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ɊȿɎȿɊȺɌ 

 

Ȼɚɤɚɥɚɜɪɫɤɚɹ ɪɚɛɨɬɚ ɧɚ ɬɟɦɭ «Ɉɫɨɛɟɧɧɨɫɬɢ ɪɨɫɬɚ, ɥɢɩɢɞɧɨɝɨ ɨɛɦɟɧɚ ɢ 

ɚɤɤɭɦɭɥɹɰɢɢ ɪɟɡɟɪɜɧɵɯ ɛɢɨɦɨɥɟɤɭɥ ɜ ɤɭɥɶɬɭɪɟ ɲɬɚɦɦɚ Cupriavidus 

eutrophus B-10646, ɤɭɥɶɬɢɜɢɪɭɟɦɨɝɨ ɧɚ ɨɥɟɢɧɨɜɨɣ ɤɢɫɥɨɬɟ» ɫɨɞɟɪɠɢɬ 42 

ɫɬɪɚɧɢɰɵ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 57 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, 2 ɬɚɛɥɢɰɵ, 

13 ɪɢɫɭɧɤɨɜ. 

CUPRIAVIDUS EUTROPHUS, ɈɅȿɂɇɈȼȺə ɄɂɋɅɈɌȺ, 

ɉɈɅɂȽɂȾɊɈɄɋɂȺɅɄȺɇɈȺɌɕ, ɀɂɊɇɕȿ ɄɂɋɅɈɌɕ, 

ɅɂɉɈɉɈɅɂɋȺɏȺɊɂȾɕ, ȼɇɍɌɊɂɄɅȿɌɈɑɇɕȿ ɅɂɉɂȾɕ, 

ɆɂɄɊɈɋɄɈɉɂə. 

ɐɟɥɶ ɪɚɛɨɬɵ: ɢɫɫɥɟɞɨɜɚɬɶ ɲɬɚɦɦ ɛɚɤɬɟɪɢɣ C. eutrophus B-10646 ɜ 

ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɤɭɥɶɬɭɪɟ ɩɪɢ ɪɨɫɬɟ ɧɚ ɨɥɟɢɧɨɜɨɣ ɤɢɫɥɨɬɟ. ȼ ɡɚɞɚɱɢ ɜɯɨɞɢɥɨ: 

1) ɂɫɫɥɟɞɨɜɚɬɶ ɪɨɫɬ ɤɥɟɬɨɤ ɛɚɤɬɟɪɢɣ ɢ ɧɚɤɨɩɥɟɧɢɟ ɩɨɥɢɦɟɪɚ; 2) ɂɡɭɱɢɬɶ 

ɪɚɡɦɟɪɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɥɟɬɨɤ; 3) Ɉɩɪɟɞɟɥɢɬɶ ɠɢɪɧɨɤɢɫɥɨɬɧɵɣ ɫɨɫɬɚɜ 

ɥɢɩɢɞɨɜ ɰɢɬɨɩɥɚɡɦɚɬɢɱɟɫɤɨɣ ɦɟɦɛɪɚɧɵ ɢ ɩɪɨɱɧɨɫɜɹɡɚɧɧɵɯ ɥɢɩɢɞɨɜ. 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɪɚɛɨɬɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ: ɧɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ 

ɨɫɬɪɨ ɫɬɨɢɬ ɜɨɩɪɨɫ ɨ ɫɧɢɠɟɧɢɢ ɫɬɨɢɦɨɫɬɢ ɩɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɨɜ. Ɉɞɧɢɦ 

ɢɡ ɮɚɤɬɨɪɨɜ, ɜɥɢɹɸɳɢɯ ɧɚ ɢɯ ɫɬɨɢɦɨɫɬɶ, ɹɜɥɹɟɬɫɹ ɫɭɛɫɬɪɚɬ. Ɍɚɤɢɦ  

ɩɟɪɫɩɟɤɬɢɜɧɵɦ, ɷɤɨɧɨɦɢɱɟɫɤɢ ɛɨɥɟɟ ɜɵɝɨɞɧɵɦ ɫɭɛɫɬɪɚɬɨɦ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɫɚɯɚɪɚɦɢ, ɹɜɥɹɟɬɫɹ ɨɥɟɢɧɨɜɚɹ ɤɢɫɥɨɬɚ. ȼ ɰɟɥɹɯ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɨɝɨ ɢɥɢ 

ɢɧɨɝɨ  ɫɭɛɫɬɪɚɬɚ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɩɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɨɜ ɜ ɩɪɨɦɵɲɥɟɧɧɵɯ 

ɦɚɫɲɬɚɛɚɯ, ɧɟɨɛɯɨɞɢɦɨ ɫɧɚɱɚɥɚ ɢɫɫɥɟɞɨɜɚɬɶ ɨɫɧɨɜɧɵɟ ɮɢɡɢɨɥɨɝɨ-

ɛɢɨɯɢɦɢɱɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ ɲɬɚɦɦɚ-ɩɪɨɞɭɰɟɧɬɚ ɩɨɥɢɝɢɞɪɨɤɫɢɚɤɚɧɨɚɬɨɜ ɧɚ 

ɢɫɫɥɟɞɭɟɦɨɦ ɫɭɛɫɬɪɚɬɟ  
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ȼȼȿȾȿɇɂȿ 

 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɝɥɨɛɚɥɶɧɨɣ ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɩɪɨɛɥɟɦɨɣ ɫɬɚɥɨ 

ɜɨɡɪɚɫɬɚɸɳɟɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɱɟɥɨɜɟɤɨɦ ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɩɥɚɫɬɦɚɫɫ ɝɥɚɜɧɵɦ 

ɨɛɪɚɡɨɦ ɩɨɥɢɨɥɟɮɢɧɨɜ (ɩɨɥɢɷɬɢɥɟɧɨɜ ɢ ɩɨɥɢɩɪɨɩɢɥɟɧɨɜ). ȿё ɪɟɲɟɧɢɟɦ 

ɦɨɝɥɨ ɛɵ ɫɬɚɬɶ ɫɨɡɞɚɧɢɟ ɷɤɨɥɨɝɢɱɟɫɤɢ ɱɢɫɬɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɫɥɭɠɚɳɢɯ 

ɚɧɚɥɨɝɨɦ ɩɨɥɢɨɥɟɮɢɧɨɜ ɢ  ɜɩɢɫɵɜɚɸɳɢɯɫɹ ɜ ɛɢɨɫɮɟɪɧɵɟ ɤɪɭɝɨɜɨɪɨɬɧɵɟ 

ɰɢɤɥɵ [3] . 

ȼ ɩɨɫɥɟɞɧɢɟ ɞɟɫɹɬɢɥɟɬɢɹ ɧɟɩɪɟɪɵɜɧɨ ɪɚɫɬɟɬ ɢɧɬɟɪɟɫ ɤ 

ɛɢɨɞɟɝɪɚɞɢɪɭɟɦɵɦ ɩɪɢɪɨɞɧɵɦ ɩɨɥɢɦɟɪɚɦ (ɚɥɶɝɢɧɚɬɚɦ, ɤɨɥɥɚɝɟɧɭ, 

ɠɟɥɚɬɢɧɭ, ɯɢɬɨɡɚɧɚɦ, ɮɢɛɪɨɢɧɚɦ ɲɟɥɤɚ) ɢ ɩɨɥɢɷɮɢɪɚɦ ɛɚɤɬɟɪɢɚɥɶɧɨɝɨ 

ɩɪɨɢɫɯɨɠɞɟɧɢɹ – ɩɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɚɦ (ɉȽȺ), ɫɢɧɬɟɡɢɪɭɟɦɵɯ 

ɦɢɤɪɨɨɪɝɚɧɢɡɦɚɦɢ [14]. ɉȽȺ - ɩɨɥɢɦɟɪɵ ɝɢɞɪɨɤɫɢɩɪɨɢɡɜɨɞɧɵɯ ɠɢɪɧɵɯ 

ɤɢɫɥɨɬ. Ɉɧɢ ɨɛɥɚɞɚɸɬ ɪɹɞɨɦ ɩɨɥɟɡɧɵɯ ɫɜɨɣɫɬɜ, ɬɚɤɢɯ ɤɚɤ ɛɢɨɞɟɝɪɚɞɚɰɢɹ ɢ 

ɛɢɨɫɨɜɦɟɫɬɢɦɨɫɬɶ.  

ɉȽȺ ɩɟɪɫɩɟɤɬɢɜɧɵ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɜ ɩɢɳɟɜɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ 

(ɭɩɚɤɨɜɨɱɧɵɣ ɦɚɬɟɪɢɚɥ), ɫɟɥɶɫɤɨɦ ɯɨɡɹɣɫɬɜɟ (ɨɛɜɨɥɚɤɢɜɚɬɟɥɢ ɫɟɦɹɧ, 

ɭɞɨɛɪɟɧɢɣ, ɩɟɫɬɢɰɢɞɨɜ, ɪɚɡɪɭɲɚɟɦɵɟ ɩɥɟɧɤɢ, ɬɚɪɚ ɞɥɹ ɬɟɩɥɢɱɧɵɯ ɯɨɡɹɣɫɬɜ) 

ɢ ɞɪɭɝɢɯ ɫɮɟɪɚɯ, ɜɤɥɸɱɚɹ ɦɟɞɢɰɢɧɭ ɢ ɮɚɪɦɚɤɨɥɨɝɢɸ [4]. 

ɉȽȺ ɞɨɫɬɚɬɨɱɧɨ ɞɨɪɨɝɨɫɬɨɹɳɢɟ ɦɚɬɟɪɢɚɥɵ ɢ ɞɚɧɧɵɟ ɩɨɥɢɦɟɪɵ ɩɨɤɚ 

ɧɟ ɩɪɢɦɟɧɹɸɬɫɹ ɧɚɫɬɨɥɶɤɨ ɲɢɪɨɤɨ, ɧɚɫɤɨɥɶɤɨ ɷɬɨ ɜɨɡɦɨɠɧɨ. ȼ ɰɟɥɹɯ 

ɫɧɢɠɟɧɢɹ ɢɯ ɫɬɨɢɦɨɫɬɢ ɜɟɞɭɬɫɹ ɩɨɫɬɨɹɧɧɵɟ ɪɚɛɨɬɵ ɜ ɩɨɢɫɤɚɯ 

ɧɟɞɨɪɨɝɨɫɬɨɹɳɟɝɨ ɫɭɛɫɬɪɚɬɚ, ɩɪɢ ɪɨɫɬɟ ɧɚ ɤɨɬɨɪɨɦ, ɜɵɯɨɞɵ ɩɨɥɢɦɟɪɚ ɛɭɞɭɬ 

ɜɵɫɨɤɢɦɢ, ɢ ɟɝɨ ɫɜɨɣɫɬɜɚ ɛɭɞɭɬ ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɬɪɟɛɭɟɦɵɦ. 
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ȽɅȺȼȺ 1. ɈȻɁɈɊ ɅɂɌȿɊȺɌɍɊɕ 

 

1.1 ɋɬɪɭɤɬɭɪɚ ɢ ɫɜɨɣɫɬɜɚ ɩɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɨɜ 

 

ɉɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɵ (ɉȽȺ) ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɚɥɢɮɚɬɢɱɟɫɤɢɟ 

ɫɥɨɠɧɵɟ ɩɨɥɢɷɮɢɪɵ, ɩɪɨɞɭɰɢɪɭɟɦɵɟ ɪɚɡɥɢɱɧɵɦɢ ɦɢɤɪɨɨɪɝɚɧɢɡɦɚɦɢ ɤɚɤ 

ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɟ ɪɟɡɟɪɜɧɵɟ ɦɚɬɟɪɢɚɥɵ ɭɝɥɟɪɨɞɚ ɢ ɷɧɟɪɝɢɢ [52]. ȼɩɟɪɜɵɟ 

ɉȽȺ ɛɵɥɢ ɨɛɧɚɪɭɠɟɧɵ  ɭ Bacillus megaterium Ȼɟɣɟɪɢɧɤɨɦ ɜ 1888 ɝɨɞɭ.  ȼ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɯɨɞɹɳɢɯ ɜ ɢɯ ɫɨɫɬɚɜ ɦɨɧɨɦɟɪɧɵɯ ɟɞɢɧɢɰ, ɨɧɢ ɢɦɟɸɬ 

ɪɚɡɧɵɟ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ. 

 
Ɋɢɫɭɧɨɤ 1-ɋɬɪɭɤɬɭɪɧɚɹ ɮɨɪɦɭɥɚ ɉȽȺ 

Ƚɞɟ: 

n = 1: R = ɜɨɞɨɪɨɞ - ɩɨɥɢ (3-ɝɢɞɪɨɤɫɢɩɪɨɩɢɨɧɚɬ), R = ɦɟɬɢɥ - ɩɨɥɢ (3-

ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬ), R = ɷɬɢɥ - ɩɨɥɢ (3-ɝɢɞɪɨɤɫɢɜɚɥɟɪɚɬ),R = ɩɪɨɩɢɥ - ɩɨɥɢ (3-

ɝɢɞɪɨɤɫɢɝɟɤɫɚɧɨɚɬ),R = ɩɟɧɬɢɥ - ɩɨɥɢ (3-ɝɢɞɪɨɤɫɢɨɤɬɚɧɨɚɬ),R = ɧɨɧɢɥ - ɩɨɥɢ 

(3-ɝɢɞɪɨɤɫɢɞɨɞɟɤɚɧɨɚɬ),  

n = 2: R = ɜɨɞɨɪɨɞ - ɩɨɥɢ (4-ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬ),  

n = 3: R = ɜɨɞɨɪɨɞ - ɩɨɥɢ (5-ɝɢɞɪɨɤɫɢɜɚɥɟɪɚɬ).  

ɋ ɛɢɨɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ ɉȽȺ ɨɛɥɚɞɚɸɬ ɞɜɭɦɹ ɜɚɠɧɵɦɢ 

ɫɜɨɣɫɬɜɚɦɢ, ɩɪɢɞɚɸɳɢɦɢ ɢɦ ɡɧɚɱɢɬɟɥɶɧɨɟ ɩɪɟɢɦɭɳɟɫɬɜɨ ɜ ɨɬɧɨɲɟɧɢɢ 

ɞɪɭɝɢɯ ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɩɪɨɞɭɤɬɨɜ. ɗɬɨ ɛɢɨɪɚɡɥɚɝɚɟɦɨɫɬɶ ɢ ɛɢɨɫɨɜɦɟɫɬɢɦɨɫɬɶ. 

ɉȽȺ ɩɨɥɧɨɫɬɶɸ ɞɟɝɪɚɞɢɪɭɸɬ ɞɨ ɜɨɞɵ ɢ ɞɜɭɨɤɢɫɢ ɭɝɥɟɪɨɞɚ ɜ ɚɷɪɨɛɧɵɯ 

ɭɫɥɨɜɢɹɯ, ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɤɨɧɟɱɧɵɦɢ ɩɪɨɞɭɤɬɚɦɢ ɨɤɢɫɥɟɧɢɹ. Ɂɞɟɫɶ 

ɧɟɨɛɯɨɞɢɦɨ ɩɨɞɱɟɪɤɧɭɬɶ, ɱɬɨ ɷɬɢ ɩɪɨɞɭɤɬɵ ɹɜɥɹɸɬɫɹ ɨɫɧɨɜɧɵɦɢ 
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ɦɚɬɟɪɢɚɥɚɦɢ ɞɥɹ ɮɨɬɨɫɢɧɬɟɬɢɱɟɫɤɨɣ ɪɟɝɟɧɟɪɚɰɢɢ ɭɝɥɟɜɨɞɨɜ ɡɟɥɟɧɵɦɢ 

ɪɚɫɬɟɧɢɹɦɢ. ɗɬɨ ɞɟɦɨɧɫɬɪɢɪɭɟɬ ɬɨ, ɱɬɨ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɩɨɥɢɩɪɨɩɢɥɟɧɚ, ɉȽȺ 

ɜɧɟɞɪɹɸɬɫɹ ɜ ɟɫɬɟɫɬɜɟɧɧɵɣ ɡɚɦɤɧɭɬɵɣ ɰɢɤɥ ɭɝɥɟɪɨɞɚ [36]. Ʉɪɨɦɟ ɬɨɝɨ 

ɨɫɧɨɜɧɨɣ ɤɨɦɩɨɧɟɧɬ ɉȽȺ – 3-ɝɢɞɪɨɤɫɢɦɚɫɥɹɧɚɹ ɤɢɫɥɨɬɚ – ɹɜɥɹɟɬɫɹ 

ɟɫɬɟɫɬɜɟɧɧɵɦ ɩɪɨɞɭɤɬɨɦ ɨɛɦɟɧɚ ɤɥɟɬɨɤ ɢ ɬɤɚɧɟɣ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ 

ɢɡɞɟɥɢɹ ɞɥɹ ɛɢɨɦɟɞɢɰɢɧɵ ɜɵɫɨɤɨɣ ɛɢɨɫɨɜɦɟɫɬɢɦɨɫɬɢ, ɢɦɩɥɚɧɬɚɰɢɹ ɤɨɬɨɪɵɯ 

ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɨɛɪɚɡɨɜɚɧɢɟɦ ɩɪɨɞɭɤɬɨɜ, ɧɟ ɢɡɦɟɧɹɸɳɢɯ ɪɇ ɬɤɚɧɟɣ ɢ ɧɟ 

ɜɵɡɵɜɚɸɳɢɯ ɜɨɫɩɚɥɢɬɟɥɶɧɵɟ ɢɥɢ ɢɧɵɟ ɧɟɝɚɬɢɜɧɵɟ ɪɟɚɤɰɢɢ [3].  

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɱɢɫɥɚ ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ ɜ ɦɨɧɨɦɟɪɚɯ,  ɉȽȺ 

ɤɥɚɫɫɢɮɢɰɢɪɭɸɬɫɹ ɤɚɤ ɤɨɪɨɬɤɨɰɟɩɨɱɟɱɧɵɟ - ɞɥɢɧɚ ɰɟɩɢ ɨɬ 3 ɞɨ 5 ɚɬɨɦɨɜ 

ɭɝɥɟɪɨɞɚ ɢ ɫɪɟɞɧɟɰɟɩɨɱɟɱɧɵɟ - 6 ɢɥɢ ɛɨɥɟɟ ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ [32]. ȼ ɬɚɛɥɢɰɟ 1 

ɩɨɤɚɡɚɧɵ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɟɩɪɟɡɟɧɬɚɬɢɜɧɵɯ ɉȽȺ ɫ ɪɚɡɥɢɱɧɵɦ ɦɨɧɨɦɟɪɧɵɦ 

ɫɨɫɬɚɜɨɦ [36]. 
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Ɍɚɛɥɢɰɚ - 1. ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɪɟɩɪɟɡɟɧɬɚɬɢɜɧɵɯ ɉȽȺ (Khanna and Srivasta, 2005; Williams and Martin, 2002) 
 

 
ɉȽȻ 

ɉɨɥɢ(3ȽȻ-
ɫɨ-3%3Ƚȼ) 

ɉɨɥɢ(3ȽȻ-
ɫɨ-20% 

3Ƚȼ) 
ɉɨɥɢ(4ȽȻ) ɉɨɥɢ(3ȽȻ-

ɫɨ-3%-4ȽȻ) 
ɉɨɥɢ(3ȽȻ-

ɫɨ-16%4ȽȻ) 
ɉɨɥɢ(3ȽȻ-

ɫɨ-64%4ȽȻ) 
ɉɨɥɢ(3ȽɈ-
ɫɨ-12%3ȽȽ) 

Ɍɟɦɩɟɪɚɬɭɪɚ 
ɩɥɚɜɥɟɧɢɹ (оɋ) 177 170 145 60 166 152 50 61 

Ɍɟɦɩɟɪɚɬɭɪɚ 
ɫɬɟɤɥɨɜɚɧɢɹ (оɋ) 4 - -1 -50 - -8 - -35 

ɉɪɟɞɟɥ 
ɩɪɨɱɧɨɫɬɢ(Ɇɉɚ) 40 38 32 104 28 26 17 9 

Ɇɨɞɭɥɶ ɘɧɝɚ 
(Ƚɉɚ) 3,5 2,9 1,2 149 - ɇɈ 30 0,008 

ɍɞɥɢɧɟɧɢɟ ɩɪɢ 
ɪɚɡɪɵɜɟ (%) 6 

 
50 1 45 444 591 380 

ɉȽȻ: ɩɨɥɢ[( R )-3-ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬ]; 3ȽȻ: 3-ɝɢɛɪɨɤɫɢɛɭɬɢɪɚɬ; 3Ƚȼ: 3-ɝɢɞɪɨɤɫɢɜɚɥɟɪɚɬ; 4ȽȻ: 4- ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬ;  
3ȽȽ: 3-ɝɢɞɪɨɤɫɢɝɟɤɚɧɨɚɬ; 3ȽɈ: 3-ɝɢɞɪɨɤɫɢɨɤɬɚɧɨɚɬ; ɇɈ-ɧɟ ɨɩɪɟɞɟɥɟɧɨ 
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ɇɚɢɛɨɥɟɟ ɢɡɭɱɟɧɧɵɦ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɹɜɥɹɟɬɫɹ, ɩɨɥɢ[(R)-3-

ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬ] (ɉ3ȽȻ) – ɩɨɥɢɦɟɪ β-ɝɢɞɪɨɤɫɢɦɚɫɥɹɧɨɣ ɤɢɫɥɨɬɵ (ɋ4ɇ8Ɉ2) ɢ 

ɦɨɠɟɬ ɫɨɫɬɚɜɥɹɬɶ ɞɨ 90% ɨɬ ɫɭɯɨɣ ɦɚɫɫɵ ɤɥɟɬɤɢ [2].  

 

 
Ɋɢɫɭɧɨɤ 2- ɋɬɪɭɤɬɭɪɧɚɹ ɮɨɪɦɭɥɚ ɉȽȻ 

 

ɉ3ȽȻ - ɝɨɦɨɩɨɥɢɦɟɪ, ɫɜɨɣɫɬɜɚ ɤɨɬɨɪɨɝɨ, ɧɟ ɜɫɟɝɞɚ ɭɞɨɜɥɟɬɜɨɪɹɸɬ 

ɛɢɨɢɧɠɟɧɟɪɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ ɢ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɛɢɨɦɚɬɟɪɢɚɥɨɜ ɜɚɠɧɨ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɨɥɢɦɟɪ ɫ ɪɚɡɧɵɦ ɦɨɧɨɦɟɪɧɵɦ ɫɨɫɬɚɜɨɦ. ɉ3ȽȻ 

ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɶɸ ɤɪɢɫɬɚɥɥɢɱɧɨɫɬɢ ɢ ɨɝɪɚɧɢɱɟɧɧɨɣ 

ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɶɸ ɷɬɨɝɨ ɦɚɬɟɪɢɚɥɚ. ɉ3ȽȻ ɨɬɧɨɫɢɬɫɹ ɤ ɤɨɪɨɬɤɨɰɟɩɨɱɟɱɧɵɦ 

ɉȽȺ ɢ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɬɟɪɦɨɩɥɚɫɬɢɱɧɨɫɬɶɸ. ɇɟɛɨɥɶɲɨɟ ɪɚɡɥɢɱɢɟ ɦɟɠɞɭ 

ɬɟɦɩɟɪɚɬɭɪɨɣ ɪɚɡɥɨɠɟɧɢɹ (ɨɛɵɱɧɨ ɨɤɨɥɨ 270°C) ɢ ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɥɚɜɥɟɧɢɹ 

(ɨɛɵɱɧɨ ɨɤɨɥɨ 180°C) ɨɛɟɫɩɟɱɢɜɚɟɬ ɞɨɜɨɥɶɧɨ ɧɟɛɨɥɶɲɨɟ ɨɤɧɨ ɞɥɹ 

ɬɟɯɧɨɥɨɝɢɢ ɷɤɫɬɪɭɡɢɢ ɪɚɫɩɥɚɜɚ. ɗɬɨ ɦɨɠɟɬ ɛɵɬɶ ɢɡɦɟɧɟɧɨ ɩɭɬɟɦ ɜɤɥɸɱɟɧɢɹ 

(R) - 3 - ɝɢɞɪɨɤɫɢɜɚɥɟɪɚɬɚ (3Ƚȼ) ɢɥɢ 4 - ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬɚ (4ȽȻ) ɢ 5 - 

ɝɢɞɪɨɤɫɢɜɚɥɟɪɚɬɚ (5Ƚȼ) [36]. 

ɋɨɩɨɥɢɦɟɪɵ  3 - ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬɚ ɢ 3 - ɝɢɞɪɨɤɫɢɜɚɥɟɪɚɬɚ (3ȽȻ-co-

3Ƚȼ) ɜ ɨɬɥɢɱɢɟ ɨɬ ɝɨɦɨɝɟɧɧɨɝɨ ɉ3ȽȻ ɨɛɥɚɞɚɸɬ ɫɧɢɠɟɧɧɨɣ ɫɬɟɩɟɧɶɸ 

ɤɪɢɫɬɚɥɥɢɱɧɨɫɬɢ, ɩɨɷɬɨɦɭ ɢɡɞɟɥɢɹ, ɢɡɝɨɬɨɜɥɟɧɧɵɟ ɢɡ ɧɢɯ, ɨɛɥɚɞɚɸɬ 

ɛɨɥɶɲɟɣ ɷɥɚɫɬɢɱɧɨɫɬɶɸ ɢ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɶɸ [12]. ɋɢɧɬɟɡ 

ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ ɉȽȺ ɹɜɥɹɟɬɫɹ ɨɱɟɧɶ ɫɥɨɠɧɨɣ ɛɢɨɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ 

ɡɚɞɚɱɟɣ. ɑɬɨɛɵ ɫɩɪɚɜɢɬɶɫɹ ɫ ɷɬɢɦ, ɧɭɠɧɨ ɭɱɢɬɵɜɚɬɶ ɪɹɞ ɮɚɤɬɨɪɨɜ. ȼɨ-

ɩɟɪɜɵɯ, ɛɵɫɬɪɨɪɚɫɬɭɳɢɟ ɛɚɤɬɟɪɢɚɥɶɧɵɟ ɤɭɥɶɬɭɪɵ ɧɟ ɦɨɝɭɬ ɞɚɜɚɬɶ ɜɵɫɨɤɢɟ 

ɜɵɯɨɞɵ ɉȽȺ, ɢ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɜɵɫɨɤɢɯ ɜɵɯɨɞɨɜ ɩɨɥɢɦɟɪɨɜ ɧɟɨɛɯɨɞɢɦɨ 

ɨɛɟɫɩɟɱɢɬɶ ɨɫɨɛɵɟ ɭɫɥɨɜɢɹ ɪɨɫɬɚ, ɚ ɬɚɤɠɟ ɜɵɫɨɤɭɸ ɨɛɳɭɸ ɜɵɪɚɛɨɬɤɭ 

ɛɢɨɦɚɫɫɵ. ȼɨ-ɜɬɨɪɵɯ, ɦɨɧɨɦɟɪɵ, ɨɬɥɢɱɚɸɳɢɟɫɹ ɤɨɥɢɱɟɫɬɜɨɦ ɚɬɨɦɨɜ 

ɭɝɥɟɪɨɞɚ, ɧɟ ɦɨɝɭɬ ɛɵɬɶ ɜɤɥɸɱɟɧɵ ɜ ɩɨɥɢɦɟɪ ɫ ɨɞɢɧɚɤɨɜɨɣ ɫɤɨɪɨɫɬɶɸ, 
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ɩɨɷɬɨɦɭ ɜ ɤɭɥɶɬɭɪɟ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɮɪɚɤɰɢɢ ɦɨɧɨɦɟɪɨɜ ɜ ɉȽȺ 

ɧɟɫɬɚɛɢɥɶɧɵ. ȼ-ɬɪɟɬɶɢɯ, ɭɝɥɟɜɨɞɨɪɨɞɧɵɟ ɤɢɫɥɨɬɵ, ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ 

ɤɚɱɟɫɬɜɟ ɫɨɩɭɬɫɬɜɭɸɳɢɯ ɫɭɛɫɬɪɚɬɨɜ, ɬɨɤɫɢɱɧɵ ɞɥɹ ɛɨɥɶɲɢɧɫɬɜɚ ɦɢɤɪɨɛɧɵɯ 

ɤɭɥɶɬɭɪ, ɩɨɷɬɨɦɭ ɜɚɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɵɟ ɤɨɧɰɟɧɬɪɚɰɢɢ 

ɤɚɠɞɨɣ ɤɢɫɥɨɬɵ ɞɥɹ ɤɚɠɞɨɝɨ ɩɪɨɞɭɰɟɧɬɚ ɉȽȺ [53] . 

 

1.2 ɋɮɟɪɵ ɢɫɩɨɥɶɡɨɜɚɧɢя ɩɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɨɜ 

 

ȼ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɢɡɭɱɟɧɢɸ ɉȽȺ ɭɞɟɥɹɟɬɫɹ ɨɝɪɨɦɧɨɟ ɜɧɢɦɚɧɢɟ 

ɛɥɚɝɨɞɚɪɹ ɢɯ ɩɨɬɟɧɰɢɚɥɶɧɨɦɭ ɩɪɢɦɟɧɟɧɢɸ ɜ ɪɚɡɥɢɱɧɵɯ ɨɛɥɚɫɬɹɯ – ɨɬ 

ɫɟɥɶɫɤɨɝɨ ɯɨɡɹɣɫɬɜɚ ɞɨ ɦɟɞɢɰɢɧɵ, ɬɚɤ ɤɚɤ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɛɵɱɧɵɦɢ 

ɩɥɚɫɬɢɤɚɦɢ, ɩɨɥɭɱɚɟɦɵɦɢ ɢɡ ɧɟɮɬɢ, ɉȽȺ ɪɚɡɪɭɲɚɸɬɫɹ ɜ ɚɷɪɨɛɧɵɯ ɢ ɜ 

ɚɧɚɷɪɨɛɧɵɯ ɭɫɥɨɜɢɹɯ ɢ ɹɜɥɹɸɬɫɹ ɛɢɨɫɨɜɦɟɫɬɢɦɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ [9].  

Ȼɢɨɫɨɜɦɟɫɬɢɦɨɫɬɶ ɉȽȺ ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɬɨɦ, ɱɬɨ ɦɨɧɨɦɟɪ, 

ɨɛɪɚɡɭɸɳɢɣ ɞɚɧɧɵɣ ɩɨɥɢɦɟɪ, — R-β-ɝɢɞɪɨɤɫɢɦɚɫɥɹɧɚɹ ɤɢɫɥɨɬɚ, ɹɜɥɹɟɬɫɹ 

ɟɫɬɟɫɬɜɟɧɧɵɦ ɩɪɨɞɭɤɬɨɦ ɨɛɦɟɧɚ ɜɵɫɲɢɯ ɠɢɜɨɬɧɵɯ ɢ ɱɟɥɨɜɟɤɚ ɢ 

ɩɪɢɫɭɬɫɬɜɭɟɬ ɜ ɤɪɨɜɢ ɩɨɫɥɟɞɧɢɯ [1]. ɋɮɟɪɵ ɩɪɢɦɟɧɟɧɢɹ ɷɬɢɯ ɩɨɥɢɦɟɪɨɜ ɜ 

ɦɟɞɢɰɢɧɟ ɩɨɬɟɧɰɢɚɥɶɧɨ ɲɢɪɨɤɢ ɢ ɦɨɝɭɬ ɜɤɥɸɱɚɬɶ ɢɡɝɨɬɨɜɥɟɧɢɟ 

ɦɟɞɢɰɢɧɫɤɨɝɨ ɢɧɫɬɪɭɦɟɧɬɚɪɢɹ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɫɪɟɞɫɬɜ (ɧɟɬɤɚɧɵɟ ɢ 

ɨɞɧɨɪɚɡɨɜɵɟ ɢɡɞɟɥɢɹ, ɲɨɜɧɵɟ ɢ ɩɟɪɟɜɹɡɨɱɧɵɟ ɦɚɬɟɪɢɚɥɵ), ɮɚɪɦɚɤɨɥɨɝɢɸ 

(ɤɨɧɬɪɨɥɢɪɭɟɦɵɟ ɫɢɫɬɟɦɵ ɞɨɫɬɚɜɤɢ ɥɟɤɚɪɫɬɜ), ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɭɸ ɯɢɪɭɪɝɢɸ 

ɢ ɬɪɚɧɫɩɥɚɧɬɨɥɨɝɢɸ [16]. Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɟɢɦɭɳɟɫɬɜɨ ɉȽȺ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, 

ɱɬɨ ɬɚɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɤɚɤ ɤɪɢɫɬɚɥɥɢɱɧɨɫɬɶ, ɦɟɯɚɧɢɱɟɫɤɚɹ ɩɪɨɱɧɨɫɬɶ, 

ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɬɚɤ ɠɟ ɦɨɠɧɨ ɭɩɪɚɜɥɹɬɶ, ɜɚɪɶɢɪɭɹ ɜ 

ɩɪɨɰɟɫɫɟ ɮɟɪɦɟɧɬɚɰɢɢ ɫɨɫɬɚɜ ɫɪɟɞɵ ɢ ɡɚɞɚɜɚɹ ɬɭ ɢɥɢ ɢɧɭɸ ɯɢɦɢɱɟɫɤɭɸ 

ɫɬɪɭɤɬɭɪɭ. Ⱥ ɬɚɤ ɠɟ ɉȽȺ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɪɚɡɥɢɱɧɵɯ ɮɚɡɨɜɵɯ 

ɫɨɫɬɨɹɧɢɹɯ (ɩɨɪɨɲɤɢ, ɪɚɫɬɜɨɪɵ, ɝɟɥɢ, ɪɚɫɩɥɚɜɵ) [14]. 

ɉɨɦɢɦɨ ɦɟɞɢɰɢɧɵ ɉȽȺ ɬɚɤɠɟ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɜ ɞɪɭɝɢɯ 

ɫɮɟɪɚɯ. ɇɚɩɪɢɦɟɪ, ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɛɭɬɵɥɨɤ, ɥɚɦɢɧɢɪɨɜɚɧɧɨɣ ɮɨɥɶɝɢ, 
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ɪɵɛɧɵɯ ɫɟɬɟɣ, ɨɞɧɨɪɚɡɨɜɵɯ ɫɬɚɤɚɧɨɜ, ɜɨɥɨɤɨɧ ɜ ɬɟɤɫɬɢɥɶɧɵɯ ɢɡɞɟɥɢɹɯ ɢ ɞɪ. 

[18] 

ɏɨɬɹ ɬɟɯɧɨɥɨɝɢɹ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɢ ɩɪɨɰɟɫɫ ɷɤɫɬɪɚɤɰɢɢ ɩɨɥɢɦɟɪɚ ɫ 

ɤɚɠɞɵɦ ɝɨɞɨɦ ɫɨɜɟɪɲɟɧɫɬɜɭɸɬɫɹ, ɜ ɩɪɨɦɵɲɥɟɧɧɨɦ ɦɚɫɲɬɚɛɟ ɩɪɨɢɡɜɨɞɫɬɜɨ 

ɉȽȺ ɩɨɤɚ ɧɟ ɦɨɠɟɬ ɫɨɪɟɜɧɨɜɚɬɶɫɹ ɫ ɫɢɧɬɟɬɢɱɟɫɤɢɦɢ ɩɥɚɫɬɢɤɚɦɢ ɢɡ-ɡɚ 

ɜɵɫɨɤɨɣ ɫɬɨɢɦɨɫɬɢ ɫɭɛɫɬɪɚɬɨɜ ɞɥɹ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ. Ɇɧɨɝɨɨɛɟɳɚɸɳɟɟ 

ɧɚɩɪɚɜɥɟɧɢɟ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɉȽȺ – ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɪɚɫɬɢɬɟɥɶɧɵɯ ɦɚɫɟɥ ɢɥɢ 

ɠɢɪɧɵɯ ɤɢɫɥɨɬ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɨɬɟɧɰɢɚɥɶɧɵɦɢ ɢɫɬɨɱɧɢɤɚɦɢ ɭɝɥɟɪɨɞɚ 

ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɉȽȺ ɫɱɢɬɚɸɬɫɹ ɬɚɤɢɟ ɪɚɫɬɢɬɟɥɶɧɵɟ ɦɚɫɥɚ, ɤɚɤ ɨɥɢɜɤɨɜɨɟ, 

ɤɭɤɭɪɭɡɧɨɟ, ɫɨɟɜɨɟ, ɪɚɩɫɨɜɨɟ, ɩɚɥɶɦɨɜɨɟ, ɩɨɞɫɨɥɧɟɱɧɨɟ, ɚ ɬɚɤɠɟ ɠɢɪɧɵɟ 

ɤɢɫɥɨɬɵ (ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ ɨɥɟɢɧɨɜɚɹ) ɢ ɛɨɝɚɬɵɟ ɥɢɩɢɞɚɦɢ ɨɬɯɨɞɵ ɩɢɳɟɜɨɣ 

ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ [9]. 

 

1.3 ɋɢɧɬɟɡ ɩɨɥɢ-3-ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬɚ 

 

ɉȽȺ ɧɚɤɚɩɥɢɜɚɸɬɫɹ ɜ ɰɢɬɨɩɥɚɡɦɟ ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɤɥɟɬɤɢ ɜ ɜɢɞɟ 

ɜɤɥɸɱɟɧɢɣ (ɝɪɚɧɭɥ), ɪɚɡɦɟɪ ɢ ɤɨɥɢɱɟɫɬɜɨ ɤɨɬɨɪɵɯ ɦɨɝɭɬ ɫɢɥɶɧɨ ɜɚɪɶɢɪɨɜɚɬɶ 

[40]. Ɉɧɢ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɜ ɰɢɬɨɩɥɚɡɦɟ ɧɟ ɫɥɭɱɚɣɧɵɦ ɨɛɪɚɡɨɦ, ɷɬɨ 

ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ ɤɥɟɬɤɨɣ ɩɪɢ ɩɨɦɨɳɢ ɫɩɟɰɢɚɥɶɧɵɯ ɛɟɥɤɨɜ [56]. ɋɪɟɞɢ 

ɛɟɥɤɨɜ, ɫɜɹɡɚɧɧɵɯ ɫ ɝɪɚɧɭɥɚɦɢ ɉȽȺ, ɩɪɢɫɭɬɫɬɜɭɸɬ ɉȽȺ-ɫɢɧɬɚɡɵ, ɉȽȺ-

ɞɟɩɨɥɢɦɟɪɚɡɵ ɢ ɝɪɭɩɩɚ ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɛɟɥɤɨɜ, ɢɡɜɟɫɬɧɵɯ ɤɚɤ ɮɚɡɢɧɵ 

[39]. Ɏɚɡɢɧɵ – ɨɫɧɨɜɧɨɣ ɤɨɦɩɨɧɟɧɬ ɉȽȺ. Ɉɧɢ ɩɪɨɱɧɨ ɩɪɢɤɪɟɩɥɹɸɬɫɹ ɤ 

ɝɢɞɪɨɮɨɛɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɝɪɚɧɭɥ ɢ ɫɩɨɫɨɛɫɬɜɭɸɬ ɛɢɨɫɢɧɬɟɡɭ ɉȽȺ [30]. Ɍɚɤ 

ɠɟ ɮɚɡɢɧɵ ɨɩɪɟɞɟɥɹɸɬ ɤɨɥɢɱɟɫɬɜɨ ɧɚɤɨɩɥɟɧɧɨɝɨ ɉȽȺ [40]. ɉɟɪɜɵɣ ɮɚɡɢɧ 

ɛɵɥ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɥɢ ɜ 1994 ɝɨɞɭ Pieper-Fürst ɢ Steinbüchel, ɤɨɝɞɚ ɨɧɢ 

ɨɛɧɚɪɭɠɢɥɢ ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɣ ɛɟɥɨɤ (GA14), ɫɜɹɡɚɧɧɵɣ ɫ ɝɪɚɧɭɥɚɦɢ ɉȽȺ 

ɜ Rhodococcus ruber. GA14 ɛɵɥ ɩɪɟɨɛɥɚɞɚɸɳɢɦ ɛɟɥɤɨɦ, ɩɪɢɫɭɬɫɬɜɭɸɳɢɦ ɜ 

ɝɪɚɧɭɥɚɯ, ɨɛɪɚɡɭɹ ɫɥɨɣ ɧɚ ɢɯ ɩɨɜɟɪɯɧɨɫɬɢ. ɋ ɬɟɯ ɩɨɪ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɝɪɚɧɭɥ 

ɜɫɟɯ ɢɡɭɱɟɧɧɵɯ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ, ɩɪɨɞɭɰɢɪɭɸɳɢɯ ɉȽȺ, ɛɵɥɢ ɨɛɧɚɪɭɠɟɧɵ 

ɮɚɡɢɧɵ [39]. 
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Ȼɢɨɫɢɧɬɟɡ ɩɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɨɜ — ɫɥɨɠɧɵɣ ɦɧɨɝɨɫɬɭɩɟɧɱɚɬɵɣ 

ɩɪɨɰɟɫɫ, ɪɚɡɥɢɱɧɵɟ ɫɬɚɞɢɢ ɤɨɬɨɪɨɝɨ ɤɚɬɚɥɢɡɢɪɭɸɬ ɫɩɟɰɢɮɢɱɟɫɤɢɟ ɮɟɪɦɟɧɬɵ 

[1]. 

ɇɚ ɩɪɢɦɟɪɟ ɧɚɢɛɨɥɟɟ ɢɡɭɱɟɧɧɨɝɨ ɢɡ ɩɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɨɜ – 

ɩɨɥɢɦɟɪɚ β-ɝɢɞɪɨɤɫɢɦɚɫɥɹɧɨɣ ɤɢɫɥɨɬɵ, ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɭɬɢ ɟɝɨ ɫɢɧɬɟɡɚ 

ɩɪɚɤɬɢɱɟɫɤɢ ɨɞɢɧɚɤɨɜɵ ɭ ɪɚɡɥɢɱɧɵɯ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ (Alcaligenes, 

Azotobacter, Pseudomonas). ɍɫɥɨɜɢɹ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɢɡɦɟɧɟɧɢɟ 

ɧɚɩɪɚɜɥɟɧɢɹ ɚɧɚɛɨɥɢɡɦɚ ɤɥɟɬɨɤ ɫ ɛɟɥɤɨɜɨɣ ɩɪɨɝɪɚɦɦɵ ɧɚ ɫɢɧɬɟɡ ɉȽȺ, 

ɨɩɪɟɞɟɥɹɸɬɫɹ ɨɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɦ ɫɨɫɬɨɹɧɢɟɦ ɰɢɬɨɩɥɚɡɦɵ, 

ɜɧɭɬɪɢɤɥɟɬɨɱɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɩɢɪɭɜɚɬɚ ɢ ɄoA. 

ɉɪɢ ɨɩɬɢɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɪɨɫɬɚ ɩɢɪɭɜɚɬ, ɚ ɬɚɤɠɟ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɟ 

ɷɤɜɢɜɚɥɟɧɬɵ ɜ ɜɢɞɟ ɇȺȾɇ ɢ ɇȺȾɎɇ ɪɚɫɯɨɞɭɸɬɫɹ ɜ ɨɫɧɨɜɧɨɦ ɜ ɰɢɤɥɟ 

ɬɪɢɤɚɪɛɨɧɨɜɵɯ ɤɢɫɥɨɬ ɧɚ ɨɛɪɚɡɨɜɚɧɢɟ ɚɦɢɧɨɤɢɫɥɨɬ, ɚ ɬɚɤɠɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ 

ɷɧɟɪɝɢɢ ɜ ɤɥɟɬɤɟ, ɩɪɢ ɷɬɨɦ ɫɨɯɪɚɧɹɟɬɫɹ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɫɜɨɛɨɞɧɨɝɨ ɄɨȺ, ɱɬɨ 

ɹɜɥɹɟɬɫɹ ɩɪɟɩɹɬɫɬɜɢɟɦ ɞɥɹ ɫɢɧɬɟɡɚ ɉ3ȽȻ. ɉɪɢ ɧɟɫɛɚɥɚɧɫɢɪɨɜɚɧɧɨɦ ɪɨɫɬɟ, 

ɧɚɩɪɢɦɟɪ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɚɡɨɬɚ ɜ ɫɪɟɞɟ ɢɥɢ ɞɟɮɢɰɢɬɟ ɤɢɫɥɨɪɨɞɚ, ɩɢɪɭɜɚɬ ɧɟ 

ɜɤɥɸɱɚɟɬɫɹ ɜ ɰɢɤɥ ɬɪɢɤɚɪɛɨɧɨɜɵɯ ɤɢɫɥɨɬ, ɚ ɩɨɞɜɟɪɝɚɟɬɫɹ ɤɚɪɛɨɤɫɢɥɢɪɨɜɚɧɢɸ ɫ 

ɨɛɪɚɡɨɜɚɧɢɟɦ ɚɰɟɬɢɥ-ɄɨȺ, ɭɪɨɜɟɧɶ ɫɜɨɛɨɞɧɨɝɨ ɄɨȺ ɩɪɢ ɷɬɨɦ ɧɢɡɨɤ, ɱɬɨ 

ɹɜɥɹɟɬɫɹ ɛɥɚɝɨɩɪɢɹɬɧɵɦ ɭɫɥɨɜɢɟɦ ɞɥɹ ɚɤɬɢɜɢɡɚɰɢɢ ɮɟɪɦɟɧɬɨɜ ɰɢɤɥɚ ɉ3ȽȻ [5]. 

Ȼɢɨɫɢɧɬɟɡ ɉȽȺ ɦɨɠɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɩɨ ɜɨɫɶɦɢ ɛɢɨɫɢɧɬɟɬɢɱɟɫɤɢɦ 

ɩɭɬɹɦ. ȼ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɫɢɧɬɟɡ ɉȽȺ ɭ С. eutrophus ɬɟɫɧɨ 

ɫɜɹɡɚɧ ɫ ɦɟɬɚɛɨɥɢɡɦɨɦ ɥɢɩɢɞɨɜ, ɨɫɨɛɟɧɧɨ ɟɫɥɢ ɜ ɤɚɱɟɫɬɜɟ ɫɭɛɫɬɪɚɬɨɜ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɢɥɢ ɞɥɢɧɧɨɰɟɩɨɱɟɱɧɵɟ ɠɢɪɧɵɟ ɤɢɫɥɨɬɵ, ɢɥɢ ɪɚɫɬɢɬɟɥɶɧɵɟ 

ɦɚɫɥɚ [9]. 

Ɉɛɪɚɡɨɜɚɧɢɟ ɉȽȺ ɤɚɬɚɥɢɡɢɪɭɸɬ 3 ɮɟɪɦɟɧɬɚ: β- ɤɟɬɨɬɢɨɥɚɡɚ, 

ɚɰɟɬɨɚɰɟɬɢɥ-ɄɨȺ ɪɟɞɭɤɬɚɡɚ, ɉȽȺ-ɫɢɧɬɚɡɚ [23]. Ɏɚɤɬɨɪɵ, ɪɟɝɭɥɢɪɭɸɳɢɟ ɢɯ 

ɚɤɬɢɜɧɨɫɬɢ ɧɚ ɝɟɧɟɬɢɱɟɫɤɨɦ ɢ ɦɨɥɟɤɭɥɹɪɧɨɦ ɭɪɨɜɧɹɯ, ɢɧɬɟɧɫɢɜɧɨ 

ɢɡɭɱɚɸɬɫɹ, ɢ ɫɱɢɬɚɟɬɫɹ, ɱɬɨ β-ɤɟɬɨɬɢɨɥɚɡɚ ɡɚɩɭɫɤɚɟɬ ɫɢɧɬɟɡ ɩɨɥɢɦɟɪɚ, 

ɪɟɞɭɤɬɚɡɚ ɪɟɝɭɥɢɪɭɟɬ ɫɤɨɪɨɫɬɶ ɫɢɧɬɟɡɚ ɉ3ȽȻ, ɚ ɫɢɧɬɚɡɚ ɨɬɜɟɱɚɟɬ ɡɚ 
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ɤɚɱɟɫɬɜɟɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨɥɢɦɟɪɚ (ɦɨɥɟɤɭɥɹɪɧɵɣ ɜɟɫ, ɦɨɧɨɦɟɪɧɵɣ 

ɫɨɫɬɚɜ) ɢ ɤɨɧɟɱɧɵɣ ɜɵɯɨɞ ɉȽȺ [49]. ȼ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɛɵɥɨ ɩɪɟɞɩɪɢɧɹɬɨ 

ɦɧɨɝɨ ɭɫɢɥɢɣ ɞɥɹ ɭɜɟɥɢɱɟɧɢɹ ɩɪɨɢɡɜɨɞɫɬɜɚ  ɉȽȺ ɜ ɪɚɡɧɵɯ ɦɢɤɪɨɨɪɝɚɧɢɡɦɚɯ 

ɫ ɩɨɦɨɳɶɸ ɦɟɬɚɛɨɥɢɱɟɫɤɨɣ ɢɧɠɟɧɟɪɢɢ, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɛɨɥɶɲɟ 

ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɨɜ 3-ɝɢɞɪɨɤɫɢɚɰɢɥ-ɄoA, ɩɨɥɭɱɟɧɧɵɯ ɢɡ ɰɢɤɥɚ β-ɨɤɢɫɥɟɧɢɹ 

ɠɢɪɧɵɯ ɤɢɫɥɨɬ.  

 

 

Ɋɢɫɭɧɨɤ 3- ɋɢɧɬɟɡ ɉȽȻ, ɫɨɩɪɹɠɟɧɧɵɣ ɫ  ɛɟɬɚ-ɨɤɢɫɥɟɧɢɟɦ ɠɢɪɧɵɯ ɤɢɫɥɨɬ (Eggers 
and Steinbϋchel 2014) 

 

ɉȽȻ ɫɢɧɬɟɡɢɪɭɟɬɫɹ ɩɭɬɟɦ ɤɨɧɞɟɧɫɚɰɢɢ ɞɜɭɯ ɦɨɥɟɤɭɥ ɚɰɟɬɢɥ-ɄɨȺ ɞɨ 

ɚɰɟɬɨɚɰɟɬɢɥ-ɄɨȺ ɫ ɩɨɦɨɳɶɸ β–ɤɟɬɨɬɢɨɥɚɡɵ. Ⱦɚɥɟɟ ɩɪɨɢɫɯɨɞɢɬ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ  ɚɰɟɬɨɚɰɟɬɢɥ-ɄoA-ɪɟɞɭɤɬɚɡɨɣ  ɜ NADPH ɡɚɜɢɫɢɦɨɣ ɪɟɚɤɰɢɢ 

ɢɡ ɚɰɟɬɨɚɰɟɬɢɥ-ɄoA ɞɨ (R)-3-ɝɢɞɪɨɤɫɢɛɭɬɢɪɢɥ-ɄɨȺ. ɉɨɫɥɟ ɱɟɝɨ, ɉȽȺ-

ɫɢɧɬɚɡɚ ɜɤɥɸɱɚɟɬ ɦɨɧɨɦɟɪɵ ɜ ɩɨɥɢ (R)-3-ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬ. ɉ3ȽȻ 

ɞɟɝɪɚɞɢɪɭɟɬ ɞɨ ɤɪɨɬɨɧɢɥ-ɄɨȺ ɱɟɪɟɡ (R)-3-ɝɢɞɪɨɤɫɢɛɭɬɢɪɢɥ-ɄɨȺ ɫ ɩɨɦɨɳɶɸ 

ɉȽȻ-ɞɟɩɨɥɢɦɟɪɚɡ, ɯɨɬɹ ɪɟɚɤɰɢɹ ɜɨɡɦɨɠɧɚ ɛɟɡ ɜɵɫɜɨɛɨɠɞɟɧɢɹ 

ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ. ɂɦɟɧɧɨ ɤɪɨɬɨɧɢɥ-ɄɨȺ ɫɨɱɟɬɚɟɬ ɞɟɝɪɚɞɚɰɢɸ 

ɉ3ȽȻ ɫ β-ɨɤɢɫɥɟɧɢɟɦ. Ʉ ɚɰɢɥ-ɄoA ɫ ɩɨɦɨɳɶɸ ɚɰɢɥ-ɄoA-ɞɟɝɢɞɪɨɝɟɧɚɡɵ 
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ɞɨɛɚɜɥɹɟɬɫɹ ɞɜɨɣɧɚɹ ɫɜɹɡɶ ɢ ɨɛɪɚɡɭɟɬɫɹ ɟɧɨɢɥ-ɄoA. ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ ɟɧɨɢɥ-

ɄoA ɫɬɟɪɟɨɫɩɟɰɢɮɢɱɧɨ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ (S)-3-ɝɢɞɪɨɤɫɢɚɰɢɥ-ɄɨȺ ɫ ɩɨɦɨɳɶɸ 

ɟɧɨɢɥ-ɄɨȺ-ɝɢɞɪɚɬɚɡɵ. 3-ɤɟɬɨɚɰɢɥ-ɄɨȺ ɨɛɪɚɡɭɟɬɫɹ ɜ NAD-ɡɚɜɢɫɢɦɨɣ 

ɪɟɚɤɰɢɢ ɫ ɩɨɦɨɳɶɸ 3-ɝɢɞɪɨɤɫɢɚɰɢɥ-ɄoA-ɞɟɝɢɞɪɨɝɟɧɚɡɵ ɢɡ (S)-3-

ɝɢɞɪɨɤɫɢɚɰɢɥ-ɄɨȺ. 3-ɤɟɬɨɚɰɢɥ-ɄɨȺ-ɬɢɨɥɚɡɚ ɪɚɫɳɟɩɥɹɟɬ ɤɟɬɨɚɰɢɥ-ɄɨȺ ɢ 

ɨɛɪɚɡɭɟɬɫɹ ɨɞɧɚ ɦɨɥɟɤɭɥɚ ɚɰɟɬɢɥ-ɄɨȺ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɭɫɟɱɟɧɧɨɝɨ ɚɰɢɥ-ɄɨȺ. 

ɐɢɤɥ ɨɤɢɫɥɟɧɢɹ ɧɚɱɢɧɚɟɬɫɹ ɫɧɨɜɚ ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɞɜɨɣɧɨɣ ɫɜɹɡɢ ɫ ɭɫɟɱɟɧɧɵɦ 

ɚɰɢɥ-ɄɨȺ [23]. 

ɉȽȺ-ɫɢɧɬɚɡɚ ɹɜɥɹɟɬɫɹ ɤɥɸɱɟɜɵɦ ɮɟɪɦɟɧɬɨɦ ɫɢɧɬɟɡɚ ɉ3ȽȻ. Ɉɧ 

ɤɚɬɚɥɢɡɢɪɭɟɬ ɩɨɥɢɦɟɪɢɡɚɰɢɸ 3-ɝɢɞɪɨɤɫɢɛɭɬɢɪɢɥ-ɄɨȺ ɞɨ ɉ3ȽȻ [44]. ȼ 

ɤɥɟɬɤɟ ɉȽȺ-ɫɢɧɬɚɡɚ ɧɚɯɨɞɢɬɫɹ ɜ ɞɜɭɯ ɮɨɪɦɚɯ – ɪɚɫɬɜɨɪɢɦɨɣ ɢ ɫɜɹɡɚɧɧɨɣ ɫ 

ɝɪɚɧɭɥɚɦɢ ɩɨɥɢɦɟɪɚ. Ɋɹɞ ɞɚɧɧɵɯ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɤɨɧɫɬɢɬɭɬɢɜɧɨɦ ɫɢɧɬɟɡɟ 

ɉȽȺ-ɫɢɧɬɚɡɵ. ȼ ɭɫɥɨɜɢɹɯ ɥɢɦɢɬɚ ɩɨ ɭɝɥɟɪɨɞɭ С. еutropha ɫɢɧɬɟɡɢɪɭɟɬ 

ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɪɚɫɬɜɨɪɢɦɭɸ ɮɨɪɦɭ ɮɟɪɦɟɧɬɚ, ɩɪɢ ɩɟɪɟɧɨɫɟ ɤɭɥɶɬɭɪɵ ɜ 

ɭɫɥɨɜɢɹ ɥɢɦɢɬɚ ɩɨ ɚɡɨɬɭ ɚɤɬɢɜɧɨɫɬɶ ɪɚɫɬɜɨɪɢɦɨɣ ɉȽȺ-ɫɢɧɬɚɡɵ ɪɟɡɤɨ ɩɚɞɚɟɬ 

ɢ ɜ ɤɥɟɬɤɚɯ ɜ ɨɫɧɨɜɧɨɦ ɨɩɪɟɞɟɥɹɸɬ ɝɪɚɧɭɥɨɡɚɜɢɫɢɦɭɸ ɮɨɪɦɭ ɮɟɪɦɟɧɬɚ. ɉɪɢ 

ɷɬɨɦ ɫɭɦɦɚɪɧɚɹ ɚɤɬɢɜɧɨɫɬɶ ɮɟɪɦɟɧɬɚ ɨɫɬɚɟɬɫɹ ɧɚ ɨɞɧɨɦ ɢ ɬɨɦ ɠɟ ɭɪɨɜɧɟ  

[23]. 

 

1.4 ȼɧɭɬɪɢɤɥɟɬɨɱɧɚя ɞɟɝɪɚɞɚɰɢя ɩɨɥɢɝɢɞɪɨɤɫɢɚɤɚɧɨɚɬɨɜ 

 

ȼɧɭɬɪɢɤɥɟɬɨɱɧɚɹ ɞɟɝɪɚɞɚɰɢɹ ɝɪɚɧɭɥ ɉȽȺ ɩɪɨɢɫɯɨɞɢɬ ɜ ɭɫɥɨɜɢɹɯ 

ɥɢɦɢɬɢɪɨɜɚɧɢɹ ɭɝɥɟɪɨɞɧɨɝɨ ɫɭɛɫɬɪɚɬɚ. ȼɧɭɬɪɢɤɥɟɬɨɱɧɚɹ ɞɟɝɪɚɞɚɰɢɹ ɉ3ȽȻ 

ɩɪɢɜɨɞɢɬ ɤ ɜɵɫɜɨɛɨɠɞɟɧɢɸ 3-ɝɢɞɪɨɤɫɢɦɚɫɥɹɧɨɣ ɤɢɫɥɨɬɵ, ɤɨɬɨɪɚɹ ɩɨɞ 

ɜɨɡɞɟɣɫɬɜɢɟɦ ɇȺȾ-ɡɚɜɢɫɢɦɨɣ β-3-ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬɞɟɝɢɞɪɨɝɟɧɚɡɵ 

ɩɪɟɜɪɚɳɚɸɬɫɹ ɜ ɚɰɟɬɨɚɰɟɬɚɬ, ɤɨɬɨɪɵɣ ɜ ɬɪɚɧɫɮɟɪɚɡɧɨɣ ɪɟɚɤɰɢɢ 

ɤɨɧɜɟɪɬɢɪɭɟɬ ɜ ɚɰɟɬɨɚɰɟɬɢɥ-ɄɨȺ. Ɉɧ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɩɨɞ ɞɟɣɫɬɜɢɟɦ 

ɤɟɬɨɬɢɚɥɚɡɵ ɬɪɚɧɫɮɨɪɦɢɪɭɟɬɫɹ ɜ ɚɰɟɬɢɥ-ɄɨȺ. Ⱥɰɟɬɢɥ – ɄɨȺ ɩɨɫɬɭɩɚɟɬ ɧɚ 

ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɢ ɚɧɚɛɨɥɢɱɟɫɤɢɟ ɧɭɠɞɵ ɤɥɟɬɤɢ [4]. 
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Ⱦɥɹ ɨɛɴɹɫɧɟɧɢɹ ɢɡɦɟɧɟɧɢɹ ɦɨɪɮɨɥɨɝɢɢ ɝɪɚɧɭɥ ɩɪɢ ɜɧɭɬɪɢɤɥɟɬɨɱɧɨɣ 

ɞɟɩɨɥɢɦɟɪɢɡɚɰɢɢ ɛɵɥɢ ɩɪɟɞɥɨɠɟɧɵ ɞɜɟ ɝɢɩɨɬɟɡɵ.  

 

 

Ɋɢɫɭɧɨɤ 4 - ɋɯɟɦɚ ɢɡɦɟɧɟɧɢɹ ɦɨɪɮɨɥɨɝɢɢ ɝɪɚɧɭɥ ɉȽȺ ɩɪɢ ɞɟɩɨɥɢɦɟɪɢɡɚɰɢɢ (Ong 
et al 2017.) 

 

ɉɟɪɜɚɹ ɝɢɩɨɬɟɡɚ ɩɪɟɞɩɨɥɚɝɚɟɬ, ɱɬɨ ɪɚɡɦɟɪɵ ɝɪɚɧɭɥ ɭɦɟɧɶɲɚɸɬɫɹ ɨɬ 

ɩɟɪɜɨɧɚɱɚɥɶɧɵɯ ɪɚɡɦɟɪɨɜ, ɩɪɢ ɷɬɨɦ ɤɨɥɢɱɟɫɬɜɨ ɝɪɚɧɭɥ ɜ ɨɞɧɨɣ ɤɥɟɬɤɟ 

ɨɫɬɚɧɟɬɫɹ ɧɟɢɡɦɟɧɧɵɦ. ȼɬɨɪɚɹ ɝɢɩɨɬɟɡɚ ɩɪɟɞɩɨɥɚɝɚɟɬ, ɱɬɨ ɜɚɪɢɚɰɢɹ ɛɭɞɟɬ 

ɢɦɟɬɶ ɦɟɫɬɨ ɤɚɤ ɩɨ ɤɨɥɢɱɟɫɬɜɭ, ɬɚɤ ɢ ɩɨ ɪɚɡɦɟɪɭ. ȼ ɤɥɟɬɤɚɯ Delftia 

acidovorans ɫ ɩɨɦɨɳɶɸ ɩɪɨɫɜɟɱɢɜɚɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ ɛɵɥɨ 

ɩɨɤɚɡɚɧɨ ɭɦɟɧɶɲɟɧɢɟ ɪɚɡɦɟɪɨɜ ɢ ɭɜɟɥɢɱɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɝɪɚɧɭɥ. 

Ɉɛɴɹɫɧɟɧɢɟɦ ɷɬɨɝɨ ɧɚɛɥɸɞɟɧɢɹ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɷɬɢ ɝɪɚɧɭɥɵ ɩɨɞɜɟɪɝɚɥɢɫɶ 

ɚɬɚɤɟ ɮɟɪɦɟɧɬɚɦɢ ɜɧɭɬɪɢɤɥɟɬɨɱɧɨɣ ɞɟɩɨɥɢɦɟɪɚɡɵ ɜ ɫɥɭɱɚɣɧɵɯ 

ɧɚɩɪɚɜɥɟɧɢɹɯ, ɡɚɫɬɚɜɥɹɹ ɝɪɚɧɭɥɵ ɪɚɡɪɵɜɚɬɶɫɹ ɧɚ ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ ɦɟɥɤɢɟ 

ɝɪɚɧɭɥɵ. Ɇɟɧɶɲɢɟ ɝɪɚɧɭɥɵ ɛɭɞɭɬ ɢɦɟɬɶ ɛɨɥɶɲɭɸ ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɞɥɹ 

ɭɜɟɥɢɱɟɧɢɹ ɫɤɨɪɨɫɬɢ ɞɟɝɪɚɞɚɰɢɢ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɉȽȺ. Ɍɚɤɠɟ ɜɨɡɦɨɠɧɨ, ɱɬɨ 

ɦɟɧɶɲɢɟ ɝɪɚɧɭɥɵ, ɨɛɧɚɪɭɠɟɧɧɵɟ ɧɚ ɛɨɥɟɟ ɩɨɡɞɧɟɣ ɫɬɚɞɢɢ ɞɟɝɪɚɞɚɰɢɢ, 

ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɧɨɜɵɟ ɝɪɚɧɭɥɵ ɉȽȺ, ɨɛɪɚɡɨɜɚɧɧɵɟ ɉȽȺ - ɫɢɧɬɚɡɚɦɢ, 

ɤɨɬɨɪɵɟ ɨɫɬɚɸɬɫɹ ɚɤɬɢɜɧɵɦɢ ɜ ɤɥɟɬɤɚɯ [42]. 

Ⱦɨ ɞɟɝɪɚɞɚɰɢɢ ɉɨɫɥɟ ɞɟɝɪɚɞɚɰɢɢ. Ƚɢɩɨɬɟɡɚ 1 

ɉɨɫɥɟ ɞɟɝɪɚɞɚɰɢɢ. Ƚɢɩɨɬɟɡɚ 2 
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ɋɭɳɟɫɬɜɭɟɬ ɞɨɫɬɚɬɨɱɧɨ ɦɧɨɝɨ ɮɚɤɬɨɜ, ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɳɢɯ ɨ ɬɨɦ, ɱɬɨ 

ɫɢɧɬɟɡ ɢ ɞɟɝɪɚɞɚɰɢɹ ɩɨɥɢɦɟɪɚ ɜ ɤɥɟɬɤɟ ɩɪɨɢɫɯɨɞɹɬ ɨɞɧɨɜɪɟɦɟɧɧɨ. 

ɉɪɨɬɢɜɨɪɟɱɢɜɨɫɬɶ ɞɚɧɧɵɯ ɪɚɡɧɵɯ ɚɜɬɨɪɨɜ ɩɨ ɞɚɧɧɨɦɭ ɜɨɩɪɨɫɭ ɛɵɥɚ 

ɧɟɫɤɨɥɶɤɨ ɪɚɡɪɟɲɟɧɚ ɪɚɛɨɬɨɣ Uchino ɫ ɫɨɚɜɬɨɪɚɦɢ (Uchino et al., 2007), 

ɤɨɬɨɪɵɟ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɜ ɧɚɬɢɜɧɵɯ ɝɪɚɧɭɥɚɯ, ɜɨ-ɩɟɪɜɵɯ, ɥɨɤɚɥɢɡɭɸɬɫɹ ɜɫɟ 

ɮɟɪɦɟɧɬɵ ɫɢɧɬɟɡɚ ɢ ɞɟɝɪɚɞɚɰɢɢ ɩɨɥɢɦɟɪɚ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɞɟɝɪɚɞɚɰɢɹ 

ɩɨɥɢɦɟɪɚ ɦɨɠɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɨɞɧɨɜɪɟɦɟɧɧɨ ɫ ɟɝɨ ɫɢɧɬɟɡɨɦ. ȼɨ-ɜɬɨɪɵɯ, 

ɛɚɥɚɧɫ ɦɟɠɞɭ ɫɢɧɬɟɡɨɦ ɢ ɞɟɝɪɚɞɚɰɢɟɣ ɩɨɥɢɦɟɪɚ ɪɟɝɭɥɢɪɭɟɬɫɹ 

ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɦɢ ɤɨɧɰɟɧɬɪɚɰɢɹɦɢ ɤɥɸɱɟɜɵɯ ɦɟɬɚɛɨɥɢɬɨɜ – ɄoA, ɚɰɟɬɢɥ- 

ɄɨȺ, 3HB-ɄoA, ɇȺȾ+ /ɇȺȾ, ɬ.ɟ. ɧɚ ɫɭɛɫɬɪɚɬɧɨɦ ɭɪɨɜɧɟ. ȿɫɥɢ ɤɥɟɬɤɚ ɩɪɢ 

ɪɨɫɬɟ ɧɟ ɢɫɩɵɬɵɜɚɟɬ ɞɟɮɢɰɢɬɚ ɜ ɭɝɥɟɪɨɞɟ, ɭɪɨɜɟɧɶ ɚɰɟɬɢɥ - ɄɨȺ ɜɵɲɟ ɟɝɨ 

ɩɨɬɪɟɛɥɟɧɢɹ, ɚɤɬɢɜɧɨɫɬɶ ɉȽȺ - ɫɢɧɬɚɡɵ ɛɭɞɟɬ ɜɵɫɨɤɚ, ɚ ɚɤɬɢɜɧɨɫɬɶ 

ɞɟɩɨɥɢɦɟɪɚɡɧɨɣ ɜɟɬɜɢ ɛɭɞɟɬ ɫɧɢɠɟɧɚ, ɱɬɨ ɫɬɢɦɭɥɢɪɭɟɬ ɫɢɧɬɟɡ ɩɨɥɢɦɟɪɚ. 

ɋɧɢɠɟɧɢɟ ɩɨɫɬɭɩɥɟɧɢɹ ɭɝɥɟɪɨɞɧɨɝɨ ɫɭɛɫɬɪɚɬɚ ɩɪɢɜɟɞɟɬ ɤ ɫɧɢɠɟɧɢɸ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɚɰɟɬɢɥ-ɄɨȺ, ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɛɭɞɟɬ ɩɨɜɵɲɚɬɶɫɹ ɚɤɬɢɜɧɨɫɬɶ 

ɞɟɩɨɥɢɦɟɪɚɡ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɱɬɨɛɵ ɦɚɤɫɢɦɢɡɢɪɨɜɚɬɶ ɩɪɨɞɭɤɰɢɸ ɉȽȺ ɫ 

ɦɢɧɢɦɚɥɶɧɵɦ ɝɢɞɪɨɥɢɡɨɦ in vivo, ɜɚɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɨɩɬɢɦɚɥɶɧɵɟ ɭɫɥɨɜɢɹ 

ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ [8]. 

 

1.5 ɒɬɚɦɦɵ - ɩɪɨɞɭɰɟɧɬɵ ɩɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɨɜ 

 

ɋɩɢɫɨɤ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ, ɫɩɨɫɨɛɧɵɯ ɚɤɤɭɦɭɥɢɪɨɜɚɬɶ ɉȽȺ, 

ɧɚɫɱɢɬɵɜɚɟɬ ɫɜɵɲɟ 300 ɨɪɝɚɧɢɡɦɨɜ. Ɉɧ ɜɤɥɸɱɚɟɬ ɩɪɢɪɨɞɧɵɟ ɢ ɝɟɧɟɬɢɱɟɫɤɢ 

ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɟ ɲɬɚɦɦɵ. ɋɪɟɞɢ ɢɡɜɟɫɬɧɵɯ ɨɪɝɚɧɢɡɦɨɜ - ɚɷɪɨɛɧɵɟ ɢ 

ɚɧɚɷɪɨɛɧɵɟ ɛɚɤɬɟɪɢɢ, ɝɟɬɟɪɨɬɪɨɮɵ, ɯɟɦɨɨɪɝɚɧɨɬɪɨɮɵ ɢ ɯɟɦɨɚɜɬɨɬɪɨɮɵ, 

ɮɨɬɨɬɪɨɮɧɵɟ ɩɪɨɤɚɪɢɨɬɵ,  ɚɷɪɨɛɧɵɟ ɮɨɬɨɛɚɤɬɟɪɢɢ, ɚɪɯɟɛɚɤɬɟɪɢɢ, 

ɚɧɚɷɪɨɛɧɵɟ ɮɨɬɨɬɪɨɮɧɵɟ  ɛɚɤɬɟɪɢɢ ɢ ɞɪɭɝɢɟ. ɉɪɢ ɷɬɨɦ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ 

ɪɚɫɫɦɚɬɪɢɜɚɸɬ ɧɟɛɨɥɶɲɨɟ ɱɢɫɥɨ ɜɢɞɨɜ. ȼ ɤɚɱɟɫɬɜɟ ɤɪɢɬɟɪɢɟɜ ɞɥɹ ɜɵɛɨɪɚ 

ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɩɪɨɞɭɰɟɧɬɚ ɉȽȺ ɩɪɢɧɹɬɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɫɥɟɞɭɸɳɢɟ 

ɩɨɤɚɡɚɬɟɥɢ: ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ, ɜɵɯɨɞ ɩɨɥɢɦɟɪɚ, ɡɚɬɪɚɬɵ ɭɝɥɟɪɨɞɧɨɝɨ 
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ɫɭɛɫɬɪɚɬɚ, ɤɨɧɰɟɧɬɪɚɰɢɸ ɛɢɨɦɚɫɫɵ ɤɥɟɬɨɤ ɜ ɤɭɥɶɬɭɪɟ, ɩɪɨɞɭɤɬɢɜɧɨɫɬɶ 

ɩɪɨɰɟɫɫɚ [6].   

Ⱦɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɉȽȺ ɢɫɩɨɥɶɡɭɸɬɫɹ ɪɚɡɥɢɱɧɵɟ ɲɬɚɦɦɵ-ɩɪɨɞɭɰɟɧɬɵ 

ɢ ɬɢɩɵ ɫɵɪɶɹ. ɗɬɨ ɩɪɢɪɨɞɧɵɟ ɲɬɚɦɦɵ Ralstonia eutropha (ɩɟɪɟɢɦɟɧɨɜɚɧɧɵɟ 

ɜ Cupriavidus eutrophus); Azohydromonas lata (ɪɚɧɟɟ Alcaligenes latus), 

Aeromonas hydrophila; Pseudomonas oleovorans [3]. 

ɋɩɨɫɨɛɧɨɫɬɶ ɫɢɧɬɟɡɢɪɨɜɚɬɶ ɉȽȺ ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɨɪɨɝɨɫɬɨɹɳɢɯ 

ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɪɟɞ, ɞɟɥɚɟɬ ɜɨɞɨɪɨɞɨɤɢɫɥɹɸɳɢɟ ɛɚɤɬɟɪɢɢ ɩɟɪɫɩɟɤɬɢɜɧɵɦ 

ɤɨɦɦɟɪɱɟɫɤɢɦ ɩɪɨɢɡɜɨɞɢɬɟɥɟɦ ɉȽȺ [53]. Ȼɚɤɬɟɪɢɚɥɶɧɵɟ ɲɬɚɦɦɵ ɪɨɞɚ 

Cupriavidus ɨɬɧɨɫɹɬɫɹ ɤ ɱɢɫɥɭ ɯɨɪɨɲɨ ɢɡɜɟɫɬɧɵɯ ɩɪɨɞɭɰɟɧɬɨɜ ɉȽȺ ɢɡ 

ɜɨɞɨɪɨɞɨɤɢɫɥɹɸɳɢɯ ɛɚɤɬɟɪɢɣ. ɋɩɨɫɨɛɧɨɫɬɶ ɜɨɞɨɪɨɞɨɤɢɫɥɹɸɳɢɯ ɛɚɤɬɟɪɢɣ 

ɫɢɧɬɟɡɢɪɨɜɚɬɶ ɉȽȺ ɜ ɚɜɬɨɬɪɨɮɧɵɯ ɭɫɥɨɜɢɹɯ ɫ ɋɈ2 ɜ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ 

ɤɨɧɫɬɪɭɤɬɢɜɧɨɝɨ ɦɟɬɚɛɨɥɢɡɦɚ (ɚɧɚɛɨɥɢɡɦɚ) ɢ ɇ2 ɜ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ 

ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɦɟɬɚɛɨɥɢɡɦɚ (ɤɚɬɚɛɨɥɢɡɦɚ) ɞɟɥɚɟɬ ɢɯ ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ ɞɥɹ 

ɩɪɨɢɡɜɨɞɫɬɜɚ ɉȽȺ [31,33,50]. Ɍɨɬ ɮɚɤɬ, ɱɬɨ ɧɟɤɨɬɨɪɵɟ ɢɡ ɜɢɞɨɜ 

ɜɨɞɨɪɨɞɨɤɢɫɥɹɸɳɢɯ ɛɚɤɬɟɪɢɣ ɹɜɥɹɸɬɫɹ ɭɫɬɨɣɱɢɜɵɦɢ  ɤ ɋɈ, ɭɤɚɡɵɜɚɟɬ ɧɚ 

ɜɨɡɦɨɠɧɨɫɬɶ ɢɯ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɚɤɢɯ ɢɫɯɨɞɧɵɯ 

ɦɚɬɟɪɢɚɥɨɜ, ɤɚɤ ɩɪɨɦɵɲɥɟɧɧɵɣ ɜɨɞɨɪɨɞ (ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɢɟ ɩɪɨɞɭɤɬɵ 

ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ ɢ ɤɨɧɜɟɪɫɢɹ ɭɝɥɹ, ɞɪɟɜɟɫɧɵɟ ɨɬɯɨɞɵ, ɝɢɞɪɨɥɢɡɧɵɣ ɥɢɝɧɢɧ ɢ 

ɬ. ɞ.) [49,54].  

Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɦɧɨɝɢɟ ɲɬɚɦɦɵ Cupriavidus eutrophus ɪɚɫɬɭɬ ɧɚ 

ɪɚɫɬɢɬɟɥɶɧɵɯ ɦɚɫɥɚɯ ɢ ɠɢɪɧɵɯ ɤɢɫɥɨɬɚɯ. ɗɬɢ ɛɚɤɬɟɪɢɢ ɜɵɞɟɥɹɸɬ ɥɢɩɚɡɭ, 

ɤɨɬɨɪɚɹ ɪɚɡɪɭɲɚɟɬ ɷɤɡɨɝɟɧɧɵɟ ɦɚɫɥɚ, ɩɪɢ ɷɬɨɦ ɫɜɨɛɨɞɧɵɟ ɠɢɪɧɵɟ ɤɢɫɥɨɬɵ 

ɚɤɬɢɜɧɨ ɩɟɪɟɧɨɫɹɬɫɹ ɱɟɪɟɡ ɤɥɟɬɨɱɧɭɸ ɫɬɟɧɤɭ ɢ ɰɢɬɨɩɥɚɡɦɚɬɢɱɟɫɤɭɸ 

ɦɟɦɛɪɚɧɭ ɢ ɚɤɬɢɜɢɡɢɪɭɸɬɫɹ ɤɨɷɧɡɢɦɨɦ Ⱥ. ɗɤɡɨɝɟɧɧɵɟ ɠɢɪɧɵɟ ɤɢɫɥɨɬɵ ɜ 

ɜɢɞɟ ɚɰɢɥ-ɄɨȺ ɩɟɪɟɩɪɚɜɥɹɸɬɫɹ ɜ β-ɨɤɢɫɥɟɧɢɟ ɢ ɱɟɪɟɡ ɷɬɨɬ ɩɭɬɶ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɦɟɬɚɛɨɥɢɱɟɫɤɢɯ ɧɭɠɞ ɤɥɟɬɤɢ. ɉɨ ɜɫɟɣ ɜɟɪɨɹɬɧɨɫɬɢ, ɱɚɫɬɶ 

ɚɰɢɥɶɧɵɯ ɰɟɩɟɣ ɫ ɚɰɢɥ-ɄɨȺ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɟɪɟɧɨɫɢɬɫɹ ɜ ɮɨɫɮɨɥɢɩɢɞɵ 

ɤɥɟɬɨɱɧɵɯ ɦɟɦɛɪɚɧ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɠɢɪɧɨɤɢɫɥɨɬɧɵɣ ɫɨɫɬɚɜ  

ɦɨɞɢɮɢɰɢɪɭɟɬɫɹ ɷɤɡɨɝɟɧɧɵɦɢ ɠɢɪɧɵɦɢ ɤɢɫɥɨɬɚɦɢ [9]. 
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1.6 Ʌɢɩɢɞɵ ɛɚɤɬɟɪɢɣ ɢ ɢɯ ɥɨɤɚɥɢɡɚɰɢя ɜ ɤɥɟɬɤɟ 

 

Ɉɫɧɨɜɧɚɹ ɱɚɫɬɶ ɛɚɤɬɟɪɢɚɥɶɧɵɯ ɥɢɩɢɞɨɜ ɩɪɟɞɫɬɚɜɥɟɧɚ ɮɨɫɮɨɥɢɩɢɞɚɦɢ, 

ɝɥɢɤɨɥɢɩɢɞɚɦɢ, ɥɢɩɨɩɨɥɢɫɚɯɚɪɢɞɚɦɢ ɢ ɞɪɭɝɢɦɢ ɫɥɨɠɧɵɦɢ ɫɨɟɞɢɧɟɧɢɹɦɢ. 

Ƚɪɚɦɨɬɪɢɰɚɬɟɥɶɧɵɟ ɛɚɤɬɟɪɢɢ ɨɛɵɱɧɨ ɨɝɪɚɧɢɱɟɧɵ ɞɜɭɦɹ ɦɟɦɛɪɚɧɧɵɦɢ 

ɫɬɪɭɤɬɭɪɚɦɢ. ȼɧɭɬɪɟɧɧɹɹ ɩɥɚɡɦɚɬɢɱɟɫɤɚɹ ɦɟɦɛɪɚɧɚ ɷɬɨ ɫɬɪɭɤɬɭɪɚ, ɤɨɬɨɪɚɹ 

ɨɝɪɚɧɢɱɢɜɚɟɬ ɛɚɤɬɟɪɢɚɥɶɧɭɸ ɩɪɨɬɨɩɥɚɡɦɭ ɢ ɫɨɫɬɨɢɬ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɢɡ 

ɮɨɫɮɨɥɢɩɢɞɨɜ. ȼɧɟɲɧɹɹ ɦɟɦɛɪɚɧɚ ɷɬɨ ɫɬɪɭɤɬɭɪɚ ɫ ɞɜɭɦɹ ɷɥɟɤɬɪɨɧɧɵɦɢ 

ɩɥɨɬɧɵɦɢ ɫɥɨɹɦɢ, ɜɧɟɲɧɢɦɢ ɢ ɜɧɭɬɪɟɧɧɢɦɢ ɢ ɫɨɫɬɨɢɬ ɢɡ ɛɟɥɤɨɜ, ɜɤɥɸɱɚɹ 

ɩɨɪɢɧɵ, ɪɟɰɟɩɬɨɪɵ ɢ ɚɫɢɦɦɟɬɪɢɱɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɥɢɩɢɞɨɜ. ȼɧɟɲɧɢɣ ɫɥɨɣ 

ɫɨɫɬɨɢɬ ɜ ɨɫɧɨɜɧɨɦ ɢɡ ɥɢɩɨɩɨɥɢɫɚɯɚɪɢɞɚ (Ʌɉɋ), ɜɵɫɬɭɩɚɸɳɟɝɨ ɫɧɚɪɭɠɢ, ɚ 

ɜɧɭɬɪɟɧɧɢɣ ɫɥɨɣ ɫɨɞɟɪɠɢɬ ɮɨɫɮɨɥɢɩɢɞɵ ɢ ɥɢɩɨɩɪɨɬɟɢɧɵ [20,21]. 

Ɏɨɫɮɨɥɢɩɢɞɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɮɨɫɮɚɬɢɞɢɥɷɬɚɧɨɥɚɦɢɧɚɦɢ (Ɏɗ), 

ɮɨɫɮɚɬɢɞɢɥɝɥɢɰɟɪɢɧɚɦɢ (ɎȽ) ɢ ɞɢɚɰɢɥɮɨɫɮɚɬɢɞɢɥɝɥɢɰɟɪɢɧɚɦɢ ɢɥɢ 

ɤɚɪɞɢɨɥɢɩɢɧɚɦɢ (ȾɎȽ), ɹɜɥɹɸɳɢɟɫɹ ɨɫɧɨɜɧɵɦɢ ɥɢɩɢɞɧɵɦɢ ɮɪɚɤɰɢɹɦɢ, 

ɮɨɪɦɢɪɭɸɳɢɟ ɛɚɤɬɟɪɢɚɥɶɧɭɸ ɦɟɦɛɪɚɧɭ [12]. Ⱦɥɹ ɛɨɥɶɲɢɧɫɬɜɚ 

ɝɪɚɦɨɬɪɢɰɚɬɟɥɶɧɵɯ ɛɚɤɬɟɪɢɣ ɯɚɪɚɤɬɟɪɧɨ ɜɵɫɨɤɨɟ ɫɨɞɟɪɠɚɧɢɟ 

ɮɨɫɮɚɬɢɞɢɥɷɬɚɧɨɥɚɦɢɧɚ. Ɉɧ ɦɨɠɟɬ ɫɨɫɬɚɜɥɹɬɶ ɞɨ 90 % ɨɬ ɨɛɳɟɝɨ 

ɫɨɞɟɪɠɚɧɢɹ ɮɨɫɮɨɥɢɩɢɞɨɜ. ɋɨɞɟɪɠɚɧɢɟ ɮɨɫɮɚɬɢɞɢɥɝɥɢɰɟɪɢɧɚ ɢ 

ɤɚɪɞɢɨɥɢɩɢɧɚ ɤɨɥɟɛɥɟɬɫɹ ɨɬ 5 ɞɨ 15 %, ɢ ɢɯ ɤɨɥɢɱɟɫɬɜɨ ɡɚɜɢɫɢɬ ɨɬ ɜɨɡɪɚɫɬɚ 

ɤɭɥɶɬɭɪɵ ɢ ɞɪɭɝɢɯ ɮɚɤɬɨɪɨɜ ɪɨɫɬɚ [13]. 

Ʌɢɩɨɩɨɥɢɫɚɯɚɪɢɞ (Ʌɉɋ) ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ ɤɨɦɩɨɧɟɧɬɨɦ ɧɚɪɭɠɧɨɣ 

ɦɟɦɛɪɚɧɵ ɝɪɚɦɨɬɪɢɰɚɬɟɥɶɧɵɯ ɛɚɤɬɟɪɢɣ. Ɉɧ ɫɨɫɬɨɢɬ ɢɡ ɬɪɟɯ ɨɛɥɚɫɬɟɣ: 

ɥɢɩɢɞɚ Ⱥ, ɨɫɧɨɜɧɨɝɨ ɨɥɢɝɨɫɚɯɚɪɢɞɚ ɢ ɩɨɥɢɫɚɯɚɪɢɞɚ Ɉ. Ʌɢɩɢɞ Ⱥ ɩɪɢɞɚɟɬ 

ɷɧɞɨɬɨɤɫɢɱɧɨɫɬɶ Ʌɉɋ, ɩɨɥɢɫɚɯɚɪɢɞ O ɩɪɢɞɚɟɬ ɫɟɪɨɥɨɝɢɱɟɫɤɭɸ 

ɫɩɟɰɢɮɢɱɧɨɫɬɶ ɢ ɢɦɦɭɧɨɝɟɧɧɨɫɬɶ, ɚ ɨɫɧɨɜɧɨɣ ɨɥɢɝɨɫɚɯɚɪɢɞ ɫɥɭɠɢɬ 

ɦɨɥɟɤɭɥɹɪɧɵɦ ɦɨɫɬɢɤɨɦ ɢ ɫɨɟɞɢɧɹɟɬ ɥɢɩɢɞ Ⱥ ɫ Ɉ - ɚɧɬɢɝɟɧɨɦ  [17, 57]. ɋɥɨɣ 

Ʌɉɋ ɞɟɣɫɬɜɭɟɬ ɤɚɤ ɛɚɪɶɟɪ ɩɪɨɧɢɰɚɟɦɨɫɬɢ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɟɨɛɯɨɞɢɦɵɟ 

ɩɢɬɚɬɟɥɶɧɵɟ ɜɟɳɟɫɬɜɚ ɢ ɢɨɧɵ ɦɨɝɭɬ ɩɪɨɧɢɤɚɬɶ ɜ ɤɥɟɬɤɭ ɬɨɥɶɤɨ ɱɟɪɟɡ 
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ɩɨɪɢɧɵ, ɤɨɬɨɪɵɟ ɜɫɬɪɨɟɧɵ ɜɨ ɜɧɟɲɧɸɸ ɦɟɦɛɪɚɧɭ [17]. ɋɬɪɭɤɬɭɪɚ 

ɥɢɩɨɩɨɥɢɫɚɯɚɪɢɞɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5. 

 

 
Ɋɢɫɭɧɨɤ 5-ɋɬɪɭɤɬɭɪɚ ɥɢɩɨɩɨɥɢɫɚɯɚɪɢɞɚ 

 

Ʌɢɩɢɞ Ⱥ ɫɬɪɭɤɬɭɪɧɨ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɞɢɫɚɯɚɪɢɞ ɝɥɸɤɨɡɚɦɢɧɚ, ɫ 

ɞɨɛɚɜɥɟɧɢɟɦ ɮɨɫɮɚɬɧɵɯ ɝɪɭɩɩ ɜ ɩɨɥɨɠɟɧɢɹɯ 1 ɢ 4' ɢ ɤɨɬɨɪɵɣ ɢɦɟɟɬ 

ɩɟɪɜɢɱɧɵɟ ɩɪɨɢɡɜɨɞɧɵɟ ɠɢɪɧɵɯ ɤɢɫɥɨɬ ɜ ɩɨɥɨɠɟɧɢɹɯ 2, 3, 2’ ɢ 3’ ɫ 

ɜɨɡɦɨɠɧɨ ɜɬɨɪɢɱɧɵɦɢ ɩɪɨɢɡɜɨɞɧɵɦɢ ɠɢɪɧɵɯ ɤɢɫɥɨɬ ɜ ɩɨɥɨɠɟɧɢɹɯ 2'b ɢ 3'b 

[38]. ɗɬɢ ɠɢɪɧɵɟ ɤɢɫɥɨɬɵ ɩɪɢɧɹɬɨ ɧɚɡɵɜɚɬɶ ɩɪɨɱɧɨɫɜɹɡɚɧɧɵɦɢ.  

 

 
Ɋɢɫɭɧɨɤ 6-ɋɬɪɭɤɬɭɪɚ ɥɢɩɢɞɚ Ⱥ E.coli (Li, Y et al.,2016) 

Ɉ-Ⱥɧɬɢɝɟɧ 

əɞɪɨ 

Ʌɢɩɢɞ Ⱥ 
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1.7 ɀɢɪɧɨɤɢɫɥɨɬɧɵɣ ɫɨɫɬɚɜ ɥɢɩɢɞɨɜ ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɤɥɟɬɤɢ 

 

ȼ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɥɢɩɢɞɧɵɣ ɩɪɨɮɢɥɶ ɢɧɬɟɧɫɢɜɧɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ 

ɯɟɦɨɬɚɤɫɨɧɨɦɢɢ ɛɚɤɬɟɪɢɣ, ɚ ɚɧɚɥɢɡ ɫɨɫɬɚɜɚ ɠɢɪɧɵɯ ɤɢɫɥɨɬ ɹɜɥɹɟɬɫɹ 

ɨɛɳɟɩɪɢɡɧɚɧɧɵɦ ɛɵɫɬɪɵɦ ɦɟɬɨɞɨɦ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɜɢɞɨɜ [19].  

ɀɢɪɧɵɟ ɤɢɫɥɨɬɵ ɛɚɤɬɟɪɢɣ ɫɬɪɭɤɬɭɪɧɨ ɞɨɜɨɥɶɧɨ ɪɚɡɧɨɨɛɪɚɡɧɵ. 

ɂɡɦɟɧɟɧɢɟ ɠɢɪɧɨɤɢɫɥɨɬɧɨɝɨ ɫɨɫɬɚɜɚ ɹɜɥɹɟɬɫɹ ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɵɦ 

ɦɟɯɚɧɢɡɦɨɦ ɚɞɚɩɬɚɰɢɢ ɢ ɩɨɡɜɨɥɹɟɬ ɛɚɤɬɟɪɢɹɦ ɫɭɳɟɫɬɜɨɜɚɬɶ ɜ ɲɢɪɨɤɨɦ 

ɞɢɚɩɚɡɨɧɟ ɭɫɥɨɜɢɣ ɫɪɟɞɵ. ɍ ɩɪɨɤɚɪɢɨɬ ɥɢɩɢɞɵ ɜɯɨɞɹɬ ɜ ɫɨɫɬɚɜ ɤɥɟɬɨɱɧɵɯ 

ɦɟɦɛɪɚɧ ɢ ɤɥɟɬɨɱɧɨɣ ɫɬɟɧɤɢ [7]. Ɉɧɢ ɨɩɪɟɞɟɥɹɸɬ ɨɫɧɨɜɧɵɟ ɮɭɧɤɰɢɢ ɜ ɠɢɡɧɢ 

ɤɥɟɬɤɢ. ɉɪɢɱɟɦ ɪɟɡɟɪɜɧɚɹ ɮɭɧɤɰɢɹ ɧɟ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɨɣ, ɤɚɤ ɭ ɷɭɤɚɪɢɨɬ [25, 

35]. ɀɢɪɧɵɟ ɤɢɫɥɨɬɵ ɛɚɤɬɟɪɢɣ ɹɜɥɹɸɬɫɹ ɫɨɫɬɚɜɥɹɸɳɢɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ 

ɤɥɟɬɨɱɧɵɯ ɦɟɦɛɪɚɧ, ɤɨɬɨɪɵɟ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɤɨɧɬɚɤɬɢɪɭɸɬ ɢ  ɪɟɚɝɢɪɭɸɬ 

ɧɚ ɜɫɟ ɢɡɦɟɧɟɧɢɹ ɜ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɟ, ɩɨɞɞɟɪɠɢɜɚɹ ɜɡɚɢɦɨɫɜɹɡɶ ɦɟɠɞɭ 

ɫɬɪɭɤɬɭɪɨɣ ɢ ɮɭɧɤɰɢɟɣ ɦɟɦɛɪɚɧɵ, ɫɨɯɪɚɧɹɹ ɨɩɬɢɦɚɥɶɧɭɸ ɫɬɟɩɟɧɶ ɬɟɤɭɱɟɫɬɢ 

ɥɢɩɢɞɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ [19]. ɀɢɪɧɵɟ ɤɢɫɥɨɬɵ ɛɚɤɬɟɪɢɚɥɶɧɵɯ ɤɥɟɬɨɤ ɜ 

ɨɫɧɨɜɧɨɦ ɧɚɯɨɞɹɬɫɹ ɜ ɫɜɹɡɚɧɧɨɦ ɜɢɞɟ ɜ ɦɨɥɟɤɭɥɚɯ ɚɰɢɥɫɨɞɟɪɠɚɳɢɯ 

ɥɢɩɢɞɨɜ. ɋɜɨɛɨɞɧɵɟ ɠɢɪɧɵɟ ɤɢɫɥɨɬɵ ɜɫɬɪɟɱɚɸɬɫɹ ɜ ɧɟɛɨɥɶɲɢɯ ɤɨɥɢɱɟɫɬɜɚɯ 

ɜ ɝɪɚɦɩɨɥɨɠɢɬɟɥɶɧɵɯ ɢ ɝɪɚɦɨɬɪɢɰɚɬɟɥɶɧɵɯ ɛɚɤɬɟɪɢɹɯ (ɨɬ 2 ɞɨ 10 % ɨɬ 

ɫɭɦɦɵ ɥɢɩɢɞɨɜ) [29]. 

Ʌɢɩɢɞɵ ɛɚɤɬɟɪɢɚɥɶɧɵɯ ɤɥɟɬɨɤ ɩɪɟɞɫɬɚɜɥɟɧɵ ɠɢɪɧɵɦɢ ɤɢɫɥɨɬɚɦɢ ɫ 

ɞɥɢɧɨɣ ɰɟɩɢ ɨɬ 10 ɞɨ 20 ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ. Ɉɧɢ ɦɨɝɭɬ ɛɵɬɶ ɨɛɴɟɞɢɧɟɧɵ ɜ 

ɱɟɬɵɪɟ ɝɥɚɜɧɵɯ ɝɪɭɩɩɵ: ɧɚɫɵɳɟɧɧɵɟ (ɧɟ ɫɨɞɟɪɠɚɳɢɟ ɞɜɨɣɧɵɯ ɫɜɹɡɹɣ), 

ɪɚɡɜɟɬɜɥɟɧɧɵɟ (ɦɟɬɢɥɢɪɨɜɚɧɧɵɟ ɩɨ ɩɪɟɞɩɨɫɥɟɞɧɟɦɭ ɚɬɨɦɭ ɭɝɥɟɪɨɞɚ - ɢɡɨ-

ɠɢɪɧɵɟ ɤɢɫɥɨɬɵ ɢ ɩɨ ɬɪɟɬɶɟɦɭ ɨɬ ɤɨɧɰɚ ɰɟɩɢ – ɚɧɬɢ - ɢɡɨ-ɠɢɪɧɵɟ ɤɢɫɥɨɬɵ), 

ɧɟɧɚɫɵɳɟɧɧɵɟ (ɫɨɞɟɪɠɚɳɢɟ ɞɜɨɣɧɵɟ ɫɜɹɡɢ ɦɟɠɞɭ ɚɬɨɦɚɦɢ ɭɝɥɟɪɨɞɚ) ɢ 

ɰɢɤɥɨɩɪɨɩɚɧɨɜɵɟ (ɫɨɞɟɪɠɚɳɢɟ ɨɞɧɨ ɢɥɢ ɛɨɥɶɲɟ ɬɪɟɯɱɥɟɧɧɵɯ ɤɨɥɟɰ, 

ɩɪɢɫɨɟɞɢɧɟɧɧɵɯ ɜɞɨɥɶ ɭɝɥɟɜɨɞɨɪɨɞɧɨɣ ɰɟɩɢ). ɂɡ ɧɚɫɵɳɟɧɧɵɯ ɤɢɫɥɨɬ 

ɧɨɪɦɚɥɶɧɨɝɨ ɫɬɪɨɟɧɢɹ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦɢ ɹɜɥɹɸɬɫɹ: ɥɚɭɪɢɧɨɜɚɹ 

(ɋ12:0), ɦɢɪɢɫɬɢɧɨɜɚɹ (ɋ14:0), ɩɚɥɶɦɢɬɢɧɨɜɚɹ (ɋ16:0), ɫɬɟɚɪɢɧɨɜɚɹ (ɋ18:0). 

http://chem21.info/info/97816
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ɂɡ ɧɟɧɚɫɵɳɟɧɧɵɯ ɤɢɫɥɨɬ ɜ ɥɢɩɢɞɚɯ ɛɚɤɬɟɪɢɣ ɩɪɟɨɛɥɚɞɚɸɬ 

ɩɚɥɶɦɢɬɨɥɟɢɧɨɜɚɹ (ɋ16:1ω7) ɫ ɞɜɨɣɧɨɣ ɫɜɹɡɶɸ ɦɟɠɞɭ 9 ɢ 10 ɚɬɨɦɚɦɢ 

ɭɝɥɟɪɨɞɚ ɢ ɰɢɫ-ɜɚɤɰɟɧɨɜɚɹ ɤɢɫɥɨɬɚ (ɋ18:1ω7) ɫ ɞɜɨɣɧɨɣ ɫɜɹɡɶɸ ɦɟɠɞɭ 11 ɢ 

12 ɚɬɨɦɚɦɢ ɭɝɥɟɪɨɞɚ. ɉɨɥɢɟɧɨɜɵɟ ɤɢɫɥɨɬɵ (ɫɨɞɟɪɠɚɳɢɟ ɛɨɥɟɟ ɨɞɧɨɣ 

ɞɜɨɣɧɨɣ ɫɜɹɡɢ ɦɟɠɞɭ ɚɬɨɦɚɦɢ ɭɝɥɟɪɨɞɚ) ɜ ɛɚɤɬɟɪɢɚɥɶɧɵɯ ɤɥɟɬɤɚɯ ɧɟ 

ɧɚɣɞɟɧɵ. Ƚɪɚɦɨɬɪɢɰɚɬɟɥɶɧɵɟ ɛɚɤɬɟɪɢɢ ɨɛɵɱɧɨ ɫɢɧɬɟɡɢɪɭɸɬ ɧɚɫɵɳɟɧɧɵɟ, 

ɦɨɧɨɟɧɨɜɵɟ ɢ ɰɢɤɥɨɩɪɨɩɚɧɨɜɵɟ ɤɢɫɥɨɬɵ.  ɋɨɨɬɧɨɲɟɧɢɟ ɧɚɫɵɳɟɧɧɵɯ, 

ɦɨɧɨɟɧɨɜɵɯ ɢ ɰɢɤɥɨɩɪɨɩɚɧɨɜɵɯ ɤɢɫɥɨɬ, ɯɨɬɹ ɢ ɦɟɧɹɟɬɫɹ ɜ ɪɚɡɥɢɱɧɵɯ 

ɭɫɥɨɜɢɹɯ ɪɨɫɬɚ, ɦɨɠɟɬ ɛɵɬɶ ɯɚɪɚɤɬɟɪɧɵɦ ɞɥɹ ɨɩɪɟɞɟɥɟɧɧɵɯ ɩɪɟɞɫɬɚɜɢɬɟɥɟɣ 

ɩɪɨɤɚɪɢɨɬ [19, 46]. ɐɢɤɥɨɩɪɨɩɚɧɨɜɵɟ ɠɢɪɧɵɟ ɤɢɫɥɨɬɵ ɨɛɪɚɡɭɸɬɫɹ 

ɞɨɛɚɜɥɟɧɢɟɦ ɦɟɬɢɥɶɧɨɣ ɝɪɭɩɩɵ ɫ ɩɨɦɨɳɶɸ ɤɨɮɟɪɦɟɧɬɚ S – 

ɚɞɟɧɨɡɢɥɦɟɬɢɨɧɢɧɚ. ɗɬɢ ɠɢɪɧɵɟ ɤɢɫɥɨɬɵ ɹɜɥɹɸɬɫɹ ɱɚɫɬɶɸ ɮɨɫɮɨɥɢɩɢɞɨɜ 

ɦɧɨɝɢɯ ɜɢɞɨɜ ɛɚɤɬɟɪɢɣ, ɢ ɨɧɢ ɫɜɹɡɚɧɵ ɫ ɩɪɨɰɟɫɫɨɦ ɫɬɚɪɟɧɢɹ ɤɥɟɬɨɤ, 

ɩɨɫɤɨɥɶɤɭ ɨɧɢ ɩɪɨɢɡɜɨɞɹɬɫɹ ɧɚ ɫɬɚɰɢɨɧɚɪɧɨɣ ɫɬɚɞɢɢ ɜɨ ɜɪɟɦɹ ɢɯ 

ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ. 

Ƚɢɞɪɨɤɫɢ - ɠɢɪɧɵɟ ɤɢɫɥɨɬɵ, ɤɨɬɨɪɵɟ ɧɟɫɭɬ Ɉɇ-ɝɪɭɩɩɭ (2-OH- ɢɥɢ 3-

OH-ɠɢɪɧɵɟ ɤɢɫɥɨɬɵ), ɜɫɬɪɟɱɚɸɬɫɹ ɭ ɝɪɚɦɨɬɪɢɰɚɬɟɥɶɧɵɯ ɛɚɤɬɟɪɢɣ. Ɉɧɢ 

ɨɛɵɱɧɨ ɹɜɥɹɸɬɫɹ ɤɨɦɩɨɧɟɧɬɨɦ ɥɢɩɢɞɚ Ⱥ ɜ ɢɯ ɥɢɩɨɩɨɥɢɫɚɯɚɪɢɞɟ. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɧɚɥɢɱɢɟ β-ɝɢɞɪɨɤɫɢɤɢɫɥɨɬ ɫ ɞɥɢɧɨɣ ɰɟɩɢ 10,12 ɢ 14 ɚɬɨɦɨɜ 

ɭɝɥɟɪɨɞɚ ɭɤɚɡɵɜɚɟɬ ɧɚ ɬɨ, ɱɬɨ ɨɪɝɚɧɢɡɦ ɨɬɧɨɫɢɬɫɹ ɤ ɝɪɚɦɨɬɪɢɰɚɬɟɥɶɧɵɦ 

ɛɚɤɬɟɪɢɹɦ [41]. 
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ȽɅȺȼȺ 2. ɆȺɌȿɊɂȺɅɕ ɂ ɆȿɌɈȾɕ 

 

2.1 Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢя 

 

Ɉɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɥɭɠɢɥ ɲɬɚɦɦ ɜɨɞɨɪɨɞɨɤɢɫɥɹɸɳɢɯ ɛɚɤɬɟɪɢɣ  

Cupriavidus eutrophus B-10646. ɗɬɨɬ ɲɬɚɦɦ ɛɵɥ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧ ɜ 

Ɋɨɫɫɢɣɫɤɨɣ ɇɚɰɢɨɧɚɥɶɧɨɣ Ʉɨɥɥɟɤɰɢɢ ɉɪɨɦɵɲɥɟɧɧɵɯ Ɇɢɤɪɨɨɪɝɚɧɢɡɦɨɜ. 

Ʉɭɥɶɬɭɪɚɥɶɧɨ-ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ ɲɬɚɦɦɚ: ɝɪɚɦɨɬɪɢɰɚɬɟɥɟɧ, 

ɤɥɟɬɤɢ-ɩɚɥɨɱɤɢ (ɦɨɥɨɞɵɟ - ɤɨɪɨɬɤɢɟ, ɜ ɫɬɚɰɢɨɧɚɪɧɨɣ ɮɚɡɟ - ɪɚɡɧɨɣ ɞɥɢɧɵ, 

ɪɚɡɦɟɪɵ 0.3-0.5×1.2-2.0 ɦɤ), ɫɥɚɛɨɩɨɞɜɢɠɧɵɟ. Ɉɩɬɢɦɭɦ ɪɨɫɬɚ 30-31°C, pH 

6,7-7,2. Ɉɛɥɢɝɚɬɧɵɣ ɚɷɪɨɛ. Ɏɚɤɭɥɶɬɚɬɢɜɧɵɣ ɯɟɦɨɥɢɬɨɚɜɬɨɬɪɨɮ. ɇɚ 

ɚɝɚɪɢɡɨɜɚɧɧɨɣ ɫɪɟɞɟ ɫ ɩɟɩɬɨɧɨɦ (ɝɟɬɟɪɨɬɪɨɮɧɵɟ ɭɫɥɨɜɢɹ ɪɨɫɬɚ) ɨɛɪɚɡɭɸɬ 

ɦɨɪɮɨɥɨɝɢɱɟɫɤɢ ɨɞɧɨɪɨɞɧɵɟ ɨɤɪɭɝɥɵɟ ɤɨɥɨɧɢɢ, ɫɜɟɬɥɨ-ɤɪɟɦɨɜɵɟ, 

ɧɟɩɪɨɡɪɚɱɧɵɟ ɫɨ ɫɥɟɝɤɚ ɜɨɥɧɢɫɬɵɦ ɤɪɚɟɦ ɞɢɚɦɟɬɪɨɦ 2-4 ɦɦ. ɇɚ 

ɦɢɧɟɪɚɥɶɧɨɣ ɚɝɚɪɢɡɨɜɚɧɧɨɣ ɫɪɟɞɟ (ɚɜɬɨɬɪɨɮɧɵɟ ɭɫɥɨɜɢɹ ɪɨɫɬɚ) ɤɨɥɨɧɢɢ 

ɦɟɥɤɢɟ (1,5-2,5 ɦɦ), ɫɜɟɬɥɨ-ɫɟɪɵɟ, ɩɨɥɭɩɪɨɡɪɚɱɧɵɟ. ȼ ɠɢɞɤɨɣ ɩɢɬɚɬɟɥɶɧɨɣ 

ɫɪɟɞɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɨɞɧɨɪɨɞɧɭɸ ɫɭɫɩɟɧɡɢɸ ɩɪɢ ɝɟɬɟɪɨɬɪɨɮɧɨɦ ɢ 

ɚɜɬɨɬɪɨɮɧɨɦ ɪɨɫɬɟ. Ɉɛɥɚɞɚɟɬ ɲɢɪɨɤɢɦ ɨɪɝɚɧɨɬɪɨɮɧɵɦ ɩɨɬɟɧɰɢɚɥɨɦ ɢ 

ɫɩɨɫɨɛɟɧ ɜ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ ɭɝɥɟɪɨɞɚ ɢ  ɷɧɟɪɝɢɢ ɢɫɩɨɥɶɡɨɜɚɬɶ: ɫɚɯɚɪɚ 

(ɝɥɸɤɨɡɚ, ɮɪɭɤɬɨɡɚ), ɚɦɢɧɨɤɢɫɥɨɬɵ (ɚɥɚɧɢɧ, ɫɟɪɢɧ, ɥɟɣɰɢɧ, ɝɢɫɬɢɞɢɧ, 

ɬɪɢɩɬɨɮɚɧ, ɝɥɭɬɚɦɢɧɨɜɭɸ, ɚɫɩɚɪɚɝɢɧɨɜɭɸ, ɥɢɡɢɧ), ɨɪɝɚɧɢɱɟɫɤɢɟ ɤɢɫɥɨɬɵ 

(ɳɚɜɟɥɟɜɭɸ, ɥɢɦɨɧɧɭɸ, ɹɧɬɚɪɧɭɸ, ɮɭɦɚɪɨɜɭɸ, ɭɤɫɭɫɧɭɸ, 3-Ɉɇ- ɢ 4-Ɉɇ-

ɦɚɫɥɹɧɭɸ ɤɢɫɥɨɬɭ, ɩɟɧɬɚɩɧɨɜɭɸ, ɝɟɤɫɚɧɨɜɭɸ, ɨɤɬɚɧɨɜɭɸ, ɧɨɧɚɧɨɜɭɸ), 

ɫɩɢɪɬɵ (ɷɬɚɧɨɥ, ɝɥɢɰɟɪɢɧ), 4-ɛɭɬɢɪɨɥɚɤɬɨɧ ɩɪɢ ɝɟɬɟɪɨɬɪɨɮɧɨɦ ɪɨɫɬɟ, ɢ ɇ2, 

CO2 ɢ CO ɩɪɢ ɚɜɬɨɬɪɨɮɧɨɦ ɪɨɫɬɟ [26]. ɒɬɚɦɦɭ ɩɪɢɫɭɳɢ ɫɥɟɞɭɸɳɢɟ 

ɩɪɢɡɧɚɤɢ: ɜɵɫɨɤɚɹ ɚɤɬɢɜɧɨɫɬɶ ɮɟɪɦɟɧɬɨɜ, ɤɨɧɬɪɨɥɢɪɭɸɳɢɯ ɫɢɧɬɟɡ ɉȽȺ;  

ɫɩɨɫɨɛɧɨɫɬɶ ɤ ɫɢɧɬɟɡɭ ɉȽȺ ɫ ɜɵɫɨɤɢɦɢ ɜɵɯɨɞɚɦɢ; ɫɩɨɫɨɛɧɨɫɬɶ ɤ ɫɢɧɬɟɡɭ 

ɝɟɬɟɪɨɩɨɥɢɦɟɪɧɵɯ ɉȽȺ, ɫɩɨɫɨɛɧɨɫɬɶ ɤ ɫɢɧɬɟɡɭ ɉȽȺ, ɢɦɟɸɳɢɯ ɫɬɟɩɟɧɶ 

ɤɪɢɫɬɚɥɥɢɱɧɨɫɬɢ ɧɢɠɟ 50%. 
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ɉɨɫɟɜɧɨɣ ɦɚɬɟɪɢɚɥ ɢɫɫɥɟɞɭɟɦɨɝɨ ɲɬɚɦɦɚ ɩɨɥɭɱɚɥɢ 

ɪɟɫɭɫɩɟɧɞɢɪɨɜɚɧɢɟɦ ɦɭɡɟɣɧɨɣ ɤɭɥɶɬɭɪɵ, ɯɪɚɧɹɳɟɣɫɹ ɧɚ ɚɝɚɪɢɡɨɜɚɧɧɨɣ 

ɫɪɟɞɟ. 

 

2.2 Ʉɭɥɶɬɢɜɢɪɨɜɚɧɢɟ ɢ ɭɫɥɨɜɢя ɪɨɫɬɚ 

 

Ʉɥɟɬɤɢ ɜɵɪɚɳɢɜɚɥɢ ɜ ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɤɭɥɶɬɭɪɟ. Ⱦɥɹ ɜɵɪɚɳɢɜɚɧɢɹ 

ɛɚɤɬɟɪɢɣ ɢɫɩɨɥɶɡɨɜɚɥɢ ɦɢɧɟɪɚɥɶɧɭɸ ɫɪɟɞɭ ɒɥɟɝɟɥɹ. ɋɨɫɬɚɜ ɫɪɟɞɵ: 

Na2HPO4*H2O-9,1; KH2PO4-1,5; MgSO4*H2O-0,2; Fe3C6H5O7*H2O-0,025, 

NH4CI-1,0 (ɝ/ɥ) ɢ ɪɚɫɬɜɨɪ ɦɢɤɪɨɷɥɟɦɟɧɬɨɜ (H3BO3-0,288; CoCI2*6H2O-0,030; 

CuSO4*5H2O-0,008; MnCI2*4H2O-0,008; ZnSO4*7H2O-0,176; NaMoO4-0,050; 

NiCI2-0,008 (ɝ/ɥ)). 

Ȼɚɤɬɟɪɢɢ ɜɵɪɚɳɢɜɚɥɢ ɜ ɫɬɟɤɥɹɧɧɵɯ ɤɨɥɛɚɯ ɨɛɴɟɦɨɦ 1 ɥ ɩɪɢ 

ɤɨɷɮɮɢɰɢɟɧɬɟ ɡɚɩɨɥɧɟɧɢɹ 0,5 ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɪɦɨɫɬɚɬɢɪɭɟɦɨɝɨ 

ɲɟɣɤɟɪɚ-ɢɧɤɭɛɚɬɨɪɚ «Incubator Shaker Innova» ɫɟɪɢɢ 44 («New Brunswick 

Scientific», ɋɒȺ) ɩɪɢ 30 °C ɢ 200 rpm. Ʉɭɥɶɬɢɜɢɪɨɜɚɧɢɟ ɛɚɤɬɟɪɢɣ ɩɪɨɜɨɞɢɥɢ 

ɜ ɬɟɱɟɧɢɟ 72 ɱ. ȼ ɤɚɱɟɫɬɜɟ ɭɝɥɟɪɨɞɧɨɝɨ ɫɭɛɫɬɪɚɬɚ ɢɫɩɨɥɶɡɨɜɚɥɢ ɨɥɟɢɧɨɜɭɸ 

ɤɢɫɥɨɬɭ. ɇɚɱɚɥɶɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɨɬɨɪɨɣ ɫɨɫɬɚɜɥɹɥɚ 10-12 ɝ/ɥ. ɉɨ ɯɨɞɭ 

ɪɨɫɬɚ ɤɭɥɶɬɭɪɵ ɢ ɢɫɱɟɪɩɚɧɢɹ ɫɭɛɫɬɪɚɬɚ ɞɟɥɚɥɢ ɞɨɛɚɜɤɢ ɨɥɟɢɧɨɜɨɣ ɤɢɫɥɨɬɵ ɜ 

ɤɭɥɶɬɭɪɭ ɜ ɤɨɧɰɟɧɬɪɚɰɢɢ, ɚɧɚɥɨɝɢɱɧɨɣ ɢɫɯɨɞɧɨɣ. ɉɟɪɢɨɞɢɱɟɫɤɢ ɨɬɛɢɪɚɥɢ 

ɩɪɨɛɵ ɤɭɥɶɬɭɪɵ ɢ ɢɡɦɟɪɹɥɢ ɢɯ ɨɩɬɢɱɟɫɤɭɸ ɩɥɨɬɧɨɫɬɶ ɧɚ ɮɨɬɨɤɨɥɨɪɢɦɟɬɪɟ 

ɄɎɄ-2Ɇɉ, ɩɪɢ ɪɚɡɜɟɞɟɧɢɢ ɩɪɨɛɵ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɨɣ 1:5 ɢ λ=440 ɧɦ 

(ɞɥɢɧɚ ɨɩɬɢɱɟɫɤɨɝɨ ɩɭɬɢ  1 ɦɦ). 

 

2.3 Ɇɨɧɢɬɨɪɢɧɝ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ 

 

ɍɪɨɠɚɣ ɛɢɨɦɚɫɫɵ ɛɚɤɬɟɪɢɣ ɜ ɤɭɥɶɬɭɪɟ ɪɟɝɢɫɬɪɢɪɨɜɚɥɢ ɜɟɫɨɜɵɦ 

ɫɩɨɫɨɛɨɦ. Ⱦɥɹ ɷɬɨɝɨ 25 ɦɥ ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɫɭɫɩɟɧɡɢɢ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ 10 

ɦɢɧɭɬ ɩɪɢ 6000 ɨɛ/ɦɢɧ ɧɚ ɰɟɧɬɪɢɮɭɝɟ Centrifuge ɫ ɪɨɬɨɪɨɦ 5810 R 

(«Eppendorf», Ƚɟɪɦɚɧɢɹ). Ɂɚɬɟɦ ɞɜɚɠɞɵ ɨɬɦɵɜɚɥɢ ɤɥɟɬɤɢ ɨɬ ɫɨɥɟɣ 
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ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɨɣ ɢ ɫɧɨɜɚ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ. Ɉɬɦɵɬɵɟ ɤɥɟɬɤɢ 

ɩɟɪɟɧɨɫɢɥɢ ɜ ɛɸɤɫɵ, ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɞɨɜɟɞɟɧɧɵɟ ɞɨ ɩɨɫɬɨɹɧɧɨɝɨ ɜɟɫɚ. 

Ȼɸɤɫɵ ɫɭɲɢɥɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 105°ɋ ɜ ɫɭɲɢɥɶɧɨɦ ɲɤɚɮɭ Sanyo («Sanyo 

Electric Co., Ltd.», əɩɨɧɢɹ) ɜ ɬɟɱɟɧɢɟ 24 ɱ, ɨɯɥɚɠɞɚɥɢ ɜ ɷɤɫɢɤɚɬɨɪɟ ɢ 

ɜɡɜɟɲɢɜɚɥɢ ɧɚ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɜɟɫɚɯ 4-ɝɨ ɤɥɚɫɫɚ ɬɨɱɧɨɫɬɢ (Mettler Toledo, 

ɒɜɟɣɰɚɪɢɹ). Ȼɢɨɦɚɫɫɭ ɛɚɤɬɟɪɢɣ ɨɩɪɟɞɟɥɹɥɢ ɤɚɤ ɪɚɡɧɢɰɭ ɦɟɠɞɭ ɜɟɫɨɦ ɛɸɤɫɚ 

ɫ ɤɥɟɬɤɚɦɢ ɢ ɜɟɫɨɦ ɩɭɫɬɨɝɨ ɛɸɤɫɚ. 

Ʉɨɧɰɟɧɬɪɚɰɢɸ ɨɥɟɢɧɨɜɨɣ ɤɢɫɥɨɬɵ ɜ ɤɭɥɶɬɭɪɟ  ɨɩɪɟɞɟɥɹɥɢ ɩɨɫɥɟ 

ɷɤɫɬɪɚɤɰɢɢ ɧɚ ɯɪɨɦɚɬɨ-ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɟ (7890Ⱥ/5975C, Agilent 

Technologies, USA). Ⱦɥɹ ɷɬɨɝɨ 5 ɦɥ ɤɭɥɶɬɭɪɵ ɩɨɞɤɢɫɥɹɥɢ  ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ ɞɨ 

ɪɇ 2-3 ɢ ɞɨɛɚɜɥɹɥɢ 3 ɦɥ ɯɥɨɪɨɮɨɪɦɚ.  

Ɉɛɳɟɟ ɫɨɞɟɪɠɚɧɢɟ ɩɨɥɢɦɟɪɚ ɜ ɛɢɨɦɚɫɫɟ ɨɩɪɟɞɟɥɹɥɢ ɯɪɨɦɚɬɨɝɪɚɮɢɟɣ 

ɦɟɬɢɥɨɜɵɯ ɷɮɢɪɨɜ ɠɢɪɧɵɯ ɤɢɫɥɨɬ ɩɨɫɥɟ ɦɟɬɚɧɨɥɢɡɚ  ɩɪɨɛ ɫɭɯɨɣ ɛɢɨɦɚɫɫɵ 

ɧɚ ɯɪɨɦɚɬɨ-ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɟ (7890Ⱥ/5975C, Agilent Technologies, USA). 

Ⱦɥɹ ɷɬɨɝɨ ɤ ɧɚɜɟɫɤɟ (3,9 - 4,5 ɦɝ) ɫɭɯɨɣ ɛɢɨɦɚɫɫɵ ɞɨɛɚɜɥɹɥɢ 1 ɦɥ 

ɜɧɭɬɪɟɧɧɟɝɨ ɫɬɚɧɞɚɪɬɚ (ɪɚɫɬɜɨɪ 50 ɦɝ ɛɟɧɡɨɣɧɨɣ ɤɢɫɥɨɬɵ ɜ 100 ɦɥ 

ɯɥɨɪɨɮɨɪɦɚ), ɞɨɛɚɜɥɹɥɢ 0,85 ɦɥ ɦɟɬɚɧɨɥɚ ɢ 0,15 ɦɥ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ 

ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ. ɗɬɭ ɫɦɟɫɶ ɫɬɚɜɢɥɢ ɧɚ ɜɨɞɹɧɭɸ ɛɚɧɸ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 80ɨɋ ɫ 

ɨɛɪɚɬɧɵɦ ɯɨɥɨɞɢɥɶɧɢɤɨɦ ɧɚ 2 ɱɚɫɚ 40 ɦɢɧɭɬ. ɉɨ ɢɫɬɟɱɟɧɢɢ ɜɪɟɦɟɧɢ ɤ ɩɪɨɛɟ 

ɞɨɛɚɜɥɹɥɢ 1 ɦɥ ɜɨɞɵ ɢ ɨɫɬɚɜɥɹɥɢ ɜ ɯɨɥɨɞɢɥɶɧɢɤɟ ɞɥɹ ɪɚɫɫɥɨɟɧɢɹ ɮɚɡ.  

Ɇɨɥɟɤɭɥɹɪɧɭɸ ɦɚɫɫɭ ɢ ɦɨɥɟɤɭɥɹɪɧɨ – ɜɟɫɨɜɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ 

ɩɨɥɢɦɟɪɚ ɢɫɫɥɟɞɨɜɚɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɯɪɨɦɚɬɨɝɪɚɮɚ ɞɥɹ 

ɝɟɥɶɩɪɨɧɢɤɚɸɳɟɣ ɯɪɨɦɚɬɨɝɪɚɮɢɢ Agilent Technologies 1260 Infinity (ɋɒȺ) 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɨɥɢɫɬɢɪɨɥɨɜɵɯ ɫɬɚɧɞɚɪɬɨɜ (Fluka, ɒɜɟɣɰɚɪɢɹ, Ƚɟɪɦɚɧɢɹ). 

ɇɚɯɨɞɢɥɢ ɫɪɟɞɧɟɜɟɫɨɜɭɸ (Ɇɜ) ɢ ɫɪɟɞɧɟɱɢɫɥɨɜɭɸ (Ɇɱ) ɦɨɥɟɤɭɥɹɪɧɵɟ ɦɚɫɫɵ, 

ɚ ɬɚɤ ɠɟ ɩɨɥɢɞɢɫɩɟɪɫɧɨɫɬɶ (ɉȾ=Ɇɜ/Ɇɱ).  

 

2.4 ɗɤɫɬɪɚɤɰɢя ɥɢɩɨɩɨɥɢɫɚɯɚɪɢɞɨɜ ɢɡ ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɤɭɥɶɬɭɪɵ 

 

Ʌɢɩɨɩɨɥɢɫɚɯɚɪɢɞɵ ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɢɡ ɤɥɟɬɨɤ С. eutrophus ȼ-10646 
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ɦɟɬɨɞɨɦ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɝɨɪɹɱɟɝɨ ɮɟɧɨɥɚ. Ⱦɥɹ ɷɬɨɝɨ 1,5 ɝ ɛɢɨɦɚɫɫɵ 

ɩɨɦɟɫɬɢɥɢ ɜ 5 ɦɥ ɜɨɞɵ ɢ ɫɭɫɩɟɧɡɢɪɨɜɚɥɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 68ɨ ɋ. ɉɨɫɥɟ ɱɟɝɨ 

ɞɨɛɚɜɢɥɢ 5 ɦɥ 90%-ɝɨ ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ ɮɟɧɨɥɚ ɢ ɩɟɪɟɦɟɲɢɜɚɥɢ ɜ ɬɟɱɟɧɢɟ 1 

ɱɚɫɚ ɩɪɢ 68ɨɋ. ɋɦɟɫɶ ɨɯɥɚɞɢɥɢ ɢ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ ɩɪɢ 4000 ɨɛ/ɦɢɧ ɜ 

ɬɟɱɟɧɢɟ 20 ɦɢɧ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɫɦɟɫɶ ɪɚɡɞɟɥɢɥɚɫɶ ɧɚ ɜɨɞɧɭɸ ɢ ɮɟɧɨɥɶɧɭɸ 

ɮɚɡɭ. ȼɨɞɧɭɸ ɮɚɡɭ ɞɢɚɥɢɡɢɪɨɜɚɥɢ ɜ ɬɟɱɟɧɢɢ 24 ɱɚɫɨɜ (ɞɢɚɦɟɬɪ ɞɢɚɥɢɡɧɨɣ 

ɦɟɦɛɪɚɧɵ 6-8 ɤȾɚ), ɩɨɫɥɟ ɱɟɝɨ ɩɪɨɜɨɞɢɥɢ ɥɢɨɮɢɥɢɡɚɰɢɸ Ʌɉɋ. 

 

2.5  ɗɤɫɬɪɚɤɰɢя ɥɢɩɢɞɨɜ ɰɢɬɨɩɥɚɡɦɚɬɢɱɟɫɤɨɣ ɦɟɦɛɪɚɧɵ 

 

ȼɵɞɟɥɟɧɢɟ ɥɢɩɢɞɨɜ ɩɪɨɢɡɜɨɞɢɥɢ ɱɟɪɟɡ ɮɢɥɶɬɪ ɒɨɬɬɚ ɢɡ ɫɵɪɨɣ 

ɛɢɨɦɚɫɫɵ ɛɚɤɬɟɪɢɣ ɫɦɟɫɶɸ ɯɥɨɪɨɮɨɪɦɚ ɫ ɷɬɚɧɨɥɨɦ (2:1). Ⱦɥɹ ɷɬɨɝɨ 

ɷɤɫɬɪɚɤɰɢɹ ɩɪɨɯɨɞɢɥɚ ɜ ɬɟɱɟɧɢɟ 12 ɱɚɫɨɜ. Ɂɚɬɟɦ ɷɤɫɬɪɚɤɬ, ɫɨɞɟɪɠɚɳɢɣ 

ɥɢɩɢɞɵ ɢ ɩɨɥɢɦɟɪ ɨɬɞɟɥɹɥɢ ɨɬ ɛɢɨɦɚɫɫɵ ɮɢɥɶɬɪɨɜɚɧɢɟɦ ɱɟɪɟɡ ɮɢɥɶɬɪ 

ɒɨɬɬɚ ɜɨ ɜɡɜɟɲɟɧɧɵɟ ɤɨɥɛɵ. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɨɬɝɨɧɹɥɢ ɧɚ ɪɨɬɨɪɧɨɦ 

ɢɫɩɚɪɢɬɟɥɟ. Ʉɨɥɛɵ ɫ ɷɤɫɬɪɚɤɬɨɦ ɩɨɦɟɳɚɥɢ ɜ ɷɤɫɢɤɚɬɨɪ ɞɥɹ ɞɨɜɟɞɟɧɢɹ ɞɨ 

ɩɨɫɬɨɹɧɧɨɝɨ ɜɟɫɚ ɢ ɜɡɜɟɲɢɜɚɥɢ. ɉɨ ɪɚɡɧɨɫɬɢ ɩɭɫɬɨɣ ɢ ɤɨɥɛɵ ɫ ɷɤɫɬɪɚɤɬɨɦ 

ɨɩɪɟɞɟɥɹɥɢ ɜɵɯɨɞ ɥɢɩɢɞɧɨɝɨ ɷɤɫɬɪɚɤɬɚ (ɥɢɩɢɞɵ ɢ ɩɨɥɢɦɟɪ). Ⱦɚɥɟɟ ɩɨɥɢɦɟɪ 

ɨɬɞɟɥɹɥɢ ɨɬ ɥɢɩɢɞɨɜ. Ⱦɥɹ ɷɬɨɝɨ ɷɤɫɬɪɚɤɬ ɪɚɫɬɜɨɪɹɥɢ ɜ 2 ɦɥ ɯɥɨɪɨɮɨɪɦɚ ɢ 

ɞɨɛɚɜɥɹɥɢ ɞɜɨɣɧɨɣ ɨɛɴɟɦ ɝɟɤɫɚɧɚ. ɉɨɥɢɦɟɪ ɨɬɞɟɥɹɥɢ ɨɬ ɥɢɩɢɞɨɜ 

ɮɢɥɶɬɪɨɜɚɧɢɟɦ ɱɟɪɟɡ ɮɢɥɶɬɪ ɒɨɬɬɚ. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɨɬɝɨɧɹɥɢ ɧɚ ɪɨɬɨɪɧɨɦ 

ɢɫɩɚɪɢɬɟɥɟ. Ʉɨɥɛɵ ɫ ɥɢɩɢɞɚɦɢ ɩɨɦɟɳɚɥɢ ɜ ɷɤɫɢɤɚɬɨɪ. ɉɨɫɥɟ ɞɨɜɟɞɟɧɢɹ 

ɥɢɩɢɞɨɜ ɞɨ ɩɨɫɬɨɹɧɧɨɝɨ ɜɟɫɚ, ɜɡɜɟɲɢɜɚɥɢ ɢ ɩɨ ɪɚɡɧɨɫɬɢ ɨɩɪɟɞɟɥɹɥɢ ɢɯ 

ɫɨɞɟɪɠɚɧɢɟ ɜ ɫɭɯɨɣ ɛɢɨɦɚɫɫɟ. 

 

2.6 ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɦɟɬɢɥɨɜɵɯ ɷɮɢɪɨɜ ɠɢɪɧɵɯ ɤɢɫɥɨɬ ɞɥя ɚɧɚɥɢɡɚ 
ɧɚ ɯɪɨɦɚɬɨ-ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɟ 

 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɠɢɪɧɵɯ ɤɢɫɥɨɬ, ɜɯɨɞɹɳɢɯ ɜ Ʌɉɋ, ɤ 

ɥɢɨɮɢɥɢɡɢɪɨɜɚɧɧɵɦ ɩɪɨɛɚɦ ɞɨɛɚɜɥɹɥɢ ɩɨ 2 ɦɥ 1N ɪɚɫɬɜɨɪɚ ɄɈɇ ɜ 95% 
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ɷɬɚɧɨɥɟ. ɉɨɫɥɟ ɱɟɝɨ ɫɦɟɫɶ ɧɚɝɪɟɜɚɥɢ ɧɚ ɜɨɞɹɧɨɣ ɛɚɧɟ ɫ ɨɛɪɚɬɧɵɦ 

ɯɨɥɨɞɢɥɶɧɢɤɨɦ ɜ ɬɟɱɟɧɢɟ 2 ɱɚɫɨɜ.  

Ɂɚɬɟɦ ɞɨɛɚɜɥɹɥɢ ɞɜɨɣɧɨɣ ɨɛɴɟɦ ɜɨɞɵ, ɩɨɞɤɢɫɥɹɥɢ ɫɟɪɧɨɣ ɤɢɫɥɨɬɨɣ ɞɨ 

ɪɇ 2-3, ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɠɢɪɧɵɟ ɤɢɫɥɨɬɵ ɝɟɤɫɚɧɨɦ, ɩɪɨɩɭɫɤɚɥɢ ɱɟɪɟɡ Na2SO4. 

ɀɢɪɧɵɟ ɤɢɫɥɨɬɵ ɫɭɲɢɥɢ ɧɚ ɧɚ ɪɨɬɨɪɧɨɦ ɢɫɩɚɪɢɬɟɥɟ Rotavapor R-210 

(BUCHI). 

Ɇɟɬɚɧɨɥɢɡ ɠɢɪɧɵɯ ɤɢɫɥɨɬ ɥɢɩɢɞɨɜ ɩɪɨɜɨɞɢɥɢ ɜ ɫɦɟɫɢ 10 ɦɥ ɦɟɬɚɧɨɥɚ 

ɢ 0,2 ɦɥ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 80ɨɋ ɜ ɬɟɱɟɧɢɟ ɞɜɭɯ ɱɚɫɨɜ. ɉɨ 

ɨɤɨɧɱɚɧɢɢ ɩɪɨɰɟɫɫɚ ɞɨɛɚɜɢɥɢ 1 ɦɥ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɵ ɢ 2 ɦɥ ɝɟɤɫɚɧɚ. 

Ɂɚɬɟɦ ɩɪɢ ɩɨɦɨɳɢ ɞɟɥɢɬɟɥɶɧɨɣ ɜɨɪɨɧɤɢ, ɨɬɞɟɥɢɥɢ ɜɨɞɧɵɣ ɫɥɨɣ ɢ ɝɟɤɫɚɧ 

ɫɥɢɥɢ ɜ ɨɬɞɟɥɶɧɭɸ ɤɨɥɛɭ, ɚ ɜɨɞɧɭɸ ɮɚɡɭ ɨɛɪɚɛɨɬɚɥɢ ɟɳɟ ɞɜɚɠɞɵ ɝɟɤɫɚɧɨɦ 

ɞɥɹ ɩɨɥɧɨɬɵ ɢɡɜɥɟɱɟɧɢɹ ɦɟɬɢɥɨɜɵɯ ɷɮɢɪɨɜ ɠɢɪɧɵɯ ɤɢɫɥɨɬ. Ɉɛɴɟɞɢɧɟɧɧɵɟ 

ɝɟɤɫɚɧɨɜɵɟ ɷɤɫɬɪɚɤɬɵ ɩɪɨɦɵɥɢ ɧɟɫɤɨɥɶɤɢɦɢ ɩɨɪɰɢɹɦɢ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ 

ɜɨɞɵ ɞɨ ɧɟɣɬɪɚɥɶɧɨɣ ɪɟɚɤɰɢɢ ɢ ɩɪɨɩɭɫɬɢɥɢ ɱɟɪɟɡ ɫɥɨɣ ɛɟɡɜɨɞɧɨɝɨ Na2SO4 ɜ 

ɝɪɭɲɟɜɢɞɧɭɸ ɤɨɥɛɭ, ɡɚɬɟɦ ɢɫɩɚɪɢɥɢ ɝɟɤɫɚɧ ɧɚ ɪɨɬɨɪɧɨɦ ɢɫɩɚɪɢɬɟɥɟ. 

Ɇɟɬɢɥɨɜɵɟ ɷɮɢɪɵ ɠɢɪɧɵɯ ɤɢɫɥɨɬ ɚɧɚɥɢɡɢɪɨɜɚɥɢ ɧɚ ɯɪɨɦɚɬɨ-ɦɚɫɫ-

ɫɩɟɤɬɪɨɦɟɬɪɟ. 

 

2.7 Ⱥɧɚɥɢɡ ɦɟɬɢɥɨɜɵɯ ɷɮɢɪɨɜ ɠɢɪɧɵɯ ɤɢɫɥɨɬ ɥɢɩɢɞɨɜ 

 

Ɇɟɬɢɥɨɜɵɟ ɷɮɢɪɵ ɠɢɪɧɵɯ ɤɢɫɥɨɬ ɚɧɚɥɢɡɢɪɨɜɚɥɢ ɧɚ ɯɪɨɦɚɬɨ-ɦɚɫɫ 

ɫɩɟɤɬɪɨɦɟɬɪɟ (7890Ⱥ/5975C, Agilent Technologies, USA). 

ɉɨɞɝɨɬɨɜɤɚ ɝɚɡɨɜɨɝɨ ɯɪɨɦɚɬɨɝɪɚɮɚ ɤ ɚɧɚɥɢɡɭ:  ɭɫɬɚɧɨɜɢɥɢ ɪɟɠɢɦ ɜɜɨɞɚ 

ɩɪɨɛɵ «split», ɬ.ɟ. ɫ ɞɟɥɟɧɢɟɦ ɩɨɬɨɤɚ ɝɚɡɚ ɩɪɢ ɜɜɨɞɟ ɩɪɨɛɵ; ɡɚɩɨɥɧɢɥɢ 

ɞɚɧɧɵɟ ɨ ɩɪɨɛɟ ɩɪɢ ɮɨɪɦɢɪɨɜɚɧɢɢ ɮɚɣɥɚ, ɝɞɟ ɛɭɞɭɬ ɯɪɚɧɢɬɶɫɹ ɪɟɡɭɥɶɬɚɬɵ 

ɚɧɚɥɢɡɚ; ɜ  ɤɨɥɛɭ ɫ ɦɟɬɢɥɨɜɵɦɢ ɷɮɢɪɚɦɢ ɫ ɩɨɦɨɳɶɸ ɦɢɤɪɨɲɩɪɢɰɚ ɞɨɛɚɜɢɥɢ 

20-40 ɦɤɥ ɝɟɤɫɚɧɚ, ɫɦɵɥɢ ɢ ɫɤɨɧɰɟɧɬɪɢɪɨɜɚɥɢ ɜɟɳɟɫɬɜɨ ɧɚ ɞɧɟ ɤɨɥɛɵ, ɩɨ 

ɨɤɨɧɱɚɧɢɢ ɨɬɨɛɪɚɥɢ ɲɩɪɢɰɨɦ 1-3 ɦɤɥ ɪɚɫɬɜɨɪɚ. Ⱦɚɥɟɟ ɦɵ ɡɚɩɭɫɬɢɥɢ «ɚɧɚɥɢɡ 

ɩɪɨɛɵ» ɢɡ ɤɨɦɩɶɸɬɟɪɧɨɣ ɩɪɨɝɪɚɦɦɵ, ɞɨɠɞɚɥɢɫɶ ɫɢɝɧɚɥɚ ɝɨɬɨɜɧɨɫɬɢ 

ɩɪɢɛɨɪɚ, ɜɜɟɫɬɢ ɩɪɨɛɭ ɜ ɢɧɠɟɤɬɨɪ. 
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ɍɫɥɨɜɢɹ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɧɢɹ: ɝɚɡ-ɧɨɫɢɬɟɥɶ - ɝɟɥɢɣ, ɫɤɨɪɨɫɬɶ - 1 

ɦɥ/ɦɢɧ; ɬɟɦɩɟɪɚɬɭɪɚ ɜɜɨɞɚ ɩɪɨɛɵ - 2200ɋ; ɧɚɱɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ 

ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɧɢɹ - 1200ɋ, ɩɨɞɴɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɞɨ 2300ɋ ɫɨ ɫɤɨɪɨɫɬɶɸ 

50ɋ ɜ ɦɢɧɭɬɭ; ɤɨɥɨɧɤɚ ɤɚɩɢɥɥɹɪɧɚɹ HP-FFAP, ɞɥɢɧɚ 30 ɦ, ɞɢɚɦɟɬɪ - 0.25 ɦɦ; 

ɬɟɦɩɟɪɚɬɭɪɚ ɬɪɚɧɫɮɟɪɧɨɣ ɥɢɧɢɢ 250oC, ɢɫɬɨɱɧɢɤɚ ɢɨɧɨɜ -  165oC, ɪɟɠɢɦ 

ɷɥɟɤɬɪɨɧɧɨɝɨ ɭɞɚɪɚ ɩɪɢ 70 eV, ɪɟɠɢɦ ɫɤɚɧɢɪɨɜɚɧɢɹ ɮɪɚɝɦɟɧɬɨɜ ɨɬ 45 ɞɨ 500 

m/z  ɩɪɢ 0.5 ɫ/ɫɟɤ.   ɂɞɟɧɬɢɮɢɤɚɰɢɸ ɠɢɪɧɵɯ ɤɢɫɥɨɬ ɩɪɨɜɨɞɢɥɢ ɫɪɚɜɧɟɧɢɟɦ 

ɢɯ ɜɪɟɦɟɧ ɭɞɟɪɠɢɜɚɧɢɹ ɢ ɦɚɫɫ-ɫɩɟɤɬɪɨɜ ɫ ɬɚɤɨɜɵɦɢ ɢɦɟɸɳɢɦɢɫɹ 

ɫɬɚɧɞɚɪɬɚɦɢ; ɢɫɩɨɥɶɡɨɜɚɥɢ  ɧɚɫɵɳɟɧɧɵɟ, ɦɨɧɨɟɧɨɜɵɟ, ɞɢɟɧɨɜɵɟ, ɬɪɢɟɧɨɜɵɟ, 

ɬɟɬɪɚ- ɢ ɩɟɧɬɚɟɧɨɜɵɟ ɤɢɫɥɨɬɵ ɫ ɞɥɢɧɨɣ ɰɟɩɢ ɨɬ 10 ɞɨ 20, ɚ ɬɚɤɠɟ β-

ɝɢɞɪɨɤɫɢɤɢɫɥɨɬɵ.  

ɉɪɨɰɟɫɫ ɯɪɨɦɚɬɨɝɪɚɮɢɢ ɩɪɨɢɫɯɨɞɢɥ ɨɤɨɥɨ 1 ɱɚɫɚ, ɡɚ ɷɬɨ ɜɪɟɦɹ 

ɜɜɟɞɟɧɧɵɟ ɦɟɬɢɥɨɜɵɟ ɷɮɢɪɵ ɠɢɪɧɵɯ ɤɢɫɥɨɬ ɪɚɡɞɟɥɹɥɢɫɶ ɧɚ ɤɨɥɨɧɤɟ, 

ɩɨɞɚɜɚɥɢɫɶ ɜ ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɱɟɫɤɢɣ ɞɟɬɟɤɬɨɪ, ɝɞɟ ɩɪɨɢɡɜɨɞɢɥɨɫɶ 

ɪɟɝɭɥɹɪɧɨɟ ɫɤɚɧɢɪɨɜɚɧɢɟ ɫɩɟɤɬɪɨɜ ɜɟɳɟɫɬɜɚ, ɜɵɯɨɞɹɳɟɝɨ ɢɡ ɤɨɥɨɧɤɢ, 

ɫɩɟɤɬɪɵ ɢ ɨɛɳɚɹ ɢɨɧɧɚɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɡɚɩɢɫɵɜɚɥɚɫɶ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ 

ɮɚɣɥ. 

 

2.8 Ɇɢɤɪɨɫɤɨɩɢɱɟɫɤɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɤɥɟɬɨɤ 
 

Ɉɛɪɚɡɰɵ ɞɥɹ ɩɪɨɫɜɟɱɢɜɚɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ ɝɨɬɨɜɢɥɢɫɶ 

ɩɨɝɪɭɠɟɧɢɟɦ ɦɟɞɧɨɣ ɉɗɆ ɫɟɬɤɢ ɫ ɩɟɪɮɨɪɢɪɨɜɚɧɧɨɣ ɭɝɥɟɪɨɞɧɨɣ ɩɥɟɧɨɣ ɜ 

ɜɨɞɧɭɸ ɫɭɫɩɟɧɡɢɸ ɛɚɤɬɟɪɢɣ, ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɩɪɨɫɭɲɢɜɚɧɢɟɦ ɧɚ ɜɨɡɞɭɯɟ. 

ɗɥɟɤɬɪɨɧɧɨ-ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɧɚ 

ɩɪɨɫɜɟɱɢɜɚɸɳɟɦ ɷɥɟɤɬɪɨɧɧɨɦ ɦɢɤɪɨɫɤɨɩɟ HT-7700, Hitachi ɩɪɢ 

ɭɫɤɨɪɹɸɳɟɦ ɧɚɩɪɹɠɟɧɢɢ 60 ɤȼ. 

 

[ɢɡɴɹɬɨ 7 ɫɬɪ.] 
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ɁȺɄɅɘɑȿɇɂȿ 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɛɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ ɮɢɡɢɨɥɨɝɨ-ɛɢɨɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ 

ɛɚɤɬɟɪɢɣ C. eutrophus B-10646 ɜ ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɤɭɥɶɬɭɪɟ ɩɪɢ ɪɨɫɬɟ ɧɚ 

ɨɥɟɢɧɨɜɨɣ ɤɢɫɥɨɬɟ. 

Ɉɩɢɫɚɧɵ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɨɫɬɚ ɛɚɤɬɟɪɢɣ, ɫɨɞɟɪɠɚɧɢɟ ɢ ɦɨɥɟɤɭɥɹɪɧɨ – 

ɦɚɫɫɨɜɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨɥɢɦɟɪɚ, ɠɢɪɧɨɤɢɫɥɨɬɧɵɣ ɫɨɫɬɚɜ ɥɢɩɢɞɨɜ ɤɥɟɬɨɤ, 

ɪɚɡɦɟɪɧɵɟ ɩɚɪɚɦɟɬɪɵ ɤɥɟɬɨɤ. ɉɨ ɢɬɨɝɚɦ ɪɚɛɨɬɵ ɦɨɠɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ 

ɨɥɟɢɧɨɜɚɹ ɤɢɫɥɨɬɚ ɹɜɥɹɟɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɫɭɛɫɬɪɚɬɨɦ ɞɥɹ ɫɢɧɬɟɡɚ ɉȽȺ ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɟɦ ɧɚ ɫɚɯɚɪɚɯ.  

1) ȼ ɬɟɱɟɧɢɟ 72 ɱ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɭɪɨɠɚɣ ɛɢɨɦɚɫɫɵ ɫɨɫɬɚɜɢɥ 6,7 ɝ/ɥ ɫ 

ɨɛɳɢɦ ɫɨɞɟɪɠɚɧɢɟɦ  ɩɨɥɢɦɟɪɚ 91%. Ʉɥɟɬɤɢ ɫɢɧɬɟɡɢɪɨɜɚɥɢ 

ɝɟɬɟɪɨɩɨɥɢɦɟɪ ɫ ɜɤɥɸɱɟɧɢɟɦ 3-ɝɢɞɪɨɤɢɫɜɚɥɟɪɚɬɚ 1,5-3%.  

2) Ɉɫɧɨɜɧɵɦɢ ɠɢɪɧɵɦɢ ɤɢɫɥɨɬɚɦɢ ɥɢɩɢɞɨɜ ɰɢɬɨɩɥɚɡɦɚɬɢɱɟɫɤɨɣ 

ɦɟɦɛɪɚɧɵ ɹɜɥɹɥɢɫɶ: ɧɚɫɵɳɟɧɧɚɹ 16:0, ɧɟɧɚɫɵɳɟɧɧɵɟ 16:1ω7 ɢ 

18:1ω9. ȼ ɠɢɪɧɨɤɢɫɥɨɬɧɨɦ ɫɨɫɬɚɜɟ ɥɢɩɨɩɨɥɢɫɚɯɚɪɢɞɨɜ 

ɩɪɟɨɛɥɚɞɚɸɬ α-Ɉɇ ɢ β-Ɉɇ ɠɢɪɧɵɟ ɤɢɫɥɨɬɵ ɫ ɞɥɢɧɨɣ ɰɟɩɢ 14 ɢ 16 

ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ. 

3) ɇɚ ɤɚɠɞɨɦ ɷɬɚɩɟ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɩɪɟɨɛɥɚɞɚɥɢ ɤɥɟɬɤɢ ɞɥɢɧɨɣ 1,1-

2,5 ɦɤɦ.  ȼ ɫɬɚɰɢɨɧɚɪɧɨɣ ɮɚɡɟ ɪɨɫɬɚ ɜɫɬɪɟɱɚɥɢɫɶ ɝɢɝɚɧɬɫɤɢɟ ɤɥɟɬɤɢ 

ɞɥɢɧɨɣ ɫɜɵɲɟ 20 ɦɤɦ.   
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