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ɉɨɫɥɟ ɧɚɯɨɞɹɬɫɹ ɨɫɬɚɜɲɢɟɫɹ ɱɥɟɧɵ ɦɧɢɦɨɣ 
ɱɚɫɬɢ B . ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɫɱɟɬɱɢɤ ɩɨ ɱɥɟɧɚɦ 
ɦɧɢɦɨɣ ɱɚɫɬɢ ],...,2,1[ mj  . Ɇɧɢɦɚɹ ɱɚɫɬɶ ɜɵ-
ɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟμ 
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ɇɚ ɨɫɧɨɜɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ A ɢ B  ɜɵɱɢɫɥɹɟɬ-
ɫɹ ɚɦɩɥɢɬɭɞɧɵɣ ɫɩɟɤɬɪ C . ɋɱɟɬɱɢɤ ɩɨ ɫɩɟɤɬɪɭ 

],...,1,0[ mj  . Ʉɨɷɮɮɢɰɢɟɧɬɵ ɜɵɱɢɫɥɹɸɬɫɹ ɩɨ 
ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟμ 
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jjj BAC  .   (9) 

Ɂɚɬɟɦ ɚɦɩɥɢɬɭɞɧɵɣ ɫɩɟɤɬɪ ɧɨɪɦɢɪɭɸɬɫɹ ɩɨ 
ɧɭɥɟɜɨɣ ɝɚɪɦɨɧɢɤɟ, ɢ ɮɨɪɦɢɪɭɟɬɫɹ ɞɟɫɤɪɢɩɬɨɪ 
ɤɨɧɬɭɪɚμ 
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ɗɬɨɬ ɞɟɫɤɪɢɩɬɨɪ ɢɧɜɚɪɢɚɧɬɟɧ ɤ ɩɨɜɨɪɨɬɭ ɢ 
ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɸ. Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɧɟɨɛɯɨɞɢɦɨɣ ɬɨɱɧɨɫɬɢ ɦɨɠɧɨ ɚɧɚɥɢɡɢɪɨɜɚɬɶ 
ɬɨɥɶɤɨ ɩɟɪɜɵɟ ɧɟɫɤɨɥɶɤɨ ɤɨɷɮɮɢɰɢɟɧɬɨɜ Д4Ж. 

 
ɋɪɚɜɧɟɧɢɟ ɞɟɫɤɪɢɩɬɨɪɨɜ 
Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɩɨɞɜɢɠɧɵɯ 

ɨɛɴɟɤɬɨɜ ɥɟɠɢɬ ɜ ɩɥɨɫɤɨɫɬɢ ɫɪɚɜɧɟɧɢɹ ɞɟɫɤɪɢɩ-
ɬɨɪɨɜ ɧɚɛɥɸɞɚɟɦɵɯ ɨɛɴɟɤɬɨɜ ɫ ɡɚɪɚɧɟɟ ɩɨɞɝɨɬɨɜ-
ɥɟɧɧɵɦɢ ɫɢɝɧɚɬɭɪɚɦɢ – ɷɬɚɥɨɧɚɦɢ. Ɂɧɚɧɢɟ ɫɬɟɩɟ-
ɧɢ ɫɨɨɬɜɟɬɫɬɜɢɹ ɞɟɫɤɪɢɩɬɨɪɚ ɤɥɚɫɫɢɮɢɰɢɪɭɟɦɨɝɨ 
ɨɛɴɟɤɬɚ ɤɚɠɞɨɦɭ ɢɡ ɷɬɚɥɨɧɨɜ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ 
ɩɪɢɧɹɬɶ ɪɟɲɟɧɢɟ ɨ ɟɝɨ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɤ ɬɨɦɭ 
ɢɥɢ ɢɧɨɦɭ ɤɥɚɫɫɭ.  

Ɉɞɢɧ ɢɡ ɦɟɬɨɞɨɜ ɫɪɚɜɧɟɧɢɹ ɞɟɫɤɪɢɩɬɨɪɨɜ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɤɨɷɮɮɢɰɢɟɧɬɚ ɤɨɪɪɟ-
ɥɹɰɢɢ. ȼɵɱɢɫɥɹɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɪɪɟɥɹɰɢɢ ɩɨ 
ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟμ 
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ɝɞɟ Corrk  – ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɪɪɟɥɹɰɢɢν 21, ii DD  – 

ɱɥɟɧɵ ɞɜɭɯ ɫɪɚɜɧɢɜɚɟɦɵɯ ɞɟɫɤɪɢɩɬɨɪɨɜν 
21, DD  – ɫɪɟɞɧɢɟ ɡɧɚɱɟɧɢɹ ɫɪɟɞɢ ɱɥɟɧɨɜ ɞɜɭɯ 

ɫɪɚɜɧɢɜɚɟɦɵɯ ɞɟɫɤɪɢɩɬɨɪɨɜν m  – ɨɛɳɟɟ ɤɨɥɢɱɟ-
ɫɬɜɨ ɱɥɟɧɨɜ ɜ ɞɟɫɤɪɢɩɬɨɪɟν i  – ɫɱɟɬɱɢɤ. 

ȼɟɥɢɱɢɧɚ ɤɨɷɮɮɢɰɢɟɧɬɚ ɤɨɪɪɟɥɹɰɢɢ ɧɚɯɨɞɢɬ-
ɫɹ ɜ ɢɧɬɟɪɜɚɥɟ ]1;1[ . ɑɟɦ ɛɨɥɶɲɟ ɤɨɷɮɮɢɰɢɟɧɬ 
ɤɨɪɪɟɥɹɰɢɢ, ɬɟɦ ɜɵɲɟ ɫɯɨɞɫɬɜɨ ɞɜɭɯ ɫɪɚɜɧɢɜɚɟ-
ɦɵɯ ɞɟɫɤɪɢɩɬɨɪɧɵɯ ɦɚɫɫɢɜɨɜ. 

 
Ɂɚɤɥɸɱɟɧɢɟ 
ȼ ɯɨɞɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɞɟɫɤɪɢɩɬɨɪɨɜ Ɏɭɪɶɟ ɜɵ-

ɹɫɧɢɥɨɫɶ, ɱɬɨ ɞɚɧɧɵɣ ɜɢɞ ɞɟɫɤɪɢɬɨɪɨɜ ɨɛɥɚɞɚɟɬ 
ɜɫɟɦ ɬɪɟɛɨɜɚɧɢɹɦ ɤ ɤɥɚɫɫɢɮɢɤɚɰɢɢμ ɢɧɜɚɪɢɚɧɬ-
ɧɨɫɬɶ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɨɜɨɪɨɬɚ, ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɹ ɢ 
ɩɚɪɪɚɥɟɥɶɧɨɝɨ ɫɞɜɢɝɚ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɩɪɢɜɟɞɟɧɢɟ 
ɤɨɧɬɭɪɚ ɨɛɴɟɤɬɚ ɤ ɚɦɩɥɢɬɭɞɧɨɦɭ Ɏɭɪɶɟ ɫɩɟɤɬɪɭ 
ɩɨɦɨɝɚɟɬ ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɬɶ ɞɚɧɧɵɣ ɨɛɴɟɤɬ ɜ ɪɟ-
ɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ. 
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ȼɜɟɞɟɧɢɟ 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɪɚɡɜɢɬɢɟ ɷɥɟɦɟɧɬɧɨɣ ɛɚɡɵ 

ɪɚɞɢɨɷɥɟɤɬɪɨɧɧɨɣ ɚɩɩɚɪɚɬɭɪɵ ɢ ɷɥɟɤɬɪɨɧɧɨɣ ɬɟɯ-
ɧɢɤɢ (ɊɗȺ ɢ ɗɌ) ɫɜɹɡɚɧɨ ɤɚɤ ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɦɚɫ-
ɫɨɝɚɛɚɪɢɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢɡɞɟɥɢɣ, ɬɚɤ ɢ ɫ ɩɨ-
ɫɬɨɹɧɧɵɦ ɪɨɫɬɨɦ ɦɨɳɧɨɫɬɟɣ. Ɍɚɤɚɹ ɬɟɧɞɟɧɰɢɹ 
ɩɪɢɜɨɞɢɬ ɤ ɪɟɡɤɨɦɭ ɭɜɟɥɢɱɟɧɢɸ ɩɥɨɬɧɨɫɬɢ ɪɚɫɫɟ-
ɢɜɚɟɦɨɣ ɬɟɩɥɨɬɵ. ɉɨɷɬɨɦɭ ɩɪɢ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɢ 
ɚɩɩɚɪɚɬɭɪɵ ɨɫɨɛɨɟ ɡɧɚɱɟɧɢɟ ɩɪɢɨɛɪɟɬɚɟɬ ɪɚɡɪɚ-

ɛɨɬɤɚ ɦɟɬɨɞɨɜ ɨɬɜɨɞɚ ɷɧɟɪɝɢɢ, ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɢ 
ɤɨɧɬɪɨɥɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜɧɭɬɪɢ ɢɡɞɟɥɢɹ [1]. 

ɐɟɥɶɸ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɱɢɫɥɟɧɧɵɣ 
ɚɧɚɥɢɡ ɜɨɡɦɨɠɧɵɯ ɫɩɨɫɨɛɨɜ ɨɯɥɚɠɞɟɧɢɹ ɬɟɩɥɨ-
ɧɚɝɪɭɠɟɧɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɝɟɪɦɟɬɢɱɧɵɯ ɛɥɨɤɨɜ 
ɊɗȺ ɢɥɢ ɗɌ. 
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ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 
Ɉɛɥɚɫɬɶ ɪɟɲɟɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɡɚɞɚɱɢ 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɡɚɦɤɧɭɬɭɸ ɩɨɥɨɫɬɶ (ɪɢɫ. 1) ɫ 
ɬɟɩɥɨɩɪɨɜɨɞɧɵɦɢ ɫɬɟɧɤɚɦɢ ɤɨɧɟɱɧɨɣ ɬɨɥɳɢɧɵ ɢ 
ɥɨɤɚɥɶɧɵɦ ɢɫɬɨɱɧɢɤɨɦ ɷɧɟɪɝɢɢ ɩɨɫɬɨɹɧɧɨɣ ɦɨɳ-
ɧɨɫɬɢ. ɇɚ ɜɫɟɯ ɜɧɟɲɧɢɯ ɝɪɚɧɢɰɚɯ ɚɧɚɥɢɡɢɪɭɟɦɨɝɨ 
ɨɛɴɟɤɬɚ ɪɟɚɥɢɡɭɸɬɫɹ ɭɫɥɨɜɢɹ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɬɟɩ-
ɥɨɨɛɦɟɧɚ ɫ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɨɣ, ɦɨɞɟɥɢɪɭɸɳɢɟ 
ɨɯɥɚɠɞɟɧɢɟ ɝɟɪɦɟɬɢɱɧɨɝɨ ɛɥɨɤɚ. ɉɟɪɟɧɨɫ ɷɧɟɪɝɢɢ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɦɟɯɚɧɢɡɦɚɦɢ ɟɫɬɟɫɬɜɟɧɧɨɣ ɤɨɧ-
ɜɟɤɰɢɢ ɢ ɬɟɩɥɨɜɨɝɨ ɢɡɥɭɱɟɧɢɹ ɜɧɭɬɪɢ ɞɢɚɬɟɪɦɢɱ-
ɧɨɣ ɜɨɡɞɭɲɧɨɣ ɩɨɥɨɫɬɢ ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ ɜ 
ɨɝɪɚɠɞɚɸɳɢɯ ɬɜɟɪɞɵɯ ɫɬɟɧɤɚɯ ɢ ɬɟɩɥɨɜɵɞɟɥɹɸ-
ɳɟɦ ɷɥɟɦɟɧɬɟ. 

 
Ɋɢɫ. 1. Ɉɛɥɚɫɬɶ ɪɟɲɟɧɢɹμ 1 – ɬɜɟɪɞɵɟ ɫɬɟɧɤɢν 2 – 

ɜɨɡɞɭɲɧɚɹ ɩɨɥɨɫɬɶν 3 – ɢɫɬɨɱɧɢɤ ɬɟɩɥɨɜɵɞɟɥɟɧɢɹ 
 

ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟ-
ɪɢɫɬɢɤɢ ɦɚɬɟɪɢɚɥɚ ɬɜɟɪɞɵɯ ɷɥɟɦɟɧɬɨɜ ɢ ɜɨɡɞɭɯɚ 
ɧɟ ɡɚɜɢɫɹɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. ȼɧɭɬɪɟɧɧɢɟ ɩɨɜɟɪɯɧɨ-
ɫɬɢ ɬɜɟɪɞɵɯ ɫɬɟɧɨɤ ɫɱɢɬɚɸɬɫɹ ɞɢɮɮɭɡɧɨ-ɫɟɪɵɦɢ, 
ɚ ɨɬɪɚɠɟɧɧɨɟ ɢɡɥɭɱɟɧɢɟ ɹɜɥɹɟɬɫɹ ɞɢɮɮɭɡɧɵɦ ɢ 
ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɵɦ ɩɨ ɤɚɠɞɨɣ ɩɨɜɟɪɯ-
ɧɨɫɬɢ ɡɚɦɤɧɭɬɨɣ ɨɛɥɚɫɬɢ ɪɟɲɟɧɢɹ. 

ɉɪɨɰɟɫɫ ɩɟɪɟɧɨɫɚ ɬɟɩɥɚ ɨɩɢɫɵɜɚɟɬɫɹ ɫɢɫɬɟɦɨɣ 
ɧɟɫɬɚɰɢɨɧɚɪɧɵɯ ɞɜɭɦɟɪɧɵɯ ɭɪɚɜɧɟɧɢɣ ɤɨɧɜɟɤɰɢɢ 
Ɉɛɟɪɛɟɤɚ–Ȼɭɫɫɢɧɟɫɤɚ ɜ ɜɨɡɞɭɲɧɨɣ ɩɨɥɨɫɬɢ ɜ 
ɭɫɥɨɜɢɹɯ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɢɡɥɭɱɟɧɢɹ, ɚ ɬɚɤɠɟ ɧɟ-
ɫɬɚɰɢɨɧɚɪɧɵɦ ɞɜɭɦɟɪɧɵɦ ɭɪɚɜɧɟɧɢɟɦ ɬɟɩɥɨɩɪɨ-
ɜɨɞɧɨɫɬɢ ɞɥɹ ɷɥɟɦɟɧɬɨɜ ɬɜɟɪɞɨɝɨ ɦɚɬɟɪɢɚɥɚ ɜ 
ɪɚɡɦɟɪɧɵɯ ɩɟɪɟɦɟɧɧɵɯ «ɮɭɧɤɰɢɹ ɬɨɤɚ – ɡɚɜɢɯ-
ɪɟɧɧɨɫɬɶ» [2]. 
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ȼ ɧɚɱɚɥɶɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, 
ɱɬɨ ɜɨɡɞɭɯ ɧɟɩɨɞɜɢɠɟɧ, ɩɨɷɬɨɦɭ ɮɭɧɤɰɢɹ ɬɨɤɚ ɢ 
ɡɚɜɢɯɪɟɧɧɨɫɬɶ ɪɚɜɧɵ ɧɭɥɸ. ɇɚ ɜɫɟɯ ɜɧɟɲɧɢɯ ɝɪɚ-
ɧɢɰɚɯ ɪɟɚɥɢɡɭɸɬɫɹ ɭɫɥɨɜɢɹ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɨɯɥɚ-
ɠɞɟɧɢɹ ɫɨ ɫɬɨɪɨɧɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. ɇɚ ɜɧɭɬ-
ɪɟɧɧɢɯ ɝɪɚɧɢɰɚɯ ɪɚɡɞɟɥɚ ɫɪɟɞ ɮɨɪɦɭɥɢɪɭɸɬɫɹ 
ɭɫɥɨɜɢɹ ɧɟɩɪɟɪɵɜɧɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɬɟɩɥɨɜɨɝɨ 
ɩɨɬɨɤɚ ɫ ɭɱɟɬɨɦ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ДβЖ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɩɨɬɨɤɚ ɪɟɡɭɥɶɬɢ-
ɪɭɸɳɟɝɨ ɢɡɥɭɱɟɧɢɹ radq  ɩɪɢɦɟɧɹɥɫɹ ɦɟɬɨɞ ɫɚɥɶɞɨ 
ɜ ɮɨɪɦɟ ɉɨɥɹɤɚ, ɤɨɬɨɪɵɣ ɨɫɧɨɜɚɧ ɧɚ ɪɟɚɥɢɡɚɰɢɢ 
ɫɥɟɞɭɸɳɢɯ ɞɜɭɯ ɪɚɡɧɨɫɬɧɵɯ ɭɪɚɜɧɟɧɢɣμ 
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Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ ɭɝɥɨɜɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɪɢ-
ɦɟɧɹɥɫɹ ɦɟɬɨɞ ɏɨɬɬɟɥɹ ДβЖ. 

Ɂɚɞɚɱɚ (1)–(7) ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɤɪɚɟɜɵɦɢ 
ɭɫɥɨɜɢɹɦɢ ɪɟɲɟɧɚ ɦɟɬɨɞɨɦ ɤɨɧɟɱɧɵɯ ɪɚɡɧɨ-
ɫɬɟɣ ДβЖ. ɂɫɩɨɥɶɡɭɟɦɵɣ ɦɟɬɨɞ ɪɟɲɟɧɢɹ ɛɵɥ ɩɪɨ-
ɬɟɫɬɢɪɨɜɚɧ ɧɚ ɧɟɫɤɨɥɶɤɢɯ ɦɨɞɟɥɶɧɵɯ ɡɚɞɚɱɚɯ. 

 
Ɋɟɡɭɥɶɬɚɬɵ ɪɟɲɟɧɢɹ 
ɑɢɫɥɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɤɪɚɟɜɨɣ ɡɚɞɚɱɢ ɩɪɨ-

ɜɟɞɟɧɵ ɩɪɢ ɫɥɟɞɭɸɳɢɯ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬ-
ɪɚɯμ 0.05L ɦ, 0.01l h  ɦ, 0.0025d  ɦ. ȼ ɤɚ-
ɱɟɫɬɜɟ ɦɚɬɟɪɢɚɥɚ ɨɝɪɚɠɞɚɸɳɢɯ ɫɬɟɧɨɤ ɪɚɫɫɦɚɬ-
ɪɢɜɚɥɫɹ ɫɬɟɤɥɨɩɥɚɫɬɢɤ. ɇɚɱɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ 
ɨɛɥɚɫɬɢ ɪɟɲɟɧɢɹ 0 293 KT  . Ɍɟɦɩɟɪɚɬɭɪɚ ɨɤɪɭ-
ɠɚɸɳɟɣ ɫɪɟɞɵ e 283 KT  . ɉɥɨɬɧɨɫɬɶ ɨɛɴɟɦɧɨɝɨ 
ɬɟɩɥɨɜɵɞɟɥɟɧɢɹ ɢɫɬɨɱɧɢɤɚ ɷɧɟɪɝɢɢ 

55 10Vq   ȼɬ/ɦ3. Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɧɚ 
ɝɪɚɧɢɰɟ y = 0 ɢɡɦɟɧɹɥɫɹ ɜ ɞɢɚɩɚɡɨɧɟ 210 100    

ȼɬ/(ɦ2āɄ). 
Ɉɞɧɢɦ ɢɡ ɦɟɬɨɞɨɜ ɨɯɥɚɠɞɟɧɢɹ ɬɟɩɥɨɜɵɞɟɥɹ-

ɸɳɟɝɨ ɷɥɟɦɟɧɬɚ, ɪɚɫɩɨɥɨɠɟɧɧɨɝɨ ɜ ɝɟɪɦɟɬɢɱɧɨɦ 
ɛɥɨɤɟ, ɹɜɥɹɟɬɫɹ ɨɛɬɟɤɚɧɢɟ ɩɨɥɨɫɬɢ ɬɟɩɥɨɧɨɫɢɬɟ-
ɥɟɦ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɧɢɠɟ ɧɚɱɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ 
ɚɧɚɥɢɡɢɪɭɟɦɨɝɨ ɨɛɴɟɤɬɚ. ɉɪɢ ɷɬɨɦ ɨɩɪɟɞɟɥɹɸɳɟɟ 
ɡɧɚɱɟɧɢɟ ɛɭɞɟɬ ɢɦɟɬɶ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɬɟɩɥɨɨɬɜɨɞɚ 
ɫɨ ɫɬɨɪɨɧɵ ɫɬɟɧɤɢ, ɧɚ ɤɨɬɨɪɨɣ ɪɚɫɩɨɥɨɠɟɧ ɢɫɬɨɱ-
ɧɢɤ ɷɧɟɪɝɢɢ. 

ɇɚɢɛɨɥɟɟ ɜɚɠɧɵɦ ɩɪɢ ɚɧɚɥɢɡɟ ɜɨɩɪɨɫɨɜ ɨɯɥɚ-
ɠɞɟɧɢɹ ɛɥɨɤɨɜ ɊɗȺ ɢɥɢ ɗɌ ɹɜɥɹɟɬɫɹ ɩɨɜɟɞɟɧɢɟ 
ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɥɨɤɚɥɶɧɵɯ ɬɟɩɥɨɜɵɯ ɩɨ-
ɬɨɤɨɜ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɩɥɨɧɚɝɪɭɠɟɧɧɵɯ ɤɨɦɩɨ-
ɧɟɧɬɨɜ. ɇɚ ɪɢɫ. β ɩɪɟɞɫɬɚɜɥɟɧɵ ɜɪɟɦɟɧɧɵɟ ɡɚɜɢ-
ɫɢɦɨɫɬɢ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɵ ɢɫɬɨɱɧɢɤɚ ɷɧɟɪɝɢɢ 
どavg (ɪɢɫ. 2,í) ɢ ɩɪɨɮɢɥɢ ɥɨɤɚɥɶɧɨɝɨ ɤɨɧɜɟɤɬɢɜɧɨ-
ɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɬɞɚɱɢ ɩɨ ɩɟɪɢɦɟɬɪɭ ɢɫ-
ɬɨɱɧɢɤɚ (ɪɢɫ. 2,ß). 



XI Ɇɟɠɞɭɧɚɪɨɞɧɚɹ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ ɫɬɭɞɟɧɬɨɜ, ɚɫɩɢɪɚɧɬɨɜ ɢ ɦɨɥɨɞɵɯ ɭɱɺɧɵɯ 
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Ɋɢɫ. β. ȼɥɢɹɧɢɟ 2 ɧɚ ɫɪɟɞɧɸɸ ɬɟɦɩɟɪɚɬɭɪɭ ɢɫ-
ɬɨɱɧɢɤɚ ɷɧɟɪɝɢɢ どavg (í) ɢ ɧɚ ɥɨɤɚɥɶɧɵɣ ɤɨɷɮɮɢ-
ɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ conv

loc  ɩɨ ɝɪɚɧɢɰɟ ɢɫɬɨɱɧɢɤɚ 
ɷɧɟɪɝɢɢ (ß) 

 
ɍɜɟɥɢɱɟɧɢɟ 2 ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ どavg. Ⱦɨ-

ɫɬɢɠɟɧɢɟ ɩɨɫɬɨɹɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚ-
ɬɭɪɵ ɢɫɬɨɱɧɢɤɚ ɷɧɟɪɝɢɢ ɩɪɨɢɫɯɨɞɢɬ ɛɵɫɬɪɟɟ ɩɪɢ 
ɛɨɥɶɲɢɯ ɡɧɚɱɟɧɢɹɯ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɬɞɚɱɢ 
ɜɫɥɟɞɫɬɜɢɟ ɛɨɥɟɟ ɢɧɬɟɧɫɢɜɧɨɝɨ ɜɵɪɚɜɧɢɜɚɧɢɹ 
ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ. Ʌɨɤɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɤɨɧ-
ɜɟɤɬɢɜɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɛɦɟɧɚ 
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 ɧɚ ɝɪɚɧɢɰɟ ɬɟɩɥɨɜɵɞɟɥɹɸɳɟɝɨ 

ɷɥɟɦɟɧɬɚ (ɪɢɫ. 2,ß) ɫ ɪɨɫɬɨɦ 2 ɫɧɢɠɚɸɬɫɹ. ɉɪɢ-
ɱɢɧɨɣ ɧɚɛɥɸɞɚɟɦɨɝɨ ɷɮɮɟɤɬɚ ɹɜɥɹɟɬɫɹ ɭɜɟɥɢɱɟ-
ɧɢɟ ɬɟɩɥɨɨɬɜɨɞɚ ɱɟɪɟɡ ɧɢɠɧɸɸ ɫɬɟɧɤɭ. 

ȼɬɨɪɵɦ, ɧɟɫɤɨɥɶɤɨ ɧɟɬɪɢɜɢɚɥɶɧɵɦ, ɪɚɫɫɦɨɬ-
ɪɟɧɧɵɦ ɦɟɬɨɞɨɜ ɨɯɥɚɠɞɟɧɢɹ ɬɟɩɥɨɜɵɞɟɥɹɸɳɟɝɨ 
ɷɥɟɦɟɧɬɚ ɹɜɥɹɟɬɫɹ ɢɡɦɟɧɟɧɢɟ ɫɬɟɩɟɧɢ ɱɟɪɧɨɬɵ 
ɜɧɭɬɪɟɧɧɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɩɨɥɨɫɬɢ ɢ ɢɫɬɨɱɧɢɤɚ 
ɷɧɟɪɝɢɢ.  

ɂɡɦɟɧɟɧɢɟ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜɧɭɬɪɢ ɢɫ-
ɬɨɱɧɢɤɚ ɷɧɟɪɝɢɢ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɹɯ 1 ɢ 3 
ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫ. γ. ȼɢɞɧɨ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɢɡɥɭɱɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɟɧɨɤ 1 
ɩɪɢɜɨɞɢɬ ɤ ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɫɧɢɠɟɧɢɸ ɬɟɦɩɟɪɚɬɭ-
ɪɵ ɬɟɩɥɨɧɚɝɪɭɠɟɧɧɨɝɨ ɷɥɟɦɟɧɬɚ. ȼ ɪɚɫɫɦɚɬɪɢɜɚɟ-
ɦɵɯ ɭɫɥɨɜɢɹɯ ɫɧɢɠɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɦɨɠɟɬ ɞɨ-
ɫɬɢɝɚɬɶ 1λ ɝɪɚɞɭɫɨɜ, ɱɬɨ ɫɨɫɬɚɜɥɹɟɬ 1κ.4% ɨɬ 

w hs 0
avgT    . ɂɡɜɟɫɬɧɨ, ɟɫɥɢ ɫɧɢɡɢɬɶ ɪɚɛɨɱɭɸ ɬɟɦɩɟ-

ɪɚɬɭɪɭ ɫɬɪɭɤɬɭɪɵ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɨɝɨ ɩɪɢɛɨɪɚ 

ɧɚ 15–β0%, ɬɨ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɨɬɤɚɡɨɜ ɫɧɢɡɢɬɫɹ ɜ 
2–γ ɪɚɡɚ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɩɪɟɞɥɨɠɟɧɧɵɣ ɨɱɟɧɶ 
ɩɪɨɫɬɨɣ ɜ ɬɟɯɧɢɱɟɫɤɨɣ ɪɟɚɥɢɡɚɰɢɢ ɦɟɬɨɞ ɨɯɥɚ-
ɠɞɟɧɢɹ ɢɫɬɨɱɧɢɤɨɜ ɷɧɟɪɝɢɢ ɢɦɟɟɬ ɞɨɫɬɚɬɨɱɧɨ 
ɜɵɫɨɤɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ. 

 
Ɋɢɫ. γ. ȼɥɢɹɧɢɟ ɫɬɟɩɟɧɢ ɱɟɪɧɨɬɵ 1 ɢ γ ɧɚ ɫɪɟɞ-
ɧɸɸ ɬɟɦɩɟɪɚɬɭɪɭ ɢɫɬɨɱɧɢɤɚ ɷɧɟɪɝɢɢ ɌКЯР ɩɪɢ 

2 = 10 (ɚ) ɢ 2 = 50 (ɛ) 
 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɦɨɠ-
ɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɩɪɢ ɮɢɤɫɢɪɨɜɚɧɧɵɯ 
ɡɧɚɱɟɧɢɹɯ ɬɟɦɩɟɪɚɬɭɪɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɢ 
ɜɧɟɲɧɟɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɬɞɚɱɢ ɢɧɬɟɧɫɢɮɢ-
ɰɢɪɨɜɚɬɶ ɨɯɥɚɠɞɟɧɢɟ ɬɟɩɥɨɜɵɞɟɥɹɸɳɢɯ ɷɥɟɦɟɧ-
ɬɨɜ ɦɨɠɧɨ ɬɨɥɶɤɨ ɡɚ ɫɱɟɬ ɭɜɟɥɢɱɟɧɢɹ ɫɬɟɩɟɧɢ 
ɱɟɪɧɨɬɵ ɜɧɭɬɪɟɧɧɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɫɬɟɧɨɤ ɩɨɥɨɫɬɢ 
ɢ ɫɚɦɢɯ ɢɫɬɨɱɧɢɤɨɜ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ 
ɋɨɜɟɬɚ ɩɨ ɝɪɚɧɬɚɦ ɉɪɟɡɢɞɟɧɬɚ ɊɎ ɞɥɹ ɦɨɥɨɞɵɯ 
ɪɨɫɫɢɣɫɤɢɯ ɭɱɟɧɵɯ (ɝɪɚɧɬ ɆɄ-5652.2012.8). 
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ȼɜɟɞɟɧɢɟ 
ɂɡɜɟɫɬɧɵɟ ɚɜɬɨɛɚɥɚɧɫɢɪɭɸɳɢɟ ɭɫɬɪɨɣɫɬɜɚ 

(ȺȻɍ) ɞɨɫɬɚɬɨɱɧɨ ɷɮɮɟɤɬɢɜɧɨ ɭɦɟɧɶɲɚɸɬ ɪɟ-
ɠɢɦɧɨɟ ɢɡɦɟɧɟɧɢɟ ɞɢɫɛɚɥɚɧɫɚ ɪɨɬɨɪɚ. Ɉɞɧɚɤɨ 
ɬɚɤɚɹ ɪɟɡɭɥɶɬɚɬɢɜɧɨɫɬɶ ɞɨɫɬɢɝɚɟɬɫɹ ɡɚ ɫɱɟɬ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɹ ɬɹɠɟɥɨɣ ɠɢɞɤɨɫɬɢ (ɪɬɭɬɢ) ɜ ɤɚɱɟɫɬɜɟ 
ɤɨɪɪɟɤɬɢɪɭɸɳɟɣ ɦɚɫɫɵ. ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ ɦɚɲɢɧ ɢ 
ɩɪɢɛɨɪɨɜ ɫɬɪɟɦɹɬɫɹ ɢɡɛɟɝɚɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɵɫɨ-
ɤɨɬɨɤɫɢɱɧɵɯ ɜɟɳɟɫɬɜ. ɂɦɟɸɳɢɟɫɹ ɧɟɬɨɤɫɢɱɧɵɟ 

ɠɢɞɤɨɫɬɢ ɨɛɥɚɞɚɸɬ ɩɥɨɬɧɨɫɬɶɸ ɧɟ ɛɨɥɟɟ β ɝ/ɫɦ3, 
ɩɨɷɬɨɦɭ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɢɯ ɜ ɤɚɱɟɫɬɜɟ ɤɨɪɪɟɤɬɢ-
ɪɭɸɳɟɣ ɦɚɫɫɵ ɜ ɠɢɞɤɨɫɬɧɵɯ ȺȻɍ, ɜɦɟɫɬɨ ɪɬɭɬɢ, 
ɜɟɞɟɬ ɤ ɫɧɢɠɟɧɢɸ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ 
ɛɚɥɚɧɫɢɪɨɜɤɢ ɪɨɬɨɪɚ [1, βЖ. ɂɦɟɧɧɨ ɢɡ-ɡɚ ɧɟɞɨɫɬɚ-
ɬɨɱɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɠɢɞɤɨɫɬɧɵɯ ȺȻɍ, ɨɛɭ-
ɫɥɨɜɥɟɧɧɨɣ ɦɚɥɨɣ ɩɥɨɬɧɨɫɬɶɸ ɠɢɞɤɨɫɬɢ, ɮɚɤɬɨ-
ɪɵ, ɜɥɢɹɸɳɢɟ ɧɚ ɬɨɱɧɨɫɬɶ ɛɚɥɚɧɫɢɪɨɜɤɢ, ɛɵɥɢ 
ɫɥɚɛɨ ɨɫɜɟɳɟɧɵ. ɇɚ ɤɚɮɟɞɪɟ ɌɉɆ Ɍɉɍ ɛɵɥɨ ɪɚɡ-


