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ȼɢɡɧɚɱɚɽɬɶɫɹ ɨɛɥɚɫɬɶ ɩɪɚɰɟɡɞɚɬɧɨɫɬɿ ɚɧɚɥɨɝɨɜɨɝɨ ɩɪɢɫɬɪɨɸ ɞɥɹ ɞɢɧɚɦɿɱɧɨɝɨ ɦɟɬɨɞɭ ɞɿɚɝɧɨɫɬɭɜɚɧɧɹ. Ɏɨɪɦɭ-

ɸɬɶɫɹ ɤɪɢɬɟɪɿʀ ɩɪɚɰɟɡɞɚɬɧɨɫɬɿ ɚɧɚɥɨɝɨɜɨɝɨ ɩɪɢɫɬɪɨɸ. ɐɟ ɞɨɡɜɨɥɹɽ ɡɚɫɬɨɫɭɜɚɬɢ ɞɢɧɚɦɿɱɧɢɣ ɦɟɬɨɞ ɞɿɚɝɧɨɫɬɭɜɚɧɧɹ 
ɞɨ ɚɧɚɥɨɝɨɜɢɯ ɩɪɢɫɬɪɨʀɜ, ɳɨ ɩɪɚɰɸɸɬɶ ɹɤ ɫɢɫɬɟɦɚ ɚɜɬɨɦɚɬɢɱɧɨɝɨ ɭɩɪɚɜɥɿɧɧɹ. 

Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɞɢɧɚɦɿɱɧɢɣ ɦɟɬɨɞ, ɤɪɢɬɟɪɿɣ ɩɪɚɰɟɡɞɚɬɧɨɫɬɿ, ɚɧɚɥɨɝɨɜɢɣ ɩɪɢɫɬɪɿɣ. 
Ɉɩɪɟɞɟɥɹɟɬɫɹ ɨɛɥɚɫɬɶ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɚɧɚɥɨɝɨɜɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɞɥɹ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ ɞɢɚɝɧɨɫɬɢɪɨɜɚ-

ɧɢɹ. Ɏɨɪɦɢɪɭɸɬɫɹ ɤɪɢɬɟɪɢɢ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɚɧɚɥɨɝɨɜɨɝɨ ɭɫɬɪɨɣɫɬɜɚ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɩɪɢɦɟɧɢɬɶ ɞɢɧɚɦɢɱɟɫɤɢɣ 
ɦɟɬɨɞ ɞɢɚɝɧɨɫɬɢɪɨɜɚɧɢɹ ɤ ɚɧɚɥɨɝɨɜɵɦ ɭɫɬɪɨɣɫɬɜɚɦ, ɤɨɬɨɪɵɟ ɪɚɛɨɬɚɸɬ ɤɚɤ ɫɢɫɬɟɦɚ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɞɢɧɚɦɢɱɟɫɤɢɣ ɦɟɬɨɞ, ɤɪɢɬɟɪɢɣ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ, ɚɧɚɥɨɝɨɜɨɟ ɭɫɬɪɨɣɫɬɜɨ. 
The area of working capacity of the analogue device for a dynamic method of diagnosing is defined. Criteria of working 

capacity of the analogue device are formed. It allows to apply a dynamic method of diagnosing to analogue devices which work 
as automatic control system. 

Keywords: a dynamic method, criterion of working capacity, the analogue device. 
 
ȼɫɬɭɩ. ɉɪɚɰɟɡɞɚɬɧɿɫɬɶ ɚɧɚɥɨɝɨɜɨɝɨ ɩɪɢɫɬɪɨɸ (Ⱥɉ) ɜ 

ɞɢɧɚɦɿɱɧɨɦɭ ɪɟɠɢɦɿ ɧɚɣɛɿɥɶɲ ɨɛ'ɽɤɬɢɜɧɨ ɦɨɠɟ ɛɭɬɢ 
ɨɰɿɧɟɧɚ ɡɚ ɞɨɩɨɦɨɝɨɸ ɩɨɤɚɡɧɢɤɿɜ ɹɤɨɫɬɿ ɩɟɪɟɯɿɞɧɨɝɨ 
ɩɪɨɰɟɫɭ (ɉɉ). Ɉɬɠɟ, ɧɚɣɛɿɥɶɲ ɿɧɮɨɪɦɚɬɢɜɧɨɸ ɮɭɧɤɰɿ-
ɽɸ ɩɪɚɰɟɡɞɚɬɧɨɫɬɿ ɽ ɮɭɧɤɰɿɹ, ɳɨ ɩɪɟɞɫɬɚɜɥɹɽ ɫɨɛɨɸ 
ɜɢɯɿɞɧɢɣ ɫɢɝɧɚɥ Ⱥɉ ɜɢɯ( )y t . Ⱦɚɧɚ ɮɭɧɤɰɿɹ ɯɚɪɚɤɬɟɪɢɡɭɽ 
ɉɉ ɩɨ ɜɿɞɩɨɜɿɞɧɿɣ ɜɢɯɿɞɧɿɣ ɤɨɨɪɞɢɧɚɬɿ, ɳɨ ɦɨɠɟ ɡɧɚɯɨ-
ɞɢɬɢɫɹ ɜ ɲɢɧɿ ɠɢɜɥɟɧɧɹ ɚɧɚɥɨɝɨɜɨɝɨ ɩɪɢɫɬɪɨɸ. 

Ɇɟɬɨɞɢ ɨɞɟɪɠɚɧɧɹ ɩɟɪɟɯɿɞɧɨʀ ɮɭɧɤɰɿʀ ɞɨɫɢɬɶ ɲɢɪɨɤɨ 
ɪɨɡɝɥɹɧɭɬɿ ɜ ɤɥɚɫɢɱɧɿɣ ɬɟɨɪɿʀ. ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɪɚɰɟɡɞɚɬ-
ɧɨɫɬɿ ɫɢɫɬɟɦɢ ɜ ɡɚɝɚɥɶɧɨɦɭ ɜɢɩɚɞɤɭ ɦɨɠɟ ɛɭɬɢ ɨɬɪɢɦɚɧɚ ɜ 
ɪɟɡɭɥɶɬɚɬɿ ɚɧɚɥɿɡɭ ɉɉ ɩɪɢ ɪɿɡɧɢɯ ɧɟɫɩɪɚɜɧɨɫɬɹɯ, ɤɿɥɶɤɿɫɧɨ 
ɜɢɪɚɠɟɧɢɯ ɜɚɪɿɚɰɿɹɦɢ ɤɨɟɮɿɰɿɽɧɬɿɜ ɫɢɫɬɟɦɢ. 

Ɉɫɤɿɥɶɤɢ ɧɟɨɛɯɿɞɧɨ ɤɥɚɫɢɮɿɤɭɜɚɬɢ ɫɩɪɚɜɧɢɣ ɿ ɧɟ-
ɫɩɪɚɜɧɢɣ ɫɬɚɧ Ⱥɉ, ɬɨ ɜɢɧɢɤɚɸɬɶ ɡɚɜɞɚɧɧɹ ɮɨɪɦɭɜɚɧɧɹ 
ɞɿɚɝɧɨɫɬɢɱɧɨʀ ɦɨɞɟɥɿ (ȾɆ) ɚɧɚɥɨɝɨɜɨɝɨ ɩɪɢɫɬɪɨɸ ɞɥɹ 
ɚɧɚɥɿɡɭ ɜɩɥɢɜɭ ɧɟɫɩɪɚɜɧɨɫɬɟɣ ɧɚ ɣɨɝɨ ɩɪɚɰɟɡɞɚɬɧɿɫɬɶ 
ɩɨ ɬɨɦɭ ɚɛɨ ɿɧɲɨɦɭ ɤɪɢɬɟɪɿɸ. Ɋɟɡɭɥɶɬɚɬ ɬɚɤɨɝɨ ɚɧɚɥɿɡɭ 
ɞɨɡɜɨɥɹɽ ɜɢɡɧɚɱɢɬɢ ɧɚɩɪɹɦɨɤ ɩɪɨɟɤɬɭɜɚɧɧɹ ɡɚɫɨɛɭ 
ɞɿɚɝɧɨɫɬɭɜɚɧɧɹ [1]. 

ɍ ɩɪɨɰɟɫɿ ɮɭɧɤɰɿɨɧɭɜɚɧɧɹ ɚɧɚɥɨɝɨɜɢɣ ɩɪɢɫɬɪɿɣ ɩɟ-
ɪɟɯɨɞɢɬɶ ɿɡ ɨɞɧɨɝɨ ɫɬɚɧɭ ɜ ɿɧɲɢɣ. ɍ ɡɜ'ɹɡɤɭ ɡ ɬɢɦ, ɳɨ 
ɜɢɯɿɞɧɢɦ ɽ ɫɩɪɚɜɧɢɣ ɫɬɚɧ ɿ ɜɿɧ ɜɢɡɧɚɱɟɧɢɣ, ɧɚɣɛɿɥɶɲ 
ɿɫɬɨɬɧɢɦ ɜɚɪɬɨ ɜɜɚɠɚɬɢ ɜɢɡɧɚɱɟɧɧɹ ɨɩɟɪɚɬɨɪɚ ɩɟɪɟɯɨ-
ɞɭ ɫɢɫɬɟɦɢ ɜ ɬɿ ɚɛɨ ɿɧɲɿ ɧɟɫɩɪɚɜɧɿ ɫɬɚɧɢ. Ɇɚɬɟɦɚɬɢɱɧɟ 
ɮɨɪɦɭɥɸɜɚɧɧɹ ɨɩɟɪɚɬɨɪɚ ɦɨɠɟ ɛɭɬɢ ɪɿɡɧɢɦ ɡɚɥɟɠɧɨ 
ɜɿɞ ɩɪɢɪɨɞɢ Ⱥɉ, ɣɨɝɨ ɫɬɪɭɤɬɭɪɢ, ɯɚɪɚɤɬɟɪɭ ɩɪɢɩɭɳɟɧɶ, ɿ 
ɿɧ. Ɉɛɦɟɠɟɧɿɫɬɶ ɜɿɪɨɝɿɞɧɨɫɬɿ ɡɧɚɧɶ ɩɪɨ ɡɚɤɨɧɨɦɿɪɧɨɫɬɿ 
ɩɟɪɟɯɨɞɿɜ Ⱥɉ ɩɪɢɜɨɞɢɬɶ ɭ ɪɹɞɿ ɜɢɩɚɞɤɿɜ ɞɨ ɧɟɨɛɯɿɞɧɨɫɬɿ 
ɜɢɤɨɪɢɫɬɚɧɧɹ ɿɦɨɜɿɪɧɿɫɧɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. 

ɉɟɪɟɯɿɞ Ⱥɉ ɜ ɪɿɡɧɿ ɫɬɚɧɢ ɩɪɨɯɨɞɢɬɶ ɩɿɞ ɜɩɥɢɜɨɦ ɜɢɧɢɤ-
ɧɟɧɧɹ ɧɟɫɩɪɚɜɧɨɫɬɟɣ. ɉɪɢ ɞɿɚɝɧɨɫɬɭɜɚɧɧɿ ɪɟɡɭɥɶɬɚɬ ɩɟɪɟ-
ɯɨɞɭ Ⱥɉ ɜ ɬɨɣ ɚɛɨ ɿɧɲɢɣ ɧɨɜɢɣ ɫɬɚɧ ɜɿɞɨɦɢɣ, ɯɨɱɚ ɧɟ ɡɚɜ-
ɠɞɢ ɦɨɠɭɬɶ ɛɭɬɢ ɞɨɫɬɨɜɿɪɧɨ ɜɢɡɧɚɱɟɧɿ ɩɪɢɱɢɧɢ ɰɶɨɝɨ ɩɟ-
ɪɟɯɨɞɭ. Ʉɨɥɢ ɩɪɢɱɢɧɢ ɧɟɜɿɞɨɦɿ, ɦɨɠɥɢɜɨ ɜɫɬɚɧɨɜɢɬɢ ɞɟ-
ɹɤɢɣ ɪɟɝɭɥɹɪɧɢɣ ɜɡɚɽɦɨɡɚɥɟɠɧɢɣ ɥɚɧɰɸɝ ɩɨɞɿɣ, ɹɤɢɣ ɡ 
ɩɟɜɧɨɸ ɞɨɫɬɨɜɿɪɧɿɫɬɸ, ɳɨ ɡɚɥɟɠɢɬɶ ɜɿɞ ɱɢɫɥɚ ɿ ɹɤɨɫɬɿ ɫɩɨ-
ɫɬɟɪɟɠɟɧɶ, ɭɫɬɚɧɨɜɥɸɽ ɡɚɡɧɚɱɟɧɭ ɡɚɤɨɧɨɦɿɪɧɿɫɬɶ. 

Ɇɧɨɠɢɧɭ ɫɬɚɧɿɜ Ⱥɉ ɦɨɠɧɚ ɩɪɟɞɫɬɚɜɢɬɢ ɜ ɚɧɚɥɨɝɨɜɿɣ 
ɚɛɨ ɞɢɫɤɪɟɬɧɿɣ ɮɨɪɦɿ. Ɏɨɪɦɚ, ɭ ɹɤɿɣ ɡɚɞɚɧɨ ɫɬɚɧ ɩɪɢ-
ɫɬɪɨɸ ɜ ɞɢɧɚɦɿɱɧɨɦɭ ɪɟɠɢɦɿ, ɜɢɡɧɚɱɚɽ ɫɩɨɫɿɛ ɡɚɜɞɚɧɧɹ 
ɭɦɨɜ ɩɪɚɰɟɡɞɚɬɧɨɫɬɿ. Ɂ ɿɧɲɨɝɨ ɛɨɤɭ, ɭɦɨɜɢ ɩɪɚɰɟɡɞɚɬɧɨ-
ɫɬɿ ɧɟɨɛɯɿɞɧɨ ɩɨɝɨɞɠɭɜɚɬɢ ɡ ɦɨɠɥɢɜɢɦɢ ɲɥɹɯɚɦɢ ɨɰɿɧɤɢ 
ɩɪɚɰɟɡɞɚɬɧɨɫɬɿ Ⱥɉ ɜ ɞɢɧɚɦɿɱɧɨɦɭ ɪɟɠɢɦɿ. ɇɚ ɩɪɚɤɬɢɰɿ 
ɜɢɡɧɚɱɢɬɢ ɩɪɚɰɟɡɞɚɬɧɿɫɬɶ ɬɟɯɧɿɱɧɢɯ ɫɢɫɬɟɦ ɦɨɠɧɚ ɡ ɤɨɦ-
ɩɥɟɤɫɭ ɬɟɯɧɿɱɧɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɩɨ ɫɭɤɭɩɧɨɫɬɿ ɣɨɝɨ ɩɚ-

ɪɚɦɟɬɪɿɜ, ɹɤɨɫɬɿ ɛɟɡɩɨɫɟɪɟɞɧɶɨɝɨ ɜɢɤɨɧɚɧɧɹ ɪɨɛɨɱɢɯ 
ɮɭɧɤɰɿɣ (ɮɭɧɤɰɿɨɧɭɜɚɧɧɹ) ɚɛɨ ɫɬɚɧɭ ɨɤɪɟɦɢɯ ɟɥɟɦɟɧɬɿɜ 
ɫɢɫɬɟɦɢ, ɬɨ, ɦɚɛɭɬɶ, ɿ ɭɦɨɜɢ ɩɪɚɰɟɡɞɚɬɧɨɫɬɿ ɜɚɪɬɨ ɪɨɡ-
ɝɥɹɞɚɬɢ ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɰɢɯ ɩɨɤɚɡɧɢɤɿɜ ɫɬɚɧɭ. 

ɉɨɫɬɚɧɨɜɤɚ ɡɚɜɞɚɧɧɹ. ȼ ɪɨɛɨɬɿ ɪɨɡɝɥɹɞɚɸɬɶɫɹ 
ɚɧɚɥɨɝɨɜɿ ɩɪɢɫɬɪɨʀ, ɳɨ ɩɪɚɰɸɸɬɶ ɹɤ ɫɢɫɬɟɦɚ ɚɜɬɨɦɚɬɢ-
ɱɧɨɝɨ ɭɩɪɚɜɥɿɧɧɹ ɜ ɞɢɧɚɦɿɱɧɨɦɭ ɪɟɠɢɦɿ. ɉɪɨɩɨɧɭɽɬɶɫɹ 
ʀɯ ɩɪɚɰɟɡɞɚɬɧɿɫɬɶ ɩɟɪɟɜɿɪɹɬɢ ɞɢɧɚɦɿɱɧɢɦ ɦɟɬɨɞɨɦ ɞɿɚɝ-
ɧɨɫɬɭɜɚɧɧɹ. ɋɭɬɶ ɞɢɧɚɦɿɱɧɨɝɨ ɦɟɬɨɞɭ ɞɿɚɝɧɨɫɬɭɜɚɧɧɹ 
Ⱥɉ, ɳɨ ɩɪɚɰɸɸɬɶ ɹɤ ɫɢɫɬɟɦɚ ɚɜɬɨɦɚɬɢɱɧɨɝɨ ɭɩɪɚɜɥɿɧ-
ɧɹ, ɩɨɥɹɝɚɽ ɜ ɬɨɦɭ, ɳɨ ɨɰɿɧɤɚ ʀɯ ɩɪɚɰɟɡɞɚɬɧɨɫɬɿ ɩɪɨɜɨ-
ɞɢɬɶɫɹ ɩɨ ɩɨɤɚɡɧɢɤɚɯ ɹɤɨɫɬɿ ɩɟɪɟɯɿɞɧɨɝɨ ɩɪɨɰɟɫɭ. 

ɉɪɚɰɟɡɞɚɬɧɿɫɬɶ Ⱥɉ ɜ ɞɢɧɚɦɿɱɧɨɦɭ ɪɟɠɢɦɿ, ɦɚɬɟɦɚ-
ɬɢɱɧɭ ɦɨɞɟɥɶ ɹɤɢɯ ɦɨɠɧɚ ɩɪɟɞɫɬɚɜɢɬɢ ɥɿɧɿɣɧɢɦ ɞɢɮɟ-
ɪɟɧɰɿɚɥɶɧɢɦ ɪɿɜɧɹɧɧɹɦ, ɜɢɡɧɚɱɚɽɬɶɫɹ ɭɦɨɜɚɦɢ, ɩɪɢ 
ɹɤɢɯ ɞɿɣɫɧɿ ɫɤɥɚɞɨɜɿ ɤɨɪɟɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɱɧɨɝɨ ɪɿɜɧɹɧɧɹ 
ɫɢɫɬɟɦɢ ɧɟɝɚɬɢɜɧɿ. 

əɤɳɨ ɩɪɚɰɟɡɞɚɬɧɿɫɬɶ Ⱥɉ ɜ ɞɢɧɚɦɿɱɧɨɦɭ ɪɟɠɢɦɿ ɡɚ-
ɛɟɡɩɟɱɭɽɬɶɫɹ ɨɛɦɟɠɟɧɧɹɦ ɹɤɿɫɧɢɯ ɩɨɤɚɡɧɢɤɿɜ ɉɉ, ɬɨ 
ɭɦɨɜɢ ɩɪɚɰɟɡɞɚɬɧɨɫɬɿ ɦɨɠɧɚ ɨɞɟɪɠɚɬɢ ɜ ɤɨɦɩɥɟɤɫɧɿɣ 
ɩɥɨɳɢɧɿ, ɨɛɦɟɠɢɜɲɢ ɩɪɢɩɭɫɬɢɦɿ ɩɟɪɟɦɿɳɟɧɧɹ ɤɨɪɟɧɿɜ 
ɯɚɪɚɤɬɟɪɢɫɬɢɱɧɨɝɨ ɪɿɜɧɹɧɧɹ ɥɿɧɿɹɦɢ ɪɿɜɧɢɯ ɡɧɚɱɟɧɶ ɡɚ-
ɞɚɧɢɯ ɩɨɤɚɡɧɢɤɿɜ (ɧɚɩɪɢɤɥɚɞ, ɤɨɟɮɿɰɿɽɧɬɚ ɞɟɦɩɮɿɪɭ-
ɜɚɧɧɹ, ɜɥɚɫɧɨʀ ɱɚɫɬɨɬɢ). 

Ɂɚɜɞɚɧɧɹ ɭɦɨɜ ɩɪɚɰɟɡɞɚɬɧɨɫɬɿ ɜ ɡɚɝɚɥɶɧɨɦɭ ɜɢ-
ɝɥɹɞɿ ɜ ɤɨɦɩɥɟɤɫɧɿɣ ɩɥɨɳɢɧɿ ɞɨɡɜɨɥɹɽ ɨɞɟɪɠɚɬɢ ɭɦɨɜɢ 
ɩɪɚɰɟɡɞɚɬɧɨɫɬɿ ɜ ɜɢɝɥɹɞɿ ɨɛɥɚɫɬɿ ɩɪɢɩɭɫɬɢɦɢɯ ɞɟɮɨɪ-
ɦɚɰɿɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɬɟɯɧɿɱɧɨʀ ɫɢɫɬɟɦɢ. Ɉɛɥɚɫɬɶ ɩɪɢ-
ɩɭɫɬɢɦɢɯ ɞɟɮɨɪɦɚɰɿɣ ɱɚɫɨɜɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɨɠɧɚ 
ɨɞɟɪɠɚɬɢ ɛɟɡɩɨɫɟɪɟɞɧɶɨ ɩɨ ɨɛɦɟɠɟɧɧɹɯ, ɧɚɤɥɚɞɟɧɢɯ 
ɧɚ ɩɨɤɚɡɧɢɤɢ ɜ ɤɨɦɩɥɟɤɫɧɿɣ ɩɥɨɳɢɧɿ, ɡɨɤɪɟɦɚ, ɧɚ ɡɦɿɧɢ 
ɤɨɟɮɿɰɿɽɧɬɿɜ ɯɚɪɚɤɬɟɪɢɫɬɢɱɧɨɝɨ ɪɿɜɧɹɧɧɹ, ɿ, ɹɤ ɧɚɫɥɿ-
ɞɨɤ, ɭ ɜɢɝɥɹɞɿ ɨɛɥɚɫɬɟɣ ɩɪɢɩɭɫɬɢɦɢɯ ɡɦɿɧ ɨɤɪɟɦɢɯ ɩɚ-
ɪɚɦɟɬɪɿɜ Ⱥɉ ɜ ɞɢɧɚɦɿɱɧɨɦɭ ɪɟɠɢɦɿ. Ⱦɥɹ ɰɶɨɝɨ ɧɟɨɛ-
ɯɿɞɧɨ ɪɨɡɜ'ɹɡɚɬɢ ɪɿɜɧɹɧɧɹ  

( ) ( , )nL x F xb b3 , 

ɞɟ, nL  – ɞɢɮɟɪɟɧɰɿɚɥɶɧɢɣ ɨɩɟɪɚɬɨɪ n-ɝɨ ɩɨɪɹɞɤɭ, ɳɨ 
ɡɚɫɬɨɫɨɜɭɽɬɶɫɹ ɞɨ ɟɥɟɦɟɧɬɚ ( )x t , ɤɨɟɮɿɰɿɽɧɬɢ ɹɤɨɝɨ 

( , )ia t b  ɽ ɛɟɡɩɟɪɟɪɜɧɢɦɢ ɮɭɧɤɰɿɹɦɢ t ɿ ɚɧɚɥɿɬɢɱɧɢɦɢ 
ɮɭɧɤɰɿɹɦɢ ɤɨɦɩɥɟɤɫɧɨɝɨ ɩɚɪɚɦɟɬɪɚ b ;  

, 0
( , ) ( ) k kr

kr
k r

F x b t xb b
z

3
3 º  – ɚɧɚɥɿɬɢɱɧɚ ɜ ɞɟɹɤɿɣ ɨɛɥɚ-

ɫɬɿ ɮɭɧɤɰɿɹ ɚɪɝɭɦɟɧɬɿɜ x ɿ b , ɹɤɭ ɦɨɠɧɚ ɩɪɟɞɫɬɚɜɢɬɢ, 
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ɜɢɤɨɪɢɫɬɨɜɭɸɱɢ ɦɟɬɨɞ ɦɚɥɨɝɨ ɩɚɪɚɦɟɬɪɚ, ɭ ɧɚɫɬɭɩɧɨ-
ɦɭ ɜɢɝɥɹɞɿ 

0
1

( , ) ( ) ( ) k
k

k
x t x t x tb b

z

3
3 ! º . (1) 

Ɂɚɫɬɨɫɭɜɚɧɧɹ ɦɟɬɨɞɭ ɦɚɥɨɝɨ ɩɚɪɚɦɟɬɪɚ ɩɪɢɩɭɫɤɚɽ 
ɨɛɨɜ'ɹɡɤɨɜɟ ɞɨɬɪɢɦɚɧɧɹ ɧɚɫɬɭɩɧɢɯ ɭɦɨɜ:  

ɚ) ɤɨɠɟɧ ɤɨɟɮɿɰɿɽɧɬ ɭ (1) ɜɢɡɧɚɱɚɽɬɶɫɹ ɜ ɪɟɡɭɥɶɬɚɬɿ 
ɤɿɧɰɟɜɨɝɨ ɱɢɫɥɚ ɞɿɣ;  

ɛ) ɪɹɞ (1) ɩɨɜɢɧɟɧ ɛɭɬɢ ɡɛɿɠɧɢɦ ɩɪɢ ɞɨɫɢɬɶ ɦɚɥɢɯ b  [2]. 
ȼɢɡɧɚɱɢɦɨ ɤɪɢɬɟɪɿɣ ɨɰɿɧɤɢ ɩɪɚɰɟɡɞɚɬɧɨɫɬɿ ɞɥɹ ɞɿɚɝ-

ɧɨɫɬɭɜɚɧɧɹ ɚɧɚɥɨɝɨɜɢɯ ɩɪɢɫɬɪɨʀɜ ɜ ɞɢɧɚɦɿɱɧɨɦɭ ɪɟɠɢ-
ɦɿ ɞɢɧɚɦɿɱɧɢɦ ɦɟɬɨɞɨɦ. ɉɪɢ ɞɿɚɝɧɨɫɬɭɜɚɧɧɿ ɚɧɚɥɨɝɨɜɢɯ 
ɩɪɢɫɬɪɨʀɜ ɩɨ ɉɉ ɧɟɨɛɯɿɞɧɨ ɜɢɡɧɚɱɢɬɢ ɤɪɢɬɟɪɿʀ, ɩɨ ɹɤɢɯ ɭ 
ɡɚɫɨɛɿ ɞɿɚɝɧɨɫɬɭɜɚɧɧɹ ɩɪɢɣɦɚɽɬɶɫɹ ɪɿɲɟɧɧɹ ɩɪɨ ɫɩɪɚɜ-
ɧɢɣ ɚɛɨ ɧɟɫɩɪɚɜɧɢɣ ɨɛ'ɽɤɬ ɞɿɚɝɧɨɫɬɭɜɚɧɧɹ. 

Ɉɫɧɨɜɧɚ ɱɚɫɬɢɧɚ. Ⱥɧɚɥɿɬɢɱɧɚ ɮɨɪɦɚ ɤɪɢɬɟɪɿɸ ɩɪɚ-
ɰɟɡɞɚɬɧɨɫɬɿ ɜɢɡɧɚɱɚɽɬɶɫɹ ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɦɨɞɟɥɿ ɞɿɚɝɧɨɫ-
ɬɭɜɚɧɧɹ ɪɨɡɜ'ɹɡɚɧɧɹɦ ɪɿɜɧɹɧɶ, ɳɨ ɨɩɢɫɭɸɬɶ ɞɢɧɚɦɿɤɭ 
ɤɨɧɬɪɨɥɶɨɜɚɧɨɝɨ ɚɧɚɥɨɝɨɜɨɝɨ ɩɪɢɫɬɪɨɸ. ɍ [1] ɩɪɨɩɨɧɭ-
ɽɬɶɫɹ ɩɿɞɯɿɞ, ɜ ɨɫɧɨɜɿ ɹɤɨɝɨ ɩɪɢɣɧɹɬɟ ɩɨɥɨɠɟɧɧɹ, ɜɿɞɩɨ-
ɜɿɞɧɨ ɞɨ ɹɤɨɝɨ ɤɨɠɧɚ ɧɟɫɩɪɚɜɧɿɫɬɶ, ɳɨ ɩɪɨɹɜɥɹɽɬɶɫɹ ɜ 
ɡɦɿɧɿ ɩɚɪɚɦɟɬɪɚ ɟɥɟɦɟɧɬɚ, ɩɟɜɧɢɦ ɱɢɧɨɦ ɫɩɨɬɜɨɪɸɽ 
ɮɿɡɢɱɧɭ ɤɚɪɬɢɧɭ ɩɟɪɟɯɿɞɧɨɝɨ ɩɪɨɰɟɫɭ ɫɢɫɬɟɦɢ. ɍ ɰɶɨɦɭ 
ɜɢɩɚɞɤɭ ɚɧɚɥɿɡ ɩɪɚɰɟɡɞɚɬɧɨɫɬɿ ɬɚɤɨɠ ɡɞɿɣɫɧɸɽɬɶɫɹ ɩɨ 
ɩɟɪɟɯɿɞɧɨɦɭ ɩɪɨɰɟɫɭ, ɨɞɧɚɤ ɯɚɪɚɤɬɟɪ ɩɪɨɰɟɫɭ ɜ ɤɨɠɧɨ-
ɦɭ ɤɨɧɤɪɟɬɧɨɦɭ ɜɢɩɚɞɤɭ ɛɭɞɟ ɜɿɞɩɨɜɿɞɚɬɢ ɩɟɜɧɿɣ ɧɟ-
ɫɩɪɚɜɧɨɫɬɿ. ɉɪɢ ɰɶɨɦɭ ɩɨ ɯɚɪɚɤɬɟɪɭ ɡɦɿɧɢ ɩɟɪɟɯɿɞɧɨɝɨ 
ɩɪɨɰɟɫɭ ɦɨɠɧɚ ɨɞɧɨɡɧɚɱɧɨ ɜɢɡɧɚɱɚɬɢ ɬɢɩ ɧɟɫɩɪɚɜɧɨɫ-
ɬɿ. ɍ ɰɶɨɦɭ ɜɢɩɚɞɤɭ ɬɚ ɚɛɨ ɿɧɲɚ ɧɟɫɩɪɚɜɧɿɫɬɶ ɪɨɡɝɥɹɞɚ-
ɽɬɶɫɹ ɹɤ ɡɨɜɧɿɲɧɿɣ ɜɩɥɢɜ (ɩɪɢ ɜɯ 0x 3 ), ɳɨ ɩɪɢɤɥɚɞɟɧɢɣ 
ɞɨ ɟɥɟɦɟɧɬɚ, ɹɤɢɣ ɿɞɟ ɡɚ ɧɟɫɩɪɚɜɧɢɦ. 

ȼ ɨɫɧɨɜɭ ɩɿɞɯɨɞɭ ɞɨ ɜɢɛɨɪɭ ɤɪɢɬɟɪɿɸ ɨɰɿɧɤɢ ɩɪɚɰɟ-
ɡɞɚɬɧɨɫɬɿ Ⱥɉ ɩɨɤɥɚɞɟɧɚ ɡɚɥɟɠɧɿɫɬɶ ɮɭɧɤɰɿʀ ɩɪɚɰɟɡɞɚɬ-
ɧɨɫɬɿ ɜɢɯ( )x t  ɜɿɞ ʀʀ ɩɨɱɚɬɤɨɜɢɯ ɡɧɚɱɟɧɶ ɿ ɩɟɪɟɞɚɬɨɱɧɨʀ 
ɮɭɧɤɰɿʀ ɫɢɫɬɟɦɢ. ɐɸ ɡɚɥɟɠɧɿɫɬɶ ɦɨɠɧɚ ɡɧɚɣɬɢ ɡ ɜɢɤɨ-
ɪɢɫɬɚɧɧɹɦ ɨɩɟɪɚɬɨɪɧɢɯ ɦɟɬɨɞɿɜ ɚɧɚɥɿɡɭ ɡɚ ɞɨɩɨɦɨɝɨɸ 
ɩɟɪɟɬɜɨɪɟɧɧɹ Ʌɚɩɥɚɫɚ. ɉɪɢ ɩɨɫɥɿɞɨɜɧɨɦɭ ɿɧɬɟɝɪɭɜɚɧɧɿ 
ɩɨ ɱɚɫɬɢɧɚɦ 

0 0
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ɿ ɩɟɪɟɯɨɞɿ ɞɨ ɝɪɚɧɢɰɿ ɨɞɟɪɠɢɦɨ ɜɢɪɚɡ ɞɥɹ ɩɨɱɚɬɤɨɜɨɝɨ 
ɡɧɚɱɟɧɧɹ ( )x t  ɿ ʀʀ ɩɨɯɿɞɧɢɯ ɭ ɜɢɝɥɹɞɿ 
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Ƚɪɚɧɢɱɧɢɣ ɩɟɪɟɯɿɞ ( 0)p �  ɞɚɽ ɜɿɞɨɦɿ ɫɩɿɜɜɿɞɧɨɲɟɧ-
ɧɹ ɦɿɠ ɫɬɚɥɢɦ ɡɧɚɱɟɧɧɹɦ ( )t 3 z  ɮɭɧɤɰɿʀ ɩɪɚɰɟɡɞɚɬɧɨ-
ɫɬɿ ɿ ʀʀ ɩɨɯɿɞɧɢɯ. 

Ⱦɥɹ ɡɚɦɤɧɭɬɨʀ ɫɢɫɬɟɦɢ ɡ ɩɟɪɟɞɚɬɨɱɧɨɸ ɮɭɧɤɰɿɽɸ ɭ 
ɮɨɪɦɿ 
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ɜɿɞɩɨɜɿɞɧɿ ɡɧɚɱɟɧɧɹ ɮɭɧɤɰɿʀ ɩɪɚɰɟɡɞɚɬɧɨɫɬɿ ɩɪɢɣɦɚɸɬɶ 
ɜɢɝɥɹɞ 
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Ɂ (5) ɜɢɩɥɢɜɚɽ, ɳɨ ɩɨɱɚɬɤɨɜɿ ɡɧɚɱɟɧɧɹ ɮɭɧɤɰɿʀ ɩɪɚ-
ɰɟɡɞɚɬɧɨɫɬɿ ɿ ʀʀ ɩɨɯɿɞɧɢɯ ɛɭɞɭɬɶ ɡɦɿɧɸɜɚɬɢɫɹ ɡɚɥɟɠɧɨ 
ɜɿɞ ɦɿɫɰɹ ɩɨɞɚɱɿ ɡɛɭɪɸɸɱɨɝɨ ɜɩɥɢɜɭ ɿ ɣɨɝɨ ɯɚɪɚɤɬɟɪɭ. 
Ɂɛɭɪɸɜɚɧɧɹɦ ɽ ɫɢɝɧɚɥ (ɚɛɨ ɩɟɪɟɤɪɭɱɭɜɚɧɧɹ ɫɢɝɧɚɥɭ) 
ɩɪɢ ɜɢɧɢɤɧɟɧɧɿ ɧɟɫɩɪɚɜɧɨɫɬɿ ɜ ɚɧɚɥɨɝɨɜɨɦɭ ɩɪɢɫɬɪɨʀ. 

Ɂɦɿɧɚ ɮɭɧɤɰɿʀ ɩɪɚɰɟɡɞɚɬɧɨɫɬɿ ɦɨɠɟ ɪɨɡɝɥɹɞɚɬɢɫɹ ɹɤ 
ɧɚɫɥɿɞɨɤ ɡɦɿɧɢ ɱɢɫɟɥɶɧɢɯ ɡɧɚɱɟɧɶ ɤɨɟɮɿɰɿɽɧɬɿɜ ia . ɍ 
ɰɶɨɦɭ ɜɢɩɚɞɤɭ ɦɨɠɧɚ ɧɟ ɬɿɥɶɤɢ ɹɤɿɫɧɨ ɤɜɚɥɿɮɿɤɭɜɚɬɢ 
ɧɟɫɩɪɚɜɧɨɫɬɿ, ɚɥɟ ɣ ɜɢɡɧɚɱɢɬɢ, ɤɨɪɢɫɬɭɸɱɢɫɶ ɩɨɱɚɬɤɨ-
ɜɢɦɢ ɡɧɚɱɟɧɧɹɦɢ ɩɨɯɿɞɧɢɯ ( )x t , ɨɫɧɨɜɧɿ ɩɨɤɚɡɧɢɤɢ ɩɪɚ-
ɰɟɡɞɚɬɧɨɫɬɿ. Ɋɨɡɝɥɹɧɟɦɨ ɨɫɨɛɥɢɜɨɫɬɿ ɮɨɪɦɭɜɚɧɧɹ ɤɪɢ-
ɬɟɪɿʀɜ ɩɪɚɰɟɡɞɚɬɧɨɫɬɿ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɩɪɢɡɧɚɱɟɧɧɹ ɫɢɫ-
ɬɟɦ ɿ ɫɩɟɰɢɮɿɤɢ ɡɚɜɞɚɧɶ ɞɿɚɝɧɨɫɬɭɜɚɧɧɹ. 

Ɏɭɧɤɰɿɹ ɩɪɚɰɟɡɞɚɬɧɨɫɬɿ ɥɿɧɿɣɧɨɝɨ ɛɟɡɩɟɪɟɪɜɧɨɝɨ Ⱥɉ 
ɜ ɞɢɧɚɦɿɱɧɨɦɭ ɪɟɠɢɦɿ ɜɢɯ( )x t  ɝɪɚɮɿɱɧɨ ɦɨɠɟ ɛɭɬɢ 
ɩɪɟɞɫɬɚɜɥɟɧɿ ɤɪɢɜɢɦɢ, ɳɨ ɨɛɦɟɠɭɸɬɶ ɩɚɪɚɦɟɬɪɢ ɩɪɚ-
ɰɟɡɞɚɬɧɨɫɬɿ ɩɟɪɟɯɿɞɧɨɝɨ ɩɪɨɰɟɫɭ ɡɚɞɚɧɢɦɢ ɝɪɚɧɢɱɧɢɦɢ 
ɡɧɚɱɟɧɧɹɦɢ ɧ ɜ

ɜɢɯ ɜɢɯ( ),   ( )x t x t  (ɪɢɫ. 1). 
Ɋɚɧɿɲɟ ɛɭɥɨ ɩɨɤɚɡɚɧɨ, ɳɨ ɡɚɥɟɠɧɨ ɜɿɞ ɩɪɢɡɧɚɱɟɧɧɹ 

ɫɢɫɬɟɦɢ ʀʀ ɩɪɚɰɟɡɞɚɬɧɿɫɬɶ ɤɿɥɶɤɿɫɧɨ ɦɨɠɟ ɛɭɬɢ ɨɯɚɪɚɤ-
ɬɟɪɢɡɨɜɚɧɚ ɝɪɚɧɢɱɧɢɦ ɩɟɪɟɪɟɝɭɥɸɜɚɧɧɹɦ ɿ ɲɜɢɞɤɿɫɬɸ 
ɩɟɪɟɯɿɞɧɨɝɨ ɩɪɨɰɟɫɭ. ɉɪɚɰɟɡɞɚɬɧɿɫɬɶ ɩɪɢɫɬɪɨɸ ɜɢɡɧɚ-
ɱɚɸɬɶ ɮɭɧɤɰɿʀ ɧ ɜ

ɜɢɯ ɜɢɯ( ),   ( )x t x t , ɩɪɢ ɰɶɨɦɭ ɜɢɝɥɹɞ ɰɢɯ 
ɮɭɧɤɰɿɣ ɡɚɥɟɠɢɬɶ ɜɿɞ ɩɚɪɚɦɟɬɪɿɜ ɟɥɟɦɟɧɬɿɜ ɤɨɧɬɪɨɥɶɨ-
ɜɚɧɨʀ ɫɢɫɬɟɦɢ (ɞɿɚɝɧɨɫɬɢɱɧɢɯ ɩɚɪɚɦɟɬɪɿɜ). 
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Ɋɢɫ. 1. Ƚɪɚɧɢɱɧɿ ɤɪɢɜɿ ɮɭɧɤɰɿʀ ɩɪɚɰɟɡɞɚɬɧɨɫɬɿ ɚɧɚɥɨɝɨɜɨɝɨ ɩɪɢɫɬɪɨɸ ɜ ɞɢɧɚɦɿɱɧɨɦɭ ɪɟɠɢɦɿ 
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Ȼɿɥɶɲɿɫɬɶ Ⱥɉ ɜ ɞɢɧɚɦɿɱɧɨɦɭ ɪɟɠɢɦɿ, ɚ ɬɚɤɨɠ ɩɿɞɫɢɫɬɟɦ 
ɫɤɥɚɞɧɢɯ Ⱥɉ ɜ ɞɢɧɚɦɿɱɧɨɦɭ ɪɟɠɢɦɿ ɦɚɽ ɧɟɜɢɫɨɤɢɣ (3-4) 
ɩɨɪɹɞɨɤ ɯɚɪɚɤɬɟɪɢɫɬɢɱɧɨɝɨ ɪɿɜɧɹɧɧɹ, ɳɨ ɜ ɡɧɚɱɧɿɣ ɦɿɪɿ 
ɩɨɥɟɝɲɭɽ ɚɧɚɥɿɡ ɮɭɧɤɰɿʀ ɩɪɚɰɟɡɞɚɬɧɨɫɬɿ, ɬɨɦɭ ɳɨ ɞɨɡɜɨ-
ɥɹɽ ɛɟɡ ɲɤɨɞɢ ɞɥɹ ɬɨɱɧɨɫɬɿ ɚɧɚɥɿɡɭ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɡɚ-
ɥɟɠɧɨɫɬɿ, ɨɬɪɢɦɚɧɿ ɞɥɹ ɫɢɫɬɟɦ ɛɿɥɶɲ ɧɢɡɶɤɨɝɨ, ɡɨɤɪɟɦɚ 
ɞɪɭɝɨɝɨ, ɩɨɪɹɞɤɭ. Ɇɨɠɥɢɜɿɫɬɶ ɬɚɤɨɝɨ ɫɩɪɨɳɟɧɧɹ ɩɨɹɫɧɸ-
ɽɬɶɫɹ ɧɟɪɿɜɧɨɰɿɧɧɢɦ ɜɩɥɢɜɨɦ ɤɨɪɟɧɿɜ ɯɚɪɚɤɬɟɪɢɫɬɢɱɧɨɝɨ 
ɪɿɜɧɹɧɧɹ ɧɚ ɩɨɤɚɡɧɢɤɢ ɹɤɨɫɬɿ ɩɟɪɟɯɿɞɧɨɝɨ ɩɪɨɰɟɫɭ. 

ɍɜɟɞɟɦɨ ɜ ɪɨɡɝɥɹɞ ɮɭɧɤɰɿɸ ɩɪɚɰɟɡɞɚɬɧɨɫɬɿ [1] 

1
( ) k

n p t
k

k
y t A e#

3
3 º , (6) 

ɹɤɚ ɩɨɜ'ɹɡɚɧɚ ɡ ɜɢɯɿɞɧɨɸ ɤɨɨɪɞɢɧɚɬɨɸ ɜɢɯ( )x t  ɫɩɿɜɜɿɞ-
ɧɨɲɟɧɧɹɦ 

ɜɫɬ ɜɢɯ( ) ( )y t x x t3 # .             (7) 
Ɉɫɤɿɥɶɤɢ ɤɨɟɮɿɰɿɽɧɬɢ kA  ɪɿɜɧɹɧɧɹ (6) ɦɨɠɭɬɶ ɛɭɬɢ 

ɜɢɪɚɠɟɧɿ ɱɟɪɟɡ ɩɨɱɚɬɤɨɜɿ ɜɟɥɢɱɢɧɢ ( )
ɜɢɯ 0( )k

tx t 3  ɣ ɤɨɪɟɧɿ 
ɯɚɪɚɤɬɟɪɢɫɬɢɱɧɨɝɨ ɪɿɜɧɹɧɧɹ kp , ɬɨɦɭ ɮɭɧɤɰɿɹ ( )y t  ɬɿɽɸ 
ɫɚɦɨɸ ɦɿɪɨɸ ɦɨɠɟ ɫɥɭɠɢɬɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɸ ɩɪɚɰɟ-
ɡɞɚɬɧɨɫɬɿ ɤɨɧɬɪɨɥɶɨɜɚɧɨʀ ɫɢɫɬɟɦɢ. 

Ⱦɥɹ ɫɢɫɬɟɦ n-ɝɨ ɩɨɪɹɞɤɭ ɮɭɧɤɰɿɹ ɩɪɚɰɟɡɞɚɬɧɨɫɬɿ ɿ ʀʀ 
ɩɨɯɿɞɧɢɯ ɦɚɸɬɶ ɜɢɝɥɹɞ  
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ɉɪɢ ɞɿɣɫɧɨɦɭ mp  ɞɥɹ ɩɪɚɰɟɡɞɚɬɧɨɫɬɿ 1( )ny t#  ɫɢɫ-
ɬɟɦɢ ( 1)n # -ɝɨ ɩɨɪɹɞɤɭ ɡ (8) ɨɞɟɪɠɢɦɨ  

1
1

( ) (1 ) k
n p tk

n k
k m

py t A e
p

#
#

3
3 #º .        (9) 

Ɍɚɤ ɹɤ 
'

( 1)
1( ) (1) ( )n n n
m

y t y y t
p# 3 ! ,       (10) 

ɬɨ ɩɨ ɡɦɿɧɿ ɮɭɧɤɰɿʀ ɩɪɚɰɟɡɞɚɬɧɨɫɬɿ, ɳɨ ɨɩɢɫɭɽɬɶɫɹ ɫɢɫ-
ɬɟɦɨɸ ɪɿɜɧɹɧɶ ( 1)n # -ɝɨ ɩɨɪɹɞɤɭ, ɦɨɠɧɚ ɫɭɞɢɬɢ ɩɪɨ 
ɮɭɧɤɰɿɸ ɩɪɚɰɟɡɞɚɬɧɨɫɬɿ ɫɢɫɬɟɦɢ n-ɝɨ ɩɨɪɹɞɤɭ. Ⱦɥɹ ɫɢɫ-
ɬɟɦɢ ( 2)n # -ɝɨ ɩɨɪɹɞɤɭ ɮɭɧɤɰɿɹ ɩɪɚɰɟɡɞɚɬɧɨɫɬɿ ɡɧɚɯɨ-

ɞɢɬɶɫɹ ɩɨ (9) ɡ ɜɢɪɚɡɭ ɞɥɹ ɩɟɪɲɨʀ ɩɨɯɿɞɧɨʀ '
1( )ny t# : 

'
1

1
( ) (1 ) k

n p tk
n k k

k m

py t p A e
p

#
#

3
3 #º .       (11) 

ɉɿɞɫɭɦɨɜɭɸɱɢ ɪɿɜɧɹɧɧɹ (9) ɿ (11) ɩɿɫɥɹ ɞɿɥɟɧɧɹ (11) ɧɚ 1mp #  ɨɞɟɪɠɢɦɨ 

'
1 1 2

11 1

1( ) ( ) (1 )(1 ) ( )k
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n n k n
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ɉɪɨɞɨɜɠɭɸɱɢ ɩɪɨɰɟɫ ɜɢɤɥɸɱɟɧɧɹ ɤɨɪɟɧɿɜ, ɦɨɠɧɚ 
ɡɧɚɣɬɢ ɞɨɫɢɬɶ ɩɪɨɫɬɟ ɪɨɡɪɚɯɭɧɤɨɜɟ ɡɧɚɱɟɧɧɹ ɮɭɧɤɰɿʀ 
ɩɪɚɰɟɡɞɚɬɧɨɫɬɿ ( )n sy t#  ɫɢɫɬɟɦɢ ( )n s# -ɝɨ ɩɨɪɹɞɤɭ. 

ɉɪɢ ɤɨɦɩɥɟɤɫɧɢɯ ɫɩɨɥɭɱɟɧɢɯ ɤɨɪɟɧɹɯ mp jW X3 ! ; 

1mp jW X# 3 # , ɜɢɤɨɪɢɫɬɨɜɭɸɱɢ ɜɢɤɥɚɞɟɧɿ ɦɿɪɤɭɜɚɧɧɹ, 
ɨɞɟɪɠɢɦɨ ɜɢɪɚɡɢ ɞɥɹ ɮɭɧɤɰɿʀ ɩɪɚɰɟɡɞɚɬɧɨɫɬɿ 
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Ⱦɥɹ ɫɢɫɬɟɦɢ ɡ ɩɟɪɟɞɚɬɨɱɧɨɸ ɮɭɧɤɰɿɽɸ 
1 2

2
1 2

( )( )
( )

b p bM pW p
N p p a p a

!
3 3

! !
, 

ɮɭɧɤɰɿɹ ɩɪɚɰɟɡɞɚɬɧɨɫɬɿ, ɳɨ ɜɿɞɩɨɜɿɞɚɽ ɝɪɚɧɢɱɧɢɦ 
ɤɪɢɜɢɦ ɩɪɢ ɩɪɢɣɧɹɬɢɯ ɩɨɡɧɚɱɟɧɧɹɯ (7): 

1
e1 0 2

ɝɪ e 0
2

( / )(t )
a
ty y

y y e
a

\ #
3 � ,         (12) 

ɞɟ 0 lim ( )( )y W p p3 � z ; 
2

1 0 1 0 1 1 0 2( / ) ( / ) /y y y y a y y a\ 3 ! ! – ɮɭɧɤɰɿɹ ( )p\  ɩɪɢ 

1 0/p y y3 ; 

et  – ɟɤɫɬɪɟɦɚɥɶɧɟ ɡɧɚɱɟɧɧɹ ɩɨɪɨɞɠɭɸɱɨʀ ɮɭɧɤɰɿʀ ɩɪɚ-
ɰɟɡɞɚɬɧɨɫɬɿ. 

Ɉɪɞɢɧɚɬɢ ɝɪ( )y t  ɩɪɢ et t3  ɡɛɿɝɚɸɬɶɫɹ ɡ ɨɪɞɢɧɚɬɚɦɢ 
ɮɭɧɤɰɿʀ ɩɪɚɰɟɡɞɚɬɧɨɫɬɿ �( )y t . 

ɍ ɬɨɦɭ ɜɢɩɚɞɤɭ, ɤɨɥɢ ɤɨɪɟɧɿ 1 2,   p p  ɩɨɪɨɞɠɭɸɱɨʀ 
ɮɭɧɤɰɿʀ �( )y t  ɽ ɤɨɦɩɥɟɤɫɧɢɦɢ ɫɩɨɥɭɱɟɧɢɦɢ ɱɢɫɥɚɦɢ, 

ɪɨɡɪɚɯɭɧɤɨɜɚ ɮɨɪɦɭɥɚ ɞɥɹ ɝɪɚɧɢɱɧɢɯ ɧ ɜ
ɜɢɯ ɜɢɯ( ),   ( )y t y t  

ɤɪɢɜɢɯ ɩɪɢɣɦɚɽ ɜɢɝɥɹɞ [1]: 
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3 � ,    (13) 

ɞɟ 
1

1 0 1 1
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yarctg
a y a y

X
] 3

!
; 2 4N 3 , (m=0, 1, 2,…). 

ȱɫɬɨɬɧɢɦɢ ɹɤɿɫɧɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɩɪɚɰɟɡɞɚɬɧɨ-
ɫɬɿ ɞɢɧɚɦɿɱɧɢɯ Ⱥɉ ɽ ɲɜɢɞɤɨɫɬɿ ɣ ɩɪɢɫɤɨɪɟɧɧɹ ɪɟɝɭɥɶɨ-
ɜɚɧɨʀ ɜɟɥɢɱɢɧɢ. 

ȼɢɪɚɡɢ ɞɥɹ ɝɪɚɧɢɱɧɢɯ ɡɧɚɱɟɧɶ ɮɭɧɤɰɿʀ, ɳɨ ɯɚɪɚɤɬɟ-
ɪɢɡɭɽ ɲɜɢɞɤɿɫɬɶ ɡɦɿɧɢ ɣ ɩɪɢɫɤɨɪɟɧɧɹ ɪɟɝɭɥɶɨɜɚɧɨʀ ɜɟ-
ɥɢɱɢɧɢ, ɛɭɞɭɬɶ ɦɚɬɢ ɜɢɝɥɹɞ: 

1 e /2'
ɝɪ e 0 1 0( ) ( / ) ty t y y y e W\ #3 � ,        (14) 

1 e /2''
ɝɪ e 0 2 1 0( ) ( / ) ty t y y y e WW \ #3 � .      (15) 

ȼɢɫɧɨɜɨɤ. ȼɢɪɚɡɢ (12)…( 15) ɹɜɥɹɸɬɶɫɹ ɜɢɯɿɞɧɢɦɢ 
ɞɥɹ ɮɨɪɦɭɜɚɧɧɹ ɤɪɢɬɟɪɿʀɜ ɩɪɚɰɟɡɞɚɬɧɨɫɬɿ ɩɨ ɦɚɤɫɢɦɚ-
ɥɶɧɨɦɭ ɩɟɪɟɪɟɝɭɥɸɜɚɧɧɸ, ɱɚɫɭ ɪɟɝɭɥɸɜɚɧɧɹ, ɲɜɢɞɤɨ-
ɫɬɿ ɣ ɩɪɢɫɤɨɪɟɧɧɸ ɪɟɝɭɥɶɨɜɚɧɨʀ ɜɟɥɢɱɢɧɢ ɡɚ ɞɨɩɨɦɨɝɨɸ 
ɩɨɪɨɞɠɭɸɱɨʀ ɮɭɧɤɰɿʀ ɩɪɚɰɟɡɞɚɬɧɨɫɬɿ. 

Ɉɰɿɧɤɚ ɩɪɚɰɟɡɞɚɬɧɨɫɬɿ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɪɨɡɝɥɹɧɭɬɢɯ 
ɤɪɢɬɟɪɿʀɜ ɡɿ ɡɧɚɱɧɢɦ ɫɩɪɨɳɟɧɧɹɦ ɪɨɡɪɚɯɭɧɤɿɜ ɦɿɫɬɢɬɶ 
ɪɹɞ ɩɟɪɟɜɚɝ, ɚ ɫɚɦɟ:  

ɞɢɧɚɦɿɱɧɢɣ ɦɟɬɨɞ ɞɿɚɝɧɨɫɬɭɜɚɧɧɹ ɦɨɠɧɚ ɡɚɫɬɨɫɭɜɚ-
ɬɢ ɞɨ ɲɢɪɨɤɨɝɨ ɤɥɚɫɭ ɚɧɚɥɨɝɨɜɢɯ ɩɪɢɫɬɪɨʀɜ, ɳɨ ɩɪɚ-
ɰɸɸɬɶ ɹɤ ɫɢɫɬɟɦɚ ɚɜɬɨɦɚɬɢɱɧɨɝɨ ɭɩɪɚɜɥɿɧɧɹ;  

ɞɢɧɚɦɿɱɧɢɣ ɦɟɬɨɞ ɜɿɞɩɨɜɿɞɚɽ ɜɢɦɨɝɚɦ ɞɿɚɝɧɨɫɬɭɜɚɧɧɹ 
ɹɤ ɩɪɢ ɜɢɡɧɚɱɟɧɧɿ ɩɨɬɨɱɧɨɝɨ ɪɿɜɧɹ ɩɪɚɰɟɡɞɚɬɧɨɫɬɿ ɤɨɧɬ-
ɪɨɥɶɨɜɚɧɨʀ ɫɢɫɬɟɦɢ, ɬɚɤ ɿ ɩɪɢ ɤɥɚɫɢɮɿɤɚɰɿʀ ɟɤɫɬɪɟɦɚɥɶ-
ɧɢɯ ɡɧɚɱɟɧɶ ɩɪɚɰɟɡɞɚɬɧɨɫɬɿ Ⱥɉ ɜ ɞɢɧɚɦɿɱɧɨɦɭ ɪɟɠɢɦɿ. 
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