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Ⱦɪɨɛɧɵɣ ɚɧɚɥɢɡ ɹɜɥɹɟɬɫɹ ɨɛɨɛɳɟɧɢɟɦ ɤɥɚɫɫɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɧɚ ɫɥɭɱɚɣ, ɤɨɝɞɚ ɨɩɟɪɚɰɢɢ ɞɢɮ-

ɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɢ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɤɥɚɫɫɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɨɛɨɛɳɚɸɬɫɹ ɧɚ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɟ ɢ ɢɧ-

ɬɟɝɪɢɪɨɜɚɧɢɟ ɥɸɛɵɯ ɤɨɧɟɱɧɵɯ ɜɟɳɟɫɬɜɟɧɧɵɯ, ɢɥɢ ɤɨɦɩɥɟɤɫɧɵɯ ɩɨɪɹɞɤɨɜ.  
Ⱦɪɨɛɧɵɣ ɚɧɚɥɢɡ ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɨɩɟɪɚɬɨɪɚɯ ɞɪɨɛɧɨɝɨ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɢ ɞɪɨɛɧɨɝɨ ɢɧɬɟɝ-

ɪɢɪɨɜɚɧɢɹ (ɞɪɨɛɧɨɝɨ ɢɧɬɟɝɪɨɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ), ɤɨɬɨɪɵɟ ɨɬɧɨɫɹɬɫɹ ɤ ɧɟɥɨɤɚɥɶɧɵɦ ɨɩɟɪɚɬɨɪɚɦ ɢ 

ɥɨɤɚɥɶɧɵɦ ɨɩɟɪɚɬɨɪɚɦ. ɇɟɥɨɤɚɥɶɧɵɟ ɨɩɟɪɚɬɨɪɵ ɹɜɥɹɸɬɫɹ ɢɧɬɟɝɪɚɥɶɧɵɦɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹɦɢ ɫɮɨɪ-
ɦɭɥɢɪɨɜɚɧɧɵɦɢ ɜ ɪɚɦɤɚɯ ɤɥɚɫɫɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ, ɤɨɬɨɪɵɦɢ ɡɚɦɟɧɹɸɬ ɨɩɟɪɚɬɨɪɵ ɢɧɬɟɝɪɨɞɢɮɮɟɪɟɧ-

ɰɢɪɨɜɚɧɢɹ ɤɥɚɫɫɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ. ɇɟɥɨɤɚɥɶɧɵɯ ɨɩɟɪɚɬɨɪɨɜ ɞɪɨɛɧɨɝɨ ɢɧɬɟɝɪɨɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ 
ɛɵɥɨ ɩɪɟɞɥɨɠɟɧɨ ɞɨɫɬɚɬɨɱɧɨ ɦɧɨɝɨ, ɤɨɬɨɪɵɟ ɩɨɞɪɨɛɧɨ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɜ ɥɢɬɟɪɚɬɭɪɟ [1 – 7]. Ʌɨ-
ɤɚɥɶɧɵɟ ɨɩɟɪɚɬɨɪɵ ɧɟ ɹɜɥɹɸɬɫɹ ɢɧɬɟɝɪɚɥɶɧɵɦɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹɦɢ ɢ ɢɯ ɦɨɠɧɨ ɢɧɬɟɪɩɪɟɬɢɪɨɜɚɬɶ 
ɤɚɤ ɚɥɝɟɛɪɚɢɱɟɫɤɢɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɮɭɧɤɰɢɣ, ɧɚ ɤɨɬɨɪɵɟ ɨɧɢ ɞɟɣɫɬɜɭɸɬ. ȼ ɷɬɨɦ ɫɦɵɫɥɟ ɤɥɚɫɫɢɱɟ-
ɫɤɢɣ ɚɧɚɥɢɡ ɹɜɥɹɟɬɫɹ ɥɨɤɚɥɶɧɨɣ ɬɟɨɪɢɟɣ. ɉɨɷɬɨɦɭ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɛɨɥɟɟ ɩɪɚɜɢɥɶɧɵɦ, ɱɬɨɛɵ ɞɪɨɛ-

ɧɵɣ ɚɧɚɥɢɡ ɫɬɪɨɢɥɫɹ ɤɚɤ ɥɨɤɚɥɶɧɚɹ ɬɟɨɪɢɹ, ɬ. ɟ. ɨɩɟɪɚɰɢɢ ɞɪɨɛɧɨɝɨ ɢɧɬɟɝɪɨɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɧɟ 
ɞɨɥɠɧɵ ɛɵɬɶ ɢɧɬɟɝɪɚɥɶɧɵɦɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹɦɢ. Ʌɨɤɚɥɶɧɵɦ ɨɩɟɪɚɬɨɪɚɦ ɛɵɥɨ ɩɨɫɜɹɳɟɧɨ ɦɟɧɶɲɟ 
ɢɫɫɥɟɞɨɜɚɧɢɣ, ɱɟɦ ɧɟɥɨɤɚɥɶɧɵɦ ɨɩɟɪɚɬɨɪɚɦ.  

ɇɟɞɨɫɬɚɬɤɨɦ ɤɚɤ ɧɟɥɨɤɚɥɶɧɵɯ, ɬɚɤ ɢ ɥɨɤɚɥɶɧɵɯ ɨɩɟɪɚɬɨɪɨɜ ɞɪɨɛɧɨɝɨ ɢɧɬɟɝɪɨɞɢɮɮɟɪɟɧɰɢɪɨ-
ɜɚɧɢɹ, ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɨɧɢ ɜ ɱɚɫɬɧɨɦ ɫɥɭɱɚɟ ɧɟ ɞɚɸɬ ɨɩɟɪɚɬɨɪɵ ɢɧɬɟɝɪɨɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɤɥɚɫɫɢ-

ɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ, ɢɥɢ ɞɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɞɥɹ ɧɢɯ ɧɟ ɜɵɩɨɥɧɹɟɬɫɹ ɩɪɢɧɰɢɩ ɫɨɨɬɜɟɬɫɬɜɢɹ.  
ȼ ɪɚɛɨɬɚɯ [8 – 9] ɛɵɥ ɜɜɟɞɺɧ d-ɨɩɟɪɚɬɨɪ – ɥɨɤɚɥɶɧɵɣ ɨɩɟɪɚɬɨɪ ɞɪɨɛɧɨɝɨ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɢ ɞɪɨɛ-

ɧɨɝɨ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ, ɤɨɬɨɪɵɣ ɞɟɣɫɬɜɭɟɬ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫɬɟɩɟɧɧɵɯ ɮɭɧɤɰɢɣ ɜɟɳɟɫɬɜɟɧɧɵɯ ɩɨɪɹɞɤɨɜ.  
Ⱦɥɹ d-ɨɩɟɪɚɬɨɪɚ ɜɵɩɨɥɧɹɟɬɫɹ ɩɪɢɧɰɢɩ ɫɨɨɬɜɟɬɫɬɜɢɹ, ɚ ɢɦɟɧɧɨ, ɜ ɱɚɫɬɧɨɦ ɫɥɭɱɚɟ, ɞɥɹ ɩɨɪɹɞ-

ɤɚ ɢɧɬɟɝɪɨɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɪɚɜɧɨɝɨ 1, d-ɨɩɟɪɚɬɨɪ ɩɟɪɟɯɨɞɢɬ ɜ ɨɩɟɪɚɬɨɪɵ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɢ 

ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɫɬɟɩɟɧɧɵɯ ɮɭɧɤɰɢɣ ɤɥɚɫɫɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ [11] ɢ ɚɛɫɨɥɸɬɧɨ ɫ ɧɢɦɢ ɫɨɜɩɚɞɚɟɬ. 
ȼ ɪɚɛɨɬɟ [12] ɛɵɥ ɜɜɟɞɺɧ d-ɨɩɟɪɚɬɨɪ ɞɥɹ ɞɢɫɤɪɟɬɧɨɣ ɩɟɪɟɦɟɧɧɨɣ, ɝɞɟ ɩɨɪɹɞɤɢ ɢɧɬɟɝɪɨɞɢɮɮɟ-

ɪɟɧɰɢɪɨɜɚɧɢɹ ɢ ɩɨɤɚɡɚɬɟɥɢ ɫɬɟɩɟɧɧɵɯ ɮɭɧɤɰɢɣ ɹɜɥɹɸɬɫɹ ɤɨɦɩɥɟɤɫɧɵɦɢ.  

ȼ ɪɚɛɨɬɚɯ [8 – 10, 12] d-ɨɩɟɪɚɬɨɪ ɩɪɟɬɟɪɩɟɥ ɨɩɪɟɞɟɥɺɧɧɭɸ ɷɜɨɥɸɰɢɸ, ɤɨɬɨɪɚɹ ɩɪɢɜɟɥɚ ɤ ɩɨ-
ɫɥɟɞɧɟɣ ɜɟɪɫɢɢ d-ɨɩɟɪɚɬɨɪɚ, ɤɨɬɨɪɚɹ ɮɨɪɦɭɥɢɪɭɟɬɫɹ ɢ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ.  

Ɋɚɫɫɦɨɬɪɢɦ ɛɨɥɟɟ ɨɛɳɢɣ ɫɥɭɱɚɣ d-ɨɩɟɪɚɬɨɪɚ ɨɞɧɨɣ ɧɟɩɪɟɪɵɜɧɨɣ ɜɟɳɟɫɬɜɟɧɧɨɣ ɩɟɪɟɦɟɧɧɨɣ, ɭ 
ɤɨɬɨɪɨɝɨ ɩɨɪɹɞɤɢ ɢɧɬɟɝɪɨɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɢ ɩɨɤɚɡɚɬɟɥɢ ɫɬɟɩɟɧɧɵɯ ɮɭɧɤɰɢɣ, ɧɚ ɤɨɬɨɪɵɟ ɨɧ ɞɟɣɫɬ-
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ɜɭɟɬ, ɹɜɥɹɸɬɫɹ ɤɨɦɩɥɟɤɫɧɵɦɢ ɱɢɫɥɚɦɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɣ d-ɨɩɟɪɚɬɨɪ ɜɧɟɫɟɧɵ ɢɡɦɟɧɟɧɢɹ, 
ɫɜɹɡɚɧɧɵɟ ɫ ɥɨɝɚɪɢɮɦɢɱɟɫɤɢɦɢ ɫɥɭɱɚɹɦɢ. ɉɨɫɥɟɞɧɢɟ ɞɨɪɚɛɨɬɤɢ ɞɟɥɚɸɬ d-ɨɩɟɪɚɬɨɪ ɛɨɥɟɟ ɚɞɟɤɜɚɬɧɵɦ 

ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɡɜɢɬɢɹ ɥɨɤɚɥɶɧɨɝɨ ɞɪɨɛɧɨɝɨ ɚɧɚɥɢɡɚ ɢ ɞɥɹ ɟɝɨ ɩɪɚɤɬɢɱɟɫɤɢɯ ɩɪɢɥɨɠɟɧɢɣ.  

ɂɡɦɟɧɟɧɢɹ, ɜɧɟɫɺɧɧɵɟ ɜ d-ɨɩɟɪɚɬɨɪ, ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɢɡɦɟɧɟɧɢɹɦ ɜɧɟɫɺɧɧɵɦ ɜ ɧɨɜɵɣ G-

ɨɩɟɪɚɬɨɪ ɤɨɦɩɥɟɤɫɧɵɯ ɩɨɪɹɞɤɨɜ, ɤɨɬɨɪɵɣ ɞɟɣɫɬɜɭɟɬ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɜɟɳɟɫɬɜɟɧɧɵɯ ɫɬɟɩɟɧɧɵɯ ɮɭɧɤ-
ɰɢɣ ɫ ɤɨɦɩɥɟɤɫɧɵɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ [13]. G-ɨɩɟɪɚɬɨɪ ɹɜɥɹɟɬɫɹ ɦɧɨɠɟɫɬɜɨɦ ɥɨɤɚɥɶɧɵɯ ɨɩɟɪɚɬɨɪɨɜ 
ɢɧɬɟɝɪɨɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɤɨɦɩɥɟɤɫɧɵɯ ɩɨɪɹɞɤɨɜ, ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɨɛɨɛɳɟɧɢɹɦɢ d-ɨɩɟɪɚɬɨɪɚ, 
ɞɥɹ ɤɨɬɨɪɵɯ ɜɵɩɨɥɧɹɟɬɫɹ ɩɪɢɧɰɢɩ ɫɨɨɬɜɟɬɫɬɜɢɹ. ɉɪɢ ɷɬɨɦ d-ɨɩɟɪɚɬɨɪ, ɹɜɥɹɟɬɫɹ ɫɚɦɵɦ ɩɪɨɫɬɵɦ 

ɨɩɟɪɚɬɨɪɨɦ ɞɪɨɛɧɨɝɨ ɢɧɬɟɝɪɨɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɢɡ ɦɧɨɠɟɫɬɜɚ G-ɨɩɟɪɚɬɨɪɚ ɤɨɦɩɥɟɤɫɧɵɯ ɩɨɪɹɞ-
ɤɨɜ, ɞɟɣɫɬɜɭɸɳɢɯ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫɬɟɩɟɧɧɵɯ ɮɭɧɤɰɢɣ ɫ ɤɨɦɩɥɟɤɫɧɵɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɢ, ɜ ɫɜɨɸ ɨɱɟ-
ɪɟɞɶ, ɹɜɥɹɟɬɫɹ ɦɢɧɢɦɚɥɶɧɵɦ ɨɛɨɛɳɟɧɢɟɦ ɨɩɟɪɚɬɨɪɨɜ ɞɪɨɛɧɨɝɨ ɢɧɬɟɝɪɨɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɫɬɟɩɟɧ-

ɧɵɯ ɮɭɧɤɰɢɣ ɤɥɚɫɫɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ. ɗɬɢ ɫɜɨɣɫɬɜɚ d-ɨɩɟɪɚɬɨɪɚ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɩɪɢɧɰɢɩɭ ɩɪɨɫɬɨɬɵ, 

ɩɨ ɤɨɬɨɪɨɦɭ ɥɨɤɚɥɶɧɵɣ ɞɪɨɛɧɵɣ ɚɧɚɥɢɡ ɫɬɪɨɢɬɫɹ ɧɚ ɨɫɧɨɜɟ ɧɚɢɛɨɥɟɟ ɩɪɨɫɬɵɯ ɨɩɟɪɚɬɨɪɨɜ ɞɟɣɫɬ-
ɜɭɸɳɢɯ ɧɚɞ ɩɪɨɫɬɪɚɧɫɬɜɨɦ ɫɬɟɩɟɧɧɵɯ ɮɭɧɤɰɢɣ, ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɨɞɧɢɦɢ ɢɡ ɫɚɦɵɯ ɩɪɨɫɬɵɯ ɷɥɟ-
ɦɟɧɬɚɪɧɵɯ ɮɭɧɤɰɢɣ.  

Ʉɪɨɦɟ ɷɬɨɝɨ, ɨɱɟɧɶ ɜɚɠɧɨ, ɱɬɨ ɫɬɟɩɟɧɧɵɟ ɮɭɧɤɰɢɢ ɹɜɥɹɸɬɫɹ ɭɧɢɜɟɪɫɚɥɶɧɵɦɢ ɜ ɬɨɦ ɫɦɵɫɥɟ, 
ɱɬɨ ɨɧɢ ɹɜɥɹɸɬɫɹ ɫɬɟɩɟɧɧɵɦɢ ɞɥɹ ɥɸɛɵɯ ɩɨɪɹɞɤɨɜ ɢɧɬɟɝɨɪɨɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ. Ⱦɪɭɝɢɟ ɷɥɟɦɟɧ-

ɬɚɪɧɵɟ ɮɭɧɤɰɢɢ ɬɚɤɨɣ ɭɧɢɜɟɪɫɚɥɶɧɨɫɬɶɸ ɧɟ ɨɛɥɚɞɚɸɬ, ɧɚɩɪɢɦɟɪ ɷɤɫɩɨɧɟɧɬɵ ɨɞɧɨɝɨ ɩɨɪɹɞɤɚ ɭɠɟ ɧɟ 
ɹɜɥɹɸɬɫɹ ɷɤɫɩɨɧɟɧɬɚɦɢ ɞɥɹ ɞɪɭɝɢɯ ɩɨɪɹɞɤɨɜ ɢɧɬɟɝɪɨɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ.  

d-ÜäñëíöÜë ¡Ü½ä¿ñ¡ïÖÜÇÜ äÜë　Ñ¡í 
だäëñÑñ¿ñÖóñ. d-ɨɩɟɪɚɬɨɪɨɦ ɤɨɦɩɥɟɤɫɧɨɝɨ ɩɨɪɹɞɤɚ s i   , , ; , const; , 0             , 

ɞɪɨɛɧɨɝɨ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɢ ɞɪɨɛɧɨɝɨ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɜɟɳɟɫɬɜɟɧɧɨɣ ɩɟɪɟɦɟɧɧɨɣ x, ɞɟɣɫɬɜɭɸ-

ɳɢɦ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫɬɟɩɟɧɧɵɯ ɮɭɧɤɰɢɣ qx , ɜɟɳɟɫɬɜɟɧɧɨɣ ɩɟɪɟɦɟɧɧɨɣ x ɫ ɤɨɦɩɥɟɤɫɧɵɦɢ ɩɨɤɚɡɚɬɟ-
ɥɹɦɢ ; , ; , constq i             , ɧɚɡɵɜɚɟɬɫɹ ɨɬɨɛɪɚɠɟɧɢɟ ɨɩɪɟɞɟɥɹɟɦɨɟ ɪɚɜɟɧɫɬɜɚɦɢ. 

Ɂɧɚɤɢ, ɫɬɨɹɳɢɟ ɩɟɪɟɞ ɩɨɪɹɞɤɚɦɢ ɢɧɬɟɝɪɨɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ s ɨɩɪɟɞɟɥɹɟɬ ɬɢɩ ɨɩɟɪɚɰɢɢ. ȿɫɥɢ ɡɧɚɤ 
ɩɨɥɨɠɢɬɟɥɶɧɵɣ, ɬɨ ɷɬɨ ɨɩɟɪɚɰɢɹ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ, ɚ ɟɫɥɢ ɡɧɚɤ ɦɢɧɭɫ – ɨɩɟɪɚɰɢɢ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ.  

ɉɨɪɹɞɨɤ 0s     , ɜ ɩɟɪɜɨɦ, ɢ/ɢɥɢ ɜɨ ɜɬɨɪɨɦ ɪɚɜɟɧɫɬɜɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɟɞɢɧɢɱɧɨɦɭ ɨɩɟɪɚ-
ɬɨɪɭ 1, ɤɨɬɨɪɵɣ ɮɭɧɤɰɢɹɦ, ɫɬɚɜɢɬ ɜ ɫɨɨɬɜɟɬɫɬɜɢɟ ɫɚɦɢɯ ɫɟɛɹ, ɱɬɨ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɤɚɤ 
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 (1) 

 

Ʉɨɝɞɚ ɩɨɪɹɞɨɤ ɢɧɬɟɝɪɨɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɜɟɳɟɫɬɜɟɧɧɵɣ, Re( ) 0s s    , ɬɨ ɟɫɥɢ ɜ ɪɚɜɟɧ-

ɫɬɜɚɯ (1) ɩɟɪɟɞ ɩɨɤɚɡɚɬɟɥɟɦ ɩɨɪɹɞɤɚ ɨɩɟɪɚɬɨɪɚ s, ɫɬɨɢɬ ɡɧɚɤ ɦɢɧɭɫ, ɬɨ ɷɬɨ ɛɭɞɟɬ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ 
ɨɩɟɪɚɬɨɪɭ ɞɪɨɛɧɨɝɨ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɜɟɳɟɫɬɜɟɧɧɨɝɨ ɩɨɪɹɞɤɚ Ȥ, ɚ ɟɫɥɢ ɡɧɚɱɟɧɢɟ ɩɨɪɹɞɤɚ ɨɩɟɪɚ-
ɬɨɪɚ ɫɨ ɡɧɚɤɨɦ ɩɥɸɫ, ɬɨ ɷɬɨ ɛɭɞɟɬ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɨɩɟɪɚɬɨɪɭ ɞɪɨɛɧɨɝɨ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɜɟɳɟɫɬɜɟɧ-
ɧɨɝɨ ɩɨɪɹɞɤɚ Ȥ.  

Ʉɨɝɞɚ ɩɨɪɹɞɨɤ ɢɧɬɟɝɪɨɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɦɧɢɦɵɣ, Im( )s i s i   ɢ 0  , ɚ ɜ ɪɚɜɟɧɫɬɜɚɯ (1) 

ɩɟɪɟɞ ɩɨɤɚɡɚɬɟɥɟɦ ɩɨɪɹɞɤɚ ɨɩɟɪɚɬɨɪɚ s, ɫɬɨɢɬ ɡɧɚɤ ɦɢɧɭɫ, ɬɨ ɷɬɨ ɛɭɞɟɬ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɨɩɟɪɚɬɨɪɭ 
ɞɪɨɛɧɨɝɨ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɦɧɢɦɨɝɨ ɩɨɪɹɞɤɚ Ȗ, ɚ ɟɫɥɢ ɡɧɚɱɟɧɢɟ ɦɧɢɦɨɝɨ ɩɨɪɹɞɤɚ ɨɩɟɪɚɬɨɪɚ ɫɨ 
ɡɧɚɤɨɦ ɩɥɸɫ, ɬɨ ɷɬɨ ɛɭɞɟɬ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɨɩɟɪɚɬɨɪɭ ɞɪɨɛɧɨɝɨ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɦɧɢɦɨɝɨ ɩɨɪɹɞɤɚ Ȗ.  
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ȿɫɥɢ ɩɨɪɹɞɨɤ ɢɧɬɟɝɪɨɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɤɨɦɩɥɟɤɫɧɵɣ, s i    ɢ , 0   , ɚ ɡɧɚɤ ɭ ɩɨɪɹɞ-
ɤɚ ɨɬɪɢɰɚɬɟɥɶɧɵɣ, ɬɨ ɷɬɨ ɛɭɞɟɬ ɞɪɨɛɧɨɟ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɟ ɤɨɦɩɥɟɤɫɧɨɝɨ ɩɨɪɹɞɤɚ, ɚ ɟɫɥɢ ɡɧɚɤ ɩɨ-
ɥɨɠɢɬɟɥɶɧɵɣ, ɬɨ ɞɪɨɛɧɨɟ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ ɤɨɦɩɥɟɤɫɧɨɝɨ ɩɨɪɹɞɤɚ.  

ȿɫɥɢ ɡɧɚɤɢ ɭ ɜɟɳɟɫɬɜɟɧɧɨɣ ɢ ɦɧɢɦɨɣ ɱɚɫɬɢ ɩɨɪɹɞɤɚ ɢɧɬɟɝɪɨɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɪɚɡɥɢɱɚɸɬɫɹ, 
ɬ. ɟ. s i    , ɢɥɢ s i   , ɬɨ ɬɚɤɢɟ ɩɨɪɹɞɤɢ ɮɨɪɦɚɥɶɧɨ ɛɭɞɟɦ ɧɚɡɵɜɚɬɶ ɫɦɟɲɚɧɧɵɦɢ ɤɨɦɩɥɟɤɫ-
ɧɵɦɢ ɩɨɪɹɞɤɚɦɢ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɢ ɫɦɟɲɚɧɧɵɦɢ ɤɨɦɩɥɟɤɫɧɵɦɢ ɩɨɪɹɞɤɚɦɢ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ, ɫɨ-
ɨɬɜɟɬɫɬɜɟɧɧɨ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɧɟɥɶɡɹ ɝɨɜɨɪɢɬɶ ɨɞɧɨɡɧɚɱɧɨ ɬɨɥɶɤɨ ɨ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɢ, ɢɥɢ ɬɨɥɶɤɨ 
ɨɛ ɢɧɬɟɝɪɢɪɨɜɚɧɢɢ.  

ȼɟɥɢɱɢɧɵ Ƚ( 1) / Ƚ( 1)q q s+ +  ɜ ɩɟɪɜɨɦ ɢ ɜɬɨɪɨɦ ɪɚɜɟɧɫɬɜɚɯ (1) ɧɚɡɵɜɚɸɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬɨɦ 

ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɞɥɹ ɡɧɚɤɚ ɦɢɧɭɫ ɩɟɪɟɞ ɩɨɪɹɞɤɨɦ s ɢ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɞɥɹ ɡɧɚɤɚ 
ɩɥɸɫ ɩɟɪɟɞ s. ȼ ɷɬɢɯ ɤɨɷɮɮɢɰɢɟɧɬɚɯ ɜ ɱɢɫɥɢɬɟɥɟ ɭ ɝɚɦɦɚ-ɮɭɧɤɰɢɢ Ƚ( 1)q+  ɢɫɤɥɸɱɟɧɵ ɡɧɚɱɟɧɢɹ, 
ɩɨɩɚɞɚɸɳɢɟ ɜ ɩɨɥɸɫɚ, ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɜɚɠɧɵɦɢ ɱɚɫɬɧɵɦɢ ɫɥɭɱɚɹɦɢ, ɧɨ ɧɟ ɢɫɤɥɸɱɟɧɵ ɩɨɥɸɫɵ ɭ 
ɝɚɦɦɚ-ɮɭɧɤɰɢɣ ɜ ɡɧɚɦɟɧɚɬɟɥɹɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ.  

ȿɫɥɢ ɝɚɦɦɚ-ɮɭɧɤɰɢɢ ɜ ɱɢɫɥɢɬɟɥɟ ɩɨɩɚɞɚɸɬ ɜ ɩɨɥɸɫɚ, ɱɬɨ ɫɥɭɱɚɟɬɫɹ ɞɥɹ ɰɟɥɵɯ ɨɬɪɢɰɚɬɟɥɶɧɵɯ 
ɩɨɤɚɡɚɬɟɥɟɣ ɫɬɟɩɟɧɧɵɯ ɮɭɧɤɰɢɣ, ɧɚ ɤɨɬɨɪɵɯ ɞɟɣɫɬɜɭɟɬ ɨɩɟɪɚɬɨɪ, ɬ. ɟ. q = -m. Ɍɨɝɞɚ ɝɚɦɦɚ-ɮɭɧɤɰɢɹ ɜ 
ɩɨɥɸɫɚɯ ɡɚɦɟɧɹɸɬɫɹ ɜɵɱɟɬɚɦɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɷɬɢɦ ɩɨɥɸɫɚɦ ɩɨ ɮɨɪɦɭɥɟ 
Res ( ) ( 1) / !; 0, 1, 2, 3, 4, ...m

m

m m



 

      [14], ɤɨɬɨɪɨɣ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ d-ɨɩɟɪɚɬɨɪɟ ɛɭɞɟɬ ɫɨɨɬɜɟɬ-

ɫɬɜɨɜɚɬɶ ɪɚɜɟɧɫɬɜɨ 1

1 1

Res ( 1) ( 1) / ( 1)!; 1, 2, 3, 4, ...m

q m

q m m

  
        ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɢ ɞɢɮɮɟɪɟɧɰɢ-

ɪɨɜɚɧɢɹ ɢ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɩɪɢ ɬɚɤɨɣ ɡɚɦɟɧɟ ɛɭɞɭɬ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɱɟɬɜɺɪɬɨɟ ɢ ɩɹɬɨɟ ɪɚɜɟɧɫɬɜɚ ɫ ɤɨ-
ɷɮɮɢɰɢɟɧɬɚɦɢ 1( 1) / ( 1)!Ƚ( 1)m m s m-- - - + .  

Ɍɟɩɟɪɶ ɪɚɫɫɦɨɬɪɢɦ ɨɬɞɟɥɶɧɨ ɜɫɟ ɪɚɜɟɧɫɬɜɚ ɜ ɨɩɟɪɚɬɨɪɟ (1).  

ɉɟɪɜɨɟ ɪɚɜɟɧɫɬɜɨ ɨɩɪɟɞɟɥɹɟɬ ɞɪɨɛɧɨɟ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɟ ɩɨɪɹɞɤɚ s. Ⱦɨɩɨɥɧɢɬɟɥɶɧɵɟ ɭɫɥɨ-
ɜɢɹ ɢɫɤɥɸɱɚɸɬ ɫɥɭɱɚɢ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ, ɤɨɝɞɚ ɝɚɦɦɚ-ɮɭɧɤɰɢɹ ɜ ɱɢɫɥɢɬɟɥɟ ɨɛɪɚɳɚɟɬɫɹ ɜ ɛɟɫɤɨ-
ɧɟɱɧɨɫɬɶ, ɩɪɢ ɩɨɩɚɞɚɧɢɢ ɚɪɝɭɦɟɧɬɚ ɜ ɩɨɥɸɫɚ ɝɚɦɦɚ-ɮɭɧɤɰɢɢ, ɤɨɝɞɚ ɨɞɧɨɜɪɟɦɟɧɧɨ ɝɚɦɦɚ-ɮɭɧɤɰɢɹ ɜ 
ɡɧɚɦɟɧɚɬɟɥɟ ɧɟ ɪɚɜɧɚ ɛɟɫɤɨɧɟɱɧɨɫɬɢ. ɉɨɥɸɫɵ ɭ ɝɚɦɦɚ-ɮɭɧɤɰɢɢ ɢɦɟɸɬɫɹ ɞɥɹ ɨɬɪɢɰɚɬɟɥɶɧɵɯ ɰɟɥɨ-
ɱɢɫɥɟɧɧɵɯ ɩɨɪɹɞɤɨɜ Re( ) 1, 2, 3,q q        ɗɬɢ ɭɫɥɨɜɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɜɢɞɟ ɥɨɝɢɱɟɫɤɨɝɨ 
ɨɬɪɢɰɚɧɢɹ ɞɜɭɯ ɜɨɡɦɨɠɧɵɯ ɫɢɬɭɚɰɢɣ, ɤɨɬɨɪɵɟ ɧɟ ɞɨɥɠɧɵ ɜɵɩɨɥɧɹɬɶɫɹ ɨɞɧɨɜɪɟɦɟɧɧɨ ɞɥɹ ɝɚɦɦɚ-
ɮɭɧɤɰɢɣ ɜ ɱɢɫɥɢɬɟɥɟ ɢ ɜ ɡɧɚɦɟɧɚɬɟɥɟ ɬ. ɟ. [( 1, 2, 3, ...) ( 1, 2, 3, ...)]q q s =- - -  - ¹- - - . 

ȼɬɨɪɨɟ ɪɚɜɟɧɫɬɜɨ ɨɩɪɟɞɟɥɹɟɬ ɞɪɨɛɧɨɟ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ ɩɨɪɹɞɤɚ s. ɉɟɪɜɵɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɭɫ-
ɥɨɜɢɹ ɢɫɤɥɸɱɚɸɬ ɫɥɭɱɚɢ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ, ɤɨɝɞɚ ɝɚɦɦɚ-ɮɭɧɤɰɢɹ ɜ ɱɢɫɥɢɬɟɥɟ ɨɛɪɚɳɚɟɬɫɹ ɜ ɛɟɫɤɨɧɟɱ-
ɧɨɫɬɶ, ɩɪɢ ɩɨɩɚɞɚɧɢɢ ɚɪɝɭɦɟɧɬɚ ɜ ɩɨɥɸɫɚ ɝɚɦɦɚ-ɮɭɧɤɰɢɢ, ɤɨɝɞɚ ɨɞɧɨɜɪɟɦɟɧɧɨ ɜ ɡɧɚɦɟɧɚɬɟɥɟ ɝɚɦɦɚ-
ɮɭɧɤɰɢɹ ɧɟ ɪɚɜɧɚ ɛɟɫɤɨɧɟɱɧɨɫɬɢ. ɗɬɢ ɭɫɥɨɜɢɹ ɬɨɠɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɜɢɞɟ ɥɨɝɢɱɟɫɤɨɝɨ ɨɬɪɢɰɚɧɢɹ 
ɞɜɭɯ ɜɨɡɦɨɠɧɵɯ ɫɢɬɭɚɰɢɣ, ɤɨɬɨɪɵɟ ɧɟ ɞɨɥɠɧɵ ɜɵɩɨɥɧɹɬɶɫɹ ɨɞɧɨɜɪɟɦɟɧɧɨ ɞɥɹ ɝɚɦɦɚ-ɮɭɧɤɰɢɣ ɜ 
ɱɢɫɥɢɬɟɥɟ ɢ ɜ ɡɧɚɦɟɧɚɬɟɥɟ, ɬ. ɟ. [( 1, 2, 3, ...) ( 1, 2, 3, ...)]q q s =- - -  + ¹- - - . ȼɬɨɪɨɟ ɞɨɩɨɥɧɢ-

ɬɟɥɶɧɨɟ ɭɫɥɨɜɢɹ ɢɫɤɥɸɱɚɸɬ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ ɜ ɥɨɝɚɪɢɮɦɢɱɟɫɤɢɯ ɫɥɭɱɚɹɯ.  
Ɍɪɟɬɶɟ ɪɚɜɟɧɫɬɜɨ ɨɩɪɟɞɟɥɹɸɬ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɟ ɜ ɫɥɭɱɚɹɯ, ɤɨɬɨɪɵɟ ɢɫɤɥɸɱɟɧɵ ɜ ɩɟɪɜɨɦ 

ɪɚɜɟɧɫɬɜɟ. Ⱦɨɩɨɥɧɢɬɟɥɶɧɨɟ ɭɫɥɨɜɢɟ ɢɫɤɥɸɱɚɟɬ ɫɥɭɱɚɢ, ɤɨɝɞɚ ɡɧɚɱɟɧɢɹ ɝɚɦɦɚ-ɮɭɧɤɰɢɢ ɜ ɡɧɚɦɟɧɚɬɟɥɟ 
ɧɟ ɞɨɥɠɧɨ ɩɨɩɚɞɚɬɶ ɜ ɩɨɥɸɫ. ɗɬɢ ɫɥɭɱɚɢ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɧɚɯɨɞɹɬɫɹ ɫ ɩɨɦɨɳɶɸ ɩɟɪɜɨɝɨ ɪɚɜɟɧ-

ɫɬɜɚ ɨɩɟɪɚɬɨɪɚ, ɝɞɟ ɝɚɦɦɚ-ɮɭɧɤɰɢɢ ɜ ɱɢɫɥɢɬɟɥɟ ɢ ɜ ɡɧɚɦɟɧɚɬɟɥɟ ɨɞɧɨɜɪɟɦɟɧɧɨ ɨɛɪɚɳɚɸɬɫɹ ɜ ɛɟɫɤɨ-
ɧɟɱɧɨɫɬɶ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɛɟɫɤɨɧɟɱɧɨɫɬɢ ɜ ɤɨɷɮɮɢɰɢɟɧɬɟ ɫɨɤɪɚɳɚɸɬɫɹ.  

ɑɟɬɜɺɪɬɨɟ ɪɚɜɟɧɫɬɜɨ ɨɩɪɟɞɟɥɹɸɬ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ ɜ ɫɥɭɱɚɹɯ, ɢɫɤɥɸɱɚɟɦɵɯ ɜɨ ɜɬɨɪɨɦ ɪɚɜɟɧ-

ɫɬɜɟ. ɉɟɪɜɨɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɭɫɥɨɜɢɟ ɢɫɤɥɸɱɚɟɬ ɫɥɭɱɚɢ, ɤɨɝɞɚ ɡɧɚɱɟɧɢɹ ɝɚɦɦɚ-ɮɭɧɤɰɢɢ ɜ ɡɧɚɦɟɧɚ-
ɬɟɥɟ ɧɟ ɞɨɥɠɧɨ ɩɨɩɚɞɚɬɶ ɜ ɩɨɥɸɫ. ɗɬɢ ɫɥɭɱɚɢ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɧɚɯɨɞɹɬɫɹ ɫ ɩɨɦɨɳɶɸ ɜɬɨɪɨɝɨ ɪɚɜɟɧ-

ɫɬɜɚ ɨɩɟɪɚɬɨɪɚ, ɝɞɟ ɝɚɦɦɚ-ɮɭɧɤɰɢɢ ɜ ɱɢɫɥɢɬɟɥɟ ɢ ɜ ɡɧɚɦɟɧɚɬɟɥɟ ɨɞɧɨɜɪɟɦɟɧɧɨ ɨɛɪɚɳɚɸɬɫɹ ɜ ɛɟɫɤɨ-
ɧɟɱɧɨɫɬɶ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɛɟɫɤɨɧɟɱɧɨɫɬɢ ɜ ɤɨɷɮɮɢɰɢɟɧɬɟ ɫɨɤɪɚɳɚɸɬɫɹ.  

ȼɬɨɪɨɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɭɫɥɨɜɢɟ ɢɫɤɥɸɱɚɟɬ ɫɥɭɱɚɢ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɜ ɥɨɝɚɪɢɮɦɢɱɟɫɤɢɯ ɫɥɭɱɚɹɯ. 
ɉɹɬɨɟ ɪɚɜɟɧɫɬɜɨ ɨɩɪɟɞɟɥɹɟɬ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ ɜ ɥɨɝɚɪɢɮɦɢɱɟɫɤɢɯ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɩɨɪɹɞɨɤ ɢɧ-

ɬɟɝɪɢɪɨɜɚɧɢɹ s ɪɚɜɟɧ ɩɨɤɚɡɚɬɟɥɸ ɫɬɟɩɟɧɧɵɯ ɮɭɧɤɰɢɣ ɫ ɨɬɪɢɰɚɬɟɥɶɧɵɦ ɡɧɚɤɨɦ -s.  

Ʌɨɝɚɪɢɮɦɢɱɟɫɤɢɟ ɫɥɭɱɚɢ ɜɨɡɧɢɤɚɸɬ, ɤɨɝɞɚ ɩɪɢ ɨɬɪɢɰɚɬɟɥɶɧɵɯ ɩɨɤɚɡɚɬɟɥɹɯ ɫɬɟɩɟɧɧɵɯ ɮɭɧɤ-
ɰɢɣ q   , ɜɵɩɨɥɧɹɟɬɫɹ ɭɫɥɨɜɢɟ ɥɨɝɚɪɢɮɦɢɱɧɨɫɬɢ, ɬ. ɟ. 0s q  , ɤɨɬɨɪɨɟ ɪɚɡɞɟɥɹɟɬ ɨɛɥɚɫɬɶ ɩɚɪɚ-
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ɛɨɥɢɱɧɨɫɬɢ 0s q   ɢ ɨɛɥɚɫɬɶ ɝɢɩɟɪɛɨɥɢɱɟɧɨɫɬɢ 0s q   ɞɥɹ ɩɨɤɚɡɚɬɟɥɟɣ ɫɬɟɩɟɧɧɵɯ ɮɭɧɤɰɢɣ, 

ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɩɨɥɭɱɚɬɶɫɹ ɩɨɫɥɟ ɞɪɨɛɧɨɝɨ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɩɨɪɹɞɤɚ s. 

Ɏɭɧɤɰɢɢ ln ( )s x  ɹɜɥɹɸɬɫɹ ɥɨɝɚɪɢɮɦɚɦɢ ɤɨɦɩɥɟɤɫɧɨɝɨ ɩɨɪɹɞɤɚ s, ɤɨɬɨɪɵɟ ɬɪɟɛɭɸɬ ɞɚɥɶɧɟɣɲɟ-
ɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ. ȼ ɱɚɫɬɧɨɫɬɢ, ɜ ɤɥɚɫɫɢɱɟɫɤɨɦ ɚɧɚɥɢɡɟ, ɞɥɹ s=1 ɥɨɝɚɪɢɮɦ ɛɭɞɟɬ 1ln ( ) ln( )x xº . Ⱦɥɹ 
ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɫɬɟɩɟɧɧɨɣ ɮɭɧɤɰɢɢ 1x-  ɜ ɤɥɚɫɫɢɱɟɫɤɨɦ ɚɧɚɥɢɡɟ ɢɡ d-ɨɩɟɪɚɬɨɪɚ ɛɭɞɟɬ ɫɥɟɞɨɜɚɬɶ 
ɫɩɪɚɜɟɞɥɢɜɨ ɩɨ ɩɪɢɧɰɢɩɭ ɫɨɨɬɜɟɬɫɬɜɢɹ 1 1: ln( )d x x x C- = + , ɢɡ ɤɨɬɨɪɨɝɨ ɫɥɟɞɭɟɬ ɛɨɥɟɟ ɨɛɳɟɟ ɪɚɜɟɧ-

ɫɬɜɨ: 1 1

1: ln | |d x x x C- = + . 

Ʌɨɝɚɪɢɮɦ ln ( )s x  ɩɨɪɹɞɤɚ s ɹɜɥɹɸɬɫɹ ɨɛɪɚɬɧɨɣ ɮɭɧɤɰɢɟɣ ɞɥɹ ɮɭɧɤɰɢɢ exp ( )s x , ɤɨɬɨɪɚɹ ɧɚ-
ɡɜɚɧɚ ɝɥɚɜɧɨɣ ɷɤɫɩɨɧɟɧɬɨɣ ɩɨɪɹɞɤɚ s [15] ln (exp ( )) exp (ln ( )) .s s s sx x x= =  

Ⱦɚɧɧɵɟ ɫɨɨɬɧɨɲɟɧɢɹ ɞɥɹ ɝɥɚɜɧɨɣ ɷɤɫɩɨɧɟɧɬɵ ɨɛɨɛɳɚɸɬ ɷɤɫɩɨɧɟɧɬɵ ɜɟɳɟɫɬɜɟɧɧɨɣ ɩɟɪɟɦɟ-
ɧɨɣ ɜɟɳɟɫɬɜɟɧɧɵɯ ɩɨɪɹɞɤɨɜ ɧɚ ɫɥɭɱɚɣ ɷɤɫɩɨɧɟɧɬɵ ɜɟɳɟɫɬɜɟɧɧɨɣ ɩɟɪɟɦɟɧɨɣ ɤɨɦɩɥɟɤɫɧɵɯ ɩɨɪɹɞɤɨɜ 
s ɫ ɤɨɧɟɱɧɵɦ ɦɨɞɭɥɟɦ || ||s   , ɤɨɬɨɪɵɣ ɜɵɪɚɠɚɟɬɫɹ ɱɟɪɟɡ ɞɪɨɛɧɨɫɬɟɩɟɧɧɨɣ ɪɹɞ [10] 

1 ( 1) 1 1 2 1 3 1 4 1

1 0

exp ( ) ...
( ) (( 1) ) ( ) (2 ) (3 ) (4 )

ns m s s s s s

s

n m

x x x x x x
x

ns m s s s s s

       

 

      
         

Ƚɥɚɜɧɚɹ ɷɤɫɩɨɧɟɧɬɚ ɜɟɳɟɫɬɜɟɧɧɵɯ ɩɨɪɹɞɤɨɜ ɛɵɥɚ ɩɨɥɭɱɟɧɚ, ɜ ɱɚɫɬɧɨɫɬɢ, ɜ [14] ɞɥɹ ɥɨɤɚɥɶɧɨ-
ɝɨ ɨɩɟɪɚɬɨɪɚ Ⱥɞɚɦɚɪɚ [16]  

ɇɚɥɢɱɢɟ ɥɨɝɚɪɢɮɦɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ, ɤɨɬɨɪɵɟ ɧɟ ɹɜɥɹɸɬɫɹ ɫɬɟɩɟɧɧɵɦɢ, ɝɨɜɨɪɢɬ ɨ ɬɨɦ, ɱɬɨ ɞɥɹ 
d-ɨɩɟɪɚɬɨɪɚ ɩɪɨɫɬɪɚɧɫɬɜɨ ɫɬɟɩɟɧɧɵɯ ɮɭɧɤɰɢɣ ɧɟ ɹɜɥɹɟɬɫɹ ɡɚɦɤɧɭɬɵɦ. 

Ɏɭɧɤɰɢɢ ( )sC x  ɜ (1) ɹɜɥɹɸɬɫɹ ɩɨɥɢɧɨɦɚɦɢ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɩɨɪɹɞɤɚ s. ɉɨɥɢɧɨɦɵ ɢɧɬɟɝɪɢɪɨ-
ɜɚɧɢɹ ɹɜɥɹɸɬɫɹ ɨɛɨɛɳɟɧɢɹɦɢ ɤɨɧɫɬɚɧɬ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɤɥɚɫɫɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ [8 – 10]; ( )sC x  – 

ɩɨɥɢɧɨɦɵ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɩɨɪɹɞɤɚ s, ɤɨɬɨɪɵɟ ɞɥɹ ɤɨɦɩɥɟɤɫɧɵɯ ɩɨɪɹɞɤɨɜ ɜɟɳɟɫɬɜɟɧɧɨɣ ɩɟɪɟ-
ɦɟɧɧɨɣ ɪɚɫɫɦɚɬɪɢɜɚɥɢɫɶ ɜ [12]. ɉɨɥɢɧɨɦɵ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɤɨɦɩɥɟɤɫɧɵɯ ɩɨɪɹɞɤɨɜ ɹɜɥɹɸɬɫɹ 
ɚɧɚɥɨɝɚɦɢ ɩɨɥɢɧɨɦɨɜ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɤɨɦɩɥɟɤɫɧɵɯ ɩɨɪɹɞɤɨɜ ɞɥɹ ɫɥɭɱɚɹ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɤɨɦ-

ɩɥɟɤɫɧɵɯ ɩɨɪɹɞɤɨɜ.  
ɉɨɥɢɧɨɦɵ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ( )sC x  ɢ ɩɨɥɢɧɨɦɵ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ( )sC x  ɥɟɝɤɨ ɨɛɴɟɞɢɧɢɬɶ ɜ 

ɩɨɥɢɧɨɦɵ ɢɧɬɟɝɪɨɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɢ ɨɛɨɡɧɚɱɚɬɶ ɤɚɤ ( )sC x , ɤɨɬɨɪɵɟ ɞɥɹ ɤɨɦɩɥɟɤɫɧɵɯ ɩɨɪɹɞɤɨɜ 
ɜɟɳɟɫɬɜɟɧɧɨɣ ɩɟɪɟɦɟɧɧɨɣ ɨɩɪɟɞɟɥɹɸɬɫɹ ɜ [17], ɚ ɡɞɟɫɶ ɞɚɸɬɫɹ ɞɥɹ ɧɟɩɪɟɪɵɜɧɨɣ ɜɟɳɟɫɬɜɟɧɧɨɣ ɩɟ-
ɪɟɦɟɧɧɨɣ ɫ ɭɬɨɱɧɟɧɢɹɦɢ. 

だäëñÑñ¿ñÖóñ. ɉɨɥɢɧɨɦɚɦɢ ɢɧɬɟɝɪɨɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɤɨɦɩɥɟɤɫɧɨɝɨ ɩɨɪɹɞɤɚ s ɜɟɳɟɫɬɜɟɧ-

ɧɨɣ ɩɟɪɟɦɟɧɧɨɣ x, ɛɭɞɟɦ ɧɚɡɵɜɚɬɶ ɮɭɧɤɰɢɸ ( )sC x  ɡɚɞɚɜɚɟɦɭɸ ɪɚɜɟɧɫɬɜɚɦɢ ɞɥɹ ɪɚɡɧɵɯ ɡɧɚɱɟɧɢɣ 
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 (2) 

ɉɨɥɢɧɨɦɨɦ ɢɧɬɟɝɪɨɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɩɨɪɹɞɤɚ s ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɨɥɢɧɨɦɚɦ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ 
ɞɥɹ ɧɟɰɟɥɨɱɢɫɥɟɧɧɵɯ ɤɨɦɩɥɟɤɫɧɵɯ ɩɨɪɹɞɤɨɜ ±s=±Į ɢ ɞɥɹ ɰɟɥɨɱɢɫɥɟɧɧɵɯ ɜɟɳɟɫɬɜɟɧɧɵɯ ɩɨɪɹɞɤɨɜ 
±s=±m ɫ ɩɨɥɨɠɢɬɟɥɶɧɵɦ ɡɧɚɤɨɦ (ɩɟɪɜɵɟ ɞɜɚ ɪɚɜɟɧɫɬɜɚ). 

Ⱦɥɹ ɩɨɪɹɞɤɚ ɪɚɜɧɨɝɨ ɧɭɥɸ s=0, ɩɨɥɢɧɨɦɵ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɢ ɩɨɥɢɧɨɦɵ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ 
ɫɨɜɩɚɞɚɸɬ ɢ ɪɚɜɧɵ ɧɭɥɸ (ɬɪɟɬɶɟ ɪɚɜɟɧɫɬɜɨ). Ⱦɥɹ ɞɚɧɧɨɝɨ ɬɪɢɜɢɚɥɶɧɨɝɨ ɫɥɭɱɚɹ ɫɩɪɚɜɟɞɥɢɜɚ ɡɚɩɢɫɶ: 

0 0( ) ( ) 0C x C x  . 
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ɉɨɥɢɧɨɦɚɦ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɧɟɰɟɥɨɱɢɫɥɟɧɧɵɟ ɤɨɦɩɥɟɤɫɧɵɟ ɩɨɪɹɞɤɢ -s=-Į 

ɢ ɰɟɥɨɱɢɫɥɟɧɧɵɟ ɜɟɳɟɫɬɜɟɧɧɵɟ ɩɨɪɹɞɤɢ s=-m ɫ ɨɬɪɢɰɚɬɟɥɶɧɵɦ ɡɧɚɤɨɦ (ɱɟɬɜɺɪɬɨɟ ɢ ɩɹɬɨɟ ɪɚɜɟɧɫɬ-
ɜɚ). ȼ ɫɥɭɱɚɟ ɰɟɥɨɱɢɫɥɟɧɧɵɯ ɩɨɪɹɞɤɨɜ s=-m, ɜɤɥɸɱɚɹ ɩɨɪɹɞɨɤ 1 (ɤɥɚɫɫɢɱɟɫɤɢɣ ɚɧɚɥɢɡ), ɩɨɥɢɧɨɦɵ 

ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɨɬɫɭɬɫɬɜɭɸɬ, ɩɨɷɬɨɦɭ ɨɧɢ ɜ ɷɬɢɯ ɫɥɭɱɚɹɯ ɮɨɪɦɚɥɶɧɨ ɛɵɥɢ ɩɪɢɪɚɜɧɟɧɵ ɤ ɧɭɥɸ.  

Ⱦɥɹ ɩɨɥɢɧɨɦɨɜ ɢɧɬɟɝɪɨɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɦɨɠɧɨ ɜɜɟɫɬɢ ɨɛɨɡɧɚɱɟɧɢɹ, ɜ ɤɨɬɨɪɨɦ ɩɨɥɢɧɨɦɵ 

ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɢ ɩɨɥɢɧɨɦɵ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɜɯɨɞɹɬ ɜ ɞɪɭɝɨɦ ɩɨɪɹɞɤɟ ( ) 0sC x  . 

Ⱦɥɹ ɩɨɥɢɧɨɦɨɜ ɢɧɬɟɝɪɨɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɦɨɠɧɨ ɜɜɟɫɬɢ ɨɛɨɡɧɚɱɟɧɢɹ, ɜ ɤɨɬɨɪɨɦ ɩɨɥɢɧɨɦɵ 

ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɢ ɩɨɥɢɧɨɦɵ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɜɯɨɞɹɬ ɜ ɞɪɭɝɨɦ ɩɨɪɹɞɤɟ ( ) 0sC x  . 

Ʉɨɷɮɮɢɰɢɟɧɬɵ ka , ɢ kb  ɜ ɩɨɥɢɧɨɦɚɯ ɢɧɬɟɝɪɨɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɹɜɥɹɸɬɫɹ ɩɪɨɢɡɜɨɥɶɧɵɦɢ 

ɤɨɦɩɥɟɤɫɧɵɦɢ ɤɨɧɫɬɚɧɬɚɦɢ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ, ɚ kh  - ɩɪɨɢɡɜɨɥɶɧɵɦɢ ɤɨɦɩɥɟɤɫɧɵɦɢ ɤɨɧɫɬɚɧɬɚɦɢ 
ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ.  

ɉɪɨɢɡɜɨɥɶɧɨɫɬɶ ɤɨɧɫɬɚɧɬ ka , kb  ɢ kh  ɩɪɢɜɨɞɹɬ ɤ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɩɪɨɢɡɜɨɥɶɧɨɫɬɢ ɩɨɥɢɧɨ-
ɦɨɜ ɢɧɬɟɝɪɨɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ. ȼɫɟ ɤɨɧɫɬɚɧɬɵ ka , kb  ɢ kh  ɢɦɟɸɬ ɤɨɧɟɱɧɵɟ ɦɨɞɭɥɢ 

| |, |, |k k ka b h     . 

ȼ ɪɹɞɟ ɫɥɭɱɚɟɜ, ɧɚɩɪɢɦɟɪ ɩɪɢ ɪɟɲɟɧɢɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ, ɩɪɢ ɡɚɞɚɧɢɢ ɧɚɱɚɥɶ-
ɧɵɯ ɢ ɤɪɚɟɜɵɯ ɭɫɥɨɜɢɣ, ɤɨɧɫɬɚɧɬɵ ka  ɢ kb  ɦɨɝɭɬ ɨɤɚɡɚɬɶɫɹ ɜɡɚɢɦɨɫɜɹɡɚɧɧɵɦɢ ɦɟɠɞɭ ɫɨɛɨɣ. ȼ ɱɚɫɬ-
ɧɵɯ ɫɥɭɱɚɹɯ ɜɡɚɢɦɨɫɜɹɡɚɧɧɵɦɢ ɦɨɝɭɬ ɨɤɚɡɚɬɶɫɹ ɢ ɤɨɧɫɬɚɧɬɵ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ kh .  

Ɋɹɞɵ ɩɨɥɢɧɨɦɨɜ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ( )sC x  ɢ ɩɨɥɢɧɨɦɨɜ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ( )C x  ɧɟɰɟɥɨɱɢɫ-

ɥɟɧɧɵɯ ɩɨɪɹɞɤɨɜ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɡɧɚɱɟɧɢɣ ɤɨɧɫɬɚɧɬ ka  ɢ kh , ɦɨɝɭɬ ɛɵɬɶ ɤɚɤ ɫɯɨɞɹɳɢɦɢɫɹ, ɬɚɤ ɢ 

ɪɚɫɯɨɞɹɳɢɦɢɫɹ.  
ɉɨɥɢɧɨɦɵ ɢɧɬɟɝɪɨɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɤ ɷɥɟɦɟɧɬɚɪɧɵɦ ɮɭɧɤɰɢɹɦ ɥɨɤɚɥɶɧɨɝɨ 

ɞɪɨɛɧɨɝɨ ɚɧɚɥɢɡɚ, ɤɨɬɨɪɵɟ ɜ ɱɚɫɬɧɨɦ ɫɥɭɱɚɟ ɤɥɚɫɫɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɩɟɪɟɯɨɞɹɬ ɜ ɤɨɧɫɬɚɧɬɵ ɢɧɬɟɝɪɢ-

ɪɨɜɚɧɢɹ ɩɪɢ ɢɧɬɟɝɪɢɪɨɜɚɧɢɢ ɢ ɜ ɧɨɥɶ ɞɥɹ ɫɥɭɱɚɹ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ. 
d-ɨɩɟɪɚɬɨɪ ɹɜɥɹɟɬɫɹ ɥɢɧɟɣɧɵɦ, ɬ. ɟ. ɞɥɹ ɧɟɝɨ ɫɩɪɚɜɟɞɥɢɜɨ ɪɚɜɟɧɫɬɜɨ  

: ( ( ) ( )) : ( ) : ( ); , ; , consts s sd x f x g x d x f x d x g x                  . 

Ɂɞɟɫɶ ( )f x  ɢ ( )g x  ɧɟɤɨɬɨɪɵɟ ɢɧɬɟɝɪɨɞɢɮɮɟɪɟɧɰɢɪɭɟɦɵɟ d-ɨɩɟɪɚɬɨɪɨɦ ɮɭɧɤɰɢɢ, ɟɫɥɢ ɩɟɪɟɞ 

s ɫɬɨɢɬ ɡɧɚɤ ɩɥɸɫ ɢ ɢɧɬɟɝɪɢɪɭɟɦɵɟ d-ɨɩɟɪɚɬɨɪɨɦ ɮɭɧɤɰɢɢ, ɟɫɥɢ ɩɟɪɟɞ s ɫɬɨɢɬ ɡɧɚɤ ɦɢɧɭɫ. 
Ⱦɥɹ ɩɨɥɢɧɨɦɨɜ ɢɧɬɟɝɪɨɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɫɩɪɚɜɟɞɥɢɜɚ ɬɟɨɪɟɦɚ, ɤɨɬɨɪɚɹ ɨɛɨɛɳɚɟɬ ɭɬɜɟɪ-

ɠɞɟɧɢɟ ɨ ɪɚɜɟɧɫɬɜɟ ɧɭɥɸ ɩɪɨɢɡɜɨɞɧɨɣ ɤɨɧɫɬɚɧɬɵ ɤɥɚɫɫɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ.  
どñÜëñ½í. ȿɫɥɢ ( )sC x  ɢ ( )sC x

  ɩɪɨɢɡɜɨɥɶɧɵɟ ɩɨɥɢɧɨɦɵ ɢɧɬɟɝɪɨɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɩɨɪɹɞɤɚ 
s, ɬɨ ɩɪɢ ɢɯ ɞɪɨɛɧɨɦ ɢɧɬɟɝɪɨɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɢ ɩɨɪɹɞɤɚ s, ɛɭɞɭɬ ɜɵɩɨɥɧɹɬɶɫɹ ɭɪɚɜɧɟɧɢɹ [17] 

: ( ) ( )s

s sd x C x C x


 . 

がÜ¡í£íöñ¿áïöçÜ. ȼɵɩɨɥɧɟɧɢɟ ɩɟɪɜɨɝɨ ɢ ɱɟɬɜɺɪɬɨɝɨ ɪɚɜɟɧɫɬɜ ɥɟɝɤɨ ɩɨɤɚɡɚɬɶ  
( )

1 1

Ƚ( 1)
: ( ) : ( ) ( ) ( ) ( ).

Ƚ( 1)

s s k s s k

s k s s k s s

k k

k s
d x C x d x b x C x C x b x C x C x

k

 
  

  
 

  
     

   
 

    

Ɂɞɟɫɶ ( ) ( )sF x - ɩɟɪɜɨɨɛɪɚɡɧɚɹ ɩɨɪɹɞɤɚ s ɩɪɢ ɩɨɥɨɠɢɬɟɥɶɧɨɦ ɡɧɚɤɟ, ɚ ɩɪɢ ɨɬɪɢɰɚɬɟɥɶɧɨɦ ɡɧɚɤɟ 
ɩɪɨɢɡɜɨɞɧɨɣ ɩɨɪɹɞɤɚ s ɮɭɧɤɰɢɢ ( )f x , ɚ ɜ ɞɪɭɝɨɦ ɨɛɨɡɧɚɱɟɧɢɢ ɛɭɞɟɬ ( ) ( )( ) ( )s sF x f x

. 

Ⱦɥɹ ɜɬɨɪɨɝɨ ɪɚɜɟɧɫɬɜɚ  
1 1 1

0 0 0

Ƚ( 1) Ƚ( 1)
: ( ) : 0.

Ƚ( 1 )

m m m
m m k k m k m

m k k k

k k k

k k
d x C x d x a x a x a x

k m

  
   

  

 
   

      

Ⱦɥɹ ɬɪɟɬɶɟɝɨ ɪɚɜɟɧɫɬɜɚ ɛɭɞɟɬ: 0 0

0: ( ) : 0 0d x C x d x  . 

Ⱦɥɹ ɩɹɬɨɝɨ ɪɚɜɟɧɫɬɜɚ ɷɬɢ ɭɪɚɜɧɟɧɢɹ ɞɚɸɬ: : ( ) : 0 ( )m m

m md x C x d x C x    Ŷ 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɟɫɥɢ ɩɨɪɹɞɤɢ ɢɧɬɟɝɪɨɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ s ɢ ɩɨɪɹɞɤɢ ɩɨɥɢɧɨɦɨɜ ɢɧɬɟɝɪɨɞɢɮ-

ɮɟɪɟɧɰɢɪɨɜɚɧɢɹ Ȟ ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɧɟ ɫɨɜɩɚɞɚɸɬ, ɬɨ ɛɭɞɟɬ ɫɩɪɚɜɟɞɥɢɜɚ ɛɨɥɟɟ ɨɛɳɚɹ ɮɨɪɦɭɥɚ 
( ): ( ) ( ) ( )s s

v v sd x C x C x C x
 

 
 . 

Ɂɞɟɫɶ ( ) ( ) 0s

vC x 
 , ɟɫɥɢ s≠Ȟ, ɢɥɢ ( ) ( ) 0s

vC x 
 , ɟɫɥɢ s=Ȟ. 
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ȿɫɥɢ ɜ ɫɢɥɭ ɩɪɨɢɡɜɨɥɶɧɨɫɬɢ ɩɨɥɢɧɨɦɨɜ ɢɧɬɟɝɪɨɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɩɪɢɧɹɬɶ ɪɚɜɧɵɦɢ ɧɭɥɸ 

( ) 0sC x  , ɬɨɝɞɚ ɭɪɚɜɧɟɧɢɹ ɛɭɞɭɬ: : ( ) 0s

sd x C x  . Ⱦɚɧɧɨɟ ɭɬɜɟɪɠɞɟɧɢɟ ɬɟɨɪɟɦɵ ɛɭɞɟɬ ɪɚɜɧɨɫɢɥɶ-
ɧɨ ɬɨɦɭ, ɱɬɨ ɛɚɡɨɜɚɹ ɩɟɪɜɨɨɛɪɚɡɧɚɹ ɞɪɨɛɧɨɝɨ ɩɨɪɹɞɤɚ s ɨɬ ɩɨɥɢɧɨɦɚ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ( )sC x  

ɩɨɪɹɞɤɚ s ɪɚɜɧɚ ɧɭɥɸ. 

ȿɫɥɢ ɤ ɧɭɥɸ ɩɪɢɪɚɜɧɹɬɶ ɩɨɥɢɧɨɦɵ ( ) 0sC x  , ɬɨ ɭɪɚɜɧɟɧɢɹ ɛɭɞɭɬ: : 0 ( )s

sd x C x
  . 

Ⱦɚɧɧɨɟ ɪɚɜɟɧɫɬɜɨ ɨɛɨɛɳɚɟɬ ɧɚ ɫɥɭɱɚɣ ɤɨɦɩɥɟɤɫɧɵɯ ɩɨɪɹɞɤɨɜ ɢɧɬɟɝɪɚɥ ɨɬ ɧɭɥɹ ɜ ɤɥɚɫɫɢɱɟ-
ɫɤɨɦ ɚɧɚɥɢɡɟ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɨɬɨɪɵɦ 0 constdx  . 

ɉɨɥɢɧɨɦɵ ɢɧɬɟɝɪɨɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɞɟɥɚɸɬ ɨɩɟɪɚɰɢɢ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɢ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚ-
ɧɢɹ ɧɟɨɞɧɨɡɧɚɱɧɵɦɢ ɞɥɹ ɜɫɟɯ ɩɨɪɹɞɤɨɜ ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɢɧɬɟɝɪɨɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɧɭɥɟɜɨɝɨ ɩɨ-
ɪɹɞɤɚ ɢ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɰɟɥɨɱɢɫɥɟɧɧɵɯ ɩɨɪɹɞɤɨɜ, ɜɤɥɸɱɚɹ ɩɨɪɹɞɨɤ 1, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɤɥɚɫ-
ɫɢɱɟɫɤɨɦɭ ɚɧɚɥɢɡɭ.  

ȼ ɥɨɤɚɥɶɧɨɦ ɞɪɨɛɧɨɦ ɚɧɚɥɢɡɟ ɧɚ ɨɫɧɨɜɟ d-ɨɩɟɪɚɬɨɪɚ ɩɪɨɢɡɜɨɞɧɚɹ ɤɨɦɩɥɟɤɫɧɨɝɨ ɩɨɪɹɞɤɚ s ɨɬ 
ɮɭɧɤɰɢɢ ( )f x  ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɜɟɧɫɬɜɨɦ  

( ) ( ): ( ) ( ) ( ) ( ) ( ).s s s

s s
d x f x f x C x F x C x 

      

Ɏɭɧɤɰɢɸ ( ) ( )( ) ( )s sf x F x  ɛɭɞɟɦ ɧɚɡɵɜɚɬɶ ɛɚɡɨɜɨɣ ɩɪɨɢɡɜɨɞɧɨɣ ɩɪɹɞɤɚ s ɮɭɧɤɰɢɢ ( )f x . 

だäëñÑñ¿ñÖóñ. Ȼɚɡɨɜɚɹ ɩɪɨɢɡɜɨɞɧɚɹ, ɷɬɨ ɬɚɤɚɹ ɩɪɨɢɡɜɨɞɧɚɹ, ɭ ɤɨɬɨɪɨɣ ɩɨɥɢɧɨɦ ɞɢɮɮɟɪɟɧɰɢ-

ɪɨɜɚɧɢɹ ɪɚɜɟɧ ɧɭɥɸ. 

だäëñÑñ¿ñÖóñ. ɇɟɨɩɪɟɞɟɥɺɧɧɨɣ ɩɪɨɢɡɜɨɞɧɨɣ ɩɨɪɹɞɤɚ s ɮɭɧɤɰɢɢ ( )f x  ɛɭɞɟɦ ɧɚɡɵɜɚɬɶ ɦɧɨɠɟ-
ɫɬɜɨ ɜɫɟɯ ɩɪɨɢɡɜɨɞɧɵɯ ɩɨɪɹɞɤɚ s ɮɭɧɤɰɢɢ ( )f x .  

ɉɟɪɜɨɨɛɪɚɡɧɨɣ ɤɨɦɩɥɟɤɫɧɨɝɨ ɩɨɪɹɞɤɚ s ɮɭɧɤɰɢɢ ( )f x  ɜ ɥɨɤɚɥɶɧɨɦ ɞɪɨɛɧɨɦ ɚɧɚɥɢɡɟ ɧɚ ɨɫɧɨ-
ɜɟ d-ɨɩɟɪɚɬɨɪɚ ɛɭɞɟɦ ɧɚɡɵɜɚɬɶ ɫɭɦɦɭ  

( ) ( ): ( ) ( ) ( ) ( ) ( ).s s s

s s
d x f x F x C x f x C x     

Ɂɞɟɫɶ ɮɭɧɤɰɢɹ ( ) ( )( ) ( )s sF x f x  ɹɜɥɹɟɬɫɹ ɛɚɡɨɜɨɣ ɩɟɪɜɨɨɛɪɚɡɧɨɣ ɩɪɹɞɤɚ s ɮɭɧɤɰɢɢ ( )f x . 

だäëñÑñ¿ñÖóñ. Ȼɚɡɨɜɚɹ ɩɟɪɜɨɨɛɪɚɡɧɚɹ ɩɪɹɞɤɚ s ɮɭɧɤɰɢɢ ( )f x , ɷɬɨ ɬɚɤɚɹ ɩɟɪɜɨɨɛɪɚɡɧɚɹ, ɭ ɤɨ-
ɬɨɪɨɣ ɩɨɥɢɧɨɦ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɪɚɜɟɧ ɧɭɥɸ. 

だäëñÑñ¿ñÖóñ. ɇɟɨɩɪɟɞɟɥɺɧɧɵɦ ɢɧɬɟɝɪɚɥɨɦ ɩɨɪɹɞɤɚ s ɮɭɧɤɰɢɢ ( )f x  ɛɭɞɟɦ ɧɚɡɵɜɚɬɶ ɦɧɨɠɟ-
ɫɬɜɨ ɜɫɟɯ ɩɟɪɜɨɨɛɪɚɡɧɵɯ ɩɨɪɹɞɤɚ s ɮɭɧɤɰɢɢ ( )f x .  

Ɉɛɴɟɞɢɧɺɧɧɚɹ ɮɨɪɦɭɥɚ ɞɪɨɛɧɨɝɨ ɢɧɬɟɝɪɨɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɤɨɦɩɥɟɤɫɧɨɝɨ ɩɪɹɞɤɚ s ɛɭɞɟɬ  
( ) ( ): ( ) ( ) ( ) ( ) ( ).s s s

s sd x f x f x C x F x C x 
      

ɇɚɥɢɱɢɟ ɩɨɥɢɧɨɦɨɜ ɢɧɬɟɝɪɨɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ, ɜ ɱɚɫɬɧɨɫɬɢ, ɩɪɢɜɨɞɢɬ ɤ ɪɹɞɭ ɚɥɝɟɛɪɚɢɱɟ-
ɫɤɢɯ ɨɫɨɛɟɧɧɨɫɬɟɣ d-ɨɩɟɪɚɬɨɪɚ.  

どñÜëñ½í. d-ɨɩɟɪɚɬɨɪ ɧɟ ɹɜɥɹɟɬɫɹ ɤɨɦɦɭɬɚɬɢɜɧɵɦ.  

がÜ¡í£íöñ¿áïöçÜ. Ɋɚɫɫɦɨɬɪɢɦ ɜɨɡɞɟɣɫɬɜɢɟ ɨɩɟɪɚɬɨɪɨɜ d x  ɢ sd x  ɧɚ ɮɭɧɤɰɢɸ ( )f x  ɜ ɪɚɡ-
ɧɵɯ ɩɨɪɹɞɤɚɯ  

( ) ( ( )) ( ): : ( ) : ( ( ) ( )) ( ) ( ) ( ).s s s v

s s
d x d x f x d x f x C x f x C x C x  


     

        

ȿɫɥɢ ɩɨɞɟɣɫɬɜɨɜɚɬɶ ɧɚ ɮɭɧɤɰɢɸ ɨɩɟɪɚɬɨɪɚɦɢ ɜ ɨɛɪɚɬɧɨɦ ɩɨɪɹɞɤɟ, ɩɨɥɭɱɢɦ  
( ) ( ( )) ( ): : ( ) : ( ( ) ( )) ( ) ( ) ( ).s s s s

v v sd x d x f x d x f x C x f x C x C x       
        

Ɋɟɡɭɥɶɬɚɬɵ ɨɬɥɢɱɚɸɬɫɹ, ɱɬɨ ɞɨɤɚɡɵɜɚɟɬ ɬɟɨɪɟɦɭ Ŷ 

どñÜëñ½í. ɉɪɢ ɜɨɡɞɟɣɫɬɜɢɢ d-ɨɩɟɪɚɬɨɪɚ ɧɚ ɮɭɧɤɰɢɸ, ( )f x  ɤɨɦɩɨɡɢɰɢɹ 
( ): : ( ) : ( )s sd x d x f x d x f x      ɢ ɞɟɤɨɦɩɨɡɢɰɢɹ ( ) : ( ) : : ( )s sd x f x d x d x f x      ɩɪɢɜɨɞɹɬ ɜ ɨɛ-

ɳɟɦ ɫɥɭɱɚɟ ɤ ɪɚɡɧɵɦ ɪɟɡɭɥɶɬɚɬɚɦ.  

がÜ¡í£íöñ¿áïöçÜ. ɉɨɤɚɠɟɦ ɷɬɨ ɧɚ ɩɪɢɦɟɪɟ ɢɧɬɟɝɪɨɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɩɨɥɢɧɨɦɨɜ ( )sC x   

( ): : ( ) : ( ( )) ( ) ( ).s

s s s vd x d x C x d x C x C x C x    
  

  
   

ȿɫɥɢ ɩɨɞɟɣɫɬɜɨɜɚɬɶ ɨɩɟɪɚɬɨɪɨɦ ɩɨɪɹɞɤɚ ( )s  , ɬɨ ɩɨɥɭɱɢɦ 

( ) ( ( ))

( ): ( ) ( ) ( ).s s

s s sd x C x C x C x 


  
   


  

Ɋɟɡɭɥɶɬɚɬɵ ɢɧɬɟɝɪɨɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɜ ɨɛɨɢɯ ɫɥɭɱɚɹɯ ɧɟ ɪɚɜɧɵ 
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( ) ( ( ))

( )( ) ( ) ( ) ( )s

s v s sC x C x C x C x 



   

   
   Ŷ 

ȿɫɥɢ ɜ d-ɨɩɟɪɚɬɨɪɟ ɨɫɬɚɜɢɬɶ ɬɨɥɶɤɨ ɩɟɪɜɨɟ ɪɚɜɟɧɫɬɜɨ, ɨɬɛɪɨɫɢɜ ɨɫɬɚɥɶɧɵɟ ɪɚɜɟɧɫɬɜɚ ɜɦɟɫɬɟ ɫ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɦɢ ɭɫɥɨɜɢɹɦɢ ɢ ɫɨɯɪɚɧɢɬɶ ɬɨɥɶɤɨ ɜɟɳɟɫɬɜɟɧɧɵɟ ɩɨɪɹɞɤɢ, ɬɨ ɬɚɤɨɣ ɨɩɟɪɚɬɨɪ ɛɭɞɟɬ 
ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɥɨɤɚɥɶɧɨɦɭ ɨɩɟɪɚɬɨɪɭ ɞɪɨɛɧɨɝɨ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ Ⱥɞɚɦɚɪɚ [1, 15]. 

げí¡¿0ôñÖóñ 
Ɋɚɫɫɦɨɬɪɟɧɧɵɣ d-ɨɩɟɪɚɬɨɪ ɹɜɥɹɟɬɫɹ ɦɢɧɢɦɚɥɶɧɵɦ ɨɛɨɛɳɟɧɢɟɦ ɮɨɪɦɭɥ ɢɧɬɟɝɪɨɞɢɮɮɟɪɟɧɰɢ-

ɪɨɜɚɧɢɹ ɫɬɟɩɟɧɧɵɯ ɮɭɧɤɰɢɣ ɤɥɚɫɫɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ, ɞɥɹ ɤɨɬɨɪɨɝɨ ɜɵɩɨɥɧɹɟɬɫɹ ɩɪɢɧɰɢɩ ɫɨɨɬɜɟɬɫɬ-
ɜɢɹ. ɗɬɨ ɩɪɟɞɩɨɥɚɝɚɟɬ, ɱɬɨ ɩɪɢ ɟɝɨ ɩɪɢɦɟɧɟɧɢɢ ɞɥɹ ɨɩɢɫɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɜ ɩɪɨɫɬɪɚɧɫɬɜɚɯ ɧɟɰɟɥɨɱɢɫ-
ɥɟɧɧɨɣ ɪɚɡɦɟɪɧɨɫɬɶɸ, ɩɨɥɭɱɚɟɦɵɟ ɪɟɲɟɧɢɹ ɜ ɱɚɫɬɧɨɦ ɫɥɭɱɚɟ, ɞɥɹ ɩɨɪɹɞɤɨɜ ɢɧɬɟɝɪɨɞɢɮɮɟɪɟɧɰɢɪɨ-
ɜɚɧɢɹ ɪɚɜɧɨɝɨ 1, ɞɨɥɠɧɵ ɫɨɜɩɚɞɚɬɶ ɫ ɪɟɲɟɧɢɹɦɢ, ɩɨɥɭɱɚɟɦɵɦɢ ɜ ɤɥɚɫɫɢɱɟɫɤɨɦ ɚɧɚɥɢɡɟ.  

ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɩɪɢɧɰɢɩ ɩɪɨɫɬɨɬɵ ɞɨɥɠɟɧ ɩɪɢɜɨɞɢɬɶ ɤ ɬɨɦɭ, ɱɬɨ ɜ ɪɚɦɤɚɯ ɞɪɨɛɧɨɝɨ ɚɧɚɥɢɡɚ 
ɧɚ ɨɫɧɨɜɟ d-ɨɩɟɪɚɬɨɪɚ ɧɟ ɞɨɥɠɧɵ ɩɨɹɜɥɹɬɶɫɹ «ɧɟ ɮɢɡɢɱɟɫɤɢɟ» ɪɟɲɟɧɢɹ ɢ ɞɪɭɝɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɫɥɟɞ-
ɫɬɜɢɹ, ɧɟ ɢɦɟɸɳɢɟ ɨɬɧɨɲɟɧɢɹ ɤ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦɭ ɨɛɴɟɤɬɭ, ɢɥɢ ɢɯ ɞɨɥɠɧɨ ɛɵɬɶ ɤɚɤ ɦɨɠɧɨ ɦɟɧɶɲɟ.  

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɩɨɞɞɟɪɠɤɟ Ɏɐɉ «ɇɚɭɱɧɵɟ ɢ ɧɚɭɱɧɨ-ɩɟɞɚɝɨɝɢɱɟɫɤɢɟ ɤɚɞɪɵ ɢɧɧɨɜɚɰɢ-
ɨɧɧɨɣ Ɋɨɫɫɢɢ» ɧɚ 2009–2013, ɩɪɨɟɤɬ ʋ 14.B37.21.0861. 
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