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ɩɨɡɜɨɥɢɬ ɪɟɚɥɢɡɨɜɚɬɶ ɛɵɫɬɪɵɣ ɪɟɠɢɦ ɪɚɛɨɬɵ ɨɫɧɨɜɧɨɝɨ ɪɚɡɪɹɞɧɢɤɚ ɬɪɢɝɚɬɪɨɧɧɨɝɨ 
ɬɢɩɚ ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɩɨɜɵɫɢɬɶ ɫɬɚɛɢɥɶɧɨɫɬɶ ɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɩɪɨɛɨɹ. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɜɵɩɨɥɧɟɧɵ ɩɪɢ ɩɨɞɞɟɪɠɤɟ ɝɪɚɧɬɚ: ɊɎɎɂ 14-08-00449 Ⱥ 
«ɂɫɫɥɟɞɨɜɚɧɢɟ ɪɚɫɯɨɞɢɦɨɫɬɢ ɦɨɳɧɨɝɨ ɢɨɧɧɨɝɨ ɩɭɱɤɚ ɜ ɞɢɨɞɚɯ ɫ ɦɚɝɧɢɬɧɨɣ 
ɫɚɦɨɢɡɨɥɹɰɢɟɣ» 2014-2015 ɝɝ.  
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ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɪɚɡɪɚɛɨɬɚɧɵ ɷɮɮɟɤɬɢɜɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɹ 
ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɨɜ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɨɳɧɵɯ ɢɦɩɭɥɶɫɧɵɯ ɢɨɧɧɵɯ 
ɩɭɱɤɨɜ (Ɇɂɂɉ). ȼ ɱɚɫɬɧɨɫɬɢ, ɢɯ ɫɩɨɫɨɛɧɨɫɬɶ ɢɧɬɟɧɫɢɜɧɨ ɭɞɚɥɹɬɶ ɜɟɳɟɫɬɜɨ ɫ 
ɨɛɥɭɱɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɬɜɺɪɞɨɝɨ ɬɟɥɚ ɜɵɡɵɜɚɟɬ ɛɨɥɶɲɨɣ ɢɧɬɟɪɟɫ.  ɗɬɨ ɹɜɥɟɧɢɟ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɨɫɚɠɞɟɧɢɹ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɦɨɞɢɮɢɰɢɪɭɸɳɢɯ ɩɨɤɪɵɬɢɣ ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɶ ɦɚɬɟɪɢɚɥɨɜ ɢ ɢɡɞɟɥɢɣ [1]. 

ɋɬɪɭɤɬɭɪɚ ɨɫɚɠɞɚɟɦɵɯ ɩɨɤɪɵɬɢɣ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ 
ɦɨɞɢɮɢɰɢɪɭɟɦɵɯ ɦɚɬɟɪɢɚɥɨɜ ɜɨ ɦɧɨɝɨɦ ɨɩɪɟɞɟɥɹɸɬɫɹ ɷɜɨɥɸɰɢɟɣ ɬɟɩɥɨɜɵɯ 
ɩɪɨɰɟɫɫɨɜ ɜ ɩɨɞɥɨɠɤɟ ɜ ɩɪɨɰɟɫɫɟ ɨɫɚɠɞɟɧɢɹ ɩɨɤɪɵɬɢɹ ɧɚ ɧɟɺ. Ⱦɥɹ ɩɨɧɢɦɚɧɢɹ 
ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɷɬɢɯ ɩɪɨɰɟɫɫɨɜ ɜɚɠɧɨ ɢɦɟɬɶ ɹɫɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨ ɛɚɥɚɧɫɟ 
ɷɧɟɪɝɢɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɞɥɨɠɤɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɚɪɚɦɟɬɪɨɜ ɩɭɱɤɨɜ. Ɂɞɟɫɶ 
ɜɨɩɪɨɫ ɨɛ ɨɩɬɢɦɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɚɯ Ɇɂɂɉ  ɹɜɥɹɟɬɫɹ ɤɥɸɱɟɜɵɦ  [2, 3].  
 ɐɟɥɶ ɪɚɛɨɬɵ, ɪɟɡɭɥɶɬɚɬɵ ɤɨɬɨɪɨɣ ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ ɜ ɧɚɫɬɨɹɳɟɣ ɫɬɚɬɶɟ, 
ɫɨɫɬɨɹɥɚ ɜ   ɩɨɥɭɱɟɧɢɢ ɞɚɧɧɵɯ ɨ ɡɚɤɨɧɨɦɟɪɧɨɫɬɹɯ ɢɡɦɟɧɟɧɢɹ ɛɚɥɚɧɫɚ ɷɧɟɪɝɢɢ ɜ 
ɩɨɞɥɨɠɤɟ ɩɪɢ ɨɫɚɠɞɟɧɢɢ ɧɚ ɟɺ ɩɨɜɟɪɯɧɨɫɬɶ ɷɪɨɡɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɫɨɡɞɚɜɚɟɦɨɝɨ 
ɜɨɡɞɟɣɫɬɜɢɟɦ Ɇɂɂɉ ɧɚ ɬɜɟɪɞɨɬɟɥɶɧɭɸ ɦɢɲɟɧɶ. Ⱦɥɹ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɵɯ ɡɚɞɚɱ 
ɛɵɥɨ ɡɚɞɟɣɫɬɜɨɜɚɧɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ, ɤɨɬɨɪɨɟ ɹɜɥɹɟɬɫɹ 
ɷɮɮɟɤɬɢɜɧɵɦ ɢɧɫɬɪɭɦɟɧɬɨɦ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɞɚɧɧɵɯ ɨɛ ɷɜɨɥɸɰɢɢ 
ɛɵɫɬɪɨɩɪɨɬɟɤɚɸɳɢɯ ɩɪɨɰɟɫɫɨɜ.    
 
 



ɋɟɤɰɢɹ 1. ɉɭɱɤɨɜɨ-ɩɥɚɡɦɟɧɧɵɟ ɢ ɷɥɟɤɬɪɨɪɚɡɪɹɞɧɵɟ ɬɟɯɧɨɥɨɝɢɢ. 
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Ɏɢɡɢɱɟɫɤɚɹ ɦɨɞɟɥɶ 
 ɇɚ ɪɢɫ. 1 ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɯɟɦɚ ɧɚɧɟɫɟɧɢɹ ɦɨɞɢɮɢɰɢɪɭɸɳɟɝɨ ɩɨɤɪɵɬɢɹ ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɶ  
ɬɜɺɪɞɨɝɨ ɬɟɥɚ – ɩɨɞɥɨɠɤɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɨɫɚɠɞɟɧɢɹ ɧɚ ɧɟɝɨ ɩɨɬɨɤɚ ɚɬɨɦɨɜ, 

ɷɦɢɬɢɪɭɟɦɵɯ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɬɜɟɪɞɨɬɟɥɶɧɨɣ 
ɦɢɲɟɧɢ ɩɨɞ ɞɟɣɫɬɜɢɟɦ Ɇɂɂɉ. ɂɨɧɵ ɩɭɱɤɚ 
ɬɟɪɹɸɬ ɩɨɱɬɢ ɜɫɸ ɫɜɨɸ ɷɧɟɪɝɢɸ ɜ ɭɩɪɭɝɢɯ ɢ 
ɧɟɭɩɪɭɝɢɯ ɫɬɨɥɤɧɨɜɟɧɢɹɯ ɫ ɱɚɫɬɢɰɚɦɢ 
ɦɢɲɟɧɢ ɢ ɫɢɥɶɧɨ ɪɚɡɨɝɪɟɜɚɸɬ ɟɺ 
ɩɨɜɟɪɯɧɨɫɬɶ. ɗɬɨɬ ɪɚɡɨɝɪɟɜ ɩɪɢɜɨɞɢɬ ɤ 
ɢɫɩɚɪɟɧɢɸ ɬɨɧɤɢɯ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɫɥɨɺɜ. 
ɉɨɦɢɦɨ ɢɫɩɚɪɟɧɢɹ ɢɦɟɟɬ ɬɚɤɠɟ ɦɟɫɬɨ 
ɫɬɨɥɤɧɨɜɢɬɟɥɶɧɨɟ ɪɚɫɩɵɥɟɧɢɟ. Ɉɞɧɚɤɨ ɞɨɥɹ 
ɪɚɫɩɵɥɺɧɧɵɯ ɚɬɨɦɨɜ ɜ ɷɪɨɡɢɨɧɧɨɦ ɩɨɬɨɤɟ 
ɜɟɳɟɫɬɜɚ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɦɢɲɟɧɢ ɧɢɱɬɨɠɧɨ 
ɦɚɥɚ [3].  ɗɬɨɬ ɩɨɬɨɤ ɜɟɳɟɫɬɜɚ 
ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɦɢɲɟɧɢ ɩɨ 
ɧɚɩɪɚɜɥɟɧɢɸ ɤ ɩɨɞɥɨɠɤɟ ɢ ɨɫɚɠɞɚɟɬɫɹ ɧɚ ɟɺ 

ɩɨɜɟɪɯɧɨɫɬɢ.   
Ⱥɧɚɥɢɡ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɨɬɨɤɨɜ, ɧɚɩɪɚɜɥɟɧɧɵɯ ɧɚ ɩɨɞɥɨɠɤɭ ɜ ɩɪɨɰɟɫɫɟ 

ɨɫɚɠɞɟɧɢɹ ɩɨɤɪɵɬɢɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ Ɇɂɂɉ. ɉɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɨɫɧɨɜɧɵɦɢ 
ɢɫɬɨɱɧɢɤɚɦɢ ɷɧɟɪɝɢɢ ɧɚ ɩɨɞɥɨɠɤɟ ɹɜɥɹɸɬɫɹ: 

1) ɤɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɨɫɚɠɞɚɸɳɢɯɫɹ ɱɚɫɬɢɰ, 
2) ɬɟɩɥɨɬɚ ɤɨɧɞɟɧɫɚɰɢɢ ɨɫɚɠɞɟɧɧɵɯ ɱɚɫɬɢɰ, 
3) ɬɟɩɥɨɜɨɟ ɢɡɥɭɱɟɧɢɟ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɦɢɲɟɧɢ. 
Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɛɚɥɚɧɫɚ ɷɧɟɪɝɢɢ ɧɚ ɩɨɞɥɨɠɤɟ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɚɪɚɦɟɬɪɨɜ 

ɩɭɱɤɨɜ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ɤɨɥɢɱɟɫɬɜɨ ɨɫɚɠɞɚɟɦɨɝɨ ɜɟɳɟɫɬɜɚ, ɬɟɦɩɟɪɚɬɭɪɭ ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɢ ɦɢɲɟɧɢ ɢ ɬ.ɩ. ɗɬɢ ɞɚɧɧɵɟ ɦɵ ɦɨɠɟɦ ɩɨɥɭɱɢɬɶ, ɪɟɲɚɹ ɡɚɞɚɱɭ ɨɛ ɷɪɨɡɢɢ 
ɩɨɜɟɪɯɧɨɫɬɢ ɬɜɺɪɞɨɝɨ ɬɟɥɚ ɩɪɢ ɟɝɨ ɨɛɥɭɱɟɧɢɢ ɢɨɧɧɵɦ ɩɭɱɤɨɦ.  

Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɷɪɨɡɢɢ ɩɨɜɟɪɯɧɨɫɬɢ ɬɜɺɪɞɨɝɨ ɬɟɥɚ ɩɨɞ ɞɟɣɫɬɜɢɟɦ 
Ɇɂɂɉ ɩɨɞɪɨɛɧɨ ɢ ɦɟɬɨɞɢɤɚ ɪɚɫɱɺɬɚ ɬɨɥɳɢɧɵ ɨɫɚɠɞɚɟɦɨɝɨ ɩɨɤɪɵɬɢɹ ɨɩɢɫɚɧɵ ɜ 
ɪɚɛɨɬɚɯ [2, 4]. Ɉɧɢ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɧɚɦɢ ɞɥɹ ɪɚɫɱɺɬɚ ɬɟɦɩɚ ɨɫɚɠɞɟɧɢɹ 
ɩɨɤɪɵɬɢɣ, ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɨɫɚɠɞɚɟɦɨɝɨ ɩɨɬɨɤɚ ɢ ɬɟɦɩɟɪɚɬɭɪɵ 
ɦɢɲɟɧɢ.  

 
Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ 

Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɬɟɩɥɨɜɵɯ ɩɪɨɰɟɫɫɨɜ ɜ ɩɨɞɥɨɠɤɟ ɨɫɧɨɜɚɧɚ ɧɚ 
ɭɪɚɜɧɟɧɢɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, ɤɨɬɨɪɨɟ ɜ ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ ɤɨɨɪɞɢɧɚɬɚɯ ɫ ɫɢɦɦɟɬɪɢɟɣ 
ɩɨ ɩɨɥɹɪɧɨɦɭ ɭɝɥɭ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ:   
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ɝɞɟ Ȝ – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, cp – ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ, ȡ – ɩɥɨɬɧɨɫɬɶ 
ɜɟɳɟɫɬɜɚ ɩɨɞɥɨɠɤɢ,  T(r,x,t) – ɬɟɦɩɟɪɚɬɭɪɧɨɟ ɩɨɥɟ.  

ɉɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɨɛɥɚɫɬɶ ɡɚɞɚɱɢ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 2. 
Ƚɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ: 

 
Ɋɢɫ. 1. ɋɯɟɦɚ ɨɫɚɠɞɟɧɢɹ 

ɩɨɤɪɵɬɢɣ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 
Ɇɂɂɉ 
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 (2) 
ɇɚɱɚɥɶɧɵɟ ɭɫɥɨɜɢɹ: 

KTtrxT 300)0,,( 0  . (3) 
Ɂɞɟɫɶ R – ɪɚɞɢɭɫ ɩɨɞɥɨɠɤɢ, 0 ≤ r ≤ R, xend – 

ɬɨɥɳɢɧɚ ɩɨɞɥɨɠɤɢ, 0 ≤ x ≤ xend, )(3 tQ , )(4 tQ  – ɩɨɬɨɤɢ 
ɬɟɩɥɨɜɨɝɨ ɢɡɥɭɱɟɧɢɹ ɱɟɪɟɡ ɛɨɤɨɜɭɸ ɢ ɡɚɞɧɸɸ 
ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɞɥɨɠɤɢ, )(1 tQ  – ɩɨɬɨɤ ɷɧɟɪɝɢɢ, 
ɧɚɩɪɚɜɥɟɧɧɵɣ ɧɚ ɩɨɞɥɨɠɤɭ ɫɨ ɫɬɨɪɨɧɵ ɦɢɲɟɧɢ.  

ɉɨɬɨɤ ɷɧɟɪɝɢɢ Q1(t) ɫɤɥɚɞɵɜɚɟɬɫɹ ɢɡ 
ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɨɫɚɠɞɟɧɧɵɯ ɱɚɫɬɢɰ Wkin, 
ɬɟɩɥɨɬɵ ɤɨɧɞɟɧɫɚɰɢɢ ɨɫɚɠɞɟɧɧɵɯ ɱɚɫɬɢɰ Wcond ɢ 
ɬɟɩɥɨɜɨɝɨ ɢɡɥɭɱɟɧɢɹ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɦɢɲɟɧɢ Qrad.  

ɉɨɬɨɤ ɬɟɩɥɚ ɫ ɛɨɤɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɞɥɨɠɤɢ 
ɡɚ ɫɱɟɬ ɬɟɩɥɨɜɨɝɨ ɢɡɥɭɱɟɧɢɹ ɪɚɜɟɧ: 
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 rere TTQ ,              

(4) 
ɝɞɟ ı – ɤɨɷɮɮɢɰɢɟɧɬ ɋɬɟɮɚɧɚ-Ȼɨɥɶɰɦɚɧɚ, T3 – ɬɟɦɩɟɪɚɬɭɪɚ ɧɚ ɛɨɤɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 
ɩɨɞɥɨɠɤɢ, T0 – ɬɟɦɩɟɪɚɬɭɪɚ ɫɬɟɧɨɤ ɜɚɤɭɭɦɧɨɣ ɤɚɦɟɪɵ, İ1 – ɫɬɟɩɟɧɶ ɱɟɪɧɨɬɵ 
ɦɚɬɟɪɢɚɥɚ ɩɨɞɥɨɠɤɢ, İ2 – ɫɬɟɩɟɧɶ ɱɟɪɧɨɬɵ ɦɚɬɟɪɢɚɥɚ ɜɚɤɭɭɦɧɨɣ ɤɚɦɟɪɵ, İre1 – 
ɩɪɢɜɟɞɟɧɧɚɹ ɫɬɟɩɟɧɶ ɱɟɪɧɨɬɵ. 

ɉɨɬɨɤ ɬɟɩɥɚ ɫ ɡɚɞɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɞɥɨɠɤɢ ɡɚ ɫɱɟɬ ɬɟɩɥɨɜɨɝɨ ɢɡɥɭɱɟɧɢɹ 
ɪɚɜɟɧ: 
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 rere TTQ , (5) 

ɝɞɟ T4 – ɬɟɦɩɟɪɚɬɭɪɚ ɧɚ ɡɚɞɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɞɥɨɠɤɢ. 
Ɍɟɩɥɨɬɚ ɤɨɧɞɟɧɫɚɰɢɢ ɨɫɚɠɞɟɧɧɵɯ ɱɚɫɬɢɰ Qcond ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦ 

ɨɛɪɚɡɨɦ: 

 
A

ENZ
Q aadep

cond


 , (6) 

ɝɞɟ Zdep – ɬɨɥɳɢɧɚ ɨɫɚɠɞɟɧɧɨɝɨ ɫɥɨɹ (ɢɥɢ ɬɟɦɩ ɨɫɚɠɞɟɧɢɹ, ɬ.ɟ. ɤɨɥɢɱɟɫɬɜɨ 
ɜɟɳɟɫɬɜɚ, ɨɫɚɠɞɚɟɦɨɝɨ ɡɚ ɨɞɢɧ ɢɦɩɭɥɶɫ ɬɨɤɚ ɩɭɱɤɚ), ȡ, Ⱥ – ɩɥɨɬɧɨɫɬɶ ɢ ɦɨɥɹɪɧɚɹ 
ɦɚɫɫɚ ɨɫɚɠɞɚɟɦɨɝɨ ɜɟɳɟɫɬɜɚ, Na – ɱɢɫɥɨ Ⱥɜɨɝɚɞɪɨ. 

Ɍɟɦɩ ɨɫɚɠɞɟɧɢɹ Zdep ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɚɪɚɦɟɬɪɨɜ Ɇɂɂɉ ɪɚɫɫɱɢɬɵɜɚɥɫɹ ɩɨ 
ɦɟɬɨɞɢɤɟ, ɨɩɢɫɚɧɧɨɣ ɜ ɫɬɚɬɶɹɯ [ 2, 4]. 

ɉɥɨɬɧɨɫɬɶ ɩɨɬɨɤɚ ɡɚ ɫɱɺɬ ɬɟɩɥɨɜɵɞɟɥɟɧɢɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɧɞɟɧɫɚɰɢɢ 
ɨɫɚɠɞɚɟɦɵɯ ɱɚɫɬɢɰ  Wcond ɪɚɜɧɚ:  
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Ɋɢɫ. 2. 

ɉɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɨɛɥɚɫɬɶ 
ɞɥɹ ɡɚɞɚɱɢ ɨ ɬɟɩɥɨɜɵɯ 
ɩɪɨɰɟɫɫɚɯ ɜ ɩɨɞɥɨɠɤɟ 
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ɝɞɟ tdep – ɜɪɟɦɹ ɨɫɚɠɞɟɧɢɹ. ȿɺ ɡɧɚɱɟɧɢɟ ɛɵɥɨ ɜɡɹɬɨ ɪɚɜɧɵɦ 100 ɦɤɫ, ɱɬɨ 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ  ɞɚɧɧɵɦ ɷɤɫɩɟɪɢɦɟɧɬɨɜ, ɨɩɭɛɥɢɤɨɜɚɧɧɵɦ ɜ ɫɬɚɬɶɟ [1].   
 ɉɨɬɨɤ ɨɫɚɠɞɚɟɦɵɯ ɱɚɫɬɢɰ ɧɟɫɺɬ ɤɢɧɟɬɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ: 
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ɝɞɟ m – ɦɚɫɫɚ ɨɫɚɠɞɚɟɦɨɝɨ ɚɬɨɦɚ, V – ɟɝɨ ɫɤɨɪɨɫɬɶ, ɤɨɬɨɪɚɹ ɧɚɯɨɞɢɬɫɹ ɢɡ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ Ɇɚɤɫɜɟɥɥɚ, T1 – ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɢ ɦɢɲɟɧɢ. 

ɉɥɨɬɧɨɫɬɶ ɦɨɳɧɨɫɬɢ ɷɬɨɣ ɷɧɟɪɝɢɢ ɪɚɜɧɚ:   
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Ɍɟɩɥɨɜɨɟ ɢɡɥɭɱɟɧɢɟ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɦɢɲɟɧɢ: 
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ɝɞɟ İre1 – ɩɪɢɜɟɞɟɧɧɚɹ ɫɬɟɩɟɧɶ ɱɟɪɧɨɬɵ, İ3 – ɫɬɟɩɟɧɶ ɱɟɪɧɨɬɵ ɦɚɬɟɪɢɚɥɚ ɦɢɲɟɧɢ. 
Ⱦɚɧɧɚɹ ɡɚɞɚɱɚ ɛɵɥɚ ɪɟɲɟɧɚ ɤɨɧɟɱɧɨ-ɪɚɡɧɨɫɬɧɵɦ ɦɟɬɨɞɨɦ ɩɨ ɹɜɧɨɣ ɫɯɟɦɟ. 

Ɉɛɫɭɠɞɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ 
 Ȼɚɥɚɧɫ 

ɷɧɟɪɝɢɢ ɧɚ 
ɩɨɞɥɨɠɤɟ ɛɵɥ 
ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧ ɧɚ 
ɩɪɢɦɟɪɟ ɨɫɚɠɞɟɧɢɹ 

ɜɨɥɶɮɪɚɦɨɜɨɝɨ 
ɩɨɤɪɵɬɢɹ ɩɪɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɢ 
ɩɭɱɤɚ ɢɨɧɨɜ 
ɭɝɥɟɪɨɞɚ ɫ 
ɧɚɱɚɥɶɧɨɣ ɷɧɟɪɝɢɟɣ 
ɱɚɫɬɢɰ 500 ɤɷȼ ɢ 
ɞɥɢɬɟɥɶɧɨɫɬɶɸ 100 
ɧɫ. ɉɥɨɬɧɨɫɬɶ ɬɨɤɚ 
ɜɚɪɶɢɪɨɜɚɥɚɫɶ ɜ 
ɞɢɚɩɚɡɨɧɟ ɨɬ 500 ɞɨ 
2000 Ⱥ/ɫɦ2. 

ɇɚ ɪɢɫ. 3 
ɩɪɟɞɫɬɚɜɥɟɧ ɛɚɥɚɧɫ 
ɷɧɟɪɝɢɢ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ ɢɨɧɧɨɝɨ ɩɭɱɤɚ ɩɪɢ ɨɫɚɠɞɟɧɢɢ ɜɨɥɶɮɪɚɦɚ ɧɚ 
ɫɬɟɤɥɹɧɧɭɸ ɩɨɞɥɨɠɤɭ ɜ ɬɟɱɟɧɢɢ  tdep = 100 ɦɤɫ. 

Ɂɚɦɟɬɢɦ, ɱɬɨ ɞɥɹ ɞɪɭɝɢɯ ɜɟɳɟɫɬɜ ɛɚɥɚɧɫ ɷɧɟɪɝɢɢ  ɢɦɟɟɬ ɚɧɚɥɨɝɢɱɧɵɣ 
ɯɚɪɚɤɬɟɪ.  

ɇɚ ɪɢɫ. 3 ɜɢɞɧɨ, ɱɬɨ ɨɫɧɨɜɧɨɣ ɜɤɥɚɞ ɜ ɩɨɬɨɤ ɷɧɟɪɝɢɢ, ɩɨɫɬɭɩɚɸɳɟɣ ɧɚ 
ɩɨɞɥɨɠɤɭ, ɜɧɨɫɢɬ ɬɟɩɥɨɬɚ ɤɨɧɞɟɧɫɚɰɢɢ ɨɫɚɠɞɚɟɦɵɯ ɱɚɫɬɢɰ. ȼɤɥɚɞ ɤɢɧɟɬɢɱɟɫɤɨɣ 

 
Ɋɢɫ. 3.  Ȼɚɥɚɧɫ ɷɧɟɪɝɢɢ ɧɚ ɩɨɞɥɨɠɤɟ ɩɪɢ ɨɫɚɠɞɟɧɢɢ 

ɜɨɥɶɮɪɚɦɨɜɨɝɨ ɩɨɤɪɵɬɢɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ  ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ 
ɢɨɧɧɨɝɨ ɩɭɱɤɚ 



ȼɌɋɇɌ – 2014 
 

33 

ɷɧɟɪɝɢɢ ɨɫɚɠɞɚɟɦɵɯ ɱɚɫɬɢɰ ɢ ɬɟɩɥɨɜɨɝɨ ɢɡɥɭɱɟɧɢɹ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɦɢɲɟɧɢ 
ɩɪɢɦɟɪɧɨ ɧɚ ɞɜɚ ɩɨɪɹɞɤɚ ɦɟɧɶɲɟ.  

ɋ ɪɨɫɬɨɦ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ ɩɭɱɤɚ ɩɥɨɬɧɨɫɬɶ ɷɧɟɪɝɢɢ, ɩɨɫɬɭɩɚɸɳɟɣ ɧɚ 
ɩɨɞɥɨɠɤɭ, ɫɧɚɱɚɥɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɚ ɡɚɬɟɦ ɢɫɩɵɬɵɜɚɟɬ ɧɚɫɵɳɟɧɢɟ ɢ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ 
ɪɚɫɬɺɬ. Ɍɚɤɨɟ ɩɨɜɟɞɟɧɢɟ ɫɨɫɬɚɜɥɹɸɳɢɯ ɛɚɥɚɧɫɚ ɷɧɟɪɝɢɢ ɨɛɭɫɥɨɜɥɟɧɨ ɡɚɜɢɫɢɦɨɫɬɶɸ 
ɬɟɦɩɚ ɨɫɚɠɞɟɧɢɹ ɨɬ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ, ɤɨɬɨɪɨɟ ɫɜɨɣɫɬɜɟɧɧɨ ɦɨɳɧɵɦ ɢɦɩɭɥɶɫɧɵɦ 
ɩɭɱɤɚɦ ɡɚɪɹɠɟɧɧɵɯ ɱɚɫɬɢɰ. Ɉɧɨ ɨɩɢɫɚɧɨ ɢ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɨ ɜ ɫɬɚɬɶɹɯ [2, 4].    

ɇɚ ɪɢɫ. 4 
ɩɪɟɞɫɬɚɜɥɟɧɚ 
ɡɚɜɢɫɢɦɨɫɬɶ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɬɟɦɩɟɪɚɬɭɪɵ ɩɨ 
ɝɥɭɛɢɧɟ ɫɬɟɤɥɹɧɧɨɣ 
ɩɨɞɥɨɠɤɢ ɩɪɢ 
ɪɚɡɧɵɯ ɩɥɨɬɧɨɫɬɹɯ 
ɬɨɤɚ ɢɨɧɧɨɝɨ ɩɭɱɤɚ 
ɜ ɫɥɭɱɚɟ.  

ɋ 
ɭɜɟɥɢɱɟɧɢɟɦ 

ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ 
ɩɪɨɢɫɯɨɞɢɬ 
ɭɜɟɥɢɱɟɧɢɟ 

ɬɟɦɩɟɪɚɬɭɪɵ ɤɚɤ ɧɚ 
ɫɚɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 
ɩɨɞɥɨɠɤɢ, ɬɚɤ ɢ 
ɜɧɭɬɪɢ ɧɟɟ. 
Ɋɚɡɨɝɪɟɜ ɩɨɞɥɨɠɤɢ 
ɧɟ ɩɪɟɜɵɲɚɟɬ 10..30 

Ʉ, ɱɬɨ ɦɨɠɟɬ ɨɤɚɡɚɬɶɫɹ ɯɨɪɨɲɢɦ ɩɨɤɚɡɚɬɟɥɟɦ ɞɥɹ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ ɪɹɞɚ 
ɢɡɞɟɥɢɣ, ɨɱɟɧɶ ɱɭɜɫɬɜɢɬɟɥɶɧɵɯ ɤ ɧɚɝɪɟɜɭ. 

Ɉɫɧɨɜɧɨɣ ɪɚɡɨɝɪɟɜ ɩɨɞɥɨɠɤɢ ɩɪɨɢɫɯɨɞɢɬ ɜ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɫɥɨɹɯ ɬɨɥɳɢɧɨɣ 
ɩɨɪɹɞɤɚ ɧɟɫɤɨɥɶɤɢɯ ɞɨɥɟɣ ɦɢɥɥɢɦɟɬɪɨɜ. 

Ⱦɥɹ ɞɪɭɝɢɯ ɜɟɳɟɫɬɜ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɩɨɥɹ ɢɦɟɸɬ ɚɧɚɥɨɝɢɱɧɵɣ ɜɢɞ. 
 

Ɂɚɤɥɸɱɟɧɢɟ 
ȼ ɡɚɤɥɸɱɟɧɢɟ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɫɥɟɞɭɸɳɢɟ ɜɵɜɨɞɵ. 

 1. Ɉɫɧɨɜɧɨɣ ɜɤɥɚɞ ɜ ɛɚɥɚɧɫ ɷɧɟɪɝɢɢ ɧɚ ɩɨɞɥɨɠɤɟ ɜɧɨɫɢɬ ɬɟɩɥɨ, 
ɜɵɞɟɥɹɸɳɟɟɫɹ ɩɪɢ ɤɨɧɞɟɧɫɚɰɢɢ ɨɫɚɠɞɟɧɧɵɯ ɱɚɫɬɢɰ, ɩɪɢɱɟɦ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ 
ɦɨɳɧɨɫɬɢ ɢɦɩɭɥɶɫɧɨɝɨ ɢɨɧɧɨɝɨ ɩɭɱɤɚ ɟɝɨ ɜɤɥɚɞ ɩɪɢɦɟɪɧɨ ɧɚ ɞɜɚ ɩɨɪɹɞɤɚ ɜɵɲɟ 
ɨɫɬɚɥɶɧɵɯ. 
 2. ɋ ɪɨɫɬɨɦ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ ɩɭɱɤɚ ɷɧɟɪɝɢɹ, ɩɨɫɬɭɩɚɸɳɚɹ ɧɚ ɩɨɞɥɨɠɤɭ, 
ɢɫɩɵɬɵɜɚɟɬ ɧɚɫɵɳɟɧɢɟ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɨɜɟɞɟɧɢɟɦ ɤɨɥɢɱɟɫɬɜɚ ɨɫɚɠɞɚɟɦɨɝɨ 
ɜɟɳɟɫɬɜɚ. 
  3. Ɇɚɤɫɢɦɚɥɶɧɵɣ ɪɚɡɨɝɪɟɜ ɩɨɞɥɨɠɤɢ ɧɟ ɩɪɟɜɵɲɚɟɬ 10..30 Ʉ. 

ɍɪɚɜɧɟɧɢɟ ɛɚɥɚɧɫɚ ɷɧɟɪɝɢɢ ɧɚ ɩɨɞɥɨɠɤɟ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɨ ɞɥɹ 
ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɟɺ ɧɚɝɪɟɜɚ ɢ ɨɯɥɚɠɞɟɧɢɹ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɚɪɚɦɟɬɪɨɜ Ɇɂɂɉ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɹɥɚɫɶ ɩɪɢ ɩɨɞɞɟɪɠɤɟ ɝɪɚɧɬɚ ɊɎɎɂ ʋ 13 – 08 – 00429 – ɚ 
 

 
Ɋɢɫ. 4. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨ ɝɥɭɛɢɧɟ ɫɬɟɤɥɹɧɧɨɣ 

ɩɨɞɥɨɠɤɢ ɜ ɦɨɦɟɧɬ ɨɤɨɧɱɚɧɢɹ ɨɫɚɠɞɟɧɢɹ ɧɚ ɧɟɺ 
ɜɨɥɶɮɪɚɦɨɜɨɝɨ ɩɨɤɪɵɬɢɹ  ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɢɨɧɧɨɝɨ ɩɭɱɤɚ 

ɫ ɪɚɡɧɨɣ ɩɥɨɬɧɨɫɬɶɸ ɬɨɤɚ J. 
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Ɋɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɨɜ ɧɚɧɟɫɟɧɢɹ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɩɨɤɪɵɬɢɣ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ 
ɞɟɬɚɥɟɣ ɢ ɢɡɞɟɥɢɣ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɫɚɦɵɯ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ. ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ 
ɦɟɬɨɞɨɦ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ ɦɚɝɧɟɬɪɨɧɧɨɝɨ ɪɚɫɩɵɥɟɧɢɹ, 
ɩɨɡɜɨɥɹɸɳɢɣ ɧɚɧɨɫɢɬɶ ɬɨɧɤɢɟ ɩɥɟɧɤɢ ɫ ɪɚɡɥɢɱɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ. ɇɟɞɨɫɬɚɬɤɨɦ 
ɦɟɬɨɞɚ ɦɚɝɧɟɬɪɨɧɧɨɝɨ ɪɚɫɩɵɥɟɧɢɹ ɹɜɥɹɟɬɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɢɡɤɚɹ ɫɤɨɪɨɫɬɶ ɪɨɫɬɚ 
ɩɥɟɧɨɤ (ɟɞɢɧɢɰɵ ɦɢɤɪɨɦɟɬɪɨɜ ɜ ɱɚɫ). Ⱦɥɹ ɩɪɟɨɞɨɥɟɧɢɹ ɷɬɨɝɨ ɧɟɞɨɫɬɚɬɤɚ 
ɩɪɟɞɩɪɢɧɹɬɚ ɩɨɩɵɬɤɚ ɪɟɚɥɢɡɨɜɚɬɶ ɦɟɬɨɞ ɦɚɝɧɟɬɪɨɧɧɨɝɨ ɪɚɫɩɵɥɟɧɢɹ ɢɡ 
ɪɚɫɩɥɚɜɥɟɧɧɨɣ ɦɢɲɟɧɢ. ȼ ɷɬɨɦ ɦɟɬɨɞɟ ɨɫɧɨɜɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɦɚɬɟɪɢɚɥɚ ɦɢɲɟɧɢ ɧɟ 
ɪɚɫɩɵɥɹɟɬɫɹ ɢɨɧɚɦɢ ɦɚɝɧɟɬɪɨɧɧɨɝɨ ɪɚɡɪɹɞɚ, ɚ ɢɫɩɚɪɹɟɬɫɹ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɫɩɥɚɜɚ.  
ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɪɚɫɩɥɚɜɥɟɧɢɟ ɤɚɬɨɞɚ ɦɨɠɟɬ ɛɵɬɶ ɞɨɫɬɢɝɧɭɬɨ ɥɢɛɨ ɜ ɆɊɋ, 
ɪɚɛɨɬɚɸɳɟɦ ɧɚ ɩɨɫɬɨɹɧɧɨɦ ɬɨɤɟ (ɬɨɝɞɚ ɤɚɬɨɞ ɬɟɪɦɢɱɟɫɤɢ ɢɡɨɥɢɪɭɟɬɫɹ ɢ ɩɨɥɧɨɫɬɶɸ 
ɪɚɫɩɥɚɜɥɹɟɬɫɹ); ɥɢɛɨ ɜ ɫɢɥɶɧɨɬɨɱɧɵɯ ɢɦɩɭɥɶɫɧɵɯ ɆɊɋ, ɜ ɤɨɬɨɪɵɯ ɧɚɝɪɟɜ 
ɩɨɜɟɪɯɧɨɫɬɢ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ ɞɨɫɬɢɝɚɟɬɫɹ ɬɨɥɶɤɨ ɜ ɬɟɱɟɧɢɟ ɢɦɩɭɥɶɫɚ, ɚ 
ɤɚɬɨɞ ɨɫɬɚɟɬɫɹ ɜ ɬɜɟɪɞɨɦ ɫɨɫɬɨɹɧɢɢ.  

Ɇɟɬɨɞ ɢɦɩɭɥɶɫɧɨɝɨ ɧɚɝɪɟɜɚ ɦɢɲɟɧɢ ɹɜɥɹɟɬɫɹ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɵɦ, ɧɨ ɜɵɫɨɤɚɹ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɛɨɥɶɲɢɧɫɬɜɚ ɢɫɩɨɥɶɡɭɟɦɵɯ ɦɚɬɟɪɢɚɥɨɜ ɤɚɬɨɞɨɜ ɧɟ ɩɨɡɜɨɥɹɟɬ ɟɝɨ 
ɪɟɚɥɢɡɨɜɚɬɶ. Ⱦɥɹ ɫɧɢɠɟɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɤɚɬɨɞɚ ɦɵ ɜɵɩɨɥɧɢɥɢ ɟɝɨ ɢɡ 
ɩɨɪɢɫɬɨɝɨ ɦɚɬɟɪɢɚɥɚ – ɜ ɤɚɱɟɫɬɜɟ ɦɚɬɟɪɢɚɥɚ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɦɢɲɟɧɢ ɛɵɥ 
ɢɫɩɨɥɶɡɨɜɚɧ ɦɟɞɧɵɣ ɩɨɪɨɲɨɤ ɉɆɋ-1. ȼɵɛɨɪ ɩɨɪɨɲɤɚ ɨɛɭɫɥɨɜɥɟɧ ɟɝɨ 
ɞɨɫɬɭɩɧɨɫɬɶɸ. ɞɚɧɧɵɣ ɩɨɪɨɲɨɤ ɨɛɥɚɞɚɟɬ ɬɚɤɢɦɢ  ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɤɚɤ: ɮɨɪɦɚ 
ɱɚɫɬɢɰ ɞɟɧɞɪɢɬɧɚɹ, ɫɨɞɟɪɠɚɧɢɟ ɦɟɞɢ ɧɟ ɦɟɧɟɟ 99,5%, ɫɨɞɟɪɠɚɧɢɟ ɤɢɫɥɨɪɨɞɚ ɧɟ 


