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ɊȿɎȿɊȺɌ 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «Ʉɢɧɟɬɢɱɟɫɤɢɟ ɢ 

ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ NADH:FMN-ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɵ ɜ ɜɹɡɤɢɯ 

ɫɪɟɞɚɯ» ɫɨɞɟɪɠɢɬ: 30 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 10 ɢɥɥɸɫɬɪɚɰɢɣ, 30 

ɥɢɬɟɪɚɬɭɪɧɵɯ ɢɫɬɨɱɧɢɤɨɜ. 

ɐɟɥɶ ɪɚɛɨɬɵ: ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɤɢɧɟɬɢɱɟɫɤɢɟ ɢ ɬɟɦɩɟɪɚɬɭɪɧɵɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɨɧɨɮɟɪɦɟɧɬɧɨɣ ɫɢɫɬɟɦɵ, ɤɚɬɚɥɢɡɢɪɭɟɦɨɣ NADH:FMN-

ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɨɣ ɜ ɭɫɥɨɜɢɹɯ ɜɹɡɤɨɝɨ ɦɢɤɪɨɨɤɪɭɠɟɧɢɹ. 

Ⱥɤɬɭɚɥɶɧɨɣ ɩɪɨɛɥɟɦɨɣ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɹɜɥɹɟɬɫɹ ɩɨɧɢɦɚɧɢɟ 

ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɮɟɪɦɟɧɬɨɜ ɜɧɭɬɪɢ ɤɥɟɬɤɢ. Ⱦɥɹ ɷɬɨɝɨ ɦɨɞɟɥɢɪɭɸɬɫɹ 

ɭɫɥɨɜɢɹ ɛɥɢɡɤɢɟ ɤ ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɦ ɩɭɬёɦ ɞɨɛɚɜɥɟɧɢɹ ɜ ɪɟɚɤɰɢɨɧɧɭɸ ɫɪɟɞɭ 

ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɟɣ ɞɥɹ ɢɡɦɟɧɟɧɢɹ ɟё ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ, ɜ 

ɬɨɦ ɱɢɫɥɟ ɢ ɜɹɡɤɨɫɬɢ.  Ɋɚɧɟɟ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɜ ɭɫɥɨɜɢɹɯ ɩɨɜɵɲɟɧɧɨɣ 

ɜɹɡɤɨɫɬɢ ɧɚɛɥɸɞɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɟ 35°C ɞɥɹ ɛɢɮɟɪɦɟɧɬɧɨɣ ɫɢɫɬɟɦɵ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɵɯ ɛɚɤɬɟɪɢɣ 

(NADH:FMN-ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɚ – ɥɸɰɢɮɟɪɚɡɚ). ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɢɫɫɥɟɞɨɜɚɧɨ 

ɜɥɢɹɧɢɟ ɜɹɡɤɨɫɬɢ ɪɟɚɤɰɢɨɧɧɨɣ ɫɪɟɞɵ ɧɚ ɤɢɧɟɬɢɱɟɫɤɢɟ ɢ ɬɟɦɩɟɪɚɬɭɪɧɵɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ NADH:FMN-ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɵ. 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɧɚ ɤɢɧɟɬɢɱɟɫɤɢɟ ɢ 

ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ NADH:FMN-ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɵ ɨɤɚɡɵɜɚɟɬ 

ɜɥɢɹɧɢɟ ɧɟ ɬɨɥɶɤɨ ɜɹɡɤɨɫɬɶ ɪɟɚɤɰɢɨɧɧɨɣ ɫɪɟɞɵ, ɧɨ ɢ ɩɪɢɪɨɞɚ ɢɫɩɨɥɶɡɭɟɦɨɝɨ 

ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ.  
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ȼȼȿȾȿɇɂȿ 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɜ ɤɥɟɬɤɚɯ ɫɨɞɟɪɠɢɬɫɹ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ 

ɪɚɡɧɨɨɛɪɚɡɧɵɯ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɦɨɥɟɤɭɥ: ɛɟɥɤɨɜ, ɧɭɤɥɟɢɧɨɜɵɯ ɤɢɫɥɨɬ, 

ɩɨɥɢɫɚɯɚɪɢɞɨɜ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɡɚɧɢɦɚɬɶ 5-40% ɨɬ ɨɛɳɟɝɨ ɨɛɴɟɦɚ ɤɥɟɬɤɢ. Ⱥ 

ɡɧɚɱɢɬ, ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɟ ɭɫɥɨɜɢɹ, ɜ ɤɨɬɨɪɵɯ ɮɭɧɤɰɢɨɧɢɪɭɸɬ ɮɟɪɦɟɧɬɵ, ɢ 

ɭɫɥɨɜɢɹ in vitro, ɜ ɤɨɬɨɪɵɯ ɩɪɨɜɨɞɹɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɨɬɥɢɱɚɸɬɫɹ.  

Ȼɟɥɤɢ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɫɥɨɠɧɵɟ ɦɨɥɟɤɭɥɵ, ɤɨɬɨɪɵɟ ɱɚɫɬɨ ɦɨɝɭɬ 

ɛɵɬɶ ɧɟɫɬɚɛɢɥɶɧɵɦɢ, ɧɚɯɨɞɹɫɶ ɜɧɟ ɫɜɨɟɣ ɟɫɬɟɫɬɜɟɧɧɨɣ ɫɪɟɞɵ, ɮɟɪɦɟɧɬɵ 

ɬɟɪɹɸɬ ɤɚɬɚɥɢɬɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ ɜ ɧɟɨɩɬɢɦɚɥɶɧɵɯ ɞɥɹ ɧɢɯ ɭɫɥɨɜɢɹɯ, 

ɬɚɤɢɯ ɤɚɤ ɩɨɜɵɲɟɧɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ, ɢɡɦɟɧɟɧɢɟ pH. ɗɮɮɟɤɬ ɢɫɤɥɸɱɟɧɧɨɝɨ 

ɨɛɴɟɦɚ, ɯɚɪɚɤɬɟɪɧɵɣ ɞɥɹ ɠɢɜɵɯ ɤɥɟɬɨɤ, ɦɨɠɟɬ ɩɨɞɞɟɪɠɢɜɚɬɶ ɫɬɚɛɢɥɶɧɨɫɬɶ, 

ɫɬɪɭɤɬɭɪɧɭɸ ɰɟɥɨɫɬɧɨɫɬɶ, ɚ ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ ɚɤɬɢɜɧɨɫɬɶ ɮɟɪɦɟɧɬɨɜ. Ʉɪɨɦɟ 

ɬɨɝɨ, ɞɚɧɧɵɣ ɷɮɮɟɤɬ ɦɨɠɟɬ ɡɚɦɟɞɥɹɬɶ ɞɢɮɮɭɡɢɸ, ɤɚɤ ɦɚɥɵɯ ɦɨɥɟɤɭɥ, ɬɚɤ ɢ 

ɛɟɥɤɨɜ ɢɡ-ɡɚ ɜɵɫɨɤɨɣ ɜɹɡɤɨɫɬɢ. Ⱥ ɡɧɚɱɢɬ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɢɫɫɥɟɞɨɜɚɧɢɣ in vitro ɞɚɧɧɵɟ ɨɛ ɚɤɬɢɜɧɨɫɬɢ ɮɟɪɦɟɧɬɨɜ, ɦɨɝɭɬ ɨɬɥɢɱɚɬɶɫɹ ɨɬ 

ɬɨɝɨ, ɱɬɨ ɩɪɨɢɫɯɨɞɢɬ ɜ ɪɟɚɥɶɧɨɣ ɤɥɟɬɤɟ.  

Ȼɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɟɣɱɚɫ ɫɨɫɪɟɞɨɬɨɱɟɧɨ ɧɚ ɢɡɭɱɟɧɢɢ 

ɜɧɭɬɪɢɤɥɟɬɨɱɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɮɟɪɦɟɧɬɨɜ. Ⱦɥɹ ɷɬɨɝɨ ɦɨɞɟɥɢɪɭɸɬɫɹ ɭɫɥɨɜɢɹ 

ɛɥɢɡɤɢɟ ɤ ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɦ ɩɭɬɟɦ ɞɨɛɚɜɥɟɧɢɹ ɜ ɪɟɚɤɰɢɨɧɧɭɸ ɫɪɟɞɭ 

ɪɚɡɥɢɱɧɵɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɟɣ. 

NADH:FMN-ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɚ ɢ ɥɸɰɢɮɟɪɚɡɚ ɹɜɥɹɸɬɫɹ ɫɨɫɬɚɜɥɹɸɳɢɦɢ 

ɛɢɮɟɪɦɟɧɬɧɨɣ ɫɢɫɬɟɦɵ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɵɯ ɛɚɤɬɟɪɢɣ. Ȼɥɚɝɨɞɚɪɹ 

ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɟɨɛɪɚɡɨɜɵɜɚɬɶ ɷɧɟɪɝɢɸ ɯɢɦɢɱɟɫɤɢɯ ɫɜɹɡɟɣ ɜ ɫɜɟɬɨɜɭɸ 

ɞɚɧɧɚɹ ɫɢɫɬɟɦɚ ɹɜɥɹɟɬɫɹ ɭɧɢɤɚɥɶɧɨɣ ɢ ɧɚɯɨɞɢɬ ɲɢɪɨɤɨɟ ɩɪɚɤɬɢɱɟɫɤɨɟ 

ɩɪɢɦɟɧɟɧɢɟ, ɜɤɥɸɱɚɹ ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ, ɫɨɡɞɚɧɢɟ ɛɢɨɫɟɧɫɨɪɨɜ. 

NADH:FMN-ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɚ ɜ ɷɬɨɣ ɫɢɫɬɟɦɟ ɩɨɫɬɨɹɧɧɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɬɨɪɨɣ 

ɮɟɪɦɟɧɬ ɨɞɧɢɦ ɢɡ ɫɭɛɫɬɪɚɬɨɜ, ɚ ɢɦɟɧɧɨ ɜɨɫɫɬɚɧɨɜɥɟɧɧɵɦ ɮɥɚɜɢɧɨɦ  FMNH2.  
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Ɋɚɧɟɟ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɝɥɢɰɟɪɢɧɚ ɢ ɫɚɯɚɪɨɡɵ 

ɧɚɛɥɸɞɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 35°C 

ɞɥɹ ɛɢɮɟɪɦɟɧɬɧɨɣ ɫɢɫɬɟɦɵ (NADH:FMN-ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɚ – ɥɸɰɢɮɟɪɚɡɚ) [1].  

ɐɟɥɶ ɢɫɫɥɟɞɨɜɚɧɢɹ: ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɤɢɧɟɬɢɱɟɫɤɢɟ ɢ ɬɟɦɩɟɪɚɬɭɪɧɵɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɨɧɨɮɟɪɦɟɧɬɧɨɣ ɫɢɫɬɟɦɵ, ɤɚɬɚɥɢɡɢɪɭɟɦɨɣ NADH:FMN-

ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɨɣ ɜ ɭɫɥɨɜɢɹɯ ɜɹɡɤɨɝɨ ɦɢɤɪɨɨɤɪɭɠɟɧɢɹ. 

Ⱦɥɹ ɜɵɩɨɥɧɟɧɢɹ ɰɟɥɢ ɛɵɥɢ ɩɨɫɬɚɜɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ:  

1.  

ɫɪɟɞɵ ɧɚ ɚɤɬɢɜɧɨɫɬɶ NADH:FMN-ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɵ 

2. Ɉɩɪɟɞɟɥɢɬɶ ɦɟɯɚɧɢɡɦ ɜɥɢɹɧɢɹ ɜɹɡɤɨɝɨ ɦɢɤɪɨɨɤɪɭɠɟɧɢɹ ɧɚ ɤɢɧɟɬɢɱɟɫɤɢɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ NADH:FMN-ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɵ, ɧɚ ɩɪɢɦɟɪɟ ɢɡɦɟɧɟɧɢɹ 

ɜɟɥɢɱɢɧɵ Km  

3.  Ɉɰɟɧɢɬɶ ɜɤɥɚɞ ɜɹɡɤɨɫɬɢ ɪɟɚɤɰɢɨɧɧɨɣ ɫɪɟɞɵ ɧɚ ɬɟɦɩɟɪɚɬɭɪɧɭɸ 

ɫɬɚɛɢɥɶɧɨɫɬɶ NADH:FMN-ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɵ 
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1 Ɉɛɡɨɪ ɥɢɬɟɪɚɬɭɪɵ 

1.1  Ɋɚɡɧɨɨɛɪɚɡɢɟ NAD(P)H:FMN-ɨɤɫɢɞɨɪɟɞɭɤɬɚɡ 

NAD(P)H:FMN-ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɤɥɚɫɫ ɮɟɪɦɟɧɬɨɜ, 

ɩɪɨɢɡɜɨɞɹɳɢɯ ɜɨɫɫɬɚɧɨɜɥɟɧɧɵɣ ɮɥɚɜɢɧ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ NAD(P)H ɜ 

ɤɚɱɟɫɬɜɟ ɞɨɧɨɪɚ ɩɪɨɬɨɧɚ ɢ ɫɜɹɡɚɧɵ ɫ ɪɚɡɥɢɱɧɵɦɢ ɛɢɨɥɨɝɢɱɟɫɤɢɦɢ 

ɮɭɧɤɰɢɹɦɢ, ɬɚɤɢɦɢ ɤɚɤ ɚɤɬɢɜɚɰɢɹ ɪɢɛɨɧɭɤɥɟɨɬɢɞɪɟɞɭɤɬɚɡɵ, ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ 

ɦɟɬɝɟɦɨɝɥɨɛɢɧɚ, ɚɤɬɢɜɚɰɢɹ ɤɢɫɥɨɪɨɞɚ ɢ ɬ.ɞ. Ɉɫɨɛɵɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɟɬ 

ɛɚɤɬɟɪɢɚɥɶɧɚɹ ɛɢɨɥɸɦɢɧɟɫɰɟɧɰɢɹ, ɝɞɟ NAD(P)H:FMN-ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɚ 

ɨɛɟɫɩɟɱɢɜɚɟɬ ɥɸɰɢɮɟɪɚɡɭ ɧɟɨɛɯɨɞɢɦɵɦ ɫɭɛɫɬɪɚɬɨɦ.  

Ɋɚɡɥɢɱɚɸɬ ɧɟɫɤɨɥɶɤɨ ɬɢɩɨɜ ɮɥɚɜɢɧɪɟɞɭɤɬɚɡ ɩɨ ɢɯ ɫɩɟɰɢɮɢɱɧɨɫɬɢ: FRP 

ɢ FRD ɢɫɩɨɥɶɡɭɸɬ ɜ ɤɚɱɟɫɬɜɟ ɫɭɛɫɬɪɚɬɨɜ NADPH ɢɥɢ NADH ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 

FRG, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɨɤɢɫɥɹɟɬ ɤɚɤ NADPH, ɬɚɤ ɢ NADH. ȼ ɤɥɟɬɤɚɯ ɦɨɠɟɬ 

ɩɪɢɫɭɬɫɬɜɨɜɚɬɶ ɨɞɢɧ ɢɡ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɬɢɩɨɜ ɮɟɪɦɟɧɬɚ ɢɥɢ ɞɚɠɟ ɜɫɟ ɬɪɢ, 

ɤɚɤ, ɧɚɩɪɢɦɟɪ, ɭ ɛɚɤɬɟɪɢɣ ɜɢɞɚ Vibrio harveyi [2].  

 

1.2  Ɋɟɚɤцɢɹ, ɤɚɬɚɥɢɡɢɪɭɟɦɚɹ NAD(P)H:FMN-ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɨɣ ɢ ɟɟ ɪɨɥɶ 

ɜ ɛɢɨɥɸɦɢɧɟɫцɟɧцɢɢ ɛɚɤɬɟɪɢɣ 

Ȼɢɨɥɸɦɢɧɟɫɰɟɧɰɢɹ ɛɚɤɬɟɪɢɣ ɨɛɭɫɥɨɜɥɟɧɚ ɧɚɥɢɱɢɟɦ ɭ ɧɢɯ 

ɫɩɟɰɢɮɢɱɟɫɤɨɝɨ ɮɟɪɦɟɧɬɚ – ɥɸɰɢɮɟɪɚɡɵ, ɤɨɬɨɪɵɣ ɤɚɬɚɥɢɡɢɪɭɟɬ ɪɟɚɤɰɢɸ 

ɨɤɢɫɥɟɧɢɹ ɞɥɢɧɧɨɰɟɩɨɱɟɱɧɨɝɨ ɚɥɶɞɟɝɢɞɚ ɩɪɢ ɭɱɚɫɬɢɢ ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɝɨ 

ɮɥɚɜɢɧɦɨɧɨɧɭɤɥɟɨɬɢɞɚ (FMNH2). ȼ ɪɟɡɭɥɶɬɚɬɟ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ 

ɩɪɨɢɫɯɨɞɢɬ ɨɛɪɚɡɨɜɚɧɢɟ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɤɨɦɩɥɟɤɫɨɜ ɮɥɚɜɢɧɨɜɵɯ 

ɩɪɨɢɡɜɨɞɧɵɯ ɫ ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɥɸɰɢɮɟɪɚɡɨɣ. Ɉɞɢɧ ɢɡ ɢɧɬɟɪɦɟɞɢɚɬɨɜ 

ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɜɵɫɨɤɨɜɨɡɛɭɠɞɟɧɧɵɣ ɷɦɢɬɬɟɪ, ɞɟɡɚɤɬɢɜɚɰɢɹ ɤɨɬɨɪɨɝɨ 

ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɢɫɩɭɫɤɚɧɢɟɦ ɮɨɬɨɧɚ.   

FMNH2 + RCHO + O2 → FMN + RCOOH + H2O + hν              (1) 

Ɉɞɧɚɤɨ ɨɞɢɧ ɢɡ ɫɭɛɫɬɪɚɬɨɜ ɥɸɰɢɮɟɪɚɡɵ, ɚ ɢɦɟɧɧɨ ɜɨɫɫɬɚɧɨɜɥɟɧɧɵɣ 

ɮɥɚɜɢɧɦɨɧɨɧɭɤɥɟɨɬɢɞ (FMNH2) ɹɜɥɹɟɬɫɹ ɧɟɫɬɚɛɢɥɶɧɵɦ ɢ ɩɨɞɜɟɪɝɚɟɬɫɹ 
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ɛɵɫɬɪɨɦɭ ɚɜɬɨɤɚɬɚɥɢɬɢɱɟɫɤɨɦɭ ɨɤɢɫɥɟɧɢɸ ɤɢɫɥɨɪɨɞɨɦ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 

ɩɟɪɟɤɢɫɢ ɜɨɞɨɪɨɞɚ [3].  

FɆNɇ2 + O2 → FMN + H2O2                                   (2) 

ɉɨɷɬɨɦɭ ɭ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɵɯ ɛɚɤɬɟɪɢɣ ɢɦɟɟɬɫɹ ɮɟɪɦɟɧɬ, 

ɫɩɨɫɨɛɫɬɜɭɸɳɢɣ ɜɨɫɫɬɚɧɨɜɥɟɧɢɸ ɨɤɢɫɥɟɧɧɨɣ ɮɨɪɦɵ FMN. ȼ ɯɨɞɟ 

ɨɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɣ ɪɟɚɤɰɢɢ, ɤɚɬɚɥɢɡɢɪɭɟɦɨɣ NADH:FMN-

ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɨɣ ɩɪɨɢɫɯɨɞɢɬ ɨɛɪɚɡɨɜɚɧɢɟ FMNH2 ɫ ɨɞɧɨɜɪɟɦɟɧɧɵɦ 

ɨɤɢɫɥɟɧɢɟɦ NADH. 

NADH + FMN + H+ → NAD+ + FMNH2                                      (3) 

ȼ ɞɚɧɧɨɣ ɮɟɪɦɟɧɬɚɬɢɜɧɨɣ ɪɟɚɤɰɢɢ ɜɨɫɫɬɚɧɨɜɥɟɧɧɚɹ ɮɨɪɦɚ 

ɧɢɤɨɬɢɧɚɦɢɞɚɞɟɧɢɧɞɢɧɭɤɥɟɨɬɢɞɚ (NADH) ɹɜɥɹɟɬɫɹ ɞɨɧɨɪɨɦ ɜɨɞɨɪɨɞɚ ɞɥɹ 

ɮɥɚɜɢɧɚ [4]. ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɩɪɨɢɫɯɨɞɢɬ ɩɟɪɟɧɨɫ ɜɨɞɨɪɨɞɚ, ɤɨɬɨɪɵɣ 

ɫɤɥɚɞɵɜɚɟɬɫɹ ɢɡ ɩɟɪɟɧɨɫɚ ɷɥɟɤɬɪɨɧɚ ɢ ɩɪɨɬɨɧɚ: ɇ = ɟ– +ɇ+, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ 

NADH ɩɟɪɟɯɨɞɢɬ ɜ NAD+. ɂɡ ɦɨɥɟɤɭɥɵ FMN, ɩɨɥɭɱɢɜɲɟɣ ɩɪɨɬɨɧ ɢ ɞɜɚ 

ɷɥɟɤɬɪɨɧɚ, ɨɛɪɚɡɭɟɬɫɹ ɞɟɩɪɨɬɨɧɢɪɨɜɚɧɧɚɹ ɮɨɪɦɚ ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɝɨ ɮɥɚɜɢɧɚ 

FMNH-. Ɂɚɬɟɦ ɦɨɠɟɬ ɨɛɪɚɡɨɜɚɬɶɫɹ FMNH2 ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɟɪɟɧɨɫɚ ɩɪɨɬɨɧɚ ɨɬ 

ɩɨɞɯɨɞɹɳɟɝɨ ɞɨɧɨɪɚ [5]. Ȼɥɚɝɨɞɚɪɹ ɞɚɧɧɨɣ ɪɟɚɤɰɢɢ, ɤɚɬɚɥɢɡɢɪɭɟɦɨɣ 

NADH:FMN-ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɨɣ, ɩɪɨɢɫɯɨɞɢɬ ɩɨɫɬɨɹɧɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ 

ɥɸɰɢɮɟɪɚɡɵ ɨɞɧɢɦ ɢɡ ɫɭɛɫɬɪɚɬɨɜ.  
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Ɋɢɫɭɧɨɤ 1 – Ɇɟɯɚɧɢɡɦ ɪɟɚɤɰɢɢ, ɤɚɬɚɥɢɡɢɪɭɟɦɨɣ NADH:FMN-

ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɨɣ 

ɉɨɫɤɨɥɶɤɭ ɩɪɨɞɭɤɬ ɪɟɚɤɰɢɢ FMNH2 ɫɤɥɨɧɟɧ ɤ ɛɵɫɬɪɨɦɭ 

ɚɜɬɨɤɚɬɚɥɢɬɢɱɟɫɤɨɦɭ ɨɤɢɫɥɟɧɢɸ, ɟɝɨ ɩɨɩɚɞɚɧɢɟ ɜ ɚɤɬɢɜɧɵɣ ɰɟɧɬɪ 

ɥɸɰɢɮɟɪɚɡɵ ɨɫɬɚɟɬɫɹ ɫɩɨɪɧɵɦ ɜɨɩɪɨɫɨɦ. ȼɨɡɦɨɠɧɚ ɩɪɹɦɚɹ ɩɟɪɟɞɚɱɚ 

ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɝɨ ɮɥɚɜɢɧɚ ɨɬ NADH:FMN-ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɵ ɤ ɥɸɰɢɮɟɪɚɡɟ ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɨɛɪɚɡɨɜɚɧɢɹ ɫɬɚɛɢɥɶɧɨɝɨ ɛɟɥɤɨɜɨɝɨ ɤɨɦɩɥɟɤɫɚ ɦɟɠɞɭ ɷɬɢɦɢ 

ɮɟɪɦɟɧɬɚɦɢ. Ⱦɚɧɧɵɣ ɦɟɯɚɧɢɡɦ ɩɨɡɜɨɥɹɟɬ ɢɡɛɟɠɚɬɶ ɛɵɫɬɪɨɟ ɨɤɢɫɥɟɧɢɟ 

FMNH2. Ɉɞɧɚɤɨ ɨɛɪɚɡɨɜɚɧɢɟ ɤɨɦɩɥɟɤɫɚ ɪɟɞɭɤɬɚɡɚ-ɥɸɰɢɮɟɪɚɡɚ ɧɟ ɛɵɥɨ 

ɭɫɬɚɧɨɜɥɟɧɨ, ɚ ɡɧɚɱɢɬ, ɜɵɫɜɨɛɨɠɞɟɧɧɵɣ ɩɪɨɞɭɤɬ ɦɨɠɟɬ ɩɨɩɚɞɚɬɶ ɜ ɚɤɬɢɜɧɵɣ 

ɰɟɧɬɪ ɥɸɰɢɮɟɪɚɡɵ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɜɨɛɨɞɧɨɣ ɞɢɮɮɭɡɢɢ [6]. 

 

1.3  ɋɬɪɭɤɬɭɪɚ NADH:FMN-ɨɤɢɞɨɪɟɞɭɤɬɚɡɵ 

Ɉɞɧɚ ɢɡ ɧɚɢɛɨɥɟɟ ɢɡɭɱɟɧɧɵɯ ɧɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɮɥɚɜɢɧɪɟɞɭɤɬɚɡ ɛɵɥɚ 

ɨɛɧɚɪɭɠɟɧɚ ɢ ɜɵɞɟɥɟɧɚ ɢɡ ɛɚɤɬɟɪɢɣ Vibrio harveyi, ɩɨɡɞɧɟɟ ɞɥɹ ɧɟɟ ɛɵɥɚ 

ɨɩɪɟɞɟɥɟɧɚ ɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɫɬɪɭɤɬɭɪɚ ɦɟɬɨɞɨɦ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ 

ɚɧɚɥɢɡɚ. Ⱦɚɧɧɵɣ ɮɟɪɦɟɧɬ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɝɨɦɨɞɢɦɟɪ, ɫɭɛɴɟɞɢɧɢɰɵ 

ɤɨɬɨɪɨɝɨ ɮɨɪɦɢɪɭɸɬ ɞɜɚ ɚɤɬɢɜɧɵɯ ɰɟɧɬɪɚ, ɫɢɦɦɟɬɪɢɱɧɨ ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜ 

ɨɛɥɚɫɬɢ ɦɟɠɫɭɛɴɟɞɢɧɢɱɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ. Ʉɚɠɞɚɹ ɢɡ ɫɭɛɴɟɞɢɧɢɰ ɜɤɥɸɱɚɟɬ 

ɞɜɚ ɞɨɦɟɧɚ ɢ ɫɜɹɡɚɧɚ ɫ ɦɨɥɟɤɭɥɨɣ FMN. ɉɟɪɜɵɣ ɞɨɦɟɧ ɫɨɫɬɨɢɬ ɢɡ ɱɟɬɵɪɟɯ 

ɚɧɬɢɩɚɪɚɥɥɟɥɶɧɵɯ β-ɥɢɫɬɨɜ, ɨɤɪɭɠɟɧɧɵɯ α-ɫɩɢɪɚɥɹɦɢ ɫ ɨɛɟɢɯ ɫɬɨɪɨɧ ɢ 

ɹɜɥɹɟɬɫɹ ɧɭɤɥɟɨɬɢɞɫɜɹɡɵɜɚɸɳɢɦ. ȼɬɨɪɨɣ ɞɨɦɟɧ ɤɚɠɞɨɣ ɢɡ ɫɭɛɴɟɞɢɧɢɰ 

ɨɯɜɚɬɵɜɚɟɬ ɛɨɥɶɲɢɣ ɞɨɦɟɧ ɞɪɭɝɨɣ ɫɭɛɴɟɞɢɧɢɰɵ, ɨɛɟɫɩɟɱɢɜɚɹ ɬɟɦ ɫɚɦɵɦ ɢɯ 

ɫɰɟɩɥɟɧɢɟ [7].  

Ɇɨɥɟɤɭɥɚ ɮɥɚɜɢɧɚ ɫɜɹɡɚɧɚ ɫ ɛɟɥɤɨɦ ɫɟɬɶɸ ɜɨɞɨɪɨɞɧɵɯ ɫɜɹɡɟɣ, ɤɪɨɦɟ 

ɬɨɝɨ, ɜ ɚɤɬɢɜɧɨɦ ɰɟɧɬɪɟ ɮɟɪɦɟɧɬɚ ɩɪɢɫɭɬɫɬɜɭɸɬ ɝɢɞɪɨɮɨɛɧɵɟ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ. Ȼɟɧɡɨɢɞɧɚɹ ɱɚɫɬɶ ɢɡɨɚɥɥɨɤɫɚɡɢɧɨɜɨɝɨ ɤɨɥɶɰɚ ɮɥɚɜɢɧɚ 

ɧɚɯɨɞɢɬɫɹ ɜ ɝɢɞɪɨɮɨɛɧɨɦ ɤɚɪɦɚɧɟ, ɨɛɪɚɡɨɜɚɧɧɨɦ Phe 153 ɢ Tyr 128 ɨɞɧɨɣ 
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ɫɭɛɴɟɞɢɧɢɰɵ ɢ Val 106 ɢ Ile 110 ɞɪɭɝɨɣ ɫɭɛɴɟɞɢɧɢɰɵ [7]. Ⱦɚɧɧɚɹ 

ɮɥɚɜɢɧɪɟɞɭɤɬɚɡɚ ɢɡ Vibrio harveyi ɹɜɥɹɟɬɫɹ NADPH-ɫɩɟɰɢɮɢɱɧɨɣ, 

ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɷɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɧɚɥɢɱɢɟɦ ɜ ɨɞɧɨɣ ɢɡ ɟɟ ɝɢɛɤɢɯ 

ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ ɩɟɬɟɥɶ ɨɫɬɚɬɤɚ Arg203, ɨɬɜɟɱɚɸɳɟɝɨ ɡɚ ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɢ 

ɫɜɹɡɵɜɚɧɢɟ NADPH [8].  

ɂɡ Vibrio fischeri ɛɵɥɚ ɜɵɞɟɥɟɧɚ ɮɥɚɜɢɧɪɟɞɭɤɬɚɡɚ, ɢɫɩɨɥɶɡɭɸɳɚɹ ɜ 

ɤɚɱɟɫɬɜɟ ɞɨɧɨɪɚ ɩɪɨɬɨɧɨɜ ɤɚɤ NADPH, ɬɚɤ ɢ NADH. Ʉɪɢɫɬɚɥɥɢɱɟɫɤɚɹ 

ɫɬɪɭɤɬɭɪɚ ɞɚɧɧɨɝɨ ɮɟɪɦɟɧɬɚ ɬɚɤɠɟ ɛɵɥɚ ɨɩɪɟɞɟɥɟɧɚ [9]. FRase I ɩɪɟɞɫɬɚɜɥɹɟɬ 

ɫɨɛɨɣ ɮɥɚɜɨɩɪɨɬɟɢɧ, ɫɨɞɟɪɠɚɳɢɣ FMN ɜ ɤɚɱɟɫɬɜɟ ɩɪɨɫɬɟɬɢɱɟɫɤɨɣ ɝɪɭɩɩɵ. 

Ɏɥɚɜɢɧ ɩɪɨɱɧɨ ɫɜɹɡɚɧ ɫ ɛɟɥɤɨɜɨɣ ɦɨɥɟɤɭɥɨɣ ɫɟɬɶɸ ɢɡ 16 ɜɨɞɨɪɨɞɧɵɯ ɫɜɹɡɟɣ. 

Ɍɚɤ ɤɚɤ ɦɨɥɟɤɭɥɚ ɮɥɚɜɢɧɚ ɪɚɫɩɨɥɨɠɟɧɚ ɜ ɨɛɥɚɫɬɢ ɦɟɠɫɭɛɴɟɞɢɧɢɱɧɨɝɨ 

ɩɪɨɫɬɪɚɧɫɬɜɚ, ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɨɫɭɳɟɫɬɜɥɹɸɬɫɹ ɫ ɨɫɬɚɬɤɚɦɢ ɨɛɟɢɯ 

ɫɭɛɴɟɞɢɧɢɰ.  Ɉɛɳɚɹ ɭɤɥɚɞɤɚ FRase I / FRG-I V. fischeri ɚɧɚɥɨɝɢɱɧɚ ɭɤɥɚɞɤɟ 

FRP V. Harveyi. Ɉɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɨɬɥɢɱɢɣ ɜ ɫɬɪɭɤɬɭɪɟ ɷɬɢɯ ɞɜɭɯ 

ɮɟɪɦɟɧɬɨɜ ɹɜɥɹɟɬɫɹ ɨɬɫɭɬɫɬɜɢɟ ɩɟɬɥɢ A201-L209, ɫɨɞɟɪɠɚɳɟɣ ɨɫɬɚɬɨɤ 

Arg203 ɜ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ FRG-I V. Fischeri, ɨɬɜɟɱɚɸɳɢɣ ɡɚ 

ɫɩɟɰɢɮɢɱɟɫɤɨɟ ɫɜɹɡɵɜɚɧɢɟ ɫ NADPH. 

Ʉɚɠɞɚɹ ɫɭɛɴɟɞɢɧɢɰɚ FRase I ɜɤɥɸɱɚɟɬ ɞɜɚ ɞɨɦɟɧɚ. Ɉɫɧɨɜɧɨɣ ɞɨɦɟɧ 

ɫɨɫɬɨɢɬ ɢɡ ɩɹɬɢɰɟɩɨɱɟɱɧɨɝɨ β-ɥɢɫɬɚ, ɨɤɪɭɠɟɧɧɨɝɨ ɫɟɦɶɸ α-șȗȐȘȈȓȧȔȐ. ПȘȐ 

ȥȚȖȔ β-ɥɢɫɬ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ 4 ɚɧɬɢɩɚɪɚɥɟɥɶɧɵɯ β-ɰɟɩɢ, ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɯ 

ɫ ɩɹɬɨɣ β-цȍȗȤȦ С-ȒȖȕцȈ ȌȘțȋȖȑ șțȉȢȍȌȐȕȐцȣ. ГȐȉȒȐȑ ȌȖȔȍȕ șȖȌȍȘȎȐȚ 

ȌȊȍ α-șȗȐȘȈȓȐ.  
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Ɋɢɫɭɧɨɤ 2 – ɋɬɪɭɤɬɭɪɚ NADH:FMN-ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɵ ɢɡ Vibrio fischeri 

 

1.4 Ɇɨɥɟɤɭɥɹɪɧɵɣ ɤɪɚɭɞɢɧɝ 

ȼɧɭɬɪɢɤɥɟɬɨɱɧɨɟ ɫɨɞɟɪɠɢɦɨɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɦɟɫɶ ɦɚɤɪɨɦɨɥɟɤɭɥ 

(ɛɟɥɤɨɜ, ɧɭɤɥɟɢɧɨɜɵɯ ɤɢɫɥɨɬ, ɩɨɥɢɫɚɯɚɪɢɞɨɜ), ɤɨɬɨɪɵɟ ɡɚɧɢɦɚɸɬ 5-40% ɨɬ 

ɨɛɳɟɝɨ ɨɛɴɟɦɚ ɤɥɟɬɤɢ. Ȼɨɥɶɲɚɹ ɱɚɫɬɶ ɷɬɢɯ ɦɚɤɪɨɦɨɥɟɤɭɥ ɦɨɠɟɬ ɢ ɧɟ 

ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɬɶ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɞɪɭɝ ɫ ɞɪɭɝɨɦ, ɧɨ ɩɪɢ ɷɬɨɦ ɡɚɧɢɦɚɬɶ 

ɱɚɫɬɶ ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɤɥɟɬɤɢ. Ɉɛɳɚɹ ɦɚɤɪɨɦɨɥɟɤɭɥɹɪɧɚɹ 

ɤɨɧɰɟɧɬɪɚɰɢɹ ɫɨɫɬɚɜɥɹɟɬ 50-400 ɦɝ/ɦɥ, ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɨɬɥɢɱɚɟɬɫɹ ɨɬ 

ɡɧɚɱɟɧɢɣ ɞɥɹ ɭɫɥɨɜɢɣ in vitro, ɝɞɟ ɨɛɳɚɹ ɦɚɤɪɨɦɨɥɟɤɭɥɹɪɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ 

ɫɨɫɬɚɜɥɹɟɬ 1–10 ɦɝ/ɦɥ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɤɥɟɬɤɚɯ ɛɟɥɤɢ ɜɵɩɨɥɧɹɸɬ ɫɜɨɢ 

ɮɭɧɤɰɢɢ ɜ ɭɫɥɨɜɢɹɯ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɤɪɚɭɞɢɧɝɚ, ɤɨɝɞɚ ɫɜɨɛɨɞɧɵɣ ɨɛɴɟɦ, 

ɧɟɡɚɧɹɬɵɣ ɞɪɭɝɢɦɢ ɦɨɥɟɤɭɥɚɦɢ, ɫɭɳɟɫɬɜɟɧɧɨ ɨɝɪɚɧɢɱɟɧ. Ʉɪɨɦɟ ɬɨɝɨ, 

ɦɚɤɪɨɦɨɥɟɤɭɥɹɪɧɨɟ ɫɤɨɩɥɟɧɢɟ ɭɦɟɧɶɲɚɟɬ ɨɛɴɟɦ ɞɨɫɬɭɩɧɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ.  

ɗɮɮɟɤɬ ɢɫɤɥɸɱɟɧɧɨɝɨ ɨɛɴɟɦɚ ɨɤɚɡɵɜɚɟɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ 

ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɟ ɩɪɨɰɟɫɫɵ, ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɢɡɦɟɧɟɧɢɟɦ ɫɤɨɪɨɫɬɟɣ 

ɛɢɨɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ, ɫɧɢɠɟɧɢɟɦ ɞɢɮɮɭɡɢɢ. Ⱦɢɮɮɭɡɢɹ ɦɚɤɪɨɦɨɥɟɤɭɥ ɜ 

ɰɢɬɨɩɥɚɡɦɟ ɦɨɠɟɬ ɛɵɬɶ ɜ 5-20 ɪɚɡ ɧɢɠɟ, ɱɟɦ ɜ ɫɨɥɟɜɵɯ ɪɚɫɬɜɨɪɚɯ. ɗɮɮɟɤɬ 
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ɢɫɤɥɸɱɟɧɧɨɝɨ ɨɛɴɟɦɚ ɢɡɦɟɧɹɟɬ ɤɨɧɮɨɪɦɚɰɢɨɧɧɭɸ ɫɬɚɛɢɥɶɧɨɫɬɶ ɢ 

ɫɬɪɭɤɬɭɪɧɵɟ ɫɜɨɣɫɬɜɚ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɦɚɤɪɨɦɨɥɟɤɭɥ, ɜɥɢɹɟɬ ɧɚ ɩɪɨɰɟɫɫɵ 

ɮɨɥɞɢɧɝɚ ɛɟɥɤɨɜ, ɛɟɥɨɤ-ɛɟɥɤɨɜɵɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, ɫɜɹɡɵɜɚɧɢɟ ɫ ɦɚɥɵɦɢ 

ɦɨɥɟɤɭɥɚɦɢ ɢ ɬ.ɞ [10].  

 

 

Ɋɢɫɭɧɨɤ 3 – ɋɯɟɦɚ ɜɥɢɹɧɢɹ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɤɪɚɭɞɢɧɝɚ ɧɚ ɛɟɥɤɢ 

ɂɡɦɟɧɟɧɢɟ ɨɛɴɟɦɚ, ɡɚɧɹɬɨɝɨ ɦɚɤɪɨɦɨɥɟɤɭɥɚɦɢ ɦɨɠɟɬ ɬɟɦ ɢɥɢ ɢɧɵɦ 

ɨɛɪɚɡɨɦ ɨɤɚɡɵɜɚɬɶ ɜɥɢɹɧɢɟ ɧɚ ɪɚɜɧɨɜɟɫɢɟ ɢ ɤɢɧɟɬɢɤɭ ɪɚɡɧɨɨɛɪɚɡɧɵɯ 

ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɯ ɪɟɚɤɰɢɣ. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ 

ɷɮɮɟɤɬ ɤɪɚɭɞɢɧɝɚ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɫɤɨɪɨɫɬɟɣ ɬɚɤɢɯ ɛɢɨɯɢɦɢɱɟɫɤɢɯ 

ɪɟɚɤɰɢɣ, ɤɚɤ ɚɫɫɨɰɢɚɰɢɹ ɛɟɥɤɨɜ, ɢɯ ɮɨɥɞɢɧɝ, ɨɛɪɚɬɢɦɭɸ ɞɟɧɚɬɭɪɚɰɢɸ, ɚ 

ɬɚɤɠɟ ɫɞɜɢɝɚɟɬ ɩɨɥɨɠɟɧɢɟ ɪɚɜɧɨɜɟɫɢɹ ɜ ɫɬɨɪɨɧɭ ɚɫɫɨɰɢɚɰɢɢ. ȼ ɧɚɫɬɨɹɳɟɟ 

ɜɪɟɦɹ ɲɢɪɨɤɨ ɢɡɭɱɚɟɬɫɹ ɜɥɢɹɧɢɟ ɦɚɤɪɨɦɨɥɟɤɭɥɹɪɧɨɝɨ ɤɪɚɭɞɢɧɝɚ ɧɚ 

ɮɭɧɤɰɢɨɧɚɥɶɧɭɸ ɚɤɬɢɜɧɨɫɬɶ ɛɟɥɤɨɜ. Ⱦɥɹ ɷɬɨɝɨ ɦɨɞɟɥɢɪɭɸɬɫɹ ɭɫɥɨɜɢɹ, 

ɩɪɢɛɥɢɠɟɧɧɵɟ ɤ ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɦ ɡɚ ɫɱɟɬ ɞɨɛɚɜɥɟɧɢɹ ɜ ɪɚɫɬɜɨɪ ɤɪɚɭɞɢɧɝ-

ɚɝɟɧɬɨɜ.  
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ɇɚɢɛɨɥɟɟ ɱɚɫɬɨ ɜ ɤɚɱɟɫɬɜɟ ɤɪɚɭɞɢɧɝ-ɚɝɟɧɬɨɜ ɢɫɩɨɥɶɡɭɸɬɫɹ 

ɩɨɥɢɷɬɢɥɟɧɝɥɢɤɨɥɶ (ɉɗȽ), ɛɵɱɢɣ ɫɵɜɨɪɨɬɨɱɧɵɣ ɚɥɶɛɭɦɢɧ (ȻɋȺ), ɮɢɤɨɥ, 

ɪɚɡɥɢɱɧɵɟ ɨɫɦɨɥɢɬɵ ɢ ɬ.ɞ. ȼɚɠɧɵɦ ɦɨɦɟɧɬɨɦ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɞɨɛɚɜɥɹɟɦɵɟ 

ɤɪɚɭɞɢɧɝ-ɚɝɟɧɬɵ ɞɨɥɠɧɵ ɛɵɬɶ ɧɟɣɬɪɚɥɶɧɵɦɢ ɢ ɧɟ ɩɪɨɹɜɥɹɬɶ ɫɩɨɫɨɛɧɨɫɬɢ 

ɫɩɟɰɢɮɢɱɟɫɤɢ ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɬɶ ɫ ɢɡɭɱɚɟɦɵɦɢ ɛɟɥɤɚɦɢ, ɩɨɫɤɨɥɶɤɭ 

ɤɪɚɭɞɢɧɝ ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɫɬɟɪɢɱɟɫɤɨɟ ɨɬɬɚɥɤɢɜɚɧɢɟ ɦɟɠɞɭ ɢɡɭɱɚɟɦɵɦɢ 

ɦɚɤɪɨɦɨɥɟɤɭɥɚɦɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɬɚɤɠɟ ɞɨɥɠɧɚ ɭɱɢɬɵɜɚɬɶɫɹ ɯɢɦɢɱɟɫɤɚɹ 

ɩɪɢɪɨɞɚ ɫɭɛɫɬɪɚɬɚ ɩɪɢ ɚɧɚɥɢɡɟ ɮɟɪɦɟɧɬɚɬɢɜɧɵɯ ɪɟɚɤɰɢɣ ɜ ɩɨɞɨɛɧɵɯ ɫɪɟɞɚɯ 

[11].  

 

1.4.1 ȼɥɢɹɧɢɟ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɤɪɚɭɞɢɧɝɚ ɧɚ ɮɟɪɦɟɧɬɚɬɢɜɧɵɟ ɪɟɚɤцɢɢ 

Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɚɤɬɢɜɧɨɫɬɶ ɦɧɨɝɢɯ ɛɟɥɤɨɜ ɡɚɜɢɫɢɬ ɨɬ ɢɯ 

ɨɥɢɝɨɦɟɪɧɨɝɨ ɫɨɫɬɨɹɧɢɹ, ɚ ɜ ɭɫɥɨɜɢɹɯ ɤɪɚɭɞɢɧɝɚ ɨɥɢɝɨɦɟɪɢɡɚɰɢɹ ɢ 

ɚɫɫɨɰɢɚɰɢɹ ɭɫɢɥɢɜɚɸɬɫɹ, ɜɥɢɹɹ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɧɚ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ 

ɛɟɥɤɨɜɵɯ ɦɨɥɟɤɭɥ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɝɥɸɤɨɡɨ-6-ɮɨɫɮɚɬɞɟɝɢɞɪɨɝɟɧɚɡɚ, 

ɤɚɬɚɥɢɡɢɪɭɸɳɚɹ ɪɟɚɤɰɢɸ ɨɤɢɫɥɟɧɢɹ ɝɥɸɤɨɡɨ-6-ɮɨɫɮɚɬɚ, ɚɤɬɢɜɧɚ ɜ ɮɨɪɦɟ 

ɞɢɦɟɪɚ. Ȼɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɞɨɛɚɜɥɟɧɢɟ ȻɋȺ ɢ ɉɗȽ (ɩɨɥɢɷɬɢɥɟɧɝɥɢɤɨɥɹ) 

ɩɨɜɵɲɚɥɨ ɤɚɬɚɥɢɬɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ ɮɟɪɦɟɧɬɚ, ɫɬɚɛɢɥɢɡɢɪɭɹ ɟɝɨ ɚɤɬɢɜɧɭɸ 

ɞɢɦɟɪɧɭɸ ɮɨɪɦɭ ɜ ɭɫɥɨɜɢɹɯ, ɫɩɨɫɨɛɫɬɜɭɸɳɢɯ ɟɝɨ ɞɢɫɫɨɰɢɚɰɢɢ ɢ 

ɢɧɚɤɬɢɜɚɰɢɢ (ɢɧɤɭɛɚɰɢɹ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ) [12]. Ɍɚɤɠɟ ɩɪɢɫɭɬɫɬɜɢɟ 

ɪɚɡɥɢɱɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɬɪɟɝɚɥɨɡɵ, ɫɨɪɛɢɬɚ, ɫɚɯɚɪɨɡɵ ɢ ɝɥɢɰɟɪɢɧɚ 

ɫɩɨɫɨɛɫɬɜɨɜɚɥɨ ɩɨɜɵɲɟɧɢɸ ɬɟɪɦɨɫɬɚɛɢɥɶɧɨɫɬɢ α-ɚɦɢɥɚɡɵ. ɇɨ ɫɬɨɢɬ 

ɨɬɦɟɬɢɬɶ, ɱɬɨ ɬɚɤɨɣ ɷɮɮɟɤɬ ɞɨɫɬɢɝɚɟɬɫɹ ɬɨɥɶɤɨ ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ 

ɨɩɪɟɞɟɥɟɧɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɜɟɳɟɫɬɜ [13].  Ɍɚɤ, ɜ ɨɞɧɨɦ ɢɡ ɢɫɫɥɟɞɨɜɚɧɢɣ KM 

ɢ kcat ɝɟɤɫɨɤɢɧɚɡɵ (ɝɨɦɨɞɢɦɟɪɧɨɝɨ ɮɟɪɦɟɧɬɚ) ɡɚɦɟɬɧɨ ɫɧɢɠɚɥɢɫɶ ɜ 

ɩɪɢɫɭɬɫɬɜɢɢ ɜɵɫɨɤɢɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ȻɋȺ ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɧɮɨɪɦɚɰɢɨɧɧɵɯ 

ɢɡɦɟɧɟɧɢɣ ɢ/ɢɥɢ ɞɢɮɮɭɡɢɢ ɩɪɨɞɭɤɬɚ ɢɡ ɮɟɪɦɟɧɬ-ɫɭɛɫɬɪɚɬɧɨɝɨ ɤɨɦɩɥɟɤɫɚ 

[14]. Ⱥɧɚɥɨɝɢɱɧɚɹ ɫɢɬɭɚɰɢɹ ɧɚɛɥɸɞɚɥɚɫɶ ɜ ɷɤɫɩɟɪɢɦɟɧɬɟ ɫ 

ɥɚɤɬɚɬɞɟɝɢɞɪɨɝɟɧɚɡɨɣ ɩɪɢ ɜɵɫɨɤɢɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɞɟɤɫɬɪɚɧɚ. 
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ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ ɫɭɳɟɫɬɜɨɜɚɧɢɟ ɫɦɟɲɚɧɧɨɝɨ ɚɤɬɢɜɚɰɢɨɧɧɨ-ɞɢɮɮɭɡɢɨɧɧɨɝɨ 

ɤɨɧɬɪɨɥɹ ɮɟɪɦɟɧɬɚɬɢɜɧɵɯ ɪɟɚɤɰɢɣ ɜ ɭɫɥɨɜɢɹɯ ɤɪɚɭɞɢɧɝɚ [15].  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɷɮɮɟɤɬ ɤɪɚɭɞɢɧɝɚ ɨɤɚɡɵɜɚɟɬ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɟ ɜɥɢɹɧɢɟ 

ɧɚ ɮɟɪɦɟɧɬɵ: ɭɜɟɥɢɱɢɜɚɟɬ ɢɯ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ, ɧɨ ɡɚɦɟɞɥɹɟɬ 

ɞɢɮɮɭɡɢɸ. ɉɨɷɬɨɦɭ ɚɤɬɢɜɧɨɫɬɶ ɨɞɧɢɯ ɮɟɪɦɟɧɬɨɜ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɤɪɚɭɞɢɧɝ 

ɚɝɟɧɬɨɜ ɭɜɟɥɢɱɢɜɚɟɬɫɹ [16], ɞɪɭɝɢɯ – ɭɦɟɧɶɲɚɟɬɫɹ [17], ɥɢɛɨ ɧɢɤɚɤ ɧɟ 

ɢɡɦɟɧɹɟɬɫɹ. Ʉɪɨɦɟ ɬɨɝɨ, ɫɤɨɪɨɫɬɶ ɪɟɚɤɰɢɢ, ɤɚɬɚɥɢɡɢɪɭɟɦɨɣ ɨɞɧɢɦ ɢ ɬɟɦ ɠɟ 

ɮɟɪɦɟɧɬɨɦ ɦɨɠɟɬ ɤɚɤ ɭɜɟɥɢɱɢɜɚɬɶɫɹ, ɬɚɤ ɢ ɭɦɟɧɶɲɚɬɶɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɞɨɛɚɜɥɹɟɦɵɯ ɤɪɚɭɞɢɧɝ ɚɝɟɧɬɨɜ [18]. 

ȼɚɠɧɵɦɢ ɮɚɤɬɨɪɚɦɢ, ɜɥɢɹɸɳɢɦɢ ɧɚ ɞɢɮɮɭɡɢɸ, ɹɜɥɹɸɬɫɹ ɪɚɡɦɟɪ ɢ 

ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɪɚɭɞɢɧɝ ɚɝɟɧɬɨɜ [19]. ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɤɨɧɰɟɧɬɪɚɰɢɢ 

ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɢ ɜɹɡɤɨɫɬɶ ɪɚɫɬɜɨɪɚ, ɱɬɨ ɡɚɦɟɞɥɹɟɬ ɦɨɥɟɤɭɥɹɪɧɭɸ ɞɢɮɮɭɡɢɸ, 

ɚ ɡɧɚɱɢɬ, ɢ ɨɛɪɚɡɨɜɚɧɢɟ ɮɟɪɦɟɧɬ-ɫɭɛɫɬɪɚɬɧɵɯ ɤɨɦɩɥɟɤɫɨɜ ɢ ɜɵɫɜɨɛɨɠɞɟɧɢɟ 

ɩɪɨɞɭɤɬɚ ɢɡ ɚɤɬɢɜɧɨɝɨ ɰɟɧɬɪɚ, ɩɪɢɜɨɞɹ ɤ ɢɡɦɟɧɟɧɢɸ ɤɢɧɟɬɢɱɟɫɤɢɯ 

ɩɚɪɚɦɟɬɪɨɜ.  

Ʉɪɚɭɞɢɧɝ ɦɨɠɟɬ ɢɡɦɟɧɹɬɶ ɚɤɬɢɜɧɨɫɬɶ ɜɨɞɵ, ɤɨɬɨɪɚɹ ɤɚɤ ɪɚɫɬɜɨɪɢɬɟɥɶ 

ɢɦɟɟɬ ɜɚɠɧɨɟ ɡɧɚɱɟɧɢɟ, ɨɛɥɟɝɱɚɹ ɩɨɥɹɪɧɵɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɡɚ ɫɱɟɬ 

ɨɛɪɚɡɨɜɚɧɢɹ ɜɨɞɨɪɨɞɧɵɯ ɫɜɹɡɟɣ, ɤɚɤ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ, ɬɚɤ ɢ ɜɧɭɬɪɢ 

ɦɚɤɪɨɦɨɥɟɤɭɥɵ, ɢɝɪɚɹ ɡɧɚɱɢɬɟɥɶɧɭɸ ɪɨɥɶ ɜ ɫɜɹɡɵɜɚɧɢɢ ɮɟɪɦɟɧɬɚ ɢ 

ɫɭɛɫɬɪɚɬɚ. Ɉɞɧɢɦ ɢɡ ɝɥɚɜɧɵɯ ɮɚɤɬɨɪɨɜ ɜ ɨɛɟɫɩɟɱɟɧɢɢ ɫɬɚɛɢɥɶɧɨɫɬɢ 

ɨɬɞɟɥɶɧɵɯ ɨɛɥɚɫɬɟɣ ɛɟɥɤɚ ɹɜɥɹɸɬɫɹ ɜɨɞɨɪɨɞɧɵɟ ɫɜɹɡɢ, ɨɛɪɚɡɨɜɚɧɧɵɟ ɦɟɠɞɭ 

ɩɨɥɹɪɧɵɦɢ ɝɪɭɩɩɚɦɢ ɢ ɜɨɞɨɣ [20, 21]. 

1.5. ȼɥɢɹɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɚɤɬɢɜɧɨɫɬɶ ɮɟɪɦɟɧɬɨɜ 

Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɫɤɨɪɨɫɬɟɣ ɯɢɦɢɱɟɫɤɢɯ 

ɪɟɚɤɰɢɣ ɩɪɢɦɟɧɹɟɬɫɹ ɭɪɚɜɧɟɧɢɟ Ⱥɪɪɟɧɢɭɫɚ:   

                                                (4) 
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ɋɨɝɥɚɫɧɨ ɞɚɧɧɨɦɭ ɭɪɚɜɧɟɧɢɸ ɫɤɨɪɨɫɬɶ ɪɟɚɤɰɢɢ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨ 

ɜɨɡɪɚɫɬɚɟɬ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ. ȼɟɥɢɱɢɧɚ EA – ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ – 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɦɢɧɢɦɚɥɶɧɭɸ ɷɧɟɪɝɢɸ, ɤɨɬɨɪɚɹ ɧɟɨɛɯɨɞɢɦɚ ɞɥɹ 

ɩɪɨɬɟɤɚɧɢɹ ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ [22]. Ɏɟɪɦɟɧɬɵ ɫɩɨɫɨɛɧɵ ɩɨɧɢɠɚɬɶ 

ɷɧɟɪɝɢɸ ɚɤɬɢɜɚɰɢɢ, [23] ɭɜɟɥɢɱɢɜɚɹ ɬɟɦ ɫɚɦɵɦ ɫɤɨɪɨɫɬɶ ɪɟɚɤɰɢɢ. 

Ɇɟɠɞɭ ɥɨɝɚɪɢɮɦɨɦ ɫɤɨɪɨɫɬɢ k ɢ ɨɛɪɚɬɧɨɣ ɚɛɫɨɥɸɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ 

1/Ɍ ɧɚɛɥɸɞɚɟɬɫɹ ɥɢɧɟɣɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɜ ɬɨɦ ɫɥɭɱɚɟ, ɟɫɥɢ ɪɟɚɤɰɢɹ 

ɩɨɞɱɢɧɹɬɫɹ ɭɪɚɜɧɟɧɢɸ Ⱥɪɪɟɧɢɭɫɚ:  

                                     (5) 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɡ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɩɨɥɭɱɟɧɧɨɝɨ ɝɪɚɮɢɤɚ 

ɡɚɜɢɫɢɦɨɫɬɢ ln k ɨɬ 1/Ɍ, ɤɨɬɨɪɵɣ ɛɭɞɟɬ ɩɪɟɞɫɬɚɜɥɹɬɶ ɫɨɛɨɣ ɩɪɹɦɭɸ, ɦɨɠɧɨ 

ɧɚɣɬɢ ɡɧɚɱɟɧɢɟ EA ɩɨ ɬɚɧɝɟɧɫɭ ɭɝɥɚ ɧɚɤɥɨɧɚ ɷɬɨɣ ɩɪɹɦɨɣ. ɉɨɥɭɱɟɧɧɵɟ 

ɡɧɚɱɟɧɢɹ ɡɚɬɟɦ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɪɚɫɱёɬɚ ɤɨɧɫɬɚɧɬ ɫɤɨɪɨɫɬɢ ɩɪɢ 

ɨɩɪɟɞɟɥɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɩɪɢ ɭɫɥɨɜɢɢ ɫɨɯɪɚɧɟɧɢɹ ɥɢɧɟɣɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ 

ɜɧɟ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɞɢɚɩɚɡɨɧɚ ɷɤɫɩɟɪɢɦɟɧɬɚ [23, 24]. 

Ɉɞɧɚɤɨ ɜ ɫɥɭɱɚɟ ɮɟɪɦɟɧɬɚɬɢɜɧɵɯ ɪɟɚɤɰɢɣ ɢɯ ɫɤɨɪɨɫɬɶ ɫ ɪɨɫɬɨɦ 

ɬɟɦɩɟɪɚɬɭɪɵ ɧɟ ɛɭɞɟɬ ɭɜɟɥɢɱɢɜɚɬɶɫɹ ɛɟɫɤɨɧɟɱɧɨ, ɜ ɨɩɪɟɞɟɥɟɧɧɵɣ ɦɨɦɟɧɬ 

ɨɧɚ ɞɨɫɬɢɝɧɟɬ ɫɜɨɟɝɨ ɦɚɤɫɢɦɭɦɚ ɢ ɩɪɢ ɞɚɥɶɧɟɣɲɟɦ ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ 

ɧɚɱɧɟɬ ɫɧɢɠɚɬɶɫɹ. ɉɨɷɬɨɦɭ ɭɪɚɜɧɟɧɢɟ Ⱥɪɪɟɧɢɭɫɚ ɩɪɢɦɟɧɢɦɨ ɬɨɥɶɤɨ ɞɥɹ 

ɨɝɪɚɧɢɱɟɧɧɨɝɨ ɞɢɚɩɚɡɨɧɚ ɬɟɦɩɟɪɚɬɭɪ, ɧɟ ɩɪɟɜɵɲɚɸɳɟɝɨ ɨɩɬɢɦɚɥɶɧɨɣ.  

ɋɧɢɠɟɧɢɟ ɫɤɨɪɨɫɬɢ ɪɟɚɤɰɢɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɜɵɲɟ ɨɩɬɢɦɚɥɶɧɨɣ 

ɨɛɴɹɫɧɹɟɬɫɹ ɩɪɨɰɟɫɫɚɦɢ ɞɟɧɚɬɭɪɚɰɢɢ ɛɟɥɤɚ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɧɚɪɭɲɚɟɬɫɹ 

ɚɤɬɢɜɧɵɣ ɰɟɧɬɪ ɮɟɪɦɟɧɬɚ, ɫɧɢɠɚɟɬɫɹ ɫɪɨɞɫɬɜɨ ɤ ɫɭɛɫɬɪɚɬɭ [25].  

Ʉɚɬɚɥɢɬɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ ɮɟɪɦɟɧɬɚ ɫɜɹɡɚɧɚ ɫ ɤɨɧɮɨɪɦɚɰɢɨɧɧɨɣ ɝɢɛɤɨɫɬɶɸ 

ɛɟɥɤɨɜɨɣ ɦɨɥɟɤɭɥɵ ɢ ɟё ɫɬɚɛɢɥɶɧɨɫɬɶɸ: ɱɟɦ ɜɵɲɟ ɝɢɛɤɨɫɬɶ ɫɬɪɭɤɬɭɪɵ, ɬɟɦ 

ɜɵɲɟ ɚɤɬɢɜɧɨɫɬɶ, ɧɨ ɧɢɠɟ ɫɬɚɛɢɥɶɧɨɫɬɶ.  
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ɇɚ ɫɬɚɛɢɥɶɧɨɫɬɶ ɛɟɥɤɨɜ ɜɥɢɹɟɬ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ 

ɮɚɤɬɨɪɨɜ: ɫɢɥɚ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɢɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ, ɩɥɨɬɧɨɫɬɶ ɭɩɚɤɨɜɤɢ, 

ɤɨɥɢɱɟɫɬɜɨ ɞɢɫɭɥɶɮɢɞɧɵɯ ɫɜɹɡɟɣ, ɝɢɞɪɨɮɨɛɧɨɫɬɶ, ɤɨɧɮɨɪɦɚɰɢɨɧɧɚɹ 

ɠɟɫɬɤɨɫɬɶ ɢ ɬ.ɞ. ȼɫё ɩɟɪɟɱɢɫɥɟɧɧɨɟ ɜɧɨɫɢɬ ɜɤɥɚɞ ɜ ɬɟɪɦɨɫɬɚɛɢɥɶɧɨɫɬɶ 

ɛɟɥɤɨɜɵɯ ɦɨɥɟɤɭɥ.  

Ɉɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɜɚɠɧɵɯ ɮɚɤɬɨɪɨɜ ɨɩɪɟɞɟɥɹɸɳɢɯ ɬɟɪɦɢɱɟɫɤɭɸ 

ɫɬɚɛɢɥɶɧɨɫɬɶ ɹɜɥɹɸɬɫɹ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɢɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ. ȼ ɪɹɞɟ 

ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɨ ɩɨɤɚɡɚɧɨ ɭɜɟɥɢɱɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɡɚɪɹɠɟɧɧɵɯ 

ɚɦɢɧɨɤɢɫɥɨɬ ɜ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɬɟɪɦɨɮɢɥɶɧɵɯ ɛɟɥɤɨɜ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɦɟɡɨɮɢɥɚɦɢ. ɇɚ ɩɨɜɟɪɯɧɨɫɬɢ ɬɚɤɢɯ ɛɟɥɤɨɜ ɧɚɛɥɸɞɚɟɬɫɹ ɩɨɜɵɲɟɧɧɨɟ 

ɤɨɥɢɱɟɫɬɜɨ ɫɨɥɟɜɵɯ ɦɨɫɬɢɤɨɜ. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɞɜɭɯ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨ 

ɡɚɪɹɠɟɧɧɵɯ ɝɪɭɩɩ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɫɨɥɟɜɨɝɨ ɦɨɫɬɢɤɚ ɭɫɢɥɢɜɚɟɬ ɠɟɫɬɤɨɫɬɶ 

ɫɨɟɞɢɧɟɧɢɹ ɦɟɠɞɭ ɜɬɨɪɢɱɧɵɦɢ ɫɬɪɭɤɬɭɪɚɦɢ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ 

ɥɨɤɚɥɶɧɨɣ ɝɢɛɤɨɫɬɢ ɢ ɭɜɟɥɢɱɟɧɢɸ ɩɥɨɬɧɨɫɬɢ ɭɩɚɤɨɜɤɢ, ɬɟɦ ɫɚɦɵɦ 

ɭɜɟɥɢɱɢɜɚɹ ɬɟɪɦɨɫɬɚɛɢɥɶɧɨɫɬɶ ɛɟɥɤɚ [26, 27, 29]. Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɛɟɥɤɚɯ ɛɨɥɟɟ 

ɭɫɬɨɣɱɢɜɵɯ ɤ ɩɨɜɵɲɟɧɧɵɦ ɬɟɦɩɟɪɚɬɭɪɚɦ ɧɚɛɥɸɞɚɸɬɫɹ ɛɨɥɟɟ ɤɨɪɨɬɤɢɟ 

ɨɛɥɚɫɬɢ ɦɨɛɢɥɶɧɵɯ ɩɟɬɟɥɶ, ɱɬɨ ɨɝɪɚɧɢɱɢɜɚɟɬ ɮɥɭɤɬɭɚɰɢɢ ɢ ɩɪɢɜɨɞɢɬ ɤ 

ɛɨɥɶɲɟɣ ɢɯ ɫɬɚɛɢɥɶɧɨɫɬɢ [28].  
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ɂɡɴɹɬɨ ɜ ɫɜɹɡɢ ɫ ɚɜɬɨɪɫɤɢɦɢ ɩɪɚɜɚɦɢ ɫ 16 ɩɨ 26 ɫɬɪ. 
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ȼɕȼɈȾɕ 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɛɨɬɵ ɛɵɥɢ ɫɞɟɥɚɧɵ ɫɥɟɞɭɸɳɢɟ ɜɵɜɨɞɵ: 

1. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɧɚ ɜɟɥɢɱɢɧɭ ɚɤɬɢɜɧɨɫɬɢ NADH:FMN-ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɵ 

ɨɤɚɡɵɜɚɟɬ ɧɚɢɛɨɥɶɲɟɟ ɜɨɡɞɟɣɫɬɜɢɟ ɩɪɢɪɨɞɚ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɜɹɡɤɨɝɨ 

ɚɝɟɧɬɚ, ɚ ɧɟ ɜɹɡɤɨɫɬɶ ɪɟɚɤɰɢɨɧɧɨɣ ɫɪɟɞɵ. ɉɪɢ ɷɬɨɦ ɦɨɧɨɬɨɧɧɨɟ 

ɭɜɟɥɢɱɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɜɨɞɧɨ-ɫɚɯɚɪɨɡɧɵɯ ɪɚɫɬɜɨɪɨɜ ɩɪɢɜɨɞɢɬ ɤ 

ɭɜɟɥɢɱɟɧɢɸ ɚɤɬɢɜɧɨɫɬɢ NADH:FMN-ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɵ. 

2. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 20% ɝɥɢɰɟɪɢɧɚ ɩɪɨɢɫɯɨɞɢɬ ɭɜɟɥɢɱɟɧɢɟ 

ɜɟɥɢɱɢɧɵ ɤɨɧɫɬɚɧɬɵ Ɇɢɯɚɷɥɢɫɚ (Km) ɩɨ ɎɆɇ NADH:FMN-

ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɵ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɛɭɮɟɪɨɦ, ɜ ɩɪɢɫɭɬɫɬɜɢɢ 20% ɫɚɯɚɪɨɡɵ – 

ɟё ɭɦɟɧɶɲɟɧɢɟ, ɱɬɨ ɦɨɠɟɬ ɛɵɬɶ ɫɜɹɡɚɧɨ, ɱɬɨ ɢɡɦɟɧɟɧɢɹɦɢ 

ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ ɮɟɪɦɟɧɬɚ, ɜɵɡɜɚɧɧɨɣ ɩɪɢɫɭɬɫɬɜɢɟɦ ɜ 

ɪɟɚɤɰɢɨɧɧɨɣ ɫɪɟɞɟ ɫɚɯɚɪɨɡɵ. 

3. ȼ ɩɪɢɫɭɬɫɬɜɢɢ 20% ɝɥɢɰɟɪɢɧɚ ɢ 40% ɫɚɯɚɪɨɡɵ ɧɚɛɥɸɞɚɟɬɫɹ ɩɨɜɵɲɟɧɢɟ 

ɚɤɬɢɜɧɨɫɬɢ NADH:FMN-ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɵ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɜɵɲɟ 30 °C 

ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ ɢɫɫɥɟɞɨɜɚɧɧɵɦɢ ɤɨɧɰɟɧɬɪɚɰɢɹɦɢ ɜɹɡɤɢɯ 

ɚɝɟɧɬɨɜ. 
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