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ɉɪɟɞɥɨɠɟɧɵ ɬɟɯɧɢɱɟɫɤɢɟ ɪɟɲɟɧɢɹ ɭɱɢɬɵɜɚɸɳɢɟ ɫɩɟɰɢɮɢɤɭ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɭɫɥɨɜɢɣ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɲɚɯɬɧɵɯ ɰɟɧɬɪɨɛɟɠɧɵɯ ɜɟɧɬɢɥɹɬɨɪɨɜ ɢ ɩɨɡɜɨɥɹɸɳɢɟ ɩɨɞɧɹɬɶ ɧɨɜɵɣ 
ɭɪɨɜɟɧɶ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɭɸ ɧɚɝɪɭɠɟɧɧɨɫɬɶ ɢ ɷɤɨɧɨɦɢɱɧɨɫɬɶ ɲɚɯɬɧɵɯ ɰɟɧɬɪɨɛɟɠɧɵɯ 
ɜɟɧɬɢɥɹɬɨɪɨɜ. 
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɲɚɯɬɧɚɹ ɜɟɧɬɢɥɹɰɢɹ, ɰɟɧɬɪɨɛɟɠɧɵɟ ɜɟɧɬɢɥɹɬɨɪɵ, ɭɝɨɥɶɧɵɟ ɲɚɯɬɵ. 
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The technical solutions that consider specifi-
cation of the construction and the conditions of the 
exploitation of the underground minО’s turЛШПКЧs 
and allow to raise the aerodynamic load and the 
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ɟɩɪɟɪɵɜɧɵɣ ɪɨɫɬ ɰɟɧ ɧɚ ɷɧɟɪɝɨ-
ɧɨɫɢɬɟɥɢ ɜ ɭɫɥɨɜɢɹɯ ɪɵɧɨɱɧɨɣ 

ɷɤɨɧɨɦɢɤɢ ɢ ɭɫɥɨɠɧɟɧɢɹ ɝɨɪɧɨ-
ɝɟɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɨɬɪɚɛɨɬɤɢ ɲɚɯɬ-
ɧɵɯ ɩɨɥɟɣ ɩɨɞɧɢɦɚɸɬ ɩɪɨɛɥɟɦɭ ɨɛɟɫ-
ɩɟɱɟɧɢɹ ɬɟɯɧɢɱɟɫɤɨɣ ɢ ɷɤɨɧɨɦɢɱɟɫɤɨɣ 
ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɨɫɬɢ ɲɚɯɬ ɧɚ ɜɧɭɬ-
ɪɟɧɧɟɦ ɢ ɡɚɪɭɛɟɠɧɨɦ ɪɵɧɤɚɯ ɧɚ ɭɪɨ-
ɜɟɧɶ ɧɚɢɛɨɥɟɟ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɢ ɞɥɹ 
ɭɝɨɥɶɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ Ɋɨɫɫɢɢ. 

ȼɟɧɬɢɥɹɰɢɹ, ɤɚɤ ɨɫɧɨɜɧɨɣ ɷɥɟɦɟɧɬ 
ɨɛɟɫɩɟɱɟɧɢɹ ɛɟɡɨɩɚɫɧɵɯ ɫɚɧɢɬɚɪɧɨ-
ɝɢɝɢɟɧɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɜ ɲɚɯɬɚɯ, ɛɭɞɭ-
ɱɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ  
ɩɪɨɰɟɫɫɨɦ, ɩɨɬɪɟɛɥɹɟɬ, ɨɞɧɚɤɨ ɡɧɚɱɢ-
ɬɟɥɶɧɭɸ ɱɚɫɬɶ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɨɬ ɨɛɳɟɣ 
ɷɧɟɪɝɨɟɦɤɨɫɬɢ ɝɨɪɧɨɝɨ ɩɪɟɞɩɪɢɹɬɢɹ. 

ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ ɬɨɦɭ, ɱɬɨ ɜ ɫɟɛɟɫɬɨɢɦɨ-
ɫɬɢ ɭɝɥɹ ɞɨɥɹ ɡɚɬɪɚɬ ɧɚ ɜɟɧɬɢɥɹɰɢɸ ɦɨ-
ɠɟɬ ɩɪɟɜɵɲɚɬɶ 25%. ɂɦɟɧɧɨ ɩɨɷɬɨɦɭ ɡɚ-
ɞɚɱɢ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɝɨ ɨɛɨɫɧɨɜɚɧɢɹ 
ɪɚɰɢɨɧɚɥɶɧɵɯ ɜɟɧɬɢɥɹɰɢɨɧɧɵɯ ɪɟɠɢɦɨɜ 
ɢ ɫɨɡɞɚɧɢɹ ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɵɯ ɲɚɯɬɧɵɯ 
ɜɟɧɬɢɥɹɬɨɪɨɜ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɧɚɭɱ-
ɧɨɣ ɢ ɬɟɯɧɢɱɟɫɤɨɣ ɩɪɨɛɥɟɦɨɣ. 

ȼ ɪɚɡɜɢɬɢɢ ɨɬɟɱɟɫɬɜɟɧɧɨɝɨ ɲɚɯɬɧɨɝɨ 
ɜɟɧɬɢɥɹɬɨɪɨɫɬɪɨɟɧɢɹ ɞɨ ɧɚɫɬɨɹɳɟɝɨ 
ɜɪɟɦɟɧɢ ɩɪɨɫɥɟɠɢɜɚɟɬɫɹ ɱɟɬɵɪɟ ɨɫɧɨɜ-
ɧɵɯ ɩɟɪɢɨɞɚ (ɫɦ. ɪɢɫ.1). 

ɉɟɪɜɵɣ ɷɬɚɩ ɯɚɪɚɤɬɟɪɢɡɨɜɚɥɫɹ ɩɨ-
ɜɫɟɦɟɫɬɧɵɦ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟɦ ɜɟɧɬɢɥɹ-
ɬɨɪɨɜ ɬɢɩɚ ɐȼ ɫ ɡɚɝɧɭɬɵɦɢ ɜɩɟɪɟɞ ɥɨ-
ɩɚɬɤɚɦɢ ɪɚɛɨɱɢɯ ɤɨɥɟɫ. Ɉɞɧɚɤɨ ɷɬɢ ɜɟɧ-
ɬɢɥɹɬɨɪɵ ɨɬɥɢɱɚɥɢɫɶ ɜɵɫɨɤɢɦ ɭɞɟɥɶ-
ɧɵɦ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟɦ (1,74) ɢ ɛɨɥɶ-
ɲɨɣ ɭɞɟɥɶɧɨɣ ɦɚɫɫɨɣ (74 ɤɝ ɤȼɬˉ¹) Д1]. 

ȼ ɧɚɱɚɥɟ 50-ɯ ɝɨɞɨɜ ɩɨ ɚɷɪɨɞɢɧɚɦɢ-
ɱɟɫɤɢɦ ɫɯɟɦɚɦ ɐȺȽɂ ɢ ɇɂɂȽɆ ɢɦ. 
Ɇ.Ɇ. Ɏɟɞɨɪɨɜɚ ɛɵɥɢ ɪɚɡɪɚɛɨɬɚɧɵ ɜɟɧ-
ɬɢɥɹɬɨɪɵ ɩɨɞ ɲɢɮɪɚɦɢ ȼɐ-4, ȼɐ-5 ɢ 
ɬɢɩɚ ȼɐɈ, ɢɦɟɜɲɢɟ ɭɞɟɥɶɧɨɟ ɷɧɟɪɝɨɩɨ-
ɬɪɟɛɥɟɧɢɟ 1,67; 1,45 ɢ ɝɥɭɛɢɧɭ ɷɤɨɧɨ-
ɦɢɱɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɨ ɩɨɞɚɱɟ ɢ 
ɞɚɜɥɟɧɢɸ 0,33; 0,45 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ Д1]. 
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Ɍɪɟɬɢɣ ɷɬɚɩ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɰɟɧ-
ɬɪɨɛɟɠɧɵɯ ɜɟɧɬɢɥɹɬɨɪɨɜ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ 
ɩɪɢɦɟɧɟɧɢɟɦ ɡɚɝɧɭɬɵɯ ɧɚɡɚɞ ɤɪɵɥɨɜɢɞ-
ɧɵɯ ɥɨɩɚɬɨɤ. ɇɚɢɛɨɥɟɟ ɫɨɜɟɪɲɟɧɧɵɟ ɰɟɧ-
ɬɪɨɛɟɠɧɵɟ ɜɟɧɬɢɥɹɬɨɪɵ ɷɬɨɝɨ ɬɢɩɚ ɢɦɟɸɬ 
ɦɚɤɫɢɦɚɥɶɧɵɣ ɫɬɚɬɢɱɟɫɤɢɣ ɤ.ɩ.ɞ. 0,86, 
ɭɞɟɥɶɧɨɟ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟ 1,32, ɨɞɧɚɤɨ, 
ɨɬɥɢɱɚɸɬɫɹ ɧɢɡɤɢɦ ɫɬɚɬɢɱɟɫɤɢɦ ɤɨɷɮɮɢ-
ɰɢɟɧɬ ɞɚɜɥɟɧɢɹ, ɧɟ ɩɪɟɜɵɲɚɸɳɢɣ 0,76. 

Ⱦɥɹ ɫɯɟɦ ɪɟɲɟɬɨɤ ɫ ɡɚɝɧɭɬɵɦɢ ɧɚɡɚɞ 
ɩɪɨɮɢɥɹɦɢ, ɩɨ ɤɨɬɨɪɵɦ ɜɵɩɨɥɧɟɧɵ 
ɞɚɧɧɵɟ ɰɟɧɬɪɨɛɟɠɧɵɟ ɜɟɧɬɢɥɹɬɨɪɵ, ɯɚ-
ɪɚɤɬɟɪɧɵ ɝɪɚɞɢɟɧɬɵ ɞɚɜɥɟɧɢɹ, ɤɨɬɨɪɵɟ 
ɧɟ ɜ ɫɨɫɬɨɹɧɢɢ ɩɨɥɧɨɫɬɶɸ ɡɚɬɨɪɦɨɡɢɬɶ 
ɩɨɝɪɚɧɢɱɧɵɣ ɫɥɨɣ, ɩɪɢɜɟɫɬɢ ɤ ɜɨɡɧɢɤ-
ɧɨɜɟɧɢɸ ɨɬɪɵɜɧɨɝɨ ɜɢɯɪɟɨɛɪɚɡɨɜɚɧɢɹ, 
ɜɫɥɟɞɫɬɜɢɟ  ɱɟɝɨ ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɜ ɧɢɯ 
ɢɦɟɸɬ ɧɚɢɦɟɧɶɲɭɸ ɜɟɥɢɱɢɧɭ, ɫɨɫɬɚɜ-
ɥɟɧɧɭɸ ɫɨɢɡɦɟɪɢɦɵɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ 
ɩɨɬɟɪɶ ɨɬ ɬɪɟɧɢɹ ɢ ɪɚɫɲɢɪɟɧɢɹ. 

ɑɟɬɜɟɪɬɵɣ ɷɬɚɩ 
Ʉɚɤ ɩɨɤɚɡɚɥɢ ɢɫɫɥɟɞɨɜɚɧɢɹ Д4], ɞɥɹ 

ɪɟɲɟɬɨɤ ɫ ɤɪɵɥɨɜɵɦɢ ɩɪɨɮɢɥɹɦɢ ɨɩɪɟ-
ɞɟɥɹɸɳɢɦ ɹɜɥɹɟɬɫɹ ɧɟ ɫɬɨɥɶɤɨ ɭɝɨɥ 
ɚɬɚɤɢ, ɫɤɨɥɶɤɨ ɪɚɡɦɟɳɟɧɢɟ ɩɟɪɟɞɧɟɣ 
ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɢ ɩɨɬɨɤɚ ɧɚ ɩɪɨɮɢɥɟ. 
ɂɫɫɥɟɞɨɜɚɧɢɟ ɷɬɨɝɨ ɩɪɨɰɟɫɫɚ ɩɨɡɜɨɥɢɥɨ 
ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɬɶ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɟ 
ɫɯɟɦɵ ɫ ɧɚɡɚɞ ɡɚɝɧɭɬɵɦɢ ɥɨɩɚɬɤɚɦɢ, 
ɩɨɜɵɫɢɬɶ ɢɯ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɭɸ ɧɚɝɪɭ-
ɠɟɧɧɨɫɬɶ ɩɪɢ ɫɨɯɪɚɧɟɧɢɢ ɷɤɨɧɨɦɢɱɧɨ-

ɫɬɢ ɡɚ ɫɱɟɬ ɢɡɦɟɧɟɧɢɹ ɤɪɢɜɢɡɧɵ ɪɚɛɨɱɟɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɥɨɩɚɬɤɢ ɧɚ ɜɵɯɨɞɟ ɢ ɭɬɨɥ-
ɳɟɧɢɹ ɜɵɯɨɞɧɨɣ ɤɪɨɦɤɢ δ2. 

Ⱥɧɚɥɢɡ ɭɤɚɡɚɧɧɵɯ ɫɯɟɦ Д5] ɩɨɤɚɡɵ-
ɜɚɟɬ, ɱɬɨ ɦɟɠɞɭ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɞɚɜɥɟ-
ɧɢɹ ψɫɬ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɫɜɹɡɚɧɧɵɦ ɫ 
ɭɝɥɨɦ β2ɥ ɜɵɯɨɞɚ ɥɨɩɚɬɨɤ ɪɚɛɨɱɟɝɨ ɤɨ-
ɥɟɫɚ ɢ ɦɚɤɫɢɦɚɥɶɧɵɦ ɫɬɚɬɢɱɟɫɤɢɦ ɄɉȾ 
ηɫɬ ɜɟɧɬɢɥɹɬɨɪɚ ɫɭɳɟɫɬɜɭɟɬ ɯɨɬɹ ɢ ɫɬɚ-
ɬɢɫɬɢɱɟɫɤɚɹ, ɧɨ ɞɨɫɬɚɬɨɱɧɨ ɠɟɫɬɤɚɹ 
ɫɜɹɡɶ, ɚ ɢɦɟɧɧɨ: ɧɚɱɢɧɚɹ ɫ ψɫɬ =0,7÷0,75 , 
ɭɜɟɥɢɱɟɧɢɟ ɷɬɨɝɨ ɩɚɪɚɦɟɬɪɚ ɩɪɢɜɨɞɢɬ ɤ 
ɛɵɫɬɪɨɦɭ ɫɧɢɠɟɧɢɸ ɷɤɨɧɨɦɢɱɧɨɫɬɢ. 

ɂɡ ɡɚɜɢɫɢɦɨɫɬɟɣ ψɫɬ (β2ɥ), ηɫɬ (β2ɥ), 
ɩɪɢɜɟɞɟɧɧɵɯ ɧɚ ɪɢɫ. 1 ɜɢɞɧɨ, ɱɬɨ ɩɪɢ 
β2ɥ = 40-45º ɨɛɚ ɝɪɚɮɢɤɚ ɢɦɟɸɬ ɬɨɱɤɭ 
ɩɟɪɟɝɢɛɚ. ɗɬɨ ɝɨɜɨɪɢɬ ɨ ɬɨɦ, ɱɬɨ ɪɚɛɨ-
ɱɢɟ ɩɪɨɰɟɫɫɵ, ɩɪɨɢɫɯɨɞɹɳɢɟ ɜ ɤɨɥɟɫɚɯ ɫ 
β2ɥ  < 40-45º ɢ ɫ β2ɥ > 40-45º, ɧɟɫɤɨɥɶɤɨ 
ɨɬɥɢɱɚɸɬɫɹ ɞɪɭɝ ɨɬ ɞɪɭɝɚ, ɩɪɢɱɟɦ ɨɬɥɢ-
ɱɢɹ ɷɬɢ ɤɚɫɚɸɬɫɹ ɦɟɯɚɧɢɡɦɚ ɫɨɡɞɚɧɢɹ 
ɞɚɜɥɟɧɢɹ, ɬɚɤ ɢ ɦɟɯɚɧɢɡɦɚ ɩɨɬɟɪɶ ɞɚɜ-
ɥɟɧɢɹ ɜ ɤɨɥɟɫɟ. 

Ɉɛɥɚɫɬɶ ɨɬɪɵɜɚ ɜ ɫɥɭɱɚɟ β2ɥ  < 40º 
ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɧɚ ɪɚɛɨɱɟɣ ɱɚɫɬɢ ɥɨɩɚɬɤɢ 
ɢ ɡɚɦɵɤɚɟɬɫɹ ɧɚ ɩɨɫɥɟɞɧɟɣ, ɤɚɤ ɛɵ ɭɜɟ-
ɥɢɱɢɜɚɹ ɦɚɤɫɢɦɚɥɶɧɭɸ ɬɨɥɳɢɧɭ ɥɨɩɚɬ-
ɤɢ, ɱɬɨ ɜɵɡɵɜɚɟɬ ɭɦɟɧɶɲɟɧɢɟ ɭɝɥɚ β2 

ɜɵɯɨɞɚ ɩɨɬɨɤɚ, ɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɭɪɚɜ-
ɧɟɧɢɟɦ ɗɣɥɟɪɚ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ 
ψɫɬ. Ȼɥɚɝɨɞɚɪɹ ɡɚɦɤɧɭɬɨɫɬɢ ɨɛɥɚɫɬɢ ɨɬ-

 
 
Ɋɢɫ. 1. Ɉɫɧɨɜɧыɟ эɬɚɩы ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢя ɲɚɯɬɧыɯ ɰɟɧɬɪɨɛɟɠɧыɯ ɜɟɧɬɢɥяɬɨɪɨɜ 
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ɪɵɜɚ ɨɬɫɭɬɫɬɜɭɸɬ ɩɨɬɟɪɢ ɧɚ ɭɞɚɪ ɢ 
ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɜɵɫɨɤɢɣ ɤ.ɩ.ɞ. ɜɟɧɬɢɥɹ-
ɬɨɪɚ (ηɫɬ = 0,85), ɬɚɤ ɤɚɤ ɞɨɩɨɥɧɢɬɟɥɶɧɚɹ 
ɷɧɟɪɝɢɹ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɬɪɚɬɢɬɫɹ ɧɚ ɩɨɞ-
ɞɟɪɠɚɧɢɟ ɰɢɪɤɭɥɹɰɢɨɧɧɨɝɨ ɬɟɱɟɧɢɹ ɜ 
ɨɛɥɚɫɬɢ ɨɬɪɵɜɚ. 

ȿɫɥɢ ɬɭ ɠɟ ɥɨɩɚɬɤɭ ɭɫɬɚɧɨɜɢɬɶ ɫ ɭɝ-
ɥɨɦ ɜɵɯɨɞɚ β2ɥ < 25º, ɬɨ ɨɬɪɵɜ ɧɟ ɡɚɦɵ-
ɤɚɟɬɫɹ ɧɚ ɩɟɪɟɞɧɟɣ ɱɚɫɬɢ ɥɨɩɚɬɤɢ, ɜɨɡ-
ɧɢɤɧɭɬ ɩɨɬɟɪɢ ɧɚ ɭɞɚɪ, ɩɪɢɜɨɞɹɳɢɟ ɤ 
ɫɧɢɠɟɧɢɸ ɤ.ɩ.ɞ. ɗɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɧɚ 
ɪɢɫ. 1 ɨɬɤɭɞɚ ɜɢɞɧɨ, ɱɬɨ ɩɪɢ β2ɥ < 25º ηɫɬ 
ɫɧɢɠɚɟɬɫɹ. Ʉɚɤ ɩɨɤɚɡɵɜɚɟɬ ɞɚɥɶɧɟɣɲɢɣ 
ɚɧɚɥɢɡ, ɞɥɹ ɪɚɛɨɱɢɯ ɤɨɥɟɫ ɫ ɭɝɥɨɦ ɭɫɬɚ-
ɧɨɜɤɢ ɥɨɩɚɬɨɤ ɛɨɥɟɟ 40º ɨɬɪɵɜ ɨɬ ɩɟ-
ɪɟɞɧɟɟ ɫɬɨɪɨɧɵ ɥɨɩɚɬɨɤ ɧɟ ɨɛɪɚɡɭɟɬɫɹ, ɚ 
ɨɛɥɚɫɬɶ ɪɚɫɲɢɪɹɟɦɨɝɨ ɤ ɜɵɯɨɞɭ ɨɬɪɵɜɚ 
ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɧɚ ɬɵɥɶɧɨɣ ɫɬɨɪɨɧɟ ɥɨ-
ɩɚɬɤɢ. ɋ ɪɨɫɬɨɦ β2ɥ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɢ ɨɛ-
ɥɚɫɬɶ ɨɬɪɵɜɚ, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɤ.ɩ.ɞ. 
ɫɧɢɠɚɟɬɫɹ ɜɫɟ ɜ ɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ, ɱɬɨ 
ɬɚɤɠɟ ɩɨɞɬɜɟɪɠɞɚɟɬ ɪɢɫ. 1. 

Ⱦɥɹ ɭɫɬɪɚɧɟɧɢɹ ɷɬɢɯ ɹɜɥɟɧɢɣ, ɩɨɜɵ-
ɲɟɧɢɹ ɞɚɜɥɟɧɢɹ ɜɟɧɬɢɥɹɬɨɪɚ ɛɵɥɨ ɩɪɟɞ-
ɥɨɠɟɧɨ ɭɜɟɥɢɱɢɬɶ ɞɥɢɧɭ ɥɨɩɚɬɤɢ ɪɚɛɨɱɟ-
ɝɨ ɤɨɥɟɫɚ ɫ ɬɟɦ, ɱɬɨɛɵ ɬɨɱɤɚ ɡɚɦɵɤɚɧɢɹ 
ɨɬɪɵɜɚ ɞɚɠɟ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɩɨɞɚɱɟ 
ɜɨɡɞɭɯɚ ɪɚɫɩɨɥɚɝɚɥɚɫɶ ɧɚ ɧɟɤɨɬɨɪɨɦ ɝɚ-
ɪɚɧɬɢɪɨɜɚɧɧɨɦ ɪɚɫɫɬɨɹɧɢɢ ɨɬ ɜɵɯɨɞɧɨɣ 
ɤɪɨɦɤɢ ɥɨɩɚɬɤɢ. ɉɨɫɥɟɞɧɹɹ ɜɵɩɨɥɧɟɧɚ ɫ 
ɛɨɥɶɲɟɣ ɬɨɥɳɢɧɨɣ, ɱɟɦ ɷɬɨ ɩɪɢɧɹɬɨ 
ɨɛɵɱɧɨ, ɚ ɜɵɯɨɞɧɨɣ ɭɱɚɫɬɨɤ ɪɚɛɨɱɟɣ ɫɬɨ-
ɪɨɧɵ ɥɨɩɚɬɤɢ ɢɦɟɟɬ ɤɪɢɜɢɡɧɭ, ɨɛɪɚɬɧɭɸ 
ɤɪɢɜɢɡɧɟ ɨɫɧɨɜɧɨɣ ɪɚɛɨɱɟɣ ɫɬɨɪɨɧɵ ɥɨ-
ɩɚɬɤɢ, ɫ ɪɚɞɢɭɫɨɦ ɤɪɢɜɢɡɧɵ ɨɫɧɨɜɧɨɣ ɟɟ 
ɱɚɫɬɢ ɪɚɛɨɱɟɣ ɫɬɨɪɨɧɵ Д5], ɱɬɨ ɩɪɢɞɚɟɬ ɟɣ 
S-ɨɛɪɚɡɧɭɸ ɮɨɪɦɭ. 

Ɍɚɤɨɟ ɜɵɩɨɥɧɟɧɢɟ ɥɨɩɚɬɤɢ ɢɡɦɟɧɹɟɬ ɧɚ-
ɩɪɚɜɥɟɧɢɟ ɰɟɧɬɪɨɛɟɠɧɨɣ ɫɢɥɵ ɢ ɨɫɭɳɟɫɬɜ-
ɥɹɟɬ ɧɚɞɟɠɧɨɟ ɩɪɢɠɚɬɢɟ ɩɨɬɨɤɚ ɤ ɥɨɩɚɬɤɟ, 
ɭɜɟɥɢɱɢɜɚɟɬ ɭɝɨɥ ɜɵɯɨɞɚ ɥɨɩɚɬɤɢ ɩɨ ɟɟ ɪɚ-
ɛɨɱɟɣ ɫɬɨɪɨɧɟ ɞɨ 50º-70º (ɩɪɢ ɷɬɨɦ ɭɝɨɥ ɜɵ-
ɯɨɞɚ ɩɨ ɫɪɟɞɧɟɣ ɥɢɧɢɢ ɥɨɩɚɬɤɢ ɜɨɡɪɚɫɬɚɟɬ 
ɞɨ 45-55º). 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɝɪɚɮɢɤɨɦ ɪɢɫ. 1 ɩɨ-
ɜɵɲɟɧɢɟ β2ɥ  ɞɨ 45-55º ɩɨɡɜɨɥɹɟɬ ɩɨɥɭ-

ɱɢɬɶ s
ɫɬ  = 0,9, ɬɨ ɟɫɬɶ ɧɚ 20-30% ɜɵɲɟ, 

ɱɟɦ ɭ ɢɫɯɨɞɧɨɣ ɫɯɟɦɵ. 
ɑɪɟɡɦɟɪɧɨɟ ɭɜɟɥɢɱɟɧɢɟ δ2 ɜɥɟɱɟɬ ɡɚ 

ɫɨɛɨɣ ɪɟɡɤɨɟ ɭɜɟɥɢɱɟɧɢɟ ɤɪɨɦɨɱɧɵɯ ɩɨ-
ɬɟɪɶ ɢ ɫɧɢɠɟɧɢɟ ɤ.ɩ.ɞ. ɉɨɷɬɨɦɭ ɧɟɨɛɯɨ-
ɞɢɦɨ ɩɪɢɧɢɦɚɬɶ ɬɚɤɨɟ ɡɧɚɱɟɧɢɟ δ2, ɩɪɢ 
ɤɨɬɨɪɨɦ ɤɪɨɦɨɱɧɵɟ ɩɨɬɟɪɢ ɨɫɬɚɜɚɥɢɫɶ 
ɧɚ ɩɪɟɠɧɟɦ ɭɪɨɜɧɟ, ɨɩɪɟɞɟɥɹɟɦɨɦ ɬɨɥ-
ɳɢɧɨɣ ɜɵɬɟɫɧɟɧɢɹ ɩɨɝɪɚɧɢɱɧɨɝɨ ɫɥɨɹ 
ɧɚ ɤɨɧɰɟ ɥɨɩɚɬɤɢ. 

Ⱦɚɥɶɧɟɣɲɟɟ ɭɜɟɥɢɱɟɧɢɟ ɚɷɪɨɞɢɧɚ-
ɦɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɲɚɯɬɧɵɯ ɜɟɧɬɢɥɹ-
ɬɨɪɨɜ ɬɪɚɞɢɰɢɨɧɧɵɦɢ ɫɩɨɫɨɛɚɦɢ ɩɪɚɤ-
ɬɢɱɟɫɤɢ ɢɫɱɟɪɩɚɥɨ ɫɜɨɢ ɜɨɡɦɨɠɧɨɫɬɢ, ɚ 
ɬɚɤɠɟ ɧɟɜɨɡɦɨɠɧɨ ɡɚ ɫɱɟɬ ɪɨɫɬɚ ɞɢɚɦɟɬ-
ɪɚ ɪɚɛɨɱɢɯ ɤɨɥɟɫ ɢ ɨɤɪɭɠɧɨɣ ɫɤɨɪɨɫɬɢ 
ɢɯ ɜɪɚɳɟɧɢɹ ɢɫɯɨɞɹ ɢɡ ɭɫɥɨɜɢɣ ɩɪɨɢɡ-
ɜɨɞɫɬɜɚ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɢ ɜ ɫɜɹɡɢ ɫ ɪɨɫ-
ɬɨɦ ɧɚɩɪɹɠɟɧɢɣ ɜ ɤɨɧɫɬɪɭɤɰɢɢ ɪɚɛɨɱɟ-
ɝɨ ɤɨɥɟɫɚ. 

ɉɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɲɚɯɬɧɵɦ ɰɟɧɬɪɨ-
ɛɟɠɧɵɦ ɜɟɧɬɢɥɹɬɨɪɚɦ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤ-
ɬɢɜɧɵɦ ɫɩɨɫɨɛɨɦ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜ-
ɧɨɫɬɢ ɹɜɥɹɟɬɫɹ ɫɬɪɭɣɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɨɛ-
ɬɟɤɚɧɢɟɦ ɥɨɩɚɬɨɤ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, ɭɫɬɪɚ-
ɧɹɸɳɟɟ ɨɬɪɵɜɧɨɟ ɜɢɯɪɟɨɛɪɚɡɨɜɚɧɢɟ ɜ 
ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ ɜɟɧɬɢɥɹɬɨɪɚ, ɭɜɟɥɢɱɢ-
ɜɚɸɳɟɟ ɭɝɨɥ ɜɵɯɨɞɚ ɩɨɬɨɤɚ ɢɡ ɪɚɛɨɱɟɝɨ 
ɤɨɥɟɫɚ. 

Ʉɨɧɫɬɪɭɤɬɢɜɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɲɚɯɬ-
ɧɵɯ ɰɟɧɬɪɨɛɟɠɧɵɯ ɜɟɧɬɢɥɹɬɨɪɨɜ, ɩɨ-
ɡɜɨɥɹɸɬ ɪɟɚɥɢɡɨɜɵɜɚɬɶ ɜ ɧɢɯ ɚɤɬɢɜɧɵɟ 
ɦɟɬɨɞɵ ɭɩɪɚɜɥɟɧɢɹ  ɬɟɱɟɧɢɟɦ ɜ ɦɟɠɥɨ-
ɩɚɬɨɱɧɵɯ ɤɚɧɚɥɚɯ ɪɚɛɨɱɢɯ ɤɨɥɟɫ ɫ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɟɦ ɜɵɫɨɤɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɚɷ-
ɪɨɝɚɡɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɬɪɭɣ ɭɩɪɚɜɥɹɸ-
ɳɟɝɨ ɩɨɬɨɤɚ ɛɟɡ ɩɪɢɦɟɧɟɧɢɹ ɞɨɩɨɥɧɢ-
ɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ ɩɨɞɜɨɞɚ ɷɧɟɪɝɢɢ.  

Ɉɪɢɝɢɧɚɥɶɧɨɫɬɶ ɢ ɧɨɜɢɡɧɚ ɢɞɟɢ ɰɟɧ-
ɬɪɨɛɟɠɧɨɝɨ ɜɟɧɬɢɥɹɬɨɪɚ  ɛɥɨɱɧɨ-
ɦɨɞɭɥɶɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɫ ɪɟɚɥɢɡɚɰɢɟɣ ɜ 
ɧɟɣ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɫɩɨɫɨɛɨɜ ɭɩɪɚɜɥɟɧɢɹ 
ɨɛɬɟɤɚɧɢɟɦ, ɢɫɩɨɥɶɡɭɸɳɢɯ ɜ ɤɚɱɟɫɬɜɟ ɢɫ-
ɬɨɱɧɢɤɚ ɚɷɪɨɝɚɡɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɬɪɭɣ 
ɭɩɪɚɜɥɹɸɳɟɝɨ ɩɨɬɨɤɚ ɱɚɫɬɶ ɨɫɧɨɜɧɨɝɨ 
ɩɨɬɨɤɚ, ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ. 2 [8] ɢ ɨɩɪɟɞɟ-



 269 

ɥɹɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟɦ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ 
ɜɢɯɪɟɜɨɝɨ ɧɚɤɪɵɥɤɚ 1. 

ɉɪɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɚɷɪɨɞɢɧɚɦɢɱɟ-
ɫɤɢɯ ɩɚɪɚɦɟɬɪɚɯ ɜɯɨɞɧɨɝɨ ɚɷɪɨɞɢɧɚɦɢɱɟ-
ɫɤɨɝɨ ɤɚɧɚɥɚ 5, ɜɢɯɪɟɜɨɣ ɤɚɦɟɪɵ 6, ɪɚɛɨ-
ɱɟɣ 3 ɢ ɬɵɥɶɧɨɣ 4 ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɤɪɵɥɤɚ 
1 ɢ ɜɵɯɨɞɧɵɯ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɡɚɡɨɪɨɜ 
2 ɧɚ ɬɵɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 4, ɞɚɧɧɨɟ ɭɫɬ-
ɪɨɣɫɬɜɨ ɮɨɪɦɢɪɭɟɬ ɚɷɪɨɝɚɡɨɞɢɧɚɦɢɱɟ-
ɫɤɭɸ ɜɵɫɨɤɨɷɧɟɪɝɟɬɢɱɟɫɤɢ ɡɚɜɢɯɪɟɧɧɭɸ 
ɫɬɪɭɸ ɭɩɪɚɜɥɹɸɳɟɝɨ ɩɨɬɨɤɚ ɧɚ ɬɵɥɶɧɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ 4 ɧɚɤɪɵɥɤɚ 1 ɥɨɩɚɬɤɢ 7 ɪɚ-
ɛɨɱɟɝɨ ɤɨɥɟɫɚ 8 ɰɟɧɬɪɨɛɟɠɧɨɝɨ ɜɟɧɬɢɥɹ-
ɬɨɪɚ. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɡɚɜɢɯɪɟɧɧɨɣ ɫɬɪɭɢ 
ɭɩɪɚɜɥɹɸɳɟɝɨ ɢ ɨɫɧɨɜɧɨɝɨ ɩɨɬɨɤɨɜ ɫɩɨ-
ɫɨɛɫɬɜɭɟɬ ɫɭɳɟɫɬɜɟɧɧɨɦɭ ɭɦɟɧɶɲɟɧɢɸ 
ɭɝɥɚ ɨɬɫɬɚɜɚɧɢɹ ɨɫɧɨɜɧɨɝɨ ɩɨɬɨɤɚ ɧɚ ɜɵ-
ɯɨɞɟ ɢɡ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ 8 ɜ ɭɫɥɨɜɢɹɯ ɡɧɚ-
ɱɢɬɟɥɶɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ 
ɰɟɧɬɪɨɛɟɠɧɨɝɨ ɜɟɧɬɢɥɹɬɨɪɚ, ɫɩɨɫɨɛɫɬɜɭɹ 
ɬɟɦ ɫɚɦɵɦ ɪɨɫɬɭ ɟɝɨ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɣ 
ɧɚɝɪɭɠɟɧɧɨɫɬɢ ɢ ɷɤɨɧɨɦɢɱɧɨɫɬɢ. ɉɪɨɮɢ-
ɥɢɪɨɜɚɧɢɟ ɡɚɞɧɟɣ  ɤɪɨɦɤɢ ɧɚɤɪɵɥɤɚ 1 ɩɨ-
ɡɜɨɥɹɟɬ, ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɚɧɧɨɣ ɤɨɧɫɬ-
ɪɭɤɰɢɢ, ɞɨɫɬɢɱɶ ɷɮɮɟɤɬɢɜɧɵɯ ɪɟɠɢɦɨɜ 
ɫɭɩɟɪɰɢɪɤɭɥɹɰɢɢ, ɩɪɢ ɤɨɬɨɪɵɯ ɞɚɜɥɟɧɢɟ, 
ɪɚɡɜɢɜɚɟɦɨɟ ɰɟɧɬɪɨɛɟɠɧɵɦ ɜɟɧɬɢɥɹɬɨɪɨɦ, 
ɩɪɟɜɵɲɚɟɬ ɟɝɨ ɬɟɨɪɟɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ. 

ȼ ɨɬɟɱɟɫɬɜɟɧɧɨɣ ɢ ɡɚɪɭɛɟɠɧɨɣ ɥɢɬɟɪɚ-
ɬɭɪɟ ɨɬɫɭɬɫɬɜɭɸɬ ɞɚɧɧɵɟ ɩɨ ɢɫɫɥɟɞɨɜɚɧɢ-
ɹɦ ɫɬɪɭɣɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɨɛɬɟɤɚɧɢɟɦ ɥɨ-
ɩɚɬɨɤ ɪɚɛɨɱɢɯ ɤɨɥɟɫ ɰɟɧɬɪɨɛɟɠɧɵɯ ɜɟɧ-
ɬɢɥɹɬɨɪɨɜ, ɜɵɛɨɪɭ ɨɩɬɢɦɚɥɶɧɵɯ ɷɧɟɪɝɟ-
ɬɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɭɩɪɚɜɥɹɸɳɟɝɨ 
ɩɨɬɨɤɚ, ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɭɫɬ-

ɪɨɣɫɬɜ ɞɥɹ ɟɝɨ ɩɨɞɚɱɢ ɢ ɤɨɧɫɬɪɭɤɬɢɜɧɨɣ 
ɢɯ ɪɟɚɥɢɡɚɰɢɢ. 

ɋ ɬɨɱɤɢ ɡɪɟɧɢɹ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɣ 
ɚɧɚɥɨɝɢɢ ɫɬɪɭɸ ɭɩɪɚɜɥɹɸɳɟɝɨ ɩɨɬɨɤɚ 
ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɫɨɜɨɤɭɩɧɨɫɬɶ 
ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ ɫɬɨɤɨɜ. ɋɨɝɥɚɫɧɨ 
Ʌ.ɉɪɚɧɞɬɥɸ Д6] «ɞɜɢɠɟɧɢɟ ɬɟɥɚ ɜɵɡɵ-
ɜɚɟɬ ɜɨ ɜɫɟɣ ɨɛɥɚɫɬɢ ɠɢɞɤɨɫɬɢ, ɡɚ ɢɫ-
ɤɥɸɱɟɧɢɟɦ ɤɢɥɶɜɚɬɟɪɧɨɣ ɡɨɧɵ, ɬɚɤɨɟ ɠɟ 
ɬɟɱɟɧɢɟ, ɤɚɤ ɢɫɬɨɱɧɢɤ». Ɍɨɝɞɚ ɢɡ ɬɟɨɪɟ-
ɦɵ ɢɦɩɭɥɶɫɨɜ ɢ ɡɚɤɨɧɚ ɫɨɯɪɚɧɟɧɢɹ 
ɷɧɟɪɝɢɢ ɫɥɟɞɭɟɬ, ɱɬɨ ɝɢɞɪɚɜɥɢɱɟɫɤɚɹ 
ɦɨɳɧɨɫɬɶ ɢɫɬɨɱɧɢɤɨɜ, ɦɨɞɟɥɢɪɭɸɳɢɯ 
ɫɢɫɬɟɦɭ, ɪɚɜɧɚ ɩɨɬɟɪɹɦ ɷɧɟɪɝɢɢ ɜ ɪɚɛɨ-
ɱɟɦ ɤɨɥɟɫɟ 
Nɢ = ∆Wɤ.                                       (1) 

ɍɱɢɬɵɜɚɹ, ɱɬɨ ɞɚɜɥɟɧɢɟ ɫɨɨɬɜɟɬɫɬɜɭ-
ɟɬ ɷɧɟɪɝɢɢ ɟɞɢɧɢɰɵ ɨɛɴɟɦɚ ɢ, ɜɵɪɚɠɚɹ 
ɝɢɞɪɚɜɥɢɱɟɫɤɭɸ ɦɨɳɧɨɫɬɶ ɢɫɬɨɱɧɢɤɨɜ 
ɱɟɪɟɡ ɫɤɨɪɨɫɬɶ ɬɟɱɟɧɢɹ ɢ ɪɚɫɯɨɞ, ɩɨɥɭ-
ɱɢɦ  
ρQɢV1

2 = Q∆P = 0.5(Qξɫɬ ρ V1
2),        (2) 

ɝɞɟ Qɢ – ɪɚɫɯɨɞ ɢɫɬɨɱɧɢɤɨɜ, ɦɨɞɟɥɢ-
ɪɭɸɳɢɯ ɫɢɫɬɟɦɭ; V1 – ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚ 
ɧɚ ɜɯɨɞɟ ɜ ɪɚɛɨɱɟɟ ɤɨɥɟɫɨ; ξɫɬ – ɫɬɚɬɢɱɟ-
ɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɬɟɪɶ ɞɚɜɥɟɧɢɹ ɜ 
ɪɚɛɨɱɟɦ ɤɨɥɟɫɟ. 

Ɉɬɤɭɞɚ 
qɢ = 0.5 ξɫɬq,                                   (3) 

ɉɪɢɧɢɦɚɹ, ɱɬɨ ɦɨɳɧɨɫɬɶ ɫɬɨɤɨɜ ɪɚɜ-
ɧɚ ɧɚɱɚɥɶɧɨɦɭ ɪɚɫɯɨɞɭ ɭɩɪɚɜɥɹɸɳɟɝɨ 
ɩɨɬɨɤɚ, ɩɨɥɭɱɢɦ 
qɭ = 0.25ξɫɬq.                                  (4) 

ɇɚɣɞɟɧɧɨɟ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɤɨɷɮɮɢ-
ɰɢɟɧɬɚ ɪɚɫɯɨɞɚ ɭɩɪɚɜɥɹɸɳɟɝɨ ɩɨɬɨɤɚ, 

         
 

Ɋɢɫ. 2. ɐɟɧɬɪɨɛɟɠɧыɣ ɜɟɧɬɢɥяɬɨɪ ɫ ɚэɪɨɞɢɧɚɦɢɱɟɫɤɢɦ ɜɢɯɪɟɜыɦ ɧɚɤɪыɥɤɨɦ ɥɨɩɚɬɨɤ ɪɚɛɨ-
ɱɟɝɨ ɤɨɥɟɫɚ 
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ɨɛɟɫɩɟɱɢɜɚɸɳɟɝɨ ɭɫɬɪɚɧɟɧɢɟ ɨɬɪɵɜɚ 
ɩɨɬɨɤɚ, ɨɬɥɢɱɚɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨɣ ɩɪɨɫɬɨ-
ɬɨɣ ɢ, ɱɬɨ ɨɱɟɧɶ ɜɚɠɧɨ, ɞɥɹ ɟɝɨ ɪɚɫɱɟɬɚ 
ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɛɨɝɚɬɵɣ ɷɤɫɩɟ-
ɪɢɦɟɧɬɚɥɶɧɵɣ ɦɚɬɟɪɢɚɥ ɩɨ ɨɩɪɟɞɟɥɟ-
ɧɢɸ ɫɬɚɬɢɱɟɫɤɢɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɨɬɟɪɶ 
ɞɚɜɥɟɧɢɹ ɜ ɪɚɛɨɱɢɯ ɤɨɥɟɫɚɯ ɜɟɧɬɢɥɹɬɨ-
ɪɨɜ Д2]. 

Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɭɫɬɨɣɱɢɜɨɣ ɫɢɫɬɟ-
ɦɵ ɜɢɯɪɟɣ ɜ ɫɬɪɭɟ ɭɩɪɚɜɥɹɸɳɟɝɨ ɩɨɬɨɤɚ 
ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɭɪɚɜɧɟɧɢɹɦɢ ɞɥɹ ɜɢɯ-
ɪɟɜɨɣ ɞɨɪɨɠɤɢ Ʉɚɪɦɚɧɚ Д6]ɧɟɨɛɯɨɞɢɦɨ 
ɱɬɨɛɵ Сɭ /ℓ = 0.28, ɩɪɢ ɷɬɨɦ, ɫɤɨɪɨɫɬɶ 
ɞɜɢɠɟɧɢɹ ɜɢɯɪɟɜɨɣ ɫɢɫɬɟɦɵ ɛɭɞɟɬ ɨɩ-
ɪɟɞɟɥɹɬɶɫɹ ɢɡ ɫɨɨɬɧɨɲɟɧɢɹ 

ɭ

ɜɭɜɭ
ɜ hl

v
1.108


 ,                        (5) 

ɝɞɟ ɜɭ – ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɜɢɯɪɟɣ ɜ ɭɩɪɚɜ-

ɥɹɸɳɟɦ ɩɨɬɨɤɟ; ɭh - ɨɬɧɨɫɢɬɟɥɶɧɚɹ 
ɬɨɥɳɢɧɚ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɡɚɡɨɪɚ; 

ɤR - ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɪɚɞɢɭɫ ɜɢɯɪɟɜɨɣ 
ɤɚɦɟɪɵ. 

ɉɨɫɥɟ  ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɩɪɟɨɛɪɚɡɨ-
ɜɚɧɢɣ ɩɨɥɭɱɢɦ, ɱɬɨ ɞɥɹ ɫɨɝɥɚɫɨɜɚɧɢɹ 
ɫɤɨɪɨɫɬɟɣ ɭɩɪɚɜɥɹɸɳɟɝɨ ɩɨɬɨɤɚ ɢ ɜɢɯ-
ɪɟɜɨɣ ɫɢɫɬɟɦɵ, ɬɨ ɟɫɬɶ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ 
ɭɫɥɨɜɢɹ ɜɭ vv  ɧɟɨɛɯɨɞɢɦɨ, ɱɬɨɛɵ 

ɭɤ hR 1.10 . 
ɍɱɢɬɵɜɚɹ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ, 

ɩɪɢɜɟɞɟɧɧɵɯ ɜ Д3] ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ 
ɬɨɦ, ɱɬɨ ɭɝɨɥ ɪɚɫɤɪɵɬɢɹ ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ 
ɜɪɚɳɚɸɳɟɝɨɫɹ ɞɢɮɮɭɡɨɪɚ ɢ ɬɨɥɳɢɧɚ ɩɨ-
ɝɪɚɧɢɱɧɨɝɨ ɫɥɨɹ, ɹɜɥɹɸɬɫɹ ɝɢɞɪɨɞɢɧɚɦɢ-
ɱɟɫɤɢɦɢ ɚɧɚɥɨɝɚɦɢ ɜ ɮɢɡɢɱɟɫɤɨɦ ɩɪɨɰɟɫ-
ɫɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜ ɦɟɠɥɨɩɚɬɨɱɧɨɦ ɤɚ-
ɧɚɥɟ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɰɟɧɬɪɨɛɟɠɧɨɝɨ ɜɟɧ-
ɬɢɥɹɬɨɪɚ ɭɩɪɚɜɥɹɸɳɟɝɨ ɩɨɬɨɤɚ ɢ ɩɨɝɪɚ-
ɧɢɱɧɨɝɨ ɫɥɨɹ. 

Ⱦɥɹ ɜɵɫɨɤɨɧɚɝɪɭɠɟɧɧɵɯ ɤɪɭɝɨɜɵɯ 
ɪɟɲɟɬɨɤ ɫ ɩɪɨɮɢɥɹɦɢ «S»-ɨɛɪɚɡɧɨɣ 
ɮɨɪɦɵ ɯɚɪɚɤɬɟɪɧɨ ɧɚɥɢɱɢɟ ɛɨɥɶɲɨɣ 
ɤɪɢɜɢɡɧɵ ɩɪɨɮɢɥɹ ɜ ɨɛɥɚɫɬɢ ɜɵɯɨɞɧɨɝɨ 

ɭɱɚɫɬɤɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫ ɛɨɥɶɲɨɣ ɞɨ-
ɥɟɣ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɬɨɱɤɭ 
ɩɟɪɟɝɢɛɚ «S»-ɨɛɪɚɡɧɨɝɨ ɩɪɨɮɢɥɹ ɬɨɱɤɨɣ 
ɨɬɪɵɜɚ ɩɨɬɨɤɚ, ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɤɨɬɨɪɨɣ ɢ 
ɬɪɟɛɭɟɬɫɹ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɩɨɝɪɚɧɢɱɧɵɣ 
ɫɥɭɱɚɣ ɫɬɪɭɢ ɭɩɪɚɜɥɹɸɳɟɝɨ ɩɨɬɨɤɚ. 

ɋ ɭɱɟɬɨɦ ɩɪɢɧɹɬɨɝɨ ɞɨɩɭɳɟɧɢɹ, ɫɨ-
ɨɬɧɨɲɟɧɢɟ, ɫɜɹɡɵɜɚɸɳɟɟ ɤɨɷɮɮɢɰɢɟɧ-
ɬɵ ɞɚɜɥɟɧɢɹ ɢ ɪɚɫɯɨɞɚ ɭɩɪɚɜɥɹɸɳɟɝɨ 
ɩɨɬɨɤɚ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɝɨ ɫɦɟɳɟɧɢɟ 
ɬɨɱɤɢ ɨɬɪɵɜɚ ɩɨɝɪɚɧɢɱɧɨɝɨ ɫɥɨɹ ɜ ɡɚɞ-
ɧɸɸ ɤɪɢɬɢɱɟɫɤɭɸ ɬɨɱɤɭ ɩɪɨɮɢɥɹ, ɡɚ-
ɩɢɲɟɦ ɜ ɜɢɞɟ 
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 ,                 (6) 

ɨɬɤɭɞɚ ɩɨɫɥɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɩɨɥɭɱɢɦ 

42
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ɤ
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ɡ

ɭ


 ,                            (7) 

ɝɞɟ J - ɢɦɩɭɥɶɫ ɩɨɝɪɚɧɢɱɧɨɝɨ ɫɥɨɹ, ɩɨ-
ɬɪɟɛɧɵɣ ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɨɬɪɵɜɚ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɩɨɬɟɪɟ ɢɦɩɭɥɶɫɚ, ɩɨ-
ɥɭɱɚɟɦɨɝɨ ɩɨ ɪɚɫɩɪɟɞɟɥɟɧɢɸ ɞɚɜɥɟɧɢɣ 
ɩɪɢ ɩɨɬɟɧɰɢɚɥɶɧɨɦ ɛɟɡɨɬɪɵɜɧɨɦ ɨɛɬɟ-
ɤɚɧɢɢ ɩɪɨɮɢɥɹ ɦɟɠɞɭ ɟɝɨ ɬɨɱɤɨɣ ɩɟɪɟ-
ɝɢɛɚ ɢ ɡɚɞɧɟɣ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɨɣ; ɡl  – 

ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɞɥɢɧɚ ɩɪɨɮɢɥɹ ɨɬ ɬɨɱɤɢ 
ɩɟɪɟɝɢɛɚ ɞɨ ɡɚɞɧɟɣ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɢ; 
v3 – ɤɨɷɮɮɢɰɢɟɧɬ ɫɪɟɞɧɟɣ ɫɤɨɪɨɫɬɢ ɩɨ-
ɬɟɧɰɢɚɥɶɧɨɝɨ ɬɟɱɟɧɢɹ ɧɚ ɭɱɚɫɬɤɟ ɡl  

ɩɪɨɮɢɥɹ ɤɪɭɝɨɜɨɣ ɪɟɲɟɬɤɢ; 
ɡ

ɭ

v

v
ɤ  - 

ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɨɱɧɨɣ ɫɤɨɪɨɫɬɢ 
ɭɩɪɚɜɥɹɸɳɟɝɨ ɩɨɬɨɤɚ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɡɚɞɚɧɧɨɣ ɜɟɥɢ-
ɱɢɧɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɡɛɵɬɨɱɧɨɣ ɫɤɨɪɨɫɬɢ 
ɭɩɪɚɜɥɹɸɳɟɝɨ ɩɨɬɨɤɚ, ɞɨɫɬɚɬɨɱɧɨ ɪɚɫ-
ɫɱɢɬɚɬɶ ɬɟɨɪɟɬɢɱɟɫɤɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ 
ɫɤɨɪɨɫɬɟɣ ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɨɛɬɟɤɚɧɢɹ 
ɩɪɨɮɢɥɹ ɡɚ ɬɨɱɤɨɣ ɟɝɨ ɩɟɪɟɝɢɛɚ, ɞɥɹ ɨɩ-
ɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɚɜɥɟɧɢɹ 
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ɭ ɭɩɪɚɜɥɹɸɳɟɝɨ ɩɨɬɨɤɚ, ɨɛɟɫɩɟɱɢɜɚɸ-
ɳɟɝɨ ɫɦɟɳɟɧɢɟ ɬɨɱɤɢ ɨɬɪɵɜɚ ɩɨɝɪɚɧɢɱɧɨ-
ɝɨ ɫɥɨɹ ɜ ɡɚɞɧɸɸ ɤɪɢɬɢɱɟɫɤɭɸ ɬɨɱɤɭ 
ɩɪɨɮɢɥɹ ɜɪɚɳɚɸɳɟɣɫɹ ɤɪɭɝɨɜɨɣ ɪɟɲɟɬɤɢ. 

ɋɥɟɞɭɟɬ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɤɨɷɮɮɢɰɢɟɧɬɵ 
ɪɚɫɯɨɞɚ ɭq  ɢ ɞɚɜɥɟɧɢɹ ɭ  ɭɩɪɚɜɥɹɸ-
ɳɟɝɨ ɩɨɬɨɤɚ ɹɜɥɹɸɬɫɹ ɤɪɢɬɟɪɢɹɦɢ ɝɢɞ-
ɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɨɞɨɛɢɹ ɜ ɜɟɧɬɢɥɹɬɨɪɟ 
ɫɨ ɫɬɪɭɣɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ ɬɟɱɟɧɢɟɦ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢɦɟɧɟɧɢɟ ɩɪɟɞɥɨ-
ɠɟɧɧɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ, ɢɦɟɸɳɢɯ 
ɩɚɬɟɧɬɧɭɸ ɡɚɳɢɬɭ ɢ ɭɱɢɬɵɜɚɸɳɢɯ ɫɩɟɰɢ-
ɮɢɤɭ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɭɫɥɨɜɢɣ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɲɚɯɬɧɵɯ ɰɟɧɬɪɨɛɟɠɧɵɯ ɜɟɧɬɢɥɹɬɨɪɨɜ, ɩɨ-
ɡɜɨɥɹɟɬ ɩɨɞɧɹɬɶ ɧɚ ɤɚɱɟɫɬɜɟɧɧɨ ɧɨɜɵɣ 
ɭɪɨɜɟɧɶ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɭɸ ɧɚɝɪɭɠɟɧɧɨɫɬɶ 
ɢ ɷɤɨɧɨɦɢɱɧɨɫɬɶ ɲɚɯɬɧɵɯ ɰɟɧɬɪɨɛɟɠɧɵɯ 
ɜɟɧɬɢɥɹɬɨɪɨɜ. 

ɉɨɫɥɟɞɧɢɟ ɞɟɫɹɬɶ ɥɟɬ ɯɚɪɚɤɬɟɪɧɵ 
ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɱɟɬɜɟɪɬɨɝɨ ɩɨɤɨɥɟɧɢɹ 

ɲɚɯɬɧɨɝɨ ɰɟɧɬɪɨɛɟɠɧɨɝɨ ɜɟɧɬɢɥɹɬɨɪɨ-
ɫɬɪɨɟɧɢɹ – ɜɟɧɬɢɥɹɬɨɪɵ ɫ S-ɨɛɪɚɡɧɵɦɢ 
ɤɥɚɫɫɢɱɟɫɤɢɦɢ ɢ ɚɷɪɨɝɚɡɨɞɢɧɚɦɢɱɟɫɤɢ-
ɦɢ ɥɨɩɚɬɤɚɦɢ ɪɚɛɨɱɢɯ ɤɨɥɟɫ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚ ɭɝɨɥɶɧɵɯ 
ɲɚɯɬɚɯ Ɋɨɫɫɢɢ ɢ ɋɇȽ ɜ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɧɚɯɨɞɹɬɫɹ ɛɨɥɟɟ 280 ɝɚɡɨɨɬɫɚɫɵɜɚɸ-
ɳɢɯ ɜɟɧɬɢɥɹɬɨɪɨɜ ȼɐȽ-7ɦ, ȼɐȽ-9, 
ȼɐȽ-15, ɜɵɩɭɫɤɚɟɦɵɯ Ⱥɪɬɟɦɨɜɫɤɢɦ ɢ 
Ʉɪɚɫɧɨɝɜɚɪɞɟɣɫɤɢɦ ɦɚɲɡɚɜɨɞɚɦɢ. Ɉɧɢ 
ɜɵɩɨɥɧɟɧɵ ɩɨ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɯɟ-
ɦɟ ɐ120×18 ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɞɚɜɥɟ-
ɧɢɹ ɧɚ 50% ɜɵɲɟ, ɱɟɦ ɜɟɧɬɢɥɹɬɨɪɵ ɫ 
ɤɥɚɫɫɢɱɟɫɤɢɦɢ ɧɚɡɚɞ ɡɚɝɧɭɬɵɦɢ ɩɪɨ-
ɮɢɥɶɧɵɦɢ ɥɨɩɚɬɤɚɦɢ ɪɚɛɨɱɢɯ ɤɨɥɟɫ. ȼ 
ɫɬɚɞɢɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ - ɜɟɧɬɢɥɹɬɨɪɵ 
ɫɟɪɢɢ ȼȼɐ ɩɨ ɫɯɟɦɟ 140×20 ɫ ɩɨɧɢ-
ɠɟɧɧɨɣ ɧɚ 25% ɭɞɟɥɶɧɨɣ ɦɟɬɚɥɥɨɟɦ-
ɤɨɫɬɶɸ ɢ ɭɞɟɥɶɧɵɦ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢ-
ɟɦ ɧɟ ɛɨɥɟɟ 1.23. 
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