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Ȼɨɥɶɲɭɸ ɪɨɥɶ ɜ ɪɚɡɥɢɱɧɵɯ ɩɭɱɤɨɜɨ-ɩɥɚɡɦɟɧɧɵɯ ɢ ɷɥɟɤɬɪɨɪɚɡɪɹɞɧɵɯ 

ɭɫɬɚɧɨɜɤɚɯ ɢɝɪɚɸɬ ɫɢɥɨɜɵɟ ɤɨɧɞɟɧɫɚɬɨɪɵ, ɹɜɥɹɸɳɢɟɫɹ ɦɨɳɧɵɦɢ ɧɚɤɨɩɢɬɟɥɹɦɢ 
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ. ȼ ɬɟɯɧɢɤɟ ɫɢɥɶɧɵɯ ɬɨɤɨɜ ɢ ɜɵɫɨɤɢɯ ɧɚɩɪɹɠɟɧɢɣ, ɜ 
ɨɫɧɨɜɧɨɦ, ɢɫɩɨɥɶɡɭɸɬɫɹ ɛɭɦɚɠɧɵɟ ɤɨɧɞɟɧɫɚɬɨɪɵ, ɩɪɨɩɢɬɚɧɧɵɟ ɠɢɞɤɢɦ 
ɞɢɷɥɟɤɬɪɢɤɨɦ. ɉɪɢɦɟɧɹɟɦɚɹ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɤɨɧɞɟɧɫɚɬɨɪɨɜ ɛɭɦɚɝɚ ɜ ɧɨɪɦɚɥɶɧɵɯ 
ɭɫɥɨɜɢɹɯ ɫɨɞɟɪɠɢɬ ɩɪɢɦɟɪɧɨ 10% ɜɨɞɵ ɩɨ ɦɚɫɫɟ ɢ 15-45% ɜɨɡɞɭɯɚ ɩɨ ɨɛɴɟɦɭ, ɱɬɨ 
ɞɟɥɚɟɬ ɟɟ ɧɟɩɪɢɝɨɞɧɨɣ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɤɚɱɟɫɬɜɟ ɞɢɷɥɟɤɬɪɢɤɚ ɜ ɤɨɧɞɟɧɫɚɬɨɪɚɯ 
ɜɜɢɞɭ ɨɱɟɧɶ ɧɢɡɤɢɯ ɷɥɟɤɬɪɨɢɡɨɥɹɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ. ɉɨ ɦɟɪɟ ɭɞɚɥɟɧɢɹ ɜɥɚɝɢ ɢɡ 
ɛɭɦɚɝɢ ɷɬɢ ɫɜɨɣɫɬɜɚ ɭɥɭɱɲɚɸɬɫɹ. ɇɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦ ɫɩɨɫɨɛɨɦ ɭɞɚɥɟɧɢɹ ɜɥɚɝɢ 
ɢ ɜɨɡɞɭɯɚ ɹɜɥɹɟɬɫɹ ɜɚɤɭɭɦɧɚɹ ɫɭɲɤɚ ɤɨɧɞɟɧɫɚɬɨɪɨɜ. ɉɨɫɥɟ ɷɬɨɝɨ ɤɨɧɞɟɧɫɚɬɨɪɵ 
ɩɪɨɩɢɬɵɜɚɸɬ ɠɢɞɤɢɦɢ ɞɢɷɥɟɤɬɪɢɤɚɦɢ, ɤɨɬɨɪɵɟ, ɡɚɩɨɥɧɹɹ ɫɜɨɛɨɞɧɵɟ ɨɬ ɜɥɚɝɢ ɢ 
ɜɨɡɞɭɯɚ ɩɨɪɵ ɛɭɦɚɝɢ, ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɩɨɜɵɲɚɸɬ ɟɟ ɷɥɟɤɬɪɢɱɟɫɤɭɸ 
ɩɪɨɱɧɨɫɬɶ (ɩɪɢɦɟɪɧɨ ɜ 5-7 ɪɚɡ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɫɭɯɨɣ ɧɟɩɪɨɩɢɬɚɧɧɨɣ ɛɭɦɚɝɨɣ). ɗɬɨ 
ɩɪɨɢɫɯɨɞɢɬ ɩɨɬɨɦɭ, ɱɬɨ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɪɨɱɧɨɫɬɶ ɩɪɨɩɢɬɵɜɚɸɳɢɯ ɠɢɞɤɨɫɬɟɣ ɜɵɲɟ 
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɢ ɜɨɡɞɭɯɚ[1]. 

   Ⱦɥɹ ɫɭɲɤɢ ɢ ɩɪɨɩɢɬɤɢ ɤɨɧɞɟɧɫɚɬɨɪɨɜ ɩɪɢɦɟɧɹɸɬ ɜɚɤɭɭɦɧɵɟ ɫɭɲɢɥɶɧɨ-
ɩɪɨɩɢɬɨɱɧɵɟ ɭɫɬɚɧɨɜɤɢ. ȼ ɭɫɬɚɧɨɜɤɚɯ ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɞɟɣɫɬɜɢɹ ɞɚɧɧɵɟ ɩɪɨɰɟɫɫɵ 
ɩɪɨɢɫɯɨɞɹɬ ɜ ɨɞɧɢɯ ɢ ɬɟɯ ɠɟ ɲɤɚɮɚɯ. Ⱦɥɹ ɡɚɳɢɬɵ ɜɚɤɭɭɦɧɵɯ ɚɩɩɚɪɚɬɨɜ ɢ ɧɚɫɨɫɨɜ 
ɩɪɢɦɟɧɹɸɬ ɫɩɟɰɢɚɥɶɧɵɟ ɩɪɟɞɨɯɪɚɧɢɬɟɥɶɧɵɟ ɜɟɧɬɢɥɢ. ȼ ɩɪɨɰɟɫɫɟ ɡɚɥɢɜɤɢ ɢ 
ɩɪɨɩɢɬɤɢ ɨɱɟɧɶ ɜɚɠɧɨ ɩɨɞɞɟɪɠɢɜɚɬɶ ɞɚɜɥɟɧɢɟ ɜ ɲɤɚɮɚɯ ɧɟ ɜɵɲɟ ɞɨɫɬɢɝɧɭɬɨɝɨ ɜ 
ɩɟɪɢɨɞ ɨɤɨɧɱɚɬɟɥɶɧɨɣ ɫɭɲɤɢ ɤɨɧɞɟɧɫɚɬɨɪɨɜ, ɩɨɫɤɨɥɶɤɭ ɞɚɠɟ ɤɪɚɬɤɨɜɪɟɦɟɧɧɵɟ 
ɩɨɜɵɲɟɧɢɹ ɞɚɜɥɟɧɢɹ ɦɨɝɭɬ ɪɟɡɤɨ ɫɧɢɡɢɬɶ ɷɥɟɤɬɪɢɱɟɫɤɭɸ ɩɪɨɱɧɨɫɬɶ ɜɫɟɣ ɩɚɪɬɢɢ 
ɤɨɧɞɟɧɫɚɬɨɪɨɜ. Ɉɞɧɚɤɨ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɜɨɡɦɨɠɧɨɟ ɩɨɜɵɲɟɧɢɟ ɞɚɜɥɟɧɢɹ ɜ 
ɲɤɚɮɚɯ ɡɚ ɫɱɟɬ ɞɚɜɥɟɧɢɹ ɩɚɪɨɜ ɩɪɨɩɢɬɵɜɚɸɳɟɣ ɠɢɞɤɨɫɬɢ. ɑɟɦ ɜɵɲɟ ɬɟɦɩɟɪɚɬɭɪɚ, 
ɬɟɦ ɜɵɲɟ ɞɚɜɥɟɧɢɟ ɩɚɪɨɜ ɩɪɨɩɢɬɵɜɚɸɳɟɣ ɠɢɞɤɨɫɬɢ[2]. 

   ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɭɫɬɚɧɨɜɤɢ, ɩɪɢɦɟɧɹɟɦɨɣ ɜ ɂɋɗ ɋɈ ɊȺɇ, ɢɦɟɟɬ ɜɢɞ, 
ɢɡɨɛɪɚɠɟɧɧɵɣ ɧɚ ɪɢɫɭɧɤɟ 1. 



ȼɌɋɇɌ – 2014 
 

13 

 
Ɋɢɫ.1. ȼɚɤɭɭɦɧɚɹ ɫɭɲɢɥɶɧɨ-ɩɪɨɩɢɬɨɱɧɚɹ ɭɫɬɚɧɨɜɤɚ 

 
   Ɂɞɟɫɶ ɩɪɢɧɹɬɵ ɫɥɟɞɭɸɳɢɟ ɨɛɨɡɧɚɱɟɧɢɹ: 
Ɏɇ – ɮɨɪɜɚɤɭɭɦɧɵɣ ɧɚɫɨɫ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ 

ɪɚɡɪɟɠɟɧɢɹ; Ȼɇ – ɛɭɫɬɟɪɧɵɣ ɧɚɫɨɫ, ɧɟɨɛɯɨɞɢɦɵɣ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɜɵɫɨɤɨɝɨ ɜɚɤɭɭɦɚ 
ɢ ɨɱɢɫɬɤɢ ɜɚɤɭɭɦɧɨɣ ɫɢɫɬɟɦɵ; Ɋ – ɪɟɡɟɪɜɭɚɪ ɫ ɩɪɨɩɢɬɵɜɚɸɳɟɣ ɠɢɞɤɨɫɬɶɸ; ɒ1, 
ɒ2 – ɬɟɪɦɨɜɚɤɭɭɦɧɵɟ ɲɤɚɮɵ ɫ ɧɚɝɪɟɜɚɬɟɥɹɦɢ; Ʉ1, Ʉ2 – ɭɩɪɚɜɥɹɟɦɵɟ ɤɥɚɩɚɧɚ; ȼɁ1, 
ȼɁ2 – ɜɚɤɭɭɦɧɵɟ ɡɚɬɜɨɪɵ; 1,4 – ɤɚɛɟɥɢ ɩɢɬɚɧɢɹ ɧɚɫɨɫɨɜ; 2 – ɜɟɧɬɢɥɹɰɢɨɧɧɵɣ 
ɜɵɯɨɞ; 3,5 – ɜɩɭɫɤ ɢ ɜɵɩɭɫɤ ɨɯɥɚɠɞɚɸɳɟɣ ɠɢɞɤɨɫɬɢ; 6 – ɲɤɚɥɚ ɭɪɨɜɧɹ 
ɩɪɨɩɢɬɵɜɚɸɳɟɣ ɠɢɞɤɨɫɬɢ; 7 – ɫɢɫɬɟɦɚ ɤɚɧɚɥɨɜ ɞɥɹ ɜɩɭɫɤɚ ɢ ɭɞɚɥɟɧɢɹ 
ɩɪɨɩɢɬɵɜɚɸɳɟɣ ɠɢɞɤɨɫɬɢ ɢɡ ɲɤɚɮɨɜ; 8,9 – ɤɚɧɚɥɵ ɜɩɭɫɤɚ ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ. 

   ȼɟɫɶ ɰɢɤɥ ɩɨɞɝɨɬɨɜɤɢ ɤɨɧɞɟɧɫɚɬɨɪɨɜ ɤ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɦɨɠɟɬ ɡɚɧɹɬɶ ɧɟ ɨɞɧɢ 
ɫɭɬɤɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɜɚɠɧɨ ɡɧɚɬɶ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɜɤɥɸɱɟɧɢɹ ɢ ɜɵɤɥɸɱɟɧɢɹ 
ɤɨɦɩɨɧɟɧɬɨɜ ɜɚɤɭɭɦɧɨɣ ɫɢɫɬɟɦɵ, ɢɫɯɨɞɹ ɢɡ ɢɯ ɬɟɯɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢ 
ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ. ɗɬɨ ɧɟɨɛɯɨɞɢɦɨ, ɜɨ-ɩɟɪɜɵɯ, ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɬɪɟɛɭɟɦɨɝɨ ɤɚɱɟɫɬɜɚ 
ɤɨɧɞɟɧɫɚɬɨɪɨɜ, ɜɨ-ɜɬɨɪɵɯ, ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɚɜɚɪɢɣɧɨɝɨ ɪɟɠɢɦɚ ɪɚɛɨɬɵ 
ɜɚɤɭɭɦɧɵɯ ɭɫɬɪɨɣɫɬɜ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɢɯ ɪɚɡɪɭɲɟɧɢɸ. ȼɫɟ ɷɬɨ ɬɪɟɛɭɟɬ 
ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥɹ ɫɨ ɫɬɨɪɨɧɵ ɱɟɥɨɜɟɤɚ-ɨɩɟɪɚɬɨɪɚ, ɤɨɬɨɪɵɣ ɨɬɜɟɬɫɬɜɟɧɟɧ ɡɚ 
ɧɨɪɦɚɥɶɧɭɸ ɪɚɛɨɬɭ ɫɢɫɬɟɦɵ, ɟɟ ɛɟɡɨɩɚɫɧɨɫɬɶ. 

   ɉɟɪɜɵɦ ɲɚɝɨɦ ɞɥɹ ɪɟɲɟɧɢɹ ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɵ ɫɬɚɥɚ ɪɚɡɪɚɛɨɬɤɚ 
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɯɟɦɵ ɭɩɪɚɜɥɟɧɢɹ, ɩɪɟɞɫɬɚɜɥɹɸɳɟɣ ɫɨɛɨɣ ɫɨɜɨɤɭɩɧɨɫɬɶ 
ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ ɜɵɤɥɸɱɚɬɟɥɟɣ, ɪɟɥɟ ɢ ɤɧɨɩɨɤ. ȼ ɧɟɣ ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɡɚɳɢɬɚ ɨɬ 
ɨɲɢɛɨɱɧɵɯ ɞɟɣɫɬɜɢɣ ɨɩɟɪɚɬɨɪɚ, ɱɬɨ ɫɧɢɠɚɟɬ ɪɢɫɤ ɜɥɢɹɧɢɹ ɱɟɥɨɜɟɱɟɫɤɨɝɨ ɮɚɤɬɨɪɚ 
ɧɚ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɭɫɬɚɧɨɜɤɢ. ɍɩɪɚɜɥɹɟɦɵɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ ɭɫɬɚɧɨɜɤɢ 
ɹɜɥɹɸɬɫɹ ɧɚɫɨɫɵ, ɧɚɝɪɟɜɚɬɟɥɶɧɵɟ ɷɥɟɦɟɧɬɵ ɲɤɚɮɨɜ, ɜɚɤɭɭɦɧɵɟ ɡɚɬɜɨɪɵ ɢ ɤɥɚɩɚɧɚ. 

   ȼɬɨɪɨɣ ɷɬɚɩ – ɨɛɟɫɩɟɱɟɧɢɟ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɢ 
ɜɚɤɭɭɦɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɢɛɨɪɨɜ, ɢɦɟɸɳɢɯ ɚɧɚɥɨɝɨɜɵɣ ɜɵɯɨɞ ɢ ɜɨɡɦɨɠɧɨɫɬɶ 
ɨɛɦɟɧɚ ɞɚɧɧɵɦɢ ɫ ɉɄ. Ⱦɚɧɧɵɣ ɷɬɚɩ ɧɚɯɨɞɢɬɫɹ ɧɚ ɫɬɚɞɢɢ ɪɚɡɪɚɛɨɬɤɢ, ɞɥɹ ɟɝɨ 
ɡɚɜɟɪɲɟɧɢɹ ɢɦɟɸɬɫɹ ɩɨɱɬɢ ɜɫɟ ɧɟɨɛɯɨɞɢɦɵɟ ɚɩɩɚɪɚɬɧɵɟ ɫɪɟɞɫɬɜɚ. 
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ȼɜɟɞɟɧɢɟ 

ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɩɪɨɰɟɫɫ ɫɢɦɭɥɹɰɢɢ ɜɡɪɵɜɧɨɝɨ ɧɚɝɪɭɠɟɧɢɹ 
ɤɚɪɬɪɢɞɠɚ ɢ ɢɡɨɥɹɬɨɪɚ ɷɥɟɤɬɪɨɞɧɨɣ ɫɢɫɬɟɦɵ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɷɥɟɤɬɪɨɪɚɡɪɹɞɧɨɝɨ 
ɪɚɡɪɭɲɟɧɢɹ ɧɟɝɚɛɚɪɢɬɨɜ ɝɨɪɧɵɯ ɩɨɪɨɞ ɢ ɛɟɬɨɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ [1] ɜ ɩɪɨɝɪɚɦɦɧɨɦ 
ɤɨɦɩɥɟɤɫɟ ɬɜɟɪɞɨɬɟɥɶɧɨɝɨ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ANSYS Workbench Explicit 
Dynamics.  

ȼɫɥɟɞɫɬɜɢɟ ɜɵɫɨɤɨɣ ɫɤɨɪɨɫɬɢ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɨɛɴɟɤɬɨɜ ɩɪɢ ɜɡɪɵɜɟ, 
ɫɬɚɧɞɚɪɬɧɵɟ ɧɟɹɜɧɵɟ ɦɟɬɨɞɵ ɩɪɨɱɧɨɫɬɧɨɝɨ ɚɧɚɥɢɡɚ ɦɨɝɭɬ ɩɨɤɚɡɵɜɚɬɶ 
ɧɟɞɨɫɬɚɬɨɱɧɭɸ ɧɚɞɟɠɧɨɫɬɶ [2]. Ⱥɥɝɨɪɢɬɦɵ ANSYS Explicit Dynamics, ɩɨɫɬɪɨɟɧɧɵɟ 
ɧɚ ɹɜɧɨɦ ɪɟɲɟɧɢɢ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ ɦɟɯɚɧɢɤɢ ɫɩɥɨɲɧɵɯ ɫɪɟɞ, ɩɨɡɜɨɥɹɸɬ 
ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɹɜɥɟɧɢɹ ɫ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɶɸ ɬɨɱɧɨɫɬɢ (ɛɨɥɶɲɢɟ ɞɟɮɨɪɦɚɰɢɢ 
ɦɚɬɟɪɢɚɥɨɜ, ɪɚɡɪɭɲɟɧɢɟ, ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɠɞɭ ɬɜɟɪɞɵɦɢ ɬɟɥɚɦɢ ɢ ɠɢɞɤɨɫɬɹɦɢ 
ɩɪɢ ɛɵɫɬɪɵɯ ɩɟɪɟɦɟɳɟɧɢɹɯ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɡɞɟɥɚ ɫɪɟɞ ɢ ɬ.ɞ.) [3].   

 
ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

ɗɥɟɤɬɪɨɪɚɡɪɹɞɧɵɣ ɦɟɬɨɞ ɪɚɡɪɭɲɟɧɢɹ ɧɟɝɚɛɚɪɢɬɨɜ ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ 
ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɷɧɟɪɝɢɢ, ɜɵɞɟɥɹɟɦɨɣ ɜ ɩɥɚɡɦɟɧɧɨɦ ɤɚɧɚɥɟ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɪɚɡɪɹɞɚ 
ɩɪɢ ɩɪɨɬɟɤɚɧɢɢ ɱɟɪɟɡ ɧɟɝɨ ɦɨɳɧɨɝɨ ɢɦɩɭɥɶɫɚ ɬɨɤɚ.  

 ɗɥɟɤɬɪɢɱɟɫɤɢɣ ɪɚɡɪɹɞ, ɧɟɨɛɯɨɞɢɦɵɣ ɞɥɹ ɪɚɡɪɭɲɟɧɢɹ ɛɥɨɤɨɜ ɝɨɪɧɵɯ ɩɨɪɨɞ ɢɥɢ 
ɛɟɬɨɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ, ɫɨɡɞɚɟɬɫɹ ɜ ɲɩɭɪɚɯ, ɩɪɨɛɭɪɟɧɧɵɯ ɜ ɨɛɴɟɤɬɟ ɪɚɡɪɭɲɟɧɢɹ 
(ɪɢɫ. 1). ɗɥɟɤɬɪɢɱɟɫɤɢɣ ɩɪɨɛɨɣ ɠɢɞɤɨɫɬɢ ɢ ɬɟɪɦɢɱɟɫɤɨɟ ɪɚɫɲɢɪɟɧɢɟ ɮɨɪɦɢɪɭɟɦɨɝɨ 
ɩɥɚɡɦɟɧɧɨɝɨ ɤɚɧɚɥɚ ɫɨɡɞɚɸɬ ɭɫɥɨɜɢɹ ɞɥɹ ɷɮɮɟɤɬɢɜɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɷɧɟɪɝɢɢ 
ɦɨɳɧɨɝɨ ɢɦɩɭɥɶɫɚ ɬɨɤɚ ɜ ɷɧɟɪɝɢɸ ɭɞɚɪɧɵɯ ɜɨɥɧ ɢ ɛɵɫɬɪɨ ɧɚɪɚɫɬɚɸɳɟɝɨ ɢɦɩɭɥɶɫɚ 
ɞɚɜɥɟɧɢɹ ɧɚ ɫɬɟɧɤɢ ɤɚɧɚɥɚ. ɋɭɦɦɚɪɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɷɬɢɯ ɮɚɤɬɨɪɨɜ ɩɪɢɜɨɞɢɬ ɤ 
ɡɚɪɨɠɞɟɧɢɸ ɢ ɪɚɡɜɢɬɢɸ ɫɢɫɬɟɦɵ ɪɚɞɢɚɥɶɧɵɯ ɬɪɟɳɢɧ ɢ, ɜ ɤɨɧɟɱɧɨɦ ɫɱɟɬɟ, 
ɪɚɡɪɭɲɟɧɢɸ ɨɛɪɚɡɰɚ [4]. 


