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Ɋɢɫ. 1. Ɂɚɜɢɫɢɦɨɫɬɶ ɫɦɟɲɟɧɢɹ ɨɰɟɧɤɢ ɜɪɟɦɟɧɧɨɝɨ ɩɨ-

ɥɨɠɟɧɢɹ ɫɢɝɧɚɥɚ ɨɬ ɨɬɧɨɲɟɧɢɹ ɫɢɝɧɚɥɚ ɤ ɲɭɦɭ 
 

 
Ɋɢɫ. β. Ɂɚɜɢɫɢɦɨɫɬɶ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɨɝɨ ɨɬɤɥɨɧɟɧɢɹ 
ɨɰɟɧɤɢ ɜɪɟɦɟɧɧɨɝɨ ɩɨɥɨɠɟɧɢɹ ɫɢɝɧɚɥɚ ɨɬ ɨɬɧɨɲɟɧɢɹ 

ɫɢɝɧɚɥɚ ɤ ɲɭɦɭ 

Ⱦɥɹ ɨɬɧɨɲɟɧɢɣ ɫɢɝɧɚɥɚ ɤ ɲɭɦɭ ɦɟɧɶɲɢɯ 1, 
ɩɟɪɟɦɟɳɟɧɢɟ ɩɨɥɨɠɟɧɢɹ ɦɚɤɫɢɦɭɦɚ ɜɟɫɨɜɨɣ 
ɮɭɧɤɰɢɢ ɜ ɨɛɥɚɫɬɶ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɱɚɫɬɨɬ ɩɪɢɜɨ-
ɞɢɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɨɝɨ ɨɬɤɥɨ-
ɧɟɧɢɹ (ɪɢɫ. β), ɨɞɧɚɤɨ ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ 
ɫɦɟɳɟɧɢɹ ɨɰɟɧɤɢ ɨɛɟɫɩɟɱɢɜɚɸɬ ɭɠɟ ɮɚɡɨɱɚɫɬɨɬ-
ɧɵɟ ɦɟɬɨɞɵ ɫ ɪɚɜɧɨɜɟɫɧɨɣ ɨɛɪɚɛɨɬɤɨɣ (ɪɢɫ. 1). 

 
ȼɵɜɨɞɵ 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ-

ɤɚɡɚɥɢ, ɱɬɨ ɮɚɡɨɱɚɫɬɨɬɧɵɟ ɦɟɬɨɞɵ ɫ ɪɚɜɧɨɜɟɫɧɨɣ 
ɢ ɧɟɪɚɜɧɨɜɟɫɧɨɣ ɨɛɪɚɛɨɬɤɨɣ ɨɛɟɫɩɟɱɢɜɚɸɬ ɜɵɫɨ-
ɤɭɸ ɬɨɱɧɨɫɬɶ ɢ ɧɚɞɟɠɧɨɫɬɶ ɩɨɥɭɱɚɟɦɵɯ ɨɰɟɧɨɤ 
ɜɪɟɦɟɧɧɨɝɨ ɩɨɥɨɠɟɧɢɹ ɫɥɨɠɧɵɯ ɫɢɝɧɚɥɨɜ ɞɚɠɟ 
ɩɪɢ ɨɬɧɨɲɟɧɢɹɯ ɫɢɝɧɚɥ/ɲɭɦ, ɛɥɢɡɤɢɯ ɤ 1. 
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ȼɜɟɞɟɧɢɟ 
ɉɪɢ ɪɚɛɨɬɟ ɫɢɫɬɟɦ ɜɢɞɟɨɧɚɛɥɸɞɟɧɢɹ, ɪɚɡɜɟɪ-

ɧɭɬɵɯ ɧɚ ɛɨɥɶɲɢɯ ɩɥɨɳɚɞɹɯ ɢ ɢɦɟɸɳɢɯ ɜ ɫɜɨɟɦ 
ɫɨɫɬɚɜɟ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɤɚɦɟɪ, ɜɧɢɦɚɧɢɟ ɨɩɟ-
ɪɚɬɨɪɚ ɞɨɥɠɧɨ ɩɪɢɜɥɟɤɚɬɶɫɹ ɬɨɥɶɤɨ ɜ ɬɟɯ ɫɥɭɱɚɹɯ, 
ɤɨɝɞɚ ɫɢɬɭɚɰɢɹ ɧɚ ɫɰɟɧɟ ɧɚɛɥɸɞɟɧɢɹ ɡɚɫɥɭɠɢɜɚɟɬ 
ɟɝɨ ɨɰɟɧɤɢ. ȼɫɟ ɨɫɬɚɥɶɧɨɟ ɜɪɟɦɹ ɨɩɟɪɚɬɨɪ ɞɨɥɠɟɧ 
ɛɵɬɶ ɢɡɛɚɜɥɟɧ ɨɬ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɪɨɫɦɨɬɪɚ ɩɨ-
ɫɬɭɩɚɸɳɢɯ ɜɢɞɟɨɞɚɧɧɵɯ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɧɚ ɩɟɪ-
ɜɵɣ ɩɥɚɧ ɜɵɯɨɞɹɬ ɡɚɞɚɱɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɨɰɟɧɤɢ 
ɩɪɨɢɫɯɨɞɹɳɟɝɨ ɜ ɩɨɥɟ ɡɪɟɧɢɹ ɫɢɫɬɟɦ ɜɢɞɟɨɧɚɛɥɸ-
ɞɟɧɢɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɫɰɟɧɵ ɞɨɥɠɧɚ ɛɵɬɶ 
ɨɩɪɟɞɟɥɟɧɚ ɧɨɪɦɚ, ɨɬɤɥɨɧɟɧɢɟ ɨɬ ɤɨɬɨɪɨɣ ɩɪɢɜɨ-
ɞɢɬ ɤ ɨɩɨɜɟɳɟɧɢɸ ɨɩɟɪɚɬɨɪɚ. Ɉɛɵɱɧɨ, ɬɚɤɚɹ ɧɨɪ-
ɦɚ ɡɚɞɚɟɬɫɹ ɜ ɜɢɞɟ ɪɟɲɚɸɳɢɯ ɩɪɚɜɢɥ. ɉɪɢɦɟɪɨɦ 
ɦɨɠɟɬ ɩɨɫɥɭɠɢɬɶ ɩɟɲɟɯɨɞɧɵɣ ɩɟɪɟɯɨɞ. ɇɨɪɦɨɣ 
ɩɨɜɟɞɟɧɢɹ ɩɟɲɟɯɨɞɨɜ ɢ ɚɜɬɨɦɨɛɢɥɟɣ ɧɚ ɩɪɨɟɡɠɟɣ 
ɱɚɫɬɢ ɹɜɥɹɟɬɫɹ ɫɨɛɥɸɞɟɧɢɟ ɩɪɚɜɢɥ ɞɨɪɨɠɧɨɝɨ 
ɞɜɢɠɟɧɢɹ. ɉɪɢ ɷɬɨɦ ɪɚɡɪɟɲɟɧɧɵɟ ɬɪɚɟɤɬɨɪɢɢ 
ɞɜɢɠɟɧɢɹ ɥɸɞɟɣ ɛɭɞɭɬ ɫɭɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱɚɬɶɫɹ ɨɬ 
ɬɪɚɟɤɬɨɪɢɣ ɩɟɪɟɦɟɳɟɧɢɹ ɚɜɬɨɦɨɛɢɥɟɣ.  

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɜɨɡɧɢɤɚɟɬ ɡɚɞɚɱɚ ɤɥɚɫɫɢɮɢɤɚ-
ɰɢɢ ɞɜɢɠɭɳɢɯɫɹ ɨɛɴɟɤɬɨɜ ɜ ɡɨɧɟ ɩɪɨɟɡɠɟɣ ɱɚɫɬɢ 

ɧɚ ɜɢɞɵ, ɫ ɞɚɥɶɧɟɣɲɢɦ ɨɬɫɥɟɠɢɜɚɧɢɟɦ ɬɪɚɟɤɬɨ-
ɪɢɢ ɢɯ ɞɜɢɠɟɧɢɹ ɢ ɨɰɟɧɤɨɣ ɬɪɚɟɤɬɨɪɢɣ.  

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɢɫɫɥɟɞɭɸɬɫɹ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ 
ɦɟɬɨɞɵ ɢ ɚɥɝɨɪɢɬɦɵ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɩɨɞɜɢɠɧɵɯ 
ɨɛɴɟɤɬɨɜ ɧɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɜɢɞɟɨɢɡɨɛɪɚɠɟɧɢɣ. 
ɉɨɞɜɢɠɧɵɟ ɨɛɴɟɤɬɵ ɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɤɥɚɫɫɵ ɚɜɬɨ-
ɦɨɛɢɥɟɣ ɢ ɩɟɲɟɯɨɞɨɜ. 

 
Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɤɨɧɬɭɪɨɜ ɩɨɞɜɢɠɧɵɯ ɨɛɴ-

ɟɤɬɨɜ 
Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɜɵɞɟɥɢɬɶ ɩɨɞɜɢɠɧɵɟ ɨɛɴɟɤɬɵ 

ɧɚ ɜɢɞɟɨ, ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɩɟɰɢɚɥɶɧɵɟ ɜɢɞɟɨɚɧɚɥɢ-
ɬɢɱɟɫɤɢɟ ɚɥɝɨɪɢɬɦɵ. Ɉɧɢ ɜɵɞɟɥɹɸɬ ɦɚɫɤɭ ɞɜɢɠɟ-
ɧɢɹ, ɜɧɟɲɧɢɟ ɝɪɚɧɢɰɵ ɤɨɬɨɪɨɣ ɹɜɥɹɸɬɫɹ ɤɨɧɬɭ-
ɪɨɦ ɞɜɢɠɭɳɟɝɨɫɹ ɨɛɴɟɤɬɚ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɤɥɚɫɫɢ-
ɮɢɤɚɰɢɢ ɩɨɞɜɢɠɧɵɯ ɨɛɴɟɤɬɨɜ ɧɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ 
ɮɨɪɦɵ ɢɯ ɤɨɧɬɭɪɨɜ, ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ, ɬɚɤ ɤɚɤ 
ɨɩɢɪɚɟɬɫɹ ɧɚ ɞɚɧɧɵɟ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɭɱɟ-
ɧɵ ɧɚ ɛɨɥɟɟ ɪɚɧɧɢɯ ɷɬɚɩɚɯ ɨɛɪɚɛɨɬɤɢ ɜɢɞɟɨɢɡɨɛ-
ɪɚɠɟɧɢɣ. 

Ʉɨɧɬɭɪ ɨɛɴɟɤɬɚ – ɷɬɨ ɡɚɦɤɧɭɬɚɹ ɝɪɚɧɢɰɚ ɜɨ-
ɤɪɭɝ ɩɨɞɜɢɠɧɨɝɨ ɨɛɴɟɤɬɚ, ɤɨɬɨɪɭɸ ɦɨɠɧɨ ɩɪɟɞ-
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ɫɬɚɜɢɬɶ ɜ ɜɢɞɟ ɭɩɨɪɹɞɨɱɟɧɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ-
ɫɬɢ ɤɨɨɪɞɢɧɚɬɧɵɯ ɩɚɪμ 

]|,...,,[ 21 PeeeeE n  ;   (1ɚ) 

],[ yxP  ,     (1ɛ) 

ɝɞɟ E  – ɫɚɦ ɤɨɧɬɭɪ ɨɛɴɟɤɬɚν neee ,...,, 21  – ɬɨɱɤɢ, 
ɨɛɪɚɡɭɸɳɢɟ ɤɨɧɬɭɪν n  – ɨɛɳɟɟ ɱɢɫɥɨ ɬɨɱɟɤ, ɢɡ 
ɤɨɬɨɪɵɯ ɫɨɫɬɨɢɬ ɤɨɧɬɭɪν P  – ɤɨɨɪɞɢɧɚɬɧɚɹ ɩɚɪɚν 

yx,  – ɤɨɨɪɞɢɧɚɬɵ ɬɨɱɟɤ ɤɨɧɬɭɪɚ [1]. 

ɉɪɢɜɟɞɟɧɧɨɟ ɜɵɲɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɤɨɧɬɭɪɚ ɹɜ-
ɥɹɟɬɫɹ ɞɜɭɦɟɪɧɵɦ, ɬɨ ɟɫɬɶ ɤɚɠɞɵɣ ɩɢɤɫɟɥɶ ɨɩɢ-
ɫɵɜɚɟɬɫɹ ɩɚɪɨɣ ɡɧɚɱɟɧɢɣ. Ʉɨɧɬɭɪ ɨɛɴɟɤɬɚ ɦɨɠɧɨ 
ɩɪɢɜɟɫɬɢ ɤ ɨɞɧɨɦɟɪɧɨɦɭ ɜɢɞɭ. Ɍɚɤɨɟ ɩɪɟɞɫɬɚɜɥɟ-
ɧɢɟ ɛɭɞɟɬ ɭɞɨɛɧɨ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ 
ɢ ɩɨɦɨɠɟɬ ɧɚɝɥɹɞɧɟɣ ɩɪɟɞɫɬɚɜɢɬɶ ɤɨɧɬɭɪ. ɑɬɨɛɵ 
ɩɪɢɜɟɫɬɢ ɤɨɧɬɭɪ ɤ ɨɞɧɨɦɟɪɧɨɦɭ ɜɢɞɭ, ɢɫɩɨɥɶɡɭ-
ɟɬɫɹ ɦɚɫɫɢɜ ɰɟɧɬɪɨɦɚɫɫɧɵɯ ɪɚɫɫɬɨɹɧɢɣ. 

Ɇɚɫɫɢɜ ɰɟɧɬɪɨɦɚɫɫɧɵɯ ɪɚɫɫɬɨɹɧɢɣ – ɨɞɧɨɦɟɪ-
ɧɚɹ ɞɢɫɤɪɟɬɧɚɹ ɭɩɨɪɹɞɨɱɟɧɧɚɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶ-
ɧɨɫɬɶ, ɤɚɠɞɵɣ ɱɥɟɧ ɤɨɬɨɪɨɣ ɪɚɜɟɧ ɪɚɫɫɬɨɹɧɢɸ ɨɬ 
ɰɟɧɬɪɚ ɦɚɫɫ ɤɨɧɬɭɪɚ ɞɨ ɬɨɱɤɢ ɧɚ ɝɪɚɧɢɰɟ ɤɨɧɬɭɪɚ. 
ȼɜɟɞɟɦ ɨɛɨɡɧɚɱɟɧɢɟ ɷɬɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢμ 

],...,,[ 21 nrrrR ,    (2) 

ɝɞɟ R  – ɦɚɫɫɢɜ ɰɟɧɬɪɨɦɚɫɫɧɵɯ ɪɚɫɫɬɨɹɧɢɣν r  – 
ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɰɟɧɬɪɚ ɦɚɫɫ ɞɨ ɬɨɱɤɢ ɤɨɧɬɭɪɚν n  – 
ɨɛɳɟɟ ɱɢɫɥɨ ɬɨɱɟɤ, ɫɨɫɬɚɜɥɹɸɳɢɯ ɤɨɧɬɭɪ. 

Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɰɟɧɬɪɚ ɦɚɫɫ ɞɨ ɬɨɱɤɢ ɧɚ ɝɪɚɧɢɰɟ 
ɤɨɧɬɭɪɚ ɦɨɠɟɬ ɛɵɬɶ ɜɵɱɢɫɥɟɧɨ ɫ ɩɨɦɨɳɶɸ ɜɵɪɚ-
ɠɟɧɢɹμ 

22 )()( ycyxcxr  ,   (3) 

ɝɞɟ r  – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɰɟɧɬɪɚ ɦɚɫɫ ɞɨ ɬɨɱɤɢ ɧɚ 
ɝɪɚɧɢɰɟ ɤɨɧɬɭɪɚν cycx,  – ɤɨɨɪɞɢɧɚɬɵ ɰɟɧɬɪɚ 
ɦɚɫɫν yx,  – ɤɨɨɪɞɢɧɚɬɵ ɬɨɱɤɢ ɧɚ ɝɪɚɧɢɰɟ ɤɨɧɬɭ-
ɪɚ [2]. 

ɇɢɠɟ ɩɪɢɜɟɞɟɧɵ ɢɡɨɛɪɚɠɟɧɢɟ ɢɫɯɨɞɧɨɝɨ ɤɨɧ-
ɬɭɪɚ (ɪɢɫ. 1) ɢ ɝɪɚɮɢɱɟɫɤɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɫɨɨɬ-
ɜɟɬɫɬɜɭɸɳɟɣ ɟɦɭ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɰɟɧɬɪɨɦɚɫ-
ɫɧɵɯ ɪɚɫɫɬɨɹɧɢɣ (ɪɢɫ. 2). 
 

 
Ɋɢɫ. 1. Ʉɨɧɬɭɪ ɢɡɨɛɪɚɠɟɧɢɹ 

 
Ɋɢɫ. β. ɐɟɧɬɪɨɦɚɫɫɧɵɟ ɪɚɫɫɬɨɹɧɢɹ 

ɇɚ ɨɫɢ ɚɛɫɰɢɫɫ ɪɚɡɦɟɳɟɧɵ ɩɨɪɹɞɤɨɜɵɟ ɧɨɦɟɪɚ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɬɨɱɟɤ ɤɨɧɬɭɪɚ, ɚ ɧɚ ɨɫɢ ɨɪɞɢ-
ɧɚɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɢɦ ɪɚɫɫɬɨɹɧɢɹ ɞɨ ɰɟɧɬɪɚ 
ɦɚɫɫ. 

 

Ɉɩɢɫɚɧɢɟ ɤɨɧɬɭɪɨɜ. Ⱦɟɫɤɪɢɩɬɨɪɵ 
ȼ ɬɟɨɪɢɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɨɛɪɚɡɨɜ ɚɤɬɢɜɧɨ ɢɫ-

ɩɨɥɶɡɭɟɬɫɹ ɩɨɧɹɬɢɟ ɞɟɫɤɪɢɩɬɨɪɚ, ɤɨɬɨɪɨɟ ɨɛɨɡɧɚ-
ɱɚɟɬ ɭɧɢɤɚɥɶɧɭɸ ɨɞɧɨɦɟɪɧɭɸ ɞɢɫɤɪɟɬɧɭɸ ɭɩɨɪɹ-
ɞɨɱɟɧɧɭɸ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɱɢɫɟɥ, ɜɵɱɢɫɥɹɟ-
ɦɭɸ ɧɚ ɨɫɧɨɜɟ ɤɚɤɢɯ ɥɢɛɨ ɫɜɨɣɫɬɜ ɨɛɴɟɤɬɚ. Ɉɞɧɢɦ 
ɢɡ ɝɥɚɜɧɵɯ ɬɪɟɛɨɜɚɧɢɣ ɤ ɞɟɫɤɪɢɩɬɨɪɭ ɹɜɥɹɟɬɫɹ ɟɝɨ 
ɢɧɜɚɪɢɚɧɬɧɨɫɬɶ ɤ ɢɡɦɟɧɟɧɢɹɦ ɫɜɨɣɫɬɜ ɨɛɴɟɤɬɚ, ɧɟ 
ɫɜɹɡɚɧɧɵɯ ɫ ɟɝɨ ɭɡɧɚɜɚɟɦɨɫɬɶɸ. Ⱦɥɹ ɷɮɮɟɤɬɢɜɧɨ-
ɝɨ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ ɞɟɫɤɪɢɩɬɨɪ ɤɨɧ-
ɬɭɪɚ ɞɨɥɠɟɧ ɨɛɥɚɞɚɬɶ ɫɜɨɣɫɬɜɚɦɢ ɢɧɜɚɪɢɚɧɬɧɨɫɬɢ 
ɨɬɧɨɫɢɬɟɥɶɧɨ [3]: 

 ɩɨɜɨɪɨɬɚν 
 ɢɡɦɟɧɟɧɢɹ ɦɚɫɲɬɚɛɚν 
 ɩɚɪɚɥɥɟɥɶɧɨɝɨ ɩɟɪɟɧɨɫɚ. 
ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɰɟɧɬɪɨɦɚɫɫɧɵɯ ɪɚɫɫɬɨɹ-

ɧɢɣ ɧɟ ɨɛɥɚɞɚɟɬ ɢɧɜɚɪɢɚɧɬɧɨɫɬɶɸ ɧɢ ɤ ɨɞɧɨɦɭ ɢɡ 
ɩɪɢɜɟɞɟɧɧɵɯ ɜɵɲɟ ɢɡɦɟɧɟɧɢɣ, ɤɪɨɦɟ ɩɚɪɚɥɥɟɥɶ-
ɧɨɝɨ ɩɟɪɟɧɨɫɚ, ɩɨɷɬɨɦɭ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨ-
ɜɚɧɚ ɜ ɤɚɱɟɫɬɜɟ ɞɟɫɤɪɢɩɬɨɪɚ. Ɇɟɬɨɞ ɜɵɱɢɫɥɟɧɢɹ 
ɞɟɫɤɪɢɩɬɨɪɚ ɞɨɥɠɟɧ ɛɵɬɶ ɜɵɛɪɚɧ ɫ ɭɱɟɬɨɦ ɩɪɢɜɟ-
ɞɟɧɧɵɯ ɫɜɨɣɫɬɜ ɢɧɜɚɪɢɚɧɬɧɨɫɬɢ, ɩɨɷɬɨɦɭ ɜ ɪɚɛɨɬɟ 
ɢɫɩɨɥɶɡɨɜɚɥɨɫɶ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ, ɤɨɬɨɪɨɟ 
ɩɨɥɧɨɫɬɶɸ ɨɬɜɟɱɚɟɬ ɩɪɟɞɴɹɜɥɟɧɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ. 

Ɉɛɨɡɧɚɱɢɦ ɞɟɫɤɪɢɩɬɨɪ ɤɚɤμ 
],...,,[ 21 mdddD  ,    (4) 

ɝɞɟ D  – ɞɟɫɤɪɢɩɬɨɪν d  – ɨɞɧɨ ɢɡ ɱɢɫɟɥ ɨɛɪɚɡɭ-
ɸɳɢɯ ɞɟɫɤɪɢɩɬɨɪν m  – ɤɨɥɢɱɟɫɬɜɨ ɱɥɟɧɨɜ ɜ ɞɟ-
ɫɤɪɢɩɬɨɪɟ. 

Ⱦɥɹ ɤɨɧɬɭɪɚ, ɜ ɫɨɫɬɚɜ ɤɨɬɨɪɨɝɨ ɜɯɨɞɢɬ n  ɬɨ-
ɱɟɤ, ɤɨɥɢɱɟɫɬɜɨ Ɏɭɪɶɟ-ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɛɭɞɟɬ ɪɚɜ-
ɧɹɬɶɫɹ 2/nm . ȼɵɱɢɫɥɢɦ ɨɬɞɟɥɶɧɨ ɞɟɣɫɬɜɢ-
ɬɟɥɶɧɭɸ ɢ ɦɧɢɦɭɸ ɱɚɫɬɢ Ɏɭɪɶɟ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ, 
ɚ ɡɚɬɟɦ ɧɚɣɞɟɦ ɚɦɩɥɢɬɭɞɧɵɣ ɫɩɟɤɬɪ. 

ȼɵɱɢɫɥɟɧɢɟ Ɏɭɪɶɟ-ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɧɚɱɢɧɚɟɬɫɹ 
ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɧɭɥɟɜɨɣ ɝɚɪɦɨɧɢɤɢμ 
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ɝɞɟ BA,  – ɞɟɣɫɬɜɢɬɟɥɶɧɚɹ ɢ ɦɧɢɦɚɹ ɱɚɫɬɢ Ɏɭɪɶɟ-

ɩɪɟɨɛɪɚɡɨɜɚɧɢɹν r  – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɰɟɧɬɪɚ ɦɚɫɫ ɞɨ 
ɬɨɱɤɢ ɧɚ ɝɪɚɧɢɰɟ ɤɨɧɬɭɪɚν n  – ɨɛɳɟɟ ɱɢɫɥɨ ɬɨɱɟɤ, 
ɫɨɫɬɚɜɥɹɸɳɢɯ ɤɨɧɬɭɪν i  – ɫɱɟɬɱɢɤ. 

Ⱦɚɥɟɟ ɜɵɱɢɫɥɹɸɬɫɹ ɨɫɬɚɥɶɧɵɟ ɱɥɟɧɵ ɞɟɣɫɬɜɢ-
ɬɟɥɶɧɨɣ ɱɚɫɬɢ A, ɤɪɨɦɟ ɩɨɫɥɟɞɧɟɝɨ. ȼ ɞɚɧɧɨɦ 
ɫɥɭɱɚɟ ɫɱɟɬɱɢɤ ɩɨ ɤɨɷɮɮɢɰɢɟɧɬɚɦ 

]1,...,2,1[  mj . ɑɥɟɧɵ ɞɟɣɫɬɜɢɬɟɥɶɧɨɣ ɱɚɫɬɢ 
ɜɵɱɢɫɥɹɸɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟμ 
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Ɂɚɬɟɦ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨɫɥɟɞɧɢɣ ɱɥɟɧ ɞɟɣɫɬɜɢ-
ɬɟɥɶɧɨɣ ɱɚɫɬɢ mA : 
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XI Ɇɟɠɞɭɧɚɪɨɞɧɚɹ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ ɫɬɭɞɟɧɬɨɜ, ɚɫɩɢɪɚɧɬɨɜ ɢ ɦɨɥɨɞɵɯ ɭɱɺɧɵɯ 
«Ɇɨɥɨɞɺɠɶ ɢ ɫɨɜɪɟɦɟɧɧɵɟ ɢɧɮɨɪɦɚɰɢɨɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ» 

___________________________________________________________________________ 

72 

ɉɨɫɥɟ ɧɚɯɨɞɹɬɫɹ ɨɫɬɚɜɲɢɟɫɹ ɱɥɟɧɵ ɦɧɢɦɨɣ 
ɱɚɫɬɢ B . ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɫɱɟɬɱɢɤ ɩɨ ɱɥɟɧɚɦ 
ɦɧɢɦɨɣ ɱɚɫɬɢ ],...,2,1[ mj  . Ɇɧɢɦɚɹ ɱɚɫɬɶ ɜɵ-
ɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟμ 
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ɇɚ ɨɫɧɨɜɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ A ɢ B  ɜɵɱɢɫɥɹɟɬ-
ɫɹ ɚɦɩɥɢɬɭɞɧɵɣ ɫɩɟɤɬɪ C . ɋɱɟɬɱɢɤ ɩɨ ɫɩɟɤɬɪɭ 

],...,1,0[ mj  . Ʉɨɷɮɮɢɰɢɟɧɬɵ ɜɵɱɢɫɥɹɸɬɫɹ ɩɨ 
ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟμ 

22
jjj BAC  .   (9) 

Ɂɚɬɟɦ ɚɦɩɥɢɬɭɞɧɵɣ ɫɩɟɤɬɪ ɧɨɪɦɢɪɭɸɬɫɹ ɩɨ 
ɧɭɥɟɜɨɣ ɝɚɪɦɨɧɢɤɟ, ɢ ɮɨɪɦɢɪɭɟɬɫɹ ɞɟɫɤɪɢɩɬɨɪ 
ɤɨɧɬɭɪɚμ 
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ɗɬɨɬ ɞɟɫɤɪɢɩɬɨɪ ɢɧɜɚɪɢɚɧɬɟɧ ɤ ɩɨɜɨɪɨɬɭ ɢ 
ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɸ. Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɧɟɨɛɯɨɞɢɦɨɣ ɬɨɱɧɨɫɬɢ ɦɨɠɧɨ ɚɧɚɥɢɡɢɪɨɜɚɬɶ 
ɬɨɥɶɤɨ ɩɟɪɜɵɟ ɧɟɫɤɨɥɶɤɨ ɤɨɷɮɮɢɰɢɟɧɬɨɜ Д4Ж. 

 
ɋɪɚɜɧɟɧɢɟ ɞɟɫɤɪɢɩɬɨɪɨɜ 
Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɩɨɞɜɢɠɧɵɯ 

ɨɛɴɟɤɬɨɜ ɥɟɠɢɬ ɜ ɩɥɨɫɤɨɫɬɢ ɫɪɚɜɧɟɧɢɹ ɞɟɫɤɪɢɩ-
ɬɨɪɨɜ ɧɚɛɥɸɞɚɟɦɵɯ ɨɛɴɟɤɬɨɜ ɫ ɡɚɪɚɧɟɟ ɩɨɞɝɨɬɨɜ-
ɥɟɧɧɵɦɢ ɫɢɝɧɚɬɭɪɚɦɢ – ɷɬɚɥɨɧɚɦɢ. Ɂɧɚɧɢɟ ɫɬɟɩɟ-
ɧɢ ɫɨɨɬɜɟɬɫɬɜɢɹ ɞɟɫɤɪɢɩɬɨɪɚ ɤɥɚɫɫɢɮɢɰɢɪɭɟɦɨɝɨ 
ɨɛɴɟɤɬɚ ɤɚɠɞɨɦɭ ɢɡ ɷɬɚɥɨɧɨɜ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ 
ɩɪɢɧɹɬɶ ɪɟɲɟɧɢɟ ɨ ɟɝɨ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɤ ɬɨɦɭ 
ɢɥɢ ɢɧɨɦɭ ɤɥɚɫɫɭ.  

Ɉɞɢɧ ɢɡ ɦɟɬɨɞɨɜ ɫɪɚɜɧɟɧɢɹ ɞɟɫɤɪɢɩɬɨɪɨɜ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɤɨɷɮɮɢɰɢɟɧɬɚ ɤɨɪɪɟ-
ɥɹɰɢɢ. ȼɵɱɢɫɥɹɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɪɪɟɥɹɰɢɢ ɩɨ 
ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟμ 
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ɝɞɟ Corrk  – ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɪɪɟɥɹɰɢɢν 21, ii DD  – 

ɱɥɟɧɵ ɞɜɭɯ ɫɪɚɜɧɢɜɚɟɦɵɯ ɞɟɫɤɪɢɩɬɨɪɨɜν 
21, DD  – ɫɪɟɞɧɢɟ ɡɧɚɱɟɧɢɹ ɫɪɟɞɢ ɱɥɟɧɨɜ ɞɜɭɯ 

ɫɪɚɜɧɢɜɚɟɦɵɯ ɞɟɫɤɪɢɩɬɨɪɨɜν m  – ɨɛɳɟɟ ɤɨɥɢɱɟ-
ɫɬɜɨ ɱɥɟɧɨɜ ɜ ɞɟɫɤɪɢɩɬɨɪɟν i  – ɫɱɟɬɱɢɤ. 

ȼɟɥɢɱɢɧɚ ɤɨɷɮɮɢɰɢɟɧɬɚ ɤɨɪɪɟɥɹɰɢɢ ɧɚɯɨɞɢɬ-
ɫɹ ɜ ɢɧɬɟɪɜɚɥɟ ]1;1[ . ɑɟɦ ɛɨɥɶɲɟ ɤɨɷɮɮɢɰɢɟɧɬ 
ɤɨɪɪɟɥɹɰɢɢ, ɬɟɦ ɜɵɲɟ ɫɯɨɞɫɬɜɨ ɞɜɭɯ ɫɪɚɜɧɢɜɚɟ-
ɦɵɯ ɞɟɫɤɪɢɩɬɨɪɧɵɯ ɦɚɫɫɢɜɨɜ. 

 
Ɂɚɤɥɸɱɟɧɢɟ 
ȼ ɯɨɞɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɞɟɫɤɪɢɩɬɨɪɨɜ Ɏɭɪɶɟ ɜɵ-

ɹɫɧɢɥɨɫɶ, ɱɬɨ ɞɚɧɧɵɣ ɜɢɞ ɞɟɫɤɪɢɬɨɪɨɜ ɨɛɥɚɞɚɟɬ 
ɜɫɟɦ ɬɪɟɛɨɜɚɧɢɹɦ ɤ ɤɥɚɫɫɢɮɢɤɚɰɢɢμ ɢɧɜɚɪɢɚɧɬ-
ɧɨɫɬɶ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɨɜɨɪɨɬɚ, ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɹ ɢ 
ɩɚɪɪɚɥɟɥɶɧɨɝɨ ɫɞɜɢɝɚ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɩɪɢɜɟɞɟɧɢɟ 
ɤɨɧɬɭɪɚ ɨɛɴɟɤɬɚ ɤ ɚɦɩɥɢɬɭɞɧɨɦɭ Ɏɭɪɶɟ ɫɩɟɤɬɪɭ 
ɩɨɦɨɝɚɟɬ ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɬɶ ɞɚɧɧɵɣ ɨɛɴɟɤɬ ɜ ɪɟ-
ɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ. 
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ȼɜɟɞɟɧɢɟ 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɪɚɡɜɢɬɢɟ ɷɥɟɦɟɧɬɧɨɣ ɛɚɡɵ 

ɪɚɞɢɨɷɥɟɤɬɪɨɧɧɨɣ ɚɩɩɚɪɚɬɭɪɵ ɢ ɷɥɟɤɬɪɨɧɧɨɣ ɬɟɯ-
ɧɢɤɢ (ɊɗȺ ɢ ɗɌ) ɫɜɹɡɚɧɨ ɤɚɤ ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɦɚɫ-
ɫɨɝɚɛɚɪɢɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢɡɞɟɥɢɣ, ɬɚɤ ɢ ɫ ɩɨ-
ɫɬɨɹɧɧɵɦ ɪɨɫɬɨɦ ɦɨɳɧɨɫɬɟɣ. Ɍɚɤɚɹ ɬɟɧɞɟɧɰɢɹ 
ɩɪɢɜɨɞɢɬ ɤ ɪɟɡɤɨɦɭ ɭɜɟɥɢɱɟɧɢɸ ɩɥɨɬɧɨɫɬɢ ɪɚɫɫɟ-
ɢɜɚɟɦɨɣ ɬɟɩɥɨɬɵ. ɉɨɷɬɨɦɭ ɩɪɢ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɢ 
ɚɩɩɚɪɚɬɭɪɵ ɨɫɨɛɨɟ ɡɧɚɱɟɧɢɟ ɩɪɢɨɛɪɟɬɚɟɬ ɪɚɡɪɚ-

ɛɨɬɤɚ ɦɟɬɨɞɨɜ ɨɬɜɨɞɚ ɷɧɟɪɝɢɢ, ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɢ 
ɤɨɧɬɪɨɥɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜɧɭɬɪɢ ɢɡɞɟɥɢɹ [1]. 

ɐɟɥɶɸ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɱɢɫɥɟɧɧɵɣ 
ɚɧɚɥɢɡ ɜɨɡɦɨɠɧɵɯ ɫɩɨɫɨɛɨɜ ɨɯɥɚɠɞɟɧɢɹ ɬɟɩɥɨ-
ɧɚɝɪɭɠɟɧɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɝɟɪɦɟɬɢɱɧɵɯ ɛɥɨɤɨɜ 
ɊɗȺ ɢɥɢ ɗɌ. 

 


