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ЭɄɈɅɈȽɂЧȿɋɄɂ ȻȿɁɈɉȺɋɇЫɃ ɆȿɌɈȾ ɈЧɂɋɌɄɂ ȼЫȻɊɈɋɈȼ  
ɈɌ ɅȿɌɍЧɂХ ɈɊȽȺɇɂЧȿɋɄɂХ ɋɈȿȾɂɇȿɇɂɃ  

ɉɊɂ ɈȻɋɅɍɀɂȼȺɇɂɂ ȺȼɂȺɌȿХɇɂɄɂ  
ɉɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɪɢɝɢɧɚɥɶɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɩɨɥɢ-

ɦɟɪɧɨɣ ɧɚɫɚɞɤɢ ɞɥɹ ɨɱɢɫɬɤɢ ɜɵɛɪɨɫɨɜ ɨɬ ɥɟɬɭɱɢɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ. 

ɍɫɬɪɨɣɫɬɜɨ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɞɥɹ ɭɥɚɜɥɢɜɚɧɢɹ ɩɚɪɨɜ ɪɚɫɬɜɨɪɢɬɟɥɟɣ ɥɚɤɨɤɪɚɫɨɱ-

ɧɵɯ ɩɨɤɪɵɬɢɣ ɩɪɢ ɬɟɯɧɢɱɟɫɤɨɦ ɨɛɫɥɭɠɢɜɚɧɢɢ ɢ ɪɟɦɨɧɬɟ. Эɮɮɟɤɬɢɜɧɨɫɬɶ 

ɨɱɢɫɬɤɢ ɞɨ 99%. Ɉɩɢɫɚɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɝɢɞɪɨɞɢɧɚɦɢɤɢ, ɞɚɧɵ ɪɟ-

ɤɨɦɟɧɞɚɰɢɢ ɩɨ ɜɵɛɨɪɭ ɪɚɛɨɱɟɝɨ ɪɟɠɢɦɚ ɛɢɨɮɢɥɶɬɪɨɜ ɢ ɩɨ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɜ 

ɝɪɚɠɞɚɧɫɤɨɣ ɚɜɢɚɰɢɢ. 

Ʉɥɸчɟɜыɟ ɫɥɨɜɚ: ɛɢɨɮɢɥɶɬɪɵ; ɥɟɬɭɱɢɟ ɨɪɝɚɧɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ; ɨɱɢɫɬɤɚ 

ɜɵɛɪɨɫɨɜ, ɡɚɳɢɬɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ; ɨɛɫɥɭɠɢɜɚɧɢɟ ɚɜɢɚɬɟɯɧɢɤɢ. 
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ENVIRONMENTALLY-FRIENDLY METHOD  

OF CLEANING THE VOLATILE ORGANIC EMISSIONS  

AT MAINTENANCE OF AVIATION EQUIPMENT  



 

The research results of an original-design polymeric nozzle for cleaning the emis-

sions of volatile organic compounds are presented. The device is recommended for 

vapor recovery of paint coat solvents at maintenance and repair. Cleaning efficiency 

is up to 99%. Results of hydrodynamic research are described, recommendations 

about a choice of biofilters operating mode and about their use in civil aviation are 

made.  

Keywords: biofilters; volatile organic compounds; emissions cleaning, environ-

mental protection; aviation equipment service. 

  

Ɉɱɢɫɬɤɚ ɝɚɡɨɜ ɨɬ ɥɟɬɭɱɢɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ (ɅɈɋ) − ɨɞɧɚ ɢɡ ɚɤɬɭ-

ɚɥɶɧɵɯ ɩɪɨɛɥɟɦ ɥɸɛɵɯ ɩɪɨɢɡɜɨɞɫɬɜ ɢ ɩɪɟɞɩɪɢɹɬɢɣ ɨɛɫɥɭɠɢɜɚɧɢɹ ɬɟɯɧɢɤɢ, 

ɜɵɞɟɥɹɸɳɢɯ ɜ ɜɨɡɞɭɲɧɵɣ ɛɚɫɫɟɣɧ ɡɧɚɱɢɬɟɥɶɧɵɟ ɤɨɥɢɱɟɫɬɜɚ ɝɚɡɨɨɛɪɚɡɧɵɯ ɨɪ-

ɝɚɧɢɱɟɫɤɢɯ ɡɚɝɪɹɡɧɟɧɢɣ. ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɤɨɧɬɪɨɥɹ ɢ ɨɱɢɫɬɤɢ ɝɚɡɨɜ ɨɬ ɅɈɋ, ɹɜ-

ɥɹɸɳɢɯɫɹ ɩɨ ɞɚɧɧɵɦ ȼɫɟɦɢɪɧɨɣ ɨɪɝɚɧɢɡɚɰɢɢ ɡɞɪɚɜɨɨɯɪɚɧɟɧɢɹ (ȼɈɁ) ɨɩɚɫɧɵ-

ɦɢ ɞɥɹ ɡɞɨɪɨɜɶɹ, ɡɚɤɪɟɩɥɟɧɵ ɧɚ ɡɚɤɨɧɨɞɚɬɟɥɶɧɨɦ ɭɪɨɜɧɟ ɊɎ ɢ ɞɪɭɝɢɯ ɫɬɪɚɧ: 

Ɏɟɞɟɪɚɥɶɧɵɣ ɡɚɤɨɧ № 96-ɎɁ «Ɉɛ ɨɯɪɚɧɟ ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ», ɩɪɢɤɚɡ Ɇɢɧ-

ɩɪɢɪɨɞɵ ɊɎ № 579, ɀɟɧɟɜɫɤɢɣ ɉɪɨɬɨɤɨɥ «Ɉɛ ɨɝɪɚɧɢɱɟɧɢɢ ɜɵɛɪɨɫɨɜ ɥɟɬɭɱɢɯ 

ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɢɥɢ ɢɯ ɬɪɚɧɫɝɪɚɧɢɱɧɵɯ ɩɨɬɨɤɨɜ» ɢ ɞɪɭɝɢɟ. 

Ɇɟɬɨɞ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɨɱɢɫɬɤɢ ɝɚɡɚ (ɛɢɨɮɢɥɶɬɪɚɰɢɹ) ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɦɟɧɟɧ 

ɩɪɢ ɨɱɢɫɬɤɟ ɜɵɛɪɨɫɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɩɚɪɵ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɟɣ, ɩɪɢ 

ɬɟɯɧɢɱɟɫɤɨɦ ɨɛɫɥɭɠɢɜɚɧɢɢ ɚɜɢɚɬɟɯɧɢɤɢ, ɧɚɩɪɢɦɟɪ, ɧɚ ɭɱɚɫɬɤɚɯ ɨɤɪɚɫɤɢ ɚɜɢɚ-

ɪɟɦɨɧɬɧɵɯ ɡɚɜɨɞɨɜ. ȼ ɩɪɨɰɟɫɫɟ ɛɢɨɮɢɥɶɬɪɚɰɢɢ ɧɟ ɩɪɨɞɭɰɢɪɭɸɬɫɹ ɜɬɨɪɢɱɧɵɟ 

ɡɚɝɪɹɡɧɟɧɢɹ, ɩɨɷɬɨɦɭ ɩɪɨɰɟɫɫ ɹɜɥɹɟɬɫɹ ɷɤɨɥɨɝɢɱɟɫɤɢ ɛɟɡɨɩɚɫɧɵɦ. ȼɚɠɧɵɦ 

ɩɪɟɢɦɭɳɟɫɬɜɨɦ ɛɢɨɮɢɥɶɬɪɚɰɢɢ ɹɜɥɹɸɬɫɹ ɦɚɥɵɟ ɤɚɩɢɬɚɥɶɧɵɟ ɢ ɷɤɫɩɥɭɚɬɚɰɢ-

ɨɧɧɵɟ ɡɚɬɪɚɬɵ [Ɇɢɬɢɧ, 2015]. ȼ Ɋɨɫɫɢɢ ɜ ɫɢɫɬɟɦɚɯ ɨɱɢɫɬɤɢ ɜɵɛɪɨɫɨɜ ɪɟɞɤɨ 

ɩɪɢɦɟɧɹɸɬ ɛɢɨɥɨɝɢɱɟɫɤɢɟ ɦɟɬɨɞɵ, ɯɨɬɹ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɟɜɪɨɩɟɣɫɤɢɯ ɫɬɪɚɧ ɨɧɢ 

ɧɚɯɨɞɹɬ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ. Эɮɮɟɤɬɢɜɧɨɫɬɶ ɨɱɢɫɬɤɢ ɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 

ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɛɢɨɮɢɥɶɬɪɨɜ ɩɨ ɨɱɢɳɚɟɦɨɦɭ ɝɚɡɭ ɨɫɬɚɟɬɫɹ ɨɝɪɚɧɢɱɟɧɧɨɣ, ɱɬɨ 

ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɧɟɫɨɜɟɪɲɟɧɫɬɜɟ ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɛɢɨɮɢɥɶɬɪɚɯ ɧɟɪɟɝɭɥɹɪɧɵɯ 



ɧɚɫɚɞɨɤ. ȼ Ɇɨɫɤɨɜɫɤɨɦ ɩɨɥɢɬɟɯɧɢɱɟɫɤɨɦ ɭɧɢɜɟɪɫɢɬɟɬɟ ɩɪɨɜɟɞɟɧɚ ɪɚɡɪɚɛɨɬɤɚ 

ɧɨɜɵɯ ɷɮɮɟɤɬɢɜɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɧɚɫɚɞɨɤ ɞɥɹ ɛɢɨɮɢɥɶɬɪɨɜ ɢ ɩɪɨɜɨɞɢɬɫɹ ɫɢ-

ɫɬɟɦɧɨɟ ɢɡɭɱɟɧɢɟ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɢ ɦɚɫɫɨɨɛɦɟɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɧɚɫɚɞɨɤ 

ɜ ɩɪɨɰɟɫɫɟ ɛɢɨɮɢɥɶɬɪɚɰɢɢ ɝɚɡɨɜ ɫ ɰɟɥɶɸ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ 

ɩɪɨɜɟɞɟɧɢɹ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɨɱɢɫɬɤɢ ɝɚɡɨɜ, ɩɨɜɵɲɟɧɢɹ ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɛɟɡɨɩɚɫ-

ɧɨɫɬɢ ɢ ɭɜɟɥɢɱɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɨɱɢɫɬɤɢ. 

ɇɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɭɫɬɚɧɨɜɤɚɯ: ɫɬɟɧɞɟ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɝɢɞɪɚɜɥɢɱɟɫɤɨ-

ɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɦɚɫɫɨɨɬɞɚɱɢ ɜ ɝɚɡɨɜɨɣ ɮɚɡɟ ɢ ɥɚɛɨɪɚɬɨɪɧɨɦ 

ɛɢɨɪɟɚɤɬɨɪɟ, ɝɞɟ ɨɫɭɳɟɫɬɜɥɹɥɫɹ ɪɨɫɬ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ-ɞɟɫɬɪɭɤɬɨɪɨɜ ɧɚ ɧɚɫɚɞ-

ɤɚɯ ɢ ɨɩɪɟɞɟɥɹɥɚɫɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɨɱɢɫɬɤɢ ɝɚɡɨɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ (Ƚȼɋ) ɨɬ ɞɢ-

ɯɥɨɪɦɟɬɚɧɚ (ȾɏɆ) ɢ ɥɟɬɭɱɢɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ (ɅɈɋ), ɜɵɛɪɚɧɧɵɯ 

ɜ ɤɚɱɟɫɬɜɟ ɦɨɞɟɥɶɧɵɯ ɡɚɝɪɹɡɧɢɬɟɥɟɣ, ɩɪɢ ɢɡɦɟɧɹɸɳɢɯɫɹ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɯ 

ɩɚɪɚɦɟɬɪɚɯ ɩɪɨɰɟɫɫɚ. Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɫɬɚɧ-

ɞɚɪɬɧɵɟ ɦɟɬɨɞɢɤɢ ɩɪɨɜɟɞɟɧɢɹ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɢ ɦɚɫɫɨɨɛɦɟɧɧɵɯ ɢɫɩɵɬɚ-

ɧɢɣ, ɢɡɦɟɪɟɧɢɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɧɚɫɚɞɨɤ, ɚ ɬɚɤɠɟ ɢɡɜɟɫɬɧɵɟ ɦɟ-

ɬɨɞɢɤɢ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɩɢɬɚɬɟɥɶɧɨɝɨ ɪɚɫɬɜɨɪɚ ɞɥɹ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɢ ɢɯ ɢɦɦɨ-

ɛɢɥɢɡɚɰɢɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɧɚɫɚɞɤɢ. Ɋɚɡɪɚɛɨɬɚɧɚ ɦɟɬɨɞɢɤɚ ɩɨɞɛɨɪɚ ɤɨɧɫɬɪɭɤɰɢɢ 

ɢ ɦɚɬɟɪɢɚɥɚ ɛɢɨɮɢɥɶɬɪɚɰɢɨɧɧɨɣ ɧɚɫɚɞɤɢ, ɨɫɧɨɜɚɧɧɚɹ ɧɚ ɫɨɜɦɟɫɬɢɦɨɫɬɢ ɩɨ-

ɜɟɪɯɧɨɫɬɧɵɯ ɫɜɨɣɫɬɜ ɧɚɫɚɞɤɢ ɢ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ. 

 

 

 

 

 

 

ɚ ɛ 

Ɋɢɫ. 1. ɇɚɫɚɞɤɢ ɞɥɹ ɛɢɨɮɢɥɶɬɪɨɜ:  

ɚ − ɧɨɜɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ ɧɚɫɚɞɤɢ ɢɡ ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 

(Ʉɉɇ); ɛ − ɧɚɫɚɞɤɚ ɢɡ ɩɟɧɨɩɨɥɢɭɪɟɬɚɧɚ (ɉɉɍ) 

 



Ɉɛɴɟɤɬɚɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɥɢɫɶ ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɤɨɦɛɢɧɢɪɨ-

ɜɚɧɧɨɣ ɩɨɥɢɦɟɪɧɨɣ ɧɚɫɚɞɤɢ – Ʉɉɇ [4] (ɪɢɫ. 1, ɚ) ɢ ɧɚɫɚɞɤɚ ɢɡ ɩɟɧɨɩɨɥɢɭɪɟɬɚɧɚ 

– ɉɉɍ (ɪɢɫ. 1, ɛ), ɜɵɛɪɚɧɧɚɹ ɤɚɤ ɚɥɶɬɟɪɧɚɬɢɜɚ Ʉɉɇ, ɩɨ ɩɪɟɞɥɨɠɟɧɧɨɣ ɧɚɦɢ 

ɦɟɬɨɞɢɤɟ ɩɨɞɛɨɪɚ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ ɚɧɚɥɢɡɚ. 

ɇɚɫɚɞɤɚ Ʉɉɇ ɜɵɩɨɥɧɟɧɚ ɢɡ ɫɟɬɤɢ ɢɡ ɥɚɜɫɚɧɨɜɵɯ ɦɨɧɨɧɢɬɟɣ ɜ ɜɢɞɟ ɛɥɨɤɚ 

ɫɩɢɪɚɥɢ ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɢɥɢ ɤɪɭɝɥɨɝɨ ɫɟɱɟɧɢɹ ɫ ɪɚɫɫɬɨɹɧɢɟɦ ɦɟɠɞɭ ɜɢɬɤɚɦɢ, 

ɪɚɜɧɵɦ ɨɬ 2 ɞɨ 20 ɬɨɥɳɢɧ ɫɟɬɤɢ. ȼɧɭɬɪɢ ɫɩɢɪɚɥɢ ɪɚɡɦɟɳɟɧɨ ɩɨɥɢɚɦɢɞɧɨɟ ɜɨ-

ɥɨɤɧɨ, ɹɜɥɹɸɳɟɟɫɹ ɨɫɧɨɜɧɵɦ ɨɛɴёɦɨɦ ɞɥɹ ɨɛɪɚɡɨɜɚɧɢɹ ɛɢɨɦɚɫɫɵ. ɉɉɍ ɢɫɫɥɟ-

ɞɨɜɚɥɚɫɶ ɩɪɢ ɟё ɪɟɝɭɥɹɪɧɨɣ ɡɚɝɪɭɡɤɟ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɦɨɣ, ɧɟɪɟ-

ɝɭɥɹɪɧɨɣ ɡɚɝɪɭɡɤɢ ɤɭɫɤɨɜ ɉɉɍ. Ɍɚɤɠɟ ɛɵɥɚ ɢɫɩɵɬɚɧɚ ɧɚɫɚɞɤɚ ɜ ɜɢɞɟ ɡёɪɟɧ ɭɝɥɹ 

ɦɚɪɤɢ 207EC ɞɢɚɦɟɬɪɨɦ 3–5 ɦɦ, ɤɚɤ ɨɛɥɚɞɚɸɳɚɹ ɚɞɫɨɪɛɰɢɨɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ, 

ɞɥɹ ɫɪɚɜɧɟɧɢɹ ɟё ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɫ ɧɟɚɞɫɨɪɛɰɢɨɧɧɵɦɢ ɧɚɫɚɞɤɚɦɢ Ʉɉɇ ɢ ɉɉɍ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɭɫɬɚɧɨɜɥɟɧɨ ɜɥɢɹɧɢɟ ɫɥɟɞɭɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ ɧɚ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɨɰɟɫɫɚ ɛɢɨɮɢɥɶɬɪɚɰɢɢ: ɫɤɨɪɨɫɬɢ ɝɚɡɚ, ɤɨɧɰɟɧɬɪɚɰɢɢ ɡɚɝɪɹɡ-

ɧɹɸɳɟɝɨ ɜɟɳɟɫɬɜɚ, ɩɥɨɬɧɨɫɬɢ ɨɪɨɲɟɧɢɹ ɢ pH ɨɪɨɲɚɸɳɟɝɨ ɪɚɫɬɜɨɪɚ. 

Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɦɟɯɚɧɢɡɦɚ ɩɪɨɰɟɫɫɚ ɛɢɨɮɢɥɶɬɪɚɰɢɢ ɧɚɦɢ ɩɪɟɞɥɨɠɟɧɨ ɜɵɞɟ-

ɥɹɬɶ ɞɜɟ ɮɚɡɵ: – ɩɨɞɜɢɠɧɚɹ ɝɚɡɨɜɚɹ ɮɚɡɚ (ȽɎ); – ɧɟɩɨɞɜɢɠɧɚɹ ɮɚɡɚ ɜɥɚɠɧɚɹ 

ɛɢɨɩɥёɧɤɚ (ȼȻ). Ȼɵɥɨ ɨɩɪɟɞɟɥɟɧɨ, ɱɬɨ ɤɨɷɮɮɢɰɢɟɧɬ ɦɚɫɫɨɨɬɞɚɱɢ ɜ ȽɎ ɧɚ ɩɨ-

ɪɹɞɨɤ ɛɨɥɶɲɟ, ɱɟɦ ɜ ɧɟɩɨɞɜɢɠɧɨɣ ɮɚɡɟ ȼȻ, ɩɨɷɬɨɦɭ ɜɥɢɹɧɢɟ ɧɚ ɩɪɨɰɟɫɫ ɦɚɫɫɨ-

ɩɟɪɟɞɚɱɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜ ȽɎ ɧɟ ɭɱɢɬɵɜɚɥɨɫɶ. Ɍɚɤɠɟ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɧɚɥɢɱɢɟ 

ɩɥёɧɤɢ ɠɢɞɤɨɫɬɢ ɧɚ ɧɚɫɚɞɤɟ ɫ ɛɢɨɩɥёɧɤɨɣ ɭɦɟɧɶɲɚɟɬ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɨɰɟɫɫɚ 

ɛɢɨɮɢɥɶɬɪɚɰɢɢ, ɩɨɫɤɨɥɶɤɭ ɩɥёɧɤɚ ɠɢɞɤɨɫɬɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɞɨɩɨɥɧɢɬɟɥɶ-

ɧɵɣ ɛɚɪɶɟɪ, ɤɨɬɨɪɵɣ ɧɟɨɛɯɨɞɢɦɨ ɩɪɟɨɞɨɥɟɬɶ ɞɢɮɮɭɧɞɢɪɭɸɳɟɦɭ ɡɚɝɪɹɡɧɹɸ-

ɳɟɦɭ ɜɟɳɟɫɬɜɭ ɢɡ ɝɚɡɨɜɨɣ ɱɟɪɟɡ ɠɢɞɤɭɸ ɮɚɡɭ ɤ ɛɢɨɩɥёɧɤɟ. ɉɪɢ ɷɬɨɦ ɩɨɫɬɨɹɧ-

ɧɨɟ ɨɪɨɲɟɧɢɟ ɧɚɫɚɞɤɢ ɫ ɛɢɨɩɥёɧɤɨɣ ɜɵɡɵɜɚɟɬ ɢɡɥɢɲɧɢɣ ɫɦɵɜ ɛɢɨɦɚɫɫɵ ɢ ɹɜ-

ɥɹɟɬɫɹ ɫɬɪɟɫɫɨɜɵɦ ɮɚɤɬɨɪɨɦ ɞɥɹ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ. Ɉɞɧɚɤɨ ɠɢɞɤɨɫɬɶ ɧɟɨɛɯɨ-

ɞɢɦɚ ɞɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɦɟɬɚɛɨɥɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ. ȼ ɷɬɨɣ ɫɜɹɡɢ ɦɢɧɢɦɢɡɚɰɢɹ 

ɨɪɨɲɟɧɢɹ ɩɨɫɪɟɞɫɬɜɨɦ ɝɪɚɜɢɬɚɰɢɨɧɧɨɝɨ ɫɬɟɤɚɧɢɹ ɨɝɪɚɧɢɱɟɧɧɨɝɨ ɨɛɴёɦɚ ɠɢɞ-

ɤɨɫɬɢ ɧɚɢɛɨɥɟɟ ɪɚɰɢɨɧɚɥɶɧɨɟ ɪɟɲɟɧɢɟ, ɩɨɡɜɨɥɹɸɳɟɟ ɦɢɧɢɦɢɡɢɪɨɜɚɬɶ ɬɨɥɳɢɧɭ 

ɩɥёɧɤɢ ɠɢɞɤɨɫɬɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɚɫɫɨɩɟɪɟɞɚɱɚ ɩɪɢ ɛɢɨɮɢɥɶɬɪɚɰɢɢ ɦɨɠɟɬ 



ɛɵɬɶ ɨɝɪɚɧɢɱɟɧɚ ɜɨ ɜɥɚɠɧɨɣ ɛɢɨɩɥёɧɤɟ ɢɥɢ ɫɤɨɪɨɫɬɶɸ ɛɢɨɞɟɝɪɚɞɚɰɢɢ. ɇɚ ɨɫ-

ɧɨɜɚɧɢɢ ɢɡɥɨɠɟɧɧɨɝɨ, ɞɥɹ ɪɚɫɱёɬɚ ɤɨɷɮɮɢɰɢɟɧɬɚ ɦɚɫɫɨɩɟɪɟɞɚɱɢ ɩɪɟɞɥɚɝɚɟɬɫɹ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɡɚɜɢɫɢɦɨɫɬɶ: 1/Kɝ ≈ 1/βɛɢɨ.  

Ⱦɜɢɠɭɳɚɹ ɫɢɥɚ ɩɪɨɰɟɫɫɚ ɛɢɨɮɢɥɶɬɪɚɰɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɡɧɨɫɬɶɸ ɤɨɧɰɟɧ-

ɬɪɚɰɢɣ Ɂȼ ɜ ɝɚɡɟ ɢ ɪɚɜɧɨɜɟɫɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ Ɂȼ ɜ ɛɢɨɩɥёɧɤɟ. ɉɨɫɤɨɥɶɤɭ ɦɢɤ-

ɪɨɨɪɝɚɧɢɡɦɵ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɮɚɡ, ɬɨ ɦɝɧɨɜɟɧɧɨɟ ɪɚɜɧɨɜɟɫɢɟ 

ɧɟ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ. ɉɪɢ ɫɤɨɪɨɫɬɹɯ ɨɱɢɳɚɟɦɨɣ Ƚȼɋ ɦɟɧɟɟ ɦɚɤɫɢɦɚɥɶɧɵɯ ɡɧɚ-

ɱɟɧɢɣ (Wmax), ɨɩɪɟɞɟɥɹɟɦɵɯ ɩɨ ɜɪɟɦɟɧɢ ɩɪɨɬɟɤɚɧɢɹ ɪɟɚɤɰɢɢ ɛɢɨɞɟɝɪɚɞɚɰɢɢ, 

ɪɚɜɧɨɜɟɫɢɟ ɧɟ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɜ ɫɜɹɡɢ ɫ ɩɨɫɬɨɹɧɧɵɦ ɩɨɝɥɨɳɟɧɢɟɦ Ɂȼ ɦɢɤɪɨ-

ɨɪɝɚɧɢɡɦɚɦɢ. ɉɪɢ ɫɤɨɪɨɫɬɹɯ Ƚȼɋ ɛɨɥɟɟ Wmax ɜ ɛɢɨɩɥёɧɤɟ ɩɪɨɢɫɯɨɞɢɬ ɧɚɤɨɩɥɟ-

ɧɢɟ Ɂȼ, ɩɨɫɤɨɥɶɤɭ ɫɤɨɪɨɫɬɶ ɛɢɨɞɟɝɪɚɞɚɰɢɢ ɨɝɪɚɧɢɱɟɧɚ. ɉɨɷɬɨɦɭ ɞɜɢɠɭɳɚɹ ɫɢ-

ɥɚ ɩɪɨɰɟɫɫɚ ɛɢɨɮɢɥɶɬɪɚɰɢɢ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ, ɤɚɤ ɫɪɟɞɧɹɹ ɤɨɧɰɟɧɬɪɚɰɢɹ 

Ɂȼ ɜ ɝɚɡɟ ɫ ɥɢɦɢɬɢɪɨɜɚɧɢɟɦ, ɫɜɹɡɚɧɧɵɦ ɢɧɝɢɛɢɪɨɜɚɧɢɟɦ ɮɟɪɦɟɧɬɚɬɢɜɧɨɣ ɪɟ-

ɚɤɰɢɢ ɩɪɢ ɩɟɪɟɧɚɫɵɳɟɧɢɢ ɛɢɨɩɥёɧɤɢ ɡɚɝɪɹɡɧɹɸɳɢɦ ɜɟɳɟɫɬɜɨɦ. Ɍɨɝɞɚ ɤɨɥɢɱɟ-

ɫɬɜɨ ɩɟɪɟɧɨɫɢɦɨɝɨ ɡɚɝɪɹɡɧɹɸɳɟɝɨ ɜɟɳɟɫɬɜɚ, ɩɨɞɜɟɪɝɲɟɝɨɫɹ ɛɢɨɞɟɝɪɚɞɚɰɢɢ, 

ɦɨɠɟɬ ɛɵɬɶ ɨɩɢɫɚɧɨ ɭɪɚɜɧɟɧɢɟɦ ɦɚɫɫɨɩɟɪɟɞɚɱɢ:  

M = KV·V·∆Cɫɪ, 

ɝɞɟ ∆Cɫɪ→ɋɜɯ ɩɪɢ W0<Wmax ɢ ∆Cɫɪ→0 ɩɪɢ W0>Wmax, 

KV = Kɝ·a. 

ɍɜɟɥɢɱɟɧɢɟ ɫɤɨɪɨɫɬɢ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɩɪɢɜɨɞɢɬ ɤ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɤɨɧɜɟɤ-

ɬɢɜɧɨɣ ɞɢɮɮɭɡɢɢ, ɧɨ ɭɦɟɧɶɲɚɟɬ ɜɪɟɦɹ ɤɨɧɬɚɤɬɚ, ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɩɪɨɬɟɤɚɧɢɹ 

ɮɟɪɦɟɧɬɚɬɢɜɧɨɣ ɪɟɚɤɰɢɢ ɜ ɛɢɨɩɥёɧɤɟ. Эɮɮɟɤɬɢɜɧɨɫɬɶ ɛɢɨɮɢɥɶɬɪɚɰɢɢ ɨɬ ȾɏɆ 

ɭɦɟɧɶɲɚɟɬɫɹ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɫɤɨɪɨɫɬɢ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ (ɪɢɫ. 2), ɱɬɨ ɫɜɹɡɚɧɨ ɫ 

ɥɢɦɢɬɢɪɨɜɚɧɢɟɦ ɫɬɚɞɢɢ ɛɢɨɞɟɝɪɚɞɚɰɢɢ ɢ ɩɪɢɜɨɞɢɬ ɤ ɩɪɨɫɤɨɤɭ ɧɟɨɱɢɳɟɧɧɨɝɨ 

ɝɚɡɚ. 



 

Ɋɢɫ. 2. ȼɥɢɹɧɢɟ ɫɤɨɪɨɫɬɢ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɛɢɨɮɢɥɶɬɪɚɰɢɢ 

Ƚȼɋ ɨɬ ȾɏɆ ɞɥɹ ɢɫɫɥɟɞɭɟɦɵɯ ɧɚɫɚɞɨɤ 

Эɮɮɟɤɬɢɜɧɨɫɬɶ ɧɚɫɚɞɤɢ Ʉɉɇ ɜ ɫɪɟɞɧɟɦ ɜɵɲɟ ɧɚ 10%, ɱɬɨ ɨɛɴɹɫɧɹɟɬɫɹ 

ɛɨɥɶɲɟɣ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɧɚɫɚɞɤɢ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɛɨɥɶɲɢɦ ɤɨɥɢɱɟ-

ɫɬɜɨɦ ɚɤɬɢɜɧɨɣ ɛɢɨɦɚɫɫɵ. ɇɟɫɦɨɬɪɹ ɧɚ ɡɚɹɜɥɟɧɧɭɸ ɜɵɫɨɤɭɸ ɭɞɟɥɶɧɭɸ ɩɨ-

ɜɟɪɯɧɨɫɬɶ ɭɝɨɥɶɧɨɣ ɧɚɫɚɞɤɢ (ɞɨ 1260 ɦ2/ɦ3), ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɨɱɢɫɬɤɢ ɛɵɥɚ ɜ 2,5 

ɪɚɡɚ ɧɢɠɟ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɧɚɫɚɞɚɦɢ ɬɢɩɚ Ʉɉɇ ɢ ɉɉɍ, ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɡɚɪɚɫɬɚɧɢ-

ɟɦ ɦɢɤɪɨɩɨɪ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɱɚɫɬɢɰ ɭɝɥɹ. ɉɪɢ ɷɬɨɦ ɝɥɭɛɢɧɧɵɟ ɫɥɨɢ ɭɝɨɥɶɧɨɣ 

ɧɚɫɚɞɤɢ ɩɟɪɟɫɬɚɸɬ ɩɨɥɭɱɚɬɶ ɩɢɬɚɬɟɥɶɧɵɟ ɜɟɳɟɫɬɜɚ, ɜ ɬɨɦ ɱɢɫɥɟ ɤɢɫɥɨɪɨɞ. ȼ 

ɪɟɡɭɥɶɬɚɬɟ ɪɚɛɨɱɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɭɦɟɧɶɲɚɟɬɫɹ ɜ ɪɚɡɵ, ɱɬɨ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɤɨɥɢ-

ɱɟɫɬɜɟ ɚɤɬɢɜɧɨɣ ɛɢɨɦɚɫɫɵ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɨɱɢɫɬɤɢ. 

Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɡɚɜɢɫɢɦɨɫɬɶ KV ɨɬ W0 ɧɨɫɢɬ ɷɤɫɬɪɟ-

ɦɚɥɶɧɵɣ ɯɚɪɚɤɬɟɪ, ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɥɢɦɢɬɢɪɨɜɚɧɢɟɦ ɩɪɨɰɟɫɫɚ ɫɬɚɞɢɟɣ ɛɢɨɞɟɝɪɚ-

ɞɚɰɢɢ, ɜ ɬɨɦ ɱɢɫɥɟ ɢɧɝɢɛɢɪɨɜɚɧɢɟɦ ɮɟɪɦɟɧɬɚɬɢɜɧɨɣ ɪɟɚɤɰɢɢ ɜ ɤɥɟɬɤɚɯ (ɪɢɫ. 3). 

ɉɪɢ ɷɬɨɦ ɭɜɟɥɢɱɟɧɢɟ KV ɞɨ ɩɪɟɞɟɥɶɧɵɯ ɜɟɥɢɱɢɧ ɧɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɭɜɟɥɢɱɟɧɢɸ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ, ɩɨɫɤɨɥɶɤɭ ɛɢɨɦɚɫɫɚ ɧɟ ɫɩɪɚɜɥɹɟɬɫɹ ɫ ɛɢɨɞɟɝɪɚɞɚɰɢɟɣ ɭɜɟɥɢ-

ɱɟɧɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ Ɂȼ ɜɨ ɜɥɚɠɧɨɣ ɛɢɨɩɥёɧɤɟ ɡɚ ɫɱёɬ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɦɚɫ-

ɫɨɨɬɞɚɱɢ ɭɜɟɥɢɱɟɧɢɟɦ ɫɤɨɪɨɫɬɢ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ. 



 

Ɋɢɫ. 3. Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚ ɦɚɫɫɨɩɟɪɟɞɚɱɢ ɨɬ ɫɤɨɪɨɫɬɢ ɝɚɡɨɜɨɝɨ ɩɨ-

ɬɨɤɚ ɞɥɹ ɢɫɫɥɟɞɭɟɦɵɯ ɧɚɫɚɞɨɤ ɩɪɢ ɛɢɨɮɢɥɶɬɪɚɰɢɢ ɨɬ ȾɏɆ 

Ɉɬɥɢɱɢɬɟɥɶɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɩɪɨɰɟɫɫɚ ɛɢɨɮɢɥɶɬɪɚɰɢɢ ɹɜɥɹɟɬɫɹ ɜɥɢɹɧɢɟ 

ɫɭɛɫɬɪɚɬɧɨɝɨ ɢɧɝɢɛɢɪɨɜɚɧɢɹ ɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɨɱɢɫɬɤɢ. ȼɵɹɜɢɬɶ ɩɪɟɞɟɥɶɧɵɟ 

ɤɨɧɰɟɧɬɪɚɰɢɢ Ɂȼ ɜ ɨɱɢɳɚɟɦɨɦ ɝɚɡɟ ɜɨɡɦɨɠɧɨ ɩɨ ɨɬɤɥɨɧɟɧɢɸ ɪɟɚɥɶɧɵɯ ɤɨɧ-

ɰɟɧɬɪɚɰɢɨɧɧɵɯ ɤɪɢɜɵɯ ɨɬ ɥɢɧɟɣɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ 100 % ɷɮ-

ɮɟɤɬɢɜɧɨɫɬɢ ɨɱɢɫɬɤɢ ɝɚɡɚ. Ⱦɥɹ ɷɬɨɝɨ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɫɟɪɢɢ ɨɩɵɬɨɜ ɫ ɪɚɡɧɵɦɢ 

ɡɧɚɱɟɧɢɹɦɢ ɤɨɧɰɟɧɬɪɚɰɢɣ ȾɏɆ (50–1000 ɦɝ/ɦ3) ɢ ɜɵɱɢɫɥɟɧɵ ɤɨɧɰɟɧɬɪɚɰɢɨɧ-

ɧɵɟ ɧɚɝɪɭɡɤɢ ɢ ɞɟɫɬɪɭɤɰɢɨɧɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɩɨ ɭɪɚɜɧɟɧɢɹɦ:  

IL=Cɜɯ·Q/V 

EC=(Cɜɯ–ɋɜɵɯ)·Q/V. 

ɇɚ ɪɢɫ. 4 ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɨɥɭɱɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɡɚɜɢɫɢɦɨɫɬɢ ɞɟ-

ɫɬɪɭɤɰɢɨɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɧɚɫɚɞɨɤ Ʉɉɇ, ɉɉɍ ɢ ɭɝɥɹ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɞɢ-

ɯɥɨɪɦɟɬɚɧɚ ɜ ɨɱɢɳɚɟɦɨɦ ɝɚɡɨɜɨɦ ɩɨɬɨɤɟ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɥɢɬɟɪɚɬɭɪɧɵɦɢ ɞɚɧɧɵ-

ɦɢ [Ravi, 2010].  



 

Ɋɢɫ. 4. ɋɪɚɜɧɟɧɢɟ ɧɚɫɚɞɨɤ ɩɨ ɡɚɜɢɫɢɦɨɫɬɹɦ EC ɨɬ IL: 1 – ɩɨɥɢɫɬɢɪɨɥɨɜɵɟ ɫɮɟ-

ɪɵ; 2 – ɫɦɟɫɶ ɤɨɦɩɨɫɬɚ ɢ ɤɟɪɚɦɢɱɟɫɤɢɯ ɡɟɪɟɧ (ɩɨ ɞɚɧɧɵɦ R. Ravi) 

Ⱦɥɹ ɧɚɫɚɞɨɤ ɛɵɥɚ ɭɫɬɚɧɨɜɥɟɧɚ ɜɟɥɢɱɢɧɚ ɦɚɤɫɢɦɚɥɶɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɣ 

ɧɚɝɪɭɡɤɢ ɩɨ ȾɏɆ, ɪɚɜɧɚɹ 58 ɝ/(ɦ3·ɱ). ɉɪɢ ɞɚɧɧɨɦ ɡɧɚɱɟɧɢɢ ɧɚɝɪɭɡɤɢ ɞɟɫɬɪɭɤ-

ɰɢɨɧɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ Ʉɉɇ ɜɵɲɟ ɧɚ 7 % ɧɚɫɚɞɤɢ ɉɉɍ ɢ ɧɚ 40 % ɭɝɨɥɶɧɨɣ 

ɧɚɫɚɞɤɢ, ɱɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɪɚɡɜɢɬɨɣ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɧɚɫɚɞɤɢ Ʉɉɇ, ɚ 

ɬɚɤɠɟ ɪɚɜɧɨɦɟɪɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɝɚɡɨ-ɠɢɞɤɨɫɬɧɵɯ ɩɨɬɨɤɨɜ ɤɨ ɜɫɟɦɭ ɨɛɴɟ-

ɦɭ ɛɢɨɩɥёɧɤɢ, ɧɚɯɨɞɹɳɟɣɫɹ ɧɚ ɧɚɫɚɞɤɟ. Ⱦɥɹ ɧɚɫɚɞɨɤ Ʉɉɇ ɢ ɉɉɍ ɛɵɥɢ ɩɨɥɭɱɟ-

ɧɵ ɡɚɜɢɫɢɦɨɫɬɢ, ɭɫɬɚɧɚɜɥɢɜɚɸɳɢɟ ɫɜɹɡɶ ɦɟɠɞɭ EC, IL ɢ E.  

Ⱦɥɹ Ʉɉɇ: lnEC=lnE+lnIL–0,023. 

Ⱦɥɹ ɉɉɍ: lnEC=0,9lnE+lnIL–0,021. 

ɉɨ ɩɪɟɞɫɬɚɜɥɟɧɧɵɦ ɡɚɜɢɫɢɦɨɫɬɹɦ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɛɢɨɮɢɥɶɬɪɚɰɢɢ ɨɬ ɜɪɟ-

ɦɟɧɢ ɩɪɟɛɵɜɚɧɢɹ Ɂȼ ɜ ɨɛɴёɦɟ ɧɚɫɚɞɨɱɧɨɝɨ ɫɥɨɹ, ɫɥɟɞɭɟɬ, ɱɬɨ ɜɪɟɦɹ ɩɪɟɛɵɜɚ-

ɧɢɹ ɜ ɨɛɴёɦɟ ɧɚɫɚɞɨɤ Ʉɉɇ, ɉɉɍ ɢ ɭɝɥɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɦɚɤɫɢɦɚɥɶɧɨɣ 78 , 

67 ɢ 35 % ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɞɚɧɧɵɯ ɧɚɫɚɞɨɤ ɪɚɜɧɹɟɬɫɹ 30 ɫ, ɩɪɢɱёɦ ɪɟɡɤɨɟ ɭɜɟɥɢ-

ɱɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɧɚɛɥɸɞɚɟɬɫɹ ɜ ɩɟɪɢɨɞ ɨɬ 0 ɞɨ 10 ɫ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 

ɧɚɫɵɳɟɧɢɸ ɛɢɨɩɥёɧɤɢ ɡɚɝɪɹɡɧɹɸɳɢɦ ɜɟɳɟɫɬɜɨɦ, ɩɨɷɬɨɦɭ ɞɚɥɶɧɟɣɲɟɟ ɭɜɟɥɢ-

ɱɟɧɢɟ ɜɪɟɦɟɧɢ ɩɪɟɛɵɜɚɧɢɹ ɧɟ ɩɪɢɜɟɞёɬ ɤ ɩɨɜɵɲɟɧɢɸ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɛɢɨɮɢɥɶ-

ɬɪɚɰɢɢ, ɨɞɧɚɤɨ ɭɦɟɧɶɲɢɬ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɛɢɨɮɢɥɶɬɪɚ. 



ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɩɥɨɬɧɨɫɬɢ ɨɪɨɲɟɧɢɹ ɩɪɨɢɫɯɨɞɢɬ ɭɜɟɥɢ-

ɱɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɭɞɚɥɟɧɢɹ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ, ɧɨ ɩɪɢ ɞɨɫɬɢɠɟɧɢɢ 

ɡɧɚɱɟɧɢɣ ɛɨɥɟɟ 2 ɦ3/(ɦ2·ɱ) ɧɚɛɥɸɞɚɟɬɫɹ ɫɩɚɞ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɨɱɢɫɬɤɢ, ɱɬɨ ɨɛɴ-

ɹɫɧɹɟɬɫɹ ɭɦɟɧɶɲɟɧɢɟɦ ɤɨɷɮɮɢɰɢɟɧɬɚ ɦɚɫɫɨɨɬɞɚɱɢ ɜ ɫɜɹɡɢ ɫ ɭɬɨɥɳɟɧɢɟɦ ɩɥёɧ-

ɤɢ ɠɢɞɤɨɫɬɢ, ɚ ɬɚɤɠɟ ɫɧɢɠɟɧɢɟɦ ɛɢɨɞɟɝɪɚɞɚɰɢɢ ɜ ɫɜɹɡɢ ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɩɨ-

ɫɬɭɩɥɟɧɢɹ ɤɢɫɥɨɪɨɞɚ ɤ ɤɥɟɬɤɚɦ (ɪɢɫ. 5). 

 

Ɋɢɫ. 5. Ɂɚɜɢɫɢɦɨɫɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɭɞɚɥɟɧɢɹ ȾɏɆ ɨɬ ɩɥɨɬɧɨɫɬɢ ɨɪɨɲɟɧɢɹ 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɛɵɥ ɩɪɟɞɥɨɠɟɧ ɫɩɨɫɨɛ ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɰɟɫɫɚ 

ɛɢɨɮɢɥɶɬɪɚɰɢɢ ɩɪɢ ɩɟɪɢɨɞɢɱɧɨɦ ɪɟɠɢɦɟ ɨɪɨɲɟɧɢɹ. Ɋɟɠɢɦ ɫɨɫɬɨɢɬ ɢɡ ɩɟɪɢɨɞɚ 

ɨɪɨɲɟɧɢɹ, ɨɩɪɟɞɟɥɹɟɦɨɝɨ ɩɨ ɭɞɟɪɠɢɜɚɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɧɚɫɚɞɤɢ ɩɨ ɠɢɞɤɨ-

ɫɬɢ, ɢ ɩɚɭɡɵ ɜ ɨɪɨɲɟɧɢɢ, ɨɩɪɟɞɟɥɹɟɦɨɣ ɩɨ ɜɪɟɦɟɧɢ ɝɪɚɜɢɬɚɰɢɨɧɧɨɝɨ ɫɬɟɤɚɧɢɹ 

ɠɢɞɤɨɫɬɢ ɫ ɧɚɫɚɞɤɢ. Ƚɪɚɜɢɬɚɰɢɨɧɧɨɟ ɫɬɟɤɚɧɢɟ ɠɢɞɤɨɫɬɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɦɢɧɢ-

ɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɠɢɞɤɨɫɬɢ, ɤɨɬɨɪɨɟ ɩɪɟɞɨɬɜɪɚɳɚɟɬ ɜɵɫɵɯɚɧɢɟ ɛɢɨɩɥёɧɤɢ, 

ɩɪɢ ɷɬɨɦ ɧɟ ɫɨɡɞɚɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɦɚɫɫɨɩɟɪɟɞɚɱɟ. 

Ȼɵɥɢ ɩɪɨɜɟɞɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɯɚ-

ɪɚɤɬɟɪɢɫɬɢɤ ɛɢɨɮɢɥɶɬɪɚɰɢɨɧɧɵɯ ɧɚɫɚɞɨɤ [Ɇɢɬɢɧ, ɇɢɤɨɥɚɣɤɢɧɚ, ɉɭɲɧɨɜ, Ɂɚ-

ɝɭɫɬɢɧɚ, 2016] ɢ ɢɯ ɨɛɪɚɛɨɬɤɚ ɫ ɭɱɟɬɨɦ ɦɚɫɫɨɨɛɦɟɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ.  

ɉɨ ɝɪɚɮɢɤɚɦ ɪɢɫ. 6 ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɨɛɥɚɫɬɢ ɪɟɠɢɦɨɜ ɬɟɱɟɧɢɹ ɝɚɡɨɜɨɝɨ 

ɩɨɬɨɤɚ ɢɫɩɵɬɚɧɧɵɯ ɧɚɫɚɞɨɤ. Ƚɪɚɧɢɰɚ ɪɟɠɢɦɨɜ ɬɟɱɟɧɢɹ ɭ ɢɫɩɵɬɚɧɧɵɯ ɧɚɫɚɞɨɤ 

ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɟɞɟɥɚɯ W0=0,1–0,2 ɦ/ɫ. Ɇɚɫɫɨɨɛɦɟɧɧɵɟ ɢɫɩɵɬɚɧɢɹ ɜɵɹɜɢɥɢ ɜɵ-

ɫɨɤɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɛɢɨɮɢɥɶɬɪɨɜ ɩɪɢ W0<0,2 ɦ/ɫ (ɪɢɫ. 6), ɬ. ɟ. ɜ ɨɛɥɚɫɬɢ ɜɹɡ-

ɤɨɫɬɧɨɝɨ ɪɟɠɢɦɚ ɬɟɱɟɧɢɹ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ. Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɩɨ ɝɢɞ-



ɪɚɜɥɢɱɟɫɤɨɦɭ ɫɨɩɪɨɬɢɜɥɟɧɢɸ ɫɥɨɹ ɧɚɫɚɞɤɢ ɛɵɥɢ ɨɛɪɚɛɨɬɚɧɵ ɛɟɡ ɭɱɟɬɚ ɢɧɟɪ-

ɰɢɨɧɧɨɝɨ ɪɟɠɢɦɚ ɬɟɱɟɧɢɹ.  

ɍɪɚɜɧɟɧɢɟ ɛɵɥɨ ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ: 
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Ɋɢɫ. 6. Ɂɚɜɢɫɢɦɨɫɬɶ ɭɞɟɥɶɧɨɝɨ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫɭɯɢɯ ɧɚɫɚɞɨɤ 

ɨɬ ɮɢɤɬɢɜɧɨɣ ɫɤɨɪɨɫɬɢ ɝɚɡɚ 

ȼ ɬɚɛɥ. 1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɨɛɪɚɛɨɬɤɢ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨ ɨɩɪɟɞɟɥɟ-

ɧɢɸ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢɫɫɥɟɞɭɟɦɵɯ ɧɚɫɚɞɨɤ. 

 

Ɍɚɛɥɢцɚ 1 

ɍɪɚɜɧɟɧɢɹ ɞɥɹ ɪɚɫɱɟɬɚ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ  

ɫɭɯɢɯ ɧɚɫɚɞɨɤ 

Ɋɟɠɢɦ ɬɟɱɟɧɢɹ ɝɚɡɚ Ʉɉɇ ɉɉɍ 

ȼɹɡɤɨɫɬɧɵɣ (Reɝ ≤ 100) 0ɫɭɯ 827/ WHP 
 

0ɫɭɯ 134/ WHP 
 

 

ɂɧɟɪɰɢɨɧɧɵɣ (Reɝ > 100) 

36,1
0ɫɭɯ 1236/ WHP 

61,0
ɝɫɭɯ 116  Re

 

59,1
0ɫɭɯ 261/ WHP 

41,0
ɝɫɭɯ 20  Re

 

 

Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɜɵɹɜɥɟɧɨ ɢɡɦɟɧɟɧɢɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɢ ɝɢɞɪɨɞɢɧɚɦɢɱɟ-

ɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɧɚɫɚɞɨɤ ɜɨ ɜɪɟɦɟɧɢ, ɫɜɹɡɚɧɧɨɟ ɫ ɪɨɫɬɨɦ ɛɢɨɩɥёɧɤɢ. ɇɚ 



ɪɢɫ.7 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɦɨɧɢɬɨɪɢɧɝɚ ɢɡɦɟɧɟɧɢɹ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɫɨ-

ɩɪɨɬɢɜɥɟɧɢɹ ɧɚɫɚɞɤɢ Ʉɉɇ ɜɨ ɜɪɟɦɟɧɢ ɢ ɩɪɟɞɥɨɠɟɧɚ ɦɨɞɟɥɶ, ɨɫɧɨɜɚɧɧɚɹ ɧɚ 

ɚɧɚɥɨɝɢɢ ɫ ɥɨɝɢɫɬɢɱɟɫɤɨɣ ɦɨɞɟɥɶɸ ɪɨɫɬɚ ɩɨɩɭɥɹɰɢɣ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ 

Ɏɟɪɯɸɥɶɫɬɚ [Verhulst, 1845]: 

ɫɭɯ'

'

ɛɢɨ
1

P
eB

A
P

T






, 

ɝɞɟ ɞɥɹ ɧɚɫɚɞɤɢ Ʉɉɇ: A'=28; B'=128.  

ȼ ɫɜɹɡɢ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɢ ɪɨɫɬɨɦ ɛɢɨɩɥёɧɤɢ ɧɚ ɧɚɫɚɞɤɟ ɡɧɚɱɟɧɢɟ ɷɤɜɢɜɚ-

ɥɟɧɬɧɨɝɨ ɞɢɚɦɟɬɪɚ ɧɚɫɚɞɤɢ ɢɡɦɟɧɹɟɬɫɹ ɫɨ ɜɪɟɦɟɧɟɦ. ɉɨɷɬɨɦɭ ɛɵɥ ɜɜɟɞёɧ ɦɨ-

ɞɟɪɧɢɡɢɪɨɜɚɧɧɵɣ ɷɤɜɢɜɚɥɟɧɬɧɵɣ ɞɢɚɦɟɬɪ, ɤɨɬɨɪɵɣ ɭɱɢɬɵɜɚɟɬ ɧɚɪɚɫɬɚɧɢɟ ɛɢɨ-

ɩɥёɧɤɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɫɚɞɤɢ ɢ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɭɪɚɜɧɟɧɢɸ: 

dem(T)=de–2·δɛɢɨ(T). 

 

 

Ɋɢɫ. 7. ɂɡɦɟɧɟɧɢɟ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ Ʉɉɇ ɜɨ ɜɪɟɦɟɧɢ ɩɪɢ ɫɤɨɪɨ-

ɫɬɢ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ 0,1 ɦ/ɫ (ɭɥɚɜɥɢɜɚɧɢɟ ȾɏɆ): 1 – ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɬɨɱɤɢ; 

2 – ɦɨɞɟɥɶ 

 

ɂɫɩɨɥɶɡɭɹ ɷɬɨ ɭɪɚɜɧɟɧɢɟ ɢ ɡɧɚɱɟɧɢɹ ∆Pɫɭɯ, ∆Pɛɢɨ, ɩɨ ɫɥɟɞɭɸɳɟɦɭ ɭɪɚɜɧɟ-

ɧɢɸ ɜɨɡɦɨɠɧɚ ɨɰɟɧɤɚ ɬɨɥɳɢɧɵ ɛɢɨɩɥёɧɤɢ:  

δɛɢɨ= de/2·(1–ΔPɫɭɯ/ΔPɛɢɨ). 

ȼ ɬɚɛɥ. 2 ɩɪɟɞɫɬɚɜɥɟɧɵ ɤɪɢɬɟɪɢɚɥɶɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɞɥɹ ɪɚɫɱɟɬɚ ɞɢɧɚɦɢɱɟ-

ɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɡɚɞɟɪɠɤɢ ɠɢɞɤɨɫɬɢ ɜ ɫɥɨɟ ɧɚɫɚɞɨɤ, ɩɨɥɭɱɟɧɧɵɟ ɩɨ ɪɟɡɭɥɶ-



ɬɚɬɚɦ ɨɛɪɚɛɨɬɤɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ, ɚ ɬɚɤɠɟ ɡɧɚɱɟɧɢɹ ɫɬɚɬɢɱɟɫɤɨɣ ɫɨ-

ɫɬɚɜɥɹɸɳɟɣ ɡɚɞɟɪɠɤɢ ɠɢɞɤɨɫɬɢ ɢ ɜɪɟɦɹ ɢɧɬɟɧɫɢɜɧɨɝɨ ɝɪɚɜɢɬɚɰɢɨɧɧɨɝɨ ɫɬɟɤɚ-

ɧɢɹ ɠɢɞɤɨɫɬɢ ɫ ɧɚɫɚɞɨɤ. Ɂɧɚɱɟɧɢɹ ɞɚɧɧɵɯ ɜɟɥɢɱɢɧ ɧɟɨɛɯɨɞɢɦɵ ɞɥɹ ɨɪɝɚɧɢɡɚ-

ɰɢɢ ɛɢɨɮɢɥɶɬɪɚɰɢɢ ɩɪɢ ɩɟɪɢɨɞɢɱɧɨɦ ɪɟɠɢɦɟ ɨɪɨɲɟɧɢɹ.  

Ɍɚɛɥɢцɚ 2 

Ʉɨɥɢɱɟɫɬɜɨ ɭɞɟɪɠɢɜɚɟɦɨɣ ɠɢɞɤɨɫɬɢ 

Ʉɉɇ ɉɉɍ 

Ⱦɢɧɚɦɢɱɟɫɤɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɤɨɥɢɱɟɫɬɜɚ ɭɞɟɪɠɢɜɚɟɦɨɣ ɠɢɞɤɨɫɬɢ 
33,00,85

ɠɞɢɧ 22,0  GaRe
         

33,00,76
ɠɞɢɧ 23,0  GaRe

          

ɋɬɚɬɢɱɟɫɤɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɤɨɥɢɱɟɫɬɜɚ ɭɞɟɪɠɢɜɚɟɦɨɣ ɠɢɞɤɨɫɬɢ 

δɫɬ = 0,0977 ɦ3/ɦ3 δɫɬ = 0,0306 ɦ3/ɦ3 

ȼɪɟɦɹ ɢɧɬɟɧɫɢɜɧɨɝɨ ɝɪɚɜɢɬɚɰɢɨɧɧɨɝɨ ɫɬɟɤɚɧɢɹ ɠɢɞɤɨɫɬɢ ɫ 1 ɦ3 ɧɚɫɚɞɤɢ 

ɩɪɢ q=1 ɦ3/(ɦ2∙ɱ): 8 ɦɢɧ ɞɥɹ Ʉɉɇ, 5 ɦɢɧ ɞɥɹ ɉɉɍ 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɛɵɥɢ ɜɵɹɜɥɟɧɵ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɨɫɨɛɟɧ-

ɧɨɫɬɢ ɩɪɨɰɟɫɫɚ ɛɢɨɮɢɥɶɬɪɚɰɢɢ, ɡɚɤɥɸɱɚɸɳɢɟɫɹ ɜ ɢɡɦɟɧɟɧɢɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɧɚɫɚɞɨɤ ɜ ɫɜɹɡɢ ɫ ɪɨɫɬɨɦ ɛɢɨɩɥёɧɤɢ, ɱɬɨ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɩɪɢ-

ɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɧɚɫɚɞɨɤ, ɩɪɟɞɥɨɠɟɧɵ ɦɚ-

ɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɩɪɨɰɟɫɫɚ ɛɢɨɮɢɥɶɬɪɚɰɢɢ ɢ ɦɟɬɨɞɢɤɚ ɢɧɠɟɧɟɪɧɨɝɨ ɪɚɫ-

ɱёɬɚ ɧɚɫɚɞɨɱɧɨɝɨ ɛɢɨɮɢɥɶɬɪɚ ɫ ɨɪɨɲɚɟɦɵɦ ɫɥɨɟɦ [Ɇɢɬɢɧ, ɇɢɤɨɥɚɣɤɢɧɚ, Ɂɚɝɭ-

ɫɬɢɧɚ, 2016]. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɦɚɤɫɢɦɚɥɶɧɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɛɢɨɮɢɥɶɬɪɚɰɢɨɧ-

ɧɵɯ ɧɚɫɚɞɨɤ ɧɚɯɨɞɢɬɫɹ ɜ ɨɛɥɚɫɬɢ ɜɹɡɤɨɫɬɧɨɝɨ ɪɟɠɢɦɚ ɬɟɱɟɧɢɹ ɝɚɡɚ.    

ȼыɜɨɞы 

1. ɉɪɟɞɥɨɠɟɧɚ ɤɨɧɫɬɪɭɤɰɢɹ ɧɚɫɚɞɤɢ ɢɡ ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɛɢɨ-

ɮɢɥɶɬɪɨɜ, ɨɛɟɫɩɟɱɢɜɚɸɳɚɹ ɷɮɮɟɤɬɢɜɧɭɸ ɪɚɛɨɬɭ ɜ ɩɪɨɰɟɫɫɟ ɨɱɢɫɬɤɢ ɜɵɛɪɨɫɨɜ. 

2. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɛɢɨɮɢɥɶɬɪɵ ɫ ɢɫɫɥɟɞɭɟɦɵɦɢ ɧɚɫɚɞɤɚɦɢ ɨɛɟɫɩɟɱɢɜɚɸɬ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɨɱɢɫɬɤɢ ɝɚɡɚ ɨɬ ɥɟɬɭɱɢɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɩɪɢɦɟɫɟɣ ɜ ɞɢɚɩɚɡɨɧɟ 

70–99 % ɩɪɢ ɡɧɚɱɟɧɢɹɯ Reɝ, ɧɟ ɩɪɟɜɵɲɚɸɳɢɯ 100, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɜɹɡɤɨɫɬ-

ɧɨɦɭ ɪɟɠɢɦɭ ɬɟɱɟɧɢɹ ɝɚɡɚ. Ƚɪɚɧɢɰɵ ɜɹɡɤɨɫɬɧɨɝɨ ɪɟɠɢɦɚ ɬɟɱɟɧɢɹ ɞɥɹ ɢɫɩɵɬɚɧ-

ɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɧɚɫɚɞɨɤ ɧɚɯɨɞɹɬɫɹ ɜ ɞɢɚɩɚɡɨɧɟ ɱɢɫɟɥ Reɝ ɨɬ 40 ɞɨ 100. 



3. ɍɫɬɚɧɨɜɥɟɧɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ, ɱɬɨ ɝɢɞɪɚɜɥɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 

ɧɚɫɚɞɤɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ ɬɟɱɟɧɢɟɦ ɜɪɟɦɟɧɢ ɩɨ ɥɨɝɢɫɬɢɱɟɫɤɨɣ ɡɚɜɢɫɢɦɨɫɬɢ, ɚɧɚ-

ɥɨɝɢɱɧɨɣ ɥɨɝɢɫɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɪɨɫɬɚ ɩɨɩɭɥɹɰɢɣ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ.   

4.  ɉɨɥɭɱɟɧɵ ɤɪɢɬɟɪɢɚɥɶɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɞɥɹ ɪɚɫɱёɬɚ ɞɢɧɚɦɢɱɟɫɤɨɣ ɫɨ-

ɫɬɚɜɥɹɸɳɟɣ ɡɚɞɟɪɠɤɢ ɠɢɞɤɨɫɬɢ ɩɪɢ ɩɥɨɬɧɨɫɬɹɯ ɨɪɨɲɟɧɢɹ ɨɬ 1 ɞɨ 30 ɦ3/(ɦ2∙ɱ), 

ɡɧɚɱɟɧɢɹ ɫɬɚɬɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɡɚɞɟɪɠɤɢ ɠɢɞɤɨɫɬɢ ɢ ɜɪɟɦɟɧɢ ɢɧɬɟɧɫɢɜ-

ɧɨɝɨ ɝɪɚɜɢɬɚɰɢɨɧɧɨɝɨ ɫɬɟɤɚɧɢɹ ɠɢɞɤɨɫɬɢ ɫ ɧɚɫɚɞɤɢ. 

5. Ɋɟɡɭɥɶɬɚɬɵ ɨɩɢɫɚɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨɫɥɭɠɢɥɢ ɨɫɧɨɜɚɧɢɟɦ ɞɥɹ ɦɚɬɟ-

ɦɚɬɢɱɟɫɤɨɝɨ ɨɩɢɫɚɧɢɹ ɩɪɨɰɟɫɫɚ ɛɢɨɮɢɥɶɬɪɚɰɢɢ ɢ ɫɨɡɞɚɧɢɹ ɦɟɬɨɞɢɤɢ ɢɧɠɟɧɟɪ-

ɧɨɝɨ ɪɚɫɱёɬɚ ɧɚɫɚɞɨɱɧɨɝɨ ɛɢɨɮɢɥɶɬɪɚ ɫ ɨɪɨɲɚɟɦɵɦ ɫɥɨɟɦ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɩɪɨ-

ɰɟɫɫɨɜ ɨɱɢɫɬɤɢ ɨɬɯɨɞɹɳɢɯ ɝɚɡɨɜ.   
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