
Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 
ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

ɋȺəɇɈ-ɒɍɒȿɇɋɄɂɃ ɎɂɅɂȺɅ 
 

Ʉɚɮɟɞɪɚ «Ƚɢɞɪɨɷɧɟɪɝɟɬɢɤɢ, ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ, ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ 
ɫɢɫɬɟɦ ɢ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɟɬɟɣ» 

 
 

 ɍɌȼȿɊɀȾȺɘ 
Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ 
_________    _____________ 
ɩɨɞɩɢɫɶ, ɞɚɬɚ         ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
«____» _________ 2019 ɝ. 

 
ɆȺȽɂɋɌȿɊɋɄȺə ȾɂɋɋȿɊɌȺɐɂə 

 
ɂɋɄɍɋɋɌȼȿɇɇɕɃ ɂɇɌȿɅɅȿɄɌ ȾɅə ɍɉɊȺȼɅȿɇɂə ɆȺɅɕɆɂ Ƚɗɋ 

ɘɀɇɕɏ ɊȿȽɂɈɇɈȼ ɋɂȻɂɊɂ 
 

13.04.02 ɗɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɚ ɢ ɷɥɟɤɬɪɨɬɟɯɧɢɤɚ 
 

13.04.02.06 Ƚɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ 
 

ɇɚɭɱɧɵɣ 
ɪɭɤɨɜɨɞɢɬɟɥɶ 

 
_________ 

ɩɨɞɩɢɫɶ, ɞɚɬɚ 

 
ɞɨɰɟɧɬ, 

ɤɚɧɞ. ɬɟɯ. ɧɚɭɤ. 
ɞɨɥɠɧɨɫɬɶ 

 
 

 
Ʌ.ȼ. Ɍɨɥɫɬɢɯɢɧɚ 

ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
 

ȼɵɩɭɫɤɧɢɤ 
 

__________ 
ɩɨɞɩɢɫɶ, ɞɚɬɚ 

 
ɇ.ɋ. Ɏɪɨɥɟɧɤɨ 
ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

Ɋɟɰɟɧɡɟɧɬ 
 

_________ 
ɩɨɞɩɢɫɶ, ɞɚɬɚ 

ɧɚɱɚɥɶɧɢɤ 
ɨɩɟɪɚɬɢɜɧɨ-

ɞɢɫɩɟɬɱɟɪɫɤɨɣ 
ɫɥɭɠɛɵ Ɏɢɥɢɚɥɚ 

ɉȺɈ «ɊɭɫȽɢɞɪɨ» — 
«ɋɚɹɧɨ-ɒɭɲɟɧɫɤɚɹ 

Ƚɗɋ ɢɦɟɧɢ ɉ.ɋ. 
ɇɟɩɨɪɨɠɧɟɝɨ» 

ɞɨɥɠɧɨɫɬɶ 

 
ɂ.ɘ. ɉɨɝɨɧɹɣɱɟɧɤɨ 

ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

ɇɨɪɦɨɤɨɧɬɪɨɥёɪ 
 

_________ 
ɩɨɞɩɢɫɶ, ɞɚɬɚ 

 
 

Ⱥ.Ⱥ. ɑɚɛɚɧɨɜɚ 
ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

 
 

ɋɚɹɧɨɝɨɪɫɤ; ɑɟɪɟɦɭɲɤɢ 2019 
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ȺɇɇɈɌȺɐɂə  
 
Ɍɟɦɚ ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ: ɂɫɤɭɫɫɬɜɟɧɧɵɣ ɢɧɬɟɥɥɟɤɬ ɞɥɹ 

ɭɩɪɚɜɥɟɧɢɹ ɦɚɥɵɦɢ Ƚɗɋ ɸɠɧɵɯ ɪɟɝɢɨɧɨɜ ɋɢɛɢɪɢ. 
Ɉɛɴɟɦ ɞɢɫɫɟɪɬɚɰɢɢ ɫɨɫɬɚɜɥɹɟɬ 85 ɫɬɪɚɧɢɰ, ɫɨɞɟɪɠɢɬ 87 ɢɥɥɸɫɬɪɚɰɢɣ ɢ 

47 ɮɨɪɦɭɥ. ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ ɫɨɫɬɨɢɬ ɢɡ 65 ɧɚɢɦɟɧɨɜɚɧɢɣ. 
Ɉɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɢ ɧɚɩɢɫɚɧɢɢ ɪɚɛɨɬɵ ɩɨɫɥɭɠɢɥɚ ɫɯɟɦɚ ɫ 

ɮɭɧɤɰɢɨɧɚɥɶɧɵɦɢ ɛɥɨɤɚɦɢ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɟɤɬɢɪɭɟɦɵɯ ɦɚɥɵɯ Ƚɗɋ.  
ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɫɨɡɞɚɧɢɟ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ ɦɨɞɟɥɢ ɩɨ 

ɨɛɟɫɩɟɱɟɧɢɸ ɚɜɬɨɧɨɦɧɨɣ ɪɚɛɨɬɵ ɫɬɚɧɰɢɢ.  
ɇɚɭɱɧɚɹ ɧɨɜɢɡɧɚ.  
– Ɋɚɡɪɚɛɨɬɚɧɚ ɧɟɥɢɧɟɣɧɚɹ ɦɨɞɟɥɶ ɝɢɞɪɚɜɥɢɱɟɫɤɨɣ ɬɭɪɛɢɧɵ ɞɥɹ 

ɞɢɧɚɦɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ; 
– Ɋɚɡɪɚɛɨɬɚɧɵ ɦɨɞɟɥɢ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɩɪɨɝɪɚɦɦɧɨɦ 

ɨɛɟɫɩɟɱɟɧɢɢ Matlab / Simulink; 
– Ɇɨɞɟɪɧɢɡɢɪɨɜɚɧɚ ɦɨɞɟɥɶ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɞɥɹ ɪɟɠɢɦɚ ɜ ɪɟɚɥɶɧɨɦ 

ɜɪɟɦɟɧɢ ɜ ɫɪɟɞɟ RT-LAB; 
– Ɋɚɡɪɚɛɨɬɚɧɚ ɢɦɢɬɚɰɢɨɧɧɚɹ ɦɨɞɟɥɶ ɦɚɥɨɣ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɜ ɫɪɟɞɟ 

Matlab / Simulink ɢ ɚɧɚɥɢɡ ɟё ɩɨɜɟɞɟɧɢɹ ɜ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ. 
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɦɚɥɵɟ Ƚɗɋ, ɝɢɞɪɨɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ, 

ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɟ ɫɟɬɢ, ɚɥɝɨɪɢɬɦ ɪɚɛɨɬɵ, ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ, 
ɫɢɫɬɟɦɚ ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ, ɝɢɞɪɨɬɭɪɛɢɧɚ, ɫɢɫɬɟɦɚ ɜɨɡɛɭɠɞɟɧɢɹ, 
ɫɢɧɯɪɨɧɧɵɣ ɝɟɧɟɪɚɬɨɪ, ɦɨɞɟɥɢɪɨɜɚɧɢɟ. 

Ɇɚɝɢɫɬɟɪɫɤɚɹ ɞɢɫɫɟɪɬɚɰɢɹ ɫɨɫɬɨɢɬ ɢɡ ɚɧɧɨɬɚɰɢɢ, ɚɜɬɨɪɟɮɟɪɚɬɚ, 
ɫɨɞɟɪɠɚɧɢɹ, ɜɜɟɞɟɧɢɹ, ɱɟɬɵɪɟɯ ɝɥɚɜ, ɡɚɤɥɸɱɟɧɢɹ, ɧɨɦɟɧɤɥɚɬɭɪɵ ɢ ɫɩɢɫɤɚ 
ɢɫɩɨɥɶɡɭɟɦɨɣ ɥɢɬɟɪɚɬɭɪɵ. 

ȼɨ ɜɜɟɞɟɧɢɢ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɚɤɬɭɚɥɶɧɨɫɬɶ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɜɵɛɪɚɧɧɨɦɭ 
ɧɚɩɪɚɜɥɟɧɢɸ, ɭɤɚɡɵɜɚɟɬɫɹ ɟɝɨ ɡɧɚɱɢɦɨɫɬɶ, ɫɬɚɜɹɬɫɹ ɰɟɥɢ ɢ ɡɚɞɚɱɢ, ɧɟɨɛɯɨɞɢɦɵɟ 
ɞɥɹ ɟё ɪɟɚɥɢɡɚɰɢɢ. 

ɉɟɪɜɚɹ ɝɥɚɜɚ ɩɨɫɜɹɳɟɧɚ ɥɢɬɟɪɚɬɭɪɧɨɦɭ ɩɨɢɫɤɭ ɡɚ ɩɟɪɢɨɞ 15-20 ɥɟɬ ɜ 
Ɋɨɫɫɢɢ ɢ ɡɚ ɪɭɛɟɠɨɦ ɩɨ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɢɫɤɭɫɫɬɜɟɧɧɨɦɭ ɢɧɬɟɥɥɟɤɬɚ ɜ 
ɭɩɪɚɜɥɟɧɢɢ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ.  

ȼɬɨɪɚɹ ɝɥɚɜɚ ɩɨɫɜɹɳɟɧɚ ɜɜɟɞɟɧɢɸ ɜ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ, ɨ ɟɝɨ 
ɩɪɟɢɦɭɳɟɫɬɜɚɯ ɢ ɧɟɞɨɫɬɚɬɤɚɯ, ɢ ɨ ɜɨɡɦɨɠɧɨɦ ɩɪɢɦɟɧɟɧɢɢ ɩɪɨɝɪɚɦɦɧɨɝɨ 
ɤɨɦɩɥɟɤɫɚ Matlab / Simulink. 

ȼ ɬɪɟɬɶɟɣ ɝɥɚɜɟ ɩɪɨɢɡɜɟɞɟɧɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ 
ɝɢɞɪɚɜɥɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ, ɝɢɞɪɚɜɥɢɱɟɫɤɨɣ ɬɭɪɛɢɧɵ, ɪɟɝɭɥɹɬɨɪɚ, ɫɢɧɯɪɨɧɧɨɝɨ 
ɝɟɧɟɪɚɬɨɪ, ɫɢɫɬɟɦɵ ɜɨɡɛɭɠɞɟɧɢɹ, ɥɢɧɢɢ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱ. 

ȼ ɝɥɚɜɟ 4 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɦɚɥɨɣ 
ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɜɵɩɨɥɧɟɧɧɨɣ ɜ ɫɪɟɞɟ Matlab / Simulink ɢ ɜ ɫɪɟɞɟ OPAL 
RT-LAB ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚɬɚɰɢɢ. 

ȼ ɡɚɤɥɸɱɟɧɢɢ ɩɪɢɜɟɞɟɧɵ ɜɵɜɨɞɵ. 
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ȺȼɌɈɊȿɎȿɊȺɌ 
 
ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɧɚ ɬɟɦɭ «ɂɫɤɭɫɫɬɜɟɧɧɵɣ ɢɧɬɟɥɥɟɤɬ 

ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɦɚɥɵɦɢ Ƚɗɋ ɸɠɧɵɯ ɪɟɝɢɨɧɨɜ ɋɢɛɢɪɢ». ȼ ɩɪɨɝɪɚɦɦɟ ɪɚɡɜɢɬɢɹ 
ɝɢɞɪɨɷɧɟɪɝɟɬɢɤɢ Ɋɨɫɫɢɢ ɧɚ ɩɟɪɢɨɞ ɞɨ 2050 ɝɨɞɚ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟ 
ɩɨɬɪɟɛɥɟɧɢɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɜ ɬɨɦ ɱɢɫɥɟ ɡɚ ɫɱɟɬ ɨɫɜɨɟɧɢɹ ɢɦɟɸɳɢɯɫɹ 
ɝɢɞɪɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ ɋɢɛɢɪɢ ɢ Ⱦɚɥɶɧɟɝɨ ȼɨɫɬɨɤɚ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ 
ɜɨɡɦɨɠɧɨ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɦɚɥɵɯ Ƚɗɋ ɜ Ɋɟɫɩɭɛɥɢɤɟ Ⱥɥɬɚɣ, Ɍɵɜɚ, ɏɚɤɚɫɢɹ ɢ ɸɝ 
Ʉɪɚɫɧɨɹɪɫɤɨɝɨ ɤɪɚɹ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɢɧɹɬɚ ɩɪɨɝɪɚɦɦɚ ɩɪɨɟɤɬɚ ɊɭɫȽɢɞɪɨ 
«Ɇɚɥɵɟ Ƚɗɋ Ⱥɥɬɚɹ». Ɉɬɦɟɱɚɟɬɫɹ ɜɚɠɧɨɫɬɶ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɦɚɥɵɯ 
ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɜ ɫɬɚɬɶɟ ɢɧɫɬɢɬɭɬɚ ɫɢɫɬɟɦ ɷɧɟɪɝɟɬɢɤɢ ɢɦ. Ʌ. Ⱥ. Ɇɟɥɟɧɬɶɟɜɚ 
ɋɈ ɊȺɇ, ɝ. ɂɪɤɭɬɫɤ. 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɪɚɛɨɬɵ. 
ɉɪɨɛɥɟɦɚ ɨɛɟɫɩɟɱɟɧɢɹ ɞɟɲɟɜɨɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɟɣ, ɤɚɤ ɩɪɨɦɵɲɥɟɧɧɵɯ 

ɨɛɴɟɤɬɨɜ, ɬɚɤ ɢ ɧɚɫɟɥɟɧɧɵɯ ɩɭɧɤɬɨɜ, ɛɵɥɚ ɢ ɨɫɬɚɟɬɫɹ ɜɟɫɶɦɚ ɚɤɬɭɚɥɶɧɨɣ. Ȼɨɥɟɟ 
20 ɦɥɧ. ɱɟɥɨɜɟɤ ɡɚ ɍɪɚɥɨɦ ɠɢɜɟɬ ɜ ɡɨɧɚɯ ɞɟɰɟɧɬɪɚɥɢɡɨɜɚɧɧɨɝɨ 
ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ. Ɉɫɨɛɟɧɧɨ ɡɧɚɱɢɦɚ ɨɧɚ ɞɥɹ ɨɬɞɚɥɟɧɧɵɯ ɪɚɣɨɧɨɜ ɋɢɛɢɪɢ ɢ 
Ʉɪɚɣɧɟɝɨ ɋɟɜɟɪɚ, ɝɞɟ ɧɟɬ ɪɚɡɜɢɬɨɣ ɫɟɬɢ ɥɢɧɢɣ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱ, ɢ ɧɚɫɟɥɟɧɢɟ 
ɩɨɥɭɱɚɟɬ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɩɨ 3-4 ɱɚɫɚ ɜ ɫɭɬɤɢ ɨɬ ɞɢɡɟɥɶ-ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɬɚɧɰɢɢ 
(Ⱦɗɋ). ɋɬɪɨɢɬɟɥɶɫɬɜɨ ɦɚɥɵɯ Ƚɗɋ (ɆȽɗɋ) ɦɨɠɟɬ ɢɡɦɟɧɢɬɶ ɭɫɥɨɜɢɹ ɠɢɡɧɢ ɷɬɢɯ 
ɥɸɞɟɣ, ɨɛɟɫɩɟɱɢɬɶ ɷɧɟɪɝɟɬɢɱɟɫɤɭɸ ɛɟɡɨɩɚɫɧɨɫɬɶ ɪɟɝɢɨɧɨɜ ɢ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ 
ɪɚɡɜɢɬɢɸ ɷɤɨɧɨɦɢɤɢ [1]. 

 ȿɞɢɧɫɬɜɟɧɧɵɣ ɢɫɬɨɱɧɢɤ ɩɨɥɭɱɟɧɢɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɬɚɤɢɯ ɭɫɥɨɜɢɹɯ – ɷɬɨ 
ɞɢɡɟɥɶ-ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɬɚɧɰɢɢ. Ɉɞɧɚɤɨ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɞɥɹ ɩɨɥɭɱɟɧɢɹ 1 ɤȼɬ∙ɱ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɩɪɢ ɷɬɨɦ ɪɚɫɯɨɞɭɟɬɫɹ ɨɤɨɥɨ 250 ɝ. ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ, ɤɨɬɨɪɨɟ 
ɩɨɫɬɨɹɧɧɨ ɞɨɪɨɠɚɟɬ. ɇɚ ɫɟɝɨɞɧɹ, ɧɚɩɪɢɦɟɪ, ɫɟɛɟɫɬɨɢɦɨɫɬɶ 1 ɤȼɬ∙ɱ, 
ɩɪɨɢɡɜɟɞɟɧɧɨɣ ɧɚ Ⱦɗɋ, ɧɚ ɨɞɧɨɦ ɢɡ ɩɪɟɞɩɪɢɹɬɢɣ Ɋɟɫɩɭɛɥɢɤɢ Ɍɵɜɚ ɭɠɟ 
ɞɨɫɬɢɝɚɟɬ 20 – 40 ɪɭɛ. ɉɪɢ ɬɚɤɨɣ ɰɟɧɟ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɡɧɚɱɢɬɟɥɶɧɨ ɜɨɡɪɚɫɬɚɸɬ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ, ɢ ɩɨ ɷɬɨɣ ɩɪɢɱɢɧɟ ɦɧɨɝɢɟ ɦɟɫɬɨɪɨɠɞɟɧɢɹ 
ɫɬɚɧɨɜɹɬɫɹ ɧɟɪɟɧɬɚɛɟɥɶɧɵɦɢ ɞɥɹ ɨɫɜɨɟɧɢɹ. 

ɉɪɢ ɡɚɦɟɳɟɧɢɢ Ⱦɗɋ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɹɜɥɹɟɬɫɹ ɫɨɨɪɭɠɟɧɢɟ 
Ƚɗɋ ɧɟɛɨɥɶɲɨɣ ɦɨɳɧɨɫɬɢ, ɤɨɬɨɪɵɟ ɧɟ ɬɪɟɛɭɸɬ ɛɨɥɶɲɢɯ ɤɚɩɢɬɚɥɶɧɵɯ ɡɚɬɪɚɬ 
ɩɪɢ ɫɨɨɪɭɠɟɧɢɢ, ɢɦɟɸɬ ɧɟɛɨɥɶɲɢɟ ɫɪɨɤɢ ɨɤɭɩɚɟɦɨɫɬɢ ɢ ɦɨɝɭɬ ɨɛɟɫɩɟɱɢɬɶ 
ɩɨɬɪɟɛɢɬɟɥɹ ɧɟɞɨɪɨɝɨɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɟɣ. ɉɨɷɬɨɦɭ ɩɪɨɛɥɟɦɚ ɨɛɟɫɩɟɱɟɧɢɹ 
ɞɟɲɟɜɨɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɟɣ ɨɫɬɚɟɬɫɹ ɜɟɫɶɦɚ ɚɤɬɭɚɥɶɧɨɣ. Ɉɫɨɛɟɧɧɨ ɡɧɚɱɢɦɚ ɞɚɧɧɚɹ 
ɩɪɨɛɥɟɦɚ ɞɥɹ ɨɬɞɚɥɟɧɧɵɯ ɪɚɣɨɧɨɜ. ɇɚ ɦɚɥɵɯ Ƚɗɋ ɞɥɹ ɷɮɮɟɤɬɢɜɧɨɝɨ ɢɯ 
ɭɩɪɚɜɥɟɧɢɹ ɢ ɡɚɳɢɬɵ ɞɨɥɠɧɵ ɛɵɬɶ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ 
ɜɨɡɦɨɠɧɨɫɬɢ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɧɟɨɛɯɨɞɢɦɨ ɜɧɟɞɪɟɧɢɟ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɢ 
ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɡɚ ɪɚɛɨɬɨɣ ɦɚɥɵɯ Ƚɗɋ, ɱɬɨ ɨɛɟɫɩɟɱɢɬ ɜ ɫɜɨɸ 
ɨɱɟɪɟɞɶ ɚɜɬɨɧɨɦɧɭɸ ɪɚɛɨɬɭ ɛɟɡ ɩɨɫɬɨɹɧɧɨɝɨ ɩɪɢɫɭɬɫɬɜɢɹ ɨɛɫɥɭɠɢɜɚɸɳɟɝɨ 
ɩɟɪɫɨɧɚɥɚ. 

ɐɟɥɶ ɪɚɛɨɬɵ.  
ɋɨɡɞɚɬɶ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɭɸ ɦɨɞɟɥɶ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɚɜɬɨɧɨɦɧɨɣ ɪɚɛɨɬɵ 

ɫɬɚɧɰɢɢ. ɂɧɬɟɥɥɟɤɬɭɚɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɞɨɥɠɧɨ ɛɵɬɶ ɤɨɦɩɚɤɬɧɵɦ ɢ 
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ɢɧɬɟɝɪɢɪɨɜɚɧɧɵɦ ɫ ɤɨɧɬɪɨɥɟɦ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ, 
ɜɤɥɸɱɚɹ ɫɢɫɬɟɦɭ ɩɨɞɚɱɢ ɜɨɞɵ, ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ, ɦɨɧɢɬɨɪɢɧɝɚ ɢ ɡɚɳɢɬɵ ɞɥɹ 
ɦɚɥɵɯ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ. 

ɐɟɥɶ ɪɚɛɨɬɵ: 
– Ɋɚɡɪɚɛɨɬɚɬɶ ɦɨɞɟɥɶ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɜ Matlab / Simulink. 
– Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɢ ɚɧɚɥɢɡ ɪɚɛɨɬɵ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɜ ɪɚɡɥɢɱɧɵɯ 

ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚɬɚɰɢɢ: ɭɜɟɥɢɱɟɧɢɟ ɢ ɫɧɢɠɟɧɢɟ ɧɚɝɪɭɡɤɢ, ɤɨɪɨɬɤɨɟ ɡɚɦɵɤɚɧɢɟ 
ɧɚ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɚ. 

– Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɢ ɚɧɚɥɢɡ ɪɚɛɨɬɵ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɜ ɪɚɡɥɢɱɧɵɯ 
ɭɫɥɨɜɢɹɯ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɜ ɫɪɟɞɟ OPAL RT-LAB. 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɧɟɨɛɯɨɞɢɦɨ ɪɟɲɢɬɶ ɫɥɟɞɭɸɳɢɟ 
ɡɚɞɚɱɢ: 

1. ȼɧɟɞɪɟɧɢɟ ɫɢɫɬɟɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɝɢɞɪɨɚɝɪɟɝɚɬɚɦɢ 
ɆȽɗɋ; 

2. Ɋɟɚɥɢɡɚɰɢɹ ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɢ ɤɨɧɬɪɨɥɹ ɡɚ ɦɚɥɵɦɢ Ƚɗɋ; 
3. Ɋɚɡɪɚɛɨɬɤɚ ɢɦɢɬɚɰɢɨɧɧɨɣ ɦɨɞɟɥɢ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɪɚɛɨɬɨɣ ɫɬɚɧɰɢɢ. 
Ɉɛɴɟɤɬ ɢ ɩɪɟɞɦɟɬ ɢɫɫɥɟɞɨɜɚɧɢɹ. Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɫɯɟɦɚ ɫ 

ɮɭɧɤɰɢɨɧɚɥɶɧɵɦɢ ɛɥɨɤɚɦɢ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɟɤɬɢɪɭɟɦɵɯ ɦɚɥɵɯ Ƚɗɋ.  
ɉɪɟɞɦɟɬ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɭɩɪɚɜɥɟɧɢɟ ɢɫɤɭɫɫɬɜɟɧɧɵɦ ɢɧɬɟɥɥɟɤɬɨɦ 

ɪɟɠɢɦɨɦ ɪɚɛɨɬɵ ɦɚɥɵɯ Ƚɗɋ. 
Ɇɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ. Ⱦɥɹ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɢ ɡɚɞɚɱ 

ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɦɟɬɨɞɵ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɢɦɢɬɚɰɢɨɧɧɚɹ ɦɨɞɟɥɶ 
ɭɫɬɪɨɣɫɬɜɚ ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɜ Simulink. 

Ⱦɨɫɬɨɜɟɪɧɨɫɬɶ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ. Ɉɛɨɫɧɨɜɚɧɧɨɫɬɶ ɢ 
ɞɨɫɬɨɜɟɪɧɨɫɬɶ ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɨɩɪɟɞɟɥɹɸɬɫɹ 
ɪɟɚɥɢɡɚɰɢɟɣ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ ɨɫɧɨɜɨɣ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɦɚɥɵɯ Ƚɗɋ ɜ 
ɢɦɢɬɚɰɢɨɧɧɨɣ ɦɨɞɟɥɢ Simulink. ȼ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɧɚɞ ɞɢɫɫɟɪɬɚɰɢɟɣ ɛɵɥ 
ɜɵɩɨɥɧɟɧ ɚɧɚɥɢɡ ɚɥɝɨɪɢɬɦɨɜ ɢ ɦɟɬɨɞɨɜ ɩɨ ɭɩɪɚɜɥɟɧɢɸ ɪɟɠɢɦɚɦɢ ɦɚɥɵɯ Ƚɗɋ. 

ɇɚɭɱɧɚɹ ɧɨɜɢɡɧɚ.  
– Ɋɚɡɪɚɛɨɬɚɧɚ ɧɟɥɢɧɟɣɧɚɹ ɦɨɞɟɥɶ ɝɢɞɪɚɜɥɢɱɟɫɤɨɣ ɬɭɪɛɢɧɵ ɞɥɹ 

ɞɢɧɚɦɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ; 
– Ɋɚɡɪɚɛɨɬɚɧɵ ɦɨɞɟɥɢ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɩɪɨɝɪɚɦɦɧɨɦ 

ɨɛɟɫɩɟɱɟɧɢɢ Matlab / Simulink; 
– Ɋɚɡɪɚɛɨɬɚɧɚ ɢɦɢɬɚɰɢɨɧɧɚɹ ɦɨɞɟɥɶ ɦɚɥɨɣ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɜ ɫɪɟɞɟ 

Matlab / Simulink ɢ ɚɧɚɥɢɡ ɟё ɩɨɜɟɞɟɧɢɹ ɜ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ 
Ⱥɩɪɨɛɚɰɢɹ ɪɚɛɨɬɵ. 
Ɉɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɢɡɥɨɠɟɧɧɵɟ ɜ ɞɢɫɫɟɪɬɚɰɢɢ, ɛɵɥɢ 

ɩɪɟɞɫɬɚɜɥɟɧɵ: 
– ɧɚ V ȼɫɟɪɨɫɫɢɣɫɤɨɣ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ ɦɨɥɨɞɵɯ 

ɭɱɟɧɵɯ, ɫɩɟɰɢɚɥɢɫɬɨɜ, ɚɫɩɢɪɚɧɬɨɜ ɢ ɫɬɭɞɟɧɬɨɜ «Ƚɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɜ XXI 
ɜɟɤɟ» (ɪ.ɩ. ɑɟɪɟɦɭɲɤɢ, 2018 ɝ.); 

– ɧɚ XIII ȼɫɟɪɨɫɫɢɣɫɤɨɣ ɨɬɤɪɵɬɨɣ ɦɨɥɨɞɟɠɧɨɣ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɨɣ 
ɤɨɧɮɟɪɟɧɰɢɢ «Ⱦɢɫɩɟɬɱɟɪɢɡɚɰɢɹ ɢ ɭɩɪɚɜɥɟɧɢɟ ɜ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɟ» (ɝ. Ʉɚɡɚɧɶ, 
2018 ɝ.); 
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– ɧɚ IV (XIX) ȼɫɟɪɨɫɫɢɣɫɤɨɣ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ ɫɬɭɞɟɧɬɨɜ 
ɢ ɚɫɩɢɪɚɧɬɨɜ «Ɇɨɥɨɞɚɹ ɦɵɫɥɶ – ɪɚɡɜɢɬɢɸ ɷɧɟɪɝɟɬɢɤɢ» (ɝ. Ȼɪɚɬɫɤ, 2019 ɝ.); 

ɉɭɛɥɢɤɚɰɢɢ:  
Ɉɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢɹ ɢ ɜɵɜɨɞɵ ɢɡɥɨɠɟɧɵ ɜ 3 ɩɭɛɥɢɤɚɰɢɹɯ ɜ ɧɚɭɱɧɵɯ 

ɢɡɞɚɧɢɹɯ, ɤɨɬɨɪɵɟ ɜɤɥɸɱɟɧɵ ɜ Ɋɂɇɐ. ɂɦɟɟɬɫɹ ɫɩɪɚɜɤɚ ɨ ɩɨɥɨɠɢɬɟɥɶɧɨɦ 
ɪɟɲɟɧɢɢ ɨ ɩɭɛɥɢɤɚɰɢɢ ɫɬɚɬɶɢ ɜ ɦɟɠɞɭɧɚɪɨɞɧɨɣ ɛɚɡɟ Scopus.  

Ʌɢɱɧɵɣ ɜɤɥɚɞ: ɜɵɧɨɫɢɦɵɟ ɧɚ ɡɚɳɢɬɭ ɪɟɡɭɥɶɬɚɬɵ ɩɨɥɭɱɟɧɵ ɫɨɢɫɤɚɬɟɥɟɦ 
ɥɢɱɧɨ. 

ɋɬɪɭɤɬɭɪɚ ɞɢɫɫɟɪɬɚɰɢɢ: ɫɨɫɬɚɜɥɹɟɬ 85 ɫɬɪɚɧɢɰ, ɫɨɞɟɪɠɢɬ 87 ɢɥɥɸɫɬɪɚɰɢɣ 
ɢ 47 ɮɨɪɦɭɥ. ɋɩɢɫɨɤ ɢɫɩɨɥɶɡɭɟɦɨɣ ɥɢɬɟɪɚɬɭɪɵ ɫɨɫɬɨɢɬ ɢɡ 65 ɧɚɢɦɟɧɨɜɚɧɢɣ- 

ɉɪɚɤɬɢɱɟɫɤɚɹ ɰɟɧɧɨɫɬɶ ɪɚɛɨɬɵ. ɉɪɢɦɟɧɟɧɢɟ ɫɨɜɪɟɦɟɧɧɨɣ 
ɜɵɫɨɤɨɧɚɞɟɠɧɨɣ ɷɥɟɦɟɧɬɧɨɣ ɛɚɡɵ, ɫɪɟɞɫɬɜɚ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɢ ɧɨɜɵɯ 
ɚɥɝɨɪɢɬɦɨɜ ɭɩɪɚɜɥɟɧɢɹ ɨɛɨɪɭɞɨɜɚɧɢɟɦ ɩɨɡɜɨɥɹɸɬ ɆȽɗɋ ɪɚɛɨɬɚɬɶ ɜ 
ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɪɟɠɢɦɟ ɛɟɡ ɩɨɫɬɨɹɧɧɨɝɨ ɩɪɢɫɭɬɫɬɜɢɹ ɨɛɫɥɭɠɢɜɚɸɳɟɝɨ 
ɩɟɪɫɨɧɚɥɚ ɤɚɤ ɧɚ ɩɚɪɚɥɥɟɥɶɧɭɸ ɪɚɛɨɬɭ, ɬɚɤ ɢ ɧɚ ɢɡɨɥɢɪɨɜɚɧɧɭɸ ɧɚɝɪɭɡɤɭ. ȼɫɟ 
ɷɬɨ ɫɧɢɠɚɟɬ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ, ɩɨɜɵɲɚɟɬ ɧɚɞɟɠɧɨɫɬɶ 
ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɆȽɗɋ ɢ ɢɯ ɢɧɜɟɫɬɢɰɢɨɧɧɭɸ ɩɪɢɜɥɟɤɚɬɟɥɶɧɨɫɬɶ. 
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ABSTRACT 
  

Final qualifying work on the topic «Artificial Intelligence for the management 
of small hydropower plants of the southern regions of Siberia». The Hydropower 
Development Program of Russia for the period until 2050 assumes an increase in 
electricity consumption, including through the development of available hydropower 
resources of Siberia and the Far East. In this regard, it is possible to build small 
hydropower plants in the Republic of Altai, Tyva, Khakassia and the south of 
Krasnoyarsk Krai. At present, the program of the RusHydro project “Small 
Hydropower Plants of Altai” has been adopted. The importance of the construction of 
small hydropower plants is noted in an article by the Institute of Energy Systems them. 
L.A. Melentyeva SB RAS, Irkutsk. 

Relevance of the work. 
The problem of providing cheap electricity, both industrial facilities and 

settlements, has been and remains highly relevant. More than 20 million people outside 
the Urals live in decentralized power supply zones. It is especially significant for 
remote areas of Siberia and the Far North, where there is no developed network of 
power lines, and the population receives electricity 3-4 hours a day from a diesel-
electric station (DES). The construction of small hydropower plants (SHPP) can 
change the living conditions of these people, ensure the energy security of the regions 
and contribute to the development of the economy [1]. 

The only source of electricity generation in such conditions is diesel-electric 
stations. However, it is known that for the production of 1 kW∙h of electricity, this 
consumes about 250 g of diesel fuel, which is constantly becoming more expensive. 
Today, for example, the cost of 1 kW∙h produced in a diesel power plant at one of the 
enterprises of the Republic of Tyva already reaches 20-40 rubles. At such a price of 
electricity, operating costs increase significantly, and for this reason many fields 
become unprofitable for development. 

When replacing DES, a promising direction is the construction of low-capacity 
hydropower plants, which do not require large capital expenditures during construction 
have short payback periods and can provide the consumer with inexpensive electricity. 
Therefore, the problem of providing cheap electricity remains very relevant. This 
problem is especially significant for remote areas. At small hydropower, plants for their 
effective management and protection should be provided functionality. In this regard, 
it is necessary to introduce automation and remote control for the operation of small 
hydropower plants, which in turn will ensure autonomous operation without the 
constant presence of attendants. 

Objective. 
Create an intelligent model to ensure the autonomous operation of the station. 

The intelligent device should be compact and integrated with the control of electrical 
and mechanical elements, including water supply, data transmission, monitoring and 
protection systems for small hydropower plants. 

Purpose of work: 
– Develop a hydroelectric model in Matlab / Simulink. 
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– Modeling and analysis of hydroelectric power in various operating conditions, 
such as an increase and decrease in load, and a short circuit on the generator terminals. 

– Modeling and analysis of the hydroelectric power station operation in various 
conditions in real time in the OPAL RT-LAB environment. 

To achieve this goal it is necessary to solve the following tasks: 
1. Introduction of automatic control systems for hydropower units of small 

hydropower plants; 
2. Implementation of remote control and monitoring of small hydropower 

plants. 
3. Development of a simulation model for controlling the operation of the 

station; 
The object and subject of study. The object of study is a diagram with 

functional blocks for controlling the projected small hydroelectric power plants. 
The subject of the research is the control of artificial intelligence by the operation 

mode of small hydroelectric power stations. 
Research methods. To solve this goal and tasks, the methods of mathematical 

modeling, a simulation model of a remote control device in Simulink were used. 
The reliability of the results. The validity and reliability of the research results 

are determined by the implementation of the intellectual basis for the management of 
small hydropower plants, namely the model in Simulink. In the process of working on 
a thesis, a complex of algorithms and methods was studied, analyzed and illustrated. 

Scientific novelty 
– Developed a non-linear model of a hydraulic turbine for dynamic studies of 

hydroelectric power plants; 
– Developed models for various components in Matlab / Simulink software; 
– A simulation model of a small hydropower plant in Matlab / Simulink 

environment and analysis of its behavior in various operating modes 
Approbation of work. 
The main results of the research presented in the thesis were presented: 
– at the V All-Russian Scientific and Practical Conference of Young Scientists, 

Specialists, Post-Graduates and Students «Hydroelectric Power Plants in the XXI 
Century» (Cheryomushki, 2018); 

– at the XIII All-Russian Open Youth Scientific-Practical Conference 
"Dispatching and Control in the Electric Power Industry" (Kazan, 2018); 

– in the IV (XIX) th All-Russian scientific and technical conferences and the 
second undergraduate and graduate students, "Young thought - energy 
development" ( Bratsk , 2019); 

Publications: 
The main provisions and conclusions are set forth in 3 publications in scientific 

journals and publications, which are included in the list of scientific publications sold, 
defined by the RSCI. There is a certificate of a positive decision on the publication of 
an article in the international Scopus database. 

Personal contribution: Brought to the defense results obtained by the applicant 
personally. 



8 
 

Thesis structure: It is 85 pages, contains 87 illustrations and 47 formulas. The 
list of used literature consists of 65 items. 

The practical value of the work. The use of modern highly reliable element 
base, data transmission facilities and new equipment control algorithms allow small 
hydroelectric power plants to operate in an automatic mode without the constant 
presence of service personnel for both parallel operation and isolated load. All this 
reduces operating costs, increases the reliability of the operation of small hydropower 
plants and their investment attractiveness.  
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ȼȼȿȾȿɇɂȿ 
ȼɜɟɞɟɧɢɟ 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɦɢɪɟ ɜɫɟ ɱɚɳɟ ɩɨɞɧɢɦɚɟɬɫɹ ɜɨɩɪɨɫ ɨ ɝɥɨɛɚɥɶɧɨɦ 
ɷɧɟɪɝɟɬɢɱɟɫɤɨɦ ɨɛɴɟɞɢɧɟɧɢɢ. Ɉɞɧɨɣ ɢɡ ɡɚɞɚɱ ɬɚɤɨɝɨ ɨɛɴɟɞɢɧɟɧɢɹ ɹɜɥɹɟɬɫɹ 
ɨɛɟɫɩɟɱɟɧɢɟ ɞɨɫɬɭɩɧɨɫɬɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɞɥɹ ɤɚɠɞɨɝɨ ɩɨɬɪɟɛɢɬɟɥɹ. 
ɗɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟ ɭɞɚɥɟɧɧɵɯ ɩɨɬɪɟɛɢɬɟɥɟɣ ɜ ɪɟɝɢɨɧɚɯ ɋɢɛɢɪɢ, Ⱦɚɥɶɧɟɝɨ 
ȼɨɫɬɨɤɚ, ɋɟɜɟɪɧɨɝɨ Ʉɚɜɤɚɡɚ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɨɫɭɳɟɫɬɜɥɹɬɶ ɨɬ ɦɟɫɬɧɵɯ 
ɢɫɬɨɱɧɢɤɨɜ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. Ƚɢɞɪɨɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ ɋɢɛɢɪɢ 
ɨɰɟɧɢɜɚɟɬɫɹ ɜ 469,7 ɦɥɪɞ. ɤɜɬɱ/ɝɨɞ [2]. ɇɚ ɛɨɥɶɲɢɯ ɬɟɪɪɢɬɨɪɢɹɯ ɩɪɨɛɥɟɦɨɣ 
ɹɜɥɹɟɬɫɹ ɬɪɚɧɫɩɨɪɬ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɞɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɤɨɬɨɪɨɝɨ ɱɚɫɬɨ 
ɧɟɨɛɯɨɞɢɦɨ ɫɨɨɪɭɠɟɧɢɟ ɰɟɥɨɣ ɷɥɟɤɬɪɨɫɟɬɟɜɨɣ ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ, ɱɬɨ ɧɟ ɜɫɟɝɞɚ 
ɪɟɧɬɚɛɟɥɶɧɨ ɢ ɜɨɡɦɨɠɧɨ ɧɚ ɫɥɨɠɧɨɦ ɥɚɧɞɲɚɮɬɟ. ȿɫɥɢ ɬɚɤɠɟ ɭɱɟɫɬɶ ɫɧɢɠɟɧɢɟ 
ɭɳɟɪɛɚ ɩɨɫɥɟ ɚɜɚɪɢɢ ɩɪɢ ɪɚɛɨɬɟ ɫɬɚɧɰɢɢ ɜ ɢɡɨɥɢɪɨɜɚɧɧɨɣ ɷɧɟɪɝɨɫɢɫɬɟɦɟ, ɬɨ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɦɚɥɵɯ Ƚɗɋ ɧɟɫёɬ ɜ ɫɟɛɟ ɷɤɨɧɨɦɢɱɟɫɤɭɸ ɜɵɝɨɞɭ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɦɢɪɟ ɧɚɤɨɩɥɟɧ ɛɨɥɶɲɨɣ ɨɩɵɬ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɆȽɗɋ. ɉɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɹɬɢɞɟɫɹɬɵɦɢ ɝɨɞɚɦɢ ɩɪɨɲɥɨɝɨ ɜɟɤɚ 
ɭɞɟɥɶɧɵɟ ɡɚɬɪɚɬɵ ɢ ɢɡɞɟɪɠɤɢ ɧɚ 1ɤȼɬ ɦɨɳɧɨɫɬɢ ɡɧɚɱɢɬɟɥɶɧɨ ɭɦɟɧɶɲɢɥɢɫɶ. 
ɋɧɢɡɢɥɢɫɶ ɡɚɬɪɚɬɵ ɧɚ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɣ ɩɟɪɫɨɧɚɥ [3]. ɋɧɢɡɢɥɢɫɶ ɬɚɤɠɟ 
ɤɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ ɡɚ ɫɱёɬ ɛɨɥɟɟ ɫɨɜɟɪɲɟɧɧɵɯ ɫɬɪɨɢɬɟɥɶɧɵɯ ɬɟɯɧɨɥɨɝɢɣ. ȼ 
ɬɨ ɠɟ ɜɪɟɦɹ ɢɦɟɸɬɫɹ ɧɟɞɨɫɬɚɬɤɢ ɆȽɗɋ: 

– ɡɚɜɢɫɢɦɨɫɬɶ ɜɵɪɚɛɨɬɤɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɨɬ ɝɢɞɪɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ; 
– ɧɟɞɨɫɬɚɬɨɱɧɚɹ ɢɡɭɱɟɧɧɨɫɬɶ ɝɢɞɪɨɥɨɝɢɢ ɦɚɥɵɯ ɪɟɤ. 
Ɉɫɧɨɜɧɵɟ ɤɚɩɢɬɟɥɶɧɵɟ ɜɥɨɠɟɧɢɹ ɛɭɞɭɬ ɡɚɥɨɠɟɧɵ ɜ ɩɪɢɨɛɪɟɬɟɧɢɟ 

ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ ɢ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɦɚɲɡɚɥɚ ɜ ɬɟɥɟ ɩɥɨɬɢɧɵ.  
ɉɪɨɛɥɟɦɚ ɨɛɟɫɩɟɱɟɧɢɹ ɞɟɲɟɜɨɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɟɣ, ɤɚɤ ɩɪɨɦɵɲɥɟɧɧɵɯ 

ɨɛɴɟɤɬɨɜ, ɬɚɤ ɢ ɧɚɫɟɥɟɧɧɵɯ ɩɭɧɤɬɨɜ, ɛɵɥɚ ɢ ɨɫɬɚɟɬɫɹ ɜɟɫɶɦɚ ɚɤɬɭɚɥɶɧɨɣ. Ȼɨɥɟɟ 
20 ɦɥɧ. ɱɟɥɨɜɟɤ ɡɚ ɍɪɚɥɨɦ ɠɢɜɟɬ ɜ ɡɨɧɚɯ ɞɟɰɟɧɬɪɚɥɢɡɨɜɚɧɧɨɝɨ 
ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ. Ɉɫɨɛɟɧɧɨ ɡɧɚɱɢɦɚ ɨɧɚ ɞɥɹ ɨɬɞɚɥɟɧɧɵɯ ɪɚɣɨɧɨɜ ɋɢɛɢɪɢ ɢ 
Ʉɪɚɣɧɟɝɨ ɋɟɜɟɪɚ, ɝɞɟ ɧɟɬ ɪɚɡɜɢɬɨɣ ɫɟɬɢ ɥɢɧɢɣ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱ, ɢ ɧɚɫɟɥɟɧɢɟ 
ɩɨɥɭɱɚɟɬ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɩɨ 3-4 ɱɚɫɚ ɜ ɫɭɬɤɢ ɨɬ Ⱦɗɋ. ɋɬɪɨɢɬɟɥɶɫɬɜɨ ɦɚɥɵɯ Ƚɗɋ 
(ɆȽɗɋ) ɦɨɠɟɬ ɢɡɦɟɧɢɬɶ ɭɫɥɨɜɢɹ ɠɢɡɧɢ ɷɬɢɯ ɥɸɞɟɣ, ɨɛɟɫɩɟɱɢɬɶ ɷɧɟɪɝɟɬɢɱɟɫɤɭɸ 
ɛɟɡɨɩɚɫɧɨɫɬɶ ɪɟɝɢɨɧɨɜ ɢ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɪɚɡɜɢɬɢɸ ɷɤɨɧɨɦɢɤɢ [1]. 

ȿɞɢɧɫɬɜɟɧɧɵɣ ɢɫɬɨɱɧɢɤ ɩɨɥɭɱɟɧɢɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɬɚɤɢɯ ɭɫɥɨɜɢɹɯ – ɷɬɨ 
ɞɢɡɟɥɶ-ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɬɚɧɰɢɢ. Ɉɞɧɚɤɨ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɞɥɹ ɩɨɥɭɱɟɧɢɹ 1 ɤȼɬ∙ɱ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɩɪɢ ɷɬɨɦ ɪɚɫɯɨɞɭɟɬɫɹ ɨɤɨɥɨ 250 ɝ. ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ, ɤɨɬɨɪɨɟ 
ɩɨɫɬɨɹɧɧɨ ɞɨɪɨɠɚɟɬ. ɇɚ ɫɟɝɨɞɧɹ, ɧɚɩɪɢɦɟɪ, ɫɟɛɟɫɬɨɢɦɨɫɬɶ 1 ɤȼɬ∙ɱ, 
ɩɪɨɢɡɜɟɞɟɧɧɨɣ ɧɚ Ⱦɗɋ, ɧɚ ɨɞɧɨɦ ɢɡ ɩɪɟɞɩɪɢɹɬɢɣ Ɋɟɫɩɭɛɥɢɤɢ Ɍɵɜɚ ɭɠɟ 
ɞɨɫɬɢɝɚɟɬ 24 ɪɭɛ. ɉɪɢ ɬɚɤɨɣ ɰɟɧɟ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɡɧɚɱɢɬɟɥɶɧɨ ɜɨɡɪɚɫɬɚɸɬ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ, ɢ ɩɨ ɷɬɨɣ ɩɪɢɱɢɧɟ ɦɧɨɝɢɟ ɦɟɫɬɨɪɨɠɞɟɧɢɹ 
ɫɬɚɧɨɜɹɬɫɹ ɧɟɪɟɧɬɚɛɟɥɶɧɵɦɢ ɞɥɹ ɨɫɜɨɟɧɢɹ. 

ɉɪɢ ɡɚɦɟɳɟɧɢɢ Ⱦɗɋ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɹɜɥɹɟɬɫɹ ɫɨɨɪɭɠɟɧɢɟ 
Ƚɗɋ ɧɟɛɨɥɶɲɨɣ ɦɨɳɧɨɫɬɢ, ɤɨɬɨɪɵɟ ɧɟ ɬɪɟɛɭɸɬ ɛɨɥɶɲɢɯ ɤɚɩɢɬɚɥɶɧɵɯ ɡɚɬɪɚɬ 
ɩɪɢ ɫɨɨɪɭɠɟɧɢɢ, ɢɦɟɸɬ ɧɟɛɨɥɶɲɢɟ ɫɪɨɤɢ ɨɤɭɩɚɟɦɨɫɬɢ ɢ ɦɨɝɭɬ ɨɛɟɫɩɟɱɢɬɶ 
ɩɨɬɪɟɛɢɬɟɥɹ ɧɟɞɨɪɨɝɨɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɟɣ. ɉɨɷɬɨɦɭ ɩɪɨɛɥɟɦɚ ɨɛɟɫɩɟɱɟɧɢɹ 
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ɞɟɲɟɜɨɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɟɣ ɨɫɬɚɟɬɫɹ ɜɟɫɶɦɚ ɚɤɬɭɚɥɶɧɨɣ. Ɉɫɨɛɟɧɧɨ ɡɧɚɱɢɦɚ ɞɚɧɧɚɹ 
ɩɪɨɛɥɟɦɚ ɞɥɹ ɨɬɞɚɥɟɧɧɵɯ ɪɚɣɨɧɨɜ. ɇɚ ɦɚɥɵɯ Ƚɗɋ ɞɥɹ ɷɮɮɟɤɬɢɜɧɨɝɨ ɢɯ 
ɭɩɪɚɜɥɟɧɢɹ ɢ ɡɚɳɢɬɵ ɞɨɥɠɧɵ ɛɵɬɶ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ 
ɜɨɡɦɨɠɧɨɫɬɢ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɧɟɨɛɯɨɞɢɦɨ ɜɧɟɞɪɟɧɢɟ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɢ 
ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɡɚ ɪɚɛɨɬɨɣ ɦɚɥɵɯ Ƚɗɋ, ɱɬɨ ɨɛɟɫɩɟɱɢɬ ɜ ɫɜɨɸ 
ɨɱɟɪɟɞɶ ɚɜɬɨɧɨɦɧɭɸ ɪɚɛɨɬɭ ɛɟɡ ɩɨɫɬɨɹɧɧɨɝɨ ɩɪɢɫɭɬɫɬɜɢɹ ɨɛɫɥɭɠɢɜɚɸɳɟɝɨ 
ɩɟɪɫɨɧɚɥɚ [4]. 

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɢ ɫɢɦɭɥɹɰɢɹ ɆȽɗɋ ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ ɢɡɭɱɟɧɢɹ 
ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɨɜɟɞɟɧɢɹ ɢ ɞɢɧɚɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ, 
ɭɩɪɚɜɥɹɸɳɢɯ ɢ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɢɫɬɟɦ, ɫɜɹɡɚɧɧɵɯ ɫ ɭɫɬɚɧɨɜɤɚɦɢ. ɗɬɨ ɬɚɤɠɟ 
ɩɨɦɨɝɚɟɬ ɜ ɢɡɭɱɟɧɢɢ ɫɬɚɛɢɥɶɧɨɫɬɢ ɫɢɫɬɟɦɵ ɢ ɤɨɨɪɞɢɧɚɰɢɢ ɩɚɪɚɦɟɬɪɨɜ 
ɪɟɝɭɥɹɬɨɪɚ ɫ ɩɚɪɚɦɟɬɪɚɦɢ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɢ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɞɥɹ 
ɨɩɬɢɦɚɥɶɧɨɣ ɪɚɛɨɬɵ ɭɫɬɚɧɨɜɤɢ. 

Ƚɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɹ ɫɨɫɬɨɢɬ ɢɡ ɝɢɞɪɨɬɭɪɛɢɧɵ ɫ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɨɦ ɢ 
ɫɢɧɯɪɨɧɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ ɫ ɫɢɫɬɟɦɨɣ ɜɨɡɛɭɠɞɟɧɢɹ. ɋɢɥɨɜɚɹ ɦɨɞɟɥɶ 
ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɪɚɡɪɚɛɨɬɚɧɚ ɜ ɫɪɟɞɟ Matlab / Simulink. Ɇɨɞɟɥɶ Matlab / 
Simulink ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɜ ɫɪɟɞɭ RT-LAB ɞɥɹ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ (OPAL-RT). 

ɋ ɩɨɦɨɳɶɸ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɢɦɢɬɚɰɢɨɧɧɨɣ ɦɨɞɟɥɢ ɢɫɫɥɟɞɨɜɚɧɢɟ 
ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɨɜɟɞɟɧɢɹ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɛɵɥɨ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɨ ɩɪɢ 
ɜɨɡɞɟɣɫɬɜɢɢ ɬɚɤɢɯ ɩɚɪɚɦɟɬɪɨɜ, ɤɚɤ ɭɜɟɥɢɱɟɧɢɟ ɧɚɝɪɭɡɤɢ, ɫɧɢɠɟɧɢɟ ɧɚɝɪɭɡɤɢ ɢ 
ɬɪɟɯɮɚɡɧɨɟ ɤɨɪɨɬɤɨɟ ɡɚɦɵɤɚɧɢɹ ɧɚ ɜɵɜɨɞɚɯ ɫɢɧɯɪɨɧɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ. Ɍɚɤɠɟ 
ɩɪɨɜɨɞɢɬɫɹ ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɩɟɪɟɯɨɞɧɵɣ ɚɧɚɥɢɡ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɫ 
ɪɚɡɥɢɱɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɭɫɢɥɟɧɢɹ ɪɟɝɭɥɹɬɨɪɚ ɉɂȾ (ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɟ 
ɭɫɢɥɟɧɢɟ, ɢɧɬɟɝɪɚɥɶɧɨɟ ɭɫɢɥɟɧɢɟ ɢ ɩɪɨɢɡɜɨɞɧɨɟ ɭɫɢɥɟɧɢɟ). 
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1 ɂɫɤɭɫɫɬɜɟɧɧɵɣ ɢɧɬɟɥɥɟɤɬ ɜ ɝɢɞɪɨɷɧɟɪɝɟɬɢɤɟ. ɋɨɫɬɨɹɧɢɟ ɜɨɩɪɨɫɚ 
 
ɂɫɤɭɫɫɬɜɟɧɧɵɣ ɢɧɬɟɥɥɟɤɬ ɨɯɜɚɬɵɜɚɟɬ ɷɤɫɩɟɪɬɧɵɟ ɫɢɫɬɟɦɵ, ɧɟɱɟɬɤɢɟ 

ɷɤɫɩɟɪɬɧɵɟ ɫɢɫɬɟɦɵ, ɢɫɤɭɫɫɬɜɟɧɧɵɟ ɧɟɣɪɨɧɧɵɟ ɫɟɬɢ, ɷɜɨɥɸɰɢɨɧɧɵɟ 
ɜɵɱɢɫɥɟɧɢɹ, ɝɢɛɪɢɞɧɵɟ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɟ ɫɢɫɬɟɦɵ ɢ ɢɧɠɟɧɟɪɧɵɟ ɡɧɚɧɢɹ. ɉɪɢ 
ɢɯ ɪɚɡɪɚɛɨɬɤɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɨɛɨɥɨɱɤɢ ɷɤɫɩɟɪɬɧɨɣ ɫɢɫɬɟɦɵ (Leonardo, XpertRule, 
Level5 Object ɢ Visual Rule Studio), Matlab Fuzzy Logic Toolbox ɢ Matlab Neural 
Network Toolbox.  

Ⱥɥɝɨɪɢɬɦɵ ɩɨɢɫɤɚ – ɷɬɨ ɤɥɚɫɫɢɱɟɫɤɚɹ ɢ ɯɨɪɨɲɨ ɪɚɡɜɢɬɚɹ ɱɚɫɬɶ 
ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɢɧɬɟɥɥɟɤɬɚ. Ɉɧɚ ɹɜɥɹɸɬɫɹ ɨɫɧɨɜɨɣ ɚɥɝɨɪɢɬɦɨɜ ɨɛɭɱɟɧɢɹ ɢ 
ɪɟɲɟɧɢɹ ɩɪɨɛɥɟɦ. ɉɨɢɫɤ – ɭɧɢɜɟɪɫɚɥɶɧɵɣ ɦɟɬɨɞ ɪɟɲɟɧɢɹ ɩɪɨɛɥɟɦ, ɤɨɬɨɪɵɣ 
ɦɨɠɟɬ ɩɪɢɦɟɧɹɬɶɫɹ ɜɨ ɜɫɟɯ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɧɟ ɩɪɢɦɟɧɹɸɬɫɹ ɞɪɭɝɢɟ ɦɟɬɨɞɵ 
ɪɟɲɟɧɢɹ ɩɪɨɛɥɟɦ. ɗɬɨ ɞɟɥɚɟɬ ɚɥɝɨɪɢɬɦɵ ɩɨɢɫɤɚ ɧɚɢɛɨɥɟɟ ɰɟɧɧɨɣ ɢ ɱɚɫɬɨ 
ɢɫɩɨɥɶɡɭɟɦɨɣ ɱɚɫɬɶɸ ɚɥɝɨɪɢɬɦɨɜ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɢɧɬɟɥɥɟɤɬɚ.  

Ɋɟɲɟɧɢɟ ɩɪɨɛɥɟɦ ɢ ɩɥɚɧɢɪɨɜɚɧɢɟ – ɷɬɨ ɛɵɫɬɪɨ ɪɚɡɜɢɜɚɸɳɚɹɫɹ ɨɬɪɚɫɥɶ 
ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɢɧɬɟɥɥɟɤɬɚ, ɤɨɬɨɪɚɹ ɭɠɟ ɞɚɥɚ ɡɧɚɱɢɬɟɥɶɧɵɣ ɪɟɡɭɥɶɬɚɬ ɜ 
ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɩɪɚɤɬɢɤɟ. 

Naghizadeh ɢ ɞɪ. [5,6] ɨɩɢɫɚɥɢ ɨɫɧɨɜɧɵɟ ɤɨɦɩɨɧɟɧɬɵ 
ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. 

ɇɟɤɨɬɨɪɵɟ ɦɨɞɟɥɢ ɛɵɥɢ ɩɪɨɫɬɨ ɚɧɚɥɢɬɢɱɟɫɤɢɦɢ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɞɪɭɝɢɟ 
ɛɵɥɢ ɩɨɫɬɪɨɟɧɵ ɢɡ ɧɚɞɟɠɧɵɯ ɫɢɫɬɟɦɧɵɯ ɦɨɞɟɥɟɣ, ɩɨɤɚɡɵɜɚɸɳɢɯ ɞɢɧɚɦɢɱɟɫɤɢɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. Ɋɚɛɨɱɚɹ ɝɪɭɩɩɚ / ɤɨɦɢɬɟɬ IEEE [7, 8] ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɥɚ 
ɪɚɡɥɢɱɧɵɟ ɦɨɞɟɥɢ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɢ ɦɟɬɨɞɵ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɞɥɹ 
ɭɩɪɚɜɥɟɧɢɹ ɜɵɪɚɛɨɬɤɨɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ [9], ɨɩɢɫɵɜɚɸɳɢɟ ɩɪɢɛɥɢɠɟɧɢɟ 
ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɢ ɝɢɞɪɨɬɭɪɛɢɧɵ ɤɨ ɜɬɨɪɨɦɭ ɩɨɪɹɞɤɭ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɣ 
ɭɫɬɨɣɱɢɜɨɫɬɢ ɧɟɫɤɨɥɶɤɢɯ ɦɚɲɢɧ. 

Ɍɨɱɧɨ ɬɚɤ ɠɟ Qijuan ɢ ɞɪ. [10] ɩɪɟɞɫɬɚɜɢɥɢ ɧɨɜɭɸ ɦɨɞɟɥɶ ɝɢɞɪɨɬɭɪɛɢɧɧɨɣ 
ɝɟɧɟɪɚɬɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ, ɜ ɤɨɬɨɪɨɣ ɢɫɩɨɥɶɡɭɟɬɫɹ ɚɥɝɨɪɢɬɦ ɧɚɢɦɟɧɶɲɢɯ 
ɤɜɚɞɪɚɬɨɜ. ɗɬɚ ɦɨɞɟɥɶ ɹɜɥɹɟɬɫɹ ɞɢɧɚɦɢɱɧɨɣ. 

ȼ ɞɟɣɫɬɜɢɬɟɥɶɧɨɫɬɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɝɢɞɪɨɬɭɪɛɢɧɵ ɜ ɨɫɧɨɜɧɨɦ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɚɪɚɦɟɬɪɚɦɢ ɜɨɞɧɵɯ ɪɟɫɭɪɫɨɜ, ɤɨɬɨɪɵɟ ɩɨɫɬɭɩɚɸɬ ɜ ɬɭɪɛɢɧɭ. 
ɋɨɝɥɚɫɧɨ Singh ɢ ɞɪ. [11], ɧɟɤɨɬɨɪɵɟ ɢɡ ɷɬɢɯ ɩɚɪɚɦɟɬɪɨɜ ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ 
ɷɮɮɟɤɬɵ ɜɨɞɧɨɣ ɢɧɟɪɰɢɢ, ɫɠɢɦɚɟɦɨɫɬɢ ɜɨɞɵ ɢ ɭɩɪɭɝɨɫɬɢ ɫɬɟɧɤɢ ɬɪɭɛɵ ɜ 
ɡɚɬɜɨɪɟ.  

ȼɥɢɹɧɢɟ ɜɨɞɧɨɣ ɢɧɟɪɰɢɢ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɢɡɦɟɧɟɧɢɹ ɜ ɩɨɬɨɤɟ ɬɭɪɛɢɧɵ 
ɨɬɫɬɚɸɬ ɨɬ ɢɡɦɟɧɟɧɢɣ ɜ ɨɬɤɪɵɬɢɢ ɡɚɬɜɨɪɚ ɬɭɪɛɢɧɵ ɞɥɹ ɫɥɭɱɚɹ ɛɟɫɩɟɪɟɛɨɣɧɨɣ 
ɪɚɛɨɬɵ. ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɷɮɮɟɤɬ ɭɩɪɭɝɨɫɬɢ ɢɦɟɟɬ ɧɟɤɨɬɨɪɵɣ ɷɥɟɦɟɧɬ ɞɚɜɥɟɧɢɹ 
ɢ ɩɨɬɨɤɚ ɜ ɬɪɭɛɟ, ɹɜɥɟɧɢɟ, ɢɡɜɟɫɬɧɨɟ ɤɚɤ «ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɭɞɚɪ» [11]. Ⱦɪɭɝɢɟ 
ɩɚɪɚɦɟɬɪɵ ɬɟɤɭɳɟɣ ɜɨɞɵ ɬɚɤɠɟ ɜɥɢɹɸɬ ɧɚ ɩɨɬɨɤ ɜɨɞɵ ɢ ɤɨɫɜɟɧɧɨ ɜɥɢɹɸɬ ɧɚ 
ɱɚɫɬɨɬɭ ɜɪɚɳɟɧɢɹ ɬɭɪɛɢɧɵ, ɤɨɬɨɪɚɹ ɧɚɩɪɹɦɭɸ ɫɜɹɡɚɧɚ ɫ ɝɟɧɟɪɚɬɨɪɨɦ. ɉɨɷɬɨɦɭ, 
ɱɬɨɛɵ ɛɵɥɚ ɩɨɫɬɨɹɧɧɚɹ ɜɵɪɚɛɨɬɤɚ ɷɧɟɪɝɢɢ, ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɧɹɬɶ ɦɟɪɵ ɞɥɹ 
ɧɚɛɥɸɞɟɧɢɹ ɢ ɤɨɧɬɪɨɥɹ, ɱɬɨɛɵ ɩɪɟɨɞɨɥɟɬɶ ɢɡɦɟɧɱɢɜɨɫɬɶ ɜɨɞɵ ɜ ɩɪɨɬɨɱɧɨɣ 
ɱɚɫɬɢ ɬɭɪɛɢɧɵ. 
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Ʉɪɨɦɟ ɬɨɝɨ, ɫɭɳɟɫɬɜɭɸɬ ɦɨɞɟɥɢ ɥɢɧɟɣɧɵɯ ɢ ɧɟɥɢɧɟɣɧɵɯ ɝɢɞɪɨɬɭɪɛɢɧɧɵɯ 
ɭɫɬɚɧɨɜɨɤ ɫ ɷɮɮɟɤɬɚɦɢ ɧɟɭɩɪɭɝɨɝɨ ɢ ɭɩɪɭɝɨɝɨ ɜɨɞɹɧɨɝɨ ɫɬɨɥɛɚ. ɇɟɷɥɚɫɬɢɱɧɵɣ 
ɜɨɞɧɵɣ ɫɬɨɥɛ ɜ ɨɫɧɨɜɧɨɦ ɨɛɪɚɛɚɬɵɜɚɥɫɹ ɩɪɟɞɵɞɭɳɢɦɢ ɪɚɛɨɬɚɦɢ, ɜ ɬɨɦ ɱɢɫɥɟ 
Malik ɢ ɞɪ. [12], Ramey ɢ ɞɪ. [13], Bhaskar [14] ɢ Luqing ɢ ɞɪ. [15]. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɝɢɞɪɚɜɥɢɱɟɫɤɨɣ ɬɭɪɛɢɧɵ ɹɜɥɹɟɬɫɹ ɨɱɟɧɶ 
ɫɥɨɠɧɨɣ ɡɚɞɚɱɟɣ, ɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɷɬɨɝɨ ɞɥɹ ɟё ɪɚɫɱɟɬɚ ɢɫɩɨɥɶɡɭɸɬɫɹ ɧɚɞɟɠɧɵɟ 
ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ. ɇɟɤɨɬɨɪɵɟ ɢɡ ɷɬɢɯ ɦɨɞɟɥɟɣ ɛɵɥɢ ɪɚɫɫɦɨɬɪɟɧɵ Martez 
ɢ ɞɪ. [16] ɢ Singh ɢ ɞɪ. [11]. 

ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɧɟɤɨɬɨɪɵɟ ɦɨɞɟɥɢ ɧɟ ɛɵɥɢ ɚɧɚɥɢɬɢɱɟɫɤɢɦɢ, ɧɨ 
ɫɨɫɬɨɹɥɢ ɢɡ ɫɢɦɭɥɢɪɨɜɚɧɧɵɯ ɫɢɫɬɟɦ ɜ ɪɚɡɥɢɱɧɵɯ ɩɪɨɝɪɚɦɦɧɵɯ ɨɛɟɫɩɟɱɟɧɢɹɯ. 
ɇɚɩɪɢɦɟɪ, ɦɨɞɟɥɶ, ɩɪɟɞɫɬɚɜɥɟɧɧɚɹ Nassar [17], ɛɵɥɚ ɩɨɫɬɪɨɟɧɚ ɜ Simulink ɢ 
ɫɨɫɬɨɹɥɚ ɢɡ ɞɢɧɚɦɢɱɟɫɤɢɯ ɩɨɞɦɨɞɟɥɟɣ. 

Ⱥɧɚɥɨɝɢɱɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ Gagan Singh [18], ɤɨɬɨɪɵɣ 
ɢɫɫɥɟɞɨɜɚɥ ɢɦɢɬɚɰɢɸ ɢ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɜɪɟɦɟɧɢ ɨɠɢɞɚɧɢɹ ɨɬɜɟɬɚ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɩɨɥɨɠɟɧɢɹɯ ɡɚɬɜɨɪɚ. Ɏɚɤɬɢɱɟɫɤɢ, 
ɫɨɫɬɨɹɧɢɟ ɡɚɬɜɨɪɚ ɝɢɞɪɚɜɥɢɱɟɫɤɨɣ ɬɭɪɛɢɧɵ ɞɟɣɫɬɜɢɬɟɥɶɧɨ ɜɥɢɹɟɬ ɧɚ 
ɚɫɢɧɯɪɨɧɧɨɟ ɫɨɫɬɨɹɧɢɟ Ƚɗɋ, ɤɨɬɨɪɨɟ ɡɚɜɢɫɢɬ ɨɬ ɢɡɦɟɧɟɧɢɹ ɫɤɨɪɨɫɬɢ ɜ 
ɬɭɪɛɨɝɟɧɟɪɚɬɨɪɧɨɣ ɭɫɬɚɧɨɜɤɟ. Gagan Singh [18] ɩɪɟɞɫɬɚɜɥɹɟɬ 
ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɸ, ɢɧɬɟɝɪɢɪɭɹ ɥɢɧɟɣɧɭɸ ɢɧɜɚɪɢɚɧɬɧɭɸ ɜɨ ɜɪɟɦɟɧɢ ɦɨɞɟɥɶ 
ɡɚɬɜɨɪɚ, ɬɭɪɛɢɧɵ ɢ ɝɟɧɟɪɚɬɨɪɚ, ɱɬɨɛɵ ɨɩɪɟɞɟɥɢɬɶ ɞɢɧɚɦɢɱɟɫɤɢɣ ɨɬɤɥɢɤ ɡɚɬɜɨɪɚ. 
Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɭɫɬɚɧɨɜɢɜɲɚɹɫɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ 
ɬɭɪɛɢɧɵ ɡɚɜɢɫɢɬ ɨɬ ɩɨɥɨɠɟɧɢɹ ɡɚɬɜɨɪɚ ɢ ɧɚɩɨɪɚ. ɋɬɚɛɢɥɶɧɨɫɬɶ ɩɚɪɚɦɟɬɪɨɜ ɜɨɞɵ 
ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɪɟɠɢɦɨɦ. Ɉɞɧɚɤɨ ɩɟɪɟɯɨɞɧɵɣ ɪɟɠɢɦ 
ɦɨɠɟɬ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶɫɹ ɫɢɫɬɟɦɚɦɢ ɭɩɪɚɜɥɟɧɢɹ, ɤɨɬɨɪɵɟ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɧɚ 
ɜɯɨɞɟ ɜ ɬɭɪɛɢɧɭ. ɋɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɛɭɞɟɬ ɞɟɣɫɬɜɨɜɚɬɶ ɧɚ ɫɤɨɪɨɫɬɶ ɡɚɤɪɵɬɢɹ / 
ɨɬɤɪɵɬɢɹ ɡɚɬɜɨɪɚ, ɱɬɨɛɵ ɝɚɪɚɧɬɢɪɨɜɚɬɶ, ɱɬɨ ɫɤɨɪɨɫɬɶ ɧɚ ɜɚɥɭ ɧɟ ɡɚɜɢɫɢɬ ɨɬ 
ɩɨɫɬɭɩɚɸɳɟɣ ɜɨɞɵ. ȼ ɰɟɥɨɦ [18] ɦɨɞɟɥɶ ɨɩɢɫɵɜɚɟɬ ɩɨɥɧɭɸ ɫɢɥɨɜɭɸ ɭɫɬɚɧɨɜɤɭ, 
ɜɤɥɸɱɚɹ ɜɫɟ ɧɟɨɛɯɨɞɢɦɵɟ ɚɫɩɟɤɬɵ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɩɪɟɞɵɞɭɳɢɯ ɦɨɞɟɥɟɣ, ɤɨɬɨɪɵɟ 
ɫɨɫɪɟɞɨɬɨɱɟɧɵ ɬɨɥɶɤɨ ɧɚ ɨɞɧɨɦ ɚɫɩɟɤɬɟ. 

Ȼɨɥɟɟ ɬɨɝɨ, Munoz-Hernandez [19] ɢɫɩɨɥɶɡɨɜɚɥ Simulink ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ 
ɦɨɞɟɥɢ ɩɪɨɝɧɨɡɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɡɚ ɪɚɛɨɬɨɣ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. Ʉɪɨɦɟ ɬɨɝɨ, 
ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɟɳɟ ɨɞɧɚ ɧɚɞɟɠɧɚɹ ɦɨɞɟɥɶ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɜ ɤɨɬɨɪɨɣ 
ɫɪɚɜɧɢɜɚɥɢɫɶ ɞɜɚ ɢɡɜɟɫɬɧɵɯ ɦɟɬɨɞɚ ɭɩɪɚɜɥɟɧɢɹ. ɗɬɢ ɦɟɬɨɞɵ ɜɤɥɸɱɚɸɬ 
ɬɪɚɞɢɰɢɨɧɧɵɣ ɢɧɬɟɝɪɚɥɶɧɵɣ ɤɨɧɬɪɨɥɥɟɪ (ɂɄ) ɢ ɦɨɞɟɥɶ ɩɪɨɝɧɨɡɢɪɭɸɳɟɝɨ 
ɤɨɧɬɪɨɥɹ. Ȼɵɥɨ ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɦɨɞɟɥɶ ɩɪɨɝɧɨɡɢɪɭɸɳɟɝɨ ɤɨɧɬɪɨɥɹ ɞɚɟɬ 
ɥɭɱɲɢɟ ɪɟɡɭɥɶɬɚɬɵ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɧɚɞɟɠɧɨɫɬɢ, ɩɨɫɤɨɥɶɤɭ ɨɧɚ ɫɩɨɫɨɛɧɚ 
ɩɨɞɞɟɪɠɢɜɚɬɶ ɫɜɨɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɤɚɤ ɜ ɫɥɭɱɚɹɯ ɫɢɫɬɟɦɵ ɫ ɨɞɧɢɦ ɜɯɨɞɨɦ ɢ 
ɨɞɧɢɦ ɜɵɯɨɞɨɦ, ɬɚɤ ɢ ɜ ɫɥɭɱɚɹɯ ɫɢɫɬɟɦɵ ɫ ɧɟɫɤɨɥɶɤɢɦɢ ɜɯɨɞɚɦɢ ɢ ɧɟɫɤɨɥɶɤɢɦɢ 
ɜɵɯɨɞɚɦɢ.  

Li ɢ ɫɨɚɜɬɨɪɵ [20] ɪɚɡɪɚɛɨɬɚɥɢ ɦɨɞɟɥɶ ɝɢɞɪɨɬɭɪɛɢɧɵ ɢ ɪɟɝɭɥɹɬɨɪɚ ɞɥɹ 
ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɜ ɝɢɞɪɨɷɧɟɪɝɟɬɢɤɟ. Ⱥ ɢɦɟɧɧɨ ɪɚɡɪɚɛɚɬɵɜɚɸɬɫɹ ɬɪɢ ɪɚɡɥɢɱɧɵɟ 
ɦɨɞɟɥɢ ɝɢɞɪɨɬɭɪɛɢɧɵ ɢ ɪɟɝɭɥɹɬɨɪɨɜ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɬɪɟɛɨɜɚɧɢɣ ɤ 
ɦɨɞɟɥɢɪɨɜɚɧɢɸ ɞɥɹ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɜɵɪɚɛɨɬɤɢ ɝɢɞɪɨɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ 
ɷɧɟɪɝɨɫɢɫɬɟɦɟ ɫɟɜɟɪɧɵɯ ɫɬɪɚɧ. ɉɪɨɜɟɪɤɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɡɪɚɛɨɬɚɧɧɵɯ 
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ɦɨɞɟɥɟɣ ɜɵɩɨɥɧɹɟɬɫɹ ɤɚɤ ɚɜɬɨɧɨɦɧɨ, ɬɚɤ ɢ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ. ɉɨɦɢɦɨ 
ɷɬɨɣ ɫɢɫɬɟɦɵ, ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ ɬɚɤɠɟ ɜɵɩɨɥɧɹɟɬɫɹ ɞɥɹ 
ɤɪɭɩɧɨɦɚɫɲɬɚɛɧɨɣ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɩɢɬɚɧɢɹ, ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɞɢɧɚɦɢɱɟɫɤɢɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɨɞɟɥɟɣ ɜ ɛɨɥɟɟ ɤɪɭɩɧɵɯ ɢ ɫɥɨɠɧɵɯ ɫɟɬɹɯ. Ʉɪɨɦɟ ɬɨɝɨ, ɛɵɥ ɬɚɤɠɟ 
ɛɵɥɨ ɜɵɩɨɥɧɟɧɨ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɜ ɩɪɨɝɪɚɦɦɧɨɣ 
ɫɪɟɞɟ Matlab / Simulink.  

Fang ɢ ɫɨɚɜɬɨɪɵ [21] ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɥɢ ɦɨɞɟɥɢɪɨɜɚɧɢɟ 
ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɤɨɬɨɪɚɹ ɢɦɟɟɬ ɜɨɞɨɜɨɞ ɫ ɞɜɭɦɹ ɪɟɡɟɪɜɭɚɪɚɦɢ, 
ɪɚɫɩɨɥɨɠɟɧɧɵɦɢ ɜ ɜɟɪɯɧɟɦ ɢ ɧɢɠɧɟɦ ɬɟɱɟɧɢɢ. Ȼɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɢɦɢɬɚɰɢɨɧɧɚɹ 
ɦɨɞɟɥɶ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɫ ɬɭɪɛɢɧɨɣ Ɏɪɷɧɫɢɫɚ ɜ ɫɪɟɞɟ Matlab / Simulink. Ⱦɥɹ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ ɪɚɫɱɟɬɚ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ ɛɵɥɢ 
ɪɚɫɫɦɨɬɪɟɧɵ ɧɟɥɢɧɟɣɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɢɞɪɚɜɥɢɱɟɫɤɨɣ ɬɭɪɛɢɧɵ ɢ ɷɮɮɟɤɬ 
ɧɟɭɩɪɭɝɨɝɨ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɭɞɚɪɚ. Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɜɵɩɨɥɧɟɧɧɵɟ ɜ Matlab / Simulink, ɫɪɚɜɧɢɜɚɥɢɫɶ ɫ 
ɪɟɡɭɥɶɬɚɬɚɦɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɪɟɚɥɶɧɨɣ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɤɨɬɨɪɵɟ 
ɜɵɩɨɥɧɹɥɢɫɶ ɩɪɢ ɩɨɥɧɨɦ ɨɬɤɥɨɧɟɧɢɢ ɧɚɝɪɭɡɤɢ. 

Wangdi ɢ Richards [22] ɢɫɫɥɟɞɨɜɚɥɢ ɜɥɢɹɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɪɟɝɭɥɹɬɨɪɚ ɧɚ 
ɢɡɦɟɧɟɧɢɟ ɫɤɨɪɨɫɬɢ ɢ ɧɚɝɪɭɡɤɢ ɩɪɢ ɧɟɛɨɥɶɲɢɯ ɩɨɦɟɯɚɯ ɜ ɷɥɟɤɬɪɨɫɟɬɢ. 
Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɦɨɞɟɥɶ ɛɵɥɚ ɫɦɨɞɟɥɢɪɨɜɚɧɚ ɞɥɹ ɢɡɦɟɧɟɧɢɹ ɫɤɨɪɨɫɬɢ ɢ ɧɚɝɪɭɡɤɢ 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ Tutsim. Ȼɵɥɨ 
ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɨɬɨɤɚ ɧɚɝɪɭɡɤɢ ɢ ɨɩɪɟɞɟɥɟɧɵ ɤɨɷɮɮɢɰɢɟɧɬɵ 
ɫɢɧɯɪɨɧɢɡɢɪɭɸɳɟɣ ɦɨɳɧɨɫɬɢ ɫ ɩɨɦɨɳɶɸ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɤɨɦɩɶɸɬɟɪɧɵɯ 
ɩɪɨɝɪɚɦɦ. 

Hannett ɢ ɫɨɚɜɬɨɪɵ [23] ɨɩɢɫɚɥɢ ɞɢɧɚɦɢɱɟɫɤɭɸ ɢɦɢɬɚɰɢɨɧɧɭɸ ɦɨɞɟɥɶ 
ɝɢɞɪɨɚɤɤɭɦɭɥɢɪɭɸɳɟɣ ɫɬɚɧɰɢɢ ɫ ɧɚɫɨɫɨɦ, ɤɨɬɨɪɚɹ ɞɨɥɠɧɚ ɛɵɬɶ ɩɨɞɤɥɸɱɟɧɚ ɤ 
ɷɥɟɤɬɪɨɫɟɬɢ. ɂɦɢɬɚɰɢɨɧɧɚɹ ɦɨɞɟɥɶ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɞɥɹ ɩɪɟɞɫɬɚɜɥɟɧɢɹ 
ɭɫɬɚɧɨɜɤɢ ɜ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ ɞɥɹ ɢɡɭɱɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɨɦɟɯ, ɚ ɬɚɤɠɟ ɞɥɹ 
ɨɰɟɧɤɢ ɩɨɜɟɞɟɧɢɹ ɭɫɬɚɧɨɜɤɢ. Ɇɨɞɟɥɢ ɪɟɝɭɥɹɬɨɪɚ ɢ ɧɚɫɨɫɚ ɛɵɥɢ ɪɚɡɪɚɛɨɬɚɧɵ ɞɥɹ 
ɚɧɚɥɢɡɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɪɚɛɨɬɵ ɭɫɬɚɧɨɜɤɢ. 

Jaeger ɢ ɫɨɚɜɬɨɪɵ [24] ɩɪɟɞɫɬɚɜɢɥɢ ɧɟɥɢɧɟɣɧɭɸ ɦɨɞɟɥɶ ɝɢɞɪɚɜɥɢɱɟɫɤɨɣ 
ɬɭɪɛɢɧɵ ɞɥɹ ɞɢɧɚɦɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ.  
ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɥɢ ɪɚɛɨɬɭ ɫɦɨɞɟɥɢɪɨɜɚɧɧɨɣ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɤɨɬɨɪɚɹ 
ɫɨɫɬɨɢɬ ɢɡ ɧɟɫɤɨɥɶɤɢɯ ɬɭɪɛɢɧ, ɭ ɤɨɬɨɪɵɯ ɩɨɞɚɱɚ ɜɨɞɵ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɢɡ ɨɛɳɟɝɨ 
ɜɨɞɨɜɨɞɚ, ɫ ɭɱɟɬɨɦ ɝɢɞɪɚɜɥɢɱɟɫɤɨɣ ɫɜɹɡɢ. ɉɪɟɞɥɨɠɟɧɧɚɹ ɦɨɞɟɥɶ ɛɵɥɚ 
ɫɦɨɞɟɥɢɪɨɜɚɧɚ ɞɥɹ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɤɚɤ ɭɦɟɧɶɲɟɧɢɟ ɧɚɝɪɭɡɤɢ, ɢɡ-ɡɚ 
ɧɚɥɢɱɢɹ ɨɛɳɟɝɨ ɜɨɞɨɜɨɞɚ. 

Kumar [25] ɩɪɟɞɫɬɚɜɢɥ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɦɚɥɨɣ Ƚɗɋ ɜ ɉɚɱɟ ɩɪɢ ɪɚɡɥɢɱɧɵɯ 
ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚɬɚɰɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ALICES. 
Ⱦɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɛɵɥɢ ɪɚɫɫɦɨɬɪɟɧɵ ɨɬɞɟɥɶɧɵɟ ɤɨɦɩɨɧɟɧɬɵ Ƚɗɋ, ɬɚɤɢɟ ɤɚɤ 
ɜɨɞɨɫɥɢɜ, ɤɚɧɚɥ, ɜɨɞɨɨɬɜɨɞɧɚɹ ɬɪɭɛɚ, ɬɭɪɛɢɧɚ Ɏɪɷɧɫɢɫɚ, ɪɟɝɭɥɹɬɨɪ, ɫɢɧɯɪɨɧɧɵɣ 
ɝɟɧɟɪɚɬɨɪ ɢ ɫɢɫɬɟɦɚ ɜɨɡɛɭɠɞɟɧɢɹ. Ɍɚɤɠɟ ɛɵɥɨ ɩɪɟɞɫɬɚɜɥɟɧɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ 
ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɪɚɡɥɢɱɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɭɫɬɚɧɨɜɤɢ ɦɚɥɵɯ Ƚɗɋ. Ƚɢɞɪɚɜɥɢɱɟɫɤɢɟ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɟ ɦɨɞɟɥɢ, ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɟ ɢ ɦɟɯɚɧɢɱɟɫɤɢɟ 
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ɦɨɞɟɥɢ ɛɵɥɢ ɪɚɡɪɚɛɨɬɚɧɵ ɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɧɚ ɦɚɥɵɯ Ƚɗɋ ɜ 
ɩɪɨɝɪɚɦɦɧɨɣ ɫɪɟɞɟ ALICES. 

Koli [26] ɪɚɡɪɚɛɨɬɚɥ ɢɦɢɬɚɰɢɨɧɧɭɸ ɦɨɞɟɥɶ ɦɚɥɨɣ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɜ 
ɫɪɟɞɟ Matlab / Simulink ɢ ɢɡɭɱɢɥ ɟɟ ɩɨɜɟɞɟɧɢɟ ɜ ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɢɹɯ 
ɷɤɫɩɥɭɚɬɚɰɢɢ. Ⱦɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɛɵɥɢ ɪɚɫɫɦɨɬɪɟɧɵ ɪɚɡɥɢɱɧɵɟ ɤɨɦɩɨɧɟɧɬɵ 
ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ, ɬɚɤɢɟ ɤɚɤ ɡɚɬɜɨɪ, ɜɨɞɨɯɪɚɧɢɥɢɳɟ, ɬɭɪɛɢɧɚ Ɏɪɷɧɫɢɫɚ, 
ɫɢɧɯɪɨɧɧɵɣ ɝɟɧɟɪɚɬɨɪ ɢ ɫɢɫɬɟɦɚ ɜɨɡɛɭɠɞɟɧɢɹ ɞɥɹ ɝɟɧɟɪɚɬɨɪɚ. Ȼɵɥɨ 
ɩɪɟɞɫɬɚɜɥɟɧɨ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɨɬɞɟɥɶɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɦɚɥɨɣ 
ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɢ ɪɚɡɪɚɛɨɬɚɧɵ ɛɥɨɤɢ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ ɦɨɞɟɥɶ ɜ 
ɩɪɨɝɪɚɦɦɧɨɦ ɨɛɟɫɩɟɱɟɧɢɢ Matlab / Simulink. 

Jadid ɢ Salami [27] ɢɫɫɥɟɞɨɜɚɥɢ ɩɪɨɛɥɟɦɭ ɫɪɚɛɚɬɵɜɚɧɢɹ ɞɚɬɱɢɤɚ ɧɚɝɪɭɡɤɢ 
ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɟ ɩɨɫɥɟ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɞɥɹ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ 
ɫɢɫɬɟɦɵ ɜ ɧɨɪɦɚɥɶɧɨɟ ɫɨɫɬɨɹɧɢɹ, ɤɨɬɨɪɨɟ ɛɵɥɨ ɜɵɡɜɚɧɨ ɨɬɤɥɨɧɟɧɢɟɦ ɱɚɫɬɨɬɧɨɣ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɬ ɞɨɩɭɫɬɢɦɵɯ ɩɪɟɞɟɥɨɜ. ɋɚɦɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɜɨɞɢɥɨɫɶ ɧɚ 
ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɪɨɜɟɞɟɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɚ 
ɩɪɟɞɥɨɠɟɧɚ ɬɨɱɧɚɹ ɦɨɞɟɥɶ ɭɫɬɚɧɨɜɤɢ ɢ ɩɪɨɜɟɞɟɧɨ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɧɚ 
ɩɪɟɞɥɨɠɟɧɧɨɣ ɦɨɞɟɥɢ. ȼ ɩɪɟɞɥɨɠɟɧɧɨɣ ɦɨɞɟɥɢ ɞɥɹ ɛɵɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ 
ɥɢɧɟɚɪɢɡɨɜɚɧɧɚɹ ɦɨɞɟɥɶ ɝɢɞɪɚɜɥɢɱɟɫɤɨɣ ɬɭɪɛɢɧɵ. 

Hannett ɢ ɫɨɚɜɬɨɪɵ [28] ɩɪɟɞɥɨɠɟɧɚ ɦɨɞɟɥɶ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, 
ɢɦɟɸɳɚɹ ɧɟɫɤɨɥɶɤɨ ɚɝɪɟɝɚɬɨɜ, ɢɦɟɸɳɢɯ ɨɛɳɢɣ ɬɪɭɛɨɩɪɨɜɨɞ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɛɵɥɚ 
ɩɨɥɭɱɟɧɚ ɢɦɢɬɚɰɢɨɧɧɚɹ ɦɨɞɟɥɶ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɣ ɩɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɜɟɞɟɧɢɹ ɦɨɞɟɥɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɮɢɡɢɱɟɫɤɢɯ 
ɩɚɪɚɦɟɬɪɨɜ. Ɍɚɤɠɟ ɛɵɥɢ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɩɚɪɚɦɟɬɪɵ ɬɭɪɛɢɧɵ ɢ ɪɟɝɭɥɹɬɨɪɚ, ɢ 
ɢɯ ɝɢɞɪɚɜɥɢɱɟɫɤɚɹ ɫɜɹɡɶ. ɋ ɩɨɦɨɳɶɸ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɛɵɥɢ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɵ 
ɷɮɮɟɤɬɵ ɭɫɬɨɣɱɢɜɨɫɬɢ ɭɫɬɚɧɨɜɤɢ ɩɚɪɚɦɟɬɪɨɜ ɜ ɢɡɨɥɢɪɨɜɚɧɧɨɦ ɫɨɫɬɨɹɧɢɢ. 

Vournas [29] ɢɫɫɥɟɞɨɜɚɥ ɫɬɚɛɢɥɶɧɨɫɬɶ ɪɟɠɢɦɨɜ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɯ 
ɤɨɥɟɛɚɧɢɣ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɪɟɯ ɪɚɡɥɢɱɧɵɯ ɦɨɞɟɥɟɣ 
ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɬɭɪɛɢɧ. Ȼɵɥ ɪɚɡɪɚɛɨɬɚɧ ɢɬɟɪɚɰɢɨɧɧɵɣ ɦɟɬɨɞ ɨɰɟɧɤɢ ɞɥɹ 
ɩɨɥɭɱɟɧɢɹ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɞɥɹ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɡɚɬɭɯɚɧɢɹ 
ɤɨɥɟɛɚɧɢɣ, ɤɨɬɨɪɵɣ ɡɧɚɱɢɬɟɥɶɧɨ ɭɥɭɱɲɢɥ ɞɟɦɩɮɢɪɨɜɚɧɢɟ ɤɨɥɟɛɚɧɢɣ. 

Robert ɢ Michaud [30] ɩɪɟɞɫɬɚɜɢɥɢ ɦɨɞɟɥɶ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɤɨɬɨɪɚɹ 
ɛɵɥɚ ɩɨɞɤɥɸɱɟɧɚ ɤ ɷɥɟɤɬɪɨɫɟɬɢ ɞɥɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɪɟɝɭɥɹɬɨɪɚ ɦɨɳɧɨɫɬɢ. 
Ɋɚɡɪɚɛɨɬɚɧɵ ɦɨɞɟɥɢ ɦɟɞɥɟɧɧɨɣ ɢ ɛɵɫɬɪɨɣ ɞɢɧɚɦɢɤɢ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɭɫɬɚɧɨɜɨɤ, 
ɭɱɢɬɵɜɚɸɳɢɟ ɭɩɪɭɝɨɫɬɶ ɡɚɬɜɨɪɚ ɢ ɜɥɢɹɧɢɟ ɜɨɞɨɯɪɚɧɢɥɢɳɚ. Ȼɵɥɢ ɩɪɟɞɥɨɠɟɧɵ 
ɦɨɞɟɥɢ ɫ ɭɦɟɧɶɲɟɧɧɵɦ ɩɨɪɹɞɤɨɦ ɞɥɹ ɦɧɨɝɨɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɨɫɢɫɬɟɦɵ. 
Ⱦɨɫɬɨɜɟɪɧɨɫɬɶ ɪɟɡɭɥɶɬɚɬɨɜ ɛɵɥɚ ɩɨɞɬɜɟɪɠɞɟɧɚ ɩɭɬɟɦ ɫɪɚɜɧɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɜɵɩɨɥɧɟɧɧɵɯ ɜ Matlab / Simulink, ɢ ɢɡɦɟɪɟɧɢɣ, ɜɵɩɨɥɧɟɧɧɵɯ ɧɚ 
ɝɢɞɪɨɚɝɪɟɝɚɬɟ ɦɨɳɧɨɫɬɶɸ 252 ɆȼȺ. 

Souza ɢ ɫɨɚɜɬɨɪɵ [31] ɩɪɟɞɫɬɚɜɢɥɢ ɚɧɚɥɢɡ ɞɢɫɤɪɟɬɧɨɣ ɝɢɞɪɚɜɥɢɱɟɫɤɨɣ 
ɫɢɫɬɟɦɵ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ. ȼ ɞɚɧɧɨɣ 
ɪɚɛɨɬɟ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɢɦɢɬɚɰɢɨɧɧɨɣ ɦɨɞɟɥɢ ɛɵɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ ɚɧɚɥɨɝɨɜɚɹ 
ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɝɢɞɪɨɬɭɪɛɢɧɵ. Ɋɟɡɭɥɶɬɚɬɵ ɩɨɥɭɱɟɧɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɦɟɬɨɞɚ ɧɟɥɢɧɟɣɧɨɝɨ ɚɧɚɥɨɝɨ-ɰɢɮɪɨɜɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. Ɍɟɨɪɟɬɢɱɟɫɤɢɟ 
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ɪɟɡɭɥɶɬɚɬɵ ɩɨɥɭɱɟɧɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɢ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ 
ɫɪɚɜɧɟɧɢɟ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɚɧɚɥɨɝɨɜɨɝɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ. 

Lindenmeyer ɢ ɫɨɚɜɬɨɪɵ [32] ɩɪɟɞɫɬɚɜɢɥɢ ɦɨɞɟɥɶ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɝɢɞɪɨ- ɢ ɚɬɨɦɧɨɣ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɜ ɩɪɨɝɪɚɦɦɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ 
ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ (ɗɆɉɌ). Ȼɵɥɢ ɩɨɥɭɱɟɧɵ ɦɨɞɟɥɢ ɝɟɧɟɪɚɬɨɪɚ, ɬɭɪɛɢɧɵ, 
ɫɢɫɬɟɦɵ ɜɨɡɛɭɠɞɟɧɢɹ ɢ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ. Ȼɵɥɚ ɩɪɨɜɟɞɟɧɚ ɩɪɨɜɟɪɤɚ 
ɢɧɞɢɜɢɞɭɚɥɶɧɨɣ ɦɨɞɟɥɢ ɩɭɬɟɦ ɩɨɥɟɜɵɯ ɢɡɦɟɪɟɧɢɣ. Ɍɚɤɠɟ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɦɨɞɟɥɢɪɨɜɚɧɧɨɣ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɹ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɚɬɨɦɧɨɣ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭɸɬ ɗɆɌɉ. Ⱦɥɹ 
ɩɪɨɜɟɪɤɢ ɦɨɞɟɥɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɪɚɜɧɢɜɚɥɢɫɶ ɫ 
ɢɡɦɟɪɟɧɢɟɦ, ɜɵɩɨɥɧɟɧɧɵɦ ɜ ɯɨɞɟ ɢɫɩɵɬɚɧɢɹ ɢɧɠɟɧɟɪɧɵɯ ɡɚɳɢɬɧɵɯ ɮɭɧɤɰɢɣ 
(ɂɁɎ) ɜ ɫɢɫɬɟɦɟ ɚɜɚɪɢɣɧɨɝɨ ɷɧɟɪɝɨɫɧɚɛɠɟɧɢɹ. 

Vournas ɢ Papaioannou [33] ɩɪɟɞɫɬɚɜɢɥɢ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɧɟɥɢɧɟɣɧɨɣ 
ɦɨɞɟɥɢ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɫ ɞɜɭɦɹ ɭɪɚɜɧɢɬɟɥɶɧɵɦɢ ɪɟɡɟɪɜɭɚɪɚɦɢ. Ɇɨɞɟɥɶ 
ɛɵɥɚ ɥɢɧɟɚɪɢɡɨɜɚɧɚ ɢ ɭɩɪɨɳɟɧɚ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɚɧɚɥɢɡɚ ɭɫɬɨɣɱɢɜɨɫɬɢ 
ɪɟɝɭɥɹɬɨɪɚ. Ȼɵɥɨ ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɞɜɭɯ ɭɪɚɜɧɢɬɟɥɶɧɵɯ 
ɪɟɡɟɪɜɭɚɪɨɜ, ɢ ɫɢɫɬɟɦɚ ɛɵɥɚ ɫɦɨɞɟɥɢɪɨɜɚɧɚ ɞɥɹ ɜɧɟɡɚɩɧɨɝɨ ɨɬɤɪɵɬɢɹ / ɡɚɤɪɵɬɢɹ 
ɡɚɬɜɨɪɚ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɫ ɩɨɦɨɳɶɸ ɚɧɚɥɢɡɚ ɦɚɥɵɯ ɫɢɝɧɚɥɨɜ ɧɚ ɨɫɧɨɜɟ 
ɥɢɧɟɚɪɢɡɚɰɢɢ ɨɰɟɧɢɜɚɥɚɫɶ ɫɬɚɛɢɥɶɧɨɫɬɶ ɤɨɧɬɭɪɚ ɱɚɫɬɨɬɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. 

Choo ɢ ɫɨɚɜɬɨɪɵ [34] ɩɪɟɞɫɬɚɜɢɥɢ ɦɨɞɟɥɶ ɝɢɞɪɚɜɥɢɱɟɫɤɨɣ ɬɭɪɛɢɧɵ ɫ 
ɞɥɢɧɧɵɦ ɧɚɩɨɪɧɵɦ ɜɨɞɨɜɨɞɨɦ, ɫ ɭɱɟɬɨɦ ɜɨɡɞɟɣɫɬɜɢɹ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɭɞɚɪɚ ɢ 
ɬɪɟɧɢɹ. Ⱦɥɹ ɚɧɚɥɢɡɚ ɩɟɪɟɯɨɞɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɪɢ ɧɚɪɭɲɟɧɢɹɯ ɧɚɝɪɭɡɤɢ ɛɵɥɚ 
ɢɫɩɨɥɶɡɨɜɚɧɚ ɩɨɞɪɨɛɧɚɹ ɝɢɞɪɚɜɥɢɱɟɫɤɚɹ ɬɭɪɛɢɧɚ-ɜɨɞɨɜɨɞ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɭɫɬɨɣɱɢɜɨɫɬɢ ɪɟɝɭɥɹɬɨɪɚ. Ⱥɧɚɥɢɡ ɱɚɫɬɨɬɧɵɯ ɢ ɩɟɪɟɯɨɞɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɩɪɨɜɨɞɢɥɫɹ ɞɥɹ ɢɡɭɱɟɧɢɹ ɜɥɢɹɧɢɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɬɭɪɛɢɧɵ ɢ ɜɨɞɨɜɨɞɚ ɧɚ 
ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɬɚɛɢɥɶɧɨɫɬɢ ɫɢɫɬɟɦɵ ɢ ɞɢɧɚɦɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. 

Gao ɢ Wang [35] ɩɪɟɞɫɬɚɜɢɥɢ ɧɟɥɢɧɟɣɧɭɸ, ɥɢɧɟɚɪɢɡɨɜɚɧɧɭɸ ɧɚ ɨɫɧɨɜɟ 
ɩɪɨɬɨɬɢɩɚ, ɥɢɧɟɚɪɢɡɨɜɚɧɧɭɸ ɧɚ ɨɫɧɨɜɟ ɜɧɭɬɪɟɧɧɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɨɞɟɥɶ 
ɝɢɞɪɨɬɭɪɛɢɧɵ. Ȼɵɥɢ ɜɵɩɨɥɧɟɧɵ ɱɟɬɵɪɟ ɪɚɡɥɢɱɧɵɯ ɬɢɩɚ ɜɥɢɹɧɢɹ ɦɨɞɟɥɢ 
ɝɢɞɪɨɬɭɪɛɢɧɵ ɢ ɟɟ ɩɪɢɦɟɧɢɦɨɫɬɢ ɧɚ ɚɧɚɥɢɡ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɢ ɫɞɟɥɚɧ ɜɵɜɨɞ, ɱɬɨ 
ɜɥɢɹɧɢɟ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɦɨɞɟɥɟɣ ɝɢɞɪɨɬɭɪɛɢɧɵ ɛɵɥɨ ɛɨɥɶɲɟ ɧɚ 
ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɣ ɢ ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɟɠɢɦ ɤɨɥɟɛɚɧɢɣ, ɱɟɦ ɧɚ ɪɟɠɢɦ 
ɤɨɥɟɛɚɧɢɣ ɫɢɫɬɟɦɵ ɜɨɡɛɭɠɞɟɧɢɹ. 

Naik ɢ ɫɨɚɜɬɨɪɵ [36] ɩɪɟɞɫɬɚɜɢɥɢ ɉɂȾ-ɪɟɝɭɥɹɬɨɪ ɫ ɜɧɭɬɪɟɧɧɟɣ ɦɨɞɟɥɶɸ 
ɭɩɪɚɜɥɟɧɢɹ (ȼɆɍ) ɞɥɹ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɫ ɭɱɟɬɨɦ ɧɚɥɢɱɢɹ ɷɮɮɟɤɬɚ 
ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɭɞɚɪɚ. ȼ ɷɬɨɣ ɪɚɛɨɬɟ ɪɟɡɭɥɶɬɚɬ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɟɞɥɨɠɟɧɧɨɣ 
ɧɚɫɬɪɨɣɤɢ ȼɆɍ ɫɪɚɜɧɢɜɚɥɫɹ ɫ ɨɞɧɨɱɚɫɬɨɬɧɨɣ ɧɚɫɬɪɨɣɤɨɣ ɩɨ ɡɚɦɤɧɭɬɨɣ ɩɟɬɥɟ 
ɐɢɝɥɟɪɚ-ɇɢɤɨɥɫɚ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɦɨɞɟɥɢɪɭɟɦɵɣ ɪɟɡɭɥɶɬɚɬ ɦɟɬɨɞɢɤɢ 
ɧɚɫɬɪɨɣɤɢ ȼɆɍ ɹɜɥɹɟɬɫɹ ɰɟɥɟɫɨɨɛɪɚɡɧɵɦ ɢ ɭɧɢɜɟɪɫɚɥɶɧɵɦ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɜ ɭɩɪɚɜɥɟɧɢɢ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɟɣ, ɢɦɟɸɳɟɣ ɷɮɮɟɤɬ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɭɞɚɪɚ. 

Vinatoru ɢ Iancu [37] ɩɪɟɞɫɬɚɜɢɥɢ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ ɤɚɫɤɚɞɧɨɣ 
ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɤɨɬɨɪɚɹ ɭɱɢɬɵɜɚɥɚ ɞɢɧɚɦɢɱɟɫɤɨɟ ɢ ɫɬɚɬɢɱɟɫɤɨɟ 
ɩɨɜɟɞɟɧɢɟ ɫɬɚɧɰɢɢ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɚɥɝɨɪɢɬɦɚ ɰɢɮɪɨɜɨɝɨ ɭɩɪɚɜɥɟɧɢɹ. Ⱦɥɹ 
ɜɵɩɨɥɧɟɧɢɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ ɚɧɚɥɢɡɚ ɫɬɪɭɤɬɭɪɵ ɢ ɚɥɝɨɪɢɬɦɚ ɭɩɪɚɜɥɟɧɢɹ 
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ɪɚɡɪɚɛɨɬɚɧɚ ɭɩɪɨɳɟɧɧɚɹ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɹ. 
ɋɦɨɞɟɥɢɪɨɜɚɧɧɵɣ ɪɟɡɭɥɶɬɚɬ ɫɪɚɜɧɢɜɚɥɫɹ ɫ ɪɟɡɭɥɶɬɚɬɨɦ, ɩɨɥɭɱɟɧɧɵɦ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɩɪɨɜɟɞɟɧɧɨɝɨ ɜ ɪɟɚɥɶɧɨɣ ɫɢɫɬɟɦɟ. 

Ramey ɢ Skooglund [38] ɫɪɚɜɧɢɥɢ ɩɟɪɟɯɨɞɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɟɬɚɥɶɧɨɝɨ 
ɢ ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɫɢɫɬɟɦɵ ɝɢɞɪɨɪɟɝɭɥɹɬɨɪɚ. Ȼɵɥɢ ɩɪɟɞɥɨɠɟɧɵ 
ɩɪɨɰɟɞɭɪɵ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɢ ɩɨ ɡɚɜɨɞɫɤɢɦ 
ɞɚɧɧɵɦ ɞɥɹ ɤɪɭɩɧɨɦɚɫɲɬɚɛɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɬɚɛɢɥɶɧɨɫɬɢ ɫɢɫɬɟɦɵ. 

Nicolet ɢ ɫɨɚɜɬɨɪɵ [39] ɪɚɡɪɚɛɨɬɚɥɢ SIMSEN, ɱɢɫɥɨɜɨɣ ɩɪɨɝɪɚɦɦɧɵɣ 
ɩɚɤɟɬ, ɢɫɩɨɥɶɡɭɟɦɵɣ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɢ 
ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɤɨɦɩɨɧɟɧɬɨɜ. Ɋɚɡɪɚɛɨɬɚɧɧɨɟ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɩɨɥɟɡɧɨ 
ɞɥɹ ɚɧɚɥɢɡɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɢ ɦɨɝɥɨ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɨ ɞɥɹ 
ɨɩɬɢɦɢɡɢɪɨɜɚɧɢɹ ɩɪɨɟɤɬɚ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɝɢɞɪɚɜɥɢɱɟɫɤɢɟ ɤɨɦɩɨɧɟɧɬɵ 
ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɛɵɥɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɯɟɦɨɣ. 

Scherer ɢ Camargo [40] ɨɛɫɭɞɢɥɢ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɢ ɭɩɪɚɜɥɟɧɢɟ ɦɢɤɪɨ-
ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɹɦɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɟɥɢɧɟɣɧɨɣ ɝɢɞɪɨɬɭɪɛɢɧɧɨɣ ɦɨɞɟɥɢ, 
ɩɪɢɦɟɧɹɟɦɨɣ ɧɚ ɢɧɞɭɤɰɢɨɧɧɵɯ ɝɟɧɟɪɚɬɨɪɚɯ (ɂȽ) ɞɥɹ ɦɢɤɪɨɫɟɬɟɜɵɯ ɫɢɫɬɟɦ. 
ɉɨɫɬɨɹɧɧɚɹ ɫɤɨɪɨɫɬɶ ɢ ɧɚɩɪɹɠɟɧɢɟ ɞɥɹ ɦɨɞɟɥɢ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɪɟɝɭɥɹɬɨɪɨɦ 
ɫɤɨɪɨɫɬɢ ɢ ɭɩɪɚɜɥɟɧɢɟɦ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɶɸ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɢɧɜɟɪɬɨɪɧɨɝɨ 
ɢɫɬɨɱɧɢɤɚ ɧɚɩɪɹɠɟɧɢɹ (ɂɂɇ). 

Konar ɢ ɫɨɚɜɬɨɪɵ [41] ɨɛɫɭɠɞɚɥɢ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɢ ɫɢɦɭɥɹɰɢɸ ɝɢɛɪɢɞɧɨɣ 
ɝɟɧɟɪɚɰɢɢ ɷɧɟɪɝɢɢ ɞɥɹ ɢɡɨɥɢɪɨɜɚɧɧɨɣ ɪɚɛɨɬɵ ɜ ɯɨɥɦɢɫɬɵɯ ɪɚɣɨɧɚɯ. Ȼɵɥɚ 
ɨɬɞɟɥɶɧɨ ɪɚɡɪɚɛɨɬɚɧɚ ɦɨɞɟɥɶ ɞɥɹ ɦɢɤɪɨ-ɝɢɞɪɨ- ɢ ɞɢɡɟɥɶ-ɝɟɧɟɪɚɬɨɪɚ ɜ ɫɪɟɞɟ 
Matlab / Simulink, ɚ ɡɚɬɟɦ ɫɨɟɞɢɧɟɧɚ ɩɚɪɚɥɥɟɥɶɧɨ, ɱɬɨɛɵ ɫɮɨɪɦɢɪɨɜɚɬɶ 
ɚɜɬɨɧɨɦɧɭɸ ɝɢɛɪɢɞɧɭɸ ɫɢɫɬɟɦɭ ɜɵɪɚɛɨɬɤɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. ɉɪɨɜɟɞɟɧɢɟ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɬɚɛɢɥɶɧɨɫɬɢ ɫɢɫɬɟɦɵ ɛɵɥɨ ɜɵɩɨɥɧɟɧɨ ɩɭɬɟɦ ɢɡɦɟɧɟɧɢɹ ɧɚɝɪɭɡɨɤ 
ɢ ɜɜɟɞɟɧɢɹ ɬɪɟɯɮɚɡɧɨɝɨ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɧɚ ɜɵɜɨɞɚɯ ɧɚɝɪɭɡɤɢ. 

Hong-qing ɢ Zu-yi [42] ɪɚɡɪɚɛɨɬɚɥɢ ɦɨɞɟɥɶ ɪɟɝɭɥɢɪɭɸɳɟɣ ɫɢɫɬɟɦɵ 
ɝɢɞɪɚɜɥɢɱɟɫɤɨɣ ɬɭɪɛɢɧɵ ɫ ɭɱɟɬɨɦ ɧɟɥɢɧɟɣɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢ ɧɟɭɩɪɭɝɨɝɨ 
ɷɮɮɟɤɬɚ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɭɞɚɪɚ ɜ Matlab / Simulink. ɂɦɢɬɚɰɢɨɧɧɨɟ ɢɫɩɵɬɚɧɢɟ ɧɚ 
ɨɬɫɭɬɫɬɜɢɟ ɧɚɝɪɭɡɤɢ ɢ ɢɡɨɥɢɪɨɜɚɧɧɭɸ ɪɚɛɨɬɭ ɩɪɨɜɨɞɢɥɨɫɶ ɞɥɹ ɢɡɭɱɟɧɢɹ 
ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜ ɝɢɞɪɚɜɥɢɱɟɫɤɨɣ ɬɭɪɛɢɧɟ. 

Cozorici ɢ ɫɨɚɜɬɨɪɵ [43] ɨɫɭɳɟɫɬɜɢɥɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɦɨɞɟɥɢ 
ɜɟɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ 
ɪɚɛɨɬɟ ɢ ɞɟɦɨɧɫɬɪɚɰɢɢ ɫɬɭɞɟɧɬɚɦ, ɨ ɬɨɦ ɤɚɤ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜɵɪɚɛɨɬɤɚ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɨɬ ɜɟɬɪɹɧɨɣ ɢ ɦɚɥɨɣ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ. Ɍɚɤɠɟ ɛɵɥɨ 
ɜɵɩɨɥɧɟɧɨ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɨɞɟɥɢ ɜɟɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɨɣ 
ɭɫɬɚɧɨɜɤɢ. 

Chen ɢ ɫɨɚɜɬɨɪɵ [44] ɪɚɡɪɚɛɨɬɚɥɢ ɫɢɫɬɟɦɭ ɧɟɥɢɧɟɣɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ 
ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɞɥɹ ɬɟɫɬɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɱɚɫɬɨɬɵ 
ɜɪɚɳɟɧɢɹ ɝɢɞɪɨɚɝɪɟɝɚɬɚ. ȼ ɷɬɨɣ ɪɚɛɨɬɟ ɧɟɥɢɧɟɣɧɚɹ ɯɚɪɚɬɟɪɢɫɬɢɤɚ ɝɢɞɪɨɬɭɪɛɢɧɵ 
ɛɵɥɚ ɫɦɨɞɟɥɢɪɨɜɚɧɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ, ɤɨɬɨɪɚɹ ɞɨɫɬɢɝɥɚ ɛɨɥɟɟ 
ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. 

Kawkabani ɢ ɫɨɚɜɬɨɪɵ [45] ɩɪɟɞɫɬɚɜɢɥɢ ɦɨɞɟɥɶ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɞɥɹ 
ɜɵɩɨɥɧɟɧɢɹ ɢɦɢɬɚɰɢɨɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɫɬɚɧɰɢɢ. 
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ɇɚɛɨɪ ɩɚɪɚɦɟɬɪɨɜ ɪɟɝɭɥɹɬɨɪɚ ɬɭɪɛɢɧɵ ɨɩɪɟɞɟɥɹɥɫɹ ɫ ɩɨɦɨɳɶɸ ɫɩɟɰɢɚɥɶɧɨɣ 
ɩɪɨɰɟɞɭɪɵ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɞɥɹ ɫɬɚɛɢɥɶɧɨɣ ɪɚɛɨɬɵ. ɉɪɨɜɟɞɟɧ ɚɧɚɥɢɡ 
ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɩɭɬɟɦ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜɪɟɦɟɧɧɵɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɪɟɝɭɥɹɬɨɪɚ. 

Kawkabani ɢ ɫɨɚɜɬɨɪɵ [46] ɩɪɟɞɫɬɚɜɢɥɢ ɨɛɡɨɪ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɪɚɛɨɬ, 
ɜɵɩɨɥɧɟɧɧɵɯ ɜ ɨɛɥɚɫɬɢ ɪɚɡɪɚɛɨɬɤɢ ɦɨɞɟɥɢ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɢ ɫɢɫɬɟɦɵ 
ɭɩɪɚɜɥɟɧɢɹ, ɢɫɩɨɥɶɡɭɟɦɨɣ ɜ ɦɨɞɟɥɢ ɞɥɹ ɢɡɭɱɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ 
ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. ȼ ɷɬɨɣ ɪɚɛɨɬɟ ɛɵɥɢ ɜɵɹɜɥɟɧɵ ɩɪɨɛɥɟɦɵ ɜ ɢɫɫɥɟɞɨɜɚɧɢɹɯ 
ɩɨ ɦɨɞɟɥɢɪɨɜɚɧɢɸ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɢ ɟё ɭɩɪɚɜɥɟɧɢɸ ɜ ɞɚɥɶɧɟɣɲɟɣ 
ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ ɪɚɛɨɬɟ, ɤɨɬɨɪɚɹ ɛɭɞɟɬ ɩɪɨɜɨɞɢɬɶɫɹ ɜ ɨɛɥɚɫɬɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
ɢ ɫɢɦɭɥɹɰɢɢ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. 

Rahi ɢ Kumar [47] ɩɪɟɞɫɬɚɜɢɥɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ ɫɢɫɬɟɦ 
ɜɨɡɛɭɠɞɟɧɢɹ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɞɥɹ ɜɨɡɛɭɠɞɟɧɢɹ ɝɟɧɟɪɚɬɨɪɚ ɧɚ ɦɚɥɨɣ 
ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ (ɆȽɗɋ), ɞɥɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ ɜɨɡɛɭɠɞɟɧɢɹ ɜ 
ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ. ȼ ɷɬɨɣ ɪɚɛɨɬɟ ɛɵɥɢ ɫɦɨɞɟɥɢɪɨɜɚɧɵ ɬɪɢ ɬɢɩɚ 
ɫɢɫɬɟɦɵ ɜɨɡɛɭɠɞɟɧɢɹ, ɢ ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɫɬɚɬɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ ɜɨɡɛɭɠɞɟɧɢɹ 
ɢɦɟɟɬ ɛɨɥɟɟ ɛɵɫɬɪɨɟ ɜɪɟɦɹ ɨɬɤɥɢɤɚ, ɱɟɦ ɫɢɫɬɟɦɚ ɜɨɡɛɭɠɞɟɧɢɹ ɩɨɫɬɨɹɧɧɨɝɨ ɢ 
ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ. 

Arun [48] ɩɪɟɞɫɬɚɜɢɥ ɢɦɢɬɚɰɢɨɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɢɧɢ-
ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɦɨɳɧɨɫɬɶɸ 500 ɤȼɬ ɢ 100 ɤȼɬ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ⱦɥɹ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɪɚɫɫɦɨɬɪɟɧɵ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɪɚɡɥɢɱɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ 
ɦɢɧɢ-Ƚɗɋ. ɉɨɜɟɞɟɧɢɟ ɦɢɧɢ-ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɢɹɯ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɢɡɭɱɚɥɨɫɶ ɩɭɬɟɦ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɨɞɟɥɢ ɜ ɫɪɟɞɟ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ALICES. 
 

ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ 1: 
 
ȼ ɝɥɚɜɟ 1 ɩɪɟɞɫɬɚɜɥɟɧ ɥɢɬɟɪɚɬɭɪɧɵɣ ɩɨɢɫɤ ɡɚ ɩɟɪɢɨɞ 15-20 ɥɟɬ ɜ Ɋɨɫɫɢɢ ɢ 

ɡɚ ɪɭɛɟɠɨɦ ɩɨ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɢɧɬɟɥɥɟɤɬɚ ɜ ɭɩɪɚɜɥɟɧɢɢ 
ɪɟɠɢɦɚɦɢ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ.  

Ɋɚɡɪɚɛɨɬɚɧɵ ɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɦɨɞɟɥɢ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɢ ɟё 
ɤɨɦɩɨɧɟɧɬɨɜ, ɬɚɤɢɯ ɤɚɤ: ɝɢɞɪɨɬɭɪɛɢɧɚ, ɪɟɝɭɥɹɬɨɪ, ɫɢɫɬɟɦɚ ɜɨɡɛɭɠɞɟɧɢɹ ɢ 
ɫɢɧɯɪɨɧɧɵɣ ɝɟɧɟɪɚɬɨɪ, ɤɨɬɨɪɵɟ ɫɦɨɞɟɥɢɪɨɜɚɧɵ ɜ ɪɚɡɧɵɯ ɩɪɨɝɪɚɦɦɧɵɯ 
ɨɛɟɫɩɟɱɟɧɢɹɯ, ɢ ɩɪɨɜɟɞɟɧɧɵɟ ɫ ɧɢɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ ɩɪɢ 
ɪɚɡɧɵɯ ɪɟɠɢɦɚɯ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. 

ɇɢɠɟ ɩɪɢɜɟɞɟɧɵ ɩɪɨɛɥɟɦɵ, ɜɵɹɜɥɟɧɧɵɟ ɩɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɢ ɫɢɦɭɥɹɰɢɢ: 
1. Ɇɨɞɟɥɶ, ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, 

ɨɫɧɨɜɚɧɚ ɧɚ ɥɢɧɟɚɪɢɡɢɪɨɜɚɧɧɨɣ ɦɨɞɟɥɢ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ; 
2. ȼɥɢɹɧɢɟ ɫɠɢɦɚɟɦɨɫɬɢ ɜɨɞɹɧɨɝɨ ɫɬɨɥɛɚ ɧɟ ɭɱɢɬɵɜɚɟɬɫɹ ɞɥɹ 

ɛɨɥɶɲɢɧɫɬɜɚ ɤɨɧɫɬɪɭɤɰɢɣ. 
3. Ȼɨɥɶɲɢɧɫɬɜɨ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɦɨɞɟɥɟɣ ɢɫɩɨɥɶɡɭɟɬ ɫɢɫɬɟɦɵ 

ɜɨɡɛɭɠɞɟɧɢɹ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ, ɧɨ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɞɪɭɝɢɟ 
ɛɵɫɬɪɨɞɟɣɫɬɜɭɸɳɢɟ ɫɢɫɬɟɦɵ, ɬɚɤɢɟ ɤɚɤ ɫɬɚɬɢɱɟɫɤɚɹ ɢɥɢ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ. 
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4. ɋɚɦɵɦ ɛɨɥɶɲɢɦ ɧɟɞɨɫɬɚɬɤɨɦ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
ɹɜɥɹɟɬɫɹ ɨɲɢɛɤɚ ɫɢɦɭɥɹɰɢɢ. Ʌɸɛɨɟ ɧɟɩɪɚɜɢɥɶɧɨɟ ɢɥɢ ɧɟɜɟɪɧɨɟ ɜɜɟɞɟɧɢɟ 
ɢɫɫɥɟɞɭɟɦɨɣ ɫɢɫɬɟɦɵ ɦɨɠɟɬ ɢɡɦɟɧɢɬɶ ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ ɞɚɬɶ 
ɧɟɞɨɫɬɨɜɟɪɧɵɟ ɪɟɡɭɥɶɬɚɬɵ. 

5. ɋɢɦɭɥɹɬɨɪɵ ɨɝɪɚɧɢɱɟɧɵ ɚɩɩɚɪɚɬɧɨɣ ɩɥɚɬɮɨɪɦɨɣ, ɤɨɬɨɪɵɟ ɧɟ ɦɨɝɭɬ 
ɭɞɨɜɥɟɬɜɨɪɢɬɶ ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɬɪɟɛɨɜɚɧɢɹ. Ɉɞɧɚɤɨ ɷɬɨ ɫɬɚɧɨɜɢɬɫɹ ɜɫɟ ɦɟɧɶɲɟ 
ɢɡ-ɡɚ ɭɥɭɱɲɟɧɢɹ ɦɟɬɨɞɨɜ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ ɧɚɥɢɱɢɹ ɛɨɥɟɟ ɦɨɳɧɵɯ ɩɥɚɬɮɨɪɦ ɜ 
ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ. 

6. Ʉɚɤ ɩɪɚɜɢɥɨ, ɢɦɢɬɚɰɢɨɧɧɵɟ ɦɨɞɟɥɢ ɧɟ ɩɨɞɯɨɞɹɬ ɞɥɹ ɨɩɬɢɦɢɡɚɰɢɢ, 
ɩɨɫɤɨɥɶɤɭ ɨɧɢ ɫɪɚɜɧɢɜɚɸɬ ɮɢɤɫɢɪɨɜɚɧɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɡɚɞɚɧɧɵɯ 
ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɡɧɚɱɟɧɢɣ ɫɢɫɬɟɦɵ. 

7. Ɂɚɞɟɪɠɤɢ ɜ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɨɛɭɫɥɨɜɥɟɧɵ ɨɱɟɧɶ ɛɨɥɶɲɢɦ ɱɢɫɥɨɦ 
ɦɨɞɟɥɢɪɭɟɦɵɯ ɨɛɴɟɤɬɨɜ ɢɥɢ ɫɥɨɠɧɵɯ ɫɢɫɬɟɦ, ɤɨɬɨɪɵɟ ɩɪɨɢɫɯɨɞɹɬ ɦɟɠɞɭ 
ɨɛɴɟɤɬɚɦɢ ɜ ɦɨɞɟɥɢɪɭɟɦɨɣ ɫɢɫɬɟɦɟ. 

Ɍɪɟɛɭɟɬɫɹ ɩɪɨɜɟɫɬɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ: 
1. ɇɭɠɞɚɟɬɫɹ ɜ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɦɨɞɟɥɶ ɧɚ ɨɫɧɨɜɟ ɧɟɥɢɧɟɣɧɨɣ 

ɝɢɞɪɨɬɭɪɛɢɧɵ, ɧɚ ɭɫɬɨɣɱɢɜɨɫɬɶ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ. 
2. ɇɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɫɬɢ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɦɟɠɞɭ 

ɦɨɞɟɥɢɪɨɜɚɧɢɟɦ ɜ ɩɪɨɝɪɚɦɦɧɨɣ ɫɪɟɞɟ Matlab/Simulink ɢ ORAL RT-LAB. 
3. ɂɫɫɥɟɞɨɜɚɬɶ ɫɦɨɞɟɥɢɪɨɜɚɧɧɭɸ ɫɢɫɬɟɦɭ ɧɚ ɫɬɚɛɢɥɶɧɨɫɬɶ ɩɪɢ 

ɢɡɦɟɧɟɧɢɢ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. 
4. ɉɪɟɞɫɬɚɜɥɟɧɢɟ ɢɦɢɬɚɰɢɨɧɧɵɟ ɦɨɞɟɥɶ ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɫ 

ɭɱɟɬɨɦ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɢɧɬɟɥɥɟɤɬɚ ɧɚ ɧɟɣɪɨɧɧɵɯ ɫɟɬɹɯ. 
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2 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ 
 

ɋɨɜɪɟɦɟɧɧɚɹ ɤɨɧɰɟɩɰɢɹ ɪɚɡɜɢɬɢɹ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɢ ɨɫɧɨɜɚɧɚ ɧɚ 
ɫɨɡɞɚɧɢɢ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɯ ɫɟɬɟɣ ɢ ɫɱɟɬɱɢɤɨɜ, ɭɩɪɚɜɥɟɧɢɢ ɦɧɨɝɨɭɪɨɜɧɟɜɨɣ 
ɝɟɧɟɪɚɰɢɟɣ, ɚ ɬɚɤɠɟ ɧɚ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɢ ɩɨɬɪɟɛɥɟɧɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, 
ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɰɢɮɪɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ ɢ ɬ.ɞ. 

ɂɫɤɭɫɫɬɜɟɧɧɵɣ ɢɧɬɟɥɥɟɤɬ (ɂɂ) ɜ ɨɫɧɨɜɧɨɦ ɨɫɧɨɜɚɧ ɧɚ ɚɥɝɨɪɢɬɦɚɯ ɢ 
ɦɨɞɟɥɹɯ ɤɚɤ ɦɟɬɨɞ, ɤɨɬɨɪɵɣ ɪɚɡɪɚɛɨɬɚɧ ɧɚ ɨɫɧɨɜɟ ɧɚɭɱɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ, ɬɚɤɢɯ 
ɤɚɤ ɦɚɬɟɦɚɬɢɤɚ, ɫɬɚɬɢɫɬɢɤɚ ɢ ɛɢɨɥɨɝɢɹ. ɂɂ ɪɚɛɨɬɚɟɬ ɧɚ ɨɫɧɨɜɟ ɧɟɫɤɨɥɶɤɢɯ 
ɦɨɞɟɥɟɣ, ɬɚɤɢɯ ɤɚɤ: ɦɭɪɚɜɶɢɧɵɣ ɚɥɝɨɪɢɬɦ, ɢɦɦɭɧɧɵɣ ɚɥɝɨɪɢɬɦ, ɧɟɱɟɬɤɢɣ 
ɚɥɝɨɪɢɬɦ, ɞɟɪɟɜɨ ɪɟɲɟɧɢɣ, ɝɟɧɟɬɢɱɟɫɤɢɣ ɚɥɝɨɪɢɬɦ, ɚɥɝɨɪɢɬɦ ɪɨɹ ɱɚɫɬɢɰ, 
ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ.  

ɇɚɢɛɨɥɟɟ ɢɡɜɟɫɬɧɵɟ ɦɨɞɟɥɢ ɪɚɡɪɚɛɨɬɚɧɵ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɦɟɬɨɞɚ ɨɩɨɪɧɵɯ 
ɜɟɤɬɨɪɨɜ ɢ ɢɫɤɭɫɫɬɜɟɧɧɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ. 

– Ɇɟɬɨɞ ɨɩɨɪɧɵɯ ɜɟɤɬɨɪɨɜ (ɆɈȼ), ɝɞɟ ɨɧɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ 
ɦɨɞɟɥɢ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɩɭɬɟɦ ɧɚɯɨɠɞɟɧɢɹ ɨɩɬɢɦɚɥɶɧɨɣ ɝɢɩɟɪɩɥɨɫɤɨɫɬɢ ɧɚ 
ɨɫɧɨɜɟ ɧɚɛɨɪɚ ɩɪɢɦɟɪɨɜ ɨɛɭɱɟɧɢɹ. Ɉɧ ɬɚɤɠɟ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɞɥɹ ɤɥɚɫɫɢɮɢɤɚɰɢɢ 
ɨɛɪɚɡɰɨɜ ɢ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɬɟɧɞɟɧɰɢɣ, ɧɚɩɪɢɦɟɪ, ɞɥɹ ɩɪɢɥɨɠɟɧɢɣ, ɧɚɩɪɢɦɟɪ, 
ɞɢɚɝɧɨɫɬɢɤɢ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɞɢɚɝɧɨɫɬɢɤɢ 
ɡɚɛɨɥɟɜɚɧɢɣ ɢ ɨɩɬɢɦɢɡɚɰɢɢ ɥɟɱɟɧɢɹ. 

– ɂɫɤɭɫɫɬɜɟɧɧɚɹ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ (ɂɇɋ) ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɪɟɩɪɟɡɟɧɬɚɬɢɜɧɭɸ ɦɨɞɟɥɶ ɩɨɧɢɦɚɧɢɹ ɦɵɫɥɟɣ ɢ ɩɨɜɟɞɟɧɢɹ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ 
ɮɢɡɢɱɟɫɤɨɣ ɫɜɹɡɢ ɦɟɠɞɭ ɧɟɣɪɨɧɚɦɢ. ɂɇɋ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɞɥɹ ɪɟɲɟɧɢɹ 
ɦɧɨɠɟɫɬɜɚ ɩɪɨɛɥɟɦ, ɩɨɡɜɨɥɹɹ ɦɚɲɢɧɟ ɫɬɪɨɢɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ, ɱɬɨɛɵ 
ɢɦɢɬɢɪɨɜɚɬɶ ɟɫɬɟɫɬɜɟɧɧɭɸ ɞɟɹɬɟɥɶɧɨɫɬɶ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɦɨɡɝɚ. ɂɫɩɨɥɶɡɭɹ ɷɬɨɬ 
ɚɥɝɨɪɢɬɦ, ɦɚɲɢɧɚ ɫɦɨɠɟɬ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɪɟɲɟɧɢɟ ɥɸɛɨɣ ɩɪɨɛɥɟɦɵ ɬɨɱɧɨ 
ɬɚɤ ɠɟ, ɤɚɤ ɦɨɡɝ ɱɟɥɨɜɟɤɚ. 

ɂɂ ɦɨɠɟɬ ɛɵɬɶ ɫɩɪɨɟɤɬɢɪɨɜɚɧ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɧɨɠɟɫɬɜɚ ɚɥɝɨɪɢɬɦɨɜ. 
ɗɬɢ ɚɥɝɨɪɢɬɦɵ ɩɨɦɨɝɚɸɬ ɫɢɫɬɟɦɟ ɨɩɪɟɞɟɥɢɬɶ ɨɠɢɞɚɟɦɵɣ ɨɬɜɟɬ, ɤɨɬɨɪɵɣ ɜ 
ɨɫɧɨɜɧɨɦ ɩɨɞɫɤɚɠɟɬ ɤɨɦɩɶɸɬɟɪɭ, ɱɬɨ ɨɠɢɞɚɬɶ ɢ ɪɚɛɨɬɚɬɶ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ 
ɨɛɪɚɡɨɦ.  

Ɋɚɫɫɦɨɬɪɢɦ ɞɢɧɚɦɢɱɟɫɤɭɸ ɦɨɞɟɥɶ ɞɜɭɯ ɨɫɧɨɜɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ 
ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ, ɫɢɧɯɪɨɧɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ ɢ ɝɢɞɪɨɬɭɪɛɢɧɵ. ɍɪɚɜɧɟɧɢɹ 
ɞɢɧɚɦɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɫɢɧɯɪɨɧɧɨɣ ɦɚɲɢɧɵ ɜ ɨɛɥɚɫɬɢ Ʌɚɩɥɚɫɚ ɦɨɝɭɬ ɛɵɬɶ 
ɫɨɡɞɚɧɵ ɩɭɬɟɦ ɩɨɞɤɥɸɱɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɛɥɨɤɨɜ. ɑɬɨɛɵ 
ɫɦɨɞɟɥɢɪɨɜɚɬɶ ɩɟɪɟɯɨɞɧɵɣ ɩɪɨɰɟɫɫ ɫɢɧɯɪɨɧɧɨɣ ɦɚɲɢɧɵ, ɧɟɨɛɯɨɞɢɦɨ ɞɨɛɚɜɢɬɶ 
ɧɨɜɵɟ ɩɨɞɦɨɞɟɥɢ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɪɚɛɨɬɵ ɪɚɡɥɢɱɧɵɯ ɮɭɧɤɰɢɣ ɭɩɪɚɜɥɟɧɢɹ. 
ɗɬɢ ɩɨɞɦɨɞɟɥɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɪɢ ɪɚɫɱɟɬɟ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɣ, ɫɜɹɡɚɧɧɵɯ ɫ 
ɫɢɧɯɪɨɧɧɨɣ ɦɚɲɢɧɨɣ, ɬɚɤɢɯ ɤɚɤ ɫɬɚɰɢɨɧɚɪɧɨɟ ɫɨɫɬɨɹɧɢɟ, ɤɨɧɬɭɪ ɜɨɡɛɭɞɢɬɟɥɹ, 
ɦɨɞɟɥɶ ɬɭɪɛɢɧɵ ɢ ɬɨɤɢ.  

ȼ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ 
ɬɭɪɛɢɧɧɨɝɨ ɡɚɬɜɨɪɚ. Ƚɢɞɪɚɜɥɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɬɭɪɛɢɧɭ ɢ ɫɢɫɬɟɦɭ 
ɭɩɪɚɜɥɟɧɢɹ. ɋɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɫɤɨɪɨɫɬɶɸ ɧɚɫɬɪɚɢɜɚɟɬ ɝɟɧɟɪɚɬɨɪ ɫɤɨɪɨɫɬɢ ɧɚ 
ɨɫɧɨɜɟ ɜɯɨɞɧɵɯ ɫɢɝɧɚɥɨɜ ɨɬɤɥɨɧɟɧɢɣ ɱɚɫɬɨɬɵ ɬɨɤɚ ɢ ɦɨɳɧɨɫɬɢ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ 
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ɷɬɚɥɨɧɧɵɦ ɧɚɫɬɪɨɣɤɚɦ. ȼ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɢɦɢɬɚɰɢɨɧɧɚɹ ɦɨɞɟɥɶ Matlab / 
Simulink ɩɪɢ ɞɢɧɚɦɢɱɟɫɤɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɤɨɦɩɨɧɟɧɬɨɜ ɝɢɞɪɨɫɬɚɧɰɢɢ. 
Ɉɫɧɨɜɧɵɦ ɩɪɟɢɦɭɳɟɫɬɜɨɦ Simulink ɧɚɞ ɞɪɭɝɢɦ ɩɪɨɝɪɚɦɦɧɵɦ ɨɛɟɫɩɟɱɟɧɢɟɦ 
ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɜɦɟɫɬɨ ɤɨɦɩɢɥɹɰɢɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɞɚ ɢɦɢɬɚɰɢɨɧɧɚɹ ɦɨɞɟɥɶ 
ɫɢɫɬɟɦɚɬɢɱɟɫɤɢ ɫɨɡɞɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɛɚɡɨɜɵɯ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɛɥɨɤɨɜ. ɑɬɨɛɵ 
ɢɦɟɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɦɨɞɟɥɢɪɨɜɚɬɶ ɞɢɧɚɦɢɤɭ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɧɟɨɛɯɨɞɢɦɨ 
ɭɱɢɬɵɜɚɬɶ ɞɢɧɚɦɢɱɟɫɤɨɟ ɩɨɜɟɞɟɧɢɟ ɢɥɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɟ ɭɪɚɜɧɟɧɢɹ 
ɫɢɧɯɪɨɧɧɨɣ ɦɚɲɢɧɵ, ɚ ɬɚɤɠɟ ɝɢɞɪɨɬɭɪɛɢɧɵ [53]. 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɨɛɭɫɥɨɜɥɟɧɚ ɞɢɧɚɦɢɱɟɫɤɢɦɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɝɢɞɪɨɬɭɪɛɢɧ ɜɨ ɜɪɟɦɹ ɢ ɩɨɫɥɟ ɥɸɛɵɯ 
ɜɧɟɲɧɢɯ ɜɨɡɞɟɣɫɬɜɢɣ, ɬɚɤɢɯ ɤɚɤ ɜɧɟɲɧɟɟ ɤɨɪɨɬɤɨɟ ɡɚɦɵɤɚɧɢɟ, ɨɬɤɥɸɱɟɧɢɟ 
ɥɢɧɢɢ ɩɟɪɟɞɚɱɢ ɢɥɢ ɛɵɫɬɪɨɟ ɢɡɦɟɧɟɧɢɟ ɧɚɝɪɭɡɤɢ. Ɍɨɱɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ 
ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɭɩɪɚɜɥɹɸɳɢɯ ɬɭɪɛɢɧ ɜɚɠɧɨ ɞɥɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɞɢɚɝɧɨɫɬɢɤɢ 
ɪɟɚɤɰɢɢ ɫɢɫɬɟɦɵ ɜɨ ɜɪɟɦɹ ɱɪɟɡɜɵɱɚɣɧɨɣ ɫɢɬɭɚɰɢɢ. Ɇɨɞɟɥɢɪɭɸɬɫɹ ɩɪɨɫɬɵɟ 
ɝɢɞɪɚɜɥɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ, ɭɩɪɚɜɥɹɟɦɵɟ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ-ɢɧɬɟɝɪɚɥɶɧɨ-
ɩɪɨɢɡɜɨɞɧɵɦɢ ɢ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ-ɢɧɬɟɝɪɚɥɶɧɵɦɢ ɤɨɧɬɪɨɥɥɟɪɚɦɢ. ɗɬɚ ɦɨɞɟɥɶ 
ɪɚɫɫɦɚɬɪɢɜɚɟɬ ɢɯ ɩɟɪɟɯɨɞɧɵɟ ɪɟɚɤɰɢɢ ɧɚ ɧɚɪɭɲɟɧɢɹ ɩɨɫɪɟɞɫɬɜɨɦ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ Matlab / Simulink. 

 Ɇɨɞɟɥɶ ɢɦɟɟɬ ɞɜɚ ɨɫɧɨɜɧɵɯ ɛɥɨɤɚ:  
- ɦɟɯɚɧɢɱɟɫɤɚɹ ɱɚɫɬɶ ɭɫɬɚɧɨɜɤɢ, ɤɨɬɨɪɚɹ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɝɢɞɪɚɜɥɢɱɟɫɤɭɸ 

ɬɭɪɛɢɧɭ, ɡɚɩɨɪɧɵɣ ɛɥɨɤ, ɤɨɧɬɪɨɥɥɟɪ, ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɫɟɪɜɨɞɜɢɝɚɬɟɥɶ, 
ɪɟɝɭɥɢɪɭɸɳɢɣ ɤɥɚɩɚɧ ɢ ɬ. ɞ. 

- ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɛɥɨɤ ɫɨɫɬɨɹɳɢɣ ɢɡ ɝɟɧɟɪɚɬɨɪɚ ɢ ɧɚɝɪɭɡɤɢ. 
Ʉɨɦɛɢɧɢɪɨɜɚɧɧɚɹ ɮɨɪɦɚ ɝɢɞɪɚɜɥɢɱɟɫɤɨɣ ɬɭɪɛɢɧɵ, ɤɨɧɬɪɨɥɥɟɪɚ ɢ 
ɝɢɞɪɨɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɪɜɨɫɢɫɬɟɦɵ ɢɡɜɟɫɬɧɚ ɤɚɤ ɪɟɝɭɥɹɬɨɪ ɝɢɞɪɨɬɭɪɛɢɧɵ.  

ɇɚ ɪɢɫɭɧɤɟ 2.1 ɩɨɤɚɡɚɧɚ ɩɨɥɧɚɹ ɛɥɨɤ-ɫɯɟɦɚ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɚ 
ɢɦɟɧɧɨ ɛɥɨɤ-ɫɯɟɦɚ ɝɢɞɪɚɜɥɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɬɭɪɛɢɧɨɣ, 
ɩɨɞɤɥɸɱɟɧɧɨɣ ɤ ɫɟɬɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ. ɋɨɯɪɚɧɟɧɧɚɹ ɜɨɞɚ ɜ ɜɨɞɨɯɪɚɧɢɥɢɳɟ 
ɫɨɞɟɪɠɢɬ ɩɨɬɟɧɰɢɚɥɶɧɭɸ ɷɧɟɪɝɢɸ. ɋɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɫɤɨɪɨɫɬɶɸ ɬɭɪɛɢɧɵ 
ɫɨɩɪɹɠɟɧɚ ɫɨ ɫɤɨɪɨɫɬɶɸ ɝɟɧɟɪɚɬɨɪɚ, ɨɫɧɨɜɚɧɧɨɣ ɧɚ ɫɢɝɧɚɥɚɯ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ 
ɨɬɤɥɨɧɟɧɢɣ ɤɚɤ ɱɚɫɬɨɬɵ ɢ ɦɨɳɧɨɫɬɢ ɫɢɫɬɟɦɵ, ɬɚɤ ɢ ɢɯ ɨɩɨɪɧɵɯ ɩɚɪɚɦɟɬɪɨɜ. ɗɬɨ 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɝɟɧɟɪɚɰɢɸ ɷɧɟɪɝɢɢ ɧɚ ɫɢɧɯɪɨɧɧɨɣ ɱɚɫɬɨɬɟ. 

 

 
 

Ɋɢɫɭɧɨɤ 2.1 – Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɛɥɨɤ-ɫɯɟɦɚ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ 
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Ⱦɚɠɟ ɞɥɹ ɦɚɥɵɯ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɞɥɹ ɷɮɮɟɤɬɢɜɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɢ 
ɡɚɳɢɬɵ ɞɨɥɠɧɨ ɛɵɬɶ ɩɪɟɞɭɫɦɨɬɪɟɧɨ ɨɬɧɨɫɢɬɟɥɶɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ 
ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɜɨɡɦɨɠɧɨɫɬɟɣ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɛɨɥɟɟ ɤɪɭɩɧɵɦɢ 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɦɢ. Ʉɚɤ ɩɪɚɜɢɥɨ, ɬɪɟɛɨɜɚɧɢɟ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɜɫɟ ɷɬɢ ɮɭɧɤɰɢɢ 
ɬɪɟɛɭɟɬ ɜɤɥɸɱɟɧɢɹ ɧɟɫɤɨɥɶɤɢɯ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɛɥɨɤɨɜ ɜ ɫɢɫɬɟɦɭ ɭɩɪɚɜɥɟɧɢɹ 
ɭɫɬɚɧɨɜɤɨɣ. 

ɋɬɚɧɞɚɪɬɢɡɨɜɚɧɧɨɟ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɟ ɷɥɟɤɬɪɨɧɧɨɟ ɭɫɬɪɨɣɫɬɜɨ (ɂɗɍ) 
ɦɨɠɟɬ ɨɛɟɫɩɟɱɢɬɶ ɚɜɬɨɧɨɦɧɭɸ ɪɚɛɨɬɭ ɢ ɨɩɪɟɞɟɥɢɬɶ ɩɪɢɨɪɢɬɟɬɧɨɫɬɶ 
ɛɟɡɨɩɚɫɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɜɨɞɨɣ. ɂɗɍ ɞɨɥɠɟɧ ɛɵɬɶ ɤɨɦɩɚɤɬɧɵɦ ɢ 
ɢɧɬɟɝɪɢɪɨɜɚɧɧɵɦ ɫ ɤɨɧɬɪɨɥɟɦ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ, 
ɜɤɥɸɱɚɹ ɫɢɫɬɟɦɭ ɩɨɞɚɱɢ ɜɨɞɵ, ɫɜɹɡɢ, ɦɨɧɢɬɨɪɢɧɝɚ ɢ ɡɚɳɢɬɵ ɞɥɹ ɦɚɥɵɯ 
ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ [53]. 

ɐɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɣ ɛɥɨɤ, ɫ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɦɢ ɦɟɬɨɞɚɦɢ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɫɜɹɡɢ ɧɚ ɭɞɚɥɟɧɧɨɦ ɩɟɪɫɨɧɚɥɶɧɨɦ 
ɤɨɦɩɶɸɬɟɪɟ (ɉɄ) ɢɥɢ ɜ ɞɢɫɩɟɬɱɟɪɫɤɨɣ ɨɩɟɪɚɬɨɪɚ. 

Ɏɭɧɤɰɢɨɧɚɥɶɧɨɫɬɶ, ɬɪɟɛɭɟɦɚɹ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɦɚɥɨɣ 
ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɟɣ, ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɮɭɧɤɰɢɨɧɚɥɶɧɵɦɢ ɛɥɨɤɚɦɢ (ɪɢɫ. 2.2.). 

 

 
 

Ɋɢɫɭɧɨɤ 2.2 – ɋɯɟɦɚ ɫ ɮɭɧɤɰɢɨɧɚɥɶɧɵɦɢ ɛɥɨɤɚɦɢ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɆȽɗɋ 
 
Ɏɭɧɤɰɢɨɧɚɥɶɧɵɟ ɛɥɨɤɢ ɢɦɟɸɬ ɩɚɪɚɦɟɬɪɵ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ 

ɚɞɚɩɬɢɪɨɜɚɬɶɫɹ ɤ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ.  
ȼ Simulink ɜ Matlab ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɫɯɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ 

ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɫ ɩɨɦɨɳɶɸ ɛɚɡɨɜɵɯ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɛɥɨɤɨɜ. Ɍɚɤɨɣ 
ɩɨɞɯɨɞ ɥɭɱɲɟ, ɱɟɦ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɨɦɩɢɥɹɰɢɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɞɚ, ɤɚɤ ɜ ɞɪɭɝɢɯ 
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ɩɪɨɝɪɚɦɦɚɯ. Ȼɢɛɥɢɨɬɟɤɚ ɩɪɨɝɪɚɦɦɧɵɯ ɩɪɨɞɭɤɬɨɜ Simulink ɜɤɥɸɱɚɟɬ 
ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɛɥɨɤɢ, ɤɨɬɨɪɵɟ ɦɨɠɧɨ ɫɜɹɡɚɬɶ ɢ ɨɬɪɟɞɚɤɬɢɪɨɜɚɬɶ [55]. 

Ⱦɪɭɝɢɟ ɞɨɫɬɢɠɟɧɢɹ ɜ ɨɛɥɚɫɬɢ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɢɧɬɟɥɥɟɤɬɚ - ɫɨɡɞɚɧɢɟ 
ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɧɟɣɪɨɧɧɵɯ ɫɢɫɬɟɦ (ɂɇɋ), ɤɨɬɨɪɵɣ ɛɵɥ ɨɩɢɫɚɧ ɤɚɤ «ɢɧɫɬɪɭɦɟɧɬ 
ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɢɧɬɟɥɥɟɤɬɚ», ɤɨɬɨɪɵɣ ɩɵɬɚɟɬɫɹ ɢɦɢɬɢɪɨɜɚɬɶ ɮɢɡɢɱɟɫɤɢɣ 
ɩɪɨɰɟɫɫ, ɧɚ ɤɨɬɨɪɨɦ ɛɚɡɢɪɭɟɬɫɹ ɢɧɬɭɢɰɢɹ – ɬɨ ɟɫɬɶ, ɩɭɬɟɦ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
ɩɪɨɰɟɫɫɚ ɚɞɚɩɬɢɜɧɨɝɨ ɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɭɱɟɧɢɹ. ɂɇɋ, ɩɨ ɫɭɬɢ, ɩɪɟɞɫɬɚɜɥɹɟɬ 
ɫɨɛɨɣ ɫɟɬɶ ɤɨɦɩɶɸɬɟɪɨɜ, ɤɨɬɨɪɵɟ ɫɝɪɭɩɩɢɪɨɜɚɧɵ ɜɨɟɞɢɧɨ ɫɩɨɫɨɛɚɦɢ, 
ɩɨɞɨɛɧɵɦɢ ɤɨɧɮɢɝɭɪɚɰɢɢ ɦɨɡɝɚ ɜ ɨɛɥɚɫɬɢ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ. 

ɋɭɳɟɫɬɜɭɟɬ ɧɟɫɤɨɥɶɤɨ ɩɪɢɦɟɧɟɧɢɣ ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ ɞɥɹ 
ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɢɫɬɟɦ, ɩɨɫɤɨɥɶɤɭ ɨɧɢ ɹɜɥɹɸɬɫɹ ɨɬɥɢɱɧɨɣ ɚɥɶɬɟɪɧɚɬɢɜɨɣ 
ɪɟɲɟɧɢɸ ɩɪɨɛɥɟɦ ɭɩɪɚɜɥɟɧɢɹ, ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ, ɨɛɫɥɭɠɢɜɚɧɢɹ ɢ ɨɩɬɢɦɢɡɚɰɢɢ 
ɜ ɧɟɥɢɧɟɣɧɵɯ ɫɥɨɠɧɵɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɢɫɬɟɦɚɯ. 

ȼ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɢɫɬɟɦɚɯ ɨɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɩɪɢɦɟɧɟɧɢɣ ɂɇɋ ɹɜɥɹɟɬɫɹ 
ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɟ ɧɚɝɪɭɡɤɢ ɢ ɫɩɪɨɫɚ, ɩɨɫɤɨɥɶɤɭ ɤɥɸɱɟɜɚɹ ɡɚɞɚɱɚ ɩɪɟɞɩɪɢɹɬɢɹ – 
ɩɪɟɞɥɚɝɚɬɶ ɫɜɨɢɦ ɤɥɢɟɧɬɚɦ ɤɚɱɟɫɬɜɟɧɧɭɸ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ. Ɋɚɫɩɪɟ. ɉɪɚɜɢɥɶɧɨɟ 
ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɟ ɧɚɝɪɭɡɤɢ ɜɚɠɧɨ ɞɥɹ ɨɩɬɢɦɢɡɚɰɢɢ ɪɚɛɨɬɵ Ƚɗɋ. ɋɩɪɨɫ 
ɧɚɩɪɹɦɭɸ ɫɜɹɡɚɧ ɫ ɩɨɬɪɟɛɥɟɧɢɟɦ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɫ 
ɩɟɪɟɦɟɧɧɵɦɢ, ɤɨɬɨɪɵɟ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜɥɢɹɸɬ ɧɚ ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɢɡɜɨɞɢɦɨɣ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ [56]. 

 
ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ 2: 
 
ȼ ɝɥɚɜɟ 2 ɝɨɜɨɪɢɬɫɹ ɨ ɜɜɟɞɟɧɢɢ ɜ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɢ ɢɦɢɬɚɰɢɨɧɧɨɟ 

ɦɨɞɟɥɢɪɨɜɚɧɢɟ, ɩɪɟɢɦɭɳɟɫɬɜɚ ɢ ɧɟɞɨɫɬɚɬɤɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. 
ɂɧɬɟɥɥɟɤɬɭɚɥɶɧɚɹ ɨɫɧɨɜɚ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɦɚɥɨɣ Ƚɗɋ ɞɨɥɠɧɚ ɢɦɟɬɶ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɤɨɦɩɥɟɤɫ ɚɥɝɨɪɢɬɦɨɜ ɢ ɩɪɨɝɪɚɦɦ, ɪɟɚɥɢɡɨɜɚɧɧɵɯ ɜ 
ɭɩɪɚɜɥɹɸɳɢɯ ɭɫɬɪɨɣɫɬɜɚɯ (ɤɨɧɬɪɨɥɥɟɪɚɯ ɢ ɞɚɬɱɢɤɚɯ). ɇɚ ɪɵɧɤɟ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 
ɫ ɭɱɚɫɬɢɟɦ ɆȽɗɋ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɭɫɬɪɨɣɫɬɜɚ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɤɨɧɬɪɨɥɹ 
ɫɜɨɟɝɨ ɪɟɠɢɦɚ ɩɪɢ ɨɝɪɚɧɢɱɟɧɧɨɦ ɩɪɢɬɨɤɟ ɜɨɞɵ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɞɨɫɬɢɱɶ 
ɦɚɤɫɢɦɚɥɶɧɨɣ ɜɵɪɚɛɨɬɤɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɞɨɯɨɞɨɜ. 

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɜɨɞɢɬɫɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ Matlab / Simulink. 
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3 Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɪɚɡɥɢɱɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɦɚɥɨɣ 
ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ 
 

Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ ɚɧɚɥɢɬɢɱɟɫɤɢɯ 
ɪɟɲɟɧɢɣ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɩɨɜɟɞɟɧɢɟ ɫɢɫɬɟɦɵ ɢɡ ɧɚɛɨɪɚ 
ɡɚɞɚɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɢ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɣ. Ʉɨɦɩɶɸɬɟɪɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɡɚɦɟɧɵ ɞɥɹ ɫɢɫɬɟɦ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɞɥɹ ɤɨɬɨɪɵɯ 
ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɪɟɲɟɧɢɹ ɧɟɜɨɡɦɨɠɧɵ [57]. 

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɜ ɨɫɧɨɜɧɨɦ ɩɨɞɪɚɡɞɟɥɹɟɬɫɹ ɧɚ ɫɥɟɞɭɸɳɢɟ ɝɪɭɩɩɵ: 
– ɋɬɚɬɢɱɟɫɤɨɟ ɢ ɞɢɧɚɦɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ 
– Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɞɢɫɤɪɟɬɧɵɯ ɫɨɛɵɬɢɣ ɢ ɧɟɩɪɟɪɵɜɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ 
– Ⱦɟɬɟɪɦɢɧɢɪɨɜɚɧɧɨɟ ɢ ɫɬɨɯɚɫɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ 
 
3.1 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɝɢɞɪɚɜɥɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ 
 
ɇɢɠɟ ɨɩɢɫɵɜɚɟɬɫɹ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɤɨɦɩɨɧɟɧɬɨɜ 

ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. 
 

3.1.1 Ɇɨɞɟɥɶ ɜɨɞɨɯɪɚɧɢɥɢɳɚ 
 
ȼɨɞɨɯɪɚɧɢɥɢɳɟ ɦɨɞɟɥɢɪɭɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ ɟɝɨ ɡɚɩɨɥɧɟɧɢɹ. 

Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɭɪɚɜɧɟɧɢɹɦɢ 
(3.1) - (3.3). Ɇɨɞɟɥɶ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 3.1. 

 
 

 

Qin

Qout

S(t)

Ɋɟɡɟɪɜɭɚɪ

 
 

Ɋɢɫɭɧɨɤ 3.1 – Ɇɨɞɟɥɶ ɜɨɞɨɯɪɚɧɢɥɢɳɚ 
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Ɉɛɴɟɦ ɜɨɞɵ ɜ ɪɟɡɟɪɜɭɚɪɟ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ «t + Δt» ɨɩɪɟɞɟɥɹɟɬɫɹ 
 

( ) ( ) in outS t t S t Q t Q t       , 
 

(3.1) 

( ) ( )
in out

S t t S t
Q Q

t

   
 

 , (3.2) 

 
Ɍɚɤ ɤɚɤ Δt ɨɱɟɧɶ ɦɚɥɨ, ɬɨ ɭɪɚɜɧɟɧɢɟ (3.2) ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɜ ɜɢɞɟ: 

 
( )

in out

dS t dS
Q Q

dt dt
   , (3.3) 

 
ɝɞɟ Qin – ɩɪɢɬɨɤ ɜ ɪɟɡɟɪɜɭɚɪ, ɦ3/ɫ; 
    Qout – ɨɬɬɨɤ ɢɡ ɪɟɡɟɪɜɭɚɪɚ, ɦ3/ɫ; 
    S(t) – ɨɛɴɟɦ ɜɨɞɵ ɜ ɪɟɡɟɪɜɭɚɪɟ, ɦ3; 
    Δt – ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɜɪɟɦɟɧɢ ɡɚɩɨɥɧɟɧɢɹ ɪɟɡɟɪɜɭɚɪɚ, ɫ.  

 
3.1.2 Ɇɨɞɟɥɶ ɪɚɫɲɢɪɢɬɟɥɶɧɨɝɨ ɛɚɤɚ 
 
ɉɨɬɟɪɢ ɧɚ ɜɯɨɞɟ, ɢɡɦɟɧɟɧɢɟ ɭɪɨɜɧɹ ɢ ɢɧɟɪɰɢɹ ɨɩɢɫɵɜɚɸɬɫɹ ɦɨɞɟɥɶɸ 

ɪɚɫɲɢɪɢɬɟɥɶɧɨɝɨ ɛɚɤɚ. ɋɨɝɥɚɫɧɨ ɝɢɞɪɚɜɥɢɱɟɫɤɢɦ ɡɚɤɨɧɚɦ [59], ɪɚɫɲɢɪɢɬɟɥɶɧɵɣ 
ɛɚɤ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧ ɭɪɚɜɧɟɧɢɹɦɢ (3.4) - (3.6). 

 

  22
pc c

pc c c
co

K Q
H H Q

gA
   , 

 

(3.4) 

  c
c c

dH
A z Q

dt
 , 

 
(3.5) 

pc
c

co

L
L

gA
 . (3.6) 

 
Ɉɛɨɡɧɚɱɢɦ: 

 

22
pc c

c
co

K Q
R

gA
 , 

 

 c cC A z . 
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Ɍɪɢ ɤɨɦɩɨɧɟɧɬɵ Rc, Lc, Cc ɫɨɟɞɢɧɟɧɵ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɬɚɤ ɤɚɤ ɭɪɚɜɧɟɧɢɹ 
(3.4), (3.5) ɢ (3.6) ɫɜɹɡɚɧɵ ɫ ɜɯɨɞɹɳɢɦ ɪɚɡɪɹɞɨɦ Qc ɜ ɪɚɫɲɢɪɢɬɟɥɶɧɨɦ ɛɚɤɟ [59], 
ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 3.2. 

 

 
 

Ɋɢɫɭɧɨɤ 3.2 – (a) Ɇɨɞɟɥɶ ɪɚɫɲɢɪɢɬɟɥɶɧɨɝɨ ɛɚɤɚ (b) Ɇɨɞɟɥɶ ɷɥɟɤɬɪɢɱɟɫɤɨɣ 
ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɫɯɟɦɵ [59] 

 
3.2 Ɇɨɞɟɥɶ ɝɢɞɪɚɜɥɢɱɟɫɤɨɣ ɬɭɪɛɢɧɵ 
 
Ɇɨɞɟɥɶ ɧɟɥɢɧɟɣɧɨɣ ɝɢɞɪɚɜɥɢɱɟɫɤɨɣ ɬɭɪɛɢɧɵ ɢ ɡɚɬɜɨɪ ɡɚɞɚɸɬɫɹ 

ɭɪɚɜɧɟɧɢɹɦɢ (3.7) - (3.22) ɫ ɭɱɟɬɨɦ ɧɟɭɩɪɭɝɨɝɨ ɜɨɞɹɧɨɝɨ ɫɬɨɥɛɚ ɢ ɧɟɫɠɢɦɚɟɦɨɣ 
ɜɨɞɵ. Ɉɫɧɨɜɧɵɟ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɭɪɚɜɧɟɧɢɹ ɫ ɭɱɟɬɨɦ ɩɪɨɫɬɵɯ 
ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɫ ɧɟɨɝɪɚɧɢɱɟɧɧɵɦ ɧɚɩɨɪɨɦ ɢ ɫ ɨɱɟɧɶ ɛɨɥɶɲɢɦ 
ɪɚɫɲɢɪɢɬɟɥɶɧɵɦ ɛɚɤɨɦ ɢɥɢ ɛɟɡ ɧɟɝɨ, ɩɪɟɞɩɨɥɚɝɚɹ, ɱɬɨ ɠɟɫɬɤɢɣ ɬɪɭɛɨɩɪɨɜɨɞ ɢ 
ɧɟɫɠɢɦɚɟɦɚɹ ɠɢɞɤɨɫɬɶ [60] ɩɪɢɜɟɞɟɧɵ ɜ ɫɥɟɞɭɸɳɢɯ ɭɪɚɜɧɟɧɢɹɯ. 

ɋɤɨɪɨɫɬɶ ɜɨɞɵ: 
 

uU K G H  . (3.7) 

 
ɉɨɬɪɟɛɥɹɟɦɚɹ ɦɨɳɧɨɫɬɶ ɞɥɹ ɬɭɪɛɢɧɵ: 

 

pP K H U   . (3.8) 
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ɍɫɤɨɪɟɧɢɟ ɜɨɞɹɧɨɝɨ ɫɬɨɥɛɚ: 
 

 0

dU g
H H

dt L
    . (3.9) 

 
ɉɪɟɨɛɪɚɡɭɹ ɭɪɚɜɧɟɧɢɹ (3.7), (3.8) ɢ (3.9), ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɨɦɢɧɚɥɶɧɵɯ 

ɡɧɚɱɟɧɢɣ ɫɤɨɪɨɫɬɢ (Ur), ɢɞɟɚɥɶɧɨɟ ɨɬɤɪɵɬɢɟ ɡɚɬɜɨɪɚ (Gr), ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɧɚɩɨɪ 
ɩɪɢ ɡɚɬɜɨɪɟ (Hr) ɢ ɦɨɳɧɨɫɬɢ (Pr), ɫɥɟɞɭɸɳɢɯ ɭɪɚɜɧɟɧɢɣ ɧɚ ɟɞɢɧɢɰɭ, ɩɨɥɭɱɟɧɵ 
ɨɛɨɡɧɚɱɟɧɢɹ: 
 

2
U

H
G

 
  
 

, 

 

(3.10) 

P HU , 
 

(3.11) 

 0
r

r

g HdU
H H

dt L U


   

 , 

 

(3.12) 

 0
1

W

dU
H H

dt T
   . (3.13) 

 
ȼ ɬɟɯ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ TW – ɷɬɨ ɜɪɟɦɹ ɧɚɱɚɥɚ ɩɨɞɚɱɢ ɜɨɞɵ ɩɪɢ ɧɨɦɢɧɚɥɶɧɨɣ 

ɧɚɝɪɭɡɤɟ ɢ ɨɧɨ ɢɦɟɟɬ ɮɢɤɫɢɪɨɜɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɞɚɧɧɨɝɨ ɬɭɪɛɢɧɧɨ-ɧɚɩɨɪɧɨɝɨ 
ɛɥɨɤɚ ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ: 
 

r
W

r

L U
T

g H




 . (3.14) 

 
ȼɡɹɜ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ʌɚɩɥɚɫɚ (3.13) 
 

 0
1

W

SU H H
T

   , 

 

0

W

H H
U

S T




 . (3.15) 

 
ȼɵɯɨɞɧɚɹ ɦɨɳɧɨɫɬɶ ɨɬ ɬɭɪɛɢɧɵ: 
 

m NLP P P  , 
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 m p NLP K U U H    . (3.16) 

 
ɋ ɭɱɟɬɨɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ, ɜɵɯɨɞɧɚɹ ɦɨɳɧɨɫɬɶ ɬɭɪɛɢɧɵ: 

 

 m NLP U U H   . (3.17) 

 
Ʉɪɭɬɹɳɢɣ ɦɨɦɟɧɬ: 

 

m
m

P
T


 . (3.18) 

 
ɇɨɦɢɧɚɥɶɧɵɣ ɤɪɭɬɹɳɢɣ ɦɨɦɟɧɬ: 

 

base
r

rated

VA
T


 , 

(3.19) 
 

0m m
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T P

T VA




  , 

 

1mm r

r base

T P P
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 


   . (3.20) 

 
ɇɚ ɪɢɫ. 3.3 ɩɨɤɚɡɚɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ ɜɟɥɢɱɢɧɨɣ ɪɟɚɥɶɧɨɝɨ ɢ 

ɢɞɟɚɥɶɧɨɝɨ ɨɬɤɪɵɬɢɹ ɡɚɬɜɨɪɚ. ɋɜɹɡɶ ɦɟɠɞɭ ɪɟɚɥɶɧɵɦ ɢ ɢɞɟɚɥɶɧɵɦ ɨɬɤɪɵɬɢɟɦ 
ɡɚɬɜɨɪɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɭɪɚɜɧɟɧɢɟɦ (3.21). 
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G

Ȼɟɡ  ɧɚɝɪɭɡɤɢ

Ʌɢɧɢɹ  ɧɚɝɪɭɡɤɢ

0
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ɡɚɬ ɜɨɪɚ

g

ɂɞɟɚɥɶɧɨɟ 
ɨɬɤɪɵɬɢɟ 

ɡɚɬ ɜɨɪɚ (G)

gnl g fl

cA g fl

cA gnl

100%Ɋɟɚ ɥɶ ɧɨɟ  ɨɬɤɪɵ ɬɢɟ ɡɚɬ ɜɨɪɚ  (g)  
 

Ɋɢɫɭɧɨɤ 3.3 – ɋɜɹɡɶ ɦɟɠɞɭ ɢɞɟɚɥɶɧɵɦ ɢ ɪɟɚɥɶɧɵɦ ɨɬɤɪɵɬɢɟɦ ɡɚɬɜɨɪɚ [60] 
 

tG A g , 
 

(3.21) 

1
t

FL NL

A
g g




. (3.22) 

 
Ɉɛɴɟɞɢɧɢɜ ɭɪɚɜɧɟɧɢɹ (3.7) - (3.22), ɩɨɥɭɱɢɦ ɦɨɞɟɥɶ ɧɟɥɢɧɟɣɧɨɣ 

ɝɢɞɪɨɬɭɪɛɢɧɵ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ. 3.4. 
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Ɋɢɫɭɧɨɤ 3.4 – Ɇɨɞɟɥɶ ɧɟɥɢɧɟɣɧɨɣ ɝɢɞɪɨɬɭɪɛɢɧɵ [60] 
 

3.3 Ɇɨɞɟɥɶ ɪɟɝɭɥɹɬɨɪɚ 
 
ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɝɟɧɟɪɚɬɨɪɚ ɢɥɢ ɢɡɦɟɧɟɧɢɟ ɧɚɝɪɭɡɤɢ ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ 

ɪɟɝɭɥɹɬɨɪɨɦ. Ɉɧ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɢɡɦɟɧɟɧɢɟ ɫɤɨɪɨɫɬɢ ɜ ɤɚɱɟɫɬɜɟ ɫɢɝɧɚɥɚ 
ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɩɨɥɨɠɟɧɢɟɦ ɡɚɬɜɨɪɚ. ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ 
ɨɬɤɥɨɧɟɧɢɹ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɜ ɪɟɝɭɥɹɬɨɪɟ ɫɤɨɪɨɫɬɢ, ɢɦɟɸɳɟɦ ɧɟɫɤɨɥɶɤɨ ɛɥɨɤɨɜ 
ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɫɬɚɛɢɥɶɧɨɣ ɩɚɪɚɥɥɟɥɶɧɨɣ ɪɚɛɨɬɵ. Ɍɚɤɠɟ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ 
ɫɧɢɠɟɧɢɟ ɫɤɨɪɨɫɬɢ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɪɚɜɧɨɦɟɪɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɚɝɪɭɡɤɢ 
ɦɟɠɞɭ ɝɢɪɚɬɨɪɚɦɢ. 
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ɉɪɨɩɨɪɰɢɨɧɚɥɶɧɨ-ɢɧɬɟɝɪɚɥɶɧɨɟ-ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɞɟɣɫɬɜɢɟ 
ɩɪɟɞɭɫɦɨɬɪɟɧɨ ɞɥɹ ɷɥɟɤɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɪɟɝɭɥɹɬɨɪɨɜ, ɤɨɬɨɪɵɟ ɨɛɟɫɩɟɱɢɜɚɸɬ 
ɜɨɡɦɨɠɧɨɫɬɶ ɛɨɥɟɟ ɛɵɫɬɪɨɝɨ ɪɟɚɝɢɪɨɜɚɧɢɹ ɩɪɢ ɭɦɟɧɶɲɟɧɢɢ ɢ ɭɜɟɥɢɱɟɧɢɢ 
ɩɟɪɟɯɨɞɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɫɢɥɟɧɢɹ. Ⱦɥɹ ɢɡɨɥɢɪɨɜɚɧɧɨɣ ɪɚɛɨɬɵ ɭɫɬɚɧɨɜɨɤ, 
ɢɦɟɸɳɢɯ ɛɨɥɶɲɨɟ ɜɪɟɦɹ ɩɨɞɚɱɢ ɜɨɞɵ, ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
ɩɪɨɢɡɜɨɞɧɨɝɨ ɞɟɣɫɬɜɢɹ [61]. ɉɪɨɩɨɪɰɢɨɧɚɥɶɧɚɹ, ɢɧɬɟɝɪɚɥɶɧɚɹ ɢ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɦɨɞɟɥɶ ɪɟɝɭɥɹɬɨɪɚ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 3.5 
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Ɋɢɫɭɧɨɤ 3.5 – Ɇɨɞɟɥɶ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɚ [62] 
 
3.4 Ɇɨɞɟɥɶ ɫɢɧɯɪɨɧɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ 
 
Ɇɨɞɟɥɶ ɫɢɧɯɪɨɧɧɨɣ ɦɚɲɢɧɵ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɭɱɟɬɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɢ 

ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɚɲɢɧɵ ɢ ɭɱɢɬɵɜɚɟɬ ɞɢɧɚɦɢɤɭ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ, 
ɩɨɥɹ ɢ ɞɟɦɩɮɟɪɚ. Ɋɨɬɨɪɧɚɹ ɫɢɫɬɟɦɚ ɨɬɫɱɟɬɚ (dq frame) ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ 
ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɫɯɟɦɵ ɫɢɧɯɪɨɧɧɨɣ ɦɨɞɟɥɢ ɦɚɲɢɧɵ, ɤɚɤ ɩɨɤɚɡɚɧɨ 
ɧɚ ɪɢɫɭɧɤɟ 3.6. ɗɥɟɤɬɪɢɱɟɫɤɢɟ ɜɟɥɢɱɢɧɵ ɢ ɩɚɪɚɦɟɬɪɵ ɪɨɬɨɪɚ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ 
ɫɨ ɫɬɨɪɨɧɵ ɫɬɚɬɨɪɚ, ɤɨɬɨɪɵɟ ɢɞɟɧɬɢɮɢɰɢɪɭɸɬɫɹ ɫ ɩɨɦɨɳɶɸ ɩɟɪɟɦɟɧɧɵɯ. ȼ 
ɫɢɧɯɪɨɧɧɨɣ ɦɨɞɟɥɢ ɦɚɲɢɧɵ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɬɨɤɢ, ɜɬɟɤɚɸɳɢɟ ɜ ɨɛɦɨɬɤɢ 
ɫɬɚɬɨɪɚ, ɚ ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɬɨɤɢ, ɜɵɬɟɤɚɸɳɢɟ ɢɡ ɦɚɲɢɧɵ, ɹɜɥɹɸɬɫɹ ɢɡɦɟɪɟɧɧɵɦɢ 
ɬɨɤɚɦɢ ɫɬɚɬɨɪɚ, ɜɨɡɜɪɚɳɚɟɦɵɟ ɫɢɧɯɪɨɧɧɨɣ ɦɚɲɢɧɨɣ (Ia, Ib, Ic, Id, Iq) [63]. 
 

      
                             (a)                                                                   (b) 
 
Ɋɢɫɭɧɨɤ 3.6 – Ɇɨɞɟɥɶ ɫɢɧɯɪɨɧɧɨɣ ɦɚɲɢɧɵ (a) ɷɤɜɢɜɚɥɟɧɬɧɚɹ ɦɨɞɟɥɶ q-ɨɫɢ (b) 

ɷɤɜɢɜɚɥɟɧɬɧɚɹ ɦɨɞɟɥɶ ɩɨ d-ɨɫɢ [63] 
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ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɫɢɧɯɪɨɧɧɨɣ ɦɚɲɢɧɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦɢ 
ɭɪɚɜɧɟɧɢɹɦɢ: 

 

d s d d R q

d
V R i

dt
     , 

 

(3.23) 

q s q q R d

d
V R i

dt
     , 

 

(3.24) 

fd fd fd fd

d
V R i

dt
     , 

 

(3.25) 

kd kd kd kd

d
V R i

dt
     , 

 

(3.26) 

1 1 1 1kq kq kq kq

d
V R i

dt
     , 

 

(3.27) 

2 2 2 2kq kq kq kq

d
V R i

dt
     , 

 

(3.28) 

ɝɞɟ  d d d md fd kdL i L i i     , 

 

(3.29) 

      q q q mq kqL i L i   , 

 

(3.30) 

       fd fd fd md d kdL i L i i      , 

 

(3.31) 

       kd kd kd md d fdL i L i i      , 

 

(3.32) 

      1 1 1kq kq kq mq qL i L i    , 

 

(3.33) 

      2 2 2kq kq kq mq qL i L i    . 

 

(3.34) 

 
3.5 Ɇɨɞɟɥɶ ɫɢɫɬɟɦɵ ɜɨɡɛɭɠɞɟɧɢɹ 
 
ɋɢɫɬɟɦɚ ɜɨɡɛɭɠɞɟɧɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɩɨɞɚɱɢ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɧɚ 

ɨɛɦɨɬɤɭ ɜɨɡɛɭɠɞɟɧɢɹ ɫɢɧɯɪɨɧɧɨɣ ɦɚɲɢɧɵ. Ɉɧ ɬɚɤɠɟ ɜɵɩɨɥɧɹɟɬ ɮɭɧɤɰɢɸ 
ɤɨɧɬɪɨɥɹ ɢ ɡɚɳɢɬɵ, ɤɨɬɨɪɚɹ ɧɟɨɛɯɨɞɢɦɚ ɞɥɹ ɫɬɚɛɢɥɶɧɨɣ ɪɚɛɨɬɵ ɷɧɟɪɝɨɫɢɫɬɟɦɵ 
ɩɭɬɟɦ ɭɩɪɚɜɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɟɦ ɩɨɥɹ [64]. ɋɢɫɬɟɦɚ ɜɨɡɛɭɠɞɟɧɢɹ IEEE ɬɢɩɚ 
DC1A ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. 

Ɇɨɞɟɥɶ ɜɨɡɛɭɞɢɬɟɥɹ DC1A ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɜɨɡɛɭɞɢɬɟɥɶ ɫ ɤɨɥɥɟɤɬɨɪɨɦ 
ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɢ ɪɟɝɭɥɹɬɨɪ ɧɚɩɪɹɠɟɧɢɹ ɧɟɩɪɟɪɵɜɧɨɝɨ ɞɟɣɫɬɜɢɹ. Ɉɧ ɦɨɠɟɬ 
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ɛɵɬɶ ɫɚɦɨɜɨɡɛɭɠɞɟɧɧɵɦ ɢɥɢ ɪɚɡɞɟɥɶɧɨ ɜɨɡɛɭɠɞɟɧɧɵɦ. Ⱦɥɹ 
ɫɚɦɨɜɨɡɛɭɠɞɚɸɳɟɣɫɹ ɫɢɫɬɟɦɵ ɜɨɡɛɭɠɞɟɧɢɹ Ʉɚ ɜɵɛɢɪɚɟɬɫɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, 
ɱɬɨɛɵ ɡɧɚɱɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɪɟɝɭɥɹɬɨɪɚ VR ɛɵɥɨ ɩɟɪɜɨɧɚɱɚɥɶɧɨ ɧɭɥɟɜɵɦ. 
ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɦɨɞɟɥɢ ɫɢɫɬɟɦɵ ɜɨɡɛɭɠɞɟɧɢɹ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ, 
ɢɫɩɨɥɶɡɭɟɦɚɹ ɜ ɷɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ, ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 3.7. 
 

 
 

Ɋɢɫɭɧɨɤ 3.7 – Ɇɨɞɟɥɶ ɫɢɫɬɟɦɵ ɜɨɡɛɭɠɞɟɧɢɹ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ 
 

Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɫɢɫɬɟɦɵ ɜɨɡɛɭɠɞɟɧɢɹ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ, 
ɩɪɟɞɫɬɚɜɥɹɸɳɟɟ ɞɢɧɚɦɢɱɟɫɤɨɟ ɩɨɜɟɞɟɧɢɟ ɫɢɫɬɟɦɵ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɭɪɚɜɧɟɧɢɹɦɢ 
(3.35) - (3.45) [47]: 
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6
2 6 C

dX
V X T

dt
  , 

 

(3.40) 
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  

 

ȿɫɥɢ 7 maxX V  ɢ 7 minX V , 

(3.41) 

7 0
dX

dt
  ɢ 7 maxX V , 

 

ȿɫɥɢ 
7 0

dX

dt
  ɢ 7 maxX V , 

(3.42) 

7 0
dX

dt
  ɢ 7 minX V , 

 

ȿɫɥɢ 
7 0

dX

dt
  ɢ 7 minX V , 

(3.43) 

 
8

8 7 8
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e

e

dX X Ae K X

dt T
 . 

(3.44) 

 
ȼɵɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɜɨɡɛɭɞɢɬɟɥɹ, Efd ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 

8fdE X . (3.45) 

 
3.6 Ɇɨɞɟɥɶ ɥɢɧɢɢ ɩɟɪɟɞɚɱɢ 
 
ɋɱɢɬɚɟɦ, ɱɬɨ ɩɪɨɞɨɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɥɢɧɢɢ ɩɟɪɟɞɚɱɢ ɫɨɫɪɟɞɨɬɨɱɟɧɧɵɦɢ ɜ 

ɫɟɪɟɞɢɧɟ, ɚ ɩɨɩɟɪɟɱɧɵɟ, ɬɚɤɢɟ ɤɚɤ ɟɦɤɨɫɬɧɚɹ ɩɪɨɜɨɞɢɦɨɫɬɶ ɥɢɛɨ ɪɚɫɩɨɥɨɠɟɧɚ ɜ 
ɫɟɪɟɞɢɧɟ ɥɢɧɢɢ, ɥɢɛɨ ɪɚɡɞɟɥɟɧɚ ɧɚ ɞɜɟ ɩɨɥɨɜɢɧɵ ɨɬ ɨɛɳɟɣ ɟɦɤɨɫɬɢ ɢ ɫɱɢɬɚɟɬɫɹ 
ɫɨɫɪɟɞɨɬɨɱɟɧɧɨɣ ɩɨ ɤɨɧɰɚɦ ɥɢɧɢɢ. ɋɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɬɪɟɯɮɚɡɧɨɣ ɥɢɧɢɢ 
ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ ɦɨɠɟɬ ɛɵɬɶ T- ɢ ɉ- ɨɛɪɚɡɧɵɦɢ (ɪɢɫ. 3.8 ɢ 3.9 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ) 
[25]. 
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Ɋɢɫɭɧɨɤ 3.8 –Ɍ - ɦɨɞɟɥɶ ɥɢɧɢɢ ɩɟɪɟɞɚɱɢ  
 

 
 

Ɋɢɫɭɧɨɤ 3.9 – ɉ - ɦɨɞɟɥɶ ɥɢɧɢɢ ɩɟɪɟɞɚɱɢ  
 

Ʌɢɧɢɹ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ – ɷɬɨ ɱɟɬɵɪёɯɩɨɥɸɫɧɢɤ. ɇɚɩɪɹɠɟɧɢɟ ɢ ɬɨɤ ɜ ɤɨɧɰɟ 
ɥɢɧɢɢ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ ɡɚɩɢɲɭɬɫɹ: 

 

s r rV AV BI   
 

(3.46) 

s r rI CV DI   (3.47) 

 
ɉɚɪɚɦɟɬɪɵ A, B, C, D ɱɟɬɵɪёɯɩɨɥɸɫɧɢɤɚ ɡɚɩɢɲɭɬɫɹ: 
ɞɥɹ Ɍ ɫɯɟɦɵ: 

 

1
2

YZ
A   , 

 

1
4

YZ
B Z

   
 

, 
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C Y , 
 

1
2

YZ
D   . 

 
ɞɥɹ ɉ ɫɯɟɦɵ: 
 

1
2

YZ
A

   
 

, 

 
B Z , 
 

1
4

YZ
C Y

   
 

, 

 

1
2

YZ
D

   
 

. 

 
ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ 3: 
 
ȼ ɝɥɚɜɟ 3 ɪɚɫɫɦɨɬɪɟɧɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɪɚɡɥɢɱɧɵɯ 

ɤɨɦɩɨɧɟɧɬɨɜ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ: ɝɢɞɪɚɜɥɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ, ɝɢɞɪɚɜɥɢɱɟɫɤɚɹ 
ɬɭɪɛɢɧɚ, ɪɟɝɭɥɹɬɨɪ, ɫɢɧɯɪɨɧɧɵɣ ɝɟɧɟɪɚɬɨɪ, ɫɢɫɬɟɦɚ ɜɨɡɛɭɠɞɟɧɢɹ, ɥɢɧɢɹ 
ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ. 
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4 ɂɫɫɥɟɞɨɜɚɧɢɟ ɞɢɧɚɦɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɆȽɗɋ ɜ ɫɪɟɞɟ 
Matlab/Simulink 
 

Ɋɚɡɥɢɱɧɵɟ ɤɨɦɩɨɧɟɧɬɵ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɫɦɨɞɟɥɢɪɨɜɚɧɵ ɜ ɫɪɟɞɟ 
Matlab / Simulink. 

 
4.1 Ɇɨɞɟɥɶ ɝɢɞɪɨɬɭɪɛɢɧɵ 
 
Ƚɢɞɪɨɬɭɪɛɢɧɵ ɦɨɞɟɥɢɪɭɸɬɫɹ ɧɟɥɢɧɟɣɧɨɣ ɫɢɫɬɟɦɨɣ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ 

ɪɢɫɭɧɤɟ 4.1. 
 

1 -K-
Mux  2

(2) (1)u u -

+
-K-

x 1

1

Ɋɟɚɥɶɧɨɟ 
ɨɬɤɪɵɬɢɟ 
ɡɚɬɜɨɪɚ

ɍɫɢɥɟɧɢɟ 
ɬɭɪɛɢɧɵ

0H

mP
1

s
1 wT

 
 

Ɋɢɫɭɧɨɤ 4.1 – Ɇɨɞɟɥɶ Matlab / Simulink ɞɥɹ ɩɨɞɫɢɫɬɟɦɵ ɧɟɥɢɧɟɣɧɨɣ 
ɝɢɞɪɨɬɭɪɛɢɧɵ 

 
4.2 Ɇɨɞɟɥɶ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɚ 
 
ɉɂȾ-ɪɟɝɭɥɹɬɨɪ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 4.2. Ɉɧ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɫɢɝɧɚɥ ɨ 

ɨɬɤɥɨɧɟɧɢɢ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ, ɟɫɥɢ ɛɭɞɟɬ ɧɟ ɩɨɞɤɥɸɱɟɧ, ɬɨ ɜ ɤɚɱɟɫɬɜɟ ɨɛɪɚɬɧɨɣ 
ɫɜɹɡɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɢɝɧɚɥ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɩɨɥɨɠɟɧɢɟɦ ɡɚɬɜɨɪɚ. 
 

1
ɗɬɚɥɨɧɧɚɹ 
ɫɤɨɪɨɫɬɶ

2
ɋɤɨɪɨɫɬɶ

+

-

+

-
Ki

Kp

1

s

+
+
+

ɫɟɪɜɨ
ɦɨɬɨɪ 1

Rp

ɉɪɨɩɨɪɰɢɨɧɚɥɶɧɵɣ 
ɷɥɟɦɟɧɬ

ɂɧɬɟɝɪɚɬɨɪ

ɉɪɨɢɡɜɨɞɧɵɣ ɷɥɟɦɟɧɬ

Ɉɬɤɪɵɬɢɟ 
ɡɚɬɜɨɪɚ

ɉɨɫɬɨɹɧɧɚɹ ɫɩɚɞɚ

.

. 1
d s

d s

k

t 

 
 

Ɋɢɫɭɧɨɤ 4.2 – Ɇɨɞɟɥɶ Matlab / Simulink ɞɥɹ ɩɨɞɫɢɫɬɟɦɵ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɚ 
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4.2.1 Ɇɨɞɟɥɶ ɫɢɫɬɟɦɵ ɜɨɡɛɭɠɞɟɧɢɹ 
 
ɂɫɩɨɥɶɡɭɟɬɫɹ ɫɢɫɬɟɦɚ ɜɨɡɛɭɠɞɟɧɢɹ (ɪɢɫɭɧɨɤ 4.3). ɋɬɚɧɞɚɪɬɧɚɹ ɜɫɬɪɨɟɧɧɚɹ 

ɦɨɞɟɥɶ ɜɨɡɛɭɠɞɚɸɳɟɣ ɫɢɫɬɟɦɵ IEEE ɬɢɩɚ DCIA ɜ ɛɢɛɥɢɨɬɟɤɟ Matlab / Simulink 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. 

 

1
vref

2
vd Mux

+
+
-
+
-

1ɇɚɩɪɹɠɟɧɢɟ ɩɪɹ ɦɨɣ 
ɩɨɫɥɟɞɨɜɬɟ ɥɶ ɧɨɫɬ ɢ

Ɏɢɥɶɬɪ ɧɢɠɧɢɯ 
ɱɚɫɬ ɨɬ3

vq

4
vs tab

1

1
300

0,001 1s 
Efd

Vtf

Ef
1

1

Vf

0,001

0,1 1

s

s 

2 2
(1) (2)u u

0f aV k

1

0,02 1s 

 .1 1r st 

Ʉ ɨɦ ɩɟ ɧɫɚɬ ɨɪ 
ɡɚɩɚ ɡɞɵɜɚɧɢɹ

Ƚɥɚɜɧɵɣ 
ɪɟɝɭɥɹɬɨɪ

   . .1 1c s b st t   . 1a a sk t  ɉɪɨɩɨɪɰɢɨɧɚɥɶɧɨɟ 
ɧɚɫ ɵɳɟ ɧɢɟ

ȼ ɨɡɛɭɞɢɬ ɟɥɶ
 .1 e s et k

Ⱦɟɦɩɮ ɢɪɨɜɚ ɧɢɟ
 . . 1f s f sk t 

0(2)

a

v

k

 
 

Ɋɢɫɭɧɨɤ 4.3 – Ɇɨɞɟɥɶ Matlab / Simulink ɞɥɹ ɩɨɞɫɢɫɬɟɦɵ ɫɢɫɬɟɦɵ 
ɜɨɡɛɭɠɞɟɧɢɹ IEEE ɬɢɩɚ DC1A 

 
4.2.2 ɉɨɥɧɚɹ ɦɨɞɟɥɶ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ 
 
Ɉɬɞɟɥɶɧɵɟ ɤɨɦɩɨɧɟɧɬɵ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɨɛɴɟɞɢɧɟɧɵ ɜɦɟɫɬɟ ɞɥɹ 

ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɨɥɧɨɣ ɦɨɞɟɥɢ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɜ ɫɪɟɞɟ Matlab / Simulink, 
ɤɨɬɨɪɚɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ ɚɧɚɥɢɡɚ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɚɯ 
ɪɚɛɨɬɵ. ɇɚ ɪɢɫɭɧɤɟ 4.4 ɩɨɤɚɡɚɧɚ ɩɨɥɧɚɹ ɦɨɞɟɥɶ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, 
ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɜ ɫɪɟɞɟ Matlab / Simulink. 
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Ɋɢɫɭɧɨɤ 4.4 – Ɇɨɞɟɥɶ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ Matlab / Simulink 
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4.3 Ⱦɚɧɧɵɟ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
 
ɋɥɟɞɭɸɳɢɟ ɞɚɧɧɵɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɜ ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚɬɚɰɢɢ. 
 
1. Ɉɛɳɢɟ  
 
ȼɵɫɨɬɚ 20 
ɉɪɨɟɤɬɧɵɣ ɪɚɫɯɨɞ 142,5 ɦ3/ɫ 

 
2. Ɍɭɪɛɢɧɚ 
 
Ɍɢɩ ɉɅ 20 
Ɇɨɳɧɨɫɬɶ 20 Ɇȼɬ 

 
3. Ƚɟɧɟɪɚɬɨɪ 
 
Ɍɢɩ ȼɟɪɬɢɤɚɥɶɧɵɣ ɜɚɥ, ɫɢɧɯɪɨɧɧɵɣ  
Ɇɨɳɧɨɫɬɶ 20 Ɇȼɬ 
ɇɚɩɪɹɠɟɧɢɟ 13,8 ɤȼ 

 
4. Ɍɪɚɧɫɮɨɪɦɚɬɨɪ  
 
Ɍɢɩ ɨɞɧɨɮɚɡɧɵɣ 
ɑɢɫɥɨ 2 
Ɇɨɳɧɨɫɬɶ 25 Ɇȼɬ 
ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ 13,8 ɤȼ/500 ɤȼ 

 
5. Ʌɢɧɢɹ ɩɟɪɟɞɚɱ 
ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ 500 ɤȼ 
Ɇɚɤɫɢɦɚɥɶɧɚɹ ɞɥɢɧɚ 140 ɤɦ 

 
6. ɉɚɪɚɦɟɬɪ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɚ 
 
ɉɨɫɬɨɹɧɧɚɹ ɫɩɚɞɚ Rɪ = 0,05 ɉɪɨɩɨɪɰɢɨɧɚɥɶɧɨɟ ɭɫɢɥɟɧɢɟ Kp = 1,0 
ɂɧɬɟɝɪɚɥɶɧɨɟ ɭɫɢɥɟɧɢɟ Ki = 0,2 ɉɪɨɢɡɜɨɞɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ Kd = 0,1 
ɋɟɪɜɨɦɨɬɨɪɧɨɟ ɭɫɢɥɟɧɢɟ Ka = 3,33 ȼɪɟɦɹ ɫɟɪɜɨɦɨɬɨɪɚ Ta = 0,07 ɫ 
Ɇɚɤɫɢɦɚɥɶɧɨɟ ɨɬɤɪɵɬɢɟ ɡɚɬɜɨɪɚ =  
0,975 ɨ.ɟ. 

Ɇɢɧɢɦɚɥɶɧɨɟ ɨɬɤɪɵɬɢɟ ɡɚɬɜɨɪɚ = 0,01 ɨ.ɟ. 
 

 
7. ɉɚɪɚɦɟɬɪ ɜɨɡɛɭɠɞɚɸɳɟɣ ɫɢɫɬɟɦɵ 
 
KA = 300 TA = 0,001 ɫ KE = 1,0 Vf0 = 1,29071 
TE = 0 TB = 0,0 TC = 0,0 TR = 20e-3 
KF = 0,001 TF = 0.1 ɫ EFMIN = -11,5  
EFMAX = 11,5 KP = 0.0 Vt0 = 1,0  
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4.4 Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ɫɪɟɞɟ Matlab / Simulink ɢ 
ɨɛɫɭɠɞɟɧɢɹ 

 
Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɨɜɟɞɟɧɢɹ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, 

ɩɨɤɚɡɚɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 4.4, ɜɵɩɨɥɧɹɟɬɫɹ ɞɥɹ ɫɥɟɞɭɸɳɢɯ ɬɪɟɯ ɫɥɭɱɚɟɜ. 
 
4.4.1 ɋɥɭɱɚɣ I: ɭɜɟɥɢɱɟɧɢɟ ɧɚɝɪɭɡɤɢ 
 
Ⱦɥɹ ɷɬɨɝɨ ɫɥɭɱɚɹ ɦɨɞɟɥɶ Matlab / Simulink ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 4.5, ɚ 

ɨɞɧɨɥɢɧɟɣɧɚɹ ɞɢɚɝɪɚɦɦɚ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 4.6. 
 

 
 

Ɋɢɫɭɧɨɤ 4.5 – Ɇɨɞɟɥɶ Matlab / Simulink ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɫ ɫɥɭɱɚɹ 
ɭɜɟɥɢɱɟɧɢɹ ɧɚɝɪɭɡɤɢ 

 

Ƚɟɧɟɪɚɬɨɪ Ɍɪɚɧɫɮɨɪɦɚɬɨɪ

Ʌɢɧɢɹ ɋɢɫɬɟɦɚ

t=5,0 c

20 Ɇȼɬ
20 Ɇȼɬ  

 
Ɋɢɫɭɧɨɤ 4.6 – Ɉɞɧɨɫɬɪɨɱɧɚɹ ɞɢɚɝɪɚɦɦɚ ɞɥɹ ɫɥɭɱɚɹ ɭɜɟɥɢɱɟɧɢɹ ɧɚɝɪɭɡɤɢ 
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ɉɟɪɜɨɧɚɱɚɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɫɨɫɬɚɜɥɹɟɬ 20 Ɇȼɬ ɧɚɝɪɭɡɤɢ. ȼɨɡɦɭɳɟɧɢɟ 
ɫɨɡɞɚɟɬɫɹ ɡɚ ɫɱɟɬ ɭɜɟɥɢɱɟɧɢɹ ɧɚɝɪɭɡɤɢ ɜ 20 Ɇȼɬ. ɂɦɢɬɚɰɢɹ ɩɪɨɜɨɞɢɬɫɹ ɜ ɬɟɱɟɧɢɟ 
10,0 ɫɟɤɭɧɞ. ȼɫɟ ɜɟɥɢɱɢɧɵ ɭɤɚɡɚɧɵ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ. 

ɇɚ ɪɢɫɭɧɤɚɯ 4.7 – 4.17 ɩɪɟɞɫɬɚɜɥɟɧɵ ɜɪɟɦɟɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. ɇɚ 
ɪɢɫɭɧɤɟ 4.20 ɩɨɤɚɡɚɧɨ ɢɡɦɟɧɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɝɟɧɟɪɚɬɨɪɚ, ɧɚ ɪɢɫɭɧɤɟ 4.8 
ɩɨɤɚɡɚɧɨ ɢɡɦɟɧɟɧɢɟ ɬɨɤɚ ɝɟɧɟɪɚɬɨɪɚ, ɧɚ ɪɢɫɭɧɤɟ 4.9 ɩɨɤɚɡɚɧɨ ɢɡɦɟɧɟɧɢɟ ɬɨɤɚ 
ɧɚɝɪɭɡɤɢ, ɧɚ ɪɢɫɭɧɤɟ 4.10 ɩɨɤɚɡɚɧɨ ɢɡɦɟɧɟɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ 
ɝɟɧɟɪɚɬɨɪɚ. ɇɚ ɪɢɫɭɧɤɟ 4.11 ɩɨɤɚɡɚɧɨ ɢɡɦɟɧɟɧɢɟ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ, ɧɚ 
ɪɢɫɭɧɤɟ 4.12 ɩɨɤɚɡɚɧɨ ɢɡɦɟɧɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɜɨɡɛɭɠɞɟɧɢɹ, ɧɚ ɪɢɫ. 4.13 
ɩɨɤɚɡɚɧɨ ɢɡɦɟɧɟɧɢɟ ɭɝɥɚ ɧɚɝɪɭɡɤɢ ɝɟɧɟɪɚɬɨɪɚ, ɧɚ ɪɢɫɭɧɤɟ 4.14 ɩɨɤɚɡɚɧɨ 
ɢɡɦɟɧɟɧɢɟ ɦɟɯɚɧɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ, ɪɢɫ. 4.15 ɩɨɤɚɡɵɜɚɟɬ ɢɡɦɟɧɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ 
ɫɟɬɢ, ɧɚ ɪɢɫ. 4.16 ɩɨɤɚɡɚɧɨ ɢɡɦɟɧɟɧɢɟ ɬɨɤɚ ɫɟɬɢ, ɚ ɧɚ ɪɢɫ. 4.17 ɩɨɤɚɡɚɧɨ 
ɢɡɦɟɧɟɧɢɟ ɜɟɥɢɱɢɧɵ ɨɬɤɪɵɬɢɹ ɡɚɬɜɨɪɚ. 

 

 
 

Ɋɢɫɭɧɨɤ 4.7 – ɇɚɩɪɹɠɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ  
 
 

 
 

Ɋɢɫɭɧɨɤ 4.8 – Ɍɨɤ ɝɟɧɟɪɚɬɨɪɚ  
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Ɋɢɫɭɧɨɤ 4.9 – Ɍɨɤ ɧɚɝɪɭɡɤɢ  
 

 
 

Ɋɢɫɭɧɨɤ 4.10 – ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ 
 

 
 

Ɋɢɫɭɧɨɤ 4.11 – ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ 
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Ɋɢɫɭɧɨɤ 4.12 – ɇɚɩɪɹɠɟɧɢɟ ɜɨɡɛɭɠɞɟɧɢɹ 
 

 
 

Ɋɢɫɭɧɨɤ 4.13 – ɍɝɨɥ ɧɚɝɪɭɡɤɢ ɝɟɧɟɪɚɬɨɪɚ (ɝɪɚɞɭɫɵ) 
 

 
 

Ɋɢɫɭɧɨɤ 4.14 – Ɇɟɯɚɧɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ 
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Ɋɢɫɭɧɨɤ 4.15 – ɇɚɩɪɹɠɟɧɢɟ ɫɟɬɢ 
 

 
 

Ɋɢɫɭɧɨɤ 4.16 – Ɍɨɤ ɫɟɬɢ 
 

 
 

Ɋɢɫɭɧɨɤ 4.17 – ȼɟɥɢɱɢɧɚ ɨɬɤɪɵɬɢɹ ɡɚɬɜɨɪɚ 
 

ɉɟɪɜɨɧɚɱɚɥɶɧɨ ɧɚɩɪɹɠɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ, ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ ɢ 
ɧɚɩɪɹɠɟɧɢɟ ɫɟɬɢ ɫɨɫɬɚɜɥɹɸɬ 1,0 ɨ.ɟ., ɬɨɝɞɚ ɤɚɤ ɬɨɤ ɝɟɧɟɪɚɬɨɪɚ ɢ ɬɨɤ ɫɟɬɢ 
ɫɨɫɬɚɜɥɹɸɬ 0,65 ɨ.ɟ. ɢ 0,35 ɨ.ɟ. ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ɍɨɤ ɧɚɝɪɭɡɤɢ 0,1 ɨ.ɟ., 
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ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ 0,75 ɨ.ɟ., ɧɚɩɪɹɠɟɧɢɟ ɜɨɡɛɭɠɞɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ 1,10 ɨ.ɟ., 
ɭɝɨɥ ɧɚɝɪɭɡɤɢ ɝɟɧɟɪɚɬɨɪɚ 27 ɝɪɚɞɭɫɨɜ, ɦɟɯɚɧɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ 0,755 ɨ.ɟ. ɢ 
ɜɟɥɢɱɢɧɚ ɨɬɤɪɵɬɢɹ ɡɚɬɜɨɪɚ 0,726 ɨ.ɟ. 

ɂɡ ɪɢɫɭɧɤɨɜ 4.7 ɢ 4.15 ɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɧɚɝɪɭɡɤɢ ɨɬɫɭɬɫɬɜɭɟɬ 
ɜɥɢɹɧɢɟ ɧɚ ɧɚɩɪɹɠɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ ɢ ɧɚɩɪɹɠɟɧɢɟ ɫɟɬɢ, ɩɪɢ ɷɬɨɦ ɩɪɨɢɫɯɨɞɢɬ 
ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɬɨɤɚ ɝɟɧɟɪɚɬɨɪɚ ɩɪɢ t = 5,0 ɫɟɤɭɧɞ ɢ ɞɨ 6 ɫɟɤɭɧɞ, ɤɚɤ 
ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 4.8. ɂɡ-ɡɚ ɭɜɟɥɢɱɟɧɢɹ ɧɚɝɪɭɡɤɢ, ɬɨɤ ɧɚɝɪɭɡɤɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ 
ɩɪɢɦɟɪɧɨ ɞɨ 0,2 ɨ.ɟ. ɨɬ ɧɚɱɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ 0,1 ɨ.ɟ., ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 4.9. 
ɇɚɛɥɸɞɚɟɬɫɹ, ɱɬɨ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɞɨ 0,8 ɨ.ɟ. ɨɬ 
ɧɚɱɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ 0,75 ɨ.ɟ. ɢ ɞɨɫɬɢɝɚɟɬ ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɫɨɫɬɨɹɧɢɹ ɱɟɪɟɡ 7,0 
ɫɟɤɭɧɞ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 4.10, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ ɜ 
ɷɬɨ ɜɪɟɦɹ ɭɦɟɧɶɲɢɥɚɫɶ, ɧɨ ɞɨɫɬɢɝɥɚ ɭɫɬɨɣɱɢɜɨɝɨ ɡɧɚɱɟɧɢɹ ɱɟɪɟɡ 7,0 ɫɟɤɭɧɞ, ɤɚɤ 
ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 4.11. ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɧɚɝɪɭɡɤɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɧɚɩɪɹɠɟɧɢɟ 
ɜɨɡɛɭɠɞɟɧɢɹ ɩɪɢɦɟɪɧɨ ɞɨ 1,3 ɨ.ɟ. ɢ ɨɧɨ ɤɨɥɟɛɥɟɬɫɹ ɜ ɬɟɱɟɧɢɢ 3,0 ɫɟɤɭɧɞ ɢ 
ɞɨɫɬɢɝɚɟɬ ɭɫɬɨɣɱɢɜɨɝɨ ɡɧɚɱɟɧɢɹ ɱɟɪɟɡ 8,0 ɫɟɤɭɧɞ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 4.12. 
ɍɜɟɥɢɱɢɜɚɟɬɫɹ ɬɚɤɠɟ ɭɝɨɥ ɧɚɝɪɭɡɤɢ ɝɟɧɟɪɚɬɨɪɚ ɞɨ 28 ɝɪɚɞɭɫɨɜ ɢ ɨɧɨ ɤɨɥɟɛɥɟɬɫɹ 
ɜ ɬɟɱɟɧɢɢ 2,0 ɫɟɤɭɧɞ, ɚ ɧɚɱɚɥɶɧɨɟ ɭɫɬɚɧɨɜɢɜɲɟɟɫɹ ɡɧɚɱɟɧɢɟ ɞɨɫɬɢɝɚɟɬɫɹ ɱɟɪɟɡ 
7,0 ɫɟɤɭɧɞ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 4.13. Ɇɟɯɚɧɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ ɬɚɤɠɟ 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɧɚɝɪɭɡɤɢ ɩɪɢ t = 5,0 ɫɟɤɭɧɞ, ɢ ɨɧɚ ɤɨɥɟɛɥɟɬɫɹ 3,0 
ɫɟɤɭɧɞɵ ɢ ɞɨɫɬɢɝɚɟɬ ɭɫɬɨɣɱɢɜɨɝɨ ɡɧɚɱɟɧɢɹ ɱɟɪɟɡ 8,0 ɫɟɤɭɧɞ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ 
ɪɢɫɭɧɤɟ 4.14. ɂɡ-ɡɚ ɭɜɟɥɢɱɟɧɢɹ ɧɚɝɪɭɡɤɢ ɬɨɤ ɫɟɬɢ ɭɦɟɧɶɲɚɟɬɫɹ ɞɨ 0,29 ɨ.ɟ. ɨɬ 0,3 
ɨ.ɟ., ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 4.16. ɂɡ ɪɢɫɭɧɤɚ 4.17 ɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ 
ɧɚɝɪɭɡɤɢ ɜ ɫɢɫɬɟɦɭ ɭɦɟɧɶɲɚɟɬɫɹ ɜɟɥɢɱɢɧɚ ɨɬɤɪɵɬɢɹ ɡɚɬɜɨɪɚ ɢ ɤɨɥɟɛɥɟɬɫɹ ɜ 
ɬɟɱɟɧɢɢ 2,0 ɫɟɤɭɧɞɵ ɢ ɞɨ 7,0 ɫɟɤɭɧɞ ɜɨɡɜɪɚɳɚɟɬɫɹ ɜ ɧɚɱɚɥɶɧɨɟ ɭɫɬɚɧɨɜɢɜɲɟɟɫɹ 
ɡɧɚɱɟɧɢɟ. 

 
4.4.2 ɋɥɭɱɚɣ II: ɫɧɢɠɟɧɢɟ ɧɚɝɪɭɡɤɢ 
 
Ⱦɥɹ ɷɬɨɝɨ ɫɥɭɱɚɹ ɦɨɞɟɥɶ Matlab / Simulink ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 4.18, ɚ 

ɨɞɧɨɥɢɧɟɣɧɚɹ ɞɢɚɝɪɚɦɦɚ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 4.19. 
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Ɋɢɫɭɧɨɤ 4.18 – Ɇɨɞɟɥɶ Matlab / Simulink ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ cɨ ɫɧɢɠɟɧɢɟɦ 
ɧɚɝɪɭɡɤɢ 

 

Ƚɟɧɟɪɚɬɨɪ Ɍɪɚɧɫɮɨɪɦɚɬɨɪ

Ʌɢɧɢɹ ɋɢɫɬɟɦɚ

t=5,0 c

20 Ɇȼɬ
20 Ɇȼɬ  

 
Ɋɢɫɭɧɨɤ 4.19 – Ɉɞɧɨɥɢɧɟɣɧɚɹ ɞɢɚɝɪɚɦɦɚ ɞɥɹ ɭɦɟɧɶɲɟɧɢɹ ɧɚɝɪɭɡɤɢ 
 
ɉɟɪɜɨɧɚɱɚɥɶɧɨ 40 Ɇȼɬ – ɷɬɨ ɨɛɳɚɹ ɧɚɝɪɭɡɤɚ ɜ ɫɟɬɢ, ɜɜɟɞɟɧɨ ɧɚɪɭɲɟɧɢɟ 

ɩɭɬɟɦ ɭɦɟɧɶɲɟɧɢɹ ɧɚɝɪɭɡɤɢ 20 Ɇȼɬ ɨɬ ɨɛɳɟɣ ɧɚɝɪɭɡɤɢ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ t = 5,0 
ɫɟɤɭɧɞ, ɚ ɫɢɦɭɥɹɰɢɹ ɩɪɨɜɨɞɢɬɫɹ ɜ ɬɟɱɟɧɢɟ 10,0 ɫɟɤɭɧɞ. ȼɫɟ ɜɟɥɢɱɢɧɵ ɭɤɚɡɚɧɵ ɜ 
ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ. 

ɇɚ ɪɢɫɭɧɤɚɯ 4.20 – 4.30 ɩɪɟɞɫɬɚɜɥɟɧɵ ɜɪɟɦɟɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. ɇɚ 
ɪɢɫɭɧɤɟ 4.20 ɩɨɤɚɡɚɧɨ ɢɡɦɟɧɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɝɟɧɟɪɚɬɨɪɚ, ɧɚ ɪɢɫɭɧɤɟ 4.21 
ɩɨɤɚɡɚɧɨ ɢɡɦɟɧɟɧɢɟ ɬɨɤɚ ɝɟɧɟɪɚɬɨɪɚ, ɧɚ ɪɢɫɭɧɤɟ 4.22 ɩɨɤɚɡɚɧɨ ɢɡɦɟɧɟɧɢɟ ɬɨɤɚ 
ɧɚɝɪɭɡɤɢ, ɧɚ ɪɢɫɭɧɤɟ 4.23 ɩɨɤɚɡɚɧɨ ɢɡɦɟɧɟɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ 
ɝɟɧɟɪɚɬɨɪɚ. ɇɚ ɪɢɫɭɧɤɟ 4.24 ɩɨɤɚɡɚɧɨ ɢɡɦɟɧɟɧɢɟ ɫɤɨɪɨɫɬɢ ɪɨɬɨɪɚ, ɧɚ ɪɢɫɭɧɤɟ 
4.25 ɩɨɤɚɡɚɧɨ ɢɡɦɟɧɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɜɨɡɛɭɠɞɟɧɢɹ, ɧɚ ɪɢɫɭɧɤɟ 4.26 ɩɨɤɚɡɚɧɨ 
ɢɡɦɟɧɟɧɢɟ ɭɝɥɚ ɧɚɝɪɭɡɤɢ ɝɟɧɟɪɚɬɨɪɚ, ɧɚ ɪɢɫɭɧɤɟ 4.27 ɩɨɤɚɡɚɧɨ ɢɡɦɟɧɟɧɢɟ 
ɦɟɯɚɧɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ, ɪɢɫ. 4.28 ɩɨɤɚɡɚɧɨ ɢɡɦɟɧɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɫɟɬɢ, ɧɚ 
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ɪɢɫɭɧɤɟ 4.29 ɩɨɤɚɡɚɧɨ ɢɡɦɟɧɟɧɢɟ ɬɨɤɚ ɫɟɬɢ, ɚ ɧɚ ɪɢɫɭɧɤɟ 4.30 ɩɨɤɚɡɚɧɨ 
ɢɡɦɟɧɟɧɢɟ ɜɟɥɢɱɢɧɵ ɨɬɤɪɵɬɢɹ ɡɚɬɜɨɪɚ. 
 

 
 

 Ɋɢɫɭɧɨɤ 4.20 – ɇɚɩɪɹɠɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ  
 

 
 

Ɋɢɫɭɧɨɤ 4.21 – Ɍɨɤ ɝɟɧɟɪɚɬɨɪɚ  
 

 
 

Ɋɢɫɭɧɨɤ 4.22 – Ɍɨɤ ɧɚɝɪɭɡɤɢ  
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Ɋɢɫɭɧɨɤ 4.23 – ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ 
 

 
 

Ɋɢɫɭɧɨɤ 4.24 – ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ  
 

 
 

Ɋɢɫɭɧɨɤ 4.25 – ɇɚɩɪɹɠɟɧɢɟ ɜɨɡɛɭɠɞɟɧɢɹ  
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Ɋɢɫɭɧɨɤ 4.26 – ɍɝɨɥ ɧɚɝɪɭɡɤɢ ɝɟɧɟɪɚɬɨɪɚ (ɝɪɚɞɭɫ)  
 

 
 

Ɋɢɫɭɧɨɤ 4.27 – Ɇɟɯɚɧɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ  
 

 
 

Ɋɢɫɭɧɨɤ 4.28 – ɇɚɩɪɹɠɟɧɢɟ ɫɟɬɢ  
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Ɋɢɫɭɧɨɤ 4.29 – Ɍɨɤ ɫɟɬɢ  
 

 
 

Ɋɢɫɭɧɨɤ 4.30 – ȼɟɥɢɱɢɧɚ ɨɬɤɪɵɬɢɹ ɡɚɬɜɨɪɚ 
 

ɉɟɪɜɨɧɚɱɚɥɶɧɨ ɧɚɩɪɹɠɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ, ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ ɢ 
ɧɚɩɪɹɠɟɧɢɟ ɫɟɬɢ ɫɨɫɬɚɜɥɹɸɬ 1,0 ɨ.ɟ., ɬɨɝɞɚ ɤɚɤ ɬɨɤ ɝɟɧɟɪɚɬɨɪɚ ɢ ɬɨɤ ɫɟɬɢ 
ɫɨɫɬɚɜɥɹɸɬ 0,65 ɨ.ɟ. ɢ 0,29 ɨ.ɟ. ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ɍɨɤ ɧɚɝɪɭɡɤɢ 0,2 ɨ.ɟ., 
ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ 0,75 ɨ.ɟ., ɧɚɩɪɹɠɟɧɢɟ ɜɨɡɛɭɠɞɟɧɢɹ – 1,10 ɨ.ɟ., ɭɝɨɥ 
ɧɚɝɪɭɡɤɢ ɝɟɧɟɪɚɬɨɪɚ – 27 ɝɪɚɞɭɫɨɜ, ɦɟɯɚɧɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ - 0,751 ɨ.ɟ. ɢ 
ɜɟɥɢɱɢɧɚ ɨɬɤɪɵɬɢɹ ɡɚɬɜɨɪɚ 0,726 ɨ.ɟ. 

ɂɡ ɪɢɫɭɧɤɨɜ 4.20 ɢ 4.28 ɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɭɦɟɧɶɲɟɧɢɢ ɧɚɝɪɭɡɤɢ ɨɬɫɭɬɫɬɜɭɟɬ 
ɜɥɢɹɧɢɟ ɧɚ ɧɚɩɪɹɠɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ ɢ ɧɚɩɪɹɠɟɧɢɟ ɫɟɬɢ, ɩɪɢ ɷɬɨɦ ɩɪɨɢɫɯɨɞɢɬ 
ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ ɭɦɟɧɶɲɟɧɢɟ ɬɨɤɚ ɝɟɧɟɪɚɬɨɪɚ ɩɪɢ t = 5,0 ɫɟɤɭɧɞ, ɬɨɤ ɝɟɧɟɪɚɬɨɪɚ 
ɞɨɫɬɢɝɚɟɬ ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɡɧɚɱɟɧɢɹ ɱɟɪɟɡ 6,0 ɫɟɤɭɧɞ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 
4.21. ɂɡ-ɡɚ ɭɜɟɥɢɱɟɧɢɹ ɧɚɝɪɭɡɤɢ, ɬɨɤ ɧɚɝɪɭɡɤɢ ɭɦɟɧɶɲɚɟɬɫɹ ɩɪɢɦɟɪɧɨ ɞɨ 0,1 ɨ.ɟ. 
ɨɬ ɧɚɱɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ 0,2 ɨ.ɟ., ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 4.22. ɇɚɛɥɸɞɚɟɬɫɹ, ɱɬɨ 
ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ ɭɦɟɧɶɲɚɟɬɫɹ ɞɨ 0,7 ɨ.ɟ. ɨɬ ɧɚɱɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ 0,75 ɨ.ɟ. 
ɢ ɞɨɫɬɢɝɚɟɬ ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɡɧɚɱɟɧɢɹ ɱɟɪɟɡ 7,0 ɫɟɤɭɧɞ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 
4.23, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɧɨ ɞɨɫɬɢɝɥɚ 
ɭɫɬɨɣɱɢɜɨɝɨ ɡɧɚɱɟɧɢɹ ɱɟɪɟɡ 7,0 ɫɟɤɭɧɞ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 4.24. ɉɪɢ 
ɭɦɟɧɶɲɟɧɢɢ ɧɚɝɪɭɡɤɢ ɧɚɛɥɸɞɚɟɬɫɹ ɭɦɟɧɶɲɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɜɨɡɛɭɠɞɟɧɢɹ 
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ɩɪɢɦɟɪɧɨ ɞɨ 1,0 ɨ.ɟ., ɢ ɨɧɨ ɤɨɥɟɛɥɟɬɫɹ ɜ ɬɟɱɟɧɢɟ 3,0 ɫɟɤɭɧɞ ɢ ɞɨɫɬɢɝɚɟɬ  
ɭɫɬɨɣɱɢɜɨɝɨ ɡɧɚɱɟɧɢɹ ɱɟɪɟɡ 8,0 ɫɟɤɭɧɞ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 4.25. Ɍɚɤɠɟ 
ɫɧɢɠɚɟɬɫɹ ɭɝɨɥ ɧɚɝɪɭɡɤɢ ɝɟɧɟɪɚɬɨɪɚ ɞɨ 26 ɝɪɚɞɭɫɨɜ, ɢ ɨɧ ɤɨɥɟɛɥɟɬɫɹ ɜ ɬɟɱɟɧɢɢ 
2,0 ɫɟɤɭɧɞ ɢ ɞɨɫɬɢɝɚɟɬ ɧɚɱɚɥɶɧɨɝɨ ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɡɧɚɱɟɧɢɹ ɱɟɪɟɡ 7,0 ɫɟɤɭɧɞ, 
ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 4.26. Ɇɟɯɚɧɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ ɭɦɟɧɶɲɚɟɬɫɹ ɩɪɢ t = 5,0 
ɫɟɤɭɧɞ ɢ ɤɨɥɟɛɥɟɬɫɹ ɜ ɬɟɱɟɧɢɟ 3,0 ɫɟɤɭɧɞ ɢ ɞɨɫɬɢɝɚɟɬ ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɡɧɚɱɟɧɢɹ 
ɩɨɫɥɟ 8,0 ɫɟɤɭɧɞ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 4.27. ɂɡ-ɡɚ ɭɦɟɧɶɲɟɧɢɹ ɧɚɝɪɭɡɤɢ ɬɨɤ 
ɫɟɬɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɞɨ 0,35 ɨ.ɟ. ɨɬ 0,29 ɨ.ɟ., ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 4.29. ɂɡ 
ɪɢɫɭɧɤɚ 4.30 ɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɜɵɯɨɞɟ ɧɚɝɪɭɡɤɢ ɢɡ ɫɢɫɬɟɦɵ ɭɜɟɥɢɱɢɜɚɟɬɫɹ 
ɜɟɥɢɱɢɧɚ ɨɬɤɪɵɬɢɹ ɡɚɬɜɨɪɚ ɢ ɤɨɥɟɛɥɟɬɫɹ ɜ ɬɟɱɟɧɢɢ 2,0 ɫɟɤɭɧɞ ɢ ɞɨ 7,0 ɫɟɤɭɧɞ 
ɜɨɡɜɪɚɳɚɟɬɫɹ ɜ ɧɚɱɚɥɶɧɨɟ ɭɫɬɚɧɨɜɢɜɲɟɟɫɹ ɡɧɚɱɟɧɢɟ. 
 

4.4.3 ɋɥɭɱɚɣ III: ɤɨɪɨɬɤɨɟ ɡɚɦɵɤɚɧɢɟ 
 
ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɦɨɞɟɥɶ Matlab / Simulink ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 4.31, ɚ 

ɨɞɧɨɥɢɧɟɣɧɚɹ ɞɢɚɝɪɚɦɦɚ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 4.32. 
 

 
 

Ɋɢɫɭɧɨɤ 4.31 – Ɇɨɞɟɥɶ Matlab / Simulink ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɞɥɹ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ 

 
 



52 
 

Ƚɟɧɟɪɚɬɨɪ Ɍɪɚɧɫɮɨɪɦɚɬɨɪ

Ʌɢɧɢɹ ɋɢɫɬɟɦɚ

ɇɚɝɪɭɡɤɚ  
 

Ɋɢɫɭɧɨɤ 4.32 – Ɉɞɧɨɥɢɧɟɣɧɚɹ ɞɢɚɝɪɚɦɦɚ ɞɥɹ ɬɪɟɯɮɚɡɧɨɝɨ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ  
 
Ɋɚɫɫɦɨɬɪɟɧɨ ɬɪɟɯɮɚɡɧɨɝɨ ɡɚɦɵɤɚɧɢɹ ɧɚ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɚ. 

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɜɨɞɢɬɫɹ ɜ ɬɟɱɟɧɢɟ 10,0 ɫɟɤɭɧɞ. ȼɫɟ ɜɟɥɢɱɢɧɵ ɭɤɚɡɚɧɵ ɜ 
ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ. 

ɇɚ ɪɢɫɭɧɤɚɯ 4.33 – 4.43 ɩɪɟɞɫɬɚɜɥɟɧɵ ɜɪɟɦɟɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. ɇɚ 
ɪɢɫɭɧɤɟ 4.33 ɩɨɤɚɡɚɧɨ ɢɡɦɟɧɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɝɟɧɟɪɚɬɨɪɚ, ɧɚ ɪɢɫɭɧɤɟ 4.34 
ɩɨɤɚɡɚɧɨ ɢɡɦɟɧɟɧɢɟ ɬɨɤɚ ɝɟɧɟɪɚɬɨɪɚ, ɧɚ ɪɢɫɭɧɤɟ 4.35 ɩɨɤɚɡɚɧɨ ɢɡɦɟɧɟɧɢɟ ɬɨɤɚ 
ɧɚɝɪɭɡɤɢ, ɧɚ ɪɢɫɭɧɤɟ 4.36 ɩɨɤɚɡɚɧɨ ɢɡɦɟɧɟɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ 
ɝɟɧɟɪɚɬɨɪɚ. ɇɚ ɪɢɫɭɧɤɟ 4.37 ɩɨɤɚɡɚɧɨ ɢɡɦɟɧɟɧɢɟ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ, ɧɚ 
ɪɢɫɭɧɤɟ 4.38 ɩɨɤɚɡɚɧɨ ɢɡɦɟɧɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɜɨɡɛɭɠɞɟɧɢɹ, ɧɚ ɪɢɫɭɧɤɟ 4.39 
ɩɨɤɚɡɚɧɨ ɢɡɦɟɧɟɧɢɟ ɭɝɥɚ ɧɚɝɪɭɡɤɢ ɝɟɧɟɪɚɬɨɪɚ, ɧɚ ɪɢɫɭɧɤɟ 4.40 ɩɨɤɚɡɚɧɨ 
ɢɡɦɟɧɟɧɢɟ ɦɟɯɚɧɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ, ɪɢɫ. 4.41 ɩɨɤɚɡɵɜɚɟɬ ɢɡɦɟɧɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ 
ɫɟɬɢ, ɧɚ ɪɢɫɭɧɤɟ 4.42 ɩɨɤɚɡɚɧɨ ɢɡɦɟɧɟɧɢɟ ɬɨɤɚ ɫɟɬɢ, ɚ ɧɚ ɪɢɫɭɧɤɟ 4.43 ɩɨɤɚɡɚɧɨ 
ɢɡɦɟɧɟɧɢɟ ɜɟɥɢɱɢɧɵ ɨɬɤɪɵɬɢɹ ɡɚɬɜɨɪɚ. 
 

 
 

Ɋɢɫɭɧɨɤ 4.33 – ɇɚɩɪɹɠɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ  
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Ɋɢɫɭɧɨɤ 4.34 – Ɍɨɤ ɝɟɧɟɪɚɬɨɪɚ  
 

 
 

Ɋɢɫɭɧɨɤ 4.35 – Ɍɨɤ ɧɚɝɪɭɡɤɢ  
 

 
 

Ɋɢɫɭɧɨɤ 4.36 – ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ  
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Ɋɢɫɭɧɨɤ 4.37 – ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ  
 

 
 

Ɋɢɫɭɧɨɤ 4.38 – ɇɚɩɪɹɠɟɧɢɟ ɜɨɡɛɭɠɞɟɧɢɹ  
 

 
 

Ɋɢɫɭɧɨɤ 4.39 – ɍɝɨɥ ɧɚɝɪɭɡɤɢ ɝɟɧɟɪɚɬɨɪɚ (ɝɪɚɞɭɫ) 
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Ɋɢɫɭɧɨɤ 4.40 – Ɇɟɯɚɧɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ  
 

 
 

Ɋɢɫɭɧɨɤ 4.41 – ɇɚɩɪɹɠɟɧɢɟ ɫɟɬɢ  
 

 
 

Ɋɢɫɭɧɨɤ 4.42 – Ɍɨɤ ɫɟɬɢ  
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Ɋɢɫɭɧɨɤ 4.43 – ȼɪɟɦɹ ɨɬɤɪɵɬɢɹ ɡɚɬɜɨɪɚ  
 

ɉɟɪɜɨɧɚɱɚɥɶɧɨ ɧɚɩɪɹɠɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ, ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ ɢ 
ɧɚɩɪɹɠɟɧɢɟ ɫɟɬɢ ɫɨɫɬɚɜɥɹɸɬ 1,0 ɨ.ɟ., ɬɨɝɞɚ ɤɚɤ ɬɨɤ ɝɟɧɟɪɚɬɨɪɚ ɢ ɬɨɤ ɫɟɬɢ 
ɫɨɫɬɚɜɥɹɸɬ 0,65 ɨ.ɟ. ɢ 0,29 ɨ.ɟ. ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ɍɨɤ ɧɚɝɪɭɡɤɢ ɨɤɨɥɨ 0,1 ɨ.ɟ., 
ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ 0,75 ɨ.ɟ., ɧɚɩɪɹɠɟɧɢɟ ɜɨɡɛɭɠɞɟɧɢɹ – 1,10 ɨ.ɟ., ɭɝɨɥ 
ɧɚɝɪɭɡɤɢ ɝɟɧɟɪɚɬɨɪɚ – 27 ɝɪɚɞɭɫɨɜ, ɦɟɯɚɧɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ – 0,751 ɨ.ɟ. ɢ 
ɜɟɥɢɱɢɧɚ ɨɬɤɪɵɬɢɹ ɡɚɬɜɨɪɚ 0,725 ɨ.ɟ. 

ɂɡ-ɡɚ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɬɪɟɯɮɚɡɧɨɝɨ ɡɚɦɵɤɚɧɢɹ ɧɚ ɡɟɦɥɸ ɧɚ ɜɵɜɨɞɚɯ 
ɝɟɧɟɪɚɬɨɪɚ ɩɪɢ t = 5,0 ɫɟɤɭɧɞ ɧɚɩɪɹɠɟɧɢɟ ɢ ɬɨɤ ɝɟɧɟɪɚɬɨɪɚ ɫɧɢɠɚɸɬɫɹ ɞɨ ɧɭɥɹ 
ɨɬ ɧɚɱɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ 1,0 ɨ.ɟ. ɢ 0,1 ɨ.ɟ. ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ 
ɪɢɫɭɧɤɚɯ 4.33 ɢ 4.35 ɢ ɨɫɬɚɸɬɫɹ ɜ ɩɟɪɟɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ ɜ ɬɟɱɟɧɢɟ 2,0 ɫɟɤɭɧɞ 
ɩɨɫɥɟ ɬɨɝɨ, ɤɚɤ ɤɨɪɨɬɤɨɟ ɡɚɦɵɤɚɧɢɟ ɭɫɬɪɚɧɹɟɬɫɹ ɩɪɢ t = 5,2 ɫɟɤɭɧɞɵ ɢ ɞɨɫɬɢɝɚɟɬ 
ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɡɧɚɱɟɧɢɹ ɱɟɪɟɡ 7,0 ɫɟɤɭɧɞ. ȼɨ ɜɪɟɦɹ ɩɨɜɪɟɠɞɟɧɢɹ ɬɨɤ 
ɝɟɧɟɪɚɬɨɪɚ ɢ ɬɨɤ ɫɟɬɢ ɭɜɟɥɢɱɢɜɚɸɬɫɹ ɩɪɢɦɟɪɧɨ ɞɨ 11,0 ɨ.ɟ. ɢ 2,0 ɨ.ɟ. 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɨɫɬɚɸɬɫɹ ɜ ɩɟɪɟɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ ɜ ɬɟɱɟɧɢɟ 3,0 ɫɟɤɭɧɞ ɢ 
ɞɨɫɬɢɝɚɸɬ ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɡɧɚɱɟɧɢɹ ɱɟɪɟɡ 8,0 ɫɟɤɭɧɞ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɚɯ 
4.34 ɢ 4.42. Ɍɚɤɠɟ ɧɚɛɥɸɞɚɟɬɫɹ, ɱɬɨ ɜɨ ɜɪɟɦɹ ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɷɥɟɤɬɪɢɱɟɫɤɚɹ 
ɦɨɳɧɨɫɬɶ ɩɚɞɚɟɬ ɞɨ ɧɭɥɹ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 4.36 ɢ ɤɨɥɟɛɥɟɬɫɹ ɜ ɬɟɱɟɧɢɟ 
4,0 ɫɟɤɭɧɞ ɩɨɫɥɟ ɭɫɬɪɚɧɟɧɢɹ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɢ ɞɨɫɬɢɝɚɟɬ ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ 
ɡɧɚɱɟɧɢɹ ɱɟɪɟɡ 9,0 ɫɟɤɭɧɞ. ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ ɭɜɟɥɢɱɟɧɚ ɞɨ 1,01 
ɨ.ɟ. ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɧɚɱɚɥɶɧɵɦ ɡɧɚɱɟɧɢɟɦ 1,0 ɨ.ɟ., ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 4.37, 
ɢ ɤɨɥɟɛɥɟɬɫɹ ɜ ɬɟɱɟɧɢɟ 4,0 ɫɟɤɭɧɞ ɢ ɞɨɫɬɢɝɚɟɬ ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɡɧɚɱɟɧɢɹ ɩɨɫɥɟ 
9,0 ɫɟɤɭɧɞ. ɇɚɩɪɹɠɟɧɢɟ ɜɨɡɛɭɠɞɟɧɢɹ ɫɢɥɶɧɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɞɨ ɫɪɟɞɧɟɝɨ 
ɡɧɚɱɟɧɢɹ 11,5 ɨ.ɟ. ɨɬ ɧɚɱɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ 1,10 ɨ.ɟ., ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 4.38, 
ɢ ɤɨɥɟɛɥɟɬɫɹ ɜ ɬɟɱɟɧɢɟ 4,0 ɫɟɤɭɧɞ ɢ ɞɨɫɬɢɝɚɟɬ ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɡɧɚɱɟɧɢɹ ɱɟɪɟɡ 
9,0 ɫɟɤɭɧɞ. ɍɝɨɥ ɧɚɝɪɭɡɤɢ ɝɟɧɟɪɚɬɨɪɚ ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɞɨ 170 
ɝɪɚɞɭɫɨɜ ɨɬ ɧɚɱɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ 27 ɝɪɚɞɭɫɨɜ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 4.39, ɢ 
ɤɨɥɟɛɥɟɬɫɹ ɜ ɬɟɱɟɧɢɟ 4,0 ɫɟɤɭɧɞ ɢ ɞɨɫɬɢɝɚɟɬ ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɡɧɚɱɟɧɢɹ ɱɟɪɟɡ 9,0 
ɫɟɤɭɧɞ. Ɇɟɯɚɧɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ ɭɦɟɧɶɲɚɟɬɫɹ ɢ ɤɨɥɟɛɥɟɬɫɹ ɜ ɬɟɱɟɧɢɟ 4,0 ɫɟɤɭɧɞ, 
ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 4.40, ɢ ɞɨɫɬɢɝɚɟɬ ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɡɧɚɱɟɧɢɹ 0.751 ɨ.ɟ. 
ɇɚɩɪɹɠɟɧɢɟ ɫɟɬɢ ɬɚɤɠɟ ɭɦɟɧɶɲɚɟɬɫɹ ɩɪɢɦɟɪɧɨ ɞɨ 0,7 ɨ.ɟ. ɨɬ ɧɚɱɚɥɶɧɨɝɨ 
ɡɧɚɱɟɧɢɹ 1,0 ɨ.ɟ., ɢ ɨɫɬɚɟɬɫɹ ɜ ɩɟɪɟɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ ɜ ɬɟɱɟɧɢɟ 2,0 ɫɟɤɭɧɞ ɢ 
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ɞɨɫɬɢɝɚɟɬ ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɡɧɚɱɟɧɢɹ 1,0 ɨ.ɟ. ɱɟɪɟɡ 7,0 ɫɟɤɭɧɞ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ 
ɪɢɫɭɧɤɟ 4.41. ȼɟɥɢɱɢɧɚ ɨɬɤɪɵɬɢɹ ɡɚɬɜɨɪɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɞɨ 0,74 ɨ.ɟ. ɨɬ 
ɧɚɱɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ 0,725 ɨ.ɟ. ɢ ɤɨɥɟɛɥɟɬɫɹ ɜ ɬɟɱɟɧɢɟ 4,0 ɫɟɤɭɧɞ, ɤɚɤ ɩɨɤɚɡɚɧɨ 
ɧɚ ɪɢɫɭɧɤɟ 4.43, ɢ ɫɬɪɟɦɢɬɫɹ ɤ ɞɨɫɬɢɠɟɧɢɸ ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɡɧɚɱɟɧɢɹ ɱɟɪɟɡ 9,0 
ɫɟɤɭɧɞ. 

 
4.5 Ⱥɧɚɥɢɡ ɪɟɠɢɦɚ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɣ 

ɭɫɢɥɟɧɢɹ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɚ 
 
Ⱥɧɚɥɢɡ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɭɬɟɦ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɦɨɞɟɥɢ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɣ ɭɫɢɥɟɧɢɹ 
ɉɂȾ-ɪɟɝɭɥɹɬɨɪɚ (Kp, Ki ɢ Kd). 

 
4.5.1 Ⱥɧɚɥɢɡ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɩɪɢ 

ɪɚɡɥɢɱɧɨɣ ɜɟɥɢɱɢɧɟ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɝɨ ɭɫɢɥɟɧɢɹ (Kp) 

 

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɩɪɨɜɨɞɢɬɫɹ ɞɥɹ ɪɚɡɧɵɯ ɡɧɚɱɟɧɢɣ 
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɫɢɥɟɧɢɹ (Kp), ɫɨɯɪɚɧɹɹ ɢɧɬɟɝɪɚɥɶɧɵɣ 
ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɢɥɟɧɢɹ (Ki = 0,1) ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɢɥɟɧɢɹ ɩɪɨɢɡɜɨɞɧɨɣ          
(Kd = 0,0). ȼɫɟ ɜɟɥɢɱɢɧɵ ɭɤɚɡɚɧɵ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ. Ⱥɧɚɥɢɡ ɩɟɪɟɯɨɞɧɵɯ 
ɩɪɨɰɟɫɫɨɜ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢ ɦɟɯɚɧɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ, ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ 
ɢ ɜɟɥɢɱɢɧɵ ɨɬɤɪɵɬɢɹ ɡɚɬɜɨɪɚ ɜɵɩɨɥɧɹɟɬɫɹ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɣ 
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɫɢɥɟɧɢɹ (Kp) 1,0, 2,0 ɢ 3,0. ɇɚ ɪɢɫ. 4.44 – 4.47 
ɩɨɤɚɡɚɧɵ ɜɪɟɦɟɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢ ɦɟɯɚɧɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ, 
ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ ɢ ɜɟɥɢɱɢɧɵ ɨɬɤɪɵɬɢɹ ɡɚɬɜɨɪɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

 
 

 
 

Ɋɢɫɭɧɨɤ 4.44 – ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ ɩɪɢ 
ɩɨɫɬɨɹɧɧɵɯ Ki ɢ Kd 
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Ɋɢɫɭɧɨɤ 4.45 – Ɇɟɯɚɧɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ ɩɪɢ 
ɩɨɫɬɨɹɧɧɵɯ Ki ɢ Kd 

 

 
 

Ɋɢɫɭɧɨɤ 4.46 – ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ ɩɪɢ 
ɩɨɫɬɨɹɧɧɵɯ Ki ɢ Kd 
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Ɋɢɫɭɧɨɤ 4.47 – ȼɟɥɢɱɢɧɚ ɨɬɤɪɵɬɢɹ ɡɚɬɜɨɪɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ ɩɪɢ 
ɩɨɫɬɨɹɧɧɵɯ Ki ɢ Kd 

 
Ʉɨɝɞɚ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɟ ɭɫɢɥɟɧɢɟ (Kp) ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɤɨɥɟɛɚɧɢɟ 

ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢ ɦɟɯɚɧɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ, ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ ɢ ɜɟɥɢɱɢɧɚ 
ɨɬɤɪɵɬɢɹ ɡɚɬɜɨɪɚ ɭɦɟɧɶɲɚɟɬɫɹ ɞɥɹ ɩɨɫɬɨɹɧɧɨɝɨ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɭɫɢɥɟɧɢɹ (Ki = 0,1) ɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɫɢɥɟɧɢɹ ɩɪɨɢɡɜɨɞɧɨɣ (Kd = 0,0). Ɍɚɤɢɦ 
ɨɛɪɚɡɨɦ, ɜɪɟɦɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢ ɦɟɯɚɧɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ, ɱɚɫɬɨɬɵ 
ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ ɢ ɜɟɥɢɱɢɧɵ ɨɬɤɪɵɬɢɹ ɡɚɬɜɨɪɚ ɬɚɤɠɟ ɭɦɟɧɶɲɚɸɬɫɹ ɩɪɢ 
ɭɜɟɥɢɱɟɧɢɢ Kp, ɩɨɷɬɨɦɭ ɫɢɫɬɟɦɚ ɫɬɚɧɨɜɢɬɫɹ ɫɬɚɛɢɥɶɧɨɣ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ Kp. 

 
4.5.2 Ⱥɧɚɥɢɡ ɪɟɠɢɦɚ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɩɪɢ ɪɚɡɥɢɱɧɨɣ ɜɟɥɢɱɢɧɟ 

ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɭɫɢɥɟɧɢɹ (Ki) 
 
Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɩɪɨɜɨɞɢɬɫɹ ɞɥɹ ɪɚɡɥɢɱɧɨɝɨ 

ɡɧɚɱɟɧɢɹ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɭɫɢɥɟɧɢɹ (Ki), ɫɨɯɪɚɧɹɹ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɟ ɭɫɢɥɟɧɢɟ  
(Kp = 1.0) ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɢɥɟɧɢɹ ɩɪɨɢɡɜɨɞɧɨɣ (Kd = 0.0). ȼɫɟ ɜɟɥɢɱɢɧɵ 
ɭɤɚɡɚɧɵ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ. Ⱥɧɚɥɢɡ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ 
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢ ɦɟɯɚɧɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ, ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ ɢ ɜɟɥɢɱɢɧɵ 
ɨɬɤɪɵɬɢɹ ɡɚɬɜɨɪɚ ɜɵɩɨɥɧɹɸɬɫɹ ɞɥɹ ɪɚɡɧɵɯ ɡɧɚɱɟɧɢɣ ɢɧɬɟɝɪɚɥɶɧɨɝɨ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɫɢɥɟɧɢɹ (Ki) 0,1, 0,2 ɢ 0,3. ɇɚ ɪɢɫ. 4.48 – 4.51 ɩɨɤɚɡɚɧɵ 
ɜɪɟɦɟɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢ ɦɟɯɚɧɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ, ɱɚɫɬɨɬɵ 
ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ ɢ ɜɟɥɢɱɢɧɵ ɨɬɤɪɵɬɢɹ ɡɚɬɜɨɪɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
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Ɋɢɫɭɧɨɤ 4.48 – ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ ɩɪɢ 
ɩɨɫɬɨɹɧɧɵɯ Kp ɢ Kd 

 

 
 

Ɋɢɫɭɧɨɤ 4.49 – Ɇɟɯɚɧɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ ɩɪɢ 
ɩɨɫɬɨɹɧɧɨɦ Kp ɢ Kd 

 



61 
 

 
 

Ɋɢɫɭɧɨɤ 4.50 – ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ ɩɪɢ 
ɩɨɫɬɨɹɧɧɨɣ Kp ɢ Kd 

 

 
 

Ɋɢɫɭɧɨɤ 4.51 – ȼɟɥɢɱɢɧɚ ɨɬɤɪɵɬɢɹ ɡɚɬɜɨɪɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ ɩɪɢ 
ɩɨɫɬɨɹɧɧɵɯ Kp ɢ Kd 

 
Ʉɨɝɞɚ ɢɧɬɟɝɪɚɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɢɥɟɧɢɹ (Ki) ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɤɨɥɟɛɚɧɢɟ 

ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢ ɦɟɯɚɧɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ, ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ ɢ ɜɟɥɢɱɢɧɵ 
ɨɬɤɪɵɬɢɹ ɡɚɬɜɨɪɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɞɥɹ ɩɨɫɬɨɹɧɧɨɝɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɝɨ ɭɫɢɥɟɧɢɹ 
(Kp = 1,0) ɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɫɢɥɟɧɢɹ ɩɪɨɢɡɜɨɞɧɨɣ (Kd = 0,0). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜɪɟɦɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢ ɦɟɯɚɧɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ, 
ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ ɢ ɜɟɥɢɱɢɧɵ ɨɬɤɪɵɬɢɹ ɡɚɬɜɨɪɚ. ɉɨɷɬɨɦɭ ɫɢɫɬɟɦɚ 
ɫɬɚɧɨɜɢɬɫɹ ɧɟɭɫɬɨɣɱɢɜɨɣ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɭɫɢɥɟɧɢɹ. 
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4.5.3. Ⱥɧɚɥɢɡ ɪɟɠɢɦɚ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɩɪɢ ɪɚɡɥɢɱɧɨɣ ɜɟɥɢɱɢɧɟ 

ɩɪɨɢɡɜɨɞɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɫɢɥɟɧɢɹ (Kd) 
 
Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɩɪɨɜɨɞɢɬɫɹ ɞɥɹ ɪɚɡɥɢɱɧɨɣ 

ɜɟɥɢɱɢɧɵ ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɫɢɥɟɧɢɹ ɩɪɨɢɡɜɨɞɧɨɣ (Kd), ɫɨɯɪɚɧɹɹ 
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɢɥɟɧɢɹ (Kp = 1,0) ɢ ɢɧɬɟɝɪɚɥɶɧɵɣ 
ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɢɥɟɧɢɹ (Ki = 0,1). ȼɫɟ ɜɟɥɢɱɢɧɵ ɭɤɚɡɚɧɵ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ 
ɟɞɢɧɢɰɚɯ. Ⱥɧɚɥɢɡ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢ ɦɟɯɚɧɢɱɟɫɤɨɣ 
ɦɨɳɧɨɫɬɢ, ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ ɢ ɜɟɥɢɱɢɧɵ ɨɬɤɪɵɬɢɹ ɡɚɬɜɨɪɚ ɜɵɩɨɥɧɹɸɬɫɹ 
ɞɥɹ ɪɚɡɧɵɯ ɡɧɚɱɟɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɫɢɥɟɧɢɹ ɩɪɨɢɡɜɨɞɧɵɯ (Kd) 0,0, 1,0 ɢ 2,0. ɇɚ 
ɪɢɫ. 4.52 – 4.55 ɩɨɤɚɡɚɧɵ ɜɪɟɦɟɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢ 
ɦɟɯɚɧɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ, ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ ɢ ɜɟɥɢɱɢɧɵ ɨɬɤɪɵɬɢɹ 
ɡɚɬɜɨɪɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

 

 
 

Ɋɢɫɭɧɨɤ 4.52 – ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ ɩɪɢ 
ɩɨɫɬɨɹɧɧɨɦ Kp ɢ Ki 
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Ɋɢɫɭɧɨɤ 4.53 – Ɇɟɯɚɧɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ ɩɪɢ 
ɩɨɫɬɨɹɧɧɨɦ Kp ɢ Ki 

 

 
 

Ɋɢɫɭɧɨɤ 4.54 – ɋɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ ɩɪɢ 
ɩɨɫɬɨɹɧɧɨɦ Kp ɢ Ki 
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Ɋɢɫɭɧɨɤ 4.55 – ȼɟɥɢɱɢɧɚ ɨɬɤɪɵɬɢɹ ɡɚɬɜɨɪɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ ɩɪɢ 
ɩɨɫɬɨɹɧɧɵɯ Kp ɢ Ki 

 
ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɫɢɥɟɧɢɹ (Kd) ɩɪɨɢɫɯɨɞɢɬ ɤɨɥɟɛɚɧɢɟ 

ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢ ɦɟɯɚɧɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ, ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ ɢ ɜɟɥɢɱɢɧɵ 
ɨɬɤɪɵɬɢɹ ɡɚɬɜɨɪɚ ɞɥɹ ɩɨɫɬɨɹɧɧɨɝɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɝɨ ɭɫɢɥɟɧɢɹ (Kp = 1,0) ɢ 
ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɫɢɥɟɧɢɹ (Ki = 0,1). ɗɬɨ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ 
ɧɟɫɬɚɛɢɥɶɧɨɫɬɢ ɝɟɧɟɪɚɬɨɪɚ. Ɋɟɤɨɦɟɧɞɭɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɧɢɡɤɨɟ ɡɧɚɱɟɧɢɟ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɫɢɥɟɧɢɹ ɩɪɨɢɡɜɨɞɧɨɣ. 
 

4.6 Ɇɨɞɟɥɢ RT-LAB ɞɥɹ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ 
 
Ɇɨɞɟɥɶ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ Matlab / Simulink ɪɟɚɥɢɡɨɜɚɧɚ ɜ ɫɪɟɞɟ RT-

LAB ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ. 
Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ ɜ ɫɪɟɞɟ RT-LAB 
ɧɟɨɛɯɨɞɢɦɵ ɧɟɤɨɬɨɪɵɟ ɦɨɞɢɮɢɤɚɰɢɢ ɦɨɞɟɥɢ Matlab / Simulink, ɤɚɤ ɨɩɢɫɚɧɨ 
ɧɢɠɟ. 

 
4.6.1 Ɉɬɞɟɥɶɧɚɹ ɦɨɞɟɥɶ RT-LAB 
 
Ɇɨɞɟɥɶ Matlab / Simulink ɬɪɟɛɭɟɬɫɹ ɪɚɡɞɟɥɢɬɶ ɧɚ ɞɜɟ ɩɨɞɫɢɫɬɟɦɵ ɢ 

ɩɪɟɨɛɪɚɡɨɜɚɬɶ ɟё ɞɥɹ ɩɨɞɯɨɞɹɳɟɣ ɪɚɛɨɬɵ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɜ ɫɪɟɞɟ 
RT-LAB, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 4.56. RT-LAB ɦɨɠɟɬ ɪɚɡɞɟɥɢɬɶ ɫɥɨɠɧɭɸ 
ɦɨɞɟɥɶ Matlab / Simulink ɧɚ ɩɪɨɫɬɵɟ ɩɨɞɫɢɫɬɟɦɵ ɢ ɜɵɩɨɥɧɢɬɶ ɩɚɪɚɥɥɟɥɶɧɭɸ 
ɪɚɛɨɬɭ ɜ ɦɧɨɝɨɩɪɨɰɟɫɫɨɪɧɨɦ ɪɟɠɢɦɟ. 
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Ɋɢɫɭɧɨɤ 4.56 – Ɉɬɞɟɥɶɧɚɹ ɦɨɞɟɥɶ RT-LAB 
 
4.6.2 Ʉɨɧɫɨɥɶɧɚɹ ɩɨɞɫɢɫɬɟɦɚ 
 
Ʉɨɧɫɨɥɶɧɚɹ ɩɨɞɫɢɫɬɟɦɚ ɧɚɡɵɜɚɟɬɫɹ sc_Console, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 

4.57. ɉɨɞɫɢɫɬɟɦɚ ɫɨɞɟɪɠɢɬ ɛɥɨɤɢ ɨɬɨɛɪɚɠɟɧɢɹ ɢ ɞɨɫɬɭɩɚ. Ʉɨɧɫɨɥɶɧɚɹ 
ɩɨɞɫɢɫɬɟɦɚ ɡɚɩɭɫɤɚɟɬɫɹ ɧɚ ɝɥɚɜɧɨɦ ɤɨɦɩɶɸɬɟɪɟ, ɤɨɬɨɪɵɣ ɛɭɞɟɬ ɩɨɥɭɱɚɬɶ 
ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɚ ɡɚɬɟɦ ɩɨɤɚɡɵɜɚɬɶ ɪɟɡɭɥɶɬɚɬɵ ɨɩɟɪɚɬɨɪɭ ɱɟɪɟɡ 
ɨɫɰɢɥɥɨɝɪɚɮ. 
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Ɋɢɫɭɧɨɤ 4.57 – Ʉɨɧɫɨɥɶɧɚɹ ɩɨɞɫɢɫɬɟɦɚ 
 
 
4.6.3 Ɉɫɧɨɜɧɚɹ ɩɨɞɫɢɫɬɟɦɚ 
 
Ɉɫɧɨɜɧɚɹ ɩɨɞɫɢɫɬɟɦɚ, ɧɚɡɵɜɚɟɦɚɹ sm_Master, ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɩɨɞɫɢɫɬɟɦɭ, ɤɨɬɨɪɚɹ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 4.58.  
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Ɋɢɫɭɧɨɤ 4.58 – Ɉɫɧɨɜɧɚɹ ɩɨɞɫɢɫɬɟɦɚ 



68 
 

4.7 Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ɫɪɟɞɟ RT-LAB  
 
ɇɢɠɟ ɨɛɫɭɠɞɚɸɬɫɹ ɢ ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ 

ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ ɜ ɫɪɟɞɟ RT-LAB ɞɥɹ ɪɚɡɧɵɯ ɫɥɭɱɚɟɜ. 
 
4.7.1. ɋɥɭɱɚɣ I: ɭɜɟɥɢɱɟɧɢɟ ɧɚɝɪɭɡɤɢ 
 
ɉɪɢ ɫɨɯɪɚɧɟɧɢɢ ɬɟɯ ɠɟ ɭɫɥɨɜɢɣ, ɱɬɨ ɢ ɜ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɦɨɞɟɥɢ Matlab / 

Simulink, ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ ɩɨɥɭɱɚɸɬ ɞɥɹ 
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ, ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ, ɧɚɩɪɹɠɟɧɢɹ ɜɨɡɛɭɠɞɟɧɢɹ, 
ɭɝɥɚ ɧɚɝɪɭɡɤɢ ɝɟɧɟɪɚɬɨɪɚ, ɦɟɯɚɧɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ ɢ ɜɟɥɢɱɢɧɵ ɨɬɤɪɵɬɢɹ ɡɚɬɜɨɪɚ 
ɞɥɹ ɫɥɭɱɚɹ ɭɜɟɥɢɱɟɧɢɹ ɧɚɝɪɭɡɤɢ ɧɚ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ. 
4.59 – 4.64 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

 

 
 

Ɋɢɫɭɧɨɤ 4.59 – ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ 
 

 
 

Ɋɢɫɭɧɨɤ 4.60 – ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ 
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Ɋɢɫɭɧɨɤ 4.61 – ɇɚɩɪɹɠɟɧɢɟ ɜɨɡɛɭɠɞɟɧɢɹ 
 

 
 

Ɋɢɫɭɧɨɤ 4.62 – ɍɝɨɥ ɧɚɝɪɭɡɤɢ ɝɟɧɟɪɚɬɨɪɚ (ɝɪɚɞɭɫɵ) 
 

 
 

Ɋɢɫɭɧɨɤ 4.63 – Ɇɟɯɚɧɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ 
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Ɋɢɫɭɧɨɤ 4.64 – ȼɟɥɢɱɢɧɚ ɨɬɤɪɵɬɢɹ ɡɚɬɜɨɪɚ 
 

Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ, ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ 
ɭɜɟɥɢɱɟɧɢɢ ɧɚɝɪɭɡɤɢ ɞɥɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ, ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ, 
ɧɚɩɪɹɠɟɧɢɹ ɜɨɡɛɭɠɞɟɧɢɹ, ɦɟɯɚɧɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ, ɭɝɥɚ ɧɚɝɪɭɡɤɢ ɝɟɧɟɪɚɬɨɪɚ ɢ 
ɜɟɥɢɱɢɧɵ ɨɬɤɪɵɬɢɹ ɡɚɬɜɨɪɚ ɚɧɚɥɨɝɢɱɧɵ ɪɟɡɭɥɶɬɚɬɚɦ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, 
ɩɨɥɭɱɟɧɧɵɦ ɜ ɫɪɟɞɟ Matlab / Simulink ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɧɚɝɪɭɡɤɢ. Ɉɞɧɚɤɨ ɢɡ 
ɪɟɡɭɥɶɬɚɬɨɜ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ ɧɚɛɥɸɞɚɟɬɫɹ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ 
ɧɚɝɪɭɡɤɢ ɧɟ ɩɪɨɢɫɯɨɞɢɬ ɜ ɦɨɦɟɧɬ ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɜɪɟɦɟɧɢ, ɧɨ ɷɮɮɟɤɬ 
ɭɜɟɥɢɱɟɧɢɹ ɧɚɝɪɭɡɤɢ ɨɳɭɳɚɟɬɫɹ ɱɟɪɟɡ ɧɟɫɤɨɥɶɤɨ ɫɟɤɭɧɞ ɫ ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ 
ɜɪɟɦɟɧɢ. 

  
4.7.2. ɋɥɭɱɚɣ II: ɫɧɢɠɟɧɢɟ ɧɚɝɪɭɡɤɢ 
 
ɉɪɢ ɫɨɯɪɚɧɟɧɢɢ ɬɟɯ ɠɟ ɭɫɥɨɜɢɣ, ɱɬɨ ɢ ɜ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɦɨɞɟɥɢ Matlab / 

Simulink, ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ 
ɦɨɳɧɨɫɬɢ, ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ, ɧɚɩɪɹɠɟɧɢɹ ɜɨɡɛɭɠɞɟɧɢɹ, ɭɝɥɚ ɧɚɝɪɭɡɤɢ 
ɝɟɧɟɪɚɬɨɪɚ, ɦɟɯɚɧɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ ɢ ɜɟɥɢɱɢɧɵ ɨɬɤɪɵɬɢɹ ɡɚɬɜɨɪɚ ɞɥɹ ɫɧɢɠɟɧɢɹ 
ɧɚɝɪɭɡɤɢ ɧɚ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɚɯ 4.65 – 4.70 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
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Ɋɢɫɭɧɨɤ 4.65 – ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ 
 

 
 

Ɋɢɫɭɧɨɤ 4.66 – ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ  
 

 
 

Ɋɢɫɭɧɨɤ 4.67 – ɇɚɩɪɹɠɟɧɢɟ ɜɨɡɛɭɠɞɟɧɢɹ  
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Ɋɢɫɭɧɨɤ 4.68 – ɍɝɨɥ ɧɚɝɪɭɡɤɢ ɝɟɧɟɪɚɬɨɪɚ (ɝɪɚɞɭɫɵ)  
 

 
 

Ɋɢɫɭɧɨɤ 4.69 – Ɇɟɯɚɧɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ  
 

 
 

Ɋɢɫɭɧɨɤ 4.70 – ȼɟɥɢɱɢɧɚ ɨɬɤɪɵɬɢɹ ɡɚɬɜɨɪɚ 
 

Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ, ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ 
ɫɧɢɠɟɧɢɢ ɧɚɝɪɭɡɤɢ ɞɥɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ, ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ, 
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ɧɚɩɪɹɠɟɧɢɹ ɜɨɡɛɭɠɞɟɧɢɹ, ɦɟɯɚɧɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ, ɭɝɥɚ ɧɚɝɪɭɡɤɢ ɝɟɧɟɪɚɬɨɪɚ ɢ 
ɜɟɥɢɱɢɧɵ ɨɬɤɪɵɬɢɹ ɡɚɬɜɨɪɚ ɚɧɚɥɨɝɢɱɧɵ ɪɟɡɭɥɶɬɚɬɚɦ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, 
ɩɨɥɭɱɟɧɧɵɦ ɜ ɫɪɟɞɟ Matlab / Simulink ɞɥɹ ɫɧɢɠɟɧɢɹ ɧɚɝɪɭɡɤɢ. Ɉɞɧɚɤɨ ɢɡ 
ɪɟɡɭɥɶɬɚɬɨɜ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ ɧɚɛɥɸɞɚɟɬɫɹ, ɱɬɨ ɭɦɟɧɶɲɟɧɢɟ 
ɧɚɝɪɭɡɤɢ ɧɟ ɩɪɨɢɫɯɨɞɢɬ ɜ ɦɨɦɟɧɬ ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɜɪɟɦɟɧɢ, ɧɨ ɷɮɮɟɤɬ 
ɭɦɟɧɶɲɟɧɢɹ ɧɚɝɪɭɡɤɢ ɨɳɭɳɚɟɬɫɹ ɱɟɪɟɡ ɧɟɫɤɨɥɶɤɨ ɫɟɤɭɧɞ ɩɨɫɥɟ ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ 
ɜɪɟɦɟɧɢ. 

  
4.7.3 ɋɥɭɱɚɣ III: ɤɨɪɨɬɤɨɟ ɡɚɦɵɤɚɧɢɟ 
 
ɉɪɢ ɫɨɯɪɚɧɟɧɢɢ ɬɟɯ ɠɟ ɭɫɥɨɜɢɣ, ɱɬɨ ɢ ɜ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɦɨɞɟɥɢ Matlab / 

Simulink, ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ 
ɦɨɳɧɨɫɬɢ, ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ, ɧɚɩɪɹɠɟɧɢɹ ɜɨɡɛɭɠɞɟɧɢɹ, ɭɝɥɚ ɧɚɝɪɭɡɤɢ 
ɝɟɧɟɪɚɬɨɪɚ, ɦɟɯɚɧɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ ɢ ɨɬɤɪɵɬɢɹ ɡɚɬɜɨɪɚ ɞɥɹ ɬɪɟɯɮɚɡɧɵɯ 
ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ ɧɚ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɚɯ 4.71 – 
4.76 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

 

 
 

Ɋɢɫɭɧɨɤ 4.71 – ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ  
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Ɋɢɫɭɧɨɤ 4.72 – ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ  
 

 
 

Ɋɢɫɭɧɨɤ 4.73 – ɇɚɩɪɹɠɟɧɢɟ ɜɨɡɛɭɠɞɟɧɢɹ  
 

 
 

Ɋɢɫɭɧɨɤ 4.74 – ɍɝɨɥ ɧɚɝɪɭɡɤɢ ɝɟɧɟɪɚɬɨɪɚ (ɝɪɚɞɭɫɵ) 
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Ɋɢɫɭɧɨɤ 4.75 – Ɇɟɯɚɧɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ  
 

 
 

Ɋɢɫɭɧɨɤ 4.76 – ȼɪɟɦɹ ɨɬɤɪɵɬɢɹ ɡɚɬɜɨɪɚ  
 

Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ, ɩɨɥɭɱɟɧɧɵɯ ɞɥɹ 
ɬɪɟɯɮɚɡɧɵɯ ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ ɧɚ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɚ ɞɥɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ 
ɦɨɳɧɨɫɬɢ, ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ, ɧɚɩɪɹɠɟɧɢɹ ɜɨɡɛɭɠɞɟɧɢɹ, ɦɟɯɚɧɢɱɟɫɤɨɣ 
ɦɨɳɧɨɫɬɢ, ɭɝɥɚ ɧɚɝɪɭɡɤɢ ɝɟɧɟɪɚɬɨɪɚ ɢ ɜɟɥɢɱɢɧɵ ɨɬɤɪɵɬɢɹ ɡɚɬɜɨɪɚ ɫɨɜɩɚɞɚɸɬ ɫ 
ɪɟɡɭɥɶɬɚɬɚɦɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ɫɪɟɞɟ Matlab / Simulink. 
 

ȼɵɜɨɞɵ ɤ 4 ɝɥɚɜɟ: 
 

ȼ ɝɥɚɜɟ 4 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɪɟɠɢɦɨɜ 
ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɜ ɫɪɟɞɟ Matlab / Simulink ɢ ɜ ɫɪɟɞɟ OPAL RT-LAB ɩɪɢ 
ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚɬɚɰɢɢ.  

Ɋɚɡɧɢɰɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɦɟɠɞɭ ɞɜɭɯ ɫɪɟɞ Matlab / Simulink ɢ OPAL RT-
LAB ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ RT-LAB – ɷɬɨ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɞɥɹ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ OPAL-RT, ɫɨɱɟɬɚɸɳɟɟ ɜ ɫɟɛɟ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɢ ɭɥɭɱɲɟɧɧɵɣ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɢɣ ɨɩɵɬ. ɂ RT-LAB 
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ɪɟɚɥɢɡɭɟɬ ɦɨɞɟɥɢ Simulink ɫ ɚɩɩɚɪɚɬɧɵɦ ɨɛɟɫɩɟɱɟɧɢɟɦ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ 
ɜɪɟɦɟɧɢ ɧɚ ɩɟɪɫɨɧɚɥɶɧɨɦ ɤɨɦɩɶɸɬɟɪɟ. 

RT-LAB ɨɛɪɚɛɚɬɵɜɚɟɬ ɜɫɟ, ɜɤɥɸɱɚɹ ɝɟɧɟɪɚɰɢɸ ɤɨɞɚ, ɫ ɩɨɦɨɳɶɸ ɩɪɨɫɬɨɝɨ 
ɜ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɢɧɬɟɪɮɟɣɫɚ. ȼɫɟɝɨ ɧɟɫɤɨɥɶɤɢɦɢ ɳɟɥɱɤɚɦɢ ɦɵɲɢ ɦɨɞɟɥɶ 
Simulink ɫɬɚɧɨɜɢɬɫɹ ɢɧɬɟɪɚɤɬɢɜɧɵɦ ɩɪɢɥɨɠɟɧɢɟɦ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ 
ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ. 

ɋɢɫɬɟɦɚ ɫɛɨɪɚ ɞɚɧɧɵɯ RT-LAB ɞɟɣɫɬɜɭɟɬ ɤɚɤ ɜɢɪɬɭɚɥɶɧɵɣ ɨɫɰɢɥɥɨɝɪɚɮ, 
ɩɨɡɜɨɥɹɹ ɩɨɥɶɡɨɜɚɬɟɥɸ ɜɢɡɭɚɥɢɡɢɪɨɜɚɬɶ ɫɢɝɧɚɥɵ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ 
ɛɟɡ ɫɛɨɟɜ ɢ ɩɨɬɟɪɢ ɞɚɧɧɵɯ. 

RT-LAB ɫɩɨɫɨɛɟɧ ɩɚɪɚɥɥɟɥɶɧɨ ɜɵɩɨɥɧɹɬɶ ɨɱɟɧɶ ɛɨɥɶɲɢɟ ɦɨɞɟɥɢ Simulink 
ɫ ɥɸɛɨɣ ɜɨɡɦɨɠɧɨɫɬɶɸ ɜɜɨɞɚ / ɜɵɜɨɞɚ. ȿɝɨ ɝɥɚɜɧɚɹ ɭɧɢɤɚɥɶɧɨɫɬɶ ɡɚɤɥɸɱɚɟɬɫɹ ɜ 
ɬɨɦ, ɱɬɨ ɨɧ ɥɟɝɤɨ ɪɚɫɩɪɟɞɟɥɹɟɬ ɧɚɝɪɭɡɤɭ ɦɟɠɞɭ ɧɟɫɤɨɥɶɤɢɦɢ ɩɪɨɰɟɫɫɨɪɚɦɢ, 
ɞɚɠɟ ɦɟɠɞɭ ɧɟɫɤɨɥɶɤɢɦɢ ɫɢɦɭɥɹɬɨɪɚɦɢ ɫ ɥɢɧɢɹɦɢ ɫɜɹɡɢ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ. 

ɋ ɜɨɡɦɨɠɧɨɫɬɶɸ ɡɚɩɢɫɢ ɬɵɫɹɱ ɬɨɱɟɤ ɢɡɦɟɪɟɧɢɹ RT-LAB ɩɪɟɞɨɫɬɚɜɥɹɟɬ 
ɩɨɥɶɡɨɜɚɬɟɥɹɦ ɩɨɥɧɭɸ ɢɫɬɨɪɢɸ ɞɚɧɧɵɯ. 

RT-LAB ɨɛɟɫɩɟɱɢɜɚɟɬ ɤɚɱɟɫɬɜɟɧɧɵɣ ɚɧɚɥɢɡ ɢ ɩɨɞɬɜɟɪɠɞɟɧɧɵɟ 
ɪɟɡɭɥɶɬɚɬɵ. Ɉɧ ɪɚɛɨɬɚɟɬ ɧɟɩɪɟɪɵɜɧɨ, ɨɩɬɢɦɢɡɢɪɭɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 
ɤɨɦɚɧɞɵ ɢɧɠɟɧɟɪɨɜ. Ɍɟɫɬɨɜɚɹ ɫɪɟɞɚ RT-LAB ɩɨɡɜɨɥɹɟɬ ɩɨɥɶɡɨɜɚɬɟɥɹɦ ɫɨɡɞɚɜɚɬɶ 
ɫɥɨɠɧɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜɵɩɨɥɧɟɧɢɹ, ɢɦɢɬɢɪɭɹ ɪɚɡɥɢɱɧɵɟ ɦɚɧɟɜɪɵ ɢ 
ɩɟɪɟɯɨɞɧɵɟ ɭɫɥɨɜɢɹ. 
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ɁȺɄɅɘɑȿɇɂȿ 
Ɂɚɤɥɸɱɟɧɢɟ 

ȼ ɞɚɧɧɨɣ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɟ ɩɪɨɜɟɞɟɧɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ 
ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɪɚɡɥɢɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. ɗɥɟɦɟɧɬɵ 
ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɨɛɴɟɞɢɧɟɧɵ ɢ ɫɦɨɞɟɥɢɪɨɜɚɧɵ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɢɹɯ 
ɷɤɫɩɥɭɚɬɚɰɢɢ: ɢɡɦɟɧɟɧɢɟ ɧɚɝɪɭɡɤɢ, ɬɪɟɯɮɚɡɧɨɟ ɡɚɦɵɤɚɧɢɟ ɧɚ ɜɵɜɨɞɚɯ 
ɝɟɧɟɪɚɬɨɪɚ. Ɇɨɞɟɥɶ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ Matlab / Simulink ɦɨɞɟɥɢɪɭɟɬɫɹ ɜ 
ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ (RT-LAB) ɞɥɹ ɬɟɯ ɠɟ ɭɫɥɨɜɢɣ, ɤɨɬɨɪɵɟ ɜɵɩɨɥɧɹɸɬɫɹ ɜ ɫɪɟɞɟ 
Matlab / Simulink ɩɨɫɥɟ ɧɟɤɨɬɨɪɨɣ ɦɨɞɢɮɢɤɚɰɢɢ ɦɨɞɟɥɢ Matlab / Simulink. ɋ 
ɩɨɦɨɳɶɸ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɨɞɟɥɢ Matlab / Simulink ɢ ɦɨɞɟɥɢ RT-LAB ɪɚɛɨɬɵ 
ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɬɟɫɬɢɪɭɸɬɫɹ ɞɥɹ ɫɥɟɞɭɸɳɢɯ ɭɫɥɨɜɢɣ ɷɤɫɩɥɭɚɬɚɰɢɢ: 

1. ɍɜɟɥɢɱɟɧɢɟ ɧɚɝɪɭɡɤɢ; 
2. ɍɦɟɧɶɲɟɧɢɟ ɧɚɝɪɭɡɤɢ; 
3. Ʉɨɪɨɬɤɨɟ ɡɚɦɵɤɚɧɢɟ. 
Ʉɪɨɦɟ ɬɨɝɨ, ɛɵɥ ɩɪɨɜɟɞɟɧ ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɩɟɪɟɯɨɞɧɵɣ ɚɧɚɥɢɡ 

ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɹɯ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɚ. ɂɡ 
ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɢ ɪɚɡɥɢɱɧɨɦ ɡɧɚɱɟɧɢɢ ɭɫɢɥɟɧɢɹ ɪɟɝɭɥɹɬɨɪɚ ɉɂȾ-
ɪɟɝɭɥɹɬɨɪɚ ɜɢɞɧɨ, ɱɬɨ ɜɥɢɹɧɢɟ ɧɚ ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɩɟɪɟɯɨɞɧɵɣ ɩɪɨɰɟɫɫ ɹɜɥɹɟɬɫɹ 
ɛɨɥɟɟ ɡɧɚɱɢɬɟɥɶɧɵɦ, ɤɨɝɞɚ ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɢɥɟɧɢɹ ɩɪɨɢɡɜɨɞɧɨɝɨ ɪɟɝɭɥɹɬɨɪɚ 
ɉɂȾ-ɪɟɝɭɥɹɬɨɪɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɭɜɟɥɢɱɟɧɢɟɦ 
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɝɨ ɢ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɫɢɥɟɧɢɹ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, 
ɫɢɫɬɟɦɚ ɫɬɚɧɨɜɢɬɫɹ ɤɪɚɣɧɟ ɧɟɫɬɚɛɢɥɶɧɨɣ, ɤɨɝɞɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɪɨɢɡɜɨɞɧɨɟ 
ɭɫɢɥɟɧɢɟ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɫɬɚɛɢɥɶɧɨɣ ɪɚɛɨɬɵ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ 
ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɦɟɧɶɲɟɟ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɪɢɪɨɫɬɚ ɩɪɨɢɡɜɨɞɧɨɣ. 

ȼɤɥɚɞ ɜ ɩɪɨɜɟɞɟɧɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɡɚɤɥɸɱɚɟɬɫɹ: 
• Ɋɚɡɪɚɛɨɬɤɟ ɧɟɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ ɝɢɞɪɚɜɥɢɱɟɫɤɨɣ ɬɭɪɛɢɧɵ ɞɥɹ 

ɞɢɧɚɦɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ; 
• Ɋɚɡɪɚɛɨɬɤɟ ɦɨɞɟɥɢ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɩɪɨɝɪɚɦɦɧɨɦ 

ɨɛɟɫɩɟɱɟɧɢɢ Matlab / Simulink; 
• Ɋɚɡɪɚɛɨɬɤɟ ɢɦɢɬɚɰɢɨɧɧɚɹ ɦɨɞɟɥɢ ɦɚɥɨɣ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɜ 

ɫɪɟɞɟ Matlab / Simulink ɢ ɚɧɚɥɢɡɚ ɟё ɩɨɜɟɞɟɧɢɹ ɜ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ 
ɉɪɟɞɥɨɠɟɧɢɹ ɩɨ ɞɚɥɶɧɟɣɲɟɦɭ ɪɚɡɜɢɬɢɸ ɞɚɧɧɨɣ ɦɚɝɢɫɬɟɪɫɤɨɣ 

ɞɢɫɫɟɪɬɚɰɢɢ: 
1. ɂɦɢɬɚɰɢɨɧɧɚɹ ɦɨɞɟɥɶ ɦɨɠɟɬ ɛɵɬɶ ɪɚɡɪɚɛɨɬɚɧɚ ɫ ɭɱɟɬɨɦ ɜɥɢɹɧɢɹ 

ɩɚɪɚɦɟɬɪɨɜ ɜɨɞɨɯɪɚɧɢɥɢɳɚ. 
2. ɉɂȾ-ɪɟɝɭɥɹɬɨɪ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɞɥɹ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɢɦɢɬɚɰɢɨɧɧɨɣ 

ɦɨɞɟɥɢ. ɂɦɢɬɚɰɢɨɧɧɚɹ ɦɨɞɟɥɶ ɦɨɠɟɬ ɛɵɬɶ ɪɚɡɪɚɛɨɬɚɧɚ ɫ ɭɱɟɬɨɦ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ 
ɢɧɬɟɥɥɟɤɬɚ ɞɥɹ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ. 

3. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɜ ɫɪɟɞɟ RT-
LAB ɜɵɩɨɥɧɹɟɬɫɹ ɞɥɹ ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ. ɋɢɦɭɥɹɰɢɹ 
ɦɨɠɟɬ ɛɵɬɶ ɪɚɫɲɢɪɟɧɚ ɞɨ ɚɩɩɚɪɚɬɧɨɣ ɫɢɧɯɪɨɧɢɡɚɰɢɢ. 
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ɉɊɂɅɈɀȿɇɂȿ Ⱥ 
ɉɪɢɥɨɠɟɧɢɟ Ⱥ ɇɨɦɟɧɤɥɚɬɭɪɚ 

ɇɨɦɟɧɤɥɚɬɭɪɚ 
 

Ɉɛɳɢɟ: 
P Ƚɟɧɟɪɢɪɭɟɦɚɹ ɦɨɳɧɨɫɬɶ ɤȼɬ 
Q Ɋɚɫɯɨɞ ɦ3/ɫ 
H ȼɵɫɨɬɚ ɦ 
g ɍɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ ɦ2/ɫ 
η Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ - 

RT-LAB ɋɢɦɭɥɹɰɢɹ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ 
ɜɪɟɦɟɧɢ 

- 

 
Ⱦɥɹ ɝɢɞɪɚɜɥɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɢ ɝɢɞɪɚɜɥɢɱɟɫɤɨɣ ɬɭɪɛɢɧɵ: 
Qin ɉɪɢɬɨɤ ɜ ɪɟɡɟɪɜɭɚɪ ɦ3/ɫ 
Qout Ɉɬɬɨɤ ɢɡ ɪɟɡɟɪɜɭɚɪɚ ɦ3/ɫ 
S(t) Ɉɛɴɟɦ ɜɨɞɵ ɜ ɪɟɡɟɪɜɭɚɪɟ ɦ3 
Δt ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɜɪɟɦɟɧɢ 

ɡɚɩɨɥɧɟɧɢɹ ɪɟɡɟɪɜɭɚɪɚ 
c 

G ȼɟɥɢɱɢɧɚ ɢɞɟɚɥɶɧɨɝɨ ɨɬɤɪɵɬɢɹ 
ɡɚɬɜɨɪɚ 

ɦ 

H Ƚɢɞɪɚɜɥɢɱɟɫɤɚɹ ɜɵɫɨɬɚ  ɦ 
H0 ɇɚɱɚɥɶɧɨɟ ɭɫɬɚɧɨɜɢɜɲɟɟɫɹ ɡɧɚɱɟɧɢɟ 

ɜɵɫɨɬɵ 
ɦ 

L Ⱦɥɢɧɚ ɜɨɞɹɧɨɝɨ ɫɬɨɥɛɚ ɦ 
TW ɉɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ ɦɨɞɟɥɢ 

ɝɢɞɪɚɜɥɢɱɟɫɤɨɣ ɱɚɫɬɢ ɬɭɪɛɢɧɵ 
ɫ 

PNL Ɇɨɳɧɨɫɬɶ ɛɟɡ ɧɚɝɪɭɡɤɢ ɤȼɬ 
UNL ɋɤɨɪɨɫɬɶ ɜɨɞɵ ɛɟɡ ɧɚɝɪɭɡɤɢ ɦ/ɫ 
U ɋɤɨɪɨɫɬɶ ɜɨɞɵ ɦ/ɫ 

VAbase ȼɨɥɶɬ-ɚɦɩɟɪɧɚɹ ɧɨɦɢɧɚɥɶɧɨɫɬɶ 
ɝɟɧɟɪɚɬɨɪɚ 

ȼȺ 

ω0 ɇɨɦɢɧɚɥɶɧɚɹ ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɪɚɞ/ɫ 
ω ɍɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɪɚɞ/ɫ 

rP  ɇɨɪɦɢɪɨɜɚɧɧɚɹ ɧɨɦɢɧɚɥɶɧɚɹ 
ɦɨɳɧɨɫɬɶ ɬɭɪɛɢɧɵ 

- 

KU Ʉɨɷɮɮɢɰɢɟɧɬ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɢ - 
KP Ʉɨɷɮɮɢɰɢɟɧɬ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɢ - 
Pm Ɇɨɳɧɨɫɬɶ ɬɭɪɛɢɧɵ ɧɚ ɜɵɯɨɞɟ ɤȼɬ 
Tm Ɇɟɯɚɧɢɱɟɫɤɢɣ ɦɨɦɟɧɬ H∙ɦ 
G  ȼɟɥɢɱɢɧɚ ɢɞɟɚɥɶɧɨɝɨ ɨɬɤɪɵɬɢɹ 

ɡɚɬɜɨɪɚ 
ɦ 

g  ȼɟɥɢɱɢɧɚ ɪɟɚɥɶɧɨɝɨ ɨɬɤɪɵɬɢɹ 
ɡɚɬɜɨɪɚ 

ɦ 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ⱥ 
 

At Ɍɭɪɛɢɧɧɨɟ ɭɫɢɥɟɧɢɟ - 

FLg  ȼɟɥɢɱɢɧɚ ɨɬɤɪɵɬɢɹ ɡɚɬɜɨɪɚ ɫ 
ɧɚɝɪɭɡɤɨɣ 

ɦ 

NLg  ȼɟɥɢɱɢɧɚ ɨɬɤɪɵɬɢɹ ɡɚɬɜɨɪɚ ɛɟɡ 
ɧɚɝɪɭɡɤɢ 

ɦ 

 
Ⱦɥɹ ɦɨɞɟɥɢ ɪɟɝɭɥɹɬɨɪɚ: 
RP ɉɨɫɬɨɹɧɧɚɹ ɫɩɚɞɚ ɧɚ ɟɞɢɧɢɰɭ 
Kd Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ 

ɭɫɢɥɟɧɢɹ 
- 

Kp ɉɪɨɩɨɪɰɢɨɧɚɥɶɧɨɟ ɤɨɷɮɮɢɰɢɟɧɬ 
ɭɫɢɥɟɧɢɹ 

- 

Ki ɂɧɬɟɝɪɚɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ 
ɭɫɢɥɟɧɢɹ 

- 

s Ɉɩɟɪɚɬɨɪ Ʌɚɩɥɚɫɚ - 
 

Ⱦɥɹ ɫɢɧɯɪɨɧɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ: 
V ɇɚɩɪɹɠɟɧɢɟ ȼ 
i Ɍɨɤ Ⱥ 
φ ɉɨɬɨɤɨɫɰɟɩɥɟɧɢɟ  ȼɛ 

ωR ɇɨɦɢɧɚɥɶɧɚɹ ɭɝɥɨɜɚɹ ɱɚɫɬɨɬɚ ɪɚɞ/ɫ 
R ɋɨɩɪɨɬɢɜɥɟɧɢɟ Ɉɦ 
L ɂɧɞɭɤɬɢɜɧɨɫɬɶ Ƚɧ 
d

dt
 ɉɪɨɢɡɜɨɞɧɚɹ - 

 
ɇɢɠɧɢɟ ɢɧɞɟɤɫɵ: 
d, q ɉɪɨɟɤɰɢɢ ɩɟɪɟɦɟɧɧɵɯ ɧɚ ɨɫɢ d ɢ q 
R, s ɉɚɪɚɦɟɬɪɵ ɪɨɬɨɪɚ ɢ ɫɬɚɬɨɪɚ 
l, m ɂɧɞɭɤɬɢɜɧɨɫɬɢ ɪɚɫɫɟɹɧɢɹ ɢ ɰɟɩɢ ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ 
f, k ɉɟɪɟɦɟɧɧɵɟ ɰɟɩɢ ɜɨɡɛɭɠɞɟɧɢɹ ɢ ɞɟɦɩɮɟɪɧɨɣ ɨɛɦɨɬɤɢ 

 
Ⱦɥɹ ɫɢɫɬɟɦɵ ɜɨɡɛɭɠɞɟɧɢɹ: 
Vref ɇɚɩɪɹɠɟɧɢɟ ɧɚ ɤɥɟɦɦɚɯ ɫɬɚɬɨɪɚ ȼ 
Vter ɇɚɩɪɹɠɟɧɢɟ ɧɚ ɤɥɟɦɦɚɯ ɫɬɚɬɨɪɚ ȼ 
Tt ɉɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ ɧɚɩɪɹɠɟɧɢɹ ɫ 

Tc ɢ Tb ɉɨɫɬɨɹɧɧɵɟ ɜɪɟɦɟɧɢ ɫɬɚɛɢɥɢɡɚɬɨɪɚ ɫ 
Ka Ʉɨɷɮɮɢɰɢɟɧɬ ɭɫɢɥɟɧɢɹ ɪɟɝɭɥɹɬɨɪɚ - 
Ta ɉɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ ɪɟɝɭɥɹɬɨɪɚ ɫ 
Ke Ʉɨɷɮɮɢɰɢɟɧɬ ɭɫɢɥɟɧɢɹ ɦɨɞɟɥɢ 

ɜɨɡɛɭɞɢɬɟɥɹ 
- 
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Ɉɤɨɧɱɚɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ⱥ 
 

Te ɉɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ ɦɨɞɟɥɢ 
ɜɨɡɛɭɞɢɬɟɥɹ 

ɫ 

A ɢ B Ʉɨɧɫɬɚɧɬɵ ɧɚɫɵɳɟɧɢɹ - 
Kf Ʉɨɷɮɮɢɰɢɟɧɬ ɭɫɢɥɟɧɢɹ ɪɟɚɥɶɧɨɝɨ 

ɞɢɮɮɟɪɟɧɰɢɪɭɸɳɟɝɨ ɡɜɟɧɚ 
- 

Tf ɉɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ ɪɟɚɥɶɧɨɝɨ 
ɞɢɮɮɟɪɟɧɰɢɪɭɸɳɟɝɨ ɡɜɟɧɚ 

ɫ 

Vmax Ɇɚɤɫɢɦɚɥɶɧɚɹ ɜɵɯɨɞɧɚɹ ɦɨɳɧɨɫɬɶ 
ɭɫɢɥɢɬɟɥɹ 

ȼ 

Vmin Ɇɢɧɢɦɚɥɶɧɚɹ ɜɵɯɨɞɧɚɹ ɦɨɳɧɨɫɬɶ 
ɭɫɢɥɢɬɟɥɹ 

ȼ 

Efd ȼɵɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɜɨɡɛɭɞɢɬɟɥɹ ȼ 
 

Ⱦɥɹ ɥɢɧɢɢ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ: 
Vs ɉɨɞɚɱɚ ɤɨɧɟɱɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɧɚ 

ɮɚɡɭ 
ȼ 

Is ɉɨɞɚɱɚ ɤɨɧɟɱɧɨɝɨ ɬɨɤɚ Ⱥ 
Vr ɉɨɥɭɱɟɧɢɟ ɤɨɧɟɱɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɧɚ 

ɮɚɡɭ 
ȼ 

Ir ɉɨɥɭɱɟɧɢɟ ɤɨɧɟɱɧɨɝɨ ɬɨɤɚ Ⱥ 
Z ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɥɢɧɢɢ  Ɉɦ 
Y ɉɪɨɜɨɞɢɦɨɫɬɶ ɥɢɧɢɢ ɋɦ 

 
 




