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Abstract. The article is devoted to the fight 

against sleet mountain road by ensuring proper adhe-
sion of a mountain road with the wheels of vehicles. 
To increase traction on the ice offered to form a layer 
of rocky mountain road roughness by wastage rocky 
particles in the heated state with an ice layer. The 
paper describes the conditions and the results of ex-
perimental studies. The experimental dependence of 
the depth of immersion of rocky particles in the ice 
layer of pavement on the heating temperature are 
scattered rocky particles for various fractions of rocky 
particles. Rational values defined temperature heating 
rocky particles. 
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ɧɵɯ ɜ ɫɬɚɥɶɧɵɯ ɩɥɚɫɬɢɧɚɯ, ɪɚɡɪɚɛɨɬɤɟ ɦɟɬɨɞɨɜ  ɢɯ ɪɚɫɱɟɬɚ ɢ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɸ 
ɤɨɧɫɬɪɭɤɬɢɜɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɮɨɪɦ ɩɪɨɥɟɬɧɵɯ ɫɬɪɨɟɧɢɣ. Ɉɫɨɛɟɧɧɨɫɬɶɸ ɪɚɫ-
ɫɦɚɬɪɢɜɚɟɦɵɯ ɧɚɝɟɥɶɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɹɜɥɹɟɬɫɹ ɠɟɫɬɤɨɟ ɡɚɳɟɦɥɟɧɢɟ  ɧɚɝɟɥɟɣ ɜ ɫɩɚ-
ɪɟɧɧɵɯ ɫɬɚɥɶɧɵɯ ɧɚɤɥɚɞɤɚɯ. ȼ ɫɢɥɭ ɠɟɫɬɤɨɣ ɡɚɞɟɥɤɢ  ɧɚɝɟɥɹ ɩɨ ɲɜɭ ɫɨɩɪɹɠɟɧɢɹ ɫɥɟ-
ɞɭɟɬ ɨɠɢɞɚɬɶ ɩɨɜɵɲɟɧɢɹ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɫɨɟɞɢɧɟɧɢɹ  ɡɚ ɫɱɟɬ  ɢɡɝɢɛɧɨɣ ɠɟɫɬ-
ɤɨɫɬɢ ɧɚɝɟɥɹ ɢ ɡɚ ɫɱɟɬ ɦɟɫɬɧɨɝɨ ɫɦɹɬɢɹ ɞɪɟɜɟɫɢɧɵ ɩɨɞ ɧɚɝɟɥɟɦ. Ⱦɥɹ ɭɱɟɬɚ ɩɨɞɚɬ-
ɥɢɜɨɫɬɢ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɧɚɝɟɥɶɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɪɚɡɪɚɛɨɬɚɧ ɧɨɜɵɣ ɦɟɬɨɞ ɪɚɫɱɟ-
ɬɚ. ɉɪɟɞɫɬɚɜɥɟɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨɛ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɢɧɢɦɚɟ-
ɦɵɯ ɪɟɲɟɧɢɣ. 

Кɥɸɱеɜые ɫɥɨɜɚ: ɫɨɫɬɚɜɧɵɟ ɩɪɨɝɨɧɵ ɢɡ ɛɪɟɜɟɧ, ɝɥɭɯɢɟ ɰɢɥɢɧɞɪɢɱɟɫɤɢɟ ɧɚɝɟɥɢ, 
ɭɩɪɭɝɚɹ ɩɨɞɚɬɥɢɜɨɫɬɶ, ɧɚɩɪɹɠɟɧɢɹ ɫɦɹɬɢɹ ɧɚɝɟɥɶɧɨɝɨ ɝɧɟɡɞɚ, ɧɟɫɭɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ 
ɫɨɟɞɢɧɟɧɢɹ 

 

ȼɜɟɞɟɧɢɟ 
Ɂɚ ɩɨɫɥɟɞɧɢɟ 15-20 ɥɟɬ ɞɪɟɜɟɫɢɧɚ ɡɚ ɪɭ-

ɛɟɠɟɦ ɩɨɥɭɱɢɥɚ ɲɢɪɨɤɨɟ ɩɪɢɡɧɚɧɢɟ ɢ ɫɦɨɝɥɚ 
ɫɬɚɬɶ ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɵɦ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɦ 
ɦɚɬɟɪɢɚɥɨɦ. Ɉɬɥɢɱɢɬɟɥɶɧɨɣ ɱɟɪɬɨɣ ɫɨɜɪɟ-
ɦɟɧɧɵɯ ɦɟɬɨɞɨɜ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɞɟɪɟɜɹɧɧɵɯ 
ɦɨɫɬɨɜ ɫɬɚɥɚ ɢɯ ɢɧɞɭɫɬɪɢɚɥɶɧɨɫɬɶ. ɇɚɢ-
ɛɨɥɶɲɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɥɭɱɢɥɢ ɬɟ ɤɨɧ-
ɫɬɪɭɤɰɢɢ, ɤɨɬɨɪɵɟ ɦɨɧɬɢɪɭɸɬɫɹ ɜ ɤɨɪɨɬɤɢɟ 
ɫɪɨɤɢ ɢɡ ɩɨɥɧɨɫɬɶɸ ɝɨɬɨɜɵɯ ɷɥɟɦɟɧɬɨɜ ɢɥɢ 
ɛɥɨɤɨɜ, ɩɪɢ ɷɬɨɦ, ɛɥɚɝɨɞɚɪɹ ɡɚɜɨɞɫɤɨɦɭ ɢɡɝɨ-
ɬɨɜɥɟɧɢɸ ɷɥɟɦɟɧɬɨɜ, ɭɜɟɥɢɱɢɥɢɫɶ ɫɪɨɤɢ 
ɫɥɭɠɛɵ ɫɨɨɪɭɠɟɧɢɣ, ɭɩɪɨɫɬɢɥɫɹ ɦɨɧɬɚɠ, ɚ 
ɫɪɨɤɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɫɨɤɪɚɬɢɥɢɫɶ. Ȼɨɥɶɲɭɸ 
ɪɨɥɶ ɜ ɪɚɡɜɢɬɢɢ ɢɧɞɭɫɬɪɢɚɥɶɧɨɝɨ ɦɨɫɬɨ-
ɫɬɪɨɟɧɢɹ ɢɝɪɚɸɬ ɤɥɟɟɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ, ɨɬɜɟ-
ɱɚɸɳɢɟ ɜɫɟɦ ɫɨɜɪɟɦɟɧɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ, 
ɩɪɟɞɴɹɜɥɹɟɦɵɦ ɤ ɫɬɪɨɢɬɟɥɶɫɬɜɭ Д1Ж. 

Ɉɬɟɱɟɫɬɜɟɧɧɨɟ ɞɟɪɟɜɹɧɧɨɟ ɦɨɫɬɨɫɬɪɨɟ-
ɧɢɟ ɲɥɨ ɢ ɪɚɡɜɢɜɚɥɨɫɶ ɫɜɨɢɦ ɫɚɦɨɛɵɬɧɵɦ 
ɩɭɬɟɦ, ɨɩɢɪɚɹɫɶ ɧɚ ɧɟɨɝɪɚɧɢɱɟɧɧɵɟ ɥɟɫɧɵɟ 
ɪɟɫɭɪɫɵ ɢ ɜɵɫɨɤɨɟ ɩɥɨɬɧɢɱɧɨɟ ɦɚɫɬɟɪɫɬɜɨ 
ɪɭɫɫɤɨɝɨ ɪɚɛɨɬɧɢɤɚ. ȼ 1960 ɝɨɞɭ ɧɚ ɚɜɬɨɞɨɪɨ-
ɝɚɯ Ɋɨɫɫɢɢ ɢɡ ɨɛɳɟɝɨ ɤɨɥɢɱɟɫɬɜɚ ɦɨɫɬɨɜ 92 % 
ɛɵɥɢ ɞɟɪɟɜɹɧɧɵɦɢ, ɩɨɫɬɪɨɟɧɧɵɦɢ ɩɨ ɧɨɪɦɚɦ 
ɜɨɟɧɧɨɝɨ ɜɪɟɦɟɧɢ. ȼ ɷɬɨ ɜɪɟɦɹ ɨɫɧɨɜɨɣ ɝɨɫɭ-
ɞɚɪɫɬɜɟɧɧɨɣ ɬɟɯɧɢɱɟɫɤɨɣ ɩɨɥɢɬɢɤɢ ɜ ɨɛɥɚɫɬɢ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ, ɜ ɬɨɦ ɱɢɫɥɟ ɬɪɚɧɫɩɨɪɬɧɨɝɨ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ, ɫɬɚɥɨ  ɩɨɜɫɟɦɟɫɬɧɨɟ ɜɧɟɞɪɟ-
ɧɢɟ ɫɛɨɪɧɨɝɨ ɠɟɥɟɡɨɛɟɬɨɧɚ. Ȼɵɥ ɨɬɞɚɧ ɛɟɫ-
ɤɨɦɩɪɨɦɢɫɫɧɵɣ ɩɪɢɨɪɢɬɟɬ ɫɛɨɪɧɨɦɭ ɠɟɥɟɡɨ-
ɛɟɬɨɧɭ ɜ ɭɳɟɪɛ ɜɫɟɦ ɞɪɭɝɢɦ ɦɚɬɟɪɢɚɥɚɦ, 
ɤɨɧɫɬɪɭɤɰɢɹɦ ɢ ɬɟɯɧɨɥɨɝɢɹɦ. Ʉɨɦɩɥɟɤɫɧɚɹ 
ɰɟɥɟɜɚɹ ɩɪɨɝɪɚɦɦɚ ɧɚ 1988-1990 ɢ ɞɨ 2000 
ɝɨɞɚ «Ɇɢɪɨɜɨɣ ɭɪɨɜɟɧɶ», ɨɛɨɡɧɚɱɢɜɲɚɹ ɞɨ 
ɤɨɧɰɚ ɜɟɤɚ ɩɪɢɨɪɢɬɟɬɵ ɨɬɟɱɟɫɬɜɟɧɧɨɝɨ ɦɨɫ-
ɬɨɫɬɪɨɟɧɢɹ ɞɥɹ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɢ ɫɬɚɥɶɧɵɯ 
ɦɨɫɬɨɜ, ɧɚɱɢɫɬɨ ɢɝɧɨɪɢɪɨɜɚɥɚ ɞɟɪɟɜɹɧɧɵɟ 
ɦɨɫɬɵ ɜɨɩɪɟɤɢ ɦɢɪɨɜɨɦɭ ɨɩɵɬɭ. Ⱦɟɪɟɜɹɧɧɵɟ 
ɦɨɫɬɵ ɧɚ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɞɨɪɨɝɚɯ ɮɟɞɟɪɚɥɶ-
ɧɨɝɨ ɡɧɚɱɟɧɢɹ ɛɵɥɢ ɩɨɥɧɨɫɬɶɸ ɡɚɦɟɧɟɧɵ ɠɟ-
ɥɟɡɨɛɟɬɨɧɧɵɦɢ ɢɥɢ ɫɬɚɥɶɧɵɦɢ. ɇɚ ɞɨɪɨɝɚɯ 
ɞɪɭɝɢɯ ɤɚɬɟɝɨɪɢɣ ɨɧɢ ɬɚɤɠɟ ɭɬɪɚɬɢɥɢ ɫɜɨɺ 
ɥɢɞɢɪɭɸɳɟɟ ɩɨɥɨɠɟɧɢɟ ɢ ɞɨɥɹ ɢɯ ɩɨɫɬɨɹɧɧɨ 

ɫɧɢɠɚɟɬɫɹ ɞɨ ɫɟɝɨɞɧɹɲɧɢɯ ɞɧɟɣ. ȼ ɷɬɨɣ ɫɜɹɡɢ 
ɧɚɤɨɩɥɟɧɧɵɣ ɨɩɵɬ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɫɬɪɨɢ-
ɬɟɥɶɫɬɜɚ ɞɟɪɟɜɹɧɧɵɯ, ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɯ (ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɞɟɪɟɜɹɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ) 
ɦɨɫɬɨɜ ɨɤɚɡɚɥɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɭɬɪɚɱɟɧɧɵɦ. 
Ɋɚɧɟɟ ɪɚɡɪɚɛɨɬɚɧɧɵɟ ɫɟɪɢɢ ɬɢɩɨɜɵɯ ɩɪɨɟɤ-
ɬɨɜ ɞɟɪɟɜɹɧɧɵɯ ɦɨɫɬɨɜ ɭɫɬɚɪɟɥɢ, ɪɚɧɟɟ ɩɨ-
ɫɬɪɨɟɧɧɵɟ ɞɟɪɟɜɹɧɧɵɟ ɦɨɫɬɵ ɪɚɡɪɭɲɚɸɬɫɹ, 
ɚ ɫ ɧɢɦɢ ɪɚɡɪɭɲɚɸɬɫɹ ɭɫɬɚɧɨɜɢɜɲɢɟɫɹ ɫɜɹɡɢ 
ɦɟɠɞɭ ɧɚɫɟɥɟɧɧɵɦɢ ɩɭɧɤɬɚɦɢ ɢ ɫɚɦɢ ɩɨɫɟ-
ɥɟɧɢɹ ɜ ɬɨɦ ɱɢɫɥɟ. əɫɧɨ, ɱɬɨ ɜɫɟ ɨɬɪɚɛɨɬɚɜ-
ɲɢɟ ɫɜɨɣ ɫɪɨɤ ɞɟɪɟɜɹɧɧɵɟ ɦɨɫɬɵ ɧɟɥɶɡɹ ɡɚ-
ɦɟɧɢɬɶ ɤɚɩɢɬɚɥɶɧɵɦɢ ɢɡ ɠɟɥɟɡɨɛɟɬɨɧɚ ɢ 
ɫɬɚɥɢ, ɧɟɥɶɡɹ ɢɯ ɡɚɦɟɧɢɬɶ ɢ ɫɨɜɪɟɦɟɧɧɵɦɢ 
ɧɚ ɨɫɧɨɜɟ ɤɥɟɟɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ. Ⱦɥɹ ɷɬɨɝɨ 
ɩɨɬɪɟɛɭɟɬɫɹ ɜɪɟɦɹ, ɫɪɟɞɫɬɜɚ ɢ ɜɨɥɹ ɪɭɤɨɜɨ-
ɞɫɬɜɚ ɨɬɪɚɫɥɢ ɧɚ ɫɨɡɞɚɧɢɟ ɢɧɞɭɫɬɪɢɚɥɶɧɨɣ 
ɛɚɡɵ ɩɨ ɜɧɟɞɪɟɧɢɸ ɤɥɟɟɧɨɣ ɞɪɟɜɟɫɢɧɵ ɜ 
ɬɪɚɧɫɩɨɪɬɧɨɟ ɫɬɪɨɢɬɟɥɶɫɬɜɨ. ɇɟɫɦɨɬɪɹ ɧɚ 
ɥɟɫɧɨɟ ɛɨɝɚɬɫɬɜɨ ɧɚɲɟɣ ɫɬɪɚɧɵ, ɧɚ ɪɚɡɜɢɬɨɟ 
ɥɟɫɨɡɚɝɨɬɨɜɢɬɟɥɶɧɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ ɢ ɨɬɧɨɫɢ-
ɬɟɥɶɧɨ ɧɢɡɤɭɸ ɫɬɨɢɦɨɫɬɶ ɞɪɟɜɟɫɢɧɵ, ɩɪɨɢɡ-
ɜɨɞɫɬɜɨ ɤɥɟɟɧɨɣ ɞɪɟɜɟɫɢɧɵ ɞɥɹ ɦɨɫɬɨɫɬɪɨɟ-
ɧɢɹ ɛɵɥɨ ɩɪɟɤɪɚɳɟɧɨ. 

ɍɱɟɧɵɦɢ ɧɚɲɟɣ ɫɬɪɚɧɵ ɜɧɟɫɟɧ ɫɭɳɟɫɬ-
ɜɟɧɧɵɣ ɜɤɥɚɞ ɜ ɪɚɡɜɢɬɢɟ ɬɟɨɪɢɢ ɢ ɩɪɚɤɬɢɤɢ 
ɩɪɢɦɟɧɟɧɢɹ ɞɟɪɟɜɹɧɧɵɯ ɤɥɟɟɧɵɯ ɤɨɧɫɬɪɭɤ-
ɰɢɣ (ȾɄɄ) ɜ ɦɨɫɬɨɫɬɪɨɟɧɢɢ, ɛɵɥɢ ɩɨɫɬɪɨɟɧɵ 
ɩɪɟɞɩɪɢɹɬɢɹ (ɦɚɫɬɟɪɫɤɢɟ) ɩɨ ɢɡɝɨɬɨɜɥɟɧɢɸ 
ɦɨɫɬɨɜɵɯ ɛɚɥɨɤ ɢɡ ɤɥɟɟɧɨɣ ɞɪɟɜɟɫɢɧɵ, ɪɚɡ-
ɪɚɛɨɬɚɧɵ ɩɪɨɟɤɬɵ,  ɩɨɫɬɪɨɟɧɵ ɦɨɫɬɵ, ɤɨɬɨ-
ɪɵɟ ɩɨɤɚɡɚɥɢ ɜɵɫɨɤɭɸ ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɶ, 
ɫɨɩɨɫɬɚɜɢɦɭɸ ɞɚɠɟ ɫ ɠɟɥɟɡɨɛɟɬɨɧɧɵɦɢ ɦɨɫ-
ɬɚɦɢ. ɉɨɥɭɱɟɧ ɛɨɝɚɬɵɣ ɦɚɬɟɪɢɚɥ ɞɥɹ ɞɚɥɶ-
ɧɟɣɲɟɝɨ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɢ ɩɪɢɦɟɧɟɧɢɹ 
ɷɬɢɯ ɤɨɧɫɬɪɭɤɰɢɣ. Ʉ ɫɨɠɚɥɟɧɢɸ, ɜ ɧɚɫɬɨɹɳɟɟ 
ɜɪɟɦɹ ɩɪɟɞɩɪɢɹɬɢɹ ɩɨ ɢɡɝɨɬɨɜɥɟɧɢɸ ɦɨɫɬɨ-
ɜɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɩɨɫɬɪɨɟɧɧɵɟ ɦɨɫɬɵ ɪɚɡɨ-
ɛɪɚɧɵ, ɩɪɨɟɤɬɧɵɟ ɢ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɟ ɝɪɭɩ-
ɩɵ ɫɩɟɰɢɚɥɢɫɬɨɜ ɷɬɢɦɢ ɜɨɩɪɨɫɚɦɢ ɧɟ ɡɚɧɢ-
ɦɚɸɬɫɹ.  

ȿɫɥɢ ɩɪɨɰɟɫɫ ɜɨɫɩɪɨɢɡɜɨɞɫɬɜɚ ɤɥɟɟɧɨɣ 
ɞɪɟɜɟɫɢɧɵ ɬɪɟɛɭɟɬ ɨɩɪɟɞɟɥɟɧɧɵɯ ɡɚɬɪɚɬ ɢ 
ɜɪɟɦɟɧɢ, ɬɨ ɩɪɨɢɡɜɨɞɫɬɜɨ ɬɪɚɞɢɰɢɨɧɧɵɯ ɤɨɧ-
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ɫɬɪɭɤɰɢɣ ɩɪɨɥɟɬɧɵɯ ɫɬɪɨɟɧɢɣ ɦɨɠɧɨ ɪɚɡɜɢ-
ɜɚɬɶ ɢ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɬɶ. ɉɟɪɟɯɨɞ ɧɚ ɧɨɜɵɟ 
ɜɪɟɦɟɧɧɵɟ ɧɚɝɪɭɡɤɢ ɧɟ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɚɧɢɟɦ 
ɞɥɹ ɩɪɟɤɪɚɳɟɧɢɹ  ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɦɨɫɬɨɜ ɢɡ 
ɞɪɟɜɟɫɢɧɵ. ɇɚ ɤɚɮɟɞɪɟ ɦɨɫɬɨɜ ɋɢɛȺȾɂ ɪɚɡ-
ɪɚɛɚɬɵɜɚɸɬɫɹ ɢ ɜɧɟɞɪɟɧɵ ɜ ɩɪɨɢɡɜɨɞɫɬɜɨ 
ɩɪɨɥɟɬɧɵɟ ɫɬɪɨɟɧɢɹ ɩɨɞ ɫɨɜɪɟɦɟɧɧɵɟ ɧɚ-
ɝɪɭɡɤɢ ɢɡ ɤɨɪɨɛɱɚɬɵɯ ɞɨɳɚɬɨ- ɛɪɭɫɱɚɬɨ-
ɧɚɝɟɥɶɧɨ-ɝɜɨɡɞɟɜɵɯ ɛɥɨɤɨɜ ɞɥɢɧɨɣ 15 ɦɟɬ-
ɪɨɜ, ɩɪɨɥɟɬɧɵɟ ɫɬɪɨɟɧɢɹ ɫ ɫɨɫɬɚɜɧɵɦɢ ɩɪɨ-
ɝɨɧɚɦɢ ɢɡ ɛɪɟɜɟɧ ɞɥɢɧɨɣ 7,5 ɢ ɛɨɥɟɟ ɦɟɬɪɨɜ. 
ɉɟɪɜɵɣ ɨɩɵɬɧɵɣ ɦɨɫɬ ɫ ɨɬɦɟɱɟɧɧɵɦɢ ɩɪɨ-
ɥɟɬɧɵɦɢ ɫɬɪɨɟɧɢɹɦɢ ɩɨɫɬɪɨɟɧ 11 ɥɟɬ ɧɚɡɚɞ. 
ɇɟɫɭɳɢɟ ɤɨɧɫɬɪɭɤɰɢɢ ɦɨɫɬɚ ɧɚɯɨɞɹɬɫɹ ɜ ɨɬ-
ɥɢɱɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɧɟ ɢɦɟɸɬ ɩɨɜɪɟɠɞɟɧɢɣ, 
ɤɨɧɫɬɪɭɤɬɢɜɧɨ ɡɚɳɢɳɟɧɵ ɨɬ ɚɬɦɨɫɮɟɪɧɵɯ 
ɜɨɡɞɟɣɫɬɜɢɣ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɜɥɚɠɧɨɫɬɢ 10-
14%. Ɍɚɤɢɟ ɭɫɥɨɜɢɹ ɫɨɞɟɪɠɚɧɢɹ ɝɚɪɚɧɬɢɪɭɸɬ 
ɠɢɡɧɟɫɬɨɣɤɨɫɬɶ ɫɨɨɪɭɠɟɧɢɣ 50 ɢ ɛɨɥɟɟ ɥɟɬ. ȼ 
ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ Ɉɦɫɤɨɣ ɨɛɥɚɫɬɢ ɩɨɫɬɪɨɟ-
ɧɨ 9  ɬɚɤɢɯ ɦɨɫɬɨɜ. Ɇɚɬɟɪɢɚɥɵ ɩɨ ɷɬɨɣ ɪɚɛɨ-
ɬɟ ɛɵɥɢ ɨɩɭɛɥɢɤɨɜɚɧɵ ɜ ɫɛɨɪɧɢɤɟ ɊɈɋȺȼ-
ɌɈȾɈɊȺ «Ⱦɨɪɨɝɢ ɢ ɦɨɫɬɵ» Д2,3Ж, ɞɨɥɨɠɟɧɵ 
ɧɚ ɤɨɧɮɟɪɟɧɰɢɹɯ, ɩɨɫɜɹɳɟɧɧɵɯ ɨɩɵɬɭ ɢ ɩɟɪ-

ɫɩɟɤɬɢɜɚɦ ɩɪɢɦɟɧɟɧɢɹ ɧɨɜɵɯ ɫɬɪɨɢɬɟɥɶɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ ɢ ɧɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ ɜ ɞɨɪɨɠɧɨɦ 
ɢ ɦɨɫɬɨɜɨɦ ɯɨɡɹɣɫɬɜɟ ɇɨɜɨɫɢɛɢɪɫɤɨɣ ɨɛɥɚɫ-
ɬɢ 2014 ɢ 2016 ɝ. ɢ ɞɪ. Ɉɞɧɚɤɨ, ɞɟɥɨ ɩɪɨɞɜɢ-
ɝɚɟɬɫɹ ɦɟɞɥɟɧɧɨ. 

ɇɚɫɬɨɹɳɚɹ ɫɬɚɬɶɹ ɩɨɫɜɹɳɟɧɚ ɢɫɫɥɟɞɨɜɚ-
ɧɢɸ  ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɧɚ ɤɚɮɟɞɪɟ ɦɨɫɬɨɜ ɩɪɨ-
ɥɟɬɧɵɯ ɫɬɪɨɟɧɢɣ ɫ ɫɨɫɬɚɜɧɵɦɢ ɩɪɨɝɨɧɚɦɢ ɢɡ 
ɛɪɟɜɟɧ, ɨɛɴɟɞɢɧɹɟɦɵɯ ɞɥɹ ɫɨɜɦɟɫɬɧɨɣ ɪɚɛɨ-
ɬɵ ɩɨɫɪɟɞɫɬɜɨɦ ɝɥɭɯɢɯ ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ ɧɚɝɟ-
ɥɟɣ, ɡɚɞɟɥɚɧɧɵɯ ɜ ɫɬɚɥɶɧɵɯ ɩɥɚɫɬɢɧɚɯ, ɪɚɡ-
ɪɚɛɨɬɤɟ ɦɟɬɨɞɨɜ  ɢɯ ɪɚɫɱɟɬɚ ɢ ɫɨɜɟɪɲɟɧɫɬ-
ɜɨɜɚɧɢɸ ɤɨɧɫɬɪɭɤɬɢɜɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɮɨɪɦ. 

Ʉɨɧɫɬɪɭɤɰɢɹ ɩɪɨɥɟɬɧɨɝɨ ɫɬɪɨɟɧɢɹ ɫ ɫɨ-
ɫɬɚɜɧɵɦɢ ɩɪɨɝɨɧɚɦɢ ɢɡ ɛɪɟɜɟɧ 

ɉɪɨɥɟɬɧɨɟ ɫɬɪɨɟɧɢɟ Д4Ж ɫɨɫɬɚɜɥɟɧɨ ɢɡ  
ɩɨɩɚɪɧɨ ɨɛɴɟɞɢɧɟɧɧɵɯ ɫɜɹɡɹɦɢ 1 ɩɪɨɝɨɧɨɜ 2, 
ɫɨɞɟɪɠɚɳɢɯ ɨɤɚɧɬɨɜɚɧɧɵɟ ɧɚ ɞɜɚ ɤɚɧɬɚ 
ɛɪɟɜɧɚ 3, ɫɨɟɞɢɧɟɧɧɵɟ ɦɟɠɞɭ ɫɨɛɨɣ ɩɨ ɨɤɚɧ-
ɬɨɜɚɧɧɵɦ ɩɥɨɫɤɨɫɬɹɦ ɝɪɟɛɟɧɱɚɬɵɦɢ ɧɚɤɥɚɞ-
ɤɚɦɢ ɢɡ ɫɬɚɥɶɧɵɯ ɩɥɚɫɬɢɧ 4 ɢ ɠɟɫɬɤɨ ɡɚɤɪɟɩ-
ɥɟɧɧɵɯ ɜ ɧɢɯ ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ ɝɥɭɯɢɯ ɧɚɝɟɥɟɣ 
5 (ɪɢɫ. 1 ɚ, ɛ).

  
 

 

Ɋɢɫ.1 Ʉɨɧɫɬɪɭɤɰɢɹ ɩɪɨɥɟɬɧɨɝɨ ɫɬɪɨɟɧɢɹ ɫ ɫɨɫɬɚɜɧɵɦɢ ɩɪɨɝɨɧɚɦɢ ɢɡ ɛɪɟɜɟɧ:  ɚ – 
ɩɨɩɟɪɟɱɧɨɟ ɫɟɱɟɧɢɟ; ɛ - ɫɨɫɬɚɜɧɨɣ ɩɪɨɝɨɧ ɧɚ ɞɥɢɧɟ ɩɨɥɨɜɢɧɵ ɩɪɨɥɟɬɚ 

 

ɇɚɝɟɥɢ 5 ɭɫɬɚɧɨɜɥɟɧɵ ɜ ɡɚɪɚɧɟɟ ɡɚɫɜɟɪ-
ɥɟɧɧɵɟ ɞɥɹ ɧɢɯ ɨɬɜɟɪɫɬɢɹ, ɫɨɫɬɚɜɧɵɟ ɩɚɤɟɬɵ 
ɢɡ ɛɪɟɜɟɧ ɨɛɴɟɞɢɧɟɧɵ ɫɬɹɠɧɵɦɢ ɛɨɥɬɚɦɢ 6, 
ɚ ɫɨɜɦɟɳɟɧɧɵɟ ɩɥɚɫɬɢɧɵ 5 ɫɜɚɪɤɨɣ. ɉɨ ɫɩɚ-
ɪɟɧɧɵɦ ɛɥɨɤɚɦ ɩɪɨɝɨɧɨɜ ɭɥɨɠɟɧɚ ɛɪɭɫɱɚɬɚɹ 

ɞɟɪɟɜɨɩɥɢɬɚ 7 ɫ ɝɢɞɪɨɢɡɨɥɹɰɢɨɧɧɵɦ ɫɥɨɟɦ 9 
ɢɡ ɦɨɫɬɨɩɥɚɫɬɚ ɢ  ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɵɦ ɩɨɤɪɵ-
ɬɢɟɦ 8.  Ɉɬɜɨɞ ɜɨɞɵ ɫ ɩɪɨɟɡɠɟɣ ɱɚɫɬɢ ɩɪɨɢɡ-
ɜɨɞɢɬɫɹ ɡɚ ɫɱɟɬ ɩɨɩɟɪɟɱɧɵɯ ɭɤɥɨɧɨɜ ɢ ɩɪɨ-
ɞɨɥɶɧɵɯ ɫɬɚɥɶɧɵɯ ɥɨɬɤɨɜ 10. 
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ɉɪɟɞɥɨɠɟɧɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɜɩɟɪɜɵɟ ɜ 
2004 ɝɨɞɭ ɛɵɥɚ ɩɪɢɦɟɧɟɧɚ ɧɚ ɫɬɪɨɢɬɟɥɶɫɬɜɟ 
ɨɩɵɬɧɨɝɨ ɦɨɫɬɚ ɱɟɪɟɡ ɪɟɤɭ ɍɲɚɣɪɚ ɜ Ɂɧɚɦɟɧ-
ɫɤɨɦ ɪɚɣɨɧɟ Ɉɦɫɤɨɣ ɨɛɥɚɫɬɢ ɞɥɹ ɩɟɪɟɤɪɵɬɢɹ 
ɛɟɪɟɝɨɜɵɯ ɩɪɨɥɟɬɨɜ ɞɥɢɧɨɣ 7,4 ɦɟɬɪɚ ɩɨɞ 
ɧɚɝɪɭɡɤɭ Ⱥ11 ɢ ɇȽ-60. ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ 
ɫɨɫɬɚɜɧɵɯ ɩɪɨɝɨɧɨɜ ɫɨɟɞɢɧɟɧɢɹ ɦɟɠɞɭ ɨɬ-
ɞɟɥɶɧɵɦɢ ɜɟɬɜɹɦɢ ɪɚɫɫɦɚɬɪɢɜɚɥɢɫɶ ɚɛɫɨ-
ɥɸɬɧɨ ɠɟɫɬɤɢɦɢ ɫ ɜɜɟɞɟɧɢɟɦ ɩɨɩɪɚɜɨɱɧɵɯ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ, ɭɦɟɧɶɲɚɸɳɢɯ ɠɟɫɬɤɨɫɬɶ 
ɩɨɩɟɪɟɱɧɵɯ ɫɟɱɟɧɢɣ ɧɚ ɢɡɝɢɛ. ɋɬɚɬɢɱɟɫɤɢɟ 
ɢɫɩɵɬɚɧɢɹ ɩɪɨɥɟɬɧɵɯ ɫɬɪɨɟɧɢɣ ɜɪɟɦɟɧɧɨɣ 
ɧɚɝɪɭɡɤɨɣ ɩɟɪɟɞ ɩɪɢɟɦɤɨɣ ɦɨɫɬɚ ɜ ɷɤɫɩɥɭɚɬɚ-
ɰɢɸ ɩɨɤɚɡɚɥɢ ɫɨɨɬɜɟɬɫɬɜɢɟ ɮɚɤɬɢɱɟɫɤɨɝɨ ɢ 
ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɧɚɩɪɹɠɟɧɧɨ-
ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɣ ɤɨɧɫɬɪɭɤɰɢɢ. 

Ɉɩɵɬ ɩɪɢɦɟɧɟɧɢɹ ɫɨɫɬɚɜɧɵɯ ɩɪɨɝɨɧɨɜ ɫ 
ɨɩɢɫɚɧɧɵɦɢ ɫɜɹɡɹɦɢ ɫɞɜɢɝɚ ɩɨɤɚɡɚɥ ɜɵɫɨɤɭɸ 
ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢɯ ɤɚɤ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɩɪɨ-
ɝɨɧɨɜ, ɫɜɹɡɚɧɧɭɸ ɫ ɭɩɪɨɳɟɧɢɟɦ ɤɨɧɫɬɪɭɤɰɢɢ  
ɢ ɩɪɨɰɟɫɫɨɜ ɫɨɟɞɢɧɟɧɢɹ, ɬɚɤ ɢ ɩɪɢ ɨɛɟɫɩɟɱɟ-
ɧɢɢ ɫɨɜɦɟɫɬɧɨɣ ɪɚɛɨɬɵ ɨɬɞɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ 
ɦɟɠɞɭ ɫɨɛɨɣ. ɂɡɭɱɟɧɢɟ ɜɥɢɹɧɢɹ ɩɨɞɚɬɥɢɜɨ-
ɫɬɢ ɩɪɢɦɟɧɹɟɦɵɯ ɧɚɝɟɥɶɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɧɚ 
ɇȾɋ ɩɪɨɥɟɬɧɵɯ ɫɬɪɨɟɧɢɣ ɪɚɧɟɟ ɧɟ ɩɪɨɜɨɞɢ-
ɥɨɫɶ. 

ɋɨɟɞɢɧɟɧɢɹ ɫɨɫɬɚɜɧɵɯ ɫɬɟɪɠɧɟɣ (ɩɪɨ-
ɝɨɧɨɜ) 

ɋɨɫɬɚɜɧɨɣ ɫɬɟɪɠɟɧɶ (ɛɚɥɤɚ, ɩɪɨɝɨɧ) ɦɨ-
ɠɟɬ ɢɦɟɬɶ ɜ ɩɨɩɟɪɟɱɧɨɦ ɫɟɱɟɧɢɢ  ɧɟɫɤɨɥɶɤɨ 
ɷɥɟɦɟɧɬɨɜ (ɱɚɫɬɟɣ), ɫɨɟɞɢɧɟɧɧɵɯ ɦɟɠɞɭ ɫɨ-
ɛɨɣ ɩɨ ɜɫɟɣ ɞɥɢɧɟ. ɉɪɢ ɠɟɫɬɤɨɦ ɫɨɟɞɢɧɟɧɢɢ 
ɱɚɫɬɟɣ ɟɝɨ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɦɨɧɨɥɢɬɧɵɦ, ɞɚɠɟ, 
ɟɫɥɢ ɱɚɫɬɢ ɟɝɨ ɜɵɩɨɥɧɟɧɵ ɢɡ ɪɚɡɥɢɱɧɵɯ ɦɚ-
ɬɟɪɢɚɥɨɜ. ȼ ɞɪɭɝɢɯ ɫɥɭɱɚɹɯ ɩɪɢɯɨɞɢɬɫɹ ɭɱɢ-
ɬɵɜɚɬɶ ɩɨɞɚɬɥɢɜɨɫɬɶ ɫɨɟɞɢɧɟɧɢɣ. ȼ ɞɟɪɟɜɹɧ-
ɧɵɯ ɦɨɫɬɚɯ ɫɨɫɬɚɜɧɵɟ ɛɚɥɤɢ (ɩɪɨɝɨɧɵ) ɩɪɢ-
ɦɟɧɹɥɢ ɞɥɹ ɩɟɪɟɤɪɵɬɢɹ ɩɪɨɥɟɬɨɜ ɞɥɢɧɨɣ 8-
10 ɦɟɬɪɨɜ. ȼ ɤɚɱɟɫɬɜɟ ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ ɷɥɟ-
ɦɟɧɬɨɜ ɩɪɢɦɟɧɹɥɢ ɞɟɪɟɜɹɧɧɵɟ ɤɨɥɨɞɤɢ ɢɡ 
ɞɪɟɜɟɫɢɧɵ ɬɜɟɪɞɵɯ ɩɨɪɨɞ, ɫɬɚɥɶɧɵɟ ɩɥɚ-
ɫɬɢɧɱɚɬɵɟ ɧɚɝɟɥɢ, ɫɬɚɥɶɧɵɟ ɰɢɥɢɧɞɪɢɱɟɫɤɢɟ 
ɧɚɝɟɥɢ, ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɹɟɦɵɟ ɩɨ ɞɥɢ-
ɧɟ ɫɨɟɞɢɧɟɧɢɣ. ɋ ɩɟɪɟɯɨɞɨɦ ɧɚ ɛɨɥɟɟ ɬɹɠɟ-
ɥɵɟ ɜɪɟɦɟɧɧɵɟ ɧɚɝɪɭɡɤɢ ɩɪɢɦɟɧɟɧɢɟ ɫɨɫɬɚɜ-
ɧɵɯ ɩɪɨɝɨɧɨɜ ɢɡ ɛɪɭɫɶɟɜ ɢ ɛɪɟɜɟɧ ɜ ɦɨɫɬɚɯ 
ɩɪɚɤɬɢɱɟɫɤɢ ɩɪɟɤɪɚɬɢɥɨɫɶ. ɋɬɚɥɶɧɵɟ ɰɢɥɢɧ-
ɞɪɢɱɟɫɤɢɟ ɧɚɝɟɥɢ, ɧɚɨɛɨɪɨɬ, ɧɚɲɥɢ ɩɪɢɦɟɧɟ-

ɧɢɟ ɜ ɫɨɟɞɢɧɟɧɢɹɯ ɠɟɥɟɡɨɛɟɬɨɧɧɨ ɩɥɢɬɵ ɫ 
ɤɥɟɟɧɵɦɢ ɛɚɥɤɚɦɢ ɞɟɪɟɜɨɛɟɬɨɧɧɵɯ ɩɪɨɥɟɬ-
ɧɵɯ ɫɬɪɨɟɧɢɣ Д5, 6]. 

ɋɨɟɞɢɧɟɧɢɹ ɫɨ ɫɬɚɥɶɧɵɦɢ ɧɚɤɥɚɞɤɚɦɢ ɧɚ 
ɝɥɭɯɢɯ ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ ɧɚɝɟɥɹɯ ɹɜɥɹɸɬɫɹ ɦɚ-
ɥɨ ɜɨɫɬɪɟɛɨɜɚɧɧɵɦɢ ɜ ɩɪɚɤɬɢɤɟ ɞɟɪɟɜɹɧɧɵɯ 
ɤɨɧɫɬɪɭɤɰɢɣ, ɚ ɜ ɧɨɪɦɚɬɢɜɧɵɯ ɞɨɤɭɦɟɧɬɚɯ 
ɨɬɫɭɬɫɬɜɭɸɬ ɧɟɨɛɯɨɞɢɦɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟ-
ɬɚ ɷɬɢɯ ɫɨɟɞɢɧɟɧɢɣ. ȼ ɫɜɨɞɟ ɩɪɚɜɢɥ Д7Ж, ɧɚ-
ɩɪɢɦɟɪ, ɫɨɞɟɪɠɚɬɫɹ ɭɤɚɡɚɧɢɹ (ɩ.7.16), ɞɨɩɭɫ-
ɤɚɸɳɢɟ ɢɯ ɩɪɢɦɟɧɟɧɢɟ ɩɪɢ ɭɫɥɨɜɢɢ ɨɛɟɫɩɟ-
ɱɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨɣ ɩɥɨɬɧɨɫɬɢ ɩɨɫɬɚɧɨɜɤɢ 
ɧɚɝɟɥɟɣ, ɭɤɚɡɚɧɨ ɦɢɧɢɦɚɥɶɧɨɟ ɡɚɝɥɭɛɥɟɧɢɟ 
ɧɚɝɟɥɹ ɜ ɞɪɟɜɟɫɢɧɭ ɧɚ 5 ɞɢɚɦɟɬɪɨɜ ɢ  ɬɪɟɛɨ-
ɜɚɧɢɟ ɤ ɞɢɚɦɟɬɪɭ ɨɬɜɟɪɫɬɢɹ, ɤɨɬɨɪɨɟ ɞɨɥɠɧɨ 
ɛɵɬɶ ɧɚ  0,5 ɦɦ ɦɟɧɶɲɟ ɞɢɚɦɟɬɪɚ ɧɚɝɟɥɹ. ȼ 
Д8Ж ɜɫɟ ɧɟɨɛɯɨɞɢɦɵɟ ɭɤɚɡɚɧɢɹ ɞɥɹ ɪɚɫɱɟɬɚ 
ɨɬɧɨɫɹɬɫɹ ɬɨɥɶɤɨ  ɤ ɫɤɜɨɡɧɵɦ ɰɢɥɢɧɞɪɢɱɟ-
ɫɤɢɦ ɧɚɝɟɥɹɦ. 

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ 
ɫɬɚɥɶɧɵɟ ɰɢɥɢɧɞɪɢɱɟɫɤɢɟ ɧɚɝɟɥɢ ɞɢɚɦɟɬɪɨɦ 
ɨɬ 12 ɞɨ 25 ɦɦ ɠɟɫɬɤɨ ɡɚɤɪɟɩɥɟɧɵ ɜ ɫɬɚɥɶɧɵɯ 
ɩɥɚɫɬɢɧɚɯ ɫɜɚɪɤɨɣ, ɩɥɨɬɧɨ ɭɫɬɚɧɨɜɥɟɧɵ ɜ 
ɩɨɞɝɨɬɨɜɥɟɧɧɵɟ ɨɬɜɟɪɫɬɢɹ ɜ ɫɨɩɪɹɝɚɟɦɵɯ 
ɩɥɨɫɤɨɫɬɹɯ ɩɪɨɝɨɧɨɜ, ɤɨɬɨɪɵɟ ɩɨɫɥɟ ɫɨɜɦɟ-
ɳɟɧɢɹ ɫɬɚɥɶɧɵɯ ɧɚɤɥɚɞɨɤ ɩɪɢ ɫɨɫɬɚɜɥɟɧɢɢ 
ɩɪɨɝɨɧɨɜ ɨɛɴɟɞɢɧɟɧɵ ɜ ɟɞɢɧɨɟ ɰɟɥɨɟ ɮɥɚɧ-
ɝɨɜɨɣ ɫɜɚɪɤɨɣ ɩɨ ɤɪɨɦɤɚɦ. 

Ɉɫɨɛɟɧɧɨɫɬɢ ɪɚɛɨɬɵ ɧɚɝɟɥɶɧɵɯ ɫɨ-
ɟɞɢɧɟɧɢɣ ɫ ɰɢɥɢɧɞɪɢɱɟɫɤɢɦɢ ɧɚɝɟɥɹɦɢ, 
ɡɚɳɟɦɥɟɧɧɵɦɢ ɜ ɫɬɚɥɶɧɵɯ ɩɥɚɫɬɢɧɚɯ 

Ɋɚɛɨɬɚ ɧɚɝɟɥɶɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɞɟɪɟɜɹɧ-
ɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɫɪɚɜɧɢɬɟɥɶɧɨ ɯɨɪɨɲɨ ɢɡɭ-
ɱɟɧɚ. Ɉɞɧɚɤɨ ɪɟɲɟɧɢɟ ɜɨɩɪɨɫɚ ɨ ɯɚɪɚɤɬɟɪɟ 
ɪɚɛɨɬɵ ɫɨɫɬɚɜɧɵɯ ɩɪɨɝɨɧɨɜ ɛɟɡ ɡɧɚɧɢɹ ɜɟɥɢ-
ɱɢɧ ɭɩɪɭɝɨɣ ɩɨɞɚɬɥɢɜɨɫɬɢ ɢ ɨɛɦɹɬɢɹ ɩɪɢ ɪɚɫ-
ɱɟɬɧɨɦ ɡɧɚɱɟɧɢɢ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɫɜɹ-
ɡɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɜɵɩɨɥɧɟɧɨ. 

Ɉɫɨɛɟɧɧɨɫɬɶɸ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɧɚɝɟɥɶ-
ɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɹɜɥɹɟɬɫɹ ɠɟɫɬɤɨɟ ɡɚɳɟɦɥɟ-
ɧɢɟ ɧɚɝɟɥɟɣ ɜ ɫɩɚɪɟɧɧɵɯ ɫɬɚɥɶɧɵɯ ɧɚɤɥɚɞ-
ɤɚɯ. ȼ ɫɢɥɭ ɠɟɫɬɤɨɣ ɡɚɞɟɥɤɢ  ɧɚɝɟɥɹ ɩɨ ɲɜɭ 
ɫɨɩɪɹɠɟɧɢɹ ɫɥɟɞɭɟɬ ɨɠɢɞɚɬɶ ɩɨɜɵɲɟɧɢɹ ɧɟ-
ɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɫɨɟɞɢɧɟɧɢɹ, ɤɚɤ  ɡɚ ɫɱɟɬ 
ɩɨɜɵɲɟɧɢɹ ɢɡɝɢɛɧɨɣ ɠɟɫɬɤɨɫɬɢ ɧɚɝɟɥɹ, ɬɚɤ ɢ 
ɦɟɫɬɧɨɝɨ ɫɦɹɬɢɹ ɞɪɟɜɟɫɢɧɵ ɩɨɞ ɧɚɝɟɥɟɦ 
(ɪɢɫ.2).  
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Ɋɢɫ.2. ɋɯɟɦɚ ɪɚɛɨɬɵ ɰɢɥɢɧɞɪɢɱɟɫɤɨɝɨ ɧɚɝɟɥɹ, ɡɚɳɟɦɥɟɧɧɨɝɨ ɜ ɫɬɚɥɶɧɨɣ  ɩɥɚɫɬɢɧ: 

ɚ) ɞɟɮɨɪɦɚɰɢɹ ɫɦɹɬɢɹ ɞɪɟɜɟɫɢɧɵ ɜ ɨɬɜɟɪɫɬɢɢ; ɛ) ɷɩɸɪɵ ɧɚɩɪɹɠɟɧɢɣ ɜ ɭɩɪɭɝɨɣ 
ɫɬɚɞɢɢ; ɜ) ɷɩɸɪɵ ɧɚɩɪɹɠɟɧɢɣ ɫɦɹɬɢɹ ɜ ɧɚɝɟɥɶɧɨɦ ɝɧɟɡɞɟ ɜ ɩɪɟɞɟɥɶɧɨɣ ɫɬɚɞɢɢ; 

ɝ) ɭɫɥɨɜɢɹ ɪɚɜɧɨɜɟɫɢɹ ɧɚɝɟɥɹ ɜ ɝɧɟɡɞɟ. 1-ɞɪɟɜɟɫɢɧɚ ɩɪɨɝɨɧɚ; 2-ɫɬɚɥɶɧɚɹ ɩɥɚɫɬɢɧɚ; 
3-ɫɬɚɥɶɧɨɣ ɰɢɥɢɧɞɪɢɱɟɫɤɢɣ ɧɚɝɟɥɶ; 4-ɷɩɸɪɚ ɫɦɹɬɢɹ ɝɧɟɡɞɚ ɜ ɭɩɪɭɝɨɣ ɫɬɚɞɢɢ;5- 

ɬɨɠɟ ɜ ɩɪɟɞɟɥɶɧɨɣ ɫɬɚɞɢɢ 
 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɪɚɛɨɬɚ ɞɪɟɜɟɫɢɧɵ ɧɚ ɫɦɹ-
ɬɢɟ ɜ ɨɬɜɟɪɫɬɢɢ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɧɟɪɚɜɧɨ-
ɦɟɪɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɧɚɩɪɹɠɟɧɢɣ ɫɦɹɬɢɹ 
ɩɨ ɨɤɪɭɠɧɨɫɬɢ ɨɬɜɟɪɫɬɢɹ. ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ 
ɫɧɢɠɟɧɢɸ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɪɟɜɟɫɢɧɵ ɩɪɢ 
ɫɦɹɬɢɢ ɜ ɨɬɜɟɪɫɬɢɢ ɜɞɨɥɶ ɜɨɥɨɤɨɧ ɢ ɨɛɭ-
ɫɥɚɜɥɢɜɚɟɬ ɩɨɹɜɥɟɧɢɟ ɪɚɫɤɥɢɧɢɜɚɸɳɢɯ ɭɫɢ-
ɥɢɣ. ɉɨ ɨɩɵɬɧɵɦ ɞɚɧɧɵɦ ɐɇɂɂɋɄ ɧɚɩɪɹɠɟ-
ɧɢɹ ɧɚ ɫɦɹɬɢɟ ɧɚɝɟɥɶɧɨɝɨ ɝɧɟɡɞɚ ɜɞɨɥɶ ɜɨɥɨ-
ɤɨɧ ɩɪɢ  ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɦ ɞɟɣɫɬɜɢɢ ɧɚɝɪɭɡɤɢ 
ɞɥɹ ɞɪɟɜɟɫɢɧɵ ɫɨɫɧɵ ɨɰɟɧɟɧɵ ɜ 240 ɤɝ/ɫɦ2

 
ɢɥɢ 0,8Rds.  

ɑɬɨ ɤɚɫɚɟɬɫɹ ɭɱɟɬɚ ɜɥɢɹɧɢɹ ɡɚɳɟɦɥɟɧɢɹ 
ɧɚɝɟɥɟɣ ɜ ɫɬɚɥɶɧɵɯ ɧɚɤɥɚɞɤɚɯ, ɬɨ ɞɚɧɧɨɟ  
ɫɨɟɞɢɧɟɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɫɨɩɨɫɬɚɜɢɦɨ ɫ ɠɟɫɬ-
ɤɨɣ ɡɚɞɟɥɤɨɣ ɧɚɝɟɥɟɣ ɜ ɠɟɥɟɡɨɛɟɬɨɧɧɨɣ ɩɥɢ-
ɬɟ. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɪɚɛɨɬɵ ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ 
ɫɬɚɥɶɧɵɯ ɧɚɝɟɥɟɣ ɜ ɞɟɪɟɜɨɛɟɬɨɧɧɨɣ ɤɨɧɫɬ-
ɪɭɤɰɢɢ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɬɚɬɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ 
ɛɵɥɢ ɜɵɩɨɥɧɟɧɵ ȼ.ɂ. Ʉɭɥɢɲɨɦ Д9Ж. ȼ ɨɫɧɨɜɟ 
ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɢ ɩɪɢɧɹɬɵ 
ɫɥɟɞɭɸɳɢɟ ɞɨɩɭɳɟɧɢɹ: 

ɇɟɫɭɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɧɚɝɟɥɶɧɵɯ ɫɨɟɞɢ-
ɧɟɧɢɣ ɫɨ ɫɬɚɥɶɧɵɦɢ ɰɢɥɢɧɞɪɢɱɟɫɤɢɦɢ ɧɚɝɟ-
ɥɹɦɢ ɢɡ ɭɫɥɨɜɢɣ ɫɤɚɥɵɜɚɧɢɹ ɢ ɪɚɫɤɚɥɵɜɚɧɢɹ 
ɞɪɟɜɟɫɢɧɵ ɦɨɠɟɬ ɛɵɬɶ ɨɛɟɫɩɟɱɟɧɚ ɩɪɢ ɭɫɥɨ-
ɜɢɢ ɫɨɛɥɸɞɟɧɢɹ ɧɨɪɦ ɢɯ ɪɚɫɫɬɚɧɨɜɤɢ (ɬɚɛɥ. 
69 ɋɇ 200-62; ɬɚɛɥ. 10.10 ɋɇɢɉ 2.05.03-84). 

Ɂɚ ɩɪɟɞɟɥɶɧɨɟ ɫɨɫɬɨɹɧɢɟ  ɩɪɢɧɢɦɚɟɬɫɹ 
ɫɨɫɬɨɹɧɢɟ, ɤɨɝɞɚ ɧɚɩɪɹɠɟɧɢɹ ɫɦɹɬɢɹ ɩɨɞ ɧɚ-
ɝɟɥɟɦ ɜ ɝɧɟɡɞɟ ɞɪɟɜɟɫɢɧɵ ɩɨ ɜɫɟɣ ɞɥɢɧɟ ɞɨɫ-
ɬɢɝɚɟɬ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɫɦɹɬɢɢ ɢɥɢ, 
ɤɨɝɞɚ ɧɟɫɭɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɢɡɝɢɛɭ ɧɚɝɟɥɹ ɢɫ-
ɱɟɪɩɵɜɚɟɬɫɹ ɩɨɥɧɨɫɬɶɸ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 

ɲɚɪɧɢɪɚ ɩɥɚɫɬɢɱɧɨɫɬɢ ɜ ɤɨɪɧɟ ɤɨɧɫɨɥɢ ɩɨ 
ɤɨɧɬɚɤɬɧɨɦɭ ɫɥɨɸ. 

Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɧɚɩɪɹɠɟɧɢɣ ɜ ɞɪɟɜɟɫɢɧɟ 
ɜɞɨɥɶ ɧɚɝɟɥɹ (ɝɧɟɡɞɚ ɧɚɝɟɥɹ) ɭɫɥɨɜɧɨ ɩɪɢɧɹ-
ɬɨ ɜ ɜɢɞɟ ɷɩɸɪɵ ɢɡ ɩɪɹɦɨɭɝɨɥɶɧɢɤɨɜ, ɭɩɪɭɝɨ-
ɢɡɝɢɛɚɟɦɚɹ ɨɫɶ ɧɚɝɟɥɹ ɩɪɹɦɨɥɢɧɟɣɧɚ, ɡɚɞɟɥ-
ɤɚ ɧɚɝɟɥɹ ɠɟɫɬɤɚɹ. 

ɉɨɩɟɪɟɱɧɵɟ ɫɢɥɵ, ɫɢɥɵ ɬɪɟɧɢɹ ɩɨ ɤɨɧ-
ɬɚɤɬɧɨɦɭ ɫɥɨɸ ɢ ɦɨɦɟɧɬɵ, ɫɬɪɟɦɹɳɢɟɫɹ ɨɬɨ-
ɪɜɚɬɶ ɩɪɨɞɨɥɶɧɵɟ ɷɥɟɦɟɧɬɵ  ɫɨɫɬɚɜɧɵɯ ɛɚ-
ɥɨɤ ɞɪɭɝ ɨɬ ɞɪɭɝɚ, ɧɟ ɭɱɢɬɵɜɚɸɬɫɹ. 

ɉɪɟɞɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɜɟɥɢɱɢɧɵ ɧɟɫɭɳɟɣ 
ɫɩɨɫɨɛɧɨɫɬɢ ɧɚɝɟɥɶɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɩɨ ɫɦɹ-
ɬɢɸ ɨɝɪɚɧɢɱɟɧɨ ɩɪɟɞɟɥɶɧɵɦɢ ɞɟɮɨɪɦɚɰɢɹɦɢ 
ɫɦɟɳɟɧɢɹ ɜ ɭɪɨɜɧɟ ɤɨɧɬɚɤɬɧɨɝɨ ɫɥɨɹ ɫɨɟɞɢ-
ɧɹɟɦɵɯ ɷɥɟɦɟɧɬɨɜ – 0,1 ɫɦ. 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ȼ.ɂ. 
Ʉɭɥɢɲɚ ɩɨɡɜɨɥɢɥɢ  ɨɰɟɧɢɬɶ ɪɚɫɱɟɬɧɭɸ ɧɟɫɭ-
ɳɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɧɚɝɟɥɶɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ (ɜ 
ɤɝ/ɫɦ2) ɩɪɢ ɨɝɪɚɧɢɱɟɧɢɢ ɜɡɚɢɦɧɨɝɨ ɫɞɜɢɝɚ ɞɟ-
ɪɟɜɹɧɧɨɝɨ ɢ ɛɟɬɨɧɧɨɝɨ ɷɥɟɦɟɧɬɨɜ ɜɟɥɢɱɢɧɨɣ 
0,1 ɫɦ ɜɵɪɚɠɟɧɢɟɦ  

 

                        ДɌɧЖ=90·ɚɞ·dɧ ,                       (1) 
 
 ɠɟɫɬɤɨɫɬɶ ɧɚɝɟɥɶɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɜɵɪɚɠɟɧɢ-
ɟɦ 
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 ,                        (2) 

 
ɚ ɪɚɫɱɟɬɧɨɟ ɡɧɚɱɟɧɢɟ ɦɨɞɭɥɹ ɭɩɪɭɝɨɫɬɢ ɧɚɝɟ-
ɥɹ ɧɚ ɫɞɜɢɝ ɜɵɪɚɠɟɧɢɟɦ 
 
                           Gɧ =900·ɚɞ·dɧ                      (3) 
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ɝɞɟ  ɚɞ - ɝɥɭɛɢɧɚ ɡɚɞɟɥɤɢ ɧɚɝɟɥɹ ɜ ɞɪɟɜɟɫɢɧɟ; 
dɧ - ɞɢɚɦɟɬɪ ɧɚɝɟɥɹ ɧа - ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ 
ɧɚɝɟɥɹɦɢ. 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ 
ɩɪɢ ɞɥɢɬɟɥɶɧɨɦ ɞɟɣɫɬɜɢɢ ɧɚɝɪɭɡɤɢ ɉ. Ⱥ. 
Ⱦɦɢɬɪɢɟɜɚ Д10Ж ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɧɚɪɚɫɬɚɧɢɟ 
ɞɟɮɨɪɦɚɰɢɣ ɫɦɹɬɢɹ ɩɪɟɤɪɚɬɢɥɨɫɶ ɩɨɞ ɧɚ-
ɝɪɭɡɤɚɦɢ 0,5Rds ɭ ɜɫɟɯ ɨɛɪɚɡɰɨɜ. ȼ ɪɟɡɭɥɶɬɚɬɟ 
ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɪɚɫɱɟɬɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɞɥɹ ɫɨɫɧɵ ɜ ɨɬɜɟɪɫɬɢɢ ɞɥɹ ɧɚɝɟɥɟɣ ɞɢɚɦɟɬ-
ɪɨɦ ɨɬ 6 ɞɨ 25 ɦɦ ɜ ɩɪɟɞɟɥɚɯ ɨɬ 110 ɞɨ 85 
ɤɝ/ɫɦ2, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɋɨɩɨɫɬɚɜɢɦɵɟ ɪɟ-
ɡɭɥɶɬɚɬɵ  ɞɜɭɯ ɧɟɡɚɜɢɫɢɦɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 
Д9,10Ж ɭɤɚɡɵɜɚɸɬ ɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɚɤɬɢɱɟ-
ɫɤɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɵɪɚɠɟɧɢɣ (1-3)  ɜ ɪɚɫ-
ɱɟɬɚɯ.  

Ⱥɧɚɥɨɝɢɱɧɵɣ ɜɵɜɨɞ ɛɵɥ ɩɪɢɧɹɬ ɡɚ ɨɫɧɨɜɭ 
Ⱥ.ȼ. ɒɭɦɚɯɟɪɨɦ Д11Ж ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɹ ɠɟɫɬ-
ɤɨɫɬɢ ɧɚɝɟɥɶɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɢ ɜɨɡɞɟɣɫɬɜɢɢ 
ɦɧɨɝɨɤɪɚɬɧɨ-ɩɨɜɬɨɪɧɨɣ ɧɚɝɪɭɡɤɢ. 

Ɋɚɫɱɟɬ ɫɨɫɬɚɜɧɵɯ ɛɚɥɨɤ ɫ ɭɱɟɬɨɦ ɨɝɪɚ-
ɧɢɱɟɧɢɹ ɜɡɚɢɦɧɨɝɨ ɫɞɜɢɝɚ ɜ ɭɪɨɜɧɟ ɤɨɧ-
ɬɚɤɬɚ ɫɨɟɞɢɧɹɟɦɵɯ ɷɥɟɦɟɧɬɨɜ 

ȼ ɨɫɧɨɜɭ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɦɟɬɨɞɚ ɩɨɥɨɠɟɧɚ 
ɬɟɨɪɢɹ ɫɨɫɬɚɜɧɵɯ ɫɬɟɪɠɧɟɣ  Ɋɠɚɧɢɰɵɧɚ Ⱥ.Ɋ. 
ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɚ ɫɢɥ Д11Ж, ɝɞɟ ɫɨ-

ɫɬɚɜɧɨɣ ɫɬɟɪɠɟɧɶ  ɫɨ  ɫɜɹɡɹɦɢ ɫɞɜɢɝɚ ɢ ɩɨɩɟ-
ɪɟɱɧɵɦɢ ɫɜɹɡɹɦɢ ɩɪɟɞɫɬɚɜɥɟɧ ɜɧɭɬɪɟɧɧɟ 
ɫɬɚɬɢɱɟɫɤɢ ɧɟɨɩɪɟɞɟɥɢɦɨɣ ɛɚɥɤɨɣ. Ɉɛɚ ɜɢɞɚ 
ɫɜɹɡɟɣ ɧɟɩɪɟɪɵɜɧɨ ɪɚɫɩɪɟɞɟɥɟɧɵ ɩɨ ɞɥɢɧɟ 
ɲɜɚ. ȼ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɣ ɫɢɫɬɟɦɵ ɩɪɢɧɹɬɚ 
ɫɢɫɬɟɦɚ ɫɬɟɪɠɧɟɣ, ɥɢɲɟɧɧɚɹ ɫɜɹɡɟɣ ɫɞɜɢɝɚ, 
ɞɟɣɫɬɜɢɟ ɤɨɬɨɪɵɯ ɡɚɦɟɧɟɧɨ ɮɭɧɤɰɢɨɧɚɥɶɧɵ-
ɦɢ ɧɟɢɡɜɟɫɬɧɵɦɢ 

i . Ȼɥɚɝɨɞɚɪɹ ɧɚɥɢɱɢɸ ɚɛ-
ɫɨɥɸɬɧɨ ɠɟɫɬɤɢɯ ɩɨɩɟɪɟɱɧɵɯ ɫɜɹɡɟɣ ɞɚɧɧɚɹ 
ɫɢɫɬɟɦɚ ɷɤɜɢɜɚɥɟɧɬɧɚ ɫɨɜɦɟɫɬɧɨ ɢɡɝɢɛɚɟɦɵɦ 
ɫɬɟɪɠɧɹɦ ɩɨ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ ɤɪɢɜɨɣ ɢɡɝɢɛɚ. 
Ɋɚɫɱɟɬ ɫɜɨɞɢɬɫɹ ɤ ɪɟɲɟɧɢɸ ɫɢɫɬɟɦɵ ɞɢɮɮɟ-
ɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɞɜɢ-
ɝɚɸɳɢɯ ɭɫɢɥɢɣ ɜ ɲɜɚɯ. 

ȼ ɨɬɥɢɱɢɟ ɨɬ ɫɨɫɬɚɜɧɵɯ ɫɬɟɪɠɧɟɣ ɫ ɪɚɜ-
ɧɨɦɟɪɧɵɦ ɢ ɧɟɩɪɟɪɵɜɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ 
ɫɜɹɡɟɣ ɫɞɜɢɝɚ ɫɨɫɬɚɜɧɵɟ ɩɪɨɝɨɧɵ ɢɡ ɛɪɟɜɟɧ 
ɨɫɧɚɳɟɧɵ ɫɨɟɞɢɧɟɧɢɹɦɢ ɢɡ ɝɪɭɩɩ ɝɥɭɯɢɯ ɰɢ-
ɥɢɧɞɪɢɱɟɫɤɢɯ ɧɚɝɟɥɟɣ, ɠɟɫɬɤɨ ɡɚɳɟɦɥɟɧɧɵɯ 
ɜ ɫɬɚɥɶɧɵɯ ɩɥɚɫɬɢɧɚɯ  ɧɚ ɜɨɫɩɪɢɹɬɢɟ ɨɩɪɟ-
ɞɟɥɟɧɧɨɝɨ ɫɨɫɪɟɞɨɬɨɱɟɧɧɨɝɨ ɫɞɜɢɝɚ. ȼ ɷɬɨɦ 
ɫɥɭɱɚɟ ɨɩɪɟɞɟɥɟɧɢɟ ɧɟɢɡɜɟɫɬɧɵɯ ɭɫɢɥɢɣ ɜ 
ɫɜɹɡɹɯ ɫɞɜɢɝɚ ɫɜɨɞɢɬɫɹ  ɤ ɪɟɲɟɧɢɸ ɫɢɫɬɟɦɵ 
ɥɢɧɟɣɧɵɯ ɭɪɚɜɧɟɧɢɣ, ɫɨɫɬɚɜɥɟɧɧɵɯ ɢɡ ɭɫɥɨ-
ɜɢɹ ɨɝɪɚɧɢɱɟɧɢɹ ɩɪɟɞɟɥɶɧɵɯ ɫɞɜɢɝɨɜ ɜɟɥɢ-
ɱɢɧɨɣ 0,1 ɫɦ. 

 
 

 
Ɋɢɫ. 3 Ɉɫɧɨɜɧɚɹ ɫɢɫɬɟɦɚ ɫɨɫɬɚɜɧɨɝɨ ɩɪɨɝɨɧɚ ɫ ɫɨɫɪɟɞɨɬɨɱɟɧɧɵɦɢ ɫɜɹɡɹɦɢ ɫɞɜɢɝɚ 

ɚ) ɢɡ ɨɬɞɟɥɶɧɵɯ ɫɨɜɦɟɫɬɧɨ ɢɡɝɢɛɚɟɦɵɯ ɛɪɟɜɟɧ; 
ɛ) ɩɪɢɜɟɞɟɧɧɚɹ ɤ ɨɫɟɜɵɦ ɥɢɧɢɹɦ 

 

Ɉɫɧɨɜɧɚɹ ɫɢɫɬɟɦɚ ɫɨɫɬɚɜɧɨɝɨ ɩɪɨɝɨɧɚ ɢɡ 
ɬɪɟɯ ɛɪɟɜɟɧ ɫ ɫɨɫɪɟɞɨɬɨɱɟɧɧɵɦɢ ɫɜɹɡɹɦɢ 
ɫɞɜɢɝɚ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ.3,ɚ, ɩɪɢɜɟɞɟɧɧɚɹ  ɤ 
ɨɫɟɜɵɦ ɥɢɧɢɹɦ – ɧɚ ɪɢɫ. 3,ɛ. ɇɚ ɪɢɫɭɧɤɟ ɩɨ-
ɤɚɡɚɧɚ ɬɨɥɶɤɨ ɥɟɜɚɹ ɱɚɫɬɶ ɨɫɧɨɜɧɨɣ ɫɢɫɬɟɦɵ. 
ɋ ɭɱɟɬɨɦ ɫɢɦɦɟɬɪɢɢ ɤɨɧɫɬɪɭɤɰɢɢ ɩɪɚɜɚɹ 
ɱɚɫɬɶ ɫɢɫɬɟɦɵ  ɡɟɪɤɚɥɶɧɨ ɫɢɦɦɟɬɪɢɱɧɚ  ɥɟ-
ɜɨɣ, ɜɤɥɸɱɚɹ ɧɚɩɪɚɜɥɟɧɢɹ ɧɟɢɡɜɟɫɬɧɵɯ ɭɫɢ-
ɥɢɣ ɜ ɫɜɹɡɹɯ ɫɞɜɢɝɚ.  

Ɉɛɳɚɹ ɠɟɫɬɤɨɫɬɶ ɧɚ ɢɡɝɢɛ ɫɨɫɬɚɜɧɨɝɨ 
ɩɪɨɝɨɧɚ, ɥɢɲɟɧɧɨɝɨ ɫɜɹɡɟɣ ɫɞɜɢɝɚ, ɪɚɜɧɚ 

ɫɭɦɦɟ ɠɟɫɬɤɨɫɬɟɣ ɫɨɫɬɚɜɥɹɸɳɢɯ ɫɬɟɪɠɧɟɣ 
(ɛɪɟɜɟɧ): 
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ɋɢɫɬɟɦɭ ɥɢɧɟɣɧɵɯ ɭɪɚɜɧɟɧɢɣ ɷɤɜɢɜɚ-

ɥɟɧɬɧɨɫɬɢ ɨɫɧɨɜɧɨɣ ɢ ɡɚɞɚɧɧɨɣ ɫɢɫɬɟɦ ɩɪɟɞ-
ɫɬɚɜɢɦ ɜ ɦɚɬɪɢɱɧɨɣ ɮɨɪɦɟ:
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ɝɞɟ Ⱥ – ɦɚɬɪɢɰɚ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɤɚɧɨɧɢɱɟ-
ɫɤɢɯ ɭɪɚɜɧɟɧɢɣ, Ɍ


 - ɜɟɤɬɨɪ ɧɟɢɡɜɟɫɬɧɵɯ ɭɫɢ-

ɥɢɣ ɫɞɜɢɝɚ, F


- ɜɟɤɬɨɪ ɝɪɭɡɨɜɵɯ ɩɟɪɟɦɟɳɟ-
ɧɢɣ, DD-ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɣ ɫɞɜɢɝ. 

ɍɫɢɥɢɹ ɜ ɫɜɹɡɹɯ ɫɞɜɢɝɚ ɜɵɡɵɜɚɸɬ ɦɨɦɟɧ-
ɬɵ ɢ ɩɪɨɞɨɥɶɧɵɟ ɫɢɥɵ ɜ ɫɨɫɬɚɜɥɹɸɳɢɯ 
ɫɬɟɪɠɧɹɯ. ɉɨɥɧɵɣ ɢɡɝɢɛɚɸɳɢɣ ɦɨɦɟɧɬ ɜ ɫɢɫ-
ɬɟɦɟ ɛɭɞɟɬ ɪɚɜɟɧ ɫɭɦɦɟ ɢɡɝɢɛɚɸɳɢɯ ɦɨɦɟɧ-

ɬɨɜ ɜ ɫɟɱɟɧɢɹɯ ɤɚɠɞɨɝɨ ɫɨɫɬɚɜɥɹɸɳɟɝɨ 
ɫɬɟɪɠɧɹ ɨɫɧɨɜɧɨɣ ɫɢɫɬɟɦɵ ɨɬ ɜɧɟɲɧɟɣ ɧɚ-
ɝɪɭɡɤɢ ɩɥɸɫ ɫɭɦɦɚ ɦɨɦɟɧɬɨɜ ɨɬ ɭɫɢɥɢɣ ɜ ɫɜɹ-
ɡɹɯ ɫɞɜɢɝɚ: 
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ɝɞɟ n – ɱɢɫɥɨ ɲɜɨɜ ɫɬɟɪɠɧɹ. 

ɉɪɨɞɨɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɨɩɪɟɞɟɥɹɸɬɫɹ 
ɩɨ ɮɨɪɦɭɥɟ: 
 

               iiiiiх JyMAN  .             (7) 

 
ɉɪɢɦɟɪ ɪɚɫɱɟɬɚ ɫɨɫɬɚɜɧɨɝɨ ɩɪɨɝɨɧɚ 

ɩɪɨɥɟɬɧɨɝɨ ɫɬɪɨɟɧɢɹ ɞɥɢɧɨɣ 7,5 ɦɟɬɪɨɜ ɜ 
ɫɨɫɬɚɜɟ ɜɨɫɶɦɢ ɩɪɨɝɨɧɨɜ ɢɡ ɬɪɟɯ ɛɪɟɜɟɧ. 

Ɉɬɛɪɨɲɟɧɧɵɟ ɫɜɹɡɢ ɜ ɲɜɚɯ ɦɟɠɞɭ ɛɪɟɜ-
ɧɚɦɢ (ɪɢɫ.3 ɛ) ɡɚɦɟɧɟɧɵ ɩɚɪɧɵɦɢ ɧɟɢɡɜɟɫɬ-
ɧɵɦɢ ɭɫɢɥɢɹɦɢ ɫɞɜɢɝɚ Ɍi. Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ 
ɰɟɧɬɪɚɦɢ ɫɜɹɡɟɣ ɩɪɢɧɹɬɨ ɪɚɜɧɵɦ 1,0 ɦ  ɧɚ 
ɪɚɫɫɬɨɹɧɢɢ 0,5 ɦ ɨɬ ɨɩɨɪɧɨɝɨ ɫɟɱɟɧɢɹ  ɫɢɦ-
ɦɟɬɪɢɱɧɨ ɫ ɤɚɠɞɨɣ ɫɬɨɪɨɧɵ ɨɩɨɪ. ɂɫɯɨɞɧɵɟ 
ɞɚɧɧɵɟ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 4. 

 

 
 

Ɋɢɫ. 4. ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ ɩɪɨɝɨɧɚ: ɚ) ɷɩɸɪɵ ɪɚɫɱɟɬɧɵɯ ɭɫɢɥɢɣ; 
ɛ) ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɨɝɨɧɚ 

 
Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɤɚɧɨɧɢɱɟ-

ɫɤɢɯ ɭɪɚɜɧɟɧɢɣ ɢ ɫɜɨɛɨɞɧɵɯ ɱɥɟɧɨɜ ɩɪɨɢɡɜɨ-
ɞɢɦ ɩɨ ɢɡɜɟɫɬɧɵɦ ɮɨɪɦɭɥɚɦ Ɇɨɪɚ: 
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ɗɩɸɪɵ ɟɞɢɧɢɱɧɵɯ ɦɨɦɟɧɬɨɜ ɨɬ ɩɚɪɧɵɯ 

ɧɟɢɡɜɟɫɬɧɵɯ ɜ ɭɪɨɜɧɟ ɲɜɚ ɦɟɠɞɭ 1-ɦ ɢ 2-ɦ 
ɫɬɟɪɠɧɹɦɢ ɢ ɝɪɭɡɨɜɵɯ ɦɨɦɟɧɬɨɜ ɜ ɨɫɧɨɜɧɨɣ 
ɫɢɫɬɟɦɟ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 5. 
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Ɋɢɫ.5 ɗɩɸɪɵ ɟɞɢɧɢɱɧɵɯ ɦɨɦɟɧɬɨɜ(ɚ-ɟ) ɢ ɝɪɭɡɨɜɵɯ ɦɨɦɟɧɬɨɜ (ɠ) ɜ ɨɫɧɨɜɧɨɣ ɫɢɫɬɟɦɟ 
ɩɪɨɝɨɧɚ. ɉɪɢɦɟɱɚɧɢɟ: ɷɩɸɪɵ ɟɞɢɧɢɱɧɵɯ ɦɨɦɟɧɬɨɜ ɨɬ ɫɞɜɢɝɨɜ ɜɨ ɜɬɨɪɨɦ ɲɜɟ ɧɟ ɩɨɤɚɡɚɧɵ 

ɜɜɢɞɭ ɢɯ ɩɨɥɧɨɣ ɢɞɟɧɬɢɱɧɨɫɬɢ ɫ ɷɩɸɪɚɦɢ ɞɥɹ ɲɜɚ 1-2. 
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ɇɢɠɟ ɩɪɢɜɨɞɹɬɫɹ ɦɚɬɪɢɰɚ Ⱥ ɢ ɫɬɨɥɛɟɰ 
( F


+DD) ɫ ɱɢɫɥɟɧɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɟɞɢɧɢɱ-
ɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɢ ɫɜɨɛɨɞɧɵɯ ɱɥɟɧɨɜ ɫɢɫ-
ɬɟɦɵ ɭɪɚɜɧɟɧɢɣ (5) ɞɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ 

ɩɪɨɝɨɧɚ, ɝɞɟ ɡɧɚɱɟɧɢɹ
ik ɫɥɟɞɭɟɬ ɭɦɧɨɠɢɬɶ 

ɧɚ 10-5
, DD ɩɪɢɧɹɬɶ ɪɚɜɧɵɦ 0,1 ɫɦ. 

 

          1,757 0,952 0,281 0,661 0,929 0,749 0,879 0,476 0,140 0,330 0,465 0,375                1,21 
          0,952 1,086 0,415 0,527 0,590 0,929 0,476 0,543 0,207 0,263 0,295 0,465                0,97 
          0,281 0,415 0,684 0,232 0,527 0,661 0,140 0,207 0,342 0,116 0,263 0,330                0,58                    
          0,661 0,527 0,232 0,684 0,415 0,281 0,330 0,263 0,116 0,342 0,207 0,140                0,58 
          0,929 0,590 0,527 0,415 1,086 0,952 0,465 0,295 0,263 0,207 0,543 0,476                0,97 
          0,749 0,929 0,661 0,281 0,952 1,757 0,375 0,465 0,330 0,140 0,476 0,879                1,21 

 Ⱥ=    0,879 0,476 0,140 0,330 0,465 0,375 1,757 0,952 0,281 0,661 0,929 0,749    F


=    1,21    

          0,476 0,543 0,207 0,263 0,295 0,465 0,952 1,086 0,415 0,527 0,590 0,929                0,97 
          0,140 0,207 0,342 0,116 0,263 0,330 0,281 0,415 0,684 0,232 0,527 0,661                0,58 
          0,330 0,263 0,116 0,342 0,207 0,140 0,661 0,527 0,232 0,684 0,415 0,281                0,58 
          0,465 0,295 0,263 0,207 0,543 0,476 0,929 0,590 0,527 0,415 1,086 0,952                0,97 
          0,375 0,465 0,330 0,140 0,476 0,879 0,749 0,929 0,661 0,281 0,952 1,757                1,21 
 
 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ 
ɩɨɥɭɱɢɦ ɫɥɟɞɭɸɳɢɟ ɡɧɚɱɟɧɢɹ ɭɫɢɥɢɣ ɫɞɜɢɝɚ: 
Ɍ1 = Ɍ6 = Ɍ7 = Ɍ12 = 225 ɤɇ; Ɍ2 = Ɍ5 = Ɍ8 = Ɍ11 = 
61,7ɤɇ;  Ɍ3 = Ɍ4 = Ɍ9 = Ɍ10 = 127,6 ɤɇ. 

ȼ ɢɬɨɝɟ ɫ ɭɱɟɬɨɦ ɜɵɪɚɠɟɧɢɹ (6) ɩɨɫɬɪɨɟ-
ɧɵ ɷɩɸɪɵ ɪɚɫɱɟɬɧɵɯ ɢɡɝɢɛɚɸɳɢɯ ɦɨɦɟɧɬɨɜ ɢ 
ɩɪɨɞɨɥɶɧɵɯ ɫɢɥ ɜ ɫɨɫɬɚɜɥɹɸɳɢɯ ɫɨɫɬɚɜɧɨɣ 
ɩɪɨɝɨɧ ɷɥɟɦɟɧɬɚɯ-ɛɪɟɜɧɚɯ (ɪɢɫ.6). 

 

 
 

Ɋɢɫ.6 ɗɩɸɪɵ ɪɚɫɱɟɬɧɵɯ ɭɫɢɥɢɣ ɜ ɫɨɫɬɚɜɧɨɦ ɩɪɨɝɨɧɟ 

 
ɇɨɪɦɚɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɣ ɜ ɪɚɫɱɟɬɧɵɯ ɫɟ-

ɱɟɧɢɹɯ ɫɟɪɟɞɢɧɵ ɩɪɨɥɟɬɚ ɫɨɝɥɚɫɧɨ (7): 
- ɜ  ɮɢɛɪɚɯ ɜɟɪɯɧɟɝɨ ɛɪɟɜɧɚ   
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- ɬɨɠɟ ɫɪɟɞɧɟɝɨ ɛɪɟɜɧɚ           
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɭɫɥɨɜɢɟ ɩɪɨɱɧɨɫɬɢ ɞɥɹ 
ɫɟɱɟɧɢɹ ɜ ɫɟɪɟɞɢɧɟ ɩɪɨɥɟɬɚ ɜɵɩɨɥɧɹɟɬɫɹ. 
ɇɟɤɨɬɨɪɨɟ ɩɪɟɜɵɲɟɧɢɟ ɧɨɪɦɚɥɶɧɵɯ ɧɚɩɪɹ-
ɠɟɧɢɣ ɧɚɞ ɪɚɫɱɟɬɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɨɬɦɟ-
ɱɚɟɬɫɹ ɜ ɫɪɟɞɧɟɦ ɛɪɟɜɧɟ ɜ ɦɟɫɬɚɯ ɭɫɬɚɧɨɜɤɢ 
ɫɢɦɦɟɬɪɢɱɧɵɯ ɫɜɹɡɟɣ Ɍ3  ɢ Ɍ9 , Ɍ4   ɢ Ɍ10:  
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. 
Ⱦɚɧɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɫɜɹɡɚɧɨ ɫɨ ɫɤɚɱɤɨɨɛ-

ɪɚɡɧɵɦ ɯɚɪɚɤɬɟɪɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɦɨɦɟɧɬɨɜ 
ɧɚ ɷɩɸɪɟ ɨɬ ɞɟɣɫɬɜɢɹ ɭɫɢɥɢɣ ɫɞɜɢɝɚ. ɇɚ ɫɚ-
ɦɨɦ ɞɟɥɟ, ɩɟɪɟɞɚɱɚ ɢɡɝɢɛɚɸɳɟɝɨ ɦɨɦɟɧɬɚ ɨɬ 
ɫɞɜɢɝɚɸɳɢɯ ɭɫɢɥɢɣ ɩɪɢ ɞɚɧɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ 
ɫɨɟɞɢɧɟɧɢɣ ɩɪɨɜɨɞɢɬɫɹ ɪɚɜɧɨɦɟɪɧɨ ɛɟɡ 
ɫɤɚɱɤɨɜ. 

Ɂɚɤɥɸɱɟɧɢɟ 
ɉɪɢɦɟɧɟɧɢɟ ɞɪɟɜɟɫɢɧɵ ɜ ɫɬɪɨɢɬɟɥɶɫɬɜɟ 

ɦɨɫɬɨɜ ɜ ɋɒȺ, Ʉɚɧɚɞɟ, ɋɤɚɧɞɢɧɚɜɫɤɢɯ ɫɬɪɚ-
ɧɚɯ, ɧɟ ɢɫɩɵɬɵɜɚɸɳɢɯ ɧɟɞɨɫɬɚɬɤɚ ɜ ɫɬɚɥɢ ɢ 
ɰɟɦɟɧɬɚ, ɦɨɠɟɬ ɛɵɬɶ  ɨɛɴɹɫɧɟɧɨ ɬɨɥɶɤɨ ɷɤɨ-
ɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ ɷɬɨɝɨ ɩɪɢɪɨɞɧɨ-
ɝɨ ɦɚɬɟɪɢɚɥɚ ɢ ɰɟɥɵɦ ɪɹɞɨɦ ɟɝɨ ɩɪɟɢɦɭ-
ɳɟɫɬɜ. 

ȼ ɧɚɲɟɣ ɫɬɪɚɧɟ, ɧɟɫɦɨɬɪɹ ɧɚ ɥɟɫɧɨɟ ɛɨ-
ɝɚɬɫɬɜɨ,  ɪɚɡɜɢɬɨɟ  ɥɟɫɨɡɚɝɨɬɨɜɢɬɟɥɶɧɨɟ ɩɪɨ-
ɢɡɜɨɞɫɬɜɨ, ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɢɡɤɭɸ ɫɬɨɢɦɨɫɬɶ 
ɞɪɟɜɟɫɢɧɵ, ɩɪɢɦɟɧɟɧɢɟ ɟɟ ɜ ɦɨɫɬɨɜɵɯ ɤɨɧɫɬ-
ɪɭɤɰɢɹɯ  ɩɪɚɤɬɢɱɟɫɤɢ ɩɪɟɤɪɚɳɟɧɨ. 

ɇɚ ɜɨɥɧɟ ɦɚɫɫɨɜɨɝɨ ɜɧɟɞɪɟɧɢɹ ɫɛɨɪɧɨɝɨ 
ɠɟɥɟɡɨɛɟɬɨɧɚ ɜ ɫɬɪɨɢɬɟɥɶɫɬɜɨ, ɜ 70-ɟ ɝɨɞɵ 
ɩɪɨɲɥɨɝɨ ɫɬɨɥɟɬɢɹ ɞɟɪɟɜɹɧɧɵɟ ɦɨɫɬɵ ɛɵɥɢ 
ɨɬɧɟɫɟɧɵ ɤ ɨɬɪɹɞɭ ɜɪɟɦɟɧɧɵɯ ɢ ɩɨɞɥɟɠɚɳɢɯ 
ɡɚɦɟɧɟ ɧɚ ɤɚɩɢɬɚɥɶɧɵɟ ɢɡ ɫɬɚɥɢ ɢ ɠɟɥɟɡɨɛɟ-
ɬɨɧɚ. ȼɵɩɨɥɧɢɬɶ ɷɬɭ ɡɚɞɚɱɭ ɱɚɫɬɢɱɧɨ ɭɞɚɥɨɫɶ 
ɬɨɥɶɤɨ ɧɚ ɮɟɞɟɪɚɥɶɧɵɯ ɞɨɪɨɝɚɯ. ɇɚ ɨɫɬɚɥɶ-
ɧɵɯ ɞɨɪɨɝɚɯ, ɨɫɨɛɟɧɧɨ ɜ ɨɬɞɚɥɟɧɧɵɯ ɪɚɣɨɧɚɯ 
ɫɬɪɚɧɵ, ɜɫɟ ɩɪɨɛɥɟɦɵ ɞɨɪɨɠɧɨɝɨ ɫɬɪɨɢɬɟɥɶ-
ɫɬɜɚ ɥɟɝɥɢ ɧɚ ɩɥɟɱɢ ɦɟɫɬɧɨɣ ɚɞɦɢɧɢɫɬɪɚɰɢɢ, 
ɤɨɬɨɪɚɹ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɫɪɟɞɫɬɜ ɩɵɬɚɟɬɫɹ ɫɨ-
ɯɪɚɧɹɬɶ ɭɫɬɚɪɟɜɲɢɟ  ɞɟɪɟɜɹɧɧɵɟ ɦɨɫɬɵ, ɫ 
ɬɪɭɞɨɦ ɨɛɟɫɩɟɱɢɜɚɹ  ɩɪɨɟɡɞ ɦɟɫɬɧɨɝɨ ɬɪɚɧɫ-
ɩɨɪɬɚ. 

Ⱦɨɥɝɨɜɟɱɧɨɫɬɶ ɞɪɟɜɟɫɢɧɵ, ɤɚɤ ɦɚɬɟɪɢɚɥɚ, 
ɞɨɤɚɡɚɧɚ ɠɢɡɧɶɸ, ɟɟ ɫɥɟɞɭɟɬ ɨɛɟɫɩɟɱɢɜɚɬɶ 
ɤɨɧɫɬɪɭɤɬɢɜɧɵɦɢ ɩɪɢɟɦɚɦɢ ɢ ɫɨɞɟɪɠɚɧɢɟɦ, ɚ 
ɧɟ ɢɫɤɥɸɱɚɬɶ  ɢɡ ɦɨɫɬɨɫɬɪɨɟɧɢɹ ɩɨɞ ɩɪɟɞɥɨ-
ɝɨɦ ɜɪɟɦɟɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɢ. ɉɟɪɟɯɨɞ ɧɚ ɧɨ-
ɜɵɟ ɜɪɟɦɟɧɧɵɟ ɧɚɝɪɭɡɤɢ ɧɟ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɚ-
ɧɢɟɦ ɞɥɹ ɩɪɟɤɪɚɳɟɧɢɹ  ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɞɟɪɟ-
ɜɹɧɧɵɯ ɦɨɫɬɨɜ. ȿɫɥɢ ɩɪɨɰɟɫɫ ɜɨɫɩɪɨɢɡɜɨɞɫɬ-
ɜɚ ɤɥɟɟɧɨɣ ɞɪɟɜɟɫɢɧɵ ɬɪɟɛɭɟɬ ɨɩɪɟɞɟɥɟɧɧɵɯ 
ɡɚɬɪɚɬ ɢ ɜɪɟɦɟɧɢ, ɬɨ ɩɪɨɢɡɜɨɞɫɬɜɨ ɬɪɚɞɢɰɢ-
ɨɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɩɪɨɥɟɬɧɵɯ ɫɬɪɨɟɧɢɣ ɦɨɠ-
ɧɨ ɪɚɡɜɢɜɚɬɶ ɢ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɬɶ.  ɉɪɢɦɟɪɨɦ 
ɬɨɦɭ ɦɨɝɭɬ ɫɥɭɠɢɬɶ ɩɨɫɬɪɨɟɧɧɵɟ ɜ ɩɨɫɥɟɞɧɢɟ 
ɝɨɞɵ ɜ Ɉɦɫɤɨɣ ɨɛɥɚɫɬɢ ɢɡ ɦɟɫɬɧɵɯ ɦɚɬɟɪɢɚ-
ɥɨɜ ɦɨɫɬɵ ɫ ɞɨɳɚɬɨ-ɝɜɨɡɞɟɜɵɦɢ ɩɪɨɥɟɬɧɵɦɢ 
ɫɬɪɨɟɧɢɹɦɢ, ɫɬɨɢɦɨɫɬɶ ɤɨɬɨɪɵɯ ɜ ɩɨɥɬɨɪɚ 
ɪɚɡɚ ɧɢɠɟ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ.  

ɋɬɚɬɶɹ ɩɨɫɜɹɳɟɧɚ ɜɧɟɞɪɟɧɢɸ ɜ ɩɪɚɤɬɢɤɭ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɦɨɫɬɨɜ ɧɚ 

ɞɨɪɨɝɚɯ IV-V ɤɚɬɟɝɨɪɢɢ ɩɪɨɫɬɵɯ ɤɨɧɫɬɪɭɤɰɢɣ 
ɢɡ ɛɪɟɜɟɧ, ɛɪɭɫɚ ɢ ɞɨɫɨɤ ɩɨɞ ɫɨɜɪɟɦɟɧɧɵɟ 
(ɚɜɬɨɦɨɛɢɥɶɧɵɟ ɢ ɤɨɥɟɫɧɵɟ) ɧɚɝɪɭɡɤɢ. Ɋɚɫ-
ɫɦɚɬɪɢɜɚɸɬɫɹ ɛɚɥɨɱɧɵɟ ɩɪɨɥɟɬɧɵɟ ɫɬɪɨɟɧɢɹ 
ɜ ɜɢɞɟ ɫɨɫɬɚɜɧɵɯ ɩɪɨɝɨɧɨɜ ɢɡ ɛɪɟɜɟɧ ɞɥɹ ɩɟ-
ɪɟɤɪɵɬɢɹ ɩɪɨɥɟɬɨɜ ɛɨɥɟɟ 8-10ɦɟɬɪɨɜ. ɉɪɟɞ-
ɫɬɚɜɥɟɧɧɵɣ ɦɚɬɟɪɢɚɥ ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ 
ɫɥɟɞɭɸɳɢɟ ɜɵɜɨɞɵ: 

ɋɨɫɬɚɜɧɵɟ ɩɪɨɝɨɧɵ ɢɡ ɛɪɟɜɟɧ ɫ ɫɨɟɞɢɧɟ-
ɧɢɹɦɢ ɢɡ ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ ɧɚɝɟɥɟɣ, ɡɚɳɟɦ-
ɥɟɧɧɵɯ ɩɨɫɪɟɞɫɬɜɨɦ ɫɜɚɪɤɢ ɜ ɫɬɚɥɶɧɵɯ ɩɥɚ-
ɫɬɢɧɚɯ, ɩɨɡɜɨɥɹɸɬ ɩɪɨɟɤɬɢɪɨɜɚɬɶ ɛɚɥɨɱɧɵɟ 
ɞɟɪɟɜɹɧɧɵɟ ɦɨɫɬɵ ɫ ɩɪɨɥɟɬɚɦɢ ɛɨɥɟɟ 8 ɦɟɬ-
ɪɨɜ ɩɨɞ ɫɨɜɪɟɦɟɧɧɵɟ ɬɹɠɟɥɵɟ ɧɚɝɪɭɡɤɢ, ɱɬɨ 
ɪɚɫɲɢɪɹɟɬ ɨɛɥɚɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɞɟɪɟɜɹɧɧɵɯ 
ɦɨɫɬɨɜ  ɜ ɧɚɫɬɨɹɳɟɟ  ɜɪɟɦɹ. 

ɉɪɟɞɥɚɝɚɟɦɵɣ ɦɟɬɨɞ ɪɚɫɱɟɬɚ ɫɨɫɬɚɜɧɵɯ 
ɫɬɟɪɠɧɟɣ ɜɵɩɨɥɧɟɧ ɜ ɪɚɡɜɢɬɢɟ ɦɟɬɨɞɚ Ɋɠɚ-
ɧɢɰɵɧɚ Ⱥ.Ɋ. ɢ ɩɨɡɜɨɥɹɟɬ ɫ ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɶɸ 
ɭɱɟɫɬɶ ɩɨɞɚɬɥɢɜɨɫɬɶ ɫɜɹɡɟɣ ɫɞɜɢɝɚ ɩɪɢ ɞɢɫ-
ɤɪɟɬɧɨɦ ɢɯ ɪɚɡɦɟɳɟɧɢɢ. 

Ɇɨɫɬɵ  ɫ ɫɨɫɬɚɜɧɵɦɢ ɩɪɨɝɨɧɚɦɢ ɢɡ ɛɪɟ-
ɜɟɧ ɧɟ ɬɪɟɛɭɸɬ ɞɨɪɨɝɢɯ ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟ-
ɪɢɚɥɨɜ ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɦɨɝɭɬ ɭɫɩɟɲɧɨ ɜɨɡ-
ɜɨɞɢɬɶɫɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɫɬɧɨɣ ɪɚɛɨɱɟɣ 
ɫɢɥɵ. 
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STUDY OF CARRYING CAPACITY OF COM-
POUND GIRDERS MADE OF LOGS WITH BOUND-
INGS ON DEAF CYLINDRICAL NOG EMBEDED IN 

STEEL PLATES 

 
V.A .Utkin, N.V Sinigovskaya 

 
Abstract. This article is devoted to the research 

developed at the Department of bridge span struc-
tures with composite girders made of logs, united to 
work together through the deaf cylindrical pegs em-
bedded in steel plates as well as  the development of 
methods of their calculation and perfection of  struc-
tural and technological forms of superstructures. The 
peculiarity of the considered nog compounds is rigid 
clamping nogs in the coupled steel linings. By virtue of 
tough embedment of nogs in the seam coupling 
should expect an increase in carrying capacity of the 
connection due to the bending stiffness of the nog and 
due to local buckling under the wood nog. To account 
for the compliance of the considered nog connection a 
new method of calculation is developed. Offered re-
search shows effectiveness of the decisions. 

 

Keywords: composite girders made of logs, deaf 
cylindrical nogs, elastic compliance, stress of buckling 
of the nog socket, bearing capacity of the connection. 
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