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ɬɨɪɚ γ ɢ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ 5 ɩɨɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠ-
ɧɨɫɬɶ ɩɨɥɭɱɚɬɶ ɞɚɧɧɵɟ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɫ 
ɧɟɫɤɨɥɶɤɢɯ ɬɟɪɦɨɩɚɪ 1-N ɨɞɧɨɜɪɟɦɟɧɧɨ, ɫɨɯɪɚ-
ɧɹɬɶ ɢɯ ɢ ɩɟɪɟɞɚɜɚɬɶ ɞɥɹ ɞɚɥɶɧɟɣɲɟɣ ɨɛɪɚɛɨɬɤɢ. 
ɇɚ ɩɭɬɢ ɞɜɢɠɟɧɢɹ ɫɢɝɧɚɥɚ ɨɬ ɬɟɪɦɨɩɚɪ 1-σ, ɫɨ-
ɟɞɢɧɟɧɧɵɯ ɫ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɦɢ ɭɫɢɥɢɬɟɥɹɦɢ 
Ⱦɍ1, Ⱦɍβ, …, Ⱦɍ σ ɤ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɭ 5 ɪɚɫɩɨ-
ɥɨɠɟɧ ɤɨɦɩɚɪɚɬɨɪ γ. Ʉɨɦɩɚɪɚɬɨɪ γ ɨɬɫɟɤɚɟɬ ɧɟɩɨ-
ɩɚɞɚɸɳɢɟ ɜ ɢɧɬɟɪɜɚɥ ɬɟɦɩɟɪɚɬɭɪ ɡɧɚɱɟɧɢɹ, ɡɚɬɟɦ 
ɫɢɝɧɚɥ ɫ ɩɨɦɨɳɶɸ Ⱥɐɉ 4 ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɜ ɰɢɮɪɨ-
ɜɭɸ ɮɨɪɦɭ ɢ ɭɠɟ ɧɭɠɧɵɟ ɞɚɧɧɵɟ ɩɨɩɚɞɚɸɬ ɞɥɹ 
ɨɛɪɚɛɨɬɤɢ ɧɚ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ 5. ɉɪɢɱɟɦ, ɧɚɥɢ-
ɱɢɟ ɤɨɦɩɚɪɚɬɨɪɚ γ ɦɟɠɞɭ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɦ 5 ɢ 
ɬɟɪɦɨɩɚɪɨɣ 1 ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɨɞɧɨɜɪɟɦɟɧɧɨ 
ɩɪɢɧɢɦɚɬɶ ɫɢɝɧɚɥ ɫ ɧɟɫɤɨɥɶɤɢɯ ɬɟɪɦɨɩɚɪ 1-σ ɫɪɚ-
ɡɭ. Ɇɢɤɪɨɤɨɧɬɪɨɥɥɟɪ 5 ɢɦɟɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɱɟɪɟɡ 
ɨɛɪɚɬɧɭɸ ɫɜɹɡɶ ɭɩɪɚɜɥɹɬɶ ɪɚɛɨɬɨɣ ɤɨɦɩɚɪɚɬɨɪɚ 3, 
ɧɚɫɬɪɚɢɜɚɬɶ ɪɚɛɨɱɢɟ ɢɧɬɟɪɜɚɥɵ ɬɟɦɩɟɪɚɬɭɪ, ɜɨɫ-
ɩɪɢɧɢɦɚɟɦɵɟ ɤɨɦɩɚɪɚɬɨɪɨɦ 3. Ɍɚɤɠɟ ɦɢɤɪɨ-
ɤɨɧɬɪɨɥɥɟɪ 5 ɜɵɜɨɞɢɬ ɩɨɥɭɱɚɟɦɵɟ ɞɚɧɧɵɟ ɧɚ ɢɧ-
ɞɢɤɚɬɨɪ 7, ɜɵɜɨɞɢɬ ɞɚɧɧɵɟ ɱɟɪɟɡ ɩɨɪɬ RS232 κ ɧɚ 
ɤɨɦɩɶɸɬɟɪ. ɍɩɪɚɜɥɟɧɢɟ ɪɚɛɨɬɨɣ ɦɢɤɪɨɤɨɧɬɪɨɥ-
ɥɟɪɚ 5 ɢ ɭɫɬɪɨɣɫɬɜɚ ɜ ɰɟɥɨɦ ɨɫɭɳɟɫɬɜɥɹɸɬ ɱɟɪɟɡ 
ɤɥɚɜɢɚɬɭɪɭ 6. 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ 
ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɜɵɩɨɥɧɟɧɵ ɩɪɢ ɩɨɞɞɟɪɠɤɟ 
ɝɪɚɧɬɵ ɉɪɟɡɢɞɟɧɬɚ ɊɎ εK-6661.2013.8. 
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ȼɜɟɞɟɧɢɟ 
ȼɟɪɬɢɤɚɥɶɧɨɟ ɫɟɣɫɦɢɱɟɫɤɨɟ ɩɪɨɮɢɥɢɪɨɜɚɧɢɟ 

(ȼɋɉ) – ɨɞɢɧ ɢɡ ɦɟɬɨɞɨɜ ɫɤɜɚɠɢɧɧɨɣ ɫɟɣɫɦɨɪɚɡ-
ɜɟɞɤɢ, ɜ ɨɫɧɨɜɟ ɤɨɬɨɪɨɝɨ ɥɟɠɢɬ ɢɡɭɱɟɧɢɟ ɨɫɨɛɟɧ-
ɧɨɫɬɟɣ ɜɨɥɧɨɜɨɝɨ ɩɨɥɹ ɜɨ ɜɧɭɬɪɟɧɧɢɯ ɬɨɱɤɚɯ ɫɪɟ-
ɞɵ. Ɉɛɳɟɣ ɡɚɞɚɱɟɣ ȼɋɉ, ɤɚɤ ɢ ɥɸɛɨɝɨ ɞɪɭɝɨɝɨ 
ɦɟɬɨɞɚ ɢɡɭɱɟɧɢɹ ɝɟɨɥɨɝɢɱɟɫɤɢɯ ɫɪɟɞ, ɹɜɥɹɟɬɫɹ 
ɭɬɨɱɧɟɧɢɟ ɚɩɪɢɨɪɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɨ ɦɨɞɟɥɢ ɫɪɟ-
ɞɵ, ɜ ɬɨɦ ɱɢɫɥɟ ɩɨɫɬɪɨɟɧɢɟ ɩɥɚɫɬɨɜɨɣ ɦɨɞɟɥɢ 
ɫɪɟɞɵ. ɉɪɨɫɬɪɚɧɫɬɜɟɧɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɫɤɨɪɨ-
ɫɬɟɣ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɫɟɣɫɦɢɱɟɫɤɢɯ ɜɨɥɧ ɜ ɪɟɚɥɶ-
ɧɵɯ ɫɪɟɞɚɯ ɨɩɪɟɞɟɥɹɟɬɫɹ ɦɧɨɠɟɫɬɜɨɦ ɮɚɤɬɨɪɨɜ, 
ɝɥɚɜɧɵɦ ɢɡ ɤɨɬɨɪɵɯ ɹɜɥɹɸɬɫɹ ɞɜɚ - ɫɥɨɢɫɬɨɫɬɶ ɢ 
ɝɨɪɧɨɟ ɞɚɜɥɟɧɢɟ. Ⱦɟɣɫɬɜɢɟ ɞɪɭɝɢɯ ɮɚɤɬɨɪɨɜ, ɤɚɤ 
ɩɪɚɜɢɥɨ, ɨɫɥɨɠɧɹɟɬ ɯɚɪɚɤɬɟɪ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɮɢ-
ɡɢɤɨ-ɝɟɨɥɨɝɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɝɨɪɧɵɯ ɩɨɪɨɞ ɩɨ ɝɨ-
ɪɢɡɨɧɬɚɥɢ ɢ ɜɟɪɬɢɤɚɥɢ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɩɪɟɞɟɥɟ-
ɧɢɟ ɡɧɚɱɟɧɢɣ ɫɤɨɪɨɫɬɟɣ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɭɩɪɭɝɢɯ 
ɜɨɥɧ ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɱɟɧɶ 
ɫɥɨɠɧɭɸ ɮɭɧɤɰɢɸ ɤɨɨɪɞɢɧɚɬ ɩɪɨɫɬɪɚɧɫɬɜɚ. Ɉɞ-
ɧɚɤɨ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɪɟɚɥɶɧɨɣ ɜɨɡɦɨɠɧɨɫɬɢ ɪɟ-
ɲɟɧɢɹ ɩɪɢɤɥɚɞɧɵɯ ɡɚɞɚɱ ɜ ɫɟɣɫɦɨɪɚɡɜɟɞɤɟ ɧɟɨɛ-
ɯɨɞɢɦɨ ɩɪɢɛɟɝɚɬɶ ɤ ɩɨɫɬɪɨɟɧɢɸ ɭɩɪɨɳɟɧɧɨɣ ɫɟɣ-
ɫɦɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɢɡɭɱɚɟɦɨɣ ɫɪɟɞɵ. Ɉɫɧɨɜɨɣ ɬɚ-

ɤɨɝɨ ɭɩɪɨɳɟɧɢɹ ɹɜɥɹɟɬɫɹ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨ ɫɟɣ-
ɫɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜɚɯ ɫɥɨɹ Д1Ж. ɐɟɥɶɸ ɩɪɟɞɫɬɚɜ-
ɥɟɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɩɨɫɬɪɨɟɧɢɟ ɮɢɡɢɱɟɫɤɨɣ 
ɦɨɞɟɥɢ ɫɪɟɞɵ. 

ɉɨɞ ɦɚɬɟɦɚɬɢɱɟɫɤɢɦ ɦɨɞɟɥɢɪɨɜɚɧɢɟɦ ɜ ɫɟɣ-
ɫɦɨɪɚɡɜɟɞɤɟ ɩɨɞɪɚɡɭɦɟɜɚɸɬ ɩɪɨɰɟɞɭɪɵ ɩɨɫɬɪɨɟ-
ɧɢɹ ɫɟɣɫɦɨɝɟɨɥɨɝɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ 
ɨɩɢɫɚɧɢɟ ɟɟ ɩɚɪɚɦɟɬɪɨɜ, ɪɚɫɱɟɬɵ ɜɨɥɧɨɜɵɯ ɩɨɥɟɣ 
ɞɥɹ ɡɚɞɚɧɧɵɯ ɫɯɟɦ ɧɚɛɥɸɞɟɧɢɣ, ɨɛɪɚɛɨɬɤɭ ɢ ɢɧ-
ɬɟɪɩɪɟɬɚɰɢɸ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱɟɬɨɜ. ɂɧɬɟɪɩɪɟɬɚ-
ɰɢɹ ɪɟɚɥɶɧɵɯ ɜɨɥɧɨɜɵɯ ɩɨɥɟɣ ɧɚ ɨɫɧɨɜɟ ɦɚɬɟɦɚ-
ɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɟɞɩɨɥɚɝɚɟɬ ɭɬɨɱɧɟɧɢɟ 
ɚɩɪɢɨɪɧɨɣ ɦɨɞɟɥɢ, ɩɪɨɜɟɞɟɧɢɟ ɧɨɜɵɯ ɪɚɫɱɟɬɨɜ 
ɜɨɥɧɨɜɵɯ ɩɨɥɟɣ, ɫɪɚɜɧɟɧɢɟ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɫɟɣ-
ɫɦɨɝɪɚɦɦ ɫ ɪɟɚɥɶɧɵɦɢ [2]. 

 
Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɦɨɞɟɥɢ 
Ʉɚɤ ɩɪɚɜɢɥɨ, ɦɨɞɟɥɶ ɨɩɢɫɵɜɚɟɬɫɹ ɝɪɚɧɢɱɧɵɦɢ 

ɭɫɥɨɜɢɹɦɢ ɢ ɩɚɪɚɦɟɬɪɚɦɢ ɩɥɚɫɬɨɜ ɜ ɨɬɞɟɥɶɧɵɯ 
ɬɨɱɤɚɯ ɫɪɟɞɵ, ɚ ɞɥɹ ɪɚɫɱɟɬɚ ɜɨɥɧɨɜɵɯ ɩɨɥɟɣ ɜ 
ɞɜɭɦɟɪɧɵɯ ɢ ɬɪɟɯɦɟɪɧɵɯ ɫɪɟɞɚɯ ɬɪɟɛɭɟɬɫɹ ɧɚɯɨ-
ɞɢɬɶ ɩɚɪɚɦɟɬɪɵ ɦɨɞɟɥɢ ɜ ɥɸɛɨɣ ɬɨɱɤɟ, ɱɬɨ ɬɪɟɛɭ-
ɟɬ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɩɚɪɚɦɟɬɪɨɜ 
ɦɨɞɟɥɢ. Ⱦɚɥɟɟ ɪɚɫɫɦɨɬɪɢɦ ɦɨɞɟɥɶ ɝɨɪɢɡɨɧɬɚɥɶɧɨ-
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ɫɥɨɢɫɬɨɣ ɫɪɟɞɵ ɢ ɛɭɞɟɦ ɩɨɥɚɝɚɬɶ, ɱɬɨ ɫɥɨɢ ɹɜɥɹ-
ɸɬɫɹ ɨɞɧɨɪɨɞɧɵɦɢ. Ɍ.ɟ. ɜɧɭɬɪɢ ɫɬɨɹ ɫɤɨɪɨɫɬɶ 
ɩɪɨɯɨɠɞɟɧɢɹ ɜɨɥɧɵ ɩɨɫɬɨɹɧɧɚ. ɉɭɫɬɶ Б ɹɜɥɹɟɬɫɹ 
ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɤɨɨɪɞɢɧɚɬɨɣ, h – ɝɥɭɛɢɧɨɣ, 

 – ɝɪɚɧɢɰɵ i-ɨɝɨ ɢ i +  1 – ɫɥɨɟɜ,  - ɫɤɨ-
ɪɨɫɬɶ ɜ i-ɨɦ ɫɥɨɟ. ɇɚɛɥɸɞɟɧɢɟ ȼɋɉ ɩɪɨɜɨɞɹɬ ɜ 
ɞɢɫɤɪɟɬɧɵɯ ɬɨɱɤɚɯ ɫɪɟɞɵ, ɨɩɪɟɞɟɥɹɟɦɵɯ ɩɨɥɨɠɟ-
ɧɢɟɦ ɫɬɜɨɥɚ ɫɤɜɚɠɢɧɵ ɢ ɪɚɫɫɬɨɹɧɢɟɦ ɦɟɠɞɭ ɫɟɣ-
ɫɦɨɩɪɢɟɦɧɢɤɚɦɢ. ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɫɤɜɚɠɢɧɚ 
ɜɟɪɬɢɤɚɥɶɧɚɹ. ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ȼɋɉ ɢɡɜɟɫɬɧɨ 
ɬɨɥɶɤɨ t( ) – ɜɪɟɦɹ ɩɪɨɛɟɝɚ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɞɨ 
ɝɥɭɛɢɧɵ . Ⱦɥɹ ɪɟɲɟɧɢɹ ɜɨɩɪɨɫɨɜ ɫɟɣɫɦɨɪɚɡɜɟɞ-
ɤɢ ɩɟɪɟɞ ɦɟɬɨɞɨɦ ȼɋɉ ɫɬɚɜɢɬɫɹ ɡɚɞɚɱɚμ ɩɨ 
ɧɚɛɥɸɞɟɧɧɵɦ t( ) ɨɩɪɟɞɟɥɢɬɶ ɝɥɭɛɢɧɵ ɡɚɥɟɝɚɧɢɹ 
ɝɪɚɧɢɰ .  

ȿɫɥɢ ɝɥɭɛɢɧɵ ɪɚɫɩɨɥɨɠɟɧɢɹ ɫɟɣɫɦɨɩɪɢɟɦɧɢ-
ɤɨɜ  ɫ ɧɨɦɟɪɚ n ɩɨ m ɧɚɯɨɞɹɬɫɹ ɜ ɨɞɧɨɦ ɫɥɨɟ, ɬɨ 
ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɧɵɟ ɜɪɟɦɟɧɚ ɩɪɢɯɨɞɚ  ɜ ɷɬɢ 
ɫɟɣɫɦɨɩɪɢɟɦɧɢɤɢ ɞɨɥɠɧɵ ɥɟɠɚɬɶ ɧɚ ɨɞɧɨɣ ɩɪɹ-
ɦɨɣ. Ɉɬɤɥɨɧɟɧɢɟ  ɨɬ ɩɪɹɦɨɣ ɜɧɭɬɪɢ ɨɞɧɨɪɨɞɧɨ-
ɝɨ ɫɥɨɹ ɨɛɭɫɥɨɜɥɟɧɨ ɧɟɬɨɱɧɨɫɬɶɸ ɪɟɝɢɫɬɪɚɰɢɢ 
ɞɚɧɧɵɯ, ɚɩɩɚɪɚɬɭɪɧɵɦɢ ɩɨɦɟɯɚɦɢ, ɨɲɢɛɤɨɣ ɩɪɢ 
ɪɚɛɨɬɟ ɫɢɫɬɟɦɵ ɫɢɧɯɪɨɧɢɡɚɰɢɢ, ɡɚɞɟɪɠɤɨɣ ɫɪɚɛɚ-
ɬɵɜɚɧɢɹ ɞɟɬɨɧɚɬɨɪɚ, ɨɲɢɛɤɨɣ ɝɥɭɛɢɧɵ ɭɫɬɚɧɨɜɤɢ 
ɡɚɪɹɞɚ. ɢɫɤɚɠɟɧɢɟ ɫɟɣɫɦɢɱɟɫɤɨɣ ɡɚɩɢɫɢ. ДγЖ ȿɫɥɢ 
ɝɥɭɛɢɧɵ ɪɚɫɩɨɥɨɠɟɧɢɹ ɫɟɣɫɦɨɩɪɢɟɦɧɢɤɨɜ  ɫ 
ɧɨɦɟɪɚ n ɩɨ m ɧɚɯɨɞɹɬɫɹ ɜ ɪɚɡɧɵɯ ɫɥɨɹɯ, ɬɨ ɡɚɪɟ-
ɝɢɫɬɪɢɪɨɜɚɧɧɵɟ ɜɪɟɦɟɧɚ ɩɪɢɯɨɞɚ  ɜ ɷɬɢ ɫɟɣɫɦɨ-
ɩɪɢɟɦɧɢɤɢ ɧɟ ɞɨɥɠɧɵ ɥɟɠɚɬɶ ɧɚ ɨɞɧɨɣ ɩɪɹɦɨɣ. 
Ɉɬɤɥɨɧɟɧɢɟ ɨɬ ɩɪɹɦɨɣ ɦɨɠɟɬ ɨɡɧɚɱɚɬɶ ɧɚɥɢɱɢɟ 
ɝɪɚɧɢɰɵ ɩɥɚɫɬɨɜ ɜ ɢɧɬɟɪɜɚɥɟ  ɢ ɨɛɭɫɥɚɜ-
ɥɢɜɚɬɶɫɹ ɫɦɟɧɨɣ ɫɤɨɪɨɫɬɢ ɩɪɨɯɨɠɞɟɧɢɹ ɷɬɨɝɨ ɢɧ-
ɬɟɪɜɚɥɚ. Ɇɟɬɨɞɢɱɟɫɤɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɨɰɟɧɤɢ  
ɭɦɟɧɶɲɚɟɬɫɹ ɫ ɝɥɭɛɢɧɨɣ, ɬ.ɤ. ɭɦɟɧɶɲɚɟɬɫɹ ɜɤɥɚɞ 
ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɩɨɦɟɯ ɢ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɢɫɬɨɱ-
ɧɢɤɨɦ ɢ ɩɪɢɟɦɧɢɤɨɦ ɜɨɥɧɵ ɜɨɡɪɚɫɬɚɟɬ. ɉɭɫɬɶ 

, ɝɞɟ  (ɟɫɥɢ 

),  - ɩɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɝɨ-
ɞɨɝɪɚɮɚ . 

Ɋɚɛɨɬɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɪɚɡɪɚɛɨɬɤɟ ɚɥɝɨɪɢɬɦɨɜ 
ɩɨɫɬɪɨɟɧɢɹ ɩɥɚɫɬɨɜɨɣ ɦɨɞɟɥɢ ɫɪɟɞɵ ɜ ɨɤɨɥɨɫɤɜɚ-
ɠɢɧɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ Ɂɚɞɚɱɭ ɩɨɫɬɪɨɟɧɢɹ ɩɥɚɫɬɨ-
ɜɨɣ ɦɨɞɟɥɢ ɫɪɟɞɵ ɩɨ ɧɚɛɥɸɞɟɧɧɨɦɭ ɜɟɪɬɢɤɚɥɶɧɨ-
ɦɭ ɝɨɞɨɝɪɚɮɭ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ ɡɚɞɚɱɢ 
ɤɭɫɨɱɧɨ-ɥɢɧɟɣɧɨɣ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɝɨɞɨɝɪɚɮɚ, ɜ 
ɤɨɬɨɪɨɣ ɨɝɪɚɧɢɱɟɧɢɹ ɥɢɧɟɣɧɵɯ ɮɭɧɤɰɢɣ ɛɭɞɭɬ 
ɨɩɪɟɞɟɥɹɬɶ ɝɪɚɧɢɰɵ ɩɥɚɫɬɨɜ, ɚ ɤɨɷɮɮɢɰɢɟɧɬɵ 
ɥɢɧɟɣɧɨɝɨ ɭɪɚɜɧɟɧɢɹ – ɩɥɚɫɬɨɜɵɟ ɫɤɨɪɨɫɬɢ. 

 
Ɉɩɢɫɚɧɢɟ ɚɥɝɨɪɢɬɦɨɜ ɚɩɩɪɨɤɫɢɦɚɰɢɢ 
ɋɭɬɶ ɚɥɝɨɪɢɬɦɚ 1 ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɨɩɪɟɞɟɥɟɧɢɢ 

ɨɬɤɥɨɧɟɧɢɹ ɩɨ ɜɪɟɦɟɧɢ ɬɨɱɟɤ, ɩɪɢɧɚɞɥɟɠɚɳɢɯ 
ɝɨɞɨɝɪɚɮɭ, ɨɬ ɚɩɩɪɨɤɫɢɦɢɪɭɸɳɢɯ ɨɬɪɟɡɤɨɜ, ɩɨ-
ɫɥɟɞɨɜɚɬɟɥɶɧɨɦ ɩɨɫɬɪɨɟɧɢɢ ɩɪɹɦɵɯ, ɩɪɨɯɨɞɹɳɢɯ 
ɱɟɪɟɡ ɧɚɱɚɥɶɧɭɸ ɬɨɱɤɭ ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɩɥɚɫɬɚ ɢ 
ɫɥɟɞɭɸɳɢɯ ɬɨɱɟɤ, ɚ ɬɚɤɠɟ ɧɚɯɨɠɞɟɧɢɹ ɨɬɤɥɨɧɟ-
ɧɢɹ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɬɨɱɟɤ ɨɬ ɩɪɹɦɨɣ ДγЖ.  

ɉɪɢɜɟɞɟɦ ɨɩɢɫɚɧɢɟ ɚɥɝɨɪɢɬɦɚμ 
1.  

2. ȼɵɛɢɪɚɟɬɫɹ ɝɥɭɛɢɧɚ . 
3. ȼɜɨɞɢɬɫɹ ɫɱɟɬɱɢɤ m = 2. 
4. ɋɬɪɨɢɦ ɩɪɹɦɭɸ, ɩɪɨɯɨɞɹɳɭɸ ɱɟɪɟɡ ɬɨɱɤɢ 

 ɢ  : . 
5. ɉɪɨɜɟɪɹɟɦ ɭɫɥɨɜɢɟ ɥɢɧɟɣɧɨɣ ɚɩɩɪɨɤɫɢ-

ɦɚɰɢɢ ɧɚ ɨɬɪɟɡɤɟ , ɧɚɩɪɢɦɟɪ, ɟɫɥɢ 
, ɬɨɝɞɚ  – 

ɝɪɚɧɢɰɚ ɫɥɨɟɜ, ɢɧɚɱɟ ɭɜɟɥɢɱɢɜɚɟɦ Ц ɢ ɜɵɩɨɥɧɹɟɦ 
ɩ. 3. 

6. ɍɜɟɥɢɱɢɜɚɟɦ n ɧɚ 1 ɢ ɩɟɪɟɯɨɞɢɦ ɤ ɩ. 2. 
 
ɉɪɨɜɟɞɟɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɨɜ 
Ⱦɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɬɟɫɬɢɪɨɜɚɧɢɹ ɚɥɝɨɪɢɬɦɚ 

ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɩɪɨɜɟɞɟɦ ɷɤɫɩɟɪɢɦɟɧɬ, ɤɨɬɨɪɵɣ 
ɩɨɡɜɨɥɹɬ ɩɪɨɜɟɪɢɬɶ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɢ ɩɨɦɟɯɨ-
ɭɫɬɨɣɱɢɜɨɫɬɶ ɦɨɞɟɥɢ. 

ɉɭɫɬɶ  – ɧɟɨɞɧɨɪɨɞɧɵɣ ɫɥɭɱɚɣɧɵɣ ɩɪɨ-
ɰɟɫɫ ɫ ɧɨɪɦɚɥɶɧɵɦ ɡɚɤɨɧɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢ ɩɚ-
ɪɚɦɟɬɪɚɦɢ  

,  (1) 
ɝɞɟ  – ɞɢɫɩɟɪɫɢɹ ɩɨɝɪɟɲɧɨɫɬɢ ɩɪɢ ,  
ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɬɭɯɚɧɢɹ. ȼ ɤɚɱɟɫɬɜɟ ɦɨɞɟɥɶɧɵɯ 
ɞɚɧɧɵɯ ɩɨɫɬɪɨɟɧɚ ɬɨɥɫɬɨɫɥɨɢɫɬɚɹ ɦɨɞɟɥɶ.  

ɉɟɪɟɣɞɟɦ ɤ ɷɬɚɩɚɦ ɜɵɩɨɥɧɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚμ 
 ɨɫɭɳɟɫɬɜɥɟɧɢɟ ɪɚɫɱɟɬɚ ɜɪɟɦɟɧɢ ɩɪɨɛɟɝɚ 

ɜɨɥɧɵ ɦɟɠɞɭ ɫɟɣɫɦɨɩɪɢɟɦɧɢɤɚɦɢν 
 ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɫɥɭɱɚɣɧɨɝɨ ɩɪɨɰɟɫɫɚ ; 
 ɜɵɩɨɥɧɟɧɢɟ ɚɥɝɨɪɢɬɦɚ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɫ 

ɜɜɟɞɟɧɢɟɦ ɩɨɝɪɟɲɧɨɫɬɢ, ɡɚɜɢɫɹɳɟɣ ɨɬ ɝɥɭɛɢɧɵ. 
Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɝɪɚɧɢɰ ɩɥɚɫɬɨɜ ɢɫɩɨɥɶɡɭɟɦ ɮɨɪ-
ɦɭɥɭ ,  

Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢ-
ɫɭɧɤɟ 1. 

 
Ɋɢɫ. 1. Ɋɚɫɩɨɥɨɠɟɧɢɟ ɝɪɚɧɢɰ ɩɥɚɫɬɨɜ ɩɪɢ ɩɨɢɫɤɟ 
ɚɩɩɪɨɤɫɢɦɚɰɢɟɣ ɫɜɟɪɯɭ ɜɧɢɡ ɢ , ɡɚɜɢɫɹɳɟɣ 

ɨɬ  
Ⱥɥɝɨɪɢɬɦ ɨɩɪɟɞɟɥɢɥ «ɥɢɲɧɢɟ» ɝɪɚɧɢɰɵ ɩɥɚ-

ɫɬɨɜ, ɝɞɟ ɚɦɩɥɢɬɭɞɚ ɲɭɦɚ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɚ. 
ɋɞɟɥɚɟɦ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɩɪɢ ɦɨɞɟɥɢ ɫ ɭɦɟɧɶɲɚ-
ɸɳɢɦɢɫɹ ɫ ɝɥɭɛɢɧɨɣ ɩɨɝɪɟɲɧɨɫɬɹɦɢ ɚɥɝɨɪɢɬɦ, ɜ 
ɤɨɬɨɪɨɦ  ɡɚɜɢɫɢɬ ɨɬ , ɞɚɟɬ ɥɭɱɲɢɣ ɪɟɡɭɥɶ-
ɬɚɬ ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɜɵɛɨɪɚ ɩɨɪɹɞɤɚ ɚɩɩɪɨɤɫɢɦɚ-
ɰɢɢ. 
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Ɂɚɤɥɸɱɟɧɢɟ 
ɗɤɫɩɟɪɢɦɟɧɬ ɧɚ ɦɨɞɟɥɶɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɩɨɞ-

ɬɜɟɪɠɞɟɧɢɹ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɢ ɩɨɦɟɯɨɭɫɬɨɣɱɢ-
ɜɨɫɬɢ ɚɥɝɨɪɢɬɦɚ ɩɨɤɚɡɚɥ, ɱɬɨ ɞɥɹ ɢɞɟɚɥɶɧɵɯ ɦɨ-
ɞɟɥɟɣ ɝɪɚɧɢɰɵ ɩɥɚɫɬɨɜ ɨɩɪɟɞɟɥɹɸɬɫɹ ɛɟɡɨɲɢɛɨɱ-
ɧɨ, ɚ ɩɪɢ ɧɚɥɢɱɢɢ ɩɨɦɟɯ ɜɨɡɧɢɤɚɟɬ ɩɨɝɪɟɲɧɨɫɬɶ 
ɤɚɤ ɜ ɨɩɪɟɞɟɥɟɧɢɢ ɩɨɥɨɠɟɧɢɹ ɝɪɚɧɢɰ ɩɥɚɫɬɨɜ, ɬɚɤ 
ɢ ɢɯ ɤɨɥɢɱɟɫɬɜɟ. ɉɨɥɧɨɟ ɫɨɜɩɚɞɟɧɢɟ ɝɪɚɧɢɰ ɫ ɦɨ-
ɞɟɥɶɧɵɦɢ ɜɵɩɨɥɧɹɟɬɫɹ ɦɚɤɫɢɦɭɦ ɧɚ γγ,γ%. Ɉɩɪɟ-
ɞɟɥɟɧɢɟ ɝɪɚɧɢɰ ɛɥɢɡɤɢɯ ɤ ɦɨɞɟɥɶɧɵɦ ɞɚɧɧɵɦ ɜɵ-
ɩɨɥɧɹɟɬɫɹ ɦɚɤɫɢɦɭɦ ɧɚ 7λ%. 

ɗɤɫɩɟɪɢɦɟɧɬ ɩɨɞɬɜɟɪɞɢɥ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɢ 
ɩɨɦɟɯɨɭɫɬɨɣɱɢɜɨɫɬɶ ɚɥɝɨɪɢɬɦɨɜ. ȼ ɪɟɡɭɥɶɬɚɬɟ 
ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɨɩɪɟɞɟɥɟɧɚ ɪɟɤɨ-
ɦɟɧɞɚɰɢɹ ɩɨ ɜɵɛɨɪɭ ɜɟɥɢɱɢɧɵ ɩɨɝɪɟɲɧɨɫɬɢ  
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ȼɜɟɞɟɧɢɟ 
ȼ ɪɹɞɟ ɫɨɜɪɟɦɟɧɧɵɯ ɷɥɟɤɬɪɨɧɧɵɯ ɩɪɢɛɨɪɨɜ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɧɚɩɪɚɜɥɟɧɧɵɟ ɭɩɪɚɜɥɹɟɦɵɟ ɩɨɬɨɤɢ 
(ɩɭɱɤɢ) ɷɥɟɤɬɪɨɧɨɜ, ɫɨɡɞɚɜɚɟɦɵɟ ɫ ɩɨɦɨɳɶɸ ɦɚɝ-
ɧɢɬɧɵɯ ɢ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɨɥɟɣ ɜ ɪɚɡɥɢɱɧɵɯ ɞɢɨ-
ɞɚɯ. ɉɨɞ ɩɭɱɤɨɦ ɡɚɪɹɠɟɧɧɵɯ ɱɚɫɬɢɰ ɨɛɵɱɧɨ ɩɨ-
ɧɢɦɚɸɬ ɩɨɬɨɤ ɱɚɫɬɢɰ, ɞɜɢɠɭɳɢɯɫɹ ɜ ɨɞɧɨɦ 
ɧɚɩɪɚɜɥɟɧɢɢ ɩɪɢɦɟɪɧɨ ɩɚɪɚɥɥɟɥɶɧɨ ɞɪɭɝ ɞɪɭɝɭ. 
ɗɥɟɤɬɪɨɧɵ ɩɭɱɤɚ ɩɪɢ ɞɜɢɠɟɧɢɢ ɜ ɭɫɤɨɪɹɸɳɟɦ 
ɞɢɨɞɟ ɫɨɡɞɚɸɬ ɫɨɛɫɬɜɟɧɧɨɟ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɩɨɥɟ, 
ɫɜɹɡɚɧɧɨɟ ɫ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɦ ɡɚɪɹɞɨɦ ɩɭɱɤɚ. ɗɬɨ 
ɩɨɥɟ ɬɨɪɦɨɡɢɬ ɩɨɫɥɟɞɭɸɳɢɟ ɷɥɟɤɬɪɨɧɵ, ɜɥɟɬɚɸ-
ɳɢɟ ɜ ɞɢɨɞɧɵɣ ɩɪɨɦɟɠɭɬɨɤ. ȼ ɪɟɡɭɥɶɬɚɬɟ, ɬɨɬ 
ɩɭɱɨɤ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɩɪɨɯɨɞɢɬɶ ɱɟɪɟɡ ɫɢɫɬɟɦɭ, 
ɨɝɪɚɧɢɱɟɧ. ȼɨɡɧɢɤɚɟɬ ɩɨɧɹɬɢɟ ɩɪɟɞɟɥɶɧɨɝɨ ɬɨɤɚ. 
ɉɨɞ ɩɪɟɞɟɥɶɧɵɦ ɬɨɤɨɦ ɩɨɧɢɦɚɸɬ ɦɚɤɫɢɦɚɥɶɧɨ 
ɞɨɩɭɫɬɢɦɨɟ ɜ ɫɬɚɰɢɨɧɚɪɧɨɦ ɪɟɠɢɦɟ ɡɧɚɱɟɧɢɟ ɬɨɤɚ 
ɩɭɱɤɚ, ɩɪɨɬɟɤɚɸɳɟɝɨ ɱɟɪɟɡ ɞɢɨɞ. ɂɡɜɟɫɬɧɵ ɪɚɡ-
ɥɢɱɧɵɟ ɤɨɧɮɢɝɭɪɚɰɢɢ ɞɢɨɞɨɜ, ɨɫɧɨɜɧɵɟ ɢɡ ɧɢɯμ 
ɩɥɨɫɤɢɟ, ɤɨɚɤɫɢɚɥɶɧɵɟ ɢ ɫɮɟɪɢɱɟɫɤɢɟ 

Ɂɚɞɚɱɢ ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɟɞɟɥɶɧɵɯ ɬɨɤɨɜ ɪɟɲɚ-
ɥɢɫɶ ɞɥɹ ɩɥɨɫɤɢɯ ɢ ɤɨɚɤɫɢɚɥɶɧɵɯ ɞɢɨɞɨɜ. ɉɪɨɜɨ-
ɞɢɥɢɫɶ ɢɫɫɥɟɞɨɜɚɧɢɹ ɤɚɤ ɞɥɹ ɭɥɶɬɪɚɪɟɥɹɬɢɜɢɫɬ-
ɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ, ɫɥɚɛɨɪɟɥɹɬɢɜɢɫɬɫɤɢɯ ɢ ɧɟɪɟɥɹ-
ɬɢɜɢɫɬɫɤɢɯ. ɑɬɨ ɤɚɫɚɟɬɫɹ ɫɮɟɪɢɱɟɫɤɢɯ ɞɢɨɞɨɜ, ɬɨ 
ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɨɬɫɭɬɫɬɜɭɸɬ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɩɪɟɞɟɥɶɧɵɯ ɬɨɤɨɜ ɞɥɹ ɪɟɥɹɬɢɜɢɫɬɫɤɢɯ ɧɚɩɪɹɠɟ-
ɧɢɣ. 

ɇɢɠɟ ɦɵ ɪɚɫɫɦɨɬɪɢɦ ɡɚɞɚɱɭ ɨ ɩɪɟɞɟɥɶɧɨɦ ɬɨ-
ɤɟ ɜ ɫɮɟɪɢɱɟɫɤɨɦ ɞɢɨɞɟ ɞɥɹ ɪɟɥɹɬɢɜɢɫɬɫɤɢɯ 

ɧɚɩɪɹɠɟɧɢɹɯ, ɤɨɝɞɚ 
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0 0 1U m c  ɢ ɫɤɨɪɨɫɬɶ ɷɥɟɤ-
ɬɪɨɧɨɜ ɩɭɱɤɚ Яb ɜ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɦɨɠɧɨ 
ɫɱɢɬɚɬɶ ɩɨɫɬɨɹɧɧɨɣ ɩɨɪɹɞɤɚ ɫɤɨɪɨɫɬɢ ɫɜɟɬɚ c . 
Ɉɩɪɟɞɟɥɢɦ ɡɚɜɢɫɢɦɨɫɬɶ ɩɪɟɞɟɥɶɧɨɝɨ ɬɨɤɚ ɜ ɷɬɨɦ 

ɫɥɭɱɚɟ ɨɬ ɝɟɨɦɟɬɪɢɢ ɞɢɨɞɚ ɢ ɭɫɤɨɪɹɸɳɟɝɨ ɧɚɩɪɹ-
ɠɟɧɢɹ 0U . 

 
Ɉɫɧɨɜɧɵɟ ɭɪɚɜɧɟɧɢɹ. ɉɪɟɞɟɥɶɧɵɟ ɬɨɤɢ 
1. ɉɭɫɬɶ ɫɢɫɬɟɦɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɜɥɨ-

ɠɟɧɧɵɟ ɫɮɟɪɵ ɫ ɤɚɬɨɞɨɦ ɧɚ ɜɧɭɬɪɟɧɧɟɣ ɫɮɟɪɟ. 
Ɉɩɪɟɞɟɥɢɦ ɩɪɟɞɟɥɶɧɵɣ ɬɨɤ ɩɪɢ ɞɜɢɠɟɧɢɟ ɷɥɟɤ-

ɬɪɨɧɨɜ ɩɭɱɤɚ ɫ ɜɧɭɬɪɟɧɧɟɝɨ 0r  ɪɚɞɢɭɫɚ ɫɢɫɬɟɦɵ ɤ 
ɜɧɟɲɧɟɦɭ R  ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɪɚɡɧɨɫɬɢ ɩɨɬɟɧɰɢɚɥɨɜ 

0U  (ɪɢɫ. 1). 

 
Ɋɢɫ. 1. ɋɮɟɪɢɱɟɫɤɢɣ ɞɢɨɞ ɫ ɜɧɭɬɪɟɧɧɢɦ ɪɚɞɢɭɫɨɦ 

0r  ɢ ɜɧɟɲɧɢɦ ɪɚɞɢɭɫɨɦ R  
 

ɍɪɚɜɧɟɧɢɟ ɉɭɚɫɫɨɧɚ ɡɚɩɢɲɟɦ ɜ ɜɢɞɟμ  
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Ƚɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɩɪɢ ɷɬɨɦ ɡɚɩɢɲɭɬɫɹ ɜ ɜɢ-

ɞɟμ 


