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ɂɋɋɅȿȾɈȼȺɇɂȿ ȼɁȺɂɆɈȾȿɃɋɌȼɂə ɅɈɉȺɌɄɂ ȼɂȻɊȺɐɂɈɇɇɈȽɈ 

ɋɆȿɋɂɌȿɅə ɋ ȻȿɌɈɇɇɈɃ ɋɆȿɋɖɘ  
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Ʉɪɟɦɟɧɱɭɝɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦɟɧɢ Ɇɢɯɚɢɥɚ Ɉɫɬɪɨɝɪɚɞɫɤɨɝɨ 
 

Аɧɧɨɬаɰиɹ. ɍɫɬɚɧɨɜɥɟɧɚ ɡɚɤɨɧɨɦɟɪɧɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɞɚɜɥɟɧɢɹ, ɞɟɣɫɬɜɭɸɳɟɝɨ ɧɚ ɥɨɩɚɬɤɢ 
ɫɦɟɫɢɬɟɥɹ ɫɨ ɫɬɨɪɨɧɵ ɜɢɛɪɨɚɤɬɢɜɢɪɨɜɚɧɧɨɣ ɛɟɬɨɧɧɨɣ ɫɦɟɫɢ, ɜ ɜɢɞɟ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɣ ɡɚɜɢ-
ɫɢɦɨɫɬɢ, ɭɱɢɬɵɜɚɸɳɟɣ ɞɟɮɨɪɦɚɰɢɨɧɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɛɟɬɨɧɧɨɣ ɫɦɟɫɢ, ɨɤɪɭɠɧɭɸ ɫɤɨɪɨɫɬɶ 
ɜɪɚɳɟɧɢɹ ɥɨɩɚɬɤɢ, ɭɝɨɥ ɩɨɜɨɪɨɬɚ ɥɨɩɚɬɤɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɚɱɚɥɶɧɨɝɨ ɩɨɥɨɠɟɧɢɹ, ɧɚɪɭɠɧɵɣ 
ɪɚɞɢɭɫ ɜɪɚɳɟɧɢɹ ɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɪɚɡɦɟɪɵ ɥɨɩɚɬɤɢ, ɩɥɨɬɧɨɫɬɶ ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɥɨɛɨɜɨɝɨ ɫɨ-
ɩɪɨɬɢɜɥɟɧɢɹ ɫɦɟɫɢ. Ʉɨɷɮɮɢɰɢɟɧɬ ɥɨɛɨɜɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫɦɟɫɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɠɟɫɬɤɨɫɬɶɸ 

ɫɦɟɫɢ, ɱɚɫɬɨɬɨɣ ɢ ɚɦɩɥɢɬɭɞɨɣ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɛɟɬɨɧɧɭɸ ɫɦɟɫɶ. 
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Аɧɨɬаɰіɹ. Вɫɬɚɧɨɜɥɟɧɨ  ɡɚɤɨɧɨɦɿɪɧɿɫɬɶ ɡɦɿɧɢ ɬɢɫɤɭ, ɳɨ ɞɿє ɧɚ ɥɨɩɚɬɤɢ ɡɦɿɲɭɜɚɱɚ ɡ ɛɨɤɭ ɜɿɛ-
ɪɨɚɤɬɢɜɨɜɚɧɨʀ ɛɟɬɨɧɧɨʀ ɫɭɦɿɲɿ, ɭ ɜɢɝɥɹɞɿ ɟɤɫɩɨɧɟɧɰɿɣɧɨʀ ɡɚɥɟɠɧɨɫɬɿ, ɹɤɚ ɜɪɚɯɨɜɭє ɞɟɮɨɪɦɚ-
ɰɿɣɧɭ ɡɞɚɬɧɿɫɬɶ ɛɟɬɨɧɧɨʀ ɫɭɦɿɲɿ, ɤɨɥɨɜɭ ɲɜɢɞɤɿɫɬɶ ɨɛɟɪɬɚɧɧɹ ɥɨɩɚɬɤɢ, ɤɭɬ ɩɨɜɨɪɨɬɭ ɥɨɩɚɬ-

ɤɢ ɜɿɞɧɨɫɧɨ ɩɨɱɚɬɤɨɜɨɝɨ ɩɨɥɨɠɟɧɧɹ, ɡɨɜɧɿɲɧɿɣ ɪɚɞɿɭɫ ɨɛɟɪɬɚɧɧɹ ɿ ɝɟɨɦɟɬɪɢɱɧɿ ɪɨɡɦɿɪɢ 
ɥɨɩɚɬɤɢ, ɳɿɥɶɧɿɫɬɶ ɿ ɤɨɟɮɿɰɿєɧɬ ɥɨɛɨɜɨɝɨ ɨɩɨɪɭ ɫɭɦɿɲɿ. Ʉɨɟɮɿɰɿєɧɬ ɥɨɛɨɜɨɝɨ ɨɩɨɪɭ ɫɭɦɿɲɿ  
ɜɢɡɧɚɱɚєɬɶɫɹ ɠɨɪɫɬɤɿɫɬɸ ɫɭɦɿɲɿ, ɱɚɫɬɨɬɨɸ ɣ ɚɦɩɥɿɬɭɞɨɸ ɜɿɛɪɚɰɿɣɧɨɝɨ ɜɩɥɢɜɭ ɧɚ ɛɟɬɨɧɧɭ 
ɫɭɦɿɲ. 
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INVESTIGATION OF THE INTERACTION BETWEEN VIBRATORY MIXER 

PADDLES AND CONCRETE MIXTURE 
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Abstract. The regularity pattern of variations in pressure exerted by vibroactivated concrete mixtures 

and acting on mixer paddles has been ascertained, in the form of exponential dependence, considering 

the deformation ability of the concrete mixture, circumferential rotation rate of the paddles, the paddle 

rotation angle relative to the reference point, outer rotation radius and paddle dimensions, the density 

and the drag coefficient of the mixture. The drag coefficient is determined by the mixture stiffness, fre-

quency and vibration amplitude impact on the concrete mixture. 
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ȼɜɟɞɟɧɢɟ 
 

ɉɪɢ ɧɚɥɨɠɟɧɢɢ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ 
ɛɟɬɨɧɧɚɹ ɫɦɟɫɶ ɩɟɪɟɯɨɞɢɬ ɜ ɬɢɤɫɨɬɪɨɩɧɨɟ 

ɫɨɫɬɨɹɧɢɟ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɟɟ 
ɬɟɤɭɱɟɫɬɶ, ɪɟɡɤɨ ɫɧɢɠɚɸɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬɵ 

ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ɢ ɬɪɟɧɢɹ ɨ ɤɨɪɩɭɫ ɫɦɟɫɢ-

ɬɟɥɹ, ɭɦɟɧɶɲɚɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟ-
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ɧɢɹ ɩɟɪɟɦɟɲɢɜɚɧɢɸ, ɬ.ɟ. ɠɟɫɬɤɚɹ ɛɟɬɨɧɧɚɹ 
ɫɦɟɫɶ ɩɪɢɨɛɪɟɬɚɟɬ ɫɜɨɣɫɬɜɚ ɩɥɚɫɬɢɱɧɨɣ ɛɟ-
ɬɨɧɧɨɣ ɫɦɟɫɢ ɫ ɨɫɚɞɤɨɣ ɤɨɧɭɫɚ ɛɨɥɟɟ 5–6 ɫɦ.   

 

Ⱥɧɚɥɢɡ ɩɭɛɥɢɤɚɰɢɣ 

 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɢɥ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɟɪɟ-
ɦɟɲɢɜɚɧɢɸ ɢ ɦɨɳɧɨɫɬɢ ɩɪɢɜɨɞɚ ɛɟɬɨɧɨɫɦɟ-
ɫɢɬɟɥɟɣ ɩɪɢɧɭɞɢɬɟɥɶɧɨɝɨ ɞɟɣɫɬɜɢɹ, ɩɪɟɞɧɚ-
ɡɧɚɱɟɧɧɵɯ ɞɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɩɥɚɫɬɢɱɧɵɯ 
ɛɟɬɨɧɧɵɯ ɫɦɟɫɟɣ ɫ ɨɫɚɞɤɨɣ ɤɨɧɭɫɚ ɨɬ 3,5– 

4 ɫɦ, ɨɛɵɱɧɨ ɢɫɩɨɥɶɡɭɸɬ ɩɨɥɭɷɦɩɢɪɢɱɟɫɤɢɟ 
ɦɟɬɨɞɵ ɪɚɫɱɟɬɚ [1], ɤɨɬɨɪɵɟ ɞɚɸɬ ɭɞɨɜɥɟ-
ɬɜɨɪɢɬɟɥɶɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɢɡ-
ɜɟɫɬɧɵɯ ɚɧɚɥɨɝɨɜ ɢ ɧɟ ɨɛɟɫɩɟɱɢɜɚɸɬ ɜɵɫɨ-
ɤɨɣ ɬɨɱɧɨɫɬɢ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɩɪɢɧɰɢɩɢɚɥɶɧɨ 

ɧɨɜɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɛɟɬɨɧɨɫɦɟɫɢɬɟɥɟɣ.  

 

ɉɪɢ ɪɚɫɱɟɬɟ ɫɢɥ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɟɪɟɦɟɲɢ-

ɜɚɧɢɸ ɢ ɦɨɳɧɨɫɬɢ ɩɪɢɜɨɞɚ ɫɦɟɫɢɬɟɥɟɣ ɩɪɢ-

ɧɭɞɢɬɟɥɶɧɨɝɨ ɞɟɣɫɬɜɢɹ ɩɪɟɞɩɨɥɚɝɚɸɬ, ɱɬɨ ɜ 
ɩɪɨɰɟɫɫɟ ɞɜɢɠɟɧɢɹ ɩɥɚɫɬɢɱɧɚɹ ɛɟɬɨɧɧɚɹ 
ɫɦɟɫɶ ɜɟɞɟɬ ɫɟɛɹ ɤɚɤ ɨɞɧɨɪɨɞɧɚɹ ɜɹɡɤɚɹ ɠɢɞ-

ɤɨɫɬɶ [2], ɚ ɥɨɩɚɬɤɚ ɩɨɥɧɨɫɬɶɸ ɢɥɢ ɱɚɫɬɢɱɧɨ 
ɩɨɝɪɭɠɟɧɚ ɜ ɛɟɬɨɧɧɭɸ ɫɦɟɫɶ. Ɍɚɤɨɟ ɩɪɟɞɩɨ-
ɥɨɠɟɧɢɟ ɫɩɪɚɜɟɞɥɢɜɨ ɞɥɹ ɪɨɬɨɪɧɵɯ ɢ ɬɭɪ-
ɛɢɧɧɵɯ ɛɟɬɨɧɨɫɦɟɫɢɬɟɥɟɣ ɩɪɢɧɭɞɢɬɟɥɶɧɨɝɨ 
ɞɟɣɫɬɜɢɹ. ȼ ɪɚɛɨɬɟ [3] ɩɪɟɞɥɨɠɟɧɵ ɦɟɬɨɞɵ 

ɪɚɫɱɟɬɨɜ ɫɢɥ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢ ɦɨɳɧɨɫɬɢ 

ɩɪɢɜɨɞɚ ɨɞɧɨɜɚɥɶɧɵɯ ɛɟɬɨɧɨɫɦɟɫɢɬɟɥɟɣ 

ɩɪɢɧɭɞɢɬɟɥɶɧɨɝɨ ɞɟɣɫɬɜɢɹ [4] ɫ ɩɨɫɬɨɹɧɧɵ-

ɦɢ ɮɨɪɦɚɦɢ ɥɨɩɚɫɬɟɣ, ɭ ɤɨɬɨɪɵɯ ɬɪɚɧɫɩɨɪ-
ɬɢɪɨɜɚɧɢɟ ɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɜ ɩɪɨɰɟɫɫɟ ɩɟɪɟ-
ɦɟɲɢɜɚɧɢɹ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɨɞɧɨɜɪɟɦɟɧɧɨ 

ɞɜɭɦɹ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨ ɧɚɩɪɚɜɥɟɧɧɵɦɢ  

ɩɨɬɨɤɚɦɢ (ɩɨ ɩɟɪɢɮɟɪɢɢ ɤɨɪɩɭɫɚ ɢ ɜ ɟɝɨ 

ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ). Ɉɞɧɚɤɨ ɫɢɥɵ ɫɨɩɪɨɬɢɜ-
ɥɟɧɢɹ, ɞɟɣɫɬɜɭɸɳɢɟ ɜ ɩɪɨɰɟɫɫɟ ɩɟɪɟɦɟɲɢ-

ɜɚɧɢɹ ɩɥɚɫɬɢɱɧɨɣ ɫɦɟɫɢ ɜ ɨɞɧɨɜɚɥɶɧɵɯ ɛɟ-
ɬɨɧɨɫɦɟɫɢɬɟɥɹɯ  ɩɪɢɧɭɞɢɬɟɥɶɧɨɝɨ ɞɟɣɫɬɜɢɹ, 
ɜ ɷɬɢɯ ɪɚɛɨɬɚɯ ɩɪɢɧɹɬɵ ɩɨɫɬɨɹɧɧɵɦɢ, ɱɟɦ  

ɫɭɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɫɢɥ ɫɨɩɪɨɬɢɜɥɟ-
ɧɢɹ, ɪɟɚɥɶɧɨ ɜɨɡɧɢɤɚɸɳɢɯ ɜ ɨɞɧɨɜɚɥɶɧɵɯ 

ɛɟɬɨɧɨɫɦɟɫɢɬɟɥɹɯ [4]. ɉɨɷɬɨɦɭ ɫɭɳɟɫɬɜɭɸ-

ɳɢɟ ɦɟɬɨɞɵ ɪɚɫɱɟɬɨɜ ɫɢɥ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢ 

ɦɨɳɧɨɫɬɢ ɩɪɢɜɨɞɚ ɨɞɧɨɜɚɥɶɧɵɯ ɛɟɬɨɧɨɫɦɟ-
ɫɢɬɟɥɟɣ ɫ ɜɢɛɪɚɰɢɨɧɧɨɣ ɚɤɬɢɜɚɰɢɟɣ ɬɪɟɛɭɸɬ 
ɞɚɥɶɧɟɣɲɟɝɨ ɭɬɨɱɧɟɧɢɹ. 

 

ɐɟɥɶ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

 

ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɫɢɥ ɫɨ-
ɩɪɨɬɢɜɥɟɧɢɹ ɩɟɪɟɦɟɲɢɜɚɧɢɸ ɜ ɛɟɬɨɧɨɫɦɟɫɢ-

ɬɟɥɹɯ ɩɪɢɧɭɞɢɬɟɥɶɧɨɝɨ ɞɟɣɫɬɜɢɹ ɧɚ ɨɫɧɨɜɟ 
ɢɡɭɱɟɧɢɹ ɩɪɨɰɟɫɫɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɥɨɩɚɬɨɤ 
ɛɟɬɨɧɨɫɦɟɫɢɬɟɥɹ ɫ ɩɪɢɝɨɬɚɜɥɢɜɚɟɦɨɣ ɩɥɚ-

ɫɬɢɱɧɨɣ ɰɟɦɟɧɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɶɸ, ɩɨɜɵ-

ɲɟɧɧɚɹ ɩɥɚɫɬɢɱɧɨɫɬɶ ɤɨɬɨɪɨɣ ɜɵɡɜɚɧɚ ɧɚɥɨ-
ɠɟɧɢɟɦ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ.  

 

Ɇɚɬɟɪɢɚɥ ɢ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ 

  

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɛɟɬɨ-
ɧɨɫɦɟɫɢɬɟɥɟɣ ɩɪɢɧɭɞɢɬɟɥɶɧɨɝɨ ɞɟɣɫɬɜɢɹ ɩɟ-
ɪɟɞ ɥɨɩɚɬɤɚɦɢ ɨɛɪɚɡɭɟɬɫɹ ɹɞɪɨ ɭɩɥɨɬɧɟɧɢɹ 
[3]  ɜ ɜɢɞɟ ɤɥɢɧɚ, ɮɨɪɦɵ ɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ 
ɪɚɡɦɟɪɵ ɤɨɬɨɪɨɝɨ ɨɩɪɟɞɟɥɟɧɵ ɜ ɪɚɛɨɬɟ [3].  

 

Ⱦɥɹ  ɨɩɪɟɞɟɥɟɧɢɹ  ɞɚɜɥɟɧɢɹ, ɞɟɣɫɬɜɭɸɳɟɝɨ  
ɧɚ  ɰɟɧɬɪɚɥɶɧɵɟ  ɢ   ɩɟɪɢɮɟɪɢɣɧɵɟ ɥɨɩɚɬɤɢ 

[4] ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɢɯ ɞɜɢɠɟɧɢɹ ɫɨ ɫɤɨɪɨɫɬɶɸ  

V , ɜ ɪɚɛɨɬɟ [3] ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɩɪɟɨɛɪɚɡɨ-
ɜɚɧɧɚɹ ɮɨɪɦɭɥɚ ɇɶɸɬɨɧɚ 

2q c V  ,                    (1) 

ɝɞɟ q  – ɞɚɜɥɟɧɢɟ ɫɦɟɫɢ ɧɚ ɥɨɩɚɬɤɭ ɜ ɧɚɩɪɚɜ-
ɥɟɧɢɢ ɟɟ ɞɜɢɠɟɧɢɹ, ɇ/ɦ2;   – ɩɥɨɬɧɨɫɬɶ ɫɦɟ-
ɫɢ, ɤɝ/ɦ3; V  – ɥɢɧɟɣɧɚɹ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ 
ɥɨɩɚɬɤɢ, ɦ/ɫ; c  – ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟ-
ɧɢɹ ɞɜɢɠɟɧɢɸ ɥɨɩɚɬɤɢ ɜ ɰɟɦɟɧɬɨɛɟɬɨɧɧɨɣ 

ɫɦɟɫɢ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɞɜɢɠɟɧɢɹ ɫɦɟɫɢ. 

 

ȼ ɮɨɪɦɭɥɟ (1) ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
c  ɩɪɢɧɢɦɚɥɫɹ ɜ ɜɢɞɟ ɩɨɫɬɨɹɧɧɨɣ ɜɟɥɢɱɢɧɵ 

ɞɥɹ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɫɨɫɬɚɜɚ ɢ ɤɨɧɫɢɫɬɟɧɰɢɢ 

ɰɟɦɟɧɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɛɟɡ ɭɱɟɬɚ ɨɫɧɨɜɧɵɯ 

ɩɚɪɚɦɟɬɪɨɜ ɫɦɟɫɢɬɟɥɹ. 
 

ȼ ɩɪɨɰɟɫɫɟ ɩɪɨɜɟɞɟɧɧɵɯ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɧɚɦɢ ɛɵɥɨ 
ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɤɨɷɮɮɢɰɢɟɧɬ ɥɨɛɨɜɨɝɨ ɫɨ-
ɩɪɨɬɢɜɥɟɧɢɹ ɞɜɢɠɟɧɢɸ ɥɨɩɚɬɨɤ ɜ  ɩɥɚɫɬɢɱ-
ɧɨɣ ɫɦɟɫɢ ɢɦɟɟɬ ɩɟɪɟɦɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɢ  

ɡɚɜɢɫɢɬ ɨɬ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɫɦɟ-
ɫɢɬɟɥɹ ɢ ɥɨɩɚɬɨɤ, ɜɟɥɢɱɢɧɵ ɡɚɩɨɥɧɟɧɢɹ  ɫɦɟ-
ɫɶɸ ɤɨɪɩɭɫɚ ɫɦɟɫɢɬɟɥɹ, ɞɟɮɨɪɦɚɰɢɨɧɧɨɣ 

ɫɩɨɫɨɛɧɨɫɬɢ ɫɦɟɫɢ ɢ ɞɪ. ɉɪɢ ɷɬɨɦ ɤɨɷɮɮɢ-

ɰɢɟɧɬ ɥɨɛɨɜɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɜɢɠɟɧɢɸ 

ɥɨɩɚɬɨɤ ɜ ɫɦɟɫɢ ɦɨɠɧɨ ɜɵɪɚɡɢɬɶ ɜ ɜɢɞɟ ɫɥɟ-
ɞɭɸɳɟɣ ɮɭɧɤɰɢɢ, ɩɚɪɚɦɟɬɪɵ ɤɨɬɨɪɨɣ ɨɩɪɟ-
ɞɟɥɹɸɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ 
ɪɚɡɦɟɪɨɜ ɢ ɬɢɩɨɜ ɥɨɩɚɬɨɤ, ɨɛɥɚɫɬɢ ɢɯ ɜɡɚɢ-

ɦɨɞɟɣɫɬɜɢɹ ɫ ɰɟɦɟɧɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɶɸ ɢ 

ɫɰɟɩɥɟɧɢɹ ɦɟɠɞɭ ɱɚɫɬɢɰɚɦɢ ɫɦɟɫɢ. 

 

( , )c f x  .                     (2) 

 

ɇɚ ɷɬɨɦ ɨɫɧɨɜɚɧɢɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɨɩɪɟɞɟ-
ɥɢɦ ɷɧɟɪɝɢɸ, ɡɚɬɪɚɱɢɜɚɟɦɭɸ ɧɚ ɩɟɪɟɦɟɲɢ-

ɜɚɧɢɟ ɫɦɟɫɢ ɜɧɚɱɚɥɟ ɩɟɪɢɮɟɪɢɣɧɵɦɢ ɥɨɩɚ-
ɫɬɹɦɢ, ɚ ɡɚɬɟɦ ɢ ɜɧɭɬɪɟɧɧɢɦɢ.  
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ȼ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɤɨɷɮɮɢɰɢɟɧɬ ɥɨɛɨ-
ɜɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɥɹ ɩɟɪɢɮɟɪɢɣɧɵɯ ɥɨɩɚ-
ɬɨɤ ɦɨɠɟɬ ɛɵɬɶ ɜɵɪɚɠɟɧ ɬɚɤɨɣ ɡɚɜɢɫɢɦɨ-
ɫɬɶɸ 

0 1
0

0

exp
r xɫ c

r

        ,          (3) 

 

ɝɞɟ 0c  – ɤɨɷɮɮɢɰɢɟɧɬ ɥɨɛɨɜɨɝɨ ɫɨɩɪɨɬɢɜɥɟ-
ɧɢɹ ɫɦɟɫɢ ɩɪɢ ɜɯɨɠɞɟɧɢɢ ɥɨɩɚɬɤɢ ɜ ɫɨɩɪɢ-

ɤɨɫɧɨɜɟɧɢɟ ɫ ɩɥɨɬɧɵɦ ɫɥɨɟɦ ɫɦɟɫɢ, ɨɛɪɚɡɭ-

ɟɦɵɦ ɩɨɫɥɟ  ɟё ɩɚɞɟɧɢɹ ɢɡ ɫɜɨɛɨɞɧɨɣ ɡɨɧɵ 

ɩɟɪɟɦɟɲɢɜɚɧɢɹ, ɬ.ɟ. ɩɪɢ  0   (ɪɢɫ. 1); 0r  –  

ɪɚɞɢɭɫ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɪɩɭ-

ɫɚ ɫɦɟɫɢɬɟɥɹ;    –  ɭɝɨɥ ɩɨɜɨɪɨɬɚ ɥɨɩɚɬɤɢ ɨɬ  
ɧɭɥɟɜɨɝɨ ɡɧɚɱɟɧɢɹ; 1x  – ɤɨɨɪɞɢɧɚɬɚ ɨɬ ɨɫɢ 

ɜɪɚɳɟɧɢɹ ɥɨɩɚɫɬɧɨɝɨ ɜɚɥɚ ɞɨ ɪɚɫɫɦɚɬɪɢɜɚɟ-
ɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚ ɥɨɩɚɬɤɟ;   – ɤɨɷɮɮɢɰɢ-

ɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɞɟɮɨɪɦɚɰɢɨɧɧɭɸ ɫɩɨ-
ɫɨɛɧɨɫɬɶ ɰɟɦɟɧɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ;   – 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ. 
 

 
 

Ɋɢɫ. 1. Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɥɨɩɚɫɬɢ ɫɦɟɫɢɬɟɥɹ 
 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɜɵɪɚɠɟɧɢɹ (3) ɮɨɪɦɭɥɚ (1) 

ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɤ ɫɥɟɞɭɸɳɟɦɭ ɜɢɞɭ 
 

2 0 1
0

0

exp
r x

q c V
r

         .         (4) 

 

ɂɡ ɜɵɪɚɠɟɧɢɹ (4) ɧɚɣɞɟɦ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ 
ɞɚɜɥɟɧɢɹ, ɢɡɦɟɧɹɟɦɨɝɨ ɩɨ ɤɨɨɪɞɢɧɚɬɟ 1x  

0

1

2 0 1
0 1

0 1 0

1
exp

r

s

r

r x
q c V dx

r r r

         
 2

0 0 0 1

0 1 0

exp
1 exp

( )

c V r r r

r r r

              ,  (5) 

 

ɝɞɟ 1r  – ɜɧɭɬɪɟɧɧɢɣ ɪɚɞɢɭɫ ɥɨɩɚɬɤɢ.  

 

Ɇɨɳɧɨɫɬɶ, ɡɚɬɪɚɱɢɜɚɟɦɚɹ ɧɚ ɩɟɪɟɦɟɲɢɜɚɧɢɟ 
ɫɦɟɫɢ ɩɟɪɢɮɟɪɢɣɧɨɣ ɥɨɩɚɬɤɨɣ, ɛɭɞɟɬ ɫɤɥɚ-
ɞɵɜɚɬɶɫɹ ɢɡ ɧɟɫɤɨɥɶɤɢɯ ɜɟɥɢɱɢɧ: ɦɨɳɧɨɫɬɢ, 

ɬɪɟɛɭɟɦɨɣ ɧɚ ɩɪɟɨɞɨɥɟɧɢɟ ɫɢɥ ɫɨɩɪɨɬɢɜɥɟ-
ɧɢɹ ɩɟɪɟɦɟɳɟɧɢɸ ɥɨɩɚɬɤɢ ɩɨ ɨɤɪɭɠɧɨɫɬɢ, 

ɫɢɥ ɬɪɟɧɢɹ ɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɨ ɤɨɪɩɭɫ ɫɦɟɫɢ-

ɬɟɥɹ ɨɬ ɞɟɣɫɬɜɢɹ ɢɧɟɪɰɢɨɧɧɵɯ ɫɢɥ ɢ ɫɢɥ ɬɹ-
ɠɟɫɬɢ, ɫɢɥ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ɨɬ ɞɟɣɫɬɜɢɹ 
ɫɬɨɥɛɚ ɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɧɚ ɹɞɪɨ ɭɩɥɨɬɧɟɧɢɹ, ɚ 
ɬɚɤɠɟ ɧɚ ɩɪɟɨɞɨɥɟɧɢɟ ɫɢɥ ɬɹɠɟɫɬɢ ɹɞɪɚ 
ɭɩɥɨɬɧɟɧɢɹ. 
 

Ɍɚɤ ɤɚɤ ɨɤɪɭɠɧɚɹ ɫɤɨɪɨɫɬɶ ɥɨɩɚɬɤɢ  V  ɢɦɟɟɬ 
ɩɟɪɟɦɟɧɧɭɸ ɜɟɥɢɱɢɧɭ ɢ ɡɚɜɢɫɢɬ ɨɬ ɪɚɞɢɭɫɚ 
ɜɪɚɳɟɧɢɹ, ɬɨ ɜɵɞɟɥɢɦ ɷɥɟɦɟɧɬɚɪɧɭɸ ɩɥɨ-
ɳɚɞɤɭ (ɪɢɫ. 1) ɢ ɨɩɪɟɞɟɥɢɦ ɷɥɟɦɟɧɬɚɪɧɭɸ 

ɫɢɥɭ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
  2

0 0
1

0 1

exp

( )
s

c V r
dF q dS

r r

       

0 1

0

1 exp
r r

dS
r

          ,         (6) 

 

ɝɞɟ dS  – ɩɥɨɳɚɞɶ ɷɥɟɦɟɧɬɚɪɧɨɣ ɩɥɨɳɚɞɤɢ, 

1 1 1cosdS b dx   ; 1b  – ɲɢɪɢɧɚ ɩɟɪɢɮɟɪɢɣ-

ɧɨɣ ɥɨɩɚɬɤɢ; 1  – ɭɝɨɥ ɧɚɤɥɨɧɚ ɪɚɛɨɱɟɣ ɩɨ-
ɜɟɪɯɧɨɫɬɢ ɩɟɪɢɮɟɪɢɣɧɨɣ ɥɨɩɚɬɤɢ ɤ ɩɥɨɫɤɨ-
ɫɬɢ, ɩɚɪɚɥɥɟɥɶɧɨɣ ɨɫɢ ɜɚɥɚ (ɪɢɫ. 1); xV  – 

ɨɤɪɭɠɧɚɹ ɫɤɨɪɨɫɬɶ ɜɵɞɟɥɟɧɧɨɣ ɷɥɟɦɟɧɬɚɪ-
ɧɨɣ ɩɥɨɳɚɞɤɢ, 1xV x  . 

 

ɉɨɞɫɬɚɜɥɹɹ ɜ ɜɵɪɚɠɟɧɢɟ (6) ɡɧɚɱɟɧɢɹ dS  ɢ 

xV , ɩɨɥɭɱɢɦ 

  2
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0 1

cos exp
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s
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dF q dS

r r

       

20 1
1 1

0

1 exp
r r

x dx
r

          .              (7) 

 

ɗɥɟɦɟɧɬɚɪɧɚɹ ɪɚɛɨɬɚ ɩɨ ɩɪɟɨɞɨɥɟɧɢɸ ɷɥɟ-
ɦɟɧɬɚɪɧɨɣ ɫɢɥɵ ɥɨɛɨɜɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
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1dF  ɧɚ ɷɥɟɦɟɧɬɚɪɧɨɦ ɭɱɚɫɬɤɟ ɜɪɚɳɟɧɢɹ 
(ɷɥɟɦɟɧɬɚɪɧɨɣ ɞɭɝɟ) 1 1dl x d    ɛɭɞɟɬ ɪɚɜɧɚ 
 

2
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1 1

0 1
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( )

c b r
dW dF dl

r r

      

0 1

0

1 exp
r r

r

            

  3
1 1exp x dx d   .                   (8) 

 

Ɂɚ ɨɞɢɧ ɨɛɨɪɨɬ ɥɨɩɚɫɬɧɨɝɨ ɜɚɥɚ ɤɚɠɞɚɹ ɩɟ-
ɪɢɮɟɪɢɣɧɚɹ ɥɨɩɚɬɤɚ ɢɫɩɵɬɵɜɚɟɬ ɥɨɛɨɜɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚ ɭɱɚɫɬɤɟ, ɨɩɪɟɞɟɥɹɟɦɨɦ 

ɭɝɥɨɦ  , ɬ.ɟ. ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ =0  ɞɨ 

11,5      (ɪɢɫ. 1).   

 

Ɍɨɝɞɚ ɩɨɥɧɚɹ ɪɚɛɨɬɚ ɞɥɹ ɩɪɟɨɞɨɥɟɧɢɹ ɫɢɥ 
ɥɨɛɨɜɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɟɪɢɮɟɪɢɣɧɨɣ ɥɨ-
ɩɚɬɤɨɣ ɩɪɢ ɟɟ ɩɟɪɟɦɟɳɟɧɢɢ ɧɚ ɭɱɚɫɬɤɟ ɨɬ =0 ɞɨ 11,5      ɛɭɞɟɬ ɪɚɜɧɚ 
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1 exp[ (1,5 )]      .                       (9) 

 

Ɇɨɳɧɨɫɬɶ ɩɪɢɜɨɞɚ ɞɥɹ ɩɪɟɨɞɨɥɟɧɢɹ ɫɢɥ ɥɨ-
ɛɨɜɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɥɨɩɚɬɤɚɦɢ ɫɦɟɫɢɬɟɥɹ 
ɨɩɪɟɞɟɥɢɬɫɹ ɢɡ ɫɥɟɞɭɸɳɟɝɨ ɜɵɪɚɠɟɧɢɹ 
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W z
P

   ,                       (10) 

 

ɝɞɟ ɨɛ  – ɨɛɳɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ 

ɞɟɣɫɬɜɢɹ ɩɪɢɜɨɞɚ; 1  1,05–1,1 – ɤɨɷɮɮɢɰɢ-

ɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɡɚɤɥɢɧɢɜɚɧɢɟ ɢ ɞɪɨɛɥɟ-
ɧɢɟ ɦɚɬɟɪɢɚɥɚ ɦɟɠɞɭ ɥɨɩɚɬɤɚɦɢ ɢ ɤɨɪɩɭɫɨɦ 

ɫɦɟɫɢɬɟɥɹ; z – ɤɨɥɢɱɟɫɬɜɨ ɥɨɩɚɬɨɤ.  
 

Ɉɫɧɨɜɧɨɣ ɡɚɜɢɫɢɦɨɫɬɶɸ, ɹɜɥɹɸɳɟɣɫɹ ɨɫɧɨ-
ɜɨɣ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɢɥ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢ 

ɦɨɳɧɨɫɬɢ ɩɪɢɜɨɞɚ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɛɟɬɨɧɨɫ-
ɦɟɫɢɬɟɥɹ ɩɪɢ ɜɢɛɪɨɦɟɯɚɧɢɱɟɫɤɨɦ ɩɟɪɟɦɟ-
ɲɢɜɚɧɢɢ ɫɦɟɫɢ, ɹɜɥɹɟɬɫɹ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɚɹ 
ɡɚɜɢɫɢɦɨɫɬɶ (3), ɜ ɤɨɬɨɪɨɣ ɤɨɷɮɮɢɰɢɟɧɬ ɥɨ-
ɛɨɜɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫɦɟɫɢ 0c  ɩɪɢ ɜɯɨɠɞɟ-
ɧɢɢ ɥɨɩɚɬɤɢ ɜ ɫɨɩɪɢɤɨɫɧɨɜɟɧɢɟ ɫ ɩɥɨɬɧɵɦ 

ɫɥɨɟɦ ɫɦɟɫɢ, ɨɛɪɚɡɭɟɦɵɦ ɜ ɧɚɱɚɥɟ ɫɨɜɦɟɫɬ-
ɧɨɝɨ ɞɜɢɠɟɧɢɹ ɥɨɩɚɬɤɢ ɢ ɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɨɬ 
ɧɭɥɟɜɨɝɨ ɩɨɥɨɠɟɧɢɹ, ɦɨɠɟɬ ɛɵɬɶ ɫ ɞɨɫɬɚ-
ɬɨɱɧɨɣ ɫɬɟɩɟɧɶɸ ɬɨɱɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧ ɢɡ ɫɥɟ-
ɞɭɸɳɟɣ ɡɚɜɢɫɢɦɨɫɬɢ 
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     ,                      (11) 

 

ɝɞɟ g  – ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ, 
g =9,81 ɦ/ɫ2; ɀ  – ɠɟɫɬɤɨɫɬɶ ɛɟɬɨɧɧɨɣ ɫɦɟ-
ɫɢ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɩɨ ɦɟɬɨɞɭ ɋɤɪɚɦɬɚɟɜɚ, ɫ; 
A  – ɚɦɩɥɢɬɭɞɚ ɜɵɧɭɠɞɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ ɪɚ-
ɛɨɱɟɝɨ ɨɪɝɚɧɚ, ɦ;   – ɭɝɥɨɜɚɹ ɱɚɫɬɨɬɚ ɜɵ-

ɧɭɠɞɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ, ɪɚɞ/ɫ;   – ɩɨɤɚɡɚɬɟɥɶ 
ɫɬɟɩɟɧɢ,  =0,275. 

 

ɉɪɢɜɟɞɟɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɦɨɠɟɬ ɛɵɬɶ ɢɫ-
ɩɨɥɶɡɨɜɚɧɚ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɥɨɛɨɜɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 0c  ɞɥɹ ɛɟɬɨɧɧɨɣ 

ɫɦɟɫɢ ɠɟɫɬɤɨɫɬɶɸ ɨɬ 30 ɞɨ 180 ɫ, ɨɩɪɟɞɟɥɹɟ-
ɦɨɣ ɩɨ ɦɟɬɨɞɭ ɋɤɪɚɦɬɚɟɜɚ.  
 

ȼɯɨɞɹɳɢɟ ɜ ɮɨɪɦɭɥɭ (3) ɤɨɷɮɮɢɰɢɟɧɬ  , 

ɭɱɢɬɵɜɚɸɳɢɣ ɞɟɮɨɪɦɚɰɢɨɧɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ 
ɰɟɦɟɧɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ,  ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶ-
ɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ   ɢɦɟɸɬ ɫɥɟɞɭɸɳɢɟ ɡɧɚ-
ɱɟɧɢɹ:  =0,5;  =0,35.  

 

ɉɨɥɭɱɟɧɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɩɨɡɜɨɥɹɸɬ ɞɨɫɬɚ-
ɬɨɱɧɨ ɬɨɱɧɨ ɨɩɪɟɞɟɥɢɬɶ ɫɢɥɵ ɫɨɩɪɨɬɢɜɥɟ-
ɧɢɹ, ɜɨɡɧɢɤɚɸɳɢɟ ɜ ɩɪɨɰɟɫɫɟ ɩɟɪɟɦɟɲɢɜɚ-
ɧɢɹ ɰɟɦɟɧɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ, ɢ ɦɨɳɧɨɫɬɶ 
ɩɪɢɜɨɞɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɨɫɧɨɜɧɵɯ ɩɚɪɚ-
ɦɟɬɪɨɜ ɨɞɧɨɜɚɥɶɧɨɝɨ ɛɟɬɨɧɨɫɦɟɫɢɬɟɥɹ ɩɪɢ-

ɧɭɞɢɬɟɥɶɧɨɝɨ ɞɟɣɫɬɜɢɹ ɢ ɤɨɧɫɢɫɬɟɧɰɢɢ ɰɟ-
ɦɟɧɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ, ɜɢɞɚ ɢ ɮɨɪɦɵ  

ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɛɟɬɨɧɧɭɸ 

ɫɦɟɫɶ. Ɉɧɢ ɬɚɤɠɟ ɩɨɡɜɨɥɹɸɬ ɨɛɨɫɧɨɜɚɬɶ ɤɨɧ-

ɫɬɪɭɤɬɢɜɧɭɸ ɮɨɪɦɭ ɥɨɩɚɫɬɟɣ  ɢ  ɦɢɧɢɦɢɡɢ-

ɪɨɜɚɬɶ ɪɚɫɯɨɞ ɷɧɟɪɝɢɢ, ɡɚɬɪɚɱɢɜɚɟɦɨɣ ɧɚ 
ɩɪɨɰɟɫɫ ɩɟɪɟɦɟɲɢɜɚɧɢɹ, ɫɨɱɟɬɚɸɳɟɝɨ ɦɟɯɚ-
ɧɢɱɟɫɤɨɟ ɩɟɪɟɦɟɲɢɜɚɧɢɟ ɥɨɩɚɫɬɧɵɦ ɜɚɥɨɦ ɫ 
ɨɞɧɨɜɪɟɦɟɧɧɵɦ ɩɪɢɥɨɠɟɧɢɟɦ ɜɢɛɪɚɰɢɨɧɧɨ-
ɝɨ ɜɨɡɞɟɣɫɬɜɢɹ. 
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ȼɵɜɨɞɵ 

 

ȼɩɟɪɜɵɟ ɭɫɬɚɧɨɜɥɟɧɚ ɡɚɤɨɧɨɦɟɪɧɨɫɬɶ ɢɡɦɟ-
ɧɟɧɢɹ ɞɚɜɥɟɧɢɹ, ɞɟɣɫɬɜɭɸɳɟɝɨ ɧɚ ɥɨɩɚɬɤɢ 

ɫɦɟɫɢɬɟɥɹ ɫɨ ɫɬɨɪɨɧɵ ɜɢɛɪɨɚɤɬɢɜɢɪɨɜɚɧɧɨɣ 

ɛɟɬɨɧɧɨɣ ɫɦɟɫɢ, ɜ ɜɢɞɟ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɣ 

ɡɚɜɢɫɢɦɨɫɬɢ, ɭɱɢɬɵɜɚɸɳɟɣ ɞɟɮɨɪɦɚɰɢɨɧ-

ɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɛɟɬɨɧɧɨɣ ɫɦɟɫɢ, ɨɤɪɭɠɧɭɸ 

ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɥɨɩɚɬɤɢ, ɭɝɨɥ ɩɨɜɨɪɨɬɚ 
ɥɨɩɚɬɤɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɚɱɚɥɶɧɨɝɨ ɩɨɥɨɠɟ-
ɧɢɹ, ɧɚɪɭɠɧɵɣ ɪɚɞɢɭɫ ɜɪɚɳɟɧɢɹ ɢ ɝɟɨɦɟɬɪɢ-

ɱɟɫɤɢɟ ɪɚɡɦɟɪɵ ɥɨɩɚɬɤɢ, ɩɥɨɬɧɨɫɬɶ ɢ ɤɨɷɮ-

ɮɢɰɢɟɧɬ ɥɨɛɨɜɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫɦɟɫɢ.  
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