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ɍȾɄ 614.84 
 

ɆȺɌȿɆȺɌɂɑȿɋɄɈȿ ɆɈȾȿɅɂɊɈȼȺɇɂȿ ɇȺɑȺɅɖɇɈɃ ɋɌȺȾɂɂ ɉɈɀȺɊȺ  
ɇȺ ɈȻɔȿɄɌȺɏ ɏɊȺɇȿɇɂə ȼɈȿɇɇɈɃ ɌȿɏɇɂɄɂ ɂ ȼɈɈɊɍɀȿɇɂə  

 

Ⱥ.Ʌ. Ⱥɯɬɭɥɨɜ1, Ʌ.ɇ. Ⱥɯɬɭɥɨɜɚ1, Ⱥ.ȿ. Ʌɸɛɚɤɨɜ1, Ʌ.Ⱥ. ɂɜɚɧɨɜɚ2 
1Ɉɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɩɭɬɟɣ ɫɨɨɛɳɟɧɢɹ, Ɉɦɫɤ, Ɋɨɫɫɢɹ; 

2Ɉɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, Ɉɦɫɤ, Ɋɨɫɫɢɹ. 
 

Аɧɧɨɬɚɰиɹ. ȼ ɫɬɚɬɶɟ ɪɚɫɫɦɨɬɪɟɧɵ ɨɫɧɨɜɧɵɟ ɦɨɞɟɥɢ ɩɨɠɚɪɚ, ɩɨɡɜɨɥɹɸɳɢɟ 
ɨɰɟɧɢɬɶ ɜɥɢɹɧɢɟ ɨɩɚɫɧɵɯ ɮɚɤɬɨɪɨɜ ɩɨɠɚɪɚ: ɢɧɬɟɝɪɚɥɶɧɚɹ ɦɨɞɟɥɶ; 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ (ɩɨɥɟɜɚɹ) ɦɨɞɟɥɶ. ɉɪɟɞɥɨɠɟɧ ɚɥɝɨɪɢɬɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ-
ɨɞɢɧɨɱɧɨɝɨ ɪɚɡɦɟɳɟɧɢɹ ɞɥɹ ɤɨɦɩɥɟɤɬɨɜɚɧɢɹ ɫɥɨɠɧɨɣ ɫɬɪɭɤɬɭɪɵ ɫɢɫɬɟɦɵ ɩɨɠɚɪɧɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɨɛɴɟɤɬɚ. ɉɪɟɞɫɬɚɜɥɟɧ ɪɚɫɱɟɬ ɪɚɡɜɢɬɢɹ ɨɩɚɫɧɵɯ ɮɚɤɬɨɪɨɜ ɩɨɠɚɪɚ ɜɨ 
ɜɪɟɦɟɧɢ ɩɪɢ ɝɨɪɟɧɢɢ ɬɜɟɪɞɨɬɨɩɥɢɜɧɨɝɨ ɡɚɪɹɞɚ, ɨɰɟɧɤɚ ɡɧɚɱɟɧɢɣ ɨɫɧɨɜɧɵɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ. Ɋɟɡɭɥɶɬɚɬɵ ɩɨɤɚɡɚɥɢ ɯɨɪɨɲɟɟ ɫɨɜɩɚɞɟɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢ 
ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. 

 
Кɥɸɱеɜые ɫɥɨɜɚ: ɜɨɨɪɭɠɟɧɢɟ ɢ ɜɨɟɧɧɚɹ ɬɟɯɧɢɤɚ, ɬɜɟɪɞɨɬɨɩɥɢɜɧɵɣ ɡɚɪɹɞ, 

ɝɨɪɟɧɢɟ, ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɩɨɠɚɪɚ, ɨɩɚɫɧɵɟ ɮɚɤɬɨɪɵ, ɧɚɱɚɥɶɧɚɹ ɫɬɚɞɢɹ 
ɩɨɠɚɪɚ.  

 

ȼɜɟɞɟɧɢɟ 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɤɚɤ ɜ ɧɚɭɱɧɵɯ 

ɢɫɫɥɟɞɨɜɚɧɢɹɯ, ɬɚɤ ɢ ɩɪɢ ɪɚɫɫɥɟɞɨɜɚɧɢɢ 
ɩɨɠɚɪɨɜ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɩɨɥɭɱɢɥɢ 
ɦɟɬɨɞɵ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
ɩɪɨɰɟɫɫɨɜ ɝɨɪɟɧɢɹ Д1-5]. Ɋɚɡɜɢɬɢɟ ɬɟɨɪɢɢ 
ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɨɩɢɫɚɧɢɹ 
ɝɨɪɟɧɢɹ ɫɜɹɡɚɧɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɦɨɳɧɨɫɬɢ 
ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɬɟɯɧɢɤɢ, ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨ 
ɫɨɤɪɚɬɢɥɨ ɜɫɟ ɜɢɞɵ ɪɟɫɭɪɫɨɜ ɢ ɨɛɟɫɩɟɱɢɥɨ 
ɩɨɜɵɲɟɧɢɟ ɬɨɱɧɨɫɬɢ ɨɩɢɫɚɧɢɹ ɨɛɴɟɤɬɚ ɩɪɢ 
ɦɨɞɟɥɢɪɨɜɚɧɢɢ. Ɉɞɧɢɦ ɢɡ ɧɚɩɪɚɜɥɟɧɢɣ 
ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɢ 
ɢɫɫɥɟɞɨɜɚɧɢɢ ɞɢɧɚɦɢɤɢ ɩɨɠɚɪɚ ɹɜɥɹɟɬɫɹ 
ɫɨɡɞɚɧɢɟ ɚɥɝɨɪɢɬɦɨɜ ɬɟɫɬɢɪɨɜɚɧɢɹ 
ɷɥɟɦɟɧɬɨɜ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɩɨɠɚɪɧɨɣ 
ɫɢɝɧɚɥɢɡɚɰɢɢ Д5-7]. ɉɪɨɰɟɫɫ ɧɚɬɭɪɧɵɯ 
ɢɫɩɵɬɚɧɢɣ ɞɨɫɬɚɬɨɱɧɨ ɨɩɚɫɟɧ ɢ ɜɫɟɝɞɚ 
ɬɪɭɞɨɟɦɨɤ, ɩɨɷɬɨɦɭ ɦɚɲɢɧɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ 
ɛɨɥɟɟ ɛɟɡɨɩɚɫɟɧ ɢ ɬɪɟɛɭɟɬ ɦɟɧɶɲɢɯ ɡɚɬɪɚɬ.  

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɟɞɥɚɝɚɟɦɨɟ ɪɟɲɟɧɢɟ 
ɡɚɞɚɱɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɞɢɧɚɦɢɤɭ ɪɚɡɜɢɬɢɹ 
ɨɩɚɫɧɵɯ ɮɚɤɬɨɪɨɜ ɩɨɠɚɪɚ ɩɪɢ ɪɚɡɥɢɱɧɵɯ 
ɭɫɥɨɜɢɹɯ ɦɚɲɢɧɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ. Ʉɚɤ 
ɢɡɜɟɫɬɧɨ, ɤ ɨɩɚɫɧɵɦ ɮɚɤɬɨɪɚɦ ɩɨɠɚɪɚ, 
ɜɨɡɞɟɣɫɬɜɭɸɳɢɦ ɧɚ ɥɸɞɟɣ Д8] ɢ ɢɦɭɳɟɫɬɜɨ, 
ɨɬɧɨɫɹɬɫɹ Д7,9]: ɩɥɚɦɹ ɢ ɢɫɤɪɵ; ɬɟɩɥɨɜɨɣ 

ɩɨɬɨɤ; ɩɨɜɵɲɟɧɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɨɤɪɭɠɚɸɳɟɣ 
ɫɪɟɞɵ; ɩɨɜɵɲɟɧɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɬɨɤɫɢɱɧɵɯ 
ɩɪɨɞɭɤɬɨɜ ɝɨɪɟɧɢɹ ɢ ɬɟɪɦɢɱɟɫɤɨɝɨ 
ɪɚɡɥɨɠɟɧɢɹ; ɩɨɧɢɠɟɧɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ 
ɤɢɫɥɨɪɨɞɚ ɢ ɫɧɢɠɟɧɢɟ ɜɢɞɢɦɨɫɬɢ ɜ ɞɵɦɭ. 

ɉɪɨɰɟɫɫɵ ɝɨɪɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɜɟɳɟɫɬɜ 
ɢɦɟɸɬ ɧɟɤɨɬɨɪɵɟ ɨɛɳɢɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ, 
ɨɞɧɚɤɨ, ɦɨɝɭɬ ɪɟɡɤɨ ɨɬɥɢɱɚɬɶɫɹ ɩɨ ɞɢɧɚɦɢɤɟ 
ɪɚɡɜɢɬɢɹ ɢ ɩɨ ɮɚɤɬɨɪɚɦ ɩɨɠɚɪɚ, ɩɨɷɬɨɦɭ ɞɥɹ 
ɩɪɨɜɟɞɟɧɢɹ ɨɝɧɟɜɵɯ ɢɫɩɵɬɚɧɢɣ ɷɥɟɦɟɧɬɨɜ 
ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɩɨɠɚɪɧɨɣ ɫɢɝɧɚɥɢɡɚɰɢɢ ɛɵɥɢ 
ɭɬɜɟɪɠɞɟɧɵ ɧɟɫɤɨɥɶɤɨ ɧɚɢɛɨɥɟɟ ɯɚɪɚɤɬɟɪɧɵɯ 
ɦɨɞɟɥɟɣ Д6], ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɵɯ ɢ 
ɩɪɨɜɨɞɹɬɫɹ ɨɝɧɟɜɵɟ ɢɫɩɵɬɚɧɢɹ. 
ɇɨɪɦɚɬɢɜɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬ 
ɲɟɫɬɶ ɜɢɞɨɜ ɬɟɫɬɨɜɵɯ ɨɱɚɝɨɜ ɩɨɠɚɪɚ ɫ 
ɪɚɡɧɨɨɛɪɚɡɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ Д9].  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɰɟɥɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ 
ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɨɫɬɪɨɟɧɢɢ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ 
ɦɨɞɟɥɟɣ ɧɚɢɛɨɥɟɟ ɯɚɪɚɤɬɟɪɧɵɯ ɨɱɚɝɨɜ 
ɩɨɠɚɪɚ, ɚ ɬɚɤɠɟ ɜ ɜɵɹɜɥɟɧɢɢ ɯɚɪɚɤɬɟɪɧɵɯ 
ɨɫɨɛɟɧɧɨɫɬɟɣ ɞɢɧɚɦɢɤɢ ɪɚɡɜɢɬɢɹ ɩɨɠɚɪɚ ɜ 
ɧɚɱɚɥɶɧɨɣ ɫɬɚɞɢɢ.  

ɉɨɫɬɪɨɟɧɢɟ ɦɚɬɟɦɚɬɢчɟɫɤɨɣ ɦɨɞɟɥɢ  
ɋɭɳɟɫɬɜɭɟɬ ɧɟɫɤɨɥɶɤɨ ɨɫɧɨɜɧɵɯ ɦɨɞɟɥɟɣ 

ɩɨɠɚɪɚ ɢɫɩɨɥɶɡɭɟɦɵɯ ɞɥɹ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ 
ɩɪɨɰɟɫɫɨɜ ɝɨɪɟɧɢɹ ɩɪɢ ɩɨɠɚɪɚɯ Д7]: 
ɢɧɬɟɝɪɚɥɶɧɚɹ ɦɨɞɟɥɶ; ɡɨɧɧɧɚɹ ɦɨɞɟɥɶ ɢ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ (ɩɨɥɟɜɚɹ) ɦɨɞɟɥɶ. 
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ɂɧɬɟɝɪɚɥɶɧɚɹ ɦɨɞɟɥɶ ɩɨɠɚɪɚ ɩɨɡɜɨɥɹɟɬ 
ɩɨɥɭɱɢɬɶ ɢɧɮɨɪɦɚɰɢɸ ɨ ɫɪɟɞɧɢɯ ɡɧɚɱɟɧɢɹɯ 
ɩɚɪɚɦɟɬɪɨɜ ɫɪɟɞɵ ɜ ɩɨɦɟɳɟɧɢɢ ɞɥɹ ɥɸɛɨɝɨ 
ɦɨɦɟɧɬɚ ɪɚɡɜɢɬɢɹ ɩɨɠɚɪɚ. Ɂɨɧɧɚɹ ɦɨɞɟɥɶ 
ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨ 
ɪɚɡɦɟɪɚɯ ɯɚɪɚɤɬɟɪɧɵɯ ɡɨɧ, ɜɨɡɧɢɤɚɸɳɢɯ ɩɪɢ 
ɩɨɠɚɪɟ ɜ ɩɨɦɟɳɟɧɢɢ, ɚ ɬɚɤɠɟ ɨ ɫɪɟɞɧɢɯ 
ɩɚɪɚɦɟɬɪɚɯ ɫɨɫɬɨɹɧɢɹ ɫɪɟɞɵ ɜɧɭɬɪɢ ɷɬɢɯ ɡɨɧ. 
ɂ ɧɚɤɨɧɟɰ, ɩɨɥɟɜɚɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ 
ɦɨɞɟɥɶ ɩɨɡɜɨɥɹɟɬ ɪɚɫɫɱɢɬɚɬɶ ɞɥɹ ɥɸɛɨɝɨ 
ɦɨɦɟɧɬɚ ɪɚɡɜɢɬɢɹ ɩɨɠɚɪɚ ɡɧɚɱɟɧɢɟ ɜɫɟɯ 
ɥɨɤɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɫɨɫɬɨɹɧɢɹ ɜ ɥɸɛɨɣ 
ɬɨɱɤɟ ɩɪɨɫɬɪɚɧɫɬɜɚ ɩɨɦɟɳɟɧɢɹ. 
Ɋɚɫɫɦɚɬɪɢɜɚɟɦɵɟ ɦɨɞɟɥɢ ɜ ɦɚɬɟɦɚɬɢɱɟɫɤɨɦ 
ɩɪɟɞɫɬɚɜɥɟɧɢɢ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɪɚɡɥɢɱɧɵɦɢ 
ɭɪɨɜɧɹɦɢ ɫɥɨɠɧɨɫɬɢ. ɇɚɢɦɟɧɟɟ ɫɥɨɠɧɨɣ ɢ 
ɛɨɥɟɟ ɩɪɨɫɬɨɣ ɩɨ ɪɟɚɥɢɡɚɰɢɢ ɹɜɥɹɟɬɫɹ 
ɢɧɬɟɝɪɚɥɶɧɚɹ ɦɨɞɟɥɶ, ɧɨ ɨɧɚ ɨɛɥɚɞɚɟɬ 
ɧɚɢɦɟɧɶɲɟɣ ɬɨɱɧɨɫɬɶɸ. ɇɚɢɛɨɥɟɟ 
ɩɟɪɫɩɟɤɬɢɜɧɨɣ, ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ, ɩɪɚɤɬɢɱɟɫɤɨɝɨ 
ɩɪɢɦɟɧɟɧɢɹ ɹɜɥɹɟɬɫɹ ɩɨɥɟɜɚɹ ɦɨɞɟɥɶ 
ɝɨɪɟɧɢɹ, ɨɫɧɨɜɚɧɧɚɹ ɧɚ ɫɢɫɬɟɦɟ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɜ ɱɚɫɬɧɵɯ 
ɩɪɨɢɡɜɨɞɧɵɯ Д1]. ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɟɲɟɧɢɹ 
ɞɚɧɧɨɣ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ ɩɨɥɭɱɟɧɵ ɩɨɥɹ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪ, ɫɤɨɪɨɫɬɟɣ, 
ɤɨɧɰɟɧɬɪɚɰɢɣ ɤɨɦɩɨɧɟɧɬɨɜ ɝɚɡɨɜɨɣ ɫɪɟɞɵ ɜ 
ɤɚɠɞɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ Д4].  

ɉɪɟɞɥɚɝɚɟɦɚɹ ɩɪɨɝɪɚɦɦɚ FDS (FТrО 
DвЧКmТМs SТmЮlКЭШr) Д5] ɪɟɚɥɢɡɭɟɬ 
ɜɵɱɢɫɥɢɬɟɥɶɧɭɸ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɭɸ ɦɨɞɟɥɶ 
(CFD) ɬɟɩɥɨɦɚɫɫɨɩɟɪɟɧɨɫɚ ɩɪɢ ɝɨɪɟɧɢɢ. FDS 
ɪɟɲɚɟɬ ɭɪɚɜɧɟɧɢɹ ɇɚɜɶɟ-ɋɬɨɤɫɚ ɞɥɹ 
ɧɢɡɤɨɫɤɨɪɨɫɬɧɵɯ ɬɟɦɩɟɪɚɬɭɪɧɨ-ɡɚɜɢɫɢɦɵɯ 
ɩɨɬɨɤɨɜ Д7]. Ȼɚɡɨɜɵɣ ɚɥɝɨɪɢɬɦ ɫɯɟɦɵ ɞɚɧɧɨɝɨ 
ɭɪɚɜɧɟɧɢɹ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɞɨɫɬɚɬɨɱɧɨɣ 
ɬɨɱɧɨɫɬɢ ɩɨ ɤɨɨɪɞɢɧɚɬɚɦ ɢ ɜɪɟɦɟɧɢ 
ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɦɟɬɨɞɨɦ 
ɗɣɥɟɪɚ ɫ ɩɟɪɟɫɱɟɬɨɦ, ɱɬɨ ɩɪɟɞɫɬɚɜɥɹɟɬ 
ɫɨɛɨɣ ɪɚɡɧɨɜɢɞɧɨɫɬɶ ɦɟɬɨɞɨɜ Ɋɭɧɝɟ-Ʉɭɬɬɵ. 
Ɍɭɪɛɭɥɟɧɬɧɨɫɬɶ ɨɩɢɫɵɜɚɟɬɫɹ ɚɥɝɟɛɪɚɢɱɟɫɤɨɣ 
ɦɨɞɟɥɶɸ, ɜ ɤɨɬɨɪɨɣ ɞɢɧɚɦɢɱɟɫɤɢɣ 
ɤɨɷɮɮɢɰɢɟɧɬ ɬɭɪɛɭɥɟɧɬɧɨɣ ɜɹɡɤɨɫɬɢ 
ɬɟɩɥɨɦɚɫɫɨɩɟɪɟɧɨɫɚ ɩɪɢ ɝɨɪɟɧɢɢ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɭɪɚɜɧɟɧɢɹ  

  GhCe s
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,        (1) 

ɝɞɟ ɜɟɥɢɱɢɧɚ G  ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɜɵɪɚɠɟɧɢɟɦ, ɩɚɪɚɦɟɬɪ h  ɩɨ ɜɵɪɚɠɟɧɢɸ 

  31zyxh  , zyx  ,,   – ɪɚɡɦɟɪɵ ɞɚɧɧɨɣ 
ɹɱɟɣɤɢ ɜɞɨɥɶ ɨɫɟɣ ɞɟɤɚɪɬɨɜɨɣ ɫɢɫɬɟɦɵ 

ɤɨɨɪɞɢɧɚɬ, sC  – ɦɨɞɟɥɶɧɵɣ ɩɚɪɚɦɟɬɪ, 
ɢɦɟɸɳɢɣ ɡɧɚɱɟɧɢɟ ɩɨ ɭɦɨɥɱɚɧɢɸ = 0,17. 

Ɍɚɤ ɤɚɤ ɨɫɧɨɜɧɨɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɟɬ 
ɧɚɱɚɥɶɧɵɣ ɦɨɦɟɧɬ ɜɨɡɝɨɪɚɧɢɹ, ɩɪɢ ɤɨɬɨɪɨɦ 
ɞɨɥɠɧɚ ɫɪɚɛɚɬɵɜɚɬɶ ɚɜɬɨɦɚɬɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ 
ɩɨɠɚɪɧɨɣ ɫɢɝɧɚɥɢɡɚɰɢɢ ɩɪɢɜɨɞɢɬ ɤ 
ɫɜɨɟɜɪɟɦɟɧɧɨɦɭ ɜɵɩɨɥɧɟɧɢɸ ɫɢɫɬɟɦɨɣ ɫɜɨɢɯ 
ɰɟɥɟɜɵɯ ɮɭɧɤɰɢɣ (ɷɜɚɤɭɚɰɢɹ ɥɸɞɟɣ, 
ɷɮɮɟɤɬɢɜɧɨɟ ɩɨɠɚɪɨɬɭɲɟɧɢɟ). ɗɬɨ ɜɪɟɦɹ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɦɚɥɨ, ɢ ɧɟɤɨɬɨɪɵɟ ɨɫɨɛɟɧɧɨɫɬɢ 
ɩɨɠɚɪɚ ɷɬɨɝɨ ɩɪɨɦɟɠɭɬɤɚ ɜɪɟɦɟɧɢ ɩɨɡɜɨɥɹɸɬ 
ɡɧɚɱɢɬɟɥɶɧɨ ɭɩɪɨɫɬɢɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ 
ɦɨɞɟɥɶ. Ƚɥɚɜɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɷɬɨɝɨ 
ɩɪɨɰɟɫɫɚ ɹɜɥɹɟɬɫɹ ɨɬɫɭɬɫɬɜɢɟ ɝɚɡɨɨɛɦɟɧɚ 
ɩɨɦɟɳɟɧɢɹ ɫ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɨɣ Д7]. Ɍɨ ɟɫɬɶ, 
ɩɪɢɬɨɤ ɜɨɡɞɭɯɚ ɜ ɩɨɦɟɳɟɧɢɟ ɢɡ ɨɤɪɭɠɚɸɳɟɣ 
ɫɪɟɞɵ ɨɬɫɭɬɫɬɜɭɟɬ, ɢ ɞɢɧɚɦɢɤɚ ɧɚɱɚɥɚ 
ɝɨɪɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɫɤɥɸɱɢɬɟɥɶɧɨ 
ɩɨɠɚɪɧɨɣ ɧɚɝɪɭɡɤɨɣ. ɉɨɷɬɨɦɭ ɩɨɥɟɜɚɹ 
ɦɨɞɟɥɶ ɩɨɠɚɪɚ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɨɬɨɪɨɣ 
ɩɪɟɞɥɚɝɚɟɬɫɹ, ɢɦɟɟɬ ɨɝɪɚɧɢɱɟɧɢɟ ɩɨ ɜɪɟɦɟɧɢ 
ɢ ɞɟɣɫɬɜɭɟɬ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɜ ɧɚɱɚɥɶɧɵɣ 
ɦɨɦɟɧɬ ɜɨɡɝɨɪɚɧɢɹ, ɬɨ ɟɫɬɶ ɩɨɤɚ ɧɟɬ ɩɪɢɬɨɤɚ 
ɜɨɡɞɭɯɚ ɜ ɩɨɦɟɳɟɧɢɟ, ɢ ɜɵɩɨɥɧɹɸɬɫɹ 
ɨɝɪɚɧɢɱɢɜɚɸɳɟɟ ɭɫɥɨɜɢɟ Д2]  

,5
V
gHFɩɪ

                    (2)  

ɝɞɟ ɩɪF - ɫɭɦɦɚɪɧɚɹ ɩɥɨɳɚɞɶ ɨɬɤɪɵɬɵɯ 
ɩɪɨɟɦɨɜ, ɦ2, g - ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ 

ɩɚɞɟɧɢɹ, 
2ɫм , H – ɜɵɫɨɬɚ ɩɪɨɟɦɨɜ ɜ 

ɩɨɦɟɳɟɧɢɢ, ɦ, V – ɨɛɴɟɦ ɩɨɦɟɳɟɧɢɹ, ɦ3.  
ɉɪɢ ɪɚɛɨɬɟ ɜ ɩɪɨɝɪɚɦɦɟ FDS ɢɫɩɨɥɶɡɭɟɬɫɹ 

ɫɯɟɦɚ ɨɞɧɨɫɬɭɩɟɧɱɚɬɨɣ ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ, 
ɩɪɢ ɤɨɬɨɪɨɣ ɪɟɡɭɥɶɬɚɬɵ ɩɟɪɟɞɚɸɬɫɹ ɱɟɪɟɡ 
ɞɜɭɯɩɚɪɚɦɟɬɪɢɱɟɫɤɭɸ ɦɨɞɟɥɶ ɞɨɥɢ ɜ ɫɦɟɫɢ, ɬɨ 
ɟɫɬɶ ɨɩɪɟɞɟɥɹɸɬɫɹ ɞɜɚ ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɚ 
ɫɦɟɫɢ: ɦɚɫɫɨɜɚɹ ɞɨɥɹ ɧɟɫɝɨɪɟɜɲɟɝɨ ɢ ɦɚɫɫɨɜɚɹ 
ɞɨɥɹ ɜɵɝɨɪɟɜɲɟɝɨ ɜɟɳɟɫɬɜɚ (ɬ.ɟ. ɩɪɨɞɭɤɬɨɜ 
ɫɝɨɪɚɧɢɹ). ɉɪɢ ɷɬɨɦ, ɥɭɱɢɫɬɵɣ ɬɟɩɥɨɨɛɦɟɧ 
ɭɱɢɬɵɜɚɟɬɫɹ ɜ ɦɨɞɟɥɢ ɩɭɬɟɦ ɪɟɲɟɧɢɹ 
ɭɪɚɜɧɟɧɢɹ ɩɟɪɟɧɨɫɚ ɢɡɥɭɱɟɧɢɹ ɞɥɹ ɫɟɪɨɝɨ ɝɚɡɚ 
ɢ, ɞɥɹ ɧɟɤɨɬɨɪɵɯ ɨɝɪɚɧɢɱɟɧɧɵɯ ɫɥɭɱɚɟɜ, ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɲɢɪɨɤɨɝɨ ɞɢɚɩɚɡɨɧɚ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ. ɍɪɚɜɧɟɧɢɟ ɪɟɲɚɟɬɫɹ 
«ɦɟɬɨɞɨɦ ɤɨɧɟɱɧɵɯ ɨɛɴɟɦɨɜ» (FVM) Д5], 
ɤɨɬɨɪɵɣ ɚɧɚɥɨɝɢɱɟɧ ɦɟɬɨɞɭ ɤɨɧɟɱɧɵɯ ɨɛɴɟɦɨɜ 
ɞɥɹ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɩɟɪɟɧɨɫɚ. ɋɱɢɬɚɟɬɫɹ, ɱɬɨ ɧɚ 
ɜɫɟɯ ɬɜɟɪɞɵɯ ɩɨɜɟɪɯɧɨɫɬɹɯ ɡɚɞɚɧɵ ɬɟɩɥɨɜɵɟ 
ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɢ ɢɡɜɟɫɬɧɵ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɝɨɪɸɱɟɫɬɢ ɦɚɬɟɪɢɚɥɚ. Ɍɨɝɞɚ, ɬɟɩɥɨ- ɢ 
ɦɚɫɫɨɩɟɪɟɧɨɫ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɨɛɪɚɬɧɨ 
ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɷɦɩɢɪɢɱɟɫɤɢɯ 
ɫɨɨɬɧɨɲɟɧɢɣ, ɯɨɬɹ ɩɪɢɦɟɧɟɧɢɟ ɩɪɹɦɨɝɨ 
ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ (DNS) Д5] ɩɨɡɜɨɥɹɟɬ 
ɜɵɱɢɫɥɢɬɶ ɩɟɪɟɞɚɱɭ ɬɟɩɥɚ ɢ ɦɚɫɫɵ ɧɚɩɪɹɦɭɸ.  
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɫɧɨɜɧɵɟ ɭɪɚɜɧɟɧɢɹ 
ɪɟɚɥɢɡɭɟɦɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ Д3], 
ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɨɛɳɟɦ ɜɢɞɟ:  
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ɝɞɟ p  - ɩɥɨɬɧɨɫɬɶ,  Twvu ;;u  - ɬɪɢ 
ɤɨɦɩɨɧɟɧɬɚ ɫɤɨɪɨɫɬɢ ɤɚɩɟɥɶ (ɱɚɫɬɢɰ), 
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ɢɫɩɚɪɹɸɳɢɯɫɹ ɤɚɩɟɥɶ (ɱɚɫɬɢɰ), g - ɭɫɤɨɪɟɧɢɟ 

ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ, bf  - ɩɚɪɚɦɟɬɪ 
ɭɱɢɬɵɜɚɸɳɢɣ ɜɧɟɲɧɢɟ ɫɢɥɵ, 
ɜɨɡɞɟɣɫɬɜɭɸɳɢɟ ɧɚ ɤɚɩɥɢ (ɱɚɫɬɢɰɵ), 

  ,
3
22 ,,, 






  ujijiji S 

 






 ,
,0
,1

, ji
ji

ji

,,
2
1

, 


















i

j

j

i
ji u

u
x
u

S
 ,3,2,1, ji   


a

asas hYh ,

- 

ɷɧɬɚɥɶɩɢɹ, 
    

T

T
apas dch

0
,, TTT

 
mq  - 

ɫɤɨɪɨɫɬɶ ɬɟɩɥɨɜɵɞɟɥɟɧɢɹ ɜ ɟɞɢɧɢɱɧɨɦ 

ɨɛɴɟɦɟ ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ, 
m
bq  - ɷɧɟɪɝɢɹ 

ɩɟɪɟɞɚɜɚɟɦɚɹ ɨɬ ɢɫɩɚɪɹɸɳɢɯɫɹ ɤɚɩɟɥɶ 
(ɱɚɫɬɢɰ).  

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɩɪɨɜɟɪɤɚ 
ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɦɨɞɟɥɟɣ ɢ ɚɥɝɨɪɢɬɦɨɜ ɛɵɥɚ 
ɨɰɟɧɟɧɚ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɤɨɦɩɶɸɬɟɪɧɨɝɨ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɠɚɪɚ ɬɟɫɬɨɜɨɝɨ ɨɱɚɝɚ 
ɝɨɪɟɧɢɹ Ɍɉ-6 Д6,9], ɞɥɹ ɤɨɬɨɪɨɝɨ ɩɪɢɧɹɬɚ 
ɧɚɱɚɥɶɧɚɹ ɫɬɚɞɢɹ ɝɨɪɟɧɢɹ ɬɜɟɪɞɨɬɨɩɥɢɜɧɨɝɨ 
ɡɚɪɹɞɚ ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ ɨɞɧɨɷɬɚɠɧɨɦ 
ɩɨɦɟɳɟɧɢɢ ɫɤɥɚɞɚ-ɚɪɫɟɧɚɥɚ (ɪɢɫ. 1ɚ): ɉɪɢ 
ɜɪɟɦɟɧɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 600 ɫ ɢ ɧɚɱɚɥɶɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ 20°ɋ ɜɵɩɨɥɧɟɧɚ ɨɰɟɧɤɚ ɩɨ 
ɡɚɞɵɦɥɟɧɧɨɫɬɢ ɩɨɫɥɟ ɧɚɱɚɥɚ ɩɨɠɚɪɚ ɱɟɪɟɡ 
100 ɫ (ɪɢɫ. 1ɛ) ɢ ɬɟɦɩɟɪɚɬɭɪɟ ɱɟɪɟɡ 100 ɫ 
(ɪɢɫ. 1ɜ) ɢ 300 ɫ (ɪɢɫ. 1ɝ) ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
 

                  
            ɚ)                                                           ɛ) 

            
ɜ)                                                                         ɝ) 

Ɋɢɫ. 1. Ʉɨɦɩɶɸɬɟɪɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɨɛɴɟɤɬɚ ɯɪɚɧɟɧɢɹ: ɪɚɫɱɟɬɧɚɹ ɦɨɞɟɥɶ (ɚ) ɡɚɞɵɦɥɟɧɧɨɫɬɶ  
ɱɟɪɟɡ 100 ɫ (ɛ), ɬɟɦɩɟɪɚɬɭɪɚ ɱɟɪɟɡ 100 ɫ (ɜ) ɢ 300 ɫ (ɝ) ɜ ɩɨɦɟɳɟɧɢɢ ɧɚ ɭɪɨɜɧɟ +1,7 ɦ 

 

Ɋɚɡɜɢɬɢɟ ɨɩɚɫɧɵɯ ɮɚɤɬɨɪɨɜ ɩɨɠɚɪɚ ɜɨ 
ɜɪɟɦɟɧɢ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɝɪɚɮɢɤɚɯ (ɪɢɫ. 2-4). 
Ʉɚɤ ɜɢɞɧɨ ɢɡ ɝɪɚɮɢɤɨɜ, ɩɨɬɟɪɹ ɜɢɞɢɦɨɫɬɢ, 

ɜɫɥɟɞɫɬɜɢɟ ɡɚɞɵɦɥɟɧɢɹ, ɩɟɪɜɵɣ ɢɦɩɭɥɶɫ 
ɤɨɬɨɪɨɝɨ ɩɪɨɢɫɯɨɞɢɬ ɱɟɪɟɡ 2 ɦɢɧɭɬɵ ɩɨɫɥɟ 
ɧɚɱɚɥɚ ɩɨɠɚɪɚ. 
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ɚ)  ɛ)  

ɜ)  
ɝ)  

ɞ)  ɟ)  
 
Ɋɢɫ. 2. Ƚɪɚɮɢɤɢ ɢɡɦɟɧɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɜ ɩɨɦɟɳɟɧɢɢ ɨɩɚɫɧɵɯ ɮɚɤɬɨɪɨɜ ɩɨɠɚɪɚ ɧɚ ɜɵɫɨɬɟ +1,7 ɦ:  

ɚ – ɤɢɫɥɨɪɨɞɚ; ɛ – ɭɝɥɟɤɢɫɥɨɝɨ ɝɚɡɚ; ɜ – ɭɝɥɟɪɨɞɚ; ɝ – ɯɥɨɪɢɫɬɨɝɨ ɜɨɞɨɪɨɞɚ;  
ɞ – ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɟ – ɩɨɬɟɪɹ ɜɢɞɢɦɨɫɬɢ 
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ɚ)  ɛ)  

ɜ)  
 

ɝ) 
 
 

Ɋɢɫ. 3. Ʉɨɦɩɶɸɬɟɪɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɞɥɹ ɩɪɢɧɹɬɨɣ ɦɨɞɟɥɢ ɡɚɞɵɦɥɟɧɧɨɫɬɢ ɱɟɪɟɡ 100 ɫ (ɚ) ɢ 150 ɫ (ɛ), 
ɬɟɦɩɟɪɚɬɭɪɵ ɱɟɪɟɡ 100 ɫ (ɜ) ɢ 150 ɫ (ɝ) ɜ ɩɨɦɟɳɟɧɢɢ ɧɚ ɭɪɨɜɧɟ +4 ɦ 

 
 
Ɂɚɤɥючɟɧɢɟ  
ɂɡ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɪɚɫɱɟɬɨɜ ɦɨɠɧɨ 

ɨɬɦɟɬɢɬɶ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɩɨɥɟɣ ɨɩɚɫɧɵɯ ɮɚɤɬɨɪɨɜ ɩɨɠɚɪɚ ɜ 
ɩɨɦɟɳɟɧɢɢ ɩɨɠɚɪɚ. Ɉɩɪɟɞɟɥɢɬɶ ɩɟɪɜɵɣ 
ɨɩɚɫɧɵɣ ɮɚɤɬɨɪ, ɩɨ ɤɨɬɨɪɨɦɭ ɧɚɫɬɭɩɚɸɬ 
ɤɪɢɬɢɱɟɫɤɢɟ ɡɧɚɱɟɧɢɹ ɞɥɹ ɫɪɚɛɚɬɵɜɚɧɢɹ 
ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɣ 
ɡɚɳɢɬɵ. ɉɨ ɪɚɫɱɟɬɧɵɦ ɡɧɚɱɟɧɢɹɦ ɜɵɛɢɪɚɟɦ 
ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɭɸ ɫɢɫɬɟɦɭ ɩɨɠɚɪɧɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɨɛɴɟɤɬɚ. 

Ɋɟɡɭɥɶɬɚɬɵ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɢɧɚɦɢɤɢ ɨɩɚɫɧɵɯ ɮɚɤɬɨɪɨɜ 
ɩɨɠɚɪɚ, ɨɩɢɫɚɧɧɵɟ ɜ ɞɚɧɧɨɣ ɫɬɚɬɶɟ, ɫ 
ɩɪɢɟɦɥɟɦɨɣ ɬɨɱɧɨɫɬɶɸ ɫɨɨɬɧɨɫɹɬɫɹ ɫ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ Д10,11], ɱɬɨ 
ɩɨɡɜɨɥɹɟɬ ɝɨɜɨɪɢɬɶ ɨɛ ɚɞɟɤɜɚɬɧɨɫɬɢ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɜ 
ɪɚɦɤɚɯ ɨɩɢɫɚɧɧɵɯ ɨɝɪɚɧɢɱɟɧɢɣ.  

ȼ ɪɚɛɨɬɟ ɞɥɹ ɤɨɦɩɥɟɤɬɨɜɚɧɢɹ ɫɥɨɠɧɨɣ 
ɫɬɪɭɤɬɭɪɵ ɫɢɫɬɟɦɵ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ 

ɨɛɴɟɤɬɚ ɩɪɟɞɥɨɠɟɧ ɚɥɝɨɪɢɬɦ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ-ɨɞɢɧɨɱɧɨɝɨ ɪɚɡɦɟɳɟɧɢɹ 
(ɪɢɫ.5), ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɟɬɨɞɢɤɢ 
ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɤɨɦɩɥɟɤɬɨɜɚɧɢɹ 
ɫɢɫɬɟɦɵ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɨɛɴɟɤɬɚ Д2], 
ɪɟɚɥɢɡɨɜɚɧɧɨɝɨ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɚɤɟɬɚ 
ɩɪɢɤɥɚɞɧɵɯ ɩɪɨɝɪɚɦɦ. 

ɉɨ ɪɚɡɪɚɛɨɬɚɧɧɵɦ ɦɟɬɨɞɢɤɚɦ ɛɵɥɚ 
ɩɪɨɜɟɞɟɧɚ ɨɰɟɧɤɚ ɡɧɚɱɟɧɢɣ ɨɫɧɨɜɧɵɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ. Ɋɟɡɭɥɶɬɚɬɵ ɩɨɤɚɡɚɥɢ ɯɨɪɨɲɟɟ 
ɫɨɜɩɚɞɟɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢ 
ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɪɚɫɯɨɠɞɟɧɢɟ ɩɨ 
ɩɚɪɚɦɟɬɪɚɦ ɫɨɫɬɚɜɢɥɨ 25...30%. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɬɦɟɱɚɟɬɫɹ, ɱɬɨ 
ɜɵɹɜɥɟɧɧɵɟ ɫɜɨɣɫɬɜɚ ɫɢɫɬɟɦɵ ɩɨɡɜɨɥɹɸɬ 
ɪɚɫɫɱɢɬɵɜɚɬɶ ɨɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨ 
ɨɛɵɱɧɵɦ ɜɵɪɚɠɟɧɢɹɦ ɬɟɨɪɢɢ ɝɨɪɟɧɢɹ, 
ɥɢɧɟɚɪɢɡɚɰɢɹ ɤɨɬɨɪɵɯ ɫɨɫɬɚɜɥɹɟɬ ɨɫɧɨɜɭ, 
ɩɪɟɞɥɨɠɟɧɧɨɣ ɜ ɪɚɛɨɬɟ ɢɧɠɟɧɟɪɧɨɣ 
ɦɟɬɨɞɢɤɢ. 
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ɚ) 

 
 
ɛ) 

 
 
ɜ) 

 
 
 
ɝ) 

 
 
ɞ) 

  
 
ɟ) 

 
Ɋɢɫ. 4. Ƚɪɚɮɢɤɢ ɢɡɦɟɧɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɜ ɩɨɦɟɳɟɧɢɢ ɨɩɚɫɧɵɯ ɮɚɤɬɨɪɨɜ ɩɨɠɚɪɚ ɧɚ ɜɵɫɨɬɟ +4 ɦ:  

ɚ – ɤɢɫɥɨɪɨɞɚ; ɛ – ɭɝɥɟɤɢɫɥɨɝɨ ɝɚɡɚ; ɜ – ɭɝɥɟɪɨɞɚ; ɝ – ɯɥɨɪɢɫɬɨɝɨ ɜɨɞɨɪɨɞɚ; 
ɞ – ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɟ – ɩɨɬɟɪɹ ɜɢɞɢɦɨɫɬɢ 
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Ɋɢɫ. 5. Ȼɥɨɤ-ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ-

ɨɞɢɧɨɱɧɨɝɨ ɪɚɡɦɟɳɟɧɢɹ 
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