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ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɣ ɮɭɧɤɰɢɢ ɚɩɩɪɨɤɫɢɦɚɰɢɢ. ɗɬɨ 
ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɞɥɹ ɜɬɨɪɨɣ ɦɟɬɪɢɤɢ ɧɨɪɦɢ-
ɪɨɜɚɧɧɵɣ ɮɚɡɨɜɵɣ ɩɨɪɬɪɟɬ ɩɨɥɧɨɫɬɶɸ ɥɟɠɢɬ ɧɚ 
ɩɪɹɦɨɣ, ɩɪɨɯɨɞɹɳɟɣ ɱɟɪɟɡ ɧɚɱɚɥɨ ɤɨɨɪɞɢɧɚɬ, ɬ.ɟ. 
ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɦɨɠɧɨ ɝɨɜɨɪɢɬɶ ɨ ɞɥɢɧɟ ɮɚɡɨɜɨɝɨ 
ɩɨɪɬɪɟɬɚ, ɚ ɧɟ ɨ ɟɝɨ ɩɥɨɳɚɞɢ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɨɛ-
ɫɬɨɹɬɟɥɶɫɬɜɨɦ ɬɪɟɛɭɟɬɫɹ ɩɪɨɜɟɞɟɧɢɟ ɞɨɩɨɥɧɢ-
ɬɟɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɭɫɥɨɜɢɣ ɩɪɢɦɟɧɟɧɢɹ ɜɬɨ-
ɪɨɣ ɦɟɬɪɢɤɢ. 
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ɋɟɣɫɦɢɱɟɫɤɚɹ ɪɚɡɜɟɞɤɚ ɹɜɥɹɟɬɫɹ ɜɟɞɭɳɢɦ ɦɟ-

ɬɨɞɨɦ ɝɟɨɮɢɡɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɡɟɦɧɨɣ ɤɨɪɵ. 
Ɉɛɳɚɹ ɡɚɞɚɱɚ ɫɟɣɫɦɨɪɚɡɜɟɞɤɢ – ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ 
ɩɚɪɚɦɟɬɪɨɜ ɫɪɟɞɵ, ɤɪɨɦɟ ɬɨɝɨ, ɜɚɠɧɨ ɨɩɪɟɞɟɥɢɬɶ 
ɜɟɳɟɫɬɜɟɧɧɵɣ ɫɨɫɬɚɜ ɫɪɟɞɵ. Ɉɞɧɢɦ ɢɡ ɜɚɠɧɟɣɲɢɯ 
ɷɬɚɩɨɜ ɪɚɛɨɬɵ ɫ ɩɨɥɭɱɟɧɧɵɦɢ ɩɪɢ ɩɨɦɨɳɢ ɫɟɣ-
ɫɦɨɪɚɡɜɟɞɤɢ ɞɚɧɧɵɦɢ ɹɜɥɹɟɬɫɹ ɢɯ ɢɧɬɟɪɩɪɟɬɚɰɢɹ. 
ɂɧɬɟɪɩɪɟɬɚɰɢɹ ɞɚɧɧɵɯ ȼɋɉ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɬɚ-
ɤɢɟ ɷɬɚɩɵ, ɤɚɤ ɩɨɫɬɪɨɟɧɢɟ ɫɤɨɪɨɫɬɧɨɣ ɦɨɞɟɥɢ 
ɫɪɟɞɵ, ɫɬɪɚɬɢɝɪɚɮɢɱɟɫɤɚɹ ɩɪɢɜɹɡɤɚ ɨɬɪɚɠɟɧɧɵɯ 
ɜɨɥɧ ɢ ɢɡɭɱɟɧɢɟ ɨɤɨɥɨɫɤɜɚɠɢɧɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ. 

ɉɪɢ ɩɨɫɬɪɨɟɧɢɢ ɫɤɨɪɨɫɬɧɨɣ ɦɨɞɟɥɢ ɪɟɲɚɟɬɫɹ 
ɡɚɞɚɱɚ ɩɨɫɬɪɨɟɧɢɹ ɩɥɚɫɬɨɜɨɣ ɦɨɞɟɥɢ ɫɪɟɞɵ, ɧɚ 
ɛɚɡɟ ɤɨɬɨɪɨɣ ɞɚɥɟɟ ɪɟɲɚɟɬɫɹ ɡɚɞɚɱɚ ɪɚɫɩɪɨɫɬɪɚɧɟ-
ɧɢɹ ɜɨɥɧ ɜ ɷɬɨɣ ɫɪɟɞɟ. Ɉɛɵɱɧɨ ɞɥɹ ɪɟɲɟɧɢɹ ɷɬɨɣ 
ɡɚɞɚɱɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɬɨɥɶɤɨ ɤɢɧɟɦɚɬɢɱɟɫɤɢɟ ɯɚ-
ɪɚɤɬɟɪɢɫɬɢɤɢ, ɢ ɨɧɚ ɪɟɲɚɟɬɫɹ ɜ ɥɭɱɟɜɨɦ ɩɪɢɛɥɢ-
ɠɟɧɢɢ Д1Ж. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɨɬɪɟɧɚ ɩɪɨɛɥɟɦɚ 
ɩɨɫɬɪɨɟɧɢɹ ɩɥɚɫɬɨɜɨɣ ɦɨɞɟɥɢ ɢ ɦɨɞɟɥɢ ɪɚɫɩɪɨ-
ɫɬɪɚɧɟɧɢɹ ɜɨɥɧ ɧɚ ɨɫɧɨɜɟ ɤɢɧɟɦɚɬɢɱɟɫɤɢɯ ɢ ɞɢ-
ɧɚɦɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɪɟɞɵ ɢ ɜɨɥɧɨɜɵɯ ɩɨ-
ɥɟɣ ɩɨ ɞɚɧɧɵɦ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɫɟɣɫɦɢɱɟɫɤɨɝɨ ɩɪɨ-
ɮɢɥɢɪɨɜɚɧɢɹ ɢ ɦɟɬɨɞɚ ɨɛɳɟɣ ɝɥɭɛɢɧɧɨɣ ɬɨɱɤɢ. 

ɉɥɚɫɬɨɜɚɹ ɦɨɞɟɥɶ ɫɪɟɞɵ, ɩɨɫɬɪɨɟɧɧɚɹ ɩɨ ɞɚɧ-
ɧɵɦ ȼɋɉ, ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɢɧɮɨɪɦɚɰɢɸ ɨ ɩɨɥɨ-
ɠɟɧɢɢ ɢ ɝɟɨɦɟɬɪɢɢ ɨɬɪɚɠɚɸɳɢɯ ɝɪɚɧɢɰ, ɫɤɨɪɨɫɬɢ 
ɩɪɨɞɨɥɶɧɨɣ ɢ ɩɨɩɟɪɟɱɧɨɣ ɜɨɥɧ ɜ ɫɥɨɹɯ ɢ ɩɥɨɬɧɨ-
ɫɬɢ ɩɨɪɨɞ. ɉɥɚɫɬɨɜɚɹ ɦɨɞɟɥɶ ɨɛɵɱɧɨ ɢɫɩɨɥɶɡɭɟɬɫɹ 
ɩɪɢ ɫɢɧɬɟɡɢɪɨɜɚɧɢɢ ɬɪɚɫɫ ɩɪɢ ɩɨɦɨɳɢ ɢɧɬɟɝɪɚɥɚ 
ɫɜɟɪɬɤɢ, ɩɪɢɱɟɦ ɫɜɟɪɬɨɱɧɚɹ ɦɨɞɟɥɶ ɩɪɟɞɩɨɥɚɝɚɟɬ 
ɩɨɫɬɨɹɧɫɬɜɨ ɮɨɪɦɵ ɨɬɪɚɠɟɧɧɵɯ ɜɨɥɧ. Ɉɞɧɚɤɨ, 
ɮɨɪɦɚ ɢ ɩɚɞɚɸɳɢɯ ɜɨɥɧ, ɢ ɨɬɪɚɠɟɧɧɵɯ ɜɨɥɧ ɢɡ-
ɦɟɧɹɟɬɫɹ ɩɪɢ ɩɪɨɯɨɠɞɟɧɢɢ ɱɟɪɟɡ ɪɟɚɥɶɧɵɟ ɫɪɟɞɵ, 
ɧɟɫɹ ɢɧɮɨɪɦɚɰɢɸ ɨɛ ɢɯ ɩɨɝɥɨɳɚɸɳɢɯ ɢ ɨɬɪɚɠɚ-
ɸɳɢɯ ɫɜɨɣɫɬɜɚɯ. 

Ɋɟɲɟɧɢɟɦ ɩɪɹɦɨɣ ɡɚɞɚɱɢ ɫɟɣɫɦɨɪɚɡɜɟɞɤɢ, ɫɜɹ-
ɡɵɜɚɸɳɢɦ ɤɢɧɟɦɚɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɪɟɞɵ 
ɢ ɞɢɧɚɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɬɪɚɠɟɧɧɵɯ ɜɨɥɧ 
ɩɨ ɬɚɤɨɣ ɦɨɞɟɥɢ ɹɜɥɹɟɬɫɹ ɫɜɟɪɬɨɱɧɚɹ ɦɨɞɟɥɶ [2]: 

 dtShtSthtY 
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ɝɞɟ )(tS  – ɫɢɝɧɚɥ ɢɫɬɨɱɧɢɤɚ, )(tY  – ɫɢɧɬɟɬɢɱɟɫɤɚɹ 
ɫɟɣɫɦɢɱɟɫɤɚɹ ɬɪɚɫɫɚ, ɚ )(th  – ɢɦɩɭɥɶɫɧɚɹ ɫɟɣɫɦɨ-
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ɂɦɩɭɥɶɫɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɟɞɵ ɨɩɪɟɞɟɥɹɟɬ-
ɫɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶɸ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɨɬɪɚɠɟ-
ɧɢɹ ɨɬ ɝɪɚɧɢɰ ɪɚɡɞɟɥɚ ɞɜɭɯ ɫɪɟɞμ 
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1

, 
ɝɞɟ V   – ɚɤɭɫɬɢɱɟɫɤɚɹ ɠɟɫɬɤɨɫɬɶ ɫɪɟɞɵ, 
ɪɚɜɧɚɹ ɩɪɨɢɡɜɟɞɟɧɢɸ ɩɥɨɬɧɨɫɬɢ ɩɥɚɫɬɚ  ɧɚ ɫɤɨ-
ɪɨɫɬɶ V. 

ɂɫɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ ɤ ɩɨɫɬɪɨɟɧɢɸ ɩɥɚɫɬɨɜɨɣ 
ɦɨɞɟɥɢ ɫɪɟɞɵ ɹɜɥɹɸɬɫɹ ɤɚɛɟɥɶɧɵɟ ɝɥɭɛɢɧɵ nh  ɢ 
ɝɨɞɨɝɪɚɮ ɜɨɥɧɵ (ɜɟɪɬɢɤɚɥɶɧɨɟ ɜɪɟɦɹ ɩɪɨɛɟɝɚ ɜɨɥ-
ɧɵ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɞɨ ɡɚɞɚɧɧɨɣ ɝɥɭɛɢɧɵ) nt , 

Nn ,...,1 , ɝɞɟ N – ɤɨɥɢɱɟɫɬɜɨ ɬɨɱɟɤ ɩɪɢɟɦɚ.  
ɉɨɫɬɪɨɟɧɢɟ ɩɥɚɫɬɨɜɨɣ ɦɨɞɟɥɢ ɧɟɨɛɯɨɞɢɦɨ 

ɧɚɱɚɬɶ ɫ ɨɩɪɟɞɟɥɟɧɢɹ ɝɪɚɧɢɰ ɩɥɚɫɬɨɜ. ɂɡɜɟɫɬɧɨ, 
ɱɬɨ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɫɤɨɪɨɫɬɢ ɜɧɭɬɪɢ ɩɥɚɫɬɚ ɝɨɞɨ-
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ɝɪɚɮ ɨɩɢɫɵɜɚɟɬɫɹ ɭɪɚɜɧɟɧɢɟɦ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ. 
ɉɨɷɬɨɦɭ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɤɭɫɨɱɧɨ-
ɥɢɧɟɣɧɨɣ ɚɩɩɪɨɤɫɢɦɚɰɢɟɣ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɬɨɪɨɣ 
ɝɪɚɧɢɰɵ ɩɪɹɦɨɥɢɧɟɣɧɨɫɬɢ ɝɨɞɨɝɪɚɮɚ ɫɨɫɬɚɜɹɬ 
ɝɪɚɧɢɰɵ ɩɥɚɫɬɨɜμ 
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
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ɝɞɟ iH  – ɤɪɨɜɥɹ i-ɝɨ ɩɥɚɫɬɚ, ɚ 1iH  – ɩɨɞɨɲɜɚ, ia  

ɢ ib  – ɤɨɷɮɮɢɰɢɟɧɬɵ ɥɢɧɟɣɧɵɯ ɭɪɚɜɧɟɧɢɣ. ɍɫɥɨ-
ɜɢɹ ɚɩɩɪɨɤɫɢɦɚɰɢɢμ niɜ tHt )( , ɟɫɥɢ ni hH  ; 

niɜ tHt -)( , ɟɫɥɢ ni hH  , ɝɞɟ  – ɩɚɪɚɦɟɬɪ 
ɚɩɩɪɨɤɫɢɦɚɰɢɢ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɨɲɢɛɤɭ ɨɰɟɧɢ-
ɜɚɧɢɹ nt . 

ɉɨɥɭɱɟɧɧɚɹ ɫɢɧɬɟɬɢɱɟɫɤɚɹ ɫɟɣɫɦɢɱɟɫɤɚɹ ɬɪɚɫ-
ɫɚ ɫɪɚɜɧɢɜɚɟɬɫɹ ɫ ɷɬɚɥɨɧɧɨɣ ɬɪɚɫɫɨɣ (ɞɚɧɧɵɟ 
ɧɚɡɟɦɧɵɯ ɧɚɛɥɸɞɟɧɢɣ, ɥɢɛɨ ɬɪɚɫɫɚ ɤɨɪɢɞɨɪɧɨɝɨ 
ɫɭɦɦɢɪɨɜɚɧɢɹ). ɋɪɚɜɧɟɧɢɟ ɪɟɚɥɶɧɨɣ ɢ ɫɢɧɬɟɬɢɱɟ-
ɫɤɨɣ ɬɪɚɫɫɵ ɩɨɡɜɨɥɹɟɬ ɞɟɥɚɬɶ ɡɚɤɥɸɱɟɧɢɟ ɨ ɛɥɢ-
ɡɨɫɬɢ ɪɟɚɥɶɧɨɣ ɝɟɨɥɨɝɢɱɟɫɤɨɣ ɫɪɟɞɵ ɢ ɜɵɛɪɚɧɧɨɣ 
ɦɨɞɟɥɢ. Ɂɚɞɚɱɚ ɩɨɫɬɪɨɟɧɢɹ ɩɥɚɫɬɨɜɨɣ ɦɨɞɟɥɢ ɫɪɟ-
ɞɵ ɦɨɠɟɬ ɛɵɬɶ ɫɮɨɪɦɭɥɢɪɨɜɚɧɚ ɤɚɤ ɧɚɯɨɠɞɟɧɢɟ 
ɝɪɚɧɢɰ ɩɥɚɫɬɨɜ 1iH  ɢ iH  ɢ ɜɵɛɨɪ ɫɪɟɞɢ ɦɧɨɠɟ-
ɫɬɜɚ ɩɥɚɫɬɨɜɵɯ ɦɨɞɟɥɟɣ ɬɨɣ, ɤɨɬɨɪɚɹ ɛɵ ɨɛɟɫɩɟ-
ɱɢɜɚɥɚ ɦɢɧɢɦɭɦ ɪɚɫɯɨɠɞɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɫɜɟɪɬ-
ɤɢ ɢ ɪɟɚɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. 

Ⱦɥɹ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɨɫɬɪɨɟɧɧɨɣ ɦɨɞɟ-
ɥɢ, ɢɫɩɨɥɶɡɭɟɦ ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɪɪɟɥɹɰɢɢ ɪɟɚɥɶ-
ɧɨɣ ɢ ɫɢɧɬɟɬɢɱɟɫɤɨɣ ɫɟɣɫɦɢɱɟɫɤɨɣ ɬɪɚɫɫɵ. Ⱦɥɹ 
ɛɨɥɟɟ ɧɚɝɥɹɞɧɨɝɨ ɫɪɚɜɧɟɧɢɹ, ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɪɪɟ-
ɥɹɰɢɢ ɜɵɱɢɫɥɹɟɬɫɹ ɜ ɧɟɤɨɬɨɪɨɦ ɫɤɨɥɶɡɹɳɟɦ ɜɪɟ-
ɦɟɧɧɨɦ ɨɤɧɟ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɫɭɞɢɬɶ ɨ ɩɨɞɨɛɢɢ 
ɬɪɚɫɫ ɧɚ ɨɬɞɟɥɶɧɵɯ ɩɪɨɦɟɠɭɬɤɚɯ. ɇɚɡɨɜɟɦ ɬɚɤɭɸ 
ɮɭɧɤɰɢɸ ɮɭɧɤɰɢɟɣ ɩɨɞɨɛɢɹ. 

ɉɨ ɞɚɧɧɵɦ ȼɋɉ ɥɟɝɤɨ ɩɨɥɭɱɢɬɶ ɮɨɪɦɭ ɩɪɹɦɨɣ 
ɩɪɨɞɨɥɶɧɨɣ ɜɨɥɧɵ, ɧɨ ɮɨɪɦɭ ɨɬɪɚɠɟɧɧɵɯ ɜɨɥɧ 
ɨɰɟɧɢɬɶ ɩɨ ɫɟɣɫɦɨɝɪɚɦɦɟ ȼɋɉ ɩɪɨɛɥɟɦɚɬɢɱɧɨ ɢɡ-
ɡɚ ɫɭɳɟɫɬɜɟɧɧɨɣ ɢɧɬɟɪɮɟɪɟɧɰɢɢ ɜɨɥɧ. Ⱦɥɹ ɪɚɡɪɟ-
ɲɟɧɢɹ ɢɧɬɟɪɮɟɪɢɪɭɸɳɢɯ ɜɨɥɧ ɦɨɠɧɨ ɩɪɢɦɟɧɢɬɶ 
ɪɚɡɥɢɱɧɵɟ ɩɪɨɰɟɞɭɪɵ, ɨɩɢɪɚɸɳɢɟɫɹ ɧɚ ɪɚɡɥɢɱɢɟ 
ɤɢɧɟɦɚɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɚɞɚɸɳɢɯ ɢ ɨɬɪɚ-
ɠɟɧɧɵɯ ɜɨɥɧ, ɪɚɡɥɢɱɢɟ ɱɚɫɬɨɬɧɨɝɨ ɫɨɫɬɚɜɚ ɩɪɨ-
ɞɨɥɶɧɵɯ ɢ ɩɨɩɟɪɟɱɧɵɯ ɜɨɥɧ ɢ ɬ.ɩ. Ɉɞɧɚɤɨ ɬɚɤɢɟ 
ɩɪɨɰɟɞɭɪɵ ɧɟ ɦɨɝɭɬ ɪɚɡɪɟɲɢɬɶ ɢɧɬɟɪɮɟɪɢɪɭɸɳɢɟ 
ɜɨɥɧɵ ɨɞɧɨɝɨ ɜɢɞɚ.  

Ɍɚɤ ɤɚɤ ɮɨɪɦɚ ɜɨɥɧɵ ɦɟɧɹɟɬɫɹ ɫ ɝɥɭɛɢɧɨɣ, ɬɨ 
ɜɵɪɚɠɟɧɢɟ (1) ɩɪɢɦɟɬ ɜɢɞμ 

 
i

iii ttSktY )()( , 

ɝɞɟ )(tSi  – ɮɨɪɦɚ ɨɬɪɚɠɟɧɧɨɣ ɜɨɥɧɵ ɜ i-ɨɦ ɩɥɚ-
ɫɬɟ.  

ȼ ɤɚɱɟɫɬɜɟ ɮɨɪɦɵ ɢɦɩɭɥɶɫɚ ɞɥɹ ɪɚɫɱɟɬɚ ɫɟɣ-
ɫɦɢɱɟɫɤɨɣ ɬɪɚɫɫɵ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɪɚɡɥɢɱɧɵɟ 
ɜɢɞɵ ɢɦɩɭɥɶɫɨɜ, ɧɚɩɪɢɦɟɪ ɚɜɬɨɤɨɪɪɟɥɹɰɢɨɧɧɭɸ 
ɮɭɧɤɰɢɸ ɬɪɚɫɫɵ ɤɨɪɢɞɨɪɧɨɝɨ ɫɭɦɦɢɪɨɜɚɧɢɹ 

ȼɋɉ, ɚɜɬɨɤɨɪɪɟɥɹɰɢɨɧɧɭɸ ɮɭɧɤɰɢɸ ɬɪɚɫɫɵ 
ɆɈȽɌ, ɚɧɚɥɢɬɢɱɟɫɤɢɣ ɢɦɩɭɥɶɫ, ɮɨɪɦɭ ɢɦɩɭɥɶɫɚ, 
ɩɨɥɭɱɟɧɧɭɸ ɩɨ ɞɚɧɧɵɦ ȼɋɉ. 

ɉɪɢ ɢɡɜɟɫɬɧɨɣ ɮɨɪɦɟ ɩɪɹɦɨɣ ɩɪɨɞɨɥɶɧɨɣ ɜɨɥ-
ɧɵ )(tS p , ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɧɨɣ ɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸ-
ɳɟɣ ɜɪɟɦɟɧɢ it  ɝɥɭɛɢɧɟ, ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, 
ɱɬɨ ɜ ɩɪɨɰɟɫɫɟ ɨɬɪɚɠɟɧɢɹ ɚɦɩɥɢɬɭɞɧɵɣ ɫɩɟɤɬɪ 
ɜɨɥɧɵ, ɨɬɪɚɠɟɧɧɨɣ ɨɬ ɞɚɧɧɨɣ ɝɥɭɛɢɧɵ, ɧɟ ɩɪɟ-
ɬɟɪɩɟɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɵɯ ɢɡɦɟɧɟɧɢɣ. Ɏɚɡɨɜɵɣ 
ɫɩɟɤɬɪ ɜ ɢɞɟɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɞɨɥɠɟɧ ɩɨɥɭɱɢɬɶ 

ɫɞɜɢɝ ɧɚ 
2

 . Ɉɞɧɚɤɨ, ɤɚɤ ɩɨɤɚɡɚɥɢ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɧɚ ɪɟɚɥɶɧɵɯ ɦɚɬɟɪɢɚɥɚɯ, ɨɬɥɢɱɢɟ ɮɚɡɨɜɨɝɨ ɫɩɟɤ-
ɬɪɚ ɩɚɞɚɸɳɟɣ ɢ ɨɬɪɚɠɟɧɧɨɣ ɜɨɥɧɵ ɧɨɫɢɬ ɧɟɥɢ-
ɧɟɣɧɵɣ ɯɚɪɚɤɬɟɪ. ɇɭɠɧɚ ɬɚɤɚɹ ɨɰɟɧɤɚ ɮɨɪɦɵ ɨɬ-
ɪɚɠɟɧɧɨɣ ɜɨɥɧɵ, ɤɨɬɨɪɚɹ ɛɵ ɦɢɧɢɦɚɥɶɧɵɦ ɨɛɪɚ-
ɡɨɦ ɨɬɥɢɱɚɥɚɫɶ ɨɬ ɪɟɚɥɶɧɨɣ. ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɧɚ 
ɢɧɬɟɪɜɚɥɟ ];[ Ttt ii   ɨɬɪɚɠɟɧɧɚɹ ɜɨɥɧɚ ɧɟ ɢɧɬɟɪ-
ɮɟɪɢɪɭɟɬ ɢ ɟɟ ɚɦɩɥɢɬɭɞɧɵɣ ɫɩɟɤɬɪ ɦɨɠɧɨ ɫɱɢɬɚɬɶ 
ɚɧɚɥɨɝɢɱɧɵɦ ɫɩɟɤɬɪɭ ɩɚɞɚɸɳɟɣ ɜɨɥɧɵ, ɚ ɮɚɡɨɜɵɣ 
ɫɩɟɤɬɪ ɢɡɦɟɧɟɧɧɵɦ ɧɚ ɧɟɤɨɬɨɪɭɸ ɜɟɥɢɱɢɧɭ 

)( f . Ɍɨɝɞɚ ɨɰɟɧɤɭ ɮɨɪɦɵ ɩɪɹɦɨɣ ɩɪɨɞɨɥɶɧɨɣ 
ɜɨɥɧɵ )(ˆ fSpp  ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟμ 
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ɝɞɟ )( fS p  – ɚɦɩɥɢɬɭɞɧɵɣ ɫɩɟɤɬɪ ɩɚɞɚɸɳɟɣ ɜɨɥ-

ɧɵ, )( fy  – ɮɚɡɨɜɵɣ ɫɩɟɤɬɪ ɭɱɚɫɬɤɚ ɬɪɚɫɫɵ ɤɨ-
ɪɢɞɨɪɧɨɝɨ ɫɭɦɦɢɪɨɜɚɧɢɹ. 

ɉɟɪɟɨɩɪɟɞɟɥɢɦ ɤɨɷɮɮɢɰɢɟɧɬɵ ɨɬɪɚɠɟɧɢɹ ɢɫ-
ɯɨɞɹ ɢɡ ɫɨɨɬɧɨɲɟɧɢɹ ɷɧɟɪɝɢɣ ɩɚɞɚɸɳɟɣ ɢ ɨɬɪɚ-
ɠɟɧɧɨɣ ɜɨɥɧɵμ 
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ɂɬɚɤ, ɞɥɹ ɨɰɟɧɤɢ ɮɨɪɦɵ ɨɬɪɚɠɟɧɧɵɯ ɩɪɨɞɨɥɶ-
ɧɵɯ ɜɨɥɧ, ɨɩɢɪɚɸɳɟɣɫɹ ɧɚ ɫɨɝɥɚɫɨɜɚɧɢɢ ɚɞɞɢ-
ɬɢɜɧɨɣ ɦɨɞɟɥɢ ɜɨɥɧɨɜɨɣ ɤɚɪɬɢɧɵ ɢ ɩɥɚɫɬɨɜɨɣ 
ɦɨɞɟɥɢ ɫɪɟɞɵ, ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɥɟɞɭ-
ɸɳɭɸ ɦɟɬɨɞɢɤɭμ 

1. ɪɚɫɱɟɬ ɜɪɟɦɟɧ ɩɪɢɯɨɞɚ ɜɨɥɧ – it ; 

2. ɨɩɪɟɞɟɥɟɧɢɟ ɢɧɬɟɪɜɚɥɚ ɚɧɚɥɢɡɚ i-ɨɣ ɜɨɥ-
ɧɵ (ɨɩɪɟɞɟɥɟɧɢɟ ɭɱɚɫɬɤɚ ɬɪɚɫɫɵ ɤɨɪɢɞɨɪɧɨɝɨ 
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ɫɭɦɦɢɪɨɜɚɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɨɬɪɚɠɟɧɧɨɣ 
ɜɨɥɧɟ ɨɬ i-ɨɣ ɨɬɪɚɠɚɸɳɟɣ ɝɪɚɧɢɰɵ) ];[ Ttt ii  ; 

3. ɨɰɟɧɤɚ ɮɚɡɨɜɨɝɨ ɫɩɟɤɬɪɚ ɬɪɚɫɫɵ ɤɨɪɢɞɨɪ-
ɧɨɝɨ ɫɭɦɦɢɪɨɜɚɧɢɹ ɧɚ ɢɧɬɟɪɜɚɥɟ ɚɧɚɥɢɡɚν 

4. ɨɰɟɧɤɚ ɮɨɪɦɵ i-ɨɣ ɨɬɪɚɠɟɧɧɨɣ ɜɨɥɧɵ ɫɨ-
ɝɥɚɫɧɨ ɮɨɪɦɭɥɟ (β)ν 

5. ɜɵɱɢɬɚɧɢɟ i-ɨɣ ɨɬɪɚɠɟɧɧɨɣ ɜɨɥɧɵ ɢɡ ɷɬɚ-
ɥɨɧɧɨɣ ɬɪɚɫɫɵν 

6. ɩɨɜɬɨɪɟɧɢɟ ɩɭɧɤɬɨɜ β-5. 
 
ȼɵɜɨɞɵ 
ɉɨɥɭɱɟɧɧɚɹ ɬɟɯɧɨɥɨɝɢɹ ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɟɫɬɢ 

ɨɰɟɧɤɭ ɮɨɪɦɵ ɨɬɪɚɠɟɧɧɵɯ ɩɪɨɞɨɥɶɧɵɯ ɜɨɥɧ ɧɚ 
ɜɫɟɦ ɞɨɫɬɭɩɧɨɦ ɢɧɬɟɪɜɚɥɟ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɤɪɨɦɟ 

ɬɨɝɨ, ɨɧɚ ɢɫɩɨɥɶɡɭɟɬ ɪɟɚɥɶɧɵɟ ɢɡɦɟɪɟɧɧɵɟ ɮɨɪɦɵ 
ɩɚɞɚɸɳɢɯ ɜɨɥɧ, ɢ ɭɱɢɬɵɜɚɟɬ ɢɡɦɟɧɟɧɢɟ ɮɨɪɦɵ 
ɩɚɞɚɸɳɟɣ ɜɨɥɧɵ ɫ ɝɥɭɛɢɧɨɣ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɞɚɧ-
ɧɚɹ ɬɟɯɧɨɥɨɝɢɹ ɧɟ ɢɦɟɟɬ ɨɝɪɚɧɢɱɟɧɢɣ, ɧɚɤɥɚɞɵɜɚ-
ɟɦɵɯ ɧɚ ɬɪɚɞɢɰɢɨɧɧɵɟ ɦɟɬɨɞɵ ɨɰɟɧɤɢ ɮɨɪɦɵ 
ɨɬɪɚɠɟɧɧɨɣ ɜɨɥɧɵ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɞɚɧɧɵɯ ɧɚɡɟɦ-
ɧɨɣ ɫɟɣɫɦɨɪɚɡɜɟɞɤɢ. 

 
Ʌɢɬɟɪɚɬɭɪɚ 
1. ɉɭɡɵɪɟɜ ɇ.ɇ. ɂɧɬɟɪɩɪɟɬɚɰɢɹ ɞɚɧɧɵɯ ɫɟɣ-

ɫɦɨɪɚɡɜɟɞɤɢ ɦɟɬɨɞɨɦ ɨɬɪɚɠɟɧɧɵɯ ɜɨɥɧ. – Ɇ.μ 
Ƚɨɫɬɨɩɬɟɯɢɡɞɚɬ, 1λ5λ. – 451 ɫ. 

2. Ɋ. ɒɟɪɢɮɮ, Ʌ. Ƚɟɥɞɚɪɬ, ɋɟɣɫɦɨɪɚɡɜɟɞɤɚ 
Ɍ.β. – Ɇ.μ Ɇɢɪ, 1λκ7. – 400 ɫ. 

 

ɋɌȺɐɂɈɇȺɊɇɈȿ ȼɊȺɓȿɇɂȿ ɇȿɍɊȺȼɇɈȼȿɒȿɇɇɈȽɈ ɊɈɌɈɊȺ, 
ɑȺɋɌɂɑɇɈ ɁȺɉɈɅɇȿɇɇɈȽɈ ɀɂȾɄɈɋɌɖɘ ɉɊɂ ȾȿɃɋɌȼɂɂ ɋɂɅ 

ȼɇȿɒɇȿȽɈ ɌɊȿɇɂə 
ɉɨɧɨɦɚɪɺɜ Ⱥ.ȼ. 

Ɍɨɦɫɤɢɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 
6γ4050, Ɋɨɫɫɢɹ, ɝ. Ɍɨɦɫɤ, ɩɪ–ɬ Ʌɟɧɢɧɚ, γ0 
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ȼɜɟɞɟɧɢɟ 
ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ, ɜ ɪɚɦɤɚɯ ɩɥɨɫɤɨɣ ɦɨɞɟɥɢ, 

ɢɡɭɱɚɟɬɫɹ ɜɪɚɳɟɧɢɟ ɪɨɬɨɪɚ ɫɨ ɫɥɨɟɦ ɠɢɞɤɨɫɬɢ ɧɚ 
ɫɬɟɧɤɟ ɤɚɦɟɪɵ ɩɪɢ ɜɹɡɤɨɭɩɪɭɝɨɦ ɞɟɣɫɬɜɢɢ ɜɚɥɚ. 
ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɝɪɚɧɢɰɟɣ ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯ-
ɧɨɫɬɢ ɠɢɞɤɨɫɬɢ ɹɜɥɹɟɬɫɹ ɨɤɪɭɠɧɨɫɬɶ ɫ ɰɟɧɬɪɨɦ ɧɚ 
ɨɫɢ ɜɪɚɳɟɧɢɹ, ɚ ɫɚɦɚ ɨɧɚ ɜɪɚɳɚɟɬɫɹ ɜɦɟɫɬɟ ɫ ɪɨ-
ɬɨɪɨɦ, ɤɚɤ ɬɜɟɪɞɨɟ ɬɟɥɨ. 

 
Ɇɚɬɟɪɢɚɥ ɢ ɦɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɂɫɫɥɟɞɨɜɚɧɢɟ ɠɢɞɤɨɫɬɧɵɯ ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ ɛɚ-

ɥɚɧɫɢɪɧɵɯ ɭɫɬɪɨɣɫɬɜ (ȺȻɍ) ɫɜɨɞɢɬɫɹ ɤ ɡɚɞɚɱɟ ɨ 
ɞɜɢɠɟɧɢɢ ɜɪɚɳɚɸɳɢɯɫɹ ɬɟɥ ɫ ɩɨɥɨɫɬɹɦɢ, ɱɚɫɬɢɱ-
ɧɨ ɡɚɩɨɥɧɟɧɧɵɦɢ ɠɢɞɤɨɫɬɶɸ Д1Ж. ɗɬɚ ɡɚɞɚɱɚ ɫɨ-
ɩɪɹɠɟɧɚ ɫ ɦɚɬɟɦɚɬɢɱɟɫɤɢɦɢ ɬɪɭɞɧɨɫɬɹɦɢ, ɬ.ɤ. 
ɬɪɟɛɭɟɬ ɪɚɫɫɦɨɬɪɟɧɢɹ ɫɨɜɦɟɫɬɧɨɝɨ ɞɜɢɠɟɧɢɹ 
ɬɜɟɪɞɨɝɨ ɬɟɥɚ ɢ ɠɢɞɤɨɫɬɢ. ɂɡɜɟɫɬɧɨ ɨɝɪɚɧɢɱɟɧɧɨɟ 
ɤɨɥɢɱɟɫɬɜɨ ɪɚɛɨɬ, ɜ ɤɨɬɨɪɵɯ ɪɟɲɚɟɬɫɹ ɭɤɚɡɚɧɧɚɹ 
ɡɚɞɚɱɚ ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ȺȻɍ. Ɍɚɤ ɜ ДβЖ ɪɚɫɫɦɨɬ-
ɪɟɧɚ ɭɫɬɨɣɱɢɜɨɫɬɶ ɫɬɚɰɢɨɧɚɪɧɨɝɨ ɜɪɚɳɟɧɢɹ ɪɨɬɨ-
ɪɚ, ɱɚɫɬɢɱɧɨ ɡɚɩɨɥɧɟɧɧɨɝɨ ɠɢɞɤɨɫɬɶɸ ɫɨ ɫɜɨɛɨɞ-
ɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ. ɂɡɝɢɛɧɵɟ ɤɨɥɟɛɚɧɢɹ ɜɚɥɚ ɫ 
ɧɟɭɪɚɜɧɨɜɟɲɟɧɧɵɦ ɞɢɫɤɨɦ ɧɚ ɧɟɦ ɢɡɭɱɟɧɵ ɜ Д5Ж. 
ȼ ДγЖ ɩɨɤɚɡɚɧɨ ɜɥɢɹɧɢɟ ɠɢɞɤɨɫɬɢ ɜɨ ɜɪɚɳɚɸɳɟɦ-
ɫɹ ɪɨɬɨɪɟ ɧɚ ɚɜɬɨɦɚɬɢɱɟɫɤɭɸ ɛɚɥɚɧɫɢɪɨɜɤɭ ɦɟɯɚ-
ɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɛɟɡ ɭɱɟɬɚ ɫɢɥ ɫɨɩɪɨɬɢɜɥɟɧɢɹ. 
ɇɢɠɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɭɫɬɚɧɨɜɢɜɲɟɟɫɹ ɞɜɢɠɟɧɢɟ 
ɧɟɭɪɚɜɧɨɜɟɲɟɧɧɨɝɨ ɪɨɬɨɪɚ ɫ ɠɢɞɤɨɫɬɶɸ ɩɪɢ 
ɧɚɥɢɱɢɢ ɜɧɟɲɧɟɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ. 

 
Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɢɯ ɨɛɫɭɠɞɟɧɢɟ 
ɉɭɫɬɶ ɪɨɬɨɪ 1 (ɪɢɫ. 1), ɫɨɞɟɪɠɢɬ ɤɚɦɟɪɭ β ɱɚ-

ɫɬɢɱɧɨ ɡɚɩɨɥɧɟɧɧɭɸ ɨɞɧɨɪɨɞɧɨɣ ɧɟɫɠɢɦɚɟɦɨɣ 
ɠɢɞɤɨɫɬɶɸ γ, ɫɢɦɦɟɬɪɢɱɧɨ ɡɚɤɪɟɩɥɟɧ ɧɚ ɝɢɛɤɨɦ 
ɜɟɪɬɢɤɚɥɶɧɨɦ ɜɚɥɭ, ɩɪɨɯɨɞɹɳɟɦ ɱɟɪɟɡ ɝɟɨɦɟɬɪɢ-
ɱɟɫɤɢɣ ɰɟɧɬɪ Ɉ1. ɐɟɧɬɪ ɦɚɫɫ ɪɨɬɨɪɚ (ɬɨɱɤɚ Ɋ) 

ɫɦɟɳɟɧ ɨɬ Ɉ1 ɧɚ ɪɚɫɫɬɨɹɧɢɟ Ɉ1Ɋ=ɟ. ɉɪɢ ɜɪɚɳɟɧɢɢ 
ɪɨɬɨɪɚ ɜɚɥ ɫɦɟɳɚɟɬɫɹ ɧɚ ɜɟɥɢɱɢɧɭ Ɉ2Ɉ1=a, ɚ ɧɟ-
ɫɠɢɦɚɟɦɚɹ ɨɞɧɨɪɨɞɧɚɹ ɠɢɞɤɨɫɬɶ, ɩɥɨɬɧɨɫɬɶɸ ȡ, 
ɩɟɪɟɬɟɤɚɟɬ ɜ ɫɬɨɪɨɧɭ ɩɪɨɝɢɛɚ ɜɚɥɚ. ɉɪɢ ɭɫɬɚɧɨ-
ɜɢɜɲɟɦɫɹ ɞɜɢɠɟɧɢɢ ɠɢɞɤɨɫɬɶ ɜɨ ɜɪɚɳɚɸɳɟɦɫɹ 
ɪɨɬɨɪɟ ɡɚɧɢɦɚɟɬ ɰɢɥɢɧɞɪɢɱɟɫɤɢɣ ɫɥɨɣ ɜɵɫɨɬɨɣ h, 
ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɤɨɬɨɪɨɝɨ ɹɜɥɹɟɬɫɹ 
ɨɤɪɭɠɧɨɫɬɶ ɪɚɞɢɭɫɚ r2 ɫ ɰɟɧɬɪɨɦ ɧɚ ɨɫɢ ɜɪɚɳɟɧɢɹ 
AB (ɬɨɱɤɚ Ɉ2) ɢ ɜɪɚɳɚɟɬɫɹ ɫ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɶɸ 

( )t const   Д4Ж. Ɉɬɫɸɞɚ ɰɟɧɬɪ ɦɚɫɫ ɫɥɨɹ 
ɠɢɞɤɨɫɬɢ ɧɚɯɨɞɢɬɫɹ ɧɚ ɥɢɧɢɢ ɰɟɧɬɪɨɜ Ɉ2Ɉ1 ɜ ɬɨɱ-
ɤɟ G, ɚ ɞɜɢɠɟɧɢɟ ɪɨɬɨɪɚ ɹɜɥɹɟɬɫɹ ɩɥɨɫɤɢɦ. 

ȼɜɟɞɟɦ ɜ ɩɥɨɫɤɨɫɬɢ ɞɜɢɠɟɧɢɹ ɬɨɱɟɤ O1, G, P 
ɞɜɟ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ɫ ɨɛɳɢɦ ɧɚɱɚɥɨɦ ɜ ɬɨɱɤɟ 
Ɉ2 ɧɚ ɥɢɧɢɢ ABμ ɧɟɩɨɞɜɢɠɧɭɸ ɫɢɫɬɟɦɭ Ɉ2ȟȘ ɢ 
ɩɨɞɜɢɠɧɭɸ Ɉ2ɯɭ, ɨɫɶ x ɤɨɬɨɪɨɣ ɩɚɪɚɥɥɟɥɶɧɚ ɨɬ-
ɪɟɡɤɭ Ɉ1Ɋ. ɍɝɥɨɜɵɟ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ ɢ 
ɫɢɫɬɟɦɵ Ɉ2xy ɨɞɢɧɚɤɨɜɵɟ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɪɨɬɨɪ ɜ 
ɩɨɞɜɢɠɧɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ ɧɟɩɨɞɜɢɠɟɧ. Ɂɚ 
ɨɛɨɛɳɟɧɧɵɟ ɤɨɨɪɞɢɧɚɬɵ ɜɨɡɶɦɟɦ ɤɨɨɪɞɢɧɚɬɵ 
ɬɨɱɤɢ Ɉ1 ɜ ɩɨɞɜɢɠɧɨɣ ɫɢɫɬɟɦɟ Ɉ2xy – x,y. 

 
ɚ    ɛ 

Ɋɢɫ. 1. Ɋɨɬɨɪμ ɚ) ɫɯɟɦɚ ɡɚɤɪɟɩɥɟɧɢɹν ɛ) ɫɟɱɟɧɢɟ ɫ 
ɠɢɞɤɨɫɬɶɸ 


