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УȾɄ θβ1.771 

ɆȺɌȿɆȺɌɂɑȿɋɄɈȿ ɆɈȾȿɅɂɊɈȼȺɇɂȿ ɉɊɈɐȿɋɋȺ 
ɏɈɅɈȾɇɈɃ ɉɊɈɄȺɌɄɂ ȼ ɍɋɅɈȼɂəɏ ɇȿɋɌȺɐɂɈɇȺɊɇɈɋɌɂ ɂ 

ɋɌɈɏȺɋɌɂɑɇɈɋɌɂ ɌȿɏɇɈɅɈȽɂɑȿɋɄɂɏ ɉȺɊȺɆȿɌɊɈȼ 

Ⱥ.ȼ. Ʉɨɠɟɜɧɢɤɨɜ, ɂ.Ⱥ. Ʉɨɠɟɜɧɢɤɨɜɚ, ɇ.Ʌ. Ȼɨɥɨɛɚɧɨɜɚ 

Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɛюɞɠɟɬɧɨɟ ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
«ɑɟɪɟɩɨɜɟɰɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ» 
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Ʉɨɠɟɜɧɢɤɨɜ Ⱥ.ȼ., Ʉɨɠɟɜɧɢɤɨɜɚ ɂ.Ⱥ., Ȼɨɥɨɛɚɧɨɜɚ ɇ.Ʌ. Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ 
ɩɪɨɰɟɫɫɚ ɯɨɥɨɞɧɨɣ ɩɪɨɤɚɬɤɢ ɜ ɭɫɥɨɜɢɹɯ ɧɟɫɬɚɰɢɨɧɚɪɧɨɫɬɢ ɢ ɫɬɨɯɚɫɬɢɱɧɨɫɬɢ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ. Рɚɡɪɚɛɨɬɚɧɚ ɞɢɧɚɦɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɩɪɨɰɟɫɫɚ хɨɥɨɞɧɨɣ 
ɩɪɨɤɚɬɤɢ ɧɚ ɧɟɩɪɟɪɵɜɧɨɦ ɫɬɚɧɟ, ɨɛɴɟɞɢɧɹɸɳɚɹ ɦɨɞɟɥɢ ɷɥɟɤɬɪɨɦɟхɚɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ, 
ɨɱɚɝɚ ɞɟɮɨɪɦɚɰɢɢ ɢ ɝɢɞɪɨɧɚɠɢɦɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ. ɉɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ 
ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɨɰɟɧɤɢ ɬɨɱɧɨɫɬɢ ɦɨɞɟɥɢ ɩɨ ɩɨɝɪɟɲɧɨɫɬɢ ɪɚɫɱɟɬɚ ɫɢɥɵ ɩɪɨɤɚɬɤɢ. ȼ 
ɪɟɡɭɥɶɬɚɬɟ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɛɨɥɟɟ ɱɟɦ ɜ 93 % ɫɥɭɱɚɟɜ ɩɨɝɪɟɲɧɨɫɬɶ ɪɚɫɱɟɬɚ ɧɟ 
ɩɪɟɜɵɲɚɟɬ 6 %, ɦɚɤɫɢɦɚɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɫɨɫɬɚɜɢɥɚ 16,6 %. Мɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɫɨɤɭɸ ɬɨɱɧɨɫɬɶ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɜɟɥɢɱɢɧɵ ɢ хɚɪɚɤɬɟɪɚ ɢɡɦɟɧɟɧɢɹ ɫɢɥɵ 
ɩɪɨɤɚɬɤɢ ɫ ɭɱɟɬɨɦ ɧɟɫɬɚɰɢɨɧɚɪɧɨɫɬɢ ɢ ɫɬɨхɚɫɬɢɱɧɨɫɬɢ ɬɟхɧɨɥɨɝɢɱɟɫɤɢх ɩɚɪɚɦɟɬɪɨɜ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɏɨɥɨɞɧɚɹ ɩɪɨɤɚɬɤɚ, ɧɟɫɬɚɰɢɨɧɚɪɧɵɣ ɩɪɨɰɟɫɫ, ɫɬɨхɚɫɬɢɱɧɨɫɬɶ 
ɩɚɪɚɦɟɬɪɨɜ, ɨɱɚɝ ɞɟɮɨɪɦɚɰɢɢ, ɷɥɟɤɬɪɨɦɟхɚɧɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ. 

Ɉɛɳɚɹ ɩɨɫɬɚɧɨɜɤɚ ɩɪɨɛɥɟɦɵ 

Ɏɭɧɞɚɦɟɧɬɨɦ ɞɥɹ ɫɨɡɞɚɧɢɹ 

ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɩɪɨɰɟɫɫɚ ɩɪɨɤɚɬɤɢ 

ɹɜɥɹюɬɫɹ ɩɨɥɨɠɟɧɢɹ ɬɟɨɪɢɢ ɩɪɨɤɚɬɤɢ, 
ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɞɟɬɟɪɦɢɧɢɫɬɫɤɨɦ ɩɨɞɯɨɞɟ. 
ɉɨɞɨɛɧɨɝɨ ɪɨɞɚ ɦɨɞɟɥɢ ɩɨɡɜɨɥɹюɬ ɨɩɪɟɞɟɥɹɬɶ 

ɬɨɱɟɱɧɵɟ ɡɧɚɱɟɧɢɹ ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 

(ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ, ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ, 
ɷɧɟɪɝɨɫɢɥɨɜɵɯ) ɧɚ ɨɫɧɨɜɚɧɢɢ ɮɢɤɫɢɪɨɜɚɧɧɨɝɨ 

ɧɚɛɨɪɚ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɛɟɡ ɭɱɟɬɚ ɢɯ 

ɧɟɫɬɚɰɢɨɧɚɪɧɨɫɬɢ ɢ ɫɬɨɯɚɫɬɢɱɧɨɫɬɢ. 
Ɋɨɫɬ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɦɨɳɧɨɫɬɟɣ, 

ɧɚɛɥюɞɚɟɦɵɣ ɡɚ ɩɨɫɥɟɞɧɢɟ ɞɟɫɹɬɢɥɟɬɢɹ, 
ɩɨɡɜɨɥɢɥ ɪɚɫɲɢɪɢɬɶ ɫɮɟɪɭ ɩɪɢɦɟɧɟɧɢɹ 

ɞɢɧɚɦɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɧɚ ɬɟ ɨɛɥɚɫɬɢ, ɝɞɟ ɪɚɧɟɟ 

ɬɪɚɞɢɰɢɨɧɧɨ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɢɫɤɥюɱɢɬɟɥɶɧɨ 

ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɵɟ ɦɨɞɟɥɢ. Ɉɞɧɨɣ ɢɡ ɬɚɤɢɯ 

ɨɛɥɚɫɬɟɣ ɹɜɥɹɟɬɫɹ ɬɟɯɧɨɥɨɝɢɹ ɩɪɨɢɡɜɨɞɫɬɜɚ 

ɯɨɥɨɞɧɨɤɚɬɚɧɨɝɨ ɥɢɫɬɚ, ɜɤɥюɱɚɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ 

ɫɨɜɪɟɦɟɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɩɪɨɢɡɜɨɞɫɬɜɚ 

ɫɩɟɰɢɚɥɶɧɵɯ ɦɚɪɨɤ ɫɬɚɥɟɣ, ɧɚɫɬɪɨɣɤɭ ɢ 

ɭɩɪɚɜɥɟɧɢɟ ɨɛɨɪɭɞɨɜɚɧɢɟɦ ɩɪɨɤɚɬɧɵɯ ɫɬɚɧɨɜ, 
ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɟ ɤɚɱɟɫɬɜɟɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

ɝɨɬɨɜɨɣ ɩɪɨɞɭɤɰɢɢ.  
Ɉɫɧɨɜɧɚɹ ɰɟɥɶ ɪɚɛɨɬɵ – ɫɨɡɞɚɧɢɟ 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɩɪɨɰɟɫɫɚ ɯɨɥɨɞɧɨɣ 

ɩɪɨɤɚɬɤɢ, ɭɱɢɬɵɜɚюɳɟɣ ɫɬɨɯɚɫɬɢɱɧɨɫɬɶ 

ɩɚɪɚɦɟɬɪɨɜ, ɧɟɫɬɚɰɢɨɧɚɪɧɵɣ ɯɚɪɚɤɬɟɪ ɢ 

ɜɡɚɢɦɨɫɜɹɡɶ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɬɟɤɚюɳɢɯ ɜ ɥɢɧɢɢ 

ɩɪɢɜɨɞɚ ɩɪɨɤɚɬɧɨɣ ɤɥɟɬɢ, ɜɚɥɤɨɜɨɦ ɭɡɥɟ ɢ ɨɱɚɝɟ 

ɞɟɮɨɪɦɚɰɢɢ, ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɥɢɹɧɢɹ 

ɭɤɚɡɚɧɧɵɯ ɮɚɤɬɨɪɨɜ ɧɚ ɡɚɬɪɚɬɵ ɷɧɟɪɝɢɢ, 
ɫɬɪɭɤɬɭɪɭ ɢ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɪɨɤɚɬɚ. 

Ʌɢɬɟɪɚɬɭɪɧɨ-ɚɧɚɥɢɬɢɱɟɫɤɢɣ ɨɛɡɨɪ 

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɞɢɧɚɦɢɱɟɫɤɢɯ 

ɩɪɨɰɟɫɫɨɜ, ɜɨɡɧɢɤɚюɳɢɯ ɩɪɢ ɧɟɩɪɟɪɵɜɧɨɣ 

ɯɨɥɨɞɧɨɣ ɩɪɨɤɚɬɤɟ, ɹɜɥɹɟɬɫɹ ɜɟɫɶɦɚ ɫɥɨɠɧɨɣ 

ɡɚɞɚɱɟɣ, ɩɨɷɬɨɦɭ ɜ ɬɟɯɧɢɱɟɫɤɨɣ ɥɢɬɟɪɚɬɭɪɟ 

ɨɫɜɟɳɚюɬɫɹ ɬɨɥɶɤɨ ɟɟ ɨɬɞɟɥɶɧɵɟ ɚɫɩɟɤɬɵ.  
Ȼɨɥɶɲɢɧɫɬɜɨ ɢɡɜɟɫɬɧɵɯ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ 

ɦɨɞɟɥɟɣ ɩɪɨɰɟɫɫɚ ɯɨɥɨɞɧɨɣ ɩɪɨɤɚɬɤɢ ɢ ɦɟɬɨɞɨɜ 
ɪɚɫɱɟɬɚ ɷɧɟɪɝɨɫɢɥɨɜɵɯ ɩɚɪɚɦɟɬɪɨɜ ɹɜɥɹюɬɫɹ 

ɞɟɬɟɪɦɢɧɢɫɬɫɤɢɦɢ [1 – 8], ɧɟ ɭɱɢɬɵɜɚюɳɢɦɢ 

ɞɢɧɚɦɢɱɟɫɤɢɣ ɯɚɪɚɤɬɟɪ ɟɝɨ ɩɪɨɬɟɤɚɧɢɹ ɜ 

ɪɟɚɥɶɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɭɫɥɨɜɢɹɯ. 
Ⱦɢɧɚɦɢɱɟɫɤɢɟ ɦɨɞɟɥɢ, ɨɩɢɫɚɧɧɵɟ 

ɪɚɛɨɬɚɯ [9 – 11], ɹɜɥɹюɬɫɹ ɦɨɞɟɥɹɦɢ ɭɩɪɚɜɥɟɧɢɹ 

ɩɪɨɰɟɫɫɨɦ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɦɢ ɞɥɹ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɤɨɧɬɪɨɥɥɟɪɨɜ, ɛɟɡ 

ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɧɚɩɪɹɠɟɧɢɣ, ɞɟɮɨɪɦɚɰɢɣ ɢ 

ɧɚɝɪɭɡɨɤ ɜ ɩɪɨɤɚɬɧɵɯ ɤɥɟɬɹɯ.  
ȼ ɪɚɛɨɬɟ [12] ɡɚɬɪɨɧɭɬ ɜɨɩɪɨɫ 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɩɢɫɚɧɢɹ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɨɣ 

ɫɢɫɬɟɦɵ ɤɥɟɬɢ ɫɬɚɧɚ ɯɨɥɨɞɧɨɣ ɩɪɨɤɚɬɤɢ ɞɥɹ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɢɧɚɦɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ 

ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɤɥɟɬɢ ɛɟɡ ɭɱɟɬɚ ɜɥɢɹɧɢɹ 

ɤɨɧɬɚɤɬɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɩɨɥɨɫɨɣ ɢ 

ɜɚɥɤɚɦɢ. 
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Ɉɩɢɫɚɧɢɟ ɦɨɞɟɥɢ 

ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ 
ɩɪɨɰɟɫɫɚ ɯɨɥɨɞɧɨɣ ɩɪɨɤɚɬɤɢ ɪɚɫɫɦɚɬɪɢɜɚɥɢɫɶ 
ɫɥɟɞɭюɳɢɟ ɷɥɟɦɟɧɬɵ ɫɢɫɬɟɦɵ ɧɟɩɪɟɪɵɜɧɨɝɨ 
ɩɪɨɤɚɬɧɨɝɨ ɫɬɚɧɚμ ɨɱɚɝɢ ɩɥɚɫɬɢɱɟɫɤɨɣ 
ɞɟɮɨɪɦɚɰɢɢ ɫ ɦɟɠɤɥɟɬɟɜɵɦ ɩɪɨɦɟɠɭɬɤɨɦ, 
ɝɢɞɪɚɜɥɢɱɟɫɤɢɟ ɧɚɠɢɦɧɵɟ ɭɫɬɪɨɣɫɬɜɚ (ȽɇУ), 
ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ ɤɥɟɬɟɣ, 
ɜɤɥюɱɚюɳɢɟ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɟ 
ɷɥɟɤɬɪɨɩɪɢɜɨɞɵ, ɦɟɯɚɧɢɱɟɫɤɢɟ ɬɪɚɧɫɦɢɫɫɢɢ ɢ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɪɚɛɨɱɢɟ ɤɥɟɬɢ (ɪɢɫ. 1).   

   

 
ui, ui+1 – ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɹɤɨɪɧɨɣ ɨɛɦɨɬɤɟ 

ɞɜɢɝɚɬɟɥɹ i-ɣ, (i+1)-ɣ ɤɥɟɬɟɣ; ωɜi, ωɜi+1  – ɭɝɥɨɜɚɹ 
ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɛɨɱɤɢ ɪɚɛɨɱɟɝɨ ɜɚɥɤɚ i-ɣ, 

(i+1)-ɣ ɤɥɟɬɟɣ; Мɜi, Мɜi+1   – ɦɨɦɟɧɬ, 
ɧɟɨɛɯɨɞɢɦɵɣ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɩɪɨɰɟɫɫɚ 

ɩɪɨɤɚɬɤɢ ɜ i-ɣ, (i+1)-ɣ ɤɥɟɬɢ; υ0 – ɫɤɨɪɨɫɬɶ 
ɩɨɞɤɚɬɚ; h0 – ɬɨɥɳɢɧɚ ɩɨɞɤɚɬɚ; υi, υi+1 – ɫɤɨɪɨɫɬɢ 
ɩɨɥɨɫɵ ɧɚ ɜɵɯɨɞɟ ɢɡ i-ɣ, (i+1)-ɣ ɤɥɟɬɟɣ; hi, hi+1 – 

ɬɨɥɳɢɧɵ ɩɨɥɨɫɵ ɧɚ ɜɵɯɨɞɟ ɢɡ i-ɣ, (i+1)-ɣ ɤɥɟɬɟɣ; 
N0, Ni, Ni+1 – ɫɢɥɵ ɧɚɬɹɠɟɧɢɹ ɩɨɥɨɫɵ; Pi, Pi+1 – 

ɫɢɥɵ ɩɪɨɤɚɬɤɢ ɜ i-ɣ, (i+1)-ɣ ɤɥɟɬɹɯ; gi, gi+1 – 

ɡɚɡɨɪɵ ɦɟɠɞɭ ɪɚɛɨɱɢɦɢ ɜɚɥɤɚɦɢ i-ɣ, (i+1)-ɣ 
ɤɥɟɬɟɣ; σ0,βɢɫɯ – ɢɫɯɨɞɧɵɣ ɩɪɟɞɟɥ ɬɟɤɭɱɟɫɬɢ 

ɦɚɬɟɪɢɚɥɚ ɩɨɥɨɫɵ; σɮi, σɮi+1  – ɫɨɩɪɨɬɢɜɥɟɧɢɟ 
ɞɟɮɨɪɦɚɰɢɢ ɩɨɥɨɫɵ ɜ i-ɣ, (i+1)-ɣ ɤɥɟɬɢ; Si, Si+1 – 

ɤɨɷɮɮɢɰɢɟɧɬɵ ɨɩɟɪɟɠɟɧɢɹ ɜ i-ɣ, (i+1)-ɣ ɤɥɟɬɢ  
Ɋɢɫɭɧɨɤ 1 – Сɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ 

ɦɨɞɟɥɢ ɩɪɨɰɟɫɫɚ ɯɨɥɨɞɧɨɣ ɩɪɨɤɚɬɤɢ, 
ɭɱɢɬɵɜɚюɳɚɹ ɜɡɚɢɦɨɫɜɹɡɶ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɯ 
ɫɢɫɬɟɦ ɤɥɟɬɟɣ, ɦɨɞɟɥɶ ɨɱɚɝɚ ɞɟɮɨɪɦɚɰɢɢ ɢ ȽɇУ.  

 

Ɇɨɞɟɥɶ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ 
ɢɦɟɟɬ ɞɜɟ ɜɯɨɞɧɵɟ ɩɟɪɟɦɟɧɧɵɟμ ɧɚɩɪɹɠɟɧɢɹ, 
ɩɨɞɚɜɚɟɦɵɟ ɧɚ ɹɤɨɪɧɵɟ ɨɛɦɨɬɤɢ 
ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɪɚɛɨɱɢɯ ɤɥɟɬɟɣ, ɢ ɦɨɦɟɧɬ 
ɧɟɨɛɯɨɞɢɦɵɣ ɞɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɩɪɨɰɟɫɫɚ 
ɩɪɨɤɚɬɤɢ, ɢ ɨɞɧɭ ɜɵɯɨɞɧɭю – ɭɝɥɨɜɭю ɫɤɨɪɨɫɬɶ 
ɜɪɚɳɟɧɢɹ ɛɨɱɤɢ ɪɚɛɨɱɟɝɨ ɜɚɥɤɚ.  

Ɇɨɞɟɥɶ ɨɱɚɝɚ ɞɟɮɨɪɦɚɰɢɢ ɫɨɞɟɪɠɢɬ 
ɲɟɫɬɶ ɜɯɨɞɧɵɯ ɩɟɪɟɦɟɧɧɵɯ ɢ ɫɬɨɥɶɤɨ ɠɟ 
ɜɵɯɨɞɧɵɯ, ɫɜɹɡɵɜɚюɳɢɯ ɟɟ ɫ ɫɨɫɟɞɧɢɦɢ ɤɥɟɬɹɦɢ 
ɱɟɪɟɡ ɦɟɠɤɥɟɬɟɜɵɟ ɩɪɨɦɟɠɭɬɤɢ, ɝɥɚɜɧɵɦ 
ɩɪɢɜɨɞɨɦ ɱɟɪɟɡ ɦɟɯɚɧɢɱɟɫɤɭю ɬɪɚɧɫɦɢɫɫɢю ɢ 
ȽɇУ. ȼɨɡɞɟɣɫɬɜɢɟ ɧɚ ɧɚɩɪɹɠɟɧɢɟ ɞɜɢɝɚɬɟɥɹ 
ɩɟɪɟɞɚɟɬɫɹ ɧɚ ɜɯɨɞ ɨɱɚɝɚ ɞɟɮɨɪɦɚɰɢɢ ɱɟɪɟɡ 

ɫɤɨɪɨɫɬɶ ɜɚɥɤɨɜ ɫ ɨɛɪɚɬɧɨɣ ɫɜɹɡɶю ɩɨ ɦɨɦɟɧɬɭ.  
ɉɪɢ ɪɟɝɭɥɢɪɨɜɚɧɢɢ ɬɨɥɳɢɧɵ ɩɨɥɨɫɵ ɩɨ 

ɦɟɬɨɞɭ Ƚɨɥɨɜɢɧɚ-Сɢɦɫɚ Д13Ж ɜɡɚɢɦɨɫɜɹɡɶ ɦɟɠɞɭ 
ɨɱɚɝɨɦ ɞɟɮɨɪɦɚɰɢɢ ɢ ȽɇУ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɱɟɪɟɡ 
ɫɢɥɭ ɩɪɨɤɚɬɤɢ ɢ ɦɟɠɜɚɥɤɨɜɵɣ ɡɚɡɨɪ. Ɂɚɡɨɪ 
ɹɜɥɹɟɬɫɹ ɜɯɨɞɧɨɣ ɩɟɪɟɦɟɧɧɨɣ, ɩɨɡɜɨɥɹюɳɟɣ 
ɭɱɢɬɵɜɚɬɶ ɜɧɟɲɧɢɟ ɜɨɡɦɭɳɟɧɢɹ, ɧɚɩɪɢɦɟɪ, 
ɛɢɟɧɢɟ ɛɨɱɟɤ ɜɚɥɤɨɜ ɢɥɢ ɭɩɪɚɜɥɹюɳɢɟ 
ɜɨɡɞɟɣɫɬɜɢɹ.  

Уɤɚɡɚɧɧɵɟ ɧɚ ɪɢɫ. 1 ɩɟɪɟɦɟɧɧɵɟ 
ɡɚɞɚюɬɫɹ ɫ ɭɱɟɬɨɦ ɞɢɧɚɦɢɤɢ ɩɪɨɰɟɫɫɚ ɯɨɥɨɞɧɨɣ 
ɩɪɨɤɚɬɤɢ ɢ ɫɬɨɯɚɫɬɢɱɧɨɫɬɢ ɟɝɨ ɩɚɪɚɦɟɬɪɨɜ. 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɨɤɚɬɵɜɚɟɦɨɝɨ ɦɟɬɚɥɥɚ ɬɚɤɢɟ, 
ɤɚɤ ɩɪɟɞɟɥ ɬɟɤɭɱɟɫɬɢ, ɩɨɤɚɡɚɬɟɥɢ ɭɩɪɨɱɧɟɧɢɹ 
ɩɪɟɞɫɬɚɜɥɹюɬ ɫɨɛɨɣ ɫɥɭɱɚɣɧɵɟ ɜɟɥɢɱɢɧɵ, 
ɩɨɥɭɱɢɬɶ ɞɟɣɫɬɜɢɬɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɤɨɬɨɪɵɯ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɩɭɬɟɦ ɜɟɫɶɦɚ 
ɡɚɬɪɭɞɧɢɬɟɥɶɧɨ, ɩɨɷɬɨɦɭ ɞɥɹ ɪɚɫɱɟɬɚ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢɫɯɨɞɧɨɝɨ ɩɪɟɞɟɥɚ ɬɟɤɭɱɟɫɬɢ ɩɨ 
ɞɥɢɧɟ ɯɨɥɨɞɧɨɤɚɬɚɧɨɣ ɩɨɥɨɫɵ ɩɪɢɦɟɧɟɧ ɦɟɬɨɞ 
Ɇɨɧɬɟ-Ʉɚɪɥɨ. 

Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɨɱɚɝɚ 
ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ 

Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɨɱɚɝɚ 
ɞɟɮɨɪɦɚɰɢɢ i-ɣ ɪɚɛɨɱɟɣ ɤɥɟɬɢ ɨɫɧɨɜɚɧɨ ɧɚ 
ɭɩɪɭɝɨɩɥɚɫɬɢɱɟɫɤɨɣ ɫɯɟɦɟ, ɜ ɤɨɬɨɪɨɣ ɩɨɥɨɫɚ 
ɪɚɫɫɦɨɬɪɟɧɚ ɤɚɤ ɬɨɧɤɨɟ ɭɩɪɭɝɨɩɥɚɫɬɢɱɟɫɤɨɟ 
ɬɟɥɨ, ɚ ɜɚɥɤɢ – ɤɚɤ ɦɚɫɫɢɜɧɵɟ ɭɩɪɭɝɢɟ ɬɟɥɚ Д14 – 

17]. 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɢɧɹɬɨɣ ɫɯɟɦɨɣ (ɪɢɫ. 
β) ɨɱɚɝ ɞɟɮɨɪɦɚɰɢɢ ɫɨɫɬɨɢɬ ɢɡ ɬɪɟɯ ɭɱɚɫɬɤɨɜμ 

1) ɭɩɪɭɝɨɝɨ ɫɠɚɬɢɹ ɩɨɥɨɫɵ ɞɥɢɧɨɣ x1; 

β) ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ ɞɥɢɧɨɣ xɩɥ, 

ɫɨɫɬɨɹɳɢɣ ɢɡ ɞɜɭɯ ɡɨɧμ ɨɬɫɬɚɜɚɧɢɹ ɞɥɢɧɨɣ х2 ɢ 
ɨɩɟɪɟɠɟɧɢɹ ɞɥɢɧɨɣ х3; 

γ) ɭɩɪɭɝɨɝɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɱɚɫɬɢ 
ɬɨɥɳɢɧɵ ɩɨɥɨɫɵ ɧɚ ɜɵɯɨɞɟ ɢɡ ɨɱɚɝɚ ɞɟɮɨɪɦɚɰɢɢ 
ɞɥɢɧɨɣ x4. 

 

 
Ɋɢɫɭɧɨɤ β – Сɯɟɦɚ ɭɩɪɭɝɨɩɥɚɫɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ 

ɨɱɚɝɚ ɞɟɮɨɪɦɚɰɢɢ.  
 

Ⱦɥɢɧɚ ɨɱɚɝɚ ɞɟɮɨɪɦɚɰɢɢ lci ɨɩɪɟɞɟɥɹɟɬɫɹ 
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ɩɨ ɮɨɪɦɭɥɟμ 
lci = x1 +xɩɥ +x4. 

ɉɪɨɬɹɠɟɧɧɨɫɬɶ ɜɬɨɪɨɝɨ ɭɩɪɭɝɨɝɨ 
ɭɱɚɫɬɤɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɡɚɤɨɧɨɦɟɪɧɨɫɬɹɦɢ 
ɭɩɪɭɝɨɝɨ ɫɩɥюɳɢɜɚɧɢɹ ɩɨɥɨɫɵ ɢ ɪɚɛɨɱɟɝɨ ɜɚɥɤɚ, 
ɩɨɷɬɨɦɭ ɞɥɹ ɟɟ ɜɵɱɢɫɥɟɧɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ 
ɤɥɚɫɫɢɱɟɫɤɚɹ ɮɨɪɦɭɥɚ ɬɟɨɪɢɢ ɭɩɪɭɝɨɫɬɢ – 

ɮɨɪɦɭɥɚ Ƚɟɪɰɚμ 
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Rɪх i , 

ɝɞɟ ɪɫɪi – ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɧɨɪɦɚɥɶɧɵɯ 
ɤɨɧɬɚɤɬɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɨɱɚɝɟ ɞɟɮɨɪɦɚɰɢɢ; R – 

ɪɚɞɢɭɫ ɛɨɱɤɢ ɪɚɛɨɱɢɯ ɜɚɥɤɨɜ; ȼ, ȿȼ – 

ɤɨɷɮɮɢɰɢɟɧɬ ɉɭɚɫɫɨɧɚ ɢ ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ 
ɦɚɬɟɪɢɚɥɚ ɜɚɥɤɨɜ; ɉ, ȿɉ – ɤɨɷɮɮɢɰɢɟɧɬ 
ɉɭɚɫɫɨɧɚ ɢ ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɩɨɥɨɫɵ.  

ɉɪɨɬɹɠɟɧɧɨɫɬɶ ɩɟɪɜɨɝɨ ɭɩɪɭɝɨɝɨ 
ɭɱɚɫɬɤɚ ɢ ɩɥɚɫɬɢɱɟɫɤɨɝɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɭɬɟɦ 
ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɤɨɧɬɚɤɬɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚ 
ɫɨɨɬɜɟɬɫɬɜɭюɳɢɯ ɭɱɚɫɬɤɚɯ ɩɥɨɫɤɨɫɬɹɦɢ ɢ 
ɧɟɫɥɨɠɧɵɯ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɜɵɱɢɫɥɟɧɢɣμ 

2

4ɩɥ1 xhRхх i  , 

ɝɞɟ Δhi – ɚɛɫɨɥюɬɧɨɟ ɨɛɠɚɬɢɟ. 
Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɢɡɦɟɧɟɧɢɹ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 

ɞɟɮɨɪɦɚɰɢɢ ɩɨɥɨɫɵ σɮi ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɬɟɩɟɧɢ 
ɫɭɦɦɚɪɧɨɝɨ ɨɛɠɚɬɢɹ ɢɫɩɨɥɶɡɨɜɚɧɚ ɮɨɪɦɭɥɚμ 

1

1

1

1

ɢɫɯ2,0ɮ
1 
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B
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B

i
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A
, 

ɝɞɟ σ0,βɢɫɯ – ɩɪɟɞɟɥ ɬɟɤɭɱɟɫɬɢ ɦɚɬɟɪɢɚɥɚ ɩɨɥɨɫɵ ɜ 
ɢɫɯɨɞɧɨɦ, ɧɟɞɟɮɨɪɦɢɪɨɜɚɧɧɨɦ ɫɨɫɬɨɹɧɢɢ; A, B – 

ɷɦɩɢɪɢɱɟɫɤɢɟ ɜɟɥɢɱɢɧɵ, ɨɩɪɟɞɟɥɹɟɦɵɟ 
ɩɥɚɫɬɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɫɬɚɥɢ; εȈi-1, εȈi – 

ɱɚɫɬɧɵɟ ɫɭɦɦɚɪɧɵɟ ɨɬɧɨɫɢɬɟɥɶɧɵɟ ɨɛɠɚɬɢɹ ɜ 
ɫɨɨɬɜɟɬɫɬɜɭюɳɢɯ ɤɥɟɬɹɯ. 

ȼ ɤɚɱɟɫɬɜɟ ɜɯɨɞɧɨɣ ɩɟɪɟɦɟɧɧɨɣ ɜ ȽɇУ ɜ 
ɦɨɞɟɥɢ ɢɫɩɨɥɶɡɨɜɚɧɚ ɫɢɥɚ ɩɪɨɤɚɬɤɢμ 

blɪР iii  cɫɪ , 

ɝɞɟ b – ɲɢɪɢɧɚ ɩɪɨɤɚɬɵɜɚɟɦɨɣ ɩɨɥɨɫɵ. 
ȼɵɯɨɞɧɨɣ ɩɟɪɟɦɟɧɧɨɣ ɦɨɞɟɥɢ ɨɱɚɝɚ 

ɞɟɮɨɪɦɚɰɢɢ ɜ ɥɢɧɢю ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ (ɪɢɫ. 1) 
ɹɜɥɹɟɬɫɹ ɦɨɦɟɧɬ Мɜi, ɧɟɨɛɯɨɞɢɦɵɣ ɞɥɹ 
ɨɛɟɫɩɟɱɟɧɢɹ ɩɪɨɰɟɫɫɚ ɩɪɨɤɚɬɤɢ ɜ i-ɣ ɤɥɟɬɢμ 

iiiii МММММ ɧɚɬɨɩɬɪ.ɩɩɪɜ  , 

ɝɞɟ Мɩɪi – ɦɨɦɟɧɬ ɩɪɨɤɚɬɤɢ; Мɬɪ.ɩi  – ɦɨɦɟɧɬ 

ɬɪɟɧɢɹ ɜ ɩɨɞɲɢɩɧɢɤɚɯ ɪɚɛɨɱɢɯ ɜɚɥɤɨɜ; Мɨɩi  – 

ɦɨɦɟɧɬ, ɧɟɨɛɯɨɞɢɦɵɣ ɞɥɹ ɜɪɚɳɟɧɢɹ ɯɨɥɨɫɬɵɯ 
ɨɩɨɪɧɵɯ ɜɚɥɤɨɜ; Мɧɚɬi – ɦɨɦɟɧɬ, ɜɨɡɧɢɤɚюɳɢɣ ɨɬ 
ɪɚɡɧɨɫɬɢ ɫɢɥ ɡɚɞɧɟɝɨ ɢ ɩɟɪɟɞɧɟɝɨ ɧɚɬɹɠɟɧɢɣ. 

Ɋɚɫɱɟɬ ɦɨɦɟɧɬɚ ɩɪɨɤɚɬɤɢ ɩɪɨɢɡɜɨɞɢɬɫɹ 
ɩɨ ɮɨɪɦɭɥɟ, ɜ ɤɨɬɨɪɨɣ ɧɟ ɩɪɢɦɟɧɹюɬɫɹ 
ɷɦɩɢɪɢɱɟɫɤɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɥɟɱɚ ɫɢɥɵ 
ɩɪɨɤɚɬɤɢμ 

i

i

i

N
М

ɜ

ɩɪ
ɩɪ 

 , 

ɝɞɟ Nɩɪi – ɦɨɳɧɨɫɬɶ ɩɪɨɤɚɬɤɢ, ɪɚɫɫɱɢɬɵɜɚɟɦɚɹ ɫ 
ɭɱɟɬɨɦ ɪɚɛɨɬɵ ɩɪɨɤɚɬɤɢ ɧɚ ɤɚɠɞɨɦ ɭɩɪɭɝɨɦ ɢ 
ɩɥɚɫɬɢɱɟɫɤɨɦ ɭɱɚɫɬɤɚɯ ɨɱɚɝɚ ɞɟɮɨɪɦɚɰɢɢ; ωɜi – 

ɨɤɪɭɠɧɚɹ ɫɤɨɪɨɫɬɶ ɪɚɛɨɱɢɯ ɜɚɥɤɨɜ, ɩɨɞɚɜɚɟɦɚɹ 
ɧɚ ɜɯɨɞ ɦɨɞɟɥɢ ɨɱɚɝɚ ɞɟɮɨɪɦɚɰɢɢ ɨɬ 
ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ. 

Ɇɨɦɟɧɬ ɬɪɟɧɢɹ ɜ ɩɨɞɲɢɩɧɢɤɚɯ ɪɚɛɨɱɢɯ 
ɜɚɥɤɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɚ ɨɫɧɨɜɟ ɫɨɫɬɚɜɥɟɧɢɹ ɢ 
ɚɧɚɥɢɡɚ ɫɯɟɦɵ ɞɟɣɫɬɜɢɹ ɫɢɥ ɢ ɦɨɦɟɧɬɨɜ ɜ ɤɥɟɬɢ 
«ɤɜɚɪɬɨ» ɫ ɩɪɢɜɨɞɧɵɦɢ ɪɚɛɨɱɢɦɢ ɜɚɥɤɚɦɢμ 

ɪPɬɪ.ɩ  RМ i
, 

ɝɞɟ RPȈ – ɫɭɦɦɚ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɫɢɥ, 
ɞɟɣɫɬɜɭюɳɢɯ ɧɚ ɲɟɣɤɢ ɪɚɛɨɱɟɝɨ ɜɚɥɤɚ ɜ 
ɤɚɱɟɫɬɜɟ ɪɟɚɤɰɢɣ, ɜɨɡɧɢɤɚюɳɢɯ ɜ ɩɨɞɭɲɤɚɯ ɢ 
ɩɨɞɲɢɩɧɢɤɨɜɵɯ ɨɩɨɪɚɯ ɩɨɞ ɜɥɢɹɧɢɟɦ 
ɧɚɬɹɠɟɧɢɣ ɩɨɥɨɫɵ ɢ ɞɪɭɝɢɯ ɪɚɛɨɱɢɯ ɧɚɝɪɭɡɨɤ; ρɪ 

– ɪɚɞɢɭɫ ɤɪɭɝɚ ɬɪɟɧɢɹ ɜ ɩɨɞɲɢɩɧɢɤɚɯ ɪɚɛɨɱɟɝɨ 
ɜɚɥɤɚ. 

Ɇɨɦɟɧɬ, ɧɟɨɛɯɨɞɢɦɵɣ ɞɥɹ ɜɪɚɳɟɧɢɹ 
ɯɨɥɨɫɬɵɯ ɨɩɨɪɧɵɯ ɜɚɥɤɨɜμ 

pɨɩɨɩ dРМ ii  , 

ɝɞɟ Рɨɩi – ɦɟɠɜɚɥɤɨɜɚɹ ɫɢɥɚ, ɞɟɣɫɬɜɭюɳɚɹ ɨɬ 
ɩɪɢɜɨɞɧɨɝɨ ɪɚɛɨɱɟɝɨ ɜɚɥɤɚ ɧɚ ɯɨɥɨɫɬɨɣ ɨɩɨɪɧɵɣ 
ɜɚɥɨɤ; dɪ – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɨɫɢ ɪɚɛɨɱɟɝɨ ɜɚɥɤɚ ɞɨ 
ɥɢɧɢɢ ɞɟɣɫɬɜɢɹ ɫɢɥɵ Рɨɩi. 

Ɇɨɦɟɧɬ, ɜɨɡɧɢɤɚюɳɢɣ ɨɬ ɪɚɡɧɨɫɬɢ ɫɢɥ 
ɡɚɞɧɟɝɨ ɢ ɩɟɪɟɞɧɟɝɨ ɧɚɬɹɠɟɧɢɣμ 

R
NNМ i-i

i
2

1
ɧɚɬ


 , 

ɝɞɟ Ni-1, Ni – ɫɢɥɵ ɡɚɞɧɟɝɨ ɢ ɩɟɪɟɞɧɟɝɨ ɧɚɬɹɠɟɧɢɣ 
ɩɨɥɨɫɵ. 

Ɂɚɞɚɧɢɟ ɧɚ ɫɤɨɪɨɫɬɶ ɜɯɨɞɚ ɩɨɥɨɫɵ ɜ 
(i+1)-ю ɤɥɟɬɶ (υi) ɦɨɠɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɱɟɪɟɡ 
ɫɤɨɪɨɫɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɩɪɟɞɵɞɭɳɟɣ i-ɣ ɤɥɟɬɢ – 

ɭɝɥɨɜɭю ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɪɚɛɨɱɢɯ ɜɚɥɤɨɜ ωɜi ɢ 
ɤɨɷɮɮɢɰɢɟɧɬ ɨɩɟɪɟɠɟɧɢɹ Si: 

RS iii  ɜ)1( . 

Ʉɨɷɮɮɢɰɢɟɧɬ ɨɩɟɪɟɠɟɧɢɹ ɞɥɹ ɨɱɚɝɚ 
ɞɟɮɨɪɦɚɰɢɢ ɫ ɨɞɧɢɦ ɧɟɣɬɪɚɥɶɧɵɦ ɫɟɱɟɧɢɟɦ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟμ 

1

2
1 2

ɧ 





tgh

h
S

i

i
i , 

ɝɞɟ hɧ – ɬɨɥɳɢɧɚ ɩɨɥɨɫɵ ɜ ɧɟɣɬɪɚɥɶɧɨɦ ɫɟɱɟɧɢɢ. 

 

Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ 
ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ  

ɉɪɢɜɨɞ ɪɚɛɨɱɢɯ ɜɚɥɤɨɜ ɤɥɟɬɟɣ 
ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɬɚɧɚ ɯɨɥɨɞɧɨɣ ɩɪɨɤɚɬɤɢ ɹɜɥɹɟɬɫɹ 
ɢɧɞɢɜɢɞɭɚɥɶɧɵɦ ɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɨɬ ɝɥɚɜɧɵɯ 
ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɱɟɪɟɡ ɦɟɯɚɧɢɱɟɫɤɭю 
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ɬɪɚɧɫɦɢɫɫɢю, ɜɤɥюɱɚюɳɭю ɦɭɮɬɵ, 
ɩɪɨɦɟɠɭɬɨɱɧɵɟ ɫɨɟɞɢɧɟɧɢɹ, ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɣ 
ɪɟɞɭɤɬɨɪ ɢ ɲɩɢɧɞɟɥɢ (ɪɢɫ. γ).  

 

 
1 – ɜɟɪɯɧɢɣ ɨɩɨɪɧɵɣ ɜɚɥɨɤ; β – ɧɢɠɧɢɣ ɨɩɨɪɧɵɣ 

ɜɚɥɨɤ; γ – ɜɟɪɯɧɢɣ ɪɚɛɨɱɢɣ ɜɚɥɨɤ; 4 – ɧɢɠɧɢɣ 
ɪɚɛɨɱɢɣ ɜɚɥɨɤ; η, θ – ɲɩɢɧɞɟɥɢ; 7, 8 – ɦɭɮɬɵ 

«ɪɟɞɭɤɬɨɪ-ɲɩɢɧɞɟɥɶ»; λ, 10 – ɡɭɛɱɚɬɵɟ 
ɡɚɰɟɩɥɟɧɢɹ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ ɪɟɞɭɤɬɨɪɚ; 11, 1β 

– ɦɭɮɬɵ ɩɪɟɞɟɥɶɧɨɝɨ ɦɨɦɟɧɬɚ; 1γ – 

ɩɪɨɦɟɠɭɬɨɱɧɨɟ ɫɨɟɞɢɧɟɧɢɟ; 14 – ɦɭɮɬɚ 
ɡɭɛɱɚɬɚɹ; 1η, 1θ – ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɢ ɩɨɫɬɨɹɧɧɨɝɨ 

ɬɨɤɚ 

Ɋɢɫɭɧɨɤ γ – Ʉɪɭɬɢɥɶɧɚɹ ɤɨɥɟɛɚɬɟɥɶɧɚɹ ɫɢɫɬɟɦɚ 
ɝɥɚɜɧɨɣ ɥɢɧɢɢ ɤɥɟɬɢ. 

 

ȼ ɩɪɚɤɬɢɤɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɢɧɚɦɢɱɟɫɤɢɯ 
ɧɚɝɪɭɡɨɤ ɜ ɦɚɲɢɧɚɯ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ 
ɩɨɞɯɨɞ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɩɟɪɟɯɨɞɟ ɨɬ ɪɟɚɥɶɧɨɝɨ 
ɨɛɴɟɤɬɚ ɤ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɪɚɫɱɟɬɧɨɣ ɫɯɟɦɟ Д18, 
1λЖ. Ɍɚɤɚɹ ɷɤɜɢɜɚɥɟɧɬɧɚɹ ɫɯɟɦɚ ɝɥɚɜɧɨɝɨ ɩɪɢɜɨɞɚ 
ɪɚɛɨɱɢɯ ɤɥɟɬɟɣ ɫɬɚɧɚ 1700 ɯɨɥɨɞɧɨɣ ɩɪɨɤɚɬɤɢ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 4. 

 

 
Ɋɢɫɭɧɨɤ 4 – Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ 

ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɧɟɩɪɟɪɵɜɧɨɝɨ 
ɫɬɚɧɚ. 

 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɢɧɹɬɨɣ ɫɯɟɦɨɣ 

ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɨɩɢɫɚɧɢɟ ɟɟ 
ɪɚɛɨɬɵ ɜ ɨɛɳɟɦ ɜɢɞɟ ɜɵɝɥɹɞɢɬ ɫɥɟɞɭюɳɢɦ 
ɨɛɪɚɡɨɦμ 

,ɜ
dt

d
JMM




 
ɝɞɟ M – ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɣ ɦɨɦɟɧɬ ɞɜɢɝɚɬɟɥɹ; Mɜ 

– ɦɨɦɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɜɢɠɟɧɢю; ω – ɫɤɨɪɨɫɬɶ 
ɜɪɚɳɟɧɢɹ ɜɚɥɚ ɞɜɢɝɚɬɟɥɹ; J – ɫɭɦɦɚɪɧɵɣ ɦɨɦɟɧɬ 
ɢɧɟɪɰɢɢ ɹɤɨɪɹ ɢ ɧɚɝɪɭɡɤɢ. 

Ⱦɜɢɠɟɧɢɟ ɩɪɢɜɟɞɟɧɧɵɯ ɦɚɫɫ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɪɚɜɧɨɜɟɫɧɨɝɨ ɫɨɫɬɨɹɧɢɹ 
ɨɩɢɫɵɜɚɟɬɫɹ ɫɢɫɬɟɦɨɣ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ 
ɭɪɚɜɧɟɧɢɣμ 
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ɝɞɟ М12 – ɦɨɦɟɧɬ ɭɩɪɭɝɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ; ɫ12 – 

ɩɪɢɜɟɞёɧɧɵɟ ɠёɫɬɤɨɫɬɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɭɩɪɭɝɢɯ 
ɫɜɹɡɟɣ; φ1, φ2, ω1, ω2, J1, J2 – ɭɝɥɵ ɩɨɜɨɪɨɬɚ, 
ɭɝɥɨɜɵɟ ɫɤɨɪɨɫɬɢ, ɦɨɦɟɧɬɵ ɢɧɟɪɰɢɢ ɩɟɪɜɨɣ ɢ 
ɜɬɨɪɨɣ ɦɚɫɫ; Δφ3 – ɡɚɡɨɪ ɜ ɦɟɯɚɧɢɱɟɫɤɢɯ 
ɩɟɪɟɞɚɱɚɯ. 

Ⱦɥɹ ɭɱɟɬɚ ɜɥɢɹɧɢɹ ɩɟɪɟɯɨɞɧɵɯ 
ɩɪɨɰɟɫɫɨɜ ɜ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟ ɧɚ ɯɚɪɚɤɬɟɪ 
ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɝɪɭɠɟɧɢɹ ɜ 
ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ ɤɥɟɬɢ ɜɜɨɞɢɬɫɹ 
ɨɩɢɫɚɧɢɟ ɞɜɢɝɚɬɟɥɹ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ 
ɧɟɡɚɜɢɫɢɦɨɝɨ ɜɨɡɛɭɠɞɟɧɢɹ ɜ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ 
ɢ ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɹɯ ɜ ɚɛɫɨɥюɬɧɵɯ 
ɟɞɢɧɢɰɚɯμ 

;
dt

di
LiReu 

 
;M iCM 
 

ω,ω CE
 

ɝɞɟ u – ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɹɤɨɪɧɨɣ ɨɛɦɨɬɤɟ 
ɞɜɢɝɚɬɟɥɹ; e – ɷɥɟɤɬɪɨɞɜɢɠɭɳɚɹ ɫɢɥɚ (ЭȾС) 
ɹɤɨɪɹ; i – ɬɨɤ ɹɤɨɪɹ; Ɏ – ɩɨɬɨɤ, ɫɨɡɞɚɜɚɟɦɵɣ 
ɨɛɦɨɬɤɨɣ ɜɨɡɛɭɠɞɟɧɢɹ; R – ɚɤɬɢɜɧɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɹɤɨɪɧɨɣ ɰɟɩɢ; L– ɢɧɞɭɤɬɢɜɧɨɫɬɶ 
ɹɤɨɪɧɨɣ ɰɟɩɢ; ɋω – ɤɨɷɮɮɢɰɢɟɧɬ ɫɜɹɡɢ ɦɟɠɞɭ 
ɫɤɨɪɨɫɬɶю ɢ ЭȾС; ɋɆ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɜɹɡɢ 
ɦɟɠɞɭ ɬɨɤɨɦ ɹɤɨɪɹ ɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ 
ɦɨɦɟɧɬɨɦ. 

Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ 
ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɧɚɠɢɦɧɨɝɨ 
ɭɫɬɪɨɣɫɬɜɚ 

Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɭɩɪɚɜɥɟɧɢɹ 
ɤɨɨɪɞɢɧɚɬɚɦɢ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɧɚɠɢɦɧɨɝɨ 
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ɭɫɬɪɨɣɫɬɜɚ ɦɨɠɟɬ ɛɵɬɶ ɨɩɢɫɚɧɚ ɬɪɟɦɹ 
ɥɢɧɟɚɪɢɡɨɜɚɧɧɵɦɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɦɢ 
ɭɪɚɜɧɟɧɢɹɦɢ Дβ0Ж. 

1. Уɪɚɜɧɟɧɢɟ ɪɚɫɯɨɞɚ ɠɢɞɤɨɫɬɢ, 
ɩɨɫɬɭɩɚюɳɟɣ ɜ ɩɨɪɲɧɟɜɭю ɩɨɥɨɫɬɶ 
ɝɢɞɪɨɰɢɥɢɧɞɪɚ, ɞɥɹ ɦɚɥɵɯ ɩɪɢɪɚɳɟɧɢɣ 
ɤɨɨɪɞɢɧɚɬμ   

,ɝ
ɝɧɭ

ɝ Pr
dt

dP

E

V

dt

dS
SQ 

 
ɝɞɟ Sɝ – ɩɥɨɳɚɞɶ ɩɨɪɲɧɹ; Sɧɭ – ɩɨɥɨɠɟɧɢɟ 
ɩɨɪɲɧɹ ɝɢɞɪɨɰɢɥɢɧɞɪɚ; V – ɨɛɴɟɦ ɩɨɪɲɧɟɜɨɣ 
ɩɨɥɨɫɬɢ ɩɪɢ ɧɚɱɚɥɶɧɨɦ ɩɨɥɨɠɟɧɢɢ ɩɨɪɲɧɹ; E – 

ɨɛɴɟɦɧɵɣ ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ; 
Рɝ – ɞɚɜɥɟɧɢɟ ɜ ɩɨɪɲɧɟɜɨɣ ɩɨɥɨɫɬɢ; r – 

ɤɨɷɮɮɢɰɢɟɧɬ ɭɬɟɱɟɤ. 
β. Уɪɚɜɧɟɧɢɟ, ɨɩɢɫɵɜɚюɳɟɟ 

ɫɨɨɬɧɨɲɟɧɢɟ ɭɫɢɥɢɣ ɜ ɩɪɨɤɚɬɧɨɣ ɤɥɟɬɢ, ɞɥɹ 
ɦɚɥɵɯ ɩɪɢɪɚɳɟɧɢɣ ɤɨɨɪɞɢɧɚɬμ 

,
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2
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dt
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dt
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ɝɞɟ m – ɦɚɫɫɚ ɦɟɯɚɧɢɱɟɫɤɢɯ ɱɚɫɬɟɣ ɤɥɟɬɢ, 
ɩɟɪɟɦɟɳɚюɳɢɯɫɹ ɜɦɟɫɬɟ ɫ ɝɢɞɪɨɰɢɥɢɧɞɪɨɦ, ɢ 
ɦɚɫɫɚ ɠɢɞɤɨɫɬɢ ɜ ɬɪɭɛɨɩɪɨɜɨɞɟ, ɩɪɢɜɟɞɟɧɧɚɹ ɤ 
ɩɥɨɳɚɞɢ ɩɨɪɲɧɹ; b – ɤɨɷɮɮɢɰɢɟɧɬ ɜɹɡɤɨɝɨ 
ɬɪɟɧɢɹ, ɨɩɪɟɞɟɥɹюɳɢɣ ɜɟɥɢɱɢɧɭ ɫɢɥɵ ɬɪɟɧɢɹ, 
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɩɟɪɟɦɟɳɟɧɢɹ ȽɇУ. 

γ. Уɪɚɜɧɟɧɢɟ ɫɟɪɜɨɤɥɚɩɚɧɚ ɞɥɹ ɦɚɥɵɯ 
ɩɪɢɪɚɳɟɧɢɣ ɤɨɨɪɞɢɧɚɬμ 

,ɩɪɭɭɭ i
PkukQ

dt

dQТ   

ɝɞɟ Тɭ – ɩɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ ɫɟɪɜɨɤɥɚɩɚɧɚ; uɭ – 

ɧɚɩɪɹɠɟɧɢɟ ɭɩɪɚɜɥɟɧɢɹ; kɭ – ɪɚɫɯɨɞɧɵɣ 
ɤɨɷɮɮɢɰɢɟɧɬ ɫɟɪɜɨɤɥɚɩɚɧɚ; kɩɪ – ɤɨɷɮɮɢɰɢɟɧɬ 
ɠɟɫɬɤɨɫɬɢ ɩɟɪɟɩɚɞɧɨ-ɪɚɫɯɨɞɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɫɟɪɜɨɤɥɚɩɚɧɚ. 

ȼɡɚɢɦɨɫɜɹɡɶ ɦɟɠɞɭ ɬɟɤɭɳɟɣ ɬɨɥɳɢɧɨɣ 
ɩɨɥɨɫɵ ɢ ɜɟɥɢɱɢɧɨɣ ɦɟɠɜɚɥɤɨɜɨɝɨ ɡɚɡɨɪɚ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɭɪɚɜɧɟɧɢɟɦ Ƚɨɥɨɜɢɧɚ-Сɢɦɫɚμ  

ɤɥK

P
gh i

ii
 ,

  

ɝɞɟ Kɤɥ – ɦɨɞɭɥɶ ɠɟɫɬɤɨɫɬɢ ɤɥɟɬɢ. 

Оɰɟɧɤɚ ɚɞɟɤɜɚɬɧɨɫɬɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ 
ɦɨɞɟɥɢ 

Ⱦɢɧɚɦɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɩɪɨɰɟɫɫɚ 
ɯɨɥɨɞɧɨɣ ɩɪɨɤɚɬɤɢ ɪɟɚɥɢɡɨɜɚɧɚ ɜ ɫɢɫɬɟɦɟ 
MATLAB/Simulink. ȿɟ ɚɞɟɤɜɚɬɧɨɫɬɶ 

ɢɫɫɥɟɞɭɟɦɨɦɭ ɨɛɴɟɤɬɭ ɨɰɟɧɢɜɚɥɚɫɶ ɩɨ 

ɪɟɡɭɥɶɬɚɬɚɦ ɫɪɚɜɧɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ 
ɩɪɨɤɚɬɤɢ, ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɢ 
ɩɭɬɟɦ ɨɫɰɢɥɥɨɝɪɚɮɢɪɨɜɚɧɢɹ ɧɚ ɪɟɚɥɶɧɨɦ η-

ɤɥɟɬɟɜɨɦ ɫɬɚɧɟ ɯɨɥɨɞɧɨɣ ɩɪɨɤɚɬɤɢ 1700. 
ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɧɚ ɪɢɫ. η, ɚ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɞɢɚɝɪɚɦɦɚ ɢɡɦɟɧɟɧɢɹ ɫɢɥɵ 
ɩɪɨɤɚɬɤɢ ɩɨ ɞɥɢɧɟ ɩɨɥɨɫɵ, ɩɨɥɭɱɟɧɧɚɹ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɫɩɨɫɨɛɨɦ ɩɪɢ ɩɪɨɤɚɬɤɟ ɩɨ 
ɪɟɠɢɦɭ (ɬɚɛɥ. 1) ɞɥɹ ɤɥɟɬɢ № β. ɇɚ ɪɢɫ. η, ɛ 

ɩɨɤɚɡɚɧɚ ɚɧɚɥɨɝɢɱɧɚɹ ɞɢɚɝɪɚɦɦɚ, ɩɨɥɭɱɟɧɧɚɹ 
ɪɚɫɱɟɬɧɵɦ ɩɭɬɟɦ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ.  

 

Ɍɚɛɥɢɰɚ 1. Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɪɟɠɢɦɚ 
ɯɨɥɨɞɧɨɣ ɩɪɨɤɚɬɤɢ ɩɨɥɨɫɵ ɬɨɥɳɢɧɨɣ 0,λ ɦɦ ɢ 

ɲɢɪɢɧɨɣ 107η ɦɦ ɧɚ η-ɤɥɟɬɟɜɨɦ ɫɬɚɧɟ 1700 ɉȺɈ 
«Сɟɜɟɪɫɬɚɥɶ». 

Ʉɥɟɬɶ № υi, ɦ/ɫ 
hi–1, 

ɦɦ 
hi, ɦɦ i, % 

Ni-1, 

ɤɇ 

Ni, 

ɤɇ 

1 7,7 3,0 2,22 26,06 111 329 

2 10,58 2,22 1,62 27,1 329 271 

3 14,24 1,62 1,2 25,73 271 226 

4 18,24 1,2 0,94 21,98 226 186 

5 19 0,94 0,9 3,95 186 44 

ɉɪɢɦɟɱɚɧɢɟ. i – ɱɚɫɬɧɨɟ ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɨɛɠɚɬɢɟ 
ɩɨɥɨɫɵ ɜ i-ɣ ɤɥɟɬɢ. 
 

 
ɚ – ɮɚɤɬɢɱɟɫɤɢɟ ɡɧɚɱɟɧɢɹ; ɛ – ɪɚɫɱɟɬɧɵɟ 

ɡɧɚɱɟɧɢɹ 

Ɋɢɫɭɧɨɤ η – Ƚɪɚɮɢɤɢ ɢɡɦɟɧɟɧɢɹ ɫɢɥɵ ɩɪɨɤɚɬɤɢ.  
  

Ɋɟɡɭɥɶɬɚɬɵ ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ 
ɜɵɛɨɪɤɢ, ɯɚɪɚɤɬɟɪɢɡɭюɳɟɣ ɩɨɝɪɟɲɧɨɫɬɢ ɪɚɫɱɟɬɚ 
ɫɢɥɵ ɩɪɨɤɚɬɤɢ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. β, ɧɚ ɪɢɫ. θ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɝɢɫɬɨɝɪɚɦɦɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ. 
 

Ɍɚɛɥɢɰɚ β. Ɋɟɡɭɥɶɬɚɬɵ ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ 
ɩɨɝɪɟɲɧɨɫɬɢ ɪɚɫɱɟɬɚ ɫɢɥɵ ɩɪɨɤɚɬɤɢ. 

Сɬɚɬɢɫɬɢɱɟɫɤɢɣ ɩɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 

Ɇɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ΔPmax, % 16,6 

Ɇɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ΔPmin, % 0 

Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ Δ P , % 1,86 

Ⱦɢɫɩɟɪɫɢɹ DP
 

4,15 

Сɪɟɞɧɟɟ ɤɜɚɞɪɚɬɢɱɧɨɟ ɨɬɤɥɨɧɟɧɢɟ SP, 

% 

2,04 
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ɉɪɢɦɟɱɚɧɢɟ. ȼ ɬɚɛɥɢɰɟ ɩɪɟɞɫɬɚɜɥɟɧɵ 
ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɜɵɛɨɪɤɢ ɡɧɚɱɟɧɢɣ 
ɩɨɝɪɟɲɧɨɫɬɢ ɛɟɡ ɭɱɟɬɚ ɡɧɚɤɚ. 
 

 
Ɋɢɫɭɧɨɤ θ – Ƚɢɫɬɨɝɪɚɦɦɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɩɨɝɪɟɲɧɨɫɬɢ ɪɚɫɱɟɬɚ ɫɢɥɵ ɩɪɨɤɚɬɤɢ.  
 

Ⱥɧɚɥɢɡ ɞɚɧɧɵɯ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɨɰɟɧɤɢ 
ɬɨɱɧɨɫɬɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɩɨɤɚɡɚɥ, ɱɬɨ 
ɦɚɤɫɢɦɚɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɪɚɫɱɟɬɚ ɫɨɫɬɚɜɢɥɚ 
1θ,θ Σ. ȼ λγ,1 Σ ɫɥɭɱɚɟɜ ɪɚɫɯɨɠɞɟɧɢɹ ɪɚɫɱɟɬɧɵɯ 
ɢ ɢɡɦɟɪɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɫɢɥɵ ɩɪɨɤɚɬɤɢ ɧɟ 
ɩɪɟɜɵɫɢɥɢ θ Σ; ɜ β,γ Σ ɫɥɭɱɚɟɜ ɩɨɝɪɟɲɧɨɫɬɶ 
ɩɪɟɜɵɫɢɥɚ 10 Σ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ 
ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɦɨɞɟɥɶ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɫɨɤɭю 
ɬɨɱɧɨɫɬɶ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɧɟ ɬɨɥɶɤɨ ɜɟɥɢɱɢɧɵ 
ɫɢɥɵ ɩɪɨɤɚɬɤɢ, ɧɨ ɢ ɯɚɪɚɤɬɟɪɚ ɟɝɨ ɢɡɦɟɧɟɧɢɹ. 

ȼɵɜɨɞɵ 

ȼ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɞɢɧɚɦɢɱɟɫɤɚɹ 
ɦɨɞɟɥɶ ɩɪɨɰɟɫɫɚ ɯɨɥɨɞɧɨɣ ɩɪɨɤɚɬɤɢ, 
ɨɛɴɟɞɢɧɹюɳɚɹ ɦɨɞɟɥɢ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɨɣ 
ɫɢɫɬɟɦɵ ɩɪɨɤɚɬɧɨɝɨ ɫɬɚɧɚ, ɨɱɚɝɚ ɞɟɮɨɪɦɚɰɢɢ ɢ 
ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɧɚɠɢɦɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ, 
ɭɱɢɬɵɜɚюɳɚɹ ɧɟɫɬɚɰɢɨɧɚɪɧɵɣ ɯɚɪɚɤɬɟɪ ɢ 

ɜɡɚɢɦɨɫɜɹɡɶ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɬɟɤɚюɳɢɯ ɜ 

ɭɤɚɡɚɧɧɵɯ ɨɛɴɟɤɬɚɯ. 

ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɥɚɧɢɪɭɟɬɫɹ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɫɩɨɫɨɛɨɜ ɫɧɢɠɟɧɢɹ 
ɞɢɧɚɦɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɩɪɢ ɯɨɥɨɞɧɨɣ ɩɪɨɤɚɬɤɟ ɢ 
ɭɦɟɧɶɲɟɧɢɹ ɩɨɬɟɪɶ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, 
ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɝɨɬɨɜɨɣ ɩɪɨɞɭɤɰɢɢ ɫ ɭɱɟɬɨɦ ɤɨɥɟɛɚɧɢɹ 
ɦɟɠɜɚɥɤɨɜɨɝɨ ɡɚɡɨɪɚ ɢ ɫɨɡɞɚɧɢɹ ɩɪɢɧɰɢɩɢɚɥɶɧɨ 
ɧɨɜɵɯ ɦɟɬɨɞɢɤ ɧɚɫɬɪɨɣɤɢ ɢ ɭɩɪɚɜɥɟɧɢɹ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɩɪɨɰɟɫɫɨɦ ɢ ɨɛɨɪɭɞɨɜɚɧɢɟɦ 

ɩɪɨɤɚɬɧɨɝɨ ɫɬɚɧɚ. 
ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɵɩɨɥɧɟɧɨ ɜ ɪɚɦɤɚɯ 

ɩɪɨɟɤɬɧɨɣ ɱɚɫɬɢ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɡɚɞɚɧɢɹ 
Ɇɢɧɢɫɬɟɪɫɬɜɚ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɧɚɭɤɢ Ɋɨɫɫɢɣɫɤɨɣ 
Ɏɟɞɟɪɚɰɢɢ (№ 11.γλ4γ.β017/ɉɑ). 
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Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɏɨɥɨɞɧɚɹ ɩɪɨɤɚɬɤɚ, ɧɟɫɬɚɰɢɨɧɚɪɧɵɣ ɩɪɨɰɟɫɫ, ɫɬɨхɚɫɬɢɱɧɨɫɬɶ 
ɩɚɪɚɦɟɬɪɨɜ, ɨɱɚɝ ɞɟɮɨɪɦɚɰɢɢ, ɷɥɟɤɬɪɨɦɟхɚɧɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ. 

Key words: Cold rolling, non-steady process, stochasticity of parameters, deformation zone, 

electromechanical system. 

Kozhevnikov A.V., Kozhevnikova I.A., Bolobanova N.L. Mathematical modeling of cold rolling 
process in conditions of nonstationarity and stochasticity of technological parameters. A 

dynamic model of the cold rolling process at the continuous rolling mill that combines the model 

of the electromechanical system, the model of the deformation zone and the model of the hydraulic 

clamping device has been developed. The paper presents the results of the statistical evaluation of 

the accuracy of the model for uncertainty calculation of rolling force. The results showed that 

more than 93% of the cases the calculation error does not exceed 6 %, the maximum error of 16.6 

%. The mathematical model ensures high accuracy of predicting the magnitude and nature of the 

change of rolling force with the consideration of non-stationarity and stochasticity of 

technological parameters. This research was financially supported by the Ministry of Education 

and Science of Russian Federation within the framework of the project part of state task of 

CСОrОpovОts StКtО UЧТvОrsТtв (№ 11.3943.2017/ɉɑ). 
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