 = 418,20 ɦ݉ܪ ,𝑖݊ = 356,71 + 3,11 = 359,82 ɦ݉ܪ 

ɉɟɪɟɯɨɞɢɦ ɤ ɪɚɫɱɟɬɭ ɞɥɢɧɵ ɬɪɭɛɵ. Ⱦɚɧɧɵɣ ɩɚɪɚɦɟɬɪ ɡɚɜɢɫɢɬ ɨɬ ɜɵɫɨɬɵ 
ɧɚɫɵɩɢ, ɲɢɪɢɧɵ ɡɟɦɥɹɧɨɝɨ ɩɨɥɨɬɚ, ɤɪɭɬɢɡɧɵ ɨɬɤɨɫɚ ɧɚɫɵɩɢ ɢ ɭɝɥɚ ɦɟɠɞɭ ɨɫɶɸ 
ɞɨɪɨɝɢ ɢ ɨɫɶɸ ɬɪɭɛɵ. ȼɵɫɨɬɚ ɧɚɫɵɩɢ ɩɪɢɧɢɦɚɟɬɫɹ ɩɨ ɪɚɛɨɱɟɣ ɨɬɦɟɬɤɟ ɧɚ ɩɢɤɟɬɟ 
ɪɚɫɩɨɥɨɠɟɧɢɹ ɬɪɭɛɵ. 
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Ɂɚɥɨɠɟɧɢɟ ɨɬɤɨɫɚ ɧɚɫɵɩɢ ɡɚɜɢɫɢɬ ɨɬ ɤɚɬɟɝɨɪɢɢ ɞɨɪɨɝɢ, ɜɵɫɨɬɵ ɧɚɫɵɩɢ, 
ɝɪɭɧɬɚ ɡɟɦɥɹɧɨɝɨ ɩɨɥɨɬɧɚ ɢ ɜɥɚɠɧɨɫɬɢ ɤɥɢɦɚɬɚ. 

ɍɝɨɥ ɦɟɠɞɭ ɨɫɶɸ ɞɨɪɨɝɢ ɢ ɨɫɶɸ ɬɪɭɛɵ – ɷɬɨ ɭɝɨɥ ɦɟɠɞɭ ɬɚɥɶɜɟɝɨɦ ɢ ɨɫɶɸ 
ɞɨɪɨɝɢ. ȿɝɨ ɡɧɚɱɟɧɢɟ ɩɪɢɧɢɦɚɟɬɫɹ ɨɬ 90° ɞɨ 60°. ȼ ɜɵɩɭɫɤɧɨɣ ɪɚɛɨɬɟ ɷɬɨɬ ɭɝɨɥ 
ɫɨɫɬɚɜɥɹɟɬ 73°. 

ɉɪɢ ɪɚɛɨɱɟɣ ɨɬɦɟɬɤɟ ɞɨ 6 ɦ ɞɥɢɧɚ ɬɪɭɛɵ ɛɟɡ ɨɝɨɥɨɜɤɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ: 

 ݈ = [
Ͳ,ͷ∙ܤ+݉⋅ሺℎː−ℎ˕˓) 

+ 
Ͳ,ͷ∙ܤ+݉⋅ሺℎː−ℎ˕˓) 

+ ݉ ] ∙ 1
 , (7.24) 

1+݉⋅𝑖˕˓ ͳ−݉⋅𝑖˕˓ 
 ߙ 𝑖݊ݏ 0

 

ɝɞɟ ܤ – ɲɢɪɢɧɚ ɡɟɦɥɹɧɨɝɨ ɩɨɥɨɬɧɚ, ɦ; ݉ – ɡɚɥɨɠɟɧɢɟ ɨɬɤɨɫɚ ɧɚɫɵɩɢ ɩɪɢ ɜɵɫɨɬɟ ɞɨ 6 ɦ; 𝑖˕˓ – ɭɤɥɨɧ ɬɪɭɛɵ, ɩɪɢɧɢɦɚɟɦɵɣ ɪɚɜɧɵɦ ɭɤɥɨɧɭ ɛɚɫɫɟɣɧɚ ɩɟɪɟɞ ɫɨɨɪɭɠɟ- 
ɧɢɟɦ; ݉0 – ɬɨɥɳɢɧɚ ɫɬɟɧɤɢ ɨɝɨɥɨɜɤɚ, ɪɚɜɧɚɹ 0,35 ɦ; ߙ – ɭɝɨɥ ɦɟɠɞɭ ɨɫɹɦɢ ɞɨɪɨɝɢ ɢ ɬɪɭɛɵ, °. 

 Ͳ,ͷ∙ͳͲ+ͳ,ͷ⋅(͵,ʹͻ−ʹ) ݈ = [ + ͳ+ͳ,ͷ⋅Ͳ,Ͳʹʹ 

Ͳ,ͷ∙ͳͲ+ͳ,ͷ⋅(͵,ʹͻ−ʹ) 
 

 ͳ−ͳ,ͷ⋅Ͳ,Ͳʹʹ 
+ 0,35] ∙ 1 

 
 °͵𝑖݊ ͹ݏ 
= 14,88 ɦ. 

 

ɉɨɥɧɚɹ ɞɥɢɧɚ ɬɪɭɛɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 ˑˆˑˎ, (7.25)݈ ∙ ʹ + ݈ = ˓˕ܮ 
 
ɝɞɟ ݈ˑˆˑˎ – ɞɥɢɧɚ ɨɝɨɥɨɜɤɨɜ, ɪɚɜɧɚɹ 3,66 ɦ. 

Ⱦɥɢɧɚ ɬɪɭɛɵ ɪɚɜɧɚ: 
 .ɦ 22,2 = 3,66 ∙ 2 + 14,88 = ˓˕ܮ 
 

ɋɥɟɞɭɸɳɢɦ ɷɬɚɩɨɦ ɹɜɥɹɟɬɫɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɭɤɪɟɩɥɟɧɢɣ ɡɚ ɬɪɭɛɨɣ. Ɍɢɩ 
ɭɤɪɟɩɥɟɧɢɹ ɩɨɞɛɢɪɚɸɬ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɤɨɪɨɫɬɢ ɩɨɬɨɤɚ. ɉɨ ɪɚɡɦɟɪɚɦ ɨɬɜɟɪ- 
ɫɬɢɹ ɬɪɭɛɵ ɧɚɡɧɚɱɚɸɬ ɞɥɢɧɭ ɭɤɪɟɩɥɟɧɢɹ. Ɂɚ ɬɪɭɛɨɣ ɨɧɚ ɞɨɥɠɧɚ ɧɚɯɨɞɢɬɶɫɹ ɜ 
ɩɪɟɞɟɥɚɯ: 

 ݈˖ˍ˓ = (͵ ÷ 4) ∙ ܾ, (7.26) 
 
ɝɞɟ ܾ – ɞɢɚɦɟɬɪ ɤɪɭɝɥɨɣ ɬɪɭɛɵ. 

 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ ɞɥɢɧɚ ɭɤɪɟɩɥɟɧɢɹ ɪɚɜɧɚ: ݈˖ˍ˓ = 3 ∙ ܾ = 6 ɦ. 

 
ɉɟɪɟɯɨɞɢɦ ɤ ɨɩɪɟɞɟɥɟɧɢɸ ɝɥɭɛɢɧɵ ɪɚɡɦɵɜɚ. Ⱦɥɹ ɧɚɱɚɥɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɚ- 

ɪɚɦɟɬɪ ܽ ɩɨ ɮɨɪɦɭɥɟ: 
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ܽ = 
ߙ݃ݐ∙˓ˍ˖݈

, (7.27) ܾ 

 

ɝɞɟ ߙ – ɭɝɨɥ ɪɚɫɬɟɤɚɧɢɹ ɜɨɞɵ, ɧɟ ɩɪɟɜɵɲɚɸɳɢɣ 45°; ݈˖ˍ˓ – ɞɥɢɧɚ ɭɤɪɟɩɥɟɧɢɹ ɡɚ ɬɪɭɛɨɣ, ɪɚɜɧɚɹ 6 ɦ. 
 

Ɂɧɚɱɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ܽ ɪɚɜɧɨ: 
 ܽ = 

͸∙݃ݐͶͷ° 
= 3.

 
2 

 

Ⱦɥɹ ɩɚɪɚɦɟɬɪɚ ܽ ɨɩɪɟɞɟɥɹɟɦ ɡɧɚɱɟɧɢɟ ɩɚɪɚɦɟɬɪɚ Δℎ ɢɡ ɬɚɛɥɢɰɵ 7.9. 
 
Ɍɚɛɥɢɰɚ 7.9 – Ɂɧɚɱɟɧɢɟ Δℎ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɚɪɚɦɟɬɪɚ ܽ ܽ 0 1 2 3 4 5 8 10 Δℎ 1,55 0,98 0,78 0,65 0,59 0,54 0,45 0,4 

 

ɂɫɯɨɞɹ ɢɡ ɬɚɛɥɢɰɵ 7.9 ɩɚɪɚɦɟɬɪ Δℎ = 0,65. 
Ƚɥɭɛɢɧɚ ɪɚɡɦɵɜɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 ℎ˓˃ˊˏ = Δℎ ∙ (7.28) ,ܪ 
 
ɝɞɟ ܪ – ɧɚɩɨɪ ɩɟɪɟɞ ɬɪɭɛɨɣ, ɦ. 

 ℎ˓˃ˊˏ = 0,65 ∙ 1,997 = 1,3 ɦ. 
 

Ƚɥɭɛɢɧɚ ɡɚɥɨɠɟɧɢɹ ɩɪɟɞɨɯɪɚɧɢɬɟɥɶɧɨɝɨ ɨɬɤɨɫɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 ℎˑ˕ˍ = ∙ ℎ˓˃ˊˏ, (7.29) 
 

ɝɞɟ ℎ˓˃ˊˏ – ɝɥɭɛɢɧɚ ɪɚɡɦɵɜɚ, ɦ. 
 

Ɍɨɝɞɚ ɝɥɭɛɢɧɚ ɡɚɥɨɠɟɧɢɹ ɨɬɤɨɫɚ ɪɚɜɧɚ: 
 ℎˑ˕ˍ = 

4 ∙ 1,3 = 1,73 ɦ. 
3 

 

ɋɯɟɦɚ ɭɤɪɟɩɥɟɧɢɹ ɜɵɯɨɞɧɨɝɨ ɪɭɫɥɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 7.6. 

4 

3 
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1 – ɭɤɪɟɩɥɟɧɢɟ ɡɚ ɬɪɭɛɨɣ; 2 – ɤɚɦɟɧɧɚɹ ɧɚɛɪɨɫɤɚ ɜ ɤɨɜɲɟ ɪɚɡɦɵɜɚ; 3 – ɩɪɟɞɨɯɪɚɧɢɬɟɥɶɧɵɣ 
ɨɬɤɨɫ 

Ɋɢɫɭɧɨɤ 7.6 – ɋɯɟɦɚ ɭɤɪɟɩɥɟɧɢɹ ɜɵɯɨɞɧɨɝɨ ɪɭɫɥɚ 

ɋɥɟɞɭɸɳɢɣ ɷɬɚɩ – ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɥɢɧɢɢ ɩɪɨɞɨɥɶɧɨɝɨ ɩɪɨɮɢɥɹ. 

8 Ⱥɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɩɪɨɞɨɥɶɧɨɝɨ ɩɪɨɮɢɥɹ 
ɞɨɪɨɝɢ 

 
8.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɧɬɪɨɥɶɧɵɯ ɬɨɱɟɤ ɩɪɨɟɤɬɧɨɣ ɥɢɧɢɢ 

 
Ʉɨɧɬɪɨɥɶɧɵɟ ɬɨɱɤɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ (5.7) – (5.10). 
Ʉɨɧɬɪɨɥɶɧɚɹ ɨɬɦɟɬɤɚ ɜ ɧɚɱɚɥɟ ɬɪɚɫɫɵ: 

 .ː˕ = 360,30 + 1,2 = 361,5 ɦܪ 

Ʉɨɧɬɪɨɥɶɧɚɹ ɨɬɦɟɬɤɚ ɜ ɤɨɧɰɟ ɬɪɚɫɫɵ: 
 .ɦ 419,20 = 1,2 + 418,00 = ˕ˍܪ 

Ʉɨɧɬɪɨɥɶɧɚɹ ɨɬɦɟɬɤɚ ɧɚɞ ɩɟɪɟɩɭɫɤɧɨɣ ɬɪɭɛɨɣ ɧɚ ɉɄ3+00 ɪɚɜɧɚ: 
 .ɦ 361,24 = 3,11 + 358,13 = ˓˕ܪ 
 

Ʉɨɧɬɪɨɥɶɧɚɹ ɨɬɦɟɬɤɚ ɧɚɞ ɬɪɭɛɨɣ ɧɚ ɉɄ10+50 ɪɚɜɧɚ: 
 .ɦ 359,82 = 3,11 + 356,71 = ˓˕ܪ 
 

Ʉɨɧɬɪɨɥɶɧɚɹ ɨɬɦɟɬɤɚ ɧɚɞ ɩɟɪɟɩɭɫɤɧɨɣ ɬɪɭɛɨɣ ɧɚ ɉɄ19+50 ɪɚɜɧɚ: 
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 .ɦ 409,39 = 3,11 + 406,28 = ˓˕ܪ
 

Ʉɨɧɬɪɨɥɶɧɚɹ ɨɬɦɟɬɤɚ ɧɚɞ ɩɟɪɟɩɭɫɤɧɨɣ ɬɪɭɛɨɣ ɧɚ ɉɄ37+00 ɪɚɜɧɚ: 
 .ɦ 432,29 = 3,11 + 429,18 = ˓˕ܪ 
 

Ʉɨɧɬɪɨɥɶɧɚɹ ɨɬɦɟɬɤɚ ɧɚɞ ɬɪɭɛɨɣ ɧɚ ɉɄ47+00 ɪɚɜɧɚ: 
 .ɦ 418,2 = 3,11 + 415,09 = ˓˕ܪ 
 

ȼ ɬɚɛɥɢɰɭ 8.2 ɩɨɦɟɳɚɟɦ ɧɚɣɞɟɧɧɵɟ ɤɨɧɬɪɨɥɶɧɵɟ ɬɨɱɤɢ. 
 
Ɍɚɛɥɢɰɚ 8.2 – ȼɟɞɨɦɨɫɬɶ ɤɨɧɬɪɨɥɶɧɵɯ ɬɨɱɟɤ 

№ 
ɬɨɱɤɢ 

 
ɇɚɡɜɚɧɢɟ ɬɨɱɤɢ 

 
ɉɢɤɟɬ 

Ɉɬɦɟɬɤɚ, ɦ ɉɨɥɨɠɟɧɢɟ ɩɪɨɟɤɬɧɨɣ 
ɥɢɧɢɢ ɪɟɥɶɟɮɚ 

ɩɪɨɟɤɬɧɨɣ 
ɥɢɧɢɢ 

1 ɧɚɱɚɥɨ ɬɪɚɫɫɵ 0+00 360,30 361,50 ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɬɨɱɤɭ 
2 ɬɪɭɛɚ 3+00 358,13 361,24 ɧɟ ɧɢɠɟ ɬɨɱɤɢ 
3 ɬɪɭɛɚ 10+50 356,71 359,82 ɧɟ ɧɢɠɟ ɬɨɱɤɢ 
4 ɬɪɭɛɚ 19+50 406,28 409,39 ɧɟ ɧɢɠɟ ɬɨɱɤɢ 
5 ɬɪɭɛɚ 37+00 429,18 432,29 ɧɟ ɧɢɠɟ ɬɨɱɤɢ 
6 ɬɪɭɛɚ 47+50 415,09 418,20 ɧɟ ɧɢɠɟ ɬɨɱɤɢ 
7 ɤɨɧɟɰ ɬɪɚɫɫɵ 50+38 418,00 419,20 ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɬɨɱɤɭ 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɩɪɟɞɟɥɢɜ ɪɭɤɨɜɨɞɹɳɢɟ ɨɬɦɟɬɤɢ ɢ ɤɨɧɬɪɨɥɶɧɵɟ ɬɨɱɤɢ, ɩɟ- 

ɪɟɯɨɞɢɦ ɤ ɩɨɫɬɪɨɟɧɢɸ ɩɪɨɟɤɬɧɨɣ ɥɢɧɢɢ ɪɚɡɥɢɱɧɵɦɢ ɦɟɬɨɞɚɦɢ. 
 

8.2 ɉɨɫɬɪɨɟɧɢɟ ɩɪɨɟɤɬɧɨɣ ɥɢɧɢɢ ɤɥɚɫɫɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ 
 

ȼɨɡɦɨɠɧɵ ɞɜɚ ɫɩɨɫɨɛɚ ɧɚɧɟɫɟɧɢɹ ɩɪɨɟɤɬɧɨɣ ɥɢɧɢɢ: ɩɨ ɨɛɟɪɬɵɜɚɸɳɟɣ ɢ 
ɩɨ ɫɟɤɭɳɟɣ. ɉɪɢ ɩɪɨɤɥɚɞɵɜɚɧɢɢ ɩɪɨɟɤɬɧɨɣ ɥɢɧɢɢ ɜ ɭɫɥɨɜɢɹɯ ɪɚɜɧɢɧɧɨɝɨ ɪɟɥɶ- 
ɟɮɚ ɦɟɫɬɧɨɫɬɢ ɢ ɧɚ ɞɨɪɨɝɚɯ ɧɢɡɤɢɯ ɤɚɬɟɝɨɪɢɣ ɢɫɩɨɥɶɡɭɸɬ ɫɩɨɫɨɛ ɩɨ ɨɛɟɪɬɵɜɚ- 
ɸɳɟɣ. ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ ɩɪɨɟɤɬɧɚɹ ɥɢɧɢɹ ɩɨ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɨɟɤɬɢɪɭɟɬɫɹ ɩɚɪɚɥ- 
ɥɟɥɶɧɨ ɩɨɜɟɪɯɧɨɫɬɢ ɡɟɦɥɢ. Ɉɬ ɷɬɨɝɨ ɩɪɚɜɢɥɚ ɨɬɫɬɭɩɚɸɬ ɩɪɢ ɩɟɪɟɫɟɱɟɧɢɢ ɩɨɧɢ- 
ɠɟɧɧɵɯ ɦɟɫɬ ɪɟɥɶɟɮɚ. ɋɩɨɫɨɛ ɩɨ ɫɟɤɭɳɟɣ ɢɫɩɨɥɶɡɭɸɬ ɜ ɭɫɥɨɜɢɹɯ ɯɨɥɦɢɫɬɨɝɨ ɢ 
ɫɢɥɶɧɨ ɩɟɪɟɫɟɱɟɧɧɨɝɨ ɪɟɥɶɟɮɚ. ɉɪɢ ɬɚɤɨɦ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɫɬɚɪɚɸɬɫɹ ɨɛɟɫɩɟ- 
ɱɢɬɶ ɛɚɥɚɧɫ ɡɟɦɥɢ ɭɱɚɫɬɤɨɜ ɧɚɫɵɩɟɣ ɢ ɜɵɟɦɨɤ, ɱɬɨɛɵ ɢɫɩɨɥɶɡɨɜɚɬɶ ɝɪɭɧɬ ɢɡ ɜɵ- 
ɟɦɨɤ ɞɥɹ ɭɫɬɪɨɣɫɬɜɚ ɧɚɫɵɩɟɣ ɜ ɩɨɧɢɠɟɧɧɵɯ ɦɟɫɬɚɯ. 

Ʉɥɚɫɫɢɱɟɫɤɢɣ ɦɟɬɨɞ ɢɥɢ ɦɟɬɨɞ ɬɚɧɝɟɧɫɨɜ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɨɫɬɪɨɟɧɢɢ ɥɨɦɚ- 
ɧɨɣ ɥɢɧɢɢ. Ɉɧɚ ɫɬɪɨɢɬɫɹ ɫ ɫɨɛɥɸɞɟɧɢɟɦ ɤɨɧɬɪɨɥɶɧɵɯ ɢ ɪɭɤɨɜɨɞɹɳɢɯ ɨɬɦɟɬɨɤ, 
ɚ ɡɚɬɟɦ ɜ ɦɟɫɬɚ ɟɟ ɩɟɪɟɥɨɦɨɜ ɜɩɢɫɵɜɚɸɬɫɹ ɜɟɪɬɢɤɚɥɶɧɵɟ ɤɪɢɜɵɟ. Ⱦɚɧɧɵɣ ɦɟɬɨɞ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɜ ɭɫɥɨɜɢɹɯ ɪɚɜɧɢɧɧɨɝɨ ɪɟɥɶɟɮɚ, ɩɪɢ ɡɚɬɹɠɧɵɯ 
ɩɨɞɴɟɦɚɯ ɢ ɫɩɭɫɤɚɯ ɞɨɪɨɝɢ. 

ɉɟɪɟɞ ɩɨɫɬɪɨɟɧɢɟɦ ɩɪɨɟɤɬɧɨɣ ɥɢɧɢɢ ɜ ɩɪɨɝɪɚɦɦɟ ɧɟɨɛɯɨɞɢɦɨ ɜɵɫɬɚɜɢɬɶ 
ɡɧɚɱɟɧɢɹ ɤɨɧɬɪɨɥɶɧɵɯ ɨɬɦɟɬɨɤ ɢɡ ɬɚɛɥɢɰɵ 8.2. Ⱦɚɥɟɟ ɫɬɪɨɢɬɫɹ ɥɨɦɚɧɵɣ ɯɨɞ ɢ 
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ɜɩɢɫɵɜɚɸɬɫɹ ɜɟɪɬɢɤɚɥɶɧɵɟ ɤɪɢɜɵɟ ɫ ɫɨɛɥɸɞɟɧɢɟɦ ɪɟɤɨɦɟɧɞɚɰɢɣ ɦɢɧɢɦɚɥɶɧɵɯ 
ɢ ɦɚɤɫɢɦɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɪɚɞɢɭɫɨɜ ɜɟɪɬɢɤɚɥɶɧɵɯ ɤɪɢɜɵɯ ɢ ɩɪɨɞɨɥɶɧɵɯ ɭɤɥɨ- 
ɧɨɜ. 

8.3 ɉɨɫɬɪɨɟɧɢɟ ɩɪɨɟɤɬɧɨɣ ɥɢɧɢɢ ɦɟɬɨɞɨɦ ɤɭɛɢɱɟɫɤɢɯ ɫɩɥɚɣɧɨɜ 
 

ɋɩɥɚɣɧɨɜɵɣ ɦɟɬɨɞ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɩɪɨɞɨɥɶɧɨɝɨ ɩɪɨɮɢɥɹ ɩɪɢɦɟɧɹɟɬɫɹ 
ɞɥɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɥɸɛɵɯ ɥɢɧɢɣ, ɨɛɪɚɡɭɸɳɢɯ ɬɪɚɫɫɭ (ɤɪɨɦɤɢ, ɛɪɨɜɤɢ, ɩɨ- 
ɞɨɲɜɵ ɨɬɤɨɫɚ, ɞɧɚ ɤɸɜɟɬɚ ɢ ɞɪɭɝɢɟ). ȿɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨ ɜ 
ɭɫɥɨɜɢɹɯ ɫɢɥɶɧɨ ɩɟɪɟɫɟɱɟɧɧɨɣ ɦɟɫɬɧɨɫɬɢ. ɋɭɬɶ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ 
ɬɨɦ, ɱɬɨ ɫɧɚɱɚɥɚ ɷɫɤɢɡɧɨ ɧɚɦɟɱɚɟɬɫɹ ɩɪɨɟɤɬɧɚɹ ɥɢɧɢɹ, ɚ ɡɚɬɟɦ ɚɩɩɪɨɤɫɢɦɢɪɭɟɬɫɹ 
ɜɟɪɬɢɤɚɥɶɧɵɦɢ ɤɪɢɜɵɦɢ ɫ ɩɨɦɨɳɶɸ ɲɚɛɥɨɧɨɜ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɨɟɤɬɧɚɹ ɥɢɧɢɹ 
ɦɨɠɟɬ ɫɨɫɬɨɹɬɶ ɢɡ ɮɪɚɝɦɟɧɬɨɜ ɜɟɪɬɢɤɚɥɶɧɵɯ ɤɪɢɜɵɯ ɢ ɩɪɹɦɨɥɢɧɟɣɧɵɯ ɭɱɚɫɬ- 
ɤɨɜ. ȼɟɥɢɱɢɧɭ ɪɚɞɢɭɫɨɜ ɤɪɢɜɵɯ ɢ ɩɪɨɞɨɥɶɧɵɯ ɭɤɥɨɧɨɜ ɩɨɞɛɢɪɚɸɬ ɬɚɤ, ɱɬɨɛɵ 
ɩɪɨɟɤɬɧɚɹ ɥɢɧɢɹ ɛɵɥɚ ɧɚɢɛɨɥɟɟ ɩɥɚɜɧɨɣ ɢ ɟɟ ɩɨɥɨɠɟɧɢɟ ɧɟ ɩɪɢɜɨɞɢɥɨ ɤ ɭɜɟɥɢ- 
ɱɟɧɢɸ ɨɛɴɟɦɨɜ ɡɟɦɥɹɧɵɯ ɪɚɛɨɬ. 

Ⱦɨɫɬɨɢɧɫɬɜɚɦɢ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɹɜɥɹɸɬɫɹ ɥɭɱɲɟɟ ɫɨɝɥɚɫɨɜɚɧɢɟ ɞɨɪɨɝɢ ɫ 
ɪɟɥɶɟɮɨɦ ɢ ɦɢɧɢɦɢɡɚɰɢɹ ɨɛɴɟɦɨɜ ɡɟɦɥɹɧɵɯ ɪɚɛɨɬ. Ɍɟɦ ɫɚɦɵɦ ɩɨɜɵɲɚɟɬɫɹ ɤɚ- 
ɱɟɫɬɜɨ ɩɪɨɟɤɬɚ ɚɜɬɨɦɨɛɢɥɶɧɨɣ ɞɨɪɨɝɢ. 

ȼ ɩɪɨɝɪɚɦɦɟ ɫɩɥɚɣɧ ɫɬɪɨɢɬɫɹ ɧɚ ɨɫɧɨɜɟ ɥɢɧɢɢ, ɩɨɫɬɪɨɟɧɧɨɣ ɤɥɚɫɫɢɱɟɫɤɢɦ 
ɦɟɬɨɞɨɦ. ɋ ɩɨɦɨɳɶɸ ɤɨɦɚɧɞɵ «Ɉɩɬɢɦɢɡɚɰɢɹ» ɢɳɟɬɫɹ ɧɚɢɛɨɥɟɟ ɛɥɚɝɨɩɪɢɹɬɧɵɣ 
ɜɚɪɢɚɧɬ ɩɪɨɟɤɬɧɨɣ ɥɢɧɢɢ. Ⱦɚɥɟɟ ɩɪɨɜɨɞɢɬɫɹ ɚɧɚɥɢɡ ɝɪɚɮɢɤɚ ɤɪɢɜɢɡɧɵ, ɩɨ ɤɨɬɨ- 
ɪɨɦɭ ɦɨɠɧɨ ɨɬɫɥɟɠɢɜɚɬɶ ɫɨɛɥɸɞɟɧɢɟ ɨɝɪɚɧɢɱɟɧɢɣ ɧɚ ɦɢɧɢɦɚɥɶɧɵɟ ɪɚɞɢɭɫɵ 
ɜɵɩɭɤɥɵɯ ɢ ɜɨɝɧɭɬɵɯ ɤɪɢɜɵɯ. 

 
8.4 ɋɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɜɚɪɢɚɧɬɨɜ ɩɪɨɟɤɬɧɨɣ ɥɢɧɢɢ 

 
Ɉɛɚ ɜɚɪɢɚɧɬɚ ɩɪɨɟɤɬɧɨɣ ɥɢɧɢɢ ɩɪɨɯɨɞɹɬ ɜ ɨɫɧɨɜɧɨɦ ɜ ɧɚɫɵɩɢ. 
ɉɪɨɟɤɬɧɚɹ ɥɢɧɢɹ, ɩɨɫɬɪɨɟɧɧɚɹ ɦɟɬɨɞɨɦ ɬɚɧɝɟɧɫɨɜ, ɢɦɟɟɬ ɱɟɬɵɪɟ ɜɵɩɭɤ- 

ɥɵɯ ɤɪɢɜɵɯ ɪɚɞɢɭɫɚɦɢ 7000, 20000, 25000, 30000 ɦ ɢ ɞɜɟ ɜɨɝɧɭɬɵɯ ɤɪɢɜɵɯ ɪɚɞɢ- 
ɭɫɚɦɢ 7000 ɢ 20000 ɦ. ɇɚɢɛɨɥɶɲɢɣ ɩɪɨɞɨɥɶɧɵɣ ɭɤɥɨɧ ɫɨɫɬɚɜɥɹɟɬ 47‰ 

ɑɬɨ ɤɚɫɚɟɬɫɹ ɩɪɨɟɤɬɧɨɣ ɥɢɧɢɢ, ɩɨɫɬɪɨɟɧɧɨɣ ɜɬɨɪɵɦ ɦɟɬɨɞɨɦ, ɬɨ ɭɱɟɛɧɚɹ 
ɜɟɪɫɢɹ ɩɪɨɝɪɚɦɦɵ IndorCAD/Road ɧɟ ɩɨɡɜɨɥɹɟɬ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɜɫɟɦɢ ɜɨɡɦɨɠ- 
ɧɨɫɬɹɦɢ ɩɨɥɧɨɣ ɜɟɪɫɢɢ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɥɢɧɢɢ ɩɪɨɞɨɥɶɧɨɝɨ ɩɪɨɮɢɥɹ ɦɟɬɨ- 
ɞɨɦ ɤɭɛɢɱɟɫɤɢɯ ɫɩɥɚɣɧɨɜ. ɉɪɨɝɪɚɦɦɚ ɩɨɫɬɪɨɢɥɚ ɦɧɨɝɨ ɫɩɪɹɦɥɟɧɧɵɯ ɭɱɚɫɬɤɨɜ, 
ɱɬɨ ɧɟ ɫɨɜɫɟɦ ɤɨɪɪɟɤɬɧɨ ɞɥɹ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ, ɢ ɜɫɟɝɨ ɞɜɟ ɜɵɩɭɤɥɵɯ ɤɪɢɜɵɯ ɪɚ- 
ɞɢɭɫɚɦɢ 18750 ɢ 21200 ɦ ɢ ɞɜɟ ɜɨɝɧɭɬɵɯ ɤɪɢɜɵɯ ɪɚɞɢɭɫɚɦɢ 17650 ɢ 6900 ɦ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɫɯɨɞɹ ɢɡ ɜɵɩɨɥɧɟɧɧɨɝɨ ɫɪɚɜɧɟɧɢɹ ɨɛɨɢɯ ɜɚɪɢɚɧɬɨɜ, ɩɪɟɞ- 
ɩɨɱɬɟɧɢɟ ɨɬɞɚɟɦ ɩɪɨɞɨɥɶɧɨɦɭ ɩɪɨɮɢɥɸ, ɩɨɫɬɪɨɟɧɧɨɦɭ ɦɟɬɨɞɨɦ ɬɚɧɝɟɧɫɨɜ. Ɉɧ 
ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɝɪɚɮɢɱɟɫɤɨɣ ɱɚɫɬɢ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ. 

 
8.5 ɉɨɫɬɪɨɟɧɢɟ ɝɪɭɧɬɨɜɨɝɨ ɪɚɡɪɟɡɚ ɩɨ ɬɪɚɫɫɟ 

 
Ƚɪɭɧɬɨɜɵɣ ɪɚɡɪɟɡ ɬɪɚɫɫɵ ɜɵɩɨɥɧɹɸɬ ɩɨ ɞɚɧɧɵɦ ɢɧɠɟɧɟɪɧɨ-ɝɟɨɥɨɝɢɱɟ- 

ɫɤɢɯ ɨɛɫɥɟɞɨɜɚɧɢɣ, ɨɫɭɳɟɫɬɜɥɹɟɦɵɯ ɩɭɬɟɦ ɭɫɬɪɨɣɫɬɜɚ ɫɤɜɚɠɢɧ ɢ ɲɭɪɮɨɜ. 
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ɒɭɪɮɵ – ɷɬɨ ɜɟɪɬɢɤɚɥɶɧɵɟ ɜɵɪɚɛɨɬɤɢ ɫɟɱɟɧɢɟɦ 1,2–2 ɦ, ɤɨɬɨɪɵɟ ɭɫɬɪɚɢ- 
ɜɚɸɬɫɹ ɧɚ ɪɚɜɧɢɧɧɵɯ ɭɱɚɫɬɤɚɯ ɬɪɚɫɫɵ. ɗɬɨ ɛɨɥɟɟ ɬɪɭɞɨɟɦɤɢɟ ɜɵɪɚɛɨɬɤɢ, ɱɟɦ 
ɫɤɜɚɠɢɧɵ, ɧɨ ɨɧɢ ɩɨɡɜɨɥɹɸɬ ɩɪɨɜɟɫɬɢ ɞɟɬɚɥɶɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɝɪɭɧɬɚ. 

ɋɤɜɚɠɢɧɵ ɭɫɬɪɚɢɜɚɸɬ: 
- ɜ ɪɚɣɨɧɟ ɜɵɟɦɨɤ; 
- ɩɨɞ ɢɫɤɭɫɫɬɜɟɧɧɵɦɢ ɫɨɨɪɭɠɟɧɢɹɦɢ; 
- ɩɨɞ ɜɵɫɨɤɢɦɢ ɧɚɫɵɩɹɦɢ; 
- ɧɚ ɩɟɪɟɤɪɟɫɬɤɚɯ; 
- ɜ ɧɚɱɚɥɟ ɢ ɤɨɧɰɟ ɬɪɚɫɫɵ. 
ɇɚ ɨɫɬɚɥɶɧɵɯ ɭɱɚɫɬɤɚɯ ɡɚɤɥɚɞɵɜɚɸɬ ɲɭɪɮɵ. ɇɚ 1 ɤɦ ɬɪɚɫɫɵ ɨɛɵɱɧɨ ɭɫɬɪɚ- 

ɢɜɚɟɬɫɹ ɧɟ ɛɨɥɟɟ ɬɪɟɯ ɝɟɨɥɨɝɢɱɟɫɤɢɯ ɜɵɪɚɛɨɬɨɤ. 
Ƚɥɭɛɢɧɚ ɫɤɜɚɠɢɧ ɜ ɜɵɟɦɤɚɯ ɞɨɥɠɧɚ ɞɚɬɶ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨ ɝɪɭɧɬɨɜɨɦ ɩɪɨ- 

ɮɢɥɟ ɧɟ ɦɟɧɟɟ ɱɟɦ ɧɚ ɝɥɭɛɢɧɭ ɩɪɨɦɟɪɡɚɧɢɹ ɢ ɬɨɥɳɢɧɵ ɞɨɪɨɠɧɨɣ ɨɞɟɠɞɵ ɧɢɠɟ 
ɛɪɨɜɤɢ ɡɟɦɥɹɧɨɝɨ ɩɨɥɨɬɧɚ. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 ℎ˔ˍ˅ = ℎ˒˓ˏˊ + ℎ˅, (8.1) 
 
ɝɞɟ ℎ˒˓ˏˊ – ɝɥɭɛɢɧɚ ɩɪɨɦɟɪɡɚɧɢɹ, ɦ; ℎ˅ – ɪɚɛɨɱɚɹ ɨɬɦɟɬɤɚ ɜɵɟɦɤɢ, ɦ. 

Ɋɚɫɫɱɢɬɚɟɦ ɝɥɭɛɢɧɭ ɫɤɜɚɠɢɧɵ ɜɵɟɦɤɢ, ɪɚɫɩɨɥɨɠɟɧɧɨɣ ɧɚ ɉɄ25. ȿɟ ɪɚɛɨ- 
ɱɚɹ ɨɬɦɟɬɤɚ 4,34 ɦ. Ƚɥɭɛɢɧɚ ɩɪɨɦɟɪɡɚɧɢɹ ɜ ɪɚɣɨɧɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɪɚɜɧɚ 2,2 ɦ. 
Ɍɨɝɞɚ ɝɥɭɛɢɧɚ ɫɤɜɚɠɢɧɵ ɧɚ ɷɬɨɦ ɩɢɤɟɬɟ ɛɭɞɟɬ ɫɨɫɬɚɜɥɹɬɶ: 

 ℎ˔ˍ˅ = 2,20 + 4,34 = 6,54 ˏ. 
Ɉɤɪɭɝɥɢɦ ɡɧɚɱɟɧɢɟ ɞɨ 7 ɦ. 
ɋɤɜɚɠɢɧɵ ɩɨɞ ɜɵɫɨɤɢɦɢ ɧɚɫɵɩɹɦɢ (ɜɵɫɨɬɨɣ ɛɨɥɟɟ 6 ɦ) ɩɪɢɧɹɬɨ ɡɚɤɥɚɞɵ- 

ɜɚɬɶ ɧɚ ɜɟɥɢɱɢɧɭ 3–4 ɦ. Ƚɥɭɛɢɧɚ ɫɤɜɚɠɢɧ ɭ ɬɪɭɛ ɫɨɫɬɚɜɥɹɟɬ 5–10 ɦ. ɒɭɪɮɵ 
ɢɦɟɸɬ ɝɥɭɛɢɧɭ 1,5–2 ɦ. 

ȼɵɪɚɛɨɬɤɢ ɨɬɨɛɪɚɠɟɧɵ ɧɚ ɩɪɨɞɨɥɶɧɨɦ ɩɪɨɮɢɥɟ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɞɨɪɨɝɢ. 
ȼɟɞɨɦɨɫɬɶ ɫɤɜɚɠɢɧ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɩɪɢɥɨɠɟɧɢɢ Ȼ. 

 
9 ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɧɟɠɟɫɬɤɢɯ ɞɨɪɨɠɧɵɯ ɨɞɟɠɞ 

 
9.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɱɟɬɧɨɣ ɨɫɟɜɨɣ ɧɚɝɪɭɡɤɢ 

 
Ɋɚɫɱɟɬ ɞɨɪɨɠɧɨɣ ɨɞɟɠɞɵ ɧɚ ɩɪɨɱɧɨɫɬɶ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɭɱɟɬɨɦ ɧɨɪɦɚ- 

ɬɢɜɧɨɣ ɨɫɟɜɨɣ ɧɚɝɪɭɡɤɢ, ɪɚɫɱɟɬɧɨɣ ɨɫɟɜɨɣ ɧɚɝɪɭɡɤɢ ɢ ɪɚɫɱɟɬɧɨɣ ɭɞɟɥɶɧɨɣ 
ɧɚɝɪɭɡɤɢ. 

ɇɨɪɦɚɬɢɜɧɚɹ ɨɫɟɜɚɹ ɧɚɝɪɭɡɤɚ – ɷɬɨ ɩɨɥɧɚɹ ɧɚɝɪɭɡɤɚ ɨɬ ɧɚɢɛɨɥɟɟ ɧɚɝɪɭɠɟɧ- 
ɧɨɣ ɨɫɢ ɭɫɥɨɜɧɨɝɨ ɞɜɭɯɨɫɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ. Ɂɧɚɱɟɧɢɟ ɧɨɪɦɚɬɢɜɧɨɣ ɧɚɝɪɭɡɤɢ ɩɪɢ- 
ɧɢɦɚɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɚɩɢɬɚɥɶɧɨɫɬɢ ɩɨɤɪɵɬɢɹ. Ɍɚɤ ɤɚɤ ɚɜɬɨɦɨɛɢɥɶɧɚɹ ɞɨ- 
ɪɨɝɚ ɨɬɧɨɫɢɬɫɹ ɤ IV ɤɚɬɟɝɨɪɢɢ, ɬɨ ɩɪɢɧɢɦɚɟɬɫɹ ɨɛɥɟɝɱɟɧɧɵɣ ɬɢɩ ɩɨɤɪɵɬɢɹ. ɇɨɪ- 
ɦɚɬɢɜɧɚɹ ɨɫɟɜɚɹ ɧɚɝɪɭɡɤɚ ɫɨɫɬɚɜɥɹɟɬ 100 ɤɇ. 
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݉=1 

Ɋɚɫɱɟɬɧɚɹ ɨɫɟɜɚɹ ɧɚɝɪɭɡɤɚ – ɷɬɨ ɦɚɤɫɢɦɚɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɧɚɢɛɨɥɟɟ ɧɚɝɪɭ- 
ɠɟɧɧɭɸ ɨɫɶ ɞɥɹ ɞɜɭɯɨɫɧɵɯ ɚɜɬɨɦɨɛɢɥɟɣ ɢɥɢ ɧɚ ɩɪɢɜɟɞɟɧɧɭɸ ɨɫɶ ɞɥɹ ɦɧɨɝɨɨɫ- 
ɧɵɯ. Ⱦɨɥɹ ɬɚɤɢɯ ɚɜɬɨɦɨɛɢɥɟɣ ɜ ɫɨɫɬɚɜɟ ɢ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɞɜɢɠɟɧɢɹ ɞɨɥɠɧɚ ɫɨ- 
ɫɬɚɜɥɹɬɶ ɧɟ ɦɟɧɟɟ 5 %. ȿɫɥɢ ɞɚɧɧɚɹ ɧɚɝɪɭɡɤɚ ɦɟɧɶɲɟ ɧɨɪɦɚɬɢɜɧɨɣ, ɬɨ ɡɚ ɪɚɫɱɟɬ- 
ɧɭɸ ɩɪɢɧɢɦɚɸɬ ɩɟɪɜɭɸ. 

Ɉɩɪɟɞɟɥɹɟɦ ɪɚɫɱɟɬɧɭɸ ɨɫɟɜɭɸ ɧɚɝɪɭɡɤɭ. ɋɧɚɱɚɥɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɟɪɫɩɟɤ- 
ɬɢɜɧɚɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɞɜɢɠɟɧɢɹ ɧɚ ɤɨɧɟɰ ɦɟɠɪɟɦɨɧɬɧɨɝɨ ɩɟɪɢɨɞɚ. Ɋɚɧɟɟ ɦɵ ɭɠɟ 
ɨɩɪɟɞɟɥɢɥɢ ɷɬɨ ɡɧɚɱɟɧɢɟ ɩɨ ɮɨɪɦɭɥɟ (2.1). Ɉɧɨ ɪɚɜɧɨ 1200 ɚɜɬ./ɫɭɬ. 

Ⱦɚɥɟɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɢɜɟɞɟɧɧɚɹ ɤ ɪɚɫɱɟɬɧɨɦɭ ɞɜɭɯɨɫɧɨɦɭ ɚɜɬɨɦɨɛɢɥɸ 
ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɞɜɢɠɟɧɢɹ ɫ ɩɨɦɨɳɶɸ ɫɩɟɰɢɚɥɶɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɨ ɮɨɪɦɭɥɟ: 

 ܰ˓ = ݂˒ˑˎ ⋅ ∑݊ ܰ݉ ⋅ ܵ݉ ˔˖ˏ, (9.1) 
 

ɝɞɟ ݂˒ˑˎ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɱɢɫɥɨ ɩɨɥɨɫ ɞɜɢɠɟɧɢɹ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɟ 
ɞɜɢɠɟɧɢɹ ɩɨ ɧɢɦ; ݊ – ɨɛɳɟɟ ɱɢɫɥɨ ɪɚɡɥɢɱɧɵɯ ɦɚɪɨɤ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ ɜ ɫɨɫɬɚɜɟ ɬɪɚɧɫɩɨɪɬ- 
ɧɨɝɨ ɩɨɬɨɤɚ; ܵ݉ ˔˖ˏ – ɫɭɦɦɚɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢɜɟɞɟɧɢɹ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɞɨɪɨɠɧɭɸ 
ɨɞɟɠɞɭ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɬɫɜ ݉-ɣ ɦɚɪɤɢ; ܰ݉ – ɱɢɫɥɨ ɩɪɨɟɡɞɨɜ ɜ ɫɭɬɤɢ ɜ ɨɛɨɢɯ ɧɚɩɪɚɜɥɟɧɢɹɯ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɣɫɬɜ ݉-ɣ ɦɚɪɤɢ. 

 
Ɋɚɫɱɟɬ ɜɟɞɟɦ ɜ ɬɚɛɥɢɰɟ 9.1. 

 
Ɍɚɛɥɢɰɚ 9.1 – Ɋɚɫɱɟɬ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɞɜɢɠɟɧɢɹ 

m ȼɢɞ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ 
% ɜ ɩɨ- 

ɬɨɤɟ 
ܰ , ˃˅˕. ݉   ˔˖˕ 

ܵ݉ ˔˖ˏ 
ܰ ∙ ܵ , ˆ˓˖ˊ.ˈˇ. ݉ ݉ ˔˖ˏ ˔˖˕ 

1 Ʌɟɝɤɨɜɵɟ 59 708 0 0 
2 Ƚɪɭɡɨɜɵɟ ɫ ɧɚɝɪɭɡɤɨɣ ɧɚ ɨɫɶ: ɞɨ 2 ɬ 12 144 0,005 0,72 
3 - ɨɬ 2 ɞɨ 6 ɬ 7 84 0,2 16,8 
4 - ɨɬ 6 ɞɨ 8 ɬ 11 132 0,7 92,4 
5 - ɨɬ 8 ɞɨ 14 ɬ 5 60 1,25 75 

6 
Ⱥɜɬɨɩɨɟɡɞɚ: ɞɨ 12 ɬ 
- ɨɬ 12 ɞɨ 20 ɬ 

4 48 1,5 72 

7 Ⱥɜɬɨɛɭɫɵ ɛɨɥɶɲɨɣ ɜɦɟɫɬɢɦɨɫɬɢ 2 24 0,7 16,8 
ɂɬɨɝɨ: 100 1200 - 273,72 

 
Ɂɧɚɱɟɧɢɟ ݂˒ˑˎ ɞɥɹ ɞɜɭɯɩɨɥɨɫɧɨɣ ɞɨɪɨɝɢ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 0,55. ɉɨɞ- 

ɫɬɚɜɥɹɟɦ ɢɡɜɟɫɬɧɵɟ ɡɧɚɱɟɧɢɹ ɜ ɮɨɪɦɭɥɭ: 
 ܰ˓ = 0,55 ⋅ 273,72 = 150,546 

ˆ˓˖ˊ.ˈˇ.
. ˔˖˕ 

 

Ⱦɚɥɟɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɭɦɦɚɪɧɨɟ ɪɚɫɱɟɬɧɨɟ ɱɢɫɥɨ ɩɪɢɥɨɠɟɧɢɣ ɪɚɫɱɟɬɧɨɣ 
ɧɚɝɪɭɡɤɢ ɤ ɬɨɱɤɟ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɢ ɡɚ ɫɪɨɤ ɫɥɭɠɛɵ ɩɨ ɮɨɪɦɭɥɟ: 
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= 
 1− ݍ

 ݊ ˆˇ˓ (1−ˎ˔ܶ)ݍ ˓ ˓ Ͳ,͹ ⋅ ܰ ⋅ ⋅ ܶ ⋅ ݇ , (9.2) = ܰ∑  ˔ܭ  

 

ɝɞɟ ݍ – ɩɨɤɚɡɚɬɟɥɶ ɢɡɦɟɧɟɧɢɹ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɞɜɢɠɟɧɢɹ ɞɚɧɧɨɝɨ ɬɢɩɚ ɚɜɬɨɦɨɛɢɥɹ 
ɩɨ ɝɨɞɚɦ; ܶ˔ˎ – ɪɚɫɱɟɬɧɵɣ ɫɪɨɤ ɫɥɭɠɛɵ; ܭ˔ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɭɦɦɢɪɨɜɚɧɢɹ; ܶ˓ˇˆ – ɪɚɫɱɟɬɧɨɟ ɱɢɫɥɨ ɪɚɫɱɟɬɧɵɯ ɞɧɟɣ ɜ ɝɨɞɭ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɨɩɪɟɞɟɥɟɧ- 
ɧɨɦɭ ɫɨɫɬɨɹɧɢɸ ɞɟɮɨɪɦɢɪɭɟɦɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɢ; ݇݊ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɟɪɨɹɬɧɨɫɬɶ ɨɬɤɥɨɧɟɧɢɹ ɫɭɦɦɚɪɧɨɝɨ ɞɜɢ- 
ɠɟɧɢɹ ɨɬ ɫɪɟɞɧɟɝɨ ɨɠɢɞɚɟɦɨɝɨ. 

 
ɉɨɤɚɡɚɬɟɥɶ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɞɜɢɠɟɧɢɹ ɞɚɧɧɨɝɨ ɬɢɩɚ ɚɜɬɨɦɨɛɢɥɹ ɩɨ ɝɨɞɚɦ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 + 1) = ݍ 

ܲ 
), (9.3) 

100 

 

ɝɞɟ ܲ – ɟɠɟɝɨɞɧɵɣ ɩɪɢɪɨɫɬ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɞɜɢɠɟɧɢɹ, %. 
 + 1) = ݍ 

3,7 
) = 1,037. 

100 

 

Ɋɚɫɱɟɬɧɵɣ ɫɪɨɤ ɫɥɭɠɛɵ ܶ˔ˎ ɡɚɞɚɟɬɫɹ ɩɨ ɤɚɬɟɝɨɪɢɢ ɚɜɬɨɦɨɛɢɥɶɧɨɣ ɞɨɪɨɝɢ, 
ɬɢɩɭ ɞɨɪɨɠɧɨɣ ɨɞɟɠɞɵ ɢ ɞɨɪɨɠɧɨ-ɤɥɢɦɚɬɢɱɟɫɤɨɣ ɡɨɧɟ. Ⱦɥɹ IV ɤɚɬɟɝɨɪɢɢ ɞɨ- 
ɪɨɝɢ ɨɛɥɟɝɱɟɧɧɨɝɨ ɬɢɩɚ ɩɨɤɪɵɬɢɹ ɢ III ɞɨɪɨɠɧɨ-ɤɥɢɦɚɬɢɱɟɫɤɨɣ ɡɨɧɵ ɪɚɫɱɟɬɧɵɣ 
ɫɪɨɤ ɫɥɭɠɛɵ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ ɨɬ 9 ɞɨ 11 ɥɟɬ. ɂɫɩɨɥɶɡɭɟɦ ɜ ɪɚɫɱɟɬɟ 10 ɥɟɬ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɫɭɦɦɢɪɨɜɚɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 ˔ܭ 

 ˔ܭ 

ܶ˔ˎ 

 1−ݍ (9.4) .

 

= 
1,03710−ͳ 

= 11,84. ͳ,Ͳ͵͹−ͳ 
 

Ɋɚɫɱɟɬɧɨɟ ɱɢɫɥɨ ɞɧɟɣ ɜ ɝɨɞɭ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɪɟɝɢɨɧɚɥɶɧɵɦ ɧɨɪɦɚɦ. Ɋɚɣɨɧ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɪɚɫɩɨɥɨɠɟɧ ɜ ȼɨɫɬɨɱɧɨɣ ɋɢɛɢɪɢ. Ⱦɥɹ ɧɟɟ ɡɧɚɱɟɧɢɟ ܶ˓ˇˆ ɩɪɢɧɢ- 
ɦɚɟɬɫɹ ɪɚɜɧɵɦ 130 ɞɧɟɣ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ݇݊ ɨɩɪɟɞɟɥɹɟɬɫɹ ɞɥɹ ɨɛɥɟɝɱɟɧɧɨɝɨ ɬɢɩɚ ɩɨɤɪɵɬɢɹ ɢ ɞɨɪɨɝɢ 
IV ɤɚɬɟɝɨɪɢɢ ɩɪɢɧɢɦɚɟɬ ɡɧɚɱɟɧɢɟ 1,26. 

 ∑ܰ  ˓ = 0,7 ⋅ 150,546 ⋅ 11,84
 

1,037(ͳͲ−ͳ) 
⋅ 130 ⋅ 1,26 = 147375 ˆ˓˖ˊ. ̍ ˇ. 

 

ɍɞɟɥɶɧɚɹ ɨɫɟɜɚɹ ɧɚɝɪɭɡɤɚ – ɷɬɨ ɧɚɝɪɭɡɤɚ ɧɚ ɞɨɪɨɠɧɭɸ ɨɞɟɠɞɭ ɨɬ ɤɨɥɟɫɚ 
ɪɚɫɱɟɬɧɨɝɨ ɞɜɭɯɨɫɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ. Ɉɧɚ ɦɨɞɟɥɢɪɭɟɬɫɹ ɜ ɜɢɞɟ ɝɢɛɤɨɝɨ ɤɪɭɝɨɜɨɝɨ 
ɲɬɚɦɩɚ ɞɢɚɦɟɬɪɨɦ D, ɤɨɬɨɪɵɣ ɩɟɪɟɞɚɟɬ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɭɸ ɧɚɝɪɭɡɤɭ p 
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ɧɚ ɩɨɤɪɵɬɢɟ ɞɨɪɨɠɧɨɣ ɨɞɟɠɞɵ. ɉɥɨɳɚɞɶ ɤɪɭɝ ɪɚɜɧɚ ɩɥɨɳɚɞɢ ɨɬɩɟɱɚɬɤɚ ɤɨɥɟɫɚ. 
Ⱦɢɚɦɟɬɪ ɤɪɭɝɚ ɫɨɫɬɚɜɥɹɟɬ 39 ɫɦ ɞɥɹ ɩɨɞɜɢɠɧɨɣ ɧɚɝɪɭɡɤɢ. ȼɟɥɢɱɢɧɚ p ɩɪɢɧɢɦɚ- 
ɟɬɫɹ ɪɚɜɧɨɣ ɞɚɜɥɟɧɢɸ ɜɨɡɞɭɯɚ ɜ ɲɢɧɚɯ. Ⱦɥɹ ɩɨɤɪɵɬɢɹ ɨɛɥɟɝɱɟɧɧɨɝɨ ɬɢɩɚ ɨɧɨ 
ɫɨɫɬɚɜɥɹɟɬ 0,6 Ɇɉɚ. 

 
9.2 ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɚɬɟɪɢɚɥɨɜ ɫɥɨɟɜ ɞɨɪɨɠɧɨɣ ɨɞɟɠɞɵ 

 
Ⱦɥɹ ɪɚɫɱɟɬɚ ɞɨɪɨɠɧɨɣ ɨɞɟɠɞɵ ɩɨ ɤɪɢɬɟɪɢɹɦ ɩɪɨɱɧɨɫɬɢ ɧɟɨɛɯɨɞɢɦɨ ɧɚɡɧɚ- 

ɱɢɬɶ ɦɨɞɭɥɢ ɭɩɪɭɝɨɫɬɢ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɫɥɨɟɜ ɢ ɝɪɭɧɬɚ ɩɨɞɫɬɢɥɚɸɳɟɝɨ ɫɥɨɹ. 
ɇɚɡɧɚɱɚɟɦ ɩɪɟɞɜɚɪɢɬɟɥɶɧɭɸ ɤɨɧɫɬɪɭɤɰɢɸ ɞɨɪɨɠɧɨɣ ɨɞɟɠɞɵ, ɢɫɩɨɥɶɡɭɹ ɈȾɇ 
218.046-01 [6]. Ɋɚɫɱɟɬ ɜɟɞɟɬɫɹ ɜ ɩɪɨɝɪɚɦɦɟ IndorPavement, ɚ ɬɚɤɠɟ ɩɪɨɫɱɢɬɵɜɚ- 
ɟɬɫɹ ɜɪɭɱɧɭɸ. ȼ ɬɚɛɥɢɰɟ 9.2 ɩɪɢɜɟɞɟɧɚ ɧɚɡɧɚɱɟɧɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɞɨɪɨɠɧɨɣ 
ɨɞɟɠɞɵ. 

 
Ɍɚɛɥɢɰɚ 9.2 Ʉɨɧɫɬɪɭɤɰɢɹ ɞɨɪɨɠɧɨɣ ɨɞɟɠɞɵ ɨɛɥɟɝɱɟɧɧɨɝɨ ɬɢɩɚ 
 
 
№ 

 
 

Ɇɚɬɟɪɢɚɥ ɫɥɨɹ 

 
h, 
ɫɦ 

 
γ, 

ɤɝ/ɫɦ3 

ɉɨ 
ɭɩɪɭɝ. 
ɩɪɨ- 

ɝɢɛɭ, Е, 
Ɇɉɚ 

ɉɨ ɭɫɥɨ- 
ɜɢɸ 

ɫɞɜɢɝɨ- 
ɭɫɬ., Е, 
Ɇɉɚ 

Ɋɚɫɱɟɬ ɧɚ ɪɚɫɬɹɠɟɧɢɟ 
ɩɪɢ ɢɡɝɢɛɟ 

Е, 
Ɇɉɚ 

R0, 
Ɇɉɚ 

 
α 

 
m 

 
1 

Ⱥɫɮɚɥɶɬɨɛɟɬɨɧ ɩɨɪɢ- 
ɫɬɵɣ II ɦɚɪɤɢ, ȻɇȾ 
60/90 

 
12 

 
0,0023 

 
2000 

 
840 

 
2800 

 
8 

 
7,1 

 
4,3 

 
2 

ɓɟɛɟɧɶ ɮɪɚɤɰ. ɥɟɝɤɨ- 
ɭɩɥɨɬ. ɫ ɡɚɤɥɢɧɤɨɣ ɰɟ- 
ɦɟɧɬɨɩɟɫɱɚɧɨɣ ɫɦɟ- 
ɫɶɸ Ɇ75 

 
14 

 
0,002 

 
700 

 
700 

 
700 

 
- 

 
- 

 
- 

3 
ɓɟɛɟɧɨɱɧɚɹ ɫɦɟɫɶ ɋ3 
– 120 ɦɦ 32 0,002 280 280 280 - - - 

 
 
 

4 

ɉɟɫɨɤ ɫɪɟɞɧɟɣ ɤɪɭɩ- 
ɧɨɫɬɢ ɫ ɫɨɞɟɪɠɚɧɢɟɦ 
ɝɥɢɧɢɫɬɨɣ ɮɪɚɤɰɢɢ 
5% 
ɉɪɢ ɞɢɧɚɦ. ɜɨɡɞ.: ܿܰ = 0,003; φ = 28°; 
ɉɪɢ ɫɬɚɬɢɱ. ɜɨɡɞ.: 
φɫɬ = 33°. 

 
 
 
40 

 
 
 

0,002 

 
 
 

120 

 
 
 

120 

 
 
 

120 

 
 
 

- 

 
 
 

- 

 
 
 

- 

 
 

 
5 

ɋɭɝɥɢɧɨɤ ɥɟɝɤɢɣ ɩɵ- 
ɥɟɜɚɬɵɣ 
Ɋɚɫɱɟɬɧɚɹ ɜɥɚɠɧɨɫɬɶ: ܹ˓ = 0,69ܹܶ; 

ɉɪɢ ɞɢɧɚɦ. ɜɨɡɞ.: ܿܰ =0,007; φ=6,5°; 
ɉɪɢ ɫɬɚɬɢɱ. ɜɨɡɞ.: 
φɫɬ = 18°. 

 
 

 
- 

  
 

 
48 

 
 

 
48 

 
 

 
48 

 
 

 
- 

 
 

 
- 

 
 

 
- 

 
Ɍɚɤ ɤɚɤ ɝɪɭɧɬɨɦ ɩɨɞɫɬɢɥɚɸɳɟɝɨ ɫɥɨɹ ɹɜɥɹɟɬɫɹ ɫɭɝɥɢɧɨɤ ɥɟɝɤɢɣ ɩɵɥɟɜɚɬɵɣ 

ɢ ɫɭɦɦɚɪɧɚɹ ɬɨɥɳɢɧɚ ɫɥɨɟɜ ɫɨɫɬɚɜɥɹɟɬ 0,95 ɦ, ɱɬɨ ɩɪɟɜɵɲɚɟɬ ɡɧɚɱɟɧɢɟ 0,75 ɦ ɩɨ 
ɭɫɥɨɜɢɸ, ɬɨ ɪɚɫɱɟɬɧɚɹ ɜɥɚɠɧɨɫɬɶ ɝɪɭɧɬɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
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˒˓ 

ܹ˓  (9.5) ,3∆ − (ݐ ∙ 0,1 + 1) ∙ (2∆ −  1∆ +  ˄̅˃̞ܹ) =  

ɝɞɟ ܹ ̅˕˃˄ – ɫɪɟɞɧɟɟ ɦɧɨɝɨɥɟɬɧɟɦɟɪɡɥɨɟ ɡɧɚɱɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɜɥɚɠɧɨɫɬɢ, ɨɩɪɟ- 
ɞɟɥɹɟɦɨɟ ɩɨ [6]; ∆1 – ɩɨɩɪɚɜɤɚ ɧɚ ɨɫɨɛɟɧɧɨɫɬɢ ɪɟɥɶɟɮɚ ɬɟɪɪɢɬɨɪɢɢ; ∆2 – ɩɨɩɪɚɜɤɚ ɧɚ ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɩɪɨɟɡɠɟɣ ɱɚɫɬɢ ɢ ɨɛɨɱɢɧ; ∆3 – ɩɨɩɪɚɜɤɚ ɧɚ ɜɥɢɹɧɢɟ ɫɭɦɦɚɪɧɨɣ ɬɨɥɳɢɧɵ ɫɬɚɛɢɥɶɧɵɯ ɫɥɨɟɜ ɞɨɪɨɠɧɨɣ 
ɨɞɟɠɞɵ; ݐ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɨɪɦɢɪɨɜɚɧɧɨɝɨ ɨɬɤɥɨɧɟɧɢɹ. 

 ܹ˓ = (0,63 + 0 − 0,02) ∙ (1 + 0,1 ∙ 1,32) − 0 = 0,69. 

 

Ʉɪɚɬɤɢɣ ɨɬɱɟɬ ɨ ɪɚɫɱɟɬɟ ɞɨɪɨɠɧɵɯ ɨɞɟɠɞ ɩɪɢɜɟɞɟɧ ɜ ɩɪɢɥɨɠɟɧɢɢ ȼ ɢ Ƚ. 
 

9.3 Ɋɚɫɱɟɬ ɧɚ ɩɪɨɱɧɨɫɬɶ ɩɨ ɤɪɢɬɟɪɢɸ ɭɩɪɭɝɨɝɨ ɩɪɨɝɢɛɚ 
 

Ʉɨɧɫɬɪɭɤɰɢɹ ɞɨɪɨɠɧɨɣ ɨɞɟɠɞɵ ɛɭɞɟɬ ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɬɪɟɛɨɜɚɧɢɹɦ ɩɪɨɱɧɨ- 
ɫɬɢ ɢ ɧɚɞɟɠɧɨɫɬɢ ɩɨ ɜɟɥɢɱɢɧɟ ɭɩɪɭɝɨɝɨ ɩɪɨɝɢɛɚ ɩɪɢ ɭɫɥɨɜɢɢ: 

 𝑖݊݉.˓˕ܧ (9.6) ,˓˕ܭ ˑ˄щ   ൒ܧ   
˒˓

 

 

ɝɞɟ ܧˑ˄щ – ɨɛɳɢɣ ɪɚɫɱɟɬɧɵɣ ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɢ, Ɇɉɚ; ܧ˕˓.݉𝑖݊ – ɦɢɧɢɦɚɥɶɧɵɣ ɬɪɟɛɭɟɦɵɣ ɨɛɳɢɣ ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ, Ɇɉɚ; ܭ˕˓ – ɬɪɟɛɭɟɦɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɱɧɨɫɬɢ ɞɨɪɨɠɧɨɣ ɨɞɟɠɞɵ ɩɨ ɤɪɢɬɟɪɢɸ 
ɭɩɪɭɝɨɝɨ ɩɪɨɝɢɛɚ, ɩɪɢɧɢɦɚɟɦɵɣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɪɟɛɭɟɦɨɝɨ ɭɪɨɜɧɹ ɧɚɞɟɠɧɨ- 
ɫɬɢ; ɞɥɹ IV ɤɚɬɟɝɨɪɢɢ ɞɨɪɨɝɢ ɫ ɨɛɥɟɝɱɟɧɧɵɦ ɬɢɩɨɦ ɩɨɤɪɵɬɢɹ ɪɚɜɟɧ 1,1. 

 
ȼɟɥɢɱɢɧɚ ɦɢɧɢɦɚɥɶɧɨɝɨ ɬɪɟɛɭɟɦɨɝɨ ɦɨɞɭɥɹ ɭɩɪɭɝɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɢ 

ɧɚɡɧɚɱɚɸɬ ɩɨ ɩɪɚɜɢɥɭ: 
 (9.7) ,(𝑖݊݉ܧ ;ˎ˄˃˕ܧ)𝑖݊ = ݉ܽ𝑥݉.˓˕ܧ 
 

ɝɞɟ ݉ܧ𝑖݊ – ɜɵɱɢɫɥɹɸɬ ɩɨ ɷɦɩɢɪɢɱɟɫɤɨɣ ɮɨɪɦɭɥɟ; ܧ˕˃˄ˎ – ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ, ɧɚɡɧɚɱɚɟɦɵɣ ɩɨ [6]. 

Ɉɩɪɟɞɟɥɹɟɬɫɹ ݉ܧ𝑖݊ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ ɞɨɪɨɠɧɨɣ ɨɞɟɠɞɵ ɢ ɤɚɬɟɝɨɪɢɢ 
ɞɨɪɨɝɢ. Ⱦɥɹ ɨɛɥɟɝɱɟɧɧɵɯ ɞɨɪɨɠɧɵɯ ɨɞɟɠɞ ɢ IV ɤɚɬɟɝɨɪɢɢ ɞɨɪɨɝɢ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɩɨ ɮɨɪɦɭɥɟ: 

ܰ ∑)݈݃) ∙ 𝑖݊ = 98,65݉ܧ  ˓) − ܿ), (9.8) 
 
ɝɞɟ ܿ – ɷɦɩɢɪɢɱɟɫɤɢɣ ɩɚɪɚɦɟɬɪ, ɩɪɢɧɢɦɚɟɦɵɣ ɩɨ [6]. 
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ː 

ː 

ː 

 .˃𝑖݊ = 98,65 ∙ (݈݃147375 − 3,55) = 160 ʛʞ݉ܧ

Ɉɩɪɟɞɟɥɹɟɦ ɦɢɧɢɦɚɥɶɧɵɣ ɬɪɟɛɭɟɦɵɣ ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɩɨ (9.7): 
 .˃𝑖݊ = ݉ܽ𝑥(150; 160) = 160 ʛʞ݉.˓˕ܧ 
 

Ɋɚɫɱɟɬ ɩɨ ɞɨɩɭɫɤɚɟɦɨɦɭ ɩɪɨɝɢɛɭ ɜɟɞɟɬɫɹ ɩɨɫɥɨɣɧɨ, ɧɚɱɢɧɚɹ ɫ ɩɨɞɫɬɢɥɚɸ- 
ɳɟɝɨ ɝɪɭɧɬɚ ɩɨ ɧɨɦɨɝɪɚɦɦɟ ɢɡ [6]. 

Ɉɩɪɟɞɟɥɹɟɦ ɨɬɧɨɲɟɧɢɟ ɦɨɞɭɥɟɣ ɭɩɪɭɝɨɫɬɢ ɩɨɞɫɬɢɥɚɸɳɟɝɨ ɫɥɨɹ ɤ ɞɨɩɨɥ- 
ɧɢɬɟɥɶɧɨɦɭ ɫɥɨɸ ɨɫɧɨɜɚɧɢɹ: 

= ːܧ 
   ˎˆ˖˔ܧ 

= 
 ˑˍ 120˔ˈ˒ܧ ˅ܧ .0,40 = 48

 

Ⱦɢɚɦɟɬɪ ɫɥɟɞɚ ɤɨɥɟɫɚ ɪɚɜɟɧ 39 ɫɦ. Ɍɨɝɞɚ ɨɬɧɨɲɟɧɢɟ ℎ˅ = 
ℎ˒ˈ˔ˑˍ 

= 
40 

 ˍˑ˔ˈ˒ܧ .1,03 =
 39 ܦ ܦ

ɉɨ ɧɨɦɨɝɪɚɦɦɟ ˑ˄щ = 0,70, ɬɨɝɞɚ ܧ˒ˈ˔ˑˍ = 120 ∙ 0,70 = 84 ʛʞ˃. ܧ˒ˈ˔ˑˍ ˑ˄щ 

Ⱦɚɥɟɟ ɨɩɪɟɞɟɥɹɟɦ ɨɬɧɨɲɟɧɢɟ ɦɨɞɭɥɟɣ ɭɩɪɭɝɨɫɬɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɫɥɨɹ 
ɨɫɧɨɜɚɧɢɹ ɤ ɧɢɠɧɟɦɭ ɫɥɨɸ ɨɫɧɨɜɚɧɢɹ: 

 ˍˑ˔ˈ˒ܧ ܧ 
84

 
   ː =   ˑ˄щ      = = 0,30. ܧ ˅ܧщ˔ 280 

Ɉɬɧɨɲɟɧɢɟ ℎ˅ = 
ℎщ˔ 

= 
32 

 щ˔ ˑ˄щܧ .˃ʛʞ 159,60 = 0,57 ∙ 280 = ܧ щ˔ щ˔ ɉɨ ɧɨɦɨɝɪɚɦɦɟ ˑ˄щ = 0,57, ɬɨɝɞɚܧ 39 ܦ ܦ .0,82 =

Ɉɩɪɟɞɟɥɹɟɦ ɨɬɧɨɲɟɧɢɟ ɦɨɞɭɥɟɣ ɭɩɪɭɝɨɫɬɢ ɧɢɠɧɟɝɨ ɫɥɨɹ ɨɫɧɨɜɚɧɢɹ ɤ 
ɜɟɪɯɧɟɦɭ: 

 щ˔ 159,60ܧ ܧ
   ː =    ˑ˄щ   = = 0,23. ܧ ˅ܧщ.˗˓. 700 

Ɉɬɧɨɲɟɧɢɟ ℎ˅ = 
ℎщ.˗˓. 

= 
14 

 щ.˗˓ ˑ˄щܧ .˃ʛʞ 210 = 0,30 ∙ 700 = ܧ щ.˗˓. щ.˗˓. ɉɨ ɧɨɦɨɝɪɚɦɦɟ ˑ˄щ = 0,30, ɬɨɝɞɚܧ 39 ܦ ܦ .0,36 =

ɉɟɪɟɯɨɞɢɦ ɤ ɨɩɪɟɞɟɥɟɧɢɸ ɨɬɧɨɲɟɧɢɣ ɦɨɞɭɥɟɣ ɭɩɪɭɝɨɫɬɢ ɫɥɨɹ ɩɨɤɪɵɬɢɹ 
ɤ ɜɟɪɯɧɟɦɭ ɫɥɨɸ ɨɫɧɨɜɚɧɢɹ: ܧ ܧщ.˗˓. 210 

   ː =   ˑ˄щ     = = 0,105. 2000 ˄/˃ܧ ˅ܧ 
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ː 

˒˓ 

˒˓ 

Ɉɬɧɨɲɟɧɢɟ ℎ˅ = 
ℎ˃/˄ 

= 
12 

 39 ܦ ܦ .0,31 =

 ˄/˃ܧ 

 

 ˃/˄ ɉɨ ɧɨɦɨɝɪɚɦɦɟ ˑ˄щ = 0,18, ɬɨɝɞɚ 2000 = ܧ ∙ Ͳ,ͳͺ = 360 ʛʞ˃. ܧ˃/˄ ˑ˄щ 

 

Ɉɩɪɟɞɟɥɹɟɦ ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɱɧɨɫɬɢ ɩɨ ɭɩɪɭɝɨɦɭ ɩɪɨɝɢɛɭ: 
 

 𝑖݊݉ ˓˕ܧ =  щˏ˃ ˑ˄щܧ   

360 
 

 

160 

 

= 2,25. 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɩɨɥɭɱɚɟɦ 2,25 ൒ 1,1. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɞɚɧɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ 
ɞɨɪɨɠɧɨɣ ɨɞɟɠɞɵ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɸ ɩɪɨɱɧɨɫɬɢ ɩɨ ɤɪɢɬɟɪɢɸ ɭɩɪɭɝɨɝɨ ɩɪɨ- 
ɝɢɛɚ. 

 
9.4 Ɋɚɫɱɟɬ ɧɚ ɩɪɨɱɧɨɫɬɶ ɩɨ ɤɪɢɬɟɪɢɸ ɫɞɜɢɝɚ ɜ ɦɚɥɨɫɜɹɡɧɵɯ ɝɪɭɧɬɚɯ 

 
Ʉ ɫɥɨɹɦ ɞɨɪɨɠɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɫ ɩɨɧɢɠɟɧɧɨɣ ɫɨɩɪɨɬɢɜɥɹɟɦɨɫɬɶɸ ɫɞɜɢɝɭ 

ɨɬɧɨɫɹɬɫɹ ɦɚɥɨɫɜɹɡɧɵɟ (ɩɟɫɱɚɧɵɟ, ɝɪɚɜɢɣɧɵɟ) ɫɥɨɢ ɞɨɪɨɠɧɨɣ ɨɞɟɠɞɵ ɢ ɩɨɞɫɬɢ- 
ɥɚɸɳɢɣ ɝɪɭɧɬ ɡɟɦɥɹɧɨɝɨ ɩɨɥɨɬɧɚ. ɇɟɨɛɯɨɞɢɦɨ ɞɨɫɬɢɱɶ ɬɨɝɨ, ɱɬɨɛɵ ɩɨɞ ɞɟɣ- 
ɫɬɜɢɟɦ ɧɚɝɪɭɡɨɤ ɜ ɷɬɢɯ ɫɥɨɹɯ ɡɚ ɫɪɨɤ ɫɥɭɠɛɵ ɧɟ ɧɚɤɚɩɥɢɜɚɥɢɫɶ ɧɟɞɨɩɭɫɬɢɦɵɟ 
ɨɫɬɚɬɨɱɧɵɟ ɞɟɮɨɪɦɚɰɢɢ ɮɨɪɦɨɢɡɦɟɧɟɧɢɹ. Ⱦɥɹ ɷɬɨɝɨ ɧɭɠɧɨ ɨɛɟɫɩɟɱɢɬɶ ɭɫɥɨɜɢɟ: 

 (9.9) ,˓˕ܭ ൒ ˓˒ܭ 
 

ɝɞɟ ܭ˒˓ – ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɱɧɨɫɬɢ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɮɨɪɦɭɥɟ; ܭ˕˓ – ɬɪɟɛɭɟɦɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɱɧɨɫɬɢ ɧɚ ɫɞɜɢɝ, ɪɚɜɧɵɣ 0,94. 
 

Ɉɩɪɟɞɟɥɹɟɦ ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɱɧɨɫɬɢ ɩɨ ɮɨɪɦɭɥɟ: 
 ˓˒ܭ 

= 
ܶˇˑ˒, (9.10) ܶ 

 

ɝɞɟ ܶ – ɪɚɫɱɟɬɧɨɟ (ɦɚɤɫɢɦɚɥɶɧɨɟ) ɚɤɬɢɜɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɫɞɜɢɝɚ (ɱɚɫɬɶ ɫɞɜɢɝɚɸ- 
ɳɟɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɧɟɩɨɝɚɲɟɧɧɚɹ ɜɧɭɬɪɟɧɧɢɦ ɬɪɟɧɢɟɦ) ɜ ɪɚɫɱɟɬɧɨɣ (ɧɚɢɛɨɥɟɟ 
ɨɩɚɫɧɨɣ) ɬɨɱɤɟ ɤɨɧɫɬɪɭɤɰɢɢ ɨɬ ɞɟɣɫɬɜɭɸɳɟɣ ɜɪɟɦɟɧɧɨɣ ɧɚɝɪɭɡɤɢ; ܶˇˑ˒ – ɞɨɩɭɫɤɚɟɦɚɹ (ɩɪɟɞɟɥɶɧɚɹ) ɜɟɥɢɱɢɧɚ ɚɤɬɢɜɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɫɞɜɢɝɚ (ɜ 
ɬɨɣ ɠɟ ɬɨɱɤɟ), ɩɪɟɜɵɲɟɧɢɟ ɤɨɬɨɪɨɣ ɜɵɡɵɜɚɟɬ ɧɚɪɭɲɟɧɢɟ ɩɪɨɱɧɨɫɬɢ. 

 
ɇɟɨɛɯɨɞɢɦɨ, ɱɬɨɛɵ ɜɵɩɨɥɧɹɥɨɫɶ ɭɫɥɨɜɢɟ: 

 > ˓˕ܭ 
ܶˇˑ˒. (9.11) ˒˓ ܶ 

 

Ɍɪɟɛɭɟɦɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɱɧɨɫɬɢ ɪɚɜɟɧ 0,94. 
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ɇɚɩɪɹɠɟɧɢɹ ɜ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɫɥɨɹɯ ɜ ɩɨɞɫɬɢɥɚɸɳɟɦ ɝɪɭɧɬɟ ɨɬ ɜɨɡɞɟɣ- 
ɫɬɜɢɹ ɬɪɚɧɫɩɨɪɬɧɨɣ ɧɚɝɪɭɡɤɢ ɜɵɱɢɫɥɹɸɬ ɩɨ ɮɨɪɦɭɥɚɦ ɢɡ ɬɟɨɪɢɢ ɭɩɪɭɝɨɫɬɢ ɞɥɹ 
ɫɥɨɢɫɬɨɣ ɫɪɟɞɵ, ɧɚɝɪɭɠɟɧɧɨɣ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɧɚɝɪɭɡɤɨɣ ɱɟɪɟɡ ɝɢɛ- 
ɤɢɣ ɤɪɭɝɥɵɣ ɲɬɚɦɩ, ɫ ɭɱɟɬɨɦ ɭɫɥɨɜɢɣ ɧɚ ɤɨɧɬɚɤɬɟ ɫɥɨɟɜ. 

Ⱦɟɣɫɬɜɭɸɳɢɟ ɜ ɫɥɨɟ ɚɤɬɢɜɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɫɞɜɢɝɚ ܶ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪ- 
ɦɭɥɟ: 

 ܶ = 𝜏̅̅ː  (9.12) ,݌ ∙ 

ɝɞɟ 𝜏̅̅ː  – ɚɤɬɢɜɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɫɞɜɢɝɚ ɨɬ ɟɞɢɧɢɱɧɨɣ ɜɪɟɦɟɧɧɨɣ ɧɚɝɪɭɡɤɢ, ɨɩɪɟɞɟ- 
ɥɹɟɦɨɟ ɫ ɩɨɦɨɳɶɸ ɧɨɦɨɝɪɚɦɦɵ; ݌ – ɪɚɫɱɟɬɧɨɟ ɞɚɜɥɟɧɢɟ ɨɬ ɤɨɥɟɫɚ ɧɚ ɩɨɤɪɵɬɢɟ, ɡɚɜɢɫɹɳɟɟ ɨɬ ɬɢɩɚ ɩɨɤɪɵɬɢɹ 
(ɞɥɹ ɨɛɥɟɝɱɟɧɧɨɝɨ ɬɢɩɚ 0,6 Ɇɉɚ). 

 
ɉɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɨɟ ɚɤɬɢɜɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɫɞɜɢɝɚ ܶˇˑ˒ ɜ ɝɪɭɧɬɟ ɪɚɛɨɱɟɝɨ 

ɫɥɨɹ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ: ܶˇˑ˒ = ܿܰ ∙ ݇ˇ + 0,1 ∙ ߛ˔˓ ∙ 𝑧ˑ˒ ∙ ݃ݐ𝜑˔˕, (9.13) 

ɝɞɟ ܿܰ – ɫɰɟɩɥɟɧɢɟ ɜ ɝɪɭɧɬɟ ɩɪɨɜɟɪɹɟɦɨɝɨ ɫɥɨɹ, Ɇɉɚ; ݇ˇ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɨɫɨɛɟɧɧɨɫɬɢ ɪɚɛɨɬɵ ɤɨɧɫɬɪɭɤɰɢɢ ɧɚ ɝɪɚ- 
ɧɢɰɟ ɩɟɫɱɚɧɨɝɨ ɫɥɨɹ ɫ ɧɢɠɧɢɦ ɫɥɨɟɦ ɧɟɫɭɳɟɝɨ ɨɫɧɨɜɚɧɢɹ; 𝑧ˑ˒ – ɝɥɭɛɢɧɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɨɹ, ɩɪɨɜɟɪɹɟɦɨɝɨ ɧɚ ɫɞɜɢɝɨɭɫɬɨɣ- 
ɱɢɜɨɫɬɶ, ɨɬ ɜɟɪɯɚ ɤɨɧɫɬɪɭɤɰɢɢ, ɫɦ; ߛ˔˓ – ɫɪɟɞɧɟɜɡɜɟɲɟɧɧɵɣ ɭɞɟɥɶɧɵɣ ɜɟɫ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɫɥɨɟɜ, ɪɚɫɩɨɥɨɠɟɧ- 
ɧɵɯ ɜɵɲɟ ɩɪɨɜɟɪɹɟɦɨɝɨ ɫɥɨɹ, ɤɝ/ɫɦ3; 𝜑˔˕ – ɪɚɫɱɟɬɧɚɹ ɜɟɥɢɱɢɧɚ ɭɝɥɚ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɩɪɨɜɟɪɹɟɦɨɝɨ 
ɫɥɨɹ ɩɪɢ ɫɬɚɬɢɱɟɫɤɨɦ ɞɟɣɫɬɜɢɢ ɧɚɝɪɭɡɤɢ; 

0,1 – ɤɨɷɮɮɢɰɢɟɧɬ ɞɥɹ ɩɟɪɟɜɨɞɚ ɜ Ɇɉɚ. 
 

ȿɫɥɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɫɥɨɣ ɨɫɧɨɜɚɧɢɹ ɩɟɫɱɚɧɵɣ, ɚ ɧɢɠɧɢɣ ɫɥɨɣ ɨɫɧɨɜɚɧɢɹ 
ɢɡ ɭɤɪɟɩɥɟɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢɥɢ ɦɟɠɞɭ ɷɬɢɦɢ ɫɥɨɹɦɢ ɭɤɥɚɞɵɜɚɟɬɫɹ ɝɟɨɬɟɤɫɬɢɥɶ- 
ɧɚɹ ɩɪɨɫɥɨɣɤɚ, ɬɨ ɤɨɷɮɮɢɰɢɟɧɬ ݇ˇ ɩɪɢɧɢɦɚɟɬ ɡɧɚɱɟɧɢɟ ɢɡ ɬɚɛɥɢɰɵ ɩɨ [6]. Ⱦɥɹ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɫɥɨɹ ɨɫɧɨɜɚɧɢɹ ɢɡ ɩɟɫɤɚ ɫɪɟɞɧɟɣ ɤɪɭɩɧɨɫɬɢ ɨɧ ɪɚɜɟɧ 4. 

ɉɟɪɟɞ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɨɦɨɝɪɚɦɦɵ ɧɟɨɛɯɨɞɢɦɨ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɧɚɡɧɚ- 
ɱɟɧɧɭɸ ɤɨɧɫɬɪɭɤɰɢɸ ɞɨɪɨɠɧɨɣ ɨɞɟɠɞɵ ɩɪɢɜɟɫɬɢ ɤ ɞɜɭɯɫɥɨɣɧɨɣ ɪɚɫɱɟɬɧɨɣ ɩɨ- 
ɞɟɥɢ. ɉɪɢ ɪɚɫɱɟɬɟ ɧɚ ɫɞɜɢɝ ɜ ɩɨɞɫɬɢɥɚɸɳɟɦ ɫɥɨɟ ɩɟɪɜɵɣ ɫɥɨɣ – ɷɬɨ ɜɫɹ ɤɨɧ- 
ɫɬɪɭɤɰɢɹ ɞɨɪɨɠɧɨɣ ɨɞɟɠɞɵ, ɚ ɜɬɨɪɨɣ – ɩɨɞɫɬɢɥɚɸɳɢɣ ɝɪɭɧɬ. Ɍɨɝɞɚ ɬɨɥɳɢɧɚ 
ɜɟɪɯɧɟɝɨ ɫɥɨɹ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ ɫɭɦɦɟ ɬɨɥɳɢɧ ɜɫɟɯ ɫɥɨɟɜ ɞɨɪɨɠɧɨɣ ɨɞɟɠɞɵ: 

 ݊ 𝑖=1 ℎ𝑖, (9.14) 
 

ɝɞɟ ݊ – ɱɢɫɥɨ ɫɥɨɟɜ ɞɨɪɨɠɧɨɣ ɨɞɟɠɞɵ; ℎ𝑖 – ɬɨɥɳɢɧɚ i-ɝɨ ɫɥɨɹ, ɫɦ. 

ℎ˅ = ∑ 
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Ɇɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɜɟɪɯɧɟɝɨ ɫɥɨɹ ɦɨɞɟɥɢ ɜɵɱɢɫɥɹɸɬ ɤɚɤ ɫɪɟɞɧɟɜɡɜɟɲɟɧ- 
ɧɵɣ ɩɨ ɮɨɪɦɭɥɟ: 

 = ˅ܧ 
݊ 𝑖=1 ∑݊ 

 𝑖∙ℎ𝑖 ℎ𝑖ܧ
, (9.15) 𝑖=1 

 

ɝɞɟ ܧ𝑖 – ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ i-ɝɨ ɫɥɨɹ ɞɨɪɨɠɧɨɣ ɨɞɟɠɞɵ, Ɇɉɚ. 

ɋɪɟɞɧɟɜɡɜɟɲɟɧɧɵɣ ɭɞɟɥɶɧɵɣ ɜɟɫ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɫɥɨɟɜ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ 
ɜɵɲɟ ɩɪɨɜɟɪɹɟɦɨɝɨ ɫɥɨɹ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 = ˓˔ߛ 
݊ 𝑖=1 ∑݊ 

 𝑖∙ℎ𝑖 ℎ𝑖ߛ
, (9.16) 𝑖=1 

 

ɝɞɟ ߛ𝑖 – ɭɞɟɥɶɧɵɣ ɜɟɫ i-ɝɨ ɫɥɨɹ ɤɨɧɫɬɪɭɤɰɢɢ. 

ɉɪɨɜɟɞɟɦ ɪɚɫɱɟɬ ɧɚ ɫɞɜɢɝɨɭɫɬɨɣɱɢɜɨɫɬɶ ɩɨɞɫɬɢɥɚɸɳɟɝɨ ɝɪɭɧɬɚ. ɋɭɦɦɚ 
ɬɨɥɳɢɧ ɫɥɨɟɜ ɞɨɪɨɠɧɨɣ ɨɞɟɠɞɵ ɪɚɜɧɚ: 

 ℎ˅ = 12 + 14 + 32 + 40 = 98 ˔ˏ. 
Ɋɚɫɫɱɢɬɚɟɦ ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɜɟɪɯɧɟɝɨ ɫɥɨɹ ɦɨɞɟɥɢ: 

 = ˅ܧ 
ͺͶͲ∙ͳʹ+͹ͲͲ∙ͳͶ+ʹͺͲ∙͵ʹ+ͳʹͲ∙ͶͲ 

= 343,30 ʛʞ˃. 
98 

 

ɋɪɟɞɧɟɜɡɜɟɲɟɧɧɵɣ ɭɞɟɥɶɧɵɣ ɜɟɫ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɫɥɨɟɜ ɪɚɜɟɧ: 
 = ߛ 

Ͳ,ͲͲʹ͵∙ͳʹ+Ͳ,ͲͲʹ∙ͳͶ+Ͳ,ͲͲʹ∙͵ʹ+Ͳ,ͲͲʹ∙ͶͲ 
= 0,002 

ˍˆ 
.
 

  ˔˓ 98 ˔ˏ3 

ɉɨ ɨɬɧɨɲɟɧɢɹɦ ܧː = 
343,30 

= 7,15, ℎ˅ = 
98 

= 2,51 ɢ ɩɪɢ 𝜑 = ͸,ͷ° ɫ ɩɨɦɨ- 39 ܦ 48 ˅ܧ 

ɳɶɸ ɧɨɦɨɝɪɚɦɦɵ ɧɚɯɨɞɢɬɫɹ ɭɞɟɥɶɧɨɟ ɚɤɬɢɜɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɫɞɜɢɝɚ ɨɬ ɟɞɢɧɢɱ- 
ɧɨɣ ɧɚɝɪɭɡɤɢ: 𝜏̅̅ː  = 0,018 ʛʞ˃. 

Ɍɨɝɞɚ ܶ = 0,018 ∙ 0,6 = 0,011 ʛʞ˃. 
Ɉɩɪɟɞɟɥɹɟɦ ɩɪɟɞɟɥɶɧɨɟ ɚɤɬɢɜɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɫɞɜɢɝɚ ɜ ɝɪɭɧɬɟ ɪɚɛɨɱɟɝɨ 

ɫɥɨɹ ɩɨ ɮɨɪɦɭɥɟ (9.13): 
 ܶˇˑ˒ = 0,007 ∙ 1 + 0,1 ∙ Ͳ,ͲͲʹ ∙ 98 ∙ ݃ݐͳͺ° = Ͳ,Ͳͳ͵ ʛʞ˃. 
 

Ɉɩɪɟɞɟɥɹɟɦ ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɱɧɨɫɬɢ ɩɨ ɮɨɪɦɭɥɟ (9.10): 
 = ܭ 

0,013 
= 1,18, ɱɬɨ ɛɨɥɶɲɟ 0,94 = ˓˕ܭ. 

 ˒˓ 0,011 ˒˓ 

∑ 

∑ 
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ˑ˄щ 

˒˓ 

Ⱦɟɥɚɟɦ ɜɵɜɨɞ, ɱɬɨ ɤɨɧɫɬɪɭɤɰɢɹ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɸ ɩɪɨɱɧɨɫɬɢ ɩɨ 
ɫɞɜɢɝɭ ɜ ɩɨɞɫɬɢɥɚɸɳɟɦ ɫɥɨɟ. 

ɉɟɪɟɯɨɞɢɦ ɤ ɪɚɫɱɟɬɭ ɧɚ ɫɞɜɢɝ ɜ ɞɨɩɨɥɧɢɬɟɥɶɧɨɦ ɫɥɨɟ ɨɫɧɨɜɚɧɢɹ. Ⱥɧɚɥɨ- 
ɝɢɱɧɵɦ ɨɛɪɚɡɨɦ ɩɪɢɜɨɞɢɦ ɤɨɧɫɬɪɭɤɰɢɸ ɤ ɞɜɭɯɫɥɨɣɧɨɣ ɦɨɞɟɥɢ. Ɍɨɥɳɢɧɚ ɜɟɪɯ- 
ɧɟɝɨ ɫɥɨɹ, ɢɫɤɥɸɱɚɹ ɬɨɥɳɢɧɭ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɫɥɨɹ ɨɫɧɨɜɚɧɢɹ, ɪɚɜɧɚ: 

 ℎ˅ = 12 + 14 + 32 = 58 ˔ˏ. 
Ɇɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɜɟɪɯɧɟɝɨ ɫɥɨɹ ɦɨɞɟɥɢ ɪɚɜɟɧ: 

 = ˅ܧ 
ͺͶͲ∙ͳʹ+͹ͲͲ∙ͳͶ+ʹͺͲ∙͵ʹ 

497,24 ʛʞ˃. 
58 

 

ɇɢɠɧɢɦ ɫɥɨɟɦ ɞɜɭɯɫɥɨɣɧɨɣ ɦɨɞɟɥɢ ɹɜɥɹɟɬɫɹ ɫɨɜɨɤɭɩɧɨɫɬɶ ɞɨɩɨɥɧɢɬɟɥɶ- 
ɧɨɝɨ ɫɥɨɹ ɢ ɝɪɭɧɬɚ ɩɨɫɬɢɥɚɸɳɟɝɨ ɫɥɨɹ. ɇɚ ɝɪɚɧɢɰɟ ɦɟɠɞɭ ɦɨɞɟɥɶɧɵɦɢ ɜɟɪɯɧɢɦ 
ɢ ɧɢɠɧɢɦ ɫɥɨɹɦɢ (ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɩɟɫɱɚɧɨɝɨ ɫɥɨɹ) ɬɪɟɛɭɟɦɵɣ ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ 
ɫɨɝɥɚɫɧɨ ɪɚɫɱɟɬɚɦ ɩɨ ɭɩɪɭɝɨɦɭ ɩɪɨɝɢɛɭ ܧ˒ˈ˔ˑˍ = ͺͶ ʛʞ˃. 

Ɍɨɝɞɚ ܧː = 
497,24 

= 5,92, ℎ˅ = 
58 

= 1,49 ɢ ɩɪɢ 𝜑 = ʹͺ° ɫ ɩɨɦɨɳɶɸ ɧɨɦɨ- 39 ܦ 84 ˅ܧ 

ɝɪɚɦɦɵ ɧɚɯɨɞɢɬɫɹ ɭɞɟɥɶɧɨɟ ɚɤɬɢɜɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɫɞɜɢɝɚ ɨɬ ɟɞɢɧɢɱɧɨɣ 
ɧɚɝɪɭɡɤɢ: 𝜏̅̅ː = 0,016 ʛʞ˃. 

Ɍɨɝɞɚ ܶ = 0,016 ∙ 0,6 = 0,01 ʛʞ˃. 
Ɉɩɪɟɞɟɥɹɟɦ ɩɪɟɞɟɥɶɧɨɟ ɚɤɬɢɜɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɫɞɜɢɝɚ ɜ ɝɪɭɧɬɟ ɪɚɛɨɱɟɝɨ 

ɫɥɨɹ ɩɨ ɮɨɪɦɭɥɟ (9.13): 
 ܶˇˑ˒ = 0,003 ∙ 4 + 0,1 ∙ Ͳ,ͲͲʹ ∙ 58 ∙ 0,02 = °͵͵݃ݐ ʛʞ˃. 
 

Ɉɩɪɟɞɟɥɹɟɦ ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɱɧɨɫɬɢ ɩɨ ɮɨɪɦɭɥɟ (9.10): 
 = ܭ 

0,02 
= 2, ɱɬɨ ɛɨɥɶɲɟ 0,94 = ˓˕ܭ. 

 ˒˓ 0,01 ˒˓ 
 

Ⱦɟɥɚɟɦ ɜɵɜɨɞ, ɱɬɨ ɤɨɧɫɬɪɭɤɰɢɹ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɸ ɩɪɨɱɧɨɫɬɢ ɩɨ 
ɫɞɜɢɝɭ ɜ ɞɨɩɨɥɧɢɬɟɥɶɧɨɦ ɩɟɫɱɚɧɨɦ ɫɥɨɟ. 

 
9.5 Ɋɚɫɱɟɬ ɧɚ ɩɪɨɱɧɨɫɬɶ ɩɨ ɤɪɢɬɟɪɢɸ ɢɡɝɢɛɚ ɦɨɧɨɥɢɬɧɵɯ ɫɥɨɟɜ 

 
Ⱥɫɮɚɥɶɬɨɛɟɬɨɧɧɵɟ ɫɥɨɢ ɞɨɪɨɠɧɨɣ ɨɞɟɠɞɵ ɩɪɨɜɟɪɹɸɬ ɧɚ ɩɪɨɱɧɨɫɬɶ ɩɪɢ 

ɢɡɝɢɛɟ ɩɨ ɤɪɢɬɟɪɢɸ: 
 (9.17) ,˓˕ܭ ൒ ˓˒ܭ 
 

ɝɞɟ ܭ˒˓ – ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ. 
 ˓˒ܭ 

= 
ܴˋ, (9.18) 𝜎ݎ 
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ˑ˄щ 

ɝɞɟ ܴ ˋ – ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɨɟ ɪɚɫɬɹɝɢɜɚɸɳɟɟ ɧɚɩɪɹɠɟɧɢɟ ɞɥɹ ɦɚɬɟɪɢɚɥɚ ɦɨɧɨ- 
ɥɢɬɧɨɝɨ ɫɥɨɹ (ɩɨɤɚɡɚɬɟɥɶ ɩɪɨɱɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɫɥɨɹ ɧɚ ɪɚɫɬɹɠɟɧɢɟ ɩɪɢ ɢɡɝɢɛɟ ɫ 
ɭɱɟɬɨɦ ɭɫɬɚɥɨɫɬɧɵɯ ɹɜɥɟɧɢɣ); 𝜎ݎ – ɧɚɢɛɨɥɶɲɟɟ ɪɚɫɬɹɝɢɜɚɸɳɟɟ ɧɚɩɪɹɠɟɧɢɟ ɜ ɦɨɧɨɥɢɬɧɨɦ ɫɥɨɟ, ɭɫɬɚɧɚɜɥɢ- 
ɜɚɟɦɨɟ ɪɚɫɱɟɬɨɦ. 

 
Ɂɧɚɱɟɧɢɟ ɬɪɟɛɭɟɦɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɪɨɱɧɨɫɬɢ ɫɨɜɩɚɞɚɟɬ ɫ ɤɨɷɮɮɢɰɢɟɧ- 

ɬɨɦ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɪɚɫɱɟɬɟ ɧɚ ɫɞɜɢɝ ɜ ɦɚɥɨɫɜɹɡɧɵɯ ɝɪɭɧɬɚɯ ɢ ɪɚɜɟɧ 0,94. 
Ⱥɧɚɥɨɝɢɱɧɨ ɪɚɫɱɟɬɭ ɧɚ ɫɞɜɢɝ ɩɪɢɜɨɞɢɦ ɫɢɫɬɟɦɭ ɫɥɨɟɜ ɤɨɧɫɬɪɭɤɰɢɢ ɤ ɞɜɭɯ- 

ɫɥɨɣɧɨɣ ɦɨɞɟɥɢ. Ʉ ɜɟɪɯɧɟɦɭ ɫɥɨɸ ɦɨɞɟɥɢ ɨɬɧɨɫɹɬ ɜɫɟ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɵɟ ɫɥɨɢ, 
ɜɤɥɸɱɚɹ ɪɚɫɫɱɢɬɵɜɚɟɦɵɣ. ɇɢɠɧɢɦ ɫɥɨɟɦ ɦɨɞɟɥɢ ɫɥɭɠɢɬ ɱɚɫɬɶ ɤɨɧɫɬɪɭɤɰɢɢ, 
ɪɚɫɩɨɥɨɠɟɧɧɚɹ ɧɢɠɟ ɩɚɤɟɬɚ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɵɯ ɫɥɨɟɜ. Ɉɧɚ ɬɚɤɠɟ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ 
ɝɪɭɧɬ ɪɚɛɨɱɟɝɨ ɫɥɨɹ. 

Ɋɚɫɱɟɬ ɜɟɞɟɬɫɹ ɩɨɫɥɨɣɧɨ, ɧɚɱɢɧɚɹ ɫ ɩɨɞɫɬɢɥɚɸɳɟɝɨ ɝɪɭɧɬɚ. 
Ɂɚɞɚɟɦ ɬɨɥɳɢɧɭ ɜɟɪɯɧɟɝɨ ɫɥɨɹ ɦɨɞɟɥɢ, ɪɚɜɧɭɸ ɫɭɦɦɟ ɬɨɥɳɢɧ, ɜɯɨɞɹɳɢɯ 

ɜ ɩɚɤɟɬ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɵɯ ɫɥɨɟɜ. Ɋɚɫɫɱɢɬɵɜɚɟɦ ɩɨ ɮɨɪɦɭɥɟ (9.14): 
 ℎ˅ = 12 ˔ˏ. 

ȼɵɱɢɫɥɹɟɦ ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɜɟɪɯɧɟɝɨ ɫɥɨɹ ɦɨɞɟɥɢ ɤɚɤ ɫɪɟɞɧɟɜɡɜɟɲɟɧɧɨɟ 
ɞɥɹ ɜɫɟɝɨ ɩɚɤɟɬɚ ɫɥɨɟɜ ɩɨ ɮɨɪɦɭɥɟ (9.15): 

 = ˅ܧ 
ʹͺͲͲ∙ͳʹ 

= 2800 ʛʞ˃. 
12 

 

Ɇɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɧɢɠɧɟɝɨ ɫɥɨɹ ɦɨɞɟɥɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɭɬɟɦ ɩɪɢɜɟɞɟɧɢɹ 
ɫɥɨɢɫɬɨɣ ɫɢɫɬɟɦɵ ɤ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɩɨ ɠɟɫɬɤɨɫɬɢ ɫ ɩɨɦɨɳɶɸ ɧɨɦɨɝɪɚɦɦɵ. Ɂɞɟɫɶ 
ɬɪɟɛɭɟɬɫɹ ɨɩɪɟɞɟɥɢɬɶ ܧˑ˄щ ɧɚ ɧɢɠɧɟɣ ɝɪɚɧɢɰɟ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɝɨ ɩɚɤɟɬɚ. 

ȼɵɱɢɫɥɹɟɦ ɪɚɫɱɟɬɧɨɟ ɪɚɫɬɹɝɢɜɚɸɳɟɟ ɧɚɩɪɹɠɟɧɢɟ ɩɨ ɮɨɪɦɭɥɟ: 
 𝜎ݎ  = 𝜎̅(9.19) ,˅݇ ∙ ݌ ∙  ݎ 

ɝɞɟ 𝜎̅ݎ   –  ɪɚɫɬɹɝɢɜɚɸɳɟɟ  ɧɚɩɪɹɠɟɧɢɟ  ɨɬ ɟɞɢɧɢɱɧɨɣ ɧɚɝɪɭɡɤɢ,  ɨɩɪɟɞɟɥɹɟɦɨɟ  ɩɨ 
ɧɨɦɨɝɪɚɦɦɟ; ݌ – ɪɚɫɱɟɬɧɨɟ ɞɚɜɥɟɧɢɟ, ɩɪɢɧɢɦɚɟɦɨɟ 0,6 Ɇɉɚ; ݇˅ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɨɫɨɛɟɧɧɨɫɬɢ ɧɚɩɪɹɠɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɩɨ- 
ɤɪɵɬɢɹ ɤɨɧɫɬɪɭɤɰɢɢ ɩɨɞ ɫɩɚɪɟɧɧɵɦ ɛɚɥɥɨɧɨɦ, ɪɚɜɟɧ 0,85. 

 
Ɉɩɪɟɞɟɥɹɟɦ ܧˑ˄щ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɨɹ ɢɡ ɮɪɚɤɰɢɨɧɧɨɝɨ ɳɟɛɧɹ ɫ ɡɚɤɥɢɧɤɨɣ 

ɰɟɦɟɧɬɨɩɟɫɱɚɧɨɣ ɫɦɟɫɶɸ. Ɉɧ ɪɚɜɟɧ ܧщ.˗˓. = 280 ʛʞ˃. 
Ɉɩɪɟɞɟɥɹɟɦ ɪɚɫɬɹɝɢɜɚɸɳɟɟ ɧɚɩɪɹɠɟɧɢɟ ɨɬ ɟɞɢɧɢɱɧɨɣ ɧɚɝɪɭɡɤɢ, ɞɥɹ ɱɟɝɨ 

ɫɧɚɱɚɥɚ ɧɚɯɨɞɢɦ ℎ˅ = 
12 

= 0,31 ɢ ܧː = 
2800 

= 10. ɉɨ ɧɨɦɨɝɪɚɦɦɟ ɨɩɪɟɞɟɥɹɟɦ 39 ܦ 

ɡɧɚɱɟɧɢɟ 𝜎̅1,65 =  ݎ. 
 280 ˅ܧ
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√ 

𝜎0,84 = 0,85 ∙ 0,6 ∙ 1,65 = ݎ ʛʞ˃. 
Ɉɩɪɟɞɟɥɹɟɦ ɩɪɨɱɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ ɦɨɧɨɥɢɬɧɨɝɨ ɫɥɨɹ ɩɪɢ ɦɧɨɝɨɤɪɚɬɧɨɦ 

ɪɚɫɬɹɠɟɧɢɢ ɩɪɢ ɢɡɝɢɛɟ ɩɨ ɮɨɪɦɭɥɟ: 
 ܴܰ = ܴ0 ∙ ݇1 ∙ ݇2 ∙ (1 − 𝑣ܴ ∙ ݐ), (9.20) 

ɝɞɟ ܴ0 – ɧɨɪɦɚɬɢɜɧɨɟ ɡɧɚɱɟɧɢɟ ɩɪɟɞɟɥɶɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɪɚɫɬɹɠɟɧɢɸ ɩɪɢ ɢɡ- 
ɝɢɛɟ ɩɪɢ ɪɚɫɱɟɬɧɨɣ ɧɢɡɤɨɣ ɜɟɫɟɧɧɟɣ ɬɟɦɩɟɪɚɬɭɪɟ ɩɪɢ ɨɞɧɨɤɪɚɬɧɨɦ ɩɪɢɥɨɠɟɧɢɢ 
ɧɚɝɪɭɡɤɢ; ݇1 – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɫɧɢɠɟɧɢɟ ɩɪɨɱɧɨɫɬɢ ɜɫɥɟɞɫɬɜɢɟ ɭɫɬɚɥɨɫɬ- 
ɧɵɯ ɹɜɥɟɧɢɣ ɩɪɢ ɦɧɨɝɨɤɪɚɬɧɨɦ ɩɪɢɥɨɠɟɧɢɢ ɧɚɝɪɭɡɤɢ; ݇2 – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɫɧɢɠɟɧɢɟ ɩɪɨɱɧɨɫɬɢ ɜɨ ɜɪɟɦɟɧɢ ɨɬ ɜɨɡɞɟɣ- 
ɫɬɜɢɹ ɩɨɝɨɞɧɨ-ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ; 𝑣ܴ – ɤɨɷɮɮɢɰɢɟɧɬ ɜɚɪɢɚɰɢɢ ɩɪɨɱɧɨɫɬɢ ɧɚ ɪɚɫɬɹɠɟɧɢɟ; ݐ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɨɪɦɚɬɢɜɧɨɝɨ ɨɬɤɥɨɧɟɧɢɹ. 

 
ȼ ɩɚɤɟɬɟ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɵɯ ɫɥɨɟɜ ɡɚ ɩɪɟɞɟɥɶɧɨɟ ɪɚɫɬɹɝɢɜɚɸɳɟɟ ɧɚɩɪɹɠɟ- 

ɧɢɟ ܴܰ ɩɪɢɧɢɦɚɸɬ ɡɧɚɱɟɧɢɟ ɦɚɬɟɪɢɚɥɚ ɧɢɠɧɟɝɨ ɫɥɨɹ ɩɨɤɪɵɬɢɹ. 
Ʉɨɷɮɮɢɰɢɟɧɬ ݇1 ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 ݇1 = 
 ˓ √ (9.21) , ܰ ∑  ݉ ߙ

 

ɝɞɟ ߙ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɪɚɡɥɢɱɢɟ ɜ ɪɟɚɥɶɧɨɦ ɢ ɥɚɛɨɪɚɬɨɪɧɨɦ ɪɟɠɢ- 
ɦɚɯ ɪɚɫɬɹɠɟɧɢɹ ɩɨɜɬɨɪɧɨɣ ɧɚɝɪɭɡɤɨɣ, ɚ ɬɚɤɠɟ ɜɟɪɨɹɬɧɨɫɬɶ ɫɨɜɩɚɞɟɧɢɹ ɜɨ ɜɪɟ- 
ɦɟɧɢ ɪɚɫɱɟɬɧɨɣ (ɧɢɡɤɨɣ) ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɤɪɵɬɢɹ ɢ ɪɚɫɱɟɬɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɝɪɭɧɬɚ 
ɪɚɛɨɱɟɝɨ ɫɥɨɹ ɩɨ ɜɥɚɠɧɨɫɬɢ; ݉ – ɩɨɤɚɡɚɬɟɥɶ ɫɬɟɩɟɧɢ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɚ ɪɚɫɫɱɢɬɵɜɚɟɦɨɝɨ 
ɦɨɧɨɥɢɬɧɨɝɨ ɫɥɨɹ; ∑ ܰ˓ – ɪɚɫɱɟɬɧɨɟ ɫɭɦɦɚɪɧɨɟ ɱɢɫɥɨ ɩɪɢɥɨɠɟɧɢɣ ɪɚɫɱɟɬɧɨɣ ɧɚɝɪɭɡɤɢ ɡɚ ɫɪɨɤ 
ɫɥɭɠɛɵ ɦɨɧɨɥɢɬɧɨɝɨ ɩɨɤɪɵɬɢɹ. 

 ݇1 = 
7,1 

4,3 
147375 

= 0,46. 

 

Ʉɨɷɮɮɢɰɢɟɧɬ ݇2 ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ [6] ɢ ɪɚɜɟɧ 0,8. 
Ʉɨɷɮɮɢɰɢɟɧɬ ɜɚɪɢɚɰɢɢ ɩɪɨɱɧɨɫɬɢ ɧɚ ɪɚɫɬɹɠɟɧɢɟ 𝑣ܴ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ [6] ɢ 

ɪɚɜɟɧ 0,1. 
Ʉɨɷɮɮɢɰɢɟɧɬ ɧɨɪɦɚɬɢɜɧɨɝɨ ɨɬɤɥɨɧɟɧɢɹ ݐ ɩɪɢ ɧɚɞɟɠɧɨɫɬɢ 0,9 ɪɚɜɟɧ 1,32. 

 ܴܰ = 8 ∙ 0,46 ∙ Ͳ,ͺ ∙ (1 − Ͳ,ͳ ∙ 1,32) = 2,56. 
 

Ɉɩɪɟɞɟɥɹɟɦ ɡɧɚɱɟɧɢɟ ܭ = 
ܴˋ = 

2,56 
= 3,32, ɱɬɨ ɛɨɥɶɲɟ 0,94 = ˓˕ܭ. 

 ˒˓ 𝜎0,77 ݎ ˒˓ 
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Ⱦɟɥɚɟɦ ɜɵɜɨɞ, ɱɬɨ ɜɵɛɪɚɧɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɸ ɩɪɨɱ- 
ɧɨɫɬɢ ɧɚ ɢɡɝɢɛ ɜ ɦɨɧɨɥɢɬɧɵɯ ɫɥɨɹɯ. 

 
9.6 Ɋɚɫɱɟɬ ɧɚ ɦɨɪɨɡɨɭɫɬɨɣɱɢɜɨɫɬɶ 

 
Ɋɚɫɱɟɬ ɤɨɧɫɬɪɭɤɰɢɢ ɞɨɪɨɠɧɨɣ ɨɞɟɠɞɵ ɧɚ ɡɢɦɧɟɟ ɩɭɱɟɧɢɟ ɩɪɨɜɨɞɹɬ ɞɥɹ ɧɟ- 

ɛɥɚɝɨɩɪɢɹɬɧɵɯ ɝɪɭɧɬɨɜɨ-ɝɢɞɪɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ. Ʉ ɧɢɦ ɨɬɧɨɫɹɬ ɜɬɨɪɨɣ ɢ ɬɪɟ- 
ɬɢɣ ɬɢɩ ɦɟɫɬɧɨɫɬɢ ɩɨ ɭɜɥɚɠɧɟɧɢɸ ɜ I–III ɞɨɪɨɠɧɨ-ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɡɨɧɚɯ ɩɪɢ 
ɧɚɥɢɱɢɢ ɩɵɥɟɜɚɬɵɯ ɝɪɭɧɬɨɜ ɜ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɡɟɦɥɹɧɨɝɨ ɩɨɥɨɬɧɚ. 

ɉɭɱɟɧɢɟ – ɩɪɨɰɟɫɫ, ɩɪɨɢɫɯɨɞɹɳɢɣ ɩɪɢ ɡɚɦɟɪɡɚɧɢɢ ɝɪɭɧɬɚ. ɏɚɪɚɤɬɟɪɢɫɬɢ- 
ɤɨɣ ɩɭɱɟɧɢɹ ɹɜɥɹɟɬɫɹ ɫɬɟɩɟɧɶ ɦɨɪɨɡɧɨɣ ɩɭɱɢɧɢɫɬɨɫɬɢ. 

ɉɭɱɢɧɢɫɬɵɟ ɝɪɭɧɬɵ – ɝɪɭɧɬɵ, ɫɬɟɩɟɧɶ ɩɭɱɢɧɢɫɬɨɫɬɢ ɤɨɬɨɪɵɯ ɩɪɟɜɵɲɚɟɬ 
ɡɧɚɱɟɧɢɟ 0,01, ɬɨ ɟɫɬɶ ɩɪɢ ɩɪɨɦɟɪɡɚɧɢɢ ɧɚ 1 ɦ ɨɧɢ ɭɜɟɥɢɱɢɜɚɸɬɫɹ ɜ ɨɛɴɟɦɟ ɛɨɥɟɟ 
ɱɟɦ ɧɚ 1 ɫɦ. 

Ɋɚɫɱɟɬ ɜɵɩɨɥɧɹɟɬɫɹ ɩɭɬɟɦ ɨɩɪɟɞɟɥɟɧɢɹ ɜɟɥɢɱɢɧɵ ɨɠɢɞɚɟɦɨɝɨ ɩɭɱɟɧɢɹ 
ɝɪɭɧɬɚ ɪɚɛɨɱɟɝɨ ɫɥɨɹ ɡɟɦɥɹɧɨɝɨ ɩɨɥɨɬɧɚ ɢ ɫɪɚɜɧɟɧɢɹ ɟɟ ɫ ɞɨɩɭɫɤɚɟɦɨɣ ɞɥɹ ɞɚɧ- 
ɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɜɟɥɢɱɢɧɨɣ. 

Ʉɨɧɫɬɪɭɤɰɢɹ ɫɱɢɬɚɟɬɫɹ ɦɨɪɨɡɨɭɫɬɨɣɱɢɜɨɣ, ɟɫɥɢ ɜɵɩɨɥɧɹɟɬɫɹ ɭɫɥɨɜɢɟ: 
 ݈˒˖ч ൑ ݈ˇˑ˒, (9.22) 
 
ɝɞɟ ݈˒˖ч – ɪɚɫɱɟɬɧɨɟ ɩɭɱɟɧɢɟ ɝɪɭɧɬɚ ɡɟɦɥɹɧɨɝɨ ɩɨɥɨɬɧɚ; ݈ˇˑ˒ – ɞɨɩɭɫɤɚɟɦɨɟ ɞɥɹ ɞɚɧɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɩɭɱɟɧɢɟ ɝɪɭɧɬɚ, ɩɪɢɧɢɦɚɟɬɫɹ ɩɨ 
ɬɚɛɥɢɰɟ ɢɡ [6] ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɢɞɚ ɩɨɤɪɵɬɢɹ ɢ ɬɢɩɚ ɞɨɪɨɠɧɨɣ ɨɞɟɠɞɵ, ɞɥɹ 
ɨɛɥɟɝɱɟɧɧɨɝɨ ɬɢɩɚ ɫ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɵɦ ɩɨɤɪɵɬɢɟɦ ɩɪɢɧɢɦɚɟɬɫɹ 6 ɫɦ. 

 
ȼɟɥɢɱɢɧɚ ɜɨɡɦɨɠɧɨɝɨ ɦɨɪɨɡɧɨɝɨ ɩɭɱɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: ݈˒˖ч = ݈˒˖ч ̝  (9.23) ,ˎ˅ܭ ∙ ˓ˆ˃ːܭ ∙ ˓ˆܭ ∙ ˎ˒ܭ ∙ ʢʒʑܭ ∙ ˓

ɝɞɟ ݈˒˖ч ˔˓ – ɜɟɥɢɱɢɧɚ ɦɨɪɨɡɧɨɝɨ ɩɭɱɟɧɢɹ ɩɪɢ ɨɫɪɟɞɧɟɧɧɵɯ ɭɫɥɨɜɢɹɯ; ܭʢʒʑ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɥɢɹɧɢɟ ɪɚɫɱɟɬɧɨɣ ɝɥɭɛɢɧɵ ɡɚɥɟɝɚɧɢɹ 
ɭɪɨɜɧɹ ɝɪɭɧɬɨɜɵɯ ɢɥɢ ɞɥɢɬɟɥɶɧɨ ɫɬɨɹɳɢɯ ɜɨɞ; ܭ˒ˎ – ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɫɬɟɩɟɧɢ ɭɩɥɨɬɧɟɧɢɹ ɝɪɭɧɬɚ ɪɚɛɨɱɟɝɨ ɫɥɨɹ; ܭˆ˓   – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɥɢɹɧɢɟ ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ 
ɝɪɭɧɬɚ ɨɫɧɨɜɚɧɢɹ ɧɚɫɵɩɢ ɢɥɢ ɜɵɟɦɤɢ; ܭː˃ˆ˓ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɥɢɹɧɢɟ ɧɚɝɪɭɡɤɢ ɨɬ ɫɨɛɫɬɜɟɧɧɨɝɨ ɜɟɫɚ 
ɜɵɲɟɥɟɠɚɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ ɧɚ ɝɪɭɧɬ ɜ ɩɪɨɦɟɪɡɚɸɳɟɦ ɫɥɨɟ; ܭ˅ˎ – ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɪɚɫɱɟɬɧɨɣ ɜɥɚɠɧɨɫɬɢ ɝɪɭɧɬɚ. 

Ɉɩɪɟɞɟɥɹɟɦ ɝɥɭɛɢɧɭ ɩɪɨɦɟɪɡɚɧɢɹ ɩɨ ɮɨɪɦɭɥɟ: 
 𝑧˒˓ = 𝑧˒˓ ሺ˔˓ሻ ⋅ 1,38, (9.24) 
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ɝɞɟ 𝑧˒˓ ሺ˔˓ሻ – ɫɪɟɞɧɹɹ ɝɥɭɛɢɧɚ ɩɪɨɦɟɪɡɚɧɢɹ ɞɥɹ ɞɚɧɧɨɝɨ ɪɚɣɨɧɚ, ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ 
ɩɪɢ ɩɨɦɨɳɢ ɤɚɪɬ ɢɡɨɥɢɧɢɣ. 

 𝑧˒˓ = 2,2 ⋅ 1,38 = 3,04 ˏ. 
 

Ɉɩɪɟɞɟɥɹɟɦ ɡɧɚɱɟɧɢɟ ݈˒˖ч ˔˓ ɩɪɢ 𝑧˒˓ = 2 ˏ ɩɨ ɝɪɚɮɢɤɚɦ ɢɡ [6]. Ɍɨɝɞɚ ɡɧɚɱɟ- 
ɧɢɟ ݈˒˖ч ˔˓ 2,0 = 8 ˔ˏ. Ɍɚɤ ɤɚɤ ɝɥɭɛɢɧɚ ɩɪɨɦɟɪɡɚɧɢɹ ɩɪɟɜɵɲɚɟɬ 2 ɦ, ɨɩɪɟɞɟɥɹɟɦ ݈˒˖ч ˔˓ ɩɨ ɮɨɪɦɭɥɟ: ݈˒˖ч ˔˓ = ݈˒˖ч ˔˓ ʹ,Ͳ ∙ [ܽ + ܾ ∙ (𝑧˒˓ − ܿ)], (9.25) 

ɝɞɟ ݈˒˖ч ˔˓ 2,0 – ɜɟɥɢɱɢɧɚ ɦɨɪɨɡɧɨɝɨ ɩɭɱɟɧɢɹ ɩɪɢ 𝑧˒˓ = ʹ ˏ; ܽ – ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 1,08; ܾ – ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 0,08; ܿ – ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 2,5. 
 ݈˒˖ч ˔˓ = 8 ∙ [1,08 + 0,08 ∙ (3,04 − 2,5)] = 8,98 ˔ˏ. 
 

Ʉɨɷɮɮɢɰɢɟɧɬ ܭʢʒʑ ɞɥɹ ɫɭɝɥɢɧɤɚ ɥɟɝɤɨɝɨ ɩɵɥɟɜɚɬɨɝɨ ɩɪɢɧɢɦɚɟɬɫɹ 0,53. 
Ɂɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ܭ˒ˎ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 0,8. 
Ʉɨɷɮɮɢɰɢɟɧɬ ܭˆ˓ ɞɥɹ ɫɭɝɥɢɧɢɫɬɵɯ ɝɪɭɧɬɨɜ ɪɚɜɟɧ 1,3. 
Ɂɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ܭː˃ˆ˓ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɝɪɚɮɢɤɭ ɢ ɪɚɜɧɨ 0,8. 
Ʉɨɷɮɮɢɰɢɟɧɬ ܭ˅ˎ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɥɚɠɧɨɫɬɢ ɝɪɭɧɬɚ, ɩɪɢ 

ɜɥɚɠɧɨɫɬɢ 0,69, ɪɚɫɫɱɢɬɚɧɧɨɣ ɜ ɩɭɧɤɬɟ 7.2, ɪɚɜɟɧ 1,1. 
 ݈˒˖ч = 8,98 ∙ 0,53 ∙ 0,8 ∙ ͳ,͵ ∙ 0,8 ∙ 1,1 = 4,36 ˏ. 
 

ɉɪɨɜɟɪɹɟɦ ɭɫɥɨɜɢɟ 4,36 ൑ 6. ɍɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ. Ⱦɟɥɚɟɦ ɜɵɜɨɞ, ɱɬɨ 
ɤɨɧɫɬɪɭɤɰɢɹ ɹɜɥɹɟɬɫɹ ɦɨɪɨɡɨɭɫɬɨɣɱɢɜɨɣ. 

Ʉɪɚɬɤɢɣ ɨɬɱɟɬ ɨ ɪɚɫɱɟɬɟ ɞɨɪɨɠɧɵɯ ɨɞɟɠɞ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɩɪɢɥɨɠɟɧɢɢ ȼ. 
 

10 ɉɨɩɟɪɟɱɧɵɟ ɩɪɨɮɢɥɢ ɞɨɪɨɝɢ 
 

ɉɨɩɟɪɟɱɧɵɟ ɩɪɨɮɢɥɢ ɡɟɦɥɹɧɨɝɨ ɩɨɥɨɬɧɚ ɧɚɡɧɚɱɚɸɬɫɹ ɧɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ 
ɩɪɨɞɨɥɶɧɨɝɨ ɩɪɨɮɢɥɹ ɚɜɬɨɦɨɛɢɥɶɧɨɣ ɞɨɪɨɝɢ ɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɵɫɨɬɵ ɧɚɫɵɩɢ 
ɢɥɢ ɝɥɭɛɢɧɵ ɜɵɟɦɤɢ, ɚ ɬɚɤɠɟ ɨɬ ɝɪɭɧɬɨɜɵɯ ɭɫɥɨɜɢɣ ɫ ɭɱɟɬɨɦ ɩɪɢɪɨɞɧɨ-ɤɥɢɦɚ- 
ɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɪɚɣɨɧɚ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɨɬ ɤɚɬɟɝɨɪɢɢ ɚɜɬɨɦɨɛɢɥɶɧɨɣ ɞɨɪɨɝɢ. 
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɟɤɨɦɟɧɞɚɰɢɹɦɢ, ɢɡɥɨɠɟɧɧɵɦɢ ɜ [3], ɫɥɟɞɭɟɬ ɩɪɢɦɟɧɹɬɶ ɬɢɩɨ- 
ɜɵɟ ɢɥɢ ɢɧɞɢɜɢɞɭɚɥɶɧɵɟ ɪɟɲɟɧɢɹ. 

ɂɧɞɢɜɢɞɭɚɥɶɧɵɟ ɩɨɩɟɪɟɱɧɵɟ ɩɪɨɮɢɥɢ ɩɪɢɦɟɧɹɸɬɫɹ ɩɪɢ ɫɥɚɛɵɯ ɨɫɧɨɜɚ- 
ɧɢɹɯ, ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɝɪɭɧɬɨɜ ɜɵɫɨɤɨɣ ɜɥɚɠɧɨɫɬɢ, ɚ ɬɚɤɠɟ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚ- 
ɧɢɢ ɜɵɫɨɤɢɯ ɧɚɫɵɩɟɣ ɢ ɝɥɭɛɨɤɢɯ ɜɵɟɦɨɤ (ɛɨɥɟɟ 12 ɦ). 



98  

ɇɚ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɚɜɬɨɦɨɛɢɥɶɧɨɣ ɞɨɪɨɝɟ ɩɪɟɞɭɫɦɨɬɪɟɧɨ 4 ɬɢɩɚ ɩɨɩɟɪɟɱ- 
ɧɵɯ ɩɪɨɮɢɥɟɣ. ɉɨɩɟɪɟɱɧɵɟ ɩɪɨɮɢɥɢ ɫ ɩɪɢɜɹɡɤɨɣ ɤ ɩɢɤɟɬɚɦ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛ- 
ɥɢɰɟ 9.1. 

Ⱦɚɥɟɟ ɜ ɩɪɨɝɪɚɦɦɟ ɫɬɪɨɹɬɫɹ ɩɨɩɟɪɟɱɧɵɟ ɩɪɨɮɢɥɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɚɛɥɢ- 
ɰɟɣ ɩɪɢɜɹɡɤɢ. ɇɚɡɧɚɱɚɟɬɫɹ ɪɚɧɟɟ ɪɚɫɫɱɢɬɚɧɧɚɹ ɞɨɪɨɠɧɚɹ ɨɞɟɠɞɚ. 

 
Ɍɚɛɥɢɰɚ 9.1 – ɉɪɢɜɹɡɤɚ ɩɨɩɟɪɟɱɧɵɯ ɩɪɨɮɢɥɟɣ ɩɨ ɬɪɚɫɫɟ 

Ɍɢɩ ɩɨɩɟ- 
ɪɟɱɧɨɝɨ 
ɩɪɨɮɢɥɹ 

 
Ɉɩɢɫɚɧɢɟ ɩɨɩɟɪɟɱɧɨɝɨ ɩɪɨɮɢɥɹ 

ɉɢɤɟɬɚɠɧɨɟ ɩɨɥɨɠɟɧɢɟ 

ɫɥɟɜɚ ɫɩɪɚɜɚ 

  ɉɄ0+00 – ɉɄ2+43; ɉɄ0+00 – ɉɄ2+43; 
  ɉɄ4+23 – ɉɄ6+00; ɉɄ4+23 – ɉɄ6+00; 
  ɉɄ11+85 – ɉɄ13+62; ɉɄ11+85 – ɉɄ13+62; 
  ɉɄ16+32; ɉɄ16+32; 
  ɉɄ18+00 – ɉɄ19+10; ɉɄ18+00 – ɉɄ19+10; 
 

1 
ɇɚɫɵɩɶ ɜɵɫɨɬɨɣ ɞɨ 2 ɦ ɫ ɤɸɜɟ- 
ɬɚɦɢ, ɤɪɭɬɢɡɧɚ ɨɬɤɨɫɨɜ 1:3 

ɉɄ20+79 – ɉɄ22+00; 
ɉɄ27+20 – ɉɄ28+14; 
ɉɄ30+00; 

ɉɄ20+79 – ɉɄ22+00; 
ɉɄ27+20 – ɉɄ28+14; 
ɉɄ30+00; 

  ɉɄ32+00 – ɉɄ32+80; ɉɄ32+00 – ɉɄ32+80; 
  ɉɄ35+00 – ɉɄ36+24; ɉɄ35+00 – ɉɄ36+24; 
  ɉɄ37+50 – ɉɄ40+53; ɉɄ37+50 – ɉɄ40+53; 
  ɉɄ43+00 – ɉɄ45+25; ɉɄ43+00 – ɉɄ45+25; 
  ɉɄ48+30 – ɉɄ50+38 ɉɄ48+30 – ɉɄ50+38 
  ɉɄ3+00 – ɉɄ4+00; ɉɄ3+00 – ɉɄ4+00; 
  ɉɄ7+00 – ɉɄ10+50; ɉɄ7+00 – ɉɄ10+50; 
  ɉɄ11+00; ɉɄ11+00; 
  ɉɄ14+00 – ɉɄ16+00; ɉɄ14+00 – ɉɄ16+00; 

2 
ɇɚɫɵɩɶ ɜɵɫɨɬɨɣ ɛɨɥɟɟ 2 ɦ, ɤɪɭ- 
ɬɢɡɧɚ ɨɬɤɨɫɨɜ 1:1,5 

ɉɄ19+50 – ɉɄ20+00; 
ɉɄ29+00; 

ɉɄ19+50 – ɉɄ20+00; 
ɉɄ29+00; 

  ɉɄ30+56 – ɉɄ31+76; ɉɄ30+56 – ɉɄ31+76; 
  ɉɄ36+62 – ɉɄ37+42; ɉɄ36+62 – ɉɄ37+42; 
  ɉɄ41+00 – ɉɄ42+00; ɉɄ41+00 – ɉɄ42+00; 
  ɉɄ45+35 – ɉɄ48+00 ɉɄ45+35 – ɉɄ48+00 
  ɉɄ17+00 – ɉɄ17+66; ɉɄ17+00 – ɉɄ17+66; 

3 Ɋɚɫɤɪɵɬɚɹ ɜɵɟɦɤɚ ɝɥɭɛɢɧɨɣ ɞɨ 
1 ɦ 

ɉɄ22+73 – ɉɄ23+04; 
ɉɄ26+58 – ɉɄ27+00; 

ɉɄ22+73 – ɉɄ23+04; 
ɉɄ26+58 – ɉɄ27+00; 

  ɉɄ34+00 ɉɄ34+00 
4 ȼɵɟɦɤɚ ɝɥɭɛɢɧɨɣ ɞɨ 12 ɦ ɉɄ23+50 – ɉɄ26+50 ɉɄ23+50 – ɉɄ26+50 

 
ȼɟɞɨɦɨɫɬɶ ɩɥɨɳɚɞɟɣ ɩɨɥɨɫ ɨɬɜɨɞɚ ɢ ɜɟɞɨɦɨɫɬɶ ɨɛɴɟɦɨɜ ɡɟɦɥɹɧɵɯ ɪɚɛɨɬ 

ɩɪɢɜɟɞɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɹɯ Ƚ ɢ Ⱦ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
Ɍɢɩɵ ɩɨɩɟɪɟɱɧɵɯ ɩɪɨɮɢɥɟɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɝɪɚɮɢɱɟɫɤɨɣ ɱɚɫɬɢ ɜɵɩɭɫɤ- 

ɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ. 
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ɁȺɄɅЮЧȿɇɂȿ 
 

ȼ ɯɨɞɟ ɜɵɩɨɥɧɟɧɢɹ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥ ɡɚɩɪɨɟɤɬɢ- 
ɪɨɜɚɧ ɭɱɚɫɬɨɤ ɚɜɬɨɦɨɛɢɥɶɧɨɣ ɞɨɪɨɝɢ ɜ ɍɠɭɪɫɤɨɦ ɪɚɣɨɧɟ Ʉɪɚɫɧɨɹɪɫɤɨɝɨ ɤɪɚɹ. 

ɉɟɪɟɞ ɧɚɱɚɥɨɦ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɛɵɥɚ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ ɫɨɡɞɚɧɚ ɰɢɮɪɨɜɚɹ 
ɦɨɞɟɥɶ ɦɟɫɬɧɨɫɬɢ, ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɩɪɢɪɨɞɧɨ-ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɪɚɣɨɧɚ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɩɨ ɢɫɯɨɞɧɵɦ ɞɚɧɧɵɦ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɞɜɢɠɟɧɢɹ ɨɩɪɟɞɟɥɟɧɚ ɤɚ- 
ɬɟɝɨɪɢɹ ɚɜɬɨɦɨɛɢɥɶɧɨɣ ɞɨɪɨɝɢ. 

ɋɥɟɞɭɸɳɢɦ ɷɬɚɩɨɦ ɫɬɚɥɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɞɜɭɯ ɜɚɪɢɚɧɬɨɜ ɬɪɚɫɫɵ. Ȼɵɥɚ 
ɜɵɩɨɥɧɟɧɚ ɢɯ ɤɨɦɩɥɟɤɫɧɚɹ ɨɰɟɧɤɚ, ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɫɪɚɜɧɟɧɢɟ ɢ ɧɚ ɨɫ- 
ɧɨɜɟ ɪɚɫɱɟɬɨɜ ɛɵɥ ɜɵɛɪɚɧ ɩɟɪɜɵɣ ɜɚɪɢɚɧɬ ɬɪɚɫɫɵ. Ⱦɚɥɟɟ ɛɵɥɢ ɡɚɩɪɨɟɤɬɢɪɨɜɚɧɵ 
ɜɨɞɨɩɪɨɩɭɫɤɧɵɟ ɬɪɭɛɵ ɢ ɜɵɩɨɥɧɟɧ ɢɯ ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɚɫɱɟɬ. 

ɉɪɨɞɨɥɶɧɵɣ ɩɪɨɮɢɥɶ ɩɟɪɜɨɝɨ ɜɚɪɢɚɧɬɚ ɬɪɚɫɫɵ ɛɵɥ ɡɚɩɪɨɟɤɬɢɪɨɜɚɧ ɞɜɭɦɹ 
ɦɟɬɨɞɚɦɢ: ɤɥɚɫɫɢɱɟɫɤɢɦ ɢ ɤɭɛɢɱɟɫɤɢɦɢ ɫɩɥɚɣɧɚɦɢ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɫɪɚɜɧɢɬɟɥɶ- 
ɧɨɝɨ ɚɧɚɥɢɡɚ ɛɵɥɚ ɜɵɛɪɚɧɚ ɩɪɨɟɤɬɧɚɹ ɥɢɧɢɹ, ɜɵɩɨɥɧɟɧɧɚɹ ɤɥɚɫɫɢɱɟɫɤɢɦ ɦɟɬɨ- 
ɞɨɦ. 

ȼ ɩɪɨɰɟɫɫɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ɞɜɟ ɤɨɧɫɬɪɭɤɰɢɢ ɞɨɪɨɠɧɨɣ 
ɨɞɟɠɞɵ ɢ ɩɭɬɟɦ ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɫɪɚɜɧɟɧɢɹ ɛɵɥ ɜɵɛɪɚɧ ɧɚɢɛɨɥɟɟ ɰɟɥɟɫɨɨɛɪɚɡ- 
ɧɵɣ ɜɚɪɢɚɧɬ. Ʉɪɨɦɟ ɬɨɝɨ, ɛɵɥɨ ɜɵɩɨɥɧɟɧɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɩɨɩɟɪɟɱɧɵɯ ɩɪɨɮɢ- 
ɥɟɣ ɚɜɬɨɦɨɛɢɥɶɧɨɣ ɞɨɪɨɝɢ. 
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 ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɧɚ ɬɟɦɭ «ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɚɜɬɨɦɨ-
ɛɢɥɶɧɨɣ ɞɨɪɨɝɢ ɜ ɍɠɭɪɫɤɨɦ ɪɚɣɨɧɟ» ɫɨɞɟɪɠɢɬ 112 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭ-
ɦɟɧɬɚ, 16 ɢɫɩɨɥɶɡɭɟɦɵɯ ɢɫɬɨɱɧɢɤɨɜ ɢ 6 ɥɢɫɬɨɜ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ. 
 ɐɟɥɶ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ: ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɟ ɩɪɨɟɤɬɢ-
ɪɨɜɚɧɢɟ ɭɱɚɫɬɤɚ ɚɜɬɨɦɨɛɢɥɶɧɨɣ ɞɨɪɨɝɢ ɜ ɍɠɭɪɫɤɨɦ ɪɚɣɨɧɟ ɫ ɩɨɦɨɳɶɸ ɩɪɨ-
ɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ IndorCAD/Road, IndorDraw ɢ IndorPavement. 
 ȼ ɯɨɞɟ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬɵ ɛɵɥ ɜɵɩɨɥɧɟɧ ɚɧɚɥɢɡ ɩɪɢɪɨɞɧɨ-ɤɥɢɦɚɬɢɱɟɫɤɢɯ 
ɩɨɤɚɡɚɬɟɥɟɣ ɪɚɣɨɧɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ, ɨɩɪɟɞɟɥɟɧɚ ɤɚɬɟɝɨɪɢɹ ɚɜɬɨɦɨɛɢɥɶɧɨɣ ɞɨ-
ɪɨɝɢ, ɫɨɡɞɚɧɚ ɰɢɮɪɨɜɚɹ ɦɨɞɟɥɶ ɦɟɫɬɧɨɫɬɢ, ɡɚɩɪɨɟɤɬɢɪɨɜɚɧɵ ɞɜɚ ɜɚɪɢɚɧɬɚ ɚɜɬɨ-
ɦɨɛɢɥɶɧɨɣ ɞɨɪɨɝɢ, ɜɵɩɨɥɧɟɧɚ ɢɯ ɤɨɦɩɥɟɤɫɧɚɹ ɨɰɟɧɤɚ ɢ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɟ 
ɫɪɚɜɧɟɧɢɟ, ɜ ɯɨɞɟ ɤɨɬɨɪɨɝɨ ɛɵɥ ɜɵɛɪɚɧ ɛɟɡɨɩɚɫɧɵɣ ɢ ɷɤɨɧɨɦɢɱɧɵɣ ɜɚɪɢɚɧɬ. Ⱦɚ-
ɥɟɟ ɛɵɥɢ ɡɚɩɪɨɟɤɬɢɪɨɜɚɧɵ ɜɚɪɢɚɧɬɵ ɩɪɨɟɤɬɧɨɣ ɥɢɧɢɢ ɩɪɨɞɨɥɶɧɨɝɨ ɩɪɨɮɢɥɹ ɞɨ-
ɪɨɝɢ ɞɜɭɦɹ ɦɟɬɨɞɚɦɢ: ɤɥɚɫɫɢɱɟɫɤɢɦ (ɦɟɬɨɞ ɬɚɧɝɟɧɫɨɜ) ɢ ɫɩɥɚɣɧɨɜ ɢ ɜɵɩɨɥɧɟɧ 
ɢɯ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ. 
 ȼ ɪɟɡɭɥɶɬɚɬɟ ɛɵɥɚ ɜɵɛɪɚɧɚ ɩɪɨɟɤɬɧɚɹ ɥɢɧɢɹ ɩɪɨɞɨɥɶɧɨɝɨ ɩɪɨɮɢɥɹ, ɩɨ-
ɫɬɪɨɟɧɧɚɹ ɦɟɬɨɞɨɦ ɬɚɧɝɟɧɫɨɜ. Ɍɚɤɠɟ ɡɚɩɪɨɟɤɬɢɪɨɜɚɧɵ ɞɜɟ ɤɨɧɫɬɪɭɤɰɢɢ ɧɟɠɟɫɬ-
ɤɢɯ ɞɨɪɨɠɧɵɯ ɨɞɟɠɞ ɢ ɜɵɛɪɚɧɚ ɷɤɨɧɨɦɢɱɟɫɤɢ ɜɵɝɨɞɧɚɹ. Ʉɪɨɦɟ ɬɨɝɨ, ɛɵɥɢ ɡɚ-
ɩɪɨɟɤɬɢɪɨɜɚɧɵ ɩɨɩɟɪɟɱɧɵɟ ɩɪɨɮɢɥɢ. 
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