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ɐɟɥɶ ɩɭɛɥɢɤɚɰɢɢ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨɛɵ ɧɚ ɨɫ-

ɧɨɜɟ ɫɨɜɪɟɦɟɧɧɵɯ ɞɨɫɬɢɠɟɧɢɣ ɧɚɭɤɢ ɩɪɨɜɟɫɬɢ ɢɫɫɥɟɞɨ-
ɜɚɧɢɟ ɢ ɩɨɥɭɱɢɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɦɨɳɧɨ-
ɫɬɢ ɚɫɢɧɯɪɨɧɧɵɯ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɨɬ ɬɢɩɨɪɚɡɦɟɪɨɜ ɢɯ 
ɦɚɝɧɢɬɨɩɪɨɜɨɞɚ; ɨɩɬɢɦɢɡɚɰɢɸ ɩɪɨɰɟɞɭɪɵ ɩɟɪɟɪɚɫɱɺɬɚ 
ɫɨɜɪɟɦɟɧɧɵɯ ɚɫɢɧɯɪɨɧɧɵɯ ɷɥɟɤɬɪɨɦɚɲɢɧ ɩɪɢ ɩɪɨɟɤɬɢ-
ɪɨɜɚɧɢɢ ɢ ɦɨɞɟɪɧɢɡɚɰɢɢ. 

Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɫɢɫɬɟɦɵ ɩɪɨɟɤ-
ɬɢɪɨɜɚɧɢɹ ɢ ɪɟɦɨɧɬɚ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɧɟɨɛɯɨɞɢɦɨ 
ɭɱɢɬɵɜɚɬɶ ɧɟ ɬɨɥɶɤɨ ɩɟɪɟɱɢɫɥɟɧɧɵɟ ɜɵɲɟ ɮɚɤɬɨɪɵ, 
ɧɨ ɬɚɤɠɟ ɩɭɬɢ ɭɥɭɱɲɟɧɢɹ ɫɬɪɭɤɬɭɪɵ ɫɢɫɬɟɦɵ ɪɟɦɨɧ-
ɬɨɜ, ɬɟɯɧɨɥɨɝɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɟɟ ɨɬɞɟɥɶɧɵɯ ɞɟɬɚɥɟɣ, 
ɚɝɪɟɝɚɬɨɜ, ɛɥɨɤɨɜ, ɭɡɥɨɜ ɜ ɰɟɥɨɦ ɜ ɨɩɵɬɧɵɯ ɢ ɫɟɪɢɣ-
ɧɵɯ ɨɛɪɚɡɰɚɯ.  

ɉɨɷɬɨɦɭ ɪɚɫɱɟɬ ɢ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɚɫɢɧɯɪɨɧɧɨɝɨ 
ɞɜɢɝɚɬɟɥɹ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɢ ɧɟɨɩɪɟ-
ɞɟɥɟɧɧɭɸ ɡɚɞɚɱɭ ɫɨ ɦɧɨɝɢɦɢ ɪɟɲɟɧɢɹɦɢ, ɬɚɤ ɤɚɤ ɱɢɫ-
ɥɨ ɨɩɪɟɞɟɥɹɟɦɵɯ ɧɟɢɡɜɟɫɬɧɵɯ ɛɨɥɶɲɟ ɱɢɫɥɚ ɭɪɚɜɧɟ-
ɧɢɣ, ɫɜɹɡɵɜɚɸɳɢɯ ɢɯ. ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɧɚ ɧɚɱɚɥɶɧɨɦ 
ɷɬɚɩɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɩɪɢɯɨɞɢɬɫɹ ɡɚɞɚɜɚɬɶɫɹ ɨɩɪɟɞɟ-
ɥɟɧɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɧɟɤɨɬɨɪɵɯ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɢ 
ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɜɟɥɢɱɢɧ, ɛɚɡɢɪɭɹɫɶ ɧɚ ɪɟɤɨɦɟɧɞɚɰɢ-
ɹɯ, ɩɨɥɭɱɟɧɧɵɯ ɜ ɩɪɨɰɟɫɫɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɞɜɢɝɚɬɟɥɟɣ 
ɩɨɞɨɛɧɨɝɨ ɤɥɚɫɫɚ. 

   
Ʉɨɧɫɬɪɭɤɬɢɜɧɨɟ ɨɮɨɪɦɥɟɧɢɟ ɚɫɢɧɯɪɨɧ-

ɧɵɯ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ, ɢɯ ɦɨɳɧɨɫɬɶ ɢ ɝɚɛɚɪɢ-
ɬɵ ɡɚɜɢɫɹɬ ɨɬ ɧɚɡɧɚɱɟɧɢɹ ɢ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ. 

Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ – 
ɪɚɡɦɟɪɵ, ɦɚɫɫɚ ɢ ɫɬɨɢɦɨɫɬɶ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ 
ɡɚɜɢɫɹɬ ɨɬ ɟɝɨ ɝɥɚɜɧɵɯ ɪɚɡɦɟɪɨɜ: ɜɧɭɬɪɟɧɧɟɝɨ 
ɞɢɚɦɟɬɪɚ ɫɟɪɞɟɱɧɢɤɚ ɫɬɚɬɨɪɚ ɢ ɟɝɨ ɞɥɢɧɵ.  

ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɝɥɚɜɧɵɟ ɪɚɡɦɟɪɵ ɡɚɜɢ-
ɫɹɬ ɨɬ ɦɨɳɧɨɫɬɢ ɞɜɢɝɚɬɟɥɹ, ɱɚɫɬɨɬɵ ɜɪɚɳɟ-
ɧɢɹ, ɚ ɬɚɤɠɟ ɨɫɧɨɜɧɵɯ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɧɚ-
ɝɪɭɡɨɤ ɜ ɧɨɦɢɧɚɥɶɧɨɦ ɪɟɠɢɦɟ – ɢɧɞɭɤɰɢɢ ɜ 
ɜɨɡɞɭɲɧɨɦ ɡɚɡɨɪɟ B

 
ɢ ɥɢɧɟɣɧɨɣ ɧɚɝɪɭɡɤɢ . 

ȼɟɥɢɱɢɧɵ B  ɢ  ɨɩɪɟɞɟɥɹɸɬ ɫɪɟɞɧɸɸ ɤɚɫɚ-
ɬɟɥɶɧɭɸ ɫɢɥɭ KF  ɧɚ ɟɞɢɧɢɰɭ ɩɨɜɟɪɯɧɨɫɬɢ 
ɫɬɚɬɨɪɚ (ɪɢɫ. 1). 

KF K K B A .       (1) 

Ɂɞɟɫɶ  – ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɥɸɫɧɨɣ ɞɭɝɢ, ɭɱɢɬɵ-
ɜɚɸɳɢɣ ɞɟɣɫɬɜɢɟ ɢɧɞɭɤɰɢɢ B  ɜ ɩɪɟɞɟɥɚɯ ɩɨɥɸɫɧɨɝɨ 
ɞɟɥɟɧɢɹ (ɬɨɥɶɤɨ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɪɚɫɱɟɬɧɨɣ ɩɨɥɸɫɧɨɣ 
ɞɭɝɢ ); K  – ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɮɨɪɦɵ 
ɤɪɢɜɨɣ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɜ ɜɨɡɞɭɲɧɨɦ ɡɚɡɨɪɟ; K  – 
ɨɛɦɨɬɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ. 

ɍɦɧɨɠɢɜ KF  ɧɚ ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɚɬɨɪɚ 
D L  ɢ ɧɚ ɩɥɟɱɨ / 2D , ɩɨɥɭɱɢɦ ɜɵɪɚɠɟɧɢɟ ɷɥɟɤ-

ɬɪɨɦɚɝɧɢɬɧɨɝɨ ɦɨɦɟɧɬɚ: 
2

2
M K K D L B A  ,      (2) 

ɝɞɟ D  ɢ A  – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜɧɭɬɪɟɧɧɢɣ ɞɢɚ-
ɦɟɬɪ ɢ ɞɥɢɧɚ ɫɟɪɞɟɱɧɢɤɚ ɫɬɚɬɨɪɚ, ɦɦ. 

ɍɦɧɨɠɢɜ ɜɵɪɚɠɟɧɢɟ (2) ɧɚ ɫɢɧɯɪɨɧɧɭɸ ɭɝɥɨɜɭɸ 
ɫɤɨɪɨɫɬɶ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɫɬɚɬɨɪɚ 1 (Ȧ

1
=2·ʌ·n

1
/60) ɢɥɢ 

ɧɚ ɱɚɫɬɨɬɭ ɜɪɚɳɟɧɢɹ n
1
, ɩɨɥɭɱɢɦ ɡɚɜɢɫɢɦɨɫɬɶ P  ɨɬ 

ɨɫɧɨɜɧɵɯ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɪɚɡɦɟɪɨɜ, ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ 
ɧɚɝɪɭɡɨɤ ɢ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ ɦɚɲɢɧɵ: 

1.  
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P K K D L B A n .    (3) 

ɂɡ ɮɨɪɦɭɥɵ (3) ɫɥɟɞɭɟɬ, ɱɬɨ ɩɪɢ ɧɟɢɡɦɟɧɧɨɣ ɷɥɟɤ-
ɬɪɨɦɚɝɧɢɬɧɨɣ ɦɨɳɧɨɫɬɢ, ɱɟɦ ɜɵɲɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɟ 
ɧɚɝɪɭɡɤɢ B ,ɢ A , ɬɟɦ ɦɟɧɶɲɟ ɝɚɛɚɪɢɬɵ ɦɚɲɢɧɵ ɢ ɟɟ 
ɦɚɫɫɚ, ɪɚɫɯɨɞ ɚɤɬɢɜɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɫɬɨɢɦɨɫɬɶ. ȼ ɨɞ-
ɧɨɦ ɢ ɬɨɦ ɠɟ ɝɚɛɚɪɢɬɟ ɦɚɲɢɧɵ ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɵɟ 
ɢɦɟɸɬ ɦɨɳɧɨɫɬɶ ɜɵɲɟ ɧɢɡɤɨɫɤɨɪɨɫɬɧɵɯ. Ɇɚɲɢɧɧɚɹ 
ɩɨɫɬɨɹɧɧɚɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

2
1

2
60D L n C

P K K A B
 .    (4) 

Ɂɚɞɚɱɟɣ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ 
ɩɚɪɚɦɟɬɪɨɜ ɮɨɪɦɭɥɵ (4), ɞɥɹ ɨɩɬɢɦɚɥɶɧɵɯ ɬɢɩɨɪɚɡ-
ɦɟɪɨɜ ɦɚɝɧɢɬɨɩɪɨɜɨɞɚ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ 
ɧɚ ɜɚɥɭ, ɪɚɡɜɢɜɚɟɦɨɣ ɦɚɲɢɧɨɣ. 

ȼɫɟ ɜɟɥɢɱɢɧɵ ɜ ɮɨɪɦɭɥɟ (4), ɤɪɨɦɟ ɫɢɧɯɪɨɧɧɨɣ 
ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɫɬɚɬɨɪɚ n1, ɧɟɢɡ-
ɜɟɫɬɧɵ, ɧɨ ɧɚ ɜɵɛɨɪ ɩɚɪɚɦɟɬɪɨɜ , , Į , K , K  
ɢɦɟɸɬɫɹ ɪɟɤɨɦɟɧɞɚɰɢɢ ɜ ɥɢɬɟɪɚɬɭɪɟ ɩɨ ɩɪɨɟɤɬɢɪɨɜɚ-
ɧɢɸ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɦɚɲɢɧ.  

Ɉɫɬɚɸɬɫɹ ɞɜɚ ɧɟɢɡɜɟɫɬɧɵɯ D ɢ L. Ɉɬ ɪɚɡɦɟɪɨɜ D 
ɢ L ɢ ɨɬ ɫɨɨɬɧɨɲɟɧɢɣ ɦɟɠɞɭ ɧɢɦɢ ɡɚɜɢɫɹɬ ɜɟɫ ɦɚɲɢ-
ɧɵ ɢ ɟɟ ɫɬɨɢɦɨɫɬɶ, ɚ ɬɚɤɠɟ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɧɚɞɟɠɧɨɫɬɶ. 

ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɚɲɢɧɵ ɫɜɨɞɢɬ-
ɫɹ ɤ ɦɧɨɝɨɤɪɚɬɧɨɦɭ ɪɚɫɱɟɬɭ ɡɚɜɢɫɢɦɨɫɬɟɣ ɦɟɠɞɭ ɨɫ-
ɧɨɜɧɵɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɜ ɮɨɪɦɭɥɟ (4), ɡɚɞɚɧɧɵɯ ɜ 
ɜɢɞɟ ɫɢɫɬɟɦɵ ɮɨɪɦɭɥ, ɷɦɩɢɪɢɱɟɫɤɢɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ, 
ɝɪɚɮɢɱɟɫɤɢɯ ɡɚɜɢɫɢɦɨɫɬɟɣ. 

ɉɪɢ ɪɟɲɟɧɢɢ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ ɬɪɟɛɭɟɬɫɹ 
ɜɵɩɨɥɧɹɬɶ ɩɪɨɜɟɪɤɢ ɭɫɥɨɜɢɣ ɫ ɰɟɥɶɸ ɭɬɨɱɧɟɧɢɹ ɡɧɚ-
ɱɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ, ɩɪɢɧɹɬɵɯ ɜ ɧɚɱɚɥɟ ɩɪɨɟɤɬɢɪɨɜɚ-
ɧɢɹ, ɡɧɚɱɟɧɢɹɦ ɷɬɢɯ ɠɟ ɩɚɪɚɦɟɬɪɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɜ 
ɩɪɨɰɟɫɫɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ. 

ȿɫɥɢ ɩɪɟɧɟɛɪɟɱɶ ɩɨɬɟɪɹɦɢ ɜ ɪɨɬɨɪɟ ɷɥɟɤɬɪɨɞɜɢ-
ɝɚɬɟɥɹ, ɬɨ ɦɨɠɧɨ ɫɱɢɬɚɬɶ, ɱɬɨ 2P P , ɝɞɟ 2P  – ɩɨ-
ɥɟɡɧɚɹ ɦɨɳɧɨɫɬɶ: 

2
2 1( )P L D n ,      (5) 

ɝɞɟ n1 – ɫɢɧɯɪɨɧɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɦɚɝɧɢɬɧɨ-
ɝɨ ɩɨɥɹ ɫɬɚɬɨɪɚ, ɦɢɧ-1. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɥɟɡɧɨɣ ɦɨɳ-
ɧɨɫɬɢ ɬɪɺɯɮɚɡɧɵɯ ɚɫɢɧɯɪɨɧɧɵɯ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ 
ɦɨɠɧɨ ɩɪɢɦɟɧɢɬɶ ɮɨɪɦɭɥɭ (5), ɩɨɡɜɨɥɹɸɳɭɸ ɫɜɹɡɚɬɶ 
ɦɟɠɞɭ ɫɨɛɨɣ ɜɫɟ ɩɚɪɚɦɟɬɪɵ ɦɨɞɟɥɢɪɭɟɦɨɣ ɦɚɲɢɧɵ. 

ȼ ɮɨɪɦɭɥɟ (5)  – ɮɭɧɤɰɢɹ, ɨɩɪɟɞɟɥɹɸɳɚɹ ɦɨ-
ɞɟɥɶ ɢ ɡɚɜɢɫɢɦɚɹ ɨɬ ɩɨɥɸɫɧɨɝɨ ɞɟɥɟɧɢɹ Ĳ: 

2 1

D
p

,        (6) 

ɝɞɟ 1p  – ɱɢɫɥɨ ɩɚɪ ɩɨɥɸɫɨɜ ɜ ɦɚɲɢɧɟ. Ɉɩɪɟɞɟ-

ɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 1 1 160 /p f n ,  
ɝɞɟ f

1
 – ɱɚɫɬɨɬɚ ɧɚɩɪɹɠɟɧɢɹ ɫɟɬɢ, Ƚɰ. 

ɇɚ ɨɫɧɨɜɟ ɜɵɛɨɪɤɢ ɢ ɨɛɨɛɳɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶ-
ɧɵɯ ɞɚɧɧɵɯ ɛɵɥɚ ɩɨɥɭɱɟɧɚ ɷɦɩɢɪɢɱɟɫɤɚɹ ɮɨɪɦɭɥɚ 
ɮɭɧɤɰɢɢ  ɩɨ ɦɟɬɨɞɭ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ [1] ɜ ɜɢɞɟ 
ɥɨɝɚɪɢɮɦɢɱɟɫɤɨɣ ɡɚɜɢɫɢɦɨɫɬɢ:  

( ) lnC a b ,        (7) 
ɝɞɟ a ɢ b – ɧɟɤɨɬɨɪɵɟ ɩɨɫɬɨɹɧɧɵɟ ɤɨɷɮɮɢɰɢɟɧ-

ɬɵ, ɢɦɟɸɳɢɟ ɪɚɡɦɟɪɧɨɫɬɶ 910 . 
ɉɪɢ ɷɬɨɦ ɜ ɯɨɞɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥ ɫɞɟɥɚɧ ɜɚɠ-

ɧɵɣ ɜɵɜɨɞ, ɱɬɨ ɩɨɫɬɨɹɧɧɚɹ ɹɞɪɚ ɦɚɲɢɧɵ C – ɷɬɨ ɜɟ-
ɥɢɱɢɧɚ, ɪɚɫɩɪɟɞɟɥɹɟɦɚɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɨɥɸɫɧɨɝɨ 
ɞɟɥɟɧɢɹ ɩɨ ɡɚɤɨɧɭ ɧɚɬɭɪɚɥɶɧɨɝɨ ɥɨɝɚɪɢɮɦɚ. 

ɉɨɞ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ ɩɨɧɢɦɚɸɬɫɹ 
ɞɚɧɧɵɟ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɯɨɞɟ ɚɧɚɥɢɡɚ ɫɭɳɟɫɬɜɭɸɳɟɝɨ 
ɫɩɟɤɬɪɚ ɚɫɢɧɯɪɨɧɧɵɯ ɦɚɲɢɧ ɫɟɪɢɣ 4Ⱥ (ɬɚɤɠɟ ɨɬ-
ɞɟɥɶɧɨ ȼȺɈ – ɜɡɪɵɜɨɡɚɳɢɳɺɧɧɵɟ ɞɜɢɝɚɬɟɥɢ), ɜɵ-
ɩɭɫɤɚɟɦɵɯ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶɸ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ, 
ɫɢɫɬɟɦɚɬɢɡɢɪɨɜɚɧɧɵɯ ɩɨ ɬɢɩɭ, ɦɨɳɧɨɫɬɢ, ɝɟɨɦɟɬɪɢ-
ɱɟɫɤɢɦ ɩɚɪɚɦɟɬɪɚɦ ɢ ɱɢɫɥɭ ɩɚɪ ɩɨɥɸɫɨɜ. 

Ⱦɜɢɝɚɬɟɥɢ ɫɟɪɢɢ 4Ⱥ ɫɩɪɨɟɤɬɢɪɨɜɚɧɵ ɨɩɬɢɦɚɥɶ-
ɧɵɦɢ ɞɥɹ ɧɭɠɞ ɧɚɪɨɞɧɨɝɨ ɯɨɡɹɣɫɬɜɚ. Ʉɪɢɬɟɪɢɟɦ ɨɩ-
ɬɢɦɢɡɚɰɢɢ ɛɵɥɚ ɩɪɢɧɹɬɚ ɫɭɦɦɚɪɧɚɹ ɫɬɨɢɦɨɫɬɶ ɞɜɢɝɚ-
ɬɟɥɹ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɤɨɬɨɪɚɹ ɞɨɥɠɧɚ 
ɛɵɬɶ ɦɢɧɢɦɚɥɶɧɨɣ. ɋɟɪɢɹ ɨɯɜɚɬɵɜɚɟɬ ɞɢɚɩɚɡɨɧ ɦɨɳ-
ɧɨɫɬɟɣ ɨɬ 0,6 ɞɨ 400 ɤȼɬ ɢ ɩɨɫɬɪɨɟɧɚ ɧɚ 17 ɫɬɚɧɞɚɪɬ-
ɧɵɯ ɜɵɫɨɬɚɯ ɨɫɢ ɜɪɚɳɟɧɢɹ ɨɬ 50 ɞɨ 355 ɦɦ. ɋɟɪɢɹ 
ɜɤɥɸɱɚɟɬ ɨɫɧɨɜɧɨɟ ɢɫɩɨɥɧɟɧɢɟ ɞɜɢɝɚɬɟɥɟɣ, ɪɹɞ ɦɨ-
ɞɢɮɢɤɚɰɢɣ ɢ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɟ ɢɫɩɨɥɧɟɧɢɟ. 

ɑɢɫɥɟɧɧɵɟ ɞɚɧɧɵɟ ɚɧɚɥɢɡɚ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ 
ɜɢɞɟ ɦɚɫɫɢɜɚ, ɛɭɞɟɦ ɧɚɡɵɜɚɬɶ ɬɚɛɥɢɱɧɨ-ɡɚɞɚɧɧɨɣ 
ɮɭɧɤɰɢɟɣ C=f(Ĳ).  

ɉɪɢɜɟɞɺɦ ɜ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɧɟɤɨɬɨɪɵɟ ɞɚɧɧɵɟ 
ɞɥɹ ɞɜɢɝɚɬɟɥɟɣ ɨɫɧɨɜɧɨɝɨ ɢɫɩɨɥɧɟɧɢɹ IP44 ɫɤɨɪɨɫɬɶɸ 
1500 ɦɢɧ-1, ɢɯ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɟɞɫɬɚɜɥɟ-
ɧɵ ɜ ɬɚɛɥ. 1 ɢ 2 ɞɥɹ ɦɚɲɢɧ ɪɚɡɥɢɱɧɵɯ ɤɥɚɫɫɨɜ ɦɨɳɧɨ-
ɫɬɢ. Ɂɞɟɫɶ C – ɩɨɫɬɨɹɧɧɚɹ ɦɚɲɢɧɵ, ɩɨɥɭɱɟɧɧɚɹ ɩɨ ɫɩɪɚ-
ɜɨɱɧɵɦ ɞɚɧɧɵɦ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɮɨɪɦɭɥɵ (4).  

ȼɵɜɨɞ ɮɨɪɦɭɥɵ ɡɚɜɢɫɢɦɨɫɬɢ ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ 
ɩɨɢɫɤɟ ɩɪɢɛɥɢɠɟɧɧɨɣ ɮɭɧɤɰɢɢ ɞɥɹ ɪɚɫɲɢɪɟɧɢɹ ɞɢɫ-
ɤɪɟɬɧɨɣ ɨɛɥɚɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ ɬɚɛɥɢɱɧɨ-ɡɚɞɚɧɧɨɣ ɡɚ-
ɜɢɫɢɦɨɫɬɢ ɞɨ ɧɟɩɪɟɪɵɜɧɨɣ ɨɛɥɚɫɬɢ.  

Ⱦɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ ɛɵɥɚ ɢɫɩɨɥɶ-
ɡɨɜɚɧɚ ɫɢɫɬɟɦɚ Wolfram Research Mathematica 7 [2, 3]. 

ɇɚ ɪɢɫ. 2 ɢ 3 ɩɪɟɞɫɬɚɜɥɟɧɵ ɝɪɚɮɢɤɢ ɮɭɧɤɰɢɢ 
C=f(Ĳ), ɞɥɹ ɞɜɢɝɚɬɟɥɟɣ ɦɚɥɨɣ ɢ ɫɪɟɞɧɟɣ ɦɨɳɧɨɫɬɢ 
ɨɫɧɨɜɧɨɝɨ ɢɫɩɨɥɧɟɧɢɹ IP44 ɫ ɱɚɫɬɨɬɨɣ ɜɪɚɳɟɧɢɹ 
1500 ɦɢɧ-1. 

Ⱦɥɹ ɞɜɢɝɚɬɟɥɟɣ ɫɪɟɞɧɟɣ ɦɨɳɧɨɫɬɢ ɜɟɥɢɱɢɧɚ 
ɦɚɤɫɢɦɭɦɚ ɡɧɚɱɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ 
ɫɨɫɬɚɜɥɹɟɬ İ=4.81%, ɞɥɹ ɞɜɢɝɚɬɟɥɟɣ ɦɚɥɨɣ ɦɨɳɧɨɫɬɢ 
İ=3.72%. 
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 1. 4  
 P,  n, -1 2p D,  L,  C ,  

4 71 4 3 0,55 1500 4 70 65 1,151 54,978 
4 71 4 3 0,75 1500 4 70 74 1,379 54,978 
4 80 4 3 1,1 1500 4 84 78 1,332 65,973 
4 80 4 3 1,5 1500 4 84 98 1,446 65,973 
4 90L4 3 2,2 1500 4 95 100 1,625 74,613 

4 100S4 3 3 1500 4 105 100 1,814 82,467 
4 100L4 3 4 1500 4 105 130 1,861 82,467 
4 112 4 3 5,5 1500 4 126 125 1,848 98,960 
4 132S4 3 7,5 1500 4 145 115 2,068 113,883 
4 132 4 3 11 1500 4 145 160 2,180 113,883 

baC ln)( , ɝɞɟ 99 10570.3,10202.1 ba  (8) 

 
 2.   4    

 P,  n, -1 2p D,  L,  C ,  
4 160S4 3 15 1500 4 185 140 2,087 145,299 
4 160 4 3 18,5 1500 4 185 180 2,002 145,299 
4 180S4 3 22 1500 4 211 145 2,272 165,719 
4 180M4 3 30 1500 4 211 185 2,428 165,719 
4A200M4 3 37 1500 4 238 170 2,562 186,925 
4 200L4 3 45 1500 4 238 215 2,463 186,925 
4225M4 3 55 1500 4 264 200 2,630 207,345 
4 250S4 3 75 1500 4 290 220 2,702 227,765 
4 250M4 3 90 1500 4 290 260 2,744 227,765 
4 280S4 3 110 1500 4 335 220 2,970 263,108 
4 280M4 3 132 1500 4 335 240 3,267 263,108 
4 315S4 3 160 1500 4 335 290 3,277 263,108 
4 315M4 3 200 1500 4 335 360 3,300 263,108 
4 355S4 3 250 1500 4 380 360 3,206 298,451 
4 355M4 3 315 1500 4 380 470 3,094 298,451 

baC ln)( , ɝɞɟ 99 10279.6,10679.1 ba  (9) 

 

 2.   C=f( )   
  

 3.   C=f( )   
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Ʉɪɨɦɟ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜɵɲɟ ɡɚɜɢɫɢɦɨɫɬɟɣ, ɞɥɹ 
ɞɜɢɝɚɬɟɥɟɣ ɫɨ ɫɤɨɪɨɫɬɶɸ 1500 ɦɢɧ-1 ɛɵɥɢ ɩɨɥɭɱɟɧɵ 
ɚɧɚɥɨɝɢɱɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɞɥɹ ɞɜɢɝɚɬɟɥɟɣ ɫɨ ɫɤɨɪɨɫɬɹɦɢ 

750, 1000 ɢ 3000 ɦɢɧ-1 ɞɥɹ ɫɟɪɢɢ 4Ⱥ ɢ 
ɞɥɹ ɫɟɪɢɢ ȼȺɈ (ɬɚɛɥ. 3). 

  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɩɪɨɜɟɞɟɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɥɭɱɟɧɚ 
ɦɟɬɨɞɢɤɚ ɪɚɫɱɺɬɚ ɦɨɳɧɨɫɬɢ ɷɥɟɤɬɪɨ-
ɞɜɢɝɚɬɟɥɹ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ ɭɧɢɮɢ-
ɰɢɪɨɜɚɬɶ ɪɚɫɫɱɢɬɵɜɚɟɦɵɟ ɦɚɲɢɧɵ, 
ɬ.ɟ. ɜɚɪɶɢɪɨɜɚɬɶ ɢɯ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ 
ɩɚɪɚɦɟɬɪɵ, ɜɥɢɹɹ, ɬɟɦ ɫɚɦɵɦ, ɧɚ 
ɫɬɨɢɦɨɫɬɶ ɨɬɞɟɥɶɧɵɯ ɭɡɥɨɜ ɦɚɲɢɧɵ. 
ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɦɟɬɨɞɢɤɢ ɩɨɡɜɨɥɢɬ 
ɩɪɨɜɨɞɢɬɶ ɤɨɪɪɟɤɬɢɪɨɜɤɭ ɡɚɬɪɚɱɢ-
ɜɚɟɦɵɯ ɪɟɫɭɪɫɨɜ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ, 
ɪɟɦɨɧɬ ɢ ɦɨɞɟɪɧɢɡɚɰɢɸ ɚɫɢɧɯɪɨɧ-
ɧɵɯ ɞɜɢɝɚɬɟɥɟɣ, ɬɚɤ ɤɚɤ ɷɬɢ ɤɪɢɬɟ-
ɪɢɢ ɡɚɜɢɫɹɬ, ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ, ɨɬ 
ɪɚɫɱɺɬɧɨɝɨ ɡɧɚɱɟɧɢɹ ɢɯ ɦɨɳɧɨɫɬɢ. 
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 3.    
  4    

 -
 

baC ln)(  
, 

-1 

 
, 

 
910a  910b  

 

  4  (   ) 
750 0.55…11 0.78 -1.96 - 

1000 0.55…11 1.05 -2.77 - 
1500 0.55…11 1.20 -3.57 - 
3000 0.55…11 0.94 -3.23 - 

  4  (   ) 
750 > 11 0.40 0.71 - 

1000 > 11 1.15 -3.15 - 
1500 > 11 1.68 -6.28 - 
3000 > 11 1.22 -4.65 - 

  (   ) 
750 0.4…13 0.10 0.87  «0»-«6» 

1000 0.4…13 0.37 -0.32  «0»-«6» 
1500 0.4…13 0.64 -1.57  «0»-«6» 
3000 0.4…13 0.46 -1.26  «0»-«6» 

  (   ) 
750 10…100 0.99 -2.89  «6»-«8» 

1000 10…100 0.05 1.57  «6»-«8» 
1500 10…100 1.60 -6.29  «6»-«8» 
3000 10…100 0.97 -3.95  «6»-«8» 


