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ȼɜɟɞɟɧɢɟ 
ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɚɤɬɭɚɥɶɧɚ ɡɚɞɚɱɚ ɚɧɚɥɢɡɚ 

ɢ ɫɢɧɬɟɡɚ ɫɢɫɬɟɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɫ 
ɧɟɫɬɚɛɢɥɶɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ. ɂɦɢ ɨɛɥɚɞɚɸɬ 
ɩɪɚɤɬɢɱɟɫɤɢ ɜɫɟ ɪɟɚɥɶɧɵɟ ɫɢɫɬɟɦɵ, ɝɞɟ ɩɚɪɚɦɟɬɪɵ 
ɦɨɝɭɬ ɦɟɧɹɬɶɫɹ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɫɢɫɬɟɦɵ 
ɩɨ ɡɚɪɚɧɟɟ ɧɟɢɡɜɟɫɬɧɵɦ ɡɚɤɨɧɚɦ ɢɥɢ ɛɵɬɶ ɧɟɞɨ-
ɫɬɭɩɧɵɦɢ ɞɥɹ ɢɯ ɬɨɱɧɨɝɨ ɢɡɦɟɪɟɧɢɹ. ȿɫɥɢ ɢɡɜɟɫɬ-
ɧɵ ɩɪɟɞɟɥɵ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɢɥɢ ɞɢɚɩɚɡɨɧɵ 
ɢɯ ɜɨɡɦɨɠɧɵɯ ɡɧɚɱɟɧɢɣ, ɬɨ ɬɚɤɢɟ ɩɚɪɚɦɟɬɪɵ 
ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɤ ɤɥɚɫɫɭ ɢɧɬɟɪɜɚɥɶɧɨ-
ɧɟɨɩɪɟɞɟɥɟɧɧɵɯ. ɋȺɍ ɫ ɬɚɤɢɦ ɩɚɪɚɦɟɬɪɚɦɢ ɩɨɥɭ-
ɱɢɥɢ ɧɚɡɜɚɧɢɟ ɢɧɬɟɪɜɚɥɶɧɵɯ ɫɢɫɬɟɦ ɚɜɬɨɦɚɬɢɱɟ-
ɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ. 

ɋɢɫɬɟɦɚ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ (ɋȺɍ) 
ɩɪɟɞɧɚɡɧɚɱɟɧɧɚɹ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɤɚɤɢɦ-ɥɢɛɨ ɬɟɯ-
ɧɨɥɨɝɢɱɟɫɤɢɦ ɩɪɨɰɟɫɫɨɦ ɢɥɢ ɚɝɪɟɝɚɬɨɦ ɞɨɥɠɧɚ 
ɛɵɬɶ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɣ, ɚ ɬɚɤɠɟ ɨɛɥɚɞɚɬɶ ɫɜɨɣ-
ɫɬɜɚɦɢ, ɭɞɟɪɠɢɜɚɸɳɢɦɢ ɩɚɪɚɦɟɬɪɵ ɜ ɬɚɤɢɯ ɩɪɟ-
ɞɟɥɚɯ, ɱɬɨɛɵ ɧɟ ɩɪɨɢɫɯɨɞɢɥɨ ɫɭɳɟɫɬɜɟɧɧɵɯ 
ɧɚɪɭɲɟɧɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɢɥɢ ɪɚɛɨ-
ɬɵ ɚɝɪɟɝɚɬɚ. 

ȼɚɠɧɟɣɲɟɣ ɡɚɞɚɱɟɣ ɚɧɚɥɢɡɚ ɞɢɧɚɦɢɱɟɫɤɢɯ ɫɢ-
ɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ ɹɜɥɹɟɬɫɹ ɪɟɲɟɧɢɟ ɜɨɩɪɨɫɚ ɨɛ ɢɯ 
ɭɫɬɨɣɱɢɜɨɫɬɢ. Ⱦɥɹ ɨɰɟɧɤɢ ɫɬɟɩɟɧɢ ɭɫɬɨɣɱɢɜɨ-
ɫɬɢ Ș – ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɪɚɫɫɬɨɹɧɢɟ ɨɬ 
ɦɧɢɦɨɣ ɨɫɢ ɞɨ ɛɥɢɠɚɣɲɟɝɨ ɤɨɪɧɹ ɯɚɪɚɤɬɟɪɢɫɬɢ-
ɱɟɫɤɨɝɨ ɭɪɚɜɧɟɧɢɹ.  

Ɍɟɯɧɢɱɟɫɤɨɟ ɩɨɧɹɬɢɟ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɢɫɬɟɦ ɚɜ-
ɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ (ɋȺɍ) ɨɬɪɚɠɚɟɬ ɫɜɨɣ-
ɫɬɜɨ ɬɟɯɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɧɟ ɬɨɥɶɤɨ ɫɬɚɛɢɥɶɧɨ 
ɪɚɛɨɬɚɬɶ ɜ ɧɨɪɦɚɥɶɧɵɯ ɪɟɠɢɦɚɯ, ɧɨ ɢ ɩɪɢ ɨɬɤɥɨ-
ɧɟɧɢɢ ɜɫɟɜɨɡɦɨɠɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɫɢɫɬɟɦɵ ɨɬ ɧɨ-
ɦɢɧɚɥɚ ɢ ɜɥɢɹɧɢɢ ɧɚ ɫɢɫɬɟɦɭ ɞɟɫɬɚɛɢɥɢɡɢɪɭɸɳɢɯ 
ɜɨɡɞɟɣɫɬɜɢɣ, ɜɨɡɜɪɚɳɚɬɶɫɹ ɤ ɪɚɜɧɨɜɟɫɧɨɦɭ ɫɨɫɬɨ-
ɹɧɢɸ, ɢɡ ɤɨɬɨɪɨɝɨ ɨɧɚ ɜɵɜɨɞɢɬɫɹ ɜɨɡɦɭɳɚɸɳɢɦɢ 
ɢɥɢ ɭɩɪɚɜɥɹɸɳɢɦɢ ɜɨɡɞɟɣɫɬɜɢɹɦɢ. 

Ɉɞɧɚɤɨ ɡɧɚɱɟɧɢɟ ɫɬɟɩɟɧɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɦɨɠɟɬ 
ɨɤɚɡɚɬɶɫɹ ɧɟɞɨɫɬɚɬɨɱɧɵɦ ɞɥɹ ɤɨɧɤɪɟɬɧɨɣ ɋȺɍ, 
ɩɨɫɤɨɥɶɤɭ ɜɪɟɦɹ ɜɨɡɪɚɳɟɧɢɹ ɫɢɫɬɟɦɵ ɜ ɫɨɫɬɨɹɧɢɟ 
ɪɚɜɧɨɜɟɫɢɹ ɦɨɠɟɬ ɨɤɚɡɚɬɶɫɹ ɧɟɞɨɩɭɫɬɢɦɨ ɛɨɥɶ-
ɲɢɦ. 

ɉɨɷɬɨɦɭ ɨɞɧɢɦ ɢɡ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɦɵɯ ɩɪɢ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɋȺɍ ɤɪɢɬɟɪɢɟɜ ɹɜɥɹɟɬɫɹ ɦɚɤɫɢ-
ɦɚɥɶɧɚɹ ɫɬɟɩɟɧɶ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɢɫɬɟɦɵ. ɂɡɜɟɫɬɧɨ, 
ɱɬɨ ɫɢɫɬɟɦɵ, ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɟ ɩɨ ɷɬɨɦɭ ɤɪɢɬɟ-

ɪɢɸ, ɩɪɢ ɩɪɨɱɢɯ ɪɚɜɧɵɯ ɭɫɥɨɜɢɹɯ, ɨɛɥɚɞɚɸɬ ɛɨ-
ɥɟɟ ɜɵɫɨɤɢɦ ɛɵɫɬɪɨɞɟɣɫɬɜɢɟɦ, ɦɟɧɶɲɢɦ ɩɟɪɟɪɟ-
ɝɭɥɢɪɨɜɚɧɢɟɦ ɢ ɛɨɥɶɲɢɦ ɡɚɩɚɫɨɦ ɭɫɬɨɣɱɢɜɨɫɬɢ. 

Ⱦɥɹ ɡɚɞɚɧɢɹ ɠɟɥɚɟɦɨɝɨ ɤɚɱɟɫɬɜɚ ɫɢɫɬɟɦɵ, ɫɨ-
ɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɷɬɨɦɭ ɤɨɪɧɟɜɨɦɭ ɩɨɤɚɡɚɬɟɥɸ, 
ɤɨɪɧɢ ɞɨɥɠɧɵ ɥɟɠɚɬɶ ɥɟɜɟɟ ɜɟɪɬɢɤɚɥɶɧɨɣ ɩɪɹɦɨɣ, 
ɩɪɨɯɨɞɹɳɟɣ ɱɟɪɟɡ ɬɨɱɤɭ *

max( Ș , 0)j  (ɪɢɫ. 1). 

 
Ɋɢɫ. 1. Ɋɚɫɩɨɥɨɠɟɧɢɟ ɩɨɥɸɫɨɜ ɋȺɍ 

 
ȼ ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɚɪɚɦɟɬɪɵ ɫɢɫɬɟɦɵ 

ɩɨ ɬɟɦ ɢɥɢ ɢɧɵɦ ɩɪɢɱɢɧɚɦ ɦɨɝɭɬ ɦɟɧɹɬɶɫɹ ɜ 
ɨɩɪɟɞɟɥɟɧɧɵɯ ɢɧɬɟɪɜɚɥɚɯ (ɫɬɚɪɟɧɢɟ, ɬɟɦɩɟɪɚɬɭɪ-
ɧɵɟ ɤɨɥɟɛɚɧɢɹ ɢ ɬ.ɩ.) ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɢɫɤɚɠɟɧɢɸ 
ɜɢɞɚ ɚɦɩɥɢɬɭɞɧɵɯ ɢ ɮɚɡɨɜɵɯ ɱɚɫɬɨɬɧɵɯ ɯɚɪɚɤɬɟ-
ɪɢɫɬɢɤ ɫɢɫɬɟɦɵ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɧɟɟ ɭɫɬɨɣɱɢɜɚɹ 
ɫɢɫɬɟɦɚ ɦɨɠɟɬ ɫɬɚɬɶ ɧɟɭɫɬɨɣɱɢɜɨɣ Д1Ж. 

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɩɪɟɞɫɬɚɜɥɹɟɬ ɢɧɬɟɪɟɫ ɡɚɞɚɱɚ ɨ 
ɧɚɯɨɠɞɟɧɢɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɫɬɟɩɟɧɢ ɭɫɬɨɣɱɢɜɨɫɬɢ 
ɞɥɹ ɢɧɬɟɪɜɚɥɶɧɨɝɨ ɨɛɴɟɤɬɚ. Ⱦɥɹ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜ-
ɥɟɧɧɨɣ ɡɚɞɚɱɢ ɩɪɟɞɥɚɝɚɟɬɫɹ ɩɪɢɦɟɧɢɬɶ ɤɨɷɮɮɢɰɢ-
ɟɧɬɧɵɣ ɦɟɬɨɞ ДβЖ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɢɧɬɟɪɜɚɥɶɧɨɝɨ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟ-
ɫɤɨɝɨ ɩɨɥɢɧɨɦɚ. Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɯɨɪɨɲɨ ɪɚɡɪɚɛɨ-
ɬɚɧ ɞɥɹ ɚɧɚɥɢɡɚ ɫɬɚɰɢɨɧɚɪɧɵɯ ɫɢɫɬɟɦ ɢ ɩɨɷɬɨɦɭ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɢɧɬɟɪɟɫ ɟɝɨ ɪɨɛɚɫɬɧɨɟ ɪɚɫɲɢɪɟɧɢɟ. 

 
ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 
ɉɭɫɬɶ ɩɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɋȺɍ ɢɦɟɟɬ ɜɢɞμ 
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Ɉɛɥɚɫɬɶ ɜɨɡɦɨɠɧɵɯ ɡɧɚɱɟɧɢɣ ɢɧɬɟɪɜɚɥɶɧɵɯ 
ɩɚɪɚɦɟɬɪɨɜ ɫɢɫɬɟɦɵ (ɦɧɨɝɨɝɪɚɧɧɢɤ Pn, ɹɜɥɹɸ-
ɳɢɣɫɹ ɩɪɹɦɨɭɝɨɥɶɧɵɦ ɝɢɩɟɪɩɚɪɚɥɥɟɥɟɩɢɩɟɞɨɦ) 
ɨɬɨɛɪɚɠɚɟɬɫɹ ɧɚ ɤɨɦɩɥɟɤɫɧɭɸ ɩɥɨɫɤɨɫɬɶ ɤɨɪɧɟɣ ɜ 
ɜɢɞɟ ɨɛɥɚɫɬɟɣ ɥɨɤɚɥɢɡɚɰɢɢ ɤɨɪɧɟɣ ɢ ɨɬɪɟɡɤɨɜ ɜɟ-
ɳɟɫɬɜɟɧɧɨɣ ɨɫɢ, ɝɞɟ ɥɨɤɚɥɢɡɭɸɬɫɹ ɜɟɳɟɫɬɜɟɧɧɵɟ 
ɤɨɪɧɢ (ɪɢɫ. 2). 

 
Ɋɢɫ. β. Ɉɬɨɛɪɚɠɟɧɢɟ ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɝɨ ɦɧɨɝɨ-

ɝɪɚɧɧɢɤɚ 
ɇɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɝɪɚɧɢɰɵ ɨɛɥɚɫɬɢ ɥɨ-

ɤɚɥɢɡɚɰɢɢ ɤɨɪɧɟɣ ɋȺɍ. Ⱦɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɚɧɚɥɢɡɚ 
ɩɨɥɭɱɢɦ ɢɧɬɟɪɜɚɥɶɧɵɣ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɣ ɩɨɥɢ-
ɧɨɦμ 

  2
3 2 1 0  3 A s asa s aa s     (1) 

 
ɍɫɥɨɜɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɣ 

ɫɬɟɩɟɧɢ ɭɫɬɨɣɱɢɜɨɫɬɢ 
Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɋȺɍ ɜɚɠ-

ɧɨ ɍɬɜɟɪɠɞɟɧɢɟ 1. ɑɬɨɛɵ ɜɫɟ ɤɨɪɧɢ ɢɧɬɟɪɜɚɥɶɧɨ-
ɝɨ ɩɨɥɢɧɨɦɚ (1) ɥɟɠɚɥɢ ɥɟɜɟɟ ɜɟɪɬɢɤɚɥɶɧɨɣ ɩɪɹ-
ɦɨɣ, ɩɪɨɯɨɞɹɳɟɣ ɱɟɪɟɡ ɬɨɱɤɭ (-Ș, У0), 0 ≤ Ș ξ ∞, 
ɞɨɫɬɚɬɨɱɧɨ ɜɵɩɨɥɧɟɧɢɹ ɭɫɥɨɜɢɣμ 
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ɧɚɡɵɜɚɸɬ ɩɨɤɚɡɚɬɟɥɹɦɢ ɭɫɬɨɣɱɢɜɨɫɬɢ. 
ɍɬɜɟɪɠɞɟɧɢɟ 2. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɦɚɤɫɢɦɚɥɶ-

ɧɨɣ ɪɨɛɚɫɬɧɨɣ ɫɬɟɩɟɧɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɢɧɬɟɪɜɚɥɶ-
ɧɨɣ ɫɢɫɬɟɦɵ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɟɧɢɹ ɭɫɥɨɜɢɣ 
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  (2) 

Ɋɟɲɟɧɢɟ ɫɢɫɬɟɦɵ (β) ɩɨɡɜɨɥɹɟɬ ɧɚɣɬɢ ɦɚɤɫɢ-
ɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ max . 

 

Ⱥɥɝɨɪɢɬɦ ɨɩɪɟɞɟɥɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɣ ɫɬɟ-
ɩɟɧɢ ɭɫɬɨɣɱɢɜɨɫɬɢ 

 
Ɋɢɫ. γ. Ȼɥɨɤ-ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɝɨ 

ɫɢɧɬɟɡɚ ɪɟɝɭɥɹɬɨɪɚ 
 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦɵ (β) ɪɚɡɪɚɛɨɬɚɧɚ ɛɥɨɤ-
ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɪɟɝɭ-
ɥɹɬɨɪɚ (ɪɢɫ. 3). 

 
ɉɪɢɦɟɪ 
ɉɭɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɵ ɢɧɬɟɪɜɚɥɶɧɨɝɨ ɨɛɴɟɤɬɚ 

ɭɩɪɚɜɥɟɧɢɹ ɩɪɢɧɢɦɚɸɬ ɫɥɟɞɭɸɳɢɟ ɡɧɚɱɟɧɢɹ 
a3ɽД0.05ν0.1Ж, a2ɽД0.κν0.λЖ, a1ɽДβ.6νγЖ, a0ɽД0.5ν1Ж (γ) 

ɇɚ ɨɫɧɨɜɚɧɢɢ (β) ɢ (γ) ɫɨɫɬɚɜɢɦ ɫɢɫɬɟɦɭ ɭɪɚɜ-
ɧɟɧɢɣ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɣ ɫɬɟɩɟɧɢ 
ɭɫɬɨɣɱɢɜɨɫɬɢ  
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Ɉɬɫɸɞɚ ɩɨɥɭɱɚɟɦ ɦɚɤɫɢɦɚɥɶɧɭɸ ɫɬɟɩɟɧɶ 
ɭɫɬɨɣɱɢɜɨɫɬɢ max =2.1 

 
Ɂɚɤɥɸɱɟɧɢɟ 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɪɚɡ-

ɪɚɛɨɬɚɧɚ ɩɪɨɰɟɞɭɪɚ ɨɩɪɟɞɟɥɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɣ 
ɫɬɟɩɟɧɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɞɥɹ ɢɧɬɟɪɜɚɥɶɧɨɣ ɋȺɍ. 
ɉɪɨɰɟɞɭɪɚ ɨɫɧɨɜɚɧɚ ɧɚ ɫɨɫɬɚɜɥɟɧɢɢ ɢ ɪɟɲɟɧɢɢ 
ɫɢɫɬɟɦɵ ɧɟɪɚɜɟɧɫɬɜ ɢɫɩɨɥɶɡɭɸɳɢɯ ɩɨɤɚɡɚɬɟɥɶ 
ɭɫɬɨɣɱɢɜɨɫɬɢ i . ɉɪɢɜɟɞɟɧ ɱɢɫɥɟɧɧɵɣ ɩɪɢɦɟɪ, 
ɪɟɲɟɧɧɵɣ ɧɚ ɨɫɧɨɜɟ ɩɪɢɜɟɞɟɧɧɨɣ ɦɟɬɨɞɢɤɟ. 

 
Ʌɢɬɟɪɚɬɭɪɚ 
1. Ƚɭɫɟɜ ɘ.Ɇ., ȿɮɚɧɨɜ ȼ.ɇ., Ʉɪɵɦɫɤɢɣ ȼ.Ƚ., 

Ɋɭɬɤɨɜɫɤɢɣ ȼ.ɘ. Ⱥɧɚɥɢɡ ɢ ɫɢɧɬɟɡ ɥɢɧɟɣɧɵɯ ɢɧ-
ɬɟɪɜɚɥɶɧɵɯ ɞɢɧɚɦɢɱɟɫɤɢɯ ɫɢɫɬɟɦ (ɫɨɫɬɨɹɧɢɟ ɩɪɨ-
ɛɥɟɦɵ). Ⱥɧɚɥɢɡ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɢɧɬɟɪɜɚɥɶɧɵɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɯ ɩɨɥɢɧɨɦɨɜ // ɂɡɜ. Ⱥɇ ɋɋɋɊ 
Ɍɟɯɧ. ɤɢɛɟɪɧɟɬɢɤɚ.1λλ1.ʋ 1.  

2. Ȼ.ɇ. ɉɟɬɪɨɜ, ɇ.ɂ. ɋɨɤɨɨɜ, Ⱥ.ȼ. Ʌɢɩɚɬɨɜ 
ɋɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɨɛɴɟɤɬɚɦɢ 
ɫ ɩɟɪɟɦɟɧɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢμ ɂɧɠɟɧɟɪɧɵɟ ɦɟɬɨ-



XI Ɇɟɠɞɭɧɚɪɨɞɧɚɹ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ ɫɬɭɞɟɧɬɨɜ, ɚɫɩɢɪɚɧɬɨɜ ɢ ɦɨɥɨɞɵɯ ɭɱɺɧɵɯ 
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ɞɵ ɚɧɚɥɢɡɚ ɢ ɫɢɧɬɟɡɚμ Ɇ.μɆɚɲɢɧɨɫɬɪɚɟɧɢɟ, 1986. – 256. 
 

Ɋȿɒȿɇɂȿ ɉɊɈȻɅȿɆɕ ɊȺɋɉɈɁɇȺȼȺɇɂə ɈȻɔȿɄɌɈȼ ɉɊɂ ɉɈɆɈɒɓɂ 
ɋȿɇɋɈɊȺ KINECT ɂ ȻɂȻɅɂɈɌȿɄɂ PCL 

ɉɚɧɬɸɯɢɧ Ⱥ.Ɋ. 
ɇɚɭɱɧɵɣ ɪɭɤɨɜɨɞɢɬɟɥɶμ Ⱥɥɟɤɫɚɧɞɪɨɜɚ Ɍ.ȼ. 

Ɍɨɦɫɤɢɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 
6γ4050, Ɋɨɫɫɢɹ, ɝ. Ɍɨɦɫɤ, ɩɪ-ɬ Ʌɟɧɢɧɚ, γ0 

E-mail: tmag@sibmail.com 
 

ȼɜɟɞɟɧɢɟ 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɪɨɛɨɬɨɬɟɯɧɢɤɟ ɧɚɛɥɸɞɚ-

ɸɬɫɹ ɩɪɨɰɟɫɫɵ ɫɨɰɢɚɥɢɡɚɰɢɢ, ɬ.ɟ. ɨɪɢɟɧɬɚɰɢɢ ɪɨ-
ɛɨɬɨɜ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ ɧɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ ɱɟ-
ɥɨɜɟɤɨɦ. Ɉɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɩɪɟɩɹɬɫɬɜɢɣ ɧɚ ɩɭɬɢ 
ɫɨɰɢɚɥɶɧɨɣ ɪɨɛɨɬɨɬɟɯɧɢɤɢ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ 
ɨɛɴɟɤɬɨɜ, ɛɵɬɨɜɵɯ ɩɪɟɞɦɟɬɨɜ, ɤɨɬɨɪɨɟ ɧɟɨɛɯɨɞɢ-
ɦɨ ɪɨɛɨɬɚɦ, ɱɬɨɛɵ ɚɞɟɤɜɚɬɧɨ ɪɟɚɝɢɪɨɜɚɬɶ ɧɚ ɞɟɣ-
ɫɬɜɢɹ ɩɨɥɶɡɨɜɚɬɟɥɹ. 

ɇɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɫɭɳɟɫɬɜɭɟɬ ɛɨɥɶɲɨɟ ɤɨɥɢ-
ɱɟɫɬɜɨ ɫɩɨɫɨɛɨɜ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɨɛɴɟɤɬɨɜ. Ɇɧɨɝɢɟ 
ɢɡ ɧɢɯ ɪɚɛɨɬɚɸɬ ɩɨ ɰɜɟɬɨɜɨɦɭ ɩɪɢɡɧɚɤɭ, ɫɚɦɵɟ 
ɫɨɜɟɪɲɟɧɧɵɟ ɢɫɩɨɥɶɡɭɸɬ ɧɟɣɪɨɧɧɵɟ ɫɟɬɢ.  

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɨɱɟɧɶ ɛɵɫɬɪɨ ɪɚɡɜɢɜɚ-
ɸɬɫɹ ɬɟɯɧɨɥɨɝɢɢ ɨɱɟɧɶ ɛɵɫɬɪɨ ɪɚɡɜɢɜɚɸɬɫɹ ɬɟɯ-
ɧɨɥɨɝɢɢ γD ɫɤɚɧɢɪɨɜɚɧɢɹ. Ʉɨɝɞɚ Microsoft ɜɵɩɭɫ-
ɤɚɥ ɫɜɨɣ ɫɟɧɫɨɪ, ɬɨ ɧɢɤɬɨ ɧɟ ɦɨɝ ɢ ɩɨɞɭɦɚɬɶ, ɱɬɨ 
ɨɧ ɫɬɚɧɟɬ ɧɚɫɬɨɥɶɤɨ ɩɨɩɭɥɹɪɟɧ ɜ ɫɪɟɞɟ ɪɨɛɨɬɨɬɟɯ-
ɧɢɤɢ. Ⱦɚɥɟɟ ɩɨɣɞɟɬ ɨɩɢɫɚɧɢɟ ɦɟɬɨɞɚ ɤɨɬɨɪɵɣ, 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɨɛɴɟɤɬɨɜ, ɞɚɥɟɟ 
ɩɨɥɭɱɟɧɧɚɹ ɢɧɮɨɪɦɚɰɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɪɨɛɨɬɨɦ 
ɞɥɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɱɟɥɨɜɟɤɨɦ 

 
ɋɟɧɫɨɪ Kinect 

 
Ɋɢɫ.1. ɋɟɧɫɨɪ Kinect 

 
Kinect – ɷɬɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨ ɪɚɫɩɨɥɨɠɟɧɧɚɹ ɤɨ-

ɪɨɛɤɚ ɧɚ ɧɟɛɨɥɶɲɨɦ ɤɪɭɝɥɨɦ ɨɫɧɨɜɚɧɢɢ, ɤɨɬɨɪɭɸ 
ɩɨɦɟɳɚɸɬ ɜɵɲɟ ɢɥɢ ɧɢɠɟ ɷɤɪɚɧɚ. Ɋɚɡɦɟɪɵ – 
ɩɪɢɦɟɪɧɨ βγ ɫɦ ɜ ɞɥɢɧɭ ɢ 4 ɫɦ ɜ ɜɵɫɨɬɭ. ɋɨɫɬɨɢɬ 
ɢɡ ɞɜɭɯ ɫɟɧɫɨɪɨɜ ɝɥɭɛɢɧɵ, ɰɜɟɬɧɨɣ ɜɢɞɟɨɤɚɦɟɪɵ ɢ 
ɦɢɤɪɨɮɨɧɧɨɣ ɪɟɲɟɬɤɢ. ɉɪɨɩɪɢɟɬɚɪɧɨɟ ɩɪɨɝɪɚɦɦ-
ɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɨɫɭɳɟɫɬɜɥɹɟɬ ɩɨɥɧɨɟ γ-ɯ ɦɟɪɧɨɟ 
ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɞɜɢɠɟɧɢɣ ɬɟɥɚ, ɦɢɦɢɤɢ ɥɢɰɚ ɢ ɝɨ-
ɥɨɫɚ. Ɇɢɤɪɨɮɨɧɧɚɹ ɪɟɲɟɬɤɚ ɩɨɡɜɨɥɹɟɬ ɩɪɨɢɡɜɨ-
ɞɢɬɶ ɥɨɤɚɥɢɡɚɰɢɸ ɢɫɬɨɱɧɢɤɚ ɡɜɭɤɚ ɢ ɩɨɞɚɜɥɟɧɢɟ 
ɲɭɦɨɜ, ɱɬɨ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɝɨɜɨɪɢɬɶ ɛɟɡ ɧɚɭɲ-
ɧɢɤɨɜ ɢ ɦɢɤɪɨɮɨɧɚ. Ⱦɚɬɱɢɤ ɝɥɭɛɢɧɵ ɫɨɫɬɨɢɬ ɢɡ 
ɢɧɮɪɚɤɪɚɫɧɨɝɨ ɩɪɨɟɤɬɨɪɚ, ɨɛɴɟɞɢɧɟɧɧɨɝɨ ɫ ɦɨɧɨ-
ɯɪɨɦɧɨɣ ɄɆɈɉ-ɦɚɬɪɢɰɟɣ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɞɚɬɱɢɤɭ 
KТЧОМЭ ɩɨɥɭɱɚɬɶ ɬɪɺɯɦɟɪɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɩɪɢ ɥɸ-
ɛɨɦ ɟɫɬɟɫɬɜɟɧɧɨɦ ɨɫɜɟɳɟɧɢɢ. 

Ⱦɢɚɩɚɡɨɧ ɝɥɭɛɢɧɵ ɢ ɩɪɨɝɪɚɦɦɚ ɩɪɨɟɤɬɚ ɩɨɡɜɨ-
ɥɹɟɬ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɤɚɥɢɛɪɨɜɚɬɶ ɞɚɬɱɢɤ ɫ ɭɱɺɬɨɦ 

ɭɫɥɨɜɢɣ ɢɝɪɵ ɢ ɨɤɪɭɠɚɸɳɢɯ ɭɫɥɨɜɢɣ, ɧɚɩɪɢɦɟɪ 
ɦɟɛɟɥɢ, ɧɚɯɨɞɹɳɟɣɫɹ ɜ ɤɨɦɧɚɬɟ. 

 
Ɋɢɫ. β. ɉɪɢɦɟɪ ɢɡɨɛɪɚɠɟɧɢɹ ɩɨɥɭɱɟɧɧɨɝɨ ɫ ɫɟɧɫɨ-

ɪɚ Kinect 
 

PointCloudLibrary. Ɉɛɥɚɤɚ ɬɨɱɟɤ 
Ⱦɥɹ ɪɚɛɨɬɵ ɫ ɫɟɧɫɨɪɨɦ ɝɥɭɛɢɧɵ ɜɫɬɪɨɟɧɧɵɦ ɜ 

Kinect ɢɫɩɨɥɶɡɭɟɬɫɹ ɛɢɛɥɢɨɬɟɤɚ PCL (Point Cloud 
Library KТЧОМЭ ɢɦɟɟɬ ɩɪɨɜɨɞ ɫ ɪɚɡɴɟɦɨɦ USB β.0, 
ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɛɟɡ ɩɪɨɛɥɟɦ ɩɨɞɤɥɸɱɢɬɶ ɟɝɨ ɤ ɩɟɪ-
ɫɨɧɚɥɶɧɨɦɭ ɤɨɦɩɶɸɬɟɪɭ. Ⱦɥɹ ɧɚɩɢɫɚɧɢɹ ɩɪɨɝɪɚɦ-
ɦɵ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɫɪɟɞɚ ɪɚɡɪɚɛɨɬɤɢ VТЬЮКХ SЭЮНТШ 
β010. əɡɵɤ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ C++. Ɉɛɪɚɛɚɬɵɜɚɬɶ 
γD ɢɡɨɛɪɚɠɟɧɢɹ ɫ ɩɨɦɨɳɶɸ ɫɬɚɧɞɚɪɬɧɵɯ ɫɪɟɞɫɬɜ 
VS β010 ɧɟ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ. Ȼɵɥɨ 
ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚ-
ɧɭɸ ɛɢɛɥɢɨɬɟɤɭ PCδ – PШТЧЭ CХШЮН δТЛЫКЫв. ɗɬɚ 
ɛɢɛɥɢɨɬɟɤɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɢ ɨɛɪɚ-
ɛɨɬɤɢ ɬɚɤ ɧɚɡɵɜɚɟɦɨɝɨ ɨɛɥɚɤɚ ɬɨɱɟɤ (PШТЧЭ CХШЮН). 
ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɨɛɥɚɤɨ ɬɨɱɟɤ (ɪɢɫ. β) ɷɬɨ ɧɚɛɨɪ 
ɜɟɪɲɢɧ ɜ ɬɪɺɯɦɟɪɧɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ.  

ɗɬɢ ɜɟɪɲɢɧɵ, ɤɚɤ ɩɪɚɜɢɥɨ, ɨɩɪɟɞɟɥɹɸɬɫɹ ɤɨ-
ɨɪɞɢɧɚɬɚɦɢ Б, В ɢ Г ɢ, ɤɚɤ ɩɪɚɜɢɥɨ, ɩɪɟɞɧɚɡɧɚɱɟ-
ɧɵ ɞɥɹ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɜɧɟɲɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɴ-
ɟɤɬɚ. 

Ɉɛɥɚɤɚ ɬɨɱɟɤ ɱɚɳɟ ɜɫɟɝɨ ɫɨɡɞɚɸɬɫɹ γD-
ɫɤɚɧɟɪɚɦɢ. ɗɬɢ ɭɫɬɪɨɣɫɬɜɚ ɜ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɪɟ-
ɠɢɦɟ ɡɚɦɟɪɹɸɬ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɨɱɟɤ ɧɚ ɩɨ-
ɜɟɪɯɧɨɫɬɢ ɫɤɚɧɢɪɭɟɦɨɝɨ ɨɛɴɟɤɬɚ ɢ ɡɚɱɚɫɬɭɸ ɝɟɧɟ-
ɪɢɪɭɸɬ ɧɚ ɜɵɯɨɞɟ ɨɛɥɚɤɨ ɬɨɱɟɤ ɤɚɤ ɮɚɣɥ ɞɚɧɧɵɯ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɛɥɚɤɨ ɬɨɱɟɤ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɦɧɨɠɟɫɬɜɨ ɬɨɱɟɤ, ɩɨɥɭɱɟɧɧɵɯ ɜ ɪɟɡɭɥɶɬɚɬɟ γD-
ɫɤɚɧɢɪɨɜɚɧɢɹ ɨɛɴɟɤɬɚ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɰɟɫɫɚ ɬɪɺɯɦɟɪɧɨɝɨ ɫɤɚɧɢɪɨɜɚ-
ɧɢɹ ɨɛɥɚɤɚ ɬɨɱɟɤ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɦɧɨɝɢɯ ɰɟɥɟɣ, 
ɜ ɬɨɦ ɱɢɫɥɟ ɞɥɹ ɫɨɡɞɚɧɢɹ ɬɪɺɯɦɟɪɧɵɯ CAD-


