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ȼɜɟɞɟɧɢɟ 
 
Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɡɚɞɚɱ ɩɥɚɧɢɪɨɜɚ-
ɧɢɹ ɢ ɭɩɪɚɜɥɟɧɢɹ ɧɚ ɬɪɚɧɫɩɨɪɬɟ ɩɨɤɚɡɵɜɚɸɬ, 
ɱɬɨ ɜ ɪɟɚɥɶɧɨɣ ɩɨɫɬɚɧɨɜɤɟ ɷɬɢ ɡɚɞɚɱɢ ɹɜɥɹ-
ɸɬɫɹ ɦɧɨɝɨɤɪɢɬɟɪɢɚɥɶɧɵɦɢ, ɬ.ɤ. ɯɚɪɚɤɬɟɪɢ-
ɡɭɸɬɫɹ ɦɧɨɠɟɫɬɜɨɦ ɪɚɡɥɢɱɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 
ɢɥɢ ɤɪɢɬɟɪɢɟɜ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɬɪɚɞɢɰɢɨɧɧɵɟ 
ɦɟɬɨɞɵ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɨɤɚɡɵɜɚɸɬɫɹ ɦɚɥɨɷɮ-
ɮɟɤɬɢɜɧɵɦɢ. ɗɬɢ ɡɚɞɚɱɢ, ɜɨ-ɩɟɪɜɵɯ, ɬɪɟɛɭ-
ɸɬ ɜɵɫɨɤɨɣ ɤɜɚɥɢɮɢɤɚɰɢɢ ɩɟɪɫɨɧɚɥɚ, ɤɨɬɨ-
ɪɵɣ ɮɨɪɦɢɪɭɟɬ ɤɪɢɬɟɪɢɢ ɢ ɞɚɧɧɵɟ, 
ɨɩɪɟɞɟɥɹɟɬ ɰɟɥɢ ɢ ɨɰɟɧɢɜɚɟɬ ɤɚɱɟɫɬɜɨ ɩɨɥɭ-
ɱɟɧɧɵɯ ɪɟɲɟɧɢɣ, ɚ ɜɨ-ɜɬɨɪɵɯ, ɨɧɢ ɯɚɪɚɤɬɟ-
ɪɢɡɭɸɬɫɹ ɛɨɥɶɲɨɣ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɫɥɨɠ-
ɧɨɫɬɶɸ.  
 
ȼ ɤɚɱɟɫɬɜɟ ɤɪɢɬɟɪɢɟɜ ɨɩɬɢɦɚɥɶɧɨɫɬɢ ɬɪɚɧɫ-
ɩɨɪɬɧɵɯ ɡɚɞɚɱ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɜɵɫɬɭɩɚɸɬ 
ɤɨɥɢɱɟɫɬɜɟɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɟɪɟɜɨɡɨɱ-
ɧɨɝɨ ɩɪɨɰɟɫɫɚ: ɫɬɨɢɦɨɫɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɞɨ-
ɫɬɚɜɤɢ ɝɪɭɡɨɜ, ɨɛɴɟɦɧɨ-ɦɚɫɫɨɜɵɟ ɯɚɪɚɤɬɟɪɢ-
ɫɬɢɤɢ ɝɪɭɡɚ, ɜɪɟɦɟɧɧɵɟ ɩɚɪɚɦɟɬɪɵ, ɬɟɯɧɢɱɟ-
ɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ, 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɟɪɫɨɧɚɥɚ ɢ ɬ.ɩ. Ʉɪɢɬɟɪɢɢ 
ɡɚɞɚɱ ɢɦɟɸɬ ɪɚɡɥɢɱɧɵɟ ɟɞɢɧɢɰɵ ɢɡɦɟɪɟɧɢɹ 
ɢ ɲɤɚɥɵ, ɱɬɨ ɫɭɳɟɫɬɜɟɧɧɨ ɭɫɥɨɠɧɹɟɬ ɩɪɨɰɟ-
ɞɭɪɵ ɩɨɫɬɪɨɟɧɢɹ ɢ ɫɪɚɜɧɟɧɢɹ ɦɧɨɝɨɤɪɢɬɟɪɢ-
ɚɥɶɧɵɯ ɪɟɲɟɧɢɣ.  
 
ɉɪɟɞɫɬɚɜɥɟɧɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ 
ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɩɪɨɰɟɫɫɚ ɜ ɜɢɞɟ ɦɧɨɝɨɤɪɢɬɟ-
ɪɢɚɥɶɧɵɯ ɩɨɫɬɚɧɨɜɨɤ ɬɪɚɧɫɩɨɪɬɧɵɯ ɡɚɞɚɱ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɟɫɬɟɫɬɜɟɧɧɵɣ ɩɪɨɰɟɫɫ ɮɨɪɦɢɪɨ-
ɜɚɧɢɹ  ɰɢɜɢɥɢɡɨɜɚɧɧɨɝɨ ɪɵɧɤɚ ɬɪɚɧɫɩɨɪɬɧɵɯ 
ɭɫɥɭɝ ɜ ɍɤɪɚɢɧɟ ɢ ɟɫɬɟɫɬɜɟɧɧɨɟ ɫɬɪɟɦɥɟɧɢɟ 
ɬɪɚɧɫɩɨɪɬɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ ɭɞɨɜɥɟɬɜɨɪɢɬɶ 
ɢɧɬɟɪɟɫɵ ɜɫɟɯ ɭɱɚɫɬɧɢɤɨɜ ɬɪɚɧɫɩɨɪɬɧɨɝɨ 
ɛɢɡɧɟɫɚ. 
 

Ⱥɧɚɥɢɡ ɩɭɛɥɢɤɚɰɢɣ 
 
ɋɭɳɟɫɬɜɭɸɳɢɟ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɦɟɬɨɞɵ 
ɦɧɨɝɨɤɪɢɬɟɪɢɚɥɶɧɨɣ ɨɩɬɢɦɢɡɚɰɢɢ ɭɫɥɨɜɧɨ 
ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɞɜɟ ɝɪɭɩɩɵ. Ɇɟɬɨɞɵ 
ɩɟɪɜɨɣ ɝɪɭɩɩɵ ɫɜɨɞɹɬ ɦɧɨɝɨɤɪɢɬɟɪɢɚɥɶɧɭɸ 
ɡɚɞɚɱɭ ɤ ɨɞɧɨɤɪɢɬɟɪɢɚɥɶɧɨɣ ɩɭɬɟɦ ɫɜɟɪɬɵ-
ɜɚɧɢɹ ɜɟɤɬɨɪɧɨɝɨ ɤɪɢɬɟɪɢɹ ɜ ɫɭɩɟɪɤɪɢɬɟɪɢɣ, 
ɤɨɬɨɪɵɣ ɡɚɬɟɦ ɨɩɬɢɦɢɡɢɪɭɟɬɫɹ ɨɞɧɢɦ ɢɡ ɦɟ-
ɬɨɞɨɜ ɨɞɧɨɤɪɢɬɟɪɢɚɥɶɧɨɣ ɨɩɬɢɦɢɡɚɰɢɢ. ɋɭ-
ɳɟɫɬɜɭɸɬ ɪɚɡɥɢɱɧɵɟ ɜɢɞɵ ɫɜɟɪɬɨɤ [1]. ɋ  
ɩɨɦɨɳɶɸ ɷɬɢɯ ɦɟɬɨɞɨɜ ɦɨɠɧɨ ɪɟɲɚɬɶ ɫɥɨɠ-
ɧɵɟ ɡɚɞɚɱɢ ɛɨɥɶɲɨɣ ɪɚɡɦɟɪɧɨɫɬɢ, ɬ.ɤ. ɨɧɢ 
ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɜɵɫɨɤɨɣ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ 
ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ. Ɉɞɧɚɤɨ ɜ ɬɟɨɪɢɢ ɩɪɢɧɹɬɢɹ 
ɪɟɲɟɧɢɣ ɩɪɢɧɹɬɨ ɫɱɢɬɚɬɶ, ɱɬɨ ɪɟɲɟɧɢɹ, ɩɨ-
ɥɭɱɟɧɧɵɟ ɷɬɢɦɢ ɦɟɬɨɞɚɦɢ, ɹɜɥɹɸɬɫɹ ɧɟɞɨ-
ɫɬɚɬɨɱɧɨ ɷɮɮɟɤɬɢɜɧɵɦɢ. 

Ʉɨ ɜɬɨɪɨɣ ɝɪɭɩɩɟ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɨɫɬɚɥɶɧɵɟ 
ɦɟɬɨɞɵ ɦɧɨɝɨɤɪɢɬɟɪɢɚɥɶɧɨɣ ɨɩɬɢɦɢɡɚɰɢɢ 
[1, 2]: 
– ɫɩɪɚɜɟɞɥɢɜɨɝɨ ɤɨɦɩɪɨɦɢɫɫɚ; 
– ɩɪɢɛɥɢɠɟɧɢɹ ɤ ɢɞɟɚɥɶɧɨɦɭ ɪɟɲɟɧɢɸ;  
– ɦɟɬɨɞ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɭɫɬɭɩɨɤ; 
– ɚɧɚɥɢɡɚ ɢɟɪɚɪɯɢɣ; 
– ɝɟɧɟɬɢɱɟɫɤɢɟ ɚɥɝɨɪɢɬɦɵ; 
– ɧɟɣɪɨɧɧɵɟ ɫɟɬɢ. 
 
Ⱦɚɧɧɵɟ ɦɟɬɨɞɵ ɩɨɡɜɨɥɹɸɬ ɩɨɥɭɱɚɬɶ ɤɚɱɟ-
ɫɬɜɟɧɧɵɟ ɪɟɲɟɧɢɹ, ɧɨ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɛɨɥɶ-
ɲɨɣ ɫɥɨɠɧɨɫɬɶɸ ɢ ɬɪɟɛɭɸɬ ɜɵɫɨɱɚɣɲɟɣ ɤɜɚ-
ɥɢɮɢɤɚɰɢɢ ɩɟɪɫɨɧɚɥɚ. ɗɬɨ, ɜ ɨɫɧɨɜɧɨɦ, ɧɟ 
ɩɨɥɢɧɨɦɢɚɥɶɧɵɟ ɦɟɬɨɞɵ ɢ ɱɟɥɨɜɟɤɨ-ɦɚɲɢɧ-
ɧɵɟ ɩɪɨɰɟɞɭɪɵ, ɨɰɟɧɢɬɶ ɜɪɟɦɹ ɜɵɩɨɥɧɟɧɢɹ 
ɤɨɬɨɪɵɯ ɧɟ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ. 
 
Ⱦɥɹ ɪɟɲɟɧɢɹ ɦɧɨɝɨɤɪɢɬɟɪɢɚɥɶɧɨɣ ɡɚɞɚɱɢ ɨ 
ɧɚɡɧɚɱɟɧɢɹɯ (ɆɁɇ) ɜ ɪɚɛɨɬɟ ɩɪɢɦɟɧɹɟɬɫɹ 
ɦɟɬɨɞ ɫɜɟɪɬɤɢ ɮɭɧɤɰɢɨɧɚɥɚ ɧɚ ɨɫɧɨɜɟ ɜɵɛɨ-
ɪɚ ɞɨɦɢɧɢɪɭɸɳɟɝɨ ɤɪɢɬɟɪɢɹ. ɑɬɨɛɵ ɭɥɭɱ-
ɲɢɬɶ ɤɚɱɟɫɬɜɨ ɪɟɲɟɧɢɣ, ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫ-
ɩɨɥɶɡɨɜɚɬɶ ɩɨɞɝɨɬɨɜɢɬɟɥɶɧɵɣ ɷɬɚɩ, ɜ ɨɫɧɨɜɟ 
ɤɨɬɨɪɨɝɨ ɥɟɠɚɬ ɚɥɝɨɪɢɬɦɵ ɧɨɪɦɚɥɢɡɚɰɢɢ 
ɤɪɢɬɟɪɢɟɜ ɡɚɞɚɱɢ. Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɪɟɲɟɧɢɹ 
ɆɁɇ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɜɵɫɨɤɢɦ ɛɵɫɬɪɨɞɟɣ-
ɫɬɜɢɟɦ, ɬɚɤ ɤɚɤ ɜ ɧɟɦ ɢɫɩɨɥɶɡɭɸɬɫɹ ɷɮɮɟɤ-
ɬɢɜɧɵɟ ɩɨɥɢɧɨɦɢɚɥɶɧɵɟ ɚɥɝɨɪɢɬɦɵ ɧɨɪɦɚ-
ɥɢɡɚɰɢɢ ɢ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɨ ɧɚɡɧɚɱɟɧɢɹɯ. 
 
ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɨɫɧɨɜɧɨɣ ɩɪɨɛɥɟɦɨɣ 
ɧɨɪɦɚɥɢɡɚɰɢɢ ɹɜɥɹɟɬɫɹ ɫɥɚɛɚɹ ɨɰɟɧɤɚ ɜɚɠ-
ɧɨɫɬɢ ɤɪɢɬɟɪɢɟɜ, ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɜɨɡɦɨɠɧɨ-
ɫɬɢ ɩɨɫɬɪɨɟɧɢɹ ɪɟɲɟɧɢɣ ɡɚɞɚɱɢ. ɇɚɢɛɨɥɟɟ 
ɨɫɬɪɨ ɞɚɧɧɚɹ ɩɪɨɛɥɟɦɚ ɩɪɨɹɜɥɹɟɬɫɹ, ɤɨɝɞɚ 
ɤɪɢɬɟɪɢɢ ɡɚɞɚɱɢ ɢɦɟɸɬ ɪɚɡɥɢɱɧɵɟ ɲɤɚɥɵ 
(ɬ.ɟ. ɦɧɨɠɟɫɬɜɨ ɡɧɚɱɟɧɢɣ ɨɞɧɨɝɨ ɤɪɢɬɟɪɢɹ 
ɫɨɫɬɨɢɬ ɢɡ ɦɚɥɨɝɨ ɱɢɫɥɚ ɷɥɟɦɟɧɬɨɜ, ɚ ɦɧɨɠɟ-
ɫɬɜɨ ɡɧɚɱɟɧɢɣ ɞɪɭɝɨɝɨ – ɢɡ ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ 
ɷɥɟɦɟɧɬɨɜ). ɗɬɢ ɨɫɨɛɟɧɧɨɫɬɢ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ 
ɭɱɢɬɵɜɚɸɬɫɹ ɜ ɢɡɜɟɫɬɧɵɯ ɚɥɝɨɪɢɬɦɚɯ ɧɨɪɦɚ-
ɥɢɡɚɰɢɢ [1–4] ɢ ɩɨɷɬɨɦɭ ɤɚɪɞɢɧɚɥɶɧɨ ɭɫɥɨɠ-
ɧɹɸɬ ɫɯɟɦɭ ɩɨɢɫɤɚ ɤɨɦɩɪɨɦɢɫɫɚ ɩɪɢ ɪɟɲɟ-
ɧɢɢ ɦɧɨɝɨɤɪɢɬɟɪɢɚɥɶɧɨɣ ɡɚɞɚɱɢ. ɂɡɜɟɫɬɧɵɟ 
ɚɞɞɢɬɢɜɧɵɟ ɢɥɢ ɦɭɥɶɬɢɩɥɢɤɚɬɢɜɧɵɟ ɫɯɟɦɵ 
ɧɨɪɦɚɥɢɡɚɰɢɢ ɢ ɦɟɬɨɞɵ ɩɨɢɫɤɚ ɤɨɦɩɪɨɦɢɫɫɚ 
ɧɟ ɜ ɫɨɫɬɨɹɧɢɢ ɚɞɟɤɜɚɬɧɨ ɪɟɲɢɬɶ ɷɬɭ ɩɪɨ-
ɛɥɟɦɭ [3–6].  
 
Ⱦɥɹ ɪɟɲɟɧɢɹ ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɯ ɩɪɨɛɥɟɦ 
ɩɪɟɞɥɚɝɚɟɬɫɹ ɨɩɪɟɞɟɥɢɬɶ ɫɥɟɞɭɸɳɢɟ ɯɚɪɚɤ-
ɬɟɪɢɫɬɢɤɢ ɰɟɧɧɨɫɬɢ ɤɪɢɬɟɪɢɹ, ɤɨɬɨɪɵɟ 
ɞɨɥɠɧɵ ɭɱɢɬɵɜɚɬɶɫɹ ɩɪɢ ɟɝɨ ɧɨɪɦɚɥɢɡɚɰɢɢ. 
 
1) ɇɨɪɦɚɥɢɡɨɜɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɞɨɥɠɧɨ ɨɬɪɚ-
ɠɚɬɶ ɜɟɥɢɱɢɧɭ ɜɵɢɝɪɵɲɚ (ɜɚɠɧɨɫɬɢ) ɩɪɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɷɬɨɝɨ ɷɥɟɦɟɧɬɚ ɜ ɪɟɲɟɧɢɢ. 
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2) ɇɨɪɦɚɥɢɡɚɰɢɹ ɤɪɢɬɟɪɢɹ ɞɨɥɠɧɚ ɨɬɨɛɪɚ-
ɠɚɬɶ ɪɚɡɦɟɪɧɨɟ ɡɧɚɱɟɧɢɟ ɜɟɫɚ ɤɪɢɬɟɪɢɹ ɜ 
ɛɟɡɪɚɡɦɟɪɧɨɟ ɤɨɦɩɚɤɬɧɨɟ ɫɱɟɬɧɨɟ ɦɧɨɠɟɫɬɜɨ 
ɡɧɚɱɟɧɢɣ. ȿɫɥɢ ɧɟɨɛɯɨɞɢɦɨ, ɡɧɚɱɟɧɢɹ ɷɥɟ-
ɦɟɧɬɨɜ ɷɬɨɝɨ ɦɧɨɠɟɫɬɜɚ ɦɨɠɧɨ ɨɬɨɛɪɚɡɢɬɶ ɜ 
ɞɢɚɩɚɡɨɧ [0,1]. 
3) ɇɨɪɦɚɥɢɡɚɰɢɹ ɧɟ ɞɨɥɠɧɚ ɦɟɧɹɬɶ ɩɨɪɹɞɨɤ 
ɫɥɟɞɨɜɚɧɢɹ ɪɟɲɟɧɢɣ ɢɥɢ, ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ, 
ɢɡɦɟɧɹɬɶ ɟɝɨ ɧɟɡɧɚɱɢɬɟɥɶɧɨ. 
 

ɐɟɥɶ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 
 
Ⱦɚɧɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɧɚɩɪɚɜɥɟɧɨ ɧɚ ɪɚɡɪɚ-
ɛɨɬɤɭ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ ɪɟɲɟɧɢɹ ɦɧɨ-
ɝɨɤɪɢɬɟɪɢɚɥɶɧɨɣ ɡɚɞɚɱɢ ɨ ɧɚɡɧɚɱɟɧɢɹɯ 
(ɆɁɇ), ɜ ɤɨɬɨɪɨɦ ɥɢɰɨ, ɩɪɢɧɢɦɚɸɳɟɟ 
(ɅɉɊ), ɛɭɞɟɬ ɢɝɪɚɬɶ ɫɜɨɸ ɪɨɥɶ ɬɨɥɶɤɨ ɧɚ 
ɷɬɚɩɟ ɩɨɞɝɨɬɨɜɤɢ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɢ ɜɵɛɨɪɚ 
ɩɪɢɨɪɢɬɟɬɧɵɯ ɰɟɥɟɣ, ɚ ɬɚɤɠɟ ɧɚ ɡɚɤɥɸɱɢ-
ɬɟɥɶɧɨɦ ɷɬɚɩɟ ɜɵɛɨɪɚ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɢɡ ɩɨ-
ɥɭɱɟɧɧɨɝɨ ɦɧɨɠɟɫɬɜɚ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɪɟɲɟ-
ɧɢɣ. ɗɬɚɩ ɩɨɞɝɨɬɨɜɤɢ ɞɚɧɧɵɯ ɨɡɧɚɱɚɟɬ 
ɜɵɛɨɪ ɅɉɊ ɦɟɬɨɞɚ ɧɨɪɦɚɥɢɡɚɰɢɢ ɫɨɨɬɜɟɬ-
ɫɬɜɭɸɳɟɝɨ ɤɪɢɬɟɪɢɹ, ɤɨɬɨɪɵɣ ɨɬɪɚɠɚɟɬ ɩɨɞ-
ɯɨɞɹɳɭɸ, ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ, ɫɯɟɦɭ ɡɧɚɱɢɦɨ-
ɫɬɢ ɤɪɢɬɟɪɢɹ. ȿɫɥɢ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɩɨ 
ɤɚɤɢɦ-ɥɢɛɨ ɩɪɢɱɢɧɚɦ ɧɟ ɭɫɬɪɚɢɜɚɟɬ ɅɉɊ, ɨɧ 
ɦɨɠɟɬ ɢɡɦɟɧɢɬɶ ɡɧɚɱɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 
ɤɪɢɬɟɪɢɟɜ ɧɚ ɨɫɧɨɜɟ ɨɞɧɨɣ ɢɡ ɬɪɟɯ ɫɯɟɦ  
ɧɨɪɦɚɥɢɡɚɰɢɢ, ɨɬɪɚɠɚɸɳɢɯ: ɩɟɫɫɢɦɢɡɦ, ɨɩ-
ɬɢɦɢɡɦ ɢɥɢ ɫɪɟɞɧɟɜɡɜɟɲɟɧɧɭɸ ɨɰɟɧɤɭ ɢ ɩɨ-
ɫɬɪɨɢɬɶ ɧɨɜɨɟ ɪɟɲɟɧɢɟ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, 
ɱɬɨ ɪɚɡɪɚɛɨɬɚɧɧɵɟ ɚɥɝɨɪɢɬɦɵ ɧɨɪɦɚɥɢɡɚɰɢɢ 
ɩɪɟɨɛɪɚɡɭɸɬ ɜɡɜɟɲɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɤɪɢɬɟɪɢ-
ɟɜ ɤ ɟɞɢɧɨɣ ɲɤɚɥɟ, ɱɬɨ ɫɭɳɟɫɬɜɟɧɧɵɦ ɨɛɪɚ-
ɡɨɦ ɭɩɪɨɳɚɸɬ ɩɪɨɰɟɞɭɪɭ ɫɜɟɪɬɤɢ ɤɪɢɬɟɪɢɟɜ 
ɜ ɨɞɢɧ ɫɭɩɟɪɤɪɢɬɟɪɢɣ.  
 
Ɋɚɫɫɦɨɬɪɢɦ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɩɨɫɬɚɧɨɜɤɢ ɡɚ-
ɞɚɱ. 
 
Ɂɚɞɚɱɚ 1. Ʉɥɚɫɫɢɱɟɫɤɚɹ ɡɚɞɚɱɚ ɨ ɧɚɡɧɚɱɟɧɢɹɯ 
 
ɇɟɨɛɯɨɞɢɦɨ ɧɚɣɬɢ ɫɨɜɟɪɲɟɧɧɨɟ ɩɚɪɨɫɨɱɟɬɚ-
ɧɢɟ (ɩɟɪɟɫɬɚɧɨɜɤɭ) P   ɫ ɦɢɧɢɦɚɥɶɧɵɦ 
ɜɟɫɨɦ ɞɥɹ ɡɚɞɚɧɧɨɣ ɦɚɬɪɢɰɵ MM , ɝɞɟ M  – 
ɩɨɪɹɞɨɤ ɦɚɬɪɢɰɵ. ɗɥɟɦɟɧɬ ɦɚɬɪɢɰɵ ij  
ɩɪɟɞɫɬɚɜɥɹɟɬ ɨɞɢɧ ɤɪɢɬɟɪɢɣ.  
 
Ɏɭɧɤɰɢɨɧɚɥ ɤɥɚɫɫɢɱɟɫɤɨɣ ɨɞɧɨɤɪɢɬɟɪɢɚɥɶ-
ɧɨɣ ɡɚɞɚɱɢ ɨ ɧɚɡɧɚɱɟɧɢɹɯ 
 

 

*

,
( ) min ,ij

i j 
   

 
(1) 

ɝɞɟ 
,

( ) ij
i j

     – ɜɟɫ ɩɚɪɨɫɨɱɟɬɚɧɢɹ ʌ;  

ij  – ɷɥɟɦɟɧɬ ɦɚɬɪɢɰɵ, ɩɪɢɧɚɞɥɟɠɚɳɢɣ ɩɚ-
ɪɨɫɨɱɟɬɚɧɢɸ. 
 
Ɂɚɞɚɱɚ 2. Ɇɧɨɝɨɤɪɢɬɟɪɢɚɥɶɧɚɹ ɡɚɞɚɱɚ ɨ 
ɧɚɡɧɚɱɟɧɢɹɯ ɫ ɦɧɨɠɟɫɬɜɨɦ ɭɩɨɪɹɞɨɱɟɧɧɵɯ 
ɩɨ ɜɚɠɧɨɫɬɢ ɤɪɢɬɟɪɢɟɜ 
 

 

*

,
( ) min ,ij

i j 
   

 
(2) 

 
ɝɞɟ 

,
( ) ij

i j
     – ɜɟɫ ɩɚɪɨɫɨɱɟɬɚɧɢɹ ʌ.  

ɗɥɟɦɟɧɬ ij  ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ  ɜɟɤɬɨɪ ɭɩɨ-
ɪɹɞɨɱɟɧɧɵɯ ɩɨ ɜɚɠɧɨɫɬɢ ɤɪɢɬɟɪɢɟɜ. 
 
ȼ ɦɧɨɝɨɤɪɢɬɟɪɢɚɥɶɧɨɣ ɩɨɫɬɚɧɨɜɤɟ ɷɥɟɦɟɧɬ 
ɦɚɬɪɢɰɵ ij  ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɥɨɠɧɵɣ ɬɢɩ ɞɚɧ-
ɧɵɯ, ɧɚɡɵɜɚɟɦɵɣ ɜɟɤɬɨɪɨɦ ɤɪɢɬɟɪɢɟɜ.  
 

  , 1, ,k
ij ijC k L    (3) 

 
ɝɞɟ L  – ɱɢɫɥɨ ɤɪɢɬɟɪɢɟɜ; k

ijC  – ɡɧɚɱɟɧɢɟ k -ɝɨ 
ɤɪɢɬɟɪɢɹ ɷɥɟɦɟɧɬɚ ɪɟɲɟɧɢɹ ij . 
 
Ɂɚɞɚɱɚ 3. Ɇɧɨɝɨɤɪɢɬɟɪɢɚɥɶɧɚɹ ɡɚɞɚɱɚ ɨ 
ɧɚɡɧɚɱɟɧɢɹɯ ɫ ɦɧɨɠɟɫɬɜɨɦ ɪɚɜɧɨɡɧɚɱɧɵɯ 
ɤɪɢɬɟɪɢɟɜ 

 

 

1 1

2 2

* 1
1

,

* 2
2

,

*

,

( ) min

( ) min

...

( ) min ,
k k

ij
i j

ij
i j

k
k ij

i j

C

C

C

 

 

 

  


  



  







 

(4) 

 

ɝɞɟ 


kk ji

k
ijC

,
min  – ɜɟɫ ɩɚɪɨɫɨɱɟɬɚɧɢɹ k ; 

k
ijC  – ɜɟɫ k-ɝɨ ɤɪɢɬɟɪɢɹ ɷɥɟɦɟɧɬɚ ɦɚɬɪɢɰɵ 

ij , ɩɪɢɧɚɞɥɟɠɚɳɟɝɨ ɩɚɪɨɫɨɱɟɬɚɧɢɸ k . 
 
ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ k

ijC  – ɷɬɨ ɪɚɡɦɟɪɧɵɟ 
ɜɟɥɢɱɢɧɵ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ ɪɚɡɥɢɱɧɨɝɨ 
ɪɨɞɚ, ɧɚɩɪɢɦɟɪ: ɫɬɨɢɦɨɫɬɶ, ɬɟɦɩɟɪɚɬɭɪɚ, 
ɜɪɟɦɹ, ɜɟɫ, ɪɚɫɫɬɨɹɧɢɟ ɢ ɬ.ɩ. Ɉɧɢ ɦɨɝɭɬ 
ɢɦɟɬɶ ɪɚɡɥɢɱɧɵɟ ɟɞɢɧɢɰɵ ɢɡɦɟɪɟɧɢɹ, ɲɤɚ-
ɥɵ, ɷɬɚɥɨɧɵ ɢ ɬ.ɩ. ɇɨɪɦɚɥɢɡɨɜɚɧɧɨɟ ɛɟɡɪɚɡ-
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ɦɟɪɧɨɟ ɡɧɚɱɟɧɢɟ ɤɪɢɬɟɪɢɹ ɨɛɨɡɧɚɱɚɟɬɫɹ ɦɚ-
ɥɨɣ ɛɭɤɜɨɣ k

ijc . 
 
ȼ ɨɬɥɢɱɢɟ ɨɬ ɨɞɧɨɤɪɢɬɟɪɢɚɥɶɧɵɯ ɡɚɞɚɱ, 
ɧɚɩɪɢɦɟɪ, ɤɥɚɫɫɢɱɟɫɤɨɣ Ɂɇ, ɪɟɲɟɧɢɹ ɦɧɨɝɨ-
ɤɪɢɬɟɪɢɚɥɶɧɵɯ ɡɚɞɚɱ ɩɪɨɬɢɜɨɪɟɱɢɜɵ, ɩɨ-
ɫɤɨɥɶɤɭ ɧɟɜɨɡɦɨɠɧɨ ɫ ɚɛɫɨɥɸɬɧɨɣ ɭɜɟɪɟɧɧɨ-
ɫɬɶɸ ɭɬɜɟɪɠɞɚɬɶ, ɱɬɨ ɬɨ ɢɥɢ ɢɧɨɟ ɪɟɲɟɧɢɟ 
ɫɬɪɨɝɨ ɨɩɬɢɦɚɥɶɧɨ. ɗɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ 
ɜ ɩɨɞɚɜɥɹɸɳɟɦ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ 

 **
2

*
1 ... k . ɉɨɷɬɨɦɭ ɜ ɨɫɧɨɜɟ ɚɥɝɨ-

ɪɢɬɦɨɜ ɪɟɲɟɧɢɹ ɦɧɨɝɨɤɪɢɬɟɪɢɚɥɶɧɵɯ ɡɚɞɚɱ 
ɥɟɠɢɬ ɧɟɤɨɬɨɪɚɹ ɫɯɟɦɚ ɩɨɢɫɤɚ ɤɨɦɩɪɨɦɢɫɫɚ, 
ɩɪɢ ɤɨɬɨɪɨɣ  k...21  .  
 
Ɂɚɞɚɱɚ 4. Ɇɢɧɢɦɚɤɫɧɚɹ ɡɚɞɚɱɚ ɨ ɧɚɡɧɚɱɟɧɢɹɯ 
 
Ɏɭɧɤɰɢɨɧɚɥ ɡɚɞɚɱɢ ɢɦɟɟɬ ɜɢɞ 
 

 ,
min max .b ijP i j

F
 

 

 

(5) 

 
Ɉɧ ɨɩɪɟɞɟɥɹɟɬ ɨɝɪɚɧɢɱɟɧɢɹ ɧɚ ɜɟɫ ɦɚɤɫɢ-
ɦɚɥɶɧɨɝɨ ɷɥɟɦɟɧɬɚ ɪɟɲɟɧɢɹ (ɟɝɨ ɜɟɫ ɞɨɥɠɟɧ 
ɛɵɬɶ ɦɢɧɢɦɚɥɶɧɵɦ).  
 
Ɂɚɞɚɱɚ ɢɦɟɟɬ ɜɚɠɧɨɟ ɩɪɚɤɬɢɱɟɫɤɨɟ ɩɪɢɥɨɠɟ-
ɧɢɟ, ɧɚɩɪɢɦɟɪ, ɜ ɡɚɞɚɱɚɯ ɨɩɬɢɦɢɡɚɰɢɢ ɪɚɫ-
ɩɪɟɞɟɥɟɧɢɹ ɡɚɞɚɱ ɜ ɩɚɪɚɥɥɟɥɶɧɵɯ ɜɵɱɢɫɥɢ-
ɬɟɥɶɧɵɯ ɫɢɫɬɟɦɚɯ (ɉȼɋ). ɉɪɢɦɟɪɨɦ ɬɚɤɢɯ 
ɫɢɫɬɟɦ ɹɜɥɹɸɬɫɹ ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɤɥɚɫɬɟɪɵ. 
ȼ ɬɚɤɢɯ ɫɢɫɬɟɦɚɯ ɨɫɧɨɜɧɚɹ ɡɚɞɚɱɚ ɪɚɡɛɢɜɚɟɬ-
ɫɹ ɧɚ ɦɧɨɠɟɫɬɜɨ ɩɨɞɡɚɞɚɱ, ɪɟɲɚɟɦɵɯ ɧɚ ɧɟ-
ɡɚɜɢɫɢɦɵɯ ɩɚɪɚɥɥɟɥɶɧɨ ɪɚɛɨɬɚɸɳɢɯ ɦɚɲɢ-
ɧɚɯ, ɪɚɡɥɢɱɚɸɳɢɯɫɹ ɩɨ ɫɜɨɢɦ ɬɟɯɧɢɱɟɫɤɢɦ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ. Ɉɛɳɟɟ ɜɪɟɦɹ ɪɟɲɟɧɢɹ ɡɚ-
ɞɚɱɢ ɜ ɩɨɞɨɛɧɵɯ ɫɢɫɬɟɦɚɯ ɨɩɪɟɞɟɥɹɟɬɫɹ ɦɚɤ-
ɫɢɦɚɥɶɧɵɦ ɜɪɟɦɟɧɟɦ ɪɟɲɟɧɢɹ ɩɨɞɡɚɞɚɱɢ. 
Ɏɭɧɤɰɢɨɧɚɥ bF  ɦɢɧɢɦɢɡɢɪɭɟɬ ɜɪɟɦɹ ɪɟɲɟ-
ɧɢɹ ɫɚɦɨɣ ɞɥɢɧɧɨɣ ɩɨɞɡɚɞɚɱɢ, ɚ ɡɧɚɱɢɬ, ɦɢ-
ɧɢɦɢɡɢɪɭɟɬ ɜɪɟɦɹ ɪɟɲɟɧɢɹ ɨɫɧɨɜɧɨɣ ɡɚɞɚɱɢ. 
 
ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɡɚɞɚɱɚ ɨɩɬɢɦɚɥɶɧɨɣ 
ɪɚɫɫɬɚɧɨɜɤɢ ɩɟɪɫɨɧɚɥɚ ɧɚ ɤɨɧɜɟɣɟɪɟ ɬɚɤɠɟ 
ɨɩɢɫɵɜɚɟɬɫɹ ɞɚɧɧɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟ-
ɥɶɸ. ɉɭɫɬɶ ɧɚ ɧɟɤɨɬɨɪɨɦ ɤɨɧɜɟɣɟɪɟ (ɩɨɬɨɱ-
ɧɨɣ ɥɢɧɢɢ) ɢɦɟɟɬɫɹ n ɪɚɛɨɱɢɯ ɦɟɫɬ. Ɋɭɤɨɜɨ-
ɞɢɬɟɥɶ ɞɨɥɠɟɧ ɪɚɫɫɬɚɜɢɬɶ ɩɨ ɫɜɨɢɦ ɦɟɫɬɚɦ n 
ɪɚɛɨɬɧɢɤɨɜ. ɂɡɜɟɫɬɧɚ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 
ɬɪɭɞɚ Cij i-ɝɨ ɪɚɛɨɬɧɢɤɚ ɧɚ j-ɦ ɦɟɫɬɟ. ɉɪɨɢɡ-
ɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɧɜɟɣɟɪɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɦɢ-
ɧɢɦɚɥɶɧɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ ɡɚɧɹɬɵɯ ɧɚ 
ɧɺɦ ɪɚɛɨɬɧɢɤɨɜ. Ɋɚɛɨɱɟɟ ɦɟɫɬɨ, ɧɚ ɤɨɬɨɪɨɦ 
ɪɟɚɥɢɡɭɟɬɫɹ ɦɢɧɢɦɚɥɶɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶ-
ɧɨɫɬɶ ɩɪɢ ɡɚɞɚɧɧɨɣ ɪɚɫɫɬɚɧɨɜɤɟ ɪɚɛɨɬɧɢɤɨɜ 
(ɞɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɩɪɢ ɡɚɞɚɧɧɨɦ ɧɚɡɧɚɱɟ-

ɧɢɢ), ɢ ɟɫɬɶ ɭɡɤɨɟ ɦɟɫɬɨ ɷɬɨɝɨ ɧɚɡɧɚɱɟɧɢɹ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɟɨɛɯɨɞɢɦɨ ɧɚɣɬɢ ɬɚɤɨɟ ɪɚɫ-
ɩɪɟɞɟɥɟɧɢɟ ɪɚɛɨɬɧɢɤɨɜ ɩɨ ɪɚɛɨɱɢɦ ɦɟɫɬɚɦ, 
ɩɪɢ ɤɨɬɨɪɨɦ ɫɤɨɪɨɫɬɶ ɤɨɧɜɟɣɟɪɚ (ɬ.ɟ. ɦɢɧɢ-
ɦɚɥɶɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɡɚɧɹɬɵɯ ɪɚɛɨɬ-
ɧɢɤɨɜ) ɛɭɞɟɬ ɦɚɤɫɢɦɚɥɶɧɨɣ. 
 
Ⱦɥɹ ɧɚɫ ɜɚɠɧɨ, ɱɬɨ ɷɬɚ ɡɚɞɚɱɚ ɧɚɯɨɞɢɬ ɩɪɢ-
ɦɟɧɟɧɢɟ ɜ ɚɥɝɨɪɢɬɦɚɯ ɪɟɲɟɧɢɹ ɦɧɨɝɨɤɪɢɬɟ-
ɪɢɚɥɶɧɵɯ ɡɚɞɚɱ, ɩɨɷɬɨɦɭ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɨɧɚ 
ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɤɚɤ ɨɞɢɧ ɢɡ ɦɟɬɨɞɨɜ ɫɜɟɪɬɤɢ 
ɮɭɧɤɰɢɨɧɚɥɚ ɦɧɨɝɨɤɪɢɬɟɪɢɚɥɶɧɨɣ ɡɚɞɚɱɢ.  
 
ȿɫɥɢ  , 1,k

ij ijc k L  
 

– ɜɟɤɬɨɪ ɧɨɪɦɚɥɢɡɨ-
ɜɚɧɧɵɯ ɤɪɢɬɟɪɢɟɜ, ɬɨ ɨɩɟɪɚɬɨɪ ijji


,

max  

ɮɭɧɤɰɢɨɧɚɥɚ (5) ɨɩɪɟɞɟɥɹɟɬ ɦɚɤɫɢɦɚɥɶɧɵɣ 
ɤɪɢɬɟɪɢɣ k

ijc  (ɯɭɞɲɢɣ ɤɪɢɬɟɪɢɣ) ɤɚɠɞɨɝɨ 

ɷɥɟɦɟɧɬɚ ij . Ɍ.ɟ. ɷɬɨɬ ɨɩɟɪɚɬɨɪ ɪɟɚɥɢɡɭɟɬ 
ɫɜɟɞɟɧɢɟ ɡɚɞɚɱɢ ɤ ɨɞɧɨɤɪɢɬɟɪɢɚɥɶɧɨɣ ɩɭɬɟɦ 
ɜɵɞɟɥɟɧɢɹ ɞɨɦɢɧɢɪɭɸɳɟɝɨ ɤɪɢɬɟɪɢɹ. Ɂɚɬɟɦ 
ɨɩɟɪɚɬɨɪ 

P
min  ɪɟɲɚɟɬ ɤɥɚɫɫɢɱɟɫɤɭɸ Ɂɇ – ɪɟ-

ɚɥɢɡɭɟɬ ɜɵɛɨɪ ɥɭɱɲɢɯ ɢɡ ɯɭɞɲɢɯ ɧɚ ɦɧɨɠɟ-
ɫɬɜɟ ɩɟɪɟɫɬɚɧɨɜɨɤ P . ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ 
ɦɢɧɢɦɚɤɫɧɚɹ ɫɬɪɚɬɟɝɢɹ ɜɟɫɶɦɚ ɩɟɫɫɢɦɢɫɬɢɱ-
ɧɚ. 
 
Ɏɭɧɤɰɢɨɧɚɥ ɦɢɧɢɦɚɤɫɧɨɣ ɆɁɇ ɢɦɟɟɬ ɜɢɞ 
 

 
1,

,

min max .k
b ijP k L

i j

F c
 



  (6) 

 
Ɇɢɧɢɦɚɤɫɧɚɹ ɫɬɪɚɬɟɝɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ 
ɪɟɲɟɧɢɹ ɆɁɇ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ. ɋɥɟɞɭɟɬ ɨɬ-
ɦɟɬɢɬɶ, ɱɬɨ ɩɟɪɟɞ ɪɟɲɟɧɢɟɦ ɦɢɧɢɦɚɤɫɧɨɣ 
ɡɚɞɚɱɢ ɜɵɩɨɥɧɹɟɬɫɹ ɫɥɨɠɧɵɣ ɩɨɞɝɨɬɨɜɢ-
ɬɟɥɶɧɵɣ ɷɬɚɩ ɧɨɪɦɚɥɢɡɚɰɢɢ, ɜɵɱɢɫɥɢɬɟɥɶɧɚɹ 
ɫɥɨɠɧɨɫɬɶ ɤɨɬɨɪɨɝɨ ɫɨɫɬɚɜɥɹɟɬ NN log3 . 
Ɉɧɚ ɩɪɟɜɨɫɯɨɞɢɬ ɫɥɨɠɧɨɫɬɶ ɷɮɮɟɤɬɢɜɧɵɯ 
ɚɥɝɨɪɢɬɦɨɜ ɪɟɲɟɧɢɹ ɤɥɚɫɫɢɱɟɫɤɨɣ Ɂɇ, 
ɧɚɩɪɢɦɟɪ, ɚɥɝɨɪɢɬɦɚ ɗɞɦɨɧɞɫɚ-Ʉɚɪɩɚ, ɢɦɟ-
ɸɳɟɝɨ ɫɥɨɠɧɨɫɬɶ 3.N  ɉɨɷɬɨɦɭ ɩɟɫɫɢɦɢɡɦ 
ɞɚɧɧɨɣ ɫɬɪɚɬɟɝɢɢ ɩɨɫɬɪɨɟɧɢɹ ɪɟɲɟɧɢɹ ɡɞɟɫɶ 
ɨɩɪɚɜɞɚɧ, ɬɚɤ ɤɚɤ ɚɥɝɨɪɢɬɦɵ ɧɨɪɦɚɥɢɡɚɰɢɢ, 
ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ ɪɚɛɨɬɟ, ɬɨɱɧɨ ɨɩɪɟɞɟɥɹɸɬ 
ɰɟɧɧɨɫɬɶ (ɜɚɠɧɨɫɬɶ) ɷɥɟɦɟɧɬɨɜ ɦɚɬɪɢɰɵ ij . 
 

Ɇɟɬɨɞ ɪɟɲɟɧɢɹ ɦɧɨɝɨɤɪɢɬɟɪɢɚɥɶɧɨɣ 
ɡɚɞɚɱɢ 

 
ɇɚ ɧɚɱɚɥɶɧɨɦ ɷɬɚɩɟ ɪɟɲɟɧɢɹ ɆɁɇ ɩɪɨɢɡɜɨ-
ɞɢɬɫɹ ɧɨɪɦɚɥɢɡɚɰɢɹ ɤɪɢɬɟɪɢɟɜ. ȼ ɟɟ ɨɫɧɨɜɟ 
ɥɟɠɢɬ ɫɥɟɞɭɸɳɚɹ ɜɵɱɢɫɥɢɬɟɥɶɧɚɹ ɫɯɟɦɚ. 
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Ɉɰɟɧɤɚ ɜɚɠɧɨɫɬɢ ɤɪɢɬɟɪɢɹ ɤɥɚɫɫɢɱɟɫɤɨɣ 
ɡɚɞɚɱɢ ɨ ɧɚɡɧɚɱɟɧɢɹɯ 

 
ȼ ɧɚɱɚɥɟ ɨɩɪɟɞɟɥɢɦ ɫɯɟɦɭ ɜɵɱɢɫɥɟɧɢɹ ɜɵ-
ɢɝɪɵɲɚ ijG  ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɷɥɟɦɟɧɬɚ 

ɦɚɬɪɢɰɵ ij  ɤɥɚɫɫɢɱɟɫɤɨɣ ɨɞɧɨɤɪɢɬɟɪɢɚɥɶ-
ɧɨɣ ɡɚɞɚɱɢ ɨ ɧɚɡɧɚɱɟɧɢɹɯ (1). 
 
ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɷɥɟɦɟɧɬɚ ij  ɜ ɪɟɲɟɧɢɢ ɡɚɞɚ-
ɱɢ ɩɪɢɜɨɞɢɬ ɤ ɢɫɤɥɸɱɟɧɢɸ ɜɫɟɯ ɨɫɬɚɥɶɧɵɯ 
ɷɥɟɦɟɧɬɨɜ ɜ ɫɬɪɨɤɟ i  ɢ ɫɬɨɥɛɰɟ j . ȼɵɢɝɪɵɲ 
ɜɵɱɢɫɥɹɟɬɫɹ ɤɚɤ ɫɭɦɦɚ ɪɚɡɧɨɫɬɟɣ ɡɧɚɱɟɧɢɣ 
ɷɥɟɦɟɧɬɚ ij  ɢ ɜɫɟɯ ɷɥɟɦɟɧɬɨɜ ɫɬɨɥɛɰɚ j . 
ɑɬɨɛɵ ɨɩɪɟɞɟɥɢɬɶ ɜɵɢɝɪɵɲ ɷɥɟɦɟɧɬɨɜ ɫɬɪɨ-
ɤɢ i  ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɫɟɯ ɫɬɪɨɤ ɦɚɬɪɢɰɵ, ɧɭɠ-
ɧɨ ɜɵɱɢɫɥɢɬɶ ɪɚɡɧɨɫɬɶ ɷɬɨɣ ɫɬɪɨɤɢ ɢ ɜɫɟɯ 
ɫɬɪɨɤ. Ɉɬɦɟɬɢɦ, ɱɬɨ ɜɵɱɢɫɥɟɧɢɟ ɜɵɢɝɪɵɲɚ 
ɷɥɟɦɟɧɬɨɜ ɨɞɧɨɣ ɫɬɪɨɤɢ ɧɟ ɜɵɩɨɥɧɹɟɬɫɹ, ɬ.ɤ. 
ɪɚɡɧɨɫɬɶ  0 ijij . Ɍ.ɟ. ɩɪɢ ɪɚɫɱɟɬɟ ɜɵɢɝ-
ɪɵɲɟɣ ɜɫɟɯ ɷɥɟɦɟɧɬɨɜ ɫɬɪɨɤɢ i  ɩɨɥɭɱɚɟɬɫɹ 
ɧɭɥɟɜɚɹ ɫɬɪɨɤɚ, ɜ ɤɨɬɨɪɨɣ ɫɭɦɦɚɪɧɵɣ ɜɵɢɝ-
ɪɵɲ ɪɚɜɟɧ ɧɭɥɸ. ɉɨɷɬɨɦɭ ɮɨɪɦɭɥɚ ɨɩɪɟɞɟ-
ɥɟɧɢɹ ɜɵɢɝɪɵɲɚ ɢɦɟɟɬ ɜɢɞ 
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ɇɚ ɨɫɧɨɜɚɧɢɢ ɫɜɨɣɫɬɜ Ɂɇ [1] ɦɚɬɪɢɰɵ G)1(  
ɢ   ɷɤɜɢɜɚɥɟɧɬɧɵ, ɬ.ɟ. ɢɦɟɸɬ ɨɞɧɨ ɢ ɬɨ ɠɟ 
ɦɧɨɠɟɫɬɜɨ ɨɩɬɢɦɚɥɶɧɵɯ ɪɟɲɟɧɢɣ.  

  
Ɉɰɟɧɤɚ ɜɚɠɧɨɫɬɢ ɤɪɢɬɟɪɢɹ  

ɦɧɨɝɨɤɪɢɬɟɪɢɚɥɶɧɨɣ ɡɚɞɚɱɢ ɨ ɧɚɡɧɚɱɟɧɢɹɯ 
 
ȼ ɨɫɧɨɜɟ ɦɟɬɨɞɚ ɪɟɲɟɧɢɹ ɦɧɨɝɨɤɪɢɬɟɪɢɚɥɶ-
ɧɨɣ ɡɚɞɚɱɢ ɨ ɧɚɡɧɚɱɟɧɢɹɯ ɥɟɠɚɬ ɚɥɝɨɪɢɬɦɵ 
ɧɨɪɦɚɥɢɡɚɰɢɢ ɤɪɢɬɟɪɢɟɜ, ɤɨɬɨɪɵɟ ɭɞɨɜɥɟ-
ɬɜɨɪɹɸɬ ɬɪɟɛɨɜɚɧɢɹɦ ɨɰɟɧɤɢ ɜɚɠɧɨɫɬɢ ɤɪɢ-
ɬɟɪɢɟɜ, ɩɪɢɜɟɞɟɧɧɵɯ ɜɵɲɟ. ȼɚɠɧɨɫɬɶ ɤɪɢɬɟ-
ɪɢɹ ɢɥɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ 
ɦɚɬɪɢɰɵ ɧɚɡɧɚɱɟɧɢɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɟɥɢɱɢ-
ɧɨɣ ɜɵɢɝɪɵɲɚ, ɤɨɬɨɪɚɹ ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɢ ɷɬɨɝɨ ɤɪɢɬɟɪɢɹ ɜ ɪɟɲɟɧɢɢ ɡɚɞɚ-
ɱɢ. Ⱥɥɝɨɪɢɬɦɵ ɧɨɪɦɚɥɢɡɚɰɢɢ ɜɵɱɢɫɥɹɸɬ 
ɡɧɚɱɟɧɢɟ ɷɬɨɝɨ ɜɵɢɝɪɵɲɚ. Ɉɧɢ ɢɫɩɨɥɶɡɭɸɬ 
ɚɞɞɢɬɢɜɧɭɸ ɫɯɟɦɭ ɨɩɪɟɞɟɥɟɧɢɹ ɜɚɠɧɨɫɬɢ 
ɤɪɢɬɟɪɢɹ. 
 
Ƚɥɚɜɧɵɦ ɨɬɥɢɱɢɟɦ ɚɥɝɨɪɢɬɦɚ ɧɨɪɦɚɥɢɡɚɰɢɢ 
ɨɬ ɢɡɜɟɫɬɧɵɯ ɫɯɟɦ ɹɜɥɹɟɬɫɹ ɩɪɟɞɜɚɪɢɬɟɥɶ-
ɧɵɣ ɷɬɚɩ, ɧɚ ɤɨɬɨɪɨɦ ɪɟɚɥɢɡɭɟɬɫɹ ɨɬɨɛɪɚɠɟ-
ɧɢɟ  ɤɪɢɬɟɪɢɹ ɜ ɛɟɡɪɚɡɦɟɪɧɨɟ ɤɨɦɩɚɤɬɧɨɟ 
ɫɱɟɬɧɨɟ ɦɧɨɠɟɫɬɜɨ ɡɧɚɱɟɧɢɣ. Ʉɚɠɞɵɣ ɷɥɟ-
ɦɟɧɬ ɷɬɨɝɨ ɦɧɨɠɟɫɬɜɚ ɧɚɯɨɞɢɬɫɹ ɜ ɞɢɚɩɚɡɨɧɟ 
 21,0 N , ɝɞɟ N – ɩɨɪɹɞɨɤ ɦɚɬɪɢɰɵ. ɗɬɨ 

ɨɬɨɛɪɚɠɟɧɢɟ ɪɟɚɥɢɡɭɸɬ ɚɥɝɨɪɢɬɦɵ ɩɨɪɹɞɤɨ-
ɜɨɣ ɫɨɪɬɢɪɨɜɤɢ. ɂɦɟɟɬɫɹ ɬɪɢ ɬɚɤɢɯ ɚɥɝɨɪɢɬ-
ɦɚ: LOS (Less order sort), GOS (Greater order 
sort) ɢ MOS (Mean order sort).  
 

Ⱥɥɝɨɪɢɬɦɵ ɩɨɪɹɞɤɨɜɨɣ ɫɨɪɬɢɪɨɜɤɢ 
 
ɉɭɫɬɶ:  
V – ɢɫɯɨɞɧɵɣ ɦɚɫɫɢɜ; 
I – ɦɚɫɫɢɜ ɭɩɨɪɹɞɨɱɟɧɧɵɯ ɢɧɞɟɤɫɨɜ;  
less_count(V,V[i]) – ɮɭɧɤɰɢɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɤɨɥɢɱɟɫɬɜɚ ɷɥɟɦɟɧɬɨɜ ɦɚɫɫɢɜɚ V, ɦɟɧɶɲɢɯ 
V[i]; 
greater_count(V,V[i]) – ɮɭɧɤɰɢɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɤɨɥɢɱɟɫɬɜɚ ɷɥɟɦɟɧɬɨɜ ɦɚɫɫɢɜɚ V, ɛɨɥɶɲɢɯ 
V[i]; 
count(V,V[i]) – ɮɭɧɤɰɢɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɥɢɱɟ-
ɫɬɜɚ ɷɥɟɦɟɧɬɨɜ ɦɚɫɫɢɜɚ V, ɪɚɜɧɵɯ V[i]. 
 
ɂɦɟɧɨɜɚɧɢɟ ɚɥɝɨɪɢɬɦɨɜ ɩɨɪɹɞɤɨɜɨɣ ɫɨɪɬɢ-
ɪɨɜɤɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɚ ɨɫɧɨɜɚɧɢɢ ɢɫɩɨɥɶ-
ɡɭɟɦɨɣ ɜ ɧɢɯ ɮɭɧɤɰɢɢ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɥɢɱɟ-
ɫɬɜɚ ɷɥɟɦɟɧɬɨɜ. 
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LESS_ORDER_SORT (LOS) 
 
Ɇɚɫɫɢɜ I  ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
 
I[i] = LOS(V,V[i]) = 
= less_count(V,V[i]), 1,0  Ni  
 
ɉɪɢɦɟɪ. ɉɨɪɹɞɤɨɜɚɹ ɫɨɪɬɢɪɨɜɤɚ LOS 
 

ʋ 0 1 2 3 4 5 6 7 
V 5 7 7 8 6 7 8 6 
I 0 3 3 6 1 3 6 1 

 
 
GREATER_ ORDER _SORT (GOS) 
 
Ɇɚɫɫɢɜ I  ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
I[i]= GOS(V,V[i]) = 
= N - 1 - greater_count(V,V[i]), 0,1 Ni  
 
ɉɪɢɦɟɪ. ɉɨɪɹɞɤɨɜɚɹ ɫɨɪɬɢɪɨɜɤɚ GOS 
 

10 0 1 2 3 4 5 6 7 
V 5 7 7 8 6 7 8 6 
I 0 5 5 7 2 5 7 2 

 
MEAN_ ORDER _SORT (MOS) 
ɂɧɞɟɤɫ, ɜɵɱɢɫɥɟɧɧɵɣ ɚɥɝɨɪɢɬɦɨɦ MOS, – 
ɷɬɨ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɢɧɞɟɤɫɨɜ ɚɥɝɨɪɢɬɦɨɜ 
LOS ɢ GOS. 
 
I[i] = MOS(V,V[i]) = 
= (LOS(V,V[i]) +GOS(V,V[i]) )/2 
 

ɋɜɨɣɫɬɜɚ ɚɥɝɨɪɢɬɦɨɜ ɩɨɪɹɞɤɨɜɨɣ  
ɫɨɪɬɢɪɨɜɤɢ LOS  ɢ GOS 

  
1. ɂɧɞɟɤɫɵ ɧɟɩɨɜɬɨɪɹɸɳɢɯɫɹ ɷɥɟɦɟɧɬɨɜ 
ɦɚɫɫɢɜɚ V, ɜɵɱɢɫɥɟɧɧɵɟ ɚɥɝɨɪɢɬɦɚɦɢ LOS, 
GOS ɢ MOS, ɛɭɞɭɬ ɨɞɢɧɚɤɨɜɵɦɢ. ɂ ɧɚɨɛɨ-
ɪɨɬ, ɢɧɞɟɤɫɵ ɩɨɜɬɨɪɹɸɳɢɯɫɹ ɷɥɟɦɟɧɬɨɜ ɦɚɫ-
ɫɢɜɚ V, ɜɵɱɢɫɥɟɧɧɵɟ ɚɥɝɨɪɢɬɦɚɦɢ LOS, GOS 
ɢ MOS, ɛɭɞɭɬ ɪɚɡɥɢɱɧɵɦɢ.  
2. Ⱥɥɝɨɪɢɬɦɵ LOS ɢ GOS ɫɢɦɦɟɬɪɢɱɧɵ ɨɬ-
ɧɨɫɢɬɟɥɶɧɨ ɧɚɱɚɥɚ ɨɬɫɱɟɬɚ ɢ ɦɟɬɨɞɨɜ ɨɩɪɟ-
ɞɟɥɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɷɥɟɦɟɧɬɨɜ less_count ɢ 
greater_count. 
3. Ɇɚɫɫɢɜ V ɨɬɫɨɪɬɢɪɨɜɚɧ ɚɥɝɨɪɢɬɦɨɦ GOS. 
ȿɫɥɢ ɷɥɟɦɟɧɬ V[i] ɜɫɬɪɟɱɚɟɬɫɹ ɜ ɦɚɫɫɢɜɟ V 
ɨɞɢɧ ɪɚɡ ɢ ɟɝɨ ɢɧɞɟɤɫ I[i], i>0, ɬɨ ɜ ɦɚɫɫɢɜɟ I 
ɜɫɟɝɞɚ ɢɦɟɟɬɫɹ ɷɥɟɦɟɧɬ ɫ ɢɧɞɟɤɫɨɦ (I[i] - 1). 
4. Ɇɚɫɫɢɜ V ɨɬɫɨɪɬɢɪɨɜɚɧ ɚɥɝɨɪɢɬɦɨɦ GOS. 
ȿɫɥɢ ɷɥɟɦɟɧɬ V[i] ɜɫɬɪɟɱɚɟɬɫɹ ɜ ɦɚɫɫɢɜɟ V  n 
ɪɚɡ (1<n<N) ɢ ɟɝɨ ɢɧɞɟɤɫ I[i], ɬɨ ɜ ɦɚɫɫɢɜɟ I 
ɜɫɟɝɞɚ ɢɦɟɟɬɫɹ ɷɥɟɦɟɧɬ ɫ ɢɧɞɟɤɫɨɦ (I[i] - n). 

5. ɂɧɞɟɤɫɵ ɜɫɟɯ ɪɚɜɧɵɯ V[i] ɷɥɟɦɟɧɬɨɜ ɦɚɫ-
ɫɢɜɚ V, ɜɵɱɢɫɥɟɧɧɵɟ ɚɥɝɨɪɢɬɦɨɦ LOS, ɜɫɟ-
ɝɞɚ ɛɭɞɭɬ ɦɟɧɶɲɟ ɢɧɞɟɤɫɨɜ, ɜɵɱɢɫɥɟɧɧɵɯ 
ɚɥɝɨɪɢɬɦɨɦ GOS.  
6. ɂɧɞɟɤɫ I[i], i>0 ɷɥɟɦɟɧɬɚ V[i], ɜɵɱɢɫɥɟɧ-
ɧɵɣ ɚɥɝɨɪɢɬɦɨɦ LOS, ɨɡɧɚɱɚɟɬ, ɱɬɨ ɜ ɦɚɫɫɢ-
ɜɟ V ɟɫɬɶ ɪɨɜɧɨ I[i]+1 ɦɟɧɶɲɢɯ  V[i] ɷɥɟɦɟɧ-
ɬɨɜ ɢ N-I[i]-1 ɛɨɥɶɲɢɯ ɢɥɢ ɪɚɜɧɵɯ V[i] 
ɷɥɟɦɟɧɬɨɜ. 
7. ɂɧɞɟɤɫ I[i] ɷɥɟɦɟɧɬɚ V[i], ɜɵɱɢɫɥɟɧɧɵɣ 
ɚɥɝɨɪɢɬɦɨɦ GOS, ɨɡɧɚɱɚɟɬ, ɱɬɨ ɜ ɦɚɫɫɢɜɟ V 
ɟɫɬɶ ɪɨɜɧɨ I[i]+1 ɦɟɧɶɲɢɯ ɢɥɢ ɪɚɜɧɵɯ V[i] 
ɷɥɟɦɟɧɬɨɜ ɢ N-I[i]-1 ɫɬɪɨɝɨ ɛɨɥɶɲɢɯ V[i] 
ɷɥɟɦɟɧɬɨɜ. 
 

Ɉɫɧɨɜɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ 
 
LOS(V,V[i])+GOS(-V,-V[i])=N-1 
GOS(V,V[i])-LOS(V,V[i])-count(V,V[i])+1=0 
LOS(V,V[i])=GOS(V,V[i])-count(V,V[i])+1 
GOS(-V,-V[i])=N-2+count(V,V[i])-
GOS(V,V[i]) 
MOS(-V,-V[i])=N-1-MOS(V,V[i]) 
GOS(V,V[i])=MOS(V,V[i])-(count(V,V[i])-1)/2 
LOS(V,V[i])=MOS(V,V[i])+(count(V,V[i])-1)/2 
 

Ⱥɥɝɨɪɢɬɦ LOS 
 
ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɜɵ-
ɱɢɫɥɟɧɢɟ ɦɚɫɫɢɜɚ I, ɩɨ ɮɨɪɦɭɥɟ  
 

I[i] = LOS(V,V[i]) = less_count(V,V[i]) 
 
ɢɦɟɟɬ ɤɜɚɞɪɚɬɢɱɧɭɸ ɫɥɨɠɧɨɫɬɶ. ȼ ɪɚɛɨɬɟ 
ɩɪɟɞɫɬɚɜɥɟɧ ɷɮɮɟɤɬɢɜɧɵɣ ɚɥɝɨɪɢɬɦ ɪɚɫɱɟɬɚ 
I, ɜɵɱɢɫɥɢɬɟɥɶɧɚɹ ɫɥɨɠɧɨɫɬɶ ɤɨɬɨɪɨɝɨ ɨɩɪɟ-
ɞɟɥɹɟɬɫɹ ɫɥɨɠɧɨɫɬɶɸ ɚɥɝɨɪɢɬɦɚ ɫɨɪɬɢɪɨɜɤɢ 
ɦɚɫɫɢɜɚ ɢ ɪɚɜɧɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ NN log . 
Ɋɚɫɫɦɨɬɪɢɦ ɷɬɨɬ ɚɥɝɨɪɢɬɦ. 
 
Ʉɚɠɞɵɣ ɷɥɟɦɟɧɬ ɦɚɫɫɢɜɚ V ɜ ɚɥɝɨɪɢɬɦɟ 
ɩɪɟɞɫɬɚɜɥɟɧ ɤɥɚɫɫɨɦ Line_pair, ɚɬɪɢɛɭɬɚɦɢ 
ɤɨɬɨɪɨɝɨ ɹɜɥɹɸɬɫɹ ɡɧɚɱɟɧɢɟ ɷɥɟɦɟɧɬɚ first ɢ 
ɢɧɞɟɤɫ ɜ ɢɫɯɨɞɧɨɦ ɦɚɫɫɢɜɟ second. ɗɬɨɬ 
ɤɥɚɫɫ ɧɟɨɛɯɨɞɢɦ, ɱɬɨɛɵ ɨɩɪɟɞɟɥɢɬɶ ɢɧɞɟɤɫɵ 
ɷɥɟɦɟɧɬɨɜ ɜ ɢɫɯɨɞɧɨɦ ɦɚɫɫɢɜɟ ɩɨɫɥɟ ɟɝɨ 
ɫɨɪɬɢɪɨɜɤɢ. ɉɨɞ ɡɧɚɱɟɧɢɟɦ first ɜ ɧɚɲɟɦ 
ɫɥɭɱɚɟ ɩɨɧɢɦɚɟɬɫɹ ɜɵɢɝɪɵɲ ɩɪɢ ɢɫɩɨɥɶɡɨ-
ɜɚɧɢɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ ɜ ɪɟɲɟɧɢɢ 
ɦɧɨɝɨɤɪɢɬɟɪɢɚɥɶɧɨɣ ɡɚɞɚɱɢ.  

 
Ʌɢɧɟɣɧɵɟ ɩɚɪɵ (Ʌɉ) 

 
ɉɭɫɬɶ Line_pair – ɥɢɧɟɣɧɚɹ ɩɚɪɚ, ɩɟɪɜɵɣ 
ɷɥɟɦɟɧɬ ɤɨɬɨɪɨɣ first – ɷɬɨ ɡɧɚɱɟɧɢɟ i-ɝɨ ɷɥɟ-
ɦɟɧɬɚ ɦɚɫɫɢɜɚ V, ɚ ɜɬɨɪɨɣ – second – ɷɬɨ ɟɝɨ 
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ɢɧɞɟɤɫ ɜ ɦɚɫɫɢɜɟ V (V[i],i). Ʌɢɧɟɣɧɵɟ ɩɚɪɵ 
ɫɪɚɜɧɢɜɚɸɬɫɹ ɩɨ ɩɟɪɜɨɦɭ ɩɨɥɸ, ɬ.ɟ. ɩɨ ɡɧɚ-
ɱɟɧɢɸ V[i]; Vlp – ɦɚɫɫɢɜ ɥɢɧɟɣɧɵɯ ɩɚɪ. 
 
class greater_Line_pair 
{public: 
 bool operator()(const Line_pair& l,  

const Line_pair& r) const 
 {return l.first > r.first;} }; 
 

Ɋɟɚɥɢɡɚɰɢɹ ɚɥɝɨɪɢɬɦɚ ɩɨɪɹɞɤɨɜɨɣ  
ɫɨɪɬɢɪɨɜɤɢ LOS ɧɚ  ɋ++ 

 
index_sort(vector<Line_pair>& Vlp, vec-
tor<size_type>& I) //I - ɦɚɫɫɢɜ ɪɟɡɭɥɶɬɚɬ 
//1.ɋɨɪɬɢɪɨɜɤɚ ɦɚɫɫɢɜɚ Vlp  
sort(Vlp.begin(),Vlp.end(), greater_Line_pair( ) ); 
//2. ɉɨɪɹɞɤɨɜɚɹ ɫɨɪɬɢɪɨɜɤɚ, ɪɚɫɱɟɬ ɦɚɫɫɢɜɚ I 
// ɱɢɫɥɨ ɦɟɧɶɲɢɯ Vlp[i] 
size_type less_count;  
// ɱɢɫɥɨ ɪɚɜɧɵɯ Vlp[i] 
size_type equal_count;  
size_type i; 
size_type N = Vlp.size(); 
//ɢɧɞɟɤɫ ɦɚɤɫɢɦɚɥɶɧɨɝɨ  = 0 
I[Vlp[0].second ] = less_count;  
for(i = 1; i < N; ++i)  
  equal_count = 1;  
  // ɟɫɥɢ ɬɟɤɭɳɚɹ Ʌɉ ɪɚɜɧɚ ɩɨ ɡɧɚɱɟɧɢɸ  
  // ɩɪɟɞɵɞɭɳɟɣ 
  while(Vlp[i-1].first == Vlp[i].first)  
      I[Vlp[i].second] = less_count;  
      ++equal_count;  
      ++i;    
  // ɟɫɥɢ Ʌɉ ɧɟ ɪɚɜɧɵ ɩɨ ɡɧɚɱɟɧɢɸ  
  if(i < N)  
      // ɨɩɪɟɞɟɥɢɬɶ ɢɧɞɟɤɫ ɬɟɤɭɳɟɣ Ʌɉ 
      less_count = less_count + equal_count;  
      I[Vlp[i].second] = less_count; 
 
ɋɥɨɠɧɨɫɬɶ ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɨɩɪɟ-
ɞɟɥɹɟɬɫɹ ɩɟɪɜɵɦ ɷɬɚɩɨɦ «1. ɋɨɪɬɢɪɨɜɤɚ ɦɚɫ-
ɫɢɜɚ V» ɢ ɪɚɜɧɚ NN log . ɋɥɨɠɧɨɫɬɶ ɜɬɨɪɨɝɨ 
ɷɬɚɩɚ – ɥɢɧɟɣɧɚɹ. 
 
Ⱥɥɝɨɪɢɬɦ ɜɵɱɢɫɥɟɧɢɹ ɩɨɪɹɞɤɨɜɨɣ ɦɚɬɪɢɰɵ 

 
ȼɵɲɟ ɛɵɥɚ ɪɚɫɫɦɨɬɪɟɧɚ ɫɯɟɦɚ ɜɵɱɢɫɥɟɧɢɹ 
ɜɵɢɝɪɵɲɚ ijG ɷɥɟɦɟɧɬɚ ɪɟɲɟɧɢɹ ij , ɤɨɬɨɪɚɹ 
ɨɩɪɟɞɟɥɹɥɚɫɶ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ 
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  

  
ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɟɞɥɚɝɚɟɬɫɹ ɩɪɢɦɟɧɹɬɶ ɩɨ-
ɞɨɛɧɭɸ ɫɯɟɦɭ ɪɚɫɱɟɬɚ, ɧɨ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 

ɜɵɢɝɪɵɲɚ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ 
ɚɥɝɨɪɢɬɦ ɩɨɪɹɞɤɨɜɨɣ ɫɨɪɬɢɪɨɜɤɢ, ɧɚɩɪɢɦɟɪ, 
LOS. ȼ ɷɬɨɦ ɚɥɝɨɪɢɬɦɟ ɦɢɧɢɦɚɥɶɧɵɣ ɷɥɟ-
ɦɟɧɬ ɦɚɫɫɢɜɚ V ɢɦɟɟɬ ɦɚɤɫɢɦɚɥɶɧɵɣ ɢɧɞɟɤɫ, 
ɚ ɡɧɚɱɢɬ, ɞɚɟɬ ɦɚɤɫɢɦɚɥɶɧɵɣ ɜɵɢɝɪɵɲ.  
 
ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɱɟɦ ɦɟɧɶɲɟ ɷɥɟɦɟɧɬ, ɬɟɦ 
ɛɨɥɶɲɟ ɟɝɨ ɢɧɞɟɤɫ ɢɥɢ ɜɵɢɝɪɵɲ. ɉɨɷɬɨɦɭ 
ɪɚɡɧɨɫɬɶ ( )rj ij   ɫɥɟɞɭɟɬ ɭɦɧɨɠɢɬɶ ɧɚ ɦɢ-
ɧɭɫ ɟɞɢɧɢɰɭ, ɬ.ɤ. ɪɟɲɚɟɬɫɹ ɡɚɞɚɱɚ ɦɢɧɢɦɢɡɚ-
ɰɢɢ, ɢ ɮɨɪɦɭɥɚ ɪɚɫɱɟɬɚ ɜɵɢɝɪɵɲɚ ɛɭɞɟɬ 
ɫɥɟɞɭɸɳɟɣ 
 

 
 
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      (10) 

 
ɝɞɟ I – ɩɨɪɹɞɤɨɜɚɹ ɦɚɬɪɢɰɚ, ɜ ɤɨɬɨɪɨɣ ɧɚɯɨ-
ɞɹɬɫɹ ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɧɧɵɟ ɡɧɚɱɟɧɢɹ ɜɵɢɝ-
ɪɵɲɟɣ ɷɥɟɦɟɧɬɨɜ ij ; irV – ɦɚɫɫɢɜ, ɫɨɞɟɪɠɚ-
ɳɢɣ ɪɚɡɧɨɫɬɢ ɷɥɟɦɟɧɬɨɜ ɫɬɪɨɤ i  ɢ r  
ɢɫɯɨɞɧɨɣ ɦɚɬɪɢɰɵ ,  ɬ.ɟ. k-ɣ ɷɥɟɦɟɧɬ ɦɚɫɫɢ-
ɜɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
 
  rkik

ri
kV  , Nk ,1 .   (11) 

 
ɋɬɪɨɤɚ i  ɷɥɟɦɟɧɬɚ ij  ɧɚɡɵɜɚɟɬɫɹ ɤɥɢɟɧɬ-
ɫɤɨɣ, ɚ ɜɵɱɢɬɚɟɦɚɹ ɫɬɪɨɤɚ r  – ɫɟɪɜɟɪɧɨɣ 
ɫɬɪɨɤɨɣ. 
 
Ⱥɥɝɨɪɢɬɦ ([ ], )ri

rj ijLOS V    ɨɩɪɟɞɟɥɹɟɬ ɢɧ-

ɞɟɤɫ ɷɥɟɦɟɧɬɚ [ ]rj ij   ɢɥɢ ɚɩɩɪɨɤɫɢɦɢɪɨ-

ɜɚɧɧɵɣ ɜɵɢɝɪɵɲ ɷɥɟɦɟɧɬɚ ij  ɞɥɹ ɡɚɞɚɧɧɨɣ 
ɩɚɪɵ ɫɬɪɨɤ  i  ɢ r . 
 

ɋɜɨɣɫɬɜɚ ɜɵɢɝɪɵɲɚ ɚɥɝɨɪɢɬɦɚ LOS 
 
1. ɉɨɪɹɞɨɤ ɫɥɟɞɨɜɚɧɢɹ ɫɬɨɥɛɰɨɜ ɷɥɟɦɟɧɬɨɜ 
( )rj ij  , Nj ,1  ɩɨɫɥɟ ɫɨɪɬɢɪɨɜɤɢ ɦɚɫɫɢɜɚ 

riV  ɢ ɩɨɪɹɞɤɨɜɨɣ ɫɨɪɬɢɪɨɜɤɢ 

LOS([ ], )ri
rj ij V  , Nj ,1  ɛɭɞɟɬ ɨɞɢɧɚɤɨ-

ɜɵɦ. Ɂɧɚɱɢɬ ɚɥɝɨɪɢɬɦ LOS ɫɨɯɪɚɧɹɟɬ ɩɨɪɹ-
ɞɨɤ ɪɟɲɟɧɢɣ ɩɪɢ ɩɨɩɚɪɧɵɯ ɩɟɪɟɫɬɚɧɨɜɤɚɯ 
ɷɥɟɦɟɧɬɨɜ ɪɟɲɟɧɢɣ Ɂɇ. 
 
2. ɉɪɢ ɜɵɱɢɫɥɟɧɢɢ ɩɨɪɹɞɤɨɜɨɣ ɦɚɬɪɢɰɵ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɜɵɛɪɚɧɧɨɝɨ 
ɤɪɢɬɟɪɢɹ ɆɁɇ ɜ ɤɨɧɟɱɧɨɟ ɦɧɨɠɟɫɬɜɨ ɰɟɥɵɯ 
ɱɢɫɟɥ (ɢɧɞɟɤɫɨɜ), ɤɨɥɢɱɟɫɬɜɨ ɷɥɟɦɟɧɬɨɜ ɤɨ-
ɬɨɪɨɝɨ ɧɚɯɨɞɢɬɫɹ ɜ ɢɧɬɟɪɜɚɥɟ [0, 2( -1)N ]. 
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Ⱦɚɧɧɵɟ ɚɥɝɨɪɢɬɦɚ: 
 
s1 ɢ s2 – ɢɧɞɟɤɫɵ ɧɟɤɨɬɨɪɵɯ ɫɬɪɨɤ ɦɚɬɪɢɰɵ; 
 
V – ɦɚɫɫɢɜ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɪɚɡɧɨɫɬɶ ɫɬɪɨɤ 
s1 ɢ s2, ɤɨɬɨɪɵɣ ɜɵɱɢɫɥɹɟɬɫɹ ɮɭɧɤɰɢɟɣ con-
struct_V(s1,s2) ɩɨ ɮɨɪɦɭɥɟ (11); 
 
I – ɦɚɫɫɢɜ ɭɩɨɪɹɞɨɱɟɧɧɵɯ ɢɧɞɟɤɫɨɜ, ɤɨɬɨɪɵɣ 
ɜɵɱɢɫɥɹɟɬɫɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɚɥɝɨɪɢɬɦɨɦ 
ɩɨɪɹɞɤɨɜɨɣ ɫɨɪɬɢɪɨɜɤɢ order_sort(V) ɧɚ ɨɫ-
ɧɨɜɚɧɢɢ ɦɚɫɫɢɜɚ V; 
 
Im – ɦɚɬɪɢɰɚ ɪɚɡɦɟɪɚ MxN, ɫɨɞɟɪɠɚɳɚɹ ɡɧɚ-
ɱɟɧɢɹ ɜɵɢɝɪɵɲɟɣ, ɪɚɫɫɱɢɬɚɧɧɵɯ ɚɥɝɨɪɢɬɦɨɦ 
ɩɨɪɹɞɤɨɜɨɣ ɫɨɪɬɢɪɨɜɤɢ ɞɥɹ ɤɚɠɞɨɣ ɩɚɪɵ 
ɫɬɪɨɤ ɢɫɯɨɞɧɨɣ ɦɚɬɪɢɰɵ  . ɗɬɚ ɦɚɬɪɢɰɚ ɜɵ-
ɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (10) ɮɭɧɤɰɢɟɣ 
Sum_orderes_for_client_row, ɧɚ ɜɯɨɞ ɤɨɬɨɪɨɣ 
ɩɟɪɟɞɚɸɬɫɹ I ɢ s1. 
 
Ɋɟɚɥɢɡɚɰɢɹ ɚɥɝɨɪɢɬɦɚ ɜɵɱɢɫɥɟɧɢɹ ɩɨɪɹɞɤɨ-
ɜɨɣ ɦɚɬɪɢɰɵ Im ɢɦɟɟɬ ɜɢɞ 
 
Sum_orderes_for_client_row(Im)  
1. for(s1=0; s1<N; ++s1) 
2. for(s2=0; s2<N; ++s2) 
3. V = construct_V(s1,s2) 
4. I = order_sort(V) 
5. Sum_orderes_for_client_row(Im,I,s1) 
 
ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɚɥɝɨɪɢɬɦ ɦɨɠɧɨ ɫɞɟɥɚɬɶ 
ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦ, ɟɫɥɢ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ 
ɨɫɧɨɜɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɚɥɝɨɪɢɬɦɨɜ ɩɨɪɹɞɤɨ-
ɜɨɣ ɫɨɪɬɢɪɨɜɤɢ [1]. 
 
ɂɧɞɟɤɫɵ ɜɵɢɝɪɵɲɟɣ ɜ ɦɚɬɪɢɰɟ Im ɫɨɜɩɚɞɚ-
ɸɬ ɫ ɢɧɞɟɤɫɚɦɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ 

ij  ɜ ɦɚɬɪɢɰɟ ɧɚɡɧɚɱɟɧɢɣ. 
 

Ɇɟɬɨɞ ɪɟɲɟɧɢɹ ɆɁɇ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ  
ɩɨɪɹɞɤɨɜɨɣ ɦɚɬɪɢɰɟɣ 

 
ɋɥɟɞɭɟɬ ɩɨɧɢɦɚɬɶ, ɱɬɨ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɷɥɟ-
ɦɟɧɬɨɜ ɪɟɲɟɧɢɣ ɜ ɜɢɞɟ ɜɵɢɝɪɵɲɟɣ, ɜɵɱɢɫ-
ɥɟɧɧɵɯ ɫ ɩɨɦɨɳɶɸ ɚɥɝɨɪɢɬɦɨɜ ɩɨɪɹɞɤɨɜɨɣ 
ɫɨɪɬɢɪɨɜɤɢ, ɩɪɟɞɧɚɡɧɚɱɟɧɨ ɬɨɥɶɤɨ ɞɥɹ 
ɭɩɪɨɳɟɧɢɹ ɩɨɫɬɪɨɟɧɢɹ ɪɟɲɟɧɢɣ ɜ ɢɡɜɟɫɬɧɵɯ 
ɦɟɬɨɞɚɯ ɪɟɲɟɧɢɹ ɦɧɨɝɨɤɪɢɬɟɪɢɚɥɶɧɵɯ ɡɚɞɚɱ. 
Ɉɫɧɨɜɧɵɦ ɞɨɫɬɨɢɧɫɬɜɨɦ ɩɨɪɹɞɤɨɜɨɣ ɧɨɪɦɚ-
ɥɢɡɚɰɢɢ ɹɜɥɹɟɬɫɹ ɬɨɱɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɰɟɧ-
ɧɨɫɬɢ ɷɥɟɦɟɧɬɚ ɩɪɢ ɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜ ɪɟ-
ɲɟɧɢɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɫɥɟ ɜɵɱɢɫɥɟɧɢɹ 
ɩɨɪɹɞɤɨɜɨɣ ɦɚɬɪɢɰɵ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨ-
ɜɚɧ ɥɸɛɨɣ ɦɟɬɨɞ ɪɟɲɟɧɢɹ ɦɧɨɝɨɤɪɢɬɟɪɢɚɥɶ-
ɧɨɣ ɡɚɞɚɱɢ. 

ɋɮɨɪɦɭɥɢɪɭɟɦ ɚɤɫɢɨɦɭ, ɧɚ ɨɫɧɨɜɚɧɢɢ ɤɨɬɨ-
ɪɨɣ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɜɟɪɬɤɚ ɮɭɧɤɰɢɨɧɚɥɚ ɡɚɞɚ-
ɱɢ. Ɍɚɤ ɤɚɤ ɧɨɪɦɚɥɢɡɨɜɚɧɧɵɟ ɷɥɟɦɟɧɬɵ ɜɟɤ-
ɬɨɪɚ ɤɪɢɬɟɪɢɟɜ ɹɜɥɹɸɬɫɹ ɪɚɜɧɨɰɟɧɧɵɦɢ ɩɨ 
ɭɫɥɨɜɢɸ ɡɚɞɚɱɢ, ɬɨ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɫɩɪɚɜɟɞ-
ɥɢɜɚ ɫɥɟɞɭɸɳɚɹ ɚɤɫɢɨɦɚ. 
 

Ⱥɤɫɢɨɦɚ ɭɩɨɪɹɞɨɱɟɧɢɹ ɤɪɢɬɟɪɢɟɜ 
 
ɍɩɨɪɹɞɨɱɟɧɢɟ ɩɨ ɜɟɫɭ ɧɨɪɦɚɥɢɡɨɜɚɧɧɵɯ 
ɤɪɢɬɟɪɢɟɜ ɜɫɟɯ ɜɟɤɬɨɪɨɜ ɤɪɢɬɟɪɢɟɜ ɡɚɞɚɱɢ ɧɟ 
ɢɡɦɟɧɹɟɬ ɰɟɧɧɨɫɬɶ ɪɟɲɟɧɢɣ ɦɧɨɝɨɤɪɢɬɟɪɢ-
ɚɥɶɧɨɣ ɡɚɞɚɱɢ. 
 
ɇɚ ɨɫɧɨɜɚɧɢɢ ɞɚɧɧɨɣ ɚɤɫɢɨɦɵ, ɜɨ-ɩɟɪɜɵɯ, 
ɩɪɨɫɬɨ ɪɟɚɥɢɡɨɜɚɬɶ ɜɵɞɟɥɟɧɢɟ ɞɨɦɢɧɢɪɭɸ-
ɳɟɝɨ ɤɪɢɬɟɪɢɹ, ɚ ɜɨ-ɜɬɨɪɵɯ, ɭɞɨɜɥɟɬɜɨɪɢɬɶ 
ɨɫɧɨɜɨɩɨɥɚɝɚɸɳɟɦɭ ɩɪɢɧɰɢɩɭ ɪɚɜɧɨɦɟɪɧɨ-
ɫɬɢ ɪɟɲɟɧɢɣ ɦɧɨɝɨɤɪɢɬɟɪɢɚɥɶɧɵɯ ɡɚɞɚɱ. 
 

Ⱥɥɝɨɪɢɬɦ ɪɟɲɟɧɢɹ ɆɁɇ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ 
ɩɨɪɹɞɤɨɜɨɣ ɦɚɬɪɢɰɟɣ 

 
1. ɇɨɪɦɚɥɢɡɚɰɢɹ. ȼɵɱɢɫɥɟɧɢɟ ɚɩɩɪɨɤɫɢɦɢ-
ɪɭɸɳɟɣ ɩɨɪɹɞɤɨɜɨɣ ɦɚɬɪɢɰɵ Im. 
2. ȼɵɞɟɥɟɧɢɟ ɞɨɦɢɧɢɪɭɸɳɟɝɨ ɤɪɢɬɟɪɢɹ. 
ɋɨɪɬɢɪɨɜɤɚ ɤɪɢɬɟɪɢɟɜ Im ɧɚ ɨɫɧɨɜɟ ɚɤɫɢɨɦɵ 
ɭɩɨɪɹɞɨɱɟɧɢɹ ɤɪɢɬɟɪɢɟɜ ɢ ɩɨɫɬɪɨɟɧɢɟ ɦɚɬ-
ɪɢɰɵ Isort.  
3. Ɋɟɲɟɧɢɟ ɆɁɇ ɞɥɹ ɦɚɬɪɢɰɵ Isort.  
 

ɉɪɢɦɟɪ ɪɟɲɟɧɢɹ ɆɁɇ 
 
Ɋɟɲɟɧɢɟ ɬɪɟɯɤɪɢɬɟɪɢɚɥɶɧɨɣ Ɂɇ, ɢɦɟɸɳɟɣ 
ɦɧɨɠɟɫɬɜɨ ɪɚɜɧɨɡɧɚɱɧɵɯ ɤɪɢɬɟɪɢɟɜ. 
 
ɉɭɫɬɶ ɜ ɨɪɝɚɧɢɡɚɰɢɢ ɪɚɡɪɚɛɚɬɵɜɚɟɬɫɹ N ɩɪɨ-
ɟɤɬɨɜ, ɤɨɬɨɪɵɟ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɫɥɟɞɭɸɳɢ-
ɦɢ ɩɚɪɚɦɟɬɪɚɦɢ. 
 
1. Ʉɪɢɬɟɪɢɣ 1 – ɫɬɨɢɦɨɫɬɶ; 
2. Ʉɪɢɬɟɪɢɣ 2 – ɷɮɮɟɤɬɢɜɧɨɫɬɶ; 
3. Ʉɪɢɬɟɪɢɣ 3 – ɫɪɨɤɢ ɪɟɚɥɢɡɚɰɢɢ. 
 
ɇɟɨɛɯɨɞɢɦɨ ɧɚɡɧɚɱɢɬɶ ɢɫɩɨɥɧɢɬɟɥɟɣ ɬɚɤɢɦ 
ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɞɨɫɬɚɬɨɱɧɨɟ ɤɚ-
ɱɟɫɬɜɨ ɜɵɩɨɥɧɟɧɢɹ ɩɪɨɟɤɬɨɜ ɢ ɩɪɢ ɷɬɨɦ ɢɧ-
ɬɟɝɪɚɥɶɧɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɜɵɩɨɥɧɟɧɢɹ ɜɫɟɯ 
ɩɪɨɟɤɬɨɜ ɨɪɝɚɧɢɡɚɰɢɢ. 
 
Ʉɪɢɬɟɪɢɣ 1 ɨɩɪɟɞɟɥɹɥɫɹ ɜ ɞɢɚɩɚɡɨɧɟ [0,32) 
ɩɪɢ ɩɨɦɨɳɢ ɝɟɧɟɪɚɬɨɪɚ ɫɥɭɱɚɣɧɵɯ ɱɢɫɟɥ. 
 
Ʉɪɢɬɟɪɢɣ 2 ɝɟɧɟɪɢɪɨɜɚɥɫɹ ɜ ɞɢɚɩɚɡɨɧɟ [2,9) 
ɧɚ ɨɫɧɨɜɚɧɢɢ ɤɪɢɬɟɪɢɹ 1 ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɤɨɪɪɟɥɹɰɢɢ, ɪɚɜɧɨɝɨ 0,7. 
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Ʉɪɢɬɟɪɢɣ 3 ɝɟɧɟɪɢɪɨɜɚɥɫɹ ɜ ɞɢɚɩɚɡɨɧɟ [0,5) 
ɧɚ ɨɫɧɨɜɚɧɢɢ ɤɪɢɬɟɪɢɹ 1 ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɤɨɪɪɟɥɹɰɢɢ, ɪɚɜɧɨɝɨ 0,5. 
 
mcap.rand_int_criterion_matrix(0,0,33); 
mcap.rand_correlation_int_criterion_matrix(1,2,
9,0,0,33,0.7); 
mcap.rand_correlation_int_criterion_matrix(2,0,
5,1,2,9,0.5); 
 
ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɤɨɪɪɟɥɹɰɢɹ ɤɪɢɬɟɪɢɟɜ 
ɹɜɥɹɟɬɫɹ ɧɟɨɛɯɨɞɢɦɨɣ, ɢɧɚɱɟ ɦɧɨɝɨɤɪɢɬɟɪɢ-
ɚɥɶɧɚɹ ɦɚɬɪɢɰɚ ɛɭɞɟɬ ɧɟɫɛɚɥɚɧɫɢɪɨɜɚɧɧɨɣ, ɚ 
ɡɧɚɱɢɬ, ɧɟ ɫɨɝɥɚɫɨɜɵɜɚɬɶɫɹ ɫ ɛɨɥɶɲɢɧɫɬɜɨɦ 
ɩɪɚɤɬɢɱɟɫɤɢɯ ɦɧɨɝɨɤɪɢɬɟɪɢɚɥɶɧɵɯ ɡɚɞɚɱ. 
 
ɉɚɪɚɦɟɬɪɚɦɢ ɦɟɬɨɞɚ  
rand_int_criterion_matrix ɹɜɥɹɸɬɫɹ: ɧɨɦɟɪ 
ɤɪɢɬɟɪɢɹ ɢ ɞɢɚɩɚɡɨɧ ɝɟɧɟɪɚɰɢɢ ɫɥɭɱɚɣɧɵɯ 
ɱɢɫɟɥ. 
 
ɉɚɪɚɦɟɬɪɚɦɢ ɦɟɬɨɞɚ 
rand_correlation_int_criterion_matrix ɹɜɥɹɸɬ-
ɫɹ: ɧɨɦɟɪ ɤɪɢɬɟɪɢɹ, ɟɝɨ ɞɢɚɩɚɡɨɧ, ɛɚɡɨɜɵɣ 
ɤɪɢɬɟɪɢɣ, ɧɚ ɨɫɧɨɜɚɧɢɢ ɤɨɬɨɪɨɝɨ ɝɟɧɟɪɢɪɭ-
ɟɬɫɹ ɤɪɢɬɟɪɢɣ ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɪɪɟɥɹɰɢɢ. 
 
MCAP (MultiCrierion Assignmtnt Problem) – 
ɤɥɚɫɫ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɦɧɨɝɨɤɪɢɬɟɪɢɚɥɶ-
ɧɭɸ Ɂɇ, ɜ ɤɨɬɨɪɨɦ ɪɟɚɥɢɡɨɜɚɧɵ: ɦɟɬɨɞɵ 
ɜɜɨɞɚ ɢ ɝɟɧɟɪɚɰɢɢ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ, ɦɟɬɨɞɵ 
ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɢ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ 
ɪɟɲɟɧɢɹ. 
 

ɗɬɚɩɵ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ 
 
1) Ɉɛɴɹɜɥɟɧɢɟ ɨɛɴɟɤɬɚ, ɩɪɟɞɫɬɚɜɥɹɸɳɟɝɨ 
ɦɧɨɝɨɤɪɢɬɟɪɢɚɥɶɧɭɸ Ɂɇ, ɜɜɨɞ ɱɢɫɥɚ ɫɬɪɨɤ, 
ɫɬɨɥɛɰɨɜ ɦɚɬɪɢɰɵ ɧɚɡɧɚɱɟɧɢɣ ɢ ɱɢɫɥɚ 
ɤɪɢɬɟɪɢɟɜ. 
MCAP mcap(M,N,3); 
 
2) ȼɵɛɨɪ ɦɟɬɨɞɚ ɧɨɪɦɚɥɢɡɚɰɢɢ (ɚɩɩɪɨɤ-
ɫɢɦɚɰɢɢ) ɤɚɠɞɨɝɨ ɤɪɢɬɟɪɢɹ ɡɚɞɚɱɢ. 
vector<int> order_sort(3); 
order_sort[0] = MCAP::GOS; 
order_sort[1] = MCAP::GOS; 
order_sort[2] = MCAP::GOS; 
 
3) ȼɵɱɢɫɥɟɧɢɟ ɩɨɪɹɞɤɨɜɨɣ ɦɚɬɪɢɰɵ Im. 
mcap.calculate_Im(order_sort); 
 
4) ȼɵɞɟɥɟɧɢɟ ɞɨɦɢɧɢɪɭɸɳɟɝɨ ɤɪɢɬɟɪɢɹ. 
ɋɨɪɬɢɪɨɜɤɚ ɤɪɢɬɟɪɢɟɜ Im ɧɚ ɨɫɧɨɜɟ ɚɤɫɢɨɦɵ 
ɭɩɨɪɹɞɨɱɟɧɢɹ ɤɪɢɬɟɪɢɟɜ ɢ ɩɨɫɬɪɨɟɧɢɟ 
ɦɚɬɪɢɰɵ Isort. 
mcap.sort_criteria(); 

5) Ɋɟɲɟɧɢɟ ɦɢɧɢɦɚɤɫɧɨɣ Ɂɇ ɞɥɹ ɦɚɬɪɢɰɵ 
Isort. 
mcap.solve_by_main_criterion(); 
 
6) ȼɵɜɨɞ ɢ ɫɨɯɪɚɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɪɟɲɟɧɢɹ  
mcap.cout_alg_results(); 
mcap.save_alg_results(); 
mcap.save_all_criterion_ini_matrix(); 
mcap.save_approximated_criterion_matrix(); 
 
ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɆɁɇ 
 
 0 1 2 3 4 
0 (17;5;3) (28;5;3) (1;3;2) (30;7;5) (7;4;3) 
1 (2;3;2) (0;2;2) (31;6;3) (31;6;4) (30;6;3) 
2 (8;4;3) (8;3;2) (14;6;3) (9;3;2) (26;6;3) 
3 (30;5;2) (25;9;4) (2;3;2) (21;5;2) (9;3;2) 
4 (31;7;4) (20;5;3) (12;4;2) (23;5;2) (7;5;3) 
 
Ɇɚɬɪɢɰɚ ɜɵɢɝɪɵɲɟɣ ɢ ɩɨɪɹɞɤɨɜɚɹ ɦɚɬɪɢɰɚ 
ɧɭɥɟɜɨɣ ɫɬɪɨɤɢ ɦɚɬɪɢɰɵ ɩɟɪɜɨɝɨ ɤɪɢɬɟɪɢɹ, 
ɜɵɱɢɫɥɟɧɧɚɹ ɚɥɝɨɪɢɬɦɨɦ ɩɨɪɹɞɤɨɜɨɣ ɫɨɪɬɢ-
ɪɨɜɤɢ. 
 
Ɇɚɬɪɢɰɚ ɜɵɢɝɪɵɲɟɣ 
ɧɭɥɟɜɨɣ ɫɬɪɨɤɢ, 
ɜɵɱɢɫɥɟɧɧɚɹ ɩɨ 
ɮɨɪɦɭɥɟ (7) 

ɉɨɪɹɞɤɨɜɚɹ ɦɚɬɪɢɰɚ 
ɧɭɥɟɜɨɣ ɫɬɪɨɤɢ, 
ɜɵɱɢɫɥɟɧɧɚɹ ɩɨ ɮɨɪ-
ɦɭɥɟ (10) 

0 0 0 0 0 4 4 4 4 4 
-15 -28 30 1 23 1 0 4 2 3 
-9 -20 13 -21 19 2 1 3 0 4 
13 -3 1 -9 2 4 1 2 0 3 
14 -8 11 -7 0 4 0 3 1 2 
ɂɧɬɟɝɪɚɥɶɧɵɣ ɜɵɢɝ-
ɪɵɲ 
ɧɭɥɟɜɨɣ ɫɬɪɨɤɢ 
(17,28,1,30,7) 
ɢɫɯɨɞɧɨɣ ɦɚɬɪɢɰɵ 

Ⱥɩɩɪɨɤɫɢɦɢɪɨɜɚɧɧɵɣ 
ɢɧɬɟɝɪɚɥɶɧɵɣ ɜɵɢɝ-
ɪɵɲ ɧɭɥɟɜɨɣ ɫɬɪɨɤɢ 
ɢɫɯɨɞɧɨɣ ɦɚɬɪɢɰɵ Im 

3 -59 55 -36 44 15 6 16 7 16 
 
ɉɨɪɹɞɤɨɜɚɹ ɦɚɬɪɢɰɚ ɜɵɢɝɪɵɲɟɣ ɜɫɟɯ ɤɪɢɬɟ-
ɪɢɟɜ 
 
 0 1 2 3 4 

0 (15;14;15) (6;10;14) (16;18;18) (7;6;6) (16;14;15) 

1 (18;18;19) (18;19;18) (6;7;10) (10;10;8) (8;10;12) 

2 (15;13;12) (12;15;18) (10;8;9) (17;18;17) (6;10;13) 

3 (6;13;16) (9;4;4) (17;16;14) (15;12;15) (13;19;17) 

4 (6;5;5) (15;14;13) (11;16;17) (11;16;18) (17;13;13) 

 
ɐɜɟɬɨɦ ɜɵɞɟɥɟɧɵ ɷɥɟɦɟɧɬɵ ɨɩɬɢɦɚɥɶɧɨɣ 
ɩɟɪɟɫɬɚɧɨɜɤɢ. 
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Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ 
 
ɉɟɪɟɫɬɚɧɨɜɤɚ:  
[0,2] [1,0] [2,3] [3,4] [4,4] 
 
Ɂɧɚɱɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɪɟɲɟɧɢɹ: 
(1;3;2) (2;3;2) (9;3;2) (9;3;2) (20;5;3) 
 
Ⱦɥɢɧɚ ɪɟɲɟɧɢɹ: (41,23,11) 
 

ȼɵɜɨɞɵ 
 
Ɋɚɫɫɦɨɬɪɟɧɧɵɣ ɜ ɪɚɛɨɬɟ ɦɟɬɨɞ ɪɟɲɟɧɢɹ 
ɆɁɇ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɚɥɝɨɪɢɬɦɚɯ ɩɨɪɹɞɤɨɜɨɣ 
ɧɨɪɦɚɥɢɡɚɰɢɢ, ɪɚɫɲɢɪɹɟɬ ɫɩɟɤɬɪ ɫɨɜɪɟɦɟɧ-
ɧɵɯ ɦɟɬɨɞɨɜ ɪɟɲɟɧɢɹ ɦɧɨɝɨɤɪɢɬɟɪɢɚɥɶɧɵɯ 
ɡɚɞɚɱ.  
 
Ɉɫɧɨɜɧɵɦ ɞɨɫɬɨɢɧɫɬɜɨɦ ɚɥɝɨɪɢɬɦɨɜ ɧɨɪɦɚ-
ɥɢɡɚɰɢɢ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɜɡɜɟɲɟɧɧɵɟ ɡɧɚɱɟ-
ɧɢɹ ɤɪɢɬɟɪɢɟɜ ɩɪɢɜɨɞɹɬɫɹ ɤ ɟɞɢɧɨɣ ɲɤɚɥɟ. 
ɗɬɨ ɫɭɳɟɫɬɜɟɧɧɨ ɭɩɪɨɳɚɟɬ ɩɪɨɰɟɞɭɪɵ ɩɨ-
ɫɬɪɨɟɧɢɹ ɜɟɤɬɨɪɧɵɯ ɪɟɲɟɧɢɣ ɢ ɢɯ ɫɪɚɜɧɟ-
ɧɢɹ, ɚ ɬɚɤɠɟ ɩɪɨɰɟɫɫ ɫɜɟɪɬɤɢ ɮɭɧɤɰɢɨɧɚɥɨɜ 
ɦɧɨɝɨɤɪɢɬɟɪɢɚɥɶɧɵɯ ɡɚɞɚɱ. Ⱥɥɝɨɪɢɬɦɵ ɧɨɪ-
ɦɚɥɢɡɚɰɢɢ ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɢɦ ɛɵɫɬɪɨɞɟɣ-
ɫɬɜɢɟɦ, ɬɚɤ ɤɚɤ ɢɦɟɸɬ ɩɨɥɢɧɨɦɢɚɥɶɧɭɸ 
ɫɥɨɠɧɨɫɬɶ NN log3 . 
 
ɉɪɟɞɥɨɠɟɧɧɵɣ ɦɟɬɨɞ ɪɟɲɟɧɢɹ ɆɁɇ ɩɨɡɜɨ-
ɥɹɟɬ ɪɟɲɚɬɶ ɡɚɞɚɱɢ ɛɨɥɶɲɨɣ ɪɚɡɦɟɪɧɨɫɬɢ ɫ 
ɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɤɪɢɬɟɪɢɟɜ, ɩɨɫɤɨɥɶɤɭ 
ɢɫɤɥɸɱɚɟɬ ɅɉɊ ɢɡ ɩɪɨɰɟɫɫɚ ɩɨɫɬɪɨɟɧɢɹ  
ɪɟɲɟɧɢɣ ɡɚɞɚɱɢ. ɅɉɊ ɢɝɪɚɟɬ ɫɜɨɸ ɪɨɥɶ ɧɚ 
ɷɬɚɩɟ ɜɵɛɨɪɚ ɨɞɧɨɣ ɢɡ ɬɪɟɯ ɫɬɪɚɬɟɝɢɣ (ɚɥɝɨ-
ɪɢɬɦɨɜ) ɧɨɪɦɚɥɢɡɚɰɢɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ 
ɤɪɢɬɟɪɢɹ ɢ ɧɚ ɡɚɤɥɸɱɢɬɟɥɶɧɨɦ ɷɬɚɩɟ ɚɧɚɥɢɡɚ 
ɩɨɫɬɪɨɟɧɧɵɯ ɚɥɝɨɪɢɬɦɨɦ ɪɟɲɟɧɢɣ. 
 
 
 

Ʌɢɬɟɪɚɬɭɪɚ 
 
1. ɒɬɨɣɟɪ Ɋ. Ɇɧɨɝɨɤɪɢɬɟɪɢɚɥɶɧɚɹ ɨɩɬɢɦɢ-
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