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ȺɇɇɈɌȺɐɂə 

 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɧɚ ɬɟɦɭ " Ⱥɜɬɨɦɚɬɢɡɚɰɢɹ 

ɧɟɪɚɡɪɭɲɚɸɳɟɝɨ ɤɨɧɬɪɨɥɹ ɭɩɥɨɬɧɟɧɢɹ ɞɨɪɨɠɧɨɝɨ ɩɨɤɪɵɬɢɹ" ɫɨɞɟɪɠɢɬ 55 

ɫɬɪɚɧɢɰ (ɫɱɢɬɚɬɶ ɫ ɩɪɢɥɨɠɟɧɢɹɦɢ) ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 3 ɩɪɢɥɨɠɟɧɢɟ, 31 

ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ. 

ɍɉɅɈɌɇȿɇɂȿ, ɄȺɌɈɄ, ȼȺɅȿɐ, ȼɂȻɊȺɐɂɈɇɇɕɃ ɄȺɌɈɄ, 

ȺɋɎȺɅɖɌɈȻȿɌɈɇɇȺə ɋɆȿɋɖ, ɋɂɋɌȿɆȺ ɇȿɉɊɂɊɕȼɇɈȽɈ ɄɈɇɌɊɈɅə, 

ɆȺɌȿɆȺɌɂɑȿɋɄȺə ɆɈȾȿɅɖ, ɂɆɂɌȺɐɂɈɇɇȺə ɆɈȾȿɅɖ. 

ɐɟɥɶ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ: 

1) ɉɨɜɵɲɟɧɢɟ ɤɚɱɟɫɬɜɚ ɞɨɪɨɠɧɨɝɨ ɩɨɤɪɵɬɢɹ ɫɢɫɬɟɦ 

ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ ɞɨɪɨɠɧɨɝɨ ɩɨɤɪɵɬɢɹ.  

2) ɍɥɭɱɲɟɧɢɟ ɚɩɩɚɪɚɬɚ, ɢɡɭɱɚɸɳɟɝɨ ɤɚɱɟɫɬɜɟɧɧɵɟ ɢ ɩɪɨɱɧɨɫɬɧɵɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɬɢ. 

3) ɂɡɭɱɟɧɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɜɨɡɞɟɣɫɬɜɢɹ ɫɢɥ ɧɚ 

ɜɢɛɪɚɰɢɨɧɧɵɣ ɜɚɥɟɰ. 

4) ɋɨɡɞɚɧɢɟ ɢɦɢɬɚɰɢɨɧɧɨɣ ɦɨɞɟɥɢ ɜ Matlab Simulinc 

5) ɋɢɧɬɟɡ ɪɟɝɭɥɹɬɨɪɚ ɭɩɪɚɜɥɟɧɢɹ 

Ɂɚɞɚɱɢ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ: 

1) ɂɡɭɱɢɬɶ ɬɟɤɭɳɟɟ ɫɨɫɬɨɹɧɢɟ ɬɟɯɧɨɥɨɝɢɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 

ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɵɯ ɞɨɪɨɠɧɵɯ ɩɨɤɪɵɬɢɣ, ɭɫɬɪɨɣɫɬɜɨ ɫɨɜɪɟɦɟɧɧɵɯ ɬɢɩɨɜ 

ɜɢɛɪɨɤɚɬɤɨɜ, ɨɫɭɳɟɫɬɜɥɹɸɳɢɯ ɭɩɥɨɬɧɟɧɢɟ ɞɨɪɨɠɧɨɝɨ ɩɨɤɪɵɬɢɹ. 

2) ɂɡɭɱɢɬɶ ɪɵɧɨɤ ɫɭɳɟɫɬɜɭɸɳɢɯ ɫɢɫɬɟɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 

ɩɪɨɰɟɫɫɨɦ ɭɩɥɨɬɧɟɧɢɹ ɞɨɪɨɠɧɨɝɨ ɩɨɤɪɵɬɢɹ ɜɢɛɪɚɰɢɨɧɧɵɦɢ ɤɚɬɤɚɦɢ. 

3) Ɋɚɫɫɦɨɬɪɟɬɶ ɫɨɜɪɟɦɟɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ 

ɭɩɥɨɬɧɟɧɢɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɵɯ ɩɨɤɪɵɬɢɣ. 

4) ɂɫɫɥɟɞɨɜɚɬɶ ɫɨɫɬɨɹɧɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ 

ɭɩɥɨɬɧɟɧɢɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɝɨ ɩɨɤɪɵɬɢɹ ɜɢɛɪɚɰɢɨɧɧɵɦɢ ɤɚɬɤɚɦɢ. 
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ȼȼȿȾȿɇɂȿ 
 

ȼ ɫɨɜɪɟɦɟɧɧɨɦ ɦɢɪɟ ɞɨɪɨɠɧɨ-ɬɪɚɧɫɩɨɪɬɧɵɣ ɤɨɦɩɥɟɤɫ ɹɜɥɹɟɬɫɹ ɜɚɠɧɵɦ 

ɡɜɟɧɨɦ ɨɛɳɟɣ ɬɪɚɧɫɩɨɪɬɧɨɣ ɫɢɫɬɟɦɵ ɥɸɛɨɣ ɫɬɪɚɧɵ, ɛɟɡ ɤɨɬɨɪɨɝɨ ɧɟ ɦɨɠɟɬ 

ɮɭɧɤɰɢɨɧɢɪɨɜɚɬɶ ɧɢ ɨɞɧɚ ɨɬɪɚɫɥɶ ɷɤɨɧɨɦɢɤɢ ɫɬɪɚɧɵ.  

ɋ ɬɟɱɟɧɢɟɦ ɜɪɟɦɟɧɢ ɜɫɟ ɛɨɥɶɲɟ ɜɨɡɪɚɫɬɚɟɬ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɞɨɪɨɠɧɨɝɨ 

ɞɜɢɠɟɧɢɹ, ɜɫɟ ɱɚɳɟ ɥɸɞɢ ɧɚɱɢɧɚɸɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɛɨɥɶɲɟɝɪɭɡɧɵɟ ɚɜɬɨɦɨɛɢɥɢ. 

ȼɫɟ ɷɬɨ ɩɪɢɜɨɞɢɬ ɭɜɟɥɢɱɟɧɢɸ ɧɚɝɪɭɡɤɢ ɧɚ ɞɨɪɨɠɧɭɸ ɫɟɬɶ, ɞɨɪɨɝɢ ɧɚɱɢɧɚɸɬ 

ɛɵɫɬɪɟɟ ɢɡɧɚɲɢɜɚɬɶɫɹ. ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɜɨɡɧɢɤɚɟɬ ɨɫɬɪɚɹ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɤ 

ɭɜɟɥɢɱɟɧɢɸ ɜ ɪɟɦɨɧɬɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɞɨɪɨɠɧɵɯ ɪɚɛɨɬɚɯ. ɑɬɨ ɜ ɫɜɨɸ 

ɨɱɟɪɟɞɶ ɧɟɜɨɡɦɨɠɧɨ ɛɟɡ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɩɨɜɵɲɟɧɢɹ ɬɟɯɧɢɱɟɫɤɨɝɨ ɭɪɨɜɧɹ ɢ 

ɭɥɭɱɲɟɧɢɹ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɞɨɪɨɝ.  

ɍɪɨɜɟɧɶ ɪɚɡɜɢɬɢɹ ɢ ɬɟɯɧɢɱɟɫɤɨɟ ɫɨɫɬɨɹɧɢɟ ɞɨɪɨɠɧɨɣ ɫɟɬɢ ɫɭɳɟɫɬɜɟɧɧɨ 

ɜɥɢɹɸɬ ɧɚ ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɢ ɫɨɰɢɚɥɶɧɨɟ ɪɚɡɜɢɬɢɟ ɤɚɤ ɫɬɪɚɧɵ ɜ ɰɟɥɨɦ, ɬɚɤ ɢ ɟɟ 

ɨɬɞɟɥɶɧɵɯ ɪɟɝɢɨɧɨɜ, ɩɨɫɤɨɥɶɤɭ ɧɚɞɟɠɧɵɟ ɬɪɚɧɫɩɨɪɬɧɵɟ ɫɜɹɡɢ ɫɩɨɫɨɛɫɬɜɭɸɬ 

ɩɨɜɵɲɟɧɢɸ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɨɫɧɨɜɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ 

ɮɨɧɞɨɜ, ɬɪɭɞɨɜɵɯ ɢ ɦɚɬɟɪɢɚɥɶɧɨ-ɬɟɯɧɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ, ɩɨɜɵɲɟɧɢɸ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɬɪɭɞɚ.  

Ɍɟɤɭɳɚɹ ɞɨɪɨɠɧɚɹ ɫɢɬɭɚɰɢɹ ɜ ɫɬɪɚɧɟ ɫɬɨɢɬ ɧɚ ɫɥɨɠɧɨɦ ɷɬɚɩɟ ɪɚɡɜɢɬɢɹ, 

ɤɨɝɞɚ ɨɬ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɧɨɜɵɯ ɞɨɪɨɝ ɞɨɪɨɠɧɵɟ 

ɨɪɝɚɧɢɡɚɰɢɢ ɩɨɫɬɟɩɟɧɧɨ ɢ ɧɟɭɤɥɨɧɧɨ ɩɟɪɟɯɨɞɹɬ ɤ ɩɨɜɵɲɟɧɢɸ ɬɟɯɧɢɱɟɫɤɨɝɨ 

ɭɪɨɜɧɹ ɢ ɷɤɫɩɥɭɬɚɰɢɨɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɫɭɳɟɫɬɜɭɸɳɢɯ ɞɨɪɨɝ, ɤɚɩɢɬɚɥɶɧɨɫɬɢ 

ɞɨɪɨɠɧɵɯ ɨɞɟɠɞ, ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɞɨɪɨɝ ɢ ɦɨɫɬɨɜ. ɇɚ ɩɟɪɜɨɟ ɦɟɫɬɨ ɜɵɞɜɢɝɚɸɬɫɹ 

ɡɚɞɚɱɢ ɩɨɜɵɲɟɧɢɸ ɫɤɨɪɨɫɬɢ, ɭɞɨɛɫɬɜɚ ɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɞɜɢɠɟɧɢɹ, ɢɧɠɟɧɟɪɧɨɝɨ 

ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɭɞɨɛɫɬɜɚ ɞɨɪɨɝ, ɚɪɯɢɬɟɤɬɭɪɧɨɝɨ ɷɫɬɟɬɢɱɟɫɤɨɝɨ ɨɮɨɪɦɥɟɧɢɹ. 

ȼ ɫɜɹɡɢ ɫ ɪɨɫɬɨɦ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɞɜɢɠɟɧɢɹ ɢ ɧɚɝɪɭɡɨɤ ɧɚ ɨɫɶ 

ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ, ɩɨɜɵɲɚɸɬɫɹ ɬɪɟɛɨɜɚɧɢɹ ɤ ɤɚɱɟɫɬɜɭ ɭɩɥɨɬɧɟɧɢɹ 

ɝɪɭɧɬɨɜɵɯ ɨɫɧɨɜɚɧɢɣ ɢ ɞɨɪɨɠɧɵɯ ɩɨɤɪɵɬɢɣ.  
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ɍɩɥɨɬɧɟɧɢɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɪɨɰɟɫɫ, ɩɪɢ ɤɨɬɨɪɨɦ ɨɛɴɟɦ ɜɨɡɞɭɯɚ ɜ 

ɞɨɪɨɠɧɨɦ ɩɨɤɪɵɬɢɢ ɭɦɟɧɶɲɚɟɬɫɹ ɡɚ ɫɱɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɧɟɲɧɢɯ ɜɨɡɞɟɣɫɬɜɢɣ. 

Ɇɧɨɝɨɱɢɫɥɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɬɟɥɢ ɡɚɹɜɢɥɢ, ɱɬɨ ɭɩɥɨɬɧɟɧɢɟ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɶɲɢɦ 

ɨɩɪɟɞɟɥɹɸɳɢɦ ɮɚɤɬɨɪɨɦ ɜ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɩɥɨɬɧɨɝɨ ɞɨɪɨɠɧɨɝɨ 

ɩɨɤɪɵɬɢɹ. ȼɨɡɞɭɲɧɵɟ ɩɭɫɬɨɬɵ, ɧɚɯɨɞɹɳɢɟɫɹ ɜ ɝɪɭɧɬɨɜɨɦ ɨɫɧɨɜɚɧɢɢ, ɦɨɝɭɬ 

ɩɪɢɜɟɫɬɢ ɤ ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɫɨɤɪɚɳɟɧɢɸ ɫɪɨɤɚ ɫɥɭɠɛɵ ɞɨɪɨɠɧɨɝɨ ɩɨɤɪɵɬɢɹ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɞɥɹ ɭɩɥɨɬɧɟɧɢɹ ɞɨɪɨɠɧɨɝɨ ɩɨɤɪɵɬɢɹ ɢɫɩɨɥɶɡɭɸɬ 

ɞɨɪɨɠɧɵɟ ɤɚɬɤɢ ɧɟɫɤɨɥɶɤɢɯ ɬɢɩɨɜ, ɨɛɵɱɧɵɟ ɢ ɜɢɛɪɚɰɢɨɧɧɵɟ. ɉɨɫɥɟɞɧɢɟ ɜɫɟ 

ɛɨɥɶɲɟ ɡɚɜɨёɜɵɜɚɸɬ ɪɵɧɨɤ ɡɚ ɫɱɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɜɟɪɬɢɤɚɥɶɧɨɣ 

ɧɚɝɪɭɡɤɢ, ɩɨɥɭɱɚɟɦɨɣ ɛɥɚɝɨɞɚɪɹ ɷɤɫɰɟɧɬɪɢɤɨɜɨɣ ɦɚɫɫɟ ɜɢɛɪɢɪɭɸɳɟɝɨ 

ɛɚɪɚɛɚɧɚ. Ʉɨɬɨɪɚɹ ɫɦɟɳɚɟɬɫɹ ɤɨɧɰɟɧɬɪɢɱɟɫɤɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ ɛɚɪɚɛɚɧɚ, ɱɬɨ 

ɩɪɢɜɨɞɢɬ ɤ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɜɟɪɬɢɤɚɥɶɧɨɣ ɧɚɝɪɭɡɤɟ, ɩɨɡɜɨɥɹɹ ɩɨɥɭɱɢɬɶ ɛɨɥɟɟ 

ɫɢɥɶɧɨɟ ɭɩɥɨɬɧɟɧɢɟ.  

ɋɭɳɟɫɬɜɭɸɬ ɞɜɟ ɨɫɧɨɜɧɵɟ ɝɪɭɩɩɵ ɜɢɛɪɚɰɢɨɧɧɵɯ ɤɚɬɤɨɜ: ɝɪɭɧɬɨɜɵɟ ɢ 

ɚɫɮɚɥɶɬɨɜɵɟ. Ɉɧɢ ɪɚɡɥɢɱɚɸɬɫɹ ɧɟ ɬɨɥɶɤɨ ɤɨɥɢɱɟɫɬɜɨɦ ɢ ɜɢɞɚɦɢ ɢɦɟɸɳɢɯɫɹ 

ɛɚɪɚɛɚɧɨɜ, ɧɨ ɢ ɬɪɟɛɨɜɚɧɢɹɦɢ ɤ ɞɢɧɚɦɤɟ. ɉɨɤɚ ɱɚɫɬɨɬɚ ɤɨɥɟɛɚɧɢɣ ɢ, 

ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɟɪɬɢɤɚɥɶɧɚɹ ɫɢɥɚ, ɩɨɥɭɱɚɟɦɚɹ ɨɬ ɜɪɚɳɚɸɳɟɝɨɫɹ ɞɢɫɛɚɥɚɧɫɚ, 

ɦɚɥɵ, ɪɨɥɢɤ ɞɟɣɫɬɜɭɟɬ ɤɚɤ ɥɢɧɟɣɧɚɹ ɫɢɫɬɟɦɚ. Ʉɚɤ ɬɨɥɶɤɨ ɱɚɫɬɨɬɚ ɜɢɛɪɚɰɢɢ 

ɫɢɥɶɧɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɤɚɬɨɤ ɧɚɱɢɧɚɟɬ ɬɟɪɹɬɶ ɤɨɧɬɚɤɬ ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ, ɤɨɬɨɪɭɸ 

ɭɩɥɨɬɧɹɟɬ. Ɇɚɲɢɧɚ ɧɚɱɢɧɚɟɬ ɩɟɪɢɨɞɢɱɟɫɤɢ ɩɨɞɩɪɵɝɢɜɚɬɶ. ɉɨɬɟɪɹ ɤɨɧɬɚɤɬɚ ɫ 

ɩɨɜɟɪɯɧɨɫɬɶɸ ɩɪɟɜɪɚɳɚɟɬ ɥɢɧɟɣɧɨɟ ɩɨɜɟɞɟɧɢɟ ɜ ɧɟɥɢɧɟɣɧɨɟ. Ɍɚɤɢɟ ɪɟɠɢɦɵ 

ɪɚɛɨɬɵ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɢ ɭɩɥɨɬɧɟɧɢɢ ɝɪɭɧɬɚ.[1]  



 

6 
 
 

1 Ɍɟɯɧɨɥɨɝɢя ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɞɨɪɨɝ 
 

1.1 Ɉɫɧɨɜɧɵɟ ɷɬɚɩɵ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɞɨɪɨɠɧɵɯ ɩɨɤɪɵɬɢɣ  
  

ɋɭɳɟɫɬɜɭɟɬ ɪɚɡɥɢɱɧɨɟ ɦɧɨɠɟɫɬɜɨ ɬɢɩɨɜ ɞɨɪɨɝ ɨɬ ɝɪɭɧɬɨɜɵɯ ɫɟɥɶɫɤɢɯ ɞɨ 

ɲɢɪɨɤɨɩɨɥɨɫɧɵɯ ɝɨɪɨɞɫɤɢɯ ɦɚɝɢɫɬɪɚɥɟɣ. ȼɧɟ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ ɞɨɪɨɝɢ, 

ɬɪɟɛɭɟɬɫɹ ɞɨɫɬɢɠɟɧɢɟ ɧɟɨɛɯɨɞɢɦɵɯ ɤɚɱɟɫɬɜɟɧɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ, ɤɨɬɨɪɵɟ 

ɡɚɜɢɫɹɬ ɨɬ ɩɪɢɦɟɧɹɟɦɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɬɟɯɧɨɥɨɝɢɣ ɢ ɭɫɥɨɜɢɣ ɫɬɪɨɢɬɟɥɶɫɬɜɚ. [2]  

ɂɡ-ɡɚ ɫ ɭɜɟɥɢɱɟɧɢɹ ɦɚɫɫɵ ɢ ɫɤɨɪɨɫɬɟɣ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ, 

ɧɚɤɥɚɞɵɜɚɟɦɵɟ ɧɚɝɪɭɡɤɢ ɧɚ ɞɨɪɨɠɧɭɸ ɫɟɬɶ ɩɨɫɬɨɹɧɧɨ ɭɜɟɥɢɱɢɜɚɸɬɫɹ. ɉɨɷɬɨɦɭ 

ɧɟɨɛɯɨɞɢɦɨ ɭɜɟɥɢɱɢɬɶ ɬɪɟɛɨɜɚɧɢɹ ɤ ɭɩɥɨɬɧɟɧɢɸ ɞɨɪɨɠɧɨɝɨ ɩɨɤɪɵɬɢɹ, ɱɬɨ, 

ɜɥɢɹɟɬ ɧɚ ɪɚɡɜɢɬɢɟ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɷɬɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɢ 

ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɧɚ ɢɯ ɨɫɧɨɜɟ ɤɨɧɫɬɪɭɤɰɢɣ ɞɨɪɨɠɧɵɯ ɤɚɬɤɨɜ, ɬɟɯɧɨɥɨɝɢɢ 

ɭɩɥɨɬɧɟɧɢɹ ɫɦɟɫɢ ɢ ɫɚɦɨɝɨ ɞɨɪɨɠɧɨɝɨ ɩɨɤɪɵɬɢɹ.  

Ɍɟɯɧɨɥɨɝɢɹ ɫɨɡɞɚɧɢɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɵɯ ɩɨɤɪɵɬɢɣ ɫɨɫɬɨɢɬ ɢɡ: 

ɩɨɞɝɨɬɨɜɢɬɟɥɶɧɵɯ ɪɚɛɨɬɵ, ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ ɢ ɭɤɥɚɞɤɟ ɚɫɮɚɥɶɬɨɜɨɣ ɫɦɟɫɢ ɢ 

ɩɪɨɰɟɫɫɚ ɟɟ ɭɩɥɨɬɧɟɧɢɹ.  

ȼɟɫɶ ɩɪɨɰɟɫɫ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɞɨɪɨɝɢ ɧɚɱɢɧɚɟɬɫɹ ɫ 

ɪɚɡɦɟɬɤɢ ɬɟɪɪɢɬɨɪɢɢ [2]. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɬɨɥɳɢɧɚ ɳɟɛɟɧɨɱɧɨɝɨ ɨɫɧɨɜɚɧɢɹ, ɚ 

ɬɚɤɠɟ ɫɨɫɬɚɜ ɩɨɤɪɵɬɢɹ ɨɧɢ ɡɚɜɢɫɹɬ ɨɬ ɭɪɨɜɧɹ ɢɫɩɵɬɵɜɚɟɦɵɯ ɧɚɝɪɭɡɨɤ ɞɨɪɨɝɢ ɢ 

ɟɟ ɧɚɡɧɚɱɟɧɢɹ. 

Ɍɨɥɳɢɧɚ ɩɨɤɪɵɬɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɨɬ ɩɪɟɞɩɨɥɚɝɚɟɦɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɞɨɪɨɝɢ. ɉɪɢɦɟɪɧɚɹ ɦɢɧɢɦɚɥɶɧɚɹ ɬɨɥɳɢɧɚ ɫɥɨɹ ɞɨɥɠɧɚ ɫɨɫɬɚɜɥɹɟɬ 3-5 ɫɦ. ȿɫɥɢ 

ɞɨɪɨɝɚ ɛɭɞɟɬ ɢɧɬɟɧɫɢɜɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɩɨɤɪɵɬɢɟ ɤɥɚɞɭɬ ɜ ɧɟɫɤɨɥɶɤɨ ɫɥɨɟɜ, ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɡɧɨɣ ɡɟɪɧɢɫɬɨɫɬɢ. ɋɧɚɱɚɥɚ ɤɥɚɞɭɬ ɤɪɭɩɧɨɡɟɪɧɢɫɬɵɣ ɫɥɨɣ 

ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ, ɛɥɢɠɟ ɤ ɤɨɧɰɭ ɡɟɪɧɢɫɬɨɫɬɶ ɫɧɢɠɚɟɬɫɹ ɢ ɜ ɤɨɧɰɟ ɤɥɚɞёɬɫɹ 

ɦɟɥɤɨɡɟɪɧɢɫɬɵɣ ɫɥɨɣ. Ⱦɥɹ ɫɰɟɩɥɟɧɢɹ ɫɥɨɟɜ ɜ ɩɨɫɥɨɣɧɨɣ ɭɤɥɚɞɤɟ ɢɫɩɨɥɶɡɭɟɬɫɹ 

ɪɚɫɬɨɩɥɟɧɧɵɣ ɛɢɬɭɦ. ɉɟɪɟɞ ɧɚɧɟɫɟɧɢɟɦ ɩɨɫɥɟɞɭɸɳɢɯ ɫɥɨɟɜ ɩɪɟɞɵɞɭɳɢɟ 

ɩɨɥɢɜɚɸɬ ɛɢɬɭɦɨɦ. [3] 
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ɋɭɳɟɫɬɜɭɸɬ ɧɟɫɤɨɥɶɤɨ ɪɚɡɥɢɱɧɵɯ ɩɨɞɯɨɞɚ ɤ ɭɤɥɚɞɤɟ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɝɨ 

ɩɨɤɪɵɬɢɹ: ɭɤɥɚɞɤɚ ɧɚ ɯɨɥɨɞɧɭɸ ɢ ɭɤɥɚɞɤɚ ɧɚ ɝɨɪɹɱɭɸ.  ɍɤɥɚɞɤɚ ɧɚ ɯɨɥɨɞɧɭɸ ɜ 

ɨɫɧɨɜɧɨɦ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɢ ɹɦɨɱɧɨɦ ɪɟɦɨɧɬɟ ɞɨɪɨɠɧɨɝɨ ɩɨɤɪɵɬɢɹ. ɉɪɢ ɷɬɨɦ 

ɩɨɤɪɵɬɢɟ ɩɨɧɟɦɧɨɝɭ ɬɟɪɹɟɬ ɫɜɨɸ ɩɪɨɱɧɨɫɬɶ. ɉɨɷɬɨɦɭ ɫɪɚɡɭ ɧɟɨɛɯɨɞɢɦɨ ɞɚɧɧɨɟ 

ɦɟɫɬɨ ɭɩɥɨɬɧɢɬɶ. 

Ʉɨɝɞɚ ɩɪɨɢɫɯɨɞɢɬ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɧɨɜɨɣ ɞɨɪɨɝɢ, ɢɥɢ ɠɟ ɤɚɩɢɬɚɥɶɧɵɣ 

ɪɟɦɨɧɬ ɫɬɚɪɨɣ ɩɪɢɛɟɝɚɸɬ ɤ ɫɩɨɫɨɛɭ ɭɤɥɚɞɤɢ ɚɫɮɚɥɶɬɚ ɧɚ ɝɨɪɹɱɭɸ. 

ɍɤɥɚɞɵɜɚɟɦɚɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɚɹ ɫɦɟɫɶ ɞɨɥɠɧɚ ɛɵɬɶ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ. 

ɉɨɷɬɨɦɭ ɧɚ ɦɟɫɬɨ ɫɬɪɨɣɤɢ ɟɟ ɞɨɫɬɚɜɥɹɸɬ ɦɚɲɢɧɚɦɢ ɫɪɚɡɭ ɫ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɵɯ 

ɡɚɜɨɞɨɜ (ȺȻɁ). ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɦɚɪɤɢ ɢ ɬɢɩɚ ɢɫɩɨɥɶɡɭɟɦɵɯ ɦɚɲɢɧ ɨɞɧɚ ɬɚɤɚɹ 

ɦɚɲɢɧɚ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɞɨ 20 ɬɨɧɧ ɝɨɪɹɱɟɝɨ ɦɚɬɟɪɢɚɥɚ.  ɂɡ 1 ɬɨɧɧɵ ɬɚɤɨɝɨ 

ɦɚɬɟɪɢɚɥɚ ɦɨɠɟɬ ɩɨɥɭɱɢɬɶ ɞɨ 10 ɤɜɚɞɪɚɬɧɵɯ ɦɟɬɪɨɜ ɩɨɤɪɵɬɢɹ ɧɟɛɨɥɶɲɨɣ 

ɬɨɥɳɢɧɵ. ȼ ɢɞɟɚɥɟ ɧɚ ɦɟɫɬɨ ɫɬɪɨɣɤɢ ɞɨɥɠɟɧ ɢɞɬɢ ɩɨɫɬɨɹɧɧɵɣ ɩɨɬɨɤ ɦɚɲɢɧ ɫ 

ɝɨɪɹɱɢɦ ɦɚɬɟɪɢɚɥɨɦ, ɞɚɛɵ ɨɛɟɫɩɟɱɢɬɶ ɛɟɫɩɟɪɟɛɨɣɧɭɸ ɪɚɛɨɬɭ ɩɨ ɭɤɥɚɞɤɢ 

ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɝɨ ɩɨɤɪɵɬɢɹ. [4] 

ɋɚɦ ɩɪɨɰɟɫɫ ɩɨɫɬɪɨɣɤɢ ɞɨɪɨɝɢ ɫɨɫɬɨɢɬ ɢɡ ɷɬɚɩɚ ɟɝɨ ɭɤɥɚɞɤɢ ɧɚ 

ɭɩɥɨɬɧɟɧɧɭɸ ɝɪɭɧɬɨɜɭɸ ɩɨɞɭɲɤɭ ɢ ɩɨɫɥɟɞɭɸɳɢɦ ɟɝɨ ɭɩɥɨɬɧɟɧɢɟɦ 

ɜɢɛɪɚɰɢɨɧɧɵɦɢ ɤɚɬɤɚɦɢ. ɉɪɨɰɟɫɫ ɭɩɥɨɬɧɟɧɢɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɝɨ ɩɨɤɪɵɬɢɹ 

ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɩɨɜɟɪɯɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ ɞɨɥɠɧɚ ɧɚɤɚɩɥɢɜɚɬɶ ɜ ɫɟɛɟ 

ɨɫɬɚɬɨɱɧɵɟ ɞɟɮɨɪɦɚɰɢɢ. Ɍɨ ɟɫɬɶ ɑɚɫɬɢɰɵ ɨɞɧɨɝɨ ɫɥɨɹ ɭɩɥɨɬɧɹɟɦɨɝɨ ɩɨɤɪɵɬɢɹ 

ɞɨɥɠɧɵ ɢɡ-ɡɚ ɫɢɥɶɧɨɣ ɧɚ ɧɢɯ ɧɚɝɪɭɡɤɢ ɢɡɜɧɟ ɩɪɨɧɢɤɚɬɶ ɦɟɠɞɭ ɱɚɫɬɢɰɚɦɢ 

ɞɪɭɝɨɝɨ ɫɥɨɹ.  ȼɨɡɦɨɠɧɨɫɬɶ ɬɚɤɢɯ ɩɪɨɧɢɤɧɨɜɟɧɢɣ ɱɚɫɬɢɰ ɦɟɠɞɭ ɫɥɨɹɦɢ 

ɜɨɡɧɢɤɚɟɬ ɜ ɦɚɬɟɪɢɚɥɟ ɜ ɬɨɬ ɦɨɦɟɧɬ, ɤɨɝɞɚ ɭɫɢɥɢɟ ɞɚɜɥɟɧɢɹ, ɬɪɚɦɛɭɸɳɟɝɨ 

ɜɢɛɪɨɜɚɥɶɰɚ ɩɪɟɜɵɲɚɸɬ ɩɪɨɱɧɨɫɬɶ ɫɞɜɢɝɚ. 

ȼɨɡɦɨɠɧɨɫɬɶ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɞɟɮɨɪɦɚɰɢɢ ɡɚɜɢɫɢɬ ɨɬ ɜɹɡɤɨɫɬɢ 

ɦɚɬɟɪɢɚɥɚ, ɟɝɨ ɫɞɜɢɝɨɜɨɣ ɩɪɨɱɧɨɫɬɢ, ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢ ɤɨɬɨɪɨɣ ɩɪɨɢɫɯɨɞɢɬ 

ɞɟɮɨɪɦɚɰɢɹ, ɢ ɫɤɨɪɨɫɬɢ ɫ ɤɨɬɨɪɨɣ ɨɧɚ ɞɟɣɫɬɜɭɟɬ. [5] 

ɉɨ ɦɟɪɟ ɭɩɥɨɬɧɟɧɢɹ ɱɚɫɬɢɰɵ ɜɟɳɟɫɬɜɚ ɜɫɟ ɱɚɳɟ ɩɪɨɧɢɤɚɸɬ ɞɪɭɝ ɜ ɞɪɭɝɚ 

ɱɬɨ ɭɜɟɥɢɱɢɜɚɟɬ ɩɥɨɬɧɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ, ɩɨɷɬɨɦɭ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɭɩɥɨɬɧɟɧɢɹ 
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ɧɟɨɛɯɨɞɢɦɨ ɭɜɟɥɢɱɢɬɶ ɞɟɣɫɬɜɭɸɳɢɟ ɧɚɝɪɭɡɤɢ, ɱɚɳɟ ɜɫɟɝɨ ɷɬɨ ɞɟɥɚɟɬɫɹ ɩɭɬɟɦ 

ɡɚɦɟɧɵ ɤɚɬɤɚ ɧɚ ɛɨɥɟɟ ɦɚɫɫɢɜɧɵɣ. 

  

1.2 Ɂɧɚɱɢɦɨɫɬɶ ɭɩɥɨɬɧɟɧɢя  

  

Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɯɨɪɨɲɟɝɨ ɩɪɨɰɟɫɫɚ ɭɩɥɨɬɧɟɧɢɹ ɞɨɪɨɠɧɨɝɨ ɩɨɤɪɵɬɢɹ 

ɧɟɨɛɯɨɞɢɦɨ ɩɪɚɜɢɥɶɧɨ ɜɵɛɢɪɚɬɶ ɬɟɯɧɢɤɭ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɭɩɥɨɬɧɹɸɳɟɣ 

ɜɨɡɦɨɠɧɨɫɬɶɸ. ɉɨɞ ɭɩɥɨɬɧɹɸɳɟɣ ɜɨɡɦɨɠɧɨɫɬɶɸ ɫɬɚɬɢɱɟɫɤɨɝɨ ɢɥɢ 

ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɤɚɬɤɚ ɩɨɧɢɦɚɸɬ ɬɨɥɳɢɧɭ ɫɥɨɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ 

ɤɨɬɨɪɭɸ ɤɚɬɨɤ ɦɨɠɟɬ ɫɜɨɢɦɢ ɜɨɡɞɟɣɫɬɜɢɹɦɢ ɡɚ ɨɩɪɟɞɟɥɟɧɧɨɟ ɤɨɥɢɱɟɫɬɜɨ 

ɩɨɜɬɨɪɧɵɯ ɩɪɨɯɨɞɨɜ (6 – 10 ɪɚɡ) ɫɦɨɠɟɬ ɭɩɥɨɬɧɢɬɶ ɞɨ ɬɪɟɛɭɟɦɵɯ ɧɨɪɦ 

ɤɚɱɟɫɬɜɚ.  

ɋɬɟɩɟɧɶ ɭɩɥɨɬɧɟɧɢɹ ɞɨɫɬɚɬɨɱɧɨ ɫɢɥɶɧɨ ɜɥɢɹɟɬ ɧɚ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ 

ɩɨɤɚɡɚɬɟɥɢ ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ. Ⱦɥɹ ɭɩɥɨɬɧɟɧɢɹ ɫɦɟɫɢ ɩɪɢɦɟɧɹɸɬ ɥɟɝɤɢɟ, ɫɪɟɞɧɢɟ 

ɢ ɬɹɠɟɥɵɟ ɤɚɬɤɢ ɫɬɚɬɢɱɟɫɤɨɝɨ ɞɟɣɫɬɜɢɹ ɫ ɦɟɬɚɥɥɢɱɟɫɤɢɦɢ ɜɚɥɶɰɚɦɢ, 

ɜɢɛɪɚɰɢɨɧɧɵɟ ɤɚɬɤɢ ɢɥɢ ɤɚɬɤɢ ɧɚ ɩɧɟɜɦɨ-ɲɢɧɚɯ. ɍɬɪɚɦɛɨɜɤɭ ɚɫɮɚɥɶɬɚ 

ɧɟɨɛɯɨɞɢɦɨ ɧɚɱɢɧɚɬɶ ɥɟɝɤɢɦɢ ɤɚɬɤɚɦɢ ɨɬ ɤɪɚɹ ɩɪɨɟɡɠɟɣ ɱɚɫɬɢ ɤ ɫɟɪɟɞɢɧɟ ɫ 

ɩɟɪɟɤɪɵɬɢɟɦ ɫɥɟɞɚ. Ʉɨɥɢɱɟɫɬɜɨ ɩɪɨɯɨɞɨɜ ɡɚɜɢɫɢɬ ɨɬ ɬɢɩɚ ɫɦɟɫɢ, ɜɹɡɤɨɫɬɢ 

ɛɢɬɭɦɚ ɢ ɬɨɥɳɢɧɵ ɭɩɥɨɬɧɹɟɦɨɝɨ ɫɥɨɹ. [6] ɇɟ ɬɚɤ ɞɚɜɧɨ ɫɬɚɥɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɵ 

ɜɢɛɪɚɰɢɨɧɧɵɟ ɤɚɬɤɢ ɫ ɦɚɫɫɨɣ ɜɚɥɶɰɚ ɨɬ 1,5 ɞɨ 8 ɬ, ɩɨ ɷɮɮɟɤɬɭ ɭɩɥɨɬɧɟɧɢɹ ɨɧɢ 

ɫɩɨɫɨɛɧɵ ɡɚɦɟɧɢɬɶ ɫɨɛɨɣ ɫɬɚɬɢɱɟɫɤɢɟ ɤɚɬɤɢ ɦɚɫɫɨɣ ɨɬ10 ɞɨ 15 ɬ. 

 Ʉɨɝɞɚ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɟ ɩɨɤɪɵɬɢɟ ɭɫɬɚɧɨɜɥɟɧɨ, ɛɟɪɭɬɫɹ ɨɛɪɚɡɰɵ, ɩɨ 

ɤɨɬɨɪɵɦ ɜɵɱɢɫɥɹɟɬɫɹ ɬɨɥɳɢɧɚ ɞɚɧɧɨɝɨ ɫɥɨɹ, ɟɝɨ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ 

ɩɨɤɚɡɚɬɟɥɢ ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɭɩɥɨɬɧɟɧɢɹ. 

ɉɪɨɜɨɞɹ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɬɟɯɧɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɢ ɨɫɨɛɟɧɧɨɫɬɟɣ 

ɢɫɩɨɥɶɡɭɟɦɵɯ ɤɚɬɤɨɜ, ɛɵɥɨ ɜɵɹɜɥɟɧɨ ɧɟɫɤɨɥɶɤɨ ɨɬɪɢɰɚɬɟɥɶɧɵɯ ɦɨɦɟɧɬɨɜ, 

ɫɤɚɡɵɜɚɸɳɢɯɫɹ ɧɚ ɤɚɱɟɫɬɜɟ ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ. 
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Ɉɫɧɨɜɧɨɣ ɦɢɧɭɫ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɞɥɢɬɟɥɶɧɨɝɨ ɩɟɪɢɨɞɚ 

ɜɪɟɦɟɧɢ ɦɨɞɟɥɢ ɢ ɬɢɩɵ ɤɚɬɤɨɜ ɫɨɡɞɚɜɚɥɢɫɶ ɦɟɬɨɞɨɦ ɩɪɨɛ ɢ ɨɲɢɛɨɤ, ɬɨ ɟɫɬɶ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ. 

Ɍɚɤ ɠɟ ɬɟɯɧɨɥɨɝɢɢ ɬɪɚɦɛɨɜɚɧɢɹ ɢ ɢɯ ɫɪɟɞɫɬɜɚ ɡɚɤɥɸɱɚɸɬɫɹ ɜ ɜɨɥɶɧɨɦ ɢɥɢ 

ɧɟɜɨɥɶɧɨɦ ɢɝɧɨɪɢɪɨɜɚɧɢɢ ɜɥɢɹɧɢɹ ɬɨɥɳɢɧɵ ɭɩɥɨɬɧɹɟɦɨɝɨ ɫɥɨɹ 

ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ ɢ ɩɪɢɦɟɧɹɟɦɨɣ ɬɟɯɧɢɤɢ ɧɚ ɢɬɨɝɨɜɵɣ ɪɟɡɭɥɶɬɚɬ ɢɯ ɪɚɛɨɬɵ. 

ɉɪɢ ɭɫɬɪɨɣɫɬɜɟ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɵɯ ɩɨɤɪɵɬɢɣ ɨɩɬɢɦɚɥɶɧɵɯ ɬɨɥɳɢɧ ɧɟ 

ɨɩɪɟɞɟɥɹɸɬ, ɜ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɬɨɥɳɢɧɚ ɫɥɨɹ ɫɬɪɨɝɨ ɡɚɞɚɟɬɫɹ ɩɪɨɟɤɬɨɦ ɢ 

ɤɨɧɬɪɚɤɬɨɦ. [7] 

Ʉɨɝɞɚ ɫɬɚɬɢɱɟɫɤɚɹ ɬɟɯɧɨɥɨɝɢɹ ɛɵɥɚ ɟɞɢɧɫɬɜɟɧɧɨɣ, ɡɚɞɚɱɚ ɤɚɱɟɫɬɜɟɧɧɨɝɨ 

ɭɩɥɨɬɧɟɧɢɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ ɡɚɤɥɸɱɚɥɚɫɶ ɜ ɡɚɦɟɧɟ ɥɟɝɤɨɝɨ ɤɚɬɤɚ ɧɚ ɛɨɥɟɟ 

ɬɹɠɟɥɵɣ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɭɜɟɥɢɱɟɧɢɹ ɭɩɪɭɝɢɯ ɫɜɨɣɫɬɜ ɭɩɥɨɬɧɹɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ. 

ɉɨɯɨɠɚɹ ɫɦɟɧɚ ɩɪɨɢɡɜɨɞɢɥɚɫɶ ɧɚ ɤɚɠɞɨɣ ɢɡ ɬɪɟɯ ɫɬɚɞɢɣ ɭɩɥɨɬɧɟɧɢɹ 

(ɩɪɟɞɜɚɪɢɬɟɥɶɧɚɹ, ɨɫɧɨɜɧɚɹ, ɡɚɤɥɸɱɢɬɟɥɶɧɚɹ). 

  

 

Ɋɢɫɭɧɨɤ 1 – ȼɥɢɹɧɢɟ ɫɬɚɬɢɱɟɫɤɨɝɨ ɜɚɥɚ ɤɚɬɤɚ ɧɚ ɦɚɬɟɪɢɚɥ ɩɪɢ ɟɝɨ 

ɭɩɥɨɬɧɟɧɢɢ  

  

Ɇɟɪɨɣ ɫɢɥɵ ɭɩɥɨɬɧɟɧɢɹ ɫɬɚɬɢɱɟɫɤɨɝɨ ɤɚɬɤɚ ɹɜɥɹɟɬɫɹ ɟɝɨ ɥɢɧɟɣɧɚɹ 

ɧɚɝɪɭɡɤɚ, ɜ ɦɟɫɬɟ ɤɨɧɬɚɤɬɚ ɜɚɥɶɰɚ ɫ ɦɚɬɟɪɢɚɥɨɦ, ɡɚɜɢɫɹɳɚɹ ɨɬ ɜɟɫɚ ɤɚɬɤɚ. 
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ɉɪɢ ɫɬɚɬɢɱɟɫɤɨɦ ɭɩɥɨɬɧɟɧɢɢ ɪɢɫɭɧɨɤ 1 ɤɚɬɨɤ ɫɜɨɢɦ ɜɟɫɨɦ ɞɚɜɢɬ ɧɚ 

ɨɛɪɚɛɚɬɵɜɚɟɦɵɣ ɦɚɬɟɪɢɚɥ. 

Ɉɞɧɚɤɨ ɭɩɥɨɬɧɟɧɢɟ ɷɬɨɝɨ ɬɢɩɚ ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɜ ɫɥɨɣ ɥɢɲɶ ɧɚ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɭɸ ɝɥɭɛɢɧɭ. Ⱦɢɧɚɦɢɱɟɫɤɚɹ ɬɟɯɧɨɥɨɝɢɹ ɭɤɥɚɞɤɢ ɹɜɥɹɟɬɫɹ 

ɚɥɶɬɟɪɧɚɬɢɜɨɣ ɫɬɚɬɢɱɟɫɤɨɝɨ ɭɩɥɨɬɧɟɧɢɹ. ȼɦɟɫɬɨ ɫɦɟɧɵ ɥɟɝɤɨɝɨ ɬɢɩɚ 

ɫɬɚɬɢɱɟɫɤɨɝɨ ɤɚɬɤɚ ɧɚ ɛɨɥɟɟ ɬɹɠɟɥɵɟ ɦɨɞɟɥɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜɢɛɪɚɰɢɨɧɧɵɣ 

ɤɚɬɨɤ. ȼɢɛɪɨɤɚɬɨɤ ɫ ɪɚɡɥɢɱɧɵɦɢ ɪɟɠɢɦɚɦɢ ɜɢɛɪɚɰɢɢ, ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɫɢɥɨɜɨɝɨ 

ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɭɩɥɨɬɧɹɟɦɵɣ ɦɚɬɟɪɢɚɥ, ɹɜɥɹɟɬ ɫɨɛɨɣ ɫɨɜɨɤɭɩɧɨɫɬɶ ɧɟɫɤɨɥɶɤɢɯ 

ɫɬɚɬɢɱɟɫɤɢɯ ɤɚɬɤɨɜ ɜ ɨɞɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ – ɫɬɚɬɢɱɟɫɤɢɣ (ɛɟɡ ɜɢɛɪɚɰɢɢ), 

ɜɢɛɪɚɰɢɨɧɧɵɣ ɫ ɪɚɡɥɢɱɧɵɦɢ ɪɟɠɢɦɚɦɢ ɚɦɩɥɢɬɭɞɵ ɢ ɱɚɫɬɨɬɵ ɤɨɥɟɛɚɧɢɣ 

ɜɚɥɶɰɚ. 

Ʉɨɝɞɚ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɦɚɬɟɪɢɚɥ ɹɜɥɹɟɬɫɹ ɞɢɧɚɦɢɱɟɫɤɢɦ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ 

ɫɬɚɬɢɱɟɫɤɢɦ ɜɹɠɭɳɢɟ ɫɜɨɣɫɬɜɚ ɦɚɬɟɪɢɚɥɚ ɫɢɥɶɧɟɟ ɩɪɨɛɭɠɞɚɸɬɫɹ ɭ ɚɤɬɢɜɧɵɯ 

ɦɢɧɟɪɚɥɨɜ ɦɚɬɟɪɢɚɥɚ. [8] ɑɬɨ ɩɨɡɜɨɥɹɟɬ ɞɚɬɶ ɦɚɬɟɪɢɚɥɭ ɛɨɥɟɟ ɠɟɫɬɤɭɸ 

ɩɥɨɬɧɨɫɬɶ ɢ ɦɟɧɶɲɭɸ ɜɨɞɨɧɟɩɪɨɧɢɰɚɟɦɨɫɬɶ. 

ɋɭɳɟɫɬɜɭɸɳɢɟ ɜɢɛɪɨɤɚɬɤɢ ɧɟ ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬ ɩɥɚɜɧɨɟ ɢɥɢ ɠɟ 

ɞɢɫɤɪɟɬɧɨɟ ɢɡɦɟɧɟɧɢɟ ɰɟɧɬɪɨɛɟɠɧɨɣ ɫɢɥɵ ɜɢɛɪɨɜɨɡɛɭɞɢɬɟɥɟɣ ɫɨɜɦɟɫɬɧɨ ɫ 

ɢɡɦɟɧɟɧɢɟɦ ɩɥɨɬɧɨɫɬɢ, ɚ ɬɚɤɠɟ ɩɪɨɱɧɨɫɬɢ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɝɨ ɩɨɤɪɵɬɢɹ ɢ 

ɫɧɢɠɟɧɢɸ ɟɝɨ ɬɟɦɩɟɪɚɬɭɪɵ ɤɚɤ ɷɬɨ ɜɨɡɦɨɠɧɨ ɦɟɫɬɨ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 

ɫɬɚɬɢɱɟɫɤɢɯ ɤɚɬɤɨɜ ɢ ɢɯ ɫɦɟɧɟ. 

ȼ ɩɟɪɜɨɣ ɮɚɡɟ ɭɩɥɨɬɧɟɧɢɹ ɜɢɛɪɨɤɚɬɤɨɦ ɫ ɧɚɢɜɵɫɲɟɣ ɰɟɧɬɪɨɛɟɠɧɨɣ 

ɫɢɥɨɣ ɜɨɡɞɟɣɫɬɜɢɹ ɜɚɥɶɰɨɜ ɤɚɬɤɚ, ɹɜɥɹɟɬɫɹ ɢɡɥɢɲɧɢɦ ɱɬɨ ɜɟɞɟɬ ɤ ɪɚɡɪɭɲɟɧɢɸ 

ɭɩɥɨɬɧɹɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɚ ɬɚɤɠɟ ɤ ɫɞɜɢɝɚɦ ɩɪɢɩɨɜɟɪɯɧɨɫɬɧɨɣ ɡɨɧɵ ɫɥɨɹ.  

ɋɨ ɜɪɟɦɟɧɟɦ ɪɚɡɜɢɬɢɹ ɜɢɛɪɚɰɢɨɧɧɵɯ ɤɚɬɤɨɜ ɞɥɹ ɭɩɥɨɬɧɟɧɢɹ 

ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɝɨ ɩɨɤɪɵɬɢɹ ɫɬɚɥɢ ɩɪɢɝɨɞɧɵɦɢ ɢ ɤɚɬɤɢ ɢɫɩɨɥɶɡɭɸɳɢɟ 

ɞɢɧɚɦɢɱɟɫɤɢɣ ɦɟɬɨɞ ɭɤɥɚɞɤɢ. ȼɢɛɪɚɰɢɨɧɧɨɟ ɭɩɥɨɬɧɹɸɳɟɟ ɨɛɨɪɭɞɨɜɚɧɢɟ 

ɢɫɩɨɥɶɡɭɟɬ ɜɢɛɪɢɪɭɸɳɢɣ ɦɟɯɚɧɢɡɦ, ɤɨɬɨɪɵɣ ɨɛɵɱɧɨ ɫɨɫɬɨɢɬ ɢɡ 

ɜɪɚɳɚɸɳɟɝɨɫɹ ɷɤɫɰɟɧɬɪɢɤɨɜɨɝɨ ɝɪɭɡɚ. ȼɢɛɪɚɰɢɨɧɧɵɟ ɭɩɥɨɬɧɹɸɳɢɟ ɤɚɬɤɢ 

ɢɫɩɨɥɶɡɭɸɬ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɟ ɬɢɩɵ ɪɚɛɨɬɵ ɫ ɞɢɧɚɦɢɱɟɫɤɨɣ ɢ ɫɬɚɬɢɱɟɫɤɨɣ 
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ɧɚɝɪɭɡɤɨɣ ɪɢɫɭɧɨɤ 2. ȼ ɬɚɤɢɯ ɪɟɠɢɦɚɯ ɢɫɩɨɥɶɡɭɸɬɫɹ ɛɵɫɬɪɨ ɢɞɭɳɢɟ ɞɪɭɝ ɡɚ 

ɞɪɭɝɨɦ ɭɞɚɪɵ ɫɦ. ɪɢɫɭɧɨɤ 3 ɧɚ ɭɩɥɨɬɧɹɟɦɭɸ ɩɨɜɟɪɯɧɨɫɬɶ. Ɍɚɦ ɠɟ ɜɢɛɪɚɰɢɹ 

ɩɟɪɟɞɚɟɬɫɹ ɧɢɠɟɥɟɠɚɳɟɦɭ ɫɥɨɸ ɦɚɬɟɪɢɚɥɚ, ɞɚɛɵ ɟɝɨ ɱɚɫɬɢɰɵ ɩɟɪɟɲɥɢ ɜ 

ɞɜɢɠɟɧɢɟ. [9] 

Ɍɚɤɨɣ ɪɟɠɢɦ ɫɢɥɶɧɨ ɫɧɢɠɚɟɬ ɬɪɟɧɢɟ ɜɧɭɬɪɢ ɢ ɩɨɡɜɨɥɹɟɬ ɱɚɫɬɢɰɚɦ 

ɦɚɬɟɪɢɚɥɚ ɩɟɪɟɣɬɢ ɫɨɫɬɨɹɧɢɟ, ɜ ɤɨɬɨɪɨɦ ɨɛɪɚɡɭɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɦɚɥɨ ɩɭɫɬɨɬ ɢ 

ɞɨɫɬɢɝɚɟɬɫɹ ɜɵɫɨɤɚɹ ɩɥɨɬɧɨɫɬɶ.  

  

Ɋɢɫɭɧɨɤ 2 – ȼɥɢɹɧɢɟ ɜɢɛɪɨɜɚɥɶɰɚ ɩɪɢ ɭɩɥɨɬɧɟɧɢɢ  

  

  

Ɋɢɫɭɧɨɤ 3 – ȼɥɢɹɧɢɟ ɜɢɛɪɨɜɚɥɶɰɚ ɩɪɢ ɭɩɥɨɬɧɟɧɢɢ 
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ȼɢɛɪɚɰɢɹ ɜɢɛɪɨɜɚɥɶɰɚ ɞɨɫɬɢɝɚɟɬɫɹ ɜɪɚɳɚɸɳɢɦɫɹ ɧɟɛɚɥɚɧɫɧɵɦ ɝɪɭɡɨɦ 

ɜɧɭɬɪɢ ɜɚɥɚ. ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɞɚɧɧɨɝɨ ɝɪɭɡɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɱɚɫɬɨɬɟ ɜɢɛɪɚɰɢɢ. 

Ⱦɢɫɛɚɥɚɧɫ ɫɨɫɬɨɢɬ ɢɡ ɧɟɫɤɨɥɶɤɢɯ ɱɚɫɬɟɣ: ɧɟɩɨɞɜɢɠɧɨɣ ɢ ɩɨɞɜɢɠɧɨɣ. 

ɉɨɥɨɠɟɧɢɟ ɩɨɫɥɟɞɧɟɣ ɡɚɜɢɫɢɬ ɨɬ ɧɚɩɪɚɜɥɟɧɢɹ ɜɪɚɳɟɧɢɹ ɜɚɥɚ, ɤɨɬɨɪɵɣ 

ɜɨɡɛɭɠɞɚɟɬ ɜɢɛɪɚɰɢɢ ɪɢɫɭɧɨɤ 4. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ ɜɪɚɳɟɧɢɹ ɷɮɮɟɤɬɢɜɧɚɹ 

ɦɚɫɫɚ ɝɪɭɡɚ ɭɦɟɧɶɲɚɟɬɫɹ ɢɥɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɛɥɚɝɨɞɚɪɹ ɱɟɦɭ ɜɚɥɟɰ ɦɨɠɟɬ 

ɤɨɥɟɛɚɬɶɫɹ ɫ ɧɟɫɤɨɥɶɤɢɦɢ ɪɚɡɧɵɦɢ ɚɦɩɥɢɬɭɞɚɦɢ.  

  

  

Ɋɢɫɭɧɨɤ 4 – ɇɚɩɪɚɜɥɟɧɢɟ ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɜɚɥɟɰ  

  

Ɉɬ ɢɡɦɟɧɟɧɢɹ ɧɚɩɪɚɜɥɟɧɢɹ ɜɪɚɳɟɧɢɹ ɜɢɛɪɨɜɚɥɚ ɷɮɮɟɤɬɢɜɧɚɹ ɦɚɫɫɚ 

ɞɢɫɛɚɥɚɧɫɚ ɜ ɜɚɥɶɰɟ ɢɡɦɟɧɹɟɬɫɹ.  

ɉɪɢ ɭɩɥɨɬɧɟɧɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜɢɛɪɚɰɢɨɧɧɵɯ ɤɚɬɤɨɜ ɞɨɫɬɢɝɚɟɬɫɹ 

ɛɨɥɟɟ ɜɵɫɨɤɚɹ ɩɥɨɬɧɨɫɬɶ ɩɪɢ ɦɟɧɶɲɟɦ ɱɢɫɥɟ ɩɪɨɯɨɞɨɜ. ɇɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ 

ɜɢɛɪɚɰɢɨɧɧɵɟ ɤɚɬɤɢ ɡɚɧɢɦɚɸɬ ɨɤɨɥɨ 70 % ɪɵɧɤɚ.[10] ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ 

ɞɨɪɨɠɧɨɟ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɢɫɩɵɬɵɜɚɟɬ ɨɬɞɟɥɶɧɵɟ ɬɪɭɞɧɨɫɬɢ, ɫɜɹɡɚɧɧɵɟ ɫ 

ɬɟɯɧɨɥɨɝɢɟɣ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɚɜɬɨɞɨɪɨɝ, ɚ ɢɦɟɧɧɨ ɫ ɩɪɨɛɥɟɦɨɣ ɜɵɛɨɪɚ ɢ 

ɪɟɚɥɢɡɚɰɢɟɣ ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɜɢɛɪɚɰɢɨɧɧɵɯ ɤɚɬɤɨɜ. 
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Ⱦɥɹ ɧɚɢɥɭɱɲɟɝɨ ɭɩɥɨɬɧɟɧɢɹ ɩɨɤɪɵɬɢɹ ɧɭɠɧɨ ɩɪɚɜɢɥɶɧɨ ɜɵɛɢɪɚɬɶ ɬɚɤɢɟ 

ɩɚɪɚɦɟɬɪɵ ɩɪɨɰɟɫɫɚ ɤɚɤ:  

1) ɫ ɤɚɤɨɣ ɫɤɨɪɨɫɬɶɸ ɞɜɢɝɚɟɬɫɹ ɤɚɬɨɤ;  

2) ɫ ɤɚɤɨɣ ɱɚɫɬɨɬɨɣ ɜɢɛɪɢɪɭɟɬ ɜɢɛɪɨɜɚɥɟɰ; 

3) ɫ ɤɚɤɨɣ ɚɦɩɥɢɬɭɞɨɣ ɤɨɥɟɛɥɟɬɫɹ ɜɢɛɪɨɜɚɥɶɰɚ;  

4) ɤɚɤɚɹ ɫɬɚɬɢɱɟɫɤɚɹ ɥɢɧɟɣɧɚɹ ɧɚɝɪɭɡɤɚ. 

 

Ⱥɦɩɥɢɬɭɞɚ ɤɨɥɟɛɚɧɢɹ – ɷɬɨ ɜɟɥɢɱɢɧɚ ɧɚɢɛɨɥɶɲɟɝɨ ɨɬɤɥɨɧɟɧɢɹ ɨɬ 

ɩɨɥɨɠɟɧɢɹ ɪɚɜɧɨɜɟɫɢɹ ɪɢɫɭɧɨɤ 5. ɑɟɦ ɜɵɲɟ ɚɦɩɥɢɬɭɞɚ ɤɨɥɟɛɚɧɢɹ, ɬɟɦ ɛɨɥɶɲɟ 

ɫɢɥɚ ɫ ɤɨɬɨɪɨɣ ɩɪɨɢɫɯɨɞɢɬ ɭɩɥɨɬɧɟɧɢɟ.  

Ɉɬ ɚɦɩɥɢɬɭɞɵ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɨɣ ɜ ɦɚɲɢɧɟ ɡɚɜɢɫɹɬ ɱɚɫɬɨɬɵ. 

Ɉɪɢɟɧɬɢɪɨɜɨɱɧɨ ɩɪɢɧɢɦɚɟɬɫɹ: ɧɚɢɦɟɧɶɲɚɹ ɚɦɩɥɢɬɭɞɚ - ɧɚɢɛɨɥɶɲɚɹ ɱɚɫɬɨɬɚ, ɢ 

ɧɚɨɛɨɪɨɬ.  

  

  

Ɋɢɫɭɧɨɤ 5 – ȼɨɡɞɟɣɫɬɜɢɟ ɜɚɥɶɰɚ ɧɚ ɭɩɥɨɬɧɹɟɦɭɸ ɩɨɜɟɪɯɧɨɫɬɶ  

  

ȼ ɩɨɫɨɛɢɢ ɩɨ ɭɩɥɨɬɧɟɧɢɸ, ɨɬ ɮɢɪɦɵ «HAMM », ɧɚɩɢɫɚɧɨ ɫɥɟɞɭɸɳɟɟ - 

ɚɦɩɥɢɬɭɞɵ ɛɨɥɶɲɟ 1,0 ɦɦ ɩɨɞɯɨɞɹɬ ɞɥɹ ɭɩɥɨɬɧɟɧɢɹ ɫɥɚɛɨ ɫɜɹɡɚɧɧɵɯ 

ɦɚɬɟɪɢɚɥɨɜ ɢ ɛɨɥɟɟ ɬɨɥɫɬɵɯ ɫɥɨɟɜ. Ⱥɦɩɥɢɬɭɞɵ ɦɟɧɶɲɟ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɥɭɱɲɟ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɦɚɬɟɪɢɚɥɨɜ ɫ ɛɨɥɶɲɟɣ ɫɜɹɡɧɨɫɬɶɸ ɢ ɧɚ ɬɨɧɤɢɯ ɫɥɨɹɯ.[11] 
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 ɑɟɦ ɦɟɧɶɲɟ ɬɨɥɳɢɧɚ ɭɩɥɨɬɧɹɟɦɨɝɨ ɫɥɨɹ, ɬɟɦ ɦɟɧɶɲɟ ɚɦɩɥɢɬɭɞɚ ɞɨɥɠɧɚ 

ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ, ɞɚɛɵ ɧɟ ɜɵɡɜɚɬɶ ɪɚɡɪɭɲɟɧɢɹ ɦɚɬɟɪɢɚɥɚ.  

ɉɪɢ ɭɩɥɨɬɧɟɧɢɢ ɠɟ ɝɪɭɧɬɨɜɵɯ ɩɨɤɪɵɬɢɣ ɜɢɛɪɨɤɚɬɤɚɦɢ ɚɦɩɥɢɬɭɞɚ 

ɞɨɥɠɧɚ ɜɚɪɶɢɪɨɜɚɬɶɫɹ ɜ ɩɪɟɞɟɥɚɯ ɨɬ 0,5 ɞɨ 2,0 ɦɦ. ɉɨ ɫɭɬɢ ɛɨɥɶɲɚɹ ɚɦɩɥɢɬɭɞɚ 

ɩɪɢ ɬɨɣ ɠɟ ɦɚɫɫɟ ɞɢɫɛɚɥɚɧɫɚ ɞɨɥɠɧɚ ɨɡɧɚɱɚɬɶ ɥɭɱɲɟɟ ɭɩɥɨɬɧɟɧɢɟ ɢ ɧɚ ɛɨɥɶɲɭɸ 

ɝɥɭɛɢɧɭ. ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɭɩɥɨɬɧɟɧɢɹ ɦɚɬɟɪɢɚɥɚ, ɜɢɛɪɨɜɚɥɟɰ ɧɚɱɢɧɚɟɬ 

ɨɬɫɤɚɤɢɜɚɬɶ. ɑɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɧɢɤɚɤ ɧɟ ɜɥɢɹɟɬ ɧɚ ɭɜɟɥɢɱɟɧɢɹ ɩɥɨɬɧɨɫɬɢ 

ɩɨɜɟɪɯɧɨɫɬɢ, ɞɚɠɟ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɤɨɥɢɱɟɫɬɜɚ ɩɪɨɯɨɞɨɜ. Ɉɬɫɤɚɤɢɜɚɧɢɹ 

ɜɢɛɪɨɜɚɥɶɰɚ ɦɨɠɧɨ ɢɡɛɟɠɚɬɶ, ɭɦɟɧɶɲɢɜ ɚɦɩɥɢɬɭɞɭ, ɱɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɦɨɠɟɬ 

ɩɨɜɵɫɢɬɶ ɩɥɨɬɧɨɫɬɶ ɭɩɥɨɬɧɹɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ.[12] 

ɑɚɫɬɨɬɚ ɤɨɥɟɛɚɧɢɣ ɢɥɢ ɠɟ ɤɨɥɢɱɟɫɬɜɨ ɨɛɨɪɨɬɨɜ ɞɢɫɛɚɥɚɧɫɚ ɜɧɭɬɪɢ ɜɚɥɶɰɚ 

ɡɚ 1 ɫɟɤɭɧɞɭ ɜɪɟɦɟɧɢ ɬɚɤ ɠɟ ɨɤɚɡɵɜɚɟɬ ɛɨɥɶɲɨɟ ɜɥɢɹɧɢɟ ɧɚ ɫɤɨɪɨɫɬɶ 

ɭɩɥɨɬɧɟɧɢɹ. ȼɵɛɨɪ ɱɚɫɬɨɬɵ ɫ ɤɨɬɨɪɨɣ ɛɭɞɟɬ ɪɚɛɨɬɚɬɶ ɜɢɛɪɨɜɚɥɟɰ ɨɫɧɨɜɵɜɚɟɬɫɹ 

ɧɚ ɬɟɤɭɳɟɣ ɚɦɩɥɢɬɭɞɟ ɤɨɥɟɛɚɧɢɹ. ɇɚ ɪɢɫɭɧɤɟ 6 ɩɪɟɞɫɬɚɜɥɟɧɚ ɩɪɢɦɟɪɧɨɟ 

ɨɬɧɨɲɟɧɢɟ ɱɚɫɬɨɬɵ ɢ ɚɦɩɥɢɞɵ. 

Ʉɪɨɦɟ ɬɨɝɨ, ɧɚ ɱɚɫɬɨɬɭ ɤɨɥɟɛɚɧɢɹ ɜɥɢɹɟɬ ɟɳɟ ɢ ɫɤɨɪɨɫɬɶ ɫ ɤɨɬɨɪɨɣ 

ɞɜɢɠɟɬɫɹ ɤɚɬɨɤ.  

ɂɡ ɪɚɛɨɬ, ɋɟɪɟɛɪɟɧɧɢɤɨɜɚ ȼ.ɋ. «Ɉɛɨɫɧɨɜɚɧɢɟ ɪɟɠɢɦɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 

ɜɢɛɪɚɰɢɨɧɵɯ ɤɚɬɤɨɜ ɞɥɹ ɭɩɥɨɬɧɟɧɢɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɵɯ ɫɦɟɫɟɣ» ɦɨɠɧɨ ɫɞɟɥɚɬɶ 

ɜɵɜɨɞ, ɱɬɨ ɞɥɹ ɭɥɭɱɲɟɧɢɹ ɭɩɥɨɬɧɹɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɤɚɬɤɚ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ 

ɫɤɨɪɨɫɬɢ ɧɟɨɛɯɨɞɢɦɨ ɭɜɟɥɢɱɢɜɚɬɶ ɱɚɫɬɨɬɭ, ɫ ɤɨɬɨɪɨɣ ɤɨɥɟɛɥɟɬɫɹ ɜɚɥɟɰ.[13] 

ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɫ ɩɨɜɵɲɟɧɢɟɦ ɫɤɨɪɨɫɬɢ ɩɨɧɢɠɚɟɬɶɫɹ ɜɪɟɦɹ 

ɤɨɧɬɚɤɬɚ ɜɢɛɪɨɜɚɥɶɰɚ ɫ ɭɩɥɨɬɧɹɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɢ, ɞɥɹ ɧɚɢɥɭɱɲɟɝɨ 

ɭɩɥɨɬɧɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɩɨɜɵɫɢɬɶ ɤɨɥɢɱɟɫɬɜɨ ɭɞɚɪɨɜ, ɞɥɹ ɱɟɝɨ ɧɟɨɛɯɨɞɢɦɨ 

ɩɨɜɵɫɢɬɶ ɱɚɫɬɨɬɭ ɜɢɛɪɚɰɢɢ. Ȼɨɥɶɲɢɟ ɱɚɫɬɨɬɵ, ɫɨɡɞɚɸɬ ɦɟɧɶɲɟɟ ɪɚɫɫɬɨɹɧɢɟ 

ɦɟɠɞɭ ɭɞɚɪɚɦɢ, ɱɬɨ ɩɪɟɞɨɬɜɪɚɳɚɟɬ ɨɛɪɚɡɨɜɚɧɢɟ ɧɟɪɨɜɧɨɫɬɟɣ.  

Ɍɚɤ ɠɟ ɧɟ ɦɚɥɨɜɚɠɧɵɦ ɩɚɪɚɦɟɬɪɨɦ, ɜɥɢɹɸɳɢɦ ɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 

ɩɪɨɰɟɫɫɚ ɭɩɥɨɬɧɟɧɢɹ, ɹɜɥɹɟɬɫɹ ɫɤɨɪɨɫɬɶ ɫ ɤɨɬɨɪɨɣ ɞɜɢɠɟɬɫɹ ɤɚɬɨɤ ɜ ɯɨɞɟ 

ɭɩɥɨɬɧɟɧɢɹ. ɉɪɚɜɢɥɶɧɨ ɩɨɞɨɛɪɚɧɧɚɹ ɫɤɨɪɨɫɬɶ ɩɨɡɜɨɥɢɬ ɫɨɡɞɚɬɶ ɧɟɨɛɯɨɞɢɦɭɸ 
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ɜɟɥɢɱɢɧɭ ɤɨɧɬɚɤɬɚ, ɡɚ ɤɨɬɨɪɭɸ ɞɟɮɨɪɦɚɰɢɢ ɭɩɥɨɬɧɹɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɭɫɩɟɸɬ 

ɫɨɣɬɢɫɶ ɛɨɥɟɟ ɩɨɥɧɨ. 

ȿɫɥɢ ɜɞɪɭɝ ɫɤɨɪɨɫɬɶ ɫ ɤɨɬɨɪɨɣ ɞɜɢɠɟɬɫɹ ɤɚɬɨɤ ɫɥɢɲɤɨɦ ɛɨɥɶɲɚɹ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɪɚɛɨɱɟɣ ɱɚɫɬɨɬɵ ɤɨɥɟɛɚɧɢɣ, ɬɨɱɤɢ ɜɥɢɹɧɢɹ 

ɨɬɞɟɥɶɧɵɯ ɭɞɚɪɨɜ ɜɚɥɶɰɚ ɧɚ ɭɩɥɨɬɧɹɟɦɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɛɭɞɭɬ ɪɚɫɩɨɥɚɝɚɸɬɫɹ 

ɫɥɢɲɤɨɦ ɞɚɥɟɤɨ ɞɪɭɝ ɨɬ ɞɪɭɝɚ.  

  
Ɋɢɫɭɧɨɤ 6 – Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɭɞɚɪɧɵɯ ɢɦɩɭɥɶɫɨɜ ɩɪɢ ɞɜɢɠɟɧɢɢ ɤɚɬɤɚ  

  

ɇɚɢɥɭɱɲɢɦɢ ɞɟɣɫɬɜɭɸɳɢɦɢ ɫɤɨɪɨɫɬɹɦɢ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɫɤɨɪɨɫɬɶ 

ɞɜɢɠɟɧɢɹ ɤɚɬɤɚ ɜ ɩɪɨɦɟɠɭɬɤɟ ɨɬ 2 ɞɨ 7 ɤɦ/ɱ.[14] ɉɟɪɜɵɣ ɩɪɨɯɨɞ ɞɟɥɚɟɬɫɹ ɧɚ 

ɦɚɥɨɣ ɫɤɨɪɨɫɬɢ ɜ ɩɪɨɦɟɠɭɬɤɟ ɨɬ 1 ɞɨ 3 ɤɦ/ɱ ɢ ɫ ɜɵɤɥɸɱɟɧɧɨɣ ɜɢɛɪɚɰɢɟɣ, 

ɩɪɟɞɨɯɪɚɧɹɹ ɫɦɟɫɶ ɨɬ ɫɚɦɨɪɚɡɪɭɲɟɧɢɹ ɩɨɬɨɦɭ ɱɬɨ ɧɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜ 

ɭɜɟɥɢɱɟɧɢɢ ɭɩɥɨɬɧɹɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɤɚɬɤɚ. Ɇɚɥɟɧɶɤɚɹ ɫɤɨɪɨɫɬɶ ɜ ɞɢɚɩɚɡɨɧɟ 

ɨɬ 2 ɞɨ 3 ɤɦ/ɱ ɩɪɢɦɟɧɹɟɬɫɹ, ɟɫɥɢ ɫɥɨɣ ɭɩɥɨɬɧɟɧɢɹ ɛɨɥɶɲɨɣ ɬɨɥɳɢɧɵ ɢ 

ɧɟɨɛɯɨɞɢɦɨ ɩɨɥɭɱɢɬɶ ɜɵɫɨɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɭɩɥɨɬɧɟɧɢɹ.  

 

1.3 Ɍɢɩɵ ɤɚɬɤɨɜ 

 
ɋɭɳɟɫɬɜɭɸɬ ɞɜɟ ɨɫɧɨɜɧɵɟ ɝɪɭɩɩɵ ɜɢɛɪɚɰɢɨɧɧɵɯ ɤɚɬɤɨɜ: ɝɪɭɧɬɨɜɵɟ ɢ 

ɚɫɮɚɥɶɬɨɜɵɟ. Ɉɧɢ ɪɚɡɥɢɱɚɸɬɫɹ ɧɟ ɬɨɥɶɤɨ ɤɨɥɢɱɟɫɬɜɨɦ ɢ ɜɢɞɚɦɢ ɢɦɟɸɳɢɯɫɹ 

ɛɚɪɚɛɚɧɨɜ, ɧɨ ɢ ɬɪɟɛɨɜɚɧɢɹɦɢ ɤ ɞɢɧɚɦɤɟ. ɉɨɤɚ ɱɚɫɬɨɬɚ ɤɨɥɟɛɚɧɢɣ ɢ, 
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ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɟɪɬɢɤɚɥɶɧɚɹ ɫɢɥɚ, ɩɨɥɭɱɚɟɦɚɹ ɨɬ ɜɪɚɳɚɸɳɟɝɨɫɹ ɞɢɫɛɚɥɚɧɫɚ, 

ɦɚɥɵ, ɪɨɥɢɤ ɞɟɣɫɬɜɭɟɬ ɤɚɤ ɥɢɧɟɣɧɚɹ ɫɢɫɬɟɦɚ. Ʉɚɤ ɬɨɥɶɤɨ ɱɚɫɬɨɬɚ ɜɢɛɪɚɰɢɢ 

ɫɢɥɶɧɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɤɚɬɨɤ ɧɚɱɢɧɚɟɬ ɬɟɪɹɬɶ ɤɨɧɬɚɤɬ ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ, ɤɨɬɨɪɭɸ 

ɭɩɥɨɬɧɹɟɬ. Ɇɚɲɢɧɚ ɧɚɱɢɧɚɟɬ ɩɟɪɢɨɞɢɱɟɫɤɢ ɩɨɞɩɪɵɝɢɜɚɬɶ. ɉɨɬɟɪɹ ɤɨɧɬɚɤɬɚ ɫ 

ɩɨɜɟɪɯɧɨɫɬɶɸ ɩɪɟɜɪɚɳɚɟɬ ɥɢɧɟɣɧɨɟ ɩɨɜɟɞɟɧɢɟ ɜ ɧɟɥɢɧɟɣɧɨɟ. Ɍɚɤɢɟ ɪɟɠɢɦɵ 

ɪɚɛɨɬɵ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɢ ɭɩɥɨɬɧɟɧɢɢ ɝɪɭɧɬɚ. 

Ⱦɨɫɬɢɠɟɧɢɟ ɬɪɟɛɭɟɦɨɝɨ ɤɚɱɟɫɬɜɚ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɝɨ ɩɨɤɪɵɬɢɹ ɩɪɢ 

ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɭɩɥɨɬɧɹɸɳɢɦɢ ɦɚɲɢɧɚɦɢ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 

ɧɨɪɦɚɬɢɜɧɵɦɢ ɞɨɤɭɦɟɧɬɚɦɢ ɞɥɹ ɷɬɢɯ ɰɟɥɟɣ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ 

ɪɚɡɥɢɱɧɵɟ ɦɟɬɨɞɵ ɭɩɥɨɬɧɟɧɢɹ ɢ ɬɢɩɵ ɤɚɬɤɨɜ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɧɤɪɟɬɧɵɯ 

ɭɫɥɨɜɢɣ ɩɪɨɢɡɜɨɞɫɬɜɚ ɪɚɛɨɬ ɩɨ ɭɫɬɪɨɣɫɬɜɭ ɩɨɤɪɵɬɢɹ [11;14 – 18]. ɋɨɝɥɚɫɧɨ 

ȽɈɋɌ Ɋ 52156-2003 ɜɫɟ ɤɚɬɤɢ ɢɦɟɸɬ ɫɥɟɞɭɸɳɭɸ ɤɥɚɫɫɢɮɢɤɚɰɢɸ (ɪɢɫɭɧɨɤ 7)  

 

Ɋɢɫɭɧɨɤ 7 – Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɬɢɩɨɜ ɤɚɬɤɨɜ  
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ɇɚɢɛɨɥɶɲɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɥɭɱɢɥɢ ɫɚɦɨɯɨɞɧɵɟ ɤɚɬɤɢ ɫ ɝɥɚɞɤɢɦɢ 

ɦɟɬɚɥɥɢɱɟɫɤɢɦɢ ɜɚɥɶɰɚɦɢ, ɱɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɩɪɨɫɬɨɬɨɣ ɢɯ ɤɨɧɫɬɪɭɤɰɢɢ ɢ 

ɧɚɞɟɠɧɨɫɬɶɸ. ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɜɫɟ ɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɞɨɪɨɠɧɵɯ 

ɩɪɟɞɩɪɢɹɬɢɣ ɨɬɞɚɟɬ ɩɪɟɞɩɨɱɬɟɧɢɟ ɜɢɛɪɚɰɢɨɧɧɵɦ ɤɚɬɤɚɦ [1]. ȼɢɛɪɚɰɢɨɧɧɵɣ 

ɤɚɬɨɤ - ɷɬɨ ɦɚɲɢɧɚ, ɫɨɱɟɬɚɸɳɚɹ ɜ ɫɟɛɟ ɫɬɚɬɢɱɟɫɤɢɣ ɢ ɞɢɧɚɦɢɱɟɫɤɢɣ ɦɟɬɨɞɵ 

ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɦɚɬɟɪɢɚɥ. ȼɫɥɟɞɫɬɜɢɟ ɱɟɝɨ, ɢɦɟɟɬ ɛɨɥɶɲɭɸ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ, ɨɛɥɚɞɚɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟɣ ɦɟɬɚɥɥɨɟɦɤɨɫɬɶɸ ɢ 

ɹɜɥɹɟɬɫɹ ɷɮɮɟɤɬɢɜɧɵɦ ɫɪɟɞɫɬɜɨɦ ɞɥɹ ɭɩɥɨɬɧɟɧɢɹ ɞɨɪɨɠɧɨ ɫɬɪɨɢɬɟɥɶɧɵɯ 

ɦɚɬɟɪɢɚɥɨɜ. ɉɨɞ ɞɟɣɫɬɜɢɟɦ ɜɢɛɪɚɰɢɢ ɭɦɟɧɶɲɚɟɬɫɹ ɬɪɟɧɢɟ ɦɟɠɞɭ ɜɚɥɶɰɨɦ ɢ 

ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɶɸ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɛɨɥɶɲɨɣ ɩɨɞɜɢɠɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɜ 

ɡɨɧɟ ɤɨɧɬɚɤɬɚ ɢ ɟɝɨ ɩɨɥɧɨɣ ɭɤɚɬɤɟ. Ɉɫɧɨɜɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɜɢɛɪɨɤɚɬɤɨɜ 

ɹɜɥɹɟɬɫɹ ɢɯ ɧɢɡɤɚɹ ɧɚɞɟɠɧɨɫɬɶ, ɜɜɢɞɭ ɛɨɥɶɲɢɯ ɞɢɧɚɦɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɧɚ 

ɚɝɪɟɝɚɬɵ [19]. 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥ ɜɵɛɪɚɧ ɜɢɛɪɚɰɢɨɧɧɵɣ ɤɚɬɨɤ RV-9dd ɮɢɪɦɵ 

«ɊȺɋɄȺɌ». ɗɬɨɬ ɤɚɬɨɤ ɹɜɥɹɟɬɫɹ ɫɚɦɨɯɨɞɧɨɣ ɦɚɲɢɧɨɣ, ɜ ɫɨɫɬɚɜ ɤɨɬɨɪɨɝɨ 

ɜɯɨɞɹɬ: ɫɢɥɨɜɚɹ ɭɫɬɚɧɨɜɤɚ, ɫɬɨɹɳɚɹ ɧɚ ɪɚɦɟ, ɜɢɛɪɨɜɚɥɶɰɵ, ɪɚɦɚ, ɤɚɛɢɧɚ 

ɜɨɞɢɬɟɥɹ, ɦɟɯɚɧɢɡɦ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ. Ⱦɜɚ ɝɥɚɞɤɢɯ ɦɟɬɚɥɥɢɱɟɫɤɢɯ 

ɜɚɥɶɰɚ, ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɭɫɬɚɧɨɜɤɢ ɩɟɪɮɨɪɢɪɨɜɚɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɫɨ 

ɜɫɬɪɨɟɧɧɵɦɢ ɜɢɛɪɚɰɢɨɧɧɵɦɢ ɜɨɡɛɭɞɢɬɟɥɹɦɢ ɹɜɥɹɸɬɫɹ ɪɚɛɨɱɢɦɢ ɨɪɝɚɧɚɦɢ 

ɜɢɛɪɨɤɚɬɤɚ. ɇɚ ɨɞɧɨɣ ɢɡ ɪɚɦ ɤɚɬɤɚ ɭɫɬɚɧɨɜɥɟɧɚ ɫɢɥɨɜɚɹ ɭɫɬɚɧɨɜɤɚ, ɤɨɬɨɪɚɹ 

ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɞɜɢɝɚɬɟɥɶ ɢ ɫɬɚɧɰɢɸ ɫ ɝɢɞɪɨɨɛɨɪɭɞɨɜɚɧɢɟɦ. ɋɢɥɨɜɚɹ 

ɭɫɬɚɧɨɜɤɚ ɫɨɫɬɨɢɬ ɢɡ ɞɜɢɝɚɬɟɥɹ ɢ ɧɚɫɨɫɚ, ɤɨɬɨɪɵɣ ɧɟɨɛɯɨɞɢɦ ɞɥɹ 

ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɪɚɳɚɸɳɟɝɨ ɦɨɦɟɧɬɚ ɨɬ ɞɜɢɝɚɬɟɥɹ, ɚ ɬɚɤɠɟ ɩɟɪɟɞɚɱɢ 

ɭɩɪɚɜɥɟɧɢɹ ɨɬ ɪɭɥɟɜɨɝɨ ɤɨɥɟɫɚ. 
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ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɜ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɜɢɛɪɨɤɚɬɤɚ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. 

 

Ɍɚɛɥɢɰɚ 1 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɚɬɤɚ 

Ɇɚɫɫɚ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɚɹ, ɬ 9 

ɒɢɪɟɧɚ ɭɩɥɨɬɧɹɟɦɨɣ ɩɨɥɨɫɵ, ɦɦ 1700 

ɑɚɫɬɨɬɚ ɤɨɥɟɛɚɧɢɣ ɜɢɛɪɚɬɨɪɚ, Ƚɰ 40/55 

ȼɵɧɭɠɞɚɸɳɚɹ ɫɢɥɚ, ɤɇ 88,5/65 

Ʌɢɧɟɣɧɨɟ ɞɜɢɠɟɧɢɟ ɜɚɥɶɰɚ, ɤɝ/ɫɦ 26 

Ⱥɦɩɥɢɬɭɞɚ ɝɥɚɞɤɨɝɨ ɜɚɥɶɰɚ, ɦɦ 0,55/0,25 

ɉɪɟɨɞɨɥɟɜɚɟɦɵɣ ɭɤɥɨɧ, ɧɟ ɦɟɧɟɟ, % 36 

Ⱦɜɢɝɚɬɟɥɶ Kubota V-3800-DI-T-E2B 

Ɇɨɳɧɨɫɬɶ ɞɜɢɝɚɬɟɥɹ, ɤȼɬ 70.6 

Ɍɢɩ ɬɪɚɧɫɦɢɫɫɢɢ Ƚɢɞɪɚɜɥɢɱɟɫɤɚɹ 

Ⱦɥɢɧɚ ɤɚɬɤɚ, ɦɦ 4900 

Ȼɚɡɚ ɤɚɬɤɚ, ɦɦ 3750 

ȼɵɫɨɬɚ ɜ ɪɚɛɨɱɟɦ ɫɨɫɬɨɹɧɢɢ, ɦɦ 2800 

Ⱦɢɚɦɟɬɪ ɜɚɥɶɰɚ, ɦɦ 1200 

ɍɝɨɥ ɩɨɜɨɪɨɬɚ ɜɚɥɶɰɚ, ɝɪɚɞ 30 

ɒɢɪɢɧɚ ɤɚɬɤɚ, ɦɦ 1800 

ɒɢɪɢɧɚ ɜɚɥɶɰɚ, ɦɦ 1700 
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1.4 ɂɫɩɨɥɶɡɭɟɦɵɟ ɦɟɬɨɞɵ ɤɨɧɬɪɨɥя ɤɚɱɟɫɬɜɚ ɞɨɪɨɠɧɵɯ ɩɨɤɪɵɬɢɣ 
 

Ⱦɥɹ ɤɨɧɬɪɨɥɹ ɫɬɟɩɟɧɢ ɭɩɥɨɬɧɟɧɢɹ ɞɨɪɨɠɧɨɝɨ ɩɨɤɪɵɬɢɹ ɫɭɳɟɫɬɜɭɸɬ 

ɦɧɨɠɟɫɬɜɨ ɦɟɬɨɞɨɜ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɨɬɟɱɟɫɬɜɟɧɧɨɣ ɩɪɚɤɬɢɤɟ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɦɟɬɨɞɵ ɬɨɱɟɱɧɨɝɨ ɪɚɡɪɭɲɚɸɳɟɝɨ ɤɨɧɬɪɨɥɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ 

ɋɇɢɉ 3.06.03-85 «Ⱥɜɬɨɦɨɛɢɥɶɧɵɟ ɞɨɪɨɝɢ». Ⱦɥɹ ɤɨɬɨɪɵɯ ɜɵɪɟɡɚɧɧɵɣ ɨɛɪɚɡɟɰ 

ɚɫɮɚɥɶɬɚ (ɤɟɪɧ), ɩɪɨɯɨɞɢɬ ɪɹɞ ɩɪɨɱɧɨɫɬɧɵɯ ɢ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɢɫɩɵɬɚɧɢɣ ɜ 

ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɯ ɥɚɛɨɪɚɬɨɪɢɹɯ, ɱɬɨ ɡɚɧɢɦɚɟɬ ɨɬ ɨɞɧɨɝɨ ɞɨ ɧɟɫɤɨɥɶɤɢɯ ɞɧɟɣ.  

ɇɚ ɥɚɛɨɪɚɬɨɪɧɵɟ ɢɫɩɵɬɚɧɢɹ ɨɬɩɪɚɜɥɹɟɬɫɹ ɫɪɚɡɭ ɧɟɫɤɨɥɶɤɨ ɨɛɪɚɡɰɨɜ ɢɡ 

ɪɚɡɧɵɯ ɭɱɚɫɬɤɨɜ, ɬɚɤɨɣ ɫɩɨɫɨɛ ɩɨɡɜɨɥɢɬ ɩɨɥɭɱɢɬɶ ɦɚɤɫɢɦɚɥɶɧɨ ɬɨɱɧɭɸ 

ɢɧɮɨɪɦɚɰɢɸ ɢ ɨɰɟɧɢɬɶ ɩɚɪɚɦɟɬɪɵ ɩɥɨɬɧɨɫɬɢ ɞɨɪɨɠɧɨɝɨ ɩɨɤɪɵɬɢɹ ɜ ɬɟɯ 

ɦɟɫɬɚɯ, ɝɞɟ ɛɵɥɢ ɢɡɴɹɬɵ ɨɛɪɚɡɰɵ. ɉɪɢɟɦɥɟɦɨɟ ɤɚɱɟɫɬɜɨ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɜ 

ɬɨɦ ɫɥɭɱɚɟ, ɟɫɥɢ ɨɬɤɥɨɧɟɧɢɹ ɧɚɣɞɟɧɵ ɧɟ ɛɨɥɟɟ ɱɟɦ ɜ 10 ɩɪɨɰɟɧɬɚɯ ɩɪɨɛ, ɚ ɜɫɟ 

ɨɫɬɚɥɶɧɵɟ ɩɨɥɧɨɫɬɶɸ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɫɬɚɧɞɚɪɬɚɦ. ɉɨɞɯɨɞɹɳɢɣ ɜɚɪɢɚɧɬ ɨɰɟɧɤɢ 

ɩɨɞɛɢɪɚɟɬɫɹ ɢɧɞɢɜɢɞɭɚɥɶɧɨ. ɗɤɫɩɟɪɬɵ ɭɱɢɬɵɜɚɸɬ ɬɢɩ ɩɨɱɜɵ, ɨɫɨɛɟɧɧɨɫɬɢ 

ɛɭɞɭɳɟɝɨ ɨɛɴɟɤɬɚ ɢ ɞɪɭɝɢɟ ɩɚɪɚɦɟɬɪɵ. ɉɨɷɬɨɦɭ ɜɫɟɝɞɚ ɨɛɪɚɳɚɣɬɟɫɶ ɡɚ 

ɩɨɦɨɳɶɸ ɬɨɥɶɤɨ ɤ ɩɪɨɮɟɫɫɢɨɧɚɥɚɦ, ɨɧɢ ɫɦɨɝɭɬ ɜɵɩɨɥɧɢɬɶ ɜɟɫɶ ɤɨɦɩɥɟɤɫ 

ɢɫɩɵɬɚɧɢɣ ɢ ɩɪɟɞɨɫɬɚɜɢɬɶ ɬɨɱɧɵɟ ɞɚɧɧɵɟ. [20] 

Ɉɫɨɛɟɧɧɨɣ ɩɨɩɭɥɹɪɧɨɫɬɶɸ ɩɨɥɶɡɭɟɬɫɹ ɦɟɬɨɞ ɪɟɠɭɳɢɯ ɤɨɥɟɰ, ɨɧ 

ɡɚɪɟɤɨɦɟɧɞɨɜɚɥ ɫɟɛɹ ɫ ɥɭɱɲɟɣ ɫɬɨɪɨɧɵ, ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɧɚɢɛɨɥɟɟ ɬɨɱɧɵɟ 

ɞɚɧɧɵɟ. ɉɪɢ ɩɨɦɨɳɢ ɫɩɟɰɢɚɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɩɪɨɢɫɯɨɞɢɬ ɨɬɛɨɪ ɩɪɨɛ ɢɡ 

ɭɱɚɫɬɤɚ. ɋɩɟɰɢɚɥɢɫɬɵ ɫɨɛɢɪɚɸɬ ɦɚɬɟɪɢɚɥɵ ɜ ɲɚɯɦɚɬɧɨɦ ɩɨɪɹɞɤɟ, ɚ ɪɚɫɫɬɨɹɧɢɟ 

ɦɟɠɞɭ ɬɨɱɤɚɦɢ ɞɨɥɠɧɨ ɫɨɫɬɚɜɥɹɬɶ ɧɟ ɦɟɧɟɟ 20 ɦɟɬɪɨɜ. ȼɫɟ ɨɛɪɚɡɰɵ 

ɨɬɩɪɚɜɥɹɸɬɫɹ ɜ ɥɚɛɨɪɚɬɨɪɢɸ ɧɚ ɢɫɫɥɟɞɨɜɚɧɢɟ, ɫɨɬɪɭɞɧɢɤɢ ɩɪɨɜɨɞɹɬ ɢɡɦɟɪɟɧɢɟ 

ɢɯ ɦɚɫɫɵ, ɨɛɴɟɦɚ, ɜɥɚɠɧɨɫɬɢ ɩɭɬɟɦ ɜɵɫɭɲɢɜɚɧɢɹ. ɗɬɢ ɩɚɪɚɦɟɬɪɵ ɩɨɡɜɨɥɹɸɬ 

ɜɵɹɜɢɬɶ ɩɥɨɬɧɨɫɬɶ ɢ ɤɨɥɢɱɟɫɬɜɨ ɜɥɚɝɢ, ɨɰɟɧɢɬɶ ɤɚɱɟɫɬɜɨ ɜɵɩɨɥɧɟɧɢɹ 

ɩɨɞɝɨɬɨɜɢɬɟɥɶɧɵɯ ɪɚɛɨɬ.  
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Ɉɞɧɚɤɨ ɫɭɳɟɫɬɜɭɸɬ ɢ ɦɟɬɨɞɵ ɧɟɪɚɡɪɭɲɚɸɳɟɝɨ ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥɹ 

ɭɩɥɨɬɧɟɧɢɹ ɝɪɭɧɬɚ (Continuous Compaction Control, CCC), ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ 

ɫɥɟɞɢɬɶ ɡɚ ɫɨɫɬɨɹɧɢɟɦ ɞɨɪɨɠɧɨɝɨ ɩɨɥɨɬɧɚ ɜɨ ɜɪɟɦɹ ɭɩɥɨɬɧɟɧɢɹ ɢ ɨɩɟɪɚɬɢɜɧɨ 

ɪɟɚɝɢɪɨɜɚɬɶ ɜ ɫɥɭɱɚɟ ɧɚɯɨɠɞɟɧɢɹ ɛɪɚɤɚ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɬɨɱɟɱɧɵɯ ɦɟɬɨɞɨɜ 

ɤɨɧɬɪɨɥɹ, ɦɟɬɨɞɵ ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥɹ ɪɚɛɨɬɚɸɬ ɧɚ ɩɪɹɦɭɸ ɫ ɜɢɛɪɨɤɚɬɤɨɦ. 

Ȼɚɪɚɛɚɧ ɤɚɬɤɚ ɧɟ ɬɨɥɶɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɭɩɥɨɬɧɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ, 

ɧɨ ɢ ɨɞɧɨɜɪɟɦɟɧɧɨ ɫɥɭɠɢɬ ɢɡɦɟɪɢɬɟɥɶɧɵɦ ɭɫɬɪɨɣɫɬɜɨɦ.   

 

1.5 ɂɫɩɨɥɶɡɭɟɦɵɟ ɫɢɫɬɟɦɵ ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥя 
 

ɋɢɫɬɟɦɵ ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥɹ ɭɩɥɨɬɧɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɢ ɭɩɪɚɜɥɟɧɢɹ 

ɷɬɢɦ ɩɪɨɰɟɫɫɨɦ ɭɫɬɚɧɚɜɥɢɜɚɟɬ ɧɚ ɫɜɨɢɯ ɤɚɬɤɚɯ ɪɹɞ ɦɢɪɨɜɵɯ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ. 

Ʉɚɠɞɵɣ ɢɡ ɧɢɯ ɩɨɫɬɚɪɚɥɫɹ ɜɧɟɫɬɢ ɫɜɨɢ ɢɧɧɨɜɚɰɢɢ. Ɉɫɧɨɜɧɵɦ ɩɪɢɧɰɢɩɨɦ ɬɚɤɨɣ 

ɫɢɫɬɟɦɵ ɹɜɥɹɟɬɫɹ ɨɰɟɧɤɚ ɠɟɫɬɤɨɫɬɢ ɝɪɭɧɬɚ ɩɭɬɟɦ ɨɰɟɧɤɢ ɩɨɜɟɞɟɧɢɹ ɛɚɪɚɛɚɧɚ ɜ 

ɞɜɢɠɟɧɢɢ. ȼɫɟɝɨ ɧɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɜ ɦɢɪɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɦɧɨɠɟɫɬɜɨ ɫɢɫɬɟɦɵ 

ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥɹ, ɨɞɧɚɤɨ ɩɟɪɜɵɦɢ ɪɚɡɪɚɛɨɬɚɧɧɵɦɢ ɫɢɫɬɟɦɚɦɢ ɹɜɥɹɸɬɫɹ: 

Compactometer, ACE (Ammann Compaction Expert), Terrameter.  

ɋɢɫɬɟɦɚ ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥɹ “Compactometer”, ɩɪɟɞɫɬɚɜɥɟɧɧɚɹ ɜ 1978 

ɝɨɞɭ Dr. Heinz Thurner ɫɨɜɦɟɫɬɧɨ ɫ Dr. Åke Sandström ɢ Dr. Lars Forssblad. 

Ⱦɚɧɧɚɹ ɫɢɫɬɟɦɚ ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɛɵɫɬɪɨɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɢ Ɏɭɪɶɟ ɜɟɥɢɱɢɧɵ, 

ɩɨɥɭɱɟɧɧɨɣ ɩɭɬɟɦ ɢɡɦɟɪɟɧɢɹ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɭɫɤɨɪɟɧɢɹ ɜ ɩɨɞɲɢɩɧɢɤɟ 

ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɛɚɪɚɛɚɧɚ. Ȼɵɥɚ ɜɵɜɟɞɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ ɫɨɨɬɧɨɲɟɧɢɟɦ 

ɞɨɥɟɣ ɧɚ ɱɚɫɬɨɬɟ ɜɨɡɛɭɠɞɟɧɢɹ, ɞɜɭɤɪɚɬɧɨɣ ɱɚɫɬɨɬɟ ɜɨɡɛɭɠɞɟɧɢɹ ɢ ɠɟɫɬɤɨɫɬɢ 

ɝɪɭɧɬɚ.[22] ɑɬɨ ɩɨɡɜɨɥɹɟɬ, ɫɱɢɬɵɜɚɹ ɩɚɪɚɦɟɬɪɵ ɫ ɜɚɥɶɰɚ ɛɚɪɚɛɚɧɚ ɩɪɢ 

ɩɨɫɬɨɹɧɧɨɦ ɤɨɧɬɚɤɬɟ ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ ɪɚɫɫɱɢɬɚɬɶ ɩɨɥɭɱɟɧɧɭɸ ɠɟɫɬɤɨɫɬɶ. ȿɫɥɢ 

ɩɪɢ ɷɬɨɦ ɜɢɛɪɨɤɚɬɨɤ ɛɭɞɟɬ ɪɚɛɨɬɚɬɶ ɜ ɪɟɠɢɦɟ “Double Jump” ɩɪɢ ɤɨɬɨɪɨɦ 

ɜɪɟɦɟɧɧɨ ɬɟɪɹɟɬɫɹ ɤɨɧɬɚɤɬ ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ ɬɨ ɞɚɧɧɚɹ ɫɢɫɬɟɦɚ ɦɨɠɟɬ ɩɟɪɟɣɬɢ ɜ 

ɪɟɠɢɦ ɪɚɫɱɟɬɚ ɞɪɭɝɨɝɨ ɩɚɪɚɦɟɬɪɚ, ɤɨɬɨɪɵɣ ɬɚɤ ɠɟ ɨɩɪɟɞɟɥɹɟɬ ɠɟɫɬɤɨɫɬɶ 

ɭɩɥɨɬɧɹɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. ɉɪɢ ɪɚɛɨɬɟ ɤɚɬɤɚ ɜ ɞɪɭɝɢɯ ɪɟɠɢɦɚɯ ɞɚɧɧɚɹ ɫɢɫɬɟɦɚ 
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ɧɟ ɫɩɨɫɨɛɧɚ ɩɨɤɚɡɚɬɶ ɤɨɪɪɟɤɬɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ. Ⱦɚɧɧɚɹ ɫɢɫɬɟɦɚ ɛɵɥɚ 

ɩɟɪɜɨɣ ɫɢɫɬɟɦɨɣ ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥɹ ɢ ɜɫɟ ɟɳɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɪɹɞɨɦ 

ɩɪɨɢɡɜɨɞɢɬɟɥɢ.  

ɋɢɫɬɟɦɚ ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥɹ “ACE” (Ammann Compaction Expert) 

ɜɜɟɞɟɧɧɚɹ ɜ 1999 ɝɨɞɭ ɪɚɫɫɱɢɬɵɜɚɟɬ ɩɚɪɚɦɟɬɪɵ ɩɭɬɟɦ ɚɧɚɥɢɡɚ ɜɟɪɬɢɤɚɥɶɧɵɯ 

ɭɫɤɨɪɟɧɢɣ ɜɨ ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ.[23] ȼɚɠɧɵɦ ɦɨɦɟɧɬɨɦ ɧɚ ɞɢɚɝɪɚɦɦɟ ɫɢɥɵ 

ɫɦɟɳɟɧɢɹ ɞɥɹ ɨɰɟɧɤɢ ɹɜɥɹɟɬɫɹ ɩɟɪɟɯɨɞ ɨɬ ɮɚɡɵ ɡɚɝɪɭɡɤɢ ɤ ɮɚɡɟ ɪɚɡɝɪɭɡɤɢ, ɝɞɟ 

ɫɦɟɳɟɧɢɟ ɢɦɟɟɬ ɦɚɤɫɢɦɭɦ. Ⱦɚɧɧɚɹ ɫɢɫɬɟɦɚ ɢɦɟɟɬ ɞɜɚ ɪɚɡɥɢɱɧɵɯ ɭɪɚɜɧɟɧɢɹ ɞɥɹ 

ɪɚɫɱɟɬɚ ɩɚɪɚɦɟɬɪɨɜ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɤɚɬɤɚ. Ɉɞɧɨ ɭɪɚɜɧɟɧɢɟ 

ɪɚɫɫɱɢɬɵɜɚɟɬ ɩɚɪɚɦɟɬɪɵ ɩɪɢ ɧɟɩɪɟɪɵɜɧɨɦ ɪɟɠɢɦɟ ɪɚɛɨɬɵ, ɩɪɢ ɤɨɬɨɪɨɦ ɤɚɬɨɤ 

ɧɟ ɬɟɪɹɟɬ ɤɨɧɬɚɤɬɚ ɫ ɭɩɥɨɬɧɹɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ. ȼɬɨɪɨɟ ɭɪɚɜɧɟɧɢɟ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɫɥɭɱɚɟ ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɩɨɬɟɪɢ ɤɨɧɬɚɤɬɚ. Ɉɞɧɚɤɨ ɫɢɫɬɟɦɚ 

ɱɭɜɫɬɜɢɬɟɥɶɧɚ ɤ ɢɡɦɟɧɟɧɢɸ ɱɚɫɬɨɬɵ ɢ ɚɦɩɥɢɬɭɞɵ ɛɚɪɚɛɚɧɚ.   

ɋɢɫɬɟɦɚ ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥɹ “Terrameter” ɩɪɟɞɫɬɚɜɥɟɧɧɚɹ ɜ 1982 ɝɨɞɭ 

ɚɧɚɥɢɡɢɪɭɟɬ ɪɚɜɧɨɜɟɫɢɟ ɫɢɥ ɧɚ ɛɚɪɚɛɚɧɟ ɜ ɜɟɪɬɢɤɚɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ.[25] 

ɇɟɨɛɯɨɞɢɦɵɟ ɩɚɪɚɦɟɬɪɵ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɨɬ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɭɫɤɨɪɟɧɢɹ ɩɪɢ 

ɪɚɫɫɦɨɬɪɟɧɢɢ ɫɬɚɬɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ, ɫɢɥɵ ɜɨɡɛɭɠɞɟɧɢɹ, ɦɚɫɫɵ ɛɚɪɚɛɚɧɚ ɢ 

ɷɤɫɰɟɧɬɪɢɫɢɬɟɬɚ ɦɚɫɫɵ. Ɍɚɤ ɠɟ ɧɚ ɫɢɫɬɟɦɭ ɦɟɧɶɲɟ ɜɫɟɝɨ ɜɥɢɹɟɬ ɢɡɦɟɧɟɧɢɟ 

ɩɚɪɚɦɟɬɪɨɜ ɭɩɥɨɬɧɟɧɢɹ. Ʉɪɨɦɟ ɬɨɝɨ, ɷɬɨ ɟɞɢɧɫɬɜɟɧɧɚɹ ɫɢɫɬɟɦɚ, ɤɨɬɨɪɚɹ 

ɭɱɢɬɵɜɚɟɬ ɝɟɨɦɟɬɪɢɸ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɛɚɪɚɛɚɧɚ (ɞɢɚɦɟɬɪ ɢ ɲɢɪɢɧɭ). ɉɨɷɬɨɦɭ 

ɫɢɫɬɟɦɵ “Terrameter” ɧɚ ɪɚɡɧɵɯ ɪɨɥɢɤɚɯ ɫ ɛɨɥɶɲɟɣ ɜɟɪɨɹɬɧɨɫɬɶɸ ɞɚɞɭɬ 

ɫɨɩɨɫɬɚɜɢɦɵɟ ɪɟɡɭɥɶɬɚɬɵ.   
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 Ɍɚɛɥɢɰɚ 2 – ɋɪɚɜɧɟɧɢɟ ɫɢɫɬɟɦ ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥɹ ɪɚɡɧɵɯ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ 

 

  

ɉɪɨɢɡɜɨɞɢɬɟɥɶ ɇɚɢɦɟɧɨɜɚɧɢɟ ɫɢɫɬɟɦɵ 

Ⱥɜɬɨɦɚɬɢɱɟɫɤɨɟ 

ɭɩɪɚɜɥɟɧɢɟ 

ɜɢɛɪɚɰɢɟɣ 

AMMANN / CASE 
ACE (Ammann Compaction 

Expert) 
+ 

BOMAG Terrameter / VarioControl + 

CATERPILLAR AccuGrade Compaction - 

DYNAPAC 
DCA (Dynapac Compaction 

Analyzer) 
+ 

HAMM 
HCQ (Hamm Compaction 

Quality) 
- 

SAKAI Sakai - 

VOLVO CompAnalyzer, CompGauge - 
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Ⱥɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɟ ɫɢɫɬɟɦɵ ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥɹ ɭɩɥɨɬɧɟɧɢɹ ɦɨɝɭɬ 

ɩɨɡɜɨɥɢɬɶ ɫɢɥɶɧɨ ɩɨɜɵɫɢɬɶ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɢ ɤɚɱɟɫɬɜɨ ɪɚɛɨɬɵ ɤɚɬɤɨɜ 

ɩɪɟɠɞɟ ɜɫɟɝɨ ɡɚ ɫɱɟɬ ɩɪɟɞɨɫɬɚɜɥɟɧɢɹ ɨɩɟɪɚɬɨɪɭ ɜɨɡɦɨɠɧɨɫɬɢ ɜ ɪɟɚɥɶɧɨɦ 

ɜɪɟɦɟɧɢ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɩɪɨɰɟɫɫ ɭɩɥɨɬɧɟɧɢɹ ɢ ɜɫɟ ɝɥɚɜɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɪɚɛɨɬɵ 

ɤɚɬɤɚ. ɉɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɩɨɥɧɵɣ, ɚ ɧɟ ɱɚɫɬɢɱɧɵɣ ɤɨɧɬɪɨɥɶ ɪɟɡɭɥɶɬɚɬɨɜ 

ɭɩɥɨɬɧɟɧɢɹ ɩɨ ɜɫɟɣ ɩɥɨɳɚɞɢ ɭɩɥɨɬɧɹɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ.  

ɉɨɡɜɨɥɹɟɬ ɩɨɥɧɨɫɬɶɸ ɢɫɤɥɸɱɢɬɶ ɧɟ ɧɭɠɧɵɟ ɩɪɨɯɨɞɵ ɤɚɬɤɚ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ 

ɭɦɟɧɶɲɢɬɶ ɡɚɬɪɚɱɢɜɚɟɦɨɟ ɜɪɟɦɹ ɭɩɥɨɬɧɟɧɢɹ ɢ ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ.  

ɉɪɨɰɟɫɫ ɭɩɥɨɬɧɟɧɢɹ ɩɪɨɢɫɯɨɞɢɬ ɪɚɜɧɨɦɟɪɧɨ ɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɟɬ ɦɟɫɬ 

ɫ ɫɢɥɶɧɵɦ ɢɥɢ ɫɥɚɛɵɦ ɭɩɥɨɬɧɟɧɢɟɦ, ɬɚɤ ɤɚɤ ɷɧɟɪɝɢɹ ɭɩɥɨɬɧɟɧɢɹ ɨɬ 

ɜɢɛɪɨɜɚɥɶɰɚ ɜɵɞɚɬɶɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɫ ɬɢɩɨɦ ɭɩɥɨɬɧɹɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ.[24] 

Ʉɪɨɦɟ ɬɨɝɨ, ɦɟɫɬɚ ɝɞɟ ɛɵɥɚ ɧɟɩɪɚɜɢɥɶɧɨ ɭɩɥɨɬɧɟɧɚ ɝɪɭɧɬɨɜɚɹ ɩɨɞɭɲɤɚ 

ɜɫɥɟɞɫɬɜɢɟ ɩɪɨɜɟɞɟɧɢɹ ɧɟɩɨɞɨɛɚɸɳɢɯ ɪɚɛɨɬ ɩɨ ɩɨɞɝɨɬɨɜɤɢ ɩɨɱɜɵ ɢɥɢ 

ɧɟɫɨɨɬɜɟɬɫɬɜɢɟ ɜ ɫɨɫɬɚɜɟ ɭɩɥɨɬɧɹɟɦɨɣ ɫɦɟɫɢ ɜɨɜɪɟɦɹ ɜɵɹɜɥɹɸɬɫɹ, ɬɟɦ ɫɚɦɵɦ 

ɦɨɠɧɨ ɩɪɟɞɨɫɬɚɜɢɬɶ ɧɟɨɛɯɨɞɢɦɨɟ ɤɚɱɟɫɬɜɨ ɭɩɥɨɬɧɟɧɢɹ. Ⱥɫɮɚɥɶɬɨɛɟɬɨɧɧɨɟ 

ɩɨɤɪɵɬɢɟ ɨɛɹɡɚɬɟɥɶɧɨ ɛɭɞɟɬ ɫɨɡɞɚɧɨ ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɵɦ, ɝɥɚɞɤɢɦ ɢ 

ɞɨɥɝɨɜɟɱɧɵɦ. 

ɍɜɟɥɢɱɢɜɚɟɬɫɹ ɫɪɨɤ ɫɥɭɠɛɵ ɜɢɛɪɨɤɚɬɤɚ, ɬɚɤ ɤɚɤ ɦɚɲɢɧɚ ɜɫɟɝɞɚ ɛɭɞɟɬ 

ɪɚɛɨɬɚɬɶ ɜ ɨɩɬɢɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɪɚɛɨɬɵ, ɤɪɨɦɟ ɬɨɝɨ ɜɨɞɢɬɟɥɶ ɤɚɬɤɚ ɛɭɞɟɬ 

ɜɨɜɪɟɦɹ ɩɪɟɞɭɩɪɟɠɞɟɧ ɨ ɩɟɪɟɯɨɞɟ ɤɚɬɤɚ ɜ ɨɩɚɫɧɵɟ ɪɟɠɢɦɵ ɪɚɛɨɬɵ. 

 

1.6 ɉɪɢɧɰɢɩ ɞɟɣɫɬɜɢя ɫɢɫɬɟɦ ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥя. 
 

ɇɚ ɜɫɟɯ ɫɨɜɪɟɦɟɧɧɵɯ ɞɨɪɨɠɧɵɣ ɤɚɬɤɚɯ ɤɨɷɮɮɢɰɢɟɧɬ CMV ɧɚɯɨɞɢɬɶɫɹ ɫ 

ɩɨɦɨɳɶɸ ɩɪɢɛɨɪɚ ɩɨɞ ɧɚɡɜɚɧɢɟɦ ɚɤɫɟɥɟɪɨɦɟɬɪ, ɤɨɬɨɪɵɣ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɧɚ 

ɜɢɛɪɨɜɚɥɟɰ ɢ ɩɨɡɜɨɥɹɟɬ ɢɡɦɟɪɹɬɶ ɨɬɜɟɬɧɭɸ ɪɟɚɤɰɢɸ ɝɪɭɧɬɚ ɧɚ ɜɢɛɪɚɰɢɸ ɩɨ 

ɦɟɪɟ ɟɝɨ ɭɩɥɨɬɧɟɧɢɹ. Ⱦɚɧɧɵɣ ɩɪɢɛɨɪ ɩɨɡɜɨɥɹɟɬ ɢɡɦɟɪɹɬɶ ɭɫɤɨɪɟɧɢɟ 

ɜɢɛɪɨɜɚɥɶɰɚ ɫ ɤɨɬɨɪɨɦ ɬɨɬ ɨɬɫɤɚɤɢɜɚɟɬ ɨɬ ɭɩɥɨɬɧɹɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. ɑɟɦ 
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ɭɩɥɨɬɧɹɟɦɵ ɦɚɬɟɪɢɚɥ ɛɭɞɟɬ ɠɟɫɬɱɟ, ɬɟɦ ɜɵɲɟ ɛɭɞɟɬ ɭɫɤɨɪɟɧɢɟ, ɫ ɤɨɬɨɪɵɦ 

ɨɬɫɤɨɱɢɬ ɜɢɛɪɨɜɚɥɟɰ.  

Ⱦɚɬɱɢɤ ɚɤɫɟɥɟɪɨɦɟɬɪ ɧɚ ɜɵɯɨɞ ɜɵɞɚɟɬ ɫɢɝɧɚɥ, ɤɨɬɨɪɵɣ ɩɨɫɬɭɩɚɟɬ ɧɚ ɜɯɨɞ 

ɷɥɟɤɬɪɨɧɧɨɣ ɫɢɫɬɟɦɟ ɪɚɫɱёɬɚ. ɗɥɟɤɬɪɨɧɧɚɹ ɫɢɫɬɟɦɚ ɜ ɫɨɸ ɨɱɟɪɟɞɶ ɚɧɚɥɢɡɢɪɭɟɬ 

ɜɯɨɞɹɳɟɟ ɢɡɦɟɧɟɧɢɟ ɭɫɤɨɪɟɧɢɹ ɜɢɛɪɨɜɚɥɶɰɚ ɫ ɩɨɦɨɳɶɸ ɚɧɚɥɢɡɚ ɫɩɟɤɬɪɚ 

ɜɟɪɬɢɤɚɥɶɧɵɯ ɭɫɤɨɪɟɧɢɣ. Ⱦɚɧɧɵɟ ɤɨɬɨɪɵɟ ɷɥɟɤɬɪɨɧɧɚɹ ɫɢɫɬɟɦɟ ɧɚ ɨɫɧɨɜɟ CMV 

ɜɵɜɨɞɢɬ ɨɩɟɪɚɬɨɪɭ ɧɚ ɛɨɪɬɨɜɨɣ ɤɨɦɩɶɸɬɟɪ ɹɜɥɹɸɬɫɹ ɛɟɡɪɚɡɦɟɪɧɵɦɢ. Ⱦɚɧɧɚɹ 

ɫɢɫɬɟɦɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɧɚ ɤɚɬɤɚɯ ɞɥɹ ɭɩɥɨɬɧɟɧɢɹ ɝɪɭɧɬɚ ɫ ɝɥɚɞɤɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ 

ɜɢɛɪɨɜɚɥɶɰɚ. 

 

Ɋɢɫɭɧɨɤ 8 – ɂɡɦɟɧɟɧɢɟ ɫɩɟɤɬɪɚ ɜɟɪɬɢɤɚɥɶɧɵɯ ɭɫɤɨɪɟɧɢɣ ɨɬ ɤɨɥɢɱɟɫɬɜɚ 

ɩɪɨɯɨɞɨɜ ɤɚɬɤɨɦ 

 

Ʉɨɷɮɮɢɰɢɟɧɬ CMV ɩɨɤɚɡɵɜɚɟɬ ɫɩɨɫɨɛɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ ɫɨɩɪɨɬɢɜɥɹɬɶɫɹ 

ɞɟɮɨɪɦɚɰɢɢ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɩɟɪɟɝɪɭɡɤɢ, ɢɥɢ ɠɟ ɬɜɟɪɞɨɫɬɶ (ɠɟɫɬɤɨɫɬɶ) 

ɦɚɬɟɪɢɚɥɚ. [25] ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɩɥɨɬɧɨɫɬɶ ɭɩɥɨɬɧɹɟɦɨɣ ɫɦɟɫɢ – ɷɬɨ ɫɬɟɩɟɧɶ 

ɩɨɪɢɫɬɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɢ, ɱɟɦ ɦɟɧɶɲɟ ɜ ɩɨɜɟɪɯɧɨɫɬɢ ɨɫɬɚɧɟɬɫɹ ɩɨɪ ɫ ɜɨɡɞɭɯɨɦ, 

ɬɟɦ ɛɨɥɶɲɟ ɛɭɞɟɬ ɩɥɨɬɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ. 
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Ʉɨɷɮɮɢɰɢɟɧɬ CMV ɧɚ ɩɪɹɦɭɸ ɡɚɜɢɫɢɬ ɨɬ ɬɢɩɚ ɢɫɩɨɥɶɡɭɟɦɨɝɨ 

ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɤɚɬɤɚ, ɫɤɨɪɨɫɬɢ ɫ ɤɨɬɨɪɨɣ ɨɧ ɟɞɟɬ, ɱɚɫɬɨɬɵ ɢ ɚɦɩɥɢɬɭɞɵ 

ɜɢɛɪɚɰɢɢ, ɞɟɣɫɬɜɭɸɳɟɝɨ ɜɵɧɭɠɞɚɸɳɟɝɨ ɭɫɢɥɢɹ, ɚɬɚɤ ɠɟ ɨɬ ɬɟɤɭɳɟɣ ɩɥɨɬɧɨɫɬɢ 

ɝɪɭɧɬɚ. Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɞɥɹ ɛɨɥɟɟ ɬɨɱɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɞɚɧɧɨɝɨ 

ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɪɟɛɭɟɬɫɹ ɧɚ ɦɟɫɬɟ ɪɚɛɨɬɵ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɪɨɜɟɫɬɢ ɩɨɥɧɭɸ 

ɤɚɥɢɛɪɨɜɤɭ ɩɪɢɛɨɪɨɜ ɢ ɞɚɬɱɢɤɨɜ ɞɥɹ ɬɟɤɭɳɟɣ ɭɩɥɨɬɧɹɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. 

Ʉɚɥɢɛɪɨɜɤɚ ɩɪɢɛɨɪɨɜ ɢ ɞɚɬɱɢɤɨɜ ɬɚɤ ɠɟ ɦɨɠɟɬ ɩɪɨɜɨɞɢɬɶɫɹ ɧɚ 

ɫɩɟɰɢɚɥɶɧɨ ɩɨɞɝɨɬɨɜɥɟɧɧɨɦ ɩɨɥɢɝɨɧɟ, ɝɞɟ ɡɚɪɚɧɟɟ ɫɨɡɞɚɧɚ ɭɩɥɨɬɧɟɧɧɚɹ ɩɨɥɨɫɚ 

ɩɨɜɟɪɯɧɨɫɬɢ, ɚ ɬɚɤɠɟ ɟɟ ɩɥɨɬɧɨɫɬɶ ɢ ɠёɫɬɤɨɫɬɶ ɛɵɥɢ ɢɡɦɟɪɟɧɵ ɞɪɭɝɢɦɢ 

ɩɪɢɛɨɪɚɦɢ. ȼɨ ɜɪɟɦɹ ɪɚɛɨɬɵ ɜ ɩɨɥɟ, ɱɬɨ ɛɵ ɤɨɷɮɮɢɰɢɟɧɬ CMV ɩɪɚɜɢɥɶɧɨ 

ɨɩɪɟɞɟɥɹɥ ɫɬɟɩɟɧɶ ɭɩɥɨɬɧёɧɧɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɢ ɜɨɞɢɬɟɥɸ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɤɚɬɤɚ 

ɧɟɨɛɯɨɞɢɦɨ ɫɥɟɞɢɬɶ ɡɚ ɫɤɨɪɨɫɬɶɸ ɤɚɬɤɚ, ɚɦɩɥɢɬɭɞɨɣ ɢ ɱɚɫɬɨɬɨɣ ɤɨɥɟɛɚɧɢɹ 

ɜɚɥɶɰɚ ɱɬɨ ɛɵ ɧɟ ɜɵɣɬɢ ɡɚ ɪɚɦɤɢ ɢɡɦɟɪɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ. 

ȿɫɥɢ ɜɨ ɜɪɟɦɹ ɪɚɛɨɬɵ ɤɚɬɤɚ ɯɨɬɹ ɛɵ ɨɞɢɧ ɢɡ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 

ɢɡɦɟɧɢɬɶɫɹ ɢ ɡɚ ɷɬɢɦ ɧɟ ɩɪɨɫɥɟɞɢɬ ɨɩɟɪɚɬɨɪ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɤɚɬɤɚ, ɷɬɨ ɩɨɜɥɢɹɟɬ 

ɧɚ ɨɫɬɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ, ɱɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɩɪɢɜɟɞɟɬ ɤ ɧɟ ɩɪɚɜɢɥɶɧɨɦɭ 

ɨɩɪɟɞɟɥɟɧɢɸ ɤɨɷɮɮɢɰɢɟɧɬɚ. ɂɥɢ ɠɟ ɝɪɭɛɨ ɝɨɜɨɪɹ ɤɨɷɮɮɢɰɢɟɧɬ CMV ɛɭɞɟɬ 

ɨɩɪɟɞɟɥɹɬɶɫɹ ɫ ɛɨɥɶɲɨɣ ɩɨɝɪɟɲɧɨɫɬɶɸ. 

Ⱥɧɚɥɢɡ ɢɡɦɟɧɟɧɢɹ ɫɩɟɤɬɪɨɜ ɭɫɤɨɪɟɧɢɹ ɜɢɛɪɨɜɚɥɶɰɚ ɬɚɤ ɠɟ ɥɟɠɢɬ ɜ ɨɫɧɨɜɟ 

ɞɪɭɝɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɥɨɬɧɨɫɬɢ, ɤɨɬɨɪɵɣ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɞɨɪɨɠɧɨɦ 

ɫɬɪɨɢɬɟɥɶɫɬɜɟ – ɷɬɨ ɤɨɷɮɮɢɰɢɟɧɬ RMV (Resonance Meter Value)ɬɚɤ ɠɟ ɟɳɟ 

ɢɧɨɝɞɚ ɧɚɡɵɜɚɸɳɢɣɫɹ BV (Bouncing Value). 

 

ɉɨ ɦɟɪɟ ɭɩɥɨɬɧɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ, ɜɢɛɪɨɤɚɬɨɤ ɧɚɱɢɧɚɟɬ ɜɫɟ ɱɚɳɟ 

ɨɬɩɪɭɠɢɧɢɜɚɬɶ ɨɬ ɭɩɥɨɬɧɹɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɫɥɟ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɭɞɚɪɚ.  

Ʉɨɷɮɮɢɰɢɟɧɬ RMV ɤɚɤ ɪɚɡ ɢ ɢɡɦɟɪɹɟɬ ɜɟɥɢɱɢɧɭ ɷɬɨɝɨ ɨɬɫɤɨɤɚ ɨɬ ɭɩɥɨɬɧɹɟɦɨɣ 

ɩɨɜɟɪɯɧɨɫɬɢ. ɑɟɦ ɜɵɲɟ ɛɭɞɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɨɬɫɤɨɤ ɨɬ ɭɩɥɨɬɧɹɟɦɨɣ 

ɩɨɜɟɪɯɧɨɫɬɢ, ɬɟɦ ɧɢɠɟ ɛɭɞɟɬ ɩɪɚɜɢɥɶɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ CMV. 

ɂɯ ɷɬɨɝɨ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɛɥɚɝɨɞɚɪɹ ɤɨɧɬɪɨɥɸ RMV ɜɨɞɢɬɟɥɶ 
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ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɤɚɬɤɚ ɦɨɠɟɬ ɨɩɪɟɞɟɥɢɬɶ ɫ ɤɚɤɨɣ ɬɨɱɧɨɫɬɶɸ ɨɩɪɟɞɟɥɹɬɶɫɹ 

ɤɨɷɮɮɢɰɢɟɧɬ CMV. 

ɋɟɝɨɞɧɹ ɱɚɳɟ ɜɫɟɝɨ ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɞɨɪɨɝ ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɢɫɬɟɦɵ 

ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥɹ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɢɡɦɟɪɟɧɢɢ ɞɚɧɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ RMV ɢ 

CMV.  

ɋɢɫɬɟɦɵ, ɨɫɧɨɜɚɧɧɵɟ ɢɡɦɟɪɟɧɢɢ ɷɬɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɟɫɬɶ ɧɟ ɬɨɥɶɤɨ ɩɥɸɫɵ, 

ɧɨ ɢ ɧɟ ɦɚɥɨ ɦɢɧɭɫɨɜ. Ɉɞɢɧ ɢɡ ɨɫɧɨɜɧɵɯ ɦɢɧɭɫɨɜ ɞɚɧɧɵɯ ɫɢɫɬɟɦ ɷɬɨ ɬɨ ɱɬɨ ɨɧɢ 

ɨɫɧɨɜɵɜɚɸɬɫɹ ɧɚ ɢɡɦɟɪɟɧɢɢ ɤɨɫɜɟɧɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɩɪɨɱɧɨɫɬɢ ɭɩɥɨɬɧɹɟɦɨɣ 

ɩɨɜɟɪɯɧɨɫɬɢ. Ɍɨ ɟɫɬɶ ɚɧɚɥɢɡ ɫɩɟɤɬɪɚ ɜɢɛɪɚɰɢɨɧɧɵɯ ɭɫɤɨɪɟɧɢɣ ɜɚɥɶɰɚ 

ɜɢɛɪɨɤɚɬɤɚ ɧɟ ɞɚɟɬ ɩɨɥɧɨɣ ɤɚɪɬɢɧɵ ɩɪɨɢɫɯɨɞɹɳɟɝɨ ɫ ɞɨɪɨɠɧɵɦ ɩɨɤɪɵɬɢɟɦ ɫ 

ɬɨɱɤɢ ɡɪɟɧɢɹ ɟɝɨ ɩɥɨɬɧɨɫɬɢ ɢ ɠɟɫɬɤɨɫɬɢ. 

ɂɦɟɧɧɨ ɩɨɷɬɨɦɭ ɪɚɡɪɚɛɨɬɤɢ ɜ ɞɚɧɧɨɣ ɫɮɟɪɟ ɧɟ ɨɫɬɚɧɨɜɢɥɢɫɶ ɢ 

ɩɪɨɞɨɥɠɚɬɶɫɹ ɞɨ ɫɢɯ ɩɨɪ.  
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2 Ɉɩɢɫɚɧɢɟ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ ɭɩɥɨɬɧɟɧɢя  
 

2.1 Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ ɭɩɥɨɬɧɟɧɢя 
ɞɨɪɨɠɧɨɝɨ ɩɨɤɪɵɬɢя 
 
ɂɧɮɨɪɦɚɰɢɨɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɜ ɫɮɟɪɟ ɫɬɪɨɢɬɟɥɶɧɵɯ ɨɛɴɟɤɬɨɜ 

ɩɨɡɜɨɥɹɟɬ ɛɵɫɬɪɟɟ ɪɚɡɜɢɜɚɬɶɫɹ ɫɢɫɬɟɦɚɦ ɋȺɍ (ɫɢɫɬɟɦɚ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 

ɭɩɪɚɜɥɟɧɢɹ) ɜ ɫɮɟɪɟ ɞɨɪɨɠɧɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ. 

Ⱦɨ ɜɧɟɞɪɟɧɢɹ ɋȺɍ ɧɚ ɪɟɚɥɶɧɵɣ ɨɛɴɟɤɬ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɫɬɢ 

ɬɟɨɪɟɬɢɱɟɫɤɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜ ɨɩɪɟɞɟɥɟɧɧɨɣ ɨɛɥɚɫɬɢ, ɩɨɞɪɚɡɭɦɟɜɚɸɳɟɟ ɚɧɚɥɢɡ 

ɢ ɫɢɧɬɟɡ ɫɢɫɬɟɦɵ ɢ ɤɨɦɩɶɸɬɟɪɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ. Ⱦɥɹ ɜɵɩɨɥɧɟɧɢɹ ɞɚɧɧɨɣ 

ɡɚɞɚɱɢ ɧɟɨɛɯɨɞɢɦɨ ɫɨɡɞɚɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ (ɆɆ) ɢɫɫɥɟɞɭɟɦɨɝɨ 

ɩɪɨɰɟɫɫɚ ɤɚɤ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ. ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ ɆɆ ɜ ɫɨɜɪɟɦɟɧɧɵɯ ɭɫɥɨɜɢɹɯ 

ɧɟɨɛɯɨɞɢɦɨ ɨɛɪɚɳɚɬɶ ɜɧɢɦɚɧɢɟ ɧɚ ɨɫɨɛɟɧɧɨɫɬɢ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ 

ɨɛɟɫɩɟɱɟɧɢɹ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ.  

ɂɫɫɥɟɞɨɜɚɧɢɹ ɜ ɨɛɥɚɫɬɢ ɭɩɪɚɜɥɟɧɢɹ ɜɢɛɪɚɰɢɨɧɧɵɦ ɭɩɥɨɬɧɟɧɢɹ 

ɞɨɪɨɠɧɨɝɨ ɩɨɤɪɵɬɢɹ ɪɚɫɫɦɚɬɪɢɜɚɬɶɫɹ ɭɠɟ ɧɟ ɩɟɪɜɵɣ ɝɨɞ ɧɟ ɬɨɥɶɤɨ ɪɭɫɫɤɢɦɢ, 

ɧɨ ɢ ɡɚɪɭɛɟɠɧɵɦɢ ɭɱɟɧɵɦɢ ɜ ɨɛɥɚɫɬɢ ɞɨɪɨɠɧɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ. 

ɍɱɟɧɵ ɪɚɫɫɦɚɬɪɢɜɚɸɬ ɧɟ ɬɨɥɶɤɨ ɜɥɢɹɧɢɟ ɜɢɛɪɚɰɢɨɧɧɵɯ ɤɚɬɤɨɜ ɧɚ 

ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɵɟ ɫɦɟɫɢ, ɧɨ ɢ ɧɚ ɞɪɭɝɢɟ ɭɩɥɨɬɧɹɟɦɵɟ ɩɨɜɟɪɯɧɨɫɬɢ, ɜ ɬɨɦ ɱɢɫɥɟ 

ɝɪɭɧɬ.  

Ɉɞɢɧ ɢɡ ɨɫɧɨɜɧɵɯ ɧɟɞɨɫɬɚɬɤɨɜ, ɪɚɧɟɟ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɆɆ ɩɨ ɞɚɧɧɨɣ ɬɟɦɟ 

ɹɜɥɹɸɬɫɹ ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɬɪɭɞɧɨɫɬɢ ɩɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱ ɬɟɨɪɢɢ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ, ɚ ɬɚɤɠɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɧɨɝɨɦɟɪɧɵɯ ɢ ɫɥɨɠɧɵɯ 

ɫɢɫɬɟɦ, ɤ ɤɨɬɨɪɵɦ ɨɬɧɨɫɢɬɫɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɣ ɨɛɴɟɤɬ ɭɩɪɚɜɥɟɧɢɹ. 

Ⱦɥɹ ɬɨɝɨ ɱɬɨ ɛɵ ɭɛɪɚɬɶ ɞɚɧɧɵɟ ɧɟɞɨɫɬɚɬɤɢ ɢ ɩɨɜɵɫɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 

ɢɡɭɱɟɧɢɹ ɞɚɧɧɨɝɨ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢ ɩɪɨɝɪɚɦɦɧɨɝɨ 

ɨɛɟɫɩɟɱɟɧɢɹ ɪɟɤɨɦɟɧɞɨɜɚɧɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɟɬɨɞɨɜ ɩɪɨɫɬɪɚɧɫɬɜɚ ɫɨɫɬɨɹɧɢɣ, 

ɤɨɬɨɪɵɟ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɦɨɝɭɬ ɩɨɡɜɨɥɢɬɶ ɨɫɭɳɟɫɬɜɢɬɶ ɱɟɬɤɭɸ ɮɨɪɦɚɥɢɡɚɰɢɸ ɢ 

ɚɜɬɨɦɚɬɢɡɚɰɢɸ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɩɪɨɰɟɞɭɪ. 
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ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɞɥɹ ɨɩɢɫɚɧɢɹ ɦɨɞɟɥɢ ɦɟɬɨɞɨɜ ɩɪɨɫɬɪɚɧɫɬɜɚ ɫɨɫɬɨɹɧɢɹ 

ɩɨɡɜɨɥɹɟɬ ɢɫɫɥɟɞɨɜɚɬɶ ɜ ɫɢɫɬɟɦɟ ɬɚɤɢɟ ɫɜɨɣɫɬɜɚ, ɤɨɬɨɪɵɟ ɧɟɜɨɡɦɨɠɧɨ 

ɨɛɧɚɪɭɠɢɬɶ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɤɥɚɫɫɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɢ ɨɩɢɫɚɧɢɹ ɜ ɬɟɪɦɢɧɚɯ 

«ɜɯɨɞ–ɜɵɯɨɞ». 

Ɂɚɩɢɫɶ ɜ ɮɨɪɦɟ ɦɚɬɪɢɰɵ ɩɪɢɦɟɧɹɟɦɚɹ ɜ ɞɚɧɧɨɦ ɦɟɬɨɞɟ ɩɨɡɜɨɥɹɟɬ 

ɩɨɥɭɱɢɬɶ ɩɪɟɢɦɭɳɟɫɬɜɨ ɩɪɢ ɱɢɫɥɟɧɧɨɦ ɪɟɲɟɧɢɢ ɫɢɫɬɟɦɵ. ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ 

ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɮɨɪɦɭɥɵ ɢ ɩɪɨɜɨɞɢɦɵɟ ɪɟɲɟɧɢɹ ɧɢɤɚɤ ɧɟ ɫɬɪɚɞɚɸɬ ɨɬ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɧɨɝɨɦɟɪɧɵɯ ɫɢɫɬɟɦ, ɨɩɢɫɵɜɚɸɳɢɯ ɩɨɜɟɞɟɧɢɟ ɫɥɨɠɧɵɯ 

ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɤɨɦɩɥɟɤɫɨɜ. 

ɋ ɬɨɱɤɢ ɡɪɟɧɢɹ ɮɢɡɢɤɢ, ɫɬɪɨɢɬɟɥɶɧɨɣ ɦɟɯɚɧɢɤɢ ɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 

ɦɚɬɟɪɢɚɥɨɜ, ɤɥɚɫɫɢɱɟɫɤɨɟ ɩɨɧɢɦɚɧɢɟ ɩɪɨɰɟɫɫɚ ɭɩɥɨɬɧɟɧɢɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ 

ɜɚɥɶɰɨɦ ɞɨɪɨɠɧɨɝɨ ɤɚɬɤɚ ɫɜɨɞɢɬɫɹ ɤ ɨɛɵɱɧɨɦɭ ɟɝɨ ɞɟɮɨɪɦɢɪɨɜɚɧɢɸ ɲɬɚɦɩɨɦ, 

ɧɨ ɤɪɢɜɨɥɢɧɟɣɧɨɣ ɮɨɪɦɵ, ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɫɬɚɬɢɱɟɫɤɢɯ ɢɥɢ ɞɢɧɚɦɢɱɟɫɤɢɯ 

ɫɢɥ ɫ ɧɚɤɨɩɥɟɧɢɟɦ ɨɫɬɚɬɨɱɧɵɯ ɞɟɮɨɪɦɚɰɢɣ ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ ɡɚ ɨɩɪɟɞɟɥɟɧɧɨɟ 

ɤɨɥɢɱɟɫɬɜɨ ɩɨɜɬɨɪɹɸɳɢɯɫɹ ɬɚɤɢɯ ɜɨɡɞɟɣɫɬɜɢɣ. 

ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ ɫɨ ɫɪɟɞɨɣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɩɥɨɬɧɨɫɬɢ ɫɪɟɞɵ ɞɜɢɠɟɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɩɟɪɢɨɞɢɱɟɫɤɢɦ ɢɥɢ ɯɚɨɬɢɱɟɫɤɢɦ. Ʉ 

ɧɨɪɦɚɥɶɧɨɦɭ ɭɫɥɨɜɢɸ ɩɪɨɰɟɫɫɚ ɭɩɥɨɬɧɟɧɢɹ ɨɬɧɨɫɢɬɫɹ ɩɟɪɢɨɞɢɱɟɫɤɨɟ 

ɞɜɢɠɟɧɢɟ ɜɚɥɶɰɚ, ɤɨɬɨɪɨɟ ɦɨɠɟɬ ɛɵɬɶ ɫ ɩɨɫɬɨɹɧɧɵɦ ɤɨɧɬɚɤɬɨɦ, ɩɟɪɢɨɞɢɱɟɫɤɢɦ 

ɨɬɪɵɜɨɦ, ɞɜɨɣɧɵɦ «ɩɪɵɠɤɨɦ», ɩɨɤɚɱɢɜɚɧɢɟɦ. Ɉɩɬɢɦɚɥɶɧɵɦ ɭɫɥɨɜɢɟɦ 

ɩɪɨɰɟɫɫɚ ɭɩɥɨɬɧɟɧɢɹ ɹɜɥɹɟɬɫɹ ɩɟɪɢɨɞɢɱɟɫɤɨɟ ɞɜɢɠɟɧɢɟ ɜɚɥɶɰɚ ɫ ɩɨɫɬɨɹɧɧɵɦ 

ɤɨɧɬɚɤɬɨɦ. 

Ɉɫɧɨɜɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɤɨɥɟɛɚɧɢɣ ɜɚɥɶɰɚ ɢ ɱɚɫɬɢɰ ɭɩɥɨɬɧɹɟɦɨɣ ɫɪɟɞɵ 

ɹɜɥɹɸɬɫɹ ɱɚɫɬɨɬɚ, ɚɦɩɥɢɬɭɞɚ, ɫɤɨɪɨɫɬɶ, ɭɫɤɨɪɟɧɢɟ. Ⱥɦɩɥɢɬɭɞɚ ɤɨɥɟɛɚɧɢɣ 

ɥɸɛɨɝɨ ɭɩɥɨɬɧɢɬɟɥɹ ɡɚɜɢɫɢɬ ɨɬ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɭɩɥɨɬɧɹɟɦɨɝɨ 

ɦɚɬɟɪɢɚɥɚ ɢ ɢɡɦɟɧɹɟɬɫɹ ɜ ɩɪɨɰɟɫɫɟ ɟɝɨ ɭɩɥɨɬɧɟɧɢɹ. ɉɨɷɬɨɦɭ ɩɪɟɞɥɚɝɚɟɦɵɟ 

ɡɧɚɱɟɧɢɹ ɚɦɩɥɢɬɭɞ ɤɨɥɟɛɚɧɢɣ ɜ ɬɟɯɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ ɭɩɥɨɬɧɹɸɳɢɯ 

ɦɚɲɢɧ ɫɥɟɞɭɟɬ ɤɨɪɪɟɤɬɢɪɨɜɚɬɶ ɫ ɭɱɟɬɨɦ ɪɟɨɥɨɝɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɭɩɥɨɬɧɹɟɦɨɝɨ 

ɦɚɬɟɪɢɚɥɚ. 
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ɉɪɨɰɟɫɫ ɭɩɥɨɬɧɟɧɢɹ ɞɨɪɨɠɧɨ-ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɩɨ 

ɢɫɫɥɟɞɨɜɚɧɢɹɦ ɩɪɨɮ. ɇ.ə. ɏɚɪɯɭɬɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɧɚɤɨɩɥɟɧɢɢ ɦɚɬɟɪɢɚɥɨɦ 

ɨɫɬɚɬɨɱɧɵɯ ɞɟɮɨɪɦɚɰɢɣ. Ⱦɥɹ ɷɮɮɟɤɬɢɜɧɨɝɨ ɭɩɥɨɬɧɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɫɨɛɥɸɞɚɬɶ 

ɭɫɥɨɜɢɟ, ɩɪɢ ɤɨɬɨɪɨɦ ɤɨɧɬɚɤɬɧɵɟ ɞɚɜɥɟɧɢɹ, ɜɨɡɧɢɤɚɸɳɢɟ ɩɨɞ ɪɚɛɨɱɢɦ ɨɪɝɚɧɨɦ 

– ɜɚɥɶɰɨɦ ɧɟ ɞɨɥɠɧɵ ɩɪɟɜɵɲɚɬɶ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ, ɬ.ɟ. 

ɬ < ɤ  [ɩɪ] , 

ɝɞɟ ɬ ɢ ɩɪ – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɪɟɞɟɥɵ ɬɟɤɭɱɟɫɬɢ ɢ ɩɪɨɱɧɨɫɬɢ ɭɩɥɨɬɧɹɟɦɨɝɨ 

ɦɚɬɟɪɢɚɥɚ; ɤ – ɜɟɥɢɱɢɧɚ ɤɨɧɬɚɤɬɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɬɟɱɟɧɢɟ ɩɪɨɰɟɫɫɚ 

ɭɩɥɨɬɧɟɧɢɹ; ɤ = (0,95–0,98) ɩɪ [5]. 

ɉɪɢ ɫɨɫɬɚɜɥɟɧɢɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɩɪɨɰɟɫɫɚ ɭɩɥɨɬɧɟɧɢɹ 

ɜɢɛɪɚɰɢɨɧɧɵɦ ɤɚɬɤɨɦ ɩɪɢɧɹɬɵ ɫɥɟɞɭɸɳɢɟ ɞɨɩɭɳɟɧɢɹ: 

1) ɷɥɟɦɟɧɬɵ ɤɨɧɫɬɪɭɤɰɢɢ ɦɚɲɢɧɵ ɢɦɟɸɬ ɚɛɫɨɥɸɬɧɭɸ ɠɟɫɬɤɨɫɬɶ; 

2) ɜɢɛɪɚɰɢɨɧɧɵɣ ɪɚɛɨɱɢɣ ɨɪɝɚɧ ɪɚɛɨɬɚɟɬ ɜ ɛɟɡɭɞɚɪɧɨɦ ɪɟɠɢɦɟ ɫ 

ɤɨɥɟɛɚɧɢɹɦɢ ɝɚɪɦɨɧɢɱɟɫɤɨɝɨ ɯɚɪɚɤɬɟɪɚ; 

3) ɭɩɥɨɬɧɹɟɦɵɣ ɫɥɨɣ ɨɛɥɚɞɚɟɬ ɭɩɪɭɝɨ-ɜɹɡɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ; 

4) ɭɩɪɭɝɨ-ɜɹɡɤɢɟ ɫɜɨɣɫɬɜɚ ɚɦɨɪɬɢɡɚɬɨɪɨɜ ɥɢɧɟɣɧɵ; 

5) ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɬɨɥɶɤɨ ɜɟɪɬɢɤɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɜɢɛɪɚɰɢɢ; 

6) ɭɱɢɬɵɜɚɸɬɫɹ ɢɧɟɪɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ ɭɩɥɨɬɧɹɟɦɨɣ ɫɪɟɞɵ. 

Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɦɨɞɟɥɢ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɤɚɬɤɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɪɟɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɭɩɥɨɬɧɹɟɦɨɣ ɭɩɪɭɝɨ-ɜɹɡɤɨɣ ɫɪɟɞɵ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 

ɪɢɫɭɧɤɟ 9. ɉɨɥɭɱɟɧɧɚɹ ɦɨɞɟɥɶ ɩɨɡɜɨɥɹɟɬ ɜɵɣɬɢ ɧɚ ɨɩɪɟɞɟɥɟɧɢɟ ɚɦɩɥɢɬɭɞɵ 

ɤɨɥɟɛɚɧɢɣ ɜɚɥɶɰɚ ɢ ɦɨɳɧɨɫɬɢ ɧɚ ɭɩɥɨɬɧɟɧɢɟ ɫɪɟɞɵ. 
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2.2 ɂɦɢɬɚɰɢɨɧɧɨɟ ɨɩɢɫɚɧɢɟ ɦɨɞɟɥɢ 
 

2.2.1 ȼɵɛɨɪ ɫɪɟɞɵ ɞɥя ɦɨɞɟɥɢɪɨɜɚɧɢя 
 
Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɢɦɢɬɚɰɢɨɧɧɨɣ ɦɨɞɟɥɢ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɫɭɳɟɫɬɜɭɟɬ 

ɪɚɡɥɢɱɧɵɟ ɩɪɨɝɪɚɦɦɧɵɟ ɩɪɨɞɭɤɬɵ.  

Matlab – ɨɞɧɚ ɢɡ ɧɟɦɧɨɝɢɯ ɫɢɫɬɟɦ, ɩɨɡɜɨɥɹɸɳɢɯ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɬɶ 

ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɪɚɫɱёɬɵ. Matlab – ɹɜɥɹɟɬɫɹ ɷɬɨ ɤɨɥɥɟɤɰɢɟɣ ɩɪɨɝɪɚɦɦ 

ɱɢɫɥɟɧɧɵɯ ɦɟɬɨɞɨɜ ɤɨɦɩɶɸɬɟɪɧɨɣ ɦɚɬɟɦɚɬɢɤɢ, ɫɨɱɟɬɚɟɦɨɟ ɫ ɦɨɳɧɵɦɢ 

ɫɪɟɞɫɬɜɚɦɢ ɝɪɚɮɢɱɟɫɤɨɣ ɜɢɡɭɚɥɢɡɚɰɢɢ ɢ ɚɧɢɦɚɰɢɨɧɧɨɣ ɝɪɚɮɢɤɢ. 

Simulink – ɷɬɨ ɫɪɟɞɚ ɞɥɹ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɦɟɠɞɢɫɰɢɩɥɢɧɚɪɧɨɝɨ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɥɨɠɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɟɟ ɜɵɛɢɪɚɬɶ ɜ 

ɤɚɱɟɫɬɜɟ ɢɧɫɬɪɭɦɟɧɬɚ ɞɥɹ ɦɨɞɟɥɶɧɨ-ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ.  

Ɉɫɧɨɜɧɵɦ ɢɧɬɟɪɮɟɣɫɨɦ Simulik ɹɜɥɹɟɬɫɹ ɝɪɚɮɢɱɟɫɤɚɹ ɫɪɟɞɚ ɞɥɹ ɫɨɡɞɚɧɢɹ 

ɞɢɚɝɪɚɦɦ ɢ ɧɚɛɨɪ ɛɢɛɥɢɨɬɟɱɧɵɯ ɛɥɨɤɨɜ, ɤɨɬɨɪɵɟ ɦɨɠɧɨ ɧɚɫɬɪɚɢɜɚɬɶ. Ⱦɚɧɧɚɹ 

ɫɪɟɞɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɟɞɥɚɝɚɟɬ ɬɟɫɧɭɸ ɢɧɬɟɝɪɚɰɢɸ ɫ ɨɫɬɚɥɶɧɵɦɢ ɫɪɟɞɚɦɢ 

MATLAB ɢ ɦɨɠɟɬ ɥɢɛɨ ɢɫɩɨɥɶɡɨɜɚɬɶ MATLAB, ɥɢɛɨ ɫɨɡɞɚɜɚɬɶ ɫɰɟɧɚɪɢɢ ɢɡ 

ɧɟɝɨ.  Ʉɪɨɦɟ ɬɨɝɨ, Simulink ɦɨɠɟɬ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɜ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ 

ɭɩɪɚɜɥɟɧɢɢ ɢ ɰɢɮɪɨɜɨɣ ɨɛɪɚɛɨɬɤɟ ɫɢɝɧɚɥɨɜ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɧɚ ɨɫɧɨɜɟ ɦɨɞɟɥɟɣ. 

ȼɦɟɫɬɟ ɫ ɞɪɭɝɢɦɢ ɩɪɨɞɭɤɬɚɦɢ ɩɪɨɞɭɤɬɚɦɢ Matlab ɦɨɞɭɥɶ Simulink 

ɩɨɡɜɨɥɹɟɬ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɫɨɡɞɚɜɚɬɶ ɩɪɨɝɪɚɦɦɧɵɣ ɤɨɞ ɧɚ ɹɡɵɤɟ C ɞɥɹ 

ɪɟɚɥɢɡɚɰɢɢ ɫɢɫɬɟɦ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ. Ɍɚɤ ɤɚɤ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢ 

ɝɢɛɤɨɫɬɶ ɤɨɞɚ ɫɨ ɜɪɟɦɟɧɟɦ ɭɥɭɱɲɚɟɬɫɹ, Simulink ɜɫɟ ɫɢɥɶɧɟɟ ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ 

ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɫɢɫɬɟɦ. Ʉɪɨɦɟ ɬɨɝɨ, ɞɚɧɧɵɣ ɦɨɞɭɥɶ ɹɜɥɹɟɬɫɹ 

ɢɧɫɬɪɭɦɟɧɬɨɦ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɜɫɬɪɨɟɧɧɵɯ ɫɢɫɬɟɦ ɢɡ-ɡɚ ɟɝɨ ɝɢɛɤɨɫɬɢ ɢ 

ɫɩɨɫɨɛɧɨɫɬɢ ɤ ɛɵɫɬɪɨɣ ɢɬɟɪɚɰɢɢ.  

Ɍɚɤ ɠɟ ɦɨɞɭɥɶ ɩɪɨɝɪɚɦɦɵ Simulink ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ 

ɫɢɦɭɥɹɰɢɣ, ɱɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɪɚɡɪɚɛɨɬɱɢɤɭ ɩɪɨɢɡɜɨɞɢɬɶ 
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ɜɫɟɫɬɨɪɨɧɧɟɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɣ ɫɢɫɬɟɦɵ ɧɟ ɦɟɧɹɹ ɫɪɟɞɭ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ. 

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɢ ɫɢɦɭɥɹɰɢɢ ɩɪɨɜɟɪɹɸɬ ɩɨɜɟɞɟɧɢɟ ɫɢɫɬɟɦɵ ɜ 

ɤɪɢɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ ɢɥɢ ɜ ɚɜɚɪɢɣɧɵɯ ɫɰɟɧɚɪɢɹɯ. ɗɬɨ ɫɧɢɠɚɟɬ ɫɬɨɢɦɨɫɬɶ 

ɞɨɪɨɝɢɯ ɮɢɡɢɱɟɫɤɢɯ ɩɪɨɬɨɬɢɩɨɜ. Ʉɨɧɬɪɨɥɶ ɤɨɧɰɟɩɰɢɢ ɢɫɩɨɥɧɹɟɬɫɹ ɫ 

ɩɨɞɞɟɪɠɤɨɣ ɩɨɥɭɧɚɬɭɪɧɨɝɨ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɢ ɛɵɫɬɪɨɝɨ ɩɪɨɬɨɬɢɩɢɪɨɜɚɧɢɹ. 

Ʉɪɨɦɟ ɬɨɝɨ, ɲɚɛɥɨɧɵ Simulink ɩɨɞɞɟɪɠɢɜɚɸɬ ɚɜɬɨɦɚɬɢɱɟɫɤɭɸ ɝɟɧɟɪɚɰɢɸ 

ɤɨɞɚ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɤɚɱɟɫɬɜɚ ɧɚ ɹɡɵɤɚɯ C, C ++ ɢ HDL. ɋɝɟɧɟɪɢɪɨɜɚɧɧɵɣ ɤɨɞ 

ɢ ɪɟɡɭɥɶɬɚɬɵ ɲɚɛɥɨɧɚ ɢɞɟɧɬɢɱɧɵ. Ⱥɥɝɨɪɢɬɦɵ, ɫɨɡɞɚɧɧɵɟ ɜ MATLAB, ɧɟ 

ɧɭɠɞɚɸɬɫɹ ɜ ɩɟɪɟɪɚɛɨɬɤɟ ɞɥɹ ɩɨɜɬɨɪɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ Simulink. Ʉɨɞ 

MATLAB ɞɨɛɚɜɥɟɧ ɜ ɛɥɨɤ Simulink ɢɥɢ Stateflow ɤɚɤ ɟɫɬɶ.  

MATLAB ɬɚɤɠɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɫɨɡɞɚɧɢɹ ɜɯɨɞɧɵɯ ɧɚɛɨɪɨɜ ɞɚɧɧɵɯ ɞɥɹ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɦɚɫɲɬɚɛɢɪɭɟɬɫɹ ɜ ɤɥɚɫɬɟɪɵ ɞɥɹ 

ɭɫɤɨɪɟɧɢɹ ɢɧɠɟɧɟɪɧɵɯ ɡɚɞɚɱ, ɬɚɤɢɯ ɤɚɤ ɩɟɪɟɱɢɫɥɟɧɢɟ ɢɥɢ ɨɩɬɢɦɢɡɚɰɢɹ 

ɩɚɪɚɦɟɬɪɨɜ, ɡɚɬɟɦ ɪɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɡɢɪɭɸɬɫɹ ɢ ɨɬɨɛɪɚɠɚɸɬɫɹ ɜ MATLAB. 

Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɢɦɢɬɚɰɢɨɧɧɨɣ ɦɨɞɟɥɢ ɛɵɥ ɜɵɛɪɚɧ ɩɪɨɞɭɤɬ Matlab ɢ ɜ 

ɱɚɫɬɧɨɫɬɢ ɦɨɞɭɥɶ Simulink. 
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2.2.1 Ɇɚɬɟɦɚɬɢɱɟɫɤɚя ɦɨɞɟɥɶ 
 
ɇɚ ɫɯɟɦɟ, ɪɢɫɭɧɤɟ 10, ɢɫɩɨɥɶɡɨɜɚɧɵ ɫɥɟɞɭɸɳɢɟ ɨɛɨɡɧɚɱɟɧɢɹ: mf – ɦɚɫɫɚ 

ɪɚɦɵ ɤɚɬɤɚ; md – ɦɚɫɫɚ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ; ms – ɦɚɫɫɚ ɭɩɥɨɬɧɹɟɦɨɣ ɫɪɟɞɵ; 

dfk  – ɤɨɷɮɮɢɰɢɟɧɬ ɭɩɪɭɝɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɚɦɨɪɬɢɡɚɬɨɪɨɜ, ɭɫɬɚɧɨɜɥɟɧɧɵɯ 

ɦɟɠɞɭ ɪɚɦɨɣ ɢ ɜɚɥɶɰɨɦ, ɇ/ɦ; dfc  – ɤɨɷɮɮɢɰɢɟɧɬ ɞɟɦɩɮɢɪɨɜɚɧɢɹ ɚɦɨɪɬɢɡɚɬɨɪɨɜ, 

ɇ ɫ/ɦ; sk  – ɤɨɷɮɮɢɰɢɟɧɬ ɭɩɪɭɝɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɭɩɥɨɬɧɹɟɦɨɣ ɫɪɟɞɵ, ɇ/ɦ; sc  – 

ɤɨɷɮɮɢɰɢɟɧɬ ɞɟɦɩɮɢɪɨɜɚɧɢɹ ɭɩɥɨɬɧɹɟɦɨɣ ɫɪɟɞɵ, ɇ ɫ/ɦ; yf, yd, ys – ɩɟɪɟɦɟɳɟɧɢɟ 

ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. . 

Ɋɢɫɭɧɨɤ 8 – Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɦɨɞɟɥɢ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɤɚɬɤɚ  

 

Ⱦɥɹ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɨɩɢɫɚɧɢɹ ɭɩɥɨɬɧɹɟɦɨɣ ɫɪɟɞɵ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɨɞɟɥɶ 

Ʉɟɥɶɜɢɧɚ-Ɏɨɣɝɬɚ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɚɧɚɥɢɡɚ ɩɪɨɰɟɫɫɚ ɭɩɥɨɬɧɟɧɢɹ ɫɦɟɫɢ ɜɢɛɪɚɰɢɨɧɧɵɦ ɤɚɬɤɨɦ, 

ɪɢɫɭɧɨɤ 8, ɛɵɥɚ ɫɨɫɬɚɜɥɟɧɚ ɟɝɨ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ, ɤɨɬɨɪɚɹ ɨɞɧɨɜɪɟɦɟɧɧɨ 

ɨɬɪɚɠɚɟɬ ɤɚɤ ɞɢɧɚɦɢɤɭ ɤɨɥɟɛɚɧɢɣ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɤɚ, ɬɚɤ ɢ ɪɟɨɥɨɝɢɱɟɫɤɢɟ 

ɫɜɨɣɫɬɜɚ ɭɩɥɨɬɧɟɧɧɨɣ ɫɪɟɞɵ. ɉɨɥɭɱɟɧɵ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɟ ɭɪɚɜɧɟɧɢɹ 

ɬɪɟɯɦɚɫɫɨɜɨɣ ɤɨɥɟɛɚɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ «ɜɢɛɪɚɰɢɨɧɧɚɹ ɫɦɟɫɶ ɛɚɪɚɛɚɧɚ» ɜ ɜɢɞɟ 

ɫɢɫɬɟɦɵ 
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   
2

( ) ( ) ;

( ) ( ) sin(ω );

ω ; ; ; ɩɪɢ =0, 0; 0,

f f df d f df d f f

d s d s d df d f s d df d f d s e

e e e s d s d d s d s

m y k y y c y y m g

m m y k y k y y c y c y y m m g F t

F m r y y y y t y y y y

        

                 

          

ɝɞɟ , ,f f fy y y  – ɩɟɪɟɦɟɳɟɧɢɟ, ɫɤɨɪɨɫɬɶ, ɭɫɤɨɪɟɧɢɟ ɪɚɦɵ ɤɚɬɤɚ, 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; , ,d d dy y y  – ɩɟɪɟɦɟɳɟɧɢɟ, ɫɤɨɪɨɫɬɶ, ɭɫɤɨɪɟɧɢɟ ɜɢɛɪɚɰɢɨɧɧɨɝɨ 

ɜɚɥɶɰɚ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; g  – ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ, ɦ/ɫ2; eF  – 

ɜɨɡɦɭɳɚɸɳɚɹ ɫɢɥɚ ɜɢɛɪɨɜɨɡɛɭɞɢɬɟɥɹ, ɇ; t  – ɜɪɟɦɹ, ɫ; em  – ɦɚɫɫɚ ɞɟɛɚɥɚɧɫɚ 

ɜɢɛɪɚɬɨɪɚ, ɤɝ; er  – ɪɚɞɢɭɫ ɷɤɫɰɟɧɬɪɢɫɢɬɟɬɚ ɞɟɛɚɥɚɧɫɚ ɜɢɛɪɚɬɨɪɚ, ɦ; ω  – ɭɝɥɨɜɚɹ 

ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɜɚɥɚ ɜɢɛɪɨɜɨɡɛɭɞɢɬɟɥɹ, ɪɚɞ/ɫ. 

Ɇɟɬɨɞ ɩɪɨɫɬɪɚɧɫɬɜɚ ɫɨɫɬɨɹɧɢɣ ɩɨɡɜɨɥɹɟɬ ɩɪɟɞɫɬɚɜɥɹɬɶ ɫɢɫɬɟɦɭ 

ɭɩɪɚɜɥɟɧɢɹ ɜ ɜɢɞɟ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ [2, 8]: 
( ) ( ) ( ) ( ) ( );x t A t x t B t u t     (2) 

( ) ( ) ( ) ( ) ( ),y t C t x t D t u t     (3) 

ɝɞɟ x(t), y(t), u(t)  – ɜɟɤɬɨɪ ɫɨɫɬɨɹɧɢɹ, ɤɨɦɩɨɧɟɧɬɚɦɢ ɤɨɬɨɪɨɝɨ ɹɜɥɹɸɬɫɹ 

ɩɟɪɟɦɟɧɧɵɟ ɫɨɫɬɨɹɧɢɹ ɫɢɫɬɟɦɵ n-ɝɨ ɩɨɪɹɞɤɚ; y(t) – ɜɟɤɬɨɪ ɜɵɯɨɞɚ, 

ɤɨɦɩɨɧɟɧɬɚɦɢ ɤɨɬɨɪɨɝɨ ɹɜɥɹɸɬɫɹ ɜɵɯɨɞɧɵɟ ɩɟɪɟɦɟɧɧɵɟ ɫɢɫɬɟɦɵ; ( )A t  – 

ɦɚɬɪɢɰɚ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɫɢɫɬɟɦɵ (n × n); B(t)– ɦɚɬɪɢɰɚ ɜɯɨɞɚ (r × n), ɝɞɟ r – 

ɱɢɫɥɨ ɜɨɡɞɟɣɫɬɜɢɣ; u(t) – ɜɟɤɬɨɪ ɜɯɨɞɚ, ɤɨɦɩɨɧɟɧɬɚɦɢ ɤɨɬɨɪɨɝɨ ɹɜɥɹɸɬɫɹ 

ɜɯɨɞɧɵɟ ɩɟɪɟɦɟɧɧɵɟ ɫɢɫɬɟɦɵ; C(t) – ɦɚɬɪɢɰɚ ɜɵɯɨɞɚ (n × p), ɝɞɟ p – ɱɢɫɥɨ 

ɜɵɯɨɞɧɵɯ ɜɟɥɢɱɢɧ; D(t) – ɦɚɬɪɢɰɚ ɨɛɯɨɞɚ, ɨɩɪɟɞɟɥɹɸɳɚɹ ɩɪɹɦɭɸ ɡɚɜɢɫɢɦɨɫɬɶ 

ɜɵɯɨɞɚ ɨɬ ɜɯɨɞɚ.[15] 

Ⱦɥɹ ɭɩɪɨɳɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɨɞɟɥɢ ɨɛɴɟɤɬɚ, ɫɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ (1) 

ɩɪɢɜɨɞɢɬɫɹ ɤ ɫɢɫɬɟɦɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ ɜ 

ɧɨɪɦɚɥɶɧɨɣ ɮɨɪɦɟ Ʉɨɲɢ. 
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ɋɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ (1) ɜ ɮɨɪɦɟ Ʉɨɲɢ 

   
2

1
( ) ( ) ;

( ) ( )1
;

sin(ω )

ω .

f df d f df d f f
f

df d f df d f

d
d s s d s d d s e

e e e

y k y y c y y m g
m

k y y c y y
y

m m k y c y m m g F t

F m r

         

       
  

            
    

(4) 

Ɉɩɪɟɞɟɥɟɧɵ ɩɟɪɟɦɟɧɧɵɟ ɫɨɫɬɨɹɧɢɹ ɫɢɫɬɟɦɵ: 1z  – ɜɟɪɬɢɤɚɥɶɧɨɟ 

ɩɟɪɟɦɟɳɟɧɢɟ ɪɚɦɵ, 1 fz y ; 2z  – ɫɤɨɪɨɫɬɶ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ ɪɚɦɵ, 2 fz y ; 

3z  – ɜɟɪɬɢɤɚɥɶɧɨɟ ɩɟɪɟɦɟɳɟɧɢɟ ɜɚɥɶɰɚ, 3 dz y ; 4z  – ɫɤɨɪɨɫɬɶ ɜɟɪɬɢɤɚɥɶɧɨɝɨ 

ɞɜɢɠɟɧɢɹ ɜɚɥɶɰɚ, 3 dz y .  

ɋɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ (4) ɩɨɫɥɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ 

   

1 2

2 3 1 4 2

3 4

4 3 1 4 2 3 4

;

1
( ) ( ) ;

;

1
( ) ( ) sin(ω ) .

df df f
f

df df s s d s e
d s

z z

z k z z c z z m g
m

z z

z k z z c z z k z c z m m g F t
m m



         



                  

(5) 

ɉɟɪɟɦɟɳɟɧɢɟ ɷɬɢɯ ɩɚɪɚɦɟɬɪɨɜ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɜɟɤɬɨɪɵ ɢ ɦɚɬɪɢɰɵ 

ɩɨɡɜɨɥɹɸɬ ɩɨɥɭɱɢɬɶ ɫɥɟɞɭɸɳɢɟ ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫɨɫɬɨɹɧɢɣ 

   1 2 3 4 1 2 3 4; ;
T T

Z z z z z Z z z z z   

0 1 0 0 0 0

1
0

1 0 0 0
; ; ;

0 0 0 1 0 1 0 00 0

1
0

s df s df df df

d s d s d s d s f

df df df df

d sf f f f

k k c c k c

m m m m m m m m m
A B C

k c k c

m mm m m m

   
        
        

       
    

   
    

      

2

0 0
; .

ω sin(ω )0 0
f

e e d s

m g
D U

m r t m g m g

  
                 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ. Ⱦɥɹ ɨɰɟɧɤɢ ɚɞɟɤɜɚɬɧɨɫɬɢ 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɩɪɨɰɟɫɫɚ ɜɵɩɨɥɧɟɧɵ ɜɵɱɢɫɥɟɧɢɹ ɜ ɩɪɨɝɪɚɦɦɟ 
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MATLAB . ɂɦɢɬɚɰɢɨɧɧɚɹ ɦɨɞɟɥɶ ɢɫɫɥɟɞɭɟɦɨɝɨ ɩɪɨɰɟɫɫɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 

ɪɢɫɭɧɤɟ 10. 

Ⱦɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ ɢɫɩɨɥɶɡɨɜɚɧɵ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɢɡ ɪɚɛɨɬɵ  

 

Ɋɢɫɭɧɨɤ 9 – Ⱦɚɧɧɵɟ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɥɭɱɟɧɵ ɩɚɪɚɦɟɬɪɵ 

ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ ɜɚɥɶɰɚ ɢ ɪɚɦɵ: ɩɟɪɟɦɟɳɟɧɢɟ; ɫɤɨɪɨɫɬɶ; ɭɫɤɨɪɟɧɢɟ, ɪɢɫɭɧɨɤ 

11. 

Ɋɢɫɭɧɨɤ 10 – ɂɦɢɬɚɰɢɨɧɧɚɹ ɦɨɞɟɥɶ ɢɫɫɥɟɞɭɟɦɨɝɨ ɩɪɨɰɟɫɫɚ ɧɚ ɹɡɵɤɟ 

MATLAB&Simulink 
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Ɋɢɫɭɧɨɤ 11 – Ƚɪɚɮɢɱɟɫɤɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɩɚɪɚɦɟɬɪɨɜ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ 

ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɤɚɬɤɚ 
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3 Ɇɟɬɨɞɢɤɚ ɫɢɧɬɟɡɚ ɋȺɍ ɨɛɴɟɤɬɨɦ ɜɵɫɨɤɨɝɨ ɩɨɪяɞɤɚ 
 

3.1 Ɇɟɬɨɞɵ ɫɢɧɬɟɡɚ ɪɟɝɭɥяɬɨɪɨɜ 
 

ɉɨɞ ɫɢɧɬɟɡɨɦ ɪɟɝɭɥɹɬɨɪɚ ɩɨɧɢɦɚɟɬɫɹ ɪɚɛɨɬɚ ɩɨ ɪɚɫɱɟɬɭ ɟɝɨ ɪɚɰɢɨɧɚɥɶɧɨɣ 

ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɨɩɬɢɦɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɨɬɞɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ. ɉɪɢ ɪɟɲɟɧɢɢ 

ɡɚɞɚɱɢ ɫɢɧɬɟɡɚ ɢɡɜɟɫɬɧɵ ɱɚɫɬɢ ɫɬɪɭɤɬɭɪɵ ɫɢɫɬɟɦɵ, ɬɚɤɢɟ ɤɚɤ ɨɛɴɟɤɬ 

ɭɩɪɚɜɥɟɧɢɹ, ɪɟɝɭɥɢɪɭɸɳɢɟ ɨɪɝɚɧɵ, ɫɪɟɞɫɬɜɚ ɢɡɦɟɪɟɧɢɹ ɢ ɬ. Ⱦ. ɇɨɪɦɚɬɢɜɧɚɹ 

ɱɚɫɬɶ ɋȺɍ ɧɟɢɡɜɟɫɬɧɚ. Ɉɫɧɨɜɧɚɹ ɡɚɞɚɱɚ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ - ɨɩɪɟɞɟɥɟɧɢɟ 

ɨɩɬɢɦɚɥɶɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɭɩɪɚɜɥɟɧɢɹ, ɢɥɢ ɧɚɢɥɭɱɲɟɝɨ ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɵɯ 

ɭɫɥɨɜɢɹɯ. 

ɗɬɭ ɡɚɞɚɱɭ ɱɚɫɬɨ ɧɚɡɵɜɚɸɬ ɢɧɠɟɧɟɪɧɵɦ ɫɢɧɬɟɡɨɦ. Ɂɚɞɚɱɭ ɢɧɠɟɧɟɪɧɨɝɨ 

ɫɢɧɬɟɡɚ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɡɚɜɟɪɲɟɧɧɨɣ, ɟɫɥɢ ɪɚɫɱɟɬ ɤɚɱɟɫɬɜɚ ɨɠɢɞɚɟɦɨɝɨ 

ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɫɢɫɬɟɦɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ. ɇɟ ɢɫɤɥɸɱɟɧɵ 

ɫɥɭɱɚɢ, ɤɨɝɞɚ ɷɬɨ ɧɟɜɨɡɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜ ɪɚɦɤɚɯ ɜɵɛɪɚɧɧɨɣ ɫɬɪɭɤɬɭɪɵ. Ɂɚɬɟɦ 

ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɫɢɝɧɚɥɵ, ɧɚɩɪɢɦɟɪ, ɜɨɡɦɭɳɟɧɢɹ ɨɬ 

ɨɬɤɥɨɧɟɧɢɹ, ɢɫɩɨɥɶɡɨɜɚɬɶ ɥɨɤɚɥɶɧɵɟ ɨɛɪɚɬɧɵɟ ɫɜɹɡɢ, ɜɜɟɫɬɢ ɤɨɪɪɟɤɬɢɪɭɸɳɢɟ 

ɭɫɬɪɨɣɫɬɜɚ. 

ɂɦɟɹ ɫɬɪɭɤɬɭɪɭ, ɚɥɝɨɪɢɬɦ ɢ ɟɝɨ ɱɢɫɥɨɜɵɟ ɩɚɪɚɦɟɬɪɵ, ɦɨɠɧɨ ɪɟɲɢɬɶ 

ɬɪɟɬɶɸ ɩɪɨɛɥɟɦɭ - ɬɟɯɧɢɱɟɫɤɭɸ ɪɟɚɥɢɡɚɰɢɸ. ȼ ɩɨɞɚɜɥɹɸɳɟɦ ɛɨɥɶɲɢɧɫɬɜɟ 

ɫɥɭɱɚɟɜ ɪɟɝɭɥɹɬɨɪ ɫɨɛɢɪɚɟɬɫɹ ɢɡ ɭɧɢɮɢɰɢɪɨɜɚɧɧɵɯ ɭɡɥɨɜ, ɩɨɷɬɨɦɭ ɩɨɞ 

ɫɢɧɬɟɡɨɦ ɩɨɧɢɦɚɟɬɫɹ ɛɨɥɟɟ ɭɡɤɚɹ ɡɚɞɚɱɚ - ɪɚɫɱɟɬ ɤɨɪɪɟɤɬɢɪɭɸɳɢɯ ɭɫɬɪɨɣɫɬɜ 

ɞɥɹ ɋȺɍ. 

ɉɂȾ-ɪɟɝɭɥɹɬɨɪ - ɭɫɬɪɨɣɫɬɜɨ ɜ ɤɨɧɬɭɪɟ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ, ɢɫɩɨɥɶɡɭɟɦɨɟ ɜ 

ɫɢɫɬɟɦɚɯ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɡɚɞɚɧɧɨɝɨ ɡɧɚɱɟɧɢɹ 

ɢɡɦɟɪɹɟɦɨɝɨ ɩɚɪɚɦɟɬɪɚ. ɉɂȾ-ɪɟɝɭɥɹɬɨɪ ɢɡɦɟɪɹɟɬ ɨɬɤɥɨɧɟɧɢɟ 

ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɨɬ ɡɚɞɚɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɢ ɜɵɞɚɟɬ ɭɩɪɚɜɥɹɸɳɢɣ 

ɫɢɝɧɚɥ, ɤɨɬɨɪɵɣ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɭɦɦɭ ɬɪɟɯ ɱɥɟɧɨɜ, ɩɟɪɜɨɟ ɢɡ ɤɨɬɨɪɵɯ 
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ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɷɬɨɦɭ ɨɬɤɥɨɧɟɧɢɸ, ɜɬɨɪɨɟ - ɢɧɬɟɝɪɚɥɭ ɨɬɤɥɨɧɟɧɢɹ, ɚ ɬɪɟɬɶɟ - 

ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɩɨɥɭɱɟɧɢɸ ɨɬɤɥɨɧɟɧɢɹ. 

ȿɫɥɢ ɤɚɤɢɟ-ɥɢɛɨ ɫɨɫɬɚɜɥɹɸɳɢɟ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɚ ɧɟ ɢɫɩɨɥɶɡɭɸɬɫɹ, ɬɨ 

ɪɟɝɭɥɹɬɨɪ ɧɚɡɵɜɚɸɬ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ-ɢɧɬɟɝɪɚɥɶɧɵɦ (ɉɂ-ɪɟɝɭɥɹɬɨɪ), 

ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ-ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɦ (ɉȾ-ɪɟɝɭɥɹɬɨɪ), ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɦ (ɉ-

ɪɟɝɭɥɹɬɨɪ) ɢ ɬ. ɩ. 

1) ɉ — ɪɟɝɭɥɹɬɨɪ, ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɣ ɪɟɝɭɥɹɬɨɪ.  

ɉɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɉ — ɪɟɝɭɥɹɬɨɪ. 

ɉɪɢɧɰɢɩ ɞɟɣɫɬɜɢɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɪɟɝɭɥɹɬɨɪ ɜɵɪɚɛɚɬɵɜɚɟɬ 

ɭɩɪɚɜɥɹɸɳɟɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɨɛɴɟɤɬ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɜɟɥɢɱɢɧɟ ɨɲɢɛɤɢ (ɱɟɦ 

ɛɨɥɶɲɟ ɨɲɢɛɤɚ, ɬɟɦ ɛɨɥɶɲɟ ɭɩɪɚɜɥɹɸɳɟɟ ɜɨɡɞɟɣɫɬɜɢɟ). 

2)  ɂ — ɪɟɝɭɥɹɬɨɪ, ɢɧɬɟɝɪɢɪɭɸɳɢɣ ɪɟɝɭɥɹɬɨɪ. ɉɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ 

ɂ — ɪɟɝɭɥɹɬɨɪ. 

ɍɩɪɚɜɥɹɸɳɟɟ ɜɨɡɞɟɣɫɬɜɢɟ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɢɧɬɟɝɪɚɥɭ ɨɲɢɛɤɢ. 

3) Ⱦ — ɪɟɝɭɥɹɬɨɪ, ɞɢɮɮɟɪɟɧɰɢɪɭɸɳɢɣ ɪɟɝɭɥɹɬɨɪ. ɉɟɪɟɞɚɬɨɱɧɚɹ 

ɮɭɧɤɰɢɹ Ⱦ — ɪɟɝɭɥɹɬɨɪ. 

 

Ⱦ — ɪɟɝɭɥɹɬɨɪ ɝɟɧɟɪɢɪɭɟɬ ɭɩɪɚɜɥɹɸɳɟɟ ɜɨɡɞɟɣɫɬɜɢɟ ɬɨɥɶɤɨ ɩɪɢ 

ɢɡɦɟɧɟɧɢɢ ɪɟɝɭɥɢɪɭɟɦɨɣ ɜɟɥɢɱɢɧɵ 

 ɇɚ ɩɪɚɤɬɢɤɟ ɞɚɧɧɵɟ ɩɪɨɫɬɟɣɲɢɟ ɉ, ɂ, Ⱦ ɪɟɝɭɥɹɬɨɪɵ ɤɨɦɛɢɧɢɪɭɸɬɫɹ ɜ 

ɪɟɝɭɥɹɬɨɪɵ ɜɢɞɚ ɉɂ, ɉȾ, ɉɂȾ. 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɵɛɪɚɧɧɨɝɨ ɜɢɞɚ ɪɟɝɭɥɹɬɨɪ ɦɨɠɟɬ ɢɦɟɬɶ 

ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɭɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ (ɉ), ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ-ɢɧɬɟɝɪɚɥɶɧɭɸ 
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ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ (ɉɂ), ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ-ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɭɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ 

(ɉȾ) ɢɥɢ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ-ɢɧɬɟɝɪɚɥɶɧɭɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ ɫ ɜɨɡɞɟɣɫɬɜɢɟɦ ɩɨ 

ɩɪɨɢɡɜɨɞɧɨɣ (ɉɂȾ ɪɟɝɭɥɹɬɨɪ). 

4)  ɉɂ-ɪɟɝɭɥɹɬɨɪ, ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ-ɢɧɬɟɝɪɚɥɶɧɵɣ ɪɟɝɭɥɹɬɨɪ. 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɨɱɟɬɚɧɢɟ «ɉ» ɢ «ɂ» ɪɟɝɭɥɹɬɨɪɨɜ.  

ɉɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɉɂ — ɪɟɝɭɥɹɬɨɪɚ. 

Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɉɂ-ɪɟɝɭɥɹɬɨɪɚ ɩɪɨɢɫɯɨɞɢɬ ɜ ɞɜɚ ɷɬɚɩɚ: ɫɧɚɱɚɥɚ 

ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɨɩɟɪɚɬɢɜɧɨ ɩɪɢɛɥɢɠɚɟɬ ɩɚɪɚɦɟɬɪ ɤ 

ɡɚɞɚɧɧɨɦɭ ɡɧɚɱɟɧɢɸ ɢ ɭɦɟɧɶɲɚɟɬ ɨɫɧɨɜɧɭɸ ɱɚɫɬɶ ɨɲɢɛɤɢ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɞɨ 

ɨɫɬɚɬɨɱɧɨɣ ɫɬɚɬɢɱɟɫɤɨɣ ɨɲɢɛɤɢ, ɚ ɡɚɬɟɦ ɢɧɬɟɝɪɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ 

ɩɪɨɢɡɜɨɞɢɬ ɞɨ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɞɨ ɩɨɥɧɨɝɨ ɜɨɡɜɪɚɬɚ ɩɚɪɚɦɟɬɪɚ ɤ ɡɚɞɚɧɧɨɦɭ 

ɡɧɚɱɟɧɢɸ. ɑɬɨɛɵ ɢɫɤɥɸɱɢɬɶ ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟ, ɢɧɬɟɝɪɚɥɶɧɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ 

ɫɩɟɰɢɚɥɶɧɨ ɞɟɥɚɸɬ ɦɟɞɥɟɧɧɨ ɞɟɣɫɬɜɭɸɳɟɣ. ɇɚɥɢɱɢɟ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɣ 

ɫɨɫɬɚɜɥɹɸɳɟɣ ɜ ɪɟɝɭɥɹɬɨɪɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɛɵɫɬɪɭɸ ɪɟɚɤɰɢɸ ɧɚ ɩɨɹɜɥɟɧɢɟ 

ɨɲɢɛɤɢ ɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɬ.ɟ. ɜɵɫɨɤɨɟ ɛɵɫɬɪɨɞɟɣɫɬɜɢɟ. Ɂɚ ɫɱɟɬ ɢɧɬɟɝɪɚɥɶɧɨɣ 

ɫɨɫɬɚɜɥɹɸɳɟɣ, ɉɂ — ɪɟɝɭɥɹɬɨɪ ɞɚɟɬ ɜɵɫɨɤɭɸ ɬɨɱɧɨɫɬɶ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. 

5) ɉȾ — ɪɟɝɭɥɹɬɨɪ, ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ — ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɣ 

ɪɟɝɭɥɹɬɨɪ. ɉȾ — ɪɟɝɭɥɹɬɨɪ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɨɱɟɬɚɧɢɟ «ɉ» ɢ «Ⱦ» 

ɪɟɝɭɥɹɬɨɪɨɜ. ɉɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɉȾ — ɪɟɝɭɥɹɬɨɪɚ. 

 

ɉɪɢɦɟɧɟɧɢɟ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ — ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɪɟɝɭɥɹɬɨɪɨɜ ɞɚɟɬ 

ɜɨɡɦɨɠɧɨɫɬɶ ɭɜɟɥɢɱɢɜɚɬɶ ɨɛɳɟɟ ɭɫɢɥɟɧɢɟ ɩɪɢ ɫɨɯɪɚɧɟɧɢɢ ɭɫɬɨɣɱɢɜɨɫɬɢ 

ɫɢɫɬɟɦɵ, ɱɬɨ ɪɟɡɤɨ ɭɥɭɱɲɚɟɬ ɤɚɱɟɫɬɜɨ ɩɪɨɬɟɤɚɧɢɹ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ. 

Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ — ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɟ ɪɟɝɭɥɹɬɨɪɵ ɩɪɢɝɨɞɧɵ ɞɥɹ 
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ɫɬɚɛɢɥɢɡɚɰɢɢ ɪɟɝɭɥɢɪɭɟɦɵɯ ɫɢɫɬɟɦ ɫ ɞɜɭɦɹ ɧɟɣɬɪɚɥɶɧɵɦɢ ɡɜɟɧɶɹɦɢ ɢɥɢ ɫ 

ɨɞɧɢɦ ɧɟɣɬɪɚɥɶɧɵɦ ɢ ɨɞɧɢɦ ɧɟɭɫɬɨɣɱɢɜɵɦ ɡɜɟɧɨɦ. ɉɨɜɵɲɟɧɢɟ ɨɛɳɟɝɨ 

ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɫɢɥɟɧɢɹ ɰɟɩɢ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶɲɟɧɢɸ 

ɫɬɚɬɢɱɟɫɤɢɯ ɨɲɢɛɨɤ. 

6) ɉɂȾ — ɪɟɝɭɥɹɬɨɪ, ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ — ɢɧɬɟɝɪɚɥɶɧɨ 

ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɣ ɪɟɝɭɥɹɬɨɪ. ɉɂȾ — ɪɟɝɭɥɹɬɨɪ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɫɨɱɟɬɚɧɢɟ «ɉ», «ɂ» ɢ «Ⱦ» — ɪɟɝɭɥɹɬɨɪɨɜ.  

ɉɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɉɂȾ — ɪɟɝɭɥɹɬɨɪɚ. 

 

ɉɪɨɩɨɪɰɢɨɧɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɜɵɪɚɛɚɬɵɜɚɟɬ ɜɵɯɨɞɧɨɣ ɫɢɝɧɚɥ, 

ɩɪɨɬɢɜɨɞɟɣɫɬɜɭɸɳɢɣ ɨɬɤɥɨɧɟɧɢɸ ɪɟɝɭɥɢɪɭɟɦɨɣ ɜɟɥɢɱɢɧɵ ɨɬ ɡɚɞɚɧɧɨɝɨ 

ɡɧɚɱɟɧɢɹ, ɧɚɛɥɸɞɚɟɦɨɦɭ ɜ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ. Ɉɧ ɬɟɦ ɛɨɥɶɲɟ, ɱɟɦ 

ɛɨɥɶɲɟ ɷɬɨ ɨɬɤɥɨɧɟɧɢɟ. ȿɫɥɢ ɜɯɨɞɧɨɣ ɫɢɝɧɚɥ ɪɚɜɟɧ ɡɚɞɚɧɧɨɦɭ ɡɧɚɱɟɧɢɸ, ɬɨ 

ɜɵɯɨɞɧɨɣ ɪɚɜɟɧ ɧɭɥɸ. 

Ɉɞɧɚɤɨ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɬɨɥɶɤɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɝɨ ɪɟɝɭɥɹɬɨɪɚ 

ɡɧɚɱɟɧɢɟ ɪɟɝɭɥɢɪɭɟɦɨɣ ɜɟɥɢɱɢɧɵ ɧɢɤɨɝɞɚ ɧɟ ɫɬɚɛɢɥɢɡɢɪɭɟɬɫɹ ɧɚ ɡɚɞɚɧɧɨɦ 

ɡɧɚɱɟɧɢɢ. ɋɭɳɟɫɬɜɭɟɬ ɬɚɤ ɧɚɡɵɜɚɟɦɚɹ ɫɬɚɬɢɱɟɫɤɚɹ ɨɲɢɛɤɚ, ɤɨɬɨɪɚɹ ɪɚɜɧɚ 

ɬɚɤɨɦɭ ɨɬɤɥɨɧɟɧɢɸ ɪɟɝɭɥɢɪɭɟɦɨɣ ɜɟɥɢɱɢɧɵ, ɤɨɬɨɪɨɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɯɨɞɧɨɣ 

ɫɢɝɧɚɥ, ɫɬɚɛɢɥɢɡɢɪɭɸɳɢɣ ɜɵɯɨɞɧɭɸ ɜɟɥɢɱɢɧɭ ɢɦɟɧɧɨ ɧɚ ɷɬɨɦ ɡɧɚɱɟɧɢɢ. 

ɇɚɩɪɢɦɟɪ, ɜ ɪɟɝɭɥɹɬɨɪɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜɵɯɨɞɧɨɣ ɫɢɝɧɚɥ (ɦɨɳɧɨɫɬɶ ɧɚɝɪɟɜɚɬɟɥɹ) 

ɩɨɫɬɟɩɟɧɧɨ ɭɦɟɧɶɲɚɟɬɫɹ ɩɪɢ ɩɪɢɛɥɢɠɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɤ ɡɚɞɚɧɧɨɣ, ɢ ɫɢɫɬɟɦɚ 

ɫɬɚɛɢɥɢɡɢɪɭɟɬɫɹ ɩɪɢ ɦɨɳɧɨɫɬɢ, ɪɚɜɧɨɣ ɬɟɩɥɨɜɵɦ ɩɨɬɟɪɹɦ. Ɍɟɦɩɟɪɚɬɭɪɚ ɧɟ 

ɦɨɠɟɬ ɞɨɫɬɢɱɶ ɡɚɞɚɧɧɨɝɨ ɡɧɚɱɟɧɢɹ, ɬɚɤ ɤɚɤ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɦɨɳɧɨɫɬɶ ɧɚɝɪɟɜɚɬɟɥɹ 

ɫɬɚɧɟɬ ɪɚɜɧɚ ɧɭɥɸ, ɢ ɨɧ ɧɚɱɧёɬ ɨɫɬɵɜɚɬɶ. 

ɑɟɦ ɛɨɥɶɲɟ ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɢ ɦɟɠɞɭ ɜɯɨɞɧɵɦ ɢ 

ɜɵɯɨɞɧɵɦ ɫɢɝɧɚɥɨɦ (ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɢɥɟɧɢɹ), ɬɟɦ ɦɟɧɶɲɟ ɫɬɚɬɢɱɟɫɤɚɹ ɨɲɢɛɤɚ, 

ɨɞɧɚɤɨ ɩɪɢ ɫɥɢɲɤɨɦ ɛɨɥɶɲɨɦ ɤɨɷɮɮɢɰɢɟɧɬɟ ɭɫɢɥɟɧɢɹ ɩɪɢ ɧɚɥɢɱɢɢ ɡɚɞɟɪɠɟɤ 
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(ɡɚɩɚɡɞɵɜɚɧɢɹ) ɜ ɫɢɫɬɟɦɟ ɦɨɝɭɬ ɧɚɱɚɬɶɫɹ ɚɜɬɨɤɨɥɟɛɚɧɢɹ, ɚ ɩɪɢ ɞɚɥɶɧɟɣɲɟɦ 

ɭɜɟɥɢɱɟɧɢɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɢɫɬɟɦɚ ɦɨɠɟɬ ɩɨɬɟɪɹɬɶ ɭɫɬɨɣɱɢɜɨɫɬɶ. 

ɂɧɬɟɝɪɢɪɭɸɳɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɢɧɬɟɝɪɚɥɭ ɩɨ ɜɪɟɦɟɧɢ 

ɨɬ ɨɬɤɥɨɧɟɧɢɹ ɪɟɝɭɥɢɪɭɟɦɨɣ ɜɟɥɢɱɢɧɵ. ȿё ɢɫɩɨɥɶɡɭɸɬ ɞɥɹ ɭɫɬɪɚɧɟɧɢɹ 

ɫɬɚɬɢɱɟɫɤɨɣ ɨɲɢɛɤɢ. Ɉɧɚ ɩɨɡɜɨɥɹɟɬ ɪɟɝɭɥɹɬɨɪɭ ɫɨ ɜɪɟɦɟɧɟɦ ɭɱɟɫɬɶ 

ɫɬɚɬɢɱɟɫɤɭɸ ɨɲɢɛɤɭ. 

ȿɫɥɢ ɫɢɫɬɟɦɚ ɧɟ ɢɫɩɵɬɵɜɚɟɬ ɜɧɟɲɧɢɯ ɜɨɡɦɭɳɟɧɢɣ, ɬɨ ɱɟɪɟɡ ɧɟɤɨɬɨɪɨɟ 

ɜɪɟɦɹ ɪɟɝɭɥɢɪɭɟɦɚɹ ɜɟɥɢɱɢɧɚ ɫɬɚɛɢɥɢɡɢɪɭɟɬɫɹ ɧɚ ɡɚɞɚɧɧɨɦ ɡɧɚɱɟɧɢɢ, ɫɢɝɧɚɥ 

ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɛɭɞɟɬ ɪɚɜɟɧ ɧɭɥɸ, ɚ ɜɵɯɨɞɧɨɣ ɫɢɝɧɚɥ ɛɭɞɟɬ 

ɩɨɥɧɨɫɬɶɸ ɨɛɟɫɩɟɱɢɜɚɬɶɫɹ ɢɧɬɟɝɪɢɪɭɸɳɟɣ ɫɨɫɬɚɜɥɹɸɳɟɣ. Ɍɟɦ ɧɟ ɦɟɧɟɟ, 

ɢɧɬɟɝɪɢɪɭɸɳɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɬɚɤɠɟ ɦɨɠɟɬ ɩɪɢɜɨɞɢɬɶ ɤ ɚɜɬɨɤɨɥɟɛɚɧɢɹɦ ɩɪɢ 

ɧɟɩɪɚɜɢɥɶɧɨɦ ɜɵɛɨɪɟ ɟё ɤɨɷɮɮɢɰɢɟɧɬɚ. 

Ⱦɢɮɮɟɪɟɧɰɢɪɭɸɳɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɬɟɦɩɭ ɢɡɦɟɧɟɧɢɹ 

ɨɬɤɥɨɧɟɧɢɹ ɪɟɝɭɥɢɪɭɟɦɨɣ ɜɟɥɢɱɢɧɵ ɢ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɩɪɨɬɢɜɨɞɟɣɫɬɜɢɹ 

ɨɬɤɥɨɧɟɧɢɹɦ ɨɬ ɰɟɥɟɜɨɝɨ ɡɧɚɱɟɧɢɹ, ɤɨɬɨɪɵɟ ɩɪɨɝɧɨɡɢɪɭɸɬɫɹ ɜ ɛɭɞɭɳɟɦ. 

Ɉɬɤɥɨɧɟɧɢɹ ɦɨɝɭɬ ɛɵɬɶ ɜɵɡɜɚɧɵ ɜɧɟɲɧɢɦɢ ɜɨɡɦɭɳɟɧɢɹɦɢ ɢɥɢ ɡɚɩɚɡɞɵɜɚɧɢɟɦ 

ɜɨɡɞɟɣɫɬɜɢɹ ɪɟɝɭɥɹɬɨɪɚ ɧɚ ɫɢɫɬɟɦɭ. 

 

3.2 Ɇɟɬɨɞɢɤɚ ɫɢɧɬɟɡɚ ɉɂȾ — ɪɟɝɭɥяɬɨɪɚ 
 

Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɥɢɧɟɣɧɚɹ ɫɢɫɬɟɦɚ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɫ 

ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɟɣ (ɉɎ) ɨɛɴɟɤɬɚ ɜɵɫɨɤɨɝɨ (ɜɵɲɟ ɜɬɨɪɨɝɨ) ɩɨɪɹɞɤɚ. 

 

Ɋɢɫɭɧɨɤ 12 – ɋɯɟɦɚ ɋȺɍ ɫ ɨɛɪɚɬɧɨɣ ɫɜɹɡɶɸ 
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ȼ ɨɛɳɟɦ ɜɢɞɟ ɩɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ ɜɵɫɨɤɨɝɨ 

ɩɨɪɹɞɤɚ Wɪ(s) ɢ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɚ Wc (s) ɢɦɟɸɬ ɜɢɞ: 

ɝɞɟ s — ɨɩɟɪɚɬɨɪ Ʌɚɩɥɚɫɚ; K p ,  K I ɢ K
D — ɤɨɷɮɮɢɰɢɟɧɬɵ, 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɢ, ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɢ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ. 

 

ɉɪɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɦ ɫɨɟɞɢɧɟɧɢɢ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɚ ɢ ɨɛɴɟɤɬɚ 

ɭɩɪɚɜɥɟɧɢɹ ɨɧɢ ɨɛɪɚɡɭɸɬ ɪɚɡɨɦɤɧɭɬɭɸ ɫɢɫɬɟɦɭ ɫ ɉɎ ɫɥɟɞɭɸɳɟɝɨ ɜɢɞɚ 

ɉɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɡɚɦɤɧɭɬɨɣ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɫ ɨɬɪɢɰɚɬɟɥɶɧɨɣ 

ɟɞɢɧɢɱɧɨɣ ɨɛɪɚɬɧɨɣ ɫɜɹɡɶɸ 

ɂɫɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ ɞɥɹ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɩɚɪɚɦɟɬɪɨɜ ɉɂȾ- 

ɪɟɝɭɥɹɬɨɪɚ CAY ɹɜɥɹɸɬɫɹ ɫɬɪɭɤɬɭɪɚ RФ ɪɟɝɭɥɹɬɨɪɚ, RФ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ 

Wɪ(s) ɜɵɫɨɤɨɝɨ ɩɨɪɹɞɤɚ ɢ ɡɚɞɚɧɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɤɚɱɟɫɬɜɚ: ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟ ɢ 

ɜɪɟɦɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. 

Ɋɟɲɚɟɬɫɹ ɡɚɞɚɱɚ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɩɚɪɚɦɟɬɪɨɜ K p ,  K I ɢ K
D 

ɉɂȾ- ɪɟɝɭɥɹɬɨɪɚ ɡɚɦɤɧɭɬɨɣ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɡɚɞɚɧɧɵɟ 

ɩɨɤɚɡɚɬɟɥɢ ɤɚɱɟɫɬɜɚ ɩɪɢ ɭɩɪɚɜɥɟɧɢɢ ɨɛɴɟɤɬɨɦ ɭɩɪɚɜɥɟɧɢɹ ɫ ɉɎ ɜɵɫɨɤɨɝɨ 

ɩɨɪɹɞɤɚ Wɪ(s) ɦɨɞɚɥɶɧɵɦ ɦɟɬɨɞɨɦ ɞɥɹ ɞɜɭɯ ɜɚɪɢɚɧɬɨɜ ɡɚɞɚɧɢɹ ɡɧɚɱɟɧɢɣ 

ɩɨɥɸɫɨɜ ɤɨɪɧɟɣ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɝɨ ɭɪɚɜɧɟɧɢɹ ɡɚɦɤɧɭɬɨɣ ɫɢɫɬɟɦɵ 

ɭɩɪɚɜɥɟɧɢɹ. 
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3.3 Ɋɟɡɭɥɶɬɚɬɵ ɉɂȾ ɦɨɞɟɥɢɪɨɜɚɧɢя 
 
Ɇɨɞɟɥɶ ɚɧɚɥɨɝɨɜɨɝɨ ɉɢɞ – ɪɟɝɭɥɹɬɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 13. ɋ 

ɩɨɦɨɳɶɸ ɜɵɲɟ ɨɩɢɫɚɧɧɨɣ ɦɟɬɨɞɢɤɟ ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ɩɚɪɚɦɟɬɪɵ ɞɥɹ ɞɚɧɧɨɝɨ 

ɉɂȾ – ɪɟɝɭɥɹɬɨɪɚ. 

 

Ɋɢɫɭɧɨɤ 13 – Ɇɨɞɟɥɶ ɪɟɝɭɥɹɬɨɪɚ, ɫɨɡɞɚɧɧɨɝɨ ɜ MathLab 

 

Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɚ ɜ ɫɢɫɬɟɦɟ MATLAB ɜɵɜɟɞɟɧɵ ɜ 

ɜɢɞɟ ɝɪɚɮɢɤɚ ɪɢɫɭɧɨɤ 14, ɩɨ ɞɚɧɧɵɦ ɝɪɚɮɢɤɚ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ 

ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟ ɨɬɫɭɬɫɬɜɭɟɬ, ɩɪɨɰɟɫɫ ɩɪɨɢɫɯɨɞɹɳɢɣ ɩɪɨɰɟɫɫ 

ɚɩɟɪɟɨɞɢɱɟɫɤɢɣ. 
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Ɋɢɫɭɧɨɤ 14 – ɉɟɪɟɯɨɞɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɉɢɞ ɪɟɝɭɥɹɬɨɪɚ 
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ɁȺɄɅɘɑȿɇɂȿ 
 
ȼ ɩɪɨɰɟɫɫɟ ɜɵɩɨɥɧɟɧɢɹ ɦɚɝɢɫɬɟɪɫɤɨɣ ɪɚɛɨɬɵ ɛɵɥ ɩɪɨɜɟɞɟɧ ɫɛɨɪ 

ɦɚɬɟɪɢɚɥɨɜ ɩɨ ɞɚɧɧɨɣ ɬɟɦɟ, ɚ ɢɦɟɧɧɨ – ɷɬɨ ɧɚɭɱɧɵɟ ɩɭɛɥɢɤɚɰɢɢ, ɧɚɭɱɧɵɟ 

ɪɚɛɨɬɵ, ɥɸɛɢɬɟɥɶɫɤɢɟ ɡɚɩɢɫɢ, ɩɨɫɜɹɳёɧɧɵɟ ɡɚɞɚɱɚɦ ɩɨɜɵɲɟɧɢɹ ɤɚɱɟɫɬɜɚ 

ɞɨɪɨɠɧɨɝɨ ɩɨɤɪɵɬɢɹ, ɧɚ ɨɫɧɨɜɟ ɭɥɭɱɲɟɧɢɹ ɭɩɪɚɜɥɟɧɢɹ ɞɨɪɨɠɧɵɦɢ ɦɚɲɢɧɚɦɢ 

ɩɪɢ ɭɩɥɨɬɧɟɧɢɢ ɞɨɪɨɝɨ ɩɨɤɪɵɬɢɹ. 

ȼɨ ɜɪɟɦɹ ɩɪɨɜɟɞɟɧɢɹ ɪɚɛɨɬɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɝɪɚɦɦɧɨɝɨ ɩɚɤɟɬɚ 

MATLAB ɢ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɫɪɟɞɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ Simulink ɛɵɥɢ ɪɚɡɪɚɛɨɬɚɧɵ 

ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɢ ɢɦɢɬɚɰɢɨɧɧɵɟ ɦɨɞɟɥɢ ɩɪɨɰɟɫɫɚ ɭɩɥɨɬɧɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ 

ɜɢɛɪɚɰɢɨɧɧɵɦ ɤɚɬɤɨɦ. Ɋɟɡɭɥɶɬɚɬɵ ɩɨɥɭɱɟɧɧɨɝɨ ɢɦɢɬɚɰɢɨɧɧɨɝɨ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɨɜɩɚɞɚɸɬ ɫ ɩɪɢɦɟɪɚɦɢ ɜ ɪɚɛɨɬɚɯ ɞɪɭɝɢɯ ɥɸɞɟɣ, ɩɪɨɜɨɞɢɜɲɢɯ 

ɩɨɞɨɛɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɨ ɦɟɧɹ. 

Ɍɚɤ ɠɟ ɛɵɥ ɫɢɧɬɟɡɢɪɨɜɚɧ ɉɂȾ ɪɟɝɭɥɹɬɨɪ, ɞɥɹ ɩɪɨɜɟɪɤɢ ɚɞɟɤɜɚɬɧɨɫɬɢ 

ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɢ, ɢɫɩɨɥɶɡɭɟɦɨɣ ɞɥɹ ɫɨɡɞɚɧɢɹ ɢɦɢɬɚɰɢɨɧɧɨɣ ɦɨɞɟɥɢ. 
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ɋɉɂɋɈɄ ɋɈɄɊȺɓȿɇɂɃ 
 
ACE – Ammann Compaction Expert; 

BV – Bouncing Value; 

CCC – Continuous Compaction Control; 

CMV – Compaction Meter Value; 

RMV – Resonance Meter Value; 

ɋȺɍ – ɫɢɫɬɟɦɚ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ; 

ɆɆ – ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ; 
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