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ɊȿɎȿɊȺɌ 
 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «ɋɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ 
ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɤɚɬɤɚ» ɫɨɞɟɪɠɢɬ _70__ ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ 
ɞɨɤɭɦɟɧɬɚ, __21___ ɢɥɥɸɫɬɪɚɰɢɣ, __50___ ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ. 

ȼɂȻɊȺɐɂɈɇɇɕɃ ȼȺɅȿɐ, ɊȺȻɈɑɂɃ ɈɊȽȺɇ ȼɂȻɊȺɐɂɈɇɇɈȽɈ 
ɄȺɌɄȺ, ɉɊɈɐȿɋɋ ɍɉɅɈɌɇȿɇɂə. 

Ɉɛъɟɤɬ иɫɫɥɟɞɨɜɚɧия: ɩɪɨɰɟɫɫ ɭɩɪɚɜɥɟɧɢɹ ɭɩɥɨɬɧɟɧɢɟɦ ɝɪɭɧɬɚ 
ɜɢɛɪɚɰɢɨɧɧɵɦ ɞɨɪɨɠɧɵɦ ɤɚɬɤɨɦ. 

ɐɟɥɶɸ ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ ɹɜɥɹɟɬɫɹ ɩɨɜɵɲɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɩɪɨɰɟɫɫɚ ɭɩɥɨɬɧɟɧɢɹ ɝɪɭɧɬɚ ɜɢɛɪɚɰɢɨɧɧɵɦɢ ɤɚɬɤɚɦɢ ɡɚ ɫɱɟɬ ɚɜɬɨɦɚɬɢɡɚɰɢɢ 
ɭɩɪɚɜɥɟɧɢɹ ɪɟɠɢɦɚɦɢ ɪɚɛɨɬɵ. 

Ɂɚɞɚɱɢ ɢɫɫɥɟɞɨɜɚɧɢɹ.  
1) Ɋɚɫɫɦɨɬɪɟɬɶ ɪɚɛɨɱɢɣ ɩɪɨɰɟɫɫ, ɭɫɬɪɨɣɫɬɜɨ, ɫɭɳɟɫɬɜɭɸɳɢɟ ɫɢɫɬɟɦɵ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɜɢɛɪɚɰɢɨɧɧɵɦɢ ɤɚɬɤɚɦɢ.  
2) Ɋɚɡɪɚɛɨɬɚɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫɨɫɬɨɹɧɢɣ 

ɞɢɧɚɦɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɩɪɨɰɟɫɫɚ ɭɩɥɨɬɧɟɧɢɹ ɝɪɭɧɬɚ ɜɢɛɪɚɰɢɨɧɧɵɦ ɤɚɬɤɨɦ ɢ 
ɢɫɫɥɟɞɨɜɚɬɶ ɜ ɩɪɨɝɪɚɦɦɧɨɣ ɫɪɟɞɟ MATLAB/Simulink. 

3) ȼɵɩɨɥɧɢɬɶ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɋȺɍ ɨɛɴɟɤɬɨɦ 
ɜɵɫɨɤɨɝɨ ɩɨɪɹɞɤɚ ɧɚ ɨɫɧɨɜɟ ɩɪɨɝɪɚɦɦɵ MathCAD ɢ ɢɦɢɬɚɰɢɨɧɧɨɣ ɦɨɞɟɥɢ ɜ 
ɩɪɨɝɪɚɦɦɧɨɣ ɫɪɟɞɟ MATLAB/Simulink. 

4) ɉɪɨɜɟɫɬɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɢɛɪɚɰɢɨɧɧɨɝɨ 
ɩɪɨɰɟɫɫɚ ɭɩɥɨɬɧɟɧɢɹ ɝɪɭɧɬɚ. 

ȼ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɜ ɫɪɟɞɟ MathCAD ɛɵɥ ɩɪɨɢɡɜɟɞёɧ ɪɚɫɱёɬ ɩɚɪɚɦɟɬɪɨɜ 
ɮɭɧɤɰɢɨɧɚɥɶɧɨ ɧɟɨɛɯɨɞɢɦɵɯ ɷɥɟɦɟɧɬɨɜ ɪɟɝɭɥɹɬɨɪɨɜ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɛɨɬɵ ɜ ɫɪɟɞɟ MATLAB ɫ ɩɨɦɨɳɶɸ ɩɚɤɟɬɨɜ ɪɚɫɲɢɪɟɧɢɣ 
Simulink ɩɨɫɬɪɨɟɧɵ ɢɦɢɬɚɰɢɨɧɧɵɟ ɦɨɞɟɥɢ ɩɪɨɰɟɫɫɚ ɭɩɥɨɬɧɟɧɢɹ ɝɪɭɧɬɚ 
ɜɢɛɪɚɰɢɨɧɧɵɦ ɤɚɬɤɨɦ.  

Ɉɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢɹ ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ ɨɬɪɚɠɟɧɵ ɜ 4 
ɩɭɛɥɢɤɚɰɢɹɯ. 

ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶɸ ɢɦɢɬɚɰɢɨɧɧɵɯ ɦɨɞɟɥɟɣ, ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɜ ɫɪɟɞɟ 
MATLAB/Simulink. 
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ȼȼȿȾȿɇɂȿ 

 

ɍɩɥɨɬɧɟɧɢɟ ɞɨɪɨɠɧɨ-ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɨɬɧɨɫɢɬɫɹ ɤ ɨɞɧɨɣ ɢɡ 

ɤɥɸɱɟɜɵɯ ɨɩɟɪɚɰɢɣ ɜ ɞɨɪɨɠɧɨɣ ɨɬɪɚɫɥɢ ɢ ɜɚɠɧɨɣ ɧɚɪɨɞɧɨɯɨɡɹɣɫɬɜɟɧɧɨɣ 

ɡɚɞɚɱɟɣ. Ɉɬ ɤɚɱɟɫɬɜɚ ɭɩɥɨɬɧɟɧɢɹ ɤɚɠɞɨɝɨ ɢɡ ɦɚɬɟɪɢɚɥɨɜ ɡɚɜɢɫɢɬ ɧɟ ɬɨɥɶɤɨ 

ɬɟɤɭɳɟɟ ɫɨɫɬɨɹɧɢɟ ɞɨɪɨɝɢ ɜ ɨɬɞɟɥɶɧɵɯ ɥɨɤɚɥɶɧɵɯ ɦɟɫɬɚɯ (ɧɚɥɢɱɢɟ ɬɪɟɳɢɧ ɧɚ 

ɩɨɤɪɵɬɢɢ, ɟɝɨ ɲɟɥɭɲɟɧɢɟ ɢ ɜɵɤɪɚɲɢɜɚɧɢɟ, ɜɵɛɨɢɧɵ, ɹɦɵ ɢ ɞɚɠɟ ɩɪɨɜɚɥɵ), ɧɨ 

ɢ ɨɛɳɢɣ ɫɪɨɤ ɫɥɭɠɛɵ ɞɨɪɨɝɢ ɜ ɰɟɥɨɦ. 

Ɉɛɟɫɩɟɱɟɧɢɟ ɤɚɱɟɫɬɜɚ ɭɩɥɨɬɧɟɧɢɹ ɦɚɬɟɪɢɚɥɨɜ ɜɨɡɦɨɠɧɨ ɡɚ ɫɱɟɬ 

ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɩɪɨɰɟɫɫɨɜ. ɋɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ (ɋȺɍ) 

ɩɪɨɟɤɬɢɪɭɸɬɫɹ ɧɚ ɨɫɧɨɜɟ ɚɩɪɢɨɪɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɨ ɞɢɧɚɦɢɱɟɫɤɢɯ ɨɛɴɟɤɬɚɯ 

ɭɩɪɚɜɥɟɧɢɹ. 

Ɋɚɡɜɢɬɢɟ ɋȺɍ ɞɨɪɨɠɧɵɦɢ ɤɚɬɤɚɦɢ ɧɚ ɨɫɧɨɜɟ ɜɧɟɞɪɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ 

ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɫɨɜɪɟɦɟɧɧɵɯ 

ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɫ ɭɱɟɬɨɦ ɞɢɧɚɦɢɤɢ ɩɨɞɫɢɫɬɟɦ ɩɪɢɜɨɞɨɜ, ɹɜɥɹɟɬɫɹ 

ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ. 

ɐɟɥɶɸ ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ ɹɜɥɹɟɬɫɹ ɩɨɜɵɲɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 

ɩɪɨɰɟɫɫɚ ɭɩɥɨɬɧɟɧɢɹ ɝɪɭɧɬɚ ɜɢɛɪɚɰɢɨɧɧɵɦɢ ɤɚɬɤɚɦɢ ɡɚ ɫɱɟɬ ɚɜɬɨɦɚɬɢɡɚɰɢɢ 

ɭɩɪɚɜɥɟɧɢɹ ɪɟɠɢɦɚɦɢ ɪɚɛɨɬɵ. 

Ɂɚɞɚɱɢ ɢɫɫɥɟɞɨɜɚɧɢɹ.  

1) Ɋɚɫɫɦɨɬɪɟɬɶ ɪɚɛɨɱɢɣ ɩɪɨɰɟɫɫ, ɭɫɬɪɨɣɫɬɜɨ, ɫɭɳɟɫɬɜɭɸɳɢɟ ɫɢɫɬɟɦɵ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɜɢɛɪɚɰɢɨɧɧɵɦɢ ɤɚɬɤɚɦɢ.  

2) Ɋɚɡɪɚɛɨɬɚɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫɨɫɬɨɹɧɢɣ 

ɞɢɧɚɦɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɩɪɨɰɟɫɫɚ ɭɩɥɨɬɧɟɧɢɹ ɝɪɭɧɬɚ ɜɢɛɪɚɰɢɨɧɧɵɦ ɤɚɬɤɨɦ ɢ 

ɢɫɫɥɟɞɨɜɚɬɶ ɜ ɩɪɨɝɪɚɦɦɧɨɣ ɫɪɟɞɟ MATLAB/Simulink. 

3) ȼɵɩɨɥɧɢɬɶ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɋȺɍ ɨɛɴɟɤɬɨɦ ɜɵɫɨɤɨɝɨ 

ɩɨɪɹɞɤɚ ɧɚ ɨɫɧɨɜɟ ɩɪɨɝɪɚɦɦɵ MathCAD ɢ ɢɦɢɬɚɰɢɨɧɧɨɣ ɦɨɞɟɥɢ ɜ 

ɩɪɨɝɪɚɦɦɧɨɣ ɫɪɟɞɟ MATLAB/Simulink. 

4) ɉɪɨɜɟɫɬɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɩɪɨɰɟɫɫɚ 

ɭɩɥɨɬɧɟɧɢɹ ɝɪɭɧɬɚ. 



5 

Ɉɛъɟɤɬ иɫɫɥɟɞɨɜɚɧия: ɩɪɨɰɟɫɫ ɭɩɪɚɜɥɟɧɢɹ ɭɩɥɨɬɧɟɧɢɟɦ ɝɪɭɧɬɚ 

ɜɢɛɪɚɰɢɨɧɧɵɦ ɞɨɪɨɠɧɵɦ ɤɚɬɤɨɦ. 

ɉɪɟɞɦɟɬ иɫɫɥɟɞɨɜɚɧия: ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɩɪɨɰɟɫɫɚ ɭɩɥɨɬɧɟɧɢɹ ɞɨɪɨɠɧɨ-

ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. 

ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɪɚɡɜɢɬɢɹ ɞɨɪɨɠɧɨ-ɬɪɚɧɫɩɨɪɬɧɨɣ ɫɟɬɢ ɬɪɟɛɭɟɬ ɭɥɭɱɲɟɧɢɹ 

ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɡɟɦɥɹɧɨɝɨ ɩɨɥɨɬɧɚ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɞɨɪɨɝ ɢ 

ɞɪɭɝɢɯ ɧɚɫɵɩɟɣ ɢɧɠɟɧɟɪɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ.  

ɂɡɜɟɫɬɧɵ ɧɚɭɱɧɵɟ ɢ ɩɪɚɤɬɢɱɟɫɤɢɟ ɞɚɧɧɵɟ [3, 4]: ȼ ɨɛɥɚɫɬɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 

ɧɟɫɭɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɢ ɭɫɬɨɣɱɢɜɨɫɬɶ ɤɚɦɟɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɝɪɭɧɬɨɜ, 

ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ ɢ ɰɟɦɟɧɬɨɛɟɬɨɧɚ, ɢɯ ɧɟɩɪɨɧɢɰɚɟɦɨɫɬɶ ɢ ɫɩɨɫɨɛɧɨɫɬɶ 

ɩɪɨɬɢɜɨɫɬɨɹɬɶ ɧɚɝɪɭɡɤɚɦ ɜɫɟɝɞɚ ɫɜɹɡɚɧɚ ɫɨ ɫɬɟɩɟɧɶɸ ɭɩɥɨɬɧɟɧɢɹ ɦɚɬɟɪɢɚɥɨɜ; 

ɬɚɤ, ɧɚɩɪɢɦɟɪ, ɭɜɟɥɢɱɟɧɢɟ ɫɬɟɩɟɧɢ ɭɩɥɨɬɧɟɧɢɹ ɧɚ 1 % ɨɛɵɱɧɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 

ɭɜɟɥɢɱɟɧɢɸ ɩɪɨɱɧɨɫɬɢ, ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ, ɧɚ 10 %-15 %.  

ɍɩɥɨɬɧɟɧɢɟ – ɩɪɨɰɟɫɫ ɭɜɟɥɢɱɟɧɢɹ ɩɥɚɬɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɩɭɬɟɦ 

ɩɪɢɥɨɠɟɧɢɹ ɜɧɟɲɧɢɯ ɫɢɥ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ ɫɬɚɬɢɱɟɫɤɢɦɢ ɢɥɢ 

ɞɢɧɚɦɢɱɟɫɤɢɦɢ. ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦɢ ɨɛɥɚɫɬɹɦɢ ɹɜɥɹɸɬɫɹ 

ɚɜɬɨɦɨɛɢɥɶɧɵɟ ɞɨɪɨɝɢ, ɭɥɢɰɵ ɢ ɦɚɝɢɫɬɪɚɥɢ, ɚɷɪɨɞɪɨɦɵ, ɡɟɦɥɹɧɵɟ ɞɚɦɛɵ, 

ɧɚɫɵɩɢ ɠɟɥɟɡɧɵɯ ɞɨɪɨɝ ɢ ɮɭɧɞɚɦɟɧɬɵ ɡɞɚɧɢɣ. Ⱦɪɭɝɢɟ ɨɛɥɚɫɬɢ ɩɪɢɦɟɧɟɧɢɹ 

ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ ɫɬɨɹɧɤɢ ɞɥɹ ɦɚɲɢɧ, ɫɤɥɚɞɫɤɢɟ ɩɥɨɳɚɞɤɢ, ɫɩɨɪɬɢɜɧɵɟ 

ɩɥɨɳɚɞɤɢ, ɩɪɨɦɵɲɥɟɧɧɵɟ ɢ ɠɢɥɵɟ ɩɥɨɳɚɞɢ, ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɩɨɪɬɨɜ, 

ɪɟɡɟɪɜɭɚɪɨɜ ɢ ɤɚɧɚɥɨɜ. 

ȼɨ ɜɫɟɦ ɦɢɪɟ ɧɚɢɛɨɥɶɲɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɞɥɹ ɭɩɥɨɬɧɟɧɢɹ ɝɪɭɧɬɨɜ ɢ 

ɞɨɪɨɠɧɨ-ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɩɨɥɭɱɢɥɢ ɜɢɛɪɚɰɢɨɧɧɵɟ ɤɚɬɤɢ. 

Ȼɨɥɶɲɢɧɫɬɜɨ ɦɚɲɢɧ ɢɦɟɟɬ ɫɯɨɞɧɭɸ ɦɟɠɞɭ ɫɨɛɨɣ ɤɨɧɫɬɪɭɤɰɢɸ, ɨɬɥɢɱɚɹɫɶ ɜ 

ɨɫɧɨɜɧɨɦ ɜɧɟɲɧɢɦ ɜɢɞɨɦ, ɤɨɦɩɥɟɤɬɭɸɳɢɦɢ, ɤɨɧɫɬɪɭɤɰɢɟɣ ɨɬɞɟɥɶɧɵɯ ɭɡɥɨɜ ɢ 

ɞɟɬɚɥɟɣ. 

Ɉɞɢɧ ɢɡ ɩɭɬɟɣ ɩɨɜɵɲɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 

ɩɪɨɢɡɜɨɞɫɬɜɚ ɭɩɥɨɬɧɹɸɳɢɯ ɪɚɛɨɬ – ɷɬɨ ɪɚɡɪɚɛɨɬɤɚ ɛɨɥɟɟ ɫɨɜɟɪɲɟɧɧɵɯ 

ɭɩɥɨɬɧɹɸɳɢɯ ɦɚɲɢɧ, ɚ ɬɚɤɠɟ ɨɩɪɟɞɟɥɟɧɢɟ ɪɚɰɢɨɧɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɢ 

ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɬɚɤɢɯ ɦɚɲɢɧ ɩɪɢ ɭɩɥɨɬɧɟɧɢɢ ɝɪɭɧɬɨɜ. 
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Ⱥɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ ɭɩɥɨɬɧɟɧɢɹ ɞɨɪɨɠɧɵɯ 

ɩɨɤɪɵɬɢɣ ɫɱɢɬɚɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɧɚ ɨɫɧɨɜɟ 

ɫɨɜɪɟɦɟɧɧɵɯ ɞɨɫɬɢɠɟɧɢɣ ɧɚɭɤɢ ɢ ɬɟɯɧɢɤɢ [5]. 

Ɋɚɛɨɱɢɣ ɩɪɨɰɟɫɫ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɤɚɬɤɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɦɧɨɝɨɤɪɚɬɧɵɦɢ 

ɜɨɡɞɟɣɫɬɜɢɹɦɢ ɜɚɥɶɰɨɦ (ɜɚɥɶɰɚɦɢ) ɧɚ ɭɩɥɨɬɧɹɟɦɵɣ ɦɚɬɟɪɢɚɥ ɫ 

ɩɨɜɬɨɪɹɸɳɢɦɢɫɹ ɩɪɨɯɨɞɚɦɢ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɬɪɟɛɭɟɦɨɣ ɩɥɨɬɧɨɫɬɢ 

ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɝɨ ɩɨɤɪɵɬɢɹ. ɍɩɥɨɬɧɹɟɦɚɹ ɫɪɟɞɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɫɥɨɠɧɵɦɢ 

ɩɪɨɰɟɫɫɚɦɢ ɢɡ-ɡɚ ɧɟɩɪɟɪɵɜɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɪɢ ɞɟɮɨɪɦɚɰɢɢ 

ɭɩɪɭɝɨ-ɜɹɡɤɨ-ɩɥɚɫɬɢɱɟɫɤɨɣ ɫɪɟɞɵ, ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɭɩɥɨɬɧɹɟɦɨɝɨ ɫɥɨɹ 

ɜɨ ɜɪɟɦɟɧɢ, ɢ ɞɪɭɝɢɯ ɮɚɤɬɨɪɨɜ, ɱɬɨ ɬɪɟɛɭɟɬ ɩɨɫɬɨɹɧɧɨɝɨ ɜɧɢɦɚɧɢɹ ɫɨ ɫɬɨɪɨɧɵ 

ɨɩɟɪɚɬɨɪɚ ɡɚ ɭɩɪɚɜɥɟɧɢɟɦ ɪɟɠɢɦɚɦɢ ɪɚɛɨɬɵ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɤɚɬɤɚ. 

Ɉɛɟɫɩɟɱɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɣ ɪɚɛɨɬɵ ɞɨɪɨɠɧɵɯ ɤɚɬɤɨɜ ɜɨɡɦɨɠɧɨ ɬɨɥɶɤɨ ɡɚ ɫɱɟɬ 

ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ.  

ɐɟɥɶ ɭɩɪɚɜɥɟɧɢɹ ɨɛɴɟɤɬɨɦ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɛɵɫɬɪɨɦ ɢɡɦɟɧɟɧɢɢ ɩɚɪɚɦɟɬɪɨɜ 

ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ, ɜɢɞɚ ɢ ɜɟɥɢɱɢɧɵ ɜɨɡɦɭɳɚɸɳɢɯ ɜɨɡɞɟɣɫɬɜɢɣ ɢ 

ɞɟɣɫɬɜɢɬɟɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɪɟɝɭɥɢɪɭɟɦɨɝɨ ɩɚɪɚɦɟɬɪɚ [12]. 

ɂɡɜɟɫɬɧɨ [7, 8], ɱɬɨ ɬɪɚɞɢɰɢɨɧɧɵɟ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɵ ɢɦɟɸɬ ɩɥɨɯɢɟ 

ɩɨɤɚɡɚɬɟɥɢ ɤɚɱɟɫɬɜɚ ɩɪɢ ɭɩɪɚɜɥɟɧɢɢ ɧɟɥɢɧɟɣɧɵɦɢ ɢ ɫɥɨɠɧɵɦɢ ɫɢɫɬɟɦɚɦɢ, ɚ 

ɬɚɤɠɟ ɩɪɢ ɧɟɞɨɫɬɚɬɨɱɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɨɛ ɨɛɴɟɤɬɟ ɭɩɪɚɜɥɟɧɢɹ. ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɪɟɝɭɥɹɬɨɪɨɜ ɜ ɷɬɢɯ ɫɥɭɱɚɹɯ ɦɨɠɧɨ ɭɥɭɱɲɢɬɶ ɫ ɩɨɦɨɳɶɸ ɬɟɯɧɨɥɨɝɢɣ 

ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɢɧɬɟɥɥɟɤɬɚ – ɧɟɱɟɬɤɨɣ ɥɨɝɢɤɢ, ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ 

ɢ ɞɪɭɝɢɯ ɦɟɬɨɞɨɜ. Ɋɟɝɭɥɹɬɨɪɵ, ɩɨɫɬɪɨɟɧɧɵɟ ɧɚ ɛɚɡɟ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ, ɜ ɪɹɞɟ 

ɫɥɭɱɚɟɜ ɫɩɨɫɨɛɧɵ ɨɛɟɫɩɟɱɢɬɶ ɛɨɥɟɟ ɜɵɫɨɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɤɚɱɟɫɬɜɚ ɩɟɪɟɯɨɞɧɵɯ 

ɩɪɨɰɟɫɫɨɜ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɤɥɚɫɫɢɱɟɫɤɢɦɢ ɪɟɝɭɥɹɬɨɪɚɦɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɢɦɟɧɢɜ 

ɦɟɬɨɞɵ ɫɢɧɬɟɡɚ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɭɩɪɚɜɥɟɧɢɹ, ɦɨɠɧɨ ɜɵɩɨɥɧɢɬɶ 

ɨɩɬɢɦɢɡɚɰɢɸ ɫɥɨɠɧɵɯ ɤɨɧɬɭɪɨɜ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɛɟɡ ɩɪɨɜɟɞɟɧɢɹ ɜɫɟɫɬɨɪɨɧɧɢɯ 

ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. 

ɂɧɬɟɪɟɫ ɤ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɦ ɫɢɫɬɟɦɚɦ ɭɩɪɚɜɥɟɧɢɹ (ɂɋɍ) ɨɛɴɹɫɧɹɟɬɫɹ 

ɪɹɞɨɦ ɩɪɢɱɢɧ. ɉɟɪɜɚɹ ɢɡ ɧɢɯ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɬɪɚɞɢɰɢɨɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɭɠɟ 

ɧɟ ɜ ɫɨɫɬɨɹɧɢɢ ɨɛɟɫɩɟɱɢɬɶ ɬɪɟɛɭɟɦɨɝɨ ɩɨɜɵɲɟɧɢɹ ɤɚɱɟɫɬɜɚ ɭɩɪɚɜɥɟɧɢɹ, 
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ɩɨɫɤɨɥɶɤɭ ɧɟ ɭɱɢɬɵɜɚɸɬ ɜɫɟɯ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɟɣ, ɜɨɡɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɫɢɫɬɟɦɭ. 

ɉɨɩɵɬɤɚ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɢɡɜɟɫɬɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɚɞɚɩɬɢɜɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɧɟ 

ɜɫɟɝɞɚ ɞɚɟɬ ɠɟɥɚɟɦɵɣ ɪɟɡɭɥɶɬɚɬ. ɗɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɤɚɤ ɫɥɨɠɧɨɫɬɶɸ ɫɚɦɢɯ 

ɚɥɝɨɪɢɬɦɨɜ, ɬɚɤ ɢ ɫɥɨɠɧɨɫɬɶɸ ɢɯ ɪɟɚɥɢɡɚɰɢɢ ɧɚ ɰɢɮɪɨɜɨɣ ɬɟɯɧɢɤɟ ɫ ɭɱɟɬɨɦ 

ɭɫɥɨɜɢɹ ɨɛɟɫɩɟɱɟɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɞɢɫɤɪɟɬɧɨɣ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ. 

ȼɬɨɪɨɣ ɩɪɢɱɢɧɨɣ, ɫɩɨɫɨɛɫɬɜɭɸɳɟɣ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ 

ɨɛɥɚɫɬɢ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɯ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ, ɹɜɥɹɟɬɫɹ ɧɚɥɢɱɢɟ 

ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɛɚɡɵ, ɤɨɟɣ ɹɜɥɹɸɬɫɹ ɪɚɛɨɬɵ Ⱦ. ɉɨɫɩɟɥɨɜɚ, Ʌ. 

Ɂɚɞɟ, ȿ. Ɇɚɦɞɚɧɢ ɢ ɞɪ. ɭɱɟɧɵɯ. ɂɫɩɨɥɶɡɭɹ ɪɟɡɭɥɶɬɚɬɵ ɷɬɢɯ ɪɚɛɨɬ ɜ ɫɨɱɟɬɚɧɢɢ ɫ 

ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɵɦ ɩɨɧɢɦɚɧɢɟɦ ɬɟɨɪɢɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɦɨɠɧɨ 

ɨɠɢɞɚɬɶ ɩɨɡɢɬɢɜɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɜ ɨɛɨɫɧɨɜɚɧɧɨɣ ɢɧɬɟɥɥɟɤɬɭɚɥɢɡɚɰɢɢ ɫɢɫɬɟɦ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɧɚ ɨɫɧɨɜɟ ɩɪɢɦɟɧɟɧɢɹ ɫɨɜɪɟɦɟɧɧɵɯ ɦɟɬɨɞɨɜ ɢ 

ɬɟɯɧɨɥɨɝɢɣ ɨɛɪɚɛɨɬɤɢ ɡɧɚɧɢɣ. 

Ɍɪɟɬɶɹ ɩɪɢɱɢɧɚ ɫɜɹɡɚɧɚ ɫ ɬɟɦ, ɱɬɨ ɭɠɟ ɫɟɣɱɚɫ ɧɚɡɪɟɥɚ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɶ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɟɢɦɭɳɟɫɬɜ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɭɩɪɚɜɥɟɧɢɹ. ȼ ɷɬɨɣ 

ɫɜɹɡɢ ɦɨɠɧɨ ɢ ɧɭɠɧɨ ɝɨɜɨɪɢɬɶ ɨ ɪɟɚɥɶɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɫɭɳɟɫɬɜɭɸɳɟɣ 

ɷɥɟɦɟɧɬɧɨɣ ɛɚɡɵ ɞɥɹ ɫɨɡɞɚɧɢɹ ɨɩɪɟɞɟɥɟɧɧɵɯ ɤɥɚɫɫɨɜ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɯ ɫɢɫɬɟɦ 

ɭɩɪɚɜɥɟɧɢɹ, ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɪɨɫɬɨɬɚ ɤɨɬɨɪɵɯ ɫɜɹɡɚɧɚ ɫ ɨɛɪɚɛɨɬɤɨɣ 

ɨɝɪɚɧɢɱɟɧɧɨɝɨ ɧɚɛɨɪɚ ɡɧɚɧɢɣ ɜ ɤɨɧɤɪɟɬɧɨɣ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ. ɉɪɢ ɷɬɨɦ 

ɟɫɬɟɫɬɜɟɧɧɨ ɜɨɡɧɢɤɚɟɬ ɢ ɬɪɟɛɭɟɬ ɫɩɟɰɢɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɰɟɥɵɣ ɤɨɦɩɥɟɤɫ 

ɜɨɩɪɨɫɨɜ: ɨ ɫɨɫɬɚɜɟ ɢ ɨɩɬɢɦɚɥɶɧɵɯ ɨɛɴɟɦɚɯ ɡɧɚɧɢɣ, ɜɵɛɨɪɟ ɮɨɪɦɵ ɢɯ 

ɩɪɟɞɫɬɚɜɥɟɧɢɹ, ɫɩɨɫɨɛɚɯ ɮɨɪɦɢɪɨɜɚɧɢɹ ɢ ɬ. ɞ. Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɜɨɩɪɨɫ ɫɨɡɞɚɧɢɹ 

ɧɨɜɨɣ ɷɥɟɦɟɧɬɧɨɣ ɛɚɡɵ – ɧɟɣɪɨɫɟɬɟɜɵɯ ɫɬɪɭɤɬɭɪ, ɧɟɱɟɬɤɢɯ ɤɨɧɬɪɨɥɥɟɪɨɜ ɢ ɬ. 

ɞ., ɫɩɟɰɢɚɥɶɧɨ ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɯ ɧɚ ɩɨɞɞɟɪɠɤɭ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɯ ɬɟɯɧɨɥɨɝɢɣ 

ɨɛɪɚɛɨɬɤɢ ɢɧɮɨɪɦɚɰɢɢ ɢ ɭɩɪɚɜɥɟɧɢɹ, ɨɫɬɚɟɬɫɹ ɤɪɚɣɧɟ ɚɤɬɭɚɥɶɧɵɦ ɢ 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ ɢɫɫɥɟɞɨɜɚɧɢɣ. ɂ, ɜɟɪɨɹɬɧɨ, 

ɩɨɫɥɟɞɧɹɹ ɱɟɬɜɟɪɬɚɹ ɩɪɢɱɢɧɚ ɫɜɹɡɚɧɚ ɫ ɬɟɦ, ɱɬɨ ɞɚɥɶɧɟɣɲɟɟ ɪɚɡɜɢɬɢɟ 

ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɭɩɪɚɜɥɟɧɢɹ ɤɚɤ ɧɚ ɢɫɩɨɥɧɢɬɟɥɶɧɨɦ ɭɪɨɜɧɟ 

(ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɣ ɩɪɢɜɨɞ, ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɣ ɦɟɯɚɬɪɨɧɧɵɣ ɦɨɞɭɥɶ ɢ ɬ. ɞ.), ɬɚɤ 

ɢ ɧɚ ɭɪɨɜɧɟ ɨɪɝɚɧɢɡɚɰɢɢ ɰɟɥɟɫɨɨɛɪɚɡɧɵɯ ɞɟɣɫɬɜɢɣ ɢ ɩɨɜɟɞɟɧɢɹ ɩɨɡɜɨɥɹɟɬ 
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ɨɛɟɫɩɟɱɢɬɶ ɩɪɚɤɬɢɱɟɫɤɭɸ ɪɟɚɥɢɡɚɰɢɸ ɢ ɜɧɟɞɪɟɧɢɟ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɧɨɜɨɝɨ 

ɩɨɤɨɥɟɧɢɹ ɦɚɲɢɧ, ɨɛɥɚɞɚɸɳɢɯ ɜɵɫɨɤɢɦɢ ɬɟɯɧɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɢ 

ɮɭɧɤɰɢɨɧɚɥɶɧɵɦɢ ɜɨɡɦɨɠɧɨɫɬɹɦɢ [15]. 

Ɋɚɡɜɢɬɢɟ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɬɟɯɧɢɤɢ ɪɚɫɲɢɪɹɟɬ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ 

ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɯ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ ɧɚ ɨɫɧɨɜɟ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ ɞɥɹ 

ɚɫɮɚɥɶɬɨɭɤɥɚɞɱɢɤɨɜ ɢ ɞɨɪɨɠɧɵɯ ɤɚɬɤɨɜ [10; 11]. 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɟɯɧɢɱɟɫɤɢɦ ɡɚɞɚɧɢɟɦ ɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ 

ɞɨɪɨɠɧɨ-ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɩɨɬɨɤɚ, ɡɚɞɚɸɬɫɹ ɩɨɤɚɡɚɬɟɥɢ: ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ; 

ɱɚɫɬɨɬɚ ɜɢɛɪɚɰɢɢ ɜɚɥɶɰɚ; ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɯɨɞɨɜ [12]. 
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1 ɋɨɫɬɨɹɧɢɟ ɜɨɩɪɨɫɚ ɩɨ ɬɟɦɟ ɪɚɛɨɬɵ 

 

1.1 Ɍɟɯɧɨɥɨɝɢɹ ɭɩɥɨɬɧɟɧɢɹ ɝɪɭɧɬɚ ɤɚɬɤɚɦɢ 

 

Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɝɪɭɧɬ – ɷɬɨ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɚɹ ɢ ɦɧɨɝɨɨɛɪɚɡɧɚɹ 

ɝɟɨɥɨɝɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ, ɜɤɥɸɱɚɸɳɚɹ ɝɨɪɧɵɟ ɩɨɪɨɞɵ, ɩɨɱɜɵ, ɬɟɯɧɨɝɟɧɧɵɟ 

ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɬ. ɞ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɵɯ ɫɦɟɫɟɣ, ɤɨɬɨɪɵɟ ɢɦɟɸɬ 

ɛɨɥɟɟ ɢɥɢ ɦɟɧɟɟ ɫɬɚɛɢɥɶɧɵɟ ɤɨɦɩɨɧɟɧɬɵ, ɫɨɫɬɚɜ ɝɪɭɧɬɨɜ ɦɨɠɟɬ ɛɵɬɶ ɨɱɟɧɶ 

ɪɚɡɧɵɦ. 

ȿɞɢɧɨɣ ɫɢɫɬɟɦɵ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɝɪɭɧɬɨɜ ɜ ɦɢɪɟ ɧɟ ɫɭɳɟɫɬɜɭɟɬ. ȼ Ɋɨɫɫɢɢ 

ɞɟɣɫɬɜɭɟɬ ȽɈɋɌ 25100-2011, ɜ ɤɨɬɨɪɨɦ ɝɪɭɧɬɵ ɩɨɞɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɬɪɢ 

ɨɫɧɨɜɧɵɯ ɤɥɚɫɫɚ: ɫɤɚɥɶɧɵɟ, ɞɢɫɩɟɪɫɧɵɟ ɢ ɦɟɪɡɥɵɟ. Ʉɚɠɞɵɣ ɤɥɚɫɫ ɜɤɥɸɱɚɟɬ 

ɦɧɨɠɟɫɬɜɨ ɬɢɩɨɜ ɢ ɞɟɫɹɬɤɢ ɩɨɞɜɢɞɨɜ. Ɍɚɦ ɠɟ ɩɪɢɜɨɞɹɬɫɹ ɨɫɧɨɜɧɵɟ ɩɨɤɚɡɚɬɟɥɢ 

ɫɜɨɣɫɬɜ ɝɪɭɧɬɨɜ ɢ ɢɯ ɪɚɡɧɨɜɢɞɧɨɫɬɢ. ȼ ɋɒȺ ɞɥɹ ɰɟɥɟɣ ɞɨɪɨɠɧɨɝɨ 

ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɩɪɢɦɟɧɹɟɬɫɹ ɫɢɫɬɟɦɚ, ɪɚɡɪɚɛɨɬɚɧɧɚɹ Ⱥɦɟɪɢɤɚɧɫɤɨɣ ɚɫɫɨɰɢɚɰɢɟɣ 

ɫɥɭɠɚɳɢɯ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɯ ɚɜɬɨɞɨɪɨɝ ɢ ɬɪɚɧɫɩɨɪɬɚ. Ƚɪɭɩɩɵ ɢ ɩɨɞɝɪɭɩɩɵ ɜ ɧɟɣ 

ɨɛɴɟɞɢɧɟɧɵ ɜ ɞɜɟ ɨɫɧɨɜɧɵɟ ɤɚɬɟɝɨɪɢɢ: ɡɟɪɧɢɫɬɵɟ ɢ ɩɵɥɟɜɚɬɨ-ɝɥɢɧɢɫɬɵɟ 

ɦɚɬɟɪɢɚɥɵ. Ɏɪɚɧɰɭɡɫɤɚɹ ɫɢɫɬɟɦɚ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɞɟɥɢɬ ɝɪɭɧɬɵ ɧɚ ɤɥɚɫɫɵ ɢ 

ɩɨɞɤɥɚɫɫɵ ɧɚ ɨɫɧɨɜɟ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ, ɜɤɥɸɱɚɹ ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɢɣ 

ɫɨɫɬɚɜ ɢ ɩɥɚɫɬɢɱɧɨɫɬɶ. Ɉɫɧɨɜɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɫɜɨɣɫɬɜɚ ɛɨɥɶɲɢɧɫɬɜɚ ɝɪɭɧɬɨɜ 

ɨɤɚɡɵɜɚɟɬ ɤɨɥɢɱɟɫɬɜɨ ɫɨɞɟɪɠɚɳɟɣɫɹ ɜ ɧɢɯ ɜɥɚɝɢ. ȼ ɩɪɚɤɬɢɱɟɫɤɢɯ ɰɟɥɹɯ ɜɚɠɧɨ 

ɡɧɚɬɶ, ɤɚɤ ɪɟɚɝɢɪɭɟɬ ɝɪɭɧɬ ɧɚ ɞɟɣɫɬɜɢɟ ɜɧɟɲɧɢɯ ɫɢɥ. Ⱦɥɹ ɷɬɨɣ ɰɟɥɢ 

ɩɪɨɮɟɫɫɢɨɧɚɥɵ ɜɵɞɟɥɹɸɬ ɫɜɹɡɧɵɟ, ɩɨɥɭɫɜɹɡɧɵɟ ɢ ɧɟɫɜɹɡɧɵɟ ɝɪɭɧɬɵ. 

ɉɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɞɨɪɨɠɧɵɯ ɨɫɧɨɜɚɧɢɣ ɭɩɥɨɬɧɟɧɢɟ ɝɪɭɧɬɚ ɢɝɪɚɟɬ 

ɜɚɠɧɟɣɲɭɸ ɪɨɥɶ. Ɉɬ ɤɚɱɟɫɬɜɚ ɪɚɛɨɬ ɩɨ ɭɩɥɨɬɧɟɧɢɸ ɡɚɜɢɫɢɬ ɫɩɨɫɨɛɧɨɫɬɶ 

ɤɨɧɫɬɪɭɤɰɢɢ ɞɨɪɨɠɧɨɣ ɨɞɟɠɞɵ ɫɨɯɪɚɧɹɬɶ ɩɪɨɱɧɨɫɬɶ ɜ ɬɟɱɟɧɢɟ ɜɫɟɝɨ ɫɪɨɤɚ 

ɫɥɭɠɛɵ. ȼ ɝɪɭɧɬɚɯ, ɨɛɥɚɞɚɸɳɢɯ ɧɢɡɤɨɣ ɩɥɨɬɧɨɫɬɶɸ, ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ 

ɬɪɚɧɫɩɨɪɬɧɵɯ ɧɚɝɪɭɡɨɤ ɧɚɤɚɩɥɢɜɚɸɬɫɹ ɨɫɬɚɬɨɱɧɵɟ ɞɟɮɨɪɦɚɰɢɢ ɢ ɜɨɡɧɢɤɚɸɬ 

ɩɪɨɫɚɞɤɢ, ɱɬɨ ɫɨ ɜɪɟɦɟɧɟɦ ɩɪɢɜɨɞɢɬ ɤ ɧɚɪɭɲɟɧɢɸ ɪɨɜɧɨɫɬɢ ɩɪɨɟɡɠɟɣ ɱɚɫɬɢ 

ɞɨɪɨɝ. ɑɟɦ ɩɥɨɬɧɟɟ ɝɪɭɧɬ, ɬɟɦ ɦɟɧɶɲɟ ɜɟɪɨɹɬɧɨɫɬɶ ɦɨɪɨɡɧɨɝɨ ɩɭɱɟɧɢɹ ɢɡ-ɡɚ 
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ɢɡɦɟɧɟɧɢɹ ɜɥɚɠɧɨɫɬɢ ɝɪɭɧɬɚ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɨɫɚɞɤɨɜ. Ɍɨ ɠɟ ɫɚɦɨɟ ɤɚɫɚɟɬɫɹ ɢ 

ɫɬɪɨɢɬɟɥɶɧɵɯ ɨɛɴɟɤɬɨɜ. ȿɫɥɢ ɧɚ ɫɬɚɞɢɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɧɟ ɭɞɚɟɬɫɹ ɨɛɟɫɩɟɱɢɬɶ 

ɤɚɱɟɫɬɜɟɧɧɨɟ ɭɩɥɨɬɧɟɧɢɟ, ɪɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ ɡɚ ɜɪɟɦɹ ɷɤɫɩɥɭɚɬɚɰɢɢ ɨɛɴɟɤɬɚ 

ɦɨɝɭɬ ɩɪɟɜɵɫɢɬɶ ɩɟɪɜɨɧɚɱɚɥɶɧɵɟ ɪɚɫɯɨɞɵ ɧɚ ɟɝɨ ɫɨɨɪɭɠɟɧɢɟ. ɉɨ ɫɭɬɢ ɫɜɨɟɣ, 

ɩɪɨɰɟɫɫ ɭɩɥɨɬɧɟɧɢɹ ɫɨɫɬɨɢɬ ɜ ɜɵɬɟɫɧɟɧɢɢ ɜɨɡɞɭɯɚ ɢɡ ɩɨɪ ɝɪɭɧɬɚ, ɨɬɠɚɬɢɹ 

ɫɜɨɛɨɞɧɨɣ ɜɨɞɵ ɢ ɭɦɟɧɶɲɟɧɢɹ ɫɥɨɹ ɫɜɹɡɚɧɧɨɣ ɜɨɞɵ, ɱɬɨ ɞɨɫɬɢɝɚɟɬɫɹ 

ɦɟɯɚɧɢɱɟɫɤɢɦ ɜɨɡɞɟɣɫɬɜɢɟɦ ɭɩɥɨɬɧɹɸɳɟɣ ɬɟɯɧɢɤɢ. Ⱦɥɹ ɤɚɠɞɨɝɨ ɜɢɞɚ ɝɪɭɧɬɚ 

ɫɭɳɟɫɬɜɭɟɬ ɫɜɨɹ ɨɩɬɢɦɚɥɶɧɚɹ ɜɥɚɠɧɨɫɬɶ, ɩɪɢ ɤɨɬɨɪɨɣ ɦɨɠɧɨ ɞɨɫɬɢɱɶ 

ɦɚɤɫɢɦɚɥɶɧɨɣ ɫɬɟɩɟɧɢ ɭɩɥɨɬɧɟɧɢɹ. Ⱦɥɹ ɩɟɫɱɚɧɵɯ ɝɪɭɧɬɨɜ ɨɩɬɢɦɚɥɶɧɚɹ 

ɜɥɚɠɧɨɫɬɶ ɫɨɫɬɚɜɥɹɟɬ 4% - 12%, ɚ ɞɥɹ ɝɥɢɧɢɫɬɵɯ – 9% - 22%. 

ȼɢɛɪɚɰɢɨɧɧɨɟ ɭɩɥɨɬɧɟɧɢɟ ɝɪɭɧɬɨɜ – ɷɬɨ ɨɱɟɧɶ ɫɥɨɠɧɵɣ ɩɪɨɰɟɫɫ. Ɉɛɳɟɟ 

ɭɩɥɨɬɧɹɸɳɟɟ ɭɫɢɥɢɟ ɧɚɯɨɞɢɬɫɹ ɩɨɞ ɜɥɢɹɧɢɟɦ ɛɨɥɟɟ ɱɟɦ 30-ɬɢ ɮɚɤɬɨɪɨɜ. 

ɇɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɬɚɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɪɭɧɬɚ, ɤɚɤ ɪɚɡɦɟɪ ɢ ɬɜɟɪɞɨɫɬɶ 

ɱɚɫɬɢɰ, ɬɟɤɫɬɭɪɚ, ɧɚɱɚɥɶɧɚɹ ɩɥɨɬɧɨɫɬɶ, ɫɨɞɟɪɠɚɧɢɟ ɜɥɚɝɢ, ɬɨɥɳɢɧɚ ɫɥɨɹ, 

ɫɬɟɩɟɧɶ ɭɩɥɨɬɧɟɧɢɹ ɩɨɞɫɬɢɥɚɸɳɟɝɨ ɫɥɨɹ. Ʉɨɧɫɬɪɭɤɰɢɹ ɤɚɬɤɚ ɬɚɤɠɟ ɜɚɠɧɚ ɞɥɹ 

ɞɢɧɚɦɢɤɢ ɭɩɥɨɬɧɟɧɢɹ. ȼɥɢɹɧɢɟ ɨɤɚɡɵɜɚɸɬ ɪɚɡɦɟɪ ɪɚɦɵ, ɪɚɛɨɱɢɣ ɜɟɫ, ɤɨɥɟɫɧɚɹ 

ɛɚɡɚ, ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɦɚɫɫɵ ɧɚ ɩɟɪɟɞɧɢɣ ɢ ɡɚɞɧɢɣ ɜɚɥɶɰɵ. ɉɪɨɢɡɜɨɞɢɬɟɥɢ 

ɞɨɥɠɧɵ ɬɚɤɠɟ ɩɪɚɜɢɥɶɧɨ ɩɨɞɨɛɪɚɬɶ ɞɢɚɦɟɬɪ ɢ ɲɢɪɢɧɭ ɜɚɥɶɰɚ, ɚɦɨɪɬɢɡɚɬɨɪɵ, 

ɦɚɫɫɭ ɷɤɫɰɟɧɬɪɢɤɨɜ ɢ ɢɯ ɪɚɫɩɨɥɨɠɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ ɜɚɥɶɰɚ. Ɉɩɟɪɚɬɨɪɭ ɜɨ 

ɜɪɟɦɹ ɪɚɛɨɬɵ ɧɟɨɛɯɨɞɢɦɨ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɚɦɩɥɢɬɭɞɭ, ɱɚɫɬɨɬɭ ɢ ɫɤɨɪɨɫɬɶ 

ɞɜɢɠɟɧɢɹ ɤɚɬɤɚ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɫɢɫɬɟɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 

ɫɤɨɪɨɫɬɢ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɛɚɥɚɧɫɚ ɦɟɠɞɭ ɫɤɨɪɨɫɬɶɸ ɢ ɱɚɫɬɨɬɨɣ ɦɨɠɟɬ ɩɨɦɨɱɶ ɜ 

ɞɨɫɬɢɠɟɧɢɢ ɪɚɜɧɨɦɟɪɧɨɝɨ ɭɩɥɨɬɧɟɧɢɹ. ɐɟɥɶ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɭɩɥɨɬɧɟɧɢɹ 

ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɦɚɤɫɢɦɚɥɶɧɨɟ ɞɟɣɫɬɜɢɟ ɫɢɥ ɧɚ ɦɚɬɟɪɢɚɥ. ɗɬɨ 

ɜɨɡɦɨɠɧɨ ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ ɜɫɟ ɫɨɫɬɚɜɥɹɸɳɢɟ «ɪɚɛɨɬɚɸɬ» ɫ ɩɨɥɧɨɣ ɨɬɞɚɱɟɣ. 

ɉɪɢ ɜɢɛɪɚɰɢɨɧɧɨɦ ɭɩɥɨɬɧɟɧɢɢ ɞɨɫɬɢɝɚɸɬɫɹ ɛɨɥɟɟ ɜɵɫɨɤɚɹ ɩɥɨɬɧɨɫɬɶ ɢ 

ɛɨɥɶɲɢɣ ɝɥɭɛɢɧɧɵɣ ɷɮɮɟɤɬ, ɱɟɦ ɩɪɢ ɫɬɚɬɢɱɟɫɤɨɦ ɭɩɥɨɬɧɟɧɢɢ, ɚ ɡɚɞɚɧɧɨɟ 

ɭɩɥɨɬɧɟɧɢɟ ɞɨɫɬɢɝɚɟɬɫɹ ɡɚ ɦɟɧɶɲɟɟ ɱɢɫɥɨ ɩɪɨɯɨɞɨɜ. ɉɪɢ ɪɚɛɨɬɟ ɜɢɛɪɨɤɚɬɤɚ 

ɝɪɭɧɬ ɭɩɥɨɬɧɹɟɬɫɹ ɧɟɪɚɜɧɨɦɟɪɧɨ – ɫɬɟɩɟɧɶ ɭɩɥɨɬɧɟɧɢɹ ɢɡɦɟɧɹɟɬɫɹ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɝɥɭɛɢɧɵ. Ɉɛɵɱɧɨ ɩɪɢɥɟɝɚɸɳɢɣ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɝɪɭɧɬ 
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ɭɩɥɨɬɧɹɟɬɫɹ ɜ ɦɟɧɶɲɟɣ ɫɬɟɩɟɧɢ, ɫɪɟɞɧɢɣ ɫɥɨɣ ɢɦɟɟɬ ɦɚɤɫɢɦɚɥɶɧɭɸ ɫɬɟɩɟɧɶ 

ɭɩɥɨɬɧɟɧɢɹ, ɚ ɝɪɭɧɬ, ɥɟɠɚɳɢɣ ɧɢɠɟ, ɬɚɤɠɟ ɭɩɥɨɬɧɹɟɬɫɹ ɦɟɧɶɲɟ. ɉɭɬɟɦ 

ɢɡɦɟɧɟɧɢɹ ɪɚɛɨɱɢɯ ɩɚɪɚɦɟɬɪɨɜ ɦɨɠɧɨ ɢɡɦɟɧɹɬɶ ɝɥɭɛɢɧɭ ɡɨɧɵ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 

ɭɩɥɨɬɧɟɧɢɹ, ɧɨ ɜɫɟ ɪɚɜɧɨ ɝɪɭɧɬ ɛɭɞɟɬ ɭɩɥɨɬɧɹɬɶɫɹ ɧɟ ɜ ɪɚɜɧɨɣ ɫɬɟɩɟɧɢ. Ⱦɥɹ 

ɭɩɥɨɬɧɟɧɢɹ ɫɜɹɡɧɵɯ ɝɥɢɧɢɫɬɵɯ ɝɪɭɧɬɨɜ ɩɪɢɦɟɧɹɸɬɫɹ ɜɚɥɶɰɵ ɫ ɤɭɥɚɱɤɚɦɢ 

ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɢɥɢ ɨɜɚɥɶɧɨɣ ɮɨɪɦɵ. ɑɬɨɛɵ ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɭɥɚɱɤɢ ɬɨɥɶɤɨ ɩɨ 

ɧɟɨɛɯɨɞɢɦɨɫɬɢ (ɧɚ ɤɚɦɟɧɧɵɯ ɝɪɭɧɬɚɯ ɨɧɢ ɧɟ ɧɭɠɧɵ), ɧɚ ɝɥɚɞɤɢɣ ɜɚɥɟɰ 

ɧɚɞɟɜɚɟɬɫɹ ɤɭɥɚɱɤɨɜɵɣ ɛɚɧɞɚɠ, ɦɨɧɬɚɠ ɤɨɬɨɪɨɝɨ ɦɨɠɧɨ ɩɪɨɜɟɫɬɢ ɜ ɩɨɥɟɜɵɯ 

ɭɫɥɨɜɢɹɯ – ɨɧ ɡɚɣɦɟɬ ɧɟ ɛɨɥɟɟ ɞɜɭɯ ɱɚɫɨɜ. 

ɉɪɨɰɟɞɭɪɚ ɨɩɪɟɞɟɥɟɧɢɹ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɩɥɨɬɧɟɧɢɹ ɝɪɭɧɬɚ, ɫ 

ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɝɨ ɩɪɨɢɫɯɨɞɢɬ ɤɨɧɬɪɨɥɶ ɤɚɱɟɫɬɜɚ ɪɚɛɨɬ, ɡɚɧɢɦɚɟɬ ɞɨ ɞɜɭɯ 

ɫɭɬɨɤ, ɚ ɪɟɡɭɥɶɬɚɬɵ ɧɨɫɹɬ ɬɨɱɟɱɧɵɣ ɯɚɪɚɤɬɟɪ. ɉɨɷɬɨɦɭ ɜ ɪɟɚɥɶɧɨɣ ɫɢɬɭɚɰɢɢ, ɜ 

ɭɫɥɨɜɢɹɯ ɞɟɮɢɰɢɬɚ ɜɪɟɦɟɧɢ, ɜɵɩɨɥɧɟɧɢɟ ɪɚɛɨɬ ɩɨ ɭɩɥɨɬɧɟɧɢɸ ɩɪɨɢɫɯɨɞɢɬ 

ɡɚɱɚɫɬɭɸ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɞɪɭɝɨɝɨ ɦɟɬɨɞɚ – ɦɟɬɨɞɚ ɩɪɨɛ ɢ ɨɲɢɛɨɤ. Ɇɚɲɢɧɢɫɬɵ 

ɤɚɬɤɨɜ ɩɨɥɚɝɚɸɬɫɹ ɧɚ ɫɜɨɣ ɨɩɵɬ ɢ ɫɭɛɴɟɤɬɢɜɧɵɟ ɨɳɭɳɟɧɢɹ, ɱɬɨɛɵ ɩɨɧɹɬɶ, 

ɞɨɫɬɚɬɨɱɧɨ ɢɥɢ ɧɟɞɨɫɬɚɬɨɱɧɨ ɭɩɥɨɬɧɟɧ ɝɪɭɧɬ. Ʉɪɢɬɟɪɢɣ ɨɬɫɭɬɫɬɜɢɹ ɫɥɟɞɚ ɢ 

ɜɨɥɧɵ ɩɟɪɟɞ ɜɚɥɶɰɨɦ ɩɪɢ ɤɨɧɬɪɨɥɶɧɨɦ ɩɪɨɯɨɞɟ ɤɚɬɤɚ ɬɚɤɠɟ ɧɟ ɜɫɟɝɞɚ 

ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɨɛɴɟɤɬɢɜɧɭɸ ɤɚɪɬɢɧɭ. Ʉɪɨɦɟ ɬɨɝɨ, ɫɜɹɡɶ ɦɟɠɞɭ ɦɨɞɭɥɹɦɢ 

ɭɩɪɭɝɨɫɬɢ ɦɚɬɟɪɢɚɥɨɜ ɫɥɨɟɜ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɢ ɡɧɚɱɟɧɢɹɦɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 

ɭɩɥɨɬɧɟɧɢɹ ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɨɬɫɭɬɫɬɜɭɟɬ. ȼ ɢɬɨɝɟ ɡɚɤɚɡɱɢɤ ɧɟ ɢɦɟɟɬ 

ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɨɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɫɨɛɥɸɞɟɧɢɟ ɡɚɥɨɠɟɧɧɵɯ ɬɪɟɛɨɜɚɧɢɣ, ɚ ɩɪɢ 

ɪɚɛɨɬɟ ɧɚ ɤɚɦɟɧɧɨɣ ɨɬɫɵɩɤɟ ɜɨɨɛɳɟ ɧɟ ɦɨɠɟɬ ɨɩɪɟɞɟɥɢɬɶ, ɧɚɫɤɨɥɶɤɨ ɨɧɚ 

ɭɩɥɨɬɧɟɧɚ. 

ɍɫɬɚɧɨɜɥɟɧɧɵɟ ɧɚ ɫɨɜɪɟɦɟɧɧɵɟ ɤɚɬɤɢ ɷɥɟɤɬɪɨɧɧɵɟ ɫɢɫɬɟɦɵ ɢɡɦɟɪɟɧɢɹ ɜ 

ɤɨɪɧɟ ɦɟɧɹɸɬ ɷɬɭ ɫɢɬɭɚɰɢɸ. Ɉɧɢ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ ɫɧɚɛɠɚɸɬ ɨɩɟɪɚɬɨɪɨɜ 

ɞɚɧɧɵɦɢ ɨ ɫɬɟɩɟɧɢ ɭɩɥɨɬɧɟɧɢɹ. Ɍɚɤɚɹ ɫɢɫɬɟɦɚ ɦɨɠɟɬ ɩɪɟɞɭɩɪɟɞɢɬɶ ɨ ɧɚɥɢɱɢɢ 

ɩɨɞ ɡɟɦɥɟɣ ɫɤɪɵɬɵɯ ɨɛɴɟɤɬɨɜ, ɫɩɨɫɨɛɧɵɯ ɩɨɜɥɢɹɬɶ ɧɚ ɤɚɱɟɫɬɜɨ ɭɩɥɨɬɧɟɧɢɹ. 

ɉɪɢ ɧɚɥɢɱɢɢ ɧɚ ɤɚɬɤɟ ɫɢɫɬɟɦɵ ɝɥɨɛɚɥɶɧɨɣ ɧɚɜɢɝɚɰɢɢ (ȽɅɈɇȺɋɋ, GPS) ɦɨɠɧɨ 

ɬɚɤɠɟ ɩɨɥɭɱɢɬɶ ɤɚɪɬɭ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɩɨ ɜɫɟɦɭ ɭɱɚɫɬɤɭ, ɱɬɨ ɞɚɟɬ 
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ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɨɜɟɫɬɢ ɧɟ ɬɨɱɟɱɧɵɣ, ɚ ɫɩɥɨɲɧɨɣ ɤɨɧɬɪɨɥɶ ɤɚɱɟɫɬɜɚ ɭɩɥɨɬɧɟɧɢɹ 

ɤɚɠɞɨɝɨ ɫɥɨɹ. 

Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɝɨ ɩɪɨɰɟɫɫɚ ɭɩɥɨɬɧɟɧɢɹ ɫɦɟɫɟɣ ɧɟɨɛɯɨɞɢɦɨ 

ɝɪɚɦɨɬɧɨ ɩɨɞɛɢɪɚɬɶ ɞɨɪɨɠɧɭɸ ɬɟɯɧɢɤɭ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɡɚɞɚɱɟ 

ɭɩɥɨɬɧɹɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɶɸ. ɉɨɞ ɭɩɥɨɬɧɹɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɶɸ ɫɬɚɬɢɱɟɫɤɨɝɨ 

ɢɥɢ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɤɚɬɤɚ ɫɥɟɞɭɟɬ ɩɨɧɢɦɚɬɶ ɬɭ ɬɨɥɳɢɧɭ ɫɥɨɹ ɤɨɧɤɪɟɬɧɨɝɨ 

ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ (ɩɟɫɱɚɧɵɣ, ɦɚɥɨɳɟɛɟɧɢɫɬɵɣ, ɳɟɛɟɧɢɫɬɵɣ),ɤɨɬɨɪɭɸ ɤɚɬɨɤ 

ɦɨɠɟɬ ɫɜɨɢɦɢ ɫɢɥɨɜɵɦɢ ɜɨɡɞɟɣɫɬɜɢɹɦɢ ɡɚ ɪɚɰɢɨɧɚɥɶɧɵɟ ɫɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ 

ɬɨɱɤɢ ɡɪɟɧɢɹ 6 – 10 ɩɨɜɬɨɪɧɵɯ ɩɪɨɯɨɞɨɜ ɫɦɨɠɟɬ ɭɩɥɨɬɧɢɬɶ ɡɚɞɚɧɧɵɣ ɫɥɨɣ ɞɨ 

ɬɪɟɛɭɟɦɵɯ ɦɢɧɢɦɚɥɶɧɵɯ ɧɨɪɦ ɤɚɱɟɫɬɜɚ ɢɥɢ ɜɵɲɟ [13]. 

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. ɉɪɢ ɞɢɧɚɦɢɱɟɫɤɨɦ ɜɨɡɞɟɣɫɬɜɢɢ ɧɚ ɭɩɥɨɬɧɹɟɦɵɣ ɦɚɬɟɪɢɚɥ ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫɨ ɫɬɚɬɢɱɟɫɤɢɦ ɭɩɥɨɬɧɟɧɢɟɦ ɢɧɬɟɧɫɢɜɧɟɟ ɩɪɨɛɭɠɞɚɸɬɫɹ ɜɹɠɭɳɢɟ 

ɫɜɨɣɫɬɜɚ ɭ ɚɤɬɢɜɧɵɯ ɦɢɧɟɪɚɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɛɨɥɟɟ 

ɜɵɫɨɤɭɸ ɩɥɨɬɧɨɫɬɶ ɢ ɦɟɧɶɲɭɸ ɜɨɞɨɧɟɩɪɨɧɢɰɚɟɦɨɫɬɶ [33]. 

ɋ ɪɚɡɜɢɬɢɟɦ ɜɢɛɪɚɰɢɨɧɧɨɣ ɬɟɯɧɢɤɢ ɞɢɧɚɦɢɱɟɫɤɢɣ ɦɟɬɨɞ ɭɤɥɚɞɤɢ ɫɬɚɥ 

ɩɪɢɝɨɞɟɧ ɞɥɹ ɭɩɥɨɬɧɟɧɢɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ. ȼɢɛɪɚɰɢɨɧɧɨɟ ɭɩɥɨɬɧɹɸɳɟɟ 

ɨɛɨɪɭɞɨɜɚɧɢɟ ɢɫɩɨɥɶɡɭɟɬ ɜɢɛɪɢɪɭɸɳɢɣ ɦɟɯɚɧɢɡɦ, ɤɨɬɨɪɵɣ ɨɛɵɱɧɨ ɫɨɫɬɨɢɬ 

ɢɡɜɪɚɳɚɸɳɟɝɨɫɹ ɷɤɫɰɟɧɬɪɢɤɨɜɨɝɨ ɝɪɭɡɚ [34].  

ȼɢɛɪɚɰɢɨɧɧɵɟ ɭɩɥɨɬɧɢɬɟɥɢ ɢɫɩɨɥɶɡɭɸɬ ɤɨɦɛɢɧɚɰɢɸ ɞɢɧɚɦɢɱɟɫɤɨɣ ɢ 

ɫɬɚɬɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ (ɪɢɫɭɧɨɤ 1). Ɉɧɢ ɩɟɪɟɞɚɸɬ ɛɵɫɬɪɨ ɫɥɟɞɭɸɳɢɟ ɞɪɭɝ ɡɚ 

ɞɪɭɝɨɦ ɭɞɚɪɵ ɧɚ ɤɨɧɬɚɤɬɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ, ɨɬɤɭɞɚ ɜɢɛɪɚɰɢɹ ɢɥɢ ɜɨɥɧɵ ɫɠɚɬɢɹ 

ɩɟɪɟɞɚɸɬɫɹ ɧɢɠɟɥɟɠɚɳɟɦɭ ɦɚɬɟɪɢɚɥɭ, ɱɬɨɛɵ ɩɪɢɜɟɫɬɢ ɟɝɨ ɱɚɫɬɢɰɵ ɜ 

ɞɜɢɠɟɧɢɟ. ɗɬɨ ɷɮɮɟɤɬɢɜɧɨ ɫɧɢɠɚɟɬ ɜɧɭɬɪɟɧɧɟɟ ɬɪɟɧɢɟ ɢ ɨɛɥɟɝɱɚɟɬ 

ɩɟɪɟɭɩɚɤɨɜɤɭ ɱɚɫɬɢɰ ɜ ɫɨɫɬɨɹɧɢɟ, ɜ ɤɨɬɨɪɨɦ ɨɛɪɚɡɭɟɬɫɹ ɦɚɥɨ ɩɭɫɬɨɬ ɢ ɜɵɫɨɤɚɹ 

ɩɥɨɬɧɨɫɬɶ [34]. 
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Ɋɢɫɭɧɨɤ 1 – ȼɨɡɞɟɣɫɬɜɢɟ ɜɢɛɪɨɜɚɥɶɰɚ ɧɚ ɭɩɥɨɬɧɹɟɦɵɣ ɦɚɬɟɪɢɚɥ 

 

ȼɢɛɪɚɰɢɹ ɜɚɥɶɰɚ ɜɨɡɛɭɠɞɚɟɬɫɹ ɜɪɚɳɚɸɳɢɦɫɹ ɞɟɛɚɥɚɧɫɧɵɦ ɝɪɭɡɨɦ, 

ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɤɨɬɨɪɨɝɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɱɚɫɬɨɬɟ ɜɢɛɪɚɰɢɢ. ɗɬɨɬ ɝɪɭɡ ɫɨɫɬɨɢɬ 

ɢɡ ɞɜɭɯ ɱɚɫɬɟɣ: ɧɟɩɨɞɜɢɠɧɨɣ ɢ ɩɨɞɜɢɠɧɨɣ. ɉɨɥɨɠɟɧɢɟ ɩɨɫɥɟɞɧɟɣ ɡɚɜɢɫɢɬ ɨɬ 

ɧɚɩɪɚɜɥɟɧɢɹ ɜɪɚɳɟɧɢɹ ɜɚɥɚ ɦɟɯɚɧɢɡɦɚ ɜɨɡɛɭɠɞɟɧɢɹ ɜɢɛɪɚɰɢɢ (ɪɢɫɭɧɨɤ 2). ȼ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɧɚɩɪɚɜɥɟɧɢɹ ɜɪɚɳɟɧɢɹ ɷɮɮɟɤɬɢɜɧɚɹ ɦɚɫɫɚ ɝɪɭɡɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ 

ɢɥɢ ɭɦɟɧɶɲɚɟɬɫɹ, ɛɥɚɝɨɞɚɪɹ ɱɟɦɭ ɜɚɥɟɰ ɦɨɠɟɬ ɤɨɥɟɛɚɬɶɫɹ ɫ ɞɜɭɦɹ ɪɚɡɥɢɱɧɵɦ ɢ 

ɚɦɩɥɢɬɭɞɚɦɢ [35]. 

 

 

Ɋɢɫɭɧɨɤ 2 – Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɫɢɥ ɜɨɡɞɟɣɫɬɜɢɹ 
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ɉɪɢ ɭɩɥɨɬɧɟɧɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜɢɛɪɚɰɢɨɧɧɵɯ ɤɚɬɤɨɜ ɞɨɫɬɢɝɚɟɬɫɹ 

ɛɨɥɟɟ ɜɵɫɨɤɚɹ ɩɥɨɬɧɨɫɬɶ ɩɪɢ ɦɟɧɶɲɟɦ ɱɢɫɥɟ ɩɪɨɯɨɞɨɜ. ȼɢɛɪɚɰɢɨɧɧɵɟ ɤɚɬɤɢ 

ɡɚɧɢɦɚɟɬ ɫɟɣɱɚɫ ɨɤɨɥɨ 70 % ɪɵɧɤɚ [34]. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɞɨɪɨɠɧɨɟ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɢɫɩɵɬɵɜɚɟɬ ɧɟɤɨɬɨɪɵɟ 

ɬɪɭɞɧɨɫɬɢ, ɫɜɹɡɚɧɧɵɟ ɫ ɬɟɯɧɨɥɨɝɢɟɣ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɚɜɬɨɞɨɪɨɝ, ɚ ɢɦɟɧɧɨ ɫ 

ɩɪɨɛɥɟɦɨɣ ɜɵɛɨɪɚ ɢ ɪɟɚɥɢɡɚɰɢɢ ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɜɢɛɪɚɰɢɨɧɧɵɯ 

ɤɚɬɤɨɜ. 

 

1.2 Ƚɪɭɧɬɨɜɵɣ ɜɢɛɪɚɰɢɨɧɧɵɣ ɤɚɬɨɤ 

 

Ⱦɨɫɬɢɠɟɧɢɟ ɬɪɟɛɭɟɦɨɝɨ ɤɚɱɟɫɬɜɚ ɝɪɭɧɬɚ ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ 

ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɭɩɥɨɬɧɹɸɳɢɦɢ ɦɚɲɢɧɚɦɢ.  

ɇɚɢɛɨɥɶɲɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɥɭɱɢɥɢ ɫɚɦɨɯɨɞɧɵɟ ɤɚɬɤɢ ɫ ɝɥɚɞɤɢɦɢ 

ɦɟɬɚɥɥɢɱɟɫɤɢɦɢ ɜɚɥɶɰɚɦɢ, ɱɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɩɪɨɫɬɨɬɨɣ ɢɯ ɤɨɧɫɬɪɭɤɰɢɢ ɢ 

ɧɚɞɟɠɧɨɫɬɶɸ. ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɜɫɟ ɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɩɪɟɞɩɪɢɹɬɢɣ 

ɞɨɪɨɠɧɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɨɬɞɚɟɬ ɩɪɟɞɩɨɱɬɟɧɢɟ ɜɢɛɪɚɰɢɨɧɧɵɦ ɤɚɬɤɚɦ [36]. 

ȼɢɛɪɚɰɢɨɧɧɵɣ ɤɚɬɨɤ - ɷɬɨ ɞɨɪɨɠɧɨ-ɫɬɪɨɢɬɟɥɶɧɚɹ ɦɚɲɢɧɚ, ɤɨɬɨɪɚɹ 

ɫɨɱɟɬɚɟɬ ɜ ɫɟɛɟ ɫɬɚɬɢɱɟɫɤɢɣ ɢ ɞɢɧɚɦɢɱɟɫɤɢɣ ɦɟɬɨɞɵ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ 

ɭɩɥɨɬɧɹɟɦɵɣ 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 [43].  

Ɋɚɛɨɬɚ ɬɚɤɨɝɨ ɤɚɬɤɚ ɢ ɟɝɨ ɩɪɟɢɦɭɳɟɫɬɜɚ ɫɬɪɨɹɬɫɹ ɧɚ ɥɨɤɚɥɶɧɵɯ 

ɤɨɥɟɛɚɬɟɥɶɧɵɯ ɞɜɢɠɟɧɢɹɯ, ɦɨɳɧɨɫɬɶ ɤɨɬɨɪɵɯ (ɩɨ ɲɤɚɥɟ Ɋɢɯɬɟɪɚ) ɞɨɫɬɢɝɚɟɬ 

ɬɪɟɯ ɛɚɥɥɨɜ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɨɞɧɨɣ ɟɞɢɧɢɰɟɣ ɬɟɯɧɢɤɢ ɡɚɦɟɧɢɬɶ ɫɪɚɡɭ ɧɟɫɤɨɥɶɤɨ 

ɫɬɚɧɞɚɪɬɧɵɯ ɞɨɪɨɠɧɵɯ ɦɚɲɢɧ. 
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Ɉɫɧɨɜɧɚɹ ɡɚɞɚɱɚ ɜɢɛɪɚɰɢɨɧɧɵɯ ɤɚɬɤɨɜ - ɭɩɥɨɬɧɢɬɶ ɡɟɦɥɸ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɱɬɨɛɵ ɩɨ ɦɚɤɫɢɦɭɦɭ ɢɫɤɥɸɱɢɬɶ ɤɨɥɢɱɟɫɬɜɨ ɜɥɚɝɢ ɜ ɧɟɣ. ȼɟɞɶ ɤɚɱɟɫɬɜɨ ɞɨɪɨɝɢ 

ɡɚɜɢɫɢɬ ɧɟ ɬɨɥɶɤɨ ɨɬ ɤɚɱɟɫɬɜɚ ɫɚɦɨɝɨ ɦɚɬɟɪɢɚɥɚ ɩɨɤɪɵɬɢɹ, ɬɟɯɧɨɥɨɝɢɢ ɪɚɛɨɬ, 

ɧɨ ɢ ɨɬ ɬɨɝɨ, ɧɚɫɤɨɥɶɤɨ ɤɚɱɟɫɬɜɟɧɧɨ ɞɨɪɨɝɚ ɛɵɥɚ ɩɨɞɝɨɬɨɜɥɟɧɚ ɩɨɞ ɷɬɨ 

ɩɨɤɪɵɬɢɟ. ȼ ɦɹɝɤɨɣ ɡɟɦɥɟ ɫɨɞɟɪɠɢɬɫɹ ɛɨɥɶɲɟ ɜɥɚɝɢ, ɤɨɬɨɪɚɹ ɧɟ ɞɚɟɬ 

ɜɵɞɟɪɠɚɬɶ ɚɫɮɚɥɶɬɨɛɟɬɨɧɭ ɥɢɛɨ ɞɪɭɝɨɣ ɞɨɪɨɠɧɨɣ "ɨɞɟɠɞɟ" ɝɚɪɚɧɬɢɣɧɵɣ ɫɪɨɤ 

ɫɥɭɠɛɵ. 

ȼɢɛɪɚɰɢɨɧɧɵɣ ɤɚɬɨɤ ɦɨɠɧɨ ɩɪɢɦɟɧɹɬɶ ɤɚɤ ɧɚ ɪɚɛɨɬɚɯ ɫ ɝɪɭɧɬɨɦ, ɬɚɤ ɢ ɫ 

ɩɟɫɤɨɦ, ɝɪɚɜɢɟɦ ɢ ɚɫɮɚɥɶɬɨɦ. Ɉɧɢ ɨɬɥɢɱɧɨ ɫɩɪɚɜɥɹɸɬɫɹ ɫ ɭɩɥɨɬɧɟɧɢɟɦ 

ɧɚɱɚɥɶɧɵɯ ɢ ɮɢɧɢɲɧɵɯ ɞɨɪɨɠɧɵɯ ɩɨɤɪɵɬɢɣ, ɦɨɝɭɬ ɪɚɛɨɬɚɬɶ ɜɛɥɢɡɢ 

ɪɚɡɥɢɱɧɵɯ ɩɪɟɝɪɚɞ, ɬɚɤɢɯ ɤɚɤ ɫɬɟɧɵ ɢ ɡɚɛɨɪɵ. 

Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɤɚɬɤɚ ɜ ɰɟɥɨɦ ɫɨɨɬɜɟɬɫɬɜɭɸɬ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɨɛɵɱɧɨɝɨ ɞɨɪɨɠɧɨɝɨ ɤɚɬɤɚ. ɇɨ ɟɫɬɶ ɞɜɚ ɨɫɧɨɜɧɵɯ ɨɬɥɢɱɢɹ - 

ɧɚɥɢɱɢɟ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɩɪɢɜɨɞɚ ɢ ɜɚɥɶɰɚ ɥɢɛɨ ɜɚɥɶɰɨɜ, ɤɨɬɨɪɵɟ ɫɨɜɟɪɲɚɸɬ 

ɜɢɛɪɚɰɢɨɧɧɨ-ɤɨɥɟɛɚɬɟɥɶɧɵɟ ɞɜɢɠɟɧɢɹ. 

ȿɳɟ ɨɞɧɚ ɨɫɨɛɟɧɧɨɫɬɶ ɜɢɛɪɚɰɢɨɧɧɵɯ ɤɚɬɤɨɜ - ɚɜɬɨɧɨɦɧɚɹ ɪɚɛɨɬɚ 

ɜɢɛɪɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ ɢ ɫɢɫɬɟɦɵ ɩɟɪɟɦɟɳɟɧɢɹ, ɨɧɢ ɧɟ ɡɚɜɢɫɹɬ ɞɪɭɝ ɨɬ ɞɪɭɝɚ. 

ɗɬɨ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɟɦɭ ɪɚɛɨɬɚɬɶ ɩɨɞ ɧɚɤɥɨɧɨɦ. ȼɨɡɦɨɠɧɨɫɬɶ ɪɚɛɨɬɚɬɶ ɜ 

ɬɟɦɧɨɟ ɜɪɟɦɹ ɫɭɬɨɤ ɨɛɟɫɩɟɱɢɜɚɟɬ ɫɩɟɰɢɚɥɶɧɚɹ ɮɚɪɚ. 

Ⱦɨɪɨɠɧɵɣ ɜɢɛɪɚɰɢɨɧɧɵɣ ɤɚɬɨɤ ɨɛɥɚɞɚɟɬ ɩɨɜɵɲɟɧɧɨɣ ɩɪɨɯɨɞɢɦɨɫɬɶɸ ɢ 

ɩɨɞɜɢɠɧɨɫɬɶɸ. Ɉɧ ɦɨɠɟɬ ɩɪɨɜɨɞɢɬɶ ɫɬɚɬɢɱɟɫɤɨɟ ɢɥɢ ɩɨɫɥɨɣɧɨɟ ɭɩɥɨɬɧɟɧɢɟ 

ɝɪɭɧɬɨɜ, ɱɬɨ ɧɟɡɚɦɟɧɢɦɨ ɩɪɢ ɜɨɡɜɟɞɟɧɢɢ ɡɟɦɥɹɧɵɯ ɞɚɦɛ, ɭɫɬɪɨɣɫɬɜɟ ɞɨɪɨɠɧɨɝɨ 

ɩɨɥɨɬɧɚ, ɩɥɨɬɢɧ ɢ ɢɧɵɯ ɫɨɨɪɭɠɟɧɢɣ, ɝɞɟ ɤɚɱɟɫɬɜɨ ɭɩɥɨɬɧɟɧɢɹ ɝɪɭɧɬɚ 

ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ ɚɜɬɨɦɚɬɢɱɟɫɤɢ. 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥ ɜɵɛɪɚɧ ɜɢɛɪɚɰɢɨɧɧɵɣ ɤɚɬɨɤ Ⱦɍ-84 ɮɢɪɦɵ ȺɈ 

«ɊȺɋɄȺɌ» (ɪɢɫɭɧɨɤ 3).  
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1 – ɡɚɞɧɢɣ ɦɨɫɬ ɫ ɩɧɟɜɦɨɤɚɥɟɫɚɦɢ; 2 – ɩɨɞɦɨɬɨɪɧɚɹ ɩɨɥɭɪɚɦɚ; 3 – ɫɢɥɨɜɚɹ ɭɫɬɚɧɨɜɤɚ; 

4 – ɤɚɛɢɧɚ; 5 – ɤɨɧɞɢɰɢɨɧɟɪ; 6 – ɦɟɬɚɥɥɢɱɟɫɤɢɣ ɜɢɛɪɨɜɚɥɟɰ; 7 – ɩɟɪɟɞɧɹɹ ɩɨɥɭɪɚɦɚ 

ɜɢɛɪɨɜɚɥɶɰɚ; 8,11 – ɝɢɞɪɨɨɛɨɪɭɞɨɜɚɧɢɟ; 9 – ɲɚɪɧɢɪ ɫɨɱɥɟɧɟɧɢɹ; 10 – ɝɢɞɪɨɰɢɥɢɧɞɪ. 

Ɋɢɫɭɧɨɤ 3 – Ɉɛɳɢɣ ɜɢɞ ɤɚɬɤɚ Ⱦɍ-84 

 

Ɉɞɧɨɣ ɢɡ ɝɥɚɜɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɫɚɦɨɯɨɞɧɨɝɨ ɞɨɪɨɠɧɨɝɨ ɤɚɬɤɚ Ⱦɍ 84 

ɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɟɝɨ ɩɟɪɟɨɛɨɪɭɞɨɜɚɧɢɹ ɫ ɨɞɧɨɜɚɥɶɰɟɜɨɝɨ ɜɚɪɢɚɧɬɚ ɜ 

ɞɜɭɯɜɚɥɶɰɟɜɨɣ ɫ ɨɛɨɢɦɢ ɜɢɛɪɢɪɭɸɳɢɦɢ ɛɚɪɚɛɚɧɚɦɢ. ɉɪɢ ɷɬɨɦ ɨɛɚ ɜɚɥɶɰɚ 

ɹɜɥɹɸɬɫɹ ɩɪɢɜɨɞɧɵɦɢ ɢ ɩɨɜɨɪɨɬɧɵɦɢ. ɗɬɨ ɞɟɥɚɟɬ ɦɚɲɢɧɭ ɧɟɨɛɵɱɚɣɧɨ 

ɦɚɧɟɜɪɟɧɧɨɣ ɞɥɹ ɤɚɬɤɚ ɬɚɤɨɣ ɦɚɫɫɵ ɢ ɢɫɤɥɸɱɚɟɬ ɩɪɨɛɭɤɫɨɜɤɭ ɩɪɢ ɪɚɛɨɬɟ ɧɚ 

ɭɜɥɚɠɧɟɧɧɵɯ ɝɪɭɧɬɚɯ, ɪɵɯɥɵɯ ɩɨɱɜɚɯ ɢɥɢ ɧɚ ɩɨɞɴɟɦɚɯ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɭɤɥɨɧɚ. 

Ʉɚɬɨɤ ɫɪɟɞɢ ɫɜɨɢɯ ɫɨɛɪɚɬɶɟɜ ɚɧɚɥɨɝɢɱɧɨɝɨ ɤɥɚɫɫɚ ɨɬɥɢɱɚɟɬɫɹ 

ɩɨɧɢɠɟɧɧɵɦ ɭɪɨɜɧɟɦ ɲɭɦɚ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɟɝɨ ɩɪɢ ɪɟɦɨɧɬɟ 

ɝɨɪɨɞɫɤɢɯ ɭɥɢɰ, ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɜ ɝɨɪɨɞɫɤɨɣ ɱɟɪɬɟ ɢɥɢ ɪɚɛɨɬɚɯ ɜ ɩɚɪɤɨɜɵɯ 

ɡɨɧɚɯ. 

Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɤɚɱɟɫɬɜɚ ɞɨɪɨɠɧɵɯ ɪɚɛɨɬ ɜ ɫɨɫɬɚɜ ɛɚɡɨɜɵɯ ɤɨɦɩɥɟɤɬɚɰɢɣ 

ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɲɢɧ ɢɧɨɫɬɪɚɧɧɵɯ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ ɭɠɟ ɞɨɫɬɚɬɨɱɧɨ ɞɚɜɧɨ 

ɜɤɥɸɱɚɸɬɫɹ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɟ ɫɢɫɬɟɦɵ. Ⱥɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɚɹ ɫɢɫɬɟɦɚ 

ɩɨɡɜɨɥɹɟɬ ɫɨɤɪɚɬɢɬɶ ɜɪɟɦɹ ɧɚ ɩɪɨɜɟɞɟɧɢɟ ɩɨɞɝɨɬɨɜɢɬɟɥɶɧɵɯ ɢ ɪɚɡɛɢɜɨɱɧɵɯ 

ɪɚɛɨɬ, ɚ ɬɚɤ ɠɟ, ɩɨɡɜɨɥɹɟɬ ɛɨɥɟɟ ɬɨɱɧɨ ɨɩɪɟɞɟɥɢɬɶ ɨɛɴɟɦ ɧɟɨɛɯɨɞɢɦɨɝɨ ɞɥɹ 

ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɦɚɬɟɪɢɚɥɚ.  

Ɉɫɧɨɜɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɤɚɬɤɚ Ⱦɍ-84 ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. 
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Ɍɚɛɥɢɰɚ 1 – Ɉɫɧɨɜɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɤɚɬɤɚ Ⱦɍ-84 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ Ɂɧɚɱɟɧɢɟ 

Ƚɚɛɚɪɢɬɵ ɦɚɲɢɧɵ Ⱦ/ɒ/ȼ (ɫ ɤɚɛɢɧɨɣ) 6/2,4/3,2 ɦ 

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɚɹ ɦɚɫɫɚ 14 ɬ 

ɒɢɪɢɧɚ ɪɚɛɨɱɟɣ ɡɨɧɵ 2000 ɦɦ 

Ʉɨɥɟɫɧɚɹ ɛɚɡɚ 3100 ɦɦ 

Ʉɨɥɢɱɟɫɬɜɨ ɜɢɛɪɚɰɢɨɧɧɵɯ ɜɚɥɶɰɨɜ 12 

Ʌɢɧɟɣɧɨɟ ɞɚɜɥɟɧɢɟ 320 ɧ/ɫɦ 

Ɋɚɞɢɭɫ ɧɚɪɭɠɧɨɝɨ ɫɥɟɞɚ 7 ɦ 

ɋɬɚɬɢɱɟɫɤɚɹ ɥɢɧɟɣɧɚɹ ɧɚɝɪɭɡɤɚ, ɜɚɥɟɰ, ɇ/ɦ 35 000 

ɇɚɝɪɭɡɤɚ ɧɚ ɤɨɥɟɫɨ 1 750 ɤɝ 

ɑɚɫɬɨɬɚ, Ƚɰ/Ⱥɦɩɥɢɬɭɞɚ, ɦɦ (ɜɵɫɨɤɚɹ) 30/0,8 

ɑɚɫɬɨɬɚ, Ƚɰ/Ⱥɦɩɥɢɬɭɞɚ, ɦɦ (ɧɢɡɤɚɹ) 24/1,8 

ɐɟɧɬɪɨɛɟɠɧɚɹ ɫɢɥɚ (ɜɵɧɭɠɞɚɸɳɚɹ ɫɢɥɚ) ɜɵɫɨɤɚɹ/ɧɢɡɤɚɹ ɤɇ 150/100 

ɋɤɨɪɨɫɬɶ ɪɚɛɨɱɚɹ, ɤɦ/ɱɚɫ 0 … 5,4 

ɋɤɨɪɨɫɬɶ ɬɪɚɧɫɩɨɪɬɧɚɹ, ɤɦ/ɱɚɫ 0 … 8 

Ƚɥɭɛɢɧɚ ɭɩɥɨɬɧɟɧɢɹ (ɚɫɮɚɥɶɬ/ɝɪɭɧɬ), ɫɦ 4 — 10 / 15 — 70 

Ʉɨɥɢɱɟɫɬɜɨ ɩɪɨɯɨɞɨɜ (ɚɫɮɚɥɶɬ/ɝɪɭɧɬ) 4 — 10 / 3 — 12 

Ʉɨɷɮɮɢɰɢɟɧɬ ɭɩɥɨɬɧɟɧɢɹ (ɚɫɮɚɥɶɬ/ɝɪɭɧɬ) 0,96 — 1,0 / 0,95 — 0,98 

 

ȼɚɥɟɰ ɤɚɬɤɚ Ⱦɍ-84 ɩɪɢɜɨɞɧɨɣ. Ʉɨɧɫɬɪɭɤɰɢɹ ɜɚɥɶɰɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 

ɪɢɫɭɧɤɟ 4. 
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1, 8 – ɚɦɨɪɬɢɡɚɬɨɪ; 2, 10 – ɝɢɞɪɨɦɨɬɨɪ; 3, 9 – ɨɩɨɪɚ; 4 – ɞɚɬɱɢɤ ɱɚɫɬɨɬɵ ɨɛɨɪɨɬɨɜ; 5 – 

ɡɚɥɢɜɧɚɹ ɩɪɨɛɤɚ; 6, 7 – ɞɟɛɚɥɚɧɫ; 11 – ɤɨɪɩɭɫ ɜɢɛɪɚɬɨɪɚ; 12 – ɜɢɛɪɨɜɚɥ 

Ɋɢɫɭɧɨɤ 4 –ȼɚɥɟɰ ɜɢɛɪɚɰɢɨɧɧɵɣ 

 

ɂɫɩɨɥɶɡɭɹ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɣ ɤɨɦɩɥɟɤɫ ɭɩɪɚɜɥɟɧɢɹ, ɨɩɟɪɚɬɨɪ ɤɚɬɤɚ 

ɩɨɥɭɱɚɟɬ ɩɪɨɫɬɨɣ, ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɵɣ ɫɩɨɫɨɛ ɢɧɬɭɢɬɢɜɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɜɫɟɦɢ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɨɩɟɪɚɰɢɹɦɢ. Ʉɨɧɬɪɨɥɶ ɢ ɬɟɤɭɳɟɟ ɢɡɦɟɧɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ 

ɜɟɞɟɬɫɹ ɫ ɩɨɦɨɳɶɸ, ɪɟɚɥɢɡɨɜɚɧɧɨɣ ɜ ɭɫɬɪɨɣɫɬɜɟ ɩɪɨɝɪɚɦɦɵ ɭɩɪɚɜɥɟɧɢɹ, ɱɬɨ 

ɭɩɪɨɳɚɟɬ ɩɨɧɢɦɚɧɢɟ ɫɭɬɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɢ ɩɨɡɜɨɥɹɟɬ ɨɩɟɪɚɬɢɜɧɨ 

ɪɟɚɝɢɪɨɜɚɬɶ ɧɚ ɩɪɨɰɟɫɫ ɭɩɥɨɬɧɟɧɢɹ ɩɪɢ ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɪɚɡɥɢɱɧɵɯ ɫɢɬɭɚɰɢɢ ɜɨ 

ɜɪɟɦɹ ɞɨɪɨɠɧɨ-ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɚɛɨɬ. 

 

1.3 Ɉɛɨɫɧɨɜɚɧɢɟ ɜɵɛɨɪɚ ɩɪɨɝɪɚɦɦɧɨɝɨ ɩɪɨɞɭɤɬɚ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ 

 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɭɳɟɫɬɜɭɟɬ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ 

ɩɪɨɝɪɚɦɦɧɵɯ ɩɪɨɞɭɤɬɨɜ, ɩɨɡɜɨɥɹɸɳɢɯ ɦɨɞɟɥɢɪɨɜɚɬɶ ɫɥɨɠɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ 

ɨɛɴɟɤɬɵ ɢ ɩɪɨɰɟɫɫɵ, ɩɪɨɢɫɯɨɞɹɳɢɟ ɜ ɧɢɯ (ɜ ɬɨɦ ɱɢɫɥɟ ɫɬɪɨɢɬɟɥɶɧɵɟ ɞɨɪɨɠɧɵɟ 

ɦɚɲɢɧɵ). ȼ ɱɢɫɥɟ ɭɤɚɡɚɧɧɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ 

ɫɥɟɞɭɸɳɢɟ: 

1) MATLAB ɫ ɩɚɤɟɬɨɦ ɪɚɫɲɢɪɟɧɢɣ Simulink; 
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2) VisSim. 

VisSim ɹɜɥɹɟɬɫɹ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɦ ɫɪɟɞɫɬɜɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

ɥɢɧɟɣɧɵɯ ɫɢɫɬɟɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ, ɧɟɥɢɧɟɣɧɵɟ ɨɛɴɟɤɬɵ ɜ ɷɬɨɣ 

ɩɪɨɝɪɚɦɦɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜɟɫɶɦɚ ɫɥɚɛɨ ɢ ɜ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɧɟɤɨɪɪɟɤɬɧɨ 

ɭɱɢɬɵɜɚɸɬɫɹ ɩɪɢ ɪɚɫɱɟɬɟ [30]. 

MATLAB ɩɨɡɢɰɢɨɧɢɪɭɟɬɫɹ ɤɚɤ ɫɢɫɬɟɦɚ ɤɨɦɩɶɸɬɟɪɧɨɣ ɦɚɬɟɦɚɬɢɤɢ 

(ɋɄɆ) ɢ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɪɚɫɱɟɬɨɜ ɪɚɡɥɢɱɧɨɣ ɫɬɟɩɟɧɢ 

ɫɥɨɠɧɨɫɬɢ. ɉɪɢɧɚɞɥɟɠɧɨɫɬɶ ɤ ɬɨɣ ɢɥɢ ɢɧɨɣ ɨɛɥɚɫɬɢ ɧɚɭɱɧɵɯ ɡɧɚɧɢɣ ɦɨɠɟɬ 

ɛɵɬɶ ɡɚɞɚɧɚ ɥɢɲɶ ɢɫɩɨɥɶɡɭɟɦɵɦ ɩɚɤɟɬɨɦ ɪɚɫɲɢɪɟɧɢɣ. 

Ɉɛɥɚɫɬɶ ɩɪɢɦɟɧɟɧɢɹ MATLAB ɛɟɡɝɪɚɧɢɱɧɨ ɲɢɪɨɤɚ: IoT, ɮɢɧɚɧɫɵ, 

ɦɟɞɢɰɢɧɚ, ɤɨɫɦɨɫ, ɚɜɬɨɦɚɬɢɤɚ, ɪɨɛɨɬɨɬɟɯɧɢɤɚ, ɛɟɫɩɪɨɜɨɞɧɵɟ ɫɢɫɬɟɦɵ ɢ ɦɧɨɝɨɟ 

ɞɪɭɝɨɟ. ɉɨɱɬɢ ɧɟɨɝɪɚɧɢɱɟɧɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɩɨ ɫɛɨɪɭ, ɜɢɡɭɚɥɢɡɚɰɢɢ ɢ 

ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɸ ɞɚɧɧɵɯ. 

ɇɚɢɛɨɥɟɟ ɢɡɜɟɫɬɧɵɟ ɨɛɥɚɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɫɢɫɬɟɦɵ MATLAB: 

1) ɦɚɬɟɦɚɬɢɤɚ ɢ ɜɵɱɢɫɥɟɧɢɹ; 

2) ɪɚɡɪɚɛɨɬɤɚ ɚɥɝɨɪɢɬɦɨɜ; 

3) ɜɵɱɢɫɥɢɬɟɥɶɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ, ɢɦɢɬɚɰɢɨɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ; 

4) ɚɧɚɥɢɡ ɞɚɧɧɵɯ, ɢɫɫɥɟɞɨɜɚɧɢɟ ɢ ɜɢɡɭɚɥɢɡɚɰɢɹ ɪɟɡɭɥɶɬɚɬɨɜ; 

5) ɧɚɭɱɧɚɹ ɢ ɢɧɠɟɧɟɪɧɚɹ ɝɪɚɮɢɤɚ; 

6) ɪɚɡɪɚɛɨɬɤɚ ɩɪɢɥɨɠɟɧɢɣ, ɜɤɥɸɱɚɹ ɝɪɚɮɢɱɟɫɤɢɣ ɢɧɬɟɪɮɟɣɫ 

ɩɨɥɶɡɨɜɚɬɟɥɹ. 

ɋɢɫɬɟɦɚ MATLAB – ɷɬɨ ɫɪɚɡɭ ɢ ɨɩɟɪɚɰɢɨɧɧɚɹ ɫɪɟɞɚ ɢ ɹɡɵɤ 

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ. ɋɢɥɶɧɨɣ ɫɬɨɪɨɧɨɣ ɫɢɫɬɟɦɵ ɹɜɥɹɟɬɫɹ ɦɧɨɝɨɤɪɚɬɧɨɫɬɶ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɚɩɢɫɚɧɧɨɣ ɩɪɨɝɪɚɦɦɵ ɢ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɶɡɨɜɚɬɟɥɹ ɫɨɡɞɚɜɚɬɶ 

ɫɨɛɫɬɜɟɧɧɵɟ ɮɭɧɤɰɢɢ ɢ ɩɪɨɝɪɚɦɦɵ, ɤɨɬɨɪɵɟ ɨɮɨɪɦɥɹɸɬɫɹ ɜ ɜɢɞɟ Ɇ-ɮɚɣɥɨɜ. 

Ȼɨɥɶɲɨɟ ɪɚɡɧɨɨɛɪɚɡɢɟ ɮɭɧɤɰɢɣ ɦɨɠɧɨ ɩɨɦɟɫɬɢɬɶ ɜ ɫɩɟɰɢɚɥɶɧɵɟ ɩɚɩɤɢ ɞɥɹ 

ɪɟɲɟɧɢɹ ɫɯɨɠɢɯ ɡɚɞɚɱ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɤɨɧɰɟɩɰɢɢ ɩɚɤɟɬɨɜ ɩɪɢɤɥɚɞɧɵɯ 

ɩɪɨɝɪɚɦɦ (Application Toolboxes). 

ɉɚɤɟɬ Simulink ɹɜɥɹɟɬɫɹ ɹɞɪɨɦ ɢɧɬɟɪɚɤɬɢɜɧɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ, 

ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɝɨ ɞɥɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɥɢɧɟɣɧɵɯ ɢ 
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ɧɟɥɢɧɟɣɧɵɯ ɞɢɧɚɦɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɢ ɭɫɬɪɨɣɫɬɜ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɫɜɨɟɣ 

ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɛɥɨɤ-ɫɯɟɦɨɣ, ɢɦɟɧɭɟɦɨɣ S-ɦɨɞɟɥɶɸ ɢɥɢ ɩɪɨɫɬɨ ɦɨɞɟɥɶɸ. ɉɪɢ 

ɷɬɨɦ ɜɨɡɦɨɠɧɵ ɪɚɡɥɢɱɧɵɟ ɜɚɪɢɚɧɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ: ɜɨ ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ, ɜ 

ɱɚɫɬɨɬɧɨɣ ɨɛɥɚɫɬɢ, ɫ ɫɨɛɵɬɢɣɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ, ɧɚ ɨɫɧɨɜɟ ɫɩɟɤɬɪɚɥɶɧɵɯ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ Ɏɭɪɶɟ, ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɚ Ɇɨɧɬɟ-Ʉɚɪɥɨ (ɪɟɚɤɰɢɹ ɧɚ 

ɜɨɡɞɟɣɫɬɜɢɹ ɫɥɭɱɚɣɧɨɝɨ ɯɚɪɚɤɬɟɪɚ) ɢ ɬ. ɞ. [31]. 

Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɛɥɨɤ-ɫɯɟɦɵ ɦɨɞɟɥɢɪɭɟɦɵɯ ɭɫɬɪɨɣɫɬɜ 

Simulink ɢɦɟɟɬ ɨɛɲɢɪɧɭɸ ɛɢɛɥɢɨɬɟɤɭ ɛɥɨɱɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɢ ɭɞɨɛɧɵɣ 

ɪɟɞɚɤɬɨɪ ɛɥɨɤ-ɫɯɟɦ. ɂɫɩɨɥɶɡɭɹ ɩɚɥɢɬɪɵ ɤɨɦɩɨɧɟɧɬɨɜ (ɛɢɛɥɢɨɬɟɤɢ), 

ɩɨɥɶɡɨɜɚɬɟɥɶ ɫ ɩɨɦɨɳɶɸ ɦɵɲɢ ɩɟɪɟɧɨɫɢɬ ɧɭɠɧɵɟ ɛɥɨɤɢ ɫ ɩɚɥɢɬɪ ɧɚ ɪɚɛɨɱɢɣ 

ɫɬɨɥ ɩɚɤɟɬɚ Simulink ɢ ɫɨɟɞɢɧɹɟɬ ɥɢɧɢɹɦɢ ɜɯɨɞɵ ɢ ɜɵɯɨɞɵ ɛɥɨɤɨɜ. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɫɨɡɞɚɟɬɫɹ ɛɥɨɤ-ɫɯɟɦɚ ɫɢɫɬɟɦɵ ɢɥɢ ɭɫɬɪɨɣɫɬɜɚ, ɬɨ ɟɫɬɶ ɦɨɞɟɥɶ [32]. 

Simulink ɚɜɬɨɦɚɬɢɡɢɪɭɟɬ ɫɥɟɞɭɸɳɢɣ, ɧɚɢɛɨɥɟɟ ɬɪɭɞɨɟɦɤɢɣ ɷɬɚɩ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ: ɨɧ ɫɨɫɬɚɜɥɹɟɬ ɢ ɪɟɲɚɟɬ ɫɥɨɠɧɵɟ ɫɢɫɬɟɦɵ ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɢ 

ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ, ɨɩɢɫɵɜɚɸɳɢɯ ɡɚɞɚɧɧɭɸ ɮɭɧɤɰɢɨɧɚɥɶɧɭɸ 

ɫɯɟɦɭ (ɦɨɞɟɥɶ), ɨɛɟɫɩɟɱɢɜɚɹ ɭɞɨɛɧɵɣ ɢ ɧɚɝɥɹɞɧɵɣ ɜɢɡɭɚɥɶɧɵɣ ɤɨɧɬɪɨɥɶ ɡɚ 

ɩɨɜɟɞɟɧɢɟɦ ɫɨɡɞɚɧɧɨɝɨ ɩɨɥɶɡɨɜɚɬɟɥɟɦ ɜɢɪɬɭɚɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ. 

ɂɫɯɨɞɹ ɢɡ ɢɡɥɨɠɟɧɧɵɯ ɮɭɧɤɰɢɣ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ, ɞɥɹ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ ɚɫɮɚɥɶɬɨɭɤɥɚɞɱɢɤɚ ɩɪɟɞɥɚɝɚɟɬɫɹ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɢɫɬɟɦɭ MATLAB ɫ ɩɚɤɟɬɚɦɢ ɪɚɫɲɢɪɟɧɢɣ Simulink. 

əɡɵɤ MATLAB – ɢɧɫɬɪɭɦɟɧɬ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ 

ɨɩɟɪɚɬɨɪɚ ɫɨ ɜɫɟɦɢ ɞɨɫɬɭɩɧɵɦɢ ɜɨɡɦɨɠɧɨɫɬɹɦɢ ɚɧɚɥɢɡɚ, ɫɛɨɪɚ ɢ 

ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɞɚɧɧɵɯ. Ʉɚɤ ɭ ɥɸɛɨɝɨ ɹɡɵɤɚ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, MATLAB 

ɨɛɥɚɞɚɟɬ ɞɨɫɬɨɢɧɫɬɜɚɦɢ ɢ ɧɟɞɨɫɬɚɬɤɚɦɢ. 

ɇɟɞɨɫɬɚɬɤɢ: ɦɟɞɥɟɧɧɵɣ ɢ ɩɟɪɟɝɪɭɠɟɧɧɵɣ ɨɩɟɪɚɬɨɪɚɦɢ, ɤɨɦɚɧɞɚɦɢ, 

ɮɭɧɤɰɢɹɦɢ ɹɡɵɤ, ɨɫɧɨɜɧɨɣ ɰɟɥɶɸ ɤɨɬɨɪɨɝɨ ɹɜɥɹɟɬɫɹ ɭɥɭɱɲɟɧɢɟ ɜɢɡɭɚɥɶɧɨɝɨ 

ɜɨɫɩɪɢɹɬɢɹ; ɭɡɤɨɧɚɩɪɚɜɥɟɧɧɵɣ; ɞɨɪɨɝɨɜɢɡɧɚ ɉɈ; ɧɟɜɵɫɨɤɢɣ ɫɩɪɨɫ.  

Ⱦɨɫɬɨɢɧɫɬɜɚ: ɹɡɵɤ ɥɟɝɨɤ ɞɥɹ ɢɡɭɱɟɧɢɹ, ɨɛɥɚɞɚɟɬ ɩɪɨɫɬɵɦ ɢ ɩɨɧɹɬɧɵɦ 

ɫɢɧɬɚɤɫɢɫɨɦ; ɨɝɪɨɦɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ; ɱɚɫɬɵɟ ɨɛɧɨɜɥɟɧɢɹ, ɤɚɤ ɩɪɚɜɢɥɨ 
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ɡɚɦɟɬɧɵɟ  ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɩɪɨɢɫɯɨɞɹɬ ɧɟ ɪɟɠɟ ɩɚɪɵ ɪɚɡ ɜ ɝɨɞ; 

ɩɪɨɝɪɚɦɦɧɚɹ ɫɪɟɞɚ ɩɨɡɜɨɥɹɟɬ ɩɪɟɨɛɪɚɡɨɜɵɜɚɬɶ ɟɝɨ ɜ «ɛɵɫɬɪɵɣ» ɤɨɞ ɧɚ ɋ, ɋ++. 
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2 Ɍɟɨɪɟɬичɟɫɤиɟ иɫɫɥɟɞɨɜɚɧия 

 

ɉɪɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɞɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɪɚɛɨɱɟɝɨ 

ɩɪɨɰɟɫɫɚ ɜɢɛɪɚɰɢɨɧɧɵɣ ɤɚɬɨɤ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɥɨɠɧɭɸ ɞɢɧɚɦɢɱɟɫɤɭɸ 

ɫɢɫɬɟɦɭ, ɧɚ ɤɨɬɨɪɭɸ ɞɟɣɫɬɜɭɸɬ ɭɩɪɚɜɥɹɸɳɢɟ ɢ ɜɨɡɦɭɳɚɸɳɢɟ ɜɧɟɲɧɢɟ 

ɜɨɡɞɟɣɫɬɜɢɹ, ɢɦɟɸɳɢɟ ɫɬɨɯɚɫɬɢɱɟɫɤɭɸ ɩɪɢɪɨɞɭ. 

 

2.1 Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɩɪɨɰɟɫɫɚ ɭɩɥɨɬɧɟɧɢɹ ɫɦɟɫɢ ɜɢɛɪɚɰɢɨɧɧɵɦ 

ɤɚɬɤɨɦ 

 

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 [18]. 

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[19]. 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 [20]. 
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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 [21], 

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 [19]. 

ɉɪɢ ɫɨɫɬɚɜɥɟɧɢɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɩɪɨɰɟɫɫɚ ɭɩɥɨɬɧɟɧɢɹ 

ɜɢɛɪɚɰɢɨɧɧɵɦ ɤɚɬɤɨɦ ɩɪɢɧɹɬɵ ɫɥɟɞɭɸɳɢɟ ɞɨɩɭɳɟɧɢɹ: 

1) ɷɥɟɦɟɧɬɵ ɤɨɧɫɬɪɭɤɰɢɢ ɦɚɲɢɧɵ ɢɦɟɸɬ ɚɛɫɨɥɸɬɧɭɸ ɠɟɫɬɤɨɫɬɶ; 

2) 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 8. ɉɨɥɭɱɟɧɧɚɹ ɦɨɞɟɥɶ ɩɨɡɜɨɥɹɟɬ ɜɵɣɬɢ ɧɚ ɨɩɪɟɞɟɥɟɧɢɟ ɚɦɩɥɢɬɭɞɵ 

ɤɨɥɟɛɚɧɢɣ ɜɚɥɶɰɚ ɢ ɦɨɳɧɨɫɬɢ ɧɚ ɭɩɥɨɬɧɟɧɢɟ ɫɪɟɞɵ.Ⱦɥɹ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ 

ɨɩɢɫɚɧɢɹ ɭɩɥɨɬɧɹɟɦɨɣ ɫɪɟɞɵ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɨɞɟɥɶ Ʉɟɥɶɜɢɧɚ-Ɏɨɣɝɬɚ. 

ɇɚ ɫɯɟɦɟ, ɪɢɫɭɧɨɤ 5, ɢɫɩɨɥɶɡɨɜɚɧɵ ɫɥɟɞɭɸɳɢɟ ɨɛɨɡɧɚɱɟɧɢɹ: mf– ɦɚɫɫɚ 

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

dfk  – ɤɨɷɮɮɢɰɢɟɧɬ ɭɩɪɭɝɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɚɦɨɪɬɢɡɚɬɨɪɨɜ, ɭɫɬɚɧɨɜɥɟɧɧɵɯ 
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ɦɟɠɞɭ ɪɚɦɨɣ ɢ ɜɚɥɶɰɨɦ, ɇ/ɦ; dfc  – ɤɨɷɮɮɢɰɢɟɧɬ ɞɟɦɩɮɢɪɨɜɚɧɢɹɚɦɨɪɬɢɡɚɬɨɪɨɜ, 

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

ɤɨɷɮɮɢɰɢɟɧɬ ɞɟɦɩɮɢɪɨɜɚɧɢɹɭɩɥɨɬɧɹɟɦɨɣ ɫɪɟɞɵ, ɇ ɫ/ɦ; yf, yd, ys – ɩɟɪɟɦɟ-

ɳɟɧɢɟ ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

 

 

Ɋɢɫɭɧɨɤ 5 – Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɦɨɞɟɥɢ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɤɚɬɤɚ 

 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɚɧɚɥɢɡɚ ɩɪɨɰɟɫɫɚ ɭɩɥɨɬɧɟɧɢɹ ɝɪɭɧɬɚ ɜɢɛɪɚɰɢɨɧɧɵɦ ɤɚɬɤɨɦ 

(ɪɢɫɭɧɨɤ 5) ɫɨɫɬɚɜɥɟɧɚ ɟɝɨ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ, ɤɨɬɨɪɚɹ ɨɬɪɚɠɚɟɬ 

ɨɞɧɨɜɪɟɦɟɧɧɨ ɤɚɤ ɞɢɧɚɦɢɤɭ ɤɨɥɟɛɚɧɢɣ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ, ɬɚɤ ɢ 

ɪɟɨɥɨɝɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɭɩɥɨɬɧɹɟɦɨɣ ɫɪɟɞɵ [47]. ɉɨɥɭɱɟɧɵ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɟ 

ɭɪɚɜɧɟɧɢɹ ɬɪɟɯɦɚɫɫɨɜɨɣ ɤɨɥɟɛɚɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ «ɪɚɦɚ-ɜɢɛɪɚɰɢɨɧɧɵɣ ɜɚɥɟɰ-

ɫɦɟɫɶ» ɧɚ ɨɫɧɨɜɟ ɜɬɨɪɨɝɨ ɡɚɤɨɧɚ ɇɶɸɬɨɧɚ ɜ ɜɢɞɟ ɫɢɫɬɟɦɵ: 

 

   

2

( ) ( ) sin(ω );

( ) ( ) ;

ω ; ; ;
ɩɪɢ =0, 0; 0,

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

f f df d f df d f f

e e e s d s d

d s d s

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

m y c y y k y y m g

F m r y y y y

t y y y y

                 

        

    

   

 (1) 
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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. 

ɋ ɭɱɟɬɨɦ ɩɪɢɧɹɬɵɯ ɨɛɨɡɧɚɱɟɧɢɣ ɨɩɪɟɞɟɥɢɦ ɤɨɧɬɚɤɬɧɨɟ ɭɫɢɥɢɟ, ɜɨɡɧɢɤɚɸɳɟɟ 
ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ ɢ ɭɩɥɨɬɧɹɟɦɨɣ ɫɪɟɞɵ 

 
2

1 ω sin(ω ) .c d d e e d f d d f fs s s sF m y m g k y c y m r t m g m g m y m y                      

 
ɇɚ ɨɫɧɨɜɟ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ (1) ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɭɫɤɨɪɟɧɢɟ ɜɚɥɶɰɚ 
 

( ) ( ) sin(ω )
.s d df d f s d df d f e

d
d s

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

m m

            
 


 

 
 

 

2.2 Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫɨɫɬɨɹɧɢɣ 

 

ɉɟɪɟɦɟɧɧɵɟ ɫɨɫɬɨɹɧɢɹ. 

 

Ⱦɥɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɩɢɫɚɧɢɹ ɨɛɴɟɤɬɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫ ɧɟɫɤɨɥɶɤɢɦɢ 

ɫɬɟɩɟɧɹɦɢ ɫɜɨɛɨɞɵ ɛɨɥɟɟ ɞɟɣɫɬɜɟɧɧɵɦ ɦɟɬɨɞɨɦ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ ɩɪɨɫɬɪɚɧɫɬɜɚ 

ɫɨɫɬɨɹɧɢɣ. ɗɬɢ ɦɟɬɨɞɵ ɩɨɡɜɨɥɹɸɬ ɨɫɭɳɟɫɬɜɢɬɶ ɱɟɬɤɭɸ ɮɨɪɦɚɥɢɡɚɰɢɸ ɢ 

ɚɜɬɨɦɚɬɢɡɚɰɢɸ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɩɪɨɰɟɞɭɪ [16]. 

Ⱦɢɧɚɦɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ, ɧɚɪɹɞɭ ɫ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɦ ɭɪɚɜɧɟɧɢɟɦ n-ɝɨ 

ɩɨɪɹɞɤɚ, ɬɚɤɠɟ ɦɨɠɧɨ ɨɩɢɫɚɬɶ ɫɢɫɬɟɦɨɣ n ɨɛɵɤɧɨɜɟɧɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ 

ɭɪɚɜɧɟɧɢɣ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ 
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1 1

( )
( ) ( ), 1,2,... .

n m
i

ij j ij j
j j

dy t
a y t b u t i n

dt
 

        

 

ȼɜɨɞɹ ɜ ɨɩɢɫɚɧɢɟ ɜɟɤɬɨɪ ɫɨɫɬɨɹɧɢɣ ɫɢɫɬɟɦɵ, ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɦɨɞɟɥɶ 

ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫɨɫɬɨɹɧɢɣ ɜ ɦɚɬɪɢɱɧɨɣ ɮɨɪɦɟ [16, 22]: 

 

( ) ( ) ( ) ( ) ( );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  – ɜɟɤɬɨɪ ɫɨɫɬɨɹɧɢɹ ɪɚɡɦɟɪɧɨɫɬɢ ( 1)n , ɤɨɦɩɨɧɟɧɬɚɦɢ ɤɨɬɨɪɨɝɨ 

ɹɜɥɹɸɬɫɹ ɩɟɪɟɦɟɧɧɵɟ ɫɨɫɬɨɹɧɢɹ ɫɢɫɬɟɦɵ n-ɝɨ ɩɨɪɹɞɤɚ, 

 1 2( ) ( ), ( ),..., ( )
T

nx t x t x t x t ;  

( )y t  – ɜɟɤɬɨɪ ɜɵɯɨɞɚ ɪɚɡɦɟɪɧɨɫɬɢ ( 1)p , ɤɨɦɩɨɧɟɧɬɚɦɢ ɤɨɬɨɪɨɝɨ 

ɹɜɥɹɸɬɫɹ ɜɵɯɨɞɧɵɟ ɩɟɪɟɦɟɧɧɵɟ ɫɢɫɬɟɦɵ, 
1 2( ) ( ), ( ),..., ( )

T

py t y t y t y t    ; 

( )u t  – ɜɟɤɬɨɪ ɜɯɨɞɚ ɪɚɡɦɟɪɧɨɫɬɢ ( 1)r , ɤɨɦɩɨɧɟɧɬɚɦɢ ɤɨɬɨɪɨɝɨ ɹɜɥɹɸɬɫɹ 

ɜɯɨɞɧɵɟ ɩɟɪɟɦɟɧɧɵɟ ɫɢɫɬɟɦɵ,  1 2( ) ( ), ( ),..., ( )
T

ru t u t u t u t ; 

( )A t  – ɦɚɬɪɢɰɚ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɫɢɫɬɟɦɵ ( )n n ;  

( )B t  – ɦɚɬɪɢɰɚ ɜɯɨɞɚ ( )n m ;  

( )C t  – ɦɚɬɪɢɰɚ ɜɵɯɨɞɚ ( )p n ,  

ɝɞɟ p – ɱɢɫɥɨ ɜɵɯɨɞɧɵɯ ɜɟɥɢɱɢɧ;  

( )D t  – ɦɚɬɪɢɰɚ ɨɛɯɨɞɚ ( )p m , ɨɩɪɟɞɟɥɹɸɳɚɹ ɩɪɹɦɭɸ ɡɚɜɢɫɢɦɨɫɬɶ 

ɜɵɯɨɞɚ ɨɬ ɜɯɨɞɚ. 

Ⱦɥɹ ɭɞɨɛɫɬɜɚ ɩɨɫɥɟɞɭɸɳɢɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɫɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ (1) 

ɩɪɢɜɟɞɟɧɚ ɤ ɫɥɟɞɭɸɳɟɦɭ ɜɢɞɭ, ɮɨɪɦɭɥɚ (4) 
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   

2

( ) ( )1 ;
sin(ω )

1 ( ) ( ) ;

ω .

df d f df d f

d
s ed d d d

f df d f df d f f
f

e e e

s s s

k y y c y y
y

m m k y c y m m g F t

y k y y c y y m g
m

F m r

 
 
 
 

 
 

      


          

       

  

 (4) 

 

Ɉɩɪɟɞɟɥɟɧɵ ɩɚɪɚɦɟɬɪɵ 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 .  

Ⱦɥɹ ɭɩɪɨɳɟɧɢɹ ɢɡɭɱɟɧɢɹ ɦɨɞɟɥɢ ɨɛɴɟɤɬɚ, ɫɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ (4) 

ɩɪɢɜɨɞɢɬɫɹ ɤ ɫɢɫɬɟɦɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ ɜ 

ɧɨɪɦɚɥɶɧɨɣ ɮɨɪɦɟ Ʉɨɲɢ. 

ɋɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ (4) ɜ ɮɨɪɦɟ Ʉɨɲɢ 

 

 

1 2

2 3 1 4 2 3 4

3 4

4 3 1 4 2

;

1 ( ) ( ) sin(ω ) ;

;

1 ( ) ( ) .

edf df
d

df df
f

s s
s

z z

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

z z

z k z z c z z g
m

 
 

 
 



              




      

 (5) 

 

ɉɟɪɟɦɟɳɟɧɢɟ ɷɬɢɯ ɩɚɪɚɦɟɬɪɨɜ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɜɟɤɬɨɪ ɢ ɦɚɬɪɢɰɭ 

ɩɨɡɜɨɥɹɸɬ ɩɨɥɭɱɢɬɶ ɫɥɟɞɭɸɳɢɟ ɪɟɡɭɥɶɬɚɬɵ 

 

   1 2 3 4 1 2 3 4; ;
T T

Z z z z z Z z z z z   
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0 1 0 0 0 0

1
0

; ;
0 0 0 1 0 0

1
0

s df s df df df

d s d s d s d s d s

df df df df

ff f f f

k k c c k c

m m m m m m m m m m
A B

k c k c

mm m m m

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

    
   
   
    
    

 

 

1 0 0 0 0 0
; ,

0 1 0 0 0 0
C D

   
    
   

 

 

2ω sin(ω )
( ) .e e d s

f

m r t m g m g
u t

m g

       




 
 
 

 

 

Ɉɩɢɫɚɧɢɟ ɫɢɫɬɟɦ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫɨɫɬɨɹɧɢɣ ɩɨɡɜɨɥɹɟɬ ɜɵɹɜɢɬɶ ɢ 

ɢɫɫɥɟɞɨɜɚɬɶ ɬɚɤɢɟ ɫɜɨɣɫɬɜɚ, ɤɨɬɨɪɵɟ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɤɥɚɫɫɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ 

ɱɚɫɬɨɬɧɨɝɨ ɚɧɚɥɢɡɚ ɢ ɨɩɢɫɚɧɢɹ ɜ ɬɟɪɦɢɧɚɯ «ɜɯɨɞ-ɜɵɯɨɞ» ɨɫɬɚɥɢɫɶ ɛɵ 

ɫɤɪɵɬɵɦɢ. Ɇɚɬɪɢɱɧɚɹ ɮɨɪɦɚ ɡɚɩɢɫɢ, ɩɪɢɦɟɧɹɟɦɚɹ ɜ ɦɟɬɨɞɟ ɩɪɨɫɬɪɚɧɫɬɜɚ 

ɫɨɫɬɨɹɧɢɣ, ɢɦɟɟɬ ɧɟɨɫɩɨɪɢɦɨɟ ɩɪɟɢɦɭɳɟɫɬɜɨ ɩɪɢ ɱɢɫɥɟɧɧɨɦ ɪɟɲɟɧɢɢ [22]. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ. Ⱦɥɹ ɨɰɟɧɤɢ ɚɞɟɤɜɚɬɧɨɫɬɢ 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɩɪɨɰɟɫɫɚ ɜɵɩɨɥɧɟɧɵ ɜɵɱɢɫɥɟɧɢɹ ɜ ɩɪɨɝɪɚɦɦɟ 

MATLAB [47, 48].  

ɂɦɢɬɚɰɢɨɧɧɚɹ ɦɨɞɟɥɶ ɢɫɫɥɟɞɭɟɦɨɝɨ ɩɪɨɰɟɫɫɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 6. 

 

Ɋɢɫɭɧɨɤ 6 – ɂɦɢɬɚɰɢɨɧɧɚɹ ɦɨɞɟɥɶ ɢɫɫɥɟɞɭɟɦɨɝɨ ɩɪɨɰɟɫɫɚ ɧɚ ɹɡɵɤɟ MATLAB/Simulink 



29 

 

Ⱦɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ ɢɫɩɨɥɶɡɨɜɚɧɵ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɢɡ ɧɚɭɱɧɨɣ 

ɪɚɛɨɬɵ[23]: 

 

6 6

3

η
3.4 10 ɇ/ɦ; 58 10 ɇ/ɦ; c ɇ ɫ/ɦ; 

ω
180 10 ɇ c/ɦ; 4565 ɤɝ; 2638 ɤɝ;

0.2 ɤɝ; 2,32 ɤɝ ɦ;ω 2 π ɪɚɞ/ɫ; 27 Ƚɰ.

df
df s df

s f d

s d e e

k
k k

c m m

m m m r f f


     

    

        

 

 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɥɭɱɟɧɵ ɩɚɪɚɦɟɬɪɵ 

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

7). 

 

 
Ɋɢɫɭɧɨɤ 7 – Ɂɚɜɢɫɢɦɨɫɬɢ ɭɫɤɨɪɟɧɢɹ ɜɚɥɶɰɚ ɢ ɪɚɦɵ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɤɚɬɤɚ 

 

ɇɚ ɪɢɫɭɧɤɟ 8 ɩɨɤɚɡɚɧɚ ɜɪɟɦɟɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɤɨɧɬɚɤɬɧɨɝɨ ɭɫɢɥɢɹ ɜɚɥɶɰɚ 

ɩɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ. 
 



30 

 

Ɋɢɫɭɧɨɤ 8 – Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɧɬɚɤɬɧɨɝɨ ɭɫɢɥɢɹ ɜɚɥɶɰɚ ɧɚ ɭɩɥɨɬɧɹɟɦɵɣ ɦɚɬɟɪɢɚɥ 

 
Ⱥɞɟɤɜɚɬɧɨɫɬɶ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɢ ɢɦɢɬɚɰɢɨɧɧɨɣ ɦɨɞɟɥɢ ɨɛɴɟɤɬɚ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɢɦɢɬɚɰɢɨɧɧɵɦ ɦɨɞɟɥɢɪɨɜɚɧɢɟɦ. 
ɉɨɥɭɱɟɧɵ ɝɪɚɮɢɱɟɫɤɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɭɫɤɨɪɟɧɢɹ, ɪɢɫɭɧɨɤ 7, 

ɜɚɥɶɰɚ ɢ ɪɚɦɵ, ɡɧɚɱɟɧɢɹ ɤɨɬɨɪɵɯ ɢɦɟɸɬ ɯɨɪɨɲɟɟ ɫɨɨɬɜɟɬɫɬɜɢɟ ɫ ɞɚɧɧɵɦɢ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɪɚɛɨɬɵ [23]. Ƚɚɪɦɨɧɢɱɟɫɤɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɢɦɟɸɬ ɥɢɧɟɣɧɵɣ 
ɯɚɪɚɤɬɟɪ. ɗɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɧɚɱɚɥɶɧɨɦɭ ɢ ɫɪɟɞɧɟɦɭ ɷɬɚɩɚɦ ɭɩɥɨɬɧɟɧɢɹ ɩɨɤɪɵɬɢɹ 
ɜɢɛɪɚɰɢɨɧɧɵɦɢ ɤɚɬɤɚɦɢ. 

Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɧɬɚɤɬɧɨɝɨ ɭɫɢɥɢɹ ɜɚɥɶɰɚ, ɪɢɫɭɧɨɤ 8, ɩɪɢ ɭɩɥɨɬɧɟɧɢɢ 

ɦɚɬɟɪɢɚɥɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɤɚɤ ɝɚɪɦɨɧɢɱɟɫɤɚɹ ɫ ɩɪɢɡɧɚɤɚɦɢ ɧɟɥɢɧɟɣɧɨɫɬɢ. ɗɬɨ 

ɫɜɹɡɚɧɨ ɫ ɫɨɨɬɧɨɲɟɧɢɟɦ ɩɚɪɚɦɟɬɪɨɜ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ ɭɩɥɨɬɧɟɧɢɹ, 

ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɤɚɬɤɚ ɢ ɦɚɬɟɪɢɚɥɚ. Ɂɧɚɱɟɧɢɹ ɤɨɧɬɚɤɬɧɨɝɨ ɭɫɢɥɢɹ 

ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɞɚɧɧɵɦɢ ɩɨɥɭɱɟɧɧɵɦ ɚɜɬɨɪɚɦɢ ɜ ɧɚɭɱɧɨɣ 

ɪɚɛɨɬɟ [23]. 

 

ɉɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ. 

 

ɉɨɞ ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɩɨɧɢɦɚɟɬɫɹ ɫɩɨɫɨɛɧɨɫɬɶ ɟɟ 

ɜɨɡɜɪɚɳɚɬɶɫɹ ɤ ɫɨɫɬɨɹɧɢɸ ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɪɚɜɧɨɜɟɫɢɹ ɩɨɫɥɟ ɫɧɹɬɢɹ 

ɜɨɡɦɭɳɟɧɢɹ, ɧɚɪɭɲɢɜɲɟɝɨɫɹ ɷɬɨ ɪɚɜɧɨɜɟɫɢɟ. 

ɍɫɥɨɜɢɟ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɩɪɚɜɟɞɥɢɜɨ ɞɥɹ ɨɛɵɤɧɨɜɟɧɧɵɯ ɥɢɧɟɣɧɵɯ ɋȺɍ. 

ɇɚ ɩɪɚɤɬɢɤɟ ɩɪɢɯɨɞɢɬɫɹ ɢɦɟɬɶ ɞɟɥɨ ɫ ɥɢɧɟɚɪɢɡɨɜɚɧɧɵɦɢ ɫɢɫɬɟɦɚɦɢ, ɢ 

ɮɚɤɬɢɱɟɫɤɚɹ ɧɟɥɢɧɟɣɧɨɫɬɶ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɢɫɬɟɦɵ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɧɟɜɟɪɧɵɦ 

ɜɵɜɨɞɚɦ ɨ ɟё ɭɫɬɨɣɱɢɜɨɫɬɢ ɧɚ ɨɫɧɨɜɚɧɢɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɥɢɧɟɚɪɢɡɨɜɚɧɧɨɝɨ 

ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɭɪɚɜɧɟɧɢɹ. 
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Ƚɪɚɧɢɰɵ ɩɪɢɦɟɧɢɦɨɫɬɢ ɥɢɧɟɚɪɢɡɨɜɚɧɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ 

ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɢɫɬɟɦ ɨɩɪɟɞɟɥɹɸɬɫɹ ɨɛɳɢɦɢ ɬɟɨɪɟɦɚɦɢ 

ɭɫɬɨɣɱɢɜɨɫɬɢ Ⱥ.Ɇ. Ʌɹɩɭɧɨɜɚ. ɗɬɢ ɬɟɨɪɟɦɵ ɩɪɢɜɨɞɹɬɫɹ ɧɢɠɟ ɛɟɡ ɞɨɤɚɡɚɬɟɥɶɫɬɜ 

(ɫ ɞɨɤɚɡɚɬɟɥɶɫɬɜɨɦ ɬɟɨɪɟɦ ɦɨɠɧɨ ɨɡɧɚɤɨɦɢɬɶɫɹ ɜ ɭɱɟɛɧɢɤɚɯ ɩɨ ɬɟɨɪɢɢ 

ɭɩɪɚɜɥɟɧɢɹ ɢɥɢ ɜ ɬɪɭɞɚɯ Ⱥ.Ɇ. Ʌɹɩɭɧɨɜɚ) [24, 25]. 

1) Ɋɟɚɥɶɧɚɹ ɫɢɫɬɟɦɚ ɭɫɬɨɣɱɢɜɚ «ɜ ɦɚɥɨɦ», ɟɫɥɢ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɟ 

ɭɪɚɜɧɟɧɢɟ ɥɢɧɟɚɪɢɡɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ ɢɦɟɟɬ ɜɫɟ ɤɨɪɧɢ ɫ ɨɬɪɢɰɚɬɟɥɶɧɵɦɢ 

ɜɟɳɟɫɬɜɟɧɧɵɦɢ ɱɚɫɬɹɦɢ. 

2) ȿɫɥɢ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɟ ɭɪɚɜɧɟɧɢɟ ɥɢɧɟɚɪɢɡɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ ɢɦɟɟɬ 

ɯɨɬɹ ɛɵ ɨɞɢɧ ɤɨɪɟɧɶ ɫ ɩɨɥɨɠɢɬɟɥɶɧɨɣ ɜɟɳɟɫɬɜɟɧɧɨɣ ɱɚɫɬɶɸ, ɬɨ ɪɟɚɥɶɧɚɹ 

ɫɢɫɬɟɦɚ ɛɭɞɟɬ ɧɟɭɫɬɨɣɱɢɜɚ. 

3) ɉɪɢ ɧɚɥɢɱɢɢ ɤɨɪɧɟɣ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɝɨ ɭɪɚɜɧɟɧɢɹ ɫ ɧɭɥɟɜɨɣ 

ɜɟɳɟɫɬɜɟɧɧɨɣ ɱɚɫɬɶɸ ɩɨɜɟɞɟɧɢɟ ɪɟɚɥɶɧɨɣ ɫɢɫɬɟɦɵ ɦɨɠɟɬ ɧɟ ɫɨɜɩɚɞɚɬɶ ɫ 

ɩɨɜɟɞɟɧɢɟɦ ɥɢɧɟɚɪɢɡɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ, ɢ ɪɟɲɟɧɢɟ ɜɨɩɪɨɫɚ ɨɛ ɭɫɬɨɣɱɢɜɨɫɬɢ 

ɫɢɫɬɟɦɵ ɬɪɟɛɭɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. 

ɉɨɧɹɬɢɟ "ɜ ɦɚɥɨɦ" ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɨɜɟɞɟɧɢɸ ɫɢɫɬɟɦɵ ɩɪɢ ɧɟɛɨɥɶɲɢɯ 

ɧɚɱɚɥɶɧɵɯ ɜɨɡɦɭɳɟɧɢɹɯ, ɤɨɝɞɚ ɧɟɥɢɧɟɣɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɦɟɠɞɭ ɫɢɝɧɚɥɚɦɢ ɜ 

ɫɢɫɬɟɦɟ ɧɟ ɨɤɚɡɵɜɚɸɬ ɫɭɳɟɫɬɜɟɧɧɨɝɨ ɜɥɢɹɧɢɹ ɧɚ ɟё ɩɨɜɟɞɟɧɢɟ. 

ɇɟɨɛɯɨɞɢɦɵɦ, ɧɨ ɧɟ ɞɨɫɬɚɬɨɱɧɵɦ ɭɫɥɨɜɢɟɦ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɢɫɬɟɦɵ 

ɹɜɥɹɟɬɫɹ ɩɨɥɨɠɢɬɟɥɶɧɨɫɬɶ ɜɫɟɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɝɨ 

ɭɪɚɜɧɟɧɢɹ. Ɉɧɨ ɞɨɫɬɚɬɨɱɧɨ ɬɨɥɶɤɨ ɞɥɹ ɭɪɚɜɧɟɧɢɣ ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɨɜ. 

ȿɫɥɢ ɪɚɡɨɦɤɧɭɬɚɹ ɫɢɫɬɟɦɚ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɭɫɬɨɣɱɢɜɚɹ, k = 0, 

ɬɨ ɞɥɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɡɚɦɤɧɭɬɨɣ ɫɢɫɬɟɦɵ ɧɟɨɛɯɨɞɢɦɨ ɢ ɞɨɫɬɚɬɨɱɧɨ, ɱɬɨɛɵ 

ɚɦɩɥɢɬɭɞɧɨ-ɮɚɡɨɜɚɹ ɱɚɫɬɨɬɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɪɚɡɨɦɤɧɭɬɨɣ ɫɢɫɬɟɦɵ ɩɪɢ 

ɢɡɦɟɧɟɧɢɢ  ɨɬ 0 ɞɨ +∞ ɧɟ ɨɯɜɚɬɵɜɚɥɚ ɬɨɱɤɭ ɫ ɤɨɨɪɞɢɧɚɬɚɦɢ [-1; j0]  

Ɍɚɤ ɤɚɤ ɩɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɫɢɫɬɟɦɵ ɩɨɥɧɨɫɬɶɸ ɨɩɪɟɞɟɥɹɟɬ ɟɟ 

ɞɢɧɚɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ, ɬɨ ɩɟɪɜɨɧɚɱɚɥɶɧɚɹ ɡɚɞɚɱɚ ɪɚɫɱɟɬɚ ɋȺɊ ɫɜɨɞɢɬɫɹ ɤ 

ɨɩɪɟɞɟɥɟɧɢɸ ɟɟ ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɢ. ɂɡ ɷɬɨɝɨ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ 

ɩɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɜɚɠɧɨɣ ɤɚɬɟɝɨɪɢɟɣ ɜ ɬɟɨɪɢɢ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɢ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. 
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ɉɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɟɣ ɧɚɡɵɜɚɟɬɫɹ ɨɬɧɨɲɟɧɢɟ ɢɡɨɛɪɚɠɟɧɢɹ ɩɨ Ʌɚɩɥɚɫɭ 

ɜɵɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ X(s) ɤ ɢɡɨɛɪɚɠɟɧɢɸ ɩɨ Ʌɚɩɥɚɫɭ ɜɯɨɞɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ F(s) 

ɩɪɢ ɧɭɥɟɜɵɯ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ, ɩɪɢ ɷɬɨɦ ɨɩɟɪɚɬɨɪ s ɪɚɜɟɧ ɨɩɟɪɚɬɨɪɭ 

ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ p, ɬɨɝɞɚ 
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ɝɞɟ s – ɤɨɦɩɥɟɤɫɧɵɣ ɚɪɝɭɦɟɧɬ.  

ɉɪɟɨɛɪɚɡɭɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ ɩɪɢ ɧɭɥɟɜɵɯ ɧɚɱɚɥɶɧɵɯ 

ɭɫɥɨɜɢɹɯ, ɡɚɦɟɧɹɹ dtd/  ɧɚ ,s  ɩɨɥɭɱɢɦ ɚɥɝɟɛɪɚɢɱɟɫɤɨɟ ɭɪɚɜɧɟɧɢɟ ɞɥɹ 

ɢɡɨɛɪɚɠɟɧɢɣ 

 

).()()()( sFsBsXsA    

 

Ɉɬɫɸɞɚ ɫɥɟɞɭɟɬ, ɱɬɨ ɩɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɥɟɝɤɨ ɡɚɩɢɫɵɜɚɟɬɫɹ ɩɨ 

ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɦɭ ɭɪɚɜɧɟɧɢɸ 
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ɢ, ɧɚɨɛɨɪɨɬ, ɩɨ ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɢ ɡɚɩɢɫɵɜɚɟɬɫɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ 

ɭɪɚɜɧɟɧɢɟ. 

ɉɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɹɜɥɹɟɬɫɹ ɞɪɨɛɧɨ-ɪɚɰɢɨɧɚɥɶɧɨɣ ɮɭɧɤɰɢɟɣ 

ɤɨɦɩɥɟɤɫɧɨɣ ɩɟɪɟɦɟɧɧɨɣ, ɮɨɪɦɭɥɚ (6) 
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ɉɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɢɦɟɟɬ ɩɨɪɹɞɨɤ, ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨɪɹɞɤɨɦ 

ɩɨɥɢɧɨɦɚ ɡɧɚɦɟɧɚɬɟɥɹ n. ɂɡ ɭɪɚɜɧɟɧɢɹ ɫɥɟɞɭɟɬ, ɱɬɨ ɢɡɨɛɪɚɠɟɧɢɟ ɜɵɯɨɞɧɨɝɨ 

ɫɢɝɧɚɥɚ ɦɨɠɧɨ ɧɚɣɬɢ ɤɚɤ X(s) = W(s)∙F(s). 

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɦɨɞɟɥɢ ɫ ɭɱɟɬɨɦ ɚɥɝɨɪɢɬɦɚ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɋȺɍ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɤɨɦɚɧɞ ɩɪɨɝɪɚɦɦɵ MATLAB, ɜɵɩɨɥɧɟɧɚ 

ɡɚɞɚɱɚ ɨɩɪɟɞɟɥɟɧɢɹ ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɢ. 

ɂɫɩɨɥɶɡɨɜɚɧɵ ɤɨɦɚɧɞɵ ɩɪɨɝɪɚɦɦɵ MATLAB 

 
sys=ss(A,B,C,D) 
 
sys1=tf(sys) 
 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɟɚɥɢɡɚɰɢɢ MATLAB ɩɨɥɭɱɟɧɵ ɩɟɪɟɞɚɬɨɱɧɵɟ ɮɭɧɤɰɢɢ ɩɨ 

ɜɯɨɞɭ ɫ ɪɟɝɭɥɢɪɭɟɦɨɣ ɩɟɪɟɦɟɧɧɨɣ – ɭɝɥɨɜɨɣ ɱɚɫɬɨɬɨɣ ɜɢɛɪɚɰɢɢ: 

 

ɉɎ ɪɟɝɭɥɢɪɭɟɦɨɣ ɜɟɥɢɱɢɧɵ – ɩɟɪɟɦɟɳɟɧɢɟ ɜɚɥɶɰɚ, ɮɨɪɦɭɥɚ (7) 
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ɉɎ ɪɟɝɭɥɢɪɭɟɦɨɣ ɜɟɥɢɱɢɧɵ – ɫɤɨɪɨɫɬɶ ɜɚɥɶɰɚ, ɮɨɪɦɭɥɚ (8) 
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ɉɨɥɭɱɟɧɧɵɟ ɉɎ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɫɬɪɨɝɨ ɩɪɚɜɢɥɶɧɨɦɭ ɜɢɞɭ, ɬɚɤ ɤɚɤ ɫɬɟɩɟɧɶ 

ɱɢɫɥɢɬɟɥɹ ɦɟɧɶɲɟ ɫɬɟɩɟɧɢ ɡɧɚɦɟɧɚɬɟɥɹ. 
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3 ɉɪɨɟɤɬиɪɨɜɚɧиɟ ɉɂȾ-ɪɟɝɭɥяɬɨɪɚ 

 

ɉɪɨɩɨɪɰɢɨɧɚɥɶɧɨ-ɢɧɬɟɝɪɚɥɶɧɨ-ɞɢɮɮɟɪɟɧɰɢɪɭɸɳɢɣ (ɉɂȾ) ɪɟɝɭɥɹɬɨɪ –

ɭɫɬɪɨɣɫɬɜɨ ɜ ɭɩɪɚɜɥɹɸɳɟɦ ɤɨɧɬɭɪɟ ɫ ɨɛɪɚɬɧɨɣ ɫɜɹɡɶɸ. 

ɉɂȾ (ɨɬ ɚɧɝɥ. P-proportional, I-integral, D-derivative) — ɪɟɝɭɥɹɬɨɪɨɦ 

ɧɚɡɵɜɚɟɬɫɹ ɭɫɬɪɨɣɫɬɜɨ, ɩɪɢɦɟɧɹɟɦɨɟ ɜ ɤɨɧɬɭɪɚɯ ɭɩɪɚɜɥɟɧɢɹ, ɨɫɧɚɳɟɧɧɵɯ 

ɡɜɟɧɨɦ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ. Ⱦɚɧɧɵɟ ɪɟɝɭɥɹɬɨɪɵ ɢɫɩɨɥɶɡɭɸɬ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ 

ɫɢɝɧɚɥɚ ɭɩɪɚɜɥɟɧɢɹ ɜ ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦɚɯ, ɝɞɟ ɧɟɨɛɯɨɞɢɦɨ ɞɨɫɬɢɱɶ 

ɜɵɫɨɤɢɯ ɬɪɟɛɨɜɚɧɢɣ ɤ ɤɚɱɟɫɬɜɭ ɢ ɬɨɱɧɨɫɬɢ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ. 

ɍɩɪɚɜɥɹɸɳɢɣ ɫɢɝɧɚɥ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɚ ɩɨɥɭɱɚɟɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɥɨɠɟɧɢɹ 

ɬɪɟɯ ɫɨɫɬɚɜɥɹɸɳɢɯ: ɩɟɪɜɚɹ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɜɟɥɢɱɢɧɟ ɫɢɝɧɚɥɚ 

ɪɚɫɫɨɝɥɚɫɨɜɚɧɢɹ, ɜɬɨɪɚɹ — ɢɧɬɟɝɪɚɥɭ ɫɢɝɧɚɥɚ ɪɚɫɫɨɝɥɚɫɨɜɚɧɢɹ, ɬɪɟɬɶɹ — ɟɝɨ 

ɩɪɨɢɡɜɨɞɧɨɣ. 

ȿɫɥɢ ɤɚɤɢɟ-ɬɨ ɢɡ ɫɨɫɬɚɜɥɹɸɳɢɯ ɧɟ ɢɫɩɨɥɶɡɭɸɬɫɹ, ɬɨ ɪɟɝɭɥɹɬɨɪ ɧɚɡɵɜɚɸɬ 

ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ-ɢɧɬɟɝɪɢɪɭɸɳɢɦ, ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ-ɞɢɮɮɟɪɟɧɰɢɪɭɸɳɢɦ, 

ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɦ ɢ ɬ.ɞ. 

ȼɩɟɪɜɵɟ ɛɵɥ ɨɩɢɫɚɧ ɟɳɟ ɜ 1910 ɝ. [26]; ɩɨɡɠɟ, ɜ 1942 ɝ., Ɂɢɝɥɟɪ ɢ 

ɇɢɤɨɥɶɫ ɜɩɟɪɜɵɟ ɨɬɪɚɛɨɬɚɥɢ ɦɟɬɨɞɢɤɭ ɟɝɨ ɧɚɫɬɪɨɣɤɢ [27], ɚ ɩɨɫɥɟ ɩɨɹɜɥɟɧɢɹ 

ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɨɜ ɜ 80-ɯ ɝɨɞɚɯ ɩɪɨɲɥɨɝɨ ɜɟɤɚ, ɪɚɡɜɢɬɢɟ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɨɜ 

ɩɨɲɥɨ ɧɚɪɚɫɬɚɸɳɢɦɢ ɬɟɦɩɚɦɢ. 

 

3.1 ɉɪɢɦɟɧɟɧɢɟ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɨɜ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɤɨɧɬɪɨɥɹ ɢ 

ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɰɟɫɫɨɦ 

 

ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦɢ ɫɨɜɪɟɦɟɧɧɵɦɢ ɚɜɬɨɦɚɬɢɱɟɫɤɢɦɢ 

ɪɟɝɭɥɹɬɨɪɚɦɢ ɹɜɥɹɸɬɫɹ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɵ. Ɉɤɨɥɨ 90 % - 95 % ɪɟɝɭɥɹɬɨɪɨɜ [28], 

ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɢɫɩɨɥɶɡɭɸɬ ɉɂȾ-ɚɥɝɨɪɢɬɦ. 
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Ⱥɥɝɨɪɢɬɦ ɜɤɥɸɱɚɟɬ ɫɥɟɞɭɸɳɢɟ ɷɬɚɩɵ: 

ɒɚɝ 1. ɉɨ ɢɡɜɟɫɬɧɨɣ ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɢ  Wp(s) ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ ɢ 

ɉɂȾ-ɪɟɝɭɥɹɬɨɪɚ Wp(s) ɫ ɧɟɢɡɜɟɫɬɧɵɦɢ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ Kp, Ki, Kd  ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɉɎ ɪɚɡɨɦɤɧɭɬɨɣ ɫɢɫɬɟɦɵ. 

ɒɚɝ 2. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɫɬɪɭɤɬɭɪɚ ɩɨɥɢɧɨɦɚ ɢ ɩɨɥɧɨɦ D(Kp, Ki, Kd, s) 

ɡɚɦɤɧɭɬɨɣ ɫɢɫɬɟɦɵ ɩɭɬɟɦ ɫɥɨɠɟɧɢɹ ɡɧɚɦɟɧɚɬɟɥɹ С(s) ɢ ɱɱɢɫɥɢɬɟɥɹ B(Kp, Ki, Kd, 

s) ɫ ɧɟɢɡɜɟɫɬɧɵɦɢ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ Kp, Ki, Kd. 

ɒɚɝ 3. Ɂɚɞɚɸɬɫɹ ɡɧɚɱɟɧɢɹ ɤɨɦɩɥɟɤɫɧɵɯ ɩɨɥɸɫɨɜ s2= -𝜂2- j 𝛽2, 
s3= -𝜂2- j 𝛽2, ... , ..., sn= -𝜂𝑛+ j 𝛽𝑛 , sn= -𝜂𝑛- j 𝛽𝑛. Ɂɧɚɱɟɧɢɹ ɩɨɥɸɫɨɜ 

ɧɚɡɧɚɱɚɸɬɫɹ ɫ ɭɱɟɬɨɦ ɤɨɫɜɟɧɧɵɯ ɨɰɟɧɨɤ ɤɚɱɟɫɬɜɚ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ. 

ɒɚɝ 4. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɣ ɩɨɥɢɧɨɦ ɡɚɦɤɧɭɬɨɣ ɫɢɫɬɟɦɵ ɜ 

ɮɭɧɤɰɢɢ ɡɚɞɚɧɢɹ. 

ɒɚɝ 5. Ɋɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɚɪɚɦɟɬɪɵ ɪɟɝɭɥɹɬɨɪɚ Kp, Ki, Kd  ɢɡ 

ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ. ɉɪɨɜɟɪɹɟɬɫɹ ɨɞɧɨ ɢɡ ɞɜɭɯ ɭɫɥɨɜɢɣ ɪɟɚɥɢɡɚɰɢɢ 

ɚɥɝɨɪɢɬɦɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɦɟɬɨɞɢɤɢ - ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɉɂȾ-

ɪɟɝɭɥɹɬɨɪɚ ɞɨɥɠɧɵ ɛɵɬɶ ɩɨɥɨɠɢɬɟɥɶɧɵɦɢ, ɜ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ, ɩɪɨɜɟɪɹɟɬɫɹ 

ɲɚɝ 3 ɚɥɝɨɪɢɬɦɚ ɦɟɬɨɞɢɤɢ ɫ ɜɵɛɨɪɨɦ ɞɪɭɝɢɯ ɡɧɚɱɟɧɢɹ ɤɨɪɧɟɣ s1, s2, ..., sn, 

ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɝɨ ɭɪɚɜɧɟɧɢɹ ɡɚɦɤɧɭɬɨɣ ɫɢɫɬɟɦɵ. 

ɒɚɝ 6. ɉɨ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɝɨ ɩɨɥɢɧɨɦɭ ɡɚɦɤɧɭɬɨɣ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ 

ɩɪɨɜɨɞɢɬɫɹ ɩɪɨɜɟɪɤɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɋȺɍ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɥɝɟɛɪɚɢɱɟɫɤɨɝɨ 

ɤɪɢɬɟɪɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ Ɋɚɭɫɚ-Ƚɭɪɜɢɰɚ. ȿɫɥɢ ɭɫɬɨɣɱɢɜɨɫɬɶ ɧɟ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ, 

ɩɨɜɬɨɪɹɟɫɹ ɲɚɝ 3 ɫ ɜɵɛɨɪɨɦ ɞɪɭɝɢɯ ɡɧɚɱɟɧɢɣ ɤɨɪɧɟɣ s1, s2, ..., sn  

ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɝɨ ɭɪɚɜɧɟɧɢɹ ɫɢɫɬɟɦɵ. 

ɉɪɢɱɢɧɨɣ ɫɬɨɥɶ ɜɵɫɨɤɨɣ ɩɨɩɭɥɹɪɧɨɫɬɢ ɹɜɥɹɟɬɫɹ ɩɪɨɫɬɨɬɚ ɩɨɫɬɪɨɟɧɢɹ ɢ 

ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ, ɹɫɧɨɫɬɶ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ, ɩɪɢɝɨɞɧɨɫɬɶ ɞɥɹ 

ɪɟɲɟɧɢɹ ɛɨɥɶɲɢɧɫɬɜɚ ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɞɚɱ ɢ ɧɢɡɤɚɹ ɫɬɨɢɦɨɫɬɶ. ɋɪɟɞɢ ɉɂȾ-

ɪɟɝɭɥɹɬɨɪɨɜ 64% ɡɚɧɢɦɚɸɬ ɨɞɧɨɤɨɧɬɭɪɧɵɟ ɪɟɝɭɥɹɬɨɪɵ ɢ 36% – 

ɦɧɨɝɨɤɨɧɬɭɪɧɵɟ. Ʉɨɧɬɪɨɥɥɟɪɵ ɫ ɨɛɪɚɬɧɨɣ ɫɜɹɡɶɸ ɨɯɜɚɬɵɜɚɸɬ 85% ɜɫɟɯ 

ɩɪɢɥɨɠɟɧɢɣ, ɤɨɧɬɪɨɥɥɟɪɵ ɫ ɩɪɹɦɨɣ ɫɜɹɡɶɸ – 6%, ɤɨɧɬɪɨɥɥɟɪɵ, ɫɨɟɞɢɧɟɧɧɵɟ 

ɤɚɫɤɚɞɧɨ, – 9% [29]. 
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ɉɂȾ-ɪɟɝɭɥɹɬɨɪ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɫɢɫɬɟɦɭ, ɫɨɫɬɨɹɳɭɸ ɢɡ 

ɩɚɪɚɥɥɟɥɶɧɨ ɫɨɟɞɢɧɟɧɧɵɯ ɭɫɢɥɢɬɟɥɶɧɨɝɨ, ɢɧɬɟɝɪɢɪɭɸɳɟɝɨ ɢ 

ɞɢɮɮɟɪɟɧɰɢɪɭɸɳɟɝɨ ɡɜɟɧɶɟɜ (ɪɢɫɭɧɨɤ 9). 

 

 

Ɋɢɫɭɧɨɤ 9 – Ȼɥɨɤ-ɫɯɟɦɚ ɤɨɧɬɪɨɥɥɟɪɚ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɚ ɜ ɤɨɧɬɭɪɟ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ  

 

ɋɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɫ ɨɛɪɚɬɧɨɣ ɫɜɹɡɶɸ ɫ ɭɱɚɫɬɢɟɦ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɚ 

(ɪɢɫɭɧɨɤ 11) ɭɩɪɚɜɥɹɟɬ ɜɟɥɢɱɢɧɨɣ y(t), ɬɨ ɟɫɬɶ ɜɵɜɨɞɹɬ ɜɟɥɢɱɢɧɭ y(t) ɧɚ 

ɡɚɞɚɧɧɨɟ ɢɡɜɧɟ ɡɧɚɱɟɧɢɟ u(t), ɩɭɬёɦ ɩɨɞɚɱɢ ɧɚ ɜɯɨɞ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɚ ɨɲɢɛɤɢ 

e(t), ɜɵɯɨɞ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɚ ɹɜɥɹɟɬɫɹ ɭɩɪɚɜɥɹɸɳɢɦ ɜɨɡɞɟɣɫɬɜɢɟɦ ɞɥɹ 

ɧɟɤɨɬɨɪɨɝɨ ɩɪɨɰɟɫɫɚ r(t) (ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ), ɭɩɪɚɜɥɹɸɳɟɝɨ ɜɟɥɢɱɢɧɨɣ y(t). 

Ɋɚɛɨɬɚ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɚ ɨɩɢɫɵɜɚɟɬɫɹ ɮɨɪɦɭɥɨɣ (3.1): 

 

0

( )
( ) ( ) ( ) ,

t de t
u t P I D Kp e t Ki e t dt Kd

dt
        (3.1) 

 

ɝɞɟ u(t) – ɡɚɞɚɧɧɚɹ ɮɭɧɤɰɢɹ ɭɩɪɚɜɥɹɟɦɨɝɨ ɩɪɨɰɟɫɫɚ; 

P – ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ; 

I – ɢɧɬɟɝɪɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ; 

D – ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ; 

e(t) – ɬɟɤɭɳɚɹ ɨɲɢɛɤɚ; 

Кp – ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɢɥɟɧɢɹ; 

Кi – ɢɧɬɟɝɪɚɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɢɥɟɧɢɹ; 

Кd – ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɢɥɟɧɢɹ. 
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ɉɪɨɩɨɪɰɢɨɧɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɜɵɪɚɛɚɬɵɜɚɟɬ ɜɵɯɨɞɧɨɣ ɫɢɝɧɚɥ, 
ɩɪɨɬɢɜɨɞɟɣɫɬɜɭɸɳɢɣ ɨɬɤɥɨɧɟɧɢɸ ɪɟɝɭɥɢɪɭɟɦɨɣ ɜɟɥɢɱɢɧɵ ɨɬ ɡɚɞɚɧɧɨɝɨ 
ɡɧɚɱɟɧɢɹ, ɧɚɛɥɸɞɚɟɦɨɦɭ ɜ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɬɨɥɶɤɨ 
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɝɨ ɪɟɝɭɥɹɬɨɪɚ ɡɧɚɱɟɧɢɟ ɪɟɝɭɥɢɪɭɟɦɨɣ ɜɟɥɢɱɢɧɵ ɧɢɤɨɝɞɚ ɧɟ 
ɫɬɚɛɢɥɢɡɢɪɭɟɬɫɹ ɧɚ ɡɚɞɚɧɧɨɦ ɡɧɚɱɟɧɢɢ. ɑɟɦ ɛɨɥɶɲɟ ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɢɥɟɧɢɹ, 
ɬɟɦ ɦɟɧɶɲɟ ɫɬɚɬɢɱɟɫɤɚɹ ɨɲɢɛɤɚ, ɨɞɧɚɤɨ ɩɪɢ ɫɥɢɲɤɨɦ ɛɨɥɶɲɨɦ ɤɨɷɮɮɢɰɢɟɧɬɟ 
ɭɫɢɥɟɧɢɹ ɦɨɝɭɬ ɧɚɱɚɬɶɫɹ ɚɜɬɨɤɨɥɟɛɚɧɢɹ ɢ ɫɢɫɬɟɦɚ ɦɨɠɟɬ ɩɨɬɟɪɹɬɶ 
ɭɫɬɨɣɱɢɜɨɫɬɶ. 

Ⱦɥɹ ɭɫɬɪɚɧɟɧɢɹ ɫɬɚɬɢɱɟɫɤɨɣ ɨɲɢɛɤɢ ɢɫɩɨɥɶɡɭɸɬ ɢɧɬɟɝɪɚɥɶɧɭɸ 
ɫɨɫɬɚɜɥɹɸɳɭɸ. 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 ɨɛɟɫɩɟɱɢɜɚɬɶ ɢɧɬɟɝɪɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ. 

Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɩɪɨɬɢɜɨɞɟɣɫɬɜɭɟɬ ɩɪɟɞɩɨɥɚɝɚɟɦɵɦ 
ɨɬɤɥɨɧɟɧɢɹɦ ɪɟɝɭɥɢɪɭɟɦɨɣ ɜɟɥɢɱɢɧɵ. ɗɬɢ ɨɬɤɥɨɧɟɧɢɹ ɦɨɝɭɬ ɛɵɬɶ ɜɵɡɜɚɧɵ 
ɜɧɟɲɧɢɦɢ ɜɨɡɦɭɳɟɧɢɹɦɢ ɢɥɢ ɡɚɩɚɡɞɵɜɚɧɢɟɦ ɜɨɡɞɟɣɫɬɜɢɹ ɪɟɝɭɥɹɬɨɪɚ ɧɚ 
ɫɢɫɬɟɦɭ. 

 

3.2 ɋɢɧɬɟɡ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɚ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɫ ɩɟɪɟɞɚɬɨɱɧɨɣ 

ɮɭɧɤɰɢɟɣ ɜɵɫɨɤɨɝɨ ɩɨɪɹɞɤɚ 

 

Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ: ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɫ ɨɛɪɚɬɧɨɣ ɫɜɹɡɶɸ, ɫ 

ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɟɣ Ɉɍ ɜɵɲɟ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ (ɪɢɫɭɧɨɤ 9). 

 

 
Ɋɢɫɭɧɨɤ 9 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ 

 

Ɂɞɟɫɶ WP(s) – ɩɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɨɛɴɟɤɬɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ; WC(s) – 

ɩɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɪɟɝɭɥɹɬɨɪɚ; g(s) – ɡɚɞɚɸɳɟɟ ɜɨɡɞɟɣɫɬɜɢɟ; e(s) – ɨɲɢɛɤɚ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ; u(s) – ɭɩɪɚɜɥɹɸɳɟɟ ɜɨɡɞɟɣɫɬɜɢɟ; y(s) – ɜɵɯɨɞɧɚɹ ɪɟɝɭɥɢɪɭɟɦɚɹ 

ɩɟɪɟɦɟɧɧɚɹ.  
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ɂɡɜɟɫɬɧɚ ɦɟɬɨɞɢɤɚ ɫɢɧɬɟɡɚ ɩɚɪɚɦɟɬɪɨɜ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɚ (Kp, Ki, Kd) ɞɥɹ 

ɡɚɦɤɧɭɬɨɣ ɫɢɫɬɟɦɵ ɫ ɨɛɴɟɤɬɨɦ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ [7]. 
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0 2

0 1 2

( ) ,
b

W s
a s a s a


   

 (3.2) 

 

ɢ ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɟɣ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɚ 
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( ) .p id
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K s K s K
W s

s
   

  (3.3) 

 

ɉɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɪɚɡɨɦɤɧɭɬɨɝɨ ɤɨɧɬɭɪɚ ɫ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɨɦ ɢɦɟɟɬ 

ɜɢɞ:  
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 (3.4) 

 

Ɉɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɪɟɝɭɥɹɬɨɪɚ ɩɨ ɩɨɥɸɫɚɦ ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɢ 

ɡɚɦɤɧɭɬɨɣ ɫɢɫɬɟɦɵ. 

ɉɨɥɸɫɵ ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɢ ɡɚɦɤɧɭɬɨɣ ɫɢɫɬɟɦɵ ɫ ɉɂȾ -ɪɟɝɭɥɹɬɨɪɨɦ 

ɜ ɨɫɧɨɜɧɨɦ ɨɩɪɟɞɟɥɹɸɬ ɯɚɪɚɤɬɟɪ ɟɟ ɩɟɪɟɯɨɞɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. ɉɟɪɟɞɚɬɨɱɧɚɹ 

ɮɭɧɤɰɢɹ (ɉɎ) ɡɚɦɤɧɭɬɨɣ ɫɢɫɬɟɦɵ ɫ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɨɦ ɜ ɥɢɧɟɣɧɨɦ ɜɚɪɢɚɧɬɟ ɢ 

ɟɞɢɧɢɱɧɨɣ ɨɬɪɢɰɚɬɟɥɶɧɨɣ ɨɛɪɚɬɧɨɣ ɫɜɹɡɶɸ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɜɵɪɚɠɟɧɢɟɦ (3.4) 

ɛɭɞɟɬ:  
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(3.5) 

 

ɏɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɟ ɭɪɚɜɧɟɧɢɟ ɡɚɦɤɧɭɬɨɣ ɫɢɫɬɟɦɵ ɫɥɟɞɭɟɬ ɢɡ ɜɵɪɚɠɟɧɢɹ 

(3.5):  
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3 2
0 1 0 2 1 0 1 01( ) ( ) ( ) .p idD s a s a K b s a K b s K b             (3.6) 

 

ɉɨɥɸɫɵ ɉɎ ɨɩɪɟɞɟɥɹɸɬ ɱɢɫɥɟɧɧɨ ɩɨ (3.6) ɩɪɢ ɤɨɧɤɪɟɬɧɵɯ ɡɧɚɱɟɧɢɹɯ Ki, 

Kp, Kd ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɪɟɝɭɥɹɬɨɪɚ. Ⱦɥɹ ɫɢɫɬɟɦɵ ɬɪɟɬɶɟɝɨ ɩɨɪɹɞɤɚ ɜɨɡɦɨɠɧɵ ɞɜɚ 

ɜɚɪɢɚɧɬɚ ɩɨɥɸɫɨɜ:  

1) Ʉɨɦɩɥɟɤɫɧɵɟ ɩɨɥɸɫɵ.  

ɉɭɫɬɶ ɤɨɪɧɢ ɭɪɚɜɧɟɧɢɹ D(s) = 0 ɢɦɟɸɬ ɜɢɞ: 

 

1 1 2 2 3 2, , ,s s j s j               

 

ɝɞɟ η1 – ɫɬɟɩɟɧɶ ɭɫɬɨɣɱɢɜɨɫɬɢ; 

η2 – ɚɛɫɨɥɸɬɧɨɟ ɡɧɚɱɟɧɢɟ ɞɟɣɫɬɜɢɬɟɥɶɧɨɣ ɱɚɫɬɢ ɩɨɥɸɫɚ; 

β – ɱɚɫɬɨɬɚ ɤɨɥɟɛɚɧɢɣ ɩɟɪɟɯɨɞɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɨɛɭɫɥɨɜɥɟɧɧɚɹ 

ɩɨɥɸɫɚɦɢ. 

ɂ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɟ ɭɪɚɜɧɟɧɢɟ ɩɪɢɦɟɬ ɜɢɞ:  

 

3 2 2 2 2 2
1 1 2 2 1 2 1 2( ) ( 2 ) ( 2 ) ( ).D s s s s                       (3.7) 

 

2) ȼɟɳɟɫɬɜɟɧɧɵɟ ɩɨɥɸɫɵ. 

ɉɭɫɬɶ ɤɨɪɧɢ ɭɪɚɜɧɟɧɢɹ D(s) = 0 ɢɦɟɸɬ ɜɢɞ: 

 

1 1 2 2 3 3, , .s s s       
 

 

ɂ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɟ ɭɪɚɜɧɟɧɢɟ ɩɪɢɦɟɬ ɜɢɞ: 

 

3 2
1 1 2 3 3 1 2 1 2 1 2 3( ) ( ) [ ( ) ] .D s s s s                         (3.8) 
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ɋɪɚɜɧɢɜɚɹ ɜɵɪɚɠɟɧɢɹ (3.6), (3.7) ɢ (3.6), (3.8) ɩɨɥɭɱɚɟɦ: 
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Ɉɬɤɭɞɚ ɧɚɯɨɞɢɦ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɪɟɝɭɥɹɬɨɪɚ, ɜɵɪɚɠɟɧɧɵɟ ɱɟɪɟɡ 

ɡɧɚɱɟɧɢɹ ɩɨɥɸɫɨɜ ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɢ ɡɚɦɤɧɭɬɨɣ ɫɢɫɬɟɦɵ ɫ ɉɂȾ-

ɪɟɝɭɥɹɬɨɪɨɦ. 

ȼ ɫɥɭɱɚɟ ɤɨɦɩɥɟɤɫɧɵɯ ɩɨɥɸɫɨɜ 
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 (3.9) 

 

ȼ ɫɥɭɱɚɟ ɜɟɳɟɫɬɜɟɧɧɵɯ ɩɨɥɸɫɨɜ  
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ɂɡ ɜɵɪɚɠɟɧɢɣ (3.9) ɢ (3.10) ɫɥɟɞɭɟɬ ɨɱɟɜɢɞɧɵɣ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɢɫɤɨɦɵɟ 

ɤɨɷɮɮɢɰɢɟɧɬɵ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɤɚɤ ɩɚɪɚɦɟɬɪɚɦɢ 

ɤɨɪɪɟɤɬɢɪɭɟɦɨɝɨ ɨɛɴɟɤɬɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɜɵɪɚɠɟɧɢɟɦ (3.2) ɬɚɤ ɢ ɩɨɥɸɫɚɦɢ 

ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɢ ɡɚɦɤɧɭɬɨɣ ɫɢɫɬɟɦɵ ɫ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɨɦ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɡɚɞɚɱɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɜɨɞɢɬɫɹ ɤ ɡɚɦɟɧɟ ɨɛɴɟɤɬɚ ɜɵɫɨɤɨɝɨ 

ɩɨɪɹɞɤɚ (3.11) ɷɤɜɢɜɚɥɟɧɬɧɵɦ ɨɛɴɟɤɬɨɦ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ (3.2) 

 

1
0 1

( ) .
...y n n

n

kW s
a s a s a
    

 (3.11) 

 

ɋ ɰɟɥɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɫɢɫɬɟɦɵ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ 

ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɫɢɫɬɟɦɚɦ ɜɵɫɨɤɨɝɨ ɩɨɪɹɞɤɚ, ɫɱɢɬɚɟɦ, ɱɬɨ ɭɫɬɚɧɨɜɢɜɲɢɟɫɹ 

ɡɧɚɱɟɧɢɹ ɢɯ ɩɟɪɟɯɨɞɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɨɜɩɚɞɚɸɬ, ɚ ɩɨɥɸɫɚ ɉɎ ɫɢɫɬɟɦɵ 

ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɧɟɤɨɬɨɪɵɦɢ ɫɪɟɞɧɢɦɢ ɡɧɚɱɟɧɢɹɦɢ ɩɨɥɸɫɨɜ ɉɎ 

ɫɢɫɬɟɦɵ ɱɟɬɜɟɪɬɨɝɨ ɩɨɪɹɞɤɚ. Ⱦɥɹ ɷɬɨɝɨ ɜɵɩɨɥɧɢɦ ɫɥɟɞɭɸɳɢɟ ɨɩɟɪɚɰɢɢ. 

ɋɨɫɬɚɜɢɬɶ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɟ ɭɪɚɜɧɟɧɢɟ ɪɚɡɨɦɤɧɭɬɨɣ ɫɢɫɬɟɦɵ 
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ɇɚɣɬɢ ɩɨɥɸɫɵ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɝɨ ɭɪɚɜɧɟɧɢɹ (3.12). ȼɫɟ ɩɨɥɸɫɚ 

ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɝɨ ɭɪɚɜɧɟɧɢɹ ɡɚɦɤɧɭɬɨɣ ɫɢɫɬɟɦɵ ɜɥɢɹɸɬ ɧɚ ɯɚɪɚɤɬɟɪ ɟɟ 

ɞɢɧɚɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, ɩɪɢɱɟɦ ɜɥɢɹɧɢɟ ɩɨɥɸɫɨɜ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɛɥɢɠɟ ɤ 

ɦɧɢɦɨɣ ɨɫɢ ɨɤɚɡɵɜɚɟɬɫɹ ɛɨɥɟɟ ɡɧɚɱɢɬɟɥɶɧɵɦ, ɱɟɦ ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɞɚɥɟɟ ɨɬ 
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ɦɧɢɦɨɣ ɨɫɢ. ɉɨɷɬɨɦɭ ɷɬɨɬ ɮɚɤɬ ɧɭɠɧɨ ɭɱɢɬɵɜɚɬɶ ɩɪɢ ɜɵɛɨɪɟ ɞɜɭɯ ɩɨɥɸɫɨɜ 

ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɫɢɫɬɟɦɵ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ.  

ɋɥɟɞɭɸɳɢɣ ɲɚɝ – ɧɚɣɬɢ ɫɪɟɞɧɟɚɪɢɮɦɟɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ ɩɨɥɸɫɨɜ. ȼ 

ɫɥɭɱɚɟ ɟɫɥɢ ɫɪɟɞɧɟɚɪɢɮɦɟɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ - ɤɨɦɩɥɟɤɫɧɨɟ ɱɢɫɥɨ, ɬɨ 

ɩɨɞɛɢɪɚɟɬɫɹ ɤɨɦɩɥɟɤɫɧɨ ɫɨɩɪɹɠɟɧɧɨɟ ɟɦɭ ɱɢɫɥɨ ɢ ɩɨ ɧɢɦ ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬɫɹ 

ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɟ ɭɪɚɜɧɟɧɢɟ. ȿɫɥɢ ɫɪɟɞɧɟɚɪɢɮɦɟɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ 

ɜɟɳɟɫɬɜɟɧɧɨɟ ɱɢɫɥɨ, ɬɨ ɨɧɨ ɞɭɛɥɢɪɭɟɬɫɹ. 

ɍɫɬɚɧɨɜɢɜɲɟɟɫɹ ɡɧɚɱɟɧɢɟ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɉɎ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ 

ɮɨɪɦɭɥɟ  
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ɗɤɜɢɜɚɥɟɧɬɢɪɨɜɚɧɢɟ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɧɚɱɚɥɶɧɵɟ ɢ ɤɨɧɟɱɧɵɟ 

ɩɨɤɚɡɚɬɟɥɢ ɷɬɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɨɜɩɚɞɚɸɬ. ɇɚ ɧɚɱɚɥɶɧɨɦ ɭɱɚɫɬɤɟ 

ɷɤɜɢɜɚɥɟɧɬɧɨɫɬɶ ɷɬɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɤɨɪɨɫɬɶɸ ɢɯ ɢɡɦɟɧɟɧɢɹ. Ⱥ 

ɤɨɧɟɱɧɵɦ – ɹɜɥɹɟɬɫɹ ɭɫɬɚɧɨɜɢɜɲɟɟɫɹ ɡɧɚɱɟɧɢɟ. 

Ɏɨɪɦɭɥɚ ɩɪɟɞɟɥɶɧɨɝɨ ɩɟɪɟɯɨɞɚ ɢɡ ɨɛɥɚɫɬɢ ɢɡɨɛɪɚɠɟɧɢɹ ɩɨ Ʌɚɩɥɚɫɭ ɜ 

ɨɛɥɚɫɬɶ ɜɪɟɦɟɧɢ 
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
     

 

ɋɢɧɬɟɡɢɪɨɜɚɬɶ ɉɂȾ-ɪɟɝɭɥɹɬɨɪ ɩɨ ɩɨɥɭɱɟɧɧɨɦɭ ɷɤɜɢɜɚɥɟɧɬɧɨɦɭ 

ɭɪɚɜɧɟɧɢɸ ɉɎ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɫɢɧɬɟɡɚ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɚ ɫɢɫɬɟɦ ɜɵɫɨɤɨɝɨ ɩɨɪɹɞɤɚ 

ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ ɫɥɟɞɭɸɳɢɟ ɲɚɝɢ: 

1 ɉɨ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɦɭ ɭɪɚɜɧɟɧɢɸ ɉɎ ɨɛɴɟɤɬɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɧɚɣɬɢ 

ɩɨɥɸɫɚ. 

2 ɇɚɣɬɢ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɩɨɥɸɫɨɜ. ȿɫɥɢ ɧɟɤɨɬɨɪɵɟ ɩɨɥɸɫɵ ɧɚɯɨɞɹɬɫɹ 

ɡɧɚɱɢɬɟɥɶɧɨ ɞɚɥɶɲɟ ɨɬ ɦɧɢɦɨɣ ɨɫɢ, ɱɟɦ ɞɪɭɝɢɟ, ɢɦɢ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ. 
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3 ɉɨ ɩɨɥɭɱɟɧɧɨɦɭ ɫɪɟɞɧɟɦɭ ɡɧɚɱɟɧɢɸ ɜɨɫɫɬɚɧɨɜɢɬɶ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɟ 

ɭɪɚɜɧɟɧɢɟ, ɩɨɥɭɱɟɧɧɨɟ ɭɪɚɜɧɟɧɢɟ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɛɭɞɟɬ ɹɜɥɹɬɶɫɹ 

ɡɧɚɦɟɧɚɬɟɥɟɦ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɉɎ. 

4 ɇɚɣɬɢ ɭɫɬɚɧɨɜɢɜɲɟɟɫɹ ɡɧɚɱɟɧɢɟ ɨɛɴɟɤɬɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɜɵɫɨɤɨɝɨ 

ɩɨɪɹɞɤɚ, ɤɚɤ ɨɬɧɨɲɟɧɢɟ ɫɜɨɛɨɞɧɵɯ ɱɥɟɧɨɜ ɱɢɫɥɢɬɟɥɹ ɢ ɡɧɚɦɟɧɚɬɟɥɹ. 

 

 

3.3 ɋɢɧɬɟɡ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɚ ɞɥɹ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ ɫ ɩɟɪɟɞɚɬɨɱɧɨɣ 

ɮɭɧɤɰɢɟɣ 3 ɩɨɪɹɞɤɚ 

 

Ɋɚɫɫɦɨɬɪɢɦ ɫɥɭɱɚɣ, ɫɨɟɞɢɧɢɜ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɨɞɧɨ ɤɨɥɟɛɚɬɟɥɶɧɨɟ ɡɜɟɧɨ 

ɢ ɨɞɧɨ ɚɩɟɪɢɨɞɢɱɟɫɤɨɟ 
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ɏɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɟ ɭɪɚɜɧɟɧɢɟ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ ɫɢɫɬɟɦɵ ɢɦɟɟɬ 

ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 

 

.2505513)( 3  ssssD s  

 

ɂɫɩɨɥɶɡɭɹ ɤɨɦɚɧɞɭ polyroots ɜ ɫɢɫɬɟɦɟ ɤɨɦɩɶɸɬɟɪɧɨɣ ɚɥɝɟɛɪɵ MathCAD, 

ɧɚɣɞɟɦ ɩɨɥɸɫɚ: 
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ɝɞɟ v3 – ɦɚɬɪɢɰɚ ɫɬɨɥɛɟɰ, ɫɨɫɬɚɜɥɟɧɧɵɣ ɢɡ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɝɨ 

ɭɪɚɜɧɟɧɢɹ, ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɫɢɫɬɟɦɵ. 
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Ɉɩɪɟɞɟɥɢɦ ɤɚɱɟɫɬɜɟɧɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ: 

Ɉɛɴɟɤɬ ɭɫɬɨɣɱɢɜ, ɬɚɤ ɤɚɤ ɜɫɟ ɩɨɥɸɫɵ ɪɚɫɩɨɥɨɠɟɧɵ ɜ ɥɟɜɨɣ 

ɩɨɥɭɩɥɨɫɤɨɫɬɢ; 

ɋɬɟɩɟɧɶ ɭɫɬɨɣɱɢɜɨɫɬɢ: 5.13  ;  

Ʉɨɥɟɛɚɬɟɥɶɧɨɫɬɶ: ;18.33   

ɉɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟ: ;%5.37100
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 
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e

 

ȼɪɟɦɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ: .2
1

3
3

3 
pt  

ȼɵɱɢɫɥɟɧɢɟ ɫɪɟɞɧɟɝɨ ɡɧɚɱɟɧɢɹ ɩɨɥɸɫɨɜ ɫɢɫɬɟɦɵ ɬɪɟɬɶɟɝɨ ɩɨɪɹɞɤɚ  

 

.77.45.1

;77.45.1

;10

3

2

1

is

is

s






  

Ɍɚɤ ɤɚɤ ɩɨɥɸɫ s1 ɨɬɧɨɫɢɬɟɥɶɧɨ s2 ɢ s3 ɪɚɫɩɨɥɨɠɟɧ ɧɚ ɦɧɨɝɨ ɞɚɥɶɲɟ ɨɬ 

ɦɧɢɦɨɣ ɨɫɢ, ɬɨ ɢɦ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɫɬɚɸɬɫɹ ɜɫɟɝɨ ɞɜɚ 

ɤɨɦɩɥɟɤɫɧɨ ɫɨɩɪɹɠɟɧɧɵɯ ɩɨɥɸɫɚ, ɩɨ ɤɨɬɨɪɵɦ ɜɨɫɫɬɚɧɨɜɢɦ ɷɤɜɢɜɚɥɟɧɬɧɨɟ 

ɭɪɚɜɧɟɧɢɟ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ 

 

.003.253)]77.45.1([)]77.45.1([ 2  ssisis  

 

ɉɪɢɜɨɞɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɟ ɭɪɚɜɧɟɧɢɟ ɫɢɫɬɟɦɵ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɤ 

ɜɢɞɭ ɱɬɨɛɵ а2=1 
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Ⱦɥɹ ɪɚɫɱɟɬɚ ɩɚɪɚɦɟɬɪɨɜ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɚ ɜ ɫɥɭɱɚɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ 

ɫɨɟɞɢɧɟɧɢɹ ɡɜɟɧɶɟɜ 2.00 b  
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ɂɫɩɨɥɶɡɭɹ ɩɪɨɝɪɚɦɦɭ MATLAB/Simulink, ɩɨɫɬɪɨɢɦ ɩɟɪɟɯɨɞɧɵɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ W3 ɢ W0 (ɪɢɫɭɧɨɤ 10). 

 

 
Ɋɢɫɭɧɨɤ 10 – ɉɟɪɟɯɨɞɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ W3 ɢ W0 

 

ɉɨ ɝɪɚɮɢɤɭ ɜɢɞɧɨ, ɱɬɨ ɧɚɱɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɷɬɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

ɢ ɭɫɬɚɧɨɜɢɜɲɟɟɫɹ ɡɧɚɱɟɧɢɟ ɫɨɜɩɚɞɚɸɬ. ɗɬɨ ɡɧɚɱɢɬ, ɱɬɨ ɷɤɜɢɜɚɥɟɧɬɧɨɟ ɡɜɟɧɨ 

ɪɚɫɫɱɢɬɚɧɨ ɜɟɪɧɨ. 
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ɉɪɢɧɢɦɚɟɦ ɤɨɦɩɥɟɤɫɧɵɟ ɩɨɥɸɫɚ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɡɚɦɤɧɭɬɨɣ ɫɢɫɬɟɦɵ ɫ 

ɉɂȾ-ɪɟɝɭɥɹɬɨɪɨɦ ɩɪɢ ɤɨɪɪɟɤɰɢɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɨɞɧɨɝɨ 

ɤɨɥɟɛɚɬɟɥɶɧɨɝɨ ɡɜɟɧɚ ɢ ɨɞɧɨɝɨ ɚɩɟɪɢɨɞɢɱɟɫɤɨɝɨ 1 21, 6, 0.5      
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ɂɫɩɨɥɶɡɭɹ ɩɪɨɝɪɚɦɦɭ MATLAB/Simulink, ɩɨɫɬɪɨɢɦ ɩɟɪɟɯɨɞɧɭɸ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ W3 (ɫɩɥɨɲɧɚɹ ɥɢɧɢɹ) ɢ W0 (ɩɭɧɤɬɢɪɧɚɹ ɥɢɧɢɹ) ɫ ɉɂȾ-

ɪɟɝɭɥɹɬɨɪɚɦɢ (ɪɢɫɭɧɨɤ 11) 

 

 
Ɋɢɫɭɧɨɤ 11 – ɉɟɪɟɯɨɞɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ W3 ɢ W0 c ɉɂȾ-ɪɟɝɭɥɹɬɨɪɚɦɢ 

 

ɉɪɢɧɢɦɚɟɦ ɜɟɳɟɫɬɜɟɧɧɵɟ ɩɨɥɸɫɚ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɡɚɦɤɧɭɬɨɣ ɫɢɫɬɟɦɵ ɫ 

ɉɂȾ-ɪɟɝɭɥɹɬɨɪɨɦ ɩɪɢ ɤɨɪɪɟɤɰɢɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɨɞɧɨɝɨ 

ɤɨɥɟɛɚɬɟɥɶɧɨɝɨ ɡɜɟɧɚ ɢ ɨɞɧɨɝɨ ɚɩɟɪɢɨɞɢɱɟɫɤɨɝɨ 31 2 61, 5,      
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ɂɫɩɨɥɶɡɭɹ ɩɪɨɝɪɚɦɦɭ MATLAB/Simulink, ɩɨɫɬɪɨɢɦ ɩɟɪɟɯɨɞɧɵɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ W3 (ɫɩɥɨɲɧɚɹ ɥɢɧɢɹ) ɢ W0 (ɩɭɧɤɬɢɪɧɚɹ ɥɢɧɢɹ) ɫ ɉɂȾ-

ɪɟɝɭɥɹɬɨɪɚɦɢ (ɪɢɫɭɧɨɤ 12) 

 

 
Ɋɢɫɭɧɨɤ 12 – ɉɟɪɟɯɨɞɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ W3 ɢ W0 c ɉɂȾ-ɪɟɝɭɥɹɬɨɪɚɦɢ 

 

ȼɵɩɨɥɧɟɧɚ ɩɪɨɜɟɪɤɚ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɦɟɬɨɞɢɤɢ ɧɚ ɩɪɢɦɟɪɟ 

ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɢ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ ɬɪɟɬɶɟɝɨ ɩɨɪɹɞɤɚ. 

ɂɡ ɝɪɚɮɢɤɚ ɩɟɪɟɯɨɞɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨɤɚɡɚɬɟɥɢ 

ɤɚɱɟɫɬɜɚ. ɉɪɨɰɟɫɫ ɚɩɟɪɢɨɞɢɱɟɫɤɢɣ, ɛɟɡ ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɜɪɟɦɹ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɨɫɬɚɜɥɹɟɬ 4 ɫ ɞɥɹ ɜɚɪɢɚɧɬɚ ɪɚɫɱɟɬɚ ɩɚɪɚɦɟɬɪɨɜ ɪɟɝɭɥɹɬɨɪɚ ɩɨ 

ɤɨɦɩɥɟɤɫɧɵɦ ɩɨɥɸɫɚɦ, ɫ ɧɟɛɨɥɶɲɢɦ ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟɦ ɢ ɜɪɟɦɟɧɟɦ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ 2,8 ɫ ɞɥɹ ɜɚɪɢɚɧɬɚ ɪɚɫɱɟɬɚ ɩɨ ɤɨɦɩɥɟɤɫɧɵɦ ɩɨɥɸɫɚɦ. 

ɋɬɚɬɢɱɟɫɤɚɹ ɨɲɢɛɤɚ ɨɬɫɭɬɫɬɜɭɟɬ. ɉɨɥɭɱɟɧɧɵɟ ɞɢɧɚɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ 

ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɡɚɞɚɧɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ ɤ ɫɢɫɬɟɦɟ. 
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4 ɗɤɫɩɟɪиɦɟɧɬɚɥьɧɨɟ иɫɫɥɟɞɨɜɚɧиɟ 

 

ɐɟɥɶɸ ɧɚɭɱɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɟ ɞɢɧɚɦɢɤɢ ɪɚɛɨɱɟɝɨ 

ɩɪɨɰɟɫɫɚ, ɞɥɹ ɨɛɨɫɧɨɜɚɧɢɹ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɣ ɫɢɫɬɟɦɵ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɤɨɧɬɪɨɥɹ ɭɩɥɨɬɧɟɧɢɹ.  

Ɂɚɞɚɱɢ ɢɫɫɥɟɞɨɜɚɧɢɹ:  

 ɪɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɢɤɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɢɛɪɚɰɢɨɧɧɨɝɨ 

ɩɪɨɰɟɫɫɚ ɭɩɥɨɬɧɢɬɟɥɹ;  

 ɩɨɞɝɨɬɨɜɤɚ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɢ ɭɫɬɚɧɨɜɤɚ ɩɪɢɛɨɪɨɜ ɧɚ 

ɜɢɛɪɚɰɢɨɧɧɵɣ ɭɩɥɨɬɧɢɬɟɥɶ;  

 ɩɪɨɜɟɞɟɧɢɟ ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɫɩɵɬɚɧɢɣ ɧɚ ɝɪɭɧɬɨɜɨɦ ɤɚɧɚɥɟ;  

 ɨɛɪɚɛɨɬɤɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ. 

 

4.1 Ɇɟɬɨɞɢɤɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ 

 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ ɜɢɛɪɚɰɢɨɧɧɨɝɨ 

ɭɩɥɨɬɧɢɬɟɥɹ ɩɪɟɞɩɨɥɚɝɚɸɬ ɢɡɦɟɪɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɜ ɞɢɧɚɦɢɤɟ. ȼɚɠɧɨɟ 

ɡɧɚɱɟɧɢɟ ɢɦɟɟɬ ɩɥɚɧɢɪɨɜɚɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ɢ ɨɛɪɚɛɨɬɤɚ ɪɟɡɭɥɶɬɚɬɨɜ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɫɨɜɪɟɦɟɧɧɵɯ ɩɪɨɝɪɚɦɦɧɵɯ 

ɫɪɟɞɫɬɜ. ɉɪɢ ɩɨɞɝɨɬɨɜɤɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɨɜɟɞɟɧɵ ɪɚɛɨɬɵ 

ɩɨ ɦɨɞɟɪɧɢɡɚɰɢɢ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɥɚɛɨɪɚɬɨɪɢɢ «Ƚɪɭɧɬɨɜɵɣ 

ɤɚɧɚɥ» ɤɚɮɟɞɪɵ «ɋɬɪɨɢɬɟɥɶɧɵɟ ɦɚɬɟɪɢɚɥɵ ɢ ɬɟɯɧɨɥɨɝɢɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ» ɋɎɍ 

ɧɚ ɨɫɧɨɜɟ ɤɨɦɩɶɸɬɟɪɢɡɚɰɢɢ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɩɪɨɰɟɫɫɨɜ. 

 

Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ. 

ȼɢɛɪɨɩɥɢɬɚ ȼɍ-05-45, ɪɢɫɭɧɨɤ 13, ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɭɩɥɨɬɧɟɧɢɹ 

ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ ɫɵɩɭɱɢɯ ɢ ɫɜɹɡɧɵɯ ɞɨɪɨɠɧɵɯ ɩɨɤɪɵɬɢɣ, ɬɚɤɢɯ ɤɚɤ ɩɟɫɨɤ, 

ɝɪɚɜɢɣ, ɩɟɫɱɚɧɨ-ɝɪɚɜɢɣɧɚɹ ɫɦɟɫɶ, ɚɫɮɚɥɶɬɨɛɟɬɨɧ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɞɨɪɨɠɧɨ-

ɫɬɪɨɢɬɟɥɶɧɵɯ, ɪɟɦɨɧɬɧɵɯ ɢ ɩɪɨɱɢɯ ɪɚɛɨɬ, ɫɜɹɡɚɧɧɵɯ ɫ ɭɩɥɨɬɧɟɧɢɟɦ 

ɩɨɜɟɪɯɧɨɫɬɢ ɧɚ ɨɝɪɚɧɢɱɟɧɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ.  
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Ɋɢɫɭɧɨɤ 13 – Ɉɛɳɢɣ ɜɢɞ ɜɢɛɪɨɩɥɢɬɵ ȼɍ-05-45  
(ɢɫɬɨɱɧɢɤ ɢɧɮɨɪɦɚɰɢɢ: www.stroy-beton.com) 

 
Ɍɚɛɥɢɰɚ 1 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɢɛɪɨɩɥɢɬɵ ȼɍ-05-45 

ɉɨɤɚɡɚɬɟɥɶ ȼɟɥɢɱɢɧɚ 

ɇɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ, ɤȼɬ 0,25 

ɑɚɫɬɨɬɚ ɤɨɥɟɛɚɧɢɣ ɫɢɧɯɪɨɧɧɚɹ, 1/ɦɢɧ  3000 

ȼɵɧɭɠɞɚɸɳɚɹ ɫɢɥɚ, ɤɇ 2,55....5,1 

ɋɬɚɬɢɱɟɫɤɢɣ ɦɨɦɟɧɬ ɞɟɛɚɥɚɧɫɚ, ɤɝ ɯ ɫɦ 2,5...5,0 

Ƚɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ (Ⱦ ɯ ɒ ɯ ȼ), ɦɦ 825 ɯ 388 ɯ 1000 

Ƚɚɛɚɪɢɬɵ ɪɚɛɨɱɟɣ ɩɥɢɬɵ, ɦɦ 388 ɯ 388 

Ƚɥɭɛɢɧɚ ɭɩɥɨɬɧɟɧɢɹ, ɦɦ 200 

Ɋɚɛɨɱɚɹ ɫɤɨɪɨɫɬɶ, ɦ/ɦɢɧ 10 

Ɇɚɫɫɚ, ɤɝ 45 

 

ȼɢɛɪɨɩɥɢɬɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɤɨɧɫɬɪɭɤɰɢɸ ɢɡ ɩɥɢɬɵ, ɹɜɥɹɸɳɟɣɫɹ ɟɝɨ 

ɪɚɛɨɱɟɣ ɱɚɫɬɶɸ, ɜ ɰɟɧɬɪɟ ɤɨɬɨɪɨɣ ɭɫɬɚɧɨɜɥɟɧ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɣ ɜɢɛɪɚɬɨɪ 

ɨɛɳɟɝɨ ɧɚɡɧɚɱɟɧɢɹ ɫ ɤɪɭɝɨɜɵɦɢ ɤɨɥɟɛɚɧɢɹɦɢ ɂȼ-99Ȼ ɤɨɬɨɪɵɣ ɩɪɟɞɫɬɚɜɥɹɟɬ 

ɫɨɛɨɣ ɬɪɟɯɮɚɡɧɵɣ ɚɫɢɧɯɪɨɧɧɵɣ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ ɫ ɤɨɪɨɬɤɨɡɚɦɤɧɭɬɵɦ 

ɪɨɬɨɪɨɦ ɫ ɭɫɬɚɧɨɜɥɟɧɧɵɦɢ ɧɚ ɤɨɧɰɚɯ ɜɚɥɚ ɪɨɬɨɪɚ ɞɟɛɚɥɚɧɫɚɦɢ. Ⱦɟɛɚɥɚɧɫɵ, 
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ɜɪɚɳɚɹɫɶ ɫ ɜɚɥɨɦ ɪɨɬɨɪɚ, ɫɨɡɞɚɸɬ ɜɵɧɭɠɞɚɸɳɭɸ ɫɢɥɭ. Ʉ ɩɥɢɬɟ ɱɟɪɟɡ 

ɫɩɟɰɢɚɥɶɧɵɟ ɜɢɛɪɨɢɡɨɥɹɬɨɪɵ ɩɪɢɤɪɟɩɥɟɧɚ ɪɚɦɚ ɫ ɪɭɤɨɹɬɤɨɣ ɭɩɪɚɜɥɟɧɢɹ. ɇɚ 

ɪɭɤɨɹɬɤɟ ɭɫɬɚɧɨɜɥɟɧ ɜɵɤɥɸɱɚɬɟɥɶ ɷɥɟɤɬɪɨɩɢɬɚɧɢɹ ɜɢɛɪɚɬɨɪɚ. ɍɩɥɨɬɧɟɧɢɟ 

ɩɪɨɢɫɯɨɞɢɬ ɡɚ ɫɱɟɬ ɜɟɪɬɢɤɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɜɵɧɭɠɞɚɸɳɟɣ ɫɢɥɵ, 

ɜɨɡɧɢɤɚɸɳɟɣ ɜ ɜɢɛɪɚɬɨɪɟ. ɉɨɫɬɭɩɚɬɟɥɶɧɨɟ ɞɜɢɠɟɧɢɟ ɜɢɛɪɨɭɩɥɨɬɧɢɬɟɥɹ 

ɩɪɨɢɫɯɨɞɢɬ ɡɚ ɫɱɟɬ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɜɵɧɭɠɞɚɸɳɟɣ ɫɢɥɵ. 

Ⱦɥɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɜɟɥɢɱɢɧɵ ɜɵɧɭɠɞɚɸɳɟɣ ɫɢɥɵ ɜɢɛɪɚɬɨɪɚ ɞɟɛɚɥɚɧɫɵ 

ɧɚ ɨɛɨɢɯ ɤɨɧɰɚɯ ɜɚɥɚ ɜɵɩɨɥɧɟɧɵ ɞɜɨɣɧɵɦɢ. Ⱦɟɛɚɥɚɧɫɵ, ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɛɥɢɠɟ 

ɤ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɸ, ɢɦɟɸɬ ɲɩɨɧɨɱɧɨɟ ɫɨɟɞɢɧɟɧɢɟ ɫ ɜɚɥɨɦ ɪɨɬɨɪɚ. Ⱦɟɛɚɥɚɧɫɵ, 

ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɛɥɢɠɟ ɤ ɤɨɧɰɭ ɜɚɥɚ, ɹɜɥɹɸɬɫɹ ɩɨɜɨɪɨɬɧɵɦɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɚɥɚ. 

Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɭɬёɦ ɢɡɦɟɧɟɧɢɹ ɜɡɚɢɦɧɨɝɨ ɪɚɫɩɨɥɨɠɟɧɢɹ 

ɤɪɚɣɧɢɯ ɞɟɛɚɥɚɧɫɨɜ ɧɚ ɨɛɨɢɯ ɤɨɧɰɚɯ ɜɚɥɚ (ɫɦ. ɪɢɫɭɧɨɤ 14). 

ɉɪɢ ɜɤɥɸɱɟɧɢɢ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ, ɜɪɚɳɚɸɳɢɟɫɹ ɞɟɛɚɥɚɧɫɵ ɜɵɡɵɜɚɸɬ 

ɤɪɭɝɨɜɵɟ ɤɨɥɟɛɚɧɢɹ ɜɢɛɪɚɬɨɪɚ, ɩɟɪɟɞɚɸɳɢɟɫɹ ɤɨɧɫɬɪɭɤɰɢɢ, ɧɚ ɤɨɬɨɪɨɣ ɨɧ 

ɭɫɬɚɧɨɜɥɟɧ. 

 
Ɍɚɛɥɢɰɚ 4.1 – Ⱦɚɧɧɵɟ ɩɨ ɧɚɫɬɪɨɣɤɟ ɜɵɧɭɠɞɚɸɳɟɣ ɫɢɥɵ ɜɢɛɪɨɩɥɢɬɵ ȼɍ-05-45 
ɉɨɥɨɠɟɧɢɟ 
ɞɟɛɚɥɚɧɫɨɜ 

ɫɨɝɥɚɫɧɨ 
ɪɢɫɭɧɨɤ 4.4 

ɑɚɫɬɨɬɚ 
ɜɪɚɳɟɧɢɹ 
ɞɟɛɚɥɚɧɫɚ 
n, 1/ɦиɧ 

Ɇɚɫɫɚ 
ɞɟɛɚɥɚɧɫɚ, 

me, кг 

Ʉɨɥɢɱɟɫɬɜɨ 
ɞɟɛɚɥɚɧɫɨɜ, 

ɲɬ 

ɋɬɚɬ.ɦɨɦɟɧɬ, 
кг сɦ 

(ɩɚɫɩɨɪɬɧɵɟ 
ɞɚɧɧɵɟ) 

ȼɵɧɭɠɞɚɸɳɚɹ 
ɫɢɥɚ, Ɋɜɵɧ, кН 

I 3000 0,595 4 2,55 2,5 

II 3000 0,595 4 3,45 3,4 

III 3000 0,595 4 4,20 4,1 

IV 3000 0,595 4 4,60 4,5 

V 3000 0,595 4 4,90 4,8 

VI 3000 0,595 4 5,10 5,0 
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Ɋɢɫɭɧɨɤ 14 – ɋɯɟɦɚ ɪɟɝɭɥɢɪɨɜɤɢ ɫɬɚɬɢɱɟɫɤɨɝɨ ɦɨɦɟɧɬɚ ɞɟɛɚɥɚɧɫɨɜ ɜɢɛɪɚɬɨɪɚ ɂȼ–99Ȼ 
 
 
 

 
Ɋɢɫɭɧɨɤ 15 – Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɜɢɛɪɨɩɥɢɬɚ ȼɍ-05-45  
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ɉɪɢɛɨɪɵ. 

ɉɪɢɛɨɪɵ ɞɥɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ: 

 ɚɤɫɟɥɟɪɨɦɟɬɪ USB; 

 ɩɥɨɬɧɨɦɟɪ Ⱦɉɍ; 

 ɪɭɥɟɬɤɚ; 

 ɫɟɤɭɧɞɨɦɟɪ. 

 

Ⱥɤɫɟɥɟɪɨɦɟɬɪ USB. 

Ⱥɤɫɟɥɟɪɨɦɟɬɪ USB – 3 ɨɫɢ, USB-ɢɧɬɟɪɮɟɣɫ, ±2g/±4g/±8g/±16g, ɩɢɬɚɧɢɟ 

ɚɜɬɨɧɨɦɧɨɟ ɢɥɢ ɨɬ USB, ɷɧɟɪɝɨɧɟɡɚɜɢɫɢɦɚɹ ɩɚɦɹɬɶ 256 Ʉɛɚɣɬ 

(http://accelerometer.narod.ru/accusb.html) ɜɵɩɨɥɧɟɧ ɧɚ ɛɚɡɟ ɦɢɤɪɨɫɯɟɦɵ 

ɰɢɮɪɨɜɨɝɨ MEMS-ɚɤɫɟɥɟɪɨɦɟɬɪɚ Analog Devices ɢ ɦɨɠɟɬ ɪɚɛɨɬɚɬɶ ɤɚɤ ɩɪɢ 

ɧɚɥɢɱɢɢ ɦɢɤɪɨɫɯɟɦɵ ɷɧɟɪɝɨɧɟɡɚɜɢɫɢɦɨɣ ɩɚɦɹɬɢ ɧɚ ɩɥɚɬɟ, ɬɚɤ ɢ ɛɟɡ ɧɟɟ. 

Ⱥɤɫɟɥɟɪɨɦɟɬɪ – ɩɪɢɛɨɪ, ɢɡɦɟɪɹɸɳɢɣ ɩɪɨɟɤɰɢɸ ɞɟɣɫɬɜɭɸɳɟɝɨ 

ɭɫɤɨɪɟɧɢɹ. ɋɨɜɪɟɦɟɧɧɵɟ ɚɤɫɟɥɟɪɨɦɟɬɪɵ ɩɨɡɜɨɥɹɸɬ ɢɡɦɟɪɹɬɶ ɭɫɤɨɪɟɧɢɟ ɫɪɚɡɭ ɜ 

ɬɪɟɯ ɩɥɨɫɤɨɫɬɹɯ. ɇɟɤɨɬɨɪɵɟ ɚɤɫɟɥɟɪɨɦɟɬɪɵ ɬɚɤɠɟ ɢɦɟɸɬ ɜɫɬɪɨɟɧɧɵɟ ɫɢɫɬɟɦɵ 

ɫɛɨɪɚ ɢ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ. ɒɢɪɨɤɨɦɭ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɸ ɢ ɩɪɢɦɟɧɟɧɢɸ 

ɚɤɫɟɥɟɪɨɦɟɬɪɨɜ ɜɨ ɦɧɨɝɨɦ ɫɩɨɫɨɛɫɬɜɨɜɚɥɨ ɨɬɤɪɵɬɢɟ ɬɚɤ ɧɚɡɵɜɚɟɦɨɣ MEMS 

(Micro Electro Mechanical Systems) ɢɥɢ ɆɗɆɋ-ɬɟɯɧɨɥɨɝɢɢ. ɆɗɆɋ – ɷɬɨ 

ɬɟɯɧɨɥɨɝɢɢ ɢ ɭɫɬɪɨɣɫɬɜɚ, ɨɛɴɟɞɢɧɹɸɳɢɟ ɜ ɫɟɛɟ ɦɢɤɪɨɷɥɟɤɬɪɨɧɧɵɟ ɢ 

ɦɢɤɪɨɦɟɯɚɧɢɱɟɫɤɢɟ ɤɨɦɩɨɧɟɧɬɵ. ɉɶɟɡɨɷɥɟɤɬɪɢɱɟɫɤɢɟ ɚɤɫɟɥɟɪɨɦɟɬɪɵ ɹɜɥɹɸɬɫɹ 

ɨɞɧɢɦ ɢɡ ɜɢɞɨɜ ɆɗɆɋ-ɬɟɯɧɨɥɨɝɢɢ. ȼɵɩɨɥɧɹɸɬɫɹ ɧɚ ɨɫɧɨɜɟ 

ɩɶɟɡɨɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɨɥɢɦɟɪɧɨɣ ɩɥɟɧɤɢ. 

Ⱥɤɫɟɥɟɪɨɦɟɬɪ USB ɛɟɡ ɦɢɤɪɨɫɯɟɦɵ ɩɚɦɹɬɢ. 

Ⱥɤɫɟɥɟɪɨɦɟɬɪ USB, ɪɢɫɭɧɨɤ 16, ɛɟɡ ɦɢɤɪɨɫɯɟɦɵ ɩɚɦɹɬɢ ɪɚɛɨɬɚɟɬ ɬɨɥɶɤɨ 

ɛɭɞɭɱɢ ɩɨɞɤɥɸɱɟɧɧɵɦ ɤ USB ɤɨɦɩɶɸɬɟɪɚ, ɩɢɬɚɧɢɟ ɬɚɤɠɟ ɩɨɞɚɟɬɫɹ ɩɨ USB. 

ɉɨɫɥɟ ɤɚɠɞɨɝɨ ɢɡɦɟɪɟɧɢɹ ɚɤɫɟɥɟɪɨɦɟɬɪ ɩɟɪɟɞɚɟɬ ɪɟɡɭɥɶɬɚɬɵ ɜ ɤɨɦɩɶɸɬɟɪ. 

 

http://accelerometer.narod.ru/accusb.html
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Ɋɢɫɭɧɨɤ 16 – Ⱥɤɫɟɥɟɪɨɦɟɬɪ ɛɟɡ ɂɋ ɩɚɦɹɬɢ (ɜɢɞ ɫɜɟɪɯɭ, ɩɨɞɤɥɸɱɟɧ ɤɚɛɟɥɶ USB) 

 
 

ɉɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ. 

ɉɪɢɥɚɝɚɟɦɨɟ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɩɨɡɜɨɥɹɟɬ ɜɵɛɪɚɬɶ : 

 ɞɢɚɩɚɡɨɧ ɢɡɦɟɪɹɟɦɵɯ ɭɫɤɨɪɟɧɢɣ ɚɤɫɟɥɟɪɨɦɟɬɪɚ ±2g, ±4g, ±8g ɢɥɢ ±16g; 

 ɱɢɫɥɨ ɨɫɟɣ ɚɤɫɟɥɟɪɨɦɟɬɪɚ, ɩɨ ɤɨɬɨɪɵɦ ɜɵɩɨɥɧɹɟɬɫɹ ɢɡɦɟɪɟɧɢɟ 

(ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɟ ɜɫɟɯ ɨɫɟɣ ɚɤɬɭɚɥɶɧɨ ɩɪɢ ɡɚɩɢɫɢ ɞɚɧɧɵɯ ɜ 

ɷɧɟɪɝɨɧɟɡɚɜɢɫɢɦɭɸ ɩɚɦɹɬɶ ɢ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɝɪɚɮɢɤɚ ɩɪɢ ɨɬɤɪɵɬɢɢ ɮɚɣɥɚ; 

 ɩɪɢ ɦɟɝɚɛɚɣɬɧɵɯ ɮɚɣɥɚɯ ɧɚ ɩɨɫɬɪɨɟɧɢɟ ɝɪɚɮɢɤɚ ɬɪɟɛɭɟɬɫɹ ɨɳɭɬɢɦɨɟ 

ɜɪɟɦɹ); 

 ɱɚɫɬɨɬɭ ɜɵɛɨɪɤɢ ɚɤɫɟɥɟɪɨɦɟɬɪɚ 3200 Ƚɰ, 1600 Ƚɰ, 800 Ƚɰ, 400 Ƚɰ, 200 

Ƚɰ, 100 Ƚɰ, 50 Ƚɰ, 25 Ƚɰ, 12,5 Ƚɰ ɢɥɢ 6,25 Ƚɰ; 

 ɜɪɟɦɹ ɢɡɦɟɪɟɧɢɹ / ɱɢɫɥɨ ɜɵɛɨɪɨɤ, ɨɝɪɚɧɢɱɟɧɧɵɟ ɬɨɥɶɤɨ ɨɛɴɟɦɨɦ 

ɨɩɟɪɚɬɢɜɧɨɣ ɩɚɦɹɬɢ ɜɚɲɟɝɨ ɤɨɦɩɶɸɬɟɪɚ. 

ɉɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɩɨɡɜɨɥɹɟɬ ɭɩɪɚɜɥɹɬɶ ɚɤɫɟɥɟɪɨɦɟɬɪɨɦ, 

ɫɱɢɬɵɜɚɬɶ ɪɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɹ, ɨɬɨɛɪɚɠɚɬɶ ɢɯ ɜ ɜɢɞɟ ɝɪɚɮɢɤɨɜ ɭɫɤɨɪɟɧɢɹ ɢ 

ɫɨɯɪɚɧɹɬɶ ɩɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɜ ɜɢɞɟ ɮɚɣɥɨɜ. Ʉɨɦɩɶɸɬɟɪɧɨɟ ɩɪɢɥɨɠɟɧɢɟ, 

ɪɚɛɨɬɚɸɳɟɟ ɫ ɚɤɫɟɥɟɪɨɦɟɬɪɨɦ, ɨɛɟɫɩɟɱɢɜɚɟɬ ɭɞɨɛɧɵɟ ɮɭɧɤɰɢɢ: 

1) ɩɪɨɫɦɨɬɪ ɝɪɚɮɢɤɨɜ;  

2) ɨɛɪɚɛɨɬɤɭ ɫɢɝɧɚɥɨɜ (ɫɝɥɚɠɢɜɚɧɢɟ, ɜɵɱɢɫɥɟɧɢɟ ɫɩɟɤɬɪɚ, ɬɪɟɧɞɚ); 

3) ɩɨɢɫɤ ɮɚɣɥɨɜ ɩɨ ɤɨɦɦɟɧɬɚɪɢɹɦ ɤ ɧɢɦ; 



54 

4) ɞɨɤɭɦɟɧɬɢɪɨɜɚɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ: 

 ɫɨɯɪɚɧɟɧɢɟ ɞɚɧɧɵɯ ɝɪɚɮɢɤɚ ɢɥɢ ɟɝɨ ɮɪɚɝɦɟɧɬɨɜ ɜ ɬɟɤɫɬɨɜɨɦ ɮɨɪɦɚɬɟ 

txt ɢɥɢ ɜ ɮɨɪɦɚɬɟ csv (ɞɥɹ ɢɦɩɨɪɬɚ ɜ MS Excel),  

 ɤɨɩɢɪɨɜɚɧɢɟ ɜ ɛɭɮɟɪ ɨɛɦɟɧɚ ɞɥɹ ɩɨɫɥɟɞɭɸɳɟɣ ɜɫɬɚɜɤɢ ɜ ɞɨɤɭɦɟɧɬɵ, 

ɧɚɩɪɢɦɟɪ, MS Word, PowerPoint: 

 ɝɪɚɮɢɤɨɜ (ɜ wmf-ɮɨɪɦɚɬ, ɤɚɱɟɫɬɜɨ ɤɚɪɬɢɧɤɢ ɧɟ ɬɟɪɹɟɬɫɹ ɩɪɢ 

ɫɠɚɬɢɢ/ɪɚɫɬɹɝɢɜɚɧɢɢ); 

 ɤɨɦɦɟɧɬɚɪɢɟɜ ɤ ɮɚɣɥɚɦ ɫ ɚɜɬɨɦɚɬɢɱɟɫɤɢɦ ɞɨɛɚɜɥɟɧɢɟɦ ɢɧɮɨɪɦɚɰɢɢ ɨ 

ɮɚɣɥɟ (ɢɦɹ, ɜɪɟɦɹ ɡɚɩɢɫɢ); 

 ɪɟɡɭɥɶɬɚɬɨɜ ɜɵɱɢɫɥɟɧɢɹ ɫɩɟɤɬɪɚ (ɡɧɚɱɟɧɢɟ ɢ ɱɚɫɬɨɬɚ ɦɚɤɫɢɦɚɥɶɧɨɣ 

ɫɩɟɤɬɪɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ, ɜɫɟ ɫɩɟɤɬɪɚɥɶɧɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɜ ɬɟɤɫɬɨɜɨɦ 

ɮɨɪɦɚɬɟ) ɢ ɬɪɟɧɞɚ (ɮɨɪɦɭɥɚ, ɨɩɢɫɵɜɚɸɳɚɹ ɥɢɧɢɸ ɬɪɟɧɞɚ). 

 

ɉɪɢɛɨɪ ɨɰɟɧɤɢ ɤɚɱɟɫɬɜɚ ɭɩɥɨɬɧɟɧɢɹ ɝɪɭɧɬɚ ɢ ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ Ⱦɉɍ. 

ɉɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɨɰɟɧɤɢ ɤɚɱɟɫɬɜɚ ɭɩɥɨɬɧɟɧɢɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ ɜ ɫɥɨɹɯ 

ɞɨɪɨɠɧɨɣ ɨɞɟɠɞɵ, ɩɨɤɪɵɬɢɹɯ ɞɨɪɨɝ ɢ ɩɪɨɱɢɯ ɢɧɠɟɧɟɪɧɵɯ ɤɨɧɫɬɪɭɤɰɢɹɯ, ɚ 

ɬɚɤɠɟ ɩɟɫɱɚɧɵɯ, ɫɭɩɟɫɱɚɧɵɯ ɢ ɫɭɝɥɢɧɢɫɬɵɯ ɝɪɭɧɬɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɧɟ ɛɨɥɟɟ 25% 

ɬɜɟɪɞɵɯ ɱɚɫɬɢɰ ɤɪɭɩɧɟɟ 2 ɦɦ. ɉɪɢɛɨɪ, ɪɢɫɭɧɨɤ 17, ɩɪɢɝɨɞɟɧ ɞɥɹ ɷɤɫɩɪɟɫɫ 

ɤɨɧɬɪɨɥɹ ɩɥɨɬɧɨɫɬɢ ɩɟɫɱɚɧɵɯ ɢ ɦɟɥɤɨɡɟɪɧɢɫɬɵɯ ɚɫɮɚɥɶɬɨɛɟɬɨɧɨɜ ɤɚɤ ɜ 

ɩɪɨɰɟɫɫɟ ɭɤɥɚɞɤɢ ɢ ɭɩɥɨɬɧɟɧɢɹ ɦɚɬɟɪɢɚɥɚ, ɬɚɤ ɢ ɱɟɪɟɡ 1-3 ɫɭɬɨɤ ɩɨɫɥɟ 

ɨɤɨɧɱɚɧɢɹ ɪɚɛɨɬ. 

Ƚɥɭɛɢɧɚ ɤɨɧɬɪɨɥɢɪɭɟɦɨɝɨ ɫɥɨɹ ɝɪɭɧɬɚ: 100...300 ɦɦ. 

ɉɪɟɞɟɥɵ ɢɡɦɟɪɟɧɢɹ ɩɥɨɬɧɨɫɬɢ: 

Ⱥɫɮɚɥɶɬɨɛɟɬɨɧɚ: (0,92...1,00) Ʉɭ. 

Ƚɪɭɧɬɚ: (0,84...1,02) Ʉɭ. 

ɉɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɩɥɨɬɧɨɫɬɢ: +0,01 Ʉɭ. 
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Ɋɢɫɭɧɨɤ 17 – Ⱦɢɧɚɦɢɱɟɫɤɢɣ ɩɥɨɬɧɨɦɟɪ Ⱦɉɍ 

 

Ⱦɨɪɨɠɧɨ-ɫɬɪɨɢɬɟɥɶɧɵɣ ɦɚɬɟɪɢɚɥ. 

Ⱦɥɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɦɟɫɶ ɳɟɛɟɧɨɱɧɨ-

ɝɪɚɜɢɣɧɨ-ɩɟɫɱɚɧɚɹ ɞɥɹ ɨɫɧɨɜɚɧɢɹ ɚɜɬɨɦɨɛɢɥɶɧɨɣ ɞɨɪɨɝɢ – ɧɨɦɟɪ ɫɦɟɫɢ ɋ11 

(ȽɈɋɌ 25607-2009). 

ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɪɚɛɨɬ: 

1) ɜɢɛɪɨɭɩɥɨɬɧɢɬɟɥɶ ɩɨɦɟɳɚɥɫɹ ɜ ɤɚɧɚɥ ɫɨ ɫɦɟɫɶɸ; 

2) ɭɫɬɚɧɚɜɥɢɜɚɥɚɫɶ ɬɨɱɤɚ ɧɚɱɚɥɚ ɢ ɤɨɧɰɚ ɞɜɢɠɟɧɢɹ ɜɢɛɪɨɭɩɥɨɬɧɢɬɟɥɹ (ɜ 

ɜɢɞɟ ɪɢɫɨɤ ɧɚ ɛɨɤɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɧɚɥɚ); 

3) ɦɟɯɚɧɢɱɟɫɤɢ ɭɫɬɚɧɚɜɥɢɜɚɥɨɫɶ ɨɞɧɨ ɢɡ ɲɟɫɬɢ ɩɨɥɨɠɟɧɢɣ ɞɟɛɚɥɚɧɫɨɜ 

ɜɢɛɪɨɩɥɢɬɵ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɪɚɡɥɢɱɧɵɟ ɜɵɧɭɠɞɚɸɳɢɟ ɫɢɥɵ. 

4) ɜ ɤɨɧɰɟ ɩɨɞɝɨɬɨɜɤɢ ɡɚɞɚɜɚɥɚɫɶ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ, (ɜɪɟɦɹ 

ɩɪɨɯɨɠɞɟɧɢɹ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɭɱɚɫɬɤɚ). 

ȼɵɧɭɠɞɚɸɳɚɹ ɫɢɥɚ ɢɡɦɟɧɹɥɚɫɶ ɨɬ ɦɢɧɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɞɨ 

ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɢɡɦɟɧɟɧɢɟɦ ɩɨɥɨɠɟɧɢɹ ɞɟɛɚɥɚɧɫɧɨɝɨ ɞɢɫɤɚ, 

ɧɚ ɤɚɠɞɨɦ ɩɨɥɨɠɟɧɢɢ ɜɢɛɪɨɜɨɡɛɭɞɢɬɟɥɹ ɞɨɛɢɜɚɥɢɫɶ ɦɚɤɫɢɦɚɥɶɧɨɣ 

ɩɥɨɬɧɨɫɬɢ (ɠɟɫɬɤɨɫɬɢ) ɨɫɧɨɜɚɧɢɹ. 

 

4.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɝɪɚɜɢɣɧɨ-ɳɟɛɟɧɨɱɧɨɣ ɫɦɟɫɢ ɦɟɬɨɞɨɦ 

ɪɟɠɭɳɟɝɨ ɤɨɥɶɰɚ 

 

http://standartgost.ru/%D0%93%D0%9E%D0%A1%D0%A2%2025607-2009
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ɇɟɨɛɯɨɞɢɦɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɢ ɦɚɬɟɪɢɚɥɵ: ɤɨɥɶɰɚ ɫ ɡɚɬɨɱɟɧɧɨɣ ɤɪɨɦɤɨɣ, 

ɧɨɠ ɫ ɩɪɹɦɵɦ ɥɟɡɜɢɟɦ, ɜɟɫɵ ɥɚɛɨɪɚɬɨɪɧɵɟ ɫ ɪɚɡɧɨɜɟɫɚɦɢ, ɲɬɚɧɝɟɧɰɢɪɤɭɥɶ, 

ɜɚɡɟɥɢɧ, ɦɨɧɨɥɢɬ ɝɪɭɧɬɚ, ɜɢɛɪɨɩɥɢɬɚ ȼɍ 05-45. 

 

ɉɨɪɹɞɨɤ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬɵ. 

1) ɋ ɩɨɦɨɳɶɸ ɲɬɚɧɝɟɧɰɢɪɤɭɥɹ ɢɡɦɟɪɹɟɦ ɜɵɫɨɬɭ ɢ ɜɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ 

ɪɟɠɭɳɢɯ ɤɨɥɟɰ ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ 0,1 ɦɦ. ȼɵɱɢɫɥɹɟɦ ɜɧɭɬɪɟɧɧɢɣ ɨɛɴɟɦ ɤɨɥɟɰ. 

 

Ɍɚɛɥɢɰɚ 1 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɥɟɰ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ȼɟɫ (ɝ) Ⱦɢɚɦɟɬɪ (ɦɦ) Ɉɛɴɟɦ (ɫɦ3) ȼɵɫɨɬɚ (ɦɦ) 
Ȼɨɥɶɲɨɟ 1135 80 400 80 

ɋɪɟɞɧɟɟ 578 70 200 70 

Ɇɚɥɨɟ 346 50 100 50 

 

2 Ʉɨɥɶɰɚ ɜɡɜɟɲɢɜɚɟɦ ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ 0,01 ɝ. 

3 ɋɦɚɡɵɜɚɟɦ ɤɨɥɶɰɚ ɫ ɜɧɭɬɪɟɧɧɟɣ ɫɬɨɪɨɧɵ ɬɨɧɤɢɦ ɫɥɨɟɦ ɜɚɡɟɥɢɧɚ ɢ 

ɫɬɚɜɢɦ ɡɚɨɫɬɪɟɧɧɨɣ ɫɬɨɪɨɧɨɣ ɧɚ ɡɚɱɢɳɟɧɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɦɨɧɨɥɢɬɚ ɝɪɭɧɬɚ. 

4 Ʌɟɝɤɢɦ ɧɚɞɚɜɥɢɜɚɧɢɟɦ ɧɚ ɤɨɥɶɰɨ ɩɨɝɪɭɠɚɟɦ ɟɝɨ ɜ ɝɪɭɧɬ 

5. Ɂɚɬɟɦ, ɨɛɪɟɡɚɹ ɝɪɭɧɬ ɧɨɠɨɦ ɫ ɜɧɟɲɧɟɣ ɫɬɨɪɨɧɵ ɤɨɥɶɰɚ, ɨɫɚɠɢɜɚɟɦ ɟɝɨ 

ɧɚ ɝɪɭɧɬɨɜɵɣ ɫɬɨɥɛɢɤ ɞɨ ɩɨɥɧɨɝɨ ɟɝɨ ɡɚɩɨɥɧɟɧɢɹ. 

6 Ƚɪɭɧɬ ɧɢɠɟ ɤɨɥɶɰɚ ɩɨɞɪɟɡɚɟɦ ɧɚ ɤɨɧɭɫ. Ʉɨɥɶɰɨ ɢɡɜɥɟɤɚɟɦ ɢɡ ɦɨɧɨɥɢɬɚ. 

7 ɂɡɥɢɲɤɢ ɝɪɭɧɬɚ, ɜɵɫɬɭɩɚɸɳɟɝɨ ɢɡ ɤɨɥɶɰɚ, ɨɫɬɨɪɨɠɧɨ ɫɪɟɡɚɟɦ ɨɬ 

ɰɟɧɬɪɚ ɤ ɤɪɚɹɦ ɜɪɨɜɟɧɶ ɫ ɭɪɨɜɧɟɦ ɤɨɥɶɰɚ. 

8) Ʉɨɥɶɰɨ ɫ ɝɪɭɧɬɨɦ ɩɪɨɬɢɪɚɟɦ ɫɧɚɪɭɠɢ ɢ ɜɡɜɟɲɢɜɚɟɦ.  

9) Ɉɩɵɬ ɩɨɜɬɨɪɹɟɬɫɹ ɫɧɨɜɚ, ɩɨɫɥɟ ɩɪɨɯɨɞɚ ɜɢɛɪɨɩɥɢɬɨɣ ȼɍ 05-45 ɩɨ 

ɨɫɧɨɜɚɧɢɸ ɝɪɚɜɢɣɧɨ-ɳɟɛɟɧɨɱɧɨɣ ɫɦɟɫɢ. Ⱦɟɥɚɟɦ 5 ɩɪɨɯɨɞɨɜ. 

 

Ɉɛɪɚɛɨɬɤɚ ɪɟɡɭɥɶɬɚɬɨɜ. 

 

ɉɥɨɬɧɨɫɬɶ ɝɪɭɧɬɚ r , ɝ/ɫɦ3, ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ 

 



57 

1 ,r
m m

V



 

 

ɝɞɟ m – ɦɚɫɫɚ ɤɨɥɶɰɚ, ɝ; 

m1 – ɦɚɫɫɚ ɤɨɥɶɰɚ ɫ ɝɪɭɧɬɨɦ, ɝ; 

V – ɨɛɴɟɦ ɝɪɭɧɬɚ, ɜ ɤɨɥɶɰɟ, ɫɦ3. 

 

Ɍɚɛɥɢɰɚ 2 – Ⱦɚɧɧɵɟ ɩɨ ɨɩɵɬɭ 

Ʉɨɥɶɰɚ ȼɟɫ (ɝ) ɉɥɨɬɧɨɫɬɶ (ɝ/ɫɦ3) 
Ȼɟɡ ɩɪɨɯɨɞɚ 

Ȼɨɥɶɲɨɟ 1816 1,7 
ɋɪɟɞɧɟɟ 900 1,61 
Ɇɚɥɨɟ 516 1,7 

                ɫɪɟɞɧɟɟ 1,67 
ɉɟɪɜɵɣ ɩɪɨɯɨɞ 

Ȼɨɥɶɲɨɟ 1969 2,08 
ɋɪɟɞɧɟɟ 992 2,07 
Ɇɚɥɨɟ 554 2,08 

                 ɫɪɟɞɧɟɟ 2,08 
ȼɬɨɪɨɣ ɩɪɨɯɨɞ 

Ȼɨɥɶɲɨɟ 2060 2,31 
ɋɪɟɞɧɟɟ 1016 2,19 
Ɇɚɥɨɟ 603 2,57 

                 ɫɪɟɞɧɟɟ 2,4 

Ɍɪɟɬɢɣ ɩɪɨɯɨɞ 
Ȼɨɥɶɲɨɟ 2122 2,47 
ɋɪɟɞɧɟɟ 1071 2,46 
Ɇɚɥɨɟ 650 3,04 

                  ɫɪɟɞɧɟɟ 2,6 
ɑɟɬɜɟɪɬɵɣ ɩɪɨɯɨɞ 

Ȼɨɥɶɲɨɟ 2173 2,6 
ɋɪɟɞɧɟɟ 1103 2,62 
Ɇɚɥɨɟ 712 3,66 

                ɫɪɟɞɧɟɟ 2,96 
ɉɹɬɵɣ ɩɪɨɯɨɞ 

Ȼɨɥɶɲɨɟ 2191 2,64 
ɋɪɟɞɧɟɟ 1135 2,9 
Ɇɚɥɨɟ 724 3,78 

               ɫɪɟɞɧɟɟ 3,1 
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Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɣ ɩɥɨɬɧɨɫɬɢ ɝɪɭɧɬɚ ɫ ɤɨɥɢɱɟɫɬɜɨɦ ɩɪɨɯɨɞɨɜ ɩɪɢɜɟɞɟɧ 
ɧɚ ɪɢɫɭɧɤɟ ɏ. 

 
Ɋɢɫɭɧɨɤ 18 – Ɂɚɜɢɫɢɦɨɫɬɶ ɩɥɨɬɧɨɫɬɢ ɨɬ ɱɢɫɥɚ ɩɪɨɯɨɞɨɜ 

 
ɉɨ ɝɪɚɮɢɤɭ, ɪɢɫɭɧɨɤ 18, ɜɢɞɧɨ, ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɩɪɨɯɨɞɨɜ ɜɢɛɪɨɩɥɢɬɵ, 

ɩɥɨɬɧɨɫɬɶ ɝɪɚɜɢɣɧɨ-ɳɟɛɟɧɨɱɧɨɣ ɫɦɟɫɢ ɜɨɡɪɚɫɬɚɟɬ. ɗɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɞɚɧɧɵɦ 

ɪɟɚɥɶɧɵɯ ɢɡɦɟɪɟɧɢɣ ɜ ɭɫɥɨɜɢɹɯ ɫɬɪɨɢɬɟɥɶɫɬɜɚ. 

 

4.3 Ɋɟɡɭɥɶɬɚɬɵ ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɩɪɨɰɟɫɫɚ 

 

Ɉɛɳɢɣ ɜɢɞ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ 

ɤɨɦɩɥɟɤɫɚ ɜ ɥɚɛɨɪɚɬɨɪɢɢ ɫ ɝɪɭɧɬɨɜɵɦ ɤɚɧɚɥɨɦ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɚɯ 19, 20. 
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Ɋɢɫɭɧɨɤ 19 – Ɉɛɳɢɣ ɜɢɞ ɝɪɭɧɬɨɜɨɝɨ ɤɚɧɚɥɚ 

 

 
Ɋɢɫɭɧɨɤ 20 – Ɉɛɳɢɣ ɜɢɞ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɜ 

ɥɚɛɨɪɚɬɨɪɢɢ ɫ ɝɪɭɧɬɨɜɵɦ ɤɚɧɚɥɨɦ 
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ȼ ɥɚɛɨɪɚɬɨɪɢɢ ɤɚɮɟɞɪɵ ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɢ 

ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɜɵɩɨɥɧɟɧɵ ɢɫɩɵɬɚɧɢɹ ɜɢɛɪɨɩɥɢɬɵ ɩɪɢ ɭɩɥɨɬɧɟɧɢɢ ɩɟɫɱɚɧɨ-

ɳɟɛɟɧɨɱɧɨɣ ɫɦɟɫɢ. 

ȼɢɛɪɨɩɥɢɬɚ ȼɍ-05-45 ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɭɩɥɨɬɧɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ 

ɫɵɩɭɱɢɯ ɢ ɫɜɹɡɧɵɯ ɞɨɪɨɠɧɵɯ ɩɨɤɪɵɬɢɣ, ɬɚɤɢɯ ɤɚɤ ɩɟɫɨɤ, ɝɪɚɜɢɣ, ɩɟɫɱɚɧɨ-

ɝɪɚɜɢɣɧɚɹ ɫɦɟɫɶ, ɚɫɮɚɥɶɬɨɛɟɬɨɧ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɞɨɪɨɠɧɨ-ɫɬɪɨɢɬɟɥɶɧɵɯ, 

ɪɟɦɨɧɬɧɵɯ ɢ ɩɪɨɱɢɯ ɪɚɛɨɬ, ɫɜɹɡɚɧɧɵɯ ɫ ɭɩɥɨɬɧɟɧɢɟɦ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚ 

ɨɝɪɚɧɢɱɟɧɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ.  

ȼɢɛɪɨɩɥɢɬɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɤɨɧɫɬɪɭɤɰɢɸ ɢɡ ɩɥɢɬɵ, ɹɜɥɹɸɳɟɣɫɹ ɟɝɨ 

ɪɚɛɨɱɟɣ ɱɚɫɬɶɸ, ɜ ɰɟɧɬɪɟ ɤɨɬɨɪɨɣ ɭɫɬɚɧɨɜɥɟɧ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɣ ɜɢɛɪɚɬɨɪ 

ɨɛɳɟɝɨ ɧɚɡɧɚɱɟɧɢɹ ɫ ɤɪɭɝɨɜɵɦɢ ɤɨɥɟɛɚɧɢɹɦɢ ɂȼ-99Ȼ ɤɨɬɨɪɵɣ ɩɪɟɞɫɬɚɜɥɹɟɬ 

ɫɨɛɨɣ ɬɪɟɯɮɚɡɧɵɣ ɚɫɢɧɯɪɨɧɧɵɣ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ ɫ ɤɨɪɨɬɤɨɡɚɦɤɧɭɬɵɦ 

ɪɨɬɨɪɨɦ ɫ ɭɫɬɚɧɨɜɥɟɧɧɵɦɢ ɧɚ ɤɨɧɰɚɯ ɜɚɥɚ ɪɨɬɨɪɚ ɞɟɛɚɥɚɧɫɚɦɢ, ɫɨɡɞɚɸɳɢɦɢ 

ɜɵɧɭɠɞɚɸɳɭɸ ɫɢɥɭ. Ʉ ɩɥɢɬɟ ɱɟɪɟɡ ɫɩɟɰɢɚɥɶɧɵɟ ɜɢɛɪɨɢɡɨɥɹɬɨɪɵ ɩɪɢɤɪɟɩɥɟɧɚ 

ɪɚɦɚ ɫ ɪɭɤɨɹɬɤɨɣ ɭɩɪɚɜɥɟɧɢɹ. ɇɚ ɪɭɤɨɹɬɤɟ ɭɫɬɚɧɨɜɥɟɧ ɜɵɤɥɸɱɚɬɟɥɶ 

ɷɥɟɤɬɪɨɩɢɬɚɧɢɹ ɜɢɛɪɚɬɨɪɚ. ɍɩɥɨɬɧɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɡɚ ɫɱɟɬ ɜɟɪɬɢɤɚɥɶɧɨɣ 

ɫɨɫɬɚɜɥɹɸɳɟɣ ɜɵɧɭɠɞɚɸɳɟɣ ɫɢɥɵ, ɜɨɡɧɢɤɚɸɳɟɣ ɜ ɜɢɛɪɚɬɨɪɟ. ɉɨɫɬɭɩɚɬɟɥɶɧɨɟ 

ɞɜɢɠɟɧɢɟ ɜɢɛɪɨɭɩɥɨɬɧɢɬɟɥɹ ɩɪɨɢɫɯɨɞɢɬ ɡɚ ɫɱɟɬ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ 

ɜɵɧɭɠɞɚɸɳɟɣ ɫɢɥɵ. 

Ⱦɥɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɜɟɥɢɱɢɧɵ ɜɵɧɭɠɞɚɸɳɟɣ ɫɢɥɵ ɜɢɛɪɚɬɨɪɚ ɞɟɛɚɥɚɧɫɵ 

ɧɚ ɨɛɨɢɯ ɤɨɧɰɚɯ ɜɚɥɚ ɜɵɩɨɥɧɟɧɵ ɞɜɨɣɧɵɦɢ. Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 

ɩɭɬɟɦ ɢɡɦɟɧɟɧɢɹ ɭɝɥɚ ɦɟɠɞɭ ɩɨɞɜɢɠɧɵɦ ɢ ɧɟɩɨɞɜɢɠɧɵɦ ɞɟɛɚɥɚɧɫɚɦɢ ɧɚ 

ɨɛɨɢɯ ɤɨɧɰɚɯ ɜɚɥɚ. 

ɉɪɢ ɜɤɥɸɱɟɧɢɢ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ, ɜɪɚɳɚɸɳɢɟɫɹ ɞɟɛɚɥɚɧɫɵ ɜɵɡɵɜɚɸɬ 

ɤɪɭɝɨɜɵɟ ɤɨɥɟɛɚɧɢɹ ɜɢɛɪɚɬɨɪɚ, ɩɟɪɟɞɚɸɳɢɟɫɹ ɤɨɧɫɬɪɭɤɰɢɢ, ɧɚ ɤɨɬɨɪɨɣ ɨɧ  

Ⱦɥɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ: ɩɟɫɱɚɧɨ-

ɳɟɛɟɧɨɱɧɚɹ ɫɦɟɫɶ, ɤɨɬɨɪɚɹ ɩɨ ɨɫɧɨɜɧɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɩɨɞɯɨɞɢɬ ɩɨɞ ɉɓɋ 

ɮɪ. 0 - 10 ɫɨɫɬɨɹɳɚɹ ɢɡ 60 % - 70 % ɳɟɛɧɹ ɢ 30 - 40 % ɩɟɫɤɚ, ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ 

ɧɚɢɛɨɥɶɲɟɣ ɤɪɭɩɧɨɫɬɶɸ ɡɟɪɟɧ ɝɪɚɜɢɹ, ȽɈɋɌ 25607-94 ɦɚɪɤɚ ɩɪɨɱɧɨɫɬɢ 1400.  
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Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɭɫɤɨɪɟɧɢɹ ɜɢɛɪɚɰɢɨɧɧɨɣ ɩɥɢɬɵ ɩɪɢɦɟɧɟɧ ɚɤɫɟɥɟɪɨɦɟɬɪ 

USB 3 ɨɫɢ, USB-ɢɧɬɟɪɮɟɣɫ, ±2g/±4g/±8g/±16g, ɩɢɬɚɧɢɟ ɚɜɬɨɧɨɦɧɨɟ ɢɥɢ ɨɬ USB, 

ɷɧɟɪɝɨɧɟɡɚɜɢɫɢɦɚɹ ɩɚɦɹɬɶ 256 Ʉɛɚɣɬ (http://accelerometer.narod.ru/accusb.html). 

Ɉɩɪɟɞɟɥɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɩɨɤɪɵɬɢɹ ɜɵɩɨɥɧɟɧɨ ɦɟɬɨɞɨɦ ɪɟɠɭɳɟɝɨ ɤɨɥɶɰɚ. 

ɂɫɩɨɥɶɡɨɜɚɧɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɢ ɦɚɬɟɪɢɚɥɵ: ɤɨɥɶɰɚ ɫ ɡɚɬɨɱɟɧɧɨɣ ɤɪɨɦɤɨɣ, ɧɨɠ 

ɫ ɩɪɹɦɵɦ ɥɟɡɜɢɟɦ, ɜɟɫɵ ɥɚɛɨɪɚɬɨɪɧɵɟ ɫ ɪɚɡɧɨɜɟɫɚɦɢ, ɲɬɚɧɝɟɧɰɢɪɤɭɥɶ, 

ɜɚɡɟɥɢɧ. 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɵɩɨɥɧɟɧɨ ɜ ɝɪɭɧɬɨɜɨɦ ɤɚɧɚɥɟ ɫ 

ɪɚɡɦɟɪɚɦɢ: ɞɥɢɧɚ 3 ɦ; ɲɢɪɢɧɚ 1 ɦ; ɜɵɫɨɬɚ 0,4 ɦ. Ƚɪɭɧɬɨɜɵɣ ɤɚɧɚɥ ɡɚɩɨɥɧɟɧ 

ɩɟɫɱɚɧɨ-ɳɟɛɟɧɨɱɧɨɣ ɫɦɟɫɶɸ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɬɨɥɳɢɧɨɣ ɫɥɨɹ 0,2 ɦ 

ɩɨ ɜɫɟɦɭ ɨɛɴɟɦɭ. 

ɏɨɞ ɷɤɫɩɟɪɢɦɟɧɬɚ. 

ȼɢɛɪɨɭɩɥɨɬɧɢɬɟɥɶ ɩɨɦɟɳɚɥɫɹ ɜ ɛɭɧɤɟɪ ɫɨ ɫɦɟɫɶɸ, ɭɫɬɚɧɚɜɥɢɜɚɥɫɹ 

ɞɚɬɱɢɤ ɭɫɤɨɪɟɧɢɹ. Ɉɬɦɟɱɚɥɢɫɶ ɬɨɱɤɢ ɧɚɱɚɥɚ ɢ ɤɨɧɰɚ ɞɜɢɠɟɧɢɹ 

ɜɢɛɪɨɭɩɥɨɬɧɢɬɟɥɹ. ɍɫɬɚɧɚɜɥɢɜɚɥɨɫɶ ɨɞɧɨ ɢɡ ɲɟɫɬɢ ɩɨɥɨɠɟɧɢɣ ɞɟɛɚɥɚɧɫɨɜ 

ɜɢɛɪɚɬɨɪɚ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɪɚɡɥɢɱɧɭɸ ɩɨ ɜɟɥɢɱɢɧɟ ɜɵɧɭɠɞɚɸɳɭɸ ɫɢɥɭ. 

Ɂɚɞɚɜɚɥɚɫɶ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ (ɜɪɟɦɹ ɩɪɨɯɨɠɞɟɧɢɹ ɨɩɵɬɧɨɝɨ ɭɱɚɫɬɤɚ) ɩɪɢ 

ɭɩɥɨɬɧɟɧɢɢ. 

Ɂɚɬɟɦ ɜɢɛɪɨɭɫɬɚɧɨɜɤɚ ɜɤɥɸɱɚɥɚɫɶ ɢ ɰɢɤɥɢɱɧɨ ɩɟɪɟɦɟɳɚɥɚɫɶ ɩɨ 

ɢɫɫɥɟɞɭɟɦɨɦɭ ɭɱɚɫɬɤɭ ɩɟɫɱɚɧɨ-ɳɟɛɟɧɨɱɧɨɣ ɫɦɟɫɢ, ɩɟɪɢɨɞɢɱɟɫɤɢ ɩɪɨɜɟɪɹɹ 

ɩɥɨɬɧɨɫɬɶ ɩɨɤɪɵɬɢɹ. ɉɨɫɥɟ ɩɨɥɭɱɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɭɩɥɨɬɧɟɧɢɹ ɫɦɟɫɶ 

ɬɳɚɬɟɥɶɧɨ ɩɟɪɟɦɟɲɢɜɚɥɚɫɶ, ɧɚ ɜɢɛɪɚɰɢɨɧɧɨɣ ɭɫɬɚɧɨɜɤɟ ɦɟɧɹɥɢɫɶ ɧɚɫɬɪɨɣɤɢ 

ɞɟɛɚɥɚɧɫɨɜ ɢ ɰɢɤɥ ɜɧɨɜɶ ɩɨɜɬɨɪɹɥɫɹ. 

Ɉɛɳɢɣ ɜɢɞ ɷɤɪɚɧɚ ɧɨɭɬɛɭɤɚ ɫ ɜɪɟɦɟɧɧɵɦ ɝɪɚɮɢɤɨɦ ɢɡɦɟɧɟɧɢɹ ɭɫɤɨɪɟɧɢɹ 

ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫɭɧɤɟ 21. 

ȼɫɟ ɨɩɵɬɧɵɟ ɞɚɧɧɵɟ ɢɫɩɵɬɚɧɢɹ ɡɚɧɨɫɢɥɢɫɶ ɜ ɤɨɦɩɶɸɬɟɪ, ɩɨɫɥɟ ɱɟɝɨ 

ɚɧɚɥɢɡɢɪɨɜɚɥɢɫɶ ɩɪɨɝɪɚɦɦɧɵɦɢ ɫɪɟɞɫɬɜɚɦɢ. 

 

http://accelerometer.narod.ru/accusb.html
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Ɋɢɫɭɧɨɤ 21 – Ɉɛɳɢɣ ɜɢɞ ɷɤɪɚɧɚ ɧɨɭɬɛɭɤɚ ɫ ɜɪɟɦɟɧɧɵɦ ɝɪɚɮɢɤɨɦ ɢɡɦɟɧɟɧɢɹ ɭɫɤɨɪɟɧɢɹ 

 

ɋɪɟɞɫɬɜɚɦɢ MS EXCEL ɜ ɪɟɡɭɥɶɬɚɬɟ ɨɛɪɚɛɨɬɤɢ ɦɟɬɨɞɚɦɢ ɪɟɝɪɟɫɫɢɨɧɧɨɝɨ 

ɚɧɚɥɢɡɚ ɩɨɥɭɱɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɩɥɨɬɧɟɧɢɹ ɫɦɟɫɢ ɨɬ ɭɫɤɨɪɟɧɢɹ 

ɜɢɛɪɚɰɢɨɧɧɨɣ ɩɥɢɬɵ, ɪɢɫɭɧɨɤ 21. 

 

 
Ɋɢɫɭɧɨɤ 21 – Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɩɥɨɬɧɟɧɢɹ ɫɦɟɫɢ ɨɬ ɭɫɤɨɪɟɧɢɹ ɜɢɛɪɨɩɥɢɬɵ 

 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɥɭɱɟɧɵ ɞɚɧɧɵɟ ɨ 

ɞɢɧɚɦɢɤɟ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɞɥɹ ɢɞɟɧɬɢɮɢɤɚɰɢɢ 

ɭɩɥɨɬɧɢɬɟɥɹ, ɜɵɩɨɥɧɟɧ ɚɧɚɥɢɡ ɢɡɦɟɧɟɧɢɹ ɭɫɤɨɪɟɧɢɹ ɭɩɥɨɬɧɢɬɟɥɹ ɨɬ ɠɟɫɬɤɨɫɬɢ 

ɫɪɟɞɵ ɢ ɨɛɨɫɧɨɜɚɧɢɟ ɩɪɟɞɩɨɫɵɥɨɤ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɤɨɧɬɪɨɥɹ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ 

ɜɢɛɪɨɩɥɢɬɵ ȼɍ-05-45. 
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ɁȺɄɅɘɑȿɇɂȿ 

 

ɂɬɨɝɢ ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ, ɪɟɤɨɦɟɧɞɚɰɢɢ ɢ ɩɟɪɫɩɟɤɬɢɜɵ 

ɞɚɥɶɧɟɣɲɟɣ ɪɚɡɪɚɛɨɬɤɢ ɬɟɦɵ. 

1 ɉɨɥɭɱɟɧɚ ɦɨɞɟɥɶ ɦɟɬɨɞɨɦ ɩɪɨɫɬɪɚɧɫɬɜɚ ɫɨɫɬɨɹɧɢɣ ɩɪɨɰɟɫɫɚ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ ɫ ɝɪɭɧɬɨɦ. 

2 Ɋɚɡɪɚɛɨɬɚɧɚ ɢɦɢɬɚɰɢɨɧɧɚɹ ɦɨɞɟɥɶ ɧɚ ɹɡɵɤɟ ɩɪɨɝɪɚɦɦɵ 

MATLAB/Simulink. ɉɨɥɭɱɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢɫɫɥɟɞɭɟɦɨɝɨ 

ɩɪɨɰɟɫɫɚ ɭɩɥɨɬɧɟɧɢɹ ɝɪɭɧɬɚ. 

3 Ɉɩɪɟɞɟɥɟɧɵ ɩɚɪɚɦɟɬɪɵ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɨɜ ɫɢɫɬɟɦɵ ɫ ɨɛɴɟɤɬɨɦ ɬɪɟɬɶɟɝɨ 

ɩɨɪɹɞɤɚ, ɧɚ ɨɫɧɨɜɟ ɧɨɜɨɝɨ ɦɟɬɨɞɢɱɟɫɤɨɝɨ ɩɨɞɯɨɞɚ, ɫ ɭɱɟɬɨɦ ɬɪɟɛɨɜɚɧɢɣ 

ɩɟɪɟɯɨɞɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. ȼɵɩɨɥɧɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɟɪɟɯɨɞɧɵɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɝɪɚɦɦɵ MATHCAD ɢ MATLAB/Simulink. 

4 ȼɵɩɨɥɧɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɢɛɪɚɰɢɨɧɧɨɝɨ 

ɭɩɥɨɬɧɟɧɢɹ ɝɪɭɧɬɚ. ɉɨɥɭɱɟɧɵ ɞɚɧɧɵɟ ɨ ɞɢɧɚɦɢɤɟ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɞɥɹ 

ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɭɩɥɨɬɧɢɬɟɥɹ, ɜɵɩɨɥɧɟɧ ɚɧɚɥɢɡ ɢɡɦɟɧɟɧɢɹ ɭɫɤɨɪɟɧɢɹ 

ɭɩɥɨɬɧɢɬɟɥɹ ɨɬ ɠɟɫɬɤɨɫɬɢ ɫɪɟɞɵ ɢ ɨɛɨɫɧɨɜɚɧɢɟ ɩɪɟɞɩɨɫɵɥɨɤ ɚɜɬɨɦɚɬɢɡɚɰɢɢ 

ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ ɭɩɥɨɬɧɟɧɢɹ.  
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