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ɊȿɎȿɊȺɌ 
 

Ⱦɢɩɥɨɦɧɚɹ ɪɚɛɨɬɚ ɧɚ ɬɟɦɭ: «ɋɢɧɬɟɡ ɩɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɨɜ 
ɛɚɤɬɟɪɢɹɦɢ C. eutrophus B-10646  ɧɚ ɝɥɢɰɟɪɢɧɟ ɪɚɡɥɢɱɧɨɣ ɫɬɟɩɟɧɢ ɨɱɢɫɬɤɢ 
» ɫɨɞɟɪɠɢɬ 45 ɫɬɪɚɧɢɰ ɢ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ 43 ɥɢɬɟɪɚɬɭɪɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, 3 
ɬɚɛɥɢɰɵ, 9 ɮɨɪɦɭɥ, 8 ɪɢɫɭɧɤɨɜ.  
 

Кɥɸɱɟɜɵɟ ɫɥɨɜɚ : ȻɂɈɋɂɇɌȿɁ, ɉȽȺ, CUPRIAVIDUS EUTROPHUS, 
ȻɂɈɉɈɅɂɆȿɊ, ɉ(3ȽȻ). 

 
Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ: ɛɚɤɬɟɪɢɢ Cupriavidus  Eutrophus B-10646. 
 
ɐɟɥɶ ɞɢɩɥɨɦɧɨɣ ɪɚɛɨɬɵ: ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɫɢɧɬɟɡɚ 

ɩɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɨɜ (ɉȽȺ) Cupriavidus  Eutrophus B-10646 ɧɚ 
ɝɥɢɰɟɪɢɧɟ ɪɚɡɥɢɱɧɨɣ ɫɬɟɩɟɧɢ ɨɱɢɫɬɤɢ.  

 
Зɚɞɚɱɢ ɞɢɩɥɨɦɧɨɣ ɪɚɛɨɬɵ: ɂɡɭɱɢɬɶ ɫɢɧɬɟɡ ɉȽȺ C.eutrophus  B-10646 

ɧɚ ɝɥɢɰɟɪɢɧɟ ɪɚɡɥɢɱɧɨɣ  ɫɬɟɩɟɧɢ ɨɱɢɫɬɤɢ ɜ ɤɨɥɛɚɯ, ɨɩɪɟɞɟɥɢɬɶ 
ɫɭɛɫɬɪɚɬɧɭɸ ɤɨɧɫɬɚɧɬɭ (Ʉs) ɢ ɤɨɧɫɬɚɧɬɭ ɢɧɝɢɛɢɪɨɜɚɧɢɹ (Ki); 
ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɫɢɧɬɟɡɚ ɉȽȺ C.eutrophus  B-10646 ɧɚ ɝɥɢɰɟɪɢɧɟ 
ɪɚɡɥɢɱɧɨɣ ɫɬɟɩɟɧɢ ɨɱɢɫɬɤɢ ɜ 12 ɥ ɮɟɪɦɟɧɬɺɪɟ BioFlo 115; ɢɡɭɱɢɬɶ ɮɢɡɢɤɨ-
ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɨɥɭɱɟɧɧɵɯ ɨɛɪɚɡɰɨɜ ɩɨɥɢɦɟɪɨɜ. 

 
Ɇɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ: Ⱦɥɹ ɪɨɫɬɚ ɛɚɤɬɟɪɢɣ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɲɟɣɤɟɪ 

ɢɧɤɭɛɚɬɨɪ ɒɟɣɤɟɪ ɢɧɤɭɛɚɬɨɪ, 12 ɥ. ɮɟɪɦɟɧɬɺɪɟ BioFlo115. ɂɡɦɟɧɟɧɢɟ 
ɛɢɨɦɚɫɫɵ ɤɥɟɬɨɤ ɪɟɝɢɫɬɪɢɪɨɜɚɥɢ ɫ ɩɨɦɨɳɶɸ  ɮɨɬɨɷɥɟɤɬɪɨɤɨɥɨɪɢɦɟɬɪɚ 
UNICO. Ⱦɥɹ ɚɧɚɥɢɡɚ ɫɜɨɣɫɬɜ ɩɨɥɢɦɟɪɚ ɢɫɩɨɥɶɡɨɜɚɥɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ 
ɫɤɚɧɢɪɭɸɳɟɣ ɤɚɥɨɪɢɦɟɬɪɢɢ (DSC-1 «Mettler Toledo», ɒɜɟɣɰɚɪɢɹ), ɝɚɡɨɜɨɣ 
ɯɪɨɦɚɬɨɝɪɚɮɢɢ ɫ ɦɚɫɫ-ɞɟɬɟɤɬɨɪɨɦ, ɦɨɥɟɤɭɥɹɪɧɭɸ ɦɚɫɫɭ ɨɩɪɟɞɟɥɹɥɢ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɠɢɞɤɨɫɬɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɢ. 

 
ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢ ɢɯ ɧɨɜɢɡɧɚ: ɢɡɭɱɟɧ ɩɪɨɰɟɫɫ ɫɢɧɬɟɡɚ ɉȽȺ ɧɚ 

ɝɥɢɰɟɪɢɧɟ ɪɚɡɥɢɱɧɨɣ ɫɬɟɩɟɧɢ ɨɱɢɫɬɤɢ. ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ 
ɨ ɬɨɦ, ɱɬɨ ɝɥɢɰɟɪɢɧ ɪɚɡɥɢɱɧɨɣ ɫɬɟɩɟɧɢ ɨɱɢɫɬɤɢ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɜ 
ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ ɭɝɥɟɪɨɞɚ ɞɥɹ ɫɢɧɬɟɡɚ ɉȽȺ. ɉɪɢɫɭɬɫɬɜɢɟ ɩɪɢɦɟɫɟɣ ɜ 
ɫɨɫɬɚɜɟ ɝɥɢɰɟɪɢɧɚ ɤɪɢɬɢɱɟɫɤɢ ɧɟ ɜɥɢɹɸɬ ɧɚ ɪɨɫɬ ɢ ɫɢɧɬɟɡ ɩɨɥɢɦɟɪɚ.  
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XXI ɜɟɤ − ɷɬɨ ɧɟ ɬɨɥɶɤɨ ɜɟɤ ɜɵɫɨɤɢɯ ɬɟɯɧɨɥɨɝɢɣ, ɧɨ ɢ ɝɥɨɛɚɥɶɧɵɯ 

ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɛɥɟɦ. Ɉɞɧɨɣ ɢɡ ɧɢɯ ɹɜɥɹɟɬɫɹ ɩɪɨɛɥɟɦɚ ɡɚɝɪɹɡɧɟɧɢɹ 

ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɪɚɡɥɢɱɧɵɦɢ ɩɥɚɫɬɢɤɚɦɢ ɢ ɩɨɥɢɷɬɢɥɟɧɨɜɵɦɢ ɩɚɤɟɬɚɦɢ.  

ɋɨɜɪɟɦɟɧɧɚɹ ɛɢɨɬɟɯɧɨɥɨɝɢɹ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɲɢɪɨɤɢɣ ɫɩɟɤɬɪ 

ɰɟɥɟɜɵɯ ɩɪɨɞɭɤɬɨɜ ɪɚɡɥɢɱɧɨɣ ɩɪɢɪɨɞɵ, ɜɤɥɸɱɚɹ ɧɨɜɵɟ ɷɤɨɥɨɝɢɱɟɫɤɢ ɱɢɫɬɵɟ 

ɛɢɨɦɚɬɟɪɢɚɥɵ ɫ ɜɵɫɨɤɢɦɢ ɩɨɬɪɟɛɢɬɟɥɶɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ [4]. Ȼɢɨɩɨɥɢɦɟɪɵ 

ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ 3 ɝɪɭɩɩɵ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɪɨɢɫɯɨɠɞɟɧɢɹ: ɩɪɢɪɨɞɧɵɟ 

ɛɢɨɩɨɥɢɦɟɪɵ, ɢɡɜɥɟɱɟɧɧɵɟ ɢɡ ɛɢɨɦɚɫɫɵ (ɧɚɩɪɢɦɟɪ, ɚɝɪɨɪɟɫɭɪɫɵ), 

ɫɢɧɬɟɬɢɱɟɫɤɢɟ ɛɢɨɩɨɥɢɦɟɪɵ ɢɡ ɦɢɤɪɨɛɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢɥɢ ɮɟɪɦɟɧɬɚɰɢɹ 

(ɧɚɩɪɢɦɟɪ, ɩɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɵ (PHA)), ɫɢɧɬɟɬɢɱɟɫɤɢɟ ɛɢɨɩɨɥɢɦɟɪɵ, 

ɨɛɵɱɧɨ ɢ ɯɢɦɢɱɟɫɤɢ ɫɢɧɬɟɡɢɪɭɟɬɫɹ ɢɡ ɛɢɨɦɚɫɫɵ (ɧɚɩɪɢɦɟɪ, PLA. Ɍɪɢ 

ɝɪɭɩɩɵ ɩɨɥɭɱɟɧɵ ɢɡ ɜɨɡɨɛɧɨɜɥɹɟɦɵɯ ɪɟɫɭɪɫɨɜ. ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ, ɤɚɤ 

ɛɵɥɨ ɫɤɚɡɚɧɨ ɪɚɧɟɟ ɩɪɨɛɥɟɦɚ ɷɤɨɥɨɝɢɢ ɪɚɫɬɟɬ ɢ ɜ ɫɜɹɡɢ ɫ ɷɬɢɦ ɪɚɫɬɟɬ 

ɚɤɬɭɚɥɶɧɨɫɬɶ ɪɚɛɨɬ ɩɨ ɩɨɥɢɦɟɪɚɦ ɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ. Ɂɚɦɟɧɚ ɧɟ 

ɪɚɡɪɭɲɚɟɦɵɯ  ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɩɨɥɢɦɟɪɨɜ, ɧɚ ɛɢɨɪɚɡɪɭɲɚɟɦɵɟ, ɢɦɟɟɬ 

ɨɝɪɨɦɧɨɟ ɷɤɨɥɨɝɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ[16]. 

ɉɨɥɢɨɤɫɢɚɥɤɚɧɨɚɬɵ ɢɥɢ ɉȽȺ ɥɢɧɟɣɧɵɟ ɫɥɨɠɧɵɟ ɩɨɥɢɷɮɢɪɵ, 

ɩɨɥɭɱɚɟɦɵɟ ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɮɟɪɦɟɧɬɚɰɢɟɣ ɢɡ ɫɚɯɚɪɚ ɢɥɢ ɥɢɩɢɞɨɜ. Ɉɧɢ 

ɩɪɨɢɡɜɨɞɹɬɫɹ ɛɚɤɬɟɪɢɹɦɢ ɞɥɹ ɯɪɚɧɟɧɢɹ ɭɝɥɟɪɨɞɚ ɢ ɷɧɟɪɝɢɢ. Ȼɨɥɟɟ 150 

ɪɚɡɥɢɱɧɵɯ ɦɨɧɨɦɟɪɨɜ ɦɨɝɭɬ ɛɵɬɶ ɨɛɴɟɞɢɧɟɧɵ ɜ ɷɬɨɦ ɫɟɦɟɣɫɬɜɟ, ɱɬɨɛɵ 

ɩɨɥɭɱɢɬɶ ɦɚɬɟɪɢɚɥɵ ɫ ɫɨɜɟɪɲɟɧɧɨ ɪɚɡɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ. ȼ 1925 ɝɨɞɭ, 

Ʌɟɦɭɚɧɶ ɨɛɧɚɪɭɠɢɥ ɢ ɜɩɟɪɜɵɟ ɨɩɢɫɚɥ ɉȽȺ, ɤɨɬɨɪɵɣ ɩɪɨɢɡɜɨɞɢɥɚ ɤɭɥɶɬɭɪɚ 

Bacillus, ɧɨ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɫɩɢɫɨɤ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ, ɫɩɨɫɨɛɧɵɯ 

ɚɤɤɭɦɭɥɢɪɨɜɚɬɶ ɉȽȺ, ɧɚɫɱɢɬɵɜɚɟɬ ɫɜɵɲɟ 300 ɩɪɟɞɫɬɚɜɢɬɟɥɟɣ. 

ɋɮɟɪɵ ɩɪɢɦɟɧɟɧɢɹ ɩɨɥɢɦɟɪɨɜ ɩɨɬɟɧɰɢɚɥɶɧɨ ɲɢɪɨɤɢ ɢ  ɜɤɥɸɱɚɸɬ 

ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɭɸ ɯɢɪɭɪɝɢɸ, ɤɥɟɬɨɱɧɭɸ ɢ ɬɤɚɧɟɜɭɸ ɢɧɠɟɧɟɪɢɸ, 

ɬɪɚɧɫɩɥɚɧɬɨɥɨɝɢɸ, ɮɚɪɦɚɤɨɥɨɝɢɸ, ɚ ɬɚɤɠɟ ɥɟɝɤɭɸ ɢ ɩɢɳɟɜɭɸ 

https://everipedia.org/wiki/Polyester/
https://everipedia.org/wiki/Bacteria/
https://everipedia.org/wiki/Bacteria/
https://everipedia.org/wiki/Sugar/
https://everipedia.org/wiki/Lipid/
https://everipedia.org/wiki/Monomer/
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ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ, ɤɨɦɦɭɧɚɥɶɧɨɟ ɢ ɫɟɥɶɫɤɨɟ ɯɨɡɹɣɫɬɜɨ ɢ ɞɪ. ɋ ɤɨɧɰɚ 1980-

ɧɚɱɚɥɚ 1990-ɯ ɝɨɞɨɜ ɉȽȺ ɢɧɬɟɧɫɢɜɧɨ ɢɫɫɥɟɞɭɸɬɫɹ ɜɨ ɜɫɟɯ ɪɚɡɜɢɬɵɯ ɫɬɪɚɧɚɯ. 

ɋɭɳɟɫɬɜɭɸɬ ɩɨɬɟɧɰɢɚɥɶɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɉȽȺ, 

ɜɵɪɚɛɚɬɵɜɚɟɦɵɯ ɦɢɤɪɨɨɪɝɚɧɢɡɦɚɦɢ, ɜ ɦɟɞɢɰɢɧɫɤɨɣ ɢ ɮɚɪɦɚɰɟɜɬɢɱɟɫɤɨɣ 

ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɢɡ-ɡɚ ɢɯ ɛɢɨɪɚɡɥɚɝɚɟɦɨɫɬɢ. Ɉɞɧɚɤɨ ɢɯ 

ɤɨɦɦɟɪɱɟɫɤɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɨɝɪɚɧɢɱɟɧɧɨ ɢɯ ɜɵɫɨɤɨɣ ɫɟɛɟɫɬɨɢɦɨɫɬɶɸ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝɢɯ ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. ɉɨɷɬɨɦɭ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ 

ɨɞɧɨɣ ɢɡ ɝɥɚɜɧɵɯ ɡɚɞɚɱ ɜ ɢɫɫɥɟɞɨɜɚɧɢɢ ɉȽȺ ɹɜɥɹɟɬɫɹ ɩɨɢɫɤ ɞɟɲɟɜɵɯ 

ɫɭɛɫɬɪɚɬɨɜ, ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɯ ɲɬɚɦɦɨɜ-ɩɪɨɞɭɰɟɧɬɨɜ, ɚ ɬɚɤɠɟ 

ɭɞɟɲɟɜɥɟɧɢɟ ɬɟɯɧɨɥɨɝɢɢ ɩɨɥɭɱɟɧɢɹ ɞɚɧɧɨɝɨ ɤɥɚɫɫɚ ɛɢɨɩɨɥɢɦɟɪɨɜ. 

Ȼɥɚɝɨɞɚɪɹ ɫɜɨɟɣ ɧɢɡɤɨɣ ɰɟɧɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝɢɯ ɫɭɛɫɬɪɚɬɨɜ, 

ɝɥɢɰɟɪɢɧ ɹɜɥɹɟɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɢɫɬɨɱɧɢɤɨɦ ɞɥɹ ɦɢɤɪɨɛɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ 

ɉȽȺ. ȼ ɫɜɹɡɢ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɩɪɨɢɡɜɨɞɫɬɜɚ ɝɥɢɰɟɪɢɧɚ ɢɡ-ɡɚ ɪɚɫɬɭɳɟɝɨ 

ɩɪɨɢɡɜɨɞɫɬɜɚ ɛɢɨɞɢɡɟɥɹ, ɰɟɧɵ ɧɚ ɝɥɢɰɟɪɢɧ ɫɬɚɥɢ ɞɨɫɬɚɬɨɱɧɨ ɧɢɡɤɢɦɢ, ɱɬɨɛɵ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɷɬɨ ɨɫɬɚɬɨɱɧɨɟ ɫɨɟɞɢɧɟɧɢɟ ɜ ɤɚɱɟɫɬɜɟ «ɞɟɲɟɜɨɝɨ ɢɫɬɨɱɧɢɤɚ 

ɭɝɥɟɪɨɞɚ» ɞɥɹ ɛɢɨɫɢɧɬɟɡɚ ɦɢɤɪɨɛɧɵɯ ɩɨɥɢɷɮɢɪɨɜ [5]. 

ɐɟɥɶ ɪɚɛɨɬɵ: ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɫɢɧɬɟɡɚ ɩɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɨɜ 

(ɉȽȺ) Cupriavidus  Eutrophus B-10646 ɧɚ ɝɥɢɰɟɪɢɧɟ ɪɚɡɥɢɱɧɨɣ ɫɬɟɩɟɧɢ 

ɨɱɢɫɬɤɢ.  

Ɂɚɞɚɱɢ: 

1. ɂɡɭɱɢɬɶ ɫɢɧɬɟɡ ɉȽȺ C.eutrophus  B-10646 ɧɚ ɝɥɢɰɟɪɢɧɟ 

ɪɚɡɥɢɱɧɨɣ  ɫɬɟɩɟɧɢ ɨɱɢɫɬɤɢ ɜ ɤɨɥɛɚɯ, ɨɩɪɟɞɟɥɢɬɶ ɫɭɛɫɬɪɚɬɧɭɸ ɤɨɧɫɬɚɧɬɭ 

(Ʉs) ɢ ɤɨɧɫɬɚɧɬɭ ɢɧɝɢɛɢɪɨɜɚɧɢɹ (Ki)  

2. Ɇɚɫɲɬɚɛɢɪɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɫɢɧɬɟɡɚ ɉȽȺ C.eutrophus  B-10646 ɧɚ 

ɝɥɢɰɟɪɢɧɟ  ɪɚɡɥɢɱɧɨɣ ɫɬɟɩɟɧɢ ɨɱɢɫɬɤɢ ɜ 12 ɥ ɮɟɪɦɟɧɬɺɪɟ BioFlo 115; 

3.  ɂɡɭɱɢɬɶ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɨɥɭɱɟɧɧɵɯ ɨɛɪɚɡɰɨɜ 

ɩɨɥɢɦɟɪɨɜ. 
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Ƚɥɚɜɚ 1. ɈȻɁɈɊ ɅɂɌȿɊȺɌɍɊɕ 

 

1.1 Ȼɢɨɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ ɩɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɨɜ  ɜ 

ɤɚɱɟɫɬɜɟ ɚɥɶɬɟɪɧɚɬɢɜɵ ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɩɨɥɢɦɟɪɧɵɦ ɦɚɬɟɪɢɚɥɚɦ 

 

ɉɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɵ-ɷɬɨ ɥɢɧɟɣɧɵɟ ɩɨɥɢɷɮɢɪɵ, ɫɢɧɬɟɡɢɪɭɟɦɵɟ 

ɩɪɨɤɚɪɢɨɬɢɱɟɫɤɢɦɢ ɦɢɤɪɨɨɪɝɚɧɢɡɦɚɦɢ ɜ ɫɩɟɰɢɮɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ 

ɧɟɫɛɚɥɚɧɫɢɪɨɜɚɧɧɨɝɨ ɪɨɫɬɚ. ɋɨɜɨɤɭɩɧɨɫɬɶ ɫɜɨɣɫɬɜ, ɯɚɪɚɤɬɟɪɧɵɯ ɞɥɹ ɉȽȺ, 

ɞɟɥɚɟɬ ɢɯ ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɜ ɪɚɡɥɢɱɧɵɯ ɫɮɟɪɚɯ - ɦɟɞɢɰɢɧɟ, 

ɮɚɪɦɚɤɨɥɨɝɢɢ, ɩɢɳɟɜɨɣ ɢ ɤɨɫɦɟɬɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɫɟɥɶɫɤɨɦ ɢ 

ɤɨɦɦɭɧɚɥɶɧɨɦ ɯɨɡɹɣɫɬɜɟ, ɪɚɞɢɨɷɥɟɤɬɪɨɧɢɤɟ ɢ ɞɪɭɝɢɯ ɫɮɟɪɚɯ. [19] 

ɉɟɪɫɩɟɤɬɢɜɧɨɫɬɶ ɉȽȺ ɜɵɬɟɤɚɟɬ ɢɡ ɜɟɫɶɦɚ ɫɭɳɟɫɬɜɟɧɧɵɯ ɩɪɟɢɦɭɳɟɫɬɜ ɷɬɨɝɨ 

ɤɥɚɫɫɚ ɩɪɢɪɨɞɧɵɯ ɩɨɥɢɦɟɪɨɜ: 

 ɉȽȺ ɩɨɥɭɱɚɸɬ ɦɟɬɨɞɨɦ ɩɪɹɦɨɣ ɮɟɪɦɟɧɬɚɰɢɢ, ɢɯ ɩɪɨɢɡɜɨɞɫɬɜɨ 

ɧɟ ɬɪɟɛɭɟɬ ɫɟɪɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɷɬɚɩɨɜ (ɫɢɧɬɟɡ ɦɨɧɨɦɟɪɨɜ, 

ɩɨɥɢɦɟɪɢɡɚɰɢɹ, ɞɨɛɚɜɥɟɧɢɟ ɩɥɚɫɬɢɮɢɤɚɬɨɪɨɜ ɢ ɦɨɞɢɮɢɰɢɪɭɸɳɢɯ 

ɤɨɦɩɨɧɟɧɬɨɜ) 

 Cɵɪɶɟɦ ɞɥɹ ɫɢɧɬɟɡɚ ɉȽȺ ɦɨɝɭɬ ɛɵɬɶ ɫɚɯɚɪɚ, ɨɪɝɚɧɢɱɟɫɤɢɟ ɤɢɫɥɨɬɵ, 

ɫɩɢɪɬɵ, ɫɦɟɫɢ ɋO2 ɢ ɇ2 ɩɪɨɞɭɤɬɵ ɝɢɞɪɨɥɢɡɚ ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɫɵɪɶɹ, 

ɩɪɨɦɵɲɥɟɧɧɵɟ ɨɬɯɨɞɵ ɩɪɨɢɡɜɨɞɫɬɜɚ ɫɚɯɚɪɚ, ɩɚɥɶɦɨɜɨɝɨ ɦɚɫɥɚ, ɜɨɞɨɪɨɞ. 

ɫɨɞɟɪɠɚɳɢɟ ɩɪɨɞɭɤɬɵ ɩɟɪɟɪɚɛɨɬɤɢ ɛɭɪɵɯ ɭɝɥɟɣ ɢ ɝɢɞɪɨɥɢɡɧɨɝɨ ɥɢɝɧɢɧɚ; 

 ɉȽȺ - ɷɬɨ ɫɟɦɟɣɫɬɜɨ ɩɨɥɢɦɟɪɨɜ ɪɚɡɥɢɱɧɨɣ ɯɢɦɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ, 

ɨɛɪɚɡɨɜɚɧɧɵɯ ɦɨɧɨɦɟɪɚɦɢ ɫ ɞɥɢɧɨɣ ɋ-ɰɟɩɢ ɨɬ ɋ4 ɞɨ ɋ12 ɢ ɜɵɲɟ, ɨɬ 

ɜɵɫɨɤɨɤɪɢɫɬɚɥɥɢɱɧɵɯ ɠɟɫɬɤɢɯ ɬɟɪɦɨɩɥɚɫɬɨɜ ɞɨ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ 

ɷɥɚɫɬɨɦɟɪɨɜ. 

 ɋɜɨɣɫɬɜɚɦɢ ɉȽȺ (ɤɪɢɫɬɚɥɥɢɱɧɨɫɬɶ, ɦɟɯɚɧɢɱɟɫɤɚɹ ɩɪɨɱɧɨɫɬɶ, 

ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɫɤɨɪɨɫɬɢ ɛɢɨɪɚɫɩɚɞɚ) ɦɨɠɧɨ ɭɩɪɚɜɥɹɬɶ, 

ɜɚɪɶɢɪɭɹ ɜ ɩɪɨɰɟɫɫɟ ɮɟɪɦɟɧɬɚɰɢɢ ɫɨɫɬɚɜ ɫɪɟɞɵ ɢ ɡɚɞɚɜɚɹ ɬɭ ɢɥɢ ɢɧɭɸ 

ɯɢɦɢɱɟɫɤɭɸ ɫɬɪɭɤɬɭɪɭ. 
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 ɉȽȺ ɩɨɞɜɟɪɝɚɸɬɫɹ ɩɟɪɟɪɚɛɨɬɤɟ ɢɡ ɪɚɡɥɢɱɧɵɯ ɮɚɡɨɜɵɯ ɫɨɫɬɨɹɧɢɣ 

(ɩɨɪɨɲɤɢ, ɪɚɫɬɜɨɪɵ, ɝɟɥɢ, ɪɚɫɩɥɚɜɵ) ɨɛɳɟɩɪɢɧɹɬɵɦɢ ɦɟɬɨɞɚɦɢ. 

 ȼɵɫɨɤɚɹ  ɛɢɨɫɨɜɦɟɫɬɢɦɨɫɬɶ  ɉȽȺ, ɜ ɱɚɫɬɧɨɫɬɢ  ɩɨɥɢ-3-

ɬɢɞɪɨɤɫɢɛɭɬɢɪɚɬɚ, ɫɜɹɡɚɧɚ ɫ ɬɟɦ, ɱɬɨ ɦɨɧɨɦɟɪɵ, ɨɛɪɚɡɭɸɳɢɟ ɷɬɨɬ 

ɩɨɥɢɦɟɪɝɢɞɪɨɤɫɢɦɚɫɥɹɧɚɹ ɤɢɫɥɨɬɚ — ɷɬɨ ɟɫɬɟɫɬɜɟɧɧɵɣ ɦɟɬɚɛɨɥɢɬ ɤɥɟɬɨɤ ɢ 

ɬɤɚɧɟɣ ɨɪɝɚɧɢɡɦɨɜ. 

ɋ ɷɬɢɦɢ ɩɨɥɢɦɟɪɚɦɢ ɫɜɹɡɚɧɵ ɛɨɥɶɲɢɟ ɧɚɞɟɠɞɵ, ɬɚɤ ɤɚɤ, ɩɨɦɢɦɨ 

ɬɟɪɦɨɩɥɚɫɬɢɱɧɨɫɬɢ, ɚɧɚɥɨɝɢɱɧɨ ɩɨɥɢɩɪɨɩɢɥɟɧɭ ɢ ɩɨɥɢɷɬɢɥɟɧɭ, ɉȽȺ 

ɨɛɥɚɞɚɸɬ ɚɧɬɢɨɤɫɢɞɚɧɬɧɵɦɢ ɢ ɨɩɬɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɢ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ 

ɜɵɫɨɤɨɣ ɛɢɨɫɨɜɦɟɫɬɢɦɨɫɬɶɸ ɢ ɪɚɡɪɭɲɚɟɦɨɫɬɶɸ ɜ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɫɪɟɞɚɯ.[ 20] 

 

1.2  Ʉɭɥɶɬɢɜɢɪɨɜɚɧɢɟ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ 

 

ɐɟɥɶ ɥɸɛɨɣ ɛɢɨɬɟɯɧɨɥɨɝɢɢ – ɧɚ ɛɚɡɟ ɩɨɧɢɦɚɧɢɹ ɛɢɨɯɢɦɢɱɟɫɤɢɯ ɢ 

ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɲɬɚɦɦɚ, ɦɚɤɫɢɦɚɥɶɧɨ ɨɛɟɫɩɟɱɢɬɶ ɧɚɤɨɩɥɟɧɢɟ ɜ 

ɩɢɬɚɬɟɥɶɧɨɣ ɫɪɟɞɟ ɤɨɧɟɱɧɨɝɨ ɰɟɥɟɜɨɝɨ ɩɪɨɞɭɤɬɚ [5]. Ɇɢɤɪɨɛɢɨɥɨɝɢɱɟɫɤɢɟ 

ɦɚɧɢɩɭɥɹɰɢɢ ɫ ɛɢɨɥɨɝɢɱɟɫɤɢɦ ɚɝɟɧɬɨɦ ɢ ɩɢɬɚɬɟɥɶɧɨɣ ɫɪɟɞɨɣ 

ɨɫɭɳɟɫɬɜɥɹɸɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɨɧɤɪɟɬɧɵɦ ɛɢɨɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ 

ɩɪɨɰɟɫɫɨɦ. Ɉɫɧɨɜɧɵɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɨɩɟɪɚɰɢɢ ɩɪɢ ɷɬɨɦ ɦɨɠɧɨ 

ɫɢɫɬɟɦɚɬɢɡɢɪɨɜɚɬɶ ɜ ɜɢɞɟ ɭɪɨɜɧɟɣ  ɨɛɟɫɩɟɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ 

ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɢ ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɰɟɫɫɨɦ ɦɟɬɚɛɨɥɢɡɦɚ ɫɨɡɞɚɧɧɨɣ 

ɛɢɨɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɩɭɬɟɦ ɤɨɧɬɪɨɥɢɪɭɸɳɢɯ ɨɩɟɪɚɰɢɣ[6]. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɛɢɨɬɟɯɧɨɥɨɝɢɱɟɫɤɨɟ ɭɩɪɚɜɥɟɧɢɟ ɩɪɨɰɟɫɫɚ ɦɟɬɚɛɨɥɢɡɦɚ ɜ ɦɢɤɪɨɛɧɨɣ 

ɩɨɩɭɥɹɰɢɢ ɩɪɢ ɲɢɪɨɤɨɦɚɫɲɬɚɛɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ ɬɚɤɢɯ  ɩɪɨɞɭɤɬɨɜ ɤɚɤ 

ɚɧɬɢɛɢɨɬɢɤɢ, ɜɢɬɚɦɢɧɵ, ɚɦɢɧɨɤɢɫɥɨɬɵ, ɝɨɪɦɨɧɵ, ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɵɟ 

ɚɝɟɧɬɵ ɢ ɦɧɨɝɢɟ ɞɪɭɝɢɟ  ɧɚ ɷɬɚɩɟ ɩɨɥɭɱɟɧɢɹ ɛɢɨɦɚɫɫɵ ɞɨɥɠɧɨ ɛɵɬɶ 

ɧɚɩɪɚɜɥɟɧɨ ɧɚ ɨɛɟɫɩɟɱɟɧɢɟ ɨɩɬɢɦɚɥɶɧɵɯ ɭɫɥɨɜɢɣ ɞɥɹ ɪɨɫɬɚ ɢ ɪɚɡɦɧɨɠɟɧɢɹ 

ɤɨɧɤɪɟɬɧɨɝɨ ɦɢɤɪɨɨɪɝɚɧɢɡɦɚ [7]. ɉɪɢ ɜɫɟɦ ɪɚɡɧɨɨɛɪɚɡɢɢ 

ɦɢɤɪɨɛɢɨɥɨɝɢɱɟɫɤɢɯ ɩɨɞɯɨɞɨɜ, ɫɩɨɫɨɛɨɜ  ɢ ɛɢɨɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ, 
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ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɛɢɨɩɪɨɢɡɜɨɞɫɬɜɚ ɧɚ ɷɬɚɩɟ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɩɨɥɭɱɟɧɢɹ 

ɛɢɨɦɚɫɫɵ ɢɥɢ ɩɪɨɞɭɤɬɨɜ ɦɟɬɚɛɨɥɢɡɦɚ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɜ ɫɨɜɪɟɦɟɧɧɵɯ 

ɭɫɥɨɜɢɹɯ ɜ ɨɫɧɨɜɧɨɦ ɡɚɜɢɫɢɬ:   

1) ɨɬ ɨɩɬɢɦɚɥɶɧɨɫɬɢ ɩɢɬɚɬɟɥɶɧɨɣ ɫɪɟɞɵ ɞɥɹ ɪɨɫɬɚ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɢ 

ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɤɨɧɬɪɨɥɹ  ɧɚɞ  ɢɡɦɟɧɟɧɢɹɦɢ. 

2) ɨɬ ɨɩɬɢɦɚɥɶɧɨɫɬɢ ɩɚɪɚɦɟɬɪɨɜ ɜɧɟɲɧɟɣ ɫɪɟɞɵ ɚɛɢɨɬɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ 

ɤɨɧɬɪɨɥɹ ɡɚ ɢɯ ɢɡɦɟɧɟɧɢɟɦ. 

3) ɨɬ ɩɪɚɜɢɥɶɧɨɫɬɢ ɜɵɛɨɪɚ ɜɢɞɚ (ɤɨɧɫɬɪɭɤɰɢɢ) ɛɢɨɪɟɚɤɬɨɪɚ ɢ ɜɚɪɢɚɧɬɚ 

ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɦɢɤɪɨɛɨɜ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɦɚɤɫɢɦɚɥɶɧɨɫɬɶ ɧɚɤɨɩɥɟɧɢɹ 

ɛɢɨɦɚɫɫɵ ɜ ɩɢɬɚɬɟɥɶɧɨɣ ɫɪɟɞɟ [8,9]. 

Ʉɭɥɶɬɢɜɢɪɨɜɚɧɢɟ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɦɨɠɧɨ ɩɪɨɜɨɞɢɬɶ ɩɨɜɟɪɯɧɨɫɬɧɵɦ 

ɢɥɢ ɝɥɭɛɢɧɧɵɦ, ɩɟɪɢɨɞɢɱɟɫɤɢɦ ɢɥɢ ɧɟɩɪɟɪɵɜɧɵɦ ɦɟɬɨɞɚɦɢ, ɜ ɚɷɪɨɛɧɵɯ ɢɥɢ 

ɚɧɚɷɪɨɛɧɵɯ ɭɫɥɨɜɢɹɯ.  

ɉɪɢ ɩɨɜɟɪɯɧɨɫɬɧɨɦ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɢ ɦɢɤɪɨɨɪɝɚɧɢɡɦɵ ɪɚɡɜɢɜɚɸɬɫɹ ɧɚ 

ɩɨɜɟɪɯɧɨɫɬɢ ɩɢɬɚɬɟɥɶɧɨɣ ɫɪɟɞɵ. ɋɪɟɞɵ ɦɨɝɭɬ ɛɵɬɶ ɩɥɨɬɧɵɦɢ, ɫɵɩɭɱɢɦɢ 

ɢɥɢ ɩɪɟɞɫɬɚɜɥɹɬɶ ɫɨɛɨɣ ɬɨɧɤɢɣ ɫɥɨɣ ɠɢɞɤɨɣ ɫɪɟɞɵ[10]. ɉɪɚɤɬɢɱɟɫɤɢ ɦɟɬɨɞ 

ɩɪɢɦɟɧɢɦ ɬɨɥɶɤɨ ɞɥɹ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɚɷɪɨɛɧɵɯ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ. ȼ ɷɬɨɦ 

ɫɥɭɱɚɟ ɦɢɤɪɨɨɪɝɚɧɢɡɦɵ ɩɨɥɭɱɚɸɬ ɤɢɫɥɨɪɨɞ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɢɡ ɜɨɡɞɭɯɚ. 

ȼɚɠɧɵɦ ɭɫɥɨɜɢɟɦ ɪɟɚɥɢɡɚɰɢɢ ɦɟɬɨɞɚ ɹɜɥɹɟɬɫɹ ɛɨɥɶɲɚɹ ɩɥɨɳɚɞɶ 

ɫɨɩɪɢɤɨɫɧɨɜɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɩɢɬɚɬɟɥɶɧɨɣ ɫɪɟɞɵ ɫ ɨɤɪɭɠɚɸɳɢɦ ɜɨɡɞɭɯɨɦ. 

ȼ ɠɢɞɤɢɯ ɫɪɟɞɚɯ ɚɷɪɨɛɧɵɟ ɦɢɤɪɨɨɪɝɚɧɢɡɦɵ ɱɚɫɬɨ ɪɚɫɬɭɬ, ɨɛɪɚɡɭɹ ɧɚ 

ɩɨɜɟɪɯɧɨɫɬɢ ɩɥɟɧɤɭ[11]. ɉɨɜɟɪɯɧɨɫɬɧɨɟ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɟ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ 

ɢɫɩɨɥɶɡɭɸɬ ɜ ɨɫɧɨɜɧɨɦ, ɜ ɥɚɛɨɪɚɬɨɪɧɨɣ ɩɪɚɤɬɢɤɟ ɜ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɢ 

ɜ ɦɭɡɟɹɯ ɱɢɫɬɵɯ ɤɭɥɶɬɭɪ[4,11]. 

Ƚɥɭɛɢɧɧɨɟ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɟ. Ƚɥɭɛɢɧɧɵɣ ɦɟɬɨɞ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ 

ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɫɨɜɟɪɲɟɧɧɵɦ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɨɜɟɪɯɧɨɫɬɧɵɦ. 

Ɇɢɤɪɨɨɪɝɚɧɢɡɦɵ ɪɚɫɬɭɬ ɢ ɪɚɡɜɢɜɚɸɬɫɹ ɜɨ ɜɫɟɦ ɨɛɴɟɦɟ ɩɢɬɚɬɟɥɶɧɨɣ ɫɪɟɞɵ, ɚ 

ɧɟ ɬɨɥɶɤɨ ɧɚ ɟɟ ɩɨɜɟɪɯɧɨɫɬɢ. Ɉɫɭɳɟɫɬɜɥɹɸɬ ɟɝɨ, ɩɪɢɦɟɧɹɹ ɠɢɞɤɢɟ 

ɩɢɬɚɬɟɥɶɧɵɟ ɫɪɟɞɵ. Ɇɟɬɨɞ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɚɤ ɩɪɢ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɢ 

ɚɷɪɨɛɨɜ, ɬɚɤ ɢ ɚɧɚɷɪɨɛɨɜ. ɗɬɨɬ ɫɩɨɫɨɛ ɬɚɤɠɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ 
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ɢɫɫɥɟɞɨɜɚɧɢɹɯ, ɧɨ ɨɫɨɛɟɧɧɨ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɨɧ ɧɚɲɟɥ ɜ ɩɪɨɦɵɲɥɟɧɧɨɣ 

ɦɢɤɪɨɛɢɨɥɨɝɢɢ, ɝɞɟ ɟɝɨ ɩɪɢɦɟɧɹɸɬ ɩɪɢ ɩɨɥɭɱɟɧɢɢ ɦɢɤɪɨɛɧɨɣ ɛɢɨɦɚɫɫɵ, ɜ 

ɩɪɨɢɡɜɨɞɫɬɜɟ ɚɧɬɢɛɢɨɬɢɤɨɜ, ɮɟɪɦɟɧɬɨɜ, ɜɢɬɚɦɢɧɨɜ, ɤɢɫɥɨɬ. ȼ 

ɩɪɨɦɵɲɥɟɧɧɵɯ ɦɚɫɲɬɚɛɚɯ ɝɥɭɛɢɧɧɨɟ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɟ ɨɫɭɳɟɫɬɜɥɹɸɬ ɜ 

ɫɩɟɰɢɚɥɶɧɵɯ ɚɩɩɚɪɚɬɚɯ – ɮɟɪɦɟɧɬɚɬɨɪɚɯ [12,13]. 

 

1.3 ɋɢɧɬɟɡ ɉȽȺ 

 

ɉɪɨɰɟɫɫ ɩɨɥɭɱɟɧɢɹ ɉȽȺ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɢ 

ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɚɷɪɚɰɢɢ ɫɬɟɪɢɥɶɧɵɦ ɜɨɡɞɭɯɨɦ ɢ 

ɫɩɟɰɢɚɥɶɧɨɦ ɩɟɪɟɦɟɲɢɜɚɧɢɢ, ɩɪɢ ɢɡɛɵɬɤɟ ɭɝɥɟɪɨɞɧɨɝɨ ɫɭɛɫɬɪɚɬɚ ɜ ɫɪɟɞɟ ɢ 

ɧɟɫɛɚɥɚɧɫɢɪɨɜɚɧɧɨɦ ɪɨɫɬɟ, ɤɨɝɞɚ ɧɟɤɨɬɨɪɵɟ ɷɥɟɦɟɧɬɵ, ɬɚɤɢɟ ɤɚɤ ɢɫɬɨɱɧɢɤ 

ɚɡɨɬɚ, ɫɬɚɧɨɜɹɬɫɹ ɨɝɪɚɧɢɱɟɧɧɵɦ [15]. 

Ȼɚɤɬɟɪɢɢ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɉȽȺ, ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɞɜɚ 

ɝɪɭɩɩɵ ɧɚ ɨɫɧɨɜɟ ɭɫɥɨɜɢɣ ɢɯ ɤɭɥɶɬɭɪɵ.  ɉɟɪɜɚɹ ɝɪɭɩɩɚ ɬɪɟɛɭɟɬ  ɨɝɪɚɧɢɱɟɧɢɟ 

ɧɟɨɛɯɨɞɢɦɵɯ ɩɢɬɚɬɟɥɶɧɵɯ ɜɟɳɟɫɬɜ, ɬɚɤɢɯ ɤɚɤ N, P, Mg, K, O ɢɥɢ S, ɢ 

ɢɡɛɵɬɨɤ ɢɫɬɨɱɧɢɤɚ ɭɝɥɟɪɨɞɚ;  ɧɟɤɨɬɨɪɵɟ ɢɡ ɷɬɢɯ ɛɚɤɬɟɪɢɚɥɶɧɵɯ ɲɬɚɦɦɨɜ - 

Bacillus megaterium, Cupriavidus necator, Alcaligenes eutrophus, Pseudomonas 

extorquens ɢ Pseudomonas oleovorans.  ȼɨ ɜɬɨɪɨɣ ɝɪɭɩɩɟ ɨɝɪɚɧɢɱɟɧɢɟ 

ɩɢɬɚɬɟɥɶɧɵɯ ɜɟɳɟɫɬɜ ɧɟ ɬɪɟɛɭɟɬɫɹ, ɢ ɩɨɥɢɦɟɪ ɦɨɠɟɬ ɧɚɤɚɩɥɢɜɚɬɶɫɹ ɜɨ ɜɪɟɦɹ 

ɮɚɡɵ ɪɨɫɬɚ [14];  ɧɟɤɨɬɨɪɵɟ ɩɪɢɦɟɪɵ Escherichia coli ɪɟɤɨɦɛɢɧɚɧɬɧɵɣ, 

Azotobacter vinelandii ɪɟɤɨɦɛɢɧɚɧɬɧɵɣ, ɢ Alcaligenes  latus.  ɒɬɚɦɦɵ-

ɩɪɨɞɭɰɟɧɬɵ PHB, ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭɸɬ ɝɥɢɰɟɪɢɧ ɜ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ 

ɭɝɥɟɪɨɞɚ ɩɟɪɟɱɢɫɥɟɧɵ ɜ ɩɟɪɜɨɣ ɝɪɭɩɩɟ. 

Ɏɟɪɦɟɧɬɚɰɢɢ ɦɨɠɟɬ ɛɵɬɶ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɡɧɵɯ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ. 

ɇɚɢɛɨɥɟɟ ɱɚɫɬɨ ɩɪɢɦɟɧɹɟɬɫɹ ɞɜɭɯɷɬɚɩɧɵɣ ɦɟɬɨɞ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ,  ɧɚ 

ɩɟɪɜɨɣ ɫɬɚɞɢɢ ɛɚɤɬɟɪɢɚɥɶɧɵɟ ɤɥɟɬɤɢ ɜɵɪɚɳɢɜɚɸɬ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɧɟ ɛɭɞɟɬ 

ɞɨɫɬɢɝɧɭɬɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɨɩɪɟɞɟɥɟɧɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɦɚɫɫɵ ɤɥɟɬɨɤ ɛɟɡ 

ɨɝɪɚɧɢɱɟɧɢɹ  ɩɢɬɚɬɟɥɶɧɵɯ ɜɟɳɟɫɬɜ. Ɂɚɬɟɦ ɤɥɟɬɤɢ ɩɟɪɟɜɨɞɹɬɫɹ ɧɚ ɫɪɟɞɭ 

ɜɬɨɪɨɣ ɫɬɚɞɢɢ ɫ ɩɪɟɞɟɥɶɧɵɦɢ ɩɢɬɚɬɟɥɶɧɵɦɢ ɜɟɳɟɫɬɜɚɦɢ ɢ ɭɝɥɟɪɨɞɧɵɦɢ 
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ɫɭɛɫɬɪɚɬɚɦɢ, ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɉГА. ȼɨ ɜɪɟɦɹ ɷɬɨɣ ɫɬɚɞɢɢ ɨɝɪɚɧɢɱɟɧɢɹ 

ɩɢɬɚɬɟɥɶɧɵɯ ɜɟɳɟɫɬɜ, ɤɥɟɬɤɢ ɧɟ ɦɨɝɭɬ ɪɚɡɦɧɨɠɚɬɶɫɹ ɢ ɨɫɬɚɸɬɫɹ ɩɨɱɬɢ 

ɩɨɫɬɨɹɧɧɵɦɢ. Ɉɞɧɚɤɨ ɤɥɟɬɤɢ ɧɚɱɢɧɚɸɬ ɭɜɟɥɢɱɢɜɚɬɶɫɹ ɩɨ ɪɚɡɦɟɪɭ ɢ ɜɟɫɭ ɢɡ-

ɡɚ ɜɧɭɬɪɢɤɥɟɬɨɱɧɨɝɨ ɧɚɤɨɩɥɟɧɢɹ ɉГА ɜ ɤɚɱɟɫɬɜɟ ɩɪɨɞɭɤɬɚ ɯɪɚɧɟɧɢɹ[16,17]. 

ɇɟ ɫɦɨɬɪɹ ɧɚ ɧɚɥɢɱɢɢ ɞɪɭɝɢɯ ɮɚɡ ɜ ɩɪɨɰɟɫɫɟ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ, ɜɬɨɪɚɹ 

ɮɚɡɚ –ɹɜɥɹɟɬɫɹ ɫɚɦɨɣ  ɫɭɳɟɫɬɜɟɧɧɨɣ ɞɥɹ ɩɪɨɰɟɫɫɚ, ɬɚɤ ɤɚɤ ɜ ɷɬɨ ɜɪɟɦɹ 

ɢɫɬɨɱɧɢɤ ɭɝɥɟɪɨɞɚ ɤɨɧɜɟɪɬɢɪɭɟɬɫɹ ɜ ɫɭɛɫɬɪɚɬɵ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɫɢɧɬɟɡɚ 

ɉȽȺ. ɇɟ ɫɦɨɬɪɹ ɧɚ ɛɨɥɶɲɨɟ ɪɚɡɧɨɨɛɪɚɡɢɟ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ  ɦɧɨɝɢɟ 

ɛɚɤɬɟɪɢɢ ɫɩɨɫɨɛɧɵ ɩɪɟɜɪɚɳɚɬɶ ɄɨȺ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜ ɚɰɟɬɚɰɟɬɢɥ ɄɨȺ ɢ 

ɞɚɥɟɟ – ɜ D(-)-3-ɝɢɞɪɨɤɫɢɛɭɬɢɪɢɥ-ɄɨȺ, ɞɚɸɳɢɣ ɧɚɱɚɥɨ 

ɩɨɥɢɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬɭ. 

Ⱦɥɹ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɉȽȺ ɢɫɩɨɥɶɡɭɸɬ ɲɬɚɦɦɵ, ɤɨɬɨɪɵɟ 

ɦɨɝɭɬ ɞɨɫɬɢɝɚɬɶ ɜɵɫɨɤɨɣ ɤɨɧɟɱɧɨɣ ɩɥɨɬɧɨɫɬɢ ɤɥɟɬɨɤ ɜ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɤɨɪɨɬɤɢɣ ɩɟɪɢɨɞ ɜɪɟɦɟɧɢ ɢ ɩɪɨɢɡɜɨɞɢɬɶ ɜɵɫɨɤɨɟ ɫɨɞɟɪɠɚɧɢɟ ɉȽȺ ɢɡ 

ɩɪɨɫɬɵɯ, ɧɟɞɨɪɨɝɢɯ ɫɭɛɫɬɪɚɬɨɜ.  

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɱɢɫɥɚ ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ, ɩɪɢɫɭɬɫɬɜɭɸɳɢɯ ɜ ɦɨɧɨɦɟɪɧɵɯ 

ɡɜɟɧɶɹɯ, ɉȽȺ ɦɨɝɭɬ ɛɵɬɶ ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɧɵ ɧɚ ɬɪɢ ɨɫɧɨɜɧɵɯ ɬɢɩɚ: 

1. Ʉɨɪɨɬɤɨɰɟɩɨɱɟɱɧɵɟ ɉȽȺ, ɫɨɞɟɪɠɚɬ 3-5 ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ. ɇɚɢɛɨɥɟɟ 

ɢɡɜɟɫɬɧɵɟ ɩɪɟɞɫɬɚɜɢɬɟɥɹɦɢ ɷɬɨɝɨ ɤɥɚɫɫɚ - ɩɨɥɢ (3-ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬ) (ɉȽȻ), ɢ 

ɟɝɨ ɫɨɩɨɥɢɦɟɪɵ ɫ ɝɢɞɪɨɤɫɢɜɚɥɟɪɚɬɨɦ. ɉɨɥɢɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬ ɹɜɥɹɟɬɫɹ 

ɝɨɦɨɩɨɥɢɦɟɪɨɦ  D(-)-3-ȕ-ɨɤɫɢɦɚɫɥɹɧɨɣ ɤɢɫɥɨɬɵ ɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɢɡɨɬɚɤɬɢɱɟɫɤɢɣ ɩɨɥɢɷɮɢɪ (ȼɨɥɨɜɚ Ɍ.Ƚ. ɫ ɫɨɚɜɬ, 2003). ɂɡ ɜɫɟɯ ɉȽȺ, ɉȽȻ 

ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ ɜɫɬɪɟɱɚɟɬɫɹ ɜ ɩɪɢɪɨɞɟ (Koning G, 1995). ɗɬɨ ɫɚɦɵɣ ɩɪɨɫɬɨɣ 

ɉȽȺ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɯɢɦɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɟ, ɢɦɟɸɳɢɣ ɦɟɬɢɥɟɧɨɜɭɸ  ɝɪɭɩɩɭ 

(-CH3). ȼ ɫɨɫɬɚɜ ɩɨɥɢɦɟɪɚ ɜɯɨɞɹɬ ɭɝɥɟɪɨɞ (81%), ɜɨɞɨɪɨɞ (7,03%) ɢ ɤɢɫɥɨɪɨɞ 

(37,16 %).  

2. ɋɨ ɫɪɟɞɧɟɣ ɞɥɢɧɨɣ ɰɟɩɢ ɉȽȺ, ɫɨɞɟɪɠɚɬ 6-14 ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ. Ⱦɥɹ 

ɫɢɧɬɟɡɚ ɫɪɟɞɧɟɣ ɞɥɢɧɵ ɰɟɩɢ  ɜ ɤɚɱɟɫɬɜɟ ɩɪɨɞɭɰɟɧɬɚ  ɫɩɟɰɢɚɥɶɧɨ ɢɫɩɨɥɶɡɭɸɬ 

ɩɫɟɜɞɨɦɨɧɚɞ, ɚ ɜ ɤɚɱɟɫɬɜɟ ɫɭɛɫɬɪɚɬɚ ɚɥɢɮɚɬɢɱɟɫɤɢɟ ɭɝɥɟɜɨɞɨɪɨɞɵ, ɬɚɤɢɟ ɤɚɤ 
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ɧ-ɚɥɤɚɧɵ, ɧ-ɚɥɤɚɧɨɚɬɚ, ɢɥɢ ɧ-ɚɥɤɚɧɨɥɚ (de Smet MJ, 1983, Lageveen RG, 1988 

, Gross RA, 1989,  Preusting H, 1990, Brandl H, 1988, Haywood GW 1989). 

3. Ⱦɥɢɧɧɨɰɟɩɨɱɟɱɧɵɟ, ɫɨɞɟɪɠɚɬ ɜ ɫɟɛɟ 17-18 ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ.  

ɋɜɨɣɫɬɜɨ ɝɢɛɤɨɫɬɢ ɦɨɠɟɬ ɛɵɬɶ ɢɡɦɟɧɟɧɨ ɩɭɬɟɦ ɢɡɦɟɧɟɧɢɹ ɞɥɢɧɵ ɰɟɩɢ 

ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ (Byrom D.,1987). ɉɨɦɢɦɨ ɱɢɫɥɚ ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ, ɉȽȺ 

ɦɨɝɭɬ ɬɚɤɠɟ ɛɵɬɶ ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɧɵ ɧɚ ɨɫɧɨɜɟ ɬɢɩɚ ɦɨɧɨɦɟɪɧɵɯ ɡɜɟɧɶɟɜ. 

ɉȽȺ, ɫɨɞɟɪɠɚɳɢɟ ɨɞɢɧ ɬɢɩ ɦɨɧɨɦɟɪɧɨɝɨ ɡɜɟɧɚ, ɧɚɡɵɜɚɸɬɫɹ ɝɨɦɨɩɨɥɢɦɟɪɵ, 

ɬɚɤɢɟ ɤɚɤ ɩɨɥɢ-(3-ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬ) ɢɥɢ ɉ3ȽȻ, ɩɨɥɢ-(3-ɝɢɞɪɨɤɫɢɝɟɤɫɚɧɨɚɬ) ɢ 

ɩɨɥɢ-(3-ɝɢɞɪɨɤɫɢɨɤɬɚɧɨɚɬ), ɬɨɝɞɚ ɤɚɤ ɉȽȺ, ɫɨɞɟɪɠɚɳɢɟ ɛɨɥɟɟ ɱɟɦ ɨɞɢɧ ɬɢɩ 

ɦɨɧɨɦɟɪɚ ɭɫɬɪɨɣɫɬɜɚ ɧɚɡɵɜɚɸɬɫɹ ɝɟɬɟɪɨɩɨɥɢɦɟɪɚɦɢ ɬɚɤɢɟ ɤɚɤ ɩɨɥɢ-(3-

ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬɚ-ɫɨ-3-ɝɢɞɪɨɤɫɢɜɚɥɟɪɚɬ). (Pooja Basnet, 2014). 

 

1.4  ɉɪɨɢɡɜɨɞɫɬɜɨ ɩɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɨɜ ɧɚ ɝɥɢɰɟɪɢɧɨɩɨɞɨɛɧɵɯ 

ɫɭɛɫɬɪɚɬɚɯ ɢ ɨɰɟɧɤɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɡɥɢɱɧɵɯ ɲɬɚɦɦɨɜ 

 

Ȼɢɨɫɢɧɬɟɡ ɩɪɨɞɭɤɬɨɜ ɫ ɜɵɫɨɤɨɣ ɞɨɛɚɜɥɟɧɧɨɣ ɫɬɨɢɦɨɫɬɶɸ ɹɜɥɹɟɬɫɹ 

ɨɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɜɢɞɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɝɥɢɰɟɪɢɧɚ ɞɥɹ 

ɛɢɨɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɤɨɧɜɟɪɫɢɢ. Ʉɚɤ ɩɪɚɜɢɥɨ, ɫɵɪɨɣ ɝɥɢɰɟɪɢɧ ɩɨɥɭɱɚɟɦɵɣ ɜ 

ɯɨɞɟ ɩɪɨɢɡɜɨɞɫɬɜɚ ɛɢɨɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ, ɫɨɞɟɪɠɢɬ ɨɬ 78 ɞɨ 86% ɨɫɧɨɜɧɨɝɨ 

ɜɟɳɟɫɬɜɚ, ɢ ɦɨɠɟɬ ɫɨɞɟɪɠɚɬɶ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ ɪɚɡɥɢɱɧɵɟ ɩɪɢɦɟɫɢ ɜ ɜɢɞɟ 

ɯɥɨɪɢɞɨɜ, ɜɨɞɵ, ɨɪɝɚɧɢɱɟɫɤɢɯ ɩɪɢɦɟɫɟɣ, ɡɨɥɵ, ɫɜɨɛɨɞɧɵɯ ɠɢɪɧɵɯ ɤɢɫɥɨɬ ɢ 

ɞɪɭɝɢɯ. Ƚɥɢɰɟɪɢɧ ɹɜɥɹɟɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɫɭɛɫɬɪɚɬɨɦ ɞɥɹ ɛɢɨɬɟɯɧɨɥɨɝɢɢ. 

ɉɪɟɠɞɟ ɜɫɟɝɨ, ɷɬɨ ɫɜɹɡɚɧɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɩɪɨɢɡɜɨɞɫɬɜɚ ɛɢɨɞɢɡɟɥɶɧɨɝɨ 

ɬɨɩɥɢɜɚ ɜ ɦɢɪɟ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɬɨɪɨɝɨ, ɝɥɢɰɟɪɢɧ ɨɛɪɚɡɭɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ 

ɩɨɛɨɱɧɨɝɨ ɩɪɨɞɭɤɬɚ. ɇɚɱɢɧɚɹ ɫ 2005–2008 ɝɨɞɨɜ, ɛɢɨɞɢɡɟɥɶ ɫɬɚɥ 

ɩɪɚɤɬɢɱɟɫɤɢ ɥɢɞɟɪɨɦ ɫɪɟɞɢ ɨɫɧɨɜɧɵɯ ɫɟɤɬɨɪɨɜ-ɩɨɫɬɚɜɳɢɤɨɜ ɝɥɢɰɟɪɢɧɚ ɧɚ 

ɦɢɪɨɜɨɣ ɚɪɟɧɟ. ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ  ɝɥɢɰɟɪɢɧ ɤɚɤ ɫɭɛɫɬɪɚɬ ɦɨɠɟɬ,  

ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɉȽȺ ɜ ɤɚɱɟɫɬɜɟ ɞɟɲɟɜɨɝɨ, ɟɞɢɧɫɬɜɟɧɧɨɝɨ  
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ɢɫɬɨɱɧɢɤɚ ɭɝɥɟɪɨɞɚ ɢ ɷɧɟɪɝɢɢ ɩɪɢ ɨɝɪɚɧɢɱɟɧɧɨɦ ɤɨɥɢɱɟɫɬɜɟ ɚɡɨɬɚ [21]. 

Ʉɪɨɦɟ ɬɨɝɨ, ɝɥɢɰɟɪɢɧ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɤɚɤ ɛɥɚɝɨɩɪɢɹɬɧɵɣ ɫɭɛɫɬɪɚɬ ɞɥɹ 

ɩɪɨɢɡɜɨɞɫɬɜɚ ɉȽȺ, ɬɚɤ ɤɚɤ ɚɬɨɦɵ ɭɝɥɟɪɨɞɚ ɜ ɝɥɢɰɟɪɢɧɟ ɧɚɯɨɞɹɬɫɹ ɜ ɫɢɥɶɧɨ 

ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ ɭɝɥɟɜɨɞɚɦɢ , 

ɫɬɢɦɭɥɢɪɭɹ ɬɟɦ ɫɚɦɵɦ ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɣ ɫɢɧɬɟɡ ɩɨɥɢɦɟɪɚ ɜ ɛɚɤɬɟɪɢɹɯ[22]. 

Ɇɢɤɪɨɨɪɝɚɧɢɡɦɨɜ, ɫɩɨɫɨɛɧɵɯ ɚɤɤɭɦɭɥɢɪɨɜɚɬɶ ɩɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɵ, 

ɞɨɫɬɚɬɨɱɧɨ ɦɧɨɝɨ, ɨɞɧɚɤɨ. ȼ ɤɚɱɟɫɬɜɟ ɤɪɢɬɟɪɢɟɜ ɞɥɹ ɜɵɛɨɪɚ ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ 

ɩɪɨɞɭɰɟɧɬɚ ɩɨɥɢ-ɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɨɜ ɩɪɢɧɹɬɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɫɥɟɞɭɸɳɢɟ 

ɩɨɤɚɡɚɬɟɥɢ: ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ, ɜɵɯɨɞ ɩɨɥɢɦɟɪɚ, ɡɚɬɪɚɬɵ ɭɝɥɟɪɨɞɧɨɝɨ 

ɫɭɛɫɬɪɚɬɚ, ɤɨɧɰɟɧɬɪɚɰɢɸ ɛɢɨɦɚɫɫɵ ɤɥɟɬɨɤ ɜ ɤɭɥɶɬɭɪɟ, ɩɪɨɞɭɤɬɢɜɧɨɫɬɶ 

ɩɪɨɰɟɫɫɚ. 

Ɍɚɛɥɢɰɚ 1. ɋɢɧɬɟɡ ɉȽȺ  ɧɚ ɝɥɢɰɟɪɢɧɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɡɥɢɱɧɵɯ 
ɲɬɚɦɦɨɜ. 

ɒɬɚɦɦ,ɝɥɢɰɟ
ɪɢɧ 

Ɇɟɫɬɨ 
ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ 

CDW 
(ɝ / ɥ) 

PHA (%CDW.) PHA (ɝ 
/ ɥ) 

ɋɫɵɥ
ɤɚ 

P. 
putidaKT2440 

Ʉɨɥɛɚ 4,23 ± 
0,11 

34,5±2 1,46 ± 
0,21 

[30] 

P. 
putidaKT2442 

Ʉɨɥɛɚ 3,45 ± 
0,07 

26,5±4 0,91 ± 
0,13 

[30] 

P. putidaF1 Ʉɨɥɛɚ 3,50 ± 
0,14 

10,3±2 0,36 ± 
0,01 

[30] 

P. putidaS12 Ʉɨɥɛɚ 3,20 ± 
0,07 

12,6±5 0,40 ± 
0,05 

[30] 

KT2440 (46 
ɱɚɫɨɜ) 

Ʉɨɥɛɚ 0,80 ± 
0,04 

19 ± 2 0,15 ± 
0,02 

[31] 

KT40GlpR (22 
ɱɚɫɚ) 

Ʉɨɥɛɚ 
0,87 ± 
0,01 

21 ± 4 

 

0,18 ± 
0,03 

[31] 

KT40GlpR (46 
ɱɚɫɨɜ) 

Ʉɨɥɛɚ 
1,01 ± 
0,03 

34 ± 6 

 

0,34 ± 
0,05 

[31] 

KT2440 (22 
ɱɚɫɚ) 

Ʉɨɥɛɚ 
0,56 ± 4 ± 5 

 

0,02 ± 
0,05 

[31] 

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/atom
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/carbohydrate
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0,09 

KT2440 (46 
ɱɚɫɨɜ) 

Ʉɨɥɛɚ 
1,02 ± 
0,10 

25 ± 6 

 

0,26 ± 
0,06 

[31] 

KT40GlpR (22 
ɱɚɫɚ) 

Ʉɨɥɛɚ 
0,89 ± 
0,10 

31 ± 4 

 

0,28 ± 
0,01 

[31] 

KT40GlpR (46 
ɱɚɫɨɜ) 

Ʉɨɥɛɚ 
1,22 ± 
0,03 

39 ± 5 

 

0,47 ± 
0,06 

[31] 

Aeromonas sp. AC_01  
 

[33] ɑɢɫɬɵɣ 

ɝɥɢɰɟɪɢɧ 

Ʉɨɥɛɚ 1,69 ± 
0,04 

7,8 ± 0,09 

ɋɵɪɨɣ 
ɝɥɢɰɟɪɢɧ 

Ʉɨɥɛɚ 2,02 ± 
0,11 

4,4 ± 0,54 

Aeromonas sp. AC_02  

[33] 
 

 

 

ɑɢɫɬɵɣ 

ɝɥɢɰɟɪɢɧ 

Ʉɨɥɛɚ 1,48 ± 
0,04 

5,0 ± 0,13 

ɋɵɪɨɣ 
ɝɥɢɰɟɪɢɧ 

Ʉɨɥɛɚ 1,41 ± 
0,12 

6,5 ± 0,63 

Aeromonas sp. AC_03 
 

 

[33] ɑɢɫɬɵɣ 

ɝɥɢɰɟɪɢɧ 

Ʉɨɥɛɚ 1,20 ± 

0,05 

3,6 ± 0,09 

ɋɵɪɨɣ 
ɝɥɢɰɟɪɢɧ 

Ʉɨɥɛɚ 1,27 ± 
0,03 

9,2 ± 0,49 

Zobellella  
taiwanensis 
Azu-IN1 
ɇɟɨɱɢɳɟɧɧɵɣ 
1% ɝɥɢɰɟɪɢɧ 

250 ɦɥ ɤɨɥɛɚ 49.76  % 
 

2.30 ɝ/ɥ [35] 

Pseudomonas 
Corrugata  388   
ɇɟɨɱɢɳɟɧɧɵɣ 
1% ɝɥɢɰɟɪɢɧ  

2 ɥ  ɤɨɥɛɚ 28,0% 
 

0.88  ɝ/ɥ [34] 

Pseudomonas 2 ɥ  ɤɨɥɛɚ 16% 0.75 ɝ / ɥ [34] 
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Corrugata  388 
Ɉɱɢɳɟɧɧɵɣ 
1% ɝɥɢɰɟɪɢɧ    

 

Pandoraea sp. 
MA03 
ɇɟɨɱɢɳɟɧɧɵɣ 
2% ɝɥɢɰɟɪɢɧ 

250ɦɥ  ɤɨɥɛɚ 63,6% 
 

2,9  ɝ/ɥ [36] 

Pandoraea sp. 
MA03 
Ɉɱɢɳɟɧɧɵɣ 
5% ɝɥɢɰɟɪɢɧ 

250 ɦɥ  ɤɨɥɛɚ 43,4% 
 

2,21 ɝ/ɥ [36] 

Zobellella 
denitrificans 
MW1 
ɇɟɨɱɢɳɟɧɧɵɣ 
1% ɝɥɢɰɟɪɢɧ 

42ɥ ɮɟɪɦɟɧɬɟɪ 66,9 % 
 

1.090 ɝ/ɥ [37] 

Cupriavidus 
necator DSM 
545 
ɇɟɨɱɢɳɟɧɧɵɣ 
1% ɝɥɢɰɟɪɢɧ  

7,5ɥ ɛɢɨɪɟɚɤɬɨɪ 64.55 % 
 

4.25  ɝ/ɥ [38] 

Methylobacteri
um 
rhodesianum 
MB-126 
ɇɟɨɱɢɳɟɧɧɵɣ 
5% ɝɥɢɰɟɪɢɧ 

2.5ɥ  ɛɢɨɪɟɚɤɬɨɪ 50 % 
 

0.223  
ɝ/ɥ 

[39] 

Ralstonia 
eutropha DSM 
11348 
ɇɟɨɱɢɳɟɧɧɵɣ 
5% ɝɥɢɰɟɪɢɧ 

2.5ɥ ɛɢɨɪɟɚɤɬɨɪ 42 % 
 

0.254 ɝ/ɥ [39] 

 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɲɬɚɦɦɵ, ɜɵɞɟɥɟɧɧɵɟ ɢɡ ɚɤɬɢɜɧɨɝɨ ɢɥɚ ɧɚ ɦɭɧɢɰɢɩɚɥɶɧɨɣ 

ɭɫɬɚɧɨɜɤɟ ɨɱɢɫɬɤɢ ɫɬɨɱɧɵɯ ɜɨɞ, ɫɩɨɫɨɛɧɵ ɫɢɧɬɟɡɢɪɨɜɚɬɶ 

ɩɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɵ (PHA) ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɱɢɫɬɨɝɨ ɢ ɧɟɨɱɢɳɟɧɧɨɝɨ 

ɝɥɢɰɟɪɢɧɚ. ɇɟɤɨɬɨɪɵɟ ɲɬɚɦɦɵ Aeromonas spp. , ɞɟɦɨɧɫɬɪɢɪɭɸɬ 

ɩɪɟɢɦɭɳɟɫɬɜɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ ɛɚɤɬɟɪɢɹɦɢ ɛɥɚɝɨɞɚɪɹ ɢɯ 

ɭɫɬɨɣɱɢɜɨɦɭ ɪɨɫɬɭ ɢ ɩɪɨɫɬɵɦ ɬɪɟɛɨɜɚɧɢɹɦ ɪɨɫɬɚ, ɤɨɬɨɪɵɟ ɞɟɥɚɸɬ ɢɯ 

ɩɪɢɜɥɟɤɚɬɟɥɶɧɵɦɢ ɦɢɲɟɧɹɦɢ ɞɥɹ ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɉȽȺ. ȼ 
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ɫɥɭɱɚɟ ɫ Aeromonas sp. AC1,2,3 ɛɵɥɢ ɫɩɨɫɨɛɧɵ ɢɫɩɨɥɶɡɨɜɚɬɶ ɱɢɫɬɵɣ ɢ 

ɧɟɨɱɢɳɟɧɧɵɣ ɝɥɢɰɟɪɢɧ. ɋɚɦɚɹ ɧɢɡɤɚɹ ɛɢɨɦɚɫɫɚ ɛɵɥɚ ɞɥɹ AC_02, ɫɚɦɚɹ 

ɜɵɫɨɤɚɹ ɛɢɨɦɚɫɫɚ ɛɵɥɚ ɞɥɹ AC_03, ɜɵɪɚɳɟɧɧɨɝɨ ɧɚ ɧɟɨɱɢɳɟɧɧɨɦ 

ɝɥɢɰɟɪɢɧɟ.  

 ȼ ɞɚɧɧɨɣ ɬɚɛɥɢɰɟ ɩɪɢɜɟɞɟɧɵ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ  ɨɱɢɳɟɧɧɨɝɨ ɢ  

ɡɚɝɪɹɡɧɺɧɧɨɝɨ  ɝɥɢɰɟɪɢɧɚ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ  ɨɱɢɳɟɧɧɨɝɨ ɝɥɢɰɟɪɢɧɚ ɞɥɹ 

ɩɨɥɭɱɟɧɢɹ ɉȽȺ ɹɜɥɹɟɬɫɹ ɫɚɦɵɦ ɩɪɨɞɭɤɬɢɜɧɵɦ, ɨɬɫɭɬɫɬɜɢɟ ɩɪɢɦɟɫɟɣ  ɧɚɬɪɢɣ 

ɯɥɨɪɚ (NaCl),  ɭɜɟɥɢɱɢɜɚɸɬ ɧɚɤɨɩɥɟɧɢɟ ɢ ɤɨɧɟɱɧɵɣ ɜɵɜɨɞ  ɉȽȺ. Ɉɞɧɚɤɨ 

ɨɱɢɫɬɤɚ  ɫɵɪɨɝɨ  ɝɥɢɰɟɪɢɧɚ ɞɨɜɨɥɶɧɨ ɬɪɭɞɧɵɣ ɢ ɡɚɬɪɚɬɧɵɣ ɩɪɨɰɟɫɫ, ɩɨɷɬɨɦɭ, 

ɜɨ  ɢɡɛɟɠɚɧɢɟ  ɢɡɞɟɪɠɟɤ  ɩɪɨɢɡɜɨɞɫɬɜɚ, ɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɢɫɬɨɱɧɢɤɨɦ 

ɭɝɥɟɪɨɞɚ  ɹɜɥɹɟɬɫɹ   ɫɵɪɨɣ ɝɥɢɰɟɪɢɧ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɉȽȺ [5]. ɉɪɢɫɭɬɫɬɜɢɟ 

NaCl    ɨɤɚɡɵɜɚɸɬ ɧɟɝɚɬɢɜɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɚ ɉȽȺ, ɨɞɧɚɤɨ ɜ 

ɫɥɭɱɚɟ ɫ ɲɬɚɦɦɨɦ Zobellella denitrificans MW1 ɯɚɪɚɤɬɟɪɢɡɨɜɚɥɚɫɶ 

ɩɨɥɭɱɟɧɢɟɦ  ɛɨɥɶɲɢɯ ɤɨɥɢɱɟɫɬɜ ɉȽȺ ɢɡ ɝɥɢɰɟɪɢɧɚ ɫ ɩɨɜɵɲɟɧɧɵɦ ɪɨɫɬɨɦ ɢ 

ɩɪɨɞɭɤɬɢɜɧɨɫɬɶɸ ɩɨɥɢɦɟɪɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ NaCl. Ɉɬɪɢɰɚɬɟɥɶɧɵɣ ɷɮɮɟɤɬ 

ɫɭɛɫɬɪɚɬɨɜ, ɫɨɞɟɪɠɚɳɢɯ NaCl ɦɨɠɧɨ ɛɵɥɨ ɛɵ ɭɦɟɧɶɲɢɬɶ ɩɭɬɟɦ ɫɦɟɲɢɜɚɧɢɹ 

ɫ ɡɚɝɪɹɡɧɟɧɧɵɦ Ʉ2SO4 ɝɥɢɰɟɪɢɧɨɦ. Ɋɚɡɥɢɱɧɵɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɨɥɟɣ, 

ɧɚɤɨɩɥɟɧɧɵɟ ɩɪɢ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɟ ɦɨɝɭɬ ɧɟ ɬɨɥɶɤɨ ɢɧɝɢɛɢɪɨɜɚɬɶ ɫɢɧɬɟɡ 

ɉȽȻ, ɧɨ ɢ ɫɚɦ ɪɨɫɬ ɛɢɨɦɚɫɫɵ [14,37]. 

ɇɟ ɫɦɨɬɪɹ ɧɚ ɲɢɪɨɤɢɣ ɫɩɢɫɨɤ ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɉȽȺ ɜ 

ɪɚɡɥɢɱɧɵɯ ɫɮɟɪɚɯ, ɬɚɤ ɠɟ c ɟɠɟɝɨɞɧɨ ɪɚɫɲɢɪɹɸɳɢɦɫɹ  ɫɩɢɫɤɨɦ  ɩɪɢɪɨɞɧɵɯ 

ɲɬɚɦɦɨɜ ɩɪɨɞɭɰɟɧɬɨɜ ɉȽȺ, ɢɞɭɬ ɚɤɬɢɜɧɵɟ ɪɚɛɨɬɵ ɩɨ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɸ 

ɢ ɭɥɭɱɲɟɧɢɸ ɤɚɱɟɫɬɜɚ ɢ ɤɨɥɢɱɟɫɬɜɚ ɩɪɨɢɡɜɟɞɟɧɧɨɝɨ ɉȽȺ ɤɚɤ ɧɚ 

ɝɥɢɰɟɪɢɧɨɩɨɞɨɛɧɵɯ ɫɭɛɫɬɪɚɬɚɯ, ɬɚɤ ɢ ɧɚ ɪɚɡɥɢɱɧɵɯ ɞɪɭɝɢɯ. ɗɬɨ ɨɩɪɟɞɟɥɢɥɨ 

ɧɚɩɪɚɜɥɟɧɧɨɫɬɶ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ, ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɣ ɧɚ ɢɡɭɱɟɧɢɟ 

ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɨɞɭɤɬɢɜɧɨɝɨ ɫɢɧɬɟɡɚ ɉȽȺ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɝɥɢɰɟɪɢɧɚ ɜ 

ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ ɭɝɥɟɪɨɞɚ ɜ ɦɢɤɪɨɛɧɨɦ ɫɢɧɬɟɡɟ ɉȽȺ. 
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ȽɅȺȼȺ 2. ɈȻɔȿɄɌɕ ɂ ɆȿɌɈȾɕ ɂɋɋɅȿȾɈȼȺɇɂə 

 

2.1 Ɉɛɴɟɤɬɵ  ɢɫɫɥɟɞɨɜɚɧɢя 

 

ȼ ɪɚɛɨɬɟ ɢɫɫɥɟɞɨɜɚɥɫɹ ɲɬɚɦɦ Cupriavidus eutrophus ȼ-10646, ɤɨɬɨɪɵɣ 

ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɩɨ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɫɢɧɬɟɡɚ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ ɉȽȺ, ɬɚɤ ɠɟ 

ɜɢɞ ɨɛɥɚɞɚɟɬ ɲɢɪɨɤɢɦ ɨɪɝɚɧɨɬɪɨɮɧɵɦ ɩɨɬɟɧɰɢɚɥɨɦ. 

Ʉɭɥɶɬɭɪɚɥɶɧɨ-ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ ɲɬɚɦɦɚ: ɝɪɚɦɨɬɪɢɰɚɬɟɥɟɧ, 

ɤɥɟɬɤɢ-ɩɚɥɨɱɤɢ. ɋɥɚɛɨ ɩɨɞɜɢɠɟɧ. Ɉɩɬɢɦɭɦ ɪɨɫɬɚ 30-31°C, pH 6,7-7,2. 

Ɋɨɫɬɨɜɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: ɲɬɚɦɦ ɪɚɫɬɟɬ ɧɚ ɦɢɧɟɪɚɥɶɧɨɣ ɫɪɟɞɟ ɫ ɫɚɯɚɪɚɦɢ 

ɢɥɢ ɨɪɝɚɧɢɱɟɫɤɢɦɢ ɤɢɫɥɨɬɚɦɢ, ɚ ɬɚɤɠɟ ɜ ɚɬɦɨɫɮɟɪɟ ɜɨɞɨɪɨɞɚ, ɞɜɭɨɤɢɫɢ 

ɭɝɥɟɪɨɞɚ ɢ ɤɢɫɥɨɪɨɞɚ, ɫɩɟɰɢɮɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ ɪɨɫɬɚ ɢ ɨɪɝɚɧɢɱɟɫɤɢɯ 

ɞɨɛɚɜɨɤ ɧɟ ɬɪɟɛɭɟɬɫɹ. Ƚɪɚɧɢɰɵ ɮɢɡɢɨɥɨɝɢɱɟɫɤɨɝɨ ɞɟɣɫɬɜɢɹ ɪɇ ɜ ɞɢɚɩɚɡɨɧɟ 

4.4-8.6, ɲɬɚɦɦ ɫɨɯɪɚɧɹɟɬ ɫɩɨɫɨɛɧɨɫɬɶ ɤ ɪɨɫɬɭ ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ 20-

41°C 

2.2 ɋɪɟɞɚ ɞɥя ɤɭɥɶɬɢɜɢɪɨɜɚɧɢя ɛɚɤɬɟɪɢɣ 

 

Ɂɚ ɨɫɧɨɜɭ ɩɪɢɧɹɬɚ ɫɪɟɞɚ ɒɥɟɝɟɥɹ [Schlegel et al., 1961], 

ɩɪɟɞɫɬɚɜɥɹɸɳɚɹ ɫɨɛɨɣ ɮɨɫɮɚɬɧɵɣ ɛɭɮɟɪ ɫɥɟɞɭɸɳɟɝɨ ɫɨɫɬɚɜɚ: 

Na2HPO4×H2O – 9,1; KH2PO4 – 1,5; MgSO4×H2O – 0,2; Fe3C6H5O7×7H2O – 

0,025; NH4Cl – 1,0 (ɝ/ɥ). ȼ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ ɠɟɥɟɡɚ ɢɫɩɨɥɶɡɨɜɚɥɢ ɪɚɫɬɜɨɪ 

ɠɟɥɟɡɚ ɥɢɦɨɧɧɨɤɢɫɥɨɝɨ (5 ɝ/ɥ), ɤɨɬɨɪɵɣ ɞɨɛɚɜɥɹɥɢ ɢɡ ɪɚɫɱɟɬɚ 5 ɦɥ/ɥ. 

Ɇɢɤɪɨɷɥɟɦɟɧɬɵ ɞɨɛɚɜɥɹɥɢ ɜ ɫɪɟɞɭ ɩɨ ɩɪɨɩɢɫɢ ɏɨɚɝɥɚɧɞɚ ɢɡ ɪɚɫɱɟɬɚ 3 ɦɥ 

ɫɬɚɧɞɚɪɬɧɨɝɨ ɪɚɫɬɜɨɪɚ ɧɚ 1 ɥ ɫɪɟɞɵ. ɋɬɚɧɞɚɪɬɧɵɣ ɪɚɫɬɜɨɪ ɦɢɤɪɨɷɥɟɦɟɧɬɨɜ 

ɫɨɞɟɪɠɢɬ: H3BO3 – 0,228; CoCl2×6H2O – 0,03; CuSO4×5H2O – 0,008; 

MnCl2×4H2O – 0,008; ZnSO4×7H2O – 0,176; NaMoO4×2H2O – 0,05; NiCl – 

0,008 (ɝ/ɥ). ȼ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ ɚɡɨɬɚ ɢɫɩɨɥɶɡɨɜɚɥɢ ɦɨɱɟɜɢɧɭ. 
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ȼ ɤɚɱɟɫɬɜɟ ɦɨɧɨɭɝɥɟɪɨɞɧɨɝɨ ɋ-ɫɭɛɫɬɪɚɬɚ ɩɪɢ ɫɢɧɬɟɡɟ ɝɨɦɨɩɨɥɢɦɟɪɚ 3-

ɝɢɞɪɨɤɫɢɦɚɥɹɧɨɣ ɤɢɫɥɨɬɵ ɢɫɩɨɥɶɡɨɜɚɥɢ ɝɥɢɰɟɪɢɧ ɩɪɢ ɟɝɨ ɫɬɚɪɬɨɜɨɣ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɜ ɫɪɟɞɟ 10-15 ɝ/ɥ ɢ ɬɟɤɭɳɟɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜ ɤɭɥɶɬɭɪɟ ɧɟ ɧɢɠɟ 

5 ɝ/ɥ.  

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ ɋ-ɫɭɛɫɬɪɚɬɚ ɢɫɩɨɥɶɡɨɜɚɥɢ 

ɝɥɢɰɟɪɢɧ ɪɚɡɥɢɱɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ ɢ ɪɚɡɥɢɱɧɨɣ ɫɬɟɩɟɧɢ ɱɢɫɬɨɬɵ:  

ɝɥɢɰɟɪɢɧ-I («Corporate Oleon», ɒɜɟɰɢɹ), ɫɨɞɟɪɠɚɧɢɟ ɨɫɧɨɜɧɨɝɨ 

ɜɟɳɟɫɬɜɚ 99,3%, ɫɭɥɶɮɚɬɵ ˂ 0,0005%, ɯɥɨɪɢɞɵ ˂ 0,0001%, ɚɦɦɨɧɢɣɧɵɟ ɫɨɥɢ 

˂ 0,0005%, ɠɟɥɟɡɚ ˂ 0,00005%, ɦɵɲɶɹɤɚ ˂ 0,00004%, ɫɜɢɧɰɚ ˂ 0,00005%, 

ɷɮɢɪɵ ɠɢɪɧɵɯ ɤɢɫɥɨɬ ɢ ɠɢɪɧɵɟ ɤɢɫɥɨɬɵ ˂ 0,025%; 

ɝɥɢɰɟɪɢɧ-II («Prisma comercial exportadora de oleoquimicos LTDA», 

Ȼɪɚɡɢɥɢɹ), ɫɨɞɟɪɠɚɧɢɟ ɨɫɧɨɜɧɨɝɨ ɜɟɳɟɫɬɜɚ 82,07%, ɯɥɨɪɢɞɵ 4,35%, 

ɨɪɝɚɧɢɱɟɫɤɢɟ ɩɪɢɦɟɫɢ 1,38%, ɜɨɞɚ 9,88%, ɡɨɥɶɧɨɫɬɶ 6,59%, ɦɟɬɚɧɨɥ 0,13%. 

 

2.3  Ɍɟɯɧɢɤɚ ɢ ɦɟɬɨɞɵ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢя ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ 

 

Ȼɚɤɬɟɪɢɢ ɜɵɪɚɳɢɜɚɥɢ ɜ ɩɟɪɢɨɞɢɱɟɫɤɨɦ ɪɟɠɢɦɟ. Ʉɭɥɶɬɢɜɢɪɨɜɚɧɢɟ 

ɩɪɨɜɨɞɢɥɢ ɜ ɫɬɟɤɥɹɧɧɵɯ ɤɨɥɛɚɯ ɨɛɴɟɦɨɦ 1 ɢ 2 ɥɢɬɪɚ, ɫ ɡɚɩɨɥɧɟɧɢɟɦ 50% ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɪɦɨɫɬɚɬɢɪɭɟɦɵɯ ɲɟɣɤɟɪɨɜ-ɢɧɤɭɛɚɬɨɪɨɜ «Incubator Shaker 

Innova® ɫɟɪɢɢ 44» «New Brunswick Scientific» (ɋɒȺ) (Ɋɢɫɭɧɨɤ 2.1). 
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Ɋɢɫɭɧɨɤ 1. - Ɏɨɬɨ ɲɟɣɤɟɪɨɜ-ɢɧɤɭɛɚɬɨɪɨɜ «Incubator Shaker Innova 44 

ɞɥɹ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɛɚɤɬɟɪɢɣ ɜ ɤɨɥɛɚɯ. 

Ȼɚɤɬɟɪɢɢ ɤɭɥɶɬɢɜɢɪɨɜɚɥɢ, ɫɨɛɥɸɞɚɹ ɭɫɥɨɜɢɹ, ɪɚɡɪɚɛɨɬɚɧɧɵɟ ɞɥɹ 

ɛɢɨɫɢɧɬɟɡɚ ɉȽȺ [ȼɨɥɨɜɚ, 1992]. Ⱦɥɹ ɢɧɨɤɭɥɹɬɚ ɜ ɤɚɱɟɫɬɜɟ ɩɨɫɟɜɧɨɝɨ 

ɦɚɬɟɪɢɚɥɚ ɢɫɩɨɥɶɡɨɜɚɥɢ ɦɭɡɟɣɧɵɟ ɤɭɥɶɬɭɪɵ ɲɬɚɦɦɨɜ ɯɟɦɨɨɪɝɚɧɨɬɪɨɮɧɵɯ 

ɜɨɞɨɪɨɞɨɨɤɢɫɥɹɸɳɢɯ ɛɚɤɬɟɪɢɣ, ɤɨɬɨɪɵɟ ɯɪɚɧɹɬɫɹ ɧɚ ɚɝɚɪɢɡɨɜɚɧɧɨɣ ɫɪɟɞɟ 

ɒɥɟɝɟɥɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 5 °ɋ. ɂɧɨɤɭɥɹɬ ɩɨɥɭɱɚɥɢ ɜ ɫɬɪɨɝɨ ɫɬɟɪɢɥɶɧɵɯ 

ɭɫɥɨɜɢɹɯ ɪɟɫɭɫɩɟɧɞɢɪɨɜɚɧɢɟɦ ɦɭɡɟɣɧɨɣ ɤɭɥɶɬɭɪɵ.  

Ȼɚɤɬɟɪɢɢ ɤɭɥɶɬɢɜɢɪɨɜɚɥɢ ɧɚ ɫɨɥɟɜɨɣ ɫɪɟɞɟ ɒɥɟɝɟɥɹ ɩɪɢ ɪɇ 7,0, ɩɪɢ 

ɫɬɚɪɬɨɜɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɝɥɢɰɟɪɢɧɚ 10-15 ɝ/ɥ ɢ ɬɟɦɩɟɪɚɬɭɪɟ ɫɪɟɞɵ 30 ɨɋ ɫ 

ɥɢɦɢɬɢɪɨɜɚɧɢɟɦ ɪɨɫɬɚ ɛɚɤɬɟɪɢɣ ɩɨ ɚɡɨɬɭ – ɮɚɤɬɨɪ, ɫɬɢɦɭɥɢɪɭɸɳɢɣ 

ɫɭɩɟɪɩɪɨɞɭɤɰɢɸ ɉȽȺ. ɉɪɢɦɟɧɹɥɢ ɩɟɪɢɨɞɢɱɟɫɤɢɣ ɞɜɭɫɬɚɞɢɣɧɵɣ ɩɪɨɰɟɫɫ. ɇɚ 

ɩɟɪɜɨɦ ɷɬɚɩɟ (10-20 ɱ) ɢɫɩɨɥɶɡɨɜɚɥɢ ɫɪɟɞɭ ɫ ɭɦɟɧɶɲɟɧɧɵɦ ɜ ɞɜɚ ɪɚɡɚ ɨɬ 

ɮɢɡɢɨɥɨɝɢɱɟɫɤɨɣ ɩɨɬɪɟɛɧɨɫɬɢ ɛɚɤɬɟɪɢɣ ɫɨɞɟɪɠɚɧɢɟɦ ɚɡɨɬɚ, ɫɨɫɬɚɜɥɹɸɳɢɦ 

120 ɦɝ/ɝ ɛɢɨɦɚɫɫɵ ɤɥɟɬɨɤ ɩɪɢ ɨɩɬɢɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɪɨɫɬɚ. ȼ ɤɚɱɟɫɬɜɟ ɚɡɨɬɚ 

ɢɫɩɨɥɶɡɨɜɚɥɢ ɤɚɪɛɚɦɢɞ. ɇɚ ɜɬɨɪɨɦ ɷɬɚɩɟ (20-30 ɱ) ɩɪɨɰɟɫɫ ɩɪɨɞɨɥɠɚɥɢ ɩɪɢ 

ɬɟɯ ɠɟ ɩɚɪɚɦɟɬɪɚɯ, ɧɨ ɜ ɛɟɡɚɡɨɬɧɨɣ ɫɪɟɞɟ. ȼ ɜɵɫɨɤɨɩɥɨɬɧɵɯ 

ɮɟɪɦɟɧɬɚɰɢɨɧɧɵɯ ɤɭɥɶɬɭɪɚɯ ɩɨɞɚɱɭ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɯ ɪɚɫɬɜɨɪɨɜ ɋ-

ɫɭɛɫɬɪɚɬɚ ɢ ɦɢɧɟɪɚɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɜ ɤɭɥɶɬɭɪɭ ɨɫɭɳɟɫɬɜɥɹɥɢ ɫ ɩɨɦɨɳɶɸ 

ɩɟɪɢɫɬɚɥɶɬɢɱɟɫɤɢɯ ɧɚɫɨɫɨɜ-ɞɨɡɚɬɨɪɨɜ. 

 

2.4  Ɇɟɬɨɞɵ ɤɨɧɬɪɨɥя ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢя 

ɛɚɤɬɟɪɢɣ ɜ ɪɟɠɢɦɟ ɫɢɧɬɟɡɚ ɉȽȺ ɢ ɨɩɪɟɞɟɥɟɧɢɟ ɤɢɧɟɬɢɱɟɫɤɢɯ ɢ 

ɩɪɨɞɭɤɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

 

ȼ ɩɪɨɰɟɫɫɟ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɛɚɤɬɟɪɢɣ ɤɚɠɞɵɟ 4 - 6 ɱ ɨɬɛɢɪɚɥɢ ɩɪɨɛɭ ɢ 

ɧɚ ɮɨɬɨɷɥɟɤɬɪɨɤɚɥɨɪɢɦɟɬɪɟ UNICO 2100 (ɋɒȺ) ɨɩɪɟɞɟɥɹɥɢ ɨɩɬɢɱɟɫɤɭɸ 

ɩɥɨɬɧɨɫɬɶ ɤɭɥɶɬɭɪɵ. Ⱦɥɹ ɬɟɫɬɢɪɨɜɚɧɢɹ ɪɚɡɜɨɞɢɥɢ ɩɪɨɛɭ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ 
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ɜɨɞɨɣ ɜ ɩɪɨɩɨɪɰɢɢ 1:5, ɢɡɦɟɪɟɧɢɹ ɩɪɨɜɨɞɢɥɢ ɩɪɢ ɞɥɢɧɟ ɜɨɥɧɵ λ = 440 ɧɦ ɜ 

ɤɸɜɟɬɚɯ 1 ɦɦ. Ʉɨɧɰɟɧɬɪɚɰɢɸ ɤɥɟɬɨɤ ɏ, ɝ/ɥ ɨɰɟɧɢɜɚɥɢ ɜɟɫɨɜɵɦ ɫɩɨɫɨɛɨɦ. 

Ɇɟɬɨɞ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ: ɤɭɥɶɬɭɪɭ ɫ ɨɩɪɟɞɟɥɺɧɧɵɦ ɨɛɴɟɦɨɦ 

ɨɬɤɪɭɱɢɜɚɥɢ ɧɚ ɰɟɧɬɪɢɮɭɝɟ ɩɪɢ 6000 ɨɛ/ɦɢɧ ɜ ɬɟɱɟɧɢɢ 10 ɦɢɧ. ɋɭɩɟɪɧɚɬɚɧɬ 

ɨɬɛɪɚɫɵɜɚɥɢ, ɚ ɨɫɚɞɨɤ ɤɥɟɬɨɤ ɞɜɚɠɞɵ ɨɬɦɵɜɚɥɢ ɪɟɫɭɫɩɟɧɞɢɪɭɹ ɤɥɟɬɤɢ ɜ 

ɫɜɟɠɟɦ ɨɛɴɺɦɟ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɵ ɢ ɫɨɛɢɪɚɹ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɟɦ ɩɪɢ 

ɭɤɚɡɚɧɧɵɯ ɭɫɥɨɜɢɹɯ ɞɥɹ ɭɞɚɥɟɧɢɹ ɨɫɬɚɬɤɨɜ ɩɢɬɚɬɟɥɶɧɨɣ ɫɪɟɞɵ. Ɉɬɦɵɬɵɟ 

ɤɥɟɬɤɢ ɩɟɪɟɧɨɫɢɥɢ ɜ ɛɸɤɫɵ ɢ ɜɵɫɭɲɢɜɚɥɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 105 ɨɋ ɜ ɬɟɱɟɧɢɟ 

ɫɭɬɨɤ ɞɨ ɩɨɫɬɨɹɧɧɨɝɨ ɜɟɫɚ. ɉɨɫɥɟ ɨɯɥɚɠɞɟɧɢɹ ɜ ɷɤɫɢɤɚɬɨɪɟ ɩɪɨɛɵ 

ɜɡɜɟɲɢɜɚɥɢ. ȼɟɫ ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɛɢɨɦɚɫɫɵ ɜɵɱɢɫɥɹɥɢ ɢɡ ɪɚɡɧɢɰɵ ɦɟɠɞɭ 

ɜɟɫɨɦ ɛɸɤɫɚ ɫ ɜɵɫɭɲɟɧɧɵɦɢ ɤɥɟɬɤɚɦɢ ɢ ɢɫɯɨɞɧɵɦ ɜɟɫɨɦ ɛɸɤɫɚ. 

Ʉɨɧɰɟɧɬɪɚɰɢɸ ɝɥɢɰɟɪɢɧɚ ɨɩɪɟɞɟɥɹɥɢ ɦɟɬɨɞɨɦ, ɨɫɧɨɜɚɧɧɵɦ ɧɚ 

ɨɤɢɫɥɟɧɢɢ ɝɥɢɰɟɪɢɧɚ ɩɟɪɢɨɞɚɬɨɦ ɧɚɬɪɢɹ ɜ ɫɟɪɧɨɤɢɫɥɨɦ ɪɚɫɬɜɨɪɟ ɞɨ 

ɮɨɪɦɚɥɶɞɟɝɢɞɚ ɢ ɨɩɪɟɞɟɥɟɧɢɢ ɤɨɥɨɪɢɦɟɬɪɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɫ ɯɪɨɦɨɬɪɨɩɨɜɨɣ 

ɤɢɫɥɨɬɨɣ [Nakamura et al., 2016]. Ɇɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ ɫɨɫɬɨɢɬ ɢɡ ɫɥɟɞɭɸɳɢɯ 

ɫɬɚɞɢɣ: 2 ɦɥ ɤɭɥɶɬɭɪɵ ɰɟɧɬɪɢɮɭɝɢɪɭɸɬ ɜ ɬɟɱɟɧɢɢ 2 ɦɢɧ ɩɪɢ 6000 ɨɛ/ɦɢɧ; 

ɡɚɬɟɦ 20 ɦɤɥ ɫɭɩɟɪɧɚɬɚɧɬɚ ɩɟɪɟɧɨɫɹɬ ɜ ɩɪɨɛɢɪɤɭ ɢ ɞɨɛɚɜɥɹɸɬ 10 ɦɥ ɜɨɞɵ; 

ɞɚɥɟɟ 2 ɦɥ ɩɨɞɝɨɬɨɜɥɟɧɧɨɣ ɩɪɨɛɵ ɩɟɪɟɧɨɫɹɬ ɜ ɱɢɫɬɭɸ ɩɪɨɛɢɪɤɭ, ɜ 

ɤɨɧɬɪɨɥɶɧɭɸ ɩɪɨɛɢɪɤɭ ɞɨɛɚɜɥɹɸɬ 2 ɦɥ ɜɨɞɵ; ɜ ɨɛɟ ɩɪɨɛɢɪɤɢ ɞɨɛɚɜɥɹɸɬ 0,1 

ɦɥ H2SO4 10ɧ ɢ 0,5 ɦɥ NaIO4 0,1Ɇ; ɜɵɞɟɪɠɢɜɚɸɬ 5 ɦɢɧɭɬ ɢ ɞɨɛɚɜɥɹɸɬ 0,5 ɦɥ 

NaHSO3; 1 ɦɥ ɪɚɡɜɟɞɟɧɢɣ ɩɟɪɟɧɨɫɹɬ ɜ ɩɪɨɛɢɪɤɭ ɫ ɩɪɢɬɟɪɬɵɦ ɲɥɢɮɨɦ 

ɞɨɛɚɜɥɹɸɬ 5 ɦɥ ɯɪɨɦɨɬɪɨɩɨɜɨɣ ɤɢɫɥɨɬɵ, ɡɚɤɪɵɜɚɸɬ ɫɬɟɤɥɹɧɧɵɦɢ ɤɪɵɲɤɚɦɢ 

ɢ ɧɚɝɪɟɜɚɸɬ ɧɚ ɤɢɩɹɳɟɣ ɜɨɞɹɧɨɣ ɛɚɧɟ ɜ ɬɟɱɟɧɢɢ 30 ɦɢɧ; ɞɚɥɟɟ ɩɪɨɛɢɪɤɢ 

ɨɯɥɚɠɞɚɸɬ ɞɨ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɢɡɦɟɪɹɸɬ ɨɩɬɢɱɟɫɤɭɸ ɩɥɨɬɧɨɫɬɶ ɧɚ 

ɮɨɬɨɷɥɟɤɬɪɨɤɚɥɨɪɢɦɟɬɪɟ UNICO 2100 ɜ ɤɸɜɟɬɚɯ ɫ ɞɥɢɧɨɣ ɨɩɬɢɱɟɫɤɨɝɨ ɩɭɬɢ 

5 ɦɦ ɩɪɢ λ = 570 ɧɦ. Ʉɨɧɰɟɧɬɪɚɰɢɸ ɝɥɢɰɟɪɢɧɚ ɨɩɪɟɞɟɥɹɸɬ ɩɨ 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɨɞɝɨɬɨɜɥɟɧɧɨɦɭ ɤɚɥɢɛɪɨɜɨɱɧɨɦɭ ɝɪɚɮɢɤɭ. 

ɋɨɞɟɪɠɚɧɢɟ ɜ ɤɭɥɶɬɭɪɚɥɶɧɨɣ ɫɪɟɞɟ ɚɦɦɨɧɢɣɧɨɝɨ ɚɡɨɬɚ ɨɰɟɧɢɜɚɥɢ 

ɨɞɧɢɦ ɦɟɬɨɞɚɦ. Ʉɚɱɟɫɬɜɟɧɧɵɣ ɦɟɬɨɞ – ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɭɸ ɜɨɞɭ ɨɛɴɺɦɨɦ 10 

ɦɥ ɫɦɟɲɢɜɚɥɢ ɫ 1 ɦɥ ɫɭɩɟɪɧɚɬɚɧɬɚ, ɡɚɬɟɦ ɞɨɛɚɜɥɹɥɢ ɤɚɩɥɸ 33 %-ɧɨɝɨ 
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ɪɚɫɬɜɨɪɚ ɄɈɇ, ɞɚɥɟɟ ɞɨɛɚɜɥɹɥɢ ɪɟɚɤɬɢɜ ɇɟɫɫɥɟɪɚ ɨɛɴɺɦɨɦ 0,5 ɦɥ. ȼ 

ɪɟɡɭɥɶɬɚɬɟ ɤɚɱɟɫɬɜɟɧɧɨɣ ɪɟɚɤɰɢɢ ɪɚɫɬɜɨɪ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɞɟɪɠɚɧɢɹ ɚɡɨɬɚ 

ɢɡɦɟɧɹɥ ɫɜɨɸ ɨɤɪɚɫɤɭ. ȼɢɡɭɚɥɶɧɨ ɫɪɚɜɧɢɜɚɥɢ ɨɤɪɚɫɤɭ ɪɚɫɬɜɨɪɚ ɫ ɨɤɪɚɫɤɨɣ 

ɫɬɚɧɞɚɪɬɨɜ (ɫɥɟɞɵ, №1, №2, №3).  

ȼ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɨɰɟɧɢɜɚɥɢ ɫɥɟɞɭɸɳɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɨɰɟɫɫɚ 

ɛɢɨɫɢɧɬɟɡɚ ɩɨɥɢɦɟɪɚ. Ɋɟɝɢɫɬɪɢɪɨɜɚɥɢ ɭɪɨɠɚɣ ɛɢɨɦɚɫɫɵ ɤɥɟɬɨɤ ɜ ɤɭɥɶɬɭɪɟ 

(ɏ, ɝ/ɥ), ɜɵɯɨɞ ɉȽȺ (ɝ/ɥ ɢ ɜ % ɨɬ ɜɟɫɚ ɚɛɫɨɥɸɬɧɨɝɨ ɫɭɯɨɝɨ ɜɟɳɟɫɬɜɚ ɤɥɟɬɨɤ). 

Ƚɪɚɧɢɰɵ ɮɢɡɢɨɥɨɝɢɱɟɫɤɨɝɨ ɞɟɣɫɬɜɢɹ ɝɥɢɰɟɪɢɧɚ ɜ ɤɭɥɶɬɭɪɟ, ɤɢɧɟɬɢɱɟɫɤɢɟ 

ɤɨɧɫɬɚɧɬɵ ɩɨ ɝɥɢɰɟɪɢɧɭ (Ʉs ɢ Ki); ɭɞɟɥɶɧɵɟ ɫɤɨɪɨɫɬɢ ɪɨɫɬɚ ɛɚɤɬɟɪɢɣ ɢ 

ɫɢɧɬɟɡɚ ɉȽȺ (µ, ɱ-1), ɩɪɨɞɭɤɬɢɜɧɨɫɬɶ ɩɪɨɰɟɫɫɚ ɛɢɨɫɢɧɬɟɡɚ ɩɨ ɛɢɨɦɚɫɫɟ ɢ 

ɩɨɥɢɦɟɪɭ (ɉ, ɝ/ɥɱ), ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ (Y, ɝ/ɝ) ɧɚɯɨɞɢɥɢ 

ɨɛɳɟɩɪɢɧɹɬɵɦɢ ɦɟɬɨɞɚɦɢ. 

ɍɞɟɥɶɧɭɸ ɫɤɨɪɨɫɬɶ ɪɨɫɬɚ ɤɭɥɶɬɭɪɵ (, ɱ-1)  ɨɩɪɟɞɟɥɹɥɢ ɩɨ ɭɪɚɜɧɟɧɢɸ 

,/ln  









ɧ

ɤ

x

x                                                      (2.1) 

ɝɞɟ: 

 xɧ, xɤ – ɧɚɱɚɥɶɧɚɹ ɢ ɤɨɧɟɱɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɛɚɤɬɟɪɢɣ ɤɝ/ɦ3; 

 – ɜɪɟɦɹ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ, ɱ. 

ɍɞɟɥɶɧɭɸ ɫɤɨɪɨɫɬɶ ɫɢɧɬɟɡɚ ɩɨɥɢɦɟɪɚ (, ɱ-1) ɨɩɪɟɞɟɥɹɥɢ ɩɨ ɮɨɪɦɭɥɟ: 

,/ln  









ɧ

ɤ

ɉГА
ɉГА                                                 (2.2) 

ɝɞɟ: 

ɉГАɧ, ɉГАɤ – ɧɚɱɚɥɶɧɚɹ ɢ ɤɨɧɟɱɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɩɨɥɢɦɟɪɚ ɜ ɤɥɟɬɤɚɯ, 

ɤɝ/ɦ3. 

ɉɪɨɞɭɤɬɢɜɧɨɫɬɶ ɩɪɨɰɟɫɫɚ ɩɨ ɛɢɨɦɚɫɫɟ (ɉɯ) ɢ ɩɨɥɢɦɟɪɭ (ɉɩɝɚ), ɤɝ/ɥɱ 

ɧɚɯɨɞɢɥɢ, ɢɫɩɨɥɶɡɭɹ: 

P = ɏ/T,                                                  (2.3) 

ɝɞɟ : 

X – ɤɨɧɰɟɧɬɪɚɰɢɹ ɛɢɨɦɚɫɫɵ, ɝ/ɥ; 
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P – ɩɪɨɞɭɤɬɢɜɧɨɫɬɶ ɝ/ɥ*ɱ; 

Ɍ – ɜɪɟɦɹ ɡɚɬɪɚɱɟɧɧɨɟ ɧɚ ɩɪɨɰɟɫɫ, ɱ. 

ɗɤɨɧɨɦɢɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɤɭɥɶɬɭɪɵ ɩɨ ɩɪɨɞɭɤɬɭ Y, ɤɝ/ɤɝ 

ɪɚɫɫɱɢɬɵɜɚɥɢ ɩɨ ɮɨɪɦɭɥɟ: 

Y= mx/ mɫ,                                                           (2.4) 

ɝɞɟ: 

mɫ – ɦɚɫɫɚ ɫɭɛɫɬɪɚɬɚ, ɡɚɬɪɚɱɟɧɧɨɝɨ ɧɚ ɩɨɥɭɱɟɧɢɟ ɩɪɨɞɭɤɬɚ, ɤɝ; 

mx – ɦɚɫɫɚ ɩɪɨɞɭɤɬɚ (ɏ, ɩɨɥɢɦɟɪ), ɤɝ. 

 

ɗɤɨɧɨɦɢɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɤɭɥɶɬɭɪɵ ɫɭɛɫɬɪɚɬɭ Y, ɝ/ɝ ɪɚɫɫɱɢɬɵɜɚɥɢ 

ɩɨ ɮɨɪɦɭɥɟ: 

  𝑌 = 𝑥𝑘−𝑥ɧ𝐶𝑘−𝐶ɧ
,                                                       (2.5) 

ɝɞɟ: 

xɧ, - ɧɚɱɚɥɶɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɛɚɤɬɟɪɢɣ, ɝ/ɥ; 

xɤ –ɤɨɧɟɱɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɛɚɤɬɟɪɢɣ, ɝ/ɥ; 

ɋɤ –ɤɨɧɟɱɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɫɭɛɫɬɪɚɬɚ, ɝ/ɥ; 

ɋɧ – ɧɚɱɚɥɶɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɫɭɛɫɬɪɚɬɚ, ɝ/ɥ. 

 

ɋɤɨɪɨɫɬɶ ɭɬɢɥɢɡɚɰɢɢ ɤɨɦɩɨɧɟɧɬɨɜ ɫɭɛɫɬɪɚɬɚ ɤɭɥɶɬɭɪɨɣ q, ɤɝ/(ɤɝɱ) 

ɨɩɪɟɞɟɥɹɥɢ ɩɨ ɮɨɪɦɭɥɟ: 

Vx

G
q ɝ


 ,      (2.6) 

ɝɞɟ Gɝ – ɪɚɫɯɨɞ ɩɨɬɪɟɛɥɹɟɦɨɝɨ ɫɭɛɫɬɪɚɬɚ, ɤɝ/ɱ;  

x – ɤɨɧɰɟɧɬɪɚɰɢɹ ɛɚɤɬɟɪɢɣ, ɤɝ/ɦ3. 
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V – ɪɚɛɨɱɢɣ ɨɛɴɟɦ ɚɩɩɚɪɚɬɚ, ɦ3. 

 

2.5  Ɇɢɤɪɨɛɢɨɥɨɝɢɱɟɫɤɢɟ ɤɨɧɬɪɨɥɶ ɩɪɨɰɟɫɫɚ 

 

Ɇɢɤɪɨɛɢɨɥɨɝɢɱɟɫɤɢɣ ɤɨɧɬɪɨɥɶ ɫɬɚɞɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ 

ɩɪɨɜɨɞɢɥɢ ɫɨɝɥɚɫɧɨ ȽɈɋɌ ɂɋɈ 14644-1-2002 - ɑɢɫɬɵɟ ɩɨɦɟɳɟɧɢɹ ɢ 

ɫɜɹɡɚɧɧɵɟ ɫ ɧɢɦɢ ɤɨɧɬɪɨɥɢɪɭɟɦɵɟ ɫɪɟɞɵ.  

ɂɫɫɥɟɞɨɜɚɧɢɹ ɜɤɥɸɱɚɥɢ: 

- ɦɢɤɪɨɛɢɨɥɨɝɢɱɟɫɤɢɣ ɤɨɧɬɪɨɥɶ ɫɬɟɪɢɥɶɧɨɫɬɢ ɜɧɭɬɪɟɧɧɢɯ ɩɨɥɨɫɬɟɣ 

ɮɟɪɦɟɧɬɚɰɢɨɧɧɵɯ ɭɫɬɚɧɨɜɨɤ ɩɪɨɜɨɞɢɥɢ ɩɨɫɥɟ ɫɬɟɪɢɥɢɡɚɰɢɢ ɨɛɨɪɭɞɨɜɚɧɢɹ; 

- ɦɢɤɪɨɛɢɨɥɨɝɢɱɟɫɤɢɣ ɤɨɧɬɪɨɥɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɜɨɡɞɭɯɚ, 

ɩɨɞɚɜɚɟɦɨɝɨ ɜ ɮɟɪɦɟɧɬɚɰɢɨɧɧɭɸ ɥɢɧɢɸ, ɩɪɨɜɨɞɢɥɢ ɦɟɬɨɞɨɦ, ɨɫɧɨɜɚɧɧɨɦ ɧɚ 

ɩɪɢɧɰɢɩɟ ɭɞɚɪɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɫɬɪɭɢ ɜɨɡɞɭɯɚ ɢɡ ɥɢɧɢɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ 

ɱɚɲɟɤ ɉɟɬɪɢ ɫ ɩɢɬɚɬɟɥɶɧɨɣ ɫɪɟɞɨɣ; 

- ɦɢɤɪɨɛɢɨɥɨɝɢɱɟɫɤɢɣ ɤɨɧɬɪɨɥɶ ɩɢɬɚɬɟɥɶɧɵɯ ɫɪɟɞ, ɩɨɫɬɭɩɚɸɳɢɯ ɜ 

ɮɟɪɦɟɧɬɟɪ;  

- ɤɨɧɬɪɨɥɶ ɱɢɫɬɨɬɵ ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɤɭɥɶɬɭɪɵ ɩɪɨɜɨɞɢɥɢ ɜɵɫɟɜɨɦ ɢ 

ɦɢɤɪɨɫɤɨɩɢɟɣ ɩɪɨɛ ɧɚ ɩɟɩɬɨɧɧɵɣ ɚɝɚɪ (20 ɝ ɚɝɚɪɚ, 10 ɝ ɩɟɩɬɨɧɚ, 5 ɦɥ 2,5% 

NaCl ɧɚ 1 ɥ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɵ). Ɋɚɡɜɟɞɟɧɢɹ ɩɪɨɜɨɞɢɥɢ ɫɬɚɧɞɚɪɬɧɵɦ 

ɦɟɬɨɞɨɦ [ȿɝɨɪɨɜ, 1976] ɢɡ ɪɚɡɜɟɞɟɧɢɣ 107, 108; ɤɭɥɶɬɢɜɢɪɨɜɚɥɢ ɜ ɬɟɪɦɨɫɬɚɬɟ 

Binder (USA) ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 30 °ɋ; 

 

2.6  Ɇɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢя ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɢ ɫɜɨɣɫɬɜ ɉȽȺ 

 

ɗɤɫɬɪɚɤɰɢɸ ɉȽȺ ɢɡ ɤɥɟɬɨɱɧɨɣ ɛɢɨɦɚɫɫɵ, ɤɨɬɨɪɭɸ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ 

ɫɝɭɳɚɥɢ ɧɚ ɭɥɶɬɪɚɮɢɥɶɬɪɚɰɢɨɧɧɨɣ ɭɫɬɚɧɨɜɤɟ ȺɋɎ20 (ȼɥɚɞɢɫɚɪɬ,Ɋɨɫɫɢɹ) ɞɨ 
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500ɝ/ɥ ɢ ɞɚɥɟɟ ɜɵɫɭɲɢɜɚɥɢ ɜ ɥɢɨɮɢɥɶɧɨɣ ɫɭɲɢɥɤɟ LP10R (ilShinBioBase, 

Ʉɨɪɟɹ) ɞɨ ɨɫɬɚɬɨɱɧɨɣ ɜɥɚɠɧɨɫɬɢ 5%, ɩɪɨɜɨɞɢɥɢ ɜ ɛɥɨɤɟ ɷɤɫɬɪɚɤɰɢɢ. 

ɗɤɫɬɪɚɤɰɢɸ ɨɫɭɳɟɫɬɜɥɹɥɢ ɜ ɞɜɟ ɫɬɚɞɢɢ: ɧɚ ɩɟɪɜɨɣ ɫɬɚɞɢɢ ɨɛɟɡɠɢɪɢɜɚɥɢ 

ɛɢɨɦɚɫɫɭ ɷɬɢɥɨɜɵɦ ɫɩɢɪɬɨɦ, ɧɚ ɜɬɨɪɨɣ ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɩɨɥɢɦɟɪ ɦɟɬɢɥɟɧɨɦ 

ɯɥɨɪɢɫɬɵɦ. ɉɨɫɥɟ ɷɬɨɝɨ ɪɚɫɬɜɨɪ ɩɨɥɢɦɟɪɚ ɮɢɥɶɬɪɨɜɚɥɢ ɨɬ ɤɥɟɬɨɱɧɵɯ ɫɬɟɧɨɤ 

ɢ ɨɫɚɠɞɚɥɢ ɩɨɥɢɦɟɪ ɷɬɚɧɨɥɨɦ.  

ɋɨɫɬɚɜ ɜɵɫɨɤɨɨɱɢɳɟɧɧɵɯ ɨɛɪɚɡɰɨɜ ɉȽȺ, ɨɩɪɟɞɟɥɹɥɢ ɦɟɬɨɞɨɦ 

ɯɪɨɦɚɬɨɝɪɚɮɢɢ ɡɚɪɚɧɟɟ ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɢɥɨɜɵɯ ɷɮɢɪɨɜ ɠɢɪɧɵɯ ɤɢɫɥɨɬ ɧɚ 

ɯɪɨɦɚɬɨ-ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɟ GC–MS 7890/5975C (Agilent Technologies, ɋɒȺ) 

ɢ 1H əɆɊ ɫɩɟɤɬɪɨɫɤɨɩɢɟɣ ɪɚɫɬɜɨɪɨɜ ɉȽȺ ɜ CDCl3 ɧɚ əɆɊ-ɫɩɟɤɬɪɨɦɟɬɪɟ 

Bruker AVANCE III 600 (Ƚɟɪɦɚɧɢɹ, 600.13 ɆȽɰ; Ʉɪɚɫɧɨɹɪɫɤɢɣ ɪɟɝɢɨɧɚɥɶɧɵɣ 

ɰɟɧɬɪ ɤɨɥɥɟɤɬɢɜɧɨɝɨ ɩɨɥɶɡɨɜɚɧɢɹ ɋɈ ɊȺɇ). 

Ɏɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɨɥɢɦɟɪɨɜ ɨɩɪɟɞɟɥɹɥɢ, ɢɫɩɨɥɶɡɭɹ 

ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɭɸ ɠɢɞɤɨɫɬɧɭɸ ɯɪɨɦɚɬɨɝɪɚɮɢɸ, ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɵɣ 

ɚɧɚɥɢɡ ɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨ ɫɤɚɧɢɪɭɸɳɭɸ ɤɚɥɨɪɢɦɟɬɪɢɸ. 

Ɇɨɥɟɤɭɥɹɪɧɭɸ ɦɚɫɫɭ ɉȽȺ ɨɩɪɟɞɟɥɹɥɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɫɢɫɬɟɦɵ 

ɝɟɥɶɩɪɨɧɢɤɚɸɳɟɣ ɯɪɨɦɚɬɨɝɪɚɮɢɢ Agilent 1200 (ɋɒȺ) ɫ ɧɚɛɨɪɨɦ 

ɩɨɥɢɫɬɢɪɨɥɨɜɵɯ ɫɬɚɧɞɚɪɬɨɜ «Sigma». Ɂɧɚɱɟɧɢɟ ɫɪɟɞɧɟɣ ɱɢɫɥɨɜɨɣ 

ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɵ ɨɛɪɚɡɰɨɜ ɪɚɫɱɢɬɵɜɚɥɢ ɩɨ ɮɨɪɦɭɥɟ: 

Mn=Σ (Ni ∙ Mi  / N),                                                         (2.7) 

ɝɞɟ: 

Ni — ɤɨɥɢɱɟɫɬɜɨ ɦɨɥɟɤɭɥ ɦɚɫɫɵ I; 

N — ɨɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɦɨɥɟɤɭɥ; 

Mi — ɦɚɫɫɚ ɦɨɥɟɤɭɥ ɞɥɢɧɵ I. 

 

ɋɪɟɞɧɸɸ ɜɟɫɨɜɭɸ ɦɨɥɟɤɭɥɹɪɧɭɸ ɦɚɫɫɭ ɨɛɪɚɡɰɨɜ ɨɩɪɟɞɟɥɹɥɢ ɩɨ 

ɮɨɪɦɭɥɟ: 

Mɜ = Σ (wi∙Mi),                                                          (2.8) 
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ɝɞɟ:   

wi – ɞɨɥɹ ɦɚɫɫɵ (wi = Ni ∙Mi  / Σ (Ni∙Mi). 

ɉɨɥɢɞɢɫɩɟɪɫɧɨɫɬɶ, ɩɨɡɜɨɥɹɸɳɭɸ ɨɰɟɧɢɬɶ ɫɨɨɬɧɨɲɟɧɢɟ ɜ ɩɨɥɢɦɟɪɟ 

ɮɪɚɝɦɟɧɬɨɜ ɫ ɪɚɡɥɢɱɧɵɦɢ ɪɚɡɦɟɪɚɦɢ ɦɨɥɟɤɭɥ, ɜɵɱɢɫɥɹɥɢ ɢɡ ɫɨɨɬɧɨɲɟɧɢɹ: 

 

PD = Mɜ / Mz.                                                            (2.9) 

ɝɞɟ: 

Mɜ – ɫɪɟɞɧɟɜɟɫɨɜɚɹ ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ, ɝ/ɦɨɥɶ; 

Mn – ɫɪɟɞɧɟɱɢɫɥɨɜɚɹ ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ, ɝ/ɦɨɥɶ. 

Ⱦɥɹ ɢɡɭɱɟɧɢɹ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɉȽȺ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ 

ɨɛɪɚɡɰɵ ɩɨɥɢɦɟɪɚ ɜ ɜɢɞɟ ɩɨɪɨɲɤɨɜ. Ɍɟɪɦɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɩɪɨɜɨɞɢɥɢ ɫ 

ɩɪɢɦɟɧɟɧɢɟɦ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨ-ɫɤɚɧɢɪɭɸɳɟɝɨ ɤɚɥɨɪɢɦɟɬɪɚ DSC-1 (Mettler 

Toledo, ɒɜɟɣɰɚɪɢɹ). Ɉɛɪɚɡɰɵ ɧɚɜɟɫɤɨɣ 4 ɦɝ ɜ ɚɥɸɦɢɧɢɟɜɵɯ ɬɢɝɥɹɯ 

ɧɚɝɪɟɜɚɥɢ ɞɨ 200°C, ɡɚɬɟɦ ɨɯɥɚɠɞɚɥɢ ɞɨ - 20°C, ɜɵɞɟɪɠɢɜɚɥɢ ɜ ɬɟɱɟɧɢɢ 20 

ɦɢɧɭɬ, ɡɚɬɟɦ ɫɧɨɜɚ ɧɚɝɪɟɜɚɥɢ ɞɨ 320°C. ɋ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɧɨɝɨ 

ɨɛɟɫɩɟɱɟɧɢɹ «StarE» ɩɨ ɩɢɤɚɦ ɧɚ ɬɟɪɦɨɝɪɚɦɦɚɯ ɨɩɪɟɞɟɥɹɥɢ ɬɟɦɩɟɪɚɬɭɪɭ 

ɫɬɟɤɥɨɜɚɧɢɹ, ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɩɥɚɜɥɟɧɢɹ ɢ ɬɟɪɦɢɱɟɫɤɨɣ ɞɟɝɪɚɞɚɰɢɢ.  

ɋɬɟɩɟɧɶ ɤɪɢɫɬɚɥɥɢɱɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɨɩɪɟɞɟɥɹɥɢ ɧɚ ɩɨɪɨɲɤɨɜɨɦ 

ɞɢɮɪɚɤɬɨɦɟɬɪɟ D8ADVANCE (Bruker AXS, Ƚɟɪɦɚɧɢɹ) c ɥɢɧɟɣɧɵɦ 

ɞɟɬɟɤɬɨɪɨɦ VANTEC. Ⱦɥɹ ɷɬɨɝɨ ɜ ɧɟɩɪɟɪɵɜɧɨɦ ɪɟɠɢɦɟ ɫɧɹɬɵ 

ɪɟɧɬɝɟɧɨɝɪɚɦɦɵ ɫ ɩɨɲɚɝɨɜɵɦ ɡɚɩɨɦɢɧɚɧɢɟɦ ɧɚɤɨɩɥɟɧɧɨɣ ɡɚ 114 ɫ 

ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ (ɲɚɝ 0,016° ɩɨ 2), ɢɧɬɟɪɜɚɥ ɫɤɚɧɢɪɨɜɚɧɢɹ ɨɬ 5° ɞɨ 60° ɩɨ 

2. ȼ ɩɪɨɦɟɠɭɬɤɟ ɨɬ 48° ɞɨ 60° ɧɚɛɥɸɞɚɥɫɹ ɬɨɥɶɤɨ ɪɚɜɧɨɦɟɪɧɨ 

ɩɨɧɢɠɚɸɳɢɣɫɹ ɮɨɧ. ȼ ɩɪɨɰɟɫɫɟ ɢɡɦɟɪɟɧɢɣ ɨɛɪɚɡɰɵ ɜɪɚɳɚɥɢɫɶ ɜɨɤɪɭɝ 

ɩɟɪɩɟɧɞɢɤɭɥɹɪɚ ɤ ɩɨɜɟɪɯɧɨɫɬɢ. ɋɬɟɩɟɧɶ ɤɪɢɫɬɚɥɥɢɱɧɨɫɬɢ ɨɩɪɟɞɟɥɹɥɢ ɤɚɤ 

ɜɟɥɢɱɢɧɭ ɨɬɧɨɲɟɧɢɹ ɩɥɨɳɚɞɢ ɩɨɞ ɪɟɧɬɝɟɧɨɝɪɚɦɦɨɣ ɫ ɜɵɱɬɟɧɧɵɦ ɚɦɨɪɮɧɵɦ 
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ɮɨɧɨɦ ɤ ɩɥɨɳɚɞɢ ɛɟɡ ɜɵɱɢɬɚɧɢɹ ɮɨɧɚ. Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɣ ɢɫɩɨɥɶɡɨɜɚɧɚ 

ɩɪɨɝɪɚɦɦɚ Eva ɢɡ ɩɪɨɝɪɚɦɦɧɨɝɨ ɩɪɢɥɨɠɟɧɢɹ ɤ ɞɢɮɪɚɤɬɨɦɟɬɪɭ. 

 

2.7  ɋɬɚɬɢɫɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɨɛɪɚɛɨɬɤɢ ɪɟɡɭɥɶɬɚɬɨɜ 

 

Ɉɩɪɟɞɟɥɹɥɢ ɫɪɟɞɧɢɟ ɡɧɚɱɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ; ɪɚɫɫɱɢɬɵɜɚɥɢ ɨɬɤɥɨɧɟɧɢɹ 

ɨɬ ɫɪɟɞɧɟɝɨ ɡɧɚɱɟɧɢɹ ɞɥɹ ɤɚɠɞɨɝɨ ɪɟɡɭɥɶɬɚɬɚ; ɞɢɫɩɟɪɫɢɸ, ɫɬɚɧɞɚɪɬɧɨɟ 

ɨɬɤɥɨɧɟɧɢɟ ɨɬɞɟɥɶɧɨɝɨ ɪɟɡɭɥɶɬɚɬɚ ɢ ɫɬɚɧɞɚɪɬɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɫɪɟɞɧɟɝɨ 

ɪɟɡɭɥɶɬɚɬɚ. Ⱦɨɫɬɨɜɟɪɧɨɫɬɶ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɨɩɪɟɞɟɥɹɥɢ ɩɨ ɤɪɢɬɟɪɢɸ 

ɋɬɶɸɞɟɧɬɚ ɩɪɢ ɢɡɛɪɚɧɧɨɣ ɞɨɜɟɪɢɬɟɥɶɧɨɣ ɜɟɪɨɹɬɧɨɫɬɢ  = 0.95. 

Ɋɚɫɫɱɢɬɵɜɚɥɢ ɨɲɢɛɤɭ ɩɨɥɭɱɟɧɧɨɝɨ ɫɪɟɞɧɟɝɨ ɪɟɡɭɥɶɬɚɬɚ (ɫɬɟɩɟɧɶ 

ɚɞɟɤɜɚɬɧɨɫɬɢ). ɍɫɬɚɧɚɜɥɢɜɚɥɢ ɢɧɬɟɪɜɚɥ, ɜ ɤɨɬɨɪɨɦ ɫ ɞɨɜɟɪɢɬɟɥɶɧɨɣ 

ɜɟɪɨɹɬɧɨɫɬɶɸ  ɧɚɯɨɞɢɬɫɹ ɫɪɟɞɧɢɣ ɪɟɡɭɥɶɬɚɬ. Ɂɚɬɟɦ ɪɚɫɫɱɢɬɵɜɚɥɢ 

ɨɬɧɨɫɢɬɟɥɶɧɭɸ ɨɲɢɛɤɭ. ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɪɨɜɟɪɹɥɢ ɩɨ ɨɞɧɨɦɭ ɢɡ 

ɜɵɲɟɨɩɢɫɚɧɧɵɯ ɫɩɨɫɨɛɨɜ (ɩɨ ɤɪɢɬɟɪɢɹɦ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɨɬɤɥɨɧɟɧɢɹ, 

ɋɬɶɸɞɟɧɬɚ) ɧɚ ɧɚɥɢɱɢɟ ɝɪɭɛɵɯ ɨɲɢɛɨɤ. ɉɨɫɥɟ ɢɫɤɥɸɱɟɧɢɹ ɝɪɭɛɵɯ ɨɲɢɛɨɤ 

ɩɪɨɢɡɜɨɞɢɥɢ ɩɨɜɬɨɪɧɭɸ ɨɛɪɚɛɨɬɤɭ ɪɟɡɭɥɶɬɚɬɨɜ. 
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Ƚɥɚɜɚ 3 ɊȿɁɍɅɖɌȺɌɕ ɂɋɋɅȿȾɈȼȺɇɂɃ 

ɂɡɴɹɬɨ 15 ɫɬɪɚɧɢɰ. 

ȼɵɜɨɞɵ 

1. Ȼɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ ɪɨɫɬɨɜɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ C. eutrophus B10646 ɩɪɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɝɥɢɰɟɪɢɧɚ ɪɚɡɥɢɱɧɨɣ ɫɬɟɩɟɧɢ ɨɱɢɫɬɤɢ, ɭɫɬɚɧɨɜɥɟɧɧɨ, ɱɬɨ 

ɪɨɫɬ ɛɚɤɬɟɪɢɣ ɜɨɡɦɨɠɟɧ ɩɪɢ ɢɡɦɟɧɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɝɥɢɰɟɪɢɧɚ ɜ ɫɪɟɞɟ ɜ 

ɲɢɪɨɤɢɯ ɩɪɟɞɟɥɚɯ ɨɬ 1 ɞɨ 60 ɝ/ɥ, ɚ ɩɪɢɫɭɬɫɬɜɢɟ ɪɚɡɥɢɱɧɵɯ ɩɪɢɦɟɫɟɣ ɜ 

ɫɨɫɬɚɜɟ ɝɥɢɰɟɪɢɧɚ ɡɧɚɱɢɬɟɥɶɧɨ ɧɟ ɜɥɢɹɟɬ ɧɚ ɭɞɟɥɶɧɭɸ ɫɤɨɪɨɫɬɶ ɪɨɫɬɚ ɢ 

ɫɢɧɬɟɡ ɩɨɥɢɦɟɪɚ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɝɪɚɮɨɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ Ʌɚɣɧɭɢɜɟɪɚ-

Ȼɟɪɤɚ  ɫɭɛɫɬɪɚɬɧɚɹ ɤɨɧɫɬɚɧɬɚ (Ʉs) ɢ ɤɨɧɫɬɚɧɬɚ ɢɧɝɢɛɢɪɨɜɚɧɢɹ (Ki) ɞɥɹ 

ɝɥɢɰɟɪɢɧɚ I,II ɫɨɫɬɚɜɢɥɢ, ɧɟ ɦɟɧɟɟ 0,30 ɝ/ɥ ɢ 55 ɝ/ɥ. 

2. Ɋɟɡɭɥɶɬɚɬɵ ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɹ ɫɢɧɬɟɡɚ ɉȽȺ C. eutrophus B10646  ɜ 12 

ɥɢɬɪɨɜɨɦ ɮɟɪɦɟɧɬɟɪɟ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɢɫɩɨɥɶɡɭɟɦɵɣ ɲɬɚɦɦ ɫɩɨɫɨɛɟɧ ɪɚɫɬɢ ɢ 

ɫɢɧɬɟɡɢɪɨɜɚɬɶ ɩɨɥɢɦɟɪ ɧɚ ɝɥɢɰɟɪɢɧɟ ɪɚɡɥɢɱɧɨɣ ɫɬɟɩɟɧɢ ɨɱɢɫɬɤɢ. ɉɪɢ 

ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɢ ɩɪɢɦɟɫɢ ɫɨɞɟɪɠɚɳɢɟɫɹ ɜ ɝɥɢɰɟɪɢɧɟ ɧɟ ɨɤɚɡɵɜɚɸ 

ɢɧɝɢɛɢɪɭɸɳɟɝɨ ɜɨɡɞɟɣɫɬɜɢɹ. ɍɪɨɠɚɣ ɛɢɨɦɚɫɫɵ ɫɨɫɬɚɜɢɥ 60 ɝ/ɥ, ɚ 

ɫɨɞɟɪɠɚɧɢɟ ɩɨɥɢɦɟɪɚ ɧɟ ɦɟɧɟɟ 70 %.   

3. ɉɨɥɢɦɟɪ, ɫɢɧɬɟɡɢɪɭɟɦɵɣ ɚɞɚɩɬɢɪɨɜɚɧɧɨɣ ɤ ɝɥɢɰɟɪɢɧɭ ɩɪɨɞɭɤɬɢɜɧɨɣ 

ɤɭɥɶɬɭɪɨɣ C. eutrophus B10646  ɢɦɟɥ ɛɥɢɡɤɢɟ ɡɧɚɱɟɧɢɹ ɩɨɤɚɡɚɬɟɥɟɣ Mɱ , Mɜ, 

D, Сɯ, Ɍɫɬɟɤɥ, Ɍɤɪɢɫɬ, Ɍɩɥ, Ɍɞɟɝɪ ɨɞɧɚɤɨ  ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɧɟɨɱɢɳɟɧɧɨɝɨ 

ɝɥɢɰɟɪɢɧɚ ɡɧɚɱɟɧɢɹ Mɱ ɢ Mɜ ɛɵɥɢ ɧɟɫɤɨɥɶɤɨ ɧɢɠɟ. Ɍɚɤ ɠɟ ɧɚɛɥɸɞɚɥɨɫɶ 

ɫɧɢɠɟɧɢɟ ɫɬɟɩɟɧɢ ɤɪɢɫɬɚɥɥɢɱɧɨɫɬɢ  (ɋɯ) ɞɨ 50-55%, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɉȽȺ 

ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɦɢ ɧɚ ɝɥɸɤɨɡɟ.  
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