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ȼȼȿȾȿɇɂȿ 

 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɬɟɦɵ. ȼ ɫɨɜɪɟɦɟɧɧɨɦ ɦɢɪɟ ɜɫɟ ɛɨɥɶɲɭɸ ɪɨɥɶ ɢɝɪɚɸɬ 

ɢɧɮɨɪɦɚɰɢɨɧɧɵɟ ɫɢɫɬɟɦɵ (ɂɋ). ɉɨɞɨɛɧɵɟ ɫɢɫɬɟɦɵ ɩɪɟɞɨɫɬɚɜɥɹɸɬ ɫɜɨɢɦ 

ɩɨɥɶɡɨɜɚɬɟɥɹɦ ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɪɟɫɭɪɫɵ, ɭɫɥɭɝɢ ɩɨ ɨɛɪɚɛɨɬɤɟ, ɩɨɢɫɤɭ ɢ 

ɯɪɚɧɟɧɢɸ ɢɧɮɨɪɦɚɰɢɢ, ɨɬɜɟɱɚɸɬ ɡɚ ɨɛɟɫɩɟɱɟɧɢɟ ɝɥɨɛɚɥɶɧɨɝɨ ɦɭɥɶɬɢɦɟɞɢɣɧɨɝɨ 

ɨɛɳɟɧɢɹ. ȼɚɠɧɟɣɲɢɦ ɬɪɟɛɨɜɚɧɢɟɦ, ɩɪɟɞɴɹɜɥɹɟɦɵɦ ɤ ɢɧɮɨɪɦɚɰɢɨɧɧɵɦ 

ɫɢɫɬɟɦɚɦ, ɹɜɥɹɟɬɫɹ ɨɛɟɫɩɟɱɟɧɢɟ ɤɚɱɟɫɬɜɟɧɧɨɝɨ, ɷɮɮɟɤɬɢɜɧɨɝɨ ɢ ɧɚɞɟɠɧɨɝɨ 

ɫɟɪɜɢɫɚ ɨɛɫɥɭɠɢɜɚɧɢɹ ɤɥɢɟɧɬɨɜ. 

ȼ ɛɥɢɠɚɣɲɟɦ ɛɭɞɭɳɟɦ ɨɫɧɨɜɧɵɦ ɮɚɤɬɨɪɨɦ, ɜɥɢɹɸɳɢɦ ɧɚ ɪɚɡɜɢɬɢɟ 

ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ, ɫɬɚɧɟɬ ɪɨɫɬ ɱɢɫɥɚ ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 

ɪɚɫɬɭɳɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɫɢɫɬɟɦ ɢ ɤɚɱɟɫɬɜɭ ɩɪɟɞɨɫɬɚɜɥɹɟɦɵɯ 

ɢɦɢ ɭɫɥɭɝ. ȼɚɠɧɵɦ ɚɫɩɟɤɬɨɦ ɹɜɥɹɟɬɫɹ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɜɫɟ ɪɟɲɟɧɢɹ ɩɨ ɢɡɦɟɧɟɧɢɸ 

ɫɬɪɭɤɬɭɪɵ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ (ɞɨɛɚɜɥɟɧɢɟ ɷɥɟɦɟɧɬɨɜ, ɦɨɞɟɪɧɢɡɚɰɢɹ 

ɷɥɟɦɟɧɬɨɜ, ɢɫɤɥɸɱɟɧɢɟ ɷɥɟɦɟɧɬɨɜ ɢɡ ɫɢɫɬɟɦɵ) ɢɦɟɸɬ ɞɨɥɝɨɫɪɨɱɧɵɟ ɩɨɫɥɟɞɫɬɜɢɹ. 

Ⱦɚɧɧɵɣ ɮɚɤɬ ɨɛɭɫɥɚɜɥɢɜɚɸɬ ɜɚɠɧɨɫɬɶ ɩɪɢɧɹɬɢɹ ɨɩɬɢɦɚɥɶɧɵɯ ɪɟɲɟɧɢɣ ɧɚ 

ɫɬɚɞɢɹɯ ɩɥɚɧɢɪɨɜɚɧɢɹ ɢ ɨɩɬɢɦɢɡɚɰɢɢ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ.  

ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɛɨɥɶɲɢɧɫɬɜɨ ɪɚɛɨɬ, ɩɨɫɜɹɳɟɧɧɵɯ ɡɚɞɚɱɚɦ ɪɚɡɦɟɳɟɧɢɹ, 

ɧɚɩɪɚɜɥɟɧɨ ɧɚ ɪɟɲɟɧɢɟ ɡɚɞɚɱ ɞɚɧɧɨɝɨ ɬɢɩɚ ɧɚ ɫɬɚɞɢɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ 

ɩɥɚɧɢɪɨɜɚɧɢɹ ɫɨɡɞɚɜɚɟɦɵɯ ɫɢɫɬɟɦ. Ɉɞɧɚɤɨ ɞɥɹ ɫɨɜɪɟɦɟɧɧɵɯ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ 

ɫɢɫɬɟɦ ɛɨɥɟɟ ɚɤɬɭɚɥɶɧɨɣ ɹɜɥɹɟɬɫɹ ɩɪɨɛɥɟɦɚ ɨɩɬɢɦɢɡɚɰɢɢ ɭɠɟ ɫɭɳɟɫɬɜɭɸɳɟɣ 

ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ ɫɢɫɬɟɦɵ. 

 Ɍɚɤɠɟ ɫɪɟɞɢ ɧɟɞɨɫɬɚɬɤɨɜ ɛɨɥɶɲɢɧɫɬɜɚ ɫɭɳɟɫɬɜɭɸɳɢɯ ɪɚɛɨɬ, ɩɨɫɜɹɳɟɧɧɵɯ 

ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɩɪɨɛɥɟɦɟ ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ: ɪɟɲɟɧɢɟ ɦɟɬɨɞɚɦɢ, ɧɟ 

ɩɨɤɚɡɵɜɚɸɳɢɦɢ ɜɵɫɨɤɭɸ ɫɤɨɪɨɫɬɶ ɪɚɫɱɟɬɚ ɜ ɡɚɞɚɱɚɯ ɛɨɥɶɲɨɣ ɪɚɡɦɟɪɧɨɫɬɢ; 

ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɧɟ ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɬɢɩɨɜ 

ɷɥɟɦɟɧɬɨɜ; ɧɟɭɧɢɜɟɪɫɚɥɶɧɨɫɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ – ɪɚɛɨɬɵ, ɤɚɤ ɩɪɚɜɢɥɨ, 

ɪɚɫɫɦɚɬɪɢɜɚɸɬ ɤɨɧɤɪɟɬɧɵɣ ɬɢɩ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ (ɧɚɩɪɢɦɟɪ, 
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ɛɟɫɩɪɨɜɨɞɧɵɟ), ɤɨɧɫɬɪɭɢɪɭɹ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ, ɧɟ ɩɪɢɦɟɧɢɦɭɸ ɞɥɹ ɞɪɭɝɢɯ 

ɬɢɩɨɜ. 

ɍɱɢɬɵɜɚɹ ɜɵɲɟɢɡɥɨɠɟɧɧɨɟ, ɚɤɬɭɚɥɶɧɨɫɬɶ ɬɟɦɵ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɝɨ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɞɢɤɬɨɜɚɧɚ ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɪɚɡɪɚɛɨɬɤɢ ɚɥɝɨɪɢɬɦɢɱɟɫɤɨɝɨ 

ɨɛɟɫɩɟɱɟɧɢɹ ɫɢɫɬɟɦ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ ɩɨɞɞɟɪɠɤɢ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ ɩɨ 

ɨɩɬɢɦɢɡɚɰɢɢ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ ɜ ɭɫɥɨɜɢɹɯ ɢɯ 

ɪɚɡɜɢɬɢɹ. Ɉɧɚ ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɫɨɡɞɚɧɢɟ ɦɟɬɨɞɨɜ ɢ ɚɥɝɨɪɢɬɦɨɜ, ɩɨɡɜɨɥɹɸɳɢɯ 

ɧɚɯɨɞɢɬɶ ɛɥɢɡɤɨɟ ɤ ɨɩɬɢɦɚɥɶɧɨɦɭ ɪɟɲɟɧɢɟ NP-ɬɪɭɞɧɵɯ ɡɚɞɚɱ ɞɚɧɧɨɝɨ ɬɢɩɚ ɡɚ 

ɩɪɢɟɦɥɟɦɨɟ ɜɪɟɦɹ. Ɍɚɤɠɟ ɚɤɬɭɚɥɶɧɨɣ ɹɜɥɹɟɬɫɹ ɡɚɞɚɱɚ ɪɚɡɪɚɛɨɬɤɢ 

ɚɥɝɨɪɢɬɦɢɱɟɫɤɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɩɪɨɰɟɫɫɚ ɧɚɫɬɪɨɣɤɢ ɭɩɪɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ 

ɦɟɬɚɷɜɪɢɫɬɢɱɟɫɤɢɯ ɚɥɝɨɪɢɬɦɨɜ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ 

ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ, ɩɨɡɜɨɥɹɸɳɟɣ ɡɧɚɱɢɬɟɥɶɧɨ ɭɥɭɱɲɚɬɶ ɢɯ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ. 

Ɍɟɨɪɟɬɢɱɟɫɤɭɸ ɨɫɧɨɜɭ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɨɫɬɚɜɥɹɸɬ ɫɨɜɪɟɦɟɧɧɵɟ ɧɚɭɱɧɵɟ 

ɪɚɛɨɬɵ, ɩɨɫɜɹɳɟɧɧɵɟ ɩɪɨɛɥɟɦɚɦ ɩɥɚɧɢɪɨɜɚɧɢɹ ɢ ɨɩɬɢɦɢɡɚɰɢɢ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ 

ɫɢɫɬɟɦ ɬɚɤɢɯ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ, ɤɚɤ ȼ.Ɇ. ȼɢɲɧɟɜɫɤɢɣ, ȼ.Ɉ. Ɍɢɯɜɢɧɫɤɢɣ, 

ɋ.ɘ. ȿɪɦɨɥɚɟɜ, ȼ.Ʌ. Ȼɭɪɤɨɜɫɤɢɣ, M. St-Hilaire, E. Amaldi. ɋɪɟɞɢ ɪɚɛɨɬ, 

ɩɨɫɜɹɳɟɧɧɵɯ ɦɟɬɚɷɜɪɢɫɬɢɱɟɫɤɢɦ ɚɥɝɨɪɢɬɦɚɦ ɨɩɬɢɦɢɡɚɰɢɢ, ɧɚɢɛɨɥɟɟ ɡɧɚɱɢɦɵɦɢ 

ɹɜɥɹɸɬɫɹ ɬɪɭɞɵ ɘ.Ⱥ. Ʉɨɱɟɬɨɜɚ, J.H. Holland, F. Glover, S. Kirkpatrick, M. Dorigo, 

D. Karaboga, D. Teodorovic. ȼɨɩɪɨɫɚɦ ɨɩɬɢɦɢɡɚɰɢɢ ɡɧɚɱɟɧɢɣ ɭɩɪɚɜɥɹɸɳɢɯ 

ɩɚɪɚɦɟɬɪɨɜ ɞɥɹ ɦɟɬɚɷɜɪɢɫɬɢɱɟɫɤɢɯ ɚɥɝɨɪɢɬɦɨɜ ɩɨɫɜɹɳɟɧɵ ɬɪɭɞɵ Ⱥ.ɉ. Ʉɚɪɩɟɧɤɨ, 

A.E. Eiben, S.K. Smit. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɎȽȻɈɍ ȼɈ «Ʌɢɩɟɰɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ 

ɩɟɞɚɝɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦɟɧɢ ɉ.ɉ. ɋɟɦɟɧɨɜɚ-Ɍɹɧ-ɒɚɧɫɤɨɝɨ» ɜ ɪɚɦɤɚɯ 

ɧɚɭɱɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ «ɂɫɫɥɟɞɨɜɚɧɢɟ ɦɟɬɨɞɨɜ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɢ ɨɩɬɢɦɢɡɚɰɢɢ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɤɨɦɩɶɸɬɟɪɧɵɯ ɫɟɬɟɣ». 

ɐɟɥɶ ɢ ɡɚɞɚɱɢ ɢɫɫɥɟɞɨɜɚɧɢɹ. ɐɟɥɶ ɪɚɛɨɬɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɪɚɡɪɚɛɨɬɤɟ 

ɦɟɬɨɞɨɜ ɢ ɚɥɝɨɪɢɬɦɨɜ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ ɩɨɞɞɟɪɠɤɢ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ ɩɨ 

ɨɩɬɢɦɢɡɚɰɢɢ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ. 
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Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɜ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɟ ɧɟɨɛɯɨɞɢɦɨ 

ɪɟɲɢɬɶ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

– ɩɪɨɜɟɫɬɢ ɫɢɫɬɟɦɧɵɣ ɚɧɚɥɢɡ ɩɪɨɛɥɟɦɚɬɢɤɢ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ ɩɨɞɞɟɪɠɤɢ 

ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ ɩɨ ɨɩɬɢɦɢɡɚɰɢɢ ɫɬɪɭɤɬɭɪɵ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ; 

– ɩɪɟɞɥɨɠɢɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ 

ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ; 

– ɪɚɡɪɚɛɨɬɚɬɶ ɦɟɬɚɷɜɪɢɫɬɢɱɟɫɤɢɟ ɚɥɝɨɪɢɬɦɵ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ 

ɷɥɟɦɟɧɬɨɜ ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ; 

– ɩɪɨɜɟɫɬɢ ɫɢɫɬɟɦɧɵɣ ɚɧɚɥɢɡ ɩɪɨɰɟɫɫɚ ɧɚɫɬɪɨɣɤɢ ɭɩɪɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ 

ɞɥɹ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɦɟɬɚɷɜɪɢɫɬɢɤ; 

– ɪɚɡɪɚɛɨɬɚɬɶ ɦɟɬɨɞ ɨɩɬɢɦɢɡɚɰɢɢ ɡɧɚɱɟɧɢɣ ɭɩɪɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ ɞɥɹ 

ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɦɟɬɚɷɜɪɢɫɬɢɤ; 

– ɪɚɡɪɚɛɨɬɚɬɶ ɩɪɨɝɪɚɦɦɧɭɸ ɪɟɚɥɢɡɚɰɢɸ ɫɢɫɬɟɦɵ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ 

ɩɨɞɞɟɪɠɤɢ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ ɩɨ ɨɩɬɢɦɢɡɚɰɢɢ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ 

ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ; 

– ɩɪɨɜɟɫɬɢ ɜɵɱɢɫɥɢɬɟɥɶɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ ɧɚ ɨɫɧɨɜɟ ɫɨɡɞɚɧɧɨɝɨ 

ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɫ ɰɟɥɶɸ ɨɛɨɫɧɨɜɚɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɟɞɥɨɠɟɧɧɵɯ 

ɚɥɝɨɪɢɬɦɨɜ ɢ ɦɟɬɨɞɨɜ. 

Ɇɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ. ȼ ɤɚɱɟɫɬɜɟ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɢ ɦɟɬɨɞɨɥɨɝɢɱɟɫɤɨɣ 

ɨɫɧɨɜɵ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɫɩɨɥɶɡɨɜɚɧɵ ɦɟɬɨɞɵ ɫɢɫɬɟɦɧɨɝɨ 

ɚɧɚɥɢɡɚ, ɨɩɬɢɦɢɡɚɰɢɢ, ɬɟɨɪɢɹ ɝɪɚɮɨɜ, ɦɟɬɚɷɜɪɢɫɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ, ɬɟɯɧɨɥɨɝɢɢ 

ɫɬɪɭɤɬɭɪɧɨɝɨ ɢ ɨɛɴɟɤɬɧɨ-ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ. 

Ɍɟɦɚɬɢɤɚ ɪɚɛɨɬɵ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɥɟɞɭɸɳɢɦ ɩɭɧɤɬɚɦ ɩɚɫɩɨɪɬɚ 

ɫɩɟɰɢɚɥɶɧɨɫɬɢ 05.13.01: ɩ. 4 «Ɋɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɨɜ ɢ ɚɥɝɨɪɢɬɦɨɜ ɪɟɲɟɧɢɹ ɡɚɞɚɱ 

ɫɢɫɬɟɦɧɨɝɨ ɚɧɚɥɢɡɚ, ɨɩɬɢɦɢɡɚɰɢɢ, ɭɩɪɚɜɥɟɧɢɹ, ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ ɢ ɨɛɪɚɛɨɬɤɢ 

ɢɧɮɨɪɦɚɰɢɢ», ɩ. 5 «Ɋɚɡɪɚɛɨɬɤɚ ɫɩɟɰɢɚɥɶɧɨɝɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɢ 

ɚɥɝɨɪɢɬɦɢɱɟɫɤɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɫɢɫɬɟɦ ɚɧɚɥɢɡɚ, ɨɩɬɢɦɢɡɚɰɢɢ, ɭɩɪɚɜɥɟɧɢɹ, 

ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ ɢ ɨɛɪɚɛɨɬɤɢ ɢɧɮɨɪɦɚɰɢɢ», ɩ. 10 «Ɇɟɬɨɞɵ ɢ ɚɥɝɨɪɢɬɦɵ 
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ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ ɩɨɞɞɟɪɠɤɢ ɩɪɢ ɩɪɢɧɹɬɢɢ ɭɩɪɚɜɥɟɧɱɟɫɤɢɯ ɪɟɲɟɧɢɣ ɜ 

ɬɟɯɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦɚɯ». 

ɇɚɭɱɧɚɹ ɧɨɜɢɡɧɚ. ȼ ɪɚɛɨɬɟ ɩɨɥɭɱɟɧɵ ɫɥɟɞɭɸɳɢɟ ɪɟɡɭɥɶɬɚɬɵ, 

ɨɬɥɢɱɚɸɳɢɟɫɹ ɧɚɭɱɧɨɣ ɧɨɜɢɡɧɨɣ. 

1. Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɪɚɡɜɢɜɚɸɳɢɯɫɹ 

ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ, ɨɬɥɢɱɚɸɳɚɹɫɹ ɭɱɟɬɨɦ ɜɨɡɦɨɠɧɨɫɬɢ ɦɨɞɟɪɧɢɡɚɰɢɢ 

ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ, ɫɜɨɣɫɬɜ ɦɟɫɬ-ɤɚɧɞɢɞɚɬɨɜ, ɩɨɦɟɯ ɩɪɢ ɦɟɠɦɨɞɭɥɶɧɨɦ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ ɢ ɩɨɞɪɚɡɭɦɟɜɚɸɳɚɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 

ɧɟɫɤɨɥɶɤɢɯ ɬɢɩɨɜ ɷɥɟɦɟɧɬɨɜ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ. 

2. Ⱥɥɝɨɪɢɬɦɵ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ ɩɨɞɞɟɪɠɤɢ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ ɩɨ 

ɨɩɬɢɦɢɡɚɰɢɢ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ, 

ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɩɨɩɭɥɹɰɢɨɧɧɵɯ ɦɟɬɚɷɜɪɢɫɬɢɤɚɯ ɢ ɦɟɬɚɷɜɪɢɫɬɢɤɚɯ ɥɨɤɚɥɶɧɨɝɨ 

ɩɨɢɫɤɚ, ɩɨɡɜɨɥɹɸɳɢɟ ɧɚɯɨɞɢɬɶ ɛɥɢɡɤɢɟ ɤ ɨɩɬɢɦɚɥɶɧɵɦ ɪɟɲɟɧɢɹ NP-ɬɪɭɞɧɵɯ 

ɡɚɞɚɱ ɞɚɧɧɨɝɨ ɬɢɩɚ ɡɚ ɩɪɢɟɦɥɟɦɨɟ ɜɪɟɦɹ. Ɉɬɥɢɱɢɬɟɥɶɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ 

ɩɪɟɞɥɚɝɚɟɦɵɯ ɚɥɝɨɪɢɬɦɨɜ ɹɜɥɹɟɬɫɹ: ɞɥɹ ɚɥɝɨɪɢɬɦɨɜ ɥɨɤɚɥɶɧɨɝɨ ɩɨɢɫɤɚ – 

ɩɨɫɬɪɨɟɧɢɟ ɨɤɪɟɫɬɧɨɫɬɢ ɪɟɲɟɧɢɹ ɩɪɢ ɩɨɦɨɳɢ ɧɟɛɨɥɶɲɢɯ ɨɩɟɪɚɰɢɣ, ɜɧɨɫɹɳɢɯ 

ɢɡɦɟɧɟɧɢɹ ɜ ɤɨɧɮɢɝɭɪɚɰɢɸ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ; ɞɥɹ ɦɭɪɚɜɶɢɧɨɝɨ 

ɚɥɝɨɪɢɬɦɚ – ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɞɜɭɯ ɤɨɥɨɧɢɣ ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɦɭɪɚɜɶɟɜ ɞɥɹ 

ɞɜɭɯɮɚɡɧɨɝɨ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ. 

3. Ɇɟɬɨɞ ɨɩɬɢɦɢɡɚɰɢɢ ɭɩɪɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ ɪɚɡɪɚɛɨɬɚɧɧɵɯ 

ɦɟɬɚɷɜɪɢɫɬɢɱɟɫɤɢɯ ɚɥɝɨɪɢɬɦɨɜ ɧɚ ɛɚɡɟ ɷɜɨɥɸɰɢɨɧɧɨɝɨ ɩɨɞɯɨɞɚ, ɨɬɥɢɱɚɸɳɢɣɫɹ 

ɜɨɡɦɨɠɧɨɫɬɶɸ ɨɞɧɨɜɪɟɦɟɧɧɨɣ ɧɚɫɬɪɨɣɤɢ ɜɟɳɟɫɬɜɟɧɧɵɯ, ɰɟɥɨɱɢɫɥɟɧɧɵɯ ɢ 

ɫɢɦɜɨɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɢ ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ ɡɧɚɱɢɬɟɥɶɧɨɟ ɭɥɭɱɲɟɧɢɟ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɚɥɝɨɪɢɬɦɨɜ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ 

ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ. 

4. ɋɬɪɭɤɬɭɪɚ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ ɩɨɞɞɟɪɠɤɢ 

ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ, ɪɟɚɥɢɡɭɸɳɟɝɨ ɦɟɬɨɞɵ ɢ ɚɥɝɨɪɢɬɦɵ ɨɩɬɢɦɢɡɚɰɢɢ ɪɚɡɦɟɳɟɧɢɹ 

ɷɥɟɦɟɧɬɨɜ ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ, ɨɬɥɢɱɢɬɟɥɶɧɨɣ 

ɨɫɨɛɟɧɧɨɫɬɶɸ ɤɨɬɨɪɨɣ ɹɜɥɹɟɬɫɹ ɧɚɥɢɱɢɟ ɢɧɫɬɪɭɦɟɧɬɨɜ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɩɪɨɜɟɞɟɧɢɹ 
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ɫɟɪɢɣ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɫ ɰɟɥɶɸ ɨɰɟɧɤɢ ɤɚɱɟɫɬɜɚ ɚɥɝɨɪɢɬɦɨɜ, 

ɥɟɠɚɳɢɯ ɜ ɨɫɧɨɜɟ ɫɨɡɞɚɧɧɨɣ ɩɪɨɝɪɚɦɦɧɨɣ ɫɢɫɬɟɦɵ. 

ɉɪɚɤɬɢɱɟɫɤɚɹ ɡɧɚɱɢɦɨɫɬɶ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɞɚɧɧɨɝɨ 

ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɪɚɛɨɬ ɩɨ ɨɩɬɢɦɢɡɚɰɢɢ ɢ 

ɩɥɚɧɢɪɨɜɚɧɢɸ ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ ɫɩɨɫɨɛɫɬɜɭɟɬ ɢɯ 

ɭɫɩɟɲɧɨɦɭ ɢ ɤɚɱɟɫɬɜɟɧɧɨɦɭ ɜɵɩɨɥɧɟɧɢɸ ɜ ɱɚɫɬɢ, ɨɬɧɨɫɹɳɟɣɫɹ ɤ ɜɵɛɨɪɭ ɦɟɫɬ ɞɥɹ 

ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ ɢ ɨɩɪɟɞɟɥɟɧɢɸ ɫɨɫɬɚɜɚ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫɢɫɬɟɦɵ, 

ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɭɦɟɧɶɲɢɬɶ ɤɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɢɧɮɪɚɫɬɪɭɤɬɭɪɭ ɫɢɫɬɟɦɵ ɢ 

ɨɛɟɫɩɟɱɢɬɶ ɬɪɟɛɭɟɦɵɟ ɩɚɪɚɦɟɬɪɵ ɤɚɱɟɫɬɜɚ ɨɛɫɥɭɠɢɜɚɧɢɹ ɞɥɹ ɩɨɥɶɡɨɜɚɬɟɥɟɣ. 

Ȼɵɥ ɪɚɡɪɚɛɨɬɚɧ ɩɪɨɝɪɚɦɦɧɵɣ ɤɨɦɩɥɟɤɫ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ ɩɨɞɞɟɪɠɤɢ 

ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ ɩɨ ɨɩɬɢɦɢɡɚɰɢɢ ɢ ɩɥɚɧɢɪɨɜɚɧɢɸ ɛɟɫɩɪɨɜɨɞɧɵɯ ɫɟɬɟɣ 

ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɦɢ 

ɤɨɦɩɚɧɢɹɦɢ ɢ ɩɪɨɟɤɬɧɵɦɢ ɨɪɝɚɧɢɡɚɰɢɹɦɢ ɩɪɢ ɨɩɬɢɦɢɡɚɰɢɢ ɢ ɩɥɚɧɢɪɨɜɚɧɢɢ 

ɛɟɫɩɪɨɜɨɞɧɵɯ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ. 

ɇɚ ɷɥɟɦɟɧɬɵ ɩɪɨɝɪɚɦɦɧɵɯ ɫɪɟɞɫɬɜ ɩɨɥɭɱɟɧɵ ɫɜɢɞɟɬɟɥɶɫɬɜɚ ɨ 

ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɪɟɝɢɫɬɪɚɰɢɢ. 

Ɋɟɚɥɢɡɚɰɢɹ ɢ ɜɧɟɞɪɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɛɨɬɵ. Ɉɫɧɨɜɧɵɟ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɢ 

ɩɪɚɤɬɢɱɟɫɤɢɟ ɪɟɡɭɥɶɬɚɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ, ɛɵɥɢ 

ɜɧɟɞɪɟɧɵ ɧɚ ɨɛɴɟɤɬɚɯ ɈȺɈ "Ɇɨɛɢɥɶɧɵɟ Ɍɟɥɟɋɢɫɬɟɦɵ" (ɮɢɥɢɚɥ ɜ Ʌɢɩɟɰɤɨɣ 

ɨɛɥɚɫɬɢ) ɢ ȺɈ "ɗɊ-Ɍɟɥɟɤɨɦ ɏɨɥɞɢɧɝ" (ɮɢɥɢɚɥ ɜ ɝ. Ʌɢɩɟɰɤ) ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɪɚɛɨɬ 

ɩɨ ɪɚɡɜɢɬɢɸ ɪɚɞɢɨɫɟɬɟɣ ɫɬɚɧɞɚɪɬɚ 3G/4G, ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ 

ɚɤɬɚɦɢ.  

Ɉɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɜɧɟɞɪɟɧɵ ɜ ɭɱɟɛɧɵɣ ɩɪɨɰɟɫɫ Ʌɢɩɟɰɤɨɝɨ 

ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɩɟɞɚɝɨɝɢɱɟɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ ɢɦɟɧɢ ɉ.ɉ. ɋɟɦɟɧɨɜɚ-Ɍɹɧ-

ɒɚɧɫɤɨɝɨ ɜ ɪɚɦɤɚɯ ɞɢɫɰɢɩɥɢɧ «Ɇɟɬɨɞɵ ɬɟɨɪɢɢ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ», «Ɇɟɬɨɞɵ 

ɨɩɬɢɦɢɡɚɰɢɢ», ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɤɭɪɫɨɜɨɝɨ ɢ ɞɢɩɥɨɦɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ, ɱɬɨ 

ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɚɤɬɨɦ. 

Ⱥɩɪɨɛɚɰɢɹ ɪɟɡɭɥɶɬɚɬɨɜ. Ɉɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢɹ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ 

ɞɨɤɥɚɞɵɜɚɥɢɫɶ ɢ ɨɛɫɭɠɞɚɥɢɫɶ ɧɚ ɫɥɟɞɭɸɳɢɯ ɤɨɧɮɟɪɟɧɰɢɹɯ: XV-ɣ 
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Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ «ɇɨɜɨɟ ɫɥɨɜɨ ɜ ɧɚɭɤɟ ɢ 

ɩɪɚɤɬɢɤɟ: ɝɢɩɨɬɟɡɵ ɢ ɚɩɪɨɛɚɰɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɣ» (ɇɨɜɨɫɢɛɢɪɫɤ, 2015); 

Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ «ɂɧɮɨɪɦɚɰɢɨɧɧɵɟ 

ɭɩɪɚɜɥɹɸɳɢɟ ɫɢɫɬɟɦɵ ɢ ɬɟɯɧɨɥɨɝɢɢ» (Ɉɞɟɫɫɚ, ɍɤɪɚɢɧɚ, 2014–2016); III-ɣ 

Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɤɨɧɮɟɪɟɧɰɢɢ "ɍɫɬɨɣɱɢɜɨɫɬɶ ɢ ɩɪɨɰɟɫɫɵ ɭɩɪɚɜɥɟɧɢɹ" 

(ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ, 2015); V-ɣ Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ 

«Ⱥɤɬɭɚɥɶɧɵɟ ɩɪɨɛɥɟɦɵ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ» (ɍɮɚ, 2015); V-ɣ Ɇɟɠɞɭɧɚɪɨɞɧɨɣ 

ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ «Ⱥɤɬɭɚɥɶɧɵɟ ɩɪɨɛɥɟɦɵ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ» 

(Ɍɚɦɛɨɜ, 2015); XVIII-ɣ Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ 

«ɉɪɨɛɥɟɦɵ ɩɟɪɟɞɚɱɢ ɢ ɨɛɪɚɛɨɬɤɢ ɢɧɮɨɪɦɚɰɢɢ ɜ ɫɟɬɹɯ ɢ ɫɢɫɬɟɦɚɯ 

ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɣ» (Ɋɹɡɚɧɶ, 2015); Ɇɟɠɞɭɧɚɪɨɞɧɨɦ ɫɢɦɩɨɡɢɭɦɟ «ɇɚɞɟɠɧɨɫɬɶ ɢ 

ɤɚɱɟɫɬɜɨ» (ɉɟɧɡɚ, 2016); Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɥɟɬɧɟɣ ɧɚɭɱɧɨɣ ɲɤɨɥɟ «ɉɚɪɚɞɢɝɦɚ» 

(ȼɚɪɧɚ, Ȼɨɥɝɚɪɢɹ, 2015). 

ɉɭɛɥɢɤɚɰɢɢ. ɉɨ ɬɟɦɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɩɭɛɥɢɤɨɜɚɧɨ 23 ɪɚɛɨɬɵ, ɨɬɪɚɠɚɸɳɢɯ 

ɨɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɫɪɟɞɢ ɤɨɬɨɪɵɯ 6 ɫɬɚɬɟɣ ɜ ɠɭɪɧɚɥɚɯ, 

ɪɟɤɨɦɟɧɞɨɜɚɧɧɵɯ ȼȺɄ ɊɎ; 1 ɫɬɚɬɶɹ ɜ ɢɡɞɚɧɢɢ, ɢɧɞɟɤɫɢɪɭɟɦɨɦ Scopus; 3 

ɫɜɢɞɟɬɟɥɶɫɬɜɚ ɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɪɟɝɢɫɬɪɚɰɢɢ ɩɪɨɝɪɚɦɦ ɞɥɹ ɗȼɆ. 

ȼ  ɪɚɛɨɬɚɯ,  ɨɩɭɛɥɢɤɨɜɚɧɧɵɯ  ɜ  ɫɨɚɜɬɨɪɫɬɜɟ,  ɚɜɬɨɪɭ  ɩɪɢɧɚɞɥɟɠɚɬ: ɜ [57,50] 

– ɩɨɫɬɚɧɨɜɤɚ ɢ ɮɨɪɦɚɥɢɡɚɰɢɹ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɪɚɡɜɢɜɚɸɳɢɯɫɹ 

ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ (ɧɚ ɩɪɢɦɟɪɟ ɛɟɫɩɪɨɜɨɞɧɨɣ ɫɟɬɢ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ) ɤɚɤ 

ɱɚɫɬɧɨɝɨ ɫɥɭɱɚɹ NP-ɬɪɭɞɧɨɣ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ ɫ ɨɝɪɚɧɢɱɟɧɢɹɦɢ ɧɚ ɦɨɳɧɨɫɬɢ; 

[55,51,156] – ɚɥɝɨɪɢɬɦ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ 

ɫɢɫɬɟɦ ɧɚ ɛɚɡɟ ɷɜɨɥɸɰɢɨɧɧɨɝɨ ɩɨɞɯɨɞɚ; [44,156] – ɚɥɝɨɪɢɬɦ ɢɦɢɬɚɰɢɢ ɨɬɠɢɝɚ ɞɥɹ 

ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ; 

[46] – ɚɥɝɨɪɢɬɦɵ ɩɨɢɫɤɚ ɫ ɡɚɩɪɟɬɚɦɢ ɢ ɦɭɥɶɬɢɫɬɚɪɬɚ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ 

ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ; [53] – ɩɱɟɥɢɧɵɣ 

ɚɥɝɨɪɢɬɦ BCO ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɪɚɡɜɢɜɚɸɳɢɯɫɹ 

ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ; [155,47] – ɦɭɪɚɜɶɢɧɵɣ ɚɥɝɨɪɢɬɦ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ 

ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ; [54] – 
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ɦɭɪɚɜɶɢɧɵɣ ɚɥɝɨɪɢɬɦ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ ɰɟɧɬɪɨɜ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ 

ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ; [48] – ɩɱɟɥɢɧɵɣ 

ɚɥɝɨɪɢɬɦ ABC ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɪɚɡɜɢɜɚɸɳɢɯɫɹ 

ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ; [45] – ɩɪɨɜɟɞɟɧɢɟ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ; [49] 

– ɦɭɪɚɜɶɢɧɵɣ ɚɥɝɨɪɢɬɦ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ ɫ ɨɝɪɚɧɢɱɟɧɢɹɦɢ ɧɚ 

ɦɨɳɧɨɫɬɢ; [29,52] – ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɷɜɨɥɸɰɢɨɧɧɨɦ ɩɨɞɯɨɞɟ ɦɟɬɨɞ ɧɚɫɬɪɨɣɤɢ 

ɩɚɪɚɦɟɬɪɨɜ ɦɟɬɚɷɜɪɢɫɬɢɤ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɪɚɡɜɢɜɚɸɳɢɯɫɹ 

ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ (ɧɚ ɩɪɢɦɟɪɟ ɛɟɫɩɪɨɜɨɞɧɨɣ ɫɟɬɢ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ). 

ɋɬɪɭɤɬɭɪɚ ɢ ɨɛɴɟɦ ɪɚɛɨɬɵ. Ⱦɢɫɫɟɪɬɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɫɨɫɬɨɢɬ ɢɡ ɜɜɟɞɟɧɢɹ, 

ɱɟɬɵɪёɯ ɝɥɚɜ, ɡɚɤɥɸɱɟɧɢɹ, ɩɪɢɥɨɠɟɧɢɣ, ɫɩɢɫɤɚ ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, 

ɜɤɥɸɱɚɸɳɟɝɨ 175 ɧɚɢɦɟɧɨɜɚɧɢɣ. Ɉɫɧɨɜɧɚɹ ɱɚɫɬɶ ɪɚɛɨɬɵ ɢɡɥɨɠɟɧɚ ɧɚ 

168 ɫɬɪɚɧɢɰɚɯ ɢ ɫɨɞɟɪɠɢɬ 20 ɪɢɫɭɧɤɨɜ ɢ 12 ɬɚɛɥɢɰ. 
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1 ɉɈɋɌȺɇɈȼɄȺ ɁȺȾȺɑɂ ɊȺɁɆȿɓȿɇɂə ɗɅȿɆȿɇɌɈȼ 

ɊȺɁȼɂȼȺɘɓɂɏɋə ɂɇɎɈɊɆȺɐɂɈɇɇɕɏ ɋɂɋɌȿɆ 

 

1.1 ɋɢɫɬɟɦɧɵɣ ɚɧɚɥɢɡ ɩɪɨɛɥɟɦɚɬɢɤɢ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ ɩɨɞɞɟɪɠɤɢ 

ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ ɩɪɢ ɩɥɚɧɢɪɨɜɚɧɢɢ ɢ ɨɩɬɢɦɢɡɚɰɢɢ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ 

ɫɢɫɬɟɦ 

1.1.1 Ɉɛɳɢɟ ɫɜɟɞɟɧɢɹ ɨɛ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦɚɯ 

Ⱦɥɹ ɧɚɱɚɥɚ ɞɚɞɢɦ ɨɩɪɟɞɟɥɟɧɢɟ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ (ɂɋ). Ɂɚɪɚɧɟɟ 

ɨɬɦɟɬɢɦ, ɱɬɨ ɜ ɧɚɭɱɧɨɣ ɥɢɬɟɪɚɬɭɪɟ ɧɟ ɫɭɳɟɫɬɜɭɟɬ ɟɞɢɧɨɝɨ ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ 

ɨɩɪɟɞɟɥɟɧɢɹ ɂɋ, ɩɨɷɬɨɦɭ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɧɚɢɛɨɥɟɟ ɩɨɥɧɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɨ 

ɫɭɳɧɨɫɬɢ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ ɧɢɠɟ ɛɭɞɟɬ ɩɪɢɜɟɞɟɧɨ ɫɪɚɡɭ ɧɟɫɤɨɥɶɤɨ 

ɨɩɪɟɞɟɥɟɧɢɣ ɂɋ. 

ɋɨɝɥɚɫɧɨ  [64], ɢɧɮɨɪɦɚɰɢɨɧɧɚɹ ɫɢɫɬɟɦɚ – ɷɬɨ ɫɢɫɬɟɦɚ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɚɹ 

ɞɥɹ ɫɛɨɪɚ, ɯɪɚɧɟɧɢɹ, ɨɛɪɚɛɨɬɤɢ ɢ ɩɨɢɫɤɚ ɢɧɮɨɪɦɚɰɢɢ, ɧɟɨɛɯɨɞɢɦɨɣ ɞɥɹ 

ɨɛɟɫɩɟɱɟɧɢɹ ɩɪɨɰɟɫɫɨɜ ɭɩɪɚɜɥɟɧɢɹ, ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɬ.ɩ., ɚ ɬɚɤɠɟ ɞɥɹ 

ɭɞɨɜɥɟɬɜɨɪɟɧɢɹ ɩɨɬɪɟɛɧɨɫɬɟɣ ɢɧɞɢɜɢɞɭɚɥɶɧɨɝɨ ɩɨɬɪɟɛɢɬɟɥɹ ɢɧɮɨɪɦɚɰɢɢ.  

ȼ ɲɢɪɨɤɨɦ ɫɦɵɫɥɟ ɢɧɮɨɪɦɚɰɢɨɧɧɭɸ ɫɢɫɬɟɦɭ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɤɚɤ ɥɸɛɨɟ 

ɯɪɚɧɢɥɢɳɟ ɢɧɮɨɪɦɚɰɢɢ (ɚɪɯɢɜɵ, ɛɢɛɥɢɨɬɟɤɢ, ɤɚɪɬɨɬɟɤɢ, ɧɚɛɨɪɵ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ 

ɞɚɧɧɵɯ ɢ ɬ.ɩ. [64,3]). 

ɂɧɮɨɪɦɚɰɢɨɧɧɚɹ ɫɢɫɬɟɦɚ – ɫɢɫɬɟɦɚ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɚɹ ɞɥɹ ɭɞɨɜɥɟɬɜɨɪɟɧɢɹ 

ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɩɨɬɪɟɛɧɨɫɬɟɣ ɩɨɬɪɟɛɢɬɟɥɹ ɢɧɮɨɪɦɚɰɢɢ [3]. 

ɂɧɮɨɪɦɚɰɢɨɧɧɚɹ ɫɢɫɬɟɦɚ – ɷɬɨ ɫɨɜɨɤɭɩɧɨɫɬɶ ɩɪɨɝɪɚɦɦɧɨɝɨ, ɬɟɯɧɢɱɟɫɤɨɝɨ, 

ɨɪɝɚɧɢɡɚɰɢɨɧɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɢ ɩɟɪɫɨɧɚɥɚ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɚɹ ɞɥɹ ɫɜɨɟɜɪɟɦɟɧɧɨɝɨ 

ɨɛɟɫɩɟɱɟɧɢɹ ɥɸɞɟɣ ɢɧɮɨɪɦɚɰɢɟɣ [95]. 

Ɏɟɞɟɪɚɥɶɧɵɣ ɡɚɤɨɧ ɊɎ ɨɬ 27 ɢɸɥɹ 2006 ɝɨɞɚ № 149-ɎɁ «Ɉɛ ɢɧɮɨɪɦɚɰɢɢ, 

ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɹɯ ɢ ɨ ɡɚɳɢɬɟ ɢɧɮɨɪɦɚɰɢɢ» ɨɩɪɟɞɟɥɹɟɬ ɂɋ ɤɚɤ 

ɫɨɜɨɤɭɩɧɨɫɬɶ ɫɨɞɟɪɠɚɳɟɣɫɹ ɜ ɛɚɡɚɯ ɞɚɧɧɵɯ ɢɧɮɨɪɦɚɰɢɢ ɢ ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɟɟ 

ɨɛɪɚɛɨɬɤɭ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɢ ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ [66]. 
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ɂɋ – ɫɨɜɨɤɭɩɧɨɫɬɶ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɢ ɤɨɦɦɭɧɢɤɚɰɢɨɧɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɹ, 

ɉɈ, ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɪɟɫɭɪɫɨɜ, ɩɟɪɫɨɧɚɥɚ, ɨɛɟɫɩɟɱɢɜɚɸɳɚɹ ɩɨɞɞɟɪɠɤɭ 

ɞɢɧɚɦɢɱɟɫɤɨɣ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɦɨɞɟɥɢ ɧɟɤɨɬɨɪɨɣ ɱɚɫɬɢ ɪɟɚɥɶɧɨɝɨ ɦɢɪɚ ɞɥɹ 

ɭɞɨɜɥɟɬɜɨɪɟɧɢɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɩɨɬɪɟɛɧɨɫɬɟɣ ɩɨɥɶɡɨɜɚɬɟɥɟɣ [23]. 

ɋɭɳɟɫɬɜɭɟɬ ɧɟɫɤɨɥɶɤɨ ɤɥɚɫɫɢɮɢɤɚɰɢɣ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ [21]. 

1) ɉɨ ɫɬɟɩɟɧɢ ɪɚɫɩɪɟɞɟɥɟɧɧɨɫɬɢ: 

– ɧɚɫɬɨɥɶɧɵɟ; 

– ɪɚɫɩɪɟɞɟɥɟɧɧɵɟ. 

2) ɉɨ ɫɬɟɩɟɧɢ ɚɜɬɨɦɚɬɢɡɚɰɢɢ: 

– ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɟ; 

– ɚɜɬɨɦɚɬɢɱɟɫɤɢɟ. 

3) ɉɨ ɪɟɲɚɟɦɵɦ ɡɚɞɚɱɚɦ: 

– ɫɩɪɚɜɨɱɧɵɟ; 

– ɢɧɮɨɪɦɚɰɢɨɧɧɨ-ɩɨɢɫɤɨɜɵɟ; 

– ɪɚɫɱɟɬɧɵɟ; 

– ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ. 

4) ɉɨ ɦɚɫɲɬɚɛɧɨɫɬɢ ɡɚɞɚɱ: 

– ɩɟɪɫɨɧɚɥɶɧɵɟ; 

– ɝɪɭɩɩɨɜɵɟ; 

– ɤɨɪɩɨɪɚɬɢɜɧɵɟ. 

5) ɉɨ ɫɮɟɪɟ ɩɪɢɦɟɧɟɧɢɹ: 

– ɮɢɧɚɧɫɨɜɵɟ; 

– ɨɮɢɫɧɵɟ; 

– ɦɟɞɢɰɢɧɫɤɢɟ ɢ ɬ.ɞ. 

Ɉɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɚɧɧɨɣ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɸɬɫɹ 

ɫɨɜɪɟɦɟɧɧɵɟ ɪɚɡɜɢɜɚɸɳɢɟɫɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɟ ɫɢɫɬɟɦɵ. ɇɚɢɛɨɥɶɲɢɣ ɚɤɰɟɧɬ 

ɛɭɞɟɬ ɫɞɟɥɚɧ ɧɚ ɫɨɜɪɟɦɟɧɧɵɟ ɫɟɬɢ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ (ɜ ɬ.ɱ. ɛɟɫɩɪɨɜɨɞɧɵɟ). 

ɗɥɟɦɟɧɬ ɫɢɫɬɟɦɵ – ɷɬɨ ɩɪɟɞɟɥ ɱɥɟɧɟɧɢɹ ɫɢɫɬɟɦɵ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɚɫɩɟɤɬɚ ɟɟ 

ɪɚɫɫɦɨɬɪɟɧɢɹ, ɪɟɲɟɧɢɹ ɤɨɧɤɪɟɬɧɨɣ ɡɚɞɚɱɢ, ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ [64]. ȼ ɞɚɧɧɨɣ 
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ɪɚɛɨɬɟ ɩɨɞ ɷɥɟɦɟɧɬɚɦɢ (ɭɡɥɚɦɢ) ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ ɛɭɞɟɬ, ɜ ɩɟɪɜɭɸ 

ɨɱɟɪɟɞɶ, ɩɨɞɪɚɡɭɦɟɜɚɬɶɫɹ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɢɡ ɤɨɬɨɪɨɝɨ ɂɋ ɫɨɫɬɨɢɬ. 

Ⱦɚɧɧɨɟ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɨɫɜɹɳɟɧɨ ɩɪɨɛɥɟɦɚɬɢɤɟ 

ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ, ɬ.ɟ. ɫɢɫɬɟɦ ɫ 

ɧɟɤɨɬɨɪɨɣ ɭɠɟ ɪɟɚɥɢɡɨɜɚɧɧɨɣ ɢɧɮɪɚɫɬɪɭɤɬɭɪɨɣ, ɤɨɬɨɪɵɟ ɧɭɠɞɚɸɬɫɹ ɜ 

ɦɨɞɟɪɧɢɡɚɰɢɢ ɜ ɭɫɥɨɜɢɹɯ ɧɚɪɚɫɬɚɸɳɟɣ ɤɨɧɤɭɪɟɧɰɢɢ. 

ȼɨɡɦɨɠɧɵɟ ɩɪɢɱɢɧɵ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜɧɟɫɟɧɢɹ ɢɡɦɟɧɟɧɢɣ ɜ ɬɟɤɭɳɭɸ 

ɤɨɧɮɢɝɭɪɚɰɢɸ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ: 

– ɢɡɦɟɧɟɧɢɟ ɩɨɬɪɟɛɧɨɫɬɟɣ ɤɥɢɟɧɬɨɜ, ɤɨɬɨɪɵɟ ɭɠɟ ɩɨɞɤɥɸɱɟɧɵ ɤ ɂɋ; 

– ɢɡɦɟɧɟɧɢɟ ɱɢɫɥɚ ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɧɚ ɬɟɪɪɢɬɨɪɢɢ, ɤɨɬɨɪɚɹ ɭɠɟ ɨɯɜɚɱɟɧɚ 

ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɨɣ; 

– ɢɡɦɟɧɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɭɫɥɭɝ, ɩɪɟɞɨɫɬɚɜɥɹɟɦɵɯ ɫɢɫɬɟɦɨɣ; 

– ɠɟɥɚɧɢɟ ɜɥɚɞɟɥɶɰɚ ɂɋ ɪɚɫɲɢɪɢɬɶ ɬɟɪɪɢɬɨɪɢɸ ɜɥɢɹɧɢɹ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ 

ɫɢɫɬɟɦɵ; 

– ɢɡɦɟɧɟɧɢɟ ɫɨɫɬɚɜɚ ɢɦɟɸɳɟɝɨɫɹ ɜ ɧɚɥɢɱɢɢ ɨɛɨɪɭɞɨɜɚɧɢɹ. 

ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ, ɤɚɤ ɩɪɚɜɢɥɨ, ɜɧɨɫɢɬɶ ɢɡɦɟɧɟɧɢɹ ɜ ɫɬɪɭɤɬɭɪɭ ɫɢɫɬɟɦɵ 

ɩɪɢɯɨɞɢɬɫɹ ɢɡ-ɡɚ ɫɨɜɨɤɭɩɧɨɫɬɢ ɜɵɲɟɩɪɢɜɟɞɟɧɧɵɯ ɮɚɤɬɨɪɨɜ.  

ɂɡɦɟɧɟɧɢɹ ɜ ɂɋ ɨɫɭɳɟɫɬɜɥɹɸɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɫɥɟɞɭɸɳɢɯ ɨɩɟɪɚɰɢɣ: 

– ɭɫɬɚɧɨɜɤɚ ɧɨɜɨɝɨ ɭɡɥɚ (ɷɥɟɦɟɧɬɚ) ɧɚ ɫɜɨɛɨɞɧɨɟ ɦɟɫɬɨ-ɤɚɧɞɢɞɚɬ; 

– ɪɚɫɮɨɪɦɢɪɨɜɚɧɢɟ (ɭɞɚɥɟɧɢɟ, ɞɟɢɧɫɬɚɥɥɹɰɢɹ) ɫɭɳɟɫɬɜɭɸɳɟɝɨ ɭɡɥɚ, ɬ.ɟ. 

ɨɫɜɨɛɨɠɞɟɧɢɟ ɦɟɫɬɚ-ɤɚɧɞɢɞɚɬɚ; 

– ɦɨɞɟɪɧɢɡɚɰɢɹ (ɚɩɝɪɟɣɞ, ɨɛɧɨɜɥɟɧɢɟ) ɫɭɳɟɫɬɜɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ ɫɢɫɬɟɦɵ; 

– ɩɨɞɤɥɸɱɟɧɢɟ ɩɨɥɶɡɨɜɚɬɟɥɹ ɜ ɫɢɫɬɟɦɭ; 

– ɭɞɚɥɟɧɢɟ ɩɨɥɶɡɨɜɚɬɟɥɹ ɢɡ ɫɢɫɬɟɦɵ; 

– ɭɞɚɥɟɧɢɟ ɫɜɹɡɟɣ ɦɟɠɞɭ ɷɥɟɦɟɧɬɚɦɢ ɫɢɫɬɟɦɵ, ɦɟɠɞɭ ɤɥɢɟɧɬɚɦɢ ɢ 

ɷɥɟɦɟɧɬɚɦɢ. 
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1.1.2 ɂɧɮɨɪɦɚɰɢɨɧɧɵɟ ɫɢɫɬɟɦɵ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɫɢɫɬɟɦɧɨɝɨ ɚɧɚɥɢɡɚ 

ȿɫɥɢ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɬɢɩɢɱɧɭɸ ɫɨɜɪɟɦɟɧɧɭɸ ɢɧɮɨɪɦɚɰɢɨɧɧɭɸ ɫɢɫɬɟɦɭ, ɬɨ ɫ 

ɬɨɱɤɢ ɡɪɟɧɢɹ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɫɢɫɬɟɦ [63,69,3]  ɟё ɦɨɠɧɨ ɧɚɡɜɚɬɶ:  

– ɨɬɤɪɵɬɨɣ, ɬ.ɤ. ɨɧɚ ɫɩɨɫɨɛɧɚ ɨɛɦɟɧɢɜɚɬɶɫɹ ɢɧɮɨɪɦɚɰɢɟɣ ɢ ɷɧɟɪɝɢɟɣ ɫ 

ɜɧɟɲɧɟɣ ɫɪɟɞɨɣ; 

– ɦɚɬɟɪɢɚɥɶɧɨɣ, ɬ.ɤ. ɨɧɚ ɫɭɳɟɫɬɜɭɟɬ ɜ ɨɛɴɟɤɬɢɜɧɨɣ ɪɟɚɥɶɧɨɫɬɢ; 

– ɢɫɤɭɫɫɬɜɟɧɧɨɣ, ɬ.ɤ. ɨɧɚ ɫɨɡɞɚɧɚ ɱɟɥɨɜɟɤɨɦ; 

– ɬɟɯɧɢɱɟɫɤɨɣ, ɬ.ɤ. ɜ ɟɟ ɨɫɧɨɜɟ ɥɟɠɚɬ ɭɫɬɪɨɣɫɬɜɚ ɢ ɞɟɬɚɥɢ; 

– ɦɧɨɝɨɷɥɟɦɟɧɬɧɨɣ (ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ); 

– ɝɟɬɟɪɨɝɟɧɧɨɣ, ɬ.ɤ. ɨɧɚ ɫɨɫɬɨɢɬ ɢɡ ɪɚɡɧɨɪɨɞɧɵɯ ɷɥɟɦɟɧɬɨɜ (ɜ ɛɨɥɶɲɢɧɫɬɜɟ 

ɫɥɭɱɚɟɜ); 

– ɢɟɪɚɪɯɢɱɟɫɤɨɣ, ɬ.ɤ. ɟɟ ɷɥɟɦɟɧɬɵ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɧɚ ɪɚɡɧɵɯ ɭɪɨɜɧɹɯ 

ɢɟɪɚɪɯɢɢ, ɫɨɫɬɨɹɳɢɯ ɜ ɨɬɧɨɲɟɧɢɹɯ ɩɨɞɱɢɧɟɧɢɹ ɢ ɜɵɩɨɥɧɹɸɳɢɯ ɪɚɡɧɵɟ ɮɭɧɤɰɢɢ 

(ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ); 

– ɞɢɧɚɦɢɱɟɫɤɨɣ, ɬ.ɤ. ɨɧɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟɦ ɢ ɪɚɡɜɢɬɢɟɦ 

ɜɨ ɜɪɟɦɟɧɢ. 

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɨɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɩɨɞɯɨɞɨɜ ɤ ɪɟɲɟɧɢɸ ɡɚɞɚɱ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ ɨɩɬɢɦɢɡɚɰɢɢ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɢ ɬɟɯɧɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɢ 

ɫɢɫɬɟɦ ɹɜɥɹɟɬɫɹ ɫɢɫɬɟɦɧɵɣ ɚɧɚɥɢɡ, ɤɨɬɨɪɵɣ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɤɚɤ «ɦɟɬɨɞ 

ɧɚɭɱɧɨɝɨ ɩɨɡɧɚɧɢɹ, ɤɨɬɨɪɵɣ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɥɸɛɨɣ ɨɛɴɟɤɬ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ 

ɫɭɛɴɟɤɬɭ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɤɚɤ ɫɢɫɬɟɦɚ (ɫɥɨɠɧɨɟ ɨɛɪɚɡɨɜɚɧɢɟ), ɫɨɫɬɨɹɳɚɹ ɢɡ 

ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɷɥɟɦɟɧɬɨɜ, ɫɜɹɡɚɧɧɵɯ ɦɟɠɞɭ ɫɨɛɨɣ ɜɟɳɟɫɬɜɟɧɧɵɦɢ, 

ɷɧɟɪɝɟɬɢɱɟɫɤɢɦɢ, ɢɧɮɨɪɦɚɰɢɨɧɧɵɦɢ ɢ ɞɪɭɝɢɦɢ ɫɜɹɡɹɦɢ ɫɢɥɶɧɟɟ, ɱɟɦ ɫ 

ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɨɣ» [10,13]. 

ɋɨɝɥɚɫɧɨ [10], ɨɫɧɨɜɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɦɚɬɟɪɢɚɥɶɧɨɣ ɬɟɯɧɢɱɟɫɤɨɣ 

ɫɢɫɬɟɦɵ ɹɜɥɹɸɬɫɹ ɟё ɮɭɧɤɰɢɨɧɚɥɶɧɨɟ ɧɚɡɧɚɱɟɧɢɟ, ɫɬɪɭɤɬɭɪɚ, ɤɨɦɩɨɧɨɜɤɚ, 

ɨɪɝɚɧɢɡɚɰɢɹ ɢ ɫɨɜɨɤɭɩɧɨɫɬɶ ɩɨɤɚɡɚɬɟɥɟɣ ɤɚɱɟɫɬɜɚ. Ɋɚɫɤɪɨɟɦ ɫɭɬɶ ɷɬɢɯ ɤɚɬɟɝɨɪɢɣ 

ɞɥɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ. 
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1) Ɏɭɧɤɰɢɨɧɚɥɶɧɵɦ ɧɚɡɧɚɱɟɧɢɟɦ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ ɹɜɥɹɟɬɫɹ 

ɩɪɟɞɨɫɬɚɜɥɟɧɢɟ ɩɨɥɶɡɨɜɚɬɟɥɹɦ ɭɫɥɭɝ. ɉɨɞ ɭɫɥɭɝɚɦɢ ɜ ɂɋ ɩɨɧɢɦɚɟɬɫɹ ɞɨɫɬɭɩ ɤ 

ɢɧɮɨɪɦɚɰɢɢ. ɉɪɢɱɟɦ ɩɨɞɪɚɡɭɦɟɜɚɟɬɫɹ ɩɪɟɞɨɫɬɚɜɥɟɧɢɟ ɭɫɥɭɝ ɨɩɪɟɞɟɥɟɧɧɨɝɨ 

ɡɚɪɚɧɟɟ ɡɚɞɚɧɧɨɝɨ ɤɚɱɟɫɬɜɚ ɡɚ ɫɱɟɬ ɩɨɤɪɵɬɢɹ ɡɚɪɚɧɟɟ ɡɚɞɚɧɧɨɣ ɬɟɪɪɢɬɨɪɢɢ.  

2) Cɬɪɭɤɬɭɪɚ – ɧɟɤɨɬɨɪɚɹ ɨɪɝɚɧɢɡɚɰɢɹ ɫɢɫɬɟɦɵ ɩɨɫɪɟɞɫɬɜɨɦ ɫɢɧɬɟɡɚ ɢɡ 

ɨɬɞɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɨɛɥɚɞɚɸɳɢɯ ɨɩɪɟɞɟɥɟɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɢ 

ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯ ɰɟɥɶ ɢ ɧɚɡɧɚɱɟɧɢɟ ɫɢɫɬɟɦɵ. ɋɬɪɭɤɬɭɪɚ ɨɬɪɚɠɚɟɬ ɤɚɱɟɫɬɜɟɧɧɵɣ 

ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɵɣ ɫɨɫɬɚɜ, ɦɧɨɠɟɫɬɜɨ ɫɜɹɡɟɣ ɦɟɠɞɭ ɷɥɟɦɟɧɬɚɦɢ ɢ ɨɩɪɟɞɟɥɹɟɬ 

ɨɫɧɨɜɧɵɟ ɫɜɨɣɫɬɜɚ ɫɢɫɬɟɦɵ [10].  

ɉɪɢɜɟɞɟɦ ɜ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɨɩɢɫɚɧɢɟ ɫɬɪɭɤɬɭɪɵ ɬɚɤɨɣ ɂɋ, ɤɚɤ 

ɛɟɫɩɪɨɜɨɞɧɚɹ ɫɟɬɶ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ. ɗɥɟɦɟɧɬɚɦɢ ɫɬɪɭɤɬɭɪɵ ɛɟɫɩɪɨɜɨɞɧɨɣ 

ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɟɬɢ ɲɢɪɨɤɨɩɨɥɨɫɧɨɝɨ ɞɨɫɬɭɩɚ ɹɜɥɹɸɬɫɹ: 

Ⱥ) Ɉɛɨɪɭɞɨɜɚɧɢɟ ɩɨɫɬɚɜɳɢɤɚ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɯ ɭɫɥɭɝ: 

– ɛɚɡɨɜɵɟ ɫɬɚɧɰɢɢ; 

– ɤɨɦɦɭɬɚɰɢɨɧɧɨɟ, ɲɥɸɡɨɜɨɟ ɢ ɩɪɨɱɟɟ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ. 

ɋɜɨɣɫɬɜɚ ɨɛɨɪɭɞɨɜɚɧɢɹ: 

– ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ (ɦɨɳɧɨɫɬɶ ɫɢɝɧɚɥɚ, ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ 

ɢ ɬ.ɞ.). 

– ɫɩɨɫɨɛɧɨɫɬɶ ɩɨɞɞɟɪɠɢɜɚɬɶ ɨɩɪɟɞɟɥɟɧɧɵɟ ɫɟɬɟɜɵɟ ɩɪɨɬɨɤɨɥɵ ɢ ɫɬɚɧɞɚɪɬɵ. 

Ȼ) Ʉɥɢɟɧɬɵ. 

ɋɜɨɣɫɬɜɚ ɤɥɢɟɧɬɨɜ: 

– ɦɟɫɬɨɩɨɥɨɠɟɧɢɟ ɤɥɢɟɧɬɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ; 

– ɩɨɬɪɟɛɧɨɫɬɢ ɤɥɢɟɧɬɨɜ ɜ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɯ ɭɫɥɭɝɚɯ. 

ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ, ɧɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɤɥɢɟɧɬɫɤɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɹɜɥɹɟɬɫɹ 

ɱɚɫɬɶɸ ɛɟɫɩɪɨɜɨɞɧɨɣ ɫɟɬɢ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ, ɨɩɟɪɚɬɨɪɵ ɫɜɹɡɢ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ 

ɫɟɬɟɣ ɡɚɧɢɦɚɸɬɫɹ ɪɟɲɟɧɢɟɦ ɡɚɞɚɱɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɨɩɬɢɦɢɡɚɰɢɢ ɬɨɩɨɥɨɝɢɢ 

ɬɨɥɶɤɨ ɬɨɣ ɱɚɫɬɢ ɫɢɫɬɟɦɵ, ɤɨɬɨɪɚɹ ɫɨɫɬɚɜɥɟɧɚ ɢɡ ɢɯ ɨɛɨɪɭɞɨɜɚɧɢɹ. Ɇɨɠɧɨ 

ɫɤɚɡɚɬɶ, ɱɬɨ ɫɜɨɣɫɬɜɚ ɤɥɢɟɧɬɨɜ ɫɟɬɢ ɹɜɥɹɸɬɫɹ ɜɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ ɞɥɹ ɡɚɞɚɱ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɨɩɬɢɦɢɡɚɰɢɢ ɛɟɫɩɪɨɜɨɞɧɵɯ ɫɟɬɟɣ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ. 
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ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɛɚɡɨɜɵɯ ɫɬɚɧɰɢɣ ɢ ɤɥɢɟɧɬɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ: 

Ⱥ) ȼ ɧɢɫɯɨɞɹɳɟɦ ɧɚɩɪɚɜɥɟɧɢɢ (downlink). ɉɟɪɟɞɚɱɚ ɢɧɮɨɪɦɚɰɢɢ ɨɬ 

ɛɚɡɨɜɨɣ ɫɬɚɧɰɢɢ ɤ ɤɥɢɟɧɬɭ. 

Ȼ) ȼ ɜɨɫɯɨɞɹɳɟɦ ɧɚɩɪɚɜɥɟɧɢɢ (uplink). ɉɟɪɟɞɚɱɚ ɢɧɮɨɪɦɚɰɢɢ ɨɬ 

ɤɥɢɟɧɬɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɤ ɛɚɡɨɜɨɣ ɫɬɚɧɰɢɢ. 

ȼɧɟɲɧɹɹ ɫɪɟɞɚ ɬɚɤɨɣ ɂɋ, ɤɚɤ ɛɟɫɩɪɨɜɨɞɧɚɹ ɫɟɬɶ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ, ɫɨɫɬɨɢɬ 

ɢɡ ɞɜɭɯ ɱɚɫɬɟɣ: 

Ⱥ) ɋɪɟɞɚ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɫɢɝɧɚɥɚ. ȼ ɫɥɭɱɚɟ ɛɟɫɩɪɨɜɨɞɧɵɯ 

ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɟɬɟɣ ɫɪɟɞɨɣ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɫɢɝɧɚɥɚ, ɤɚɧɚɥɨɦ ɩɟɪɟɞɚɱɢ 

ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɩɨɬɨɤɨɜ ɦɟɠɞɭ ɭɫɬɪɨɣɫɬɜɚɦɢ ɢ ɛɟɫɩɪɨɜɨɞɧɨɣ 

ɢɧɮɪɚɫɬɪɭɤɬɭɪɨɣ, ɹɜɥɹɟɬɫɹ ɜɨɡɞɭɯ. 

Ȼ) ɋɟɬɢ, ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɜɧɟɲɧɢɦɢ ɞɥɹ ɛɟɫɩɪɨɜɨɞɧɨɣ ɫɟɬɢ. ɗɬɨ, ɜ ɩɟɪɜɭɸ 

ɨɱɟɪɟɞɶ: 

– ɂɧɬɟɪɧɟɬ; 

– ɬɟɥɟɮɨɧɧɵɟ ɫɟɬɢ ɨɛɳɟɝɨ ɩɨɥɶɡɨɜɚɧɢɹ. 

3) Ʉɨɦɩɨɧɨɜɤɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢɦ ɪɚɡɦɟɳɟɧɢɟɦ ɷɥɟɦɟɧɬɨɜ 

ɫɢɫɬɟɦɵ ɜ ɡɚɞɚɧɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ [10]. Ʉɚɤ ɩɪɚɜɢɥɨ, ɩɨɞ ɤɨɦɩɨɧɨɜɤɨɣ 

ɩɨɞɪɚɡɭɦɟɜɚɟɬɫɹ ɪɚɫɩɨɥɨɠɟɧɢɟ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɫɨɫɬɚɜɥɹɸɳɟɝɨ ɤɨɦɩɥɟɤɫ 

ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ ɫɢɫɬɟɦɵ. ɇɚɩɪɢɦɟɪ, ɞɥɹ ɛɟɫɩɪɨɜɨɞɧɨɣ ɫɟɬɢ ɩɟɪɟɞɚɱɢ 

ɞɚɧɧɵɯ ɦɟɫɬɨɩɨɥɨɠɟɧɢɹ ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɭɫɥɭɝ ɹɜɥɹɸɬɫɹ ɜɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ ɞɥɹ 

ɡɚɞɚɱ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɨɩɬɢɦɢɡɚɰɢɢ ɫɟɬɢ, ɚ ɜɨɬ ɦɟɫɬɨɩɨɥɨɠɟɧɢɟ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ 

ɭɫɬɪɨɣɫɬɜ (ɛɚɡɨɜɵɟ ɫɬɚɧɰɢɢ, ɤɨɧɬɪɨɥɥɟɪɵ ɢ ɬ.ɞ.) ɜɵɛɢɪɚɟɬɫɹ ɢɫɯɨɞɹ ɢɡ ɤɪɢɬɟɪɢɟɜ 

ɨɩɬɢɦɚɥɶɧɨɫɬɢ ɢ ɭɫɥɨɜɢɣ ɞɨɩɭɫɬɢɦɨɫɬɢ ɤɨɧɮɢɝɭɪɚɰɢɢ ɫɢɫɬɟɦɵ.  

ȼ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɞɚɧɧɨɟ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɧɚɩɪɚɜɥɟɧɨ 

ɧɚ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɨɩɬɢɦɢɡɚɰɢɢ ɤɨɦɩɨɧɨɜɤɢ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɫɢɫɬɟɦ, ɬ.ɟ. 

ɁɊɗɊɂɋ – ɡɚɞɚɱɚ ɤɨɦɩɨɧɨɜɤɢ. 

4) Ɉɪɝɚɧɢɡɚɰɢɹ ɫɢɫɬɟɦɵ ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɚɤɬɭɚɥɢɡɚɰɢɸ ɢ ɭɩɨɪɹɞɨɱɟɧɢɟ 

ɫɜɹɡɟɣ ɦɟɠɞɭ ɷɥɟɦɟɧɬɚɦɢ ɫɢɫɬɟɦɵ [10]. ɏɚɪɚɤɬɟɪɧɵɦ ɩɪɢɦɟɪɨɦ ɨɩɢɫɚɧɢɹ 

ɨɪɝɚɧɢɡɚɰɢɢ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ ɹɜɥɹɸɬɫɹ ɫɟɬɟɜɵɟ ɫɬɚɧɞɚɪɬɵ ɢ ɩɪɨɬɨɤɨɥɵ, 
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ɤɨɬɨɪɵɟ ɨɩɢɫɵɜɚɸɬ ɩɨɥɧɵɣ ɩɟɪɟɱɟɧɶ ɫɜɹɡɟɣ ɦɟɠɞɭ ɷɥɟɦɟɧɬɚɦɢ ɬɚɤɢɯ 

ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ, ɤɚɤ ɫɟɬɢ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ, ɢ ɫɩɟɰɢɮɢɤɭ ɩɨɞɨɛɧɵɯ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ. 

5) ȼɟɤɬɨɪ ɩɨɤɚɡɚɬɟɥɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɫɢɫɬɟɦɵ ɡɚɞɚɟɬɫɹ ɫɨɜɨɤɭɩɧɨɫɬɶɸ 

ɤɚɱɟɫɬɜɟɧɧɵɯ ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯ ɩɨɥɟɡɧɵɣ ɷɮɮɟɤɬ 

ɨɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɢɫɬɟɦɵ [10]. 

Ɍɚɤ ɤɚɤ ɞɚɧɧɚɹ ɪɚɛɨɬɚ ɩɨɫɜɹɳɟɧɚ ɪɚɡɪɚɛɨɬɤɟ ɚɥɝɨɪɢɬɦɨɜ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ 

ɩɨɞɞɟɪɠɤɢ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ ɩɨ ɪɚɡɦɟɳɟɧɢɸ ɷɥɟɦɟɧɬɨɜ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ 

ɫɢɫɬɟɦ, ɩɪɢɦɟɧɢɦɵɯ ɤɚɤ ɧɚ ɫɬɚɞɢɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɩɥɚɧɢɪɨɜɚɧɢɹ ɂɋ, ɬɚɤ ɢ ɧɚ 

ɷɬɚɩɟ ɦɨɞɟɪɧɢɡɚɰɢɢ, ɬɨ ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɫɦɨɬɪɟɬɶ ɤɪɢɬɟɪɢɢ ɤɚɱɟɫɬɜɚ, 

ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯ ɂɋ ɧɚ ɥɸɛɨɦ ɷɬɚɩɟ ɟɟ ɠɢɡɧɟɧɧɨɝɨ ɰɢɤɥɚ. Ɋɚɡɞɟɥ 1.1.7 

ɩɨɫɜɹɳɟɧ ɨɛɡɨɪɭ ɧɚɭɱɧɨɣ ɥɢɬɟɪɚɬɭɪɵ, ɢɦɟɸɳɟɦɭ ɰɟɥɶ ɜɵɹɜɢɬɶ ɨɫɧɨɜɧɵɟ 

ɩɨɞɯɨɞɵ ɤ ɮɨɪɦɭɥɢɪɨɜɤɟ ɤɪɢɬɟɪɢɟɜ ɨɩɬɢɦɚɥɶɧɨɫɬɢ ɢ ɞɨɩɭɫɬɢɦɨɫɬɢ ɫɬɪɭɤɬɭɪɵ 

ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ ɩɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱɢ ɨɩɬɢɦɢɡɚɰɢɢ ɪɚɡɦɟɳɟɧɢɹ ɢɯ 

ɷɥɟɦɟɧɬɨɜ. 

 

1.1.3 Ɂɚɞɚɱɚ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ 

ɫɢɫɬɟɦ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɫɢɫɬɟɦɧɨɝɨ ɚɧɚɥɢɡɚ 

ɋɭɳɟɫɬɜɭɸɬ ɬɪɢ ɨɫɧɨɜɧɵɟ ɡɚɞɚɱɢ, ɨɬɧɨɫɹɳɢɟɫɹ ɤ ɢɡɭɱɟɧɢɸ ɢ ɫɨɡɞɚɧɢɸ 

ɫɢɫɬɟɦ: ɚɧɚɥɢɡ, ɫɢɧɬɟɡ ɢ ɩɪɢɧɹɬɢɟ ɪɟɲɟɧɢɣ [42]. 

Ⱥɧɚɥɢɡ ɫɨɫɬɨɢɬ ɜ ɢɡɭɱɟɧɢɢ ɫɜɨɣɫɬɜ ɢ ɩɨɜɟɞɟɧɢɹ ɫɢɫɬɟɦ (ɢ ɢɯ ɷɥɟɦɟɧɬɨɜ) ɜ 

ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɢɹɯ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ. ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɪɚɡɜɢɜɚɸɳɢɯɫɹ 

ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ ɚɧɚɥɢɡ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ: 

– ɢɡɭɱɟɧɢɟ ɨɫɨɛɟɧɧɨɫɬɟɣ ɩɪɨɬɨɤɨɥɨɜ ɢ ɫɬɚɧɞɚɪɬɨɜ, ɥɟɠɚɳɢɯ ɜ ɨɫɧɨɜɟ 

ɩɨɫɬɪɨɟɧɢɹ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ; 

– ɢɡɭɱɟɧɢɟ ɨɫɨɛɟɧɧɨɫɬɟɣ ɨɬɞɟɥɶɧɵɯ ɞɨɫɬɭɩɧɵɯ ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɷɥɟɦɟɧɬɨɜ 

ɂɋ (ɨɛɨɪɭɞɨɜɚɧɢɹ); 

– ɢɡɭɱɟɧɢɟ ɨɫɨɛɟɧɧɨɫɬɟɣ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɷɥɟɦɟɧɬɚɦɢ ɫɟɬɢ; 

– ɢɡɭɱɟɧɢɟ ɨɫɨɛɟɧɧɨɫɬɟɣ ɜɧɟɲɧɟɣ ɫɪɟɞɵ; 
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– ɢɡɭɱɟɧɢɟ ɨɫɨɛɟɧɧɨɫɬɟɣ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ ɢ ɜɧɟɲɧɟɣ 

ɫɪɟɞɵ; 

– ɢɡɭɱɟɧɢɟ ɩɨɬɪɟɛɧɨɫɬɟɣ ɩɨɥɶɡɨɜɚɬɟɥɟɣ; 

– ɢɡɭɱɟɧɢɟ ɨɫɨɛɟɧɧɨɫɬɟɣ ɭɠɟ ɫɭɳɟɫɬɜɭɸɳɟɣ (ɢɫɯɨɞɧɨɣ) ɂɋ, ɤɨɬɨɪɭɸ 

ɧɟɨɛɯɨɞɢɦɨ ɦɨɞɟɪɧɢɡɢɪɨɜɚɬɶ. 

ɋɢɧɬɟɡ ɫɨɫɬɨɢɬ ɜ ɩɨɫɬɪɨɟɧɢɢ ɜɨɡɦɨɠɧɵɯ ɜɚɪɢɚɧɬɨɜ ɫɢɫɬɟɦ. Ɉɧ ɫɨɫɬɨɢɬ ɜ 

ɩɨɫɬɪɨɟɧɢɢ ɫɬɪɭɤɬɭɪɵ ɫɢɫɬɟɦɵ (ɨɩɪɟɞɟɥɟɧɢɢ ɷɥɟɦɟɧɬɨɜ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɢɫɬɟɦɵ 

ɢ ɫɜɹɡɟɣ, ɜɨɡɧɢɤɚɸɳɢɯ ɦɟɠɞɭ ɧɢɦɢ), ɚ ɬɚɤɠɟ ɜ ɨɩɪɟɞɟɥɟɧɢɢ ɩɚɪɚɦɟɬɪɨɜ ɫɢɫɬɟɦɵ 

ɢ ɟɟ ɷɥɟɦɟɧɬɨɜ ɩɪɢ ɮɢɤɫɢɪɨɜɚɧɧɨɣ ɫɬɪɭɤɬɭɪɟ [10]. ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ 

ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ ɫɢɧɬɟɡ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɨɫɬɪɨɟɧɢɢ ɦɧɨɠɟɫɬɜɚ ɜɫɟɯ 

ɜɨɡɦɨɠɧɵɯ ɜɚɪɢɚɧɬɨɜ ɫɢɫɬɟɦɵ ɧɚ ɨɫɧɨɜɟ ɪɟɡɭɥɶɬɚɬɨɜ ɚɧɚɥɢɡɚ. 

ɉɪɢɧɹɬɢɟ ɪɟɲɟɧɢɣ ɫɨɫɬɨɢɬ ɜ ɜɵɛɨɪɟ ɧɚɢɥɭɱɲɟɝɨ ɜɚɪɢɚɧɬɚ ɫɢɫɬɟɦɵ ɢɡ 

ɧɟɫɤɨɥɶɤɢɯ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɢ ɨɰɟɧɤɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɟɝɨ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ. 

Ɏɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɫɢɫɬɟɦɵ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɧɟɤɨɬɨɪɵɦ ɤɨɥɢɱɟɫɬɜɟɧɧɵɦ ɢɥɢ 

ɤɚɱɟɫɬɜɟɧɧɵɦ ɮɭɧɤɰɢɨɧɚɥɨɦ, ɤɨɬɨɪɵɣ ɧɚɡɵɜɚɸɬ ɩɨɤɚɡɚɬɟɥɟɦ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 

[10].  

Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɥɢɰɨ, ɩɪɢɧɢɦɚɸɳɟɟ ɪɟɲɟɧɢɟ, (ɅɉɊ) – ɷɬɨ ɱɟɥɨɜɟɤ ɢɥɢ 

ɤɨɥɥɟɤɬɢɜ, ɤɨɬɨɪɵɣ ɧɚ ɷɬɚɩɟ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ ɨɫɭɳɟɫɬɜɥɹɟɬ ɜɵɛɨɪ ɢ ɧɟɫɟɬ 

ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɡɚ ɟɝɨ ɩɨɫɥɟɞɫɬɜɢɹ [64]. 

Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ 

ɫɢɫɬɟɦ ɨɬɧɨɫɢɬɫɹ ɤ ɮɚɡɚɦ ɫɢɧɬɟɡɚ ɢ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ, ɬ.ɤ. ɥɢɰɨ, ɩɪɢɧɢɦɚɸɳɟɟ 

ɪɟɲɟɧɢɹ, ɧɚ ɷɬɚɩɟ ɫɢɧɬɟɡɚ ɮɨɪɦɢɪɭɟɬ ɦɧɨɠɟɫɬɜɨ ɞɨɩɭɫɬɢɦɵɯ ɜɚɪɢɚɧɬɨɜ 

ɦɨɞɟɪɧɢɡɢɪɨɜɚɧɧɨɣ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ (ɡɚ ɫɱɟɬ ɨɬɫɟɜɚ ɜɚɪɢɚɧɬɨɜ, ɧɟ 

ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɯ ɬɪɟɛɨɜɚɧɢɹɦ, ɩɪɟɞɴɹɜɥɹɟɦɵɦ ɤ ɫɢɫɬɟɦɟ), ɤɨɬɨɪɵɟ 

ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɜɨɣɫɬɜɚɦɢ ɦɟɫɬ-ɤɚɧɞɢɞɚɬɨɜ, ɫɜɨɣɫɬɜɚɦɢ ɤɥɢɟɧɬɨɜ, ɫɜɨɣɫɬɜɚɦɢ 

ɜɧɟɲɧɟɣ ɫɪɟɞɵ, ɫɜɨɣɫɬɜɚɦɢ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɤɨɬɨɪɨɟ ɢɦɟɟɬɫɹ ɜ ɪɚɫɩɨɪɹɠɟɧɢɢ). 

Ⱦɚɥɟɟ ɧɚ ɷɬɚɩɟ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ ɅɉɊ ɞɨɥɠɧɨ ɜɵɛɪɚɬɶ ɧɚɢɥɭɱɲɭɸ ɚɥɶɬɟɪɧɚɬɢɜɭ 

ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɦɢɧɢɦɢɡɚɰɢɢ ɢɥɢ ɦɚɤɫɢɦɢɡɚɰɢɢ ɧɟɤɨɬɨɪɨɝɨ ɤɪɢɬɟɪɢɹ (ɢɥɢ 

ɤɪɢɬɟɪɢɟɜ) ɤɚɱɟɫɬɜɚ ɫɢɫɬɟɦɵ.  
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ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɟɞɥɚɝɚɟɬɫɹ ɩɨɞɯɨɞ, ɫɨɝɥɚɫɧɨ ɤɨɬɨɪɨɦɭ ɡɚɞɚɱɚ ɩɪɢɧɹɬɢɹ 

ɪɟɲɟɧɢɹ ɫɜɨɞɢɬɫɹ ɤ ɡɚɞɚɱɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɞɢɫɤɪɟɬɧɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɝɞɟ 

ɨɝɪɚɧɢɱɟɧɢɹ ɨɬɜɟɱɚɸɬ ɡɚ ɩɪɨɜɟɪɤɭ ɪɟɲɟɧɢɹ (ɤɨɧɮɢɝɭɪɚɰɢɢ ɤɨɦɩɥɟɤɫɚ 

ɨɛɨɪɭɞɨɜɚɧɢɹ) ɧɚ ɞɨɩɭɫɬɢɦɨɫɬɶ, ɚ ɰɟɥɟɜɚɹ ɮɭɧɤɰɢɹ – ɡɚ ɭɱɟɬ ɤɪɢɬɟɪɢɟɜ ɤɚɱɟɫɬɜɚ 

ɫɢɫɬɟɦɵ. ɉɪɢ ɬɚɤɨɦ ɩɨɞɯɨɞɟ ɅɉɊ ɞɨɥɠɧɨ ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ ɤɪɢɬɟɪɢɢ 

ɞɨɩɭɫɬɢɦɨɫɬɢ ɪɟɲɟɧɢɣ ɢ ɰɟɥɟɜɭɸ ɮɭɧɤɰɢɸ ɡɚɞɚɱɢ ɞɢɫɤɪɟɬɧɨɝɨ 

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ (ɫɦ. ɪɢɫɭɧɨɤ 1.1). ɉɨɥɭɱɢɜɲɭɸɫɹ ɡɚɞɚɱɭ ɬɪɟɛɭɟɬɫɹ ɪɟɲɢɬɶ 

ɩɪɢ ɩɨɦɨɳɢ ɚɥɝɨɪɢɬɦɨɜ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ ɩɨɞɞɟɪɠɤɢ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ ɩɨ 

ɨɩɬɢɦɢɡɚɰɢɢ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ. 

ɋɜɨɣɫɬɜɚ ɞɨɫɬɭɩɧɨɝɨ 
ɞɥɹ ɭɫɬɚɧɨɜɤɢ 
ɨɛɨɪɭɞɨɜɚɧɢɹ

Ʉɨɥɢɱɟɫɬɜɨ ɢ 
ɦɟɫɬɨɩɨɥɨɠɟɧɢɟ 

ɤɥɢɟɧɬɨɜ 

ɉɨɬɪɟɛɧɨɫɬɢ 
ɤɥɢɟɧɬɨɜ ɢ ɫɜɨɣɫɬɜɚ 
ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɨɝɨ 

ɨɛɨɪɭɞɨɜɚɧɢɹ

ɋɜɨɣɫɬɜɚ ɦɟɫɬ-
ɤɚɧɞɢɞɚɬɨɜ

Ɉɫɨɛɟɧɧɨɫɬɢ 
ɜɧɟɲɧɟɣ ɫɪɟɞɵ ɂɋ

Ɏɨɪɦɢɪɨɜɚɧɢɟ ɤɪɢɬɟɪɢɟɜ 
ɞɨɩɭɫɬɢɦɨɫɬɢ ɤɨɧɮɢɝɭɪɚɰɢɢ 

ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ

ɅɉɊ

Ɏɨɪɦɢɪɨɜɚɧɢɟ ɤɪɢɬɟɪɢɟɜ 
ɨɩɬɢɦɚɥɶɧɨɫɬɢ 
ɤɨɧɮɢɝɭɪɚɰɢɢ 

ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ

ЗаȒача ȒиȟкȞȓȠțȜȑȜ 
ȝȞȜȑȞаȚȚиȞȜȐаțия

ɋɩɟɰɢɮɢɤɚ 
ɩɪɨɬɨɤɨɥɨɜ ɢ 

ɫɬɚɧɞɚɪɬɨɜ 
ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɂɋ

ɋɜɟɞɟɧɢɹ, ɩɨɥɭɱɚɟɦɵɟ ɧɚ ɷɬɚɩɟ ɚɧɚɥɢɡɚ

ɉɚɪɚɦɟɬɪɵ ɭɠɟ 
ɭɫɬɚɧɨɜɥɟɧɧɵɯ 
ɷɥɟɦɟɧɬɨɜ ɂɋ

ɉɚɪɚɦɟɬɪɵ ɭɠɟ  
ɢɦɟɸɳɢɯɫɹ ɫɜɹɡɟɣ 
ɦɟɠɞɭ ɤɥɢɟɧɬɚɦɢ ɢ 

ɷɥɟɦɟɧɬɚɦɢ ɂɋ

 

Ɋɢɫɭɧɨɤ 1.1 – ɋɬɪɭɤɬɭɪɚ ɩɪɨɰɟɫɫɚ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ ɩɨ ɨɩɬɢɦɢɡɚɰɢɢ 

ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ 
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1.1.4 ɗɬɚɩɵ ɫɨɡɞɚɧɢɹ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ 

ȼɵɞɟɥɹɸɬ ɫɥɟɞɭɸɳɢɟ ɷɬɚɩɵ ɩɨɫɬɪɨɟɧɢɹ ɤɨɦɦɟɪɱɟɫɤɢɯ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ 

ɫɢɫɬɟɦ ([18]): 

1. Ɏɨɪɦɢɪɨɜɚɧɢɟ ɰɟɥɟɣ ɩɥɚɧɢɪɨɜɚɧɢɹ ɂɋ, ɨɰɟɧɤɚ ɧɟɨɛɯɨɞɢɦɵɯ 

ɢɧɜɟɫɬɢɰɢɣ, ɜɪɟɦɟɧɢ ɪɟɚɥɢɡɚɰɢɢ ɢ ɨɤɭɩɚɟɦɨɫɬɢ. 

2. Ⱥɧɚɥɢɡ ɬɪɟɛɨɜɚɧɢɣ ɩɨɬɟɧɰɢɚɥɶɧɵɯ ɤɥɢɟɧɬɨɜ (ɩɨɥɶɡɨɜɚɬɟɥɟɣ). 

3. Ɏɨɪɦɢɪɨɜɚɧɢɟ ɬɨɩɨɥɨɝɢɢ ɫɢɫɬɟɦɵ, ɨɩɪɟɞɟɥɟɧɢɟ ɦɟɫɬ ɪɚɡɦɟɳɟɧɢɹ 

ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ. 

4. ɋɬɪɨɢɬɟɥɶɫɬɜɨ ɫɢɫɬɟɦɵ. 

5. ɇɚɫɬɪɨɣɤɚ ɩɚɪɚɦɟɬɪɨɜ ɤɚɱɟɫɬɜɚ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ. 

6. ɋɞɚɱɚ ɂɋ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ. 

7. ɉɪɟɞɨɫɬɚɜɥɟɧɢɟ ɭɫɥɭɝ ɤɥɢɟɧɬɚɦ ɧɚ ɩɥɚɬɧɨɣ ɨɫɧɨɜɟ. 

8. Ɇɨɧɢɬɨɪɢɧɝ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɂɋ. 

9. Ɉɫɭɳɟɫɬɜɥɟɧɢɟ ɩɪɨɰɟɫɫɚ ɨɩɬɢɦɢɡɚɰɢɢ ɂɋ ɧɚ ɨɫɧɨɜɟ ɪɟɡɭɥɶɬɚɬɨɜ 

ɦɨɧɢɬɨɪɢɧɝɚ (ɜ ɢɞɟɚɥɟ ɧɟɩɪɟɪɵɜɧɨ ɩɪɨɢɫɯɨɞɹɳɢɣ ɩɪɨɰɟɫɫ). 

Ɂɚɞɚɱɚ, ɪɚɫɫɦɚɬɪɢɜɚɟɦɚɹ ɜ ɞɚɧɧɨɣ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɟ, ɨɬɧɨɫɢɬɫɹ ɤ 

ɬɪɟɬɶɟɦɭ ɢ ɞɟɜɹɬɨɦɭ ɷɬɚɩɚɦ ɩɨɫɬɪɨɟɧɢɹ ɂɋ. ɇɚ ɬɪɟɬɶɟɦ ɷɬɚɩɟ, ɨɬɧɨɫɹɳɟɦɫɹ ɤ 

ɮɚɡɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɩɥɚɧɢɪɨɜɚɧɢɹ, ɪɟɲɚɟɬɫɹ ɡɚɞɚɱɚ ɞɨɫɬɢɠɟɧɢɹ 

ɟɞɢɧɨɜɪɟɦɟɧɧɨɝɨ ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɷɮɮɟɤɬɚ ɡɚ ɫɱɟɬ ɫɧɢɠɟɧɢɹ ɡɚɬɪɚɬ ɧɚ ɡɚɤɭɩɤɭ 

ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɢ ɪɟɚɥɢɡɚɰɢɢ ɪɟɲɟɧɢɣ, ɤɚɫɚɸɳɢɯɫɹ ɬɨɩɨɥɨɝɢɢ ɫɢɫɬɟɦɵ [18]. 

Ⱦɨɩɨɥɧɢɬɟɥɶɧɵɣ ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɜɵɢɝɪɵɲ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧ ɡɚ ɫɱɟɬ ɬɨɝɨ, ɱɬɨ 

ɤɨɪɪɟɤɬɧɨ ɩɪɨɜɟɞɟɧɧɵɟ ɪɚɛɨɬɵ ɧɚ ɷɬɚɩɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɩɥɚɧɢɪɨɜɚɧɢɹ 

ɩɨɡɜɨɥɹɬ ɨɛɟɫɩɟɱɢɬɶ ɩɪɟɞɨɫɬɚɜɥɟɧɢɟ ɤɥɢɟɧɬɚɦ ɭɫɥɭɝ ɜɵɫɨɤɨɝɨ ɤɚɱɟɫɬɜɚ ɡɚ ɫɱɟɬ 

ɩɨɥɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɬɪɟɛɨɜɚɧɢɣ ɤɥɢɟɧɬɨɜ ɤ ɜɵɱɢɫɥɢɬɟɥɶɧɵɦ ɢ 

ɢɧɮɨɪɦɚɰɢɨɧɧɵɦ ɪɟɫɭɪɫɚɦ. Ⱥ ɷɬɨ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɫɩɨɫɨɛɧɨ ɭɜɟɥɢɱɢɬɶ 

ɩɨɫɬɨɹɧɧɵɟ ɞɨɯɨɞɵ ɜɥɚɞɟɥɶɰɚ ɂɋ. ɇɚ ɞɟɜɹɬɨɦ ɷɬɚɩɟ ɪɟɲɚɟɬɫɹ ɚɧɚɥɨɝɢɱɧɚɹ ɡɚɞɚɱɚ 

ɫ ɬɨɣ ɥɢɲɶ ɪɚɡɧɢɰɟɣ, ɱɬɨ ɜɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ ɞɥɹ ɩɨɞɨɛɧɨɣ ɡɚɞɚɱɢ ɹɜɥɹɸɬɫɹ 

ɩɚɪɚɦɟɬɪɵ (ɦɟɫɬɚ, ɝɞɟ ɭɫɬɚɧɨɜɥɟɧɨ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɬɢɩ ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ 
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ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɬ.ɞ.) ɭɠɟ ɫɭɳɟɫɬɜɭɸɳɟɣ ɪɚɡɜɢɜɚɸɳɟɣɫɹ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ 

ɫɢɫɬɟɦɵ. ɐɟɥɢ ɨɩɬɢɦɢɡɚɰɢɢ ɫɢɫɬɟɦ ɢ ɢɯ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɩɥɚɧɢɪɨɜɚɧɢɹ 

ɨɞɢɧɚɤɨɜɵɟ: ɨɛɟɫɩɟɱɟɧɢɟ ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ ɤɚɱɟɫɬɜɚ ɨɛɫɥɭɠɢɜɚɧɢɹ ɩɨɥɶɡɨɜɚɬɟɥɟɣ 

ɩɪɢ ɦɢɧɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɵɯ ɞɟɧɟɠɧɵɯ ɜɥɨɠɟɧɢɹɯ. 

ȼ ɨɩɪɟɞɟɥɟɧɧɨɦ ɫɦɵɫɥɟ ɦɨɠɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɂɋ «ɫ ɧɭɥɹ» – 

ɱɚɫɬɧɵɣ ɫɥɭɱɚɣ ɦɨɞɟɪɧɢɡɚɰɢɢ ɂɋ, ɩɪɢ ɤɨɬɨɪɨɦ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɦɨɞɟɪɧɢɡɚɰɢɹ 

ɫɢɫɬɟɦɵ, ɧɟ ɢɦɟɸɳɟɣ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ ɧɢ ɨɞɧɨɝɨ ɷɥɟɦɟɧɬɚ. ɂɦɟɧɧɨ ɩɨɷɬɨɦɭ 

ɢɫɫɥɟɞɨɜɚɧɢɟ ɢ ɪɟɲɟɧɢɟ ɡɚɞɚɱ, ɜɯɨɞɹɳɢɯ ɜ ɤɨɦɩɥɟɤɫ ɩɪɨɛɥɟɦ ɩɨ ɨɩɬɢɦɢɡɚɰɢɢ 

ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ, ɢɦɟɟɬ ɛɨɥɶɲɭɸ ɬɟɨɪɟɬɢɱɟɫɤɭɸ ɢ 

ɩɪɚɤɬɢɱɟɫɤɭɸ ɡɧɚɱɢɦɨɫɬɶ.  

ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɨɫɥɟ ɷɬɚɩɚ ɩɟɪɜɨɧɚɱɚɥɶɧɨɣ ɫɞɚɱɢ ɂɋ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ 

ɧɚɱɢɧɚɟɬɫɹ «ɠɢɡɧɶ» ɪɚɡɜɢɜɚɸɳɟɣɫɹ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ. ɉɪɢ ɷɬɨɦ 

«ɠɢɡɧɶ» ɪɚɡɜɢɜɚɸɳɟɣɫɹ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ ɧɨɫɢɬ ɰɢɤɥɢɱɟɫɤɢɣ ɯɚɪɚɤɬɟɪ 

(ɫɦ. ɪɢɫɭɧɨɤ 1.2). 

Ɋɚɡɪɚɛɨɬɤɚ ɬɪɟɛɨɜɚɧɢɣ ɤ 
ɦɨɞɟɪɧɢɡɢɪɨɜɚɧɧɨɣ 

ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɟ

ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ 
ɫɬɪɭɤɬɭɪɵ 

ɦɨɞɟɪɧɢɡɢɪɨɜɚɧɧɨɣ 
ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ

Ɍɟɫɬɢɪɨɜɚɧɢɟ 
ɦɨɞɟɪɧɢɡɢɪɨɜɚɧɧɨɣ 

ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ

Ɋɟɚɥɢɡɚɰɢɹ ɫɬɪɭɤɬɭɪɵ 
ɦɨɞɟɪɧɢɡɢɪɨɜɚɧɧɨɣ 

ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ

ȼɜɨɞ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ 
ɦɨɞɟɪɧɢɡɢɪɨɜɚɧɧɨɣ 

ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ

 

Ɋɢɫɭɧɨɤ 1.2 – ɀɢɡɧɟɧɧɵɣ ɰɢɤɥ ɪɚɡɜɢɜɚɸɳɟɣɫɹ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ 
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1.1.5 Ɍɟɯɧɨɥɨɝɢɹ NGN 

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦɢ ɢɧɮɨɪɦɚɰɢɨɧɧɵɦɢ 

ɫɢɫɬɟɦɚɦɢ ɹɜɥɹɸɬɫɹ: 

– ɬɟɥɟɮɨɧɧɵɟ ɢɧɮɨɪɦɚɰɢɨɧɧɵɟ ɫɢɫɬɟɦɵ; 

– ɬɟɥɟɜɢɡɢɨɧɧɵɟ ɢɧɮɨɪɦɚɰɢɨɧɧɵɟ ɫɢɫɬɟɦɵ;  

– ɤɨɦɩɶɸɬɟɪɧɵɟ ɢɧɮɨɪɦɚɰɢɨɧɧɵɟ ɫɢɫɬɟɦɵ;  

– ɪɚɞɢɨɫɢɫɬɟɦɵ. 

ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɚɧɧɵɟ ɬɢɩɵ ɫɢɫɬɟɦ ɦɨɝɭɬ ɩɟɪɟɫɟɤɚɬɶɫɹ. ɇɚɩɪɢɦɟɪ, 

ɬɟɥɟɮɨɧɧɚɹ ɫɜɹɡɶ ɦɨɠɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɩɨ ɛɟɫɩɪɨɜɨɞɧɨɦɭ ɩɪɢɧɰɢɩɭ, ɬ.ɟ. ɫɟɬɶ 

ɨɩɟɪɚɬɨɪɚ ɦɨɛɢɥɶɧɨɣ ɫɜɹɡɢ ɹɜɥɹɟɬɫɹ ɨɞɧɨɜɪɟɦɟɧɧɨ ɢ ɬɟɥɟɮɨɧɧɨɣ ɂɋ, ɢ 

ɪɚɞɢɨɫɢɫɬɟɦɨɣ. 

ɋɨɜɪɟɦɟɧɧɵɟ ɂɋ ɪɚɡɧɨɝɨ ɬɢɩɚ ɦɨɝɭɬ ɛɵɬɶ ɨɛɴɟɞɢɧɟɧɵ ɜ ɢɧɮɨɪɦɚɰɢɨɧɧɭɸ 

ɫɢɫɬɟɦɭ ɛɨɥɟɟ ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ ɜ ɪɚɦɤɚɯ ɬɟɯɧɨɥɨɝɢɢ NGN (Next Generation 

Networks, ɫɟɬɢ ɫɥɟɞɭɸɳɟɝɨ ɩɨɤɨɥɟɧɢɹ) [128]. 

ȼ ɨɫɧɨɜɟ NGN ɥɟɠɢɬ ɤɨɧɰɟɩɰɢɹ ɨɛɴɟɞɢɧɟɧɢɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ 

ɪɚɡɧɨɝɨ ɬɢɩɚ ɜ ɟɞɢɧɭɸ ɫɟɬɶ. ɋɟɬɢ NGN ɨɫɧɨɜɚɧɵ ɧɚ ɩɪɨɬɨɤɨɥɟ IP ɢ ɬɟɯɧɨɥɨɝɢɢ 

MPLS (MultiProtocol Label Switching, ɦɧɨɝɨɩɪɨɬɨɤɨɥɶɧɚɹ ɤɨɦɦɭɬɚɰɢɹ ɩɨ ɦɟɬɤɚɦ). 

Ɉɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ NGN-ɫɢɫɬɟɦ [146]: 

– ɩɚɤɟɬɧɚɹ ɩɟɪɟɞɚɱɚ ɞɚɧɧɵɯ; 

– ɤɨɧɜɟɪɝɟɧɢɹ ɦɨɛɢɥɶɧɵɯ ɭɫɥɭɝ ɫ ɭɫɥɭɝɚɦɢ, ɩɪɟɞɨɫɬɚɜɥɹɟɦɵɦɢ ɫɟɬɹɦɢ 

ɮɢɤɫɢɪɨɜɚɧɧɨɝɨ ɞɨɫɬɭɩɚ; 

– ɮɭɧɤɰɢɢ ɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɬɪɚɧɫɩɨɪɬɧɵɟ ɮɭɧɤɰɢɢ, ɮɭɧɤɰɢɢ ɭɩɪɚɜɥɟɧɢɹ 

ɜɵɡɨɜɚɦɢ ɢ ɮɭɧɤɰɢɢ ɭɩɪɚɜɥɟɧɢɹ ɭɫɥɭɝɚɦɢ;  

– ɧɟɡɚɜɢɫɢɦɨɫɬɶ ɮɭɧɤɰɢɣ, ɫɜɹɡɚɧɧɵɯ ɫ ɭɫɥɭɝɚɦɢ, ɨɬ ɛɚɡɨɜɵɯ ɬɪɚɧɫɩɨɪɬɧɵɯ 

ɬɟɯɧɨɥɨɝɢɣ; 

– ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɫ ɫɟɬɹɦɢ ɱɟɪɟɡ ɨɬɤɪɵɬɵɟ ɢɧɬɟɪɮɟɣɫɵ; 

– ɩɨɞɞɟɪɠɤɚ ɲɢɪɨɤɨɩɨɥɨɫɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɫɨ ɫɤɜɨɡɧɵɦ (end-to-end) 

ɨɛɟɫɩɟɱɟɧɢɟɦ QoS (Quality of Service, ɤɚɱɟɫɬɜɨ ɨɛɫɥɭɠɢɜɚɧɢɹ); 
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– ɫɨɨɬɜɟɬɫɬɜɢɟ ɜɫɟɦ ɧɨɪɦɚɬɢɜɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ, ɧɚɩɪɢɦɟɪ, ɤɚɫɚɸɳɢɦɫɹ 

ɚɜɚɪɢɣɧɨɣ ɫɜɹɡɢ, ɛɟɡɨɩɚɫɧɨɫɬɢ/ɤɨɧɮɢɞɟɧɰɢɚɥɶɧɨɫɬɢ ɢ ɬ.ɞ.; 

– ɧɟɨɝɪɚɧɢɱɟɧɧɵɣ ɞɨɫɬɭɩ ɤɥɢɟɧɬɨɜ ɤ ɪɚɡɥɢɱɧɵɦ ɩɨɫɬɚɜɳɢɤɚɦ ɭɫɥɭɝ; 

– ɩɨɞɞɟɪɠɤɚ ɲɢɪɨɤɨɝɨ ɫɩɟɤɬɪɚ ɬɟɯɧɨɥɨɝɢɣ ɩɪɢ ɪɟɚɥɢɡɚɰɢɢ ɫɟɬɢ ɞɨɫɬɭɩɚ. 

ɋɟɬɶ NGN ɢɦɟɟɬ ɞɜɚ ɭɪɨɜɧɹ [88]: 

– ɭɪɨɜɟɧɶ ɭɫɥɭɝ, ɨɬɜɟɱɚɸɳɢɣ ɡɚ ɩɟɪɟɞɚɱɭ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɢɯ ɞɚɧɧɵɯ, ɚ ɬɚɤɠɟ 

ɮɭɧɤɰɢɢ ɭɩɪɚɜɥɟɧɢɹ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɩɪɟɞɨɫɬɚɜɥɟɧɢɹ ɭɫɥɭɝ;  

– ɬɪɚɧɫɩɨɪɬɧɵɣ ɭɪɨɜɟɧɶ, ɨɬɜɟɱɚɸɳɢɣ ɡɚ ɪɟɚɥɢɡɚɰɢɸ ɮɭɧɤɰɢɣ ɭɩɪɚɜɥɟɧɢɹ ɢ 

ɩɨɞɞɟɪɠɤɢ ɬɪɚɧɫɩɨɪɬɧɵɯ ɪɟɫɭɪɫɨɜ ɞɥɹ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɦɟɠɞɭ ɭɫɬɪɨɣɫɬɜɚɦɢ 

ɫɢɫɬɟɦɵ.  

ȼ ɬɚɛɥɢɰɟ 1.1 ɩɪɢɜɟɞɟɧɨ ɫɨɨɬɜɟɬɫɬɜɢɟ ɭɪɨɜɧɟɣ ɫɟɬɟɣ NGN ɢ ɭɪɨɜɧɟɣ 

ɛɚɡɨɜɨɣ ɷɬɚɥɨɧɧɨɣ ɦɨɞɟɥɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɨɬɤɪɵɬɵɯ ɫɢɫɬɟɦ (ɫɟɬɟɜɨɣ ɦɨɞɟɥɢ 

OSI) [128]. 

Ɍɚɛɥɢɰɚ 1.1 – ɋɨɨɬɜɟɬɫɬɜɢɟ ɭɪɨɜɧɟɣ NGN ɢ ɫɟɬɟɜɨɣ ɦɨɞɟɥɢ OSI 

ɍɪɨɜɧɢ NGN ɍɪɨɜɧɢ ɦɨɞɟɥɢ OSI 

ɭɪɨɜɟɧɶ ɭɫɥɭɝ 

ɩɪɢɤɥɚɞɧɨɣ 

ɭɪɨɜɟɧɶ ɩɪɟɞɫɬɚɜɥɟɧɢɹ 

ɫɟɚɧɫɨɜɵɣ 

ɬɪɚɧɫɩɨɪɬɧɵɣ 

ɬɪɚɧɫɩɨɪɬɧɵɣ  
ɫɟɬɟɜɨɣ 

ɤɚɧɚɥɶɧɵɣ 

ɮɢɡɢɱɟɫɤɢɣ 

 

ɉɪɢɦɟɪ ɫɟɬɢ ɫɥɟɞɭɸɳɟɝɨ ɩɨɤɨɥɟɧɢɹ ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫɭɧɤɟ 1.3 [88]. ɉɨɹɫɧɢɦ 

ɨɫɧɨɜɧɵɟ ɷɥɟɦɟɧɬɵ, ɩɪɢɜɟɞɟɧɧɵɟ ɧɚ ɪɢɫɭɧɤɟ [88,146,128]. 

– ɒɥɸɡ ɞɨɫɬɭɩɚ (Access gateway, AG), ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɹɟɬ ɩɨɞɤɥɸɱɚɬɶ 

ɚɛɨɧɟɧɬɫɤɢɟ ɥɢɧɢ ɤ ɩɚɤɟɬɧɨɣ ɫɟɬɢ; ɩɪɟɨɛɪɚɡɭɟɬ ɩɨɬɨɤɢ ɬɪɚɮɢɤɚ ɚɧɚɥɨɝɨɜɨɝɨ 

ɞɨɫɬɭɩɚ ɜ ɩɚɤɟɬɵ; ɨɛɟɫɩɟɱɢɜɚɟɬ ɚɛɨɧɟɧɬɫɤɢɣ ɞɨɫɬɭɩ ɤ ɫɟɬɢ ɢ ɭɫɥɭɝɚɦ NGN. 

– Ɍɪɚɧɫɩɨɪɬɧɵɣ (ɦɟɞɢɚ) ɲɥɸɡ (Media Gateway, MG). Ɉɬɜɟɱɚɟɬ ɡɚ ɮɭɧɤɰɢɢ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɪɟɱɟɜɨɣ ɢɧɮɨɪɦɚɰɢɢ ɢɡ ɮɨɪɦɚɬɚ TDM (Time Division 
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Multiplexing, ɦɭɥɶɬɢɩɥɟɤɫɢɪɨɜɚɧɢɟ ɫ ɪɚɡɞɟɥɟɧɢɟɦ ɩɨ ɜɪɟɦɟɧɢ) ɜ IP-ɩɚɤɟɬɵ ɢ 

ɦɚɪɲɪɭɬɢɡɚɰɢɸ IP-ɩɚɤɟɬɨɜ. 

 

Ɋɢɫɭɧɨɤ 1.3 – ɉɪɢɦɟɪ ɫɟɬɢ NGN 

– ɒɥɸɡ ɫɢɝɧɚɥɢɡɚɰɢɢ (Signalling Gateway, SG). Ȼɥɨɤ, ɤɨɬɨɪɵɣ ɨɛɟɫɩɟɱɢɜɚɟɬ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɫɢɝɧɚɥɨɜ ɦɟɠɞɭ NGN ɢ ɞɪɭɝɢɦɢ ɫɟɬɹɦɢ (ɧɚɩɪɢɦɟɪ, ɨɫɭɳɟɫɬɜɥɹɟɬ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ STP ɜ SS7). 

– ɉɪɨɝɪɚɦɦɧɵɣ ɤɨɦɦɭɬɚɬɨɪ (Softswitch). Ɉɛɟɫɩɟɱɢɜɚɟɬ «ɤɨɧɬɪɨɥɶ ɞɨɫɬɚɜɤɢ 

ɭɫɥɭɝ» ɜ ɫɟɬɢ; ɨɬɜɟɱɚɟɬ ɡɚ ɭɩɪɚɜɥɟɧɢɟ ɜɵɡɨɜɚɦɢ ɢ ɭɩɪɚɜɥɟɧɢɟ ɲɥɸɡɚɦɢ ɱɟɪɟɡ 

ɩɪɨɬɨɤɨɥ H.248; ɦɨɠɟɬ ɜɵɩɨɥɧɹɬɶ ɮɭɧɤɰɢɢ ɲɥɸɡɚ ɫɢɝɧɚɥɢɡɚɰɢɢ ɞɥɹ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɫɟɬɶɸ ɫɢɝɧɚɥɢɡɚɰɢɢ PSTN (Public Switched Telephone Network, 

ɬɟɥɟɮɨɧɧɚɹ ɫɟɬɶ ɨɛɳɟɝɨ ɞɨɫɬɭɩɚ). 
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– ɋɟɪɜɟɪ ɩɪɢɥɨɠɟɧɢɣ (Application Server, AS). Ȼɥɨɤ, ɤɨɬɨɪɵɣ ɩɨɞɞɟɪɠɢɜɚɟɬ 

ɜɵɩɨɥɧɟɧɢɟ ɪɚɡɥɢɱɧɵɯ ɫɥɭɠɛ, ɧɚɩɪɢɦɟɪ, ɫɥɭɠɛ ɭɩɪɚɜɥɟɧɢɹ ɜɵɡɨɜɨɦ ɢ 

ɫɩɟɰɢɚɥɶɧɵɟ ɪɟɫɭɪɫɵ NGN (ɧɚɩɪɢɦɟɪ, ɦɟɞɢɚ-ɫɟɪɜɟɪ, message-ɫɟɪɜɟɪ). 

 

1.1.6 Ɇɟɠɦɨɞɭɥɶɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ 

Ɉɬɥɢɱɢɬɟɥɶɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɫɨɜɪɟɦɟɧɧɵɯ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ, 

ɩɨɦɢɦɨ ɬɟɧɞɟɧɰɢɣ ɤ ɢɯ ɧɟɩɪɟɪɵɜɧɨɦɭ ɪɚɡɜɢɬɢɸ ɢ ɭɥɭɱɲɟɧɢɸ, ɹɜɥɹɟɬɫɹ 

ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɭɱɢɬɵɜɚɬɶ ɚɫɩɟɤɬɵ ɦɟɠɦɨɞɭɥɶɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ [27,67]. 

Ɇɟɠɦɨɞɭɥɶɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɨɬɪɚɠɚɟɬ ɮɚɤɬ ɜɡɚɢɦɧɨɝɨ ɜɥɢɹɧɢɹ ɞɪɭɝ ɧɚ ɞɪɭɝɚ 

ɩɪɨɰɟɫɫɨɜ, ɩɪɨɢɫɯɨɞɹɳɢɯ ɫ ɪɚɡɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ ɫɢɫɬɟɦɵ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɤɨɧɤɪɟɬɧɨɣ ɪɟɚɥɢɡɚɰɢɢ ɂɋ, ɫɩɟɰɢɮɢɤɚ ɦɟɠɦɨɞɭɥɶɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɢ 

ɜɵɡɵɜɚɟɦɵɯ ɢɦ ɩɨɦɟɯ ɦɨɠɟɬ ɨɬɥɢɱɚɬɶɫɹ. ɇɚɩɪɢɦɟɪ, ɟɫɥɢ ɪɚɫɫɦɚɬɪɢɜɚɬɶ 

ɛɟɫɩɪɨɜɨɞɧɭɸ ɫɟɬɶ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɤɚɤ ɱɚɫɬɧɵɣ ɫɥɭɱɚɣ ɪɚɡɜɢɜɚɸɳɟɣɫɹ 

ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ, ɚ ɛɚɡɨɜɭɸ ɫɬɚɧɰɢɸ ɤɚɤ ɱɚɫɬɧɵɣ ɫɥɭɱɚɣ ɷɥɟɦɟɧɬɚ ɂɋ, 

ɬɨ ɜ ɤɚɱɟɫɬɜɟ ɩɨɦɟɯ ɩɪɢ ɦɟɠɦɨɞɭɥɶɧɨɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫɬɨɢɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶ 

ɦɟɠɫɨɬɨɜɵɟ ɩɨɦɟɯɢ (ɩɨɞɪɨɛɧɟɟ ɫɦ. ɪɚɡɞɟɥ 1.5). 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɨɰɟɫɫɵ, ɩɪɨɢɫɯɨɞɹɳɢɟ, ɫ ɨɞɧɢɦ ɷɥɟɦɟɧɬɨɦ ɂɋ, ɦɨɝɭɬ 

ɫɟɪɶɟɡɧɨ ɜɥɢɹɬɶ ɧɚ ɫɩɨɫɨɛɧɨɫɬɶ ɞɪɭɝɨɝɨ ɷɥɟɦɟɧɬɚ ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɩɨɬɪɟɛɧɨɫɬɢ 

ɩɨɥɶɡɨɜɚɬɟɥɟɣ. 

 

 

1.1.7 Ɉɛɡɨɪ ɫɨɜɪɟɦɟɧɧɵɯ ɩɨɞɯɨɞɨɜ ɤ ɩɪɨɰɟɫɫɭ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ ɩɨ 

ɨɩɬɢɦɢɡɚɰɢɢ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɩɪɢ ɩɥɚɧɢɪɨɜɚɧɢɢ ɢ ɨɩɬɢɦɢɡɚɰɢɢ 

ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ 

Ʉɚɤ ɭɠɟ ɛɵɥɨ ɫɤɚɡɚɧɨ, ɩɪɨɰɟɫɫ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ 

ɧɟɤɨɬɨɪɨɣ ɫɢɫɬɟɦɵ ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɜɵɛɨɪ ɥɭɱɲɟɝɨ ɜɚɪɢɚɧɬɚ ɢɡ ɧɟɫɤɨɥɶɤɢɯ 

ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɧɚ ɨɫɧɨɜɚɧɢɢ ɧɟɤɨɬɨɪɨɝɨ ɤɪɢɬɟɪɢɹ (ɩɨɤɚɡɚɬɟɥɹ). ɇɚɛɨɪ 

ɜɚɪɢɚɧɬɨɜ, ɫɪɟɞɢ ɤɨɬɨɪɵɯ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜɵɛɨɪ, ɮɨɪɦɢɪɭɟɬɫɹ ɧɚ ɷɬɚɩɟ ɫɢɧɬɟɡɚ. 
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Ɉɫɧɨɜɧɵɦ ɩɨɞɯɨɞɨɦ ɤ ɨɩɬɢɦɢɡɚɰɢɹ ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ 

ɫɢɫɬɟɦ, ɜ ɱɚɫɬɧɨɫɬɢ ɤ ɨɩɬɢɦɢɡɚɰɢɢ ɪɚɫɩɨɥɨɠɟɧɢɹ ɨɬɞɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɂɋ, 

ɪɚɫɩɪɨɫɬɪɚɧёɧɧɵɦ ɜ ɧɚɭɱɧɨɣ ɥɢɬɟɪɚɬɭɪɟ, ɹɜɥɹɟɬɫɹ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɡɚɞɚɱɢ 

ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ ɜ ɜɢɞɟ ɨɩɬɢɦɢɡɚɰɢɨɧɧɨɣ ɡɚɞɚɱɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ 

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ. ȼ ɬɚɤɨɣ ɡɚɞɚɱɟ ɨɝɪɚɧɢɱɟɧɢɹ ɨɬɜɟɱɚɸɬ ɡɚ ɨɬɫɟɱɟɧɢɟ 

ɧɟɞɨɩɭɫɬɢɦɵɯ ɜɚɪɢɚɧɬɨɜ ɤɨɧɮɢɝɭɪɚɰɢɢ ɫɢɫɬɟɦɵ (ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɷɬɚɩɭ 

ɫɢɧɬɟɡɚ), ɚ ɰɟɥɟɜɚɹ ɮɭɧɤɰɢɹ ɮɨɪɦɭɥɢɪɭɟɬ ɧɟɤɢɣ ɤɪɢɬɟɪɢɣ ɤɚɱɟɫɬɜɚ, ɧɚ ɨɫɧɨɜɚɧɢɢ 

ɡɧɚɱɟɧɢɹ ɤɨɬɨɪɨɝɨ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜɵɛɨɪ ɥɭɱɲɟɝɨ ɢɡ ɪɟɲɟɧɢɣ (ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 

ɷɬɚɩɭ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ). 

Ɋɚɛɨɬɵ [1,2] ȼ.Ɇ. ȼɢɲɧɟɜɫɤɨɝɨ ɢ ɟɝɨ ɤɨɥɥɟɝ – ɨɞɧɢ ɢɡ ɩɟɪɜɵɯ ɪɚɛɨɬ, 

ɩɨɫɜɹɳɟɧɧɵɯ ɪɟɲɟɧɢɸ ɡɚɞɚɱɢ ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ (ɛɚɡɨɜɵɯ 

ɫɬɚɧɰɢɣ) ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɛɟɫɩɪɨɜɨɞɧɵɯ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ. ɋɪɟɞɢ 

ɞɪɭɝɢɯ ɪɭɫɫɤɨɹɡɵɱɧɵɯ ɩɭɛɥɢɤɚɰɢɣ ɩɨ ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɟ ɨɬɦɟɬɢɦ ɪɚɛɨɬɵ 

ɋ.ɘ. ȿɪɦɨɥɚɟɜɚ [17,18], ɩɨɫɜɹɳɟɧɧɵɟ ɫɟɬɹɦ WiMAX. Ɋɚɛɨɬɵ M. St-Hilaire 

[160,161] ɩɨɫɜɹɳɟɧɵ ɩɪɨɛɥɟɦɟ ɩɥɚɧɢɪɨɜɚɧɢɹ ɬɨɩɨɥɨɝɢɢ ɫɟɬɟɣ ɫɬɚɧɞɚɪɬɚ UMTS. 

Ɉɬɦɟɬɢɦ ɪɚɛɨɬɵ ȼ.Ʌ. Ȼɭɪɤɨɜɫɤɨɝɨ ɢ ɟɝɨ ɤɨɥɥɟɝ [14,15,16,30,31,32], ɜ ɤɨɬɨɪɵɯ 

ɪɟɲɚɟɬɫɹ ɛɨɥɟɟ ɭɧɢɜɟɪɫɚɥɶɧɚɹ ɩɪɨɛɥɟɦɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɨɩɬɢɦɢɡɚɰɢɢ 

ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɨɧɧɨɣ ɫɟɬɢ, ɤɨɬɨɪɭɸ ɦɨɠɧɨ ɫɜɟɫɬɢ ɤ ɁɊɗɊɂɋ. ɋɬɚɬɶɢ E. Amaldi 

ɢ ɟɝɨ ɫɨɚɜɬɨɪɨɜ [75,77,74,76] ɩɨɫɜɹɳɟɧɵ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ ɛɟɫɩɪɨɜɨɞɧɵɯ 

ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ ɫɬɚɧɞɚɪɬɚ 3G. Ɋɚɛɨɬɚ [132] ɧɚɩɪɚɜɥɟɧɚ ɧɚ ɪɟɲɟɧɢɟ 

ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɂɋ ɜ ɫɟɬɹɯ ɫɬɚɧɞɚɪɬɚ LTE ɩɪɢ ɩɨɦɨɳɢ ɚɩɩɚɪɚɬɚ 

ɬɟɨɪɢɢ ɢɝɪ. 

ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɛɨɥɶɲɢɧɫɬɜɨ ɪɚɛɨɬ ɩɨ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɬɟɦɚɬɢɤɟ 

(ɤɪɨɦɟ ɪɚɛɨɬ ȼ.Ʌ. Ȼɭɪɤɨɜɫɤɨɝɨ ɢ ɟɝɨ ɤɨɥɥɟɝ [14,15,16,30,31,32]) ɪɚɫɫɦɚɬɪɢɜɚɟɬ 

ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɩɪɨɛɥɟɦɭ ɩɪɨɟɬɢɪɨɜɚɧɢɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ «ɫ ɧɭɥɹ», 

ɢɝɧɨɪɢɪɭɹ ɜɨɩɪɨɫɵ ɪɚɡɜɢɬɢɹ ɫɬɪɭɤɬɭɪɵ ɭɠɟ ɫɭɳɟɫɬɜɭɸɳɢɯ ɂɋ. 
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Ʉɪɢɬɟɪɢɢ ɞɨɩɭɫɬɢɦɨɫɬɢ ɪɟɲɟɧɢɣ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ 

ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ 

Ⱦɚɥɟɟ ɛɭɞɭɬ ɩɪɢɜɟɞɟɧɵ ɨɫɧɨɜɧɵɟ ɩɨɞɯɨɞɵ ɤ ɮɨɪɦɭɥɢɪɨɜɤɟ ɨɝɪɚɧɢɱɟɧɢɣ 

ɡɚɞɚɱɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɧɚɩɪɚɜɥɟɧɧɨɣ ɧɚ ɨɩɬɢɦɢɡɚɰɢɸ 

ɷɥɟɦɟɧɬɨɜ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ ɧɚɭɱɧɨɣ ɥɢɬɟɪɚɬɭɪɟ. 

1) Ɉɝɪɚɧɢɱɟɧɢɟ ɭɧɢɤɚɥɶɧɨɫɬɢ. Ɍɨɥɶɤɨ ɨɞɢɧ ɷɥɟɦɟɧɬ ɂɋ ɦɨɠɟɬ ɛɵɬɶ 

ɭɫɬɚɧɨɜɥɟɧ ɧɚ ɨɞɧɨɦ ɦɟɫɬɟ, ɩɪɢɝɨɞɧɨɦ ɞɥɹ ɭɫɬɚɧɨɜɤɢ (ɬ.ɧ. ɦɟɫɬɟ-ɤɚɧɞɢɞɚɬɟ). 

Ɉɱɟɜɢɞɧɨɟ ɨɝɪɚɧɢɱɟɧɢɟ, ɩɪɢɫɭɬɫɬɜɭɸɳɟɟ ɜɨ ɜɫɟɯ ɪɚɛɨɬɚɯ ɩɨ ɞɚɧɧɨɣ ɬɟɦɚɬɢɤɟ. 

2) ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɩɨɞɤɥɸɱɟɧɢɹ ɜɫɟɯ ɤɥɢɟɧɬɨɜ (ɩɨɥɶɡɨɜɚɬɟɥɟɣ). Ⱦɚɧɧɨɟ 

ɨɝɪɚɧɢɱɟɧɢɟ ɩɪɢɫɭɬɫɬɜɭɟɬ ɜ ɪɚɛɨɬɚɯ ȼ.Ɇ. ȼɢɲɧɟɜɫɤɨɝɨ [1,2], ɋ.ɘ. ȿɪɦɨɥɚɟɜɚ 

[17,18], M. St-Hilaire [160,161]. ȼ ɪɚɛɨɬɚɯ Ⱦ.ɗ. ȿɥɢɡɚɪɨɜɚ ɢ ȼ.Ʌ. Ȼɭɪɤɨɜɫɤɨɝɨ 

[14,15,16] ɩɨɞɨɛɧɨɟ ɨɝɪɚɧɢɱɟɧɢɟ ɨɬɫɭɬɫɬɜɭɟɬ. ȼɦɟɫɬɨ ɧɟɝɨ ɜɜɟɞɟɧɨ ɨɝɪɚɧɢɱɟɧɢɟ 

ɧɚ ɫɨɛɥɸɞɟɧɢɟ ɩɥɚɧɨɜɨɝɨ ɩɨɤɚɡɚɬɟɥɹ ɦɢɧɢɦɚɥɶɧɨɣ ɫɭɦɦɚɪɧɨɣ ɩɨɬɪɟɛɧɨɫɬɢ 

ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɜ ɭɫɥɭɝɚɯ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɨɧɧɨɣ ɫɟɬɢ. Ɍɚɤɠɟ ɩɨɞɨɛɧɨɟ 

ɨɝɪɚɧɢɱɟɧɢɟ ɨɬɫɭɬɫɬɜɭɟɬ ɜ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɜ ɪɚɛɨɬɚɯ E. Amaldi 

[75,77,74,76], ɨɞɧɚɤɨ ɜ ɧɢɯ ɰɟɥɟɜɚɹ ɮɭɧɤɰɢɹ ɧɚɩɪɚɜɥɟɧɚ ɧɚ ɦɚɤɫɢɦɢɡɚɰɢɸ 

ɫɭɦɦɚɪɧɨɝɨ ɬɪɚɮɢɤɚ, ɩɪɟɞɨɫɬɚɜɥɹɟɦɨɝɨ ɩɨɥɶɡɨɜɚɬɟɥɹɦ. 

3) Ɉɛɹɡɚɬɟɥɶɧɨɟ ɜɵɩɨɥɧɟɧɢɟ ɨɝɪɚɧɢɱɟɧɢɹ (ɩɪɟɜɵɲɟɧɢɟ) ɫɭɦɦɚɪɧɨɝɨ 

ɢɬɨɝɨɜɨɝɨ ɩɨɤɚɡɚɬɟɥɹ ɰɟɧɧɨɫɬɢ Vmin ɞɥɹ ɜɫɟɯ ɪɚɡɦɟɳɟɧɧɵɯ ɨɛɴɟɤɬɨɜ ɫɢɫɬɟɦɵ. 

[14,15,16]. ȼ ɤɚɱɟɫɬɜɟ Vmin, ɧɚɩɪɢɦɟɪ, ɦɨɠɟɬ ɜɵɫɬɭɩɚɬɶ ɧɟɨɛɯɨɞɢɦɵɣ ɫɭɦɦɚɪɧɵɣ 

ɬɪɚɮɢɤ. 

4) Ɉɝɪɚɧɢɱɟɧɢɟ ɧɚ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ. Ⱦɚɧɧɨɟ ɨɝɪɚɧɢɱɟɧɢɟ 

ɩɪɢɫɭɬɫɬɜɭɟɬ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɪɚɛɨɬ ɩɨ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɬɟɦɚɬɢɤɟ. 

5) Ɉɝɪɚɧɢɱɟɧɢɹ ɧɚ ɞɨɩɭɫɬɢɦɨɫɬɶ ɩɨɞɤɥɸɱɟɧɢɹ ɤɥɢɟɧɬɚ ɤ ɷɥɟɦɟɧɬɭ ɂɋ. 

ȼɚɠɧɨ ɩɨɧɢɦɚɬɶ, ɱɬɨ ɩɨɞɨɛɧɵɟ ɨɝɪɚɧɢɱɟɧɢɹ ɫɩɟɰɢɮɢɱɧɵ ɞɥɹ ɤɚɠɞɨɝɨ ɬɢɩɚ 

ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ (ɩɪɨɜɨɞɧɵɟ, ɛɟɫɩɪɨɜɨɞɧɵɟ ɢ ɬ.ɞ.). 

ɇɚɩɪɢɦɟɪ, ɜ ɛɟɫɩɪɨɜɨɞɧɵɯ ɫɟɬɹɯ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɩɪɢɱɢɧɚ, ɩɨ ɤɨɬɨɪɨɣ 

ɩɨɞɤɥɸɱɟɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɧɟɜɨɡɦɨɠɧɵɦ, ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɜɫɥɟɞɫɬɜɢɟ 

ɡɚɬɭɯɚɧɢɹ ɪɚɞɢɨɫɢɝɧɚɥ ɨɬ ɩɟɪɟɞɚɬɱɢɤɚ ɤ ɩɪɢɟɦɧɢɤɭ ɦɨɠɟɬ ɩɪɢɯɨɞɢɬɶ ɫɥɢɲɤɨɦ 
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ɫɥɚɛɵɦ ɞɥɹ ɧɨɪɦɚɥɶɧɨɣ ɪɚɛɨɬɵ, ɬ.ɟ. ɞɟɥɨ ɜ ɬɟɪɪɢɬɨɪɢɚɥɶɧɨɣ ɭɞɚɥɟɧɧɨɫɬɢ ɦɟɠɞɭ 

ɷɥɟɦɟɧɬɚɦɢ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ ɢ ɤɥɢɟɧɬɚɦɢ. ȼ ɪɚɛɨɬɚɯ [1,2,17,18],  

ɩɨɞɨɛɧɵɟ ɨɝɪɚɧɢɱɟɧɢɹ ɡɚɞɚɸɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɮɢɤɫɢɪɨɜɚɧɧɨɝɨ ɪɚɞɢɭɫɚ ɞɟɣɫɬɜɢɹ 

ɤɚɠɞɨɣ ɛɚɡɨɜɨɣ ɫɬɚɧɰɢɢ.  

ɋɨɝɥɚɫɧɨ ɢɫɫɥɟɞɨɜɚɧɢɸ [33] ɩɨɥɶɡɨɜɚɬɟɥɶ ɞɨɥɠɟɧ ɧɚɯɨɞɢɬɶɫɹ ɜ ɡɨɧɟ 

ɜɥɢɹɧɢɹ ɧɟɤɨɬɨɪɨɝɨ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɨɧɧɨɝɨ ɭɡɥɚ, ɱɬɨɛɵ ɩɨɞɤɥɸɱɟɧɢɟ ɤ ɧɟɦɭ 

ɛɵɥɨ ɜɨɡɦɨɠɧɨ. ɉɪɢ ɷɬɨɦ ɤɪɢɬɟɪɢɢ ɧɚɯɨɠɞɟɧɢɹ ɜ ɡɨɧɟ ɜɥɢɹɧɢɹ ɹɜɧɨ ɧɟ 

ɫɮɨɪɦɭɥɢɪɨɜɚɧɵ ɢ ɞɨɥɠɧɵ ɛɵɬɶ ɩɪɟɞɥɨɠɟɧɵ ɅɉɊ ɞɥɹ ɤɚɠɞɨɝɨ ɤɨɧɤɪɟɬɧɨɝɨ 

ɜɚɪɢɚɧɬɚ ɪɟɚɥɢɡɚɰɢɢ ɢɧɮɨɪɦɚɰɢɨɧɧɨɰ ɫɢɫɬɟɦɵ. 

 

Ʉɪɢɬɟɪɢɢ ɨɩɬɢɦɚɥɶɧɨɫɬɢ ɪɟɲɟɧɢɣ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ 

ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ 

Ⱦɚɥɟɟ ɛɭɞɭɬ ɩɟɪɟɱɢɫɥɟɧɵ ɨɫɧɨɜɧɵɟ ɩɨɞɯɨɞɵ ɤ ɮɨɪɦɭɥɢɪɨɜɤɟ ɰɟɥɟɜɨɣ 

ɮɭɧɤɰɢɢ ɡɚɞɚɱɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɧɚɩɪɚɜɥɟɧɧɨɣ ɧɚ 

ɨɩɬɢɦɢɡɚɰɢɸ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ 

ɧɚɭɱɧɨɣ ɥɢɬɟɪɚɬɭɪɟ. 

1) Ɇɢɧɢɦɢɡɢɪɭɟɦɚɹ ɫɭɦɦɚɪɧɚɹ ɫɬɨɢɦɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɟɝɨ ɦɨɧɬɚɠɚ. 

Ⱦɚɧɧɵɣ ɨɩɬɢɦɢɡɚɰɢɨɧɧɵɣ ɤɪɢɬɟɪɢɣ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɪɚɛɨɬ ɩɨ 

ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɬɟɦɚɬɢɤɟ, ɩɪɢɱɟɦ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɢɡ ɧɢɯ ɨɧ ɫɨɛɫɬɜɟɧɧɨ ɢ 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɰɟɥɟɜɭɸ ɮɭɧɤɰɢɸ ɡɚɞɚɱɢ. Ɉɬɦɟɬɢɦ, ɱɬɨ ɜ ɪɚɛɨɬɚɯ [14,15,16] 

ɪɟɲɚɟɬɫɹ ɡɚɞɚɱɚ ɨɩɬɢɦɢɡɚɰɢɢ ɢ ɪɚɡɜɢɬɢɹ ɭɠɟ ɫɭɳɟɫɬɜɭɸɳɟɣ ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ, ɚ 

ɩɨɬɨɦɭ ɢɡ ɫɭɦɦɚɪɧɨɣ ɫɬɨɢɦɨɫɬɢ ɡɚɤɭɩɚɟɦɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜɵɱɢɬɚɟɬɫɹ 

ɫɬɨɢɦɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɜɵɜɨɞɢɦɨɝɨ ɢɡ ɷɤɫɩɥɭɚɬɚɰɢɢ.  

2) ȼ ɪɚɛɨɬɚɯ E. Amaldi [75,77,74,76] ɨɞɧɢɦ ɢɡ ɫɥɚɝɚɟɦɵɯ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ 

ɜɵɫɬɭɩɚɟɬ ɫɭɦɦɚɪɧɵɣ ɬɪɚɮɢɤ, ɩɪɟɞɨɫɬɚɜɥɹɟɦɵɣ ɤɥɢɟɧɬɚɦ, ɤɨɬɨɪɵɣ ɧɟɨɛɯɨɞɢɦɨ 

ɦɚɤɫɢɦɢɡɢɪɨɜɚɬɶ.  

3) Ɋɚɛɨɬɚ [18], ɪɚɫɫɦɚɬɪɢɜɚɸɳɚɹ ɛɟɫɩɪɨɜɨɞɧɭɸ ɫɟɬɶ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ, ɜ 

ɤɚɱɟɫɬɜɟ ɨɞɧɨɝɨ ɢɡ ɫɥɚɝɚɟɦɵɯ ɦɢɧɢɦɢɡɢɪɭɟɦɨɣ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ ɜɤɥɸɱɚɟɬ 

ɩɨɬɟɪɢ ɩɪɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɢ ɫɢɝɧɚɥɚ. ɋɬɨɢɬ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɤɨɪɪɟɤɬɧɨ 
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ɛɵɥɨ ɛɵ ɭɱɢɬɵɜɚɬɶ ɩɨɬɟɪɢ ɩɪɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɢ ɫɢɝɧɚɥɚ ɜ ɨɝɪɚɧɢɱɟɧɢɹɯ ɡɚɞɚɱɢ, 

ɞɟɥɚɹ ɧɟɜɨɡɦɨɠɧɵɦ ɩɨɞɤɥɸɱɟɧɢɟ ɩɪɢ ɫɥɚɛɨɦ ɭɪɨɜɧɟ ɫɢɝɧɚɥɚ, ɱɟɝɨ ɜ ɪɚɛɨɬɟ [18] 

ɧɟ ɫɞɟɥɚɧɨ. 

4) Ɇɨɞɟɥɶ, ɩɪɟɞɥɨɠɟɧɧɚɹ ɜ ɪɚɛɨɬɚɯ [30,31,32,33], ɭɱɢɬɵɜɚɟɬ ɡɚɬɪɚɬɵ ɧɚ 

ɩɪɟɞɨɫɬɚɜɥɟɧɢɟ ɭɫɥɭɝ ɩɨɥɶɡɨɜɚɬɟɥɹɦ. Ɉɞɧɚɤɨ ɜ ɪɚɛɨɬɚɯ [14,15,16] ɫɩɪɚɜɟɞɥɢɜɨ 

ɡɚɦɟɱɟɧɨ, ɱɬɨ ɢɦɢ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ, ɬ.ɤ. ɢɡɞɟɪɠɤɢ ɧɚ ɨɛɟɫɩɟɱɟɧɢɟ ɪɚɛɨɬɵ ɫ 

ɤɥɢɟɧɬɚɦɢ ɢ ɩɪɟɞɨɫɬɚɜɥɟɧɢɟ ɢɦ ɧɟɨɛɯɨɞɢɦɵɯ ɫɟɪɜɢɫɨɜ ɹɜɥɹɸɬɫɹ ɫɬɚɬɢɫɬɢɱɟɫɤɢ 

ɩɪɟɞɫɤɚɡɭɟɦɵɦɢ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɧɟ ɩɨɞɥɟɠɚɬ ɨɩɬɢɦɢɡɚɰɢɢ ɜ ɪɚɦɤɚɯ ɦɨɞɟɥɢ, 

ɩɪɟɞɫɬɚɜɥɹɸɳɟɣ ɫɨɛɨɣ ɡɚɞɚɱɭ ɞɢɫɤɪɟɬɧɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɜ ɧɚɭɱɧɨɣ ɥɢɬɟɪɚɬɭɪɟ ɧɟ ɫɮɨɪɦɢɪɨɜɚɧ 

ɟɞɢɧɵɣ ɩɨɞɯɨɞ ɤ ɪɟɲɟɧɢɸ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ 

ɫɢɫɬɟɦ. Ɍɚɤɠɟ ɧɚɛɥɸɞɚɟɬɫɹ ɧɟɞɨɫɬɚɬɨɤ ɪɚɛɨɬ, ɧɚɩɪɚɜɥɟɧɧɵɯ ɧɚ ɫɪɚɜɧɢɬɟɥɶɧɵɣ 

ɚɧɚɥɢɡ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɫɟɬɟɜɨɣ ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ 

ɂɋ ɩɪɢ ɩɨɦɨɳɢ ɲɢɪɨɤɨɝɨ ɫɩɟɤɬɪɚ ɪɚɡɧɨɨɛɪɚɡɧɵɯ ɦɟɬɚɷɜɪɢɫɬɢɤ. 

 

1.2 ɉɨɫɬɚɧɨɜɤɚ ɰɟɥɢ ɢ ɡɚɞɚɱ ɪɚɛɨɬɵ 

ɐɟɥɶ ɪɚɛɨɬɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɪɚɡɪɚɛɨɬɤɟ ɦɟɬɨɞɨɜ ɢ ɚɥɝɨɪɢɬɦɨɜ 

ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ ɩɨɞɞɟɪɠɤɢ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ ɩɨ ɨɩɬɢɦɢɡɚɰɢɢ ɪɚɡɦɟɳɟɧɢɹ 

ɷɥɟɦɟɧɬɨɜ ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ. 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɜ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɟ ɧɟɨɛɯɨɞɢɦɨ 

ɪɟɲɢɬɶ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

– ɩɪɨɜɟɫɬɢ ɫɢɫɬɟɦɧɵɣ ɚɧɚɥɢɡ ɩɪɨɛɥɟɦɚɬɢɤɢ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ ɩɨɞɞɟɪɠɤɢ 

ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ ɩɨ ɨɩɬɢɦɢɡɚɰɢɢ ɫɬɪɭɤɬɭɪɵ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ; 

– ɩɪɟɞɥɨɠɢɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ 

ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ; 

– ɪɚɡɪɚɛɨɬɚɬɶ ɦɟɬɚɷɜɪɢɫɬɢɱɟɫɤɢɟ ɚɥɝɨɪɢɬɦɵ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ 

ɷɥɟɦɟɧɬɨɜ ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ; 

– ɩɪɨɜɟɫɬɢ ɫɢɫɬɟɦɧɵɣ ɚɧɚɥɢɡ ɩɪɨɰɟɫɫɚ ɧɚɫɬɪɨɣɤɢ ɭɩɪɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ 

ɞɥɹ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɦɟɬɚɷɜɪɢɫɬɢɤ; 
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– ɪɚɡɪɚɛɨɬɚɬɶ ɦɟɬɨɞ ɨɩɬɢɦɢɡɚɰɢɢ ɡɧɚɱɟɧɢɣ ɭɩɪɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ ɞɥɹ 

ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɦɟɬɚɷɜɪɢɫɬɢɤ; 

– ɪɚɡɪɚɛɨɬɚɬɶ ɩɪɨɝɪɚɦɦɧɭɸ ɪɟɚɥɢɡɚɰɢɸ ɫɢɫɬɟɦɵ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ 

ɩɨɞɞɟɪɠɤɢ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ ɩɨ ɨɩɬɢɦɢɡɚɰɢɢ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ 

ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ; 

– ɩɪɨɜɟɫɬɢ ɜɵɱɢɫɥɢɬɟɥɶɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ ɧɚ ɨɫɧɨɜɟ ɫɨɡɞɚɧɧɨɝɨ 

ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɫ ɰɟɥɶɸ ɨɛɨɫɧɨɜɚɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɟɞɥɨɠɟɧɧɵɯ 

ɚɥɝɨɪɢɬɦɨɜ ɢ ɦɟɬɨɞɨɜ. 

 

1.3 Ɂɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ 

1.3.1 Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɡɚɞɚɱ ɪɚɡɦɟɳɟɧɢɹ 

Ɂɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ – ɲɢɪɨɤɢɣ ɩɥɚɫɬ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɨɩɟɪɚɰɢɣ, ɢɧɬɟɪɟɫɧɵɣ ɤɚɤ ɫ ɩɪɚɤɬɢɱɟɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ, ɬɚɤ ɢ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ 

ɤɨɦɛɢɧɚɬɨɪɧɨɣ ɨɩɬɢɦɢɡɚɰɢɢ [25]. Ⱦɚɧɧɵɣ ɤɥɚɫɫ ɡɚɞɚɱ ɧɚɯɨɞɢɬ ɩɪɢɦɟɧɟɧɢɟ ɩɪɢ 

ɪɟɲɟɧɢɢ ɩɪɨɛɥɟɦ ɪɚɡɦɟɳɟɧɢɹ ɩɪɟɞɩɪɢɹɬɢɣ, ɫɤɥɚɞɨɜ ɢ ɦɚɝɚɡɢɧɨɜ, ɩɥɚɧɢɪɨɜɚɧɢɢ 

ɦɟɬɪɨ, ɪɚɡɦɟɳɟɧɢɢ ɭɡɥɨɜ ɫɟɬɟɣ ɫɜɹɡɢ, ɫɬɚɧɰɢɣ ɨɛɫɥɭɠɢɜɚɧɢɹ ɢ ɞɪ. ȼ ɤɚɱɟɫɬɜɟ 

ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ, ɤɚɤ ɩɪɚɜɢɥɨ, ɢɫɩɨɥɶɡɭɸɬɫɹ ɥɢɛɨ ɜɟɥɢɱɢɧɚ ɡɚɬɪɚɬ ɧɚ ɫɨɡɞɚɧɢɟ ɢ 

ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɫɢɫɬɟɦɵ ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ, ɥɢɛɨ ɫɭɦɦɚɪɧɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 

ɫɢɫɬɟɦɵ (ɧɚɩɪɢɦɟɪ, ɨɛɴɟɦ ɜɵɩɨɥɧɹɟɦɵɯ ɪɚɛɨɬ) [25].  

Ɂɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ ɞɟɥɹɬɫɹ ɧɚ ɞɜɚ ɬɢɩɚ: 

– ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ ɛɟɡ ɨɝɪɚɧɢɱɟɧɢɹ ɧɚ ɟɦɤɨɫɬɶ ɢɫɬɨɱɧɢɤɚ ɨɛɫɥɭɠɢɜɚɧɢɹ 

(uncapacitated facility location problem, UFLP); 

– ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ ɫ ɨɝɪɚɧɢɱɟɧɢɟɦ ɧɚ ɟɦɤɨɫɬɶ ɢɫɬɨɱɧɢɤɚ ɨɛɫɥɭɠɢɜɚɧɢɹ 

(capacitated facility location problem, CFLP). 

Ɂɚɞɚɱɢ CFLP, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɩɨɞɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɞɜɚ ɩɨɞɬɢɩɚ: 

– CFLP ɫ ɨɞɧɢɦ ɢɫɬɨɱɧɢɤɨɦ ɨɛɫɥɭɠɢɜɚɧɢɹ (single-source capacitated facility 

location problem, SSCFLP); 

– CFLP ɫ ɧɟɫɤɨɥɶɤɢɦɢ ɢɫɬɨɱɧɢɤɚɦɢ ɨɛɫɥɭɠɢɜɚɧɢɹ (multi-source capacitated 

facility location problem, MSCFLP). 
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Ɉɬɦɟɬɢɦ, ɱɬɨ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ ɹɜɥɹɸɬɫɹ ɩɪɢɦɟɪɨɦ ɡɚɞɚɱ ɤɨɦɛɢɧɚɬɨɪɧɨɣ 

ɨɩɬɢɦɢɡɚɰɢɢ (ɬ.ɟ. ɢɯ ɪɟɲɟɧɢɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɤɨɦɛɢɧɚɰɢɸ ɭɧɢɤɚɥɶɧɵɯ 

ɤɨɦɩɨɧɟɧɬ, ɜɵɛɢɪɚɟɦɵɯ ɢɡ ɤɨɧɟɱɧɨɝɨ ɧɚɛɨɪɚ; ɰɟɥɶ – ɩɨɢɫɤ ɨɩɬɢɦɚɥɶɧɨɣ 

ɤɨɦɛɢɧɚɰɢɢ ɤɨɦɩɨɧɟɧɬ). 

 

1.3.2 ɉɪɨɫɬɟɣɲɚɹ ɡɚɞɚɱɚ ɪɚɡɦɟɳɟɧɢɹ 

Ɉɩɢɲɟɦ ɩɪɨɫɬɟɣɲɭɸ ɡɚɞɚɱɭ ɪɚɡɦɟɳɟɧɢɹ [25,39]. ɂɦɟɟɬɫɹ ɦɧɨɠɟɫɬɜɨ 

ɩɭɧɤɬɨɜ ɜɨɡɦɨɠɧɨɝɨ ɪɚɡɦɟɳɟɧɢɹ ɩɪɟɞɩɪɢɹɬɢɣ I – {1, …, m}. ɂɦɟɟɬɫɹ ɦɧɨɠɟɫɬɜɨ 

ɤɥɢɟɧɬɨɜ J – {1, …, n}. ɉɪɟɞɩɪɢɹɬɢɹ ɦɨɝɭɬ ɩɪɨɢɡɜɨɞɢɬɶ ɧɟɤɨɬɨɪɵɣ ɩɪɨɞɭɤɬ ɜ 

ɧɟɨɝɪɚɧɢɱɟɧɧɨɦ ɤɨɥɢɱɟɫɬɜɟ. ɂɡɜɟɫɬɧɵ ɫɬɨɢɦɨɫɬɢ ɪɚɡɦɟɳɟɧɢɹ ɩɪɟɞɩɪɢɹɬɢɣ ci ɜ 

ɭɤɚɡɚɧɧɵɯ ɩɭɧɤɬɚɯ ɢ ɡɚɬɪɚɬɵ tij ɧɚ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɭ ɩɪɨɞɭɤɰɢɢ ɨɬ ɩɪɟɞɩɪɢɹɬɢɹ ɜ 

ɩɭɧɤɬɟ i ɩɨɬɪɟɛɢɬɟɥɸ j (i  I, j  J). Ɍɪɟɛɭɟɬɫɹ ɪɚɡɦɟɫɬɢɬɶ ɩɪɟɞɩɪɢɹɬɢɹ ɢ 

ɩɪɢɤɪɟɩɢɬɶ ɤ ɧɢɦ ɤɥɢɟɧɬɨɜ ɬɚɤ, ɱɬɨɛɵ ɫɭɦɦɚɪɧɵɟ 

ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨ-ɬɪɚɧɫɩɨɪɬɧɵɟ ɡɚɬɪɚɬɵ ɛɵɥɢ ɦɢɧɢɦɚɥɶɧɵ [28]. ɋ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜɜɟɞɟɧɧɵɯ ɨɛɨɡɧɚɱɟɧɢɣ ɨɩɬɢɦɢɡɚɰɢɨɧɧɚɹ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

ɦɨɠɟɬ ɛɵɬɶ ɡɚɩɢɫɚɧɚ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

min,),(  
 

ij
Ii Jj

iji
Ii

i
xtycXyF  (1.1) 

,,,,1 JjIixyx iji
Ii

ij 


 (1.2) 

,,,0},1,0{ JjIixy
iji

  (1.3) 

ɝɞɟ xij – ɞɨɥɹ ɫɩɪɨɫɚ ɤɥɢɟɧɬɚ j, ɤɨɬɨɪɭɸ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɪɟɞɩɪɢɹɬɢɟ ɢɡ ɩɭɧɤɬɚ i; 

yi = 1, ɟɫɥɢ ɩɪɟɞɩɪɢɹɬɢɟ ɨɬɤɪɵɬɨ ɜ ɩɭɧɤɬɟ i, 0 – ɜ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ (i  I, j  J). 

ɉɟɪɜɨɟ ɫɥɚɝɚɟɦɨɟ (1.1) ɨɬɪɚɠɚɟɬ ɡɚɬɪɚɬɵ ɧɚ ɨɬɤɪɵɬɢɟ ɩɪɟɞɩɪɢɹɬɢɣ, ɜɬɨɪɨɟ 

ɨɩɪɟɞɟɥɹɟɬ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨ-ɬɪɚɧɫɩɨɪɬɧɵɟ ɪɚɫɯɨɞɵ. ɋɮɨɪɦɭɥɢɪɨɜɚɧɧɚɹ ɡɚɞɚɱɚ 

ɢɡɜɟɫɬɧɚ ɤɚɤ ɩɪɨɫɬɟɣɲɚɹ ɡɚɞɚɱɚ ɪɚɡɦɟɳɟɧɢɹ ɩɪɨɢɡɜɨɞɫɬɜɚ. Ɉɧɚ ɹɜɥɹɟɬɫɹ 

ɨɛɨɛɳɟɧɢɟɦ ɢɡɜɟɫɬɧɨɣ ɡɚɞɚɱɢ ɨ ɩɨɤɪɵɬɢɢ ɦɧɨɠɟɫɬɜɚɦɢ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, 

ɨɬɧɨɫɢɬɫɹ ɤ ɱɢɫɥɭ NP-ɬɪɭɞɧɵɯ ɜ ɫɢɥɶɧɨɦ ɫɦɵɫɥɟ [39,129,9]. 
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1.3.3 Ɂɚɞɚɱɚ ɪɚɡɦɟɳɟɧɢɹ ɫ ɨɝɪɚɧɢɱɟɧɢɹɦɢ ɧɚ ɦɨɳɧɨɫɬɢ 

Ɂɚɞɚɱɚ ɪɚɡɦɟɳɟɧɢɹ ɫ ɨɝɪɚɧɢɱɟɧɢɹɦɢ ɧɚ ɦɨɳɧɨɫɬɢ ɩɪɟɞɩɪɢɹɬɢɣ ɹɜɥɹɟɬɫɹ 

ɨɛɨɛɳɟɧɢɟɦ ɩɪɨɫɬɟɣɲɟɣ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɩɨɫɥɟɞɧɟɣ, ɜ ɧɟɣ 

ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɤɚɠɞɨɟ ɩɪɟɞɩɪɢɹɬɢɟ ɦɨɠɟɬ ɩɪɨɢɡɜɨɞɢɬɶ ɩɪɨɞɭɤɰɢɸ ɬɨɥɶɤɨ ɜ 

ɨɝɪɚɧɢɱɟɧɧɵɯ ɤɨɥɢɱɟɫɬɜɚɯ [19]. ɉɨɞɨɛɧɨɟ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɦɟɧɹɟɬ 

ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ ɢ ɡɧɚɱɢɬɟɥɶɧɨ ɭɫɥɨɠɧɹɟɬ ɦɟɬɨɞɵ ɪɟɲɟɧɢɹ 

ɨɩɬɢɦɢɡɚɰɢɨɧɧɨɣ ɡɚɞɚɱɢ. 

ȼ ɡɚɞɚɱɟ ɪɚɡɦɟɳɟɧɢɹ ɫ ɨɝɪɚɧɢɱɟɧɢɹɦɢ ɧɚ ɦɨɳɧɨɫɬɢ ɢɡɜɟɫɬɧɚ ɦɨɳɧɨɫɬɶ 

ɩɪɨɢɡɜɨɞɫɬɜɚ Vi ɞɥɹ ɤɚɠɞɨɝɨ i  I, ɚ ɬɚɤɠɟ ɩɨɬɪɟɛɧɨɫɬɶ dij ɤɚɠɞɨɝɨ ɤɥɢɟɧɬɚ j ɜ 

ɩɪɨɞɭɤɰɢɢ ɩɪɟɞɩɪɢɹɬɢɹ i (i  I, j  J) [28]. Ɉɩɬɢɦɢɡɚɰɢɨɧɧɚɹ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

ɦɨɠɟɬ ɛɵɬɶ ɡɚɩɢɫɚɧɚ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

min,),(  
 

ij
Ii Jj

iji
Ii

i
xtycXyF  (1.4) 

,,1 Jjx
Ii

ij 


 (1.5) 

,, IiyVxd
ii

Jj
ijij




 (1.6) 

,,},1,0{, JjIixy
iji

  (1.7) 

Ɇɢɧɢɦɢɡɢɪɭɟɦɚɹ ɰɟɥɟɜɚɹ ɮɭɧɤɰɢɹ (1.4) ɢɦɟɟɬ ɫɦɵɫɥ ɫɭɦɦɚɪɧɵɯ ɡɚɬɪɚɬ ɧɚ 

ɨɬɤɪɵɬɢɟ ɩɪɟɞɩɪɢɹɬɢɣ ɢ ɨɛɫɥɭɠɢɜɚɧɢɟ ɩɨɬɪɟɛɢɬɟɥɟɣ. Ɉɝɪɚɧɢɱɟɧɢɟ (1.5) ɬɪɟɛɭɟɬ 

ɭɞɨɜɥɟɬɜɨɪɟɧɢɹ ɩɨɬɪɟɛɧɨɫɬɟɣ ɜɫɟɯ ɩɨɬɪɟɛɢɬɟɥɟɣ, ɩɪɢɱɟɦ ɨɞɧɨɝɨ ɩɨɬɪɟɛɢɬɟɥɹ 

ɦɨɠɟɬ ɨɛɫɥɭɠɢɜɚɬɶ ɬɨɥɶɤɨ ɨɞɧɨ ɩɪɟɞɩɪɢɹɬɢɟ. Ɉɝɪɚɧɢɱɟɧɢɟ (1.6) ɧɟɫɟɬ ɫɪɚɡɭ ɞɜɟ 

ɮɭɧɤɰɢɢ. Ɉɧɨ ɩɨɡɜɨɥɹɟɬ ɨɛɫɥɭɠɢɜɚɬɶ ɩɨɬɪɟɛɢɬɟɥɟɣ ɬɨɥɶɤɨ ɫ ɨɬɤɪɵɬɵɯ 

ɩɪɟɞɩɪɢɹɬɢɣ, ɚ ɬɚɤɠɟ ɨɝɪɚɧɢɱɢɜɚɟɬ ɫɜɟɪɯɭ ɜɨɡɦɨɠɧɵɟ ɨɛɴɟɦɵ ɩɨɫɬɚɜɨɤ 

ɩɪɨɞɭɤɰɢɢ ɫ ɤɚɠɞɨɝɨ ɩɪɟɞɩɪɢɹɬɢɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɡɚɞɚɱɚ ɪɚɡɦɟɳɟɧɢɹ ɫ 

ɨɝɪɚɧɢɱɟɧɢɹɦɢ ɧɚ ɦɨɳɧɨɫɬɢ ɨɬɧɨɫɢɬɫɹ ɤ ɤɥɚɫɫɭ SSCFLP ɢ ɹɜɥɹɟɬɫɹ NP-ɬɪɭɞɧɨɣ 

[19]. ȿɫɥɢ ɠɟ ɩɟɪɟɦɟɧɧɚɹ xij ɧɟ ɹɜɥɹɟɬɫɹ ɰɟɥɨɱɢɫɥɟɧɧɨɣ, ɚ ɟɟ ɡɧɚɱɟɧɢɟ ɥɟɠɢɬ ɜ 

ɞɢɚɩɚɡɨɧɟ [0; 1], ɬɨ ɬɚɤɚɹ ɡɚɞɚɱɚ ɨɬɧɨɫɢɬɫɹ ɤ ɤɥɚɫɫɭ MSCFLP ɢ ɬɚɤɠɟ ɹɜɥɹɟɬɫɹ 

NP-ɬɪɭɞɧɨɣ [19]. 

ȼ ɪɚɛɨɬɚɯ M.S. Daskin [92,91,93] ɩɪɢɜɟɞɟɧɚ ɩɨɞɪɨɛɧɚɹ ɤɥɚɫɫɢɮɢɤɚɰɢɹ ɢ 

ɢɫɬɨɪɢɹ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ ɤɥɚɫɫɢɱɟɫɤɢɯ ɡɚɞɚɱ ɪɚɡɦɟɳɟɧɢɹ. 
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1.4 Ɂɚɞɚɱɚ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ 

1.4.1 ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɪɚɡɜɢɜɚɸɳɢɯɫɹ 

ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ 

ɋɨɝɥɚɫɧɨ ȼɢɲɧɟɜɫɤɨɦɭ [2], ɡɚɞɚɱɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɫɟɬɢ ɫɜɨɞɢɬɫɹ ɤ 

ɨɬɵɫɤɚɧɢɸ ɦɢɧɢɦɭɦɚ ɮɭɧɤɰɢɨɧɚɥɚ ɩɪɢɜɟɞɟɧɧɨɣ ɫɬɨɢɦɨɫɬɢ  

min),,(  YUC  (1.8) 

ɩɪɢ ɧɚɥɢɱɢɢ ɨɝɪɚɧɢɱɟɧɢɣ ɧɚ ɜɟɪɨɹɬɧɨɫɬɧɨ-ɜɪɟɦɟɧɧɵɟ ɢ ɫɬɪɭɤɬɭɪɧɵɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɟɬɢ 

0),,( ii VYUV   (1.9) 

ɢ ɬɪɟɛɨɜɚɧɢɢ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɦɧɨɠɟɫɬɜɚ ɜɚɪɢɚɧɬɨɜ ɚɪɯɢɬɟɤɬɭɪɵ ɫɟɬɢ ),,( YUQ   

ɤ ɨɛɥɚɫɬɢ ɬɟɯɧɢɱɟɫɤɢ ɪɟɚɥɢɡɭɟɦɵɯ ɪɟɲɟɧɢɣ 

.),,( 0QYUQ   (1.10) 

Ɂɞɟɫɶ U  – ɜɟɤɬɨɪɧɚɹ ɜɟɥɢɱɢɧɚ, ɨɬɪɚɠɚɸɳɚɹ ɩɚɪɚɦɟɬɪɵ ɫɟɬɟɜɨɣ ɧɚɝɪɭɡɤɢ; 

  – ɜɟɤɬɨɪɧɚɹ ɜɟɥɢɱɢɧɚ, ɩɪɟɞɫɬɚɜɥɹɸɳɚɹ ɫɨɛɨɣ ɫɨɜɨɤɭɩɧɨɫɬɶ ɩɚɪɚɦɟɬɪɨɜ 

ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ; Y  – ɜɟɤɬɨɪɧɚɹ ɜɟɥɢɱɢɧɚ, ɨɬɪɚɠɚɸɳɚɹ ɩɚɪɚɦɟɬɪɵ 

ɥɨɝɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ ɫɟɬɢ. 

Ⱦɚɧɧɵɣ ɩɨɞɯɨɞ ɦɨɠɧɨ ɨɛɨɛɳɢɬɶ, ɩɪɢɦɟɧɢɜ ɟɝɨ ɤ ɩɪɨɰɟɫɫɭ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 

ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɂɋ, ɢɫɯɨɞɹ ɢɡ ɬɨɝɨ, ɱɬɨ ɜɫɹɤɚɹ ɫɟɬɶ – ɱɚɫɬɧɵɣ ɫɥɭɱɚɣ 

ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ. Ȼɨɥɟɟ ɬɨɝɨ, ɜ ɞɚɧɧɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ ɛɭɞɟɬ ɪɚɫɫɦɨɬɪɟɧɚ 

ɛɨɥɟɟ ɲɢɪɨɤɚɹ ɩɪɨɛɥɟɦɚ – ɩɪɨɛɥɟɦɚ ɪɚɡɜɢɬɢɹ ɫɭɳɟɫɬɜɭɸɳɟɣ ɢɧɮɪɚɫɬɪɭɤɬɵ 

ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ. 

Ɂɚɞɚɱɚ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ 

(ɁɊɗɊɂɋ) ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɢɦɟɟɬɫɹ ɂɋ ɧɟɤɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ (ɧɚɡɨɜɟɦ ɟё 

ɢɫɯɨɞɧɨɣ ɂɋ). ȼɨɡɧɢɤɚɟɬ ɩɨɬɪɟɛɧɨɫɬɶ ɜ ɦɨɞɟɪɧɢɡɚɰɢɢ ɫɢɫɬɟɦɵ. ȿɫɬɶ ɧɟɤɨɬɨɪɨɟ 

ɦɧɨɠɟɫɬɜɨ ɤɥɢɟɧɬɨɜ (Ncl ɲɬɭɤ). Ɇɨɞɟɪɧɢɡɢɪɨɜɚɧɧɚɹ ɂɋ ɞɨɥɠɧɚ ɭɞɨɜɥɟɬɜɨɪɢɬɶ 

ɩɨɬɪɟɛɧɨɫɬɢ ɜɫɟɯ ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɩɭɬɟɦ ɩɨɞɤɥɸɱɟɧɢɹ ɢɯ ɤ ɫɜɨɢɦ ɷɥɟɦɟɧɬɚɦ 

(ɭɡɥɚɦ). ȿɫɬɶ ɡɚɪɚɧɟɟ ɨɩɪɟɞɟɥɟɧɧɨɟ ɦɧɨɠɟɫɬɜɨ ɩɨɬɟɧɰɢɚɥɶɧɵɯ ɦɟɫɬ (Nps ɲɬɭɤ), 
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ɤɭɞɚ ɦɨɝɭɬ ɛɵɬɶ ɭɫɬɚɧɨɜɥɟɧɵ ɷɥɟɦɟɧɬɵ ɂɋ (ɬ.ɧ. ɦɟɫɬɚ-ɤɚɧɞɢɞɚɬɵ). ɂɦɟɟɬɫɹ Ntypes 

ɬɢɩɨɜ ɞɨɫɬɭɩɧɵɯ ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɷɥɟɦɟɧɬɨɜ ɂɋ, ɨɬɥɢɱɚɸɳɢɯɫɹ ɩɨ ɫɜɨɢɦ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ. Ɂɚɞɚɱɚ ɫɜɨɞɢɬɫɹ ɤ ɦɢɧɢɦɢɡɚɰɢɢ ɡɚɬɪɚɬ ɩɨ ɩɟɪɟɯɨɞɭ ɨɬ 

ɢɫɯɨɞɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɂɋ ɤ ɦɨɞɟɪɧɢɡɢɪɨɜɚɧɧɨɦɭ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɪɹɞɚ 

ɨɝɪɚɧɢɱɟɧɢɣ.  

ȼɜɟɞɟɦ ɫɥɟɞɭɸɳɢɟ ɨɛɨɡɧɚɱɟɧɢɹ: 

T – ɦɧɨɠɟɫɬɜɨ ɪɚɡɥɢɱɧɵɯ ɞɨɫɬɭɩɧɵɯ ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɬɢɩɨɜ ɷɥɟɦɟɧɬɨɜ ɂɋ; 

I – ɦɧɨɠɟɫɬɜɨ ɤɥɢɟɧɬɨɜ; 

S – ɦɧɨɠɟɫɬɜɨ ɦɟɫɬ-ɤɚɧɞɢɞɚɬɨɜ; 
0

st
y  = 1, ɟɫɥɢ ɷɥɟɦɟɧɬ ɬɢɩɚ t  T ɭɫɬɚɧɨɜɥɟɧ ɜ ɢɫɯɨɞɧɨɣ ɂɋ ɧɚ ɦɟɫɬɟ s  S, 

ɢɧɚɱɟ – 0; 

0

is
x  = 1, ɟɫɥɢ ɜ ɢɫɯɨɞɧɨɣ ɂɋ ɤɥɢɟɧɬ i  I ɩɨɞɫɨɟɞɢɧɟɧ ɤ ɷɥɟɦɟɧɬɭ, 

ɭɫɬɚɧɨɜɥɟɧɧɨɦɭ ɧɚ ɦɟɫɬɟ-ɤɚɧɞɢɞɚɬɟ s  S, ɢɧɚɱɟ – 0; 

yst = 1, ɟɫɥɢ ɷɥɟɦɟɧɬ ɬɢɩɚ t  T ɭɫɬɚɧɨɜɥɟɧ ɜ ɦɨɞɟɪɧɢɡɢɪɨɜɚɧɧɨɣ ɂɋ ɧɚ 

ɦɟɫɬɟ s  S, ɢɧɚɱɟ – 0; 

xis = 1, ɟɫɥɢ ɜ ɦɨɞɟɪɧɢɡɢɪɨɜɚɧɧɨɣ ɂɋ ɤɥɢɟɧɬ i  I ɩɨɞɫɨɟɞɢɧɟɧ ɤ ɷɥɟɦɟɧɬɭ, 

ɭɫɬɚɧɨɜɥɟɧɧɨɦɭ ɧɚ ɦɟɫɬɟ-ɤɚɧɞɢɞɚɬɟ s  S, ɢɧɚɱɟ – 0; 

prft – ɦɚɤɫɢɦɚɥɶɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɭɡɥɚ ɬɢɩɚ t  T; 

bi – ɩɨɬɪɟɛɧɨɫɬɢ ɤɥɢɟɧɬɚ i  I. 

Ɍɪɟɛɨɜɚɧɢɟ ɭɧɢɤɚɥɶɧɨɫɬɢ – ɜ ɤɚɠɞɨɦ ɦɟɫɬɟ-ɤɚɧɞɢɞɚɬɟ ɦɨɠɟɬ ɛɵɬɶ 

ɭɫɬɚɧɨɜɥɟɧ ɬɨɥɶɤɨ ɨɞɢɧ ɷɥɟɦɟɧɬ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ:: 





Tt

st Ssy .1  (1.11) 

Ʉɚɠɞɵɣ ɤɥɢɟɧɬ ɞɨɥɠɟɧ ɛɵɬɶ ɩɨɞɤɥɸɱɟɧ ɬɨɥɶɤɨ ɤ ɨɞɧɨɦɭ ɷɥɟɦɟɧɬɭ ɂɋ, 

ɩɪɢɱɟɦ ɧɟ ɞɨɥɠɧɨ ɨɫɬɚɬɶɫɹ ɧɟɩɨɞɤɥɸɱɟɧɧɵɯ ɤɥɢɟɧɬɨɜ: 

.1 Iix
Ss

is 


 (1.12) 

Ʉɥɢɟɧɬ ɦɨɠɟɬ ɛɵɬɶ «ɨɬɧɟɫɟɧ» ɤ ɦɟɫɬɭ-ɤɚɧɞɢɞɚɬɭ ɬɨɥɶɤɨ, ɟɫɥɢ ɧɚ ɧɟɦ ɭɠɟ 

ɭɫɬɚɧɨɜɥɟɧ ɷɥɟɦɟɧɬ ɂɋ: 
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.,



Tt

stis
SsIiyx  (1.13) 

Ⱦɥɹ ɤɚɠɞɨɝɨ ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɷɥɟɦɟɧɬɚ ɂɋ ɫɭɦɦɚɪɧɵɣ ɬɪɟɛɭɟɦɵɣ 

ɤɥɢɟɧɬɚɦɢ ɪɟɫɭɪɫ ɧɟ ɞɨɥɠɟɧ ɩɪɟɜɨɫɯɨɞɢɬɶ ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɭɸ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ: 

.Ssyprfbx
Tt

stt
Ii

iis
 



 (1.14) 

Ɉɝɪɚɧɢɱɟɧɢɹ ɧɚ ɞɨɩɭɫɬɢɦɨɫɬɶ ɜɵɞɟɥɟɧɢɹ ɪɟɫɭɪɫɨɜ: 

.,),,( SsIitsiPermyx
Tt

stis  


 (1.15) 

Ɂɞɟɫɶ Perm – ɮɭɧɤɰɢɹ, ɡɧɚɱɟɧɢɟ ɤɨɬɨɪɨɣ Perm(i, s, t) ɪɚɜɧɨ ɟɞɢɧɢɰɟ ɜ ɫɥɭɱɚɟ, 

ɟɫɥɢ ɜɨɡɦɨɠɧɨ ɜɵɞɟɥɟɧɢɟ ɪɟɫɭɪɫɨɜ ɷɥɟɦɟɧɬɚ ɬɢɩɚ t  T, ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɧɚ ɦɟɫɬɟ 

s  S, ɞɥɹ ɤɥɢɟɧɬɚ i  I, ɢɧɚɱɟ – 0. ɉɪɢɱɢɧɵ, ɩɨ ɤɨɬɨɪɵɦ ɩɨɞɨɛɧɨɟ ɜɵɞɟɥɟɧɢɟ 

ɦɨɠɟɬ ɛɵɬɶ ɧɟɨɫɭɳɟɫɬɜɢɦɵɦ, ɡɚɜɢɫɹɬ ɨɬ ɤɨɧɤɪɟɬɧɨɣ ɪɟɚɥɢɡɚɰɢɢ ɂɋ (ɧɚɩɪɢɦɟɪ, 

ɭɞɚɥɟɧɧɨɫɬɶ ɤɥɢɟɧɬɚ ɨɬ ɦɟɫɬɚ-ɤɚɧɞɢɞɚɬɚ). 

Ɇɢɧɢɦɢɡɢɪɭɟɦɚɹ ɰɟɥɟɜɚɹ ɮɭɧɤɰɢɹ ɢɦɟɟɬ ɜɢɞ: 
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 (1.16) 

ɝɞɟ ElCostt – ɫɬɨɢɦɨɫɬɶ ɷɥɟɦɟɧɬɚ ɬɢɩɚ t  T; 

PSCosts – ɡɚɬɪɚɬɵ ɧɚ ɭɫɬɚɧɨɜɤɭ, ɡɚɜɢɫɹɳɢɟ ɨɬ ɦɟɫɬɚ-ɤɚɧɞɢɞɚɬɚ s  S, 

ɧɚɩɪɢɦɟɪ, ɫɬɨɢɦɨɫɬɶ ɞɨɥɝɨɫɪɨɱɧɨɣ ɚɪɟɧɞɵ ɦɟɫɬɚ ɢ ɬ.ɞ.; 

RemElCostt – ɫɬɨɢɦɨɫɬɶ ɞɟɢɧɫɬɚɥɥɹɰɢɢ ɷɥɟɦɟɧɬɚ ɬɢɩɚ t  T; 

RemPSCosts – ɡɚɬɪɚɬɵ ɧɚ ɭɞɚɥɟɧɢɟ ɷɥɟɦɟɧɬɚ ɢɡ ɫɬɪɭɤɬɭɪɵ ɂɋ, ɡɚɜɢɫɹɳɢɟ ɨɬ 

ɦɟɫɬɚ-ɤɚɧɞɢɞɚɬɚ s  S; 
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Upgzt = 1, ɟɫɥɢ ɷɥɟɦɟɧɬ ɬɢɩɚ z  T ɦɨɠɧɨ ɦɨɞɟɪɧɢɡɢɪɨɜɚɬɶ ɞɨ ɬɢɩɚ t  T, 

ɢɧɚɱɟ – 0; UpgCostzt – ɫɬɨɢɦɨɫɬɶ ɬɚɤɨɣ ɦɨɞɟɪɧɢɡɚɰɢɢ; 

ConnCostis – ɫɬɨɢɦɨɫɬɶ ɩɨɞɤɥɸɱɟɧɢɹ i-ɝɨ ɤɥɢɟɧɬɚ ɤ ɷɥɟɦɟɧɬɭ ɧɚ s-ɦ ɦɟɫɬɟ 

(ɫɸɞɚ ɜɯɨɞɹɬ, ɧɚɩɪɢɦɟɪ, ɡɚɬɪɚɬɵ ɧɚ ɩɪɨɤɥɚɞɤɭ ɤɚɛɟɥɹ). 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɟɪɜɚɹ ɫɬɪɨɤɚ ɮɨɪɦɭɥɵ (1.16) ɨɬɜɟɱɚɟɬ ɡɚ ɭɱɟɬ ɡɚɬɪɚɬ ɩɨ 

ɭɫɬɚɧɨɜɤɟ ɧɨɜɵɯ ɷɥɟɦɟɧɬɨɜ ɂɋ, ɜɬɨɪɚɹ ɫɬɪɨɤɚ – ɡɚ ɭɱɟɬ ɡɚɬɪɚɬ ɩɨ ɜɵɜɟɞɟɧɢɸ 

ɷɥɟɦɟɧɬɨɜ ɢɡ ɫɬɪɭɤɬɭɪɵ ɂɋ, ɬɪɟɬɶɹ ɢ ɱɟɬɜɟɪɬɚɹ ɫɬɪɨɤɚ – ɡɚ ɭɱɟɬ ɡɚɬɪɚɬ ɩɨ 

ɦɨɞɟɪɧɢɡɚɰɢɢ ɷɥɟɦɟɧɬɨɜ ɂɋ, ɩɹɬɚɹ ɫɬɪɨɤɚ – ɡɚ ɭɱɟɬ ɡɚɬɪɚɬ ɩɨ ɩɨɞɤɥɸɱɟɧɢɸ 

ɤɥɢɟɧɬɨɜ ɤ ɷɥɟɦɟɧɬɚɦ ɂɋ. 

Ɏɭɧɤɰɢɹ Interf(I, S, T) ɨɬɜɟɱɚɟɬ ɡɚ ɭɱɟɬ ɩɨɦɟɯ ɩɪɢ ɦɟɠɦɨɞɭɥɶɧɨɦ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ. Ʉɨɷɮɮɢɰɢɟɧɬ k ɨɛɟɫɩɟɱɢɜɚɟɬ 

ɨɞɧɨɜɪɟɦɟɧɧɵɣ ɭɱɟɬ ɜ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ ɡɚɬɪɚɬ ɧɚ ɦɨɞɟɪɧɢɡɚɰɢɸ ɂɋ ɢ ɭɪɨɜɧɹ 

ɩɨɦɟɯ. k ɢɦɟɟɬ ɪɚɡɦɟɪɧɨɫɬɶ ɫɬɨɢɦɨɫɬɢ, ɬɟɦ ɫɚɦɵɦ ɨɛɟɫɩɟɱɢɜɚɹ ɫɨɯɪɚɧɟɧɢɟ 

ɪɚɡɦɟɪɧɨɫɬɢ ɜ ɮɨɪɦɭɥɟ (1.16). ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜɢɞ ɮɭɧɤɰɢɣ Perm ɢ Interf 

ɡɚɜɢɫɢɬ ɨɬ ɤɨɧɤɪɟɬɧɨɣ ɪɚɡɧɨɜɢɞɧɨɫɬɢ ɁɊɗɊɂɋ.  

Ⱦɨɫɬɨɢɧɫɬɜɨɦ ɩɪɢɜɟɞɟɧɧɨɣ ɦɨɞɟɥɢ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ 

ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ «ɫ ɧɭɥɹ» ɬɚɤɠɟ ɹɜɥɹɟɬɫɹ ɟё ɱɚɫɬɧɵɦ ɫɥɭɱɚɟɦ 

( TtSsIixy
isst

 ,,,0,0 00 ). 

ȼɵɲɟɨɩɢɫɚɧɧɚɹ ɡɚɞɚɱɚ ɨɬɧɨɫɢɬɫɹ ɤ ɤɥɚɫɫɭ ɡɚɞɚɱ ɪɚɡɦɟɳɟɧɢɹ. ɇɟɪɚɜɟɧɫɬɜɨ 

(1.14) ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɩɪɢɧɚɞɥɟɠɧɨɫɬɶ ɞɚɧɧɨɣ ɡɚɞɚɱɢ ɤ ɤɥɚɫɫɭ ɡɚɞɚɱ ɪɚɡɦɟɳɟɧɢɹ ɫ 

ɨɝɪɚɧɢɱɟɧɢɹɦɢ ɧɚ ɦɨɳɧɨɫɬɢ. Ɉɝɪɚɧɢɱɟɧɢɟ (1.12) ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɩɪɢɧɚɞɥɟɠɧɨɫɬɶ 

ɧɚɲɟɣ ɡɚɞɚɱɢ ɤ ɤɥɚɫɫɭ SSCFLP (ɨɞɢɧ ɤɥɢɟɧɬ ɨɛɫɥɭɠɢɜɚɟɬɫɹ ɨɞɧɢɦ ɷɥɟɦɟɧɬɨɦ 

ɂɋ). Ɏɭɧɤɰɢɹ Interf(I, S, T) ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɹɜɥɹɟɬɫɹ ɧɟɥɢɧɟɣɧɨɣ, ɚ ɡɧɚɱɢɬ, 

ɩɨɫɬɚɜɥɟɧɧɚɹ ɡɚɞɚɱɚ ɨɬɧɨɫɢɬɫɹ ɤ ɤɥɚɫɫɭ ɡɚɞɚɱ ɰɟɥɨɱɢɫɥɟɧɧɨɝɨ ɧɟɥɢɧɟɣɧɨɝɨ 

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ. 

ɉɪɢɧɚɞɥɟɠɧɨɫɬɶ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ ɤ ɤɥɚɫɫɭ ɡɚɞɚɱ ɰɟɥɨɱɢɫɥɟɧɧɨɝɨ 

ɧɟɥɢɧɟɣɧɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɷɜɪɢɫɬɢɱɟɫɤɢɯ ɚɥɝɨɪɢɬɦɨɜ ɞɥɹ ɟɟ ɪɟɲɟɧɢɹ. ȼɨɡɦɨɠɧɨɣ ɚɥɶɬɟɪɧɚɬɢɜɨɣ ɷɜɪɢɫɬɢɤɚɦ 

ɹɜɥɹɸɬɫɹ ɬɨɱɧɵɟ ɦɟɬɨɞɵ ɧɚɯɨɠɞɟɧɢɹ ɪɟɲɟɧɢɹ, ɤɨɬɨɪɵɟ ɪɟɚɥɢɡɭɸɬ ɧɟɤɨɬɨɪɭɸ 
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ɭɫɤɨɪɟɧɧɭɸ ɮɨɪɦɭ ɩɨɥɧɨɝɨ ɩɟɪɟɛɨɪɚ. ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦɢ ɦɟɬɨɞɚɦɢ 

ɞɚɧɧɨɝɨ ɬɢɩɚ, ɱɚɫɬɨ ɩɪɢɦɟɧɹɸɳɢɦɢɫɹ ɤ ɡɚɞɚɱɚɦ SSCFLP, ɹɜɥɹɸɬɫɹ ɦɟɬɨɞ 

Ʌɚɝɪɚɧɠɟɜɵɯ ɪɟɥɚɤɫɚɰɢɣ ɢ ɦɟɬɨɞ ɜɟɬɜɟɣ ɢ ɝɪɚɧɢɰ [18,28,34,35]. Ɉɞɧɚɤɨ ɧɚɢɛɨɥɟɟ 

ɢɡɜɟɫɬɧɵɟ ɪɚɡɧɨɜɢɞɧɨɫɬɢ ɞɚɧɧɵɯ ɦɟɬɨɞɨɜ ɩɨɞɪɚɡɭɦɟɜɚɸɬ ɩɟɪɟɯɨɞ ɤ 

ɞɜɨɣɫɬɜɟɧɧɨɣ ɡɚɞɚɱɟ ɥɢɧɟɣɧɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ (ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɧɢɠɧɟɣ 

ɨɰɟɧɤɢ ɪɟɲɟɧɢɹ), ɱɬɨ ɧɟɜɨɡɦɨɠɧɨ ɫɞɟɥɚɬɶ ɞɥɹ ɡɚɞɚɱɢ ɧɟɥɢɧɟɣɧɨɣ ɨɩɬɢɦɢɡɚɰɢɢ 

[18,34,35]. Ʉ ɬɨɦɭ ɠɟ ɞɚɧɧɵɟ ɦɟɬɨɞɵ ɡɧɚɱɢɬɟɥɶɧɨ ɬɟɪɹɸɬ ɜ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɫ 

ɪɨɫɬɨɦ ɱɢɫɥɚ ɩɟɪɟɦɟɧɧɵɯ ɢ ɨɝɪɚɧɢɱɟɧɢɣ [26,18]. 

ɉɨɞɯɨɞ, ɥɟɠɚɳɢɣ ɜ ɨɫɧɨɜɟ ɷɜɪɢɫɬɢɱɟɫɤɢɯ ɚɥɝɨɪɢɬɦɨɜ, ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɨɬɤɚɡɟ 

ɨɬ ɩɨɢɫɤɚ ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɟɲɟɧɢɹ ɡɚ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɟ ɜɪɟɦɹ ɢ ɜ ɩɨɩɵɬɤɟ 

ɧɚɯɨɠɞɟɧɢɹ ɩɪɢɛɥɢɠɟɧɧɨɝɨ (ɞɨɫɬɚɬɨɱɧɨ ɛɥɢɡɤɨɝɨ ɤ ɨɩɬɢɦɚɥɶɧɨɦɭ) ɪɟɲɟɧɢɹ ɡɚ 

ɩɪɢɟɦɥɟɦɨɟ ɜɪɟɦɹ [18]. ɗɬɚ ɨɫɨɛɟɧɧɨɫɬɶ ɷɜɪɢɫɬɢɤ ɨɱɟɧɶ ɜɚɠɧɚ ɞɥɹ ɁɊɗɊɂɋ, ɬ.ɤ. 

ɞɚɧɧɚɹ ɡɚɞɚɱɚ ɢɦɟɟɬ ɹɜɧɭɸ ɩɪɚɤɬɢɱɟɫɤɭɸ ɧɚɩɪɚɜɥɟɧɧɨɫɬɶ, ɢ ɟɟ ɪɟɲɟɧɢɟ 

ɠɟɥɚɬɟɥɶɧɨ ɧɚɯɨɞɢɬɶ ɡɚ ɧɟɛɨɥɶɲɨɣ ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ. Ⱦɪɭɝɨɣ ɜɚɠɧɨɣ 

ɨɫɨɛɟɧɧɨɫɬɶɸ ɷɜɪɢɫɬɢɱɟɫɤɢɯ ɚɥɝɨɪɢɬɦɨɜ ɹɜɥɹɟɬɫɹ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɞɥɹ ɛɨɥɶɲɢɧɫɬɜɚ 

ɢɡ ɧɢɯ ɧɟ ɢɦɟɟɬ ɡɧɚɱɟɧɢɟ, ɤ ɤɚɤɨɦɭ ɬɢɩɭ ɨɬɧɨɫɢɬɫɹ ɪɟɲɚɟɦɚɹ ɩɪɨɛɥɟɦɚ – ɤ 

ɡɚɞɚɱɚɦ ɥɢɧɟɣɧɨɣ ɢɥɢ ɧɟɥɢɧɟɣɧɨɣ ɨɩɬɢɦɢɡɚɰɢɢ. Ȼɨɥɟɟ ɩɨɞɪɨɛɧɨɟ ɨɩɢɫɚɧɢɟ ɢ 

ɮɨɪɦɚɥɶɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɷɜɪɢɫɬɢɤ ɢ ɦɟɬɚɷɜɪɢɫɬɢɤ ɞɚɧɨ ɜ ɪɚɡɞɟɥɟ 2.1. 

Ɋɟɲɟɧɢɟ ɁɊɗɊɂɋ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɷɬɚɩɨɜ ɩɪɨɰɟɫɫɚ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ ɩɨ 

ɩɥɚɧɢɪɨɜɚɧɢɸ ɢ ɨɩɬɢɦɢɡɚɰɢɢ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ 

ɚɥɝɨɪɢɬɦɵ, ɩɨɡɜɨɥɹɸɳɢɟ ɪɟɲɚɬɶ ɁɊɗɊɂɋ, ɹɜɥɹɸɬɫɹ ɚɥɝɨɪɢɬɦɚɦɢ 

ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ ɩɨɞɞɟɪɠɤɢ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ. 

 

1.4.2 Ⱦɪɭɝɚɹ ɮɨɪɦɚ ɡɚɩɢɫɢ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɪɚɡɜɢɜɚɸɳɢɯɫɹ 

ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ 

Ɇɨɠɧɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɮɨɪɦɭɥɢɪɨɜɤɚ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ 

ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ, ɩɪɢɜɟɞɟɧɧɚɹ ɜ ɪɚɡɞɟɥɟ 1.4.1, ɹɜɥɹɟɬɫɹ 

ɜɟɫɶɦɚ ɝɪɨɦɨɡɞɤɨɣ. ɉɨɷɬɨɦɭ ɜɫɬɚɟɬ ɩɪɨɛɥɟɦɚ ɛɨɥɟɟ ɥɚɤɨɧɢɱɧɨɣ ɩɨɫɬɚɧɨɜɤɢ 

ɁɊɗɊɂɋ, ɭɞɨɛɧɨɣ ɞɥɹ ɩɪɨɝɪɚɦɦɧɨɣ ɪɟɚɥɢɡɚɰɢɢ. Ƚɥɚɜɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɩɟɪɟɯɨɞɚ 
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ɛɭɞɟɬ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɜɟɥɢɱɢɧ xis ɢ yst ɜ ɜɢɞɟ ɨɞɧɨɦɟɪɧɵɯ ɦɚɫɫɢɜɨɜ X ɢ Y. 

Ɉɬɦɟɬɢɦ, ɱɬɨ ɩɨɞɨɛɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɫɞɟɥɚɟɬ ɭɞɨɛɧɵɦ ɪɟɚɥɢɡɚɰɢɸ 

ɷɜɨɥɸɰɢɨɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ, ɬ.ɤ. ɜ ɷɜɨɥɸɰɢɨɧɧɨɦ ɚɥɝɨɪɢɬɦɟ, ɤɚɤ ɩɪɚɜɢɥɨ, 

ɯɪɨɦɨɫɨɦɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɨɞɧɨɦɟɪɧɵɟ ɦɚɫɫɢɜɵ. 

Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ ɛɭɞɟɦ ɩɪɟɞɫɬɚɜɥɹɬɶ ɜ ɜɢɞɟ ɩɚɪɵ ɜɟɤɬɨɪɨɜ ɰɟɥɵɯ ɱɢɫɟɥ – 

Y ɢ X. Y – ɜɟɤɬɨɪ ɪɚɡɦɟɪɧɨɫɬɢ Nps. ɗɥɟɦɟɧɬɵ ɦɚɫɫɢɜɚ Y ɦɨɝɭɬ ɩɪɢɧɢɦɚɬɶ ɰɟɥɵɟ 

ɡɧɚɱɟɧɢɹ ɢɡ ɞɢɚɩɚɡɨɧɚ [0; Ntypes]. ȿɫɥɢ Y[s] = 0, ɬɨ ɧɚ s-ɦ ɦɟɫɬɟ-ɤɚɧɞɢɞɚɬɟ ɧɟ 

ɭɫɬɚɧɨɜɥɟɧ ɷɥɟɦɟɧɬ ɂɋ. ȿɫɥɢ Y[s] = w, ɬɨ ɧɚ s-ɦ ɦɟɫɬɟ-ɤɚɧɞɢɞɚɬɟ ɭɫɬɚɧɨɜɥɟɧ 

ɷɥɟɦɟɧɬ ɂɋ w-ɝɨ ɬɢɩɚ. X – ɜɟɤɬɨɪ ɪɚɡɦɟɪɧɨɫɬɢ Ncl. ɗɥɟɦɟɧɬɵ X ɦɨɝɭɬ ɩɪɢɧɢɦɚɬɶ 

ɰɟɥɵɟ ɡɧɚɱɟɧɢɹ ɢɡ ɞɢɚɩɚɡɨɧɚ [1; Nps]. ȿɫɥɢ X[i] = w, ɬɨ ɷɬɨ ɡɧɚɱɢɬ, ɱɬɨ i-ɣ ɤɥɢɟɧɬ 

ɩɨɞɤɥɸɱɟɧ ɤ ɷɥɟɦɟɧɬɭ ɂɋ, ɭɫɬɚɧɨɜɥɟɧɧɨɦɭ ɧɚ w-ɦ ɦɟɫɬɟ-ɤɚɧɞɢɞɚɬɟ. ɉɨɹɫɧɟɧɢɟ: 

ɡɞɟɫɶ ɢ ɜ ɞɚɥɶɧɟɣɲɟɦ ɡɚɩɢɫɶ ɜɢɞɚ A[j] ɨɡɧɚɱɚɟɬ ɨɛɪɚɳɟɧɢɟ ɤ j-ɦɭ ɷɥɟɦɟɧɬɭ 

ɜɟɤɬɨɪɚ (ɦɚɫɫɢɜɚ) A; ɷɥɟɦɟɧɬɵ ɦɚɫɫɢɜɨɜ ɧɭɦɟɪɭɸɬɫɹ, ɧɚɱɢɧɚɹ ɫ 1. 

Ɍɨɝɞɚ ɨɝɪɚɧɢɱɟɧɢɹ ɩɪɢɦɭɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ. Ʉɥɢɟɧɬ ɦɨɠɟɬ ɛɵɬɶ ɩɨɞɤɥɸɱɟɧ 

ɤ ɦɟɫɬɭ-ɤɚɧɞɢɞɚɬɭ, ɬɨɥɶɤɨ ɟɫɥɢ ɧɚ ɧɟɦ ɭɠɟ ɭɫɬɚɧɨɜɥɟɧɷɥɟɦɟɧɬ ɂɋ: 

 ....,2,10]][[ clNiiXY   (1.17) 

ɉɭɫɬɶ b – ɜɟɤɬɨɪ ɪɚɡɦɟɪɧɨɫɬɢ Ncl, ɷɥɟɦɟɧɬɚɦɢ ɤɨɬɨɪɨɝɨ ɹɜɥɹɸɬɫɹ 

ɩɨɬɪɟɛɧɨɫɬɢ ɤɥɢɟɧɬɨɜ; prf – ɜɟɤɬɨɪ ɦɚɤɫɢɦɚɥɶɧɵɯ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɟɣ 

ɷɥɟɦɟɧɬɨɜ ɪɚɡɧɨɝɨ ɬɢɩɚ (ɪɚɡɦɟɪɧɨɫɬɢ Ntypes). ɉɪɢɦɟɱɚɧɢɟ: ɛɭɞɟɦ ɫɱɢɬɚɬɶ, ɱɬɨ 

prf[0] = 0. Ɉɝɪɚɧɢɱɟɧɢɟ (1.14) ɩɪɢɦɟɬ ɜɢɞ: 
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 (1.18) 

Ɉɝɪɚɧɢɱɟɧɢɹ (1.15) ɧɚ ɞɨɩɭɫɬɢɦɨɫɬɶ ɜɵɞɟɥɟɧɢɹ ɪɟɫɭɪɫɨɜ ɩɪɢɦɭɬ ɜɢɞ: 

 ....,2,10]])[[],[,(]][[ clNiiXYiXiPermiXY   (1.19) 

Ɉɬɦɟɬɢɦ, ɱɬɨ ɨɝɪɚɧɢɱɟɧɢɹ (1.11) ɢ (1.12) ɩɪɢ ɮɨɪɦɟ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɜ ɜɢɞɟ 

ɨɞɧɨɦɟɪɧɵɯ ɦɚɫɫɢɜɨɜ X ɢ Y ɜɵɩɨɥɧɹɸɬɫɹ ɚɜɬɨɦɚɬɢɱɟɫɤɢ. 

ɉɭɫɬɶ ElCost – ɜɟɤɬɨɪ ɫɬɨɢɦɨɫɬɟɣ ɷɥɟɦɟɧɬɨɜ ɪɚɡɧɨɝɨ ɬɢɩɚ; PsCost – ɜɟɤɬɨɪ 

ɡɚɬɪɚɬ ɧɚ ɭɫɬɚɧɨɜɤɭ, ɡɚɜɢɫɹɳɢɯ ɨɬ ɦɟɫɬɚ-ɤɚɧɞɢɞɚɬɚ; RemElCost – ɜɟɤɬɨɪ 
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ɫɬɨɢɦɨɫɬɟɣ ɞɟɢɧɫɬɚɥɥɹɰɢɢ ɷɥɟɦɟɧɬɨɜ; RemPsCost – ɜɟɤɬɨɪ ɡɚɬɪɚɬ ɧɚ ɭɞɚɥɟɧɢɟ 

ɷɥɟɦɟɧɬɨɜ ɢɡ ɫɬɪɭɤɬɭɪɵ ɂɋ, ɡɚɜɢɫɹɳɢɯ ɨɬ ɦɟɫɬɚ-ɤɚɧɞɢɞɚɬɚ s  S; Upg – 

ɞɜɭɦɟɪɧɵɣ ɦɚɫɫɢɜ (ɦɚɬɪɢɰɚ) ɪɚɡɦɟɪɧɨɫɬɢ Ntypes× Ntypes, ɤɚɠɞɵɣ ɷɥɟɦɟɧɬ ɤɨɬɨɪɨɝɨ 

Upg[z][t] ɪɚɜɟɧ 1, ɟɫɥɢ ɷɥɟɦɟɧɬ ɂɋ ɬɢɩɚ z ɦɨɠɧɨ ɦɨɞɟɪɧɢɡɢɪɨɜɚɬɶ ɞɨ ɬɢɩɚ t, ɢɧɚɱɟ 

– ɪɚɜɟɧ 0; UpgCost – ɦɚɬɪɢɰɚ ɫɬɨɢɦɨɫɬɟɣ ɦɨɞɟɪɧɢɡɚɰɢɢ; ConnCost –ɦɚɬɪɢɰɚ 

ɪɚɡɦɟɪɧɨɫɬɢ Ncl× Nps, ɷɥɟɦɟɧɬɵ ɤɨɬɨɪɨɣ ConnCost[i][s] ɨɬɪɚɠɚɸɬ ɫɬɨɢɦɨɫɬɶ 

ɩɨɞɤɥɸɱɟɧɢɹ i-ɝɨ ɤɥɢɟɧɬɚ ɤ ɷɥɟɦɟɧɬɭ ɧɚ s-ɦ ɦɟɫɬɟ. 

Ɍɨɝɞɚ ɰɟɥɟɜɚɹ ɮɭɧɤɰɢɹ (1.16) ɩɪɢɦɟɬ ɜɢɞ: 
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 (1.20) 
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 (1.21) 

Ɍɪɟɛɭɟɬɫɹ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɧɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɤɚɠɞɵɣ ɪɚɡ ɩɪɢ ɩɪɨɜɟɪɤɟ 

ɪɟɲɟɧɢɹ ɧɚ ɫɨɨɬɜɟɬɫɬɜɢɟ ɨɝɪɚɧɢɱɟɧɢɹɦ (1.19) ɩɪɨɢɡɜɨɞɢɬɶ ɪɚɫɱɟɬɵ. Ⱦɨɫɬɚɬɨɱɧɨ 

ɨɞɢɧ ɪɚɡ ɩɟɪɟɞ ɧɚɱɚɥɨɦ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɜɵɩɨɥɧɢɬɶ ɫɥɟɞɭɸɳɢɟ ɞɟɣɫɬɜɢɹ. 

ɋɨɡɞɚɬɶ ɬɪɟɯɦɟɪɧɵɣ ɦɚɫɫɢɜ ɛɭɥɟɜɵɯ ɩɟɪɟɦɟɧɧɵɯ perm_constraints ɪɚɡɦɟɪɧɨɫɬɢ 
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Ncl×Nps×Ntypes. Ɋɚɫɫɱɢɬɚɬɶ ɷɥɟɦɟɧɬɵ ɦɚɫɫɢɜɚ: ɷɥɟɦɟɧɬ perm_constraints[i][s][t] 

ɪɚɜɟɧ true, ɟɫɥɢ ɨɝɪɚɧɢɱɟɧɢɹ (1.19) ɜɵɩɨɥɧɹɸɬɫɹ ɩɪɢ ɩɨɞɤɥɸɱɟɧɢɢ i-ɝɨ ɤɥɢɟɧɬɚ ɤ 

ɷɥɟɦɟɧɬɭ t-ɝɨ ɬɢɩɚ, ɪɚɫɩɨɥɨɠɟɧɧɨɦɭ ɧɚ s-ɦ ɦɟɫɬɟ, ɢɧɚɱɟ – false. ȼ ɞɚɥɶɧɟɣɲɟɦ ɜ 

ɩɪɨɰɟɫɫɟ ɪɟɲɟɧɢɹ ɁɊɗɊɂɋ ɧɟɨɛɯɨɞɢɦɨ ɜɦɟɫɬɨ ɩɪɨɜɟɪɤɢ ɨɝɪɚɧɢɱɟɧɢɣ (1.19) 

ɩɪɨɫɬɨ ɨɛɪɚɬɢɬɶɫɹ ɤ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦɭ ɷɥɟɦɟɧɬɭ ɦɚɫɫɢɜɚ perm_constraints. 

 

1.5 Ɇɨɞɟɥɶ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɞɥɹ ɱɚɫɬɧɨɝɨ ɫɥɭɱɚɹ 

ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ – ɛɟɫɩɪɨɜɨɞɧɨɣ ɫɟɬɢ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ 

ȼ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɛɭɞɟɬ ɪɚɫɫɦɨɬɪɟɧ ɱɚɫɬɧɵɣ ɫɥɭɱɚɣ ɂɋ – ɛɟɫɩɪɨɜɨɞɧɚɹ ɫɟɬɶ 

ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ. Ȼɟɫɩɪɨɜɨɞɧɚɹ ɢɧɮɨɪɦɚɰɢɨɧɧɚɹ ɫɟɬɶ (ɛɟɫɩɪɨɜɨɞɧɚɹ ɫɟɬɶ 

ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ, ɫɟɬɶ ɛɟɫɩɪɨɜɨɞɧɨɝɨ ɞɨɫɬɭɩɚ, ɛɟɫɩɪɨɜɨɞɧɚɹ ɜɵɱɢɫɥɢɬɟɥɶɧɚɹ 

ɫɟɬɶ) – ɫɨɜɨɤɭɩɧɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɩɪɨɬɨɤɨɥɨɜ, ɫɩɟɰɢɚɥɶɧɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ 

ɨɛɟɫɩɟɱɟɧɢɹ, ɜ ɤɨɬɨɪɨɣ ɤɨɦɦɭɧɢɤɚɰɢɹ ɜɟɞɟɬɫɹ ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɤɚɛɟɥɶɧɨɣ 

ɩɪɨɜɨɞɤɢ, ɬ.ɟ. ɨɫɧɨɜɚɧɚ ɧɚ ɛɟɫɩɪɨɜɨɞɧɨɦ ɩɪɢɧɰɢɩɟ [144]. Ʉɚɤ ɩɪɚɜɢɥɨ, ɜ ɜɢɞɟ 

ɧɨɫɢɬɟɥɹ ɢɧɮɨɪɦɚɰɢɢ ɜɵɫɬɭɩɚɸɬ ɪɚɞɢɨɜɨɥɧɵ ɋȼɑ-ɞɢɚɩɚɡɨɧɚ. ɋɨɝɥɚɫɧɨ 

ȽɈɋɌ Ɋ 55897−2013 [7], ɫɟɬɶ ɪɚɞɢɨɫɜɹɡɢ ɷɬɨ «ɫɟɬɶ ɷɥɟɤɬɪɨɫɜɹɡɢ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɚɹ 

ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɛɟɫɩɪɨɜɨɞɧɨɣ ɫɜɹɡɶɸ ɚɛɨɧɟɧɬɫɤɢɯ ɫɬɚɧɰɢɣ ɢ ɩɪɟɞɫɬɚɜɥɹɸɳɚɹ 

ɫɨɛɨɣ ɫɨɜɨɤɭɩɧɨɫɬɶ ɛɚɡɨɜɵɯ ɫɬɚɧɰɢɣ (Ȼɋ), ɭɡɥɨɜ ɤɨɦɦɭɬɚɰɢɢ ɢ ɥɢɧɢɣ ɫɜɹɡɢ». 

ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɛɟɫɩɪɨɜɨɞɧɵɟ ɫɟɬɢ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɫɚɦɢ ɩɨ ɫɟɛɟ ɧɟ 

ɹɜɥɹɸɬɫɹ ɯɪɚɧɢɥɢɳɚɦɢ ɢɧɮɨɪɦɚɰɢɢ (ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɢɧɮɨɪɦɚɰɢɢ, ɧɟɨɛɯɨɞɢɦɨɣ 

ɞɥɹ ɢɯ ɫɨɛɫɬɜɟɧɧɨɝɨ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ). Ɉɞɧɚɤɨ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɨɞɧɨɣ ɢɡ 

ɝɥɚɜɧɵɯ ɢɯ ɮɭɧɤɰɢɣ ɦɨɠɧɨ ɧɚɡɜɚɬɶ ɩɪɟɞɨɫɬɚɜɥɟɧɢɟ ɩɨɥɶɡɨɜɚɬɟɥɹɦ ɞɨɫɬɭɩɚ ɜ ɫɟɬɶ 

ɂɧɬɟɪɧɟɬ, ɤɨɬɨɪɭɸ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɫɚɦɨɟ ɤɪɭɩɧɨɟ ɜ ɦɢɪɟ ɯɪɚɧɢɥɢɳɟ 

ɢɧɮɨɪɦɚɰɢɢ. 

Ɉɫɧɨɜɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ ɛɟɫɩɪɨɜɨɞɧɵɯ ɫɟɬɟɣ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɹɜɥɹɸɬɫɹ 

ɛɚɡɨɜɵɟ ɫɬɚɧɰɢɢ. Ȼɚɡɨɜɚɹ ɫɬɚɧɰɢɹ (Base Transceiver Station/Base Station – BTS/BS) 

– ɫɨɜɨɤɭɩɧɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɜɵɩɨɥɧɹɸɳɟɝɨ ɮɭɧɤɰɢɢ ɩɪɢɟɦɨɩɟɪɟɞɚɬɱɢɤɚ 

ɫɢɝɧɚɥɚ [142]. Ʉɚɠɞɚɹ ɛɚɡɨɜɚɹ ɫɬɚɧɰɢɹ ɨɫɭɳɟɫɬɜɥɹɟɬ ɨɛɫɥɭɠɢɜɚɧɢɟ ɝɪɭɩɩɵ 

ɨɤɨɧɟɱɧɵɯ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɢɯ ɭɫɬɪɨɣɫɬɜ (ɤɥɢɟɧɬɨɜ, ɚɛɨɧɟɧɬɫɤɢɯ ɫɬɚɧɰɢɣ) [152]. 
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ɋɨɝɥɚɫɧɨ ȽɈɋɌ Ɋ 55897−2013 [7], ɛɚɡɨɜɚɹ ɫɬɚɧɰɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ «ɫɪɟɞɫɬɜɨ 

ɷɥɟɤɬɪɨɫɜɹɡɢ, ɤɨɬɨɪɨɟ ɪɚɡɦɟɳɚɟɬɫɹ ɫɬɚɰɢɨɧɚɪɧɨ ɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɫɨɟɞɢɧɟɧɢɟ ɩɨ 

ɪɚɞɢɨɱɚɫɬɨɬɧɵɦ ɤɚɧɚɥɚɦ ɦɧɨɠɟɫɬɜɚ ɚɛɨɧɟɧɬɫɤɢɯ ɫɬɚɧɰɢɣ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɡɨɧɟ ɟɟ 

ɨɛɫɥɭɠɢɜɚɧɢɹ, ɫ ɭɡɥɨɦ ɤɨɦɦɭɬɚɰɢɢ ɫɟɬɢ ɛɟɫɩɪɨɜɨɞɧɨɣ ɫɜɹɡɢ».  

ȼ ɤɚɱɟɫɬɜɟ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɪɟɫɭɪɫɚ, ɬɪɟɛɭɟɦɨɝɨ ɤɥɢɟɧɬɚɦɢ, ɜɵɫɬɭɩɚɸɬ 

ɩɪɨɩɭɫɤɧɵɟ ɫɩɨɫɨɛɧɨɫɬɢ, ɬ.ɟ. ɬɪɚɮɢɤ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɫɥɭɱɚɟ ɛɟɫɩɪɨɜɨɞɧɵɯ ɫɟɬɟɣ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɦɵ ɢɦɟɟɦ 

ɞɟɥɨ ɫ ɱɚɫɬɧɵɦ ɫɥɭɱɚɟɦ ɁɊɗɊɂɋ – ɡɚɞɚɱɟɣ ɪɚɡɦɟɳɟɧɢɹ ɛɚɡɨɜɵɯ ɫɬɚɧɰɢɣ (ɁɊȻɋ). 

Ɉɬɦɟɬɢɦ, ɱɬɨ ɜ ɤɚɱɟɫɬɜɟ ɤɥɢɟɧɬɨɜ ɜ ɁɊȻɋ ɜɵɫɬɭɩɚɸɬ ɬɚɤ ɧɚɡɵɜɚɟɦɵɟ ɬɟɫɬɨɜɵɟ 

ɬɨɱɤɢ  (Test Points, TP) [131]. Ʉɚɠɞɚɹ TP ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɝɪɭɩɩɟ ɩɨɥɶɡɨɜɚɬɟɥɟɣ, 

ɨɛɴɟɞɢɧɟɧɧɵɯ ɩɨ ɤɚɤɨɦɭ-ɥɢɛɨ ɩɪɢɡɧɚɤɭ (ɧɚɩɪɢɦɟɪ, ɜɫɟ ɤɨɦɩɶɸɬɟɪɵ ɡɞɚɧɢɹ 

ɦɨɝɭɬ ɫɨɫɬɚɜɥɹɬɶ ɨɞɧɭ TP). ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɨɞ ɤɥɢɟɧɬɚɦɢ ɜ ɁɊȻɋ ɛɭɞɭɬ 

ɩɨɞɪɚɡɭɦɟɜɚɬɶɫɹ ɢɦɟɧɧɨ ɬɟɫɬɨɜɵɟ ɬɨɱɤɢ.  

ȿɳɟ ɨɞɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɁɊȻɋ ɹɜɥɹɟɬɫɹ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɨɬɫɭɬɫɬɜɭɸɬ ɡɚɬɪɚɬɵ 

ɧɚ ɩɨɞɤɥɸɱɟɧɢɟ ɤɥɢɟɧɬɨɜ ɤ ɛɚɡɨɜɵɦ ɫɬɚɧɰɢɹɦ, ɬ.ɤ. ɧɟ ɧɚɞɨ ɬɹɧɭɬɶ ɤɚɛɟɥɶ ɢ ɬ.ɞ. 

Ɇɨɞɟɪɧɢɡɚɰɢɹ ɛɚɡɨɜɵɯ ɫɬɚɧɰɢɣ ɩɪɨɢɫɯɨɞɢɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ (ɧɚ 

ɩɪɢɦɟɪɟ ɦɨɞɟɪɧɢɡɚɰɢɢ ɫɟɬɟɣ 3-ɝɨ ɩɨɤɨɥɟɧɢɹ ɤ ɫɬɚɧɞɚɪɬɚɦ 4-ɝɨ ɩɨɤɨɥɟɧɢɹ (4G)). ȼ 

ɨɫɧɨɜɟ ɛɨɥɶɲɢɧɫɬɜɚ Ȼɋ ɫɬɚɧɞɚɪɬɚ 3G ɥɟɠɚɬ ɛɥɨɤɢ ɞɜɭɯ ɬɢɩɨɜ: BBU (Baseband 

Unit, ɛɥɨɤ ɨɛɪɚɛɨɬɤɢ ɛɚɡɨɜɵɯ ɱɚɫɬɨɬ) ɢ RRU (Remote Radio Unit, ɭɞɚɥɟɧɧɵɣ 

ɪɚɞɢɨɦɨɞɭɥɶ). 

Ɇɨɞɟɪɧɢɡɚɰɢɹ ɛɥɨɤɨɜ RRU ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɡɚ ɫɱɟɬ ɚɩɝɪɟɣɞɚ 

ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɦɨɞɭɥɹ. Ɇɨɞɟɪɧɢɡɚɰɢɹ BBU, ɟɫɥɢ ɨɧ ɧɟ ɩɨɞɞɟɪɠɢɜɚɟɬ 

ɧɨɜɵɟ ɫɬɚɧɞɚɪɬɵ, ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɡɚ ɫɱɟɬ ɭɫɬɚɧɨɜɤɢ ɫɩɟɰɢɚɥɶɧɵɯ ɩɥɚɬ 

ɪɚɫɲɢɪɟɧɢɹ ɜ ɞɨɩɨɥɧɟɧɢɟ ɤ ɫɭɳɟɫɬɜɭɸɳɢɦ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɞɟɪɧɢɡɚɰɢɹ ɭɠɟ 

ɫɭɳɟɫɬɜɭɸɳɟɣ ɛɚɡɨɜɨɣ ɫɬɚɧɰɢɢ ɨɤɚɡɵɜɚɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɨ ɞɟɲɟɜɥɟ, ɱɟɦ ɜɵɜɨɞ Ȼɋ 

ɢɡ ɫɬɪɭɤɬɭɪɵ ɂɋ, ɟɟ ɞɟɦɨɧɬɚɠ, ɢ ɭɫɬɚɧɨɜɤɚ ɧɚ ɟɟ ɦɟɫɬɨ ɧɨɜɨɣ Ȼɋ. ɂɦɟɧɧɨ ɷɬɢɦ ɢ 

ɨɛɭɫɥɨɜɥɟɧɨ ɧɚɥɢɱɢɟ ɫɥɚɝɚɟɦɵɯ, ɨɬɜɟɱɚɸɳɢɯ ɡɚ ɦɨɞɟɪɧɢɡɚɰɢɸ ɷɥɟɦɟɧɬɨɜ 

ɫɢɫɬɟɦɵ, ɜ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ (1.16) ɦɨɞɟɥɢ ɪɚɡɞɟɥɚ 1.4.1. 
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Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ ɛɚɡɨɜɵɯ ɫɬɚɧɰɢɣ 

ɋɪɟɞɢ ɪɭɫɫɤɨɹɡɵɱɧɵɯ ɩɭɛɥɢɤɚɰɢɣ ɩɨ ɩɪɨɛɥɟɦɟ ɪɚɡɦɟɳɟɧɢɹ ɛɚɡɨɜɵɯ 

ɫɬɚɧɰɢɣ ɨɬɦɟɬɢɦ ɪɚɛɨɬɵ [17] ɢ [18], ɩɨɫɜɹɳɟɧɧɵɟ ɫɟɬɹɦ WiMAX. Ɉɬɦɟɬɢɦ 

ɪɚɛɨɬɵ [2] ɢ [1] ȼ.Ɇ. ȼɢɲɧɟɜɫɤɨɝɨ ɢ ɟɝɨ ɤɨɥɥɟɝ, ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɩɟɪɜɵɦɢ 

ɪɭɫɫɤɨɹɡɵɱɧɵɦɢ ɩɭɛɥɢɤɚɰɢɹɦɢ ɩɨ ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɟ. ɉɨɞɪɨɛɧɚɹ ɤɥɚɫɫɢɮɢɤɚɰɢɹ 

ɪɚɛɨɬ, ɩɨɫɜɹɳɟɧɧɵɯ ɩɪɨɛɥɟɦɟ ɩɥɚɧɢɪɨɜɚɧɢɹ ɬɨɩɨɥɨɝɢɢ ɫɟɬɟɣ ɫɬɚɧɞɚɪɬɚ UMTS 

ɞɚɧɚ ɜ ɫɬɚɬɶɹɯ [160,161]. 

ɋɪɟɞɢ ɧɟɞɨɫɬɚɬɤɨɜ ɫɭɳɟɫɬɜɭɸɳɢɯ ɪɚɛɨɬ, ɩɨɫɜɹɳɟɧɧɵɯ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ 

ɩɪɨɛɥɟɦɟ, ɨɬɦɟɬɢɦ ɫɥɟɞɭɸɳɢɟ: 

– ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ ɛɚɡɨɜɵɯ ɫɬɚɧɰɢɣ ɦɟɬɨɞɚɦɢ, ɧɟ 

ɩɨɤɚɡɵɜɚɸɳɢɦɢ ɜɵɫɨɤɭɸ ɫɤɨɪɨɫɬɶ ɪɚɫɱɟɬɚ ɜ ɡɚɞɚɱɚɯ ɫ ɛɨɥɶɲɢɦ ɱɢɫɥɨɦ 

ɨɝɪɚɧɢɱɟɧɢɣ ɢ ɩɟɪɟɦɟɧɧɵɯ (ɦɟɬɨɞ ɜɟɬɜɟɣ ɢ ɝɪɚɧɢɰ, ɦɟɬɨɞ Ʌɚɝɪɚɧɠɟɜɵɯ 

ɪɟɥɚɤɫɚɰɢɣ ɢ ɞɪ.) [114]; 

– ɨɬɫɭɬɫɬɜɢɟ ɨɝɪɚɧɢɱɟɧɢɣ, ɭɱɢɬɵɜɚɸɳɢɯ ɭɪɨɜɟɧɶ ɡɚɬɭɯɚɧɢɹ ɫɢɝɧɚɥɚ ɩɪɢ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɢ ɨɬ ɛɚɡɨɜɨɣ ɫɬɚɧɰɢɢ ɤ ɤɥɢɟɧɬɭ ɢ ɨɛɪɚɬɧɨ [1,164]; 

– ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɪɚɛɨɬ ɧɟ ɭɱɢɬɵɜɚɟɬɫɹ ɭɪɨɜɟɧɶ ɦɟɠɫɨɬɨɜɵɯ ɩɨɦɟɯ 

[18,160,175]; 

– ɛɨɥɶɲɢɧɫɬɜɨ ɦɨɞɟɥɟɣ ɧɟ ɩɨɞɪɚɡɭɦɟɜɚɸɬ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɬɢɩɨɜ 

ɛɚɡɨɜɵɯ ɫɬɚɧɰɢɣ [160,75,74,76,1,18]; 

– ɧɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɦɨɞɟɪɧɢɡɚɰɢɢ ɭɠɟ ɫɭɳɟɫɬɜɭɸɳɟɣ 

ɫɬɪɭɤɬɭɪɵ [160,75,74,76,1,18,175,2,160,161]. 

Ɋɚɫɫɦɨɬɪɟɧɢɟ ɛɟɫɩɪɨɜɨɞɧɨɣ ɫɟɬɢ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɤɚɤ ɱɚɫɬɧɨɝɨ ɫɥɭɱɚɹ 

ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ ɩɨɡɜɨɥɹɟɬ ɧɚɦ ɩɪɢɦɟɧɢɬɶ ɤ ɁɊȻɋ ɦɨɞɟɥɶ, ɩɪɢɜɟɞɟɧɧɭɸ 

ɜ ɪɚɡɞɟɥɟ 1.4.1, ɚ ɬɚɤɠɟ ɩɪɢɦɟɧɢɬɶ ɤ ɩɨɥɭɱɢɜɲɟɣɫɹ ɦɨɞɟɥɢ ɚɥɝɨɪɢɬɦɵ, 

ɩɪɟɞɥɨɠɟɧɧɵɟ ɜ ɝɥɚɜɟ 2. 

Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɁɊȻɋ ɤɚɤ ɱɚɫɬɧɨɝɨ ɫɥɭɱɚɹ ɁɊɗɊɂɋ ɢɦɟɟɬ 

ɫɥɟɞɭɸɳɢɟ ɫɩɟɰɢɮɢɱɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ. 

1) Ɏɭɧɤɰɢɹ Perm ɢɡ ɮɨɪɦɭɥɵ (1.15) ɩɪɢɧɢɦɚɟɬ ɜɢɞ ɞɜɭɯ ɦɨɳɧɨɫɬɧɵɯ 

ɨɝɪɚɧɢɱɟɧɢɣ. ɇɟɫɦɨɬɪɹ ɧɚ ɡɚɬɭɯɚɧɢɟ ɫɢɝɧɚɥɚ ɧɚ ɩɭɬɢ ɨɬ ɛɚɡɨɜɨɣ ɫɬɚɧɰɢɢ ɤ TP, 
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ɦɨɳɧɨɫɬɶ, ɞɨɯɨɞɹɳɚɹ ɨɬ ɩɟɪɟɞɚɬɱɢɤɚ ɤ ɩɪɢёɦɧɢɤɭ, ɞɨɥɠɧɚ ɩɪɟɜɵɲɚɬɶ 

ɦɢɧɢɦɚɥɶɧɭɸ ɰɟɥɟɜɭɸ ɦɨɳɧɨɫɬɶ [77]: 
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ɦɨɳɧɨɫɬɶ, ɤɨɬɨɪɚɹ ɞɨɥɠɧɚ ɛɵɬɶ ɩɨɥɭɱɟɧɚ ɤɥɢɟɧɬɨɦ i  I ɞɥɹ ɧɨɪɦɚɥɶɧɨɣ ɪɚɛɨɬɵ 

(ɬ.ɧ. ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ); gis – ɭɪɨɜɟɧɶ ɡɚɬɭɯɚɧɢɹ ɦɟɠɞɭ ɤɥɢɟɧɬɨɦ i  I ɢ ɦɟɫɬɨɦ 

s  S.  

Ⱥɧɚɥɨɝɢɱɧɨɟ ɨɝɪɚɧɢɱɟɧɢɟ ɞɥɹ ɪɟɠɢɦɚ uplink (ɧɟɫɦɨɬɪɹ ɧɚ ɡɚɬɭɯɚɧɢɟ ɫɢɝɧɚɥɚ 

ɧɚ ɩɭɬɢ ɨɬ TP ɤ ɛɚɡɨɜɨɣ ɫɬɚɧɰɢɢ, ɦɨɳɧɨɫɬɶ, ɞɨɯɨɞɹɳɚɹ ɨɬ ɤɥɢɟɧɬɚ ɤ Ȼɋ, ɞɨɥɠɧɚ 

ɩɪɟɜɵɲɚɬɶ ɦɢɧɢɦɚɥɶɧɭɸ ɰɟɥɟɜɭɸ ɦɨɳɧɨɫɬɶ [160]): 

.,
_

_



Tt

stt

tarbs

i

maxclis

is SsIiy
P

Pg
x  (1.23) 

ɝɞɟ i

maxtp
P

_
 – ɦɚɤɫɢɦɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɤɥɢɟɧɬɚ i  I; t

tarbs
P

_
 – ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ 

ɛɚɡɨɜɨɣ ɫɬɚɧɰɢɢ ɬɢɩɚ t  T. 

2) ȼɜɟɞɟɦ ɩɨɧɹɬɢɟ ɭɪɨɜɟɧɹ SIR ɞɥɹ ɤɥɢɟɧɬɨɜ ɫɢɫɬɟɦɵ. SIR – ɨɬɧɨɲɟɧɢɟ 
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ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɬɚɤ: 

,10lg
ceinterferen

signal

dB
P

P
SIR   (1.24) 
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SIR  – ɡɧɚɱɟɧɢɟ SIR ɞɥɹ ɤɥɢɟɧɬɚ i  I, N0 – ɭɪɨɜɟɧɶ ɲɭɦɚ (ɩɪɢɧɹɬ ɪɚɜɧɵɦ –

100 ɞȻɦ) [153]. Ɇɵ ɪɚɫɫɱɢɬɵɜɚɟɦ SIR ɨɬɞɟɥɶɧɨ ɞɥɹ ɤɚɠɞɨɝɨ ɤɥɢɟɧɬɚ. ȼ ɱɢɫɥɢɬɟɥɟ 

ɮɢɝɭɪɢɪɭɟɬ ɩɨɥɭɱɚɟɦɵɣ ɫɢɝɧɚɥ ɨɬ ɛɚɡɨɜɨɣ ɫɬɚɧɰɢɢ, ɤ ɤɨɬɨɪɨɣ ɩɨɞɤɥɸɱɟɧ ɧɚɲ 

ɤɥɢɟɧɬ, ɜ ɡɧɚɦɟɧɚɬɟɥɟ – ɫɢɝɧɚɥɵ ɨɬ ɨɫɬɚɥɶɧɵɯ ɛɚɡɨɜɵɯ ɫɬɚɧɰɢɣ, ɤɨɬɨɪɵɟ ɫɨɡɞɚɸɬ 

ɩɨɦɟɯɢ ɩɥɸɫ ɭɪɨɜɟɧɶ ɲɭɦɚ N0. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɡɚɞɚɱɟ ɨɚɡɦɟɳɟɧɢɹ ɛɚɡɨɜɵɯ 

ɫɬɚɧɰɢɣ ɩɨɦɟɯɢ ɩɪɢ ɦɟɠɦɨɞɭɥɶɧɨɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ – ɷɬɨ ɦɟɠɫɨɬɨɜɵɟ ɩɨɦɟɯɢ. 

Ʉɨɷɮɮɢɰɢɟɧɬ k ɨɛɟɫɩɟɱɢɜɚɟɬ ɨɞɧɨɜɪɟɦɟɧɧɵɣ ɭɱɟɬ ɜ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ 

ɡɚɬɪɚɬ ɧɚ ɫɨɡɞɚɧɢɟ ɫɟɬɢ ɢ ɭɪɨɜɧɹ ɦɟɠɫɨɬɨɜɵɯ ɩɨɦɟɯ ɞɥɹ ɤɥɢɟɧɬɨɜ. k ɢɦɟɟɬ 

ɪɚɡɦɟɪɧɨɫɬɶ ɡɚɬɪɚɬ ɧɚ ɦɨɞɟɪɧɢɡɚɰɢɸ ɤɨɦɩɥɟɤɫɚ Ȼɋ, ɬɟɦ ɫɚɦɵɦ ɨɛɟɫɩɟɱɢɜɚɹ 

ɫɨɯɪɚɧɟɧɢɟ ɪɚɡɦɟɪɧɨɫɬɢ ɜ ɮɨɪɦɭɥɟ (1.16), ɬɚɤ ɤɚɤ SIR – ɛɟɡɪɚɡɦɟɪɧɚɹ ɜɟɥɢɱɢɧɚ 

(ɢɡɦɟɪɹɟɬɫɹ ɜ ɞȻ). k ɞɨɥɠɟɧ ɨɛɟɫɩɟɱɢɜɚɬɶ «ɲɬɪɚɮ» ɡɚ ɧɢɡɤɢɣ ɭɪɨɜɟɧɶ SIR ɢ 

«ɧɚɝɪɚɞɭ» ɡɚ ɜɵɫɨɤɢɣ, ɚ ɡɧɚɱɢɬ, ɞɨɥɠɟɧ ɢɦɟɬɶ ɨɬɪɢɰɚɬɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ, ɬɚɤ ɤɚɤ 

ɦɵ ɪɟɲɚɟɦ ɦɢɧɢɦɢɡɚɰɢɨɧɧɭɸ ɡɚɞɚɱɭ, ɚ ɡɧɚɱɢɬ, ɯɨɪɨɲɢɣ (ɜɵɫɨɤɢɣ) ɭɪɨɜɟɧɶ SIR 

ɞɨɥɠɟɧ ɭɦɟɧɶɲɚɬɶ ɰɟɥɟɜɭɸ ɮɭɧɤɰɢɸ.  

Ɉɬɦɟɬɢɦ, ɱɬɨ ɮɨɪɦɭɥɚ (1.25) ɩɨɡɜɨɥɹɟɬ ɜɵɱɢɫɥɢɬɶ ɧɟ ɫɚɦ ɭɪɨɜɟɧɶ SIR ɞɥɹ 

ɤɥɢɟɧɬɚ, ɚ ɜɟɥɢɱɢɧɭ ɟɦɭ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɭɸ, ɬ.ɤ. ɧɟ ɭɱɢɬɵɜɚɟɬ ɪɹɞ ɦɨɦɟɧɬɨɜ, 

ɫɩɟɰɢɮɢɱɧɵɯ ɞɥɹ ɤɨɧɤɪɟɬɧɵɯ ɫɬɚɧɞɚɪɬɨɜ (UMTS, 3GPP, WiMAX) [107]. 

ȼɟɥɢɱɢɧɵ gis (i  I, s  S) ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɦɨɞɟɥɟɣ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɪɚɞɢɨɫɢɝɧɚɥɚ, ɤɨɬɨɪɵɟ ɨɩɢɫɵɜɚɸɬ ɜɟɥɢɱɢɧɭ ɡɚɬɭɯɚɧɢɹ ɫɢɝɧɚɥɚ 

(ɩɨɬɟɪɢ ɩɪɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɢ). ɇɚɢɛɨɥɟɟ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɦɵɦɢ ɦɨɞɟɥɹɦɢ ɧɚ 

ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɹɜɥɹɸɬɫɹ ɦɨɞɟɥɶ Ɉɤɭɦɭɪɚ-ɏɚɬɚ [148,115], ɦɨɞɟɥɶ 

COST231-ɏɚɬɚ [89], ɦɨɞɟɥɶ Lee, ɦɨɞɟɥɶ Ikegami, ɦɨɞɟɥɶ Walfisch–Bertoni, ɦɨɞɟɥɶ 

COST231/Walfisch–Ikegami [154]. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ, ɩɪɟɞɥɚɝɚɟɦɚɹ ɜ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ, 

ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɪɚɛɨɬɚɯ ȼ.Ɇ. ȼɢɲɧɟɜɫɤɨɝɨ ([1, 2]) ɢ ɋ.ɘ. ȿɪɦɨɥɚɟɜɚ ([18]). ɇɨ ɜ 

ɨɬɥɢɱɢɟ ɨɬ ɩɨɫɥɟɞɧɟɣ, ɩɪɟɞɥɚɝɚɟɦɚɹ ɜ ɞɚɧɧɨɣ ɞɢɫɫɟɪɬɚɰɢɢ ɦɨɞɟɥɶ: 

– ɩɨɡɜɨɥɹɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶ ɦɨɞɟɪɧɢɡɚɰɢɸ ɭɠɟ ɫɭɳɟɫɬɜɭɸɳɟɣ ɫɟɬɢ, ɚ ɧɟ 

ɬɨɥɶɤɨ ɩɥɚɧɢɪɨɜɚɧɢɟ «ɫ ɧɭɥɹ»; 

– ɭɱɢɬɵɜɚɟɬ ɭɪɨɜɟɧɶ SIR ɤɥɢɟɧɬɨɜ; 
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– ɭɱɢɬɵɜɚɟɬ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɦɨɛɢɥɶɧɵɣ ɨɩɟɪɚɬɨɪ ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ 

ɧɟɫɤɨɥɶɤɨ ɬɢɩɨɜ Ȼɋ, ɤɨɬɨɪɵɟ ɨɬɥɢɱɚɸɬɫɹ ɩɨ ɫɜɨɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ; 

– ɭɱɢɬɵɜɚɟɬ ɫɜɨɣɫɬɜɚ ɦɟɫɬ-ɤɚɧɞɢɞɚɬɨɜ; 

– ɭɱɢɬɵɜɚɟɬ ɭɪɨɜɟɧɶ ɡɚɬɭɯɚɧɢɹ ɫɢɝɧɚɥɚ ɩɪɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɢ ɜ ɜɢɞɟ 

ɦɨɳɧɨɫɬɧɵɯ ɨɝɪɚɧɢɱɟɧɢɣ (1.22) ɢ (1.23). ȼ [18] ɢɫɩɨɥɶɡɭɸɬɫɹ ɧɟ ɦɨɳɧɨɫɬɧɵɟ 

ɨɝɪɚɧɢɱɟɧɢɹ, ɚ ɡɚɪɚɧɟɟ ɡɚɞɚɧɧɵɣ ɪɚɞɢɭɫ ɞɟɣɫɬɜɢɹ Ȼɋ, ɱɬɨ ɧɟɞɨɫɬɚɬɨɱɧɨ 

ɤɨɪɪɟɤɬɧɨ, ɬ.ɤ. ɞɚɧɧɚɹ ɜɟɥɢɱɢɧɚ ɡɚɜɢɫɢɬ ɨɬ ɬɢɩɚ ɦɟɫɬɧɨɫɬɢ ɢ ɞɪɭɝɢɯ ɭɫɥɨɜɢɣ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɫɢɝɧɚɥɚ.  

 

1.6 ȼɵɜɨɞɵ 

1. ɉɪɨɜɟɞɟɧ ɫɢɫɬɟɦɧɵɣ ɚɧɚɥɢɡ ɩɪɨɛɥɟɦɚɬɢɤɢ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ ɩɨɞɞɟɪɠɤɢ 

ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ ɩɨ ɨɩɬɢɦɢɡɚɰɢɢ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɪɚɡɜɢɜɚɸɳɢɯɫɹ 

ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ. ɉɪɨɜɟɞɟɧ ɨɛɡɨɪ ɫɭɳɟɫɬɜɭɸɳɢɯ ɪɚɛɨɬ ɩɨ ɨɛɨɡɧɚɱɟɧɧɨɣ 

ɬɟɦɚɬɢɤɟ, ɨɬɦɟɱɟɧɵ ɨɫɧɨɜɧɵɟ ɞɨɫɬɨɢɧɫɬɜɚ ɢ ɧɟɞɨɫɬɚɬɤɢ ɩɪɟɞɥɚɝɚɟɦɵɯ ɜ ɧɢɯ 

ɪɟɲɟɧɢɣ 

2. ɋɮɨɪɦɭɥɢɪɨɜɚɧɵ ɰɟɥɶ ɢ ɡɚɞɚɱɢ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ. 

3. ɉɪɟɞɥɨɠɟɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ 

ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ, ɨɬɥɢɱɚɸɳɚɹɫɹ ɭɱɟɬɨɦ ɜɨɡɦɨɠɧɨɫɬɢ 

ɦɨɞɟɪɧɢɡɚɰɢɢ ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ, ɫɜɨɣɫɬɜ ɦɟɫɬ-ɤɚɧɞɢɞɚɬɨɜ, ɩɨɦɟɯ ɩɪɢ 

ɦɟɠɦɨɞɭɥɶɧɨɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ ɢ ɩɨɞɪɚɡɭɦɟɜɚɸɳɚɹ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɬɢɩɨɜ ɷɥɟɦɟɧɬɨɜ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ. 

4. ɉɨɫɬɚɜɥɟɧɧɚɹ ɡɚɞɚɱɚ ɹɜɥɹɟɬɫɹ ɡɚɞɚɱɟɣ ɰɟɥɨɱɢɫɥɟɧɧɨɝɨ ɧɟɥɢɧɟɣɧɨɝɨ 

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɨɛɨɫɧɨɜɚɬɶ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɷɜɪɢɫɬɢɱɟɫɤɢɯ ɚɥɝɨɪɢɬɦɨɜ. 

 

 

 

 

 



48 

 

2 ȺɅȽɈɊɂɌɆɂɑȿɋɄɈȿ ɈȻȿɋɉȿɑȿɇɂȿ 

ɂɇɌȿɅɅȿɄɌɍȺɅɖɇɈɃ ɉɈȾȾȿɊɀɄɂ ɉɊɂɇəɌɂə 

ɊȿɒȿɇɂɃ ɉɈ ɈɉɌɂɆɂɁȺɐɂɂ ɊȺɁɆȿɓȿɇɂə 

ɗɅȿɆȿɇɌɈȼ ɊȺɁȼɂȼȺɘɓɂɏɋə ɂɇɎɈɊɆȺɐɂɈɇɇɕɏ 

ɋɂɋɌȿɆ 

 

2.1 Ɉɛɳɢɟ ɫɜɟɞɟɧɢɹ ɨ ɦɟɬɚɷɜɪɢɫɬɢɱɟɫɤɢɯ ɚɥɝɨɪɢɬɦɚɯ 

ɋɨɝɥɚɫɧɨ [149], ɡɚɞɚɱɟɣ ɤɨɦɛɢɧɚɬɨɪɧɨɣ ɨɩɬɢɦɢɡɚɰɢɢ P = (S, f) ɧɚɡɵɜɚɟɬɫɹ 

ɡɚɞɚɱɚ ɨɩɬɢɦɢɡɚɰɢɢ, ɜ ɤɨɬɨɪɨɣ ɡɚɞɚɧɨ ɤɨɧɟɱɧɨɟ ɦɧɨɠɟɫɬɜɨ ɨɛɴɟɤɬɨɜ S ɢ ɰɟɥɟɜɚɹ 

ɮɭɧɤɰɢɹ Sf : , ɧɚɡɧɚɱɚɸɳɚɹ ɩɨɥɨɠɢɬɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɫɬɨɢɦɨɫɬɢ ɞɥɹ 

ɤɚɠɞɨɝɨ ɢɡ ɨɛɴɟɤɬɨɜ s  S. ɇɟɨɛɯɨɞɢɦɨ ɧɚɣɬɢ ɨɛɴɟɤɬ ɫ ɦɢɧɢɦɚɥɶɧɵɦ ɡɧɚɱɟɧɢɟɦ 

ɫɬɨɢɦɨɫɬɢ. Ɉɛɴɟɤɬɚɦɢ, ɤɚɤ ɩɪɚɜɢɥɨ, ɹɜɥɹɸɬɫɹ ɰɟɥɵɟ ɱɢɫɥɚ, ɩɨɞɦɧɨɠɟɫɬɜɚ 

ɦɧɨɠɟɫɬɜɚ ɷɥɟɦɟɧɬɨɜ, ɩɟɪɟɫɬɚɧɨɜɤɢ ɦɧɨɠɟɫɬɜɚ ɷɥɟɦɟɧɬɨɜ ɢɥɢ ɝɪɚɮɨɜɵɟ 

ɫɬɪɭɤɬɭɪɵ [72]. 

Ȼɨɥɶɲɢɧɫɬɜɨ ɩɪɟɞɫɬɚɜɥɹɸɳɢɯ ɩɪɚɤɬɢɱɟɫɤɢɣ ɢɧɬɟɪɟɫ ɡɚɞɚɱ ɤɨɦɛɢɧɚɬɨɪɧɨɣ 

ɨɩɬɢɦɢɡɚɰɢɢ ɹɜɥɹɸɬɫɹ NP-ɬɪɭɞɧɵɦɢ ɢ ɢɯ ɬɨɱɧɨɟ ɪɟɲɟɧɢɟ ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ 

ɬɪɟɛɭɟɬ ɩɨɫɬɪɨɟɧɢɹ ɞɟɪɟɜɚ ɩɨɢɫɤɚ ɪɟɲɟɧɢɣ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɝɨ ɪɚɡɦɟɪɚ. Ⱦɥɹ 

ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɤɨɦɛɢɧɚɬɨɪɧɨɣ ɨɩɬɢɦɢɡɚɰɢɢ ɪɚɡɪɚɛɨɬɚɧɨ ɦɧɨɠɟɫɬɜɨ ɚɥɝɨɪɢɬɦɨɜ, 

ɤɨɬɨɪɵɟ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɬɨɱɧɵɟ ɢ ɩɪɢɛɥɢɠɟɧɧɵɟ.  Ɍɨɱɧɵɟ ɚɥɝɨɪɢɬɦɵ 

ɝɚɪɚɧɬɢɪɨɜɚɧɧɨ ɧɚɯɨɞɹɬ ɨɩɬɢɦɭɦ ɞɥɹ ɥɸɛɨɣ ɡɚɞɚɱɢ ɤɨɦɛɢɧɚɬɨɪɧɨɣ ɨɩɬɢɦɢɡɚɰɢɢ 

ɤɨɧɟɱɧɨɝɨ ɪɚɡɦɟɪɚ ɡɚ ɤɨɧɟɱɧɨɟ ɜɪɟɦɹ [149,145]. Ɉɞɧɚɤɨ ɩɨɞɨɛɧɵɟ ɚɥɝɨɪɢɬɦɵ, ɤɚɤ 

ɩɪɚɜɢɥɨ, ɧɟ ɩɨɤɚɡɵɜɚɸɬ ɜɵɫɨɤɨɝɨ ɛɵɫɬɪɨɞɟɣɫɬɜɢɹ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɚɤɬɭɚɥɶɧɵɦɢ 

ɜɨɩɪɨɫɚɦɢ ɹɜɥɹɸɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɪɢɛɥɢɠɟɧɧɵɯ (ɜ ɬɨɦ ɱɢɫɥɟ 

ɦɟɬɚɷɜɪɢɫɬɢɱɟɫɤɢɯ) ɚɥɝɨɪɢɬɦɨɜ. 

Ɍɟɪɦɢɧ ɦɟɬɚɷɜɪɢɫɬɢɤɚ, ɜɩɟɪɜɵɟ ɜɜɟɞɟɧɧɵɣ F. Glover ɜ [111], ɩɪɟɞɫɬɚɜɥɹɟɬ 

ɫɨɛɨɣ ɤɨɦɩɨɡɢɰɢɸ ɞɜɭɯ ɝɪɟɱɟɫɤɢɯ ɫɥɨɜ: «ɦɟɬɚ» ɡɧɚɱɢɬ «ɜ ɜɟɪɯɧɟɦ ɭɪɨɜɧɟ, ɡɚ 

ɩɪɟɞɟɥɚɦɢ», «ɷɜɪɢɫɬɢɤɚ» ɩɪɨɢɫɯɨɞɢɬ ɨɬ ɝɥɚɝɨɥɚ «heuriskein», ɨɡɧɚɱɚɸɳɟɝɨ 

«ɧɚɣɬɢ» [157]. ɗɜɪɢɫɬɢɤɚ – ɷɬɨ ɥɸɛɚɹ ɫɨɜɨɤɭɩɧɨɫɬɶ ɩɪɚɜɢɥ, ɞɟɣɫɬɜɢɣ ɢ ɩɪɨɰɟɞɭɪ, 
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ɤɨɬɨɪɚɹ ɧɚɯɨɞɢɬ ɞɨɩɭɫɬɢɦɨɟ ɪɟɲɟɧɢɟ Xx ~ , ɝɞɟ X – ɦɧɨɠɟɫɬɜɨ ɜɨɡɦɨɠɧɵɯ 

ɪɟɲɟɧɢɣ. ȼ ɢɞɟɚɥɟ x~  ɞɨɥɠɧɨ ɫɨɜɩɚɞɚɬɶ ɫ ɨɩɬɢɦɚɥɶɧɵɦ ɪɟɲɟɧɢɟɦ x*. Ⱦɥɹ 

ɛɨɥɶɲɢɧɫɬɜɚ ɷɜɪɢɫɬɢɤ, ɨɞɧɚɤɨ, ɦɨɠɧɨ ɬɨɥɶɤɨ ɧɚɞɟɹɬɶɫɹ, ɱɬɨ )~(xf  ɛɭɞɟɬ ɛɥɢɡɤɢɦ 

ɤ f(x*) [72].  

Ⱦɨ ɬɨɝɨ,  ɤɚɤ ɬɟɪɦɢɧ «ɦɟɬɚɷɜɪɢɫɬɢɤɚ» ɩɨɥɭɱɢɥ ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ, 

ɦɟɬɚɷɜɪɢɫɬɢɤɢ ɜ ɧɚɭɱɧɨɣ ɥɢɬɟɪɚɬɭɪɟ ɱɚɫɬɨ ɧɚɡɵɜɚɥɢɫɶ ɫɨɜɪɟɦɟɧɧɵɦɢ 

ɷɜɪɢɫɬɢɤɚɦɢ [151]. ɋɚɦɵɦɢ ɢɡɜɟɫɬɧɵɦɢ ɩɪɟɞɫɬɚɜɢɬɟɥɹɦɢ ɤɥɚɫɫɚ 

ɦɟɬɚɷɜɪɢɫɬɢɱɟɫɤɢɯ ɚɥɝɨɪɢɬɦɨɜ ɹɜɥɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ: ɷɜɨɥɸɰɢɨɧɧɵɟ ɚɥɝɨɪɢɬɦɵ 

(ɗȺ), ɦɟɬɨɞ ɢɦɢɬɚɰɢɢ ɨɬɠɢɝɚ (ɂɈ), ɢɬɟɪɚɬɢɜɧɵɣ ɥɨɤɚɥɶɧɵɣ ɩɨɢɫɤ, ɚɥɝɨɪɢɬɦ 

ɩɨɢɫɤɚ ɫ ɡɚɩɪɟɬɚɦɢ (ɉɁ), ɚɥɝɨɪɢɬɦ ɦɭɥɶɬɢɫɬɚɪɬɚ (Ɇɋ), ɚɥɝɨɪɢɬɦ ɨɩɬɢɦɢɡɚɰɢɢ 

ɩɨɞɪɚɠɚɧɢɟɦ ɦɭɪɚɜɶɢɧɨɣ ɤɨɥɨɧɢɢ, ɚɥɝɨɪɢɬɦ ɨɩɬɢɦɢɡɚɰɢɢ ɩɨɞɪɚɠɚɧɢɟɦ 

ɩɱɟɥɢɧɨɣ ɤɨɥɨɧɢɢ, ɚɥɝɨɪɢɬɦ ɨɩɬɢɦɢɡɚɰɢɢ ɩɨɞɪɚɠɚɧɢɟɦ ɢɦɦɭɧɧɨɣ ɫɢɫɬɟɦɟ, 

ɦɟɬɨɞ ɪɨɹ ɱɚɫɬɢɰ. 

ɋɨɡɞɚɬɟɥɢ ɦɟɬɚɷɜɪɢɫɬɢɤ ɱɚɫɬɨ ɜɞɨɯɧɨɜɥɹɸɬɫɹ ɪɟɚɥɶɧɵɦɢ ɩɪɢɪɨɞɧɵɦɢ 

ɩɪɨɰɟɫɫɚɦɢ. ɉɪɟɥɨɦɥɟɧɢɟ ɫɜɟɬɚ, ɝɪɚɜɢɬɚɰɢɹ, ɩɪɢɥɢɜɵ ɢ ɨɬɥɢɜɵ, ɫɩɢɪɚɥɟɜɢɞɧɵɟ 

ɞɜɢɠɟɧɢɹ ɝɚɥɚɤɬɢɤ, ɩɨɜɟɞɟɧɢɟ ɥɟɬɭɱɢɯ ɦɵɲɟɣ, ɩɬɢɰ, ɦɭɪɚɜɶɟɜ, ɩɱɟɥ, ɫɜɟɬɥɹɱɤɨɜ, 

ɜɨɥɤɨɜ – ɜɨɬ ɞɚɥɟɤɨ ɧɟ ɩɨɥɧɵɣ ɫɩɢɫɨɤ ɹɜɥɟɧɢɣ, ɤɨɬɨɪɵɟ ɥɟɝɥɢ ɜ ɨɫɧɨɜɭ 

ɷɮɮɟɤɬɢɜɧɵɯ ɦɟɬɚɷɜɪɢɫɬɢɱɟɫɤɢɯ ɚɥɝɨɪɢɬɦɨɜ [158]. 

Ɇɟɬɚɷɜɪɢɫɬɢɤɢ – ɷɬɨ ɚɥɝɨɪɢɬɦɵ, ɢɫɩɨɥɶɡɭɸɳɢɟɫɹ ɞɥɹ ɩɨɢɫɤɚ ɪɟɲɟɧɢɹ 

ɡɚɞɚɱ, ɜ ɤɨɬɨɪɵɯ ɢɦɟɟɬɫɹ ɦɚɥɨ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɢ: ɱɚɫɬɨ ɧɟɢɡɜɟɫɬɧɨ, 

ɧɚ ɱɬɨ ɩɨɯɨɠɟ ɨɩɬɢɦɚɥɶɧɨɟ ɪɟɲɟɧɢɟ, ɧɟɢɡɜɟɫɬɧɨ, ɤɚɤɢɦ ɫɩɨɫɨɛɨɦ ɷɬɨ ɪɟɲɟɧɢɟ 

ɧɟɨɛɯɨɞɢɦɨ ɢɫɤɚɬɶ, ɚ ɦɟɬɨɞ ɩɨɥɧɨɝɨ ɩɟɪɟɛɨɪɚ ɧɟ ɩɨɞɯɨɞɢɬ, ɬ.ɤ. ɩɪɨɫɬɪɚɧɫɬɜɨ 

ɩɨɢɫɤɚ ɫɥɢɲɤɨɦ ɜɟɥɢɤɨ. ɇɨ ɟɫɥɢ ɟɫɬɶ ɧɟɤɨɬɨɪɨɟ ɩɨɬɟɧɰɢɚɥɶɧɨɟ ɪɟɲɟɧɢɟ, ɟɝɨ 

ɦɨɠɧɨ ɩɪɨɜɟɪɢɬɶ ɢ ɭɫɬɚɧɨɜɢɬɶ, ɧɚɫɤɨɥɶɤɨ ɨɧɨ ɯɨɪɨɲɨ. Ɍ.ɟ. ɦɨɠɧɨ ɭɡɧɚɬɶ 

ɤɚɱɟɫɬɜɨ ɪɟɲɟɧɢɹ, ɤɨɝɞɚ ɨɧɨ ɞɨɫɬɭɩɧɨ [134]. 

ȼ ɨɬɥɢɱɢɟ ɨɬ ɬɨɱɧɵɯ ɦɟɬɨɞɨɜ, ɤɨɬɨɪɵɟ ɝɚɪɚɧɬɢɪɭɸɬ ɨɩɬɢɦɚɥɶɧɨɟ ɪɟɲɟɧɢɟ 

ɡɚɞɚɱɢ, ɷɜɪɢɫɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɥɢɲɶ ɩɵɬɚɸɬɫɹ ɞɚɬɶ ɯɨɪɨɲɟɟ, ɧɨ ɧɟ ɨɛɹɡɚɬɟɥɶɧɨ 

ɨɩɬɢɦɚɥɶɧɨɟ ɪɟɲɟɧɢɟ. Ɉɞɧɚɤɨ ɜɪɟɦɹ, ɡɚɬɪɚɱɢɜɚɟɦɨɟ ɬɨɱɧɵɦ ɦɟɬɨɞɨɦ ɧɚ 

ɧɚɯɨɠɞɟɧɢɟ ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɟɲɟɧɢɹ ɫɥɨɠɧɨɣ ɩɪɨɛɥɟɦɵ (ɟɫɥɢ, ɤɨɧɟɱɧɨ, ɬɚɤɨɣ 
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ɫɩɨɫɨɛ ɜɨɨɛɳɟ ɫɭɳɟɫɬɜɭɟɬ), ɧɚ ɦɧɨɝɨ ɩɨɪɹɞɤɨɜ ɛɨɥɶɲɟ, ɱɟɦ ɜɪɟɦɹ, ɡɚɬɪɚɱɢɜɚɟɦɨɟ 

ɷɜɪɢɫɬɢɱɟɫɤɨɣ ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ ɩɪɢɛɥɢɠɟɧɧɨɝɨ ɪɟɲɟɧɢɹ [136]. ɂɧɨɝɞɚ ɬɨɱɧɵɟ 

ɦɟɬɨɞɵ ɢɳɭɬ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɬɚɤ ɞɨɥɝɨ, ɱɬɨ ɫɬɚɧɨɜɹɬɫɹ ɧɟɩɪɢɦɟɧɢɦɵɦɢ ɞɥɹ 

ɪɟɲɟɧɢɹ ɪɟɚɥɶɧɵɯ ɩɪɢɤɥɚɞɧɵɯ ɡɚɞɚɱ. ɂɦɟɧɧɨ ɜ ɬɚɤɢɯ ɫɥɭɱɚɹɯ ɢ ɜɨɡɧɢɤɚɟɬ 

ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɪɢɛɟɝɧɭɬɶ ɤ ɷɜɪɢɫɬɢɤɚɦ. 

ȼ ɞɨɩɨɥɧɟɧɢɟ ɤ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɧɚɯɨɞɢɬɶ ɯɨɪɨɲɢɟ ɪɟɲɟɧɢɹ ɫɥɨɠɧɵɯ ɡɚɞɚɱ 

ɡɚ ɪɚɡɭɦɧɨɟ ɜɪɟɦɹ, ɫɭɳɟɫɬɜɭɸɬ ɢ ɞɪɭɝɢɟ ɩɪɢɱɢɧɵ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɜɪɢɫɬɢɤ, 

ɫɪɟɞɢ ɤɨɬɨɪɵɯ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɫɥɟɞɭɸɳɢɟ [136]: 

– ɧɟɢɡɜɟɫɬɧɨ ɧɢ ɨɞɧɨɝɨ ɬɨɱɧɨɝɨ ɦɟɬɨɞɚ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ; 

– ɬɨɱɧɵɣ ɦɟɬɨɞ ɫɭɳɟɫɬɜɭɟɬ, ɧɨ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɧɚ ɢɦɟɸɳɟɦɫɹ 

ɨɛɨɪɭɞɨɜɚɧɢɢ; 

– ɷɜɪɢɫɬɢɱɟɫɤɢɣ ɦɟɬɨɞ ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɝɢɛɤɢɦ, ɱɟɦ ɬɨɱɧɵɣ ɦɟɬɨɞ, ɩɨɡɜɨɥɹɹ, 

ɧɚɩɪɢɦɟɪ, ɜɤɥɸɱɟɧɢɟ ɭɫɥɨɜɢɣ, ɤɨɬɨɪɵɟ ɬɪɭɞɧɨ ɫɦɨɞɟɥɢɪɨɜɚɬɶ; 

– ɷɜɪɢɫɬɢɱɟɫɤɢɣ ɦɟɬɨɞ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɚɤ ɱɚɫɬɶ ɧɟɤɨɣ ɝɥɨɛɚɥɶɧɨɣ 

ɩɪɨɰɟɞɭɪɵ, ɤɨɬɨɪɚɹ ɝɚɪɚɧɬɢɪɭɟɬ ɧɚɯɨɠɞɟɧɢɟ ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ; 

ɏɨɪɨɲɢɣ ɷɜɪɢɫɬɢɱɟɫɤɢɣ ɚɥɝɨɪɢɬɦ ɞɨɥɠɟɧ ɨɛɥɚɞɚɬɶ ɫɥɟɞɭɸɳɢɦɢ 

ɫɜɨɣɫɬɜɚɦɢ [136]: 

– ɪɟɲɟɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧɨ ɡɚ ɪɚɡɭɦɧɨɟ ɜɪɟɦɹ; 

– ɪɟɲɟɧɢɟ ɞɨɥɠɧɨ ɛɵɬɶ ɛɥɢɡɤɢɦ ɤ ɨɩɬɢɦɚɥɶɧɨɦɭ (ɫ ɜɵɫɨɤɨɣ 

ɜɟɪɨɹɬɧɨɫɬɶɸ); 

– ɜɟɪɨɹɬɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɩɥɨɯɨɝɨ ɪɟɲɟɧɢɹ (ɞɚɥɟɤɨɝɨ ɨɬ ɨɩɬɢɦɚɥɶɧɨɝɨ) 

ɞɨɥɠɧɚ ɛɵɬɶ ɧɢɡɤɨɣ. 

ȼ ɱɟɦ ɠɟ ɨɬɥɢɱɢɟ ɷɜɪɢɫɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɨɬ ɦɟɬɚɷɜɪɢɫɬɢɱɟɫɤɢɯ? ɉɪɨɛɥɟɦɚ 

ɫ ɩɨɧɢɦɚɧɢɟɦ ɫɥɨɜɚ «ɦɟɬɚɷɜɪɢɫɬɢɤɚ» ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɧɟɤɨɬɨɪɨɣ ɧɟɭɞɚɱɧɨɫɬɢ 

ɫɚɦɨɝɨ ɬɟɪɦɢɧɚ. Ⱦɟɥɨ ɜ ɬɨɦ, ɱɬɨ, ɤɨɝɞɚ ɦɵ, ɧɚɩɪɢɦɟɪ, ɫɥɵɲɢɦ ɫɥɨɜɨ 

«ɦɟɬɚɨɛɫɭɠɞɟɧɢɟ», ɦɵ ɩɨɧɢɦɚɟɦ ɟɝɨ ɤɚɤ «ɨɛɫɭɠɞɟɧɢɟ ɨɛ ɨɛɫɭɠɞɟɧɢɢ», 

«ɦɟɬɚɞɚɧɧɵɟ» – «ɞɚɧɧɵɟ ɨ ɞɚɧɧɵɯ» ɢ ɬ.ɞ. ɉɨɷɬɨɦɭ ɜɩɨɥɧɟ ɥɨɝɢɱɧɨ ɛɵɥɨ ɛɵ 

ɩɨɞɪɚɡɭɦɟɜɚɬɶ ɩɨɞ «ɦɟɬɚɷɜɪɢɫɬɢɤɨɣ» «ɷɜɪɢɫɬɢɤɭ ɨɛ ɷɜɪɢɫɬɢɤɟ (ɞɥɹ 

ɷɜɪɢɫɬɢɤɢ)» [134]. ɇɨ ɞɚɧɧɚɹ ɢɧɬɟɪɩɪɟɬɚɰɢɹ ɬɟɪɦɢɧɚ ɛɵɥɚ ɛɵ ɧɟɜɟɪɧɨɣ: 
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ɦɟɬɚɷɜɪɢɫɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɧɟ ɡɚɤɥɸɱɚɸɬɫɹ ɜ ɬɨɦ, ɱɬɨɛɵ ɩɪɢ 

ɩɨɦɨɳɢ ɨɞɧɢɯ ɷɜɪɢɫɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɤɚɤɢɦ-ɬɨ ɨɛɪɚɡɨɦ ɭɥɭɱɲɢɬɶ ɞɪɭɝɢɟ 

ɷɜɪɢɫɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ (ɯɨɬɹ, ɤɚɤ ɛɭɞɟɬ ɩɨɤɚɡɚɧɨ ɜ ɝɥɚɜɟ 3, ɬɚɤɨɟ ɜɨɡɦɨɠɧɨ) ɢ ɬ.ɞ. 

ȿɫɥɢ ɭɩɪɨɳɚɬɶ, ɬɨ ɦɟɬɚɷɜɪɢɫɬɢɤɢ – ɷɬɨ ɩɨɩɪɨɫɬɭ ɷɜɪɢɫɬɢɤɢ ɛɨɥɟɟ ɜɵɫɨɤɨɝɨ 

ɩɨɪɹɞɤɚ [102]. ɉɨɞ «ɛɨɥɟɟ ɜɵɫɨɤɢɦ ɩɨɪɹɞɤɨɦ» ɢɦɟɟɬɫɹ ɜ ɜɢɞɭ ɫɥɟɞɭɸɳɟɟ. 

– Ʉɚɤ ɩɪɚɜɢɥɨ, ɷɜɪɢɫɬɢɤɢ – ɷɬɨ ɩɪɨɛɥɟɦɧɨ-ɡɚɜɢɫɢɦɵɟ ɚɥɝɨɪɢɬɦɵ, 

ɧɚɩɪɚɜɥɟɧɧɵɟ ɧɚ ɪɟɲɟɧɢɟ ɤɨɧɤɪɟɬɧɨɣ ɡɚɞɚɱɢ (ɢɥɢ ɬɢɩɚ ɡɚɞɚɱ). ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ, 

ɦɟɬɚɷɜɪɢɫɬɢɤɚ – ɷɬɨ ɩɪɨɛɥɟɦɧɨ-ɧɟɡɚɜɢɫɢɦɵɣ ɩɨɞɯɨɞ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɩɪɢɦɟɧɟɧ ɤ 

ɪɟɲɟɧɢɸ ɲɢɪɨɤɨɝɨ ɤɪɭɝɚ ɡɚɞɚɱ. 

– ɗɜɪɢɫɬɢɱɟɫɤɢɟ ɚɥɝɨɪɢɬɦɵ ɩɨɞɪɚɡɭɦɟɜɚɸɬ ɞɨɫɬɚɬɨɱɧɨ ɬɨɱɧɨɟ ɢ ɩɨɞɪɨɛɧɨɟ 

ɨɩɢɫɚɧɢɟ ɤɚɠɞɨɝɨ ɲɚɝɚ, ɧɚɩɪɢɦɟɪ, ɫɩɨɫɨɛɚ ɩɨɥɭɱɟɧɢɹ ɨɞɧɨɝɨ ɪɟɲɟɧɢɹ ɢɡ ɞɪɭɝɨɝɨ 

ɢ ɬ.ɞ. Ⱦɥɹ ɦɟɬɚɷɜɪɢɫɬɢɤ ɠɟ ɛɨɥɶɲɢɧɫɬɜɨ ɤɨɧɤɪɟɬɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɡɚɞɚɱɢ 

ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ «ɱɟɪɧɵɣ ɹɳɢɤ». Ɂɚɛɟɝɚɹ ɧɟɦɧɨɝɨ ɜɩɟɪɟɞ, ɩɨɩɵɬɚɟɦɫɹ 

ɨɛɴɹɫɧɢɬɶ ɷɬɨɬ ɦɨɦɟɧɬ ɧɚ ɩɪɢɦɟɪɟ ɚɥɝɨɪɢɬɦɚ ɩɨɢɫɤɚ ɫ ɡɚɩɪɟɬɚɦɢ. ɍɬɪɢɪɨɜɚɧɧɨ 

ɦɟɬɚɷɜɪɢɫɬɢɤɚ ɩɨɢɫɤ ɫ ɡɚɩɪɟɬɚɦɢ ɦɨɠɟɬ ɛɵɬɶ ɫɮɨɪɦɭɥɢɪɨɜɚɧɚ ɫɥɟɞɭɸɳɢɦ 

ɨɛɪɚɡɨɦ: «ɜ ɩɪɨɰɟɫɫɟ ɥɨɤɚɥɶɧɨɝɨ ɩɨɢɫɤɚ ɧɚɞɨ ɩɪɨɫɦɚɬɪɢɜɚɬɶ ɧɟ ɜɫɸ ɨɤɪɟɫɬɧɨɫɬɶ, 

ɚ ɢɝɧɨɪɢɪɨɜɚɬɶ ɬɭ ɟɟ ɱɚɫɬɶ, ɤɨɬɨɪɚɹ ɧɟɞɚɜɧɨ ɛɵɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ ɜ ɤɚɱɟɫɬɜɟ 

ɬɟɤɭɳɟɝɨ ɪɟɲɟɧɢɹ». Ɇɟɬɚɷɜɪɢɫɬɢɤɚ ɧɟ ɨɛɴɹɫɧɹɟɬ, ɤɚɤ ɢɦɟɧɧɨ ɮɨɪɦɢɪɨɜɚɬɶ 

ɨɤɪɟɫɬɧɨɫɬɶ, ɤɚɤ ɢɦɟɧɧɨ ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ ɩɪɚɜɢɥɨ, ɨɬɫɟɤɚɸɳɟɟ ɱɚɫɬɶ ɨɤɪɟɫɬɧɨɫɬɢ 

ɢ ɬ.ɞ. Ɉɧɚ ɩɪɨɫɬɨ ɡɚɞɚɟɬ ɨɫɧɨɜɧɵɟ ɩɪɢɧɰɢɩɵ, ɤɨɬɨɪɵɯ ɧɚɞɨ ɩɪɢɞɟɪɠɢɜɚɬɶɫɹ. ȿɫɥɢ 

ɠɟ ɦɵ ɨɬɤɪɨɟɦ «ɱɟɪɧɵɣ ɹɳɢɤ», ɬ.ɟ. ɩɪɢɦɟɧɢɦ ɦɟɬɚɷɜɪɢɫɬɢɤɭ ɤ ɤɨɧɤɪɟɬɧɨɣ 

ɡɚɞɚɱɟ, ɨɩɪɟɞɟɥɢɦɫɹ ɫɨ ɡɧɚɱɟɧɢɹɦɢ ɩɚɪɚɦɟɬɪɨɜ ɚɥɝɨɪɢɬɦɚ ɢ ɬ.ɞ., ɬɨ ɧɚ ɜɵɯɨɞɟ ɦɵ 

ɩɨɥɭɱɢɦ ɷɜɪɢɫɬɢɤɭ. ɇɚɩɪɢɦɟɪ, ɦɟɬɚɷɜɪɢɫɬɢɤɚ «ɩɨɢɫɤ ɫ ɡɚɩɪɟɬɚɦɢ» ɩɨɪɨɠɞɚɟɬ 

ɦɧɨɠɟɫɬɜɨ ɷɜɪɢɫɬɢɱɟɫɤɢɯ ɚɥɝɨɪɢɬɦɨɜ: «ɩɨɢɫɤ ɫ ɡɚɩɪɟɬɚɦɢ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ 

ɤɨɦɦɢɜɨɹɠɟɪɚ», «ɜɟɪɨɹɬɧɨɫɬɧɵɣ ɩɨɢɫɤ ɫ ɡɚɩɪɟɬɚɦɢ ɞɥɹ ɡɚɞɚɱɢ ɫɨɫɬɚɜɥɟɧɢɹ 

ɪɚɫɩɢɫɚɧɢɹ» ɢ ɬ.ɞ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɟɬɚɷɜɪɢɫɬɢɤɚ – ɩɪɨɛɥɟɦɧɨ-ɧɟɡɚɜɢɫɢɦɚɹ ɚɥɝɨɪɢɬɦɢɱɟɫɤɚɹ 

ɨɫɧɨɜɚ ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ, ɩɪɟɞɨɫɬɚɜɥɹɸɳɚɹ ɧɚɛɨɪ ɪɭɤɨɜɨɞɹɳɢɯ ɩɪɢɧɰɢɩɨɜ ɢ 

ɫɬɪɚɬɟɝɢɣ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɷɜɪɢɫɬɢɱɟɫɤɢɯ ɚɥɝɨɪɢɬɦɨɜ ɨɩɬɢɦɢɡɚɰɢɢ [157]. ɇɚ 
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ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɦɟɬɚɷɜɪɢɫɬɢɤɢ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɣ ɢ 

ɛɵɫɬɪɨ ɪɚɡɜɢɜɚɸɳɢɣɫɹ ɤɥɚɫɫ ɱɢɫɥɟɧɧɵɯ ɦɟɬɨɞɨɜ ɨɩɬɢɦɢɡɚɰɢɢ [26]. 

 

2.2 Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɪɚɡɜɢɜɚɸɳɢɯɫɹ 

ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ ɩɪɢ ɩɨɦɨɳɢ ɷɜɨɥɸɰɢɨɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ 

Ɉɛɳɢɟ ɫɜɟɞɟɧɢɹ ɨɛ ɷɜɨɥɸɰɢɨɧɧɵɯ ɚɥɝɨɪɢɬɦɚɯ 

ɗɜɨɥɸɰɢɨɧɧɵɟ ɚɥɝɨɪɢɬɦɵ (ɗȺ) ɹɜɥɹɸɬɫɹ ɩɪɢɦɟɪɨɦ ɬɚɤ ɧɚɡɵɜɚɟɦɵɯ 

ɩɨɩɭɥɹɰɢɨɧɧɵɯ ɚɥɝɨɪɢɬɦɨɜ, ɞɥɹ ɤɨɬɨɪɵɯ ɯɚɪɚɤɬɟɪɧɚ ɪɚɛɨɬɚ ɫ ɧɚɛɨɪɨɦ 

ɩɨɬɟɧɰɢɚɥɶɧɵɯ ɪɟɲɟɧɢɣ, ɚ ɧɟ ɫ ɟɞɢɧɫɬɜɟɧɧɵɦ ɜɨɡɦɨɠɧɵɦ ɪɟɲɟɧɢɟɦ. Ʉɚɠɞɨɟ 

ɪɟɲɟɧɢɟ ɩɨɫɬɟɩɟɧɧɨ ɭɥɭɱɲɚɟɬɫɹ ɢ ɨɰɟɧɢɜɚɟɬɫɹ, ɚ ɝɥɚɜɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɹɜɥɹɟɬɫɹ 

ɬɨɬ ɮɚɤɬ, ɱɬɨ ɩɨɬɟɧɰɢɚɥɶɧɨɟ ɪɟɲɟɧɢɟ ɜɥɢɹɟɬ ɧɚ ɬɨ, ɤɚɤ ɛɭɞɭɬ ɭɥɭɱɲɟɧɵ ɞɪɭɝɢɟ 

ɪɟɲɟɧɢɹ. ɗɬɨ ɦɨɠɟɬ ɩɪɨɢɡɨɣɬɢ ɢɡ-ɡɚ ɬɨɝɨ, ɱɬɨ ɯɨɪɨɲɢɟ ɪɟɲɟɧɢɹ ɥɢɛɨ ɩɨɜɥɢɹɸɬ 

ɧɚ ɬɨ, ɤɚɤɢɟ ɩɥɨɯɢɟ ɪɟɲɟɧɢɹ ɛɭɞɭɬ ɨɬɛɪɨɲɟɧɵ, ɥɢɛɨ ɧɚɩɪɚɜɹɬɫɹ ɧɚ ɭɥɭɱɲɟɧɢɟ 

ɩɥɨɯɢɯ ɪɟɲɟɧɢɣ [110]. 

Ɍɪɚɞɢɰɢɨɧɧɨ ɗȺ ɜɤɥɸɱɚɸɬ ɝɟɧɟɬɢɱɟɫɤɢɣ ɚɥɝɨɪɢɬɦ (ȽȺ), ɷɜɨɥɸɰɢɨɧɧɵɟ 

ɫɬɪɚɬɟɝɢɢ (ɗɋ), ɷɜɨɥɸɰɢɨɧɧɨɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ ɢ ɝɟɧɟɬɢɱɟɫɤɨɟ 

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ. ȼ ɞɚɧɧɨɣ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɟ ɦɵ ɨɫɬɚɧɨɜɢɦɫɹ ɧɚ ȽȺ ɢ 

ɗɋ, ɤɚɤ ɧɚ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ ɢ ɷɮɮɟɤɬɢɜɧɵɯ ɪɚɡɧɨɜɢɞɧɨɫɬɹɯ ɗȺ. ɗɋ 

ɛɵɥɢ ɫɨɡɞɚɧɵ ɜ 60-ɯ ɝɨɞɚɯ 20-ɝɨ ɜɟɤɚ ɝɪɭɩɩɨɣ ɧɟɦɟɰɤɢɯ ɭɱɟɧɵɯ ɩɨɞ 

ɪɭɤɨɜɨɞɫɬɜɨɦ I. Rechenberg [150]. ȽȺ ɛɵɥɢ ɢɡɧɚɱɚɥɶɧɨ ɪɚɡɪɚɛɨɬɚɧɵ 

H.J. Bremermann ɜ 1958 ɝɨɞɭ [83], ɚ ɜɩɨɫɥɟɞɫɬɜɢɢ ɛɵɥɢ ɩɨɩɭɥɹɪɢɡɨɜɚɧɵ 

ɚɦɟɪɢɤɚɧɫɤɢɦ ɭɱɟɧɵɦ J.H. Holland [118,81,119], ɤɨɬɨɪɵɣ ɩɪɢɫɩɨɫɨɛɢɥ ɢɯ ɞɥɹ 

ɢɡɭɱɟɧɢɹ ɚɞɚɩɬɚɰɢɣ ɜ ɩɪɢɪɨɞɟ ɫ ɰɟɥɶɸ ɩɪɢɦɟɧɟɧɢɹ ɞɚɧɧɵɯ ɦɟɯɚɧɢɡɦɨɜ ɢ 

ɤɨɧɰɟɩɰɢɣ ɜ ɢɧɮɨɪɦɚɬɢɤɟ. ɉɟɪɜɚɹ ɟɝɨ ɪɚɛɨɬɚ, ɩɨɫɜɹɳɟɧɧɚɹ ɝɟɧɟɬɢɱɟɫɤɢɦ 

ɚɥɝɨɪɢɬɦɚɦ, ɜɵɲɥɚ ɜ 1962 ɝɨɞɭ [120], ɜ 1975 ɝɨɞɭ ɜɵɲɥɚ ɤɧɢɝɚ J.H. Holland [117], 

ɩɨɫɜɹɳɟɧɧɚɹ ɩɪɢɦɟɧɟɧɢɸ ɷɜɨɥɸɰɢɨɧɧɵɯ ɤɨɧɰɟɩɰɢɣ ɜ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ 

ɦɚɬɟɦɚɬɢɤɟ. Ȼɨɥɟɟ ɩɨɞɪɨɛɧɨ ɢɫɬɨɪɢɹ ɷɜɨɥɸɰɢɨɧɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɨɩɢɫɚɧɚ ɜ ɪɚɛɨɬɟ 

[96]. 
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Ɂɚɪɚɧɟɟ ɨɝɨɜɨɪɢɦɫɹ, ɱɬɨ ɜ ɞɚɥɶɧɟɣɲɟɦ ɛɭɞɟɦ ɧɚɡɵɜɚɬɶ ɩɪɟɞɥɚɝɚɟɦɵɣ ɜ 

ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɚɥɝɨɪɢɬɦ ɷɜɨɥɸɰɢɨɧɧɵɦ. Ⱦɟɥɨ ɜ ɬɨɦ, ɱɬɨ ɷɜɨɥɸɰɢɨɧɧɵɟ 

ɚɥɝɨɪɢɬɦɵ ɞɟɥɹɬɫɹ ɧɚ ɝɟɧɟɬɢɱɟɫɤɢɟ ɚɥɝɨɪɢɬɦɵ ɢ ɷɜɨɥɸɰɢɨɧɧɵɟ ɫɬɪɚɬɟɝɢɢ [41]. 

Ɉɬɥɢɱɢɹ ɝɟɧɟɬɢɱɟɫɤɢɯ ɚɥɝɨɪɢɬɦɨɜ ɢ ɷɜɨɥɸɰɢɨɧɧɵɯ ɫɬɪɚɬɟɝɢɣ ɡɚɤɥɸɱɚɸɬɫɹ ɜ 

ɫɥɟɞɭɸɳɟɦ [41,12]. 

– ɗɜɨɥɸɰɢɨɧɧɵɟ ɫɬɪɚɬɟɝɢɢ ɨɩɟɪɢɪɭɸɬ ɜɟɤɬɨɪɚɦɢ ɞɟɣɫɬɜɢɬɟɥɶɧɵɯ ɱɢɫɟɥ, ɚ 

ɝɟɧɟɬɢɱɟɫɤɢɟ ɚɥɝɨɪɢɬɦɵ – ɞɜɨɢɱɧɵɦɢ ɜɟɤɬɨɪɚɦɢ. Ɉɞɧɚɤɨ ɜɨ ɦɧɨɝɢɯ ɪɚɛɨɬɚɯ ([38] 

ɢ ɞɪ.) ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɪɭɝɚɹ ɬɟɪɦɢɧɨɥɨɝɢɹ: ɚɥɝɨɪɢɬɦ, ɨɩɟɪɢɪɭɸɳɢɣ 

ɞɟɣɫɬɜɢɬɟɥɶɧɵɦɢ ɱɢɫɥɚɦɢ, ɧɚɡɵɜɚɸɬ ɝɟɧɟɬɢɱɟɫɤɢɦ ɚɥɝɨɪɢɬɦɨɦ ɫ ɜɟɳɟɫɬɜɟɧɧɵɦ 

ɤɨɞɢɪɨɜɚɧɢɟɦ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɷɜɨɥɸɰɢɨɧɧɵɣ ɚɥɝɨɪɢɬɦ ɛɭɞɟɬ ɪɚɛɨɬɚɬɶ ɫ 

ɜɟɤɬɨɪɚɦɢ ɰɟɥɵɯ ɱɢɫɟɥ. 

– Ɋɚɡɧɵɣ ɩɪɨɰɟɫɫ ɫɟɥɟɤɰɢɢ. ɉɪɢ ɪɟɚɥɢɡɚɰɢɢ ɧɟɤɨɬɨɪɵɯ ɷɜɨɥɸɰɢɨɧɧɵɯ 

ɫɬɪɚɬɟɝɢɣ ɩɪɨɰɟɞɭɪɚ ɫɟɥɟɤɰɢɢ ɯɪɨɦɨɫɨɦ ɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɧɨɜɨɣ ɩɨɩɭɥɹɰɢɢ 

ɩɪɟɞɩɨɥɚɝɚɟɬ ɫɨɡɞɚɧɢɟ ɩɪɨɦɟɠɭɬɨɱɧɨɣ ɩɨɩɭɥɹɰɢɢ, ɫɨɫɬɨɹɳɟɣ ɢɡ ɜɫɟɯ ɯɪɨɦɨɫɨɦ-

ɪɨɞɢɬɟɥɟɣ ɢ ɯɪɨɦɨɫɨɦ-ɩɨɬɨɦɤɨɜ. ȼ ɝɟɧɟɬɢɱɟɫɤɨɦ ɠɟ ɚɥɝɨɪɢɬɦɟ ɩɨɩɭɥɹɰɢɢ 

ɪɨɞɢɬɟɥɟɣ ɢ ɩɨɬɨɦɤɨɜ ɧɟ ɫɥɢɜɚɸɬɫɹ [55]. 

– ɉɪɢ ɪɟɚɥɢɡɚɰɢɢ ɷɜɨɥɸɰɢɨɧɧɵɯ ɫɬɪɚɬɟɝɢɣ ɫɧɚɱɚɥɚ ɩɪɨɢɡɜɨɞɢɬɫɹ 

ɪɟɤɨɦɛɢɧɚɰɢɹ, ɚ ɩɨɬɨɦ ɫɟɥɟɤɰɢɹ. ȼ ɫɥɭɱɚɟ ɝɟɧɟɬɢɱɟɫɤɢɯ ɚɥɝɨɪɢɬɦɨɜ ɷɬɚ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɢɧɜɟɪɬɢɪɭɟɬɫɹ. 

ȼ ɧɟɤɨɬɨɪɨɦ ɫɦɵɫɥɟ ɦɨɠɧɨ ɭɬɜɟɪɠɞɚɬɶ, ɱɬɨ ɪɚɡɞɟɥɟɧɢɟ ɧɚ ɝɟɧɟɬɢɱɟɫɤɢɟ 

ɚɥɝɨɪɢɬɦɵ ɢ ɷɜɨɥɸɰɢɨɧɧɵɟ ɫɬɪɚɬɟɝɢɢ ɹɜɥɹɟɬɫɹ ɢɫɤɭɫɫɬɜɟɧɧɵɦ. Ɇɨɠɧɨ ɫɤɚɡɚɬɶ, 

ɱɬɨ ɫɭɳɟɫɬɜɭɸɬ ɷɜɨɥɸɰɢɨɧɧɵɟ ɚɥɝɨɪɢɬɦɵ, ɩɚɪɚɦɟɬɪɚɦɢ ɤɨɬɨɪɵɯ ɹɜɥɹɸɬɫɹ 

«ɫɩɨɫɨɛ ɨɪɝɚɧɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ ɫɟɥɟɤɰɢɢ», «ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɜɵɩɨɥɧɟɧɢɹ 

ɩɪɨɰɟɞɭɪ ɫɟɥɟɤɰɢɢ ɢ ɪɟɤɨɦɛɢɧɚɰɢɢ» ɢ ɞɪ. [134]. Ʉɨɦɛɢɧɢɪɭɹ ɡɧɚɱɟɧɢɹ ɷɬɢɯ 

ɩɚɪɚɦɟɬɪɨɜ, ɦɵ ɦɨɠɟɦ ɩɨɥɭɱɚɬɶ ɥɢɛɨ ɷɜɨɥɸɰɢɨɧɧɵɟ ɫɬɪɚɬɟɝɢɢ, ɥɢɛɨ 

ɝɟɧɟɬɢɱɟɫɤɢɟ ɚɥɝɨɪɢɬɦɵ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɨɪɪɟɤɬɧɨɫɬɶ ɭɩɨɬɪɟɛɥɟɧɢɹ ɬɟɪɦɢɧɚ «ɷɜɨɥɸɰɢɨɧɧɵɣ 

ɚɥɝɨɪɢɬɦ» ɨɛɴɹɫɧɹɟɬɫɹ ɩɪɨɫɬɨ: ɜɫɹɤɢɣ ɝɟɧɟɬɢɱɟɫɤɢɣ ɚɥɝɨɪɢɬɦ ɹɜɥɹɟɬɫɹ ɜ ɬɨ ɠɟ 

ɫɚɦɨɟ ɜɪɟɦɹ ɷɜɨɥɸɰɢɨɧɧɵɦ ɚɥɝɨɪɢɬɦɨɦ, ɨɛɪɚɬɧɨɟ – ɧɟɜɟɪɧɨ; ɜɫɹɤɚɹ 



54 

 

ɷɜɨɥɸɰɢɨɧɧɚɹ ɫɬɪɚɬɟɝɢɹ ɹɜɥɹɟɬɫɹ ɜ ɬɨ ɠɟ ɫɚɦɨɟ ɜɪɟɦɹ ɷɜɨɥɸɰɢɨɧɧɵɦ 

ɚɥɝɨɪɢɬɦɨɦ, ɨɛɪɚɬɧɨɟ – ɧɟɜɟɪɧɨ. 

 

Ɉɫɧɨɜɧɵɟ ɩɨɧɹɬɢɹ 

ȼ ɬɚɛɥɢɰɟ 2.1 ɩɪɢɜɟɞɟɧɵ ɨɫɧɨɜɧɵɟ ɬɟɪɦɢɧɵ, ɩɪɢɦɟɧɹɟɦɵɟ ɜ ɬɟɨɪɢɢ 

ɷɜɨɥɸɰɢɨɧɧɵɯ ɚɥɝɨɪɢɬɦɨɜ. 

Ɍɚɛɥɢɰɚ 2.1 – Ɍɟɪɦɢɧɵ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ ɷɜɨɥɸɰɢɨɧɧɵɯ ɚɥɝɨɪɢɬɦɚɯ [134] 

Ɍɟɪɦɢɧ Ɉɩɢɫɚɧɢɟ 

ɨɫɨɛɶ ɩɨɬɟɧɰɢɚɥɶɧɨɟ ɪɟɲɟɧɢɟ 

ɩɨɩɭɥɹɰɢɹ ɤɨɧɟɱɧɨɟ ɦɧɨɠɟɫɬɜɨ ɨɫɨɛɟɣ 

ɪɨɞɢɬɟɥɶ ɨɫɨɛɶ, ɨɬɨɛɪɚɧɧɚɹ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɧɨɜɵɯ ɨɫɨɛɟɣ 

ɩɨɬɨɦɨɤ ɨɫɨɛɶ, ɩɨɥɭɱɚɟɦɚɹ ɩɪɢ ɩɨɦɨɳɢ ɪɚɡɦɧɨɠɟɧɢɹ ɢɡ ɪɨɞɢɬɟɥɶɫɤɢɯ 
ɨɫɨɛɟɣ 

ɩɪɢɫɩɨɫɨɛɥɟɧɧɨɫɬɶ  ɤɚɱɟɫɬɜɨ ɪɟɲɟɧɢɹ 

ɮɭɧɤɰɢɹ 
ɩɪɢɫɩɨɫɨɛɥɟɧɧɨɫɬɢ 

ɮɭɧɤɰɢɹ ɨɰɟɧɤɢ, ɢɫɩɨɥɶɡɭɟɦɚɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɭɪɨɜɧɹ 
ɤɚɱɟɫɬɜɚ ɤɚɠɞɨɣ ɨɫɨɛɢ ɜ ɩɨɩɭɥɹɰɢɢ, ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ 
ɫɪɚɜɧɟɧɢɹ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɪɟɲɟɧɢɣ ɦɟɠɞɭ ɫɨɛɨɣ. 

ɝɟɧ ɱɚɫɬɶ ɪɟɲɟɧɢɹ ɜ ɡɚɤɨɞɢɪɨɜɚɧɧɨɣ ɮɨɪɦɟ 

ɯɪɨɦɨɫɨɦɚ ɭɩɨɪɹɞɨɱɟɧɧɚɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɝɟɧɨɜ 

ɝɟɧɨɬɢɩ (ɝɟɧɨɦ) ɫɬɪɭɤɬɭɪɚ ɞɚɧɧɵɯ ɨɫɨɛɢ, ɢɫɩɨɥɶɡɭɟɦɚɹ ɜ ɩɪɨɰɟɫɫɟ 
ɪɚɡɦɧɨɠɟɧɢɹ (ɫɨɫɬɨɢɬ ɢɡ ɨɞɧɨɣ ɢɥɢ ɧɟɫɤɨɥɶɤɢɯ ɯɪɨɦɨɫɨɦ) 

ɮɟɧɨɬɢɩ ɫɨɜɨɤɭɩɧɨɫɬɶ ɜɫɟɯ ɩɪɢɡɧɚɤɨɜ ɢ ɫɜɨɣɫɬɜ ɨɫɨɛɢ, 
ɮɨɪɦɢɪɭɸɳɢɯɫɹ ɜ ɩɪɨɰɟɫɫɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɟɝɨ ɝɟɧɨɬɢɩɚ ɢ 
ɜɧɟɲɧɟɣ ɫɪɟɞɵ [38] 

ɪɚɡɦɧɨɠɟɧɢɟ ɫɨɡɞɚɧɢɟ ɩɨɬɨɦɤɨɜ ɢɡ ɪɨɞɢɬɟɥɶɫɤɢɯ ɨɫɨɛɟɣ ɩɪɢ ɩɨɦɨɳɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɟɥɟɤɰɢɢ, ɪɟɤɨɦɛɢɧɚɰɢɢ ɢ ɦɭɬɚɰɢɢ 

ɫɟɥɟɤɰɢɹ ɨɬɛɨɪ ɨɫɨɛɟɣ ɧɚ ɨɫɧɨɜɟ ɢɯ ɩɪɢɫɩɨɫɨɛɥɟɧɧɨɫɬɢ 

ɪɟɤɨɦɛɢɧɚɰɢɹ 
(ɤɪɨɫɫɨɜɟɪ, 

ɫɤɪɟɳɢɜɚɧɢɟ) 

ɫɨɡɞɚɧɢɟ ɩɨɬɨɦɤɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɝɟɧɨɬɢɩɨɜ ɪɨɞɢɬɟɥɶɫɤɢɯ 
ɨɫɨɛɟɣ. Ⱥɧɚɥɨɝ ɩɪɢɪɨɞɧɨɝɨ ɩɨɥɨɜɨɝɨ ɪɚɡɦɧɨɠɟɧɢɹ 

ɦɭɬɚɰɢɹ ɫɥɭɱɚɣɧɨɟ ɢɡɦɟɧɟɧɢɟ ɜ ɨɞɧɨɦ ɢɥɢ ɧɟɫɤɨɥɶɤɢɯ ɝɟɧɚɯ ɪɟɲɟɧɢɹ. 

Ⱥɧɚɥɨɝ ɩɪɢɪɨɞɧɨɝɨ ɛɟɫɩɨɥɨɝɨ ɪɚɡɦɧɨɠɟɧɢɹ 

ɩɨɤɨɥɟɧɢɟ ɨɞɢɧ ɰɢɤɥ ɨɰɟɧɢɜɚɧɢɹ, ɪɚɡɦɧɨɠɟɧɢɹ ɢ ɨɛɧɨɜɥɟɧɢɹ ɩɨɩɭɥɹɰɢɢ; 
ɥɢɛɨ ɩɨɩɭɥɹɰɢɹ, ɫɨɡɞɚɜɚɟɦɚɹ ɜ ɤɚɠɞɨɦ ɬɚɤɨɦ 

ɰɢɤɥɟ 
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ɋɟɥɟɤɰɢɹ ɯɪɨɦɨɫɨɦ 

ɋɟɥɟɤɰɢɹ ɯɪɨɦɨɫɨɦ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɜɵɛɨɪɟ ɨɫɨɛɟɣ ɞɥɹ ɩɨɫɥɟɞɭɸɳɟɝɨ ɢɯ 

ɭɱɚɫɬɢɹ ɜ ɩɪɨɰɟɫɫɟ ɪɟɤɨɦɛɢɧɚɰɢɢ. ɋ ɬɨɱɤɢ ɡɪɟɧɢɹ ɩɪɨɝɪɚɦɦɧɨɣ ɪɟɚɥɢɡɚɰɢɢ 

ɫɟɥɟɤɰɢɹ ɜ ɗȺ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɪɢɫɜɨɟɧɢɢ ɤɚɠɞɨɣ ɨɫɨɛɢ, ɢɫɯɨɞɹ ɢɡ ɟɟ 

ɩɪɢɫɩɨɫɨɛɥɟɧɧɨɫɬɢ, ɜɟɪɨɹɬɧɨɫɬɢ ɟɟ ɜɵɛɨɪɚ ɞɥɹ ɩɨɫɥɟɞɭɸɳɟɝɨ ɫɤɪɟɳɢɜɚɧɢɹ. 

ȼɵɛɨɪ ɞɨɥɠɟɧ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɫɨɝɥɚɫɧɨ ɩɪɢɧɰɢɩɭ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɨɬɛɨɪɚ, ɩɨ 

ɤɨɬɨɪɨɦɭ ɧɚɢɛɨɥɶɲɢɟ ɲɚɧɫɵ ɧɚ ɭɱɚɫɬɢɟ ɜ ɤɪɨɫɫɨɜɟɪɟ ɢɦɟɸɬ ɨɫɨɛɢ ɫ 

ɧɚɢɛɨɥɶɲɢɦɢ ɡɧɚɱɟɧɢɹɦɢ ɮɭɧɤɰɢɢ ɩɪɢɫɩɨɫɨɛɥɟɧɧɨɫɬɢ. ɇɚɢɛɨɥɟɟ 

ɪɚɫɩɪɨɫɬɪɚɧёɧɧɵɦɢ ɹɜɥɹɸɬɫɹ 3 ɦɟɬɨɞɚ ɫɟɥɟɤɰɢɢ [61]: ɦɟɬɨɞ ɪɭɥɟɬɤɢ 

(ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɣ), ɪɚɧɝɨɜɵɣ ɢ ɬɭɪɧɢɪɧɵɣ. Ⱦɥɹ ɗɋ ɬɚɤɠɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɟɬɨɞ 

ɩɚɧɦɢɤɫɢɢ [38], ɤɨɝɞɚ ɜɟɪɨɹɬɧɨɫɬɶ ɜɵɛɨɪɚ i-ɣ ɨɫɨɛɢ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɡɧɚɱɟɧɢɹ Fi ɟɟ 

ɮɭɧɤɰɢɢ ɩɪɢɫɩɨɫɨɛɥɟɧɧɨɫɬɢ, ɚ ɜɫɟɝɞɚ ɪɚɜɧɚ 1/Npop, ɝɞɟ Npop – ɱɢɫɥɟɧɧɨɫɬɶ 

(ɪɚɡɦɟɪ) ɩɨɩɭɥɹɰɢɢ. 

 

Ƚɟɧɟɬɢɱɟɫɤɢɟ ɨɩɟɪɚɬɨɪɵ 

ȼ ɷɜɨɥɸɰɢɨɧɧɨɦ ɚɥɝɨɪɢɬɦɟ, ɤɚɤ ɩɪɚɜɢɥɨ, ɩɪɢɦɟɧɹɸɬɫɹ ɞɜɚ ɝɟɧɟɬɢɱɟɫɤɢɯ 

ɨɩɟɪɚɬɨɪɚ: ɨɩɟɪɚɬɨɪ ɫɤɪɟɳɢɜɚɧɢɹ ɢ ɨɩɟɪɚɬɨɪ ɦɭɬɚɰɢɢ. Ɉɩɟɪɚɬɨɪ ɫɤɪɟɳɢɜɚɧɢɹ 

ɨɬɜɟɱɚɟɬ ɡɚ ɬɨ, ɱɬɨɛɵ ɝɟɧɨɬɢɩ ɨɫɨɛɢ-ɩɨɬɨɦɤɚ ɫɨɫɬɨɹɥ ɢɡ ɱɚɫɬɟɣ ɝɟɧɨɬɢɩɨɜ ɟɝɨ 

ɪɨɞɢɬɟɥɟɣ. ɋɚɦɵɦ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɬɢɩɨɦ ɫɤɪɟɳɢɜɚɧɢɹ ɹɜɥɹɟɬɫɹ 

ɦɧɨɝɨɬɨɱɟɱɧɨɟ ɫɤɪɟɳɢɜɚɧɢɟ, ɝɞɟ n_points – ɱɢɫɥɨ ɬɨɱɟɤ ɫɤɪɟɳɢɜɚɧɢɹ [55]. 

Ɉɩɟɪɚɬɨɪ ɦɭɬɚɰɢɢ ɜɵɩɨɥɧɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ – ɫ ɜɟɪɨɹɬɧɨɫɬɶɸ ɦɭɬɚɰɢɢ 

pmut ɡɧɚɱɟɧɢɟ ɝɟɧɚ ɜ ɯɪɨɦɨɫɨɦɟ ɦɟɧɹɟɬɫɹ ɧɚ ɚɥɶɬɟɪɧɚɬɢɜɧɨɟ ɞɨɩɭɫɬɢɦɨɟ. 

 

ɉɪɨɫɬɟɣɲɢɣ ɷɜɨɥɸɰɢɨɧɧɵɣ ɚɥɝɨɪɢɬɦ 

ɇɢɠɟ ɩɪɢɜɟɞɟɧ ɩɫɟɜɞɨɤɨɞ ɛɚɡɨɜɨɝɨ ɷɜɨɥɸɰɢɨɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ. ɋɢɧɬɚɤɫɢɫ 

ɩɫɟɜɞɨɤɨɞɚ ɞɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɢ ɞɪɭɝɢɯ ɚɥɝɨɪɢɬɦɨɜ, ɩɪɢɜɟɞɟɧɧɵɯ ɜ ɞɚɧɧɨɣ 

ɞɢɫɫɟɪɬɚɰɢɢ, ɨɩɢɫɚɧ ɜ ɩɪɢɥɨɠɟɧɢɢ 1. 

Ⱥɥɝɨɪɢɬɦ 2.1 ɉɫɟɜɞɨɤɨɞ ɛɚɡɨɜɨɝɨ ɷɜɨɥɸɰɢɨɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ 

 /* Вɜɟɞɟɦ ɨɛɨɡɧɚɱɟɧɢɹ: Best – ɥɭɱɲɟɟ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ; fit(a) – ɡɧɚɱɟɧɢɟ 
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ɮɭɧɤɰɢɢ ɩɪɢɫɩɨɫɨɛɥɟɧɧɨɫɬɢ ɧɟɤɨɬɨɪɨɣ ɨɫɨɛɢ a; Pop – ɬɟɤɭɳɚɹ ɩɨɩɭɥɹɰɢɹ; 

Children – ɦɧɨɠɟɫɬɜɨ ɩɨɥɭɱɟɧɧɵɯ ɧɚ ɞɚɧɧɨɣ ɢɬɟɪɚɰɢɢ ɩɨɬɨɦɤɨɜ.    */ 

1: ɉɨɫɬɪɨɢɬɶ ɧɚɱɚɥɶɧɭɸ ɩɨɩɭɥɹɰɢɸ Pop; 

2: Best = ; 

3: REPEAT 

4:  FOREACH Pi in Pop DO // ɰɢɤɥ ɨɰɟɧɤɢ ɨɫɨɛɟɣ ɩɨɩɭɥɹɰɢɢ 

5:   Ɋɚɫɫɱɢɬɚɬɶ fit(Pi); 

6:   IF (Best == ) OR (fit(Pi) > fit(Best)) THEN 

7:    Best = Pi; 

8:   END IF; 

9:  END FOREACH; 

10:  Ɋɚɡɦɧɨɠɟɧɢɟ ɨɫɨɛɟɣ ɩɨɩɭɥɹɰɢɢ Pop (ɬ.ɟ. ɮɨɪɦɢɪɨɜɚɧɢɟ 
ɦɧɨɠɟɫɬɜɚ ɩɨɬɨɦɤɨɜ Children); 

11:  Ɏɨɪɦɢɪɨɜɚɧɢɟ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ ɢɡ ɦɧɨɠɟɫɬɜ Pop ɢ Children; 

12: UNTIL (ɭɫɥɨɜɢɟ ɨɫɬɚɧɨɜɚ ɧɟ ɜɵɩɨɥɧɟɧɨ) ; 

13: RETURN Best; 

ȼɨɡɦɨɠɧɵɟ ɭɫɥɨɜɢɹ ɨɫɬɚɧɨɜɚ ɞɥɹ ɷɜɨɥɸɰɢɨɧɧɵɯ ɚɥɝɨɪɢɬɦɨɜ: 

1) ɑɢɫɥɨ ɩɨɤɨɥɟɧɢɣ Ngen ɩɪɟɜɵɫɢɥɨ ɧɟɤɨɟ ɡɚɞɚɧɧɨɟ ɱɢɫɥɨ. 

2) ɂɫɬɟɤɥɨ ɜɪɟɦɹ, ɨɬɜɨɞɢɦɨɟ ɧɚ ɪɚɛɨɬɭ ɚɥɝɨɪɢɬɦɚ. 

ȼɢɞɧɨ, ɱɬɨ ɩɪɢɜɟɞɟɧɧɵɣ ɜɵɲɟ ɚɥɝɨɪɢɬɦ ɹɜɥɹɟɬɫɹ ɦɚɤɫɢɦɚɥɶɧɨ ɨɛɳɢɦ ɢ 

ɚɛɫɬɪɚɤɬɧɵɦ. Ɉɬɦɟɬɢɦ ɬɪɢ ɢɧɬɟɪɟɫɧɵɯ ɦɨɦɟɧɬɚ. 

– Ɋɚɫɱɟɬ ɮɭɧɤɰɢɢ ɩɪɢɫɩɨɫɨɛɥɟɧɧɨɫɬɢ fit. Ɉɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɚ ɨɫɧɨɜɟ ɰɟɥɟɜɨɣ 

ɮɭɧɤɰɢɢ ɨɫɨɛɢ-ɪɟɲɟɧɢɹ. ȼ ɦɚɤɫɢɦɢɡɚɰɢɨɧɧɵɯ ɡɚɞɚɱɚɯ, ɤɚɤ ɩɪɚɜɢɥɨ, ɡɧɚɱɟɧɢɟ fit 

ɫɨɜɩɚɞɚɟɬ ɫ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɟɣ (ɢɥɢ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɟɣ). Ⱦɥɹ ɦɢɧɢɦɢɡɚɰɢɨɧɧɵɯ 

ɡɚɞɚɱ ɨɛɵɱɧɨ ɡɧɚɱɟɧɢɟ fit ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɡɧɚɱɟɧɢɸ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ. 

– Ɋɚɡɦɧɨɠɟɧɢɟ. ȼ ɜɵɲɟɩɪɢɜɟɞɟɧɧɨɦ ɚɥɝɨɪɢɬɦɟ ɧɟ ɫɩɟɰɢɮɢɰɢɪɨɜɚɧɨ, ɤɚɤ 

ɢɦɟɧɧɨ ɷɬɨ ɪɚɡɦɧɨɠɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ. ɉɪɨɫɬɨ ɩɨɞɪɚɡɭɦɟɜɚɟɬɫɹ, ɱɬɨ ɩɨ ɨɤɨɧɱɚɧɢɢ 
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ɞɚɧɧɨɝɨ ɷɬɚɩɚ ɭ ɧɚɫ ɛɭɞɟɬ ɧɟɤɨɬɨɪɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɨɬɨɦɤɨɜ, ɤ ɤɨɬɨɪɵɦ ɭɠɟ 

ɩɪɢɦɟɧɟɧɚ ɦɭɬɚɰɢɹ. 

– Ɏɨɪɦɢɪɨɜɚɧɢɟ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ. Ɉɛɳɢɣ ɚɥɝɨɪɢɬɦ ɧɟ ɨɩɢɫɵɜɚɟɬ ɬɨ, ɤɚɤ 

ɢɦɟɧɧɨ ɮɨɪɦɢɪɭɟɬɫɹ ɧɨɜɨɟ ɩɨɤɨɥɟɧɢɟ, ɬ.ɤ. ɷɬɨ ɧɚɩɪɹɦɭɸ ɡɚɜɢɫɢɬ ɨɬ ɬɨɝɨ, 

ɢɫɩɨɥɶɡɭɟɦ ɥɢ ɦɵ ȽȺ ɢɥɢ ɗɋ. 

 

ɍɧɢɜɟɪɫɚɥɶɧɵɣ ɷɜɨɥɸɰɢɨɧɧɵɣ ɚɥɝɨɪɢɬɦ 

ɉɨɫɬɚɜɢɦ ɰɟɥɶɸ ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ ɬɚɤɨɣ ɷɜɨɥɸɰɢɨɧɧɵɣ ɚɥɝɨɪɢɬɦ, ɤɨɬɨɪɵɣ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɡɧɚɱɟɧɢɣ ɭɩɪɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ ɦɨɝ ɛɵ ɬɪɚɧɫɮɨɪɦɢɪɨɜɚɬɶɫɹ ɜ 

ɧɟɤɨɬɨɪɵɟ ɪɚɡɧɨɜɢɞɧɨɫɬɢ ɗɋ ɢɥɢ ȽȺ. ȼɜɟɞɟɦ ɩɚɪɚɦɟɬɪ Nchild – ɱɢɫɥɨ ɩɨɬɨɦɤɨɜ, 

ɩɪɨɢɡɜɨɞɢɦɨɟ ɩɨɩɭɥɹɰɢɟɣ ɡɚ ɨɞɧɨ ɩɨɤɨɥɟɧɢɟ. 

Ⱥɥɝɨɪɢɬɦ 2.2 ɍɧɢɜɟɪɫɚɥɶɧɵɣ ɷɜɨɥɸɰɢɨɧɧɵɣ ɚɥɝɨɪɢɬɦ 

 /* Вɜɟɞɟɦ ɨɛɨɡɧɚɱɟɧɢɹ: Best – ɥɭɱɲɟɟ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ; fit(a) – ɡɧɚɱɟɧɢɟ 

ɮɭɧɤɰɢɢ ɩɪɢɫɩɨɫɨɛɥɟɧɧɨɫɬɢ ɧɟɤɨɬɨɪɨɣ ɨɫɨɛɢ a; Pop – ɬɟɤɭɳɚɹ ɩɨɩɭɥɹɰɢɹ; 

Children – ɦɧɨɠɟɫɬɜɨ ɩɨɥɭɱɟɧɧɵɯ ɧɚ ɞɚɧɧɨɣ ɢɬɟɪɚɰɢɢ ɩɨɬɨɦɤɨɜ; Tmp –

 ɜɫɩɨɦɨɝɚɬɟɥɶɧɚɹ ɩɪɨɦɟɠɭɬɨɱɧɚɹ ɩɨɩɭɥɹɰɢɹ.    */ 

1: ɉɨɫɬɪɨɢɬɶ ɧɚɱɚɥɶɧɭɸ ɩɨɩɭɥɹɰɢɸ Pop; 

2: Best = ; 

3: REPEAT 

4:  FOREACH Indi in Pop DO // ɰɢɤɥ ɨɰɟɧɤɢ ɨɫɨɛɟɣ ɩɨɩɭɥɹɰɢɢ 

5:   Ɋɚɫɫɱɢɬɚɬɶ fit(Indi); 

6:   IF (Best == ) OR (fit(Indi) > fit(Best)) THEN 

7:    Best = Indi; 

8:   END IF; 

9:  END FOREACH; 

10:  Ⱦɥɹ ɤɚɠɞɨɣ ɨɫɨɛɢ ɜɵɱɢɫɥɢɦ ɜɟɪɨɹɬɧɨɫɬɶ ɜɵɛɨɪɚ ɞɥɹ ɫɟɥɟɤɰɢɢ 
Pi (i = 1, 2, …, Npop) ɩɪɢ ɩɨɦɨɳɢ ɨɞɧɨɝɨ ɢɡ 4 ɦɟɬɨɞɨɜ 
(ɪɭɥɟɬɨɱɧɵɣ, ɪɚɧɝɨɜɵɣ, ɬɭɪɧɢɪɧɵɣ, ɩɚɧɦɢɤɫɢɹ); 
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11:  Children = ; 

12:  FOR j = 1 TO Nchild DO   // ɫɨɡɞɚɧɢɟ ɩɨɬɨɦɤɨɜ 

13:   ȼɵɛɟɪɟɦ ɢɡ ɩɨɩɭɥɹɰɢɢ Pop ɞɜɟ ɨɫɨɛɢ Par1 ɢ Par2 ɧɚ 
ɨɫɧɨɜɟ ɜɟɪɨɹɬɧɨɫɬɟɣ Pi (i = 1, 2, …, Npop); 

14:   ɉɨɥɭɱɢɦ ɩɨɬɨɦɤɚ Childj ɜ ɪɟɡɭɥɶɬɚɬɟ 
n_points-ɬɨɱɟɱɧɨɝɨ ɫɤɪɟɳɢɜɚɧɢɹ ɨɫɨɛɟɣ Par1 ɢ Par2; 

15:   Children = Children  Childj; 

16:  END FOR; 

17:  Tmp = Children; 

18:  IF (ɢɫɩɨɥьɡ. ɫɥɢяɧɢɟ ɩɨɩɭɥяɰɢɣ ɪɨɞɢɬɟɥɟɣ ɢ ɩɨɬɨɦɤɨв) THEN 

19:   Tmp = Tmp  Pop; 

20:  END IF; 

21:  Ɏɨɪɦɢɪɨɜɚɧɢɟ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ Pop ɢɡ Npop ɥɭɱɲɢɯ ɨɫɨɛɟɣ 
ɦɧɨɠɟɫɬɜɚ Tmp; 

22: UNTIL (ɭɫɥɨɜɢɟ ɨɫɬɚɧɨɜɚ ɧɟ ɜɵɩɨɥɧɟɧɨ) ; 

23: RETURN Best; 

Ʉɨɦɛɢɧɢɪɭɹ ɩɚɪɚɦɟɬɪɵ ɜɵɲɟɩɪɢɜɟɞɟɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɥɟɝɤɨ ɩɨɥɭɱɢɬɶ 

ɢɡɜɟɫɬɧɵɟ ɧɚɦ ɪɚɡɧɨɜɢɞɧɨɫɬɢ ɗȺ. 

1) Ʉɥɚɫɫɢɱɟɫɤɢɣ ɝɟɧɟɬɢɱɟɫɤɢɣ ɚɥɝɨɪɢɬɦ [41] ɩɨɥɭɱɢɬɫɹ ɩɪɢ ɫɥɟɞɭɸɳɢɯ 

ɭɩɪɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɚɯ: Nchild = Npop, ɪɭɥɟɬɨɱɧɚɹ ɫɟɥɟɤɰɢɹ, ɜ ɧɨɜɭɸ ɩɨɩɭɥɹɰɢɸ 

ɩɟɪɟɯɨɞɹɬ ɬɨɥɶɤɨ ɨɫɨɛɢ ɩɨɬɨɦɤɨɜ.  

2) Ɇɵ ɩɨɥɭɱɢɦ ɬ.ɧ. (Npop + Nchild) ɷɜɨɥɸɰɢɨɧɧɭɸ ɫɬɪɚɬɟɝɢɸ ɫ 

ɪɟɤɨɦɛɢɧɚɰɢɟɣ [102] ɩɪɢ ɫɥɟɞɭɸɳɟɦ ɧɚɛɨɪɟ ɩɚɪɚɦɟɬɪɨɜ: ɫɟɥɟɤɰɢɹ ɩɨ ɬɢɩɭ 

ɩɚɧɦɢɤɫɢɢ, ɫɨɡɞɚɟɬɫɹ ɩɪɨɦɟɠɭɬɨɱɧɚɹ ɩɨɩɭɥɹɰɢɹ ɢɡ ɜɫɟɯ ɪɨɞɢɬɟɥɟɣ ɢ ɩɨɬɨɦɤɨɜ. 

3) Ɇɵ ɩɨɥɭɱɢɦ ɬ.ɧ. (Npop, Nchild) ɷɜɨɥɸɰɢɨɧɧɭɸ ɫɬɪɚɬɟɝɢɸ ɫ 

ɪɟɤɨɦɛɢɧɚɰɢɟɣ [102] ɩɪɢ ɫɥɟɞɭɸɳɟɦ ɧɚɛɨɪɟ ɩɚɪɚɦɟɬɪɨɜ: ɫɟɥɟɤɰɢɹ ɩɨ ɬɢɩɭ 

ɩɚɧɦɢɤɫɢɢ, ɜ ɧɨɜɭɸ ɩɨɩɭɥɹɰɢɸ ɩɟɪɟɯɨɞɹɬ ɬɨɥɶɤɨ ɨɫɨɛɢ ɩɨɬɨɦɤɨɜ. 
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ɗɜɨɥɸɰɢɨɧɧɵɣ ɚɥɝɨɪɢɬɦ ɞɥɹ ɪɟɲɟɧɢɹ ɁɊɗɊɂɋ 

Ʉɚɠɞɚɹ ɨɫɨɛɶ-ɪɟɲɟɧɢɟ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɜɟɤɬɨɪɨɜ-ɯɪɨɦɨɫɨɦ Y ɢ X, ɤɨɬɨɪɵɟ 

ɛɵɥɢ ɨɩɢɫɚɧɵ ɜ ɪɚɡɞɟɥɟ 1.4.2. Ɇɨɠɧɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɞɥɹ ɤɚɠɞɨɝɨ ɪɟɲɟɧɢɹ 

ɩɨɫɬɚɜɥɟɧɧɨɣ ɜ ɝɥɚɜɟ 1 ɡɚɞɚɱɢ ɜɟɤɬɨɪ X ɩɨɥɧɨɫɬɶɸ ɨɩɪɟɞɟɥɹɟɬ, ɧɚ ɤɚɤɢɯ ɦɟɫɬɚɯ ɜ 

ɜɟɤɬɨɪɟ Y ɛɭɞɭɬ ɫɬɨɹɬɶ ɧɟ ɧɭɥɢ. ȼɟɤɬɨɪ Y ɨɩɪɟɞɟɥɹɟɬ ɬɨɥɶɤɨ ɬɨ, ɤɚɤɨɣ ɢɦɟɧɧɨ ɬɢɩ 

ɷɥɟɦɟɧɬɚ ɭɫɬɚɧɨɜɥɟɧ ɧɚ ɤɨɧɤɪɟɬɧɨɦ ɦɟɫɬɟ. Ɍɚɤ ɤɚɤ ɯɪɨɦɨɫɨɦɵ X ɢ Y ɡɚɜɢɫɢɦɵ 

ɞɪɭɝ ɨɬ ɞɪɭɝɚ, ɬɨ ɦɵ ɧɟ ɦɨɠɟɦ ɫɤɪɟɳɢɜɚɬɶ ɢɯ ɩɨ ɨɬɞɟɥɶɧɨɫɬɢ (ɬ.ɤ. ɛɭɞɟɬ 

ɩɨɪɨɠɞɚɬɶɫɹ ɦɧɨɝɨ ɧɟɞɨɩɭɫɬɢɦɵɯ ɪɟɲɟɧɢɣ). ɉɨɷɬɨɦɭ ɦɵ ɛɭɞɟɦ ɫɤɪɟɳɢɜɚɬɶ 

ɬɨɥɶɤɨ ɜɟɤɬɨɪɵ X1 ɢ X2 ɪɨɞɢɬɟɥɶɫɤɢɯ ɨɫɨɛɟɣ [156,51]. 

Ɉɩɟɪɚɬɨɪ ɫɤɪɟɳɢɜɚɧɢɹ ɜɵɩɨɥɧɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɢɡ ɪɨɞɢɬɟɥɶɫɤɨɣ 

ɩɨɩɭɥɹɰɢɢ ɫɥɭɱɚɣɧɵɦ ɨɛɪɚɡɨɦ ɜɵɛɢɪɚɟɬɫɹ ɩɚɪɚ ɨɫɨɛɟɣ. Ⱦɚɥɟɟ ɞɥɹ ɤɚɠɞɨɣ ɩɚɪɵ 

ɨɬɨɛɪɚɧɧɵɯ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɨɫɨɛɟɣ ɪɚɡɵɝɪɵɜɚɟɬɫɹ ɩɨɡɢɰɢɹ ɝɟɧɚ ɜ ɯɪɨɦɨɫɨɦɟ X, 

ɨɩɪɟɞɟɥɹɸɳɚɹ ɬɚɤ ɧɚɡɵɜɚɟɦɭɸ ɬɨɱɤɭ ɫɤɪɟɳɢɜɚɧɢɹ. ɗɬɚ ɬɨɱɤɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɰɟɥɨɟ ɱɢɫɥɨ lc ɢɡ ɢɧɬɟɪɜɚɥɚ [1, L – 1], ɝɞɟ L – ɞɥɢɧɚ ɯɪɨɦɨɫɨɦɵ X (ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ 

L = Ncl). ȼ ɪɟɡɭɥɶɬɚɬɟ ɫɤɪɟɳɢɜɚɧɢɹ ɞɜɭɯ ɪɨɞɢɬɟɥɶɫɤɢɯ ɯɪɨɦɨɫɨɦ ɩɨɥɭɱɚɟɬɫɹ 

ɩɨɬɨɦɨɤ, ɯɪɨɦɨɫɨɦɚ Xchild ɤɨɬɨɪɨɝɨ ɧɚ ɩɨɡɢɰɢɹɯ ɨɬ 1 ɞɨ lc ɫɨɫɬɨɢɬ ɢɡ ɝɟɧɨɜ ɩɟɪɜɨɝɨ 

ɪɨɞɢɬɟɥɹ, ɚ ɧɚ ɩɨɡɢɰɢɹɯ ɨɬ (lc+1) ɞɨ L – ɢɡ ɝɟɧɨɜ ɜɬɨɪɨɝɨ ɪɨɞɢɬɟɥɹ. 

Ɇɨɞɢɮɢɤɚɰɢɟɣ ɨɞɧɨɬɨɱɟɱɧɨɝɨ ɤɪɨɫɫɨɜɟɪɚ ɹɜɥɹɟɬɫɹ n_points-ɬɨɱɟɱɧɵɣ (ɬ.ɧ. 

ɦɧɨɝɨɬɨɱɟɱɧɵɣ) ɤɪɨɫɫɨɜɟɪ. Ɉɧ ɚɧɚɥɨɝɢɱɟɧ ɨɞɧɨɬɨɱɟɱɧɨɦɭ, ɨɞɧɚɤɨ ɜ ɧɟɦ 

ɫɤɪɟɳɢɜɚɧɢɟ ɩɪɨɯɨɞɢɬ ɭɠɟ ɩɨ n_points ɬɨɱɤɚɦ. 

Ʉ ɩɨɥɭɱɢɜɲɟɦɭɫɹ ɜɟɤɬɨɪɭ Xchild ɩɨɬɨɦɤɚ ɛɭɞɟɬ ɩɪɢɦɟɧɹɬɶɫɹ ɨɩɟɪɚɰɢɹ 

ɦɭɬɚɰɢɢ. ɋɭɬɶ ɨɩɟɪɚɰɢɢ ɦɭɬɚɰɢɢ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɫ ɧɟɤɨɬɨɪɨɣ ɧɟɛɨɥɶɲɨɣ 

ɜɟɪɨɹɬɧɨɫɬɶɸ pmut ɨɞɢɧ ɢɡ ɷɥɟɦɟɧɬɨɜ ɜɟɤɬɨɪɚ Xchild ɩɨɦɟɧɹɟɬ ɫɜɨɟ ɡɧɚɱɟɧɢɟ ɧɚ 

ɫɥɭɱɚɣɧɨɟ ɰɟɥɨɟ ɱɢɫɥɨ ɢɡ ɞɢɚɩɚɡɨɧɚ [1; Nps]. 

ɉɨɫɥɟ ɩɨɥɭɱɟɧɢɹ ɜɟɤɬɨɪɚ Xchild ɨɫɨɛɢ-ɩɨɬɨɦɤɚ, ɦɵ ɞɨɥɠɧɵ ɫɮɨɪɦɢɪɨɜɚɬɶ 

ɟɝɨ ɯɪɨɦɨɫɨɦɭ Ychild. ɏɪɨɦɨɫɨɦɚ Xchild ɨɞɧɨɡɧɚɱɧɨ ɨɩɪɟɞɟɥɹɟɬ, ɤɚɤɢɟ ɷɥɟɦɟɧɬɵ 

ɜɟɤɬɨɪɚ Ychild ɹɜɥɹɸɬɫɹ ɧɟɧɭɥɟɜɵɦɢ [51]. ɇɚɩɪɢɦɟɪ, ɭ ɧɚɫ ɟɫɬɶ 5 ɦɟɫɬ-ɤɚɧɞɢɞɚɬɨɜ, 

4 ɤɥɢɟɧɬɚ ɢ 3 ɬɢɩɚ ɷɥɟɦɟɧɬɨɜ ɂɋ (ɩɪɢɱɟɦ, ɱɟɦ ɦɟɧɶɲɟ ɩɨɪɹɞɤɨɜɵɣ ɧɨɦɟɪ ɬɢɩɚ 

ɷɥɟɦɟɧɬɨɜ, ɬɟɦ ɞɟɲɟɜɥɟ ɬɚɤɢɟ ɷɥɟɦɟɧɬɵ). ɉɭɫɬɶ X1 = [1  5  2  3] ɢ X2 = [2  5  5  3]. 
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ɉɭɫɬɶ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɤɪɟɳɢɜɚɧɢɹ ɞɥɹ ɩɨɬɨɦɤɚ ɦɵ ɩɨɥɭɱɢɥɢ Xchild = [1  5  5  3]. ɗɬɨ 

ɡɧɚɱɢɬ, ɱɬɨ ɯɪɨɦɨɫɨɦɚ Ychild ɩɨɬɨɦɤɚ ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ Ychild = [V  0  V  0  V], ɝɞɟ V – 

ɰɟɥɨɟ ɱɢɫɥɨ ɢɡ ɞɢɚɩɚɡɨɧɚ [1; Ntypes]. 

ɇɟɧɭɥɟɜɵɟ ɷɥɟɦɟɧɬɵ ɜɟɤɬɨɪɚ Ychild ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɜɵɛɢɪɚɬɶ ɬɚɤ: 

1) ɟɫɥɢ Y1[i] = w, ɚ Y2[i] = 0, ɬɨ Ychild[i] = w; 

2) ɟɫɥɢ Y2[i] = w, ɚ Y1[i] = 0, ɬɨ Ychild[i] = w; 

3) ɟɫɥɢ Y1[i] = Y2[i] = w, ɬɨ Ychild[i] = w; 

4) ɟɫɥɢ Y1[i] = w, ɚ Y2[i] = z (w ≠ z), ɬɨ ɞɥɹ ɜɵɛɨɪɚ ɬɢɩɚ ɷɥɟɦɟɧɬɚ ɂɋ, ɤɨɬɨɪɵɣ 

ɛɭɞɟɬ ɭɫɬɚɧɨɜɥɟɧ ɭ ɩɨɬɨɦɤɚ ɧɚ i-ɦ ɦɟɫɬɟ ɧɟɨɛɯɨɞɢɦɨ ɛɪɚɬɶ ɥɢɛɨ ɬɢɩ w, ɥɢɛɨ ɬɢɩ z 

ɫɥɭɱɚɣɧɨ ɫ ɪɚɜɧɨɣ ɜɟɪɨɹɬɧɨɫɬɶɸ 0.5 [55]. 

ɉɫɟɜɞɨɤɨɞ ɩɪɨɰɟɞɭɪɵ ɫɤɪɟɳɢɜɚɧɢɹ ɞɥɹ ɁɊɗɊɂɋ ɩɪɢɜɟɞɟɧ ɜ ɉɪɢɥɨɠɟɧɢɢ 2 

(ɚɥɝɨɪɢɬɦ ɉ2.1).  

 

2.3 Ⱥɥɝɨɪɢɬɦɵ ɥɨɤɚɥɶɧɨɝɨ ɩɨɢɫɤɚ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ 

ɷɥɟɦɟɧɬɨɜ ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ 

Ɉɛɳɢɟ ɫɜɟɞɟɧɢɹ ɨɛ ɚɥɝɨɪɢɬɦɚɯ ɥɨɤɚɥɶɧɨɝɨ ɩɨɢɫɤɚ 

Ʌɨɤɚɥɶɧɵɣ ɩɨɢɫɤ (Local Search) – ɰɟɥɵɣ ɤɥɚɫɫ ɚɥɝɨɪɢɬɦɨɜ, ɞɥɹ 

ɩɪɟɞɫɬɚɜɢɬɟɥɟɣ ɤɨɬɨɪɨɝɨ ɯɚɪɚɤɬɟɪɧɵ ɫɥɟɞɭɸɳɢɟ ɨɫɨɛɟɧɧɨɫɬɢ: 

– ɚɥɝɨɪɢɬɦɵ ɥɨɤɚɥɶɧɨɝɨ ɩɨɢɫɤɚ ɹɜɥɹɸɬɫɹ ɢɬɟɪɚɬɢɜɧɵɦɢ; 

– ɧɚ ɤɚɠɞɨɦ ɲɚɝɟ ɚɥɝɨɪɢɬɦɚ ɞɥɹ ɬɟɤɭɳɟɝɨ ɪɟɲɟɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ 

ɧɟɤɨɬɨɪɨɟ ɦɧɨɠɟɫɬɜɨ ɫɨɫɟɞɧɢɯ ɪɟɲɟɧɢɣ – ɬɚɤ ɧɚɡɵɜɚɟɦɚɹ ɨɤɪɟɫɬɧɨɫɬɶ ɬɟɤɭɳɟɝɨ 

ɪɟɲɟɧɢɹ (ɢɥɢ ɟɟ ɱɚɫɬɶ); 

– ɜ ɤɚɠɞɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɭ ɚɥɝɨɪɢɬɦɚ ɥɨɤɚɥɶɧɨɝɨ ɩɨɢɫɤɚ ɟɫɬɶ ɬɨɥɶɤɨ 

ɨɞɧɨ ɬɟɤɭɳɟɟ ɪɟɲɟɧɢɟ (ɜ ɨɬɥɢɱɢɟ, ɧɚɩɪɢɦɟɪ, ɨɬ ɗȺ, ɭ ɤɨɬɨɪɨɝɨ ɟɫɬɶ Npop ɬɟɤɭɳɢɯ 

ɪɟɲɟɧɢɣ). 

ȼ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɪɚɫɫɦɨɬɪɢɦ ɨɞɧɨɝɨ ɢɡ ɩɪɨɫɬɟɣɲɢɯ ɩɪɟɞɫɬɚɜɢɬɟɥɟɣ ɤɥɚɫɫɚ 

ɚɥɝɨɪɢɬɦɨɜ ɥɨɤɚɥɶɧɨɝɨ ɩɨɢɫɤɚ – ɚɥɝɨɪɢɬɦ ɥɨɤɚɥɶɧɨɝɨ ɫɩɭɫɤɚ. ɇɚ ɤɚɠɞɨɦ ɲɚɝɟ 

ɞɥɹ ɬɟɤɭɳɟɝɨ ɪɟɲɟɧɢɹ ɩɨɥɧɨɫɬɶɸ ɩɪɨɫɦɚɬɪɢɜɚɟɬɫɹ ɨɤɪɟɫɬɧɨɫɬɶ ɬɟɤɭɳɟɝɨ 

ɪɟɲɟɧɢɹ. ȼ ɤɚɱɟɫɬɜɟ ɫɥɟɞɭɸɳɟɝɨ ɢɡ ɧɟɟ ɜɵɛɢɪɚɟɬɫɹ ɪɟɲɟɧɢɟ, ɞɨɫɬɚɜɥɹɸɳɟɟ 
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ɦɢɧɢɦɭɦ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ (ɟɫɥɢ ɪɟɱɶ ɢɞɟɬ ɨ ɡɚɞɚɱɟ ɦɢɧɢɦɢɡɚɰɢɢ). ɉɪɨɰɟɫɫ 

ɩɪɨɞɨɥɠɚɟɬɫɹ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɢɦɟɸɬɫɹ ɪɟɲɟɧɢɹ ɥɭɱɲɢɟ, ɱɟɦ 

ɬɟɤɭɳɟɟ [65]. 

ɇɢɠɟ  ɩɪɟɞɫɬɚɜɥɟɧ ɩɪɨɫɬɟɣɲɢɣ ɚɥɝɨɪɢɬɦ ɥɨɤɚɥɶɧɨɝɨ ɫɩɭɫɤɚ ɞɥɹ ɡɚɞɚɱɢ 

ɦɢɧɢɦɢɡɚɰɢɢ [56]. ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɜɟɤɬɨɪ x – ɪɟɲɟɧɢɟ ɧɟɤɨɬɨɪɨɣ 

ɨɩɬɢɦɢɡɚɰɢɨɧɧɨɣ ɡɚɞɚɱɢ. Ɇɧɨɠɟɫɬɜɨ ɜɫɟɯ ɜɨɡɦɨɠɧɵɯ ɜɟɤɬɨɪɨɜ ɨɛɨɡɧɚɱɢɦ X. 

ɉɭɫɬɶ ɬɪɟɛɭɟɬɫɹ ɦɢɧɢɦɢɡɢɪɨɜɚɬɶ ɧɟɤɨɬɨɪɭɸ ɮɭɧɤɰɢɸ f(x) ɧɚ ɦɧɨɠɟɫɬɜɟ X. 

Ⱥɥɝɨɪɢɬɦ 2.3 Ⱥɥɝɨɪɢɬɦ ɥɨɤɚɥɶɧɨɝɨ ɫɩɭɫɤɚ 

 /* Вɜɟɞɟɦ ɨɛɨɡɧɚɱɟɧɢɹ: x0 – ɧɚɱɚɥɶɧɨɟ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ.    */ 

1: x = x0; 

2: ɉɨɫɬɪɨɢɬɶ ɨɤɪɟɫɬɧɨɫɬɶ ɫɨɫɟɞɧɢɯ ɪɟɲɟɧɢɣ N(x); 

3: ɇɚɣɬɢ ɬɚɤɨɟ ɪɟɲɟɧɢɟ z  N(x), ɱɬɨ f(z) ≤ f(y), ɞɥɹ ɜɫɟɯ 
y  N(x); 

4: IF (f(z) < f(x)) THEN 

5:  x = z; 

6:  ɩɟɪɟɯɨɞ ɤ ɤɨɦɚɧɞɟ 2; 

7: END IF; 

8: RETURN x; 

 

ɉɨɥɭɱɟɧɢɟ ɨɤɪɟɫɬɧɨɫɬɢ ɪɟɲɟɧɢɹ ɁɊɗɊɂɋ ɞɥɹ ɚɥɝɨɪɢɬɦɨɜ ɥɨɤɚɥɶɧɨɝɨ 

ɩɨɢɫɤɚ 

ɇɚɦ ɧɟɨɛɯɨɞɢɦɨ ɨɬɫɨɪɬɢɪɨɜɚɬɶ ɬɢɩɵ ɷɥɟɦɟɧɬɨɜ ɂɋ ɩɨ ɜɨɡɪɚɫɬɚɧɢɸ ɰɟɧɵ. 

ȼ ɞɚɥɶɧɟɣɲɟɦ ɦɵ ɛɭɞɟɦ ɢɫɯɨɞɢɬɶ ɢɡ ɬɨɝɨ, ɱɬɨ i-ɣ ɬɢɩ ɞɨɪɨɠɟ (i – 1)-ɝɨ ɢ ɞɟɲɟɜɥɟ 

(i + 1)-ɝɨ. 

ɉɨɧɹɬɢɟ «ɨɤɪɟɫɬɧɨɫɬɶ» ɹɜɥɹɟɬɫɹ ɫɚɦɵɦ ɢɧɬɟɪɟɫɧɵɦ ɜ ɦɟɬɚɷɜɪɢɫɬɢɤɚɯ, 

ɨɫɧɨɜɚɧɧɵɯ ɧɚ ɥɨɤɚɥɶɧɨɦ ɩɨɢɫɤɟ. Ɉɧɨ ɩɥɨɯɨ ɮɨɪɦɚɥɢɡɨɜɚɧɨ ɢ ɞɥɹ ɤɚɠɞɨɣ 

ɤɨɧɤɪɟɬɧɨɣ ɡɚɞɚɱɢ ɨɩɬɢɦɢɡɚɰɢɢ ɨɛɥɚɞɚɟɬ ɫɜɨɟɣ ɫɩɟɰɢɮɢɤɨɣ. ȼ ɫɥɭɱɚɟ ɁɊɗɊɂɋ ɭ 

ɧɚɫ ɢɦɟɟɬɫɹ ɪɟɲɟɧɢɟ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɟ ɜ ɜɢɞɟ ɪɹɞɚ ɷɥɟɦɟɧɬɨɜ ɫ ɩɨɞɤɥɸɱɟɧɧɵɦɢ ɤ 

ɧɢɦ ɤɥɢɟɧɬɚɦɢ. Ɇɵ ɞɨɥɠɧɵ ɨɩɪɟɞɟɥɢɬɶɫɹ, ɤɚɤɢɟ ɪɟɲɟɧɢɹ ɹɜɥɹɸɬɫɹ ɧɚɢɛɨɥɟɟ 
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ɛɥɢɡɤɢɦɢ ɤ ɧɚɲɟɦɭ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɟɞɥɚɝɚɟɬɫɹ ɫɩɨɫɨɛ ɮɨɪɦɢɪɨɜɚɧɢɹ 

ɨɤɪɟɫɬɧɨɫɬɢ ɪɟɲɟɧɢɹ ɩɨɫɪɟɞɫɬɜɨɦ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɧɟɛɨɥɶɲɢɯ ɢɡɦɟɧɟɧɢɣ ɜ 

ɬɟɤɭɳɟɦ ɪɟɲɟɧɢɢ Sol. ɇɨɜɨɟ ɪɟɲɟɧɢɟ ɢɡ ɨɤɪɟɫɬɧɨɫɬɢ ɬɟɤɭɳɟɝɨ ɪɟɲɟɧɢɹ ɦɨɠɧɨ 

ɩɨɥɭɱɢɬɶ ɨɞɧɢɦ ɢɡ ɲɟɫɬɢ ɫɩɨɫɨɛɨɜ (ɨɩɟɪɚɰɢɣ, ɩɪɢɦɟɧɹɟɦɵɯ ɤ ɪɟɲɟɧɢɸ), 

ɤɨɬɨɪɵɟ ɩɨɪɨɠɞɚɸɬ 6 ɬɢɩɨɜ ɨɤɪɟɫɬɧɨɫɬɟɣ [45]. 

1. Сɦɟɧɚ ɬɢɩɚ ɨɞɧɨɝɨ ɷɥɟɦɟɧɬɚ ɧɚ ɛɨɥɟɟ ɞɟɲɟɜыɣ. Ɇɚɤɫɢɦɚɥɶɧɨɟ ɱɢɫɥɨ 

ɪɟɲɟɧɢɣ ɜ ɬɚɤɨɣ ɨɤɪɟɫɬɧɨɫɬɢ Ncheap_el(Sol) ɪɚɜɧɨ Nps. 

2. Сɦɟɧɚ ɬɢɩɚ ɨɞɧɨɝɨ ɷɥɟɦɟɧɬɚ ɧɚ ɛɨɥɟɟ ɞɨɪɨɝɨɣ. Ɇɚɤɫɢɦɚɥɶɧɨɟ ɱɢɫɥɨ 

ɪɟɲɟɧɢɣ ɜ ɬɚɤɨɣ ɨɤɪɟɫɬɧɨɫɬɢ Nexp_el(Sol) ɪɚɜɧɨ Nps. 

3. ɉɟɪɟɩɨɞɤɥɸɱɟɧɢɟ ɨɞɧɨɝɨ ɤɥɢɟɧɬɚ (ɬ.ɟ. ɩɨɞɤɥɸɱɟɧɢɟ ɤ ɞɪɭɝɨɦɭ ɷɥɟɦɟɧɬɭ 

ɫɢɫɬɟɦɵ). Ⱦɚɧɧɚɹ ɨɩɟɪɚɰɢɹ ɜɨɡɦɨɠɧɚ ɞɥɹ ɤɚɠɞɨɝɨ ɤɥɢɟɧɬɚ. ȿɫɥɢ ɦɵ ɢɳɟɦ ɧɨɜɵɣ 

ɷɥɟɦɟɧɬ ɞɥɹ i-ɝɨ ɤɥɢɟɧɬɚ, ɬɨ ɦɵ ɞɨɥɠɧɵ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ [ɩɪɨɜɟɪɹɹ ɧɚ 

ɫɨɨɬɜɟɬɫɬɜɢɟ ɨɝɪɚɧɢɱɟɧɢɹɦ (1.14) ɢ (1.15)] ɩɪɨɛɨɜɚɬɶ ɩɨɞɤɥɸɱɢɬɶ ɟɝɨ ɤ ɨɞɧɨɦɭ ɢɡ 

ɦɟɫɬ-ɤɚɧɞɢɞɚɬɨɜ (ɤɪɨɦɟ ɟɝɨ ɬɟɤɭɳɟɝɨ ɦɟɫɬɚ), ɧɚɱɢɧɚɹ ɫ ɫɚɦɨɝɨ ɛɥɢɠɧɟɝɨ ɤ 

ɤɥɢɟɧɬɭ i. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɦɟɫɬɨ w, ɤ ɤɨɬɨɪɨɦɭ ɦɵ ɯɨɬɢɦ ɩɨɞɤɥɸɱɢɬɶ ɤɥɢɟɧɬɚ, 

ɞɨɥɠɧɨ ɢɦɟɬɶ ɚɤɬɢɜɧɵɣ ɷɥɟɦɟɧɬ. Ɇɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɨɟ ɱɢɫɥɨ ɪɟɲɟɧɢɣ ɜ ɬɚɤɨɣ 

ɨɤɪɟɫɬɧɨɫɬɢ Nreconn_cl(Sol) ɪɚɜɧɨ Ncl.  

4. Уɞɚɥɟɧɢɟ ɨɞɧɨɝɨ ɷɥɟɦɟɧɬɚ. Ⱦɚɧɧɚɹ ɨɩɟɪɚɰɢɹ ɜɨɡɦɨɠɧɚ ɞɥɹ ɤɚɠɞɨɝɨ 

ɚɤɬɢɜɧɨɝɨ ɦɟɫɬɚ-ɤɚɧɞɢɞɚɬɚ. Ⱦɥɹ ɤɚɠɞɨɝɨ ɢɡ ɤɥɢɟɧɬɨɜ ɭɞɚɥɹɟɦɨɝɨ ɷɥɟɦɟɧɬɚ s ɦɵ 

ɡɚɩɭɫɤɚɟɦ ɨɩɟɪɚɰɢɸ 'ɉɟɪɟɩɨɞɤɥɸɱɟɧɢɟ ɨɞɧɨɝɨ ɤɥɢɟɧɬɚ'. ȿɫɥɢ ɜɫɟ ɤɥɢɟɧɬɵ s-ɝɨ 

ɷɥɟɦɟɧɬɚ ɫɢɫɬɟɦɵ ɦɨɠɧɨ ɩɨɞɤɥɸɱɢɬɶ ɤ ɞɪɭɝɢɦ ɷɥɟɦɟɧɬɚɦ, ɡɧɚɱɢɬ ɭɞɚɥɟɧɢɟ s-ɝɨ 

ɷɥɟɦɟɧɬɚ ɜɨɡɦɨɠɧɨ. Ɇɚɤɫɢɦɚɥɶɧɨɟ ɱɢɫɥɨ ɪɟɲɟɧɢɣ ɜ ɬɚɤɨɣ ɨɤɪɟɫɬɧɨɫɬɢ 

Nremove_el(Sol) ɪɚɜɧɨ Nps. 

5. Ⱦɨɛɚɜɥɟɧɢɟ ɨɞɧɨɝɨ ɷɥɟɦɟɧɬɚ. Ⱦɚɧɧɚɹ ɨɩɟɪɚɰɢɹ ɜɨɡɦɨɠɧɚ ɞɥɹ ɤɚɠɞɨɝɨ 

ɩɭɫɬɨɝɨ ɦɟɫɬɚ. Ɇɵ ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɧɚ ɦɟɫɬɨ s ɧɨɜɵɣ ɷɥɟɦɟɧɬ ɢ ɩɪɨɛɭɟɦ 

ɩɨɞɤɥɸɱɢɬɶ ɤ ɧɟɦɭ ɫɚɦɵɣ ɛɥɢɡɤɢɣ ɤɥɢɟɧɬ (ɩɭɫɬɶ ɟɝɨ ɧɨɦɟɪ i). ȿɫɥɢ ɬɚɤɨɟ 

ɩɨɞɤɥɸɱɟɧɢɟ ɜɨɡɦɨɠɧɨ [ɞɥɹ s-ɝɨ ɦɟɫɬɚ ɜɵɩɨɥɧɹɸɬɫɹ ɨɝɪɚɧɢɱɟɧɢɹ (1.14) ɢ (1.15)], 

ɬɨ ɧɨɜɨɟ ɪɟɲɟɧɢɟ Sol ɹɜɥɹɟɬɫɹ ɞɨɩɭɫɬɢɦɵɦ. Ʉɥɢɟɧɬ ɫ ɧɨɦɟɪɨɦ i, ɟɫɬɟɫɬɜɟɧɧɨ, 

ɧɟɨɛɯɨɞɢɦɨ ɨɬɤɥɸɱɢɬɶ ɨɬ ɫɜɨɟɝɨ ɫɬɚɪɨɝɨ ɷɥɟɦɟɧɬɚ. Ɇɚɤɫɢɦɚɥɶɧɨɟ ɱɢɫɥɨ ɪɟɲɟɧɢɣ 
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ɜ ɬɚɤɨɣ ɨɤɪɟɫɬɧɨɫɬɢ Nadd_el(Sol) ɪɚɜɧɨ (Nps – 1) (ɤɨɝɞɚ ɬɨɥɶɤɨ ɨɞɧɨ ɦɟɫɬɨ-ɤɚɧɞɢɞɚɬ 

ɢɦɟɟɬ ɭɫɬɚɧɨɜɥɟɧɧɵɣ ɷɥɟɦɟɧɬ). 

6. ɉɟɪɟɦɟɳɟɧɢɟ ɨɞɧɨɝɨ ɷɥɟɦɟɧɬɚ. Ⱦɚɧɧɚɹ ɨɩɟɪɚɰɢɹ ɜɨɡɦɨɠɧɚ ɞɥɹ ɤɚɠɞɨɝɨ 

ɚɤɬɢɜɧɨɝɨ ɦɟɫɬɚ-ɤɚɧɞɢɞɚɬɚ. ɉɭɫɬɶ ɦɵ ɩɟɪɟɦɟɳɚɟɦ ɷɥɟɦɟɧɬ ɫ ɦɟɫɬɚ s. Ɍɨɝɞɚ ɦɵ 

ɞɨɥɠɧɵ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɪɨɛɨɜɚɬɶ ɩɨɦɟɫɬɢɬɶ ɟɟ ɧɚ ɩɭɫɬɵɟ ɦɟɫɬɚ-ɤɚɧɞɢɞɚɬɵ, 

ɧɚɱɢɧɚɹ ɫ ɫɚɦɨɝɨ ɛɥɢɠɧɟɝɨ ɤ ɦɟɫɬɭ s, ɫ ɭɱɟɬɨɦ ɬɨɝɨ, ɱɬɨ ɧɚ ɧɨɜɨɦ ɦɟɫɬɟ w ɞɨɥɠɧɵ 

ɜɵɩɨɥɧɹɬɶɫɹ ɨɝɪɚɧɢɱɟɧɢɹ (1.15). Ɇɚɤɫɢɦɚɥɶɧɨɟ ɱɢɫɥɨ ɪɟɲɟɧɢɣ ɜ ɬɚɤɨɣ 

ɨɤɪɟɫɬɧɨɫɬɢ Nmove_el(Sol) ɪɚɜɧɨ (Nps – 1). 

Ɉɬɦɟɬɢɦ, ɱɬɨ ɜɫɟ ɜɵɲɟɩɪɢɜɟɞɟɧɧɵɟ ɨɤɪɟɫɬɧɨɫɬɢ ɹɜɥɹɸɬɫɹ ɨɤɪɟɫɬɧɨɫɬɹɦɢ 

ɩɨɥɢɧɨɦɢɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ. ɉɨɥɧɚɹ ɨɤɪɟɫɬɧɨɫɬɶ ɧɟɤɨɬɨɪɨɝɨ ɪɟɲɟɧɢɹ Sol 

ɩɨɥɭɱɚɟɬɫɹ ɤɚɤ ɨɛɴɟɞɢɧɟɧɢɟ ɜɵɲɟɩɪɢɜɟɞɟɧɧɵɯ ɲɟɫɬɢ ɨɤɪɟɫɬɧɨɫɬɟɣ: 

).()()(

)()()()(

___

__

SolNSolNSolN

SolNSolNSolNSolN

elmoveeladdelremove

clreconnexp_elelcheap




 (2.1) 

 

Ⱥɥɝɨɪɢɬɦ ɥɨɤɚɥɶɧɨɝɨ ɫɩɭɫɤɚ ɞɥɹ ɪɟɲɟɧɢɹ ɁɊɗɊɂɋ 

Ɉɬɦɟɬɢɦ, ɱɬɨ ɩɪɢɦɟɧɟɧɢɟ ɨɩɟɪɚɰɢɣ «ɍɞɚɥɟɧɢɟ ɨɞɧɨɝɨ ɷɥɟɦɟɧɬɚ» ɢ «ɋɦɟɧɚ 

ɬɢɩɚ ɨɞɧɨɝɨ ɷɥɟɦɟɧɬɚ ɧɚ ɛɨɥɟɟ ɞɟɲɟɜɵɣ» ɤ ɬɟɤɭɳɟɦɭ ɪɟɲɟɧɢɸ ɝɚɪɚɧɬɢɪɨɜɚɧɨ 

ɭɦɟɧɶɲɚɟɬ ɡɧɚɱɟɧɢɟ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ (1.16). ɉɪɢɦɟɧɟɧɢɟ ɨɩɟɪɚɰɢɣ «ɋɦɟɧɚ ɬɢɩɚ 

ɨɞɧɨɝɨ ɷɥɟɦɟɧɬɚ ɧɚ ɛɨɥɟɟ ɞɨɪɨɝɨɣ» ɢ «Ⱦɨɛɚɜɥɟɧɢɟ ɨɞɧɨɝɨ ɷɥɟɦɟɧɬɚ» 

ɝɚɪɚɧɬɢɪɨɜɚɧɨ ɭɜɟɥɢɱɢɜɚɟɬ ɡɧɚɱɟɧɢɟ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ (1.16). Ⱥ ɩɪɢɦɟɧɟɧɢɟ 

ɨɩɟɪɚɰɢɣ «ɉɟɪɟɩɨɞɤɥɸɱɟɧɢɟ ɨɞɧɨɝɨ ɤɥɢɟɧɬɚ» ɢ «ɉɟɪɟɦɟɳɟɧɢɟ ɨɞɧɨɝɨ ɷɥɟɦɟɧɬɚ» 

ɦɨɠɟɬ ɤɚɤ ɭɜɟɥɢɱɢɬɶ ɡɧɚɱɟɧɢɟ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ, ɬɚɤ ɢ ɭɦɟɧɶɲɢɬɶ ɟɝɨ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɧɟɤɨɬɨɪɨɝɨ ɪɟɲɟɧɢɹ Sol, ɪɟɲɟɧɢɹ ɫ ɥɭɱɲɟɣ ɰɟɥɟɜɨɣ 

ɮɭɧɤɰɢɟɣ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɢɡ ɨɤɪɟɫɬɧɨɫɬɢ Nbetter(Sol), ɮɨɪɦɢɪɭɟɦɨɣ ɩɪɢ ɩɨɦɨɳɢ 

ɩɪɢɦɟɧɟɧɢɹ ɨɞɧɨɣ ɢɡ ɨɩɟɪɚɰɢɣ «ɋɦɟɧɚ ɬɢɩɚ ɨɞɧɨɝɨ ɷɥɟɦɟɧɬɚ ɧɚ ɛɨɥɟɟ ɞɨɪɨɝɨɣ», 

«Ⱦɨɛɚɜɥɟɧɢɟ ɨɞɧɨɝɨ ɷɥɟɦɟɧɬɚ», «ɉɟɪɟɩɨɞɤɥɸɱɟɧɢɟ ɨɞɧɨɝɨ ɤɥɢɟɧɬɚ», 

«ɉɟɪɟɦɟɳɟɧɢɟ ɨɞɧɨɝɨ ɷɥɟɦɟɧɬɚ» ɤ Sol. Ɉɬɦɟɬɢɦ, ɱɬɨ ɨɤɪɟɫɬɧɨɫɬɶ Nbetter(Sol) ɬɚɤɠɟ 

ɫɨɞɟɪɠɢɬ ɪɟɲɟɧɢɹ ɯɭɠɟ, ɱɟɦ Sol: 
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


 (2.2) 

Ⱦɥɹ ɚɥɝɨɪɢɬɦɚ ɥɨɤɚɥɶɧɨɝɨ ɫɩɭɫɤɚ, ɩɪɢɦɟɧɹɟɦɨɝɨ ɞɥɹ ɪɟɲɟɧɢɹ ɁɊɗɊɂɋ, 

ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɨɤɪɟɫɬɧɨɫɬɶ Nbetter(Sol), ɚ ɧɟ ɩɨɥɧɚɹ ɨɤɪɟɫɬɧɨɫɬɶ N(Sol). 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɨɤɪɟɫɬɧɨɫɬɢ N(Sol) ɭɦɟɫɬɧɨ ɜ ɚɥɝɨɪɢɬɦɚɯ ɢɦɢɬɚɰɢɢ ɨɬɠɢɝɚ ɢ 

ɩɨɢɫɤɚ ɫ ɡɚɩɪɟɬɚɦɢ, ɬ.ɤ. ɜ ɧɢɯ ɞɨɩɭɫɤɚɟɬɫɹ ɩɟɪɟɯɨɞ ɤ ɪɟɲɟɧɢɸ, ɤɨɬɨɪɨɟ ɯɭɠɟ 

ɬɟɤɭɳɟɝɨ. ɇɢɠɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɨɛɳɚɹ ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ ɥɨɤɚɥɶɧɨɝɨ ɫɩɭɫɤɚ ɞɥɹ 

ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɫɢɫɬɟɦ. 

Ⱥɥɝɨɪɢɬɦ 2.4 ɉɫɟɜɞɨɤɨɞ ɚɥɝɨɪɢɬɦɚ ɥɨɤɚɥɶɧɨɝɨ ɫɩɭɫɤɚ ɞɥɹ ɁɊɗɊɂɋ 

1: ɉɨɫɬɪɨɢɬɶ first – ɧɚɱɚɥɶɧɨɟ ɪɟɲɟɧɢɟ; 
2: Sol = first; 

3: REPEAT 

4:  ɉɨɫɬɪɨɢɬɶ ɨɤɪɟɫɬɧɨɫɬɶ ɫɨɫɟɞɧɢɯ ɪɟɲɟɧɢɣ Nbetter(Sol); 

5:  ɇɚɣɬɢ ɬɚɤɨɟ ɪɟɲɟɧɢɟ z  Nbetter(Sol), ɱɬɨ F(z) ≤ F(y), ɞɥɹ 
ɜɫɟɯ y  Nbetter(Sol); 

6:  IF (F(z) < F(Sol)) THEN 

7:   Sol = z; 

8:  ELSE 

9:   BREAK; 

10:  END IF; 

11: UNTIL (TRUE); 

12: RETURN Sol; 

 

2.4 Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɪɚɡɜɢɜɚɸɳɢɯɫɹ 

ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ ɩɪɢ ɩɨɦɨɳɢ ɚɥɝɨɪɢɬɦɚ ɢɦɢɬɚɰɢɢ ɨɬɠɢɝɚ 

Ɉɛɳɢɟ ɫɜɟɞɟɧɢɹ ɨɛ ɚɥɝɨɪɢɬɦɟ ɢɦɢɬɚɰɢɢ ɨɬɠɢɝɚ 

ɉɪɟɞɫɬɚɜɥɟɧɧɵɣ ɜɵɲɟ ɚɥɝɨɪɢɬɦ ɥɨɤɚɥɶɧɨɝɨ ɫɩɭɫɤɚ ɨɬɧɨɫɢɬɫɹ ɤ ɚɥɝɨɪɢɬɦɚɦ 

ɥɨɤɚɥɶɧɨɣ ɨɩɬɢɦɢɡɚɰɢɢ. Ɉɧ ɨɫɬɚɧɨɜɢɬɫɹ ɜ ɩɟɪɜɨɦ ɠɟ ɧɚɣɞɟɧɧɨɦ ɥɨɤɚɥɶɧɨɦ 
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ɨɩɬɢɦɭɦɟ. ȿɫɬɶ ɧɟɤɨɬɨɪɚɹ ɜɟɪɨɹɬɧɨɫɬɶ, ɱɬɨ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɛɭɞɟɬ ɧɚɣɞɟɧ 

ɝɥɨɛɚɥɶɧɵɣ ɨɩɬɢɦɭɦ, ɬ.ɤ. ɜɫɹɤɢɣ ɝɥɨɛɚɥɶɧɵɣ ɨɩɬɢɦɭɦ ɹɜɥɹɟɬɫɹ ɜ ɬɨ ɠɟ ɫɚɦɨɟ 

ɜɪɟɦɹ ɢ ɥɨɤɚɥɶɧɵɦ. ɇɨ ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɝɥɨɛɚɥɶɧɵɣ ɨɩɬɢɦɭɦ ɧɚɣɞɟɧ ɧɟ ɛɭɞɟɬ. 

ɉɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ ɝɥɚɜɟ 2 ɚɥɝɨɪɢɬɦɵ, ɨɬɧɨɫɹɳɢɟɫɹ ɤ ɤɥɚɫɫɭ ɚɥɝɨɪɢɬɦɨɜ 

ɥɨɤɚɥɶɧɨɝɨ ɩɨɢɫɤɚ (ɩɨɢɫɤ ɫ ɡɚɩɪɟɬɚɦɢ, ɢɦɢɬɚɰɢɹ ɨɬɠɢɝɚ, ɦɭɥɶɬɢɫɬɚɪɬ) ɹɜɥɹɸɬɫɹ 

ɚɥɝɨɪɢɬɦɚɦɢ ɝɥɨɛɚɥɶɧɨɣ ɨɩɬɢɦɢɡɚɰɢɢ, ɬ.ɤ. ɤɚɠɞɵɣ ɢɡ ɧɢɯ ɜ ɫɥɭɱɚɟ ɞɨɫɬɚɬɨɱɧɨ 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɣ ɪɚɛɨɬɵ ɪɚɧɨ ɢɥɢ ɩɨɡɞɧɨ ɧɚɣɞɟɬ ɝɥɨɛɚɥɶɧɵɣ ɨɩɬɢɦɭɦ [134]. ȼ 

ɚɥɝɨɪɢɬɦɚɯ ɩɨɢɫɤɚ ɫ ɡɚɩɪɟɬɚɦɢ ɢ ɢɦɢɬɚɰɢɢ ɨɬɠɢɝɚ (ɂɈ) ɷɬɨ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɡɚ 

ɫɱɟɬ ɧɟɧɭɥɟɜɨɣ ɜɟɪɨɹɬɧɨɫɬɢ ɩɟɪɟɯɨɞɚ ɤ ɯɭɞɲɟɦɭ ɪɟɲɟɧɢɸ ɧɚ ɨɞɧɨɣ ɢɡ ɢɬɟɪɚɰɢɣ, 

ɜ ɚɥɝɨɪɢɬɦɟ ɦɭɥɶɬɢɫɬɚɪɬɚ – ɡɚ ɫɱɟɬ ɩɟɪɟɡɚɩɭɫɤɚ ɩɨɢɫɤɚ ɢɡ ɧɨɜɨɝɨ ɧɚɱɚɥɶɧɨɝɨ 

ɪɟɲɟɧɢɹ. 

Ⱥɥɝɨɪɢɬɦ ɢɦɢɬɚɰɢɢ ɨɬɠɢɝɚ (Simulated Annealing, SA) ɛɟɪɟɬ ɫɜɨɟ ɧɚɱɚɥɨ ɨɬ 

ɚɥɝɨɪɢɬɦɚ Ɇɟɬɪɨɩɨɥɢɫɚ [138], ɫɨɡɞɚɧɧɨɝɨ ɜ 1953 ɝɨɞɭ ɛɵɜɲɢɦɢ ɭɱɚɫɬɧɢɤɚɦɢ 

ɩɪɨɟɤɬɚ «Ɇɚɧɯɷɬɬɟɧ». Ⱥɥɝɨɪɢɬɦ Ɇɟɬɪɨɩɨɥɢɫɚ ɩɨɡɜɨɥɹɥ ɨɫɭɳɟɫɬɜɥɹɬɶ ɫɢɦɭɥɹɰɢɸ 

ɭɫɬɚɧɨɜɥɟɧɢɹ ɪɚɜɧɨɜɟɫɢɹ ɜ ɫɢɫɬɟɦɟ ɫ ɦɧɨɠɟɫɬɜɨɦ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɩɪɢ ɡɚɞɚɧɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɟ. Ɉɧ ɨɫɧɨɜɵɜɚɥɫɹ ɧɚ ɢɦɢɬɚɰɢɢ ɮɢɡɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ, ɩɪɨɢɫɯɨɞɹɳɟɝɨ 

ɩɪɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɜɟɳɟɫɬɜɚ (ɜ ɬ.ɱ. ɢ ɩɪɢ ɨɬɠɢɝɟ ɦɟɬɚɥɥɨɜ). ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ 

ɚɬɨɦɵ ɭɠɟ ɜɵɫɬɪɨɢɥɢɫɶ ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ ɪɟɲɟɬɤɭ, ɧɨ ɟɳɟ ɞɨɩɭɫɬɢɦɵ ɩɟɪɟɯɨɞɵ 

ɨɬɞɟɥɶɧɵɯ ɚɬɨɦɨɜ ɢɡ ɨɞɧɨɣ ɹɱɟɣɤɢ ɜ ɞɪɭɝɭɸ. ɉɪɨɰɟɫɫ ɩɪɨɬɟɤɚɟɬ ɩɪɢ ɩɨɫɬɟɩɟɧɧɨ 

ɩɨɧɢɠɚɸɳɟɣɫɹ ɬɟɦɩɟɪɚɬɭɪɟ [44]. ɉɟɪɟɯɨɞ ɚɬɨɦɚ ɢɡ ɨɞɧɨɣ ɹɱɟɣɤɢ ɜ ɞɪɭɝɭɸ 

ɩɪɨɢɫɯɨɞɢɬ ɫ ɧɟɤɨɬɨɪɨɣ ɜɟɪɨɹɬɧɨɫɬɶɸ, ɩɪɢɱɟɦ ɜɟɪɨɹɬɧɨɫɬɶ ɭɦɟɧɶɲɚɟɬɫɹ ɫ 

ɩɨɧɢɠɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ. ɍɫɬɨɣɱɢɜɚɹ ɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɪɟɲɟɬɤɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 

ɦɢɧɢɦɭɦɭ ɷɧɟɪɝɢɢ ɚɬɨɦɨɜ, ɩɨɷɬɨɦɭ ɚɬɨɦ ɥɢɛɨ ɩɟɪɟɯɨɞɢɬ ɜ ɫɨɫɬɨɹɧɢɟ ɫ ɦɟɧɶɲɢɦ 

ɭɪɨɜɧɟɦ ɷɧɟɪɝɢɢ, ɥɢɛɨ ɨɫɬɚɟɬɫɹ ɧɚ ɦɟɫɬɟ [43]. 

ȼ ɧɚɱɚɥɟ 80-ɯ ɭ S. Kirkpatrick [127] ɩɨɹɜɢɥɚɫɶ ɢɞɟɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɟɬɨɞ 

Ɇɟɬɪɨɩɨɥɢɫɚ ɧɟ ɬɨɥɶɤɨ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɮɢɡɢɱɟɫɤɢɯ ɫɢɫɬɟɦ, ɧɨ ɢ ɞɥɹ ɪɟɲɟɧɢɹ 

ɡɚɞɚɱ ɤɨɦɛɢɧɚɬɨɪɧɨɣ ɨɩɬɢɦɢɡɚɰɢɢ. ɉɪɢɦɟɪɧɨ ɜ ɨɞɧɨ ɜɪɟɦɹ ɫ S. Kirkpatrick, 

ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɧɟɝɨ ɩɨɯɨɠɚɹ ɢɞɟɹ ɩɪɢɲɥɚ ɜ ɝɨɥɨɜɭ V. Černý [86]. 
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Ⱥɜɬɨɪɭ ɞɢɫɫɟɪɬɚɰɢɢ ɧɟɢɡɜɟɫɬɧɵ ɧɚɭɱɧɵɟ ɪɚɛɨɬɵ, ɩɨɫɜɹɳɟɧɧɵɟ 

ɩɪɢɦɟɧɟɧɢɸ ɚɥɝɨɪɢɬɦɚ ɢɦɢɬɚɰɢɢ ɨɬɠɢɝɚ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ 

ɷɥɟɦɟɧɬɨɜ ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ 

 

ɉɪɨɫɬɟɣɲɢɣ ɚɥɝɨɪɢɬɦ ɢɦɢɬɚɰɢɢ ɨɬɠɢɝɚ 

ɇɚ ɤɚɠɞɨɦ ɲɚɝɟ ɚɥɝɨɪɢɬɦɚ ɢɦɢɬɚɰɢɢ ɨɬɠɢɝɚ ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɬɟɤɭɳɟɝɨ 

ɪɟɲɟɧɢɹ x ɜɵɛɢɪɚɟɬɫɹ ɧɟɤɨɬɨɪɨɟ ɪɟɲɟɧɢɟ w. ȿɫɥɢ ɰɟɥɟɜɚɹ ɮɭɧɤɰɢɹ f(w) ɪɟɲɟɧɢɹ 

w ɛɭɞɟɬ ɥɭɱɲɟ (ɜ ɫɥɭɱɚɟ ɦɢɧɢɦɢɡɚɰɢɢ – ɦɟɧɶɲɟ), ɱɟɦ f(x), ɬɨ w ɡɚɦɟɧɹɟɬ x ɜ 

ɤɚɱɟɫɬɜɟ ɬɟɤɭɳɟɝɨ ɪɟɲɟɧɢɹ. Ɍ.ɟ. ɧɚ ɤɚɠɞɨɦ ɲɚɝɟ ɚɥɝɨɪɢɬɦɚ ɩɪɨɫɦɚɬɪɢɜɚɟɬɫɹ ɧɟ 

ɩɨɥɧɚɹ ɨɤɪɟɫɬɧɨɫɬɶ, ɤɚɤ ɜ ɚɥɝɨɪɢɬɦɟ ɥɨɤɚɥɶɧɨɝɨ ɫɩɭɫɤɚ, ɚ ɨɞɧɨ ɫɥɭɱɚɣɧɨɟ 

ɪɟɲɟɧɢɟ ɢɡ ɧɟɟ.  

Ⱥɥɝɨɪɢɬɦ ɂɈ ɢɦɟɟɬ ɨɞɧɭ ɨɫɨɛɟɧɧɨɫɬɶ, ɤɨɬɨɪɚɹ ɩɨɦɨɝɚɟɬ ɟɦɭ ɢɡɛɟɝɚɬɶ 

ɡɚɫɬɪɟɜɚɧɢɹ ɜ ɥɨɤɚɥɶɧɵɯ ɨɩɬɢɦɭɦɚɯ: ɟɫɬɶ ɧɟɤɨɬɨɪɚɹ ɜɟɪɨɹɬɧɨɫɬɶ ɩɟɪɟɯɨɞɚ ɤ 

ɪɟɲɟɧɢɸ w, ɞɚɠɟ ɟɫɥɢ f(w) ɯɭɠɟ, ɱɟɦ f(x). ɗɬɚ ɜɟɪɨɹɬɧɨɫɬɶ ɞɥɹ ɡɚɞɚɱɢ 

ɦɢɧɢɦɢɡɚɰɢɢ ɜɵɪɚɠɚɟɬɫɹ ɮɨɪɦɭɥɨɣ [127] 
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wfxf
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  (2.3) 

ɝɞɟ ɩɚɪɚɦɟɬɪ t ɩɨ ɚɧɚɥɨɝɢɢ ɫ ɮɢɡɢɱɟɫɤɢɦ ɩɪɨɰɟɫɫɨɦ ɧɚɡɵɜɚɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɨɣ. 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɱɟɦ ɜɵɲɟ ɡɧɚɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ, ɬɟɦ ɛɨɥɶɲɟ ɜɟɪɨɹɬɧɨɫɬɶ 

ɩɟɪɟɯɨɞɚ ɤ ɯɭɞɲɟɦɭ ɪɟɲɟɧɢɸ. ȼ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɩɚɪɚɦɟɬɪ t 

ɩɨɫɬɨɹɧɧɨ ɭɦɟɧɶɲɚɟɬɫɹ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɵɣ 

ɨɬɠɢɝ, ɚ ɡɧɚɱɢɬ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚ (k + 1)-ɦ ɲɚɝɟ ɦɨɠɟɬ ɛɵɬɶ ɜɵɱɢɫɥɟɧɚ ɩɪɢ ɩɨɦɨɳɢ 

ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ k-ɦ ɲɚɝɟ ɩɨ ɮɨɪɦɭɥɟ: 

,
1

 kk
tt  (2.4) 

ɝɞɟ ɩɚɪɚɦɟɬɪ   (0; 1) – ɤɨɷɮɮɢɰɢɟɧɬ ɨɯɥɚɠɞɟɧɢɹ. Ⱥɥɝɨɪɢɬɦ ɩɪɟɤɪɚɳɚɟɬ ɫɜɨɸ 

ɪɚɛɨɬɭ, ɤɨɝɞɚ ɡɧɚɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɫɬɚɧɨɜɢɬɫɹ ɛɥɢɡɤɢɦ ɤ ɧɭɥɸ. ȼ ɞɚɧɧɨɣ 

ɞɢɫɫɟɪɬɚɰɢɢ ɛɵɥɨ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɨɫɬɚɧɨɜɢɬɶɫɹ ɧɚ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɦ ɨɬɠɢɝɟ 

ɩɨ ɞɜɭɦ ɩɪɢɱɢɧɚɦ. ȼɨ-ɩɟɪɜɵɯ, ɫɪɟɞɢ ɦɟɬɨɞɨɜ ɭɦɟɧɶɲɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɷɬɨɬ 

ɫɩɨɫɨɛ ɹɜɥɹɟɬɫɹ ɫɚɦɵɦ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɢ ɷɮɮɟɤɬɢɜɧɵɦ [127, 90, 170, 102]. 

ȼɨ-ɜɬɨɪɵɯ, ɜ ɨɬɥɢɱɢɟ, ɧɚɩɪɢɦɟɪ, ɨɬ ɢɦɢɬɚɰɢɢ ɨɬɠɢɝɚ ɫ ɮɢɤɫɢɪɨɜɚɧɧɵɦ ɱɢɫɥɨɦ 
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ɢɬɟɪɚɰɢɣ, ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɵɣ ɨɬɠɢɝ ɞɨɩɭɫɤɚɟɬ ɨɫɬɚɧɨɜɤɭ ɚɥɝɨɪɢɬɦɚ ɜ ɫɥɭɱɚɟ, 

ɤɨɝɞɚ ɢɫɬɟɤɥɨ ɜɪɟɦɹ, ɨɬɜɨɞɢɦɨɟ ɧɚ ɩɨɢɫɤ. 

ɇɢɠɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɨɛɳɚɹ ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ ɢɦɢɬɚɰɢɢ ɨɬɠɢɝɚ (ɞɥɹ ɡɚɞɚɱɢ 

ɦɢɧɢɦɢɡɚɰɢɢ). 

Ⱥɥɝɨɪɢɬɦ 2.5 Ⱥɥɝɨɪɢɬɦ ɢɦɢɬɚɰɢɢ ɨɬɠɢɝɚ 

 /* Вɜɟɞɟɦ ɨɛɨɡɧɚɱɟɧɢɹ: x0 – ɧɚɱɚɥɶɧɨɟ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ; xcurr – ɬɟɤɭɳɟɟ 

ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ; xpot – ɩɨɬɟɧɰɢɚɥɶɧɨɟ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ;  xbest – ɥɭɱɲɟɟ 

ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ.    */ 

1: xcurr = x0; 

2: xbest = x0; 

3: ɉɪɢɫɜɨɢɬɶ ɧɚɱɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɟ t; 

4: xpot – ɫɥɭɱɚɣɧɨɟ ɪɟɲɟɧɢɟ ɢɡ ɨɤɪɟɫɬɧɨɫɬɢ N(xcurr); 

5: IF (f(xpot)<f(xcurr) OR Random < exp((f(xcurr) – f(xpot))/t)) THEN 

6:  xcurr = xpot; 

7: END IF; 

  
8: IF (f(xcurr) < f(xbest)) THEN 

9:  xbest = xcurr; 

10: END IF; 

11: ɍɦɟɧɶɲɢɬɶ t; 

12: IF (ɭɫɥɨɜɢɟ ɨɫɬɚɧɨɜɚ ɧɟ ɜɵɩɨɥɧɟɧɨ AND t > 0) THEN 

13:  ɩɟɪɟɯɨɞ ɤ ɤɨɦɚɧɞɟ 4; 

14: END IF; 

15: RETURN xbest; 

ȼɨɡɦɨɠɧɵɟ ɭɫɥɨɜɢɹ ɨɫɬɚɧɨɜɚ ɞɥɹ ɚɥɝɨɪɢɬɦɨɜ ɥɨɤɚɥɶɧɨɝɨ ɩɨɢɫɤɚ: 

1) ɂɫɬɟɤɥɨ ɜɪɟɦɹ, ɨɬɜɨɞɢɦɨɟ ɧɚ ɪɚɛɨɬɭ ɚɥɝɨɪɢɬɦɚ. 

2) ɑɢɫɥɨ ɢɬɟɪɚɰɢɣ ɩɪɟɜɵɫɢɥɨ ɧɟɤɨɟ ɡɚɞɚɧɧɨɟ ɱɢɫɥɨ. 

3) Ɍɟɤɭɳɟɟ ɪɟɲɟɧɢɟ ɹɜɥɹɟɬɫɹ ɨɩɬɢɦɚɥɶɧɵɦ. 

4) Ɉɤɪɟɫɬɧɨɫɬɶ ɫɨɫɟɞɧɢɯ ɪɟɲɟɧɢɣ – ɩɭɫɬɨɟ ɦɧɨɠɟɫɬɜɨ. 



68 

 

5) Ɉɤɪɟɫɬɧɨɫɬɶ ɫɨɫɟɞɧɢɯ ɪɟɲɟɧɢɣ ɧɟ ɫɨɞɟɪɠɢɬ ɧɢ ɨɞɧɨɝɨ ɪɟɲɟɧɢɹ, 

ɭɥɭɱɲɚɸɳɟɝɨ ɰɟɥɟɜɭɸ ɮɭɧɤɰɢɸ. 

6) ɐɟɥɟɜɚɹ ɮɭɧɤɰɢɹ ɧɟ ɭɥɭɱɲɚɥɚɫɶ ɧɟɤɨɬɨɪɨɟ ɡɚɞɚɧɧɨɟ ɱɢɫɥɨ ɢɬɟɪɚɰɢɣ 

ɩɨɞɪɹɞ. 

 

Ⱥɥɝɨɪɢɬɦ ɢɦɢɬɚɰɢɢ ɨɬɠɢɝɚ ɞɥɹ ɪɟɲɟɧɢɹ ɁɊɗɊɂɋ 

Ɉɫɨɛɟɧɧɨɫɬɶɸ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɜ ɞɚɧɧɨɣ ɞɢɫɫɟɪɬɚɰɢɢ ɚɥɝɨɪɢɬɦɚ ɢɦɢɬɚɰɢɢ 

ɨɬɠɢɝɚ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɨɥɧɨɣ ɨɤɪɟɫɬɧɨɫɬɢ N(Sol), ɫɨɫɬɨɹɳɟɣ ɢɡ 

ɪɟɲɟɧɢɣ, ɩɨɥɭɱɚɟɦɵɯ, ɩɪɢ ɩɨɦɨɳɢ ɩɪɢɦɟɧɟɧɢɹ ɨɞɧɨɣ ɢɡ ɲɟɫɬɢ ɨɩɟɪɚɰɢɣ, 

ɨɩɢɫɚɧɧɵɯ ɜ ɪɚɡɞɟɥɟ 2.3, ɤ ɪɟɲɟɧɢɸ Sol. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɡɚ ɫɱɟɬ ɨɩɟɪɚɰɢɣ «ɋɦɟɧɚ 

ɬɢɩɚ ɨɞɧɨɝɨ ɷɥɟɦɟɧɬɚ ɧɚ ɛɨɥɟɟ ɞɨɪɨɝɨɣ», «Ⱦɨɛɚɜɥɟɧɢɟ ɨɞɧɨɝɨ ɷɥɟɦɟɧɬɚ», 

«ɉɟɪɟɦɟɳɟɧɢɟ ɨɞɧɨɝɨ ɷɥɟɦɟɧɬɚ» ɢ «ɉɟɪɟɩɨɞɤɥɸɱɟɧɢɟ ɨɞɧɨɝɨ ɤɥɢɟɧɬɚ» ɜ ɂɈ 

ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɧɟɧɭɥɟɜɚɹ ɜɟɪɨɹɬɧɨɫɬɶ ɩɟɪɟɯɨɞɚ ɤ ɯɭɞɲɟɦɭ ɪɟɲɟɧɢɸ ɧɚ ɨɞɧɨɣ ɢɡ 

ɲɚɝɨɜ ɚɥɝɨɪɢɬɦɚ [44]. 

Ɉɬɞɟɥɶɧɨ ɩɨɝɨɜɨɪɢɦ ɨ ɜɵɛɨɪɟ ɧɚɱɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ t0, ɬ.ɤ. ɷɬɨɬ ɩɚɪɚɦɟɬɪ 

ɨɱɟɧɶ ɜɚɠɟɧ ɞɥɹ ɤɨɪɪɟɤɬɧɨɣ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ. Ⱥɜɬɨɪɵ ɚɥɝɨɪɢɬɦɚ ɂɈ [127] ɞɚɸɬ 

ɬɨɥɶɤɨ ɨɛɳɢɣ ɫɨɜɟɬ, ɡɚɤɥɸɱɚɸɳɢɣɫɹ ɜ ɬɨɦ, ɱɬɨ ɡɧɚɱɟɧɢɟ t0 ɧɚɞɨ ɜɵɛɢɪɚɬɶ ɨɱɟɧɶ 

ɛɨɥɶɲɢɦ. Ɉɞɧɚɤɨ ɜ ɪɚɛɨɬɟ [90] ɛɵɥɚ ɜɵɜɟɞɟɧɚ ɮɨɪɦɭɥɚ ɞɥɹ ɪɚɫɱɟɬɚ t0. ɉɭɫɬɶ p0 – 

ɰɟɥɟɜɚɹ ɜɟɪɨɹɬɧɨɫɬɶ ɩɪɢɧɹɬɢɹ ɯɭɞɲɟɝɨ ɪɟɲɟɧɢɹ ɧɚ ɪɚɧɧɢɯ ɲɚɝɚɯ ɚɥɝɨɪɢɬɦɚ ɂɈ, 

fmax – ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɚɹ ɪɚɡɧɢɰɚ ɦɟɠɞɭ ɡɧɚɱɟɧɢɹɦɢ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ ɞɜɭɯ 

ɫɨɫɟɞɧɢɯ ɪɟɲɟɧɢɣ. Ɍɨɝɞɚ ɮɨɪɦɭɥɚ ɞɥɹ t0 ɢɦɟɟɬ ɜɢɞ: 

.
)(Ln 0

max

0
p

f
t


  (2.5) 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɡɚɪɚɧɟɟ ɜɵɱɢɫɥɢɬɶ fmax ɨɱɟɧɶ ɫɥɨɠɧɨ, ɩɨɷɬɨɦɭ ɦɵ ɞɨɥɠɧɵ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɪɚɫɱɟɬɚɯ ɩɪɢɛɥɢɡɢɬɟɥɶɧɭɸ ɨɰɟɧɤɭ ɷɬɨɣ ɜɟɥɢɱɢɧɵ. ȼ ɡɚɞɚɱɟ 

ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɂɋ ɩɚɪɚɦɟɬɪ fmax ɞɨɥɠɟɧ ɛɵɬɶ ɩɪɢɦɟɪɧɨ ɪɚɜɟɧ ɫɬɨɢɦɨɫɬɢ 

ɫɚɦɨɝɨ ɞɨɪɨɝɨɝɨ ɢɡ ɞɨɫɬɭɩɧɵɯ ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɷɥɟɦɟɧɬɨɜ [44]. 

Ɉɬɦɟɬɢɦ, ɱɬɨ ɩɪɢ ɤɚɠɞɨɦ ɡɧɚɱɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɦɨɠɧɨ ɞɟɥɚɬɶ ɧɟɫɤɨɥɶɤɨ 

ɢɬɟɪɚɰɢɣ ɚɥɝɨɪɢɬɦɚ (ɨɛɨɡɧɚɱɢɦ ɷɬɭ ɜɟɥɢɱɢɧɭ ɤɚɤ N_iter). 
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ɇɢɠɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɨɛɳɚɹ ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ ɢɦɢɬɚɰɢɢ ɨɬɠɢɝɚ ɞɥɹ ɡɚɞɚɱɢ 

ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɫɢɫɬɟɦ [44, 156]. 

Ⱥɥɝɨɪɢɬɦ 2.6 ɉɫɟɜɞɨɤɨɞ ɚɥɝɨɪɢɬɦɚ ɢɦɢɬɚɰɢɢ ɨɬɠɢɝɚ ɞɥɹ ɁɊɗɊɂɋ 

  /* Вɜɟɞɟɦ ɨɛɨɡɧɚɱɟɧɢɹ: curr_n_iter – ɬɟɤɭɳɟɟ ɱɢɫɥɨ ɢɬɟɪɚɰɢɣ ɩɪɢ ɞɚɧɧɨɦ 

ɡɧɚɱɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ; t_min – ɬɟɦɩɟɪɚɬɭɪɚ, ɩɪɢ ɤɨɬɨɪɨɣ ɨɬɠɢɝ 

ɩɪɟɤɪɚɳɚɟɬɫɹ;  Curr – ɬɟɤɭɳɟɟ ɪɟɲɟɧɢɟ;  Sol – ɩɨɬɟɧɰɢɚɥɶɧɨɟ ɪɟɲɟɧɢɟ; Best – 

ɥɭɱɲɟɟ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ; p – ɜɟɪɨɹɬɧɨɫɬɶ ɩɟɪɟɯɨɞɚ ɤ ɯɭɞɲɟɦɭ ɪɟɲɟɧɢɸ.        */ 

1: ɉɨɫɬɪɨɢɬɶ Curr – ɧɚɱɚɥɶɧɨɟ ɪɟɲɟɧɢɟ ɁɊЭɊɂɋ; 
2: Best = Curr; 

3: ɇɚɣɬɢ t0 ɩɨ ɮɨɪɦɭɥɟ (2.5); 
4: t = t0; 

5: curr_n_iter = 0; 

6: REPEAT 

7:  curr_n_iter++; 

8:  Sol = Curr; 

9:  ɉɪɢɦɟɧɢɬɶ ɤ Sol ɨɞɧɭ ɢɡ 6 ɨɩɟɪɚɰɢɣ ɩɨ ɢɡɦɟɧɟɧɢɸ ɪɟɲɟɧɢɹ 
(ɜɵɛɨɪ ɨɩɟɪɚɰɢɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɥɭɱɚɣɧɨ); 

10:  IF (Sol – ɧɟɞɨɩɭɫɬɢɦɨɟ ɪɟɲɟɧɢɟ) THEN 
11:   CONTINUE; 

12:  END IF; 

13:  P = exp((F(Curr) – F(Sol)) / t); 
14:  IF ((F(Sol) < F(Curr)) OR (Random < P)) THEN 

15:   Curr = Sol; 

16:   IF (F(Curr) < F(Best)) THEN 

17:    Best = Curr; 

18:   END IF; 

19:  END IF; 

   
20:  IF (curr_n_iter = N_iter) THEN 

21:   t = t × ; 

22:   curr_n_iter = 0; 

23:  END IF; 

24: UNTIL ((ɭɫɥɨɜɢɟ ɨɫɬɚɧɨɜɚ ɧɟ ɜɵɩɨɥɧɟɧɨ) AND (t > t_min)); 
25: RETURN Best; 



70 

 

 

2.5 Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɪɚɡɜɢɜɚɸɳɢɯɫɹ 

ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ ɩɪɢ ɩɨɦɨɳɢ ɚɥɝɨɪɢɬɦɚ ɩɨɢɫɤɚ ɫ ɡɚɩɪɟɬɚɦɢ 

Ɉɛɳɢɟ ɫɜɟɞɟɧɢɹ ɨɛ ɚɥɝɨɪɢɬɦɟ ɩɨɢɫɤɚ ɫ ɡɚɩɪɟɬɚɦɢ 

ɉɨɢɫɤ ɫ ɡɚɩɪɟɬɚɦɢ (Tabu Search, TS) ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ 

ɷɮɮɟɤɬɢɜɧɵɯ ɦɟɬɚɷɜɪɢɫɬɢɱɟɫɤɢɯ ɚɥɝɨɪɢɬɦɨɜ. Ɉɫɧɨɜɚɬɟɥɟɦ ɦɟɬɨɞɚ ɹɜɥɹɟɬɫɹ 

F. Glover, ɤɨɬɨɪɵɣ ɩɪɟɞɥɨɠɢɥ ɟɝɨ ɜ 80-ɟ ɝɨɞɵ [112,113]. Ɉɬɥɢɱɢɬɟɥɶɧɨɣ ɱɟɪɬɨɣ 

ɩɨɢɫɤɚ ɫ ɡɚɩɪɟɬɚɦɢ (ɉɁ) ɹɜɥɹɟɬɫɹ ɩɪɨɰɟɫɫ ɜɜɟɞɟɧɢɹ ɢ ɫɧɹɬɢɹ ɧɟɤɨɬɨɪɵɯ 

ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɨɝɪɚɧɢɱɟɧɢɣ ɡɚɞɚɱɢ ɜ ɩɪɨɰɟɫɫɟ ɩɨɢɫɤɚ ɪɟɲɟɧɢɹ [65]. 

ȼ ɚɥɝɨɪɢɬɦɟ ɩɨɢɫɤɚ ɫ ɡɚɩɪɟɬɚɦɢ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɜɨɡɦɨɠɧɨɫɬɢ ɩɟɪɟɯɨɞɚ ɢɡ 

ɨɞɧɨɝɨ ɥɨɤɚɥɶɧɨɝɨ ɨɩɬɢɦɭɦɚ ɜ ɞɪɭɝɨɣ ɜɜɨɞɢɬɫɹ ɬɚɤ ɧɚɡɵɜɚɟɦɵɣ ɫɩɢɫɨɤ ɡɚɩɪɟɬɨɜ 

(Tabu List, TL). ɗɬɨɬ ɫɩɢɫɨɤ ɯɪɚɧɢɬ ɧɟɤɨɬɨɪɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɪɟɞɵɞɭɳɢɯ ɪɟɲɟɧɢɣ, 

ɢ ɩɪɢ ɜɵɛɨɪɟ ɧɨɜɨɝɨ ɪɟɲɟɧɢɹ ɡɚɩɪɟɳɚɟɬɫɹ ɜɵɛɢɪɚɬɶ ɢɡ ɨɤɪɟɫɬɧɨɫɬɢ ɪɟɲɟɧɢɹ, 

ɫɨɞɟɪɠɚɳɢɟɫɹ ɜ ɫɩɢɫɤɟ ɡɚɩɪɟɬɨɜ [134]. Ⱦɚɧɧɵɣ ɩɪɢɟɦ ɩɨɡɜɨɥɹɟɬ ɢɡɛɟɝɚɬɶ 

ɡɚɫɬɪɟɜɚɧɢɹ ɜ ɥɨɤɚɥɶɧɨɦ ɨɩɬɢɦɭɦɟ, ɪɚɫɲɢɪɹɟɬ ɩɪɨɫɬɪɚɧɫɬɜɨ ɩɨɢɫɤɚ, ɩɨɡɜɨɥɹɹ 

ɚɥɝɨɪɢɬɦɭ ɩɨɢɫɤɚ ɫ ɡɚɩɪɟɬɚɦɢ ɧɚɯɨɞɢɬɶ ɥɭɱɲɢɟ ɪɟɲɟɧɢɹ, ɱɟɦ ɦɟɬɨɞ ɥɨɤɚɥɶɧɨɝɨ 

ɫɩɭɫɤɚ. 

ɋɩɢɫɨɤ ɡɚɩɪɟɬɨɜ TL ɫɬɪɨɢɬɫɹ ɩɨ ɩɪɟɞɵɫɬɨɪɢɢ ɩɨɢɫɤɚ, ɬ.ɟ. ɩɨ ɧɟɫɤɨɥɶɤɢɦ 

ɩɨɫɥɟɞɧɢɦ ɢɬɟɪɚɰɢɹɦ, ɢ ɡɚɩɪɟɳɚɟɬ ɱɚɫɬɶ ɩɨɥɧɨɣ ɨɤɪɟɫɬɧɨɫɬɢ N(x) ɬɟɤɭɳɟɝɨ 

ɪɟɲɟɧɢɹ [56]. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɢɫɤ ɫ ɡɚɩɪɟɬɚɦɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɪɚɡɧɨɜɢɞɧɨɫɬɶ ɥɨɤɚɥɶɧɨɝɨ ɫɩɭɫɤɚ, ɜ ɩɪɨɰɟɫɫɟ ɤɨɬɨɪɨɝɨ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨɢɫɤ ɧɟ ɜ 

ɩɨɥɧɨɣ ɨɤɪɟɫɬɧɨɫɬɢ N(x), ɚ ɜ ɨɤɪɟɫɬɧɨɫɬɢ NTL(x), ɩɨɥɭɱɚɟɦɨɣ ɩɪɢ ɩɨɦɨɳɢ 

ɭɞɚɥɟɧɢɹ ɢɡ N(x) ɪɟɲɟɧɢɣ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɫɩɢɫɤɟ ɡɚɩɪɟɬɨɜ. 

ɇɚ ɤɚɠɞɨɣ ɢɬɟɪɚɰɢɢ ɩɨɢɫɤɚ ɫ ɡɚɩɪɟɬɚɦɢ ɫɩɢɫɨɤ ɡɚɩɪɟɬɨɜ ɨɛɧɨɜɥɹɟɬɫɹ. 

Ɉɛɧɨɜɥɟɧɢɟ ɫɩɢɫɤɚ ɡɚɩɪɟɬɨɜ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɷɬɚɩɨɜ: ɭɞɚɥɟɧɢɟ ɫɚɦɨɝɨ «ɫɬɚɪɨɝɨ» 

ɷɥɟɦɟɧɬɚ ɫɩɢɫɤɚ (ɟɫɥɢ ɬɟɤɭɳɚɹ ɞɥɢɧɚ ɫɩɢɫɤɚ ɪɚɜɧɚ ɦɚɤɫɢɦɚɥɶɧɨɣ ɞɥɢɧɟ l) ɢ 

ɞɨɛɚɜɥɟɧɢɟ ɜ ɫɩɢɫɨɤ ɧɨɜɨɝɨ ɷɥɟɦɟɧɬɚ. 

ɇɢɠɟ ɩɪɢɜɟɞɟɧ ɨɛɳɢɣ ɚɥɝɨɪɢɬɦ ɩɨɢɫɤɚ ɫ ɡɚɩɪɟɬɚɦɢ (ɞɥɹ ɡɚɞɚɱɢ 

ɦɢɧɢɦɢɡɚɰɢɢ). 
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Ⱥɥɝɨɪɢɬɦ 2.7 Ⱥɥɝɨɪɢɬɦ ɩɨɢɫɤɚ ɫ ɡɚɩɪɟɬɚɦɢ 

 /* Вɜɟɞɟɦ ɨɛɨɡɧɚɱɟɧɢɹ: x0 – ɧɚɱɚɥɶɧɨɟ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ; xcurr – ɬɟɤɭɳɟɟ 

ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ; xbest – ɥɭɱɲɟɟ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ.    */ 

1: xcurr = x0; 

2: xbest = x0; 

3: TL = ; 

4: Ⱦɨɛɚɜɢɬɶ ɪɟɲɟɧɢɟ x0 ɜ TL; 

5: ɉɨɫɬɪɨɢɬɶ ɨɤɪɟɫɬɧɨɫɬɶ ɫɨɫɟɞɧɢɯ ɪɟɲɟɧɢɣ NTL(xcurr); 

6: ɇɚɣɬɢ ɬɚɤɨɟ ɪɟɲɟɧɢɟ z  NTL(xcurr), ɱɬɨ f(z) ≤ f(y), ɞɥɹ ɜɫɟɯ 
y  NTL(xcurr); 

7: xcurr = z; 

8: Ɉɛɧɨɜɢɬɶ ɫɩɢɫɨɤ TL; 

9: IF (f(xcurr) < f(xbest)) THEN 

10:  xbest = xcurr; 

11: END IF; 

  
12: IF (ɭɫɥɨɜɢɟ ɨɫɬɚɧɨɜɚ ɧɟ ɜɵɩɨɥɧɟɧɨ) THEN 
13:  ɩɟɪɟɯɨɞ ɤ ɤɨɦɚɧɞɟ 5; 

14: END IF; 

15: RETURN xbest; 

 

ȼɟɪɨɹɬɧɨɫɬɧɵɣ ɩɨɢɫɤ ɫ ɡɚɩɪɟɬɚɦɢ 

ȼɟɪɨɹɬɧɨɫɬɧɵɣ ɩɨɢɫɤ ɫ ɡɚɩɪɟɬɚɦɢ ɜɩɟɪɜɵɟ ɛɵɥ ɩɪɟɞɥɨɠɟɧ ɜ ɪɚɛɨɬɟ [106]. 

Ɋɚɫɫɦɨɬɪɢɦ ɪɚɧɞɨɦɢɡɢɪɨɜɚɧɧɭɸ ɨɤɪɟɫɬɧɨɫɬɶ Np(x)  N(x), ɝɞɟ ɤɚɠɞɵɣ ɷɥɟɦɟɧɬ 

ɨɤɪɟɫɬɧɨɫɬɢ N(x) ɜɤɥɸɱɚɟɬɫɹ ɜ ɦɧɨɠɟɫɬɜɨ Np(x) ɫ ɜɟɪɨɹɬɧɨɫɬɶɸ 0 ≤ p ≤ 1 (p –

 ɩɚɪɚɦɟɬɪ ɪɚɧɞɨɦɢɡɚɰɢɢ ɨɤɪɟɫɬɧɨɫɬɢ) ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɞɪɭɝɢɯ ɷɥɟɦɟɧɬɨɜ [40]. ɋ 

ɧɟɧɭɥɟɜɨɣ ɜɟɪɨɹɬɧɨɫɬɶɸ ɦɧɨɠɟɫɬɜɨ Np(x) ɦɨɠɟɬ ɫɨɜɩɚɞɚɬɶ ɫ N(x), ɦɨɠɟɬ 

ɨɤɚɡɚɬɶɫɹ ɩɭɫɬɵɦ ɢɥɢ ɫɨɞɟɪɠɚɬɶ ɪɨɜɧɨ ɨɞɢɧ ɷɥɟɦɟɧɬ. Ⱥɥɝɨɪɢɬɦ ɩɨɢɫɤɚ ɫ 

ɡɚɩɪɟɬɚɦɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɜ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ, ɨɫɭɳɟɫɬɜɥɹɟɬ ɜɟɪɨɹɬɧɨɫɬɧɵɣ 
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ɥɨɤɚɥɶɧɵɣ ɩɨɢɫɤ ɩɨ ɪɚɧɞɨɦɢɡɢɪɨɜɚɧɧɨɣ ɨɤɪɟɫɬɧɨɫɬɢ (ɩɨɷɬɨɦɭ ɨɧ ɧɚɡɵɜɚɟɬɫɹ 

ɜɟɪɨɹɬɧɨɫɬɧɵɣ ɉɁ), ɫɨɜɟɪɲɚɹ ɲɚɝɢ ɤɚɤ ɭɥɭɱɲɚɸɳɢɟ ɰɟɥɟɜɭɸ ɮɭɧɤɰɢɸ, ɬɚɤ ɢ 

ɭɯɭɞɲɚɸɳɢɟ ɟɟ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɚɥɝɨɪɢɬɦɭ ɩɟɪɟɦɟɳɚɬɶɫɹ ɨɬ ɨɞɧɨɝɨ ɥɨɤɚɥɶɧɨɝɨ 

ɨɩɬɢɦɭɦɚ ɤ ɞɪɭɝɨɦɭ ɜ ɰɟɥɹɯ ɧɚɣɬɢ ɫɪɟɞɢ ɧɢɯ ɥɭɱɲɟɟ ɪɟɲɟɧɢɟ [46]. ɉɨ ɚɧɚɥɨɝɢɢ ɫ 

ɤɥɚɫɫɢɱɟɫɤɢɦ ɉɁ, ɜ ɜɟɪɨɹɬɧɨɫɬɧɨɦ ɉɁ ɫɩɢɫɨɤ ɡɚɩɪɟɬɨɜ ɧɚɤɥɚɞɵɜɚɟɬ ɧɟɤɨɬɨɪɵɟ 

ɨɝɪɚɧɢɱɟɧɢɹ ɧɚ ɦɧɨɠɟɫɬɜɨ ɩɨɬɟɧɰɢɚɥɶɧɵɯ ɪɟɲɟɧɢɣ, ɢ ɩɨɷɬɨɦɭ ɩɨɢɫɤ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɟ ɩɨ ɨɤɪɟɫɬɧɨɫɬɢ Np(x), ɚ ɩɨ ɨɤɪɟɫɬɧɨɫɬɢ Np–TL(x), ɩɨɥɭɱɚɟɦɨɣ 

ɩɪɢ ɩɨɦɨɳɢ ɭɞɚɥɟɧɢɹ ɢɡ Np(x) ɪɟɲɟɧɢɣ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɫɩɢɫɤɟ ɡɚɩɪɟɬɨɜ. 

ȼ ɪɚɛɨɬɚɯ [106,26,40,5,46] ɩɨɤɚɡɚɧɨ, ɱɬɨ ɜɟɪɨɹɬɧɨɫɬɧɵɣ ɩɨɢɫɤ ɫ ɡɚɩɪɟɬɚɦɢ ɜ 

ɫɪɟɞɧɟɦ ɷɮɮɟɤɬɢɜɧɟɣ ɩɨɢɫɤɚ ɫ ɡɚɩɪɟɬɚɦɢ, ɩɪɢ ɤɨɬɨɪɨɦ ɩɪɨɫɦɚɬɪɢɜɚɟɬɫɹ ɜɫɹ 

ɨɤɪɟɫɬɧɨɫɬɶ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɩɪɢ p = 1 ɨɤɪɟɫɬɧɨɫɬɶ Np(x) ɫɨɜɩɚɞɚɟɬ ɫ N(x). 

ɉɫɟɜɞɨɤɨɞ ɚɥɝɨɪɢɬɦɚ ɜɟɪɨɹɬɧɨɫɬɧɨɝɨ ɩɨɢɫɤɚ ɫ ɡɚɩɪɟɬɚɦɢ ɚɧɚɥɨɝɢɱɟɧ 

ɩɫɟɜɞɨɤɨɞɭ ɤɥɚɫɫɢɱɟɫɤɨɝɨ ɉɁ ɫ ɨɞɧɢɦ ɢɡɦɟɧɟɧɢɟɦ: NTL(x) ɧɟɨɛɯɨɞɢɦɨ ɡɚɦɟɧɢɬɶ 

ɧɚ Np–TL(x). 

 

Ⱥɥɝɨɪɢɬɦ ɜɟɪɨɹɬɧɨɫɬɧɨɝɨ ɩɨɢɫɤɚ ɫ ɡɚɩɪɟɬɚɦɢ ɞɥɹ ɪɟɲɟɧɢɹ ɁɊɗɊɂɋ 

ɉɟɪɜɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɜ ɞɚɧɧɨɣ ɞɢɫɫɟɪɬɚɰɢɢ ɚɥɝɨɪɢɬɦɚ 

ɩɨɢɫɤɚ ɫ ɡɚɩɪɟɬɚɦɢ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɪɚɧɞɨɦɢɡɢɪɨɜɚɧɧɨɣ ɨɤɪɟɫɬɧɨɫɬɢ 

Np-TL(Sol), ɩɨɥɭɱɚɟɦɨɣ ɢɡ ɩɨɥɧɨɣ ɨɤɪɟɫɬɧɨɫɬɢ N(Sol). Ɍɚ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɫɨɫɬɨɢɬ 

ɢɡ ɪɟɲɟɧɢɣ, ɩɨɥɭɱɚɟɦɵɯ, ɩɪɢ ɩɨɦɨɳɢ ɩɪɢɦɟɧɟɧɢɹ ɨɞɧɨɣ ɢɡ ɲɟɫɬɢ ɨɩɟɪɚɰɢɣ, 

ɨɩɢɫɚɧɧɵɯ ɜ ɪɚɡɞɟɥɟ 2.3, ɤ ɪɟɲɟɧɢɸ Sol. 

Ⱦɪɭɝɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɹɜɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɣ ɦɨɦɟɧɬ. Ʉɚɤ ɭɠɟ ɛɵɥɨ ɫɤɚɡɚɧɨ, ɜ 

ɤɥɚɫɫɢɱɟɫɤɨɦ ɚɥɝɨɪɢɬɦɟ ɩɨɢɫɤɚ ɫ ɡɚɩɪɟɬɚɦɢ ɜ ɫɩɢɫɨɤ ɡɚɩɪɟɬɨɜ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ 

ɞɨɛɚɜɥɹɸɬɫɹ ɬɟ ɪɟɲɟɧɢɹ, ɤɨɬɨɪɵɟ ɛɵɥɢ ɩɪɢɡɧɚɧɵ ɥɭɱɲɢɦɢ ɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ 

ɢɬɟɪɚɰɢɢ ɢ ɤ ɤɨɬɨɪɵɦ ɛɵɥ ɨɫɭɳɟɫɬɜɥɟɧ ɩɟɪɟɯɨɞ ɤɚɤ ɤ ɧɨɜɨɦɭ ɬɟɤɭɳɟɦɭ 

ɪɟɲɟɧɢɸ. Ɉɞɧɚɤɨ ɫɩɟɰɢɮɢɤɚ ɧɚɲɟɣ ɡɚɞɚɱɢ ɬɚɤɨɜɚ, ɱɬɨ ɞɥɹ ɧɟɟ ɯɚɪɚɤɬɟɪɧɨ ɨɱɟɧɶ 

ɛɨɥɶɲɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ ɩɨɢɫɤɚ, ɜ ɤɨɬɨɪɨɦ ɥɟɝɤɨ ɡɚɫɬɪɹɬɶ ɜ ɥɨɤɚɥɶɧɨɣ ɨɤɪɟɫɬɧɨɫɬɢ, 

ɩɪɢɧɚɞɥɟɠɚɳɟɣ ɨɞɧɨɦɭ ɩɢɤɭ, ɞɚɠɟ ɟɫɥɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɨɱɟɧɶ ɛɨɥɶɲɨɣ ɫɩɢɫɨɤ 

ɡɚɩɪɟɬɨɜ. ȼɨɡɦɨɠɧɵɯ ɪɟɲɟɧɢɣ ɦɨɠɟɬ ɛɵɬɶ ɫɥɢɲɤɨɦ ɦɧɨɝɨ. 
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ɉɨɷɬɨɦɭ ɩɪɟɞɥɚɝɚɟɬɫɹ ɜ ɫɩɢɫɨɤ ɡɚɩɪɟɬɨɜ ɞɨɛɚɜɥɹɬɶ ɧɟ ɪɟɲɟɧɢɹ, ɚ ɨɩɟɪɚɰɢɢ, 

ɤɨɬɨɪɵɟ ɧɟɥɶɡɹ ɛɭɞɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶ ɜ ɬɟɱɟɧɢɟ l ɫɥɟɞɭɸɳɢɯ ɢɬɟɪɚɰɢɣ. Ɍɨ ɟɫɬɶ 

ɤɚɠɞɨɟ ɢɡɦɟɧɟɧɢɟ, ɩɪɢɦɟɧɟɧɧɨɟ ɤ ɪɟɲɟɧɢɸ, ɩɨɪɨɠɞɚɟɬ ɡɚɩɪɟɬ ɧɚ ɨɩɟɪɚɰɢɸ, 

ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɜɟɪɧɭɬɶ ɧɚɫ ɜ ɷɬɨ ɫɚɦɨɟ ɪɟɲɟɧɢɟ [46]. ɇɢɠɟ ɩɪɢɜɟɞɟɧɵ ɩɚɪɵ 

«ɂɡɦɟɧɟɧɢɟ» – «Ɂɚɩɪɟɬ» (ɩɨɹɫɧɟɧɢɟ: ɮɪɚɡɨɣ ɬɢɩɚ «s-ɣ ɷɥɟɦɟɧɬ» ɞɥɹ ɤɪɚɬɤɨɫɬɢ 

ɨɛɨɡɧɚɱɚɟɬɫɹ ɷɥɟɦɟɧɬ, ɪɚɫɩɨɥɨɠɟɧɧɵɣ ɧɚ s-ɦ ɦɟɫɬɟ): 

1) «ɋɦɟɧɚ ɬɢɩɚ s-ɝɨ ɷɥɟɦɟɧɬɚ ɧɚ ɛɨɥɟɟ ɞɟɲɟɜɵɣ» – «ɫɦɟɧɚ ɬɢɩɚ s-ɝɨ 

ɷɥɟɦɟɧɬɚ ɧɚ ɛɨɥɟɟ ɞɨɪɨɝɨɣ». 

2) «ɋɦɟɧɚ ɬɢɩɚ s-ɝɨ ɷɥɟɦɟɧɬɚ ɧɚ ɛɨɥɟɟ ɞɨɪɨɝɨɣ» – «ɫɦɟɧɚ ɬɢɩɚ s-ɝɨ ɷɥɟɦɟɧɬɚ 

ɧɚ ɛɨɥɟɟ ɞɟɲɟɜɵɣ». 

3) «ɉɟɪɟɩɨɞɤɥɸɱɟɧɢɟ i-ɝɨ ɤɥɢɟɧɬɚ» – «ɩɟɪɟɩɨɞɤɥɸɱɟɧɢɟ i-ɝɨ ɤɥɢɟɧɬɚ». 

4) «ɍɞɚɥɟɧɢɟ s-ɝɨ ɷɥɟɦɟɧɬɚ» – «ɞɨɛɚɜɥɟɧɢɟ s-ɝɨ ɷɥɟɦɟɧɬɚ». 

5) «Ⱦɨɛɚɜɥɟɧɢɟ s-ɝɨ ɷɥɟɦɟɧɬɚ» – «ɭɞɚɥɟɧɢɟ s-ɝɨ ɷɥɟɦɟɧɬɚ». 

6) «ɉɟɪɟɦɟɳɟɧɢɟ s-ɝɨ ɷɥɟɦɟɧɬɚ ɧɚ w-ɟ ɦɟɫɬɨ» – «ɩɟɪɟɦɟɳɟɧɢɟ w-ɝɨ 

ɷɥɟɦɟɧɬɚ». 

ȿɳɟ ɨɞɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɜ ɞɚɧɧɨɣ ɞɢɫɫɟɪɬɚɰɢɢ ɚɥɝɨɪɢɬɦɚ 

ɩɨɢɫɤɚ ɫ ɡɚɩɪɟɬɚɦɢ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɞɢɜɟɪɫɢɮɢɤɚɰɢɢ ɜ ɩɪɨɰɟɫɫɟ ɩɨɢɫɤɚ. 

Ⱦɚɧɧɵɣ ɩɪɢɟɦ, ɩɨɡɜɨɥɹɸɳɢɣ ɭɥɭɱɲɢɬɶ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɚɥɝɨɪɢɬɦɚ ɉɁ, 

ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɩɟɪɟɡɚɩɭɫɤ ɩɨɢɫɤɚ ɫ ɡɚɩɪɟɬɚɦɢ ɢɡ ɧɨɜɨɝɨ ɧɚɱɚɥɶɧɨɝɨ ɪɟɲɟɧɢɹ, 

ɟɫɥɢ ɧɟ ɭɞɚёɬɫɹ ɭɥɭɱɲɢɬɶ ɰɟɥɟɜɭɸ ɮɭɧɤɰɢɸ ɨɩɪɟɞɟɥɟɧɧɨɟ ɱɢɫɥɨ ɢɬɟɪɚɰɢɣ 

ɩɨɞɪɹɞ. Ⱦɥɹ ɭɞɨɛɫɬɜɚ ɨɛɨɡɧɚɱɢɦ ɤɚɤ use_divers ɛɭɥɟɜɭ ɩɟɪɟɦɟɧɧɭɸ, 

ɩɨɤɚɡɵɜɚɸɳɭɸ, ɢɫɩɨɥɶɡɭɟɦ ɥɢ ɦɵ ɫɬɪɚɬɟɝɢɸ ɞɢɜɟɪɫɢɮɢɤɚɰɢɢ ɜ ɩɪɨɰɟɫɫɟ 

ɜɟɪɨɹɬɧɨɫɬɧɨɝɨ ɉɁ. ɇɢɠɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɨɛɳɚɹ ɫɯɟɦɚ ɜɟɪɨɹɬɧɨɫɬɧɨɝɨ ɩɨɢɫɤɚ ɫ 

ɡɚɩɪɟɬɚɦɢ ɞɥɹ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɫɢɫɬɟɦ.  

Ⱥɥɝɨɪɢɬɦ 2.8 ɉɫɟɜɞɨɤɨɞ ɚɥɝɨɪɢɬɦɚ ɜɟɪɨɹɬɧɨɫɬɧɨɝɨ ɩɨɢɫɤɚ ɫ ɡɚɩɪɟɬɚɦɢ ɞɥɹ 

ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɫɢɫɬɟɦ 

 /* Вɜɟɞɟɦ ɨɛɨɡɧɚɱɟɧɢɹ: Best_neigh – ɥɭɱɲɟɟ ɪɟɲɟɧɢɟ ɜ ɬɟɤɭɳɟɣ 

ɨɤɪɟɫɬɧɨɫɬɢ; cost_best_neigh – ɰɟɥɟɜɚɹ ɮɭɧɤɰɢɹ ɪɟɲɟɧɢɹ Best_neigh; Best – 

ɥɭɱɲɟɟ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ; cost_best – ɰɟɥɟɜɚɹ ɮɭɧɤɰɢɹ Best.        */ 
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1: Best = ; 

2: cost_best = ; 

3: REPEAT 

4:  TL = ; 

5:  ɉɨɫɬɪɨɢɬɶ Curr – ɧɚɱɚɥɶɧɨɟ ɪɟɲɟɧɢɟ ɁɊЭɊɂɋ; 

6:  REPEAT 

7:   ɉɨɫɬɪɨɢɬɶ ɨɤɪɟɫɬɧɨɫɬɶ NTL(Curr); 

8:   Best_neigh = ; 

9:   cost_best_neigh = ; 

10:   FOREACH Sol in NTL(Curr)DO 

11:    IF (Random > p) THEN 

12:     CONTINUE; 

13:    END IF; 

     
14:    IF (Sol – ɞɨɩɭɫɬɢɦɨɟ ɪɟɲɟɧɢɟ) THEN 

15:     IF (F(Sol) < cost_best_neigh) THEN 

16:      Best_neigh = Sol; 

17:      cost_best_neigh = F(Sol); 

18:     END IF; 

19:    END IF; 

20:   END FOREACH; 

    
21:   IF (cost_best_neigh != ) THEN 

22:    Curr = Best_neigh; 

23:   END IF; 

24:   Ɉɛɧɨɜɢɬɶ TL; 
25:   IF (F(Curr) < cost_best) THEN 

26:    Best = Curr; 

27:   END IF; 
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28:   IF (ɭɫɥɨɜɢɟ ɨɫɬɚɧɨɜɚ ɜɵɩɨɥɧɟɧɨ) THEN 

29:    RETURN Best; 

30:   END IF; 

    
31:   IF (use_divers = FALSE) THEN 

32:    CONTINUE; 

33:   END IF; 

    
34:   IF (ɪɟɲɟɧɢɟ Curr ɧɟ ɭɥɭɱɲɚɥɨɫɶ ɧɟɤɨɬɨɪɨɟ ɡɚɪɚɧɟɟ 

ɨɩɪɟɞɟɥɟɧɧɨɟ ɱɢɫɥɨ ɢɬɟɪɚɰɢɣ ɩɨɞɪɹɞ) THEN 
35:    BREAK; 

36:   END IF; 

37:  UNTIL (TRUE); 

38: UNTIL (ɭɫɥɨɜɢɟ ɨɫɬɚɧɨɜɚ ɧɟ ɜɵɩɨɥɧɟɧɨ); 

39: RETURN Best; 

ȼ ɩɪɢɥɨɠɟɧɢɢ 2 (ɪɢɫɭɧɨɤ ɉ2.1) ɩɪɢɜɟɞɟɧɚ ɛɥɨɤ-ɫɯɟɦɚ ɜɟɪɨɹɬɧɨɫɬɧɨɝɨ 

ɩɨɢɫɤɚ ɫ ɡɚɩɪɟɬɚɦɢ ɞɥɹ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɫɢɫɬɟɦ. 

 

2.6 Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɪɚɡɜɢɜɚɸɳɢɯɫɹ 

ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ ɩɪɢ ɩɨɦɨɳɢ ɚɥɝɨɪɢɬɦɚ ɦɭɥɶɬɢɫɬɚɪɬɚ 

Ɉɛɳɢɟ ɫɜɟɞɟɧɢɹ ɨɛ ɚɥɝɨɪɢɬɦɟ ɦɭɥɶɬɢɫɬɚɪɬɚ 

Ʉɚɤ ɭɠɟ ɛɵɥɨ ɫɤɚɡɚɧɨ, ɝɥɨɛɚɥɶɧɵɣ ɨɩɬɢɦɭɦ ɹɜɥɹɟɬɫɹ ɜ ɬɨ ɠɟ ɫɚɦɨɟ ɜɪɟɦɹ 

ɨɞɧɢɦ ɢɡ ɥɨɤɚɥɶɧɵɯ ɨɩɬɢɦɭɦɨɜ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɟɫɥɢ ɩɪɨɫɦɨɬɪɟɬɶ ɜɫɟ 

ɥɨɤɚɥɶɧɵɟ ɨɩɬɢɦɭɦɵ ɢ ɜɵɛɪɚɬɶ ɢɡ ɧɢɯ ɥɭɱɲɢɣ, ɬɨ ɷɬɨ ɞɚɫɬ ɧɚɦ ɨɤɨɧɱɚɬɟɥɶɧɨɟ 

ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ. Ⱥɥɝɨɪɢɬɦ ɦɭɥɶɬɢɫɬɚɪɬɚ (Multi-Start, MS) ɧɚɰɟɥɟɧ ɧɚ ɬɨ, ɱɬɨɛɵ 

ɨɛɨɣɬɢ ɤɚɤ ɦɨɠɧɨ ɛɨɥɶɲɟɟ ɱɢɫɥɨ ɥɨɤɚɥɶɧɵɯ ɨɩɬɢɦɭɦɨɜ [110]. ɋɭɬɶ ɦɟɬɨɞɚ 

ɩɪɨɫɬɚ: ɚɥɝɨɪɢɬɦ ɥɨɤɚɥɶɧɨɝɨ ɫɩɭɫɤɚ (ɜɟɪɧɟɟ, ɟɝɨ ɦɨɞɢɮɢɤɚɰɢɹ) ɡɚɩɭɫɤɚɟɬɫɹ 

ɧɟɫɤɨɥɶɤɨ ɪɚɡ. Ʌɭɱɲɟɟ ɪɟɲɟɧɢɟ, ɩɨɥɭɱɟɧɧɨɟ ɩɪɢ ɤɚɠɞɨɦ ɡɚɩɭɫɤɟ, ɫɨɯɪɚɧɹɟɬɫɹ ɜ 

ɩɚɦɹɬɢ. ɉɨ ɨɤɨɧɱɚɧɢɢ ɜɪɟɦɟɧɢ ɩɨɢɫɤɚ ɥɭɱɲɢɣ ɢɡ ɥɨɤɚɥɶɧɵɯ ɨɩɬɢɦɭɦɨɜ 

ɜɨɡɜɪɚɳɚɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ. 
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Ⱥɥɝɨɪɢɬɦ ɦɭɥɶɬɢɫɬɚɪɬɚ (Ɇɋ) ɞɚɫɬ ɯɨɪɨɲɢɟ ɪɟɡɭɥɶɬɚɬɵ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ 

ɞɜɭɯ ɭɫɥɨɜɢɣ [110]: 

– ɤɚɠɞɵɣ ɡɚɩɭɫɤ ɚɥɝɨɪɢɬɦɚ (ɛɭɞɟɦ ɧɚɡɵɜɚɬɶ ɟɝɨ ɫɬɚɪɬ) ɞɨɥɠɟɧ ɫɬɚɪɬɨɜɚɬɶ 

ɢɡ ɧɨɜɨɝɨ ɧɚɱɚɥɶɧɨɝɨ ɪɟɲɟɧɢɹ; 

– ɫɚɦɚ ɩɪɨɰɟɞɭɪɚ ɥɨɤɚɥɶɧɨɝɨ ɩɨɢɫɤɚ ɞɨɥɠɧɚ ɛɵɬɶ ɜɵɩɨɥɧɟɧɚ ɬɚɤ, ɱɬɨɛɵ 

ɤɚɠɞɵɣ ɧɨɜɵɣ ɫɬɚɪɬ ɩɨ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɢɜɨɞɢɥ ɜ ɧɨɜɵɣ ɥɨɤɚɥɶɧɵɣ ɨɩɬɢɦɭɦ. ɗɬɨ 

ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ ɪɚɫɲɢɪɟɧɢɹ ɩɪɨɫɬɪɚɧɫɬɜɚ ɩɨɢɫɤɚ. 

Ⱥɥɝɨɪɢɬɦ ɦɭɥɶɬɢɫɬɚɪɬɚ ɩɨɤɚɡɵɜɚɟɬ ɪɟɡɭɥɶɬɚɬɵ, ɫɨɩɨɫɬɚɜɢɦɵɟ ɫ ɞɪɭɝɢɦɢ 

ɦɟɬɚɷɜɪɢɫɬɢɤɚɦɢ, ɢ ɩɨɷɬɨɦɭ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɪɟɲɟɧɢɹ NP-ɬɪɭɞɧɵɯ ɡɚɞɚɱ 

[137,82,139]. ɇɢɠɟ ɩɪɢɜɟɞɟɧ ɩɫɟɜɞɨɤɨɞ ɛɚɡɨɜɨɝɨ ɚɥɝɨɪɢɬɦɚ ɦɭɥɶɬɢɫɬɚɪɬɚ ɞɥɹ 

ɡɚɞɚɱɢ ɦɢɧɢɦɢɡɚɰɢɢ [60].  

Ⱥɥɝɨɪɢɬɦ 2.9 Ⱥɥɝɨɪɢɬɦ ɦɭɥɶɬɢɫɬɚɪɬɚ 

1: i = 0; 

2: REPEAT 

3:  i++; 

4:  ɉɨɫɬɪɨɢɬɶ xi – ɧɚɱɚɥɶɧɨɟ ɪɟɲɟɧɢɟ ɞɥɹ i–ɝɨ ɫɬɚɪɬɚ; 

5:  REPEAT 

6:   ɉɨɫɬɪɨɢɬɶ ɨɤɪɟɫɬɧɨɫɬɶ ɫɨɫɟɞɧɢɯ ɪɟɲɟɧɢɣ N(xi); 

7:   ɇɚɣɬɢ ɬɚɤɨɟ ɪɟɲɟɧɢɟ z  N(xi), ɱɬɨ f(z) ≤ f(y), ɞɥɹ 
ɜɫɟɯ y  N(xi); 

8:   IF (f(z) < f(xi)) THEN 

9:    xi = z; 

10:   ELSE 

11:    BREAK; 

12:   END IF; 

13:  UNTIL (TRUE); 

14: UNTIL (ɭɫɥɨɜɢɟ ɨɫɬɚɧɨɜɚ ɧɟ ɜɵɩɨɥɧɟɧɨ); 
15: RETURN ɥɭɱɲɟɟ ɢɡ ɪɟɲɟɧɢɣ xi; 
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Ⱥɥɝɨɪɢɬɦ ɦɭɥɶɬɢɫɬɚɪɬɚ ɞɥɹ ɪɟɲɟɧɢɹ ɁɊɗɊɂɋ 

ȼɜɟɞɟɦ ɩɨɧɹɬɢɟ ɠɚɞɧɨɝɨ ɚɥɝɨɪɢɬɦɚ. ȼ ɠɚɞɧɨɦ ɚɥɝɨɪɢɬɦɟ ɞɟɥɚɟɬɫɹ ɜɵɛɨɪ, 

ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ ɫɚɦɵɦ ɥɭɱɲɢɦ ɜ ɞɚɧɧɵɣ ɦɨɦɟɧɬ, ɬ.ɟ. ɩɪɨɢɡɜɨɞɢɬɫɹ ɥɨɤɚɥɶɧɨ 

ɨɩɬɢɦɚɥɶɧɵɣ ɜɵɛɨɪ ɜ ɧɚɞɟɠɞɟ, ɱɬɨ ɨɧ ɩɪɢɜɟɞɟɬ ɤ ɨɩɬɢɦɚɥɶɧɨɦɭ ɪɟɲɟɧɢɸ 

ɝɥɨɛɚɥɶɧɨɣ ɡɚɞɚɱɢ [6]. ȼ ɩɪɟɞɥɚɝɚɟɦɨɦ ɜ ɞɚɧɧɨɣ ɞɢɫɫɟɪɬɚɰɢɢ ɚɥɝɨɪɢɬɦɟ 

ɦɭɥɶɬɢɫɬɚɪɬɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɠɚɞɧɚɹ ɷɜɪɢɫɬɢɤɚ «ɩɟɪɜɨɟ ɭɥɭɱɲɟɧɢɟ» [110]. ɋɭɬɶ ɟɟ 

ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɩɪɢ ɩɨɢɫɤɟ ɦɵ ɪɚɫɫɦɚɬɪɢɜɚɟɦ ɨɞɧɨ ɫɥɭɱɚɣɧɨɟ ɫɨɫɟɞɧɟɟ 

ɪɟɲɟɧɢɟ z ɢɡ ɨɤɪɟɫɬɧɨɫɬɢ ɬɟɤɭɳɟɝɨ ɪɟɲɟɧɢɹ Sol (ɚ ɧɟ ɜɫɸ ɨɤɪɟɫɬɧɨɫɬɶ). ȿɫɥɢ f(z) 

ɥɭɱɲɟ, ɱɟɦ f(Sol), ɬɨ ɬɟɤɭɳɢɦ ɪɟɲɟɧɢɟɦ ɫɬɚɧɨɜɢɬɫɹ z. ɉɨɞɨɛɧɵɣ ɩɟɪɟɯɨɞ ɤ 

ɩɟɪɜɨɦɭ ɠɟ ɥɭɱɲɟɦɭ ɪɟɲɟɧɢɸ ɪɚɫɲɢɪɹɟɬ ɩɪɨɫɬɪɚɧɫɬɜɨ ɩɨɢɫɤɚ, ɱɬɨ ɜ ɫɨɱɟɬɚɧɢɢ 

ɫɨ ɫɬɚɪɬɚɦɢ ɢɡ ɪɚɡɧɵɯ ɧɚɱɚɥɶɧɵɯ ɪɟɲɟɧɢɣ ɩɨɡɜɨɥɢɬ ɩɨɩɚɫɬɶ ɜ ɛɨɥɶɲɟɟ 

ɤɨɥɢɱɟɫɬɜɨ ɪɚɡɧɵɯ ɥɨɤɚɥɶɧɵɯ ɨɩɬɢɦɭɦɨɜ. 

ɇɨɜɵɟ ɩɨɬɟɧɰɢɚɥɶɧɵɟ ɪɟɲɟɧɢɹ ɦɵ ɛɭɞɟɦ ɝɟɧɟɪɢɪɨɜɚɬɶ ɧɟ ɢɡ ɨɤɪɟɫɬɧɨɫɬɟɣ 

N(Sol) ɢɥɢ Np(Sol), ɚ ɢɡ ɨɤɪɟɫɬɧɨɫɬɢ Nall_better(Sol). Nall_better(Sol) – ɨɤɪɟɫɬɧɨɫɬɶ, 

ɩɨɥɭɱɚɟɦɚɹ ɩɪɢ ɩɨɦɨɳɢ ɩɪɢɦɟɧɟɧɢɹ ɨɩɟɪɚɰɢɣ «ɍɞɚɥɟɧɢɟ ɨɞɧɨɝɨ ɷɥɟɦɟɧɬɚ» ɢ 

«ɋɦɟɧɚ ɬɢɩɚ ɨɞɧɨɝɨ ɷɥɟɦɟɧɬɚ ɧɚ ɛɨɥɟɟ ɞɟɲɟɜɵɣ» ɤ Sol. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

Nall_better(Sol), ɜ ɨɬɥɢɱɢɟ ɨɬ N(Sol), ɫɨɞɟɪɠɢɬ ɬɨɥɶɤɨ ɪɟɲɟɧɢɹ ɫ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɟɣ 

ɡɚɜɟɞɨɦɨ ɥɭɱɲɟ, ɱɟɦ ɭ Sol. 

).()()(
___

SolNSolNSolN
elremoveelcheapbetterall

  (2.6) 

Ɍɚɤ ɤɚɤ ɜ ɩɪɟɞɥɚɝɚɟɦɨɦ ɧɚɦɢ ɚɥɝɨɪɢɬɦɟ ɩɪɨɫɦɚɬɪɢɜɚɟɬɫɹ ɧɟ ɜɫɹ 

ɨɤɪɟɫɬɧɨɫɬɶ, ɚ ɥɢɲɶ ɨɬɞɟɥɶɧɵɟ ɫɥɭɱɚɣɧɵɟ ɟɟ ɷɥɟɦɟɧɬɵ, ɧɟɨɛɯɨɞɢɦɨ ɩɟɪɟɫɦɨɬɪɟɬɶ 

ɢ ɤɪɢɬɟɪɢɣ ɨɤɨɧɱɚɧɢɹ ɤɚɠɞɨɝɨ ɢɡ ɫɬɚɪɬɨɜ. ɉɪɟɞɥɚɝɚɟɬɫɹ ɡɚɤɚɧɱɢɜɚɬɶ ɨɬɞɟɥɶɧɵɣ 

ɫɬɚɪɬ ɜ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɱɢɫɥɨ ɢɬɟɪɚɰɢɣ ɩɨɞɪɹɞ ɛɟɡ ɭɥɭɱɲɟɧɢɹ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ 

ɩɪɟɜɵɫɢɬ ɧɟɤɨɟ ɡɚɪɚɧɟɟ ɡɚɞɚɧɧɨɟ ɱɢɫɥɨ N_iter_max [134, 110]. Ɍ.ɟ. ɟɫɥɢ ɦɵ 

ɩɪɟɞɩɪɢɧɹɥɢ N_iter_max ɧɟɭɞɚɱɧɵɯ ɩɨɩɵɬɨɤ ɭɥɭɱɲɢɬɶ ɧɟɤɨɬɨɪɨɟ ɪɟɲɟɧɢɟ Sol, ɬɨ 

ɬɟɤɭɳɢɣ ɫɬɚɪɬ ɫɱɢɬɚɟɬɫɹ ɡɚɤɨɧɱɟɧɧɵɦ, ɪɟɡɭɥɶɬɚɬɨɦ ɟɝɨ ɜɵɩɨɥɧɟɧɢɹ ɹɜɥɹɟɬɫɹ 

ɪɟɲɟɧɢɟ Sol. 

Ⱦɪɭɝɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɚɥɝɨɪɢɬɦɚ 

ɦɭɥɶɬɢɫɬɚɪɬɚ ɹɜɥɹɟɬɫɹ ɤɨɧɰɟɩɰɢɹ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɩɨɢɫɤɚ ɜ ɬ.ɧ. ɩɟɪɫɩɟɤɬɢɜɧɵɯ 
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ɨɛɥɚɫɬɹɯ [133,110]. ɋɭɬɶ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɟɫɥɢ ɩɨ 

ɨɤɨɧɱɚɧɢɢ ɫɬɚɪɬɚ (ɩɭɫɬɶ ɟɝɨ ɧɨɦɟɪ i) ɟɝɨ ɪɟɡɭɥɶɬɚɬ Curri ɛɭɞɟɬ ɞɨɫɬɚɬɨɱɧɨ ɛɥɢɡɨɤ 

ɤ ɬɟɤɭɳɟɦɭ ɥɭɱɲɟɦɭ ɪɟɲɟɧɢɸ ɡɚɞɚɱɢ Best, ɧɟɨɛɯɨɞɢɦɨ ɢɡ ɬɨɱɤɢ Curri ɡɚɩɭɫɬɢɬɶ 

ɥɨɤɚɥɶɧɵɣ ɩɨɢɫɤ ɫ ɛɨɥɟɟ ɬɳɚɬɟɥɶɧɵɦ ɩɪɨɫɦɨɬɪɨɦ ɨɤɪɟɫɬɧɨɫɬɢ (ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɝɟɧɟɪɚɰɢɟɣ ɨɞɧɨɝɨ ɫɥɭɱɚɣɧɨɝɨ ɪɟɲɟɧɢɹ). ȼ ɪɚɛɨɬɟ [133] ɩɪɟɞɥɚɝɚɟɬɫɹ ɡɚɩɭɫɤɚɬɶ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɥɨɤɚɥɶɧɵɣ ɫɩɭɫɤ ɞɥɹ ɪɟɲɟɧɢɣ, ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɯ ɭɫɥɨɜɢɸ 

    ).()( BestFșCurrF i   (2.7) 

ȼɟɥɢɱɢɧɭ  ɧɚɡɨɜɟɦ ɩɚɪɚɦɟɬɪɨɦ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɩɨɢɫɤɚ. Ⱥɜɬɨɪɵ ɪɚɛɨɬɵ 

[133] ɭɬɜɟɪɠɞɚɸɬ, ɱɬɨ ɡɧɚɱɟɧɢɟ  = 1.25 ɨɛɟɫɩɟɱɢɜɚɟɬ ɧɚɢɥɭɱɲɢɣ ɤɨɦɩɪɨɦɢɫɫ 

ɦɟɠɞɭ ɫɤɨɪɨɫɬɶɸ ɩɨɥɭɱɟɧɢɹ ɪɟɲɟɧɢɹ ɢ ɟɝɨ ɤɚɱɟɫɬɜɨɦ. 

ɇɢɠɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɨɛɳɚɹ ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ ɦɭɥɶɬɢɫɬɚɪɬɚ ɞɥɹ ɡɚɞɚɱɢ 

ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ. 

Ⱥɥɝɨɪɢɬɦ 2.10 ɉɫɟɜɞɨɤɨɞ ɚɥɝɨɪɢɬɦɚ ɦɭɥɶɬɢɫɬɚɪɬɚ ɞɥɹ ɁɊɗɊɂɋ 

 /* Вɜɟɞɟɦ ɨɛɨɡɧɚɱɟɧɢɹ: N_iter_max – ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɨɟ ɱɢɫɥɨ 

ɢɬɟɪɚɰɢɣ ɚɥɝɨɪɢɬɦɚ ɩɨɞɪɹɞ ɛɟɡ ɭɥɭɱɲɟɧɢɹ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ; n_iter – 

ɬɟɤɭɳɟɟ ɱɢɫɥɨ ɢɬɟɪɚɰɢɣ ɩɨɞɪɹɞ ɛɟɡ ɭɥɭɱɲɟɧɢɹ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ; Best – 

ɥɭɱɲɟɟ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ; cost_best – ɰɟɥɟɜɚɹ ɮɭɧɤɰɢɹ Best.        */ 

1: Best = ; 

2: cost_best = ; 

3: i = 0; 

4: REPEAT 

5:  i++; 

6:  n_iter = 0; 

7:  ɉɨɫɬɪɨɢɬɶ Curri – ɧɚɱɚɥɶɧɨɟ ɪɟɲɟɧɢɟ ɞɥɹ i–ɝɨ ɫɬɚɪɬɚ; 

8:  REPEAT 

9:   ɋɝɟɧɟɪɢɪɭɟɦ Sol – ɫɥɭɱɚɣɧɨɟ ɪɟɲɟɧɢɟ ɢɡ ɨɤɪɟɫɬɧɨɫɬɢ 
Nall_better(Curri); 

10:   n_iter++; 

11:   IF (Sol – ɞɨɩɭɫɬɢɦɨɟ ɪɟɲɟɧɢɟ) THEN 
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12:    IF (F(Sol) < F(Curri)) THEN 

13:     Curri = Sol; 

14:     n_iter = 0; 

15:    END IF; 

16:   END IF; 

17:  UNTIL (n_iter < N_iter_max); 

   
18:  IF (F(Curri) <  × cost_best) THEN // ɢɧɬɟɧɫɢɮɢɤɚɰɢɹ ɩɨɢɫɤɚ 

19:   REPEAT 

20:    ɉɨɫɬɪɨɢɬɶ ɨɤɪɟɫɬɧɨɫɬɶ ɫɨɫɟɞɧɢɯ ɪɟɲɟɧɢɣ 
Nbetter(Curri); 

21:    ɇɚɣɬɢ ɬɚɤɨɟ ɪɟɲɟɧɢɟ z  Nbetter(Curri), ɱɬɨ  

F(z) ≤ F(y), ɞɥɹ ɜɫɟɯ y  Nbetter(Curri); 

22:    IF (F(z) < F(Curri)) THEN 

23:     Curri = z; 

24:    ELSE 

25:     BREAK; 

26:    END IF; 

27:   UNTIL (TRUE); 

28:  END IF; 

   
29:  IF (F(Curri) < cost_best) THEN // ɨɛɧɨɜɢɦ ɥɭɱɲɟɟ ɪɟɲɟɧɢɟ 

30:   cost_best = F(Curri); 

31:   Best = Curri; 

32:  END IF; 

33: UNTIL (ɭɫɥɨɜɢɟ ɨɫɬɚɧɨɜɚ ɧɟ ɜɵɩɨɥɧɟɧɨ); 

34: RETURN Best; 

ȼ ɩɪɢɥɨɠɟɧɢɢ 2 (ɪɢɫɭɧɨɤ ɉ2.2) ɩɪɢɜɟɞɟɧɚ ɛɥɨɤ-ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ 

ɦɭɥɶɬɢɫɬɚɪɬɚ ɞɥɹ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɪɚɡɜɢɜɚɸɳɢɯɫɹ 

ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ. 
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2.7 Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɪɚɡɜɢɜɚɸɳɢɯɫɹ 

ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ ɩɪɢ ɩɨɦɨɳɢ ɨɩɬɢɦɢɡɚɰɢɢ ɩɨɞɪɚɠɚɧɢɟɦ 

ɩɱɟɥɢɧɨɣ ɤɨɥɨɧɢɢ 

Ɉɛɳɢɟ ɫɜɟɞɟɧɢɹ ɨ ɪɨɟɜɨɦ ɢɧɬɟɥɥɟɤɬɟ 

Ɇɟɬɨɞɵ ɨɩɬɢɦɢɡɚɰɢɢ ɩɨɞɪɚɠɚɧɢɟɦ ɩɱɟɥɢɧɨɣ ɤɨɥɨɧɢɢ ɨɬɧɨɫɹɬɫɹ ɤ 

ɦɭɥɶɬɢɚɝɟɧɬɧɵɦ ɦɟɬɨɞɚɦ, ɨɫɧɨɜɚɧɧɵɦ ɧɚ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɝɨ 

ɩɨɜɟɞɟɧɢɹ ɤɨɥɨɧɢɣ ɚɝɟɧɬɨɜ, ɬɚɤ ɧɚɡɵɜɚɟɦɵɦ ɦɟɬɨɞɚɦ ɪɨɟɜɨɝɨ ɢɧɬɟɥɥɟɤɬɚ (Swarm 

Intelligence). ȼ ɩɪɢɪɨɞɟ ɩɨɞɨɛɧɵɦ ɢɧɬɟɥɥɟɤɬɨɦ ɨɛɥɚɞɚɸɬ ɝɪɭɩɩɵ ɨɛɳɟɫɬɜɟɧɧɵɯ 

ɧɚɫɟɤɨɦɵɯ, ɧɚɩɪɢɦɟɪ, ɤɨɥɨɧɢɢ ɦɭɪɚɜɶɟɜ, ɩɱɟɥ, ɬɟɪɦɢɬɨɜ [8]. Ⱦɪɭɝɢɟ ɧɚɡɜɚɧɢɹ 

ɦɟɬɨɞɨɜ ɨɩɬɢɦɢɡɚɰɢɢ ɩɨɞɪɚɠɚɧɢɟɦ ɩɱɟɥɢɧɨɣ ɤɨɥɨɧɢɢ: ɩɱɟɥɢɧɵɣ ɚɥɝɨɪɢɬɦ, 

ɦɟɬɨɞ/ɚɥɝɨɪɢɬɦ ɩɱɟɥɢɧɨɝɨ ɪɨɹ, ɦɟɬɨɞ/ɚɥɝɨɪɢɬɦ ɩɱɟɥɢɧɨɣ ɤɨɥɨɧɢɢ [53]. ȼ ɞɚɧɧɨɣ 

ɞɢɫɫɟɪɬɚɰɢɢ ɞɥɹ ɨɛɨɡɧɚɱɟɧɢɹ ɞɚɧɧɨɝɨ ɤɥɚɫɫɚ ɦɟɬɚɷɜɪɢɫɬɢɤ ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ 

ɫɥɨɜɨɫɨɱɟɬɚɧɢɟ "ɩɱɟɥɢɧɵɣ ɚɥɝɨɪɢɬɦ". 

Ɉɬɦɟɬɢɦ ɧɟɤɨɬɨɪɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɪɨɟɜɨɝɨ ɢɧɬɟɥɥɟɤɬɚ. Ʉɚɠɞɵɣ ɢɡ ɚɝɟɧɬɨɜ ɪɨɹ 

ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɫɬɨɯɚɫɬɢɱɟɫɤɢɦ ɩɨɜɟɞɟɧɢɟɦ ɧɚ ɨɫɧɨɜɟ ɫɨɛɫɬɜɟɧɧɨɝɨ ɜɨɫɩɪɢɹɬɢɹ 

ɨɤɪɟɫɬɧɨɫɬɢ. Ⱥɝɟɧɬɵ ɪɭɤɨɜɨɞɫɬɜɭɸɬɫɹ ɥɨɤɚɥɶɧɵɦɢ ɩɪɚɜɢɥɚɦɢ, ɧɟ ɢɦɟɹ ɧɢɤɚɤɨɝɨ 

ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɨ ɝɥɨɛɚɥɶɧɨɣ ɰɟɥɢ. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɠɞɭ ɩɨɞɨɛɧɵɦɢ 

ɫɚɦɨɨɪɝɚɧɢɡɭɸɳɢɦɢɫɹ ɚɝɟɧɬɚɦɢ ɩɪɢɜɨɞɢɬ ɤ ɩɨɹɜɥɟɧɢɸ ɤɨɥɥɟɤɬɢɜɧɨɝɨ ɪɚɡɭɦɚ 

ɩɨɞ ɧɚɡɜɚɧɢɟɦ ɪɨɟɜɨɣ ɢɧɬɟɥɥɟɤɬ [122]. Ɉɫɨɛɢ, ɜɯɨɞɹɳɢɟ ɜ ɪɨɣ, ɤɨɥɥɟɤɬɢɜɧɨ 

ɢɫɩɨɥɶɡɭɸɬ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɢ ɪɟɫɭɪɫɵ. Ʉɥɸɱɟɜɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɪɨɟɜɨɣ 

ɫɢɫɬɟɦɵ ɹɜɥɹɟɬɫɹ ɫɚɦɨɨɪɝɚɧɢɡɚɰɢɹ: ɧɢɡɤɨɭɪɨɜɧɟɜɵɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ (ɬ.ɧ. 

ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɣ ɭɪɨɜɟɧɶ) ɩɪɢɜɨɞɹɬ ɤ ɢɡɦɟɧɟɧɢɹɦ ɧɚ ɝɥɨɛɚɥɶɧɨɦ 

(ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɨɦ) ɭɪɨɜɧɟ [122]. 

E. Bonabeau [80] ɩɨɞ ɫɚɦɨɨɪɝɚɧɢɡɚɰɢɟɣ ɪɨɹ ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɫɥɟɞɭɸɳɢɟ 4 

ɨɫɨɛɟɧɧɨɫɬɢ:  

1) ɉɨɥɨɠɢɬɟɥɶɧɚɹ ɨɛɪɚɬɧɚɹ ɫɜɹɡɶ. ɇɚɩɪɢɦɟɪ, ɧɚ ɨɫɧɨɜɟ ɭɪɨɜɧɹ ɤɨɧɰɟɧɬɪɚɰɢɢ 

ɮɟɪɨɦɨɧɚ, ɨɬɥɨɠɟɧɧɨɝɨ ɞɪɭɝɢɦɢ ɦɭɪɚɜɶɹɦɢ, ɦɭɪɚɜɟɣ ɜɵɛɢɪɚɟɬ ɫɟɛɟ ɩɭɬɶ ɨɬ 



81 

 

ɦɭɪɚɜɟɣɧɢɤɚ ɞɨ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ (ɱɟɦ ɜɵɲɟ ɭɪɨɜɟɧɶ ɮɟɪɨɦɨɧɚ ɧɚ ɬɪɨɩɟ, ɬɟɦ ɫ 

ɛɨɥɶɲɟɣ ɜɟɪɨɹɬɧɨɫɬɶɸ ɦɭɪɚɜɟɣ ɜɵɛɟɪɟɬ ɷɬɭ ɬɪɨɩɭ). 

2) Ɉɬɪɢɰɚɬɟɥɶɧɚɹ ɨɛɪɚɬɧɚɹ ɫɜɹɡɶ. ɍɪɚɜɧɨɜɟɲɢɜɚɟɬ ɩɨɥɨɠɢɬɟɥɶɧɭɸ ɨɛɪɚɬɧɭɸ 

ɫɜɹɡɶ ɢ ɩɨɦɨɝɚɟɬ ɫɬɚɛɢɥɢɡɢɪɨɜɚɬɶ ɤɨɥɥɟɤɬɢɜɧɵɣ ɲɚɛɥɨɧ ɩɨɜɟɞɟɧɢɹ. ɇɚɩɪɢɦɟɪ, ɧɚ 

ɨɫɧɨɜɟ ɢɧɮɨɪɦɚɰɢɢ ɨɬ ɞɪɭɝɢɯ ɩɱɟɥ, ɩɱɟɥɚ ɦɨɠɟɬ ɪɟɲɢɬɶ, ɱɬɨ ɟɟ ɬɟɤɭɳɢɣ 

ɢɫɬɨɱɧɢɤ ɧɟɤɬɚɪɚ ɡɧɚɱɢɬɟɥɶɧɨ ɯɭɠɟ ɞɪɭɝɢɯ ɧɚɣɞɟɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, ɢ ɨɫɬɚɜɢɬɶ 

ɷɬɨɬ ɢɫɬɨɱɧɢɤ [8]. 

3) ɋɥɭɱɚɣɧɨɫɬɶ. Ɏɥɭɤɬɭɚɰɢɢ, ɬɚɤɢɟ ɤɚɤ ɫɥɭɱɚɣɧɵɟ ɛɥɭɠɞɚɧɢɹ, ɨɲɢɛɤɢ, 

ɜɟɪɨɹɬɧɨɫɬɧɵɣ ɩɨɢɫɤ ɨɱɟɧɶ ɜɚɠɧɵ ɞɥɹ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɪɨɟɜɨɝɨ ɢɧɬɟɥɥɟɤɬɚ, 

ɬ.ɤ. ɩɨɡɜɨɥɹɸɬ ɪɨɸ ɧɚɯɨɞɢɬɶ ɧɨɜɵɟ ɪɟɲɟɧɢɹ 

4) Ɇɧɨɠɟɫɬɜɟɧɧɨɫɬɶ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ. Ⱥɝɟɧɬɵ ɪɨɹ ɢɫɩɨɥɶɡɭɸɬ ɢɧɮɨɪɦɚɰɢɸ, 

ɩɨɫɬɭɩɚɸɳɭɸ ɨɬ ɞɪɭɝɢɯ ɚɝɟɧɬɨɜ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɞɚɧɧɵɟ ɨɛ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɟ 

ɪɚɫɩɪɨɫɬɪɚɧɹɸɬɫɹ ɩɨ ɜɫɟɦɭ ɪɨɸ. 

M. Millonas [140], ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɫɮɨɪɦɭɥɢɪɨɜɚɥ ɩɹɬɶ ɩɪɢɧɰɢɩɨɜ, ɤɨɬɨɪɵɦ 

ɞɨɥɠɟɧ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɪɨɣ, ɱɬɨɛɵ ɞɟɦɨɧɫɬɪɢɪɨɜɚɬɶ ɪɚɡɭɦɧɨɟ ɩɨɜɟɞɟɧɢɟ: 

1) Ɋɨɣ ɞɨɥɠɟɧ ɭɦɟɬɶ ɞɟɥɚɬɶ ɩɪɨɫɬɵɟ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɟ ɢ ɜɪɟɦɟɧɧɵɟ 

ɜɵɱɢɫɥɟɧɢɹ (ɩɪɢɧɰɢɩ ɛɥɢɡɨɫɬɢ). 

2) Ɋɨɣ ɞɨɥɠɟɧ ɛɵɬɶ ɜ ɫɨɫɬɨɹɧɢɢ ɪɟɚɝɢɪɨɜɚɬɶ ɧɚ ɤɚɱɟɫɬɜɟɧɧɵɟ ɮɚɤɬɨɪɵ 

ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɬɚɤɢɟ ɤɚɤ ɤɚɱɟɫɬɜɨ ɢɫɬɨɱɧɢɤɨɜ ɩɢɬɚɧɢɹ ɢɥɢ ɛɟɡɨɩɚɫɧɨɫɬɶ 

ɧɚɯɨɠɞɟɧɢɹ (ɩɪɢɧɰɢɩ ɤɚɱɟɫɬɜɚ). 

3) Ɋɨɣ ɧɟ ɞɨɥɠɟɧ ɜɵɞɟɥɹɬɶ ɜɫɟ ɫɜɨɢ ɪɟɫɭɪɫɵ ɩɨ ɫɥɢɲɤɨɦ ɭɡɤɢɦ ɤɚɧɚɥɚɦ, ɚ 

ɞɨɥɠɟɧ ɪɚɫɩɪɟɞɟɥɹɬɶ ɪɟɫɭɪɫɵ ɦɟɠɞɭ ɦɧɨɝɢɦɢ ɭɡɥɚɦɢ (ɩɪɢɧɰɢɩ ɪɚɡɧɨɨɛɪɚɡɢɹ 

ɨɬɤɥɢɤɚ). 

4) Ɋɨɣ ɧɟ ɞɨɥɠɟɧ ɦɟɧɹɬɶ ɪɟɠɢɦ ɫɜɨɟɝɨ ɩɨɜɟɞɟɧɢɹ ɩɪɢ ɤɚɠɞɨɦ ɤɨɥɟɛɚɧɢɢ 

ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ (ɩɪɢɧɰɢɩ ɫɬɚɛɢɥɶɧɨɫɬɢ). 

5) Ɋɨɣ ɞɨɥɠɟɧ ɛɵɬɶ ɜ ɫɨɫɬɨɹɧɢɢ ɢɡɦɟɧɹɬɶ ɪɟɠɢɦ ɩɨɜɟɞɟɧɢɹ (ɩɪɢɧɰɢɩ 

ɚɞɚɩɬɢɜɧɨɫɬɢ). 

ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɨɫɨɛɟɧɧɨɫɬɢ ɫɚɦɨɨɪɝɚɧɢɡɚɰɢɢ, ɨɬɦɟɱɟɧɧɵɟ 

E. Bonabeau [80], ɢ ɩɪɢɧɰɢɩɵ, ɫɮɨɪɦɭɥɢɪɨɜɚɧɧɵɟ M. Millonas [140], ɱɟɬɤɨ 
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ɩɪɨɫɥɟɠɢɜɚɸɬɫɹ ɜ ɦɭɪɚɜɶɢɧɵɯ ɤɨɥɨɧɢɹɯ ɢ ɩɱɟɥɢɧɵɯ ɪɨɹɯ, ɪɟɲɟɧɢɟ 

ɨɩɬɢɦɢɡɚɰɢɨɧɧɵɯ ɡɚɞɚɱ ɧɚ ɨɫɧɨɜɟ ɩɨɞɪɚɠɚɧɢɹ ɩɨɜɟɞɟɧɢɸ ɦɭɪɚɜɶɟɜ ɢ ɩɱɟɥ – 

ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɦɨɥɨɞɚɹ ɞɢɫɰɢɩɥɢɧɚ. ɉɟɪɜɵɟ ɪɚɛɨɬɵ, ɩɨɫɜɹɳɟɧɧɵɟ ɦɭɪɚɜɶɢɧɨɦɭ 

ɚɥɝɨɪɢɬɦɭ, ɞɚɬɢɪɨɜɚɧɵ ɧɚɱɚɥɨɦ 90-ɯ ɝɨɞɨɜ ɂɫɫɥɟɞɨɜɚɧɢɹ ɜ ɨɛɥɚɫɬɢ ɩɱɟɥɢɧɨɝɨ 

ɚɥɝɨɪɢɬɦɚ ɟɳɟ ɦɨɥɨɠɟ: ɞɚɧɧɚɹ ɤɨɧɰɟɩɰɢɹ ɩɨɥɭɱɢɥɚ ɲɢɪɨɤɭɸ ɢɡɜɟɫɬɧɨɫɬɶ ɥɢɲɶ ɜ 

ɧɚɱɚɥɟ 2000-ɯ. 

 

Ȼɢɨɥɨɝɢɱɟɫɤɢɟ ɨɫɧɨɜɵ ɩɱɟɥɢɧɨɝɨ ɚɥɝɨɪɢɬɦɚ 

Ɇɟɞɨɧɨɫɧɵɟ ɩɱɟɥɵ (western honey bees) – ɷɬɨ ɫɨɰɢɚɥɶɧɵɟ ɧɚɫɟɤɨɦɵɟ, 

ɤɨɬɨɪɵɟ ɠɢɜɭɬ ɤɨɥɨɧɢɹɦɢ. ɋɭɳɟɫɬɜɭɟɬ 3 ɬɢɩɚ ɩɱɟɥ: ɬɪɭɬɧɢ (drones), ɪɚɛɨɱɢɟ 

ɩɱɟɥɵ (workers) ɢ ɩɱɟɥɢɧɚɹ ɦɚɬɤɚ (queen). ɉɨɞɚɜɥɹɸɳɟɟ ɛɨɥɶɲɢɧɫɬɜɨ 

ɪɚɡɧɨɜɢɞɧɨɫɬɟɣ ɩɱɟɥɢɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɨɫɧɨɜɚɧɨ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɧɚ ɩɨɜɟɞɟɧɢɢ 

ɪɚɛɨɱɢɯ ɩɱɟɥ, ɬ.ɟ. ɩɱɟɥ, ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɫɛɨɪɟ ɧɟɤɬɚɪɚ [53]. 

Иɫɬɨɱɧɢɤ ɧɟɤɬɚɪɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɫɜɨɟɣ ɩɨɥɟɡɧɨɫɬɶɸ, ɤɨɬɨɪɚɹ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɚɤɢɦɢ ɮɚɤɬɨɪɚɦɢ, ɤɚɤ ɭɞɚɥёɧɧɨɫɬɶ ɨɬ ɭɥɶɹ, ɤɨɧɰɟɧɬɪɚɰɢɹ ɧɟɤɬɚɪɚ, 

ɭɞɨɛɫɬɜɨ ɟɝɨ ɞɨɛɵɱɢ [8]. 

Ɋɚɛɨɱɢɟ ɩɱɟɥɵ ɞɟɥɹɬɫɹ ɧɚ 2 ɬɢɩɚ: 

– Ɂɚɧɹɬɵɟ ɮɭɪɚɠɢɪɵ (employed foragers). ɗɬɨ ɩɱɟɥɵ, ɤɨɬɨɪɵɟ ɞɨɛɵɜɚɸɬ 

ɧɟɤɬɚɪ ɢɡ ɧɟɤɨɬɨɪɨɝɨ ɢɫɬɨɱɧɢɤɚ. ȼ ɬɟɨɪɢɢ ɩɱɟɥɢɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɩɪɢɧɹɬɨ, ɱɬɨ 

ɡɚɧɹɬɵɣ ɮɭɪɚɠɢɪ ɜ ɧɟɤɨɬɨɪɵɣ "ɩɪɢɜɹɡɚɧ" ɤ ɨɞɧɨɦɭ ɤɨɧɤɪɟɬɧɨɦɭ ɢɫɬɨɱɧɢɤɭ. 

Ɂɚɧɹɬɵɣ ɮɭɪɚɠɢɪ ɜɥɚɞɟɟɬ ɢɧɮɨɪɦɚɰɢɟɣ ɨ ɩɨɥɟɡɧɨɫɬɢ ɫɜɨɟɝɨ ɢɫɬɨɱɧɢɤɚ. 

– ɇɟɡɚɧɹɬɵɟ ɮɭɪɚɠɢɪɵ (unemployed foragers). ɗɬɢ ɩɱɟɥɵ ɤɨɬɨɪɵɟ ɩɨɫɬɨɹɧɧɨ 

ɢɳɭɬ ɧɨɜɵɟ ɢɫɬɨɱɧɢɤɢ ɧɟɤɬɚɪɚ ɞɥɹ ɢɡ ɞɚɥɶɧɟɣɲɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ [123]. 

ɇɟɡɚɧɹɬɵɟ ɮɭɪɚɠɢɪɵ ɞɟɥɹɬɫɹ ɧɚ ɩɱɟɥ-ɪɚɡɜɟɞɱɢɤɨɜ (ɨɧɢ ɫɨɫɬɚɜɥɹɸɬ 5-10% ɨɬ 

ɱɢɫɥɟɧɧɨɫɬɢ ɜɫɟɯ ɩɱɟɥ ɜ ɭɥɶɟ) ɢ ɩɱɟɥ-ɧɚɛɥɸɞɚɬɟɥɟɣ. 

Ɋɚɡɜɟɞɱɢɤɢ (scouts) ɢɫɫɥɟɞɭɸɬ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɜ ɩɨɢɫɤɚɯ ɧɨɜɵɯ 

ɢɫɬɨɱɧɢɤɨɜ ɧɟɤɬɚɪɚ, ɚ ɧɚɛɥɸɞɚɬɟɥɢ (onlookers) ɠɞɭɬ ɜ ɭɥɶɟ, ɚɧɚɥɢɡɢɪɭɹ 

ɢɧɮɨɪɦɚɰɢɸ ɨ ɩɨɥɟɡɧɨɫɬɢ ɪɚɡɥɢɱɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɧɟɤɬɚɪɚ. ɉɨ ɡɚɜɟɪɲɟɧɢɢ ɩɨɢɫɤɚ 

ɩɱɟɥɚ-ɪɚɡɜɟɞɱɢɤ ɜɨɡɜɪɚɳɚɟɬɫɹ ɜ ɭɥɟɣ ɢ ɢɧɮɨɪɦɢɪɭɟɬ ɞɪɭɝɢɯ ɱɥɟɧɨɜ ɪɨɹ ɨ ɦɟɫɬɟ, 
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ɤɨɥɢɱɟɫɬɜɟ ɢ ɤɚɱɟɫɬɜɟ ɞɨɫɬɭɩɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɩɢɬɚɧɢɹ, ɤɨɬɨɪɵɟ ɛɵɥɢ ɢɦɢ 

ɧɚɣɞɟɧɵ. Ɉɛɦɟɧ ɢɧɮɨɪɦɚɰɢɟɣ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɩɨɦɨɳɢ ɬɚɧɰɚ ɧɚ ɫɩɟɰɢɚɥɶɧɨ 

ɨɬɜɟɞɟɧɧɨɣ ɞɥɹ ɷɬɨɝɨ ɩɥɨɳɚɞɤɟ. ȿɫɥɢ ɩɱɟɥɚ, ɧɚɛɥɸɞɚɜɲɚɹ ɬɚɧɰɵ ɫɤɚɭɬɨɜ, ɪɟɲɚɟɬ 

ɩɨɤɢɧɭɬɶ ɭɥɟɣ ɢ ɫɨɛɢɪɚɬɶ ɧɟɤɬɚɪ, ɨɧɚ ɛɭɞɟɬ ɫɥɟɞɨɜɚɬɶ ɡɚ ɨɞɧɢɦ ɢɡ ɪɚɡɜɟɞɱɢɤɨɜ ɤ 

ɨɞɧɨɦɭ ɢɡ ɪɚɧɟɟ ɨɛɧɚɪɭɠɟɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɩɢɳɢ. Ɍɚɤɚɹ ɩɱɟɥɚ ɫɬɚɧɨɜɢɬɫɹ 

ɡɚɧɹɬɵɦ ɮɭɪɚɠɢɪɨɦ. Ɉɧɚ ɡɚɧɢɦɚɟɬɫɹ ɫɛɨɪɨɦ ɧɟɤɬɚɪɚ, ɩɪɢ ɷɬɨɦ ɭɬɨɱɧɹɹ 

ɢɧɮɨɪɦɚɰɢɸ ɨ ɤɨɥɢɱɟɫɬɜɟ ɧɟɤɬɚɪɚ ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɧɚɣɞɟɧɧɨɝɨ ɢɫɬɨɱɧɢɤɚ. ɉɨɫɥɟ 

ɫɛɨɪɚ ɮɭɪɚɠɢɪ ɜɨɡɜɪɚɳɚɟɬɫɹ ɜ ɭɥɟɣ ɢ ɨɫɬɚɜɥɹɟɬ ɬɚɦ ɫɨɛɪɚɧɧɵɣ ɧɟɤɬɚɪ. Ɂɚɬɟɦ ɨɧ 

ɦɨɠɟɬ ɫɨɜɟɪɲɢɬɶ ɨɞɧɨ ɢɡ ɫɥɟɞɭɸɳɢɯ ɞɟɣɫɬɜɢɣ [123]: 

– ɫɬɚɬɶ ɧɟɡɚɧɹɬɵɦ ɮɭɪɚɠɢɪɨɦ, ɨɫɬɚɜɢɜ ɫɜɨɣ ɬɟɤɭɳɢɣ ɢɫɬɨɱɧɢɤ ɧɟɤɬɚɪɚ; 

– ɩɪɨɞɨɥɠɢɬɶ ɞɨɛɵɜɚɬɶ ɧɟɤɬɚɪ ɢɡ ɫɜɨɟɝɨ ɢɫɬɨɱɧɢɤɚ, ɧɟ ɨɫɭɳɟɫɬɜɥɹɹ 

ɜɟɪɛɨɜɤɭ ɧɟɡɚɧɹɬɵɯ ɩɱɟɥ; 

– ɩɪɨɞɨɥɠɢɬɶ ɞɨɛɵɜɚɬɶ ɧɟɤɬɚɪ ɢɡ ɫɜɨɟɝɨ ɢɫɬɨɱɧɢɤɚ, ɜɵɩɨɥɧɢɜ ɩɪɢ ɷɬɨɦ 

ɜɟɪɛɨɜɤɭ ɧɟɡɚɧɹɬɵɯ ɩɱɟɥ. 

Ɉɩɢɫɚɧɧɵɣ ɩɪɨɰɟɫɫ ɩɪɨɞɨɥɠɚɟɬɫɹ ɧɟɩɪɟɪɵɜɧɨ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɭɥɟɣ 

ɧɚɤɚɩɥɢɜɚɟɬ ɧɟɤɬɚɪ ɢ ɢɫɫɥɟɞɭɟɬ ɧɨɜɵɟ ɨɛɥɚɫɬɢ ɫ ɩɨɬɟɧɰɢɚɥɶɧɵɦɢ ɢɫɬɨɱɧɢɤɚɦɢ 

ɩɢɬɚɧɢɹ.  

 

Ⱥɥɝɨɪɢɬɦ BCO 

Ⱥɥɝɨɪɢɬɦ BCO (Bee Colony Optimization) ɛɵɥ ɩɪɟɞɥɨɠɟɧ ɚɜɬɨɪɚɦɢ 

D. Teodorović ɢ P. Lućić [135] ɜ ɧɚɱɚɥɟ 2000-ɯ ɝɨɞɨɜ ɢ ɧɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɹɜɥɹɟɬɫɹ 

ɨɞɧɨɣ ɢɡ ɫɚɦɵɯ ɩɨɩɭɥɹɪɧɵɯ ɤɨɧɰɟɩɰɢɣ ɪɨɟɜɨɝɨ ɢɧɬɟɥɥɟɤɬɚ. ɉɨɞɪɨɛɧɨɟ ɨɩɢɫɚɧɢɟ 

ɚɥɝɨɪɢɬɦɚ ɢ ɟɝɨ ɜɨɡɦɨɠɧɵɯ ɪɚɡɧɨɜɢɞɧɨɫɬɟɣ ɩɪɢɜɟɞɟɧɨ ɜ ɪɚɛɨɬɚɯ [166] ɢ [167]. ȼ 

ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɣ ɚɥɝɨɪɢɬɦ BCO (variant of 

BCO based on the improvement concept, BCOi) [94]. Ɉɫɨɛɟɧɧɨɫɬɶɸ BCOi ɹɜɥɹɟɬɫɹ 

ɬɨ, ɱɬɨ ɜ ɧɟɦ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɪɚɛɨɬɚ ɫ ɩɨɥɧɵɦɢ (ɡɚɜɟɪɲɟɧɧɵɦɢ) ɪɟɲɟɧɢɹɦɢ 

ɨɩɬɢɦɢɡɚɰɢɨɧɧɨɣ ɡɚɞɚɱɢ, ɚ ɧɟ ɫ ɱɚɫɬɢɱɧɵɦɢ, ɤɚɤ ɜ ɤɥɚɫɫɢɱɟɫɤɨɦ BCO. 

ȼɨ ɜɫɟɯ ɪɚɡɧɨɜɢɞɧɨɫɬɹɯ ɩɱɟɥɢɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɪɟɲɟɧɢɟ ɨɩɬɢɦɢɡɚɰɢɨɧɧɨɣ 

ɡɚɞɚɱɢ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɤɚɤ ɢɫɬɨɱɧɢɤ ɧɟɤɬɚɪɚ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɤɨɥɢɱɟɫɬɜɨ ɧɟɤɬɚɪɚ 
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ɜ ɢɫɬɨɱɧɢɤɟ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɤɚɱɟɫɬɜɭ ɩɪɟɞɫɬɚɜɥɹɸɳɟɝɨ ɟɝɨ ɪɟɲɟɧɢɹ. ȼ ɫɥɭɱɚɟ 

ɦɢɧɢɦɢɡɚɰɢɨɧɧɨɣ ɡɚɞɚɱɢ ɩɨɥɟɡɧɨɫɬɶ ɢɫɬɨɱɧɢɤɚ ɧɟɤɬɚɪɚ ɨɛɪɚɬɧɨ 

ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɡɧɚɱɟɧɢɸ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ ɪɟɲɟɧɢɹ. 

ȼ ɚɥɝɨɪɢɬɦɟ BCOi ɩɨɩɭɥɹɰɢɹ ɚɝɟɧɬɨɜ (ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɩɱɟɥ) ɫɨɫɬɨɢɬ ɢɡ B 

ɨɫɨɛɟɣ, ɫɨɜɦɟɫɬɧɨ ɢɳɭɳɢɯ ɨɩɬɢɦɚɥɶɧɨɟ ɪɟɲɟɧɢɟ. Ʉɚɠɞɚɹ ɩɱɟɥɚ ɨɬɜɟɬɫɬɜɟɧɧɚ ɡɚ 

ɨɞɧɨ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ. ɂɦɟɟɬɫɹ ɞɜɟ ɱɟɪɟɞɭɸɳɢɟɫɹ ɮɚɡɵ ɩɨɢɫɤɚ: ɩɪɹɦɨɣ ɩɪɨɯɨɞ 

(forward pass) ɢ ɨɛɪɚɬɧɵɣ ɩɪɨɯɨɞ (backward pass), ɤɨɬɨɪɵɟ ɜɦɟɫɬɟ ɫɨɫɬɚɜɥɹɸɬ 

ɨɞɢɧ ɲɚɝ ɚɥɝɨɪɢɬɦɚ BCO [94,166,167,135]. 

ȼ ɩɪɨɰɟɫɫɟ ɩɪɹɦɨɝɨ ɩɪɨɯɨɞɚ ɤɚɠɞɚɹ ɩɱɟɥɚ ɢɫɫɥɟɞɭɟɬ ɩɪɨɫɬɪɚɧɫɬɜɨ ɩɨɢɫɤɚ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɡɚɞɚɧɧɨɟ ɱɢɫɥɨ ɲɚɝɨɜ ɩɨ ɭɥɭɱɲɟɧɢɸ ɪɟɲɟɧɢɹ. 

ɉɨɢɫɤ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɬɟɤɭɳɟɝɨ ɪɟɲɟɧɢɹ. ȼ ɪɟɡɭɥɶɬɚɬɟ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɥɭɱɚɟɬɫɹ ɧɨɜɨɟ ɪɟɲɟɧɢɟ. Ɉɬɦɟɬɢɦ, ɱɬɨ ɞɥɹ ɪɚɫɲɢɪɟɧɢɹ 

ɩɪɨɫɬɪɚɧɫɬɜɚ ɩɨɢɫɤɚ ɚɜɬɨɪɵ ɪɚɛɨɬ [94,166,167,135] ɩɪɟɞɥɚɝɚɸɬ ɜɵɛɢɪɚɬɶ ɧɟ 

ɥɭɱɲɟɟ ɪɟɲɟɧɢɟ ɜ ɨɤɪɟɫɬɧɨɫɬɢ, ɚ ɩɪɨɢɡɜɨɞɢɬɶ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɭɸ ɫɟɥɟɤɰɢɸ (ɬ.ɟ. 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɟɬɨɞ ɪɭɥɟɬɤɢ).  

ɉɨɫɥɟ ɩɨɥɭɱɟɧɢɹ ɧɨɜɵɯ ɪɟɲɟɧɢɣ ɧɚɱɢɧɚɟɬɫɹ ɜɬɨɪɨɣ ɷɬɚɩ, ɨɛɪɚɬɧɵɣ ɩɪɨɯɨɞ. 

ȼ ɩɪɨɰɟɫɫɟ ɨɛɪɚɬɧɨɝɨ ɩɪɨɯɨɞɚ ɜɫɟ ɢɫɤɭɫɫɬɜɟɧɧɵɟ ɩɱɟɥɵ ɨɛɦɟɧɢɜɚɸɬɫɹ 

ɢɧɮɨɪɦɚɰɢɟɣ ɨ ɤɚɱɟɫɬɜɟ «ɫɜɨɢɯ» ɪɟɲɟɧɢɣ, ɬ.ɟ. ɨ ɜɵɱɢɫɥɟɧɧɵɯ ɡɧɚɱɟɧɢɹɯ ɰɟɥɟɜɨɣ 

ɮɭɧɤɰɢɢ. Ʉɨɝɞɚ ɨɛɦɟɧ ɢɧɮɨɪɦɚɰɢɟɣ ɩɨɥɧɨɫɬɶɸ ɡɚɜɟɪɲɟɧ, ɤɚɠɞɚɹ ɩɱɟɥɚ ɪɟɲɚɟɬ 

(ɫ ɨɩɪɟɞɟɥɟɧɧɨɣ ɜɟɪɨɹɬɧɨɫɬɶɸ), ɫɬɨɢɬ ɥɢ ɟɣ ɨɬɤɚɡɚɬɶɫɹ ɨɬ ɫɜɨɟɝɨ ɢɫɬɨɱɧɢɤɚ 

ɧɟɤɬɚɪɚ. ɉɱɟɥɵ, ɚɫɫɨɰɢɢɪɨɜɚɧɧɵɟ ɫ ɥɭɱɲɢɦɢ ɪɟɲɟɧɢɹɦɢ, ɢɦɟɸɬ ɥɭɱɲɢɟ ɲɚɧɫɵ 

ɧɚ ɬɨ, ɱɬɨɛɵ ɫɨɯɪɚɧɢɬɶ ɫɜɨɢ ɬɟɤɭɳɢɟ ɪɟɲɟɧɢɹ ɢ «ɪɚɡɪɟɤɥɚɦɢɪɨɜɚɬɶ» ɢɯ ɫɪɟɞɢ 

ɞɪɭɝɢɯ ɩɱɟɥ. R ɩɱɟɥ, ɤɨɬɨɪɵɟ ɫɨɯɪɚɧɹɸɬ ɫɜɨɢ ɪɟɲɟɧɢɹ, ɜ BCOi ɧɚɡɵɜɚɸɬɫɹ 

ɪɟɤɪɭɬɚɦɢ. ȿɫɥɢ ɩɱɟɥɚ ɨɬɤɚɡɵɜɚɟɬɫɹ ɨɬ ɫɜɨɟɝɨ ɬɟɤɭɳɟɝɨ ɪɟɲɟɧɢɹ, ɬɨ ɨɧɚ ɞɨɥɠɧɚ 

ɜɵɛɪɚɬɶ ɨɞɧɨ ɢɡ ɪɟɲɟɧɢɣ, ɩɪɟɞɥɚɝɚɟɦɵɯ ɞɪɭɝɢɦɢ ɩɱɟɥɚɦɢ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɭ 

ɥɭɱɲɢɯ ɪɟɲɟɧɢɣ ɧɚɢɛɨɥɶɲɚɹ ɜɟɪɨɹɬɧɨɫɬɶ ɛɵɬɶ ɜɵɛɪɚɧɧɵɦɢ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ 

ɢɫɫɥɟɞɨɜɚɧɢɹ. 

Ⱦɜɟ ɮɚɡɵ ɩɨɢɫɤɨɜɨɝɨ ɩɪɨɰɟɫɫɚ, ɩɪɹɦɨɣ ɢ ɨɛɪɚɬɧɵɣ ɩɪɨɯɨɞ, ɱɟɪɟɞɭɸɬɫɹ NC 

ɪɚɡ, ɬ.ɟ. ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɤɚɠɞɚɹ ɩɱɟɥɚ ɧɟ ɩɪɨɢɡɜɟɞɟɬ NC ɦɨɞɢɮɢɤɚɰɢɣ ɫɜɨɟɝɨ 
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ɪɟɲɟɧɢɹ. Ʉɨɝɞɚ ɜɫɟ ɲɚɝɢ ɡɚɜɟɪɲɟɧɵ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɥɭɱɲɟɟ ɢɡ B ɢɦɟɸɳɢɯɫɹ 

ɪɟɲɟɧɢɣ (ɨɧɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɨɛɧɨɜɥɟɧɢɹ ɝɥɨɛɚɥɶɧɨɝɨ ɥɭɱɲɟɝɨ ɪɟɲɟɧɢɹ). 

ɉɨɫɥɟ ɷɬɨɝɨ ɢɬɟɪɚɰɢɹ ɫɱɢɬɚɟɬɫɹ ɡɚɜɟɪɲɟɧɧɨɣ. ȼɫɟ B ɪɟɲɟɧɢɣ ɭɞɚɥɹɸɬɫɹ, ɢ 

ɫɬɚɪɬɭɟɬ ɧɨɜɚɹ ɢɬɟɪɚɰɢɹ. ȼ ɤɚɱɟɫɬɜɟ ɤɪɢɬɟɪɢɹ ɨɫɬɚɧɨɜɚ ɚɥɝɨɪɢɬɦɚ ɦɨɝɭɬ 

ɜɵɫɬɭɩɚɬɶ, ɧɚɩɪɢɦɟɪ, ɦɚɤɫɢɦɚɥɶɧɨɟ ɱɢɫɥɨ ɢɬɟɪɚɰɢɣ ɢɥɢ ɫɭɦɦɚɪɧɨɟ ɜɪɟɦɹ ɪɚɛɨɬɵ 

ɚɥɝɨɪɢɬɦɚ. 

ȼɟɪɨɹɬɧɨɫɬɶ ɬɨɝɨ, ɱɬɨ b-ɹ ɩɱɟɥɚ ɩɟɪɟɞ ɧɚɱɚɥɨɦ ɨɱɟɪɟɞɧɨɝɨ ɩɪɹɦɨɝɨ ɩɪɨɯɨɞɚ 

ɨɫɬɚɧɟɬɫɹ ɥɨɹɥɶɧɨɣ ɫɜɨɟɦɭ ɬɟɤɭɳɟɦɭ ɪɟɲɟɧɢɸ (ɬ.ɟ. ɧɟ ɨɬɤɚɠɟɬɫɹ ɨɬ ɧɟɝɨ) 

ɜɵɪɚɠɚɟɬɫɹ ɮɨɪɦɭɥɨɣ: 

,exp max1 






 


u

OO
p bu

b
 (2.8) 

ɝɞɟ Ob – ɧɨɪɦɚɥɢɡɨɜɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ ɪɟɲɟɧɢɹ, ɫɨɡɞɚɧɧɨɝɨ b-ɣ 

ɩɱɟɥɨɣ; Omax – ɦɚɤɫɢɦɚɥɶɧɨɟ ɫɪɟɞɢ ɜɫɟɯ ɡɧɚɱɟɧɢɣ Ob (b = 1, 2, …, B); u – 

ɩɨɪɹɞɤɨɜɵɣ ɧɨɦɟɪ ɩɪɹɦɨɝɨ ɩɪɨɯɨɞɚ ɜ ɩɪɟɞɟɥɚɯ ɞɚɧɧɨɣ ɢɬɟɪɚɰɢɢ 

(u = 1, 2, …, NC). 

ɇɨɪɦɚɥɢɡɨɜɚɧɧɵɟ ɡɧɚɱɟɧɢɹ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɫɥɟɞɭɸɳɢɦ 

ɨɛɪɚɡɨɦ. ɉɭɫɬɶ Cb – ɡɧɚɱɟɧɢɟ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ ɞɥɹ b-ɣ ɩɱɟɥɵ, Cmax ɢ Cmin – 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɦɚɤɫɢɦɚɥɶɧɨɟ ɢ ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ ɜ 

ɩɪɟɞɟɥɚɯ ɭɥɶɹ. Ɍɨɝɞɚ ɞɥɹ ɡɚɞɚɱɢ ɦɢɧɢɦɢɡɚɰɢɢ [166]: 

.,...2,1,,
minmax

max Bb
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CC
O b

b





  (2.9) 

Ⱦɥɹ ɤɚɠɞɨɣ ɩɱɟɥɵ, ɤɨɬɨɪɚɹ ɨɬɤɚɡɚɥɚɫɶ ɨɬ ɫɜɨɟɝɨ ɪɟɲɟɧɢɹ (ɢɯ (B–R) ɲɬɭɤ), 

ɦɵ ɞɨɥɠɧɵ ɧɚɣɬɢ ɪɟɤɪɭɬɚ, ɬ.ɟ. ɜɵɛɪɚɬɶ ɨɞɧɨ ɢɡ R ɪɟɲɟɧɢɣ, ɤ ɤɨɬɨɪɵɦ ɢɯ ɩɱɟɥɵ 

ɨɫɬɚɥɢɫɶ ɥɨɹɥɶɧɵ. ȼɟɪɨɹɬɧɨɫɬɶ ɬɨɝɨ, ɱɬɨ ɪɟɲɟɧɢɟ ɞɚɧɧɨɝɨ ɤɨɧɤɪɟɬɧɨɝɨ ɪɟɤɪɭɬɚ 

ɛɭɞɟɬ ɜɵɛɪɚɧɨ ɥɸɛɨɣ ɢɡ ɩɱɟɥ, ɨɬɤɚɡɚɜɲɢɯɫɹ ɨɬ ɫɜɨɟɝɨ ɪɟɲɟɧɢɹ, ɜɵɪɚɠɚɟɬɫɹ 

ɮɨɪɦɭɥɨɣ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɦɟɬɨɞɭ ɪɭɥɟɬɤɢ: 

.,...2,1,,/
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RbOOp
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 
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 (2.10) 

ȼ ɩɪɢɥɨɠɟɧɢɢ 2 (ɚɥɝɨɪɢɬɦ ɉ2.2) ɩɪɢɜɟɞɟɧ ɩɫɟɜɞɨɤɨɞ ɚɥɝɨɪɢɬɦɚ BCOi ɞɥɹ 

ɡɚɞɚɱɢ ɦɢɧɢɦɢɡɚɰɢɢ.  
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Ⱥɥɝɨɪɢɬɦ ABC 

Ⱥɥɝɨɪɢɬɦ ABC (Artificial Bee Colony) ɛɵɥ ɩɪɟɞɥɨɠɟɧ ɝɪɭɩɩɨɣ ɬɭɪɟɰɤɢɯ 

ɭɱɟɧɵɯ ɜɨ ɝɥɚɜɟ ɫ D. Karaboga [123,124] ɜ ɫɟɪɟɞɢɧɟ 2000-ɯ ɝɨɞɨɜ ɢ ɧɚ ɞɚɧɧɵɣ 

ɦɨɦɟɧɬ ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ ɫɚɦɵɯ ɩɨɩɭɥɹɪɧɵɯ ɤɨɧɰɟɩɰɢɣ ɪɨɟɜɨɝɨ ɢɧɬɟɥɥɟɤɬɚ.  

ɇɚ ɩɟɪɜɨɦ ɲɚɝɟ ɚɥɝɨɪɢɬɦɚ ABC ɫɥɭɱɚɣɧɨ ɝɟɧɟɪɢɪɭɟɬɫɹ ɧɚɱɚɥɶɧɚɹ 

ɩɨɩɭɥɹɰɢɹ, ɫɨɫɬɨɹɳɚɹ ɢɡ SN ɪɟɲɟɧɢɣ (ɢɫɬɨɱɧɢɤɨɜ ɧɟɤɬɚɪɚ) [126]. Ʉɚɠɞɨɟ 

ɪɟɲɟɧɢɟ xi (i = 1, 2, ..., SN) ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ D-ɦɟɪɧɵɣ ɜɟɤɬɨɪ, ɝɞɟ D – ɱɢɫɥɨ 

ɨɩɬɢɦɢɡɢɪɭɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ. ɉɨɫɥɟ ɢɧɢɰɢɚɥɢɡɚɰɢɢ ɩɨɩɭɥɹɰɢɹ ɜ ɬɟɱɟɧɢɟ 

ɧɟɫɤɨɥɶɤɢɯ ɢɬɟɪɚɰɢɣ ɰɢɤɥɚ (C = 1, 2, ..., MCN) ɨɫɭɳɟɫɬɜɥɹɟɬ ɩɨɢɫɤɨɜɵɣ ɩɪɨɰɟɫɫ 

ɩɪɢ ɩɨɦɨɳɢ ɡɚɧɹɬɵɯ ɮɭɪɚɠɢɪɨɜ, ɩɱɟɥ-ɪɚɡɜɟɞɱɢɤɨɜ ɢ ɩɱɟɥ-ɧɚɛɥɸɞɚɬɟɥɟɣ. 

Ɂɚɧɹɬɵɣ ɮɭɪɚɠɢɪ ɨɫɭɳɟɫɬɜɥɹɟɬ ɦɨɞɢɮɢɤɚɰɢɸ ɫɜɨɟɝɨ ɩɨɥɨɠɟɧɢɹ (ɪɟɲɟɧɢɹ) 

ɢɫɯɨɞɹ ɢɡ ɧɟɤɨɣ ɥɨɤɚɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɢ (ɨɤɪɟɫɬɧɨɫɬɢ ɬɟɤɭɳɟɝɨ ɪɟɲɟɧɢɹ) ɢ 

ɩɪɨɜɟɪɹɟɬ ɤɨɥɢɱɟɫɬɜɨ ɧɟɤɬɚɪɚ (ɰɟɥɟɜɭɸ ɮɭɧɤɰɢɸ) ɜ ɧɨɜɨɦ ɢɫɬɨɱɧɢɤɟ (ɧɨɜɨɦ 

ɪɟɲɟɧɢɢ). ɉɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ ɜ ɧɨɜɨɦ ɢɫɬɨɱɧɢɤɟ (vi) ɧɟɤɬɚɪɚ ɛɨɥɶɲɟ, ɱɟɦ ɜ 

ɩɪɟɞɵɞɭɳɟɦ (xi), ɩɱɟɥɚ «ɡɚɩɨɦɢɧɚɟɬ» ɫɜɨɟ ɧɨɜɨɟ ɩɨɥɨɠɟɧɢɟ ɢ «ɡɚɛɵɜɚɟɬ» ɫɬɚɪɨɟ. 

ȼ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ, ɩɱɟɥɚ ɫɨɯɪɚɧɹɟɬ ɜ ɩɚɦɹɬɢ ɩɨɥɨɠɟɧɢɟ ɩɪɟɞɵɞɭɳɟɝɨ 

ɢɫɬɨɱɧɢɤɚ. ɉɨɫɥɟ ɬɨɝɨ ɤɚɤ ɡɚɧɹɬɵɟ ɮɭɪɚɠɢɪɵ ɡɚɜɟɪɲɚɸɬ ɩɪɨɰɟɫɫ ɩɨɢɫɤɚ, ɨɧɢ 

ɨɛɦɟɧɢɜɚɸɬɫɹ ɢɧɮɨɪɦɚɰɢɟɣ ɨ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɟɤɬɚɪɚ ɜ ɢɫɬɨɱɧɢɤɚɯ ɢ ɢɯ 

ɩɨɥɨɠɟɧɢɢ ɫ ɧɚɛɥɸɞɚɬɟɥɹɦɢ ɧɚ ɬ.ɧ. ɨɛɥɚɫɬɢ ɬɚɧɰɟɜ. ɉɱɟɥɚ-ɧɚɛɥɸɞɚɬɟɥɶ 

ɨɰɟɧɢɜɚɟɬ ɢɧɮɨɪɦɚɰɢɸ, ɩɨɥɭɱɟɧɧɭɸ ɨɬ ɡɚɧɹɬɵɯ ɮɭɪɚɠɢɪɨɜ, ɢ ɜɵɛɢɪɚɟɬ 

ɢɫɬɨɱɧɢɤ ɩɢɬɚɧɢɹ ɫ ɧɟɤɨɬɨɪɨɣ ɜɟɪɨɹɬɧɨɫɬɶɸ, ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɣ ɤɨɥɢɱɟɫɬɜɭ 

ɧɟɤɬɚɪɚ ɜ ɧɟɦ. Ʉɚɤ ɢ ɜ ɫɥɭɱɚɟ ɡɚɧɹɬɨɝɨ ɮɭɪɚɠɢɪɚ, ɧɚɛɥɸɞɚɬɟɥɶ ɩɪɨɢɡɜɨɞɢɬ 

ɦɨɞɢɮɢɤɚɰɢɸ ɩɨɥɨɠɟɧɢɹ ɜ ɫɜɨɟɣ ɩɚɦɹɬɢ ɢ ɩɪɨɜɟɪɹɟɬ ɨɛɴɟɦ ɧɟɤɬɚɪɚ 

ɢɫɬɨɱɧɢɤɚ-ɤɚɧɞɢɞɚɬɚ. ɂ ɨɩɹɬɶ-ɬɚɤɢ, ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ ɜ ɧɨɜɨɦ ɢɫɬɨɱɧɢɤɟ ɧɟɤɬɚɪɚ 

ɛɨɥɶɲɟ, ɱɟɦ ɜ ɩɪɟɞɵɞɭɳɟɦ, ɩɱɟɥɚ «ɡɚɩɨɦɢɧɚɟɬ» ɫɜɨɟ ɧɨɜɨɟ ɩɨɥɨɠɟɧɢɟ ɢ 

«ɡɚɛɵɜɚɟɬ» ɫɬɚɪɨɟ. 

ɉɱɟɥɚ-ɧɚɛɥɸɞɚɬɟɥɶ ɜɵɛɢɪɚɟɬ i-ɣ ɢɫɬɨɱɧɢɤ ɩɢɳɢ ɫ ɧɟɤɨɬɨɪɨɣ ɜɟɪɨɹɬɧɨɫɬɶɸ 

pi, ɜɵɱɢɫɥɹɟɦɨɣ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ (ɮɨɪɦɭɥɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɦɟɬɨɞɭ ɪɭɥɟɬɤɢ): 
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ɝɞɟ fiti – ɡɧɚɱɟɧɢɟ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ i-ɝɨ ɪɟɲɟɧɢɹ, ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɟ (ɞɥɹ 

ɦɚɤɫɢɦɢɡɚɰɢɨɧɧɨɣ ɡɚɞɚɱɢ) ɤɨɥɢɱɟɫɬɜɭ ɧɟɤɬɚɪɚ ɜ i-ɦ ɢɫɬɨɱɧɢɤɟ, ɚ SN – ɱɢɫɥɨ 

ɢɫɬɨɱɧɢɤɨɜ ɩɢɳɢ, ɪɚɜɧɨɟ ɱɢɫɥɭ ɡɚɧɹɬɵɯ ɮɭɪɚɠɢɪɨɜ (BN). ɑɢɫɥɨ ɩɱɟɥ-

ɧɚɛɥɸɞɚɬɟɥɟɣ ɬɚɤɠɟ ɪɚɜɧɨ BN. Ⱦɥɹ ɦɢɧɢɦɢɡɚɰɢɨɧɧɨɣ ɡɚɞɚɱɢ: 

.
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Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɩɨɥɭɱɢɬɶ ɩɨɥɨɠɟɧɢɟ ɢɫɬɨɱɧɢɤɚ-ɤɚɧɞɢɞɚɬɚ ɜ ɨɤɪɟɫɬɧɨɫɬɢ 

ɧɟɤɨɬɨɪɨɝɨ ɬɟɤɭɳɟɝɨ ɢɫɬɨɱɧɢɤɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɨɨɬɧɨɲɟɧɢɟ [125]: 

),( kjijijijij xxxv   (2.13) 

ɝɞɟ k ∈ {1, 2, ..., SN} ɢ j ∈ {1, 2,...,D} – ɫɥɭɱɚɣɧɨ ɜɵɛɪɚɧɧɵɟ ɢɧɞɟɤɫɵ. Ɉɱɟɜɢɞɧɨ, 

ɱɬɨ k ɧɟ ɞɨɥɠɟɧ ɛɵɬɶ ɪɚɜɟɧ i. φij – ɫɥɭɱɚɣɧɨɟ ɱɢɫɥɨ ɜ ɢɧɬɟɪɜɚɥɟ [-1; 1]. Ɉɧɨ 

ɨɬɜɟɱɚɟɬ ɡɚ ɩɨɢɫɤ ɢɫɬɨɱɧɢɤɨɜ ɩɢɳɢ ɜ ɨɤɪɟɫɬɧɨɫɬɢ xi. 

ɉɨɫɥɟ ɬɨɝɨ ɤɚɤ ɩɨ ɮɨɪɦɭɥɟ (2.13) ɨɩɪɟɞɟɥɟɧɵ ɧɨɜɵɟ ɢɫɬɨɱɧɢɤɢ-ɤɚɧɞɢɞɚɬɵ, 

ɩɪɨɢɫɯɨɞɢɬ ɜɵɛɨɪ ɦɟɠɞɭ ɬɟɤɭɳɢɦ ɢ ɩɨɬɟɧɰɢɚɥɶɧɵɦ ɢɫɬɨɱɧɢɤɨɦ ɧɚ ɨɫɧɨɜɟ 

ɠɚɞɧɨɣ ɷɜɪɢɫɬɢɤɢ. Ɍ.ɟ. vi ɡɚɦɟɧɹɟɬ xi ɬɨɥɶɤɨ ɟɫɥɢ ɰɟɥɟɜɚɹ ɮɭɧɤɰɢɹ vi ɥɭɱɲɟ. 

ȼ ɚɥɝɨɪɢɬɦɟ ABC ɩɪɢɧɹɬɨ, ɱɬɨ ɟɫɥɢ ɩɨɥɨɠɟɧɢɟ ɩɱɟɥɵ ɧɟ ɩɨɥɭɱɚɟɬɫɹ 

ɭɥɭɱɲɢɬɶ ɧɟɤɨɬɨɪɨɟ ɡɚɪɚɧɟɟ ɨɩɪɟɞɟɥɟɧɧɨɟ ɱɢɫɥɨ ɢɬɟɪɚɰɢɣ ɩɨɞɪɹɞ (limit), ɬɨ 

ɩɱɟɥɚ "ɨɬɤɚɡɵɜɚɟɬɫɹ" ɨɬ ɫɜɨɟɝɨ ɢɫɬɨɱɧɢɤɚ ɧɟɤɬɚɪɚ. ȿɝɨ ɡɚɦɟɧɹɟɬ ɧɨɜɵɣ ɢɫɬɨɱɧɢɤ, 

ɧɚɣɞɟɧɧɵɣ ɪɚɡɜɟɞɱɢɤɚɦɢ. 

ȼ ɩɪɢɥɨɠɟɧɢɢ 2 (ɚɥɝɨɪɢɬɦ ɉ2.3) ɩɪɢɜɟɞɟɧ ɩɨɞɪɨɛɧɵɣ ɩɫɟɜɞɨɤɨɞ ɚɥɝɨɪɢɬɦɚ 

ABC ɞɥɹ ɡɚɞɚɱɢ ɦɢɧɢɦɢɡɚɰɢɢ. 

 

Ɉɬɥɢɱɢɹ ɚɥɝɨɪɢɬɦɨɜ BCO ɢ ABC 

ɇɟɫɦɨɬɪɹ ɧɚ ɨɱɟɜɢɞɧɵɟ ɫɯɨɞɫɬɜɚ ɦɟɬɚɷɜɪɢɫɬɢɤ ABC ɢ BCO, ɦɟɠɞɭ ɧɢɦɢ 

ɟɫɬɶ ɪɹɞ ɫɭɳɟɫɬɜɟɧɧɵɯ ɪɚɡɥɢɱɢɣ: 

1) Ⱥɥɝɨɪɢɬɦ ABC ɩɪɟɞɧɚɡɧɚɱɟɧ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɞɥɹ ɪɟɲɟɧɢɹ 

ɧɟɩɪɟɪɵɜɧɵɯ ɡɚɞɚɱ ɨɩɬɢɦɢɡɚɰɢɢ, ɬ.ɤ. ɮɨɪɦɭɥɚ (2.13) ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɩɪɢɦɟɧɢɦɚ 
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ɬɨɥɶɤɨ ɞɥɹ ɧɟɩɪɟɪɵɜɧɵɯ ɡɚɞɚɱ. Ⱥɥɝɨɪɢɬɦ BCO ɛɨɥɟɟ ɭɧɢɜɟɪɫɚɥɟɧ, ɬ.ɤ. ɧɟ 

ɫɨɞɟɪɠɢɬ ɩɪɹɦɵɯ ɭɤɚɡɚɧɢɣ ɧɚ ɬɨ, ɤɚɤɢɦ ɢɦɟɧɧɨ ɨɛɪɚɡɨɦ ɩɪɨɢɡɜɨɞɢɬɶ ɭɥɭɱɲɟɧɢɟ 

ɬɟɤɭɳɢɯ ɪɟɲɟɧɢɣ. 

2) ɉɱɟɥɵ ɩɨ ɪɚɡɧɵɦ ɩɪɢɱɢɧɚɦ ɨɬɤɚɡɵɜɚɸɬɫɹ ɨɬ ɫɜɨɢɯ ɬɟɤɭɳɢɯ ɪɟɲɟɧɢɣ: 

ɩɪɟɜɵɲɟɧɢɟ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɱɢɫɥɚ ɢɬɟɪɚɰɢɣ ɛɟɡ ɭɥɭɱɲɟɧɢɹ ɪɟɲɟɧɢɹ ɜ ABC ɢ 

ɮɨɪɦɭɥɚ (2.8) ɜ BCO. 

3) ȼ ɚɥɝɨɪɢɬɦɟ ABC, ɟɫɥɢ ɩɱɟɥɚ ɨɬɜɟɪɝɥɚ ɫɜɨɟ ɪɟɲɟɧɢɟ, ɟɣ ɩɪɢɫɜɚɢɜɚɟɬɫɹ 

ɧɨɜɨɟ ɪɟɲɟɧɢɟ, ɤɨɬɨɪɨɟ ɛɵɥɨ ɫɝɟɧɟɪɢɪɨɜɚɧɨ ɩɱɟɥɨɣ-ɫɤɚɭɬɨɦ. ȼ ɦɟɬɨɞɟ BCO ɜ 

ɚɧɚɥɨɝɢɱɧɨɣ ɫɢɬɭɚɰɢɢ ɩɱɟɥɟ ɩɪɢɫɜɚɢɜɚɟɬɫɹ ɪɟɲɟɧɢɟ ɤɚɤɨɣ-ɥɢɛɨ ɢɡ ɞɪɭɝɢɯ ɩɱɟɥ. 

4) ȼ ɚɥɝɨɪɢɬɦɟ BCO ɩɟɪɢɨɞɢɱɟɫɤɢ (ɤɚɠɞɵɟ NC ɲɚɝɨɜ) ɩɪɨɢɫɯɨɞɢɬ ɩɨɥɧɚɹ 

«ɨɱɢɫɬɤɚ» ɩɨɩɭɥɹɰɢɢ, ɬ.ɟ. ɜɫɟ ɫɬɚɪɵɟ ɪɟɲɟɧɢɹ ɭɞɚɥɹɸɬɫɹ, ɢ ɝɟɧɟɪɢɪɭɸɬɫɹ ɧɨɜɵɟ 

B ɪɟɲɟɧɢɣ. ȼ ɚɥɝɨɪɢɬɦɟ ABC ɨɞɧɚ ɢ ɬɚ ɠɟ ɩɨɩɭɥɹɰɢɹ ɠɢɜɟɬ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɜɫɟɝɨ 

ɚɥɝɨɪɢɬɦɚ. 

5) ȼ ɚɥɝɨɪɢɬɦɟ BCO ɨɬɫɭɬɫɬɜɭɟɬ ɪɚɡɞɟɥɟɧɢɟ ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɩɱɟɥ ɧɚ 

ɪɚɡɥɢɱɧɵɟ ɬɢɩɵ. ȼ ɚɥɝɨɪɢɬɦɟ ABC ɟɫɬɶ 3 ɜɢɞɚ ɩɱɟɥ: ɡɚɧɹɬɵɟ ɮɭɪɚɠɢɪɵ, 

ɧɚɛɥɸɞɚɬɟɥɢ, ɪɚɡɜɟɞɱɢɤɢ. 

6) ȼ ɚɥɝɨɪɢɬɦɟ ABC ɧɚ ɤɚɠɞɨɦ ɲɚɝɟ ɦɵ ɫɪɚɜɧɢɜɚɟɦ ɥɢɲɶ ɨɞɧɨ 

ɩɨɬɟɧɰɢɚɥɶɧɨɟ ɪɟɲɟɧɢɟ vi ɫ ɬɟɤɭɳɢɦ xi. ȿɫɥɢ vi ɥɭɱɲɟ, ɱɟɦ xi, ɬɨ vi ɫɬɚɧɨɜɢɬɫɹ 

ɬɟɤɭɳɢɦ ɪɟɲɟɧɢɟɦ. Ɍ.ɟ. ɢɫɩɨɥɶɡɭɟɬɫɹ ɷɜɪɢɫɬɢɤɚ «ɩɟɪɜɨɟ ɭɥɭɱɲɟɧɢɟ». ȼ 

ɚɥɝɨɪɢɬɦɟ BCO ɩɪɨɫɦɚɬɪɢɜɚɟɬɫɹ ɜɫɹ ɨɤɪɟɫɬɧɨɫɬɶ ɬɟɤɭɳɟɝɨ ɪɟɲɟɧɢɹ. 

Ɇɨɠɧɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɩɨ ɫɜɨɟɣ ɫɭɬɢ ɩɱɟɥɢɧɵɣ ɚɥɝɨɪɢɬɦ (ɢ ABC, ɢ BCO) 

ɨɱɟɧɶ ɩɨɯɨɠ ɧɚ ɧɟɤɢɣ ɝɢɛɪɢɞɧɵɣ ɚɥɝɨɪɢɬɦ, ɫɨɱɟɬɚɸɳɢɣ ɜ ɫɟɛɟ ɤɨɧɰɟɩɰɢɢ 

ɦɭɥɶɬɢɫɬɚɪɬɚ ɢ ɷɜɨɥɸɰɢɨɧɧɵɯ ɚɥɝɨɪɢɬɦɨɜ. 

 

ɉɱɟɥɢɧɵɣ ɚɥɝɨɪɢɬɦ ɞɥɹ ɪɟɲɟɧɢɹ ɁɊɗɊɂɋ 

ȼ ɞɚɧɧɨɣ ɞɢɫɫɟɪɬɚɰɢɢ ɩɪɟɞɥɨɠɟɧɵ ɞɜɚ ɚɥɝɨɪɢɬɦɚ ɨɩɬɢɦɚɥɶɧɨɝɨ 

ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ ɧɚ ɨɫɧɨɜɟ 

ɨɩɬɢɦɢɡɚɰɢɢ ɩɨɞɪɚɠɚɧɢɟɦ ɩɱɟɥɢɧɨɣ ɤɨɥɨɧɢɢ: ɚɥɝɨɪɢɬɦ ɧɚ ɛɚɡɟ ABC ɢ ɚɥɝɨɪɢɬɦ 

ɧɚ ɛɚɡɟ BCO. Ɉɬɦɟɬɢɦ, ɱɬɨ ɚɜɬɨɪɭ ɞɚɧɧɨɣ ɞɢɫɫɟɪɬɚɰɢɢ ɧɟɢɡɜɟɫɬɧɵ ɪɚɛɨɬɵ, 
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ɩɨɫɜɹɳɟɧɧɵɟ ɪɟɲɟɧɢɸ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ 

ɩɪɢ ɢɯ ɩɥɚɧɢɪɨɜɚɧɢɢ ɢ ɨɩɬɢɦɢɡɚɰɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɥɝɨɪɢɬɦɨɜ ABC ɢ BCO. 

ȼ ɝɥɚɜɟ 4 ɩɪɢ ɩɨɦɨɳɢ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɪɨɢɡɜɟɞɟɧ 

ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɧɚ ɛɚɡɟ ɦɟɬɚɷɜɪɢɫɬɢɤ ABC ɢ 

BCO.  

 

Ⱥɥɝɨɪɢɬɦ BCO ɞɥɹ ɪɟɲɟɧɢɹ ɁɊɗɊɂɋ 

ȼ ɪɚɛɨɬɟ [166] ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɤɨɧɰɟɩɰɢɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɝɥɨɛɚɥɶɧɨɣ 

ɩɚɦɹɬɢ ɜ ɚɥɝɨɪɢɬɦɟ BCO. ɉɪɟɞɥɚɝɚɟɬɫɹ ɜ ɤɨɧɰɟ ɤɚɠɞɨɣ ɢɬɟɪɚɰɢɢ ɧɟ ɭɞɚɥɹɬɶ ɜɫɟ B 

ɪɟɲɟɧɢɣ, ɚ ɥɭɱɲɟɟ ɢɡ ɧɢɯ ɞɟɥɚɬɶ ɫɬɚɪɬɨɜɵɦ ɞɥɹ ɨɞɧɨɣ ɢɡ ɩɱɟɥ ɧɚ ɫɥɟɞɭɸɳɟɣ 

ɢɬɟɪɚɰɢɢ. Ɍɚɤɨɣ ɩɨɞɯɨɞ ɢɧɚɱɟ ɧɚɡɵɜɚɟɬɫɹ ɤɨɧɰɟɩɰɢɟɣ ɷɥɢɬɚɪɢɡɦɚ. Ⱦɥɹ ɭɞɨɛɫɬɜɚ 

ɨɛɨɡɧɚɱɢɦ ɤɚɤ use_global ɛɭɥɟɜɭ ɩɟɪɟɦɟɧɧɭɸ, ɩɨɤɚɡɵɜɚɸɳɭɸ, ɢɫɩɨɥɶɡɭɟɦ ɥɢ ɦɵ 

ɤɨɧɰɟɩɰɢɸ ɷɥɢɬɚɪɢɡɦɚ [53]. 

Ɉɬɦɟɬɢɦ ɟɳɟ ɨɞɧɭ ɨɫɨɛɟɧɧɨɫɬɶ ɚɥɝɨɪɢɬɦɚ BCO. ȼ ɧɟɦ ɞɥɹ ɪɚɫɲɢɪɟɧɢɹ 

ɩɪɨɫɬɪɚɧɫɬɜɚ ɩɨɢɫɤɚ ɚɜɬɨɪɵ ɪɚɛɨɬɵ [166] ɩɪɟɞɥɚɝɚɸɬ ɜɵɛɢɪɚɬɶ ɧɟ ɥɭɱɲɟɟ 

ɪɟɲɟɧɢɟ ɜ ɨɤɪɟɫɬɧɨɫɬɢ, ɚ ɩɪɨɢɡɜɨɞɢɬɶ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɭɸ ɫɟɥɟɤɰɢɸ 

(ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɟɬɨɞ ɪɭɥɟɬɤɢ). Ɍ.ɟ. ɜɟɪɨɹɬɧɨɫɬɶ ɜɵɛɨɪɚ ɪɟɲɟɧɢɹ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ 

ɟɝɨ ɤɚɱɟɫɬɜɭ. Ɉɞɧɚɤɨ ɜ ɪɚɛɨɬɟ [78] ɩɪɢɜɨɞɢɬɫɹ ɨɛɨɫɧɨɜɚɧɢɟ ɜɨɡɦɨɠɧɨɫɬɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɪɭɝɢɯ ɦɟɬɨɞɨɜ ɫɟɥɟɤɰɢɢ ɞɥɹ ɩɱɟɥɢɧɵɯ ɚɥɝɨɪɢɬɦɨɜ: ɬɭɪɧɢɪɧɨɣ ɢ 

ɪɚɧɝɨɜɨɣ ɫɟɥɟɤɰɢɢ, ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɦɵɯ ɜ ɬɟɨɪɢɢ ɷɜɨɥɸɰɢɨɧɧɵɯ ɚɥɝɨɪɢɬɦɨɜ. 

Ɍɚɤɠɟ ɜ ɪɚɛɨɬɟ [78] ɩɪɢɜɨɞɢɬɫɹ ɨɩɢɫɚɧɢɟ ɟɳɟ ɨɞɧɨɝɨ ɦɟɬɨɞɚ ɫɟɥɟɤɰɢɢ – 

ɞɢɡɪɭɩɬɢɜɧɨɝɨ. Ⱦɢɡɪɭɩɬɢɜɧɚɹ ɫɟɥɟɤɰɢɹ ɩɨɯɨɠɚ ɧɚ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɭɸ, ɧɨ ɢɦɟɟɬ 

ɨɞɧɨ ɡɧɚɱɢɬɟɥɶɧɨɟ ɨɬɥɢɱɢɟ, ɤɚɫɚɸɳɟɟɫɹ ɮɨɪɦɭɥɵ, ɨɩɪɟɞɟɥɹɸɳɟɣ ɜɟɪɨɹɬɧɨɫɬɶ 

ɜɵɛɨɪɚ ɨɫɨɛɢ: 
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ɝɞɟ Favg – ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ ɞɥɹ N ɪɟɲɟɧɢɣ. Ⱦɢɡɪɭɩɬɢɜɧɚɹ 

ɫɟɥɟɤɰɢɹ ɧɚɩɪɚɜɥɟɧɚ ɧɚ ɦɚɤɫɢɦɢɡɚɰɢɸ ɜɟɪɨɹɬɧɨɫɬɢ ɜɵɛɨɪɚ ɫɚɦɵɯ ɥɭɱɲɢɯ ɢ 

ɫɚɦɵɯ ɯɭɞɲɢɯ ɨɫɨɛɟɣ [78]. Ɉɫɨɛɢ ɫɨ «ɫɪɟɞɧɢɦ» ɡɧɚɱɟɧɢɟɦ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ 



90 

 

ɢɦɟɸɬ ɧɟ ɫɚɦɭɸ ɜɵɫɨɤɭɸ ɜɟɪɨɹɬɧɨɫɬɶ ɛɵɬɶ ɜɵɛɪɚɧɧɵɦɢ. ɋɱɢɬɚɟɬɫɹ, ɱɬɨ 

ɩɨɞɨɛɧɚɹ ɫɬɪɚɬɟɝɢɹ ɫɩɨɫɨɛɫɬɜɭɟɬ ɫɨɯɪɚɧɟɧɢɸ ɪɚɡɧɨɨɛɪɚɡɢɹ ɫɪɟɞɢ ɨɫɨɛɟɣ ɪɨɹ. 

Ɍɚɤɠɟ ɦɟɬɨɞ ɪɭɥɟɬɤɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɨɝɨ, ɤɚɤɨɟ ɪɟɲɟɧɢɟ 

ɜɵɛɟɪɟɬ ɧɟɡɚɧɹɬɵɣ ɮɭɪɚɠɢɪ (ɮɨɪɦɭɥɚ (2.10)). ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɞɥɹ ɷɬɨɣ ɰɟɥɢ 

ɬɚɤɠɟ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɥɸɛɨɣ ɢɡ 4 ɦɟɬɨɞɨɜ ɫɟɥɟɤɰɢɢ. 

Ⱦɥɹ ɩɨɢɫɤɚ ɧɨɜɵɯ ɪɟɲɟɧɢɣ ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɧɟɤɨɬɨɪɨɝɨ ɪɟɲɟɧɢɹ Sol ɜ 

ɚɥɝɨɪɢɬɦɟ BCOi ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɨɤɪɟɫɬɧɨɫɬɶ Nbetter(Sol). 

ȼ ɩɪɢɥɨɠɟɧɢɢ 2 (ɚɥɝɨɪɢɬɦ ɉ2.4) ɩɪɟɞɫɬɚɜɥɟɧɚ ɨɛɳɚɹ ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ 

BCOi ɞɥɹ ɁɊɗɊɂɋ [53]. 

 

Ⱥɥɝɨɪɢɬɦ ABC ɞɥɹ ɪɟɲɟɧɢɹ ɁɊɗɊɂɋ 

ɉɟɪɜɨɧɚɱɚɥɶɧɚɹ ɜɟɪɫɢɹ ɚɥɝɨɪɢɬɦɚ ABC, ɨɩɢɫɚɧɧɚɹ ɜ ɪɚɛɨɬɚɯ [123, 124], 

ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɞɥɹ ɡɚɞɚɱ ɧɟɩɪɟɪɵɜɧɨɣ 

ɨɩɬɢɦɢɡɚɰɢɢ. Ɉɞɧɚɤɨ ɜ ɪɹɞɟ ɧɨɜɵɯ ɪɚɛɨɬ ([163,174] ɢ ɞɪ.) ɩɨɤɚɡɚɧɨ, ɱɬɨ ABC 

ɬɚɤɠɟ ɷɮɮɟɤɬɢɜɧɨ ɫɩɪɚɜɥɹɟɬɫɹ ɫ ɪɟɲɟɧɢɟɦ ɡɚɞɚɱ ɞɢɫɤɪɟɬɧɨɣ ɨɩɬɢɦɢɡɚɰɢɢ. 

ȼ ɞɚɧɧɨɣ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɟ ɞɥɹ ɩɨɢɫɤɚ ɧɨɜɵɯ ɪɟɲɟɧɢɣ ɜ ɨɤɪɟɫɬɧɨɫɬɢ 

ɧɟɤɨɬɨɪɨɝɨ ɪɟɲɟɧɢɹ Sol ɜ ɚɥɝɨɪɢɬɦɟ ABC ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɨɤɪɟɫɬɧɨɫɬɶ 

Nbetter(Sol).  

ȼ ɩɪɢɥɨɠɟɧɢɢ 2 (ɚɥɝɨɪɢɬɦ ɉ2.5) ɩɪɟɞɫɬɚɜɥɟɧɚ ɨɛɳɚɹ ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ ABC 

ɞɥɹ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ [48]. 

 

2.8 Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɪɚɡɜɢɜɚɸɳɢɯɫɹ 

ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ ɩɪɢ ɩɨɦɨɳɢ ɨɩɬɢɦɢɡɚɰɢɢ ɩɨɞɪɚɠɚɧɢɟɦ 

ɦɭɪɚɜɶɢɧɨɣ ɤɨɥɨɧɢɢ 

Ɉɛɳɢɟ ɫɜɟɞɟɧɢɹ ɨ ɦɭɪɚɜɶɢɧɨɦ ɚɥɝɨɪɢɬɦɟ 

Ɇɭɪɚɜɶɢɧɵɣ ɚɥɝɨɪɢɬɦ (ɚɥɝɨɪɢɬɦ ɨɩɬɢɦɢɡɚɰɢɢ ɩɨɞɪɚɠɚɧɢɟɦ ɦɭɪɚɜɶɢɧɨɣ 

ɤɨɥɨɧɢɢ, ɚɧɝɥ. ant colony optimization, ACO) – ɨɞɢɧ ɢɡ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɯ 

ɦɟɬɚɷɜɪɢɫɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ, ɩɪɢɦɟɧɹɸɳɢɯɫɹ ɞɥɹ ɪɟɲɟɧɢɹ NP-ɬɪɭɞɧɵɯ ɡɚɞɚɱ. 

ACO ɨɬɧɨɫɢɬɫɹ ɤ ɤɥɚɫɫɭ ɚɥɝɨɪɢɬɦɨɜ, ɨɫɧɨɜɚɧɧɵɯ ɧɚ ɪɨɟɜɨɦ ɢɧɬɟɥɥɟɤɬɟ. Ɇɟɬɨɞ 
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ɛɵɥ ɩɪɟɞɥɨɠɟɧ M. Dorigo ɜ ɧɚɱɚɥɟ 90-ɯ [101] ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɤɨɦɦɢɜɨɹɠёɪɚ 

(ɚɧɝɥ. travelling salesman problem, ɫɨɤɪɚɳёɧɧɨ TSP). ɋɭɬɶ ɩɨɞɯɨɞɚ, ɥɟɠɚɳɟɝɨ ɜ 

ɨɫɧɨɜɟ ACO, ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɨɞɟɥɢ ɩɨɜɟɞɟɧɢɹ ɦɭɪɚɜɶёɜ, ɢɳɭɳɢɯ 

ɩɭɬɢ ɨɬ ɦɭɪɚɜɟɣɧɢɤɚ ɤ ɢɫɬɨɱɧɢɤɭ ɩɢɬɚɧɢɹ. Ɇɭɪɚɜɶɢ ɢɫɩɨɥɶɡɭɸɬ ɞɥɹ ɩɟɪɟɞɚɱɢ 

ɢɧɮɨɪɦɚɰɢɢ ɬ.ɧ. ɫɬɢɝɦɟɪɝɢɸ. ɋɬɢɝɦɟɪɝɢɹ — ɷɬɨ ɪɚɡɧɟɫɟɧɧɵɣ ɜɨ ɜɪɟɦɟɧɢ ɬɢɩ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, ɤɨɝɞɚ ɨɞɢɧ ɫɭɛɴɟɤɬ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɢɡɦɟɧɹɟɬ ɧɟɤɨɬɨɪɭɸ ɱɚɫɬɶ 

ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɚ ɨɫɬɚɥɶɧɵɟ ɢɫɩɨɥɶɡɭɸɬ ɢɧɮɨɪɦɚɰɢɸ ɨɛ ɟɟ ɫɨɫɬɨɹɧɢɢ ɩɨɡɠɟ, 

ɤɨɝɞɚ ɧɚɯɨɞɹɬɫɹ ɜ ɟɟ ɨɤɪɟɫɬɧɨɫɬɢ [71].  Ⱦɜɟ ɨɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, 

ɨɬɥɢɱɚɸɳɢɟ ɫɬɢɝɦɟɪɝɢɸ ɨɬ ɞɪɭɝɢɯ ɫɩɨɫɨɛɨɜ ɤɨɦɦɭɧɢɤɚɰɢɢ, ɡɚɤɥɸɱɚɸɬɫɹ ɜ 

ɫɥɟɞɭɸɳɟɦ [97]: 

– ɫɬɢɝɦɟɪɝɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɤɨɫɜɟɧɧɭɸ, ɧɟɫɢɦɜɨɥɢɱɟɫɤɭɸ ɮɨɪɦɭ 

ɨɛɳɟɧɢɹ ɡɚ ɫɱёɬ ɢɡɦɟɧɟɧɢɹ ɧɚɫɟɤɨɦɵɦɢ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ; 

– ɢɧɮɨɪɦɚɰɢɹ, ɩɟɪɟɞɚɜɚɟɦɚɹ ɩɨɫɪɟɞɫɬɜɨɦ ɫɬɢɝɦɟɪɝɢɢ, ɹɜɥɹɟɬɫɹ ɥɨɤɚɥɶɧɨɣ, 

ɬ.ɟ. ɨɧɚ ɞɨɫɬɭɩɧɚ ɬɨɥɶɤɨ ɬɟɦ ɧɚɫɟɤɨɦɵɦ, ɤɨɬɨɪɵɟ ɧɚɯɨɞɹɬɫɹ ɜ ɦɟɫɬɟ, ɝɞɟ ɞɪɭɝɨɟ 

ɧɚɫɟɤɨɦɨɟ ɨɫɬɚɜɢɥɨ ɧɟɤɭɸ ɫɬɢɝɦɟɪɝɢɱɟɫɤɭɸ ɫɭɛɫɬɚɧɰɢɸ, ɢɥɢ ɜ ɟɝɨ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ ɨɤɪɟɫɬɧɨɫɬɢ. 

Ȼɢɨɥɨɝɢɱɟɫɤɢ ɫɬɢɝɦɟɪɝɢɹ ɪɟɚɥɢɡɭɟɬɫɹ ɱɟɪɟɡ ɮɟɪɨɦɨɧ – ɫɩɟɰɢɚɥɶɧɵɣ ɫɟɤɪɟɬ, 

ɤɨɬɨɪɵɣ ɦɭɪɚɜɟɣ ɨɬɤɥɚɞɵɜɚɟɬ ɧɚ ɬɪɨɩɟ ɜ ɩɪɨɰɟɫɫɟ ɫɜɨɟɝɨ ɩɟɪɟɦɟɳɟɧɢɹ. Ⱦɪɭɝɢɟ 

ɦɭɪɚɜɶɢ ɜɨɫɩɪɢɧɢɦɚɸɬ ɩɪɢɫɭɬɫɬɜɢɟ ɮɟɪɨɦɨɧɨɜ ɢ ɢɦɟɸɬ ɬɟɧɞɟɧɰɢɸ ɫɥɟɞɨɜɚɬɶ ɩɨ 

ɩɭɬɢ, ɝɞɟ ɤɨɧɰɟɧɬɪɚɰɢɹ ɮɟɪɨɦɨɧɚ ɜɵɲɟ [98]. Ȼɥɚɝɨɞɚɪɹ ɷɬɨɦɭ ɦɟɯɚɧɢɡɦɭ, 

ɦɭɪɚɜɶɢ ɜ ɫɨɫɬɨɹɧɢɢ ɧɚɯɨɞɢɬɶ ɢɫɬɨɱɧɢɤɢ ɟɞɵ ɭɞɢɜɢɬɟɥɶɧɨ ɷɮɮɟɤɬɢɜɧɵɦ 

ɫɩɨɫɨɛɨɦ. Ɏɟɪɨɦɨɧ ɫ ɬɟɱɟɧɢɟɦ ɜɪɟɦɟɧɢ ɩɨɫɬɟɩɟɧɧɨ ɢɫɩɚɪɹɟɬɫɹ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ 

ɦɭɪɚɜɶɹɦ ɚɞɚɩɬɢɪɨɜɚɬɶ ɫɜɨɟ ɩɨɜɟɞɟɧɢɟ ɩɨɞ ɢɡɦɟɧɟɧɢɹ ɜɧɟɲɧɟɣ ɫɪɟɞɵ. 

Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɮɟɪɨɦɨɧɚ ɩɨ ɩɪɨɫɬɪɚɧɫɬɜɭ ɩɟɪɟɞɜɢɠɟɧɢɹ ɦɭɪɚɜɶɟɜ ɹɜɥɹɟɬɫɹ 

ɫɜɨɟɝɨ ɪɨɞɚ ɞɢɧɚɦɢɱɟɫɤɢ ɢɡɦɟɧɹɟɦɨɣ ɝɥɨɛɚɥɶɧɨɣ ɩɚɦɹɬɶɸ ɦɭɪɚɜɟɣɧɢɤɚ [71]. 

ȼ ɦɟɬɨɞɟ ACO ɢɦɢɬɢɪɭɟɬɫɹ ɞɟɹɬɟɥɶɧɨɫɬɶ ɤɨɥɨɧɢɢ ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɦɭɪɚɜɶɟɜ. 

Ɇɭɪɚɜɶɢ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɦɟɠɞɭ ɫɨɛɨɣ ɞɥɹ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ 

ɨɩɬɢɦɢɡɚɰɢɨɧɧɨɣ ɡɚɞɚɱɢ ɩɨɫɪɟɞɫɬɜɨɦ ɨɛɦɟɧɚ ɢɧɮɨɪɦɚɰɢɟɣ ɱɟɪɟɡ ɮɟɪɨɦɨɧ. Ⱦɥɹ 

ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɩɪɢ ɩɨɦɨɳɢ ɦɭɪɚɜɶɢɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɟɟ ɭɞɨɛɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ 
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ɜɢɞɟ ɦɨɞɟɥɢ ɧɚ ɝɪɚɮɟ. ɇɚɩɪɢɦɟɪ, ɜ ɡɚɞɚɱɟ ɤɨɦɦɢɜɨɹɠёɪɚ ɝɨɪɨɞɚ ɩɪɟɞɫɬɚɜɥɹɸɬ 

ɫɨɛɨɣ ɜɟɪɲɢɧɵ ɝɪɚɮɚ, ɚ ɪёɛɪɚ (i, j) ɦɟɠɞɭ ɜɟɪɲɢɧɚɦɢ i ɢ j — ɩɭɬɢ ɫɨɨɛɳɟɧɢɹ 

ɦɟɠɞɭ ɷɬɢɦɢ ɝɨɪɨɞɚɦɢ. ɋ ɤɚɠɞɵɦ ɪɟɛɪɨɦ ɫɜɹɡɚɧ ɟɝɨ ɮɟɪɨɦɨɧɧɵɣ ɭɪɨɜɟɧɶ ij ɢ 

ɷɜɪɢɫɬɢɱɟɫɤɚɹ ɮɭɧɤɰɢɹ ij (ɜɵɪɚɠɚɟɬ ɠɟɥɚɧɢɟ ɩɨɫɟɬɢɬɶ ɝɨɪɨɞ j ɢɡ ɝɨɪɨɞɚ i), 

ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚɹ ɞɥɢɧɟ ɩɭɬɢ ɦɟɠɞɭ ɝɨɪɨɞɚɦɢ i ɢ j.  

Ɇɭɪɚɜɶɢɧɵɣ ɚɥɝɨɪɢɬɦ ɫɬɪɨɢɬ ɪɟɲɟɧɢɟ ɢɡ ɤɨɦɛɢɧɚɰɢɢ ɭɧɢɤɚɥɶɧɵɯ 

ɤɨɦɩɨɧɟɧɬ, ɜɵɛɢɪɚɟɦɵɯ ɢɡ ɤɨɧɟɱɧɨɝɨ ɧɚɛɨɪɚ. ɐɟɥɶɸ ɹɜɥɹɟɬɫɹ ɩɨɢɫɤ ɨɩɬɢɦɚɥɶɧɨɣ 

ɤɨɦɛɢɧɚɰɢɢ ɤɨɦɩɨɧɟɧɬ. ȼɵɛɨɪ ɤɨɦɩɨɧɟɧɬɵ ɪɟɲɟɧɢɹ (ɜ ɫɥɭɱɚɟ TSP – ɪɟɛɪɚ ɝɪɚɮɚ 

cij) ɢɡ ɦɧɨɠɟɫɬɜɚ ɞɨɩɭɫɬɢɦɵɯ ɤɨɦɩɨɧɟɧɬ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜɟɪɨɹɬɧɨɫɬɧɨ ɧɚ ɤɚɠɞɨɦ 

ɲɚɝɟ ɩɨɫɬɪɨɟɧɢɹ ɪɟɲɟɧɢɹ, ɢɫɯɨɞɹ ɢɡ ɡɧɚɱɟɧɢɣ ɮɟɪɨɦɨɧɧɨɝɨ ɭɪɨɜɧɹ ɢ 

ɷɜɪɢɫɬɢɱɟɫɤɨɣ ɮɭɧɤɰɢɢ ɪɟɛɟɪ ɝɪɚɮɚ. 

Ɉɞɧɚ ɢɬɟɪɚɰɢɹ ɚɥɝɨɪɢɬɦɚ ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɩɨɫɬɪɨɟɧɢɟ ɤɚɠɞɵɦ ɢɡ A ɦɭɪɚɜɶɟɜ 

ɤɨɥɨɧɢɢ ɨɞɧɨɝɨ ɞɨɩɭɫɬɢɦɨɝɨ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ. Ɏɟɪɨɦɨɧɧɵɣ ɭɪɨɜɟɧɶ ɤɨɦɩɨɧɟɧɬ 

ɩɟɪɢɨɞɢɱɟɫɤɢ ɨɛɧɨɜɥɹɟɬɫɹ ɫɨɝɥɚɫɧɨ ɫɥɟɞɭɸɳɟɦɭ ɩɪɚɜɢɥɭ: ɮɟɪɨɦɨɧ ɪɟɛɪɚ 

ɩɨɥɭɱɚɟɬ ɩɪɢɪɚɳɟɧɢɟ, ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɟ ɤɚɱɟɫɬɜɭ (ɜ ɫɥɭɱɚɟ ɦɢɧɢɦɢɡɚɰɢɨɧɧɨɣ 

ɡɚɞɚɱɢ ɤɚɱɟɫɬɜɨ ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɡɧɚɱɟɧɢɸ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ) ɪɟɲɟɧɢɹ, 

ɜ ɤɨɬɨɪɨɟ ɷɬɨ ɪɟɛɪɨ ɜɯɨɞɢɬ.  

ɋɭɳɟɫɬɜɭɟɬ ɦɧɨɠɟɫɬɜɨ ɪɚɡɧɨɜɢɞɧɨɫɬɟɣ ACO. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɞɥɹ ɪɟɲɟɧɢɹ 

ɁɊɗɊɂɋ ɛɭɞɭɬ ɢɫɩɨɥɶɡɨɜɚɧɵ ɬɪɢ ɧɚɢɛɨɥɟɟ ɢɡɜɟɫɬɧɵɯ ɩɨɞɯɨɞɚ: Ant System (AS) 

[99,101], MAX–MIN Ant System (MMAS) [162] ɢ Ant Colony System (ACS) [100]. 

 

Ɇɭɪɚɜɶɢɧɵɣ ɚɥɝɨɪɢɬɦ ɞɥɹ ɪɟɲɟɧɢɹ ɁɊɗɊɂɋ 

ȼɜɟɞɟɦ ɧɟɫɤɨɥɶɤɨ ɨɛɨɡɧɚɱɟɧɢɣ ɞɥɹ ɤɪɚɬɤɨɫɬɢ. ȼ ɞɚɥɶɧɟɣɲɟɦ ɩɚɪɨɣ (s, t) 

ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɪɟɲɟɧɢɸ ɧɚɲɟɣ ɡɚɞɚɱɢ ɛɭɞɟɦ ɧɚɡɵɜɚɬɶ ɷɥɟɦɟɧɬ t-ɝɨ ɬɢɩɚ, 

ɭɫɬɚɧɨɜɥɟɧɧɵɣ ɧɚ s-ɦ ɦɟɫɬɟ-ɤɚɧɞɢɞɚɬɟ. Ɏɪɚɡɚ "ɩɚɪɚ (s, t) ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ 

ɪɟɲɟɧɢɢ" ɨɡɧɚɱɚɟɬ, ɱɬɨ yst = 1. Ɍɪɢɩɥɟɬɨɦ (i, s, t) ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɪɟɲɟɧɢɸ 

ɧɚɲɟɣ ɡɚɞɚɱɢ ɛɭɞɟɦ ɧɚɡɵɜɚɬɶ ɩɨɞɤɥɸɱɟɧɢɟ i-ɝɨ ɤɥɢɟɧɬɚ ɤ ɷɥɟɦɟɧɬɭ t-ɝɨ ɬɢɩɚ, 

ɭɫɬɚɧɨɜɥɟɧɧɨɦɭ ɧɚ s-ɦ ɦɟɫɬɟ-ɤɚɧɞɢɞɚɬɟ. Ɏɪɚɡɚ "ɬɪɢɩɥɟɬ (i, s, t) ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ 

ɪɟɲɟɧɢɢ" ɨɡɧɚɱɚɟɬ, ɱɬɨ yst = 1 ɢ xis = 1. 
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ȼ ɞɚɧɧɨɣ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɟ ɩɪɟɞɥɚɝɚɟɬɫɹ ɚɥɝɨɪɢɬɦ ACO, 

ɨɬɥɢɱɢɬɟɥɶɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɤɨɬɨɪɨɝɨ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɞɜɭɯ ɤɨɥɨɧɢɣ (ɚ 

ɧɟ ɨɞɧɨɣ, ɤɚɤ ɜ ɤɥɚɫɫɢɱɟɫɤɨɦ ɚɥɝɨɪɢɬɦɟ) ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɦɭɪɚɜɶɟɜ.  

ȼɩɟɪɜɵɟ ɤɨɧɰɟɩɰɢɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɟɫɤɨɥɶɤɢɯ ɤɨɥɨɧɢɣ ɦɭɪɚɜɶɟɜ (MACO, 

Multiple Ant Colony Optimization) ɛɵɥɚ ɩɪɟɞɥɨɠɟɧɚ ɜ ɪɚɛɨɬɟ [109]. Ʉɨɧɰɟɩɰɢɹ 

MACO ɢɫɩɨɥɶɡɭɟɬɫɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɞɥɹ ɡɚɞɚɱ ɦɧɨɤɪɢɬɟɪɢɚɥɶɧɨɣ ɨɩɬɢɦɢɡɚɰɢɢ, 

ɤɨɝɞɚ ɤɚɠɞɚɹ ɢɡ ɤɨɥɨɧɢɣ ɦɭɪɚɜɶɟɜ ɨɬɜɟɱɚɟɬ ɡɚ ɨɞɧɭ ɢɡ ɰɟɥɟɜɵɯ ɮɭɧɤɰɢɣ [4,109]. 

Ɉɞɧɚɤɨ ɜ ɪɚɛɨɬɟ [168] ɩɪɟɞɥɚɝɚɟɬɫɹ ɩɨɞɯɨɞ, ɫɨɝɥɚɫɧɨ ɤɨɬɨɪɨɦɭ MACO ɦɨɠɧɨ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɢ ɞɥɹ ɡɚɞɚɱ ɨɞɧɨɤɪɢɬɟɪɢɚɥɶɧɨɣ ɨɩɬɢɦɢɡɚɰɢɢ. 

Ɋɚɛɨɬɵ [18,28] ɩɨɫɜɹɳɟɧɵ ɪɟɲɟɧɢɸ ɡɚɞɚɱ ɪɚɡɦɟɳɟɧɢɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɨɞɧɨɣ ɤɨɥɨɧɢɢ ɦɭɪɚɜɶɟɜ. Ɉɬɦɟɬɢɦ ɪɚɛɨɬɵ, ɩɨɫɜɹɳɟɧɧɵɟ ɪɟɲɟɧɢɸ ɡɚɞɚɱ 

ɪɚɡɦɟɳɟɧɢɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɟɫɤɨɥɶɤɢɯ ɤɨɥɨɧɢɣ ɦɭɪɚɜɶɟɜ. Ɋɚɛɨɬɚ [49] 

ɩɨɫɜɹɳɟɧɚ ɪɟɲɟɧɢɸ ɡɚɞɚɱɢ SSCFLP ɩɪɢ ɩɨɦɨɳɢ ɦɭɥɶɬɢɤɨɥɨɧɢɚɥɶɧɨɝɨ 

ɚɥɝɨɪɢɬɦɚ ACO. ȼ ɫɬɚɬɶɟ [155] ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɱɚɫɬɧɵɣ ɫɥɭɱɚɣ SSCFLP – ɡɚɞɚɱɚ 

ɪɚɡɦɟɳɟɧɢɹ ɛɚɡɨɜɵɯ ɫɬɚɧɰɢɣ ɩɪɢ ɩɥɚɧɢɪɨɜɚɧɢɢ ɛɟɫɩɪɨɜɨɞɧɵɯ ɫɟɬɟɣ ɩɟɪɟɞɚɱɢ 

ɞɚɧɧɵɯ. Ɋɚɛɨɬɚ [54] ɩɨɫɜɹɳɟɧɚ ɁɊɗɊɂɋ ɤɚɤ ɱɚɫɬɧɨɦɭ ɫɥɭɱɚɸ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 

ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ. 

ȼɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɜɭɯ ɤɨɥɨɧɢɣ ɦɭɪɚɜɶɟɜ ɞɥɹ ɪɟɲɟɧɢɹ ɁɊɗɊɂɋ 

ɨɛɭɫɥɨɜɥɟɧɚ ɫɥɟɞɭɸɳɢɦɢ ɫɨɨɛɪɚɠɟɧɢɹɦɢ. Ʉɚɤ ɭɠɟ ɛɵɥɨ ɫɤɚɡɚɧɨ ɪɚɧɟɟ, ɞɥɹ 

ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ACO ɧɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɢɬɶ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɡɚɞɚɱɢ ɜ 

ɜɢɞɟ ɝɪɚɮɚ. ɇɚ ɪɢɫɭɧɤɟ 2.1 ɩɪɢɜɟɞɟɧɨ ɫɯɟɦɚɬɢɱɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɝɨɬɨɜɨɝɨ 

ɪɟɲɟɧɢɹ ɁɊɗɊɂɋ (ɞɥɹ ɱɚɫɬɧɨɝɨ ɫɥɭɱɚɹ ɂɋ – ɛɟɫɩɪɨɜɨɞɧɨɣ ɫɟɬɢ ɩɟɪɟɞɚɱɢ 

ɞɚɧɧɵɯ). Ʉɪɭɠɤɚɦɢ ɨɛɨɡɧɚɱɟɧɵ ɦɟɫɬɚ-ɤɚɧɞɢɞɚɬɵ. Ʉɪɚɫɧɵɟ ɤɪɭɠɤɢ – ɷɬɨ 

ɦɟɫɬɚ-ɤɚɧɞɢɞɚɬɵ, ɧɚ ɤɨɬɨɪɵɟ ɛɵɥ ɭɫɬɚɧɨɜɥɟɧ ɷɥɟɦɟɧɬ ɂɋ. Ɂɟɥɟɧɵɟ ɤɜɚɞɪɚɬɢɤɢ – 

ɷɬɨ ɤɥɢɟɧɬɵ. ɋɨɟɞɢɧɢɬɟɥɶɧɚɹ ɥɢɧɢɹ ɨɛɨɡɧɚɱɚɟɬ ɬɨ ɮɚɤɬ, ɱɬɨ ɤɥɢɟɧɬ ɩɨɞɤɥɸɱɟɧ ɤ 

ɷɥɟɦɟɧɬɭ. ɑɢɫɥɚ ɜɧɭɬɪɢ ɤɪɭɠɤɨɜ ɨɛɨɡɧɚɱɚɸɬ ɧɨɦɟɪ ɦɟɫɬɚ-ɤɚɧɞɢɞɚɬɚ. 
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Ɋɢɫɭɧɨɤ 2.1 – ɋɯɟɦɚɬɢɱɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɝɨɬɨɜɨɝɨ ɪɟɲɟɧɢɹ ɁɊɗɊɂɋ 

ȼ ɁɊɗɊɂɋ ɦɧɨɠɟɫɬɜɨ ɜɟɪɲɢɧ V1 ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɦɟɫɬɚɦ-ɤɚɧɞɢɞɚɬɚɦ ɧɚ 

ɪɚɡɦɟɳɟɧɢɟ, ɦɧɨɠɟɫɬɜɨ ɜɟɪɲɢɧ V2 ɩɪɟɞɫɬɚɜɥɹɟɬ ɤɥɢɟɧɬɨɜ, ɚ ɦɧɨɠɟɫɬɜɨ ɪɟɛɟɪ ȿ 

ɚɫɫɨɰɢɢɪɨɜɚɧɨ ɫ ɮɚɤɬɨɦ ɩɨɞɤɥɸɱɟɧɢɹ ɤɥɢɟɧɬɨɜ ɤ ɷɥɟɦɟɧɬɚɦ ɂɋ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɝɪɚɮ, ɧɚ ɤɨɬɨɪɨɦ ɤɨɧɫɬɪɭɢɪɭɟɬɫɹ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ, ɫɨɫɬɨɢɬ ɢɡ ɜɟɪɲɢɧ ɞɜɭɯ ɬɢɩɨɜ 

ɢ ɦɧɨɠɟɫɬɜɚ ɪɟɛɟɪ, ɫɨɟɞɢɧɹɸɳɢɯ ɜɟɪɲɢɧɵ ɪɚɡɧɵɯ ɬɢɩɨɜ ɦɟɠɞɭ ɫɨɛɨɣ, ɬ.ɟ. 

ɹɜɥɹɟɬɫɹ ɞɜɭɞɨɥɶɧɵɦ ɝɪɚɮɨɦ [54]. ɉɪɢ ɷɬɨɦ ɦɟɫɬɚ-ɤɚɧɞɢɞɚɬɵ ɦɟɠɞɭ ɫɨɛɨɣ ɧɟ 

ɫɨɟɞɢɧɟɧɵ ɪɟɛɪɚɦɢ, ɬɨɱɧɨ ɬɚɤ ɠɟ, ɤɚɤ ɢ ɦɟɠɞɭ ɤɥɢɟɧɬɚɦɢ ɨɬɫɭɬɫɬɜɭɸɬ ɪɟɛɪɚ, 

ɜɟɞɶ ɷɬɢ ɫɜɹɡɢ ɧɟ ɢɦɟɸɬ ɫɦɵɫɥɚ (ɜ ɤɨɧɬɟɤɫɬɟ ɧɚɲɟɣ ɡɚɞɚɱɢ) [155]. 

Ɉɬɦɟɬɢɦ, ɱɬɨ ɤɨɧɰɟɩɰɢɢ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɩɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱɢ 

ɤɨɦɦɢɜɨɹɠɟɪɚ, ɧɟ ɩɪɢɦɟɧɢɦɵ ɞɥɹ ɧɚɲɟɣ ɡɚɞɚɱɢ. ȼɟɞɶ ɜ ɡɚɞɚɱɟ ɤɨɦɦɢɜɨɹɠɟɪɚ 

ɪɟɲɟɧɢɟ ɫɬɪɨɢɬɫɹ ɢɡ ɤɨɦɩɨɧɟɧɬ ɜɫɟɝɨ ɨɞɧɨɝɨ ɬɢɩɚ (ɪɟɛɟɪ ɝɪɚɮɚ). ȼ ɧɚɲɟɣ ɠɟ 

ɡɚɞɚɱɟ ɪɟɲɟɧɢɟ ɫɬɪɨɢɬɫɹ ɢɡ ɞɜɭɯ ɬɢɩɨɜ ɤɨɦɩɨɧɟɧɬ. ɗɬɨ ɢ ɨɛɭɫɥɚɜɥɢɜɚɟɬ 
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ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɜɭɯ ɦɭɪɚɜɶɢɧɵɯ ɤɨɥɨɧɢɣ (ɪɚɡɦɟɪ ɤɚɠɞɨɣ 

ɤɨɥɨɧɢɢ ɫɨɫɬɚɜɥɹɟɬ A ɦɭɪɚɜɶɟɜ) [47,54]. 

ɇɚɯɨɠɞɟɧɢɟ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɛɭɞɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɜ ɞɜɚ ɷɬɚɩɚ. ɉɟɪɜɚɹ 

ɤɨɥɨɧɢɹ ɨɬɜɟɱɚɟɬ ɡɚ ɜɵɛɨɪ ɷɥɟɦɟɧɬɨɜ. ɉɭɫɬɶ 1 – ɞɜɭɦɟɪɧɵɣ ɦɚɫɫɢɜ, ɤɚɠɞɵɣ ɟɝɨ 

ɷɥɟɦɟɧɬ 1[s][t] ɯɪɚɧɢɬ ɭɪɨɜɟɧɶ ɮɟɪɨɦɨɧɚ ɞɥɹ ɩɚɪɵ (s, t). Ɉɩɪɟɞɟɥɢɦ 

ɷɜɪɢɫɬɢɱɟɫɤɭɸ ɮɭɧɤɰɢɸ ɞɥɹ ɩɟɪɜɨɣ ɤɨɥɨɧɢɢ. Ɂɧɚɱɟɧɢɟ ɷɜɪɢɫɬɢɱɟɫɤɨɣ ɮɭɧɤɰɢɢ 

ɧɟɤɨɬɨɪɨɣ ɤɨɦɩɨɧɟɧɬɵ ɞɨɥɠɧɨ ɛɵɬɶ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ «ɠɟɥɚɧɢɸ» ɜɵɛɪɚɬɶ ɷɬɭ 

ɤɨɦɩɨɧɟɧɬɭ ɢɫɯɨɞɹ ɢɡ ɟё ɫɜɨɣɫɬɜ. Ⱦɥɹ ɤɚɠɞɨɣ ɤɨɦɩɨɧɟɧɬɵ ɪɟɲɟɧɢɹ ɦɵ ɦɨɠɟɦ 

ɩɨɫɱɢɬɚɬɶ 1[s][t] ɡɚɪɚɧɟɟ, ɬ.ɤ. ɡɧɚɱɟɧɢɟ ɷɜɪɢɫɬɢɱɟɫɤɨɣ ɮɭɧɤɰɢɢ (ɜ ɨɬɥɢɱɢɟ ɨɬ 

ɮɟɪɨɦɨɧɚ) ɧɟ ɦɟɧɹɟɬɫɹ ɜ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ. ɗɜɪɢɫɬɢɱɟɫɤɭɸ ɮɭɧɤɰɢɸ 

ɦɟɫɬɚ-ɤɚɧɞɢɞɚɬɚ ɫ ɭɫɬɚɧɨɜɥɟɧɧɵɦ ɷɥɟɦɟɧɬɨɦ ɨɩɪɟɞɟɥɢɦ ɤɚɤ ɨɬɧɨɲɟɧɢɟ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɷɥɟɦɟɧɬɚ ɤ ɫɭɦɦɟ ɟɝɨ ɰɟɧɵ ɢ ɫɬɨɢɦɨɫɬɢ ɟɝɨ ɭɫɬɚɧɨɜɤɢ ɧɚ 

ɦɟɫɬɨ: 

 ./]][[1 stt PsCostElCostprftsȘ   (2.15) 

ȼɬɨɪɚɹ ɤɨɥɨɧɢɹ ɨɬɜɟɱɚɟɬ ɡɚ ɩɨɞɤɥɸɱɟɧɢɟ ɤɥɢɟɧɬɨɜ ɤ ɜɵɛɪɚɧɧɵɦ ɪɚɧɟɟ 

ɷɥɟɦɟɧɬɚɦ. ɉɭɫɬɶ 2 – ɬɪɟɯɦɟɪɧɵɣ ɦɚɫɫɢɜ, ɤɚɠɞɵɣ ɟɝɨ ɷɥɟɦɟɧɬ 2[i][s][t] ɯɪɚɧɢɬ 

ɭɪɨɜɟɧɶ ɮɟɪɨɦɨɧɚ ɪɟɛɪɚ, ɫɨɟɞɢɧɹɸɳɟɝɨ i-ɝɨ ɤɥɢɟɧɬɚ ɫ s-ɦ ɦɟɫɬɨɦ, ɟɫɥɢ ɧɚ ɧɟɦ 

ɭɫɬɚɧɨɜɥɟɧ ɷɥɟɦɟɧɬ t-ɝɨ ɬɢɩɚ. Ɉɩɪɟɞɟɥɢɦ ɷɜɪɢɫɬɢɱɟɫɤɭɸ ɮɭɧɤɰɢɸ ɞɥɹ ɜɬɨɪɨɣ 

ɤɨɥɨɧɢɢ:  

),,,(/1]][][[2 tsiQtsiȘ   (2.16) 

ɝɞɟ Q(i, s, t) – ɮɭɧɤɰɢɹ, ɞɥɹ ɤɚɠɞɨɝɨ ɬɪɢɩɥɟɬɚ (i, s, t), ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚɹ 

ɭɪɨɜɧɸ ɦɟɠɦɨɞɭɥɶɧɵɯ ɩɨɦɟɯ ɩɪɢ ɩɨɞɤɥɸɱɟɧɢɢ i-ɝɨ ɤɥɢɟɧɬɚ ɤ ɷɥɟɦɟɧɬɭ t-ɝɨ ɬɢɩɚ, 

ɭɫɬɚɧɨɜɥɟɧɧɨɦɭ ɧɚ s-ɦ ɦɟɫɬɟ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɜɟ ɤɨɥɨɧɢɢ ɫɬɪɨɹɬ ɪɟɲɟɧɢɟ ɢɡ ɪɚɡɧɵɯ ɬɢɩɨɜ ɤɨɦɩɨɧɟɧɬɨɜ. 

Ⱦɥɹ 1-ɣ ɤɨɥɨɧɢɢ ɤɨɦɩɨɧɟɧɬɚɦɢ ɪɟɲɟɧɢɹ ɹɜɥɹɸɬɫɹ ɩɚɪɵ (s, t) ( s  {1, 2, …, Nps}, 

 t  {1, 2, …, Ntypes}). Ⱦɥɹ 2-ɣ ɤɨɥɨɧɢɢ ɤɨɦɩɨɧɟɧɬɚɦɢ ɪɟɲɟɧɢɹ ɹɜɥɹɸɬɫɹ 

ɬɪɢɩɥɟɬɵ (i, s, t)  ( i  {1, 2, …, Ncl},  s  {1, 2, …, Nps},  t  {1, 2, …, Ntypes}). 

ȼɵɛɨɪ ɦɟɫɬ-ɤɚɧɞɢɞɚɬɨɜ. Ɉɬɦɟɬɢɦ, ɱɬɨ ɩɟɪɟɞ ɬɟɦ ɤɚɤ ɦɭɪɚɜɟɣ 1-ɣ ɤɨɥɨɧɢɢ 

ɧɚɱɢɧɚɟɬ ɫɜɨɸ ɪɚɛɨɬɭ, ɩɪɨɢɫɯɨɞɢɬ ɫɥɭɱɚɣɧɚɹ ɝɟɧɟɪɚɰɢɹ ɬɢɩɚ ɷɥɟɦɟɧɬɚ ɞɥɹ 
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ɤɚɠɞɨɝɨ ɦɟɫɬɚ. ɉɨɞɨɛɧɨɟ ɞɟɣɫɬɜɢɟ ɩɪɟɞɧɚɡɧɚɱɟɧɨ ɞɥɹ ɪɚɫɲɢɪɟɧɢɹ ɩɪɨɫɬɪɚɧɫɬɜɚ 

ɩɨɢɫɤɚ. 

ȼ ɞɟɣɫɬɜɢɬɟɥɶɧɨɫɬɢ, ɩɟɪɜɚɹ ɤɨɥɨɧɢɹ ɦɭɪɚɜɶɟɜ ɧɟ ɮɨɪɦɢɪɭɟɬ ɦɧɨɠɟɫɬɜɨ 

ɢɫɩɨɥɶɡɭɟɦɵɯ ɦɟɫɬ, ɚ ɥɢɲɶ ɪɚɧɠɢɪɭɟɬ ɦɟɫɬɚ ɫ ɭɫɬɚɧɨɜɥɟɧɧɵɦɢ ɧɚ ɧɢɯ 

ɷɥɟɦɟɧɬɚɦɢ ɜ ɩɨɪɹɞɤɟ ɭɛɵɜɚɧɢɹ «ɠɟɥɚɧɧɨɫɬɢ». Ɇɭɪɚɜɟɣ ɢɡ ɜɬɨɪɨɣ ɤɨɥɨɧɢɢ ɛɭɞɟɬ 

ɩɨɫɬɭɩɚɬɶ ɫ ɩɪɨɪɚɧɠɢɪɨɜɚɧɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɫɧɚɱɚɥɚ 

ɤɥɢɟɧɬɵ ɛɭɞɭɬ ɩɨɞɤɥɸɱɚɬɶɫɹ ɤ ɩɟɪɜɨɦɭ ɷɥɟɦɟɧɬɭ, ɩɨɤɚ ɧɟ ɩɟɪɟɫɬɚɧɟɬ 

ɜɵɩɨɥɧɹɬɶɫɹ ɨɝɪɚɧɢɱɟɧɢɟ (1.14), ɩɨɬɨɦ ɩɨ ɬɨɣ ɠɟ ɫɯɟɦɟ ɤɨ ɜɬɨɪɨɦɭ ɢ ɬ.ɞ.; ɪɚɛɨɬɚ 

ɦɭɪɚɜɶɹ ɢɡ ɜɬɨɪɨɣ ɤɨɥɨɧɢɢ ɡɚɤɨɧɱɢɬɫɹ ɬɨɝɞɚ, ɤɨɝɞɚ ɜɫɟ ɤɥɢɟɧɬɵ ɛɭɞɭɬ 

ɩɨɞɤɥɸɱɟɧɵ ɤ ɫɜɨɢɦ ɷɥɟɦɟɧɬɚɦ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɜ ɪɟɡɭɥɶɬɢɪɭɸɳɟɟ ɦɧɨɠɟɫɬɜɨ 

ɜɵɛɪɚɧɧɵɯ ɦɟɫɬ ɜɨɣɞɭɬ ɬɟ ɦɟɫɬɚ, ɤ ɤɨɬɨɪɵɦ ɩɨɞɤɥɸɱɟɧ ɯɨɬɹ ɛɵ ɨɞɢɧ ɤɥɢɟɧɬ. 

Ɋɚɧɠɢɪɨɜɚɧɢɟ ɦɟɫɬ ɩɪɨɢɫɯɨɞɢɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. Ɇɭɪɚɜɟɣ h ɢɡ 1-ɣ 

ɤɨɥɨɧɢɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɞɨɥɠɟɧ Nps ɪɚɡ ɜɵɩɨɥɧɢɬɶ ɫɥɟɞɭɸɳɢɟ ɲɚɝɢ. ɂɡ 

ɦɧɨɠɟɫɬɜɚ Oh ɟɳɟ ɧɟɩɪɨɪɚɧɠɢɪɨɜɚɧɧɵɯ ɦɟɫɬ-ɤɚɧɞɢɞɚɬɨɜ ɫ ɭɫɬɚɧɨɜɥɟɧɧɵɦɢ ɧɚ 

ɧɢɯ ɷɥɟɦɟɧɬɚɦɢ ɜɵɛɪɚɬɶ ɫɚɦɨɟ «ɠɟɥɚɧɧɨɟ», ɩɭɫɬɶ ɟɝɨ ɧɨɦɟɪ s. ȼɵɛɨɪ ɦɟɫɬɚ s ɞɥɹ 

ɦɟɬɨɞɚ ACS ɩɪɨɢɫɯɨɞɢɬ ɫɨɝɥɚɫɧɨ ɮɨɪɦɭɥɚɦ (2.17) ɢ (2.18), ɞɥɹ AS ɢ MMAS 

ɬɨɥɶɤɨ ɫɨɝɥɚɫɧɨ ɮɨɪɦɭɥɟ (2.18). h

s
P  – ɜɟɪɨɹɬɧɨɫɬɶ ɬɨɝɨ, ɱɬɨ h-ɣ ɦɭɪɚɜɟɣ ɜɵɛɟɪɟɬ 

s-ɟ ɦɟɫɬɨ ɢɡ ɦɧɨɠɟɫɬɜɚ Oh ɟɳɟ ɧɟɩɪɨɪɚɧɠɢɪɨɜɚɧɧɵɯ ɷɬɢɦ ɦɭɪɚɜɶɟɦ ɦɟɫɬ. 1 – 

ɩɚɪɚɦɟɬɪ, ɨɩɪɟɞɟɥɹɸɳɢɣ ɨɬɧɨɫɢɬɟɥɶɧɭɸ ɡɧɚɱɢɦɨɫɬɶ ɮɟɪɨɦɨɧɧɨɝɨ ɭɪɨɜɧɹ ɦɟɫɬɚ ɫ 

ɭɫɬɚɧɨɜɥɟɧɧɵɦ ɷɥɟɦɟɧɬɨɦ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɬɢɩɚ; 1 – ɩɚɪɚɦɟɬɪ, ɨɩɪɟɞɟɥɹɸɳɢɣ 

ɨɬɧɨɫɢɬɟɥɶɧɭɸ ɡɧɚɱɢɦɨɫɬɶ ɷɜɪɢɫɬɢɱɟɫɤɨɣ ɮɭɧɤɰɢɢ 1. q1 – ɫɥɭɱɚɣɧɨɟ ɱɢɫɥɨ, 

ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɨɟ ɜ ɢɧɬɟɪɜɚɥɟ [0; 1], 1

0
q  – ɤɨɷɮɮɢɰɢɟɧɬ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɞɥɹ 1-ɣ ɤɨɥɨɧɢɢ. 
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ɉɨɞɤɥɸɱɟɧɢɟ ɤɥɢɟɧɬɨɜ. ȼɵɛɨɪ ɩɨɞɤɥɸɱɚɟɦɨɝɨ ɤɥɢɟɧɬɚ ɞɥɹ ɦɟɬɨɞɚ ACS 

ɩɪɨɢɫɯɨɞɢɬ ɫɨɝɥɚɫɧɨ ɮɨɪɦɭɥɚɦ (2.19) ɢ (2.20), ɞɥɹ AS ɢ MMAS ɬɨɥɶɤɨ ɫɨɝɥɚɫɧɨ 

ɮɨɪɦɭɥɟ (2.20). h

si
P  – ɜɟɪɨɹɬɧɨɫɬɶ ɬɨɝɨ, ɱɬɨ h-ɣ ɦɭɪɚɜɟɣ ɜɵɛɟɪɟɬ i–ɣ ɤɥɢɟɧɬ ɢɡ 

ɦɧɨɠɟɫɬɜɚ Wh ɤɥɢɟɧɬɨɜ, ɤɨɬɨɪɵɟ ɟɳɟ ɧɟ ɩɨɞɤɥɸɱɟɧɵ, ɞɥɹ ɩɨɞɤɥɸɱɟɧɢɹ ɤ s-ɦɭ 

ɷɥɟɦɟɧɬɭ. Ɉɬɦɟɬɢɦ, ɱɬɨ i-ɣ ɤɥɢɟɧɬ ɦɵ ɦɨɠɟɦ ɩɨɞɤɥɸɱɢɬɶ ɤ s-ɦɭ ɦɟɫɬɭ ɫ t-ɦ 

ɬɢɩɨɦ ɷɥɟɦɟɧɬɚ ɬɨɥɶɤɨ, ɟɫɥɢ ɞɥɹ ɩɨɞɨɛɧɨɝɨ ɩɨɞɤɥɸɱɟɧɢɹ ɜɵɩɨɥɧɹɸɬɫɹ 

ɨɝɪɚɧɢɱɟɧɢɹ (1.15). 

2 – ɩɚɪɚɦɟɬɪ, ɨɩɪɟɞɟɥɹɸɳɢɣ ɨɬɧɨɫɢɬɟɥɶɧɭɸ ɡɧɚɱɢɦɨɫɬɶ ɮɟɪɨɦɨɧɧɨɝɨ 

ɭɪɨɜɧɹ ɪɟɛɟɪ, ɫɨɟɞɢɧɹɸɳɢɯ ɷɥɟɦɟɧɬ ɫ ɤɥɢɟɧɬɨɦ; 2 – ɩɚɪɚɦɟɬɪ, ɨɩɪɟɞɟɥɹɸɳɢɣ 

ɨɬɧɨɫɢɬɟɥɶɧɭɸ ɡɧɚɱɢɦɨɫɬɶ ɷɜɪɢɫɬɢɱɟɫɤɨɣ ɮɭɧɤɰɢɢ 2. q2 – ɫɥɭɱɚɣɧɨɟ ɱɢɫɥɨ, 

ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɨɟ ɜ ɢɧɬɟɪɜɚɥɟ [0; 1], 2

0
q  – ɤɨɷɮɮɢɰɢɟɧɬ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɞɥɹ 2-ɣ ɤɨɥɨɧɢɢ. 

ɗɥɟɦɟɧɬɵ ɂɋ ɩɟɪɟɛɢɪɚɸɬɫɹ ɜ ɬɨɦ ɩɨɪɹɞɤɟ, ɜ ɤɨɬɨɪɨɦ ɢɯ ɜɵɛɪɚɥ ɦɭɪɚɜɟɣ ɢɡ 

1-ɣ ɤɨɥɨɧɢɢ: ɤɥɢɟɧɬɵ ɩɨɞɤɥɸɱɚɸɬɫɹ ɤ ɩɟɪɜɨɦɭ ɷɥɟɦɟɧɬɭ, ɩɨɤɚ ɧɟ ɩɟɪɟɫɬɚɧɟɬ 

ɜɵɩɨɥɧɹɬɶɫɹ ɨɝɪɚɧɢɱɟɧɢɟ ɧɚ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ (1.14), ɡɚɬɟɦ ɤ 

ɫɥɟɞɭɸɳɟɦɭ ɢ ɬ.ɞ., ɞɨ ɬɟɯ ɩɨɪ ɩɨɤɚ ɦɧɨɠɟɫɬɜɨ Wh ɧɟ ɫɬɚɧɟɬ ɩɭɫɬɵɦ. 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɞɧɨ ɪɟɲɟɧɢɟ ɩɨɥɭɱɚɟɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ 

ɪɚɛɨɬɵ ɫɧɚɱɚɥɚ h-ɝɨ ɦɭɪɚɜɶɹ 1-ɣ ɤɨɥɨɧɢɢ, ɚ ɡɚɬɟɦ h-ɝɨ ɦɭɪɚɜɶɹ ɜɬɨɪɨɣ ɤɨɥɨɧɢɢ.  

Ɉɛɧɨɜɥɟɧɢɟ ɮɟɪɨɦɨɧɚ. Ɏɟɪɨɦɨɧɧɵɟ ɭɪɨɜɧɢ ɦɭɪɚɜɶɟɜ 1-ɣ ɤɨɥɨɧɢɢ ɢ 

ɦɭɪɚɜɶɟɜ 2-ɣ ɤɨɥɨɧɢɢ ɛɭɞɭɬ ɨɛɧɨɜɥɹɬɶɫɹ ɧɟɡɚɜɢɫɢɦɨ. 

1) Ant System method. ȼ AS ɩɪɟɞɭɫɦɨɬɪɟɧ ɨɞɢɧ ɬɢɩ ɨɛɧɨɜɥɟɧɢɹ 

ɮɟɪɨɦɨɧɧɨɝɨ ɭɪɨɜɧɹ ɤɨɦɩɨɧɟɧɬ ɪɟɲɟɧɢɹ – ɝɥɨɛɚɥɶɧɨɟ ɨɛɧɨɜɥɟɧɢɟ. Ɉɧɨ 

ɩɪɨɢɫɯɨɞɢɬ ɜ ɤɨɧɰɟ ɤɚɠɞɨɣ ɢɬɟɪɚɰɢɢ ɚɥɝɨɪɢɬɦɚ, ɤɨɝɞɚ ɜɫɟ A ɦɭɪɚɜɶɟɜ ɨɛɟɢɯ 

ɤɨɥɨɧɢɣ ɡɚɤɨɧɱɢɥɢ ɫɜɨɸ ɪɚɛɨɬɭ, ɢ ɦɵ ɢɦɟɟɦ A ɝɨɬɨɜɵɯ ɪɟɲɟɧɢɣ. Ɉɫɨɛɟɧɧɨɫɬɶɸ 
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ɨɛɧɨɜɥɟɧɢɹ ɮɟɪɨɦɨɧɚ ɜ ɚɥɝɨɪɢɬɦɟ AS ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɮɟɪɨɦɨɧɧɵɣ ɭɪɨɜɟɧɶ 

ɤɨɦɩɨɧɟɧɬ ɨɛɧɨɜɥɹɸɬ ɜɫɟ A ɦɭɪɚɜɶɟɜ, ɩɨɫɬɪɨɢɜɲɢɯ ɪɟɲɟɧɢɹ. 

.]][[)1(]][[
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ɝɞɟ 1  (0; 1] – ɫɤɨɪɨɫɬɶ ɢɫɩɚɪɟɧɢɹ ɮɟɪɨɦɨɧɧɨɝɨ ɫɥɟɞɚ ɦɭɪɚɜɶɟɜ 1-ɣ ɤɨɥɨɧɢɢ; Fh 

– ɡɧɚɱɟɧɢɟ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ ɪɟɲɟɧɢɹ Solh, ɧɚɣɞɟɧɧɨɝɨ h-ɦɢ ɦɭɪɚɜɶɹɦɢ 1-ɣ ɢ 2-ɣ 

ɤɨɥɨɧɢɢ. 

.]][][[)1(]][][[
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ɝɞɟ 2  (0; 1] – ɫɤɨɪɨɫɬɶ ɢɫɩɚɪɟɧɢɹ ɮɟɪɨɦɨɧɧɨɝɨ ɫɥɟɞɚ ɦɭɪɚɜɶɟɜ 2-ɣ ɤɨɥɨɧɢɢ. 

2) MAX–MIN Ant System. Ⱦɚɧɧɵɣ ɚɥɝɨɪɢɬɦ ɢɦɟɟɬ ɞɜɚ ɨɬɥɢɱɢɹ ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫ AS. ȼɨ-ɩɟɪɜɵɯ, ɡɧɚɱɟɧɢɟ ɮɟɪɨɦɨɧɧɨɝɨ ɭɪɨɜɧɹ ɨɝɪɚɧɢɱɟɧɨ ɫɜɟɪɯɭ ɢ 

ɫɧɢɡɭ. ȼɨ-ɜɬɨɪɵɯ, ɬɨɥɶɤɨ ɥɭɱɲɢɣ ɦɭɪɚɜɟɣ (ɬ.ɟ. ɦɭɪɚɜɟɣ, ɩɨɫɬɪɨɢɜɲɢɣ ɥɭɱɲɟɟ 

ɪɟɲɟɧɢɟ) ɨɛɧɨɜɥɹɟɬ ɮɟɪɨɦɨɧ ɤɨɦɩɨɧɟɧɬ, ɜɯɨɞɹɳɢɯ ɜ ɟɝɨ ɪɟɲɟɧɢɟ. 

  .]][[)1(]][[
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1max
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st
τtsτρtsτ   (2.25) 
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ɝɞɟ Fbest – ɡɧɚɱɟɧɢɟ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ ɥɭɱɲɟɝɨ ɪɟɲɟɧɢɹ ɧɚ ɞɚɧɧɨɣ ɢɬɟɪɚɰɢɢ Solbest; 

1max ɢ 1min – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɦɚɤɫɢɦɚɥɶɧɨɟ ɢ ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɮɟɪɨɦɨɧɧɨɝɨ 

ɭɪɨɜɧɹ ɞɥɹ 1-ɣ ɤɨɥɨɧɢɢ. Ɉɩɟɪɚɬɨɪ  a

bx  ɦɨɠɟɬ ɛɵɬɶ ɨɩɢɫɚɧ ɬɚɤ: 

 











ɢɧɚɱɟ.,

.ɟɫɥɢ,

.ɟɫɥɢ,

x

bxb

axa

x
a

b  (2.27) 

Ⱦɥɹ 2-ɣ ɤɨɥɨɧɢɢ: 
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ɝɞɟ  2max ɢ 2min – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɦɚɤɫɢɦɚɥɶɧɨɟ ɢ ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ 

ɮɟɪɨɦɨɧɧɨɝɨ ɭɪɨɜɧɹ ɞɥɹ 2-ɣ ɤɨɥɨɧɢɢ. 

Ʉɚɤ ɩɪɚɜɢɥɨ, ɜɟɥɢɱɢɧɵ 1max, 1min, 2max, 2min ɠɟɫɬɤɨ ɡɚɞɚɸɬɫɹ ɩɟɪɟɞ ɧɚɱɚɥɨɦ 

ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ, ɢ ɢɯ ɡɧɚɱɟɧɢɹ ɩɨɞɛɢɪɚɸɬɫɹ ɫ ɭɱɟɬɨɦ ɫɩɟɰɢɮɢɤɢ ɡɚɞɚɱɢ. 

Ɉɞɧɚɤɨ ɚɜɬɨɪɵ ɚɥɝɨɪɢɬɦɚ MMAS ɫɨɜɟɬɭɸɬ ɢɯ ɩɟɪɟɫɱɢɬɵɜɚɬɶ ɩɨɫɥɟ ɤɚɠɞɨɣ 

ɢɬɟɪɚɰɢɢ ɚɥɝɨɪɢɬɦɚ ɩɨ ɫɥɟɞɭɸɳɢɦ ɮɨɪɦɭɥɚɦ [162]:  

.
1

1

1

1

1

best

max
Fρ

τ 


  (2.30) 
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)1(

)1(1
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
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τ
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 (2.31) 

ɝɞɟ avg = n/2 (n – ɪɚɡɦɟɪɧɨɫɬɶ ɡɚɞɚɱɢ, ɜ ɫɥɭɱɚɟ ɁɊɗɊɂɋ ɪɚɜɧɚɹ Ncl×Nps×Ntypes); pbest 

– ɜɟɪɨɹɬɧɨɫɬɶ ɬɨɝɨ, ɱɬɨ ɥɭɱɲɟɟ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɭɠɟ ɧɚɣɞɟɧɨ. Ɋɟɤɨɦɟɧɞɭɟɬɫɹ 

ɜɵɛɢɪɚɬɶ pbest ɜ ɞɢɚɩɚɡɨɧɟ [0.01; 0.05]. Ɏɨɪɦɭɥɵ ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ  2max, 2min 

ɚɧɚɥɨɝɢɱɧɵ ɮɨɪɦɭɥɚɦ (2.30) ɢ (2.31). 

3) Ant Colony System. ȼ ɞɚɧɧɨɦ ɚɥɝɨɪɢɬɦɟ ɜ ɨɬɥɢɱɢɟ ɨɬ AS ɢ MMAS 

ɩɨɦɢɦɨ ɝɥɨɛɚɥɶɧɨɝɨ ɨɛɧɨɜɥɟɧɢɹ ɮɟɪɨɦɨɧɚ ɩɪɨɢɫɯɨɞɢɬ ɬ.ɧ. ɥɨɤɚɥɶɧɨɟ 

ɨɛɧɨɜɥɟɧɢɟ. Ɉɧɨ ɩɪɨɢɫɯɨɞɢɬ ɧɟ ɜ ɤɨɧɰɟ ɤɚɠɞɨɣ ɢɬɟɪɚɰɢɢ: ɤɚɤ ɬɨɥɶɤɨ h-ɣ ɦɭɪɚɜɟɣ 

ɩɨɫɬɪɨɢɥ ɪɟɲɟɧɢɟ, ɨɧ ɨɛɧɨɜɥɹɟɬ ɥɨɤɚɥɶɧɵɣ ɭɪɨɜɟɧɶ ɮɟɪɨɦɨɧɚ ɤɨɦɩɨɧɟɧɬ, 

ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɦ ɜ ɪɟɲɟɧɢɢ. Ⱦɥɹ 1-ɣ ɤɨɥɨɧɢɢ: 

.]][[)1(]][[ 11111 0τtsτtsτ   (2.32) 

Ʌɨɤɚɥɶɧɨɟ ɨɛɧɨɜɥɟɧɢɟ ɞɥɹ ɤɨɦɩɨɧɟɧɬ ɦɭɪɚɜɶɹ 2-ɣ ɤɨɥɨɧɢɢ: 

,]][][[)1(]][][[ 22222 0τtsiτtsiτ   (2.33) 

ɝɞɟ  1  (0; 1] ɢ 2  (0; 1] – ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɬɭɯɚɧɢɹ ɮɟɪɨɦɨɧɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 

ɞɥɹ 1-ɣ ɢ 2-ɣ ɤɨɥɨɧɢɢ; 10 ɢ 20 – ɧɚɱɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɮɟɪɨɦɨɧɧɨɝɨ ɭɪɨɜɧɹ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɞɥɹ 1-ɣ ɢ 2-ɣ ɤɨɥɨɧɢɢ. 
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Ƚɥɨɛɚɥɶɧɨɟ ɨɛɧɨɜɥɟɧɢɟ ɮɟɪɨɦɨɧɚ: 
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ɇɢɠɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɨɛɳɚɹ ɫɯɟɦɚ ɦɭɪɚɜɶɢɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɞɥɹ ɡɚɞɚɱɢ 

ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ [49,47,155,54]. 

Ⱥɥɝɨɪɢɬɦ 2.11 ɉɫɟɜɞɨɤɨɞ ɦɭɪɚɜɶɢɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɞɥɹ ɁɊɗɊɂɋ 

 /* Вɜɟɞɟɦ ɨɛɨɡɧɚɱɟɧɢɹ: Solglob –  ɥɭɱɲɟɟ ɢɡɜɟɫɬɧɨɟ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ, Cglob – 

ɫɬɨɢɦɨɫɬɶ Solglob, Soliter –  ɥɭɱɲɟɟ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɧɚ ɞɚɧɧɨɣ ɢɬɟɪɚɰɢɢ 

ɚɥɝɨɪɢɬɦɚ, Citer – ɫɬɨɢɦɨɫɬɶ Soliter.    */ 

1: ɂɧɢɰɢɚɥɢɡɢɪɨɜɚɬɶ ɩɚɪɚɦɟɬɪɵ α1, α2, β1, β2, 1, 2, 1, 2, A; 

2: Ɋɚɫɱɟɬ ɦɚɫɫɢɜɨɜ 1 ɢ 2 ɫɨɝɥɚɫɧɨ ɮɨɪɦɭɥɚɦ (2.15) ɢ (2.16); 

3: ɂɧɢɰɢɚɥɢɡɚɰɢɹ ɦɚɫɫɢɜɨɜ 1 ɢ 2; 

4: Cglob = ; 

5: Citer = ; 

6: FOR h = 1 TO A DO 

7:  Ⱦɥɹ ɤɚɠɞɨɝɨ ɦɟɫɬɚ-ɤɚɧɞɢɞɚɬɚ ɫɥɭɱɚɣɧɨ ɝɟɧɟɪɢɪɭɟɦ ɬɢɩ 
ɷɥɟɦɟɧɬɚ ɜ ɞɢɚɩɚɡɨɧɟ [1; Ntypes]; 

8:  ȼɵɛɨɪ ɦɟɫɬ-ɤɚɧɞɢɞɚɬɨɜ h-ɦ ɦɭɪɚɜɶɟɦ 1-ɣ ɤɨɥɨɧɢɢ ɫɨɝɥɚɫɧɨ 
ɮɨɪɦɭɥɚɦ (2.17) ɢ (2.18); 

9:  ɉɨɞɤɥɸɱɟɧɢɟ ɤɥɢɟɧɬɨɜ h-ɦ ɦɭɪɚɜɶɟɦ 1-ɣ ɤɨɥɨɧɢɢ ɫɨɝɥɚɫɧɨ 
ɮɨɪɦɭɥɚɦ (2.19) ɢ (2.20); 

  // Нɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɭ ɧɚɫ ɫɮɨɪɦɢɪɨɜɚɧɨ ɪɟɲɟɧɢɟ Solh; 

10:  IF (ɢɫɩɨɥɶɡɭɟɬɫɹ ɚɥɝɨɪɢɬɦ ACS) THEN 

11:   Лɨɤɚɥɶɧɨɟ ɨɛɧɨɜɥɟɧɢɟ ɮɟɪɨɦɨɧɧɨɝɨ ɭɪɨɜɧɹ ɫɨɝɥɚɫɧɨ 
ɮɨɪɦɭɥɚɦ (2.32) ɢ (2.33); 

12:  END IF; 
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13:  IF (Citer > F(Solh)) THEN 

14:   Soliter = Solh; 

15:   Citer = F(Solh); 

16:  END IF; 

17: END FOR; 

  
18: IF (Cglob > F(Soliter)) THEN 

19:  Solglob = Soliter; 

20:  Cglob = F(Soliter); 

21: END IF; 

22: Ƚɥɨɛɚɥɶɧɨɟ ɨɛɧɨɜɥɟɧɢɟ ɮɟɪɨɦɨɧɧɨɝɨ ɭɪɨɜɧɹ; 

23: IF (ɭɫɥɨɜɢɟ ɨɫɬɚɧɨɜɚ ɧɟ ɜɵɩɨɥɧɟɧɨ) THEN 

24:  ɩɟɪɟɯɨɞ ɤ ɤɨɦɚɧɞɟ 6; 

25: END IF; 

26: RETURN Solglob; 

ȼ ɩɪɢɥɨɠɟɧɢɢ 2 (ɪɢɫɭɧɨɤ ɉ2.3) ɩɪɢɜɟɞɟɧɚ ɛɥɨɤ-ɫɯɟɦɚ ɦɭɪɚɜɶɢɧɨɝɨ 

ɚɥɝɨɪɢɬɦɚ ɞɥɹ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ 

ɫɢɫɬɟɦ. 

 

2.9 ȼɵɜɨɞɵ 

1. Ɋɚɡɪɚɛɨɬɚɧ ɷɜɨɥɸɰɢɨɧɧɵɣ ɚɥɝɨɪɢɬɦ ɞɥɹ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ ɩɨɞɞɟɪɠɤɢ 

ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ ɩɨ ɨɩɬɢɦɢɡɚɰɢɢ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɪɚɡɜɢɜɚɸɳɢɯɫɹ 

ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ. Ⱥɥɝɨɪɢɬɦ ɫɮɨɪɦɭɥɢɪɨɜɚɧ ɬɚɤ, ɱɬɨ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɡɚɞɚɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɦɨɠɟɬ ɩɪɟɞɫɬɚɜɥɹɬɶ ɫɨɛɨɣ ɪɚɡɥɢɱɧɵɟ ɪɚɡɧɨɜɢɞɧɨɫɬɢ ɗȺ: 

ɝɟɧɟɬɢɱɟɫɤɢɣ ɚɥɝɨɪɢɬɦ ɢ ɷɜɨɥɸɰɢɨɧɧɵɟ ɫɬɪɚɬɟɝɢɢ. 

2. ɋɮɨɪɦɭɥɢɪɨɜɚɧɵ 6 ɨɩɟɪɚɰɢɣ, ɤɨɬɨɪɵɟ ɦɨɠɧɨ ɩɪɢɦɟɧɢɬɶ ɤ ɬɟɤɭɳɟɦɭ 

ɪɟɲɟɧɢɸ ɁɊɗɊɂɋ, ɱɬɨɛɵ ɩɨɥɭɱɢɬɶ ɧɨɜɨɟ ɪɟɲɟɧɢɟ ɢɡ ɨɤɪɟɫɬɧɨɫɬɢ: «ɋɦɟɧɚ ɬɢɩɚ 

ɨɞɧɨɝɨ ɷɥɟɦɟɧɬɚ ɧɚ ɛɨɥɟɟ ɞɟɲɟɜɵɣ», «ɋɦɟɧɚ ɬɢɩɚ ɨɞɧɨɝɨ ɷɥɟɦɟɧɬɚ ɧɚ ɛɨɥɟɟ 
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ɞɨɪɨɝɨɣ», «ɉɟɪɟɩɨɞɤɥɸɱɟɧɢɟ ɨɞɧɨɝɨ ɤɥɢɟɧɬɚ», «ɍɞɚɥɟɧɢɟ ɨɞɧɨɝɨ ɷɥɟɦɟɧɬɚ», 

«Ⱦɨɛɚɜɥɟɧɢɟ ɨɞɧɨɝɨ ɷɥɟɦɟɧɬɚ», ɉɟɪɟɦɟɳɟɧɢɟ ɨɞɧɨɝɨ ɷɥɟɦɟɧɬɚ». 

3. Ɋɚɡɪɚɛɨɬɚɧ ɚɥɝɨɪɢɬɦ ɥɨɤɚɥɶɧɨɝɨ ɫɩɭɫɤɚ ɞɥɹ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ ɩɨɞɞɟɪɠɤɢ 

ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ ɩɨ ɨɩɬɢɦɢɡɚɰɢɢ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɪɚɡɜɢɜɚɸɳɢɯɫɹ 

ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ.  

4. Ɋɚɡɪɚɛɨɬɚɧ ɚɥɝɨɪɢɬɦ ɢɦɢɬɚɰɢɢ ɨɬɠɢɝɚ ɞɥɹ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ ɩɨɞɞɟɪɠɤɢ 

ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ ɩɨ ɨɩɬɢɦɢɡɚɰɢɢ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɪɚɡɜɢɜɚɸɳɢɯɫɹ 

ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ.  

5. Ɋɚɡɪɚɛɨɬɚɧ ɚɥɝɨɪɢɬɦ ɜɟɪɨɹɬɧɨɫɬɧɨɝɨ ɩɨɢɫɤɚ ɫ ɡɚɩɪɟɬɚɦɢ ɞɥɹ 

ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ ɩɨɞɞɟɪɠɤɢ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ ɩɨ ɨɩɬɢɦɢɡɚɰɢɢ ɪɚɡɦɟɳɟɧɢɹ 

ɷɥɟɦɟɧɬɨɜ ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ. ɂɫɩɨɥɶɡɭɟɬɫɹ ɫɥɟɞɭɸɳɢɣ 

ɩɨɞɯɨɞ: ɜ ɫɩɢɫɨɤ ɡɚɩɪɟɬɨɜ ɞɨɛɚɜɥɹɸɬɫɹ ɧɟ ɤɨɧɤɪɟɬɧɵɟ ɩɪɨɲɥɵɟ ɪɟɲɟɧɢɹ, ɚ 

ɨɩɟɪɚɰɢɢ ɩɨ ɢɡɦɟɧɟɧɢɸ ɤɨɧɮɢɝɭɪɚɰɢɢ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ 

ɜɟɪɧɭɬɶ ɧɚɫ ɜ ɫɬɚɪɵɟ ɥɨɤɚɥɶɧɵɟ ɨɩɬɢɦɭɦɵ. 

6. Ɋɚɡɪɚɛɨɬɚɧ ɚɥɝɨɪɢɬɦ ɦɭɥɶɬɢɫɬɚɪɬɚ ɞɥɹ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ ɩɨɞɞɟɪɠɤɢ 

ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ ɩɨ ɨɩɬɢɦɢɡɚɰɢɢ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɪɚɡɜɢɜɚɸɳɢɯɫɹ 

ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ. ȼ ɩɪɟɞɥɚɝɚɟɦɨɦ ɚɥɝɨɪɢɬɦɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɠɚɞɧɚɹ 

ɷɜɪɢɫɬɢɤɚ «ɩɟɪɜɨɟ ɭɥɭɱɲɟɧɢɟ». 

7. Ɋɚɡɪɚɛɨɬɚɧ ɚɥɝɨɪɢɬɦ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ ɩɨɞɞɟɪɠɤɢ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ ɩɨ 

ɨɩɬɢɦɢɡɚɰɢɢ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ ɧɚ 

ɨɫɧɨɜɟ ɨɩɬɢɦɢɡɚɰɢɢ ɩɨɞɪɚɠɚɧɢɟɦ ɦɭɪɚɜɶɢɧɨɣ ɤɨɥɨɧɢɢ. Ɉɬɥɢɱɢɬɟɥɶɧɨɣ 

ɨɫɨɛɟɧɧɨɫɬɶɸ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɚɥɝɨɪɢɬɦɚ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɞɜɭɯ ɤɨɥɨɧɢɣ 

ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɦɭɪɚɜɶɟɜ. 

8. Ɋɚɡɪɚɛɨɬɚɧɵ ɚɥɝɨɪɢɬɦɵ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ ɩɨɞɞɟɪɠɤɢ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ 

ɩɨ ɨɩɬɢɦɢɡɚɰɢɢ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ 

ɧɚ ɨɫɧɨɜɟ ɨɩɬɢɦɢɡɚɰɢɢ ɩɨɞɪɚɠɚɧɢɟɦ ɩɱɟɥɢɧɨɣ ɤɨɥɨɧɢɢ (ɚɥɝɨɪɢɬɦɵ ABC ɢ BCO). 
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3 ɆȿɌɈȾ ɇȺɋɌɊɈɃɄɂ ɍɉɊȺȼɅəɘɓɂɏ ɉȺɊȺɆȿɌɊɈȼ 

ɆȿɌȺɗȼɊɂɋɌɂɑȿɋɄɂɏ ȺɅȽɈɊɂɌɆɈȼ Ɋȿɒȿɇɂə ɁȺȾȺɑɂ 

ɊȺɁɆȿɓȿɇɂə ɗɅȿɆȿɇɌɈȼ ɊȺɁȼɂȼȺɘɓɂɏɋə 

ɂɇɎɈɊɆȺɐɂɈɇɇɕɏ ɋɂɋɌȿɆ 

 

3.1 ɋɢɫɬɟɦɧɵɣ ɚɧɚɥɢɡ ɩɪɨɰɟɫɫɚ ɧɚɫɬɪɨɣɤɢ ɭɩɪɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ ɞɥɹ 

ɦɟɬɚɷɜɪɢɫɬɢɱɟɫɤɢɯ ɚɥɝɨɪɢɬɦɨɜ ɨɩɬɢɦɢɡɚɰɢɢ 

ȼ ɝɥɚɜɟ 2 ɛɵɥɢ ɨɩɢɫɚɧɵ ɦɟɬɚɷɜɪɢɫɬɢɱɟɫɤɢɟ ɚɥɝɨɪɢɬɦɵ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ 

ɩɨɞɞɟɪɠɤɢ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ ɩɨ ɨɩɬɢɦɢɡɚɰɢɢ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ 

ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ. ȼɫɬɚɟɬ ɜɨɩɪɨɫ ɨɰɟɧɤɢ ɤɚɱɟɫɬɜɚ 

ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɩɪɟɞɥɨɠɟɧɧɵɯ ɚɥɝɨɪɢɬɦɨɜ. ȼɫɹɤɨɟ ɪɟɲɟɧɢɟ, ɧɚɣɞɟɧɧɨɟ 

ɧɟɤɨɬɨɪɵɦ ɨɩɬɢɦɢɡɚɰɢɨɧɧɵɦ ɚɥɝɨɪɢɬɦɨɦ, ɦɨɠɟɬ ɛɵɬɶ ɨɰɟɧɟɧɨ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ 

ɞɜɭɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ: 

– ɜɪɟɦɹ ɧɚɯɨɠɞɟɧɢɹ ɪɟɲɟɧɢɹ; 

– ɡɧɚɱɟɧɢɟ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ ɧɚɣɞɟɧɧɨɝɨ ɪɟɲɟɧɢɹ. 

ɉɪɢ ɷɬɨɦ ɧɟɥɶɡɹ ɬɨɱɧɨ ɫɤɚɡɚɬɶ, ɤɚɤɨɟ ɢɦɟɧɧɨ ɫɨɱɟɬɚɧɢɟ ɷɬɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

ɹɜɥɹɟɬɫɹ ɠɟɥɚɟɦɵɦ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɢɞɟɚɥɶɧɵɦ ɫɥɭɱɚɟɦ ɹɜɥɹɟɬɫɹ ɧɚɯɨɠɞɟɧɢɟ 

ɬɨɱɧɨɝɨ ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɟɲɟɧɢɹ ɡɚ ɤɪɚɣɧɟ ɦɚɥɵɣ ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ. Ɉɞɧɚɤɨ 

ɞɥɹ NP-ɬɪɭɞɧɵɯ ɡɚɞɚɱ ɷɬɨ ɹɜɥɹɟɬɫɹ ɧɟɜɨɡɦɨɠɧɵɦ. ɋɚɦɚ ɫɭɬɶ NP-ɬɪɭɞɧɨɫɬɢ 

ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɟ ɜɪɟɦɹ ɧɚɯɨɠɞɟɧɢɹ ɬɨɱɧɨɝɨ ɪɟɲɟɧɢɹ ɦɟɬɨɞɨɦ 

ɩɨɥɧɨɝɨ ɩɟɪɟɛɨɪɚ. ɉɨɷɬɨɦɭ ɧɚɯɨɠɞɟɧɢɟ ɪɟɲɟɧɢɹ ɩɪɢ ɩɨɦɨɳɢ ɦɟɬɚɷɜɪɢɫɬɢɤ 

ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɤɨɦɩɪɨɦɢɫɫ ɦɟɠɞɭ ɫɤɨɪɨɫɬɶɸ ɧɚɯɨɠɞɟɧɢɹ ɢ ɬɨɱɧɨɫɬɶɸ 

ɩɨɥɭɱɟɧɧɨɝɨ ɪɟɲɟɧɢɹ. 

ɉɚɪɚɦɟɬɪɵ ɦɟɬɚɷɜɪɢɫɬɢɱɟɫɤɢɯ ɚɥɝɨɪɢɬɦɨɜ, ɤɨɬɨɪɵɟ ɦɨɠɟɬ ɡɚɞɚɜɚɬɶ ɥɢɰɨ, 

ɩɪɢɧɢɦɚɸɳɟɟ ɪɟɲɟɧɢɟ, ɧɚɡɵɜɚɸɬɫɹ ɭɩɪɚɜɥɹɸɳɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ [141] ɢɥɢ 

ɫɜɨɛɨɞɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɚɥɝɨɪɢɬɦɚ. ȼ ɪɚɛɨɬɟ [22] ɜɟɤɬɨɪ (ɧɚɛɨɪ) ɡɧɚɱɟɧɢɣ 

ɫɜɨɛɨɞɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɚɥɝɨɪɢɬɦɚ ɧɚɡɵɜɚɟɬɫɹ ɫɬɪɚɬɟɝɢɟɣ ɚɥɝɨɪɢɬɦɚ. 
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Ⱦɥɹ ɤɚɠɞɨɣ ɦɟɬɚɷɜɪɢɫɬɢɤɢ ɜɟɪɧɨ ɜɵɫɤɚɡɵɜɚɧɢɟ: ɪɚɡɧɵɟ ɧɚɛɨɪɵ 

ɭɩɪɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ ɚɥɝɨɪɢɬɦɚ ɨɛɟɫɩɟɱɢɜɚɸɬ ɩɨɥɭɱɟɧɢɟ ɪɟɲɟɧɢɣ ɪɚɡɧɨɝɨ 

ɤɚɱɟɫɬɜɚ. 

Ɇɵ ɦɨɠɟɦ ɫɪɚɜɧɢɜɚɬɶ ɦɟɠɞɭ ɫɨɛɨɣ ɤɚɱɟɫɬɜɨ ɪɟɲɟɧɢɣ, ɩɨɥɭɱɚɟɦɵɯ ɩɪɢ 

ɩɨɦɨɳɢ ɪɚɡɧɵɯ ɦɟɬɚɷɜɪɢɫɬɢɱɟɫɤɢɯ ɚɥɝɨɪɢɬɦɨɜ. Ɍɚɤɠɟ ɦɵ ɦɨɠɟɦ ɫɪɚɜɧɢɜɚɬɶ 

ɪɟɲɟɧɢɹ, ɩɨɥɭɱɚɟɦɵɟ ɨɞɧɢɦ ɢ ɬɟɦ ɠɟ ɚɥɝɨɪɢɬɦɨɦ, ɧɨ ɫ ɪɚɡɧɵɦ ɧɚɛɨɪɨɦ 

ɭɩɪɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ. 

ɑɬɨɛɵ ɫɪɚɜɧɟɧɢɟ ɛɵɥɨ ɤɨɪɪɟɤɬɧɵɦ, ɦɵ ɞɨɥɠɧɵ ɩɨɣɬɢ ɨɞɧɢɦ ɢɡ ɞɜɭɯ ɩɭɬɟɣ: 

– Ɂɚɮɢɤɫɢɪɨɜɚɬɶ ɜɪɟɦɹ, ɨɬɜɨɞɢɦɨɟ ɧɚ ɪɟɲɟɧɢɟ. Ɍɨɝɞɚ ɫɪɚɜɧɢɜɚɬɶ ɦɵ ɛɭɞɟɦ 

ɡɧɚɱɟɧɢɹ ɰɟɥɟɜɵɯ ɮɭɧɤɰɢɣ ɧɚɣɞɟɧɧɵɯ ɪɟɲɟɧɢɣ. 

– Ɂɚɮɢɤɫɢɪɨɜɚɬɶ ɡɧɚɱɟɧɢɹ ɰɟɥɟɜɵɯ ɮɭɧɤɰɢɣ ɩɨɥɭɱɚɟɦɵɯ ɪɟɲɟɧɢɣ. Ɍɨɝɞɚ 

ɫɪɚɜɧɢɜɚɬɶ ɧɟɨɛɯɨɞɢɦɨ ɜɪɟɦɹ, ɡɚɬɪɚɱɟɧɧɨɟ ɚɥɝɨɪɢɬɦɨɦ ɧɚ ɩɨɥɭɱɟɧɢɟ ɩɨɞɨɛɧɨɝɨ 

ɪɟɲɟɧɢɹ. 

ɉɟɪɜɵɣ ɫɩɨɫɨɛ, ɜɨ-ɩɟɪɜɵɯ, ɥɟɝɱɟ ɜ ɪɟɚɥɢɡɚɰɢɢ. Ⱥ ɜɨ-ɜɬɨɪɵɯ, ɮɢɤɫɚɰɢɹ 

ɠɟɥɚɟɦɨɝɨ ɡɧɚɱɟɧɢɹ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɫɢɬɭɚɰɢɢ, ɤɨɝɞɚ 

ɚɥɝɨɪɢɬɦ ɛɭɞɟɬ ɪɚɛɨɬɚɬɶ ɤɪɚɣɧɟ ɞɨɥɝɨ, ɱɬɨ ɧɟɠɟɥɚɬɟɥɶɧɨ, ɬ.ɤ. ɞɥɹ ɤɨɪɪɟɤɬɧɨɣ 

ɧɚɫɬɪɨɣɤɢ ɧɟɨɛɯɨɞɢɦ ɦɧɨɝɨɤɪɚɬɧɵɣ ɡɚɩɭɫɤ ɚɥɝɨɪɢɬɦɚ. Ɉɛɨɛɳɚɹ ɜɵɲɟɫɤɚɡɚɧɧɨɟ, 

ɧɚɫɬɪɚɢɜɚɬɶ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɚɥɝɨɪɢɬɦɚ, ɫɪɚɜɧɢɜɚɹ ɪɟɲɟɧɢɹ, ɩɨɥɭɱɚɟɦɵɟ 

ɨɞɧɢɦ ɢ ɬɟɦ ɠɟ ɚɥɝɨɪɢɬɦɨɦ ɩɪɢ ɪɚɡɧɵɯ ɧɚɛɨɪɚɯ ɫɜɨɛɨɞɧɵɯ ɩɚɪɚɦɟɬɪɨɜ, 

ɠɟɥɚɬɟɥɶɧɨ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

– ɇɟɨɛɯɨɞɢɦɨ ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ ɬɟɫɬɨɜɭɸ ɡɚɞɚɱɭ (ɢɥɢ ɧɟɫɤɨɥɶɤɨ ɡɚɞɚɱ), ɞɥɹ 

ɪɟɲɟɧɢɹ ɤɨɬɨɪɨɣ ɦɵ ɩɥɚɧɢɪɭɟɦ ɩɨɞɛɢɪɚɬɶ ɩɚɪɚɦɟɬɪɵ. ɇɚɩɪɢɦɟɪ, ɩɚɪɚɦɟɬɪɵ 

ɚɥɝɨɪɢɬɦɚ, ɩɨɞɨɛɪɚɧɧɵɟ ɞɥɹ ɡɚɞɚɱ ɦɚɥɨɣ ɢ ɫɪɟɞɧɟɣ ɪɚɡɦɟɪɧɨɫɬɢ (5×5×2, 7×7×3, 

10×10×3 ɢ ɬ.ɞ.) ɦɨɝɭɬ ɞɚɜɚɬɶ ɧɟ ɫɚɦɵɣ ɥɭɱɲɢɣ ɪɟɡɭɥɶɬɚɬ ɞɥɹ ɡɚɞɚɱ ɫɪɟɞɧɟɣ ɢ 

ɛɨɥɶɲɨɣ ɪɚɡɦɟɪɧɨɫɬɢ (50×50×3, 100×100×2, 500×500×3 ɢ ɬ.ɞ.). 

– ɇɟɨɛɯɨɞɢɦɨ ɡɚɮɢɤɫɢɪɨɜɚɬɶ ɜɪɟɦɹ, ɤɨɬɨɪɨɟ ɛɭɞɟɬ ɨɬɜɨɞɢɬɶɫɹ ɧɚ ɪɟɲɟɧɢɟ 

ɡɚɞɚɱɢ ɩɪɢ ɤɚɠɞɨɦ ɡɚɩɭɫɤɟ ɚɥɝɨɪɢɬɦɚ. 

– Ⱦɥɹ ɤɚɠɞɨɝɨ ɧɚɛɨɪɚ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɢɡɜɟɫɬɢ ɧɟɫɤɨɥɶɤɨ ɡɚɩɭɫɤɨɜ 

ɢɫɫɥɟɞɭɟɦɨɝɨ ɚɥɝɨɪɢɬɦɚ. 
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– Ɉɰɟɧɢɬɶ ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɫ ɰɟɥɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɥɭɱɲɟɝɨ ɧɚɛɨɪɚ 

ɩɚɪɚɦɟɬɪɨɜ.  

ɋɭɳɟɫɬɜɭɟɬ ɞɜɚ ɜɨɡɦɨɠɧɵɯ ɩɨɞɯɨɞɚ ɤ ɪɟɲɟɧɢɸ ɡɚɞɚɱɢ ɨɩɬɢɦɢɡɚɰɢɢ 

ɩɚɪɚɦɟɬɪɨɜ ɦɟɬɚɷɜɪɢɫɬɢɱɟɫɤɢɯ ɚɥɝɨɪɢɬɦɨɜ [165,22]: 

– ɨɮɥɚɣɧ-ɨɩɬɢɦɢɡɚɰɢɹ; 

– ɨɧɥɚɣɧ-ɨɩɬɢɦɢɡɚɰɢɹ. 

ɉɪɢ ɨɧɥɚɣɧ-ɨɩɬɢɦɢɡɚɰɢɢ ɡɧɚɱɟɧɢɹ ɭɩɪɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ ɢɡɦɟɧɹɸɬɫɹ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɩɪɨɰɟɫɫɟ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ. Ȼɨɥɶɲɢɧɫɬɜɨ ɚɥɝɨɪɢɬɦɨɜ, 

ɪɟɚɥɢɡɭɸɳɢɯ ɨɧɥɚɣɧ-ɨɩɬɢɦɢɡɚɰɢɸ ɢɫɩɨɥɶɡɭɸɬ ɥɢɛɨ ɞɢɧɚɦɢɱɟɫɤɢɣ, ɥɢɛɨ 

ɫɚɦɨɚɞɚɩɬɢɜɧɵɣ ɩɨɞɯɨɞ [165, 84]. Ɉɱɟɜɢɞɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɨɩɬɢɦɢɡɚɰɢɢ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɩɪɨɰɟɫɫɟ ɩɨɢɫɤɚ ɹɜɥɹɟɬɫɹ ɧɟɭɧɢɜɟɪɫɚɥɶɧɨɫɬɶ ɩɨɞɨɛɧɨɝɨ 

ɩɨɞɯɨɞɚ. ɇɚɩɪɢɦɟɪ, ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ, ɬɪɟɛɨɜɚɥɨɫɶ ɛɵ ɩɪɢɞɭɦɚɬɶ ɦɨɞɢɮɢɤɚɰɢɢ ɞɥɹ 

ɤɚɠɞɨɝɨ ɢɡ ɩɪɟɞɥɨɠɟɧɧɵɯ ɜ ɝɥɚɜɟ 2 ɚɥɝɨɪɢɬɦɨɜ. ɋɬɪɚɬɟɝɢɢ ɫɚɦɨɚɞɚɩɬɚɰɢɢ 

ɩɚɪɚɦɟɬɪɨɜ, ɩɪɢɦɟɧɢɦɵɟ, ɧɚɩɪɢɦɟɪ, ɞɥɹ ɷɜɨɥɸɰɢɨɧɧɵɯ ɚɥɝɨɪɢɬɦɨɜ, ɧɟ ɩɨɞɯɨɞɹɬ 

ɞɥɹ ɤɥɚɫɫɚ ɚɥɝɨɪɢɬɦɨɜ ɥɨɤɚɥɶɧɨɝɨ ɩɨɢɫɤɚ ɢ ɬ.ɞ.[165]. Ʉɥɚɫɫɢɱɟɫɤɢɦ ɩɪɢɦɟɪɨɦ 

ɹɜɥɹɟɬɫɹ ɞɢɧɚɦɢɱɟɫɤɚɹ ɦɟɬɚɨɩɬɢɦɢɡɚɰɢɹ ɡɧɚɱɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɢ ɦɭɬɚɰɢɢ ɞɥɹ 

ɷɜɨɥɸɰɢɨɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ. ȼ ɟɟ ɨɫɧɨɜɟ ɥɟɠɢɬ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨ ɬɨɦ, ɱɬɨ ɧɚ ɪɚɧɧɢɯ 

ɲɚɝɚɯ ɚɥɝɨɪɢɬɦɚ ɜɟɪɨɹɬɧɨɫɬɶ ɞɨɥɠɧɚ ɛɵɬɶ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɣ (ɞɥɹ ɲɢɪɨɬɵ 

ɩɪɨɫɬɪɚɧɫɬɜɚ ɩɨɢɫɤɚ), ɩɨɫɬɟɩɟɧɧɨ ɫɧɢɠɚɹɫɶ ɜ ɩɪɨɰɟɫɫɟ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ 

ɚɥɝɨɪɢɬɦɚ (ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɞɨɫɬɚɬɨɱɧɨ ɬɨɱɧɨɝɨ ɪɟɲɟɧɢɹ). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ 

ɤɨɪɪɟɤɬɧɨɝɨ ɩɪɨɜɟɞɟɧɢɹ ɞɢɧɚɦɢɱɟɫɤɨɣ ɚɞɚɩɬɚɰɢɢ ɧɟɨɛɯɨɞɢɦɨ ɢɦɟɬɶ, ɩɨ ɤɪɚɣɧɟɣ 

ɦɟɪɟ, ɩɪɢɛɥɢɡɢɬɟɥɶɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨ ɬɨɦ, ɤɚɤ ɤɚɠɞɵɣ ɩɚɪɚɦɟɬɪ ɞɨɥɠɟɧ 

ɢɡɦɟɧɹɬɶɫɹ ɜ ɩɪɨɰɟɫɫɟ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɚɥɝɨɪɢɬɦɚ. 

ɉɪɢ ɨɮɥɚɣɧ-ɨɩɬɢɦɢɡɚɰɢɢ ɭɩɪɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ ɡɧɚɱɟɧɢɹ ɪɚɡɥɢɱɧɵɯ 

ɩɚɪɚɦɟɬɪɨɜ ɮɢɤɫɢɪɭɸɬɫɹ ɞɨ ɧɚɱɚɥɚ ɜɵɩɨɥɧɟɧɢɹ ɦɟɬɚɷɜɪɢɫɬɢɤɢ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɹɞɚ 

ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɥɭɱɲɢɣ ɢɡ ɧɚɛɨɪɨɜ ɩɚɪɚɦɟɬɪɨɜ ɜɵɛɢɪɚɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɪɟɡɭɥɶɬɚɬɚ 

ɧɚɫɬɪɨɣɤɢ. Ƚɥɚɜɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɨɮɥɚɣɧ-ɨɩɬɢɦɢɡɚɰɢɢ ɹɜɥɹɸɬɫɹ ɜɵɫɨɤɢɟ 

ɬɪɟɛɨɜɚɧɢɹ ɤɨ ɜɪɟɦɟɧɢ, ɬɪɟɛɭɸɳɟɦɭɫɹ ɧɚ ɩɪɨɰɟɞɭɪɭ ɧɚɫɬɪɨɣɤɢ ɩɚɪɚɦɟɬɪɨɜ. 
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ɉɥɸɫɨɦ ɠɟ ɹɜɥɹɟɬɫɹ ɭɧɢɜɟɪɫɚɥɶɧɨɫɬɶ: ɝɪɚɦɨɬɧɵɣ ɦɟɬɨɞ ɨɮɥɚɣɧ-ɨɩɬɢɦɢɡɚɰɢɢ 

ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɫɜɨɟ ɩɪɢɦɟɧɟɧɢɟ ɞɥɹ ɧɟɫɤɨɥɶɤɢɯ ɦɟɬɚɷɜɪɢɫɬɢɱɟɫɤɢɯ ɚɥɝɨɪɢɬɦɨɜ. 

ɐɟɥɶɸ ɝɥɚɜɵ 3 ɹɜɥɹɟɬɫɹ ɫɨɡɞɚɧɢɟ ɭɧɢɜɟɪɫɚɥɶɧɨɝɨ ɦɟɬɨɞɚ 

ɨɮɥɚɣɧ-ɨɩɬɢɦɢɡɚɰɢɢ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɦɟɬɚɷɜɪɢɫɬɢɤ, ɩɪɟɞɥɨɠɟɧɧɵɯ ɜ 

ɝɥɚɜɟ 2, ɨɫɧɨɜɵɜɚɸɳɟɝɨɫɹ ɧɚ ɷɜɨɥɸɰɢɨɧɧɨɦ ɩɨɞɯɨɞɟ. 

Ɍɟɨɪɟɬɢɱɟɫɤɢ ɜɨɡɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɧɚɫɬɪɨɣɤɢ 

ɩɚɪɚɦɟɬɪɨɜ ɩɨɥɧɵɣ ɩɟɪɟɛɨɪ. Ɉɞɧɚɤɨ ɟɫɥɢ ɭ ɧɚɫ ɟɫɬɶ n ɩɚɪɚɦɟɬɪɨɜ, ɤɚɠɞɵɣ ɢɡ 

ɤɨɬɨɪɵɯ ɦɨɠɟɬ ɩɪɢɧɢɦɚɬɶ k ɡɧɚɱɟɧɢɣ, ɧɚɦ ɧɟɨɛɯɨɞɢɦɨ ɛɭɞɟɬ ɜɵɩɨɥɧɢɬɶ nk 

ɷɤɫɩɟɪɢɦɟɧɬɨɜ. Ɍ.ɟ. ɡɚɞɚɱɚ ɧɚɫɬɪɨɣɤɢ ɭɩɪɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ ɹɜɥɹɟɬɫɹ 

ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨ ɫɥɨɠɧɨɣ. 

ɉɪɨɛɥɟɦɚ ɧɚɯɨɠɞɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɧɟɤɨɬɨɪɨɝɨ ɦɟɬɚɷɜɪɢɫɬɢɱɟɫɤɨɝɨ 

ɚɥɝɨɪɢɬɦɚ ɦɨɠɟɬ ɛɵɬɶ ɫɮɨɪɦɭɥɢɪɨɜɚɧɚ ɤɚɤ ɨɩɬɢɦɢɡɚɰɢɨɧɧɚɹ ɡɚɞɚɱɚ. Ⱥ ɬɚɤ ɤɚɤ 

ɫɚɦɢ ɦɟɬɚɷɜɪɢɫɬɢɱɟɫɤɢɟ ɚɥɝɨɪɢɬɦɵ ɹɜɥɹɸɬɫɹ ɚɥɝɨɪɢɬɦɚɦɢ ɨɩɬɢɦɢɡɚɰɢɢ, ɬɨ 

ɨɮɥɚɣɧ-ɨɩɬɢɦɢɡɚɰɢɹ ɩɚɪɚɦɟɬɪɨɜ ɦɟɬɚɷɜɪɢɫɬɢɤ ɦɨɠɟɬ ɛɵɬɶ ɧɚɡɜɚɧɚ 

«ɦɟɬɚɨɩɬɢɦɢɡɚɰɢɟɣ» [165]. Ȼɨɥɟɟ ɬɨɝɨ, ɬɚɤ ɤɚɤ ɦɟɬɚɨɩɬɢɦɢɡɚɰɢɹ ɦɨɠɟɬ ɛɵɬɶ 

ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɩɨɦɨɳɢ ɦɟɬɚɷɜɪɢɫɬɢɤ, ɩɨɞɯɨɞ, ɩɪɢɦɟɧɹɟɦɵɣ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ, 

ɦɨɠɧɨ ɧɚɡɜɚɬɶ «ɦɟɬɚɦɟɬɚɷɜɪɢɫɬɢɱɟɫɤɢɦ». 

ɋɯɟɦɚ ɦɟɬɚɨɩɬɢɦɢɡɚɰɢɢ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 3.1. Ɇɟɬɚɨɩɬɢɦɢɡɚɰɢɹ 

ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɞɜɚ ɭɪɨɜɧɹ: ɦɟɬɚɭɪɨɜɟɧɶ ɢ ɛɚɡɨɜɵɣ ɭɪɨɜɟɧɶ. ɇɚ ɦɟɬɚɭɪɨɜɧɟ 

ɦɟɬɚɷɜɪɢɫɬɢɤɚ ɪɚɛɨɬɚɟɬ ɫ ɪɟɲɟɧɢɹɦɢ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɦɢ ɫɨɛɨɣ ɩɚɪɚɦɟɬɪɵ 

ɦɟɬɚɷɜɪɢɫɬɢɤ ɛɚɡɨɜɨɝɨ ɭɪɨɜɧɹ, ɤɨɬɨɪɵɟ ɧɟɨɛɯɨɞɢɦɨ ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ. Ɋɟɲɟɧɢɟ xi 

ɧɚ ɦɟɬɚɭɪɨɜɧɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ (ɤɨɞɢɪɭɟɬ) ɤɨɧɤɪɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ, 

ɨɩɬɢɦɢɡɢɪɭɟɦɵɯ ɩɪɢ ɩɨɦɨɳɢ ɦɟɬɚɷɜɪɢɫɬɢɤ ɛɚɡɨɜɨɝɨ ɭɪɨɜɧɹ (ɧɚɩɪɢɦɟɪ, ɞɥɢɧɚ 

ɫɩɢɫɤɚ ɡɚɩɪɟɬɨɜ, ɩɚɪɚɦɟɬɪ ɪɚɧɞɨɦɢɡɚɰɢɢ ɨɤɪɟɫɬɧɨɫɬɢ ɢ ɞɪ. ɜ ɩɨɢɫɤɟ ɫ ɡɚɩɪɟɬɚɦɢ). 

ɇɚ ɦɟɬɚɭɪɨɜɧɟ ɰɟɥɟɜɚɹ ɮɭɧɤɰɢɹ F_meta(X) ɚɫɫɨɰɢɢɪɨɜɚɧɚ ɫ ɥɭɱɲɢɦ ɢɡ ɪɟɲɟɧɢɣ, 

ɧɚɣɞɟɧɧɵɯ ɧɚ ɛɚɡɨɜɨɦ ɭɪɨɜɧɟ ɩɪɢ ɩɨɦɨɳɢ ɦɟɬɚɷɜɪɢɫɬɢɤ ɫ ɩɚɪɚɦɟɬɪɚɦɢ, 

ɤɨɞɢɪɭɟɦɵɦɢ ɪɟɲɟɧɢɹɦɢ xi (i = 1, 2, …, n_set). X – ɦɧɨɠɟɫɬɜɨ ɜɫɟɯ ɜɨɡɦɨɠɧɵɯ 

ɧɚɛɨɪɨɜ ɩɚɪɚɦɟɬɪɨɜ; n_set – ɨɛɳɟɟ ɱɢɫɥɨ ɪɚɡɥɢɱɧɵɯ ɧɚɛɨɪɨɜ ɩɚɪɚɦɟɬɪɨɜ, 

ɦɨɳɧɨɫɬɶ ɦɧɨɠɟɫɬɜɚ X. Ɇɟɬɚɷɜɪɢɫɬɢɤɢ ɧɚ ɛɚɡɨɜɨɦ ɭɪɨɜɧɟ ɪɚɛɨɬɚɸɬ ɫ 
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ɪɟɲɟɧɢɹɦɢ, ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɵɦɢ ɪɟɲɟɧɢɹɦɢ ɢɫɯɨɞɧɨɣ 

ɨɩɬɢɦɢɡɚɰɢɨɧɧɨɣ ɩɪɨɛɥɟɦɵ (ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ – ɁɊɗɊɂɋ). ɐɟɥɟɜɚɹ ɮɭɧɤɰɢɹ 

F_base ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɟɬɚɷɜɪɢɫɬɢɤɚɦɢ ɛɚɡɨɜɨɝɨ ɭɪɨɜɧɹ ɞɥɹ ɨɛɨɡɧɚɱɟɧɢɹ ɰɟɥɟɜɨɣ 

ɮɭɧɤɰɢɢ ɤɨɧɤɪɟɬɧɨɝɨ ɪɟɲɟɧɢɹ ɩɪɢ ɤɨɧɤɪɟɬɧɨɦ ɧɚɛɨɪɟ ɩɚɪɚɦɟɬɪɨɜ xi 

(i = 1, 2, …, n_set). Ⱦɥɹ ɦɢɧɢɦɢɡɚɰɢɨɧɧɨɣ ɡɚɞɚɱɢ ɫɩɪɚɜɟɞɥɢɜɚ ɮɨɪɦɭɥɚ 

).(_min)(_
_,...,1

i
setni

xbaseFXmetaF


  (3.1) 

Ɉɤɨɧɱɚɬɟɥɶɧɵɦ ɪɟɲɟɧɢɟɦ ɦɟɬɚɨɩɬɢɦɢɡɚɰɢɨɧɧɨɣ ɡɚɞɚɱɢ ɛɭɞɟɬ ɧɚɛɨɪ 

ɩɚɪɚɦɟɬɪɨɜ xbest_set: 

).(_minarg_
_,...,1

i
setni

xbaseFsetbest


  (3.2) 

Ɋɟɲɟɧɢɹ – ɧɚɛɨɪɵ ɩɚɪɚɦɟɬɪɨɜ x1, x2, …, xn_set

ɐɟɥɟɜɚɹ ɮɭɧɤɰɢɹ F_meta(X) ɪɚɜɧɚ ɰɟɥɟɜɨɣ 
ɮɭɧɤɰɢɢ ɥɭɱɲɟɝɨ ɢɡ ɪɟɲɟɧɢɣ ɧɚ ɛɚɡɨɜɨɦ 

ɭɪɨɜɧɟ

Ɇɟɬɚɷɜɪɢɫɬɢɤɚ 2 (x1)

Ɋɟɲɟɧɢɟ ɢɫɯɨɞɧɨɣ ɡɚɞɚɱɢ

F_base – ɰɟɥɟɜɚɹ ɮɭɧɤɰɢɹ ɪɟɲɟɧɢɹ 

Ɇɟɬɚɷɜɪɢɫɬɢɤɚ 2 (xn_set)

Ɋɟɲɟɧɢɟ ɢɫɯɨɞɧɨɣ ɡɚɞɚɱɢ

F_base – ɰɟɥɟɜɚɹ ɮɭɧɤɰɢɹ ɪɟɲɟɧɢɹ 

...

Ɇɟɬɚɷɜɪɢɫɬɢɤɚ 1 ɧɚ ɦɟɬɚɭɪɨɜɧɟ

Ɇɟɬɚɷɜɪɢɫɬɢɤɚ 2 ɧɚ ɛɚɡɨɜɨɦ 
ɭɪɨɜɧɟ

Ɇɟɬɚɷɜɪɢɫɬɢɤɚ 2 ɧɚ ɛɚɡɨɜɨɦ 
ɭɪɨɜɧɟ

Ɇɟɬɚɭɪɨɜɟɧɶ

Ȼɚɡɨɜɵɣ 
ɭɪɨɜɟɧɶ

x1 F_base(x1) xn_set F_base(xn_set)...

 

Ɋɢɫɭɧɨɤ 3.1 – Ɇɟɬɚɨɩɬɢɦɢɡɚɰɢɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɚɦɟɬɚɷɜɪɢɫɬɢɱɟɫɤɨɝɨ 

ɩɨɞɯɨɞɚ 

Ⱦɚɥɟɟ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɛɭɞɟɬ ɨɩɢɫɚɧ ɷɜɨɥɸɰɢɨɧɧɵɣ ɦɟɬɨɞ ɦɟɬɚɨɩɬɢɦɢɡɚɰɢɢ 

ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɧɟɤɨɬɨɪɨɝɨ ɚɥɝɨɪɢɬɦɚ ɪɟɲɟɧɢɹ ɁɊɗɊɂɋ. ȿɫɥɢ ɦɟɬɨɞ 

ɦɟɬɚɨɩɬɢɦɢɡɚɰɢɢ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɫɢɫɬɟɦɭ, ɬɨ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɤɥɚɫɫɢɮɢɤɚɰɢɢ 

[63,69,3] ɟɟ ɦɨɠɧɨ ɧɚɡɜɚɬɶ:  

– ɚɛɫɬɪɚɤɬɧɨɣ; 

– ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ; 
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– ɦɧɨɝɨɷɥɟɦɟɧɬɧɨɣ; 

– ɝɟɬɟɪɨɝɟɧɧɨɣ; 

– ɞɢɧɚɦɢɱɟɫɤɨɣ. 

ɇɚ ɪɢɫɭɧɤɟ 3.2 ɫɯɟɦɚɬɢɱɧɨ ɢɡɨɛɪɚɠɟɧ ɩɪɨɰɟɫɫ ɦɟɬɚɨɩɬɢɦɢɡɚɰɢɢ 

ɧɟɤɨɬɨɪɨɝɨ ɚɥɝɨɪɢɬɦɚ. Ʌɢɰɨ, ɩɪɢɧɢɦɚɸɳɟɟ ɪɟɲɟɧɢɹ, ɡɚɞɚɟɬ ɧɚɛɨɪ (ɦɧɨɠɟɫɬɜɚ) 

ɜɨɡɦɨɠɧɵɯ ɡɧɚɱɟɧɢɣ ɫɜɨɛɨɞɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɢɫɯɨɞɧɨɝɨ ɛɚɡɨɜɨɝɨ ɚɥɝɨɪɢɬɦɚ. 

Ɇɟɬɨɞ ɦɟɬɚɨɩɬɢɦɢɡɚɰɢɢ ɩɪɢɧɢɦɚɟɬ ɷɬɨɬ ɧɚɛɨɪ ɜ ɤɚɱɟɫɬɜɟ ɜɯɨɞɚ, ɚ ɩɨ ɨɤɨɧɱɚɧɢɢ 

ɜɵɱɢɫɥɟɧɢɣ ɜɵɞɚɟɬ ɜɟɤɬɨɪ ɡɧɚɱɟɧɢɣ, ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɨɬɨɪɵɯ ɛɚɡɨɜɵɣ 

ɚɥɝɨɪɢɬɦ ɩɨɤɚɡɵɜɚɟɬ ɧɚɢɥɭɱɲɢɣ ɪɟɡɭɥɶɬɚɬ, ɥɢɰɭ, ɩɪɢɧɢɦɚɸɳɟɦɭ ɪɟɲɟɧɢɹ. ɅɉɊ 

ɧɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɪɟɡɭɥɶɬɚɬɚ ɦɟɬɨɞɚ ɦɟɬɚɨɩɬɢɦɢɡɚɰɢɢ ɢɦɟɟɬ ɜɨɡɦɨɠɧɨɫɬɶ 

ɡɚɩɭɫɬɢɬɶ ɜɵɱɢɫɥɟɧɢɹ ɟɳɟ ɪɚɡ, ɩɟɪɟɞɚɜ ɧɚ ɜɯɨɞ ɭɠɟ ɞɪɭɝɨɣ ɧɚɛɨɪ ɜɨɡɦɨɠɧɵɯ 

ɡɧɚɱɟɧɢɣ ɭɩɪɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ. 

ɋɚɦ ɦɟɬɨɞ ɦɟɬɚɨɩɬɢɦɢɡɚɰɢɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɞɜɭɯɤɨɦɩɨɧɟɧɬɧɭɸ 

ɫɢɫɬɟɦɭ (ɫɦ. ɪɢɫɭɧɨɤ 3.3). ȼ ɧɟɝɨ ɜɯɨɞɹɬ ɛɚɡɨɜɵɣ ɨɩɬɢɦɢɡɢɪɭɟɦɵɣ ɚɥɝɨɪɢɬɦ 

ɪɟɲɟɧɢɹ ɁɊɗɊɂɋ ɢ ɛɥɨɤ ɷɜɨɥɸɰɢɨɧɧɵɯ ɜɵɱɢɫɥɟɧɢɣ, ɫɨɛɫɬɜɟɧɧɨ ɢ ɩɪɨɢɡɜɨɞɹɳɢɣ 

ɦɟɬɚɨɩɬɢɦɢɡɚɰɢɸ. Ȼɥɨɤ ɷɜɨɥɸɰɢɨɧɧɵɯ ɜɵɱɢɫɥɟɧɢɣ ɩɟɪɟɞɚɟɬ ɧɚ ɜɯɨɞ ɛɚɡɨɜɨɦɭ 

ɚɥɝɨɪɢɬɦɭ ɜɟɤɬɨɪ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ. ȼ ɤɚɱɟɫɬɜɟ ɜɵɯɨɞɚ ɚɥɝɨɪɢɬɦ ɪɟɲɟɧɢɹ 

ɁɊɗɊɂɋ ɜɵɞɚɟɬ ɪɟɲɟɧɢɟ ɁɊɗɊɂɋ (ɟɝɨ ɰɟɥɟɜɭɸ ɮɭɧɤɰɢɸ), ɩɨɥɭɱɟɧɧɨɟ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜɯɨɞɧɨɝɨ ɜɟɤɬɨɪɚ ɩɚɪɚɦɟɬɪɨɜ. Ȼɥɨɤ ɷɜɨɥɸɰɢɨɧɧɵɯ ɜɵɱɢɫɥɟɧɢɣ 

ɨɬɜɟɬɫɬɜɟɧɟɧ ɡɚ ɨɰɟɧɤɭ ɪɟɲɟɧɢɣ, ɜɵɞɚɧɧɵɯ ɚɥɝɨɪɢɬɦɨɦ ɪɟɲɟɧɢɹ ɁɊɗɊɂɋ, 

ɮɨɪɦɢɪɨɜɚɧɢɟ ɩɨɩɭɥɹɰɢɢ ɜ ɤɚɠɞɨɦ ɩɨɤɨɥɟɧɢɢ ɚɥɝɨɪɢɬɦɚ ɢ ɡɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɭɸ 

ɩɟɪɟɞɚɱɭ ɧɚ ɜɯɨɞ ɛɚɡɨɜɨɦɭ ɚɥɝɨɪɢɬɦɭ ɜɫɟɯ ɨɫɨɛɟɣ ɩɨɩɭɥɹɰɢɢ. 

Ɇɟɬɨɞ 
ɦɟɬɚɨɩɬɢɦɢɡɚɰɢɢɅɉɊ

ɥɭɱɲɢɣ ɧɚɛɨɪ ɡɧɚɱɟɧɢɣ 
ɩɚɪɚɦɟɬɪɨɜ

ɧɚɛɨɪ ɜɨɡɦɨɠɧɵɯ 
ɡɧɚɱɟɧɢɣ 

ɩɚɪɚɦɟɬɪɨɜ

Ʉ
ɚɧ

ɚɥ
 

ɨɛ
ɪɚ

ɬɧ
ɨɣ

 ɫ
ɜɡ

ɹɢ

 

Ɋɢɫɭɧɨɤ 3.2 – ɉɪɨɰɟɫɫ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ ɩɪɢ ɦɟɬɚɨɩɬɢɦɢɡɚɰɢɢ 
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Ⱥɥɝɨɪɢɬɦ 
ɪɟɲɟɧɢɹ 
ɁɊɗɊɂɋ

ɪɟɲɟɧɢɟ ɁɊɗɊɂɋ

Ȼɥɨɤ 
ɷɜɨɥɸɰɢɨɧɧɵɯ 

ɜɵɱɢɫɥɟɧɢɣ

Ʉ
ɚɧ

ɚɥ
 ɨ

ɛɪ
ɚɬ

ɧɨ
ɣ 

ɫɜ
ɡɹ

ɢ

ɡɧ
ɚɱ

ɟɧ
ɢɹ

 
ɩɚ

ɪɚ
ɦɟ

ɬɪ
ɨɜ

 

Ɋɢɫɭɧɨɤ 3.3 – Ɇɟɬɨɞ ɦɟɬɚɨɩɬɢɦɢɡɚɰɢɢ 

 

3.2 ɉɪɢɦɟɧɟɧɢɟ ɷɜɨɥɸɰɢɨɧɧɨɝɨ ɩɨɞɯɨɞɚ ɞɥɹ ɨɩɬɢɦɢɡɚɰɢɢ ɩɚɪɚɦɟɬɪɨɜ 

ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɦɟɬɚɷɜɪɢɫɬɢɤ 

ɉɨɫɬɚɜɢɦ ɩɪɨɛɥɟɦɭ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. ɍ ɧɚɫ ɟɫɬɶ ɁɊɗɊɂɋ ɪɚɡɦɟɪɧɨɫɬɢ 

Ncl×Nps×Ntypes. Ɇɵ ɩɵɬɚɟɦɫɹ ɪɟɲɢɬɶ ɟɟ ɩɪɢ ɩɨɦɨɳɢ ɧɟɤɨɬɨɪɨɝɨ ɚɥɝɨɪɢɬɦɚ. 

Ɏɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɚɥɝɨɪɢɬɦɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɚɛɨɪɨɦ ɢɡ npar ɩɟɪɟɦɟɧɧɵɯ 

ɭɩɪɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ: {1, 2, …, npar}. Ʉɚɠɞɵɣ ɢɡ ɩɚɪɚɦɟɬɪɨɜ ɹɜɥɹɟɬɫɹ 

ɷɥɟɦɟɧɬɨɦ ɧɟɤɨɬɨɪɨɝɨ ɤɨɧɟɱɧɨɝɨ ɦɧɨɠɟɫɬɜɚ: 1  A1, 2  A2, …, npar  Anpar. A1, 

A2, …, Anpar – ɦɧɨɠɟɫɬɜɚ ɜɨɡɦɨɠɧɵɯ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ, ɢɡ ɤɨɬɨɪɵɯ ɛɭɞɟɬ 

ɩɪɨɢɫɯɨɞɢɬɶ ɜɵɛɨɪ, ɢɡɜɟɫɬɧɵ ɡɚɪɚɧɟɟ [29]. 

Ʉɚɠɞɵɣ ɧɚɛɨɪ ɩɚɪɚɦɟɬɪɨɜ ɤɨɧɤɪɟɬɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧ 

ɜ ɜɢɞɟ ɯɪɨɦɨɫɨɦɵ (ɪɢɫɭɧɨɤ 3.4). 

2 npar 1 

...

 

Ɋɢɫɭɧɨɤ 3.4 – ɉɪɟɞɫɬɚɜɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɚɥɝɨɪɢɬɦɚ ɜ ɜɢɞɟ ɯɪɨɦɨɫɨɦɵ 

Ʉɚɠɞɵɣ «ɤɜɚɞɪɚɬɢɤ» (ɛɢɬ) ɧɚ ɪɢɫɭɧɤɟ 3.4 ɦɨɠɟɬ ɩɪɢɧɢɦɚɬɶ ɡɧɚɱɟɧɢɟ 0 ɢɥɢ 1. 

ɏɪɨɦɨɫɨɦɚ ɫɨɫɬɨɢɬ ɢɡ ɝɟɧɨɜ. ȼ ɤɚɱɟɫɬɜɟ ɝɟɧɨɜ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɜɵɫɬɭɩɚɸɬ ɧɟ 
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ɨɬɞɟɥɶɧɵɟ ɛɢɬɵ, ɚ ɰɟɥɵɟ ɭɱɚɫɬɤɢ ɯɪɨɦɨɫɨɦ (ɧɚ ɪɢɫɭɧɤɟ 3.4 ɨɧɢ ɪɚɡɞɟɥɟɧɵ 

ɜɟɪɬɢɤɚɥɶɧɨɣ ɱɟɪɬɨɣ). Ʉɚɠɞɵɣ ɝɟɧ ɤɨɞɢɪɭɟɬ ɨɞɢɧ ɢɡ ɩɚɪɚɦɟɬɪɨɜ ɚɥɝɨɪɢɬɦɚ. Ƚɟɧ, 

ɩɪɟɞɫɬɚɜɥɹɹ ɫɨɛɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɛɢɬɨɜ, ɹɜɥɹɟɬɫɹ ɞɜɨɢɱɧɵɦ ɱɢɫɥɨɦ. 

Ɉɛɨɡɧɚɱɢɦ ɷɬɢ ɱɢɫɥɚ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: z1, z2, …, znpar. Ɍɚɤ ɤɚɤ ɤɚɠɞɨɟ ɢɡ 

ɦɧɨɠɟɫɬɜ A1, A2, …, Anpar ɹɜɥɹɟɬɫɹ ɤɨɧɟɱɧɵɦ, ɦɵ ɦɨɠɟɦ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɥɸɛɨɟ ɢɡ 

ɷɬɢɯ ɦɧɨɠɟɫɬɜ ɤɚɤ ɨɞɧɨɦɟɪɧɵɣ ɦɚɫɫɢɜ (ɜɟɤɬɨɪ) [52]. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɝɟɧɵ 

z1, z2, …, znpar ɤɨɞɢɪɭɸɬ ɩɨɡɢɰɢɸ ɩɚɪɚɦɟɬɪɨɜ 1, 2, …, npar ɜ ɦɚɫɫɢɜɚɯ 

A1, A2, …, Anpar.  

ɉɪɢɜɟɞɟɦ ɩɪɢɦɟɪ. ɉɭɫɬɶ ɯɪɨɦɨɫɨɦɚ ɢɦɟɟɬ ɜɢɞ (ɪɢɫɭɧɨɤ 3.5). 

0 1 1 1 1 0 1 0 1 0 1

2 npar 1 

... 0

 

Ɋɢɫɭɧɨɤ 3.5 – ɉɪɢɦɟɪ ɯɪɨɦɨɫɨɦɵ 

Ɍɨɝɞɚ z1 = 0112, z2 = 11012, …, znpar = 001012. ȿɫɬɟɫɬɜɟɧɧɨ, ɦɵ ɞɨɥɠɧɵ 

ɩɟɪɟɜɟɫɬɢ ɷɬɢ ɱɢɫɥɚ ɜ ɞɟɫɹɬɢɱɧɭɸ ɫɢɫɬɟɦɭ ɫɱɢɫɥɟɧɢɹ: z1 = 3, z2 = 13, …, znpar = 5. 

ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɩɪɢɜɟɞɟɧɧɚɹ ɧɚ ɪɢɫɭɧɤɟ  ɯɪɨɦɨɫɨɦɚ ɨɬɪɚɠɚɟɬ ɫɥɟɞɭɸɳɟɟ: 

ɩɚɪɚɦɟɬɪ 1 ɹɜɥɹɟɬɫɹ 4-ɦ ɷɥɟɦɟɧɬɨɦ ɦɚɫɫɢɜɚ A1 (4-ɦ ɚ ɧɟ 3-ɦ, ɬ.ɤ. ɪɚɧɟɟ ɦɵ 

ɞɨɝɨɜɨɪɢɥɢɫɶ, ɱɬɨ ɷɥɟɦɟɧɬɵ ɦɚɫɫɢɜɨɜ ɦɵ ɛɭɞɟɦ ɧɭɦɟɪɨɜɚɬɶ, ɧɚɱɢɧɚɹ ɫ 1, ɚ ɡɧɚɱɢɬ 

ɱɢɫɥɨ 02 ɤɨɞɢɪɭɟɬ 1-ɣ ɷɥɟɦɟɧɬ ɜɟɤɬɨɪɚ ɢ ɬ.ɞ.), ɩɚɪɚɦɟɬɪ 2 ɹɜɥɹɟɬɫɹ 14-ɦ 

ɷɥɟɦɟɧɬɨɦ ɜɟɤɬɨɪɚ A2, ɩɚɪɚɦɟɬɪ npar ɹɜɥɹɟɬɫɹ 6-ɦ ɷɥɟɦɟɧɬɨɦ ɜɟɤɬɨɪɚ Anpar. 

ȼ ɞɚɧɧɨɣ ɤɨɧɤɪɟɬɧɨɣ ɡɚɞɚɱɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɛɢɧɚɪɧɨɝɨ ɤɨɞɢɪɨɜɚɧɢɹ ɞɥɹ 

ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɝɟɧɨɜ ɢɦɟɟɬ ɪɹɞ ɩɪɟɢɦɭɳɟɫɬɜ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɜɟɳɟɫɬɜɟɧɧɵɦ 

ɤɨɞɢɪɨɜɚɧɢɟɦ [29]. 

– ɗɜɨɥɸɰɢɨɧɧɵɣ ɚɥɝɨɪɢɬɦ ɫ ɛɢɧɚɪɧɵɦ ɤɨɞɢɪɨɜɚɧɢɟɦ ɡɧɚɱɢɬɟɥɶɧɨ ɩɪɨɳɟ 

ɚɥɝɨɪɢɬɦɚ ɫ ɜɟɳɟɫɬɜɟɧɧɵɦ ɤɨɞɢɪɨɜɚɧɢɟɦ. ɇɚɩɪɢɦɟɪ, ɜ ɪɚɛɨɬɟ [38] ɩɪɢɜɟɞɟɧɵ 

ɞɟɜɹɬɶ ɜɨɡɦɨɠɧɵɯ ɫɯɟɦ ɤɪɨɫɫɨɜɟɪɚ ɞɥɹ ɚɥɝɨɪɢɬɦɚ ɫ ɜɟɳɟɫɬɜɟɧɧɵɦ ɤɨɞɢɪɨɜɚɧɢɟɦ 

(ɩɥɨɫɤɢɣ, ɩɪɨɫɬɟɣɲɢɣ, ɚɪɢɮɦɟɬɢɱɟɫɤɢɣ, ɝɟɨɦɟɬɪɢɱɟɫɤɢɣ, ɞɢɫɤɪɟɬɧɵɣ, 
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ɫɦɟɲɚɧɧɵɣ, ɥɢɧɟɣɧɵɣ, ɪɚɫɲɢɪɟɧɧɵɣ ɥɢɧɟɣɧɵɣ ɢ ɤɪɨɫɫɨɜɟɪ, ɢɦɢɬɢɪɭɸɳɢɣ 

ɞɜɨɢɱɧɵɣ). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɚɠɟ ɩɨɞɛɨɪ ɬɢɩɚ ɫɤɪɟɳɢɜɚɧɢɹ ɞɥɹ ɬɚɤɨɝɨ ɚɥɝɨɪɢɬɦɚ 

ɹɜɥɹɟɬɫɹ ɧɟɬɪɢɜɢɚɥɶɧɨɣ ɡɚɞɚɱɟɣ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɛɢɧɚɪɧɨɝɨ ɚɥɝɨɪɢɬɦɚ, ɝɞɟ ɧɚɞɨ 

ɨɩɪɟɞɟɥɢɬɶɫɹ ɥɢɲɶ ɫ ɤɨɥɢɱɟɫɬɜɨɦ ɬɨɱɟɤ ɫɤɪɟɳɢɜɚɧɢɹ. 

– Ȼɢɧɚɪɧɨɟ ɤɨɞɢɪɨɜɚɧɢɟ ɩɨɡɜɨɥɹɟɬ ɫɨɜɦɟɳɚɬɶ ɜ ɨɞɧɨɣ ɡɚɞɚɱɟ ɧɚɫɬɪɨɣɤɭ ɤɚɤ 

ɰɟɥɨɱɢɫɥɟɧɧɵɯ, ɬɚɤ ɢ ɜɟɳɟɫɬɜɟɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ. ɇɚɩɨɦɧɢɦ, ɱɬɨ ɜ ɩɪɟɞɟɥɚɯ 

ɨɞɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɧɟɤɨɬɨɪɵɟ ɩɚɪɚɦɟɬɪɵ ɹɜɥɹɸɬɫɹ ɰɟɥɨɱɢɫɥɟɧɧɵɦɢ, ɨɫɬɚɥɶɧɵɟ ɠɟ 

ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɜɟɳɟɫɬɜɟɧɧɵɟ ɱɢɫɥɚ. ɇɚɩɪɢɦɟɪ, ɜ ɦɭɪɚɜɶɢɧɨɦ ɚɥɝɨɪɢɬɦɟ 

ɱɢɫɥɨ ɦɭɪɚɜɶɟɜ ɜ ɤɨɥɨɧɢɢ ɢ ɱɢɫɥɨ ɢɬɟɪɚɰɢɣ (ɟɫɥɢ ɢɦɟɧɧɨ ɨɧɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ 

ɤɚɱɟɫɬɜɟ ɭɫɥɨɜɢɹ ɨɫɬɚɧɨɜɚ) ɦɨɝɭɬ ɩɪɢɧɢɦɚɬɶ ɬɨɥɶɤɨ ɰɟɥɵɟ ɡɧɚɱɟɧɢɹ. Ⱥ 

ɤɨɷɮɮɢɰɢɟɧɬ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɡɧɚɱɢɦɨɫɬɶ ɮɟɪɨɦɨɧɧɨɝɨ ɭɪɨɜɧɹ, 

ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɡɧɚɱɢɦɨɫɬɶ ɷɜɪɢɫɬɢɱɟɫɤɨɣ ɮɭɧɤɰɢɢ, ɫɤɨɪɨɫɬɶ ɢɫɩɚɪɟɧɢɹ ɫɥɟɞɚ ɢ 

ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɬɭɯɚɧɢɹ ɮɟɪɨɦɨɧɚ ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɹɜɥɹɸɬɫɹ ɜɟɳɟɫɬɜɟɧɧɵɦɢ 

ɱɢɫɥɚɦɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɟɫɥɢ ɛɵ ɦɵ ɢɫɩɨɥɶɡɨɜɚɥɢ ɜɟɳɟɫɬɜɟɧɧɨɟ ɤɨɞɢɪɨɜɚɧɢɟ, ɬɨ 

ɞɥɹ ɧɟɤɨɬɨɪɵɯ ɝɟɧɨɜ ɯɪɨɦɨɫɨɦɵ, ɤɨɞɢɪɭɸɳɟɣ ɩɨɥɧɵɣ ɧɚɛɨɪ ɩɚɪɚɦɟɬɪɨɜ, ɩɪɢ 

ɫɤɪɟɳɢɜɚɧɢɢ ɦɵ ɞɨɥɠɧɵ ɛɵɥɢ ɛɵ ɭɱɢɬɵɜɚɬɶ ɮɚɤɬ ɰɟɥɨɱɢɫɥɟɧɧɨɫɬɢ ɩɚɪɚɦɟɬɪɚ 

(ɧɚɩɪɢɦɟɪ, ɩɪɢ ɩɨɦɨɳɢ ɨɤɪɭɝɥɟɧɢɹ), ɚ ɞɥɹ ɞɪɭɝɢɯ ɝɟɧɨɜ ɜ ɷɬɨɦ ɛɵ ɧɟ ɛɵɥɨ 

ɧɟɨɛɯɨɞɢɦɨɫɬɢ. Ⱦɚɧɧɵɣ ɮɚɤɬ ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɠɚɟɬ ɭɧɢɜɟɪɫɚɥɶɧɨɫɬɶ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɟɳɟɫɬɜɟɧɧɨɝɨ ɤɨɞɢɪɨɜɚɧɢɹ, ɜɟɞɶ ɞɥɹ ɪɚɡɧɵɯ ɚɥɝɨɪɢɬɦɨɜ 

ɯɪɨɦɨɫɨɦɚ ɛɭɞɟɬ ɫɨɫɬɨɹɬɶ ɢɡ ɪɚɡɧɨɝɨ ɱɢɫɥɚ ɝɟɧɨɜ, ɤ ɬɨɦɭ ɠɟ ɞɥɹ ɤɚɠɞɨɝɨ 

ɚɥɝɨɪɢɬɦɚ ɤɨɥɢɱɟɫɬɜɨ ɰɟɥɨɱɢɫɥɟɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɪɚɡɧɨɟ. Ⱦɥɹ ɩɪɟɞɥɚɝɚɟɦɨɝɨ 

ɧɚɦɢ ɛɢɧɚɪɧɨɝɨ ɤɨɞɢɪɨɜɚɧɢɹ ɧɟ ɢɦɟɟɬ ɡɧɚɱɟɧɢɹ, ɰɟɥɵɦ ɢɥɢ ɜɟɳɟɫɬɜɟɧɧɵɦ 

ɱɢɫɥɨɦ ɜɵɪɚɠɚɟɬɫɹ ɩɚɪɚɦɟɬɪ. ɉɟɪɟɞ ɧɚɱɚɥɨɦ ɧɚɫɬɪɨɣɤɢ ɞɥɹ ɤɚɠɞɨɝɨ ɢɡ 

ɩɚɪɚɦɟɬɪɨɜ ɦɵ ɩɪɨɫɬɨ ɞɨɥɠɧɵ ɡɚɞɚɬɶ ɦɧɨɠɟɫɬɜɨ ɜɨɡɦɨɠɧɵɯ ɡɧɚɱɟɧɢɣ ɷɬɨɝɨ 

ɩɚɪɚɦɟɬɪɚ. 

– Ȼɢɧɚɪɧɨɟ ɤɨɞɢɪɨɜɚɧɢɟ ɩɨɡɜɨɥɹɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶ ɧɚɫɬɪɨɣɤɭ ɫɢɦɜɨɥɶɧɵɯ 

(ɧɟɱɢɫɥɨɜɵɯ) ɩɚɪɚɦɟɬɪɨɜ ɦɟɬɚɷɜɪɢɫɬɢɱɟɫɤɢɯ ɚɥɝɨɪɢɬɦɨɜ. ɉɨɞ ɫɢɦɜɨɥɶɧɵɦɢ 

ɩɚɪɚɦɟɬɪɚɦɢ ɩɨɞɪɚɡɭɦɟɜɚɸɬɫɹ ɩɚɪɚɦɟɬɪɵ ɚɥɝɨɪɢɬɦɚ, ɤɨɬɨɪɵɟ ɧɟ ɹɜɥɹɸɬɫɹ 

ɱɢɫɥɚɦɢ, ɚ «ɫɥɨɜɟɫɧɨ» ɨɩɢɫɵɜɚɸɬ ɧɟɤɨɬɨɪɵɟ ɟɝɨ ɫɜɨɣɫɬɜɚ. ɇɚɩɪɢɦɟɪ, ɜ ɪɚɡɞɟɥɟ 
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2.7 ɛɵɥɨ ɫɤɚɡɚɧɨ, ɱɬɨ ɫɭɳɟɫɬɜɭɟɬ 2 ɪɚɡɧɨɜɢɞɧɨɫɬɢ ɩɱɟɥɢɧɨɝɨ ɚɥɝɨɪɢɬɦɚ: ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɝɥɨɛɚɥɶɧɨɣ ɩɚɦɹɬɢ (ɷɥɢɬɚɪɢɡɦɚ) ɢ ɛɟɡ ɧɟɟ. ɋɨɝɥɚɫɧɨ 

ɩɪɟɞɥɚɝɚɟɦɨɦɭ ɜ ɞɚɧɧɨɣ ɞɢɫɫɟɪɬɚɰɢɢ ɩɨɞɯɨɞɭ, ɩɚɪɚɦɟɬɪ «ɪɚɡɧɨɜɢɞɧɨɫɬɶ 

ɩɱɟɥɢɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɥɢɬɚɪɢɡɦɚ» ɦɵ ɦɨɠɟɦ 

ɡɚɤɨɞɢɪɨɜɚɬɶ ɩɪɢ ɩɨɦɨɳɢ ɝɟɧɚ, ɫɨɫɬɨɹɳɟɝɨ ɢɡ ɨɞɧɨɝɨ ɛɢɬɚ, ɝɞɟ 0 ɛɭɞɟɬ 

ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɷɥɢɬɚɪɢɡɦɚ, ɚ 1 – ɧɟ ɢɫɩɨɥɶɡɨɜɚɧɢɸ (ɢɥɢ 

ɧɚɨɛɨɪɨɬ, ɷɬɨ ɚɛɫɨɥɸɬɧɨ ɧɟɜɚɠɧɨ). ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɞɪɭɝɢɯ ɧɟɱɢɫɥɨɜɵɯ 

ɩɚɪɚɦɟɬɪɨɜ ɦɟɬɚɷɜɪɢɫɬɢɱɟɫɤɢɯ ɚɥɝɨɪɢɬɦɨɜ ɦɨɠɧɨ ɩɪɢɜɟɫɬɢ «ɜɢɞ ɫɟɥɟɤɰɢɢ ɜ 

ɷɜɨɥɸɰɢɨɧɧɨɦ ɚɥɝɨɪɢɬɦɟ (ɪɭɥɟɬɨɱɧɚɹ, ɪɚɧɝɨɜɚɹ, ɬɭɪɧɢɪɧɚɹ, ɩɚɧɦɢɤɫɢɹ)», 

«ɪɚɡɧɨɜɢɞɧɨɫɬɶ ɦɭɪɚɜɶɢɧɨɝɨ ɚɥɝɨɪɢɬɦɚ (AS, MMAS ɢɥɢ ACS)»  ɢ ɬ.ɞ. Ɉɬɦɟɬɢɦ, 

ɱɬɨ ɧɟɤɨɬɨɪɵɟ ɢɫɫɥɟɞɨɜɚɬɟɥɢ ɢɫɩɨɥɶɡɭɸɬ ɞɪɭɝɭɸ ɬɟɪɦɢɧɨɥɨɝɢɸ: ɱɢɫɥɨɜɵɟ 

ɩɚɪɚɦɟɬɪɵ ɧɚɡɵɜɚɸɬɫɹ ɤɨɥɢɱɟɫɬɜɟɧɧɵɦɢ, ɚ ɧɟɱɢɫɥɨɜɵɟ – ɤɚɱɟɫɬɜɟɧɧɵɦɢ [105]. 

ɍ ɛɢɧɚɪɧɨɝɨ ɤɨɞɢɪɨɜɚɧɢɹ, ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɨɩɬɢɦɢɡɚɰɢɢ 

ɭɩɪɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ, ɟɫɬɶ ɨɞɢɧ ɧɟɞɨɫɬɚɬɨɤ. ȿɫɥɢ ɦɨɳɧɨɫɬɶ ɧɟɤɨɬɨɪɨɝɨ 

ɦɧɨɠɟɫɬɜɚ Ai, ɫɨɞɟɪɠɚɳɟɝɨ ɡɧɚɱɟɧɢɹ ɧɟɤɨɬɨɪɨɝɨ ɩɚɪɚɦɟɬɪɚ, ɧɟ ɤɪɚɬɧɚ ɫɬɟɩɟɧɢ 

ɞɜɨɣɤɢ, ɬɨ ɜɫɬɚɟɬ ɜɨɩɪɨɫ ɨ ɬɨɦ, ɤɚɤ ɢɡ ɛɢɧɚɪɧɨɝɨ ɝɟɧɚ zi ɩɨɥɭɱɢɬɶ ɞɟɫɹɬɢɱɧɨɟ 

ɱɢɫɥɨ, ɨɬɪɚɠɚɸɳɟɟ ɩɨɡɢɰɢɸ ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɩɚɪɚɦɟɬɪɚ ɜ ɦɧɨɠɟɫɬɜɟ Ai. 

ɇɚɩɪɢɦɟɪ, |Ai| = 9. Ɍɨɝɞɚ ɞɥɹ ɛɢɧɚɪɧɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɝɟɧɚ ɧɚɦ ɧɟɨɛɯɨɞɢɦɨ 4 

ɛɢɬɚ, ɤɨɬɨɪɵɟ ɜ ɞɟɣɫɬɜɢɬɟɥɶɧɨɫɬɢ ɦɨɝɭɬ ɤɨɞɢɪɨɜɚɬɶ ɷɥɟɦɟɧɬɵ ɦɧɨɠɟɫɬɜ 

ɦɨɳɧɨɫɬɶɸ ɞɨ 16. ɉɪɟɞɫɬɚɜɢɦ, ɱɬɨ ɦɵ ɫɥɭɱɚɣɧɨ ɫɝɟɧɟɪɢɪɨɜɚɥɢ ɝɟɧ zi = 

10112 = 11. ɇɨ ɜ ɧɚɲɟɦ ɦɚɫɫɢɜɟ Ai ɧɟɬ ɷɥɟɦɟɧɬɚ ɫ ɢɧɞɟɤɫɨɦ 12. ȼɵɯɨɞ ɢɡ 

ɩɨɞɨɛɧɨɣ ɫɢɬɭɚɰɢɢ ɩɪɨɫɬ: ɝɟɧ zi ɤɨɞɢɪɭɟɬ ɢɧɞɟɤɫ indi ɜ ɦɚɫɫɢɜɟ ɫɨɝɥɚɫɧɨ 

ɮɨɪɦɭɥɟ: 

,mod
iii

Lzind   (3.3) 

ɝɞɟ Li – ɱɢɫɥɨ ɛɢɬɨɜ ɜ ɝɟɧɟ zi, mod – ɨɩɟɪɚɰɢɹ ɩɨɥɭɱɟɧɢɹ ɨɫɬɚɬɤɚ ɨɬ ɞɟɥɟɧɢɹ ɰɟɥɵɯ 

ɱɢɫɥɟ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɟɫɥɢ ɜɟɥɢɱɢɧɚ |Ai| ɤɪɚɬɧɚ ɫɬɟɩɟɧɢ ɞɜɨɣɤɢ, ɬɨ indi = zi. 

Ʉɚɤ ɛɵɥɨ ɨɬɦɟɱɟɧɨ ɜ ɪɚɡɞɟɥɟ 2.2, ɷɜɨɥɸɰɢɨɧɧɵɟ ɦɟɬɚɷɜɪɢɫɬɢɤɢ ɹɜɥɹɸɬɫɹ 

ɜɟɫɶɦɚ ɦɨɥɨɞɵɦ ɩɨɞɯɨɞɨɦ ɤ ɪɟɲɟɧɢɸ ɡɚɞɚɱ – ɟɦɭ ɧɟ ɛɨɥɟɟ 40 ɥɟɬ. 

ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɢɞɟɢ ɩɪɢɦɟɧɟɧɢɹ ɷɜɨɥɸɰɢɨɧɧɨɝɨ ɩɨɞɯɨɞɚ ɤ ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɣ 
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ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɟɳɟ ɦɨɥɨɠɟ. ɋɪɟɞɢ ɧɚɢɛɨɥɟɟ ɡɧɚɱɢɦɵɯ ɪɚɛɨɬ, ɩɨɫɜɹɳɟɧɧɵɯ 

ɜɨɩɪɨɫɚɦ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɩɚɪɚɦɟɬɪɨɜ ɫɢɫɬɟɦ ɪɚɡɥɢɱɧɨɣ ɫɥɨɠɧɨɫɬɢ, ɨɬɦɟɬɢɦ 

ɬɪɭɞɵ Ʌ.Ⱥ. Ⱦɟɦɢɞɨɜɨɣ [12], C.L. Huang [121], W.D. Chang [87], J. Nowakova [147]. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɬɚɤɢɯ ɭɱɟɧɵɯ, ɤɚɤ A. Cachon [85], F. Ahmad [73] ɧɚɩɪɚɜɥɟɧɵ ɧɚ 

ɩɪɢɦɟɧɟɧɢɟ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ ɞɥɹ ɨɩɬɢɦɢɡɚɰɢɢ ɩɚɪɚɦɟɬɪɨɜ 

ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ. 

ȼɨɩɪɨɫɚɦ ɧɚɫɬɪɨɣɤɢ ɩɚɪɚɦɟɬɪɨɜ ɦɟɬɚɷɜɪɢɫɬɢɱɟɫɤɢɯ ɚɥɝɨɪɢɬɦɨɜ ɩɪɢ ɩɨɦɨɳɢ 

ɷɜɨɥɸɰɢɨɧɧɵɯ ɦɟɬɚɷɜɪɢɫɬɢɤ ɩɨɫɜɹɳɟɧɵ ɪɚɛɨɬɵ D. Gaertner [108], 

M.H. Wun [173]. ȼ ɨɛɟɢɯ ɪɚɛɨɬɚɯ ɩɪɢɦɟɧɹɟɬɫɹ ɜɟɳɟɫɬɜɟɧɧɨɟ ɤɨɞɢɪɨɜɚɧɢɟ. 

Ɉɬɦɟɬɢɦ, ɱɬɨ ɜ ɞɚɧɧɵɯ ɪɚɛɨɬɚɯ ɧɟ ɩɪɢɜɨɞɢɬɫɹ ɫɨɛɫɬɜɟɧɧɨ ɚɥɝɨɪɢɬɦ ɧɚɫɬɪɨɣɤɢ 

ɩɚɪɚɦɟɬɪɨɜ,  ɜ ɧɢɯ ɩɪɨɫɬɨ ɧɚ ɫɥɨɜɚɯ ɨɛɨɡɧɚɱɟɧ ɫɚɦ ɩɨɞɯɨɞ: ɩɪɢɦɟɧɟɧɢɟ 

ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ ɞɥɹ ɨɩɬɢɦɢɡɚɰɢɢ ɩɚɪɚɦɟɬɪɨɜ ɦɭɪɚɜɶɢɧɨɝɨ [108] ɢ 

ɩɱɟɥɢɧɨɝɨ [173] ɚɥɝɨɪɢɬɦɚ. ȼ ɪɚɛɨɬɟ Ⱥ.ɉ. Ʉɚɪɩɟɧɤɨ [22] ɬɚɤɠɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ 

ɩɪɨɛɥɟɦɚ ɦɟɬɚɨɩɬɢɦɢɡɚɰɢɢ, ɨɞɧɚɤɨ ɧɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɦɟɬɚɦɟɬɚɷɜɪɢɫɬɢɱɟɫɤɢɣ 

ɩɨɞɯɨɞ ɤɚɤ ɫɩɨɫɨɛ ɪɟɲɟɧɢɹ ɞɚɧɧɨɣ ɡɚɞɚɱɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɚɧɧɨɟ 

ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɪɟɞɥɚɝɚɟɬ ɧɨɜɵɣ ɱɢɫɥɟɧɧɵɣ ɦɟɬɨɞ, ɨɫɧɨɜɚɧɧɵɣ 

ɧɚ ɷɜɨɥɸɰɢɨɧɧɨɦ ɩɨɞɯɨɞɟ, ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɹɥ ɛɵ ɨɫɭɳɟɫɬɜɥɹɬɶ ɨɩɬɢɦɢɡɚɰɢɸ 

ɭɩɪɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ ɞɥɹ ɥɸɛɨɝɨ ɦɟɬɚɷɜɪɢɫɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ, 

ɧɚɩɪɚɜɥɟɧɧɨɝɨ ɧɚ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ 

ɫɢɫɬɟɦ ɩɪɢ ɢɯ ɩɥɚɧɢɪɨɜɚɧɢɢ ɢ ɨɩɬɢɦɢɡɚɰɢɢ. 

Ɉɬɦɟɬɢɦ ɢɧɬɟɪɟɫɧɵɣ ɦɨɦɟɧɬ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɦɟɬɚɷɜɪɢɫɬɢɱɟɫɤɢɣ ɚɥɝɨɪɢɬɦ 

ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ ɧɚɫɬɪɨɣɤɢ ɭɩɪɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ ɞɪɭɝɢɯ ɦɟɬɚɷɜɪɢɫɬɢɱɟɫɤɢɯ 

ɚɥɝɨɪɢɬɦɨɜ. ȼɫɬɚɟɬ ɜɨɩɪɨɫ ɨ ɧɚɫɬɪɨɣɤɟ ɭɩɪɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ ɭɠɟ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɞɥɹ ɷɜɨɥɸɰɢɨɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɧɚɫɬɪɨɣɤɢ ɩɚɪɚɦɟɬɪɨɜ. 

ɇɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶɫɹ ɫ ɪɚɡɦɟɪɨɦ ɩɨɩɭɥɹɰɢɢ, ɦɟɬɨɞɨɦ ɫɟɥɟɤɰɢɢ, 

ɜɟɪɨɹɬɧɨɫɬɶɸ ɦɭɬɚɰɢɢ ɢ ɬ.ɞ. Ɍɟɨɪɟɬɢɱɟɫɤɢ ɜɨɡɦɨɠɧɚ ɫɥɟɞɭɸɳɚɹ ɛɟɫɤɨɧɟɱɧɚɹ 

ɪɟɤɭɪɫɢɹ:  

1. Ɋɚɡɪɚɛɨɬɚɧ ɚɥɝɨɪɢɬɦ ɞɥɹ ɧɚɫɬɪɨɣɤɢ ɨɩɬɢɦɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 

ɦɟɬɚɷɜɪɢɫɬɢɤ, ɪɟɲɚɸɳɢɯ ɁɊɗɊɂɋ. 
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2. ɇɟɨɛɯɨɞɢɦɨ ɩɪɢɞɭɦɚɬɶ ɚɥɝɨɪɢɬɦ ɞɥɹ ɧɚɫɬɪɨɣɤɢ ɭɩɪɚɜɥɹɸɳɢɯ 

ɩɚɪɚɦɟɬɪɨɜ ɞɥɹ ɷɜɨɥɸɰɢɨɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɢɡ ɩɭɧɤɬɚ 1. 

3. ɇɟɨɛɯɨɞɢɦɨ ɩɪɢɞɭɦɚɬɶ ɚɥɝɨɪɢɬɦ ɞɥɹ ɧɚɫɬɪɨɣɤɢ ɩɚɪɚɦɟɬɪɨɜ ɞɥɹ 

ɚɥɝɨɪɢɬɦɚ ɢɡ ɩɭɧɤɬɚ 2. 

… 

ɂ ɬɚɤ ɞɚɥɟɟ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɧɚ ɤɚɤɨɦ-ɬɨ ɢɡ ɜɵɲɟɩɪɢɜɟɞɟɧɧɵɯ ɲɚɝɨɜ 

ɧɟɨɛɯɨɞɢɦɨ ɩɪɟɤɪɚɬɢɬɶ ɨɩɬɢɦɢɡɚɰɢɸ ɩɚɪɚɦɟɬɪɨɜ ɢ ɠɟɫɬɤɨ ɡɚɞɚɬɶ ɮɢɤɫɢɪɨɜɚɧɧɵɟ 

ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɚɥɝɨɪɢɬɦɚ. Ʌɭɱɲɟ ɜɫɟɝɨ ɷɬɨ ɫɞɟɥɚɬɶ ɫɪɚɡɭ ɧɚ 2-ɦ ɲɚɝɟ. 

ȼ ɞɚɧɧɨɣ ɞɢɫɫɟɪɬɚɰɢɢ ɞɥɹ ɧɚɫɬɪɨɣɤɢ ɨɩɬɢɦɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɭɩɪɚɜɥɹɸɳɢɯ 

ɩɚɪɚɦɟɬɪɨɜ ɦɟɬɚɷɜɪɢɫɬɢɱɟɫɤɢɯ ɚɥɝɨɪɢɬɦɨɜ ɪɟɲɟɧɢɹ ɁɊɗɊɂɋ ɩɪɟɞɥɚɝɚɟɬɫɹ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɷɜɨɥɸɰɢɨɧɧɵɣ ɚɥɝɨɪɢɬɦ ɫɨ ɫɥɟɞɭɸɳɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ [29]: 

– ɱɢɫɥɨ ɨɫɨɛɟɣ ɜ ɩɨɩɭɥɹɰɢɢ = 10; 

– ɱɢɫɥɨ ɩɨɬɨɦɤɨɜ = 10; 

– ɬɭɪɧɢɪɧɚɹ ɫɟɥɟɤɰɢɹ (2 ɭɱɚɫɬɧɢɤɚ ɜ ɤɚɠɞɨɦ ɬɭɪɧɢɪɟ); 

– ɮɨɪɦɢɪɨɜɚɧɢɟ ɧɨɜɨɣ ɩɨɩɭɥɹɰɢɢ: ɫɨɡɞɚɟɬɫɹ ɩɪɨɦɟɠɭɬɨɱɧɚɹ ɩɨɩɭɥɹɰɢɹ ɢɡ 

ɪɨɞɢɬɟɥɟɣ ɢ ɩɨɬɨɦɤɨɜ; 

– ɱɢɫɥɨ ɬɨɱɟɤ ɫɤɪɟɳɢɜɚɧɢɹ = 2; 

– ɜɟɪɨɹɬɧɨɫɬɶ ɦɭɬɚɰɢɢ = 0.05. 

 

3.3 ɉɫɟɜɞɨɤɨɞ ɦɟɬɨɞɚ ɧɚɫɬɪɨɣɤɢ ɭɩɪɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ 

ɇɢɠɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɨɛɳɚɹ ɫɯɟɦɚ ɦɟɬɨɞɚ ɧɚɫɬɪɨɣɤɢ ɭɩɪɚɜɥɹɸɳɢɯ 

ɩɚɪɚɦɟɬɪɨɜ ɞɥɹ ɧɟɤɨɬɨɪɨɝɨ ɦɟɬɚɷɜɪɢɫɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ ɪɟɲɟɧɢɹ ɁɊɗɊɂɋ, 

ɨɫɧɨɜɚɧɧɚɹ ɧɚ ɷɜɨɥɸɰɢɨɧɧɨɦ ɚɥɝɨɪɢɬɦɟ ɫ ɛɢɧɚɪɧɵɦ ɤɨɞɢɪɨɜɚɧɢɟɦ [29]. 

1. ɋɮɨɪɦɭɥɢɪɭɟɦ ɬɟɫɬɨɜɭɸ ɡɚɞɚɱɭ, ɧɚ ɛɚɡɟ ɪɟɲɟɧɢɹ ɤɨɬɨɪɨɣ ɛɭɞɟɬ 

ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɧɚɫɬɪɨɣɤɚ ɩɚɪɚɦɟɬɪɨɜ. 

2. ȼɜɟɞɟɦ ɨɛɨɡɧɚɱɟɧɢɹ: n_run – ɱɢɫɥɨ ɡɚɩɭɫɤɨɜ ɚɥɝɨɪɢɬɦɚ ɧɚɯɨɠɞɟɧɢɹ 

ɪɟɲɟɧɢɹ ɁɊɗɊɂɋ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɢɫɩɨɫɨɛɥɟɧɧɨɫɬɢ ɨɞɧɨɣ ɨɫɨɛɢ ɢɡ ɦɟɬɨɞɚ 

ɨɩɬɢɦɢɡɚɰɢɢ ɫɜɨɛɨɞɧɵɯ ɩɚɪɚɦɟɬɪɨɜ; time_alg – ɜɪɟɦɹ, ɨɬɜɨɞɢɦɨɟ ɧɚ 1 ɡɚɩɭɫɤ 
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ɚɥɝɨɪɢɬɦɚ ɧɚɯɨɠɞɟɧɢɹ ɪɟɲɟɧɢɹ ɁɊɗɊɂɋ; time_overall – ɜɪɟɦɹ, ɨɬɜɨɞɢɦɨɟ ɧɚ 

ɪɚɛɨɬɭ ɦɟɬɨɞɚ ɨɩɬɢɦɢɡɚɰɢɢ ɫɜɨɛɨɞɧɵɯ ɩɚɪɚɦɟɬɪɨɜ. 

3. ɂɧɢɰɢɚɥɢɡɢɪɭɟɦ ɩɚɪɚɦɟɬɪɵ ɷɜɨɥɸɰɢɨɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɧɚɫɬɪɨɣɤɢ 

ɭɩɪɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ (ɪɚɡɦɟɪ ɩɨɩɭɥɹɰɢɢ, ɜɟɪɨɹɬɧɨɫɬɶ ɦɭɬɚɰɢɢ ɢ ɬ.ɞ.). 

4. ɋɨɫɬɚɜɢɦ ɫɩɢɫɨɤ ɭɩɪɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ: ɡɚɞɚɞɢɦ npar, ɦɧɨɠɟɫɬɜɚ 

A1, A2, …, Anpar (ɦɧɨɠɟɫɬɜɚ ɦɨɝɭɬ ɛɵɬɶ ɜɟɳɟɫɬɜɟɧɧɵɦɢ, ɰɟɥɵɦɢ ɢɥɢ 

ɧɟɱɢɫɥɨɜɵɦɢ). 

5. Ⱦɥɹ ɤɚɠɞɨɝɨ ɰɟɥɨɝɨ i ɨɬ 1 ɞɨ npar: ɝɟɧ, ɤɨɞɢɪɭɸɳɢɣ i, ɞɨɥɠɟɧ ɫɨɫɬɨɹɬɶ 

ɢɡ wi ɛɢɬɨɜ, ɝɞɟ wi – ɦɢɧɢɦɚɥɶɧɨɟ ɢɡ ɱɢɫɟɥ, ɞɥɹ ɤɨɬɨɪɨɝɨ ɜɵɩɨɥɧɹɟɬɫɹ iw

iA 2 . 

6. ɏɪɨɦɨɫɨɦɚ, ɩɪɟɞɫɬɚɜɥɹɸɳɚɹ ɫɨɛɨɣ ɨɫɨɛɶ, ɫɨɫɬɨɢɬ ɢɡ W ɛɢɬ (  
 npar

i iwW
1

). 

7. Ɏɨɪɦɢɪɨɜɚɧɢɟ 1-ɝɨ ɩɨɤɨɥɟɧɢɹ. ɋɮɨɪɦɢɪɭɟɦ Npop ɨɫɨɛɟɣ ɫɥɟɞɭɸɳɢɦ 

ɨɛɪɚɡɨɦ: ɤɚɠɞɚɹ ɨɫɨɛɶ – ɞɜɨɢɱɧɵɣ ɜɟɤɬɨɪ, ɤɚɠɞɵɣ ɛɢɬ – 0 ɢɥɢ 1 (ɝɟɧɟɪɢɪɭɟɬɫɹ 

ɫɥɭɱɚɣɧɨ). 

8. Ɉɰɟɧɤɚ ɩɪɢɫɩɨɫɨɛɥɟɧɧɨɫɬɢ ɨɫɨɛɟɣ ɩɨɩɭɥɹɰɢɢ: ɡɚɩɭɫɤ ɚɥɝɨɪɢɬɦɚ ɪɟɲɟɧɢɹ 

ɁɊɗɊɂɋ n_run ɪɚɡ ɩɨ time_alg ɫɟɤɭɧɞ ɢ ɭɫɪɟɞɧɟɧɢɟ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ ɪɟɡɭɥɶɬɚɬɚ. 

9. ȼɵɛɟɪɟɦ Nchild ɩɚɪ ɪɨɞɢɬɟɥɟɣ ɩɪɢ ɩɨɦɨɳɢ ɬɭɪɧɢɪɧɨɣ ɫɟɥɟɤɰɢɢ. 

10. Ʉɪɨɫɫɨɜɟɪ. ȼ ɤɨɧɰɟ ɞɚɧɧɨɝɨ ɲɚɝɚ ɭ ɧɚɫ ɞɨɥɠɧɨ ɛɵɬɶ Nchild 

ɨɫɨɛɟɣ-ɩɨɬɨɦɤɨɜ. 

11. ɉɪɢɦɟɧɢɦ ɨɩɟɪɚɬɨɪ ɦɭɬɚɰɢɢ ɤ ɩɨɬɨɦɤɚɦ. Ɋɟɡɭɥɶɬɚɬɨɦ ɦɭɬɚɰɢɢ ɜ ɗȺ ɫ 

ɛɢɧɚɪɧɵɦ ɤɨɞɢɪɨɜɚɧɢɟɦ ɹɜɥɹɟɬɫɹ ɥɨɝɢɱɟɫɤɚɹ ɢɧɜɟɪɫɢɹ ɛɢɬɚ. 

12. Ɏɨɪɦɢɪɨɜɚɧɢɟ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ. Ɉɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨɫɪɟɞɫɬɜɨɦ ɜɵɛɨɪɚ 

Npop ɥɭɱɲɢɯ ɨɫɨɛɟɣ ɢɡ ɩɨɩɭɥɹɰɢɢ, ɫɨɫɬɨɹɳɟɣ ɢɡ Npop ɪɨɞɢɬɟɥɟɣ ɢ Nchild ɩɨɬɨɦɤɨɜ. 

13. ȿɫɥɢ ɬɟɤɭɳɟɟ ɜɪɟɦɹ ɪɚɛɨɬɵ ɦɟɧɶɲɟ time_overall, ɬɨ ɩɟɪɟɯɨɞ ɤ ɲɚɝɭ 8. 

14. ȼ ɤɚɱɟɫɬɜɟ ɨɤɨɧɱɚɬɟɥɶɧɨɝɨ ɪɟɲɟɧɢɹ ɜɟɪɧɟɦ ɧɚɛɨɪ ɩɚɪɚɦɟɬɪɨɜ, 

ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɥɭɱɲɟɣ ɨɫɨɛɶɸ ɜ ɩɨɩɭɥɹɰɢɢ. 

ȼ ɩɪɢɥɨɠɟɧɢɢ 2 (ɪɢɫɭɧɨɤ ɉ2.4 ɪɟɲɟɧɢɹ ɁɊɗɊɂɋ) ɩɪɢɜɟɞɟɧɚ ɛɥɨɤ-ɫɯɟɦɚ 

ɦɟɬɨɞɚ ɧɚɫɬɪɨɣɤɢ ɫɜɨɛɨɞɧɵɯ ɩɚɪɚɦɟɬɪɨɜ. 

Ɉɫɨɛɟɧɧɨɫɬɶɸ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɦɟɬɨɞɚ ɹɜɥɹɟɬɫɹ ɲɚɝ №8 – ɨɰɟɧɤɚ 

ɩɪɢɫɩɨɫɨɛɥɟɧɧɨɫɬɢ ɨɫɨɛɟɣ ɩɨɩɭɥɹɰɢɢ. Ⱦɟɥɨ ɜ ɬɨɦ, ɱɬɨ ɩɪɢ ɪɟɲɟɧɢɢ ɁɊɗɊɂɋ 
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ɨɰɟɧɤɚ ɩɪɢɫɩɨɫɨɛɥɟɧɧɨɫɬɢ ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ ɨɱɟɧɶ ɩɪɨɫɬɨ: ɦɵ ɞɨɥɠɧɵ ɛɵɥɢ 

ɜɵɱɢɫɥɢɬɶ ɡɧɚɱɟɧɢɟ ɫɨɝɥɚɫɧɨ ɮɨɪɦɭɥɟ (1.16). ɉɪɢɫɩɨɫɨɛɥɟɧɧɨɫɬɶ ɨɫɨɛɢ ɛɵɥɚ 

ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ (ɬ.ɤ. ɧɚɲɚ ɡɚɞɚɱɚ ɦɢɧɢɦɢɡɚɰɢɨɧɧɚɹ) ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ 

ɪɟɲɟɧɢɹ ɁɊɗɊɂɋ. 

ȼ ɦɟɬɨɞɟ ɨɩɬɢɦɢɡɚɰɢɢ ɩɚɪɚɦɟɬɪɨɜ ɩɪɢɫɩɨɫɨɛɥɟɧɧɨɫɬɶ ɨɫɨɛɢ ɜɵɱɢɫɥɹɟɬɫɹ 

ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. Ʉɚɠɞɚɹ ɨɫɨɛɶ ɫɨɫɬɨɢɬ ɢɡ ɨɞɧɨɣ ɯɪɨɦɨɫɨɦɵ, ɤɨɞɢɪɭɸɳɟɣ 

ɩɨɥɧɵɣ ɧɚɛɨɪ ɭɩɪɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ ɚɥɝɨɪɢɬɦɚ ɪɟɲɟɧɢɹ ɁɊɗɊɂɋ. Ⱦɥɹ 

ɤɚɠɞɨɣ ɯɪɨɦɨɫɨɦɵ ɦɵ ɞɨɥɠɧɵ n_run ɪɚɡ (ɩɨ time_alg ɫɟɤɭɧɞ ɧɚ ɤɚɠɞɵɣ ɡɚɩɭɫɤ) 

ɡɚɩɭɫɬɢɬɶ ɚɥɝɨɪɢɬɦ ɪɟɲɟɧɢɹ ɁɊɗɊɂɋ. Ɇɵ ɩɨɥɭɱɢɦ n_run ɡɧɚɱɟɧɢɣ ɰɟɥɟɜɨɣ 

ɮɭɧɤɰɢɢ F_base. Ɉɛɨɡɧɚɱɢɦ ɢɯ F_basei, ɝɞɟ i  {1, 2, …, n_run}. Ɉɛɨɡɧɚɱɢɦ 

ɰɟɥɟɜɭɸ ɮɭɧɤɰɢɸ ɞɥɹ ɨɫɨɛɢ ɜ ɦɟɬɨɞɟ ɧɚɯɨɠɞɟɧɢɹ ɭɩɪɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ ɤɚɤ 

Target_func. Ɉɧɚ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 


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 (3.4) 

ɉɪɢɫɩɨɫɨɛɥɟɧɧɨɫɬɶ ɨɫɨɛɢ ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɡɧɚɱɟɧɢɸ Target_func. 

Target_func ɥɭɱɲɟɣ ɨɫɨɛɟɣ ɜ ɩɨɫɥɟɞɧɟɦ ɩɨɤɨɥɟɧɢɢ ɩɨɩɭɥɹɰɢɢ ɢ ɛɭɞɟɬ ɪɚɜɧɚ 

F_meta. 

Ɉɬɦɟɬɢɦ, ɱɬɨ ɩɪɟɞɥɚɝɚɟɦɵɣ ɜ ɞɚɧɧɨɣ ɞɢɫɫɟɪɬɚɰɢɢ ɦɟɬɨɞ ɧɚɢɛɨɥɟɟ 

ɷɮɮɟɤɬɢɜɟɧ ɜ ɫɢɬɭɚɰɢɹɯ, ɤɨɝɞɚ ɱɢɫɥɨ ɭɩɪɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ (ɚ ɬɚɤɠɟ ɱɢɫɥɨ 

ɜɨɡɦɨɠɧɵɯ ɡɧɚɱɟɧɢɣ ɤɚɠɞɨɝɨ ɢɡ ɩɚɪɚɦɟɬɪɨɜ) ɜɟɥɢɤɨ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɤɨɝɞɚ ɱɢɫɥɨ 

ɩɚɪɚɦɟɬɪɨɜ ɦɚɥɨ, ɬɨ ɧɚɢɛɨɥɟɟ ɩɪɨɫɬɨɣ ɢ ɷɮɮɟɤɬɢɜɧɨɣ ɫɬɪɚɬɟɝɢɟɣ ɛɭɞɟɬ ɩɟɪɟɛɨɪ 

ɜɫɟɯ ɜɨɡɦɨɠɧɵɯ ɤɨɦɛɢɧɚɰɢɣ ɭɩɪɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ. 

ɇɚɩɪɢɦɟɪ, ɞɥɹ ɩɱɟɥɢɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ABC ɜɨɡɦɨɠɧɨ 256 ɪɚɡɥɢɱɧɵɯ ɧɚɛɨɪɨɜ 

ɭɩɪɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ. Ɍɟɨɪɟɬɢɱɟɫɤɢ ɜɨɡɦɨɠɧɨ ɪɟɲɢɬɶ ɡɚɞɚɱɭ ɧɚɫɬɪɨɣɤɢ 

ɩɚɪɚɦɟɬɪɨɜ ɦɟɬɨɞɨɦ ɩɨɥɧɨɝɨ ɩɟɪɟɛɨɪɚ. Ɉɞɧɚɤɨ ɞɚɧɧɵɣ ɩɨɞɯɨɞ ɧɟ ɭɧɢɜɟɪɫɚɥɟɧ. 

ɇɚɩɪɢɦɟɪ, ɞɥɹ ɦɭɪɚɜɶɢɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɜɨɡɦɨɠɧɨ ɩɪɢɦɟɪɧɨ 2×1010 ɪɚɡɥɢɱɧɵɯ 

ɧɚɛɨɪɨɜ ɭɩɪɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ. 

ɉɪɢ ɩɪɢɦɟɧɟɧɢɢ ɷɜɨɥɸɰɢɨɧɧɨɝɨ ɩɨɞɯɨɞɚ ɤ ɧɚɫɬɪɨɣɤɟ ɩɚɪɚɦɟɬɪɨɜ 

ɩɪɨɜɟɪɹɟɬɫɹ Npop × Ngen ɜɨɡɦɨɠɧɵɯ ɧɚɛɨɪɨɜ ɭɩɪɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ. ɉɪɢ ɷɬɨɦ 
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ɜɚɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɚɧɧɵɣ ɩɨɞɯɨɞ ɜ ɫɪɟɞɧɟɦ ɛɭɞɟɬ ɞɚɜɚɬɶ ɥɭɱɲɢɣ ɪɟɡɭɥɶɬɚɬ, 

ɱɟɦ ɱɚɫɬɢɱɧɵɣ ɩɟɪɟɛɨɪ (ɧɚɯɨɠɞɟɧɢɟ ɥɭɱɲɟɝɨ ɧɚɛɨɪɚ ɭɩɪɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ 

ɫɪɟɞɢ ɫɥɭɱɚɣɧɵɯ Npop × Ngen ɧɚɛɨɪɨɜ ɢɡ |A1| × |A2| × … × |Anpar|). ɋɚɦɚ ɫɭɬɶ 

ɷɜɨɥɸɰɢɨɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɨɫɨɛɢ ɢɡ ɩɨɤɨɥɟɧɢɹ ɜ 

ɩɨɤɨɥɟɧɢɟ ɞɟɦɨɧɫɬɪɢɪɭɸɬ ɜɫё ɛɨɥɶɲɭɸ ɩɪɢɫɩɨɫɨɛɥɟɧɧɨɫɬɶ, ɩɪɢ ɷɬɨɦ ɫɨɯɪɚɧɹɹ 

ɫɜɨɣɫɬɜɚ ɫɜɨɢɯ ɪɨɞɢɬɟɥɟɣ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɨɝɪɚɧɢɱɟɧɧɨɦ ɦɚɲɢɧɧɨɦ ɜɪɟɦɟɧɢ 

ɷɜɨɥɸɰɢɨɧɧɵɣ ɚɥɝɨɪɢɬɦ ɜ ɫɪɟɞɧɟɦ ɥɭɱɲɟ ɱɚɫɬɢɱɧɨɝɨ ɩɟɪɟɛɨɪɚ 

(ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɩɨɞɬɜɟɪɠɞɟɧɢɟ ɷɬɨɝɨ ɬɟɡɢɫɚ ɩɪɢɜɟɞɟɧɨ ɜ ɪɚɡɞɟɥɟ 4.2.3). 

 

3.4 ɉɟɪɟɱɟɧɶ ɨɩɬɢɦɢɡɢɪɭɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ ɦɟɬɚɷɜɪɢɫɬɢɤ 

Ⱦɥɹ ɷɜɨɥɸɰɢɨɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ (ɯɪɨɦɨɫɨɦɚ ɫɯɟɦɚɬɢɱɧɨ ɩɪɢɜɟɞɟɧɚ ɧɚ 

ɪɢɫɭɧɤɟ 3.6): 

– npar = 6. 

– Ɇɟɬɨɞ ɫɟɥɟɤɰɢɢ. A1 = {"ɪɭɥɟɬɨɱɧɚɹ", "ɪɚɧɝɨɜɚɹ", "ɬɭɪɧɢɪɧɚɹ", 

"ɩɚɧɦɢɤɫɢɹ"}. |A1| = 4, ɝɟɧ ɤɨɞɢɪɭɟɬɫɹ 2 ɛɢɬɚɦɢ. 

– ɑɢɫɥɨ ɨɫɨɛɟɣ ɜ ɩɨɩɭɥɹɰɢɢ (Npop). A2 = {5, 10, 20, 30, 40, 50, 60, 70, 80, 85, 

90, 95, 100, 200, 300, 500}. |A2| = 16, ɝɟɧ ɤɨɞɢɪɭɟɬɫɹ 4 ɛɢɬɚɦɢ. 

– ɑɢɫɥɨ ɩɪɨɢɡɜɨɞɢɦɵɯ ɡɚ ɨɞɧɨ ɩɨɤɨɥɟɧɢɟ ɩɨɬɨɦɤɨɜ (Nchild). A3 = {Npop, 

Npop×2, Npop×3, Npop×4}. |A3| = 4, ɝɟɧ ɤɨɞɢɪɭɟɬɫɹ 2 ɛɢɬɚɦɢ. 

– ɑɢɫɥɨ ɬɨɱɟɤ ɫɤɪɟɳɢɜɚɧɢɹ (n_points). A4 = {1, 2, 3, 4}. |A4| = 4, ɝɟɧ 

ɤɨɞɢɪɭɟɬɫɹ 2 ɛɢɬɚɦɢ. 

– ȼɟɪɨɹɬɧɨɫɬɶ ɦɭɬɚɰɢɢ (pmut). A5 = {0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07, 

0.08}. |A5| = 8, ɝɟɧ ɤɨɞɢɪɭɟɬɫɹ 3 ɛɢɬɚɦɢ. 

– ɋɩɨɫɨɛ ɮɨɪɦɢɪɨɜɚɧɢɹ ɧɨɜɨɣ ɩɨɩɭɥɹɰɢɢ. A6 = {"ɫɨɡɞɚɟɬɫɹ ɩɪɨɦɟɠɭɬɨɱɧɚɹ 

ɩɨɩɭɥɹɰɢɹ ɢɡ Npop ɪɨɞɢɬɟɥɟɣ ɢ Nchild ɩɨɬɨɦɤɨɜ ɫ ɩɟɪɟɧɨɫɨɦ ɜ ɫɥɟɞɭɸɳɟɟ 

ɩɨɤɨɥɟɧɢɟ Npop ɥɭɱɲɢɯ ɨɫɨɛɟɣ", "ɜ ɧɨɜɨɟ ɩɨɤɨɥɟɧɢɟ ɩɟɪɟɯɨɞɹɬ ɬɨɥɶɤɨ 

ɨɫɨɛɢ-ɩɨɬɨɦɤɢ"}. |A6| = 2, ɝɟɧ ɤɨɞɢɪɭɟɬɫɹ 1 ɛɢɬɨɦ. 

Ⱦɥɹ ɚɥɝɨɪɢɬɦɚ ɢɦɢɬɚɰɢɢ ɨɬɠɢɝɚ (ɪɢɫɭɧɨɤ 3.7): 

– npar = 3. 
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– Ʉɨɷɮɮɢɰɢɟɧɬ ɨɯɥɚɠɞɟɧɢɹ (). A1 = {0.5, 0.55, 0.6, 0.65, 0.7, 0.75, 0.8, 0.85, 

0.90, 0.92, 0.94, 0.95, 0.96, 0.97, 0.98, 0.99}.  |A1| = 16, ɝɟɧ ɤɨɞɢɪɭɟɬɫɹ 4 ɛɢɬɚɦɢ. 

– ɑɢɫɥɨ ɢɬɟɪɚɰɢɣ ɩɪɢ ɨɞɧɨɦ ɡɧɚɱɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ (N_iter). A2 = {10, 20, 

30, 40, 50, 60, 70, 80}. |A2| = 8, ɝɟɧ ɤɨɞɢɪɭɟɬɫɹ 3 ɛɢɬɚɦɢ. 

– ȼɟɪɨɹɬɧɨɫɬɶ ɩɪɢɧɹɬɢɹ ɯɭɞɲɟɝɨ ɪɟɲɟɧɢɹ ɧɚ ɪɚɧɧɢɯ ɲɚɝɚɯ ɚɥɝɨɪɢɬɦɚ (p0). 

A3 = {0.5, 0.55, 0.6, 0.65, 0.7, 0.75, 0.8, 0.85, 0.90, 0.92, 0.94, 0.95, 0.96, 0.97, 0.98, 

0.99}.  |A3| = 16, ɝɟɧ ɤɨɞɢɪɭɟɬɫɹ 4 ɛɢɬɚɦɢ. 

Ⱦɥɹ ɚɥɝɨɪɢɬɦɚ ɩɨɢɫɤɚ ɫ ɡɚɩɪɟɬɚɦɢ (ɪɢɫɭɧɨɤ  3.8): 

– npar = 3. 

– Ⱦɥɢɧɚ ɫɩɢɫɤɚ ɡɚɩɪɟɬɨɜ (l). A1 = {Nps/8, Nps/6, Nps/4, Nps/1, Nps, 

Nps×Ntypes, (Nps+Ncl)×Ntypes, 2×(Nps+Ncl)×Ntypes}. |A1| = 8, ɝɟɧ ɤɨɞɢɪɭɟɬɫɹ 3 ɛɢɬɚɦɢ. 

– ɉɚɪɚɦɟɬɪ ɪɚɧɞɨɦɢɡɚɰɢɢ ɨɤɪɟɫɬɧɨɫɬɢ (p). A2 = {0.05, 0.1, 0.13, 0.16, 0.19, 

0.22, 0.25, 0.28, 0.31, 0.34, 0.37, 0.4, 0.43, 0.46, 0.49, 0.52, 0.55, 0.58, 0.61, 0.64, 0.67, 

0.7, 0.73, 0.76, 0.79, 0.82, 0.85, 0.88, 0.91, 0.94, 0.97, 1}. |A2| = 32, ɝɟɧ ɤɨɞɢɪɭɟɬɫɹ 5 

ɛɢɬɚɦɢ. 

– ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɞɢɜɟɪɫɢɮɢɤɚɰɢɢ ɜ ɩɪɨɰɟɫɫɟ ɩɨɢɫɤɚ. A3 = {"ɛɟɡ 

ɞɢɜɟɪɫɢɮɢɤɚɰɢɢ", "ɫ ɞɢɜɟɪɫɢɮɢɤɚɰɢɟɣ"}. |A3| = 2, ɝɟɧ ɤɨɞɢɪɭɟɬɫɹ 1 ɛɢɬɨɦ. 

Ⱦɥɹ ɚɥɝɨɪɢɬɦɚ ɦɭɥɶɬɢɫɬɚɪɬɚ (ɪɢɫɭɧɨɤ 3.9): 

– npar = 2. 

– Ɇɚɤɫɢɦɚɥɶɧɨɟ ɱɢɫɥɨ ɢɬɟɪɚɰɢɣ ɩɨɞɪɹɞ ɛɟɡ ɭɥɭɱɲɟɧɢɹ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ 

(N_iter_max). A1 = {5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80}. |A1| = 

16, ɝɟɧ ɤɨɞɢɪɭɟɬɫɹ 4 ɛɢɬɚɦɢ. 

– Ⱦɨɩɨɥɧɢɬɟɥɶɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɥɨɤɚɥɶɧɨɝɨ ɩɨɢɫɤɚ. A2 = {"ɛɟɡ ɥɨɤɚɥɶɧɨɝɨ 

ɩɨɢɫɤɚ", "ɫ ɥɨɤɚɥɶɧɵɦ ɩɨɢɫɤɨɦ"}. |A2| = 2, ɝɟɧ ɤɨɞɢɪɭɟɬɫɹ 1 ɛɢɬɨɦ. 

– ɉɚɪɚɦɟɬɪ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɩɨɢɫɤɚ (). A3 = {1.05, 1.1, 1.13, 1.16, 1.19, 1.22, 

1.25, 1.28, 1.31, 1.34, 1.37, 1.4, 1.43, 1.46, 1.49, 1.52, 1.55, 1.58, 1.61, 1.64, 1.67, 1.7, 

1.73, 1.76, 1.79, 1.82, 1.85, 1.88, 1.91, 1.94, 1.97, 2}. |A3| = 32, ɝɟɧ ɤɨɞɢɪɭɟɬɫɹ 5 

ɛɢɬɚɦɢ. 
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Ⱦɥɹ ɦɭɪɚɜɶɢɧɨɝɨ ɚɥɝɨɪɢɬɦɚ (ɪɢɫɭɧɨɤ 3.10): 

– npar = 10. 

– Ɋɚɡɧɨɜɢɞɧɨɫɬɶ ɚɥɝɨɪɢɬɦɚ. A1 = {"AS", "MMAS", "ACS"}. |A1| = 3, ɝɟɧ 

ɤɨɞɢɪɭɟɬɫɹ 2 ɛɢɬɚɦɢ. 

– ɑɢɫɥɨ ɦɭɪɚɜɶɟɜ (A). A2 = {Nps/8, Nps/4, Nps/2, Nps, Nps×(Ntypes-1), 

(Nps+Ncl)× (Ntypes-1), Nps×Ntypes, (Nps+Ncl)×Ntypes}. |A2| = 8, ɝɟɧ ɤɨɞɢɪɭɟɬɫɹ 3 ɛɢɬɚɦɢ. 

– Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɡɧɚɱɢɦɨɫɬɶ ɮɟɪɨɦɨɧɧɨɝɨ ɭɪɨɜɧɹ ɞɥɹ 1-ɣ ɤɨɥɨɧɢɢ (α1). 

A3 = {1, 2, 3, 4, 5, 6, 7, 8}. |A3| = 8, ɝɟɧ ɤɨɞɢɪɭɟɬɫɹ 3 ɛɢɬɚɦɢ. 

– Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɡɧɚɱɢɦɨɫɬɶ ɮɟɪɨɦɨɧɧɨɝɨ ɭɪɨɜɧɹ ɞɥɹ 2-ɣ ɤɨɥɨɧɢɢ (α2). 

A4 = {1, 2, 3, 4, 5, 6, 7, 8}. |A4| = 8, ɝɟɧ ɤɨɞɢɪɭɟɬɫɹ 3 ɛɢɬɚɦɢ. 

– ɋɤɨɪɨɫɬɶ ɢɫɩɚɪɟɧɢɹ ɮɟɪɨɦɨɧɧɨɝɨ ɫɥɟɞɚ ɦɭɪɚɜɶɟɜ 1-ɣ ɤɨɥɨɧɢɢ (ρ1). 

A5 = {0.05, 0.1, 0.13, 0.16, 0.19, 0.22, 0.25, 0.28, 0.31, 0.34, 0.37, 0.4, 0.43, 0.46, 0.49, 

0.52, 0.55, 0.58, 0.61, 0.64, 0.67, 0.7, 0.73, 0.76, 0.79, 0.82, 0.85, 0.88, 0.91, 0.94, 0.97, 

0.99}. |A5| = 32, ɝɟɧ ɤɨɞɢɪɭɟɬɫɹ 5 ɛɢɬɚɦɢ. 

– ɋɤɨɪɨɫɬɶ ɢɫɩɚɪɟɧɢɹ ɮɟɪɨɦɨɧɧɨɝɨ ɫɥɟɞɚ ɦɭɪɚɜɶɟɜ 2-ɣ ɤɨɥɨɧɢɢ (ρ2). 

A6 = {0.05, 0.1, 0.13, 0.16, 0.19, 0.22, 0.25, 0.28, 0.31, 0.34, 0.37, 0.4, 0.43, 0.46, 0.49, 

0.52, 0.55, 0.58, 0.61, 0.64, 0.67, 0.7, 0.73, 0.76, 0.79, 0.82, 0.85, 0.88, 0.91, 0.94, 0.97, 

0.99}. |A6| = 32, ɝɟɧ ɤɨɞɢɪɭɟɬɫɹ 5 ɛɢɬɚɦɢ. 

– Ʉɨɷɮɮɢɰɢɟɧɬ ɡɚɬɭɯɚɧɢɹ ɮɟɪɨɦɨɧɚ ɞɥɹ 1-ɣ ɤɨɥɨɧɢɢ (φ1). A7 = {0.05, 0.1, 

0.13, 0.16, 0.19, 0.22, 0.25, 0.28, 0.31, 0.34, 0.37, 0.4, 0.43, 0.46, 0.49, 0.52, 0.55, 0.58, 

0.61, 0.64, 0.67, 0.7, 0.73, 0.76, 0.79, 0.82, 0.85, 0.88, 0.91, 0.94, 0.97, 0.99}. |A7| = 32, 

ɝɟɧ ɤɨɞɢɪɭɟɬɫɹ 5 ɛɢɬɚɦɢ. 

– Ʉɨɷɮɮɢɰɢɟɧɬ ɡɚɬɭɯɚɧɢɹ ɮɟɪɨɦɨɧɚ ɞɥɹ 2-ɣ ɤɨɥɨɧɢɢ (φ2). A8 = {0.05, 0.1, 

0.13, 0.16, 0.19, 0.22, 0.25, 0.28, 0.31, 0.34, 0.37, 0.4, 0.43, 0.46, 0.49, 0.52, 0.55, 0.58, 

0.61, 0.64, 0.67, 0.7, 0.73, 0.76, 0.79, 0.82, 0.85, 0.88, 0.91, 0.94, 0.97, 0.99}. |A8| = 32, 

ɝɟɧ ɤɨɞɢɪɭɟɬɫɹ 5 ɛɢɬɚɦɢ. 

– Ʉɨɷɮɮɢɰɢɟɧɬ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɥɹ 1-ɣ ɤɨɥɨɧɢɢ ( 1

0q ). A9 = {0.1, 0.2, 0.3, 0.4, 

0.5, 0.6, 0.7, 0.8}. |A9| = 8, ɝɟɧ ɤɨɞɢɪɭɟɬɫɹ 3 ɛɢɬɚɦɢ. 
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– Ʉɨɷɮɮɢɰɢɟɧɬ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɥɹ 2-ɣ ɤɨɥɨɧɢɢ ( 2

0q ). A10 = {0.1, 0.2, 0.3, 0.4, 

0.5, 0.6, 0.7, 0.8}. |A10| = 8, ɝɟɧ ɤɨɞɢɪɭɟɬɫɹ 3 ɛɢɬɚɦɢ. 

Ɉɬɦɟɬɢɦ, ɱɬɨ ɦɵ ɧɟ ɨɩɬɢɦɢɡɢɪɭɟɦ ɡɧɚɱɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɡɧɚɱɢɦɨɫɬɢ 

ɷɜɪɢɫɬɢɱɟɫɤɨɣ ɮɭɧɤɰɢɢ ɞɥɹ 1-ɣ ɢ 2-ɣ ɤɨɥɨɧɢɢ ɦɭɪɚɜɶɟɜ, ɬ.ɤ. ɷɬɢ ɩɚɪɚɦɟɬɪɵ 

ɦɨɠɧɨ ɡɚɮɢɤɫɢɪɨɜɚɬɶ (ɧɚɩɪɢɦɟɪ, ɩɪɢɧɹɬɶ ɢɯ ɪɚɜɧɵɦɢ ɟɞɢɧɢɰɟ) ɢ ɜɚɪɶɢɪɨɜɚɬɶ 

ɬɨɥɶɤɨ ɨɬɧɨɫɢɬɟɥɶɧɭɸ ɡɧɚɱɢɦɨɫɬɶ ɮɟɪɨɦɨɧɧɨɝɨ ɭɪɨɜɧɹ [108, 168]. 

Ⱦɥɹ ɩɱɟɥɢɧɨɝɨ ɚɥɝɨɪɢɬɦɚ BCO (ɪɢɫɭɧɨɤ 3.11): 

– npar = 4. 

– Ɇɟɬɨɞ ɫɟɥɟɤɰɢɢ. A1 = {"ɪɭɥɟɬɨɱɧɚɹ", "ɪɚɧɝɨɜɚɹ", "ɬɭɪɧɢɪɧɚɹ", 

"ɞɢɡɪɭɩɬɢɜɧɚɹ"}. |A1| = 4, ɝɟɧ ɤɨɞɢɪɭɟɬɫɹ 2 ɛɢɬɚɦɢ. 

– ɑɢɫɥɨ ɩɱɟɥ (B). A2 = {3, 4, 5, 6, 7, 8, 9, 10}. |A2| = 8, ɝɟɧ ɤɨɞɢɪɭɟɬɫɹ 3 

ɛɢɬɚɦɢ. 

– ɑɢɫɥɨ ɩɪɹɦɵɯ/ɨɛɪɚɬɧɵɯ ɩɪɨɯɨɞɨɜ ɜ ɩɪɟɞɟɥɚɯ ɨɞɧɨɣ ɢɬɟɪɚɰɢɢ (NC). 

A3 = {3, 5, 7, 10, 12, 15, 20, 25}. |A3| = 8, ɝɟɧ ɤɨɞɢɪɭɟɬɫɹ 3 ɛɢɬɚɦɢ. 

– ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɝɥɨɛɚɥɶɧɨɣ ɩɚɦɹɬɢ. A4 = {"ɛɟɡ ɝɥɨɛɚɥɶɧɨɣ ɩɚɦɹɬɢ", "ɫ 

ɝɥɨɛɚɥɶɧɨɣ ɩɚɦɹɬɶɸ"}. |A4| = 2, ɝɟɧ ɤɨɞɢɪɭɟɬɫɹ 1 ɛɢɬɨɦ. 

Ⱦɥɹ ɩɱɟɥɢɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ABC (ɪɢɫɭɧɨɤ 3.12): 

– npar = 3. 

– Ɇɟɬɨɞ ɫɟɥɟɤɰɢɢ. A1 = {"ɪɭɥɟɬɨɱɧɚɹ", "ɪɚɧɝɨɜɚɹ", "ɬɭɪɧɢɪɧɚɹ", 

"ɞɢɡɪɭɩɬɢɜɧɚɹ"}. |A1| = 4, ɝɟɧ ɤɨɞɢɪɭɟɬɫɹ 2 ɛɢɬɚɦɢ. 

– ɑɢɫɥɨ ɢɫɬɨɱɧɢɤɨɜ ɧɟɤɬɚɪɚ (SN). A2 = {10, 20, 30, 40, 50, 60, 70, 80}. |A2| = 8, 

ɝɟɧ ɤɨɞɢɪɭɟɬɫɹ 3 ɛɢɬɚɦɢ. 

– Ɇɚɤɫɢɦɚɥɶɧɨɟ ɱɢɫɥɨ ɢɬɟɪɚɰɢɣ ɩɨɞɪɹɞ ɛɟɡ ɭɥɭɱɲɟɧɢɹ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ 

(limit). A3 = {SN×Nps/8, SN×Nps/4, SN×Nps/2, SN×Nps, SN×Nps×(Ntypes –1), 

SN×(Nps+Ncl)×(Ntypes – 1), SN×Nps×Ntypes, SN×(Nps+Ncl)×Ntypes}. |A3| = 8, ɝɟɧ 

ɤɨɞɢɪɭɟɬɫɹ 3 ɛɢɬɚɦɢ. 

Ɉɬɦɟɬɢɦ ɢɧɬɟɪɟɫɧɵɣ ɦɨɦɟɧɬ. ɇɚɩɪɢɦɟɪ, ɬɪɟɛɭɟɬɫɹ ɧɚɣɬɢ ɧɚɛɨɪ 

ɭɩɪɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ ɞɥɹ ɦɭɪɚɜɶɢɧɨɝɨ ɚɥɝɨɪɢɬɦɚ. ɉɭɫɬɶ 1 = "AS". Ɍɨɝɞɚ ɧɟɬ 

ɧɢɤɚɤɨɣ ɪɚɡɧɢɰɵ, ɤɚɤɢɟ ɡɧɚɱɟɧɢɹ ɛɭɞɭɬ ɩɪɢɧɢɦɚɬɶ ɩɚɪɚɦɟɬɪɵ 1

0
q (9) ɢ 2

0
q (10), 
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ɬ.ɤ. ɜ ɤɥɚɫɫɢɱɟɫɤɨɦ ɚɥɝɨɪɢɬɦɟ AS ɨɧɢ ɧɟ ɢɫɩɨɥɶɡɭɸɬɫɹ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɩɪɢ 

ɪɚɫɱɟɬɟ ɮɭɧɤɰɢɢ ɩɪɢɫɩɨɫɨɛɥɟɧɧɨɫɬɢ ɭɱɚɫɬɤɢ ɯɪɨɦɨɫɨɦɵ, ɨɬɜɟɱɚɸɳɢɟ ɡɚ 

ɤɨɞɢɪɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɨɜ 9 ɢ 10, ɭɱɚɫɬɜɨɜɚɬɶ ɧɟ ɛɭɞɭɬ. Ⱦɚɧɧɵɣ ɚɫɩɟɤɬ 

ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɷɜɨɥɸɰɢɨɧɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɧɟ ɩɪɨɬɢɜɨɪɟɱɢɬ ɫɨɜɪɟɦɟɧɧɵɦ 

ɧɚɭɱɧɵɦ ɩɪɟɞɫɬɚɜɥɟɧɢɹɦ ɨ ɝɟɧɟɬɢɤɟ (ɚ ɢɦɟɧɧɨ ɧɚ ɚɧɚɥɨɝɢɢ ɫ ɪɟɚɥɶɧɨɣ ɩɪɢɪɨɞɧɨɣ 

ɷɜɨɥɸɰɢɟɣ ɢ ɫɬɨɹɳɟɣ ɡɚ ɧɟɣ ɝɟɧɟɬɢɤɨɣ ɢ ɛɚɡɢɪɭɟɬɫɹ ɤɨɧɰɟɩɰɢɹ ɷɜɨɥɸɰɢɨɧɧɵɯ 

ɚɥɝɨɪɢɬɦɨɜ), ɫɨɝɥɚɫɧɨ ɤɨɬɨɪɵɦ ɜ ɫɬɪɭɤɬɭɪɟ ȾɇɄ ɢɦɟɸɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɤɪɭɩɧɵɟ 

ɭɱɚɫɬɤɢ, ɧɢɤɚɤɢɦ ɨɛɪɚɡɨɦ ɧɟ ɜɥɢɹɸɳɢɟ ɧɚ ɝɟɧɨɬɢɩ, ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ ɧɚ 

ɮɟɧɨɬɢɩ (ɝɟɧɵ, ɧɟ ɫɨɞɟɪɠɚɳɢɟ ɝɟɧɟɬɢɱɟɫɤɭɸ ɢɧɮɨɪɦɚɰɢɸ – ɢɧɬɪɨɧɵ) [20]. 
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Метод 
̭елекц̛̛ Npop pmutn_points

Спо̭о̍ 
фо̛̬̥̬. 

̦о̏о̜ 
популяц̛̛

Nchild

 

Ɋɢɫɭɧɨɤ 3.6 – ɏɪɨɦɨɫɨɦɚ ɞɥɹ ɷɜɨɥɸɰɢɨɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ 

Niterα p0

 

Ɋɢɫɭɧɨɤ 3.7 – ɏɪɨɦɨɫɨɦɚ ɞɥɹ ɚɥɝɨɪɢɬɦɚ ɢɦɢɬɚɰɢɢ ɨɬɠɢɝɚ 
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l p

И̭пол̽̚. 
д̛̏е̛̬̭
ф̛к̌ц̛̛

 

Ɋɢɫɭɧɨɤ 3.8 – ɏɪɨɦɨɫɨɦɚ ɞɥɹ ɚɥɝɨɪɢɬɦɚ ɩɨɢɫɤɚ ɫ ɡɚɩɪɟɬɚɦɢ 

 

N_iter_max

Допол̛̦т.

лок̌л̦̼̜̽ 
по̛̭к

 

 

Ɋɢɫɭɧɨɤ 3.9 – ɏɪɨɦɨɫɨɦɚ ɞɥɹ ɚɥɝɨɪɢɬɦɚ ɦɭɥɶɬɢɫɬɚɪɬɚ 

В̛д 
̌л̐о̛̬т̥̌ A α1  1

0q  2

0qα2 ρ1 ρ2 1 2 

 

Ɋɢɫɭɧɨɤ 3.10 – ɏɪɨɦɨɫɨɦɚ ɞɥɹ ɦɭɪɚɜɶɢɧɨɝɨ ɚɥɝɨɪɢɬɦɚ 
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B NC
Метод 

̭елекц̛̛ И̭пол̽̚. 
п̥̌ят̛

 

Ɋɢɫɭɧɨɤ 3.11 – ɏɪɨɦɨɫɨɦɚ ɞɥɹ ɚɥɝɨɪɢɬɦɚ BCO 

SN limit
Метод 

̭елекц̛̛

 

Ɋɢɫɭɧɨɤ 3.12 – ɏɪɨɦɨɫɨɦɚ ɞɥɹ ɚɥɝɨɪɢɬɦɚ ABC 



125 

 

3.5 Ɂɧɚɱɟɧɢɹ ɭɩɪɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ «ɩɨ ɭɦɨɥɱɚɧɢɸ» 

ȼ ɬɚɛɥɢɰɟ 3.1 ɩɪɢɜɟɞɟɧɵ ɡɧɚɱɟɧɢɹ «ɩɨ ɭɦɨɥɱɚɧɢɸ» ɞɥɹ ɭɩɪɚɜɥɹɸɳɢɯ 

ɩɚɪɚɦɟɬɪɨɜ ɦɟɬɚɷɜɪɢɫɬɢɱɟɫɤɢɯ ɚɥɝɨɪɢɬɦɨɜ, ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɜ ɪɚɡɞɟɥɟ 3.4. ɉɨɞ 

ɩɚɪɚɦɟɬɪɚɦɢ «ɩɨ ɭɦɨɥɱɚɧɢɸ» ɩɨɞɪɚɡɭɦɟɜɚɸɬɫɹ ɬɟ ɡɧɚɱɟɧɢɹ ɭɩɪɚɜɥɹɸɳɢɯ 

ɩɚɪɚɦɟɬɪɨɜ, ɤɨɬɨɪɵɟ ɪɟɤɨɦɟɧɞɭɸɬɫɹ ɜ ɪɚɛɨɬɚɯ ɚɜɬɨɪɨɜ ɤɥɚɫɫɢɱɟɫɤɢɯ 

ɦɟɬɚɷɜɪɢɫɬɢɱɟɫɤɢɯ ɚɥɝɨɪɢɬɦɨɜ, ɚ ɬɚɤɠɟ ɜ ɪɹɞɟ ɞɪɭɝɢɯ ɚɜɬɨɪɢɬɟɬɧɵɯ ɧɚɭɱɧɵɯ 

ɤɧɢɝ ɢ ɫɬɚɬɟɣ (ɫɫɵɥɤɢ ɧɚ ɪɚɛɨɬɵ ɩɪɢɜɟɞɟɧɵ ɜ ɹɱɟɣɤɚɯ ɩɟɪɜɨɝɨ ɫɬɨɥɛɰɚ ɬɚɛɥɢɰɵ 

3.1). 

Ɍɚɛɥɢɰɚ 3.1 – Ɂɧɚɱɟɧɢɹ ɭɩɪɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ «ɩɨ ɭɦɨɥɱɚɧɢɸ» ɞɥɹ 

ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɦɟɬɚɷɜɪɢɫɬɢɱɟɫɤɢɯ ɚɥɝɨɪɢɬɦɨɜ 

Ⱥɥɝɨɪɢɬɦ ɇɚɛɨɪ ɩɚɪɚɦɟɬɪɨɜ 

ɗɜɨɥɸɰɢɨɧɧɵɣ 
ɚɥɝɨɪɢɬɦ 
[41,102,119,134] 

ɚ) ɦɟɬɨɞ ɫɟɥɟɤɰɢɢ = "ɪɭɥɟɬɨɱɧɚɹ";  
ɛ) Npop = 100; 
ɜ) Nchild = Npop; 
ɝ) n_points = 1;  
ɞ) pmut = 0.05; 
ɟ) ɫɩɨɫɨɛ ɮɨɪɦɢɪɨɜɚɧɢɹ ɧɨɜɨɣ ɩɨɩɭɥɹɰɢɢ = "ɜ ɧɨɜɨɟ 
ɩɨɤɨɥɟɧɢɟ ɩɟɪɟɯɨɞɹɬ ɬɨɥɶɤɨ ɨɫɨɛɢ-ɩɨɬɨɦɤɢ". 

ɂɦɢɬɚɰɢɹ ɨɬɠɢɝɚ 
[127,90,170,134] 

ɚ)  = 0.99;  
ɛ) N_iter = 10; 
ɜ) p0 = 0.9. 

ɉɨɢɫɤ ɫ 
ɡɚɩɪɟɬɚɦɢ 
[112,26,110] 

ɚ) l = 100;  
ɛ) p = 0.05; 
ɜ) ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɞɢɜɟɪɫɢɮɢɤɚɰɢɢ ɜ ɩɪɨɰɟɫɫɟ ɩɨɢɫɤɚ = 
"ɫ ɞɢɜɟɪɫɢɮɢɤɚɰɢɟɣ". 

Ɇɭɥɶɬɢɫɬɚɪɬ 
[110,79,133] 

ɚ) N_iter_max = 100; 
ɛ) ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɥɨɤɚɥɶɧɨɝɨ ɩɨɢɫɤɚ = 
"ɛɟɡ ɥɨɤɚɥɶɧɨɝɨ ɩɨɢɫɤɚ"; 
ɜ)  = 1.25;. 

ɉɱɟɥɢɧɵɣ 
ɚɥɝɨɪɢɬɦ BCO 
[166,167] 

ɚ) ɦɟɬɨɞ ɫɟɥɟɤɰɢɢ = "ɪɭɥɟɬɨɱɧɚɹ";  
ɛ) B = 5;  
ɜ) NC = 15; 
ɝ) ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɚɦɹɬɢ = "ɫ ɝɥɨɛɚɥɶɧɨɣ ɩɚɦɹɬɶɸ". 

ɉɱɟɥɢɧɵɣ 
ɚɥɝɨɪɢɬɦ ABC 
[123,124] 

ɚ) ɦɟɬɨɞ ɫɟɥɟɤɰɢɢ = "ɪɭɥɟɬɨɱɧɚɹ"; 
ɛ) SN = 10; 
ɜ) limit = 100. 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰы 3.1 

Ⱥɥɝɨɪɢɬɦ ɇɚɛɨɪ ɩɚɪɚɦɟɬɪɨɜ 

Ɇɭɪɚɜɶɢɧɵɣ 
ɚɥɝɨɪɢɬɦ 
[100,97,162,168] 

ɚ) ɪɚɡɧɨɜɢɞɧɨɫɬɶ ɚɥɝɨɪɢɬɦɚ = "ACS";  
ɛ) A = Nps; 
ɜ) α1 = 3; 
ɝ) α2 = 3; 
ɞ) ρ1 = 0.1; 
ɟ) ρ2 = 0.1; 
ɠ) φ1 = 0.1; 
ɡ) φ2 = 0.1; 
ɢ) 1

0q  = 0.5; 

ɤ) 2

0q  = 0.5. 

 

3.6 ȼɬɨɪɚɹ ɮɚɡɚ ɧɚɫɬɪɨɣɤɢ ɨɩɬɢɦɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɦɟɬɚɷɜɪɢɫɬɢɱɟɫɤɢɯ 

ɚɥɝɨɪɢɬɦɨɜ 

ɇɚɡɨɜɟɦ ɷɜɨɥɸɰɢɨɧɧɵɣ ɚɥɝɨɪɢɬɦ ɫ ɛɢɧɚɪɧɵɦ ɤɨɞɢɪɨɜɚɧɢɟɦ, 

ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɜɵɲɟ, ɩɟɪɜɨɣ ɮɚɡɨɣ ɦɟɬɨɞɚ ɨɩɬɢɦɢɡɚɰɢɢ ɡɧɚɱɟɧɢɣ ɭɩɪɚɜɥɹɸɳɢɯ 

ɩɚɪɚɦɟɬɪɨɜ ɦɟɬɚɷɜɪɢɫɬɢɱɟɫɤɢɯ ɚɥɝɨɪɢɬɦɨɜ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ 

ɷɥɟɦɟɧɬɨɜ ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ. 

ȼ ɫɥɭɱɚɟ ɧɚɥɢɱɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɦɚɲɢɧɧɨɝɨ ɜɪɟɦɟɧɢ ɜɨɡɦɨɠɟɧ ɡɚɩɭɫɤ 

ɜɬɨɪɨɣ ɮɚɡɵ ɩɨɢɫɤɚ [52]. ȼɬɨɪɚɹ ɮɚɡɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɗȺ ɫ ɜɟɳɟɫɬɜɟɧɧɵɦ 

ɤɨɞɢɪɨɜɚɧɢɟɦ. ɉɪɟɞɫɬɚɜɥɟɧɢɟ ɧɚɛɨɪɚ ɩɚɪɚɦɟɬɪɨɜ ɨɬɥɢɱɚɟɬɫɹ ɨɬ 1-ɣ ɮɚɡɵ. 

ɏɪɨɦɨɫɨɦɚ ɜɫɟ ɬɚɤ ɠɟ ɫɨɫɬɨɢɬ ɢɡ npar ɝɟɧɨɜ. Ɏɟɧɨɬɢɩ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɚɛɨɪ 

ɢɡ npar ɩɟɪɟɦɟɧɧɵɯ ɭɩɪɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ: {1, 2, …, npar}. Ɍɨɥɶɤɨ ɤɚɠɞɵɣ 

ɝɟɧ ɭɠɟ ɧɟ ɤɨɞɢɪɭɟɬɫɹ ɫɨɜɨɤɭɩɧɨɫɬɶɸ ɛɢɬ, ɚ ɜ ɹɜɧɨɦ ɜɢɞɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɜɟɳɟɫɬɜɟɧɧɨɟ ɱɢɫɥɨ, ɹɜɥɹɟɬɫɹ ɰɟɥɨɱɢɫɥɟɧɧɵɦ ɢɥɢ ɧɟɱɢɫɥɨɜɵɦ (ɪɢɫɭɧɨɤ 3.13). 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɗȺ ɫ ɜɟɳɟɫɬɜɟɧɧɵɦ ɤɨɞɢɪɨɜɚɧɢɟɦ ɮɟɧɨɬɢɩ ɫɨɜɩɚɞɚɟɬ ɫ 

ɝɟɧɨɬɢɩɨɦ, ɚ ɩɨɢɫɤ ɮɚɤɬɢɱɟɫɤɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɮɟɧɨɬɢɩɨɜ [38]. 

ɉɭɫɬɶ ɩɨ ɢɬɨɝɚɦ 1-ɣ ɮɚɡɵ ɩɨɢɫɤɚ ɭ ɧɚɫ ɟɫɬɶ ɪɟɲɟɧɢɟ-ɯɪɨɦɨɫɨɦɚ. ȼ ɩɪɨɰɟɫɫɟ 

2-ɣ ɮɚɡɵ ɬɟ ɝɟɧɵ, ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɰɟɥɨɱɢɫɥɟɧɧɵɦ ɢ ɫɢɦɜɨɥɶɧɵɦɢ, ɦɟɧɹɬɶɫɹ ɧɟ 

ɛɭɞɭɬ. Ȼɭɞɟɬ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɞɚɥɶɧɟɣɲɚɹ ɨɩɬɢɦɢɡɚɰɢɹ ɬɨɥɶɤɨ ɜɟɳɟɫɬɜɟɧɧɵɯ 

ɩɚɪɚɦɟɬɪɨɜ (ɬ.ɟ. ɦɟɧɹɬɶɫɹ ɛɭɞɭɬ ɬɨɥɶɤɨ ɝɟɧɵ, ɜɵɪɚɠɟɧɧɵɟ ɜɟɳɟɫɬɜɟɧɧɵɦɢ 
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ɱɢɫɥɚɦɢ). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɩɱɟɥɢɧɵɯ ɚɥɝɨɪɢɬɦɨɜ BCO ɢ ABC 2-ɹ ɮɚɡɚ ɧɟ 

ɧɭɠɧɚ, ɬ.ɤ. ɭ ɧɢɯ ɧɟɬ ɭɩɪɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ, ɹɜɥɹɸɳɢɯɫɹ ɜɟɳɟɫɬɜɟɧɧɵɦɢ 

ɱɢɫɥɚɦɢ. 

npar ...3 2 1 

1̜ ̐е̦ 2̜ ̐е̦ 3̜ ̐е̦

...

 

Ɋɢɫɭɧɨɤ 3.13 – ȼɬɨɪɚɹ ɮɚɡɚ ɧɚɫɬɪɨɣɤɢ ɭɩɪɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ. ɉɪɟɞɫɬɚɜɥɟɧɢɟ 

ɩɚɪɚɦɟɬɪɨɜ ɚɥɝɨɪɢɬɦɚ ɜ ɜɢɞɟ ɯɪɨɦɨɫɨɦɵ 

ɇɢɠɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɨɛɳɚɹ ɫɯɟɦɚ 2-ɣ ɮɚɡɵ ɩɨɢɫɤɚ ɞɥɹ ɦɟɬɨɞɚ ɨɩɬɢɦɢɡɚɰɢɢ 

ɭɩɪɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ ɧɟɤɨɬɨɪɨɝɨ ɦɟɬɚɷɜɪɢɫɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ ɪɟɲɟɧɢɹ 

ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ ɩɪɢ ɢɯ ɩɥɚɧɢɪɨɜɚɧɢɢ ɢ 

ɨɩɬɢɦɢɡɚɰɢɢ. 

1. ȼɜɟɞɟɦ ɨɛɨɡɧɚɱɟɧɢɹ: n_run – ɱɢɫɥɨ ɡɚɩɭɫɤɨɜ ɚɥɝɨɪɢɬɦɚ ɧɚɯɨɠɞɟɧɢɹ 

ɪɟɲɟɧɢɹ ɁɊɗɊɂɋ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɢɫɩɨɫɨɛɥɟɧɧɨɫɬɢ ɨɞɧɨɣ ɨɫɨɛɢ ɢɡ ɦɟɬɨɞɚ 

ɧɚɫɬɪɨɣɤɢ ɩɚɪɚɦɟɬɪɨɜ; time_alg – ɜɪɟɦɹ, ɨɬɜɨɞɢɦɨɟ ɧɚ 1 ɡɚɩɭɫɤ ɚɥɝɨɪɢɬɦɚ 

ɧɚɯɨɠɞɟɧɢɹ ɪɟɲɟɧɢɹ ɁɊɗɊɂɋ; time_overall – ɜɪɟɦɹ, ɨɬɜɨɞɢɦɨɟ ɧɚ ɪɚɛɨɬɭ 2-ɣ 

ɮɚɡɵ ɦɟɬɨɞɚ ɧɚɫɬɪɨɣɤɢ ɩɚɪɚɦɟɬɪɨɜ. 

2. ɂɧɢɰɢɚɥɢɡɚɰɢɹ ɩɚɪɚɦɟɬɪɨɜ ɗȺ. Ɋɚɡɦɟɪ ɩɨɩɭɥɹɰɢɢ, ɱɢɫɥɨ ɩɨɬɨɦɤɨɜ, 

ɜɟɪɨɹɬɧɨɫɬɶ ɦɭɬɚɰɢɢ ɢ ɬɢɩ ɫɟɥɟɤɰɢɢ ɬɚɤɢɟ ɠɟ, ɤɚɤ ɢ ɜ 1-ɣ ɮɚɡɟ.  

3. Ɏɨɪɦɢɪɨɜɚɧɢɟ 1-ɝɨ ɩɨɤɨɥɟɧɢɹ. ɉɨ ɢɬɨɝɚɦ 1-ɣ ɮɚɡɵ ɭ ɧɚɫ ɟɫɬɶ ɧɟɤɨɬɨɪɨɟ 

ɪɟɲɟɧɢɟ. ɗɬɨ ɧɚɛɨɪ ɩɚɪɚɦɟɬɪɨɜ { *

1
 , *

2
 , …, *

npar }. ɉɟɪɜɚɹ ɯɪɨɦɨɫɨɦɚ ɢɫɯɨɞɧɨɣ 

ɩɨɩɭɥɹɰɢɢ ɫɨɜɩɚɞɚɟɬ ɫ ɥɭɱɲɢɦ ɪɟɲɟɧɢɟɦ 1-ɣ ɮɚɡɵ. Ⱦɥɹ ɨɫɬɚɥɶɧɵɯ ɯɪɨɦɨɫɨɦ 2-ɣ 

ɮɚɡɵ ɡɧɚɱɟɧɢɟ ɤɚɠɞɨɝɨ ɜɟɳɟɫɬɜɟɧɧɨɝɨ ɝɟɧɚ i ɫɝɟɧɟɪɢɪɭɟɦ ɩɨ ɮɨɪɦɭɥɟ 

  ,)(
max

min

minmax* i

iiiii j


  (3.5) 

ɝɞɟ j – ɫɥɭɱɚɣɧɨɟ ɜɟɳɟɫɬɜɟɧɧɨɟ ɱɢɫɥɨ ɢɡ ɞɢɚɩɚɡɨɧɚ (–0.05; 0.05), min

i
  – 

ɦɢɧɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɨɟ ɡɧɚɱɟɧɢɟ i-ɝɨ ɩɚɪɚɦɟɬɪɚ, max

i
  – ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɨɟ 

ɡɧɚɱɟɧɢɟ i-ɝɨ ɩɚɪɚɦɟɬɪɚ. 
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4. Ɉɰɟɧɤɚ ɩɪɢɫɩɨɫɨɛɥɟɧɧɨɫɬɢ ɨɫɨɛɟɣ ɩɨɩɭɥɹɰɢɢ. 

5. ȼɵɛɨɪ Nchild ɩɚɪ ɪɨɞɢɬɟɥɶɫɤɢɯ ɨɫɨɛɟɣ ɩɪɢ ɩɨɦɨɳɢ ɬɭɪɧɢɪɧɨɣ ɫɟɥɟɤɰɢɢ. 

6. Ʉɪɨɫɫɨɜɟɪ. ȼ ɤɨɧɰɟ ɞɚɧɧɨɝɨ ɲɚɝɚ ɭ ɧɚɫ ɞɨɥɠɧɨ ɛɵɬɶ Nchild ɨɫɨɛɟɣ-

ɩɨɬɨɦɤɨɜ. ɂɫɩɨɥɶɡɭɟɬɫɹ ɩɥɨɫɤɢɣ ɤɪɨɫɫɨɜɟɪ [38]. 

7. ɉɪɢɦɟɧɟɧɢɟ ɨɩɟɪɚɬɨɪɚ ɦɭɬɚɰɢɢ ɤ ɩɨɬɨɦɤɚɦ. ɂɫɩɨɥɶɡɭɟɬɫɹ ɫɥɭɱɚɣɧɚɹ 

ɦɭɬɚɰɢɹ [38]. 

8. Ɏɨɪɦɢɪɨɜɚɧɢɟ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ. Ɉɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨɫɪɟɞɫɬɜɨɦ ɜɵɛɨɪɚ 

Npop ɥɭɱɲɢɯ ɨɫɨɛɟɣ ɢɡ ɩɨɩɭɥɹɰɢɢ, ɫɨɫɬɨɹɳɟɣ ɢɡ Npop ɪɨɞɢɬɟɥɟɣ ɢ Nchild ɩɨɬɨɦɤɨɜ. 

9. ȿɫɥɢ ɬɟɤɭɳɟɟ ɜɪɟɦɹ ɪɚɛɨɬɵ ɦɟɧɶɲɟ time_overall, ɬɨ ɩɟɪɟɯɨɞ ɤ ɲɚɝɭ 4. 

10. ȼ ɤɚɱɟɫɬɜɟ ɨɤɨɧɱɚɬɟɥɶɧɨɝɨ ɪɟɲɟɧɢɹ ɜɟɪɧɟɦ ɧɚɛɨɪ ɩɚɪɚɦɟɬɪɨɜ, 

ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɥɭɱɲɟɣ ɨɫɨɛɶɸ ɜ ɩɨɩɭɥɹɰɢɢ. 

 

3.7 ȼɵɜɨɞɵ 

1. ɋɮɨɪɦɭɥɢɪɨɜɚɧɚ ɡɚɞɚɱɚ ɨɩɬɢɦɢɡɚɰɢɢ ɩɚɪɚɦɟɬɪɨɜ ɦɟɬɚɷɜɪɢɫɬɢɱɟɫɤɢɯ 

ɚɥɝɨɪɢɬɦɨɜ. ɉɪɟɞɥɚɝɚɟɬɫɹ ɪɟɲɚɬɶ ɞɚɧɧɭɸ ɡɚɞɚɱɭ ɩɪɢ ɩɨɦɨɳɢ ɦɟɬɚɷɜɪɢɫɬɢɤɢ 

ɛɨɥɟɟ ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ. Ⱦɚɧɧɵɣ ɩɨɞɯɨɞ ɧɨɫɢɬ ɧɚɡɜɚɧɢɟ ɦɟɬɚɦɟɬɚɷɜɪɢɫɬɢɱɟɫɤɨɝɨ ɢ 

ɥɟɠɢɬ ɜ ɨɫɧɨɜɟ ɩɪɨɰɟɫɫɚ ɦɟɬɚɨɩɬɢɦɢɡɚɰɢɢ. 

2. ɉɪɟɞɥɨɠɟɧ ɦɟɬɨɞ ɨɩɬɢɦɢɡɚɰɢɢ ɩɚɪɚɦɟɬɪɨɜ ɦɟɬɚɷɜɪɢɫɬɢɱɟɫɤɢɯ 

ɚɥɝɨɪɢɬɦɨɜ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɪɚɡɜɢɜɚɸɳɢɯɫɹ 

ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ɝɥɚɜɟ 2, ɨɫɧɨɜɚɧɧɵɣ ɧɚ 

ɷɜɨɥɸɰɢɨɧɧɨɦ ɩɨɞɯɨɞɟ. ɉɪɟɞɥɨɠɟɧɧɵɣ ɦɟɬɨɞ ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɞɜɟ ɮɚɡɵ ɩɨɢɫɤɚ 

ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɟɲɟɧɢɹ: ɷɜɨɥɸɰɢɨɧɧɵɣ ɚɥɝɨɪɢɬɦ ɫ ɛɢɧɚɪɧɵɦ ɤɨɞɢɪɨɜɚɧɢɟɦ ɢ 

ɷɜɨɥɸɰɢɨɧɧɵɣ ɚɥɝɨɪɢɬɦ ɫ ɜɟɳɟɫɬɜɟɧɧɵɦ ɤɨɞɢɪɨɜɚɧɢɟɦ. 
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4 ɉɊɈȽɊȺɆɆɇȺə ɊȿȺɅɂɁȺɐɂə ɋɈɁȾȺɇɇɕɏ ɆȿɌɈȾɈȼ ɂ 

ȺɅȽɈɊɂɌɆɈȼ ɂ ȼɕɑɂɋɅɂɌȿɅɖɇɕɃ ɗɄɋɉȿɊɂɆȿɇɌ 

 

4.1 ɉɪɨɝɪɚɦɦɧɚɹ ɪɟɚɥɢɡɚɰɢɹ ɩɪɟɞɥɨɠɟɧɧɵɯ ɦɟɬɨɞɨɜ ɢ ɚɥɝɨɪɢɬɦɨɜ 

ɉɪɨɝɪɚɦɦɧɵɣ ɤɨɦɩɥɟɤɫ, ɫɨɡɞɚɧɧɵɣ ɜ ɪɚɦɤɚɯ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɝɨ 

ɢɫɫɥɟɞɨɜɚɧɢɹ, ɢɦɟɟɬ ɫɬɪɭɤɬɭɪɭ, ɩɪɢɜɟɞɟɧɧɭɸ ɧɚ ɪɢɫɭɧɤɟ 4.1. 

Ɇɨɞɭɥɶ ɪɚɛɨɬɵ ɫ 
ɯɪɚɧɢɦɵɦɢ 

ɞɚɧɧɵɦɢ

Ɇɨɞɭɥɶ ɩɪɨɜɟɪɤɢ 
ɜɜɟɞɟɧɧɵɯ 
ɞɚɧɧɵɯ ɧɚ 

ɤɨɪɪɟɤɬɧɨɫɬɶ

Ɇɨɞɭɥɶ 
ɮɨɪɦɢɪɨɜɚɧɢɹ 

ɨɬɱɟɬɨɜ ɢ ɜɵɜɨɞɚ 
ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱɟɬɨɜ

Ɇɨɞɭɥɶ ɪɟɲɟɧɢɹ 
ɁɊɗɊɂɋ ɩɪɢ 

ɩɨɦɨɳɢ 
ɦɟɬɚɷɜɪɢɫɬɢɤ

Ɇɨɞɭɥɶ ɪɟɲɟɧɢɹ 
ɡɚɞɚɱɢ 

ɨɩɬɢɦɢɡɚɰɢɢ 
ɩɚɪɚɦɟɬɪɨɜ 

ɦɟɬɚɷɜɪɢɫɬɢɤ

Ʉɨɧɮɢɝɭɪɚɰɢɨɧɧɵɟ 
ɮɚɣɥɵ

Хɪɚɧɢɦыɟ 
ɞɚɧɧыɟ

Ɇɨɞɭɥɶ 
ɪɟɚɥɢɡɚɰɢɢ 

ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ 
ɷɤɫɩɟɪɢɦɟɧɬɨɜ

Ȼɚɡɚ ɞɚɧɧɵɯ

Ɇ
ɨɞ

ɭɥ
ɶ 

ɩɨ
ɥɶ

ɡɨ
ɜɚ

ɬɟ
ɥɶ

ɫɤ
ɨɝ

ɨ 
ɢɧ

ɬɟ
ɪɮ

ɟɣ
ɫɚ

Ɉɩɬɢɦɢɡɚɰɢɨɧɧыɟ 
ɦɨɞɭɥɢ

Иɫɩɨɥɧɹɟɦыɣ 
ɮɚɣɥ

 

Ɋɢɫɭɧɨɤ 4.1 – ɋɬɪɭɤɬɭɪɚ ɫɨɡɞɚɧɧɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ 

Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ɝɥɚɜɚɯ 2 ɢ 3 ɚɥɝɨɪɢɬɦɨɜ ɢ ɦɟɬɨɞɨɜ ɛɵɥ 

ɜɵɛɪɚɧ ɹɡɵɤ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ Object Pascal. ɉɪɨɝɪɚɦɦɧɵɣ ɤɨɦɩɥɟɤɫ 

ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ ɩɨɞɞɟɪɠɤɢ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ, ɪɟɚɥɢɡɭɸɳɢɣ ɚɥɝɨɪɢɬɦɵ 

ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ, ɛɵɥ ɫɨɡɞɚɧ ɜ 

ɫɪɟɞɟ Embarcadero Delphi 2010. Ɉɫɧɨɜɭ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɞɚ ɫɨɫɬɚɜɢɥɢ ɚɥɝɨɪɢɬɦɵ, 

ɩɫɟɜɞɨɤɨɞ ɢ ɛɥɨɤ-ɫɯɟɦɵ ɤɨɬɨɪɵɯ ɩɪɢɜɟɞɟɧɵ ɜ ɝɥɚɜɚɯ 2 ɢ 3 ɢ ɜ ɬɟɤɫɬɟ 

ɩɪɢɥɨɠɟɧɢɣ. Ɋɚɡɪɚɛɨɬɚɧɧɨɟ ɉɈ ɧɚɩɪɚɜɥɟɧɨ ɧɚ ɨɩɬɢɦɢɡɚɰɢɸ ɪɚɡɦɟɳɟɧɢɹ 
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ɷɥɟɦɟɧɬɨɜ ɨɞɧɨɣ ɢɡ ɪɚɡɧɨɜɢɞɧɨɫɬɟɣ ɫɨɜɪɟɦɟɧɧɵɯ ɪɚɡɜɢɜɚɸɳɢɯɫɹ 

ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ – ɛɟɫɩɪɨɜɨɞɧɵɯ ɫɟɬɟɣ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ. Ɉɫɨɛɟɧɧɨɫɬɶɸ 

ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɉɈ ɹɜɥɹɟɬɫɹ ɭɱɟɬ ɜ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɪɚɡɞɟɥɚ 1.4 

ɨɫɨɛɟɧɧɨɫɬɟɣ ɛɟɫɩɪɨɜɨɞɧɵɯ ɫɟɬɟɣ, ɨɩɢɫɚɧɧɵɯ ɜ ɪɚɡɞɟɥɟ 1.5. 

ɋɨɡɞɚɧɧɵɣ ɩɪɨɝɪɚɦɦɧɵɣ ɤɨɦɩɥɟɤɫ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ ɩɨɞɞɟɪɠɤɢ ɩɪɢɧɹɬɢɹ 

ɪɟɲɟɧɢɣ ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɪɚɛɨɬɭ ɫ ɞɜɭɦɹ ɬɢɩɚɦɢ ɯɪɚɧɢɦɵɯ ɞɚɧɧɵɯ: 

ɤɨɧɮɢɝɭɪɚɰɢɨɧɧɵɦɢ ɮɚɣɥɚɦɢ ɢ ɞɚɧɧɵɦɢ, ɯɪɚɧɹɳɢɦɢɫɹ ɜ ɪɟɥɹɰɢɨɧɧɨɣ ɛɚɡɟ 

ɞɚɧɧɵɯ. Ʉɨɧɮɢɝɭɪɚɰɢɨɧɧɵɟ ɮɚɣɥɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɨɛɵɱɧɵɟ ɬɟɤɫɬɨɜɵɟ 

ɮɚɣɥɵ. Ȼɚɡɚ ɞɚɧɧɵɯ ɜɵɩɨɥɧɟɧɚ ɧɚ ɨɫɧɨɜɟ ɋɍȻȾ MySQL 5.5. Ɉɫɨɛɟɧɧɨɫɬɶɸ 

ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɩɨɞɯɨɞɚ ɤ ɨɪɝɚɧɢɡɚɰɢɢ ɯɪɚɧɢɦɵɯ ɞɚɧɧɵɯ ɹɜɥɹɟɬɫɹ ɬɨɬ ɮɚɤɬ, ɱɬɨ 

ɧɟɤɨɬɨɪɵɟ ɞɚɧɧɵɟ, ɧɚɩɪɢɦɟɪ, ɩɚɪɚɦɟɬɪɵ ɫɪɟɞɵ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɛɟɫɩɪɨɜɨɞɧɨɝɨ 

ɫɢɝɧɚɥɚ, ɦɨɝɭɬ ɯɪɚɧɢɬɶɫɹ ɤɚɤ ɜ ɤɨɧɮɢɝɭɪɚɰɢɨɧɧɵɯ ɮɚɣɥɚɯ, ɬɚɤ ɢ ɜ ɛɚɡɟ ɞɚɧɧɵɯ. 

Ɍ.ɟ. ɜ ɩɪɢɧɰɢɩɟ, ɜɨɡɦɨɠɧɚ ɪɚɛɨɬɚ ɛɟɡ ɧɚɥɢɱɢɹ ɫɨɟɞɢɧɟɧɢɹ ɫ ɛɚɡɨɣ ɞɚɧɧɵɯ, ɬɨɥɶɤɨ 

ɧɚ ɨɫɧɨɜɟ ɞɚɧɧɵɯ, ɯɪɚɧɹɳɢɯɫɹ ɜ ɤɨɧɮɢɝɭɪɚɰɢɨɧɧɵɯ ɮɚɣɥɚɯ. ɇɨ ɜ ɬɚɤɨɦ ɪɟɠɢɦɟ 

ɩɨɥɶɡɨɜɚɬɟɥɸ ɧɟɞɨɫɬɭɩɧɵ ɪɟɡɭɥɶɬɚɬɵ ɩɪɟɞɵɞɭɳɢɯ ɪɚɫɱɟɬɨɜ ɢ ɫɟɪɢɣ 

ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ ɧɟɨɛɯɨɞɢɦɵ ɞɥɹ 

ɤɨɪɪɟɤɬɧɨɝɨ ɫɪɚɜɧɟɧɢɹ ɪɚɡɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɦɟɠɞɭ ɫɨɛɨɣ. 

ɋɯɟɦɚɬɢɱɧɨ ɩɟɪɟɱɟɧɶ ɯɪɚɧɢɦɵɯ ɞɚɧɧɵɯ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɫɨɡɞɚɧɧɨɦ 

ɩɪɨɝɪɚɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ, ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 4.2. 

Ɉɬɥɢɱɢɬɟɥɶɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɫɬɪɭɤɬɭɪɵ ɫɨɡɞɚɧɧɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ 

ɤɨɦɩɥɟɤɫɚ ɹɜɥɹɟɬɫɹ ɧɚɥɢɱɢɟ ɢɧɫɬɪɭɦɟɧɬɨɜ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɩɪɨɜɟɞɟɧɢɹ ɫɟɪɢɣ 

ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɫ ɰɟɥɶɸ ɨɰɟɧɤɢ ɤɚɱɟɫɬɜɚ ɚɥɝɨɪɢɬɦɨɜ, ɥɟɠɚɳɢɯ ɜ 

ɨɫɧɨɜɟ ɫɨɡɞɚɧɧɨɣ ɩɪɨɝɪɚɦɦɧɨɣ ɫɢɫɬɟɦɵ. Ⱦɟɥɨ ɜ ɬɨɦ, ɱɬɨ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ 

ɤɨɪɪɟɤɬɧɨɝɨ ɫɪɚɜɧɟɧɢɹ ɦɟɠɞɭ ɫɨɛɨɣ ɪɚɡɥɢɱɧɵɯ ɚɥɝɨɪɢɬɦɨɜ (ɢɥɢ ɪɚɡɧɵɯ 

ɦɨɞɢɮɢɤɚɰɢɣ ɨɞɧɨɝɨ ɚɥɝɨɪɢɬɦɚ) ɧɟɨɛɯɨɞɢɦɨ ɦɧɨɝɨɤɪɚɬɧɨ ɡɚɩɭɫɬɢɬɶ 

ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɷɬɨɝɨ ɚɥɝɨɪɢɬɦɚ, ɩɪɢ ɷɬɨɦ «ɡɚɩɨɦɧɢɜ» ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ 

ɩɨɫɥɟ ɤɚɠɞɨɝɨ ɡɚɩɭɫɤɚ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɞɟɥɚɬɶ ɷɬɨ ɜɪɭɱɧɭɸ ɤɪɚɣɧɟ 

ɡɚɬɪɭɞɧɢɬɟɥɶɧɨ. Ɇɨɞɭɥɶ ɪɟɚɥɢɡɚɰɢɢ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ, 

ɩɪɢɜɟɞɟɧɧɵɣ ɧɚ ɪɢɫɭɧɤɟ 4.1, ɩɪɟɞɧɚɡɧɚɱɟɧ ɢɦɟɧɧɨ ɞɥɹ ɷɬɨɣ ɰɟɥɢ. Ɋɟɡɭɥɶɬɚɬɵ 
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ɪɚɛɨɬɵ ɢɦɟɧɧɨ ɷɬɨɝɨ ɦɨɞɭɥɹ ɥɟɝɥɢ ɜ ɨɫɧɨɜɭ ɪɚɡɞɟɥɚ 4.2. ɉɪɢɦɟɪ ɨɤɧɚ ɡɚɩɭɫɤɚ 

ɫɟɪɢɢ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫɭɧɤɟ 4.3. 

ɏɪɚɧɢɦɵɟ ɞɚɧɧɵɟ

ɉɚɪɚɦɟɬɪɵ 
ɦɟɫɬ-

ɤɚɧɞɢɞɚɬɨɜɉɚɪɚɦɟɬɪɵ 
ɤɥɢɟɧɬɨɜ

ɉɚɪɚɦɟɬɪɵ 
ɷɥɟɦɟɧɬɨɜ 
(ɛɚɡɨɜɵɯ 
ɫɬɚɧɰɢɣ)

ɉɚɪɚɦɟɬɪɵ 
ɫɪɟɞɵ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ 
ɫɢɝɧɚɥɚ

Ɍɟɫɬɨɜɵɟ 
ɁɊɗɊɂɋ

Ɋɟɡɭɥɶɬɚɬɵ 
ɩɪɟɞɵɞɭɳɢɯ 

ɪɚɫɱɟɬɨɜ

ɍɩɪɚɜɥɹɸɳɢɟ 
ɩɚɪɚɦɟɬɪɵ 

ɦɟɬɚɷɜɪɢɫɬɢɤ
«ɩɨ ɭɦɨɥɱɚɧɢɸ»

ɉɚɪɚɦɟɬɪɵ 
ɩɨɞɤɥɸɱɟɧɢɹ ɤ 

ɛɚɡɟ ɞɚɧɧɵɯ

Ɋɟɡɭɥɶɬɚɬɵ ɫɟɪɢɣ 
ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ 
ɷɤɫɩɟɪɢɦɟɧɬɨɜ

Ɍɟɫɬɨɜɵɟ ɡɚɞɚɱɢ 
ɧɚɯɨɠɞɟɧɢɹ 
ɩɚɪɚɦɟɬɪɨɜ 

ɦɟɬɚɷɜɪɢɫɬɢɤ

 

Ɋɢɫɭɧɨɤ 4.2 – ɏɪɚɧɢɦɵɟ ɞɚɧɧɵɟ 

ɉɪɟɞɫɬɚɜɥɟɧɧɵɣ ɜ ɞɚɧɧɨɣ ɝɥɚɜɟ ɩɪɨɝɪɚɦɦɧɵɣ ɤɨɦɩɥɟɤɫ ɢɦɟɟɬ ɜ ɫɜɨɟɣ 

ɨɫɧɨɜɟ ɩɪɨɝɪɚɦɦɵ, ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɧɵɟ ɜ Ɏɟɞɟɪɚɥɶɧɨɣ ɫɥɭɠɛɟ ɩɨ 

ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ ɫɨɛɫɬɜɟɧɧɨɫɬɢ ɊɎ («ɗɜɨɥɸɰɢɨɧɧɵɣ ɚɥɝɨɪɢɬɦ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ 

ɪɚɡɦɟɳɟɧɢɹ ɛɚɡɨɜɵɯ ɫɬɚɧɰɢɣ» [62], «ɉɪɨɝɪɚɦɦɚ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ 

ɛɚɡɨɜɵɯ ɫɬɚɧɰɢɣ ɦɟɬɨɞɚɦɢ ɩɨɢɫɤɚ ɫ ɡɚɩɪɟɬɚɦɢ ɢ ɦɭɥɶɬɢ-ɫɬɚɪɬɚ» [59], «ɉɪɨɝɪɚɦɦɚ 

ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɩɥɚɧɢɪɨɜɚɧɢɹ ɛɟɫɩɪɨɜɨɞɧɵɯ ɫɟɬɟɣ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɩɪɢ 

ɩɨɦɨɳɢ ɦɟɬɚɷɜɪɢɫɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɨɩɬɢɦɢɡɚɰɢɢ» [58]). ɋɤɚɧ-ɤɨɩɢɢ 

ɫɜɢɞɟɬɟɥɶɫɬɜ ɨ ɪɟɝɢɫɬɪɚɰɢɢ ɉɈ ɩɪɢɜɟɞɟɧɵ ɜ ɉɪɢɥɨɠɟɧɢɢ 5. 

Ɉɬɞɟɥɶɧɵɟ ɦɨɞɭɥɢ ɞɚɧɧɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ 

ɩɨɞɞɟɪɠɤɢ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ ɛɵɥɢ ɜɧɟɞɪɟɧɵ ɜ ɈȺɈ "Ɇɨɛɢɥɶɧɵɟ Ɍɟɥɟɋɢɫɬɟɦɵ" 

(ɮɢɥɢɚɥ ɜ Ʌɢɩɟɰɤɨɣ ɨɛɥɚɫɬɢ) ɢ ȺɈ "ɗɊ-Ɍɟɥɟɤɨɦ ɏɨɥɞɢɧɝ" (ɮɢɥɢɚɥ ɜ ɝ. Ʌɢɩɟɰɤ). 

ɋɤɚɧ-ɤɨɩɢɢ ɚɤɬɨɜ ɨ ɜɧɟɞɪɟɧɢɢ ɩɪɢɜɟɞɟɧɵ ɜ ɉɪɢɥɨɠɟɧɢɢ 4. 
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Ɋɢɫɭɧɨɤ 4.3 – ȼɢɞ ɨɤɧɚ ɡɚɩɭɫɤɚ ɫɟɪɢɣ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ 

ȼ ɩɪɢɥɨɠɟɧɢɢ 3 ɩɪɢɜɟɞɟɧɵ ɫɤɪɢɧɲɨɬɵ ɧɟɤɨɬɨɪɵɯ ɨɤɨɧ ɝɪɚɮɢɱɟɫɤɨɝɨ 

ɢɧɬɟɪɮɟɣɫɚ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɢ ɤɪɚɬɤɨ ɨɩɢɫɚɧ ɮɭɧɤɰɢɨɧɚɥ ɉɈ. 

 

4.2 ȼɵɱɢɫɥɢɬɟɥɶɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ ɧɚ ɛɚɡɟ ɫɨɡɞɚɧɧɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ 

ɨɛɟɫɩɟɱɟɧɢɹ 

Ʉɨɦɩɶɸɬɟɪɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɧɚ ɤɨɦɩɶɸɬɟɪɟ ɫ ɩɪɨɰɟɫɫɨɪɨɦ 

Intel Core i5-3470 ɢ ɨɩɟɪɚɬɢɜɧɨɣ ɩɚɦɹɬɶɸ 6 ȽȻ. Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ 

ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɛɵɥɨ ɫɝɟɧɟɪɢɪɨɜɚɧɨ ɦɧɨɠɟɫɬɜɨ ɬɟɫɬɨɜɵɯ ɡɚɞɚɱ 

ɪɚɡɥɢɱɧɨɣ ɪɚɡɦɟɪɧɨɫɬɢ. 

Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ ɦɟɠɞɭ ɫɨɛɨɣ ɪɚɡɧɵɯ ɚɥɝɨɪɢɬɦɨɜ (ɢɥɢ ɪɚɡɧɵɯ ɜɚɪɢɚɰɢɣ 

ɨɞɧɨɝɨ ɚɥɝɨɪɢɬɦɚ) ɛɵɥɢ ɜɵɛɪɚɧɵ ɬɪɢ ɤɪɢɬɟɪɢɹ ɤɚɱɟɫɬɜɚ ɚɥɝɨɪɢɬɦɨɜ: 
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1) Ɉɰɟɧɤɚ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɪɟɲɟɧɢɣ (). Ⱦɥɹ ɤɨɧɤɪɟɬɧɨɝɨ 

ɚɥɝɨɪɢɬɦɚ ɨɧɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. ɉɭɫɬɶ Fbest – ɰɟɥɟɜɚɹ ɮɭɧɤɰɢɹ 

ɬɨɱɧɨɝɨ (ɨɩɬɢɦɚɥɶɧɨɝɨ) ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ. ɇɨ ɞɥɹ ɡɚɞɚɱ ɫɪɟɞɧɟɣ ɢ ɛɨɥɶɲɨɣ 

ɪɚɡɦɟɪɧɨɫɬɢ, ɤɚɤ ɩɪɚɜɢɥɨ, ɧɟ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ (ɢɡ-ɡɚ ɧɟɨɛɯɨɞɢɦɨɫɬɢ 

ɤɪɚɣɧɟ ɞɨɥɝɨ ɢɫɤɚɬɶ ɪɟɲɟɧɢɟ ɩɪɢ ɩɨɦɨɳɢ ɩɨɥɧɨɝɨ ɩɟɪɟɛɨɪɚ) ɧɚɣɬɢ ɬɨɱɧɨɟ 

ɪɟɲɟɧɢɟ. ɉɨɷɬɨɦɭ ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ  ɢɫɩɨɥɶɡɭɟɬɫɹ Fbest_known – ɰɟɥɟɜɚɹ ɮɭɧɤɰɢɹ 

ɥɭɱɲɟɝɨ ɢɡ ɢɡɜɟɫɬɧɵɯ ɪɟɲɟɧɢɣ ɡɚɞɚɱɢ (ɬ.ɧ. ɪɟɤɨɪɞɚ). Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ 

ɧɟɤɨɬɨɪɨɝɨ i-ɝɨ ɡɚɩɭɫɤɚ ɚɥɝɨɪɢɬɦɚ: 

.
_

_

knownbest

iknownbest

best

ibest

i
F

FF

F

FF 



  (4.1) 

ɉɭɫɬɶ ɤɚɠɞɵɣ ɢɡ ɚɥɝɨɪɢɬɦɨɜ ɫ ɤɨɧɤɪɟɬɧɵɦ ɧɚɛɨɪɨɦ ɡɧɚɱɟɧɢɣ 

ɭɩɪɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ ɡɚɩɭɫɤɚɟɬɫɹ Nrun ɪɚɡ. Ɍɨɝɞɚ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ 

ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɪɟɲɟɧɢɣ ɤɨɧɤɪɟɬɧɨɝɨ ɚɥɝɨɪɢɬɦɚ: 

./
1

run

N

j
j

N
run




  (4.2) 

Ⱦɥɹ ɤɨɪɪɟɤɬɧɨɝɨ ɫɪɚɜɧɟɧɢɹ ɞɥɹ ɜɫɟɯ ɚɥɝɨɪɢɬɦɨɜ ɮɢɤɫɢɪɭɟɬɫɹ ɨɞɧɨ ɢ ɬɨ ɠɟ 

ɜɪɟɦɹ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ. 

2) Ɉɰɟɧɤɚ ɫɪɟɞɧɟɝɨ ɜɪɟɦɟɧɢ ɫɯɨɞɢɦɨɫɬɢ (T) – ɜɪɟɦɹ, ɢɡɦɟɪɹɟɦɨɟ ɨɬ ɡɚɩɭɫɤɚ 

ɚɥɝɨɪɢɬɦɚ ɞɨ ɦɨɦɟɧɬɚ ɞɨɫɬɢɠɟɧɢɹ ɪɟɤɨɪɞɚ ɫ ɡɚɞɚɧɧɨɣ ɬɨɱɧɨɫɬɶɸ , ɭɫɪɟɞɧɟɧɧɨɟ 

ɩɨ ɫɬɚɬɢɫɬɢɱɟɫɤɢ ɧɟɡɚɜɢɫɢɦɵɦ ɡɚɩɭɫɤɚɦ. 

3) Ɉɰɟɧɤɚ ɞɨɥɢ ɭɫɩɟɲɧɵɯ ɡɚɩɭɫɤɨɜ (succ) – ɨɬɧɨɲɟɧɢɟ ɱɢɫɥɚ ɭɫɩɟɲɧɵɯ 

ɡɚɩɭɫɤɨɜ, ɜ ɤɨɬɨɪɵɯ ɚɥɝɨɪɢɬɦ ɨɩɬɢɦɢɡɚɰɢɢ ɨɛɧɚɪɭɠɢɜɚɟɬ ɪɟɲɟɧɢɟ ɡɚɪɚɧɟɟ 

ɡɚɞɚɧɧɨɝɨ ɤɚɱɟɫɬɜɚ, ɤ ɨɛɳɟɦɭ ɱɢɫɥɭ ɫɬɚɬɢɫɬɢɱɟɫɤɢ ɧɟɡɚɜɢɫɢɦɵɯ ɡɚɩɭɫɤɨɜ, 

ɜɵɪɚɠɟɧɧɨɟ ɜ ɩɪɨɰɟɧɬɚɯ [11]. 

 

4.2.1 ɋɪɚɜɧɟɧɢɟ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɫ ɦɟɬɨɞɨɦ ɩɨɥɧɨɝɨ ɩɟɪɟɛɨɪɚ 

ɉɟɪɜɚɹ ɫɟɪɢɹ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɛɵɥɚ ɩɨɫɜɹɳɟɧɚ 

ɢɫɫɥɟɞɨɜɚɧɢɸ ɛɵɫɬɪɨɞɟɣɫɬɜɢɹ ɢ ɬɨɱɧɨɫɬɢ ɩɪɟɞɥɨɠɟɧɧɵɯ ɜ ɝɥɚɜɟ 2 ɚɥɝɨɪɢɬɦɨɜ 

ɩɭɬɟɦ ɫɪɚɜɧɟɧɢɹ ɢɯ ɫ ɦɟɬɨɞɨɦ ɩɨɥɧɨɝɨ ɩɟɪɟɛɨɪɚ (ɉɉ). Ɍ.ɤ. ɦɟɬɨɞ ɉɉ ɧɟ 
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ɩɨɡɜɨɥɹɟɬ ɪɟɲɚɬɶ ɡɚɞɚɱɭ ɡɚ ɩɨɥɢɧɨɦɢɚɥɶɧɨɟ ɜɪɟɦɹ, ɫɪɚɜɧɟɧɢɟ ɩɪɨɜɨɞɢɥɨɫɶ ɧɚ 

ɡɚɞɚɱɚɯ ɦɚɥɨɣ ɢ ɫɪɟɞɧɟɣ ɪɚɡɦɟɪɧɨɫɬɢ. 

Ɂɚɮɢɤɫɢɪɭɟɦ ɩɚɪɚɦɟɬɪɵ ɦɟɬɚɷɜɪɢɫɬɢɱɟɫɤɢɯ ɚɥɝɨɪɢɬɦɨɜ. ɗɜɨɥɸɰɢɨɧɧɵɣ 

ɚɥɝɨɪɢɬɦ: Npop = 40, Nchild = Npop×2, pmut = 0.03345, n_points = 3, ɬɭɪɧɢɪɧɚɹ 

ɫɟɥɟɤɰɢɹ, ɩɨɩɭɥɹɰɢɢ ɩɨɬɨɦɤɨɜ ɢ ɪɨɞɢɬɟɥɟɣ ɫɥɢɜɚɸɬɫɹ. Ⱥɥɝɨɪɢɬɦ ɢɦɢɬɚɰɢɢ 

ɨɬɠɢɝɚ: p0 = 0.95712,  = 0.97854, Niter = 60. Ⱥɥɝɨɪɢɬɦ ɩɨɢɫɤɚ ɫ ɡɚɩɪɟɬɚɦɢ: l = Nps, 

p = 0.15615, ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɢɜɟɪɫɢɮɢɤɚɰɢɹ. Ⱥɥɝɨɪɢɬɦ ɦɭɥɶɬɢɫɬɚɪɬɚ: 

N_iter_max = 50,  = 0.31773, ɛɟɡ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɥɨɤɚɥɶɧɨɝɨ 

ɫɩɭɫɤɚ. Ɇɭɪɚɜɶɢɧɵɣ ɚɥɝɨɪɢɬɦ: ACS, A = Nps, α1 = 3, α2 = 1, ρ1 = 0.09574, ρ2 

= 0.11055, φ1 = 0.12560, φ2 = 0.10042, 1

0q  = 0.14061, 2

0q  = 0.22816. ɉɱɟɥɢɧɵɣ 

ɚɥɝɨɪɢɬɦ BCO: B = 5, NC = 12, use_global = true, ɦɟɬɨɞ ɫɟɥɟɤɰɢɢ = "ɬɭɪɧɢɪɧɚɹ". 

ɉɱɟɥɢɧɵɣ ɚɥɝɨɪɢɬɦ ABC: SN = 20, limit = SN×Nps, ɦɟɬɨɞ ɫɟɥɟɤɰɢɢ = "ɬɭɪɧɢɪɧɚɹ". 

Ⱦɥɹ ɜɫɟɯ ɚɥɝɨɪɢɬɦɨɜ ɭɫɥɨɜɢɟɦ ɨɫɬɚɧɨɜɚ ɛɭɞɟɬ ɩɪɟɜɵɲɟɧɢɟ ɜɪɟɦɟɧɢ 

ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ time = 0.1 ɫ. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɨɜ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.1. ɉɨɞ ɪɚɡɦɟɪɨɦ 

ɡɚɞɚɱɢ ɩɨɞɪɚɡɭɦɟɜɚɟɬɫɹ Ncl×Nps×Ntypes. Ʉɚɠɞɚɹ ɹɱɟɣɤɚ ɬɚɛɥɢɰɵ 4.1 ɫɨɞɟɪɠɢɬ ɞɜɟ 

ɫɬɪɨɤɢ: ɜɟɪɯɧɹɹ – ɷɬɨ ɜɪɟɦɹ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɜ ɫɟɤɭɧɞɚɯ ɩɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱɢ 

ɨɩɪɟɞɟɥɟɧɧɨɣ ɪɚɡɦɟɪɧɨɫɬɢ, ɧɢɠɧɹɹ – ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɡɧɚɱɟɧɢɟ ɨɰɟɧɤɢ 

ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɪɟɲɟɧɢɣ. ȼɪɟɦɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɢ ɩɨɝɪɟɲɧɨɫɬɶ ɞɥɹ 

ɜɫɟɯ ɚɥɝɨɪɢɬɦɨɜ ɤɪɨɦɟ ɩɨɥɧɨɝɨ ɩɟɪɟɛɨɪɚ ɩɪɢɜɨɞɹɬɫɹ ɤɚɤ ɫɪɟɞɧɟɟ ɡɚ 100 ɡɚɩɭɫɤɨɜ 

ɚɥɝɨɪɢɬɦɚ. Ɍ.ɤ. ɚɥɝɨɪɢɬɦ ɩɨɥɧɨɝɨ ɩɟɪɟɛɨɪɚ ɹɜɥɹɟɬɫɹ ɬɨɱɧɵɦ, ɞɨɫɬɚɬɨɱɧɨ ɜɫɟɝɨ 

ɨɞɧɨɝɨ ɡɚɩɭɫɤɚ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɞɥɹ ɉɉ ɡɧɚɱɟɧɢɟ ɩɨɝɪɟɲɧɨɫɬɢ ɪɚɜɧɨ ɧɭɥɸ. 

 ɉɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ ɬɚɛɥɢɰɟ 4.1 ɞɚɧɧɵɟ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɬɨɦ, ɱɬɨ ɧɚ 

ɡɚɞɚɱɚɯ ɦɚɥɨɣ ɪɚɡɦɟɪɧɨɫɬɢ ɩɪɟɞɥɨɠɟɧɧɵɟ ɚɥɝɨɪɢɬɦɵ ɨɛɟɫɩɟɱɢɜɚɸɬ ɩɨɥɭɱɟɧɢɟ 

ɬɨɱɧɵɯ ɡɧɚɱɟɧɢɣ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ ɩɪɚɤɬɢɱɟɫɤɢ ɩɪɢ ɤɚɠɞɨɦ ɡɚɩɭɫɤɟ ɚɥɝɨɪɢɬɦɚ. 

ɉɪɢ ɷɬɨɦ ɩɪɟɞɥɨɠɟɧɧɵɟ ɚɥɝɨɪɢɬɦɵ ɫɩɪɚɜɥɹɸɬɫɹ ɫ ɪɟɲɟɧɢɟɦ ɁɊɗɊɂɋ (ɧɚ 

ɩɪɢɦɟɪɟ ɛɟɫɩɪɨɜɨɞɧɵɯ ɫɟɬɟɣ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ) ɡɚ ɨɱɟɧɶ ɦɚɥɨɟ ɜɪɟɦɹ, ɜ ɨɬɥɢɱɢɟ 

ɨɬ ɩɨɥɧɨɝɨ ɩɟɪɟɛɨɪɚ. 
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Ɍɚɛɥɢɰɚ 4.1 – ɋɪɚɜɧɟɧɢɟ ɫɨɡɞɚɧɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɢ ɦɟɬɨɞɚ ɩɨɥɧɨɝɨ ɩɟɪɟɛɨɪɚ 

Ɋɚɡɦɟɪɧɨɫɬɶ 

ɡɚɞɚɱɢ 

Ⱥɥɝɨɪɢɬɦ 

ɉɉ ɗȺ ɂɈ ɉɁ Ɇɋ ACO BCO ABC 

3×5×2 
0.030 ɫ 

0% 

0.102 ɫ 

0 % 

0.102 ɫ 

0 % 

0.104 ɫ 

0 % 

0.101 ɫ 

0 % 

0.103 ɫ 

0 % 

0.101 ɫ 

0 % 

0.101 ɫ 

0 % 

3×7×2 
0.710 ɫ 

0% 

0.103 ɫ 

0 % 

0.103 ɫ 

0 % 

0.101 ɫ 

0 % 

0.102 ɫ 

0 % 

0.101 ɫ 

0 % 

0.102 ɫ 

0 % 

0.101 ɫ 

0 % 

3×10×2 
65.19 ɫ 

0% 

0.104 ɫ 

0 % 

0.103 ɫ 

0 % 

0.102 ɫ 

0 % 

0.103 ɫ 

0 % 

0.104 ɫ 

0 % 

0.105 ɫ 

0 % 

0.102 ɫ 

0 % 

5×5×2 
0.606 ɫ 

0% 

0.102 ɫ 

0 % 

0.101 ɫ 

0 % 

0.101 ɫ 

0 % 

0.102 ɫ 

0 % 

0.103 ɫ 

0 % 

0.104 ɫ 

0 % 

0.101 ɫ 

0 % 

5×7×2 
31.59 ɫ 

0% 

0.103 ɫ 

0 % 

0.101 ɫ 

0.003 % 

0.103 ɫ 

0 % 

0.102 ɫ 

0 % 

0.101 ɫ 

0 % 

0.103 ɫ 

0 % 

0.101 ɫ 

0 % 

5×10×2 
5141 ɫ 

0% 

0.101 ɫ 

0.003 % 

0.102 ɫ 

0 % 

0.103 ɫ 

0 % 

0.101 ɫ 

0.009% 

0.103 ɫ 

0.003 % 

0.102 ɫ 

0 % 

0.103 ɫ 

0.011% 

7×5×2 
14.65 ɫ 

0% 

0.103 ɫ 

0 % 

0.103 ɫ 

0 % 

0.103 ɫ 

0 % 

0.101 ɫ 

0 % 

0.101 ɫ 

0 % 

0.101 ɫ 

0 % 

0.102 ɫ 

0 % 

7×7×2 
1390 ɫ 

0% 

0.102 ɫ 

0.002 % 

0.102 ɫ 

0 % 

0.102 ɫ 

0.007 % 

0.102 ɫ 

0 % 

0.102 ɫ 

0 % 

0.101 ɫ 

0.011% 

0.101 ɫ 

0 % 

7×10×2 
455798 ɫ 

0% 

0.105 ɫ 

0.004 % 

0.101 ɫ 

0.012 % 

0.101 ɫ 

0.008 % 

0.104 ɫ 

0.012 % 

0.103 ɫ 

0 % 

0.101 ɫ 

0.009 % 

0.101 ɫ 

0.007 % 
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4.2.2 ɋɪɚɜɧɟɧɢɟ ɢɦɢɬɚɰɢɢ ɨɬɠɢɝɚ, ɩɨɢɫɤɚ ɫ ɡɚɩɪɟɬɚɦɢ ɢ ɦɭɥɶɬɢɫɬɚɪɬɚ ɫ 

ɚɥɝɨɪɢɬɦɨɦ ɥɨɤɚɥɶɧɨɝɨ ɫɩɭɫɤɚ 

Ɍɚɤɠɟ ɛɵɥ ɩɪɨɜɟɞɟɧ ɪɹɞ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɫ ɰɟɥɶɸ ɫɪɚɜɧɢɬɶ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɚɥɝɨɪɢɬɦɨɜ ɥɨɤɚɥɶɧɨɝɨ ɫɩɭɫɤɚ, ɂɈ, ɉɁ ɢ Ɇɋ ɩɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱ 

ɪɚɡɧɨɣ ɪɚɡɦɟɪɧɨɫɬɢ. Ɍɚɤɨɟ ɫɪɚɜɧɟɧɢɟ ɧɟɨɛɯɨɞɢɦɨ, ɬ.ɤ. ɩɨɫɥɟɞɧɢɟ ɬɪɢ ɚɥɝɨɪɢɬɦɚ 

ɹɜɥɹɸɬɫɹ ɚɥɝɨɪɢɬɦɚɦɢ, ɛɚɡɢɪɭɸɳɢɦɢɫɹ ɧɚ ɥɨɤɚɥɶɧɨɦ ɩɨɢɫɤɟ, ɢ ɜ ɬɟɨɪɢɢ ɞɨɥɠɧɵ 

ɞɚɜɚɬɶ ɪɟɡɭɥɶɬɚɬ ɥɭɱɲɟ, ɱɟɦ ɛɚɡɨɜɵɣ ɚɥɝɨɪɢɬɦ ɥɨɤɚɥɶɧɨɝɨ ɫɩɭɫɤɚ. 

Ɂɚɮɢɤɫɢɪɭɟɦ ɩɚɪɚɦɟɬɪɵ ɦɟɬɚɷɜɪɢɫɬɢɤ. Ⱥɥɝɨɪɢɬɦ ɢɦɢɬɚɰɢɢ ɨɬɠɢɝɚ: 

p0 = 0.95712,  = 0.97854, Niter = 60. Ⱥɥɝɨɪɢɬɦ ɩɨɢɫɤɚ ɫ ɡɚɩɪɟɬɚɦɢ: l = Nps, 

p = 0.15615, ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɢɜɟɪɫɢɮɢɤɚɰɢɹ. Ⱥɥɝɨɪɢɬɦ ɦɭɥɶɬɢɫɬɚɪɬɚ: 

N_iter_max = 50,  = 0.31773, ɛɟɡ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɥɨɤɚɥɶɧɨɝɨ 

ɫɩɭɫɤɚ.  Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɫɧɚɱɚɥɚ ɤɚɠɞɭɸ ɢɡ 

ɡɚɞɚɱ ɦɵ ɪɟɲɚɥɢ ɩɪɢ ɩɨɦɨɳɢ ɚɥɝɨɪɢɬɦɚ ɥɨɤɚɥɶɧɨɝɨ ɫɩɭɫɤɚ (ɭɫɪɟɞɧɹɹ ɪɟɡɭɥɶɬɚɬɵ 

ɡɚ 100 ɡɚɩɭɫɤɨɜ). Ⱦɚɥɟɟ ɦɵ ɪɟɲɚɥɢ ɬɭ ɠɟ ɡɚɞɚɱɭ ɚɥɝɨɪɢɬɦɚɦɢ ɂɈ, ɉɁ ɢ Ɇɋ (ɬɟ ɠɟ 

100 ɡɚɩɭɫɤɨɜ ɞɥɹ ɤɚɠɞɨɝɨ ɚɥɝɨɪɢɬɦɚ), ɞɥɹ ɤɨɪɪɟɤɬɧɨɫɬɢ ɫɪɚɜɧɟɧɢɹ ɨɝɪɚɧɢɱɢɜɚɹ 

ɢɯ ɪɚɛɨɬɭ ɜɪɟɦɟɧɟɦ, ɤɨɬɨɪɨɟ ɩɨɧɚɞɨɛɢɥɨɫɶ ɦɟɬɨɞɭ ɥɨɤɚɥɶɧɨɝɨ ɫɩɭɫɤɚ ɞɥɹ 

ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ. Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.2. Ʉɚɠɞɚɹ 

ɹɱɟɣɤɚ ɬɚɛɥɢɰɵ ɫɨɞɟɪɠɢɬ ɞɜɟ ɫɬɪɨɤɢ: ɜɟɪɯɧɹɹ – ɷɬɨ ɜɪɟɦɹ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɜ 

ɫɟɤɭɧɞɚɯ, ɧɢɠɧɹɹ – ɡɧɚɱɟɧɢɟ ɨɰɟɧɤɢ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɪɟɲɟɧɢɣ, 

ɩɨɥɭɱɚɟɦɵɯ ɞɚɧɧɵɦ ɚɥɝɨɪɢɬɦɨɦ. ɂɡ ɬɚɛɥɢɰɵ ɜɢɞɧɨ, ɱɬɨ ɚɥɝɨɪɢɬɦɵ ɂɈ, ɉɁ ɢ Ɇɋ 

ɪɟɲɚɸɬ ɁɊɗɊɂɋ ɥɭɱɲɟ, ɱɟɦ ɚɥɝɨɪɢɬɦ ɥɨɤɚɥɶɧɨɝɨ ɫɩɭɫɤɚ. 

Ɍɚɛɥɢɰɚ 4.2 – ɋɪɚɜɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɥɨɤɚɥɶɧɨɝɨ ɩɨɢɫɤɚ, ɢɦɢɬɚɰɢɢ ɨɬɠɢɝɚ, 

ɩɨɢɫɤɚ ɫ ɡɚɩɪɟɬɚɦɢ ɢ ɦɭɥɶɬɢɫɬɚɪɬɚ 

Ɋɚɡɦɟɪɧɨɫɬɶ 

ɡɚɞɚɱɢ 

Ⱥɥɝɨɪɢɬɦ 

ɥɨɤɚɥɶɧɵɣ 
ɫɩɭɫɤ 

ɂɈ ɉɁ Ɇɋ 

50×50×3 0.441 ɫ 

32.775 % 

0.445 ɫ 

21.674 % 

0.446 ɫ 

18,598 % 

0.445 ɫ 

12,828 % 

100×100×3 1.191 ɫ 

32.775 % 

1.197 ɫ 

19.435 % 

1.193 ɫ 

15,194 % 

1.196 ɫ 

13,170 % 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰы 4.2 

Ɋɚɡɦɟɪɧɨɫɬɶ 
ɡɚɞɚɱɢ 

Ⱥɥɝɨɪɢɬɦ 

ɥɨɤɚɥɶɧɵɣ 
ɫɩɭɫɤ 

ɂɈ ɉɁ Ɇɋ 

150×150×3 2,535 ɫ 

31,690 % 

2,541 ɫ 

19.315 % 

2,539 ɫ 

17,039 % 

2,538 ɫ 

13,299 % 

200×200×3 5,933 ɫ 

38,305 % 

5,939 ɫ 

22.097 % 

5,942 ɫ 

16,130 % 

5,936 ɫ 

13,700 % 

250×250×3 9,389 ɫ 

34,008 % 

9,392 ɫ 

17.054 % 

9,399 ɫ 

15.489 % 

9,396 ɫ 

12.984 % 

300×300×3 14.540 ɫ 

29.995 % 

14.546 ɫ 

16.436 % 

14.545 ɫ 

14.547 % 

14.542 ɫ 

12.236 % 

350×350×3 19.675 ɫ 

40.091 % 

19.678 ɫ 

15.023 % 

19.678 ɫ 

13.562 % 

19.678 ɫ 

11.947 % 

400×400×3 28.220 ɫ 

36.698 % 

28.226 ɫ 

14.019 % 

28.223 ɫ 

11.489 % 

28.223 ɫ 

10.536 % 

450×450×3 41.166 ɫ 

31.022 % 

41.170 ɫ 

11.162 % 

41.168 ɫ 

9.488 % 

41.169 ɫ 

8.923 % 

500×500×3 57.056 ɫ 

38.514% 

57.059 ɫ 

9.355 % 

57.058 ɫ 

9.664 % 

57.061 ɫ 

7.561 % 

 

4.2.3 ɇɚɫɬɪɨɣɤɚ ɨɩɬɢɦɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɚɥɝɨɪɢɬɦɨɜ 

ɋɥɟɞɭɸɳɚɹ ɫɟɪɢɹ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɛɵɥɚ ɩɨɫɜɹɳɟɧɚ 

ɫɪɚɜɧɟɧɢɸ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɦɟɬɨɞɚ, ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɜ ɝɥɚɜɟ 3, ɢ ɦɟɬɨɞɚ ɱɚɫɬɢɱɧɨɝɨ 

ɩɟɪɟɛɨɪɚ ɩɪɢ ɧɚɯɨɠɞɟɧɢɢ ɧɚɢɥɭɱɲɟɝɨ ɧɚɛɨɪɚ ɭɩɪɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ. ȼ 

ɤɚɱɟɫɬɜɟ ɬɟɫɬɨɜɨɝɨ ɩɪɢɦɟɪɚ ɛɵɥɚ ɜɵɛɪɚɧɚ ɡɚɞɚɱɚ ɫɥɟɞɭɸɳɟɣ ɪɚɡɦɟɪɧɨɫɬɢ: 

Ncl = 100, Nps = 100, Ntypes = 3. Ɂɚɮɢɤɫɢɪɭɟɦ ɩɚɪɚɦɟɬɪɵ ɩɪɟɞɥɚɝɚɟɦɨɝɨ 

ɷɜɨɥɸɰɢɨɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɧɚɯɨɠɞɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɦɟɬɚɷɜɪɢɫɬɢɤ: Npop = 10, 

Nchild = 10, Ngen = 19, n_run = 6, time_alg = 10 ɫ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ 

ɚɥɝɨɪɢɬɦɚ ɦɵ ɪɚɫɫɦɨɬɪɢɦ 200 ɧɚɛɨɪɨɜ ɭɩɪɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ ɞɥɹ ɚɥɝɨɪɢɬɦɨɜ 

ɢɡ ɝɥɚɜɵ 2. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɞɥɹ ɤɨɪɪɟɤɬɧɨɝɨ ɫɪɚɜɧɟɧɢɹ ɜ ɦɟɬɨɞɟ ɩɟɪɟɛɨɪɚ ɦɵ 

ɞɨɥɠɧɵ ɪɚɫɫɦɨɬɪɟɬɶ 200 ɫɥɭɱɚɣɧɵɯ ɧɚɛɨɪɨɜ ɭɩɪɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ. 

Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.3. Ʉɚɠɞɚɹ ɹɱɟɣɤɚ ɬɚɛɥɢɰɵ 

4.3 ɫɨɞɟɪɠɢɬ ɞɜɟ ɫɬɪɨɤɢ: ɜɟɪɯɧɹɹ – ɷɬɨ ɜɪɟɦɹ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɧɚɫɬɪɨɣɤɢ ɜ 
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ɦɢɧɭɬɚɯ, ɧɢɠɧɹɹ – ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɭɫɪɟɞɧɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɨɰɟɧɤɢ ɨɬɧɨɫɢɬɟɥɶɧɨɣ 

ɩɨɝɪɟɲɧɨɫɬɢ ɪɟɲɟɧɢɣ ɞɥɹ 10 ɥɭɱɲɢɯ ɧɚɛɨɪɨɜ ɭɩɪɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ 

(ɨɱɟɜɢɞɧɨ, ɱɬɨ ɥɭɱɲɢɣ ɧɚɛɨɪ ɭɩɪɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ – ɬɨɬ, ɤɨɬɨɪɵɣ ɞɚɟɬ 

ɧɚɢɦɟɧɶɲɟɟ ɡɧɚɱɟɧɢɟ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ). ɂɡ ɬɚɛɥɢɰɵ 4.3 ɜɢɞɧɨ, ɱɬɨ ɩɪɟɞɥɚɝɚɟɦɵɣ 

ɜ ɝɥɚɜɟ 3 ɦɟɬɨɞ ɧɚɫɬɪɨɣɤɢ ɭɩɪɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ ɞɥɹ ɦɟɬɚɷɜɪɢɫɬɢɤ ɪɟɲɟɧɢɹ 

ɁɊɗɊɂɋ ɜ ɫɪɟɞɧɟɦ ɩɨɡɜɨɥɹɟɬ ɞɨɫɬɢɱɶ ɥɭɱɲɢɯ ɪɟɡɭɥɶɬɚɬɨɜ, ɱɟɦ ɦɟɬɨɞ ɱɚɫɬɢɱɧɨɝɨ 

ɩɟɪɟɛɨɪɚ. 

Ɍɚɛɥɢɰɚ 4.3 – ɋɪɚɜɧɟɧɢɟ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɷɜɨɥɸɰɢɨɧɧɨɝɨ ɦɟɬɨɞɚ ɢ ɩɟɪɟɛɨɪɚ 

ɇɚɫɬɪɚɢɜɚɟɦɵɣ ɚɥɝɨɪɢɬɦ 
Ⱥɥɝɨɪɢɬɦ ɧɚɫɬɪɨɣɤɢ ɩɚɪɚɦɟɬɪɨɜ 

ɗɜɨɥɸɰɢɨɧɧɵɣ ɉɟɪɟɛɨɪ 

ɗɜɨɥɸɰɢɨɧɧɵɣ ɚɥɝɨɪɢɬɦ 202.44 ɦɢɧ 
9.668 % 

200.81 ɦɢɧ 
11.543 % 

ɂɦɢɬɚɰɢɹ ɨɬɠɢɝɚ 202.67 ɦɢɧ 
9.368 % 

200.58 ɦɢɧ 
10.823 % 

ɉɨɢɫɤ ɫ ɡɚɩɪɟɬɚɦɢ 202.15 ɦɢɧ 
9.260 % 

200.03 ɦɢɧ 
10.449 % 

Ɇɭɥɶɬɢɫɬɚɪɬ 202.65 ɦɢɧ 
8.962 % 

200.44 ɦɢɧ 
10.962 % 

Ɇɭɪɚɜɶɢɧɵɣ ɚɥɝɨɪɢɬɦ 202.49 ɦɢɧ 
7.069 % 

200.62 ɦɢɧ 
10.072 % 

ɉɱɟɥɢɧɵɣ ɚɥɝɨɪɢɬɦ BCO 202.23 ɦɢɧ 
6.264 % 

200.96 ɦɢɧ 
6.991 % 

ɉɱɟɥɢɧɵɣ ɚɥɝɨɪɢɬɦ ABC 202.92 ɦɢɧ 
8.689 % 

200.43 ɦɢɧ 
9.273 % 

 

Ⱦɚɥɶɧɟɣɲɢɟ ɷɤɫɩɟɪɢɦɟɧɬɵ ɨɬɧɨɫɢɥɢɫɶ ɤ ɩɪɨɛɥɟɦɟ ɧɚɯɨɠɞɟɧɢɹ 

ɨɩɬɢɦɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɦɟɬɚɷɜɪɢɫɬɢɱɟɫɤɢɯ ɚɥɝɨɪɢɬɦɨɜ ɪɟɲɟɧɢɹ 

ɁɊɗɊɂɋ. ɉɟɪɟɱɟɧɶ ɨɩɬɢɦɢɡɢɪɭɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɢɜɟɞɟɧ ɜ ɪɚɡɞɟɥɟ 3.4. ȼ 

ɬɚɛɥɢɰɟ 4.4 ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɧɚɫɬɪɨɣɤɢ ɭɩɪɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɢ 

ɩɨɦɨɳɢ ɚɥɝɨɪɢɬɦɚ, ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɜ ɝɥɚɜɟ 3. ɉɚɪɚɦɟɬɪɵ ɷɜɨɥɸɰɢɨɧɧɨɝɨ ɦɟɬɨɞɚ 

ɧɚɫɬɪɨɣɤɢ ɩɚɪɚɦɟɬɪɨɜ ɛɵɥɢ ɫɥɟɞɭɸɳɢɦɢ: Npop = 10, Nchild = 10, n_run = 6, 

time_alg = 10 ɫ, time_overall = 360 ɦɢɧ. ɇɚ 2-ɸ ɮɚɡɭ ɩɨɢɫɤɚ ɛɵɥɨ ɜɵɞɟɥɟɧɨ ɩɨ 180 

ɦɢɧɭɬ ɞɥɹ ɤɚɠɞɨɝɨ ɚɥɝɨɪɢɬɦɚ (ɤɪɨɦɟ ɩɱɟɥɢɧɵɯ, ɞɥɹ ɤɨɬɨɪɵɯ 2-ɹ ɮɚɡɚ ɧɟ 

ɩɪɟɞɭɫɦɨɬɪɟɧɚ, ɬ.ɤ. ɭ ɧɢɯ ɧɟɬ ɜɟɳɟɫɬɜɟɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ).  
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Ɍɚɛɥɢɰɚ 4.4 – Ɋɟɡɭɥɶɬɚɬɵ ɧɚɫɬɪɨɣɤɢ ɭɩɪɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ ɞɥɹ ɪɚɡɪɚɛɨɬɚɧɧɵɯ 

ɦɟɬɚɷɜɪɢɫɬɢɱɟɫɤɢɯ ɚɥɝɨɪɢɬɦɨɜ 

Ⱥɥɝɨɪɢɬɦ ɇɚɛɨɪ ɩɚɪɚɦɟɬɪɨɜ 

ɗɜɨɥɸɰɢɨɧɧɵɣ 
ɚɥɝɨɪɢɬɦ 

ɚ) ɦɟɬɨɞ ɫɟɥɟɤɰɢɢ = "ɬɭɪɧɢɪɧɚɹ";  
ɛ) Npop = 40; 
ɜ) Nchild = Npop×2; 
ɝ) n_points = 3;  
ɞ) pmut = 0.03345; 
ɟ) ɫɩɨɫɨɛ ɮɨɪɦɢɪɨɜɚɧɢɹ ɧɨɜɨɣ ɩɨɩɭɥɹɰɢɢ = "ɫɨɡɞɚɟɬɫɹ 
ɩɪɨɦɟɠɭɬɨɱɧɚɹ ɩɨɩɭɥɹɰɢɹ ɢɡ Npop ɪɨɞɢɬɟɥɟɣ ɢ Nchild ɩɨɬɨɦɤɨɜ ɫ 
ɩɟɪɟɧɨɫɨɦ ɜ ɫɥɟɞɭɸɳɟɟ ɩɨɤɨɥɟɧɢɟ Npop ɥɭɱɲɢɯ ɨɫɨɛɟɣ". 

ɂɦɢɬɚɰɢɹ 
ɨɬɠɢɝɚ 

ɚ)  = 0.97854;  
ɛ) N_iter = 60; 
ɜ) p0 = 0.95712. 

ɉɨɢɫɤ ɫ 
ɡɚɩɪɟɬɚɦɢ 

ɚ) l = Nps;  
ɛ) p = 0.15615; 
ɜ) ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɞɢɜɟɪɫɢɮɢɤɚɰɢɢ ɜ ɩɪɨɰɟɫɫɟ ɩɨɢɫɤɚ = 
"ɫ ɞɢɜɟɪɫɢɮɢɤɚɰɢɟɣ". 

Ɇɭɥɶɬɢɫɬɚɪɬ 

ɚ) N_iter_max = 50; 
ɛ) ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɥɨɤɚɥɶɧɨɝɨ ɩɨɢɫɤɚ = 
"ɫ ɥɨɤɚɥɶɧɵɦ ɩɨɢɫɤɨɦ"; 
ɜ)  = 0.31773;. 

Ɇɭɪɚɜɶɢɧɵɣ 
ɚɥɝɨɪɢɬɦ 

ɚ) ɪɚɡɧɨɜɢɞɧɨɫɬɶ ɚɥɝɨɪɢɬɦɚ = "ACS";  
ɛ) A = Nps; 
ɜ) α1 = 3; 
ɝ) α2 = 1; 
ɞ) ρ1 = 0.09574; 
ɟ) ρ2 = 0.11055; 
ɠ) φ1 = 0.12560; 
ɡ) φ2 = 0.10042; 
ɢ) 1

0q  = 0.14061; 

ɤ) 2

0q  = 0.22816. 

ɉɱɟɥɢɧɵɣ 
ɚɥɝɨɪɢɬɦ BCO 

ɚ) ɦɟɬɨɞ ɫɟɥɟɤɰɢɢ = "ɬɭɪɧɢɪɧɚɹ";  
ɛ) B = 5;  
ɜ) NC = 12; 
ɝ) ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɚɦɹɬɢ = "ɫ ɝɥɨɛɚɥɶɧɨɣ ɩɚɦɹɬɶɸ". 

ɉɱɟɥɢɧɵɣ 
ɚɥɝɨɪɢɬɦ ABC 

ɚ) ɦɟɬɨɞ ɫɟɥɟɤɰɢɢ = "ɬɭɪɧɢɪɧɚɹ"; 
ɛ) SN = 20; 
ɜ) limit = SN×Nps. 
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4.2.4 ɋɪɚɜɧɟɧɢɟ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɦɟɠɞɭ ɫɨɛɨɣ 

Ⱦɚɥɟɟ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɞɜɟ ɫɟɪɢɢ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ, 

ɧɚɩɪɚɜɥɟɧɧɵɯ ɧɚ ɞɨɤɚɡɚɬɟɥɶɫɬɜɨ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɪɨɰɟɞɭɪɵ ɧɚɫɬɪɨɣɤɢ 

ɭɩɪɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ ɞɥɹ ɦɟɬɚɷɜɪɢɫɬɢɱɟɫɤɢɯ ɚɥɝɨɪɢɬɦɨɜ ɪɟɲɟɧɢɹ 

ɨɩɬɢɦɢɡɚɰɢɨɧɧɵɯ ɡɚɞɚɱ ɧɚ ɩɪɢɦɟɪɟ ɁɊɗɊɂɋ ɢ ɞɥɹ ɫɪɚɜɧɟɧɢɹ ɪɚɡɪɚɛɨɬɚɧɧɵɯ 

ɚɥɝɨɪɢɬɦɨɜ ɦɟɠɞɭ ɫɨɛɨɣ. Ⱦɥɹ ɩɪɟɞɥɨɠɟɧɧɵɯ ɜ ɝɥɚɜɟ 2 ɚɥɝɨɪɢɬɦɨɜ ɫɪɚɜɧɢɜɚɥɚɫɶ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɧɚɛɨɪɚ ɭɩɪɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ «ɩɨ ɭɦɨɥɱɚɧɢɸ» (ɫɦ. ɬɚɛɥɢɰɭ 

3.1) ɢ ɧɚɛɨɪɚ ɩɚɪɚɦɟɬɪɨɜ, ɧɚɣɞɟɧɧɨɝɨ ɩɪɢ ɩɨɦɨɳɢ ɷɜɨɥɸɰɢɨɧɧɨɝɨ ɦɟɬɨɞɚ, 

ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɜ ɝɥɚɜɟ 3 (ɫɦ. ɬɚɛɥɢɰɭ 4.4). 

ɉɟɪɜɚɹ ɫɟɪɢɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɪɨɢɡɜɨɞɢɥɚɫɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɤɚɠɞɭɸ 

ɢɡ ɡɚɞɚɱ ɨɩɬɢɦɢɡɚɰɢɢ ɫɬɪɭɤɬɭɪɵ ɛɟɫɩɪɨɜɨɞɧɨɣ ɫɟɬɢ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɦɵ ɪɟɲɚɥɢ 

ɫɟɦɶɸ ɚɥɝɨɪɢɬɦɚɦɢ ɫ ɞɜɭɦɹ ɪɚɡɧɵɦɢ ɧɚɛɨɪɚɦɢ ɩɚɪɚɦɟɬɪɨɜ ɞɥɹ ɤɚɠɞɨɝɨ 

ɚɥɝɨɪɢɬɦɚ, ɨɬɜɨɞɹ ɧɚ ɧɚɯɨɠɞɟɧɢɟ ɪɟɲɟɧɢɹ ɨɞɢɧɚɤɨɜɨɟ ɜɪɟɦɹ (5 ɦɢɧɭɬ ɞɥɹ ɡɚɞɚɱɢ 

50×50×3, 10 ɦɢɧ ɞɥɹ 100×100×3, 15 ɦɢɧ ɞɥɹ 150×150×3, 20 ɦɢɧ ɞɥɹ 200×200×3, 

25 ɦɢɧ ɞɥɹ 250×250×3, 30 ɦɢɧ ɞɥɹ 300×300×3, 35 ɦɢɧ 350×350×3, 40 ɦɢɧ ɞɥɹ 

400×400×3, 45 ɦɢɧ ɞɥɹ 450×450×3, 50 ɦɢɧ ɞɥɹ 500×500×3) ɢ ɭɫɪɟɞɧɹɹ ɪɟɡɭɥɶɬɚɬɵ 

ɩɨ ɢɬɨɝɚɦ 30 ɡɚɩɭɫɤɨɜ. Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.5. 

Ʉɚɠɞɚɹ ɹɱɟɣɤɚ ɬɚɛɥɢɰɵ 4.5 ɫɨɞɟɪɠɢɬ ɞɜɟ ɫɬɪɨɤɢ: ɜɟɪɯɧɹɹ – ɷɬɨ ɡɧɚɱɟɧɢɟ ɨɰɟɧɤɢ 

ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɪɟɲɟɧɢɣ ɡɚɞɚɱɢ ɨɩɪɟɞɟɥɟɧɧɨɣ ɪɚɡɦɟɪɧɨɫɬɢ ɞɥɹ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɚɥɝɨɪɢɬɦɚ ɫ ɧɚɛɨɪɨɦ ɭɩɪɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ, ɧɚɣɞɟɧɧɵɯ 

ɩɪɢ ɩɨɦɨɳɢ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɜ ɞɢɫɫɟɪɬɚɰɢɢ ɚɥɝɨɪɢɬɦɚ (ɫɦ. ɬɚɛɥɢɰɭ 4.4), ɧɢɠɧɹɹ – 

ɚɧɚɥɨɝɢɱɧɚɹ ɜɟɥɢɱɢɧɚ ɞɥɹ ɭɩɪɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ «ɩɨ ɭɦɨɥɱɚɧɢɸ» (ɫɦ. 

ɪɚɡɞɟɥ 3.5).  

ȼɬɨɪɚɹ ɫɟɪɢɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɪɨɢɡɜɨɞɢɥɚɫɶ ɚɧɚɥɨɝɢɱɧɨ ɩɟɪɜɨɣ. ɋ ɨɞɧɢɦ 

ɢɡɦɟɧɟɧɢɟɦ: ɛɵɥ ɭɫɬɚɧɨɜɥɟɧ ɞɪɭɝɨɣ ɥɢɦɢɬ ɜɪɟɦɟɧɢ (5 ɫɟɤɭɧɞ ɞɥɹ ɡɚɞɚɱɢ 

50×50×3, 10 ɫ ɞɥɹ 100×100×3, 15 ɫ ɞɥɹ 150×150×3, 20 ɫ ɞɥɹ 200×200×3, 25 ɫ ɞɥɹ 

250×250×3, 30 ɫ ɞɥɹ 300×300×3, 35 ɫ ɞɥɹ 350×350×3, 40 ɫ ɞɥɹ 400×400×3, 45 ɫ ɞɥɹ 

450×450×3, 50 ɫ ɞɥɹ 500×500×3) ɢ ɪɟɡɭɥɶɬɚɬɵ ɭɫɪɟɞɧɹɥɢɫɶ ɩɨ ɢɬɨɝɚɦ 100 

ɡɚɩɭɫɤɨɜ. Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.6. 
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ɋɥɟɞɭɸɳɚɹ ɫɟɪɢɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɛɵɥɚ ɧɚɩɪɚɜɥɟɧɚ ɧɚ ɬɨ, ɱɬɨɛɵ ɨɰɟɧɢɬɶ 

ɩɪɟɞɥɨɠɟɧɧɵɟ ɚɥɝɨɪɢɬɦɵ ɩɨ ɤɪɢɬɟɪɢɸ ɨɰɟɧɤɢ ɫɪɟɞɧɟɝɨ ɜɪɟɦɟɧɢ ɫɯɨɞɢɦɨɫɬɢ. 

Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɭɫɪɟɞɧɟɧɧɵɟ ɩɨ 100 ɡɚɩɭɫɤɚɦ, ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɚɯ 

4.7 (ɞɥɹ  = 5 %) ɢ 4.8 (ɞɥɹ  = 10 %). əɱɟɣɤɢ ɬɚɛɥɢɰ ɫɨɞɟɪɠɚɬ ɡɧɚɱɟɧɢɟ T ɞɥɹ 

ɡɚɩɭɫɤɨɜ ɚɥɝɨɪɢɬɦɚ ɫ ɧɚɫɬɪɨɟɧɧɵɦɢ ɭɩɪɚɜɥɹɸɳɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ (ɧɢɠɧɹɹ ɫɬɪɨɤɚ 

ɤɚɠɞɨɣ ɹɱɟɣɤɢ) ɢ ɞɥɹ ɡɚɩɭɫɤɨɜ ɚɥɝɨɪɢɬɦɚ ɫ ɩɚɪɚɦɟɬɪɚɦɢ «ɩɨ ɭɦɨɥɱɚɧɢɸ» 

(ɜɟɪɯɧɹɹ ɫɬɪɨɤɚ ɤɚɠɞɨɣ ɹɱɟɣɤɢ). 

ɋɥɟɞɭɸɳɚɹ ɫɟɪɢɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɛɵɥɚ ɧɚɩɪɚɜɥɟɧɚ ɧɚ ɬɨ, ɱɬɨɛɵ ɨɰɟɧɢɬɶ 

ɩɪɟɞɥɨɠɟɧɧɵɟ ɚɥɝɨɪɢɬɦɵ ɩɨ ɤɪɢɬɟɪɢɸ ɨɰɟɧɤɢ ɞɨɥɢ ɭɫɩɟɲɧɵɯ ɡɚɩɭɫɤɨɜ. 

Ɍɨɱɧɨɫɬɶ – 1 % ɨɬ ɡɧɚɱɟɧɢɹ ɪɟɤɨɪɞɚ, ɜɪɟɦɹ: 50 ɦɢɧɭɬ ɞɥɹ ɡɚɞɚɱɢ 50×50×3, 

100 ɦɢɧ ɞɥɹ 100×100×3, 150 ɦɢɧ ɞɥɹ 150×150×3, 200 ɦɢɧ ɞɥɹ 200×200×3, 250 ɦɢɧ 

ɞɥɹ 250×250×3, 300 ɦɢɧ ɞɥɹ 300×300×3, 350 ɦɢɧ 350×350×3, 400 ɦɢɧ ɞɥɹ 

400×400×3, 450 ɦɢɧ ɞɥɹ 450×450×3, 500 ɦɢɧ ɞɥɹ 500×500×3. Ɋɟɡɭɥɶɬɚɬɵ 

ɷɤɫɩɟɪɢɦɟɧɬɚ, ɭɫɪɟɞɧɟɧɧɵɟ ɩɨ 20 ɡɚɩɭɫɤɚɦ, ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.9. əɱɟɣɤɢ 

ɬɚɛɥɢɰɵ ɫɨɞɟɪɠɚɬ ɡɧɚɱɟɧɢɟ succ ɞɥɹ ɡɚɩɭɫɤɨɜ ɚɥɝɨɪɢɬɦɚ ɫ ɧɚɫɬɪɨɟɧɧɵɦɢ 

ɭɩɪɚɜɥɹɸɳɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ (ɧɢɠɧɹɹ ɫɬɪɨɤɚ ɤɚɠɞɨɣ ɹɱɟɣɤɢ) ɢ ɞɥɹ ɡɚɩɭɫɤɨɜ 

ɚɥɝɨɪɢɬɦɚ ɫ ɩɚɪɚɦɟɬɪɚɦɢ «ɩɨ ɭɦɨɥɱɚɧɢɸ» (ɜɟɪɯɧɹɹ ɫɬɪɨɤɚ ɤɚɠɞɨɣ ɹɱɟɣɤɢ). 

ɂɡ ɬɚɛɥɢɰ 4.5–4.9 ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɞɜɚ ɨɫɧɨɜɧɵɯ ɜɵɜɨɞɚ: 

– ɧɚɫɬɪɨɣɤɚ ɭɩɪɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ ɫɩɨɫɨɛɧɚ ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɬɶ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɦɟɬɚɷɜɪɢɫɬɢɤ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɚɪɚɦɟɬɪɨɜ «ɩɨ 

ɭɦɨɥɱɚɧɢɸ»; 

– ɩɱɟɥɢɧɵɣ ɚɥɝɨɪɢɬɦ BCO ɥɭɱɲɟ ɞɪɭɝɢɯ ɚɥɝɨɪɢɬɦɨɜ ɫɩɪɚɜɥɹɟɬɫɹ ɫ 

ɪɟɲɟɧɢɟɦ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɪɚɡɜɢɜɚɸɳɯɫɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ. 

(ɧɚ ɩɪɢɦɟɪɟ ɛɟɫɩɪɨɜɨɞɧɨɣ ɫɟɬɢ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ). 
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Ɍɚɛɥɢɰɚ 4.5 – Ɋɟɡɭɥɶɬɚɬɵ ɫɪɚɜɧɟɧɢɹ ɪɚɡɧɵɯ ɧɚɛɨɪɨɜ ɭɩɪɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ ɞɥɹ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɦɟɬɚɷɜɪɢɫɬɢɱɟɫɤɢɯ 

ɚɥɝɨɪɢɬɦɨɜ (ɩɨ ɤɪɢɬɟɪɢɸ ɨɰɟɧɤɢ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɪɟɲɟɧɢɣ). ɋɟɪɢɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ №1 

Ɋɚɡɦɟɪɧɨɫɬɶ 

ɡɚɞɚɱɢ 

Ⱥɥɝɨɪɢɬɦ 

ɗȺ ɂɈ ɉɁ Ɇɋ ACO BCO ABC 

50×50×3 
6.216 % 5.525 % 5.070 % 3.021 % 2.531 % 2.636 % 4.513 % 

7.271 % 6.109 % 5.706 % 4.602 % 4.593 % 3.793 % 5.539 % 

100×100×3 
5.585 % 5.850 % 5.402 % 4.498 % 3.496 % 2.233 % 3.531 % 

6.558 % 6.467 % 6.364 % 4.987 % 4.483 % 3.292 % 5.569 % 

150×150×3 
6.104 % 5.542 % 4.413 % 3.109 % 3.507 % 3.073 % 3.639 % 

6.495 % 6.084 % 5.061 % 3.934 % 3.657 % 4.212 % 4.984 % 

200×200×3 
6.082 % 4.880 % 4.616 % 3.508 % 2.872 % 2.182 % 3.502 % 

6.648 % 5.831 % 5.703 % 3.798 % 3.846 % 3.651 % 5.255 % 

250×250×3 
6.072 % 5.211 % 5.246 % 4.080 % 3.324 % 2.569 % 3.825 % 

7.030 % 6.149 % 5.835 % 4.877 % 4.013 % 3.232 % 5.096 % 

300×300×3 
6.165 % 5.912 % 4.649 % 4.358 % 3.210 % 2.490 % 4.672 % 

6.427 % 6.416 % 6.238 % 4.849 % 4.664 % 4.171 % 5.184 % 

350×350×3 
5.264 % 4.763 % 4.314 % 3.891 % 2.669 % 2.411 % 4.588 % 

6.568 % 6.381 % 5.773 % 4.402 % 4.322 % 3.158 % 4.918 % 

400×400×3 
6.091 % 4.707 % 4.599 % 3.706 % 3.444 % 3.214 % 3.849 % 

6.702 % 5.413 % 5.201 % 4.168 % 3.993 % 3.654 % 5.168 % 

450×450×3 
5.880 % 5.710 % 4.441 % 4.195 % 2.711 % 2.088 % 3.585 % 

6.429 % 6.376 % 6.514 % 5.349 % 3.934 % 2.605 % 4.323 % 

500×500×3 
5.234 % 5.941 % 4.234 % 3.789 % 3.234 % 2.272 % 4.196 % 

6.260 % 6.412 % 4.859 % 4.206 % 3.842 % 2.614 % 4.781 % 
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Ɍɚɛɥɢɰɚ 4.6 – Ɋɟɡɭɥɶɬɚɬɵ ɫɪɚɜɧɟɧɢɹ ɪɚɡɧɵɯ ɧɚɛɨɪɨɜ ɭɩɪɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ ɞɥɹ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɦɟɬɚɷɜɪɢɫɬɢɱɟɫɤɢɯ 

ɚɥɝɨɪɢɬɦɨɜ (ɩɨ ɤɪɢɬɟɪɢɸ ɨɰɟɧɤɢ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɪɟɲɟɧɢɣ). ɋɟɪɢɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ №2 

Ɋɚɡɦɟɪɧɨɫɬɶ 

ɡɚɞɚɱɢ 

Ⱥɥɝɨɪɢɬɦ 

ɗȺ ɂɈ ɉɁ Ɇɋ ACO BCO ABC 

50×50×3 
10.439 % 8.851 % 8.444 % 7.787 % 7.650 % 6.666 % 8.296 % 

11.719 % 12.641 % 11.489 % 12.958 % 11.504 % 8.537 % 10.315 % 

100×100×3 
9.668 % 9.368 % 9.260 % 8.962 % 7.069 % 6.264 % 8.689 % 

12.768 % 13.738 % 10.912 % 11.838 % 11.794 % 11.480 % 11.847 % 

150×150×3 
9.958 % 10.510 % 10.074 % 7.928 % 7.258 % 7.634 % 8.470 % 

12.750 % 11.638 % 10.596 % 10.423 % 11.462 % 9.156 % 11.435 % 

200×200×3 
10.401 % 9.901 % 8.813 % 9.435 % 7.189 % 7.247 % 8.898 % 

14.889 % 11.945 % 12.058 % 10.583 % 9.925 % 11.364 % 11.283 % 

250×250×3 
10.580 % 9.069 % 9.331 % 7.868 % 6.815 % 5.914 % 8.120 % 

12.761 % 13.347 % 10.530 % 10.805 % 9.882 % 11.214 % 12.750 % 

300×300×3 
9.223 % 9.106 % 9.569 % 8.832 % 7.917 % 7.808 % 8.919 % 

11.851 % 11.681 % 11.331 % 11.724 % 11.841 % 8.071 % 10.629 % 

350×350×3 
10.145 % 10.089 % 9.468 % 9.005 % 8.013 % 7.523 % 9.512 % 

13.561 % 14.287 % 13.217 % 9.527 % 9.091 % 10.397 % 12.253 % 

400×400×3 
10.048 % 10.113 % 8.486 % 7.946 % 7.741 % 6.546 % 9.495 % 

13.216 % 11.414 % 10.913 % 11.969 % 9.213 % 10.946 % 11.099 % 

450×450×3 
10.177 % 10.817 % 9.258 % 8.652 % 8.031 % 6.149 % 8.940 % 

13.789 % 14.477 % 13.445 % 12.808 % 12.171 % 9.761 % 11.334 % 

500×500×3 
10.306 % 9.680 % 10.054 % 7.763 % 7.400 % 7.298 % 8.788 % 

11.583 % 13.543 % 12.045 % 9.878 % 9.844 % 9.852 % 12.393 % 
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Ɍɚɛɥɢɰɚ 4.7 – Ɋɟɡɭɥɶɬɚɬɵ ɫɪɚɜɧɟɧɢɹ ɪɚɡɧɵɯ ɧɚɛɨɪɨɜ ɭɩɪɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ ɞɥɹ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɦɟɬɚɷɜɪɢɫɬɢɱɟɫɤɢɯ 

ɚɥɝɨɪɢɬɦɨɜ (ɩɨ ɤɪɢɬɟɪɢɸ ɨɰɟɧɤɢ ɫɪɟɞɧɟɝɨ ɜɪɟɦɟɧɢ ɫɯɨɞɢɦɨɫɬɢ).  = 5 % 

Ɋɚɡɦɟɪɧɨɫɬɶ 

ɡɚɞɚɱɢ 

Ⱥɥɝɨɪɢɬɦ 

ɗȺ ɂɈ ɉɁ Ɇɋ ACO BCO ABC 

50×50×3 
373.56 ɫ 331.906 ɫ 304.417 ɫ 181.681 ɫ 152.454 ɫ 158.190 ɫ 271.270 ɫ 

437.158 ɫ 366.582 ɫ 343.220 ɫ 276.395 ɫ 276.316 ɫ 228.507 ɫ 333.072 ɫ 

100×100×3 
671.094 ɫ 702.297 ɫ 648.246 ɫ 540.074 ɫ 420.476 ɫ 268.096 ɫ 424.160 ɫ 

787.170 ɫ 776.442 ɫ 764.552 ɫ 599.052 ɫ 538.063 ɫ 395.389 ɫ 668.871 ɫ 

150×150×3 
1098.810 ɫ 998.428 ɫ 794.571 ɫ 560.398 ɫ 632.205 ɫ 553.170 ɫ 655.548 ɫ 

1169.205 ɫ 1095.509 ɫ 911.623 ɫ 708.727 ɫ 658.600 ɫ 759.127 ɫ 897.921 ɫ 

200×200×3 
1460.274 ɫ 1171.629 ɫ 1108.204 ɫ 842.907 ɫ 689.870 ɫ 523.700 ɫ 840.677 ɫ 

1596.321 ɫ 1400.324 ɫ 1368.960 ɫ 911.899 ɫ 923.739 ɫ 876.545 ɫ 1261.438 ɫ 

250×250×3 
1821.943 ɫ 1563.514 ɫ 1574.253 ɫ 1224.586 ɫ 997.311 ɫ 771.305 ɫ 1148.216 ɫ 

2109.135 ɫ 1844.811 ɫ 1751.089 ɫ 1463.541 ɫ 1204.723 ɫ 970.265 ɫ 1529.318 ɫ 

300×300×3 
2219.967 ɫ 2129.306 ɫ 1674.521 ɫ 1568.952 ɫ 1156.139 ɫ 897.176 ɫ 1682.107 ɫ 

2314.173 ɫ 2309.870 ɫ 2245.951 ɫ 1746.206 ɫ 1679.275 ɫ 1502.089 ɫ 1867.228 ɫ 

350×350×3 
2211.775 ɫ 2001.036 ɫ 1812.538 ɫ 1634.364 ɫ 1121.890 ɫ 1013.063 ɫ 1927.455 ɫ 

2759.121 ɫ 2680.897 ɫ 2424.821 ɫ 1849.309 ɫ 1815.563 ɫ 1326.932 ɫ 2066.513 ɫ 

400×400×3 
2924.414 ɫ 2259.698 ɫ 2208.377 ɫ 1779.604 ɫ 1653.795 ɫ 1543.654 ɫ 1847.761 ɫ 

3217.462 ɫ 2598.877 ɫ 2496.695 ɫ 2000.876 ɫ 1917.122 ɫ 1753.958 ɫ 2481.415 ɫ 

450×450×3 
3175.401 ɫ 3084.304 ɫ 2399.066 ɫ 2265.746 ɫ 1464.783 ɫ 1127.695 ɫ 1935.915 ɫ 

3472.270 ɫ 3443.425 ɫ 3518.112 ɫ 2889.060 ɫ 2124.620 ɫ 1407.299 ɫ 2335.291 ɫ 

500×500×3 
3140.872 ɫ 3565.440 ɫ 2540.999 ɫ 2273.515 ɫ 1941.085 ɫ 1364.098 ɫ 2518.498 ɫ 

3756.025 ɫ 3847.244 ɫ 2916.393 ɫ 2524.119 ɫ 2306.082 ɫ 1568.443 ɫ 2869.471 ɫ 
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Ɍɚɛɥɢɰɚ 4.8 – Ɋɟɡɭɥɶɬɚɬɵ ɫɪɚɜɧɟɧɢɹ ɪɚɡɧɵɯ ɧɚɛɨɪɨɜ ɭɩɪɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ ɞɥɹ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɦɟɬɚɷɜɪɢɫɬɢɱɟɫɤɢɯ 

ɚɥɝɨɪɢɬɦɨɜ (ɩɨ ɤɪɢɬɟɪɢɸ ɨɰɟɧɤɢ ɫɪɟɞɧɟɝɨ ɜɪɟɦɟɧɢ ɫɯɨɞɢɦɨɫɬɢ).  = 10 % 

Ɋɚɡɦɟɪɧɨɫɬɶ 

ɡɚɞɚɱɢ 

Ⱥɥɝɨɪɢɬɦ 

ɗȺ ɂɈ ɉɁ Ɇɋ ACO BCO ABC 

50×50×3 
5.220 ɫ 4.426 ɫ 4.222 ɫ 3.894 ɫ 3.825 ɫ 3.333 ɫ 4.148 ɫ 

5.860 ɫ 6.321 ɫ 5.745 ɫ 6.479 ɫ 5.752 ɫ 4.269 ɫ 5.158 ɫ 

100×100×3 
9.668 ɫ 9.368 ɫ 9.260 ɫ 8.962 ɫ 7.069 ɫ 6.264 ɫ 8.689 ɫ 

12.768 ɫ 13.738 ɫ 10.912 ɫ 11.838 ɫ 11.794 ɫ 11.480 ɫ 11.847 ɫ 

150×150×3 
14.937 ɫ 15.765 ɫ 15.111 ɫ 11.892 ɫ 10.887 ɫ 11.451 ɫ 12.705 ɫ 

19.125 ɫ 17.457 ɫ 15.894 ɫ 15.635 ɫ 17.193 ɫ 13.734 ɫ 17.153 ɫ 

200×200×3 
20.802 ɫ 19.802 ɫ 17.626 ɫ 18.870 ɫ 14.378 ɫ 14.494 ɫ 17.796 ɫ 

29.778 ɫ 23.890 ɫ 24.116 ɫ 21.166 ɫ 19.850 ɫ 22.728 ɫ 22.566 ɫ 

250×250×3 
26.450 ɫ 22.673 ɫ 23.328 ɫ 19.670 ɫ 17.038 ɫ 14.785 ɫ 20.300 ɫ 

31.903 ɫ 33.368 ɫ 26.325 ɫ 27.013 ɫ 24.705 ɫ 28.035 ɫ 31.875 ɫ 

300×300×3 
27.669 ɫ 27.318 ɫ 28.707 ɫ 26.496 ɫ 23.751 ɫ 23.424 ɫ 26.757 ɫ 

35.553 ɫ 35.043 ɫ 33.993 ɫ 35.172 ɫ 35.523 ɫ 24.213 ɫ 31.887 ɫ 

350×350×3 
35.508 ɫ 35.312 ɫ 33.138 ɫ 31.518 ɫ 28.046 ɫ 26.331 ɫ 33.292 ɫ 

47.464 ɫ 50.005 ɫ 46.260 ɫ 33.345 ɫ 31.819 ɫ 36.390 ɫ 42.886 ɫ 

400×400×3 
40.192 ɫ 40.452 ɫ 33.944 ɫ 31.784 ɫ 30.964 ɫ 26.184 ɫ 37.980 ɫ 

52.864 ɫ 45.656 ɫ 43.652 ɫ 47.876 ɫ 36.852 ɫ 43.784 ɫ 44.396 ɫ 

450×450×3 
45.797 ɫ 48.677 ɫ 41.661 ɫ 38.934 ɫ 36.140 ɫ 27.671 ɫ 40.230 ɫ 

62.051 ɫ 65.147 ɫ 60.503 ɫ 57.636 ɫ 54.770 ɫ 43.925 ɫ 51.003 ɫ 

500×500×3 
51.530 ɫ 48.400 ɫ 50.270 ɫ 38.815 ɫ 37.000 ɫ 36.490 ɫ 43.940 ɫ 

57.915 ɫ 67.715 ɫ 60.225 ɫ 49.390 ɫ 49.220 ɫ 49.260 ɫ 61.965 ɫ 
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Ɍɚɛɥɢɰɚ 4.9 – Ɋɟɡɭɥɶɬɚɬɵ ɫɪɚɜɧɟɧɢɹ ɪɚɡɧɵɯ ɧɚɛɨɪɨɜ ɭɩɪɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ ɞɥɹ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɦɟɬɚɷɜɪɢɫɬɢɱɟɫɤɢɯ 

ɚɥɝɨɪɢɬɦɨɜ (ɩɨ ɤɪɢɬɟɪɢɸ ɨɰɟɧɤɢ ɞɨɥɢ ɭɫɩɟɲɧɵɯ ɡɚɩɭɫɤɨɜ) 

Ɋɚɡɦɟɪɧɨɫɬɶ 

ɡɚɞɚɱɢ 

Ⱥɥɝɨɪɢɬɦ 

ɗȺ ɂɈ ɉɁ Ɇɋ ACO BCO ABC 

50×50×3 
97.184 % 97.875 % 98.330 % 99.621 % 99.131 % 99.236 % 98.887 % 

96.129 % 97.291 % 97.694 % 98.798 % 98.807 % 99.607 % 97.861 % 

100×100×3 
97.815 % 97.550 % 97.998 % 98.902 % 99.904 % 98.833 % 99.869 % 

96.842 % 96.933 % 97.036 % 98.413 % 98.917 % 99.892 % 97.831 % 

150×150×3 
97.296 % 97.858 % 98.987 % 99.709 % 99.893 % 99.673 % 99.761 % 

96.905 % 97.316 % 98.339 % 99.466 % 99.743 % 99.188 % 98.416 % 

200×200×3 
97.318 % 98.520 % 98.784 % 99.892 % 99.472 % 98.782 % 99.898 % 

96.752 % 97.569 % 97.697 % 99.602 % 99.554 % 99.749 % 98.145 % 

250×250×3 
97.328 % 98.189 % 98.154 % 99.320 % 99.924 % 99.169 % 99.575 % 

96.370 % 97.251 % 97.565 % 98.523 % 99.387 % 99.832 % 98.304 % 

300×300×3 
97.235 % 97.488 % 98.751 % 99.042 % 99.810 % 99.090 % 98.728 % 

96.973 % 96.984 % 97.162 % 98.551 % 98.736 % 99.229 % 98.216 % 

350×350×3 
98.136 % 98.637 % 99.086 % 99.509 % 99.269 % 99.011 % 98.812 % 

96.832 % 97.019 % 97.627 % 98.998 % 99.078 % 99.758 % 98.482 % 

400×400×3 
97.309 % 98.693 % 98.801 % 99.694 % 99.956 % 99.814 % 99.551 % 

96.698 % 97.987 % 98.199 % 99.232 % 99.407 % 99.746 % 98.232 % 

450×450×3 
97.520 % 97.690 % 98.959 % 99.205 % 99.311 % 98.688 % 99.815 % 

96.971 % 97.024 % 96.886 % 98.051 % 99.466 % 99.205 % 99.077 % 

500×500×3 
98.166 % 97.459 % 99.166 % 99.611 % 99.834 % 98.872 % 99.204 % 

97.140 % 96.988 % 98.541 % 99.194 % 99.558 % 99.214 % 98.619 % 
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4.3 ȼɵɜɨɞɵ 

1. Ɋɚɡɪɚɛɨɬɚɧɚ ɫɬɪɭɤɬɭɪɚ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɩɨɞɞɟɪɠɤɢ ɩɪɢɧɹɬɢɹ 

ɪɟɲɟɧɢɣ, ɪɟɚɥɢɡɭɸɳɟɝɨ ɚɥɝɨɪɢɬɦɵ ɢ ɦɟɬɨɞɵ ɨɩɬɢɦɢɡɚɰɢɢ ɪɚɡɦɟɳɟɧɢɹ 

ɷɥɟɦɟɧɬɨɜ ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ ɢ ɨɛɟɫɩɟɱɢɜɚɸɳɟɝɨ 

ɭɦɟɧɶɲɟɧɢɟ ɡɚɬɪɚɬ ɧɚ ɫɨɡɞɚɧɢɟ ɢ ɦɨɞɟɪɧɢɡɚɰɢɸ ɛɟɫɩɪɨɜɨɞɧɨɣ ɫɟɬɢ ɩɟɪɟɞɚɱɢ 

ɞɚɧɧɵɯ ɢ ɭɜɟɥɢɱɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɩɥɚɧɢɪɨɜɚɧɢɸ ɢ 

ɩɨɫɬɪɨɟɧɢɸ ɛɟɫɩɪɨɜɨɞɧɵɯ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ, ɨɬɥɢɱɢɬɟɥɶɧɨɣ 

ɨɫɨɛɟɧɧɨɫɬɶɸ ɤɨɬɨɪɨɣ ɹɜɥɹɟɬɫɹ ɧɚɥɢɱɢɟ ɢɧɫɬɪɭɦɟɧɬɨɜ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɩɪɨɜɟɞɟɧɢɹ 

ɫɟɪɢɣ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɫ ɰɟɥɶɸ ɨɰɟɧɤɢ ɤɚɱɟɫɬɜɚ ɚɥɝɨɪɢɬɦɨɜ, 

ɥɟɠɚɳɢɯ ɜ ɨɫɧɨɜɟ ɫɨɡɞɚɧɧɨɣ ɩɪɨɝɪɚɦɦɧɨɣ ɫɢɫɬɟɦɵ. 

2. ɇɚ ɛɚɡɟ ɫɨɡɞɚɧɧɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɩɨɞɞɟɪɠɤɢ ɩɪɢɧɹɬɢɹ 

ɪɟɲɟɧɢɣ ɛɵɥ ɩɪɨɜɟɞɟɧ ɪɹɞ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨ ɫɪɚɜɧɟɧɢɸ 

ɩɪɟɞɥɨɠɟɧɧɵɯ ɜ ɝɥɚɜɟ 2 ɚɥɝɨɪɢɬɦɨɜ, ɚ ɬɚɤɠɟ ɷɤɫɩɟɪɢɦɟɧɬɵ, ɧɚɩɪɚɜɥɟɧɧɵɟ ɧɚ 

ɢɫɫɥɟɞɨɜɚɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɦɟɬɨɞɚ, ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɜ ɝɥɚɜɟ 3. 

3. ɉɪɟɞɥɨɠɟɧɧɵɟ ɜ ɝɥɚɜɟ 2 ɦɟɬɚɷɜɪɢɫɬɢɱɟɫɤɢɟ ɚɥɝɨɪɢɬɦɵ ɩɨɡɜɨɥɹɸɬ 

ɷɮɮɟɤɬɢɜɧɨ ɪɟɲɚɬɶ ɡɚɞɚɱɭ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɩɪɢ ɫɨɡɞɚɧɢɢ ɢ ɦɨɞɟɪɧɢɡɚɰɢɢ 

ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ (ɧɚ ɩɪɢɦɟɪɟ ɛɟɫɩɪɨɜɨɞɧɵɯ ɫɟɬɟɣ 

ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ). 

4. ɇɚ ɡɚɞɚɱɚɯ ɦɚɥɨɣ ɪɚɡɦɟɪɧɨɫɬɢ ɩɪɟɞɥɨɠɟɧɧɵɟ ɜ ɝɥɚɜɟ 2 ɚɥɝɨɪɢɬɦɵ 

ɨɛɟɫɩɟɱɢɜɚɸɬ ɩɨɥɭɱɟɧɢɟ ɬɨɱɧɵɯ ɡɧɚɱɟɧɢɣ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ ɩɪɚɤɬɢɱɟɫɤɢ ɩɪɢ 

ɤɚɠɞɨɦ ɡɚɩɭɫɤɟ ɚɥɝɨɪɢɬɦɚ. ɉɪɢ ɷɬɨɦ ɩɪɟɞɥɨɠɟɧɧɵɟ ɚɥɝɨɪɢɬɦɵ ɫɩɪɚɜɥɹɸɬɫɹ ɫ 

ɪɟɲɟɧɢɟɦ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ 

ɫɢɫɬɟɦ ɡɚ ɨɱɟɧɶ ɦɚɥɨɟ ɜɪɟɦɹ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɬɨɱɧɨɝɨ ɦɟɬɨɞɚ ɩɨɥɧɨɝɨ ɩɟɪɟɛɨɪɚ. 

5. ɉɪɟɞɥɨɠɟɧɧɵɟ ɜ ɝɥɚɜɟ 2 ɚɥɝɨɪɢɬɦɵ ɩɨɢɫɤɚ ɫ ɡɚɩɪɟɬɚɦɢ, ɢɦɢɬɚɰɢɢ ɨɬɠɢɝɚ 

ɢ ɦɭɥɶɬɢɫɬɚɪɬɚ ɫɩɪɚɜɥɹɸɬɫɹ ɫ ɪɟɲɟɧɢɟɦ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ 

ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ ɥɭɱɲɟ, ɱɟɦ ɚɥɝɨɪɢɬɦ ɥɨɤɚɥɶɧɨɝɨ 

ɫɩɭɫɤɚ. 
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6. Ⱥɥɝɨɪɢɬɦɵ ɪɨɟɜɨɝɨ ɢɧɬɟɥɥɟɤɬɚ – ɩɱɟɥɢɧɵɣ ɚɥɝɨɪɢɬɦ BCO ɢ ɦɭɪɚɜɶɢɧɵɣ 

ɚɥɝɨɪɢɬɦ – ɜ ɫɪɟɞɧɟɦ ɥɭɱɲɟ ɞɪɭɝɢɯ ɚɥɝɨɪɢɬɦɨɜ ɫɩɪɚɜɥɹɸɬɫɹ ɫ ɪɟɲɟɧɢɟɦ ɡɚɞɚɱɢ 

ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ. 

7. Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ ɩɥɚɧɢɪɨɜɚɧɢɹ ɢ ɨɩɬɢɦɢɡɚɰɢɢ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ 

(ɧɚ ɩɪɢɦɟɪɟ ɛɟɫɩɪɨɜɨɞɧɵɯ ɫɟɬɟɣ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ) ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɥɝɨɪɢɬɦɨɜ 

ɫ ɭɩɪɚɜɥɹɸɳɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ, ɧɚɣɞɟɧɧɵɦɢ ɩɪɢ ɩɨɦɨɳɢ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɜ ɝɥɚɜɟ 3 

ɦɟɬɨɞɚ, ɩɨɡɜɨɥɹɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɭɥɭɱɲɢɬɶ ɪɟɡɭɥɶɬɚɬɵ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɥɝɨɪɢɬɦɨɜ ɫɨ ɡɧɚɱɟɧɢɹɦɢ ɩɚɪɚɦɟɬɪɨɜ «ɩɨ ɭɦɨɥɱɚɧɢɸ». Ⱦɚɧɧɨɟ 

ɭɥɭɱɲɟɧɢɟ ɫɩɨɫɨɛɧɨ ɜ ɫɪɟɞɧɟɦ ɧɚ ɧɟɫɤɨɥɶɤɨ ɩɪɨɰɟɧɬɨɜ ɭɦɟɧɶɲɢɬɶ ɡɚɬɪɚɬɵ ɧɚ 

ɫɨɡɞɚɧɢɟ ɫɟɬɢ, ɚ ɡɧɚɱɢɬ, ɭɜɟɥɢɱɢɜɚɟɬ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ 

ɩɥɚɧɢɪɨɜɚɧɢɸ ɢ ɩɨɫɬɪɨɟɧɢɸ ɛɟɫɩɪɨɜɨɞɧɵɯ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ. 
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ɁȺɄɅɘɑȿɇɂȿ 

 

1. ɉɪɟɞɥɨɠɟɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ 

ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ, ɨɬɥɢɱɚɸɳɚɹɫɹ ɭɱɟɬɨɦ ɜɨɡɦɨɠɧɨɫɬɢ 

ɦɨɞɟɪɧɢɡɚɰɢɢ ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ, ɫɜɨɣɫɬɜ ɦɟɫɬ-ɤɚɧɞɢɞɚɬɨɜ, ɩɨɦɟɯ ɩɪɢ 

ɦɟɠɦɨɞɭɥɶɧɨɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ ɢ ɩɨɞɪɚɡɭɦɟɜɚɸɳɚɹ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɬɢɩɨɜ ɷɥɟɦɟɧɬɨɜ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ. Ⱦɚɧɧɚɹ 

ɡɚɞɚɱɚ ɮɨɪɦɚɥɢɡɨɜɚɧɚ ɤɚɤ NP-ɬɪɭɞɧɚɹ ɡɚɞɚɱɚ ɪɚɡɦɟɳɟɧɢɹ ɭɫɬɪɨɣɫɬɜ 

ɨɛɫɥɭɠɢɜɚɧɢɹ ɫ ɨɝɪɚɧɢɱɟɧɢɹɦɢ ɧɚ ɦɨɳɧɨɫɬɢ, ɱɬɨ ɩɨɡɜɨɥɢɥɨ ɨɛɨɫɧɨɜɚɬɶ 

ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɜɪɢɫɬɢɱɟɫɤɢɯ ɚɥɝɨɪɢɬɦɨɜ. 

2. Ɋɚɡɪɚɛɨɬɚɧɵ ɦɟɬɚɷɜɪɢɫɬɢɱɟɫɤɢɟ ɚɥɝɨɪɢɬɦɵ (ɷɜɨɥɸɰɢɨɧɧɵɣ, ɢɦɢɬɚɰɢɢ 

ɨɬɠɢɝɚ, ɩɨɢɫɤ ɫ ɡɚɩɪɟɬɚɦɢ, ɦɭɥɶɬɢɫɬɚɪɬɚ, ɦɭɪɚɜɶɢɧɵɣ, ɩɱɟɥɢɧɵɣ) 

ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ ɩɨɞɞɟɪɠɤɢ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ ɩɨ ɨɩɬɢɦɢɡɚɰɢɢ ɪɚɡɦɟɳɟɧɢɹ 

ɷɥɟɦɟɧɬɨɜ ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ. Ɉɬɥɢɱɢɬɟɥɶɧɨɣ 

ɨɫɨɛɟɧɧɨɫɬɶɸ ɩɪɟɞɥɚɝɚɟɦɵɯ ɚɥɝɨɪɢɬɦɨɜ ɹɜɥɹɟɬɫɹ: ɞɥɹ ɚɥɝɨɪɢɬɦɨɜ ɥɨɤɚɥɶɧɨɝɨ 

ɩɨɢɫɤɚ – ɩɨɫɬɪɨɟɧɢɟ ɨɤɪɟɫɬɧɨɫɬɢ ɪɟɲɟɧɢɹ ɩɪɢ ɩɨɦɨɳɢ ɧɟɛɨɥɶɲɢɯ ɨɩɟɪɚɰɢɣ, 

ɜɧɨɫɹɳɢɯ ɢɡɦɟɧɟɧɢɹ ɜ ɤɨɧɮɢɝɭɪɚɰɢɸ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ; ɞɥɹ 

ɦɭɪɚɜɶɢɧɨɝɨ ɚɥɝɨɪɢɬɦɚ – ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɞɜɭɯ ɤɨɥɨɧɢɣ ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɦɭɪɚɜɶɟɜ 

ɞɥɹ ɞɜɭɯɮɚɡɧɨɝɨ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ. 

3. ɉɪɟɞɥɨɠɟɧ ɦɟɬɨɞ ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɣ ɦɟɬɚɨɩɬɢɦɢɡɚɰɢɢ ɪɚɡɪɚɛɨɬɚɧɧɵɯ 

ɦɟɬɚɷɜɪɢɫɬɢɱɟɫɤɢɯ ɚɥɝɨɪɢɬɦɨɜ ɧɚ ɛɚɡɟ ɷɜɨɥɸɰɢɨɧɧɨɝɨ ɩɨɞɯɨɞɚ, ɨɬɥɢɱɚɸɳɢɣɫɹ 

ɜɨɡɦɨɠɧɨɫɬɶɸ ɨɞɧɨɜɪɟɦɟɧɧɨɣ ɧɚɫɬɪɨɣɤɢ ɜɟɳɟɫɬɜɟɧɧɵɯ, ɰɟɥɨɱɢɫɥɟɧɧɵɯ ɢ 

ɫɢɦɜɨɥɶɧɵɯ ɭɩɪɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ ɢ ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ ɡɧɚɱɢɬɟɥɶɧɨɟ 

ɭɥɭɱɲɟɧɢɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɚɥɝɨɪɢɬɦɨɜ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ 

ɷɥɟɦɟɧɬɨɜ ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ. 

4. Ɋɚɡɪɚɛɨɬɚɧɚ ɫɬɪɭɤɬɭɪɚ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ 

ɩɨɞɞɟɪɠɤɢ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ, ɪɟɚɥɢɡɭɸɳɟɝɨ ɦɟɬɨɞɵ ɢ ɚɥɝɨɪɢɬɦɵ ɨɩɬɢɦɢɡɚɰɢɢ 

ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ ɢ 

ɨɛɟɫɩɟɱɢɜɚɸɳɟɝɨ ɭɦɟɧɶɲɟɧɢɟ ɡɚɬɪɚɬ ɢ ɭɜɟɥɢɱɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɦɟɪɨɩɪɢɹɬɢɣ 
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ɩɨ ɩɥɚɧɢɪɨɜɚɧɢɸ ɢ ɦɨɞɟɪɧɢɡɚɰɢɢ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ, ɨɬɥɢɱɢɬɟɥɶɧɨɣ 

ɨɫɨɛɟɧɧɨɫɬɶɸ ɤɨɬɨɪɨɣ ɹɜɥɹɟɬɫɹ ɧɚɥɢɱɢɟ ɢɧɫɬɪɭɦɟɧɬɨɜ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɩɪɨɜɟɞɟɧɢɹ 

ɫɟɪɢɣ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɫ ɰɟɥɶɸ ɨɰɟɧɤɢ ɤɚɱɟɫɬɜɚ ɚɥɝɨɪɢɬɦɨɜ, 

ɥɟɠɚɳɢɯ ɜ ɨɫɧɨɜɟ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ. 

5. ɗɥɟɦɟɧɬɵ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɩɪɨɲɥɢ ɝɨɫɭɞɚɪɫɬɜɟɧɧɭɸ 

ɪɟɝɢɫɬɪɚɰɢɸ ɜ Ɋɨɫɩɚɬɟɧɬɟ. 

6. Ɉɬɞɟɥɶɧɵɟ ɦɨɞɭɥɢ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɛɵɥɢ 

ɜɧɟɞɪɟɧɵ ɜ ɈȺɈ "Ɇɨɛɢɥɶɧɵɟ Ɍɟɥɟɋɢɫɬɟɦɵ" (ɮɢɥɢɚɥ ɜ Ʌɢɩɟɰɤɨɣ ɨɛɥɚɫɬɢ) ɢ ȺɈ 

"ɗɊ-Ɍɟɥɟɤɨɦ ɏɨɥɞɢɧɝ" (ɮɢɥɢɚɥ ɜ ɝ. Ʌɢɩɟɰɤ). 
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ɉɊɂɅɈɀȿɇɂȿ 1. ɋɂɇɌȺɄɋɂɋ ɉɋȿȼȾɈɄɈȾȺ 

ɉɊɂȼɈȾɂɆɕɏ ȼ ȾɂɋɋȿɊɌȺɐɂɂ ȺɅȽɈɊɂɌɆɈȼ 

 

ɍɫɥɨɜɧɵɣ ɨɩɟɪɚɬɨɪ (ɨɩɟɪɚɬɨɪ ɜɟɬɜɥɟɧɢɹ) 

Ɉɛɟɫɩɟɱɢɜɚɟɬ ɜɵɩɨɥɧɟɧɢɟ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɧɚɛɨɪɚ ɤɨɦɚɧɞ ɬɨɥɶɤɨ ɩɪɢ 

ɭɫɥɨɜɢɢ ɢɫɬɢɧɧɨɫɬɢ ɧɟɤɨɬɨɪɨɝɨ ɥɨɝɢɱɟɫɤɨɝɨ ɜɵɪɚɠɟɧɢɹ. 

 

ɍɫɥɨɜɧɵɣ ɨɩɟɪɚɬɨɪ ɫ ɨɞɧɨɣ ɜɟɬɜɶɸ 

IF ɭɫɥɨɜɢɟ THEN  
ɤɨɦɚɧɞɵ;  

END IF; 

ɉɨɞɨɛɧɵɣ ɨɩɟɪɚɬɨɪ ɧɚɱɢɧɚɟɬɫɹ ɫ ɤɥɸɱɟɜɨɝɨ ɫɥɨɜɚ IF. ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ 

ɭɫɥɨɜɧɨɝɨ ɨɩɟɪɚɬɨɪɚ ɜɵɱɢɫɥɹɟɬɫɹ ɭɫɥɨɜɢɟ, ɢ ɟɫɥɢ ɨɧɨ ɢɫɬɢɧɧɨ, ɬɨ ɜɵɩɨɥɧɹɸɬɫɹ 

ɤɨɦɚɧɞɵ ɞɨ ɤɥɸɱɟɜɵɯ ɫɥɨɜ END IF, ɢɧɚɱɟ ɜɵɩɨɥɧɟɧɢɟ ɩɪɨɝɪɚɦɦɵ ɩɪɨɞɨɥɠɚɟɬɫɹ 

ɫɨ ɫɥɟɞɭɸɳɟɣ ɡɚ ɭɫɥɨɜɧɵɦ ɨɩɟɪɚɬɨɪɨɦ ɤɨɦɚɧɞɵ [36]. 

 

ɍɫɥɨɜɧɵɣ ɨɩɟɪɚɬɨɪ ɫ ɞɜɭɦɹ ɜɟɬɜɹɦɢ 

IF ɭɫɥɨɜɢɟ THEN  
ɤɨɦɚɧɞɵ_1;  

ELSE  

ɤɨɦɚɧɞɵ_2;  
END IF; 

ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɩɪɢ ɢɫɬɢɧɧɨɫɬɢ ɭɫɥɨɜɢɹ ɜɵɩɨɥɧɹɸɬɫɹ ɤɨɦɚɧɞɵ_1, ɩɪɢ 

ɥɨɠɧɨɫɬɢ – ɤɨɦɚɧɞɵ_2. 

 

ɍɫɥɨɜɧɵɣ ɨɩɟɪɚɬɨɪ ɫ ɧɟɫɤɨɥɶɤɢɦɢ ɜɟɬɜɹɦɢ 

IF ɭɫɥɨɜɢɟ_1 THEN  
ɤɨɦɚɧɞɵ_1; 

ELSE IF ɭɫɥɨɜɢɟ_2 THEN  
ɤɨɦɚɧɞɵ_2; 

ELSE IF ɭɫɥɨɜɢɟ_3 THEN  
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ɤɨɦɚɧɞɵ_3; 
... 

ELSE IF ɭɫɥɨɜɢɟ_(N-1) THEN 
ɤɨɦɚɧɞɵ_(N-1); 

ELSE  

ɤɨɦɚɧɞɵ_N;  
END IF; 

ɍɫɥɨɜɧɵɣ ɨɩɟɪɚɬɨɪ ɫ ɧɟɫɤɨɥɶɤɢɦɢ ɜɟɬɜɹɦɢ ɪɟɚɥɢɡɭɟɬ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɭɸ 

ɩɪɨɜɟɪɤɭ ɫɪɚɡɭ (N-1) ɭɫɥɨɜɢɣ. Ʉɚɤ ɬɨɥɶɤɨ ɫɪɟɞɢ ɧɢɯ ɜɫɬɪɟɬɢɬɫɹ ɢɫɬɢɧɧɨɟ, ɛɭɞɟɬ 

ɜɵɩɨɥɧɟɧ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɧɚɛɨɪ ɤɨɦɚɧɞ ɢ ɢɫɩɨɥɧɟɧɢɟ ɩɟɪɟɣɞёɬ ɤ ɤɨɦɚɧɞɟ, 

ɫɥɟɞɭɸɳɟɣ ɡɚ ɭɫɥɨɜɧɵɦ ɨɩɟɪɚɬɨɪɨɦ. ȿɫɥɢ ɧɢ ɨɞɧɨ ɢɡ ɭɫɥɨɜɢɣ ɧɟ ɹɜɥɹɟɬɫɹ 

ɢɫɬɢɧɧɵɦ, ɬɨ ɜɵɩɨɥɧɹɬɫɹ ɤɨɦɚɧɞɵ_N ɢɡ ɜɟɬɜɢ ELSE. 

 

ɐɢɤɥ 

Ɉɛɟɫɩɟɱɢɜɚɟɬ ɦɧɨɝɨɤɪɚɬɧɨɟ ɜɵɩɨɥɧɟɧɢɟ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɧɚɛɨɪɚ ɤɨɦɚɧɞ. 

 

ɐɢɤɥ ɫ ɩɪɟɞɭɫɥɨɜɢɟɦ 

WHILE ɭɫɥɨɜɢɟ DO 
ɬɟɥɨ ɰɢɤɥɚ;  

END WHILE;  

ɐɢɤɥ ɧɚɱɢɧɚɟɬɫɹ ɫ ɨɩɟɪɚɬɨɪɚ WHILE. Ⱦɚɧɧɵɣ ɰɢɤɥ ɜɵɩɨɥɧɹɟɬɫɹ ɩɨɤɚ 

ɢɫɬɢɧɧɨ ɧɟɤɨɬɨɪɨɟ ɭɫɥɨɜɢɟ, ɭɤɚɡɚɧɧɨɟ ɩɟɪɟɞ ɟɝɨ ɧɚɱɚɥɨɦ [68]. Ɍɚɤ ɤɚɤ ɭɫɥɨɜɢɟ 

ɩɪɨɜɟɪɹɟɬɫɹ ɞɨ ɜɵɩɨɥɧɟɧɢɹ ɬɟɥɚ ɰɢɤɥɚ, ɬɟɥɨ ɦɨɠɟɬ ɛɵɬɶ ɧɟ ɜɵɩɨɥɧɟɧɨ ɧɢ ɪɚɡɭ. 

 

ɐɢɤɥ ɫ ɩɨɫɬɭɫɥɨɜɢɟɦ 

REPEAT 

ɬɟɥɨ ɰɢɤɥɚ; 
UNTIL ɭɫɥɨɜɢɟ; 
ɐɢɤɥ ɧɚɱɢɧɚɟɬɫɹ ɫ ɨɩɟɪɚɬɨɪɚ REPEAT. Ⱦɚɧɧɵɣ ɰɢɤɥ ɜɵɩɨɥɧɢɬɫɹ, ɩɨ ɤɪɚɣɧɟɣ 

ɦɟɪɟ, ɨɞɢɧ ɪɚɡ, ɬɚɤ ɤɚɤ ɭɫɥɨɜɢɟ ɩɪɨɜɟɪɹɟɬɫɹ ɩɨɫɥɟ ɜɵɩɨɥɧɟɧɢɹ ɬɟɥɚ ɰɢɤɥɚ. 
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ɐɢɤɥ ɫɨ ɫɱɟɬɱɢɤɨɦ 

FOR c = b TO e BY s DO 

ɬɟɥɨ ɰɢɤɥɚ; 
END FOR; 

ȼ ɰɢɤɥɟ ɫɨ ɫɱɟɬɱɢɤɨɦ ɤɨɬɨɪɨɦ ɧɟɤɨɬɨɪɚɹ ɩɟɪɟɦɟɧɧɚɹ (ɫɱɟɬɱɢɤ c) ɦɟɧɹɟɬ 

ɫɜɨё ɡɧɚɱɟɧɢɟ ɨɬ ɡɚɞɚɧɧɨɝɨ ɧɚɱɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ (b) ɞɨ ɤɨɧɟɱɧɨɝɨ ɡɧɚɱɟɧɢɹ (e) ɫ 

ɧɟɤɨɬɨɪɵɦ ɲɚɝɨɦ (s), ɩɪɢɱɟɦ ɞɥɹ ɤɚɠɞɨɝɨ ɡɧɚɱɟɧɢɹ ɫɱɟɬɱɢɤɚ ɬɟɥɨ ɰɢɤɥɚ 

ɜɵɩɨɥɧɹɟɬɫɹ ɨɞɢɧ ɪɚɡ [68]. ɉɨɞɨɛɧɵɣ ɰɢɤɥ ɧɚɱɢɧɚɟɬɫɹ ɫ ɨɩɟɪɚɬɨɪɚ FOR. ȿɫɥɢ ɜ 

ɨɛɴɹɜɥɟɧɢɢ ɰɢɤɥɚ ɨɬɫɭɬɫɬɜɭɟɬ ɨɩɢɫɚɧɢɟ ɲɚɝɚ (BY s), ɩɨɞɪɚɡɭɦɟɜɚɟɬɫɹ, ɱɬɨ ɲɚɝ 

ɪɚɜɟɧ ɟɞɢɧɢɰɟ. 

 

ɋɨɜɦɟɫɬɧɵɣ ɰɢɤɥ 

FOREACH item in set DO 

ɬɟɥɨ ɰɢɤɥɚ (ɢɫɩɨɥɶɡɨɜɚɧɢɟ item);  
END FOREACH; 

ɉɨɞɨɛɧɵɣ ɰɢɤɥ ɡɚɞɚɟɬ ɜɵɩɨɥɧɟɧɢɟ ɧɟɤɨɬɨɪɵɯ ɤɨɦɚɧɞ ɞɥɹ ɨɛɴɟɤɬɨɜ item ɢɡ 

ɡɚɞɚɧɧɨɝɨ ɦɧɨɠɟɫɬɜɚ set, ɛɟɡ ɹɜɧɨɝɨ ɭɤɚɡɚɧɢɹ ɩɨɪɹɞɤɚ ɩɟɪɟɱɢɫɥɟɧɢɹ ɷɬɢɯ 

ɨɛɴɟɤɬɨɜ. əɜɥɹɟɬɫɹ ɮɨɪɦɚɥɶɧɨɣ ɡɚɩɢɫɶɸ ɫɥɨɜɟɫɧɨɣ ɢɧɫɬɪɭɤɰɢɢ ɜɢɞɚ «ȼɵɩɨɥɧɢɬɶ 

ɬɟɥɨ ɰɢɤɥɚ ɞɥɹ ɤɚɠɞɨɝɨ ɷɥɟɦɟɧɬɚ ɦɧɨɠɟɫɬɜɚ set». 

 

ȼɵɯɨɞ ɢɡ ɰɢɤɥɚ 

WHILE ɭɫɥɨɜɢɟ DO 
ɱɚɫɬɶ ɬɟɥɚ ɰɢɤɥɚ; 
IF ɭɫɥɨɜɢɟ ɜɵɯɨɞɚ THEN  

BREAK; 

END IF; 

ɱɚɫɬɶ ɬɟɥɚ ɰɢɤɥɚ;   
END WHILE;  

ȼɵɯɨɞ ɢɡ ɰɢɤɥɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɤɥɸɱɟɜɨɝɨ ɫɥɨɜɚ BREAK. ɉɪɢ 

ɜɵɩɨɥɧɟɧɢɢ ɧɟɤɨɬɨɪɨɝɨ ɭɫɥɨɜɢɹ ɜɵɯɨɞɚ ɜɵɩɨɥɧɟɧɢɟ ɩɪɨɝɪɚɦɦɵ ɩɪɨɞɨɥɠɚɟɬɫɹ 

ɫɨ ɫɥɟɞɭɸɳɟɣ ɡɚ ɨɩɟɪɚɬɨɪɨɦ ɰɢɤɥɚ ɤɨɦɚɧɞɵ. 
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Ⱦɨɫɪɨɱɧɵɣ ɩɟɪɟɯɨɞ ɧɚ ɫɥɟɞɭɸɳɭɸ ɢɬɟɪɚɰɢɸ ɰɢɤɥɚ 

WHILE ɭɫɥɨɜɢɟ DO 
ɧɚɱɚɥɶɧɚɹ ɱɚɫɬɶ ɬɟɥɚ ɰɢɤɥɚ; 
IF ɭɫɥɨɜɢɟ ɩɟɪɟɯɨɞɚ THEN  

CONTINUE; 

END IF; 

ɤɨɧɟɱɧɚɹ ɱɚɫɬɶ ɬɟɥɚ ɰɢɤɥɚ;   
END WHILE;  

ȼɵɯɨɞ ɢɡ ɬɟɤɭɳɟɝɨ ɜɢɬɤɚ ɰɢɤɥɚ (ɫ ɩɟɪɟɯɨɞɨɦ ɧɚ ɫɥɟɞɭɸɳɭɸ ɢɬɟɪɚɰɢɸ 

ɰɢɤɥɚ) ɩɪɢ ɩɨɦɨɳɢ ɤɥɸɱɟɜɨɝɨ ɫɥɨɜɚ CONTINUE. ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɧɟɤɨɬɨɪɨɝɨ 

ɭɫɥɨɜɢɹ ɩɟɪɟɯɨɞɚ ɧɟ ɛɭɞɟɬ ɜɵɩɨɥɧɟɧɚ ɤɨɧɟɱɧɚɹ ɱɚɫɬɶ ɬɟɥɚ ɰɢɤɥɚ, ɚ 

ɜɵɩɨɥɧɟɧɢɟ ɩɪɨɝɪɚɦɦɵ ɛɭɞɟɬ ɩɟɪɟɞɚɧɨ ɧɚ ɫɥɟɞɭɸɳɭɸ ɢɬɟɪɚɰɢɸ ɰɢɤɥɚ (ɜɟɪɧɟɟ 

ɧɚ ɩɪɨɜɟɪɤɭ ɭɫɥɨɜɢɹ). 

Ɉɬɦɟɬɢɦ, ɱɬɨ ɤɨɦɚɧɞɵ BREAK ɢ CONTINUE ɪɚɛɨɬɚɸɬ ɧɟ ɬɨɥɶɤɨ ɜ ɰɢɤɥɚɯ 

WHILE, ɧɨ ɢ ɜ ɰɢɤɥɚɯ, ɨɩɪɟɞɟɥɹɟɦɵɯ ɞɪɭɝɢɦɢ ɤɥɸɱɟɜɵɦɢ ɫɥɨɜɚɦɢ (FOR, FOREACH, 

REPEAT). 

 

Ⱦɪɭɝɢɟ ɤɨɦɚɧɞɵ 

Ɉɩɟɪɚɬɨɪ return 

RETURN ɜɨɡɜɪɚɳɚɟɦɨɟ_ɡɧɚɱɟɧɢɟ;  
ɉɨɞɨɛɧɵɣ ɨɩɟɪɚɬɨɪ ɨɛɨɡɧɚɱɚɟɬ ɡɚɜɟɪɲɟɧɢɟ ɚɥɝɨɪɢɬɦɚ (ɢɥɢ ɱɚɫɬɢ 

ɚɥɝɨɪɢɬɦɚ, ɧɚɩɪɢɦɟɪ, ɮɭɧɤɰɢɢ). ȼɨɡɜɪɚɳɚɟɦɨɟ_ɡɧɚɱɟɧɢɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɪɟɡɭɥɶɬɚɬ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ. 

 

Ɉɩɟɪɚɬɨɪ ɢɧɤɪɟɦɟɧɬɢɪɨɜɚɧɢɹ 

x++;  

ɉɨɞɨɛɧɵɦ ɨɛɪɚɡɨɦ ɨɛɨɡɧɚɱɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟ ɩɟɪɟɦɟɧɧɨɣ x ɧɚ ɟɞɢɧɢɰɭ. 

 

Ɉɩɟɪɚɬɨɪ ɞɟɤɪɟɦɟɧɬɢɪɨɜɚɧɢɹ 

x--;  
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ɉɨɞɨɛɧɵɦ ɨɛɪɚɡɨɦ ɨɛɨɡɧɚɱɚɟɬɫɹ ɭɦɟɧɶɲɟɧɢɟ ɩɟɪɟɦɟɧɧɨɣ x ɧɚ ɟɞɢɧɢɰɭ. 

 

Ɉɫɬɚɬɨɤ ɨɬ ɞɟɥɟɧɢɹ 

x MOD y;  

ɉɨɞɨɛɧɵɦ ɨɛɪɚɡɨɦ ɨɛɨɡɧɚɱɚɟɬɫɹ ɨɩɟɪɚɰɢɹ ɩɨɥɭɱɟɧɢɹ ɨɫɬɚɬɤɚ ɨɬ ɞɟɥɟɧɢɹ x 

ɧɚ y. 

 

Ƚɟɧɟɪɚɰɢɹ ɫɥɭɱɚɣɧɨɝɨ ɱɢɫɥɚ ɫ ɩɥɚɜɚɸɳɟɣ ɡɚɩɹɬɨɣ 

x = Random;  

Ɏɭɧɤɰɢɹ Random ɝɟɧɟɪɢɪɭɟɬ ɫɥɭɱɚɣɧɵɟ ɱɢɫɥɚ ɫ ɩɥɚɜɚɸɳɟɣ ɡɚɩɹɬɨɣ ɜ 

ɞɢɚɩɚɡɨɧɟ [0; 1]. 

 

Ƚɟɧɟɪɚɰɢɹ ɫɥɭɱɚɣɧɨɝɨ ɰɟɥɨɝɨ ɱɢɫɥɚ 

x = Rand(y);  

Ɏɭɧɤɰɢɹ Rand(y) ɝɟɧɟɪɢɪɭɟɬ ɰɟɥɵɟ ɫɥɭɱɚɣɧɵɟ ɱɢɫɥɚ ɢɡ ɞɢɚɩɚɡɨɧɚ 

0, 1, 2, …, (y–1). 

 

Ʉɨɦɦɟɧɬɚɪɢɢ 

Ʉɨɦɦɟɧɬɚɪɢɢ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɩɨɹɫɧɟɧɢɹ ɤ ɩɫɟɜɞɨɤɨɞɭ, ɪɚɫɩɨɥɚɝɚɟɦɵɟ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜɧɭɬɪɢ ɤɨɦɦɟɧɬɢɪɭɟɦɨɝɨ ɬɟɤɫɬɚ ɩɪɨɝɪɚɦɦɵ. Ʉɨɦɦɟɧɬɚɪɢɢ ɧɟ 

ɨɤɚɡɵɜɚɸɬ ɧɢɤɚɤɨɝɨ ɜɥɢɹɧɢɹ ɧɚ ɪɟɡɭɥɶɬɚɬ ɜɵɩɨɥɧɟɧɢɹ ɤɨɞɚ ɚɥɝɨɪɢɬɦɚ, ɬ.ɤ. ɧɟ 

ɹɜɥɹɸɬɫɹ ɤɨɦɚɧɞɚɦɢ. 

 

Ɉɞɧɨɫɬɪɨɱɧɵɣ ɤɨɦɦɟɧɬɚɪɢɣ 

ɤɨɦɚɧɞɚ_1; // ɬɟɤɫɬ ɨɞɧɨɫɬɪɨɱɧɨɝɨ ɤɨɦɦɟɧɬɚɪɢɹ 

ɤɨɦɚɧɞɚ_2; 
// ɬɟɤɫɬ ɨɞɧɨɫɬɪɨɱɧɨɝɨ ɤɨɦɦɟɧɬɚɪɢɹ 

ɤɨɦɚɧɞɚ_3; 
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Ɉɞɧɨɫɬɪɨɱɧɵɣ ɤɨɦɦɟɧɬɚɪɢɣ ɦɨɠɟɬ ɪɚɫɩɨɥɚɝɚɬɶɫɹ ɤɚɤ ɧɚ ɨɬɞɟɥɶɧɨɣ ɫɬɪɨɤɟ, 

ɬɚɤ ɢ ɧɚ ɨɞɧɨɣ ɫɬɪɨɤɟ ɫ ɤɨɦɚɧɞɨɣ. ȼɫɟ, ɱɬɨ ɧɚɩɢɫɚɧɨ ɩɨɫɥɟ ɫɢɦɜɨɥɨɜ //, 

ɫɱɢɬɚɟɬɫɹ ɤɨɦɦɟɧɬɚɪɢɟɦ ɢ ɧɟ ɜɥɢɹɟɬ ɧɚ ɫɟɦɚɧɬɢɤɭ ɤɨɦɚɧɞ. 

 

Ɇɧɨɝɨɫɬɪɨɱɧɵɣ ɤɨɦɦɟɧɬɚɪɢɣ 

ɤɨɦɚɧɞɚ_1; /* ɬɟɤɫɬ ɦɧɨɝɨɫɬɪɨɱɧɨɝɨ ɤɨɦɦɟɧɬɚɪɢɹ 

ɬɟɤɫɬ ɦɧɨɝɨɫɬɪɨɱɧɨɝɨ ɤɨɦɦɟɧɬɚɪɢɹ 

… 

ɬɟɤɫɬ ɦɧɨɝɨɫɬɪɨɱɧɨɝɨ ɤɨɦɦɟɧɬɚɪɢɹ */ 

ɤɨɦɚɧɞɚ_2; 
/* ɬɟɤɫɬ ɦɧɨɝɨɫɬɪɨɱɧɨɝɨ ɤɨɦɦɟɧɬɚɪɢɹ 

ɬɟɤɫɬ ɦɧɨɝɨɫɬɪɨɱɧɨɝɨ ɤɨɦɦɟɧɬɚɪɢɹ 

… 

ɬɟɤɫɬ ɦɧɨɝɨɫɬɪɨɱɧɨɝɨ ɤɨɦɦɟɧɬɚɪɢɹ */ 

ɤɨɦɚɧɞɚ_3; 
 

Ɉɛɳɢɟ ɫɨɝɥɚɲɟɧɢɹ ɨ ɫɢɧɬɚɤɫɢɫɟ 

Ɉɩɟɪɚɬɨɪ ɩɪɢɫɜɚɢɜɚɧɢɹ 

A = B; 

 

ɉɪɨɜɟɪɤɚ ɭɫɥɨɜɢɹ ɪɚɜɟɧɫɬɜɚ 

A == B; 

 

ɉɪɨɜɟɪɤɚ ɭɫɥɨɜɢɹ ɧɟɪɚɜɟɧɫɬɜɚ 

A != B; 

 

Ʌɨɝɢɱɟɫɤɨɟ ɨɬɪɢɰɚɧɢɟ 

NOT A; 

 

Ʌɨɝɢɱɟɫɤɨɟ ɂ 

A AND B; 
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Ʌɨɝɢɱɟɫɤɨɟ ɂɅɂ 

A OR B; 

 

ɇɭɦɟɪɚɰɢɹ ɫɬɪɨɤ 

ȼ ɬɟɤɫɬɟ ɞɢɫɫɟɪɬɚɰɢɢ ɩɫɟɜɞɨɤɨɞ ɛɨɥɶɲɢɧɫɬɜɚ ɩɪɢɜɨɞɢɦɵɯ ɚɥɝɨɪɢɬɦɨɜ 

ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɜɢɞɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɩɪɨɧɭɦɟɪɨɜɚɧɧɵɯ ɤɨɦɚɧɞ. Ʉɨɦɚɧɞɵ 

ɩɪɨɧɭɦɟɪɨɜɚɧɵ ɞɥɹ ɭɞɨɛɫɬɜɚ ɫɫɵɥɤɢ ɧɚ ɧɢɯ ɢɡ ɬɟɤɫɬɚ ɪɚɛɨɬɵ ɢ ɭɥɭɱɲɟɧɢɹ 

ɱɢɬɚɟɦɨɫɬɢ ɩɫɟɜɞɨɤɨɞɚ. 

1: ɤɨɦɚɧɞɚ_1;     

2: ɤɨɦɚɧɞɚ_2;     

3: ɤɨɦɚɧɞɚ_3;     

 …     

n: ɤɨɦɚɧɞɚ_n;     
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ɉɊɂɅɈɀȿɇɂȿ 2. ɉɋȿȼȾɈɄɈȾ ɂ ȻɅɈɄ-ɋɏȿɆɕ 

ɇȿɄɈɌɈɊɕɏ ȺɅȽɈɊɂɌɆɈȼ 

 

ɉɪɨɰɟɞɭɪɚ ɫɤɪɟɳɢɜɚɧɢɹ ɞɥɹ ɗȺ ɪɟɲɟɧɢɹ ɁɊɗɊɂɋ 

ɂɫɩɨɥɶɡɭɟɬɫɹ n_points-ɬɨɱɟɱɧɨɟ ɫɤɪɟɳɢɜɚɧɢɟ. ɇɚ ɜɯɨɞ ɚɥɝɨɪɢɬɦɚ ɩɨɞɚɟɬɫɹ 

ɰɟɥɨɱɢɫɥɟɧɧɵɣ ɦɚɫɫɢɜ Points ɪɚɡɦɟɪɧɨɫɬɢ n_points, ɷɥɟɦɟɧɬɵ ɤɨɬɨɪɨɝɨ – ɩɨɡɢɰɢɢ 

ɬɨɱɟɤ ɫɤɪɟɳɢɜɚɧɢɹ. Ɇɚɫɫɢɜ ɫɨɡɞɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɧɟɨɛɯɨɞɢɦɨ 

ɫɝɟɧɟɪɢɪɨɜɚɬɶ n_points ɪɚɡɧɵɯ ɰɟɥɵɯ ɱɢɫɟɥ ɢɡ ɞɢɚɩɚɡɨɧɚ [1; Nps – 1], ɚ ɡɚɬɟɦ 

ɨɬɫɨɪɬɢɪɨɜɚɬɶ ɢɯ ɩɨ ɜɨɡɪɚɫɬɚɧɢɸ. 

Ɉɬɦɟɬɢɦ, ɱɬɨ ɪɟɡɭɥɶɬɚɬɨɦ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɛɭɞɟɬ , ɟɫɥɢ ɩɨɥɭɱɢɜɲɟɟɫɹ 

ɪɟɲɟɧɢɟ ɧɟ ɹɜɥɹɟɬɫɹ ɞɨɩɭɫɬɢɦɵɦ. 

Ⱥɥɝɨɪɢɬɦ ɉ2.1 ɉɫɟɜɞɨɤɨɞ ɩɪɨɰɟɞɭɪɵ ɫɤɪɟɳɢɜɚɧɢɹ ɞɥɹ ɁɊɗɊɂɋ 

 /* Вɜɟɞɟɦ ɨɛɨɡɧɚɱɟɧɢɹ: X1 ɢ Y1 – ɯɪɨɦɨɫɨɦɵ 1-ɝɨ ɪɨɞɢɬɟɥɹ, ɜɵɛɪɚɧɧɨɝɨ ɞɥɹ 

ɫɤɪɟɳɢɜɚɧɢɹ; X2 ɢ Y2 – ɯɪɨɦɨɫɨɦɵ 2-ɝɨ ɪɨɞɢɬɟɥɹ, ɜɵɛɪɚɧɧɨɝɨ ɞɥɹ 

ɫɤɪɟɳɢɜɚɧɢɹ; Xchild ɢ Ychild – ɯɪɨɦɨɫɨɦɵ ɩɨɬɨɦɤɚ; num – ɧɨɦɟɪ (ɢɧɞɟɤɫ) 

ɬɟɤɭɳɟɣ ɬɨɱɤɢ ɫɤɪɟɳɢɜɚɧɢɹ ɜ ɦɚɫɫɢɜɟ Points.    */ 

1: Ɂɚɩɨɥɧɢɬɶ ɦɚɫɫɢɜ Ychild ɧɭɥɹɦɢ; 

2: num = 1; 

3: FOR i = 1 TO Ntp DO   // ɫɨɡɞɚɧɢɟ ɯɪɨɦɨɫɨɦɵ Xchild  

4:  IF (i > Points[num]) THEN 

5:   num++; 

6:  END IF; 

 /* Пɨɬɨɦɨɤ ɛɟɪɟɬ ɨɬ 1-ɝɨ ɪɨɞɢɬɟɥɹ ɱɚɫɬɶ ɯɪɨɦɨɫɨɦɵ X, ɪɚɫɩɨɥɨɠɟɧɧɭɸ 

ɦɟɠɞɭ ɱɟɬɧɨɣ ɢ ɧɟɱɟɬɧɨɣ ɬɨɱɤɨɣ ɫɤɪɟɳɢɜɚɧɢɹ, ɨɬ 2-ɝɨ ɪɨɞɢɬɟɥɹ – ɱɚɫɬɶ 

ɯɪɨɦɨɫɨɦɵ X, ɪɚɫɩɨɥɨɠɟɧɧɭɸ ɦɟɠɞɭ ɧɟɱɟɬɧɨɣ ɢ ɱɟɬɧɨɣ ɬɨɱɤɨɣ     */ 

7:  IF (num MOD 2) != 0 THEN  

8:   Xchild[i] = X1[i]; 

9:  ELSE 



177 

 

10:   Xchild[i] = X2[i]; 

11:  END IF; 

12:  Ychild[Xchild[i]] = ;  // ɩɨɦɟɬɢɦ ɧɟɧɭɥɟɜɵɟ ɷɥɟɦɟɧɬɵ Ychild  

13: END FOR; 

  
14: FOR s = 1 TO Nps DO   // ɡɚɩɨɥɧɟɧɢɟ ɯɪɨɦɨɫɨɦɵ Ychild  

15:  IF (Ychild[s] = ) THEN 

16:   IF (Random < 0.5) THEN 

17:    Ychild[s] = Y1[s]; 

18:   ELSE 

19:    Ychild[s] = Y2[s]; 

20:   END IF; 

21:  END IF; 

22: END FOR; 

  
23: IF (ɩɨɬɨɦɨɤ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɨɝɪɚɧɢɱɟɧɢɹɦ (1.18) ɢ (1.19)) THEN 

24:  RETURN (Xchild ɢ Ychild); 

25: ELSE 

26:  RETURN ; 

27: END IF; 
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ɉɱɟɥɢɧɵɣ ɚɥɝɨɪɢɬɦ BCOi ɞɥɹ ɡɚɞɚɱɢ ɦɢɧɢɦɢɡɚɰɢɢ 

Ⱥɥɝɨɪɢɬɦ ɉ2.2 ɉɱɟɥɢɧɵɣ ɚɥɝɨɪɢɬɦ BCOi 

 /* Вɜɟɞɟɦ ɨɛɨɡɧɚɱɟɧɢɹ: xbest – ɥɭɱɲɟɟ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ.    */ 

1: FOR b = 1 TO B DO 

2:  ɉɨɫɬɚɜɢɬɶ ɩɱɟɥɟ b ɜ ɫɨɨɬɜɟɬɫɬɜɢɟ ɪɟɲɟɧɢɟ xb; 

3: END FOR; 

  
4: FOR s = 1 TO NC DO 

5:  FOR b = 1 TO B DO          // ɩɪɹɦɨɣ ɩɪɨɯɨɞ 

6:   ɉɨɫɬɪɨɢɬɶ ɨɤɪɟɫɬɧɨɫɬɶ ɫɨɫɟɞɧɢɯ ɪɟɲɟɧɢɣ N(xb); 

7:   ȼɵɛɪɚɬɶ ɫɨɝɥɚɫɧɨ ɦɟɬɨɞɭ ɪɭɥɟɬɤɢ ɨɞɧɨ ɪɟɲɟɧɢɟ ɢɡ N(xb), 
ɨɛɨɡɧɚɱɢɦ ɟɝɨ zb; 

8:  END FOR; 

9:  ɇɚɣɬɢ ɦɢɧɢɦɚɥɶɧɨɟ ɢ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ 
ɜ ɩɪɟɞɟɥɚɯ ɭɥɶɹ;          // ɧɚɱɚɥɨ ɨɛɪɚɬɧɨɝɨ ɩɪɨɯɨɞɚ 

10:  FOR b = 1 TO B DO 

11:   Ɋɚɫɫɱɢɬɚɬɶ ɡɧɚɱɟɧɢɟ Ob ɩɨ ɮɨɪɦɭɥɟ (2.9); 

12:  END FOR; 

13:  ɇɚɣɬɢ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɧɨɪɦɚɥɢɡɨɜɚɧɧɨɣ ɰɟɥɟɜɨɣ 
ɮɭɧɤɰɢɢ ɜ ɩɪɟɞɟɥɚɯ ɭɥɶɹ;           

14:  FOR b = 1 TO B DO 

15:   Ⱦɥɹ ɩɱɟɥɵ b ɩɪɢɧɹɬɶ ɪɟɲɟɧɢɟ ɨ ɥɨɹɥɶɧɨɫɬɢ ɬɟɤɭɳɟɦɭ 
ɪɟɲɟɧɢɸ ɫɨɝɥɚɫɧɨ ɮɨɪɦɭɥɟ (2.8);           

16:  END FOR; 

   
17:  FOR b = 1 TO B DO 

18:   ȿɫɥɢ ɩɱɟɥɚ b ɨɬɤɚɡɚɥɚɫɶ ɨɬ ɫɜɨɟɝɨ ɪɟɲɟɧɢɹ, ɬɨ ɩɪɢ 
ɩɨɦɨɳɢ ɦɟɬɨɞɚ ɪɭɥɟɬɤɢ (ɩɨ ɮɨɪɦɭɥɟ (2.10)) ɜɵɛɪɚɬɶ ɞɥɹ 
ɧɟɟ ɪɟɤɪɭɬɚ;           
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19:  END FOR; 

20: END FOR; 

21: ɇɚɣɞɟɦ xNC – ɥɭɱɲɟɟ ɪɟɲɟɧɢɟ ɜ ɭɥɶɟ; 

22: IF (xNC ɥɭɱɲɟ xbest) THEN 

23:  xbest = xNC; 

24: END IF; 

  
24 IF (ɭɫɥɨɜɢɟ ɨɫɬɚɧɨɜɚ ɧɟ ɜɵɩɨɥɧɟɧɨ) THEN 

26:  ɩɟɪɟɯɨɞ ɤ ɤɨɦɚɧɞɟ 1; 

27: END IF; 

28: RETURN xbest; 
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ɉɱɟɥɢɧɵɣ ɚɥɝɨɪɢɬɦ ABC ɞɥɹ ɡɚɞɚɱɢ ɦɢɧɢɦɢɡɚɰɢɢ 

Ⱥɥɝɨɪɢɬɦ ɉ2.3 ɉɱɟɥɢɧɵɣ ɚɥɝɨɪɢɬɦ ABC 

 /* Вɜɟɞɟɦ ɨɛɨɡɧɚɱɟɧɢɹ: n_iter – ɦɚɫɫɢɜ, ɫɨɞɟɪɠɚɳɢɣ ɱɢɫɥɨ ɢɬɟɪɚɰɢɣ ɩɨɞɪɹɞ 

ɛɟɡ ɭɥɭɱɲɟɧɢɹ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ ɞɥɹ ɤɚɠɞɨɝɨ ɪɟɲɟɧɢɹ; xbest – ɥɭɱɲɟɟ 

ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ.    */ 

1: FOR i = 1 TO SN DO 

2:  n_iteri = 0; 

3:  ɂɧɢɰɢɚɥɢɡɢɪɨɜɚɬɶ ɪɟɲɟɧɢɟ xi; 

4:  ɇɚɣɬɢ fit(xi); 

5: END FOR; 

  
6: REPEAT 

7:  FOR i = 1 TO SN DO      // ɞɟɣɫɬɜɢɹ ɡɚɧɹɬɵɯ ɮɭɪɚɠɢɪɨɜ 

8:   ɇɚɣɬɢ ɧɨɜɨɟ ɪɟɲɟɧɢɟ vi ɩɨ ɮɨɪɦɭɥɟ (2.13); 

9:   ɇɚɣɬɢ fit(vi); 
10:   IF (fit(vi) < fit(xi)) THEN 

11:    xi = vi; 

12:    n_iteri = 0; 

13:   END IF; 

14:  END FOR; 

15:  ɇɚɣɬɢ ɜɟɪɨɹɬɧɨɫɬɢ pi (i = 1, 2, …, SN) ɩɨ ɮɨɪɦɭɥɟ (2.11); 

16:  FOR i = 1 TO SN DO      // ɞɟɣɫɬɜɢɹ ɩɱɟɥ-ɧɚɛɥɸɞɚɬɟɥɟɣ 

17:   ȼɵɛɪɚɬɶ ɨɞɧɨ ɢɡ ɪɟɲɟɧɢɣ ɫɨɝɥɚɫɧɨ ɜɟɪɨɹɬɧɨɫɬɹɦ pj 
(j = 1, 2, …, SN), ɩɭɫɬɶ ɷɬɨ ɛɭɞɟɬ ɪɟɲɟɧɢɟ xz; 

18:   ɇɚɣɬɢ ɧɨɜɨɟ ɪɟɲɟɧɢɟ vz ɩɨ ɮɨɪɦɭɥɟ (2.13); 

19:   ɇɚɣɬɢ fit(vz); 

20:   IF (fit(vz) < fit(xz)) THEN 

21:    xz = vz; 

22:    n_iterz = 0; 
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23:   END IF; 

24:  END FOR; 

   
25:  FOR i = 1 TO SN DO      // ɞɟɣɫɬɜɢɹ ɩɱɟɥ-ɪɚɡɜɟɞɱɢɤɨɜ 

26:   IF (n_iteri = limit) THEN 

27:    n_iteri = 0; 

28:    Ɉɛɧɭɥɢɬɶ ɪɟɲɟɧɢɟ xi; 

29:    ɂɧɢɰɢɚɥɢɡɢɪɨɜɚɬɶ ɪɟɲɟɧɢɟ xi; 
30:   END IF; 

31:  END FOR; 

32:  ɇɚɣɞɟɦ xCURR_BEST – ɥɭɱɲɟɟ ɪɟɲɟɧɢɟ ɜ ɭɥɶɟ; 

33:  IF (fit(xCURR_BEST) < fit(xbest)) THEN 

34:   xbest = xCURR_BEST; 

35:  END IF; 

36: UNTIL (ɭɫɥɨɜɢɟ ɨɫɬɚɧɨɜɚ ɧɟ ɜɵɩɨɥɧɟɧɨ) ; 

37: RETURN xbest; 
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ɉɱɟɥɢɧɵɣ ɚɥɝɨɪɢɬɦ BCOi ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ 

ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ 

Ⱥɥɝɨɪɢɬɦ ɉ2.4 ɉɱɟɥɢɧɵɣ ɚɥɝɨɪɢɬɦ BCOi ɞɥɹ ɪɟɲɟɧɢɹ ɁɊɗɊɂɋ 

 /* Вɜɟɞɟɦ ɨɛɨɡɧɚɱɟɧɢɹ: Best – ɥɭɱɲɟɟ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ; cost_best – 

ɰɟɥɟɜɚɹ ɮɭɧɤɰɢɹ Best.    */ 

1: Best = ; 

2: cost_best = ; 

3: IF (use_global != true) or (Best = ) THEN 

4:  FOR b = 1 TO B DO 

5:   ɉɨɫɬɪɨɢɬɶ ɧɚɱɚɥɶɧɨɟ ɪɟɲɟɧɢɟ Currb; 

6:  END FOR; 

7: ELSE  

8:  Curr1 = Best; 

9:  FOR b = 2 TO B DO 

10:   ɉɨɫɬɪɨɢɬɶ ɧɚɱɚɥɶɧɨɟ ɪɟɲɟɧɢɟ Currb; 

11:  END FOR; 

12: END IF; 

  
13: FOR s = 1 TO NC DO 

14:  FOR b = 1 TO B DO    // ɩɪɹɦɨɣ ɩɪɨɯɨɞ 

15:   ɉɨɫɬɪɨɢɦ Nbetter(Currb) ɨɤɪɟɫɬɧɨɫɬɶ ɪɟɲɟɧɢɹ Currb; 

16:   Wb = ; 

17:   FOREACH Sol in N(Currb)DO 

18:    IF (Sol – ɧɟɞɨɩɭɫɬɢɦɨɟ ɪɟɲɟɧɢɟ) THEN 
19:     CONTINUE; 

20:    END IF; 

     
21:    IF F(Sol) ≥ F(Currb) THEN 

22:     CONTINUE; 
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23:    END IF; 

24:    Ⱦɨɛɚɜɢɬɶ Sol ɜ ɦɧɨɠɟɫɬɜɨ Wb; 

25:   END FOREACH; 

    
26:   IF (Wb != ) THEN 

27: 

   

ȼɵɛɟɪɟɦ ɨɞɧɨ ɪɟɲɟɧɢɟ ɢɡ Wb ɩɪɢ ɩɨɦɨɳɢ ɨɞɧɨɝɨ ɢɡ 
ɦɟɬɨɞɨɜ (ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɣ, ɬɭɪɧɢɪɧɵɣ, ɪɚɧɝɨɜɵɣ, 
ɞɢɡɪɭɩɬɢɜɧɵɣ) ɢ ɩɪɢɫɜɨɢɦ ɟɝɨ Currb; 

28:   END IF; 

    
29:   IF (F(Currb) < cost_best) THEN 

30:    Best = Currb; 

31:    cost_best = F(Currb); 

32:   END IF; 

33:  END FOR; 

34:  // ɨɛɪɚɬɧɵɣ ɩɪɨɯɨɞ 

35:  R = 0; 

36: 
 

Gnon_loyal = ;    /* ɦɧɨɠɟɫɬɜɨ ɩɱɟɥ, ɤɨɬɨɪɵɟ ɨɬɤɚɡɚɥɢɫɶ ɨɬ ɫɜɨɢɯ 

ɬɟɤɭɳɢɯ ɪɟɲɟɧɢɣ  */ 

37: 
 

Gloyal = ;    /* ɦɧɨɠɟɫɬɜɨ ɩɱɟɥ, ɤɨɬɨɪɵɟ ɧɟ ɨɬɤɚɡɚɥɢɫɶ ɨɬ ɫɜɨɢɯ 

ɬɟɤɭɳɢɯ ɪɟɲɟɧɢɣ  */ 

38:  IF (s != NC) THEN 

39: 
  

Ɋɚɫɫɱɢɬɚɬɶ ɧɨɪɦɚɥɢɡɨɜɚɧɧɵɟ ɡɧɚɱɟɧɢɹ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ 
ɞɥɹ ɤɚɠɞɨɣ ɩɱɟɥɵ ɩɨ ɮɨɪɦɭɥɟ (2.9); 

40:   FOR b = 1 TO B DO     

41:    ɇɚɣɬɢ 1u

b
p  ɩɨ ɮɨɪɦɭɥɟ (2.8); 

42:    z = Random; 

43:    IF (z > 
1u

b
p ) THEN 

44:     Ⱦɨɛɚɜɢɦ ɩɱɟɥɭ b ɜ ɦɧɨɠɟɫɬɜɨ Gnon_loyal; 



184 

 

45:    ELSE 

46:     R++; 

47:     Ⱦɨɛɚɜɢɦ ɩɱɟɥɭ b ɜ ɦɧɨɠɟɫɬɜɨ Gloyal; 
48:    END IF; 

49:   END FOR; 

    
50:   FOR b = 1 TO B DO     

51:    IF (b  Gnon_loyal) THEN 

52: 

    

ɉɪɢ ɩɨɦɨɳɢ ɨɞɧɨɝɨ ɢɡ ɦɟɬɨɞɨɜ 
(ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɣ, ɬɭɪɧɢɪɧɵɣ, ɪɚɧɝɨɜɵɣ, 
ɞɢɡɪɭɩɬɢɜɧɵɣ) ɩɪɢɫɜɨɢɦ ɩɱɟɥɟ b ɪɟɲɟɧɢɟ ɨɞɧɨɣ 
ɢɡ ɩɱɟɥ ɢɡ ɦɧɨɠɟɫɬɜɚ Gloyal; 

53:    END IF; 

54:   END FOR; 

55:  END IF; 

56: END FOR; 

57: Ɉɛɧɭɥɢɦ ɜɫɟ ɪɟɲɟɧɢɹ Currb (b = 1, 2, …, B); 
58: IF (ɜɪɟɦɹ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ time ɧɟ ɢɫɬɟɤɥɨ) THEN 
59:  ɩɟɪɟɯɨɞ ɤ ɤɨɦɚɧɞɟ 3; 
60: END IF; 

61: RETURN Best; 
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ɉɱɟɥɢɧɵɣ ɚɥɝɨɪɢɬɦ ABC ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ 

ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ 

Ⱥɥɝɨɪɢɬɦ ɉ2.5 ɉɱɟɥɢɧɵɣ ɚɥɝɨɪɢɬɦ ABC ɞɥɹ ɪɟɲɟɧɢɹ ɁɊɗɊɂɋ 

 /* Вɜɟɞɟɦ ɨɛɨɡɧɚɱɟɧɢɹ: Best – ɥɭɱɲɟɟ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ; cost_best – ɰɟɥɟɜɚɹ 

ɮɭɧɤɰɢɹ Best; n_iter – ɦɚɫɫɢɜ, ɫɨɞɟɪɠɚɳɢɣ ɱɢɫɥɨ ɢɬɟɪɚɰɢɣ ɩɨɞɪɹɞ ɛɟɡ 

ɭɥɭɱɲɟɧɢɹ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ ɞɥɹ ɤɚɠɞɨɝɨ ɪɟɲɟɧɢɹ    */ 

1: Best = ; 

2: cost_best = ; 

3: FOR i = 1 TO SN DO 

4:  n_iteri = 0; 

5:  ɉɨɫɬɪɨɢɬɶ ɧɚɱɚɥɶɧɨɟ ɪɟɲɟɧɢɟ Curri; 

6: END FOR; 

  
7: REPEAT 

8:  FOR i = 1 TO SN DO      // ɞɟɣɫɬɜɢɹ ɡɚɧɹɬɵɯ ɮɭɪɚɠɢɪɨɜ 

9:   ɉɨɫɬɪɨɢɦ Sol – ɫɥɭɱɚɣɧɨɟ ɞɨɩɭɫɬɢɦɨɟ ɪɟɲɟɧɢɟ ɢɡ 
ɨɤɪɟɫɬɧɨɫɬɢ Nbetter(Curri); 

10:   IF (F(Sol) < F(Curri)) THEN 

11:    n_iteri = 0; 

12:    Curri = Sol; 

13:   END IF; 

14:  END FOR; 

15:  ɋɨɝɥɚɫɧɨ ɨɞɧɨɦɭ ɢɡ ɦɟɬɨɞɨɜ (ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɣ, ɬɭɪɧɢɪɧɵɣ, 
ɪɚɧɝɨɜɵɣ, ɞɢɡɪɭɩɬɢɜɧɵɣ) ɞɥɹ ɤɚɠɞɨɝɨ ɪɟɲɟɧɢɹ Curri 
(i = 1, 2, …, SN) ɧɚɣɞɟɦ pi –  ɜɟɪɨɹɬɧɨɫɬɶ ɬɨɝɨ, ɱɬɨ ɨɧɨ 
ɛɭɞɟɬ ɜɵɛɪɚɧɨ ɩɱɟɥɨɣ-ɧɚɛɥɸɞɚɬɟɥɟɦ; 

16:  FOR i = 1 TO SN DO      // ɞɟɣɫɬɜɢɹ ɩɱɟɥ-ɧɚɛɥɸɞɚɬɟɥɟɣ 

17:   ȼɵɛɪɚɬɶ ɨɞɧɨ ɢɡ ɪɟɲɟɧɢɣ ɫɨɝɥɚɫɧɨ ɜɟɪɨɹɬɧɨɫɬɹɦ pj (j = 
1, 2, …, SN), ɩɭɫɬɶ ɷɬɨ ɛɭɞɟɬ ɪɟɲɟɧɢɟ Currz; 

18:   ɉɨɫɬɪɨɢɦ Sol – ɫɥɭɱɚɣɧɨɟ ɞɨɩɭɫɬɢɦɨɟ ɪɟɲɟɧɢɟ ɢɡ 
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ɨɤɪɟɫɬɧɨɫɬɢ Nbetter(Currz); 
19:   IF (F(Sol) < F(Currz)) THEN 

20:    n_iterz = 0; 

21:    Currz = Sol; 

22:   END IF; 

23:  END FOR; 

   
24:  FOR i = 1 TO SN DO      // ɨɛɧɨɜɥɟɧɢɟ ɥɭɱɲɟɝɨ ɪɟɲɟɧɢɹ 

25:   IF (F(Curri) < cost_best) THEN 

26:    Best = Curri; 

27:    cost_best = Curri; 

28:   END IF; 

29:  END FOR; 

   
30:  FOR i = 1 TO SN DO      // ɞɟɣɫɬɜɢɹ ɩɱɟɥ-ɪɚɡɜɟɞɱɢɤɨɜ 

31:   IF (n_iteri = limit) THEN 

32:    n_iteri = 0; 

33:    Curri = ; 

34:    ɉɨɫɬɪɨɢɬɶ ɧɚɱɚɥɶɧɨɟ ɪɟɲɟɧɢɟ Curri; 

35:   END IF; 

36:  END FOR; 

37: UNTIL (ɭɫɥɨɜɢɟ ɨɫɬɚɧɨɜɚ ɧɟ ɜɵɩɨɥɧɟɧɨ) ; 

38: RETURN Best; 
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Ⱥɥɝɨɪɢɬɦ ɜɟɪɨɹɬɧɨɫɬɧɨɝɨ ɩɨɢɫɤɚ ɫ ɡɚɩɪɟɬɚɦɢ ɞɥɹ ɪɟɲɟɧɢɹ ɁɊɗɊɂɋ 

 

Best = ;

ɇɚɱɚɥɨ

Ʉɨɧɟɰ

TL =  ;

ɉɨɫɬɪɨɢɬɶ Curr – 
ɧɚɱɚɥɶɧɨɟ ɪɟɲɟɧɢɟ 

ɁɊɗɋɂɋ;

ɉɨɫɬɪɨɢɬɶ ɨɤɪɟɫɬɧɨɫɬɶ 
NTL(Curr);

Best_neigh = ;

for_1
FOREACH Sol in 

NTL(Curr)

for_1

F(Sol) < F(Best_neigh) 
AND Random > p?

Best_neigh = Sol;

Ⱦɢɜɟɪɫɢɮɢɤɚɰɢɹ 
ɩɨɢɫɤɚ;

ȼɵɩɨɥɧɟɧɨ 
ɭɫɥɨɜɢɟ ɨɫɬɚɧɨɜɚ?

Ɉɛɧɨɜɢɬɶ TL ɩɪɢ 
ɩɨɦɨɳɢ 

Best_neigh;

да

нет

да

F(Best_neigh) < F(Best)?
Best = Best_neigh; да

нет

нет

Curr = Best_neigh;

 

Ɋɢɫɭɧɨɤ ɉ2.1 – Ȼɥɨɤ-ɫɯɟɦɚ ɜɟɪɨɹɬɧɨɫɬɧɨɝɨ ɉɁ ɞɥɹ ɪɟɲɟɧɢɹ ɁɊɗɊɂɋ 
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Ⱥɥɝɨɪɢɬɦ ɦɭɥɶɬɢɫɬɚɪɬɚ ɞɥɹ ɪɟɲɟɧɢɹ ɁɊɗɊɂɋ 

ɇɚɱɚɥɨ

Ʉɨɧɟɰȼɵɩɨɥɧɟɧɨ 
ɭɫɥɨɜɢɟ ɨɫɬɚɧɨɜɚ?

i = 0;

i++;

n_iter = 0;

n_iter++;

ɉɨɫɬɪɨɢɬɶ Curri – 
ɧɚɱɚɥɶɧɨɟ ɪɟɲɟɧɢɟ 

ɞɥɹ i–ɝɨ ɫɬɚɪɬɚ;

ɂɧɬɟɧɫɢɮɢɤɚɰɢɹ 
ɩɨɢɫɤɚ;

ɋɝɟɧɟɪɢɪɭɟɦ Sol – ɫɥɭɱɚɣɧɨɟ 
ɞɨɩɭɫɬɢɦɨɟ ɪɟɲɟɧɢɟ ɢɡ 

ɨɤɪɟɫɬɧɨɫɬɢ Nall_better(Curri);

F(Sol) < F(Curri)?

n_iter = 0;

Curri = Sol;

n_iter = N_iter_max?

Best = ฀;

F(Curri) < F(Best)?

Best = Curri;

да

нет

да

нет

да

да

нет

нет

 

Ɋɢɫɭɧɨɤ ɉ2.2 – Ȼɥɨɤ-ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ ɦɭɥɶɬɢɫɬɚɪɬɚ ɞɥɹ ɪɟɲɟɧɢɹ ɁɊɗɊɂɋ 
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Ɇɭɪɚɜɶɢɧɵɣ ɚɥɝɨɪɢɬɦ ɪɟɲɟɧɢɹ ɁɊɗɊɂɋ 

ȼɵɩɨɥɧɟɧɨ 
ɭɫɥɨɜɢɟ ɨɫɬɚɧɨɜɚ?

h = 1;

h++;

h = A?

Ɋɚɫɱɟɬ ɡɧɚɱɟɧɢɣ 
ɷɜɪɢɫɬɢɱɟɫɤɨɣ 

ɮɭɧɤɰɢɢ

Ɇɭɪɚɜɟɣ 1-ɣ ɤɨɥɨɧɢɢ 
ɪɚɧɠɢɪɭɟɬ ɷɥɟɦɟɧɬɵ ɩɨ 
ɮɨɪɦɭɥɚɦ (2.17) ɢ (2.18)

Ɇɭɪɚɜɟɣ 2-ɣ ɤɨɥɨɧɢɢ 
ɩɨɞɤɥɸɱɚɟɬ ɤɥɢɟɧɬɨɜ ɤ 

ɷɥɟɦɟɧɬɚɦ ɂɋ ɩɨ 
ɮɨɪɦɭɥɚɦ (2.19) ɢ 

(2.20)

ɂɫɩɨɥɶɡɭɟɬɫɹ 
ɚɥɝɨɪɢɬɦ ACS?

Ʌɨɤɚɥɶɧɨɟ 
ɨɛɧɨɜɥɟɧɢɟ ɮɟɪɨɦɨɧɚ 
ɩɨ ɮɨɪɦɭɥɚɦ (2.32) ɢ 

(2.33)

Ƚɥɨɛɚɥɶɧɨɟ 
ɨɛɧɨɜɥɟɧɢɟ 
ɮɟɪɨɦɨɧɚ

ɇɚɱɚɥɨ

Ʉɨɧɟɰ

нет

да

да

нет

нет

Ɉɛɧɨɜɥɟɧɢɟ Best;

// ɥɭɱɲɟɟ ɪɟɲɟɧɢɟ
 Best =  ;

 

Ɋɢɫɭɧɨɤ ɉ2.3 – Ȼɥɨɤ-ɫɯɟɦɚ ɦɭɪɚɜɶɢɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɪɟɲɟɧɢɹ ɁɊɗɊɂɋ 
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Ɇɟɬɨɞ ɧɚɫɬɪɨɣɤɢ ɩɚɪɚɦɟɬɪɨɜ ɦɟɬɚɷɜɪɢɫɬɢɤ ɪɟɲɟɧɢɹ ɁɊɗɊɂɋ 

 

ɂɧɢɰɢɚɥɢɡɚɰɢɹ 
ɩɚɪɚɦɟɬɪɨɜ 

ɷɜɨɥɸɰɢɨɧɧɨɝɨ 
ɚɥɝɨɪɢɬɦɚ

ɋɨɫɬɚɜɢɬɶ ɫɩɢɫɨɤ ɭɩɪɚɜɥɹɸɳɢɯ 
ɩɚɪɚɦɟɬɪɨɜ

(ɡɚɞɚɬɶ npar, A1, A2, …, Anpar)

ɋɮɨɪɦɭɥɢɪɨɜɚɬɶ 
ɬɟɫɬɨɜɭɸ ɡɚɞɚɱɭ

ɂɫɯɨɞɹ ɢɡ ɦɨɳɧɨɫɬɢ ɦɧɨɠɟɫɬɜ 
A1, A2, …, Anpar ɨɩɪɟɞɟɥɢɬɶ ɪɚɡɦɟɪ 

ɯɪɨɦɨɫɨɦɵ

ɋɥɭɱɚɣɧɚɹ 
ɝɟɧɟɪɚɰɢɹ 

ɯɪɨɦɨɫɨɦɵ - 
ɛɢɬɨɜɨɣ ɫɬɪɨɤɢ 

ɂɫɬɟɤɥɨ ɜɪɟɦɹ 
time_overall?

ȼɵɛɨɪ ɪɟɲɟɧɢɹ - 
ɥɭɱɲɟɣ 

ɯɪɨɦɨɫɨɦɵ ɜ 
ɩɨɩɭɥɹɰɢɢ

Ʉɨɧɟɰ

Ɉɰɟɧɤɚ 
ɩɪɢɫɩɨɫɨɛɥɟɧɧɨɫɬɢ 
ɨɫɨɛɟɣ ɩɨɩɭɥɹɰɢɢ

ɋɟɥɟɤɰɢɹ

Ɇɭɬɚɰɢɹ

ɋɤɪɟɳɢɜɚɧɢɟ

Ɏɨɪɦɢɪɨɜɚɧɢɟ 
ɧɨɜɨɣ ɩɨɩɭɥɹɰɢɢ

ɧɟɬ

ɞɚ

ȼɵɜɨɞ 
ɪɟɲɟɧɢɹ

ɇɚɱɚɥɨ

 

Ɋɢɫɭɧɨɤ ɉ2.4 – Ȼɥɨɤ-ɫɯɟɦɚ ɩɟɪɜɨɣ ɮɚɡɵ ɦɟɬɨɞɚ ɨɩɬɢɦɢɡɚɰɢɢ ɩɚɪɚɦɟɬɪɨɜ 

ɦɟɬɚɷɜɪɢɫɬɢɤ ɪɟɲɟɧɢɹ ɁɊɗɊɂɋ 
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ɉɊɂɅɈɀȿɇɂȿ 3. ɋɄɊɂɇɒɈɌɕ ɇȿɄɈɌɈɊɕɏ ɈɄɈɇ 

ɋɈɁȾȺɇɇɈȽɈ ɉɊɈȽɊȺɆɆɇɈȽɈ ɄɈɆɉɅȿɄɋȺ 

ȼɢɞ ɝɥɚɜɧɨɝɨ ɨɤɧɚ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ  ɫɪɚɡɭ ɩɨɫɥɟ ɡɚɩɭɫɤɚ 

ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ ɉ3.1. 

 

Ɋɢɫɭɧɨɤ ɉ3.1 – ɂɫɯɨɞɧɵɣ ɜɢɞ ɝɥɚɜɧɨɝɨ ɨɤɧɚ ɩɪɨɝɪɚɦɦɵ 

ȼ ɰɟɧɬɪɟ ɝɥɚɜɧɨɝɨ ɨɤɧɚ ɪɚɫɩɨɥɨɠɟɧɚ ɤɚɪɬɚ (ɫɟɬɤɚ), ɧɚ ɤɨɬɨɪɨɣ ɪɚɡɦɟɳɚɸɬɫɹ 

ɤɥɢɟɧɬɵ ɢ ɦɟɫɬɚ-ɤɚɧɞɢɞɚɬɵ. ɂɦɟɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɦɟɧɹɬɶ ɦɚɫɲɬɚɛ ɤɚɪɬɵ. ɇɚ 

ɤɚɪɬɟ ɤɥɢɟɧɬɵ ɨɛɨɡɧɚɱɚɸɬɫɹ ɡɟɥɟɧɵɦɢ ɤɜɚɞɪɚɬɢɤɚɦɢ, ɚ ɦɟɫɬɚ-ɤɚɧɞɢɞɚɬɵ – 

ɫɢɧɢɦɢ ɤɪɭɠɤɚɦɢ. ɉɨ ɨɛɟɢɦ ɫɬɨɪɨɧɚɦ ɨɬ ɫɟɬɤɢ ɧɚɯɨɞɹɬɫɹ ɬɚɛɥɢɰɵ, ɜ ɤɨɬɨɪɵɯ 

ɨɬɨɛɪɚɠɚɸɬɫɹ ɤɨɨɪɞɢɧɚɬɵ ɦɟɫɬ-ɤɚɧɞɢɞɚɬɨɜ ɢ ɤɥɢɟɧɬɨɜ. Ʉɥɢɟɧɬɵ ɡɚɞɚɸɬɫɹ ɧɚ 

ɤɚɪɬɟ ɪɚɡɦɟɳɟɧɢɹ ɩɪɢ ɩɨɦɨɳɢ ɤɥɢɤɚ ɩɪɚɜɨɣ ɤɧɨɩɤɨɣ ɦɵɲɢ, ɦɟɫɬɚ-ɤɚɧɞɢɞɚɬɵ – 

ɩɪɢ ɩɨɦɨɳɢ ɥɟɜɨɣ. Ɍɚɤɠɟ ɢɦɟɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɡɚɞɚɬɶ ɞɟɤɚɪɬɨɜɵ ɤɨɨɪɞɢɧɚɬɵ 

ɨɛɴɟɤɬɨɜ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɬɚɛɥɢɰɚɯ. ȼɢɞ ɝɥɚɜɧɨɣ ɮɨɪɦɵ ɩɪɨɝɪɚɦɦɧɨɝɨ 

ɤɨɦɩɥɟɤɫɚ ɫ ɧɚɧɟɫɟɧɧɵɦɢ ɧɚ ɤɨɨɪɞɢɧɚɬɧɭɸ ɫɟɬɤɭ ɦɟɫɬɚɦɢ-ɤɚɧɞɢɞɚɬɚɦɢ ɢ 
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ɤɥɢɟɧɬɚɦɢ (ɞɥɹ ɫɥɭɱɚɹ, ɤɨɝɞɚ ɫɢɫɬɟɦɚ ɩɥɚɧɢɪɭɟɬɫɹ «ɫ ɧɭɥɹ») ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ 

ɪɢɫɭɧɤɟ ɉ3.2. ɉɪɨɝɪɚɦɦɧɵɣ ɤɨɦɩɥɟɤɫ ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɡɚɝɪɭɡɤɢ ɢɡ 

ɮɚɣɥɚ (ɚ ɬɚɤɠɟ ɢɡ ȻȾ) ɢ ɡɚɩɢɫɢ ɜ ɮɚɣɥ (ɚ ɬɚɤɠɟ ɜ ȻȾ) ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɡɚɞɚɱɢ 

ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ (ɱɢɫɥɨ ɢ ɤɨɨɪɞɢɧɚɬɵ ɦɟɫɬ-

ɤɚɧɞɢɞɚɬɨɜ, ɫɜɟɞɟɧɢɹ ɨɛ ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɷɥɟɦɟɧɬɚɯ, ɱɢɫɥɨ ɢ ɤɨɨɪɞɢɧɚɬɵ 

ɤɥɢɟɧɬɨɜ). ɗɬɚ ɨɫɨɛɟɧɧɨɫɬɶ ɩɨɡɜɨɥɹɟɬ ɛɵɫɬɪɨ ɡɚɩɭɫɤɚɬɶ ɪɚɡɥɢɱɧɵɟ ɡɚɞɚɱɢ ɫ 

ɪɚɡɥɢɱɧɵɦɢ ɢɫɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɜɫɟ ɨɫɧɨɜɧɵɟ ɞɟɣɫɬɜɢɹ, ɞɨɫɬɭɩɧɵɟ 

ɧɚ ɝɥɚɜɧɨɦ ɨɤɧɟ ɫ ɩɨɦɨɳɶɸ ɪɚɡɦɟɳɟɧɧɵɯ ɤɧɨɩɨɤ, ɩɪɨɞɭɛɥɢɪɨɜɚɧɵ ɜ ɦɟɧɸ. 

 

Ɋɢɫɭɧɨɤ ɉ3.2 – ȼɢɞ ɝɥɚɜɧɨɝɨ ɨɤɧɚ ɩɪɨɝɪɚɦɦɵ ɫ ɧɚɧɟɫɟɧɧɵɦɢ 

ɦɟɫɬɚɦɢ-ɤɚɧɞɢɞɚɬɚɦɢ ɢ ɤɥɢɟɧɬɚɦɢ (ɞɥɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ «ɫ ɧɭɥɹ») 

ȼɢɞ ɝɥɚɜɧɨɣ ɮɨɪɦɵ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɫ ɧɚɧɟɫɟɧɧɵɦɢ ɧɚ 

ɤɨɨɪɞɢɧɚɬɧɭɸ ɫɟɬɤɭ ɦɟɫɬɚɦɢ-ɤɚɧɞɢɞɚɬɚɦɢ ɢ ɤɥɢɟɧɬɚɦɢ ɞɥɹ ɫɥɭɱɚɹ ɦɨɞɟɪɧɢɡɚɰɢɢ 

ɛɟɫɩɪɨɜɨɞɧɨɣ ɫɟɬɢ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ ɉ3.3. Ʉɪɚɫɧɵɦ ɰɜɟɬɨɦ ɨɛɨɡɧɚɱɟɧɨ 

ɦɟɫɬɨ-ɤɚɧɞɢɞɚɬ, ɧɚ ɤɨɬɨɪɨɦ ɜ ɢɫɯɨɞɧɨɣ ɂɋ ɭɠɟ ɭɫɬɚɧɨɜɥɟɧɚ ɛɚɡɨɜɚɹ ɫɬɚɧɰɢɹ. 
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Ɋɢɫɭɧɨɤ ɉ3.3 – ȼɢɞ ɝɥɚɜɧɨɝɨ ɨɤɧɚ ɩɪɨɝɪɚɦɦɵ ɫ ɧɚɧɟɫɟɧɧɵɦɢ 

ɦɟɫɬɚɦɢ-ɤɚɧɞɢɞɚɬɚɦɢ ɢ ɤɥɢɟɧɬɚɦɢ (ɞɥɹ ɫɥɭɱɚɹ ɦɨɞɟɪɧɢɡɚɰɢɢ ɂɋ) 

Ɂɚɞɚɜɚɬɶ ɧɚɫɬɪɨɣɤɢ ɞɥɹ ɪɚɡɧɵɯ ɬɢɩɨɜ ɛɚɡɨɜɵɯ ɫɬɚɧɰɢɣ ɦɨɠɧɨ ɧɚ ɮɨɪɦɟ 

«ɉɚɪɚɦɟɬɪɵ ɛɚɡɨɜɵɯ ɫɬɚɧɰɢɣ» (ɪɢɫɭɧɨɤ ɉ3.4). ɗɬɚ ɮɨɪɦɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɬɚɛɥɢɰɭ ɢ ɞɚɟɬ ɩɨɥɶɡɨɜɚɬɟɥɸ ɜɨɡɦɨɠɧɨɫɬɶ ɢɡɦɟɧɹɬɶ ɬɚɤɢɟ ɩɚɪɚɦɟɬɪɵ ɛɚɡɨɜɵɯ 

ɫɬɚɧɰɢɣ, ɤɚɤ ɰɟɧɚ, ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ, ɦɨɳɧɨɫɬɶ ɩɟɪɟɞɚɱɢ, ɧɟɨɛɯɨɞɢɦɚɹ 

ɦɨɳɧɨɫɬɶ ɩɪɢɧɢɦɚɟɦɨɝɨ ɫɢɝɧɚɥɚ, ɰɟɧɚ ɭɞɚɥɟɧɢɹ ɢɡ ɫɬɪɭɤɬɭɪɵ ɂɋ, ɰɟɧɚ 

ɞɨɛɚɜɥɟɧɢɹ ɜ ɫɬɪɭɤɬɭɪɭ. ɋɬɨɥɛɟɰ «ɂɫɩɨɥɶɡɨɜɚɬɶ ɜ ɪɚɫɱɟɬɚɯ (+/-)» ɨɩɪɟɞɟɥɹɟɬ, 

ɛɭɞɟɬ ɥɢ ɫɬɚɧɰɢɹ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɬɢɩɚ ɭɱɢɬɵɜɚɬɶɫɹ ɩɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱɢ. ɂɦɟɟɬɫɹ 

ɜɨɡɦɨɠɧɨɫɬɶ ɡɚɝɪɭɡɤɢ ɢɡ ɮɚɣɥɚ (ɚ ɬɚɤɠɟ ɢɡ ȻȾ) ɢ ɡɚɩɢɫɢ ɜ ɮɚɣɥ (ɚ ɬɚɤɠɟ ɜ ȻȾ) 

ɫɩɪɚɜɨɱɧɢɤɚ ɫ ɩɚɪɚɦɟɬɪɚɦɢ ɛɚɡɨɜɵɯ ɫɬɚɧɰɢɣ. 

Ɂɚɞɚɜɚɬɶ ɧɚɫɬɪɨɣɤɢ ɞɥɹ ɤɥɢɟɧɬɨɜ ɦɨɠɧɨ ɧɚ ɮɨɪɦɟ «ɉɚɪɚɦɟɬɪɵ ɤɥɢɟɧɬɨɜ» 

(ɪɢɫɭɧɨɤ ɉ3.5). ɗɬɚ ɮɨɪɦɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɬɚɛɥɢɰɭ ɢ ɞɚɟɬ ɩɨɥɶɡɨɜɚɬɟɥɸ 
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ɜɨɡɦɨɠɧɨɫɬɶ ɢɡɦɟɧɹɬɶ ɬɚɤɢɟ ɩɚɪɚɦɟɬɪɵ ɤɥɢɟɧɬɨɜ, ɤɚɤ ɬɪɟɛɭɟɦɚɹ ɫɤɨɪɨɫɬɶ, 

ɦɨɳɧɨɫɬɶ ɩɟɪɟɞɚɱɢ, ɧɟɨɛɯɨɞɢɦɚɹ ɦɨɳɧɨɫɬɶ ɩɪɢɧɢɦɚɟɦɨɝɨ ɫɢɝɧɚɥɚ, ɜɵɫɨɬɚ 

ɚɧɬɟɧɧɵ. ɂɦɟɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɡɚɝɪɭɡɤɢ ɢɡ ɮɚɣɥɚ (ɚ ɬɚɤɠɟ ɢɡ ȻȾ) ɢ ɡɚɩɢɫɢ ɜ ɮɚɣɥ 

(ɚ ɬɚɤɠɟ ɜ ȻȾ) ɧɚɫɬɪɨɟɤ ɤɥɢɟɧɬɨɜ. 

 

Ɋɢɫɭɧɨɤ ɉ3.4 – ȼɢɞ ɮɨɪɦɵ ɧɚɫɬɪɨɣɤɢ ɩɚɪɚɦɟɬɪɨɜ ɛɚɡɨɜɵɯ ɫɬɚɧɰɢɣ 

 

Ɋɢɫɭɧɨɤ ɉ3.5 – ȼɢɞ ɮɨɪɦɵ ɧɚɫɬɪɨɣɤɢ ɩɚɪɚɦɟɬɪɨɜ ɤɥɢɟɧɬɨɜ 
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Ɂɚɞɚɜɚɬɶ ɧɚɫɬɪɨɣɤɢ ɞɥɹ ɦɟɫɬ-ɤɚɧɞɢɞɚɬɨɜ ɦɨɠɧɨ ɧɚ ɮɨɪɦɟ «ɉɚɪɚɦɟɬɪɵ ɦɟɫɬ-

ɤɚɧɞɢɞɚɬɨɜ» (ɪɢɫɭɧɨɤ ɉ3.6). ɗɬɚ ɮɨɪɦɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɬɚɛɥɢɰɭ ɢ ɞɚɟɬ 

ɩɨɥɶɡɨɜɚɬɟɥɸ ɜɨɡɦɨɠɧɨɫɬɶ ɢɡɦɟɧɹɬɶ ɬɚɤɢɟ ɩɚɪɚɦɟɬɪɵ ɦɟɫɬ-ɤɚɧɞɢɞɚɬɨɜ, ɤɚɤ ɰɟɧɚ 

ɚɪɟɧɞɵ, ɦɚɤɫɢɦɚɥɶɧɚɹ ɜɵɫɨɬɚ ɭɫɬɚɧɨɜɤɢ ɚɧɬɟɧɧɵ, ɰɟɧɚ ɭɞɚɥɟɧɢɹ ɷɥɟɦɟɧɬɚ ɂɋ, ɚ 

ɬɚɤɠɟ ɫɨɞɟɪɠɢɬ ɢɧɮɨɪɦɚɰɢɸ ɨ ɬɢɩɟ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɧɚ ɞɚɧɧɨɦ ɦɟɫɬɟ Ȼɋ (ɜ ɫɥɭɱɚɟ, 

ɟɫɥɢ ɨɧɚ ɬɚɦ ɭɫɬɚɧɨɜɥɟɧɚ). ɂɦɟɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɡɚɝɪɭɡɤɢ ɢɡ ɮɚɣɥɚ (ɚ ɬɚɤɠɟ ɢɡ 

ȻȾ) ɢ ɡɚɩɢɫɢ ɜ ɮɚɣɥ (ɚ ɬɚɤɠɟ ɜ ȻȾ) ɧɚɫɬɪɨɟɤ ɦɟɫɬ-ɤɚɧɞɢɞɚɬɨɜ. 

Ɏɨɪɦɚ «ɉɚɪɚɦɟɬɪɵ ɫɪɟɞɵ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɫɢɝɧɚɥɚ» (ɪɢɫɭɧɨɤ ɉ3.7) 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɩɨɥɶɡɨɜɚɬɟɥɸ ɜɨɡɦɨɠɧɨɫɬɶ ɜɵɛɪɚɬɶ ɢɡ ɫɩɢɫɤɚ ɦɨɞɟɥɶ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɫɢɝɧɚɥɚ, ɩɚɪɚɦɟɬɪɵ ɦɨɞɟɥɢ, ɬɢɩ ɦɟɫɬɧɨɫɬɢ ɢ ɬ.ɞ. 

 

Ɋɢɫɭɧɨɤ ɉ3.6 – ȼɢɞ ɮɨɪɦɵ ɧɚɫɬɪɨɣɤɢ ɩɚɪɚɦɟɬɪɨɜ ɦɟɫɬ-ɤɚɧɞɢɞɚɬɨɜ 

ɇɚ ɝɥɚɜɧɨɦ ɨɤɧɟ ɩɪɨɝɪɚɦɦɵ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜɵɛɨɪ ɨɞɧɨɝɨ ɢɡ ɜɨɫɶɦɢ 

ɫɩɨɫɨɛɨɜ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ: ɩɨɥɧɵɣ ɩɟɪɟɛɨɪ, ɥɨɤɚɥɶɧɵɣ ɫɩɭɫɤ, ɷɜɨɥɸɰɢɨɧɧɵɣ 

ɚɥɝɨɪɢɬɦ, ɦɟɬɨɞ ɢɦɢɬɚɰɢɢ ɨɬɠɢɝɚ, ɩɨɢɫɤ ɫ ɡɚɩɪɟɬɚɦɢ, ɚɥɝɨɪɢɬɦ ɦɭɥɶɬɢɫɬɚɪɬɚ 

ɦɭɪɚɜɶɢɧɵɣ ɚɥɝɨɪɢɬɦ, ɩɱɟɥɢɧɵɟ ɚɥɝɨɪɢɬɦɵ BCO ɢ ABC. Ⱦɥɹ ɢɡɦɟɧɟɧɢɹ 

ɩɚɪɚɦɟɬɪɨɜ ɧɚɫɬɪɨɣɤɢ ɚɥɝɨɪɢɬɦɨɜ ɪɟɲɟɧɢɹ ɁɊɗɊɂɋ ɜ ɦɟɧɸ ɩɪɟɞɭɫɦɨɬɪɟɧɵ 
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ɤɧɨɩɤɢ, ɧɚɠɚɬɢɟ ɧɚ ɤɨɬɨɪɵɟ ɩɪɢɜɨɞɢɬ ɤ ɩɨɹɜɥɟɧɢɸ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɨɤɨɧ. ɇɢɠɟ 

ɞɥɹ ɩɪɢɦɟɪɚ ɩɪɢɜɟɞɟɧ ɜɧɟɲɧɢɣ ɜɢɞ ɮɨɪɦɵ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɣ ɞɥɹ ɜɜɨɞɚ 

ɩɚɪɚɦɟɬɪɨɜ ɦɭɪɚɜɶɢɧɨɝɨ ɚɥɝɨɪɢɬɦɚ (ɪɢɫɭɧɨɤ ɉ3.8). Ⱦɥɹ ɨɫɬɚɥɶɧɵɯ ɦɟɬɚɷɜɪɢɫɬɢɤ 

ɫɭɳɟɫɬɜɭɸɬ ɚɧɚɥɨɝɢɱɧɵɟ ɮɨɪɦɵ. 

 

Ɋɢɫɭɧɨɤ ɉ3.7 – ȼɢɞ ɮɨɪɦɵ ɧɚɫɬɪɨɣɤɢ ɫɜɨɣɫɬɜ ɫɪɟɞɵ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɫɢɝɧɚɥɚ 

 

Ɋɢɫɭɧɨɤ ɉ3.8 – ȼɢɞ ɮɨɪɦɵ ɜɜɨɞɚ ɩɚɪɚɦɟɬɪɨɜ ɦɭɪɚɜɶɢɧɨɝɨ ɚɥɝɨɪɢɬɦɚ 



197 

 

Ⱦɟɣɫɬɜɢɹ ɩɨɥɶɡɨɜɚɬɟɥɹ ɩɪɢ ɪɚɛɨɬɟ ɫ ɫɨɡɞɚɧɧɵɦ ɩɪɨɝɪɚɦɦɧɵɦ ɨɛɟɫɩɟɱɟɧɢɟɦ 

ɡɚɤɥɸɱɚɸɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ. ɉɨɫɥɟ ɨɬɤɪɵɬɢɹ ɩɪɨɝɪɚɦɦɵ ɩɨɥɶɡɨɜɚɬɟɥɶ ɪɚɫɫɬɚɜɥɹɟɬ 

ɧɚ ɫɟɬɤɟ ɤɥɢɟɧɬɵ ɢ ɦɟɫɬɚ-ɤɚɧɞɢɞɚɬɵ, ɥɢɛɨ ɡɚɝɪɭɠɚɟɬ ɢɯ ɤɨɨɪɞɢɧɚɬɵ ɢɡ ɮɚɣɥɚ (ɢɡ 

ȻȾ). Ⱦɚɥɟɟ ɬɪɟɛɭɟɬɫɹ ɡɚɞɚɬɶ ɩɚɪɚɦɟɬɪɵ Ȼɋ, ɤɥɢɟɧɬɨɜ ɢ ɦɟɫɬ-ɤɚɧɞɢɞɚɬɨɜ, ɜ ɬ.ɱ. 

ɩɟɪɟɱɢɫɥɢɬɶ Ȼɋ, ɤɨɬɨɪɵɟ ɭɠɟ ɜɤɥɸɱɟɧɵ ɜ ɬɟɤɭɳɭɸ ɫɬɪɭɤɬɭɪɭ ɛɟɫɩɪɨɜɨɞɧɨɣ ɫɟɬɢ 

ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ (ɜɫɸ ɷɬɭ ɢɧɮɨɪɦɚɰɢɸ ɦɨɠɧɨ ɡɚɝɪɭɡɢɬɶ ɢɡ ɮɚɣɥɨɜ), ɜɵɛɪɚɬɶ 

ɫɩɨɫɨɛ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ, ɜɜɟɫɬɢ ɩɚɪɚɦɟɬɪɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɚɥɝɨɪɢɬɦɚ ɢ ɧɚɠɚɬɶ 

ɤɧɨɩɤɭ «Ɋɟɲɢɬɶ».  

ɉɨ ɨɤɨɧɱɚɧɢɸ ɪɚɫɱɟɬɨɜ ɧɚ ɤɨɨɪɞɢɧɚɬɧɨɣ ɫɟɬɤɟ ɝɥɚɜɧɨɣ ɮɨɪɦɵ ɨɬɨɛɪɚɡɹɬɫɹ 

ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ. Ɇɟɫɬɚ-ɤɚɧɞɢɞɚɬɵ, ɧɚ ɤɨɬɨɪɵɯ ɭɫɬɚɧɨɜɥɟɧɚ Ȼɋ ɛɭɞɭɬ 

ɨɛɨɡɧɚɱɟɧɵ ɤɪɚɫɧɵɦ ɰɜɟɬɨɦ, ɦɟɫɬɚ ɛɟɡ ɛɚɡɨɜɵɯ ɫɬɚɧɰɢɣ – ɫɜɟɬɥɨ-ɪɨɡɨɜɵɦ 

(ɪɢɫɭɧɨɤ ɉ3.9). ɉɨ ɧɚɠɚɬɢɸ ɧɚ ɤɧɨɩɤɭ «Ɉɬɨɛɪɚɡɢɬɶ ɪɟɲɟɧɢɟ» ɫɨɟɞɢɧɢɬɟɥɶɧɨɣ 

ɥɢɧɢɟɣ ɛɭɞɟɬ ɨɬɨɛɪɚɠɟɧ ɮɚɤɬ ɩɨɞɤɥɸɱɟɧɢɹ ɤɥɢɟɧɬɚ ɤ ɤɨɧɤɪɟɬɧɨɣ Ȼɋ (ɪɢɫɭɧɨɤ 

ɉ3.10). ɉɨ ɧɚɠɚɬɢɸ ɧɚ ɤɧɨɩɤɭ «ɩɨɞɪɨɛɧɟɟ» ɨɬɤɪɨɟɬɫɹ ɮɨɪɦɚ «Ⱦɟɬɚɥɶɧɵɟ 

ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ» (ɪɢɫɭɧɨɤ ɉ3.11). Ⱦɚɧɧɨɟ ɨɤɧɨ ɫɨɞɟɪɠɢɬ ɢɧɮɨɪɦɚɰɢɸ ɨ ɬɨɦ, 

ɧɚ ɤɚɤɢɯ ɦɟɫɬɚɯ-ɤɚɧɞɢɞɚɬɚɯ ɛɵɥɢ ɭɫɬɚɧɨɜɥɟɧɵ Ȼɋ ɫ ɭɤɚɡɚɧɢɟɦ ɤɨɧɤɪɟɬɧɨɝɨ ɬɢɩɚ 

Ȼɋ, ɚ ɬɚɤɠɟ ɢɧɮɨɪɦɚɰɢɸ ɨɛ ɭɞɚɥɟɧɧɵɯ ɢ ɦɨɞɟɪɧɢɡɢɪɨɜɚɧɧɵɯ Ȼɋ. ȼ ɨɬɞɟɥɶɧɨɣ 

ɬɚɛɥɢɰɟ ɞɥɹ ɤɚɠɞɨɝɨ ɤɥɢɟɧɬɚ ɭɤɚɡɚɧɨ, ɤ ɤɚɤɨɣ ɢɦɟɧɧɨ ɛɚɡɨɜɨɣ ɫɬɚɧɰɢɢ ɨɧ 

ɩɨɞɤɥɸɱɟɧ. Ɍɚɤɠɟ ɧɚ ɮɨɪɦɟ «Ⱦɟɬɚɥɶɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ» ɩɪɢɜɟɞɟɧɚ 

ɫɬɨɢɦɨɫɬɶ ɤɨɦɩɥɟɤɫɚ ɛɚɡɨɜɵɯ ɫɬɚɧɰɢɣ. 



198 

 

 

Ɋɢɫɭɧɨɤ ɉ3.9 – ȼɢɞ ɝɥɚɜɧɨɝɨ ɨɤɧɚ ɩɪɨɝɪɚɦɦɵ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɪɚɫɱɟɬɨɜ 
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Ɋɢɫɭɧɨɤ ɉ3.10 – ȼɢɞ ɝɥɚɜɧɨɝɨ ɨɤɧɚ ɩɪɨɝɪɚɦɦɵ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɪɚɫɱɟɬɨɜ (Ȼɋ 

ɫɨɟɞɢɧɟɧɵ ɫ ɤɥɢɟɧɬɚɦɢ) 

Ⱦɥɹ ɤɚɠɞɨɣ Ȼɋ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɫɬɪɨɤɟ ɩɨ ɧɚɠɚɬɢɸ ɧɚ ɹɱɟɣɤɭ ɫ 

ɫɢɦɜɨɥɚɦɢ "..." ɨɬɤɪɨɟɬɫɹ ɮɨɪɦɚ ɫɨ ɫɩɢɫɤɨɦ ɩɨɞɤɥɸɱɟɧɧɵɯ ɤɥɢɟɧɬɨɜ (ɪɢɫɭɧɨɤ 

ɉ3.12). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɤɚɱɟɫɬɜɟ ɪɟɡɭɥɶɬɚɬɚ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ, 

ɩɨɦɨɝɚɸɳɟɝɨ ɥɢɰɭ, ɩɪɢɧɢɦɚɸɳɟɦɭ ɪɟɲɟɧɢɟ, ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ ɪɚɡɦɟɳɟɧɢɟ Ȼɋ 

ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɛɟɫɩɪɨɜɨɞɧɵɯ ɫɟɬɟɣ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ, ɜɵɫɬɭɩɚɟɬ 

ɜɵɞɚɜɚɟɦɚɹ ɩɨɥɶɡɨɜɚɬɟɥɸ ɢɧɮɨɪɦɚɰɢɹ ɨ ɧɟɨɛɯɨɞɢɦɵɯ ɦɟɫɬɚɯ ɪɚɡɦɟɳɟɧɢɹ 

ɛɚɡɨɜɵɯ ɫɬɚɧɰɢɣ, ɬɢɩɚɯ Ȼɋ, ɦɟɫɬɚɯ ɫ ɤɨɬɨɪɵɯ ɦɨɠɧɨ ɭɞɚɥɢɬɶ Ȼɋ, ɚ ɬɚɤɠɟ 

ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɦɨɞɟɪɧɢɡɚɰɢɢ Ȼɋ. 

ȿɫɥɢ ɩɨɥɶɡɨɜɚɬɟɥɶ ɯɨɱɟɬ ɡɚɩɭɫɬɢɬɶ ɧɟ ɨɞɢɧ ɪɚɫɱɟɬ, ɚ ɫɪɚɡɭ ɧɟɫɤɨɥɶɤɨ, ɬɨ ɨɧ 

ɦɨɠɟɬ ɫɞɟɥɚɬɶ ɷɬɨ ɩɪɢ ɩɨɦɨɳɢ ɮɨɪɦɵ ɡɚɩɭɫɤɚ ɫɟɪɢɢ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ 

ɷɤɫɩɟɪɢɦɟɧɬɨɜ (ɪɢɫɭɧɨɤ 4.3). 
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Ɋɢɫɭɧɨɤ ɉ3.11 – ȼɢɞ ɮɨɪɦɵ «Ⱦɟɬɚɥɶɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ» 
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Ɋɢɫɭɧɨɤ ɉ3.12 – ȼɢɞ ɮɨɪɦɵ «ɉɨɞɤɥɸɱɟɧɧɵɟ ɤɥɢɟɧɬɵ» 

Ɉɬɞɟɥɶɧɨ ɫɬɨɢɬ ɫɤɚɡɚɬɶ ɨ ɮɭɧɤɰɢɨɧɚɥɟ ɩɪɨɝɪɚɦɦɵ, ɩɨɡɜɨɥɹɸɳɟɦ 

ɨɫɭɳɟɫɬɜɥɹɬɶ ɧɚɫɬɪɨɣɤɭ ɩɚɪɚɦɟɬɪɨɜ ɦɟɬɚɷɜɪɢɫɬɢɱɟɫɤɢɯ ɚɥɝɨɪɢɬɦɨɜ ɪɟɲɟɧɢɹ 

ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ. Ⱦɚɧɧɚɹ 

ɮɨɪɦɚ (ɪɢɫɭɧɨɤ ɉ3.13) ɜɵɡɵɜɚɟɬɫɹ ɧɚɠɚɬɢɟɦ ɩɭɧɤɬɚ ɦɟɧɸ «ɇɚɫɬɪɨɣɤɚ 

ɩɚɪɚɦɟɬɪɨɜ ɚɥɝɨɪɢɬɦɨɜ». ɉɨɥɶɡɨɜɚɬɟɥɶ ɢɦɟɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɜɵɛɪɚɬɶ ɨɞɢɧ ɢɡ ɫɟɦɢ 

ɚɥɝɨɪɢɬɦɨɜ ɪɟɲɟɧɢɹ ɁɊɗɊɂɋ. Ɂɚɬɟɦ ɩɨɥɶɡɨɜɚɬɟɥɸ ɧɟɨɛɯɨɞɢɦɨ ɜɜɟɫɬɢ ɦɧɨɠɟɫɬɜɚ 

ɞɨɩɭɫɬɢɦɵɯ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɜɵɛɪɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ, ɚ ɬɚɤɠɟ ɡɚɞɚɬɶ ɜɪɟɦɹ, 

ɨɬɜɨɞɢɦɨɟ ɧɚ ɧɚɫɬɪɨɣɤɭ ɩɚɪɚɦɟɬɪɨɜ. ɇɚɫɬɪɨɣɤɚ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ (ɩɟɪɜɚɹ ɟɝɨ 

ɮɚɡɚ) ɧɚɱɧɟɬɫɹ ɩɨ ɧɚɠɚɬɢɸ ɤɧɨɩɤɢ «ɇɚɱɚɬɶ ɧɚɫɬɪɨɣɤɭ». ɉɨ ɨɤɨɧɱɚɧɢɸ ɪɚɫɱɟɬɨɜ 

ɩɪɨɝɪɚɦɦɚ ɜɵɞɚɫɬ ɩɨɥɶɡɨɜɚɬɟɥɸ ɧɚɣɞɟɧɧɵɟ ɩɚɪɚɦɟɬɪɨɜ ɜɵɛɪɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ 

(ɪɢɫɭɧɨɤ ɉ3.14). ɉɪɢ ɠɟɥɚɧɢɢ ɩɨɥɶɡɨɜɚɬɟɥɶ ɢɦɟɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɡɚɩɭɫɬɢɬɶ ɜɬɨɪɭɸ 

ɮɚɡɭ ɧɚɫɬɪɨɣɤɢ ɩɚɪɚɦɟɬɪɨɜ, ɤɨɬɨɪɚɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɛɨɥɟɟ ɞɟɬɚɥɶɧɵɯ ɩɨɢɫɤɚɯ ɜ 

ɨɤɪɟɫɬɧɨɫɬɢ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ, ɧɚɣɞɟɧɧɵɯ ɧɚ ɩɟɪɜɨɣ ɮɚɡɟ ɪɚɫɱɟɬɨɜ. 
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Ɋɢɫɭɧɨɤ ɉ3.13 – ȼɢɞ ɮɨɪɦɵ «ɇɚɫɬɪɨɣɤɚ ɭɩɪɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ ɚɥɝɨɪɢɬɦɨɜ» 
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Ɋɢɫɭɧɨɤ ɉ3.14 – ȼɢɞ ɮɨɪɦɵ «Ɋɟɡɭɥɶɬɚɬ ɧɚɫɬɪɨɣɤɢ ɭɩɪɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ ɞɥɹ 

ɷɜɨɥɸɰɢɨɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɪɟɲɟɧɢɹ ɁɊɗɊɂɋ» 
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ɉɊɂɅɈɀȿɇɂȿ 4. ȺɄɌɕ ȼɇȿȾɊȿɇɂə ɊȿɁɍɅɖɌȺɌɈȼ 

ɄȺɇȾɂȾȺɌɋɄɈɃ ȾɂɋɋȿɊɌȺɐɂɂ 

 

Ɋɢɫɭɧɨɤ ɉ4.1 – Ⱥɤɬ ɨ ɜɧɟɞɪɟɧɢɢ. ɎȽȻɈɍ ȼɈ «Ʌɢɩɟɰɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ 

ɩɟɞɚɝɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦɟɧɢ ɉ.ɉ. ɋɟɦɟɧɨɜɚ-Ɍɹɧ-ɒɚɧɫɤɨɝɨ» 



205 

 

 

Ɋɢɫɭɧɨɤ ɉ4.2 – Ⱥɤɬ ɨ ɜɧɟɞɪɟɧɢɢ. ɈȺɈ «Ɇɨɛɢɥɶɧɵɟ Ɍɟɥɟɋɢɫɬɟɦɵ», ɮɢɥɢɚɥ ɜ 

Ʌɢɩɟɰɤɨɣ ɨɛɥɚɫɬɢ  
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Ɋɢɫɭɧɨɤ ɉ4.3 – Ⱥɤɬ ɨ ɜɧɟɞɪɟɧɢɢ. ȺɈ «ɗɊ-Ɍɟɥɟɤɨɦ ɏɨɥɞɢɧɝ», ɮɢɥɢɚɥ ɜ ɝ. Ʌɢɩɟɰɤ 
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ɉɊɂɅɈɀȿɇɂȿ 5. ɋȼɂȾȿɌȿɅɖɋɌȼȺ Ɉ ȽɈɋɍȾȺɊɋɌȼȿɇɇɈɃ 

ɊȿȽɂɋɌɊȺɐɂɂ ɉɊɈȽɊȺɆɆɕ ȾɅə ɗȼɆ 

 

Ɋɢɫɭɧɨɤ ɉ5.1 – ɋɜɢɞɟɬɟɥɶɫɬɜɨ ɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɪɟɝɢɫɬɪɚɰɢɢ ɩɪɨɝɪɚɦɦɵ 

«ɗɜɨɥɸɰɢɨɧɧɵɣ ɚɥɝɨɪɢɬɦ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ ɛɚɡɨɜɵɯ ɫɬɚɧɰɢɣ» 
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Ɋɢɫɭɧɨɤ ɉ5.2 – ɋɜɢɞɟɬɟɥɶɫɬɜɨ ɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɪɟɝɢɫɬɪɚɰɢɢ ɩɪɨɝɪɚɦɦɵ 

«ɉɪɨɝɪɚɦɦɚ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ ɛɚɡɨɜɵɯ ɫɬɚɧɰɢɣ ɦɟɬɨɞɚɦɢ ɩɨɢɫɤɚ ɫ 

ɡɚɩɪɟɬɚɦɢ ɢ ɦɭɥɶɬɢ-ɫɬɚɪɬɚ» 
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Ɋɢɫɭɧɨɤ ɉ5.3 – ɋɜɢɞɟɬɟɥɶɫɬɜɨ ɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɪɟɝɢɫɬɪɚɰɢɢ ɩɪɨɝɪɚɦɦɵ 

«ɉɪɨɝɪɚɦɦɚ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɩɥɚɧɢɪɨɜɚɧɢɹ ɛɟɫɩɪɨɜɨɞɧɵɯ ɫɟɬɟɣ ɩɟɪɟɞɚɱɢ 

ɞɚɧɧɵɯ ɩɪɢ ɩɨɦɨɳɢ ɦɟɬɚɷɜɪɢɫɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɨɩɬɢɦɢɡɚɰɢɢ»  


