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ɍȾɄ 629.084 
 

ɆɈȾȿɅɂɊɈȼȺɇɂȿ ɏȺɊȺɄɌȿɊɂɋɌɂɄ ȾȿɎɈɊɆɂɊɍȿɆɕɏ ȽɊɍɇɌɈȼ  
ȼ ɉɊɈɐȿɋɋȿ ɂɏ ɍɉɅɈɌɇȿɇɂə ɐɂɅɂɇȾɊɂɑȿɋɄɂɆɂ ɊȺȻɈɑɂɆɂ  

ɈɊȽȺɇȺɆɂ ɄȺɌɄɈȼ 
 

ȼ.ȼ. Ɇɢɯɟɟɜ1, ɋ.ȼ. ɋɚɜɟɥɶɟɜ2 

1Ɉɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ (ɈɦȽɌɍ), Ɋɨɫɫɢɹ, ɝ. Ɉɦɫɤ; 
2ɎȽȻɈɍ ȼɈ «ɋɢɛȺȾɂ», Ɋɨɫɫɢɹ, ɝ. Ɉɦɫɤ. 

 

Аɧɧɨɬɚɰиɹ. ȼ ɫɬɚɬɶɟ ɨɛɫɭɠɞɚɟɬɫɹ ɜɨɩɪɨɫ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɭɩɪɭɝɢɯ ɫɜɨɣɫɬɜ 
ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɝɪɭɧɬɚ, ɤɨɬɨɪɵɟ ɫɭɳɟɫɬɜɟɧɧɨ ɢɡɦɟɧɹɸɬɫɹ ɜ ɩɪɨɰɟɫɫɟ ɟɝɨ 
ɭɩɥɨɬɧɟɧɢɹ. ɗɬɚ ɡɚɞɚɱɚ ɢɦɟɟɬ ɩɪɚɤɬɢɱɟɫɤɢɣ ɢɧɬɟɪɟɫ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɨɩɬɢɦɚɥɶɧɵɯ 
ɩɚɪɚɦɟɬɪɨɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɭɩɥɨɬɧɟɧɢɹ ɝɪɭɧɬɨɜɵɯ ɨɫɧɨɜɚɧɢɣ 
ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɞɨɪɨɝ. ȼ ɪɚɛɨɬɟ ɩɪɟɞɥɨɠɟɧɚ ɦɨɞɟɥɶ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɞɟɮɨɪɦɢɪɭɟɦɨɣ 
ɝɪɭɧɬɨɜɨɣ ɫɪɟɞɵ ɫ ɧɟɞɟɮɨɪɦɢɪɭɟɦɵɦ ɰɢɥɢɧɞɪɢɱɟɫɤɢɦ ɲɬɚɦɩɨɦ, ɤɨɬɨɪɵɣ ɜ ɩɟɪɜɨɦ 
ɩɪɢɛɥɢɠɟɧɢɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɮɨɪɦɟ ɪɚɛɨɱɢɯ ɨɪɝɚɧɨɜ (ɜɚɥɶɰɨɜ) ɧɚɢɛɨɥɟɟ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ ɭɩɥɨɬɧɹɸɳɢɯ ɦɚɲɢɧ – ɤɚɬɤɨɜ. Ɉɩɪɟɞɟɥɟɧɚ ɠɟɫɬɤɨɫɬɶ 
ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɨɛɴɟɦɚ ɝɪɭɧɬɚ, ɜɵɱɢɫɥɟɧɚ ɜɟɥɢɱɢɧɚ ɫɢɥɵ ɤɚɫɚɬɟɥɶɧɨɝɨ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɟɮɨɪɦɢɪɨɜɚɧɢɸ ɩɪɢ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɫɦɟɳɟɧɢɢ ɜɚɥɶɰɚ. 

 

Кɥɸɱеɜые ɫɥɨɜɚ: ɭɩɥɨɬɧɟɧɢɟ ɝɪɭɧɬɨɜ, ɠɟɫɬɤɢɣ ɜɚɥɟɰ, ɦɨɞɟɥɢɪɨɜɚɧɢɟ, 
ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ, ɠɟɫɬɤɨɫɬɶ, ɭɩɪɭɝɨɜɹɡɤɨɩɥɚɫɬɢɱɧɚɹ ɫɪɟɞɚ. 
 

ȼɜɟɞɟɧɢɟ 
ɇɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦ ɫɩɨɫɨɛɨɦ 

ɨɛɟɫɩɟɱɟɧɢɹ ɝɪɭɧɬɨɜɵɦ ɨɫɧɨɜɚɧɢɹɦ ɢ 
ɧɚɫɵɩɹɦ ɩɪɨɱɧɨɫɬɢ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɜ 
ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɹɜɥɹɟɬɫɹ ɭɩɥɨɬɧɟɧɢɟ 
ɝɪɭɧɬɨɜ ɜɧɟɲɧɟɣ ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɢɥɨɣ – 
ɜɢɛɪɨɭɩɥɨɬɧɟɧɢɟ. Ɍɚɤɨɣ ɯɚɪɚɤɬɟɪ 
ɜɨɡɞɟɣɫɬɜɢɹ ɩɨɡɜɨɥɹɟɬ ɧɚɢɛɨɥɟɟ ɢɧɬɟɧɫɢɜɧɨ 
ɩɟɪɟɞɚɜɚɬɶ ɝɪɭɧɬɭ ɷɧɟɪɝɢɸ, ɫɩɨɫɨɛɫɬɜɭɹ 
ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɢ ɧɚɤɨɩɥɟɧɢɸ ɜ ɧɟɦ 
ɩɥɚɫɬɢɱɟɫɤɢɯ ɞɟɮɨɪɦɚɰɢɣ. ɍɫɥɨɜɢɟ 
ɩɥɚɫɬɢɱɟɫɤɨɝɨ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɝɪɭɧɬɚ 
ɞɚɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ Д1, 2Ж  

( )
p l d e s tr

t    ,                     (1) 

ɝɞɟ 
p l

  – ɩɪɟɞɟɥ ɬɟɤɭɱɟɫɬɢ ɝɪɭɧɬɚ, ( )t - 

ɬɟɤɭɳɟɟ ɡɧɚɱɟɧɢɟ ɤɨɧɬɚɤɬɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ,

d estr
  – ɩɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ ɝɪɭɧɬɚ. 

ȼ ɪɚɛɨɬɟ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɪɚɫɫɦɨɬɪɟɬɶ 
ɦɨɞɟɥɶ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɧɟɞɟɮɨɪɦɢɪɭɟɦɨɝɨ 
ɰɢɥɢɧɞɪɢɱɟɫɤɨɝɨ ɲɬɚɦɩɚ – 
ɩɟɪɟɤɚɬɵɜɚɸɳɟɝɨɫɹ ɜɚɥɶɰɚ ɝɪɭɧɬɨɜɨɝɨ ɤɚɬɤɚ 
ɫ ɞɟɮɨɪɦɢɪɭɟɦɨɣ ɝɪɭɧɬɨɜɨɣ ɫɪɟɞɨɣ, 
ɨɛɥɚɞɚɸɳɟɣ ɤɚɤ ɭɩɪɭɝɢɦɢ, ɬɚɤ ɢ ɜɹɡɤɢɦɢ 
ɫɜɨɣɫɬɜɚɦɢ. ɉɪɨɰɟɫɫ ɞɨɥɠɟɧ ɩɪɨɬɟɤɚɬɶ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɭɫɥɨɜɢɟɦ (1). Ɉɫɧɨɜɧɚɹ 
ɫɥɨɠɧɨɫɬɶ ɩɪɢ ɬɨɱɧɨɦ ɪɟɲɟɧɢɢ ɬɚɤɨɣ ɡɚɞɚɱɢ 
ɫɨɫɬɨɢɬ ɜ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɢɧɬɟɝɪɢɪɨɜɚɬɶ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ ɞɥɹ ɨɛɥɚɫɬɢ 
ɝɪɭɧɬɨɜɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ (ɫɥɨɹ) ɫ ɟɝɨ 
ɞɜɢɠɭɳɟɣɫɹ (ɜɫɥɟɞɫɬɜɢɟ ɧɚɤɨɩɥɟɧɢɹ 
ɨɫɬɚɬɨɱɧɵɯ ɧɟɭɩɪɭɝɢɯ ɞɟɮɨɪɦɚɰɢɣ) ɝɪɚɧɢɰɟɣ 
ɪɚɡɞɟɥɚ ɫɢɫɬɟɦɵ «ɲɬɚɦɩ – ɝɪɭɧɬ». 

ɉɪɟɞɥɚɝɚɟɦɵɣ ɩɨɞɯɨɞ ɨɩɢɪɚɟɬɫɹ ɧɚ 
ɮɢɡɢɱɟɫɤɢ ɨɩɪɚɜɞɚɧɧɨɟ ɩɪɢɛɥɢɠɟɧɢɟ 
ɫɢɫɬɟɦɵ ɫ ɫɨɫɪɟɞɨɬɨɱɟɧɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ 
Д3Ж. Ⱦɚɧɧɨɟ ɩɪɢɛɥɢɠɟɧɢɟ ɫɩɪɚɜɟɞɥɢɜɨ ɜ ɬɨɦ 
ɫɥɭɱɚɟ, ɟɫɥɢ ɝɪɭɧɬɨɜɚɹ ɫɪɟɞɚ ɜ ɩɪɨɰɟɫɫɟ 
ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɦɨɠɟɬ ɫɱɢɬɚɬɶɫɹ 
ɞɜɢɠɭɳɟɣɫɹ ɤɚɤ «ɟɞɢɧɨɟ ɰɟɥɨɟ», ɬ.ɟ. 
ɹɜɥɹɟɬɫɹ ɫɩɥɨɲɧɨɣ ɫɪɟɞɨɣ.  ɇɟɨɛɯɨɞɢɦɨ 
ɩɪɚɜɢɥɶɧɨ ɨɩɢɫɚɬɶ «ɷɮɮɟɤɬɢɜɧɵɣ» ɨɛɴɟɦ 
ɝɪɭɧɬɚ, ɩɚɪɚɦɟɬɪɵ ɤɨɬɨɪɨɝɨ ɛɭɞɭɬ ɨɩɪɟɞɟɥɹɬɶ 
ɜɟɥɢɱɢɧɵ ɦɚɫɫɵ, ɭɩɪɭɝɨɫɬɢ ɢ ɜɹɡɤɨɫɬɢ, ɬɨɣ 
ɨɛɥɚɫɬɢ ɞɟɮɨɪɦɢɪɭɟɦɨɣ ɫɪɟɞɵ, ɤɨɬɨɪɚɹ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫɨ 
ɲɬɚɦɩɨɦ. ɋɥɟɞɭɟɬ ɭɱɢɬɵɜɚɬɶ ɬɨ, ɱɬɨ ɜɧɟɲɧɟɟ 
ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɝɪɭɧɬ ɩɪɢɤɥɚɞɵɜɚɟɬɫɹ ɧɟ 
ɬɨɥɶɤɨ ɩɨ ɧɨɪɦɚɥɢ ɤ ɟɝɨ ɩɨɜɟɪɯɧɨɫɬɢ, ɧɨ ɢ 
ɩɟɪɟɞɚɟɬɫɹ ɜ  ɤɚɫɚɬɟɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɩɪɢ 
ɩɨɫɬɭɩɚɬɟɥɶɧɨɦ ɩɟɪɟɞɜɢɠɟɧɢɢ ɪɚɛɨɱɟɝɨ 
ɨɪɝɚɧɚ ɪɟɚɥɶɧɨɣ ɦɚɲɢɧɵ Д4Ж, ɬɚɤ ɱɬɨ 
ɜɨɡɞɟɣɫɬɜɢɸ ɩɨɞɜɟɪɝɚɟɬɫɹ ɧɟ ɬɨɥɶɤɨ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚɯɨɞɹɳɢɣɫɹ ɩɨɞ ɩɹɬɧɨɦ 
ɤɨɧɬɚɤɬɚ ɨɛɴɟɦ ɝɪɭɧɬɚ. 

ɗɬɨ ɨɫɨɛɟɧɧɨ ɹɜɧɨ ɩɪɨɹɜɥɹɟɬɫɹ ɜ ɫɥɭɱɚɟ, 
ɤɨɝɞɚ ɩɨɜɟɪɯɧɨɫɬɶ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɹɜɥɹɟɬɫɹ 
ɛɨɥɟɟ ɫɥɨɠɧɨɣ, ɱɟɦ ɩɥɨɫɤɨɫɬɶ, ɧɚɩɪɢɦɟɪ – 
ɰɢɥɢɧɞɪɢɱɟɫɤɚɹ.  

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɠɟɫɬɤɨɫɬɢ 
ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɝɪɭɧɬɚ ɢ ɫɢɥɵ ɟɝɨ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɪɢ ɩɨɫɬɭɩɚɬɟɥɶɧɨɦ 
ɞɜɢɠɟɧɢɢ ɠɟɫɬɤɨɝɨ ɰɢɥɢɧɞɪɢɱɟɫɤɨɝɨ 
ɜɚɥɶɰɚ 

ɒɬɚɦɩ (ɜɚɥɟɰ) ɛɭɞɟɦ ɫɱɢɬɚɬɶ 
ɧɟɞɟɮɨɪɦɢɪɭɟɦɵɦ ɰɢɥɢɧɞɪɨɦ ɢɡɜɟɫɬɧɨɣ 
ɞɥɢɧɵ l , ɪɚɞɢɭɫɚ R  ɢ ɦɚɫɫɵ M , 
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ɨɛɟɫɩɟɱɢɜɚɸɳɟɣ «ɩɟɪɜɨɧɚɱɚɥɶɧɨɟ» 
ɫɬɚɬɢɱɟɫɤɨɟ ɞɟɮɨɪɦɢɪɨɜɚɧɢɟ ɝɪɭɧɬɚ. 
ɍɩɪɭɝɨɜɹɡɤɨɩɥɚɫɬɢɱɧɭɸ ɝɪɭɧɬɨɜɭɸ ɫɪɟɞɭ 
ɩɪɟɞɫɬɚɜɢɦ ɜ ɜɢɞɟ ɫɢɫɬɟɦɵ, ɨɛɥɚɞɚɸɳɟɣ 
ɠɟɫɬɤɨɫɬɶɸ c , ɜɹɡɤɨɫɬɶɸ b  ɢ ɫɩɨɫɨɛɧɨɫɬɶɸ ɤ 
ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ, ɝɪɚɧɢɰɚ ɤɨɬɨɪɨɣ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɟɞɟɥɨɦ ɬɟɤɭɱɟɫɬɢ ɝɪɭɧɬɚ 

p l
 . 

ɉɨɜɟɪɯɧɨɫɬɶ ɩɹɬɧɚ ɤɨɧɬɚɤɬɚ ɠɟɫɬɤɨɝɨ 
ɲɬɚɦɩɚ ɫ ɞɟɮɨɪɦɢɪɭɟɦɵɦ ɝɪɭɧɬɨɦ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɭɱɚɫɬɨɤ ɰɢɥɢɧɞɪɚ 
ɪɚɞɢɭɫɚ R . ɉɨɷɬɨɦɭ ɲɢɪɨɤɨ ɢɡɜɟɫɬɧɵɣ 
ɩɨɞɯɨɞ ɞɥɹ ɩɥɨɫɤɨɝɨ ɲɬɚɦɩɚ, ɹɜɥɹɟɬɫɹ 
ɦɚɥɨɩɪɢɦɟɧɢɦɵɦ.  

Ɋɚɫɫɦɨɬɪɢɦ ɫɢɬɭɚɰɢɸ, ɩɪɟɞɲɟɫɬɜɭɸɳɭɸ 
ɧɚɱɚɥɭ ɪɚɛɨɬɵ ɝɪɭɧɬɨɜɨɝɨ ɤɚɬɤɚ, ɤɨɝɞɚ 
ɪɚɛɨɱɢɣ ɨɪɝɚɧ ɡɚɧɢɦɚɟɬ ɩɨɥɨɠɟɧɢɟ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ 
ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɦɭ ɝɪɭɧɬɭ ɩɨɞ ɧɢɦ. 
Ɉɛɨɡɧɚɱɢɦ ɜɵɫɨɬɭ ɧɟɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɥɨɹ 
ɝɪɭɧɬɚ 

0
h . 

Ɉɫɧɨɜɧɨɣ ɜɤɥɚɞ ɜ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɪɭɧɬɚ 
ɞɟɮɨɪɦɢɪɨɜɚɧɢɸ ɜɧɨɫɹɬ ɟɝɨ ɫɥɨɣ ɜ ɫɟɤɬɨɪɟ, 
ɨɝɪɚɧɢɱɟɧɧɨɦ ɭɝɥɨɦ ɪɚɫɬɜɨɪɚ, ɨɛɪɚɡɨɜɚɧɧɨɦ 
ɤɪɚɣɧɢɦɢ ɬɨɱɤɚɦɢ ɫɨɩɪɢɤɨɫɧɨɜɟɧɢɢ ɝɪɭɧɬɚ ɢ 
ɰɢɥɢɧɞɪɢɱɟɫɤɨɝɨ ɲɬɚɦɩɚ. ɉɪɢ ɷɬɨɦ ɛɭɞɟɦ 
ɫɱɢɬɚɬɶ, ɱɬɨ ɝɪɭɧɬ, ɜɵɫɬɭɩɚɸɳɢɣ ɡɚ ɛɨɤɨɜɵɟ 
ɫɬɨɪɨɧɵ ɜɟɪɬɢɤɚɥɶɧɨɣ ɩɪɨɟɤɰɢɢ ɲɬɚɦɩɚ, 
ɞɟɮɨɪɦɢɪɨɜɚɧɢɸ ɧɟ ɩɨɞɜɟɪɝɚɟɬɫɹ. 

 

 
 

Ɋɢɫ.1. Ɇɨɞɟɥɶɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɰɢɥɢɧɞɪɢɱɟɫɤɨɝɨ ɲɬɚɦɩɚ, ɡɚɧɹɜɲɟɝɨ ɩɟɪɜɨɧɚɱɚɥɶɧɨɟ ɩɨɥɨɠɟɧɢɟ, 
ɨɬɜɟɱɚɸɳɟɟ ɡɧɚɱɟɧɢɸ ɭɝɥɚ 

0


 
 

ɍɝɨɥ ɪɚɫɬɜɨɪɚ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɦ 
ɩɨɝɪɭɠɟɧɢɢ ɲɬɚɦɩɚ ɜ ɝɪɭɧɬ 

0
2 , ɜ ɩɟɪɜɭɸ 

ɨɱɟɪɟɞɶ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɟɝɨ ɦɚɫɫɨɣ. 
ɉɨɥɨɠɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ 
ɧɟɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɝɪɭɧɬɚ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ 
ɫɢɦɦɟɬɪɢɱɧɵɦ ɨɬɧɨɫɢɬɟɥɶɧɨ ɪɚɛɨɱɟɝɨ 
ɨɪɝɚɧɚ. Ɍɨɝɞɚ ɠɟɫɬɤɨɫɬɶ d c  ɷɥɟɦɟɧɬɚ ɝɪɭɧɬɚ, 
ɨɩɢɪɚɸɳɟɝɨɫɹ ɧɚ ɷɥɟɦɟɧɬɚɪɧɵɣ ɭɝɨɥ d , 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ 

2
2 ( )

ln 1

d
d c E l

h

R






 
 

 

, 

ɝɞɟ ɜɵɫɨɬɚ ɷɥɟɦɟɧɬɚɪɧɨɝɨ ɫɟɝɦɟɧɬɚ, 
ɡɚɜɢɫɹɳɚɹ ɨɬ ɭɝɥɚ  , ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ 

0 0
(c o s c o s )

( )
c o s

R h
h

 




 
 . 

ɂɬɨɝɨɜɨɟ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɠɟɫɬɤɨɫɬɢ, 
ɩɨɥɭɱɚɸɳɟɟɫɹ ɫɭɦɦɢɪɨɜɚɧɢɟɦ ɩɨ ɜɫɟɦ 
ɷɥɟɦɟɧɬɚɦ ɝɪɭɧɬɚ:  

0 0

0 0

0 0

0 0

( ) 2 2 ( )
(c o s c o s )

ln 1 2
c o s

d
c d c E l E l

R h

R

 

 


 

 


 

   
  

 
 

 

. (2) 

Ɂɞɟɫɶ ɮɭɧɤɰɢɹ 
0

( ) ɧɟ ɦɨɠɟɬ ɛɵɬɶ 
ɜɵɱɢɫɥɟɧɚ ɚɧɚɥɢɬɢɱɟɫɤɢ ɢ ɩɨɥɭɱɚɟɬɫɹ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɱɢɫɥɟɧɧɨɝɨ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ. ȿɟ 
ɝɪɚɮɢɤ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ. 2 ɚ). 
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ɚ) 

 
ɛ) 

Ɋɢɫ. 2. Ƚɪɚɮɢɤ ɮɭɧɤɰɢɢ: ɞɥɹ ɲɬɚɦɩɚ ɪɚɞɢɭɫɚ ɢ ɬɨɥɳɢɧɵ ɫɥɨɹ ɝɪɭɧɬɚ (ɚ) 
ɞɥɹ ɲɬɚɦɩɚ ɪɚɞɢɭɫɚ ɢ ɫɥɨɹ ɝɪɭɧɬɚ ɬɨɥɳɢɧɵ (ɛ) 

 
 

Ʉɨɧɬɚɤɬɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɫɨɡɞɚɜɚɟɦɨɟ ɩɪɢ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɦ ɧɚɝɪɭɠɟɧɢɢ ɝɪɭɧɬɚ ɥɟɝɤɨ 
ɨɩɪɟɞɟɥɢɬɶ ɤɚɤ 

0

0 0

( )
( ) 2

F M g

S R l
 

 
  . 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɭɝɥɚ 
0

 , ɧɚɱɚɥɶɧɨɝɨ 
ɩɨɥɨɠɟɧɢɹ ɲɬɚɦɩɚ ɢ ɧɚɱɚɥɶɧɨɝɨ ɤɨɧɬɚɤɬɧɨɝɨ 
ɧɚɩɪɹɠɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɪɟɲɢɬɶ ɭɪɚɜɧɟɧɢɟ, 
ɫɜɹɡɵɜɚɸɳɟɟ ɫɢɥɭ ɜɧɟɲɧɟɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɢ 
ɞɟɮɨɪɦɚɰɢɸ ɝɪɭɧɬɚ. ɍɱɢɬɵɜɚɹ, ɱɬɨ ɩɪɢ 
ɜɟɪɬɢɤɚɥɶɧɨɦ ɫɦɟɳɟɧɢɢ ɲɬɚɦɩɚ ɩɨɜɟɪɯɧɨɫɬɢ 
ɷɥɟɦɟɧɬɚɪɧɵɯ ɝɪɭɧɬɨɜɵɯ ɩɪɢɡɦ ɢɫɩɵɬɵɜɚɸɬ 

ɧɟɨɞɢɧɚɤɨɜɨɟ ɫɦɟɳɟɧɢɟ, ɡɚɜɢɫɹɳɟɟ ɨɬ ɢɯ 
ɩɨɥɨɠɟɧɢɹ, ɨɩɪɟɞɟɥɹɟɦɨɝɨ ɭɝɥɨɦ  , ɭɞɨɛɧɨ 
ɨɬ ɭɝɥɚ 

0
 ɩɟɪɟɣɬɢ ɤ ɫɜɹɡɚɧɧɨɣ ɫ ɧɟɣ 

ɩɟɪɟɦɟɧɧɨɣ 
0

x – ɡɚɝɥɭɛɥɟɧɢɸ ɲɬɚɦɩɚ ɜ 

ɞɟɮɨɪɦɢɪɭɟɦɵɣ ɝɪɭɧɬ 
0 0

(1 co s )x R   , 

ɦɨɠɧɨ ɩɟɪɟɣɬɢ ɤ ɧɨɜɨɣ ɩɟɪɟɦɟɧɧɨɣ 
ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ 

0
(co s co s )x R    . ɗɬɚ 

ɩɟɪɟɦɟɧɧɚɹ ɛɨɥɟɟ ɭɞɨɛɧɚ ɩɪɢ ɪɚɫɫɦɨɬɪɟɧɢɢ 
ɞɜɢɠɟɧɢɹ ɲɬɚɦɩɚ ɜ ɩɪɨɰɟɫɫɟ 
ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɝɪɭɧɬɚ. ɀɟɫɬɤɨɫɬɶ ɝɪɭɧɬɚ, 
ɜɵɪɚɠɟɧɧɚɹ ɱɟɪɟɡ 

0
x , ɟɫɬɶ  

 

0

0

2
0

0

0 00
0

0

0

20 00

0

1 (1 )

( ) 2 2

((1 ) ((1 ) ))

ln 1 2

(1 )

4 2 ( )

1 (1 ) ln 1 2

x

x

d x

x xR
R R

c x E l
x x xR h

R R R

x xR
R R

d x
E l E l x

h xx xR
R R R x x

  
 

     
 
 
  
 

  
 

    
  





                                 (3) 
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Ƚɪɚɮɢɤ ɮɭɧɤɰɢɢ 
0

( )x  ɩɨɤɚɡɚɧ ɧɚ 
ɪɢɫɭɧɤɟ 2, (ɛ).   

ɉɟɪɜɨɧɚɱɚɥɶɧɚɹ ɞɥɢɧɚ ɩɹɬɧɚ ɤɨɧɬɚɤɬɚ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɫɦɟɳɟɧɢɸ 

0
x , ɨɩɪɟɞɟɥɢɬɫɹ 

ɤɚɤ 
0 0

2 siny R  . ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɢ 
ɡɚɝɥɭɛɥɟɧɢɢ ɲɬɚɦɩɚ ɜ ɝɪɭɧɬ ɜɨ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ ɧɢɦ ɜɨɜɥɟɤɚɸɬɫɹ ɧɨɜɵɟ 
ɭɱɚɫɬɤɢ ɞɟɮɨɪɦɢɪɭɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɡɚɜɢɫɢɦɨɫɬɶ ɫɢɥɵ ɨɬ 
ɫɦɟɳɟɧɢɹ ɫɪɟɞɵ ɫɬɚɧɨɜɢɬɫɹ ɧɟɥɢɧɟɣɧɨɣ, 
ɨɫɨɛɟɧɧɨ ɧɚ ɧɚɱɚɥɶɧɵɯ ɷɬɚɩɚɯ 
ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ.  

Ⱦɥɹ ɪɚɫɫɦɨɬɪɟɧɧɨɝɨ ɩɪɢɦɟɪɚ ɩɪɢ ɪɚɞɢɭɫɟ 
ɲɬɚɦɩɚ 0 .3R ɦ , ɬɨɥɳɢɧɟ ɫɥɨɹ ɝɪɭɧɬɚ 

0
0 .5h ɦ , ɲɢɪɢɧɟ ɲɬɚɦɩɚ 1l ɦ  ɢ ɦɨɞɭɥɹ 

ɞɟɮɨɪɦɚɰɢɢ ɝɪɭɧɬɚ 2 0 3 0E Ɇ ɉ ɚ  , 

ɠɟɫɬɤɨɫɬɶ ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɨɛɴɟɦɚ ɝɪɭɧɬɚ, 
ɫɨɫɬɚɜɥɹɟɬ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɡɚɝɥɭɛɥɟɧɢɹ ɨɬ 
0 ɞɨ 50-70 Ɇɇ/ɦ. ɇɚɢɛɨɥɶɲɢɣ ɢɧɬɟɪɟɫ ɡɞɟɫɶ 
ɩɪɟɞɫɬɚɜɥɹɸɬ ɧɟɛɨɥɶɲɢɟ ɞɟɮɨɪɦɚɰɢɢ, ɞɥɹ 
ɤɨɬɨɪɵɯ ɜɵɩɨɥɧɹɟɬɫɹ ɡɚɤɨɧ Ƚɭɤɚ, ɢ ɜɧɟɲɧɹɹ 
ɫɢɥɚ ɢɦɟɟɬ ɡɧɚɱɟɧɢɹ, ɛɥɢɡɤɢɟ ɤ ɪɟɚɥɶɧɵɦ 
ɡɧɚɱɟɧɢɹɦ ɜɵɧɭɠɞɚɸɳɟɣ ɫɢɥɵ ɭ ɪɚɛɨɱɢɯ 
ɨɪɝɚɧɨɜ ɝɪɭɧɬɨɜɵɯ ɤɚɬɤɨɜ. 

ȼɵɱɢɫɥɟɧɢɟ ɜɟɥɢɱɢɧɵ ɧɚɱɚɥɶɧɨɝɨ 
ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɝɪɭɧɬɚ ɨɬ ɧɚɝɪɭɠɟɧɢɹ ɫɨ 
ɫɬɨɪɨɧɵ ɲɬɚɦɩɚ ɩɪɨɜɟɞɟɦ ɫɥɟɞɭɸɳɢɦ 
ɨɛɪɚɡɨɦ: ɩɪɟɞɩɨɥɨɠɢɦ ɫɤɨɪɨɫɬɶ 
ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɧɚɫɬɨɥɶɤɨ «ɦɟɞɥɟɧɧɨɣ», 
ɱɬɨ ɜɹɡɤɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɝɪɭɧɬɨɜɨɣ ɫɪɟɞɵ 
ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ Д3Ж, ɬɨɝɞɚ ɫɦɟɳɟɧɢɟ 

0
x ɩɨɞ 

ɜɨɡɞɟɣɫɬɜɢɟɦ ɜɟɫɚ ɲɬɚɦɩɚ ɧɚɯɨɞɢɬɫɹ ɢɡ 
ɢɧɬɟɝɪɚɥɚ 

0 0

0

20 0 00

0

( ) 4 2 ( )

1 (1 ) ln 1 2

x x

F

x d x
M g d c x x E l E l x

h xx xR
R R R x x

   
 

    
  

 
.            (4) 

ɂɧɬɟɝɪɢɪɨɜɚɧɢɟ, ɜ ɫɢɥɭ ɫɥɨɠɧɨɫɬɢ 
ɩɨɞɢɧɬɟɝɪɚɥɶɧɨɣ ɮɭɧɤɰɢɢ, ɹɜɥɹɟɬɫɹ 
ɜɨɡɦɨɠɧɵɦ ɩɪɨɜɟɫɬɢ ɬɨɥɶɤɨ ɱɢɫɥɟɧɧɨ. 

Ɋɟɡɭɥɶɬɚɬ ɜɵɱɢɫɥɟɧɢɣ ɞɥɹ ɮɭɧɤɰɢɢ 
0

( )
F

x

ɩɪɢ ɭɤɚɡɚɧɧɵɯ ɩɚɪɚɦɟɬɪɚɯ ɲɬɚɦɩɚ  ɢ ɝɪɭɧɬɚ 
ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫɭɧɤɟ 3. 
 

 
Ɋɢɫ. 3. Ƚɪɚɮɢɤ ɮɭɧɤɰɢɢ 

0
( )

F
x  ɞɥɹ ɲɬɚɦɩɚ ɪɚɞɢɭɫɚ 0 .3R ɦ  ɢ ɫɥɨɹ ɝɪɭɧɬɚ ɬɨɥɳɢɧɵ 

0
0 .5h ɦ  

 

Ⱦɥɹ ɦɚɫɫɵ ɲɬɚɦɩɚ 3000-5000 ɤɝ ɢ 
ɭɤɚɡɚɧɧɵɯ ɜɵɲɟ ɭɫɥɨɜɢɣ ɦɨɠɧɨ ɩɪɨɜɟɫɬɢ 
ɨɰɟɧɤɭ ɭɝɥɚ 

0
  ɢ ɫɦɟɳɟɧɢɹ 

0
x  

0
( ) 0 .0 0 1

F
x  . 

ɉɨɪɹɞɨɤ ɜɟɥɢɱɢɧɵ 
0

x , ɩɨɥɭɱɚɸɳɟɣɫɹ ɩɪɢ 
ɬɚɤɨɣ ɨɰɟɧɤɟ ɟɫɬɶ 0.005-0.01, ɱɬɨ ɞɚɟɬ ɞɥɹ 

ɭɝɥɚ 
0

 ɨɰɟɧɤɭ  0
,

1 8 1 2
   , ɞɥɹ ɲɢɪɢɧɵ 

ɩɹɬɧɚ ɤɨɧɬɚɤɬɚ 
0

0 .1 0 .1 5y ɦ   ɢ ɞɥɹ 

ɤɨɧɬɚɤɬɧɨɝɨ ɞɚɜɥɟɧɢɹ 
0

( ) 6 0 9 0 кɉ ɚ    . 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɫɬɚɬɢɱɟɫɤɨɦ ɧɚɝɪɭɠɟɧɢɢ 
ɷɬɨ ɧɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɭɫɥɨɜɢɸ ɧɟɭɩɪɭɝɨɝɨ 
ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɝɪɭɧɬɚ (1), ɨɞɧɚɤɨ 
ɨɤɚɡɵɜɚɟɬɫɹ ɜɩɨɥɧɟ ɞɨɫɬɚɬɨɱɧɨ ɞɥɹ 
ɫɨɨɬɜɟɬɫɬɜɢɹ ɷɬɨɦɭ ɠɟ ɭɫɥɨɜɢɸ ɩɪɢ 
ɞɢɧɚɦɢɱɟɫɤɨɦ ɞɟɮɨɪɦɢɪɨɜɚɧɢɢ 
ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɜɧɟɲɧɟɣ ɫɢɥɨɣ.  

ɉɪɟɠɞɟ ɱɟɦ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɞɢɧɚɦɢɱɟɫɤɨɟ 
ɞɟɮɨɪɦɢɪɨɜɚɧɢɟ ɝɪɭɧɬɚ ɰɢɥɢɧɞɪɢɱɟɫɤɢɦ 
ɲɬɚɦɩɨɦ, ɨɛɫɭɞɢɦ ɜɨɩɪɨɫ ɞɨɫɬɢɠɟɧɢɹ 
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ɬɪɟɛɭɟɦɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɩɥɨɬɧɟɧɢɹ, 
ɤɨɬɨɪɵɣ ɤɚɱɟɫɬɜɟɧɧɨ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɩɪɨɰɟɫɫ 
ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɩɨɞ 
ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɭɩɥɨɬɧɟɧɢɹ ɩɨɧɢɦɚɟɬɫɹ 
ɨɬɧɨɲɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɭɩɥɨɬɧɟɧɧɨɝɨ ɝɪɭɧɬɚ ɤ 
ɧɨɦɢɧɚɥɶɧɨɣ ɩɥɨɬɧɨɫɬɢ, ɩɨɥɭɱɚɟɦɨɣ 
ɫɬɚɧɞɚɪɬɧɵɦ ɦɟɬɨɞɨɦ Д1, 4Ж:  

ɧ ɨɦ
ɭ

ɧ ɨɦ

V
k

V




  , 

ɝɞɟ  , V – ɬɟɤɭɳɢɟ ɡɧɚɱɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɢ 
ɨɛɴɟɦɚ ɭɩɥɨɬɧɹɟɦɨɝɨ ɝɪɭɧɬɚ, ɩɨɥɭɱɚɸɳɢɟɫɹ 
ɭɱɟɬɨɦ ɨɫɬɚɬɨɱɧɵɯ ɞɟɮɨɪɦɚɰɢɣ,  

ɧɨɦ , 
ɧɨɦV  – 

ɧɨɦɢɧɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ. ȼ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ 
ɫɥɭɱɚɟ ɞɥɹ ɠɟɫɬɤɨɝɨ ɰɢɥɢɧɞɪɢɱɟɫɤɨɝɨ ɲɬɚɦɩɚ 
ɩɨɫɥɟ ɫɧɹɬɢɹ ɧɚɝɪɭɡɤɢ ɝɪɭɧɬ ɞɨɫɬɚɬɨɱɧɨ 
ɛɵɫɬɪɨ ɪɟɥɚɤɫɢɪɭɟɬ ɤ ɧɨɜɨɦɭ ɫɨɫɬɨɹɧɢɸ 
ɪɚɜɧɨɜɟɫɢɹ, ɨɬɜɟɱɚɸɳɟɦɭ ɟɝɨ ɭɩɥɨɬɧɟɧɧɨɦɭ 
ɫɨɫɬɨɹɧɢɸ. ɗɬɨɦɭ ɫɨɫɬɨɹɧɢɸ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɨɫɬɚɬɨɱɧɚɹ ɞɟɮɨɪɦɚɰɢɹ (ɡɚɝɥɭɛɥɟɧɢɟ) 

0

p l
x  ɢ 

ɨɬɜɟɱɚɸɳɢɣ ɟɦɭ ɭɝɨɥ 
0

p l , ɤɨɬɨɪɵɟ ɤɚɤ 
ɩɨɡɜɨɥɹɸɬ ɜɵɱɢɫɥɢɬɶ ɬɟɤɭɳɢɣ ɤɨɷɮɮɢɰɢɟɧɬ 
ɭɩɥɨɬɧɟɧɢɹ ɢ ɩɥɨɬɧɨɫɬɶ, ɬɚɤ ɢ ɜɵɫɬɭɩɚɸɬ ɜ 
ɜɢɞɟ ɧɚɱɚɥɶɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɞɥɹ ɩɨɫɥɟɞɭɸɳɢɯ 
ɰɢɤɥɨɜ ɧɚɝɪɭɠɟɧɢɹ. 

2 2

0 0 0 0

0 0 0 0

( c o s ) ta n

( 2 s in ta n )
ɭ

R h R
k

R h h

  

 

 




 .(5) 

Ɉɬɦɟɬɢɦ ɜɚɠɧɨɫɬɶ ɜɵɪɚɠɟɧɢɣ (2), (3) ɞɥɹ 
ɠɟɫɬɤɨɫɬɢ ɭɩɥɨɬɧɹɟɦɨɝɨ ɨɛɴɟɦɚ ɝɪɭɧɬɚ ɩɪɢ 
ɩɪɨɜɟɞɟɧɢɢ ɱɢɫɥɟɧɧɨɝɨ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦɵ 
ɭɪɚɜɧɟɧɢɣ ɞɢɧɚɦɢɤɢ, ɨɩɢɫɵɜɚɸɳɢɯ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɲɬɚɦɩɚ  ɢ ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ 
ɝɪɭɧɬɚ. 

ȼ ɪɟɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɝɪɭɧɬ 
ɞɟɮɨɪɦɢɪɭɟɬɫɹ ɩɨɫɬɭɩɚɬɟɥɶɧɨ ɞɜɢɠɭɳɢɦɢɫɹ 
ɪɚɛɨɱɢɦɢ ɨɪɝɚɧɚɦɢ ɝɪɭɧɬɨɜɵɯ ɤɚɬɤɨɜ – 
ɰɢɥɢɧɞɪɢɱɟɫɤɢɦɢ ɜɚɥɶɰɚɦɢ. Ʉɚɪɬɢɧɚ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɬɚɤɨɝɨ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ ɫ 
ɞɟɮɨɪɦɢɪɭɟɦɵɦ ɝɪɭɧɬɨɦ ɫɭɳɟɫɬɜɟɧɧɨ 
ɢɡɦɟɧɹɟɬɫɹ. ɉɨɹɜɥɹɟɬɫɹ ɚɫɢɦɦɟɬɪɢɹ, 
ɫɜɹɡɚɧɧɚɹ ɫ ɬɟɦ, ɱɬɨ ɭɩɥɨɬɧɢɜ ɞɨ 
ɧɟɨɛɯɨɞɢɦɨɝɨ ɡɧɚɱɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɝɪɭɧɬɚ, 
ɤɚɬɨɤ ɞɜɢɠɟɬɫɹ ɤ ɫɥɟɞɭɸɳɢɦ, ɟɳɟ 
ɧɟɞɟɮɨɪɦɢɪɨɜɚɧɧɵɦ ɭɱɚɫɬɤɚɦ ɝɪɭɧɬɚ ɢ 
ɨɛɥɚɫɬɶ ɤɨɧɬɚɤɬɚ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɨɬɥɢɱɚɟɬɫɹ ɨɬ 
ɪɚɫɫɦɨɬɪɟɧɧɨɣ ɜɵɲɟ. 

ɉɪɢ ɷɬɨɦ ɫɢɥɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɝɪɭɧɬɚ ɫ 
ɰɢɥɢɧɞɪɢɱɟɫɤɢɦ ɪɚɛɨɱɢɦ ɨɪɝɚɧɨɦ ɧɟ 
ɧɚɩɪɚɜɥɟɧɚ ɜɟɪɬɢɤɚɥɶɧɨ ɜɜɟɪɯ. ɂɡ-ɡɚ 
ɧɚɥɢɱɢɹ ɚɫɢɦɦɟɬɪɢɢ ɫɢɥɚ ɢɦɟɟɬ 
ɫɨɫɬɚɜɥɹɸɳɭɸ, ɧɚɩɪɚɜɥɟɧɧɭɸ ɩɪɨɬɢɜ 
ɞɜɢɠɟɧɢɹ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ. ɗɬɨ ɜɵɩɨɥɧɹɟɬɫɹ 
ɤɚɤ ɩɪɢ ɭɩɪɭɝɢɯ ɞɟɮɨɪɦɚɰɢɹɯ ɝɪɭɧɬɚ, ɬɚɤ ɢ 
ɩɪɢ ɩɥɚɫɬɢɱɟɫɤɢɯ. ɇɚ ɟɟ ɩɪɟɨɞɨɥɟɧɢɟ 
ɡɚɬɪɚɱɢɜɚɟɬɫɹ ɪɚɛɨɬɚ, ɤɨɬɨɪɚɹ ɩɪɟɞɫɬɚɜɥɹɟɬ 

ɫɨɛɨɣ ɩɨɬɟɪɢ ɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɨɟ 
ɩɟɪɟɦɟɳɟɧɢɟ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ, ɜ ɧɚɲɟɦ 
ɫɥɭɱɚɟ ɬɨɝɨ ɫɚɦɨɝɨ ɰɢɥɢɧɞɪɢɱɟɫɤɨɝɨ ɲɬɚɦɩɚ. 
ɗɬɚ ɫɢɥɚ ɡɚɜɢɫɢɬ ɨɬ ɜɢɞɚ ɡɚɝɥɭɛɥɟɧɢɹ 
ɲɬɚɦɩɚ ɜ ɝɪɭɧɬ ɢ ɜ ɫɥɭɱɚɟ ɫɢɦɦɟɬɪɢɱɧɨɝɨ 
ɡɚɝɥɭɛɥɟɧɢɹ ɨɬɫɭɬɫɬɜɭɟɬ. ɋɢɦɦɟɬɪɢɱɧɨɦɭ 
ɡɚɝɥɭɛɥɟɧɢɸ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɥɭɱɚɣ ɩɪɢ 
ɨɬɫɭɬɫɬɜɢɢ ɩɨɫɬɭɩɚɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ, ɬ.ɟ. 
ɢɦɟɟɬ ɦɟɫɬɨ ɬɨɥɶɤɨ ɧɨɪɦɚɥɶɧɨɟ ɩɨ 
ɨɬɧɨɲɟɧɢɸ ɤ ɝɪɭɧɬɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 
ɞɜɢɠɟɧɢɹ ɲɬɚɦɩɚ. 

 

 
 

Ɋɢɫ. 4. Ɇɨɞɟɥɶɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ 
ɰɢɥɢɧɞɪɢɱɟɫɤɨɝɨ ɲɬɚɦɩɚ ɩɪɢ ɞɜɢɠɟɧɢɢ ɫ ɭɱɚɫɬɤɚ 

ɛɨɥɟɟ ɭɩɥɨɬɧɟɧɧɨɝɨ ɝɪɭɧɬɚ ɧɚ ɭɱɚɫɬɨɤ ɦɟɧɟɟ 
ɭɩɥɨɬɧɟɧɧɨɝɨ 

 

Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɩɪɨɰɟɫɫɚ ɭɩɥɨɬɧɟɧɢɹ ɝɪɭɧɬɨɜɵɯ ɫɪɟɞ 
ɧɟɨɛɯɨɞɢɦɨ ɩɨɞɛɢɪɚɬɶ ɪɟɠɢɦ 
ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ, ɨɩɪɟɞɟɥɹɟɦɵɣ 
ɦɢɧɢɦɚɥɶɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɰɢɤɥɨɜ 
ɩɪɢɥɨɠɟɧɢɹ ɜɧɟɲɧɟɣ ɫɢɥɵ ɢ ɪɚɰɢɨɧɚɥɶɧɨɣ 
ɩɨɫɬɭɩɚɬɟɥɶɧɨɣ ɫɤɨɪɨɫɬɶɸ ɲɬɚɦɩɚ Д3Ж. ȼ ɷɬɨɦ 
ɫɥɭɱɚɟ ɞɨɥɹ ɪɚɛɨɬɵ ɡɚɬɪɚɱɟɧɧɨɣ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ɧɟɭɩɪɭɝɨɟ 
ɞɟɮɨɪɦɢɪɨɜɚɧɢɟ ɝɪɭɧɬɚ ɞɨɥɠɧɚ ɛɵɬɶ 
ɦɚɤɫɢɦɚɥɶɧɨɣ, ɚ ɞɨɥɹ ɩɨɬɟɪɶ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ 
ɧɚ ɩɪɟɨɞɨɥɟɧɢɹ ɫɢɥɵ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɩɟɪɟɞɜɢɠɟɧɢɸ ɲɬɚɦɩɚ, ɦɢɧɢɦɚɥɶɧɨɣ. 

Ɋɚɫɫɦɨɬɪɢɦ ɪɚɡɥɨɠɟɧɢɟ ɫɢɥɵ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɝɪɭɧɬɚ ɞɟɮɨɪɦɢɪɨɜɚɧɢɸ ɩɨ 
ɜɡɚɢɦɧɨ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵɦ ɨɫɹɦ, ɨɞɧɚ ɢɡ 
ɤɨɬɨɪɵɯ ɧɚɩɪɚɜɥɟɧɚ ɜɟɪɬɢɤɚɥɶɧɨ ɜɜɟɪɯ, 
ɜɬɨɪɚɹ – ɩɪɨɬɢɜ ɧɚɩɪɚɜɥɟɧɢɹ ɞɜɢɠɟɧɢɹ. Ⱦɥɹ 
ɨɩɪɟɞɟɥɟɧɢɹ ɜɟɥɢɱɢɧ ɷɬɢɯ ɫɢɥ ɜ ɫɢɬɭɚɰɢɢ, 
ɢɡɨɛɪɚɠɟɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 4, ɜɜɟɞɟɦ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɩɨɤɚɡɚɬɟɥɢ ɠɟɫɬɤɨɫɬɢ 
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ɋɢɦɦɟɬɪɢɱɧɨɦɭ ɫɥɭɱɚɸ ɫɨɨɬɜɟɬɫɬɜɭɸɬ 
ɡɧɚɱɟɧɢɹ ɠɟɫɬɤɨɫɬɟɣ 

0 1 0 2
0 1 0 2

( , ) 0c      , ɚ 

0 1 0 2
0 1 0 2 0 1

( , ) 2 ( )c E l       .  

Ɋɚɫɫɦɚɬɪɢɜɚɹ ɫɢɬɭɚɰɢɸ ɩɨɫɬɭɩɚɬɟɥɶɧɨɝɨ 
ɩɟɪɟɯɨɞɚ ɲɬɚɦɩɚ ɤ ɧɟɞɟɮɨɪɦɢɪɭɟɦɵɦ 
ɨɛɥɚɫɬɹɦ ɝɪɭɧɬɨɜɨɣ ɫɪɟɞɵ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ 
ɜɵɜɨɞ ɨ ɡɧɚɱɟɧɢɹɯ ɭɝɥɨɜ ɫɥɟɞɭɸɳɢɦ 
ɨɛɪɚɡɨɦ, ɩɪɢ ɷɬɨɦ ɭɝɨɥ ɡɚɜɢɫɢɬ ɨɬ ɜɟɥɢɱɢɧɵ 
ɧɚɤɨɩɥɟɧɧɨɣ ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ ɜ 

ɭɩɥɨɬɧɟɧɧɨɣ ɨɛɥɚɫɬɢ ɝɪɭɧɬɚ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ 
ɩɨɥɭɱɢɬɶ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɫɢɥɵ, ɞɟɣɫɬɜɭɸɳɟɣ 
ɧɚ ɪɚɛɨɱɢɣ ɨɪɝɚɧ ɫɨ ɫɬɨɪɨɧɵ ɝɪɭɧɬɚ ɩɪɨɬɢɜ 
ɧɚɩɪɚɜɥɟɧɢɹ ɞɜɢɠɟɧɢɹ ɢ ɬɟɦ ɫɚɦɵɦ 
ɨɤɚɡɵɜɚɸɳɟɣ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɨɫɬɭɩɚɬɟɥɶɧɨɦɭ ɞɜɢɠɟɧɢɸ. 

ȼɵɪɚɡɢɦ ɷɬɭ ɫɨɫɬɚɜɥɹɸɳɭɸ ɫɢɥɵ ɱɟɪɟɡ 
ɨɩɪɟɞɟɥɟɧɧɭɸ ɜɵɲɟ ɩɟɪɟɦɟɧɧɭɸ 
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Ɋɟɡɭɥɶɬɚɬ ɜɵɱɢɫɥɟɧɢɣ ɞɥɹ ɮɭɧɤɰɢɢ 

0
( )  ɩɪɢ ɭɤɚɡɚɧɧɵɯ ɩɚɪɚɦɟɬɪɚɯ ɪɚɛɨɱɟɝɨ 

ɨɪɝɚɧɚ ɢ ɝɪɭɧɬɚ ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫɭɧɤɟ 5. 
ɉɪɨɜɟɞɟɦ ɨɰɟɧɤɭ ɜɟɥɢɱɢɧɵ ɫɢɥɵ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦɭ ɫɦɟɳɟɧɢɸ 
ɝɪɭɧɬɚ, ɚɧɚɥɨɝɢɱɧɭɸ ɫɞɟɥɚɧɧɨɣ ɜɵɲɟ ɞɥɹ 
ɜɟɥɢɱɢɧɵ ɩɟɪɜɨɧɚɱɚɥɶɧɨɝɨ ɡɚɝɥɭɛɥɟɧɢɹ 
ɲɬɚɦɩɚ ɜ ɝɪɭɧɬ. ȼɨɫɩɨɥɶɡɭɟɦɫɹ ɪɟɡɭɥɶɬɚɬɨɦ, 
ɩɨɥɭɱɟɧɧɵɦ ɞɥɹ ɭɝɥɚ  

0
 , ɩɪɟɞɩɨɥɨɠɢɜ ɟɝɨ 

ɪɚɜɧɵɦ  
1 5

 . ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɜɟɥɢɱɢɧɚ ɫɢɥɵ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɦɨɠɟɬ ɛɵɬɶ ɨɰɟɧɟɧɚ ɩɨ 
ɡɧɚɱɟɧɢɸ ɮɭɧɤɰɢɢ 

0
( )  ɩɪɢ ɷɬɨɦ ɡɧɚɱɟɧɢɢ 

ɚɪɝɭɦɟɧɬɚ. ɍɤɚɡɚɧɧɚɹ ɨɰɟɧɤɚ ɩɪɢ 
ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɞɥɹ ɪɚɫɱɟɬɨɜ ɩɚɪɚɦɟɬɪɨɜ 

ɝɪɭɧɬɚ ɢ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ ɞɚɟɬ ( )
1 5

F
  ɜ 

ɞɢɚɩɚɡɨɧɟ ɨɬ 2 ɞɨ 3 ɤɇ. ȿɫɬɟɫɬɜɟɧɧɨ, ɱɬɨ ɫ 
ɧɚɤɨɩɥɟɧɢɟɦ ɞɟɮɨɪɦɚɰɢɣ ɜ ɝɪɭɧɬɟ ɷɬɚ ɫɢɥɚ 
ɛɭɞɟɬ ɜɨɡɪɚɫɬɚɬɶ, ɨɤɚɡɵɜɚɹ ɜɫɟ ɛɨɥɶɲɟɟ 
ɜɥɢɹɧɢɟ ɧɚ ɩɨɫɬɭɩɚɬɟɥɶɧɨɟ ɩɟɪɟɦɟɳɟɧɢɟ 
ɲɬɚɦɩɚ, ɭɜɟɥɢɱɢɜɚɹ ɡɚɬɪɚɬɵ ɷɧɟɪɝɢɢ ɧɚ 
ɩɪɨɰɟɫɫ ɭɩɥɨɬɧɟɧɢɹ. ɉɪɨɫɬɵɦ ɩɪɢɦɟɪɨɦ, 
ɯɨɪɨɲɨ ɢɥɥɸɫɬɪɢɪɭɸɳɢɦ ɷɬɨ, ɦɨɠɟɬ ɫɥɭɠɢɬɶ 
ɨɩɢɫɚɧɢɟ ɝɢɩɨɬɟɬɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ 
ɭɩɥɨɬɧɟɧɢɹ ɝɪɭɧɬɨɜɨɣ ɫɪɟɞɵ ɞɨ ɧɨɦɢɧɚɥɶɧɨɣ 

ɩɥɨɬɧɨɫɬɢ ɡɚ ɨɞɢɧ ɩɨɫɬɭɩɚɬɟɥɶɧɵɣ ɩɪɨɯɨɞ 
ɲɬɚɦɩɚ. ɂɫɩɨɥɶɡɭɟɦ ɮɨɪɦɭɥɭ (5) ɞɥɹ 
ɨɩɪɟɞɟɥɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨɝɨ ɭɝɥɚ 

0
 ɩɪɢ 

ɡɚɞɚɧɧɵɯ ɜɟɥɢɱɢɧɚɯ ɬɨɥɳɢɧɵ ɫɥɨɹ ɝɪɭɧɬɚ ɢ 
ɪɚɞɢɭɫɚ ɲɬɚɦɩɚ. ȼ ɫɥɭɱɚɟ ɫɭɝɥɢɧɢɫɬɨɝɨ 
ɝɪɭɧɬɚ ɧɚɱɚɥɶɧɭɸ ɩɥɨɬɧɨɫɬɶ ɩɪɢɧɹɬɨ ɫɱɢɬɚɬɶ 
1870 ɤɝ/ɦ3

 ɩɪɢ ɧɨɦɢɧɚɥɶɧɨɣ ɩɥɨɬɧɨɫɬɢ 2200 
ɤɝ/ɦ3. ɍɝɨɥ 

0
 ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ: 

2 2

0 0 0 0

0 0 0 0
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R h R

R h h

  

 
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ɗɬɨ ɭɪɚɜɧɟɧɢɟ ɹɜɥɹɟɬɫɹ ɬɪɚɫɰɟɧɞɟɧɬɧɵɦ 
ɢ ɦɨɠɟɬ ɛɵɬɶ ɪɟɲɟɧɨ ɬɨɥɶɤɨ ɱɢɫɥɟɧɧɨ. 
Ɋɟɲɟɧɢɟ ɞɚɟɬ ɡɧɚɱɟɧɢɟ ɭɝɥɚ 

0
0 .5 1 0 1  . 

ɗɬɨɦɭ ɭɝɥɭ ɞɨɥɠɧɚ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɞɢɚɩɚɡɨɧ 
ɫɢɥɵ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦɭ 
ɫɦɟɳɟɧɢɸ  (0 .5 1 0 1) 3 5, 5 5F кɇ  , 

ɤɨɬɨɪɵɣ, ɩɪɢ ɫɭɳɟɫɬɜɭɸɳɢɯ ɦɨɳɧɨɫɬɹɯ 
ɞɜɢɝɚɬɟɥɟɣ ɝɪɭɧɬɨɜɵɯ ɤɚɬɤɨɜ, ɫɨɫɬɚɜɥɹɸɳɢɯ 
ɨɤɨɥɨ 50-120 ɤȼɬ, ɹɜɥɹɟɬɫɹ ɧɟɩɪɢɟɦɥɟɦɵɦ. 
Ɍɚɤɚɹ ɫɢɥɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɪɟɛɭɟɬ ɞɥɹ 
ɫɜɨɟɝɨ ɩɪɟɨɞɨɥɟɧɢɹ ɨɱɟɧɶ ɜɵɫɨɤɢɯ ɡɚɬɪɚɬ 
ɦɨɳɧɨɫɬɢ ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɷɧɟɪɝɢɢ, ɧɟ 
ɝɚɪɚɧɬɢɪɭɹ ɬɪɟɛɭɟɦɨɣ ɫɬɟɩɟɧɢ ɭɩɥɨɬɧɟɧɢɹ 
ɝɪɭɧɬɚ.  



ɌɊȺɇɋɉɈɊɌɇɈȿ, ȽɈɊɇɈȿ ɂ ɋɌɊɈɂɌȿɅɖɇɈȿ ɆȺɒɂɇɈɋɌɊɈȿɇɂȿ 
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Ɋɢɫ. 5. Ƚɪɚɮɢɤ ɮɭɧɤɰɢɢ 

0
( )   ɞɥɹ ɲɬɚɦɩɚ ɪɚɞɢɭɫɚ 0 .3R ɦ  ɢ ɫɥɨɹ ɝɪɭɧɬɚ ɬɨɥɳɢɧɵ 

0
0 .5h ɦ  

 

ɉɨɷɬɨɦɭ ɧɚ ɩɪɚɤɬɢɤɟ ɝɪɭɧɬɨɜɵɣ ɤɚɬɨɤ 
ɜɵɩɨɥɧɹɟɬ ɧɟɫɤɨɥɶɤɨ ɩɪɨɯɨɞɨɜ ɩɨ ɨɞɧɨɦɭ 
ɫɥɟɞɭ, ɢɫɯɨɞɹ ɢɡ ɬɪɟɛɨɜɚɧɢɣ ɨɞɧɨɜɪɟɦɟɧɧɨɝɨ 
ɜɵɩɨɥɧɟɧɢɹ ɭɫɥɨɜɢɹ (1) ɞɥɹ ɡɚɞɚɧɧɨɝɨ ɭɝɥɚ 

0
 , ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɡɧɚɱɟɧɢɣ ɜɟɥɢɱɢɧɵ 
ɧɚɤɚɩɥɢɜɚɟɦɵɯ ɭɩɥɨɬɧɹɟɦɵɦ ɝɪɭɧɬɨɦ 
ɧɟɭɩɪɭɝɢɯ ɞɟɮɨɪɦɚɰɢɣ Д1, 4Ж. 

Ɂɚɤɥɸɱɟɧɢɟ 
Ⱥɧɚɥɢɡ ɩɪɨɰɟɫɫɚ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ 

ɝɪɭɧɬɨɜɵɯ ɫɪɟɞ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɜɚɠɧɟɣɲɭɸ ɡɚɞɚɱɭ, ɩɨɫɤɨɥɶɤɭ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɷɬɨɝɨ ɩɪɨɰɟɫɫɚ ɡɟɦɥɹɧɵɟ ɫɨɨɪɭɠɟɧɢɹ, 
ɝɪɭɧɬɨɜɵɟ ɨɫɧɨɜɚɧɢɹ ɢ ɢɧɠɟɧɟɪɧɵɟ ɧɚɫɵɩɢ 
ɩɪɢɨɛɪɟɬɚɸɬ ɬɪɟɛɭɟɦɵɟ ɩɨɤɚɡɚɬɟɥɢ 
ɩɪɨɱɧɨɫɬɢ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ. 
ɗɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɟ ɢ ɤɚɱɟɫɬɜɟɧɧɨɟ 
ɭɩɥɨɬɧɟɧɢɟ ɝɪɭɧɬɨɜ ɪɟɲɚɟɬ ɡɚɞɚɱɢ ɫɧɢɠɟɧɢɹ 
ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɢ ɩɨɜɵɲɟɧɢɹ ɤɚɱɟɫɬɜɚ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ.   

Ʉɚɤ ɬɨɱɧɨɟ, ɬɚɤ ɢ ɩɪɢɛɥɢɠɟɧɧɨɟ ɨɩɢɫɚɧɢɟ 
ɩɪɨɰɟɫɫɚ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɝɪɭɧɬɚ ɩɪɢ 
ɪɚɡɥɢɱɧɵɯ ɜɢɞɚɯ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɝɪɭɠɟɧɢɹ 
ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɡɚɬɪɭɞɧɢɬɟɥɶɧɵɦ ɛɟɡ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɝɪɭɧɬɚ. ȼ 
ɪɚɦɤɚɯ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɛɵɥ ɩɪɟɞɥɨɠɟɧ 
ɫɩɨɫɨɛ ɩɨɫɬɪɨɟɧɢɹ ɠɟɫɬɤɨɫɬɢ 
ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɨɛɴɟɦɚ ɝɪɭɧɬɚ ɞɥɹ 
ɨɩɢɫɚɧɢɹ ɩɪɨɰɟɫɫɚ ɟɝɨ ɭɩɥɨɬɧɟɧɢɹ ɧɚ 
ɪɚɡɥɢɱɧɵɯ ɷɬɚɩɚɯ ɜ ɪɚɦɤɚɯ ɦɨɞɟɥɢ ɫ 
ɫɨɫɪɟɞɨɬɨɱɟɧɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ. Ȼɵɥɢ 
ɩɪɟɞɥɨɠɟɧɵ ɦɨɞɟɥɶɧɵɟ ɨɩɢɫɚɧɢɹ ɫɜɨɣɫɬɜ 
ɝɪɭɧɬɚ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫ ɚɛɫɨɥɸɬɧɨ 
ɠɟɫɬɤɢɦ ɰɢɥɢɧɞɪɢɱɟɫɤɢɦ ɲɬɚɦɩɨɦ, 
ɦɨɞɟɥɢɪɭɸɳɢɦ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ 
ɭɩɥɨɬɧɹɸɳɟɣ ɦɚɲɢɧɵ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ 
ɦɨɞɟɥɶɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ, ɩɪɨɞɟɥɚɧɧɨɟ ɜ 
ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ, ɹɜɥɹɟɬɫɹ ɧɚɱɚɥɶɧɵɦ 
ɷɬɚɩɨɦ ɛɨɥɟɟ ɩɨɥɧɨɝɨ ɨɩɢɫɚɧɢɹ ɪɟɚɥɶɧɨɝɨ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ 
ɭɩɥɨɬɧɹɸɳɟɣ ɬɟɯɧɢɤɢ ɫ ɞɟɮɨɪɦɢɪɭɟɦɵɦɢ 
ɝɪɭɧɬɨɜɵɦɢ ɫɪɟɞɚɦɢ ɜ ɪɚɦɤɚɯ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɡɚɞɚɧɢɹ Ɇɢɧɢɫɬɟɪɫɬɜɚ 
ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɧɚɭɤɢ ɊɎ ɧɚ ɩɪɨɜɟɞɟɧɢɟ 
ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɬɟɦɟ «Ɋɚɡɜɢɬɢɟ 
ɬɟɨɪɢɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɪɚɛɨɱɢɯ ɨɪɝɚɧɨɜ 
ɭɩɥɨɬɧɢɬɟɥɟɣ ɫ ɞɟɮɨɪɦɢɪɭɟɦɵɦɢ ɫɪɟɞɚɦɢ». 
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MODELING OF PROPERTIES OF DEFORMABLE 
SOIL MEDIA DURING COMPACTION  
BY CYLINDRICAL ROLLER DRUMS 

 

V.V. Mikheyev, S.V. Saveliev 
 

Abstract. The article deals with the task of 
theoretical modeling for elastic properties of soils 
under compacting action. That problem is of sufficient 
practical value for selection of optimal working 
parameters for soil compaction process in building 
and road construction. The model of interaction 
between rigid working tool of cylindrical shape and 
deformable soil is considered in the article. This shape 
corresponds to the metal drum of road roller and was 
used to calculate the stiffness of the soil volume which 
interacts with it. The tangent resistant force which 
ШММЮrs ТЧ МКsО ШП rШХХОr’s ЦШЭТШЧ аКs КХsШ МКХМЮХКЭОН. 

 

Keywords: soil compaction, rigid drum, modeling 
of mechanical properties, soil stiffness, elastic-
viscous-plastic media. 
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Аɧɧɨɬɚɰиɹ. ȼ ɫɨɜɪɟɦɟɧɧɨɦ ɬɪɚɧɫɩɨɪɬɧɨɦ ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ ɩɪɨɢɫɯɨɞɢɬ 
ɧɟɩɪɟɪɵɜɧɨɟ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɬɟɯɧɨɥɨɝɢɣ ɢɡɝɨɬɨɜɥɟɧɢɹ ɞɟɬɚɥɟɣ ɢ ɭɡɥɨɜ ɦɚɲɢɧ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɢ ɧɟɦɟɬɚɥɥɢɱɟɫɤɢɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, 
ɢɡɦɟɧɹɸɬɫɹ ɩɪɢɧɰɢɩɵ ɫɛɨɪɤɢ ɤɭɡɨɜɨɜ ɢ ɷɥɟɦɟɧɬɨɜ ɞɜɢɝɚɬɟɥɟɣ, ɜɧɟɞɪɹɸɬɫɹ ɧɨɜɵɟ 
ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɤɨɥɟɫ ɢ ɲɢɧ, ɜɫɟ ɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɦɚɲɢɧ ɨɫɧɚɳɚɟɬɫɹ 
ɷɥɟɤɬɪɢɱɟɫɤɢɦɢ ɢ ɝɢɛɪɢɞɧɵɦɢ ɩɪɢɜɨɞɚɦɢ. ȼɧɟɞɪɟɧɢɟ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ 
ɬɟɯɧɨɥɨɝɢɣ ɨɬɪɚɠɚɟɬɫɹ, ɟɫɬɟɫɬɜɟɧɧɨ, ɧɚ ɤɚɱɟɫɬɜɟ, ɬɚɤɬɢɤɨ-ɬɟɯɧɢɱɟɫɤɢɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ ɢ ɧɚɞɟɠɧɨɫɬɢ.    

 


