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ɛɨɥɶɲɟ ɩɚɪɚɦɟɬɪɵ ɠɢɞɤɨɫɬɧɨɝɨ ɚɜɬɨɛɚɥɚɧɫɢɪɭ-
ɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚμ ɜɵɫɨɬɚ ɢ ɪɚɞɢɭɫ ɜɧɭɬɪɟɧɧɟɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɪɟɡɟɪɜɭɚɪɚ, ɚ ɬɚɤ ɠɟ ɩɥɨɬɧɨɫɬɶ ɠɢɞ-
ɤɨɫɬɢ. ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɛɚɥɚɧɫɢ-
ɪɨɜɤɢ ɬɟɦ ɜɵɲɟ, ɱɟɦ ɛɨɥɶɲɟ ɩɚɪɚɦɟɬɪɵ ɠɢɞɤɨɫɬ-
ɧɨɝɨ ȺȻɍ. ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɭɫɥɨɜɢɹ ɞɨɫɬɚɬɨɱɧɨ-
ɫɬɢ ɠɢɞɤɨɫɬɢ ɜ ɨɛɨɣɦɟ, ɚɦɩɥɢɬɭɞɚ ɤɨɥɟɛɚɧɢɣ ɪɨ-
ɬɨɪɚ ɨɤɚɡɵɜɚɟɬɫɹ ɧɟɡɚɜɢɫɢɦɨɣ ɨɬ ɦɚɫɫɵ ɠɢɞɤɨɫɬɢ 
ɜ ɪɟɡɟɪɜɭɚɪɟ. Ʉɪɢɬɢɱɟɫɤɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɪɨ-
ɬɨɪɚ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɨɛɴɟɦɚ ɠɢɞɤɨɫɬɢ ɜ ɨɛɨɣɦɟ ɩɪɢ 
ɜɵɩɨɥɧɟɧɢɢ ɭɫɥɨɜɢɹ ɟɟ ɞɨɫɬɚɬɨɱɧɨɫɬɢ. 
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ȼɜɟɞɟɧɢɟ 
ɉɨɞ ɩɪɢɧɹɬɢɟɦ ɪɟɲɟɧɢɣ ɩɨɧɢɦɚɟɬɫɹ ɜɵɛɨɪ 

ɨɞɧɨɣ ɚɥɶɬɟɪɧɚɬɢɜɵ ɢɡ ɩɨɥɭɱɟɧɧɨɝɨ ɢɥɢ ɡɚɞɚɧɧɨ-
ɝɨ ɦɧɨɠɟɫɬɜɚ ɚɥɶɬɟɪɧɚɬɢɜ. Ɋɟɚɥɢɡɚɰɢɹ ɥɸɛɨɣ ɚɥɶ-
ɬɟɪɧɚɬɢɜɵ ɩɪɟɞɩɨɥɚɝɚɟɬ ɧɚɫɬɭɩɥɟɧɢɟ ɧɟɤɨɬɨɪɵɯ 
ɩɨɫɥɟɞɫɬɜɢɣ, ɚɧɚɥɢɡ ɢ ɨɰɟɧɤɚ ɤɨɬɨɪɵɯ ɩɨ ɜɟɤɬɨɪ-
ɧɨɦɭ ɤɪɢɬɟɪɢɸ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɨɥɧɨɫɬɶɸ ɯɚɪɚɤ-
ɬɟɪɢɡɭɸɬ ɚɥɶɬɟɪɧɚɬɢɜɭ. Ɋɟɲɟɧɢɟ ɡɚɞɚɱ ɫɜɨɞɢɬɫɹ ɤ 
ɜɵɹɜɥɟɧɢɸ ɢ ɢɫɫɥɟɞɨɜɚɧɢɸ ɩɪɟɞɩɨɱɬɟɧɢɣ ɥɢɰɚ, 
ɩɪɢɧɢɦɚɸɳɟɝɨ ɪɟɲɟɧɢɟ (ɅɉɊ), ɚ ɬɚɤɠɟ ɤ ɩɨɫɬɪɨ-
ɟɧɢɸ ɧɚ ɷɬɨɣ ɨɫɧɨɜɟ ɚɞɟɤɜɚɬɧɨɣ ɦɨɞɟɥɢ ɜɵɛɨɪɚ 
ɧɚɢɥɭɱɲɟɣ ɜ ɧɟɤɨɬɨɪɨɦ ɤɨɧɤɪɟɬɧɨɦ ɫɦɵɫɥɟ ɚɥɶ-
ɬɟɪɧɚɬɢɜɵ. ȼɚɠɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɡɚɞɚɱ ɩɪɢɧɹɬɢɹ 
ɪɟɲɟɧɢɣ ɹɜɥɹɟɬɫɹ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɭɱɟɬɚ ɫɭɛɴɟɤ-
ɬɢɜɧɵɯ ɫɭɠɞɟɧɢɣ ɅɉɊ ɩɪɢ ɮɨɪɦɚɥɢɡɚɰɢɢ ɩɪɟɞ-
ɩɨɱɬɟɧɢɣ ɢ ɜɵɛɨɪɟ ɧɚɢɥɭɱɲɟɣ ɚɥɶɬɟɪɧɚɬɢɜɵ. ɗɬɚ 
ɨɫɨɛɟɧɧɨɫɬɶ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɪɚɡɥɢɱɧɵɟ ɅɉɊ ɜ ɨɞɧɨɣ 
ɢ ɬɨɣ ɠɟ ɫɢɬɭɚɰɢɢ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ, ɧɚ ɨɫɧɨɜɟ 
ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ ɦɨɞɟɥɢ ɦɨɝɭɬ ɩɨɥɭɱɢɬɶ ɪɚɡɥɢɱɧɵɣ 
ɪɟɡɭɥɶɬɚɬ. 

ɋɥɨɠɧɨɫɬɶ ɫɜɹɡɟɣ ɫɢɬɭɚɰɢɢ ɩɪɢɧɹɬɢɹ ɪɟɲɟ-
ɧɢɣ, ɨɬɫɭɬɫɬɜɢɟ ɬɨɱɧɨɝɨ ɩɪɨɝɧɨɡɚ ɩɨɫɥɟɞɫɬɜɢɣ 
ɩɪɢɜɨɞɹɬ ɤ ɬɨɦɭ, ɱɬɨ ɩɪɢ ɨɰɟɧɤɟ ɢ ɜɵɛɨɪɟ ɚɥɶɬɟɪ-
ɧɚɬɢɜ ɜɨɡɦɨɠɧɨ, ɚ ɡɚɱɚɫɬɭɸ ɢ ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶ-
ɡɨɜɚɬɶ ɢ ɨɛɪɚɛɚɬɵɜɚɬɶ ɤɚɱɟɫɬɜɟɧɧɵɟ ɧɟɱɟɬɤɢɟ 
ɨɰɟɧɤɢ. 

ȼ ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɦɟɬɨɞ ɚɧɚɥɢɡɚ ɚɥɶ-
ɬɟɪɧɚɬɢɜ ɜ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɤɪɢɬɟɪɢɚɥɶɧɵɟ ɨɰɟɧɤɢ 
ɡɚɞɚɸɬɫɹ ɤɚɤ ɫɬɟɩɟɧɢ ɫɨɨɬɜɟɬɫɬɜɢɹ ɚɥɶɬɟɪɧɚɬɢɜ 

ɩɨɧɹɬɢɹɦ, ɨɩɪɟɞɟɥɟɧɧɵɦ ɤɪɢɬɟɪɢɹɦɢ. ɂɫɩɨɥɶɡɭ-
ɟɬɫɹ ɫɜɟɪɬɤɚ ɧɚ ɨɫɧɨɜɟ ɨɩɟɪɚɰɢɢ ɩɟɪɟɫɟɱɟɧɢɹ ɧɟ-
ɱɟɬɤɢɯ ɦɧɨɠɟɫɬɜ. 

Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɦɟɬɨɞ ɚɧɚɥɢɡɚ ɚɥɶɬɟɪɧɚɬɢɜ ɜ 
ɫɥɭɱɚɟ, ɤɨɝɞɚ ɤɪɢɬɟɪɢɚɥɶɧɵɟ ɨɰɟɧɤɢ ɡɚɞɚɸɬɫɹ ɤɚɤ 
ɫɬɟɩɟɧɢ ɫɨɨɬɜɟɬɫɬɜɢɹ ɚɥɶɬɟɪɧɚɬɢɜ ɩɨɧɹɬɢɹɦ, 
ɨɩɪɟɞɟɥɹɟɦɵɦɢ ɤɪɢɬɟɪɢɹɦɢ. ɂɫɩɨɥɶɡɭɟɬɫɹ ɫɜɟɪɬ-
ɤɚ ɧɚ ɨɫɧɨɜɟ ɨɩɟɪɚɰɢɢ ɩɟɪɟɫɟɱɟɧɢɹ ɧɟɱɟɬɤɢɯ 
ɦɧɨɠɟɫɬɜ [1]. 

ɉɭɫɬɶ ɢɦɟɟɬɫɹ ɦɧɨɠɟɫɬɜɨ ɢɡ m ɚɥɶɬɟɪɧɚɬɢɜμ 

 ....,, 21 maaaA  

Ɍɨɝɞɚ ɞɥɹ ɤɪɢɬɟɪɢɹ C ɦɨɠɟɬ ɛɵɬɶ ɪɚɫɫɦɨɬɪɟɧɨ 
ɧɟɱɟɬɤɨɟ ɦɧɨɠɟɫɬɜɨμ 
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ɝɞɟ µɫ(ai)[0,1]ࣅ – ɨɰɟɧɤɚ ɚɥɶɬɟɪɧɚɬɢɜɵ ai ɩɨ ɤɪɢɬɟ-
ɪɢɸ ɋ, ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɫɬɟɩɟɧɶ ɫɨɨɬɜɟɬɫɬɜɢɹ ɚɥɶ-

ɬɟɪɧɚɬɢɜɵ ɩɨɧɹɬɢɸ, ɨɩɪɟɞɟɥɟɧɧɨɦɭ ɤɪɢɬɟɪɢɟɦ ɋ. 
ȿɫɥɢ ɢɦɟɟɬɫɹ n ɤɪɢɬɟɪɢɟɜμ ɋ1, ɋ2, …, ɋn, ɬɨ 

ɥɭɱɲɟɣ ɫɱɢɬɚɟɬɫɹ ɚɥɶɬɟɪɧɚɬɢɜɚ, ɭɞɨɜɥɟɬɜɨɪɹɸɳɚɹ 
ɢ ɤɪɢɬɟɪɢɸ ɋ1, ɢ ɋ2, ɢ …, ɋn. Ɍɨɝɞɚ ɩɪɚɜɢɥɨ ɞɥɹ 
ɜɵɛɨɪɚ ɧɚɢɥɭɱɲɟɣ ɚɥɶɬɟɪɧɚɬɢɜɵ ɦɨɠɟɬ ɛɵɬɶ ɡɚ-
ɩɢɫɚɧɨ ɜ ɜɢɞɟ ɩɟɪɟɫɟɱɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɧɟ-
ɱɟɬɤɢɯ ɦɧɨɠɟɫɬɜ. 



XI Ɇɟɠɞɭɧɚɪɨɞɧɚɹ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ ɫɬɭɞɟɧɬɨɜ, ɚɫɩɢɪɚɧɬɨɜ ɢ ɦɨɥɨɞɵɯ ɭɱɺɧɵɯ 
«Ɇɨɥɨɞɺɠɶ ɢ ɫɨɜɪɟɦɟɧɧɵɟ ɢɧɮɨɪɦɚɰɢɨɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ» 
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Ɉɩɟɪɚɰɢɢ ɩɟɪɟɫɟɱɟɧɢɹ ɧɟɱɟɬɤɢɯ ɦɧɨɠɟɫɬɜ ɫɨ-
ɨɬɜɟɬɫɬɜɭɟɬ ɨɩɟɪɚɰɢɢ min, ɜɵɩɨɥɧɹɟɦɚɹ ɧɚɞ ɢɯ 
ɮɭɧɤɰɢɹɦɢ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢμ 

),(min)( jCjD aa
i
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  ȼ ɤɚɱɟɫɬɜɟ ɥɭɱɲɟɣ ɜɵɛɢɪɚɟɬɫɹ ɚɥɶɬɟɪɧɚɬɢɜɚ 
ɚ*, ɢɦɟɸɳɚɹ ɧɚɢɛɨɥɶɲɟɟ ɡɧɚɱɟɧɢɟ ɮɭɧɤɰɢɢ ɩɪɢ-
ɧɚɞɥɟɠɧɨɫɬɢμ 

),(max*)( jDD aa  
 

 
mjj ,

 ȼ ɫɥɭɱɚɟ, ɟɫɥɢ ɤɪɢɬɟɪɢɢ ɋi ɢɦɟɸɬ ɪɚɡɥɢɱɧɭɸ 
ɜɚɠɧɨɫɬɶ, ɤɚɠɞɨɦɭ ɢɡ ɧɢɯ ɩɪɢɩɢɫɵɜɚɟɬɫɹ ɱɢɫɥɨ 
ɚi>0 (ɱɟɦ ɜɚɠɧɟɟ ɤɪɢɬɟɪɢɣ, ɬɟɦ ɛɨɥɶɲɟ ɚi), ɢ ɩɪɚ-
ɜɢɥɨ ɜɵɛɨɪɚ ɩɪɢɧɢɦɚɟɬ ɜɢɞμ 
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Ʉɨɷɮɮɢɰɢɟɧɬɵ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɜɚɠɧɨɫɬɢ ɨɩɪɟ-
ɞɟɥɹɸɬɫɹ ɧɚ ɨɫɧɨɜɟ ɩɪɨɰɟɞɭɪɵ ɩɚɪɧɨɝɨ ɫɪɚɜɧɟɧɢɹ 
ɤɪɢɬɟɪɢɟɜ. ȼɧɚɱɚɥɟ ɮɨɪɦɢɪɭɟɬɫɹ ɦɚɬɪɢɰɚ ȼ, ɷɥɟ-
ɦɟɧɬɵ ɤɨɬɨɪɨɣ ɧɚɯɨɞɹɬɫɹ ɢɡ ɬɚɛɥ. 1 ɢ ɭɞɨɜɥɟɬɜɨ-
ɪɹɸɬ ɫɥɟɞɭɸɳɢɦ ɭɫɥɨɜɢɹɦμ bii=1; bij=1/bji. Ɂɚɬɟɦ 
ɫɨɝɥɚɫɧɨ ɩɪɨɰɟɞɭɪɟ, ɧɚɯɨɞɢɬɫɹ w – ɫɨɛɫɬɜɟɧɧɵɣ 
ɜɟɤɬɨɪ ɦɚɬɪɢɰɵ ȼ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɦɚɤɫɢɦɚɥɶ-
ɧɨɦɭ ɫɨɛɫɬɜɟɧɧɨɦɭ ɡɧɚɱɟɧɢɸ Ȝmax: 

.max wBw 
 ɂɫɤɨɦɵɟ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ai ɩɨɥɭɱɚ-

ɸɬɫɹ ɭɦɧɨɠɟɧɢɟɦ ɷɥɟɦɟɧɬɨɜ w ɧɚ n ɞɥɹ ɜɵɩɨɥɧɟ-
ɧɢɹ ɭɫɥɨɜɢɹμ 

.ii nw
 Ɍɚɛɥɢɰɚ 1. ɒɤɚɥɚ ɨɰɟɧɨɤ ɜɚɠɧɨɫɬɢ 

Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɜɚɠɧɨɫɬɶ ɤɪɢɬɟ-
ɪɢɟɜ ɋi ɢ ɋj 

ɗɥɟɦɟɧɬ bij 

Ɋɚɜɧɚɹ ɜɚɠɧɨɫɬɶ 1 

ɇɟɦɧɨɝɨ ɜɚɠɧɟɟ 3 

ȼɚɠɧɟɟ 5 

Ɂɚɦɟɬɧɨ ɜɚɠɧɟɟ 7 

ɇɚɦɧɨɝɨ ɜɚɠɧɟɟ 9 

ɉɪɨɦɟɠɭɬɨɱɧɵɟ ɡɧɚɱɟɧɢɹ 2, 4, 6, 8 
 
Ɋɚɫɫɦɨɬɪɢɦ ɡɚɞɚɱɭ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɹ ɞɢɪɟɤ-

ɬɨɪɨɦ ɨɛ ɚɪɟɧɞɟ ɜɢɪɬɭɚɥɶɧɨɝɨ ɂɌ-ɫɟɪɜɢɫɚ ɢɡ ɩɹɬɢ 
ɩɪɨɜɚɣɞɟɪɨɜμ FedEx, TESCO, PayPai, Google, 
AMERITRADE [2]. 

ɉɪɟɬɟɧɞɟɧɬɵ ɨɰɟɧɢɜɚɸɬɫɹ ɩɨ ɫɥɭɞɭɸɳɢɦ ɤɪɢ-
ɬɟɪɢɹɦμ ɋ1 – Ɉɩɟɪɚɬɢɜɧɨɫɬɶ ɢ ɬɨɱɧɨɫɬɶ ɜɵɩɨɥɧɹ-
ɟɦɵɯ ɩɪɨɰɟɞɭɪ, ɋ2 – ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɭɩɪɚɜɥɟɧɢɹ, 
ɋ3 – Ɍɟɯɧɢɱɟɫɤɚɹ ɪɟɚɥɢɡɚɰɢɹ ɂɌ-ɩɪɨɟɤɬɚ, ɋ4 – 
Ɏɢɧɚɧɫɨɜɵɣ ɚɧɚɥɢɡ, ɋ5 – ɂɧɜɟɫɬɢɰɢɨɧɧɵɣ ɚɧɚ-
ɥɢɡ, ɋ6 – ɇɚɞɟɠɧɨɫɬɶ ɪɚɛɨɬɵ ɢ ɢɧɮɨɪɦɚɰɢɨɧɧɚɹ 
ɛɟɡɨɩɚɫɧɨɫɬɶ. 

ȼɵɹɜɢɜ, ɧɚɫɤɨɥɶɤɨ ɤɚɠɞɵɣ ɢɡ ɩɪɟɞɥɚɝɚɟɦɵɯ 
ɫɟɪɜɢɫɨɜ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɦ ɤɪɢɬɟ-
ɪɢɟɜ, ɩɨɥɭɱɢɦ ɫɥɟɞɭɸɳɢɟ ɦɧɨɠɟɫɬɜɚμ 

 ;/5,0;/8,0;/6,0;/9,0;/9,0 543211 íííííで 
 ;/6,0;/7,0;/5,0;/9,0;/8,0 543212 íííííで 
 ;/3,0;/5,0;/8,0;/9,0;/7,0 543213 íííííで 
 ;/5,0;/6,0;/5,0;/8,0;/9,0 543214 íííííで 
 ;/6,0;/7,0;/4,0;/9,0;/9,0 543215 íííííで 
 ;/5,0;/7,0;/8,0;/4,0;/9,0 543216 íííííで 

 Ɍɨɝɞɚ ɩɪɚɜɢɥɨ ɜɵɛɨɪɚ ɢɦɟɟɬ ɜɢɞμ 



 ./3,0;/5,0;/4,0;/4,0;/7,0

/)5,0;6,0;5,0,3,0;6,0;5,0min(
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;/)4,0;9,0;8,0,9,0;9,0;9,0min(

;/)9,0;9,0;9,0;07;8,0;9,0min(
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ȼɢɞɧɨ, ɱɬɨ ɥɭɱɲɟɣ ɫɬɪɚɬɟɝɢɟɣ ɹɜɥɹɟɬɫɹ ɚɥɶ-

ɬɟɪɧɚɬɢɜɚ ɚ1. 

 
Ɂɚɤɥɸɱɟɧɢɟ 
ɅɉɊ ɜɵɧɭɠɞɟɧ ɢɫɯɨɞɢɬɶ ɢɡ ɫɜɨɢɯ ɫɭɛɴɟɤɬɢɜ-

ɧɵɯ ɩɪɟɞɫɬɚɜɥɟɧɢɣ ɨɛ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɜɨɡɦɨɠɧɵɯ 
ɚɥɶɬɟɪɧɚɬɢɜ ɢ ɜɚɠɧɨɫɬɢ ɪɚɡɥɢɱɧɵɯ ɤɪɢɬɟɪɢɟɜ. ɗɬɚ 
ɫɭɛɴɟɤɬɢɜɧɚɹ ɨɰɟɧɤɚ ɨɤɚɡɚɥɚɫɶ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ 
ɟɞɢɧɫɬɜɟɧɧɨ ɜɨɡɦɨɠɧɨɣ ɨɫɧɨɜɨɣ ɨɛɴɟɞɢɧɟɧɢɹ 
ɪɚɡɧɨɪɨɞɧɵɯ ɮɢɡɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɪɟɲɚɟɦɨɣ 
ɩɪɨɛɥɟɦɵ ɜ ɟɞɢɧɭɸ ɦɨɞɟɥɶ, ɩɨɡɜɨɥɹɸɳɭɸ ɨɰɟɧɢ-
ɜɚɬɶ ɜɚɪɢɚɧɬɵ ɪɟɲɟɧɢɣ. Ɉɩɵɬɧɵɟ ɪɭɤɨɜɨɞɢɬɟɥɢ ɢ 
ɤɨɧɫɬɪɭɤɬɨɪɵ ɯɨɪɨɲɨ ɨɫɨɡɧɚɸɬ ɫɤɨɥɶɤɨ ɥɢɱɧɨɝɨ 
ɢ ɫɭɛɴɟɤɬɢɜɧɨɝɨ ɨɧɢ ɜɧɨɫɹɬ ɜ ɩɪɢɧɢɦɚɟɦɵɟ ɪɟɲɟ-
ɧɢɹ. ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɨɛ ɭɫɩɟɯɚɯ ɢ ɧɟɭɞɚɱɚɯ 
ɛɨɥɶɲɢɧɫɬɜɚ ɱɟɥɨɜɟɱɟɫɤɢɯ ɪɟɲɟɧɢɣ ɥɸɞɢ ɦɨɝɭɬ 
ɫɭɞɢɬɶ ɢɫɯɨɞɹ ɬɨɥɶɤɨ ɢɡ ɫɜɨɢɯ ɫɭɛɴɟɤɬɢɜɧɵɯ 
ɩɪɟɞɩɨɱɬɟɧɢɣ ɢ ɩɪɟɞɫɬɚɜɥɟɧɢɣ. 

ɉɪɢɡɧɚɧɢɟɦ ɮɚɤɬɨɪɚ ɫɭɛɴɟɤɬɢɜɧɨɫɬɢ ɅɉɊ ɢɥɢ 
ɤɨɧɫɬɪɭɤɬɨɪɚ ɜ ɩɪɢɧɹɬɢɢ ɪɟɲɟɧɢɹ ɧɚɪɭɲɟɧ ɮɭɧ-
ɞɚɦɟɧɬɚɥɶɧɵɣ ɩɪɢɧɰɢɩ ɦɟɬɨɞɨɥɨɝɢɢ ɢɫɫɥɟɞɨɜɚ-
ɧɢɹ ɨɩɟɪɚɰɢɣμ ɩɨɢɫɤ ɨɛɴɟɤɬɢɜɧɨ ɨɩɬɢɦɚɥɶɧɨɝɨ 
ɪɟɲɟɧɢɹ. ɉɪɢɡɧɚɧɢɟ ɩɪɚɜɚ ɧɚ ɫɭɛɴɟɤɬɢɜɧɨɫɬɶ ɪɟ-
ɲɟɧɢɹ - ɟɫɬɶ ɩɪɢɡɧɚɤ ɩɨɹɜɥɟɧɢɹ ɧɨɜɨɣ ɩɚɪɚɞɢɝɦɵ, 
ɯɚɪɚɤɬɟɪɧɨɣ ɞɥɹ ɞɪɭɝɨɝɨ ɧɚɭɱɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ - 
ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ ɩɪɢ ɦɧɨɝɢɯ ɤɪɢɬɟɪɢɹɯ. 

Ɉɞɧɚɤɨ ɩɪɢ ɩɪɢɧɹɬɢɢ ɪɟɲɟɧɢɣ ɩɨ ɦɧɨɝɢɦ ɤɪɢ-
ɬɟɪɢɹɦ ɫɭɳɟɫɬɜɭɟɬ ɢ ɨɛɴɟɤɬɢɜɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ. 
Ɉɛɵɱɧɨ ɷɬɚ ɫɨɫɬɚɜɥɹɸɳɚɹ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɨɝɪɚ-



XI Ɇɟɠɞɭɧɚɪɨɞɧɚɹ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ ɫɬɭɞɟɧɬɨɜ, ɚɫɩɢɪɚɧɬɨɜ ɢ ɦɨɥɨɞɵɯ ɭɱɺɧɵɯ 
«Ɇɨɥɨɞɺɠɶ ɢ ɫɨɜɪɟɦɟɧɧɵɟ ɢɧɮɨɪɦɚɰɢɨɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ» 

___________________________________________________________________________ 

 109 

ɧɢɱɟɧɢɹ, ɧɚɤɥɚɞɵɜɚɟɦɵɟ ɜɧɟɲɧɟɣ ɫɪɟɞɨɣ ɧɚ ɜɨɡ-
ɦɨɠɧɵɟ ɪɟɲɟɧɢɹ. Ɇɧɨɝɨɱɢɫɥɟɧɧɵɟ ɩɫɢɯɨɥɨɝɢɱɟ-
ɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɫɚɦɢ ɤɨɧ-
ɫɬɪɭɤɬɨɪɵ ɢɥɢ ɅɉɊ ɛɟɡ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɚɧɚɥɢɬɢ-
ɱɟɫɤɨɣ ɩɨɞɞɟɪɠɤɢ ɢɫɩɨɥɶɡɭɸɬ ɭɩɪɨɳɟɧɧɵɟ, ɚ 
ɢɧɨɝɞɚ ɢ ɩɪɨɬɢɜɨɪɟɱɢɜɵɟ ɪɟɲɚɸɳɢɟ ɩɪɚɜɢɥɚ.  

 
Ʌɢɬɟɪɚɬɭɪɚ 
1. Ȼɨɪɢɫɨɜ Ⱥ.ɇ., Ʉɪɭɦɛɟɪɝ Ɉ.Ⱥ., Ɏɟɞɨɪɨɜ ɂ.ɉ. 

ɉɪɢɧɹɬɢɟ ɪɟɲɟɧɢɣ ɧɚ ɨɫɧɨɜɟ ɧɟɱɟɬɤɢɯ ɦɨɞɟɥɟɣμ 

ɉɪɢɦɟɪɵ ɢɫɩɨɥɶɡɨɜɚɧɢɹ. – Ɋɢɝɚμ Ɂɢɧɚɬɧɟ, 1λλ0. – 
1κ4 ɫ. 

β. ɏɚɪɚɬɢɲɜɢɥɢ Ⱦ. Ɋɵɧɨɤ «ɨɛɥɚɱɧɵɯ» ɭɫɥɭɝ ɜ 
ɰɢɮɪɚɯ ɢ ɮɚɤɬɚɯ // Ʉɨɦɩɶɸɬɟɪ ɉɪɟɫɫ ʋ κ β010. - 
Дɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫЖ. Ɋɟɠɢɦ ɞɨɫɬɭ-
ɩɚμСЭЭЩμ//ааа.МШmpress.ru/article.aspx?id=21549&ii
Нολκ4. Ⱦɚɬɚ ɨɛɪɚɳɟɧɢɹμ βκ.10.β01γ. 
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ȼɜɟɞɟɧɢɟ 
Ɂɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚ-

ɧɢɣ ɜ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɢ ɩɨɫɜɹɳɟɧɨ ɩɪɨɛɥɟɦɚɦ 
ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɬɪɭɤɬɭɪɵ ɢ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɨɜ ɜ 
ɩɪɨɰɟɫɫɟ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. Ɉɞɢɧ ɢɡ ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ 
ɢɡɭɱɚɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ ɷɬɨ ɫɤɨɪɨɫɬɶ ɨɯɥɚɠɞɟɧɢɹ. 
ɋɤɨɪɨɫɬɶ ɨɯɥɚɠɞɟɧɢɹ ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɫɬɨ ɢɡɦɟɧɢɬɶ 
ɩɭɬɟɦ ɢɡɦɟɧɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɥɢɬɟɣɧɨɣ ɮɨɪɦɵ, 
ɧɚɝɪɟɜɚ ɢɥɢ ɨɯɥɚɠɞɟɧɢɹ ɥɢɬɟɣɧɨɣ ɮɨɪɦɵ. ɉɪɢ 
ɷɬɨɦ ɜɥɢɹɧɢɟ, ɨɤɚɡɵɜɚɟɦɨɟ ɧɚ ɫɬɪɭɤɬɭɪɭ ɢ ɫɜɨɣ-
ɫɬɜɚ ɷɬɨɝɨ ɮɚɤɬɨɪɚ, ɡɚɱɚɫɬɭɸ ɨɤɚɡɵɜɚɟɬɫɹ ɜɟɫɶɦɚ 
ɡɧɚɱɢɬɟɥɶɧɨ. ɇɚɩɪɢɦɟɪ, ɞɥɹ ɚɧɬɢɮɪɢɤɰɢɨɧɧɵɯ 
ɦɚɪɨɤ ɛɪɨɧɡ (ɫɜɢɧɰɨɜɢɫɬɵɯ, ɫɜɢɧɰɨɜɨ-
ɨɥɨɜɹɧɢɫɬɵɯ) ɢɡɦɟɧɟɧɢɟ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɜ 
ɩɪɨɰɟɫɫɟ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɩɪɢɜɨɞɢɬ ɤ ɢɡɦɟɧɟɧɢɸ 
ɮɨɪɦɵ ɫɜɢɧɰɨɜɵɯ ɜɤɥɸɱɟɧɢɣ, ɜɟɥɢɱɢɧɵ ɡɟɪɧɚ ɢ 
ɩɚɪɚɦɟɬɪɨɜ ɞɟɧɞɪɢɬɧɨɣ ɹɱɟɣɤɢ ɦɚɬɪɢɰɵ, ɤɨɥɢɱɟ-
ɫɬɜɚ ɬɜɟɪɞɨɝɨ ɷɜɬɟɤɬɨɢɞɚ. ȼɫɟ ɷɬɢ ɢɡɦɟɧɟɧɢɹ ɫɤɚ-
ɡɵɜɚɸɬɫɹ ɧɚ ɫɜɨɣɫɬɜɚɯ ɨɬɥɢɜɨɤ Д1Ж. ɋɪɟɞɢ ɭɠɟ 
ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢɦɟɟɬɫɹ ɦɧɨɠɟɫɬɜɨ 
ɪɚɛɨɬ ɩɨɫɜɹɳɟɧɧɵɯ ɫɜɨɣɫɬɜɚɦ ɩɨɥɭɱɚɟɦɵɦ ɨɬ-
ɥɢɜɤɚɦɢ ɜ ɥɢɬɟɣɧɵɟ ɮɨɪɦɵ ɢɡ ɪɚɡɥɢɱɧɵɯ ɦɚɬɟɪɢ-
ɚɥɨɜ, ɧɨ ɩɪɢ ɷɬɨɦ ɤɨɥɢɱɟɫɬɜɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɫɤɨ-
ɪɨɫɬɟɣ ɨɯɥɚɠɞɟɧɢɹ ɩɪɢ ɷɬɨɦ, ɤɚɤ ɩɪɚɜɢɥɨ, ɧɟ ɩɪɢ-
ɜɨɞɹɬɫɹ. 

 
Ɇɚɬɟɪɢɚɥ ɢ ɦɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ 
Ⱦɚɧɧɚɹ ɪɚɛɨɬɚ ɩɨɫɜɹɳɟɧɚ ɫɨɡɞɚɧɢɸ ɢ ɚɩɪɨɛɢ-

ɪɨɜɚɧɢɸ ɦɟɬɨɞɢɤɢ ɨɩɪɟɞɟɥɟɧɢɹ ɫɤɨɪɨɫɬɟɣ ɨɯɥɚ-
ɠɞɟɧɢɹ ɜ ɩɪɨɰɟɫɫɟ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫɜɢɧɰɨɜɨ-
ɨɥɨɜɹɧɢɫɬɵɯ ɛɪɨɧɡ. ɂɡ ɫɭɳɟɫɬɜɭɸɳɢɯ ɫɩɨɫɨɛɨɜ 
ɜɥɢɹɧɢɹ ɧɚ ɫɤɨɪɨɫɬɶ ɨɯɥɚɠɞɟɧɢɹ ɛɵɥɨ ɜɵɛɪɚɧɨ 
ɞɜɚ – ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɮɨɪɦ ɪɚɡɥɢɱɧɨɣ ɬɟɩɥɨɩɪɨ-
ɜɨɞɧɨɫɬɢ ɢ ɧɚɝɪɟɜ ɥɢɬɟɣɧɨɣ ɮɨɪɦɵ ɞɨ ɪɚɡɥɢɱɧɵɯ 
ɬɟɦɩɟɪɚɬɭɪ ДβЖ. ɋɨɱɟɬɚɧɢɟ ɞɜɭɯ ɷɬɢɯ ɫɩɨɫɨɛɨɜ 
ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɚɬɶ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ 
ɨɬɥɢɜɤɢ ɜ ɲɢɪɨɤɨɦ ɢɧɬɟɪɜɚɥɟ ɢ ɜɦɟɫɬɟ ɫ ɬɟɦ ɧɟ 
ɬɪɟɛɭɟɬ ɡɧɚɱɢɬɟɥɶɧɵɯ ɡɚɬɪɚɬ ɜɪɟɦɟɧɢ ɢ ɫɪɟɞɫɬɜ ɧɚ 
ɢɯ ɪɟɚɥɢɡɚɰɢɸ.  

ɋ ɩɨɦɨɳɶɸ ɩɪɢɛɨɪɚ «Ɍɟɪɦɨɝɪɚɮ», ɪɚɡɪɚɛɨ-
ɬɚɧɧɨɝɨ ɧɚ ɤɚɮɟɞɪɟ ɉɆɗ Ɍɨɦɫɤɨɝɨ ɩɨɥɢɬɟɯɧɢɱɟ-
ɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ, ɫɬɪɨɢɥɢɫɶ ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɦ-

ɩɟɪɚɬɭɪɵ ɡɚɥɢɬɨɝɨ ɪɚɫɩɥɚɜɚ ɨɬ ɜɪɟɦɟɧɢ. ɉɨ ɩɨ-
ɫɬɪɨɟɧɧɵɦ ɡɚɜɢɫɢɦɨɫɬɹɦ ɜ ɢɧɬɟɪɜɚɥɟ ɨɬ ɬɟɦɩɟɪɚ-
ɬɭɪɵ ɡɚɥɢɜɤɢ ɞɨ κ00ɋ, (ɜɤɥɸɱɚɸɳɟɦ ɤɪɢɫɬɚɥɥɢ-
ɡɚɰɢɸ ɦɟɞɧɨɣ ɦɚɬɪɢɰɵ ɪɚɫɩɥɚɜɚ), ɨɩɪɟɞɟɥɹɥɚɫɶ 
ɫɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɨɯɥɚɠɞɟɧɢɹ. 

ɉɨɫɬɪɨɟɧɢɟ ɡɚɜɢɫɢɦɨɫɬɟɣ ɬɟɦɩɟɪɚɬɭɪɵ ɨɬɥɢɜ-
ɤɢ ɨɬ ɜɪɟɦɟɧɢ ɨɯɥɚɠɞɟɧɢɹ ɩɪɨɜɨɞɢɥɨɫɶ ɩɨ ɨɞɢɧɚ-
ɤɨɜɵɦɢ ɫɯɟɦɚɦ, ɤɚɤ ɞɥɹ ɮɨɪɦ, ɧɚɝɪɟɬɵɯ ɞɨ ɪɚɡ-
ɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪ, ɬɚɤ ɢ ɞɥɹ ɮɨɪɦ ɫ ɧɚɧɟɫɟɧɧɵ-
ɦɢ ɨɛɦɚɡɤɚɦɢ ɪɚɡɥɢɱɧɵɯ ɫɨɫɬɚɜɨɜ. 

ȼ ɤɚɱɟɫɬɜɟ ɦɚɬɟɪɢɚɥɚ ɡɚɥɢɜɚɟɦɨɝɨ ɜ ɥɢɬɟɣɧɭɸ 
ɮɨɪɦɭ ɛɵɥɚ ɜɵɛɪɚɧɚ ɛɪɨɧɡɚ ɦɚɪɤɢ ȻɪɈɋ10-10. 
ɗɬɚ ɛɪɨɧɡɚ ɫɨɫɬɨɢɬ ɢɡ 10% ɫɜɢɧɰɚ, 10% ɨɥɨɜɚ ɢ 
κ0% ɦɟɞɢ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɤɨɪɨɫɬɟɣ ɨɯɥɚɠɞɟɧɢɹ ɪɚɫ-
ɩɥɚɜɚ ɛɪɨɧɡɭ ɡɚɥɢɜɚɥɢ ɜ ɮɨɪɦɵ ɫ ɪɚɡɧɨɣ ɬɟɩɥɨ-
ɩɪɨɜɨɞɧɨɫɬɶɸμ ɦɚɫɫɢɜɧɵɣ ɱɭɝɭɧɧɵɣ ɤɨɤɢɥɶ (ɨɬ-
ɧɨɲɟɧɢɟ ɦɚɫɫɵ ɨɬɥɢɜɤɢ ɤ ɦɚɫɫɟ ɮɨɪɦɵ 1μκ) ɢ ɜ 
ɝɪɚɮɢɬɨɜɭɸ ɮɨɪɦɭ. Ɏɨɪɦɵ ɧɚɝɪɟɜɚɥɢɫɶ ɞɨ ɪɚɡ-
ɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪ (β0 ɋ, β00 ɋ, 400 ɋ, 600 ɋ, 
800 ɋ) ДβЖ. 

ɏɪɨɦɟɥɶ-ɚɥɸɦɟɥɟɜɭɸ ɬɟɪɦɨɩɚɪɭ (ɞɢɚɦɟɬɪ 
ɩɪɨɜɨɥɨɤ 0,γ ɦɦ) ɪɚɫɩɨɥɚɝɚɥɢ ɧɚ 1/β ɝɥɭɛɢ-
ɧɵ (ɪɢɫ. 1) ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɟɤɨɦɟɧɞɚɰɢɢ [3]. 
Ɉɬɥɢɜɤɚ ɢɦɟɥɚ ɜɢɞ ɩɚɪɚɥɥɟɥɟɩɢɩɟɞɚ ɫ ɪɚɡɦɟɪɚɦɢ 
κ0×15×15 ɦɦ. Ɋɟɝɢɫɬɪɚɰɢɹ ɡɧɚɱɟɧɢɣ ɬɟɪɦɨɗȾɋ 
ɬɟɪɦɨɩɚɪɵ ɜɟɥɚɫɶ ɫ ɩɨɦɨɳɶɸ ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɝɨ 
ɩɪɢɛɨɪɚ «Ɍɟɪɦɨɝɪɚɮ» [4] (ɪɢɫ. 2). ɉɪɢɛɨɪ ɫɩɨɫɨ-
ɛɟɧ ɪɟɝɢɫɬɪɢɪɨɜɚɬɶ ɞɨ 40 ɡɧɚɱɟɧɢɣ ɬɟɪɦɨɗȾɋ 
ɡɚ 1 ɫ ɢ ɜɧɨɫɢɬɶ ɜ ɩɚɦɹɬɶ 1600 ɩɨɤɚɡɚɧɢɣ, ɡɚ ɨɞɧɨ 
ɢɫɫɥɟɞɨɜɚɧɢɟ. Ɉɛɴɟɦ ɩɚɦɹɬɢ ɩɪɢɛɨɪɚ ɩɨɡɜɨɥɹɟɬ 
ɩɪɨɢɡɜɨɞɢɬɶ ɞɨ 16 ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɟɡ ɩɟɪɟɞɚɱɢ 
ɞɚɧɧɵɯ ɧɚ ɤɨɦɩɶɸɬɟɪ. 


