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ɊȿɎȿɊȺɌ 

Ȼɚɤɚɥɚɜɪɫɤɚɹ ɪɚɛɨɬɚ ɧɚ ɬɟɦɭ «ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɬɜɟɪɞɵɯ ɥɢɩɢɞɧɵɯ ɫɭɛɫɬɪɚɬɨɜ 

ɞɥɹ ɫɢɧɬɟɡɚ ɩɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɨɜ ɛɚɤɬɟɪɢɹɦɢ Cupriavidus necator B-10646» 

ɫɨɞɟɪɠɢɬ 43ɫɬɪɚɧɢɰɵ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 38 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, 

15 ɪɢɫɭɧɤɨɜ. 

CUPRIAVIDUS NECATOR, ɉɈɅɂɆȿɊ, ɉɈɅɂȽɂȾɊɈɄɋɂȺɅɄȺɇɈȺɌɕ, 

ɀɂɊɇɕȿ ɄɂɋɅɈɌɕ, ȻɂɈɆȺɋɋȺ, ɄɍɅɖɌɂȼɂɊɈȼȺɇɂȿ 

ɋɬɨɢɦɨɫɬɶ ɭɝɥɟɪɨɞɧɨɝɨ ɫɭɛɫɬɪɚɬɚ ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 40-60% ɫɬɨɢɦɨɫɬɢ 

ɩɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɨɜ. ɋɧɢɠɟɧɢɟ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɩɪɨɞɭɤɰɢɢ ɩɨɥɢɦɟɪɨɜ 

ɜɨɡɦɨɠɧɨ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɛɨɥɟɟ ɞɟɲɟɜɵɯ ɢɫɬɨɱɧɢɤɨɜ ɭɝɥɟɪɨɞɚ, ɧɚɩɪɢɦɟɪ 

ɠɢɪɧɵɟ ɤɢɫɥɨɬɵ, ɦɚɫɥɚ.  

ɐɟɥɶɸ ɪɚɛɨɬɵ ɛɵɥɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɪɨɫɬɚ ɛɚɤɬɟɪɢɣ Cupriavidus necator B-

10646 ɢ ɫɢɧɬɟɡ ɩɨɥɢɦɟɪɚ ɧɚ ɪɚɡɥɢɱɧɵɯ ɥɢɩɢɞɧɵɯ ɫɭɛɫɬɪɚɬɚɯ. ȼ ɡɚɞɚɱɢ 

ɜɯɨɞɢɥɨ: 1) ɂɫɫɥɟɞɨɜɚɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɛɚɤɬɟɪɢɹɦɢ ɧɚɫɵɳɟɧɧɵɯ 

ɠɢɪɧɵɯ ɤɢɫɥɨɬ ɋ12-ɋ18 ɜ ɤɚɱɟɫɬɜɟ ɟɞɢɧɫɬɜɟɧɧɨɝɨ ɫɭɛɫɬɪɚɬɚ ɞɥɹ ɪɨɫɬɚ ɢ ɫɢɧɬɟɡ 

ɩɨɥɢɦɟɪɚ. 2) ɂɡɭɱɢɬɶ ɪɨɫɬ ɛɚɤɬɟɪɢɣ ɢ ɫɢɧɬɟɡ ɩɨɥɢɦɟɪɚ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜ 

ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɨɜ ɭɝɥɟɪɨɞɚ ɬɜɟɪɞɵɟ ɥɢɩɢɞɧɵɟ ɫɭɛɫɬɪɚɬɵ ɫ ɪɚɡɥɢɱɧɵɦ 

ɠɢɪɧɨɤɢɫɥɨɬɧɵɦ ɫɨɫɬɚɜɨɦ. 
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ȼȼȿȾȿɇɂȿ 

 

ɉɥɚɫɬɢɤɢ ɡɚɧɢɦɚɸɬ ɡɧɚɱɢɬɟɥɶɧɭɸ ɪɨɥɶ ɜ ɧɚɲɟɣ ɠɢɡɧɢ ɢ ɢɫɩɨɥɶɡɭɸɬɫɹ 

ɞɥɹ ɦɧɨɠɟɫɬɜɚ ɪɚɡɥɢɱɧɵɯ ɰɟɥɟɣ. ɋɨɜɪɟɦɟɧɧɵɣ ɦɢɪ ɫɥɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɛɟɡ 

ɩɥɚɫɬɢɤɨɜ, ɢɡ ɧɢɯ ɩɪɨɢɡɜɨɞɹɬ ɜɫɟ ɫɩɟɤɬɪɵ ɩɨɬɪɟɛɢɬɟɥɶɫɤɢɯ ɢ ɩɪɨɦɵɲɥɟɧɧɵɯ 

ɬɨɜɚɪɨɜ. Ʉɚɠɞɵɣ ɝɨɞ ɜ ɦɢɪɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 140 ɦɢɥɥɢɨɧɨɜ ɬɨɧɧ 

ɪɚɡɥɢɱɧɵɯ ɩɥɚɫɬɦɚɫɫ. ɗɬɨ ɧɟ ɭɞɢɜɢɬɟɥɶɧɨ, ɬɚɤ ɤɚɤ ɧɟɮɬɹɧɵɟ ɩɥɚɫɬɢɤɢ ɤɪɚɣɧɟ 

ɞɟɲɟɜɵ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ, ɞɨɥɝɨɜɟɱɧɵ ɢ ɨɛɥɚɞɚɸɬ ɧɟɨɛɯɨɞɢɦɵɦɢ ɞɥɹ  

ɩɪɨɦɵɲɥɟɧɧɵɯ ɡɚɞɚɱ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ. ɂɯ ɢɫɩɨɥɶɡɭɸɬ ɢ ɜ 

ɦɟɞɢɰɢɧɫɤɢɯ ɰɟɥɹɯ, ɢ ɜ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɢ, ɢ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ 

ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɢ ɤɚɤ ɭɩɚɤɨɜɨɱɧɵɟ ɦɚɬɟɪɢɚɥɵ ɞɥɹ 

ɩɪɨɞɨɜɨɥɶɫɬɜɟɧɧɵɯ ɬɨɜɚɪɨɜ. ɋɥɨɠɧɨ ɧɚɣɬɢ ɫɮɟɪɭ ɱɟɥɨɜɟɱɟɫɤɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ, 

ɝɞɟ ɛɵ ɫɟɝɨɞɧɹ ɧɟ ɩɪɢɦɟɧɹɥɢɫɶ ɩɥɚɫɬɢɤɢ. Ɉɞɧɚɤɨ ɫɭɳɟɫɬɜɭɟɬ ɞɜɟ ɩɪɨɛɥɟɦɵ, 

ɤɨɬɨɪɵɟ ɫɜɹɡɚɧɵ ɫ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ. 

1) ɩɥɚɫɬɢɤɢ, ɫɢɧɬɟɡɢɪɭɟɦɵɟ ɢɡ ɧɟɮɬɢ, ɧɟ ɨɛɥɚɞɚɸɬ ɛɢɨɪɚɡɥɚɝɚɟɦɨɫɬɶɸ. ȼ 

ɫɜɹɡɢ ɫ ɷɬɢɦ ɩɪɨɢɫɯɨɞɢɬ ɢɯ ɧɚɤɨɩɥɟɧɢɟ ɜ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɟ, ɹɜɥɹɸɳɟɟɫɹ 

ɩɪɢɱɢɧɨɣ ɡɚɝɪɹɡɧɟɧɢɹ ɩɨɱɜɵ ɢ ɜɨɞɵ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɪɹɞɭ ɷɤɨɥɨɝɢɱɟɫɤɢɯ 

ɩɪɨɛɥɟɦ ɜɩɥɨɬɶ ɞɨ ɫɨɤɪɚɳɟɧɢɹ ɠɢɡɧɢ ɱɟɥɨɜɟɤɚ ɢɡ-ɡɚ ɩɨɬɪɟɛɥɟɧɢɹ ɱɚɫɬɢɰ 

ɦɢɤɪɨɩɥɚɫɬɢɤɨɜ ɫ ɩɪɨɞɭɤɬɚɦɢ ɩɢɬɚɧɢɹ. 

2) ɢɫɬɨɳɟɧɢɟ ɧɟ ɜɨɡɨɛɧɨɜɥɹɟɦɨɝɨ ɫɵɪɶɹ (ɧɟɮɬɢ), ɢɡ ɤɨɬɨɪɨɝɨ ɢ 

ɩɪɨɢɡɜɨɞɹɬ ɩɥɚɫɬɢɤɢ, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɜɨɡɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɪɚɡɪɚɛɚɬɵɜɚɬɶ 

ɚɥɶɬɟɪɧɚɬɢɜɧɵɟ ɦɟɬɨɞɵ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɥɚɫɬɦɚɫɫ. 

Ɉɞɧɢɦ ɢɡ ɤɚɧɞɢɞɚɬɨɜ ɧɚ ɪɨɥɶ ɡɚɦɟɧɵ ɨɛɵɱɧɵɯ ɧɟɮɬɹɧɵɯ ɩɥɚɫɬɢɤɨɜ 

ɦɨɝɭɬ ɫɬɚɬɶ ɩɨɥɢɝɢɞɪɨɤɫɢɥɤɚɧɨɚɬɵ (ɉȽȺ) - ɛɢɨɪɚɡɥɚɝɚɟɦɵɟ ɩɨɥɢɦɟɪɵ, 

ɩɪɨɢɡɜɨɞɢɦɵɟ ɦɢɤɪɨɨɪɝɚɧɢɡɦɚɦɢ, ɩɨɫɤɨɥɶɤɭ ɨɧɢ ɢɦɟɸɬ ɫɯɨɞɧɵɟ ɮɢɡɢɤɨ-

ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɢ ɨɛɥɚɞɚɸɬ ɫɜɨɣɫɬɜɚɦɢ ɛɢɨɞɟɝɪɚɞɚɰɢɢ ɢ ɩɨɥɧɨɣ 

ɛɢɨɫɨɜɦɟɫɬɢɦɨɫɬɶɸ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɨɛɵɱɧɵɦɢ ɫɢɧɬɟɬɢɱɟɫɤɢɦɢ ɩɨɥɢɦɟɪɚɦɢ. 

ɉȽȺ ɹɜɥɹɸɬɫɹ ɩɪɢɪɨɞɧɵɦɢ ɛɢɨɩɨɥɢɦɟɪɚɦɢ ɛɚɤɬɟɪɢɣ, ɤɨɬɨɪɵɟ ɧɚɤɚɩɥɢɜɚɸɬɫɹ 

ɜɧɭɬɪɢ ɤɥɟɬɨɤ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɜ ɜɢɞɟ ɝɪɚɧɭɥ.  
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Ɉɞɧɢɦ ɢɡ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɜ ɷɬɨɣ ɨɬɪɚɫɥɢ ɹɜɥɹɸɬɫɹ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɩɨɢɫɤɭ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɯ ɫ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ 

ɫɭɛɫɬɪɚɬɨɜ.  

ɇɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɩɪɢ ɩɪɨɦɵɲɥɟɧɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ ɉȽȺ ɢɫɩɨɥɶɡɭɸɬ 

ɫɭɛɫɬɪɚɬɵ ɧɚ ɨɫɧɨɜɟ ɫɚɯɚɪɨɜ ɪɚɡɥɢɱɧɨɣ ɩɪɢɪɨɞɵ. ɉɨɥɭɱɚɟɦɵɣ ɬɚɤɢɦ ɨɛɪɚɡɨɦ 

ɩɪɨɞɭɤɬ ɨɛɥɚɞɚɟɬ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɨɢɦɨɫɬɶɸ ɢɡ-ɡɚ ɜɵɫɨɤɨɣ ɫɬɨɢɦɨɫɬɢ ɫɚɯɚɪɨɜ. 

ȼ ɩɨɩɵɬɤɚɯ ɫɨɤɪɚɬɢɬɶ ɡɚɬɪɚɬɵ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɦɧɨɠɟɫɬɜɨ ɤɨɦɩɚɧɢɣ ɜɟɞɭɬ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɩɨɢɫɤɭ ɛɨɥɟɟ ɨɩɬɢɦɚɥɶɧɵɯ ɫ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ 

ɫɭɛɫɬɪɚɬɨɜ. ɇɚ ɪɨɥɶ ɞɟɲɟɜɨɝɨ ɚɥɶɬɟɪɧɚɬɢɜɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɭɝɥɟɪɨɞɚ ɧɚ ɞɚɧɧɵɣ 

ɦɨɦɟɧɬ ɩɪɟɬɟɧɞɭɸɬ ɪɚɡɥɢɱɧɵɟ ɦɚɫɥɚ (ɩɚɥɶɦɨɜɨɟ, ɨɥɟɢɧɨɜɨɟ, ɤɭɤɭɪɭɡɧɨɟ ɢ ɬɞ.)  

ɢ ɞɥɢɧɧɨɰɟɩɨɱɟɱɧɵɟ ɤɢɫɥɨɬɵ (ɥɚɭɪɢɧɨɜɚɹ, ɦɢɪɢɫɬɢɧɨɜɚɹ, ɩɚɥɶɦɢɬɢɧɨɜɚɹ, 

ɫɬɟɚɪɢɧɨɜɚɹ). 

ȼ ɦɢɪɟ ɤɨɦɦɟɪɱɟɫɤɢɦ ɛɢɨɫɢɧɬɟɡɨɦ ɉȽȺ ɡɚɧɢɦɚɟɬɫɹ ɦɧɨɠɟɫɬɜɨ ɤɨɦɩɚɧɢɣ 

(«Bioscience Ltd.», «Metabolix Inc.», «Merck», «Tepha», «Berlin Packaging Corp.», 

«BioVentures Alberta Inc.» ɢ ɞɪ.), ɨɧɢ ɜɟɞɭɬ ɪɚɡɪɚɛɨɬɤɢ ɬɟɯɧɨɥɨɝɢɢ ɛɢɨɫɢɧɬɟɡɚ 

ɉȽȺ, ɢɫɩɨɥɶɡɭɹ ɪɚɡɧɵɟ ɫɭɛɫɬɪɚɬɵ, ɜ ɬɨɦ ɱɢɫɥɟ ɨɬɯɨɞɵ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɢ 

ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ[1]. 

ɐɟɥɶ ɪɚɛɨɬɵ – ɢɫɫɥɟɞɨɜɚɬɶ ɪɨɫɬ ɛɚɤɬɟɪɢɣ Cupriavidus necator B-10646 ɢ ɫɢɧɬɟɡ 

ɩɨɥɢɦɟɪɚ ɧɚ ɪɚɡɥɢɱɧɵɯ ɥɢɩɢɞɧɵɯ ɫɭɛɫɬɪɚɬɚɯ. 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɛɵɥɢ ɫɮɨɪɦɭɥɢɪɨɜɚɧɵ ɫɥɟɞɭɸɳɢɟ 

ɡɚɞɚɱɢ: 

1 ɂɫɫɥɟɞɨɜɚɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɛɚɤɬɟɪɢɹɦɢ ɧɚɫɵɳɟɧɧɵɯ 

ɠɢɪɧɵɯ ɤɢɫɥɨɬ ɋ12-ɋ18 ɜ ɤɚɱɟɫɬɜɟ ɟɞɢɧɫɬɜɟɧɧɨɝɨ ɫɭɛɫɬɪɚɬɚ ɞɥɹ ɪɨɫɬɚ ɢ 

ɫɢɧɬɟɡɚ ɩɨɥɢɦɟɪɚ. 

2 ɂɡɭɱɢɬɶ ɪɨɫɬ ɛɚɤɬɟɪɢɣ ɢ ɫɢɧɬɟɡ ɩɨɥɢɦɟɪɚ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜ ɤɚɱɟɫɬɜɟ 

ɢɫɬɨɱɧɢɤɨɜ ɭɝɥɟɪɨɞɚ ɬɜɟɪɞɵɟ ɥɢɩɢɞɧɵɟ ɫɭɛɫɬɪɚɬɵ ɫ ɪɚɡɥɢɱɧɵɦ 

ɠɢɪɧɨɤɢɫɥɨɬɧɵɦ ɫɨɫɬɚɜɨɦ. 
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1 Ɉɛɡɨɪ ɥɢɬɟɪɚɬɭɪɵ 

 

1.1 ɉɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɵ 

 

ɉɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɵ (ɉȽȺ) – ɷɬɨ ɩɨɥɢɷɮɢɪɵ ɝɢɞɪɨɤɫɢɩɪɨɢɡɜɨɞɧɵɯ 

ɠɢɪɧɵɯ ɤɢɫɥɨɬ. ɉȽȺ ɦɨɝɭɬ ɫɜɨɛɨɞɧɨ ɡɚɦɟɧɹɬɶ ɯɢɦɢɱɟɫɤɢ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɟ 

ɩɨɥɢɦɟɪɵ ɬɚɤɢɟ, ɤɚɤ ɩɨɥɢɩɪɨɩɢɥɟɧ, ɬɚɤ ɤɚɤ ɢɦɟɸɬ ɚɧɚɥɨɝɢɱɧɵɟ ɦɟɯɚɧɢɱɟɫɤɢɟ 

ɫɜɨɣɫɬɜɚ. ɂɯ ɩɪɟɢɦɭɳɟɫɬɜɨ ɜ ɬɨɦ, ɱɬɨ ɞɥɹ ɉȽȺ ɯɚɪɚɤɬɟɪɧɵ ɬɚɤɢɟ ɫɜɨɣɫɬɜɚ ɤɚɤ 

ɛɢɨɞɟɝɪɚɞɚɰɢɹ ɢ ɛɢɨɫɨɜɦɟɫɬɢɦɨɫɬɶ. Ȼɚɤɬɟɪɢɚɥɶɧɵɟ ɉȽȺ ɩɨɞɪɚɡɞɟɥɹɸɬɫɹ ɧɚ 3 

ɝɪɭɩɩɵ: ɉȽȺ ɫ ɤɨɪɨɬɤɨɣ ɰɟɩɶɸ (3-5 ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ), ɫɨ ɫɪɟɞɧɟɣ ɞɥɢɧɨɣ ɰɟɩɢ 

(6-14 ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ) ɢ ɞɥɢɧɧɨɰɟɩɨɱɟɱɧɵɟ ɉȽȺ (ɛɨɥɟɟ 14 ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ) 

[3].  

ɉȽȺ ɜ ɩɪɢɪɨɞɟ – ɷɬɨ ɛɢɨɩɨɥɢɦɟɪɵ, ɫɢɧɬɟɡɢɪɭɟɦɵɟ ɛɚɤɬɟɪɢɹɦɢ ɤɚɤ 

ɥɢɩɢɞɧɵɟ ɜɤɥɸɱɟɧɢɹ ɞɥɹ ɧɚɤɨɩɥɟɧɢɹ ɷɧɟɪɝɢɢ ɜ ɜɧɭɬɪɢ ɤɥɟɬɨɤ ɜ ɜɢɞɟ ɝɪɚɧɭɥ 

[4]. 

 

 

Ɋɢɫɭɧɨɤ 1.1 - Ƚɪɚɧɭɥɵ ɉȽȺ ɜ ɤɥɟɬɤɚɯ ɛɚɤɬɟɪɢɣ (ɬɪɚɧɫɦɢɫɫɢɨɧɧɵɣ 

ɷɥɟɤɬɪɨɧɧɵɣ ɦɢɤɪɨɫɤɨɩ) 
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1.2 Ɋɨɥɶ ɉȽȺ ɜ ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ ɦɢɤɪɨɛɧɨɣ ɤɥɟɬɤɢ ɢ ɫɢɧɬɟɡ ɉȽȺ 

 

ɉȽA ɢɝɪɚɟɬ ɤɥɸɱɟɜɭɸ ɪɨɥɶ ɜ ɩɪɢɫɩɨɫɨɛɥɟɧɢɢ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɤ 

ɜɵɠɢɜɚɧɢɸ ɩɪɢ ɫɬɪɟɫɫɟ. ɉȽA ɫɩɨɫɨɛɫɬɜɭɟɬ ɞɨɥɝɨɫɪɨɱɧɨɦɭ ɜɵɠɢɜɚɧɢɸ 

ɛɚɤɬɟɪɢɣ ɜ ɭɫɥɨɜɢɹɯ ɞɟɮɢɰɢɬɚ ɩɢɬɚɬɟɥɶɧɵɯ ɜɟɳɟɫɬɜ, ɜɵɫɬɭɩɚɹ ɜ ɤɚɱɟɫɬɜɟ 

ɡɚɩɚɫɨɜ ɭɝɥɟɪɨɞɚ ɢ ɷɧɟɪɝɢɢ ɞɥɹ ɧɟ ɫɩɨɪɨɜɵɯ ɢ ɫɩɨɪɨɨɛɪɚɡɭɸɳɢɯ ɮɨɪɦ 

ɛɚɤɬɟɪɢɣ. Ʉɪɨɦɟ ɬɨɝɨ, ɛɚɤɬɟɪɢɢ, ɤɨɬɨɪɵɟ ɫɨɞɟɪɠɚɬ ɉȽA, ɩɨɤɚɡɚɥɢ ɭɫɢɥɟɧɢɟ 

ɭɫɬɨɣɱɢɜɨɫɬɢ ɤ ɫɬɪɟɫɫɭ ɩɪɢ ɤɪɚɬɤɨɜɪɟɦɟɧɧɵɯ ɜɨɡɞɟɣɫɬɜɢɹɯ ɨɤɪɭɠɚɸɳɟɣ 

ɫɪɟɞɵ, ɬɚɤɢɯ ɤɚɤ ɭɥɶɬɪɚɮɢɨɥɟɬɨɜɨɟ (ɍɎ) ɢɡɥɭɱɟɧɢɟ, ɧɚɝɪɟɜɚɧɢɟ ɢ 

ɨɫɦɨɬɢɱɟɫɤɢɣ ɲɨɤ. 

Ȼɢɨɫɢɧɬɟɬɢɱɟɫɤɢɟ ɩɭɬɢ ɉȽA ɧɟɪɚɡɪɵɜɧɨ ɫɜɹɡɚɧɵ ɫ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɶɸ 

ɛɚɤɬɟɪɢɣ. Ɇɟɬɚɛɨɥɢɱɟɫɤɢɟ ɩɭɬɢ, ɜɤɥɸɱɚɹ ɝɥɢɤɨɥɢɡ, ɰɢɤɥ Ʉɪɟɛɫɚ, β-ɨɤɢɫɥɟɧɢɟ, 

ɫɢɧɬɟɡ ɠɢɪɧɵɯ ɤɢɫɥɨɬ de novo, ɚɦɢɧɨɤɢɫɥɨɬɧɵɣ ɤɚɬɚɛɨɥɢɡɦ, ɰɢɤɥ Ʉɚɥɶɜɢɧɚ ɢ 

ɫɟɪɢɧɨɜɵɣ ɩɭɬɶ. Ɇɧɨɝɢɟ ɨɛɳɢɟ ɩɪɨɦɟɠɭɬɨɱɧɵɟ ɡɜɟɧɶɹ ɬɚɤɠɟ ɪɚɡɞɟɥɹɟɬɫɹ 

ɦɟɠɞɭ ɉȽA ɢ ɷɬɢɦɢ ɦɟɬɚɛɨɥɢɱɟɫɤɢɦɢ ɩɭɬɹɦɢ, ɜ ɱɚɫɬɧɨɫɬɢ, ɚɰɟɬɢɥ-ɄɨȺ. 

ȼ ɭɫɥɨɜɢɹɯ, ɛɨɝɚɬɵɯ ɩɢɬɚɬɟɥɶɧɵɦɢ ɜɟɳɟɫɬɜɚɦɢ, ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ 

ɤɨɮɟɪɦɟɧɬɚ Ⱥ, ɩɪɨɢɡɜɨɞɢɦɨɝɨ ɜ ɰɢɤɥɚ Ʉɪɟɛɫɚ, ɛɥɨɤɢɪɭɟɬ ɫɢɧɬɟɡ ɉȽA ɩɭɬɟɦ 

ɢɧɝɢɛɢɪɨɜɚɧɢɹ 3-ɤɟɬɨɬɢɨɥɚɡɵ (PhaA) ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨ ɚɰɟɬɢɥ-ɄɨȺ 

ɧɚɩɪɚɜɥɹɟɬɫɹ ɜ ɐɢɤɥ Ʉɪɟɛɫɚ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɧɟɪɝɢɢ ɢ ɪɨɫɬɚ ɤɥɟɬɨɤ [19]. ɂ, 

ɧɚɨɛɨɪɨɬ, ɩɪɢ ɧɟɫɛɚɥɚɧɫɢɪɨɜɚɧɧɵɯ ɭɫɥɨɜɢɹɯ ɩɢɬɚɬɟɥɶɧɵɯ ɜɟɳɟɫɬɜ (ɬɨ ɟɫɬɶ, 

ɬɚɤɢɯ ɜɚɠɧɵɯ ɩɢɬɚɬɟɥɶɧɵɯ ɜɟɳɟɫɬɜ, ɤɚɤ ɚɡɨɬ ɢ ɮɨɫɮɨɪ ɨɝɪɚɧɢɱɟɧɵ), ɭɪɨɜɧɢ 

ɤɨɷɧɡɢɦɚ Ⱥ ɧɟ ɹɜɥɹɸɬɫɹ ɢɧɝɢɛɢɪɭɸɳɢɦɢ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɧɚɩɪɚɜɥɹɬɶ ɚɰɟɬɢɥ-

ɄɨȺ ɤ ɫɢɧɬɟɬɢɱɟɫɤɢɦ ɩɭɬɹɦ ɞɥɹ ɧɚɤɨɩɥɟɧɢɹ ɉȽA [19,20]. ɗɬɚ ɫɬɪɚɬɟɝɢɹ 

ɦɟɬɚɛɨɥɢɱɟɫɤɨɣ ɪɟɝɭɥɹɰɢɢ ɩɨɡɜɨɥɹɟɬ ɦɢɤɪɨɛɚɦ, ɧɚɤɚɩɥɢɜɚɸɳɢɦ ɉȽȺ, 

ɦɚɤɫɢɦɢɡɢɪɨɜɚɬɶ ɩɢɬɚɬɟɥɶɧɵɟ ɪɟɫɭɪɫɵ ɩɪɢ ɢɯ ɚɞɚɩɬɚɰɢɢ ɤ ɭɫɥɨɜɢɹɦ 

ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. 
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1.3 Ɇɧɨɝɨɨɛɪɚɡɢɟ ɉȽȺ 

 

ȼ ɰɟɥɨɦ, ɢɫɯɨɞɹ ɢɡ ɞɥɢɧɵ ɭɝɥɟɪɨɞɧɨɣ ɰɟɩɢ ɝɢɞɪɨɤɫɢɤɢɫɥɨɬ, ɨɛɪɚɡɭɸɳɢɯ 

ɩɨɥɢɦɟɪɵ ɬɨɣ ɢɥɢ ɢɧɨɣ ɫɬɪɭɤɬɭɪɵ, ɉȽȺ ɩɨɞɪɚɡɞɟɥɹɸɬ ɧɚ ɬɪɢ ɨɫɧɨɜɧɵɟ ɝɪɭɩɩɵ 

[3]: 

1 Ʉɨɪɨɬɤɨɰɟɩɨɱɟɱɧɵɟ – ɉȽȺ Ʉɐ (short-chain-length, SCL), ɫɨɫɬɨɹɳɢɟ ɢɡ 

ɤɢɫɥɨɬ ɫ ɞɥɢɧɧɨɣ ɭɝɥɟɪɨɞɧɨɣ ɰɟɩɢ ɨɬ 3-ɯ ɞɨ 5-ɬɢ ɭɝɥɟɪɨɞɧɵɯ ɚɬɨɦɨɜ; 

2 ɋɪɟɞɧɟɰɟɩɨɱɟɱɧɵɟ – ɉȽȺɋɐ (medium-chain-length, MCL), ɜ ɫɨɫɬɚɜɟ 

ɤɨɬɨɪɵɯ ɨɬ 6 ɞɨ 14 ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ; 

3 Ⱦɥɢɧɧɨɰɟɩɨɱɟɱɧɵɟ – ɉȽȺȾɐ (long-chain-length, LCL) ɫ ɫɨɞɟɪɠɚɧɢɟɦ 

ɤɢɫɥɨɬ ɞɥɢɧɧɟɟ ɋ14.[5] 

 

 

Ɋɢɫɭɧɨɤ 1.2 – Ɉɫɧɨɜɧɵɟ ɤɨɪɨɬɤɨɰɟɩɨɱɧɵɟ ɦɨɧɨɦɟɪɵ ɉȽȺ 

 

ɇɚɢɛɨɥɟɟ ɢɡɭɱɟɧɧɵɦɢ ɹɜɥɹɸɬɫɹ ɤɨɪɨɬɤɨɰɟɩɨɱɟɱɧɵɟ ɉȽȺ – ɩɨɥɢ(3-

ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬ) (ɉ(3ȽȻ)) ɢ ɫɨɩɨɥɢɦɟɪɵ 3-ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬɚ ɫ 3-

ɝɢɞɪɨɤɫɢɜɚɥɟɪɚɬɨɦ [4] 

Ȼɢɨɩɨɥɢɦɟɪɵ ɬɚɤɠɟ ɦɨɝɭɬ ɛɵɬɶ ɪɚɡɞɟɥɟɧɵ ɧɚ ɪɚɡɥɢɱɧɵɟ ɤɥɚɫɫɵ [13] ɧɚ 

ɨɫɧɨɜɟ ɢɯ ɩɪɨɢɡɜɨɞɫɬɜɚ. 

ɉɨɥɢɦɟɪɵ, ɢɡɜɥɟɱɟɧɧɵɟ / ɭɞɚɥɟɧɧɵɟ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɢɡ ɛɢɨɦɚɫɫɵ, ɬɚɤɢɟ 

ɤɚɤ ɩɨɥɢɫɚɯɚɪɢɞɵ (ɤɪɚɯɦɚɥ, ɰɟɥɥɸɥɨɡɚ ɢ ɛɟɥɤɢ). 
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ɉɨɥɢɦɟɪɵ, ɩɨɥɭɱɟɧɧɵɟ ɦɢɤɪɨɨɪɝɚɧɢɡɦɚɦɢ ɢɥɢ 

ɝɟɧɟɬɢɱɟɫɤɢɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɦɢ ɛɚɤɬɟɪɢɹɦɢ. ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɷɬɚ ɝɪɭɩɩɚ 

ɛɢɨɩɨɥɢɦɟɪɨɜ ɫɨɫɬɨɢɬ ɜ ɨɫɧɨɜɧɨɦ ɢɡ ɩɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɨɜ, ɧɨ ɪɚɡɪɚɛɨɬɤɢ ɫ 

ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɰɟɥɥɸɥɨɡɨɣ ɩɪɨɞɨɥɠɚɸɬɫɹ. 

ɉɨɥɢɦɟɪɵ, ɩɨɥɭɱɟɧɧɵɟ ɤɥɚɫɫɢɱɟɫɤɢɦ ɯɢɦɢɱɟɫɤɢɦ ɫɢɧɬɟɡɨɦɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜɨɡɨɛɧɨɜɥɹɟɦɵɯ ɛɢɨɦɨɧɨɦɟɪɨɜ., ɧɚɩɪɢɦɟɪ, ɩɨɥɢɦɨɥɨɱɧɚɹ 

ɤɢɫɥɨɬɚ (ɩɨɥɢɥɚɤɬɢɞ), ɛɢɨɩɨɥɢɷɮɢɪ, ɩɨɥɢɦɟɪɢɡɨɜɚɧɧɵɣ ɢɡ ɦɨɧɨɦɟɪɨɜ 

ɦɨɥɨɱɧɨɣ ɤɢɫɥɨɬɵ. 

ɉɨɥɢɦɟɪɵ, ɩɨɥɭɱɟɧɧɵɟ ɨɛɵɱɧɵɦ ɫɢɧɬɟɡɨɦ ɢɡ ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɦɨɧɨɦɟɪɨɜ. 

ɉɪɢɦɟɪɚɦɢ ɹɜɥɹɸɬɫɹ ɚɥɢɮɚɬɢɱɟɫɤɢɟ ɢ ɚɪɨɦɚɬɢɱɟɫɤɢɟ ɫɥɨɠɧɵɟ ɩɨɥɢɷɮɢɪɵ. 

ɉɨɥɢɤɚɩɪɨɥɚɤɬɨɧ, ɩɨɥɢɥɚɤɬɢɞ ɢ ɩɨɥɢ(3-ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬ) ɢ ɩɨɥɢ(3-

ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬ-ɫɨ-ɜɚɥɟɪɚɬ) – ɷɬɨ ɩɟɪɜɵɟ ɩɨɥɧɨɫɬɶɸ ɛɢɨɪɚɡɥɚɝɚɟɦɵɟ 

ɫɢɧɬɟɬɢɱɟɫɤɢɟ ɩɨɥɢɦɟɪɵ, ɤɨɬɨɪɵɟ ɫɬɚɥɢ ɞɨɫɬɭɩɧɵ ɧɚ ɪɵɧɤɟ ɫ 1990 ɝɨɞɚ. Ʉɚɤ 

ɩɪɚɜɢɥɨ, ɷɬɢ ɫɢɧɬɟɬɢɱɟɫɤɢɟ ɩɨɥɢɦɟɪɵ, ɫɵɪɶɟɦ ɞɥɹ ɤɨɬɨɪɵɯ ɫɥɭɠɢɥɢ 

ɧɚɬɭɪɚɥɶɧɵɟ ɪɟɫɭɪɫɵ, ɞɨɪɨɠɟ, ɱɟɦ ɩɨɥɢɦɟɪɵ ɩɨɥɭɱɚɟɦɵɟ ɧɚ ɨɫɧɨɜɟ ɧɟɮɬɢ [19].  

Ɋɚɡɥɢɱɧɵɟ ɬɢɩɵ ɪɟɤɨɦɛɢɧɚɧɬɧɵɯ ɲɬɚɦɦɨɜ Escherichia coli ɫɩɨɫɨɛɧɵ 

ɫɢɧɬɟɡɢɪɨɜɚɬɶ ɉȽȺ ɞɨ ɜɵɫɨɤɢɯ ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɯ ɭɪɨɜɧɟɣ, ɚ ɧɟɤɨɬɨɪɵɟ 

ɩɨɞɯɨɞɹɬ ɞɥɹ ɝɟɧɟɬɢɱɟɫɤɢ ɨɩɨɫɪɟɞɨɜɚɧɧɵɯ ɫɢɫɬɟɦ ɥɢɡɢɫɚ, ɱɬɨɛɵ ɨɛɥɟɝɱɢɬɶ 

ɜɵɫɜɨɛɨɠɞɟɧɢɟ ɝɪɚɧɭɥ ɉȽȺ ɏɨɬɹ ɦɢɤɪɨɛɧɵɟ ɩɥɚɫɬɦɚɫɫɵ ɢɦɟɸɬ ɹɜɧɨɟ 

ɩɪɟɢɦɭɳɟɫɬɜɨ ɩɟɪɟɞ ɨɛɵɱɧɵɦɢ ɩɥɚɫɬɦɚɫɫɚɦɢ ɧɚ ɨɫɧɨɜɟ ɧɟɮɬɢ, ɨɫɧɨɜɧɵɦ 

ɧɟɞɨɫɬɚɬɤɨɦ ɹɜɥɹɟɬɫɹ ɜɵɫɨɤɚɹ ɫɬɨɢɦɨɫɬɶ ɫɜɹɡɚɧɧɚɹ ɫ ɮɟɪɦɟɧɬɚɬɢɜɧɵɦ 

ɩɪɨɢɡɜɨɞɫɬɜɨɦ. 

Ɉɫɧɨɜɧɵɟ ɮɚɤɬɨɪɵ, ɜɥɢɹɸɳɢɟ ɧɚ ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɩɪɨɞɭɤɰɢɢ, ɜɤɥɸɱɚɸɬ ɜ 

ɫɟɛɹ ɢɫɬɨɱɧɢɤ ɭɝɥɟɪɨɞɚ, ɬɟɤɭɳɢɟ ɡɚɬɪɚɬɵ ɧɚ ɮɟɪɦɟɧɬɚɰɢɸ, ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 

ɩɪɨɰɟɫɫɚ, ɭɪɨɠɚɣɧɨɫɬɶ ɛɢɨɦɚɫɫɵ ɢ ɩɨɫɥɟɞɭɸɳɭɸ ɨɛɪɚɛɨɬɤɭ [8]. ɇɟɫɦɨɬɪɹ ɧɚ 

ɩɪɟɤɪɚɫɧɵɟ ɫɜɨɣɫɬɜɚ ɉȽȺ, ɨɧɢ ɜɫɟ ɟɳɟ ɧɟ ɫɨɩɨɫɬɚɜɢɦɵ ɫ ɩɥɚɫɬɦɚɫɫɚɦɢ ɧɚ 

ɧɟɮɬɹɧɨɣ ɨɫɧɨɜɟ, ɬɚɤ ɤɚɤ ɡɚɬɪɚɬɵ ɧɚ ɢɯ ɩɪɨɢɡɜɨɞɫɬɜɨ ɜ 5–10 ɪɚɡ ɜɵɲɟ, ɱɟɦ ɭ 

ɨɛɵɱɧɨɝɨ ɩɥɚɫɬɢɤɚ ɧɚ ɨɫɧɨɜɟ ɧɟɮɬɟɯɢɦɢɢ, ɬɚɤɨɝɨ ɤɚɤ ɩɨɥɢɷɬɢɥɟɧ. ɋɬɨɢɦɨɫɬɶ 

ɭɝɥɟɪɨɞɧɨɝɨ ɫɭɛɫɬɪɚɬɚ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ ɮɚɤɬɨɪɨɦ, ɫɨɫɬɚɜɥɹɸɳɢɦ 50% ɨɬ 

ɨɛɳɟɝɨ ɨɛɴɟɦɚ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɨɥɢɦɟɪɨɜ. ɉɨɷɬɨɦɭ ɦɢɪɨɜɨɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ 
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ɢɧɬɟɪɟɫ ɫɨɫɪɟɞɨɬɨɱɟɧ ɧɚ ɫɧɢɠɟɧɢɟ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɩɪɨɞɭɤɰɢɢ ɩɨɥɢɦɟɪɨɜ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɡɥɢɱɧɵɯ ɨɬɯɨɞɨɜ, ɬɚɤɢɯ ɤɚɤ ɢɫɬɨɱɧɢɤ ɭɝɥɟɪɨɞɚ [7].  

1.4 ɉɨɥɢ(3-ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬ) 
 

Ɇɧɨɝɢɟ ɩɪɨɤɚɪɢɨɬɵ ɫɩɨɫɨɛɧɵ ɧɚɤɚɩɥɢɜɚɬɶ ɪɟɡɟɪɜɧɵɟ ɦɚɬɟɪɢɚɥɵ, ɬɚɤɢɟ 

ɤɚɤ ɰɢɚɧɨɮɢɰɢɧ (ɪɟɡɟɪɜ ɚɡɨɬɚ ɢ ɭɝɥɟɪɨɞɚ), ɉȽȺ (ɪɟɡɟɪɜ ɭɝɥɟɪɨɞɚ), ɢ 

ɩɨɥɢɮɨɫɮɚɬ (ɪɟɡɟɪɜ ɮɨɫɮɨɪɚ) ɜ ɜɢɞɟ ɢɧɟɪɬɧɵɯ ɨɫɦɨɬɢɱɟɫɤɢɯ ɜɤɥɸɱɟɧɢɣ. 

ɉ(3ȽȻ) ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɬɢɩɨɦ ɉȽȺ ɫɪɟɞɢ ɛɚɤɬɟɪɢɣ. 

ɋɨɞɟɪɠɚɧɢɟ ɉ(3ȽȻ) ɜ ɤɥɟɬɤɚɯ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɦɨɠɟɬ ɫɨɫɬɚɜɥɹɬɶ ɞɨ 90% ɨɬ 

ɫɭɯɨɣ ɦɚɫɫɵ ɤɥɟɬɨɤ [12]. 

 

 

Ɋɢɫɭɧɨɤ 1.3 – Ɉɛɳɚɹ ɮɨɪɦɭɥɚ ɦɨɥɟɤɭɥɵ ɩɨɥɢ(3-ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬɚ) 

 

ɉ(3ȽȻ) ɧɚɤɚɩɥɢɜɚɟɬɫɹ ɜ ɰɢɬɨɩɥɚɡɦɟ ɛɚɤɬɟɪɢɣ ɜ ɜɢɞɟ ɜɤɥɸɱɟɧɢɣ ɜ 

ɪɚɡɥɢɱɧɨɦ ɤɨɥɢɱɟɫɬɜɟ ɢ ɪɚɡɦɟɪɚɯ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɫɥɨɜɢɣ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ 

[35]. ȼ ɩɪɨɰɟɫɫɟ ɪɨɫɬɚ ɢ ɧɚɤɨɩɥɟɧɢɹ ɉȽȺ, ɛɚɤɬɟɪɢɚɥɶɧɵɟ ɤɥɟɬɤɢ ɭɜɟɥɢɱɢɜɚɸɬ 

ɫɜɨɸ ɞɥɢɧɭ, ɧɨ ɲɢɪɢɧɚ ɨɫɬɚɟɬɫɹ ɩɨɫɬɨɹɧɧɨɣ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɛɚɤɬɟɪɢɢ ɬɨɱɧɨ 

ɤɨɧɬɪɨɥɢɪɭɸɬ ɫɜɨɢ ɪɚɡɦɟɪɵ ɢ ɮɨɪɦɭ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨ 

ɢɦɩɨɪɬɢɪɨɜɚɬɶ ɩɢɬɚɬɟɥɶɧɵɟ ɜɟɳɟɫɬɜɚ. 

Ralstonia eutropha, ɤɚɤ ɩɪɚɜɢɥɨ, ɫɨɞɟɪɠɢɬ 8-12 ɝɪɚɧɭɥ/ɤɥɟɬɤɭ, ɢɯ ɞɢɚɦɟɬɪ 

ɫɨɫɬɚɜɥɹɟɬ ɨɬ 0,2 ɞɨ 0,5 ɦɤɦ. 

ɉ(3ȽȻ) ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɬɢɩɨɦ ɉȽȺ. Ȼɢɨɫɢɧɬɟɡ ɢ 

ɛɢɨɞɟɝɪɚɞɚɰɢɹ ɉ(3ȽȻ), ɚ ɬɚɤɠɟ ɞɪɭɝɢɯ ɬɢɩɨɜ ɉȽȺ ɢɡɭɱɚɥɢɫɶ ɜ ɧɟɫɤɨɥɶɤɢɯ 

ɥɚɛɨɪɚɬɨɪɢɹɯ ɜ ɬɟɱɟɧɢɟ ɩɨɫɥɟɞɧɢɯ 25 ɥɟɬ [12]. 
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Ƚɪɚɧɭɥɵ ɩɨɥɢ(3-ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬɚ) -ɷɬɨ ɜɚɠɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɞɥɹ ɯɪɚɧɟɧɢɹ 

ɭɝɥɟɪɨɞɚ ɢ ɷɧɟɪɝɢɢ ɭ ɦɧɨɝɢɯ ɩɪɨɤɚɪɢɨɬ, ɦɟɫɬɨ ɥɨɤɚɥɢɡɚɰɢɢ ɝɪɚɧɭɥ - 

ɰɢɬɨɩɥɚɡɦɚ. ȼ ɭɫɥɨɜɢɹɯ ɨɝɪɚɧɢɱɟɧɧɨɝɨ ɞɨɫɬɭɩɚ ɩɢɬɚɬɟɥɶɧɵɯ ɜɟɳɟɫɬɜ ɝɪɚɧɭɥɵ 

ɉ(3ȽȻ) ɩɨɡɜɨɥɹɸɬ ɜɵɠɢɜɚɬɶ ɤɥɟɬɤɚɦ [23]. Ʉɨɝɞɚ ɧɚɫɬɭɩɚɸɬ ɛɨɥɟɟ 

ɛɥɚɝɨɩɪɢɹɬɧɵɟ ɭɫɥɨɜɢɹ ɞɥɹ ɪɟɩɥɢɤɚɰɢɢ, ɛɢɨɩɨɥɢɦɟɪɵ ɞɟɝɪɚɞɢɪɭɸɬ, ɢ 

ɨɫɜɨɛɨɠɞɟɧɧɚɹ ɷɧɟɪɝɢɹ ɢ ɦɨɧɨɦɟɪɵ ɤɥɟɬɤɚ ɢɫɩɨɥɶɡɭɟɬ ɧɚ ɪɨɫɬ ɢ ɞɟɥɟɧɢɟ [19]. 

Ƚɪɚɧɭɥɵ ɜ ɤɥɟɬɤɟ ɨɤɪɭɠɟɧɵ ɦɟɦɛɪɚɧɨɣ, ɬɨɥɳɢɧɨɣ ɨɤɨɥɨ 2 ɧɦ [4]. Ɉɧɢ 

ɫɨɫɬɨɹɬ ɢɡ ɚɦɨɪɮɧɨɝɨ ɩɨɥɢɦɟɪɧɨɝɨ ɹɞɪɚ, ɨɤɪɭɠɟɧɧɨɝɨ ɩɥɨɬɧɵɦ ɛɟɥɤɨɜɵɦ 

ɩɨɜɟɪɯɧɨɫɬɧɵɦ ɫɥɨɟɦ. ɉɨɥɢɦɟɪ ɢ ɩɨɜɟɪɯɧɨɫɬɧɵɣ ɫɥɨɣ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɵɣ ɤɨɦɩɥɟɤɫ, ɞɥɹ ɤɨɬɨɪɨɝɨ ɛɵɥ ɩɪɟɞɥɨɠɟɧ ɬɟɪɦɢɧ 

«carbonosome». 

ɉɨɜɟɪɯɧɨɫɬɧɵɣ ɫɥɨɣ ɝɪɚɧɭɥ ɉ(3ȽȻ) ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɫɥɨɠɧɨɨɪɝɚɧɢɡɨɜɚɧɧɭɸ ɫɢɫɬɟɦɭ, ɤɨɬɨɪɚɹ ɜɤɥɸɱɚɟɬ ɦɧɨɝɨ ɪɚɡɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ. 

ɉɨ ɤɪɚɣɧɟɣ ɦɟɪɟ ɨɩɢɫɚɧɨ 17 ɛɟɥɤɨɜ, ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɜɚɠɧɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ 

ɛɢɨɫɢɧɬɟɡɚ, ɯɪɚɧɟɧɢɹ ɢ ɜɧɭɬɪɢɤɥɟɬɨɱɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɉ(3ȽȻ): ɩɹɬɶ ɛɟɥɤɨɜ-

ɮɚɡɢɧɨɜ - PhaP1 - PhaP5, ɨɧɢ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɝɪɚɧɭɥ ɉ(3ȽȻ); 

ɫɟɦɶ ɉ(3ȽȻ)-ɞɟɩɨɥɢɦɟɪɚɡ (PhaZs), ɞɜɟ ɉ3ȽȻ-ɝɢɞɪɨɥɚɡɵ (PhaZb, PhaZc ɢɥɢ 

PhaYs), ɪɟɝɭɥɹɬɨɪ ɛɟɥɤɚ ɎȺɊ ɢ ɬɪɢ ɝɥɚɜɧɵɯ ɉ(3ȽȻ) - ɛɢɨɫɢɧɬɟɬɢɱɟɫɤɢɯ 

ɮɟɪɦɟɧɬɚ [β-ɤɟɬɨɬɢɨɥɚɡɚ (PhaA), ɚɰɟɬɨɚɰɟɬɢɥ-ɋɨȺɪɟɞɭɤɬɚɡɚ (PhaB1) ɢ ɉ(3ȽȻ)-

ɫɢɧɬɚɡɚ (PhaC1)] ɢɡ phaCAB ɨɩɟɪɨɧɚ [37]. 

Ɏɚɡɢɧɵ - ɦɚɥɟɧɶɤɢɟ ɚɦɮɢɮɢɥɶɧɵɟ ɛɟɥɤɢ, ɤɨɬɨɪɵɟ ɨɩɪɟɞɟɥɹɸɬ 

ɤɨɥɢɱɟɫɬɜɨ ɢ ɪɚɡɦɟɪ ɧɚɤɨɩɥɟɧɧɨɝɨ ɉ(3ȽȻ) [12]. Ɉɫɧɨɜɧɚɹ ɮɭɧɤɰɢɹ ɮɚɡɢɧɨɜ - 

ɤɨɧɬɪɨɥɢɪɨɜɚɧɢɟ ɫɜɨɣɫɬɜ ɩɨɜɟɪɯɧɨɫɬɢ ɝɪɚɧɭɥ ɉȽȺ. ɗɬɢ ɛɟɥɤɢ ɩɪɨɱɧɨ 

ɩɪɢɤɪɟɩɥɹɸɬɫɹ ɤ ɝɢɞɪɨɮɨɛɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɪɚɫɬɭɳɟɣ ɉȽȺ ɝɪɚɧɭɥɵ, ɱɬɨɛɵ 

ɡɚɛɥɨɤɢɪɨɜɚɬɶ ɫɜɹɡɵɜɚɧɢɟ ɞɪɭɝɢɯ ɛɟɥɤɨɜ [30]. 

ɉ(3ȽȻ)-ɫɢɧɬɚɡɚ (PhaC1) ɹɜɥɹɟɬɫɹ ɤɥɸɱɟɜɵɦ ɮɟɪɦɟɧɬɨɦ ɫɢɧɬɟɡɚ ɉ(3ȽȻ) ɢ 

ɤɚɬɚɥɢɡɢɪɭɟɬ ɩɪɨɰɟɫɫ ɩɨɥɢɦɟɪɢɡɚɰɢɢ 3-ɝɢɞɪɨɤɫɢɛɭɬɢɪɢɥ-CoA. Ɏɭɧɤɰɢɹ 

ɜɬɨɪɨɣ - ɤɚɬɚɥɢɬɢɱɟɫɤɢ ɧɟɚɤɬɢɜɧɨɣ – ɉ(3ȽȻ)-ɫɢɧɬɚɡɵ - PhaC2 ɧɟɢɡɜɟɫɬɧɚ, ɧɨ 

ɨɧɚ ɨɛɥɚɞɚɟɬ ɫɩɨɫɨɛɧɨɫɬɶɸ ɫɜɹɡɵɜɚɬɶɫɹ ɫ ɉ(3ȽȻ) ɝɪɚɧɭɥɚɦɢ ɜ ɟɫɬɟɫɬɜɟɧɧɵɯ 

ɭɫɥɨɜɢɹɯ. Ɏɚɡɢɧɵ (PhaPs), ɜ ɱɚɫɬɧɨɫɬɢ PhaP1, ɨɯɜɚɬɵɜɚɸɬ ɛɨɥɶɲɭɸ ɱɚɫɬɶ 
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ɩɨɜɟɪɯɧɨɫɬɢ ɝɪɚɧɭɥ ɢ ɩɪɟɞɨɬɜɪɚɳɚɸɬ ɫɥɢɩɚɧɢɟ ɝɪɚɧɭɥ ɦɟɠɞɭ ɫɨɛɨɣ. ɉ(3ȽȻ) 

ɞɟɩɨɥɢɦɟɪɚɡɵ (PhaZs) ɢɦɟɸɬ ɜɚɠɧɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɪɟɭɬɢɥɢɡɚɰɢɢ 

(ɦɨɛɢɥɢɡɚɰɢɢ) ɩɨɥɢɦɟɪɚ ɜɨ ɜɪɟɦɹ ɝɨɥɨɞɚɧɢɹ. Ɉɥɢɝɨɦɟɪɵ ɝɢɞɪɨɥɚɡɵ (PhaZb, 

PhaZc) ɭɱɚɫɬɜɭɸɬ ɜ ɪɚɫɳɟɩɥɟɧɢɢ ɩɪɨɦɟɠɭɬɨɱɧɨ ɨɥɢɝɨɦɟɪɚ 3-ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬɚ 

(3ȽȻ), ɨɛɪɚɡɭɟɦɨɝɨ ɜɨ ɜɪɟɦɹ ɦɨɛɢɥɢɡɚɰɢɢ ɩɨɥɢɦɟɪɚ. Ɋɟɝɭɥɹɬɨɪɧɵɟ ɛɟɥɤɢ 

(PhaRs) ɪɟɝɭɥɢɪɭɸɬ ɷɤɫɩɪɟɫɫɢɸ ɜɵɛɪɚɧɧɵɯ ɝɟɧɨɜ ɮɚɡɢɧɨɜ. 

ɂɡɜɟɫɬɧɨ ɦɧɨɝɨ ɪɚɡɥɢɱɧɵɯ PhaPs, ɧɨ ɦɚɥɨ ɢɡɜɟɫɬɧɨ ɨɛ ɨɪɝɚɧɢɡɚɰɢɢ ɷɬɢɯ 

PhaPs ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɝɪɚɧɭɥ ɉȽȺ. ȼ ɱɚɫɬɧɨɫɬɢ, ɧɟ ɢɡɜɟɫɬɧɨ, ɨɪɝɚɧɢɡɨɜɚɧɵ ɨɧɢ 

ɫɥɭɱɚɣɧɵɦ ɨɛɪɚɡɨɦ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɉ(3ȽȻ) ɢɥɢ ɫɭɳɟɫɬɜɭɸɬ ɤɨɧɤɪɟɬɧɵɟ ɛɟɥɨɤ-

ɛɟɥɤɨɜɵɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɧɟɤɨɬɨɪɵɦɢ PhaPs, ɤɨɬɨɪɵɟ ɩɪɢɜɨɞɹɬ ɤ 

ɭɩɨɪɹɞɨɱɟɧɧɨɣ ɫɬɪɭɤɬɭɪɟ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ [37]. 

 

1.5 Ɏɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɉȽȺ 

 

ɋɬɪɨɟɧɢɟ ɉȽȺ ɨɩɪɟɞɟɥɹɸɬ ɢɯ ɫɜɨɣɫɬɜɚ, ɢ ɩɪɟɠɞɟ ɜɫɟɝɨ ɨɧɢ ɡɚɜɢɫɹɬ ɨɬ 

ɫɬɪɨɟɧɢɹ ɜ ɩɨɥɢɦɟɪɧɨɣ ɰɟɩɢ ɛɨɤɨɜɵɯ ɝɪɭɩɩ, ɚ ɬɚɤɠɟ ɨɬ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ 

ɷɮɢɪɧɵɦɢ ɝɪɭɩɩɚɦɢ ɜ ɦɨɥɟɤɭɥɟ. ȼ ɯɨɞɟ ɢɡɭɱɟɧɢɹ ɉȽȺ ɫɬɚɥɨ ɹɫɧɨ, ɱɬɨ ɫɜɨɣɫɬɜɚ 

ɷɬɢɯ ɩɨɥɢɦɟɪɨɜ ɦɟɧɹɸɬɫɹ ɨɱɟɧɶ ɡɧɚɱɢɬɟɥɶɧɨ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ ɢ 

ɫɨɨɬɧɨɲɟɧɢɹ ɦɨɧɨɦɟɪɨɜ ɜ ɩɨɥɢɦɟɪɧɨɣ ɰɟɩɢ [5]. 
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Ɍɚɛɥɢɰɚ 1.1 – ɋɜɨɣɫɬɜɚ ɩɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɨɜ ɪɚɡɥɢɱɧɨɝɨ ɫɨɫɬɚɜɚ 

 

 

Ɇɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ, ɨɞɧɨ ɢɡ ɧɚɢɛɨɥɟɟ ɜɚɠɧɵɯ ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɢɯ 

ɩɚɪɚɦɟɬɪɨɜ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯ ɫɜɨɣɫɬɜɚ ɨɩɪɟɞɟɥɟɧɧɵɯ ɩɨɥɢɦɟɪɨɜ. Ɉɧɚ ɠɟ 

ɨɩɪɟɞɟɥɹɟɬ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɦɚɬɟɪɢɚɥɚ ɢ ɜɨɡɦɨɠɧɨɫɬɢ ɟɝɨ 

ɩɟɪɟɪɚɛɨɬɤɢ. ɇɚ ɜɟɥɢɱɢɧɭ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɵ ɜɥɢɹɸɬ ɭɫɥɨɜɢɹ 

ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ, ɦɟɬɨɞ ɷɤɫɬɪɚɤɰɢɢ ɩɨɥɢɦɟɪɚ ɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ, ɬɢɩ 

ɦɢɤɪɨɨɪɝɚɧɢɡɦɚ-ɩɪɨɞɭɰɟɧɬɚ. Ɇɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ ɩɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɨɜ 

ɨɱɟɧɶ ɧɟɭɫɬɨɣɱɢɜɵɣ ɩɨɤɚɡɚɬɟɥɶ. ɇɚɩɪɢɦɟɪ, ɭ ɩɨɥɢ(3-ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬɚ) 

ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ ɦɨɠɟɬ ɦɟɧɹɬɶɫɹ ɨɬ ɧɟɫɤɨɥɶɤɢɯ ɫɨɬɟɧ ɞɨ ɦɢɥɥɢɨɧɨɜ ɤȾɚ ɫ 

ɩɨɥɢɞɢɫɩɟɪɫɢɟɣ ɨɬ 2,3 ɞɨ 3,2 [5]. 

Ɍɟɪɦɨɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɨɥɢɦɟɪɚ ɨɩɪɟɞɟɥɹɸɬ ɟɝɨ ɫɩɨɫɨɛɧɨɫɬɶ 

ɤɪɢɫɬɚɥɥɢɡɢɪɨɜɚɬɶɫɹ ɜ ɧɚɬɢɜɧɨɦ ɫɨɫɬɨɹɧɢɢ. ȼɟɥɢɱɢɧɚ ɞɚɧɧɨɝɨ ɩɚɪɚɦɟɬɪɚ 

ɡɚɦɟɬɧɨ ɪɚɡɥɢɱɚɟɬɫɹ ɞɥɹ ɤɚɠɞɨɝɨ ɨɬɞɟɥɶɧɨɝɨ ɬɢɩɚ ɩɨɥɢɦɟɪɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɫɨɫɬɚɜɚ ɫɨɩɨɥɢɦɟɪɨɜ. ɇɟɤɨɬɨɪɵɟ ɉȽȺ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɩɨɥɢ(3-ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬ), 

ɧɟ ɦɨɝɭɬ ɧɚɯɨɞɢɬɫɹ ɜ ɝɚɡɨɜɨɦ ɫɨɫɬɨɹɧɢɢ. ɗɬɨ ɫɜɹɡɚɧɧɨ ɫ ɬɟɦ, ɱɬɨ ɧɟɛɨɥɶɲɨɟ 

ɭɜɟɥɢɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɩɪɢɜɨɞɢɬ ɤ ɫɢɥɶɧɨɣ ɞɟɮɨɪɦɚɰɢɢ 

ɦɚɬɟɪɢɚɥɚ. ɉɨɷɬɨɦɭ ɛɵɥ ɨɩɪɟɞɟɥɟɧ ɨɫɧɨɜɧɨɣ ɬɢɩ ɚɝɪɟɝɚɬɧɨɝɨ ɫɨɫɬɨɹɧɢɹ 

ɩɨɥɢɦɟɪɨɜ - ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɟ ɫɨɫɬɨɹɧɢɟ (ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɟ, ɫɬɟɤɥɨɨɛɪɚɡɧɨɟ, 
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ɠɢɞɤɨɟ ɢ ɜɹɡɤɨ-ɬɟɤɭɱɟɟ) [5]. Ɍɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ ɩɨɥɢɦɟɪɨɜ ɨɬɥɢɱɚɟɬɫɹ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɮɪɚɤɰɢɢ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɜ ɩɨɥɢɦɟɪɟ [3]. 

 

1.6 Ɉɪɝɚɧɢɡɦɵ, ɫɢɧɬɟɡɢɪɭɸɳɢɟ ɉȽȺ 

 

ɉɪɢɡɧɚɤ ɛɢɨɚɤɤɭɦɭɥɹɰɢɢ ɉȽA ɲɢɪɨɤɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧ ɫɪɟɞɢ 

ɛɚɤɬɟɪɢɚɥɶɧɵɯ ɢ ɚɪɯɟɣɧɵɯ ɞɨɦɟɧɨɜ, ɜɫɬɪɟɱɚɸɳɢɟɫɹ ɛɨɥɟɟ ɱɟɦ ɜ 70 

ɛɚɤɬɟɪɢɚɥɶɧɵɯ ɢ ɚɪɯɟɣɧɵɯ ɪɨɞɚɯ [4]. Ȼɢɨɚɤɤɭɦɭɥɢɪɨɜɚɧɧɵɟ ɉȽA ɯɪɚɧɹɬɫɹ ɜ 

ɜɢɞɟ ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɯ ɥɢɩɢɞɧɵɯ ɝɪɚɧɭɥ ɜ ɷɬɢɯ ɦɢɤɪɨɛɧɵɯ ɤɥɟɬɤɚɯ [4].  

Ⱦɨ ɧɚɫɬɨɹɳɟɝɨ ɜɪɟɦɟɧɢ ɢɡɜɟɫɬɧɨ ɛɨɥɟɟ 300 ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ, 

ɫɢɧɬɟɡɢɪɭɸɳɢɯ ɩɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɵ. ɇɨ ɞɥɹ ɩɪɨɦɵɲɥɟɧɧɨɝɨ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɢɫɩɨɥɶɡɭɸɬɫɹ ɢ ɢɡɭɱɚɟɬɫɹ, ɫɥɟɞɭɸɳɢɟ ɲɬɚɦɦɵ: Cupriavidus 

necator, Azotobacter vinelandii, Pseudomonas oleovorans, ɧɟɫɤɨɥɶɤɨ ɲɬɚɦɦɨɜ 

ɦɟɬɢɥɨɬɪɨɮɨɜ ɢ ɬɪɚɧɫɝɟɧɧɵɟ ɲɬɚɦɦɵ Escherichia coli, Cupriavidus necator, 

Klebsiella aerogenes. ɂɦɟɧɧɨ ɷɬɢ ɜɢɞɵ ɨɛɥɚɞɚɸɬ ɫɜɨɣɫɬɜɚɦɢ, ɧɟɨɛɯɨɞɢɦɵɦɢ 

ɞɥɹ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɩɪɨɞɭɰɟɧɬɚ ɛɢɨɩɥɚɫɬɢɤɨɜ [2]. 

Ȼɚɤɬɟɪɢɢ, ɫɩɨɫɨɛɧɵɟ ɩɪɨɞɭɰɢɪɨɜɚɬɶ ɢ ɧɚɤɚɩɥɢɜɚɬɶ ɉȽȺ ɜ ɤɥɟɬɤɟ ɦɨɝɭɬ 

ɛɵɬɶ ɪɚɡɞɟɥɟɧɵ ɧɚ ɞɜɟ ɝɪɭɩɩɵ. Ʉ ɩɟɪɜɨɣ ɝɪɭɩɩɟ ɨɬɧɨɫɹɬɫɹ ɛɚɤɬɟɪɢɢ, ɤɨɬɨɪɵɦ 

ɞɥɹ ɧɚɤɨɩɥɟɧɢɹ ɉȽȺ ɧɭɠɧɵ ɭɫɥɨɜɢɹ ɨɝɪɚɧɢɱɟɧɢɹ ɩɢɬɚɬɟɥɶɧɵɯ ɜɟɳɟɫɬɜ, ɬɚɤɢɯ 

ɤɚɤ ɮɨɫɮɨɪ, ɚɡɨɬ, ɤɢɫɥɨɪɨɞ ɢɥɢ ɦɚɝɧɢɣ; ɨɧɢ ɧɟ ɧɚɤɚɩɥɢɜɚɸɬ ɉȽȺ ɜɨ ɜɪɟɦɹ 

ɮɚɡɵ ɪɨɫɬɚ. Ʉɨ ɜɬɨɪɨɣ ɝɪɭɩɩɟ ɨɬɧɨɫɹɬɫɹ ɛɚɤɬɟɪɢɢ, ɧɚɤɚɩɥɢɜɚɸɳɢɟ ɉȽA ɜɨ 

ɜɪɟɦɹ ɮɚɡɵ ɪɨɫɬɚ, ɢ ɧɟ ɬɪɟɛɭɸɳɢɟ ɨɝɪɚɧɢɱɟɧɢɹ ɩɢɬɚɬɟɥɶɧɵɯ ɜɟɳɟɫɬɜ. 

ɇɚɩɪɢɦɟɪ, ɛɚɤɬɟɪɢɢ Cupriavidus necator, Pseudomonas oleovorans ɨɬɧɨɫɹɬɫɹ ɤ 

ɩɟɪɜɨɣ ɝɪɭɩɩɟ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɪɟɤɨɦɛɢɧɚɧɬɧɚɹ ɤɢɲɟɱɧɚɹ ɩɚɥɨɱɤɚ ɨɬɧɨɫɢɬɫɹ ɤɨ 

ɜɬɨɪɨɦɭ. 

Ɋɚɡɥɢɱɧɵɟ ɛɚɤɬɟɪɢɢ ɩɪɨɢɡɜɨɞɹɬ ɪɚɡɧɵɟ ɬɢɩɵ ɉȽȺ. ɇɚɩɪɢɦɟɪ, ɯɨɪɨɲɨ 

ɢɡɜɟɫɬɧɨ, ɱɬɨ ɮɥɭɨɪɟɫɰɟɧɬɧɵɟ ɲɬɚɦɦɵ Pseudomonas ɧɚɤɚɩɥɢɜɚɸɬ mcl-ɉȽA, 

ɨɧɢ ɢɦɟɸɬ mcl-ɉȽA-ɫɢɧɬɚɡɵ ɞɥɹ ɫɢɧɬɟɡɚ ɉȽA, ɫɨɞɟɪɠɚɳɢɯ 6–14 ɚɬɨɦɨɜ 

ɭɝɥɟɪɨɞɚ. 
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Pseudomonas putida ɢɦɟɟɬ ɬɟɧɞɟɧɰɢɸ ɫɢɧɬɟɡɢɪɨɜɚɬɶ ɉȽȺ ɩɭɬɟɦ 

ɜɤɥɸɱɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɝɪɭɩɩ, ɬɚɤɢɯ ɤɚɤ ɮɟɧɢɥ, ɮɟɧɨɤɫɢ, 

ɨɥɟɮɢɧ, ɝɚɥɨɝɟɧɵ, ɚɥɤɢɥɵ ɢ ɫɥɨɠɧɵɟ ɷɮɢɪɵ ɩɪɢ ɜɵɪɚɳɢɜɚɧɢɢ ɧɚ ɫɭɛɫɬɪɚɬɚɯ, 

ɫɨɞɟɪɠɚɳɢɯ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɯɢɦɢɱɟɫɤɢɟ ɫɬɪɭɤɬɭɪɵ [9]. 

Cupriavidus necator – ɬɢɩɢɱɧɵɣ ɦɨɞɟɥɶɧɵɣ ɨɪɝɚɧɢɡɦ, ɫɢɧɬɟɡɢɪɭɸɳɢɣ 

ɉȽȺ. ɗɬɨɬ ɨɪɝɚɧɢɡɦ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɢɡɭɱɟɧɧɵɦ. Ɇɢɤɪɨɨɪɝɚɧɢɡɦɵ ɷɬɨɝɨ 

ɜɢɞɚ ɦɨɝɭɬ ɧɚɤɚɩɥɢɜɚɬɶ ɞɨ 80-90% ɩɨɥɢ(3-ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬɚ) (ɉ3ȽȻ) ɧɚ 

ɩɪɨɫɬɨɦ ɭɝɥɟɪɨɞɧɨɦ ɫɭɛɫɬɪɚɬɟ ɩɪɢ ɥɢɦɢɬɢɪɨɜɚɧɢɢ ɮɨɫɮɨɪɨɦ, ɚɡɨɬɨɦ ɢɥɢ 

ɤɢɫɥɨɪɨɞɨɦ [3, 30]. Cupriavidus necator – ɷɬɨ ɩɟɪɫɩɟɤɬɢɜɧɵɣ ɩɪɨɞɭɰɟɧɬ, ɬɚɤ ɤɚɤ 

ɨɧ ɚɤɤɭɦɭɥɢɪɭɟɬ ɉȽȺ ɞɚɠɟ ɧɚ ɨɬɯɨɞɚɯ ɩɪɨɦɵɲɥɟɧɧɵɯ ɢ 

ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜ [19]. 

ɋɭɳɟɫɬɜɭɸɬ ɛɚɤɬɟɪɢɢ ɫɢɧɬɟɡɢɪɭɸɳɢɟ ɢ ɧɚɤɚɩɥɢɜɚɸɳɢɟ ɨɞɧɨɜɪɟɦɟɧɧɨ 

ɧɟɫɤɨɥɶɤɨ ɬɢɩɨɜ ɉȽȺ. Ʉ ɬɚɤɢɦ ɜɢɞɚɦ ɨɬɧɨɫɹɬɫɹ Pseudomonas sɪ. 61-3. ɗɬɨɬ 

ɦɢɤɪɨɨɪɝɚɧɢɡɦ ɫɢɧɬɟɡɢɪɭɟɬ ɞɜɚ ɬɢɩɚ ɉȽȺ: ɩɨɥɢ(3-ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬ) – ɉȽȺ1, ɢ 

ɩɨɥɢ(3-ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬ-ɫɨ-3-ɝɢɞɪɨɤɫɢɚɥɤɨɧɚɬ) (ɉȽȺ2). ɉȽȺ1 ɹɜɥɹɟɬɫɹ 

ɝɨɦɨɩɨɥɢɦɟɪɨɦ, ɚ ɉȽȺ2 – ɝɟɬɟɪɨɩɨɥɢɦɟɪɨɦ, ɫɨɫɬɨɹɳɢɦ ɢɡ 3 

ɝɢɞɪɨɤɫɢɚɥɤɨɧɨɚɬɧɵɯ ɟɞɢɧɢɰ, ɫɨɞɟɪɠɚɳɢɯ 4-12 ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ. ɉɪɢ ɩɨɦɨɳɢ 

ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ ɛɵɥɨ ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɜ Pseudomonas sɪ. 61-3, ɉȽȺ1 

ɢ ɉȽȺ2 ɧɚɤɚɩɥɢɜɚɸɬɫɹ ɜ ɜɢɞɟ ɪɚɡɥɢɱɧɵɯ ɝɪɚɧɭɥ ɜ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ ɤɥɟɬɤɟ [30]. 

Ʉɪɨɦɟ Cupriavidus necator ɢ Pseudomonas sp., ɉȽȺ ɧɚɤɚɩɥɢɜɚɸɬ 

Caryophanon latum [22], Rhodococcus rubber, Acinetobacter sɪ., Chromatium 

vinosum, Bacillus megaterium, Paracoccus denitrificans [30], Rhizobiu metli [15] ɢ 

ɦɧɨɝɢɟ ɞɪɭɝɢɟ. 

ɇɚɤɨɩɥɟɧɢɟ ɉȽȺ ɧɚɛɥɸɞɚɟɬɫɹ ɢ ɭ ɝɪɚɦɨɬɪɢɰɚɬɟɥɶɧɵɯ ɷɤɫɬɪɟɦɨɮɢɥɶɧɵɯ 

ɛɚɤɬɟɪɢɣ. ɗɬɢ ɛɚɤɬɟɪɢɢ ɧɚɤɚɩɥɢɜɚɸɬ ɉȽA ɜ ɭɧɢɤɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ 

ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɫ ɜɵɫɨɤɨɣ ɫɨɥɟɧɨɫɬɶɸ ɢɥɢ ɩɪɢ ɩɨɜɵɲɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. 

Ƚɚɥɨɮɢɥɶɧɵɣ Halomonas boliviensis LC1 (DSM 15516) ɦɨɠɟɬ ɪɚɫɬɢ ɢ 

ɩɪɨɢɡɜɨɞɢɬɶ 56% scl-ɉȽA ɢɡ ɝɢɞɪɨɥɢɡɚɬɚ ɤɪɚɯɦɚɥɚ ɜ ɭɦɟɪɟɧɧɨ ɫɨɥɟɜɵɯ 

ɭɫɥɨɜɢɹɯ (0,77 Ɇ NaCl) [6], ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɬɟɪɦɨɮɢɥɶɧɵɣ Thermusthermophilus 

HB8 (ATCC 27634) ɫɢɧɬɟɡɢɪɨɜɚɥ ɞɨ 35,6% ɫɨɩɨɥɢɦɟɪɚ scl-mcl-ɉȽA ɢɡ 
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ɫɵɜɨɪɨɬɤɢ ɩɪɢ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ 70 °ɋ [16]. ɉɨ 

ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ ɝɪɚɦɨɬɪɢɰɚɬɟɥɶɧɵɦɢ ɛɚɤɬɟɪɢɹɦɢ ɷɤɫɬɪɟɦɨɮɢɥɵ ɜɵɝɨɞɧɵ 

ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɢɯ ɛɨɥɟɟ ɧɢɡɤɨɝɨ ɫɩɪɨɫɚ ɧɚ ɫɬɟɪɢɥɶɧɨɫɬɶ, ɚ ɬɚɤɠɟ ɢɯ ɜɵɫɨɤɨɝɨ 

ɩɨɬɟɧɰɢɚɥɚ ɞɥɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɩɪɢ ɪɨɫɬɟ ɧɚ ɨɬɯɨɞɚɯ 

ɩɪɨɢɡɜɨɞɫɬɜɚ.  

Ɉɞɧɚɤɨ ɨɫɧɨɜɧɨɣ ɩɪɨɛɥɟɦɨɣ ɝɪɚɦɨɬɪɢɰɚɬɟɥɶɧɵɯ ɛɚɤɬɟɪɢɣ ɹɜɥɹɟɬɫɹ 

ɧɚɥɢɱɢɟ ɥɢɩɨɩɨɥɢɫɚɯɚɪɢɞɚ (Ʌɉɋ), ɷɧɞɨɬɨɤɫɢɧɨɜ ɜ ɧɚɪɭɠɧɨɣ ɤɥɟɬɨɱɧɨɣ 

ɦɟɦɛɪɚɧɟ ɛɚɤɬɟɪɢɣ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɫɨɜɦɟɫɬɧɨ ɨɱɢɳɚɬɶɫɹ ɫ ɧɟɨɱɢɳɟɧɧɵɦ 

ɩɨɥɢɦɟɪɨɦ ɉȽA ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɬɪɚɤɰɢɢ [7]. ɗɧɞɨɬɨɤɫɢɧ Ʌɉɋ ɹɜɥɹɟɬɫɹ 

ɩɢɪɨɝɟɧɨɦ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɜɵɡɵɜɚɬɶ ɫɢɥɶɧɵɣ ɜɨɫɩɚɥɢɬɟɥɶɧɵɣ ɩɪɨɰɟɫɫ [10], 

ɱɬɨ ɞɟɥɚɟɬ ɩɨɥɢɦɟɪ ɉȽȺ ɧɟɩɨɞɯɨɞɹɳɢɦ ɞɥɹ ɛɢɨɦɟɞɢɰɢɧɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ. 

ɍɞɚɥɟɧɢɟ Ʌɉɋ, ɷɧɞɨɬɨɤɫɢɧɚ ɦɨɠɟɬ ɛɵɬɶ ɞɨɫɬɢɝɧɭɬ ɨɛɪɚɛɨɬɤɨɣ ɩɨɥɢɦɟɪɚ ɎȽȺ 

ɨɤɢɫɥɢɬɟɥɹɦɢ (ɬɨ ɟɫɬɶ ɧɚɬɪɢɟɦ ɝɢɩɨɯɥɨɪɢɬɚ ɢ NaOH, ɨɡɨɧɨɦ, ɩɟɪɨɤɫɢɞɨɦ 

ɜɨɞɨɪɨɞɚ ɢ ɛɟɧɡɨɢɥɩɟɪɨɤɫɢɞɨɦ), ɫ ɦɧɨɝɨɤɪɚɬɧɨɣ ɷɤɫɬɪɚɤɰɢɟɣ ɪɚɫɬɜɨɪɢɬɟɥɟɦ ɫ 

ɩɨɫɥɟɞɭɸɳɟɣ ɨɱɢɫɬɤɨɣ ɚɤɬɢɜɢɪɨɜɚɧɧɵɦ ɭɝɥɟɦ [7,3,10]. Ɉɞɧɚɤɨ ɷɬɢ ɦɟɬɨɞɵ 

ɭɜɟɥɢɱɢɜɚɸɬ ɨɛɳɭɸ ɫɬɨɢɦɨɫɬɶ ɩɪɨɢɡɜɨɞɫɬɜɚ ɉȽA ɢ ɩɪɢɜɨɞɹɬ ɤ ɢɡɦɟɧɟɧɢɹɦ ɜ 

ɫɚɦɢɯ ɦɨɥɟɤɭɥɚɯ ɉȽA ɢ ɫɜɨɣɫɬɜɚɯ ɩɨɥɢɦɟɪɚ (ɬɨ ɟɫɬɶ ɫɧɢɠɟɧɢɟ ɦɨɥɟɤɭɥɹɪɧɨɣ 

ɦɚɫɫɵ ɢ ɭɜɟɥɢɱɟɧɢɟ ɩɨɥɢɞɢɫɩɟɪɫɧɨɫɬɢ). 

ɉɪɨɢɡɜɨɞɫɬɜɨ ɉȽA ɜ ɝɪɚɦɩɨɥɨɠɢɬɟɥɶɧɵɯ ɛɚɤɬɟɪɢɹɯ ɛɵɥɨ 

ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɨ ɜ ɪɨɞɚɯ Bacillus, Caryophanon, Clostridium, Corynebacterium, 

Micrococcus, Microlunatus, Microcystis, Nocardia, Rhodococcus, Staphylococcus, 

Streptomyces [4]. ɉɨ ɫɪɚɜɧɟɧɢɸ ɫ ɝɪɚɦɨɬɪɢɰɚɬɟɥɶɧɵɦɢ ɛɚɤɬɟɪɢɹɦɢ 

ɝɪɚɦɩɨɥɨɠɢɬɟɥɶɧɵɟ ɛɚɤɬɟɪɢɢ ɜ ɨɫɧɨɜɧɨɦ ɫɢɧɬɟɡɢɪɭɸɬ scl-ɉȽA ɫ ɛɨɥɟɟ 

ɧɢɡɤɢɦɢ ɜɵɯɨɞɚɦɢ ɉȽA, ɩɪɢɦɟɪɧɨ ɨɬ 2 ɞɨ 50%, ɩɨɷɬɨɦɭ ɝɪɚɦɩɨɥɨɠɢɬɟɥɶɧɵɟ 

ɛɚɤɬɟɪɢɢ ɟɳɟ ɧɟ ɩɪɢɧɹɬɵ ɞɥɹ ɤɨɦɦɟɪɱɟɫɤɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɉȽA. Ɋɚɧɟɟ 

ɫɨɨɛɳɚɥɨɫɶ ɨ ɜɵɫɨɤɨɦ ɫɨɞɟɪɠɚɧɢɢ scl-ɉȽA, ɫɨɫɬɚɜɥɹɸɳɟɦ 82%, ɞɥɹ 

Streptomyces sp. (ATCC 1238). ɇɟɤɨɬɨɪɵɟ ɲɬɚɦɦɵ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɫɩɨɫɨɛɧɵ 

ɫɢɧɬɟɡɢɪɨɜɚɬɶ ɫɨɩɨɥɢɦɟɪɵ mcl-ɉȽA ɢɥɢ scl-mcl-ɉȽA. ȼ ɬɨɣ ɠɟ ɛɚɤɬɟɪɢɢ, 

ɨɛɪɚɡɨɜɚɧɢɟ ɢɫɤɥɸɱɢɬɟɥɶɧɨ mcl-ɉȽA (48%) ɧɚɛɥɸɞɚɥɢ ɩɪɢ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɢ 

ɧɚ ɨɤɬɚɧɨɜɨɣ ɤɢɫɥɨɬɟ ɜ ɨɬɫɭɬɫɬɜɢɢ ɢɫɬɨɱɧɢɤɚ ɚɡɨɬɚ. 
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ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɜ ɰɟɥɨɦ ɜ ɝɪɚɦɩɨɥɨɠɢɬɟɥɶɧɵɯ ɤɥɟɬɤɚɯ ɧɚɤɚɩɥɢɜɚɟɬɫɹ 

ɦɟɧɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɉȽA, ɨɧɢ ɩɨɥɟɡɧɟɟ ɝɪɚɦɨɬɪɢɰɚɬɟɥɶɧɵɯ ɛɚɤɬɟɪɢɣ ɢɡ-ɡɚ 

ɨɬɫɭɬɫɬɜɢɹ ɭ ɧɢɯ Ʌɉɋ, ɱɬɨ ɦɨɠɟɬ ɫɞɟɥɚɬɶ ɢɯ ɥɭɱɲɢɦ ɢɫɬɨɱɧɢɤɨɦ ɉȽA ɤɚɤ 

ɫɵɪɶɹ ɞɥɹ ɛɢɨɦɟɞɢɰɢɧɫɤɢɯ ɩɪɢɦɟɧɟɧɢɣ. 

ɉȽA ɬɚɤɠɟ ɨɛɧɚɪɭɠɟɧ ɭ ɚɪɯɟɣ, ɧɨ ɞɨ ɧɚɫɬɨɹɳɟɝɨ ɜɪɟɦɟɧɢ ɟɝɨ ɨɬɤɪɵɬɢɟ 

ɛɵɥɨ ɨɝɪɚɧɢɱɟɧɨ ɝɚɥɨɚɪɯɟɚɥɶɧɵɦɢ ɜɢɞɚɦɢ, ɚ ɢɦɟɧɧɨ ɪɨɞɚɦɢ Haloferax, 

Halalkalicoccus, Haloarcula, Halobacterium, Halobiforma, Halococcus, Halopiger, 

Haloquadratum, Halorhabdus, Halorubrum, Halostagnicola, Haloterrigena, 

Natrialba, Natrinema, Natronobacterium, Natronococcus, Natronomonas и 

Natronorubrum. 

ɋɨɨɛɳɚɥɨɫɶ, ɱɬɨ Haloarchaea ɫɢɧɬɟɡɢɪɭɟɬ ɉȽA ɢɡ ɝɥɸɤɨɡɵ, ɥɟɬɭɱɢɯ 

ɠɢɪɧɵɯ ɤɢɫɥɨɬ ɢ ɞɪɭɝɢɯ ɜɟɳɟɫɬɜ, ɫɥɨɠɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɭɝɥɟɪɨɞɚ, ɬɚɤɢɟ ɤɚɤ 

ɤɪɚɯɦɚɥ, ɫɵɜɨɪɨɬɨɱɧɵɣ ɝɢɞɪɨɥɢɡɚɬ, ɫɵɪɨɣ ɝɥɢɰɟɪɢɧ. [9]. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɥɭɱɲɢɦ ɩɪɨɢɡɜɨɞɢɬɟɥɟɦ ɉȽA ɹɜɥɹɟɬɫɹ Haloferax 

mediterranei (DSM 1411). Ⱦɥɹ ɟɝɨ ɪɨɫɬɚ ɬɪɟɛɭɟɬɫɹ NaCl ɢ ɨɧ ɦɨɠɟɬ ɧɚɤɚɩɥɢɜɚɬɶ 

ɜɵɫɨɤɢɟ ɭɪɨɜɧɢ ɉȽA ɦɟɠɞɭ 50 ɢ 76% [9]. H. mediterranei (DSM 1411) ɦɨɠɟɬ 

ɛɵɬɶ ɩɪɢɜɥɟɤɚɬɟɥɶɧɵɦ ɤɚɧɞɢɞɚɬɨɦ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɉȽA. 

Ɉɞɧɚɤɨ ɤɨɝɞɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɭɦɟɪɟɧɧɨ ɝɚɥɨɮɢɥɶɧɵɦɢ ɛɚɤɬɟɪɢɹɦɢ, 

ɬɚɤɢɦɢ ɤɚɤ H. boliviensis LC1 (DSM 15516), ɷɤɫɬɪɟɦɚɥɶɧɚɹ ɫɨɥɟɧɨɫɬɶ, 

ɬɪɟɛɭɟɦɚɹ ɝɚɥɨɚɪɯɟɹɦ, ɦɨɠɟɬ ɫɬɚɬɶ ɩɪɟɩɹɬɫɬɜɢɟɦ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɉȽȺ, 

ɩɨɫɤɨɥɶɤɭ ɜɵɫɨɤɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɫɨɥɢ ɬɪɟɛɭɟɬ ɛɨɥɟɟ ɜɵɫɨɤɭɸ ɯɢɦɢɱɟɫɤɭɸ 

ɫɬɨɢɦɨɫɬɶ ɢ ɭɫɤɨɪɹɟɬ ɤɨɪɪɨɡɢɸ ɮɟɪɦɟɧɬɟɪɨɜ ɢɡ ɧɟɪɠɚɜɟɸɳɟɣ ɫɬɚɥɢ, ɬɟɦ ɧɟ 

ɦɟɧɟɟ, ɝɚɥɨɚɪɯɟɢ ɢɦɟɸɬ ɩɪɟɢɦɭɳɟɫɬɜɨ ɩɟɪɟɞ ɝɚɥɨɮɢɥɶɧɵɦɢ ɛɚɤɬɟɪɢɹɦɢ ɜ 

ɥɟɝɤɨɫɬɢ ɷɤɫɬɪɚɤɰɢɢ ɉȽA. ɗɤɫɬɪɚɤɰɢɹ ɉȽA ɢɡɝɚɥɨɮɢɥɶɧɵɯ ɛɚɤɬɟɪɢɣ ɨɛɵɱɧɨ 

ɬɪɟɛɭɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɯɢɦɢɱɟɫɤɨɝɨ, ɮɟɪɦɟɧɬɚɬɢɜɧɨɝɨ ɢɥɢ ɦɟɯɚɧɢɱɟɫɤɨɝɨ 

ɦɟɬɨɞɚ ɞɥɹ ɪɚɡɪɭɲɟɧɢɟ ɤɥɟɬɨɱɧɨɣ ɫɬɟɧɤɢ ɢ ɜɵɫɜɨɛɨɠɞɟɧɢɹ ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɯ 

ɝɪɚɧɭɥ ɉȽA, ɢ ɷɬɢ ɦɟɬɨɞɵ ɦɨɝɭɬ ɫɨɫɬɚɜɥɹɬɶ ɞɨ 50% ɢɥɢ ɛɨɥɟɟ ɨɬ ɨɛɳɟɣ 

ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɉȽȺ. Ɋɚɫɬɜɨɪɢɬɟɥɢ ɞɥɹ ɷɤɫɬɪɚɤɰɢɢ, ɬɚɤɢɟ ɤɚɤ 

ɯɥɨɪɨɮɨɪɦ ɢ ɚɰɟɬɨɧ, ɬɚɤɠɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɩɨɬɟɧɰɢɚɥɶɧɭɸ ɨɩɚɫɧɨɫɬɶ ɞɥɹ 

ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ ɫɥɭɱɚɟ ɧɟɩɪɚɜɢɥɶɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɢ ɭɬɢɥɢɡɚɰɢɢ. Ɍɨɝɞɚ 
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ɤɚɤ ɝɚɥɨɚɪɯɟɢ ɩɨɞɜɟɪɝɚɸɬɫɹ ɥɢɡɢɫɭ ɤɥɟɬɨɤ ɜ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɟ ɢ 

ɜɵɞɟɥɹɸɬ ɝɪɚɧɭɥɵ ɉȽȺ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ ɜɵɞɟɥɟɧɵ ɫ ɩɨɦɨɳɶɸ 

ɧɢɡɤɨɫɤɨɪɨɫɬɧɨɝɨ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɹ [17]. ɗɬɨ ɞɟɥɚɟɬ ɩɪɨɰɟɫɫ ɜɵɞɟɥɟɧɢɹ ɉȽA 

ɢɡ ɝɚɥɨɚɪɯɟɣ ɨɬɧɨɫɢɬɟɥɶɧɨ ɥɟɝɤɢɦ, ɦɟɧɟɟ ɯɢɦɢɱɟɫɤɢ ɢ ɷɧɟɪɝɨɟɦɤɢɦ ɩɪɨɰɟɫɫɨɦ, 

ɤɨɬɨɪɵɣ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɡɚɬɪɚɬ ɧɚ ɞɨɛɵɱɭ ɢɫɤɨɩɚɟɦɵɯ ɢ ɫɧɢɠɚɟɬ 

ɜɪɟɞɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ.  

 

1.7 ɗɤɫɬɪɚɤɰɢɹ ɩɨɥɢɦɟɪɚ ɢɡ ɦɢɤɪɨɛɧɨɣ ɤɥɟɬɤɢ 

 

ɉɨɫɤɨɥɶɤɭ ɉȽȺ ɯɪɚɧɹɬɫɹ ɜ ɤɥɟɬɤɚɯ, ɫɩɨɫɨɛɵ ɢɡɜɥɟɱɟɧɢɹ ɛɢɨɩɨɥɢɦɟɪɚ 

ɹɜɥɹɸɬɫɹ ɫɥɨɠɧɵɦɢ ɢ ɞɨɪɨɝɨɫɬɨɹɳɢɦɢ. ɋɭɳɟɫɬɜɭɸɬ ɪɚɡɥɢɱɧɵɟ ɦɟɬɨɞɵ, 

ɨɩɢɫɚɧɧɵɟ ɜ ɥɢɬɟɪɚɬɭɪɟ ɩɨ ɜɵɞɟɥɟɧɢɸ ɢ ɩɨɫɥɟɞɭɸɳɟɣ ɩɟɪɟɪɚɛɨɬɤɟ ɉȽȺ, 

ɤɚɠɞɵɣ ɦɟɬɨɞ ɫɜɹɡɚɧ ɫ ɧɟɤɨɬɨɪɵɦɢ ɩɪɟɢɦɭɳɟɫɬɜɚɦɢ ɢ ɧɟɞɨɫɬɚɬɤɚɦɢ. ɒɢɪɨɤɨ 

ɢɫɩɨɥɶɡɭɟɦɵɟ ɦɟɬɨɞɵ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɭɩɨɦɹɧɭɬɵ ɧɢɠɟ. 

ɂɡɜɥɟɱɟɧɢɟ ɪɚɫɬɜɨɪɢɬɟɥɟɦ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɟɦɵɦ 

ɦɟɬɨɞɨɦ ɞɥɹ ɢɡɜɥɟɱɟɧɢɹ ɉȽȺ ɢɡ-ɡɚ ɟɝɨ ɩɪɨɫɬɨɬɵ ɢ ɭɞɨɛɫɬɜɚ ɷɤɫɩɥɭɚɬɚɰɢɢ. Ɉɧ 

ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɫɥɟɞɭɸɳɢɟ ɲɚɝɢ; ɩɪɟɞɜɚɪɢɬɟɥɶɧɚɹ ɨɛɪɚɛɨɬɤɚ, ɱɬɨɛɵ ɪɚɡɨɪɜɚɬɶ 

ɤɥɟɬɤɢ ɬɚɤ, ɱɬɨɛɵ ɝɪɚɧɭɥɵ ɉȽA ɫɬɚɥɢ ɞɨɫɬɭɩɧɵɦɢ, ɚ ɡɚɬɟɦ, ɞɟɥɚɹ ɷɬɢ ɝɪɚɧɭɥɵ 

ɪɚɫɬɜɨɪɢɦɵɦɢ ɜ ɩɨɞɯɨɞɹɳɟɦ ɪɚɫɬɜɨɪɢɬɟɥɟ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɨɫɚɠɞɟɧɢɟɦ 

ɧɟɪɚɫɬɜɨɪɢɬɟɥɟɦ. ɏɥɨɪɢɪɨɜɚɧɧɵɟ ɪɚɫɬɜɨɪɢɬɟɥɢ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ 

ɫɨɥɸɛɢɥɢɡɚɰɢɢ ɉȽȺ ɢɡ ɪɚɡɨɪɜɚɧɧɨɣ ɤɥɟɬɨɱɧɨɣ ɛɢɨɦɚɫɫɵ, ɜɤɥɸɱɚɹ ɯɥɨɪɨɮɨɪɦ, 

1,2-ɞɢɯɥɨɪɷɬɚɧ, ɚɰɟɬɨɧ, 1,2-ɩɪɨɩɢɥɟɧɤɚɪɛɨɧɚɬ ɢ ɷɬɢɥɟɧɤɚɪɛɨɧɚɬ. Ⱥɰɟɬɨɧ 

ɨɛɵɱɧɨ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɟɟ ɞɥɹ mcl-ɉȽA. Ɇɟɬɚɧɨɥ ɢɥɢ ɷɬɚɧɨɥ ɜ ɨɯɥɚɠɞɟɧɧɨɦ 

ɜɢɞɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɧɟɪɚɫɬɜɨɪɢɬɟɥɹ ɞɥɹ ɨɫɚɞɤɨɜ. ɂɫɩɨɥɶɡɭɟɬɫɹ 

ɷɤɫɬɪɚɤɰɢɹ ɪɚɫɬɜɨɪɢɬɟɥɟɦ, ɤɨɝɞɚ ɬɪɟɛɭɟɬɫɹ ɜɵɫɨɤɚɹ ɱɢɫɬɨɬɚ, ɩɨɫɤɨɥɶɤɭ ɨɧɚ ɧɟ 

ɪɚɡɥɚɝɚɟɬ ɩɨɥɢɦɟɪ ɢ ɬɚɤɠɟ ɭɞɚɥɹɟɬ ɷɧɞɨɬɨɤɫɢɧɵ ɢɡ ɤɥɟɬɨɤ. Ʉɪɨɦɟ ɬɨɝɨ, 1,2-

ɩɪɨɩɢɥɟɧɤɚɪɛɨɧɚɬ ɹɜɥɹɟɬɫɹ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɵɦ ɪɚɫɬɜɨɪɢɬɟɥɟɦ ɢɡ-ɡɚ ɟɝɨ ɛɨɥɟɟ 

ɧɢɡɤɨɣ ɬɨɤɫɢɱɟɫɤɨɣ ɩɪɢɪɨɞɵ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ. ȼ ɢɫɫɥɟɞɨɜɚɧɢɢ, ɜ 

ɨɫɧɨɜɧɨɦ ɜɤɥɸɱɚɸɳɟɦ ɷɤɫɬɪɚɤɰɢɸ ɩɨɥɢɝɢɞɪɨɤɫɢɨɤɬɚɧɨɚɬɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
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ɪɚɡɥɢɱɧɵɯ ɪɚɫɬɜɨɪɢɬɟɥɟɣ, ɬɚɤɢɯ ɤɚɤ ɬɟɬɪɚɝɢɞɪɨɮɭɪɚɧ (ɌȽɎ), 2-ɩɪɨɩɚɧɨɥ, 

ɝɟɤɫɚɧ, ɷɬɢɥɚɰɟɬɚɬ, ɚɰɟɬɨɧ ɢ ɦɟɬɢɥɟɧɯɥɨɪɢɞ; ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦ 

ɪɚɫɬɜɨɪɢɬɟɥɟɦ ɛɵɥ ɦɟɬɢɥɟɧɯɥɨɪɢɞ - ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɞɚɸɳɢɣ ɨɤɨɥɨ 

86% (ɜɟɫ / ɜɟɫ) ɢɡɜɥɟɱɟɧɢɹ ɩɨɥɢɦɟɪɚ. Ⱥɰɟɬɨɧ ɢ ɷɬɢɥɚɰɟɬɚɬ ɩɨɤɚɡɚɥ ɩɪɢɦɟɫɢ 

ɦɟɧɟɟ 10% ɢ ɩɨɫɥɟɞɭɸɳɟɟ ɨɫɚɠɞɟɧɢɟ ɫ ɦɟɬɚɧɨɥɨɦ ɩɪɢɜɟɥɨ ɤ ɜɵɫɨɤɨɣ ɱɢɫɬɨɬɟ 

ɩɨɥɢɦɟɪɚ (ɩɨɱɬɢ 100%). 

Ɂɚ ɢɫɤɥɸɱɟɧɢɟɦ 2-ɩɪɨɩɚɧɨɥɚ, ɜɫɟ ɢɫɩɨɥɶɡɭɟɦɵɟ ɪɚɫɬɜɨɪɢɬɟɥɢ 

ɨɛɟɫɩɟɱɢɜɚɥɢ ɷɮɮɟɤɬɢɜɧɨɟ ɜɵɞɟɥɟɧɢɟ mcl-ɉȽA ɢɡ ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɛɢɨɦɚɫɫɵ ɫ 

ɩɪɚɤɬɢɱɟɫɤɢ 100%-ɧɨɣ ɱɢɫɬɨɬɨɣ. ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɨɤɨɥɨ 50 °ɋ ɧ-ɝɟɤɫɚɧ 

ɩɨɤɚɡɚɥ ɯɨɪɨɲɭɸ ɷɤɫɬɪɚɤɰɢɸ, ɧɨ ɩɪɢ ɩɨɧɢɠɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɞɨ 40 °ɋ 

ɜɵɞɟɥɟɧɢɟ ɭɦɟɧɶɲɢɥɨɫɶ, ɧɨ ɩɪɨɞɭɤɬ ɫɨɞɟɪɠɚɥ ɦɟɧɶɲɟ ɷɧɞɨɬɨɤɫɢɧɚ. 

Ɇɢɤɪɨɛɧɵɣ ɉȽȺ ɯɪɚɧɢɬɫɹ ɜ ɜɢɞɟ ɧɟɪɚɫɬɜɨɪɢɦɵɯ ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɯ 

ɝɪɚɧɭɥ. Ɇɟɬɨɞɵ ɷɤɫɬɪɚɤɰɢɢ ɉȽȺ ɨɛɵɱɧɨ ɜɤɥɸɱɚɸɬ ɥɢɡɢɫ ɤɥɟɬɨɱɧɨɣ ɫɬɟɧɤɢ / 

ɤɥɟɬɨɱɧɨɣ ɦɟɦɛɪɚɧɵ, ɫɨɥɸɛɢɥɢɡɚɰɢɸ ɢ ɨɱɢɫɬɤɭ ɤɨɦɩɨɧɟɧɬɚ ɉȽA, ɢ ɨɫɚɠɞɟɧɢɟ 

ɩɨɥɢɦɟɪɚ ɉȽȺ. 

ɂɡ ɜɫɟɯ ɦɟɬɨɞɨɜ ɢɡɜɥɟɱɟɧɢɹ ɩɨɥɢɦɟɪɚ ɢɡ ɤɥɟɬɤɢ ɷɤɫɬɪɚɤɰɢɹ 

ɪɚɫɬɜɨɪɢɬɟɥɟɦ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɭɫɬɨɹɜɲɟɣɫɹ ɢ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɦɨɣ ɞɥɹ 

ɩɨɥɭɱɟɧɢɹ ɩɨɥɢɦɟɪɚ ɉȽȺ ɢɡ ɛɢɨɦɚɫɫɵ ɛɥɚɝɨɞɚɪɹ ɫɜɨɟɣ ɜɵɫɨɤɨɣ ɱɢɫɬɨɬɟ. 

Ɋɚɫɬɜɨɪɢɬɟɥɢ ɯɥɨɪɨɮɨɪɦ, ɦɟɬɢɥɟɧɯɥɨɪɢɞ ɢɥɢ 1,2-ɞɢɯɥɨɪɷɬɚɧ ɨɰɟɧɢɜɚɥɢ ɧɚ 

ɢɡɜɥɟɱɟɧɢɟ ɉ3ȽȻ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɢɹɯ (ɯɥɨɪɨɮɨɪɦ: 61 °C, 1 ɱɚɫ; 

ɦɟɬɢɥɟɧɯɥɨɪɢɞ: 40 °C, 24 ɱɚɫɚ; ɢ 1,2-ɞɢɯɥɨɪɷɬɚɧ: 83 °ɋ, 0,5 ɱ). ɉɨɫɥɟ 

ɷɤɫɬɪɚɤɰɢɢ ɪɚɫɬɜɨɪɢɬɟɥɟɦ ɤɥɟɬɨɱɧɵɣ ɞɟɛɪɢɫ ɭɞɚɥɹɥɢ ɮɢɥɶɬɪɨɜɚɧɢɟɦ ɢ ɪɚɫɬɜɨɪ 

ɤɨɧɰɟɧɬɪɢɪɨɜɚɥɢɬ ɫ ɩɨɦɨɳɶɸ ɪɨɬɨɪɧɨɝɨ ɢɫɩɚɪɢɬɟɥɹ ɞɨ ɨɫɚɠɞɟɧɢɹ ɩɨɥɢɦɟɪɚ 

ɉ3ȽȻ ɩɭɬɟɦ ɞɨɛɚɜɥɟɧɢɹ ɩɨ ɤɚɩɥɹɦ ɥɟɞɹɧɨɝɨ ɷɬɚɧɨɥɚ. ɇɚɛɥɸɞɚɥɨɫɶ, ɱɬɨ 

ɯɥɨɪɨɮɨɪɦ ɢ 1,2-ɞɢɯɥɨɪɷɬɚɧ ɞɨɫɬɢɝɚɸɬ ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ ɢɡɜɥɟɱɟɧɢɹ ɉ3ȽȻ 

(68%) ɫ ɜɵɫɨɤɨɣ ɱɢɫɬɨɬɨɣ (ɨɬ 96 ɞɨ 98%) ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɦɟɬɢɥɟɧɯɥɨɪɢɞɨɦ 

(ɫɬɟɩɟɧɶ ɢɡɜɥɟɱɟɧɢɹ: 25%, ɱɢɫɬɨɬɚ: 98%) 

Ȼɵɥ ɪɚɡɪɚɛɨɬɚɧ ɧɨɜɵɣ ɦɟɬɨɞ ɷɤɫɬɪɚɤɰɢɢ scl-ɉȽA ɚɰɟɬɨɧɨɦ «scl-ɉȽA anti-

ɪɚɫɬɜɨɪɢɬɟɥɶ» ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɞɚɜɥɟɧɢɢ ɜ ɡɚɦɤɧɭɬɨɣ ɫɢɫɬɟɦɟ, 

ɨɛɴɟɞɢɧɹɸɳɟɣ ɤɨɦɩɨɧɟɧɬɵ ɞɥɹ ɷɤɫɬɪɚɤɰɢɢ, ɮɢɥɶɬɪɚɰɢɢ, ɢ ɩɨɥɭɱɟɧɢɢ 
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ɩɪɨɞɭɤɬɚ. Ʉɚɱɟɫɬɜɨ ɷɤɫɬɪɚɝɢɪɨɜɚɧɧɵɯ ɚɰɟɬɨɧɨɦ ɫɥɨɠɧɵɯ ɩɨɥɢɷɮɢɪɨɜ ɧɟ 

ɩɨɤɚɡɚɥɨ ɫɭɳɟɫɬɜɟɧɧɵɯ ɪɚɡɥɢɱɢɣ ɫ ɩɨɥɢɦɟɪɨɦ, ɷɤɫɬɪɚɝɢɪɨɜɚɧɧɵɦ 

ɯɥɨɪɨɮɨɪɦɨɦ, ɨɛɟɫɩɟɱɢɜɚɹ ɦɧɨɝɨɨɛɟɳɚɸɳɭɸ ɡɚɦɟɧɭ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ 

ɨɬɫɭɬɫɬɜɢɹ ɧɟɝɚɬɢɜɧɨɝɨ ɜɥɢɹɧɢɹ ɧɚ ɫɬɪɭɤɬɭɪɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɛɢɨɩɨɥɢɷɮɢɪɚ 

[14]. ɉɪɟɢɦɭɳɟɫɬɜɨ ɷɤɫɬɪɚɤɰɢɢ ɪɚɫɬɜɨɪɢɬɟɥɟɦ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɟɝɨ ɜɵɫɨɤɨɣ 

ɱɢɫɬɨɬɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɉ3ȽȻ, ɨɞɧɚɤɨ ɟɫɬɶ ɦɧɨɝɨ ɨɩɚɫɟɧɢɹ ɩɨ ɩɨɜɨɞɭ ɜɵɫɨɤɨɣ 

ɫɬɨɢɦɨɫɬɢ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɚ ɬɚɤɠɟ ɧɟɝɚɬɢɜɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɨɤɪɭɠɚɸɳɭɸ 

ɫɪɟɞɭ, ɜɵɡɜɚɧɧɨɝɨ ɨɛɪɚɡɨɜɚɧɢɟɦ ɨɩɚɫɧɵɯ ɨɬɯɨɞɨɜ. Ɉɞɧɢɦ ɢɡ ɫɩɨɫɨɛɨɜ 

ɦɢɧɢɦɢɡɚɰɢɢ ɷɬɨɣ ɩɪɨɛɥɟɦɵ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɨɬɪɚɛɨɬɚɧɧɵɯ 

ɪɚɫɬɜɨɪɢɬɟɥɟɣ ɞɥɹ ɢɡɜɥɟɱɟɧɢɹ ɉ3ȽȻ. ɗɬɨ ɛɵɥɨ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɨ ɜ 

Ȼɪɚɡɢɥɢɢ, ɝɞɟ ɩɢɥɨɬɧɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ ɉ3ȽȻ ɧɚ ɫɚɯɚɪɟ ɢɡ ɫɚɯɚɪɧɨɝɨ ɬɪɨɫɬɧɢɤɚ 

ɛɵɥɨ ɢɧɬɟɝɪɢɪɨɜɚɧɨ ɫ ɷɤɫɬɪɚɤɰɢɟɣ ɩɨɥɢɦɟɪɚ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɵɩɨɥɧɢɦɨ 

ɪɟɲɟɧɢɟ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɜɵɫɨɤɨɣ ɱɢɫɬɨɬɵ ɉ3ȽȻ ɩɪɢ ɦɟɧɶɲɢɯ ɡɚɬɪɚɬɚɯ ɧɚ 

ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ. 

Ɇɟɬɨɞ ɪɚɫɳɟɩɥɟɧɢɹ ɹɜɥɹɟɬɫɹ ɯɨɪɨɲɨ ɡɚɪɟɤɨɦɟɧɞɨɜɚɜɲɟɣ ɫɟɛɹ 

ɚɥɶɬɟɪɧɚɬɢɜɨɣ ɷɤɫɬɪɚɤɰɢɢ ɪɚɫɬɜɨɪɢɬɟɥɟɦ ɞɥɹ ɢɡɜɥɟɱɟɧɢɹ ɉȽA. ɉɪɢ 

ɯɢɦɢɱɟɫɤɨɦ ɪɚɫɳɟɩɥɟɧɢɢ ɝɢɩɨɯɥɨɪɢɬ ɧɚɬɪɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɫɨɥɸɛɢɥɢɡɚɰɢɢ 

ɧɟ-ɉ3ȽȻ ɛɢɨɦɚɫɫɵ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɨɫɬɢɝɚɹ ɪɚɡɞɟɥɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɉ3ȽȻ, 

ɤɨɬɨɪɨɟ ɦɨɠɧɨ ɢɡɜɥɟɱɶ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɟɦ. 

ɉɨ ɫɪɚɜɧɟɧɢɸ ɫ ɷɤɫɬɪɚɤɰɢɟɣ ɪɚɫɬɜɨɪɢɬɟɥɟɦ ɢ ɯɢɦɢɱɟɫɤɢɦ ɪɚɫɳɟɩɥɟɧɢɟɦ 

ɮɟɪɦɟɧɬɚɬɢɜɧɨɟ ɪɚɫɳɟɩɥɟɧɢɟ ɬɪɟɛɭɟɬ ɛɨɥɟɟ ɦɹɝɤɢɯ ɭɫɥɨɜɢɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɢ 

ɞɨɫɬɢɠɟɧɢɢ ɧɟɡɧɚɱɢɬɟɥɶɧɨɣ ɞɟɝɪɚɞɚɰɢɢ ɩɪɨɞɭɤɬɚ [14]. Ɋɨɫɬ ɛɢɨɦɚɫɫɵ ɛɵɥ 

ɩɪɢɨɫɬɚɧɨɜɥɟɧ ɜ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɦ ɛɭɮɟɪɟ ɢ ɢɧɤɭɛɢɪɨɜɚɥɢ ɩɪɢ 

ɨɩɪɟɞɟɥɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɤɨɬɨɪɚɹ ɛɵɥɚ ɨɩɬɢɦɢɡɢɪɨɜɚɧɚ ɞɥɹ ɮɟɪɦɟɧɬɚɬɢɜɧɨɣ 

ɞɟɹɬɟɥɶɧɨɫɬɢ. ɉɨɫɥɟ ɮɟɪɦɟɧɬɚɬɢɜɧɨɝɨ ɝɢɞɪɨɥɢɡɚ ɩɨɥɢɦɟɪ ɉ3ȽȻ ɜɵɞɟɥɹɥɢ 

ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɟɦ. ɋ ɩɨɦɨɳɶɸ ɷɬɨɝɨ ɦɟɬɨɞɚ ɦɨɠɧɨ ɞɨɫɬɢɱɶ ɱɢɫɬɨɬɵ ɞɨ 90% 

[14]. Ɇɟɬɨɞɵ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɉȽA ɧɚ ɨɫɧɨɜɟ ɮɟɪɦɟɧɬɨɜ ɹɜɥɹɸɬɫɹ ɛɨɥɟɟ 

ɛɟɡɨɩɚɫɧɵɦɢ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɩɪɟɞɫɬɚɜɥɹɸɬ ɦɟɧɶɲɢɣ ɪɢɫɤ ɞɥɹ 

ɡɞɨɪɨɜɶɹ ɢ ɢɦɟɸɬ ɛɨɥɟɟ ɧɢɡɤɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ. Ɍɟɦ ɧɟ 
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ɦɟɧɟɟ, ɜɵɫɨɤɚɹ ɫɬɨɢɦɨɫɬɶ ɮɟɪɦɟɧɬɨɜ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɭɜɟɥɢɱɟɧɢɸ ɨɛɳɟɣ 

ɫɬɨɢɦɨɫɬɢ. 

 

1.8 ɉɪɨɢɡɜɨɞɫɬɜɨ ɉȽȺ ɢɡ ɠɢɪɧɵɯ ɤɢɫɥɨɬ 

 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɭɪɨɜɟɧɶ ɬɨɤɫɢɱɧɨɫɬɢ ɠɢɪɧɨɣ ɤɢɫɥɨɬɵ ɫɜɹɡɚɧ ɫ 

ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɷɬɨɣ ɠɢɪɧɨɣ ɤɢɫɥɨɬɵ ɢ ɪɚɡɦɟɪɨɦ ɟɟ ɭɝɥɟɪɨɞɧɨɣ ɰɟɩɢ [30]. 

Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɠɢɪɧɵɟ ɤɢɫɥɨɬɵ ɫ ɛɨɥɟɟ ɤɨɪɨɬɤɢɦɢ n-ɚɥɤɢɥɶɧɵɦɢ ɰɟɩɹɦɢ 

ɩɪɨɹɜɥɹɸɬ ɛɨɥɟɟ ɜɵɫɨɤɭɸ ɬɨɤɫɢɱɧɨɫɬɶ, ɱɟɦ ɛɨɥɟɟ ɞɥɢɧɧɵɟ ɰɟɩɢ [36]. ɋ ɞɪɭɝɨɣ 

ɫɬɨɪɨɧɵ, ɞɥɢɧɧɨɰɟɩɨɱɟɱɧɵɟ ɠɢɪɧɵɟ ɤɢɫɥɨɬɵ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɞɟɣɫɬɜɭɸɬ ɤɚɤ 

ɫɭɛɫɬɪɚɬɵ ɞɥɹ ɪɟɚɤɰɢɣ ɚɰɢɥɢɪɨɜɚɧɢɹ ɮɨɫɮɨɥɢɩɢɞɨɜ [32] ɩɪɢ ɜɵɫɨɤɨɣ ɫɤɨɪɨɫɬɢ 

ɦɟɬɚɛɨɥɢɡɦɚ β-ɨɤɢɫɥɟɧɢɹ ɧɚ ɫɬɚɞɢɢ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɝɨ ɪɨɫɬɚ. 

ɂɫɫɥɟɞɨɜɚɧɢɹ Lee & Choi (1999) [21] ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 

ɩɪɨɩɢɨɧɨɜɨɣ ɤɢɫɥɨɬɵ ɜ ɤɚɱɟɫɬɜɟ ɢɧɞɭɤɬɨɪɚ, ɫɢɧɬɟɡɢɪɭɟɬɫɹ ɉ(3ȽȻ-co-3Ƚȼ). 

Ɉɥɟɢɧɨɜɭɸ ɤɢɫɥɨɬɭ ɢɫɩɨɥɶɡɨɜɚɥɢ ɜ ɤɚɱɟɫɬɜɟ ɞɨɛɚɜɨɤ ɜ ɤɭɥɶɬɭɪɚɯ ɝɟɧɟɬɢɱɟɫɤɢ 

ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ Escherichia coli, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɧɚɤɨɩɥɟɧɢɟ ɉ(3ȽȻ-co-

3Ƚȼ) ɭɜɟɥɢɱɢɜɚɥɨɫɶ. 

Chee et al ɜ ɫɜɨɟɣ ɪɚɛɨɬɟ [27] ɢɫɫɥɟɞɨɜɚɥɢ ɜɥɢɹɧɢɟ ɪɚɡɥɢɱɧɵɯ 

ɤɨɧɰɟɧɬɪɚɰɢɣ ɠɢɪɧɵɯ ɤɢɫɥɨɬ ɧɚ ɪɨɫɬ ɤɥɟɬɨɤ ɢ ɩɪɨɞɭɤɰɢɸ ɉȽȺ ɜɵɞɟɥɟɧɧɨɝɨ 

ɢɡɨɥɹɬɚ Burkholderia sp. USM (JCM15050), ɤɨɬɨɪɵɟ ɨɩɪɟɞɟɥɹɥɢ ɩɭɬɟɦ ɩɨɞɚɱɢ 

ɢɧɞɢɜɢɞɭɚɥɶɧɨɣ ɠɢɪɧɨɣ ɤɢɫɥɨɬɵ ɜ ɤɚɱɟɫɬɜɟ ɟɞɢɧɫɬɜɟɧɧɨɝɨ ɢɫɬɨɱɧɢɤɚ 

ɭɝɥɟɪɨɞɚ. ɇɚɫɵɳɟɧɧɚɹ ɫɬɟɚɪɢɧɨɜɚɹ ɤɢɫɥɨɬɚ (C18:0) ɢ ɧɟɧɚɫɵɳɟɧɧɚɹ ɨɥɟɢɧɨɜɚɹ 

ɤɢɫɥɨɬɚ (C18:1) ɩɪɨɞɭɰɢɪɨɜɚɥɢ ɪɚɡɥɢɱɧɵɟ ɤɨɥɢɱɟɫɬɜɚ ɉ(3ȽȻ), ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ 

ɩɟɪɜɚɹ ɩɪɢɜɨɞɢɥɚ ɤ ɩɨɥɭɱɟɧɢɸ ɦɟɧɟɟ 1 ɦɨɥ.%, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɩɨɫɥɟɞɧɹɹ 

ɩɪɨɢɡɜɨɞɢɥɚ 48 ɦɨɥ.% ɉ(3ȽȻ). ȼɚɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɨɥɟɢɧɨɜɚɹ ɤɢɫɥɨɬɚ 

ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ ɨɫɧɨɜɧɵɯ ɠɢɪɧɵɯ ɤɢɫɥɨɬ ɩɚɥɶɦɨɜɨɝɨ ɦɚɫɥɚ, ɤɨɬɨɪɨɟ 

ɹɜɥɹɟɬɫɹ ɜɨɡɨɛɧɨɜɥɹɟɦɵɦ ɢ ɞɟɲɟɜɵɦ ɢɫɬɨɱɧɢɤɨɦ ɭɝɥɟɪɨɞɚ. 

Ʉ ɬɨɦɭ ɠɟ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɨɥɟɢɧɨɜɚɹ ɤɢɫɥɨɬɚ ɹɜɥɹɟɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɵɦ 

ɫɭɛɫɬɪɚɬɨɦ ɞɥɹ ɫɢɧɬɟɡɚ ɩɨɥɢɦɟɪɚ. Marangoni et al. (2000) [18] ɩɨɤɚɡɚɥɢ, ɱɬɨ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɨɥɟɢɧɨɜɨɣ ɤɢɫɥɨɬɵ ɤɚɤ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɭɝɥɟɪɨɞɚ 
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ɩɪɢɜɨɞɢɥɨ ɤ ɭɜɟɥɢɱɟɧɢɸ ɩɪɨɞɭɤɰɢɢ ɉȽȺ ɭ ɝɥɸɤɨɡɨɭɬɢɥɢɡɢɪɭɸɳɟɝɨ ɲɬɚɦɦɚ 

R. eutropha DSM 545. Ⱦɨɛɚɜɥɟɧɢɟ ɨɥɟɢɧɨɜɨɣ ɤɢɫɥɨɬɵ ɜ ɩɪɟɞɟɥɚɯ 0.9-3.0 ɝ/ɥ ɜ 

ɤɚɱɟɫɬɜɟ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɫɭɛɫɬɪɚɬɚ ɩɪɢɜɨɞɢɥɨ ɤ ɭɜɟɥɢɱɟɧɢɸ ɤɨɧɰɟɧɬɪɚɰɢɢ 

ɛɢɨɦɚɫɫɵ ɜ 2-7 ɪɚɡ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɪɨɫɬɨɦ ɧɚ ɝɥɸɤɨɡɟ ɭ ɷɬɨɝɨ ɠɟ ɲɬɚɦɦɚ. Ȼɨɥɟɟ 

ɜɵɫɨɤɢɟ ɜɵɯɨɞɵ ɛɢɨɦɚɫɫɵ ɢ ɉȽȺ ɜ 1.5 ɢ 1.3 ɪɚɡɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɩɪɢ ɪɨɫɬɟ ɧɚ 

ɫɦɟɫɢ ɮɪɭɤɬɨɡɵ ɢ ɨɥɟɢɧɨɜɨɣ ɤɢɫɥɨɬɵ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɪɨɫɬɨɦ ɧɚ ɮɪɭɤɬɨɡɟ 

ɬɚɤɠɟ ɧɚɛɥɸɞɚɥɢ ɭ ɲɬɚɦɦɚ Alcaligenes sp. NCIM No. 508. Ɇɚɤɫɢɦɚɥɶɧɵɣ 

ɭɪɨɠɚɣ ɛɢɨɦɚɫɫɵ ɢ ɫɨɞɟɪɠɚɧɢɟ ɩɨɥɢɦɟɪɚ ɩɪɢ ɪɨɫɬɟ Cupriavidus sp. USMAA2-4 

ɧɚ ɨɥɟɢɧɨɜɨɣ ɤɢɫɥɨɬɟ ɢ ɮɪɭɤɬɨɡɟ ɫɨɫɬɚɜɥɹɥɢ 7.1 ɝ/ɥ ɢ 59 % ɨɬ ɛɢɨɦɚɫɫɵ ɢ 4.3 

ɝ/ɥ ɢ 35 % ɨɬ ɛɢɨɦɚɫɫɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

Ⱥɜɬɨɪɵ ɩɪɟɞɩɨɥɚɝɚɸɬ, ɱɬɨ ɞɜɨɣɧɚɹ ɫɜɹɡɶ ɠɢɪɧɵɯ ɤɢɫɥɨɬ ɭɜɟɥɢɱɢɜɚɟɬ 

ɫɤɨɪɨɫɬɶ ɮɟɪɦɟɧɬɚɬɢɜɧɨɣ ɪɟɚɤɰɢɢ ɩɪɢ ɧɚɤɨɩɥɟɧɢɢ ɉȽȺ. Ɉɥɟɢɧɨɜɚɹ ɤɢɫɥɨɬɚ, 

ɛɭɞɭɱɢ ɩɪɟɤɭɪɫɨɪɨɦ ɫɢɧɬɟɡɚ ɚɰɟɬɢɥ-ɄɨȺ, ɨɤɚɡɵɜɚɟɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ 

ɐɌɄ, ɤɨɬɨɪɵɣ ɭɜɟɥɢɱɢɜɚɟɬ ɤɥɟɬɨɱɧɭɸ ɛɢɨɦɚɫɫɭ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɛɥɚɝɨɞɚɪɹ 

ɞɨɛɚɜɥɟɧɢɸ ɨɥɟɢɧɨɜɨɣ ɤɢɫɥɨɬɵ ɛɵɥɚ ɭɜɟɥɢɱɟɧɚ ɤɚɤ ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɥɟɬɨɱɧɨɣ 

ɛɢɨɦɚɫɫɵ, ɬɚɤ ɢ ɫɨɞɟɪɠɚɧɢɟ ɉ(3ȽȻ). ɂ ɧɚɨɛɨɪɨɬ, ɭɦɟɧɶɲɟɧɢɟ ɫɭɯɨɝɨ ɜɟɫɚ 

ɤɥɟɬɨɤ (4,6 ɝ/ɥ) ɢ 3ȽȻ ɦɨɧɨɦɟɪɚ (42 ɦɨɥ.%) ɧɚɛɥɸɞɚɥɨɫɶ ɡɚ ɫɱɟɬ ɞɨɛɚɜɥɟɧɢɹ 

ɩɚɥɶɦɢɬɢɧɨɜɨɣ ɤɢɫɥɨɬɵ.  

ȼ ɫɜɨɟɣ ɪɚɛɨɬɟ Ramachandranetal (2011) [11] ɢɫɩɨɥɶɡɨɜɚɥɢ ɪɚɡɥɢɱɧɵɟ 

ɠɢɪɧɵɟ ɤɢɫɥɨɬɵ (ɨɥɟɢɧɨɜɚɹ, ɩɚɥɶɦɢɬɢɧɨɜɚɹ, ɦɢɪɢɫɬɢɧɨɜɚɹ, ɫɬɟɚɪɢɧɨɜɚɹ, 

ɥɚɭɪɢɧɨɜɚɹ, ɜɚɥɟɪɢɚɧɨɜɚɹ) ɜ ɩɪɨɰɟɫɫɟ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ Cupriavidus sp. 

USMAA2-4 ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɤɨɦɩɨɡɢɰɢɣ ɫɨɩɨɥɢɦɟɪɚ ɫ ɩɨɦɨɳɶɸ 

ɨɞɧɨɫɬɚɞɢɣɧɨɝɨ ɩɪɨɰɟɫɫɚ ɤɭɥɶɬɢɜɚɰɢɢ. Ȼɵɥɨ ɬɚɤɠɟ ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɨɥɟɢɧɨɜɚɹ 

ɤɢɫɥɨɬɚ ɫɩɨɫɨɛɫɬɜɨɜɚɥɚ ɪɨɫɬɭ ɤɥɟɬɨɤ ɢ ɭɥɭɱɲɚɥɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɦɨɧɨɦɟɪɚ 3ȽȻ.  
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1.9 ɉɪɨɢɡɜɨɞɫɬɜɨ ɉȽȺ ɢɡ ɪɚɫɬɢɬɟɥɶɧɵɯ ɦɚɫɟɥ 

 

ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɠɢɪɵ ɢ ɦɚɫɥɚ ɹɜɥɹɸɬɫɹ ɜɨɡɨɛɧɨɜɥɹɟɦɵɦɢ ɢ 

ɧɟɞɨɪɨɝɢɦɢ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɵɦɢ ɩɪɨɞɭɤɬɚɦɢ, ɪɚɛɨɬ, ɨɩɢɫɵɜɚɸɳɢɯ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɠɢɪɨɜ ɢ ɦɚɫɟɥ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɉȽȺ, ɞɨɫɬɚɬɨɱɧɨ ɦɚɥɨ. 

ɗɮɮɟɤɬɢɜɧɨɟ ɧɚɤɨɩɥɟɧɢɟ ɉ(3ȽȻ-co-3ȽȽx) ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɪɟɤɨɦɛɢɧɚɧɬɧɵɯ ɲɬɚɦɦɨɜ R. eutropha ɨɬ 72 ɞɨ 87% ɨɬ ɫɭɯɨɝɨ ɜɟɫɚ ɤɥɟɬɨɤ ɧɚ 

ɪɚɡɥɢɱɧɵɯ ɪɚɫɬɢɬɟɥɶɧɵɯ ɦɚɫɥɚɯ (ɫɨɟɜɨɟ, ɨɥɢɜɤɨɜɨɟ, ɤɭɤɭɪɭɡɧɨɟ, ɩɚɥɶɦɨɜɨɟ ɢ 

ɩɚɥɶɦɨɹɞɪɨɜɨɟ) ɛɵɥɨ ɩɨɤɚɡɚɧɨ ɧɟɫɤɨɥɶɤɢɦɢ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɦɢ ɝɪɭɩɩɚɦɢ [31, 

24, 34, 25, ]. ɉȽȺ-ɫɢɧɬɚɡɵ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ ɷɬɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ, ɩɪɟɞɫɬɚɜɥɹɸɬ 

ɫɨɛɨɣ ɮɟɪɦɟɧɬɵ ɫ ɲɢɪɨɤɨɣ ɫɭɛɫɬɪɚɬɧɨɣ ɫɩɟɰɢɮɢɱɧɨɫɬɶɸ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ 

ɜɤɥɸɱɚɬɶ ɤɚɤ scl, ɬɚɤ ɢ mcl ɦɨɧɨɦɟɪɵ ɜ ɤɨɧɟɱɧɵɣ ɩɨɥɢɦɟɪ. Ɉɞɧɚɤɨ 

ɤɨɧɰɟɧɬɪɚɰɢɹ 3ȽȽx ɜ ɩɨɥɢɦɟɪɟ ɛɵɥɚ ɧɢɡɤɨɣ, ɜɫɟɝɨ ɥɢɲɶ 2-5 ɦɨɥ.%. 

ȿɳɟ ɜ 1998 ɝɨɞɭ Fukui and Doi [31] ɜ ɫɜɨɣ ɪɚɛɨɬɟ ɢɫɫɥɟɞɨɜɚɥɢ ɪɨɫɬ ɢ 

ɧɚɤɨɩɥɟɧɢɟ ɉȽȺ ɛɚɤɬɟɪɢɟɣ Alcaligenes eutrophus ɇ16 ɧɚ ɪɚɫɬɢɬɟɥɶɧɵɯ ɦɚɫɥɚɯ, 

ɬɚɤɢɯ ɤɚɤ ɨɥɢɜɤɨɜɨɟ, ɤɭɤɭɪɭɡɧɨɟ ɢ ɩɚɥɶɦɨɜɨɟ ɜ ɤɚɱɟɫɬɜɟ ɭɝɥɟɪɨɞɧɵɯ  

ɫɭɛɫɬɪɚɬɨɜ. ɉɪɢɪɨɞɧɵɣ ɲɬɚɦɦ H16 ɯɨɪɨɲɨ ɪɨɫ ɧɚ ɷɬɢɯ ɜɨɡɨɛɧɨɜɥɹɟɦɵɯ 

ɭɝɥɟɪɨɞɧɵɯ ɪɟɫɭɪɫɚɯ (3,6-4,3 ɝ/ɥ ɨɬ ɜɟɫɚ ɫɭɯɨɣ ɛɢɨɦɚɫɫɵ ɤɥɟɬɨɤ) ɢ ɷɮɮɟɤɬɢɜɧɨ 

ɧɚɤɚɩɥɢɜɚɥ ɝɨɦɨɩɨɥɢɦɟɪ ɉ(3ȽȻ) ɫ ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ 79-82 % ɨɬ ɫɭɯɨɝɨ 

ɜɟɫɚ ɛɢɨɦɚɫɫɵ. Ʉɪɨɦɟ ɬɨɝɨ, ɛɵɥ ɩɨɥɭɱɟɧ ɫɨɩɨɥɢɦɟɪ ɉ(3ȽȻ-co-3ȽȽ) 

ɪɟɤɨɦɛɢɧɚɧɬɧɵɦ ɲɬɚɦɦɨɦ Alcaligenes eutrophus 4/pJR-DEE32d13 ɫ ɜɵɫɨɤɢɦ 

ɫɨɞɟɪɠɚɧɢɟɦ ɉȽȺ 76-81%. Ɋɟɡɭɥɶɬɚɬɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɪɚɫɬɢɬɟɥɶɧɵɟ ɦɚɫɥɚ 

ɹɜɥɹɸɬɫɹ ɯɨɪɨɲɢɦɢ ɢɫɬɨɱɧɢɤɚɦɢ ɭɝɥɟɪɨɞɚ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɫɨɩɨɥɢɦɟɪɚ ɉ(3ȽȻ-

co-3ȽȽ), ɫɨɞɟɪɠɚɳɟɝɨ ɧɟɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɮɪɚɤɰɢɣ 3ȽȽx-ɟɞɢɧɢɰ (4-5 ɦɨɥ.%) 

ɜ ɤɥɟɬɤɚɯ ɪɟɤɨɦɛɢɧɚɧɬɧɨɝɨ ɲɬɚɦɦɚ A. eutrophus. Ʉ ɬɨɦɭ ɠɟ ɛɚɤɬɟɪɢɹ A. 

eutrophus ɫɟɤɪɟɬɢɪɨɜɚɥɚ ɥɢɩɚɡɭ ɜ ɤɭɥɶɬɭɪɚɥɶɧɭɸ ɫɪɟɞɭ, ɤɨɝɞɚ ɨɥɢɜɤɨɜɨɟ ɦɚɫɥɨ 

ɛɵɥɨ ɩɨɞɚɧɨ ɜ ɤɚɱɟɫɬɜɟ ɟɞɢɧɫɬɜɟɧɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɭɝɥɟɪɨɞɚ. ɉɪɟɞɩɨɥɚɝɚɥɨɫɶ, 

ɱɬɨ ɜɧɟɤɥɟɬɨɱɧɚɹ ɥɢɩɚɡɚ ɝɢɞɪɨɥɢɡɭɟɬ ɬɪɢɝɥɢɰɟɪɢɧɵ ɜ ɫɪɟɞɟ, ɚ ɩɨɥɭɱɟɧɧɵɟ 

ɠɢɪɧɵɟ ɤɢɫɥɨɬɵ ɩɨɫɬɭɩɚɸɬ ɜ ɤɥɟɬɤɢ ɢ ɦɟɬɚɛɨɥɢɡɢɪɭɸɬɫɹ ɜ ɚɰɟɬɢɥ-ɄɨȺ ɜ ɩɭɬɶ 

β-ɨɤɢɫɥɟɧɢɹ ɠɢɪɧɵɯ ɤɢɫɥɨɬ. ɋɪɟɞɢ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ ɉȽȺ ɫɨɩɨɥɢɦɟɪ ɉ(3ȽȻ-
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co-3ȽȽx) ɛɵɥ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧ ɤɚɤ ɤɨɦɦɟɪɱɟɫɤɢ ɩɪɢɜɥɟɤɚɬɟɥɶɧɵɣ 

ɛɢɨɩɨɥɢɦɟɪ. Ⱥɜɬɨɪɵ ɫɨɨɛɳɚɸɬ, ɱɬɨ ɫɩɨɫɨɛɧɨɫɬɶ ɷɮɮɟɤɬɢɜɧɨ ɩɪɨɢɡɜɨɞɢɬɶ ɷɬɨɬ 

ɫɨɩɨɥɢɦɟɪ ɢɡ ɞɟɲɟɜɵɯ ɢ ɜɨɡɨɛɧɨɜɥɹɟɦɵɯ ɢɫɬɨɱɧɢɤɨɜ ɭɝɥɟɪɨɞɚ ɫɬɚɧɟɬ 

ɨɩɪɟɞɟɥɹɸɳɢɦ ɮɚɤɬɨɪɨɦ ɟɝɨ ɭɫɩɟɲɧɨɣ ɤɨɦɦɟɪɰɢɚɥɢɡɚɰɢɢ.  

ȼ ɫɜɨɟɦ ɢɫɫɥɟɞɨɜɚɧɢɢ Loo et al (2005) [24] ɢɫɩɨɥɶɡɨɜɚɥɢ ɩɪɨɞɭɤɬɵ 

ɩɚɥɶɦɨɜɨɝɨ ɦɚɫɥɚ (ɩɚɥɶɦɨɹɞɪɨɜɨɟ, ɫɵɪɨɟ ɩɚɥɶɦɨɜɨɟ ɢ ɩɚɥɶɦɨɜɵɣ ɨɥɟɢɧ). 

ɉɚɥɶɦɨɜɨɟ ɦɚɫɥɨ ɩɨ-ɩɪɟɠɧɟɦɭ ɫɱɢɬɚɟɬɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɨɜɵɦ ɢɫɬɨɱɧɢɤɨɦ 

ɭɝɥɟɪɨɞɚ, ɧɨ ɥɢɲɶ ɧɟɫɤɨɥɶɤɨ ɪɚɛɨɬ ɨɬɦɟɬɢɥɢ ɟɝɨ ɩɨɬɟɧɰɢɚɥɶɧɭɸ ɪɨɥɶ ɜ 

ɩɪɨɢɡɜɨɞɫɬɜɟ ɉȽȺ. Loo et al [24] ɨɛɧɚɪɭɠɢɥɢ, ɱɬɨ ɩɚɥɶɦɨɹɞɪɨɜɨɟ ɦɚɫɥɨ 

ɹɜɥɹɟɬɫɹ ɨɬɥɢɱɧɵɦ ɢɫɬɨɱɧɢɤɨɦ ɭɝɥɟɪɨɞɚ ɞɥɹ ɫɢɧɬɟɡɚ ɛɨɥɶɲɢɯ ɤɨɥɢɱɟɫɬɜ 

ɉ(3ȽȻ-co-3ȽȽx) ɪɟɤɨɦɛɢɧɚɧɬɧɨɣ W. eutropha, ɫɨɞɟɪɠɚɳɟɣ ɝɟɧ ɉȽȺ-ɫɢɧɬɚɡɵ A. 

caviae. ɇɭɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɚɥɶɦɨɹɞɪɨɜɨɟ ɢ ɩɚɥɶɦɨɜɨɟ ɦɚɫɥɚ ɫɢɥɶɧɨ 

ɪɚɡɥɢɱɚɸɬɫɹ ɩɨ ɫɨɫɬɚɜɭ ɠɢɪɧɵɯ ɤɢɫɥɨɬ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ. ɉɚɥɶɦɨɹɞɪɨɜɨɟ 

ɦɚɫɥɨ ɛɨɝɚɬɨ ɧɚɫɵɳɟɧɧɵɦɢ ɠɢɪɧɵɦɢ ɤɢɫɥɨɬɚɦɢ, ɬɚɤɢɦɢ ɤɚɤ C12:0 ɢ C14:0, ɜ ɬɨ 

ɜɪɟɦɹ ɤɚɤ ɩɚɥɶɦɨɜɨɟ ɦɚɫɥɨ ɛɨɝɚɬɨ ɧɟɧɚɫɵɳɟɧɧɵɦɢ ɠɢɪɧɵɦɢ ɤɢɫɥɨɬɚɦɢ, 

ɬɚɤɢɦɢ ɤɚɤ C18:1, C18:2 ɢ ɫɥɟɞɨɜɵɦɢ ɤɨɥɢɱɟɫɬɜɚɦɢ C18:3. Ȼɵɥɨ ɫɨɨɛɳɟɧɨ, ɱɬɨ 

ɤɥɟɬɤɢ W. eutropha ɭɫɜɚɢɜɚɥɢ C18:3 ɯɭɠɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ C16:0, C18:1 ɢ C18:2[48]. 

ɂɫɫɥɟɞɨɜɚɧɢɟ Looetal [24]  ɜɩɟɪɜɵɟ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɩɚɥɶɦɨɹɞɪɨɜɨɟ ɦɚɫɥɨ 

ɹɜɥɹɟɬɫɹ ɨɬɥɢɱɧɵɦ ɢɫɬɨɱɧɢɤɨɦ ɭɝɥɟɪɨɞɚ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɤɥɟɬɨɱɧɨɣ 

ɛɢɨɦɚɫɫɵ ɢ ɉ(3ȽȻ-co-3ȽȽx) ɪɟɤɨɦɛɢɧɚɧɬɧɨɣ W. eutropha. Ⱦɪɭɝɢɟ ɩɪɨɞɭɤɬɵ 

ɩɚɥɶɦɨɜɨɝɨ ɦɚɫɥɚ ɬɚɤɠɟ ɩɨɞɞɟɪɠɢɜɚɥɢ ɫɢɧɬɟɡ ɉ(3ȽȻ-co-3ȽȽx) ɫ ɩɨɫɬɨɹɧɧɵɦ 

ɫɨɫɬɚɜɨɦ ɦɨɥɹɪɧɨɣ ɮɪɚɤɰɢɢ 3ȽȽx. Ⱥɜɬɨɪɵ ɞɚɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɬɦɟɱɚɸɬ, 

ɱɬɨ ɤɪɭɩɧɨɦɚɫɲɬɚɛɧɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ ɷɬɨɝɨ ɫɨɩɨɥɢɦɟɪɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɪɚɡɥɢɱɧɵɯ ɩɪɨɞɭɤɬɨɜ ɩɚɥɶɦɨɜɨɝɨ ɦɚɫɥɚ ɞɨɥɠɧɨ ɟɳɟ ɛɨɥɟɟ ɫɧɢɡɢɬɶ ɫɬɨɢɦɨɫɬɶ 

ɉȽȺ ɢ ɫɞɟɥɚɬɶ ɟɝɨ ɛɨɥɟɟ ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɵɦ ɜ ɤɨɦɦɟɪɱɟɫɤɨɦ ɨɬɧɨɲɟɧɢɢ ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫ ɫɢɧɬɟɬɢɱɟɫɤɢɦɢ ɩɥɚɫɬɢɤɚɦɢ. 

Mifune et al. (2010 ɝ.) [34] ɫɦɨɝɥɢ ɩɨɥɭɱɢɬɶ ɦɭɬɚɧɬɧɵɦ ɲɬɚɦɦɨɦ 

Wautersia eutropha, ɜ ɤɨɬɨɪɨɦ ɧɚɯɨɞɢɥɫɹ ɝɟɧ ɫɢɧɬɚɡɵ ɉȽȺ Aeromonas caviae,  

ɷɬɨɬ ɫɨɩɨɥɢɦɟɪ, ɫɨɞɟɪɠɚɳɢɣ ɛɨɥɟɟ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ 3ȽȽx (ɞɨ 9,9 ɦɨɥ.%) 

ɜɦɟɫɬɟ ɫ ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɉȽȺ 79% ɨɬ ɫɭɯɨɝɨ ɜɟɫɚ ɛɢɨɦɚɫɫɵ ɤɥɟɬɨɤ ɢɡ 
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ɫɨɟɜɨɝɨ ɦɚɫɥɚ. ɂɫɫɥɟɞɨɜɚɬɟɥɢ ɨɬɦɟɱɚɸɬ, ɱɬɨ ɛɨɥɟɟ ɜɵɫɨɤɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ 3ȽȽx 

ɦɨɝɭɬ ɛɵɬɶ ɞɨɫɬɢɝɧɭɬɵ ɬɨɥɶɤɨ ɩɭɬɟɦ ɞɨɛɚɜɥɟɧɢɹ ɫɪɟɞɧɟɰɟɩɨɱɟɱɧɵɯ ɠɢɪɧɵɯ 

ɤɢɫɥɨɬ, ɯɨɬɹ ɷɬɨ ɛɵɥɨ ɛɵ ɧɟɠɟɥɚɬɟɥɶɧɵɦ ɢɡ-ɡɚ ɫɬɨɢɦɨɫɬɢ ɷɬɢɯ ɭɝɥɟɪɨɞɧɵɯ 

ɫɭɛɫɬɪɚɬɨɜ. ɗɬɢ ɚɜɬɨɪɵ ɬɚɤɠɟ ɫɦɨɝɥɢ ɩɨɥɭɱɢɬɶ ɫɨɩɨɥɢɦɟɪɵ ɫ ɜɵɫɨɤɢɦ 

ɫɨɞɟɪɠɚɧɢɟɦ 3ȽȽx ɞɨ 26 ɦɨɥ.% ɢɡ ɫɨɟɜɨɝɨ ɦɚɫɥɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɲɬɚɦɦɚ, 

ɫɨɞɟɪɠɚɳɟɝɨ ɞɟɥɟɰɢɸ phaB1. Ⱦɚɧɧɵɟ ɲɬɚɦɦɵ ɩɪɨɞɭɰɢɪɨɜɚɥɢ ɉȽȺ ɫ ɛɨɥɟɟ 

ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ 3ȽȽx ɩɪɢ ɜɵɪɚɳɢɜɚɧɢɢ ɧɚ ɫɨɟɜɨɦ ɦɚɫɥɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɨɤɬɚɧɨɚɬɨɦ, ɧɨ ɧɚɤɚɩɥɢɜɚɥɢ ɧɚɦɧɨɝɨ ɦɟɧɶɲɟ ɉȽȺ [34]. ȼ ɞɪɭɝɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ 

ɲɬɚɦɦ Re2160/pCB113 ɩɪɨɞɭɰɢɪɨɜɚɥ ɉ(ȽȻ-co-ȽȽx), ɫɨɞɟɪɠɚɳɢɣ ɱɪɟɡɜɵɱɚɣɧɨ 

ɜɵɫɨɤɢɟ ɭɪɨɜɧɢ 3ȽȽx (ɞɨ 62 ɦɨɥ.%) ɜ ɩɨɥɭɱɟɧɧɨɦ ɫɨɩɨɥɢɦɟɪɟ, ɤɨɝɞɚ ɤɥɟɬɤɢ 

ɜɵɪɚɳɢɜɚɥɢ ɧɚ ɭɩɨɦɹɧɭɬɵɯ ɜɵɲɟ ɪɚɫɬɢɬɟɥɶɧɵɯ ɦɚɫɥɚɯ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɫ 

ɤɨɤɨɫɨɜɵɦ ɦɚɫɥɨɦ ɢ ɩɚɥɶɦɨɜɵɦ ɨɥɟɢɧɨɦ ɜ ɤɚɱɟɫɬɜɟ ɟɞɢɧɫɬɜɟɧɧɨɝɨ ɢɫɬɨɱɧɢɤɚ 

ɭɝɥɟɪɨɞɚ [26, 25]. 

ɉɨɦɢɦɨ ɷɮɮɟɤɬɢɜɧɨɝɨ ɧɚɤɨɩɥɟɧɢɹ ɉȽȺ ɨɬ ɫɭɯɨɝɨ ɜɟɫɚ ɛɢɨɦɚɫɫɵ ɤɥɟɬɨɤ, 

ɤɚɤ ɨɩɢɫɚɧɨ ɜɵɲɟ, ɞɥɹ ɷɤɨɧɨɦɢɱɧɨɝɨ ɩɪɨɰɟɫɫɚ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɬɢɯ 

ɛɢɨɩɥɚɫɬɢɤɨɜ ɬɪɟɛɭɟɬɫɹ ɜɵɫɨɤɚɹ ɨɛɳɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɉȽȺ. Kahar et al. 

(2004) [33] ɩɪɨɢɡɜɟɥ 95,5 ɝ/ɥ ɉ(ȽȻ-co-ȽȽx) ɢɡ ɫɨɟɜɨɝɨ ɦɚɫɥɚ. Ɏɟɪɦɟɧɬɚɰɢɸ 

ɢɧɢɰɢɢɪɨɜɚɥɢ ɫɨɟɜɵɦ ɦɚɫɥɨɦ 20 ɝ/ɥ ɢ 0,4% ɯɥɨɪɢɞɚ ɚɦɦɨɧɢɹ. ɋɨɟɜɨɟ ɦɚɫɥɨ ɢ 

ɯɥɨɪɢɞ ɚɦɦɨɧɢɹ ɩɨɞɚɜɚɥɢ ɩɟɪɢɨɞɢɱɟɫɤɢ ɜ ɤɭɥɶɬɭɪɭ ɩɨɫɥɟ ɞɨɫɬɢɠɟɧɢɹ ɢɦɢ 

ɧɚɱɚɥɶɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ. Ʉɭɥɶɬɭɪɚɥɶɧɚɹ ɫɪɟɞɚ ɜɤɥɸɱɚɥɚ ɚɧɬɢɛɢɨɬɢɤ-

ɤɚɧɚɦɢɰɢɧ ɞɥɹ ɫɬɚɛɢɥɶɧɨɣ ɩɨɞɞɟɪɠɤɢ ɩɥɚɡɦɢɞɵ, ɫɨɞɟɪɠɚɳɟɣ ɝɟɧ, 

ɤɨɞɢɪɭɸɳɢɣ ɉȽȺ-ɫɢɧɬɚɡɭ (phaC Ac) ɫ ɲɢɪɨɤɨɣ ɫɭɛɫɬɪɚɬɧɨɣ ɫɩɟɰɢɮɢɱɧɨɫɬɶɸ 

ɨɬ A. caviae.  

Ʉɭɥɶɬɢɜɢɪɨɜɚɧɢɟ ɫ ɜɵɫɨɤɨɣ ɩɥɨɬɧɨɫɬɶɸ ɤɥɟɬɨɤ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 

ɩɚɥɶɦɨɜɨɝɨ ɦɚɫɥɚ ɜ ɤɚɱɟɫɬɜɟ ɟɞɢɧɫɬɜɟɧɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɭɝɥɟɪɨɞɚ ɞɥɹ ɛɢɨɫɢɧɬɟɡɚ 

ɉ(ȽȻ-co-ȽȽx) ɛɵɥɢ ɜɵɩɨɥɧɟɧɵ Riedel at al. (2012) [28]. ȼ ɷɬɢɯ ɷɤɩɟɪɢɦɟɧɬɚɯ 

ɩɨɥɭɱɚɥɢ ɞɨ 140 ɝ/ɥ ɨɬ ɫɭɯɨɝɨ ɜɟɫɚ ɤɥɟɬɨɤ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɉȽȺ 73%, 

ɫɨɞɟɪɠɚɳɢɦ 19 ɦɨɥ.% 3ȽȽx. ɗɬɨ ɪɚɜɧɨ ɫɭɦɦɚɪɧɨɣ ɩɪɨɞɭɤɰɢɢ ɉȽȺ> 100 ɝ/ɥ, ɢ 

ɞɚɧɧɵɟ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɬɨɦ, ɱɬɨ ɩɪɨɰɟɫɫ ɮɟɪɦɟɧɬɚɰɢɢ ɦɨɠɧɨ 

ɦɚɫɲɬɚɛɢɪɨɜɚɬɶ. Ɇɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ ɉȽȺ, ɩɨɥɭɱɟɧɧɚɹ ɜ ɷɬɢɯ ɷɤɫɩɟɪɢɦɟɧɬɚɯ, 
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ɭɦɟɧɶɲɚɥɚɫɶ ɫ 500 000 ɞɨ 300 000 Ⱦɚ ɜ ɯɨɞɟ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ. ɂɧɞɟɤɫ 

ɩɨɥɢɞɢɫɩɟɪɫɧɨɫɬɢ ɧɟɫɤɨɥɶɤɨ ɭɜɟɥɢɱɢɜɚɥɫɹ ɫ 1,9 ɞɨ 2,1. ɋɧɢɠɟɧɢɟ 

ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɵ ɉȽȺ ɦɨɝɥɨ ɛɵɬɶ ɪɟɡɭɥɶɬɚɬɨɦ ɦɟɬɚɛɨɥɢɡɦɚ ɝɥɢɰɟɪɢɧɚ, 

ɤɨɬɨɪɵɣ ɜɵɫɜɨɛɨɠɞɚɟɬɫɹ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɬɪɢɚɰɢɥɝɥɢɰɟɪɢɧɨɜ (ɌȺȽ) ɜ 

ɤɭɥɶɬɭɪɟ, ɫɨɞɟɪɠɚɳɟɣ ɦɚɫɥɨ [25]. Ƚɥɢɰɟɪɢɧ ɮɭɧɤɰɢɨɧɢɪɭɟɬ ɜ ɤɚɱɟɫɬɜɟ ɚɝɟɧɬɚ 

ɩɟɪɟɧɨɫɚ ɰɟɩɢ ɜɨ ɜɪɟɦɹ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɉȽȺ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɨɥɭɱɟɧɢɸ 

ɩɨɥɢɦɟɪɚ ɫ ɛɨɥɟɟ ɧɢɡɤɨɣ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɨɣ, ɤɨɝɞɚ ɝɥɢɰɟɪɢɧ ɩɪɢɫɭɬɫɬɜɭɟɬ ɜ 

ɤɭɥɶɬɭɪɚɥɶɧɨɣ ɫɪɟɞɟ. 

Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɪɚɫɬɢɬɟɥɶɧɵɟ ɦɚɫɥɚ ɹɜɥɹɸɬɫɹ ɜɚɠɧɵɦɢ 

ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɵɦɢ ɩɪɨɞɭɤɬɚɦɢ, ɤɨɬɨɪɵɟ ɩɨɥɭɱɚɸɬ ɢɡ ɪɚɡɥɢɱɧɵɯ ɤɭɥɶɬɭɪ 

ɩɨ ɜɫɟɦɭ ɦɢɪɭ, ɜɤɥɸɱɚɹ ɫɨɸ, ɪɚɩɫ ɢ ɦɚɫɥɢɱɧɭɸ ɩɚɥɶɦɭ. ɗɬɢ ɦɚɫɥɚ ɜ ɨɫɧɨɜɧɨɦ 

ɫɨɫɬɨɹɬ ɢɡ ɬɪɢɚɰɢɥɝɥɢɰɟɪɢɧɨɜ (ɌȺȽ), ɜ ɤɨɬɨɪɵɯ ɬɪɢ ɠɢɪɧɵɟ ɤɢɫɥɨɬɵ 

ɩɪɢɫɨɟɞɢɧɟɧɵ ɤ ɨɫɧɨɜɧɨɣ ɰɟɩɢ ɝɥɢɰɟɪɢɧɚ. Ɍɢɩɵ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɠɢɪɧɵɯ 

ɤɢɫɥɨɬ, ɩɪɢɫɭɬɫɬɜɭɸɳɢɯ ɜ ɦɚɫɥɟ, ɜɚɪɶɢɪɭɸɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɢɞɚ ɪɚɫɬɟɧɢɹ 

[29]. Ɋɚɫɬɢɬɟɥɶɧɵɟ ɦɚɫɥɚ ɬɪɚɞɢɰɢɨɧɧɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɩɢɳɟɜɨɣ 

ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɧɨ ɨɧɢ ɬɚɤɠɟ ɦɨɝɭɬ ɛɵɬɶ ɯɢɦɢɱɟɫɤɢ ɩɟɪɟɪɚɛɨɬɚɧɵ ɜ ɞɪɭɝɢɟ 

ɩɪɨɞɭɤɬɵ, ɬɚɤɢɟ ɤɚɤ ɬɨɩɥɢɜɨ, ɯɢɦɢɤɚɬɵ ɢ ɩɨɥɢɦɟɪɵ [38, 29]. 

ɂɫɩɨɥɶɡɭɹ ɦɟɬɨɞ ɷɤɫɬɪɚɤɰɢɢ ɥɢɩɢɞɨɜ, Budde et al. (2011a) [20], Riedel et 

al. (2012) [28] ɩɨɤɚɡɚɥɢ ɩɪɨɮɢɥɶ ɩɨɬɪɟɛɥɟɧɢɹ ɥɢɩɢɞɨɜ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɠɢɪɧɵɯ 

ɤɢɫɥɨɬ ɨɫɬɚɬɨɱɧɵɯ ɥɢɩɢɞɨɜ ɜ ɩɪɨɰɟɫɫɟ ɮɟɪɦɟɧɬɚɰɢɢ ɩɚɥɶɦɨɜɨɝɨ ɦɚɫɥɚ ɫ 

ɜɵɫɨɤɨɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɤɥɟɬɨɤ. Ⱦɚɧɧɵɟ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɫɧɚɱɚɥɚ ɪɚɫɳɟɩɥɹɸɬɫɹ 

ɌȺȽ, ɡɚɬɟɦ ȾȺȽ (ɞɢɚɰɢɥɝɥɢɰɟɪɢɧɵ) ɢ MAȽ (ɦɨɧɨɚɰɢɥɝɥɢɰɟɪɢɧɵ). 

ɋɨɨɬɧɨɲɟɧɢɹ ɨɫɬɚɬɨɱɧɵɯ ɠɢɪɧɵɯ ɤɢɫɥɨɬ ɨɫɬɚɜɚɥɢɫɶ ɩɨɫɬɨɹɧɧɵɦɢ ɜ ɩɪɨɰɟɫɫɟ 

ɤɭɥɶɬɜɢɪɨɜɚɧɢɹ, ɱɬɨ ɭɤɚɡɵɜɚɥɨ ɧɚ ɬɨ, ɱɬɨ ɪɚɡɥɢɱɧɵɟ ɫɜɨɛɨɞɧɵɟ ɠɢɪɧɵɟ 

ɤɢɫɥɨɬɵ (ɋɀɄ), ɪɚɫɳɟɩɥɟɧɧɵɟ ɨɬ ɌȺȽ, ɩɨɬɪɟɛɥɹɸɬɫɹ ɩɨɱɬɢ ɫ ɪɚɜɧɨɣ 

ɫɤɨɪɨɫɬɶɸ. Ɉɞɧɚɤɨ ɩɨɫɥɟ ɩɪɟɤɪɚɳɟɧɢɹ ɩɨɞɚɱɢ ɩɚɥɶɦɨɜɨɝɨ ɦɚɫɥɚ ɩɪɨɩɨɪɰɢɢ 

ɧɟɤɨɬɨɪɵɯ ɠɢɪɧɵɯ ɤɢɫɥɨɬ ɜ ɨɫɬɚɬɨɱɧɵɯ ɥɢɩɢɞɚɯ ɢɡɦɟɧɹɥɢɫɶ. ɗɬɢ ɞɚɧɧɵɟ 

ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɬɨɦ, ɱɬɨ R. eutropha ɩɪɟɞɩɨɱɢɬɚɥɚ ɧɟɧɚɫɵɳɟɧɧɵɟ ɠɢɪɧɵɟ 

ɤɢɫɥɨɬɵ, ɬɚɤ ɤɚɤ ɜ ɫɪɟɞɟ ɧɚɛɥɸɞɚɥɨɫɶ ɧɚɤɨɩɥɟɧɢɟ ɜɨɡɪɚɫɬɚɸɳɟɣ ɞɨɥɢ 

ɫɬɟɚɪɢɧɨɜɨɣ ɤɢɫɥɨɬɵ (C18:0, ɜ 5 ɪɚɡ), ɚ ɬɚɤɠɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɭɦɟɧɶɲɚɸɳɢɟɫɹ 
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ɤɨɧɰɟɧɬɪɚɰɢɢ ɨɥɟɢɧɨɜɨɣ ɤɢɫɥɨɬɵ (C18: 1,ɜ 1,3 ɪɚɡɚ) ɢ ɥɢɧɨɥɟɜɵɯ ɤɢɫɥɨɬ (C18: 2, ɜ 

4 ɪɚɡɚ). 

ȼ ɧɟɤɨɬɨɪɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɬɚɤɠɟ ɛɵɥɚ ɢɡɭɱɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɛɚɤɬɟɪɢɣ ɞɥɹ ɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɟɜɪɚɳɟɧɢɹ ɪɚɫɬɢɬɟɥɶɧɵɯ ɦɚɫɟɥ 

ɢ ɠɢɪɧɵɯ ɤɢɫɥɨɬ ɜ ɬɨɩɥɢɜɨ (Kalscheuer et al. 2006), ɩɨɜɟɪɯɧɨɫɬɧɨ-ɚɤɬɢɜɧɵɟ 

ɜɟɳɟɫɬɜɚ (Rahman et al. 2002; Kim et al. 2006),  ɩɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɵ [15] ɢ 

ɞɪɭɝɢɟ. ɑɬɨɛɵ ɢɫɩɨɥɶɡɨɜɚɬɶ ɪɚɫɬɢɬɟɥɶɧɵɟ ɦɚɫɥɚ, ɛɚɤɬɟɪɢɢ ɜɵɞɟɥɹɸɬ ɥɢɩɚɡɵ, 

ɤɨɬɨɪɵɟ ɤɚɬɚɥɢɡɢɪɭɸɬ ɜɵɫɜɨɛɨɠɞɟɧɢɟ ɠɢɪɧɵɯ ɤɢɫɥɨɬ ɢɡ ɌȺȽ (Jaeger et al. 

1999). Ɂɚɬɟɦ ɠɢɪɧɵɟ ɤɢɫɥɨɬɵ ɬɪɚɧɫɩɨɪɬɢɪɭɸɬɫɹ ɜ ɤɥɟɬɤɭ, ɝɞɟ ɨɧɢ 

ɤɚɬɚɛɨɥɢɡɢɪɭɸɬɫɹ ɱɟɪɟɡ ɰɢɤɥ β-ɨɤɢɫɥɟɧɢɹ (DiRusso et al. 1999). ɇɟɤɨɬɨɪɵɟ 

ɛɚɤɬɟɪɢɢ ɬɚɤɠɟ ɫɢɧɬɟɡɢɪɭɸɬ ɩɨɜɟɪɯɧɨɫɬɧɨ-ɚɤɬɢɜɧɵɟ ɜɟɳɟɫɬɜɚ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ 

ɭɜɟɥɢɱɢɜɚɬɶ ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɛɢɨɞɨɫɬɭɩɧɨɫɬɶ ɝɢɞɪɨɮɨɛɧɵɯ ɢɫɬɨɱɧɢɤɨɜ 

ɭɝɥɟɪɨɞɚ, ɨɛɟɫɩɟɱɢɜɚɹ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɣ ɪɨɫɬ ɷɬɢɯ ɫɨɟɞɢɧɟɧɢɣ (Rosenberg 

and Ron 1999). 
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2 Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ 

 

2.1 Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ 

 

ɒɬɚɦɦ Cupriavidus necator B-10646.  

ɒɬɚɦɦ Cupriavidus necator B-10646 ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɜɚɪɢɚɧɬɨɜ, 

ɜɵɞɟɥɟɧɧɵɯ ɢɡ ɤɭɥɶɬɭɪɵ ɝɥɸɤɨɡɨɭɫɜɚɢɜɚɸɳɟɝɨ ɲɬɚɦɦɚ Ralstonia eutropha B-

8562 ( ɲɬɚɦɦ ɩɨɥɭɱɟɧ ɜ ɪɟɡɭɥɶɬɚɬɟ ɞɥɢɬɟɥɶɧɨɣ ɫɟɥɟɤɰɢɢ ɲɬɚɦɦɚ  B5786 ɧɚ 

ɫɪɟɞɚɯ ɫ ɟɞɢɧɫɬɜɟɧɧɵɦ ɢɫɬɨɱɧɢɤɨɦ ɭɝɥɟɪɨɞɚ – ɝɥɸɤɨɡɨɣ, ɞɟɩɨɧɢɪɨɜɚɧ ɜ 

ȼɄɉɆ) ɜ ɩɪɨɰɟɫɫɟ ɞɥɢɬɟɥɶɧɨɣ ɦɧɨɝɨɫɬɭɩɟɧɱɚɬɨɣ ɫɟɥɟɤɰɢɢ ɩɨ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 

ɫɢɧɬɟɡɚ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ ɉȽȺ, ɨɛɪɚɡɨɜɚɧɧɵɯ ɦɨɧɨɦɟɪɚɦɢ ɫ ɪɚɡɥɢɱɧɨɣ 

ɞɥɢɧɨɣ ɭɝɥɟɪɨɞɧɨɣ ɋ-ɰɟɩɢ, ɧɚ ɪɨɫɬɨɜɨɣ ɫɪɟɞɟ, ɫɨɞɟɪɠɚɳɟɣ ɜ ɤɚɱɟɫɬɜɟ 

ɢɫɬɨɱɧɢɤɚ ɭɝɥɟɪɨɞɚ ɝɥɸɤɨɡɭ ɢɥɢ ɫɦɟɫɢ ɨɪɝɚɧɢɱɟɫɤɢɯ ɤɢɫɥɨɬ. ɒɬɚɦɦ ɜ ɨɬɥɢɱɢɟ 

ɨɬ ɩɪɨɬɨɬɢɩɚ ɭɫɬɨɣɱɢɜ ɤ ɜɨɡɞɟɣɫɬɜɢɸ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɬɨɤɫɢɱɧɵɯ 

ɫɭɛɫɬɪɚɬɨɜ. 

 

2.2 ɉɪɨɰɟɫɫ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ 

 

ȼɵɪɚɳɢɜɚɧɢɟ ɛɚɤɬɟɪɢɣ ɩɪɨɜɨɞɢɥɢ ɧɚ ɫɨɥɟɜɨɣ ɫɪɟɞɟ ɒɥɟɝɟɥɹ: 

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

0,025, NH4Cl – 1, 0 (ɝ/ɥ). Ɇɢɤɪɨɷɥɟɦɟɧɬɵ ɜɧɨɫɢɥɢ ɜ ɫɪɟɞɭ ɢɡ ɪɚɫɱɟɬɚ 3 ɦɥ 

ɫɬɚɧɞɚɪɬɧɨɝɨ ɪɚɫɬɜɨɪɚ ɧɚ 1 ɥ ɫɪɟɞɵ. ɋɬɚɧɞɚɪɬɧɵɣ ɪɚɫɬɜɨɪ ɦɢɤɪɨɷɥɟɦɟɧɬɨɜ 

ɫɨɞɟɪɠɢɬ: H3BO3 – 0,228, CoCl2×6H2O – 0,030, CuSO4×5H2O – 0,008, 

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

0,008 (ɝ/ɥ).  

ɂɧɨɤɭɥɹɬ ɩɨɥɭɱɚɥɢ ɜ ɫɬɪɨɝɨ ɫɬɟɪɢɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɜ ɩɟɪɢɨɞɢɱɟɫɤɨɦ 

ɪɟɠɢɦɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɲɟɣɤɟɪɚ-ɢɧɤɭɛɚɬɨɪɚ «Incubator Shaker Innova®» 

ɫɟɪɢɢ 44 («New Brunswick Scientific», ɋɒȺ) ɜ ɫɬɟɤɥɹɧɧɵɯ ɤɨɥɛɚɯ ɨɛɴɟɦɨɦ 0,5 

ɥ ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɡɚɩɨɥɧɟɧɢɹ 1/2 ɩɪɢ 30 °ɋ ɢ 200 ɨɛ/ɦɢɧ. (Ɋɢɫ.3). Ⱦɥɹ 

ɜɵɪɚɳɢɜɚɧɢɹ ɛɚɤɬɟɪɢɣ ɡɚ ɨɫɧɨɜɭ ɩɪɢɧɹɬɚ ɫɨɥɟɜɚɹ ɫɪɟɞɚ ɒɥɟɝɟɥɹ. 
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Na2HPO4⋅H2O – 9.1; KH2PO4 – 1.5; MgSO4⋅H2O – 0.2; Fe3C6H5O7⋅7H2O – 

0.025; NH4Cl – 1 (ɝ/ɥ). 

ȼ ɤɚɱɟɫɬɜɟ ɭɝɥɟɪɨɞɧɵɯ ɫɭɛɫɬɪɚɬɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢ ɥɚɭɪɢɧɨɜɭɸ, 

ɦɢɪɢɫɬɢɧɨɜɭɸ ɤɢɫɥɨɬɵ (ɤɨɧɰɟɧɬɪɚɰɢɹ 15-20 ɝ/ɥ), ɩɚɥɶɦɢɬɢɧɨɜɭɸ ɢ 

ɫɬɟɚɪɢɧɨɜɭɸ ɤɢɫɥɨɬɵ (10-15 ɝ/ɥ), ɚ ɬɚɤɠɟ ɫɜɢɧɨɣ ɠɢɪ (10-15 ɝ/ɥ), ɦɚɪɝɚɪɢɧ, ɚ 

ɬɚɤɠɟ ɫɩɪɟɞ (10-15 ɝ/ɥ). 

Ɇɢɤɪɨɷɥɟɦɟɧɬɵ ɞɨɛɚɜɥɹɥɢ ɩɨ ɩɪɨɩɢɫɢ ɏɨɚɝɥɚɧɞɚ ɢɡ ɪɚɫɱёɬɚ 3 ɦɥ 

ɫɬɚɧɞɚɪɬɧɨɝɨ ɪɚɫɬɜɨɪɚ ɧɚ 1 ɥɢɬɪ ɫɪɟɞɵ [3]. 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). Ʉɨɧɰɟɧɬɪɚɰɢɢ MgSO4 ɫɨɫɬɚɜɥɹɥɚ 3ɝ/ 200ɦɥ, ɤɨɧɰɟɧɬɪɚɰɢɹ NH4CL 

10ɝ/100ɦɥ 

 

2.3 Ⱥɧɚɥɢɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ 

 

ɂɡɦɟɧɟɧɢɟ ɛɢɨɦɚɫɫɵ ɤɥɟɬɨɤ ɜ ɩɪɨɰɟɫɫɟ ɪɨɫɬɚ ɤɭɥɶɬɭɪɵ ɪɟɝɢɫɬɪɢɪɨɜɚɥɢ 

ɨɩɬɢɱɟɫɤɢɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɤɭɥɶɬɭɪɵ. Ⱦɥɹ ɢɡɦɟɪɟɧɢɹ ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ 

ɩɟɪɢɨɞɢɱɟɫɤɢ ɨɬɛɢɪɚɥɢ ɩɪɨɛɵ ɤɭɥɶɬɭɪɵ, ɢɫɩɨɥɶɡɨɜɚɥɢ ɮɨɬɨɤɨɥɨɪɢɦɟɬɪ 1 ɦɥ 

ɩɪɨɛɵ + 5 ɦɥ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɵ, ɯɨɪɨɲɨ ɩɟɪɟɦɟɲɚɬɶ (ɩɢɩɟɬɢɪɨɜɚɬɶ). 

Ɋɚɡɛɚɜɥɟɧɧɭɸ ɩɪɨɛɭ ɧɚɥɢɬɶ ɜ ɤɸɜɟɬɭ ɧɚ 1 ɦɦ ɢ ɢɡɦɟɪɢɬɶ ɜ ɮɨɬɨɦɟɬɪɟ «UNICO 

2100». ȼ ɤɚɱɟɫɬɜɟ ɤɨɧɬɪɨɥɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɭɸ ɜɨɞɭ. ɂɡɦɟɪɟɧɢɹ 

ɩɪɨɜɨɞɢɬɶ ɩɪɢ ɞɥɢɧɟ ɜɨɥɧɵ 440 ɧɦ. ȿɫɥɢ ɨɩɬɢɱɟɫɤɚɹ ɩɥɨɬɧɨɫɬɶ ɛɨɥɶɲɟ 1, ɬɨ 

ɧɟɨɛɯɨɞɢɦɨ ɢɡɦɟɪɹɬɶ ɜ ɪɚɡɜɟɞɟɧɢɢ 1:20. 0,5 ɦɥ ɩɪɨɛɵ + 10 ɦɥ 

ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɵ, ɩɢɩɟɬɢɪɨɜɚɬɶ. Ʉɨɧɬɪɨɥɶ - ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɚɹ ɜɨɞɚ, 

ɤɸɜɟɬɚ – 1ɦɦ ɢ ɞɥɢɧɧɚ ɜɨɥɧɵ – 440 ɧɦ. 

Ʉɨɧɰɟɧɬɪɚɰɢɸ ɤɥɟɬɨɤ ɏ, ɝ/ɥ, ɪɟɝɢɫɬɪɢɪɨɜɚɥɢ ɜɟɫɨɜɵɦ ɫɩɨɫɨɛɨɦ. Ⱦɥɹ 

ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɜɡɹɬɶ ɛɚɤɬɟɪɢɚɥɶɧɭɸ ɫɭɫɩɟɧɡɢɸ, ɨɛɴɟɦɨɦ 10-25 ɦɥ, 

ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɬɶ 10 ɦɢɧ ɩɪɢ 6000 ɨɛ/ɦɢɧ; ɞɜɚɠɞɵ ɨɬɦɵɬɶ ɤɥɟɬɤɢ ɨɬ ɫɨɥɟɣ 

ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɨɣ ɢ ɫɧɨɜɚ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɬɶ. Ɉɬɦɵɬɵɟ ɤɥɟɬɤɢ  

ɩɟɪɟɧɨɫɢɥɢ ɜ ɛɸɤɫɵ, ɡɚɪɚɧɟɟ ɞɨɜɟɞɟɧɧɵɟ ɞɨ ɩɨɫɬɨɹɧɧɨɝɨ ɜɟɫɚ. ɉɪɨɛɵ 
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ɜɵɫɭɲɢɬɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 105 ɨɋ ɜ ɬɟɱɟɧɢɟ ɫɭɬɨɤ, ɨɯɥɚɠɞɢɬɶ ɜ ɷɤɫɢɤɚɬɨɪɟ ɢ 

ɜɡɜɟɫɢɬɶ. Ȼɢɨɦɚɫɫɭ ɛɚɤɬɟɪɢɣ ɜ ɤɭɥɶɬɭɪɟ ɨɩɪɟɞɟɥɢɬɶ ɤɚɤ ɪɚɡɧɢɰɭ ɦɟɠɞɭ ɜɟɫɨɦ 

ɛɸɤɫɚ ɫ ɤɥɟɬɤɚɦɢ ɢ ɜɟɫɨɦ ɱɢɫɬɨɝɨ ɛɸɤɫɚ. 

ɉɪɢɝɨɬɨɜɢɥɢ ɫɦɟɫɶ ɢɡ ɦɟɬɚɧɨɥɚ ɢ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ 

(19:1 ɦɥ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ) ɢ ɞɨɛɚɜɢɥɢ ɩɨ 1 ɦɥ ɜ ɤɨɥɛɵ ɤ ɷɤɫɬɪɚɝɢɪɨɜɚɧɧɵɦ 

ɥɢɩɢɞɚɦ. Ɂɚɬɟɦ ɞɨɛɚɜɢɥɢ ɜ ɤɚɠɞɭɸ ɤɨɥɛɭ ɩɨ ɨɞɧɨɣ ɤɚɩɥɟ ɛɟɧɡɨɥɚ ɢ ɩɨɫɬɚɜɢɥɢ 

ɧɚ ɜɨɞɹɧɭɸ ɛɚɧɸ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 900ɋ ɫ ɨɛɪɚɬɧɵɦ ɯɨɥɨɞɢɥɶɧɢɤɨɦ ɫ ɰɟɥɶɸ 

ɩɨɥɭɱɟɧɢɹ ɦɟɬɢɥɨɜɵɯ ɷɮɢɪɨɜ ɠɢɪɧɵɯ ɤɢɫɥɨɬ. Ⱦɥɢɬɟɥɶɧɨɫɬɶ ɦɟɬɚɧɨɥɢɡɚ 

ɫɨɫɬɚɜɢɥɚ 2 ɱ. ȼ ɬɟɱɟɧɢɟ ɷɬɨɝɨ ɜɪɟɦɟɧɢ ɧɟɨɛɯɨɞɢɦɨ ɧɚɛɥɸɞɚɬɶ ɡɚ ɬɟɦɩɟɪɚɬɭɪɨɣ 

ɜ ɛɚɧɟ, ɰɟɥɨɫɬɶɸ ɤɨɥɛ.  ɉɨ ɨɤɨɧɱɚɧɢɢ ɩɪɨɰɟɫɫɚ ɫɧɹɥɢ ɤɨɥɛɵ, ɞɨɛɚɜɢɥɢ 1 ɦɥ 

ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɵ ɢ 2 ɦɥ ɝɟɤɫɚɧɚ.  Ɂɚɬɟɦ ɩɟɪɟɥɢɥɢ ɫɦɟɫɶ ɜ ɞɟɥɢɬɟɥɶɧɭɸ 

ɜɨɪɨɧɤɭ, ɞɨɛɚɜɢɥɢ 10 ɦɥ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɵ, ɫɥɢɥɢ ɢɡ ɜɨɪɨɧɤɢ ɧɢɠɧɢɣ 

ɜɨɞɧɵɣ ɫɥɨɣ, ɩɨɜɬɨɪɧɨ ɞɨɛɚɜɢɥɢ ɢ ɫɥɢɥɢ 10 ɦɥ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɵ. 

ȼɟɪɯɧɢɣ ɫɥɨɣ, ɫɨɫɬɨɹɳɢɣ ɢɡ ɝɟɤɫɚɧɚ ɫ ɪɚɫɬɜɨɪɟɧɧɵɦɢ ɦɟɬɢɥɨɜɵɦɢ ɷɮɢɪɚɦɢ 

ɀɄ, ɩɪɨɩɭɫɬɢɥɢ ɱɟɪɟɡ ɫɥɨɣ Na2SO4 ɜ ɝɪɭɲɟɜɢɞɧɭɸ ɤɨɥɛɭ, ɡɚɬɟɦ ɢɫɩɚɪɢɥɢ 

ɝɟɤɫɚɧ ɧɚ ɪɨɬɨɪɧɨɦ ɢɫɩɚɪɢɬɟɥɟ. Ƚɨɬɨɜɵɟ ɦɟɬɢɥɨɜɵɟ ɷɮɢɪɵ ɀɄ ɯɪɚɧɢɥɢ ɜ 

ɦɨɪɨɡɢɥɶɧɨɣ ɤɚɦɟɪɟ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɞɨ ɩɪɨɜɟɞɟɧɢɹ ɝɚɡɨɜɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɢ. 
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ɁȺɄɅɘЧȿɇɂȿ 

 

Ȼɵɥɚ ɢɫɫɥɟɞɨɜɚɧɚ ɫɩɨɫɨɛɧɨɫɬɶ ɛɚɤɬɟɪɢɣ ɲɬɚɦɦɚ Cupriavidus necator B-

10646 ɪɚɫɬɢ ɢ ɫɢɧɬɟɡɢɪɨɜɚɬɶ ɩɨɥɢɦɟɪ ɧɚ ɪɚɡɥɢɱɧɵɯ ɥɢɩɢɞɧɵɯ ɫɭɛɫɬɪɚɬɚɯ. 

1 ɂɫɫɥɟɞɨɜɚɧɨ ɧɚɤɨɩɥɟɧɢɟ ɛɢɨɦɚɫɫɵ ɢ ɩɨɥɢɦɟɪɚ ɛɚɤɬɟɪɢɹɦɢ Cupriavidus 

necator B-10646 ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜ ɤɚɱɟɫɬɜɟ ɟɞɢɧɫɬɜɟɧɧɨɝɨ ɢɫɬɨɱɧɢɤɚ 

ɭɝɥɟɪɨɞɚ ɧɚɫɵɳɟɧɧɵɯ ɠɢɪɧɵɯ ɤɢɫɥɨɬ, ɫɨɞɟɪɠɚɳɢɯ 12, 14, 16 ɢ 18 ɚɬɨɦɨɜ 

ɭɝɥɟɪɨɞɚ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɧɚɢɥɭɱɲɢɦɢ ɭɝɥɟɪɨɞɧɵɦɢ ɫɭɛɫɬɪɚɬɚɦɢ ɛɵɥɢ 

ɥɚɭɪɢɧɨɜɚɹ (ɋ12) ɢ ɦɢɪɢɫɬɢɧɨɜɚɹ (ɋ14) ɠɢɪɧɵɟ ɤɢɫɥɨɬɵ. Ʉɨɧɰɟɧɬɪɚɰɢɹ 

ɛɢɨɦɚɫɫɵ ɢ ɫɨɞɟɪɠɚɧɢɟ ɩɨɥɢɦɟɪɚ ɫɨɫɬɚɜɢɥɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 6,7 ± 0,47 ɝ/ɥ 

75 ± 7,5 % ɞɥɹ ɥɚɭɪɢɧɨɜɨɣ ɤ-ɬɵ ɢ 6,5± 0,78 ɝ/ɥ 74 ±3,7 % ɞɥɹ 

ɦɢɪɢɫɬɢɧɨɜɨɣ ɤ-ɬɵ. 

2 ɂɫɫɥɟɞɨɜɚɧ ɪɨɫɬ ɛɚɤɬɟɪɢɣ Cupriavidus necator B-10646 ɢ ɫɢɧɬɟɡ ɩɨɥɢɦɟɪɚ 

ɧɚ ɬɜɟɪɞɵɯ ɥɢɩɢɞɧɵɯ ɫɭɛɫɬɪɚɬɚɯ (ɦɚɪɝɚɪɢɧ, ɫɩɪɟɞ, ɫɜɢɧɨɣ ɠɢɪ), 

ɪɚɡɥɢɱɚɸɳɢɯɫɹ ɠɢɪɧɨɤɢɫɥɨɬɧɵɦ ɫɨɫɬɚɜɨɦ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɛɚɤɬɟɪɢɢ 

ɪɨɫɥɢ ɢ ɫɢɧɬɟɡɢɪɨɜɚɥɢ ɩɨɥɢɦɟɪ ɧɚ ɜɫɟɯ ɫɭɛɫɬɪɚɬɚɯ. Ɇɚɤɫɢɦɚɥɶɧɚɹ 

ɤɨɧɰɟɧɬɪɚɰɢɹ ɛɢɨɦɚɫɫɵ 6,1 ± 0,43 ɝ/ɥ ɢ ɫɨɞɟɪɠɚɧɢɟ ɩɨɥɢɦɟɪɚ 62 ± 2,48% 

ɩɨɥɭɱɟɧɵ ɩɪɢ ɪɨɫɬɟ ɧɚ ɦɚɪɝɚɪɢɧɟ. 

3 ɂɫɫɥɟɞɨɜɚɧ ɠɢɪɧɨɤɢɫɥɨɬɧɵɣ ɫɨɫɬɚɜ ɥɢɩɢɞɧɵɯ ɫɭɛɫɬɪɚɬɨɜ ɢ ɩɨɬɪɟɛɥɟɧɢɟ 

ɠɢɪɧɵɯ ɤɢɫɥɨɬ ɛɚɤɬɟɪɢɹɦɢ ɜ ɯɨɞɟ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɜ 

ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɛɚɤɬɟɪɢɢ ɢɫɩɨɥɶɡɨɜɚɥɢ ɩɨɥɢɟɧɨɜɵɟ ɤɢɫɥɨɬɵ, ɚ ɬɚɤɠɟ 

ɧɚɫɵɳɟɧɧɵɟ ɠɢɪɧɵɟ ɤɢɫɥɨɬɵ, ɫɨɞɟɪɠɚɳɢɟ 12 ɢ 14 ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ, 

ɫɨɞɟɪɠɚɧɢɟ ɤɨɬɨɪɵɯ ɤ ɤɨɧɰɭ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɫɧɢɡɢɥɨɫɶ ɜ ɧɟɫɤɨɥɶɤɨ ɪɚɡ. 
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ɂɧɢɰɢɚɥɵ, 

ɮɚɦɢɥɢɹ 
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