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ɍȾɄ 625.7 
 

ɈɋɈȻȿɇɇɈɋɌɂ ɊȺɋɑȿɌȺ ȺɋɎȺɅɖɌɈȻȿɌɈɇɇɕɏ ɉɈɄɊɕɌɂɃ  
ɉɈ ɋɈɉɊɈɌɂȼɅȿɇɂɘ ɋȾȼɂȽɍ ɋ ɍɑȿɌɈɆ ɇȺɄȺɉɅɂȼȺɇɂə 

ɉɈȼɊȿɀȾȿɇɂɃ 
 

ɇ.ɉ. Ⱥɥɟɤɫɚɧɞɪɨɜɚ, ȼ.ȼ. ɑɭɫɨɜ 
ɎȽȻɈɍ ȼɈ «ɋɢɛȺȾɂ», Ɋɨɫɫɢɹ, ɝ. Ɉɦɫɤ. 

 

Аɧɧɨɬɚɰиɹ. ȼ ɫɬɚɬɶɟ ɚɧɚɥɢɡɢɪɭɸɬɫɹ ɭɫɥɨɜɢɹ ɪɚɛɨɬɵ ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ ɩɪɢ ɜɵɫɨɤɢɯ 
ɥɟɬɧɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɢ ɩɨɤɚɡɵɜɚɟɬɫɹ, ɱɬɨ ɜ ɬɚɤɢɯ ɭɫɥɨɜɢɹɯ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɵɟ 
ɩɨɤɪɵɬɢɹ ɢɫɩɵɬɵɜɚɸɬ ɩɥɚɫɬɢɱɟɫɤɢɟ ɞɟɮɨɪɦɚɰɢɢ ɫɞɜɢɝɚ. Ɍɚɤɢɟ ɞɟɮɨɪɦɚɰɢɢ ɨɛɭɫɥɨɜɥɟɧɵ 
ɩɨɬɟɪɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ ɪɚɛɨɬɚɬɶ ɧɚ ɢɡɝɢɛ, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɩɨ ɜɫɟɣ 
ɬɨɥɳɢɧɟ ɩɨɤɪɵɬɢɹ ɟɝɨ ɦɚɬɟɪɢɚɥ ɢɫɩɵɬɵɜɚɟɬ ɬɪɟɯɨɫɧɨɟ ɫɠɚɬɢɟ. Ⱥɜɬɨɪɵ ɩɪɟɞɥɚɝɚɸɬ 
ɜɵɩɨɥɧɹɬɶ ɩɪɨɜɟɪɤɭ ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ ɜ ɞɨɪɨɠɧɨɦ ɩɨɤɪɵɬɢɢ ɩɨ ɫɨɩɪɨɬɢɜɥɟɧɢɸ ɫɞɜɢɝɭ, 
ɢɫɩɨɥɶɡɭɹ ɞɥɹ ɷɬɢɯ ɰɟɥɟɣ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɣ ɤɪɢɬɟɪɢɣ Ʉɭɥɨɧɚ – Ɇɨɪɚ, ɜɤɥɸɱɚɸɳɢɣ ɜ ɫɟɛɹ 
ɬɪɢ ɩɚɪɚɦɟɬɪɚ ɦɚɬɟɪɢɚɥɚ ɢ ɨɞɧɭ ɢɡ ɦɟɪ ɬɟɨɪɢɢ ɩɨɜɪɟɠɞɟɧɧɨɫɬɢ (ɫɩɥɨɲɧɨɫɬɶ Ʌ.Ɇ. 
Ʉɚɱɚɧɨɜɚ ɢɥɢ ɩɨɜɪɟɠɞɟɧɧɨɫɬɶ ɘ.ɇ. Ɋɚɛɨɬɧɨɜɚ). ɉɪɢɦɟɧɟɧɢɟɦ ɢɧɬɟɝɪɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ 
ɧɚɫɥɟɞɫɬɜɟɧɧɵɯ ɬɟɨɪɢɣ ɩɨɥɭɱɟɧɵ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɢɡɦɟɧɟɧɢɹ ɫɩɥɨɲɧɨɫɬɢ ɢ 
ɩɨɜɪɟɠɞɟɧɧɨɫɬɢ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɩɨɜɬɨɪɧɵɯ ɧɚɝɪɭɡɨɤ. 

 

Кɥɸɱеɜые ɫɥɨɜɚ: ɤɪɢɬɟɪɢɣ ɩɪɨɱɧɨɫɬɢ, ɭɫɥɨɜɢɟ ɩɥɚɫɬɢɱɧɨɫɬɢ, ɩɨɜɪɟɠɞɟɧɧɨɫɬɶ ɘ.ɇ. 
Ɋɚɛɨɬɧɨɜɚ, ɫɩɥɨɲɧɨɫɬɶ Ʌ.Ɇ. Ʉɚɱɚɧɨɜɚ. 

 

ɉɨɫɬɚɧɨɜɤɚ ɧɚɭɱɧɨɣ ɡɚɞɚɱɢ 
Ɉɛɫɥɟɞɨɜɚɧɢɹ ɞɨɪɨɝ, ɜɵɩɨɥɧɹɟɦɵɟ ɩɪɢ 

ɢɯ ɞɢɚɝɧɨɫɬɢɤɟ, ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɧɚ 
ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɵɯ ɩɨɤɪɵɬɢɹɯ ɨɬɦɟɱɚɟɬɫɹ 
ɩɨɜɟɪɯɧɨɫɬɧɚɹ ɢ ɝɥɭɛɢɧɧɚɹ ɤɨɥɟɹ. 
ɉɨɜɟɪɯɧɨɫɬɧɚɹ ɤɨɥɟɹ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ 
ɛɨɤɨɜɵɦ ɜɵɩɨɪɨɦ (ɪɢɫ. 1), ɚ ɩɪɢɱɢɧɨɣ ɟɟ 
ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɹɜɥɹɟɬɫɹ ɧɟɞɨɫɬɚɬɨɱɧɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ ɫɞɜɢɝɭ ɩɪɢ 
ɞɚɧɧɵɯ ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚɬɚɰɢɢ. Ʉɪɨɦɟ ɬɨɝɨ, 

ɤɨɥɟɣɧɨɫɬɶ ɦɨɠɟɬ ɧɨɫɢɬɶ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɣ 
ɯɚɪɚɤɬɟɪ ɢ ɜɤɥɸɱɚɬɶ ɜ ɫɟɛɹ ɩɨɜɟɪɯɧɨɫɬɧɭɸ ɢ 
ɝɥɭɛɢɧɧɭɸ ɫɨɫɬɚɜɥɹɸɳɢɟ, ɩɨ ɦɟɪɟ ɪɚɡɜɢɬɢɹ 
ɤɨɬɨɪɵɯ ɜɨɡɧɢɤɚɟɬ ɩɪɨɫɚɞɤɚ ɩɨɤɪɵɬɢɹ (ɪɢɫ. 
2). Ɉɞɧɨɣ ɢɡ ɩɪɢɱɢɧ ɩɪɨɫɚɞɤɢ 
ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɝɨ ɩɨɤɪɵɬɢɟ ɬɚɤ ɠɟ ɹɜɥɹɟɬɫɹ 
ɟɝɨ ɧɟɞɨɫɬɚɬɨɱɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɞɜɢɝɭ. 
ɉɨɷɬɨɦɭ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɞɨɪɨɠɧɵɯ 
ɨɞɟɠɞ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɜɵɩɨɥɧɹɬɶ ɩɪɨɜɟɪɤɭ 
ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ ɩɨ ɫɨɩɪɨɬɢɜɥɟɧɢɸ ɫɞɜɢɝɭ. 

 

  
Ɋɢɫ. 1. ɉɨɜɟɪɯɧɨɫɬɧɚɹ ɤɨɥɟɹ ɧɚ ɩɨɤɪɵɬɢɢ, 

ɫɨɩɪɨɜɨɠɞɚɟɦɚɹ ɜɵɩɨɪɨɦ ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ 
Ɋɢɫ. 2. ɉɨɜɟɪɯɧɨɫɬɧɚɹ ɤɨɥɟɹ ɧɚ ɩɨɤɪɵɬɢɢ, 

ɫɨɩɪɨɜɨɠɞɚɟɦɚɹ ɩɪɨɫɚɞɤɨɣ ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ 
 

ɂɡ ɚɧɚɥɢɡɚ ɪɢɫɭɧɤɚ 1 ɢ ɪɢɫɭɧɤɚ 2 ɫɥɟɞɭɟɬ, 
ɱɬɨ ɫɥɨɢ ɞɨɪɨɠɧɵɯ ɨɞɟɠɞ ɢɡ 
ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫɥɟɞɭɟɬ 
ɪɚɫɫɱɢɬɵɜɚɬɶ, ɤɚɤ ɩɨ ɤɪɢɬɟɪɢɸ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɪɚɫɬɹɠɟɧɢɸ ɨɬ ɢɡɝɢɛɚ, ɬɚɤ ɢ 
ɩɨ ɤɪɢɬɟɪɢɸ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫɞɜɢɝɭ. Ʉɚɤ 
ɢɡɜɟɫɬɧɨ, ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɵɟ ɩɨɤɪɵɬɢɹ 
ɪɚɫɫɱɢɬɵɜɚɸɬ ɬɨɥɶɤɨ ɧɚ ɭɫɬɚɥɨɫɬɧɨɟ 
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ɪɚɡɪɭɲɟɧɢɟ ɨɬ ɪɚɫɬɹɠɟɧɢɹ ɩɪɢ ɢɡɝɢɛɟ [1–3], 
ɩɪɢɱɟɦ ɜ ɨɫɧɨɜɟ ɧɨɪɦɚɬɢɜɧɵɯ ɦɟɬɨɞɨɜ 
ɪɚɫɱɟɬɚ ɡɚɥɨɠɟɧɚ ɩɟɪɜɚɹ ɬɟɨɪɢɹ ɩɪɨɱɧɨɫɬɢ, 
ɭɱɢɬɵɜɚɸɳɚɹ ɬɨɥɶɤɨ ɜɥɢɹɧɢɟ ɨɞɧɨɣ 
ɤɨɦɩɨɧɟɧɬɵ ɬɟɧɡɨɪɚ ɧɚɩɪɹɠɟɧɢɣ. ɇɟɞɨɫɬɚɬɤɢ 
ɷɬɨɝɨ ɤɪɢɬɟɪɢɹ ɨɬɦɟɱɟɧɵ ɜ ɪɚɛɨɬɚɯ ɚɜɬɨɪɨɜ 
[4 – 6Ж. ɂɡ ɚɧɚɥɢɡɚ ɷɬɢɯ ɪɚɛɨɬ ɫɥɟɞɭɟɬ, ɱɬɨ 
ɤɪɢɬɟɪɢɣ ɩɪɨɱɧɨɫɬɢ ɧɟɨɛɯɨɞɢɦɨ ɡɚɦɟɧɢɬɶ 
ɤɪɢɬɟɪɢɟɦ, ɭɱɢɬɵɜɚɸɳɢɦ ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɜ 
ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɩɥɢɬɟ ɫɥɨɠɧɨɝɨ 
ɧɚɩɪɹɠɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ, ɧɚɩɪɢɦɟɪ, 
ɤɪɢɬɟɪɢɟɦ Ɉ. Ɇɨɪɚ Д7Ж. 

Ⱦɪɭɝɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɵɯ 
ɩɨɤɪɵɬɢɣ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɩɪɢ ɩɨɜɵɲɟɧɢɢ 
ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɣ 
ɫɭɦɦɚɪɧɨɣ ɬɨɥɳɢɧɟ ɦɚɬɟɪɢɚɥ ɬɟɪɹɟɬ 
ɫɩɨɫɨɛɧɨɫɬɶ ɪɚɛɨɬɚɬɶ ɧɚ ɢɡɝɢɛ. ȼɫɥɟɞɫɬɜɢɟ 
ɷɬɨɝɨ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ 
ɚɫɮɚɥɶɬɨɛɟɬɨɧ, ɩɨɞɨɛɧɨ ɞɢɫɤɪɟɬɧɵɦ 
ɦɚɬɟɪɢɚɥɚɦ, ɢɫɩɵɬɵɜɚɟɬ ɞɟɮɨɪɦɚɰɢɢ 
ɫɞɜɢɝɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɬɟɦɩɟɪɚɬɭɪɵ ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ ɢ ɬɨɥɳɢɧɵ 
ɩɨɤɪɵɬɢɹ, ɨɧɨ ɦɨɠɟɬ ɢɫɩɵɬɵɜɚɬɶ ɨɞɧɨ ɢɡ 
ɬɪɟɯ ɧɚɩɪɹɠɟɧɧɵɯ ɫɨɫɬɨɹɧɢɣ: 

– ɱɢɫɬɵɣ ɢɡɝɢɛ, ɩɪɢ ɤɨɬɨɪɨɦ ɩɨɤɪɵɬɢɟ 
ɩɨɞɨɛɧɨ ɩɥɚɫɬɢɧɟ ɢɥɢ ɬɨɧɤɨɣ ɩɥɢɬɟ 
ɢɫɩɵɬɵɜɚɟɬ ɢɡɝɢɛ ɛɟɡ ɜɨɡɧɢɤɧɨɜɟɧɢɹ 
ɜɟɪɬɢɤɚɥɶɧɵɯ ɞɟɮɨɪɦɚɰɢɣ ɢ ɧɚɩɪɹɠɟɧɢɣ. ȼ 
ɷɬɨɦ ɫɥɭɱɚɟ ɞɥɹ ɪɚɫɱɟɬɚ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɢ 
ɫɠɢɦɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ ɦɨɠɟɬ ɛɵɬɶ 

ɢɫɩɨɥɶɡɨɜɚɧɚ ɝɢɩɨɬɟɡɚ ɩɥɨɫɤɢɯ ɫɟɱɟɧɢɣ ɢ 
ɮɨɪɦɭɥɵ Ɇ.Ȼ. Ʉɨɪɫɭɧɫɤɨɝɨ; 

– ɢɡɝɢɛ ɬɨɥɫɬɵɯ ɩɥɢɬ, ɩɪɢ ɤɨɬɨɪɨɦ ɧɚɪɹɞɭ 
ɫ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦɢ ɞɟɮɨɪɦɚɰɢɹɦɢ ɢ 
ɪɚɫɬɹɠɟɧɢɹɦɢ ɜ ɩɥɢɬɟ ɜɨɡɧɢɤɚɸɬ 
ɜɟɪɬɢɤɚɥɶɧɵɟ ɤɨɦɩɨɧɟɧɬɵ ɬɟɧɡɨɪɨɜ; 

– ɬɪɟɯɨɫɧɨɟ ɫɠɚɬɢɟ, ɩɪɢ ɤɨɬɨɪɨɦ ɩɨɞɨɛɧɨ 
ɞɢɫɤɪɟɬɧɵɦ ɦɚɬɟɪɢɚɥɚɦ ɜ ɚɫɮɚɥɶɬɨɛɟɬɨɧɟ 
ɩɨ ɜɫɟɣ ɟɝɨ ɬɨɥɳɢɧɟ ɜɨɡɧɢɤɚɸɬ ɬɨɥɶɤɨ 
ɫɠɢɦɚɸɳɢɟ ɧɚɩɪɹɠɟɧɢɹ. 

ȿɳё ɨɞɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɧɚɩɪɹɠɟɧɧɨɝɨ 
ɫɨɫɬɨɹɧɢɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ ɹɜɥɹɟɬɫɹ 
ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɜ ɫɬɪɭɤɬɭɪɟ ɦɚɬɟɪɢɚɥɚ 
ɩɨɜɪɟɠɞɟɧɢɣ, ɢ ɫɩɨɫɨɛɧɨɫɬɶ ɧɚɤɚɩɥɢɜɚɬɶ ɢɯ. 

ɍɱɢɬɵɜɚɹ ɜɵɩɨɥɧɟɧɧɵɣ ɚɧɚɥɢɡ, ɚɜɬɨɪɵ 
ɫɬɚɜɹɬ ɡɚɞɚɱɭ ɪɚɡɪɚɛɨɬɤɢ ɦɟɬɨɞɢɤɢ ɪɚɫɱɟɬɚ 
ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɝɨ ɩɨɤɪɵɬɢɹ ɩɨ 
ɫɨɩɪɨɬɢɜɥɟɧɢɸ ɫɞɜɢɝɭ ɜ ɭɫɥɨɜɢɹɯ 
ɜɨɡɞɟɣɫɬɜɢɹ ɩɨɜɬɨɪɧɵɯ ɧɚɝɪɭɡɨɤ, 
ɨɛɭɫɥɚɜɥɢɜɚɸɳɢɯ ɷɮɮɟɤɬ ɧɚɤɚɩɥɢɜɚɧɢɹ  
ɩɨɜɪɟɠɞɟɧɢɣ ɜ ɫɬɪɭɤɬɭɪɟ ɦɚɬɟɪɢɚɥɚ. 

ɋɨɫɬɨɹɧɢɟ ɜɨɩɪɨɫɚ 
ɇɚɝɥɹɞɧɭɸ ɤɚɪɬɢɧɭ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɜ 

ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɦ ɩɨɤɪɵɬɢɢ ɬɪɟɯɨɫɧɨɝɨ 
ɫɠɚɬɢɹ ɞɚɸɬ ɪɟɡɭɥɶɬɚɬɵ ɲɭɪɮɢɪɨɜɚɧɢɹ 
ɞɨɪɨɠɧɨɣ ɨɞɟɠɞɵ, ɛɥɚɝɨɞɚɪɹ ɤɨɬɨɪɵɦ 
ɨɬɱɟɬɥɢɜɨ ɜɢɞɧɵ ɡɨɧɵ ɫɞɜɢɝɨɜ ɜ ɦɟɫɬɚɯ 
ɜɵɩɨɪɚ ɤɨɥɟɢ, ɤɚɤ ɜ ɧɢɠɧɟɦ, ɬɚɤ ɢ ɜ ɜɟɪɯɧɟɦ 
ɫɥɨɟ ɩɨɤɪɵɬɢɹ Д8Ж. ɂɥɥɸɫɬɪɚɰɢɹ ɬɚɤɨɝɨ 
ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 3. 

 

 
Ɋɢɫ. 3. ɂɡɦɟɪɟɧɢɟ ɝɥɭɛɢɧɵ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɤɨɥɟɢ ɜ ɜɟɪɯɧɟɦ ɢ ɧɢɠɧɟɦ ɫɥɨɟ ɩɨɤɪɵɬɢɹ,  

ɫɨɩɪɨɜɨɠɞɚɟɦɨɣ ɜɵɩɨɪɨɦ ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ 
 

ȼɫɥɟɞɫɬɜɢɟ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɜ 
ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɦ ɩɨɤɪɵɬɢɢ ɬɪɟɯɨɫɧɨɝɨ 
ɫɠɚɬɢɹ ɞɥɹ ɪɚɫɱɟɬɚ ɦɚɤɫɢɦɚɥɶɧɵɯ ɢ 
ɦɢɧɢɦɚɥɶɧɵɯ ɝɥɚɜɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɦɨɝɭɬ 
ɛɵɬɶ ɩɪɢɦɟɧɟɧɵ ɮɨɪɦɭɥɵ ɦɟɯɚɧɢɤɢ 
ɫɩɥɨɲɧɨɣ ɫɪɟɞɵ ɢɥɢ ɢɧɠɟɧɟɪɧɵɟ ɦɟɬɨɞɵ Д9 – 
12Ж. ɉɪɢɦɟɧɹɹ ɫɩɨɫɨɛ ɪɚɫɱɟɬɚ ɦɢɧɢɦɚɥɶɧɨɝɨ 
ɝɥɚɜɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɩɪɟɞɥɨɠɟɧɧɵɣ ɜ 
ɪɚɛɨɬɚɯ Д10,12Ж, ɦɨɠɧɨ ɜɵɩɨɥɧɢɬɶ 
ɦɨɞɢɮɢɤɚɰɢɸ ɥɸɛɨɣ ɦɨɞɟɥɢ, 

ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɣ ɞɥɹ ɪɚɫɱɟɬɚ ɬɨɥɶɤɨ 
ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɝɥɚɜɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ Д13 – 
15Ж. ɉɪɢɦɟɧɹɹ ɫɩɨɫɨɛ ɇ. Ɉɞɟɦɚɪɤɚ Д16,17Ж, 
ɦɨɠɧɨ ɜɵɩɨɥɧɢɬɶ ɦɨɞɢɮɢɤɚɰɢɸ ɦɨɞɟɥɟɣ Д13 
– 15Ж ɬɚɤ, ɱɬɨ ɨɧɢ ɦɨɝɭɬ ɛɵɬɶ ɩɪɢɦɟɧɟɧɵ ɞɥɹ 
ɪɚɫɱɟɬɚ ɧɚɩɪɹɠɟɧɢɣ ɜ ɫɥɨɟ ɤɨɧɟɱɧɨɣ 
ɬɨɥɳɢɧɵ Д18Ж. Ɍɚɤɢɟ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɟ 
ɦɨɞɟɥɢ ɩɨɡɜɨɥɹɸɬ ɪɚɫɫɱɢɬɵɜɚɬɶ ɧɚɩɪɹɠɟɧɢɹ 
ɜ ɤɪɢɬɟɪɢɹɯ ɩɪɨɱɧɨɫɬɢ ɢ ɭɫɥɨɜɢɹɯ 
ɩɥɚɫɬɢɱɧɨɫɬɢ, ɩɚɪɚɦɟɬɪɚɦɢ ɦɚɬɟɪɢɚɥɚ ɜ 
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ɤɨɬɨɪɵɯ ɦɨɝɭɬ ɛɵɬɶ ɩɪɟɞɟɥɵ ɩɪɨɱɧɨɫɬɢ ɧɚ 
ɫɠɚɬɢɟ ɢ ɪɚɫɬɹɠɟɧɢɟ ɢɥɢ ɫɰɟɩɥɟɧɢɟ ɢ ɭɝɨɥ 
ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ. ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ 
ɩɪɟɞɥɨɠɟɧ ɪɹɞ ɤɪɢɬɟɪɢɟɜ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ 
ɛɵɬɶ ɩɪɢɦɟɧɟɧɵ ɞɥɹ ɪɚɫɱɟɬɚ ɪɚɡɥɢɱɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ ɩɨ ɤɪɢɬɟɪɢɸ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɫɞɜɢɝɭ Д19 – 23Ж. Ɋɚɫɱɟɬ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɝɨ 
ɩɨɤɪɵɬɢɹ ɩɨ ɫɨɩɪɨɬɢɜɥɟɧɢɸ ɫɞɜɢɝɭ ɦɨɠɟɬ 
ɛɵɬɶ ɩɨɞɨɛɟɧ ɩɪɨɜɟɪɤɢ ɫɞɜɢɝɨɭɫɬɨɣɱɢɜɨɫɬɢ 
ɝɪɭɧɬɨɜ ɡɟɦɥɹɧɨɝɨ ɩɨɥɨɬɧɚ, ɡɚɤɥɸɱɚɸɳɟɣɫɹ ɜ 
ɪɚɫɱɟɬɟ ɤɚɫɚɬɟɥɶɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɢɥɢ 
ɛɟɡɨɩɚɫɧɵɯ ɞɚɜɥɟɧɢɣ Д24 – 28Ж ɢ ɫɪɚɜɧɟɧɢɢ 
ɜɵɱɢɫɥɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɫ ɩɪɟɞɟɥɶɧɵɦɢ.  

ɇɟɞɨɫɬɚɬɤɨɦ ɤɪɢɬɟɪɢɟɜ ɩɪɨɱɧɨɫɬɢ ɢ 
ɭɫɥɨɜɢɣ ɩɥɚɫɬɢɱɧɨɫɬɢ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɜ 
ɪɚɛɨɬɚɯ Д19 – 23Ж ɢ ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ 
ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɦɟɬɨɞɚɯ ɪɚɫɱɟɬɚ Д24 – 28], 
ɹɜɥɹɟɬɫɹ ɧɟ ɭɱɟɬ ɫɩɨɫɨɛɧɨɫɬɢ 
ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ ɧɚɤɚɩɥɢɜɚɬɶ ɩɨɜɪɟɠɞɟɧɢɹ 
ɫɬɪɭɤɬɭɪɵ. 

ɉɨɷɬɨɦɭ ɡɚɞɚɱɚɦɢ ɩɭɛɥɢɤɚɰɢɢ ɹɜɥɹɸɬɫɹ: 
1.  Ɇɨɞɢɮɢɤɚɰɢɹ ɭɫɥɨɜɢɹ ɩɥɚɫɬɢɱɧɨɫɬɢ, 

ɩɨɥɭɱɟɧɧɨɝɨ ɜ ɪɚɛɨɬɚɯ Д18, 24Ж, ɩɭɬɟɦ ɜɜɨɞɚ ɜ 
ɧɟɝɨ ɫɩɥɨɲɧɨɫɬɢ Ʌ.Ɇ. Ʉɚɱɚɧɨɜɚ ɢɥɢ 
ɩɨɜɪɟɠɞɟɧɧɨɫɬɢ ɘ.ɇ. Ɋɚɛɨɬɧɨɜɚ. 

2.  Ɋɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɚ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ 
ɭɦɟɧɶɲɟɧɢɹ ɫɩɥɨɲɧɨɫɬɢ ɢ ɭɜɟɥɢɱɟɧɢɹ 
ɩɨɜɪɟɠɞɟɧɧɨɫɬɢ ɜ ɩɪɨɰɟɫɫɟ ɜɨɡɞɟɣɫɬɜɢɹ 
ɩɨɜɬɨɪɧɨɣ ɧɚɝɪɭɡɤɢ. 

ɉɪɢɦɟɧɟɧɢɟ ɢɧɬɟɝɪɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ 
ɧɚɫɥɟɞɫɬɜɟɧɧɵɯ ɬɟɨɪɢɣ ɤ ɪɚɫɱɟɬɭ 
ɩɨɜɪɟɠɞɟɧɧɨɫɬɢ  

Ʌɸɛɚɹ ɤɨɦɩɨɧɟɧɬɚ ɬɟɧɡɨɪɚ ɧɚɩɪɹɠɟɧɢɣ 
ɩɨɜɪɟɠɞɟɧɧɨɝɨ ɬɟɥɚ ij ɦɨɠɟɬ ɛɵɬɶ 
ɨɩɪɟɞɟɥɟɧɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɫɧɨɜɧɨɝɨ 
ɩɪɚɜɢɥɚ ɚɥɝɟɛɪɵ ɦɚɬɪɢɰ, ɤɨɬɨɪɨɟ 
ɡɚɩɢɫɵɜɚɸɬ ɜ ɜɢɞɟ 
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ɝɞɟ ij - ɤɨɦɩɨɧɟɧɬɵ ɬɟɧɡɨɪɚ ɧɚɩɪɹɠɟɧɢɣ 
ɫɩɥɨɲɧɨɝɨ ɬɟɥɚ;  – ɩɨɜɪɟɠɞɟɧɧɨɫɬɶ ɘ.ɇ. 
Ɋɚɛɨɬɧɨɜɚ,  – ɫɩɥɨɲɧɨɫɬɶ Ʌ.Ɇ. Ʉɚɱɚɧɨɜɚ. 

ɂɡ ɡɚɜɢɫɢɦɨɫɬɢ (1) ɫɥɟɞɭɟɬ, ɱɬɨ ɝɥɚɜɧɵɟ 
ɧɚɩɪɹɠɟɧɢɹ ɜ ɩɨɜɪɟɠɞɟɧɧɨɣ 1, 2 ɢ 3 
ɫɪɟɞɟ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ 
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ɝɞɟ 1, 2 ɢ 3 – ɝɥɚɜɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɜ 
ɧɟɩɨɜɪɟɠɞɟɧɧɨɦ ɬɟɥɟ. 

ɉɨɞɫɬɚɧɨɜɤɚ ɡɚɜɢɫɢɦɨɫɬɟɣ (2) ɜ ɥɸɛɨɟ 
ɭɫɥɨɜɢɟ ɩɥɚɫɬɢɱɧɨɫɬɢ ɫɩɥɨɲɧɨɣ ɫɪɟɞɵ 
ɩɨɡɜɨɥɹɟɬ ɟɝɨ ɦɨɞɢɮɢɰɢɪɨɜɚɬɶ ɬɚɤ, ɱɬɨ ɜ 
ɩɨɥɭɱɟɧɧɨɦ ɤɪɢɬɟɪɢɢ ɭɱɢɬɵɜɚɸɬɫɹ ɞɟɮɟɤɬɵ 

ɫɬɪɭɤɬɭɪɵ, ɧɚɤɚɩɥɢɜɚɟɦɵɟ ɦɚɬɟɪɢɚɥɨɦ ɩɪɢ 
ɜɨɡɞɟɣɫɬɜɢɢ ɧɚɝɪɭɡɤɢ, ɜ ɬɨɦ ɱɢɫɥɟ 
ɰɢɤɥɢɱɟɫɤɨɣ. Ⱥɧɚɥɢɡɢɪɭɹ ɩɟɪɜɭɸ 
ɡɚɜɢɫɢɦɨɫɬɶ ɮɨɪɦɭɥ (2), ɧɟɫɥɨɠɧɨ ɡɚɦɟɬɢɬɶ, 
ɱɬɨ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɩɨɜɪɟɠɞɟɧɧɨɫɬɢ ɢ 
ɭɦɟɧɶɲɟɧɢɢ ɫɩɥɨɲɧɨɫɬɢ ɦɚɤɫɢɦɚɥɶɧɨɟ 
ɝɥɚɜɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɜɨɡɪɚɫɬɚɟɬ ɜɨ ɜɫɟɯ 
ɬɨɱɤɚɯ ɫɟɱɟɧɢɹ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɧɚ ɝɪɚɧɢɰɟ 
ɪɚɡɞɟɥɚ ɫɥɨɟɜ. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɪɨɫɬ 
ɩɨɜɪɟɠɞɟɧɧɨɫɬɢ ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ ɜ ɩɪɨɰɟɫɫɟ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɨɤɪɵɬɢɹ ɩɪɢɜɨɞɢɬ ɤ 
ɭɜɟɥɢɱɟɧɢɸ ɞɚɜɥɟɧɢɣ, ɩɟɪɟɞɚɜɚɟɦɵɯ ɧɚ 
ɳɟɛɟɧɨɱɧɵɟ ɨɫɧɨɜɚɧɢɹ ɢ ɝɪɭɧɬɵ ɡɟɦɥɹɧɨɝɨ 
ɩɨɥɨɬɧɚ. ɉɨɷɬɨɦɭ ɭɜɟɥɢɱɟɧɢɟ 
ɩɨɜɪɟɠɞɟɧɧɨɫɬɢ ɢ ɫɧɢɠɟɧɢɟ ɫɩɥɨɲɧɨɫɬɢ 
ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ ɩɪɢɜɨɞɢɬ ɤ ɛɨɥɟɟ 
ɢɧɬɟɧɫɢɜɧɨɦɭ ɧɚɤɚɩɥɢɜɚɧɢɸ ɞɟɮɨɪɦɚɰɢɣ, 
ɤɚɤ ɜ ɫɥɨɹɯ ɩɨɤɪɵɬɢɹ, ɬɚɤ ɢ ɜ ɨɫɧɨɜɚɧɢɢ 
ɞɨɪɨɠɧɨɣ ɨɞɟɠɞɵ ɢɡ ɞɢɫɤɪɟɬɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, 
ɚ ɬɚɤ ɠɟ ɝɪɭɧɬɚɯ ɡɟɦɥɹɧɨɝɨ ɩɨɥɨɬɧɚ. ɗɬɨɬ 
ɜɵɜɨɞ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɦɨɞɟɥɹɦɢ 
ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɞɢɫɤɪɟɬɧɵɯ ɫɪɟɞ ɢ ɝɪɭɧɬɨɜ, 
ɩɨɥɭɱɟɧɧɵɯ ɜ ɪɚɛɨɬɚɯ Д29 – 35]. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɦɟɪ ɬɟɨɪɢɢ 
ɩɨɜɪɟɠɞɟɧɧɨɫɬɢ ɢɫɩɨɥɶɡɭɸɬ ɫɨɨɬɧɨɲɟɧɢɹ 
ɪɚɡɥɢɱɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɮɢɡɢɱɟɫɤɢɯ ɢ 
ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɩɥɨɲɧɵɯ ɢ 
ɩɨɜɪɟɠɞɟɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. Ɉɞɧɢɦ ɢɡ 
ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ ɩɪɢɦɟɧɹɟɦɵɯ ɫɩɨɫɨɛɨɜ 
ɹɜɥɹɟɬɫɹ ɪɚɫɱɟɬ ɩɨɜɪɟɠɞɟɧɧɨɫɬɢ ɱɟɪɟɡ 
ɨɬɧɨɲɟɧɢɹ ɦɨɞɭɥɟɣ ɭɩɪɭɝɨɫɬɢ ɩɨɜɪɟɠɞɟɧɧɵɯ 
ɬɟɥ. ɗɬɨɬ ɫɩɨɫɨɛ ɨɫɧɨɜɚɧ ɧɚ ɩɪɢɧɰɢɩɟ 
ɷɤɜɢɜɚɥɟɧɬɧɨɫɬɢ ɞɟɮɨɪɦɚɰɢɣ. ɋɨɝɥɚɫɧɨ 
ɷɬɨɦɭ ɩɪɢɧɰɢɩɭ ɞɟɮɨɪɦɚɰɢɸ ɩɨɜɪɟɠɞɟɧɧɨɝɨ 
ɬɟɥɚ D ɦɨɠɧɨ ɜɵɱɢɫɥɢɬɶ ɩɨ ɮɨɪɦɭɥɚɦ Д36Ж 
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ȼ ɩɟɪɜɨɣ ɮɨɪɦɭɥɟ ɡɚɜɢɫɢɦɨɫɬɟɣ (3) 
ɧɚɩɪɹɠɟɧɢɟ ɜ ɩɨɜɪɟɠɞɟɧɧɨɦ ɬɟɥɟ 
ɨɩɪɟɞɟɥɟɧɨ ɫɨɝɥɚɫɧɨ ɜɵɪɚɠɟɧɢɸ (1), ɚ 
ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɩɪɢɧɹɬ ɞɥɹ 
ɧɟɩɨɜɪɟɠɞɟɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. ȼɨ ɜɬɨɪɨɣ 
ɮɨɪɦɭɥɟ ɡɚɜɢɫɢɦɨɫɬɟɣ (3), ɧɚɨɛɨɪɨɬ ɦɨɞɭɥɶ 
ɭɩɪɭɝɨɫɬɢ ɩɪɢɧɹɬ ɞɥɹ ɩɨɜɪɟɠɞɟɧɧɨɝɨ 
ɦɚɬɟɪɢɚɥɚ, ɚ ɜɟɥɢɱɢɧɚ ɧɚɩɪɹɠɟɧɢɹ ɫɱɢɬɚɟɬɫɹ 
ɬɚɤɨɣ ɠɟ, ɤɚɤ ɜ ɧɟɩɨɜɪɟɠɞɟɧɧɨɦ ɬɟɥɟ. 
ɉɪɢɪɚɜɧɹɜ ɡɚɜɢɫɢɦɨɫɬɢ (3) ɢ ɜɵɩɨɥɧɢɜ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ, ɩɨɥɭɱɢɦ 

  1EED .                        (4) 

E

ED 1 ;   
E

ED .                   (5) 

ɋɩɟɰɢɚɥɢɫɬɵ ɩɨɥɨɠɢɬɟɥɶɧɨ ɨɰɟɧɢɜɚɸɬ 
ɞɟɮɨɪɦɚɰɢɨɧɧɵɣ ɩɨɞɯɨɞ ɢ ɞɨɫɬɚɬɨɱɧɨ 
ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬ ɩɪɟɞɫɬɚɜɥɟɧɢɟ (5) ɞɥɹ 
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ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɜɪɟɠɞɟɧɧɨɫɬɢ ɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɬɟɧɡɨɪɚ ɧɚɩɪɹɠɟɧɢɣ 
ɩɨɜɪɟɠɞɟɧɧɨɣ ɫɪɟɞɵ Д37 – 40Ж. Ȼɨɥɟɟ ɬɨɝɨ, 
ɫɩɟɰɢɚɥɢɫɬɵ ɨɬɦɟɱɚɸɬ, ɱɬɨ ɢɡɦɟɧɟɧɢɟ 
ɦɨɞɭɥɹ ɭɩɪɭɝɨɫɬɢ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ 
ɭɞɨɛɧɵɦ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɩɨɜɪɟɠɞɟɧɧɨɫɬɢ, 
ɤɚɤ ɞɥɹ ɦɟɬɚɥɥɨɜ Д36, 41Ж, ɬɚɤ ɢ ɞɥɹ 
ɤɨɦɩɨɡɢɬɨɜ Д42 – 44]. 

Ɂɚɜɢɫɢɦɨɫɬɢ (4) ɢ (5) ɩɪɟɬɟɪɩɟɥɢ 
ɦɨɞɢɮɢɤɚɰɢɸ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɬɨɪɨɣ ɜɨɡɧɢɤ 
ɞɪɭɝɨɣ ɩɨɫɬɭɥɚɬ, ɢɡɜɟɫɬɧɵɣ ɤɚɤ ɩɪɢɧɰɢɩ 
ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɷɤɜɢɜɚɥɟɧɬɧɨɫɬɢ Д45Ж. 
ɋɨɝɥɚɫɧɨ ɷɬɨɦɭ ɩɪɢɧɰɢɩɭ ɩɨɜɪɟɠɞɟɧɧɨɫɬɶ ɬɚɤ 
ɠɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɱɟɪɟɡ ɨɬɧɨɲɟɧɢɟ ɦɨɞɭɥɟɣ 
ɭɩɪɭɝɨɫɬɢ ɩɨɜɪɟɠɞɟɧɧɨɝɨ ɬɟɥɚ ɢ 
ɧɟɩɨɜɪɟɠɞɟɧɧɨɣ ɫɪɟɞɵ, ɧɨ ɩɨ ɢɧɨɦɭ 
ɜɵɪɚɠɟɧɢɸ, ɤɨɬɨɪɨɟ ɢɦɟɟɬ ɜɢɞ Д45 – 48] 

E

ED 1 .                        (6) 

ɂɡ ɚɧɚɥɢɡɚ ɡɚɜɢɫɢɦɨɫɬɟɣ (5) ɢ (6) 
ɫɥɟɞɭɟɬ, ɱɬɨ ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ 
ɩɨɜɪɟɠɞɟɧɧɨɝɨ ɬɟɥɚ ɭɦɟɧɶɲɚɟɬɫɹ ɩɨ ɦɟɪɟ 
ɪɨɫɬɚ ɩɨɜɪɟɠɞɟɧɧɨɫɬɢ. ȼ ɭɫɥɨɜɢɹɯ 
ɜɨɡɞɟɣɫɬɜɢɹ ɩɨɜɬɨɪɧɨɣ ɧɚɝɪɭɡɤɢ ɷɬɨɬ ɩɪɨɰɟɫɫ 
ɧɟɩɪɟɪɵɜɟɧ ɢ ɢɦɟɟɬ ɧɚɫɥɟɞɫɬɜɟɧɧɵɣ 
ɯɚɪɚɤɬɟɪ. Ɍɚɤɨɣ ɯɚɪɚɤɬɟɪ ɩɪɨɹɜɥɹɟɬɫɹ ɜ ɬɨɦ, 
ɱɬɨ ɜɟɥɢɱɢɧɚ ɦɨɞɭɥɹ ɭɩɪɭɝɨɫɬɢ, 
ɧɚɛɥɸɞɚɟɦɚɹ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɟ n-ɨɣ ɧɚɝɪɭɡɤɢ, 
ɨɛɭɫɥɨɜɥɟɧɚ ɩɪɢɥɨɠɟɧɢɟɦ ɤɚɤ ɷɬɨɣ, ɬɚɤ ɢ 
ɜɫɟɯ ɩɪɟɞɲɟɫɬɜɭɸɳɢɯ ɟɣ ɧɚɝɪɭɡɨɤ. 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɮɭɧɤɰɢɢ 
ɢɡɦɟɧɟɧɢɹ ɦɨɞɭɥɹ ɭɩɪɭɝɨɫɬɢ ɦɨɠɧɨ 
ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɢɧɬɟɝɪɚɥɶɧɵɦɢ 
ɭɪɚɜɧɟɧɢɹɦɢ ɬɟɨɪɢɢ ɭɫɬɚɥɨɫɬɢ. 
ɉɨɞɵɧɬɟɝɪɚɥɶɧɭɸ ɮɭɧɤɰɢɸ, ɨɩɪɟɞɟɥɹɸɳɭɸ 
ɭɦɟɧɶɲɟɧɢɟ ɦɨɞɭɥɹ ɭɩɪɭɝɨɫɬɢ ɨɬ ɩɪɢɥɨɠɟɧɢɹ 
ɧɚɝɪɭɡɤɢ ɫ ɧɨɦɟɪɨɦ n, ɞɚɞɢɦ ɜ ɜɢɞɟ 
ɫɬɟɩɟɧɧɨɝɨ ɭɪɚɜɧɟɧɢɹ 

b
D пaE  ,                       (7) 

ɝɞɟ a ɢ b – ɩɚɪɚɦɟɬɪɵ ɦɚɬɟɪɢɚɥɵ. 
ɂɧɬɟɝɪɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ ɡɚɩɢɲɟɦ ɜ ɜɢɞɟ 
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ȼɡɹɜ ɢɧɬɟɝɪɚɥ (8), ɩɨɥɭɱɢɦ 


















1

1
1

1

b

N
aEE

b

ND .           (9) 

ɉɨɞɫɬɚɜɢɜ (9) ɜ ɮɨɪɦɭɥɵ (5) ɢ (6), 
ɩɨɥɭɱɢɦ 
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ɉɪɢɦɟɦ ɜ ɤɚɱɟɫɬɜɟ ɭɫɥɨɜɢɹ ɩɥɚɫɬɢɱɧɨɫɬɢ 
ɤɪɢɬɟɪɢɣ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɣ ɜ ɪɚɛɨɬɟ Д24Ж, 
ɤɨɬɨɪɵɣ ɢɦɟɟɬ ɜɢɞ 
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ɝɞɟ  – ɭɝɨɥ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ, ɨ
; ɫ – 

ɫɰɟɩɥɟɧɢɟ, Ɇɉɚ; d – ɩɚɪɚɦɟɬɪ ɦɚɬɟɪɢɚɥɚ, 
ɡɚɜɢɫɹɳɢɣ ɨɬ ɜɟɥɢɱɢɧɵ ɞɟɮɨɪɦɚɰɢɢ, 
ɩɪɢɧɢɦɚɟɦɨɣ ɡɚ ɩɪɟɞɟɥɶɧɭɸ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ 
ɬɪɟɯɨɫɧɵɯ ɢɫɩɵɬɚɧɢɣ.   

Ɉɫɨɛɟɧɧɨɫɬɶɸ ɭɫɥɨɜɢɹ ɩɥɚɫɬɢɱɧɨɫɬɢ (11) 
ɹɜɥɹɟɬɫɹ ɡɚɜɢɫɢɦɨɫɬɶ ɤɚɫɚɬɟɥɶɧɵɯ 
ɧɚɩɪɹɠɟɧɢɣ, ɜɵɱɢɫɥɹɟɦɵɯ ɩɨ ɥɟɜɨɣ ɱɚɫɬɢ 
ɷɬɨɝɨ ɭɪɚɜɧɟɧɢɹ, ɨɬ ɩɚɪɚɦɟɬɪɚ d. ȼ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɟɥɢɱɢɧɵ  ɩɚɪɚɦɟɬɪɚ d ɷɬɨ 
ɭɫɥɨɜɢɟ ɫɩɨɫɨɛɧɨ ɩɪɢɧɢɦɚɬɶ ɜɢɞ ɞɪɭɝɢɯ 
ɤɪɢɬɟɪɢɟɜ. Ɍɚɤ ɩɪɢ d=0,5 ɭɪɚɜɧɟɧɢɟ (11) 
ɫɬɚɧɨɜɢɬɫɹ ɤɪɢɬɟɪɢɟɦ Ʉɭɥɨɧɚ – Ɇɨɪɚ, ɚ ɩɪɢ 
d=0 ɷɬɨ ɭɪɚɜɧɟɧɢɟ ɬɨɠɞɟɫɬɜɟɧɧɨ ɬɪɟɬɶɟɣ 
ɬɟɨɪɢɢ ɩɪɨɱɧɨɫɬɢ. ɉɪɢɦɟɧɹɹ ɜ (11) ɩɪɚɜɢɥɚ 
(2), ɩɨɥɭɱɢɦ 
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(12) 

ɉɨɞɫɬɚɜɢɜ ɜ ɜɵɪɚɠɟɧɢɟ (12) ɮɨɪɦɭɥɵ 
(10), ɩɨɥɭɱɢɦ ɞɜɚ ɜɚɪɢɚɧɬɚ ɭɪɚɜɧɟɧɢɣ 
ɩɪɟɞɟɥɶɧɨɝɨ ɪɚɜɧɨɜɟɫɢɹ 
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Ɂɚɜɢɫɢɦɨɫɬɢ (13) ɢ (14) ɹɜɥɹɸɬɫɹ 
ɨɤɨɧɱɚɬɟɥɶɧɨɣ ɦɨɞɢɮɢɤɚɰɢɟɣ ɤɪɢɬɟɪɢɹ (11), 
ɜ ɤɨɬɨɪɵɯ ɭɱɢɬɵɜɚɟɬɫɹ ɧɚɤɚɩɥɢɜɚɧɢɟ 
ɩɨɜɪɟɠɞɟɧɢɣ ɜ ɚɫɮɚɥɶɬɨɛɟɬɨɧɟ ɩɪɢ 
ɜɨɡɞɟɣɫɬɜɢɢ ɩɨɜɬɨɪɧɵɯ ɧɚɝɪɭɡɨɤ. 

Ɂɚɤɥɸɱɟɧɢɟ 
ȼ ɡɚɤɥɸɱɟɧɢɟ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɞɚɬɶ 

ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɩɪɢɦɟɧɟɧɢɸ ɦɚɬɟɪɢɚɥɨɜ 
ɫɬɚɬɶɢ ɢ ɞɚɥɶɧɟɣɲɢɯ ɩɭɬɹɯ ɪɚɡɜɢɬɢɹ 
ɢɫɫɥɟɞɨɜɚɧɢɹ. 

1. ȼ ɫɬɚɬɶɟ ɩɪɟɞɥɨɠɟɧ ɫɩɨɫɨɛ 
ɦɨɞɢɮɢɤɚɰɢɢ ɤɪɢɬɟɪɢɟɜ ɩɪɨɱɧɨɫɬɢ ɢ ɭɫɥɨɜɢɣ 
ɩɥɚɫɬɢɱɧɨɫɬɢ ɦɚɬɟɪɢɚɥɨɜ, ɡɚɤɥɸɱɚɸɳɢɣɫɹ ɜ 
ɩɨɞɫɬɚɧɨɜɤɟ ɜ ɭɪɚɜɧɟɧɢɹ ɩɪɟɞɟɥɶɧɨɝɨ 
ɫɨɫɬɨɹɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɧɚɩɪɹɠɟɧɧɨɝɨ 
ɫɨɫɬɨɹɧɢɹ ɩɨɜɪɟɠɞɟɧɧɨɝɨ ɬɟɥɚ. ȼ ɷɬɢɯ 
ɤɪɢɬɟɪɢɹɯ ɫɨɯɪɚɧɹɟɬɫɹ ɮɢɡɢɱɟɫɤɢɣ ɫɦɵɫɥ 
ɬɟɨɪɢɢ Ʉɚɱɚɧɨɜɚ – Ɋɚɛɨɬɧɨɝɨ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ 
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 ɫ ɤɨɬɨɪɵɦ ɭɜɟɥɢɱɟɧɢɟ ɩɨɜɪɟɠɞɟɧɧɨɫɬɢ 
ɦɚɬɟɪɢɚɥɚ ɢɥɢ ɭɦɟɧɶɲɟɧɢɟ ɟɝɨ ɫɩɥɨɲɧɨɫɬɢ 
ɩɪɢɜɨɞɢɬ ɤ ɪɨɫɬɭ ɤɨɦɩɨɧɟɧɬ ɬɟɧɡɨɪɚ 
ɧɚɩɪɹɠɟɧɢɣ. ɉɪɟɞɥɨɠɟɧɧɵɟ ɭɫɥɨɜɢɹ ɦɨɝɭɬ 
ɛɵɬɶ ɩɪɢɦɟɧɟɧɵ ɞɥɹ ɪɚɫɱɟɬɚ 
ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɝɨ ɩɨɤɪɵɬɢɹ ɧɚ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɞɜɢɝɭ. 

2. ɉɪɢɦɟɧɟɧɢɟɦ ɢɧɬɟɝɪɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ 
ɩɨɥɭɱɟɧɚ ɫɬɟɩɟɧɧɚɹ ɦɨɞɟɥɶ ɭɦɟɧɶɲɟɧɢɹ 
ɦɨɞɭɥɹ ɭɩɪɭɝɨɫɬɢ ɢ ɭɜɟɥɢɱɟɧɢɹ 
ɩɨɜɪɟɠɞɟɧɧɨɫɬɢ ɩɪɢ ɩɨɜɬɨɪɧɵɯ ɧɚɝɪɭɡɤɚɯ. 

3. Ⱦɚɥɶɧɟɣɲɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɨɥɠɧɵ 
ɫɨɫɬɨɹɬɶ ɜ ɪɚɡɪɚɛɨɬɤɟ ɦɟɬɨɞɢɤɢ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ 
ɩɨɜɪɟɠɞɟɧɧɨɫɬɢ ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ ɩɪɢ 
ɬɪɟɯɨɫɧɨɦ ɫɠɚɬɢɢ ɜ ɭɫɥɨɜɢɹɯ ɜɨɡɞɟɣɫɬɜɢɹ 
ɦɧɨɝɨɤɪɚɬɧɨ ɩɪɢɤɥɚɞɵɜɚɟɦɵɯ ɧɚɝɪɭɡɨɤ. 

 

Ȼɢɛɥɢɨɝɪɚɮɢɱɟɫɤɢɣ ɫɩɢɫɨɤ 
 

1. ɂɧɫɬɪɭɤɰɢɹ ɩɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ ɞɨɪɨɠɧɵɯ 
ɨɞɟɠɞ ɧɟɠɟɫɬɤɨɝɨ ɬɢɩɚ. ȼɋɇ 46-72. Ɇ.: Ɍɪɚɧɫɩɨɪɬ, 
1973. – 110 ɫ. 

2. ɂɧɫɬɪɭɤɰɢɹ ɩɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ ɞɨɪɨɠɧɵɯ 
ɨɞɟɠɞ ɧɟɠɟɫɬɤɨɝɨ ɬɢɩɚ. ȼɋɇ 46-83. Ɇ.: Ɍɪɚɧɫɩɨɪɬ, 
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CALCULATION OF ASPHALT CONCRETE 
PAVEMENTS ON SHEAR STRENGTH TAKING 

INTO ACCOUNT THE ACCUMULATION  
F MICRODAMAGE 

 

N.P. Alexandrova, V.V. Chusov 
 

Abstract. The article analyzes the working 
conditions of asphalt at high summer temperatures, 
and shows that in such conditions, asphalt pavement 
experiencing plastic shear strain. Such deformations 
are due to the loss of the ability of asphalt to work on 
bending, resulting throughout the coating thickness of 
the material tests triaxial compression. The authors 
propose to perform inspection of asphalt in the 
pavement on the shear strength, using for this 
purpose a modified criterion of Mohr – Coulomb, 
which includes three material parameter and a 
measure of theory of damage (the continuity of L. M. 
Kachanov or damage Y. Rabotnov). By use of integral 
equations of hereditary theories received 
mathematical model changes the integrity and 
damage when exposed to repeated loads. 

 

Keywords: Strength criterion, plasticity condition, 
damage of Y.N. Rabotnova, continuity L.M. Kachanov, 
twin shear criterion. 
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Аɧɧɨɬɚɰиɹ. ȼ ɫɬɚɬɶɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɨɱɧɨɫɬɢ 
ɢɡɝɨɬɨɜɥɟɧɢɹ ɢ ɦɨɧɬɚɠɚ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɤɨɥɨɧɧ ɠɢɥɨɝɨ ɡɞɚɧɢɹ, ɜɨɡɜɟɞɟɧɧɨɝɨ ɩɨ 
ɬɟɯɧɨɥɨɝɢɢ «ɄɍȻ 2,5».ȼ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɢɫɩɨɥɶɡɨɜɚɧ ɦɚɬɟɦɚɬɢɱɟɫɤɢɣ ɚɩɩɚɪɚɬ 
ɬɟɨɪɢɢ ɜɟɪɨɹɬɧɨɫɬɟɣ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɫɬɚɬɢɫɬɢɤɢ. ɉɨɝɪɟɲɧɨɫɬɢ ɢɡɝɨɬɨɜɥɟɧɢɹ 
ɢ ɦɨɧɬɚɠɚ ɤɨɥɨɧɧ ɛɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ ɤɚɤ ɫɥɭɱɚɣɧɵɟ ɜɟɥɢɱɢɧɵ ɜ ɦɚɥɵɯ ɜɵɛɨɪɤɚɯ. 
ɉɨɥɭɱɟɧɧɵɟ ɝɢɫɬɨɝɪɚɦɦɵ ɨɬɨɛɪɚɠɚɸɬ ɷɦɩɢɪɢɱɟɫɤɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨɝɪɟɲɧɨɫɬɟɣ. 
Ʉɪɢɜɵɟ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨɫɬɪɨɟɧɵ ɩɨ ɡɧɚɱɟɧɢɹɦ ɜɟɪɨɹɬɧɨɫɬɟɣ ɞɥɹ 
ɤɚɠɞɨɝɨ ɢɧɬɟɪɜɚɥɚ ɜ ɢɫɫɥɟɞɭɟɦɨɣ ɫɨɜɨɤɭɩɧɨɫɬɢ. ɋɬɟɩɟɧɶ ɛɥɢɡɨɫɬɢ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ 
ɢ ɷɦɩɢɪɢɱɟɫɤɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɣ ɨɰɟɧɢɜɚɥɚɫɶ ɩɨ ɤɪɢɬɟɪɢɹɦ Ʉ. ɉɢɪɫɨɧɚ, Ȼ.ɋ. 
əɫɬɪɟɦɫɤɨɝɨ ɢ Ⱥ.ɇ. Ʉɨɥɦɨɝɨɪɨɜɚ. Ɉɩɪɟɞɟɥɟɧɵ ɤɥɚɫɫɵ ɬɨɱɧɨɫɬɢ ɞɟɣɫɬɜɢɬɟɥɶɧɵɯ ɢ 
ɧɨɦɢɧɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ. Ɋɚɫɫɦɨɬɪɟɧɵ ɩɪɟɢɦɭɳɟɫɬɜɚ ɬɟɯɧɨɥɨɝɢɣ «ɄɍȻ 
2,5» ɢ «ɄɍȻ 3V», ɜɨɩɪɨɫɵ ɜɧɟɞɪɟɧɢɹ ɜ ɋɢɛɢɪɫɤɨɦ ɪɟɝɢɨɧɟ. 

 

Кɥɸɱеɜые ɫɥɨɜɚ: ɫɛɨɪɧɨ-ɦɨɧɨɥɢɬɧɵɟ ɛɟɡɪɢɝɟɥɶɧɵɟ ɤɚɪɤɚɫɵ ɡɞɚɧɢɣ, ɬɨɱɧɨɫɬɶ 
ɢɡɝɨɬɨɜɥɟɧɢɹ ɢ ɦɨɧɬɚɠɚ. 
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Ɉɞɧɢɦ ɢɡ ɚɫɩɟɤɬɨɜ ɤɚɱɟɫɬɜɚ ɜɨɡɜɨɞɢɦɵɯ 

ɨɛɴɟɤɬɨɜ ɹɜɥɹɟɬɫɹ ɬɨɱɧɨɫɬɶ ɢɡɝɨɬɨɜɥɟɧɢɹ ɢ 
ɦɨɧɬɚɠɚ ɤɨɧɫɬɪɭɤɰɢɣ ɡɞɚɧɢɣ. ɋɜɨɟɜɪɟɦɟɧɧɵɣ 

ɚɧɚɥɢɡ ɤɚɱɟɫɬɜɚ ɜɨɡɜɨɞɢɦɵɯ ɨɛɴɟɤɬɨɜ 
ɩɨɡɜɨɥɹɟɬ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɬɶ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ, ɫɩɨɫɨɛɫɬɜɭɟɬ 
ɨɛɟɫɩɟɱɟɧɢɸ ɫɨɛɢɪɚɟɦɨɫɬɢ ɡɞɚɧɢɣ ɢ 
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