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ɩɥɚɧɢɪɭɟɬ ɧɟ ɬɨɥɶɤɨ ɩɪɨɞɨɥɠɚɬɶ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɧɨɜɵɯ ɦɨɳɧɨɫɬɟɣ ɧɚ ɫɜɨɟɣ ɬɟɪɪɢɬɨɪɢɢ, ɧɨ ɢ 
ɭɜɟɥɢɱɢɜɚɬɶ ɨɛɴɟɦɵ ɢɧɜɟɫɬɢɪɨɜɚɧɢɹ ɜ ɩɟɪɫɩɟɤɬɢɜɧɵɟ ɡɚɪɭɛɟɠɧɵɟ ɩɪɨɟɤɬɵ. ɋɥɟɞɭɸɳɢɟ ɫɬɪɨɤɢ 
ɪɟɣɬɢɧɝɚ ɩɪɢɧɚɞɥɟɠɚɬ Ƚɟɪɦɚɧɢɢ (65,6) ɢ ɋɒȺ (64,9) – ɩɪɚɜɢɬɟɥɶɫɬɜɚ ɤɨɬɨɪɵɯ ɚɤɬɢɜɧɨ ɪɚɫɲɢɪɹɸɬ 
ɫɥɨɠɢɜɲɭɸɫɹ ɢɧɮɪɚɫɬɪɭɤɬɭɪɭ ɞɥɹ ɛɭɞɭɳɟɝɨ ɪɚɡɜɢɬɢɹ ɱɢɫɬɨɣ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɢ. Ɇɢɪɨɜɨɣ ɨɛɴɟɦ 
ɢɧɜɟɫɬɢɪɨɜɚɧɢɹ ɱɢɫɬɨɣ ɷɧɟɪɝɟɬɢɤɢ ɜ 2012 ɝɨɞɭ ɫɨɫɬɚɜɢɥ 268,7 ɦɥɪɞ. $, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɜ 2011 ɝɨɞɭ ɜɨ 
ɜɫɟ ɜɢɞɵ ȼɂɗ ɩɨɫɬɭɩɢɥɨ 257,7 ɦɥɪɞ. $ ɢɧɜɟɫɬɢɰɢɣ. ɍɫɬɨɣɱɢɜɨɟ ɪɚɡɜɢɬɢɟ ɨɬɪɚɫɥɢ ɩɨɜɵɲɚɟɬ ɟɟ 
ɩɪɢɜɥɟɤɚɬɟɥɶɧɨɫɬɶ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɢɧɜɟɫɬɨɪɨɜ. Ⱦɚɥɶɧɟɣɲɚɹ ɪɚɡɪɚɛɨɬɤɚ ɢ ɪɟɚɥɢɡɚɰɢɹ ɫɬɪɚɬɟɝɢɣ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ȼɂɗ ɜɫɟ ɛɨɥɶɲɢɦ ɱɢɫɥɨɦ ɤɨɦɩɚɧɢɣ ɨɛɭɫɥɨɜɥɟɧɚ ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɷɮɮɟɤɬɢɜɧɨɝɨ 
ɭɩɪɚɜɥɟɧɢɹ ɪɢɫɤɚɦɢ ɜ ɫɢɥɭ ɜɨɥɚɬɢɥɶɧɨɫɬɢ ɰɟɧ ɧɚ ɬɪɚɞɢɰɢɨɧɧɵɟ ɷɧɟɪɝɨɧɨɫɢɬɟɥɢ ɢ ɛɭɞɟɬ 
ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɫɧɢɠɟɧɢɸ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɧɨɜɨɣ ɷɧɟɪɝɢɢ. Ɇɨɞɟɥɶ «ɤɨɪɢɱɧɟɜɨɣ» 
ɷɤɨɧɨɦɢɤɢ ɜ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɢ ɡɚɜɢɫɢɦɚ ɨɬ ɢɡɜɥɟɤɚɟɦɨɣ ɢɡ ɢɫɤɨɩɚɟɦɨɝɨ ɬɨɩɥɢɜɚ ɷɧɟɪɝɢɢ. 
Ɉɝɪɚɧɢɱɟɧɧɨɫɬɶ ɢ ɧɟɜɨɡɨɛɧɨɜɥɹɟɦɨɫɬɶ ɬɚɤɢɯ ɡɚɩɚɫɨɜ  ɫɬɚɜɢɬ ɜɨɩɪɨɫ ɨ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɟɪɟɯɨɞɚ ɤ 
ɜɨɡɨɛɧɨɜɥɹɟɦɨɣ ɷɧɟɪɝɟɬɢɤɟ. ȼ ɯɨɞɟ ɩɪɨɜɟɞɟɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɨ ɜɵɹɜɥɟɧɨ, ɱɬɨ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ 
ɫɭɛɫɢɞɢɪɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɢɧɫɬɪɭɦɟɧɬɨɦ ɫɧɢɠɟɧɢɹ ɪɟɚɥɶɧɨɣ ɫɬɨɢɦɨɫɬɢ «ɝɪɹɡɧɨɣ» ɷɧɟɪɝɟɬɢɤɢ ɢ 
ɛɚɪɶɟɪɨɦ ɞɥɹ ɪɚɡɜɢɬɢɹ ȼɂɗ. ȼ ɪɚɦɤɚɯ ɛɢɨ-ɡɚɜɢɫɢɦɨɣ ɦɨɞɟɥɢ ɷɤɨɧɨɦɢɤɢ, ɢɫɤɨɩɚɟɦɨɟ ɬɨɩɥɢɜɨ 
ɞɨɥɠɧɨ ɛɵɬɶ ɡɚɦɟɧɟɧɨ «ɡɟɥɟɧɨɣ» ɷɧɟɪɝɢɟɣ ɢ ɬɟɯɧɨɥɨɝɢɹɦɢ ɩɨ ɫɧɢɠɟɧɢɸ ɧɚɝɪɭɡɤɢ ɧɚ ɨɤɪɭɠɚɸɳɭɸ 
ɫɪɟɞɭ.  
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ɍɪɨɜɟɧɶ ɬɟɩɥɨɜɵɯ ɩɨɬɟɪɶ ɜ ɬɟɩɥɨɜɵɯ ɫɟɬɹɯ ɊɎ ɨɰɟɧɢɜɚɟɬɫɹ ɜ 30 % ɩɨɥɟɡɧɨɝɨ 

ɬɟɩɥɨɩɨɬɪɟɛɥɟɧɢɹ ɚɛɨɧɟɧɬɨɜ [1]. Ɉɬɞɟɥɶɧɵɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɟɬ ɚɧɚɥɢɡ ɬɟɩɥɨɜɵɯ ɩɨɬɟɪɶ 
ɬɟɩɥɨɩɪɨɜɨɞɨɜ ɜ ɭɫɥɨɜɢɹɯ ɭɜɥɚɠɧɟɧɢɹ ɢɡɨɥɹɰɢɢ [2]. ɉɪɢ ɷɬɨɦ ɜ [2] ɧɟ ɭɱɢɬɵɜɚɟɬɫɹ ɜɥɢɹɧɢɟ ɮɚɡɨɜɵɯ 
ɩɟɪɟɯɨɞɨɜ ɜ ɫɬɪɭɤɬɭɪɟ ɫɥɨɹ ɬɟɩɥɨɢɡɨɥɹɰɢɢ ɧɚ ɢɧɬɟɧɫɢɮɢɤɚɰɢɸ ɬɟɩɥɨɜɵɯ ɩɨɬɟɪɶ. 
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ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɱɢɫɥɟɧɧɵɣ ɚɧɚɥɢɡ ɬɟɩɥɨɜɵɯ ɩɨɬɟɪɶ ɬɟɩɥɨɩɪɨɜɨɞɨɜ ɜ ɭɫɥɨɜɢɹɯ 
ɭɜɥɚɠɧɟɧɢɹ ɬɟɩɥɨɜɨɣ ɢɡɨɥɹɰɢɢ ɫ ɭɱɟɬɨɦ ɢɫɩɚɪɟɧɢɹ ɜɥɚɝɢ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ «ɫɬɟɧɤɚ ɬɪɭɛɵ – ɫɥɨɣ 
ɢɡɨɥɹɰɢɢ». 

Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɡɚɞɚɱɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɫɢɫɬɟɦɟ «ɫɬɟɧɤɚ ɬɪɭɛɵ – ɫɥɨɣ ɭɜɥɚɠɧɟɧɧɨɣ 
ɬɟɩɥɨɢɡɨɥɹɰɢɢ». ɇɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ «ɫɬɟɧɤɚ ɬɪɭɛɵ – ɫɥɨɣ ɭɜɥɚɠɧɟɧɧɨɣ ɢɡɨɥɹɰɢɢ» ɭɱɬɟɧ ɩɪɨɰɟɫɫ 
ɢɫɩɚɪɟɧɢɹ. ɇɚ ɪɢɫ. 1 ɩɨɤɚɡɚɧɚ ɨɛɥɚɫɬɶ ɪɟɲɟɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɡɚɞɚɱɢ. 

 
Ɋɢɫɭɧɨɤ. 1. ɋɯɟɦɚɬɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɨɛɥɚɫɬɢ ɪɟɲɟɧɢɹ: 1 – ɬɟɩɥɨɧɨɫɢɬɟɥɶ; 2 – ɫɬɟɧɤɚ 

ɬɪɭɛɵ; 2 – ɫɥɨɣ ɭɜɥɚɠɧɟɧɧɨɣ ɢɡɨɥɹɰɢɢ; 4 – ɨɤɪɭɠɚɸɳɚɹ ɫɪɟɞɚ. 
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Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ ɢɦɟɟɬ ɜɢɞ: 
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1 3 ɬɪ ɢɡ 0Ĳ = 0, R r R , T = T = T = const.ื ื  (3)

ɬɪ1 1Ĳ > 0, r = R , T = T = const;
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r r
෕ ෕
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TĲ> 0, r = R , -Ȝ =Į(T -T )
r
෕
෕ . (6) 

Ɉɛɨɡɧɚɱɟɧɢɹ: T – ɬɟɦɩɟɪɚɬɭɪɚ, Ʉ; Ĳ - ɜɪɟɦɹ, ɫ; ɚ – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ, ɦ2/ɫ; 
r – ɤɨɨɪɞɢɧɚɬɚ, ɦ; R – ɝɪɚɧɢɰɚ ɨɛɥɚɫɬɢ ɪɚɫɱɟɬɚ, ɦ; Ȝ - ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ, ȼɬ/(ɦ·Ʉ); Q – ɬɟɩɥɨɬɚ 
ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ, Ⱦɠ/ɤɝ; W – ɦɚɫɫɨɜɚɹ ɫɤɨɪɨɫɬɶ ɢɫɩɚɪɟɧɢɹ, ɤɝ/ɫ; Į - ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ, 
ȼɬ/(ɦ2·Ʉ). 

ɂɧɞɟɤɫɵ: ɬɪ – ɬɪɭɛɚ; 1, 2, 3 – ɧɨɦɟɪɚ ɝɪɚɧɢɰ; ɬɪ – ɬɪɭɛɚ; ɢ – ɢɡɨɥɹɰɢɹ; 0 – ɧɚɱɚɥɶɧɵɣ ɦɨɦɟɧɬ; 
ɷɮ – ɷɮɮɟɤɬɢɜɧɵɣ; ɨɫ – ɨɤɪɭɠɚɸɳɚɹ ɫɪɟɞɚ. 

Ɇɚɫɫɨɜɚɹ ɫɤɨɪɨɫɬɶ ɢɫɩɚɪɟɧɢɹ ɨɩɪɟɞɟɥɹɥɚɫɶ ɢɡ ɫɨɨɬɧɨɲɟɧɢɹ [3]: 
ɧɚɫ ɩɚɪɰ

g
2

A(P -P )
W = ,

2ʌR
T(Ĳ,R )

M  
ɝɞɟ: Ⱥ – ɤɨɷɮɮɢɰɢɟɧɬ ɚɤɤɨɦɨɞɚɰɢɢ; Pɧɚɫ – ɞɚɜɥɟɧɢɟ ɧɚɫɵɳɟɧɢɹ, ɉɚ; Pɩɚɪɰ – ɩɚɪɰɢɚɥɶɧɨɟ 

ɞɚɜɥɟɧɢɟ ɢɫɩɚɪɹɸɳɟɣɫɹ ɤɨɦɩɨɧɟɧɬɵ, ɉɚ; Rg – ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ, Ⱦɠ/(ɤɦɨɥɶ·Ʉ); Ɇ – ɦɨɥɟɤɭɥɹɪɧɚɹ 
ɦɚɫɫɚ ɩɚɪɨɜ, ɤɝ/ɦɨɥɶ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɚɤɤɨɦɨɞɚɰɢɢ ɜɵɱɢɫɥɹɥɫɹ ɩɨ ɮɨɪɦɭɥɟ [4]: 

ɧɚɫ
0,5

0,059A =
P

. 

ɉɚɪɰɢɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɢɫɩɚɪɹɸɳɟɣɫɹ ɤɨɦɩɨɧɟɧɬɵ ɨɩɪɟɞɟɥɹɥɨɫɶ ɩɨ ɚɧɚɥɨɝɢɢ ɫ ɩɪɨɰɟɫɫɨɦ 
ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɢɫɩɚɪɟɧɢɹ [5]: 

ɩɚɪɰ ɜ

ɧɚɫ ɜ ɩ

P mȥ = = ,
P m +m  
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ɝɞɟ: m – ɦɚɫɫɨɜɚɹ ɞɨɥɹ; ɜ – ɜɨɞɚ; ɩ – ɩɚɪ. 
ɂɫɯɨɞɹ ɢɡ ɮɢɡɢɱɟɫɤɢɯ ɫɨɨɛɪɚɠɟɧɢɣ, ɹɫɧɨ, ɱɬɨ mɜ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɟ mɩ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɞɥɹ 

ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɡɚɞɚɱɢ ɦɨɠɧɨ ɩɪɢɧɹɬɶ ȥ ɤɚɤ ɩɚɪɚɦɟɬɪ: ȥ ≈ 0,999…0,995. 
Ɍɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɥɨɹ ɭɜɥɚɠɧɟɧɧɨɣ ɢɡɨɥɹɰɢɢ ɨɩɪɟɞɟɥɹɥɢɫɶ ɫ ɭɱɟɬɨɦ ɨɛɴɟɦɧɵɯ 

ɞɨɥɟɣ ɤɚɠɞɨɣ ɤɨɦɩɨɧɟɧɬɵ [6]. ɇɚɩɪɢɦɟɪ, ɷɮɮɟɤɬɢɜɧɚɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɜɵɱɢɫɥɹɥɚɫɶ ɢɡ 
ɫɨɨɬɧɨɲɟɧɢɹ: 

ɢ ɢ ɜ ɜ ɜ ɢɷɮȜ =Ȝ ĳ +Ȝ ĳ ; ĳ +ĳ =1,
 

ɝɞɟ: ĳ – ɨɛɴɟɦɧɚɹ ɞɨɥɹ. 
Ɂɚɞɚɱɚ (1)–(6) ɪɟɲɟɧɚ ɦɟɬɨɞɨɦ ɤɨɧɟɱɧɵɯ ɪɚɡɧɨɫɬɟɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɟɹɜɧɨɣ 

ɱɟɬɵɪɟɯɬɨɱɟɱɧɨɣ ɪɚɡɧɨɫɬɧɨɣ ɫɯɟɦɵ. Ɋɚɡɧɨɫɬɧɵɟ ɚɧɚɥɨɝɢ ɢɫɯɨɞɧɨɣ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ ɪɟɲɟɧɵ 
ɦɟɬɨɞɨɦ «ɩɪɨɝɨɧɤɢ». 

ɑɢɫɥɟɧɧɵɣ ɚɧɚɥɢɡ ɩɪɨɜɨɞɢɥɫɹ ɞɥɹ ɬɪɭɛɵ ɫ ɞɢɚɦɟɬɪɨɦ ɭɫɥɨɜɧɨɝɨ ɩɪɨɯɨɞɚ 600 ɦɦ, 
ɢɡɝɨɬɨɜɥɟɧɧɨɣ ɢɡ ɫɬɚɥɢ 10 (ɬɨɥɳɢɧɚ 9 ɦɦ) ɢ ɬɟɩɥɨɜɨɣ ɢɡɨɥɹɰɢɟɣ ɢɡ ɫɬɟɤɥɹɧɧɨɣ ɜɚɬɵ (ɬɨɥɳɢɧɚ 
70 ɦɦ). Ɂɧɚɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɨɛɥɚɫɬɢ ɪɟɲɟɧɢɹ ɜ ɧɚɱɚɥɶɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ 
ɩɪɢɧɢɦɚɥɨɫɶ ɪɚɜɧɵɦ Ɍ0=298 Ʉ. Ɍɟɦɩɟɪɚɬɭɪɚ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɬɪɭɛɵ ɩɪɢɧɢɦɚɥɚɫɶ ɪɚɜɧɨɣ 
Ɍ1=363 Ʉ, ɚ ɬɟɦɩɟɪɚɬɭɪɚ ɨɤɪɭɠɚɸɳɟɣ ɬɪɭɛɨɩɪɨɜɨɞ ɫɪɟɞɵ ɫɨɫɬɚɜɥɹɥɚ Ɍɨɫ=298 Ʉ. Ʉɨɷɮɮɢɰɢɟɧɬ 
ɬɟɩɥɨɨɬɞɚɱɢ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɢɡɨɥɹɰɢɢ ɤ ɧɚɪɭɠɧɨɦɭ ɜɨɡɞɭɯɭ ɩɪɢɧɢɦɚɥɫɹ ɪɚɜɧɵɦ Į = 11 ȼɬ/(ɦ2·Ʉ). 
Ɇɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɨɛɴɟɦɧɨɣ ɞɨɥɢ ɜɨɞɵ ĳɜ = 0,73. 

ȼ ɬɚɛɥɢɰɟ 1 ɩɪɢɜɟɞɟɧɵ ɡɧɚɱɟɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ (Ȝ), ɬɟɩɥɨɺɦɤɨɫɬɢ (C), ɢ ɩɥɨɬɧɨɫɬɢ (ȡ) 
ɬɪɭɛɨɩɪɨɜɨɞɚ, ɢɡɨɥɹɰɢɢ ɢ ɜɨɞɵ, ɢɫɩɨɥɶɡɨɜɚɧɧɵɟ ɩɪɢ ɪɚɫɱɟɬɚɯ. 

 
Ɍɚɛɥɢɰɚ 1. Ɍɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɦɚɬɟɪɢɚɥɨɜ 

Ɇɚɬɟɪɢɚɥ Ȝ, ȼɬ/(ɦ·Ʉ) C, ɤȾɠ/(ɤɝ·Ʉ) ȡ, ɤɝ/ɦ3

ɋɬɚɥɶ 10 57,7 0,466 7860 
ɋɬɟɤɥɨɜɚɬɚ 0,059 0,67 206 
ȼɨɞɚ 0,571 4,2 1000 

Ɋɟɡɭɥɶɬɚɬɵ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɩɪɢɜɟɞɟɧɧɵɟ ɜ ɬɚɛɥɢɰɟ 2, ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨɛ 
ɨɠɢɞɚɟɦɨɦ ɪɨɫɬɟ ɬɟɩɥɨɜɵɯ ɩɨɬɟɪɶ ɬɟɩɥɨɩɪɨɜɨɞɚ q1 ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɨɛɴɟɦɧɨɣ ɞɨɥɢ ɜɥɚɝɢ ĳɜ ɜ 
ɩɨɪɢɫɬɨɣ ɫɬɪɭɤɬɭɪɟ ɫɥɨɹ ɬɟɩɥɨɜɨɣ ɢɡɨɥɹɰɢɢ. 

 
Ɍɚɛɥɢɰɚ 2. Ɋɟɡɭɥɶɬɚɬɵ ɱɢɫɥɟɧɧɨɝɨ ɚɧɚɥɢɡɚ ɬɟɩɥɨɜɵɯ ɩɨɬɟɪɶ ɩɨ ɜɟɥɢɱɢɧɟ ɨɛɴɟɦɧɨɣ ɞɨɥɢ ɜɥɚɝɢ 

ɜ ɫɥɨɟ ɬɟɩɥɨɜɨɣ ɢɡɨɥɹɰɢɢ 

ĳɜ q1, ȼɬ/ɦ 1 1

1

ĳ 0 ĳ=0

1 ĳ 0

q -q
į =

q

ำ

ำ , 100 % 

0 110,19 - 
0,2 271,53 59,4 
0,4 404,09 72,7 
0,6 515,26 78,6 
0,73 578,61 81,0 
ȼɟɥɢɱɢɧɨɣ į2 ɨɛɨɡɧɚɱɟɧ ɪɨɫɬ ɬɟɩɥɨɜɵɯ ɩɨɬɟɪɶ ɬɟɩɥɨɩɪɨɜɨɞɚ q2 ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɨɬɟɪɹɦɢ ɛɟɡ 

ɭɱɟɬɚ ɢɫɩɚɪɟɧɢɹ ɩɪɢ ĳɜ = 0 (ɬɚɛɥɢɰɚ 2), ɚ ɡɧɚɱɟɧɢɹ į3 ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɨɬɤɥɨɧɟɧɢɹ ɜ ɪɚɫɱɟɬɚɯ ɬɟɩɥɨɜɵɯ 
ɩɨɬɟɪɶ ɫ ɭɱɟɬɨɦ ɢ ɛɟɡ ɭɱɟɬɚ ɢɫɩɚɪɟɧɢɹ ɩɪɢ ĳɜ≠0. 

 
Ɍɚɛɥɢɰɚ 3. Ɋɟɡɭɥɶɬɚɬɵ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨ ɩɚɪɚɦɟɬɪɭ ȥ 

ĳɜ ȥ q2, ȼɬ/ɦ 1

ĳ=0
2

2
2

q -q
į =

q
, 100 % 1

ĳ 0
2

3
2

q -q
į =

q

ำ

, 100 % 

0,2 
0,999 329,63 66,6 17,6 
0,997 445,84 75,3 39,1 
0,995 562,05 80,4 51,7 

0,4 
0,999 462,17 76,2 12,6 
0,997 578,33 80,9 30,1 



45 
 
 

0,995 694,50 84,1 41,8 

0,6 
0,999 573,33 80,8 10,1 
0,997 689,46 84,0 25,3 
0,995 805,60 86,3 36,0 

0,73 
0,999 636,61 82,7 9,1 
0,997 752,72 85,4 23,1 
0,995 868,84 87,3 33,4 

Ɉɬɤɥɨɧɟɧɢɟ ɜ ɪɟɡɭɥɶɬɚɬɚɯ ɪɚɫɱɟɬɚ ɬɟɩɥɨɜɵɯ ɩɨɬɟɪɶ ɫ ɭɱɟɬɨɦ ɢ ɛɟɡ ɭɱɟɬɚ ɢɫɩɚɪɟɧɢɹ ɜɥɚɝɢ 
ɫɨɫɬɚɜɥɹɟɬ į3=9,1–51,7 %, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɭɱɟɬɚ ɧɚɥɢɱɢɹ ɢɫɩɚɪɟɧɢɹ ɩɪɢ 
ɩɪɨɜɟɞɟɧɢɢ ɚɧɚɥɢɡɚ ɬɟɩɥɨɜɵɯ ɪɟɠɢɦɨɜ ɬɟɩɥɨɩɪɨɜɨɞɨɜ, ɪɚɛɨɬɚɸɳɢɯ ɫ ɭɜɥɚɠɧɟɧɧɨɣ ɢɡɨɥɹɰɢɟɣ. 

ȼɤɥɚɞ ɷɮɮɟɤɬɚ ɢɫɩɚɪɟɧɢɹ ɜ ɫɭɦɦɚɪɧɵɟ ɬɟɩɥɨɜɵɟ ɩɨɬɟɪɢ ɫɨɫɬɚɜɥɹɟɬ ɨɬ 1,7 ɞɨ 21 % (ɬɚɛɥ. 2, 3) 
ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɡɧɚɱɟɧɢɣ ĳɜ ɢ ȥ. Ⱥɧɚɥɢɡ ɧɟɫɬɚɰɢɨɧɚɪɧɨɫɬɢ ɩɪɨɰɟɫɫɨɜ ɬɟɩɥɨɩɟɪɟɧɨɫɚ ɞɥɹ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɡɚɞɚɱɢ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ ɜɪɟɦɹ ɜɵɯɨɞɚ ɩɪɨɰɟɫɫɨɜ ɧɚ ɫɬɚɰɢɨɧɚɪɧɵɣ ɪɟɠɢɦ 
ɧɟ ɩɪɟɜɵɲɚɟɬ 20 000 ɫɟɤɭɧɞ, ɱɬɨ ɯɨɪɨɲɨ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɩɪɨɜɟɞɟɧɧɵɯ ɪɚɧɟɟ 
ɢɫɫɥɟɞɨɜɚɧɢɣ [2]. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɵɩɨɥɧɟɧɨ ɩɪɢ ɩɨɞɞɟɪɠɤɟ ɊɎɎɂ ɜ ɪɚɦɤɚɯ ɧɚɭɱɧɨɝɨ ɩɪɨɟɤɬɚ ʋ 12-08-00201-ɚ ɢ 
ɝɪɚɧɬɚ ɉɪɟɡɢɞɟɧɬɚ ɊɎ ʋ ɆɄ-1652.2013.8. 
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ɇɚɭɱɧɵɣ ɪɭɤɨɜɨɞɢɬɟɥɶ: ɤɚɧɞɢɞɚɬ ɮɢɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɧɚɭɤ, ɞɨɰɟɧɬ, Ȼɟɞɟɧɤɨ ɋ.ȼ., Ɍɉɍ 
ɎɌɂ Ʉɚɮɟɞɪɚ ɮɢɡɢɤɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɭɫɬɚɧɨɜɨɤ. 

 
ɉɨɜɵɲɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɹɞɟɪɧɨɣ ɷɧɟɪɝɟɬɢɤɢ ɫɜɹɡɚɧɨ ɫ ɪɟɲɟɧɢɟɦ ɫɥɟɞɭɸɳɢɯ ɨɫɧɨɜɧɵɯ 

ɡɚɞɚɱ. ɉɟɪɜɚɹ ɡɚɞɚɱɚ ɫɜɹɡɚɧɚ ɫ ɪɟɝɟɧɟɪɚɰɢɟɣ ɈəɌ Ⱥɗɋ ɢ ɜɨɡɜɪɚɳɟɧɢɟɦ ɟɝɨ ɜ əɌɐ. ȼɬɨɪɚɹ ɡɚɞɚɱɚ 
ɨɛɭɫɥɨɜɥɟɧɚ ɪɟɡɤɨ ɜɨɡɪɨɫɲɟɣ ɝɥɭɛɢɧɨɣ ɜɵɝɨɪɚɧɢɹ ɈəɌ, ɜɩɥɨɬɶ ɞɨ 120 Ɇȼɬ·ɫɭɬ/ɬ [1 − 3]. 

ɍɜɟɥɢɱɟɧɢɟ ɝɥɭɛɢɧɵ ɜɵɝɨɪɚɧɢɹ ɛɨɥɟɟ 70 Ɇȼɬ·ɫɭɬ/ɬ ɛɭɞɟɬ ɫɨɩɪɹɠɟɧ ɫ ɧɟɩɪɟɨɞɨɥɢɦɵɦɢ 
ɪɚɞɢɚɰɢɨɧɧɵɦɢ ɩɪɨɛɥɟɦɚɦɢ ɧɚ ɫɬɚɞɢɢ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ ɤɨɧɬɟɣɧɟɪɨɜ (ɌɍɄ), ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɢɧɵɟ 
ɡɚɳɢɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɬɚɤ ɠɟ ɧɚ ɫɬɚɞɢɢ ɪɚɞɢɨɯɢɦɢɱɟɫɤɨɝɨ ɩɟɪɟɞɟɥɚ ɈəɌ ɢ ɜɨɡɜɪɚɳɟɧɢɟ ɟɝɨ ɜ 
əɌɐ. 

ɉɨɥɟ ɢɨɧɢɡɢɪɭɸɳɟɝɨ ɢɡɥɭɱɟɧɢɹ ɈəɌ ɮɨɪɦɢɪɭɟɬɫɹ Ȗ-ɤɜɚɧɬɚɦɢ, ɧɟɣɬɪɨɧɚɦɢ, ɜɨɡɧɢɤɚɸɳɢɦɢ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɫɩɨɧɬɚɧɧɨɝɨ ɞɟɥɟɧɢɹ ɹɞɟɪ ɚɤɬɢɧɨɢɞɨɜ, ɢ ɧɟɣɬɪɨɧɚɦɢ, ɨɛɪɚɡɭɸɳɢɦɢɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɩɪɨɬɟɤɚɧɢɹ (,n)- ɢ (Ȗ,n)-ɪɟɚɤɰɢɣ. ɇɨ ɭɞɟɥɶɧɚɹ ɧɟɣɬɪɨɧɧɚɹ ɚɤɬɢɜɧɨɫɬɶ, ɨɛɭɫɥɨɜɥɟɧɚ ɩɪɨɬɟɤɚɧɢɟɦ 
(,n)-ɪɟɚɤɰɢɢ ɧɚ ɥɟɝɤɢɯ ɹɞɪɚɯ. 

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɰɟɥɶ ɪɚɛɨɬɵ, ɨɩɪɟɞɟɥɟɧɢɟ ɧɟɣɬɪɨɧɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɪɚɞɢɚɰɢɨɧɧɵɯ 


