
Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 
ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

 

ɂɧɫɬɢɬɭɬ ɤɨɫɦɢɱɟɫɤɢɯ ɢ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ 
 

Ȼɚɡɨɜɚɹ ɤɚɮɟɞɪɚ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɯ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ 
 
 
 
 

 

ɍɌȼȿɊɀȾȺɘ 
 

Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ 
 

______  ɘ. ɘ. əɤɭɧɢɧ 
 

« 11»   ɢɸɧɹ 2018 ɝ. 
 

ȻȺɄȺɅȺȼɊɋɄȺə ɊȺȻɈɌȺ 
 
 

27.03.03 ɋɢɫɬɟɦɧɵɣ ɚɧɚɥɢɡ ɢ ɭɩɪɚɜɥɟɧɢɟ 
 
 

ɉɨɜɵɲɟɧɢɟ ɬɨɱɧɨɫɬɢ ɡɚɞɚɱɢ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɩɨ ɜɵɛɨɪɤɟ ɧɚɛɥɸɞɟɧɢɣ ɫ 
ɩɪɨɩɭɫɤɚɦɢ 

 
 
 
 
 
 

 
 
 
 
 
 
 
 

         Ɋɭɤɨɜɨɞɢɬɟɥɶ       ________     ɤɚɧɞ.ɬɟɯɧ. ɧɚɭɤ, ɞɨɰɟɧɬ   Ⱥ.Ⱥ Ʉɨɪɧɟɟɜɚ 
                                                       ɩɨɞɩɢɫɶ, ɞɚɬɚ         ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɚɹ ɫɬɟɩɟɧɶ           ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
 

ȼɵɩɭɫɤɧɢɤ          ________                                                  Ⱥ.Ⱥ Ʉɥɢɦɨɜɚ 
                              ɩɨɞɩɢɫɶ, ɞɚɬɚ                                                                    ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ  

 
 
 
 
 
 
 
 

Ʉɪɚɫɧɨɹɪɫɤ 2018 
  



2 
 

ɊȿɎȿɊȺɌ 

 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «ɉɨɜɵɲɟɧɢɟ ɬɨɱɧɨɫɬɢ 

ɡɚɞɚɱɢ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɩɨ ɜɵɛɨɪɤɟ ɧɚɛɥɸɞɟɧɢɣ ɫ ɩɪɨɩɭɫɤɚɦɢ» ɫɨɞɟɪɠɢɬ 54 

ɫɬɪɚɧɢɰɵ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 18 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, 12 ɪɢɫɭɧɤɨɜ ɢ 

7 ɬɚɛɥɢɰ. 

ɄɅɘɑȿȼɕȿ ɋɅɈȼȺ: ɇȿɉȺɊȺɆȿɌɊɂɑȿɋɄɂɃ ɆȿɌɈȾ, DEDUCTOR 

STUDIO, ɋɊȿȾɇȿȺɊɂɎɆȿɌɂɑȿɋɄɂɃ ɆȿɌɈȾ, ɉɊɈɉɍɋɄɂ, 

ɁȺɉɈɅɇȿɇɂȿ ɉɊɈɉɍɋɄɈȼ. 

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɨɜɵɲɟɧɢɟ ɬɨɱɧɨɫɬɢ ɪɟɲɟɧɢɹ ɡɚɞɚɱ 

ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɩɨ ɜɵɛɨɪɤɚɦ ɧɚɛɥɸɞɟɧɢɹ ɫ ɩɪɨɩɭɫɤɚɦɢ.  

ɉɨɫɬɚɜɥɟɧɧɵɟ ɡɚɞɚɱɢ: 

1. ɂɡɭɱɢɬɶ ɫɭɳɟɫɬɜɭɸɳɢɟ ɩɨɞɯɨɞɵ ɤ ɨɛɪɚɛɨɬɤɟ ɞɚɧɧɵɯ ɫ ɩɪɨɩɭɫɤɚɦɢ; 

2. Ɋɟɚɥɢɡɨɜɚɬɶ ɢ ɢɫɫɥɟɞɨɜɚɬɶ ɧɟɤɨɬɨɪɵɟ ɢɡɜɟɫɬɧɵɟ ɚɥɝɨɪɢɬɦɵ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɩɪɨɩɭɫɤɨɜ ɜ ɞɚɧɧɵɯ; 

3. Ɉɰɟɧɢɬɶ ɜɥɢɹɧɢɟ ɞɚɧɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɧɚ ɬɨɱɧɨɫɬɶ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ 

ɢɞɟɧɬɢɮɢɤɚɰɢɢ. 

Ɉɛɴɟɤɬɨɦ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɩɨ 

ɜɵɛɨɪɤɚɦ ɧɚɛɥɸɞɟɧɢɣ ɫ ɩɪɨɩɭɫɤɚɦɢ. ɉɪɟɞɦɟɬɨɦ ɪɚɛɨɬɵ ɹɜɥɹɸɬɫɹ ɚɥɝɨɪɢɬɦɵ 

ɨɛɪɚɛɨɬɤɢ ɧɟɩɨɥɧɵɯ ɞɚɧɧɵɯ. 

ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɩɪɢɜɟɞɟɧɨ ɫɪɚɜɧɟɧɢɟ ɦɟɠɞɭ ɧɟɩɚɪɚɦɟɬɪɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɩɪɨɩɭɫɤɨɜ ɢ ɦɟɬɨɞɨɦ ɡɚɩɨɥɧɟɧɢɹ ɫɪɟɞɧɟɚɪɢɮɦɟɬɢɱɟɫɤɢɦ 

ɡɧɚɱɟɧɢɟɦ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɜ ɩɪɨɝɪɚɦɦɟ Deductor Studio. 
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ȼȼȿȾȿɇɂȿ 

 

ȼ ɪɚɡɪɚɛɨɬɤɟ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢɥɢ ɬɟɯɧɢɱɟɫɤɢɯ ɪɚɛɨɬ ɦɨɝɭɬ 

ɜɨɡɧɢɤɧɭɬɶ ɫɢɬɭɚɰɢɢ, ɤɨɝɞɚ ɞɚɧɧɵɟ ɩɨɩɪɨɫɬɭ ɨɬɫɭɬɫɬɜɭɸɬ, ɹɜɥɹɸɬɫɹ 

ɧɟɤɨɦɩɥɟɤɬɧɵɦɢ ɢɥɢ ɧɟ ɫɨɜɩɚɞɚɟɬ ɞɢɫɤɪɟɬɧɨɫɬɶ «ɜɯɨɞɧɵɯ-ɜɵɯɨɞɧɵɯ» ɞɚɧɧɵɯ. 

Ɉɬɫɭɬɫɬɜɢɟ ɞɚɧɧɵɯ ɢ «ɧɟɤɨɦɩɥɟɤɬɧɨɫɬɶ» ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɩɨɞ ɫɨɛɨɣ, ɱɬɨ 

ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɪɨɩɭɳɟɧɵ ɩɨ ɢɡɜɟɫɬɧɵɦ ɢɥɢ ɧɟɢɡɜɟɫɬɧɵɦ ɩɪɢɱɢɧɚɦ. 

ɉɪɢɱɢɧɚɦɢ ɩɨɹɜɥɟɧɢɹ ɩɪɨɩɭɫɤɨɜ ɦɨɝɭɬ ɫɥɭɠɢɬɶ ɦɧɨɠɟɫɬɜɨ ɮɚɤɬɨɪɨɜ, 

ɬɚɤɢɟ ɤɚɤ ɨɬɫɭɬɫɬɜɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɩɨɥɭɱɟɧɢɹ ɢɥɢ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ, 

ɢɫɤɚɠɟɧɢɟ ɢɥɢ ɭɬɚɢɜɚɧɢɟ ɧɭɠɧɨɣ ɞɥɹ ɪɚɛɨɬɵ ɢɧɮɨɪɦɚɰɢɢ, ɩɪɢɪɨɞɧɵɟ ɹɜɥɟɧɢɹ 

ɢɥɢ ɠɟ ɜɵɯɨɞ ɢɡ ɫɬɪɨɹ ɬɟɯɧɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ.  

ɋɬɚɥɤɢɜɚɬɶɫɹ ɫ ɩɪɨɛɥɟɦɨɣ ɩɪɨɩɭɫɤɨɜ ɩɪɢɯɨɞɢɬɫɹ ɱɚɫɬɨ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ 

ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɪɚɡɧɨɨɛɪɚɡɧɵɯ ɧɚɩɪɚɜɥɟɧɢɹɯ, ɨɧɢ ɦɨɝɭɬ ɛɵɬɶ 

ɫɨɰɢɨɥɨɝɢɱɟɫɤɢɦɢ, ɧɚɭɱɧɵɦɢ, ɬɟɯɧɢɱɟɫɤɢɦɢ ɢ ɬ.ɞ. ɜ ɤɚɠɞɨɦ ɢɡ ɧɢɯ ɦɨɝɭɬ 

ɩɪɢɫɭɬɫɬɜɨɜɚɬɶ ɩɪɨɩɭɫɤɢ, ɤɨɬɨɪɵɟ ɜ ɞɚɥɶɧɟɣɲɟɦ ɫɬɚɧɨɜɹɬɫɹ ɨɳɭɬɢɦɨɣ 

ɩɪɨɛɥɟɦɨɣ ɞɥɹ ɬɨɱɧɨɫɬɢ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ.  

ɇɚ ɩɪɚɤɬɢɤɟ ɦɧɨɝɢɟ ɢɫɫɥɟɞɨɜɚɬɟɥɢ, ɫɬɨɥɤɧɭɜɲɢɟɫɹ ɫ ɡɚɞɚɱɚɦɢ, ɜ ɤɨɬɨɪɵɯ 

ɩɪɢɫɭɬɫɬɜɭɸɬ ɧɟɩɨɥɧɵɟ ɞɚɧɧɵɟ, ɩɨɩɪɨɫɬɭ ɭɫɟɤɚɸɬ ɜɵɛɨɪɤɭ ɢ ɨɬɛɪɚɫɵɜɚɸɬ 

ɩɪɨɩɭɳɟɧɧɵɟ ɡɧɚɱɟɧɢɹ, ɧɟ ɡɚɞɭɦɵɜɚɹɫɶ ɨ ɢɫɤɚɠɟɧɢɢ ɪɟɡɭɥɶɬɚɬɨɜ ɢ ɫɢɥɶɧɨɦɭ 

ɪɚɡɥɢɱɢɸ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɜɵɜɨɞɨɜ, ɩɪɢ ɧɚɱɚɥɶɧɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ ɞɚɧɧɵɯ ɫ 

ɩɪɨɩɭɫɤɚɦɢ ɢ ɩɪɢ ɢɯ ɨɬɫɭɬɫɬɜɢɢ. Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɧɟ ɛɵɥɨ ɩɨɬɟɪɢ ɢɧɮɨɪɦɚɰɢɢ ɢ 

ɨɲɢɛɨɤ ɜɵɱɢɫɥɟɧɢɹ, ɫɨɡɞɚɧɨ ɦɧɨɠɟɫɬɜɨ ɦɟɬɨɞɨɜ (ɡɚɩɨɥɧɟɧɢɟ ɩɨ ɫɪɟɞɧɟɦɭ 

ɡɧɚɱɟɧɢɸ, Resampling ɦɟɬɨɞ, ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɩɨ ɪɟɝɪɟɫɫɢɢ ɢ ɬ.ɞ), ɤɨɬɨɪɵɟ 

ɩɨɡɜɨɥɹɸɬ ɜɨɫɫɬɚɧɨɜɢɬɶ ɞɚɧɧɵɟ. ɂɡ-ɡɚ ɢɡɨɛɢɥɢɹ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɦɟɬɨɞɨɜ, 

ɜɫɬɚɟɬ ɩɪɨɛɥɟɦɚ ɜɵɛɨɪɚ ɩɨɯɨɞɹɳɟɝɨ ɚɥɝɨɪɢɬɦɚ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɩɪɨɩɭɫɤɨɜ. 

ȼ ɞɚɧɧɨɣ ɞɢɩɥɨɦɧɨɣ ɪɚɛɨɬɟ ɩɪɟɞɨɫɬɚɜɥɟɧɵ ɦɟɯɚɧɢɡɦɵ ɮɨɪɦɢɪɨɜɚɧɢɹ 

ɩɪɨɩɭɫɤɨɜ, ɩɪɨɜɟɞɟɧ ɨɛɡɨɪ ɧɚ ɧɚɢɛɨɥɟɟ ɢɡɜɟɫɬɧɵɯ ɦɟɬɨɞɚɯ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ 

ɞɚɧɧɵɯ ɫ ɩɪɨɩɭɫɤɚɦɢ, ɚ ɬɚɤ ɠɟ ɩɪɟɞɥɨɠɟɧ ɩɨɞɯɨɞ ɤ ɩɨɜɵɲɟɧɢɸ ɬɨɱɧɨɫɬɢ 

ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɦɵɯ ɩɪɨɩɭɫɤɨɜ ɫ ɩɨɦɨɳɶɸ ɧɟɩɚɪɚɦɟɬɪɢɱɟɫɤɨɣ ɨɰɟɧɤɢ 

ɪɟɝɪɟɫɫɢɢ.  
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ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɩɨɜɵɲɟɧɢɟ ɬɨɱɧɨɫɬɢ ɪɟɲɟɧɢɹ ɡɚɞɚɱ 

ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɩɨ ɜɵɛɨɪɤɚɦ ɧɚɛɥɸɞɟɧɢɹ ɫ ɩɪɨɩɭɫɤɚɦɢ. Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ 

ɪɟɲɢɬɶ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

1. ɂɡɭɱɢɬɶ ɫɭɳɟɫɬɜɭɸɳɢɟ ɩɨɞɯɨɞɵ ɤ ɨɛɪɚɛɨɬɤɟ ɞɚɧɧɵɯ ɫ ɩɪɨɩɭɫɤɚɦɢ; 

2. Ɋɟɚɥɢɡɨɜɚɬɶ ɢ ɢɫɫɥɟɞɨɜɚɬɶ ɧɟɤɨɬɨɪɵɟ ɢɡɜɟɫɬɧɵɟ ɚɥɝɨɪɢɬɦɵ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɩɪɨɩɭɫɤɨɜ ɜ ɞɚɧɧɵɯ; 

3. Ɉɰɟɧɢɬɶ ɜɥɢɹɧɢɟ ɞɚɧɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɧɚ ɬɨɱɧɨɫɬɶ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ 

ɢɞɟɧɬɢɮɢɤɚɰɢɢ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɬɚɤɢɟ ɦɟɬɨɞɵ, ɤɚɤ: ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ 

ɦɨɞɟɥɢɪɨɜɚɧɢɟ, ɬɟɨɪɢɹ ɢɞɟɧɬɢɮɢɤɚɰɢɢ, ɚɧɚɥɢɡ ɞɚɧɧɵɯ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ 

ɫɬɚɬɢɫɬɢɤɚ. 

Ɉɛɴɟɤɬɨɦ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɩɨ 

ɜɵɛɨɪɤɚɦ ɧɚɛɥɸɞɟɧɢɣ ɫ ɩɪɨɩɭɫɤɚɦɢ. ɉɪɟɞɦɟɬɨɦ ɪɚɛɨɬɵ ɹɜɥɹɸɬɫɹ ɚɥɝɨɪɢɬɦɵ 

ɨɛɪɚɛɨɬɤɢ ɧɟɩɨɥɧɵɯ ɞɚɧɧɵɯ. 
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1 Ɂɚɞɚɱɚ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɜ ɭɫɥɨɜɢɹɯ ɦɧɨɝɨɦɟɪɧɨɣ ɜɵɛɨɪɤɢ, 
ɫɨɞɟɪɠɚщɚɹ ɩɪɨɩɭɫɤɢ 

 

1.1 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ 

 

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ – ɭɧɢɜɟɪɫɚɥɶɧɵɣ ɧɚɭɱɧɨ ɨɛɨɫɧɨɜɚɧɧɵɣ ɦɟɬɨɞ ɩɨɥɭɱɟɧɢɹ 

ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɡɧɚɧɢɣ ɨɛ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɟ. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɜ ɫɢɫɬɟɦɧɨɦ 

ɚɧɚɥɢɡɟ ɡɚɧɢɦɚɟɬ ɨɞɧɭ ɢɡ ɫɚɦɵɯ ɜɚɠɧɵɯ ɪɨɥɟɣ, ɨɧɨ ɩɨɦɨɝɚɟɬ ɩɪɟɞɨɫɬɚɜɢɬɶ 

ɥɸɛɭɸ ɫɢɫɬɟɦɭ ɫ ɩɨɦɨɳɶɸ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ. ɉɨɫɬɪɨɟɧɢɟ ɦɨɞɟɥɟɣ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɢɡɭɱɟɧɢɹ ɩɪɨɰɟɫɫɨɜ, ɛɟɡ ɩɨɬɟɪɶ ɢ ɩɨɥɨɦɨɤ ɪɟɚɥɶɧɨɝɨ ɨɛɴɟɤɬɚ.  

Ʉɚɤ ɜ ɝɥɚɜɟ  ɜɫɟɯ ɨɬɤɪɵɬɢɣ ɥɟɠɢɬ ɮɚɧɬɚɡɢɹ, ɬɚɤ ɢ ɜ ɦɨɞɟɥɢɪɨɜɚɧɢɢ 

ɨɫɧɨɜɨɣ ɹɜɥɹɟɬɫɹ ɬɟɨɪɢɹ ɩɨɞɨɛɢɹ. Ƚɥɚɜɧɚɹ ɰɟɥɶ ɩɨɫɬɪɨɟɧɢɟ ɦɨɞɟɥɟɣ – ɡɚɦɟɧɚ 

ɨɞɧɨɝɨ ɪɟɚɥɶɧɨɝɨ ɨɛɴɟɤɬɚ ɧɚ ɩɨɞɨɛɧɵɣ. ȼ ɤɧɢɝɟ [1] «ɦɨɞɟɥɢ» ɞɚɟɬɫɹ 

ɫɥɟɞɭɸɳɟɟ ɨɩɪɟɞɟɥɟɧɢɟ «ɦɨɞɟɥɶ – ɢɡɨɛɪɚɠɟɧɢɟ ɫɭɳɟɫɬɜɟɧɧɵɯ ɫɬɨɪɨɧ 

ɪɟɚɥɶɧɨɣ ɫɢɫɬɟɦɵ (ɢɥɢ ɤɨɧɫɬɪɭɢɪɭɟɦɨɣ ɫɢɫɬɟɦɵ), ɜ ɭɞɨɛɧɨɣ ɮɨɪɦɟ 

ɨɬɨɛɪɚɠɚɸɳɟɟ ɢɧɮɨɪɦɚɰɢɸ ɨ ɫɢɫɬɟɦɟ».  ɂɡ ɷɬɨɝɨ ɦɨɠɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ ɝɥɚɜɧɵɦ 

ɩɥɸɫɨɦ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɨɞɟɥɟɣ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɢɫɫɥɟɞɨɜɚɬɟɥɶ ɦɨɠɟɬ ɭɞɟɥɹɬɶ 

ɫɜɨɟ ɜɧɢɦɚɧɢɟ ɢɧɬɟɪɟɫɭɸɳɢɦ ɟɝɨ ɩɪɨɰɟɫɫɚɦ ɢ ɫɜɨɣɫɬɜɚɦ ɫɢɫɬɟɦɵ, ɧɟ ɞɭɦɚɹ ɨ 

ɬɨɦ, ɱɬɨ ɦɨɠɟɬ ɧɚɜɪɟɞɢɬɶ ɪɟɚɥɶɧɨɦɭ ɨɛɴɟɤɬɭ, ɟɫɥɢ ɜɜɟɞɟɬ ɜɨ ɜɯɨɞɧɵɯ 

ɜɨɡɞɟɣɫɬɜɢɹɯ ɧɟ ɪɚɛɨɱɢɟ ɞɚɧɧɵɟ. ȼ ɪɚɛɨɬɟ ɧɟɜɨɡɦɨɠɧɨ ɩɨɫɬɪɨɢɬɶ ɪɟɚɥɶɧɨɦɭ 

ɨɛɴɟɤɬɭ ɢɞɟɧɬɢɱɧɭɸ ɦɨɞɟɥɶ, ɩɨɷɬɨɦɭ ɩɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɢɫɫɥɟɞɨɜɚɬɟɥɢ 

ɩɵɬɚɸɬɫɹ ɞɨɫɬɢɱɶ ɦɚɤɫɢɦɚɥɶɧɭɸ ɬɨɱɧɨɫɬɶ ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɴɟɤɬɚ. 

ɇɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɫɭɳɟɫɬɜɭɸɬ ɢɡɨɛɢɥɢɹ ɤɥɚɫɫɢɮɢɤɚɰɢɣ ɜɢɞɨɜ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ. Ɋɚɫɫɦɨɬɪɢɦ ɫɚɦɵɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɟ ɢɡ ɧɢɯ.  

ɉɨɥɧɨɬɚ ɦɨɞɟɥɢ ɝɥɚɜɧɵɣ ɢɡ ɩɪɢɡɧɚɤɨɜ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. 

Ɉɧɚ ɨɩɪɟɞɟɥɹɟɬ ɢ ɩɨɤɚɡɵɜɚɟɬ, ɤɚɤ ɯɨɪɨɲɨ ɩɨɫɬɪɨɟɧɧɚɹ ɦɨɞɟɥɶ ɨɩɢɫɵɜɚɟɬ 

ɫɬɨɪɨɧɵ ɪɟɚɥɶɧɨɝɨ ɨɛɴɟɤɬɚ. Ɉɩɢɪɚɹɫɶ ɧɚ ɜɵɲɟ ɫɤɚɡɚɧɧɨɟ ɜ ɪɚɛɨɬɟ [2] ɦɨɞɟɥɢ 

ɩɨɞɪɚɡɞɟɥɹɸɬ ɧɚ ɬɪɢ ɫɩɨɫɨɛɚ: 

− ɩɨɥɧɨɟ; 
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− ɧɟɩɨɥɧɨɟ; 

− ɩɪɢɛɥɢɠɟɧɧɨɟ. 

ȼ ɩɨɥɧɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɦɨɞɟɥɢ ɞɨɥɠɧɵ ɛɵɬɶ ɨɞɢɧɚɤɨɜɵ ɩɪɢ ɞɜɢɠɟɧɢɢ 

ɨɛɴɟɤɬɚ ɢ ɜ ɮɨɪɦɚɯ ɫɭɳɟɫɬɜɨɜɚɧɢɹ, ɬɨ ɟɫɬɶ ɜɨ ɜɪɟɦɟɧɢ ɢ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ. 

ȼ ɫɩɨɫɨɛɟ ɧɟɩɨɥɧɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɦɨɞɟɥɢ ɧɟ ɫɨɯɪɚɧɹɸɬ ɢɥɢ 

ɫɨɯɪɚɧɹɸɬ, ɧɨ ɱɚɫɬɢɱɧɨ ɬɭ ɢɞɟɧɬɢɱɧɨɫɬɶ, ɤɨɬɨɪɚɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɩɨɥɧɨɦ 

ɫɩɨɫɨɛɟ. 

ɉɪɢɛɥɢɠɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɦɨɠɧɨ ɫɪɚɜɧɢɬɶ ɫ ɧɟɩɨɥɧɵɦ ɩɨɞɨɛɢɟɦ, 

ɤɨɝɞɚ ɧɟɡɧɚɱɢɬɟɥɶɧɵɟ ɮɚɤɬɨɪɵ, ɤɨɬɨɪɵɟ ɩɪɨɬɟɤɚɸɬ ɜ ɢɡɭɱɚɟɦɨɦ ɩɪɨɰɟɫɫɟ, 

ɦɨɞɟɥɢɪɭɸɬɫɹ ɩɪɢɛɥɢɠɟɧɧɨ ɢɥɢ ɫɨɜɫɟɦ ɨɩɭɫɤɚɸɬɫɹ ɢ ɧɟ ɩɪɢɞɚɸɬɫɹ ɡɧɚɱɟɧɢɟɦ 

ɜ ɞɚɧɧɨɦ ɫɩɨɫɨɛɟ.  ɇɭɠɧɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɜ ɩɪɢɛɥɢɠɟɧɧɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɢ 

ɞɨɩɭɫɤɚɸɬɫɹ ɩɨɝɪɟɲɧɨɫɬɢ, ɤɨɬɨɪɵɟ ɫɜɹɡɚɧɧɵ ɫ ɭɩɪɨɳɟɧɢɟɦ ɫɢɫɬɟɦɵ. 

ȼ ɪɚɛɨɬɟ [3] ɩɪɟɞɫɬɚɜɥɟɧɵ ɜɢɞɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɡɚɜɢɫɹɳɢɟ ɨɬ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢɫɩɨɥɶɡɭɟɦɵɯ ɨɛɴɟɤɬɨɜ ɢ ɪɚɡɞɟɥɟɧɵ ɧɚ:  

− ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɵɟ ɢɥɢ ɫɬɨɯɚɫɬɢɱɟɫɤɢɟ; 

− ɫɬɚɬɢɱɟɫɤɢɟ ɢɥɢ ɞɢɧɚɦɢɱɟɫɤɢɟ; 

− ɞɢɫɤɪɟɬɧɨ-ɧɟɩɪɟɪɵɜɧɵɟ, ɢɥɢ ɞɢɫɤɪɟɬɧɵɟ ɢɥɢ ɧɟɩɪɟɪɵɜɧɵɟ. 

Ⱦɟɬɟɪɦɢɧɢɪɨɜɚɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɟɞɩɨɥɚɝɚɟɬ, ɱɬɨ ɜ ɨɬɨɛɪɚɠɚɟɦɵɯ 

ɩɪɨɰɟɫɫɚɯ ɧɟɬ ɫɥɭɱɚɣɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ. ɋɬɨɯɚɫɬɢɱɟɫɤɨɟ – ɭɱɢɬɵɜɚɟɬ ɜɫɟ 

ɜɟɪɨɹɬɧɵɟ ɩɪɨɰɟɫɫɵ ɢ ɫɨɛɵɬɢɹ, ɩɪɨɢɫɯɨɞɹɳɢɟ ɜ ɪɟɚɥɶɧɨɦ ɨɛɴɟɤɬɟ. 

ɋɬɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɨɩɢɫɵɜɚɟɬ ɨɛɴɟɤɬ ɢ ɟɝɨ ɫɨɫɬɨɹɧɢɹ ɜ 

ɡɚɞɚɧɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ, ɚ ɞɢɧɚɦɢɱɟɫɤɨɟ – ɨɩɢɫɵɜɚɟɬ ɪɚɡɜɢɬɢɟ ɫɢɫɬɟɦɵ ɢ ɟɟ 

ɢɡɦɟɧɟɧɢɹ ɜɨ ɜɪɟɦɟɧɢ. 

Ⱦɢɫɤɪɟɬɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɞɟɣɫɬɜɭɟɬ ɬɨɝɞɚ, ɤɨɝɞɚ ɩɨɜɟɞɟɧɢɟ ɫɢɫɬɟɦɵ 

ɢɡɦɟɧɹɟɬɫɹ ɜ ɡɚɞɚɧɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ, ɚ ɧɟɩɪɟɪɵɜɧɵɟ ɦɨɞɟɥɢ ɢɫɩɨɥɶɡɭɸɬɫɹ, 

ɜ ɬɟɯ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɫɢɫɬɟɦɚ ɜɨ ɜɪɟɦɟɧɢ ɢɡɦɟɧɹɟɬɫɹ ɧɟɩɪɟɪɵɜɧɨ. 

Ʉɥɚɫɫɢɮɢɰɢɪɭɟɬɫɹ ɬɚɤ ɠɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɮɨɪɦ 

ɪɟɚɥɢɡɚɰɢɢ. Ʉɥɸɤɢɧɚ ȿ.Ⱥ.[4] ɩɪɟɞɥɚɝɚɟɬ ɜ ɫɜɨɟɣ ɪɚɛɨɬɟ ɫɥɟɞɭɸɳɢɟ 

ɤɥɚɫɫɢɮɢɤɚɰɢɢ: 
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− ɪɟɚɥɶɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ, ɢɫɫɥɟɞɭɟɬ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɧɚ ɰɟɥɨɦ ɨɛɴɟɤɬɟ 

ɢɥɢ ɟɝɨ ɱɚɫɬɢ. 

− ɦɵɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ, ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɬɨɦ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɦɨɞɟɥɢ ɧɟ 

ɪɟɚɥɢɡɭɸɬɫɹ ɢɥɢ ɨɬɫɭɬɫɬɜɭɸɬ ɭɫɥɨɜɢɹ ɞɥɹ ɢɯ ɫɨɡɞɚɧɢɹ; 

Ɇɵɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɪɟɚɥɢɡɭɟɬɫɹ ɜ ɜɢɞɟ ɧɚɝɥɹɞɧɨɣ, 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɢ ɫɢɦɜɨɥɢɱɟɫɤɨɣ ɦɨɞɟɥɢ. 

ɋɢɦɜɨɥɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ – ɢɫɤɭɫɫɬɜɟɧɧɨɟ ɫɨɡɞɚɧɢɟ ɥɨɝɢɱɟɫɤɨɝɨ 

ɨɛɴɟɤɬɚ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɜɵɪɚɡɢɬɶ ɨɫɧɨɜɧɵɟ ɫɜɨɣɫɬɜɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ 

ɨɛɴɟɤɬɚ. 

ɉɪɢ ɧɚɝɥɹɞɧɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɢɫɫɥɟɞɨɜɚɬɟɥɟɦ ɫɨɡɞɚɸɬɫɹ ɦɨɞɟɥɢ, 

ɤɨɬɨɪɵɟ ɩɨɤɚɡɵɜɚɸɬ ɩɪɨɰɟɫɫɵ, ɤɨɬɨɪɵɟ ɩɪɨɬɟɤɚɸɬ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɨɛɴɟɤɬɟ. 

ɉɪɢɦɟɪɚɦɢ ɦɨɝɭɬ ɩɨɫɥɭɠɢɬɶ ɩɥɚɤɚɬɵ, ɞɢɚɝɪɚɦɦɵ. 

ȼ ɦɚɬɟɦɚɬɢɱɟɫɤɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɨɛɴɟɤɬ ɨɩɢɫɵɜɚɟɬɫɹ ɦɚɬɟɦɚɬɢɱɟɫɤɢɦ 

ɹɡɵɤɨɦ. Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ – ɨɩɢɫɚɧɢɟ ɢɫɫɥɟɞɭɟɦɨɝɨ ɩɪɨɰɟɫɫɚ ɫ ɩɨɦɨɳɶɸ 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɹɡɵɤɚ: ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ, ɧɟɪɚɜɟɧɫɬɜ, 

ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ, ɢɧɬɟɝɪɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɢ ɬ.ɞ. ɉɨɫɬɪɨɟɧɢɟ ɦɨɞɟɥɟɣ ɱɚɳɟ 

ɜɫɟɝɨ ɨɩɢɪɚɟɬɫɹ ɧɚ ɞɚɧɧɵɟ ɩɨɥɭɱɟɧɧɵɟ ɜɨ ɜɪɟɦɹ ɧɚɛɥɸɞɟɧɢɣ. Ɉɩɢɪɚɹɫɶ ɧɚ [5] 

ɦɨɠɧɨ ɪɚɫɫɦɨɬɪɟɬɶ ɮɨɪɦɢɪɨɜɚɧɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɞɜɭɦɹ ɫɩɨɫɨɛɚɦɢ: 

ȼ ɩɟɪɜɨɦ ɫɩɨɫɨɛɟ ɩɪɨɢɫɯɨɞɢɬ ɪɚɫɱɥɟɧɟɧɢɟ ɫɢɫɬɟɦɵ ɧɚ ɩɨɞɫɢɫɬɟɦɵ, 

ɫɜɨɣɫɬɜɚ ɤɨɬɨɪɵɯ ɦɨɝɭɬ ɛɵɬɶ ɨɩɢɫɚɧɵ ɢɡ ɢɡɜɟɫɬɧɵɯ ɡɚɤɨɧɨɜ ɩɪɢɪɨɞɵ ɢ ɡɧɚɧɢɣ, 

ɤɨɬɨɪɵɟ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɪɚɧɟɟ.  

Ⱦɪɭɝɨɣ ɫɩɨɫɨɛ ɢɫɩɨɥɶɡɭɟɬ ɞɚɧɧɵɟ ɩɨɥɭɱɟɧɧɵɣ ɫ ɩɨɦɨɳɶɸ 

ɷɤɫɩɟɪɢɦɟɧɬɨɜ.  Ɋɟɝɢɫɬɪɢɪɭɸɬɫɹ «ɜɯɨɞɧɵɟ-ɜɵɯɨɞɧɵɟ» ɞɚɧɧɵɟ ɢ ɮɨɪɦɢɪɨɜɚɧɢɟ 

ɦɨɞɟɥɢ ɩɪɨɢɫɯɨɞɢɬ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɨɛɪɚɛɨɬɤɢ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ. Ⱦɚɧɧɵɣ 

ɫɩɨɫɨɛ ɧɚɡɵɜɚɟɬɫɹ ɢɞɟɧɬɢɮɢɤɚɰɢɟɣ. 
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1.2 ɂɞɟɧɬɢɮɢɤɚɰɢɹ 

 

ɂɞɟɧɬɢɮɢɤɚɰɢɹ – ɨɩɪɟɞɟɥɟɧɢɟ ɩɨ ɜɯɨɞɭ ɢ ɜɵɯɨɞɭ ɫɢɫɬɟɦɵ ɢɡ 

ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɤɥɚɫɫɚ ɫɢɫɬɟɦ, ɤɨɬɨɪɨɣ ɢɫɩɵɬɵɜɚɟɦɚɹ ɫɢɫɬɟɦɚ ɷɤɜɢɜɚɥɟɧɬɧɚ. [1] 

ɂɡ ɜɵɲɟ ɫɤɚɡɚɧɧɨɝɨ, ɩɨɫɬɚɧɨɜɤɭ ɡɚɞɚɱɭ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɦɨɠɧɨ 

ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɧɚɛɥɸɞɟɧɢɣ ɜɯɨɞɧɵɯ ɢ 

ɜɵɯɨɞɧɵɯ ɞɚɧɧɵɯ ɫɬɪɨɢɬɫɹ ɨɩɬɢɦɚɥɶɧɚɹ ɦɨɞɟɥɶ ɞɥɹ ɞɚɧɧɨɝɨ ɢɫɫɥɟɞɭɟɦɨɝɨ 

ɨɛɴɟɤɬɚ. ɉɪɢ ɷɬɨɦ ɨɩɢɫɵɜɚɸɳɢɣ ɨɛɴɟɤɬ ɞɨɥɠɟɧ ɧɚɯɨɞɢɬɶɫɹ ɜ ɪɟɚɥɶɧɨɣ 

ɨɛɫɬɚɧɨɜɤɟ, ɝɞɟ ɧɚ ɧɟɝɨ ɞɟɣɫɬɜɭɸɬ ɫɥɭɱɚɣɧɵɟ ɜɨɡɦɭɳɟɧɢɹ ɢ ɩɨɦɟɯɢ. Ɍɚɤ ɠɟ ɞɥɹ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɛɴɟɤɬɚ ɞɨɥɠɧɚ ɩɪɢɫɭɬɫɬɜɨɜɚɬɶ ɚɩɪɢɨɪɧɚɹ ɢɧɮɨɪɦɚɰɢɹ ɨ 

ɫɥɭɱɚɣɧɵɯ ɜɨɡɦɭɳɟɧɢɹɯ, ɨɝɪɚɧɢɱɟɧɢɹɯ  ɢ ɬɪɟɛɨɜɚɧɢɹ, ɤɨɬɨɪɵɟ ɩɨɦɨɝɭɬ 

ɞɨɫɬɢɱɶ ɧɚɢɥɭɱɲɟɝɨ ɪɟɡɭɥɶɬɚɬɚ. 

ɇɚ ɪɢɫɭɧɤɟ 1 ɩɪɟɞɫɬɚɜɥɟɧɚ ɨɛɳɚɹ ɫɯɟɦɚ ɩɪɨɰɟɫɫɚ ɢɞɟɧɬɢɮɢɤɚɰɢɢ: 

 

Ɋɢɫɭɧɨɤ 1 - Ɉɛɳɚɹ ɫɯɟɦɚ ɡɚɞɚɱɢ ɢɞɟɧɬɢɮɢɤɚɰɢɢ 

 

ȼɜɟɞɟɦ ɫɥɟɞɭɸɳɢɟ ɨɛɨɡɧɚɱɟɧɢɹ: Ⱥ – ɨɩɟɪɚɬɨɪ ɩɪɨɰɟɫɫɚ, ɇ – ɤɚɧɚɥɵ 

ɢɡɦɟɪɟɧɢɹ ɩɟɪɟɦɟɧɧɵɯ ɩɪɨɰɟɫɫɚ,u(t) – ɤɨɧɬɪɨɥɢɪɭɟɦɵɣ ɜɟɤɬɨɪ ɜɯɨɞɧɵɯ 

ɩɟɪɟɦɟɧɧɵɯ, x(t) – ɜɟɤɬɨɪ ɜɵɯɨɞɧɵɯ ɩɟɪɟɦɟɧɧɵɯ, ℎ𝑥ሺݐሻ  ɢ ℎ𝑢ሺݐሻ  - ɩɨɦɟɯɢ 

ɩɨɥɭɱɟɧɧɵɟ ɫɥɭɱɚɣɧɨ ɩɪɢ ɢɡɦɟɪɟɧɢɢ ɩɟɪɟɦɟɧɧɵɯ, 𝜃ሺݐሻ – ɩɟɪɟɦɟɧɧɵɟ, ɧɟ 

ɩɨɞɞɚɸɳɢɟɫɹ ɤɨɧɬɪɨɥɸ, 𝜉ሺݐሻ – ɫɥɭɱɚɣɧɵɟ ɩɨɦɟɯɢ, ɞɟɣɫɬɜɭɸɳɢɟ ɧɚ ɫɚɦ 
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ɩɪɨɰɟɫɫ, ݑℎሺݐሻ  ɢ 𝑥ℎሺݐሻ  – ɩɨɥɭɱɟɧɧɵɟ ɧɚɛɥɸɞɟɧɢɹ ɜ ɞɢɫɤɪɟɬɧɵɟ ɦɨɦɟɧɬɵ 

ɜɪɟɦɟɧɢ ∆ݐ, 𝑥̅ሺݐሻ – ɜɵɯɨɞ ɩɨɥɭɱɟɧɧɨɣ ɦɨɞɟɥɢ. Ⱦɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɢɧɮɨɪɦɚɰɢɢ ɢ ɩɪɨɫɬɨɬɵ ɡɚɩɢɫɢ ɛɭɞɟɦ ɨɛɨɡɧɚɱɚɬɶ ɜɯɨɞɧɵɟ ɢ ɜɵɯɨɞɧɵɟ ɞɚɧɧɵɟ ݑℎሺݐሻ ɢ 𝑥ℎሺݐሻ ɱɟɪɟɡ {ݑ𝑖 , 𝑥𝑖 , ݅ = ͳ, ̅̅ݏ ̅̅ }, ɝɞɟ s – ɨɛɴɟɦ ɜɵɛɨɪɤɢ ɡɚɞɚɧɧɵɣ 

ɢɫɫɥɟɞɨɜɚɬɟɥɟɦ. ɋɨɨɬɜɟɬɫɬɜɢɟ ɢɫɫɥɟɞɭɟɦɨɦɭ ɩɪɨɰɟɫɫɭ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ 

ɨɛɨɡɧɚɱɟɧɢɟ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜ ɜɢɞɟ 

 𝑥ሺݐሻ  =  𝐴 [ݑሺݐሻ, 𝜃ሺݐሻ, 𝜉ሺݐሻ,  (1)                                                                         ,[ݐ

 

ɝɞɟ ݑሺݐሻ – ɜɯɨɞɧɵɟ ɞɚɧɧɵɟ, ɩɨɫɬɭɩɚɸɳɢɟ ɧɚ ɨɛɴɟɤɬ; 𝜃ሺݐሻ - ɩɟɪɟɦɟɧɧɵɟ, ɧɟ ɩɨɞɞɚɸɳɢɟɫɹ ɤɨɧɬɪɨɥɸ; 𝜉ሺݐሻ – ɫɥɭɱɚɣɧɵɟ ɩɨɦɟɯɢ, ɞɟɣɫɬɜɭɸɳɢɟ ɧɚ ɨɛɴɟɤɬ. 

Ɇɨɞɟɥɶ ɞɚɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ 

 𝑥̅ሺݐሻ  =  𝐴 ̅[ݑሺݐ + ͳሻ, ,[ݐ ],                                                                                 (2) 

  

ɝɞɟ 𝐴 ̅– ɹɜɥɹɟɬɫɹ ɨɩɟɪɚɬɨɪɨɦ ɩɨɫɬɪɨɟɧɧɨɣ ɦɨɞɟɥɢ; ݑሺݐ + ͳሻ – ɜɯɨɞɧɨɟ ɧɚɛɥɸɞɟɧɢɟ ɱɟɪɟɡ ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ. 

ȼɫɟ ɫɥɭɱɚɣɧɵɟ ɮɚɤɬɨɪɵ, ɤɨɬɨɪɵɟ ɞɟɣɫɬɜɭɸɬ ɧɚ ɢɫɫɥɟɞɭɟɦɵɣ ɨɛɴɟɤɬ, 

ɢɦɟɸɬ ɧɭɥɟɜɨɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ ɢ ɨɝɪɚɧɢɱɟɧɢɟ ɩɨ ɞɢɫɩɟɪɫɢɢ. ɋɬɨɢɬ 

ɡɚɦɟɬɢɬɶ, ɱɬɨ ɧɚ ɛɥɨɤ «Ɇɨɞɟɥɶ» ɬɚɤ ɠɟ ɞɟɣɫɬɜɭɟɬ ɚɩɪɢɨɪɧɚɹ ɢɧɮɨɪɦɚɰɢɹ ɨɛ 

ɢɫɫɥɟɞɭɟɦɨɦ ɨɛɴɟɤɬɟ. Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɬɨɱɧɨɫɬɢ ɡɚɞɚɱɢ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɧɭɠɧɨ 

ɛɪɚɬɶ ɜɨ ɜɧɢɦɚɧɢɟ ɟɟ ɩɨɥɧɨɬɭ. 

Ɉɫɧɨɜɵɜɚɟɬɫɹ ɚɩɪɢɨɪɧɚɹ ɢɧɮɨɪɦɚɰɢɹ ɧɚ ɪɚɡɥɢɱɧɵɯ ɩɪɨɰɟɫɫɚɯ ɢɥɢ 

ɪɟɡɭɥɶɬɚɬɚɯ ɧɚɭɱɧɵɯ ɧɚɛɥɸɞɟɧɢɣ. Ⱥɩɪɢɨɪɧɚɹ ɢɧɮɨɪɦɚɰɢɹ ɬɟɫɧɨ ɫɜɹɡɚɧɚ ɫɨ 

ɜɪɟɦɟɧɟɦ, ɧɚ ɡɚɞɚɧɧɵɣ ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ ɦɨɠɟɬ ɛɵɬɶ ɞɨɫɬɨɜɟɪɧɨɣ ɨɞɧɚ 

ɚɩɪɢɨɪɧɚɹ ɢɧɮɨɪɦɚɰɢɹ, ɚ ɧɚ ɞɪɭɝɨɣ ɫɨɜɟɪɲɟɧɧɨ ɞɪɭɝɚɹ. Ɍɚɤ ɱɬɨ ɞɨɫɬɨɜɟɪɧɨɫɬɶ 

ɚɩɪɢɨɪɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɦɨɠɟɬ ɭɬɪɚɱɢɜɚɬɶɫɹ ɫɨ ɜɪɟɦɟɧɟɦ. ɂɫɫɥɟɞɨɜɚɬɟɥɶ ɦɨɠɟɬ 

ɪɚɛɨɬɚɬɶ ɬɨɥɶɤɨ ɫ ɧɟ ɩɨɥɧɨɣ ɢɧɮɨɪɦɚɰɢɟɣ ɨɛ ɨɛɴɟɤɬɟ. 
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ɋɭɳɟɫɬɜɭɸɬ ɫɥɟɞɭɸɳɢɟ ɭɪɨɜɧɢ ɚɩɪɢɨɪɧɨɣ ɢɧɮɨɪɦɚɰɢɢ: 

− ɫɢɫɬɟɦɵ ɫ ɢɡɜɟɫɬɧɨɣ ɢɧɮɨɪɦɚɰɢɟɣ. ȼ ɞɚɧɧɨɦ ɭɪɨɜɧɟ ɢɡɜɟɫɬɧɚ 

ɩɚɪɚɦɟɬɪɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɴɟɤɬɚ ɢ ɧɟɤɨɬɨɪɚɹ ɨɛɥɚɫɬɶ 

ɜɯɨɞɧɵɯ ɞɨɩɭɫɬɢɦɵɯ ɡɧɚɱɟɧɢɣ, ɚ ɩɨɦɟɯɢ – ɨɬɫɭɬɫɬɜɭɸɬ; 

− ɭɪɨɜɟɧɶ ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɣ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ [6], ɭ ɢɫɫɥɟɞɭɟɦɨɣ 

ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɢɡɜɟɫɬɧɵ ɩɚɪɚɦɟɬɪɵ, ɤɨɬɨɪɵɟ ɧɟɨɛɯɨɞɢɦɨ 

ɨɰɟɧɢɬɶ. ɉɪɢɫɭɬɫɬɜɭɸɬ ɧɟɤɨɬɨɪɵɟ ɫɥɭɱɚɣɧɵɟ ɩɨɦɟɯɢ, ɤɨɬɨɪɵɟ 

ɞɟɣɫɬɜɭɸɬ ɧɚ ɨɛɴɟɤɬ; 

− ɭɪɨɜɟɧɶ ɧɟɩɚɪɚɦɟɬɪɢɱɟɫɤɨɣ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ, ɤɨɝɞɚ ɭ ɢɫɫɥɟɞɭɟɦɨɝɨ 

ɨɛɴɟɤɬɚ ɧɟɢɡɜɟɫɬɧɵ ɧɢ ɡɚɤɨɧɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨɦɟɯ, ɧɢ ɫɬɪɭɤɬɭɪɚ 

ɫɚɦɨɣ ɦɨɞɟɥɢ, ɧɨ ɢɡɜɟɫɬɧɵ ɤɚɱɟɫɬɜɟɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɛɴɟɤɬɚ. 

ɏɨɪɨɲɢɣ ɪɟɡɭɥɶɬɚɬ  ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɫɢɫɬɟɦɵ ɡɚɜɢɫɢɬ ɨɬ ɞɜɭɯ ɮɚɤɬɨɪɨɜ: 

ɨɛɴɟɦɚ ɩɨɥɭɱɟɧɧɨɣ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɢ ɨɛɴɟɦɨɦ ɢɧɮɨɪɦɚɰɢɢ ɨ 

ɫɬɪɭɤɬɭɪɟ ɨɛɴɟɤɬɚ. Ⱦɟɥɚɹ ɜɵɜɨɞɵ ɢɡ ɭɪɨɜɧɹ ɚɩɪɢɨɪɧɨɣ ɢɧɮɨɪɦɚɰɢɢ, ɫɬɚɜɹɬɫɹ 

ɡɚɞɚɱɢ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɞɥɹ ɪɟɲɟɧɢɹ ɢɯ ɜ «ɭɡɤɨɦ» ɢ «ɲɢɪɨɤɨɦ» ɫɦɵɫɥɟ. 

ɂɡ ɞɜɭɯ ɩɪɢɜɟɞɟɧɧɵɯ ɡɚɞɚɱ ɜ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɞɢɫɤɪɟɬɧɨ-ɧɟɩɪɟɪɵɜɧɵɯ 

ɩɪɨɰɟɫɫɨɜ ɧɚɢɛɨɥɟɟ ɪɚɡɜɢɬɚ ɢɞɟɧɬɢɮɢɤɚɰɢɹ ɜ «ɭɡɤɨɦ» ɫɦɵɫɥɟ. ɋɦɵɫɥ ɬɟɨɪɢɢ 

ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɧɚ ɧɚɱɚɥɶɧɨɦ ɷɬɚɩɟ, ɨɫɧɨɜɵɜɚɹɫɶ ɧɚ ɡɚɞɚɧɧɨɣ ɚɩɪɢɨɪɧɨɣ 

ɢɧɮɨɪɦɚɰɢɢ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɥɚɫɫ ɨɩɟɪɚɬɨɪɚ 𝐴𝑠, ɧɚɩɪɢɦɟɪ 

 

),u,x),t(u(A)t(x ssss


=                                                                                 (3) 

 

ɝɞɟ 𝐴𝑠 – ɩɚɪɚɦɟɬɪɢɱɟɫɤɚɹ ɫɬɪɭɤɬɭɪɚ ɦɨɞɟɥɢ; 𝑥𝑠⃗⃗  ⃗ = ሺ𝑥ଵ,𝑥ଶ,, … , 𝑥𝑠,ሻ, = 𝑠⃗⃗⃗⃗ݑ ሺݑଵ,ݑଶ,, … ,  .𝑠,ሻ,    – ɜɪɟɦɟɧɧɵɟ ɜɟɤɬɨɪɚݑ

ɇɚ ɫɥɟɞɭɸɳɟɦ ɷɬɚɩɟ ɦɧɨɝɨɟ ɡɚɜɢɫɢɬ ɨɬ ɬɨɝɨ, ɤɚɤ ɛɵɥ ɨɩɪɟɞɟɥɟɧ ɨɩɟɪɚɬɨɪ 

(3). ɇɚɯɨɞɢɬɫɹ ɨɰɟɧɤɚ ɩɚɪɚɦɟɬɪɨɜ 𝑥𝑠, ɤɨɬɨɪɵɟ ɨɫɧɨɜɵɜɚɸɬɫɹ ɩɨ ɡɚɞɚɧɧɨɣ 

ɜɵɛɨɪɤɟ {ݑ𝑖 , 𝑥𝑖 , ݅ = ͳ, ̅̅ݏ ̅̅ }. 

 ȼ ɢɞɟɧɬɢɮɢɤɚɰɢɢ «ɲɢɪɨɤɨɦ» ɫɦɵɫɥɟ ɨɬɫɭɬɫɬɜɭɟɬ ɩɚɪɚɦɟɬɪɢɱɟɫɤɢɣ 

ɤɥɚɫɫ ɜɵɛɨɪ ɨɩɟɪɚɬɨɪɚ (3). ȼ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɧɟ ɯɜɚɬɚɟɬ ɚɩɪɢɨɪɧɨɣ ɢɧɮɨɪɦɚɰɢɢ, 
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ɧɟɨɛɯɨɞɢɦɨ ɪɟɲɢɬɶ ɪɹɞ ɡɚɞɚɱ. Ɍɚɤɢɟ ɤɚɤ, ɧɚɯɨɠɞɟɧɢɟ ɫɬɪɭɤɬɭɪɵ ɦɨɞɟɥɢ, 

ɨɰɟɧɢɜɚɧɢɟ ɥɢɧɟɣɧɨɫɬɢ (ɧɟɥɢɧɟɣɧɨɫɬɢ) ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɴɟɤɬɚ, ɟɝɨ 

ɨɞɧɨɡɧɚɱɧɨɫɬɶ ɢɥɢ ɧɟ ɨɞɧɨɡɧɚɱɧɨɫɬɶ[7]. ɉɪɢɦɟɪɨɦ ɦɟɬɨɞɨɜ ɪɟɲɟɧɢɹ ɡɚɞɚɱ 

ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɜ «ɲɢɪɨɤɨɦ» ɫɦɵɫɥɟ ɹɜɥɹɟɬɫɹ ɨɰɟɧɤɚ ɮɭɧɤɰɢɢ ɪɟɝɪɟɫɫɢɢ. 

 

1.2.1 ɉɚɪɚɦɟɬɪɢɱɟɫɤɢɟ ɦɨɞɟɥɢ 

 

ɉɚɪɚɦɟɬɪɢɱɟɫɤɨɣ ɢɞɟɧɬɢɮɢɤɚɰɢɟɣ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ 

ɦɨɞɟɥɢ ɩɨ ɟɟ ɡɚɞɚɧɧɨɣ ɫɬɪɭɤɬɭɪɟ. [8]. ɇɚɫɬɪɚɢɜɚɧɢɟ ɦɨɞɟɥɢ ɩɪɨɢɫɯɨɞɢɬ ɩɨ 

ɩɨɥɭɱɟɧɧɵɦ ɫ ɩɨɦɨɳɶɸ ɧɚɛɥɸɞɟɧɢɹ ɜɯɨɞɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ ɢ ɜɵɯɨɞɧɵɯ 

ɜɟɥɢɱɢɧɚɯ, ɤɨɬɨɪɵɟ ɨɛɟɫɩɟɱɢɜɚɸɬ ɷɤɫɬɪɟɦɭɦ ɢɫɫɥɟɞɭɟɦɨɝɨ ɤɪɢɬɟɪɢɹ. Ɍɚɤ ɠɟ 

ɩɪɢ ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɣ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɫɱɢɬɚɟɬɫɹ, ɱɬɨ ɩɚɪɚɦɟɬɪɵ ɫɬɪɭɤɬɭɪɵ 

ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɴɟɤɬɚ ɹɜɥɹɸɬɫɹ ɢɡɜɟɫɬɧɵɦɢ. 

ɇɚɫɬɪɚɢɜɚɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɨɩɢɫɵɜɚɟɬɫɹ ɜɨ ɦɧɨɠɟɫɬɜɟ ɪɚɛɨɬ [1, 9, 10] ɜ 

ɤɨɬɨɪɵɯ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɩɪɚɜɞɨɩɨɞɨɛɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɪɟɲɟɧɢɹ ɡɚɞɚɱ 

ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɢɝɪɚɟɬ ɝɥɚɜɧɭɸ ɪɨɥɶ  ɜɵɛɨɪ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɛɴɟɤɬɚ  

ɉɪɢɦɟɪɨɦ ɦɨɠɟɬ ɩɨɫɥɭɠɢɬɶ ɦɟɬɨɞ ɫɬɨɯɚɫɬɢɱɟɫɤɨɣ ɚɩɩɪɨɤɫɢɦɚɰɢɢ [11] ɢ 

ɦɟɬɨɞ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ, ɤɨɬɨɪɵɣ ɦɢɧɢɦɢɡɢɪɭɟɬ ɞɥɹ ɞɢɫɤɪɟɬɧɵɯ 

ɡɧɚɱɟɧɢɣ ɫɭɦɦɭ ɤɜɚɞɪɚɬɢɱɧɨɣ ɧɟɜɹɡɤɢ. 

ɇɚ ɩɪɚɤɬɢɤɟ ɤɚɱɟɫɬɜɨ ɩɨɥɭɱɟɧɧɨɣ ɦɨɞɟɥɢ ɡɚɜɢɫɢɬ ɨɬ ɬɨɝɨ, ɤɚɤ ɯɨɪɨɲɨ 

ɛɵɥɚ ɩɨɞɨɛɪɚɧɚ ɩɚɪɚɦɟɬɪɢɱɟɫɤɚɹ ɫɬɪɭɤɬɭɪɚ. 

 

1.2.2 ɇɟɩɚɪɚɦɟɬɪɢɱɟɫɤɢɟ ɦɨɞɟɥɢ 

 

ɇɚ ɩɪɚɤɬɢɤɟ ɪɟɞɤɨ ɞɚɧɧɵɟ, ɫ ɤɨɬɨɪɵɦɢ ɩɪɢɯɨɞɢɬɫɹ ɪɚɛɨɬɚɬɶ ɦɨɝɭɬ 

ɫɨɞɟɪɠɚɬɶ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɚɩɪɢɨɪɧɨɣ ɢɧɮɨɪɦɚɰɢɢ, ɤɨɬɨɪɚɹ ɬɚɤ 

ɧɟɨɛɯɨɞɢɦɚ ɞɥɹ ɫɬɪɭɤɬɭɪɵ ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɴɟɤɬɚ ɢ ɡɚɱɚɫɬɭɸ ɧɟ ɜɨɡɦɨɠɧɨ 

ɨɩɪɟɞɟɥɢɬɶ ɭ ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɴɟɤɬɚ ɬɪɟɛɭɟɦɭɸ ɞɥɹ ɪɚɛɨɬɵ ɫɬɪɭɤɬɭɪɵ. ȼ 

ɭɫɥɨɜɢɹɯ, ɤɨɝɞɚ ɩɪɨɢɫɯɨɞɢɬ ɧɟɯɜɚɬɤɚ ɚɩɪɢɨɪɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɪɚɡɭɦɧɨ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɟɬɨɞɵ ɧɟɩɚɪɚɦɟɬɪɢɱɟɫɤɨɣ ɢɞɟɧɬɢɮɢɤɚɰɢɢ. 
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ɂɞɟɧɬɢɮɢɤɚɰɢɹ ɜ «ɲɢɪɨɤɨɦ» ɫɦɵɫɥɟ ɩɪɟɞɩɨɥɚɝɚɟɬ ɨɰɟɧɤɭ ɤɥɚɫɫ 

ɨɩɟɪɚɬɨɪɨɜ ɧɚ ɨɫɧɨɜɟ ɜɵɛɨɪɤɢ {ݑ𝑖 , 𝑥𝑖 , ݅ = ͳ, ̅̅ݏ ̅̅ }, ɬɚɤ ɤɚɤ ɨɬɫɭɬɫɬɜɭɟɬ ɷɬɚɩ ɜɵɛɨɪɚ 

ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɝɨ ɤɥɚɫɫɚ ɨɩɟɪɚɬɨɪɚ. 

ȼ ɪɚɛɨɬɚɯ [6, 11] ɧɟɩɚɪɚɦɟɬɪɢɱɟɫɤɚɹ ɨɰɟɧɤɚ ɤɪɢɜɨɣ ɪɟɝɪɟɫɫɢɢ ɞɥɹ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ɧɟɩɚɪɚɦɟɬɪɢɱɟɫɤɨɣ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ ɮɭɧɤɰɢɢ ɪɟɝɪɟɫɫɢɢ ɇɚɞɚɪɚɹ-ȼɚɬɫɨɧɚ 

 

  

                                                                                                                          (4) 

 

 

ɝɞɟ s - ɨɛɴɟɦ ɜɵɛɨɪɤɢ; 

ix – ɜɵɯɨɞ i – ɨɝɨ ɧɚɛɥɸɞɟɧɢɹ; 









− j

i

j

s

uu
c

1 - ɹɞɟɪɧɚɹ ɤɨɥɨɤɨɨɛɪɚɡɧɚɹ ɮɭɧɤɰɢɹ; 

ju - ɜɯɨɞɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚɛɥɸɞɟɧɢɟ;  
j

iu - ɜɯɨɞɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ i – ɨɝɨ ɧɚɛɥɸɞɟɧɢɹ; 

sc - ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɡɦɵɬɨɫɬɢ ɹɞɪɚ. 

əɞɟɪɧɚɹ ɮɭɧɤɰɢɹ ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɡɦɵɬɨɫɬɢ, ɨɩɢɪɚɹɫɶ ɧɚ ɪɚɛɨɬɭ [11] 

ɞɨɥɠɧɵ ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɩɪɟɞɫɬɚɜɥɟɧɧɵɦ ɧɢɠɟ ɭɫɥɨɜɢɹɦ ɫɯɨɞɢɦɨɫɬɢ 
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ȼ ɤɚɱɟɫɬɜɟ ɤɨɥɨɤɨɨɛɪɚɡɧɨɣ ɮɭɧɤɰɢɢ ɢɫɩɨɥɶɡɭɸɬ ɨɞɧɨ ɢɡ ɬɪɟɯ 

ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɹɞɟɪ, ɨɧɨ ɦɨɠɟɬ ɛɵɬɶ ɬɪɟɯ ɜɢɞɨɜ, ɤɨɬɨɪɵɟ ɪɚɫɫɦɨɬɪɟɧɵ ɛɭɞɭɬ 

ɞɚɥɟɟ. 

Ɍɪɟɭɝɨɥɶɧɨɟ ɹɞɪɨ ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɮɨɪɦɭɥɟ (6) 

 

Фቆ݆݅ݑ −݅ݑ𝑐ݏ ቇ =   {ͳ − |𝑐𝑠−ଵ ቀ݅ݑ |ቁ݆݅ݑ − , |𝑐𝑠−ଵ ቀ݅ݑ |ቁ݆݅ݑ − ≤ ͳ;Ͳ,                                       |𝑐𝑠−ଵ ቀ݅ݑ |ቁ݆݅ݑ − > ͳ.              (6) 

 

ɝɞɟ ju - ɜɯɨɞɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚɛɥɸɞɟɧɢɟ;  
j

iu - ɜɯɨɞɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ i – ɨɝɨ ɧɚɛɥɸɞɟɧɢɹ; 

sc - ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɡɦɵɬɨɫɬɢ ɹɞɪɚ. 

ɇɚ ɪɢɫɭɧɤɟ 2 ɩɨɤɚɡɚɧɚ ɝɪɚɮɢɱɟɫɤɚɹ ɢɧɬɟɪɩɪɟɬɚɰɢɹ ɬɪɟɭɝɨɥɶɧɨɝɨ ɹɞɪɚ. 

 

Ɋɢɫɭɧɨɤ 2 – Ɍɪɟɭɝɨɥɶɧɚɹ ɹɞɟɪɧɚɹ ɮɭɧɤɰɢɹ 

 

ɉɚɪɚɛɨɥɢɱɟɫɤɨɟ ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɮɨɪɦɭɥɟ (7) 

 

Фቆ݆݅ݑ −݅ݑ𝑐ݏ ቇ =  {Ͳ,75ሺͳ − 𝑐𝑠−ଵ ቀ݅ݑ ,ቁሻଶ݆݅ݑ − |𝑐𝑠−ଵ ቀ݅ݑ |ቁ݆݅ݑ − ≤ ͳ;Ͳ,                                                 |𝑐𝑠−ଵ ቀ݅ݑ |ቁ݆݅ݑ − > ͳ.           (7) 

 

 𝒖𝒊 с𝑠 с𝑠 ݑ

Ɏ(.) 
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Ɋɢɫɭɧɨɤ 3 ɩɪɟɞɫɬɚɜɥɹɟɬ ɝɪɚɮɢɱɟɫɤɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɜɵɲɟɨɩɢɫɚɧɧɨɝɨ 

ɹɞɪɚ. 

 

 

Ɋɢɫɭɧɨɤ 3 – ɉɚɪɚɛɨɥɢɱɟɫɤɨɟ ɹɞɪɨ 

 

ɉɪɹɦɨɭɝɨɥɶɧɨɟ ɹɞɪɨ 

 

Фቆ݆݅ݑ −݅ݑ𝑐ݏ ቇ =   {Ͳ,5        , |𝑐𝑠−ଵ ቀ݅ݑ |ቁ݆݅ݑ − ≤ ͳ;Ͳ,             |𝑐𝑠−ଵ ቀ݅ݑ |ቁ݆݅ݑ − > ͳ.                                  (8) 

 

ɇɚ ɪɢɫɭɧɤɟ 4 ɩɪɟɞɫɬɚɜɥɟɧɚ ɤɨɥɨɤɨɨɛɪɚɡɧɚɹ ɩɪɹɦɨɭɝɨɥɶɧɚɹ ɹɞɟɪɧɚɹ 

ɮɭɧɤɰɢɹ. 

 

 

Ɋɢɫɭɧɨɤ 4 – ɉɪɹɦɨɭɝɨɥɶɧɚɹ ɹɞɟɪɧɚɹ ɮɭɧɤɰɢɹ 

 

ͳͳ 

 𝑖 с𝑠 с𝑠ݑ ݑ

Ɏ(.) 
 

ͳ 

 ݑ
 𝑖 с𝑠 с𝑠ݑ

Ɏ(.) 
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Ȼɨɥɶɲɭɸ ɡɧɚɱɢɦɨɫɬɶ ɧɚ ɤɚɱɟɫɬɜɨ ɮɭɧɤɰɢɢ ɨɤɚɡɵɜɚɟɬ с𝑠 – ɤɨɷɮɮɢɰɢɟɧɬ 

ɪɚɡɦɵɬɨɫɬɢ ɹɞɪɚ, ɩɨɫɬɨɹɧɧɚɹ ɜɟɥɢɱɢɧɚ, ɨɬ ɤɨɬɨɪɨɣ ɡɚɜɢɫɢɬ «ɪɚɡɦɵɬɨɫɬɶ» 

ɞɟɥɶɬɚ – ɮɭɧɤɰɢɢ Ⱦɢɤɚɪɚ ɜ ɨɤɪɟɫɬɧɨɫɬɹɯ ɤɚɠɞɨɣ ɬɨɱɤɢ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɪɚɡɦɵɬɨɫɬɢ  𝑐𝑠 ɧɚɯɨɞɢɬɫɹ ɫ ɩɨɦɨɳɶɸ ɡɚɞɚɱɢ ɦɢɧɢɦɢɡɚɰɢɢ 

ɤɜɚɞɪɚɬɢɱɧɨɝɨ ɩɨɤɚɡɚɬɟɥɹ, ɧɚɯɨɞɹɳɢɣ ɫɨɨɬɜɟɬɫɬɜɢɟ ɜɵɯɨɞɚ ɦɨɞɟɥɢ ɤ ɜɵɯɨɞɭ 

ɨɛɴɟɤɬɚ, ɩɨ ɮɨɪɦɭɥɟ ɫɤɨɥɶɡɹɳɟɝɨ ɷɤɡɚɦɟɧɚ, ɩɪɢɜɟɞɟɧɧɨɣ ɧɢɠɟ. 

 

,ikmin,))c,u(xx()c(R
s

k
sksks 

=

=−=
1

2                          (9) 

 

ɝɞɟ  - ɜɵɯɨɞ ɨɛɴɟɤɬɚ; 

sx  - ɜɵɯɨɞ ɦɨɞɟɥɢ. 

ɬ.ɟ. ɩɨ ɢɧɞɟɤɫɭ i  (ɮɢɝɭɪɢɪɭɸɳɢɣ ɜ ɮɨɪɦɭɥɟ 4) ɢɫɤɥɸɱɚɸɬɫɹ k-е 

ɧɚɛɥɸɞɟɧɢɟ ɩɟɪɟɦɟɧɧɨɣ. 

Ʉɚɠɞɨɣ ɤɨɦɩɨɧɟɧɬɟ ɜɟɤɬɨɪɚ u ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɤɨɦɩɨɧɟɧɬ ɜɟɤɬɨɪɚ 𝑐𝑠. 

ɋɥɟɞɭɹ ɢɡ ɷɬɨɝɨ, ɮɨɪɦɭɥɭ (4) ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ 

 


=

=
s

i
iis )u,u(x)u(x

1

 ,                 (10) 

 

 

 

                               (11) 

 

 

ɝɞɟ  - ɜɵɯɨɞ ɨɛɴɟɤɬɚ; 

sjc - ɨɩɬɢɦɚɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɡɦɵɬɨɫɬɢ, ɧɚɣɞɟɧɧɵɣ ɩɨ ɫɤɨɥɶɡɹɳɟɦɭ 

ɷɤɡɚɦɟɧɭ ɩɨ ɮɨɪɦɭɥɟ (9); 
ju - ɜɯɨɞɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚɛɥɸɞɟɧɢɟ;  
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j

iu - ɜɯɨɞɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ i – ɨɝɨ ɧɚɛɥɸɞɟɧɢɹ. 

 

1.3 Ⱥɧɚɥɢɡ ɧɟɩɨɥɧɵɯ ɞɚɧɧɵɯ 

 

ȼ ɪɟɚɥɶɧɨɦ ɦɢɪɟ ɩɪɢɯɨɞɢɬɫɹ ɪɚɛɨɬɚɬɶ ɫ ɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ 

ɢɧɮɨɪɦɚɰɢɢ. ɂ ɷɬɭ ɢɧɮɨɪɦɚɰɢɸ ɧɟ ɜɫɟɝɞɚ ɦɨɠɧɨ ɫɨɛɪɚɬɶ ɩɨɥɧɨɫɬɶɸ, ɦɨɠɟɬ ɩɨ 

ɜɢɧɟ ɢɫɫɥɟɞɨɜɚɬɟɥɹ, ɤɨɬɨɪɵɣ ɧɟɜɧɢɦɚɬɟɥɶɧɨ ɫɨɛɢɪɚɥ ɧɭɠɧɵɟ ɞɚɧɧɵɟ ɢɥɢ ɠɟ 

ɨɬɫɭɬɫɬɜɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɩɨɥɭɱɟɧɢɟ ɷɬɨɣ ɢɧɮɨɪɦɚɰɢɢ. Ɍɚɛɥɢɰɵ ɫ ɞɚɧɧɵɦɢ 

ɦɨɝɭɬ ɫɨɞɟɪɠɚɬɶ ɨɬ ɦɚɥɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɩɪɨɩɭɳɟɧɧɵɯ ɞɚɧɧɵɯ ɞɨ 

ɫɭɳɟɫɬɜɟɧɧɨɝɨ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɧɚ ɜɯɨɞ ɩɨɞɚɸɬɫɹ ɞɚɧɧɵɯ ɫ ɩɭɫɬɨɬɚɦɢ. 

Ȼɨɥɶɲɢɧɫɬɜɨ ɦɟɬɨɞɨɜ ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ ɧɟ ɦɨɝɭɬ ɪɚɛɨɬɚɬɶ ɫ «ɧɟɤɨɦɩɥɟɤɬɧɵɦɢ» 

ɬɚɛɥɢɰɚɦɢ. ȼɨɡɧɢɤɲɚɹ ɩɪɨɛɥɟɦɚ ɫ ɨɛɪɚɛɨɬɤɨɣ ɧɟɩɨɥɧɵɯ ɞɚɧɧɵɯ ɩɨɜɥɟɤɥɚ ɡɚ 

ɫɨɛɨɣ ɦɧɨɠɟɫɬɜɨ ɪɟɲɟɧɢɣ. ɋɚɦɵɦ ɩɪɨɫɬɵɦ ɪɟɲɟɧɢɟɦ ɛɵɥɨ ɭɞɚɥɢɬɶ 

ɧɚɛɥɸɞɟɧɢɹ ɫɨɞɟɪɠɚɳɢɟ ɩɪɨɩɭɫɤɢ, ɧɨ ɬɚɤɨɣ ɪɚɞɢɤɚɥɶɧɵɣ ɦɟɬɨɞ ɦɨɠɟɬ 

ɩɪɢɜɟɫɬɢ ɤ ɛɟɡɜɨɡɜɪɚɬɧɨɦɭ ɭɞɚɥɟɧɢɸ ɞɚɧɧɵɯ ɢ ɜ ɞɚɥɶɧɟɣɲɟɦ ɩɪɢɜɟɞɟɬ ɤ 

ɧɟɬɨɱɧɵɦ ɜɵɜɨɞɚɦ ɢ ɢɫɤɚɠɟɧɢɸ ɪɟɡɭɥɶɬɚɬɨɜ.  

ɉɨɷɬɨɦɭ ɝɥɚɜɧɨɣ ɰɟɥɶɸ ɫɬɚɥɨ ɧɟ ɬɨɥɶɤɨ ɡɚɩɨɥɧɢɬɶ ɩɪɨɩɭɳɟɧɧɵɟ 

ɡɧɚɱɟɧɢɹ, ɧɨ ɢ ɩɨɜɵɫɢɬɶ ɬɨɱɧɨɫɬɶ ɢ ɦɚɤɫɢɦɚɥɶɧɨ ɩɪɢɛɥɢɡɢɬɶɫɹ ɤ ɢɫɬɢɧɧɵɦ. 

Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛ ɩɨɞɨɛɪɚɬɶ ɧɟɨɛɯɨɞɢɦɵɣ ɦɟɬɨɞ, ɱɬɨɛɵ ɜɨɫɫɬɚɧɨɜɢɬɶ 

ɩɪɨɩɭɳɟɧɧɵɟ ɡɧɚɱɟɧɢɹ, ɧɭɠɧɨ ɩɨɧɢɦɚɬɶ ɦɟɯɚɧɢɡɦ ɢɯ ɮɨɪɦɢɪɨɜɚɧɢɹ. ȼ ɪɚɛɨɬɟ 

[12] ɤɥɚɫɫɢɮɢɰɢɪɭɸɬɫɹ ɬɪɢ ɦɟɯɚɧɢɡɦɚ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɪɨɩɭɫɤɨɜ: 

− MAR (Missing At Random) – ɦɟɯɚɧɢɡɦ ɩɪɨɩɭɫɤɚ, ɤɨɝɞɚ ɞɚɧɧɵɟ 

ɩɪɨɩɭɳɟɧɵ ɫɥɭɱɚɣɧɨ[13]; 

− MCAR (Missing Completely At Random) — ɦɟɯɚɧɢɡɦ ɩɨɥɭɱɟɧɢɹ ɭɫɥɨɜɢɹ 

ɩɪɨɩɭɫɤɚ ɫɬɪɨɠɟ, ɱɟɦ MAR. Ɍɢɩ  «ɩɨɥɧɨɫɬɶɸ ɧɟɡɚɜɢɫɢɦɵɣ ɩɪɨɩɭɫɤ» 

ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɤɚɤ ɚɛɫɨɥɸɬɧɨ ɫɥɭɱɚɣɧɵɣ; 

− MNAR (Missing Not At Random) – ɫɚɦɵɣ ɧɟɭɞɨɛɧɵɣ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɩɪɨɩɭɫɤ. ɇɟɫɥɭɱɚɣɧɵɟ ɩɪɨɩɭɫɤɢ ɫɥɨɠɧɟɟ ɞɥɹ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɢ ɚɧɚɥɢɡɚ. 
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ɇɚ ɩɪɚɤɬɢɤɟ ɛɭɞɭɬ ɪɚɫɫɦɨɬɪɟɧɵ ɩɪɨɩɭɫɤɢ (MAR ɢ MCAR), ɩɨɫɤɨɥɶɤɭ ɫ 

ɧɢɦɢ ɩɨɫɥɟ ɫɛɨɪɚ ɢɧɮɨɪɦɚɰɢɢ ɟɫɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɷɮɮɟɤɬɢɜɧɨ ɛɨɪɨɬɶɫɹ, ɫ 

ɩɨɦɨɳɶɸ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɩɪɨɩɭɳɟɧɧɵɣ ɞɚɧɧɵɯ ɦɟɬɨɞɚɦɢ ɤɨɬɨɪɵɟ ɦɵ 

ɪɚɫɫɦɨɬɪɢɦ ɞɚɥɟɟ. 

 

1.4 Ɇɟɬɨɞɵ ɡɚɩɨɥɧɟɧɢɹ ɩɪɨɩɭɫɤɨɜ 

 

ɇɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɫɭɳɟɫɬɜɭɸɬ ɦɧɨɠɟɫɬɜɨ ɦɟɬɨɞɨɜ ɡɚɩɨɥɧɹɸɳɢɟ 

ɩɪɨɩɭɫɤɢ, ɧɨ ɭ ɤɚɠɞɨɝɨ ɦɟɬɨɞɚ ɟɫɬɶ ɫɜɨɢ ɧɟɞɨɫɬɚɬɤɢ ɢ ɞɨɫɬɨɢɧɫɬɜɚ. ɇɨ ɨɛɳɢɦɢ 

ɧɟɞɨɫɬɚɬɤɚɦɢ ɹɜɥɹɸɬɫɹ ɢɫɤɚɠɟɧɢɟ ɪɟɡɭɥɶɬɢɪɭɸɳɢɯ ɞɚɧɧɵɯ ɢ ɫɦɟɳɟɧɢɟ 

ɪɟɚɥɶɧɨɝɨ ɪɟɡɭɥɶɬɚɬɚ ɨɬ ɩɨɥɭɱɟɧɧɨɝɨ. ȼɨɫɫɬɚɧɨɜɥɟɧɢɹ ɩɪɨɩɭɫɤɨɜ ɢɫɩɨɥɶɡɭɟɬɫɹ 

ɧɟ ɬɨɥɶɤɨ ɞɥɹ ɡɚɩɨɥɧɟɧɢɹ ɩɪɨɩɭɳɟɧɧɵɯ ɡɧɚɱɟɧɢɣ, ɧɨ ɢ ɞɥɹ ɫɨɯɪɚɧɟɧɢɹ ɭɠɟ 

ɢɦɟɸɳɟɣɫɹ ɢɧɮɨɪɦɚɰɢɢ. 

Ɇɨɞɟɥɢ ɫɨɞɟɪɠɚɳɢɟ ɜɨɫɫɬɚɧɨɜɥɟɧɧɵɟ ɞɚɧɧɵɟ, ɫɤɨɪɟɟ ɜɫɟɝɨ ɛɭɞɭɬ ɦɟɧɟɟ 

ɬɨɱɧɵɦɢ, ɱɟɦ ɬɟ ɦɨɞɟɥɢ, ɤɨɬɨɪɵɟ ɩɨɫɬɪɨɟɧɵ ɧɚ ɩɨɥɧɵɯ ɧɚɛɥɸɞɟɧɢɹɯ. 

Ɍɨɱɧɨɫɬɶ ɡɚɜɢɫɢɬ ɨɬ ɜɵɛɪɚɧɧɨɝɨ ɦɟɬɨɞɚ ɢ ɨɬ ɤɚɱɟɫɬɜɚ ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɦɵɯ 

ɡɧɚɱɟɧɢɣ. ȼɵɛɨɪ ɦɟɬɨɞɚ, ɤɨɬɨɪɵɣ ɩɨɫɥɭɠɢɬ ɞɥɹ ɡɚɩɨɥɧɟɧɢɹ ɩɪɨɩɭɫɤɨɜ, ɞɨɥɠɟɧ 

ɡɚɜɢɫɟɬɶ ɨɬ ɦɟɬɨɞɚ ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ.  

Ʉɚɤ ɝɨɜɨɪɢɥɨɫɶ ɪɚɧɟɟ, ɡɧɚɧɢɟ ɦɟɯɚɧɢɡɦɚ, ɤɨɬɨɪɵɣ ɩɨɪɨɠɞɚɟɬ ɩɪɨɩɭɫɤ, 

ɫɢɥɶɧɨ ɜɥɢɹɟɬ ɧɚ ɜɵɛɨɪ ɦɟɬɨɞɚ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɪɟɡɭɥɶɬɚɬɨɜ. Ʉɥɚɫɫɢɮɢɰɢɪɨɜɚɥ 

ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɟ ɦɟɬɨɞɵ ɫɬɚɬɢɫɬ Ʌɢɬɬɥ Ɋ. Ⱦ. [12] ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ 

ɪɢɫɭɧɤɟ 2. 
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Ɋɢɫɭɧɨɤ 2 – Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɦɟɬɨɞɨɜ ɡɚɩɨɥɧɟɧɢɹ ɩɪɨɩɭɫɤɨɜ 

 

Ɇɟɬɨɞɵ ɡɚɩɨɥɧɟɧɢɹ ɞɟɥɹɬɫɹ ɧɚ ɞɜɚ ɬɢɩɚ: ɫɥɨɠɧɵɟ ɢ ɩɪɨɫɬɵɟ. ɉɪɨɫɬɵɟ ɧɟ 

ɢɬɟɪɚɬɢɜɧɵɟ ɦɟɬɨɞɵ ɨɫɧɨɜɵɜɚɸɬɫɹ ɧɚ ɩɪɨɫɬɟɣɲɢɯ ɚɪɢɮɦɟɬɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɹɯ, 

ɚ ɫɥɨɠɧɵɟ ɢɬɟɪɚɬɢɜɧɵɟ ɦɟɬɨɞɵ ɨɫɧɨɜɚɧɵ ɧɚ ɨɰɟɧɤɢ ɬɨɱɧɨɫɬɢ ɡɧɚɱɟɧɢɹ, 

ɤɨɬɨɪɨɟ ɩɨɞɫɬɚɜɥɹɟɬɫɹ ɜɦɟɫɬɨ ɩɪɨɩɭɫɤɚ. Ɍɚɤ ɠɟ ɫɥɨɠɧɵɟ ɦɟɬɨɞɵ 

ɩɨɞɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɥɨɤɚɥɶɧɵɟ ɢ ɝɥɨɛɚɥɶɧɵɟ. 

Ʌɨɤɚɥɶɧɵɟ ɦɟɬɨɞɵ – ɦɟɬɨɞɵ, ɤɨɝɞɚ ɩɪɨɢɫɯɨɞɢɬ ɨɰɟɧɢɜɚɧɢɟ ɥɸɛɨɝɨ ɢɡ 

ɩɪɨɩɭɳɟɧɧɵɯ ɡɧɚɱɟɧɢɣ, ɜ ɤɨɬɨɪɵɯ ɭɱɚɫɬɜɭɸɬ ɧɚɛɥɸɞɟɧɢɹ ɛɟɡ ɩɪɨɩɭɫɤɨɜ, 

ɧɚɯɨɞɹɳɢɟɫɹ ɧɚ ɪɚɫɫɬɨɹɧɢɢ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɧɚɛɥɸɞɟɧɢɹ. 

Ƚɥɨɛɚɥɶɧɵɟ ɦɟɬɨɞɵ – ɦɟɬɨɞɵ, ɤɨɝɞɚ ɞɥɹ ɨɰɟɧɢɜɚɧɢɹ ɥɸɛɨɝɨ ɢɡ 

ɩɪɨɩɭɳɟɧɧɵɯ ɡɧɚɱɟɧɢɣ, ɭɱɚɫɬɜɭɸɬ ɜɫɹ ɞɚɧɧɚɹ ɜɵɛɨɪɤɚ. 

Ɋɚɫɫɦɨɬɪɢɦ ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɟ ɦɟɬɨɞɵ ɩɨ ɨɬɞɟɥɶɧɨɫɬɢ ɢ ɛɨɥɟɟ 

ɩɨɞɪɨɛɧɨ. 

Ɇɟɬɨɞɵ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɩɪɨɩɭɫɤɨɜ ɨɩɢɫɚɧɵ ɩɨɞɪɨɛɧɨ ɜ ɪɚɛɨɬɚɯ [14, 17]. 

Ɂɚɩɨɥɧɟɧɢɟ ɩɪɨɩɭɫɤɚ ɫɪɟɞɧɢɦ ɡɧɚɱɟɧɢɟɦ – ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɫɚɦɵɯ 

ɩɪɨɫɬɵɯ ɦɟɬɨɞɨɜ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɞɚɧɧɵɯ. ɋɭɬɶ ɦɟɬɨɞɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, 

ɱɬɨɛɵ ɡɚɩɨɥɧɢɬɶ ɩɪɨɩɭɳɟɧɧɵɟ ɞɚɧɧɵɟ ɫɪɟɞɧɟɚɪɢɮɦɟɬɢɱɟɫɤɢɦ ɡɧɚɱɟɧɢɟɦ, 

ɜɵɫɱɢɬɚɧɧɵɦ ɢɡ ɞɨɫɬɭɩɧɨɣ ɜɵɛɨɪɤɢ.  
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Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɨɱɟɧɶ ɩɪɨɫɬ ɜ ɪɟɚɥɢɡɚɰɢɢ, ɧɨ ɢɦɟɟɬ ɦɧɨɠɟɫɬɜɨ 

ɧɟɞɨɫɬɚɬɤɨɜ, ɬɚɤɢɟ ɤɚɤ: 

ɚ) ɉɪɨɢɫɯɨɞɢɬ ɢɫɤɚɠɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɧɟɞɨɩɭɫɬɢɦɵɦ ɞɥɹ 

ɢɫɫɥɟɞɨɜɚɬɟɥɹ, ɤɨɬɨɪɵɣ ɞɟɥɚɟɬ ɜɵɜɨɞɵ, ɨɩɢɪɚɹɫɶ ɧɚ ɝɪɚɮɢɤɢ ɢɥɢ ɝɢɫɬɨɝɪɚɦɦɵ; 

ɛ) ɂɡ-ɡɚ ɫɧɢɠɟɧɢɹ ɨɛɴɟɦɚ ɜɵɛɨɪɤɢ, ɩɪɨɢɫɯɨɞɢɬ ɢɫɤɚɠɟɧɢɟ ɞɢɫɩɟɪɫɢɢ ɢ 

ɫɬɚɧɞɚɪɬɧɨɟ ɨɬɤɥɨɧɟɧɢɟ  

Ɇɟɬɨɞ Hot Desk. Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɨɩɢɫɚɧ ɩɨɞɪɨɛɧɨ ɜ ɪɚɛɨɬɟ [16], ɱɚɳɟ 

ɧɚɡɵɜɚɟɬɫɹ ɷɬɨɬ ɦɟɬɨɞ «ɛɥɢɠɚɣɲɟɝɨ ɫɨɫɟɞɚ». ɋɦɵɫɥ ɦɟɬɨɞɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, 

ɱɬɨ ɧɚ ɦɟɫɬɨ ɩɪɨɩɭɳɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɫɬɚɜɢɬɫɹ ɬɨɬ ɨɛɴɟɤɬ, ɤɨɬɨɪɵɣ ɧɚɢɛɨɥɟɟ 

ɛɥɢɡɤɨ ɪɚɫɩɨɥɨɠɟɧ ɤ ɩɪɨɩɭɫɤɭ ɫ ɩɨɥɧɨɣ ɢɧɮɨɪɦɚɰɢɟɣ. ɉɨɞɛɨɪ ɨɛɴɟɤɬɚ ɫ 

ɩɨɥɧɨɣ ɢɧɮɨɪɦɚɰɢɟɣ ɦɨɠɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɤɚɤ ɩɨ ɜɫɟɣ ɜɵɛɨɪɤɟ, ɬɚɤ ɢ ɢɡ 

ɧɟɛɨɥɶɲɢɯ ɩɨɞɝɪɭɩɩ ɫɜɹɡɚɧɧɵɯ ɩɨ ɤɚɤɨɦɭ – ɥɢɛɨ ɩɪɢɡɧɚɤɭ. 

ɉɪɢ ɩɨɞɛɨɪɟ ɛɥɢɠɚɣɲɟɝɨ ɧɚɛɥɸɞɟɧɢɹ ɨɬ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɨɛɴɟɤɬɚ ɫ 

ɩɪɨɩɭɫɤɨɦ ɧɚɯɨɞɢɬɫɹ ɪɚɫɫɬɨɹɧɢɟ d ɞɨ ɤɚɠɞɨɝɨ ɨɛɴɟɤɬɚ ɫ ɩɨɥɧɨɣ ɢɧɮɨɪɦɚɰɢɟɣ. 

Ɂɧɚɱɟɧɢɟ ɩɪɢɡɧɚɤɨɜ ɞɨɥɠɧɨ ɛɵɬɶ ɢɡɜɟɫɬɧɨ ɤɚɤ ɞɥɹ ɧɚɛɥɸɞɟɧɢɣ ɫ ɩɪɨɩɭɫɤɚɦɢ, 

ɬɚɤ ɢ ɞɥɹ ɨɛɴɟɤɬɨɜ ɫ ɩɨɥɧɵɦɢ ɧɚɛɥɸɞɟɧɢɹɦɢ. ɂɫɫɥɟɞɨɜɚɬɟɥɶ, ɜɵɛɢɪɚɟɬ ɫɚɦ ɬɭ 

ɦɟɪɭ ɪɚɫɫɬɨɹɧɢɹ, ɫɫɵɥɚɹɫɶ ɧɚ ɬɢɩ ɢɫɩɨɥɶɡɭɟɦɵɯ ɞɚɧɧɵɯ ɢ ɯɚɪɚɤɬɟɪ ɫɜɹɡɢ 

ɦɟɠɞɭ ɩɟɪɟɦɟɧɧɵɦɢ. ɋɭɳɟɫɬɜɭɟɬ ɦɧɨɠɟɫɬɜɨ ɦɟɪ ɪɚɫɫɬɨɹɧɢɟ, ɧɨ ɫɚɦɨɟ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɟ - ɢɫɩɨɥɶɡɭɸɬ ɗɜɤɥɢɞɨɜɨ ɪɚɫɫɬɨɹɧɢɟ 
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ɝɞɟ i – ɩɨɪɹɞɤɨɜɵɣ ɧɨɦɟɪ ɩɪɢɡɧɚɤɚ; 

u1 ɢ u2 – ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɟ ɬɨɱɤɢ ɜ n-ɦɟɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ; 

iux
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 ɢ iux
1
 - ɤɨɨɪɞɢɧɚɬɵ ɬɨɱɟɤ u1 ɢ u2  ɩɨ ɩɪɢɡɧɚɤɭ i. 

ɇɟɞɨɫɬɚɬɤɨɦ ɷɬɨɝɨ ɦɟɬɨɞɚ ɹɜɥɹɟɬɫɹ, ɱɬɨ ɩɨɫɥɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɩɨɹɜɥɹɟɬɫɹ 

ɡɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ ɡɧɚɱɟɧɢɹɦɢ, ɤɨɬɨɪɵɟ ɜɨɫɫɬɚɧɨɜɢɥɢ ɢ ɡɚɧɢɠɟɧɧɨɣ ɨɰɟɧɤɨɣ 

ɞɢɫɩɟɪɫɢɢ. ɋɧɢɠɟɧɢɟ ɭɪɨɜɧɹ ɡɚɜɢɫɢɦɨɫɬɢ ɩɪɨɢɫɯɨɞɢɬ ɜ ɫɥɭɱɚɟ, ɤɨɝɞɚ 
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ɜɨɡɪɚɫɬɚɟɬ ɱɢɫɥɨ ɩɨɞɝɪɭɩɩ, ɱɬɨ ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɩɨɞ ɫɨɛɨɣ ɛɨɥɶɲɨɣ ɨɛɴɟɦ 

ɜɵɛɨɪɤɢ.  

ɇɟɫɦɨɬɪɹ ɧɚ ɧɟɞɨɫɬɚɬɤɢ ɦɟɬɨɞ Hot Desk ɩɨɥɶɡɭɟɬɫɹ ɫɩɪɨɫɨɦ ɜ 

ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɨɪɝɚɧɢɡɚɰɢɹɯ. 

Ɇɟɬɨɞ ɩɨɞɛɨɪɚ ɜɧɭɬɪɢ ɝɪɭɩɩ. ȼ ɞɚɧɧɨɦ ɦɟɬɨɞɟ ɩɪɨɢɫɯɨɞɢɬ ɞɟɥɟɧɢɟ 

ɨɛɴɟɤɬɨɜ ɧɚ ɝɪɭɩɩɵ ɩɨ ɨɩɪɟɞɟɥɟɧɧɨɦɭ ɩɪɢɡɧɚɤɭ ɞɥɹ ɤɚɠɞɨɝɨ ɩɪɨɩɭɫɤɚ. Ⱦɥɹ 

ɡɚɩɨɥɧɟɧɢɹ ɜɵɛɢɪɚɟɬɫɹ ɪɚɡɥɢɱɧɵɟ ɡɧɚɱɟɧɢɹ ɢɡ ɩɨɥɧɵɯ ɞɚɧɧɵɯ. Ⱦɚɧɧɵɣ ɦɟɬɨɞ 

ɨɱɟɧɶ ɪɚɫɩɪɨɫɬɪɚɧɟɧ ɢ ɢɦɟɟɬ ɦɧɨɠɟɫɬɜɨ ɚɧɚɥɨɝɨɜ, ɢɫɩɨɥɶɡɭɸɳɢɟ ɫɥɨɠɧɵɟ 

ɫɯɟɦɵ ɥɹ ɨɬɛɨɪɚ ɧɚ ɩɨɞɝɪɭɩɩɵ. 

ɇɟɞɨɫɬɚɬɤɨɦ ɹɜɥɹɟɬɫɹ ɢɫɤɚɠɟɧɢɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ 

ɜɵɛɨɪɤɢ. 

ȼ ɫɥɨɠɧɵɯ ɝɥɨɛɚɥɶɧɵɯ ɚɥɝɨɪɢɬɦɚɯ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɬɚɤɢɟ ɦɟɬɨɞɵ ɤɚɤ: 

EM – ɚɥɝɨɪɢɬɦ, ɦɟɬɨɞ Ȼɚɪɬɥɟɬɬɚ ɢ resampling. Ʉɚɠɞɵɣ ɢɡ ɬɪɟɯ ɦɟɬɨɞɨɜ ɦɵ 

ɪɚɫɫɦɨɬɪɢɦ ɞɚɥɟɟ ɩɨ ɨɬɞɟɥɶɧɨɫɬɢ. 

Ɇɟɬɨɞ Ȼɚɪɬɥɟɬɬɚ ɞɥɹ ɡɚɩɨɥɧɟɧɢɹ ɩɪɨɩɭɫɤɨɜ. ȼ ɫɜɨɟɣ ɪɚɛɨɬɟ Ɂɥɨɛɚ ȿ. ɢ 

əɰɤɢɜ [17] ɫɱɢɬɚɸɬ, ɱɬɨ ɷɬɨɬ ɦɟɬɨɞ  ɫɨɫɬɨɢɬ ɢɯ ɞɜɭɯ ɷɬɚɩɨɜ: 

− ɩɪɨɢɫɯɨɞɢɬ ɩɨɞɫɬɚɧɨɜɤɚ ɜɦɟɫɬɨ ɩɪɨɩɭɫɤɨɜ ɧɚɱɚɥɶɧɵɯ ɡɧɚɱɟɧɢɢ; 

− ɩɪɨɜɟɞɟɧɢɟ ɤɨɜɚɪɢɚɰɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ ɧɟɢɡɜɟɫɬɧɨɣ ɩɟɪɟɦɟɧɧɨɣ. 

ɇɚ ɩɨɫɥɟɞɧɟɦ ɷɬɚɩɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɢɧɞɢɤɚɬɨɪ ɩɨɥɧɨɬɵ ɧɚɛɥɸɞɟɧɢɣ, ɨɧ 

ɧɭɠɟɧ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɩɨɤɚɡɚɬɶ, ɝɞɟ ɜ ɦɚɬɪɢɰɟ ɟɫɬɶ ɩɪɨɩɭɫɤ. ȿɫɥɢ ɢɧɞɢɤɚɬɨɪ 

ɪɚɜɟɧ 0, ɬɨ ɡɧɚɱɟɧɢɟ ɧɟ ɩɪɨɩɭɳɟɧɨ, ɟɫɥɢ ɪɚɜɟɧ 1, ɬɨ ɡɧɚɱɟɧɢɟ ɹɜɥɹɟɬɫɹ 

ɩɪɨɩɭɳɟɧɧɵɦ. 

Ɇɟɬɨɞ ɨɛɥɚɞɚɟɬ ɩɪɟɢɦɭɳɟɫɬɜɚɦɢ: 

− ɟɫɥɢ ɫɬɪɭɤɬɭɪɚ ɩɪɨɩɭɫɤɨɜ ɹɜɥɹɟɬɫɹ ɜɵɪɨɠɞɟɧɧɨɣ, ɬɨ ɦɟɬɨɞ 

«ɩɪɟɞɭɩɪɟɠɞɚɟɬ» ɢɫɫɥɟɞɨɜɚɬɟɥɹ, ɱɬɨ ɨɬɜɟɬ, ɜɨɡɦɨɠɧɨ, ɛɭɞɟɬ 

ɧɟɤɨɪɪɟɤɬɧɵɦ; 

− ɦɟɬɨɞ ɹɜɥɹɟɬɫɹ ɧɟɢɧɬɟɪɚɬɢɜɧɵɦ; 

− ɦɟɬɨɞ ɞɚɟɬ ɩɪɚɜɢɥɶɧɵɟ ɨɰɟɧɤɢ ɢ ɩɪɢɟɦɥɟɦɵɟ ɫɬɚɧɞɚɪɬɧɵɟ ɨɲɢɛɤɢ. 
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ɍ ɷɬɨɝɨ ɦɟɬɨɞɚ ɦɧɨɠɟɫɬɜɨ ɩɥɸɫɨɜ, ɧɨ ɟɝɨ ɱɚɫɬɨ ɧɟɜɨɡɦɨɠɧɨ ɪɟɚɥɢɡɨɜɚɬɶ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ, ɩɨɬɨɦɭ ɱɬɨ ɦɧɨɝɢɟ ɩɪɨɝɪɚɦɦɵ ɧɟ ɦɨɝɭɬ ɜɟɫɬɢ ɨɛɪɚɛɨɬɤɭ 

ɞɚɧɧɵɯ ɩɪɢ ɦɧɨɝɢɯ ɫɨɩɭɬɫɬɜɭɸɳɢɯ ɩɟɪɟɦɟɧɧɵɯ. 

Ɇɟɬɨɞ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɪɚɜɞɨɩɨɞɨɛɢɹ EM - ɚɥɝɨɪɢɬɦ. ɗɬɨɬ ɦɟɬɨɞ 

ɩɪɨɜɨɞɢɬ ɞɜɭɯɫɬɭɩɟɧɱɚɬɭɸ ɢɬɟɪɚɰɢɸ, ɫɨɫɬɨɹɳɢɣ ɢɡ ɞɜɭɯ ɲɚɝɨɜ (E – ɲɚɝ ɢ M – 

ɲɚɝ), ɝɞɟ E ɨɛɨɡɧɚɱɚɟɬɫɹ ɨɠɢɞɚɧɢɟ, ɚ  M – ɹɜɥɹɟɬɫɹ ɦɚɤɫɢɦɢɡɚɰɢɟɣ. Ɇɟɬɨɞ 

ɩɪɟɞɧɚɡɧɚɱɟɧ ɧɟ ɬɨɥɶɤɨ ɞɥɹ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɩɪɨɩɭɫɤɨɜ, ɧɨ ɢ ɞɥɹ ɨɰɟɧɢɜɚɧɢɹ 

ɫɪɟɞɧɢɯ ɡɧɚɱɟɧɢɣ, ɤɨɪɪɟɥɹɰɢɨɧɧɵɯ ɢ ɤɨɜɚɪɢɚɰɢɨɧɧɵɯ ɦɚɬɪɢɰ.  

Ʉɚɤ ɫɤɚɡɚɧɨ ɪɚɧɟɟ, ɚɥɝɨɪɢɬɦ ɪɚɡɛɢɬ ɧɚ ɞɜɚ ɷɬɚɩɚ.  

ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ (ɷɬɚɩ E) ɞɥɹ ɤɚɠɞɨɝɨ ɩɪɨɩɭɳɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ 

ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɪɟɞɩɨɥɚɝɚɟɦɨɟ ɡɧɚɱɟɧɢɟ ɰɟɥɟɜɨɣ ɩɟɪɟɦɟɧɧɨɣ, ɨɩɢɪɚɹɫɶ ɧɚ 

ɩɨɥɧɵɟ ɧɚɛɥɸɞɟɧɢɹ. ɉɨɫɥɟ ɬɨɝɨ, ɤɚɤ ɩɪɨɩɭɳɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɛɵɥɢ 

ɜɨɫɫɬɚɧɨɜɥɟɧɵ, ɩɪɨɢɫɯɨɞɢɬ ɨɰɟɧɤɚ ɨɫɧɨɜɧɵɯ ɫɬɚɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ: 

ɤɨɷɮɮɢɰɢɟɧɬ ɜɡɚɢɦɧɨɣ ɤɨɪɪɟɥɹɰɢɢ ɢ ɤɨɜɚɪɢɚɰɢɢ, ɩɨɤɚɡɚɬɟɥɶ ɪɚɡɛɪɨɫɚ. 

ɇɚ ɫɥɟɞɭɸɳɟɦ ɷɬɚɩɟ M, ɫɪɚɜɧɢɜɚɸɬɫɹ ɨɠɢɞɚɟɦɵɟ ɡɧɚɱɟɧɢɹ ɫ ɬɟɦɢ, 

ɤɨɬɨɪɵɟ ɛɵɥɢ ɜɨɫɫɬɚɧɨɜɥɟɧɵ, ɚ ɬɚɤɠɟ ɩɪɨɢɫɯɨɞɢɬ ɫɨɨɬɜɟɬɫɬɜɢɟ ɫɬɪɭɤɬɭɪɵ 

ɡɚɩɨɥɧɟɧɧɵɯ ɞɚɧɧɵɯ ɫɬɪɭɤɬɭɪɟ ɞɚɧɧɵɯ ɩɨɥɧɵɯ ɧɚɛɥɸɞɟɧɢɣ. 

ɇɟɞɨɫɬɚɬɤɚɦɢ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɟɫɥɢ ɜ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ 

ɪɚɛɨɬɟ ɢɦɟɟɬɫɹ ɦɧɨɠɟɫɬɜɨ ɩɪɨɩɭɫɤɨɜ, ɬɨ ɪɚɛɨɬɚ ɬɪɟɛɭɟɬ ɛɨɥɶɲɢɯ 

ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɪɟɫɭɪɫɨɜ.  

Resampling ɦɟɬɨɞ. [17] Ƚɥɚɜɧɨɟ ɩɪɟɢɦɭɳɟɫɬɜɨ ɷɬɨɝɨ ɦɟɬɨɞɚ – ɷɬɨ ɬɨ, ɱɬɨ 

ɨɧ ɧɟ ɧɭɠɞɚɟɬɫɹ ɜ ɚɩɪɢɨɪɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɨ ɡɧɚɧɢɢ ɜɟɪɨɹɬɧɨɫɬɧɨɝɨ ɡɚɤɨɧɚ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ, ɚ ɡɧɚɱɢɬ ɷɬɨ, ɱɬɨ ɨɧ ɫɩɨɫɨɛɟɧ ɪɚɛɨɬɚɬɶ ɫ 

ɥɸɛɵɦɢ ɩɪɟɞɫɬɚɜɥɟɧɧɵɦɢ ɞɚɧɧɵɦɢ. Ɉɬɥɢɱɢɟ Resampling ɦɟɬɨɞɚ ɨɬ ɞɪɭɝɢɯ 

ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ, ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɨɧ ɦɧɨɝɨɤɪɚɬɧɨ ɨɛɪɚɛɚɬɵɜɚɟɬ 

ɪɚɡɥɢɱɧɵɟ ɱɚɫɬɢ ɨɞɧɢɯ ɢ ɬɟɯ ɠɟ ɞɚɧɧɵɯ, ɬɟɦ ɫɚɦɵɦ ɞɚɟɬ ɛɨɥɟɟ ɬɨɱɧɵɣ 

ɪɟɡɭɥɶɬɚɬ.  

Ɋɚɛɨɬɚ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɨɧ ɡɚɦɟɧɹɟɬ ɩɪɨɩɭɳɟɧɧɵɟ 

ɡɧɚɱɟɧɢɹ ɫɥɭɱɚɣɧɵɦɢ ɫɬɪɨɤɚɦɢ ɢɡ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɦɚɬɪɢɰɵ. ɉɨɫɥɟ ɱɟɝɨ, 

ɨɬɫɭɬɫɬɜɭɸɳɢɟ ɡɧɚɱɟɧɢɹ ɩɪɟɞɫɤɚɡɵɜɚɟɬ ɩɨ ɪɟɝɪɟɫɫɢɨɧɧɨɦɭ ɭɪɚɜɧɟɧɢɸ. 
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ɉɨɫɬɪɨɟɧɢɟ ɦɨɞɟɥɢ ɩɨɜɬɨɪɹɟɬɫɹ ɡɚɞɚɧɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɡ. ɉɨɥɭɱɟɧɧɵɟ 

ɡɧɚɱɟɧɢɹ ɪɟɝɪɟɫɫɢɨɧɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɭɫɪɟɞɧɹɸɬɫɹ ɢ ɧɚ ɜɵɯɨɞ ɩɨɥɭɱɚɸɬ 

ɡɧɚɱɟɧɢɹ ɞɥɹ ɡɚɩɨɥɧɟɧɢɹ ɩɪɨɩɭɫɤɚ.  

ɇɟɞɨɫɬɚɬɤɚɦɢ ɦɟɬɨɞɚ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɨɬɫɭɬɫɬɜɭɟɬ ɜɨɡɦɨɠɧɨɫɬɶ 

ɨɩɬɢɦɢɡɚɰɢɢ ɦɟɬɨɞɚ. 

ɉɟɪɟɯɨɞɹ ɤ ɥɨɤɚɥɶɧɵɦ ɫɥɨɠɧɵɦ ɦɟɬɨɞɚɦ, ɧɚɱɧɟɦ ɫ ɦɟɬɨɞɚ 

ɦɧɨɠɟɫɬɜɟɧɧɨɝɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ. ɗɬɨɬ ɦɟɬɨɞ ɪɚɡɪɚɛɨɬɚɥ Ⱦɨɧɚɥɶɞɨɦ 

Ɋɭɛɢɧɵɦ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɦɟɬɨɞ ɫɬɚɧɨɜɢɬɫɹ ɩɨɩɭɥɹɪɧɵɦ, ɧɨ ɪɟɚɥɢɡɚɰɢɹ ɟɝɨ 

ɩɪɨɢɫɯɨɞɢɬ ɜ ɨɫɧɨɜɧɨɦ ɜ ɤɨɦɦɟɪɱɟɫɤɨɦ ɩɪɨɝɪɚɦɦɧɨɦ ɨɛɟɫɩɟɱɟɧɢɢ. 

Ɇɟɬɨɞ ɢɦɩɭɬɢɪɨɜɚɧɢɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɩɪɨɩɭɳɟɧɧɨɦɭ ɨɛɴɟɤɬɭ 

ɩɪɢɩɢɫɵɜɚɟɬɫɹ ɧɟɫɤɨɥɶɤɨ ɜɨɡɦɨɠɧɵɯ ɡɧɚɱɟɧɢɣ. ɋɭɳɟɫɬɜɭɟɬ ɪɚɡɛɪɨɫ ɦɟɠɞɭ 

ɤɚɠɞɵɦ ɜɵɛɪɚɧɧɵɦ ɡɧɚɱɟɧɢɟɦ, ɷɬɨ ɞɨɤɚɡɵɜɚɟɬ ɨ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɜɵɛɪɚɧɧɨɣ 

ɦɨɞɟɥɢ. 

Ⱦɚɧɧɵɟ ɤɚɠɞɨɝɨ ɧɚɛɨɪɚ ɜɨɫɫɬɚɧɨɜɥɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɯɪɚɧɢɬɫɹ ɜ ɨɬɞɟɥɶɧɨɦ 

ɦɚɫɫɢɜɟ, ɤɨɬɨɪɵɣ ɜ ɞɚɥɶɧɟɣɲɟɦ ɚɧɚɥɢɡɢɪɭɟɬɫɹ ɤɚɤ ɜɨɫɫɬɚɧɨɜɥɟɧɧɚɹ ɦɚɬɪɢɰɚ ɧɟ 

ɢɦɟɸɳɚɹ ɩɪɨɩɭɫɤɨɜ. 

ɇɟɞɨɫɬɚɬɨɤ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɜɫɹ ɜɬɨɪɨɫɬɟɩɟɧɧɚɹ 

ɢɧɮɨɪɦɚɰɢɹ ɯɪɚɧɢɬɫɹ ɢ ɹɜɥɹɟɬɫɹ ɢɡɛɵɬɨɱɧɨɣ. 

Zet ɢ ZetBraid ɦɟɬɨɞ [18]. ɋɭɬɶɸ ɚɥɝɨɪɢɬɦɚ Zet ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɩɪɢ 

ɩɨɞɛɨɪɟ ɩɪɨɩɭɫɤɚ ɢɫɩɨɥɶɡɭɸɬ ɬɨɥɶɤɨ ɱɚɫɬɶ ɧɚɛɥɸɞɟɧɢɣ, ɤɨɬɨɪɚɹ ɧɚɡɵɜɚɟɬɫɹ 

ɤɨɦɩɨɧɟɧɬɧɨɣ ɦɚɬɪɢɰɟɣ. ɗɬɚ ɦɚɬɪɢɰɚ ɫɨɫɬɨɢɬ ɢɡ ɤɨɦɩɨɧɟɧɬɧɵɯ ɫɬɪɨɤ ɢ 

ɫɬɨɥɛɰɨɜ. ɇɟɤɨɬɨɪɚɹ ɜɟɥɢɱɢɧɚ, ɤɨɬɨɪɚɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɤɨɦɩɟɬɟɧɬɧɨɫɬɶ ɨɛɴɟɤɬɚ, 

ɪɚɜɧɚ ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɦɭ ɞɟɤɚɪɬɨɜɨɦɭ ɪɚɫɫɬɨɹɧɢɸ ɞɨ ɫɬɪɨɤɢ ɫ 

ɧɟɩɨɥɧɵɦ ɧɚɛɥɸɞɟɧɢɟɦ. 

ɇɚ ɫɥɟɞɭɸɳɟɦ ɷɬɚɩɟ ɫɬɪɨɢɬɫɹ ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ 

ɩɪɨɝɧɨɡɢɪɭɟɦɨɝɨ ɡɧɚɱɟɧɢɹ ɨɬ ɡɧɚɱɟɧɢɹ, ɜɡɹɬɨɝɨ ɢɡ ɤɨɦɩɨɧɟɧɬɧɨɣ ɦɚɬɪɢɰɵ. ɇɚ 

ɞɚɧɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɩɪɨɢɫɯɨɞɢɬ ɢɦɩɭɬɢɪɨɜɚɧɢɟ. 

Ɇɟɬɨɞ ZetBraid ɹɜɥɹɟɬɫɹ ɞɨɪɚɛɨɬɤɨɣ ɦɟɬɨɞɚ Zet. Ƚɥɚɜɧɨɟ ɢɯ ɨɬɥɢɱɢɟ ɢ 

ɞɨɫɬɨɢɧɫɬɜɨɦ ɦɨɞɟɪɧɢɡɢɪɨɜɚɧɧɨɝɨ ɦɟɬɨɞɚ ɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɢɡɦɟɧɟɧɢɟ 

ɪɚɡɦɟɪɧɨɫɬɢ ɤɨɦɩɨɧɟɧɬɧɨɣ ɦɚɬɪɢɰɵ. 
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ɇɟɞɨɫɬɚɬɨɤ ɦɟɬɨɞɚ Zet ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɤɨɦɩɟɬɟɧɬɧɚɹ ɦɚɬɪɢɰɚ ɹɜɥɹɟɬɫɹ  

ɮɢɤɫɢɪɨɜɚɧɧɨɣ ɢ ɬɨ, ɱɬɨ ɜ ɷɬɭ ɦɚɬɪɢɰɭ ɦɨɝɭɬ ɩɨɩɚɫɬɶ ɧɟɢɧɮɨɪɦɚɬɢɜɧɵɟ 

ɞɚɧɧɵɟ ɫɨɡɞɚɸɳɢɟ ɩɨɦɟɯɢ. ɍ ɦɟɬɨɞɚ ZetBraid ɟɫɬɶ ɜɟɫɨɦɵɣ ɧɟɞɨɫɬɚɬɨɤ – ɷɬɨ 

ɱɬɨ ɬɨɥɶɤɨ ɩɪɢ ɤɨɪɪɟɥɹɰɢɨɧɧɨ – ɪɟɝɪɟɫɫɢɜɧɨɦ ɚɧɚɥɢɡɟ ɜɨɡɦɨɠɟɧ ɪɚɫɱɟɬ 

ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɨɰɟɧɨɤ ɧɟɢɡɜɟɫɬɧɨɝɨ ɡɧɚɱɟɧɢɹ. 
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ȼɵɜɨɞɵ ɩɨ ɩɟɪɜɨɣ ɝɥɚɜɟ 

 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɧɚɩɢɫɚɧɢɹ ɩɟɪɜɨɣ ɝɥɚɜɵ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɫɥɟɞɭɸɳɢɟ ɜɵɜɨɞɵ: 

− ɩɨɥɭɱɟɧɵ ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɞɚɥɶɧɟɣɲɟɣ ɪɚɛɨɬɵ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɡɧɚɧɢɹ, 

ɬɚɤ ɠɟ ɩɪɢɜɟɞɟɧɵ ɨɫɧɨɜɧɵɟ ɩɨɧɹɬɢɹ; 

− ɉɪɟɞɫɬɚɜɥɟɧ ɝɥɚɜɧɵɣ ɷɬɚɩ ɩɨɫɬɪɨɟɧɢɟ ɦɨɞɟɥɢ – ɢɞɟɧɬɢɮɢɤɚɰɢɹ, ɨɧɚ 

ɛɵɥɚ ɨɩɢɫɚɧɚ ɜ «ɭɡɤɨɦ» ɢ «ɲɢɪɨɤɨɦ» ɫɦɵɫɥɟ; 

− Ɋɚɫɫɦɨɬɪɟɧɵ ɡɚɞɚɱɢ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɩɪɢ ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɦ ɢ 

ɧɟɩɚɪɚɦɟɬɪɢɱɟɫɤɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɢ; 

− Ɉɩɢɫɚɧɚ ɡɚɞɚɱɚ ɧɟɩɨɥɧɵɯ ɞɚɧɧɵɯ ɢ ɪɚɫɫɦɨɬɪɟɧɵ ɫɚɦɵɟ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɟ ɦɟɬɨɞɵ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɬɨɱɧɨɫɬɢ 

ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɦɵɯ ɩɪɨɩɭɫɤɨɜ. 
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2 ȼɨɫɫɬɚɧɨɜɥɟɧɢɟ ɩɪɨɩɭɫɤɨɜ ɜ ɜɵɛɨɪɤɟ ɧɚɛɥɸɞɟɧɢɣ 

 

2.1 ɇɟɩɚɪɚɦɟɬɪɢɱɟɫɤɢɣ ɦɟɬɨɞ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɩɪɨɩɭɫɤɨɜ 

 

ɇɟɩɚɪɚɦɟɬɪɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɪɚɫɫɦɚɬɪɢɜɚɥɢɫɶ ɪɚɧɟɟ (ɫɦ. 1.2.2 

ɇɟɩɚɪɚɦɟɬɪɢɱɟɫɤɢɟ ɦɨɞɟɥɢ). ɇɚ ɞɚɧɧɨɦ ɷɬɚɩɟ ɪɚɛɨɬɵ ɛɭɞɭɬ ɪɚɫɫɦɨɬɪɟɧɵ ɷɬɚɩɵ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɩɪɨɩɭɫɤɨɜ ɜ ɜɵɛɨɪɤɟ ɧɚɛɥɸɞɟɧɢɣ. 

ɇɟɩɚɪɚɦɟɬɪɢɱɟɫɤɨɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɞɪɭɝɢɯ ɬɟɦ, ɱɬɨ 

ɨɬɫɭɬɫɬɜɭɟɬ ɚɩɪɢɨɪɧɚɹ ɢɧɮɨɪɦɚɰɢɹ ɢ ɛɨɥɶɲɟ ɬɪɟɛɭɟɬɫɹ ɤɚɱɟɫɬɜɟɧɧɚɹ 

ɢɧɮɨɪɦɚɰɢɹ ɨɛ ɭɪɨɜɧɟ ɨɛɴɟɤɬɚ (ɫɬɚɬɢɱɟɫɤɢɣ ɢɥɢ ɞɢɧɚɦɢɱɟɫɤɢɣ ɨɛɴɟɤɬ, 

ɥɢɧɟɣɧɵɣ ɢɥɢ ɧɟɥɢɧɟɣɧɵɣ ɢ ɬ.ɞ.). Ɋɚɛɨɬɚ ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɧɟɩɚɪɚɦɟɬɪɢɱɟɫɤɨɣ 

ɨɰɟɧɤɢ ɮɭɧɤɰɢɢ ɪɟɝɪɟɫɫɢɢ ɩɨ ɧɚɛɥɸɞɟɧɢɹɦ. 

ɇɚ ɪɢɫɭɧɤɟ 1 ɩɪɟɞɫɬɚɜɥɟɧɚ ɨɛɳɚɹ ɫɯɟɦɚ ɢɫɫɥɟɞɭɟɦɨɝɨ ɩɪɨɰɟɫɫɚ ɜ ɞɚɧɧɨɣ 

ɪɚɛɨɬɟ. 

Ʉɨɧɬɪɨɥɶ ɜɯɨɞɧɨɣ ɩɟɪɟɦɟɧɧɨɣ u(t) ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɱɟɪɟɡ ɧɟɡɧɚɱɢɬɟɥɶɧɵɣ 

ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ ∆ݐ, ɚ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɜɵɯɨɞɧɨɣ ɩɟɪɟɦɟɧɧɨɣ х(t) ɬɪɟɛɭɟɬɫɹ 

ɧɟɦɧɨɝɨ ɛɨɥɶɲɟ ɜɪɟɦɟɧɢ - ∆𝑇. ɉɪɢ ɷɬɨɦ ∆ݐ ≤ ∆𝑇. ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɯɨɞɧɵɟ – 

ɜɵɯɨɞɧɵɟ ɞɚɧɧɵɟ ɤɨɧɬɪɨɥɢɪɭɸɬɫɹ ɫ ɪɚɡɧɨɣ ɞɢɫɤɪɟɬɧɨɫɬɶɸ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ 

ɩɪɨɛɥɟɦɟ ɩɨɹɜɥɟɧɢɸ ɩɪɨɩɭɫɤɨɜ. 

Ɇɚɬɪɢɰɚ ɧɚɛɥɸɞɟɧɢɣ «ɜɯɨɞɧɵɯ–ɜɵɯɨɞɧɵɯ» ɩɟɪɟɦɟɧɧɵɯ ɩɪɨɰɟɫɫɚ ɜ 

ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɢɦɟɟɬ ɜɢɞ (ɬɚɛɥɢɰɚ 1): 
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Ɍɚɛɥɢɰɚ 1 – Ɇɚɬɪɢɰɚ ɧɚɛɥɸɞɟɧɢɣ «ɜɯɨɞɧɵɯ–ɜɵɯɨɞɧɵɯ» ɩɟɪɟɦɟɧɧɵɯ ɩɪɨɰɟɫɫɚ 

ɫ ɩɪɨɩɭɫɤɚɦɢ 

 

i u x 

1 u11 u21 … um1 x1 

2 u12 u22 … um2 – 

3 u13 u23 … um3 – 

4 u14 u24 … um4 x4 

5 u15 u25 … um5 – 

6 u16 u26 … um6 – 

7 u17 u27 … um7 x7 

8 u18 u28 … um8 – 

9 u19 u29 … um9 – 

… … … … … … 

s u1s u2s … ums xs 

 

ȼ ɬɚɛɥɢɰɟ 1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɬɨɥɛɰɵ ɨɩɢɫɵɜɚɸɳɢɟ ɩɟɪɟɦɟɧɧɵɟ ɩɪɨɰɟɫɫɚ, 

ɚ ɫɬɪɨɤɢ – ɧɚɛɥɸɞɟɧɢɹ. ȼɢɡɭɚɥɶɧɨ ɜɢɞɧɨ, ɱɬɨ ɞɢɫɤɪɟɬɧɨɫɬɶ ɩɟɪɟɦɟɧɧɵɯ ɪɚɡɧɚɹ, 

х(t) ɜ ɬɪɢ ɪɚɡɚ ɛɨɥɶɲɟ, ɱɟɦ ɢɡɦɟɧɟɧɢɟ ɜɯɨɞɧɨɣ ɩɟɪɟɦɟɧɧɨɣ u(t) (∆𝑇=3∆ݐ), s – 

ɡɚɞɚɧɧɵɣ ɨɛɴɟɦ ɢɫɯɨɞɧɨɣ ɜɵɛɨɪɤɢ. ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɛɥɢɠɟɧɢɹ х(t) ɢɫɩɨɥɶɡɭɟɬɫɹ 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ х(u)=M{x|u},ɚ ɧɟɩɚɪɚɦɟɬɪɢɱɟɫɤɚɹ ɨɰɟɧɤɚ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɟɝɨ ɨɰɟɧɤɢ. 

ȼ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɩɪɨɩɭɫɤɢ ɫɢɥɶɧɨ ɭɫɥɨɠɧɹɸɬ ɩɪɨɰɟɫɫ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, 

ɢ ɩɪɨɢɫɯɨɞɢɬ ɫɧɢɠɟɧɢɟ ɬɨɱɧɨɫɬɢ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɢɞɟɧɬɢɮɢɤɚɰɢɢ. Ⱦɥɹ 

ɩɨɜɵɲɟɧɢɹ ɬɨɱɧɨɫɬɢ ɢ ɤɚɱɟɫɬɜɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɢɧɬɟɪɟɫ ɡɚɞɚɱɚ 

ɡɚɩɨɥɧɟɧɢɹ ɩɪɨɩɭɫɤɨɜ. 

Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ ɞɥɹ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɦɨɠɧɨ ɨɛɨɡɧɚɱɢɬɶ 

ɤɚɤ: ɞɚɧɵ ɧɚɛɥɸɞɟɧɢɹ {ui, xi ,݅ = ͳ, ̅̅ݏ ̅̅ } ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ u(t), x(t), ɤɨɬɨɪɵɟ 

ɪɚɫɩɪɟɞɟɥɟɧɵ ɫ ɧɟɢɡɜɟɫɬɧɨɣ ɩɥɨɬɧɨɫɬɶɸ ɜɟɪɨɹɬɧɨɫɬɢ p(x,u). ɇɟɨɛɯɨɞɢɦɨ 

ɜɨɫɫɬɚɧɨɜɢɬɶ ɩɪɨɩɭɫɤɢ х(u)=M{x|u} ɢ ɡɚɩɨɥɧɢɬɶ ɢɯ ɡɧɚɱɟɧɢɹɦɢ ɩɨɜɵɲɟɧɧɨɣ 
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ɬɨɱɧɨɫɬɶɸ, ɩɨɥɭɱɟɧɧɵɟ ɧɟɩɚɪɚɦɟɬɪɢɱɟɫɤɨɣ ɨɰɟɧɤɨɣ xs ɩɨ ɭɩɪɚɜɥɹɟɦɨɣ 

ɡɚɞɚɧɧɨɣ ɮɭɧɤɰɢɢ ɇɚɞɚɪɚɹ-ȼɚɬɧɨɫɚ. Ɉɧɚ ɩɪɢɜɟɞɟɧɚ ɜ ɮɨɪɦɭɥɟ (4). 

Ɋɚɫɫɦɚɬɪɢɜɚɟɦɵɣ ɩɪɨɰɟɫɫ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɹɜɥɹɟɬɫɹ ɧɟɩɪɟɪɵɜɧɵɦ, ɚ ɟɝɨ 

«ɜɯɨɞɧɵɟ-ɜɵɯɨɞɧɵɟ» ɩɟɪɟɦɟɧɧɵɟ ɤɨɧɬɪɨɥɢɪɭɸɬɫɹ.  

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɛɭɞɭɬ ɩɪɢɦɟɧɹɬɶɫɹ ɮɭɧɤɰɢɢ 

ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ, ɬɪɟɭɝɨɥɶɧɨɝɨ ɹɞɪɚ ɢɥɢ ɩɚɪɚɛɨɥɢɱɟɫɤɨɝɨ. ȼ ɨɫɧɨɜɟ 

ɷɤɫɩɟɪɢɦɟɧɬɚ ɛɭɞɟɬ ɜɵɛɪɚɧɨ ɨɞɧɨ ɹɞɪɨ, ɤɨɬɨɪɨɟ ɥɭɱɲɟ ɩɨɞɯɨɞɢɬ ɞɥɹ ɪɟɲɟɧɢɹ 

ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ. Ʉɨɷɮɮɢɰɢɟɧɬ ɪɚɡɦɵɬɨɫɬɢ ɹɞɪɚ ɛɭɞɟɬ ɪɚɫɫɦɨɬɪɟɧ 

ɩɪɟɞɟɥɚɯ [0;1] ɢ ɦɢɧɢɦɢɡɚɰɢɹ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫ ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ ɫɤɨɥɶɡɹɳɟɝɨ 

ɷɤɡɚɦɟɧɚ ɩɪɢɜɟɞɟɧɧɵɣ ɜ ɮɨɪɦɭɥɟ (9). 

Ⱦɥɹ ɨɰɟɧɤɢ ɤɚɱɟɫɬɜɚ ɩɨɥɭɱɟɧɧɨɣ ɦɨɞɟɥɢ 𝑥𝑠ሺݑሻ ɞɥɹ ɤɚɠɞɨɣ ɦɚɬɪɢɰɵ 

ɧɚɛɥɸɞɟɧɢɣ ɩɪɨɢɡɜɨɞɢɬɫɹ ɧɚɯɨɠɞɟɧɢɹ ɨɲɢɛɤɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨ ɧɢɠɟ 

ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɮɨɪɦɭɥɟ  
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ɝɞɟ ix  - ɜɵɯɨɞ ɨɛɴɟɤɬɚ;  

)u(x is  - ɜɵɯɨɞ ɦɨɞɟɥɢ ɩɨ i – ɨɦɭ ɜɯɨɞɧɨɦɭ ɧɚɛɥɸɞɟɧɢɸ;  

s - ɨɛɴɟɦ ɜɵɛɨɪɤɢ;  

m – ɨɰɟɧɤɚ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɠɢɞɚɧɢɹ ɜɵɯɨɞɚ ɨɛɴɟɤɬɚ, ɤɨɬɨɪɚɹ ɧɚɯɨɞɢɬɫɹ 

ɩɨ ɮɨɪɦɭɥɟ (13)  

,x
s

m
s

i
i

=

=
1

1
                             (13) 

ɝɞɟ ix  - ɜɵɯɨɞ ɨɛɴɟɤɬɚ; 

s - ɨɛɴɟɦ ɜɵɛɨɪɤɢ. 

Ⱥɥɝɨɪɢɬɦ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɩɪɨɩɭɫɤɨɜ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɬɪɢ ɷɬɚɩɚ [21]. 

ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɚɥɝɨɪɢɬɦɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɧɚɫɬɪɨɣɤɚ ɤɨɷɮɮɢɰɢɟɧɬɚ 

ɪɚɡɦɵɬɨɫɬɢ Cs (9). 
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ɑɬɨɛɵ ɡɚɩɨɥɧɢɬɶ ɩɪɨɩɭɳɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɫɹ ɨɛɭɱɟɧɢɟ 

ɧɟɩɚɪɚɦɟɬɪɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, ɞɥɹ ɷɬɨɝɨ ɩɪɨɢɡɜɨɞɢɬɫɹ ɪɚɡɞɟɥɟɧɢɟ ɢɫɯɨɞɧɨɣ 

ɜɵɛɨɪɤɢ ɧɚ ɞɜɟ ɱɚɫɬɢ: ɨɛɭɱɚɸɳɭɸ ɢ ɷɤɡɚɦɟɧɚɰɢɨɧɧɭɸ. Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ 

ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɟ ɛɭɞɟɬ ɢɡɦɟɧɟɧɚ ɧɟɦɧɨɝɨ ɮɨɪɦɭɥɚ ɇɚɞɚɪɚɹ-ȼɚɬɫɨɧɚ (4). 

ɂɡɦɟɧɟɧɧɚɹ ɮɨɪɦɭɥɚ ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ (14) 

 

1 1

1 1

,

j jms
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 
  =
 −
 
 

 


                          (14) 

 

ɝɞɟ  ݑ)= ݑଵ, ,ଶݑ … ,   ;𝑚ሻ, - m- ɦɟɪɧɵɣ ɜɟɤɬɨɪ ɜɯɨɞɧɵɯ ɞɚɧɧɵɯݑ

sx - ɩɪɨɝɧɨɡɢɪɭɟɦɨɟ ɧɚɛɥɸɞɟɧɢɟ;  

ix – ɜɵɯɨɞɧɨɟ ɧɚɛɥɸɞɟɧɢɟ ɨɛɭɱɚɸɳɟɣ ɜɵɛɨɪɤɢ;  









− j

i

j

s

uu
c

1 - ɹɞɟɪɧɚɹ ɤɨɥɨɤɨɨɛɪɚɡɧɚɹ ɮɭɧɤɰɢɹ;  

s - ɨɛɴɟɦ ɨɛɭɱɚɸɳɟɣ ɜɵɛɨɪɤɢ;  
ju - ɜɯɨɞɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɩɪɨɝɧɨɡɢɪɭɟɦɨɝɨ ɧɚɛɥɸɞɟɧɢɟ; 
j

iu - ɜɯɨɞɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ i – ɨɝɨ ɧɚɛɥɸɞɟɧɢɹ ɨɛɭɱɚɸɳɟɣ ɜɵɛɨɪɤɢ; 

sc - ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɡɦɵɬɨɫɬɢ ɹɞɪɚ. 

ȼ ɞɚɧɧɨɦ ɷɬɚɩɟ ɭɱɚɫɬɜɭɸɬ ɬɨɥɶɤɨ ɞɚɧɧɵɟ ɫ ɩɨɥɧɨɫɬɶɸ ɡɚɩɨɥɧɟɧɧɵɦɢ 

ɫɬɪɨɤɚɦɢ «ɜɯɨɞɧɵɯ-ɜɵɯɨɞɧɵɯ» ɩɟɪɟɦɟɧɧɵɯ ɩɪɨɰɟɫɫɚ. ȼ ɬɚɛɥɢɰɟ 1 ɞɥɹ 

ɧɚɝɥɹɞɧɨɫɬɢ ɩɨɥɧɵɟ ɫɬɪɨɤɢ ɜɵɞɟɥɟɧɵ ɠɢɪɧɵɦ ɲɪɢɮɬɨɦ. ȿɫɥɢ ɩɪɟɞɫɬɚɜɥɟɧɢɟ 

ɜɫɟɣ ɜɵɛɨɪɤɢ ɪɚɜɧɨ s, ɬɨ ɨɛɴɟɦ ɜɵɛɨɪɤɢ «ɩɨɥɧɵɯ» ɫɬɪɨɤ ɫ ɧɚɛɥɸɞɟɧɢɹɦɢ 

ɨɛɨɡɧɚɱɢɦ s’ (3s’ = s). 

ɉɨɫɥɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɨɰɟɧɤɢ ɩɨ ɮɨɪɦɭɥɟ (14) ɫɨɝɥɚɫɧɨ ɤɪɢɬɟɪɢɸ (3) 

ɩɪɨɢɫɯɨɞɢɬ ɩɨɞɛɢɪɚɧɢɟ ɨɩɬɢɦɚɥɶɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɡɦɵɬɨɫɬɢ cs ɩɨ ɜɵɛɨɪɤɟ 

s’. 
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ɇɚ ɷɬɚɩɟ II ɩɪɨɢɫɯɨɞɢɬ ɡɚɩɨɥɧɟɧɢɟ ɩɭɫɬɵɯ ɹɱɟɟɤ ɜ ɦɚɬɪɢɰɟ ɧɚɛɥɸɞɟɧɢɣ ɫ 

ɩɨɦɨɳɶɸ ɨɰɟɧɤɢ (14) ɢ ɧɚɣɞɟɧɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɡɦɵɬɨɫɬɢ cs , ɤɨɬɨɪɵɣ 

ɩɨɥɭɱɟɧ ɧɚ ɩɪɟɞɵɞɭɳɟɦ ɷɬɚɩɟ. Ⱦɥɹ ɡɚɩɨɥɧɟɧɢɹ ɩɪɨɩɭɫɤɨɜ ɜ ɫɬɨɥɛɰɟ х 

ɩɨɞɫɬɚɜɥɹɟɦ ɜ ɨɰɟɧɤɭ (14) ɜ ɜɵɛɪɚɧɧɭɸ ɹɞɟɪɧɭɸ ɮɭɧɤɰɢɸ 






 −

s

j

i

j

c

uu  ɜɦɟɫɬɨ 

j

iu  ɡɧɚɱɟɧɢɹ ɢɡɦɟɪɟɧɧɵɯ ɞɚɧɧɵɯ ),...,,( 21 muuuu =  ɢ ɜɵɱɢɫɥɹɟɦ ɧɭɠɧɭɸ 

ɨɰɟɧɤɭ xs, ɤɨɬɨɪɚɹ ɜɨɫɩɨɥɧɹɟɬ ɩɪɨɩɭɳɟɧɧɨɟ ɡɧɚɱɟɧɢɟ. ȼ ɢɬɨɝɟ ɩɨɥɭɱɚɟɦ 

ɡɚɩɨɥɧɟɧɧɭɸ ɦɚɬɪɢɰɭ, ɤɨɬɨɪɚɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 2. 

 

Ɍɚɛɥɢɰɚ 2 – ȼɨɫɫɬɚɧɨɜɥɟɧɧɚɹ ɦɚɬɪɢɰɚ ɧɚɛɥɸɞɟɧɢɣ «ɜɯɨɞɧɵɯ-ɜɵɯɨɞɧɵɯ» 

ɩɟɪɟɦɟɧɧɵɯ 

 

i u x 

1 u11 u21 … um1 ɯ1 

2 u12 u22 … um2 ɯs2 

3 u13 u23 … um3 ɯs3 

4 u14 u24 … um4 ɯ4 

5 u15 u25 … um5 ɯs5 

6 u16 u26 … um6 ɯs6 

7 u17 u27 … um7 ɯ7 

8 u18 u28 … um8 ɯs8 

9 u19 u29 … um9 ɯs9 

… … … … … … 

s u1s u2s … ums ɯs 

 

ɗɬɚɩ III. ɇɚ ɡɚɤɥɸɱɢɬɟɥɶɧɨɦ ɷɬɚɩɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ),...,,( 21 muuuu =  

ɩɪɨɢɫɯɨɞɢɬ ɩɨɫɬɪɨɟɧɢɟ ɧɟɩɚɪɚɦɟɬɪɢɱɟɫɤɨɣ ɨɰɟɧɤɢ ɩɨ ɜɫɟɦ ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɣ 
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ɦɚɬɪɢɰɟ ɧɚɛɥɸɞɟɧɢɣ ɨɛɴɟɦɚ s (ɬɚɛɥɢɰɚ 2). ɉɪɢ ɷɬɨɦ ɧɚɫɬɪɚɢɜɚɧɢɟ 

ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɡɦɵɬɨɫɬɢ ɩɪɨɢɫɯɨɞɢɬ ɩɨ ɜɫɟɣ ɜɵɛɨɪɤɢ ɟɳɟ ɪɚɡ, ɬɚɤɠɟ ɩɨ 

ɤɪɢɬɟɪɢɸ (9).  
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ȼɵɜɨɞɵ ɩɨ ɜɬɨɪɨɣ ɝɥɚɜɟ 

 

ȼ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɝɥɚɜɟ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɩɪɢ 

ɧɟɩɚɪɚɦɟɬɪɢɱɟɫɤɨɦ ɦɟɬɨɞɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɩɪɨɩɭɫɤɨɜ « ɜɯɨɞɧɵɯ-ɜɵɯɨɞɧɵɯ» 

ɩɟɪɟɦɟɧɧɵɯ ɧɟɨɛɯɨɞɢɦɨ ɢɦɟɬɶ ɜɵɛɨɪɤɭ ɧɚɛɥɸɞɟɧɢɹ ɜɢɞɚ {ui, xi ,݅ = ͳ, ̅̅ݏ ̅̅ } ɢ 

ɨɛɥɚɞɚɬɶ ɫɜɟɞɟɧɶɹɦɢ ɨ ɤɚɱɟɫɬɜɟɧɧɨɦ ɯɚɪɚɤɬɟɪɟ ɩɪɨɰɟɫɫɚ. 

Ȼɵɥ ɢɡɥɨɠɟɧ ɚɥɝɨɪɢɬɦ ɧɟɩɚɪɚɦɟɬɪɢɱɟɫɤɨɝɨ ɡɚɩɨɥɧɟɧɢɹ ɩɪɨɩɭɫɤɨɜ ɞɥɹ 

ɩɨɜɵɲɟɧɢɹ ɬɨɱɧɨɫɬɢ ɜ ɦɚɬɪɢɰɟ ɧɚɛɥɸɞɟɧɢɣ ɫ ɪɚɡɥɢɱɧɨɣ ɞɢɫɤɪɟɬɧɨɫɬɶɸ 

«ɜɯɨɞɧɵɯ-ɜɵɯɨɞɧɵɯ» ɞɚɧɧɵɯ. ɇɚ ɨɫɧɨɜɟ ɩɪɢɜɟɞёɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɛɭɞɟɬ 

ɩɨɥɭɱɟɧɨ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɩɨ ɜɵɛɨɪɤɟ ɧɚɛɥɸɞɟɧɢɣ ɫ 

ɩɪɨɩɭɫɤɚɦɢ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɬɨɱɧɨɫɬɢ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ. 
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3 ȼɵɱɢɫɥɢɬɟɥɶɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ 

 

3.1 Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɟɬɨɞɚ ɧɟɩɚɪɚɦɟɬɪɢɱɟɫɤɨɝɨ ɡɚɩɨɥɧɟɧɢɹ 
ɩɪɨɩɭɫɤɨɜ 

 

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɱɢɫɥɟɧɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɪɚɫɫɦɨɬɪɢɦ ɦɧɨɝɨɦɟɪɧɵɣ 

ɫɬɨɯɚɫɬɢɱɟɫɤɢɣ ɨɛɴɟɤɬ, ɢɡɜɟɫɬɧɵɣ ɬɨɥɶɤɨ ɜ ɪɚɦɤɚɯ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ 

ɷɤɫɩɟɪɢɦɟɧɬɚ 

 

,)u(*.)ucos(*.)usin(*.)u(x 2

321 505050 ++=              (15) 

 

ɝɞɟ   .,i,,ui 3140 =  

ɇɚ ɜɵɯɨɞ ɨɛɴɟɤɬɚ ɞɟɣɫɬɜɭɟɬ ɩɨɦɟɯɚ 

 

kx = ,                            (16) 
 

ɝɞɟ  - ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ, ɪɚɫɩɪɟɞɟɥɟɧɧɚɹ ɩɨ ɧɨɪɦɚɥɶɧɨɦɭ ɡɚɤɨɧɭ ɜ 

ɢɧɬɟɪɜɚɥɟ [-1,1]; 

k - ɩɪɨɰɟɧɬ ɩɨɦɟɯɢ, ɡɚɞɚɸɳɢɣɫɹ ɩɨɥɶɡɨɜɚɬɟɥɟɦ. 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɡɚɩɨɥɧɟɧɢɹ ɩɪɨɩɭɫɤɨɜ ɜ ɦɚɬɪɢɰɟ ɧɚɛɥɸɞɟɧɢɣ ɛɵɥɚ 

ɪɚɡɪɚɛɨɬɚɧɚ ɩɪɨɝɪɚɦɦɚ, ɧɚɩɢɫɚɧɧɚɹ ɧɚ ɹɡɵɤɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ C# ɢ 

ɨɫɧɨɜɚɧɧɚɹ ɧɚ ɫɨɫɬɚɜɥɟɧɢɢ ɩɪɨɝɧɨɡɚ, ɨɩɢɪɚɹɫɶ ɧɚ ɧɟɩɚɪɚɦɟɬɪɢɱɟɫɤɭɸ ɨɰɟɧɤɭ 

ɇɚɞɚɪɚɹ-ȼɚɬɫɨɧɚ (14).  

ȼɫɹ ɩɟɪɜɨɧɚɱɚɥɶɧɚɹ ɜɵɛɨɪɤɚ ɛɵɥɚ ɪɚɡɞɟɥɟɧɚ ɧɚ ɞɜɟ ɱɚɫɬɢ: ɛɵɥɨ ɜɡɹɬɨ 

30% ɧɚɛɥɸɞɟɧɢɣ ɢɡ ɢɫɯɨɞɧɨɣ ɦɚɬɪɢɰɵ, ɜ ɤɨɬɨɪɵɯ ɧɟ ɫɨɞɟɪɠɚɬɫɹ ɩɪɨɩɭɫɤɢ ɢ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 70% ɜɵɛɨɪɤɢ ɫ ɩɪɨɩɭɫɤɚɦɢ. ɇɚɛɥɸɞɟɧɢɹ ɛɭɞɭɬ ɫɨɛɪɚɧɵ ɫ 

ɩɨɦɨɳɶɸ ɝɟɧɟɪɚɬɨɪɚ ɫɥɭɱɚɣɧɵɯ ɱɢɫɟɥ ɩɨ ɧɨɪɦɚɥɶɧɨɦɭ ɡɚɤɨɧɭ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜ 

ɩɪɨɦɟɠɭɬɤɟ [0;4]. ȼ ɨɰɟɧɤɟ (14) ɬɟɫɬɢɪɨɜɚɧɢɟ ɛɭɞɟɬ ɩɪɨɯɨɞɢɬɶ ɩɨ ɬɪɟɦ ɬɢɩɚɦ 

ɹɞɟɪɧɨɣ ɮɭɧɤɰɢɢ: ɬɪɟɭɝɨɥɶɧɨɣ, ɩɚɪɚɛɨɥɢɱɟɫɤɨɣ ɢ ɩɪɹɦɨɭɝɨɥɶɧɨɣ. ɇɚɫɬɪɨɣɤɚ 
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ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɡɦɵɬɨɫɬɢ ɥɟɠɢɬ ɜ ɩɪɟɞɟɥɚɯ ɨɬ [0;1] ɢ ɩɨɞɛɢɪɚɟɬɫɹ 

ɨɩɬɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɡɦɵɬɨɫɬɢ Cs.ɩɨ ɮɨɪɦɭɥɟ (9).  

ɉɨɫɬɚɧɨɜɤɚ ɷɤɫɩɟɪɢɦɟɧɬɚ: 

1. ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ɫɬɪɨɢɬɫɹ ɦɨɞɟɥɶ ɩɨ ɡɚɞɚɧɧɨɦɭ ɨɛɴɟɤɬɭ 

(16) ɫ ɜɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ, ɫɝɟɧɟɪɢɪɨɜɚɧɧɵɟ ɩɨ ɧɨɪɦɚɥɶɧɨɦɭ ɡɚɤɨɧɭ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜ ɢɧɬɟɪɜɚɥɟ [0;4]. Ɉɬɦɟɬɢɦ, ɱɬɨ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɩɪɨɩɭɫɤɢ 

ɨɬɫɭɬɫɬɜɭɸɬ. Ɍɚɤ ɠɟ ɩɨɞɛɢɪɚɟɬɫɹ ɨɩɬɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ 

ɪɚɡɦɵɬɨɫɬɢ Cs.ɩɨ ɮɨɪɦɭɥɟ (9) ɢ ɧɚɯɨɞɢɬɫɹ ɨɲɢɛɤɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ (12). 

2. Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɩɪɨɩɭɫɤɨɜ ɜ ɜɵɯɨɞɧɵɯ ɞɚɧɧɵɯ ɤɚɠɞɨɟ ɬɪɟɬɶɟ ɡɧɚɱɟɧɢɟ 

ɨɫɬɚɟɬɫɹ ɧɟɢɡɦɟɧɧɵɦ, ɚ ɨɫɬɚɥɶɧɵɟ ɭɞɚɥɹɸɬɫɹ. Ɍɟɦ ɫɚɦɵɦ ɬɨɥɶɤɨ 30% 

ɢɡɜɟɫɬɧɵɯ ɧɚɛɥɸɞɟɧɢɣ ɢɡ ɢɫɯɨɞɧɨɣ ɦɚɬɪɢɰɵ ɹɜɥɹɸɬɫɹ «ɩɨɥɧɵɦɢ». ɉɨɫɬɪɨɟɧɚ 

ɦɨɞɟɥɶ ɞɥɹ ɜɵɛɨɪɤɢ ɫ ɧɚɛɥɸɞɟɧɢɣ ɫ ɩɪɨɩɭɫɤɚɦɢ, ɩɨɞɨɛɪɚɧ ɨɩɬɢɦɚɥɶɧɵɣ 

ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɡɦɵɬɨɫɬɢ Cs.ɩɨ ɮɨɪɦɭɥɟ (9) ɢ ɧɚɣɞɟɧɚ ɨɲɢɛɤɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. 

3. Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɡɚɩɨɥɧɢɬɶ ɩɪɨɩɭɳɟɧɧɵɟ ɡɧɚɱɟɧɢɹ, ɫɨɡɞɚɧɧɵɟ ɧɚ 

ɩɪɟɞɵɞɭɳɟɦ ɲɚɝɟ, ɩɪɨɢɫɯɨɞɢɬ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɞɚɧɧɵɯ ɫ ɩɨɦɨɳɶɸ ɨɰɟɧɤɢ 

ɇɚɞɚɪɚɹ-ȼɚɬɫɨɧɚ (14). Ɍɚɤ ɠɟ ɫɬɪɨɢɬɫɹ ɦɨɞɟɥɶ ɩɨ ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɣ ɜɵɛɨɪɤɟ 

ɧɚɛɥɸɞɟɧɢɣ ɫ ɩɨɞɨɛɪɚɧɧɵɦ ɨɩɬɢɦɚɥɶɧɵɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɪɚɡɦɵɬɨɫɬɢ Cs.ɩɨ 

ɮɨɪɦɭɥɟ (9) ɢ ɬɚɤ ɠɟ ɧɚɯɨɞɢɬɫɹ ɨɲɢɛɤɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. 

Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɞɨɫɬɢɱɶ ɰɟɥɢ ɪɚɛɨɬɵ ɫɪɚɜɧɢɜɚɸɬɫɹ ɨɲɢɛɤɢ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɥɹ ɤɚɠɞɨɝɨ ɢɡ ɷɬɚɩɨɜ ɢ ɞɟɥɚɟɬɫɹ ɜɵɜɨɞ ɨ ɩɨɜɵɲɟɧɢɢ ɬɨɱɧɨɫɬɢ. 

ɂɫɫɥɟɞɭɟɬɫɹ ɡɚɜɢɫɢɦɨɫɬɶ ɨɲɢɛɤɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɨɬ ɩɨɦɟɯɢ, ɨɛɴɟɦɚ ɜɵɛɨɪɤɢ ɢ 

ɨɬ ɜɢɞɚ ɹɞɟɪɧɨɣ ɮɭɧɤɰɢɢ. 

Ⱦɥɹ ɞɚɥɶɧɟɣɲɟɣ ɪɚɛɨɬɵ ɜɜɟɞɟɦ ɨɛɨɡɧɚɱɟɧɢɹ: W1 – ɨɲɢɛɤɚ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨ ɩɨɥɧɨɣ ɜɵɛɨɪɤɟ ɧɚɛɥɸɞɟɧɢɣ; W2– ɨɲɢɛɤɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

ɩɨ ɜɵɛɨɪɤɟ ɫ ɩɪɨɩɭɫɤɚɦɢ; W3 – ɨɲɢɛɤɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨ ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɣ 

ɜɵɛɨɪɤɟ ɧɚɛɥɸɞɟɧɢɣ. 

Ɋɚɫɫɦɨɬɪɢɦ, ɤɚɤ ɛɭɞɟɬ ɜɟɫɬɢ ɫɟɛɹ ɦɨɞɟɥɶ ɩɪɢ ɪɚɡɧɵɯ ɡɧɚɱɟɧɢɹɯ ɨɛɴɟɦɚ 

ɜɵɛɨɪɤɢ, ɩɪɨɰɟɧɬɚ ɩɨɦɟɯɢ ɢ ɜɢɞɚ ɹɞɟɪɧɨɣ ɮɭɧɤɰɢɢ. 
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Ɍɚɛɥɢɰɚ 3 – Ɂɚɜɢɫɢɦɨɫɬɶ ɨɲɢɛɤɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɨɬ ɨɛɴɟɦɚ ɜɵɛɨɪɤɢ ɩɪɢ 0% 

ɩɨɦɟɯɢ 

 

Ɉɛɴɟɦ 
ɜɵɛɨɪɤɢ s 

əɞɪɨ Ɂɧɚɱɟɧɢɟ ξ W1(%) W2(%) W3(%) 

30 ɩɪɹɦɨɭɝɨɥɶɧɨɟ 0 22,3 33,9 23,4 
ɬɪɟɭɝɨɥɶɧɨɟ 0 25,35 39,35 32,4 

ɩɚɪɚɛɨɥичеɫɤɨе 0 20,1 32,4 22,1 

50 ɩɪɹɦɨɭɝɨɥɶɧɨɟ 0 15,5 23,1 18,1 
ɬɪɟɭɝɨɥɶɧɨɟ 0 16,4 21,8 17 

ɩɚɪɚɛɨɥичеɫɤɨе 0 15,3 20,7 16,6 
100 ɩɪɹɦɨɭɝɨɥɶɧɨɟ 0 14 16 15,2 

ɬɪɟɭɝɨɥɶɧɨɟ 0 12,2 14,6 13 

ɩɚɪɚɛɨɥичеɫɤɨе 0 11,8 14,1 13,2 
500 ɩɪɹɦɨɭɝɨɥɶɧɨɟ 0 8,9 10,5 9,2 

ɬɪɟɭɝɨɥɶɧɨɟ 0 9,2 10,9 9,9 

ɩɚɪɚɛɨɥичеɫɤɨе 0 8,2 9,5 8,8 
1000 ɩɪɹɦɨɭɝɨɥɶɧɨɟ 0 6,2 7,8 6,7 

ɬɪɟɭɝɨɥɶɧɨɟ 0 6,5 8,3 6,9 
ɩɚɪɚɛɨɥичеɫɤɨе 0 6,1 7,6 6,5 

 

ɉɨ ɬɚɛɥɢɰɟ 3 ɜɢɞɧɨ, ɱɬɨ ɥɭɱɲɢɣ ɪɟɡɭɥɶɬɚɬ ɩɨɤɚɡɵɜɚɟɬ ɩɚɪɚɛɨɥɢɱɟɫɤɨɟ 

ɹɞɪɨ, ɚ ɯɭɞɲɢɣ – ɬɪɟɭɝɨɥɶɧɨɟ. ɇɨ ɩɪɢ ɛɨɥɶɲɨɦ ɨɛɴɟɦɟ ɞɚɧɧɵɯ ɬɪɟɭɝɨɥɶɧɨɟ 

ɹɞɪɨ ɩɪɨɹɜɥɹɟɬ ɫɚɦɭɸ ɦɚɥɟɧɶɤɭɸ ɨɲɢɛɤɭ. ȼɢɞɧɨ, ɱɬɨ ɨɲɢɛɤɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

ɭɦɟɧɶɲɚɟɬɫɹ ɫ ɩɨɜɵɲɟɧɢɟɦ ɨɛɴɟɦɚ ɜɵɛɨɪɤɢ. Ɍɚɤ ɠɟ ɫɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ 

ɨɲɢɛɤɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨ ɩɨɥɧɨɣ ɜɵɛɨɪɤɟ ɧɚɛɥɸɞɟɧɢɣ ɹɜɥɹɟɬɫɹ ɫɚɦɨɣ 

ɦɚɥɟɧɶɤɨɣ, ɨɲɢɛɤɚ ɫ ɩɪɨɩɭɫɤɚɦɢ ɹɜɥɹɟɬɫɹ ɫɚɦɨɣ ɛɨɥɶɲɨɣ ɜɨ ɜɫɟɯ 

ɷɤɫɩɟɪɢɦɟɧɬɚɯ, ɚ ɨɲɢɛɤɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨ ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɣ ɜɵɛɨɪɤɟ ɛɨɥɶɲɟ 

W1 , ɧɨ ɦɟɧɶɲɟ ɱɟɦ W3. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɬɨɱɧɨɫɬɶ ɧɚɛɥɸɞɟɧɢɣ ɩɨɜɵɲɟɧɚ. 

Ɋɚɫɫɦɨɬɪɢɦ ɬɚɤɠɟ ɡɚɜɢɫɢɦɨɫɬɶ ɨɲɢɛɤɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɨɬ ɨɛɴɟɦɚ 

ɜɵɛɨɪɤɢ ɩɪɢ 5% ɩɨɦɟɯɢ. 
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Ɍɚɛɥɢɰɚ 4 - Ɂɚɜɢɫɢɦɨɫɬɶ ɨɲɢɛɤɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɨɬ ɨɛɴɟɦɚ ɜɵɛɨɪɤɢ ɩɪɢ 5% 

ɩɨɦɟɯɢ 

 

Ɉɛɴɟɦ 
ɜɵɛɨɪɤɢ s 

əɞɪɨ Ɂɧɚɱɟɧɢɟ ξ W1(%) W2(%) W3(%) 

30 ɩɪɹɦɨɭɝɨɥɶɧɨɟ 5 26,6 40,5 31,5 
ɬɪɟɭɝɨɥɶɧɨɟ 5 28,6 44,2 34,9 

ɩɚɪɚɛɨɥичеɫɤɨе 5 25,8 42,5 33,2 

50 ɩɪɹɦɨɭɝɨɥɶɧɨɟ 5 24,7 28,3 26,1 
ɬɪɟɭɝɨɥɶɧɨɟ 5 26,5 30,2 27,3 

ɩɚɪɚɛɨɥичеɫɤɨе 5 22,1 27,1 23,9 
100 ɩɪɹɦɨɭɝɨɥɶɧɨɟ 5 18 21,1 18,8 

ɬɪɟɭɝɨɥɶɧɨɟ 5 17,6 21,3 19 

ɩɚɪɚɛɨɥичеɫɤɨе 5 17,2 20,5 18,1 
500 ɩɪɹɦɨɭɝɨɥɶɧɨɟ 5 12,5 16,3 13,2 

ɬɪɟɭɝɨɥɶɧɨɟ 5 13,1 16,7 14,3 

ɩɚɪɚɛɨɥичеɫɤɨе 5 12,3 15,5 13,3 
1000 ɩɪɹɦɨɭɝɨɥɶɧɨɟ 5 8,8 10,5 9,6 

ɬɪɟɭɝɨɥɶɧɨɟ 5 9,1 10,9 10,3 
ɩɚɪɚɛɨɥичеɫɤɨе 5 8,7 9,8 9,2 

 

ɉɨ ɬɚɛɥɢɰɟ 4 ɦɨɠɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɩɪɨɰɟɧɬɚ ɩɨɦɟɯɢ 

ɨɫɬɚɥɢɫɶ ɬɟ ɠɟ ɜɵɜɨɞɵ, ɱɬɨ ɢ ɩɪɢ ɦɟɧɶɲɟɦ ɩɪɨɰɟɧɬɟ ɩɨɦɟɯɢ (ɬɚɛɥɢɰɚ 3). Ɍɚɤ 

ɠɟ ɜɨ ɦɧɨɝɢɯ ɫɥɭɱɚɹɯ ɥɭɱɲɟ ɫɟɛɹ ɩɪɨɹɜɥɹɟɬ ɩɚɪɚɛɨɥɢɱɟɫɤɨɟ ɹɞɪɨ, ɚ ɯɭɠɟ - ɹɞɪɨ 

ɬɪɟɭɝɨɥɶɧɨɟ. Ɇɨɠɧɨ ɬɚɤ ɠɟ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɨɛɴɟɦɚ ɜɵɛɨɪɤɢ ɩɪɢ 

ɨɞɢɧɚɤɨɜɨɣ ɩɨɦɟɯɟ ɧɚɛɥɸɞɚɟɬɫɹ ɭɦɟɧɶɲɟɧɢɟ ɨɲɢɛɤɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ɤɚɠɞɨɦ 

ɫɥɭɱɚɟ. ȼɢɞɧɨ, ɱɬɨ ɨɲɢɛɤɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨ ɩɨɥɧɨɣ ɜɵɛɨɪɤɟ ɧɚɛɥɸɞɟɧɢɣ 

ɹɜɥɹɟɬɫɹ ɫɚɦɨɣ ɦɚɥɟɧɶɤɨɣ, ɨɲɢɛɤɚ ɫ ɩɪɨɩɭɫɤɚɦɢ ɹɜɥɹɟɬɫɹ ɫɚɦɨɣ ɛɨɥɶɲɨɣ ɜɨ 

ɜɫɟɯ ɷɤɫɩɟɪɢɦɟɧɬɚɯ, ɚ ɨɲɢɛɤɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨ ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɣ ɜɵɛɨɪɤɟ 

ɛɨɥɶɲɟ W1 , ɧɨ ɦɟɧɶɲɟ ɱɟɦ W3. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɬɨɱɧɨɫɬɶ ɧɚɛɥɸɞɟɧɢɣ 

ɩɨɜɵɲɟɧɚ. 

ȼ ɬɚɛɥɢɰɟ 5 ɛɭɞɟɬ ɪɚɫɫɦɨɬɪɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɨɲɢɛɤɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɨɬ 

ɨɛɴɟɦɚ ɜɵɛɨɪɤɢ ɩɪɢ 10% ɩɨɦɟɯɢ. 
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Ɍɚɛɥɢɰɚ 5 - Ɂɚɜɢɫɢɦɨɫɬɶ ɨɲɢɛɤɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɨɬ ɨɛɴɟɦɚ ɜɵɛɨɪɤɢ ɩɪɢ 10% 

ɩɨɦɟɯɢ 

 

Ɉɛɴɟɦ 
ɜɵɛɨɪɤɢ s 

əɞɪɨ Ɂɧɚɱɟɧɢɟ ξ W1(%) W2(%) W3(%) 

30 
 

ɩɪɹɦɨɭɝɨɥɶɧɨɟ 10 36,6 45,2 37,2 
ɬɪɟɭɝɨɥɶɧɨɟ 10 37 46,1 37,5 

ɩɚɪɚɛɨɥɢɱɟɫɤɨɟ 10 35,6 44,8 36,3 

50 
 

ɩɪɹɦɨɭɝɨɥɶɧɨɟ 10 32,9 38,2 33,8 
ɬɪɟɭɝɨɥɶɧɨɟ 10 33,5 39 34,7 

ɩɚɪɚɛɨɥɢɱɟɫɤɨɟ 10 30,5 34,2 31,9 
100 

 
ɩɪɹɦɨɭɝɨɥɶɧɨɟ 10 28,8 33,4 29,9 

ɬɪɟɭɝɨɥɶɧɨɟ 10 29,5 34,8 30,4 

ɩɚɪɚɛɨɥɢɱɟɫɤɨɟ 10 27,9 32 29,2 
500 

 
ɩɪɹɦɨɭɝɨɥɶɧɨɟ 10 20,7 23,5 21,1 

ɬɪɟɭɝɨɥɶɧɨɟ 10 18,9 22 20,2 

ɩɚɪɚɛɨɥɢɱɟɫɤɨɟ 10 18,1 21,2 19,5 
1000 

 
ɩɪɹɦɨɭɝɨɥɶɧɨɟ 10 12,2 14,5 12,6 

ɬɪɟɭɝɨɥɶɧɨɟ 10 13,4 14,9 13 
ɩɚɪɚɛɨɥɢɱɟɫɤɨɟ 10 11,9 14 12,2 

 

ȼ ɬɚɛɥɢɰɟ 5 ɜɢɞɢɦ, ɱɬɨ ɥɭɱɲɟ ɫɟɛɹ ɩɨɤɚɡɵɜɚɟɬ ɜɫɟ ɬɚɤ ɠɟ ɹɞɪɨ 

ɩɚɪɚɛɨɥɢɱɟɫɤɨɟ, ɫɚɦɵɟ ɩɥɨɯɢɟ ɪɟɡɭɥɶɬɚɬɵ ɞɚɟɬ ɩɪɹɦɨɭɝɨɥɶɧɨɟ ɹɞɪɨ. 

ɍɜɟɥɢɱɟɧɢɹ ɨɛɴɟɦɚ ɜɵɛɨɪɤɢ, ɫɧɢɠɚɟɬ ɨɲɢɛɤɭ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, 

ɱɬɨ ɦɢɧɢɦɚɥɶɧɵɣ ɪɟɡɭɥɶɬɚɬ ɨɲɢɛɤɢ ɬɨɝɞɚ, ɤɨɝɞɚ ɜɵɛɨɪɤɚ ɪɚɛɨɬɚɟɬ ɛɟɡ 

ɩɪɨɩɭɫɤɨɜ, ɚ ɨɲɢɛɤɚ, ɤɨɝɞɚ ɩɪɨɩɭɫɤɢ ɭɠɟ ɡɚɩɨɥɧɟɧɵ, ɹɜɥɹɟɬɫɹ ɫɟɪɟɞɢɧɧɵɦ 

ɡɧɚɱɟɧɢɟɦ ɦɟɠɞɭ ɩɨɥɧɨɣ ɜɵɛɨɪɤɨɣ ɢ ɫ ɩɪɨɩɭɫɤɚɦɢ. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɬɨɱɧɨɫɬɶ 

ɧɚɛɥɸɞɟɧɢɣ ɩɨɜɵɲɟɧɚ. 

Ɋɚɫɫɦɨɬɪɢɦ, ɤɚɤ ɨɲɢɛɤɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɡɚɜɢɫɢɬ ɨɬ ɤɨɷɮɮɢɰɢɟɧɬɚ 

ɪɚɡɦɵɬɨɫɬɢ Cs ɩɪɢ ɪɚɡɧɵɯ ɩɨɦɟɯɚɯ, ɢɫɩɨɥɶɡɭɹ ɩɚɪɚɛɨɥɢɱɟɫɤɨɟ ɹɞɪɨ ɢ ɨɲɢɛɤɭ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɢ ɩɨɥɧɨɣ ɜɵɛɨɪɤɟ ɧɚɛɥɸɞɟɧɢɣ. 

 



38 
 

 

 

Ɋɢɫɭɧɨɤ 3 – Ɂɚɜɢɫɢɦɨɫɬɶ W ɨɬ Cs, ɩɪɢ S = 100 

 

ɇɚ ɪɢɫɭɧɤɟ 3 ɩɪɟɞɫɬɚɜɥɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɨɲɢɛɤɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɨɬ 

ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɡɦɵɬɨɫɬɢ ɩɪɢ S = 100. Ɍɚɤ ɠɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɨɩɬɢɦɚɥɶɧɵɟ 

ɤɨɷɮɮɢɰɢɟɧɬɵ ɪɚɡɦɵɬɨɫɬɢ ɞɥɹ ɤɚɠɞɨɣ ɨɲɢɛɤɢ. Ʉɚɤ ɜɢɞɧɨ ɩɨ ɪɢɫɭɧɤɭ ɫ 

ɩɨɜɵɲɟɧɢɟɦ ɨɲɢɛɤɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜɨɡɪɚɫɬɚɟɬ ɨɩɬɢɦɚɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ 

ɪɚɡɦɵɬɨɫɬɢ. 
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Ɋɢɫɭɧɨɤ 4 – Ɂɚɜɢɫɢɦɨɫɬɶ W ɨɬ Cs, ɩɪɢ S = 500 

 

ɇɚ ɪɢɫɭɧɤɟ 4 ɩɪɟɞɫɬɚɜɥɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɨɲɢɛɤɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɨɬ 

ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɡɦɵɬɨɫɬɢ ɩɪɢ S = 500. Ɍɚɤ ɠɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɨɩɬɢɦɚɥɶɧɵɟ 

ɤɨɷɮɮɢɰɢɟɧɬɵ ɪɚɡɦɵɬɨɫɬɢ ɞɥɹ ɤɚɠɞɨɣ ɨɲɢɛɤɢ. Ʉɚɤ ɜɢɞɧɨ ɩɨ ɪɢɫɭɧɤɭ ɫ 

ɩɨɜɵɲɟɧɢɟɦ ɨɲɢɛɤɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜɨɡɪɚɫɬɚɟɬ ɨɩɬɢɦɚɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ 

ɪɚɡɦɵɬɨɫɬɢ. ȿɫɥɢ ɫɪɚɜɧɢɬɶ ɞɚɧɧɵɣ ɪɢɫɭɧɨɤ 4 ɫ ɪɢɫɭɧɤɨɦ 3 ɬɨ ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ, 

ɱɬɨ ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɨɛɴɟɦɚ ɜɵɛɨɪɤɢ  ɩɨɧɢɠɚɟɬɫɹ ɨɩɬɢɦɚɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ 

ɪɚɡɦɵɬɨɫɬɢ. 

Ⱦɚɥɟɟ ɩɪɟɞɫɬɚɜɢɦ ɪɟɡɭɥɶɬɚɬɵ ɡɚɜɢɫɢɦɨɫɬɢ ɨɲɢɛɨɤ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɨɬ 

ɨɛɴɟɦɚ ɜɵɛɨɪɤɢ ɜ ɜɢɞɟ ɝɪɚɮɢɤɨɜ. Ɋɚɫɫɦɨɬɪɢɦ ɩɚɪɚɛɨɥɢɱɟɫɤɨɟ ɹɞɪɨ, ɬɚɤ ɤɚɤ ɩɨ 

ɷɤɫɩɟɪɢɦɟɧɬɚɦ ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ ɬɚɛɥɢɰɟ 3-5 - ɷɬɨ ɹɞɪɨ ɞɚɥɨ ɥɭɱɲɢɟ 

ɪɟɡɭɥɶɬɚɬɵ. ɉɪɢ ɤɨɷɮɮɢɰɢɟɧɬɟ ɪɚɡɦɵɬɨɫɬɢ 1. 
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Ɋɢɫɭɧɨɤ 5 – Ɂɚɜɢɫɢɦɨɫɬɶ W ɨɬ S, ɩɪɢ ξ = 0 % 

 

ɇɚ ɪɢɫɭɧɤɟ 5 ɩɪɟɞɫɬɚɜɥɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ ɨɲɢɛɤɨɣ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ 

ɨɛɴɟɦɨɦ ɜɵɛɨɪɤɢ ɩɪɢ ɩɨɦɟɯɟ ɪɚɜɧɨɣ 0%. ȼɢɞɢɦ, ɱɬɨ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɨɛɴɟɦɚ 

ɜɵɛɨɪɤɢ, ɨɲɢɛɤɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜɨɡɪɚɫɬɚɟɬ – ɷɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɬɨɱɧɨɫɬɶ 

ɜɵɱɢɫɥɟɧɢɣ ɭɜɟɥɢɱɢɜɚɟɬɫɹ. Ɍɚɤ ɠɟ ɫɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɨɲɢɛɤɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

ɩɨ ɢɫɯɨɞɧɵɦ ɞɚɧɧɵɦ ɫɚɦɚɹ ɦɚɥɟɧɶɤɚɹ, ɚ ɩɪɢ ɭɞɚɥɟɧɢɢ ɩɪɨɩɭɫɤɨɜ ɫɚɦɚɹ 

ɛɨɥɶɲɚɹ. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɩɨɬɟɪɹ ɢɧɮɨɪɦɚɰɢɢ ɜɥɟɱɟɬ ɡɚ ɫɨɛɨɣ ɭɯɭɞɲɟɧɢɟ 

ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ. Ɇɢɧɢɦɚɥɶɧɵɣ ɪɟɡɭɥɶɬɚɬ ɨɲɢɛɤɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɦɨɞɟɥɢ ɩɨɫɬɪɨɟɧɧɨɣ ɩɨ ɩɨɥɧɨɣ ɜɵɛɨɪɤɟ ɧɚɛɥɸɞɟɧɢɣ, ɚ ɨɲɢɛɤɚ, 

ɤɨɝɞɚ ɩɪɨɩɭɫɤɢ ɭɠɟ ɡɚɩɨɥɧɟɧɵ, ɹɜɥɹɟɬɫɹ ɩɪɢɛɥɢɠɟɧɧɵɦ ɡɧɚɱɟɧɢɟɦ ɤ ɨɲɢɛɤɢ 

ɩɨ ɩɨɥɧɨɣ ɜɵɛɨɪɤɟ ɧɚɛɥɸɞɟɧɢɣ. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɬɨɱɧɨɫɬɶ ɧɚɛɥɸɞɟɧɢɣ 

ɩɨɜɵɲɟɧɚ. 
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Ɋɢɫɭɧɨɤ 6 - Ɂɚɜɢɫɢɦɨɫɬɶ W ɨɬ S, ɩɪɢ ξ = 5 % 

 

ɇɚ ɪɢɫɭɧɤɟ 6 ɩɪɟɞɫɬɚɜɥɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ ɨɲɢɛɤɨɣ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ 

ɨɛɴɟɦɨɦ ɜɵɛɨɪɤɢ ɩɪɢ ɩɨɦɟɯɟ ɪɚɜɧɨɣ 5%. ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ 

S ɭɦɟɧɶɲɚɟɬɫɹ ɨɲɢɛɤɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. Ɍɚɤ ɠɟ, ɦɢɧɢɦɚɥɶɧɨɣ ɨɲɢɛɤɨɣ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɡɧɚɱɟɧɢɟ ɩɨ ɩɨɥɧɨɣ ɜɵɛɨɪɤɟ, ɚ ɨɲɢɛɤɚ, ɤɨɝɞɚ 

ɩɪɨɩɭɫɤɢ ɭɠɟ ɡɚɩɨɥɧɟɧɵ, ɹɜɥɹɟɬɫɹ ɫɟɪɟɞɢɧɧɵɦ ɡɧɚɱɟɧɢɟɦ ɦɟɠɞɭ ɩɨɥɧɨɣ 

ɜɵɛɨɪɤɨɣ ɢ ɜɵɛɨɪɤɨɣ ɞɚɧɧɵɯ ɫ ɩɪɨɩɭɫɤɚɦɢ. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɬɨɱɧɨɫɬɶ 

ɧɚɛɥɸɞɟɧɢɣ ɩɨɜɵɲɟɧɚ. 
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Ɋɢɫɭɧɨɤ 7 - Ɂɚɜɢɫɢɦɨɫɬɶ W ɨɬ S, ɩɪɢ ξ = 10 % 

 

ɋɪɚɜɧɢɜɚɹ ɪɢɫɭɧɨɤ 6 ɢ 7 ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɹ ɩɨɦɟɯɢ, ɞɚɟɬ 

ɜɨɡɪɚɫɬɚɧɢɟ ɤɚɠɞɨɣ ɢɡ ɨɲɢɛɤɢ. ɇɚ ɪɢɫɭɧɤɟ 7 ɬɚɤ ɠɟ ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɢ 

ɭɜɟɥɢɱɟɧɢɢ ɨɛɴɟɦɚ ɜɵɛɨɪɤɢ, ɪɚɫɫɱɢɬɚɧɧɵɟ ɡɧɚɱɟɧɢɹ ɫɬɚɧɨɜɹɬɫɹ 

ɩɪɢɛɥɢɠɟɧɧɵɦɢ ɤ ɢɫɯɨɞɧɵɦ ɞɚɧɧɵɦ. Ɍɚɤ ɠɟ ɜɢɞɧɨ, ɱɬɨ ɫɚɦɵɣ ɥɭɱɲɢɣ 

ɪɟɡɭɥɶɬɚɬ ɨɲɢɛɤɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɬɪɨɢɬɫɹ ɩɨ ɩɨɥɧɨɣ ɜɵɛɨɪɤɟ, ɚ ɨɲɢɛɤɚ, ɤɨɝɞɚ 

ɩɪɨɩɭɫɤɢ ɭɠɟ ɡɚɩɨɥɧɟɧɵ, ɹɜɥɹɟɬɫɹ ɫɟɪɟɞɢɧɧɵɦ ɡɧɚɱɟɧɢɟɦ ɦɟɠɞɭ ɩɨɥɧɨɣ 

ɜɵɛɨɪɤɨɣ ɢ ɜɵɛɨɪɤɨɣ ɞɚɧɧɵɯ ɫ ɩɪɨɩɭɫɤɚɦɢ. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɬɨɱɧɨɫɬɶ 

ɧɚɛɥɸɞɟɧɢɣ ɩɨɜɵɲɟɧɚ. 

Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɩɨɧɹɬɶ ɬɨɱɧɨɫɬɶ ɪɚɫɫɱɢɬɚɧɧɵɯ ɞɚɧɧɵɯ ɩɪɢɜɟɞɟɦ 

ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɞɥɹ ɪɟɚɥɶɧɨɝɨ ɨɛɴɟɤɬɚ ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɝɨ ɩɨ 

ɩɚɪɚɛɨɥɢɱɟɫɤɨɦɭ ɹɞɪɭ. 

ɇɚ ɪɢɫɭɧɤɟ 8 ɩɪɟɞɫɬɚɜɥɟɧɨ ɫɪɚɜɧɟɧɢɟ ɨɛɴɟɤɬɚ ɢ ɦɨɞɟɥɢ ɩɨ ɢɫɯɨɞɧɵɦ 

ɞɚɧɧɵɦ, ɚ ɬɚɤ ɠɟ ɦɨɞɟɥɶ ɫ ɪɚɫɫɱɢɬɚɧɧɵɦɢ ɞɚɧɧɵɦɢ ɩɨ ɧɟɩɚɪɚɦɟɬɪɢɱɟɫɤɨɦɭ 

ɦɟɬɨɞɭ (4). ɂɫɩɨɥɶɡɨɜɚɥɨɫɶ ɩɚɪɚɛɨɥɢɱɟɫɤɨɟ ɹɞɪɨ S = 100, ɩɪɢ ξ = 0 %. 
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Ɋɢɫɭɧɨɤ 8 – Ɇɨɞɟɥɶ ɢ ɨɛɴɟɤɬ ɩɪɢ S = 100 ɢ ξ = 0 % 

 

ɇɚ ɪɢɫɭɧɨɤ 8 ɜɢɞɧɨ, ɱɬɨ ɦɨɞɟɥɶ ɩɨ ɨɛɴɟɤɬɭ ɫɬɪɨɢɬɫɹ ɩɨɱɬɢ ɨɞɢɧɚɤɨɜɨ, ɫ 

ɞɨɩɭɫɬɢɦɨɣ ɩɨɝɪɟɲɧɨɫɬɶɸ, ɱɬɨ ɩɨɤɚɡɵɜɚɟɬ ɩɪɚɜɢɥɶɧɨɫɬɶ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ. 

Ɍɚɤ ɠɟ ɜɢɞɢɦ ɫɪɚɜɧɟɧɢɟ ɪɟɚɥɶɧɨɣ ɦɨɞɟɥɢ ɢ ɪɚɫɫɱɢɬɚɧɧɨɣ. ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ 

ɩɪɢ ɧɟɤɨɬɨɪɵɯ ɞɚɧɧɵɯ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɩɨɱɬɢ ɢɞɟɧɬɢɱɧɨ ɪɟɚɥɶɧɨɦɭ 

ɨɛɴɟɤɬɭ, ɱɬɨ ɩɨɤɚɡɵɜɚɟɬ ɬɨɱɧɨɫɬɶ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɩɪɨɩɭɳɟɧɧɵɯ ɧɚɛɥɸɞɟɧɢɣ. 

 

 

 

Ɋɢɫɭɧɨɤ 9 – Ɇɨɞɟɥɶ ɢ ɨɛɴɟɤɬ ɩɪɢ S = 100 ɢ ξ = 5 % 
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ɇɚ ɪɢɫɭɧɤɟ 9 ɩɪɟɞɫɬɚɜɥɟɧɵ ɨɛɴɟɤɬ ɢ ɦɨɞɟɥɶ ɪɟɚɥɶɧɵɯ ɞɚɧɧɵɯ, ɚ ɬɚɤ ɠɟ 

ɪɚɫɫɱɢɬɚɧɧɵɟ ɩɪɨɩɭɫɤɢ ɦɨɞɟɥɢ. ȼɢɞɧɨ, ɱɬɨ ɪɚɫɫɱɢɬɚɧɧɵɟ ɡɧɚɱɟɧɢɹ ɧɟ ɫɢɥɶɧɨ 

ɨɬɤɥɨɧɹɸɬɫɹ ɨɬ ɪɟɚɥɶɧɵɯ ɞɚɧɧɵɯ. ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɢ ɧɟɤɨɬɨɪɵɯ ɞɚɧɧɵɯ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɩɨɱɬɢ ɢɞɟɧɬɢɱɧɨ ɪɟɚɥɶɧɨɦɭ ɨɛɴɟɤɬɭ, ɱɬɨ 

ɩɨɤɚɡɵɜɚɟɬ ɬɨɱɧɨɫɬɶ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɩɪɨɩɭɳɟɧɧɵɯ ɧɚɛɥɸɞɟɧɢɣ. 

 

3.2 Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɡɚɩɨɥɧɟɧɢɹ ɩɪɨɩɭɫɤɨɜ, ɫ ɩɨɦɨщɶ 

ɦɟɬɨɞɚ ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɜ Deductor studio 

 

Deductor studio –ɩɪɨɝɪɚɦɦɚ, ɤɨɬɨɪɚɹ ɫɨɞɟɪɠɢɬ ɦɟɯɚɧɢɡɦɵ ɢɦɩɨɪɬɚ, 

ɨɛɪɚɛɨɬɤɢ, ɜɢɡɭɚɥɢɡɚɰɢɢ ɢ ɷɤɫɩɨɪɬɚ ɞɚɧɧɵɯ ɞɥɹ ɛɵɫɬɪɨɝɨ ɢ ɷɮɮɟɤɬɢɜɧɨɝɨ 

ɚɧɚɥɢɡɚ ɢ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ. 

Ⱦɚɧɧɚɹ ɩɪɨɝɪɚɦɦɚ ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬ ɧɚɛɥɸɞɟɧɢɹ ɫ ɩɨɦɨɳɶɸ 

ɫɪɟɞɧɟɚɪɢɮɦɟɬɢɱɟɫɤɨɝɨ ɡɧɚɱɟɧɢɹ ɩɨ ɢɡɜɟɫɬɧɵɦ ɞɚɧɧɵɦ. Ⱦɥɹ ɜɢɡɭɚɥɢɡɚɰɢɢ 

ɩɪɟɞɫɬɚɜɢɦ ɮɨɪɦɭɥɭ, ɩɨ ɤɨɬɨɪɨɣ ɛɭɞɭɬ ɪɚɫɫɱɢɬɵɜɚɬɶɫɹ ɞɚɧɧɵɟ. 

 

                    (17) 

 

ɝɞɟ s – ɨɛɴɟɦ ɢɡɜɟɫɬɧɨɣ ɜɵɛɨɪɤɢ; 

ix  - ɜɵɯɨɞ ɨɛɴɟɤɬɚ. 

Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɩɪɨɜɟɫɬɢ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɜɨɡɶɦɟɦ ɜɯɨɞɧɵɟ 

ɞɚɧɧɵɟ, ɫɝɟɧɟɪɢɪɨɜɚɧɧɵɟ ɩɨ ɧɨɪɦɚɥɶɧɨɦɭ ɡɚɤɨɧɭ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɚ 

ɩɪɨɦɟɠɭɬɤɟ [0;4], ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɞɥɹ ɧɟɩɚɪɚɦɟɬɪɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ, ɩɨ 

ɡɚɞɚɧɧɨɦɭ ɨɛɴɟɤɬɭ (15). ɂɫɩɨɥɶɡɨɜɚɥɢɫɶ ɞɚɧɧɵɟ ɪɚɫɫɱɢɬɚɧɧɵɟ ɩɪɢ 

ɩɚɪɚɛɨɥɢɱɟɫɤɨɦ ɹɞɪɟ, ɬɚɦ ɤɚɤ ɨɧɨ ɥɭɱɲɟ ɜɫɟɯ ɩɪɨɹɜɢɥɨ ɫɟɛɹ ɜ ɩɪɨɲɥɵɯ 

ɷɤɫɩɟɪɢɦɟɧɬɚɯ. Ɍɚɤ ɠɟ ɛɭɞɟɬ ɧɚɣɞɟɧɚ ɨɲɢɛɤɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɥɹ ɪɚɫɫɱɢɬɚɧɧɵɯ 

ɡɧɚɱɟɧɢɣ ɩɨ ɩɪɨɝɪɚɦɦɟ Deductor studio ɩɨ ɮɨɪɦɭɥɟ (18) 
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ɝɞɟ s  - ɨɛɴɟɦ ɜɵɛɨɪɤɢ; 

sdx - ɪɚɫɫɱɢɬɚɧɧɚɹ ɦɨɞɟɥɶ ɩɨ Deductor studio;  

sx - ɪɟɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɦɨɞɟɥɢ;  

sxm - ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɹ ɩɨ ɪɟɚɥɶɧɵɦ ɧɚɛɥɸɞɟɧɢɹɦ. 

ȼ ɬɚɛɥɢɰɟ 6 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɚɫɫɱɢɬɚɧɧɵɟ ɨɲɢɛɤɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨ 

ɧɚɣɞɟɧɧɵɦ ɧɚɛɥɸɞɟɧɢɹɦ. 

ȼɜɟɞɟɦ ɨɛɨɡɧɚɱɟɧɢɹ ɨɲɢɛɤɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɥɭɱɟɧɧɨɣ ɫ ɩɨɦɨɳɶɸ 

ɩɪɨɝɪɚɦɦɵ Deductor Studio – W4. 

 

Ɍɚɛɥɢɰɚ 6 - Ɂɚɜɢɫɢɦɨɫɬɶ ɨɛɴɟɦɚ ɜɵɛɨɪɤɢ ɨɬ ɩɨɦɟɯɢ. 

 

Ɉɛɴɟɦ ɜɵɛɨɪɤɢ s Ɂɧɚɱɟɧɢɟ ξ W4(%) 

50 0 46.25 

0.5 50.42 

5 54.3 

100 0 40.9 

0.5 43.01 

5 44.65 

500 0 39.2 

0.5 41.29 

5 42.36 

 

ɉɨ ɬɚɛɥɢɰɟ 6 ɦɨɠɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɨɛɴɟɦɚ ɜɵɛɨɪɤɢ 

ɭɦɟɧɶɲɚɟɬɫɹ ɨɲɢɛɤɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɨɜɵɲɚɹ ɩɨɦɟɯɭ, 

ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɢ ɨɲɢɛɤɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ.  
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ȼ ɫɥɟɞɭɸɳɟɦ ɩɚɪɚɝɪɚɮɟ ɩɪɨɢɡɜɟɞɟɧ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ 

ɧɟɩɚɪɚɦɟɬɪɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ ɢ ɦɟɬɨɞɚ ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɜ ɩɪɨɝɪɚɦɦɟ Deductor 

studio. 

 

3.3 ɋɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɚɥɝɨɪɢɬɦɨɜ 
 

Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ ɚɥɝɨɪɢɬɦɨɜ ɛɭɞɭɬ ɢɫɩɨɥɶɡɨɜɚɧɵ ɨɞɢɧɚɤɨɜɵɟ ɞɚɧɧɵɟ, ɝɞɟ 

ɜɯɨɞɧɵɟ ɧɚɛɥɸɞɟɧɢɹ ɫɝɟɧɟɪɢɪɨɜɚɧɵ ɝɟɧɟɪɚɬɨɪɨɦ ɫɥɭɱɚɣɧɵɯ ɱɢɫɟɥ ɩɨ 

ɧɨɪɦɚɥɶɧɨɦɭ ɡɚɤɨɧɭ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɚ ɩɪɨɦɟɠɭɬɤɟ [0;4]. ȼɵɯɨɞ ɨɛɴɟɤɬɚ 

ɪɚɫɫɱɢɬɵɜɚɥɫɹ ɩɨ ɮɨɪɦɭɥɟ (15). Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɦɨɞɟɥɢ ɢɫɩɨɥɶɡɨɜɚɧɨ 

ɩɚɪɚɛɨɥɢɱɟɫɤɨɟ ɹɞɪɨ, ɬɚɤ ɤɚɤ ɨɧɨ ɩɨ ɷɤɫɩɟɪɢɦɟɧɬɚɦ ɩɨɤɚɡɚɥɨ ɥɭɱɲɢɟ 

ɪɟɡɭɥɶɬɚɬɵ. ɉɪɢ ɤɨɷɮɮɢɰɢɟɧɬɟ ɪɚɡɦɵɬɨɫɬɢ 1. 

ɂɫɫɥɟɞɭɟɦ ɡɚɜɢɫɢɦɨɫɬɶ ɨɲɢɛɤɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɨɬ ɩɨɦɟɯɢ ɢ ɨɛɴɟɦɚ 

ɜɵɛɨɪɤɢ. 

 

Ɍɚɛɥɢɰɚ 7 – ɋɪɚɜɧɟɧɢɟ ɦɟɬɨɞɨɜ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɩɪɨɩɭɫɤɨɜ 

 

Ɉɛɴɟɦ 
ɜɵɛɨɪɤɢ s 

Ɂɧɚɱɟɧɢɟ ξ W1% W2% W3% W4% 

50 
 

0 20,1 32,4 22,1 46,25 
5 22,1 34,1 23,9 50,42 

10 30,5 36,1 31,9 54,3 

100 
 

0 15,3 20,7 16,6 40,9 

5 17,2 21,5 18,1 43,01 

10 27,9 32 29,2 44,65 

500 
 

0 11,8 14,1 13,2 39,2 
5 12,3 15,5 13,3 41,29 

10 18,1 21,2 19,5 42,36 

 

ɉɨ ɬɚɛɥɢɰɟ 7 ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞɵ, ɱɬɨ ɫɚɦɚɹ ɛɨɥɶɲɚɹ ɨɲɢɛɤɚ  

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɟɬ  ɦɟɬɨɞɨɦ ɡɚɩɨɥɧɟɧɢɹ ɫɪɟɞɧɟɚɪɢɮɦɟɬɢɱɟɫɤɢɦ, 

ɩɪɟɞɫɬɚɜɥɟɧɧɵɦ ɜ ɩɪɨɝɪɚɦɦɟ Deductor studio. ɉɪɢ ɩɨɜɵɲɟɧɢɢ ɨɛɴɟɦɚ ɜɵɛɨɪɤɢ 
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ɟɫɬɶ ɨɠɢɞɚɟɦɨɟ ɭɦɟɧɶɲɟɧɢɟ ɨɲɢɛɤɢ. ɋɚɦɭɸ ɦɢɧɢɦɚɥɶɧɭɸ ɨɲɢɛɤɭ ɦɨɠɧɨ 

ɧɚɛɥɸɞɚɬɶ ɭ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ.  

Ⱦɥɹ ɛɨɥɶɲɟɣ ɧɚɝɥɹɞɧɨɫɬɢ ɞɚɧɧɵɟ ɢɡ ɬɚɛɥɢɰɟ 7 ɩɪɟɞɫɬɚɜɢɦ ɜ ɜɢɞɟ 

ɫɬɨɥɛɢɤɨɜɨɣ ɞɢɚɝɪɚɦɦɵ.  

 

 

 

Ɋɢɫɭɧɨɤ 10 – Ɂɚɜɢɫɢɦɨɫɬɶ W ɨɬ S, ɩɪɢ ξ = 0% 

 

ɇɚ ɪɢɫɭɧɤɟ 10 – ɩɨɫɬɪɨɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ ɨɲɢɛɤɨɣ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ 

ɨɛɴɟɦɨɦ ɜɵɛɨɪɤɢ ɩɪɢ ɪɚɡɧɵɯ ɦɟɬɨɞɚɯ. 
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Ɋɢɫɭɧɨɤ 11 – Ƚɪɚɮɢɱɟɫɤɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ W ɨɬ S, ɩɪɢ ξ = 5% 

 

ɇɚ ɪɢɫɭɧɤɟ 11 – ɩɨɫɬɪɨɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ ɨɲɢɛɤɨɣ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ 

ɨɛɴɟɦɨɦ ɜɵɛɨɪɤɢ ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɨɦ ɦɟɬɨɞɟ. 

 

 

 

Ɋɢɫɭɧɨɤ 12 – Ƚɪɚɮɢɱɟɫɤɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ W ɨɬ S, ɩɪɢ ξ = 10% 

 

ɇɚ ɪɢɫɭɧɤɟ 12 – ɩɨɫɬɪɨɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ ɨɲɢɛɤɨɣ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ 

ɨɛɴɟɦɨɦ ɜɵɛɨɪɤɢ ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɨɦ ɦɟɬɨɞɟ. 
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ɇɚ ɪɢɫɭɧɤɚɯ 10-12 ɩɪɟɞɫɬɚɜɥɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɦɟɠɞɭ ɨɛɴɟɦɨɦ ɜɵɛɨɪɤɢ ɢ 

ɨɲɢɛɤɨɣ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɨɦ ɦɟɬɨɞɟ ɢ ɩɪɢ ɪɚɡɧɵɯ ɩɨɦɟɯɚɯ. ɇɚ 

ɫɬɨɥɛɢɤɨɜɵɯ ɞɢɚɝɪɚɦɦɚɯ ɜɢɞɧɨ, ɱɬɨ ɨɲɢɛɤɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɢ ɭɞɚɥɟɧɢɢ 

ɫɬɪɨɤ ɦɟɧɶɲɟ, ɱɟɦ ɩɪɢ ɡɚɩɨɥɧɟɧɢɢ ɫɪɟɞɧɟɚɪɢɮɦɟɬɢɱɟɫɤɢɦ ɡɧɚɱɟɧɢɟɦ, ɧɟ 

ɡɚɜɢɫɢɦɨ ɨɬ ɩɪɨɰɟɧɬɚ ɩɨɦɟɯɢ. Ɍɚɤ ɠɟ ɜɢɞɧɨ, ɱɬɨ ɨɲɢɛɤɚ ɧɟɩɚɪɚɦɟɬɪɢɱɟɫɤɨɝɨ 

ɚɥɝɨɪɢɬɦɚ ɧɚɦɧɨɝɨ ɬɨɱɧɟɟ ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬ ɡɧɚɱɟɧɢɹ, ɱɟɦ ɦɟɬɨɞ 

ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɩɪɨɝɪɚɦɦɨɣ Deductor studio. ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɧɚ ɤɚɠɞɨɣ 

ɫɬɨɥɛɢɤɨɜɨɣ ɞɢɚɝɪɚɦɦɟ ɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɨɛɴɟɦɚ ɜɵɛɨɪɤɢ 

ɩɨɧɢɠɚɟɬɫɹ ɨɲɢɛɤɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. 
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ȼɵɜɨɞɵ ɩɨ ɬɪɟɬɶɟɣ ɝɥɚɜɟ 

 

ȼ ɬɪɟɬɶɟɣ ɝɥɚɜɟ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɟ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ 

ɱɢɫɥɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɞɜɭɦ ɦɟɬɨɞɚɦ: 

1) ɇɚ ɨɫɧɨɜɟ ɩɟɪɜɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɛɵɥɚ ɩɨɫɬɪɨɟɧɚ ɦɨɞɟɥɶ 

ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ, ɨɫɧɨɜɚɧɧɚɹ ɧɚ ɨɰɟɧɤɟ ɇɚɞɚɪɚɹ-ȼɚɬɫɨɧɚ. ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɛɵɥɢ 

ɫɞɟɥɚɧɵ ɫɥɟɞɭɸɳɢɟ ɜɵɜɨɞɵ: 

− ɉɚɪɚɛɨɥɢɱɟɫɤɨɟ ɹɞɪɨ ɩɨɤɚɡɵɜɚɟɬ ɜɨ ɜɫɟɯ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɥɭɱɲɢɟ 

ɪɟɡɭɥɶɬɚɬɵ, ɱɟɦ ɨɫɬɚɥɶɧɵɟ ɹɞɪɚ; 

− ɏɭɞɲɢɟ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨɤɚɡɚɥɨ ɩɪɹɦɨɭɝɨɥɶɧɨɟ ɹɞɪɨ; 

− Ɉɩɵɬɵ, ɭ ɤɨɬɨɪɵɯ ɩɪɨɢɫɯɨɞɢɥɨ ɫɨɤɪɚɳɟɧɢɟ ɪɚɡɦɟɪɧɨɫɬɢ ɨɲɢɛɤɚ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɟ, ɱɟɦ ɭ ɬɟɯ ɨɩɵɬɨɜ, ɭ ɤɨɬɨɪɵɯ 

ɪɚɫɫɱɢɬɚɧɵ ɩɪɨɩɭɳɟɧɧɵɟ ɡɧɚɱɟɧɢɹ; 

− ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɨɛɴɟɦɚ ɜɵɛɨɪɤɢ, ɜɨ ɜɫɟɯ ɫɥɭɱɚɹɯ ɫɧɢɠɚɟɬɫɹ ɨɲɢɛɤɚ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɩɨɤɚɡɵɜɚɹ ɷɬɢɦ, ɱɬɨ ɱɟɦ ɛɨɥɶɲɟ ɢɧɮɨɪɦɚɰɢɢ ɦɵ 

ɢɦɟɟɬ, ɬɟɦ ɥɭɱɲɟ ɫɬɪɨɢɬɫɹ ɦɨɞɟɥɶ. 

2) Ȼɵɥɢ ɩɪɨɜɟɞɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɵ ɜ ɩɪɨɝɪɚɦɦɟ Deductor Studio, ɤɨɬɨɪɚɹ 

ɡɚɩɨɥɧɹɟɬ ɩɪɨɩɭɳɟɧɧɵɟ ɧɚɛɥɸɞɟɧɢɹ ɫɪɟɞɧɟɚɪɢɮɦɟɬɢɱɟɫɤɢɦ ɡɧɚɱɟɧɢɟɦ ɩɨ 

ɢɡɜɟɫɬɧɵɦ ɞɚɧɧɵɦ.  

Ɍɚɤ ɠɟ ɛɵɥɨ ɩɪɨɢɡɜɟɞɟɧɨ ɫɪɚɜɧɟɧɢɟ ɞɜɭɯ ɜɵɲɟ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɦɟɬɨɞɨɜ, 

ɝɞɟ ɜɵɹɫɧɢɥɨɫɶ, ɱɬɨ ɡɚɩɨɥɧɟɧɢɟ ɩɪɨɩɭɫɤɨɜ ɫ ɩɨɦɨɳɶɸ ɧɟɩɚɪɚɦɟɬɪɢɱɟɫɤɨɝɨ 

ɦɟɬɨɞɚ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɬɨɱɧɵɦ, ɱɟɦ ɡɚɩɨɥɧɟɧɢɟ ɫɪɟɞɧɟɚɪɢɮɦɟɬɢɱɟɫɤɢɦ 

ɡɧɚɱɟɧɢɟɦ. 
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ɁȺɄɅɘЧȿɇɂȿ 

 

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɢɝɪɚɟɬ ɨɱɟɧɶ ɛɨɥɶɲɭɸ ɪɨɥɶ ɜ ɫɚɦɵɯ ɪɚɡɥɢɱɧɵɯ ɫɮɟɪɚɯ. 

ȿɝɨ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɦɟɧɹɬɶ, ɬɚɤ ɤɚɤ ɷɤɫɩɟɪɢɦɟɧɬɵ ɢ ɧɚɛɥɸɞɟɧɢɹ ɧɚɞ ɪɟɚɥɶɧɵɦ 

ɨɛɴɟɤɬɨɦ ɦɨɝɭɬ ɛɵɬɶ ɧɟɩɪɢɟɦɥɟɦɵɦɢ, ɢ ɧɚ ɬɨ ɟɫɬɶ ɪɚɡɥɢɱɧɵɟ ɩɪɢɱɢɧɵ: 

ɨɩɚɫɧɨɫɬɶ ɞɥɹ ɡɞɨɪɨɜɶɹ ɢ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɧɟɜɨɡɦɨɠɧɨɫɬɶ ɧɚɛɥɸɞɚɬɶ ɡɚ 

ɜɧɭɬɪɟɧɧɢɦ ɭɫɬɪɨɣɫɬɜɨɦ ɫɢɫɬɟɦɵ ɜ ɪɟɚɥɶɧɨɦ ɦɢɪɟ, ɞɨɪɨɝɨɜɢɡɧɚ ɢ ɬ.ɞ. ȼ ɪɚɛɨɬɟ 

ɩɪɢɜɟɞɟɧɨ ɧɟɫɤɨɥɶɤɨ ɷɬɚɩɨɜ ɡɚɞɚɱɢ ɢɞɟɧɬɢɮɢɤɚɰɢɢ. Ɋɚɫɫɦɨɬɪɟɧɵ ɨɩɪɟɞɟɥɟɧɢɹ 

ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɜ «ɭɡɤɨɦ» ɢ «ɲɢɪɨɤɨɦ» ɫɦɵɫɥɟ. 

Ȼɵɥ ɩɪɟɞɥɨɠɟɧ ɢ ɢɫɫɥɟɞɨɜɚɧ ɦɟɬɨɞ ɧɟɩɚɪɚɦɟɬɪɢɱɟɫɤɨɝɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ 

ɩɪɨɩɭɫɤɨɜ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɨɰɟɧɤɟ ɇɚɞɚɪɚɹ-ȼɚɬɫɨɧɚ. Ȼɵɥɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ 

ɜɵɹɜɥɟɧɨ, ɱɬɨ ɢɡ ɬɪɟɯ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɹɞɟɪɧɵɯ ɮɭɧɤɰɢɢ ɛɨɥɟɟ ɬɨɱɧɨ ɫɬɪɨɢɬ ɢ 

ɩɨɤɚɡɵɜɚɟɬ ɪɟɡɭɥɶɬɚɬɵ – ɩɚɪɚɛɨɥɢɱɟɫɤɨɟ ɹɞɪɨ. Ɍɚɤ ɠɟ ɪɚɫɫɦɨɬɪɟɧ 

ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɦɟɬɨɞ ɜ ɩɪɨɝɪɚɦɦɟ Deductor Studio, ɤɨɬɨɪɵɣ ɨɫɧɨɜɚɧ ɧɚ 

ɡɚɩɨɥɧɟɧɢɢ ɩɪɨɩɭɫɤɨɜ ɫ ɩɨɦɨɳɶɸ ɫɪɟɞɧɟɚɪɢɮɦɟɬɢɱɟɫɤɨɝɨ ɡɧɚɱɟɧɢɹ ɩɨ 

ɢɡɜɟɫɬɧɵɦ ɞɚɧɧɵɦ. 

ȼɵɜɨɞɵ ɜɨ ɜɫɟɯ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɩɨɱɬɢ ɨɞɢɧɚɤɨɜɵ. ɑɟɦ ɛɨɥɶɲɟ ɜɵɛɨɪɤɚ - 

ɬɟɦ ɦɟɧɶɲɟ ɨɲɢɛɤɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɨɬɫɸɞɚ ɫɥɟɞɭɟɬ ɜɵɜɨɞ, ɱɬɨ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ 

ɩɨɥɭɱɢɬɶ ɛɨɥɟɟ ɩɪɚɜɢɥɶɧɭɸ ɤɚɪɬɢɧɭ ɨ ɩɨɫɬɪɨɟɧɢɢ ɦɨɞɟɥɢ ɢɥɢ ɨ ɪɚɛɨɬɟ ɦɟɬɨɞɚ, 

ɧɭɠɧɨ ɫɨɛɪɚɬɶ ɤɚɤ ɦɨɠɧɨ ɛɨɥɶɲɟ ɞɚɧɧɵɯ ɞɥɹ ɭɜɟɥɢɱɟɧɢɹ ɨɛɴɟɦɚ ɜɵɛɨɪɤɢ. 

Ɍɚɤɚɹ ɜɵɛɨɪɤɚ ɛɭɞɟɬ ɛɨɥɟɟ ɩɪɢɟɦɥɟɦɨɣ ɞɥɹ ɚɧɚɥɢɡɚ. Ɇɚɥɟɧɶɤɢɣ ɨɛɴɟɦ 

ɜɵɛɨɪɤɢ ɧɟ ɢɦɟɟɬ ɛɨɥɶɲɨɝɨ ɫɦɵɫɥɚ, ɬɚɤ ɤɚɤ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɛɭɞɟɬ ɩɥɨɯɨ 

ɨɬɨɛɪɚɠɚɬɶ ɨɛɴɟɤɬ. 

ɋɬɨɢɬ ɩɨɦɧɢɬɶ, ɱɬɨ ɱɟɦ ɦɟɧɶɲɟ ɩɨɦɟɯɚ, ɬɟɦ ɬɨɱɧɟɟ ɜɵɱɢɫɥɟɧɢɹ, ɧɨ 

ɩɪɢɦɟɧɹɬɶ ɩɨɦɟɯɭ ɧɟɨɛɯɨɞɢɦɨ, ɱɬɨɛɵ ɩɨɫɦɨɬɪɟɬɶ, ɤɚɤ ɜɟɞɟɬ ɫɟɛɹ ɦɨɞɟɥɶ 

ɨɛɴɟɤɬɚ ɢ ɧɚɫɤɨɥɶɤɨ ɨɧɚ ɭɫɬɨɣɱɢɜɚ ɜ ɪɟɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ, ɝɞɟ ɩɨɦɟɯɚ ɢ 

ɩɨɝɪɟɲɧɨɫɬɶ ɩɪɢɫɭɬɫɬɜɭɸɬ ɜɫɟɝɞɚ. 
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Ɍɚɤ ɠɟ ɛɵɥ ɩɪɨɜɟɞɟɧ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɚɥɝɨɪɢɬɦɨɜ, ɝɞɟ ɭ 

ɧɟɩɚɪɚɦɟɬɪɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ ɨɲɢɛɤɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɧɚɦɧɨɝɨ ɦɟɧɶɲɟ, ɱɟɦ ɜ 

ɩɪɨɝɪɚɦɦɟ Deductor Studio. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɧɟɩɚɪɚɦɟɬɪɢɱɟɫɤɢɣ ɦɟɬɨɞ ɛɨɥɟɟ 

ɬɨɱɧɨ ɡɚɩɨɥɧɹɟɬ ɩɪɨɩɭɳɟɧɧɵɟ ɡɧɚɱɟɧɢɹ. 



53 
 

ɋɉɂɋɈɄ ɂɋɉɈɅɖɁɈȼȺɇɇɕɏ ɂɋɌɈЧɇɂɄɈȼ 

 

1) ɗɣɤɯɨɮɮ, ɉ. Ɉɫɧɨɜɵ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ : ɭɱɟɛɧɢɤ / ɉ. 

ɗɣɤɯɨɮɮ. – Ɇɨɫɤɜɚ : Ɇɢɪ, 1975. – 680 ɫ. 

2) ȼɟɧɢɤɨɜ, ȼ. Ⱥ. Ɍɟɨɪɢɹ ɩɨɞɨɛɢɹ ɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ : ɭɱɟɛɧɨɟ ɩɨɫɨɛɢɟ / ȼ. 

Ⱥ. ȼɟɧɢɤɨɜ. – Ɇɨɫɤɜɚ : ȼɵɫɲɚɹ ɲɤɨɥɚ, 1976. – 479 ɫ. 

3) ɋɚɦɚɪɫɤɢɣ, Ⱥ. Ⱥ. Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ: ɂɞɟɢ. Ɇɟɬɨɞɵ. 

ɉɪɢɦɟɪɵ : ɦɨɧɨɝɪɚɮɢɹ / Ⱥ. Ⱥ. ɋɚɦɚɪɫɤɢɣ, Ⱥ. ɉ. Ɇɢɯɚɣɥɨɜ – Ɇɨɫɤɜɚ.: 

Ɏɢɡɦɚɬɥɢɬ, 2005 – 320 ɫ.  

4) Ʉɥɸɤɢɧɚ, ȿ.Ⱥ. Ɉɛɳɚɹ ɬɟɨɪɢɹ ɫɢɫɬɟɦ : ɭɱɟɛɧɨɟ ɩɨɫɨɛɢɟ / ȿ. Ⱥ. 

Ʉɥɸɤɢɧɚ. – ɉɟɬɪɨɡɚɜɨɫɤ : ɉɟɬɪȽɍ, 2014. – 86 ɫ. 

5) ɋɭɲɤɢɧ, ɂ. ɇ. ȼɵɱɢɫɥɢɬɟɥɶɧɚɹ ɬɟɯɧɢɤɚ ɢ ɢɧɮɨɪɦɚɰɢɨɧɧɵɟ 

ɬɟɯɧɨɥɨɝɢɢ : ɭɱɟɛɧɨɟ ɩɨɫɨɛɢɟ / ɂ. ɇ. ɋɭɲɤɢɧ. – Ʉɪɚɫɧɨɹɪɫɤ,2007 – 183 ɫ. 

6) ɂɝɧɚɬɶɟɜ, Ⱦ. Ⱥ, Ɇɟɞɜɟɞɟɜ, Ⱥ. ȼ., ɋɟɪɝɟɟɜ, ɐ. ȼ., ɒɟɫɬɟɪɧɟɜ, Ⱥ. ɂ. Ɉ 

ɧɟɩɚɪɚɦɟɬɪɢɱɟɫɤɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɦɧɨɝɨɫɜɹɡɧɵɯ ɩɪɨɰɟɫɫɨɜ / Ⱦ. Ⱥ. ɂɝɧɚɬɶɟɜ, 

Ⱥ. ȼ. Ɇɟɞɜɟɞɟɜ, ɐ. ȼ. ɋɟɪɝɟɟɜ // ȼɟɫɬɧɢɤ ɋɢɛɢɪɫɤɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ 

ɚɷɪɨɤɨɫɦɢɱɟɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ ɢɦ. ɚɤɚɞɟɦɢɤɚ Ɇ. Ɏ. Ɋɟɲɟɬɧɟɜɚ. – 2008. – № 3 

(20) – ɋ. 69 – 72. 

7) ɐɟɩɤɨɜɚ, Ɇ. ȼ., ɋɟɪɝɟɟɜɚ, ɇ. Ⱥ. Ɉ ɧɟɩɚɪɚɦɟɬɪɢɱɟɫɤɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɢ 

ɞɢɧɚɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ / Ɇ. ȼ. ɐɟɩɤɨɜɚ, ɇ. Ⱥ. ɋɟɪɝɟɟɜɚ // ȼɟɫɬɧɢɤ : ɬɨɦɫɤɨɝɨ 

ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ ɭɩɪɚɜɥɟɧɢɟ, ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɬɟɯɧɢɤɢ ɢ 

ɢɧɮɨɪɦɚɬɢɤɢ. – 2013. – № 2 (23). – ɋ. 92 – 101. 

8) Ʉɨɧɨɜɚɥɨɜ, ȼ. ɂ. ɂɞɟɧɬɢɮɢɤɚɰɢɹ ɢ ɞɢɚɝɧɨɫɬɢɤɚ ɫɢɫɬɟɦ : ɭɱɟɛɧɨɟ 

ɩɨɫɨɛɢɟ / ȼ. ɂ. Ʉɨɧɨɜɚɥɨɜ. – Ɍɨɦɫɤ : Ɍɉɍ, 2006. – 152 ɫ. 

9) ɐɵɩɤɢɧ, ə. Ɂ. ɂɧɮɨɪɦɚɰɢɨɧɧɚɹ ɬɟɨɪɢɹ ɢɞɟɧɬɢɮɢɤɚɰɢɢ : ɦɨɧɨɝɪɚɮɢɹ / 

ə. Ɂ. ɐɵɩɤɢɧ — Ɇɨɫɤɜɚ.: ɇɚɭɤɚ. Ɏɢɡɦɚɬɥɢɬ, 1995. – 336 ɫ.  

10) Ȼɨɪɨɜɤɨɜ, Ⱥ.Ⱥ. Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɫɬɚɬɢɫɬɢɤɚ. Ɉɰɟɧɤɚ ɩɚɪɚɦɟɬɪɨɜ. 

ɉɪɨɜɟɪɤɚ ɝɢɩɨɬɟɡ : ɦɨɧɨɝɪɚɮɢɹ / Ⱥ. Ⱥ. Ȼɨɪɨɜɤɨɜ.– Ɇɨɫɤɜɚ : ɇɚɭɤɚ, 1984. – 472 

ɫ. 



54 
 

11) Ʉɨɪɧɟɟɜɚ Ⱥ. Ⱥ., ɑɠɚɧ ȿ. Ⱥ. Ɉ ɧɟɩɚɪɚɦɟɬɪɢɱɟɫɤɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɢ 

ɫɬɨɯɚɫɬɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ / Ⱥ. Ⱥ. Ʉɨɪɧɟɟɜɚ, ȿ. Ⱥ. ɑɠɚɧ // ȼɟɫɬɧɢɤ ɋɢɛȽȺɍ. – 

2013. – № 2 (23). – ɋ. 37 – 42 

12) Ʌɢɬɬɥ, Ɋ. Ⱦɠ. Ⱥ., Ɋɭɛɢɧ Ⱦ. Ȼ. ɋɬɚɬɢɫɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɞɚɧɧɵɯ ɫ 

ɩɪɨɩɭɫɤɚɦɢ: ɉɟɪ. ɫ ɚɧɝɥ / Ɋ. Ⱦɠ. Ⱥ. Ʌɢɬɬɥ, Ⱦ. Ȼ. Ɋɭɛɢɧ – Ɇɨɫɤɜɚ : Ɏɢɧɚɧɫɵ ɢ 

ɫɬɚɬɢɫɬɢɤɚ. 1990. – 336 ɫ. 

13) Ɍɢɯɨɜɚ Ƚ.ɉ. ɉɪɨɩɭɫɤ ɞɚɧɧɵɯ ɜ ɜɵɛɨɪɤɟ: ɤɚɤ ɪɟɲɚɬɶ ɩɪɨɛɥɟɦɭ ɢ ɤɚɤ ɟɟ 

ɢɡɛɟɠɚɬɶ. / Ƚ. ɉ. Ɍɢɯɨɜɚ // Ɋɟɝɢɨɧɚɪɧɚɹ ɚɧɟɫɬɟɡɢɹ ɢ ɥɟɱɟɧɢɟ ɨɫɬɪɨɣ ɛɨɥɢ. – 

2016. – № 10 (3). – ɋ. 205–209.  

14) Ȼɚɧɧɢɤɨɜɚ Ⱥ. ȼ., Ɇɢɯɨɜ ȿ. Ⱦ. Ɉ ɧɟɩɚɪɚɦɟɬɪɢɱɟɫɤɨɦ ɚɥɝɨɪɢɬɦɟ 

ɭɩɪɚɜɥɟɧɢɹ ɦɚɤɪɨɨɛɴɟɤɬɨɦ / Ⱥ. ȼ. Ȼɚɧɧɢɤɨɜ, ȿ. Ⱦ. Ɇɢɯɨɜ // Ɇɨɥɨɞɨɣ ɭɱɟɧɵɣ. –

2014. – № 1 (60). – ɋ. 115–119. 

15) Ɇɟɞɜɟɞɟɜ Ⱥ. ȼ. Ɍɟɨɪɢɹ ɧɟɩɚɪɚɦɟɬɪɢɱɟɫɤɢɯ ɫɢɫɬɟɦ. ɉɪɨɰɟɫɫɵ / Ⱥ. ȼ. 

Ɇɟɞɜɟɞɟɜ // ȼɟɫɬɧɢɤ ɋɢɛȽȺɍ. – 2010. – № 4(29). – ɋ. 4–9. 

16) Ɂɚɧɝɢɟɜɚ, ɂ. Ʉ. ɉɪɨɛɥɟɦɚ ɩɪɨɩɭɫɤɨɜ ɜ ɫɨɰɢɨɥɨɝɢɱɟɫɤɢɯ ɞɚɧɧɵɯ: 

ɫɦɵɫɥ ɢ ɩɨɞɯɨɞɵ ɤ ɪɟɲɟɧɢɸ / ɂ. Ʉ. Ɂɚɧɝɢɟɜɚ // ɋɨɰɢɨɥɨɝɢɹ: ɦɟɬɨɞɨɥɨɝɢɹ, 

ɦɟɬɨɞɵ, ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ. – 2011. – № 33. – ɋ. 28–56. 

17) Ɂɥɨɛɚ, ȿ., əɰɤɢɜ ɂ. ɋɬɚɬɢɫɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ 

ɩɪɨɩɭɳɟɧɧɵɯ ɞɚɧɧɵɯ / ȿ. Ɂɥɨɛɚ, ɂ. əɰɤɢɜ // Computer Modeling & New 

Technologies. – 2004. – № 6. – ɋ. 51–61. 

18) Ⱥɥɟɤɫɟɟɜɚ ȼ. Ⱥ., Ⱦɨɧɰɨɜɚ ɘ. ɋ., Ʉɥɹɱɤɢɧ ȼ. ɇ. ȼɨɫɫɬɚɧɨɜɥɟɧɢɟ 

ɩɪɨɩɭɳɟɧɧɵɯ ɧɚɛɥɸɞɟɧɢɣ ɩɪɢ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɨɛɴɟɤɬɨɜ / ȼ. Ⱥ. Ⱥɥɟɤɫɟɟɜɚ, ɘ. 

ɋ. Ⱦɨɧɰɨɜɚ, ȼ. ɇ. Ʉɥɹɱɤɢɧ / ɋɚɦɚɪɫɤɢɣ ɧɚɭɱ.ɰɟɧɬɪ ɊȺɇ. – 2014. – № 6(2). – ɋ. 

357 – 359. 



Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org

