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ɊȿɎȿɊȺɌ 
 
ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «Ⱥɥɝɨɪɢɬɦ ɪɟɲɟɧɢɹ 

ɪɚɫɲɢɪɟɧɧɨɣ ɡɚɞɚɱɢ ɨ ɧɚɡɧɚɱɟɧɢɹɯ» ɫɨɞɟɪɠɢɬ 29 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ 

ɞɨɤɭɦɟɧɬɚ, 6 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, 16 ɢɥɥɸɫɬɪɚɰɢɣ, 21 ɮɨɪɦɭɥɭ. 

Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɡɚɞɚɱɚ ɨ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɫɨɬɪɭɞɧɢɤɨɜ ɩɨ 

ɩɨɦɟɳɟɧɢɹɦ. 

ɐɟɥɶ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɪɚɡɪɚɛɨɬɤɚ ɚɥɝɨɪɢɬɦɚ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɨ 

ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɫɨɬɪɭɞɧɢɤɨɜ ɩɨ ɩɨɦɟɳɟɧɢɹɦ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɢɹ ɛɵɥɢ ɢɡɭɱɟɧɵ ɥɢɬɟɪɚɬɭɪɧɵɟ ɢɫɬɨɱɧɢɤɢ, 

ɜɵɹɜɥɟɧɵ ɦɟɬɨɞɵ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɨ ɧɚɡɧɚɱɟɧɢɹɯ, ɚ ɬɚɤɠɟ ɫɨɫɬɚɜɥɟɧɵ 

ɚɥɝɨɪɢɬɦɵ ɢ ɩɪɨɜɟɞɟɧɚ ɚɩɪɨɛɚɰɢɹ ɧɚ ɫɤɨɪɨɫɬɶ ɨɛɪɚɛɨɬɤɢ ɫɨɝɥɚɫɨɜɚɧɧɵɯ 

ɦɚɬɪɢɰ ɪɚɡɧɵɯ ɪɚɡɦɟɪɨɜ ɫ ɭɫɥɨɜɢɹɦɢ ɨɝɪɚɧɢɱɟɧɢɣ ɩɨ ɪɚɫɩɪɟɞɟɥɟɧɢɸ 

ɫɨɬɪɭɞɧɢɤɨɜ ɩɨ ɪɚɛɨɱɢɦ ɦɟɫɬɚɦ ɤɚɠɞɨɝɨ ɩɨɦɟɳɟɧɢɹ. 

ȼ ɢɬɨɝɟ ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ ɚɥɝɨɪɢɬɦ ɪɟɲɟɧɢɹ ɪɚɫɲɢɪɟɧɧɨɣ ɡɚɞɚɱɢ ɨ 

ɧɚɡɧɚɱɟɧɢɹɯ, ɤɨɬɨɪɵɣ ɜɵɹɜɥɹɟɬ ɨɩɬɢɦɚɥɶɧɨɟ ɪɟɲɟɧɢɟ ɡɚ ɤɨɪɨɬɤɨɟ ɜɪɟɦɹ, ɜ 

ɱɢɫɥɟ ɢ ɞɥɹ ɡɚɞɚɱ ɛɨɥɶɲɨɣ ɪɚɡɦɟɪɧɨɫɬɢ. 
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ȼȼȿȾȿɇɂȿ 

 

ɂɫɤɥɸɱɢɬɟɥɶɧɵɟ ɬɟɦɩɵ ɬɟɯɧɢɱɟɫɤɨɝɨ ɩɪɨɝɪɟɫɫɚ ɢ ɭɫɥɨɠɧɟɧɢɟ 

ɯɨɡɹɣɫɬɜɟɧɧɵɯ ɫɜɹɡɟɣ ɩɨɪɨɞɢɥɢ ɩɪɨɛɥɟɦɭ ɫɨɡɞɚɧɢɹ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ 

ɫɥɨɠɧɵɦɢ ɫɢɫɬɟɦɚɦɢ, ɤɨɬɨɪɚɹ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɩɪɢɜɟɥɚ ɤ ɧɟɨɛɯɨɞɢɦɨɫɬɢ 

ɩɨɫɬɪɨɟɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɩɪɢɧɹɬɢɹ ɨɩɬɢɦɚɥɶɧɵɯ ɪɟɲɟɧɢɣ. 

Ɂɚɞɚɱɚ ɨ ɧɚɡɧɚɱɟɧɢɹɯ – ɜɢɞ ɡɚɞɚɱɢ ɥɢɧɟɣɧɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɫ 

ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɣ ɪɟɲɚɸɬɫɹ ɜɨɩɪɨɫɵ ɬɢɩɚ: ɤɚɤ ɪɚɫɩɪɟɞɟɥɢɬɶ ɪɚɛɨɱɢɯ ɩɨ 

ɫɬɚɧɤɚɦ, ɱɬɨɛɵ ɨɛɳɚɹ ɜɵɪɚɛɨɬɤɚ ɛɵɥɚ ɧɚɢɛɨɥɶɲɟɣ ɢɥɢ ɡɚɬɪɚɬɵ ɧɚ ɡɚɪɚɛɨɬɧɭɸ 

ɩɥɚɬɭ ɧɚɢɦɟɧɶɲɢɦɢ (ɩɨɫɤɨɥɶɤɭ ɞɥɹ ɤɚɠɞɨɣ ɤɨɦɛɢɧɚɰɢɢ «ɪɚɛɨɱɢɣ — ɫɬɚɧɨɤ» 

ɯɚɪɚɤɬɟɪɧɚ ɫɜɨɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɬɪɭɞɚ), ɤɚɤ ɧɚɢɥɭɱɲɢɦ ɨɛɪɚɡɨɦ 

ɪɚɫɩɪɟɞɟɥɢɬɶ ɷɤɢɩɚɠɢ ɫɚɦɨɥɟɬɨɜ, ɤɚɤ ɧɚɡɧɚɱɢɬɶ ɥɸɞɟɣ ɧɚ ɪɚɡɥɢɱɧɵɟ 

ɞɨɥɠɧɨɫɬɢ  

Ⱥɤɬɭɚɥɶɧɨɫɬɶ. ȼ ɫɨɜɪɟɦɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɪɚɡɜɢɬɢɹ ɤɚɠɞɨɟ ɩɪɟɞɩɪɢɹɬɢɟ 

ɫɬɪɟɦɢɬɫɹ ɫ ɧɚɢɦɟɧɶɲɢɦɢ ɡɚɬɪɚɬɚɦɢ ɮɭɧɤɰɢɨɧɢɪɨɜɚɬɶ ɜ ɫɥɨɠɢɜɲɢɯɫɹ 

ɭɫɥɨɜɢɹɯ ɫ ɰɟɥɶɸ ɩɨɥɭɱɟɧɢɹ ɜɵɫɨɤɢɯ ɞɨɯɨɞɨɜ. ɗɤɨɧɨɦɢɤɨ-ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ 

ɡɚɞɚɱɢ ɨ ɧɚɡɧɚɱɟɧɢɹɯ ɩɨɡɜɨɥɹɸɬ ɧɚɣɬɢ ɨɩɬɢɦɚɥɶɧɵɣ ɜɚɪɢɚɧɬ ɪɚɡɦɟɳɟɧɢɹ 

ɨɞɧɨɝɨ ɤɚɧɞɢɞɚɬɚ ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɨɞɧɨɣ ɪɚɛɨɬɵ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ 

ɦɢɧɢɦɢɡɢɪɨɜɚɬɶ ɫɭɦɦɚɪɧɵɟ ɡɚɬɪɚɬɵ ɩɨ ɜɵɩɨɥɧɟɧɢɸ ɤɨɦɩɥɟɤɫɚ ɪɚɛɨɬ ɝɪɭɩɩɨɣ 

ɢɫɩɨɥɧɢɬɟɥɟɣ. Ɍɚɤɠɟ ɜɨɡɦɨɠɧɵ ɧɟɤɨɬɨɪɵɟ ɦɨɞɢɮɢɤɚɰɢɢ ɡɚɞɚɱɢ ɨ ɧɚɡɧɚɱɟɧɢɹɯ: 

ɜɨ-ɩɟɪɜɵɯ, ɨɧɚ ɢɧɨɝɞɚ ɮɨɪɦɭɥɢɪɭɟɬɫɹ ɤɚɤ ɡɚɞɚɱɚ ɦɚɤɫɢɦɢɡɚɰɢɢ (ɧɚɩɪɢɦɟɪ, 

ɫɭɦɦɚɪɧɨɝɨ ɞɨɯɨɞɚ ɨɬ ɧɚɡɧɚɱɟɧɢɹ ɜɫɟɯ ɢɫɩɨɥɧɢɬɟɥɟɣ ɧɚ ɪɚɛɨɬɵ); ɜɨ-ɜɬɨɪɵɯ, 

ɲɬɚɬɧɵɣ ɫɨɫɬɚɜ ɨɪɝɚɧɢɡɚɰɢɢ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧ ɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ 

ɢɫɩɨɥɧɢɬɟɥɟɣ, ɧɟɠɟɥɢ ɤɨɥɢɱɟɫɬɜɨ ɪɚɛɨɬ, ɧɚ ɤɨɬɨɪɵɟ ɞɨɥɠɧɵ ɛɵɬɶ ɧɚɡɧɚɱɟɧɵ 

ɢɥɢ, ɧɚɨɛɨɪɨɬ, ɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɛɨɬɵ, ɩɪɢ ɧɟɞɨɫɬɚɬɨɱɧɨɦ ɤɨɥɢɱɟɫɬɜɟ 

ɢɫɩɨɥɧɢɬɟɥɟɣ ɞɥɹ ɟɟ ɜɵɩɨɥɧɟɧɢɹ; ɜ-ɬɪɟɬɶɢɯ, ɜɵɩɨɥɧɟɧɢɟ ɤɚɤɨɣ-ɥɢɛɨ ɪɚɛɨɬɵ ɩɨ 

ɤɚɤɢɦ-ɥɢɛɨ ɩɪɢɱɢɧɚɦ ɡɚɩɪɟɳɚɟɬɫɹ ɢɫɩɨɥɧɹɬɶ ɤɚɤɨɦɭ-ɥɢɛɨ ɪɚɛɨɬɧɢɤɭ[1].  

ɇɚ ɩɪɚɤɬɢɤɟ ɜɨɡɧɢɤɚɸɬ ɪɚɡɥɢɱɧɵɟ ɜɚɪɢɚɰɢɢ ɡɚɞɚɱɢ ɨ ɧɚɡɧɚɱɟɧɢɹɯ. 

ɇɚɩɪɢɦɟɪ, ɢɡɜɟɫɬɧɵ ɨɛɨɛɳɟɧɧɚɹ ɡɚɞɚɱɚ ɨ ɧɚɡɧɚɱɟɧɢɹɯ, ɡɚɞɚɱɚ ɨ ɧɚɡɧɚɱɟɧɢɢ 

ɦɢɧɢɦɚɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɢɫɩɨɥɧɢɬɟɥɟɣ, ɥɢɧɟɣɧɚɹ ɡɚɞɚɱɚ ɨ ɧɚɡɧɚɱɟɧɢɹɯ ɜ 
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ɭɡɤɢɯ ɦɟɫɬɚɯ, ɤɜɚɞɪɚɬɢɱɧɚɹ ɡɚɞɚɱɚ ɨ ɧɚɡɧɚɱɟɧɢɹɯ, ɡɚɞɚɱɚ ɨ ɦɚɪɶɹɠɟ, ɡɚɞɚɱɚ ɨ 

ɫɨɫɟɞɹɯ ɩɨ ɤɨɦɧɚɬɟ, ɡɚɞɚɱɚ ɨ ɧɚɡɧɚɱɟɧɢɢ ɰɟɥɟɣ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɨɛɴɟɤɬɨɦ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɡɚɞɚɱɚ ɨ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɫɨɬɪɭɞɧɢɤɨɜ ɩɨ ɩɨɦɟɳɟɧɢɹɦ. 

ɉɪɟɞɩɪɢɹɬɢɟ ɧɚɛɢɪɚɟɬ ɪɚɛɨɱɢɣ ɩɟɪɫɨɧɚɥ. Ʉɚɠɞɵɣ ɪɚɛɨɱɢɣ ɢɦɟɟɬ ɫɜɨɣ ɭɪɨɜɟɧɶ 

ɚɞɚɩɬɢɪɨɜɚɧɧɨɫɬɢ (ɩɪɟɞɩɨɱɬɟɧɢɹ) ɤ ɭɫɥɨɜɢɹɦ ɩɪɟɞɨɫɬɚɜɥɟɧɧɵɯ ɩɨɦɟɳɟɧɢɣ. 

ɇɟɨɛɯɨɞɢɦɨ ɧɚɣɬɢ ɬɚɤɨɣ ɜɚɪɢɚɧɬ ɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɤɨɬɨɪɵɣ ɛɵ ɦɚɤɫɢɦɢɡɢɪɨɜɚɥ 

ɫɭɦɦɚɪɧɵɣ ɭɪɨɜɟɧɶ ɚɞɚɩɬɢɪɨɜɚɧɧɨɫɬɢ.  

ɉɪɟɞɦɟɬ ɢɫɫɥɟɞɨɜɚɧɢɹ: ɦɟɬɨɞɵ ɥɢɧɟɣɧɨɝɨ ɰɟɥɨɱɢɫɥɟɧɧɨɝɨ 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ. 

ɐɟɥɶ ɪɚɛɨɬɵ: ɪɚɡɪɚɛɨɬɤɚ ɚɥɝɨɪɢɬɦɚ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɨ ɪɚɫɩɪɟɞɟɥɟɧɢɢ 

ɫɨɬɪɭɞɧɢɤɨɜ ɩɨ ɩɨɦɟɳɟɧɢɹɦ. 

Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɰɟɥɢ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɢ 

ɩɨɫɬɚɜɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

- ɩɨɞɛɨɪ ɢ ɚɧɚɥɢɡ ɥɢɬɟɪɚɬɭɪɧɵɯ ɢɫɬɨɱɧɢɤɨɜ; 

- ɢɡɭɱɟɧɢɟ ɚɥɝɨɪɢɬɦɨɜ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɨ ɧɚɡɧɚɱɟɧɢɹɯ; 

- ɮɨɪɦɚɥɢɡɚɰɢɹ ɡɚɞɚɱɢ ɨ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɫɨɬɪɭɞɧɢɤɨɜ ɩɨ ɩɨɦɟɳɟɧɢɹɦ; 

- ɪɚɡɪɚɛɨɬɤɚ ɚɥɝɨɪɢɬɦɚ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ; 

- ɩɪɨɝɪɚɦɦɧɚɹ ɪɟɚɥɢɡɚɰɢɹ ɚɥɝɨɪɢɬɦɚ ɢ ɟɝɨ ɚɩɪɨɛɚɰɢɹ. 

 

 

  



6 
 

1 Ɍɟɨɪɟɬɢɱɟɫɤɚɹ ɱɚɫɬɶ 

 

1.1 Ɂɚɞɚɱɚ ɨ ɧɚɡɧɚɱɟɧɢɹɯ 

 

ɑɚɫɬɧɵɦ ɫɥɭɱɚɟɦ ɬɪɚɧɫɩɨɪɬɧɨɣ ɡɚɞɚɱɢ ɹɜɥɹɟɬɫɹ ɡɚɞɚɱɚ ɨ ɧɚɡɧɚɱɟɧɢɹɯ, ɜ 

ɤɨɬɨɪɨɣ ɱɢɫɥɨ ɩɭɧɤɬɨɜ ɩɪɨɢɡɜɨɞɫɬɜɚ ɪɚɜɧɨ ɱɢɫɥɭ ɩɭɧɤɬɨɜ ɧɚɡɧɚɱɟɧɢɹ, ɢɧɚɱɟ 

ɝɨɜɨɪɹ, ɬɪɚɧɫɩɨɪɬɧɚɹ ɬɚɛɥɢɰɚ ɢɦɟɟɬ ɮɨɪɦɭ ɤɜɚɞɪɚɬɚ. Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɤɚɠɞɨɦ 

ɩɭɧɤɬɟ ɧɚɡɧɚɱɟɧɢɹ ɨɛɴɟɦ ɩɨɬɪɟɛɧɨɫɬɢ ɪɚɜɟɧ 1, ɢ ɜɟɥɢɱɢɧɚ ɩɪɟɞɥɨɠɟɧɢɹ 

ɤɚɠɞɨɝɨ ɩɭɧɤɬɚ ɩɪɨɢɡɜɨɞɫɬɜɚ ɪɚɜɧɚ 1. Ʌɸɛɚɹ ɡɚɞɚɱɚ ɨ ɧɚɡɧɚɱɟɧɢɹɯ ɦɨɠɟɬ ɛɵɬɶ 

ɪɟɲɟɧɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɨɜ ɥɢɧɟɣɧɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɢɥɢ ɚɥɝɨɪɢɬɦɚ 

ɪɟɲɟɧɢɹ ɬɪɚɧɫɩɨɪɬɧɨɣ ɡɚɞɚɱɢ. Ɉɞɧɚɤɨ ɜɜɢɞɭ ɨɫɨɛɨɣ ɫɬɪɭɤɬɭɪɵ ɞɚɧɧɨɣ ɡɚɞɚɱɢ 

ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ ɫɩɟɰɢɚɥɶɧɵɣ ɚɥɝɨɪɢɬɦ, ɩɨɥɭɱɢɜɲɢɣ ɧɚɡɜɚɧɢɟ ȼɟɧɝɟɪɫɤɨɝɨ 

ɦɟɬɨɞɚ[2]. 

ȼɚɪɢɚɧɬɵ ɡɚɞɚɱɢ ɨ ɧɚɡɧɚɱɟɧɢɹɯ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. 

 

Ɍɚɛɥɢɰɚ 1 – ȼɚɪɢɚɧɬɵ ɡɚɞɚɱɢ ɨ ɧɚɡɧɚɱɟɧɢɹɯ 

Ɋɟɫɭɪɫɵ ɉɨɬɪɟɛɢɬɟɥɢ (ɨɛɴɟɤɬɵ) Ʉɪɢɬɟɪɢɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 

ɂɫɩɨɥɧɢɬɟɥɢ Ɋɚɛɨɬɵ 

ȼɪɟɦɹ ɜɵɩɨɥɧɟɧɢɹ (ɦɢɧ), 

ɩɪɨɮɟɫɫɢɨɧɚɥ. ɫɨɨɬɜɟɬɫɬɜɢɟ 

(ɛɚɥɥɵ) 

Ⱥɜɬɨɦɨɛɢɥɢ Ɇɚɪɲɪɭɬɵ Ɉɛɴёɦ ɩɟɪɟɜɨɡɢɦɨɣ ɩɪɨɞɭɤɰɢɢ 

ɋɬɚɧɤɢ Ɋɚɛɨɬɚ (ɭɱɚɫɬɤɢ) 
Ɇɢɧɢɦɚɥɶɧɨɟ ɜɪɟɦɹ ɢɥɢ 

ɦɚɤɫɢɦɚɥɶɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 

 

Ɉɩɬɢɦɚɥɶɧɵɣ ɩɨɞɛɨɪ ɧɚɡɧɚɱɟɧɢɣ ɞɨɥɠɟɧ ɞɨɫɬɢɝɚɬɶ ɡɚ ɫɱɟɬ ɦɚɤɫɢɦɢɡɚɰɢɢ 

ɢɥɢ ɦɢɧɢɦɢɡɚɰɢɢ ɨɩɪɟɞɟɥɟɧɧɨɣ ɦɟɪɵ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɧɚɡɧɚɱɟɧɢɹ: ɩɪɢɛɵɥɢ ɢɥɢ 

ɫɬɨɢɦɨɫɬɢ. Ⱦɥɹ ɤɚɠɞɨɝɨ ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ ɨɰɟɧɢɜɚɟɬɫɹ ɦɟɪɚ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ. ȿɫɥɢ ɦɟɪɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɹɜɥɹɟɬɫɹ ɩɪɢɛɵɥɶ, ɬɨ ɜ ɩɪɨɰɟɫɫɟ 

ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɨ ɧɚɡɧɚɱɟɧɢɹɯ ɨɧɚ ɦɚɤɫɢɦɢɡɢɪɭɟɬɫɹ, ɟɫɥɢ ɦɟɪɨɣ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɹɜɥɹɟɬɫɹ ɫɬɨɢɦɨɫɬɶ, ɨɧɚ ɦɢɧɢɦɢɡɢɪɭɟɬɫɹ[2]. 



7 
 

ȼɵɩɨɥɧɢɦ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɩɨɫɬɚɧɨɜɤɭ ɫɛɚɥɚɧɫɢɪɨɜɚɧɧɨɣ ɡɚɞɚɱɢ ɨ 

ɧɚɡɧɚɱɟɧɢɹɯ, ɞɥɹ ɱɟɝɨ: 

- Ɉɩɪɟɞɟɥɢɦ ɧɟɢɡɜɟɫɬɧɵɟ ɢ ɢɯ ɤɨɥɢɱɟɫɬɜɨ. Ɋɚɫɫɦɨɬɪɢɦ ɩɟɪɟɦɟɧɧɵɟ 𝑥௜௝, 

ɤɨɬɨɪɵɟ ɪɚɜɧɵ 1, ɟɫɥɢ i-ɣ ɢɫɩɨɥɧɢɬɟɥɶ ɧɚɡɧɚɱɟɧ ɧɚ ɜɵɩɨɥɧɟɧɢɟ j-ɨɣ ɪɚɛɨɬɵ ɢ 0, 

ɟɫɥɢ ɨɧ ɧɟ ɧɚɡɧɚɱɟɧ i=1,2,…,n, j=1,2,…,n. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɡɧɚɱɟɧɢɹ 𝑥௜௝ 

ɨɛɪɚɡɭɸɬ ɦɚɬɪɢɰɭ ɧɚɡɧɚɱɟɧɢɣ 𝑋௡×௡, ɫɨɫɬɨɹɳɭɸ ɢɡ ɧɭɥɟɣ ɢ ɟɞɢɧɢɰ; 

- Ɂɚɩɢɲɟɦ ɤɪɢɬɟɪɢɣ ɨɩɬɢɦɢɡɚɰɢɢ (ɰɟɥɟɜɭɸ ɮɭɧɤɰɢɸ) – ɫɭɦɦɚɪɧɭɸ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ (ɧɟɷɮɮɟɤɬɢɜɧɨɫɬɶ) ɜɵɩɨɥɧɟɧɢɹ ɜɫɟɯ ɪɚɛɨɬ. ɐɟɥɟɜɚɹ ɮɭɧɤɰɢɹ 

ɡɚɞɚɱɢ ɨ ɧɚɡɧɚɱɟɧɢɹɯ ɡɚɜɢɫɢɬ ɨɬ ɧɟɢɡɜɟɫɬɧɵɯ ɩɨɤɚ ɩɟɪɟɦɟɧɧɵɯ 𝑥௜௝ ɢ ɢɡɜɟɫɬɧɵɯ 

ɡɧɚɱɟɧɢɣ ܿ௜௝ – ɷɮɮɟɤɬɢɜɧɨɫɬɢ (ɧɟɷɮɮɟɤɬɢɜɧɨɫɬɢ) ɜɵɩɨɥɧɟɧɢɹ i-ɦ ɢɫɩɨɥɧɢɬɟɥɟɦ 

j-ɨɣ ɪɚɛɨɬɵ ɢ ɡɚɩɢɲɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ: 

 𝐹ሺ𝑋ሻ = ∑ ∑ ܿ௜௝ ∙ 𝑥௜௝௠
௝=1

௡
௜=1 → max ሺ−݉݅݊ሻ (1.1.1) 

 -  

- ɋɮɨɪɦɭɥɢɪɭɟɦ ɨɝɪɚɧɢɱɟɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɡɚɞɚɱɢ. Ⱦɟɥɚɟɬɫɹ ɷɬɨ ɢɡ 

ɧɟɫɤɨɥɶɤɢɯ ɲɚɝɨɜ: 

1) ɤɚɠɞɵɣ ɢɫɩɨɥɧɢɬɟɥɶ ɜɵɩɨɥɧɹɟɬ ɬɨɥɶɤɨ ɨɞɧɭ ɪɚɛɨɬɭ. ȼɵɩɨɥɧɟɧɢɟ 

ɞɚɧɧɨɝɨ ɭɫɥɨɜɢɹ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɤɚɠɞɚɹ ɫɬɪɨɤɚ ɦɚɬɪɢɰɵ ɧɚɡɧɚɱɟɧɢɣ ɏ ɫɨɞɟɪɠɢɬ 

ɬɨɥɶɤɨ ɨɞɧɨ ɡɧɚɱɟɧɢɟ ɪɚɜɧɨɟ ɟɞɢɧɢɰɵ, ɚ ɜɫɟ ɨɫɬɚɥɶɧɵɟ ɪɚɜɧɵ ɧɭɥɸ. Ɍ.ɟ. ɫɭɦɦɚ 

ɷɥɟɦɟɧɬɨɜ ɤɚɠɞɨɣ ɫɬɪɨɤɢ ɦɚɬɪɢɰɵ ɧɚɡɧɚɱɟɧɢɣ Х ɪɚɜɧɚ 1: 

 ∑ 𝑥௜௝ = ͳ,   ݅ = ͳ, ݊̅̅ ̅̅ ̅௠
௝=1  (1.1.2) 

 

2) ɤɚɠɞɚɹ ɪɚɛɨɬɚ ɜɵɩɨɥɧɹɟɬɫɹ ɬɨɥɶɤɨ ɨɞɧɢɦ ɢɫɩɨɥɧɢɬɟɥɟɦ. 

ȼɵɩɨɥɧɟɧɢɟ ɞɚɧɧɨɝɨ ɭɫɥɨɜɢɹ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɤɚɠɞɵɣ ɫɬɨɥɛɟɰ ɦɚɬɪɢɰɵ 

ɧɚɡɧɚɱɟɧɢɣ ɏ ɫɨɞɟɪɠɢɬ ɬɨɥɶɤɨ ɨɞɧɨ ɡɧɚɱɟɧɢɟ ɪɚɜɧɨɟ ɟɞɢɧɢɰɵ, ɚ ɜɫɟ ɨɫɬɚɥɶɧɵɟ 

ɪɚɜɧɵ ɧɭɥɸ. Ɍ.ɟ. ɫɭɦɦɚ ɷɥɟɦɟɧɬɨɜ ɤɚɠɞɨɝɨ ɫɬɨɥɛɰɚ ɦɚɬɪɢɰɵ ɏ ɪɚɜɧɚ 1: 
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∑ 𝑥௜௝ = ͳ,   ݆ = ͳ, ݉̅̅ ̅̅ ̅̅௡
௜=1  (1.1.3) 

 

3) ɞɜɨɢɱɧɨɫɬɶ (ɛɢɧɚɪɧɨɫɬɶ) ɩɟɪɟɦɟɧɧɵɯ 𝑥௜௝, ɬ.ɤ. ɨɛɥɚɫɬɶɸ ɞɨɩɭɫɬɢɦɵɯ 

ɢɡɦɟɧɟɧɢɣ ɤɚɠɞɨɣ ɩɟɪɟɦɟɧɧɨɣ ɹɜɥɹɟɬɫɹ ɧɟ ɦɧɨɠɟɫɬɜɨ ɰɟɥɵɯ ɧɟɨɬɪɢɰɚɬɟɥɶɧɵɯ 

ɱɢɫɟɥ, ɚ ɤɨɧɟɱɧɨɟ ɦɧɨɠɟɫɬɜɨ (0,1) 

 𝑥௜௝ = { ͳ,   ˈ˔ˎˋ ݅ − ˌ ˋ˔˒ˑˎːˋ˕ˈˎь ː˃ˊː˃чˈː ː˃ ݆ ˓˃˄ˑ˕˖ Ͳ,   ˈ˔ˎˋ ݅ − ˌ ˋ˔˒ˑˎːˋ˕ˈˎь ːˈ ː˃ˊː˃чˈː ː˃ ݆ ˓˃˄ˑ˕˖ (1.1.4) 

 

ɬɨ ɦɵ ɩɨɥɭɱɚɟɦ ɞɢɫɤɪɟɬɧɭɸ ɡɚɞɚɱɭ ɨɩɬɢɦɢɡɚɰɢɢ[3]. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɰɟɥɟɜɚɹ ɮɭɧɤɰɢɹ (1.1.1) ɢ ɨɝɪɚɧɢɱɟɧɢɹ (1.1.2−1.1.4) 

ɫɨɫɬɚɜɥɹɸɬ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ ɫɛɚɥɚɧɫɢɪɨɜɚɧɧɨɣ ɡɚɞɚɱɢ ɨ ɧɚɡɧɚɱɟɧɢɹɯ. 

ɇɟ ɫɛɚɥɚɧɫɢɪɨɜɚɧɧɚɹ ɡɚɞɚɱɚ ɨ ɧɚɡɧɚɱɟɧɢɹɯ, ɤɨɝɞɚ ɱɢɫɥɨ ɢɫɩɨɥɧɢɬɟɥɟɣ n 

ɧɟ ɪɚɜɧɨ ɱɢɫɥɭ ɜɵɩɨɥɧɹɟɦɵɯ ɪɚɛɨɬ m. ɉɪɢ ɷɬɨɦ ɜɨɡɦɨɠɧɵ ɞɜɚ ɫɥɭɱɚɹ:  

- ɱɢɫɥɨ ɢɫɩɨɥɧɢɬɟɥɟɣ n ɛɨɥɶɲɟ ɱɢɫɥɚ ɜɵɩɨɥɧɹɟɦɵɯ ɪɚɛɨɬ m (n > m); 

- ɱɢɫɥɨ ɢɫɩɨɥɧɢɬɟɥɟɣ n ɦɟɧɶɲɟ ɱɢɫɥɚ ɜɵɩɨɥɧɹɟɦɵɯ ɪɚɛɨɬ m (n < m). 

ȼ ɨɛɨɢɯ ɫɥɭɱɚɹɯ ɞɥɹ ɪɟɲɟɧɢɹ ɧɟ ɫɛɚɥɚɧɫɢɪɨɜɚɧɧɨɣ ɡɚɞɚɱɢ ɟɟ ɫɜɨɞɹɬ ɤ 

ɫɛɚɥɚɧɫɢɪɨɜɚɧɧɨɣ, ɩɭɬɟɦ ɜɜɟɞɟɧɢɹ ɮɢɤɬɢɜɧɵɯ ɪɚɛɨɬ ɢɥɢ ɮɢɤɬɢɜɧɵɯ 

ɢɫɩɨɥɧɢɬɟɥɟɣ ɫ ɧɭɥɟɜɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ܿ௜௝ – ɷɮɮɟɤɬɢɜɧɨɫɬɢ (ɧɟɷɮɮɟɤɬɢɜɧɨɫɬɢ) 

ɜɵɩɨɥɧɟɧɢɹ i-ɦ ɢɫɩɨɥɧɢɬɟɥɟɦ j-ɨɣ ɪɚɛɨɬɵ. ȼ ɩɟɪɜɨɦ ɫɥɭɱɚɟ, ɤɨɝɞɚ n > m, 

ɜɜɨɞɢɬɫɹ k = n – m ɮɢɤɬɢɜɧɵɯ ɪɚɛɨɬ Pm+1, Pm+2, …, Pm+k. ȼɨ ɜɬɨɪɨɦ ɫɥɭɱɚɟ (n < 

m) – ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ k = m – n ɮɢɤɬɢɜɧɵɯ ɢɫɩɨɥɧɢɬɟɥɹ ɂn+1,ɂn+2, …, ɂn+k[3]. 

 

1.2 Ɇɟɬɨɞɵ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɨ ɧɚɡɧɚɱɟɧɢɹɯ 

 

ɗɤɨɧɨɦɢɱɟɫɤɢɟ ɡɚɞɚɱɢ ɩɨ ɫɜɨɟɣ ɩɪɢɪɨɞɟ ɹɜɥɹɸɬɫɹ ɡɚɞɚɱɚɦɢ ɜɵɛɨɪɚ. 

Ɉɛɳɟɩɪɢɧɹɬɨ, ɱɬɨ ɷɬɨɬ ɜɵɛɨɪ ɧɚɰɟɥɟɧ ɧɚ ɬ.ɧ. ɨɩɬɢɦɚɥɶɧɨɟ ɪɟɲɟɧɢɟ, ɬ.ɟ. ɧɚ 

ɦɚɤɫɢɦɚɥɶɧɵɣ ɢɥɢ ɦɢɧɢɦɚɥɶɧɵɣ ɪɟɡɭɥɶɬɚɬ. ɋɭɳɟɫɬɜɭɸɳɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ 
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ɦɟɬɨɞɵ ɪɟɲɟɧɢɹ ɦɧɨɝɢɯ ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɡɚɞɚɱ ɩɪɟɫɥɟɞɭɸɬ ɬɭ ɰɟɥɶ, ɱɬɨɛɵ ɫɪɚɡɭ 

ɧɚɣɬɢ ɨɩɬɢɦɚɥɶɧɨɟ ɪɟɲɟɧɢɟ, ɬ.ɟ. ɧɚɣɬɢ ɦɚɤɫɢɦɭɦ/ɦɢɧɢɦɭɦ ɢɬɟɪɚɰɢɨɧɧɵɦɢ 

ɦɟɬɨɞɚɦɢ, ɤɨɝɞɚ ɨɱɟɪɟɞɧɨɣ ɩɥɚɧ ɪɟɲɟɧɢɹ ɩɪɨɜɟɪɹɟɬɫɹ ɤɚɤɢɦ-ɥɢɛɨ ɫɩɨɫɨɛɨɦ, 

ɹɜɥɹɟɬɫɹ ɥɢ ɨɧ ɨɩɬɢɦɚɥɶɧɵɦ. ɂ, ɟɫɥɢ ɧɟɬ, ɬɨ ɫ ɩɨɦɨɳɶɸ ɨɩɪɟɞɟɥɟɧɧɵɯ 

ɩɪɢɟɦɨɜ ɷɬɨ ɪɟɲɟɧɢɟ ɦɟɧɹɟɬɫɹ ɜ ɫɬɨɪɨɧɭ ɭɥɭɱɲɟɧɢɹ, ɩɨɫɥɟ ɱɟɝɨ ɜɫɟ 

ɩɨɜɬɨɪɹɟɬɫɹ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɨɱɟɪɟɞɧɨɣ ɩɥɚɧ ɪɟɲɟɧɢɹ ɧɟ ɛɭɞɟɬ ɩɪɢɡɧɚɧ 

ɨɩɬɢɦɚɥɶɧɵɦ. 

 

1.2.1 Ɇɟɬɨɞ ɩɨɥɧɨɝɨ ɩɟɪɟɛɨɪɚ 

 

ɉɨɞ ɩɨɥɧɵɦ ɩɟɪɟɛɨɪɨɦ ɩɨɧɢɦɚɟɬɫɹ ɦɟɬɨɞɢɤɚ ɪɚɡɪɟɲɟɧɢɹ ɡɚɞɚɱ 

ɦɚɬɟɦɚɬɢɤɢ ɩɭɬɟɦ ɪɚɫɫɦɨɬɪɟɧɢɹ ɜɫɟɯ ɜɨɡɦɨɠɧɵɯ ɜɚɪɢɚɧɬɨɜ. ɍɪɨɜɟɧɶ 

ɫɥɨɠɧɨɫɬɢ ɩɪɢ ɩɨɥɧɨɦ ɩɟɪɟɛɨɪɟ ɧɚɩɪɹɦɭɸ ɫɜɹɡɚɧ ɫ ɤɨɥɢɱɟɫɬɜɨɦ ɞɨɩɭɫɬɢɦɵɯ 

ɪɟɲɟɧɢɣ ɡɚɞɚɱɢ. ȼ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɨɛɥɚɫɬɶ ɪɟɲɟɧɢɣ ɨɝɪɨɦɧɚ, ɜɪɟɦɹ ɩɨɥɧɨɝɨ 

ɩɟɪɟɛɨɪɚ ɦɨɠɟɬ ɢɫɱɢɫɥɹɬɶɫɹ ɞɟɫɹɬɤɚɦɢ ɢ ɞɚɠɟ ɫɨɬɧɹɦɢ ɥɟɬ, ɢ ɩɪɢ ɷɬɨɦ 

ɢɬɨɝɨɜɵɣ ɪɟɡɭɥɶɬɚɬ ɜɨɡɦɨɠɧɨ ɟɳё ɧɟ ɛɭɞɟɬ ɧɚɣɞɟɧ. ȼɫɟ ɡɚɞɚɱɢ ɤɥɚɫɫɚ NP (non-

deterministic polynomial) ɦɨɝɭɬ ɛɵɬɶ ɪɟɲɟɧɵ ɩɪɢ ɩɨɦɨɳɢ ɩɨɥɧɨɝɨ ɩɟɪɟɛɨɪɚ. ȼ 

ɤɪɢɩɬɨɝɪɚɮɢɢ ɨɰɟɧɢɜɚɟɬɫɹ ɤɪɢɩɬɨɝɪɚɮɢɱɟɫɤɚɹ ɫɬɨɣɤɨɫɬɶ ɲɢɮɪɨɜɚɧɢɹ ɧɚ ɛɚɡɟ 

ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɫɥɨɠɧɨɫɬɢ ɩɨɥɧɨɝɨ ɩɟɪɟɛɨɪɚ[2]. ɇɚɩɪɢɦɟɪ, ɤɪɢɩɬɨɫɬɨɣɤɨɫɬɶ 

ɲɪɢɮɬɚ ɛɭɞɟɬ ɧɚ ɞɨɥɠɧɨɦ ɭɪɨɜɧɟ, ɟɫɥɢ ɧɟɬ ɦɟɬɨɞɢɤɢ ɟɝɨ ɜɡɥɨɦɚ, ɤɨɬɨɪɚɹ 

ɩɨɡɜɨɥɹɟɬ ɷɬɨ ɫɞɟɥɚɬɶ ɛɵɫɬɪɟɟ, ɱɟɦ ɩɭɬёɦ ɩɨɥɧɨɝɨ ɩɟɪɟɛɨɪɚ ɜɫɟɝɨ ɞɢɚɩɚɡɨɧɚ 

ɜɨɡɦɨɠɧɵɯ ɤɥɸɱɟɣ. ɏɚɤɟɪɫɤɢɟ ɚɬɚɤɢ ɜ ɨɛɥɚɫɬɢ ɤɪɢɩɬɨɝɪɚɮɢɢ, ɤɨɬɨɪɵɟ 

ɨɫɧɨɜɚɧɵ ɧɚ ɦɟɬɨɞɢɤɟ ɩɨɥɧɨɝɨ ɩɟɪɟɛɨɪɚ, ɫɱɢɬɚɸɬɫɹ ɧɚɢɛɨɥɟɟ ɭɧɢɜɟɪɫɚɥɶɧɵɦɢ, 

ɧɨ ɩɪɢ ɷɬɨɦ ɬɪɟɛɭɸɬ ɦɚɤɫɢɦɚɥɶɧɵɯ ɜɪɟɦɟɧɧɵɯ ɡɚɬɪɚɬ. 

 

1.2.2 ȼɟɧɝɟɪɫɤɢɣ ɦɟɬɨɞ 

 

ɂɞɟɹ ɦɟɬɨɞɚ ɛɵɥɚ ɜɵɫɤɚɡɚɧɚ ɜɟɧɝɟɪɫɤɢɦ ɦɚɬɟɦɚɬɢɤɨɦ ɗɝɟɪɜɚɪɢ ɢ ɫɨɫɬɨɢɬ 

ɜ ɫɥɟɞɭɸɳɟɦ. ɋɬɪɨɢɬɫɹ ɧɚɱɚɥɶɧɵɣ ɩɥɚɧ ɩɟɪɟɜɨɡɨɤ, ɧɟ ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɣ ɜ 

ɨɛɳɟɦ ɫɥɭɱɚɟ ɜɫɟɦ ɭɫɥɨɜɢɹɦ ɡɚɞɚɱɢ (ɢɡ ɧɟɤɨɬɨɪɵɯ ɩɭɧɤɬɨɜ ɩɪɨɢɡɜɨɞɫɬɜɚ ɧɟ 
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ɜɟɫɶ ɩɪɨɞɭɤɬ ɜɵɜɨɡɢɬɫɹ, ɩɨɬɪɟɛɧɨɫɬɶ ɱɚɫɬɢ ɩɭɧɤɬɨɜ ɩɨɬɪɟɛɥɟɧɢɹ ɧɟ ɩɨɥɧɨɫɬɶɸ 

ɭɞɨɜɥɟɬɜɨɪɟɧɚ). Ⱦɚɥɟɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɟɪɟɯɨɞ ɤ ɧɨɜɨɦɭ ɩɥɚɧɭ, ɛɨɥɟɟ ɛɥɢɡɤɨɦɭ 

ɤ ɨɩɬɢɦɚɥɶɧɨɦɭ. ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɟ ɩɪɢɦɟɧɟɧɢɟ ɷɬɨɝɨ ɩɪɢɟɦɚ ɡɚ ɤɨɧɟɱɧɨɟ 

ɱɢɫɥɨ ɢɬɟɪɚɰɢɣ ɩɪɢɜɨɞɢɬ ɤ ɪɟɲɟɧɢɸ ɡɚɞɚɱɢ. 

Ⱥɥɝɨɪɢɬɦ ɫɨɫɬɨɢɬ ɢɡ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɷɬɚɩɚ ɢ ɧɟ ɛɨɥɟɟ ɱɟɦ (n-2) 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɪɨɜɨɞɢɦɵɯ ɢɬɟɪɚɰɢɣ. Ʉɚɠɞɚɹ ɢɬɟɪɚɰɢɹ ɫɜɹɡɚɧɚ ɫ 

ɷɤɜɢɜɚɥɟɧɬɧɵɦɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹɦɢ ɦɚɬɪɢɰɵ, ɩɨɥɭɱɟɧɧɨɣ ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɩɪɨɜɟɞɟɧɢɹ ɩɪɟɞɵɞɭɳɟɣ ɢɬɟɪɚɰɢɢ, ɢ ɫ ɜɵɛɨɪɨɦ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɱɢɫɥɚ 

ɧɟɡɚɜɢɫɢɦɵɯ ɧɭɥɟɣ. Ɉɤɨɧɱɚɬɟɥɶɧɵɦ ɪɟɡɭɥɶɬɚɬɨɦ ɢɬɟɪɚɰɢɢ ɹɜɥɹɟɬɫɹ 

ɭɜɟɥɢɱɟɧɢɟ ɱɢɫɥɚ ɧɟɡɚɜɢɫɢɦɵɯ ɧɭɥɟɣ ɧɚ ɟɞɢɧɢɰɭ. Ʉɚɤ ɬɨɥɶɤɨ ɤɨɥɢɱɟɫɬɜɨ 

ɧɟɡɚɜɢɫɢɦɵɯ ɧɭɥɟɣ ɫɬɚɧɟɬ ɪɚɜɧɵɦ n, ɩɪɨɛɥɟɦɭ ɜɵɛɨɪɚ ɨɤɚɡɵɜɚɟɬɫɹ ɪɟɲɟɧɧɨɣ, 

ɚ ɨɩɬɢɦɚɥɶɧɵɣ ɜɚɪɢɚɧɬ ɧɚɡɧɚɱɟɧɢɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨɡɢɰɢɹɦɢ ɧɟɡɚɜɢɫɢɦɵɯ 

ɧɭɥɟɣ ɜ ɩɨɫɥɟɞɧɟɣ ɦɚɬɪɢɰɟ[3]. 

ȿɫɥɢ ɡɚɞɚɱɚ ɪɟɲɚɟɬɫɹ ɧɚ ɨɩɪɟɞɟɥɟɧɢɟ ɦɚɤɫɢɦɭɦɚ, ɬɨ ɚɥɝɨɪɢɬɦ ɜɵɝɥɹɞɢɬ 

ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɷɬɚɩ. Ɋɚɡɵɫɤɢɜɚɸɬ ɦɚɤɫɢɦɚɥɶɧɵɣ ɷɥɟɦɟɧɬ ɜ j-ɦ 

ɫɬɨɥɛɰɟ ɢ ɜɫɟ ɷɥɟɦɟɧɬɵ ɷɬɨɝɨ ɫɬɨɥɛɰɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜɵɱɢɬɚɸɬ ɢɡ 

ɦɚɤɫɢɦɚɥɶɧɨɝɨ. ɗɬɭ ɨɩɟɪɚɰɢɸ ɩɪɨɞɟɥɵɜɚɸɬ ɧɚɞ ɜɫɟɦɢ ɫɬɨɥɛɰɚɦɢ ɦɚɬɪɢɰɵ ɋ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɨɛɪɚɡɭɟɬɫɹ ɦɚɬɪɢɰɚ ɫ ɧɟɨɬɪɢɰɚɬɟɥɶɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ, ɜ ɤɚɠɞɨɦ 

ɫɬɨɥɛɰɟ ɤɨɬɨɪɨɣ ɢɦɟɟɬɫɹ, ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ, ɨɞɢɧ ɧɭɥɶ. 

Ⱦɚɥɟɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬ i-ɸ ɫɬɪɨɤɭ ɩɨɥɭɱɟɧɧɨɣ ɦɚɬɪɢɰɵ, ɪɚɡɵɫɤɢɜɚɸɬ ɟɟ 

ɦɢɧɢɦɚɥɶɧɵɣ ɷɥɟɦɟɧɬ ɢ ɢɡ ɤɚɠɞɨɝɨ ɷɥɟɦɟɧɬɚ ɷɬɨɣ ɫɬɪɨɤɢ ɜɵɱɢɬɚɸɬ 

ɦɢɧɢɦɚɥɶɧɵɣ. ɗɬɭ ɩɪɨɰɟɞɭɪɭ ɩɨɜɬɨɪɹɸɬ ɫɨ ɜɫɟɦɢ ɫɬɪɨɤɚɦɢ. ȼ ɪɟɡɭɥɶɬɚɬɟ 

ɩɨɥɭɱɢɦ ɦɚɬɪɢɰɭ ɋ0 (ɋ0 ~ C), ɜ ɤɚɠɞɨɣ ɫɬɪɨɤɟ ɢ ɫɬɨɥɛɰɟ ɤɨɬɨɪɨɣ ɢɦɟɟɬɫɹ, ɩɨ 

ɤɪɚɣɧɟɣ ɦɟɪɟ, ɨɞɢɧ ɧɭɥɶ. Ɉɩɢɫɚɧɧɵɣ ɩɪɨɰɟɫɫ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɋ ɜ ɋ0 

ɧɚɡɵɜɚɟɬɫɹ ɩɪɢɜɟɞɟɧɢɟɦ ɦɚɬɪɢɰɵ. 

ɇɚɯɨɞɢɦ ɩɪɨɢɡɜɨɥɶɧɵɣ ɧɭɥɶ ɜ ɩɟɪɜɨɦ ɫɬɨɥɛɰɟ ɢ ɨɬɦɟɱɚɟɦ ɟɝɨ 

ɡɜɟɡɞɨɱɤɨɣ. Ɂɚɬɟɦ ɩɪɨɫɦɚɬɪɢɜɚɟɦ ɜɬɨɪɨɣ ɫɬɨɥɛɟɰ, ɢ ɟɫɥɢ ɜ ɧɟɦ ɟɫɬɶ ɧɭɥɶ, 

ɪɚɫɩɨɥɨɠɟɧɧɵɣ ɜ ɫɬɪɨɤɟ, ɝɞɟ ɧɟɬ ɧɭɥɹ ɫɨ ɡɜɟɡɞɨɱɤɨɣ, ɬɨ ɨɬɦɟɱɚɟɦ ɟɝɨ 

ɡɜɟɡɞɨɱɤɨɣ. Ⱥɧɚɥɨɝɢɱɧɨ ɩɪɨɫɦɚɬɪɢɜɚɟɦ ɨɞɢɧ ɡɚ ɞɪɭɝɢɦ ɜɫɟ ɫɬɨɥɛɰɵ ɦɚɬɪɢɰɵ 
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ɋ0 ɢ ɨɬɦɟɱɚɟɦ, ɟɫɥɢ ɜɨɡɦɨɠɧɨ, ɫɥɟɞɭɸɳɢɟ ɧɭɥɢ ɡɧɚɤɨɦ '*'. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɧɭɥɢ 

ɦɚɬɪɢɰɵ ɋ0, ɨɬɦɟɱɟɧɧɵɟ ɡɜɟɡɞɨɱɤɨɣ, ɹɜɥɹɸɬɫɹ ɧɟɡɚɜɢɫɢɦɵɦɢ. ɇɚ ɷɬɨɦ 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɷɬɚɩ ɡɚɤɚɧɱɢɜɚɟɬɫɹ. 

ɋɬɨɢɬ ɭɱɟɫɬɶ, ɱɬɨ ɟɫɥɢ ɜ ɦɚɬɪɢɰɟ ɋk k-ɣ ɢɬɟɪɚɰɢɢ ɢɦɟɟɬɫɹ ɪɨɜɧɨ n ɧɭɥɟɣ 

ɫɨ ɡɜɟɡɞɨɱɤɨɣ, ɬɨ ɩɪɨɰɟɫɫ ɪɟɲɟɧɢɹ ɡɚɤɚɧɱɢɜɚɟɬɫɹ. ȼ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ 

ɩɟɪɟɯɨɞɢɦ ɤ (k+1) - ɣ ɢɬɟɪɚɰɢɢ. 

Ʉɚɠɞɚɹ ɢɬɟɪɚɰɢɹ ɧɚɱɢɧɚɟɬɫɹ ɩɟɪɜɵɦ ɢ ɡɚɤɚɧɱɢɜɚɟɬɫɹ ɜɬɨɪɵɦ ɷɬɚɩɨɦ. 

Ɇɟɠɞɭ ɧɢɦɢ ɦɨɠɟɬ ɧɟɫɤɨɥɶɤɨ ɪɚɡ ɩɪɨɜɨɞɢɬɶɫɹ ɩɚɪɚ ɷɬɚɩɨɜ: ɬɪɟɬɢɣ - ɩɟɪɜɵɣ. 

ɉɟɪɟɞ ɧɚɱɚɥɨɦ ɢɬɟɪɚɰɢɢ ɡɧɚɤɨɦ '+' ɜɵɞɟɥɹɸɬ ɫɬɨɥɛɰɵ ɦɚɬɪɢɰɵ ɋk, ɤɨɬɨɪɵɟ 

ɫɨɞɟɪɠɚɬ ɧɭɥɢ ɫɨ ɡɜɟɡɞɨɱɤɚɦɢ. 

ɉɟɪɜɵɣ ɷɬɚɩ. ɉɪɨɫɦɚɬɪɢɜɚɸɬ ɧɟɜɵɞɟɥɟɧɧɵɟ ɫɬɨɥɛɰɵ ɋk. ȿɫɥɢ ɫɪɟɞɢ ɧɢɯ 

ɧɟ ɨɤɚɠɟɬɫɹ ɧɭɥɟɜɵɯ ɷɥɟɦɟɧɬɨɜ, ɬɨ ɩɟɪɟɯɨɞɹɬ ɤ ɬɪɟɬɶɟɦɭ ɷɬɚɩɭ. ȿɫɥɢ ɠɟ 

ɧɟɜɵɞɟɥɟɧɧɵɣ ɧɭɥɶ ɦɚɬɪɢɰɵ ɋk ɨɛɧɚɪɭɠɟɧ, ɬɨ ɜɨɡɦɨɠɟɧ ɨɞɢɧ ɢɡ ɞɜɭɯ ɫɥɭɱɚɟɜ: 

- ɫɬɪɨɤɚ, ɫɨɞɟɪɠɚɳɚɹ ɧɟɜɵɞɟɥɟɧɧɵɣ ɧɭɥɶ, ɫɨɞɟɪɠɢɬ ɬɚɤɠɟ ɢ ɧɭɥɶ ɫɨ 

ɡɜɟɡɞɨɱɤɨɣ; 

- ɷɬɚ ɠɟ ɫɬɪɨɤɚ ɧɟ ɫɨɞɟɪɠɢɬ ɧɭɥɹ ɫɨ ɡɜɟɡɞɨɱɤɨɣ. 

ȼɨ ɜɬɨɪɨɦ ɫɥɭɱɚɟ ɩɟɪɟɯɨɞɢɦ ɫɪɚɡɭ ɤɨ ɜɬɨɪɨɦɭ ɷɬɚɩɭ, ɨɬɦɟɬɢɜ ɷɬɨɬ ɧɭɥɶ 

ɲɬɪɢɯɨɦ. ȼ ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɷɬɨɬ ɧɟɜɵɞɟɥɟɧɧɵɣ ɧɭɥɶ ɨɬɦɟɱɚɸɬ ɲɬɪɢɯɨɦ ɢ 

ɜɵɞɟɥɹɸɬ ɫɬɪɨɤɭ, ɜ ɤɨɬɨɪɨɣ ɨɧ ɫɨɞɟɪɠɢɬɫɹ (ɡɧɚɤɨɦ '+' ɫɩɪɚɜɚ ɨɬ ɫɬɪɨɤɢ). 

ɉɪɨɫɦɚɬɪɢɜɚɸɬ ɷɬɭ ɫɬɪɨɤɭ, ɧɚɯɨɞɹɬ ɧɭɥɶ ɫɨ ɡɜɟɡɞɨɱɤɨɣ ɢ ɭɧɢɱɬɨɠɚɸɬ ɡɧɚɤ '+' 

ɜɵɞɟɥɟɧɢɹ ɫɬɨɥɛɰɚ, ɜ ɤɨɬɨɪɨɦ ɫɨɞɟɪɠɢɬɫɹ ɞɚɧɧɵɣ ɧɭɥɶ.[3] 

Ⱦɚɥɟɟ ɩɪɨɫɦɚɬɪɢɜɚɸɬ ɷɬɨɬ ɫɬɨɥɛɟɰ (ɤɨɬɨɪɵɣ ɭɠɟ ɫɬɚɥ ɧɟɜɵɞɟɥɟɧɧɵɦ) ɢ 

ɨɬɵɫɤɢɜɚɸɬ ɜ ɧɟɦ ɧɟɜɵɞɟɥɟɧɧɵɣ ɧɭɥɶ (ɢɥɢ ɧɭɥɢ), ɜ ɤɨɬɨɪɨɦ ɨɧ ɧɚɯɨɞɢɬɫɹ. 

ɗɬɨɬ ɧɭɥɶ ɨɬɦɟɱɚɸɬ ɲɬɪɢɯɨɦ ɢ ɜɵɞɟɥɹɸɬ ɫɬɪɨɤɭ, ɫɨɞɟɪɠɚɳɭɸ ɬɚɤɨɣ ɧɭɥɶ (ɢɥɢ 

ɧɭɥɢ). Ɂɚɬɟɦ ɩɪɨɫɦɚɬɪɢɜɚɸɬ ɷɬɭ ɫɬɪɨɤɭ, ɨɬɵɫɤɢɜɚɹ ɜ ɧɟɣ ɧɭɥɶ ɫɨ ɡɜɟɡɞɨɱɤɨɣ. 

ɗɬɨɬ ɩɪɨɰɟɫɫ ɡɚ ɤɨɧɟɱɧɨɟ ɱɢɫɥɨ ɲɚɝɨɜ ɡɚɤɚɧɱɢɜɚɟɬɫɹ ɨɞɧɢɦ ɢɡ 

ɫɥɟɞɭɸɳɢɯ ɢɫɯɨɞɨɜ: 

- ɜɫɟ ɧɭɥɢ ɦɚɬɪɢɰɵ ɋk ɜɵɞɟɥɟɧɵ, ɬ.ɟ. ɧɚɯɨɞɹɬɫɹ ɜ ɜɵɞɟɥɟɧɧɵɯ ɫɬɪɨɤɚɯ 

ɢɥɢ ɫɬɨɥɛɰɚɯ (ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɨɧɢ ɩɟɪɟɯɨɞɹɬ ɤ ɬɪɟɬɶɟɦɭ ɷɬɚɩɭ); 
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- ɢɦɟɟɬɫɹ ɬɚɤɨɣ ɧɟɜɵɞɟɥɟɧɧɵɣ ɧɭɥɶ ɜ ɫɬɪɨɤɟ, ɝɞɟ ɧɟɬ ɧɭɥɹ ɫɨ ɡɜɟɡɞɨɱɤɨɣ 

(ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɧɭɥɢ ɩɟɪɟɯɨɞɹɬ ɤɨ ɜɬɨɪɨɦɭ ɷɬɚɩɭ, ɨɬɦɟɬɢɜ ɷɬɨɬ ɧɭɥɶ ɲɬɪɢɯɨɦ). 

ȼɬɨɪɨɣ ɷɬɚɩ. ɇɚ ɷɬɨɦ ɷɬɚɩɟ ɫɬɪɨɹɬ ɫɥɟɞɭɸɳɭɸ ɰɟɩɨɱɤɭ ɢɡ ɧɭɥɟɣ ɦɚɬɪɢɰɵ 

ɋk: ɢɫɯɨɞɧɵɣ ɧɭɥɶ ɫɨ ɲɬɪɢɯɨɦ, ɧɭɥɶ ɫɨ ɡɜɟɡɞɨɱɤɨɣ, ɪɚɫɩɨɥɨɠɟɧɧɵɣ ɜ ɨɞɧɨɦ 

ɫɬɨɥɛɰɟ ɫ ɩɟɪɜɵɦ ɧɭɥɟɦ ɫɨ ɲɬɪɢɯɨɦ ɜ ɨɞɧɨɣ ɫɬɪɨɤɟ ɫ ɩɪɟɞɲɟɫɬɜɭɸɳɢɦ ɧɭɥɟɦ 

ɫɨ ɡɜɟɡɞɨɱɤɨɣ ɢ ɬ.ɞ. ɂɬɚɤ, ɰɟɩɨɱɤɚ ɨɛɪɚɡɭɟɬɫɹ ɩɟɪɟɞɜɢɠɟɧɢɟɦ ɨɬ 0' ɤ 0* ɩɨ 

ɫɬɨɥɛɰɭ, ɨɬ 0* ɤ 0' ɩɨ ɫɬɪɨɤɟ ɢ ɬ.ɞ. Ɇɨɠɧɨ ɞɨɤɚɡɚɬɶ, ɱɬɨ ɨɩɢɫɚɧɧɵɣ ɚɥɝɨɪɢɬɦ 

ɩɨɫɬɪɨɟɧɢɹ ɰɟɩɨɱɤɢ ɨɞɧɨɡɧɚɱɟɧ ɢ ɤɨɧɟɱɟɧ, ɩɪɢ ɷɬɨɦ ɰɟɩɨɱɤɚ ɜɫɟɝɞɚ ɧɚɱɢɧɚɟɬɫɹ 

ɢ ɡɚɤɚɧɱɢɜɚɟɬɫɹ ɧɭɥɟɦ ɫɨ ɲɬɪɢɯɨɦ. Ⱦɚɥɟɟ ɧɚɞ ɷɥɟɦɟɧɬɚɦɢ ɰɟɩɨɱɤɢ, ɫɬɨɹɳɢɦɢ 

ɧɚ ɧɟɱɟɬɧɵɯ ɦɟɫɬɚɯ (0'), ɫɬɚɜɢɦ ɡɜɟɡɞɨɱɤɢ, ɭɧɢɱɬɨɠɚɹ ɢɯ ɧɚɞ ɱɟɬɧɵɦɢ 

ɷɥɟɦɟɧɬɚɦɢ (0*). Ɂɚɬɟɦ ɭɧɢɱɬɨɠɚɟɦ ɜɫɟ ɲɬɪɢɯɢ ɧɚɞ ɷɥɟɦɟɧɬɚɦɢ ɋk ɢ ɡɧɚɤɢ 

ɜɵɞɟɥɟɧɢɹ '+'. Ʉɨɥɢɱɟɫɬɜɨ ɧɟɡɚɜɢɫɢɦɵɯ ɧɭɥɟɣ ɛɭɞɟɬ ɭɜɟɥɢɱɟɧɨ ɧɚ ɟɞɢɧɢɰɭ. ɇɚ 

ɷɬɨɦ (k+1) -ɹ ɢɬɟɪɚɰɢɹ ɡɚɤɨɧɱɟɧɚ[3]. 

Ɍɪɟɬɢɣ ɷɬɚɩ. Ʉ ɷɬɨɦɭ ɷɬɚɩɭ ɩɟɪɟɯɨɞɹɬ ɩɨɫɥɟ ɩɟɪɜɨɝɨ, ɟɫɥɢ ɜɫɟ ɧɭɥɢ 

ɦɚɬɪɢɰɵ ɋk ɜɵɞɟɥɟɧɵ. ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ ɫɪɟɞɢ ɧɟɜɵɞɟɥɟɧɧɵɯ ɷɥɟɦɟɧɬɨɜ ɋk 

ɜɵɛɢɪɚɸɬ ɦɢɧɢɦɚɥɶɧɵɣ ɢ ɨɛɨɡɧɚɱɚɸɬ ɟɝɨ h (h>0). Ⱦɚɥɟɟ ɜɵɱɢɬɚɸɬ h ɢɡ ɜɫɟɯ 

ɷɥɟɦɟɧɬɨɜ ɦɚɬɪɢɰɵ ɋk, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜ ɧɟɜɵɞɟɥɟɧɧɵɯ ɫɬɪɨɤɚɯ ɢ ɩɪɢɛɚɜɥɹɸɬ 

ɤɨ ɜɫɟɦ ɷɥɟɦɟɧɬɚɦ, ɪɚɫɩɨɥɨɠɟɧɧɵɦ ɜ ɜɵɞɟɥɟɧɧɵɯ ɫɬɨɥɛɰɚɯ. ȼ ɪɟɡɭɥɶɬɚɬɟ 

ɩɨɥɭɱɚɸɬ ɧɨɜɭɸ ɦɚɬɪɢɰɭ ɋ'k, ɷɤɜɢɜɚɥɟɧɬɧɭɸ ɋk. Ɂɚɦɟɬɢɦ, ɱɬɨ ɩɪɢ ɬɚɤɨɦ  

ɩɪɟɨɛɪɚɡɨɜɚɧɢɢ, ɜɫɟ ɧɭɥɢ ɫɨ ɡɜɟɡɞɨɱɤɨɣ ɦɚɬɪɢɰɵ ɋk ɨɫɬɚɸɬɫɹ ɧɭɥɹɦɢ ɢ ɜ ɋ'k, 

ɤɪɨɦɟ ɬɨɝɨ, ɜ ɧɟɣ ɩɨɹɜɥɹɸɬɫɹ ɧɨɜɵɟ ɧɟɜɵɞɟɥɟɧɧɵɟ ɧɭɥɢ. ɉɨɷɬɨɦɭ ɩɟɪɟɯɨɞɹɬ 

ɜɧɨɜɶ ɤ ɩɟɪɜɨɦɭ ɷɬɚɩɭ. Ɂɚɜɟɪɲɢɜ ɩɟɪɜɵɣ ɷɬɚɩ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɟɝɨ ɪɟɡɭɥɶɬɚɬɚ 

ɥɢɛɨ ɩɟɪɟɯɨɞɹɬ ɤɨ ɜɬɨɪɨɦɭ ɷɬɚɩɭ, ɥɢɛɨ ɜɧɨɜɶ ɜɨɡɜɪɚɳɚɸɬɫɹ ɤ ɬɪɟɬɶɟɦɭ ɷɬɚɩɭ. 

ɉɨɫɥɟ ɤɨɧɟɱɧɨɝɨ ɱɢɫɥɚ ɩɨɜɬɨɪɟɧɢɣ ɨɱɟɪɟɞɧɨɣ ɩɟɪɜɵɣ ɷɬɚɩ ɨɛɹɡɚɬɟɥɶɧɨ 

ɡɚɤɨɧɱɢɬɫɹ ɩɟɪɟɯɨɞɨɦ ɧɚ ɜɬɨɪɨɣ ɷɬɚɩ. ɉɨɫɥɟ ɟɝɨ ɜɵɩɨɥɧɟɧɢɹ ɤɨɥɢɱɟɫɬɜɨ 

ɧɟɡɚɜɢɫɢɦɵɯ ɧɭɥɟɣ ɭɜɟɥɢɱɢɬɫɹ ɧɚ ɟɞɢɧɢɰɭ ɢ (k+1) - ɹ ɢɬɟɪɚɰɢɹ ɛɭɞɟɬ 

ɡɚɤɨɧɱɟɧɚ[3]. 
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1.3 Ɍɪɚɧɫɩɨɪɬɧɚɹ ɡɚɞɚɱɚ 

 

Ɍɪɚɧɫɩɨɪɬɧɚɹ ɡɚɞɚɱɚ – ɡɚɞɚɱɚ ɨ ɧɚɢɛɨɥɟɟ ɪɚɰɢɨɧɚɥɶɧɨɦ ɩɥɚɧɟ ɩɟɪɟɜɨɡɨɤ 

ɨɞɧɨɪɨɞɧɨɝɨ ɩɪɨɞɭɤɬɚ ɢɡ ɩɭɧɤɬɨɜ ɩɪɨɢɡɜɨɞɫɬɜɚ ɜ ɩɭɧɤɬɵ ɩɨɬɪɟɛɥɟɧɢɹ. ɉɭɫɬɶ 

ɢɦɟɟɬɫɹ m ɩɭɧɤɬɨɜ ɩɪɨɢɡɜɨɞɫɬɜɚ ɧɟɤɨɟɝɨ ɨɞɧɨɪɨɞɧɨɝɨ ɩɪɨɞɭɤɬɚ A1, …, Ai, …, 

An ɢ _m ɩɭɧɤɬɨɜ ɟɝɨ ɩɨɬɪɟɛɥɟɧɢɹ B1, …, Bi, …, Bm. ȼ ɩɭɧɤɬɟ ܣ௜  ሺ݅ = ͳ, … , ݊ሻ 

ɩɪɨɢɡɜɨɞɢɬɫɹ ܽ௜ ɟɞɢɧɢɰ, ɚ ɜ ɩɭɧɤɬɟ ܤ௝  ሺ݆ = ͳ, … , ݉ሻ ɩɨɬɪɟɛɥɹɟɬɫɹ ௝ܾ ɟɞɢɧɢɰ 

ɩɪɨɞɭɤɬɚ. ɉɪɟɞɩɨɥɚɝɚɸɬ, ɱɬɨ: 

 

∑ ܽ௜ = ∑ ௝ܾ௠
௝=1

௡
௜=1  (1.3.1) 

 

Ɍɪɚɧɫɩɨɪɬɧɵɟ ɢɡɞɟɪɠɤɢ, ɫɜɹɡɚɧɧɵɟ ɫ ɩɟɪɟɜɨɡɤɨɣ ɟɞɢɧɢɰɵ ɩɪɨɞɭɤɬɚ ɢɡ 

ɩɭɧɤɬɚ ܣ௜ ɜ ɩɭɧɤɬ ܤ௝ ɪɚɜɧɵ ܿ௜௝. ɋɭɬɶ ɬɪɚɧɫɩɨɪɬɧɨɣ ɡɚɞɚɱɢ ɫɨɫɬɨɢɬ ɜ 

ɫɨɫɬɚɜɥɟɧɢɢ ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɥɚɧɚ ɩɟɪɟɜɨɡɨɤ, ɦɢɧɢɦɢɡɢɪɭɸɳɟɝɨ ɫɭɦɦɚɪɧɵɟ 

ɬɪɚɧɫɩɨɪɬɧɵɟ ɢɡɞɟɪɠɤɢ ɢ ɩɪɢ ɪɟɚɥɢɡɚɰɢɢ ɤɨɬɨɪɨɝɨ ɡɚɩɪɨɫɵ ɜɫɟɯ ɩɭɧɤɬɨɜ 

ɩɨɬɪɟɛɥɟɧɢɹ ܤ௝  ሺ݆ = ͳ, … , ݉ሻ, ɛɵɥɢ ɛɵ ɭɞɨɜɥɟɬɜɨɪɟɧɵ ɡɚ ɫɱɟɬ ɩɪɨɢɡɜɨɞɫɬɜɚ 

ɩɪɨɞɭɤɬɚ ɜ ɩɭɧɤɬɚɯ ܣ௜  ሺ݅ = ͳ, … , ݊ሻ[3]. ɉɭɫɬɶ 𝑥௜௝ ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɞɭɤɬɚ, 

ɩɟɪɟɜɨɡɢɦɨɝɨ ɢɡ ɩɭɧɤɬɚ ܣ௜ ɜ ɩɭɧɤɬ ܤ௝. Ɍɨɝɞɚ ɬɪɚɧɫɩɨɪɬɧɚɹ ɡɚɞɚɱɚ 

ɦɚɬɟɦɚɬɢɱɟɫɤɢ ɮɨɪɦɭɥɢɪɭɟɬɫɹ ɬɚɤ: ɨɩɪɟɞɟɥɢɬɶ ɡɧɚɱɟɧɢɹ ɩɟɪɟɦɟɧɧɵɯ 𝑥௜௝  ሺ݅ =ͳ, … , ݊;   ݆ = ͳ, … , ݉ሻ, ɦɢɧɢɦɢɡɢɪɭɸɳɢɯ ɫɭɦɦɚɪɧɵɟ ɬɪɚɧɫɩɨɪɬɧɵɟ ɢɡɞɟɪɠɤɢ: 

 ܼሺ𝑥ሻ = ∑ ∑ሺܿ௜௝𝑥௜௝ሻ௠
௝=1 → ݉݅݊௡

௜=1  (1.3.2) 

 

ɩɪɢ ɭɫɥɨɜɢɹɯ 
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ܽ௜ = ∑ 𝑥௜௝௠
௝=1 , ݅ = ͳ, … , ݊ (1.3.3) 

 ܾ௜ = ∑ 𝑥௜௝௡
௜=1 , ݆ = ͳ, … , ݉ (1.3.4) 

 𝑥௜௝ ൒ Ͳ, ݅ = ͳ, … , ݊;  ݆ = ͳ, … , ݉ (1.3.5) 

 

ɇɚɛɨɪ ɱɢɫɟɥ 𝑥௜௝  ሺ݅ = ͳ, … , ݊;   ݆ = ͳ, … , ݉ሻ, ɤɨɬɨɪɵɣ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɷɬɢɦ 

ɭɫɥɨɜɢɹɦ, ɧɚɡɵɜɚɟɬɫɹ ɩɥɚɧɨɦ ɩɟɪɟɜɨɡɨɤ, ɚ ɟɝɨ ɷɥɟɦɟɧɬɵ – ɩɟɪɟɜɨɡɤɚɦɢ. ɉɥɚɧ 

ɩɟɪɟɜɨɡɨɤ, ɤɨɬɨɪɵɣ ɦɢɧɢɦɢɡɢɪɭɟɬ ɫɭɦɦɚɪɧɵɟ ɬɪɚɧɫɩɨɪɬɧɵɟ ɢɡɞɟɪɠɤɢ, 

ɧɚɡɵɜɚɟɬɫɹ ɨɩɬɢɦɚɥɶɧɵɦ[3]. 

ɉɭɫɬɶ 𝑃௜௝ – ɷɬɨ (n + m)-ɦɟɪɧɵɣ ɜɟɤɬɨɪ, i-ɹ ɢ (n + j)-ɹ ɤɨɦɩɨɧɟɧɬɵ ɤɨɬɨɪɨɝɨ 

ɪɚɜɧɵ 1, ɚ ɨɫɬɚɥɶɧɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ – 0. ɉɥɚɧ ɩɟɪɟɜɨɡɨɤ ɧɚɡɵɜɚɟɬɫɹ ɨɩɨɪɧɵɦ, 

ɟɫɥɢ ɫɢɫɬɟɦɚ ɜɟɤɬɨɪɨɜ 𝑃௜௝, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɩɨɥɨɠɢɬɟɥɶɧɵɦ ɩɟɪɟɜɨɡɤɚɦ 𝑥௜௝, 

ɥɢɧɟɣɧɨ ɧɟɡɚɜɢɫɢɦɚ. ȿɫɥɢ ɨɩɨɪɧɵɣ ɩɥɚɧ ɩɟɪɟɜɨɡɨɤ ɫɨɞɟɪɠɢɬ (n + m - 1) 

ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɩɟɪɟɜɨɡɨɤ, ɬɨ ɨɧ ɧɟɜɵɪɨɠɞɟɧɧɵɣ. ȼ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ ɢɦɟɟɬ 

ɦɟɫɬɨ ɜɵɪɨɠɞɟɧɧɨɫɬɶ ɨɩɨɪɧɨɝɨ ɩɥɚɧɚ ɩɟɪɟɜɨɡɨɤ. Ɍɪɚɧɫɩɨɪɬɧɚɹ ɡɚɞɚɱɚ 

ɧɚɡɵɜɚɟɬɫɹ ɧɟɜɵɪɨɠɞɟɧɧɨɣ, ɟɫɥɢ ɜɫɟ ɟɟ ɨɩɨɪɧɵɟ ɫɥɚɧɵ ɩɟɪɟɜɨɡɨɤ 

ɧɟɜɵɪɨɠɞɟɧɧɵɟ, ɚ ɟɫɥɢ ɯɨɬɹ ɛɵ ɨɞɢɧ ɨɩɨɪɧɵɣ ɩɥɚɧ ɩɟɪɟɜɨɡɨɤ ɜɵɪɨɠɞɟɧ, ɬɨ 

ɬɪɚɧɫɩɨɪɬɧɚɹ ɡɚɞɚɱɚ ɜɵɪɨɠɞɚɟɬɫɹ[3]. Ɇɨɠɧɨ ɞɨɤɚɡɚɬɶ, ɱɬɨ ɞɥɹ 

ɧɟɜɵɪɨɠɞɟɧɧɨɫɬɢ ɬɪɚɧɫɩɨɪɬɧɨɣ ɡɚɞɚɱɢ ɧɟɨɛɯɨɞɢɦɨ ɢ ɞɨɫɬɚɬɨɱɧɨ, ɱɬɨɛɵ ɞɥɹ 

ɥɸɛɨɝɨ ɩɨɞɦɧɨɠɟɫɬɜɚ ɩɭɧɤɬɨɜ ɩɪɨɢɡɜɨɞɫɬɜɚ ܣ௜భ , ௜మܣ , … , ௜ೖభܣ , ɧɟ ɫɨɜɩɚɞɚɸɳɟɝɨ 

ɫɨ ɜɫɟɦ ɦɧɨɠɟɫɬɜɨɦ ɩɭɧɤɬɨɜ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɢ ɥɸɛɨɝɨ ɩɨɞɦɧɨɠɟɫɬɜɚ ɩɭɧɤɬɨɜ 

ɩɨɬɪɟɛɥɟɧɢɹ ܤ௝భ , ௝మܤ , … ,  :௝ೖమ, ɜɵɩɨɥɧɹɥɨɫɶ ɭɫɥɨɜɢɟܤ

 

∑ ܽ௜೗ ≠ ∑ ௝ܾ೗
௞మ

௟=1
௞భ

௟=1  (1.3.6) 
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Ⱦɥɹ ɭɫɬɪɚɧɟɧɢɹ ɜɵɪɨɠɞɟɧɧɨɫɬɢ, ɬɪɚɧɫɩɨɪɬɧɚɹ ɡɚɞɚɱɚ ɧɟɡɧɚɱɢɬɟɥɶɧɨ 

ɢɡɦɟɧɹɟɬɫɹ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɭɱɚɟɬɫɹ ɧɨɜɚɹ ɧɟɜɵɪɨɠɞɟɧɧɚɹ. ȼ ɧɨɜɨɣ 

ɬɪɚɧɫɩɨɪɬɧɨɣ ɡɚɞɚɱɟ ɨɛɴɟɦɵ ɩɪɨɢɡɜɨɞɫɬɜ ܽ̃௜ ɜ ɩɭɧɤɬɚɯ ܣ௜  ሺ݅ = ͳ, … , ݊ሻ ɪɚɜɧɵ:  

 ܽ̃௜ = ܽ௜ + 𝜀, (1.3.7) 

 

ɚ ɨɛɴɟɦɵ ɩɨɬɪɟɛɥɟɧɢɹ 𝑗ܾ̃ ɩɭɧɤɬɨɜ ܤ௝  ሺ݆ = ͳ, … , ݉ሻ, ɪɚɜɧɵ: 

 

𝑗ܾ̃ = { ௝ܾ , ݆ = ͳ, … , ݉ − ͳ௝ܾ + ݊ ∗ 𝜀, ݆ = ݉ , (1.3.8) 

 

ɝɞɟ 

 Ͳ < 𝜀 < ͳ݊ − ͳ (1.3.9) 

 

ɉɪɢ ɞɨɫɬɚɬɨɱɧɨ ɦɚɥɨɦ 𝜀 ɪɟɲɟɧɢɟ ɧɨɜɨɣ ɬɪɚɧɫɩɨɪɬɧɨɣ ɡɚɞɚɱɢ ɛɥɢɡɤɨ ɤ 

ɪɟɲɟɧɢɸ ɢɫɯɨɞɧɨɣ ɬɪɚɧɫɩɨɪɬɧɨɣ ɡɚɞɚɱɢ, ɩɪɢɱɟɦ ɧɨɜɚɹ ɬɪɚɧɫɩɨɪɬɧɚɹ ɡɚɞɚɱɚ 

ɧɟɜɵɪɨɠɞɟɧɧɚɹ. ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɤɨɦɦɭɧɢɤɚɰɢɣ (ܣ௜భ , ,(௝భܤ ௜మܣ) , ,(௝భܤ ௜మܣ) ,(௝మܤ, … , ௜𝑠−భܣ) , ,(௝𝑠−భܤ ௜𝑠ܣ) , ,(௝𝑠−భܤ ௜𝑠ܣ) ,  ௝𝑠), ɧɚɡɵɜɚɟɬɫɹ ɰɟɩɨɱɤɨɣ, ɫɜɹɡɵɜɚɸɳɟɣܤ

ɩɭɧɤɬɵ ܣ௜భ ɢ ܤ௝𝑠, (ܣ௜ ,  ௝) – ɤɨɦɦɭɧɢɤɚɰɢɹ (ɞɨɪɨɝɚ), ɫɜɹɡɵɜɚɸɳɚɹ ɩɭɧɤɬܤ

ɩɪɨɢɡɜɨɞɫɬɜɚ ܣ௜ ɫ ɩɭɧɤɬɨɦ ɩɨɬɪɟɛɥɟɧɢɹ ܤ௝. ȿɫɥɢ ɤ ɷɬɨɣ ɰɟɩɨɱɤɟ ɞɨɛɚɜɢɬɶ 

ɤɨɦɦɭɧɢɤɚɰɢɸ (ܣ௜𝑠 ,   .௝𝑠), ɬɨ ɩɨɥɭɱɢɦ ɡɚɦɤɧɭɬɭɸ ɰɟɩɨɱɤɭ[3]ܤ

Ⱦɥɹ ɪɟɲɟɧɢɹ ɤɥɚɫɫɢɱɟɫɤɢɯ ɬɪɚɧɫɩɨɪɬɧɵɯ ɡɚɞɚɱ, ɜ ɨɫɧɨɜɧɨɦ, ɩɪɢɦɟɧɹɟɬɫɹ 

ɦɟɬɨɞ ɩɨɬɟɧɰɢɚɥɨɜ. 

Ɇɟɬɨɞ ɩɨɬɟɧɰɢɚɥɨɜ ɨɫɧɨɜɚɧ ɧɚ ɭɫɥɨɜɢɹɯ ɨɩɬɢɦɚɥɶɧɨɫɬɢ ɩɥɚɧɚ ɩɟɪɟɜɨɡɨɤ, 

ɤɨɬɨɪɵɟ ɮɨɪɦɭɥɢɪɭɸɬɫɹ ɬɚɤ. Ⱦɥɹ ɨɩɬɢɦɚɥɶɧɨɫɬɢ ɞɚɧɧɨɝɨ ɩɥɚɧɚ ɩɟɪɟɜɨɡɨɤ 𝑥௜௝  ሺ݅ = ͳ, … , ݊;   ݆ = ͳ, … , ݉ሻ, ɧɟɨɛɯɨɞɢɦɨ ɢ ɞɨɫɬɚɬɨɱɧɨ ɫɭɳɟɫɬɜɨɜɚɧɢɟ ɱɢɫɟɥ 
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௜ݑ  ሺ݅ = ͳ, … , ݊ሻ, ɢ ݒ௝  ሺ݆ = ͳ, … , ݉ሻ, ɧɚɡɵɜɚɟɦɵɯ ɩɨɬɟɧɰɢɚɥɚɦɢ, ɬɚɤɢɯ, ɱɬɨ 

ɜɵɩɨɥɧɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɭɫɥɨɜɢɹ: 

௝ݒ  − ௜ݑ ൑ ܿ௜௝ , ˈ˔ˎˋ 𝑥௜௝ = Ͳ; (1.3.10) 

௝ݒ  − ௜ݑ = ܿ௜௝ , ˈ˔ˎˋ 𝑥௜௝ > Ͳ; (1.3.11) 

 

ɗɬɨɬ ɦɟɬɨɞ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ, ɨɬɩɪɚɜɥɹɹɫɶ ɨɬ ɧɟɤɨɬɨɪɨɝɨ 

ɧɟɜɵɪɨɠɞɟɧɧɨɝɨ ɨɩɨɪɧɨɝɨ ɩɥɚɧɚ ɩɟɪɟɜɨɡɨɤ, ɩɨɫɬɪɨɢɬɶ ɡɚ ɤɨɧɟɱɧɨɟ ɱɢɫɥɨ 

ɢɬɟɪɚɰɢɣ ɨɩɨɪɧɵɣ ɩɥɚɧ ɩɟɪɟɜɨɡɨɤ, ɬɚɤɠɟ ɧɟɜɵɪɨɠɞɟɧɧɵɣ, ɹɜɥɹɸɳɢɣɫɹ 

ɪɟɲɟɧɢɟɦ ɬɪɚɧɫɩɨɪɬɧɨɣ ɡɚɞɚɱɢ. Ɉɬɞɟɥɶɧɚɹ ɢɬɟɪɚɰɢɹ ɦɟɬɨɞɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɢ ɧɟɜɵɪɨɠɞɟɧɧɨɝɨ ɨɩɨɪɧɨɝɨ ɩɥɚɧɚ ɩɟɪɟɜɨɡɨɤ, ɩɨɥɭɱɟɧɧɨɝɨ ɧɚ 

ɩɪɟɞɵɞɭɳɟɣ ɢɬɟɪɚɰɢɢ ɬ. ɨ., ɱɬɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɭɱɚɟɬɫɹ ɧɨɜɵɣ 

ɧɟɜɵɪɨɠɞɟɧɧɵɣ, ɨɩɨɪɧɵɣ ɩɥɚɧ ɩɟɪɟɜɨɡɨɤ, ɫɜɹɡɚɧɧɵɣ ɫ ɦɟɧɶɲɢɦɢ ɫɭɦɦɚɪɧɵɦɢ 

ɬɪɚɧɫɩɨɪɬɧɵɦɢ ɢɡɞɟɪɠɤɚɦɢ. ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ ɨɩɨɪɧɨɝɨ ɩɥɚɧɚ ɩɟɪɟɜɨɡɨɤ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɧɟɤɨɬɨɪɨɣ ɡɚɦɤɧɭɬɨɣ ɰɟɩɨɱɤɢ. ɇɚ ɤɚɠɞɨɣ ɢɬɟɪɚɰɢɢ 

ɦɟɬɨɞɚ ɩɨɬɟɧɰɢɚɥɨɜ ɬɪɟɛɭɟɬɫɹ ɧɟɜɵɪɨɠɞɟɧɧɨɫɬɶ ɨɩɨɪɧɨɝɨ ɩɥɚɧɚ ɩɟɪɟɜɨɡɨɤ. 

ɗɬɨ ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟɦ ɦɟɬɨɞɚ ɭɫɬɪɚɧɟɧɢɹ ɜɵɪɨɠɞɟɧɧɨɫɬɢ ɬɪɚɧɫɩɨɪɬɧɨɣ 

ɡɚɞɚɱɢ[4]. 
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2 ɉɪɚɤɬɢɱɟɫɤɚɹ ɱɚɫɬɶ 

 

2.1 ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

 

ɉɪɟɞɩɪɢɹɬɢɟ ɧɚɛɢɪɚɟɬ ɪɚɛɨɱɢɣ ɩɟɪɫɨɧɚɥ. Ʉɚɠɞɵɣ ɪɚɛɨɱɢɣ ɢɦɟɟɬ ɫɜɨɣ 

ɭɪɨɜɟɧɶ ɚɞɚɩɬɢɪɨɜɚɧɧɨɫɬɢ (ɩɪɟɞɩɨɱɬɟɧɢɹ) ɤ ɭɫɥɨɜɢɹɦ ɩɪɟɞɨɫɬɚɜɥɟɧɧɵɯ 

ɩɨɦɟɳɟɧɢɣ. 

ɇɟɨɛɯɨɞɢɦɨ ɧɚɣɬɢ ɬɚɤɨɣ ɜɚɪɢɚɧɬ ɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɤɨɬɨɪɵɣ ɛɵ 

ɦɚɤɫɢɦɢɡɢɪɨɜɚɥ ɫɭɦɦɚɪɧɵɣ ɭɪɨɜɟɧɶ ɚɞɚɩɬɢɪɨɜɚɧɧɨɫɬɢ. Ⱦɥɹ ɤɚɠɞɨɝɨ 

ɩɨɦɟɳɟɧɢɹ ɭɤɚɡɚɧɵ ɦɢɧɢɦɚɥɶɧɨ ɢ ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɨɟ ɤɨɥɢɱɟɫɬɜɨ 

ɪɚɛɨɱɢɯ. 

ɇɚɩɪɢɦɟɪ, ɞɚɧɨ: 5 ɩɪɟɬɟɧɞɟɧɬɨɜ ɢ 2 ɩɨɦɟɳɟɧɢɹ, ɜ ɤɚɠɞɨɦ ɢɡ ɤɨɬɨɪɵɯ 

ɢɦɟɟɬɫɹ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɧɟɨɛɯɨɞɢɦɨɦɭ ɱɢɫɥɭ ɪɚɛɨɱɢɯ, ɬ.ɟ. ɜ 1-ɨɦ – ɨɬ 1-ɝɨ ɞɨ 

2-ɯ, ɜɨ 2-ɨɦ – ɨɬ 3-ɯ ɞɨ 5-ɯ. ɇɟɨɛɯɨɞɢɦɨ ɪɚɫɩɪɟɞɟɥɢɬɶ ɪɚɛɨɱɢɯ ɩɨ ɩɨɦɟɳɟɧɢɹɦ 

ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɨɧɢ ɩɪɢɧɨɫɢɥɢ ɛɨɥɶɲɟ ɩɨɥɶɡɵ ɩɪɟɞɩɪɢɹɬɢɸ. 

ȼ ɬɚɛɥɢɰɟ 2 ɩɪɟɞɫɬɚɜɥɟɧɵ ɭɪɨɜɧɢ ɩɪɟɞɩɨɱɬɟɧɢɹ ɫɨɬɪɭɞɧɢɤɨɜ ɩɨ 

ɩɨɦɟɳɟɧɢɹɦ. 

 

Ɍɚɛɥɢɰɚ 2 – ɍɪɨɜɧɢ ɩɪɟɞɩɨɱɬɟɧɢɹ 

 ɉɨɦɟɳɟɧɢɹ 

1 2 

ɋɨɬɪɭɞɧɢɤ 1 4 5 

ɋɨɬɪɭɞɧɢɤ 2 9 7 

ɋɨɬɪɭɞɧɢɤ 3 1 2 

ɋɨɬɪɭɞɧɢɤ 4 4 3 

ɋɨɬɪɭɞɧɢɤ 5 3 0 

 

ɇɚ ɪɢɫɭɧɤɟ 1 ɩɪɟɞɫɬɚɜɥɟɧɚ  ɦɚɬɪɢɰɚ ɫ  ɭɪɨɜɧɹɦɢ ɩɪɟɞɩɨɱɬɟɧɢɹ ɢ  

ɞɜɭɞɨɥɶɧɵɣ ɝɪɚɮ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɜɟɫɚɦɢ. 
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Ɋɢɫɭɧɨɤ 1 – ɇɚɝɥɹɞɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɡɚɞɚɱɢ ɞɜɭɞɨɥɶɧɵɦ ɝɪɚɮɨɦ 

 

ɇɚ ɪɢɫɭɧɤɟ 2 ɩɪɟɞɫɬɚɜɥɟɧ ɞɜɭɞɨɥɶɧɵɣ ɝɪɚɮ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɨ 

ɧɚɡɧɚɱɟɧɢɹɯ. 

 

 

 

Ɋɢɫɭɧɨɤ 2 – Ɋɟɡɭɥɶɬɚɬ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɨ ɧɚɡɧɚɱɟɧɢɹɯ 

 

2.2 Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

 

ȼɵɩɨɥɧɢɦ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɩɨɫɬɚɧɨɜɤɭ ɡɚɞɚɱɢ, ɞɥɹ ɱɟɝɨ: 

- Ɉɩɪɟɞɟɥɢɦ ɧɟɢɡɜɟɫɬɧɵɟ ɢ ɢɯ ɤɨɥɢɱɟɫɬɜɨ. Ɋɚɫɫɦɨɬɪɢɦ ɩɟɪɟɦɟɧɧɵɟ 𝑥௜௝, 

ɤɨɬɨɪɵɟ ɪɚɜɧɵ 1, ɟɫɥɢ i-ɣ ɫɨɬɪɭɞɧɢɤ ɨɩɪɟɞɟɥɟɧ ɜ j-ɨɟ ɩɨɦɟɳɟɧɢɟ ɢ 0, ɟɫɥɢ ɨɧ 

ɧɟ ɨɩɪɟɞɟɥɟɧ i=1,2,…,n, j=1,2,…,m. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɡɧɚɱɟɧɢɹ 𝑥௜௝ ɨɛɪɚɡɭɸɬ 

ɦɚɬɪɢɰɭ ɧɚɡɧɚɱɟɧɢɣ 𝑋௡×௠, ɫɨɫɬɨɹɳɭɸ ɢɡ ɧɭɥɟɣ ɢ ɟɞɢɧɢɰ[5]; 
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- Ɂɚɩɢɲɟɦ ɤɪɢɬɟɪɢɣ ɨɩɬɢɦɢɡɚɰɢɢ (ɰɟɥɟɜɭɸ ɮɭɧɤɰɢɸ) – ɫɭɦɦɚɪɧɭɸ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨ ɩɨɦɟɳɟɧɢɹɦ. ɐɟɥɟɜɚɹ ɮɭɧɤɰɢɹ ɡɚɞɚɱɢ 

ɡɚɜɢɫɢɬ ɨɬ ɧɟɢɡɜɟɫɬɧɵɯ ɩɟɪɟɦɟɧɧɵɯ 𝑥௜௝ ɢ ɢɡɜɟɫɬɧɵɯ ɡɧɚɱɟɧɢɣ ܿ௜௝ – ɫɬɟɩɟɧɶ 

ɩɪɟɞɩɨɱɬɟɧɢɹ i-ɝɨ ɫɨɬɪɭɞɧɢɤɚ  j-ɨɝɨ ɩɨɦɟɳɟɧɢɹ ɢ ɡɚɩɢɲɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ 

ɜɢɞɟ: 

 

𝐹ሺ𝑋ሻ =  ∑ ܿ௜௝௡,௠
௜=1,௝=1 ∙ 𝑥௜௝ → max ሺ−݉݅݊ሻ (2.2.1) 

 

- ɋɮɨɪɦɭɥɢɪɭɟɦ ɨɝɪɚɧɢɱɟɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɡɚɞɚɱɢ[5]. Ɉɧɢ ɛɭɞɭɬ 

ɜɵɝɥɹɞɟɬɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

1) ɤɚɠɞɵɣ ɫɨɬɪɭɞɧɢɤ ɞɨɥɠɟɧ ɨɤɚɡɚɬɶɫɹ ɜ ɨɞɧɨɦ ɩɨɦɟɳɟɧɢɢ: 

 ∑ 𝑥௜௝ = ͳ, ݅ = ͳ, ݊̅̅ ̅̅ ̅௠
௝=1  (2.2.2) 

 

2) ɨɝɪɚɧɢɱɟɧɢɟ ɧɚ ɤɨɥɢɱɟɫɬɜɨ ɫɨɬɪɭɞɧɢɤɨɜ ɜ ɩɨɦɟɳɟɧɢɢ: 

 

௝ܾ ൑ ∑ 𝑥௜௝ , ݆ = ͳ, ݉̅̅ ̅̅ ̅̅௡
௜=1  (2.2.3) 

  

∑ 𝑥௜௝௡
௜=1 ൑ ௝ܤ , ݆ = ͳ, ݉̅̅ ̅̅ ̅̅  (2.2.4) 

 

3) ɞɜɨɢɱɧɨɫɬɶ (ɛɢɧɚɪɧɨɫɬɶ) ɩɟɪɟɦɟɧɧɵɯ 𝑥௜௝. Ɍɚɤ ɤɚɤ ɨɛɥɚɫɬɶɸ 

ɞɨɩɭɫɬɢɦɵɯ ɢɡɦɟɧɟɧɢɣ ɤɚɠɞɨɣ ɩɟɪɟɦɟɧɧɨɣ ɹɜɥɹɟɬɫɹ ɧɟ ɦɧɨɠɟɫɬɜɨ ɰɟɥɵɯ 

ɧɟɨɬɪɢɰɚɬɟɥɶɧɵɯ ɱɢɫɟɥ, ɚ ɤɨɧɟɱɧɨɟ ɦɧɨɠɟɫɬɜɨ (0,1): 
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𝑥௜௝ = { ͳ,   ˈ˔ˎˋ ݅-ˌ ˔ˑ˕˓˖ˇːˋˍ ˑ˒˓ˈˇˈˎˈː ˅  ݆-ˑˈ ˒ˑˏˈщˈːˋˈ Ͳ,   ˈ˔ˎˋ ݅-ˌ ˔ˑ˕˓˖ˇːˋˍ ːˈ ˑ˒˓ˈˇˈˎˈː ˅ ݆-ˑˈ ˒ˑˏˈщˈːˋˈ (2.2.5) 

 

2.3 ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ ɤ ɡɚɞɚɱɟ ɧɚɡɧɚɱɟɧɢɹ 

 

ɐɟɥɟɜɚɹ ɮɭɧɤɰɢɹ 2.2.1 ɢ ɨɝɪɚɧɢɱɟɧɢɹ 2.2.2 ɢ 2.2.5 ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɡɚɞɚɱɢ ɨ 

ɧɚɡɧɚɱɟɧɢɢ 1.1.1-4. 

Ⱦɥɹ ɩɪɢɜɟɞɟɧɢɹ ɡɚɞɚɱɢ ɤ ɤɥɚɫɫɢɱɟɫɤɨɦɭ ɜɢɞɭ ɜɵɩɨɥɧɢɦ ɪɹɞ ɞɟɣɫɬɜɢɣ: 

- Ɍɚɤ ɤɚɤ ɜ ɤɥɚɫɫɢɱɟɫɤɨɣ ɡɚɞɚɱɢ ɨ ɧɚɡɧɚɱɟɧɢɹɯ ɜ ɨɞɧɨ ɩɨɦɟɳɟɧɢɟ ɦɨɠɟɬ 

ɛɵɬɶ ɧɚɡɧɚɱɟɧ ɬɨɥɶɤɨ ɨɞɢɧ ɪɚɛɨɬɧɢɤ (ɭɫɥɨɜɢɟ 1.1.2), ɬɨ ɤɚɠɞɨɟ ɩɨɦɟɳɟɧɢɟ 

ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɞɭɛɥɢɪɨɜɚɬɶ ܤ௝ ɪɚɡ. ȿɫɥɢ ɤɨɥɢɱɟɫɬɜɨ ɪɚɛɨɬɧɢɤɨɜ ɧɟ 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ёɦɤɨɫɬɢ ɩɨɦɟɳɟɧɢɣ, ɬɨ ɧɟɨɛɯɨɞɢɦɨ ɞɨɛɚɜɢɬɶ ɮɢɤɬɢɜɧɵɟ 

ɩɨɦɟɳɟɧɢɹ ɢɥɢ ɮɢɤɬɢɜɧɵɯ ɪɚɛɨɬɧɢɤɨɜ ɫ ɧɭɥɟɜɵɦɢ ɜɟɫɚɦɢ. Ɋɚɡɦɟɪ ɧɨɜɨɣ, 

ɫɨɝɥɚɫɨɜɚɧɧɨɣ ɦɚɬɪɢɰɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ: 

 𝑁 = max ሺ݊, ∑ ௝௠ܤ
௝=1 ሻ (2.3.1) 

 

- Ⱦɥɹ ݆ = ͳ, ݉̅̅ ̅̅ ̅̅  ɜ ɧɨɜɭɸ ɦɚɬɪɢɰɭ ɜɟɫɨɜ ܥ𝑁×𝑁  ܾ௜ ɪɚɡ ɞɨɛɚɜɥɹɟɬɫɹ ɫɬɨɥɛɟɰ j 

ɢɡ ɦɚɬɪɢɰɵ ܿ௡×௠. Ɍɚɤ ɤɚɤ ɜ ɤɚɠɞɨɟ ɩɨɦɟɳɟɧɢɟ ɞɨɥɠɧɨ ɛɵɬɶ ɧɚɡɧɚɱɟɧɨ ɧɟ 

ɦɟɧɟɟ ௝ܾ ɪɚɛɨɬɧɢɤɨɜ, ɬɨ ɧɚɡɧɚɱɟɧɢɟ ɮɢɤɬɢɜɧɵɯ ɪɚɛɨɬɧɢɤɨɜ ɧɟ ɞɨɩɭɫɬɢɦɨ. ȼɫɟ 

ɨɫɬɚɜɲɢɟɫɹ ɫɬɪɨɱɤɢ ɜ ɡɚɩɨɥɧɹɟɦɵɯ ɫɬɨɥɛɰɚɯ ɡɚɩɨɥɧɹɸɬɫɹ -∞; 

- Ⱦɥɹ ݆ = ͳ, ݉̅̅ ̅̅ ̅̅  ɜ ɧɨɜɭɸ ɦɚɬɪɢɰɭ ɜɟɫɨɜ  ܥ𝑁×𝑁  ሺܤ௝ − ௝ܾሻ ɪɚɡ ɞɨɛɚɜɥɹɟɬɫɹ 

ɫɬɨɥɛɟɰ j ɢɡ ɦɚɬɪɢɰɵ ܿ௡×௠. ȼɫɟ ɨɫɬɚɜɲɢɟɫɹ ɫɬɪɨɱɤɢ ɜ ɡɚɩɨɥɧɹɟɦɵɯ ɫɬɨɥɛɰɚɯ 

ɫɨɨɬɜɟɬɫɬɜɭɸɬ  ɮɢɤɬɢɜɧɵɦ ɪɚɛɨɬɧɢɤɚɦ ɢ ɡɚɩɨɥɧɹɸɬɫɹ 0[5]. 

ɂɡ ɩɪɢɦɟɪɚ ɫ ɪɚɡɞɟɥɚ 2.1 (ɫɦ. ɪɢɫɭɧɨɤ 1) ɜɵɹɫɧɹɟɬɫɹ, ɱɬɨ n = 5, m = 2, ∑ ௝௠௝=1ܤ = 7, N = 7. Ɍɨɝɞɚ ɫɥɟɞɭɸɳɢɟ ɞɟɣɫɬɜɢɹ ɛɭɞɭɬ ɬɚɤɨɜɵ: 

- Ⱦɨɛɚɜɢɬɶ N – n = 2 ɮɢɤɬɢɜɧɵɯ ɩɪɟɬɟɧɞɟɧɬɚ (№6, №7); 

- Ɂɚɩɨɥɧɢɬɶ ɫɬɨɥɛɰɵ 1-4; 
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- Ɂɚɩɨɥɧɢɬɶ ɫɬɨɥɛɰɵ 5-7. 

ɇɢɠɟ ɩɪɟɞɫɬɚɜɥɟɧ ɪɢɫɭɧɨɤ ɫ ɭɠɟ ɫɛɚɥɚɧɫɢɪɨɜɚɧɧɨɣ ɦɚɬɪɢɰɟɣ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɨɬɪɭɞɧɢɤɨɜ ɩɨ ɩɨɦɟɳɟɧɢɹɦ ɫ ɨɝɪɚɧɢɱɟɧɢɹɦɢ. 

 

 

 

Ɋɢɫɭɧɨɤ 3 – ɋɛɚɥɚɧɫɢɪɨɜɚɧɧɚɹ ɦɚɬɪɢɰɚ ɢ ɞɜɭɞɨɥɶɧɵɣ ɝɪɚɮ ɤɥɚɫɫɢɱɟɫɤɨɣ 

ɡɚɞɚɱɢ ɨ ɧɚɡɧɚɱɟɧɢɹɯ 

 

2.4 ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ ɤ ɬɪɚɧɫɩɨɪɬɧɨɣ ɡɚɞɚɱɟ 

 

Ⱦɥɹ ɩɪɢɜɟɞɟɧɢɹ ɡɚɞɚɱɢ ɤ ɤɥɚɫɫɢɱɟɫɤɨɦɭ ɜɢɞɭ ɜɵɩɨɥɧɢɦ ɪɹɞ ɞɟɣɫɬɜɢɣ. 

ɍɫɥɨɜɢɹ ɫɛɚɥɚɧɫɢɪɨɜɚɧɢɹ ɬɚɤɨɜɵ: 

- ȿɫɥɢ ɫɭɦɦɚ ɩɨɦɟɳɟɧɢɣ ɛɨɥɶɲɟ, ɱɟɦ ɫɭɦɦɚ ɩɪɟɬɟɧɞɟɧɬɨɜ, ɬ.ɟ. ∑ ௝ܾ௠௝=1 >∑ ܽ௜௡௜=1 , ɬɨɝɞɚ ɞɨɛɚɜɥɹɟɬɫɹ ɫɬɪɨɤɚ ɮɢɤɬɢɜɧɨɝɨ ɩɪɟɬɟɧɞɟɧɬɚ, ɡɚɩɨɥɧɟɧɧɨɝɨ 

ɧɭɥɹɦɢ, ɜ ɧɢɠɧɢɣ ɤɪɚɣ ɦɚɬɪɢɰɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 1 ɪɚɡ, ɚ ɜ ɤɨɥɨɧɤɟ ɧɚɥɢɱɢɹ 

ɩɪɟɬɟɧɞɟɧɬɨɜ ɜɟɫ ɛɭɞɟɬ ɢɦɟɬɶ ɱɢɫɥɨ, ɪɚɜɧɨɟ ∑ ௝ܾ௠௝=1 − ∑ ܽ௜௡௜=1 ; 

- ȿɫɥɢ ɫɭɦɦɚ ɩɪɟɬɟɧɞɟɧɬɨɜ ɛɨɥɶɲɟ, ɱɟɦ ɫɭɦɦɚ ɩɨɦɟɳɟɧɢɣ, ɬ.ɟ.  ∑ ܽ௜௡௜=1 >∑ ௝ܾ௠௝=1 , ɬɨɝɞɚ ɞɨɛɚɜɥɹɟɬɫɹ ɫɬɨɥɛɟɰ ɮɢɤɬɢɜɧɨɝɨ ɩɨɦɟɳɟɧɢɹ, ɡɚɩɨɥɧɟɧɧɵɣ 

ɧɭɥɹɦɢ, ɜ ɩɪɚɜɵɣ ɤɪɚɣ 1 ɪɚɡ, ɚ ɜ ɫɬɪɨɤɟ ɧɚɥɢɱɢɹ ɪɚɛɨɱɢɯ ɦɟɫɬ ɩɨ ɩɨɦɟɳɟɧɢɹɦ 

ɜɟɫ ɛɭɞɟɬ ɢɦɟɬɶ ɱɢɫɥɨ, ɪɚɜɧɨɟ ∑ ܽ௜௡௜=1 − ∑ ௝ܾ௠௝=1 ; 
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- ȿɫɥɢ ɫɭɦɦɚ ɩɪɟɬɟɧɞɟɧɬɨɜ ɦɟɧɶɲɟ, ɱɟɦ ɫɭɦɦɚ ɦɚɤɫɢɦɚɥɶɧɵɯ ɧɨɪɦ 

ɪɚɛɨɱɢɯ ɦɟɫɬ ɜ ɩɨɦɟɳɟɧɢɹɯ, ɬɨɝɞɚ ɞɨɛɚɜɥɹɟɬɫɹ ɫɬɪɨɤɚ ɮɢɤɬɢɜɧɨɝɨ ɩɪɟɬɟɧɞɟɧɬɚ, 

ɜ ɤɨɬɨɪɨɣ ɩɨɦɢɦɨ ɧɭɥɟɣ ɜɟɫɵ ɩɟɪɜɵɯ ∑ ௝ܾ௠௝=1  ɟё ɷɥɟɦɟɧɬɨɜ ɛɭɞɭɬ ɢɦɟɬɶ -∞, 

ɱɬɨɛɵ ɮɢɤɬɢɜɧɵɣ ɩɪɟɬɟɧɞɟɧɬ ɧɟ ɩɪɟɬɟɧɞɨɜɚɥ ɧɚ ɧɟɨɛɯɨɞɢɦɵɟ ɪɚɛɨɱɢɟ ɦɟɫɬɚ, ɚ 

ɜ ɤɨɥɨɧɤɟ ɧɚɥɢɱɢɹ ɩɪɟɬɟɧɞɟɧɬɨɜ ɜɟɫ ɛɭɞɟɬ ɢɦɟɬɶ ɱɢɫɥɨ, ɪɚɜɧɨɟ ∑ ௝௠௝=1ܤ −∑ ܽ௜௡௜=1 [5]. 

ɂɡ ɩɪɢɦɟɪɚ ɫ ɪɚɡɞɟɥɚ 2.1 (ɫɦ. ɪɢɫɭɧɨɤ 1) ɜɵɹɫɧɹɟɬɫɹ, ɱɬɨ n = 5, m = 2, ∑ ௝ܾ௠௝=1 = 4, ∑ ௝௠௝=1ܤ = 7. Ɍɨɝɞɚ ɫɥɟɞɭɸɳɢɟ ɞɟɣɫɬɜɢɹ ɛɭɞɭɬ ɬɚɤɨɜɵ: 

- Ⱦɨɛɚɜɢɬɶ 1 ɫɬɪɨɤɭ ɫ (7 - 5) = 2 ɮɢɤɬɢɜɧɵɯ ɩɪɟɬɟɧɞɟɧɬɚ (№6, №7); 

- Ɂɚɩɨɥɧɢɬɶ ɫɬɨɥɛɰɵ 3-4. 

ɇɢɠɟ ɩɪɟɞɫɬɚɜɥɟɧ ɪɢɫɭɧɨɤ ɫ ɭɠɟ ɫɛɚɥɚɧɫɢɪɨɜɚɧɧɨɣ ɦɚɬɪɢɰɟɣ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɨɬɪɭɞɧɢɤɨɜ ɩɨ ɩɨɦɟɳɟɧɢɹɦ ɫ ɨɝɪɚɧɢɱɟɧɢɹɦɢ. 

 

 

 

Ɋɢɫɭɧɨɤ 4 – ɋɛɚɥɚɧɫɢɪɨɜɚɧɧɚɹ ɦɚɬɪɢɰɚ ɢ ɞɜɭɞɨɥɶɧɵɣ ɝɪɚɮ ɤɥɚɫɫɢɱɟɫɤɨɣ 

ɬɪɚɧɫɩɨɪɬɧɨɣ ɡɚɞɚɱɢ 
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3 Ⱥɩɪɨɛɚɰɢɹ 

 

Ⱥɩɪɨɛɚɰɢɹ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɪɟɲɟɧɢɹ ɪɚɫɲɢɪɟɧɧɨɣ ɡɚɞɚɱɢ ɨ 

ɧɚɡɧɚɱɟɧɢɹɯ ɩɪɨɜɨɞɢɥɚɫɶ ɫɟɪɢɟɣ ɬɟɫɬɨɜ ɧɚ ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɞɚɧɧɵɯ.  Ⱦɥɹ 

ɮɢɤɫɢɪɨɜɚɧɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɫɨɬɪɭɞɧɢɤɨɜ ɢ ɩɨɦɟɳɟɧɢɣ ɮɨɪɦɢɪɨɜɚɥɢɫɶ 

ɨɝɪɚɧɢɱɟɧɢɹ ɧɚ ɤɨɥɢɱɟɫɬɜɨ ɫɨɬɪɭɞɧɢɤɨɜ ɜ ɩɨɦɟɳɟɧɢɹɯ, ɝɟɧɟɪɢɪɨɜɚɥɚɫɶ 

ɦɚɬɪɢɰɚ ɜɟɫɨɜ. Ɂɚɬɟɦ ɩɪɢɦɟɧɹɥɫɹ ɨɞɢɧ ɢɡ ɚɥɝɨɪɢɬɦɨɜ. Ɋɚɡɦɟɪɧɨɫɬɶ ɡɚɞɚɱɢ 

ɩɨɜɵɲɚɥɚɫɶ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɪɟɲɟɧɢɟ ɧɚɯɨɞɢɥɨɫɶ ɜ ɩɪɟɞɟɥɚɯ ɧɟɫɤɨɥɶɤɢɯ 

ɦɢɧɭɬ. Ⱦɥɹ ɤɚɠɞɨɣ ɪɚɡɦɟɪɧɨɫɬɢ ɷɤɫɩɟɪɢɦɟɧɬ ɜɵɩɨɥɧɹɥɫɹ ɩɨ 20 ɪɚɡ. 

 

3.1 ɉɪɨɝɪɚɦɦɧɚɹ ɪɟɚɥɢɡɚɰɢɹ 

 

Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɝɪɚɦɦɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɦɟɬɨɞɨɜ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɨ 

ɧɚɡɧɚɱɟɧɢɹɯ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɢɧɬɟɪɩɪɟɬɚɬɨɪ Python ɫ ɩɨɞɤɥɸɱёɧɧɵɦɢ 

ɛɢɛɥɢɨɬɟɤɚɦɢ NumPy, Munkres[6]. 

ɇɚ ɪɢɫɭɧɤɚɯ 5-7 ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɪɨɝɪɚɦɦɧɵɟ ɪɟɚɥɢɡɚɰɢɢ ɚɥɝɨɪɢɬɦɨɜ 

ɨɬɨɛɪɚɧɧɵɯ ɦɟɬɨɞɨɜ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɨ ɧɚɡɧɚɱɟɧɢɹɯ. 

 

 

 

Ɋɢɫɭɧɨɤ 5 – Ɇɟɬɨɞ ɩɨɥɧɨɝɨ ɩɟɪɟɛɨɪɚ, ɥɢɫɬ 1 



24 
 

 

 

Ɋɢɫɭɧɨɤ 5, ɥɢɫɬ 2 

 

 

Ɋɢɫɭɧɨɤ 6 – ȼɟɧɝɟɪɫɤɢɣ ɦɟɬɨɞ, ɥɢɫɬ 1 
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Ɋɢɫɭɧɨɤ 6, ɥɢɫɬ 2 

 

 

Ɋɢɫɭɧɨɤ 7 – Ɇɟɬɨɞ ɩɨɬɟɧɰɢɚɥɨɜ ɬɪɚɧɫɩɨɪɬɧɨɣ ɡɚɞɚɱɢ 
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3.2 Ɇɟɬɨɞ ɩɨɥɧɨɝɨ ɩɟɪɟɛɨɪɚ 

 

ɇɚ ɬɚɛɥɢɰɟ 3 ɢɡɨɛɪɚɠɟɧɨ ɜɪɟɦɟɧɚ, ɡɚ ɤɨɬɨɪɵɟ ɦɟɬɨɞɨɦ ɩɨɥɧɨɝɨ ɩɟɪɟɛɨɪɚ 

ɛɵɥɢ ɪɟɲɟɧɵ 20 ɪɚɡɥɢɱɧɵɯ ɦɚɬɪɢɰ, ɱɶɹ ɪɚɡɦɟɪɧɨɫɬɶ – 5x5, 6x6, 7x7, 8x8, 9x9. 

 

Ɍɚɛɥɢɰɚ 3 – Ɋɟɡɭɥɶɬɚɬɵ ɜɪɟɦёɧ ɨɛɪɚɛɨɬɨɤ 20 ɦɚɬɪɢɰ, ɪɟɲёɧɧɵɯ ɦɟɬɨɞɨɜ 

ɩɨɥɧɨɝɨ ɩɟɪɟɛɨɪɚ 

Ʉɨɥ-ɜɨ 

ɩɪɟɬɟ-ɬɨɜ 
5 6 7 8 9 

1 0:00:00,08 0:00:01,69 0:00:39,80 0:17:12,46 8:41:18,82 

2 0:00:00,09 0:00:01,41 0:00:40,34 0:18:44,08 8:36:50,93 

3 0:00:00,07 0:00:01,46 0:00:38,14 0:18:05,15 9:00:54,06 

4 0:00:00,06 0:00:01,68 0:00:42,99 0:18:33,54 8:32:01,62 

5 0:00:00,05 0:00:01,63 0:00:37,00 0:20:15,69 9:07:44,32 

6 0:00:00,09 0:00:01,59 0:00:38,41 0:19:57,68 8:27:10,06 

7 0:00:00,07 0:00:01,52 0:00:38,71 0:19:05,64 8:25:45,05 

8 0:00:00,08 0:00:01,49 0:00:40,60 0:17:44,19 8:28:24,56 

9 0:00:00,08 0:00:01,47 0:00:42,89 0:21:01,89 8:20:30,74 

10 0:00:00,09 0:00:01,52 0:00:42,69 0:17:48,85 8:48:17,73 

11 0:00:00,04 0:00:01,62 0:00:37,33 0:20:59,36 8:38:18,39 

12 0:00:00,06 0:00:01,44 0:00:42,78 0:21:05,11 8:38:24,37 

13 0:00:00,10 0:00:01,76 0:00:39,03 0:17:25,41 9:05:50,28 

14 0:00:00,08 0:00:01,55 0:00:42,80 0:17:07,86 8:33:09,85 

15 0:00:00,09 0:00:01,66 0:00:42,43 0:20:46,41 8:50:21,32 

16 0:00:00,07 0:00:01,79 0:00:40,82 0:16:58,07 8:22:55,42 

17 0:00:00,09 0:00:01,85 0:00:41,22 0:21:20,09 8:41:17,71 

18 0:00:00,07 0:00:01,57 0:00:38,11 0:17:18,09 9:06:45,96 

19 0:00:00,11 0:00:01,40 0:00:38,13 0:18:27,51 9:06:34,60 

20 0:00:00,70 0:00:01,53 0:00:38,74 0:18:49,21 9:00:17,71 
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ɇɚ ɪɢɫɭɧɤɟ 8 ɢɡɨɛɪɚɠёɧ ɬɨɱɟɱɧɵɣ ɝɪɚɮɢɤ ɚɧɚɥɢɡɚ ɜɪɟɦɟɧɢ ɨɛɪɚɛɨɬɨɤ 

ɦɚɬɪɢɰ, ɪɟɲёɧɧɵɯ ɦɟɬɨɞɨɦ ɩɨɥɧɨɝɨ ɩɟɪɟɛɨɪɚ. 

 

 

 

Ɋɢɫɭɧɨɤ 8 – Ɍɨɱɟɱɧɵɣ ɥɨɝɚɪɢɮɦɢɱɟɫɤɢɣ ɝɪɚɮɢɤ ɚɧɚɥɢɡɚ ɜɪɟɦёɧ ɨɛɪɚɛɨɬɨɤ 

ɦɚɬɪɢɰ, ɪɟɲёɧɧɵɯ ɦɟɬɨɞɨɦ ɩɨɥɧɨɝɨ ɩɟɪɟɛɨɪɚ 

 

ɇɚ ɪɢɫɭɧɤɟ 9 ɢɡɨɛɪɚɠɟɧɚ ɝɢɫɬɨɝɪɚɦɦɚ ɜɪɟɦɟɧ ɛɵɫɬɪɵɯ ɨɛɪɚɛɨɬɨɤ ɫɪɟɞɢ 

20 ɪɚɡɥɢɱɧɵɯ ɦɚɬɪɢɰ, ɪɟɲёɧɧɵɯ ɦɟɬɨɞɨɦ ɩɨɥɧɨɝɨ ɩɟɪɟɛɨɪɚ, ɚ ɬɚɤɠɟ ɢɯ 

ɜɨɡɦɨɠɧɵɯ ɡɚɞɟɪɠɟɤ. 

 

 

Ɋɢɫɭɧɨɤ 9 – Ƚɢɫɬɨɝɪɚɦɦɚ ɜɪɟɦёɧ ɛɵɫɬɪɵɯ ɨɛɪɚɛɨɬɨɤ ɦɚɬɪɢɰ, ɪɟɲёɧɧɵɯ 

ɦɟɬɨɞɨɦ ɩɨɥɧɨɝɨ ɩɟɪɟɛɨɪɚ ɢ ɢɯ ɜɨɡɦɨɠɧɵɯ ɡɚɞɟɪɠɟɤ 
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ɇɚ ɪɢɫɭɧɤɟ 10 ɢɡɨɛɪɚɠɟɧɚ ɝɢɫɬɨɝɪɚɦɦɚ ɨɛɳɢɯ ɜɪɟɦёɧ ɨɛɪɚɛɨɬɨɤ ɜɫɟɯ 20 

ɦɚɬɪɢɰ, ɪɟɲёɧɧɵɯ ɦɟɬɨɞɨɦ ɩɨɥɧɨɝɨ ɩɟɪɟɛɨɪɚ. 

 

 

 

Ɋɢɫɭɧɨɤ 10 – Ƚɢɫɬɨɝɪɚɦɦɚ ɨɛɳɢɯ ɜɪɟɦёɧ ɨɛɪɚɛɨɬɨɤ ɜɫɟɯ 20-ɬɢ ɦɚɬɪɢɰ, 

ɪɟɲёɧɧɵɯ ɦɟɬɨɞɨɦ ɩɨɥɧɨɝɨ ɩɟɪɟɛɨɪɚ 

 

ȼɵɜɨɞ: ɦɟɬɨɞ ɩɨɥɧɨɝɨ ɩɟɪɟɛɨɪɚ, ɜ ɨɫɧɨɜɧɨɦ, ɩɨɦɨɝɚɟɬ ɩɟɪɟɛɢɪɚɬɶ ɜɫɟ 

ɜɚɪɢɚɧɬɵ ɧɚ ɫɥɭɱɚɣ, ɟɫɥɢ ɩɪɟɬɟɧɞɟɧɬɚɦ ɩɪɟɞɨɫɬɚɜɹɬ ɜɵɛɨɪ. ɇɨ ɨɧ ɤɪɚɣɧɟ 

ɧɟɷɮɮɟɤɬɢɜɟɧ ɩɨ ɩɪɢɱɢɧɟ ɬɨɝɨ, ɱɬɨ ɦɚɬɪɢɰɵ, ɱɶɹ ɪɚɡɦɟɪɧɨɫɬɶ 9ɯ9 ɢɥɢ ɛɨɥɟɟ, 

ɡɚɧɢɦɚɸɬ ɛɨɥɟɟ 8 ɱɚɫɨɜ ɧɚ ɩɨɥɧɭɸ ɨɛɪɚɛɨɬɤɭ. Ⱥ ɜ ɫɥɭɱɚɟ ɫ 20-ɬɶɸ ɫɥɭɱɚɣɧɵɦɢ 

ɦɚɬɪɢɰɚɦɢ ɢ ɜɨɜɫɟ ɷɬɨ ɡɚɬɹɧɭɥɨɫɶ ɛɨɥɟɟ, ɱɟɦ ɧɚ 7 ɫɭɬɨɤ. 

 

3.3 ȼɟɧɝɟɪɫɤɢɣ ɦɟɬɨɞ 

 

ɇɚ ɬɚɛɥɢɰɚɯ 4-5 ɢɡɨɛɪɚɠɟɧɵ ɜɪɟɦɟɧɚ, ɡɚ ɤɨɬɨɪɵɟ ɜɟɧɝɟɪɫɤɢɦ ɦɟɬɨɞɨɦ 

ɛɵɥɢ ɪɟɲɟɧɵ 20 ɪɚɡɥɢɱɧɵɯ ɦɚɬɪɢɰ, ɱɶɹ ɪɚɡɦɟɪɧɨɫɬɶ – 250x250, 500x500, …, 

4000x4000. 
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Ɍɚɛɥɢɰɚ 4 – Ɋɟɡɭɥɶɬɚɬɵ ɨɛɪɚɛɨɬɨɤ 20 ɦɚɬɪɢɰ ɜɟɧɝɟɪɫɤɢɦ ɦɟɬɨɞɨɦ (1-ɚɹ ɱɚɫɬɶ) 

Ʉɨɥ-ɜɨ 

ɩɪɟɬ-ɬɨɜ 
250 500 750 1000 1250 1500 1750 2000 

1 0:01,15 0:04,59 0:14,10 0:20,70 0:32,23 1:11,45 1:05,73 2:02,09 

2 0:01,06 0:04,56 0:09,31 0:25,40 0:37,88 0:55,30 1:06,32 2:01,47 

3 0:00,97 0:04,56 0:13,32 0:13,42 0:29,22 0:44,94 0:58,91 1:53,84 

4 0:01,28 0:05,18 0:13,54 0:24,60 0:31,93 0:48,31 1:32,74 1:39,32 

5 0:01,19 0:06,43 0:10,41 0:20,97 0:29,19 0:53,13 1:05,14 2:02,99 

6 0:01,26 0:04,07 0:13,79 0:22,06 0:29,05 0:59,67 1:19,40 1:34,58 

7 0:01,08 0:04,18 0:12,36 0:18,86 0:37,77 0:57,17 1:01,20 1:54,91 

8 0:00,95 0:06,93 0:13,46 0:26,19 0:29,16 0:54,54 1:27,11 1:36,69 

9 0:01,36 0:05,04 0:12,57 0:23,98 0:32,10 0:59,87 1:20,73 1:46,88 

10 0:01,15 0:06,24 0:13,75 0:20,28 0:31,93 1:03,08 1:17,75 2:11,41 

11 0:01,05 0:05,01 0:09,83 0:21,81 0:29,42 0:54,21 1:10,79 1:58,71 

12 0:01,00 0:04,10 0:12,75 0:24,15 0:31,93 0:49,39 1:03,41 1:23,99 

13 0:00,97 0:04,18 0:11,68 0:20,92 0:42,90 0:54,41 0:54,83 2:32,52 

14 0:01,36 0:05,05 0:10,64 0:22,89 0:32,64 0:57,45 1:25,19 2:39,10 

15 0:01,44 0:05,35 0:11,45 0:20,90 0:21,18 0:50,40 1:06,52 2:09,07 

16 0:00,87 0:05,54 0:15,74 0:22,82 0:35,35 0:31,78 1:19,31 1:27,74 

17 0:01,36 0:05,57 0:11,34 0:24,45 0:47,87 0:45,46 1:01,43 1:20,19 

18 0:00,86 0:06,74 0:11,64 0:18,86 0:52,78 1:11,44 1:22,09 1:39,74 

19 0:01,06 0:05,18 0:10,87 0:18,89 0:41,92 1:23,03 1:31,17 1:31,70 

20 0:00,87 0:04,15 0:10,12 0:22,25 0:55,81 0:52,19 1:34,09 1:30,09 

 

Ɍɚɛɥɢɰɚ 5 – Ɋɟɡɭɥɶɬɚɬɵ ɨɛɪɚɛɨɬɨɤ 20 ɦɚɬɪɢɰ ɜɟɧɝɟɪɫɤɢɦ ɦɟɬɨɞɨɦ (2-ɚɹ ɱɚɫɬɶ) 

Ʉɨɥ-ɜɨ 

ɩɪɟɬ-ɬɨɜ 
2250 2500 2750 3000 3250 3500 3750 4000 

1 2:30,11 2:11,56 2:42,50 3:23,91 3:46,18 4:14,08 5:57,97 6:12,40 

2 2:31,42 2:05,05 3:12,73 2:37,91 3:26,28 5:34,97 6:03,94 6:04,19 



30 
 

ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 5 

Ʉɨɥ-ɜɨ 

ɩɪɟɬ-ɬɨɜ 
2250 2500 2750 3000 3250 3500 3750 4000 

3 1:57,68 2:39,64 2:04,72 3:22,54 2:47,44 3:42,67 6:30,22 6:04,44 

4 2:04,01 2:39,63 2:59,29 2:42,03 3:10,93 3:39,00 4:53,42 5:46,02 

5 1:52,59 1:56,44 3:27,41 3:20,40 4:10,64 4:47,97 5:13,98 4:31,85 

6 1:45,94 2:06,33 3:17,17 3:31,30 3:27,76 4:39,96 5:09,38 5:36,59 

7 1:43,55 3:02,71 2:45,05 3:40,32 4:29,43 4:23,56 5:37,53 6:35,25 

8 2:04,19 2:12,67 2:44,73 3:53,89 3:48,21 4:39,99 4:16,52 5:48,49 

9 2:02,54 2:27,34 2:28,22 3:17,72 3:47,80 3:55,25 4:56,90 6:22,19 

10 2:30,86 2:17,15 2:27,79 2:55,51 3:45,97 5:01,76 5:36,13 5:41,76 

11 2:08,13 2:18,11 3:00,09 2:55,66 3:39,60 4:23,52 5:38,31 5:38,39 

12 1:37,09 1:52,43 2:54,87 2:38,36 3:00,23 4:24,80 6:17,17 4:43,69 

13 2:39,88 2:16,73 2:57,61 2:36,65 3:44,23 4:19,93 6:07,71 5:42,47 

14 1:53,44 1:28,29 2:44,81 2:20,64 2:44,23 3:57,92 5:39,17 5:35,86 

15 2:33,84 1:51,61 2:29,85 2:21,41 3:42,60 3:11,38 4:18,01 5:07,90 

16 2:16,62 3:13,10 2:27,33 2:08,10 4:02,43 3:57,57 4:12,46 5:38,39 

17 1:57,49 2:10,82 1:45,35 3:33,67 3:23,36 5:09,74 5:02,60 4:06,03 

18 2:12,27 2:10,78 2:44,13 2:39,80 3:43,48 3:59,47 5:25,50 6:08,65 

19 2:10,36 2:31,20 2:44,58 2:57,67 3:32,17 5:05,93 3:51,35 6:07,69 

20 2:19,50 2:57,91 3:11,88 3:11,99 4:01,69 4:20,24 5:32,80 6:06,54 

 

ɇɚ ɪɢɫɭɧɤɟ 11 ɢɡɨɛɪɚɠёɧ ɬɨɱɟɱɧɵɣ ɝɪɚɮɢɤ ɚɧɚɥɢɡɚ ɜɪɟɦёɧ ɨɛɪɚɛɨɬɨɤ 

ɦɚɬɪɢɰ, ɪɟɲёɧɧɵɯ ɜɟɧɝɟɪɫɤɢɦ ɦɟɬɨɞɨɦ. 
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Ɋɢɫɭɧɨɤ 11 – Ɍɨɱɟɱɧɵɣ ɝɪɚɮɢɤ ɚɧɚɥɢɡɚ ɜɪɟɦёɧ ɨɛɪɚɛɨɬɨɤ ɦɚɬɪɢɰ, ɪɟɲёɧɧɵɯ 

ɜɟɧɝɟɪɫɤɢɦ ɦɟɬɨɞɨɦ 

 

ɇɚ ɪɢɫɭɧɤɟ 12 ɢɡɨɛɪɚɠɟɧɚ ɝɢɫɬɨɝɪɚɦɦɚ ɜɪɟɦɟɧ ɛɵɫɬɪɵɯ ɨɛɪɚɛɨɬɨɤ ɫɪɟɞɢ 

20 ɪɚɡɥɢɱɧɵɯ ɦɚɬɪɢɰ, ɪɟɲёɧɧɵɯ ɜɟɧɝɟɪɫɤɢɦ ɦɟɬɨɞɨɦ, ɚ ɬɚɤɠɟ ɢɯ ɜɨɡɦɨɠɧɵɯ 

ɡɚɞɟɪɠɟɤ. 

 

 

 

Ɋɢɫɭɧɨɤ 12 – Ƚɢɫɬɨɝɪɚɦɦɚ ɜɪɟɦёɧ ɛɵɫɬɪɵɯ ɨɛɪɚɛɨɬɨɤ ɦɚɬɪɢɰ, ɪɟɲёɧɧɵɯ 

ɜɟɧɝɟɪɫɤɢɦ ɦɟɬɨɞɨɦ, ɢ ɢɯ ɜɨɡɦɨɠɧɵɯ ɡɚɞɟɪɠɟɤ 
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ɇɚ ɪɢɫɭɧɤɟ 13 ɢɡɨɛɪɚɠɟɧɚ ɝɢɫɬɨɝɪɚɦɦɚ ɨɛɳɢɯ ɜɪɟɦёɧ ɨɛɪɚɛɨɬɨɤ ɜɫɟɯ 20 

ɦɚɬɪɢɰ, ɪɟɲёɧɧɵɯ ɜɟɧɝɟɪɫɤɢɦ ɦɟɬɨɞɨɦ. 

 

 

 

Ɋɢɫɭɧɨɤ 13 – Ƚɢɫɬɨɝɪɚɦɦɚ ɨɛɳɢɯ ɜɪɟɦёɧ ɨɛɪɚɛɨɬɨɤ ɜɫɟɯ 20-ɬɢ ɦɚɬɪɢɰ, 

ɪɟɲёɧɧɵɯ ɜɟɧɝɟɪɫɤɢɦ ɦɟɬɨɞɨɦ 

 

ȼɵɜɨɞ: ɷɬɨɬ ɦɟɬɨɞ ɩɨɤɚɡɵɜɚɟɬ ɧɚɢɛɨɥɟɟ ɛɵɫɬɪɭɸ ɨɛɪɚɛɨɬɤɭ ɞɚɠɟ ɩɪɢ 

ɦɚɬɪɢɰɚɯ ɨɬ ɩɥɨɳɚɞɢ ɜ 1000x1000 ɞɨ 4000x4000. ɇɨ, ɫ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɨɧ 

ɜɵɜɨɞɢɬ ɬɨɥɶɤɨ ɨɞɢɧ ɨɩɬɢɦɚɥɶɧɵɣ ɜɚɪɢɚɧɬ, ɢ ɷɬɨ ɫɢɥɶɧɨ ɪɚɡɨɱɚɪɨɜɵɜɚɟɬ. 

 

3.4 Ɇɟɬɨɞ ɩɨɬɟɧɰɢɚɥɨɜ 

 

ɇɚ ɬɚɛɥɢɰɟ 6 ɢɡɨɛɪɚɠɟɧɵ ɜɪɟɦɟɧɚ, ɡɚ ɤɨɬɨɪɵɟ ɦɟɬɨɞɨɦ ɩɨɬɟɧɰɢɚɥɨɜ 

ɬɪɚɧɫɩɨɪɬɧɨɣ ɡɚɞɚɱɢ ɛɵɥɢ ɪɟɲɟɧɵ 4 ɪɚɡɥɢɱɧɵɯ ɦɚɬɪɢɰɵ, ɱɶɹ ɪɚɡɦɟɪɧɨɫɬɶ – 

50x50, 100x100, 150x150, 200x200, ɩɪɢ ɨɝɪɚɧɢɱɟɧɢɹɯ bi = Bi = 1 (i = 1,2,…, n). 
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Ɍɚɛɥɢɰɚ 6 – Ɋɟɡɭɥɶɬɚɬɵ ɨɛɪɚɛɨɬɨɤ 20 ɦɚɬɪɢɰ ɦɟɬɨɞɨɦ ɩɨɬɟɧɰɢɚɥɨɜ 

ɬɪɚɧɫɩɨɪɬɧɨɣ ɡɚɞɚɱɢ 

Ʉɨɥ-ɜɨ 

ɩɪɟɬ-ɬɨɜ 
50x50 100x100 150x150 200x200 

1 0:10,32 1:26,43 6:02,44 15:18,69 

2 0:09,79 1:29,10 5:13,98 15:09,58 

3 0:09,39 1:32,83 5:34,21 14:48,31 

4 0:09,22 1:21,34 5:39,60 14:12,44 

5 0:07,85 1:24,76 5:28,02 15:47,14 

6 0:08,53 1:21,68 5:28,67 15:03,73 

7 0:08,70 1:18,11 6:17,96 14:32,82 

8 0:09,13 1:22,74 5:31,61 14:40,19 

9 0:08,99 1:24,78 5:31,33 14:49,83 

10 0:08,40 1:27,50 5:20,93 14:22,95 

11 0:08,71 1:20,85 5:20,49 15:06,57 

12 0:08,29 1:20,67 5:49,22 14:22,02 

13 0:08,76 1:25,94 5:58,32 14:30,94 

14 0:09,25 1:25,81 5:40,00 15:22,13 

15 0:08,88 1:20,05 5:50,19 14:49,55 

16 0:08,47 1:29,05 6:01,36 14:31,25 

17 0:10,26 1:18,40 5:41,63 15:26,03 

18 0:09,79 1:27,56 5:49,13 14:32,48 

19 0:07,49 1:29,01 5:57,26 14:56,67 

20 0:09,40 1:30,34 6:21,85 14:13,54 

 

ɇɚ ɪɢɫɭɧɤɟ 14 ɢɡɨɛɪɚɠёɧ ɬɨɱɟɱɧɵɣ ɝɪɚɮɢɤ ɚɧɚɥɢɡɚ ɜɪɟɦёɧ ɨɛɪɚɛɨɬɨɤ 

ɦɚɬɪɢɰ, ɪɟɲёɧɧɵɯ ɦɟɬɨɞɨɦ ɩɨɬɟɧɰɢɚɥɨɜ ɬɪɚɧɫɩɨɪɬɧɨɣ ɡɚɞɚɱɢ. 
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Ɋɢɫɭɧɨɤ 14 – Ɍɨɱɟɱɧɵɣ ɥɨɝɚɪɢɮɦɢɱɟɫɤɢɣ ɝɪɚɮɢɤ ɚɧɚɥɢɡɚ ɜɪɟɦёɧ ɨɛɪɚɛɨɬɨɤ 

ɦɚɬɪɢɰ, ɪɟɲёɧɧɵɯ ɦɟɬɨɞɨɦ ɩɨɬɟɧɰɢɚɥɨɜ ɬɪɚɧɫɩɨɪɬɧɨɣ ɡɚɞɚɱɢ 

 

ɇɚ ɪɢɫɭɧɤɟ 15 ɢɡɨɛɪɚɠɟɧɚ ɝɢɫɬɨɝɪɚɦɦɚ ɜɪɟɦɟɧ ɛɵɫɬɪɵɯ ɨɛɪɚɛɨɬɨɤ ɫɪɟɞɢ 

20 ɪɚɡɥɢɱɧɵɯ ɦɚɬɪɢɰ, ɪɟɲёɧɧɵɯ ɦɟɬɨɞɨɦ ɩɨɬɟɧɰɢɚɥɨɜ ɬɪɚɧɫɩɨɪɬɧɨɣ ɡɚɞɚɱɢ, ɚ 

ɬɚɤɠɟ ɢɯ ɜɨɡɦɨɠɧɵɯ ɡɚɞɟɪɠɟɤ. 

 

 

 

Ɋɢɫɭɧɨɤ 15 – Ƚɢɫɬɨɝɪɚɦɦɚ ɜɪɟɦёɧ ɛɵɫɬɪɵɯ ɨɛɪɚɛɨɬɨɤ ɦɚɬɪɢɰ, ɪɟɲёɧɧɵɯ 

ɦɟɬɨɞɨɦ ɩɨɬɟɧɰɢɚɥɨɜ ɬɪɚɧɫɩɨɪɬɧɨɣ ɡɚɞɚɱɢ, ɢ ɢɯ ɜɨɡɦɨɠɧɵɯ ɡɚɞɟɪɠɟɤ 
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ɇɚ ɪɢɫɭɧɤɟ 16 ɢɡɨɛɪɚɠɟɧɚ ɝɢɫɬɨɝɪɚɦɦɚ ɨɛɳɢɯ ɜɪɟɦёɧ ɨɛɪɚɛɨɬɨɤ ɜɫɟɯ 20 

ɦɚɬɪɢɰ, ɪɟɲёɧɧɵɯ ɦɟɬɨɞɨɦ ɩɨɬɟɧɰɢɚɥɨɜ ɬɪɚɧɫɩɨɪɬɧɨɣ ɡɚɞɚɱɢ. 

 

 

 

Ɋɢɫɭɧɨɤ 16 – Ƚɢɫɬɨɝɪɚɦɦɚ ɨɛɳɢɯ ɜɪɟɦёɧ ɨɛɪɚɛɨɬɨɤ ɜɫɟɯ 20-ɬɢ ɦɚɬɪɢɰ, 

ɪɟɲёɧɧɵɯ ɦɟɬɨɞɨɦ ɩɨɬɟɧɰɢɚɥɨɜ ɬɪɚɧɫɩɨɪɬɧɨɣ ɡɚɞɚɱɢ 

 

ɇɚ ɬɚɛɥɢɰɟ 7 ɢɡɨɛɪɚɠɟɧɵ ɜɪɟɦɟɧɚ, ɡɚ ɤɨɬɨɪɵɟ ɦɟɬɨɞɨɦ ɩɨɬɟɧɰɢɚɥɨɜ 

ɬɪɚɧɫɩɨɪɬɧɨɣ ɡɚɞɚɱɢ ɛɵɥɢ ɪɟɲɟɧɵ 4 ɪɚɡɥɢɱɧɵɯ ɦɚɬɪɢɰɵ, ɱɶɹ ɪɚɡɦɟɪɧɨɫɬɶ – 

400x2, 800x2, 1200x2, 1600x2, ɩɪɢ ɨɝɪɚɧɢɱɟɧɢɹɯ b1 = b2 = B1 = B2 = n/2. 

 

Ɍɚɛɥɢɰɚ 7 – Ɋɟɡɭɥɶɬɚɬɵ ɨɛɪɚɛɨɬɨɤ 20 ɦɚɬɪɢɰ ɦɟɬɨɞɨɦ ɩɨɬɟɧɰɢɚɥɨɜ 

ɬɪɚɧɫɩɨɪɬɧɨɣ ɡɚɞɚɱɢ 

Ʉɨɥ-ɜɨ 

ɩɪɟɬ-ɬɨɜ 
400x2 800x2 1200x2 1600x2 

1 8,09 49,66 159,20 446,82 

2 8,69 51,08 170,62 475,81 

3 9,63 58,48 161,82 388,44 

4 8,45 53,78 184,44 420,43 

5 8,78 54,38 189,32 394,09 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 7 

Ʉɨɥ-ɜɨ 

ɩɪɟɬ-ɬɨɜ 
400x2 800x2 1200x2 1600x2 

6 9,20 50,14 168,77 348,97 

7 7,70 51,37 167,23 345,61 

8 9,77 49,55 184,98 377,59 

9 7,33 56,23 203,81 422,16 

10 7,27 58,03 209,58 344,68 

11 8,19 52,47 189,54 340,74 

12 8,43 55,01 187,78 348,86 

13 8,22 55,95 183,58 379,84 

14 8,39 53,40 163,73 338,77 

15 9,40 52,71 166,60 401,56 

16 9,20 51,82 167,42 374,31 

17 8,65 48,61 201,88 409,60 

18 7,99 54,41 206,36 327,11 

19 7,36 51,06 221,31 371,52 

20 8,35 88,29 209,68 387,93 

 

 

ɇɚ ɪɢɫɭɧɤɟ 17 ɢɡɨɛɪɚɠёɧ ɬɨɱɟɱɧɵɣ ɝɪɚɮɢɤ ɚɧɚɥɢɡɚ ɜɪɟɦёɧ ɨɛɪɚɛɨɬɨɤ 

ɦɚɬɪɢɰ, ɪɟɲёɧɧɵɯ ɦɟɬɨɞɨɦ ɩɨɬɟɧɰɢɚɥɨɜ ɬɪɚɧɫɩɨɪɬɧɨɣ ɡɚɞɚɱɢ. 
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Ɋɢɫɭɧɨɤ 17 – Ɍɨɱɟɱɧɵɣ ɥɨɝɚɪɢɮɦɢɱɟɫɤɢɣ ɝɪɚɮɢɤ ɚɧɚɥɢɡɚ ɜɪɟɦёɧ ɨɛɪɚɛɨɬɨɤ 

ɦɚɬɪɢɰ, ɪɟɲёɧɧɵɯ ɦɟɬɨɞɨɦ ɩɨɬɟɧɰɢɚɥɨɜ ɬɪɚɧɫɩɨɪɬɧɨɣ ɡɚɞɚɱɢ 

 

ɇɚ ɪɢɫɭɧɤɟ 18 ɢɡɨɛɪɚɠɟɧɚ ɝɢɫɬɨɝɪɚɦɦɚ ɜɪɟɦɟɧ ɛɵɫɬɪɵɯ ɨɛɪɚɛɨɬɨɤ ɫɪɟɞɢ 

20 ɪɚɡɥɢɱɧɵɯ ɦɚɬɪɢɰ, ɪɟɲёɧɧɵɯ ɦɟɬɨɞɨɦ ɩɨɬɟɧɰɢɚɥɨɜ ɬɪɚɧɫɩɨɪɬɧɨɣ ɡɚɞɚɱɢ, ɚ 

ɬɚɤɠɟ ɢɯ ɜɨɡɦɨɠɧɵɯ ɡɚɞɟɪɠɟɤ. 

 

 

Ɋɢɫɭɧɨɤ 18 – Ƚɢɫɬɨɝɪɚɦɦɚ ɜɪɟɦёɧ ɛɵɫɬɪɵɯ ɨɛɪɚɛɨɬɨɤ ɦɚɬɪɢɰ, ɪɟɲёɧɧɵɯ 

ɦɟɬɨɞɨɦ ɩɨɬɟɧɰɢɚɥɨɜ ɬɪɚɧɫɩɨɪɬɧɨɣ ɡɚɞɚɱɢ, ɢ ɢɯ ɜɨɡɦɨɠɧɵɯ ɡɚɞɟɪɠɟɤ 
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ɇɚ ɪɢɫɭɧɤɟ 19 ɢɡɨɛɪɚɠɟɧɚ ɝɢɫɬɨɝɪɚɦɦɚ ɨɛɳɢɯ ɜɪɟɦёɧ ɨɛɪɚɛɨɬɨɤ ɜɫɟɯ 20 

ɦɚɬɪɢɰ, ɪɟɲёɧɧɵɯ ɦɟɬɨɞɨɦ ɩɨɬɟɧɰɢɚɥɨɜ ɬɪɚɧɫɩɨɪɬɧɨɣ ɡɚɞɚɱɢ. 

 

 

 

Ɋɢɫɭɧɨɤ 19 – Ƚɢɫɬɨɝɪɚɦɦɚ ɨɛɳɢɯ ɜɪɟɦёɧ ɨɛɪɚɛɨɬɨɤ ɜɫɟɯ 20-ɬɢ ɦɚɬɪɢɰ, 

ɪɟɲёɧɧɵɯ ɦɟɬɨɞɨɦ ɩɨɬɟɧɰɢɚɥɨɜ ɬɪɚɧɫɩɨɪɬɧɨɣ ɡɚɞɚɱɢ 

 

ȼɵɜɨɞ: ɦɟɬɨɞ ɩɨɬɟɧɰɢɚɥɨɜ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɣ, ɱɟɦ ɦɟɬɨɞ ɩɨɥɧɨɝɨ 

ɩɟɪɟɛɨɪɚ, ɧɨ ɦɟɧɟɟ ɷɮɮɟɤɬɢɜɧɵɣ, ɱɟɦ ɜɟɧɝɟɪɫɤɢɣ ɦɟɬɨɞ. Ⱦɚ, ɨɧ ɦɨɠɟɬ 

ɨɛɪɚɛɚɬɵɜɚɬɶ ɛɵɫɬɪɟɟ ɦɚɬɪɢɰɵ ɛɨɥɶɲɟɣ ɪɚɡɦɟɪɧɨɫɬɢ, ɧɨ ɧɟ ɛɨɥɟɟ ɱɟɦ 200 

ɩɪɟɬɟɧɞɟɧɬɨɜ. ȼ ɧɚɢɛɨɥɟɟ ɨɩɬɢɦɚɥɶɧɵɯ ɞɥɹ ɦɟɬɨɞɚ ɩɨɬɟɧɰɢɚɥɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚɯ 

(ɫ 2-ɦɹ ɩɨɦɟɳɟɧɢɹɦɢ ɢ ɨɝɪɚɧɢɱɟɧɢɹɦɢ b1 = b2 = B1 = B2 = n/2) ɦɚɤɫɢɦɚɥɶɧɚɹ 

ɪɚɡɦɟɪɧɨɫɬɶ ɡɚɞɚɱɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɞɨ 1600. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɜɪɟɦɹ ɪɚɫɱёɬɨɜ 

ɨɫɬɚёɬɫɹ ɧɚ ɩɨɪɹɞɨɤ ɛɨɥɶɲɟ, ɱɟɦ ɭ ɜɟɧɝɟɪɫɤɨɝɨ ɦɟɬɨɞɚ. 
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ɁȺɄɅɘɑȿɇɂȿ 

 

ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɥɨɫɶ ɪɚɡɪɚɛɨɬɤɚ ɚɥɝɨɪɢɬɦɚ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɨ 

ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɫɨɬɪɭɞɧɢɤɨɜ ɩɨ ɩɨɦɟɳɟɧɢɹɦ. ɇɚ ɨɫɧɨɜɟ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɧɨɣ 

ɥɢɬɟɪɚɬɭɪɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɛɵɥɨ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜɟɧɝɟɪɫɤɢɣ 

ɦɟɬɨɞ ɞɥɹ ɩɨɢɫɤɚ ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɟɲɟɧɢɹ. 

Ɏɨɪɦɚɥɢɡɚɰɢɹ ɡɚɞɚɱɢ ɨ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɫɨɬɪɭɞɧɢɤɨɜ ɩɨ ɩɨɦɟɳɟɧɢɹɦ 

ɩɪɢɜɟɥɚ ɤ ɩɨɫɬɚɧɨɜɤɟ ɡɚɞɚɱɢ ɥɢɧɟɣɧɨɝɨ ɰɟɥɨɱɢɫɥɟɧɧɨɝɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ 

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ. Ɋɚɡɪɚɛɨɬɚɧ ɚɥɝɨɪɢɬɦ, ɩɨɡɜɨɥɹɸɳɢɣ ɫɜɟɫɬɢ ɩɨɫɬɚɧɨɜɤɭ 

ɡɚɞɚɱɢ ɤ ɤɥɚɫɫɢɱɟɫɤɨɣ ɡɚɞɚɱɢ ɨ ɧɚɡɧɚɱɟɧɢɹɯ. 

Ȼɵɥɨ ɩɪɨɜɟɞɟɧɨ ɬɟɫɬɢɪɨɜɚɧɢɟ ɧɚ ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɞɚɧɧɵɯ. ȼ ɪɟɡɭɥɶɬɚɬɟ 

ɩɨɤɚɡɚɧɨ ɡɧɚɱɢɬɟɥɶɧɨɟ ɩɪɟɜɨɫɯɨɞɫɬɜɨ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɩɨ ɫɪɚɜɧɟɧɢɸ 

ɩɨɥɧɵɦ ɩɟɪɟɛɨɪɨɦ ɢɥɢ ɦɟɬɨɞɨɦ ɩɨɬɟɧɰɢɚɥɨɜ. 
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