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ɆȺɌȿɆȺɌɂɑȿɋɄɈȿ ɆɈȾȿɅɂɊɈȼȺɇɂȿ ȾɈɉɈɅɇɂɌȿɅɖɇɈȽɈ  
ɈȻɈɊɍȾɈȼȺɇɂə ɋɂɋɌȿɆɕ ɈɏɅȺɀȾȿɇɂə  

ȾȼɂȽȺɌȿɅə ȼɇɍɌɊȿɇɇȿȽɈ ɋȽɈɊȺɇɂə  
 

ȼ.ɉ. Ⱦɟɧɢɫɨɜ1, Ⱥ.ɉ. Ⱦɨɦɛɪɨɜɫɤɢɣ1, ȼ.Ⱥ. Ɇɟɳɟɪɹɤɨɜ2 
1ɎȽȻɈɍ ȼɉɈ «ɋɢɛȺȾɂ», Ɋɨɫɫɢɹ, ɝ. Ɉɦɫɤ; 

2Ɉɦɫɤɢɣ ɮɢɥɢɚɥ Ɏɢɧɚɧɫɨɜɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ ɩɪɢ ɉɪɚɜɢɬɟɥɶɫɬɜɟ ɊɎ, Ɋɨɫɫɢɹ, ɝ. Ɉɦɫɤ.  
 

Аɧɧɨɬɚɰиɹ. ȼ ɫɬɚɬɶɟ ɪɚɫɫɦɨɬɪɟɧ ɦɟɬɨɞ ɜɵɛɨɪɚ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 
ɫɢɫɬɟɦɵ ɨɯɥɚɠɞɟɧɢɹ ɞɜɢɝɚɬɟɥɹ ɜɧɭɬɪɟɧɧɟɝɨ ɫɝɨɪɚɧɢɹ (Ⱦȼɋ). ɉɪɟɞɥɨɠɟɧɚ ɫɢɫɬɟɦɚ 
ɨɯɥɚɠɞɟɧɢɹ Ⱦȼɋ, ɪɟɚɥɢɡɭɸɳɚɹ ɭɩɪɚɜɥɟɧɢɟ ɜɟɧɬɢɥɹɬɨɪɨɦ ɧɚ ɛɚɡɟ ɧɟɱɟɬɤɨɝɨ ɥɨɝɢɱɟ-
ɫɤɨɝɨ ɪɟɝɭɥɹɬɨɪɚ, ɩɥɚɜɧɨ ɢɡɦɟɧɹɸɳɟɝɨ ɱɚɫɬɨɬɭ ɜɪɚɳɟɧɢɹ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ. Ⱦɥɹ 
ɜɵɛɨɪɚ ɭɫɬɪɨɣɫɬɜɚ ɫɬɚɛɢɥɢɡɚɰɢɢ ɬɟɩɥɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ ɞɜɢɝɚɬɟɥɹ ɢɫɩɨɥɶɡɨɜɚɧɵ 
ɫɪɟɞɫɬɜɚ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ɫɪɟɞɟ MATLAB /SТmulТnФ/ Fuггв LoРТc 
Toolboб. 

 
Кɥɸɱеɜые ɫɥɨɜɚ: ɫɢɫɬɟɦɚ ɨɯɥɚɠɞɟɧɢɹ, ɞɜɢɝɚɬɟɥɶ ɜɧɭɬɪɟɧɧɟɝɨ ɫɝɨɪɚɧɢɹ, ɭɩɪɚɜ-

ɥɟɧɢɟ ɜɟɧɬɢɥɹɬɨɪɨɦ, ɧɟɱɟɬɤɢɣ ɪɟɝɭɥɹɬɨɪ, ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ. 
 

ȼɜɟɞɟɧɢɟ 
Ⱦɥɹ ɷɮɮɟɤɬɢɜɧɨɣ ɪɚɛɨɬɵ ɞɜɢɝɚɬɟɥɹ ɜɧɭɬ-

ɪɟɧɧɟɝɨ ɫɝɨɪɚɧɢɹ (Ⱦȼɋ) ɧɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟ-
ɱɢɬɶ ɫɬɚɛɢɥɶɧɨɟ ɩɨɞɞɟɪɠɚɧɢɟ ɟɝɨ ɬɟɩɥɨɜɨɝɨ 
ɫɨɫɬɨɹɧɢɹ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɷɤɨɧɨɦɢɬɶ ɬɨɩɥɢɜɨ, 
ɩɪɟɞɨɬɜɪɚɳɚɟɬ ɩɚɞɟɧɢɟ ɦɨɳɧɨɫɬɢ ɢ ɭɦɟɧɶ-
ɲɚɟɬ ɢɡɧɚɲɢɜɚɧɢɟ ɞɟɬɚɥɟɣ ɰɢɥɢɧɞɪɨɩɨɪɲ-
ɧɟɜɨɣ ɝɪɭɩɩɵ. ɂɧɚɱɟ ɝɨɜɨɪɹ, ɫɬɚɛɢɥɢɡɚɰɢɹ 
ɬɟɦɩɟɪɚɬɭɪɵ Ⱦȼɋ ɭɥɭɱɲɚɟɬ ɷɮɮɟɤɬɢɜɧɵɟ 
ɩɨɤɚɡɚɬɟɥɢ ɢ ɩɨɜɵɲɚɟɬ ɛɟɡɨɬɤɚɡɧɨɫɬɶ ɢ ɞɨɥ-
ɝɨɜɟɱɧɨɫɬɶ ɞɜɢɝɚɬɟɥɟɣ. ɋɬɚɛɢɥɢɡɚɰɢɹ ɬɟɦɩɟ-
ɪɚɬɭɪɵ Ⱦȼɋ ɪɟɚɥɢɡɭɟɬɫɹ ɫɢɫɬɟɦɨɣ ɨɯɥɚɠɞɟ-
ɧɢɹ Д1]. ɇɟɨɛɯɨɞɢɦɵɦ ɷɥɟɦɟɧɬɨɦ ɫɢɫɬɟɦɵ 
ɨɯɥɚɠɞɟɧɢɹ ɹɜɥɹɟɬɫɹ ɜɟɧɬɢɥɹɬɨɪ ɪɚɞɢɚɬɨɪɚ.  

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜɫɟ «ɥɸɤɫɨɜɵɟ» 
ɚɜɬɨɦɨɛɢɥɢ, ɨɫɧɚɳɟɧɧɵɟ ɷɥɟɤɬɪɨɜɟɧɬɢɥɹɬɨ-
ɪɚɦɢ ɪɚɞɢɚɬɨɪɚ ɫɢɫɬɟɦɵ ɨɯɥɚɠɞɟɧɢɹ, ɢɦɟɸɬ 
ɫɪɟɞɫɬɜɚ ɩɥɚɜɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɫɤɨɪɨɫɬɶɸ 
ɜɪɚɳɟɧɢɹ ɜɟɧɬɢɥɹɬɨɪɚ. ɉɥɚɜɧɨɟ ɭɩɪɚɜɥɟɧɢɟ 
ɫɤɨɪɨɫɬɶɸ ɜɪɚɳɟɧɢɹ ɷɥɟɤɬɪɨɜɟɧɬɢɥɹɬɨɪɚ ɞɥɹ 
ɨɫɬɚɥɶɧɵɯ ɚɜɬɨɦɨɛɢɥɟɣ (ɨɬ «Ɉɤɢ» ɞɨ «ɑɟɪɨ-
ɤɢ») ɨɬɫɭɬɫɬɜɭɟɬ. Ⱦɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɨɩɬɢ-
ɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɷɬɢɯ ɚɜɬɨɦɨɛɢɥɟɣ ɨɬɟ-
ɱɟɫɬɜɟɧɧɵɦɢ ɩɪɨɢɡɜɨɞɢɬɟɥɹɦɢ ɜɵɩɭɫɤɚɟɬɫɹ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɧɚɩɪɢɦɟɪ, 
ɬɚɤɨɟ, ɤɚɤ ɛɥɨɤ ɭɩɪɚɜɥɟɧɢɹ ɜɟɧɬɢɥɹɬɨɪɨɦ 
«Ȼɨɪɟɣ» (ɈɈɈ "ɋɢɥɢɱЪ", ȿɤɚɬɟɪɢɧɛɭɪɝ) Д2]. 
Ȼɥɨɤ ɩɪɨɢɡɜɨɞɢɬ ɭɩɪɚɜɥɟɧɢɟ ɱɚɫɬɨɬɨɣ ɜɪɚ-
ɳɟɧɢɹ ɜɟɧɬɢɥɹɬɨɪɚ ɫɢɫɬɟɦɵ ɨɯɥɚɠɞɟɧɢɹ ɞɜɢ-
ɝɚɬɟɥɹ ɜɦɟɫɬɨ ɲɬɚɬɧɨɣ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ 
ɜɟɧɬɢɥɹɬɨɪɨɦ. ɉɪɢ ɷɬɨɦ ɨɫɭɳɟɫɬɜɢɬɶ ɨɩɬɢ-
ɦɚɥɶɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɜɟɧɬɢɥɹɬɨɪɨɦ ɫ ɩɨɦɨ-
ɳɶɸ ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ ɭɫɬɪɨɣɫɬɜɚ ɞɥɹ ɚɜɬɨɦɨ-
ɛɢɥɟɣ, ɨɛɴɟɦ ɞɜɢɝɚɬɟɥɹ ɤɨɬɨɪɵɯ ɤɨɥɟɛɥɟɬɫɹ 
ɜ ɲɢɪɨɤɢɯ ɩɪɟɞɟɥɚɯ (ɨɬ 0,5 ɞɨ 5 - 8 ɥɢɬɪɨɜ), 
ɹɜɥɹɟɬɫɹ ɫɥɨɠɧɨɣ ɡɚɞɚɱɟɣ.  

ȼ ɫɬɚɬɶɟ ɪɚɫɫɦɨɬɪɟɧ ɩɨɞɯɨɞ ɤ ɨɛɟɫɩɟɱɟ-
ɧɢɸ ɫɬɚɛɢɥɢɡɚɰɢɢ ɬɟɩɥɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ Ⱦȼɋ 
ɫ ɩɨɦɨɳɶɸ ɭɩɪɚɜɥɟɧɢɹ ɜɪɚɳɟɧɢɟɦ ɜɟɧɬɢɥɹ-
ɬɨɪɚ. ɂɫɫɥɟɞɨɜɚɧɵ ɞɜɟ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɱɟ-
ɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ (ɋȺɊ) ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ 
ɜɟɧɬɢɥɹɬɨɪɚ: ɧɚ ɨɫɧɨɜɟ ɬɪɚɞɢɰɢɨɧɧɨɝɨ ɩɪɨ-
ɩɨɪɰɢɨɧɚɥɶɧɨ - ɢɧɬɟɝɪɚɥɶɧɨɝɨ (ɉɂ) ɡɚɤɨɧɚ 
ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɋȺɊ, ɪɟɚ-
ɥɢɡɨɜɚɧɧɨɣ ɧɚ ɛɚɡɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚ-
ɬɚ ɧɟɱɟɬɤɨɣ ɥɨɝɢɤɢ Д3]. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɧɟɱɟɬ-
ɤɢɯ ɥɨɝɢɱɟɫɤɢɯ ɪɟɝɭɥɹɬɨɪɨɜ ɹɜɥɹɟɬɫɹ ɷɮɮɟɤ-
ɬɢɜɧɵɦ ɩɨɞɯɨɞɨɦ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɫɢɫ-
ɬɟɦ ɭɩɪɚɜɥɟɧɢɹ ɩɪɢ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɩɚɪɚ-
ɦɟɬɪɨɜ ɨɛɴɟɤɬɚ ɢ ɜɨɡɦɭɳɚɸɳɢɯ ɮɚɤɬɨɪɨɜ Д4-
8]. ɇɭɠɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ ɞɨ ɧɚɫɬɨɹɳɟɝɨ ɜɪɟɦɟɧɢ 
ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɪɚɡɪɚɛɨɬɚɧɵ ɦɟɬɨɞɵ ɩɪɨɟɤ-
ɬɢɪɨɜɚɧɢɹ ɧɟɱɟɬɤɢɯ ɋȺɊ ɬɟɩɥɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ 
Ⱦȼɋ, ɞɨɜɟɞɟɧɧɵɟ ɞɨ ɢɧɠɟɧɟɪɧɵɯ ɦɟɬɨɞɢɤ ɢ 
ɩɪɢɝɨɞɧɵɟ ɞɥɹ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ. 
ɉɪɢ ɷɬɨɦ ɜɵɫɨɤɚɹ ɜɵɱɢɫɥɢɬɟɥɶɧɚɹ ɦɨɳɧɨɫɬɶ 
ɢ ɞɨɫɬɭɩɧɨɫɬɶ ɫɨɜɪɟɦɟɧɧɵɯ ɤɨɧɬɪɨɥɥɟɪɨɜ 
ɩɪɢ ɭɫɥɨɜɢɢ ɜɤɥɸɱɟɧɢɹ ɢɯ ɜ ɤɨɧɬɭɪ ɭɩɪɚɜɥɟ-
ɧɢɹ ɫɢɫɬɟɦɵ ɨɯɥɚɠɞɟɧɢɹ ɩɨɡɜɨɥɹɟɬ ɩɪɢɦɟ-
ɧɹɬɶ ɬɟɯɧɨɥɨɝɢɢ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɢɧɬɟɥɥɟɤɬɚ, 
ɩɨɜɵɲɚɸɳɢɟ ɟɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɜɨɡɦɨɠɧɨ-
ɫɬɢ. 

Ɉɛɨɫɧɨɜɚɧɢɟ ɜыɛɨɪɚ ɭɫɬɪɨɣɫɬɜɚ 
ɭɩɪɚɜɥɟɧɢɹ чɚɫɬɨɬɨɣ ɜɪɚщɟɧɢɹ ɜɟɧɬɢɥɹ-
ɬɨɪɚ  

Ɋɚɫɫɦɨɬɪɢɦ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɭɸ 
ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɢɫɬɟɦɭ ɨɯɥɚɠɞɟɧɢɹ Д1]. 
Ɍɟɩɥɨɜɚɹ ɷɧɟɪɝɢɹ ɨɬ ɪɭɛɚɲɤɢ ɛɥɨɤɚ ɰɢɥɢɧɞ-
ɪɨɜ ɨɬɞɚɟɬɫɹ ɨɯɥɚɠɞɚɸɳɟɣ ɠɢɞɤɨɫɬɢ, ɧɚɩɪɢ-
ɦɟɪ, ɬɨɫɨɥɭ, ɤɨɬɨɪɚɹ ɰɢɪɤɭɥɢɪɭɟɬ ɜ ɫɢɫɬɟɦɟ 
ɨɯɥɚɠɞɟɧɢɹ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɩɨɦɩɵ. ɉɪɢ ɧɚ-
ɝɪɟɜɟ ɞɜɢɝɚɬɟɥɹ ɨɯɥɚɠɞɚɸɳɚɹ ɠɢɞɤɨɫɬɶ ɰɢɪ-
ɤɭɥɢɪɭɟɬ ɩɨ ɦɚɥɨɦɭ ɤɪɭɝɭ, ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ 



ɆȺɌȿɆȺɌɂɑȿɋɄɈȿ ɆɈȾȿɅɂɊɈȼȺɇɂȿ ɂ ɋɂɋɌȿɆɕ ȺȼɌɈɆȺɌɂɁȺɐɂɂ ɉɊɈȿɄɌɂɊɈȼȺɇɂə 
 

Веɫɬɧиɤ СиɛАДИ, ɜыɩɭɫɤ 6 (46), 2015                                                                            95 

ɛɵɫɬɪɨ ɩɪɨɝɪɟɬɶ Ⱦȼɋ. Ʉɨɝɞɚ ɬɟɦɩɟɪɚɬɭɪɚ ɬɟ-
ɩɥɨɧɨɫɢɬɟɥɹ ɞɨɫɬɢɝɚɟɬ 85 – 90 ɝɪɚɞɭɫɨɜ, ɬɟɪ-
ɦɨɫɬɚɬ ɨɬɤɪɵɜɚɟɬ ɛɨɥɶɲɨɣ ɤɨɧɬɭɪ ɰɢɪɤɭɥɹ-
ɰɢɢ ɨɯɥɚɠɞɚɸɳɟɣ ɠɢɞɤɨɫɬɢ ɢ ɡɚɤɪɵɜɚɟɬ ɦɚ-
ɥɵɣ. ɉɪɢ ɰɢɪɤɭɥɹɰɢɢ ɩɨ ɛɨɥɶɲɨɦɭ ɤɨɧɬɭɪɭ 
ɨɯɥɚɠɞɚɸɳɚɹ ɠɢɞɤɨɫɬɶ ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɪɚ-
ɞɢɚɬɨɪ. Ƚɨɪɹɱɚɹ ɨɯɥɚɠɞɚɸɳɚɹ ɠɢɞɤɨɫɬɶ ɩɨ-
ɫɬɭɩɚɟɬ ɜ ɪɚɞɢɚɬɨɪ, ɝɞɟ ɨɯɥɚɠɞɚɟɬɫɹ ɩɨɬɨɤɨɦ 
ɜɨɡɞɭɯɚ, ɚ ɬɚɤɠɟ ɪɚɛɨɬɚɸɳɢɦ ɜɟɧɬɢɥɹɬɨɪɨɦ 
ɪɚɞɢɚɬɨɪɚ.  

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚ ɚɜɬɨɦɨɛɢɥɹɯ ɪɚɡ-
ɥɢɱɧɵɯ ɦɚɪɨɤ ɢɫɩɨɥɶɡɭɸɬɫɹ ɪɚɡɧɵɟ ɬɢɩɵ 
ɩɪɢɜɨɞɨɜ ɜɟɧɬɢɥɹɬɨɪɚ. ɇɟ ɬɚɤ ɞɚɜɧɨ ɩɨɱɬɢ 
ɩɨɜɫɟɦɟɫɬɧɨ ɜɟɧɬɢɥɹɬɨɪ ɩɪɢɜɨɞɢɥɫɹ ɜ ɞɟɣɫɬ-
ɜɢɟ ɨɬ ɤɨɥɟɧɱɚɬɨɝɨ ɜɚɥɚ ɞɜɢɝɚɬɟɥɹ ɫ ɩɨɦɨ-
ɳɶɸ ɪɟɦɟɧɧɨɣ ɩɟɪɟɞɚɱɢ. ɋɭɳɟɫɬɜɟɧɧɵɦ ɧɟ-
ɞɨɫɬɚɬɤɨɦ ɬɚɤɨɝɨ ɫɩɨɫɨɛɚ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ 
ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɩɪɢɧɭɞɢɬɟɥɶɧɨɝɨ ɦɟɯɚɧɢ-
ɱɟɫɤɨɝɨ ɩɪɢɜɨɞɚ, ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɤɪɵɥɶ-
ɱɚɬɤɢ ɧɟ ɪɟɝɭɥɢɪɭɟɬɫɹ ɢ ɨɝɪɚɧɢɱɟɧɚ ɫɤɨɪɨ-
ɫɬɶɸ ɜɪɚɳɟɧɢɹ ɞɜɢɝɚɬɟɥɹ. ɉɨɷɬɨɦɭ ɩɪɢ ɜɨɡ-
ɞɟɣɫɬɜɢɢ ɪɚɡɥɢɱɧɵɯ ɜɧɟɲɧɢɯ ɭɫɥɨɜɢɣ ɢ ɪɟ-
ɠɢɦɨɜ ɞɜɢɠɟɧɢɹ ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɤɪɵɥɶ-
ɱɚɬɤɢ ɦɨɠɟɬ ɨɤɚɡɚɬɶɫɹ ɤɚɤ ɢɡɛɵɬɨɱɧɨɣ, ɬɚɤ ɢ 
ɧɟɞɨɫɬɚɬɨɱɧɨɣ ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɨɩɬɢɦɚɥɶɧɨ-
ɝɨ ɢɧɬɟɪɜɚɥɚ ɬɟɦɩɟɪɚɬɭɪ.  

Ⱦɪɭɝɨɣ ɜɚɪɢɚɧɬ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɩɪɢɜɨɞɚ, ɫ 
ɜɢɫɤɨ- ɢɥɢ ɷɥɟɤɬɪɨɦɭɮɬɨɣ, ɧɟ ɢɦɟɟɬ ɢɡɛɵɬɨɱ-
ɧɨɣ ɫɤɨɪɨɫɬɢ ɡɚ ɫɱɟɬ ɨɬɤɥɸɱɟɧɢɹ (ɞɥɹ ɷɥɟɤ-
ɬɪɨɦɭɮɬɵ) ɢɥɢ ɫɧɢɠɟɧɢɹ (ɞɥɹ ɜɢɫɤɨɦɭɮɬɵ) 
ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ. ɇɨ ɩɪɢ ɦɚɥɵɯ ɨɛɨɪɨɬɚɯ 
ɞɜɢɝɚɬɟɥɹ ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɤɪɵɥɶɱɚɬɤɢ ɜɟɧ-
ɬɢɥɹɬɨɪɚ ɨɝɪɚɧɢɱɟɧɚ, ɱɬɨ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ 
ɩɟɪɟɝɪɟɜɭ ɞɜɢɝɚɬɟɥɹ. Эɬɢ ɧɟɞɨɫɬɚɬɤɢ ɦɨɠɧɨ 
ɭɫɬɪɚɧɢɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɨɛɨɪɭɞɨɜɚɧɢɟɦ, 
ɭɩɪɚɜɥɹɸɳɢɦ ɱɚɫɬɨɬɨɣ ɜɪɚɳɟɧɢɹ ɜɟɧɬɢɥɹɬɨ-
ɪɚ. ɇɢɠɟ ɪɚɫɫɦɨɬɪɟɧ ɩɨɞɯɨɞ ɤ ɫɨɡɞɚɧɢɸ ɞɨ-
ɩɨɥɧɢɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɭɩɪɚɜɥɟɧɢɹ 
ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ ɜɟɧɬɢɥɹɬɨɪɚ ɫɢɫɬɟɦɵ ɨɯɥɚ-
ɠɞɟɧɢɹ Ⱦȼɋ, ɩɨɡɜɨɥɹɸɳɢɣ ɩɨɞɞɟɪɠɢɜɚɬɶ ɨɩ-
ɬɢɦɚɥɶɧɵɣ ɢɧɬɟɪɜɚɥ ɬɟɦɩɟɪɚɬɭɪ ɞɜɢɝɚɬɟɥɹ. 

Ʉɚɤ ɭɠɟ ɨɬɦɟɱɚɥɨɫɶ, ɫɥɢɲɤɨɦ ɛɨɥɶɲɨɣ 
ɪɚɡɦɚɯ ɬɟɦɩɟɪɚɬɭɪ ɩɪɢ ɪɚɛɨɬɟ ɞɜɢɝɚɬɟɥɹ 
ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɪɟɫɭɪɫɚ Ⱦȼɋ. ɉɪɢ 
ɪɚɡɪɚɛɨɬɤɟ ɫɢɫɬɟɦɵ ɨɯɥɚɠɞɟɧɢɹ ɨɩɬɢɦɚɥɶ-
ɧɨɣ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɬɨɱɧɨɫɬɶ ɩɨɞɞɟɪɠɚɧɢɹ 
ɬɟɦɩɟɪɚɬɭɪɵ ɧɟ ɯɭɠɟ 2 - 3 ɝɪɚɞɭɫɨɜ Д1,9], ɢ 
ɫɢɫɬɟɦɚ ɨɯɥɚɠɞɟɧɢɹ ɞɥɹ ɷɬɨɝɨ ɫɥɭɱɚɹ ɦɨɠɟɬ 
ɛɵɬɶ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɨɫɬɨɣ ɢ ɧɟɞɨɪɨɝɨɣ. 
Ʉɪɨɦɟ ɬɨɝɨ, ɬɚɤɚɹ ɫɢɫɬɟɦɚ ɷɮɮɟɤɬɢɜɧɚ ɫ ɬɨɱ-
ɤɢ ɡɪɟɧɢɹ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɹ. 

Ɉɫɧɨɜɧɵɦ ɷɥɟɦɟɧɬɨɦ ɫɢɫɬɟɦɵ ɨɯɥɚɠɞɟ-
ɧɢɹ ɹɜɥɹɟɬɫɹ ɬɟɪɦɨɫɬɚɬ. Ɉɧ ɪɟɝɭɥɢɪɭɟɬ ɩɨɬɨ-
ɤɢ ɨɯɥɚɠɞɚɸɳɟɣ ɠɢɞɤɨɫɬɢ, ɧɚɩɪɚɜɥɹɹ ɢɯ ɱɟ-
ɪɟɡ ɪɚɞɢɚɬɨɪ ɢɥɢ ɜ ɨɛɯɨɞ ɟɝɨ. ɉɪɢ ɨɩɪɟɞɟ-
ɥɟɧɧɵɯ ɭɫɥɨɜɢɹɯ (ɜɵɫɨɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɨɤɪɭ-
ɠɚɸɳɟɣ ɫɪɟɞɵ, ɦɚɥɚɹ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ) 

ɪɚɞɢɚɬɨɪ ɧɟ ɫɩɨɫɨɛɟɧ ɨɬɜɨɞɢɬɶ ɧɭɠɧɨɟ ɤɨɥɢ-
ɱɟɫɬɜɨ ɬɟɩɥɚ ɢ ɞɥɹ ɟɝɨ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɨɛɞɭɜɚ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɜɟɧɬɢɥɹɬɨɪ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ 
ɢɦɟɬɶ ɪɚɡɥɢɱɧɵɟ ɬɢɩɵ ɩɪɢɜɨɞɚ. ɇɚɢɛɨɥɟɟ 
ɷɮɮɟɤɬɢɜɧɨɣ ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɨɩɬɢɦɚɥɶɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɵ ɹɜɥɹɟɬɫɹ ɫɢɫɬɟɦɚ ɨɯɥɚɠɞɟɧɢɹ ɫ 
ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ ɜɟɧɬɢɥɹɬɨɪɚ, ɬɚɤ ɤɚɤ ɜ ɷɬɨɦ 
ɫɥɭɱɚɟ ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɜɟɧɬɢɥɹɬɨɪɚ ɧɟ 
ɡɚɜɢɫɢɬ ɨɬ ɨɛɨɪɨɬɨɜ ɞɜɢɝɚɬɟɥɹ.  

Ɍɨɱɧɨɫɬɶ ɩɨɞɞɟɪɠɚɧɢɹ ɨɩɬɢɦɚɥɶɧɨɣ ɬɟɦ-
ɩɟɪɚɬɭɪɵ ɞɜɢɝɚɬɟɥɹ ɜɨ ɦɧɨɝɨɦ ɡɚɜɢɫɢɬ ɨɬ 
ɚɥɝɨɪɢɬɦɚ ɭɩɪɚɜɥɟɧɢɹ ɜɪɚɳɟɧɢɟɦ ɜɟɧɬɢɥɹ-
ɬɨɪɚ. ɒɢɪɨɤɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɹɜɥɹɟɬɫɹ 
ɚɥɝɨɪɢɬɦ ɪɟɥɟɣɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɨɫɧɨɜɭ 
ɤɨɬɨɪɨɝɨ ɫɨɫɬɚɜɥɹɸɬ ɬɪɢ ɷɥɟɦɟɧɬɚ – ɞɚɬɱɢɤ, 
ɪɟɥɟ ɢ ɜɟɧɬɢɥɹɬɨɪ. ɉɨɫɪɟɞɫɬɜɨɦ ɪɟɥɟ ɩɪɢ 
ɨɞɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜɟɧɬɢɥɹɬɨɪ ɜɤɥɸɱɚɟɬɫɹ, ɚ 
ɩɪɢ ɞɪɭɝɨɣ ɨɬɤɥɸɱɚɟɬɫɹ. Ɋɚɡɧɢɰɚ (ɝɢɫɬɟɪɟɡɢɫ) 
ɦɟɠɞɭ ɬɟɦɩɟɪɚɬɭɪɚɦɢ ɜɤɥɸɱɟɧɢɹ ɢ ɜɵɤɥɸɱɟ-
ɧɢɹ ɨɛɵɱɧɨ ɫɨɫɬɚɜɥɹɟɬ 5 - 7 ɝɪɚɞɭɫɨɜ. ɋɯɟɦɚ 
ɪɟɥɟɣɧɨɣ ɫɢɫɬɟɦɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɪɨɫɬɚ, ɷɬɨ 
ɹɜɥɹɟɬɫɹ ɟɟ ɩɪɟɢɦɭɳɟɫɬɜɨɦ. ɇɟɞɨɫɬɚɬɤɨɦ 
ɬɚɤɨɣ ɫɢɫɬɟɦɵ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɬɟɦɩɟɪɚɬɭɪɚ 
ɩɨɫɬɨɹɧɧɨ ɤɨɥɟɛɥɟɬɫɹ ɨɬ ɬɨɱɤɢ ɜɤɥɸɱɟɧɢɹ ɞɨ 
ɬɨɱɤɢ ɜɵɤɥɸɱɟɧɢɹ ɜɟɧɬɢɥɹɬɨɪɚ, ɱɬɨ ɩɪɢɜɨɞɢɬ 
ɤ ɷɮɮɟɤɬɭ ɬɟɪɦɨɤɚɱɤɢ ɢ ɭɞɚɪɧɵɦ ɧɚɝɪɭɡɤɚɦ 
ɧɚ ɛɨɪɬɨɜɭɸ ɫɟɬɶ, ɨɫɨɛɟɧɧɨ ɞɥɹ ɜɟɧɬɢɥɹɬɨ-
ɪɨɜ ɛɨɥɶɲɨɣ ɦɨɳɧɨɫɬɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɩɨɫɬɨɹɧ-
ɧɨɟ ɜɤɥɸɱɟɧɢɟ ɜɟɧɬɢɥɹɬɨɪɚ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ 
ɫɭɳɟɫɬɜɟɧɧɨɦɭ ɪɚɡɪɹɞɭ ɚɤɤɭɦɭɥɹɬɨɪɧɨɣ ɛɚ-
ɬɚɪɟɢ. Эɬɢ ɧɟɞɨɫɬɚɬɤɢ ɨɬɫɭɬɫɬɜɭɸɬ ɩɪɢ ɢɡɦɟ-
ɧɟɧɢɢ ɩɨɞɚɜɚɟɦɨɝɨ ɧɚ ɞɜɢɝɚɬɟɥɶ ɧɚɩɪɹɠɟɧɢɹ 
ɲɢɪɨɬɧɨ-ɢɦɩɭɥɶɫɧɵɦ ɦɨɞɭɥɹɬɨɪɨɦ.  

Ɋɚɡɪɚɛɚɬɵɜɚɟɦɨɟ ɭɫɬɪɨɣɫɬɜɨ ɞɥɹ ɭɩɪɚɜ-
ɥɟɧɢɹ ɱɚɫɬɨɬɨɣ ɜɪɚɳɟɧɢɹ ɜɟɧɬɢɥɹɬɨɪɚ ɩɪɟɞ-
ɩɨɥɚɝɚɟɬɫɹ ɩɪɢɦɟɧɹɬɶ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɦɚɪɨɤ 
ɚɜɬɨɦɨɛɢɥɟɣ ɢ ɩɪɢ ɷɬɨɦ ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɚɤ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɞɥɹ ɷɬɢɯ ɚɜ-
ɬɨɦɨɛɢɥɟɣ.  

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɢɧɚɦɢɱɟɫɤɢɟ ɯɚ-
ɪɚɤɬɟɪɢɫɬɢɤɢ ɫɢɫɬɟɦɵ ɨɯɥɚɠɞɟɧɢɹ ɞɥɹ ɪɚɡ-
ɥɢɱɧɵɯ ɦɚɪɨɤ ɚɜɬɨɦɨɛɢɥɟɣ ɦɨɝɭɬ ɫɭɳɟɫɬɜɟɧ-
ɧɨ ɨɬɥɢɱɚɬɶɫɹ, ɩɨɷɬɨɦɭ ɬɚɤɢɟ, ɩɚɪɚɦɟɬɪɵ 
ɫɢɫɬɟɦɵ, ɧɚɩɪɢɦɟɪ, ɤɚɤ ɩɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ, 
ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɢɥɟɧɢɹ ɢ ɬ.ɞ. ɦɨɝɭɬ ɢɡɦɟɧɹɬɶ-
ɫɹ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ. ɉɨɷɬɨɦɭ ɧɟɨɛɯɨɞɢ-
ɦɨ ɫɤɨɧɫɬɪɭɢɪɨɜɚɬɶ ɪɟɝɭɥɹɬɨɪ, ɫɩɨɫɨɛɧɵɣ 
ɨɫɭɳɟɫɬɜɥɹɬɶ ɨɩɬɢɦɚɥɶɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɩɪɢ 
ɷɬɢɯ ɭɫɥɨɜɢɹɯ. ɋɨɡɞɚɜɚɟɦɵɣ ɪɟɝɭɥɹɬɨɪ ɦɨ-
ɠɟɬ ɛɵɬɶ, ɤɚɤ ɤɥɚɫɫɢɱɟɫɤɢɦ ɥɢɧɟɣɧɵɦ, ɬɚɤ ɢ 
ɧɟɱɟɬɤɢɦ ɥɨɝɢɱɟɫɤɢɦ ɪɟɝɭɥɹɬɨɪɨɦ.  

Ⱦɥɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 
ɩɪɟɞɥɚɝɚɟɦɵɯ ɩɨɞɯɨɞɨɜ ɤ ɫɢɧɬɟɡɭ ɋȺɊ ɱɚɫɬɨ-
ɬɵ ɜɪɚɳɟɧɢɹ ɜɟɧɬɢɥɹɬɨɪɚ ɫɢɫɬɟɦɵ ɨɯɥɚɠɞɟ-
ɧɢɹ Ⱦȼɋ ɬɪɟɛɭɸɬɫɹ ɫɪɟɞɫɬɜɚ ɦɚɬɟɦɚɬɢɱɟɫɤɨ-
ɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɭɱɢɬɵɜɚɸɳɢɟ ɨɫɨɛɟɧɧɨ-
ɫɬɢ ɭɩɪɚɜɥɹɟɦɨɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ. 
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Ɇɚɬɟɦɚɬɢчɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɫɢɫ-
ɬɟɦы ɨɯɥɚɠɞɟɧɢɹ Ⱦȼɋ 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɋȺɊ ɢ ɜɵɛɨɪɚ ɡɚɤɨɧɚ ɪɟ-
ɝɭɥɢɪɨɜɚɧɢɹ ɫɨɡɞɚɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ 
ɫɢɫɬɟɦɵ ɨɯɥɚɠɞɟɧɢɹ Ⱦȼɋ ɫ ɤɨɧɬɭɪɨɦ ɭɩɪɚɜɥɟ-
ɧɢɹ ɜɟɧɬɢɥɹɬɨɪɨɦ ɨɯɥɚɠɞɟɧɢɹ. Ɇɨɞɟɥɶ ɪɟɚɥɢ-
ɡɨɜɚɧɚ ɜ ɢɧɬɟɪɚɤɬɢɜɧɨɣ ɫɪɟɞɟ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ 
ɢɧɠɟɧɟɪɧɵɯ ɢ ɧɚɭɱɧɵɯ ɪɚɫɱɟɬɨɜ MATLAB ɫ 
ɜɯɨɞɹɳɢɦɢ ɜ ɟɝɨ ɫɨɫɬɚɜ ɩɚɤɟɬɚɦɢ ɪɚɫɲɢɪɟɧɢɹ 
SТmulТЧФ ɢ Fuггв LШРТМ TШШlЛШб Д3]. 

Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɫɢɫɬɟɦɵ ɨɯɥɚɠ-
ɞɟɧɢɹ Ⱦȼɋ (ɪɢɫ. 1, ɚ) ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɫɨɞɟɪ-

ɠɢɬ ɦɨɞɟɥɢ: ɪɟɝɭɥɹɬɨɪɚ (ɩɨɞɫɢɫɬɟɦɚ 
МШЧtrШllОr), ɜɟɧɬɢɥɹɬɨɪɚ ɫ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ 
(ɩɨɞɫɢɫɬɟɦɚ vОЧt), ɪɚɞɢɚɬɨɪɚ (ɩɨɞɫɢɫɬɟɦɚ 
rКНТКtШr), ɧɚɫɨɫɚ (ɩɨɞɫɢɫɬɟɦɚ pump) ɢ ɞɜɢɝɚ-
ɬɟɥɹ ɜɧɭɬɪɟɧɧɟɝɨ ɫɝɨɪɚɧɢɹ (ɩɨɞɫɢɫɬɟɦɚ ТЧtОr-
ЧКl МШmЛustТШЧ ОЧРТЧО). ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɟ-
ɠɢɦɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɪɟɝɭɥɹɬɨɪ (МШЧtrШllОr) 
ɪɟɚɥɢɡɨɜɚɧ ɧɚ ɨɫɧɨɜɟ ɬɪɚɞɢɰɢɨɧɧɨɝɨ ɉɂ-
ɡɚɤɨɧɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ (PI-МШЧtrШl, ɪɢɫ. 1, ɛ) 
ɢɥɢ ɧɟɱɟɬɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ (Fuггв lШРТМ 
МШЧtrШllОr, ɪɢɫ. 1, ɜ). 

 
ɚ) 

 
ɛ) 

 
ɜ) 

Ɋɢɫ. 1. Ɇɨɞɟɥɶ ɋȺɊ ɬɟɦɩɟɪɚɬɭɪɵ Ⱦȼɋ ɜ ɫɪɟɞɟ MATLAB/SТmulТЧФ/Fuггв LШРТМ TШШlЛШб:  
ɚ) – ɨɛɳɚɹ ɫɯɟɦɚ ɫɢɫɬɟɦɵ ɨɯɥɚɠɞɟɧɢɹ; ɛ) ɩɨɞɫɢɫɬɟɦɚ МШЧtrШllОr ɧɚ ɛɚɡɟ ɉɂ- ɪɟɝɭɥɹɬɨɪɚ;  

ɜ) ɩɨɞɫɢɫɬɟɦɚ МШЧtrШllОr ɧɚ ɛɚɡɟ ɧɟɱɟɬɤɨɝɨ ɪɟɝɭɥɹɬɨɪɚ  

Ɇɨɞɟɥɢ ɜɟɧɬɢɥɹɬɨɪɚ, ɪɚɞɢɚɬɨɪɚ, ɧɚɫɨɫɚ ɢ 
Ⱦȼɋ ɨɩɢɫɵɜɚɸɬ ɢɧɟɪɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ ɷɬɢɯ 
ɭɫɬɪɨɣɫɬɜ ɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɢɧɟɪɰɢɨɧɧɵɦɢ 
ɡɜɟɧɶɹɦɢ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ: )1()(  sTksW aa , 
ɝɞɟ ka ɢ Ta – ɤɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɞɚɱɢ ɢ ɩɨɫɬɨ-
ɹɧɧɚɹ ɜɪɟɦɟɧɢ ɤɚɠɞɨɝɨ ɭɫɬɪɨɣɫɬɜɚ, ɫɨɨɬɜɟɬ-
ɫɬɜɟɧɧɨ; s – ɨɩɟɪɚɬɨɪ Ʌɚɩɥɚɫɚ. ȼ ɦɨɞɟɥɢ 
ɞɜɢɝɚɬɟɥɹ (ТЧtОmКl-МШmЛustШr ОЧРТЧО) ɬɚɤɠɟ 
ɭɱɢɬɵɜɚɟɬɫɹ ɧɚɝɪɟɜ ɩɪɢ ɫɝɨɪɚɧɢɢ ɬɨɩɥɢɜɚ 
(МШmЛustТШЧ СОКt). 

Ʉɪɨɦɟ ɬɨɝɨ, ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɦɚɬɟɦɚɬɢɱɟ-
ɫɤɚɹ ɦɨɞɟɥɶ ɫɢɫɬɟɦɵ ɨɯɥɚɠɞɟɧɢɹ ɞɨɩɨɥɧɟɧɚ 
ɩɨɞɫɢɫɬɟɦɨɣ ɪɚɫɱɟɬɚ ɤɪɢɬɟɪɢɹ ɤɚɱɟɫɬɜɚ ɪɟ-
ɝɭɥɢɪɨɜɚɧɢɹ (pОrПШrmКЧМО МrТtОrТШЧ). Ɂɚ ɩɟɪɢɨɞ 
ɜɪɟɦɟɧɢ T (ɩɪɢɧɢɦɚɟɬɫɹ ɧɟ ɦɟɧɟɟ ɞɥɢɬɟɥɶ-
ɧɨɫɬɢ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ) ɜɵɱɢɫɥɹɟɬɫɹ 
ɤɜɚɞɪɚɬɢɱɧɵɣ ɢɧɬɟɝɪɚɥɶɧɵɣ ɤɪɢɬɟɪɢɣ, ɡɚɜɢ-

ɫɹɳɢɣ ɨɬ ɧɚɫɬɪɨɟɤ ɋȺɊ: dtteJ
T

)(
0

2 , ɯɚɪɚɤɬɟ-

ɪɢɡɭɸɳɢɣ ɜɟɥɢɱɢɧɭ ɢ ɞɥɢɬɟɥɶɧɨɫɬɶ ɫɭɳɟɫɬ-

ɜɨɜɚɧɢɹ ɨɲɢɛɤɢ ɪɟɝɭɥɢɪɨɜɚɧɢɹ e(t) (ɨɬɤɥɨɧɟ-
ɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɨɯɥɚɠɞɚɸɳɟɣ ɠɢɞɤɨɫɬɢ ɨɬ 
ɡɚɞɚɧɧɨɝɨ ɡɧɚɱɟɧɢɹ).  

ȼ ɫɪɟɞɟ MATLAB ɫɨɡɞɚɧ m-ɮɚɣɥ – ɫɰɟɧɚ-
ɪɢɣ, ɜɵɩɨɥɧɹɸɳɢɣ ɦɧɨɝɨɤɪɚɬɧɵɣ ɜɵɡɨɜ ɦɨɞɟ-
ɥɢ ɫɢɫɬɟɦɵ ɨɯɥɚɠɞɟɧɢɹ ɢ ɪɚɫɱɟɬ ɤɪɢɬɟɪɢɹ ɤɚ-
ɱɟɫɬɜɚ ɧɚ ɨɫɧɨɜɟ ɩɨɥɭɱɟɧɧɵɯ ɜ ɪɟɡɭɥɶɬɚɬɟ ɦɨ-
ɞɟɥɢɪɨɜɚɧɢɹ ɡɧɚɱɟɧɢɣ ɨɲɢɛɤɢ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. 
ȼɵɱɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɤɪɢɬɟɪɢɹ ɤɚɱɟɫɬɜɚ (ɤɚɤ 
ɞɥɹ ɬɪɚɞɢɰɢɨɧɧɨɝɨ, ɬɚɤ ɢ ɧɟɱɟɬɤɨɝɨ ɪɟɝɭɥɹɬɨɪɚ) 
ɩɟɪɟɞɚɸɬɫɹ ɜ ɪɚɛɨɱɭɸ ɨɛɥɚɫɬɶ MATLAB ɞɥɹ 
ɩɨɥɭɱɟɧɢɹ ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɟɲɟɧɢɹ. 

ȼ ɬɪɚɞɢɰɢɨɧɧɨɣ ɫɢɫɬɟɦɟ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 
ɪɟɝɭɥɹɬɨɪ (МШЧtrШllОr) ɪɟɚɥɢɡɨɜɚɧ ɧɚ ɨɫɧɨɜɟ 
ɉɂ- ɡɚɤɨɧɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫ ɡɨɧɨɣ ɧɟɱɭɜɫɬɜɢ-
ɬɟɥɶɧɨɫɬɢ (ɪɢɫ.1, ɛ) (ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɞɥɹ 
ɫɪɚɜɧɟɧɢɹ ɫ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɧɟɱɟɬɤɨɣ ɫɢɫɬɟ-
ɦɨɣ). ɇɚ ɜɯɨɞ ɪɟɝɭɥɹɬɨɪɚ ɩɨɞɚɟɬɫɹ ɢɡɦɟɪɟɧ-
ɧɨɟ ɡɧɚɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɨɯɥɚɠɞɚɸɳɟɣ 
ɠɢɞɤɨɫɬɢ Ten ɢ ɟɟ ɡɚɞɚɧɧɚɹ ɜɟɥɢɱɢɧɚ Tzad. Ⱥɥ-
ɝɨɪɢɬɦ ɪɚɛɨɬɵ ɩɨɞɫɢɫɬɟɦɵ ɉɂ-
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 ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɮɨɪɦɭɥɨɣ 

sT
tetektu
i

p
)()()(  , ɝɞɟ u(t) – ɭɩɪɚɜɥɹɸɳɟɟ ɜɨɡ-

ɞɟɣɫɬɜɢɟ ɧɚ ɷɥɟɤɬɪɨɩɪɢɜɨɞ ɜɟɧɬɢɥɹɬɨɪɚ; kp ɢ 
Ti – ɤɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɞɚɱɢ ɢ ɩɨɫɬɨɹɧɧɚɹ ɢɧ-
ɬɟɝɪɢɪɨɜɚɧɢɹ ɪɟɝɭɥɹɬɨɪɚ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
ɇɚɫɬɪɚɢɜɚɟɦɵɟ ɩɚɪɚɦɟɬɪɵ ɪɟɝɭɥɹɬɨɪɚ kp ɢ Ti 
ɧɚ ɪɢɫɭɧɤɟ 1, ɛ ɜɵɞɟɥɟɧɵ ɬɟɧɶɸ. 

ɉɨɞɫɢɫɬɟɦɚ МШЧtrШllОr ɫ ɧɟɱɟɬɤɢɦ ɪɟɝɭɥɹ-
ɬɨɪɨɦ Fuггв lШРТМ МШЧtrШllОr (ɪɢɫɭɧɨɤ 1, ɜ), 
ɮɨɪɦɢɪɭɸɳɚɹ ɭɩɪɚɜɥɹɸɳɢɟ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ 
ɨɫɧɨɜɟ ɧɟɱɟɬɤɨɝɨ ɥɨɝɢɱɟɫɤɨɝɨ ɜɵɜɨɞɚ, ɢɫ-
ɩɨɥɶɡɭɟɬɫɹ ɜɦɟɫɬɨ ɬɪɚɞɢɰɢɨɧɧɨɝɨ ɉɂ-
ɪɟɝɭɥɹɬɨɪɚ. ɇɚ ɧɟɱɟɬɤɢɣ ɪɟɝɭɥɹɬɨɪ, ɭɩɪɚɜ-
ɥɹɸɳɢɣ ɜɟɧɬɢɥɹɬɨɪɨɦ, ɬɚɤɠɟ ɩɨɫɬɭɩɚɟɬ ɢɧ-
ɮɨɪɦɚɰɢɹ ɨ ɪɚɫɫɨɝɥɚɫɨɜɚɧɢɢ e= e(t) ɬɪɟɛɭɟ-
ɦɨɝɨ Tzad ɢ ɮɚɤɬɢɱɟɫɤɨɝɨ Ten  ɡɧɚɱɟɧɢɣ ɬɟɦɩɟ-
ɪɚɬɭɪɵ ɩɨɫɥɟ Ⱦȼɋ, ɢ, ɤɪɨɦɟ ɬɨɝɨ, ɜɟɥɢɱɢɧɚ 
ɫɤɨɪɨɫɬɢ ɢɡɦɟɧɟɧɢɹ ɷɬɨɣ ɬɟɦɩɟɪɚɬɭɪɵ dT/dt. 
ɇɟɱɟɬɤɢɣ ɪɟɝɭɥɹɬɨɪ ɮɨɪɦɢɪɭɟɬ ɭɩɪɚɜɥɹɸɳɢɟ 
ɜɨɡɞɟɣɫɬɜɢɹ, ɢɡɦɟɧɹɹ ɱɚɫɬɨɬɭ ɜɪɚɳɟɧɢɹ 
ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɜɟɧɬɢɥɹɬɨɪɚ.  

Ɋɚɫɫɦɨɬɪɢɦ ɩɨɞɪɨɛɧɟɟ ɪɚɛɨɬɭ ɧɟɱɟɬɤɨɝɨ 
ɪɟɝɭɥɹɬɨɪɚ Fuггв LШРТМ CШЧtrШllОr. ȼ ɧɟɱɟɬɤɨɦ 
ɪɟɝɭɥɹɬɨɪɟ ɜɯɨɞɧɵɟ ɫɢɝɧɚɥɵ: ɪɚɫɫɨɝɥɚɫɨɜɚ-
ɧɢɹ e, ɩɪɨɢɡɜɨɞɧɨɣ dT/dt ɩɟɪɟɜɨɞɹɬɫɹ ɜ ɡɧɚ-
ɱɟɧɢɹ ɧɟɱɟɬɤɢɯ ɥɢɧɝɜɢɫɬɢɱɟɫɤɢɯ ɩɟɪɟɦɟɧɧɵɯ, 
ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɪɨɰɟɞɭɪɨɣ ɧɟɱɟɬɤɨɝɨ 
ɥɨɝɢɱɟɫɤɨɝɨ ɜɵɜɨɞɚ. ȼ ɪɟɚɥɢɡɭɟɦɨɣ ɧɟɱɟɬɤɨɣ 
ɛɚɡɟ ɡɧɚɧɢɣ ɩɪɢ ɭɩɪɚɜɥɟɧɢɢ ɜɟɧɬɢɥɹɬɨɪɨɦ 
ɤɚɤ ɩɨɫɵɥɤɢ: ɪɚɫɫɨɝɥɚɫɨɜɚɧɢɟ e ɢ ɫɤɨɪɨɫɬɶ 
ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ dT/dt, ɬɚɤ ɢ ɡɚɤɥɸɱɟ-
ɧɢɹ ɩɪɚɜɢɥ (ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɷɥɟɤɬɪɨɞɜɢɝɚ-
ɬɟɥɹ ω) ɡɚɞɚɧɵ ɧɟɱɟɬɤɢɦɢ ɦɧɨɠɟɫɬɜɚɦɢ.  

ɉɪɨɰɟɫɫ ɩɪɢɜɟɞɟɧɢɹ ɤ ɧɟɱɟɬɤɨɫɬɢ (ɮɚɡ-
ɡɢɮɢɤɚɰɢɹ) ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ. Ⱦɢɚ-
ɩɚɡɨɧɵ ɢɡɦɟɧɟɧɢɹ ɩɟɪɟɦɟɧɧɵɯ ɪɚɡɛɢɜɚɸɬɫɹ 
ɧɚ ɦɧɨɠɟɫɬɜɚ (ɬɟɪɦɵ), ɜ ɩɪɟɞɟɥɚɯ ɤɚɠɞɨɝɨ ɢɡ 
ɤɨɬɨɪɵɯ ɫɬɪɨɢɬɫɹ ɮɭɧɤɰɢɹ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ 
ɩɟɪɟɦɟɧɧɨɣ ɤɚɠɞɨɦɭ ɢɡ ɦɧɨɠɟɫɬɜ. Ɏɭɧɤɰɢɢ 
ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɤɨɧɬɭɪɚ ɧɟɱɟɬɤɨɝɨ ɭɩɪɚɜɥɟ-
ɧɢɹ ɜɟɧɬɢɥɹɬɨɪɨɦ ɫɢɫɬɟɦɵ ɨɯɥɚɠɞɟɧɢɹ ɩɪɢ-
ɜɟɞɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 2, ɚ. 

 

 

 
̌) 

 

 

ȿɋɅɂ О=p, ɌɈ ω=Г; 

ȿɋɅɂ О=n, ɌɈ ω= vОrв-СТРС; 

ȿɋɅɂ О=г ɂ dT/dt=n, ɌɈ ω= г; 

ȿɋɅɂ О=г ɂ dT/dt =г, ɌɈ ω= lШа; 

ȿɋɅɂ О=г ɂ dT/dt =p ɌɈ ω= СТРС. 

 

̍) 

Ɋɢɫ. 2. ɉɨɫɬɪɨɟɧɢɟ ɫɢɫɬɟɦɵ ɧɟɱɟɬɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɜɟɧɬɢɥɹɬɨɪɨɦ ɫɢɫɬɟɦɵ ɨɯɥɚɠɞɟɧɢɹ:  
ɚ) ɮɭɧɤɰɢɢ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɞɥɹ ɬɟɪɦɨɜ ɜɯɨɞɧɵɯ ɢ ɜɵɯɨɞɧɨɣ ɩɟɪɟɦɟɧɧɵɯ;  

ɛ) ɛɚɡɚ ɧɟɱёɬɤɢɯ ɩɪɨɞɭɤɰɢɨɧɧɵɯ ɩɪɚɜɢɥ 
 
Ⱦɥɹ ɧɟɱɟɬɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɜɟɧɬɢɥɹɬɨɪɨɦ 

ɞɢɚɩɚɡɨɧɵ ɢɡɦɟɧɟɧɢɹ ɤɚɤ ɜɯɨɞɧɨɣ ɩɟɪɟɦɟɧ-
ɧɨɣ e (ɪɚɫɫɨɝɥɚɫɨɜɚɧɢɟ), ɬɚɤ ɢ ɜɯɨɞɧɨɣ ɩɟɪɟ-
ɦɟɧɧɨɣ dT/dt (ɫɤɨɪɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭ-
ɪɵ) ɪɚɡɛɢɜɚɸɬɫɹ ɧɚ ɬɪɢ ɬɟɪɦɚ. ɉɪɢ ɷɬɨɦ ɢɫ-
ɩɨɥɶɡɨɜɚɧɚ ɨɛɳɟɩɪɢɧɹɬɚɹ ɫɢɫɬɟɦɚ ɨɛɨɡɧɚ-
ɱɟɧɢɣ: n – ɨɬɪɢɰɚɬɟɥɶɧɵɣ (ЧОРКtТvО), г – ɧɭ-
ɥɟɜɨɣ (гОrШ), p – ɩɨɥɨɠɢɬɟɥɶɧɵɣ (pШsТtТvО). 
ɇɚɩɪɢɦɟɪ, ɬɟɪɦɭ г ɞɥɹ ɜɯɨɞɧɨɣ ɩɟɪɟɦɟɧɧɨɣ 
dT/dt ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɦɚɥɵɟ ɡɧɚɱɟɧɢɹ ɫɤɨɪɨɫɬɢ 
ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ, ɤɨɬɨɪɵɟ ɩɪɢɧɢɦɚ-

ɸɬɫɹ, ɤɚɤ ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ ɭɫɬɚɧɨɜɢɜɲɢɣɫɹ 
ɩɪɨɰɟɫɫ. 

Ɏɭɧɤɰɢɢ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɜɵɯɨɞɧɨɣ ɩɟɪɟ-
ɦɟɧɧɨɣ ω (ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɷɥɟɤɬɪɨɞɜɢɝɚ-
ɬɟɥɹ), ɡɚɞɚɸɳɟɣ ɡɚɤɥɸɱɟɧɢɟ ɤɚɠɞɨɝɨ ɩɪɚɜɢ-
ɥɚ, ɩɨɫɬɪɨɟɧɵ ɜ ɩɪɟɞɟɥɚɯ ɬɟɪɦɨɜ: z – ɧɭɥɟɜɨɣ 
(гОrШ), loа –ɧɢɡɤɢɣ, СТРС – ɜɵɫɨɤɢɣ, vОrв-СТРС – 
ɨɱɟɧɶ ɜɵɫɨɤɢɣ.  

ɇɟɱɟɬɤɢɣ ɪɟɝɭɥɹɬɨɪ ɜɟɧɬɢɥɹɬɨɪɚ ɪɚɛɨɬɚ-
ɟɬ ɧɚ ɨɫɧɨɜɟ ɛɚɡɵ ɡɧɚɧɢɣ, ɫɨɞɟɪɠɚɳɟɣ ɩɪɚ-
ɜɢɥɚ, ɩɪɢɜɟɞɟɧɧɵɟ ɧɚ ɪɢɫɭɧɤɟ 2, ɛ. 
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Ⱦɚɥɟɟ ɜɵɩɨɥɧɹɟɬɫɹ ɨɩɟɪɚɰɢɹ ɞɟɮɚɡɡɢ-
ɮɢɤɚɰɢɢ – ɨɛɪɚɬɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɧɟɱɟɬ-
ɤɢɯ ɩɟɪɟɦɟɧɧɵɯ ɜ ɱɟɬɤɢɟ. ɉɪɢ ɷɬɨɦ ɱɟɬɤɢɣ 
ɜɵɜɨɞ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɚɯɨɠɞɟɧɢɟɦ ɜɡɜɟ-
ɲɟɧɧɨɝɨ ɫɪɟɞɧɟɝɨ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɜɵɯɨɞɧɨɣ 
ɩɟɪɟɦɟɧɧɨɣ ɩɨ ɮɨɪɦɭɥɟ  

)()(
,1

i
mi

ii  


 , 

ɝɞɟ ω – ɱɟɬɤɨɟ ɡɧɚɱɟɧɢɟ ɜɵɯɨɞɧɨɣ ɩɟɪɟ-
ɦɟɧɧɨɣ; ωi – ɡɧɚɱɟɧɢɟ ɜɵɯɨɞɧɨɣ ɩɟɪɟɦɟɧɧɨɣ 
ɞɥɹ i-ɝɨ ɬɟɪɦɚ ɫ ɟɞɢɧɢɱɧɵɦ ɡɧɚɱɟɧɢɟɦ ɫɬɟɩɟ-
ɧɢ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ; µω(ωi) – ɫɬɟɩɟɧɶ ɩɪɢɧɚɞ-
ɥɟɠɧɨɫɬɢ ɤ ɷɬɨɦɭ ɬɟɪɦɭ; m - ɱɢɫɥɨ ɬɟɪɦɨɜ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɡɧɚɱɟɧɢɟ ɱɚɫɬɨɬɵ ɜɪɚɳɟ-
ɧɢɹ ω ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɜɟɧɬɢɥɹɬɨɪɚ ɹɜɥɹɟɬ-
ɫɹ ɪɟɡɭɥɶɬɚɬɨɦ ɧɟɱɟɬɤɨɝɨ ɥɨɝɢɱɟɫɤɨɝɨ ɜɵɜɨ-
ɞɚ, ɜɵɩɨɥɧɟɧɧɨɝɨ ɧɚ ɨɫɧɨɜɟ ɫɨɜɨɤɭɩɧɨɫɬɢ 
ɧɟɱɟɬɤɢɯ ɩɪɚɜɢɥ ɢ ɧɟɱɟɬɤɢɯ ɩɟɪɟɦɟɧɧɵɯ. 

Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɰɟɞɭɪɵ ɨɩɬɢɦɢɡɚɰɢɢ 
ɧɟɱɟɬɤɨɣ ɋȺɊ ɩɚɪɚɦɟɬɪɵ ɮɭɧɤɰɢɣ ɩɪɢɧɚɞ-
ɥɟɠɧɨɫɬɢ, ɩɨɥɭɱɟɧɧɵɟ ɫ ɩɨɦɨɳɶɸ ɷɤɫɩɟɪɬɧɵɯ 
ɨɰɟɧɨɤ, ɫɱɢɬɚɥɢɫɶ ɫɬɚɬɢɱɟɫɤɢɦɢ, ɧɟ ɬɪɟɛɭɸ-
ɳɢɦɢ ɧɚɫɬɪɨɣɤɢ. Ɍɨ ɟɫɬɶ ɩɚɪɚɦɟɬɪɵ ɮɭɧɤɰɢɣ 
ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɮɢɤɫɢɪɭɸɬɫɹ, ɚ ɜ ɤɚɱɟɫɬɜɟ 
ɧɚɫɬɪɚɢɜɚɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɢɧɢɦɚɸɬɫɹ (ɤɚɤ 
ɢ ɞɥɹ ɬɪɚɞɢɰɢɨɧɧɵɯ ɪɟɝɭɥɹɬɨɪɨɜ) ɦɚɫɲɬɚɛ-
ɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɜɯɨɞɧɵɯ ɩɟɪɟɦɟɧɧɵɯ: kp – 
ɞɥɹ e ɢ kd – ɞɥɹ dT/dt Д7] (ɧɚ ɪɢɫɭɧɤɟ 1, ɜ ɛɥɨɤɢ 
ɫ ɩɚɪɚɦɟɬɪɚɦɢ ɧɚɫɬɪɨɣɤɢ ɜɵɞɟɥɟɧɵ ɬɟɧɶɸ). 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɫɢɫɬɟɦɵ ɨɯɥɚɠɞɟɧɢɹ Ⱦȼɋ 
ɫ ɤɨɧɬɭɪɨɦ ɭɩɪɚɜɥɟɧɢɹ ɜɟɧɬɢɥɹɬɨɪɨɦ ɧɚ ɨɫ-

ɧɨɜɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, ɩɪɢɜɟɞɟɧɧɨɣ 
ɧɚ ɪɢɫɭɧɤɟ 1, ɩɪɨɜɨɞɢɥɢɫɶ ɞɥɹ ɪɚɡɥɢɱɧɵɯ 
ɩɚɪɚɦɟɬɪɨɜ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ ɢ ɪɟɝɭɥɹɬɨ-
ɪɨɜ. ɉɪɢ ɷɬɨɦ ɜɵɩɨɥɧɹɥɫɹ ɫɪɚɜɧɢɬɟɥɶɧɵɣ 
ɚɧɚɥɢɡ ɧɟɱɟɬɤɨɣ ɢ ɬɪɚɞɢɰɢɨɧɧɨɣ ɫɢɫɬɟɦ ɪɟ-
ɝɭɥɢɪɨɜɚɧɢɹ, ɨɩɬɢɦɢɡɢɪɭɟɦɵɯ ɩɨ ɢɞɟɧɬɢɱɧɵɦ 
ɤɪɢɬɟɪɢɹɦ ɤɚɱɟɫɬɜɚ.  

ɇɚ ɪɢɫɭɧɤɟ 3 ɩɪɢɜɟɞɟɧɵ ɬɪɟɯɦɟɪɧɵɟ ɝɪɚ-

ɮɢɤɢ ɡɚɜɢɫɢɦɨɫɬɟɣ ɤɪɢɬɟɪɢɹ dtteJ
T

)(
0

2  ɨɬ 

ɧɚɫɬɪɚɢɜɚɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ: ɧɚ ɪɢɫɭɧɤɟ 3, ɚ – 
ɞɥɹ ɬɪɚɞɢɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ ),( ip TkfJ   (ɡɚ-

ɜɢɫɢɦɨɫɬɶ ɨɬ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɟɪɟɞɚɱɢ pk  ɢ 

ɩɨɫɬɨɹɧɧɨɣ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ iT ), ɧɚ ɪɢɫɭɧɤɟ 
3, ɛ – ɞɥɹ ɧɟɱɟɬɤɨɣ ɫɢɫɬɟɦɵ, ),( dp kkfJ  . 
Ⱥɪɝɭɦɟɧɬɚɦɢ ɮɭɧɤɰɢɢ ɜɨ ɜɬɨɪɨɦ ɫɥɭɱɚɟ (ɧɚ-
ɫɬɪɚɢɜɚɟɦɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ) ɹɜɥɹɸɬɫɹ ɦɚɫ-
ɲɬɚɛɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɜɯɨɞɧɵɯ ɩɟɪɟɦɟɧ-
ɧɵɯ: pk – ɞɥɹ e  ɢ dk  – ɞɥɹ dtdT / .  

ɇɚ ɝɪɚɮɢɤɚɯ ɩɨɤɚɡɚɧɵ ɬɨɱɤɢ, ɫɨɨɬɜɟɬɫɬ-
ɜɭɸɳɢɟ ɨɩɬɢɦɚɥɶɧɵɦ ɧɚɫɬɪɨɣɤɚɦ ɫɢɫɬɟɦ ɪɟ-
ɝɭɥɢɪɨɜɚɧɢɹ: ɩɪɢ ɦɢɧɢɦɚɥɶɧɯ ɡɧɚɱɟɧɢɹɯ ɤɪɢ-
ɬɟɪɢɟɜ ɤɚɱɟɫɬɜɚ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ 

ɨɯɥɚɠɞɟɧɢɹ min)(
0

2   dtteJ
T

, ɤɚɤ ɞɥɹ ɬɪɚ-

ɞɢɰɢɨɧɧɨɝɨ ɉɂ-ɡɚɤɨɧɚ, ɬɚɤ ɢ ɧɟɱɟɬɤɨɝɨ ɪɟɝɭ-
ɥɹɬɨɪɚ. 

 

 
 

Ɋɢɫ. 3. ȼɵɛɨɪ ɩɚɪɚɦɟɬɪɨɜ ɋȺɊ: ɚ) ɬɪɚɞɢɰɢɨɧɧɨɣ; ɛ) ɧɟɱɟɬɤɨɣ 
 

Ⱦɥɹ ɨɩɬɢɦɚɥɶɧɨ ɧɚɫɬɨɟɧɧɵɯ ɧɟɱɟɬɤɨɣ ɢ 
ɬɪɚɞɢɰɢɨɧɧɨɣ ɋȺɊ ɩɨɫɬɪɨɟɧɵ ɝɪɚɮɢɤɢ ɩɟɪɟ-
ɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜ ɫɢɫɬɟɦɟ ɨɯɥɚɠɞɟɧɢɹ ɩɪɢ 
ɜɨɡɦɭɳɟɧɢɢ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɬɟɩ-
ɥɨɧɨɫɢɬɟɥɹ ɧɚ 10 ɝɪɚɞɭɫɨɜ (ɪɢɫ.4,ɚ, ɛ). Ʉɚɱɟ-

ɫɬɜɨ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ ɞɥɹ ɬɪɚɞɢɰɢɨɧ-
ɧɨɣ ɋȺɊ (ɪɢɫ.4,ɚ) ɢ ɧɟɱɟɬɤɨɣ ɋȺɊ (ɪɢɫ.4,ɛ) 
ɩɪɢɦɟɪɧɨ ɨɞɢɧɚɤɨɜɨ: ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟ ɨɬ-
ɫɭɬɫɬɜɭɟɬ, ɬɪɟɛɭɟɦɨɟ ɡɧɚɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ 
ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɡɚ ɦɚɥɵɣ ɩɪɨɦɟɠɭɬɨɤ ɜɪɟ-
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ɦɟɧɢ, ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɨɬɥɢɱɚɸɬɫɹ ɡɚɬɪɚɬɵ ɧɚ 
ɭɩɪɚɜɥɟɧɢɟ (ɝɪɚɮɢɤɢ ɢɡɦɟɧɟɧɢɹ ɱɚɫɬɨɬɵ 
ɜɪɚɳɟɧɢɹ ɜɟɧɬɢɥɹɬɨɪɚ). ɉɪɢ ɷɬɨɦ ɫɥɟɞɭɟɬ 
ɨɬɦɟɬɢɬɶ, ɱɬɨ ɧɟɱɟɬɤɚɹ ɋȺɊ ɨɛɟɫɩɟɱɢɜɚɟɬ 

ɧɟɫɤɨɥɶɤɨ ɥɭɱɲɭɸ ɬɨɱɧɨɫɬɶ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 
(ɫɬɚɬɢɱɟɫɤɚɹ ɨɲɢɛɤɚ ɦɟɧɶɲɟ ɧɚ 5%) ɩɨ ɫɪɚɜ-
ɧɟɧɢɸ ɫ ɬɪɚɞɢɰɢɨɧɧɨɣ ɋȺɊ, ɢɦɟɸɳɟɣ ɜ ɫɜɨ-
ɟɦ ɫɨɫɬɚɜɟ ɡɨɧɭ ɧɟɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ. 

 

 
К) ɛ) 

Ɋɢɫ. 4. ɉɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ ɜ ɫɢɫɬɟɦɟ ɨɯɥɚɠɞɟɧɢɹ ɫ ɨɩɬɢɦɚɥɶɧɨ ɧɚɫɬɪɨɟɧɧɵɦɢ ɪɟɝɭɥɹɬɨɪɚɦɢ:  
ɚ) – ɞɥɹ ɬɪɚɞɢɰɢɨɧɧɨɣ ɋȺɊ; ɛ) – ɞɥɹ ɧɟɱɟɬɤɨɣ ɋȺɊ 

 
Ʉɚɤ ɨɬɦɟɱɚɥɨɫɶ ɜɵɲɟ, ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɟ 

ɭɫɬɪɨɣɫɬɜɨ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɱɚɫɬɨɬɨɣ ɜɪɚɳɟ-
ɧɢɹ ɜɟɧɬɢɥɹɬɨɪɚ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɩɪɢɦɟɧɹɬɶ 
ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɦɚɪɨɤ ɚɜɬɨɦɨɛɢɥɟɣ, ɞɢɧɚɦɢ-
ɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɢɫɬɟɦɵ ɨɯɥɚɠɞɟɧɢɹ 
ɤɨɬɨɪɵɯ ɦɨɝɭɬ ɫɭɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱɚɬɶɫɹ. ɉɪɢ 
ɷɬɨɦ ɧɟɨɛɯɨɞɢɦɨ ɫɨɡɞɚɬɶ ɪɟɝɭɥɹɬɨɪ, ɫɩɨɫɨɛ-

ɧɵɣ ɨɫɭɳɟɫɬɜɥɹɬɶ ɭɩɪɚɜɥɟɧɢɟ ɩɪɢ ɷɬɢɯ ɭɫɥɨ-
ɜɢɹɯ ɧɚɢɥɭɱɲɢɦ ɨɛɪɚɡɨɦ. 

ɇɚ ɪɢɫɭɧɤɟ 5, ɚ, ɛ ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɢɫɬɟɦɵ ɨɯɥɚɠɞɟɧɢɹ ɩɪɢ ɢɡ-
ɦɟɧɟɧɢɢ ɩɚɪɚɦɟɬɪɨɜ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ: ɚ 
ɢɦɟɧɧɨ, ɩɪɢ ɬɪɨɟɤɪɚɬɧɨɦ ɭɜɟɥɢɱɟɧɢɢ ɟɝɨ ɩɨ-
ɫɬɨɹɧɧɨɣ ɜɪɟɦɟɧɢ.  

 

К) 
 

ɛ) 

Ɋɢɫ. 5. ɉɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ ɜ ɫɢɫɬɟɦɟ ɨɯɥɚɠɞɟɧɢɹ ɩɪɢ ɬɪɨɟɤɪɚɬɧɨɦ ɭɜɟɥɢɱɟɧɢɢ ɩɨɫɬɨɹɧɧɨɣ ɜɪɟɦɟɧɢ 
ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ: ɚ) – ɞɥɹ ɬɪɚɞɢɰɢɨɧɧɨɣ ɋȺɊ; ɛ)  – ɞɥɹ ɧɟɱɟɬɤɨɣ ɋȺɊ 

  
 
 

 

200 300 400 500 600 700 800 900
90

95

100

105

t,М

T,
 ɝ

ɪɚ
ɞ 

ɋ

200 300 400 500 600 700 800 900
0

1000

2000

3000

t,М


v,

ɦ
ɢɧ

- 1

200 300 400 500 600 700 800 900
90

95

100

105

t,М

T,
 ɝ

ɪɚ
ɞ 

ɋ

200 300 400 500 600 700 800 900
0

1000

2000

3000

t,М


v,ɦ

ɢɧ
- 1

200 300 400 500 600 700 800 900
90

95

100

105

t,М

T,
 ɝ

ɪɚ
ɞ 

ɋ

200 300 400 500 600 700 800 900
0

1000

2000

3000

t,М


v,ɦ

ɢɧ
- 1

200 300 400 500 600 700 800 900
90

95

100

105

t,М

T,
 ɝ

ɪɚ
ɞ 

ɋ

200 300 400 500 600 700 800 900
0

1000

2000

3000

t,М


v,ɦ

ɢɧ
- 1



ɆȺɌȿɆȺɌɂɑȿɋɄɈȿ ɆɈȾȿɅɂɊɈȼȺɇɂȿ ɂ ɋɂɋɌȿɆɕ ȺȼɌɈɆȺɌɂɁȺɐɂɂ ɉɊɈȿɄɌɂɊɈȼȺɇɂə 
 

100                                                                          Веɫɬɧиɤ СиɛАДИ, ɜыɩɭɫɤ 6 (46), 2015 

ɂɡ ɝɪɚɮɢɤɨɜ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ ɧɚ 
ɪɢɫɭɧɤɟ 5, ɚ ɫɥɟɞɭɟɬ, ɱɬɨ ɤɚɱɟɫɬɜɨ ɪɟɝɭɥɢɪɨ-
ɜɚɧɢɹ ɬɪɚɞɢɰɢɨɧɧɨɣ ɋȺɊ (ɨɩɬɢɦɚɥɶɧɵɟ ɧɚ-
ɫɬɪɨɣɤɢ ɤɨɬɨɪɨɣ ɜɵɩɨɥɧɟɧɵ ɞɥɹ ɨɛɴɟɤɬɚ ɫ 
ɜɬɪɨɟ ɦɟɧɶɲɢɦ ɡɧɚɱɟɧɢɟɦ ɩɨɫɬɨɹɧɧɨɣ ɜɪɟ-
ɦɟɧɢ) ɩɪɢ ɬɚɤɨɦ ɢɡɦɟɧɟɧɢɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɨɛɴɟɤɬɚ ɭɯɭɞɲɚɟɬɫɹ. Ⱦɥɢɬɟɥɶɧɨɫɬɶ ɩɟɪɟɯɨɞ-
ɧɨɝɨ ɩɪɨɰɟɫɫɚ ɢ ɡɚɬɪɚɬɵ ɧɚ ɭɩɪɚɜɥɟɧɢɟ ɭɜɟ-
ɥɢɱɢɥɢɫɶ.  

ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɧɟɱɟɬɤɚɹ ɋȺɊ (ɪɢɫɭɧɨɤ 
5, ɛ), ɞɥɹ ɤɨɬɨɪɨɣ ɨɩɬɢɦɚɥɶɧɵɟ ɧɚɫɬɪɨɣɤɢ 
ɬɚɤɠɟ ɜɵɛɢɪɚɥɢɫɶ ɞɥɹ ɨɛɴɟɤɬɚ ɫ ɜɬɪɨɟ 
ɦɟɧɶɲɢɦ ɡɧɚɱɟɧɢɟɦ ɩɨɫɬɨɹɧɧɨɣ ɜɪɟɦɟɧɢ, 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɥɭɱɲɟɟ ɤɚɱɟɫɬɜɨ ɪɟɝɭɥɢɪɨɜɚ-
ɧɢɹ. ɇɚɛɥɸɞɚɟɬɫɹ ɭɦɟɧɶɲɟɧɢɟ ɞɥɢɬɟɥɶɧɨɫɬɢ 
ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ ɢ ɡɚɬɪɚɬ ɧɚ ɭɩɪɚɜɥɟ-
ɧɢɟ: ɜɪɟɦɹ ɪɚɛɨɬɵ ɜɟɧɬɢɥɹɬɨɪɚ ɫ ɦɚɤɫɢɦɚɥɶ-
ɧɨɣ ɱɚɫɬɨɬɨɣ ɜɪɚɳɟɧɢɹ ɫɨɤɪɚɬɢɥɨɫɶ ɧɚ 25% 
ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɬɪɚɞɢɰɢɨɧɧɨɣ ɋȺɊ.  

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɧɟɱɟɬɤɚɹ ɋȺɊ 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɭɥɭɱɲɟɧɢɟ ɤɚɱɟɫɬɜɚ ɪɟɝɭɥɢɪɨ-
ɜɚɧɢɹ ɡɚ ɫɱɟɬ ɫɜɨɢɯ ɫɭɳɟɫɬɜɟɧɧɨ ɧɟɥɢɧɟɣɧɵɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ (ɨɩɪɟɞɟɥɹɟɦɵɯ ɮɭɧɤɰɢɹɦɢ 
ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɩɟɪɟɦɟɧɧɵɯ ɢ ɛɚɡɨ ɩɪɨɞɭɤ-
ɰɢɨɧɧɵɯ ɩɪɚɜɢɥ), ɩɨɡɜɨɥɹɸɳɢɯ ɮɨɪɦɢɪɨɜɚɬɶ 
ɭɩɪɚɜɥɹɸɳɟɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɷɥɟɤɬɪɨɩɪɢɜɨɞ 
ɜɟɧɬɢɥɹɬɨɪɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɥɭɱɟɧɨ, ɱɬɨ ɧɟɱɟɬɤɚɹ 
ɋȺɊ ɦɟɧɟɟ ɱɭɜɫɬɜɢɬɟɥɶɧɚ ɤ ɜɚɪɢɚɰɢɹɦ ɩɚɪɚ-
ɦɟɬɪɨɜ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ, ɱɟɦ ɬɪɚɞɢɰɢɨɧ-
ɧɚɹ. ɉɨɷɬɨɦɭ ɧɟɱɟɬɤɚɹ ɋȺɊ ɜ ɛɨɥɟɟ ɲɢɪɨɤɨɦ 
ɞɢɚɩɚɡɨɧɟ ɧɚɫɬɪɨɟɤ ɩɨɡɜɨɥɹɟɬ ɨɛɟɫɩɟɱɢɬɶ 
ɜɵɫɨɤɨɟ ɤɚɱɟɫɬɜɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭ-
ɪɵ Ⱦȼɋ, ɚ ɬɚɤɠɟ ɪɟɚɥɢɡɨɜɚɬɶ ɭɩɪɚɜɥɟɧɢɟ ɩɪɢ 
ɞɟɣɫɬɜɢɢ ɜɨɡɦɭɳɚɸɳɢɯ ɮɚɤɬɨɪɨɜ. 

ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɟ ɭɫɬ-
ɪɨɣɫɬɜɨ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ 
ɪɚɡɥɢɱɧɵɯ ɦɚɪɨɤ ɚɜɬɨɦɨɛɢɥɟɣ, ɯɚɪɚɤɬɟɪɢ-
ɫɬɢɤɢ ɫɢɫɬɟɦ ɨɯɥɚɠɞɟɧɢɹ ɤɨɬɨɪɵɯ ɦɨɝɭɬ ɫɭ-
ɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱɚɬɶɫɹ, ɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜ 
ɤɚɱɟɫɬɜɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɪɟɝɭ-
ɥɹɬɨɪɚ ɫ ɧɟɱɟɬɤɢɦ ɥɨɝɢɱɟɫɤɢɦ ɜɵɜɨɞɨɦ ɩɪɟɞ-
ɩɨɱɬɢɬɟɥɶɧɟɟ. 

Ɂɚɤɥɸчɟɧɢɟ 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɩɨɥɭɱɟɧɨ, ɱɬɨ ɩɪɟɞɥɚɝɚɟɦɚɹ ɫɢɫɬɟɦɚ ɨɯɥɚɠ-
ɞɟɧɢɹ Ⱦȼɋ, ɪɟɚɥɢɡɭɸɳɚɹ ɭɩɪɚɜɥɟɧɢɟ ɜɟɧɬɢ-
ɥɹɬɨɪɨɦ ɧɚ ɛɚɡɟ ɧɟɱɟɬɤɨɝɨ ɥɨɝɢɱɟɫɤɨɝɨ ɪɟɝɭ-
ɥɹɬɨɪɚ, ɩɥɚɜɧɨ ɢɡɦɟɧɹɸɳɟɝɨ ɱɚɫɬɨɬɭ ɜɪɚɳɟ-
ɧɢɹ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ, ɪɚɛɨɬɨɫɩɨɫɨɛɧɚ ɢ ɛɨ-
ɥɟɟ ɷɮɮɟɤɬɢɜɧɚ, ɱɟɦ ɬɪɚɞɢɰɢɨɧɧɚɹ.  

Ɉɬɦɟɱɟɧɨ, ɱɬɨ ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɨɯɥɚ-
ɠɞɟɧɢɟɦ Ⱦȼɋ, ɩɨɫɬɪɨɟɧɧɚɹ ɧɚ ɨɫɧɨɜɟ ɧɟɱɟɬ-
ɤɨɝɨ ɥɨɝɢɱɟɫɤɨɝɨ ɜɵɜɨɞɚ ɨɛɥɚɞɚɟɬ ɜɵɫɨɤɨɣ 
ɬɨɱɧɨɫɬɶɸ ɩɨɞɞɟɪɠɚɧɢɹ ɪɚɛɨɱɟɣ ɬɟɦɩɟɪɚɬɭ-
ɪɵ ɞɜɢɝɚɬɟɥɹ ɢ, ɫɬɚɛɢɥɢɡɢɪɭɹ ɬɟɩɥɨɜɨɟ ɫɨ-

ɫɬɨɹɧɢɟ ɞɜɢɝɚɬɟɥɹ, ɬɟɦ ɫɚɦɵɦ, ɨɛɟɫɩɟɱɢɜɚɟɬ 
ɞɨɫɬɢɠɟɧɢɟ ɜɵɫɨɤɢɯ ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɢ ɷɤɨɥɨ-
ɝɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɟɝɨ ɪɚɛɨɬɵ. 

 
Ȼɢɛɥɢɨɝɪɚɮɢчɟɫɤɢɣ ɫɩɢɫɨɤ 
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Кl ОquТpmОЧt ШП tСО ТЧtОrЧКl МШmЛustТШЧ ОЧРТЧО (ICE) 
МШШlТЧР sвstОm Тs МШЧsТНОrОН. TСО ICE МШШlТЧР sвstОm 
Тs ШППОrОН tСКt rОКlТгОs tСО ПКЧ МШЧtrШl ШЧ tСО ЛКsТs ШП 
tСО Пuггв lШРТМ МШЧtrШllОr. TСО МШЧtrШllОr smШШtСlв 
МСКЧРОs tСО ОlОМtrТМ mШtШr rШtКtТШЧ ПrОquОЧМв. FШr 
МСШТМО ШП tСО ОЧРТЧО tСОrmКl МШЧНТtТШЧ stКЛТlТгКtТШЧ 
НОvТМО tСО mКtСОmКtТМКl mШНОlТЧР ТЧ 
MATLAB/SТmulТЧФ/Fuггв LШРТМ TШШlЛШб Тs usОН. 
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