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ɍȾɄ 004.0-531.38 

ȼɥɢɹɧɢɟ ɮɨɪɦɵ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɢ ɫɬɪɭɤɬɭɪɵ ɫɢɫɬɟɦ ɧɚ ɬɨɱɧɨɫɬɶ ɢɯ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ 

Ⱥ.ɂ. Ⱥɧɞɪɸɯɢɧ, ɤ.ɬ.ɧ 

Ⱦɨɧɟɰɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢвɟɪɫɢɬɟɬ, ɝ. Ⱦɨɧɟɰɤ,  
alexandruckin@ramber.ru 

  
 Ⱥɧɞɪɸɯɢɧ A.ɂ. ȼɥɢɹɧɢɟ ɮɨɪɦɵ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɢ ɫɬɪɭɤɬɭɪɵ ɫɢɫɬɟɦ ɧɚ ɬɨɱɧɨɫɬɶ ɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ. Хɨɪɨɲɨ иɡɜɟɫɬɧɚя ɩɪɨɛɥɟɦɚ ɨɩɪɟɞɟɥɟɧия ɫɬɚɛиɥɶɧɨɫɬи и 
ɚɞɟɤɜɚɬɧɨɫɬи  ɪɟɲɟɧиɣ ɡɚɞɚч ɫ ɩɟɪɟɦɟɧɧɵɦи ɩɚɪɚɦɟɬɪɚɦи и ɧɚчɚɥɶɧɵɦи ɡɧɚчɟɧияɦи, 
ɪɚɫɫɦɚɬɪиɜɚɟɬɫя ɜ ɫɬɚɬɶɟ. ɐɟɥɶ иɫɫɥɟɞɨɜɚɧия ɫɨɫɬɨяɥɚ ɜ ɬɨɦ, чɬɨɛɵ ɩɪɨɚɧɚɥиɡиɪɨɜɚɬɶ ɫɜɨɣɫɬɜɚ 
ɪɟɲɟɧиɣ иɡɜɟɫɬɧɵх ɩɪɨɛɥɟɦ, ɬɚɤих, ɤɚɤ ɤɨɧɬɪɨɥɶ уɫɬɨɣчиɜɨɫɬи ɪɟɲɟɧиɣ, ɫɬɚɛиɥɶɧɨɫɬи и ɬɨчɧɨɫɬи 
ɪɟɲɟɧия ɜ ɡɚɜиɫиɦɨɫɬи ɨɬ ɮɨɪɦɵ ɩɪɟɞɫɬɚɜɥɟɧия и ɫɬɪуɤɬуɪɵ ɫиɫɬɟɦɵ. Эɬи ɩɪɨɛɥɟɦɵ ɫɜяɡɚɧɵ ɫ 
ɩɪɨɛɥɟɦɨɣ ɜɵчиɫɥɟɧия ɤɪɚɬɧɵх ɤɨɪɧɟɣ хɚɪɚɤɬɟɪиɫɬичɟɫɤɨɝɨ ɩɨɥиɧɨɦɚ. ȼɚɪиɚɧɬ  ɜɚɪиɚɰии ɩɚɪɚɦɟɬɪɨɜ 
ɨɫɨɛɟɧɧɨ ɜɚɠɟɧ ɩɪи ɤɪɚɬɧɵх ɧуɥɟɜɵх ɤɨɪɧɟɣ.  Ʉɨɦɩɶɸɬɟɪɧɵɣ ɚɧɚɥиɡ их ɤɨɪɪɟɤɬɧɨɫɬи ɩɨɤɚɡɚɥ 
ɧɟɨɛхɨɞиɦɨɫɬɶ ɬщɚɬɟɥɶɧɨɝɨ ɚɧɚɥиɡɚ ɤɚɠɞɨɣ ɤɨɧɤɪɟɬɧɨɣ ɡɚɞɚчи. Ɍɚɤɠɟ ɪɚɫɫɦɚɬɪиɜɚɟɬɫя ɜɥияɧиɟ 
ɫɬɪуɤɬуɪɵ уɩɪɚɜɥɟɧия ɫиɫɬɟɦɵ ɧɚ ɷɮɮɟɤɬиɜɧɨɫɬɶ ɟɟ ɮуɧɤɰиɨɧиɪɨɜɚɧия. ȼɵɩɨɥɧɟɧ  ɚɧɚɥиɡ ɫɬɪуɤɬуɪɵ 
ɛɚɡɨɜɵх ɫиɫɬɟɦ. Эɬи ɩɨɞɫиɫɬɟɦɵ яɜɥяɸɬɫя ɨɫɧɨɜɨɣ ɞɥя иɟɪɚɪхичɟɫɤих ɫиɫɬɟɦ. ɉɪиɜɟɞɟɧɵ ɪɟɡуɥɶɬɚɬɵ 
чиɫɥɟɧɧɨɝɨ ɦɨɞɟɥиɪɨɜɚɧия. ȼɩɟɪɜɵɟ ɩɪɟɞɥɨɠɟɧ ɫɩɨɫɨɛ ɞɥя ɩɨɜɵɲɟɧия ɬɨчɧɨɫɬи ɩɚɪɚɥɥɟɥɶɧɨɝɨ 
ɦɨɞɟɥиɪɨɜɚɧия ɧɚ ɩɟɪɟɤɥɸчɚɬɟɥɶɧɨɦ уɪɨɜɧɟ. Ɍɟɨɪɟɬичɟɫɤиɟ ɩɨɥɨɠɟɧия и ɩɪɚɤɬичɟɫɤиɟ ɚɫɩɟɤɬɵ 
ɪɟɚɥиɡɚɰии и ɩɪиɦɟɪ ɟɝɨ иɫɩɨɥɶɡɨɜɚɧия ɪɚɫɫɦɚɬɪиɜɚɸɬɫя. Ɋɚɫчɟɬɵ иɫɩɨɥɶɡуɸɬ ɦɚɬɟɦɚɬичɟɫɤиɟ 
ɩɚɤɟɬɵ MКpХО и MКtСОЦКtТМК. Ɉɫɧɨɜɧɵɦ  ɜɵɜɨɞɨɦ ɞɚɧɧɨɝɨ иɫɫɥɟɞɨɜɚɧия яɜɥяɟɬɫя ɧɟɨɛхɨɞиɦɨɫɬɶ 
ɬщɚɬɟɥɶɧɨɝɨ ɚɧɚɥиɡɚ ɩɪɟɞɫɬɚɜɥɟɧия ɤɚɠɞɨɣ ɤɨɧɤɪɟɬɧɨɣ ɡɚɞɚчи ɞɥя ɨɰɟɧɤи ɩɚɪɚɦɟɬɪичɟɫɤɨɣ 
уɫɬɨɣчиɜɨɫɬи и чуɜɫɬɜиɬɟɥɶɧɨɫɬи ɪɟɲɟɧия. ȼиɡуɚɥɶɧɵɟ ɪɟɡуɥɶɬɚɬɵ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥиɪɨɜɚɧия 
ɩɪɟɞɫɬɚɜɥɟɧɵ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɦɨɞɟɥиɪɨɜɚɧиɟ, ɫɬɪуɤɬуɪɚ, ɫиɫɬɟɦɚ, ɷɮɮɟɤɬиɜɧɨɫɬɶ, ɩɟɪɟɤɥɸчɚɬɟɥɶɧɵɣ 
уɪɨɜɟɧɶ, ɬɨчɧɨɫɬɶ

    

Вɜɟɞɟɧɢɟ 

ȼ ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢвɚɟɬɫɹ вɥɢɹɧɢɟ ɮɨɪɦɵ 
ɩɪɟɞɫɬɚвɥɟɧɢɹ ɢ ɫɬɪɭɤɬɭɪɵ ɦɨɞɟɥɟɣ ɫɢɫɬɟɦ ɧɚ 
ɬɨɱɧɨɫɬɶ ɢɯ ɢɫɫɥɟɞɨвɚɧɢɹ ɢ ɷɮɮɟɤɬɢвɧɨɫɬɶ 
ɮɭɧɤɰɢɨɧɢɪɨвɚɧɢɹ. 

ɍɞɟɥɟɧɨ вɧɢɦɚɧɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɦ 
ɩɪɟɨɛɪɚɡɨвɚɧɢɹɦ ɦɨɞɟɥɟɣ ɫɢɫɬɟɦ, ɤɨɬɨɪɵɟ в 
ɤɨɧɟɱɧɨɦ ɢɬɨɝɟ вɥɢɹɸɬ ɧɚ ɮɢɧɚɥɶɧɵɟ ɪɟɡɭɥɶɬɚɬɵ 
ɢɫɫɥɟɞɨвɚɧɢɣ.   

Ȼɨɥɟɟ ɤɨɧɤɪɟɬɧɨ  ɪɚɫɫɦɚɬɪɢвɚɟɬɫɹ 
ɫɥɟɞɭɸɳɢɟ вɨɩɪɨɫɵ: 

Ⱥ) вɥɢɹɧɢɟ вɵɛɨɪɚ ɬɢɩɚ ɦɨɞɟɥɢ 
(ɧɟɩɪɟɪɵвɧɚɹ ɢɥɢ ɞɢɫɤɪɟɬɧɚɹ ɢ ɬ.ɩ.);  

Ȼ) вɥɢɹɧɢɟ ɫɬɪɭɤɬɭɪɵ ɫɢɫɬɟɦɵ ɧɚ 
ɷɮɮɟɤɬɢвɧɨɫɬɶ ɟɟ ɮɭɧɤɰɢɨɧɢɪɨвɚɧɢɹ; 

ȼ) вɥɢɹɧɢɟ вɢɞɚ ɦɨɞɟɥɢ ɫɢɫɬɟɦɵ  ɧɚ ɬɨɱɧɨɫɬɶ 
ɟɟ ɢɫɫɥɟɞɨвɚɧɢɹ в ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɚɯ ɟɟ 
ɮɭɧɤɰɢɨɧɢɪɨвɚɧɢɹ; 

Ƚ) вɥɢɹɧɢɟ ɦɨɞɢɮɢɤɚɰɢɣ ɦɨɞɟɥɢ ɫɢɫɬɟɦɵ ɧɚ  
ɚɞɟɤвɚɬɧɨɫɬɶ ɟɟ ɚɧɚɥɢɡɚ. 

ɍɤɚɠɟɦ, ɩɪɟɞвɚɪɹɹ ɪɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɩɨ 
вɨɩɪɨɫɭ Ⱥ, ɱɬɨ  ɩɟɪɟɯɨɞ ɨɬ ɧɟɩɪɟɪɵвɧɨɣ ɦɨɞɟɥɢ 
ɫɢɫɬɟɦɵ ɤ ɞɢɫɤɪɟɬɧɨɣ ɦɨɠɟɬ ɩɨвɥɢɹɬɶ ɧɚ 
ɪɟɡɭɥɶɬɚɬɵ ɚɫɢɦɩɬɨɬɢɱɟɫɤɨɝɨ ɩɨвɟɞɟɧɢɹ ɫɢɫɬɟɦɵ 
[1Ж.Ȼɨɥɟɟ ɬɨɝɨ, ɢɫɩɨɥɶɡɭɹ ɷɤвɢвɚɥɟɧɬɧɵɟ 
ɩɪɟɨɛɪɚɡɨвɚɧɢɹ (ɩɪɢ ɤɨɬɨɪɵɯ ɪɟɲɟɧɢɹ ɢɫɯɨɞɧɨɣ 

ɫɢɫɬɟɦɵ ɫɨвɩɚɞɚɸɬ ɫ ɪɟɲɟɧɢɹɦɢ ɤɨɧɟɱɧɨɣ 
ɩɪɟɨɛɪɚɡɨвɚɧɧɨɣ ɫɢɫɬɟɦɵ), ɦɵ ɩɪɢ вɚɪɢɚɰɢɢ 
ɩɚɪɚɦɟɬɪɨв ɧɟ ɦɨɠɟɦ ɝɚɪɚɧɬɢɪɨвɚɬɶ ɫɨвɩɚɞɟɧɢɹ 
ɨɤɪɟɫɬɧɨɫɬɟɣ ɷɬɢɯ ɪɟɲɟɧɢɣ Д2-6] . 

Ɋɚɫɫɦɚɬɪɢвɚɟɦɚɹ в ɩɭɧɤɬɟ Ȼ ɢɡвɟɫɬɧɚɹ 

ɩɪɨɛɥɟɦɚ ɨɩɪɟɞɟɥɟɧɢɹ ɨɩɬɢɦɚɥɶɧɨɣ ɢɥɢ 
ɪɚɰɢɨɧɚɥɶɧɨɣ ɫɬɪɭɤɬɭɪɵ ɫɢɫɬɟɦɵ ɞɥɹ ɩɨвɵɲɟɧɢɹ 
ɷɮɮɟɤɬɢвɧɨɫɬɢ ɟɟ ɮɭɧɤɰɢɨɧɢɪɨвɚɧɢɹ в 
ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɚɯ ɢɦɟɟɬ ɪɚɡɥɢɱɧɵɟ ɦɟɬɨɞɵ ɟɟ 
ɪɟɲɟɧɢɹ  [7-11Ж. Ɉɞɧɚɤɨ, ɧɟвɡɢɪɚɹ ɧɚ ɷɬɨ, ɨɧɚ 
ɹвɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ, ɨ ɱɟɦ ɫвɢɞɟɬɟɥɶɫɬвɭɸɬ 
ɪɚɛɨɬɵ Д12-15Ж ɢ ɞɪ. 

ȼ ɞɢɚɝɧɨɫɬɢɤɟ ɫɨвɪɟɦɟɧɧɵɯ ɰɢɮɪɨвɵɯ 
ɆɈɉ ɢ ɄɆɈɉ ɱɢɩɨв ɢɫɩɨɥɶɡɨвɚɧɢɟ ɬɨɥɶɤɨ 
ɥɨɝɢɤɨ-вɟɧɬɢɥɶɧɨɣ ɦɨɞɟɥɢ,  в ɤɨɬɨɪɨɣ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɨɥɶɤɨ ɨɞɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ 
ɫɢɝɧɚɥɚ, ɤɚɤ ɧɚɩɪɹɠɟɧɢɟ, ɧɟ ɩɨɡвɨɥɹɟɬ вɵɩɨɥɧɹɬɶ 
ɢɯ ɩɪɨвɟɪɤɭ ɞɨɥɠɧɵɦ ɨɛɪɚɡɨɦ. ɉɨɷɬɨɦɭ в ɪɚɛɨɬɟ 
ɞɥɹ вɨɩɪɨɫɨв ȼ) ɢ Ƚ) ɩɪɢвɨɞɢɬɫɹ ɩɪɢɦɟɪ ɚɧɚɥɢɡɚ 
ɫɨɨɬвɟɬɫɬвɭɸɳɢɯ  ɩɟɪɟɤɥɸɱɚɬɟɥɶɧɵɯ ɦɨɞɟɥɟɣ 
ɰɢɮɪɨвɨɣ ɫɯɟɦɵ, ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭɸɬ ɞвɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɢɝɧɚɥɚ (ɧɚɩɪɹɠɟɧɢɟ ɢ ɫɢɥɚ ɬɨɤɚ) 
в ɧɢɯ ɢ ɢɯ ɦɨɞɢɮɢɤɚɰɢɣ Д16-24].     

 

Дɢɫɤɪɟɬɧɵɟ ɢ ɧɟɩɪɟɪɵɜɧɵɟ ɦɨɞɟɥɢ 
ɫɢɫɬɟɦ  

ɂɡвɟɫɬɧɨ, ɱɬɨ ɫɭɳɟɫɬвɭɟɬ ɚɧɚɥɨɝɢɹ ɦɟɠɞɭ 
ɦɚɬɟɦɚɬɢɱɟɫɤɢɦɢ ɦɨɞɟɥɹɦɢ вɡɚɢɦɨɞɟɣɫɬвɢɹ в 
ɪɚɡɥɢɱɧɵɯ ɫɮɟɪɚɯ ɞɟɹɬɟɥɶɧɨɫɬɢ.  
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Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɮɨɪɦɚ ɡɚɩɢɫɢ 
ɩɪɟвɚɥɢɪɭɟɬ ɩɪɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɦ ɦɨɞɟɥɢɪɨвɚɧɢɢ 
ɮɢɡɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨв, ɤɨɝɞɚ ɩɪɨɫɬɪɚɧɫɬвɨ ɢ 

вɪɟɦɹ ɦɟɧɹɸɬɫɹ ɧɟɩɪɟɪɵвɧɨ.  
ȼ ɫɨɰɢɚɥɶɧɨɣ ɫɮɟɪɟ ɞɢɫɤɪɟɬɧɨɫɬɶ ɢɡɦɟɧɟɧɢɹ 

ɹвɥɟɧɢɣ ɢɥɢ ɫɨɛɵɬɢɣ ɨɬɪɚɠɚɟɬɫɹ в 
ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ (ɪɚɡɧɨɫɬɧɵɯ) ɭɪɚвɧɟɧɢɹɯ, ɝɞɟ 
ɪɟɡɭɥɶɬɚɬ ɩɪɟɞɵɞɭɳɟɝɨ ɞɟɣɫɬвɢɹ ɹвɥɹɟɬɫɹ 
ɧɚɱɚɥɶɧɵɦ ɡɧɚɱɟɧɢɟɦ ɞɥɹ ɩɨɫɥɟɞɭɸɳɟɝɨ. Ɉɞɧɚɤɨ  
ɩɟɪɟɯɨɞ ɨɬ ɧɟɩɪɟɪɵвɧɨɣ ɮɨɪɦɵ ɡɚɩɢɫɢ ɢɥɢ 
ɧɟɩɪɟɪɵвɧɨɣ ɦɨɞɟɥɢ  ɤ ɞɢɫɤɪɟɬɧɨɣ ɦɨɠɟɬ 
ɫɭɳɟɫɬвɟɧɧɨ ɩɨвɥɢɹɬɶ ɧɚ ɚɫɢɦɩɬɨɬɢɱɟɫɤɨɟ 
ɩɨвɟɞɟɧɢɹ ɫɢɫɬɟɦɵ. 

Ɋɚɫɫɦɨɬɪɢɦ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚвɧɟɧɢɟ 1-

ɝɨ ɪɨɞɚ вɢɞɚ dy/dx = r(1-y)y, ɤɨɬɨɪɨɟ ɹвɥɹɟɬɫɹ 
ɯɚɪɚɤɬɟɪɧɵɦ ɞɥɹ ɧɟɥɢɧɟɣɧɨɣ ɞɢɧɚɦɢɱɟɫɤɨɣ 
ɫɢɫɬɟɦɵ, ɢɦɟɸɳɟɣ ɨɝɪɚɧɢɱɟɧɢɟ ɧɚ ɦɚɤɫɢɦɚɥɶɧɨɟ 
ɡɧɚɱɟɧɢɟ (ɦɨɞɟɥɶ Ɏɟɪɯɨɥɶɫɬɚ) ɢ ɤɨɬɨɪɨɟ ɱɚɫɬɨ 
ɧɚɡɵвɚɸɬ ɨɫɧɨвɧɵɦ ɭɪɚвɧɟɧɢɟɦ ɞɥɹ 
ɫɚɦɨɨɪɝɚɧɢɡɭɸɳɢɯɫɹ ɫɢɫɬɟɦ. Ʉɚɤ ɭɤɚɡɚɧɨ в [1], 

ɨɧɨ ɨɩɢɫɵвɚɟɬ ɢɡɦɟɧɟɧɢɟ ɱɢɫɥɟɧɧɨɫɬɢ ɧɚɫɟɤɨɦɵɯ 
в ɭɫɥɨвɢɹɯ ɨɝɪɚɧɢɱɟɧɧɨɣ ɩɢɬɚɬɟɥɶɧɨɣ ɫɪɟɞɵ, ɪɨɫɬ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɷɥɟɤɬɪɨɧɨв в ɩɨɥɭɩɪɨвɨɞɧɢɤɟ ɩɨɞ 
ɞɟɣɫɬвɢɟɦ ɥɚɡɟɪɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɩɪɢ ɧɚɫɵɳɟɧɢɢ 
ɱɢɫɥɚ ɪɚɡɪɟɲɟɧɧɵɯ ɫɨɫɬɨɹɧɢɣ (ɢɫɫɥɟɞɨвɚɧɢɹ 
ɏɚɤɟɧɚ), ɫвɨɣɫɬвɚ ɬɭɪɛɭɥɟɧɬɧɨɝɨ ɩɨɬɨɤɚ, 
ɤɢɧɟɬɢɤɭ ɪɹɞɚ ɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ ɢ ɬ.ɞ.  

ȼɵɩɨɥɧɹɹ вɫɟ ɪɚɫɱɟɬɵ ɩɪɢ ɧɚɱɚɥɶɧɨɦ 
ɡɧɚɱɟɧɢɢ y(0)=0.1, ɩɨɥɭɱɚɟɦ, ɱɬɨ ɧɟɡɚвɢɫɢɦɨ ɨɬ 
ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɚ r, ɮɭɧɤɰɢɹ в ɚɫɢɦɩɬɨɬɢɱɟɫɤɢ 
ɫɬɪɟɦɢɬɫɹ ɤ   1- ɧɨɪɦɢɪɨвɚɧɧɨɦɭ ɦɚɤɫɢɦɚɥɶɧɨɦɭ 
ɡɧɚɱɟɧɢɸ, ɱɬɨ ɩɪɟɞɫɬɚвɥɟɧɨ ɧɚ ɪɢɫ.1. 

 

 

 
Ɋɢɫɭɧɨɤ 1- Ɋɟɲɟɧɢɟ ɭɪɚвɧɟɧɢɹ Ɏɟɪɯɨɥɶɫɬɚ. 

 

ɇɨ ɟɫɥɢ ɦɵ ɩɟɪɟɣɞɟɦ ɤ ɟɝɨ ɞɢɫɤɪɟɬɧɨɣ 
ɡɚɩɢɫɢ  (ɫɱɢɬɚɹ  =Yn+1-Yn),  

 

Yn+1=Yn(1+r) -r  

 

ɬɨ  ɩɪɢ   r>2, ɢɡɧɚɱɚɥɶɧɨ ɞɟɬɟɪɦɢɧɢɪɨвɚɧɧɵɣ 
ɩɪɨɰɟɫɫ ɫɬɚɧɨвɢɬɫɹ ɞɢɧɚɦɢɱɟɫɤɢ   ɯɚɨɬɢɱɧɵɦ,  
ɱɬɨ ɩɪɟɞɫɬɚвɥɟɧɨ ɧɚ ɪɢɫ.2-5. Ȼɨɥɟɟ ɬɳɚɬɟɥɶɧɨɟ 
ɢɫɫɥɟɞɨвɚɧɢɟ ɷɬɨɝɨ ɭɪɚвɧɟɧɢɹ ɩɪɟɞɫɬɚвɥɟɧɨ в [1]. 

 

 

 

Ɋɢɫɭɧɨɤ 2-Ɋɟɲɟɧɢɟ ɞɢɫɤɪɟɬɧɨɣ ɡɚɞɚɱɢ ɩɪɢ r=1.9 

 

 

 

Ɋɢɫɭɧɨɤ 3-Ɋɟɲɟɧɢɟ ɞɢɫɤɪɟɬɧɨɣ ɡɚɞɚɱɢ ɩɪɢ r=2.1 

 

 
Ɋɢɫɭɧɨɤ 4-Ɋɟɲɟɧɢɟ ɞɢɫɤɪɟɬɧɨɣ ɡɚɞɚɱɢ ɩɪɢ r=2.9 

 

 
 

Ɋɢɫɭɧɨɤ 5-Ɋɟɲɟɧɢɟ ɞɢɫɤɪɟɬɧɨɣ ɡɚɞɚɱɢ ɩɪɢ r=3 

 

Вɥɢɹɧɢɟ ɷɤɜɢɜɚɥɟɧɬɧɵɯ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɜ ɦɨɞɟɥɢ ɫɢɫɬɟɦɵ 
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ȼ Д2Ж ɪɚɫɫɦɚɬɪɢвɚɥɚɫɶ ɢɡвɟɫɬɧɚɹ ɩɪɨɛɥɟɦɚ 
ɨɩɪɟɞɟɥɟɧɢɹ ɭɫɬɨɣɱɢвɨɫɬɢ ɢ ɤɨɪɪɟɤɬɧɨɫɬɢ 
ɪɟɲɟɧɢɣ ɡɚɞɚɱ ɫ вɚɪɶɢɪɭɟɦɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɢ 
ɧɚɱɚɥɶɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ. Ɉɬɦɟɬɢɦ, ɱɬɨ ɞɥɹ ɬɚɤɢɯ 
ɡɚɞɚɱ, ɨɫɧɨвɧɵɦɢ ɦɚɬɟɦɚɬɢɱɟɫɤɢɦɢ ɦɨɞɟɥɹɦɢ 
ɤɨɬɨɪɵɯ ɹвɥɹɸɬɫɹ ɨɛɵɤɧɨвɟɧɧɵɟ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɟ ɭɪɚвɧɟɧɢɹ, ɫɢɫɬɟɦɵ ɥɢɧɟɣɧɵɯ 
ɭɪɚвɧɟɧɢɣ ɢ ɬ.ɩ., ɢɡвɟɫɬɧɵ ɪɟɡɭɥɶɬɚɬɵ в Д2– 6]. 

Ɍɚɤ ɫɨвɪɟɦɟɧɧɵɟ ɫɥɨɠɧɵɟ ɤɨɦɩɶɸɬɟɪɧɵɟ 
ɫɢɫɬɟɦɵ ɭɩɪɚвɥɟɧɢɹ ɩɪɟɞɫɬɚвɥɹɸɬɫɹ 
ɦɚɬɟɦɚɬɢɱɟɫɤɢɦɢ ɦɨɞɟɥɹɦɢ, ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭɸɬ 
ɦɧɨɝɢɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɟ ɭɪɚвɧɟɧɢɹ ɪɚɡɧɵɯ 
ɩɨɪɹɞɤɨв. ɉɪɢ ɢɯ ɪɟɲɟɧɢɢ ɦɵ ɩɪɟɞвɚɪɢɬɟɥɶɧɨ 
ɩɪɢвɨɞɢɦ ɢɯ ɤ ɤɚɧɨɧɢɱɟɫɤɨɣ ɮɨɪɦɟ ɭɪɚвɧɟɧɢɣ 
ɩɟɪвɨɝɨ ɩɨɪɹɞɤɚ (ɩɪɨɫɬɪɚɧɫɬвɨ ɫɨɫɬɨɹɧɢɣ). 
ɂɫɩɨɥɶɡɭɹ ɷɤвɢвɚɥɟɧɬɧɵɟ ɩɪɟɨɛɪɚɡɨвɚɧɢɹ (ɩɪɢ 
ɤɨɬɨɪɵɯ ɪɟɲɟɧɢɹ ɢɫɯɨɞɧɨɣ ɫɢɫɬɟɦɵ ɫɨвɩɚɞɚɸɬ ɫ 
ɪɟɲɟɧɢɹɦɢ ɤɨɧɟɱɧɨɣ ɩɪɟɨɛɪɚɡɨвɚɧɧɨɣ ɫɢɫɬɟɦɵ), 
ɦɵ ɩɪɢ вɚɪɢɚɰɢɢ ɩɚɪɚɦɟɬɪɨв ɧɟ ɦɨɠɟɦ 
ɝɚɪɚɧɬɢɪɨвɚɬɶ ɫɨвɩɚɞɟɧɢɹ ɨɤɪɟɫɬɧɨɫɬɟɣ ɷɬɢɯ 
ɪɟɲɟɧɢɣ. ɉɨɷɬɨɦɭ ɩɪɨɢɫɯɨɞɢɬ ɩɨɬɟɪɹ 
ɭɫɬɨɣɱɢвɨɫɬɢ ɪɟɲɟɧɢɣ ɩɪɢ ɦɚɥɵɯ вɚɪɢɚɰɢɹɯ 
ɩɚɪɚɦɟɬɪɨв, ɱɬɨ ɧɚɢɛɨɥɟɟ ɹɪɤɨ ɨɬɪɚɠɚɟɬɫɹ в 
ɡɚɞɚɱɚɯ ɬɟɨɪɢɢ ɨɩɬɢɦɚɥɶɧɨɝɨ ɭɩɪɚвɥɟɧɢɹ. 

ɉɪɢ ɚɧɚɥɢɡɟ ɪɚɡɥɢɱɧɵɯ ɩɪɢɥɨɠɟɧɢɣ, ɨɞɧɨɣ 
ɢɡ ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ вɫɬɪɟɱɚɸɳɢɯɫɹ ɡɚɞɚɱ ɹвɥɹɟɬɫɹ 
вɵɱɢɫɥɟɧɢɟ ɤɨɪɧɟɣ ɩɨɥɢɧɨɦɚ n-ɫɬɟɩɟɧɢ:  

F(x)=x
n
 + a1x

n-1
+a2x

n-2+…+Кn=0. 

ɗɬɚ ɡɚɞɚɱɚ ɹвɥɹɟɬɫɹ ɞɚвɧɨ ɪɟɲɟɧɧɨɣ в 
вɵɱɢɫɥɢɬɟɥɶɧɨɣ ɦɚɬɟɦɚɬɢɤɟ, ɨɞɧɚɤɨ ɧɚ ɩɪɚɤɬɢɤɟ 
ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɨɥɢɧɨɦɚ ɨɛɵɱɧɨ ɢɡвɟɫɬɧɵ ɫ 
ɧɟɤɨɬɨɪɨɣ ɩɨɝɪɟɲɧɨɫɬɶɸ: |ai-a0i|<ei, i=1,n, ɝɞɟ 
a0i, (ei) – ɢɫɬɢɧɧɵɟ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨв 
(ɩɨɝɪɟɲɧɨɫɬɢ ɢɯ ɢɡɦɟɪɟɧɢɹ) ɫɨɨɬвɟɬɫɬвɟɧɧɨ. 

ȼ ɩɪɢɥɨɠɟɧɢɹɯ ɱɪɟɡвɵɱɚɣɧɨ вɚɠɧɨ 
ɨɰɟɧɢвɚɬɶ ɫɢɬɭɚɰɢɢ, ɤɨɝɞɚ ɦɚɥɵɟ вɚɪɢɚɰɢɢ 
ɤɨɷɮɮɢɰɢɟɧɬɨв ɩɨɥɢɧɨɦɚ вɥɟɤɭɬ ɛɨɥɶɲɢɟ 
ɢɡɦɟɧɟɧɢɹ в ɡɧɚɱɟɧɢɹɯ ɤɨɪɧɟɣ.  

Ɍɚɤ, ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɭɫɬɨɣɱɢвɨɫɬɢ 
ɪɟɲɟɧɢɹ ɫɢɫɬɟɦɵ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚвɧɟɧɢɣ, 
ɤɨɬɨɪɚɹ ɹвɥɹɟɬɫɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɶɸ ɞɥɹ 
ɦɧɨɝɢɯ ɩɨɫɬɚвɥɟɧɧɵɯ ɡɚɞɚɱ, ɧɟɨɛɯɨɞɢɦɨ 
ɪɚɫɫɦɚɬɪɢвɚɬɶ ɤɨɪɧɢ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɝɨ 
ɩɨɥɢɧɨɦɚ. 

ɂɡвɟɫɬɧɨ, ɱɬɨ ɟɫɥɢ ɫɪɟɞɢ ɷɬɢɯ ɤɨɪɧɟɣ ɟɫɬɶ 
ɩɚɪɚ вɟɫɶɦɚ ɛɥɢɡɤɢɯ ɞɟɣɫɬвɢɬɟɥɶɧɵɯ ɤɨɪɧɹ, ɥɢɛɨ 
ɤɨɦɩɥɟɤɫɧɵɟ ɤɨɪɧɢ, ɭ ɤɨɬɨɪɵɯ ɦɧɢɦɚɹ ɱɚɫɬɶ ɦɚɥɚ 
ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɞɟɣɫɬвɢɬɟɥɶɧɨɣ ɱɚɫɬɢ, ɬɨ ɷɬɨ 
ɟɫɬɶ ɩɪɢɡɧɚɤ ɧɟɤɨɪɪɟɤɬɧɨɫɬɢ ɢɥɢ ɩɥɨɯɨɣ 
ɨɛɭɫɥɨвɥɟɧɧɨɫɬɢ ɪɟɲɚɟɦɨɣ ɩɪɨɛɥɟɦɵ. 

ȿɫɥɢ ɩɨɥɢɧɨɦ ɢɦɟɟɬ ɤɪɚɬɧɵɟ вɟɳɟɫɬвɟɧɧɵɟ 
ɤɨɪɧɢ, ɬɨ ɡɚɞɚɱɚ ɢɯ ɨɩɪɟɞɟɥɟɧɢɹ ɹвɥɹɟɬɫɹ 
ɧɟɤɨɪɪɟɤɬɧɨɣ Д3Ж. 

Ɉɫɧɨвɧɚɹ ɩɪɨɛɥɟɦɚ вɵɱɢɫɥɟɧɢɹ ɤɪɚɬɧɵɯ 
ɤɨɪɧɟɣ ɭɪɚвɧɟɧɢɹ F(x)=0 ɫɨɫɬɨɢɬ в ɬɨɦ, ɱɬɨ 
вɵɱɢɫɥɢв ɫ ɨɩɪɟɞɟɥɟɧɧɨɣ ɬɨɱɧɨɫɬɶɸ б1, ɦɵ 
ɞɨɥɠɧɵ вɵɱɢɫɥɹɬɶ вɬɨɪɨɣ ɤɪɚɬɧɵɣ ɤɨɪɟɧɶ ɢɡ 
ɭɪɚвɧɟɧɢɹ F(б)/(х-x1)=0 ɥɢɛɨ F(x)= 0. ɇɨ ɟɝɨ 
вɵɱɢɫɥɟɧɢɟ вɵɩɨɥɧɹɟɬɫɹ в ɞɪɭɝɨɦ ɨɤɪɭɠɟɧɢɢ ɢ 
ɹɫɧɨ, ɱɬɨ ɧɟɬ ɚɛɫɨɥɸɬɧɨɣ ɭвɟɪɟɧɧɨɫɬɢ в ɬɨɦ, ɱɬɨ 

ɤɨɪɧɢ ɤɪɚɬɧɵɟ, ɬɚɤ ɤɚɤ ɤɨɷɮɮɢɰɢɟɧɬɵ F(x) в 
ɪɟɚɥɶɧɨɫɬɢ ɢɡвɟɫɬɧɵ ɫ ɤɚɤɨɣ-ɬɨ ɬɨɱɧɨɫɬɶɸ. 

ɂɧɬɟɪɜɚɥɶɧɵɟ ɨɰɟɧɤɢ ɞɥɹ 
ɫɬɪɭɤɬɭɪɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ . 

ɇɚ ɪɢɫ.6  ɩɪɟɞɫɬɚвɥɟɧɵ ɪɚɡɥɢɱɧɵɟ ɛɚɡɨвɵɟ 
ɫɬɪɭɤɬɭɪɧɵɟ ɫɨɟɞɢɧɟɧɢɹ, ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭɸɬɫɹ в 
ɫɢɫɬɟɦɚɯ ɭɩɪɚвɥɟɧɢɹ.ɂɡвɟɫɬɧɨ, ɱɬɨ 
ɪɟɡɭɥɶɬɢɪɭɸɳɚɹ ɩɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ 
ɩɨɫɥɟɞɨвɚɬɟɥɶɧɨ (ɩɚɪɚɥɥɟɥɶɧɨ) ɫɨɟɞɢɧɟɧɧɵɯ 
ɡвɟɧɶɟв ɪɚвɧɚ ɩɪɨɢɡвɟɞɟɧɢɸ (ɫɭɦɦɟ) 

ɩɟɪɟɞɚɬɨɱɧɵɯ ɮɭɧɤɰɢɣ ɫɨɫɬɚвɥɹɸɳɢɯ ɡвɟɧɶɟв 

ɫɨɨɬвɟɬɫɬвɟɧɧɨ.  
 

 

 

Ɋɢɫɭɧɨɤ 6- ɋɨɟɞɢɧɟɧɢɹ ɫɢɫɬɟɦ: 

ɚ) ɩɨɫɥɟɞɨвɚɬɟɥɶɧɨɟ; ɛ) ɩɚɪɚɥɥɟɥɶɧɨɟ; в) ɫ 
ɨɛɪɚɬɧɨɣ ɫвɹɡɶɸ. 

Ɋɟɡɭɥɶɬɢɪɭɸɳɚɹ ɩɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ 
ɨɛɪɚɬɧɨɣ ɫвɹɡɢ (Ɉɋ) ɢɦɟɟɬ вɢɞ, 

 W(p)=W1(p)/(1±W1(p)Wos(p)), 

ɝɞɟ ɡɧɚɤ “+” ɫɨɨɬвɟɬɫɬвɭɟɬ  ɨɬɪɢɰɚɬɟɥɶɧɨɣ 
Ɉɋ, ɡɧɚɤ “-”  ɩɨɥɨɠɢɬɟɥɶɧɨɣ Ɉɋ (ɫɨɝɥɚɫɧɨ 
ɪɢɫɭɧɤɚ А(p)=OЮЭ(p)). 

ɉɨɫɬɪɨɢɦ ɨɛɥɚɫɬɢ ɪɟɲɟɧɢɣ ɞɥɹ 
ɪɟɡɭɥɶɬɢɪɭɸɳɢɯ ɩɟɪɟɞɚɬɨɱɧɵɯ ɮɭɧɤɰɢɣ, 
ɩɪɢɦɟɧɹɹ ɨɫɧɨвɧɵɟ ɩɨɥɨɠɟɧɢɹ ɢɧɬɟɪвɚɥɶɧɨɝɨ 
ɚɧɚɥɢɡɚ Д6Ж ɢ ɢɫɩɨɥɶɡɭɹ  ɧɟɤɨɬɨɪɵɟ 
ɩɪɟɞɩɨɥɨɠɟɧɢɹ, ɧɟ ɨɝɪɚɧɢɱɢвɚɹ ɨɛɳɧɨɫɬɢ 
ɪɚɫɫɭɠɞɟɧɢɣ. 

Ɍɚɤ ɞɥɹ ɭɩɪɨɳɟɧɢɹ ɪɚɫɱɟɬɨв ɩɪɢ 
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ɢɧɬɟɪвɚɥɶɧɨɦ ɚɧɚɥɢɡɟ ɢ ɭɞɨɛɧɨɣ вɢɡɭɚɥɢɡɚɰɢɢ 
вɨɡɶɦɟɦ  ɬɨɥɶɤɨ 2 ɫɢɫɬɟɦɵ , ɬ.ɟ.  Ч=2. 

ɇɚ ɪɢɫ.7-9 ɩɪɟɞɫɬɚвɥɟɧɵ ɨɛɥɚɫɬɢ ɪɟɲɟɧɢɹ 
ɩɪɢ eps=0.1 ɢ W1=1  ɞɥɹ вɨɡɦɨɠɧɵɯ ɱɟɬɵɪɟɯ 
ɬɢɩɨв ɫɨɟɞɢɧɟɧɢɣ, ɞɥɹ ɤɨɬɨɪɵɯ вɵɩɨɥɧɹɟɬɫɹ 
ɫɨɨɬвɟɬɫɬвɟɧɧɨ ɭɫɥɨвɢɹ: 

1) Ⱦɥɹ ɩɨɫɥɟɞɨвɚɬɟɥɶɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ 

 
2) Ⱦɥɹ ɩɚɪɚɥɥɟɥɶɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ 

 
 

3) Ⱦɥɹ ɩɨɥɨɠɢɬɟɥɶɧɨɣ     Ɉɋ          

 

 

4) Ⱦɥɹ ɨɬɪɢɰɚɬɟɥɶɧɨɣ     Ɉɋ          

 

 

 

 
Ɋɢɫɭɧɨɤ 7-Ɉɛɥɚɫɬɶ ɪɟɲɟɧɢɣ ɞɥɹ ɭɫɥɨвɢɹ 1. 

 
Ɋɢɫɭɧɨɤ 8- Ɉɛɥɚɫɬɶ ɪɟɲɟɧɢɣ ɞɥɹ ɭɫɥɨвɢɹ 2.   

 

 
Ɋɢɫɭɧɨɤ 9- Ɉɛɥɚɫɬɶ ɪɟɲɟɧɢɣ ɞɥɹ ɭɫɥɨвɢɹ 3. 

 

Ɉɛɥɚɫɬɶ ɪɟɲɟɧɢɣ ɞɥɹ ɭɫɥɨвɢɹ 4 ɹвɥɹɟɬɫɹ 
ɩɭɫɬɨɣ ɢ ɷɬɨ ɟɳɟ ɪɚɡ ɩɨɞɱɟɪɤɢвɚɟɬ 
ɢɫɤɥɸɱɢɬɟɥɶɧɨɫɶ ɨɬɪɢɰɚɬɟɥɶɧɨɣ Ɉɋ. 

 ɋɥɟɞɨвɚɬɟɥɶɧɨ, ɞɥɹ ɥɸɛɨɝɨ ɫɨɟɞɢɧɟɧɢɹ , 
ɤɪɨɦɟ ɫɢɫɬɟɦɵ ɫ ɨɬɪɢɰɚɬɟɥɶɧɨɣ ɫвɹɡɶɸ, ɬɨɱɧɨɫɬɶ 
ɮɭɧɤɰɢɨɧɢɪɨвɚɧɢɹ ɩɚɞɚɟɬ. 

Ɂɞɟɫɶ ɞɟɣɫɬвɭɟɬ  ɡɚɤɨɧ ɰɟɥɨɫɬɧɨɫɬɢ, ɢɧɨɟ 
ɩɪɟɞɫɬɚвɥɟɧɢɟ ɫɢɫɬɟɦɵ ɩɪɢɨɛɪɟɬɚɟɬ ɧɨвɨɟ 
ɫвɨɣɫɬвɨ, ɤɨɬɨɪɨɟ ɧɟ ɩɪɢɫɭɳɟ ɟɟ ɩɨɞɫɢɫɬɟɦɚɦ. 

 

Вɥɢɹɧɢɟ ɫɬɪɭɤɬɭɪɵ ɫɢɫɬɟɦɵ  
 

ȼ ɧɚɫɬɨɹɳɟɟ вɪɟɦɹ ɪɚɡвɢɬɢɟ  
ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɢ  вɵɱɢɫɥɢɬɟɥɶɧɨɣ  
ɬɟɯɧɢɤɢ ɨɛɭɫɥɚвɥɢвɚɟɬ  ɫɛɥɢɠɟɧɢɟ ɩɨɡɢɰɢɣ  
ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɢ ɢɧɠɟɧɟɪɧɨɝɨ ɧɚɩɪɚвɥɟɧɢɣ ɩɪɢ  
ɦɨɞɟɥɢɪɨвɚɧɢɢ вɥɢɹɧɢɹ ɫɬɪɭɤɬɭɪɵ ɫɢɫɬɟɦɵ ɧɚ 
ɷɮɮɟɤɬɢвɧɨɫɬɶ ɟɟ ɮɭɧɤɰɢɨɧɢɪɨвɚɧɢɹ.  

Ɍɚɤ ɪɚɛɨɬɭ ɦɟɧɟɞɠɟɪɨв в ɨɪɝɚɧɢɡɚɰɢɹɯ 
ɦɨɠɧɨ ɫɪɚвɧɢвɚɬɶ ɫ ɪɚɛɨɬɨɣ  ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ  
вɵɱɢɫɥɢɬɟɥɶɧɵɯ ɫɢɫɬɟɦ ɩɪɢ ɨɛɪɚɛɨɬɤɟ  
ɢɧɮɨɪɦɚɰɢɢ  ɢ ɩɪɢ ɦɨɞɟɥɢɪɨвɚɧɢɢ 
ɨɪɝɚɧɢɡɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨвɚɬɶ 
ɬɟɪɦɢɧɨɥɨɝɢɸ ɢ ɪɟɡɭɥɶɬɚɬɵ ɢɡ ɨɛɥɚɫɬɢ 
вɵɱɢɫɥɢɬɟɥɶɧɨɣ ɬɟɯɧɢɤɢ ɢ ɢɧɮɨɪɦɚɬɢɤɢ Д14-15]. 

Ȼɨɥɟɟ ɬɨɝɨ, ɭɠɟ в ɤɚɤɨɣ-ɬɨ ɦɟɪɟ ɫɭɳɟɫɬвɭɸɬ 
ɫɢɧɬɟɬɢɱɟɫɤɢɟ ɬɟɨɪɢɢ, ɨɛɴɟɞɢɧɹɸɳɢɟ ɷɬɢ 
ɩɨɞɯɨɞɵ ɢ  ɩɪɢɦɟɪɚɦɢ ɹвɥɹɸɬɫɹ ɬɟɨɪɢɢ ɚɤɬɢвɧɵɯ 
ɫɢɫɬɟɦ, ɨɪɝɚɧɢɡɚɰɢɨɧɧɵɯ ɫɬɪɭɤɬɭɪ Д12-13]. 

ȼ ɫɭɳɧɨɫɬɢ, ɥɸɛɚɹ ɢɟɪɚɪɯɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ 
ɭɩɪɚвɥɟɧɢɹ (ɬɟɯɧɢɱɟɫɤɚɹ ɢɥɢ ɷɤɨɧɨɦɢɱɟɫɤɚɹ) 
ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚвɥɟɧɚ ɫɭɩɟɪɩɨɡɢɰɢɟɣ 
ɞвɭɯɭɪɨвɧɟвɵɯ ɫɢɫɬɟɦ ɢɦɟɸɳɢɯ ɫɬɪɭɤɬɭɪɵ I ɢɥɢ 
II, ɩɪɢɦɟɪɵ ɤɨɬɨɪɵɯ ɩɪɟɞɫɬɚвɥɟɧɵ ɧɚ ɪɢɫɭɧɤɚɯ 10 
ɢ 11 ɫɨɨɬвɟɬɫɬвɟɧɧɨ.  

ȼ ɫɥɭɱɚɟ ɫɢɫɬɟɦ ɫɨ ɫɬɪɭɤɬɭɪɨɣ I ɦɵ ɢɦɟɟɦ      
ɩɨɫɬɨɹɧɧɨɟ  ɡɚɤɪɟɩɥɟɧɢɟ ɩɨɞɫɢɫɬɟɦ ɡɚ 
ɨɩɪɟɞɟɥɟɧɧɵɦɢ ɭɩɪɚвɥɹɸɳɢɦɢ ɰɟɧɬɪɚɦɢ, ɢɥɢ 
ɢɧɚɱɟ ɦɵ ɫɩɟɰɢɚɥɢɡɢɪɭɟɦ ɩɨɞɫɢɫɬɟɦɵ ɡɚ 
ɨɩɪɟɞɟɥɟɧɧɵɦɢ ɬɢɩɚɦɢ  вɵɩɨɥɧɹɟɦɵɯ ɪɚɛɨɬ. 
ɉɨɞɨɛɧɵɟ ɫɬɪɭɤɬɭɪɵ ɹвɥɹɸɬɫɹ ɷɮɮɟɤɬɢвɧɵɦɢ в 
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ɭɫɥɨвɢɹɯ  ɩɨɫɬɨɹɧɫɬвɚ ɦɧɨɠɟɫɬвɚ ɪɟɚɥɢɡɭɟɦɵɯ 
ɫɢɫɬɟɦɨɣ ɮɭɧɤɰɢɣ.    

ɋɢɫɬɟɦɚɦ ɫɨ ɫɬɪɭɤɬɭɪɨɣ II  ɩɪɢ  ɷɬɨɦ  
ɫɨɨɬвɟɬɫɬвɭɸɬ  ɢɡɦɟɧɹɸɳɢɟɫɹ  вɨ вɪɟɦɟɧɢ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɚɛɨɬ ɩɨ ɩɨɞɫɢɫɬɟɦɚɦ. 

 
 

Ɋɢɫɭɧɨɤ 10-ɉɪɢɦɟɪ ɫɬɪɭɤɬɭɪɵ I. 

 
Ɋɢɫɭɧɨɤ 11-ɉɪɢɦɟɪ ɫɬɪɭɤɬɭɪɵ II. 

 

ɗɮɮɟɤɬɢвɧɨɫɬɶ  ɷɬɢɯ   ɫɬɪɭɤɬɭɪ    ɧɚ 
ɩɪɨɬɹɠɟɧɢɢ ɨɩɪɟɞɟɥɟɧɧɨɝɨ вɪɟɦɟɧɧɨɝɨ ɢɧɬɟɪвɚɥɚ  
ɦɵ ɦɨɠɟɬ ɨɰɟɧɢвɚɬɶ ɤɚɤ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ 
ɨɠɢɞɚɧɢɟ ɡɚɬɪɚɬ   ɧɚ ɪɟɚɥɢɡɚɰɢɸ вɫɟɯ  
вɵɩɨɥɧɹɟɦɵɯ ɪɚɛɨɬ  ɡɚ ɪɚɫɫɦɚɬɪɢвɚɟɦɵɣ  
ɢɧɬɟɪвɚɥ.   

ȼ ɧɚɫɬɨɹɳɟɟ вɪɟɦɹ в   ɬɟɯɧɢɱɟɫɤɢɯ ɢ 
ɨɪɝɚɧɢɡɚɰɢɨɧɧɵɯ  ɫɢɫɬɟɦɚɯ      ɢɫɩɨɥɶɡɭɸɬɫɹ 
вɚɪɢɚɰɢɢ ɷɬɢɯ ɫɬɪɭɤɬɭɪ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɫɦɟɧɹɬɶ 
ɞɪɭɝ ɞɪɭɝɚ  вɨ вɪɟɦɟɧɢ.  

Ɉɬɦɟɬɢɦ, ɱɬɨ ɪɟɱɶ ɢɞɟɬ ɢɦɟɧɧɨ ɨ ɬɢɩɟ 
ɫɬɪɭɤɬɭɪɵ, ɬɚɤ ɤɚɤ ɡɚɞɚɱɚ ɫɢɧɬɟɡɚ ɨɩɬɢɦɚɥɶɧɨɣ 
ɢɟɪɚɪɯɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ в ɰɟɥɨɦ ɧɟ 
ɪɚɫɫɦɚɬɪɢвɚɟɬɫɹ.   

ɂɫɫɥɟɞɨвɚɧɢɟ ɨɝɪɚɧɢɱɢвɚɟɬɫɹ ɚɧɚɥɢɡɨɦ 
ɩɪɨɫɬɟɣɲɢɯ ɞвɭɯɭɪɨвɧɟвɵɯ «ɛɥɨɤɨв».    

 

ɉɨɫɬɪɨɟɧɢɟ ɦɨɞɟɥɟɣ 

 

Ɂɚɞɚɱɚ  ɩɨɢɫɤɚ  ɨɩɬɢɦɚɥɶɧɨɣ    ɫɬɪɭɤɬɭɪɵ  ɫ  
ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ  ɬɨɱɤɢ  ɡɪɟɧɢɹ  ɞɨвɨɥɶɧɨ  ɫɥɨɠɧɚ. 
Ɋɟɲɟɧɢɟ  ɟɟ  в  ɫɥɭɱɚɟ  ɛɨɥɶɲɢɯ  ɡɧɚɱɟɧɢɣ Ц ɢ Ч 
ɦɨɠɟɬ  ɨɤɚɡɚɬɶɫɹ ɱɪɟɡвɵɱɚɣɧɨ  ɬɪɭɞɨɟɦɤɢɦ. 
ɉɨɷɬɨɦɭ   ɭɩɪɨɫɬɢɦ ɟɟ ɢ ɛɭɞɟɦ ɩɪɟɞɩɨɥɚɝɚɬɶ, ɱɬɨ 
cij -ɭɞɟɥɶɧɵɟ  ɡɚɬɪɚɬɵ    i-ɝɨ  ɚɝɟɧɬɚ  ɩɨ  
вɵɩɨɥɧɟɧɢɸ  У-ɣ  ɪɚɛɨɬɵ  ɩɨɫɬɨɹɧɧɵ.    

Ɉɛɨɡɧɚɱɢɦ ɦɧɨɠɟɫɬвɨ ɩɨɞɫɢɫɬɟɦ(ɚɝɟɧɬɨв) 
ɱɟɪɟɡ N=(1,2,..,n), ɚ ɦɧɨɠɟɫɬвɨ ɭɩɪɚвɥɹɸɳɢɯ 
ɰɟɧɬɪɨв ɱɟɪɟɡ Ɇ=(1,2,..,m). Ȼɭɞɟɦ ɫɱɢɬɚɬɶ, ɱɬɨ 
ɥɸɛɚɹ ɪɚɛɨɬɚ ɦɨɠɟɬ ɛɵɬɶ ɨɩɢɫɚɧɚ вɟɤɬɨɪɨɦ 
Q=(Q1,Q2,..,Qm), ɝɞɟ Qj-ɨɛɴɟɦ ɪɚɛɨɬɵ j-ɨɝɨ ɬɢɩɚ 
ɤɨɧɬɪɨɥɢɪɭɟɦɵɣ  j-ɵɦ ɭɩɪɚвɥɹɸɳɢɦ ɰɟɧɬɪɨɦ.  

 

Ɇɨɞɟɥɶ ɦɢɧɢɦɢɡɚɰɢɢ ɡɚɬɪɚɬ ɞɥɹ 
ɫɬɪɭɤɬɭɪɵ  I 

 

ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɡɚɞɚɱɚ ɩɨɢɫɤɚ ɨɩɬɢɦɚɥɶɧɨɝɨ  
ɪɚɫɩɪɟɞɟɥɟɧɢɹ  ɨɞɧɨɣ  ɪɚɛɨɬɵ  ɦɟɠɞɭ  
ɩɨɞɫɢɫɬɟɦɚɦɢ ɩɪɟвɪɚɳɚɟɬɫɹ  в    ɫɬɚɧɞɚɪɬɧɭɸ  
ɛɢɧɚɪɧɭɸ (ɰɟɥɨɱɢɫɥɟɧɧɭɸ) ɡɚɞɚɱɭ  ɨ  ɧɚɡɧɚɱɟɧɢɢ  
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, ɝɞɟ  xij (0,1), iN, jM. 

ȼ ɫɢɥɭ ɥɢɧɟɣɧɨɫɬɢ  ɰɟɥɟвɨɣ ɮɭɧɤɰɢɢ ɛɭɞɟɦ 
ɢɦɟɬɶ ɬɪɢвɢɚɥɶɧɨɟ ɪɟɲɟɧɢɟ  ɞɥɹ ɡɚɞɚɱɢ 
ɧɚɡɧɚɱɟɧɢɹ ɪɚɛɨɬ. ȼɟɫɶ ɨɛɴɟɦ ɪɚɛɨɬ  У-ɝɨ ɬɢɩɚ 
ɫɥɟɞɭɟɬ вɵɞɟɥɢɬɶ ɬɨɦɭ  ɚɝɟɧɬɭ,  ɤɨɬɨɪɵɣ  
вɵɩɨɥɧɹɟɬ  ɟɝɨ  ɫ  ɧɚɢɦɟɧɶɲɢɦɢ ɭɞɟɥɶɧɵɦɢ  
ɡɚɬɪɚɬɚɦɢ.  

 

Ɇɨɞɟɥɶ ɦɢɧɢɦɢɡɚɰɢɢ ɡɚɬɪɚɬ ɞɥɹ 
ɫɬɪɭɤɬɭɪɵ II 

 

Ɉɛɨɡɧɚɱɢɦ ɱɟɪɟɡ wij-ɨɛɴɟɦ i-ɨɣ ɪɚɛɨɬɵ, 
ɤɨɬɨɪɚɹ вɵɩɨɥɧɹɟɬɫɹ i-ɵɦ ɚɝɟɧɬɨɦ. Ɇɚɬɪɢɰɭ 
ɪɚɛɨɬ ɞɥɹ вɫɟɯ ɩɨɞɫɢɫɬɟɦ ɨɛɨɡɧɚɱɢɦ W={wijж , ɝɞɟ 
iN,jM.  Ɉɩɪɟɞɟɥɢɦ ɮɭɧɤɰɢɸ ɡɚɬɪɚɬ  i-ɨɝɨ 
ɚɝɟɧɬɚ вɵɪɚɠɟɧɢɟɦ  
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ci(wi)= ci1 wi1 +ci2wi2+…+ cimwim=
ij

M

j

ij wc
1

 

ɝɞɟ  wi=(wi1 wi2,..,wim) ɟɫɬɶ вɟɤɬɨɪ ɪɚɛɨɬ i-ɝɨ  
ɚɝɟɧɬɚ. 

Ɇɵ ɦɨɠɟɦ ɪɟɲɚɬɶ ɡɚɞɚɱɭ ɦɢɧɢɦɢɡɚɰɢɢ 
ɡɚɬɪɚɬ вɫɟɯ ɩɨɞɫɢɫɬɟɦ ɩɪɢ ɭɫɥɨвɢɢ вɵɩɨɥɧɟɧɢɹ 
ɨɛɴɟɦɨв вɫɟɯ ɬɢɩɨв ɪɚɛɨɬ ɤɚɤ ɫɬɚɧɞɚɪɬɧɭɸ ɡɚɞɚɱɭ 
ɥɢɧɟɣɧɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨвɚɧɢɹ  

min
11




ij

M

j

ij

N

i

wc                        (B) 

ɩɪɢ ɭɫɥɨвɢɹɯ 

jij

N

i

Qw 
1     

ɞɥɹ j=1,M . 

ɉɪɢ  ɷɬɨɦ ɦɨɠɟɬ  ɛɵɬɶ,  ɱɬɨ ɨɞɢɧ  ɚɝɟɧɬ 
вɵɩɨɥɧɹɟɬ вɫɟ ɪɚɛɨɬɵ.  Ɍɚɤɨɣ ɫɥɭɱɚɣ  ɨɛɵɱɧɨ 
ɧɟɪɟɚɥɢɡɭɟɦ ɧɚ ɩɪɚɤɬɢɤɟ, ɯɨɬɹ ɪɚɫɩɪɟɞɟɥɟɧɢɟ  
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ɪɚɛɨɬ ɛɭɞɟɬ  ɨɩɬɢɦɚɥɶɧɨ ɩɨ  ɤɪɢɬɟɪɢɸ   ɡɚɬɪɚɬ. ȼ 
ɪɟɚɥɶɧɨɫɬɢ  ɢɦɟɟɦ ɨɝɪɚɧɢɱɟɧɢɹ  Ri  ɧɚ  
ɦɚɤɫɢɦɚɥɶɧɵɣ   ɨɛɴɟɦ  ɪɚɛɨɬ,  ɤɨɬɨɪɵɟ  ɦɨɠɟɬ  
вɵɩɨɥɧɹɬɶ Т-ɣ ɚɝɟɧɬ, iN.  

ɋ  ɭɱɟɬɨɦ ɷɬɢɯ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ 
ɨɝɪɚɧɢɱɟɧɢɣ  ɡɚɞɚɱɚ  ɫɢɧɬɟɡɚ ɨɩɬɢɦɚɥɶɧɨɣ  
ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ  ɫɬɪɭɤɬɭɪɵ  ɩɪɟвɪɚɳɚɟɬɫɹ  в  
ɫɬɚɧɞɚɪɬɧɭɸ  ɬɪɚɧɫɩɨɪɬɧɭɸ  ɡɚɞɚɱɭ  

ij

M

j

ij

N

i

wc
 11

min                         (C) 

ɩɪɢ ɭɫɥɨвɢɹɯ ɞɥɹ j=1,M ɢ i=1,N. 

jij

N

i

Qw 
1    

iij

M

j

Rw 
1     

 

Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɪɚɫɱɟɬɵ 

 

ɋɱɢɬɚɟɦ, ɱɬɨ ɷɮɮɟɤɬɢвɧɨɫɬɶ ɪɚɛɨɬɵ 
ɩɨɞɫɢɫɬɟɦ ɨɩɪɟɞɟɥɹɸɬɫɹ  ɦɚɬɪɢɰɚɦɢ  ɭɞɟɥɶɧɵɯ 
ɡɚɬɪɚɬ, ɷɥɟɦɟɧɬɵ ɤɨɬɨɪɵɯ ɹвɥɹɥɢɫɶ ɫɥɭɱɚɣɧɵɦɢ 
ɱɢɫɥɚɦɢ ɫ ɪɚвɧɨɦɟɪɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ в 
ɢɧɬɟɪвɚɥɟ (0,1). Ȼɵɥɨ ɩɪɢɧɹɬɨ ɩɪɢ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ 
ɢɫɩɵɬɚɧɢɹɯ ɨɛɴɟɦɵ ɪɚɛɨɬ ɚɝɟɧɬɨв ɨɝɪɚɧɢɱɢвɚɬɶ  
1. Ƚɟɧɟɪɢɪɨвɚɥɫɹ ɩɨɬɨɤ ɢɡ K=100 ɩɪɨɟɤɬɨв 
ɨɛɴɟɦɚɦɢ  (v1, v2),  ɤɨɬɨɪɵɟ ɪɚвɧɨɦɟɪɧɨ 
ɪɚɫɩɪɟɞɟɥɟɧɵ ɧɚ ɢɧɬɟɪвɚɥɟ N/2 (N=3,4). 

ɋɪɟɞɧɢɟ ɡɧɚɱɟɧɢɹ ɰɟɥɟвɵɯ ɮɭɧɤɰɢɣ ɩɨ 
ɢɫɩɨɥɶɡɨвɚɧɧɵɦ ɦɨɞɟɥɹɦ  ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ 
ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨвɚɧɢɹ ɩɨ вɫɟɦ 100 ɩɪɨɟɤɬɚɦ 
ɩɪɢвɟɞɟɧɵ в ɬɚɛɥɢɰɟ 1. 

ɇɚ ɪɢɫɭɧɤɚɯ 12-15 ɩɪɢвɟɞɟɧɵ ɠɟɫɬɤɢɟ 
ɫɬɪɭɤɬɭɪɵ ɫɢɫɬɟɦ D1-D4. ɂɦ  ɫɨɨɬвɟɬɫɬвɭɸɬ  
ɞɚɧɧɵɟ в  в ɩɨɫɥɟɞɧɟɣ ɫɬɪɨɤɟ ɬɚɛɥɢɰɵ. 

  

Ɍɚɛɥɢɰɚ 1.ɋɪɟɞɧɢɟ ɡɧɚɱɟɧɢɹ ɰɟɥɟвɨɣ ɮɭɧɤɰɢɢ 

 2 ɰɟɧɬɪɚ, 4 

ɢɫɩɨɥɧɢɬɟɥɹ 

2 ɰɟɧɬɪɚ, 3 

ɢɫɩɨɥɧɢɬɟɥɹ 

Ɇɨɞɟɥɶ 1 2 3 4 

A 0.218 0.218 0.1671 0.1671 

B 0.3181 0.3181 0.2774 0.2774 

C 0.6525 0.8542 0.2122 0.2212 

 

 

 

 

 
 

Ɋɢɫɭɧɨɤ 12-Cɬɪɭɤɬɭɪɚ  D1.                                 

 

 
 

Ɋɢɫɭɧɨɤ 13-Cɬɪɭɤɬɭɪɚ  D2. 

 
 

Ɋɢɫɭɧɨɤ 14-Cɬɪɭɤɬɭɪɚ  D3. 

                                 

 
 

Ɋɢɫɭɧɨɤ 15-Cɬɪɭɤɬɭɪɚ  D4. 

 

ɇɚ ɪɢɫɭɧɤɚɯ  16-18 ɩɪɢвɟɞɟɧɵ ɝɪɚɮɢɤɢ 
ɨɬɧɨɲɟɧɢɣ  ɡɧɚɱɟɧɢɣ ɰɟɥɟвɵɯ ɮɭɧɤɰɢɣ ɞɥɹ 
ɦɨɞɟɥɟɣ ɋ ɢ B. Ɉɧɢ ɯɚɪɚɤɬɟɪɢɡɭɸɬ  
ɷɮɮɟɤɬɢвɧɨɫɬɶ ɮɭɧɤɰɢɨɧɢɪɨвɚɧɢɹ ɫɢɫɬɟɦ ɩɨ 
ɨɬɧɨɲɟɧɢɸ ɤ ɢɞɟɚɥɶɧɨɦɭ ɪɚɫɩɪɟɞɟɥɟɧɢɸ ɩɨ 
ɦɨɞɟɥɢ A, ɤɨɬɨɪɨɟ ɧɟ ɭɱɢɬɵвɚɟɬ ɪɟɚɥɶɧɵɟ  
ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ вɪɟɦɟɧɢ  вɵɩɨɥɧɟɧɢɹ ɢ ɨɛɴɟɦɭ 
ɡɚɝɪɭɡɤɢ ɞɥɹ ɢɫɩɨɥɧɢɬɟɥɶɧɵɯ ɰɟɧɬɪɨв. 
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Ɋɢɫɭɧɨɤ 16-Ɉɬɧɨɲɟɧɢɹ ɋ/A ɢ B/C   ɞɥɹ  
ɫɬɪɭɤɬɭɪɵ D1. 

 

 

 

 
 

Ɋɢɫɭɧɨɤ 17-Ɉɬɧɨɲɟɧɢɹ ɋ/A ɢ B/C   ɞɥɹ  
ɫɬɪɭɤɬɭɪɵ D2. 

 

 

 
 

Ɋɢɫɭɧɨɤ 18-Ɉɬɧɨɲɟɧɢɹ ɋ/A ɢ B/C   ɞɥɹ  
ɫɬɪɭɤɬɭɪɵ D3. 

 

 

 

 
  

Ɋɢɫɭɧɨɤ 19-Ɉɬɧɨɲɟɧɢɹ ɋ/A ɢ B/C   ɞɥɹ  
ɫɬɪɭɤɬɭɪɵ D4. 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɫɬɚɧɨвɤɚ ɢ ɪɟɲɟɧɢɟ ɡɚɞɚɱ  
«ɧɚɡɧɚɱɟɧɢɹ» ɩɪɢ ɢɯ ɪɚɡɥɢɱɧɵɯ ɦɨɞɢɮɢɤɚɰɢɹɯ 

ɩɨɡвɨɥɹɟɬ ɨɰɟɧɢвɚɬɶ ɷɮɮɟɤɬɢвɧɨɫɬɶ ɪɚɡɥɢɱɧɵɯ 
ɫɬɪɭɤɬɭɪ ɢ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɢɯ ɬɪɚɧɫɮɨɪɦɚɰɢɢ, 
ɨɫɭɳɟɫɬвɥɹɬɶ вɵɛɨɪ ɨɩɬɢɦɚɥɶɧɨɣ ɢɥɢ 
ɪɚɰɢɨɧɚɥɶɧɨɣ  ɫɬɪɭɤɬɭɪɵ ɫɢɫɬɟɦɵ в ɡɚвɢɫɢɦɨɫɬɢ 
ɨɬ ɧɚɛɨɪɚ ɪɚɛɨɬ, ɤɨɬɨɪɵɟ ɞɨɥɠɧɵ ɛɵɬɶ 
вɵɩɨɥɧɟɧɵ ɟɸ.  

       ɉɟɪɫɩɟɤɬɢвɧɵɦɢ ɢ ɩɪɚɤɬɢɱɟɫɤɢ 
вɚɠɧɵɦɢ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɢɫɫɥɟɞɨвɚɧɢɹ ɹвɥɹɟɬɫɹ 
ɨɩɪɟɞɟɥɟɧɢɟ ɨɩɬɢɦɚɥɶɧɵɯ ɝɪɚɧɢɰ вɨɡɦɨɠɧɨɣ 
ɡɚɝɪɭɡɤɢ ɞɥɹ ɤɚɠɞɨɝɨ ɢɫɩɨɥɧɢɬɟɥɶɧɨɝɨ ɰɟɧɬɪɚ в 
ɡɚвɢɫɢɦɨɫɬɢ ɨɬ ɡɚɞɚɧɢɣ ɭɩɪɚвɥɹɸɳɢɯ ɰɟɧɬɪɨв.   

 

Вɟɧɬɢɥɶɧɨ-ɥɨɝɢɱɟɫɤɢɣ ɭɪɨɜɟɧɶ 
ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɞɢɫɤɪɟɬɧɵɯ ɭɫɬɪɨɣɫɬɜ 

  

Ɍɚɤ ɤɚɤ ɮɢɡɢɱɟɫɤɢɟ ɞɟɮɟɤɬɵ ɛɢɩɨɥɹɪɧɨɝɨ 
ɬɪɚɧɡɢɫɬɨɪɚ ɯɨɪɨɲɨ ɭɤɥɚɞɵвɚɥɢɫɶ в ɬɟɨɪɢɸ 
ɨɞɢɧɨɱɧɵɯ ɤɨɧɫɬɚɧɬɧɵɯ ɧɟɢɫɩɪɚвɧɨɫɬɟɣ (ɈɄɇ), 
ɬɨ ɢɫɩɨɥɶɡɨвɚɧɢɟ ɥɨɝɢɱɟɫɤɨɣ ɦɨɞɟɥɢ в ɪɨɥɢ 
ɛɚɡɨвɨɣ ɞɥɹ ɛɢɩɨɥɹɪɧɵɯ ɫɬɪɭɤɬɭɪ ɞɥɹ ɰɟɥɟɣ 
ɞɢɚɝɧɨɫɬɢɪɨвɚɧɢɹ ɛɵɥɨ ɧɟɨɮɢɰɢɚɥɶɧɵɦ 
ɫɬɚɧɞɚɪɬɨɦ Д16-17]. 

Ɉɞɧɚɤɨ ɷɬɨɝɨ ɧɟɞɨɫɬɚɬɨɱɧɨ ɞɥɹ ɫɨвɪɟɦɟɧɧɵɯ 
ɆɈɉ ɋȻɂɋ ɢ в ɧɚɫɬɨɹɳɟɟ вɪɟɦɹ в ɫɨвɪɟɦɟɧɧɵɯ 
ɫɬɚɧɞɚɪɬɚɯ  ɨɩɢɫɚɧɢɹ ɰɢɮɪɨвɵɯ ɭɫɬɪɨɣɫɬв ( 
ɧɚɩɪɢɦɟɪ VОrТХШРHDL IEEE P1364.1 ɩɨɱɬɢ 15 
ɥɟɬɧɟɣ ɞɚвɧɨɫɬɢ) ɢɫɩɨɥɶɡɭɸɬ ɩɨɦɢɦɨ ɧɚɩɪɹɠɟɧɢɹ 
ɢ ɚɬɪɢɛɭɬ SЭrОЧРЭС (ɫɢɥɚ ɬɨɤɚ). Ɍɟɦ ɫɚɦɵɦ 
ɧɟɨɛɯɨɞɢɦɨ ɦɨɞɟɥɢɪɨвɚɬɶ ɫɨвɪɟɦɟɧɧɵɟ ɆɈɉ-

ɋȻɂɋ ɢ ɢɯ ɧɟɢɫɩɪɚвɧɨɫɬɢ ɧɚ ɩɟɪɟɤɥɸɱɚɬɟɥɶɧɨɦ  
ɭɪɨвɧɟ. ɋɬɚɪɚɹ ɡɚɞɚɱɚ ɩɨɫɬɪɨɟɧɢɹ ɬɟɫɬɨв ɞɥɹ 
ɤɥɚɫɫɚ ɨɞɢɧɨɱɧɵɯ ɤɨɧɫɬɚɧɬɧɵɯ ɧɟɢɫɩɪɚвɧɨɫɬɟɣ, 
ɤɨɬɨɪɵɟ ɦɵ ɨɛɧɚɪɭɠɢвɚɟɦ ɢɡɦɟɪɟɧɢɟɦ ɩɨ 
ɧɚɩɪɹɠɟɧɢɸ, ɩɨɬɟɪɹɥɚ ɫвɨɸ ɩɪɢɨɪɢɬɟɬɧɨɫɬɶ ɞɥɹ 
ɫɨвɪɟɦɟɧɧɵɯ ɋȻɂɋ. Ɉɧɚ ɛɵɥɚ вɚɠɧɚ ɞɥɹ  ɌɌɅ-

ɬɟɯɧɨɥɨɝɢɢ. Ⱦɥɹ ɫɨвɪɟɦɟɧɧɵɯ ɋȻɂɋ 
(ɆɈɉ,ɄɆɈɉ-ɪɟɚɥɢɡɚɰɢɹ) ɷɬɨ ɧɟ ɬɚɤ ɢ 
ɤɨɧɬɪɨɥɶɧɵɟ ɬɟɫɬɵ, ɩɨɫɬɪɨɟɧɧɵɟ ɩɨ ɦɨɞɟɥɢ ɈɄɇ 
ɩɥɨɯɨ ɨɛɧɚɪɭɠɢвɚɸɬ ɞɟɮɟɤɬɵ ɫɨвɪɟɦɟɧɧɵɯ 
ɋȻɂɋ. ɋɚɦɚ ɦɨɞɟɥɶ ɈɄɇ ɫɨвɟɪɲɟɧɧɨ ɧɟɩɪɢɝɨɞɧɚ  
ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɞɢɚɝɧɨɫɬɢɱɟɫɤɢɯ ɬɟɫɬɨв ɞɥɹ 
ɫɨвɪɟɦɟɧɧɵɯ ɆɈɉ ɋȻɂɋ. 

 

ɉɟɪɟɤɥɸɱɚɬɟɥɶɧɵɣ ɭɪɨɜɧɢ 
ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɞɢɫɤɪɟɬɧɵɯ ɭɫɬɪɨɣɫɬɜ  

 

ɐɢɮɪɨвɵɟ ɭɫɬɪɨɣɫɬвɚ, ɫɨɡɞɚвɚɟɦɵɟ ɩɨ 
ɫɨвɪɟɦɟɧɧɵɦ ɆɈɉ ɢ ɄɆɈɉ ɬɟɯɧɨɥɨɝɢɹɦ, ɢɦɟɸɬ 

ɨɫɨɛɟɧɧɨɫɬɢ ɫвɨɟɝɨ ɮɭɧɤɰɢɨɧɢɪɨвɚɧɢɹ, ɤɨɬɨɪɵɟ 
ɬɪɭɞɧɨ ɦɨɞɟɥɢɪɨвɚɬɶ ɩɪɢ ɢɯ ɩɪɟɞɫɬɚвɥɟɧɢɢ 
ɦɨɞɟɥɹɦɢ вɟɧɬɢɥɶɧɨɝɨ ɭɪɨвɧɹ.   

ɍɱɢɬɵвɚɸɬ ɫɩɟɰɢɮɢɤɭ ɪɚɛɨɬɵ ɆɈɉ-ɫɬɪɭɤɬɭɪ 
ɦɨɞɟɥɢɪɨвɚɧɢɟɦ ɧɚ ɩɟɪɟɤɥɸɱɚɬɟɥɶɧɨɦ ɭɪɨвɧɟ 
[16,20-22Ж. Ȼɨɥɶɲɢɧɫɬвɨ ɢɡвɟɫɬɧɵɯ ɫɢɫɬɟɦ 
ɦɨɞɟɥɢɪɨвɚɧɢɹ ɧɚ ɩɟɪɟɤɥɸɱɚɬɟɥɶɧɨɦ ɭɪɨвɧɟ 
ɢɦɟɸɬ в ɫвɨɟɦ ɬɟɨɪɟɬɢɱɟɫɤɨɦ ɮɭɧɞɚɦɟɧɬɟ 
ɪɚɡɥɢɱɧɵɟ ɦɨɞɢɮɢɤɚɰɢɢ ɞвɭɯ ɨɫɧɨвɧɵɯ 
ɧɚɩɪɚвɥɟɧɢɣ: ɬɟɨɪɟɬɢɤɨ-ɝɪɚɮɨвɨɝɨ ɩɨɞɯɨɞɚ Д21Ж ɢ 
ɬɟɨɪɢɢ ɪɟɲɟɬɨɤ  Д22Ж. Ɉɧɢ ɩɪɟɞɫɬɚвɥɹɸɬ в 
ɪɚɡɥɢɱɧɨɣ ɮɨɪɦɟ ɨɫɧɨвɧɵɟ ɩɪɢɧɰɢɩɵ ɩɪɨɫɬɨɝɨ 
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ɩɟɪɟɤɥɸɱɚɬɟɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɆɈɉ-ɫɬɪɭɤɬɭɪ,  
ɨɬɪɚɠɚɸɳɢɟ ɢɯ ɨɫɨɛɵɟ ɪɟɡɢɫɬɢвɧɨ-ɟɦɤɨɫɬɧɵɟ 
ɫвɨɣɫɬвɚД16Ж.  

ɋɢɝɧɚɥ S ɧɚ ɥɢɧɢɢ ɆɈɉ-ɫɯɟɦɵ в 
ɩɟɪɟɤɥɸɱɚɬɟɥɶɧɨɦ ɚɧɚɥɢɡɟ ɢɦɟɟɬ вɢɞ S=(H,G), 

ɝɞɟ H(G)-ɡɧɚɱɟɧɢɟ ɥɨɝɢɱɟɫɤɨɣ ɫɢɥɵ (ɫɨɫɬɨɹɧɢɹ) 
ɫɨɨɬвɟɬɫɬвɟɧɧɨ. Ɉɫɨɛɨɟ ɦɟɫɬɨ ɡɚɧɢɦɚɟɬ ɫɢɝɧɚɥ 
Z=(ZH ,ZG), ɩɨɧɢɦɚɟɦɵɣ ɤɚɤ ɨɬɤɥɸɱɟɧɢɟ ɭɡɥɚ. 
Ʉɥɚɫɫɢɱɟɫɤɢɦ ɩɪɢɦɟɪɨɦ ɩɪɟɢɦɭɳɟɫɬв 
ɩɟɪɟɤɥɸɱɚɬɟɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɹвɥɹɟɬɫɹ ɭɱɟɬ 
ɩɪɟвɪɚɳɟɧɢɹ ɤɨɦɛɢɧɚɰɢɨɧɧɨɣ ɫɯɟɦɵ вɟɧɬɢɥɹ ɂ-

ɇȿ ɩɪɢ ɧɟɢɫɩɪɚвɧɨɫɬɢ “ɨɛɪɵв ɬɪɚɧɡɢɫɬɨɪɚ” в 
ɩɨɫɥɟɞɨвɚɬɟɥɶɧɨɫɬɧɭɸ ɫɯɟɦɭ.  

ɉɪɨɫɬɨɣ ɢɡвɟɫɬɧɵɣ ɩɪɢɦɟɪ ɞɟɮɟɤɬɚ «ɨɛɪɵв 

ɡɚɬвɨɪɚ ɬɪɚɧɡɢɫɬɨɪɚ» ɩɪɟвɪɚɳɚɟɬ 
ɤɨɦɛɢɧɚɰɢɨɧɧɵɣ вɟɧ-ɬɢɥɶ ɂ-ɇȿ в 
ɩɨɫɥɟɞɨвɚɬɟɥɶɧɨɫɬɧɭɸ ɫɯɟɦɭ ɢ ɢɥɥɸɫɬɪɢɪɭɟɬ 
ɫɭɳɟɫɬвɟɧɧɨɟ ɪɚɡɥɢɱɢɟ  ɛɢɩɨɥɹɪɧɨɝɨ ɢ ɩɨɥɟвɨɝɨ 
ɬɪɚɧɡɢɫɬɨɪɨв.  

Ɉɫɧɨвɧɵɦ ɞɟɮɟɤɬɨɦ ɫɨвɪɟɦɟɧɧɵɯ ɋȻɂɋ 
ɹвɥɹɟɬɫɹ ɭɬɟɱɤɚ ɬɨɤɚ, ɤɨɬɨɪɭɸ ɧɟɥɶɡɹ ɨɩɪɟ-

ɞɟɥɢɬɶ, ɢɫɩɨɥɶɡɭɹ ɬɨɥɶɤɨ ɢɡɦɟɪɟɧɢɹ ɩɨ  
ɧɚɩɪɹɠɟɧɢɸ ɢ ɟɫɬɟɫɬвɟɧɧɨ ɦɨɞɟɥɶ ɈɄɇ 
ɧɟвɨɡɦɨɠɧɨ ɩɪɢɦɟɧɹɬɶ в ɱɢɫɬɨɦ вɢɞɟ.  

Ɍɚɤ ɪɚɫɫɦɚɬɪɢвɚɹ ɧɟɢɫɩɪɚвɧɨɫɬɢ SOP ɞɥɹ 
ɄɆɈɉ-вɟɧɬɢɥɶ ɂɅɂ-ɇȿ ɢ ɬɚɛɥɢɰɭ  ɨɛɧɚɪɭɠɟɧɢɹ 
ɧɟɢɫɩɪɚвɧɨɫɬɟɣ ɧɚ ɪɢɫ.20, ɦɨɠɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ ɷɬɢ 
ɞɟɮɟɤɬɵ ɦɟɧɹɸɬ ɫɬɪɭɤɬɭɪɭ ɫɚɦɨɝɨ 
ɤɨɦɛɢɧɚɰɢɨɧɧɨɝɨ вɟɧɬɢɥɹ, ɬɚɤ ɤɚɤ ɫɨɝɥɚɫɧɨ 
ɬɚɛɥɢɰɟ ɨɧɢ ɨɩɪɟɞɟɥɹɸɬ ɞɢɧɚɦɢɱɟɫɤɨɟ ɩɨвɟɞɟɧɢɟ 
ɩɨɫɥɟɞɨвɚɬɟɥɶɧɨɫɬɧɨɝɨ ɭɫɬɪɨɣɫɬвɚ в 
ɨɩɪɟɞɟɥɟɧɧɵɯ ɱɚɫɬɨɬɧɵɯ ɞɢɚɩɚɡɨɧɚɯ. 

.

 Ɋɢɫɭɧɨɤ 20 - ɄɆɈɉ-вɟɧɬɢɥɶ ɂɅɂ-ɇȿ ɢ  ɬɚɛɥɢɰɚ 
ɨɛɧɚɪɭɠɟɧɢɹ ɧɟɢɫɩɪɚвɧɨɫɬɟɣ 

 

ɇɟɤɨɬɨɪɵɟ ɢɡ ɧɟɢɫɩɪɚвɧɨɫɬɟɣ (SON) ɦɨɠɧɨ 
ɨɛɧɚɪɭɠɢɬɶ ɬɨɥɶɤɨ ɫ ɩɨɦɨɳɶɸ ɮɢɡɢɱɟɫɤɨɝɨ 

ɦɟɬɨɞɚ IDDQ (ɢɡɦɟɪɟɧɢɟ ɬɨɤɚ в ɭɫɬɚɧɨвɢвɲɟɦɫɹ 
ɪɟɠɢɦɟ), ɱɬɨ ɢ ɨɬɪɚɠɟɧɨ ɧɚ ɪɢɫ.20. 

Ɉɫɧɨвɧɵɟ ɩɪɨɛɥɟɦɵ ɢ ɦɨɦɟɧɬɵ ɪɟɚɥɢɡɚɰɢɢ 
ɩɟɪɟɤɥɸɱɚɬɟɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɢɡɥɨɠɟɧɵ в Д16Ж. 

ɂɡвɟɫɬɧɨ, ɱɬɨ ɢɫɩɪɚвɧɵɟ ɩɪɨɟɤɬɵ ɐɍ 
ɞɨɥɠɧɵ ɭɞɨвɥɟɬвɨɪɹɬɶ ɭɫɥɨвɢɸ ɩɨɝɥɨɳɟɧɢɹ  
(S,X)= ((S,X),X), ɧɨ вɧɟɫɟɧɢɟ ɧɟɢɫɩɪɚвɧɨɫɬɟɣ 
ɩɪɢ ɦɨɞɟɥɢɪɨвɚɧɢɢ ɧɚɪɭɲɚɟɬ ɷɬɨ ɬɪɟɛɨвɚɧɢɟ, ɱɬɨ 
ɦɨɠɟɬ ɩɪɢвɟɫɬɢ ɤ ɨɫɰɢɥɥɹɰɢɢ ɡɧɚɱɟɧɢɣ ɧɚ ɥɢɧɢɹɯ 
ɢɥɢ ɭɡɥɚɯ ɭɫɬɪɨɣɫɬвɚ Д16Ж. ȿɫɥɢ ɋȻɂɋ ɫɨɞɟɪɠɢɬ 
ɫɱɟɬɱɢɤɢ, ɬɨ ɨɩɪɟɞɟɥɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɱɢɫɥɚ 
ɢɬɟɪɚɰɢɣ ɢ ɩɪɟɤɪɚɳɟɧɢɟ ɦɨɞɟɥɢɪɨвɚɧɢɹ 
ɩɪɟɞɫɬɚвɥɹɟɬ ɫɨɛɨɣ ɧɟɬɪɢвɢɚɥɶɧɭɸ ɡɚɞɚɱɭ ɢ 
ɧɟɩɪɚвɢɥɶɧɨɟ ɟɟ ɪɟɲɟɧɢɟ ɟɫɬɟɫɬвɟɧɧɨ ɞɚɫɬ 
ɧɟɞɨɫɬɨвɟɪɧɵɟ ɪɟɡɭɥɶɬɚɬɵ. 

ɗɬɨ ɹвɥɹɟɬɫɹ ɫɟɪɶɟɡɧɨɣ ɩɪɨɛɥɟɦɨɣ ɩɪɢ  
ɦɨɞɟɥɢɪɨвɚɧɢɢ ɋȻɂɋ. ɉɨɞɱɟɪɤɧɟɦ  
ɩɪɚɤɬɢɱɟɫɤɭɸ вɚɠɧɨɫɬɶ ɡɚɞɚɱɢ ɨɩɪɟɞɟɥɟɧɢɹ 
ɩɪɟɞɟɥɶɧɨɝɨ ɱɢɫɥɚ ɢɬɟɪɚɰɢɣ ɞɥɹ ɨɫɰɢɥɥɢɪɭɸɳɢɯ 
ɫɯɟɦ ɩɪɢ ɦɨɞɟɥɢɪɨвɚɧɢɢ ɈɄɇ ɧɚ вɟɧɬɢɥɶɧɨɦ 
ɭɪɨвɧɟ. ɂɡвɟɫɬɧɨ, ɱɬɨ ɞɥɹ ɪɚɡɥɢɱɧɵɯ 
ɢɬɟɪɚɰɢɨɧɧɵɯ ɚɥɝɨɪɢɬɦɨв  ɬɟɨɪɟɬɢɱɟɫɤɢɣ 
ɦɚɤɫɢɦɭɦ ɱɢɫɥɚ ɢɬɟɪɚɰɢɣ ɞɥɹ ɨɛɧɚɪɭɠɟɧɢɹ 
ɨɫɰɢɥɥɹɰɢɣ ɧɚ вɟɧɬɢɥɶɧɨɦ ɢɥɢ 
ɩɟɪɟɤɥɸɱɚɬɟɥɶɧɨɦ ɭɪɨвɧɹɯ ɦɨɞɟɥɢɪɨвɚɧɢɹ 
ɹвɥɹɟɬɫɹ ɥɢɧɟɣɧɨɣ ɮɭɧɤɰɢɟɣ ɱɢɫɥɚ ɛɚɡɨвɵɯ 
ɷɥɟɦɟɧɬɨв.  ɇɚ ɩɪɚɤɬɢɤɟ ɨɝɪɚɧɢɱɢвɚɸɬ ɱɢɫɥɨ 
ɢɬɟɪɚɰɢɣ ɩɪɢ ɦɨɞɟɥɢɪɨвɚɧɢɢ ɧɚ ɨɫɧɨвɟ ɚɧɚɥɢɡɚ 
ɫɬɪɭɤɬɭɪɵ ɫɯɟɦɵ, ɭɱɟɬɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɨɛɪɚɬɧɵɯ 
ɫвɹɡɟɣ ɢ ɬ.ɩ. ɉɪɢ ɞɨɫɬɢɠɟɧɢɢ ɩɪɟɞɟɥɶɧɨɝɨ ɱɢɫɥɚ 
ɢɬɟɪɚɰɢɣ ɨɛɵɱɧɨ ɨɛɪɵвɚɸɬ ɩɪɨɰɟɫɫ 
ɦɨɞɟɥɢɪɨвɚɧɢɹ ɩɪɢɫвɨɟɧɢɟɦ ɧɟɨɩɪɟɞɟɥɟɧɧɨɝɨ 
ɡɧɚɱɟɧɢɹ X ɨɫɰɢɥɥɢɪɭɸɳɢɦ  ɥɢɧɢɹɦ 
ɦɨɞɟɥɢɪɭɟɦɨɣ ɫɯɟɦɵ. ɗɬɢ ɞɟɣɫɬвɢɹ ɦɨɝɭɬ 
ɩɪɢвɨɞɢɬɶ ɤ ɨɲɢɛɨɱɧɵɦ ɪɟɡɭɥɶɬɚɬɚɦ ɩɪɢ 
ɧɟɩɪɚвɢɥɶɧɨɦ ɨɩɪɟɞɟɥɟɧɢɢ ɩɪɟɞɟɥɶɧɨɝɨ ɱɢɫɥɚ 
ɢɬɟɪɚɰɢɣ. Ɍɚɤɠɟ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ 
ɬɟɫɬɨв ɨɛɟɫɩɟɱɢɬɶ ɨɬɫɭɬɫɬвɢɟ ɫɨɫɬɹɡɚɧɢɣ ɤɚɤ ɞɥɹ 
ɢɫɩɪɚвɧɨɝɨ ɭɫɬɪɨɣɫɬвɚ, ɬɚɤ ɢ ɞɥɹ ɟɝɨ ɧɟɢɫɩɪɚвɧɵɯ 
ɦɨɞɢɮɢɤɚɰɢɣ, ɤɨɬɨɪɵɟ ɨɩɪɟɞɟɥɹɸɬɫɹ 
ɪɚɫɫɦɚɬɪɢвɚɟɦɵɦ ɤɥɚɫɫɨɦ ɧɟɢɫɩɪɚвɧɨɫɬɟɣ  

ȼɵɲɟɢɡɥɨɠɟɧɧɨɟ ɭɤɚɡɵвɚɟɬ, ɱɬɨ  
ɢɫɩɨɥɶɡɨвɚɧɢɟ ɧɟɣɪɨɧɧɵɯ ɫɚɦɨɨɛɭɱɚɸɳɢɯɫɹ 
ɫɟɬɟɣ,  GA (ɝɟɧɟɬɢɱɟɫɤɢɯ ɚɥɝɨɪɢɬɦɨв), GPS 

(вɫɟɨɛɳɢɣ ɪɟɲɚɬɟɥɶ ɩɪɨɛɥɟɦ), ɤɨɬɨɪɵɟ 
ɨɫɧɨвɵвɚɸɬɫɹ ɧɚ ɥɨɝɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɋȻɂɋ ɞɥɹ 
ɡɚɞɚɱɢ ɩɨɫɬɪɨɟɧɢɹ ɬɟɫɬɨв ɞɥɹ ɧɢɯ,  вɵɡɵвɚɟɬ 
ɫɨɦɧɟɧɢɹ в ɚɞɟɤвɚɬɧɨɫɬɢ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨв 
ɞɥɹ ɪɟɚɥɶɧɵɯ ɋȻɂɋ. 

ɉɟɪɟɤɥɸɱɚɬɟɥɶɧɵɟ ɦɨɞɟɥɢ ɢ ɢɯ ɚɧɚɥɢɡ 

ȼ Д3-5Ж ɩɪɨɰɟɫɫ ɩɟɪɟɤɥɸɱɚɬɟɥɶɧɨɝɨ 
ɦɨɞɟɥɢɪɨвɚɧɢɹ  ɩɪɟɞɫɬɚвɥɟɧ ɢɬɟɪɚɰɢɨɧɧɵɦ 
ɪɟɲɟɧɢɟɦ ɫɢɫɬɟɦɵ ɛɭɥɟвɵɯ ɭɪɚвɧɟɧɢɣ вɢɞɚ 
Xn+1=MF(БЧ), ɝɞɟ  БЧ  -ɡɧɚɱɟɧɢɟ ɦɧɨɝɨɡɧɚɱɧɵɯ 
ɭɡɥɨв ɫɯɟɦɵ в Ч-ɢɬɟɪɚɰɢɢ (ɫɨɫɬɨɹɧɢɟ ɫɯɟɦɵ) ɞɥɹ 
ɨɩɪɟɞɟɥɟɧɢɹ ɭɫɬɨɣɱɢвɨɝɨ ɫɨɫɬɨɹɧɢɹ ɫɯɟɦɵ. 

 ɋɱɢɬɚɟɦ, ɱɬɨ M - ɨɩɟɪɚɰɢɹ вɵɛɨɪɚ 
ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɢɡ ɡɧɚɱɟɧɢɣ ɫɢɝɧɚɥɨв 
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ɪɚɡвɟɬвɥɟɧɢɣ ɭɡɥɚ, F-ɫɢɫɬɟɦɚ ɛɭɥɟвɵɯ ɭɪɚвɧɟɧɢɣ, 
вɢɞ ɤɨɬɨɪɵɯ ɡɚвɢɫɢɬ ɨɬ ɚɥɮɚвɢɬɚ ɦɨɞɟɥɢɪɨвɚɧɢɹ 
ɢ ɛɚɡɨвɵɯ ɤɨɦɩɨɧɟɧɬɨв, ɫɨɫɬɚвɥɹɸɳɢɯ 
ɭɫɬɪɨɣɫɬвɨ, -ɨɩɟɪɚɰɢɹ ɫɭɩɟɪɩɨɡɢɰɢɢ. Ɂɧɚɱɟɧɢɟ 
Б ɟɫɬɶ ɞвɨɣɤɚ (H, G), ɝɞɟ ɩɪɨɫɬɟɣɲɢɣ ɚɥɮɚвɢɬ 
ɦɨɞɟɥɢɪɨвɚɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ вɨɡɦɨɠɧɵɦɢ 
ɡɧɚɱɟɧɢɹɦɢ   G (0, 1, X, Z), H (D, W, SC, C)-

ɫɨɨɬвɟɬɫɬвɟɧɧɨ ɡɧɚɱɟɧɢɹ ɥɨɝɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ 
ɫɢɝɧɚɥɚ ɢ ɟɝɨ ɥɨɝɢɱɟɫɤɨɣ ɫɢɥɵ, ɤɨɬɨɪɵɟ ɨɛɵɱɧɨ 
ɢɧɬɟɪɩɪɟɬɢɪɭɸɬ, ɤɚɤ ɧɚɩɪɹɠɟɧɢɟ ɢ ɫɢɥɭ ɬɨɤɚ.  

 
 

Ɋɢɫɭɧɨɤ 21-ɋɬɪɭɤɬɭɪɵ ɞɚɧɧɵɯ ɩɚɪɚɥɥɟɥɶɧɨɝɨ 
ɩɟɪɟɤɥɸɱɚɬɟɥɶɧɨɝɨ ɦɨɞɟɥɢɪɨвɚɧɢɹ 

 

ɇɚ ɪɢɫ.21 ɩɪɟɞɫɬɚвɥɟɧɵ  ɫɬɪɭɤɬɭɪɵ 
ɞɚɧɧɵɯ ɞɥɹ ɩɚɪɚɥɥɟɥɶɧɨɝɨ ɦɧɨɝɨɡɧɚɱɧɨɝɨ 
ɦɨɞɟɥɢɪɨвɚɧɢɹ ɧɚ ɩɟɪɟɤɥɸɱɚɬɟɥɶɧɨɦ ɭɪɨвɧɟ. 

Ɂɞɟɫɶ FH, FG, R, T, P ɹвɥɹɸɬɫɹ ɛɭɥɟвɵɦɢ 
ɦɚɫɫɢвɚɦɢ(ɛɢɬɨвɵɦɢ ɫɬɪɨɤɚɦɢ), ɨɫɬɚɥɶɧɵɟ 
ɱɢɫɥɨвɵɦɢ ɦɚɫɫɢвɚɦɢ. 

ɇɚ ɪɢɫ.22 ɩɪɟɞɫɬɚвɥɟɧ ɭɡɟɥ P, ɤɨɬɨɪɵɣ  
ɨɛɵɱɧɨ ɫɨɟɞɢɧɹɟɬ ɫɬɨɤɢ, ɢɫɬɨɤɢ ɧɟɫɤɨɥɶɤɢɯ 
ɬɪɚɧɡɢɫɬɨɪɨв ɢ ɨɩɪɟɞɟɥɹɟɬ ɡɧɚɱɟɧɢɹ ɧɚ ɡɚɬвɨɪɚɯ.  

 

 
 

Ɋɢɫɭɧɨɤ 22- ɋɨɟɞɢɧɹɸɳɢɣ  ɬɪɚɧɡɢɫɬɨɪɵ ɭɡɟɥ Ɋ. 
 

Ɉɩɟɪɚɰɢɹ вɵɛɨɪɚ ɫɢɥɶɧɟɣɲɟɝɨ ɫɢɝɧɚɥɚ M  

в ɭɡɥɟ ɫɨɨɬвɟɬɫɬвɭɟɬ ɨɩɟɪɚɰɢɢ #, ɤɨɬɨɪɚɹ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦɢ ɩɨɥɨɠɟɧɢɹɦɢ 

ɂɫɯɨɞɹ ɢɡ ɡɚɤɨɧɚ Ʉɢɪɯɝɨɮɚ ɞɥɹ ɬɨɤɨв, 
ɦɨɠɟɦ ɭɤɚɡɚɬɶ, ɱɬɨ i=max {ij }, ɢɡ ɱɟɝɨ ɫɥɟɞɭɟɬ, 
ɱɬɨ i ɟɫɬɶ ɧɚɢɛɨɥɟɟ ɫɢɥɶɧɵɣ вɯɨɞɧɨɣ ɫɢɝɧɚɥ ɢ iI. 

ɗɬɚ ɚɩɩɪɨɤɫɢɦɚɰɢɹ ɦɨɠɟɬ ɪɚɫɫɦɚɬɪɢвɚɬɶɫɹ, ɤɚɤ 
ɞɢɫɤɪɟɬɧɵɣ ɚɧɚɥɨɝ ɡɚɤɨɧɚ Ʉɢɪɯɝɨɮɚ ɞɥɹ ɬɨɤɨв в 
ɭɡɥɟ ɞɥɹ ɩɫɟвɞɨɛɭɥɟвɵɯ ɫɯɟɦ. Ʉɨɦɩɨɧɟɧɬ 
ɧɚɩɪɹɠɟɧɢɹ v ɞɥɹ ɭɡɥɚ P ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. ɉɭɫɬɶ V=(vi,1 ,vi,2 ,...,vi,,m ) 

ɟɫɬɶ ɧɚɛɨɪ ɧɚɩɪɹɠɟɧɢɣ ɩɚɪ ɫɢɝɧɚɥɨв ɫ 
ɧɚɢɛɨɥɶɲɢɦ ɬɨɤɨɦ, ɬ.ɟ. ɬɟ (vi,k ,ik ), ɞɥɹ ɤɨɬɨɪɵɯ ik 

=max{ij }. Ɉɩɪɟɞɟɥɢɦ v ɩɨ ɫɥɟɞɭɸɳɢɦ ɩɪɚвɢɥɚɦ:  
1) v=U,ɟɫɥɢ UV ɢɥɢ 0,1V;    2) v=0, ɟɫɥɢ 

0V ɢ 1,UV; 

3) v=1, ɟɫɥɢ 0,UV;        4) v=Z, ɟɫɥɢ 0,1,UV. 

Ȼɭɞɟɦ ɢɫɩɨɥɶɡɨвɚɬɶ  ɞɚɥɟɟ ɫɥɟɞɭɸɳɭɸ  
ɤɨɞɢɪɨвɤɭ вɵɲɟɭɩɨɦɹɧɭɬɨɝɨ ɩɪɨɫɬɟɣɲɟɝɨ 
ɚɥɮɚвɢɬɚ ɫɢɝɧɚɥɨв D=(1,0,0,0), W=(0,1,0,0), 

SC=(0,0,1,0), C=(0,0,0,1) , X=(1,0,0,0), 1=(0,1,0,0), 

0=(0,0,1,0), Z =(0,0,0,0). 

ȼɢɞ ɭɪɚвɧɟɧɢɣ F ɞɥɹ ɩɪɨɫɬɟɣɲɟɝɨ 
ɚɥɮɚвɢɬɚ ɦɨɞɟɥɢɪɨвɚɧɢɹ ɢ ɩɪɢɧɹɬɨɣ ɤɨɞɢɪɨвɤɢ 
ɩɪɟɞɫɬɚвɥɟɧ ɧɢɠɟ 

   FG1 =G1 T1 K  \/ G1T1 

     FG2 =G2 T1 K  \/ G2 T1 

     FG3 =G3 T1 K  \/ G3 T1 

     FH1 =T1 H1 K                                                                         

     FH2 =T1 H2 K  \/ T1 H1  \/ T1 H2H1 

     FH3 =T1 H3 K  \/ T1  H3 H1 

     FH4=T1H4K\/T1H4H1  (1),                             

ɝɞɟ -ɨɩɟɪɚɰɢɹ "ɢɫɤɥɸɱɚɸɳɟɟ ɂɅɂ"   ɢ      
K=(R2  T2). ɂɫɯɨɞɹ ɢɡ ɩɪɢɧɹɬɵɯ ɨɛɨɡɧɚɱɟɧɢɣ, 
ɦɨɠɟɦ  ɡɚɩɢɫɚɬɶ v=(v1, v2, v3), i=(i1, i2, i3, i4), ɢ  
vi=FGi ɩɪɢ i=1,3,ɚ ɬɚɤɠɟ ij=FHj ɩɪɢ j=1,4.   

ȼвɟɞɟɦ ɤɪɚɬɤɢɟ ɨɛɨɡɧɚɱɟɧɢɹ ɞɥɹ ɫɢɫɬɟɦɵ 
(1) в ɬɟɪɦɢɧɚɯ ɩɟɪɟɦɟɧɧɵɯ v,i 

 

vi 
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ij
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əɫɧɨ, ɱɬɨ в (2) vi
n+1

(ij
n+1

)-ɛɭɥɟвɵ ɡɧɚɱɟɧɢɹ 
ɤɨɦɩɨɧɟɧɬɨв v, i ɧɚ n+1-ɨɣ ɢɬɟɪɚɰɢɢ.  

ȼɵвɨɞ ɭɪɚвɧɟɧɢɣ  (1) ɛɚɡɢɪɭɟɬɫɹ ɧɚ ɚɧɚɥɢɡɟ 
ɮɭɧɤɰɢɨɧɢɪɨвɚɧɢɹ nMOS, pMOS ɬɪɚɧɡɢɫɬɨɪɨв 
ɫɨɝɥɚɫɧɨ ɬɚɛ.2 ɢ ɬɚɛ.3 ɢ ɢɡɨɛɪɚɠɟɧɧɵɯ ɧɚ ɪɢɫ.23 ɢ 
24 ɫɨɨɬвɟɬɫɬвɟɧɧɨ.  

Ɉɛɳɢɣ вɢɞ ɭɪɚвɧɟɧɢɣ ɞɥɹ ɪɚɡɥɢɱɧɵɯ 
ɚɥɮɚвɢɬɨв ɢ ɨɩɢɫɚɧɢɟ ɫɬɪɭɤɬɭɪ ɞɚɧɧɵɯ, 
ɭɱɢɬɵвɚɸɳɢɯ ɞвɭɧɚɩɪɚвɥɟɧɧɨɫɬɶ 
ɮɭɧɤɰɢɨɧɢɪɨвɚɧɢɹ ɬɪɚɧɡɢɫɬɨɪɨв, ɛɨɥɟɟ ɩɨɞɪɨɛɧɨ 
ɢɡɥɚɝɚɟɬɫɹ в Д16,19-20].  

Ɋɚɡɥɢɱɧɵɟ ɚɥɝɨɪɢɬɦɵ ɦɨɞɟɥɢɪɨвɚɧɢɹ ɧɚ 
ɩɟɪɟɤɥɸɱɚɬɟɥɶɧɨɦ ɭɪɨвɧɟ, ɨɫɧɨвɚɧɧɵɟ ɬɚɤɠɟ ɢ ɧɚ 
вɵɲɟɨɩɢɫɚɧɧɨɣ ɚвɬɨɪɫɤɨɣ ɢɬɟɪɚɰɢɨɧɧɨɣ ɫɯɟɦɟ  
ɞɚɸɬ ɧɟ ɫɨвɫɟɦ ɬɨɱɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɞɥɹ ɧɟɤɨɬɨɪɵɯ 
ɫɥɨɠɧɵɯ ɫɯɟɦ. 

  

Ɍɚɛ.2.Ɏɭɧɤɰɢɨɧɢɪɨвɚɧɢɟ nMOS-ɬɪɚɧɡɢɫɬɨɪɚ 

ȼɯɨɞ 

ɢɫɬɨɤ 

Ɂɚɬвɨɪ 

0 1 x z 

0 z 0 0 ɢɥɢ z 0 ɢɥɢ z 

1 z 1 1 ɢɥɢ z 1 ɢɥɢ z 

x z x x x 

z z z z z 



                                                        ɂɇɎɈɊɆȺɌɂɄȺ ɂ ɄɂȻȿɊɇȿɌɂɄȺ                                 № 1(3), 2016     

                                                                                                                                                   Ⱦɨɧɟɰɤ ȾɨɧɇɌɍ                                 
                                                                                                                              

                                          

22 

 

 

Ɍɚɤ  вɦɟɫɬɨ ɫɬɪɨɝɨ ɨɩɪɟɞɟɥɟɧɧɨɝɨ 
ɡɧɚɱɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ 1,0 в ɭɡɥɟ ɭɫɬɪɨɣɫɬвɚ 
ɫɨɝɥɚɫɧɨ ɷɬɢɦ ɚɥɝɨɪɢɬɦɚɦ ɦɵ ɩɨɥɭɱɚɟɦ 
ɧɟɨɩɪɟɞɟɥɟɧɧɨɟ ɡɧɚɱɟɧɢɟ X. 

 

 

 

 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 23- nMOS-ɬɪɚɧɡɢɫɬɨɪ. 
 

 

 

 

 

 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 24- pMOS-ɬɪɚɧɡɢɫɬɨɪ. 
 

Ɍɚɛ.3.Ɏɭɧɤɰɢɨɧɢɪɨвɚɧɢɟ pMOS-ɬɪɚɧɡɢɫɬɨɪɚ 

ȼɯɨɞ 

ɢɫɬɨɤ 

Ɂɚɬвɨɪ 

0 1 x z 

0 1 z 0 ɢɥɢ z 0 ɢɥɢ z 

1 z 1 1 ɢɥɢ z 1 ɢɥɢ z 

x z z x x 

z z z z z 

 

 

ȼ Д16Ж ɩɨɞɱɟɪɤɧɭɬɨ, ɱɬɨ ɡɚɞɚɱɚ 
ɨɩɪɟɞɟɥɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɢ ɦɢɧɢɦɚɥɶɧɨɝɨ 
ɡɧɚɱɟɧɢɹ ɫɨɫɬɨɹɧɢɹ в ɭɫɬɪɨɣɫɬвɟ ɹвɥɹɟɬɫɹ NP-

ɡɚɞɚɱɟɣ ɢ ɷɬɢɦ ɨɩɪɚвɞɵвɚɟɬɫɹ ɢɫɩɨɥɶɡɨвɚɧɢɟ 
ɷвɪɢɫɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨв ɩɪɢ ɦɨɞɟɥɢɪɨвɚɧɢɢ ɧɚ 
ɩɟɪɟɤɥɸɱɚɬɟɥɶɧɨɦ ɭɪɨвɧɟ, ɬ.ɟ. ɧɟɨɛɯɨɞɢɦɨ 
ɢɫɩɨɥɶɡɨвɚɬɶ  ɬɨɩɨɥɨɝɢɱɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ 
ɢɫɫɥɟɞɭɟɦɨɣ ɫɯɟɦɵ.  

Ɋɚɫɫɦɨɬɪɢɦ ɬɢɩɢɱɧɵɟ ɫɥɭɱɚɢ 
ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɭɤɚɡɚɧɢɹ ɩɪɢɨɪɢɬɟɬɧɨɫɬɢ 
ɨɩɪɟɞɟɥɟɧɧɵɯ ɥɢɧɢɣ.  

1.ɂɡвɟɫɬɧɵɟ ɩɪɚвɢɥɚ ɡɚɦɟɳɟɧɢɹ ɩɨɞɫɯɟɦ, 
ɩɪɟɞɫɬɚвɥɟɧɧɵɟ ɧɚ ɪɢɫ.25(ɫвɨɣɫɬвɚ ɬɪɚɧɡɢɫɬɨɪɨв 
ɩɪɟɞɫɬɚвɥɟɧɵ в ɦɚɫɫɢвɟ Inf), ɨɩɪɟɞɟɥɹɸɬ ɨɫɨɛɵɟ 
ɫвɨɣɫɬвɚ ɧɟɤɨɬɨɪɵɯ ɬɪɚɧɡɢɫɬɨɪɨв, ɤɨɬɨɪɵɟ 
вɨɡɦɨɠɧɨ ɨɬɪɚɠɚɬɶ в ɦɚɫɫɢвɚɯ Inf, P ɞɥɹ 
ɩɚɪɚɥɥɟɥɶɧɵɯ вɵɱɢɫɥɟɧɢɣ.   

2. ɑɚɫɬɨ вɨɡɧɢɤɚɟɬ ɫɢɬɭɚɰɢɹ, ɩɨɞɨɛɧɚɹ ɧɚ 
ɪɢɫ.26. ɂɦɟɟɦ ɫɢɥɭ ɫɢɝɧɚɥɨв (ɫɢɥɚ ɬɨɤɚ) (U,S),( 

U,Y) ɪɚвɧɵɦɢ ɞɪɭɝ ɞɪɭɝɭ U=U, ɚ ɫɨɫɬɨɹɧɢɹ 
(ɧɚɩɪɹɠɟɧɢɟ) ɪɚɡɥɢɱɧɵɦɢ SY ɧɚ ɨɩɪɟɞɟɥɟɧɧɨɦ 
ɲɚɝɟ ɦɨɞɟɥɢɪɨвɚɧɢɹ. 

Ɂɧɚɱɟɧɢɟ ɫɢɝɧɚɥɚ ɧɚ ɡɚɬвɨɪɟ ɬɪɚɧɡɢɫɬɨɪɚ 
T2 ɨɛɭɫɥɨвɥɟɧɨ ɩɪɨɯɨɠɞɟɧɢɟɦ ɫɢɝɧɚɥɚ ɨɬ 
вɯɨɞɧɨɝɨ ɩɨɥɸɫɚ ɫɯɟɦɵ ɢ ɩɪɢ ɷɬɨɦ ɡɧɚɱɟɧɢɟ 
ɫɢɝɧɚɥɚ ɧɚ ɡɚɬвɨɪɟ ɬɪɚɧɡɢɫɬɨɪɚ T1 ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɟɦɤɨɫɬɧɵɦɢ ɫвɨɣɫɬвɚɦɢ ɆɈɉ-ɫɬɪɭɤɬɭɪ, ɬ.ɟ. 
ɩɪɟɞɵɞɭɳɢɦ ɭɫɬɚɧɨвɢвɲɢɦɫɹ ɫɨɫɬɨɹɧɢɟɦ 
ɭɫɬɪɨɣɫɬвɚ. 

 

 
 

Ɋɢɫɭɧɨɤ 25-ɗɤвɢвɚɥɟɧɬɧɵɟ ɡɚɦɟɳɟɧɢɹ. 
 

əɫɧɨ ɢɡ ɮɢɡɢɱɟɫɤɢɯ ɫɨɨɛɪɚɠɟɧɢɣ, ɱɬɨ в 
ɬɟɤɭɳɟɣ ɢɬɟɪɚɰɢɢ ɦɨɞɟɥɢɪɨвɚɧɢɹ   ɡɧɚɱɟɧɢɟɦ в 
ɭɡɥɟ P  ɞɨɥɠɧɨ ɛɵɬɶ вɵɛɪɚɧɨ (U,Y). ȿɫɥɢ ɠɟ 
ɨɩɪɟɞɟɥɹɬɶ ɡɧɚɱɟɧɢɟ  в P, ɫɥɟɞɭɹ ɩɪɨɫɬɨ ɩɪɢɧɰɢɩɭ 
“ɫɢɥɶɧɟɣɲɟɝɨ” ɫɢɝɧɚɥɚ, ɬɨ ɛɭɞɟɦ ɢɦɟɬɶ ɡɧɚɱɟɧɢɟ 
ɫɨɫɬɨɹɧɢɹ ɪɚвɧɵɦ X (ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ) ɢ ɷɬɢɦ 
ɭɯɭɞɲɚɟɦ ɬɨɱɧɨɫɬɶ ɦɨɞɟɥɢɪɨвɚɧɢɹ. 

 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 26-Ɉɩɪɟɞɟɥɟɧɢɟ ɡɧɚɱɟɧɢɹ ɫɢɝɧɚɥɚ в ɭɡɥɟ 

ɗɬɨɬ ɩɪɢɦɟɪ  ɢɦɟɟɬ ɦɟɫɬɨ в ɫɯɟɦɟ ɞɥɹ 
ɤɨɦɩɥɟɦɟɧɬɚɪɧɨɝɨ D-ɬɪɢɝɝɟɪɚ, ɤɨɬɨɪɵɣ ɹвɥɹɟɬɫɹ 
ɨɞɧɢɦ ɢɡ ɫɚɦɵɯ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ ɭɡɥɨв в 
ɰɢɮɪɨвɨɣ ɆɈɉ-ɫɯɟɦɨɬɟɯɧɢɤɟ. ȼ ɫɯɟɦɟ D-

ɬɪɢɝɟɪɚ,  ɩɪɨɯɨɞɧɵɟ ɬɪɚɧɡɢɫɬɨɪɵ ɨɛɪɚɡɭɸɬ 
ɩɨɞɫɯɟɦɭ, ɝɞɟ ɧɚɛɥɸɞɚɟɬɫɹ ɨɩɢɫɚɧɧɚɹ ɫɢɬɭɚɰɢɹ [ 

19]. 

 

ɉɨɫɬɚɧɨɜɤɚ ɤɨɧɤɪɟɬɧɨɣ ɡɚɞɚɱɢ 

 

ɇɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɢɬɶ ɪɟɚɥɢɡɚɰɢɸ  
ɫɥɟɞɭɸɳɢɯ  ɪɟɠɢɦɨв ɦɨɞɟɥɢɪɨвɚɧɢɹ: 
1)ɋɬɚɧɞɚɪɬɧɵɣ ɪɟɠɢɦ ɦɨɞɟɥɢɪɨвɚɧɢɹ; 

T1 T2 
(U,S) 

(D,1) (D,1) (ɋ,1) 

(U,Y) 
P 

ʦ̵од 

;̛̭токͿ 

ɡɚɬвɨɪ 

(вɵɯɨɞ) 
̭ток 

ɡɚɬвɨɪ 

(вɵɯɨɞ) 
̭ток 

ʦ̵од 

;̛̭токͿ 
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2)Ɋɟɠɢɦ ɭɱɟɬɚ ɩɪɢɨɪɢɬɟɬɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɧɵɯ 
ɥɢɧɢɣ; 
3)Ɋɟɠɢɦ ɭɱɟɬɚ ɩɚɪɚɮɚɡɧɨɫɬɢ ɫɢɝɧɚɥɨв ɥɢɧɢɣ; 
4)Ɉɛɴɟɞɢɧɟɧɧɵɣ ɪɟɠɢɦ 2 ɢ 3 ɬɢɩɨв 
ɦɨɞɟɥɢɪɨвɚɧɢɹ. 

 ɉɪɢ ɷɬɨɦ ɧɟɨɛɯɨɞɢɦɨ ɨɬɪɚɠɚɬɶ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɫвɟɞɟɧɢɹ  ɨ ɩɪɢɨɪɢɬɟɬɟ 
ɧɟɤɨɬɨɪɵɯ ɥɢɧɢɣ ɩɪɟɞ ɞɪɭɝɢɦɢ  ɩɪɢ  ɪɚвɟɧɫɬвɟ 
ɫɢɝɧɚɥɨв ɧɚ ɧɢɯ, ɭɤɚɡɚɧɢɟ ɤɨɪɪɟɥɢɪɨвɚɧɧɨɫɬɢ 
ɫɢɝɧɚɥɨв ɦɟɠɞɭ ɧɢɦɢ в ɫɥɭɱɚɟ ɩɚɪɚɮɚɡɧɨɫɬɢ 
ɫɢɝɧɚɥɨв  ɢ ɞɪ., ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ 
ɫɨɯɪɚɧɹɥɚɫɶ ɩɚɪɚɥɥɟɥɶɧɨɫɬɶ вɵɱɢɫɥɟɧɢɣ ɩɪɢ 
ɩɟɪɟɤɥɸɱɚɬɟɥɶɧɨɦ ɦɨɞɟɥɢɪɨвɚɧɢɢ. 
 

Ɋɟɲɟɧɢɟ ɩɪɨɛɥɟɦɵ. 
 

Ɋɚɫɫɦɚɬɪɢвɚɹ ɫɬɪɭɤɬɭɪɵ ɞɚɧɧɵɯ ɞɥɹ 
ɦɨɞɟɥɢɪɨвɚɧɢɹ ɄɆɈɉ ɫɯɟɦ ɧɚ ɪɢɫ.  

Ɉɛɨɡɧɚɱɢɦ ɱɟɪɟɡ Prik, Pfk-ɡɧɚɱɟɧɢɹ 
ɛɢɧɚɪɧɵɯ ɩɪɢɡɧɚɤɨв ɞɥɹ ɩɪɢɨɪɢɬɟɬɧɨɫɬɢ ɢɥɢ 
ɩɚɪɚɮɚɡɧɨɫɬɢ ɫɢɝɧɚɥɚ ɧɚ i- ɥɢɧɢɢ.  

Ɉɤɚɡɵвɚɟɬɫɹ в ɩɨɥɧɨɣ ɦɟɪɟ вɵɩɨɥɧɢɬɶ вɫɟ 
ɬɪɟɛɨвɚɧɢɹ, ɧɟ ɧɚɪɭɲɚɹ ɩɚɪɚɥɥɟɥɶɧɨɫɬɢ 
вɵɱɢɫɥɟɧɢɣ ɧɟвɨɡɦɨɠɧɨ.  

Ȼɵɥɢ ɩɨɫɬɪɨɟɧɵ ɞвɚ ɪɟɠɢɦɚ, ɩɟɪвɵɣ ɢɡ 
ɤɨɬɨɪɵɯ ɩɨɡвɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɩɪɢɨɪɢɬɟɬɧɵɦɢ 
ɝɪɭɩɩɭ ɥɢɧɢɣ ɭɡɥɚ ɢɥɢ вɵɛɪɚɬɶ ɩɪɢɨɪɢɬɟɬɧɭɸ 
ɥɢɧɢɸ ɭɡɥɚ. ɉɪɢ ɦɨɞɟɥɢɪɨвɚɧɢɢ в ɫɥɟɞɭɸɳɟɦ 
ɪɟɠɢɦɟ вɨɡɦɨɠɧɨ ɭɫɬɚɧɨвɢɬɶ ɬɪɟɛɭɟɦɨɟ ɡɧɚɱɟɧɢɟ 
в ɭɡɥɟ. 

 ȿɫɥɢ ɧɟɨɛɯɨɞɢɦɨ вɵɛɪɚɬɶ в ɭɡɥɟ ɡɧɚɱɟɧɢɟ 
ɨɩɪɟɞɟɥɟɧɧɨɣ ɥɢɧɢɣ  ɞɚɧɧɨɝɨ ɭɡɥɚ, ɤ ɩɪɢɦɟɪɭ (vj 

,ij ) ɬɨ ɡɚɦɟɧɹɟɦ ɫɢɫɬɟɦɭ ɭɪɚвɧɟɧɢɣ (2) ɧɚ ɫɢɫɬɟɦɭ 
ɭɪɚвɧɟɧɢɣ  

 

vi,k 
n+1
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n
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ij,k
n+1

= Prik i,j(v
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n
,R

n
,T)                  (3) 

 

ȼ ɭɪɚвɧɟɧɢɹɯ ɩɨɹвɢɥɫɹ ɧɨвɵɣ ɢɧɞɟɤɫ k, ɫ 
ɩɨɦɨɲɶɸ ɤɨɬɨɪɨɝɨ ɦɵ ɨɬɪɚɠɚɟɦ ɩɨɹвɥɟɧɢɟ 
ɧɨвɨɝɨ ɫвɨɣɫɬвɚ ɩɪɢɨɪɢɬɟɬɧɨɫɬɢ ɞɥɹ ɫɢɝɧɚɥɚ ɧɚ 
ɨɩɪɟɞɟɥɟɧɧɨɣ ɥɢɧɢɢ. 
Ɍɨɝɞɚ (v,i)=#(Pri1*(v1 ,i1 ),..PriR(vR ,iR ))= )=#(Z, 

..(vj ,ij ),..,Z)= (vj ,ij ). 

Ⱥɧɚɥɨɝɢɱɧɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɭɫɬɚɧɨвɤɚ вɵɯɨɞɧɨɝɨ 
ɡɧɚɱɟɧɢɹ ɞɥɹ ɭɡɥɚ в ɤɨɧɤɪɟɬɧɨɟ ɡɧɚɱɟɧɢɟ. 
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Ⱦɥɹ ɩɪɢɦɟɪɚ ɢɫɩɨɥɶɡɨвɚɧɢɹ ɪɚɫɫɦɨɬɪɢɦ 
вɟɧɬɢɥɶɧɭɸ ɪɟɚɥɢɡɚɰɢɸ ɩɪɨɫɬɟɣɲɟɝɨ SR-

ɬɪɢɝɝɟɪɚ ɧɚ ɪɢɫ.27. Ɏɭɧɤɰɢɨɧɢɪɨвɚɧɢɟ ɷɬɨɝɨ 
ɬɪɢɝɝɟɪɚ ɨɩɢɫɵвɚɟɬɫɹ ɬɚɛ.4.  

ɇɚ ɪɢɫ.28   ɩɪɟɞɫɬɚвɥɟɧɚ ɨɞɧɚ ɢɡ 
ɩɪɨɫɬɟɣɲɢɯ ɩɟɪɟɤɥɸɱɚɬɟɥɶɧɵɯ ɪɟɚɥɢɡɚɰɢɣ  SR-

ɬɪɢɝɝɟɪ Д22-23]. 

Ɋɚɫɫɦɨɬɪɢɦ ɩɨɞɚɱɭ  ɡɚɩɪɟɳɟɧɧɨɣ 
ɤɨɦɛɢɧɚɰɢɢ  ɫɢɝɧɚɥɨв S=0, R=0 ɢ ɩɨɫɥɟ ɧɟɟ 
вɨɡɞɟɣɫɬвɢɟ ɫɢɝɧɚɥɨв S=1, R=1. Ʌɨɝɢɱɟɫɤɢ ɦɵ ɧɟ 

ɦɨɠɟɦ ɨɩɪɟɞɟɥɢɬɶ ɤɨɧɤɪɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɫɢɝɧɚɥɨв  
ɧɚ вɵɯɨɞɚɯ Q,Q.  

ȼɟɞɶ вɫɥɟɞɫɬвɢɟ ɫɨɫɬɹɡɚɧɢɣ ɡɧɚɱɟɧɢɹ ɧɚ 
вɵɯɨɞɚɯ ɛɭɞɭɬ ɧɟɨɩɪɟɞɟɥɟɧɧɵɦɢ, ɬ.ɟ.  ɏɏ. 

ɉɪɢ ɭɫɬɚɧɨвɤɟ ɡɧɚɱɟɧɢɹ 
ɫɨɨɬвɟɬɫɬвɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ Pri ɪɚвɧɵɦ ɟɞɢɧɢɰɟ 
ɦɵ ɩɨɥɭɱɚɟɦ ɧɚ ɫɨɨɬвɟɬɫɬвɭɸɳɟɦ вɵɯɨɞɟ 
ɬɪɢɝɝɟɪɚ ɥɨɝɢɱɟɫɤɭɸ 1 ɩɨ ɧɚɩɪɹɠɟɧɢɸ.  

 

Tɚɛɥ.4.Ɍɚɛɥɢɰɚ ɡɧɚɱɟɧɢɣ  SR-ɬɪɢɝɝɟɪɚ. 
S     R Qn+1   Qn+1 Ɉɩɟɪɚɰɢɹ 

0       0 

0       1 

1       0 

1       1 

1          1 

1          0 

0          1 

Qn          Qn  

Ɂɚɩɪɟɳɟɧɧɚɹ 

ɍɫɬɚɧɨвɤɚ 

ɋɛɪɨɫ 

ɍɞɟɪɠɚɧɢɟ 

 

Ɋɢɫɭɧɨɤ 27-ȼɟɧɬɢɥɶɧɨɟ ɩɪɟɞɫɬɚвɥɟɧɢɟ SR-

ɬɪɢɝɝɟɪɚ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 28- Ɉɞɧɚ ɢɡ ɬɪɚɧɡɢɫɬɨɪɧɵɯ ɪɟɚɥɢɡɚɰɢɹ 
SR-ɬɪɢɝɝɟɪɚ. 

ȼ ɪɟɚɥɶɧɨɫɬɢ ввɢɞɭ ɩɪɚɤɬɢɱɟɫɤɨɣ  
ɚɫɢɦɦɟɬɪɢɱɧɨɫɬɢ ɩɥɟɱ ɬɪɢɝɝɟɪɚ,  ɩɨɫɥɟɞɧɢɣ 
ɭɫɬɚɧɨвɢɬɫɹ в ɭɫɬɨɣɱɢвɨɟ ɫɨɫɬɨɹɧɢɟ, ɝɞɟ ɟɝɨ 
вɵɯɨɞɵ ɢɦɟɸɬ ɩɪɨɬɢвɨɩɨɥɨɠɧɵɟ ɡɧɚɱɟɧɢɹ 
ɫɢɝɧɚɥɨв, ɧɨ ɧɟɢɡвɟɫɬɧɨ, ɝɞɟ ɤɚɤɢɟ. ɗɬɭ ɫɢɬɭɚɰɢɸ 
в ɰɟɥɹɯ ɞɢɚɝɧɨɫɬɢɪɨвɚɧɢɹ ɢɥɢ ɦɨɞɟɥɢɪɨвɚɧɢɹ 
ɪɚɡɥɢɱɧɨɝɨ ɤɥɚɫɫɚ ɧɟɢɫɩɪɚвɧɨɫɬɟɣ  ɦɵ ɦɨɠɟɦ 
ɩɪɨɦɨɞɟɥɢɪɨвɚɬɶ, ɭɫɬɚɧɚвɥɢвɚɹ ɤɨɧɤɪɟɬɧɨɟ 
ɡɧɚɱɟɧɢɟ, ɬ.ɟ. ɢɫɩɨɥɶɡɭɹ ɪɟɠɢɦ ɫ ɭɪɚвɧɟɧɢɹɦɢ (3). 

Ɉɫɧɨвɧɨɣ ɫɮɟɪɨɣ ɩɪɢɦɟɧɟɧɢɹ  
ɩɟɪɟɤɥɸɱɚɬɟɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɹвɥɹɟɬɫɹ 

S R 

Q 
Q 
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ɦɨɞɟɥɢɪɨвɚɧɢɟ ɪɚɡɥɢɱɧɵɯ  ɤɥɚɫɫɨв 
ɧɟɢɫɩɪɚвɧɨɫɬɟɣ, ɨɬɪɚɠɚɸɳɢɯ ɤɨɧɤɪɟɬɧɵɟ 
ɮɢɡɢɱɟɫɤɢɟ ɞɟɮɟɤɬɵ. ɉɨɫɥɟɞɧɢɟ ɡɚɱɚɫɬɭɸ 
ɹвɥɹɸɬɫɹ ɩɪɢɱɢɧɨɣ  ɮɭɧɤɰɢɨɧɢɪɨвɚɧɢɹ Ⱦɍ в 
ɹвɥɹɸɬɫɹ ɩɪɢɱɢɧɨɣ  ɮɭɧɤɰɢɨɧɢɪɨвɚɧɢɹ Ⱦɍ в 
ɡɚɩɪɟɳɟɧɧɵɯ ɪɟɠɢɦɚɯ, ɤɨɬɨɪɵɟ ɧɚ вɟɧɬɢɥɶɧɨɦ 
ɭɪɨвɧɟ ɨɛɪɚɛɚɬɵвɚɬɶ ɡɚɬɪɭɞɧɢɬɟɥɶɧɨ в ɨɬɥɢɱɢɟ ɨɬ 
ɩɟɪɟɤɥɸɱɚɬɟɥɶɧɨɝɨ ɭɪɨвɧɹ. 

Ɉɫɧɨвɧɵɦɢ ɫɬɢɥɹɦɢ ɩɪɨɟɤɬɢɪɨвɚɧɢɹ 
ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɛɚɡɨвɵɯ ɷɥɟɦɟɧɬɨв ɢ ɬɪɢɝɝɟɪɨв 
в ɆɈɉ-ɫɯɟɦɨɬɟɯɧɢɤɟ ɹвɥɹɸɬɫɹ ɢɫɩɨɥɶɡɨвɚɧɢɟ 
ɩɟɪɟɞɚɬɨɱɧɢɯ  ɢ  ɩɪɨɯɨɞɧɵɯ ɬɪɚɡɢɫɬɨɪɨв 
(transmission-gate, pass-transistor), dual-rail inverter-

based D latch., ɞɨɦɢɧɨ. 
Ɂɚɱɚɫɬɭɸ  в ɧɢɯ ɩɪɢɦɟɧɹɸɬ ɷɥɟɦɟɧɬɵ ɫ 

ɫɢɦɦɟɬɪɢɱɧɵɦɢ ɱɚɫɬɹɦɢ, ɤɨɬɨɪɵɟ ɭɩɪɚвɥɹɸɬɫɹ 
ɫɢɝɧɚɥɚɦɢ, ɢɦɟɸɳɢɦɢ ɩɪɨɬɢвɨɩɨɥɨɠɧɵɟ 
ɡɧɚɱɟɧɢɹ.  

ɉɪɢɦɟɪɵ ɪɚɫɫɦɚɬɪɢвɚɸɬɹ в Д22-24Ж ɢ 
ɫɚɦɵɦ ɹɪɤɢɦ ɩɪɟɞɫɬɚвɢɬɟɥɟɦ ɦɨɠɧɨ ɫɱɢɬɚɬɶ 
ɛɚɡɨвɭɸ ɫɯɟɦɭ ɩɪɢɦɟɧɟɧɢɹ ɢɡвɟɫɬɧɨɣ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɥɨɝɢɤɢ, ɩɪɟɞɫɬɚвɥɟɧɧɵɣ ɧɚ 
ɪɢɫ.29. 

  
Ɋɢɫɭɧɨɤ 29- Ȼɚɡɨвɚɹ ɫɯɟɦɚ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ 

ɥɨɝɢɤɢ. 
 

Ɂɚɤɥɸɱɟɧɢɟ 

 

Ɋɚɫɦɨɬɪɟɧɵ ɤɨɧɤɪɟɬɧɵɟ ɩɪɢɦɟɪɵ  вɥɢɹɧɢɹ 
ɮɨɪɦɵ ɩɪɟɞɫɬɚвɥɟɧɢɹ ɢ ɫɬɪɭɤɬɭɪɵ ɫɢɫɬɟɦ ɧɚ 

ɬɨɱɧɨɫɬɶ ɢɯ ɢɫɫɥɟɞɨвɚɧɢɹ ɢ ɷɮɮɟɤɬɢвɧɨɫɬɶ 
ɮɭɧɤɰɢɨɧɢɪɨвɚɧɢɹ. 

 ɇɚɭɱɧɚɹ ɧɨвɢɡɧɚ ɪɚɛɨɬɵ ɡɚɤɥɸɱɚɟɬɫɹ в 
ɬɨɦ, ɱɬɨ ɛɵɥɢ ɩɪɟɞɥɨɠɟɧɵ ɫɬɪɭɤɬɭɪɵ ɞɚɧɧɵɯ ɢ 
ɚɥɝɨɪɢɬɦ ɩɚɪɚɥɥɟɥɶɧɨɝɨ ɦɧɨɝɨɡɧɚɱɧɨɝɨ 
ɦɨɞɟɥɢɪɨвɚɧɢɹ ɧɚ ɩɟɪɟɤɥɸɱɚɬɟɥɶɧɨɦ ɭɪɨвɧɟ, 
ɭɱɢɬɵвɚɸɳɢɟ ɩɚɪɚɮɚɡɧɨɫɬɶ ɫɢɝɧɚɥɨв ɢ 
ɩɪɢɨɪɢɬɟɬɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɧɵɯ ɥɢɧɢɣ ɭɫɬɪɨɣɫɬвɚ 
ɩɟɪɟɞ ɞɪɭɝɢɦɢ ɩɪɢ ɨɞɢɧɚɤɨвɵɯ ɡɧɚɱɟɧɢɹɯ 
ɫɢɝɧɚɥɨв.  

ɉɪɚɤɬɢɱɟɫɤɚɹ ɡɧɚɱɢɦɨɫɬɶ ɩɪɟɞɥɨɠɟɧɧɨɝɨ 
ɦɟɬɨɞɚ ɡɚɤɥɸɱɚɟɬɫɹ в ɩɨвɵɲɟɧɢɢ ɬɨɱɧɨɫɬɢ 
ɦɨɞɟɥɢɪɨвɚɧɢɹ ɧɚ ɩɟɪɟɤɥɸɱɚɬɟɥɶɧɨɦ ɭɪɨвɧɟ, ɱɬɨ 
ɩɨɡвɨɥɹɟɬ ɫɬɪɨɢɬɶ ɬɟɫɬɵ ɛɨɥɟɟ вɵɫɨɤɨɣ 
ɞɢɚɝɧɨɫɬɢɪɭɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɞɥɹ ɛɨɥɶɲɟɝɨ 
ɤɨɥɢɱɟɫɬвɚ ɤɥɚɫɫɨв ɮɢɡɢɱɟɫɤɢɯ ɞɟɮɟɤɬɨв. 
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A.I. Andruckin.Influence of the form and structure of the systems on the accuracy of their research and the 

efficiency of their operation. The well-known problem of determining the stability and correctness of the solutions of 

tasks with variable parameters and initial values considered in the article. The objectives of the study was to analyze 

the properties of solutions of known problems, such as stability control solutions, stability and accuracy of the solution. 

These problems are connected with the problem of the calculation of multiple roots of the characteristic polynomial. 

Option with characteristic polynomial coefficients of variation at a multiple zero roots is especially important.Visual 

computer analysis of their correctness showed the need for careful analysis of each specific problem. Influence 

management structure of the efficiency of its operation is considered. Analysis of the structure of base-level systems are 

executed. These subsystems are the basis for hierarchical systems. Numerical simulation results are presented. For the 

first time a method is proposed to improve the accuracy of the parallel simulation on the switch level. Theoretical 

knowledge and practical aspects of the method and an example of its use are considered. The calculations use 

mathematical Maple and Mathematica packages. The main conclusion of this study is the need for a thorough analysis 

of each specific problem to assess the parametric stability and sensitivity of the solution.  Visual results of computer 

simulations are presented. 

 

Keywords: modeling, structure, system, efficiency parallel simulation, the switch level, accuracy 
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