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Ɋɟɮɟɪɚɬ 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɧɚ ɬɟɦɭ: «ȼɥɢɹɧɢɟ ɯɥɨɪɢɞɚ ɧɚɬɪɢɹ 

ɧɚ ɪɨɫɬ ɲɬɚɦɦɚ Cupriavidus eutrophus B-10646 ɢ ɫɢɧɬɟɡ ɩɨɥɢɦɟɪɚ» ɫɨɞɟɪɠɢɬ 46 

ɫɬɪɚɧɢɰɵ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 10 ɢɥɥɸɫɬɪɚɰɢɣ, 1 ɬɚɛɥɢɰɭ, 81 

ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ.  

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɩɨɥɢɝɢɞɪɨɤɥɢɚɧɤɚɧɨɚɬɵ (ɉȽȺ), Cupriavidus 

eutrophus,ɝɚɥɨɮɢɥɶɧɨɫɬɶ, ɠɢɪɧɵɟ ɤɢɫɥɨɬɵ, ɥɢɩɢɞɵ. 

ɐɟɥɶɸ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɛɵɥɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɩɨɫɨɛɧɨɫɬɢ ɛɚɤɬɟɪɢɣ 

ɲɬɚɦɦɚ Cupriavidus eutrophus B-10646 ɪɚɫɬɢ ɢ ɫɢɧɬɟɡɢɪɨɜɚɬɶ ɩɨɥɢɦɟɪ ɜ 

ɩɪɢɫɭɬɫɬɜɢɢ ɯɥɨɪɢɞɚ ɧɚɬɪɢɹ ɜ ɫɪɟɞɟ. Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɛɵɥɨ ɪɟɲɢɬɶ 

ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: ɢɫɫɥɟɞɨɜɚɬɶ ɜɥɢɹɧɢɟ ɯɥɨɪɢɞɚ ɧɚɬɪɢɹ ɧɚ ɪɨɫɬ ɛɚɤɬɟɪɢɣ С. 

eutrophus B-10646 ɢ ɫɢɧɬɟɡ ɩɨɥɢɦɟɪɚ;  ɢɫɫɥɟɞɨɜɚɬɶ ɜɥɢɹɧɢɟ ɯɥɨɪɢɞɚ ɧɚɬɪɢɹ ɧɚ 

ɠɢɪɧɨɤɢɫɥɨɬɧɵɣ ɫɨɫɬɚɜ ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɯ ɥɢɩɢɞɨɜ. 

Ɍɟɦɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɜɹɡɚɧɚ ɫ ɚɤɬɭɚɥɶɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɤɚɤ ɩɪɨɞɭɤɰɢɹ 

ɩɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɨɜ (ɉȽȺ) ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɝɪɚɦɨɬɪɢɰɚɬɟɥɶɧɵɯ 

ɛɚɤɬɟɪɢɣ Cupriavidus necator, ɤɨɬɨɪɵɟ ɲɢɪɨɤɨ ɢɫɫɥɟɞɭɸɬɫɹ, ɬɚɤ ɤɚɤ 

ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɞɚɧɧɵɟ ɛɚɤɬɟɪɢɢ ɫɩɨɫɨɛɧɵ ɧɚɤɚɩɥɢɜɚɬɶ ɩɨɥɢɦɟɪ ɞɨ 85% ɨɬ 

ɫɭɯɨɣ ɛɢɨɦɚɫɫɵ ɩɪɢ ɫɬɪɟɫɫɨɜɵɯ ɫɢɬɭɚɰɢɹɯ, ɤ ɨɞɧɨɦɭ ɢɡ ɫɬɪɟɫɫɨɜɵɯ ɭɫɥɨɜɢɣ 

ɨɬɧɨɫɢɬɫɹ ɞɨɛɚɜɥɟɧɢɟ ɯɥɨɪɢɞɚ ɧɚɬɪɢɹ ɜ ɫɪɟɞɭ.  

 

          ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɭɪɨɠɚɣ ɛɢɨɦɚɫɫɵ ɢ ɩɨɥɢɦɟɪɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 

ɧɟɜɵɫɨɤɢɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ NaCl (5-10 ɝ/ɥ) ɧɟ ɨɬɥɢɱɚɥɫɹ ɨɬ ɩɨɤɚɡɚɬɟɥɟɣ 

ɤɭɥɶɬɭɪɵ, ɜɵɪɨɫɲɟɣ ɜ ɨɬɫɭɬɫɬɜɢɢ NaCl, ɢ ɫɨɫɬɚɜɥɹɥ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 8.8 -9.2 ɝ/ɥ 

ɢ 74.1-81% ɨɬ ɜɟɫɚ ɫɭɯɨɣ ɛɢɨɦɚɫɫɵ. Ȼɨɥɟɟ ɜɵɫɨɤɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ NaCl, 

ɨɫɨɛɟɧɧɨ 25 ɢ 30 ɝ/ɥ, ɩɪɢɜɟɥɢ ɤ ɢɧɝɢɛɢɪɨɜɚɧɢɸ ɪɨɫɬɚ ɛɚɤɬɟɪɢɣ ɢ ɫɢɧɬɟɡɭ 

ɩɨɥɢɦɟɪɚ. Ɍɚɤ ɠɟ ɢɡɦɟɧɢɥɫɹ ɠɢɪɧɨɤɢɫɥɨɬɧɵɣ ɫɨɫɬɚɜ ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɯ 
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ɥɢɩɢɞɨɜ ɡɚ ɫɱɟɬ ɫɧɢɠɟɧɢɹ ɧɟɧɚɫɵɳɟɧɧɵɯ ɀɄ (16:1ω7, 18:1ω7) ɢ ɭɜɟɥɢɱɟɧɢɹ 

ɧɚɫɵɳɟɧɧɵɯ (16:0, 18:0). 
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ȼɜɟɞɟɧɢɟ 
 

ɉɪɨɞɭɤɰɢɹ ɩɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɨɜ (ɉȽȺ) ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɝɪɚɦɨɬɪɢɰɚɬɟɥɶɧɵɯ ɛɚɤɬɟɪɢɣ Cupriavidus necator ɲɢɪɨɤɨ ɢɫɫɥɟɞɭɟɬɫɹ, ɬɚɤ ɤɚɤ 

ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɞɚɧɧɵɟ ɛɚɤɬɟɪɢɢ ɫɩɨɫɨɛɧɵ ɧɚɤɚɩɥɢɜɚɬɶ ɩɨɥɢɦɟɪ ɞɨ 85% ɨɬ 

ɫɭɯɨɣ ɛɢɨɦɚɫɫɵ ɩɪɢ ɥɢɦɢɬɢɪɨɜɚɧɢɢ ɪɨɫɬɚ ɚɡɨɬɨɦ, ɮɨɫɮɨɪɨɦ ɢɥɢ ɤɢɫɥɨɪɨɞɨɦ 

ɢ ɢɡɛɵɬɤɟ ɭɝɥɟɪɨɞɧɨɝɨ ɫɭɛɫɬɪɚɬɚ [58]. Ȼɚɤɬɟɪɢɢ ɧɚɤɚɩɥɢɜɚɸɬ ɉȽȺ ɜ ɤɚɱɟɫɬɜɟ 

ɢɫɬɨɱɧɢɤɚ ɭɝɥɟɪɨɞɚ ɢ ɷɧɟɪɝɢɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɉȽȺ ɬɚɤɠɟ ɢɝɪɚɸɬ ɪɨɥɶ ɜ 

ɫɬɪɟɫɫɨɭɫɬɨɣɱɢɜɨɫɬɢ [68].    

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɪɟɚɤɰɢɟɣ ɛɚɤɬɟɪɢɣ ɧɚ ɜɧɟɲɧɢɣ ɫɬɪɟɫɫ ɦɨɠɟɬ ɫɬɚɬɶ  

ɭɜɟɥɢɱɟɧɢɟ ɩɪɨɞɭɤɰɢɢ ɉȽȺ, ɤɚɤ ɫɪɟɞɫɬɜɨ ɩɪɟɨɞɨɥɟɧɢɹ ɫɬɪɟɫɫɨɜɵɯ ɭɫɥɨɜɢɣ. Ʉ 

ɬɚɤɢɦ ɜɢɞɚɦ ɫɬɪɟɫɫɚ ɨɬɧɨɫɹɬ  ɩɪɢɫɭɬɫɬɜɢɟ ɧɟɤɨɬɨɪɵɯ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ [43] ɢ 

ɯɢɦɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ, ɬɚɤɢɯ ɤɚɤ ɷɬɚɧɨɥ ɢ ɩɟɪɟɤɢɫɶ ɜɨɞɨɪɨɞɚ [62], ɚ ɬɚɤɠɟ 

ɩɪɢɫɭɬɫɬɜɢɟ NaCl.  ȼ ɥɢɬɟɪɚɬɭɪɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɬɢɜɨɪɟɱɢɜɵɟ 

ɪɟɡɭɥɶɬɚɬɵ ɨ ɜɥɢɹɧɢɢ NaCl ɧɚ ɪɨɫɬ ɛɚɤɬɟɪɢɣ ɢ ɫɢɧɬɟɡ ɉȽȺ. Ɂɧɚɱɢɬɟɥɶɧɨɟ 

ɫɧɢɠɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɩɨɥɢ(3-ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬɚ) (ɉ(3ȽȻ)) ɜ ɤɥɟɬɤɚɯ Paracoccus 

denitrificans ɢ Cupriavidus necator (ɲɬɚɦɦ JMP 134) ɩɪɨɢɫɯɨɞɢɥɨ ɭɠɟ ɩɪɢ 

ɤɨɧɰɟɧɬɪɚɰɢɢ NaCl 5 ɝ/ɥ, ɚ ɩɪɢ 20 ɝ/ɥ NaCl ɧɚɛɥɸɞɚɥɢ 80%-ɧɨɟ ɢɧɝɢɛɢɪɨɜɚɧɢɟ 

ɪɨɫɬɚ ɛɚɤɬɟɪɢɣ ɢ ɫɢɧɬɟɡɚ ɩɨɥɢɦɟɪɚ [61]. Ɉɞɧɚɤɨ ɭ ɞɪɭɝɨɝɨ ɲɬɚɦɦɚ C. necator 

(DSMZ 545) ɦɚɤɫɢɦɚɥɶɧɵɣ ɜɵɯɨɞ ɉȽȺ ɧɚɛɥɸɞɚɥɢ ɜ ɩɪɢɫɭɬɫɬɜɢɢ NaCl ɜ 

ɤɨɧɰɟɧɬɪɚɰɢɢ 9 ɝ/ɥ, ɩɪɢɱɟɦ ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɛɢɨɦɚɫɫɵ ɩɪɨɢɫɯɨɞɢɥɨ ɩɪɢ 

ɤɨɧɰɟɧɬɪɚɰɢɢ NaCl ɫɜɵɲɟ 15 ɝ/ɥ [67].  ɍɜɟɥɢɱɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɩɨɥɢɦɟɪɚ ɜ 

ɩɪɢɫɭɬɫɬɜɢɢ NaCl ɩɨɤɚɡɚɧɨ ɢ ɞɥɹ ɛɚɤɬɟɪɢɢ Zobellella denitrificans MW1 [38].  

 ɀɢɪɧɵɟ ɤɢɫɥɨɬɵ (ɀɄ) ɛɚɤɬɟɪɢɣ ɜɯɨɞɹɬ ɜ ɫɨɫɬɚɜ ɥɢɩɢɞɨɜ 

ɰɢɬɨɩɥɚɡɦɚɬɢɱɟɫɤɢɯ ɦɟɦɛɪɚɧ, ɤɨɬɨɪɵɟ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɪɟɚɝɢɪɭɸɬ ɧɚ 

ɦɟɧɹɸɳɢɟɫɹ ɭɫɥɨɜɢɹ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɩɨɞɞɟɪɠɢɜɚɹ ɜɡɚɢɦɨɫɜɹɡɶ ɦɟɠɞɭ 

ɫɬɪɭɤɬɭɪɨɣ ɢ ɮɭɧɤɰɢɟɣ ɦɟɦɛɪɚɧɵ. ɂɡɦɟɧɟɧɢɹ ɜ ɀɄ ɫɨɫɬɚɜɟ ɥɢɩɢɞɨɜ 

ɰɢɬɨɩɥɚɡɦɚɬɢɱɟɫɤɢɯ ɦɟɦɛɪɚɧ R. eutrophа H850 ɦɨɝɭɬ ɢɧɞɭɰɢɪɨɜɚɬɶɫɹ 
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ɡɚɝɪɹɡɧɢɬɟɥɹɦɢ ɨɪɝɚɧɢɱɟɫɤɨɣ ɩɪɢɪɨɞɵ ɢɥɢ ɢɫɬɨɱɧɢɤɨɦ ɭɝɥɟɪɨɞɚ ɭ Cupriavidus 

necator JMP134.  

ɐɟɥɶɸ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɛɵɥɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɩɨɫɨɛɧɨɫɬɢ ɛɚɤɬɟɪɢɣ 

ɲɬɚɦɦɚ Cupriavidus eutrophus B-10646 ɪɚɫɬɢ ɢ ɫɢɧɬɟɡɢɪɨɜɚɬɶ ɩɨɥɢɦɟɪ ɜ 

ɩɪɢɫɭɬɫɬɜɢɢ ɯɥɨɪɢɞɚ ɧɚɬɪɢɹ ɜ ɫɪɟɞɟ. 

Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɛɵɥɨ ɪɟɲɢɬɶ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

1. ɂɫɫɥɟɞɨɜɚɬɶ ɜɥɢɹɧɢɟ ɯɥɨɪɢɞɚ ɧɚɬɪɢɹ ɧɚ ɪɨɫɬ ɛɚɤɬɟɪɢɣ С. eutrophus 

B-10646 ɢ ɫɢɧɬɟɡ ɩɨɥɢɦɟɪɚ; 

2. ɂɫɫɥɟɞɨɜɚɬɶ ɜɥɢɹɧɢɟ ɯɥɨɪɢɞɚ ɧɚɬɪɢɹ ɧɚ ɠɢɪɧɨɤɢɫɥɨɬɧɵɣ ɫɨɫɬɚɜ 

ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɯ ɥɢɩɢɞɨɜ. 
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Ƚɥɚɜɚ 1. Ɉɛɡɨɪ ɥɢɬɟɪɚɬɭɪɵ 

1.1. Ȼɢɨɪɚɡɪɭɲɚɟɦɵɟ ɩɨɥɢɦɟɪɵ 
 

ɉɪɨɢɡɜɨɞɫɬɜɨ ɩɥɚɫɬɢɱɟɫɤɢɯ ɦɚɫɫ ɧɚ ɫɨɜɪɟɦɟɧɧɨɦ ɷɬɚɩɟ ɪɚɡɜɢɬɢɹ 

ɜɨɡɪɚɫɬɚɟɬ ɜ ɫɪɟɞɧɟɦ ɧɚ 5 - 6 %  ɟɠɟɝɨɞɧɨ ɢ ɤ 2010 ɝ. ɞɨɫɬɢɝɚɥɨ 250 ɦɥɧ. ɬɨɧɧ. 

ɂɯ ɩɨɬɪɟɛɥɟɧɢɟ ɧɚ ɞɭɲɭ ɧɚɫɟɥɟɧɢɹ ɜ ɢɧɞɭɫɬɪɢɚɥɶɧɨ ɪɚɡɜɢɬɵɯ ɫɬɪɚɧɚɯ ɡɚ 

ɩɨɫɥɟɞɧɢɟ 30 ɥɟɬ ɭɞɜɨɢɥɨɫɶ, ɞɨɫɬɢɝɧɭɜ 85 - 90 ɤɝ. [13].  

ɇɚɫɱɢɬɵɜɚɟɬɫɹ  ɨɤɨɥɨ 150 ɜɢɞɨɜ ɩɥɚɫɬɢɤɨɜ, 30 % ɢɡ ɧɢɯ – ɷɬɨ ɫɦɟɫɢ 

ɪɚɡɥɢɱɧɵɯ ɩɨɥɢɦɟɪɨɜ. Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɨɩɪɟɞɟɥɟɧɧɵɯ ɫɜɨɣɫɬɜ ɢ ɥɭɱɲɟɣ 

ɩɟɪɟɪɚɛɨɬɤɢ ɜ ɩɨɥɢɦɟɪɵ ɜɜɨɞɹɬ ɪɚɡɥɢɱɧɵɟ ɯɢɦɢɱɟɫɤɢɟ ɞɨɛɚɜɤɢ, ɤɨɬɨɪɵɯ ɭɠɟ  

ɛɨɥɟɟ 20, ɚ ɪɹɞ ɢɡ ɧɢɯ ɨɬɧɨɫɢɬɫɹ ɤ ɬɨɤɫɢɱɧɵɦ ɦɚɬɟɪɢɚɥɚɦ [11]. Ɍɚɤɚɹ ɜɵɫɨɤɚɹ 

ɩɨɩɭɥɹɪɧɨɫɬɶ ɩɥɚɫɬɦɚɫɫ ɨɛɴɹɫɧɹɟɬɫɹ ɢɯ ɥɟɝɤɨɫɬɶɸ, ɷɤɨɧɨɦɢɱɧɨɫɬɶɸ ɢ 

ɧɚɛɨɪɨɦ ɰɟɧɧɟɣɲɢɯ ɫɥɭɠɟɛɧɵɯ ɫɜɨɣɫɬɜ. ɉɥɚɫɬɢɤɢ ɹɜɥɹɸɬɫɹ ɫɟɪɶɟɡɧɵɦɢ 

ɤɨɧɤɭɪɟɧɬɚɦɢ ɦɟɬɚɥɥɭ, ɫɬɟɤɥɭ, ɤɟɪɚɦɢɤɟ. ɇɨ ɧɚɪɹɞɭ ɫ ɷɬɢɦ ɜɨɡɧɢɤɚɟɬ 

ɩɪɨɛɥɟɦɚ ɫ ɭɬɢɥɢɡɚɰɢɟɣ ɨɬɯɨɞɨɜ, ɤɨɬɨɪɵɯ ɫɭɳɟɫɬɜɭɟɬ ɫɜɵɲɟ 400 ɪɚɡɥɢɱɧɵɯ 

ɜɢɞɨɜ, ɩɨɹɜɥɹɸɳɢɯɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɨɞɭɤɰɢɢ ɩɨɥɢɦɟɪɧɨɣ 

ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. 

ɍɱɢɬɵɜɚɹ ɫɩɟɰɢɮɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ – ɨɧɢ ɧɟ 

ɩɨɞɜɟɪɝɚɸɬɫɹ ɝɧɢɟɧɢɸ, ɤɨɪɪɨɡɢɢ, ɩɪɨɛɥɟɦɚ ɢɯ ɭɬɢɥɢɡɚɰɢɢ ɧɨɫɢɬ, ɩɪɟɠɞɟ 

ɜɫɟɝɨ, ɷɤɨɥɨɝɢɱɟɫɤɢɣ ɯɚɪɚɤɬɟɪ. Ɉɞɧɚɤɨ, ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɨɛɥɟɦɚ 

ɩɟɪɟɪɚɛɨɬɤɢ ɨɬɯɨɞɨɜ ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɨɛɪɟɬɚɟɬ ɚɤɬɭɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ 

ɧɟ ɬɨɥɶɤɨ ɫ ɩɨɡɢɰɢɣ ɨɯɪɚɧɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɧɨ ɢ ɫɜɹɡɚɧɚ ɫ ɬɟɦ, ɱɬɨ ɜ 

ɭɫɥɨɜɢɹɯ ɞɟɮɢɰɢɬɚ ɩɨɥɢɦɟɪɧɨɝɨ ɫɵɪɶɹ ɩɥɚɫɬɦɚɫɫɨɜɵɟ ɨɬɯɨɞɵ ɫɬɚɧɨɜɹɬɫɹ 

ɦɨɳɧɵɦ ɫɵɪɶɟɜɵɦ ɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɦ ɪɟɫɭɪɫɨɦ [8]. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɨɬɯɨɞɨɜ 

ɩɨɥɢɦɟɪɨɜ ɩɨɡɜɨɥɹɟɬ ɫɭɳɟɫɬɜɟɧɧɨ ɷɤɨɧɨɦɢɬɶ ɩɟɪɜɢɱɧɨɟ ɫɵɪɶɟ (ɩɪɟɠɞɟ ɜɫɟɝɨ 

ɧɟɮɬɶ) ɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ [12]. 

ȼɦɟɫɬɟ ɫ ɬɟɦ ɪɟɲɟɧɢɟ ɜɨɩɪɨɫɨɜ, ɫɜɹɡɚɧɧɵɯ ɫ ɨɯɪɚɧɨɣ ɨɤɪɭɠɚɸɳɟɣ 

ɫɪɟɞɵ, ɬɪɟɛɭɟɬ ɡɧɚɱɢɬɟɥɶɧɵɯ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ. ɋɬɨɢɦɨɫɬɶ ɨɛɪɚɛɨɬɤɢ ɢ 

ɭɧɢɱɬɨɠɟɧɢɹ ɨɬɯɨɞɨɜ ɩɥɚɫɬɦɚɫɫ ɩɪɢɦɟɪɧɨ ɜ 8 ɪɚɡ ɩɪɟɜɵɲɚɟɬ ɪɚɫɯɨɞɵ ɧɚ 

ɨɛɪɚɛɨɬɤɭ ɛɨɥɶɲɢɧɫɬɜɚ ɩɪɨɦɵɲɥɟɧɧɵɯ ɢ ɩɨɱɬɢ ɜ ɬɪɢ ɪɚɡɚ – ɧɚ ɭɧɢɱɬɨɠɟɧɢɟ 
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ɛɵɬɨɜɵɯ ɨɬɯɨɞɨɜ. ɗɬɨ ɫɜɹɡɚɧɨ ɫɨ ɫɩɟɰɢɮɢɱɟɫɤɢɦɢ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɩɥɚɫɬɦɚɫɫ, 

ɡɧɚɱɢɬɟɥɶɧɨ ɡɚɬɪɭɞɧɹɸɳɢɦɢ ɢɥɢ ɞɟɥɚɸɳɢɦɢ ɧɟɩɪɢɝɨɞɧɵɦɢ ɢɡɜɟɫɬɧɵɟ 

ɦɟɬɨɞɵ ɭɧɢɱɬɨɠɟɧɢɹ ɬɜɟɪɞɵɯ ɨɬɯɨɞɨɜ. ɉɪɨɛɥɟɦ, ɫɜɹɡɚɧɧɵɯ ɫ ɭɬɢɥɢɡɚɰɢɟɣ 

ɩɨɥɢɦɟɪɧɵɯ ɨɬɯɨɞɨɜ, ɞɨɫɬɚɬɨɱɧɨ ɦɧɨɝɨ. Ɉɧɢ ɢɦɟɸɬ ɫɜɨɸ ɫɩɟɰɢɮɢɤɭ, ɧɨ ɢɯ 

ɧɟɥɶɡɹ ɫɱɢɬɚɬɶ ɧɟɪɚɡɪɟɲɢɦɵɦɢ.  

ɇɚ ɫɨɜɪɟɦɟɧɧɨɦ ɷɬɚɩɟ ɪɚɡɜɢɬɢɹ ɨɛɳɟɫɬɜɚ ɜɨɡɧɢɤ ɧɨɜɵɣ ɩɨɞɯɨɞ ɤ 

ɪɚɡɪɚɛɨɬɤɟ ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɞɢɚɦɟɬɪɚɥɶɧɨ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɣ 

ɬɪɚɞɢɰɢɨɧɧɨɦɭ. Ɉɧ ɢɦɟɟɬ ɰɟɥɶɸ ɩɨɥɭɱɟɧɢɟ ɩɨɥɢɦɟɪɨɜ, ɤɨɬɨɪɵɟ ɫɨɯɪɚɧɹɸɬ 

ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɨɥɶɤɨ ɜ ɬɟɱɟɧɢɟ ɩɟɪɢɨɞɚ ɩɨɬɪɟɛɥɟɧɢɹ, ɚ 

ɡɚɬɟɦ ɩɪɟɬɟɪɩɟɜɚɸɬ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɢ ɛɢɨɥɨɝɢɱɟɫɤɢɟ ɩɪɟɜɪɚɳɟɧɢɹ ɩɨɞ 

ɞɟɣɫɬɜɢɟɦ ɮɚɤɬɨɪɨɜ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɢ ɥɟɝɤɨ ɜɤɥɸɱɚɸɬɫɹ ɜ ɩɪɨɰɟɫɫɵ 

ɦɟɬɚɛɨɥɢɡɦɚ ɩɪɢɪɨɞɧɵɯ ɛɢɨɫɢɫɬɟɦ. ɋɩɨɫɨɛɧɨɫɬɶ ɩɨɥɢɦɟɪɨɜ ɪɚɡɥɚɝɚɬɶɫɹ ɢ 

ɭɫɜɚɢɜɚɬɶɫɹ ɦɢɤɪɨɨɪɝɚɧɢɡɦɚɦɢ ɡɚɜɢɫɢɬ ɨɬ ɪɹɞɚ ɢɯ ɫɬɪɭɤɬɭɪɧɵɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ. ɇɚɢɛɨɥɟɟ ɜɚɠɧɵɦɢ ɹɜɥɹɸɬɫɹ ɯɢɦɢɱɟɫɤɚɹ ɩɪɢɪɨɞɚ ɩɨɥɢɦɟɪɚ, 

ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ, ɪɚɡɜɟɬɜɥɟɧɧɨɫɬɶ ɦɚɤɪɨɰɟɩɢ (ɧɚɥɢɱɢɟ ɢ ɩɪɢɪɨɞɚ ɛɨɤɨɜɵɯ 

ɝɪɭɩɩ), ɧɚɞɦɨɥɟɤɭɥɹɪɧɚɹ ɫɬɪɭɤɬɭɪɚ [1]. 

ɉɪɢɪɨɞɧɵɟ ɢ ɫɢɧɬɟɬɢɱɟɫɤɢɟ ɩɨɥɢɦɟɪɵ, ɫɨɞɟɪɠɚɳɢɟ ɫɜɹɡɢ, ɤɨɬɨɪɵɟ 

ɥɟɝɤɨ ɩɨɞɜɟɪɝɚɸɬɫɹ ɝɢɞɪɨɥɢɡɭ, ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ ɤ 

ɛɢɨɞɟɫɬɪɭɤɰɢɢ. ɉɪɢɫɭɬɫɬɜɢɟ ɡɚɦɟɫɬɢɬɟɥɟɣ ɜ ɩɨɥɢɦɟɪɧɨɣ ɰɟɩɢ ɱɚɫɬɨ 

ɫɩɨɫɨɛɫɬɜɭɟɬ ɩɨɜɵɲɟɧɢɸ ɛɢɨɞɟɫɬɪɭɤɬɢɪɭɟɦɨɫɬɢ. ɉɨɫɥɟɞɧɹɹ ɡɚɜɢɫɢɬ ɬɚɤɠɟ ɨɬ 

ɫɬɟɩɟɧɢ ɡɚɦɟɳɟɧɢɹ ɰɟɩɢ ɢ ɞɥɢɧɵ ɟɟ ɭɱɚɫɬɤɨɜ ɦɟɠɞɭ ɮɭɧɤɰɢɨɧɚɥɶɧɵɦɢ 

ɝɪɭɩɩɚɦɢ, ɝɢɛɤɨɫɬɢ ɦɚɤɪɨɦɨɥɟɤɭɥ. ȼɚɠɧɵɦ ɮɚɤɬɨɪɨɦ, ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹɟɬ 

ɫɬɨɣɤɨɫɬɶ ɩɨɥɢɦɟɪɚ ɤ ɛɢɨɪɚɡɥɨɠɟɧɢɸ, ɹɜɥɹɟɬɫɹ ɜɟɥɢɱɢɧɚ ɟɝɨ ɦɨɥɟɤɭɥ. ȼ ɬɨ 

ɜɪɟɦɹ ɤɚɤ ɦɨɧɨɦɟɪɵ ɢɥɢ ɨɥɢɝɨɦɟɪɵ ɦɨɝɭɬ ɛɵɬɶ ɩɨɪɚɠɟɧɵ ɦɢɤɪɨɨɪɝɚɧɢɡɦɚɦɢ 

ɢ ɫɥɭɠɚɬ ɞɥɹ ɧɢɯ ɢɫɬɨɱɧɢɤɨɦ ɭɝɥɟɪɨɞɚ, ɩɨɥɢɦɟɪɵ ɫ ɛɨɥɶɲɨɣ ɦɨɥɟɤɭɥɹɪɧɨɣ 

ɦɚɫɫɨɣ ɹɜɥɹɸɬɫɹ ɫɬɨɣɤɢɦɢ ɤ ɞɟɣɫɬɜɢɸ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ. Ȼɢɨɞɟɫɬɪɭɤɰɢɸ 

ɛɨɥɶɲɢɧɫɬɜɚ ɬɟɯɧɢɱɟɫɤɢɯ ɩɨɥɢɦɟɪɨɜ, ɤɚɤ ɩɪɚɜɢɥɨ, ɢɧɢɰɢɢɪɭɸɬ ɩɪɨɰɟɫɫɚɦɢ 

ɧɟɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɯɚɪɚɤɬɟɪɚ (ɬɟɪɦɢɱɟɫɤɨɟ ɢ ɮɨɬɨɨɤɢɫɥɟɧɢɟ, ɬɟɪɦɨɥɢɡ, 

ɦɟɯɚɧɢɱɟɫɤɚɹ ɞɟɝɪɚɞɚɰɢɹ ɢ ɬ.ɩ.). ɍɩɨɦɹɧɭɬɵɟ ɞɟɝɪɚɞɚɰɢɨɧɧɵɟ ɩɪɨɰɟɫɫɵ 

ɩɪɢɜɨɞɹɬ ɤ ɫɧɢɠɟɧɢɸ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɵ ɩɨɥɢɦɟɪɚ. ɉɪɢ ɷɬɨɦ ɜɨɡɧɢɤɚɸɬ 
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ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɟ ɛɢɨɚɫɫɢɦɢɥɢɪɭɟɦɵɟ ɮɪɚɝɦɟɧɬɵ, ɢɦɟɸɳɢɟ ɧɚ ɤɨɧɰɚɯ 

ɰɟɩɢ ɝɢɞɪɨɤɫɢɥɶɧɵɟ, ɤɚɪɛɨɧɢɥɶɧɵɟ ɢɥɢ ɤɚɪɛɨɤɫɢɥɶɧɵɟ ɝɪɭɩɩɵ.  

ɋɨɡɞɚɧɢɟ ɛɢɨɪɚɡɪɭɲɚɟɦɵɯ ɩɥɚɫɬɦɚɫɫ ɨɫɧɨɜɚɧɨ ɧɚ ɜɜɟɞɟɧɢɢ ɜ ɰɟɩɶ 

ɩɨɥɢɦɟɪɚ ɛɢɨɚɤɬɢɜɢɪɭɸɳɢɯ ɞɨɛɚɜɨɤ, ɤɨɬɨɪɵɟ ɞɨɥɠɧɵ ɫɨɞɟɪɠɚɬɶ 

ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɝɪɭɩɩɵ, ɫɩɨɫɨɛɧɵɟ ɪɚɡɥɚɝɚɬɶɫɹ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɛɚɤɬɟɪɢɣ. 

Ɍɪɭɞɧɨɫɬɶ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɞɨɛɚɜɤɢ ɜɜɨɞɹɬ ɜ ɩɨɥɢɦɟɪ ɧɚ ɫɬɚɞɢɢ ɫɢɧɬɟɡɚ 

ɢɥɢ ɩɟɪɟɪɚɛɨɬɤɢ, ɚ ɪɚɡɪɭɲɟɧɢɟ ɟɝɨ ɞɨɥɠɧɨ ɩɪɨɬɟɤɚɬɶ ɩɨɫɥɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ, ɧɨ 

ɧɟ ɜɨ ɜɪɟɦɹ ɩɟɪɟɪɚɛɨɬɤɢ. ɉɨɷɬɨɦɭ ɩɪɨɛɥɟɦɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɨɡɞɚɧɢɢ 

ɚɤɬɢɜɚɬɨɪɨɜ ɪɚɡɪɭɲɟɧɢɹ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɨɩɪɟɞɟɥɟɧɧɵɣ ɫɪɨɤ ɫɥɭɠɛɵ 

ɩɥɚɫɬɦɚɫɫɨɜɵɯ ɢɡɞɟɥɢɣ ɛɟɡ ɭɯɭɞɲɟɧɢɹ ɢɯ ɤɚɱɟɫɬɜɚ. Ⱥɤɬɢɜɚɬɨɪɵ ɞɨɥɠɧɵ ɛɵɬɶ 

ɬɚɤɠɟ ɧɟɬɨɤɫɢɱɧɵɦɢ ɢ ɧɟ ɩɨɜɵɲɚɬɶ ɫɬɨɢɦɨɫɬɶ ɦɚɬɟɪɢɚɥɚ [14].  

Ȼɢɨɪɚɡɪɭɲɚɟɦɵɟ ɩɨɥɢɦɟɪɵ ɩɪɢɧɹɬɨ ɞɟɥɢɬɶ ɧɚ ɬɪɢ ɝɪɭɩɩɵ: 

1. ɏɢɦɢɱɟɫɤɢ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɟ ɩɨɥɢɦɟɪɵ: ɜ ɷɬɭ ɤɚɬɟɝɨɪɢɸ ɜɯɨɞɹɬ 

ɬɚɤɢɟ ɫɨɟɞɢɧɟɧɢɹ, ɤɚɤ ɩɨɥɢɝɥɢɤɨɥɟɜɚɹ ɤɢɫɥɨɬɚ, ɩɨɥɢɥɚɤɬɢɞ, ɩɨɥɢ(ε-

ɤɚɩɪɨɥɚɤɬɨɧ), ɩɨɥɢɜɟɧɢɥ ɚɥɤɨɝɨɥɶ, ɩɨɥɢ(ɷɬɢɥɟɧ ɨɤɫɢɞ). Ⱦɚɧɧɵɣ ɜɢɞ 

ɫɨɟɞɢɧɟɧɢɣ ɩɨɞɜɟɪɝɚɟɬɫɹ ɷɧɡɢɦɚɬɢɱɟɫɤɨɣ ɥɢɛɨ ɦɢɤɪɨɛɢɨɥɨɝɢɱɟɫɤɨɣ ɚɬɚɤɟ.  

Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɩɨɥɢɥɚɤɬɢɞ – ɩɪɨɞɭɤɬ ɤɨɧɞɟɧɫɚɰɢɢ ɦɨɥɨɱɧɨɣ ɤɢɫɥɨɬɵ,  ɜ 

ɤɨɦɩɨɫɬɟ ɛɢɨɪɚɡɥɚɝɚɟɬɫɹ ɜ ɬɟɱɟɧɢɟ ɨɞɧɨɝɨ ɦɟɫɹɰɚ, ɭɫɜɚɢɜɚɟɬɫɹ ɨɧ ɢ 

ɦɢɤɪɨɛɚɦɢ ɦɨɪɫɤɨɣ ɜɨɞɵ. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɞɚɧɧɵɣ ɜɢɞ ɫɨɟɞɢɧɟɧɢɣ ɧɟ ɦɨɠɟɬ 

ɫɨɫɬɚɜɢɬɶ ɫɢɥɶɧɭɸ ɤɨɦɦɟɪɱɟɫɤɭɸ ɤɨɧɤɭɪɟɧɰɢɸ ɬɪɚɞɢɰɢɨɧɧɵɦ ɩɥɚɫɬɢɤɚɦ 

[45].  

2. Ȼɢɨɪɚɡɪɭɲɚɟɦɵɟ ɩɥɚɫɬɢɤɢ ɫɨɞɟɪɠɚɬ ɪɚɡɥɢɱɧɵɟ ɞɨɛɚɜɤɢ: 

ɩɨɥɢɦɟɪɵ, ɜ ɫɨɫɬɚɜ ɤɨɬɨɪɵɯ ɜɯɨɞɹɬ ɤɪɚɯɦɚɥ, ɰɟɥɥɸɥɨɡɚ, ɯɢɬɨɡɚɧ ɢɥɢ ɩɪɨɬɟɢɧ. 

Ɍɚɤ, ɧɚɢɛɨɥɟɟ ɲɢɪɨɤɨ ɢɡ ɪɹɞɚ ɩɪɢɪɨɞɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɜ ɛɢɨɪɚɡɥɚɝɚɟɦɵɯ 

ɭɩɚɤɨɜɨɱɧɵɯ ɦɚɬɟɪɢɚɥɚɯ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɪɚɯɦɚɥ. Ȼɢɨɪɚɡɥɚɝɚɟɦɵɟ ɩɥɚɫɬɢɱɟɫɤɢɟ 

ɦɚɫɫɵ ɧɚ ɨɫɧɨɜɟ ɤɪɚɯɦɚɥɚ ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ ɷɤɨɥɨɝɢɱɧɨɫɬɶɸ ɢ ɫɩɨɫɨɛɧɨɫɬɶɸ 

ɪɚɡɥɚɝɚɬɶɫɹ ɜ ɤɨɦɩɨɫɬɟ ɩɪɢ 30°ɋ ɜ ɬɟɱɟɧɢɟ ɞɜɭɯ ɦɟɫɹɰɟɜ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 

ɛɥɚɝɨɩɪɢɹɬɧɵɯ ɞɥɹ ɪɚɫɬɟɧɢɣ ɩɪɨɞɭɤɬɨɜ ɪɚɫɩɚɞɚ [14].  

3. ɉɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɵ: ɟɞɢɧɫɬɜɟɧɧɵɟ 100% ɛɢɨɪɚɡɪɭɲɚɟɦɵɟ 

ɩɨɥɢɦɟɪɵ. ɗɬɨ ɩɨɥɢɷɮɢɪɵ ɪɚɡɥɢɱɧɵɯ ɝɢɞɪɨɤɫɢɩɪɨɢɡɜɨɞɧɵɯ ɠɢɪɧɵɯ ɤɢɫɥɨɬ, 
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ɤɨɬɨɪɵɟ ɫɢɧɬɟɡɢɪɭɸɬɫɹ ɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɤɚɤ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɢɫɬɨɱɧɢɤ ɷɧɟɪɝɢɢ ɜ ɭɫɥɨɜɢɹɯ, ɤɨɝɞɚ ɧɟɨɛɯɨɞɢɦɵɟ ɷɥɟɦɟɧɬɵ 

ɩɢɬɚɧɢɹ, ɤɚɤ ɚɡɨɬ ɢɥɢ ɮɨɫɮɨɪ, ɥɢɦɢɬɢɪɨɜɚɧɵ. Ɉɧɢ ɨɛɥɚɞɚɸɬ ɫɜɨɣɫɬɜɚɦɢ 

ɫɯɨɞɧɵɟ ɫ ɪɚɡɥɢɱɧɵɦɢ ɬɟɪɦɨɩɥɚɫɬɢɤɚɦɢ, ɬɚɤɢɦɢ ɤɚɤ ɩɨɥɢɩɪɨɩɢɥɟɧ. Ⱦɚɧɧɵɣ 

ɜɢɞ ɩɨɥɢɦɟɪɨɜ ɪɚɡɪɭɲɚɟɬɫɹ ɞɨ ɤɨɧɟɱɧɵɯ ɩɪɨɞɭɤɬɨɜ ɜɨɞɵ ɢ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ 

ɜ ɚɷɪɨɛɧɵɯ ɭɫɥɨɜɢɹɯ ɢ ɞɨ ɦɟɬɚɧɚ ɜ ɚɧɚɷɪɨɛɧɵɯ ɭɫɥɨɜɢɹɯ ɦɢɤɪɨɨɪɝɚɧɢɡɦɚɦɢ, 

ɨɛɢɬɚɸɳɢɦɢ ɜ ɩɨɱɜɟ, ɦɨɪɟ, ɨɡɟɪɚɯ ɢ ɫɬɨɱɧɵɯ ɜɨɞɚɯ    [45].  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɩɨɫɨɛɧɨɫɬɶ ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɤ ɛɢɨɞɟɫɬɪɭɤɰɢɢ 

ɨɛɭɫɥɨɜɥɟɧɚ ɢɯ ɯɢɦɢɱɟɫɤɢɦ ɫɨɫɬɚɜɨɦ, ɫɬɪɭɤɬɭɪɨɣ ɢ ɫɜɨɣɫɬɜɚɦɢ 

ɦɚɤɪɨɦɨɥɟɤɭɥ.  

ɐɟɥɶ ɧɨɜɟɣɲɢɯ ɪɚɡɪɚɛɨɬɨɤ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨɛɵ ɭɫɬɚɧɨɜɢɬɶ ɨɛɳɢɟ 

ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɜ ɩɨɞɛɨɪɟ ɤɨɦɩɨɧɟɧɬɨɜ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɢ 

ɢɡɝɨɬɨɜɥɟɧɢɢ ɦɚɬɟɪɢɚɥɨɜ, ɫɨɱɟɬɚɸɳɢɯ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ (ɩɪɨɱɧɨɫɬɶ, ɧɢɡɤɭɸ ɝɚɡɨɩɪɨɧɢɰɚɟɦɨɫɬɶ, ɷɤɨɥɨɝɢɱɟɫɤɭɸ 

ɛɟɡɨɩɚɫɧɨɫɬɶ ɢ ɞɪ.) ɫɨ ɫɩɨɫɨɛɧɨɫɬɶɸ ɤ ɛɢɨɪɚɡɥɨɠɟɧɢɸ, ɢ ɧɚɭɱɢɬɶɫɹ 

ɪɟɝɭɥɢɪɨɜɚɬɶ ɩɪɨɰɟɫɫɵ ɢɯ ɞɟɫɬɪɭɤɰɢɢ. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɜ ɨɛɥɚɫɬɢ ɫɨɡɞɚɧɢɹ ɛɢɨɪɚɡɪɭɲɚɟɦɵɯ ɩɨɥɢɦɟɪɨɜ ɜɚɠɧɵ 

ɞɥɹ ɪɟɲɟɧɢɹ ɝɥɨɛɚɥɶɧɵɯ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɛɥɟɦ, ɫɜɹɡɚɧɧɵɯ ɫ ɡɚɝɪɹɡɧɟɧɢɟɦ 

ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɨɬɯɨɞɚɦɢ ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ.   

1.2. ɉɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɵ – ɩɪɢɪɨɞɧɵɟ ɩɨɥɢɷɮɢɪɵ 

 
ɉɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɵ (ɉȽȺ) – ɷɬɨ ɤɥɚɫɫ ɩɪɢɪɨɞɧɵɯ ɦɚɤɪɨɦɨɥɟɤɭɥ 

(ɩɨɥɢɦɟɪɨɜ ɝɢɞɪɨɤɫɢɩɪɨɢɡɜɨɞɧɵɯ ɠɢɪɧɵɯ ɤɢɫɥɨɬ), ɤɨɬɨɪɵɟ ɫɢɧɬɟɡɢɪɭɸɬ 

ɩɪɨɤɚɪɢɨɬɢɱɟɫɤɢɟ ɨɪɝɚɧɢɡɦɵ ɜ ɫɩɟɰɢɮɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ ɧɟɫɛɚɥɚɧɫɢɪɨɜɚɧɧɨɝɨ 

ɪɨɫɬɚ ɜ ɤɚɱɟɫɬɜɟ ɷɧɞɨɝɟɧɧɨɝɨ ɞɟɩɨ ɷɧɟɪɝɢɢ ɢ ɭɝɥɟɪɨɞɚ.  

ȼ 1888 Ȼɟɣɠɟɪɢɧɤ ɩɟɪɜɵɦ ɨɛɧɚɪɭɠɢɥ ɝɪɚɧɭɥɵ ɉȽȺ ɜ ɛɚɤɬɟɪɢɚɥɶɧɵɯ 

ɤɥɟɬɤɚɯ. ɋɨɫɬɚɜ  ɉȽȺ  ɛɵɥ ɜɩɟɪɜɵɟ ɨɩɢɫɚɧ Ʌɟɦɨɢɞɠɟɧɨɦ, ɤɚɤ ɧɟɢɡɜɟɫɬɧɵɣ 

ɪɚɧɟɟ ɦɚɬɟɪɢɚɥ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɝɨɦɨɩɨɥɢɷɮɢɪɨɦ 3-ɝɢɞɪɨɤɫɢɦɚɫɥɹɧɨɣ 

ɤɢɫɥɨɬɵ, ɧɚɡɜɚɧɧɵɣ ɩɨɥɢɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬ (ɉȽȻ). ȼ ɩɨɫɥɟɞɭɸɳɢɟ 30 ɥɟɬ 

ɢɧɬɟɪɟɫ ɤ ɷɬɢɦ ɧɟɢɡɜɟɫɬɧɵɦ ɦɚɬɟɪɢɚɥɚɦ ɛɵɥ ɜɟɫɶɦɚ ɧɟɡɧɚɱɢɬɟɥɶɧɵɦ. Ɇɚɤɪɟ ɢ 
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ɍɢɥɤɢɧɫɨɧ ɜ 1958 ɝɨɞɭ ɜ ɫɜɨɟɦ ɞɨɤɥɚɞɟ ɨɩɢɫɚɥɢ ɧɟɤɨɬɨɪɵɟ ɮɭɧɤɰɢɢ ɉȽȻ.  

Ɉɧɢ ɭɤɚɡɚɥɢ ɧɚ ɛɵɫɬɪɭɸ ɛɢɨɪɚɡɪɭɲɚɟɦɨɫɬɶ ɉȽȻ, ɤɨɬɨɪɵɣ ɫɢɧɬɟɡɢɪɨɜɚɥɫɹ ɜ 

ɤɥɟɬɤɚɯ ɛɚɤɬɟɪɢɣ  Bacillus megaterium. ɋ ɷɬɨɝɨ ɦɨɦɟɧɬɚ ɢɧɬɟɪɟɫ ɤ ɉȽȻ ɫɬɚɥ 

ɜɨɡɪɚɫɬɚɬɶ. ȼ ɩɨɫɥɟɞɭɸɳɢɟ ɝɨɞɚ, ɢɫɫɥɟɞɨɜɚɧɢɹ, ɩɪɨɜɨɞɢɦɵɟ ɧɚ ɉȽȻ, ɚ ɬɚɤɠɟ 

ɧɚ ɞɪɭɝɢɯ ɩɪɟɞɫɬɚɜɢɬɟɥɹɯ ɫɟɦɟɣɫɬɜɚ ɉȽȺ, ɛɵɥɢ ɪɚɫɲɢɪɟɧɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɫɚɦɵɯ ɪɚɡɥɢɱɧɵɯ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɢ ɞɚɥɟɟ ɛɵɥɨ ɪɟɚɥɢɡɨɜɚɧɨ ɩɪɢɦɟɧɟɧɢɟ 

ɞɚɧɧɨɝɨ ɬɢɩɚ ɛɢɨɩɨɥɢɦɟɪɨɜ [7].  

ɇɚ ɪɢɫ. 1 ɩɨɤɚɡɚɧ ɩɭɬɶ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɩɨɥɢɦɟɪɨɜ ɤɨɦɩɨɫɬɢɪɨɜɚɧɢɟɦ, 

ɯɨɬɹ ɩɪɚɤɬɢɱɟɫɤɢ ɢ ɬɟɨɪɟɬɢɱɟɫɤɢ ɩɨɥɢɦɟɪɵ ɧɚ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɨɫɧɨɜɟ ɦɨɝɭɬ 

ɛɵɬɶ ɩɟɪɟɪɚɛɨɬɚɧɵ ɢ ɞɚɥɟɟ ɢɫɩɨɥɶɡɨɜɚɧɵ ɧɨɪɦɚɥɶɧɵɦɢ ɩɭɬɹɦɢ ɛɟɡ 

ɫɩɟɰɢɚɥɶɧɨɣ ɩɟɪɟɪɚɛɨɬɤɢ. 
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ɉȽȻ ɹɜɥɹɟɬɫɹ ɠɟɫɬɤɢɦ ɢ ɯɪɭɩɤɢɦ, ɚ ɉȽȻȼ ɛɨɥɟɟ ɝɢɛɤɢɦ ɫ ɛɨɥɟɟ ɲɢɪɨɤɢɦɢ 

ɜɨɡɦɨɠɧɨɫɬɹɦɢ ɩɪɢɦɟɧɟɧɢɹ ɜ ɤɚɱɟɫɬɜɟ ɦɟɞɢɤɚɦɟɧɬɨɡɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɩɥɟɧɨɤ, 

ɨɞɧɨɪɚɡɨɜɵɯ ɩɪɟɞɦɟɬɨɜ ɢ ɭɩɚɤɨɜɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ [23; 69]. ɉɨɫɥɟ ɧɚɤɨɩɥɟɧɢɹ 

ɉȽȺ ɝɚɥɨɮɢɥɚɦɢ, ɜɩɟɪɜɵɟ ɧɚɛɥɸɞɚɜɲɢɦɢɫɹ ɜ 1972 ɝɨɞɭ [46], ɜɫɟ ɛɨɥɶɲɟ ɢ 

ɛɨɥɶɲɟ ɝɚɥɨɮɢɥɨɜ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɢ ɧɚɲɥɢ ɫɢɧɬɟɡ ɉȽȺ [33; 36; 50; 55]. 

ɋɪɟɞɢ ɷɬɢɯ ɉȽȺ ɩɪɨɢɡɜɨɞɹɳɢɯ ɝɚɥɨɮɢɥɵ, ɚɪɯɟɨɧ Haloferax mediterranei 

ɩɪɨɢɡɜɨɞɢɥ 46 ɜɟɫ.% ɉȽȺ [56; 73]. Ⱦɚɥɶɧɟɣɲɟɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɨɤɚɡɚɥɨ, ɱɬɨ 

ɉȽȺ, ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɣ H. mediterranei, ɛɵɥ ɫɨɩɨɥɢɦɟɪɨɦ ɉȽȻȼ, ɤɨɝɞɚ ɜ 

ɤɚɱɟɫɬɜɟ ɫɭɛɫɬɪɚɬɚ ɢɫɩɨɥɶɡɨɜɚɥɢ ɤɚɪɛɨɧɨɜɵɟ ɤɢɫɥɨɬɵ, ɬɚɤɢɟ ɤɚɤ ɝɥɸɤɨɡɚ, 

ɷɤɫɬɪɭɞɢɪɨɜɚɧɧɵɣ ɤɪɚɯɦɚɥ ɢɥɢ ɝɢɞɪɨɥɢɡɨɜɚɧɧɚɹ ɫɵɜɨɪɨɬɤɚ [26; 32; 50]. 

ɋɨɨɛɳɚɥɨɫɶ ɬɚɤɠɟ ɨ ɧɟɫɤɨɥɶɤɢɯ ɝɚɥɨɮɢɥɶɧɵɯ ɲɬɚɦɦɚɯ ɞɥɹ ɫɢɧɬɟɡɚ ɉȽȻȼ ɢɡ 

ɭɝɥɟɜɨɞɨɜ ɛɟɡ ɠɢɪɧɨɣ ɤɢɫɥɨɬɵ ɜ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ ɭɝɥɟɪɨɞɚ [79; 36]. 

Ɉɩɢɫɚɧɨ ɱɟɬɵɪɟ ɩɭɬɢ ɜ H. mediterranei, ɩɪɢɜɨɞɹɳɢɟ ɤ ɩɪɨɩɢɨɧɢɥ-ɋɨȺ, 

ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɭ 3-ɝɢɞɪɨɤɫɢɜɚɥɟɪɚɬɚ (3HV) ɜ PHBV, ɜɤɥɸɱɚɹ ɩɭɬɶ 

ɰɢɬɪɚɦɚɥɚɬ / 2-ɨɤɫɨɛɭɬɢɪɚɬ, ɩɭɬɶ ɚɫɩɚɪɬɚɬ / 2- ɨɤɫɨɛɭɬɢɪɚɬ, ɩɭɬɶ 

ɦɟɬɢɥɦɚɥɨɧɢɥ-ɋɨȺ ɢ 3 - ɝɢɞɪɨɤɫɢɩɪɨɩɢɨɧɚɬɧɵɣ ɩɭɬɶ [7]. 

      ɉɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɵ ɩɨ ɪɹɞɭ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɫɯɨɞɧɵ 

ɫ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɦɵɦɢ ɢ ɜɵɩɭɫɤɚɟɦɵɦɢ ɜ ɨɝɪɨɦɧɵɯ ɤɨɥɢɱɟɫɬɜɚɯ ɢ ɧɟ 

ɪɚɡɪɭɲɚɟɦɵɦɢ ɜ ɩɪɢɪɨɞɧɨɣ ɫɪɟɞɟ ɫɢɧɬɟɬɢɱɟɫɤɢɦɢ ɩɨɥɢɦɟɪɚɦɢ 

(ɩɨɥɢɩɪɨɩɢɥɟɧɨɦ ɢ ɩɨɥɢɷɬɢɥɟɧɨɦ). ɉɨɦɢɦɨ ɬɟɪɦɨɩɥɚɫɬɢɱɧɨɫɬɢ, ɉȽȺ 

ɨɛɥɚɞɚɸɬ ɨɩɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ, ɚɧɬɢɨɤɫɢɞɚɧɬɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ, 

ɩɶɟɡɨɷɥɟɤɬɪɢɱɟɫɤɢɦ ɷɮɮɟɤɬɨɦ ɢ, ɱɬɨ ɫɚɦɨɟ ɝɥɚɜɧɨɟ, ɨɧɢ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ 

ɛɢɨɪɚɡɪɭɲɚɟɦɨɫɬɶɸ ɢ ɛɢɨɫɨɜɦɟɫɬɢɦɨɫɬɶɸ. ȼɨɡɦɨɠɧɨ ɩɨɥɭɱɟɧɢɟ ɧɚ ɨɫɧɨɜɟ 

ɉȽȺ ɤɨɦɩɨɡɢɬɨɜ ɫ ɪɚɡɥɢɱɧɵɦɢ ɩɪɢɪɨɞɧɵɦɢ ɢ ɫɢɧɬɟɬɢɱɟɫɤɢɦɢ ɦɚɬɟɪɢɚɥɚɦɢ, 

ɩɨɡɜɨɥɹɸɳɢɦɢ ɧɚɩɪɚɜɥɟɧɧɨ ɢɡɦɟɧɹɬɶ ɢɯ ɫɬɪɭɤɬɭɪɭ, ɫɨɫɬɚɜ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, 

ɛɚɡɨɜɵɟ ɫɜɨɣɫɬɜɚ ɦɚɬɟɪɢɚɥɚ – ɩɥɚɫɬɢɱɧɨɫɬɶ, ɦɟɯɚɧɢɱɟɫɤɭɸ ɩɪɨɱɧɨɫɬɶ, 

ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɢ ɞɪɭɝɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɟɳɟ ɛɨɥɟɟ ɭɫɢɥɢɜɚɟɬ 

ɩɪɢɜɥɟɤɚɬɟɥɶɧɨɫɬɶ ɉȽȺ ɢ ɪɚɫɲɢɪɹɟɬ ɜɨɡɦɨɠɧɵɟ ɫɮɟɪɵ ɩɪɢɦɟɧɟɧɢɹ [ȼɨɥɨɜɚ ɫ 

ɫɨɚɜɬ., 2003].  
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ɉɨɥɢɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬ (ɉȽȻ) ɛɵɥ ɩɟɪɜɵɦ ɢɡ ɨɛɧɚɪɭɠɟɧɧɵɯ ɉȽȺ ɢ 

ɹɜɥɹɟɬɫɹ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɧɚɢɛɨɥɟɟ ɲɢɪɨɤɨ ɢɡɭɱɟɧɧɵɦ ɢ 

ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɧɵɦ ɫɪɟɞɢ ɩɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɨɜ. Ɉɧ ɚɤɤɭɦɭɥɢɪɭɟɬɫɹ 

ɦɧɨɝɢɦɢ ɛɚɤɬɟɪɢɹɦɢ ɢ ɦɨɠɟɬ ɫɨɫɬɚɜɥɹɬɶ ɞɨ 90 % ɨɬ ɫɭɯɨɝɨ ɜɟɫɚ ɤɥɟɬɨɤ [45]. 

ɉɨ ɫɜɨɢɦ ɩɥɚɫɬɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɨɧ ɛɥɢɡɨɤ ɤ ɤɥɚɫɫɢɱɟɫɤɢɦ ɩɨɥɢɦɟɪɚɦ — 

ɩɨɥɢɷɬɢɥɟɧɭ ɢ ɩɨɥɢɩɪɨɩɢɥɟɧɭ [18; 54]. Ɉɞɧɚɤɨ, ɨɧ ɨɛɥɚɞɚɟɬ ɥɭɱɲɢɦɢ 

ɝɚɡɨɛɚɪɶɟɪɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ (ɧɚɩɪɢɦɟɪ, ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɤɢɫɥɨɪɨɞɭ) ɢ 

ɛɨɥɶɲɟɣ ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɤ ɭɥɶɬɪɚɮɢɨɥɟɬɭ, ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɬɚɤɠɟ ɯɨɪɨɲɟɣ 

ɜɨɞɨɫɬɨɣɤɨɫɬɶɸ ɢ ɬɟɩɥɨɭɫɬɨɣɱɢɜɨɫɬɶɸ, ɩɪɢ ɷɬɨɦ ɟɝɨ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɞɥɹ 

ɜɨɞɹɧɨɝɨ ɩɚɪɚ ɜɬɪɨɟ ɧɢɠɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɨɥɢɩɪɨɩɢɥɟɧɨɦ [7].  

ɉɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɵ ɢɦɟɸɬ ɨɝɪɨɦɧɵɣ ɩɨɬɟɧɰɢɚɥ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ 

ɫɚɦɵɯ ɪɚɡɥɢɱɧɵɯ ɨɛɥɚɫɬɹɯ: ɜ ɯɢɪɭɪɝɢɢ ɢ ɮɚɪɦɚɰɟɜɬɢɤɟ, ɫɟɥɶɫɤɨɦ ɯɨɡɹɣɫɬɜɟ, ɜ 

ɤɚɱɟɫɬɜɟ ɭɩɚɤɨɜɨɱɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɜ ɩɢɳɟɜɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɤɨɫɦɟɬɨɥɨɝɢɢ 

ɢ ɦɧɨɝɢɯ ɞɪɭɝɢɯ. ɉȽȺ ɦɨɝɭɬ ɛɵɬɶ ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɢɡ ɛɢɨɜɨɡɨɛɧɨɜɥɹɟɦɵɯ 

ɪɟɫɭɪɫɨɜ ɬɚɤɢɯ, ɤɚɤ ɫɚɯɚɪɚ, ɪɚɫɬɢɬɟɥɶɧɵɟ ɦɚɫɥɚ ɢ ɞɚɠɟ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ [77]. 

Ⱦɚɧɧɵɣ ɬɢɩ ɛɢɨɩɨɥɢɦɟɪɨɜ ɢɦɟɟɬ ɧɟɫɪɚɜɧɟɧɧɨ ɛɨɥɶɲɟɟ ɩɪɟɢɦɭɳɟɫɬɜɨ ɩɟɪɟɞ 

ɦɚɬɟɪɢɚɥɚɦɢ, ɢɡɝɨɬɨɜɥɟɧɧɵɦɢ ɢɡ ɧɟɮɬɟɩɪɨɞɭɤɬɨɜ, ɬɚɤ ɤɚɤ ɢɯ ɫɩɨɫɨɛɧɵ 

ɭɬɢɥɢɡɢɪɨɜɚɬɶ ɦɢɤɪɨɨɪɝɚɧɢɡɦɵ ɢ ɝɪɢɛɵ. ɋ ɉȽȺ ɫɜɹɡɚɧɵ ɛɨɥɶɲɢɟ ɧɚɞɟɠɞɵ, 

ɬɚɤ ɤɚɤ ɩɨɦɢɦɨ ɬɟɪɦɨɩɥɚɫɬɢɱɧɨɫɬɢ ɚɧɚɥɨɝɢɱɧɨ ɩɨɥɢɩɪɨɩɢɥɟɧɭ ɢ 

ɩɨɥɢɷɬɢɥɟɧɭ, ɷɬɢ ɛɢɨɩɥɚɫɬɢɤɢ ɨɛɥɚɞɚɸɬ ɚɧɬɢɨɤɫɢɞɚɧɬɧɵɦɢ ɢ ɨɩɬɢɱɟɫɤɢɦɢ 

ɫɜɨɣɫɬɜɚɦɢ, ɩɶɟɡɨɷɥɟɤɬɪɢɱɟɫɤɢɦ ɷɮɮɟɤɬɨɦ ɢ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɜɵɫɨɤɨɣ 

ɛɢɨɫɨɜɦɟɫɬɢɦɨɫɬɶɸ. 

ɉȽȺ ɪɚɡɪɭɲɚɸɬɫɹ ɜ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɫɪɟɞɚɯ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɛɟɡɜɪɟɞɧɵɯ 

ɞɥɹ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɩɪɨɞɭɤɬɨɜ: ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɢ ɜɨɞɵ ɜ ɚɷɪɨɛɧɵɯ 

ɭɫɥɨɜɢɹɯ ɢ ɦɟɬɚɧɚ ɢ ɜɨɞɵ – ɜ ɚɧɚɷɪɨɛɧɵɯ. Ȼɢɨɞɟɝɪɚɞɚɰɢɹ ɉȽȺ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɦɢ ɉȽȺ-ɞɟɝɪɚɞɢɪɭɸɳɢɦɢ 

ɦɢɤɪɨɨɪɝɚɧɢɡɦɚɦɢ, ɨɛɥɚɞɚɸɳɢɦɢ ɜɧɭɬɪɢ- ɢɥɢ ɜɧɟɤɥɟɬɨɱɧɵɦɢ ɉȽȺ-

ɞɟɩɨɥɢɦɟɪɚɡɚɦɢ [40].  

ɉȽȺ ɜ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɫɪɟɞɚɯ ɪɚɡɪɭɲɚɸɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɜɧɭɬɪɢɤɥɟɬɨɱɧɨɣ ɞɟɝɪɚɞɚɰɢɢ ɩɪɢ ɭɱɚɫɬɢɢ ɷɧɞɨɞɟɩɨɥɢɦɟɪɚɡ. ɉɨɥɚɝɚɸɬ, ɱɬɨ 
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ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɟ ɞɟɩɨɥɢɦɟɪɚɡɵ ɧɟ ɝɢɞɪɨɥɢɡɭɸɬ ɩɨɥɭɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ 

ɩɨɥɢɦɟɪɵ, ɜɵɞɟɥɟɧɧɵɟ ɢɡ ɛɢɨɦɚɫɫɵ, ɚ ɜɧɟɤɥɟɬɨɱɧɵɟ ɞɟɩɨɥɢɦɟɪɚɡɵ ɧɟ 

ɨɛɥɚɞɚɸɬ ɫɭɛɫɬɪɚɬɧɨɣ ɫɩɟɰɢɮɢɱɧɨɫɬɶɸ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɜɧɭɬɪɢɤɥɟɬɨɱɧɨɦɭ 

ɩɨɥɢɦɟɪɭ, ɚɫɫɨɰɢɢɪɨɜɚɧɧɨɦɭ ɜ ɝɪɚɧɭɥɚɯ ɜɧɭɬɪɢ ɤɥɟɬɨɤ. [82]. 

 

1.2.1. ɋɬɪɭɤɬɭɪɚ ɢ ɤɥɚɫɫɢɮɢɤɚɰɢя ɉȽȺ 
 
ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɢɡɜɟɫɬɧɨ ɛɨɥɟɟ 150 ɪɚɡɥɢɱɧɵɯ ɩɨ ɫɬɪɭɤɬɭɪɟ 

ɩɨɥɢɦɟɪɨɜ, ɫɢɧɬɟɡɢɪɭɟɦɵɯ ɩɪɢɪɨɞɧɵɦɢ, ɚ ɬɚɤɠɟ ɝɟɧɟɬɢɱɟɫɤɢ 

ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɦɢ ɦɢɤɪɨɨɪɝɚɧɢɡɦɚɦɢ.  

Ʉɚɤ ɭɠɟ ɛɵɥɨ, ɪɚɧɟɟ ɨɩɢɫɚɧɨ, ɉȽȺ ɫɨɫɬɨɹɬ ɢɡ ɦɨɧɨɦɟɪɨɜ 

ɝɢɞɪɨɤɫɢɠɢɪɧɵɯ ɤɢɫɥɨɬ. Ɉɛɳɚɹ ɫɬɪɭɤɬɭɪɧɚɹ ɮɨɪɦɭɥɚ 

ɩɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 2. 
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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) 

Ɋɢɫɭɧɨɤ 2 − Ɉɛɳɚɹ ɫɬɪɭɤɬɭɪɧɚɹ ɮɨɪɦɭɥɚ ɩɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɨɜ [54] 

 

ɉɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɵ ɩɨɞɪɚɡɞɟɥɹɸɬ ɧɚ ɬɪɢ ɤɥɚɫɫɚ ɫɨɝɥɚɫɧɨ ɢɯ 

ɫɜɨɣɫɬɜɚɦ, ɤɨɬɨɪɵɟ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɡɚɜɢɫɹɬ ɨɬ ɦɨɧɨɦɟɪɧɨɝɨ ɫɨɫɬɚɜɚ: 

1. Ʉɨɪɨɬɤɨɰɟɩɨɱɟɱɧɵɟ ɉȽȺ (Short-chain-length PHAs/ PHASHL), ɜ 

ɫɨɫɬɚɜ ɢɯ ɦɨɧɨɦɟɪɨɜ ɜɯɨɞɹɬ ɨɬ ɬɪɟɯ ɞɨ ɩɹɬɢ ɭɝɥɟɪɨɞɧɵɯ ɚɬɨɦɨɜ ɢ ɹɜɥɹɸɬɫɹ 

ɩɪɢɪɨɞɧɵɦɢ ɬɟɪɦɨɩɥɚɫɬɢɤɚɦɢ. 

2. ɋɪɟɞɧɟɰɟɩɨɱɟɱɧɵɟ ɉȽȺ (Medium-chain-length PHAs/PHAMCL), 

ɦɨɧɨɦɟɪɧɵɣ ɫɨɫɬɚɜ ɢɡ 6-14 ɭɝɥɟɪɨɞɧɵɯ ɚɬɨɦɨɜ, ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ 

ɩɪɢɪɨɞɧɵɟ ɷɥɚɫɬɨɦɟɪɵ. 

3. Ⱦɥɢɧɧɨɰɟɩɨɱɟɱɧɵɟ ɉȽȺ (long-chain-length PHAs/PHALCL) 

ɹɜɥɹɸɳɢɟɫɹ ɫɨɩɨɥɢɦɟɪɚɦɢ ɤɨɪɨɬɤɨ- ɢ ɫɪɟɞɧɟɰɟɩɨɱɟɱɧɵɯ ɉȽȺ ɢ ɜɤɥɸɱɚɸɳɢɟ 

ɜ ɦɨɧɨɦɟɪɧɵɣ ɫɨɫɬɚɜ ɫɜɵɲɟ 14 ɭɝɥɟɪɨɞɧɵɯ ɚɬɨɦɨɜ. ɂɯ ɫɜɨɣɫɬɜɚ ɡɚɜɢɫɹɬ ɨɬ 
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ɦɨɥɹɪɧɨɝɨ ɫɨɨɬɧɨɲɟɧɢɹ ɦɨɧɨɦɟɪɨɜ ɤɨɪɨɬɤɨ- ɢ ɫɪɟɞɧɟɰɟɩɨɱɟɱɧɵɯ ɉȽȺ. 

Ⱦɚɧɧɵɣ ɬɢɩ ɩɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɨɜ ɢɦɟɟɬ ɲɢɪɨɤɢɣ ɪɹɞ ɮɢɡɢɱɟɫɤɢɯ ɢ 

ɬɟɪɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. 

Ⱦɚɧɧɨɟ ɪɚɡɞɟɥɟɧɢɟ ɩɨɥɢɦɟɪɨɜ ɧɚ ɝɪɭɩɩɵ ɛɚɡɢɪɭɟɬɫɹ ɧɚ ɫɭɳɟɫɬɜɭɸɳɟɦ 

ɩɪɟɞɫɬɚɜɥɟɧɢɢ ɨ ɫɭɛɫɬɪɚɬɧɨɣ ɫɩɟɰɢɮɢɱɧɨɫɬɢ ɉȽȺ-ɫɢɧɬɚɡ, ɚɤɰɟɩɬɢɪɭɸɳɢɯ 

ɨɩɪɟɞɟɥɟɧɧɵɟ ɝɢɞɪɨɤɫɢɤɢɫɥɨɬɵ ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɩɨɥɢɦɟɪɧɨɣ ɰɟɩɢ ɜ 

ɩɪɨɰɟɫɫɟ ɩɨɥɢɦɟɪɢɡɚɰɢɢ [18].  

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɥɢ ɲɬɚɦɦ ɜɨɞɨɪɨɞ ɨɤɢɫɥɹɸɳɢɯ ɛɚɤɬɟɪɢɣ C. 

eutrophus ȼ-10646, ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɧɵɣ ɜɨ ȼɫɟɪɨɫɫɢɣɫɤɨɣ ɤɨɥɥɟɤɰɢɢ 

ɩɪɨɦɵɲɥɟɧɧɵɯ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ (ȼɄɉɆ). Ⱦɚɧɧɵɣ ɲɬɚɦɦ ɨɛɥɚɞɚɟɬ ɲɢɪɨɤɢɦ 

ɨɪɝɚɧɨɬɪɨɮɧɵɦ ɩɨɬɟɧɰɢɚɥɨɦ ɢ ɦɨɠɟɬ ɩɪɢɦɟɧɹɬɶ ɜ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɨɜ 

ɭɝɥɟɪɨɞɚ ɪɚɡɥɢɱɧɵɟ ɜɟɳɟɫɬɜɚ. Ⱦɚɧɧɵɣ ɲɬɚɦɦ ɭɫɬɨɣɱɢɜ ɤ ɤɨɧɰɟɧɬɪɚɰɢɹɦ 3-5 

ɝ/ɥ ɜ ɤɭɥɶɬɭɪɚɥɶɧɨɣ ɫɪɟɞɟ ɫɥɟɞɭɸɳɢɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɭɛɫɬɪɚɬɨɜ: ɜɚɥɟɪɢɚɧɨɜɚɹ 

ɤɢɫɥɨɬɚ, ɝɟɤɫɚɧɨɜɚɹ ɤɢɫɥɨɬɚ, Ȗ-ɛɭɬɢɪɨɥɚɤɬɨɧ – ɢ ɫɩɨɫɨɛɟɧ ɢɫɩɨɥɶɡɨɜɚɬɶ ɢɯ ɞɥɹ 

ɫɢɧɬɟɡɚ ɫɨɩɨɥɢɦɟɪɨɜ ɉȽȺ, ɫɨɞɟɪɠɚɳɢɯ ɤɨɪɨɬɤɨ- ɢ ɫɪɟɞɧɟɰɟɩɨɱɟɱɧɵɟ 

ɦɨɧɨɦɟɪɵ [82]. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɛɨɥɶɲɨɟ ɪɚɡɧɨɨɛɪɚɡɢɟ ɦɨɧɨɦɟɪɨɜ, ɨɛɧɚɪɭɠɟɧɧɵɯ ɧɚ 

ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɜ ɫɨɫɬɚɜɟ ɉȽȺ,  ɨɩɪɟɞɟɥɹɟɬ ɲɢɪɨɤɢɣ ɫɩɟɤɬɪ ɮɢɡɢɱɟɫɤɢɯ 

ɫɜɨɣɫɬɜ ɷɬɢɯ ɛɢɨɩɨɥɢɦɟɪɨɜ. 

 

1.3. Ƚɚɥɨɮɢɥɶɧɵɟ ɦɢɤɪɨɨɪɝɚɧɢɡɦɵ 
 

Ƚɚɥɨɮɢɥɵ (ɫɨɥёɧɵɟ) ɨɬɧɨɫɹɬɫɹ ɤ ɬɟɦ ɦɢɤɪɨɨɪɝɚɧɢɡɦɚɦ, ɤɨɬɨɪɵɟ 

ɧɭɠɞɚɸɬɫɹ ɜ ɫɨɥɢ (NaCl) ɞɥɹ ɪɨɫɬɚ, ɢ ɨɧɢ ɦɨɝɭɬ ɛɵɬɶ ɧɚɣɞɟɧɵ ɜɨ ɜɫɟɯ ɬɪɟɯ 

ɨɛɥɚɫɬɹɯ ɠɢɡɧɢ - ɚɪɯɟɢ, ɛɚɤɬɟɪɢɢ ɢ ɷɭɤɚɪɢɨɬɵ [71]. Ƚɚɥɨɮɢɥɵ ɦɨɠɧɨ ɧɚɣɬɢ ɜ 

ɝɢɩɟɪɫɨɥɟɧɵɯ ɫɪɟɞɚɯ, ɤɨɬɨɪɵɟ ɲɢɪɨɤɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɵ ɜ ɪɚɡɧɵɯ 

ɝɟɨɝɪɚɮɢɱɟɫɤɢɯ ɪɚɣɨɧɚɯ ɧɚ Ɂɟɦɥɟ, ɬɚɤɢɯ ɤɚɤ ɫɨɥɟɧɵɟ ɨɡɟɪɚ, ɫɨɥɹɧɵɟ ɤɚɫɬɪɸɥɢ 

ɢɥɢ ɫɨɥɨɧɱɚɤɢ [74]. ɋɨɝɥɚɫɧɨ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɨɥɢ ɞɥɹ ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɨɫɬɚ, 

ɝɚɥɨɮɢɥɵ ɦɨɝɭɬ ɛɵɬɶ ɩɪɢɦɟɪɧɨ ɪɚɡɞɟɥɟɧɵ ɧɚ ɞɜɟ ɝɪɭɩɩɵ: ɭɦɟɪɟɧɧɵɟ ɢ 

ɷɤɫɬɪɟɦɚɥɶɧɵɟ ɝɚɥɨɮɢɥɵ [63]. ɍɦɟɪɟɧɧɵɣ ɝɚɥɨɮɢɥ ɪɚɫɬɟɬ ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɢ 
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ɫɨɥɢ 3-15% (ɦɚɫ. / ɨɛ.) ɢ ɦɨɠɟɬ ɩɟɪɟɧɨɫɢɬɶ 0-25% (ɦɚɫ. / Ɉɛ.) [81]. Ȼɨɥɶɲɨɟ 

ɤɨɥɢɱɟɫɬɜɨ ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɢɯ ɩɨɞɝɪɭɩɩ ɫɨɞɟɪɠɢɬ ɦɧɨɝɨ ɜɢɞɨɜ ɝɚɥɨɮɢɥɶɧɵɯ 

ɛɚɤɬɟɪɢɣ, ɛɨɥɶɲɢɧɫɬɜɨ ɢɡ ɤɨɬɨɪɵɯ ɩɪɢɧɚɞɥɟɠɢɬ ɤ ɫɟɦɟɣɫɬɜɭ Halomonadaceae 

(ɤɥɚɫɫ Gamma proteobacteria) [64]. ɑɬɨɛɵ ɪɚɡɜɢɜɚɬɶɫɹ ɜ ɝɢɩɟɪɫɨɥɟɧɨɣ ɫɪɟɞɟ, 

ɝɚɥɨɮɢɥɵ ɢɦɟɸɬ ɞɜɚ ɨɫɧɨɜɧɵɯ ɦɟɯɚɧɢɡɦɚ ɚɞɚɩɬɚɰɢɢ, ɱɬɨɛɵ ɩɪɟɞɨɬɜɪɚɬɢɬɶ 

ɪɚɫɫɟɹɧɢɟ NaCl ɜ ɤɥɟɬɤɚɯ. ɉɟɪɜɵɦ ɦɟɯɚɧɢɡɦɨɦ ɹɜɥɹɟɬɫɹ ɧɚɤɨɩɥɟɧɢɟ 

ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɢɨɧɨɜ (ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ KCl) ɞɥɹ ɛɚɥɚɧɫɢɪɨɜɤɢ ɨɫɦɨɬɢɱɟɫɤɨɝɨ 

ɞɚɜɥɟɧɢɹ. ɗɬɨɬ ɦɟɯɚɧɢɡɦ ɜ ɨɫɧɨɜɧɨɦ ɢɫɩɨɥɶɡɭɟɬɫɹ ɚɷɪɨɛɧɵɦɢ ɢ ɤɪɚɣɧɟ 

ɝɚɥɨɮɢɥɶɧɵɦɢ ɚɪɯɟɹɦɢ ɢ ɧɟɤɨɬɨɪɵɦɢ ɚɧɚɷɪɨɛɧɵɦɢ ɝɚɥɨɮɢɥɶɧɵɦɢ ɛɚɤɬɟɪɢɹɦɢ 

[64]. ɇɚɩɪɨɬɢɜ, ɛɨɥɶɲɢɧɫɬɜɨ ɝɚɥɨɮɢɥɶɧɵɯ ɛɚɤɬɟɪɢɣ ɢ ɷɭɤɚɪɢɢ ɧɚɤɚɩɥɢɜɚɸɬ 

ɜɨɞɨɪɚɫɬɜɨɪɢɦɵɟ ɨɪɝɚɧɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ ɫ ɧɢɡɤɨɣ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɨɣ, 

ɤɨɬɨɪɵɟ ɧɚɡɵɜɚɸɬɫɹ ɫɨɜɦɟɫɬɢɦɵɦɢ ɪɚɫɬɜɨɪɚɦɢ ɢɥɢ ɨɫɦɨɥɢɬɚɦɢ, ɞɥɹ 

ɩɨɞɞɟɪɠɚɧɢɹ ɧɢɡɤɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɧɭɬɪɢɤɥɟɬɨɱɧɨɣ ɫɨɥɢ [65;71;72]. 

ɋɨɜɦɟɫɬɢɦɵɟ ɪɚɫɬɜɨɪɟɧɧɵɟ ɜɟɳɟɫɬɜɚ ɦɨɝɭɬ ɜɵɫɬɭɩɚɬɶ ɜ ɤɚɱɟɫɬɜɟ 

ɫɬɚɛɢɥɢɡɚɬɨɪɨɜ ɞɥɹ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɫɬɪɭɤɬɭɪ ɢ ɩɨɡɜɨɥɹɸɬ ɤɥɟɬɤɚɦ 

ɚɞɚɩɬɢɪɨɜɚɬɶɫɹ ɧɟ ɬɨɥɶɤɨ ɤ ɫɨɥɹɦ, ɧɨ ɬɚɤɠɟ ɤ ɧɚɝɪɟɜɚɧɢɸ, ɫɭɲɤɟ, ɯɨɥɨɞɭ ɢɥɢ 

ɞɚɠɟ ɤ ɡɚɦɨɪɚɠɢɜɚɧɢɸ [28], ɩɨɡɜɨɥɹɹ ɝɚɥɨɮɢɥɭ ɪɚɫɬɢ ɩɪɢɦɟɪɧɨ ɩɪɢ ɪɇ 10 ɢ 

ɛɨɥɟɟ 50 ° C [37]. Ɇɧɨɝɢɟ ɝɚɥɨɮɢɥɶɧɵɟ ɛɚɤɬɟɪɢɢ ɧɚɤɚɩɥɢɜɚɸɬ ɷɤɬɨɢɧ ɢɥɢ 

ɝɢɞɪɨɤɫɢɷɤɬɨɢɧ. 

Ⱦɪɭɝɢɟ ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɟ ɫɨɜɦɟɫɬɢɦɵɟ ɪɚɫɬɜɨɪɟɧɧɵɟ ɜɟɳɟɫɬɜɚ ɜɤɥɸɱɚɸɬ 

ɚɦɢɧɨɤɢɫɥɨɬɵ, ɝɥɢɰɢɧ, ɛɟɬɚɢɧ ɢ ɞɪɭɝɢɟ ɨɫɦɨɬɢɱɟɫɤɢɟ ɪɚɫɬɜɨɪɟɧɧɵɟ ɜɟɳɟɫɬɜɚ, 

ɧɚɤɨɩɥɟɧɧɵɟ ɜ ɧɟɛɨɥɶɲɢɯ ɤɨɥɢɱɟɫɬɜɚɯ [57; 80; 81]. 

ɑɬɨ ɤɚɫɚɟɬɫɹ ɫɨɞɟɪɠɚɧɢɹ ɝɚɡɨɜ ɜ ɨɤɟɚɧɫɤɨɣ ɜɨɞɟ, ɛɨɥɶɲɟ ɜɫɟɝɨ ɜ ɧɟɣ 

ɫɨɞɟɪɠɢɬɫɹ ɪɚɫɬɜɨɪɟɧɧɵɣ ɤɢɫɥɨɪɨɞ — ɧɟɫɤɨɥɶɤɨ ɤɭɛɢɱɟɫɤɢɯ ɫɚɧɬɢɦɟɬɪɨɜ ɧɚ 

ɥɢɬɪ, ɚ ɬɚɤɠɟ ɚɡɨɬ ɢ ɭɝɥɟɤɢɫɥɵɣ ɝɚɡ. ȼ ɝɥɭɛɢɧɧɵɯ ɫɥɨɹɯ ɑɟɪɧɨɝɨ ɦɨɪɹ, ɧɢɠɟ 

200 ɦ, ɫɤɚɩɥɢɜɚɟɬɫɹ ɫɟɪɨɜɨɞɨɪɨɞ — ɞɨ 100 ɦɝ/ɥ. ɉɪɟɞɩɨɥɚɝɚɸɬ, ɱɬɨ ɨɧ 

ɩɨɫɬɭɩɚɟɬ ɜ ɦɨɪɟ ɢɡ ɡɟɦɧɵɯ ɝɥɭɛɢɧ ɱɟɪɟɡ ɪɚɡɥɨɦɵ ɞɨɧɧɵɯ ɩɨɪɨɞ. ȼ 

ɫɟɪɨɜɨɞɨɪɨɞɧɵɯ ɫɥɨɹɯ ɜɨɞɵ ɧɢɱɬɨ ɧɟ ɜɵɠɢɜɚɟɬ ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɬɢɨɧɨɜɵɯ 

ɛɚɤɬɟɪɢɣ, ɥɢɲɶ ɜɢɫɢɬ ɜ ɜɨɞɟ ɩɨɱɬɢ ɧɟɩɨɞɜɢɠɧɨ ɬɚɤ ɧɚɡɵɜɚɟɦɵɣ «ɦɨɪɫɤɨɣ 
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ɫɧɟɝ» — ɧɢɬɟɜɢɞɧɵɟ ɯɥɨɩɶɹ, ɫɨɫɬɨɹɳɢɟ ɢɡ ɨɫɬɚɬɤɨɜ ɩɥɚɧɤɬɨɧɧɵɯ ɨɪɝɚɧɢɡɦɨɜ 

ɢ ɨɱɟɧɶ ɦɟɞɥɟɧɧɨ ɨɫɟɞɚɸɳɢɟ ɧɚ ɞɧɨ. 

Ⱥɡɨɬ, ɪɚɫɬɜɨɪɟɧɧɵɣ ɜ ɦɨɪɫɤɨɣ ɜɨɞɟ, ɧɚɯɨɞɢɬɫɹ ɩɨɱɬɢ ɜ ɩɨɥɧɨɦ 

ɪɚɜɧɨɜɟɫɢɢ ɫ ɚɡɨɬɨɦ ɚɬɦɨɫɮɟɪɵ. ɋɨɞɟɪɠɚɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɚɡɨɬɚ ɜ ɝɥɭɛɢɧɧɵɯ 

ɜɨɞɚɯ ɫɜɹɡɚɧɨ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɢ ɪɚɫɩɚɞɨɦ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɜɟɳɟɫɬɜɚ ɢ 

ɞɟɹɬɟɥɶɧɨɫɬɶɸ ɛɚɤɬɟɪɢɣ. Ɋɚɫɬɜɨɪɟɧɧɵɣ ɜ ɜɨɞɟ ɚɡɨɬ, ɨɫɨɛɟɧɧɨ ɜ ɩɪɢɛɪɟɠɧɵɯ 

ɪɚɣɨɧɚɯ, ɭɫɜɚɢɜɚɟɬɫɹ ɨɫɨɛɵɦɢ ɛɚɤɬɟɪɢɹɦɢ, ɩɟɪɟɪɚɛɚɬɵɜɚɸɳɢɦɢ ɟɝɨ ɜ 

ɚɡɨɬɢɫɬɵɟ ɫɨɟɞɢɧɟɧɢɹ, ɤɨɬɨɪɵɟ ɡɚɬɟɦ ɩɨɝɥɨɳɚɸɬɫɹ ɪɚɫɬɟɧɢɹɦɢ. Ȼɨɥɶɲɨɟ 

ɡɧɚɱɟɧɢɟ ɞɥɹ ɠɢɡɧɢ ɪɚɫɬɟɧɢɣ ɢ ɠɢɜɵɯ ɨɪɝɚɧɢɡɦɨɜ, ɞɥɹ ɛɢɨɯɢɦɢɱɟɫɤɢɯ 

ɩɪɨɰɟɫɫɨɜ, ɩɪɨɬɟɤɚɸɳɢɯ ɜ ɦɨɪɟ, ɢɦɟɟɬ ɚɡɨɬ ɜ ɫɜɹɡɚɧɧɨɦ ɜɢɞɟ, ɬ. ɟ. ɜ ɜɢɞɟ 

ɧɢɬɪɚɬɨɜ — ɫɨɥɟɣ ɚɡɨɬɧɨɣ ɤɢɫɥɨɬɵ, ɧɢɬɪɢɬɨɜ — ɫɨɥɟɣ ɚɡɨɬɢɫɬɨɣ ɤɢɫɥɨɬɵ ɢ 

ɫɨɥɟɣ ɚɦɦɨɧɢɹ. 

Ƚɚɥɨɮɢɥɶɧɵɟ ɦɢɤɪɨɨɪɝɚɧɢɡɦɵ ɨɛɢɬɚɸɬ ɜ ɫɨɥёɧɵɯ ɜɨɞɨёɦɚɯ ɢ 

ɡɚɫɨɥɟɧɧɵɯ ɩɨɱɜɚɯ. ȼɵɫɨɤɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɯɥɨɪɢɞɚ ɧɚɬɪɢɹ ɧɟɨɛɯɨɞɢɦɵ ɢɦ ɞɥɹ 

ɩɨɞɞɟɪɠɚɧɢɹ ɫɬɪɭɤɬɭɪɧɨɣ ɰɟɥɨɫɬɧɨɫɬɢ ɰɢɬɨɩɥɚɡɦɚɬɢɱɟɫɤɨɣ ɦɟɦɛɪɚɧɵ ɢ 

ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɫɜɹɡɚɧɧɵɯ ɫ ɧɟɣ ɮɟɪɦɟɧɬɧɵɯ ɫɢɫɬɟɦ. ɉɪɢ ɭɞɚɥɟɧɢɢ ɢɡ 

ɫɨɥёɧɨɣ ɫɪɟɞɵ ɢɯ ɤɥɟɬɨɱɧɚɹ ɫɬɟɧɤɚ ɪɚɫɬɜɨɪɹɟɬɫɹ, ɚ ɰɢɬɨɩɥɚɡɦɚɬɢɱɟɫɤɚɹ 

ɦɟɦɛɪɚɧɚ ɪɚɫɩɚɞɚɟɬɫɹ ɧɚ ɦɟɥɤɢɟ ɮɪɚɝɦɟɧɬɵ. 

Ƚɚɥɨɮɢɥɶɧɵɟ ɦɢɤɪɨɨɪɝɚɧɢɡɦɵ ɫɩɨɫɨɛɧɵ ɪɚɫɬɢ ɜ ɫɪɟɞɚɯ ɫ ɜɵɫɨɤɨɣ 

ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɯɥɨɪɢɞɚ ɧɚɬɪɢɹ ɞɨ 32 %. ɗɤɫɬɪɟɦɚɥɶɧɵɟ ɝɚɥɨɮɢɥɵ ɫɩɨɫɨɛɧɵ 

ɪɚɡɜɢɜɚɬɶɫɹ ɜ ɫɪɟɞɚɯ, ɫɨɞɟɪɠɚɳɢɯ ɞɨ 15—32 % ɯɥɨɪɢɞɚ ɧɚɬɪɢɹ (ɛɚɤɬɟɪɢɢ 

ɪɨɞɨɜ Halobacterium, Halococcus), ɭɦɟɪɟɧɧɵɟ ɝɚɥɨɮɢɥɵ ɪɚɫɬɭɬ ɧɚ ɫɪɟɞɚɯ ɫ 5 —

20 % ɯɥɨɪɢɞɚ ɧɚɬɪɢɹ (ɛɚɤɬɟɪɢɢ 

ɪɨɞɨɜ Paracoccus, Halodenitricant, Pseudomonas, Vibrion ɢ ɧɟɤɨɬɨɪɵɟ 

ɦɢɤɪɨɜɨɞɨɪɨɫɥɢ), ɫɥɚɛɨɝɚɥɨɮɢɥɶɧɵɟ ɦɢɤɪɨɨɪɝɚɧɢɡɦɵ ɥɭɱɲɟ ɪɚɫɬɭɬ ɜ ɫɪɟɞɚɯ ɫ 

2—5 % ɯɥɨɪɢɞ ɧɚɬɪɢɹ (ɦɨɪɫɤɢɟ ɦɢɤɪɨɨɪɝɚɧɢɡɦɵ). 

Ȼɚɤɬɟɪɢɢ ɫɟɜɟɪɧɵɯ ɦɨɪɟɣ ɥɭɱɲɟ ɪɚɡɜɢɜɚɸɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɞɨ 10° ɋ 

ɜ ɫɪɟɞɟ, ɫɨɞɟɪɠɚɳɟɣ ɫɨɥɢ, ɝɞɟ ɨɫɦɨɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ ɢɦɟɟɬ ɨɩɪɟɞɟɥɟɧɧɭɸ 

ɜɟɥɢɱɢɧɭ. Ȼɨɥɶɲɢɧɫɬɜɨ ɛɚɤɬɟɪɢɣ ɠɢɜɟɬ ɜ ɫɪɟɞɚɯ, ɢɦɟɸɳɢɯ ɤɨɧɰɟɧɬɪɚɰɢɸ 



20 
 

ɫɨɥɟɣ ɞɨ 1%. Ɇɨɪɫɤɢɟ ɛɚɤɬɟɪɢɢ ɬɪɟɛɭɸɬ ɞɥɹ ɫɜɨɟɝɨ ɪɚɡɜɢɬɢɹ ɤɨɧɰɟɧɬɪɚɰɢɸ 

ɫɨɥɟɣ ɞɨ 10%. ȼ ɨɡɟɪɟ Ƚɸɫɱɭɧ-ɞɚɝ ɜ Ɂɚɤɚɜɤɚɡɶɟ ɠɢɜɭɬ ɛɚɤɬɟɪɢɢ, 

ɩɪɢɫɩɨɫɨɛɢɜɲɢɟɫɹ ɤ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɨɥɟɣ 36,0%. ɗɬɚ ɝɪɭɩɩɚ ɦɢɤɪɨɛɨɜ, 

ɠɢɜɭɳɚɹ ɜ ɜɨɞɚɯ ɫ ɜɵɫɨɤɨɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɫɨɥɟɣ, ɧɚɡɵɜɚɟɬɫɹ ɝɚɥɨɮɢɥɚɦɢ. 

ɐɢɬɨɩɥɚɡɦɚɬɢɱɟɫɤɚɹ ɦɟɦɛɪɚɧɚ ɝɚɥɨɮɢɥɶɧɵɯ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɢɦɟɟɬ 

ɯɚɪɚɤɬɟɪɧɵɟ ɱɟɪɬɵ ɫɬɪɨɟɧɢɹ — ɨɧɚ ɫɨɫɬɨɢɬ ɢɡ ɨɤɨɥɨ 1/3 ɥɢɩɢɞɨɜ ɢ 2/3 

ɪɚɡɥɢɱɧɵɯ ɛɟɥɤɨɜ, ɜɤɥɸɱɚɹ ɨɛɵɱɧɵɟ ɧɚɛɨɪɵ ɮɥɚɜɨɩɪɨɬɟɢɧɨɜ ɢ ɰɢɬɨɯɪɨɦɨɜ. 

Ɉɫɧɨɜɧɚɹ ɦɚɫɫɚ ɥɢɩɢɞɨɜ ɷɤɫɬɪɟɦɚɥɶɧɵɯ ɝɚɥɨɮɢɥɨɜ ɨɬɥɢɱɚɟɬɫɹ ɬɟɦ, ɱɬɨ ɜ ɢɯ 

ɦɨɥɟɤɭɥɟ ɝɥɢɰɟɪɢɧ ɫɜɹɡɚɧ ɫ ɮɢɬɚɧɨɥɨɦ, ɚ ɧɟ ɫ ɨɫɬɚɬɤɚɦɢ ɠɢɪɧɵɯ ɤɢɫɥɨɬ. Ɍɚɤɠɟ 

ɤɥɟɬɨɱɧɵɟ ɦɟɦɛɪɚɧɵ ɷɤɫɬɪɟɦɚɥɶɧɵɯ ɝɚɥɨɮɢɥɨɜ ɫɨɞɟɪɠɚɬ 

ɦɧɨɝɨ ɤɚɪɨɬɢɧɨɢɞɧɵɯ ɩɢɝɦɟɧɬɨɜ, ɨɫɧɨɜɧɨɣ ɢɡ ɤɨɬɨɪɵɯ — ɛɚɤɬɟɪɢɨɪɭɛɟɪɢɧ, 

ɨɛɭɫɥɨɜɥɢɜɚɸɳɢɯ ɨɤɪɚɫɤɭ ɤɨɥɨɧɢɣ ɨɬ ɪɨɡɨɜɨɝɨ ɞɨ ɤɪɚɫɧɨɝɨ ɰɜɟɬɚ ɢ ɤɪɚɫɧɨ-

ɨɪɚɧɠɟɜɨɝɨ ɰɜɟɬɨɜ, ɱɬɨ ɢɦɟɟɬ ɞɥɹ ɝɚɥɨɮɢɥɨɜ ɜɚɠɧɨɟ ɡɧɚɱɟɧɢɟ ɤɚɤ ɫɪɟɞɫɬɜɨ 

ɡɚɳɢɬɵ ɩɪɨɬɢɜ ɢɡɛɵɬɨɱɧɨɣ ɪɚɞɢɚɰɢɢ, ɬɚɤ ɤɚɤ ɞɥɹ ɦɟɫɬ ɢɯ ɨɛɢɬɚɧɢɹ ɯɚɪɚɤɬɟɪɧɚ 

ɜɵɫɨɤɚɹ ɨɫɜɟɳёɧɧɨɫɬɶ. 

ɋɨɥɟɧɵɟ ɨɡɟɪɚ ɨɬɧɨɫɹɬɫɹ ɤ ɦɚɥɨɢɡɭɱɟɧɧɵɦ ɜ ɝɢɞɪɨɛɢɨɥɨɝɢɱɟɫɤɨɦ 

ɨɬɧɨɲɟɧɢɢ ɜɨɞɧɵɦ ɨɛɴɟɤɬɚɦ. ɗɤɫɬɪɟɦɚɥɶɧɵɟ ɭɫɥɨɜɢɹ ɫɨɥɟɧɵɯ ɨɡɟɪ (ɮɢɡɢɤɨ-

ɯɢɦɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ: ɭɫɥɨɜɢɹ ɩɨ ɝɚɡɭ, ɩɨ ɨɛɦɟɧɭ, ɩɨ ɷɧɟɪɝɟɬɢɤɟ, ɩɨ 

ɤɨɧɰɟɧɬɪɚɰɢɹɦ ɢ ɝɪɚɞɢɟɧɬɚɦ) ɩɨɪɨɠɞɚɸɬ ɧɚɯɨɞɤɢ ɭɧɢɤɚɥɶɧɵɯ ɨɪɝɚɧɢɡɦɨɜ. ȼ 

ɷɬɨɦ ɚɫɩɟɤɬɟ ɚɤɬɭɚɥɶɧɵɦ ɹɜɥɹɟɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɟ ɛɢɨɪɚɡɧɨɨɛɪɚɡɢɹ ɫɨɥɟɧɵɯ 

ɨɡɟɪ, ɦɟɯɚɧɢɡɦɨɜ ɚɞɚɩɬɚɰɢɢ ɨɪɝɚɧɢɡɦɨɜ ɤ ɷɤɫɬɪɟɦɚɥɶɧɵɦ ɭɫɥɨɜɢɹɦ ɫɪɟɞɵ 

ɨɛɢɬɚɧɢɹ, ɢɫɫɥɟɞɨɜɚɧɢɹ ɷɧɟɪɝɨɩɥɚɫɬɢɱɟɫɤɨɝɨ ɨɛɦɟɧɚ ɷɬɢɯ ɨɪɝɚɧɢɡɦɨɜ. 

ɉɨɞɨɛɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɨɝɭɬ ɢɦɟɬɶ ɧɟɨɛɵɱɧɵɣ ɢɧɬɟɪɟɫ, ɤɚɤ ɜɚɪɢɚɧɬ 

ɞɨɫɬɭɩɧɵɯ ɧɚ Ɂɟɦɥɟ, ɧɨ ɷɤɫɬɪɟɦɚɥɶɧɵɯ ɭɫɥɨɜɢɣ ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɢɥɢ ɤɚɤ 

ɦɨɞɟɥɢ ɭɫɥɨɜɢɣ ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɞɪɟɜɧɢɯ ɷɤɨɫɢɫɬɟɦ. 
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1.4. ȼɥɢяɧɢɟ ɯɥɨɪɢɞɚ ɧɚɬɪɢя ɧɚ ɪɨɫɬ ɛɚɤɬɟɪɢɣ ɢ ɫɢɧɬɟɡ ɩɨɥɢɦɟɪɚ 

 
ȼ ɪɚɛɨɬɟ Rodriguez-Contreras et al., 2016 ɢɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ ɪɚɡɥɢɱɧɵɯ 

ɤɨɧɰɟɧɬɪɚɰɢɣ ɯɥɨɪɢɞɚ ɧɚɬɪɢɹ (5, 45, 100 ɢ 250 ɝ/ɥ) ɧɚ ɪɨɫɬ ɛɚɤɬɟɪɢɣ  Bacillus 

megaterium uyuni S29, ɜɵɞɟɥɟɧɧɵɯ ɢɡ ɝɪɹɡɢ ɜɵɫɨɯɲɟɝɨ ɫɨɥɟɧɨɝɨ ɨɡɟɪɚ ɍɸɧɢ 

(Ȼɨɥɢɜɢɹ). ɉɨɤɚɡɚɧɨ, ɱɬɨ ɨɩɬɢɦɚɥɶɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɫɨɥɢ ɞɥɹ ɤɥɟɬɨɱɧɨɝɨ ɪɨɫɬɚ 

ɫɨɫɬɚɜɥɹɥɚ 45 ɝ/ɥ,  ɯɨɬɹ ɡɧɚɱɢɬɟɥɶɧɵɣ ɪɨɫɬ ɧɚɛɥɸɞɚɥɢ ɬɚɤɠɟ ɩɪɢ 5 ɢ 100 ɝ/ɥ 

NaCl. Ȼɚɤɬɟɪɢɢ, ɤɭɥɶɬɢɜɢɪɭɟɦɵɟ ɜ ɩɪɢɫɭɬɫɬɜɢɢ NaCl ɜ ɤɨɧɰɟɧɬɪɚɰɢɢ 250 ɝ/ɥ, 

ɩɨɤɚɡɚɥɢ ɥɢɲɶ ɨɱɟɧɶ ɫɤɪɨɦɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɞɨ 11 ɱ 

ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɭɦɟɧɶɲɟɧɢɟɦ ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ 

ɩɪɚɤɬɢɱɟɫɤɢ ɞɨ ɧɭɥɹ. Ʉɪɨɦɟ ɬɨɝɨ, ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɤɨɧɰɟɧɬɪɚɰɢɹ ɫɨɥɢ ɜ ɫɪɟɞɟ 

ɜɥɢɹɟɬ ɬɚɤɠɟ ɢ ɧɚ ɫɢɧɬɟɡ ɉ(3ȽȻ). ɗɬɨɬ ɲɬɚɦɦ ɜɟɞɟɬ ɫɟɛɹ ɩɨ-ɪɚɡɧɨɦɭ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɫɨɥɢ ɜ ɫɪɟɞɟ, ɱɬɨ ɬɪɟɛɭɟɬ ɚɞɚɩɬɚɰɢɢ 

ɜɧɭɬɪɢɤɥɟɬɨɱɧɨɝɨ ɮɟɪɦɟɧɬɚɬɢɜɧɨɝɨ ɦɟɯɚɧɢɡɦɚ ɢ ɭɪɚɜɧɨɜɟɲɢɜɚɧɢɹ 

ɨɫɦɨɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɜɵɫɨɤɢɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɫɨɥɢ. 

Ɉɩɬɢɦɚɥɶɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɫɨɥɢ ɭɥɭɱɲɚɟɬ ɤɥɟɬɨɱɧɵɣ ɪɨɫɬ, ɚ ɬɚɤɠɟ ɩɪɨɞɭɤɰɢɸ 

ɉȽȻ. Ʉɪɨɦɟ ɬɨɝɨ, ɫɨɝɥɚɫɧɨ ɩɪɟɞɵɞɭɳɢɦ ɢɫɫɥɟɞɨɜɚɧɢɹɦ, ɲɬɚɦɦ ɬɚɤɠɟ 

ɞɟɦɨɧɫɬɪɢɪɭɟɬ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵɟ ɬɟɦɩɵ ɪɨɫɬɚ ɢ ɩɪɨɞɭɤɬɢɜɧɨɫɬɶ ɉȽȺ ɞɚɠɟ ɜ 

ɨɬɫɭɬɫɬɜɢɟ ɫɨɥɢ [73]. 

Pearl Passanha, 2014 ɬɚɤɠɟ ɢɫɫɥɟɞɨɜɚɥ ɜɥɢɹɧɢɟ  NaCl ɜ ɰɟɥɹɯ ɭɥɭɱɲɟɧɢɹ 

ɩɪɨɢɡɜɨɞɫɬɜɚ ɉȽȺ ɫ ɩɨɦɨɳɶɸ ɛɚɤɬɟɪɢɣ Cupriavidus necator. ȼ ɞɚɧɧɨɦ 

ɢɫɫɥɟɞɨɜɚɧɢɢ ɛɚɤɬɟɪɢɢ Cupriavidus necator DSMZ 545, ɩɨɥɭɱɟɧɧɵɟ ɨɬ Deutsche 

Sammlung von Mikroorganismen und Zellkulturen (DSMZ), Ƚɟɪɦɚɧɢɹ. NaCl 

ɞɨɛɚɜɥɹɥɢ ɜ ɫɪɟɞɭ ɜ ɤɨɧɰɟɧɬɪɚɰɢɹɯ 3,5 ɝ / ɥ (0,058 Ɇ), 6,5 ɝ / ɥ (0,122 Ɇ), 9 ɝ / ɥ 

(0,154 Ɇ), 12 ɝ / ɥ (0,205 Ɇ) ɢ 15 ɝ / ɥ (0,25 Ɇ). Ɏɟɪɦɟɧɬɚɰɢɹ 9 ɝ / ɥ NaCl 

ɩɪɢɜɟɥɚ ɤ ɜɵɫɲɟɦɭ ɫɨɞɟɪɠɚɧɢɸ ɉȽȺ ɢ ɭɪɨɠɚɣɧɨɫɬɢ ɜ ɷɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ. 

Ʉɨɝɞɚ NaCl ɜ ɤɨɧɰɟɧɬɪɚɰɢɢ 9 ɝ / ɥ ɞɨɛɚɜɥɹɥɢ ɜ ɫɪɟɞɭ ɞɥɹ ɜɵɪɚɳɢɜɚɧɢɹ, ɛɵɥɚ 

ɞɨɫɬɢɝɧɭɬɚ ɦɚɤɫɢɦɚɥɶɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɉȽȺ 5,33 ɝ / ɥ ɫ ɜɵɯɨɞɨɦ 0,41 ɝ / ɝ 

ɉȽȺ, ɱɬɨ ɧɚ 30% ɜɵɲɟ, ɱɟɦ ɞɥɹ ɤɨɧɬɪɨɥɹ, ɢ 17% ɢ 10% ɜɵɲɟ 3,5 ɝ / ɥ NaCl ɢ 

6,5 ɝ / ɥ NaCl ɛɪɨɠɟɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ɉɞɧɚɤɨ, ɤɨɝɞɚ ɤɨɧɰɟɧɬɪɚɰɢɸ ɫɨɥɢ 
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ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɩɨɜɵɲɚɥɢ ɞɨ 15 ɝ / ɥ, ɤɥɟɬɤɢ ɧɟ ɦɨɝɥɢ ɧɚɤɚɩɥɢɜɚɬɶ ɉȽȺ, ɚ 

ɤɨɧɰɟɧɬɪɚɰɢɹ NaCl ɛɵɥɚ ɢɧɝɢɛɢɪɭɸɳɟɣ [67]. 

ȼ ɢɫɫɥɟɞɨɜɚɧɢɹɯ Yue et al., 2014 ɛɵɥɨ ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ  L. campaniensis 

LS21 ɜɵɪɚɫɬɚɸɬ ɜ ɢɫɤɭɫɫɬɜɟɧɧɨɣ ɦɨɪɫɤɨɣ ɜɨɞɟ ɢ ɧɚ ɫɦɟɲɚɧɧɵɯ ɫɭɛɫɬɪɚɬɚɯ, 

ɫɯɨɞɧɵɯ ɫ ɤɭɯɨɧɧɵɦɢ ɨɬɯɨɞɚɦɢ, ɫɨɫɬɨɹɳɢɯ ɢɡ ɰɟɥɥɸɥɨɡɵ, ɩɪɨɩɢɨɧɨɜ, ɠɢɪɨɜ, 

ɠɢɪɧɵɯ ɤɢɫɥɨɬ ɢ ɤɪɚɯɦɚɥɚ [84]. ɉɪɢ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɢ ɜ ɫɪɟɞɟ ɞɥɹ ɩɪɨɦɵɜɤɢ 

ɤɭɯɨɧɧɨɣ ɦɭɤɢ ɞɢɤɢɣ ɬɢɩ H. campaniensis ɩɪɨɢɡɜɨɞɢɥ ɬɨɥɶɤɨ 26 ɜɟɫ.% ɉȽȻ, 

ɬɨɝɞɚ ɤɚɤ ɪɟɤɨɦɛɢɧɚɧɬɧɵɣ H. campaniensis, ɫ ɝɟɧɚɦɢ ɩɭɬɢ ɫɢɧɬɟɡɚ ɉȽȻ, 

ɱɪɟɡɦɟɪɧɨ ɜɵɪɚɠɟɧɧɵɣ, ɩɪɨɞɭɰɢɪɨɜɚɥ 70 ɦɚɫ.% ɉȽȻ. ɉɪɢɦɟɱɚɬɟɥɶɧɨ, ɱɬɨ H. 

campaniensis ɪɨɫ ɜ ɡɚɝɪɹɡɧɟɧɧɧɵɯ ɭɫɥɨɜɢɹɯ, ɛɟɡ ɡɚɬɪɚɬɨɜ ɤɚɤɢɯ-ɥɢɛɨ ɫɪɟɞɫɬɜ, ɜ 

ɬɟɱɟɧɢɟ 65 ɞɧɟɣ ɩɪɢ ɧɟɫɬɟɪɢɥɶɧɵɯ ɢ ɧɟɩɪɟɪɵɜɧɵɯ ɭɫɥɨɜɢɹɯ ɩɪɢ 40 ɝ / ɥ NaCl, 

37 ° ɋ ɢ ɪɇ 10. ɒɬɚɦɦ ɦɨɠɟɬ ɛɵɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɝɟɧɟɬɢɱɟɫɤɢ 

ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɦ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɞɪɭɝɢɯ ɯɢɦɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ ɢɡ ɨɬɯɨɞɨɜ ɢ 

ɫɦɟɲɚɧɧɵɯ ɫɭɛɫɬɪɚɬɨɜ. [79; 84]. 

ȼ ɪɚɛɨɬɟ Ibrahim ɢ Steinbuchel, 2009 ɛɵɥ ɜɵɞɟɥɟɧ ɛɚɤɬɟɪɢɚɥɶɧɵɣ ɲɬɚɦɦ 

Zobellella denitrificans, ɤɨɬɨɪɵɣ ɩɨɞɯɨɞɢɬ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɉȽȺ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɡɚɝɪɹɡɧɟɧɧɨɝɨ ɝɥɢɰɟɪɢɧɚ ɢ ɞɨɫɬɢɝɚɟɬ ɦɚɤɫɢɦɚɥɶɧɨɣ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɉȽȺ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 20ɝ/ɥ NaCl [39]. Ƚɥɢɰɟɪɨɥ, ɩɨɥɭɱɟɧɧɵɣ ɢɡ 

ɛɢɨɞɢɡɟɥɶɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɫ 5,5% -ɧɵɦ NaCl, ɛɵɥ ɨɛɧɚɪɭɠɟɧ, ɨɞɧɚɤɨ, ɱɬɨ 

ɨɛɭɫɥɨɜɢɥɨ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 30% -ɧɨɟ ɫɧɢɠɟɧɢɟ ɩɪɨɞɭɤɰɢɢ ɉȽȺ ɲɬɚɦɦɨɦ C. 

necator JMP 134 ɢ Paracoccus denitrificans ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɝɥɢɰɟɪɢɧɨɦ [61]. 

Ɉɫɧɨɜɵɜɚɹɫɶ ɧɚ ɩɪɨɲɥɨɣ ɥɢɬɟɪɚɬɭɪɟ, ɤɚɠɟɬɫɹ, ɱɬɨ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ 

ɛɚɤɬɟɪɢɣ ɢ, ɜɨɡɦɨɠɧɨ, ɬɚɤɠɟ ɨɬ ɡɚɜɢɫɢɦɨɫɬɢ ɢɫɬɨɱɧɢɤɚ ɭɝɥɟɪɨɞɚ, ɛɵɥɢ 

ɨɛɧɚɪɭɠɟɧɵ ɪɚɡɥɢɱɧɵɟ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɤ NaCl [39]. 

ȼ ɪɚɛɨɬɟ T. Palmeiro-Sánchez, 2015 ɛɵɥ ɩɪɨɜɟɞɟɧ ɪɹɞ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɞɥɹ 

ɢɡɭɱɟɧɢɹ ɜɥɢɹɧɢɹ ɩɪɢɫɭɬɫɬɜɢɹ ɞɨɛɚɜɥɟɧɧɨɝɨ ɯɥɨɪɢɞɚ ɧɚɬɪɢɹ ɧɚ ɚɤɬɢɜɧɨɫɬɶ 

ɛɢɨɦɚɫɫɵ, ɧɚɤɨɩɥɟɧɢɹ ɉȽȺ ɢ ɫɨɫɬɚɜɚ ɫɨɯɪɚɧɟɧɧɨɝɨ ɛɢɨɩɨɥɢɦɟɪɚ. Ɉɫɧɨɜɧɨɣ 

ɜɵɜɨɞ, ɩɨɥɭɱɟɧɧɵɣ ɜ ɪɟɡɭɥɶɬɚɬɟ ɷɬɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɡɚɤɥɸɱɚɥɫɹ ɜ ɬɨɦ, ɱɬɨ 

ɜɜɟɞɟɧɢɟ ɯɥɨɪɢɞɚ ɧɚɬɪɢɹ ɜ ɩɢɬɚɬɟɥɶɧɭɸ ɫɪɟɞɭ ɜɥɢɹɟɬ ɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɧɚɤɨɩɥɟɧɢɹ ɉȽȺ ɞɥɹ ɫɦɟɲɚɧɧɨɣ ɦɢɤɪɨɛɧɨɣ ɤɭɥɶɬɭɪɵ, ɧɟ ɚɞɚɩɬɢɪɨɜɚɧɧɨɣ ɤ 
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ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɦ ɭɫɥɨɜɢɹɦ. Ʉɨɥɢɱɟɫɬɜɨ ɧɚɤɨɩɥɟɧɧɨɝɨ ɛɢɨɩɨɥɢɦɟɪɚ ɜɧɭɬɪɢ 

ɤɥɟɬɨɤ ɭɦɟɧɶɲɚɥɨɫɶ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɤɨɧɰɟɧɬɪɚɰɢɢ NaCl [66]. 

 

Ƚɥɚɜɚ 2. Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ 

2.1. ȼɨɞɨɪɨɞɧɵɟ ɛɚɤɬɟɪɢɢ Сupriavidus eutrophus 

 
ɐɚɪɫɬɜɨ Procariotae 

Ʉɥɚɫɫ Betaproteobacteria  

ɋɟɦɟɣɫɬɜɨ Burkholderiaceae 

Ɋɨɞ Cupriavidus 

ȼɢɞ C. eutrophus 

ɒɬɚɦɦ C. eutrophus B-10646 

ɒɬɚɦɦ C. eutrophus ȼɄɉɆ ȼ-10646 - ɩɪɨɞɭɰɟɧɬ 

ɩɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɨɜ (ɉȽȺ) ɢ ɫɩɨɫɨɛ ɢɯ ɩɨɥɭɱɟɧɢɹ. ɒɬɚɦɦ ɜɵɞɟɥɟɧ ɢɡ 

Ralstonia eutropha ȼɄɉɆ ȼ-8562 ɜ ɩɪɨɰɟɫɫɟ ɞɥɢɬɟɥɶɧɨɣ ɦɧɨɝɨɫɬɭɩɟɧɱɚɬɨɣ 

ɫɟɥɟɤɰɢɢ ɩɨ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɫɢɧɬɟɡɚ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ ɉȽȺ. 

Ʉɭɥɶɬɭɪɚɥɶɧɨ-ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ ɲɬɚɦɦɚ: ɝɪɚɦɨɬɪɢɰɚɬɟɥɟɧ, 

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

ɪɚɡɦɟɪɵ 0.3-0.5×1.2-2.0 ɦɤ), ɩɨɞɜɢɠɧɵɟ (ɦɨɥɨɞɵɟ - ɦɨɧɨɬɪɢɯɢ, ɫ ɜɨɡɪɚɫɬɨɦ - 

ɩɟɪɟɬɪɢɯɢ). ɋɥɚɛɨɩɨɞɜɢɠɟɧ. Ɉɩɬɢɦɭɦ ɪɨɫɬɚ 30-31°C, pH 6,7-7,2. 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 (ɦɢɧɟɪɚɥɶɧɚɹ ɫɪɟɞɟ ɒɥɟɝɟɥɹ, 

ɫɨɞɟɪɠɚɳɚɹ ɜ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ ɭɝɥɟɪɨɞɚ ɫɦɟɫɶ ɦɨɧɨɤɚɪɛɨɧɨɜɵɯ ɤɢɫɥɨɬ 
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(ɢɥɢ ɫɚɯɚɪɚ, ɨɪɝɚɧɢɱɟɫɤɢɟ ɤɢɫɥɨɬɵ, ɚɦɢɧɨɤɢɫɥɨɬɵ, ɫɩɢɪɬɵ) ɩɪɢ 

ɝɟɬɟɪɨɬɪɨɮɧɨɦ ɪɨɫɬɟ, ɩɪɢ ɚɜɬɨɬɪɨɮɢɢ - ɫɦɟɫɶ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ, ɜɨɞɨɪɨɞɚ ɢ 

ɤɢɫɥɨɪɨɞɚ. Ɉɛɥɢɝɚɬɧɵɣ ɚɷɪɨɛ. Ɏɚɤɭɥɶɬɚɬɢɜɧɵɣ ɯɟɦɨɥɢɬɨɚɜɬɨɬɪɨɮ. 

Ɉɤɫɢɞɚɡɨɩɨɥɨɠɢɬɟɥɟɧ. Ƚɢɞɪɨɥɢɬɢɱɟɫɤɢɦɢ ɮɟɪɦɟɧɬɚɦɢ ɧɟ ɨɛɥɚɞɚɟɬ. ɀɟɥɚɬɢɧɭ 

ɧɟ ɪɚɡɠɢɠɚɟɬ. Ʉɪɚɯɦɚɥ ɧɟ ɝɢɞɪɨɥɢɡɭɟɬ. Ɉɛɥɚɞɚɟɬ ɲɢɪɨɤɢɦ ɨɪɝɚɧɨɬɪɨɮɧɵɦ 

ɩɨɬɟɧɰɢɚɥɨɦ ɢ ɫɩɨɫɨɛɟɧ ɜ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ ɭɝɥɟɪɨɞɚ ɢɫɩɨɥɶɡɨɜɚɬɶ: ɫɚɯɚɪɚ 

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

ɬɪɢɩɬɨɮɚɧ, ɝɥɭɬɚɦɢɧɨɜɭɸ, ɚɫɩɚɪɚɝɢɧɨɜɭɸ, ɥɢɡɢɧ), ɨɪɝɚɧɢɱɟɫɤɢɟ ɤɢɫɥɨɬɵ 

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

ɤɢɫɥɨɬɭ, ɩɟɧɬɚɩɧɨɜɭɸ, ɝɟɤɫɚɧɨɜɭɸ, ɨɤɬɚɧɨɜɭɸ, ɧɨɧɚɧɨɜɭɸ), ɫɩɢɪɬɵ (ɷɬɚɧɨɥ, 

ɝɥɢɰɟɪɢɧ), 4-ɛɭɬɭɪɨɥɚɤɬɨɧ, CO2 ɢ CO. ȼ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ ɚɡɨɬɚ ɢɫɩɨɥɶɡɭɟɬ 

ɧɢɬɪɚɬɵ, ɫɨɥɢ ɚɦɦɨɧɢɹ, ɤɚɪɛɚɦɢɞ, ɚɦɢɧɨɤɢɫɥɨɬɵ. Ⱥɤɬɢɜɧɨɫɬɶ ɮɟɪɦɟɧɬɨɜ 

ɰɢɤɥɚ ɉȽȺ ɫɨɫɬɚɜɥɹɟɬ (U/ɦɢɧ×ɦɝ ɛɟɥɤɚ): ȕ-ɤɟɬɨɬɢɨɥɚɡɵ 3.57-4.26, 

ɚɰɟɬɨɚɰɟɬɢɥ-CoA-ɪɟɞɭɤɬɚɡɵ 0.98-1.23, ɉȽȺ-ɫɢɧɬɚɡɵ 0.08-0.10 E., (D)-

ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬɞɟɝɢɞɪɨɝɟɧɚɡɵ 0.18-0.22. ɋɨɞɟɪɠɚɧɢɟ Ƚɐ ɩɚɪ ɧɭɤɥɟɨɬɢɞɨɜ ɜ 

ȾɇɄ ɪɚɜɧɨ 66%. Ʉɥɨɧɢɪɨɜɚɧ ɢ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧ ȾɇɄ ɮɪɚɝɦɟɧɬ 1381 ɧ.ɩ., 

ɜɤɥɸɱɚɸɳɢɣ ɧɭɤɥɟɨɬɢɞɧɭɸ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɝɟɧɚ 16S rRNA ɲɬɚɦɦɚ ȼ-

10646. 

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.  
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2.2. Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢя 

 

2.2.1. Ʉɭɥɶɬɢɜɢɪɨɜɚɧɢɟ ɛɚɤɬɟɪɢɣ ɢ ɦɟɬɨɞɵ ɢɡɦɟɪɟɧɢя ɩɚɪɚɦɟɬɪɨɜ 

ɤɭɥɶɬɢɜɢɪɨɜɚɧɢя 

  
Ȼɚɤɬɟɪɢɢ ɜɵɪɚɳɢɜɚɥɢ ɜ ɫɬɟɤɥɹɧɧɵɯ ɤɨɥɛɚɯ ɨɛɴɟɦɨɦ 200 ɦɥ, 

ɡɚɩɨɥɧɟɧɧɵɯ ɤɭɥɶɬɭɪɨɣ ɧɚ 50-60% ɨɛɴɟɦɚ ɧɚ ɬɟɪɦɨɫɬɚɬɢɪɭɟɦɨɣ ɤɚɱɚɥɤɟ ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɟ 30ºC (ɪɢɫ.3).  Ⱦɥɹ ɜɵɪɚɳɢɜɚɧɢɹ ɛɚɤɬɟɪɢɣ ɡɚ ɨɫɧɨɜɭ ɛɵɥɚ ɩɪɢɧɹɬɚ 

ɫɨɥɟɜɚɹ ɫɪɟɞɚ ɒɥɟɝɟɥɹ ɫɥɟɞɭɸɳɟɝɨ ɫɨɫɬɚɜɚ (ɝ/ɥ): Na2HPO4 . H2O – 9.1; KH2PO4 

– 1.5; MgSO4 . H2O – 0.2; Fe3C6H5O7 . 7H2O – 0.25; NH4Cl – 2.0; ɫɬɚɧɞɚɪɬɧɵɣ 

ɪɚɫɬɜɨɪ ɦɢɤɪɨɷɥɟɦɟɧɬɨɜ ɩɨ ɏɨɚɝɥɚɧɞɭ (ɢɡ ɪɚɫɱɟɬɚ 3 ɦɥ ɫɬɚɧɞɚɪɬɧɨɝɨ ɪɚɫɬɜɨɪɚ 

ɧɚ 1 ɥ ɫɪɟɞɵ; ɫɬɚɧɞɚɪɬɧɵɣ ɪɚɫɬɜɨɪ ɫɨɞɟɪɠɢɬ: H3BO3 – 0.228; CoCe2
6H2O – 

0.030; ɋuSO4
 5H2O – 0.008; MnCe2

4H2O – 0.008; ZnSO4
7H2O – 0.176; 

NaMoO4
2H2O – 0.050; NiCe2 – 0.008 (ɝ/ɥ)).  

ȼ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ ɭɝɥɟɪɨɞɚ ɢɫɩɨɥɶɡɨɜɚɥɢ ɮɪɭɤɬɨɡɭ (7-10 ɝ/ɥ). 

Ⱦɨɛɚɜɥɹɥɢ ɜ ɤɨɥɛɵ NaCl ɜ ɤɨɧɰɟɧɬɪɚɰɢɹɯ 5ɝ/ɥ, 10 ɝ/ɥ 15ɝ/ɥ, 20ɝ/ɥ, 25 ɝ/ɥ ɢ 30 

ɝ/ɥ. 

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). 

Ȼɢɨɦɚɫɫɭ ɛɚɤɬɟɪɢɣ ɧɚ ɫɭɯɨɣ ɜɟɫ ɜ ɤɭɥɶɬɭɪɟ ɨɩɪɟɞɟɥɹɥɢ ɜɟɫɨɜɵɦ 

ɫɩɨɫɨɛɨɦ. Ⱦɥɹ ɷɬɨɝɨ ɚɥɢɤɜɨɬɵ ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɫɭɫɩɟɧɡɢɢ ɨɛɴɟɦɨɦ 20 ɦɥ, 

ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ 7 ɦɢɧ ɩɪɢ 6000g. Ɂɚɬɟɦ ɞɜɚɠɞɵ ɨɬɦɵɜɚɥɢ ɤɥɟɬɤɢ ɨɬ ɫɨɥɟɣ 

ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɨɣ ɢ ɫɧɨɜɚ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ. Ɉɬɦɵɬɵɟ ɤɥɟɬɤɢ 

ɩɟɪɟɧɨɫɢɥɢ ɜ ɛɸɤɫɵ, ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɞɨɜɟɞɟɧɧɵɟ ɞɨ ɩɨɫɬɨɹɧɧɨɝɨ ɜɟɫɚ. Ȼɸɤɫɵ 

ɫɭɲɢɥɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 105ɨɋ ɜ ɫɭɲɢɥɶɧɨɦ ɲɤɚɮɭ ɜ ɬɟɱɟɧɢɟ ɫɭɬɨɤ, 

ɨɯɥɚɠɞɚɥɢ ɜ ɷɤɫɢɤɚɬɨɪɟ ɢ ɜɡɜɟɲɢɜɚɥɢ. Ȼɢɨɦɚɫɫɭ ɛɚɤɬɟɪɢɣ ɨɩɪɟɞɟɥɹɥɢ ɤɚɤ 

ɪɚɡɧɢɰɭ ɦɟɠɞɭ ɜɟɫɨɦ ɛɸɤɫɚ ɫ ɤɥɟɬɤɚɦɢ ɢ ɜɟɫɨɦ ɱɢɫɬɨɝɨ ɛɸɤɫɚ. 
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Ɋɢɫɭɧɨɤ 3 - Ɍɟɪɦɨɫɬɚɬɢɪɭɟɦɚɹ ɤɚɱɚɥɤɚ Innova 44R 
 
 

2.2.2. Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɮɪɭɤɬɨɡɵ 

 

 Ʉɨɧɰɟɧɬɪɚɰɢɸ ɮɪɭɤɬɨɡɵ ɨɩɪɟɞɟɥɹɥɢ ɪɟɡɨɪɰɢɧɨɜɵɦ ɦɟɬɨɞɨɦ. Ⱦɥɹ ɷɬɨɝɨ 

ɫɭɩɟɪɧɚɬɚɧɬ ɪɚɡɜɨɞɢɥɢ ɜ 100 ɪɚɡ. ɂɡ ɷɬɨɝɨ ɪɚɡɜɟɞɟɧɢɹ 1ɦɥ ɩɪɨɛɵ ɧɚɥɢɜɚɥɢ ɜ 

ɩɪɨɛɢɪɤɭ ɢ ɞɨɛɚɜɥɹɥɢ 1 ɦɥ ɫɩɢɪɬɨɜɨɝɨ ɪɚɫɬɜɨɪɚ ɪɟɡɨɪɰɢɧɚ (1 ɝ ɪɟɡɨɪɰɢɧɚ 

ɪɚɫɬɜɨɪɹɥɢ ɜ 100 ɦɥ 95%-ɧɨɝɨ ɷɬɢɥɨɜɨɝɨ ɫɩɢɪɬɚ) ɢ 3 ɦɥ 30% ɪɚɫɬɜɨɪɚ ɫɨɥɹɧɨɣ 

ɤɢɫɥɨɬɵ. ȼ ɤɚɱɟɫɬɜɟ ɤɨɧɬɪɨɥɹ ɢɫɩɨɥɶɡɨɜɚɥɢ ɪɚɫɬɜɨɪ ɫɥɟɞɭɸɳɟɝɨ ɫɨɫɬɚɜɚ: 1 ɦɥ 

ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɵ, 1 ɦɥ ɫɩɢɪɬɨɜɨɝɨ ɪɚɫɬɜɨɪɚ ɪɟɡɨɪɰɢɧɚ ɢ 3 ɦɥ 30% 

ɪɚɫɬɜɨɪɚ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɵ. ɉɪɨɛɢɪɤɢ ɫ ɤɨɧɬɪɨɥɟɦ ɢ ɩɪɨɛɨɣ ɩɨɦɟɳɚɥɢ ɜ 

ɜɨɞɹɧɭɸ ɛɚɧɸ (t=80°ɋ) ɧɚ 20 ɦɢɧɭɬ. ɉɨ ɢɫɬɟɱɟɧɢɢ ɷɬɨɝɨ ɜɪɟɦɟɧɢ ɤɨɧɬɪɨɥɶ ɢ 

ɩɪɨɛɭ ɨɯɥɚɠɞɚɥɢ ɞɨ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ. Ʉɨɧɰɟɧɬɪɚɰɢɸ ɮɪɭɤɬɨɡɵ 

ɢɡɦɟɪɹɥɢ ɧɚ ɮɨɬɨɤɨɥɨɪɢɦɟɬɪɟ ɄɎɄ-2Ɇɉ ɩɪɢ ɞɥɢɧɟ ɜɨɥɧɵ 540 ɧɦ (ɞɥɢɧɚ 
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ɨɩɬɢɱɟɫɤɨɝɨ ɩɭɬɢ 5 ɦɦ). Ʉɨɧɰɟɧɬɪɚɰɢɸ ɮɪɭɤɬɨɡɵ ɪɚɫɫɱɢɬɵɜɚɥɢ ɩɨ 

ɤɚɥɢɛɪɨɜɨɱɧɨɦɭ ɝɪɚɮɢɤɭ. 

 

2.2.3. ȼɵɞɟɥɟɧɢɟ ɩɨɥɢɦɟɪɚ ɢ ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɯ ɥɢɩɢɞɨɜ 

 
Ʌɢɩɢɞɵ ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɢɡ ɜɥɚɠɧɨɣ ɛɢɨɦɚɫɫɵ ɩɨ ɦɟɬɨɞɭ Ɏɨɥɱɚ ɫɦɟɫɶɸ 

ɯɥɨɪɨɮɨɪɦ-ɦɟɬɚɧɨɥ (2:1). ȼ ɩɨɥɭɱɟɧɧɨɦ ɷɤɫɬɪɚɤɬɟ ɉȽȺ ɨɬɞɟɥɹɥɢ ɨɬ ɥɢɩɢɞɨɜ 

ɨɫɚɠɞɟɧɢɟɦ ɞɜɨɣɧɵɦ ɨɛɴɟɦɨɦ ɝɟɤɫɚɧɚ. ɗɤɫɬɪɚɤɬ ɥɢɩɢɞɨɜ (ɥɢɩɢɞɵ ɜ 

ɰɢɬɨɩɥɚɡɦɚɬɢɱɟɫɤɨɣ ɦɟɦɛɪɚɧɟ) ɫɭɲɢɥɢ ɧɚ ɪɨɬɨɪɧɨɦ ɢɫɩɚɪɢɬɟɥɟ ɢ ɩɨɞɜɟɪɝɚɥɢ 

ɦɟɬɚɧɨɥɢɡɭ ɫ ɰɟɥɶɸ ɩɨɥɭɱɟɧɢɹɦ ɦɟɬɢɥɨɜɵɯ ɷɮɢɪɨɜ ɠɢɪɧɵɯ ɤɢɫɥɨɬ. 

Ɇɟɬɚɧɨɥɢɡ ɠɢɪɧɵɯ ɤɢɫɥɨɬ ɞɥɢɥɫɹ ɜ ɬɟɱɟɧɢɟ 2 ɱɚɫɨɜ ɜ ɫɦɟɫɢ ɦɟɬɚɧɨɥɚ ɢ 

ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ (50:1) ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 90 ◦ɋ. Ɇɟɬɢɥɨɜɵɟ ɷɮɢɪɵ ɠɢɪɧɵɯ 

ɤɢɫɥɨɬ (ɆɗɀɄ) ɚɧɚɥɢɡɢɪɨɜɚɥɢ ɧɚ GC-MS 7890/5975C (Agilent Technologies, 

ɋɒȺ). ɍɫɥɨɜɢɹ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɧɢɹ ɛɵɥɢ ɫɥɟɞɭɸɳɢɟ: ɫɤɨɪɨɫɬɶ ɩɨɞɚɱɢ ɝɚɡɚ 

ɝɟɥɢɹ ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ ɧɚ 1 ɦɥ ɦɢɧ-1; ɬɟɦɩɟɪɚɬɭɪɚ ɢɧɠɟɤɬɨɪɚ 220◦ɋ; ɧɚɱɚɥɶɧɚɹ 

ɬɟɦɩɟɪɚɬɭɪɚ 120◦ɋ; ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɞɨ 230◦ɋ ɫɨ ɫɤɨɪɨɫɬɶɸ 5◦ɋ ɦɢɧ-1, 

5 ɦɢɧɭɬ ɜ ɢɡɨɬɟɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɢ ɩɨɫɥɟɞɭɸɳɟɟ ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ 

310◦ɋ ɫɨ ɫɤɨɪɨɫɬɶɸ 10◦ɋ ɦɢɧ-1 ɢ 3 ɦɢɧɭɬɵ ɢɡɨɬɟɪɦɚɥɶɧɨɝɨ ɪɟɠɢɦɚ; 

ɬɟɦɩɟɪɚɬɭɪɚ ɢɧɬɟɪɮɟɣɫɚ 230◦ɋ; ɬɟɦɩɟɪɚɬɭɪɚ ɢɫɬɨɱɧɢɤɚ ɢɨɧɚ 150◦ɋ; 

ɷɥɟɤɬɪɨɧɧɵɣ ɭɞɚɪ 70 eV;ɫɤɚɧɢɪɨɜɚɧɢɟ ɮɪɚɝɦɟɧɬɨɜ ɫ ɚɬɨɦɧɨɣ ɦɚɫɫɚ ɨɬ 30 ɞɨ 

550 ɚɦ ɩɪɢ 0,5 ɫ ɫɤɚɧ-1. ɂɞɟɧɬɢɮɢɤɚɰɢɸ ɆɗɀɄ ɩɪɨɜɨɞɢɥɢ, ɫɪɚɜɧɢɜɚɹ ɢɯ 

ɜɪɟɦɹ ɭɞɟɪɠɚɧɢɹ ɢ ɦɚɫɫ-ɫɩɟɤɬɪɵ ɩɨ ɢɦɟɸɳɢɦ ɧɚɛɨɪɚɦ ɫɬɚɧɞɚɪɬɨɜ, 

ɫɪɚɜɧɟɧɢɟɦ ɢɯ ɜɪɟɦɟɧɢ ɭɞɟɪɠɚɧɢɹ ɢ ɦɚɫɫ-ɫɩɟɤɬɪɨɜ.  
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Ɋɢɫɭɧɨɤ 4 - Ɉɫɚɠɞɟɧɢɟ ɩɨɥɢɦɟɪɚ 

2.2.4. Ɉɩɪɟɞɟɥɟɧɢɟ ɫɨɞɟɪɠɚɧɢя ɢ ɫɨɫɬɚɜɚ ɩɨɥɢɦɟɪɚ 

 
ȼɧɭɬɪɢɤɥɟɬɨɱɧɭɸ ɤɨɧɰɟɧɬɪɚɰɢɸ ɢ ɫɨɫɬɚɜ ɩɨɥɢɦɟɪɚ ɨɩɪɟɞɟɥɹɥɢ 

ɯɪɨɦɚɬɨɝɪɚɮɢɟɣ ɦɟɬɢɥɨɜɵɯ ɷɮɢɪɨɜ ɠɢɪɧɵɯ ɤɢɫɥɨɬ ɩɨɫɥɟ ɦɟɬɚɧɨɥɢɡɚ ɨɛɪɚɡɰɚ 

(ɧɚɜɟɫɤɚ 4 ɦɝ) ɧɚ ɯɪɨɦɚɬɨ-ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɟ GCD plus (“Hewlett Packard”, 

USA). Ɇɟɬɚɧɨɥɢɡ ɩɪɨɛ ɩɨɥɢɦɟɪɚ ɩɪɨɜɨɞɢɥɢ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɤ ɧɚɜɟɫɤɟ 

ɫɭɯɨɣ ɛɢɨɦɚɫɫɵ (4 ɦɝ) ɞɨɛɚɜɥɹɥɢ 1 ɦɥ ɜɧɭɬɪɟɧɧɟɝɨ ɫɬɚɧɞɚɪɬɚ (0.5 ɦɝ 

ɛɟɧɡɨɣɧɨɣ ɤɢɫɥɨɬɵ/1 ɦɥ  ɯɥɨɪɨɮɨɪɦɚ), 0.85 ɦɥ ɦɟɬɚɧɨɥɚ ɢ 0.15 ɦɥ 

ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ ɢ ɤɢɩɹɬɢɥɢ ɫ ɨɛɪɚɬɧɵɦɢ ɯɨɥɨɞɢɥɶɧɢɤɚɦɢ 

ɜ ɬɟɱɟɧɢɟ 2 ɱɚɫɨɜ 40 ɦɢɧɭɬ. ɉɨ ɨɤɨɧɱɚɧɢɢ ɦɟɬɚɧɨɥɢɡɚ ɜ ɤɨɥɛɭ ɞɨɛɚɜɥɹɥɢ 

ɞɜɨɣɧɨɣ ɨɛɴɟɦ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɵ. ɉɪɢ ɷɬɨɦ ɩɪɨɢɫɯɨɞɢɥɨ ɪɚɡɞɟɥɟɧɢɟ 
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ɠɢɞɤɨɫɬɟɣ. ɇɢɠɧɢɣ ɯɥɨɪɨɮɨɪɦɟɧɧɵɣ ɫɥɨɣ ɢɫɩɨɥɶɡɨɜɚɥɢ ɞɥɹ ɚɧɚɥɢɡɚ ɜ 

ɯɪɨɦɚɬɨɝɪɚɮɢɢ.  

2.3. Ɉɩɪɟɞɟɥɟɧɢɟ ɦɨɥɟɤɭɥяɪɧɨɣ ɦɚɫɫɵ ɩɨɥɢɦɟɪɚ 

 
Ɇɨɥɟɤɭɥɹɪɧɭɸ ɦɚɫɫɭ ɢ ɦɨɥɟɤɭɥɹɪɧɨ-ɦɚɫɫɨɜɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨɥɢɦɟɪɚ 

ɢɫɫɥɟɞɨɜɚɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɯɪɨɦɚɬɨɝɪɚɮɚ ɞɥɹ ɝɟɥɶɩɪɨɧɢɤɚɸɳɟɣ 

ɯɪɨɦɚɬɨɝɪɚɮɢɢ Agilent Technologies 1260 Infinity (ɋɒȺ) ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɩɨɥɢɫɬɢɪɨɥɨɜɵɯ ɫɬɚɧɞɚɪɬɨɜ (Fluka, ɒɜɟɣɰɚɪɢɹ, Ƚɟɪɦɚɧɢɹ). ɇɚɯɨɞɢɥɢ 

ɫɪɟɞɧɟɜɟɫɨɜɭɸ (Mɜ) ɢ ɫɪɟɞɧɟɱɢɫɥɨɜɭɸ (Mɧ) ɦɨɥɟɤɭɥɹɪɧɭɸ ɦɚɫɫɭ, ɚ ɬɚɤɠɟ 

ɩɨɥɢɞɢɫɩɟɪɫɧɨɫɬɶ (ɉȾ = Mɜ/Mɧ). 
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[ɢɡɴɹɬɨ 6 ɫɬɪ.] 
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ȼɵɜɨɞɵ 
 

1.  ɂɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ NaCl ɧɚ ɪɨɫɬ ɛɚɤɬɟɪɢɣ Cupriavidus eutrophus 

B10646 ɢ ɫɢɧɬɟɡ ɩɨɥɢɦɟɪɚ. ɉɨɤɚɡɚɧɨ,  ɱɬɨ ɭɪɨɠɚɣ ɛɢɨɦɚɫɫɵ ɢ ɩɨɥɢɦɟɪɚ 

ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɧɟɜɵɫɨɤɢɯ ɤɨɧɰɟɧɬɪɚɰɢɣ  NaCl (5-10 ɝ/ɥ) ɧɟ ɨɬɥɢɱɚɥɫɹ ɨɬ 

ɩɨɤɚɡɚɬɟɥɟɣ ɤɭɥɶɬɭɪɵ, ɜɵɪɨɫɲɟɣ ɜ ɨɬɫɭɬɫɬɜɢɢ NaCl, ɢ ɫɨɫɬɚɜɥɹɥ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 8.8 -9.2 ɝ/ɥ ɢ 74.1-81% ɨɬ ɜɟɫɚ ɫɭɯɨɣ ɛɢɨɦɚɫɫɵ. Ȼɨɥɟɟ 

ɜɵɫɨɤɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ NaCl, ɨɫɨɛɟɧɧɨ 25 ɢ 30 ɝ/ɥ, ɩɪɢɜɟɥɢ ɤ 

ɢɧɝɢɛɢɪɨɜɚɧɢɸ ɪɨɫɬɚ ɛɚɤɬɟɪɢɣ ɢ ɫɢɧɬɟɡɭ ɩɨɥɢɦɟɪɚ.  

2.  ɂɫɫɥɟɞɨɜɚɧɢɟ ɦɨɥɟɤɭɥɹɪɧɨ-ɦɚɫɫɨɜɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɨɥɢɦɟɪɚ 

ɩɨɤɚɡɚɥɨ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ  NaCl ɫ 0 ɞɨ 15 ɝ/ɥ 

ɫɨɩɪɨɜɨɠɞɚɥɨɫɶ ɭɜɟɥɢɱɟɧɢɟɦ ɫɪɟɞɧɟɱɢɫɥɨɜɨɣ ɢ ɫɪɟɞɧɟɜɟɫɨɜɨɣ 

ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɵ ɩɨɥɢɦɟɪɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɫ 217 ɢ 770 ɞɨ 276 ɢ 997 

ɤȾɚ. 

3.   Ʉɭɥɶɬɢɜɢɪɨɜɚɧɢɟ  ɛɚɤɬɟɪɢɣ Cupriavidus eutrophus B10646 ɜ 

ɩɪɢɫɭɬɫɬɜɢɢ NaCl ɫɨɩɪɨɜɨɠɞɚɥɨɫɶ ɢɡɦɟɧɟɧɢɹɦɢ ɜ ɠɢɪɧɨɤɢɫɥɨɬɧɨɦ 

ɫɨɫɬɚɜɟ ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɯ ɥɢɩɢɞɨɜ, ɡɚɤɥɸɱɚɸɳɟɟɫɹ ɜ ɭɜɟɥɢɱɟɧɢɢ 

ɤɨɷɮɮɢɰɢɟɧɬɚ ɧɚɫɵɳɟɧɧɨɫɬɢ ɥɢɩɢɞɨɜ ɡɚ ɫɱɟɬ ɫɧɢɠɟɧɢɹ ɧɟɧɚɫɵɳɟɧɧɵɯ 

ɀɄ (16:1ω7, 18:1ω7) ɢ ɭɜɟɥɢɱɟɧɢɹ ɧɚɫɵɳɟɧɧɵɯ (16:0, 18:0). 
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ɋɩɢɫɨɤ ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ 
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