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ɊȿɎȿɊȺɌ 
 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «Ɉɩɬɢɦɢɡɚɰɢɹ 

ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɚ ɜɵɫɭɲɢɜɚɧɢɹ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɨɣ ɛɢɮɟɪɦɟɧɬɧɨɣ 

ɫɢɫɬɟɦɵ NADH: FMN – ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɚ – ɥɸɰɢɮɟɪɚɡɚ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ 

ɦɚɤɫɢɦɚɥɶɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɜɟɱɟɧɢɹ ɢ ɬɨɱɧɨɫɬɢ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɯ 
ɪɟɚɝɟɧɬɨɜ» ɫɨɞɟɪɠɢɬ: 31 ɫɬɪɚɧɢɰɭ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 12 ɢɥɥɸɫɬɪɚɰɢɣ, 22 

ɥɢɬɟɪɚɬɭɪɧɵɯ ɢɫɬɨɱɧɢɤɚ. 

ɅɘɐɂɎȿɊȺɁȺ, ȻɂɈɅɘɆɂɇȿɋɐȿɇɐɂə, ɂɆɆɈȻɂɅɂɁȺɐɂə, 

ɌȿɊɆɈɋɌȺȻɂɅɖɇɈɋɌɖ, ɎȿɊɆȿɇɌɕ, ȻɂɈɅɘɆɂɇȿɋɐȿɇɌɇɕɃ 

ȺɇȺɅɂɁ, ɗɄɈɅɈȽɂə, ȻɂɎȿɊɆȿɇɌɇȺə ɋɂɋɌȿɆȺ. 

ɐɟɥɶ ɪɚɛɨɬɵ: Ɉɩɪɟɞɟɥɢɬɶ ɨɩɬɢɦɚɥɶɧɵɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɪɟɠɢɦ 

ɜɵɫɭɲɢɜɚɧɢɹ ɢ ɯɪɚɧɟɧɢɹ ɪɟɚɝɟɧɬɨɜ ɧɚ ɨɫɧɨɜɟ ɫɨɜɦɟɫɬɧɨ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɨɣ 

ɫ ɫɭɛɫɬɪɚɬɚɦɢ ɛɢɮɟɪɦɟɧɬɧɨɣ ɫɢɫɬɟɦɵ NAD(P)H:FMN–ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɚ–

ɥɸɰɢɮɟɪɚɡɚ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɜɟɱɟɧɢɹ ɢ 

ɦɢɧɢɦɚɥɶɧɨɝɨ ɪɚɡɛɪɨɫɚ ɡɧɚɱɟɧɢɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɜɟɱɟɧɢɹ.  

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɛɭɫɥɨɜɥɟɧɚ ɬɟɦ, ɱɬɨ ɛɢɨɬɟɫɬɵ ɧɚ ɨɫɧɨɜɟ 

ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɯ ɮɟɪɦɟɧɬɨɜ ɹɜɥɹɸɬɫɹ ɫɬɚɛɢɥɶɧɵɦɢ ɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ 

ɨɩɪɟɞɟɥɟɧɢɹ ɬɨɤɫɢɱɧɨɫɬɢ ɪɚɡɥɢɱɧɵɯ ɨɛɴɟɤɬɨɜ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɢ ɞɥɹ 

ɰɟɥɟɣ ɦɨɧɢɬɨɪɢɧɝɚ ɤɚɱɟɫɬɜɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɛɨɥɶɲɨɣ ɢɧɬɟɪɟɫ 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɪɚɡɪɚɛɨɬɤɚ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɨɜɦɟɫɬɧɨ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɯ 

ɮɟɪɦɟɧɬɨɜ ɢ ɫɭɛɫɬɪɚɬɨɜ ɫɜɟɬɹɳɢɯɫɹ ɛɚɤɬɟɪɢɣ. ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɪɟɚɝɟɧɬ 
ɧɚ ɨɫɧɨɜɟ ɫɨɜɦɟɫɬɧɨ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɨɣ ɫ ɫɭɛɫɬɪɚɬɚɦɢ ɛɢɮɟɪɦɟɧɬɧɨɣ 

ɫɢɫɬɟɦɵ NAD(P)H:FMN–ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɚ–ɥɸɰɢɮɟɪɚɡɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ 

ɜɵɫɨɤɢɦ ɪɚɡɛɪɨɫɨɦ ɡɧɚɱɟɧɢɣ ɚɤɬɢɜɧɨɫɬɢ ɩɪɢ ɦɧɨɝɨɤɪɚɬɧɵɯ ɢɡɦɟɪɟɧɢɹɯ, ɱɬɨ 

ɦɨɠɟɬ ɨɛɴɹɫɧɹɬɶɫɹ ɜɥɢɹɧɢɟɦ ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɢɣ ɢɦɦɨɛɢɥɢɡɚɰɢɢ. 

 Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɪɟɠɢɦ 

ɜɵɫɭɲɢɜɚɧɢɹ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɨɣ ɫɨɜɦɟɫɬɧɨ ɫ ɬɟɬɪɚɞɟɤɚɧɚɥɟɦ ɢ NADH 

ɛɢɮɟɪɦɟɧɬɧɨɣ ɫɢɫɬɟɦɵ NADH:FMN-ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɚ-ɥɸɰɢɮɟɪɚɡɚ  

ɨɤɚɡɵɜɚɟɬ ɜɥɢɹɧɢɟ ɧɚ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɫɜɟɱɟɧɢɹ.  
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ȼȼȿȾȿɇɂȿ 
 

ɋɨɜɪɟɦɟɧɧɵɟ ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ 

ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɵɯ ɪɟɚɤɰɢɹɯ, ɤɚɬɚɥɢɡɢɪɭɟɦɵɯ ɪɚɡɥɢɱɧɵɦɢ ɥɸɰɢɮɟɪɚɡɚɦɢ, 
ɦɨɝɭɬ ɨɛɟɫɩɟɱɢɬɶ ɲɢɪɨɤɢɣ ɫɩɟɤɬɪ ɡɚɞɚɱ, ɨɬ ɦɨɧɢɬɨɪɢɧɝɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ 

ɜ ɱɟɥɨɜɟɱɟɫɤɨɣ ɫɪɟɞɟ (ɢɧɬɟɝɪɚɥɶɧɵɟ ɛɢɨɥɨɝɢɱɟɫɤɢɟ ɚɧɚɥɢɡɵ) ɞɨ ɚɧɚɥɢɡɚ 

ɦɟɬɚɛɨɥɢɬɨɜ ɢ ɤɥɸɱɟɜɵɯ ɮɟɪɦɟɧɬɨɜ ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 

ɫɨɫɬɨɹɧɢɹ ɪɚɡɥɢɱɧɵɯ ɡɚɛɨɥɟɜɚɧɢɣ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɵɯ 

ɦɟɬɨɞɨɜ ɦɨɠɟɬ ɩɨɡɜɨɥɢɬɶ ɫɨɡɞɚɬɶ ɫɢɫɬɟɦɭ, ɤɨɬɨɪɚɹ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ 

ɛɢɨɥɨɝɢɱɟɫɤɢɟ ɚɧɚɥɢɡɵ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɪɚɡɧɵɯ ɭɪɨɜɧɹɯ ɠɢɜɨɣ ɨɪɝɚɧɢɡɚɰɢɢ: 

ɛɢɨɯɢɦɢɱɟɫɤɢɣ (ɮɟɪɦɟɧɬɚɬɢɜɧɵɣ) ɢ ɛɢɨɬɟɫɬɵ, ɤɨɬɨɪɵɟ ɨɫɧɨɜɚɧɧɵ ɧɚ ɠɢɜɵɯ 

ɨɪɝɚɧɢɡɦɚɯ (ɛɚɤɬɟɪɢɹɯ ɢ ɝɪɢɛɚɯ) [1]. 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɡɚɞɚɱ ɷɤɨɥɨɝɢɱɟɫɤɨɝɨ ɦɨɧɢɬɨɪɢɧɝɚ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɦɟɬɨɞɨɜ ɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɬɟɫɬɢɪɨɜɚɧɢɹ. ȼ 

ɬɨɦ ɱɢɫɥɟ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɧɟ ɬɨɥɶɤɨ ɠɢɜɵɟ ɨɪɝɚɧɢɡɦɵ, ɧɨ ɢ ɢɯ 

ɮɟɪɦɟɧɬɚɬɢɜɧɵɟ ɫɢɫɬɟɦɵ. Ɉɞɧɚɤɨ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɮɟɪɦɟɧɬɨɜ ɜɨɡɧɢɤɚɟɬ 

ɪɹɞ ɡɚɬɪɭɞɧɟɧɢɣ, ɬɚɤɢɯ ɤɚɤ: ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɨɛɟɫɩɟɱɟɧɢɹ ɫɩɟɰɢɚɥɶɧɵɯ 

ɭɫɥɨɜɢɣ ɞɥɹ ɫɨɯɪɚɧɟɧɢɹ ɫɬɚɛɢɥɶɧɨɫɬɢ ɩɪɟɩɚɪɚɬɨɜ ɮɟɪɦɟɧɬɨɜ, ɧɟɬɨɱɧɨɫɬɶ  

ɞɨɡɢɪɨɜɚɧɢɹ ɪɟɚɝɟɧɬɨɜ ɢ ɬ. ɞ. Ɋɟɲɟɧɢɟɦ ɜɵɲɟɢɡɥɨɠɟɧɧɵɯ ɩɪɨɛɥɟɦ ɦɨɠɟɬ 

ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɟɩɚɪɚɬɨɜ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɯ ɮɟɪɦɟɧɬɨɜ. 

ɂɦɦɨɛɢɥɢɡɚɰɢɹ ɹɜɥɹɟɬɫɹ ɫɩɨɫɨɛɨɦ ɮɢɤɫɢɪɨɜɚɧɢɹ ɮɟɪɦɟɧɬɨɜ ɜɧɭɬɪɶ 

ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɝɨ ɧɨɫɢɬɟɥɹ ɩɨɫɪɟɞɫɬɜɨɦ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ. 

Ȼɢɨɬɟɫɬɵ ɧɚ ɨɫɧɨɜɟ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɯ ɮɟɪɦɟɧɬɨɜ ɹɜɥɹɸɬɫɹ 

ɫɬɚɛɢɥɶɧɵɦɢ ɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɨɤɫɢɱɧɨɫɬɢ ɪɚɡɥɢɱɧɵɯ 

ɨɛɴɟɤɬɨɜ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. Ⱦɥɹ ɰɟɥɟɣ ɦɨɧɢɬɨɪɢɧɝɚ ɤɚɱɟɫɬɜɚ ɨɤɪɭɠɚɸɳɟɣ 

ɫɪɟɞɵ ɛɨɥɶɲɨɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɟɬ ɪɚɡɪɚɛɨɬɤɚ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɨɜɦɟɫɬɧɨ 
ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɯ ɮɟɪɦɟɧɬɨɜ ɢ ɫɭɛɫɬɪɚɬɨɜ ɫɜɟɬɹɳɢɯɫɹ ɛɚɤɬɟɪɢɣ. ɇɚ 

ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɪɟɚɝɟɧɬ ɧɚ ɨɫɧɨɜɟ ɫɨɜɦɟɫɬɧɨ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɨɣ ɫ 

ɫɭɛɫɬɪɚɬɚɦɢ ɛɢɮɟɪɦɟɧɬɧɨɣ ɫɢɫɬɟɦɵ NAD(P)H:FMN–ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɚ–

ɥɸɰɢɮɟɪɚɡɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɜɵɫɨɤɢɦ ɪɚɡɛɪɨɫɨɦ ɡɧɚɱɟɧɢɣ ɚɤɬɢɜɧɨɫɬɢ ɩɪɢ 
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ɦɧɨɝɨɤɪɚɬɧɵɯ ɢɡɦɟɪɟɧɢɹɯ, ɱɬɨ ɦɨɠɟɬ ɨɛɴɹɫɧɹɬɶɫɹ ɜɥɢɹɧɢɟɦ ɪɚɡɥɢɱɧɵɯ 

ɭɫɥɨɜɢɣ ɢɦɦɨɛɢɥɢɡɚɰɢɢ: ɬɟɦɩɟɪɚɬɭɪɚ ɝɟɥɹ, ɪɟɠɢɦ ɩɟɪɟɦɟɲɢɜɚɧɢɹ 

ɤɨɦɩɨɧɟɧɬɨɜ ɪɟɚɝɟɧɬɚ, ɪɟɠɢɦ ɞɨɡɢɪɨɜɚɧɢɹ, ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɪɟɠɢɦ 

ɜɵɫɭɲɢɜɚɧɢɹ ɪɟɚɝɟɧɬɨɜ. ȼɥɢɹɧɢɟ ɭɫɥɨɜɢɣ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɚ 

ɜɵɫɭɲɢɜɚɧɢɹ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɯ ɫɨɜɦɟɫɬɧɨ ɫ ɫɭɛɫɬɪɚɬɚɦɢ ɮɟɪɦɟɧɬɨɜ 

ɫɜɟɬɹɳɢɯɫɹ ɛɚɤɬɟɪɢɣ ɧɚ ɚɤɬɢɜɧɨɫɬɶ ɪɟɚɝɟɧɬɨɜ ɢ ɬɨɱɧɨɫɬɶ ɪɟɡɭɥɶɬɚɬɨɜ 

ɚɧɚɥɢɡɚ ɢɡɭɱɟɧɨ ɦɚɥɨ. 

ɐɟɥɶ ɢɫɫɥɟɞɨɜɚɧɢɹ ɡɚɤɥɸɱɚɥɚɫɶ ɜ ɨɩɪɟɞɟɥɟɧɢɢ ɨɩɬɢɦɚɥɶɧɨɝɨ 
ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɚ ɜɵɫɭɲɢɜɚɧɢɹ ɢ ɯɪɚɧɟɧɢɹ ɪɟɚɝɟɧɬɨɜ ɧɚ ɨɫɧɨɜɟ 

ɫɨɜɦɟɫɬɧɨ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɨɣ ɫ ɫɭɛɫɬɪɚɬɚɦɢ ɛɢɮɟɪɦɟɧɬɧɨɣ ɫɢɫɬɟɦɵ  

NAD(P)H:FMN–ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɚ–ɥɸɰɢɮɟɪɚɡɚ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ 

ɦɚɤɫɢɦɚɥɶɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɜɟɱɟɧɢɹ ɢ ɦɢɧɢɦɚɥɶɧɨɝɨ ɪɚɡɛɪɨɫɚ ɡɧɚɱɟɧɢɣ 

ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɜɟɱɟɧɢɹ. 

Ɂɚɞɚɱɢ ɢɫɫɥɟɞɨɜɚɧɢɹ:  

1. Ɉɰɟɧɢɬɶ ɜɥɢɹɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɚ 

ɜɵɫɭɲɢɜɚɧɢɹ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɨɣ   ɫɨɜɦɟɫɬɧɨ ɫ 
ɫɭɛɫɬɪɚɬɚɦɢ ɛɢɮɟɪɦɟɧɬɧɨɣ ɫɢɫɬɟɦɵ  

NAD(P)H:FMN–ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɚ–ɥɸɰɢɮɟɪɚɡɚ ɧɚ 

ɚɤɬɢɜɧɨɫɬɶ ɪɟɚɝɟɧɬɨɜ ɢ ɪɚɡɛɪɨɫ ɡɧɚɱɟɧɢɣ 

ɦɚɤɫɢɦɚɥɶɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɜɟɱɟɧɢɹ. 

2.  Ɉɰɟɧɢɬɶ ɜɥɢɹɧɢɟ ɪɟɠɢɦɚ ɯɪɚɧɟɧɢɹ 

ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɨɣ ɫɨɜɦɟɫɬɧɨ ɫ ɫɭɛɫɬɪɚɬɚɦɢ 

ɛɢɮɟɪɦɟɧɬɧɨɣ ɫɢɫɬɟɦɵ NAD(P)H:FMN–

ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɚ–ɥɸɰɢɮɟɪɚɡɚ ɧɚ ɚɤɬɢɜɧɨɫɬɶ 
ɪɟɚɝɟɧɬɨɜ ɢ ɪɚɡɛɪɨɫ ɡɧɚɱɟɧɢɣ ɦɚɤɫɢɦɚɥɶɧɨɣ 

ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɜɟɱɟɧɢɹ. 
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 1.Ɉɛɡɨɪ ɥɢɬɟɪɚɬɭɪɵ  

 1.1. Ȼɢɮɟɪɦɟɧɬɧɚɹ ɫɢɫɬɟɦɚ ɫɜɟɬɹɳɢɯɫɹ ɛɚɤɬɟɪɢɣ NAD(P)H:FMN -

ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɚ-ɥɸɰɢɮɟɪɚɡɚ – ɬɟɫɬ- ɨɛɴɟɤɬ ɞɥɹ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɝɨ 
ɚɧɚɥɢɡɚ. 

 1.1.1. ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɛɢɮɟɪɦɟɧɬɧɨɣ ɫɢɫɬɟɦɵ NAD(P)H:FMN -

ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɚ-ɥɸɰɢɮɟɪɚɡɚ. 

 Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɪɟɲɢɬɶ ɪɚɡɥɢɱɧɵɟ ɡɚɞɚɱɢ ɜ ɨɛɥɚɫɬɢ 

ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ ɨɱɟɧɶ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɛɚɤɬɟɪɢɢ, 

ɨɛɥɚɞɚɸɳɢɟ ɫɜɨɣɫɬɜɚɦɢ ɫɜɟɱɟɧɢɹ, ɚ ɬɚɤɠɟ ɢ ɜɵɞɟɥɟɧɧɵɟ ɢɡ ɷɬɢɯ ɛɚɤɬɟɪɢɣ 

ɮɟɪɦɟɧɬɚɬɢɬɜɧɵɟ ɫɢɫɬɟɦɵ, ɜ ɬɨɦ ɱɢɫɥɟ ɛɢɮɟɪɦɟɧɬɧɚɹ ɫɢɫɬɟɦɚ ɇȺȾɇ:ɎɆɇ-

ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɚ-ɥɸɰɢɮɟɪɚɡɚ. 

 Ȼɢɮɟɪɦɟɧɬɧɚɹ ɫɢɫɬɟɦɚ ɫɜɟɬɹɳɢɯɫɹ ɛɚɤɬɟɪɢɣ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɪɟɚɤɰɢɸ, ɤɨɬɨɪɭɸ ɤɚɬɚɥɢɡɢɪɭɸɬ ɇȺȾɇ:ɎɆɇ-ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɚ ɢ 

ɥɸɰɢɮɟɪɚɡɚ.  

 
Ɋɢɫɭɧɨɤ 1.1.1.ɏɨɞ ɪɟɚɤɰɢɢ ɛɢɮɟɪɦɟɧɬɧɨɣ ɫɢɫɬɟɦɵ.  

 

 Ʉɨɧɟɱɧɵɦɢ ɩɪɨɞɭɤɬɚɦɢ ɹɜɥɹɸɬɫɹ ɨɤɢɫɥɟɧɧɵɣ ɮɥɚɜɢɧɦɨɧɨɧɭɤɥɟɨɬɢɞ, 

ɠɢɪɧɚɹ ɤɢɫɥɨɬɚ, ɜɨɞɚ ɢ ɤɜɚɧɬɵ ɫɜɟɬɚ. NAD(P)H:FMN-ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɚ 

ɹɜɥɹɟɬɫɹ ɤɚɬɚɥɢɡɚɬɨɪɨɦ ɞɥɹ ɪɟɚɤɰɢɢ (1), ɜ ɤɨɬɨɪɨɣ ɩɪɨɢɫɯɨɞɢɬ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɮɥɚɜɢɧɦɨɧɨɧɭɤɥɟɨɬɢɞɚ, ɬ.ɟ. ɩɪɢɫɨɟɞɢɧɟɧɢɟ ɜɨɞɨɪɨɞɚ. 

Ʌɸɰɢɮɟɪɚɡɚ ɤɚɬɚɥɢɡɢɪɭɟɬ ɪɟɚɤɰɢɸ (2), ɝɞɟ ɩɪɨɢɫɯɨɞɢɬ ɨɤɢɫɥɟɧɢɟ 

ɜɨɫɫɬɚɧɨɜɥɟɧɨɝɨ ɮɥɚɜɢɧɚ ɢ ɞɥɢɧɧɨɰɟɩɨɱɟɱɧɨɝɨ ɚɥɶɞɟɝɢɞɚ.  

 ȼɟɥɢɱɢɧɚ ɢɡɥɭɱɚɟɦɨɝɨ ɫɜɟɬɚ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɤɨɥɢɱɟɫɬɜɭ ɥɸɰɢɮɟɪɚɡɵ 

ɢ ɤɚɠɞɨɝɨ ɢɡ ɫɭɛɫɬɪɚɬɨɜ ɛɢɮɟɪɦɟɧɬɧɨɣ ɫɢɫɬɟɦɵ. Ⱦɥɢɧɧɨɰɟɩɨɱɟɱɧɵɣ 

ɚɥɢɮɚɬɢɱɟɫɤɢɣ ɚɥɶɞɟɝɢɞ ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɧɚɹ ɮɨɪɦɚ ɮɥɚɜɢɧɦɨɧɨɧɭɤɥɟɨɬɢɞɚ 
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ɹɜɥɹɸɬɫɹ ɫɭɛɫɬɪɚɬɚɦɢ ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɥɸɰɢɮɟɪɚɡɵ. ɂɡɥɭɱɟɧɢɟ ɫɜɟɬɚ 

ɧɚɯɨɞɢɬɫɹ ɜ ɡɟɥɟɧɨɣ ɨɛɥɚɫɬɢ ɜɢɞɢɦɨɝɨ ɫɩɟɤɬɪɚ. 

 Ʉɨɝɞɚ ɜ ɚɧɚɥɢɡɢɪɭɟɦɨɣ ɫɦɟɫɢ ɩɪɢɫɭɬɫɬɜɭɟɬ ɬɨɤɫɢɱɟɫɤɨɟ ɜɟɳɟɫɬɜɨ, 

ɫɩɨɫɨɛɧɨɟ ɭɱɚɫɬɜɨɜɚɬɶ ɜ ɩɪɨɰɟɫɫɚɯ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ, ɬɟɦ ɫɚɦɵɦ ɤɨɧɤɭɪɢɪɭɹ ɫ 

ɮɥɚɜɢɧɦɨɧɨɧɭɤɥɟɨɬɢɞɨɦ, ɩɪɨɢɫɯɨɞɢɬ ɫɧɢɠɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɜɟɱɟɧɢɹ.  

Ɇɨɥɟɤɭɥɚ ɥɸɰɢɮɟɪɚɡɵ ɩɪɨɫɬɨ ɪɚɫɩɨɥɨɠɟɧɚ ɢ ɧɟ ɫɨɞɟɪɠɢɬ ɦɟɬɚɥɥɨɜ, 

ɩɪɨɬɟɡɧɵɯ ɝɪɭɩɩ, ɧɟ ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ ɨɫɬɚɬɤɨɜ ɢ ɞɢɫɭɥɶɮɢɞɧɵɯ ɫɜɹɡɟɣ. 

Ȼɚɤɬɟɪɢɚɥɶɧɚɹ ɥɸɰɢɮɟɪɚɡɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɮɥɚɜɨɩɪɨɬɟɢɧ ɢ, ɫ 
ɧɟɛɨɥɶɲɢɦɢ ɦɟɠɜɢɞɨɜɵɦɢ ɪɚɡɥɢɱɢɹɦɢ, ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɝɟɬɟɪɨɞɢɦɟɪ ɫ 

ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɨɣ 79 ɤȾɚ, ɤɨɬɨɪɵɣ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɧɟɢɞɟɧɬɢɱɧɵɯ 

ɫɭɛɴɟɞɢɧɢɰ. ɋɭɛɴɟɞɢɧɢɰɵ ɢɧɞɢɜɢɞɭɚɥɶɧɨ ɧɟɚɤɬɢɜɧɵ, ɧɨ ɦɨɝɭɬ 

ɪɟɤɨɦɛɢɧɢɪɨɜɚɬɶ ɫ ɚɤɬɢɜɧɨɣ ɥɸɰɢɮɟɪɚɡɨɣ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢɡɜɟɫɬɧɨ, ɱɬɨ 

ɛɚɤɬɟɪɢɚɥɶɧɚɹ ɥɸɰɢɮɟɪɚɡɚ ɢɦɟɟɬ ɨɞɢɧ ɫɚɣɬ ɫɜɹɡɵɜɚɧɢɹ ɞɥɹ ɦɨɧɨɧɭɤɥɟɨɬɢɞɚ 

ɮɥɚɜɢɧɚ ɢ ɚɥɶɞɟɝɢɞɚ. ɋɪɨɞɫɬɜɨ ɥɸɰɢɮɟɪɚɡɵ ɤ ɟɟ ɫɭɛɫɬɪɚɬɚɦ ɹɜɥɹɟɬɫɹ 

ɜɵɫɨɤɢɦ. 

 ȼɩɟɪɜɵɟ NAD (P) H: FMN-ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɚ ɛɵɥɚ ɜɵɞɟɥɟɧɚ ɢ ɩɨɥɭɱɟɧɚ 
ɜ ɝɨɦɨɝɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ ɢɡ P.hosphhoreum [2]. ȼɩɨɫɥɟɞɫɬɜɢɢ ɧɟɫɤɨɥɶɤɨ 

ɪɚɡɧɨɜɢɞɧɨɫɬɟɣ ɷɬɨɝɨ ɮɟɪɦɟɧɬɚ ɛɵɥɢ ɜɵɞɟɥɟɧɵ ɢɡ ɪɚɡɧɵɯ ɲɬɚɦɦɨɜ ɥɟɝɤɢɯ 

ɛɚɤɬɟɪɢɣ. 

 ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɮɟɪɦɟɧɬɨɜ ɜ ɛɢɨɚɧɚɥɢɡɚɯ ɦɨɠɟɬ ɩɨɜɵɫɢɬɶ  ɭɪɨɜɟɧɶ 

ɬɨɱɧɨɫɬɢ ɪɟɡɭɥɶɬɚɬɨɜ ɬɚɤɨɜɵɯ ɚɧɚɥɢɡɨɜ ɡɚ ɫɱɟɬ ɩɟɪɟɯɨɞɚ ɨɬ ɠɢɜɨɝɨ 

ɨɪɝɚɧɢɡɦɚ ɤ ɪɟɚɝɟɧɬɭ, ɭɩɪɨɫɬɢɬɶ ɚɧɚɥɢɡ, ɜɵɪɚɡɢɬɶ ɟɝɨ, ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɬɶ ɫ 

ɩɨɦɨɳɶɸ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɯ ɪɟɚɝɟɧɬɨɜ, ɪɟɝɭɥɢɪɨɜɚɬɶ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ 

ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɛɢɨɚɧɚɥɢɡɨɜ, ɚ ɬɚɤɠɟ ɫɨɡɞɚɬɶ ɫɢɫɬɟɦɭ ɛɢɨɚɧɚɥɢɡɚ ɞɥɹ 
ɦɨɧɢɬɨɪɢɧɝɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɰɟɩɢ ɤɨɧɴɸɝɚɰɢɢ 

ɮɟɪɦɟɧɬɨɜ ɫ ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɥɸɰɢɮɟɪɚɡɨɣ. 

 ɑɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɮɟɪɦɟɧɬɚɬɢɜɧɵɯ ɚɧɚɥɢɡɨɜ ɜɚɪɶɢɪɭɟɬɫɹ ɩɭɬɟɦ 

ɢɡɦɟɧɟɧɢɹ ɭɫɥɨɜɢɣ ɚɧɚɥɢɡɚ, ɜ ɱɚɫɬɧɨɫɬɢ, ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɮɟɪɦɟɧɬɚɬɢɜɧɵɯ 

ɪɟɚɤɰɢɣ ɫ ɞɪɭɝɢɦ ɦɟɯɚɧɢɡɦɨɦ ɤɨɧɞɟɧɫɚɰɢɢ ɫ ɪɟɚɤɰɢɟɣ, ɤɚɬɚɥɢɡɢɪɭɟɦɨɣ 

ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɥɸɰɢɮɟɪɚɡɨɣ; ɢɡɦɟɧɟɧɢɟ ɫɨɫɬɚɜɚ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ 
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(ɤɨɥɢɱɟɫɬɜɨ ɮɟɪɦɟɧɬɨɜ ɢ ɫɭɛɫɬɪɚɬɨɜ, ɤɨɥɢɱɟɫɬɜɨ ɞɨɛɚɜɥɟɧɧɨɣ ɬɨɤɫɢɱɧɨɣ 

ɫɦɟɫɢ); ɢɡɦɟɧɟɧɢɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɞɨɛɚɜɥɟɧɢɹ ɪɟɚɝɟɧɬɨɜ; ɢɫɩɨɥɶɡɨɜɚɧɢɟ 

ɪɚɡɥɢɱɧɵɯ ɮɟɪɦɟɧɬɧɵɯ ɩɪɟɩɚɪɚɬɨɜ (ɧɚɩɪɢɦɟɪ, ɮɟɪɦɟɧɬɨɜ ɫ ɪɚɡɥɢɱɧɨɣ 

ɫɬɟɩɟɧɶɸ ɨɱɢɫɬɤɢ, ɚ ɬɚɤɠɟ ɥɢɨɮɢɥɢɡɢɪɨɜɚɧɧɵɯ ɢɥɢ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɯ 

ɮɟɪɦɟɧɬɧɵɯ ɩɪɟɩɚɪɚɬɨɜ ɢ ɬ. ɞ.) [3]. 

 ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɮɟɪɦɟɧɬɨɜ ɞɥɹ ɦɨɧɢɬɨɪɢɧɝɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ 

ɹɜɥɹɟɬɫɹ ɨɩɬɢɦɚɥɶɧɵɦ ɜɚɪɢɚɧɬɨɦ, ɧɨ ɨɫɥɨɠɧɹɟɬɫɹ ɨɬɫɭɬɫɬɜɢɟɦ 

ɫɨɨɬɜɟɬɫɜɭɸɳɟɝɨ ɬɪɟɛɨɜɚɧɢɹɦ ɢ ɜɵɫɨɤɨɱɭɜɫɬɜɢɬɟɥɶɧɨɝɨ ɪɟɚɝɟɧɬɚ. ɉɪɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɥɢɨɮɢɥɢɡɢɪɨɜɚɧɧɨɝɨ ɩɪɟɩɚɪɚɬɚ ɮɟɪɦɟɧɬɨɜ ɫɜɟɬɹɳɢɯɫɹ 

ɛɚɤɬɟɪɢɣ ɜɨɡɧɢɤɚɸɬ ɩɪɨɛɥɟɦɵ ɫ ɬɨɱɧɨɣ ɞɨɡɢɪɨɜɤɨɣ ɪɟɚɝɟɧɬɚ, ɱɬɨ ɫɧɢɠɚɟɬ 

ɬɨɱɧɨɫɬɶ ɢɡɦɟɪɟɧɢɣ ɬɨɤɫɢɱɧɨɫɬɢ. Ɂɧɚɱɢɬɟɥɶɧɨɣ ɩɪɢɱɢɧɨɣ ɫɨɡɞɚɧɢɹ ɧɨɜɨɝɨ 

ɪɟɚɝɟɧɬɚ ɬɚɤɠɟ ɹɜɥɹɟɬɫɹ ɩɨɜɵɲɟɧɢɟ ɟɝɨ ɫɬɚɛɢɥɶɧɨɫɬɢ ɩɪɢ ɩɨɫɥɟɞɭɸɳɟɦ 

ɯɪɚɧɟɧɢɢ ɢ ɩɪɟɜɨɫɯɨɞɫɬɜɨ ɜ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɪɚɫɬɜɨɪɢɦɵɦɢ 

ɫɨɫɬɚɜɚɦɢ. 

 1.1.2. ɉɪɢɦɟɧɟɧɢɟ ɛɢɮɟɪɦɟɧɬɧɨɣ ɫɢɫɬɟɦɵ NAD(P)H:FMN -

ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɚ-ɥɸɰɢɮɟɪɚɡɚ. 

 ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɮɟɪɦɟɧɬɨɜ, ɚɫɫɨɰɢɢɪɨɜɚɧɧɵɯ ɫ ɮɟɪɦɟɧɬɚɦɢ 

ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɨɣ ɢ ɥɸɰɢɮɟɪɚɡɨɣ, ɞɥɹ ɦɨɧɢɬɨɪɢɧɝɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ 

ɢɫɩɨɥɶɡɨɜɚɥɨɫɶ ɜ ɛɨɥɶɲɨɦ ɤɨɥɢɱɟɫɬɜɟ ɢɫɫɥɟɞɨɜɚɧɢɣ [4]. 

Ȼɢɨɚɧɚɥɢɬɢɱɟɫɤɭɸ ɪɟɚɤɰɢɸ ɢɡɭɱɚɥɢ ɩɭɬɟɦ ɚɧɚɥɢɡɚ ɩɢɬɶɟɜɨɣ ɢ 

ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɜɨɞɵ ɧɚ Ⱥɥɬɚɟ, ɩɨɞɜɟɪɠɟɧɧɨɣ ɋɟɦɢɩɚɥɚɬɢɧɫɤɨɦɭ ɜɡɪɵɜɭ, ɢ 

ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɜɨɞ ɪɟɤɢ ȿɧɢɫɟɣ ɜ ɡɨɧɟ ɫɛɪɨɫɚ ɪɚɞɢɨɚɤɬɢɜɧɵɯ ɨɬɯɨɞɨɜ ɝɨɪɧɨ-

ɯɢɦɢɱɟɫɤɨɝɨ ɤɨɦɛɚɣɧɚ (Ʉɪɚɫɧɨɹɪɫɤ) [5]. Ȼɵɥɨ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɨ ɛɨɥɟɟ 100 

ɩɪɨɛ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɜɨɞ ɢ 170 ɩɪɨɛ ɜɨɞɵ ɢɡ ɫɤɜɚɠɢɧ ɢ ɫɢɫɬɟɦ 

ɜɨɞɨɫɧɚɛɠɟɧɢɹ. Ɋɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɡɚ ɛɢɨɥɸɦɢɧɟɫɰɟɧɰɢɢ ɫɪɚɜɧɢɜɚɥɢɫɶ ɫ 

ɢɧɬɟɝɪɢɪɨɜɚɧɧɵɦɢ ɬɟɫɬɚɦɢ ɞɥɹ ɨɰɟɧɤɢ ɤɚɱɟɫɬɜɚ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɜɨɞɵ ɩɨ ɟɟ 

ɨɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ, ɜɤɥɸɱɚɹ ɤɨɧɰɟɧɬɪɚɰɢɸ 

ɩɟɪɟɤɢɫɢ ɜɨɞɨɪɨɞɚ, ɨɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɟ ɫɨɫɬɨɹɧɢɟ ɜɨɞɧɨɣ 

ɫɪɟɞɵ, ɚ ɬɚɤɠɟ ɫɤɨɪɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ ɪɚɞɢɤɚɥɚ Ɉɇ ɢ ɜɪɟɦɹ ɠɢɡɧɢ. Ⱥɧɚɥɢɡ 
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ɩɨɡɜɨɥɹɟɬ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɤɚɱɟɫɬɜɨ ɜɨɞɵ ɜ ɬɪɟɯ ɤɥɚɫɫɚɯ ɱɢɫɬɨɬɵ ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɉȾ 53.18.24.83-89 ɢ ɨɩɪɟɞɟɥɢɬɶ ɩɪɢɱɢɧɵ ɡɚɝɪɹɡɧɟɧɢɹ 

(ɯɢɦɢɱɟɫɤɨɟ ɢɥɢ ɛɢɨɥɨɝɢɱɟɫɤɨɟ) [6]. 

 Ɋɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɡɚ ɛɢɨɥɸɦɢɧɟɫɰɟɧɰɢɢ ɜɨɞ ɜɨ ɜɫɟɯ ɪɚɣɨɧɚɯ Ⱥɥɬɚɹ 

ɛɵɥɢ ɩɨɞɬɜɟɪɠɞɟɧɵ ɯɢɦɢɱɟɫɤɢɦɢ ɢ ɫɩɟɤɬɪɚɥɶɧɵɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ. Ȼɵɥɨ 

ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɨɛɪɚɡɰɨɜ ɪɟɡɭɥɶɬɚɬɵ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɝɨ 

ɚɧɚɥɢɡɚ ɤɨɪɪɟɥɢɪɭɸɬ ɫ ɢɧɬɟɝɪɚɥɶɧɵɦ ɚɧɚɥɢɡɨɦ, ɨɫɧɨɜɚɧɧɵɦ ɧɚ 

ɨɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ ɚɧɚɥɢɡɢɪɭɟɦɨɣ ɜɨɞɵ [4]. 
ȼɟɬɪɨɜɚ ɢ ɫɨɚɜɬɨɪɵ [7] ɢɫɩɨɥɶɡɨɜɚɥɢ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɵɣ ɛɢɨɚɧɚɥɢɡ ɧɚ 

ɨɫɧɨɜɟ ɛɚɤɬɟɪɢɣ (Photobacterium fosfhopreum) ɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɣ 

ɮɟɪɦɟɧɬɚɬɢɜɧɨɣ ɫɢɫɬɟɦɵ NADH: FMN-ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɚ-ɥɸɰɢɮɟɪɚɡɚ ɞɥɹ 

ɦɨɧɢɬɨɪɢɧɝɚ ɫɨɫɬɨɹɧɢɹ ɫɨɥɟɧɨɣ ɜɨɞɵ ɨɡɟɪɚ ɒɢɪɚ (ɏɚɤɚɫɢɹ, ɋɢɛɢɪɶ). 

ɋɨɥɟɧɨɟ ɨɡɟɪɨ ɒɢɪɚ ɫɬɚɥɨ ɨɱɟɧɶ ɩɨɩɭɥɹɪɧɵɦ ɤɭɪɨɪɬɨɦ ɜ ɸɠɧɨɣ ɋɢɛɢɪɢ, ɢ 

ɷɤɨɥɨɝɢɱɟɫɤɢɟ ɩɪɨɛɥɟɦɵ ɨɡɟɪɚ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɟɪɶɟɡɧɨ ɨɛɟɫɩɨɤɨɟɧɵ. 

Ȼɵɥɨ ɜɵɹɜɥɟɧɨ, ɱɬɨ ɪɚɡɥɢɱɢɹ ɜ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɵɯ ɪɟɚɤɰɢɹɯ ɫɜɹɡɚɧɵ ɫ 

ɫɨɥɟɜɵɦ ɫɨɫɬɚɜɨɦ ɢ ɨɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ 
ɜɨɞɵ. Ɉɩɪɟɞɟɥɟɧɵ ɩɚɪɚɦɟɬɪɵ ɤɢɧɟɬɢɤɢ ɛɢɨɥɸɦɢɧɟɫɰɟɧɰɢɢ, ɧɚɢɛɨɥɟɟ 

ɜɨɫɩɪɢɢɦɱɢɜɵɟ ɤ ɡɚɝɪɹɡɧɟɧɢɸ ɜ ɭɫɥɨɜɢɹɯ ɫɨɥɟɧɨɣ ɜɨɞɵ. Ʉɚɪɬɚ 

ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɛɵɥɚ ɫɨɡɞɚɧɚ ɧɚ ɨɫɧɨɜɟ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɵɯ ɩɚɪɚɦɟɬɪɚɯ 

ɩɪɨɛ ɜɨɞɵ, ɨɬɨɛɪɚɧɧɵɯ ɧɚ ɚɧɚɥɢɡ ɜɞɨɥɶ ɛɟɪɟɝɚ ɜ ɪɚɡɧɵɯ ɦɟɫɬɚɯ ɢ ɧɚ ɪɚɡɧɵɯ 

ɭɪɨɜɧɹɯ ɝɥɭɛɢɧɵ ɨɡɟɪɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɛɵɥɨ ɢɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ 

ɩɪɟɞɫɬɚɜɢɬɟɥɹ ɤɥɚɫɫɚ ɯɢɧɨɧɨɜ, ɢɡɨɦɟɪɚ ɛɟɧɡɨɯɢɧɨɧɚ (1,4 – ɛɟɧɡɨɯɢɧɨɧɚ). 

ɋɢɫɬɟɦɚ ɜ ɟɝɨ ɩɪɢɫɭɬɫɬɜɢɢ ɛɵɥɚ ɛɨɥɟɟ ɱɭɜɫɬɜɢɬɟɥɶɧɚ ɤ ɨɤɢɫɥɢɬɟɥɶɧɨ - 

ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɫɨɥɟɜɨɝɨ ɪɚɫɬɜɨɪɚ, ɱɟɦ ɜ ɟɝɨ 

ɨɬɫɭɬɫɬɜɢɟ. ɉɨɷɬɨɦɭ ɬɚɤɨɟ ɜɟɳɟɫɬɜɨ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɨ ɞɥɹ ɨɰɟɧɤɢ 

ɚɧɚɥɢɡɚ ɫɜɨɣɫɬɜ ɫɨɥɟɧɨɣ ɜɨɞɵ. ɂɫɩɨɥɶɡɭɹ ɜɵɲɟɨɩɢɫɚɧɧɵɣ ɫɩɨɫɨɛ ɢ 

ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɨɠɧɨ ɫɮɨɪɦɢɪɨɜɚɬɶ ɤɚɪɬɭ 

ɪɚɡɧɨɪɨɞɧɨɫɬɢ, ɨɩɪɟɞɟɥɹɸɳɭɸ ɫɨɫɬɨɹɧɢɟ ɜɨɞɵ ɨɡɟɪɚ ɒɢɪɚ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɢ 

ɜɪɟɦɟɧɢ.  
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 Ʉɚɪɬɚ ɩɨɤɚɡɵɜɚɟɬ ɤɨɪɪɟɥɹɰɢɸ ɦɟɠɞɭ ɜɥɢɹɧɢɟɦ ɩɪɨɛ ɜɨɞɵ ɧɚ 

ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɛɢɨɥɸɦɢɧɟɫɰɟɧɰɢɢ ɢ ɢɯ ɯɢɦɢɱɟɫɤɢɦɢ ɢ ɮɢɡɢɤɨ-

ɯɢɦɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ, ɢ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɢɡɦɟɪɟɧɢɹ ɚɧɚɥɢɡɚ 

ɛɢɨɥɸɦɢɧɟɫɰɟɧɰɢɢ ɞɨɥɠɧɵ ɛɵɬɶ ɫɞɟɥɚɧɵ ɜ ɬɟɱɟɧɢɟ 2 ɱɚɫɨɜ ɩɨɫɥɟ ɨɬɛɨɪɚ 

ɩɪɨɛ. 

 ɉɪɟɢɦɭɳɟɫɬɜɚɦɢ ɮɟɪɦɟɧɬɚɬɢɜɧɵɯ ɚɧɚɥɢɡɨɜ, ɨɫɧɨɜɚɧɧɵɯ ɧɚ ɫɢɫɬɟɦɟ 

ɮɟɪɦɟɧɬɨɜ ɫ ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɨɣ ɢ ɫɜɹɡɵɜɚɧɢɟɦ ɥɸɰɢɮɟɪɚɡɵ, 

ɹɜɥɹɸɬɫɹ ɢɯ ɫɤɨɪɨɫɬɶ (ɜɪɟɦɹ ɚɧɚɥɢɡɚ ɧɟ ɩɪɟɜɵɲɚɟɬ 3–5 ɦɢɧɭɬ), ɜɵɫɨɤɚɹ 
ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ, ɩɪɨɫɬɚɹ ɩɪɨɰɟɞɭɪɚ ɢɡɦɟɪɟɧɢɹ, ɜɨɡɦɨɠɧɨɫɬɶ 

ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɬɶ ɩɪɨɰɟɞɭɪɵ ɦɨɧɢɬɨɪɢɧɝɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɞɨɫɬɭɩɧɨɫɬɶ 

ɢ ɛɟɡɨɩɚɫɧɨɫɬɶ ɪɟɚɝɟɧɬɨɜ ɢ ɲɢɪɨɤɢɣ ɪɵɧɨɤ ɞɥɹ ɛɢɨɥɸɦɢɧɨɦɟɬɪɨɜ [8, 20-22]. 

ɂɯ ɬɚɤ ɥɟɝɤɨ ɢ ɭɞɨɛɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ, ɱɬɨ ɨɧɢ ɫɬɚɥɢ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɜ ɭɱɟɛɧɨɦ 

ɩɪɨɰɟɫɫɟ, ɨɫɨɛɟɧɧɨ ɧɚ ɩɪɚɤɬɢɱɟɫɤɢɯ ɤɭɪɫɚɯ ɩɨ ɷɤɨɥɨɝɢɢ [9-11]. 

 1.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɦɟɬɨɞɚ ɢɦɦɨɛɢɥɢɡɚɰɢɢ ɮɟɪɦɟɧɬɨɜ ɫɜɟɬɹɳɢɯɫɹ 
ɛɚɤɬɟɪɢɣ. 

ȼ ɥɢɬɟɪɚɬɭɪɟ ɫɭɳɟɫɬɜɭɟɬ ɦɧɨɠɟɫɬɜɨ ɫɩɨɫɨɛɨɜ ɫɬɚɛɢɥɢɡɚɰɢɢ 

ɮɟɪɦɟɧɬɨɜ, ɧɨ ɧɚɢɛɨɥɟɟ ɩɨɩɭɥɹɪɧɵɦ ɫɪɟɞɢ ɧɢɯ ɹɜɥɹɟɬɫɹ ɩɪɨɰɟɫɫ 

ɢɦɦɨɛɢɥɢɡɚɰɢɢ. Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɟɫɬɶ ɜɤɥɸɱɟɧɢɟ ɦɨɥɟɤɭɥɵ ɮɟɪɦɟɧɬɚ ɜ 

ɧɟɤɨɬɨɪɭɸ ɮɚɡɭ, ɨɬɞɟɥɟɧɧɭɸ ɨɬ ɮɚɡɵ ɫɜɨɛɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ, ɧɨ ɩɪɢ ɷɬɨɦ, ɨɧɚ 

ɦɨɠɟɬ ɡɚɦɟɧɢɬɶ ɤɚɤ ɫɭɛɫɬɪɚɬ, ɬɚɤ ɢ ɷɮɮɟɤɬɨɪ ɢɥɢ ɢɧɝɢɛɢɪɭɸɳɭɸ ɦɨɥɟɤɭɥɭ. 

ɉɪɨɢɡɜɨɞɫɬɜɨ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɯ ɪɟɚɝɟɧɬɨɜ ɞɥɹ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɰɟɥɟɣ 

ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɩɪɢɤɥɚɞɧɨɣ 

ɷɧɡɢɦɨɥɨɝɢɢ. 

ɋɭɳɟɫɬɜɭɸɬ ɫɥɟɞɭɸɳɢɟ ɨɫɧɨɜɧɵɟ ɝɪɭɩɩɵ ɦɟɬɨɞɨɜ ɢɦɦɨɛɢɥɢɡɚɰɢɢ 

ɮɟɪɦɟɧɬɨɜ: ɯɢɦɢɱɟɫɤɢɟ ɦɟɬɨɞɵ (ɨɛɪɚɡɨɜɚɧɢɟ ɤɨɜɚɥɟɧɬɧɵɯ ɫɜɹɡɟɣ) ɢɥɢ ɠɟ 

ɮɢɡɢɱɟɫɤɢɟ ɦɟɬɨɞɵ: ɚɞɫɨɪɛɰɢɹ, ɜɤɥɸɱɟɧɢɟ ɜ ɝɟɥɶ, ɦɢɤɪɨɤɚɩɫɭɥɢɪɨɜɚɧɢɟ. 

Ɍɚɤɠɟ ɜɨɡɦɨɠɧɨ ɤɨɦɛɢɧɢɪɨɜɚɧɢɟ ɷɬɢɯ ɦɟɬɨɞɨɜ. ɉɪɟɢɦɭɳɟɫɬɜɨ ɦɟɬɨɞɚ 

ɯɢɦɢɱɟɫɤɨɣ ɢɦɦɨɛɢɥɢɡɚɰɢɢ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɮɟɪɦɟɧɬ ɧɟ ɪɚɫɬɜɨɪɹɟɬɫɹ 

ɞɚɠɟ ɩɪɢ ɨɱɟɧɶ ɞɥɢɬɟɥɶɧɨɦ ɢɫɩɨɥɶɡɨɜɚɧɢɢ. ɋɭɳɟɫɬɜɭɟɬ ɞɜɚ ɨɫɧɨɜɧɵɯ 
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ɩɨɞɯɨɞɚ ɤ ɯɢɦɢɱɟɫɤɨɣ ɢɦɦɨɛɢɥɢɡɚɰɢɢ: ɢɦɦɨɛɢɥɢɡɚɰɢɹ ɧɚ ɩɨɥɢɦɟɪɧɨɣ 

ɩɨɞɥɨɠɤɟ ɢ ɫɲɢɜɚɧɢɟ ɛɟɥɤɨɜɵɯ ɦɨɥɟɤɭɥ. Ⱥɤɬɢɜɧɨɫɬɶ ɮɟɪɦɟɧɬɚ, ɤɨɜɚɥɟɧɬɧɨ 

ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɨɝɨ, ɡɚɜɢɫɢɬ ɨɬ ɦɧɨɝɢɯ ɮɚɤɬɨɪɨɜ, ɬɚɤɢɯ ɤɚɤ ɫɜɨɣɫɬɜɚ 

ɮɟɪɦɟɧɬɚ ɢ ɦɚɬɪɢɰɵ, ɫɩɨɫɨɛ ɨɛɪɚɡɨɜɚɧɢɹ ɤɨɜɚɥɟɧɬɧɨɣ ɫɜɹɡɢ, ɭɫɥɨɜɢɹ 

ɪɟɚɤɰɢɢ ɢ ɬ. Ⱦ. ɋɥɟɞɭɟɬ ɢɦɟɬɶ ɜ ɜɢɞɭ, ɱɬɨ ɜɨ ɦɧɨɝɢɯ ɫɥɭɱɚɹɯ ɮɟɪɦɟɧɬɵ 

ɢɧɚɤɬɢɜɢɪɭɸɬɫɹ ɜɨ ɜɪɟɦɹ ɤɨɜɚɥɟɧɬɧɨɣ ɢɦɦɨɛɢɥɢɡɚɰɢɢ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ 

ɧɢɡɤɨɦɭ ɜɵɯɨɞɭ ɢɯ ɚɤɬɢɜɧɨɫɬɢ. 

Ɇɟɬɨɞɵ ɮɢɡɢɱɟɫɤɨɣ ɢɦɦɨɛɢɥɢɡɚɰɢɢ ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ ɫɩɨɫɨɛɵ, 
ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɜɨɡɦɨɠɧɨɫɬɢ ɛɟɥɤɨɜ ɚɞɫɨɪɛɢɪɨɜɚɬɶɫɹ ɧɚ ɪɚɡɥɢɱɧɵɯ 

ɩɨɜɟɪɯɧɨɫɬɹɯ ɩɨɫɪɟɞɫɬɜɨɦ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɝɨ, ɝɢɞɪɨɮɨɛɧɨɝɨ ɢ 

ɞɢɫɩɟɪɫɢɨɧɧɨɝɨ ɷɮɮɟɤɬɨɜ, ɧɚɩɪɢɦɟɪ, ɦɟɬɨɞɵ ɜɜɟɞɟɧɢɹ ɜ ɝɟɥɶ ɢɥɢ 

ɩɨɥɭɩɪɨɧɢɰɚɟɦɭɸ ɤɚɩɫɭɥɭ. ɗɬɢ ɦɟɬɨɞɵ ɩɨɞɯɨɞɹɬ ɞɥɹ ɢɦɦɨɛɢɥɢɡɚɰɢɢ 

ɤɨɦɩɥɟɤɫɨɜ ɮɟɪɦɟɧɬɧɵɯ ɤɨɦɩɥɟɤɫɨɜ ɢ ɞɚɠɟ ɰɟɥɵɯ ɤɥɟɬɨɤ. 

 

 
Ɋɢɫɭɧɨɤ 1.1.2. ɋɯɟɦɚɬɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɪɚɡɥɢɱɧɵɯ ɦɟɬɨɞɨɜ ɢɦɦɨɛɢɥɢɡɚɰɢɢ. 

 

Ɇɚɬɪɢɰɚ ɞɥɹ ɢɦɦɨɛɢɥɢɡɚɰɢɢ ɦɨɠɟɬ ɢɦɟɬɶ ɪɚɡɥɢɱɧɭɸ ɩɪɢɪɨɞɭ ɫɨɫɬɚɜɚ, 

ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɛɵɜɚɸɬ ɤɚɤ ɧɚɬɭɪɚɥɶɧɵɟ, ɬɚɤ ɢ ɫɢɧɬɟɬɢɱɟɫɤɢɟ, ɢɫɩɨɥɶɡɭɸɬɫɹ 

ɨɪɝɚɧɢɱɟɫɤɢɟ ɢɥɢ ɧɟɨɪɝɚɧɢɱɟɫɤɢɟ ɦɚɬɟɪɢɚɥɵ, ɚ ɬɚɤɠɟ ɦɨɠɟɬ ɜɚɪɶɢɪɨɜɚɬɶɫɹ 

ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ ɜɟɳɟɫɬɜɚ. Ɉɞɧɚɤɨ ɬɚɤɨɜɵɟ ɧɨɫɢɬɟɥɢ ɞɨɥɠɧɵ 

ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɭɫɬɚɧɨɜɥɟɧɧɵɦ ɩɪɚɜɢɥɚɦ, ɱɬɨɛɵ ɨɛɥɚɞɚɬɶ ɧɚɢɛɨɥɶɲɟɣ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ ɜ ɢɫɩɨɥɶɡɨɜɚɧɢɢ, ɚ ɢɦɟɧɧɨ: ɜɵɫɨɤɚɹ ɭɫɬɨɣɱɢɜɨɫɬɶ 

(ɯɢɦɢɱɟɫɤɚɹ ɢ ɛɢɨɥɨɝɢɱɟɫɤɚɹ), ɜɵɫɨɤɚɹ ɦɟɯɚɧɢɱɟɫɤɚɹ ɫɬɨɣɤɨɫɬɶ 

(ɧɟɨɛɯɨɞɢɦɚɹ ɞɥɹ ɫɨɡɞɚɧɢɹ ɮɨɪɦɵ), ɚ ɬɚɤɠɟ ɜɵɫɨɤɚɹ ɪɚɫɬɜɨɪɢɦɨɫɬɶ, ɞɥɹ 

ɫɜɹɡɵɜɚɧɢɹ ɮɟɪɦɟɧɬɚ ɜ ɪɚɫɬɜɨɪɟ. 
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ȼɵɛɨɪ ɦɚɬɪɢɰɵ ɞɥɹ ɢɦɦɨɛɢɥɢɡɚɰɢɢ ɡɧɚɱɢɬɟɥɶɧɨ ɜɥɢɹɟɬ ɧɚ ɫɜɨɣɫɬɜɚ 

ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɯ ɮɟɪɦɟɧɬɨɜ. ɇɚ ɩɪɚɤɬɢɤɟ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɢɦɦɨɛɢɥɢɡɚɰɢɹ 

ɫɩɨɫɨɛɫɬɜɭɟɬ ɭɥɭɱɲɟɧɢɸ ɫɜɨɣɫɬɜ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɯ ɮɟɪɦɟɧɬɧɵɯ 

ɩɪɟɩɚɪɚɬɨɜ, ɨɧɚ ɦɟɧɹɟɬ ɢɯ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ: ɬɟɪɦɨɫɬɚɛɢɥɶɧɨɫɬɶ, 

ɨɩɬɢɦɚɥɶɧɵɣ ɪɇ - ɭɪɨɜɟɧɶ, ɢɡɦɟɧɟɧɢɟ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɤ ɫɨɥɟɜɵɦ ɢɨɧɚɦ ɢ 

ɬ. ɞ. [12]. ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɪɚɡɪɚɛɨɬɚɧɨ ɛɨɥɟɟ 40 ɪɚɡɥɢɱɧɵɯ ɦɟɬɨɞɨɜ 

ɢɦɦɨɛɢɥɢɡɚɰɢɢ ɨɪɝɚɧɢɡɦɨɜ ɢ ɜɵɞɟɥɟɧɧɵɯ ɢɡ ɧɢɯ ɮɟɪɦɟɧɬɨɜ [13 – 15].  

Ɍɚɛɥɢɰɚ 1.2. Ɇɟɬɨɞɵ ɢɦɦɨɛɢɥɢɡɚɰɢɢ ɢ ɮɟɪɦɟɧɬɚɬɢɜɧɵɯ ɫɢɫɬɟɦ. 

 

 

Ɉɱɟɧɶ ɱɚɫɬɨ ɫɬɚɛɢɥɶɧɨɫɬɶ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɯ ɩɪɟɩɚɪɚɬɨɜ ɧɟ 

ɫɨɱɟɬɚɟɬɫɹ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɜɵɫɨɤɨɝɨ ɜɵɯɨɞɚ ɚɤɬɢɜɧɨɫɬɢ ɫɢɫɬɟɦɵ, ɧɟɫɦɨɬɪɹ 

ɧɚ ɲɢɪɨɤɢɣ ɜɵɛɨɪ ɦɟɬɨɞɨɜ ɩɪɨɰɟɫɫɚ ɢɦɦɨɛɢɥɢɡɚɰɢɢ ɮɟɪɦɟɧɬɨɜ.  

Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɥɸɰɢɮɟɪɚɡɚ ɫɜɹɡɚɥɚɫɶ ɫ ɦɚɬɪɢɰɟɣ ɧɨɫɢɬɟɥɹ, 

ɧɟɨɛɯɨɞɢɦɨ ɧɚɥɢɱɢɟ ɚɤɬɢɜɧɵɯ ɝɪɭɩɩ ɮɟɪɦɟɧɬɨɜ, ɫɭɳɟɫɬɜɭɸɳɢɯ ɞɥɹ 

ɤɚɬɚɥɢɡɚ, ɩɨɫɥɟ ɱɟɝɨ ɩɪɨɢɫɯɨɞɢɬ ɢɧɚɤɬɢɜɚɰɢɹ ɮɟɪɦɟɧɬɚ ɢ ɫɛɨɣ ɪɟɡɭɥɶɬɚɬɚ 

ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɚɧɚɥɢɡɚ. Ɉɱɟɧɶ ɜɚɠɧɨ, ɱɬɨɛɵ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɟ ɩɪɟɩɚɪɚɬɵ 
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ɩɪɢ ɛɢɨɬɟɫɬɢɪɨɜɚɧɢɢ ɨɛɥɚɞɚɥɢ ɫɬɚɛɢɥɶɧɨɫɬɶɸ ɩɪɢ ɯɪɚɧɟɧɢɢ ɢ ɩɪɢɦɟɧɟɧɢɢ. 

Ⱥɤɬɢɜɧɵɟ ɰɟɧɬɪɵ ɮɟɪɦɟɧɬɚ ɧɟ ɞɨɥɠɧɵ ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɬɶ ɩɪɢ ɩɪɨɰɟɫɫɟ 

ɢɦɦɨɛɢɥɢɡɚɰɢɢ, ɧɨ ɜ ɢɬɨɝɟ ɥɸɰɢɮɟɪɚɡɚ ɞɨɥɠɧɚ ɛɵɬɶ ɫɩɟɰɢɮɢɱɧɨɣ ɞɥɹ 

ɫɭɛɫɬɪɚɬɚ. 

ɑɬɨɛɵ ɫɨɡɞɚɬɶ ɷɮɮɟɤɬɢɜɧɵɣ ɪɟɚɝɟɧɬ ɞɥɹ ɚɧɚɥɢɡɚ ɛɢɨɥɸɦɢɧɟɫɰɟɧɰɢɢ, 

ɧɟɨɛɯɨɞɢɦɨ ɨɫɨɡɧɚɧɢɟ ɦɟɯɚɧɢɡɦɨɜ ɜɨɡɞɟɣɫɬɜɢɹ ɦɢɤɪɨɨɤɪɭɠɟɧɢɹ 

ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɨɣ ɫɪɟɞɵ ɧɚ ɮɟɪɦɟɧɬɵ. ɋ ɩɨɦɨɳɶɸ ɮɢɤɫɢɪɨɜɚɧɢɹ ɮɟɪɦɟɧɬɚ 

ɜ ɦɢɤɪɨɨɤɪɭɠɟɧɢɟ ɪɟɚɝɟɧɬɚ ɩɨɞɨɛɧɨ ɦɢɤɪɨɨɤɪɭɠɟɧɢɸ ɜ ɤɥɟɬɤɟ, ɦɨɠɧɨ 
ɞɨɛɢɬɶɫɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫ ɜɵɫɨɤɨɣ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ, 

ɜɨɡɦɨɠɧɨɫɬɢ ɧɟɨɞɧɨɤɪɚɬɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ, ɦɢɧɢɦɚɥɶɧɨɣ ɤɨɦɩɥɟɤɬɚɰɢɢ ɢ 

ɜɵɫɨɤɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ [16].  

ɉɨɞɨɛɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɨɩɪɟɞɟɥɹɟɬ ɢɦɦɨɛɢɥɢɡɚɰɢɹ ɮɟɪɦɟɧɬɨɜ ɫ 

ɩɨɦɨɳɶɸ ɜɤɥɸɱɟɧɢɹ ɢɯ ɜ ɩɨɥɢɦɟɪɧɵɟ ɝɟɥɢ. ɉɪɢɦɟɱɚɬɟɥɶɧɨɫɬɶ ɬɚɤɨɝɨ 

ɦɟɬɨɞɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɬɚɛɢɥɢɡɚɰɢɢ ɮɟɪɦɟɧɬɨɜ ɛɥɚɝɨɞɚɪɹ ɫɜɨɣɫɬɜɭ 

ɦɟɯɚɧɢɱɟɫɤɨɣ ɢ ɬɟɩɥɨɜɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɨɥɢɦɟɪɧɨɝɨ ɝɟɥɹ. ɗɬɚ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɨɫɨɛɟɧɧɚ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜ ɫɢɫɬɟɦɚɯ, ɝɞɟ ɪɇ, 
ɬɟɦɩɟɪɚɬɭɪɚ, ɜɵɫɨɤɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɉȺȼ (ɩɨɜɟɪɯɧɨɫɬɧɨ-ɚɤɬɢɜɧɵɟ ɜɟɳɟɫɬɜɚ) 

ɨɛɥɚɞɚɟɬ ɪɚɡɥɢɱɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ. Ɇɟɬɨɞ ɜɤɥɸɱɟɧɢɹ ɜ ɩɨɥɢɦɟɪɧɵɟ ɝɟɥɢ 

ɯɨɪɨɲ ɬɟɦ, ɱɬɨ ɨɧ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɟɡɟɧ ɞɥɹ ɢɦɦɨɛɢɥɢɡɚɰɢɢ ɛɭɤɜɚɥɶɧɨ ɜɫɟɯ 

ɮɟɪɦɟɧɬɨɜ, ɩɨɥɢɷɧɡɢɦɧɵɯ ɫɢɫɬɟɦ, ɤɥɟɬɨɱɧɵɯ ɮɪɚɝɦɟɧɬɨɜ ɢ ɜ ɬɨɦ ɱɢɫɥɟ ɢ 

ɤɥɟɬɨɤ [17].  

Ɏɟɪɦɟɧɬɵ, ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɟ ɜ ɤɪɚɯɦɚɥɶɧɵɣ ɢɥɢ ɤɨɥɥɚɝɟɧɨɜɵɣ ɝɟɥɶ, 

ɧɚ ɩɪɚɤɬɢɤɟ ɩɪɨɹɜɥɹɸɬ ɧɚɢɛɨɥɶɲɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢ ɞɨɥɝɨɫɪɨɱɧɨɫɬɶ 

ɯɪɚɧɟɧɢɹ. Ɉɞɧɚɤɨ ɬɚɤɢɟ ɩɨɥɢɦɟɪɧɵɟ ɝɟɥɢ ɩɪɟɩɹɬɫɬɜɭɸɬ ɩɪɨɧɢɤɧɨɜɟɧɢɸ 
ɫɭɛɫɬɪɚɬɭ ɜ ɮɟɪɦɟɧɬ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɧɟɞɨɫɬɚɬɤɨɦ, ɩɨɬɨɦɭ ɤɚɤ ɩɪɨɢɫɯɨɞɢɬ 

ɩɨɧɢɠɟɧɢɟ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɨɝɨ ɩɪɟɩɚɪɚɬɚ. 

ɇɟɣɬɪɚɥɶɧɵɣ ɤɪɚɯɦɚɥ ɢ ɠɟɥɚɬɢɧɨɜɵɟ ɝɟɥɢ, ɜɟɪɨɹɬɧɨ, ɫɥɟɞɭɟɬ ɫɱɢɬɚɬɶ 

ɧɚɢɛɨɥɟɟ ɨɩɬɢɦɚɥɶɧɨɣ ɦɢɤɪɨɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɨɣ ɞɥɹ ɥɸɰɢɮɟɪɚɡɵ. 

Ʉɨɢɦɦɨɛɢɥɢɡɚɰɢɹ 2 ɮɟɪɦɟɧɬɨɜ (NAD(P)H:FMN-ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɚ ɢ 

ɥɸɰɢɮɟɪɚɡɚ) ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɟ ɜɵɞɚɸɳɢɟɫɹ ɤɚɱɟɫɬɜɚ: ɫɭɛɫɬɪɚɬ 
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ɞɥɹ ɥɸɰɢɮɟɪɚɡɵ ɩɨɹɜɥɹɟɬɫɹ ɢɦɟɧɧɨ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ, ɝɞɟ ɧɚɯɨɞɢɬɫɹ ɞɚɧɧɵɣ 

ɮɟɪɦɟɧɬ, ɬ.ɟ. ɧɚ ɩɥɨɫɤɨɫɬɢ ɩɨɥɢɦɟɪɚ, ɢ, ɡɧɚɱɢɬ, ɮɚɤɬɢɱɟɫɤɨɟ ɫɨɫɪɟɞɨɬɨɱɟɧɢɟ 

ɫɭɛɫɬɪɚɬɚ FMNH2 ɜɨɤɪɭɝ ɥɸɰɢɮɟɪɚɡɵ ɜɫɹɤɢɣ ɪɚɡ ɜɵɲɟ, ɱɟɦ ɟɝɨ ɫɪɟɞɧɹɹ 

ɫɨɫɪɟɞɨɬɨɱɟɧɧɨɫɬɶ ɜɨ ɜɫɟɦ ɪɚɫɬɜɨɪɟ, ɫɨɛɫɬɜɟɧɧɨ ɱɬɨ ɛɨɥɟɟ ɩɨɞɯɨɞɢɬ ɞɥɹ 

ɤɪɢɬɟɪɢɹ in vivo ɢ, ɬɚɤɨɜɵɦ ɨɛɪɚɡɨɦ, ɦɨɠɟɬ ɩɨɦɨɱɶ ɞɨɛɢɬɶɫɹ ɩɪɟɞɟɥɶɧɨɝɨ 

ɡɧɚɱɟɧɢɹ ɥɸɦɢɧɟɫɰɟɧɰɢɢ. Ʉɪɚɯɦɚɥ ɢ ɠɟɥɚɬɢɧ ɫɱɢɬɚɸɬɫɹ ɫɪɚɜɧɢɬɟɥɶɧɨ 

ɞɟɲɟɜɵɦɢ ɚɝɟɧɬɚɦɢ, ɢ ɩɪɨɰɟɫɫ ɢɦɦɨɛɢɥɢɡɚɰɢɢ ɮɟɪɦɟɧɬɨɜ ɧɚ ɤɪɚɯɦɚɥɶɧɵɯ ɢ 

ɠɟɥɚɬɢɧɨɜɵɯ ɝɟɥɹɯ ɧɟɫɥɨɠɟɧ [3], ɷɬɢ ɜɵɞɚɸɳɢɟɫɹ ɤɚɱɟɫɬɜɚ ɨɩɪɟɞɟɥɹɸɬ 
ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɨɫɬɶ ɪɟɚɝɟɧɬɨɜ, ɩɪɢɨɛɪɟɬɟɧɧɵɯ ɢɡ ɤɪɚɯɦɚɥɶɧɵɯ ɢɥɢ ɠɟ 

ɠɟɥɚɬɢɧɨɜɵɯ ɝɟɥɟɣ. 

Ɉɛɲɢɪɧɨɟ ɜɧɟɞɪɟɧɢɟ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɝɨ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɫɩɨɫɨɛɚ ɧɚ 

ɛɚɡɟ ɮɟɪɦɟɧɬɨɜ ɫɜɟɬɹɳɢɯɫɹ ɛɚɤɬɟɪɢɣ ɢɦɟɟɬ ɦɟɫɬɨ ɛɵɬɶ ɨɝɪɚɧɢɱɟɧɨ 

ɪɚɡɥɢɱɧɵɦɢ ɩɪɢɱɢɧɚɦɢ: ɧɟɩɨɫɬɨɹɧɧɨɫɬɶ ɮɟɪɦɟɧɬɧɨɣ ɫɢɫɬɟɦɵ ɜɨ ɜɪɟɦɹ 

ɩɪɢɦɟɧɟɧɢɹ, ɭɡɤɢɣ ɫɪɨɤ ɫɛɟɪɟɠɟɧɢɹ ɪɟɚɝɟɧɬɨɜ ɞɥɹ ɚɧɚɥɢɡɚ, ɧɚɞɨɛɧɨɫɬɶ 

ɫɨɡɞɚɧɢɹ ɭɫɥɨɜɢɣ ɜ ɮɚɡɟ (pH, ɬɟɦɩɟɪɚɬɭɪɚ), ɧɚɥɢɱɢɟ ɩɪɢɦɟɫɟɣ ɜ ɨɛɪɚɡɰɟ. 

ȼɨɡɦɨɠɧɨɫɬɶ ɦɟɧɹɬɶ ɦɢɤɪɨɨɤɪɭɠɟɧɢɟ ɮɟɪɦɟɧɬɨɜ ɫ ɰɟɥɶɸ ɩɨɥɭɱɟɧɢɹ 
ɮɟɪɦɟɧɬɚɬɢɜɧɵɯ ɜɟɳɟɫɬɜ ɫ ɧɚɢɛɨɥɶɲɟɣ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ ɢ 

ɩɨɞɞɟɪɠɚɧɢɹ ɪɚɡɦɟɪɟɧɧɨɝɨ ɫɜɟɱɟɧɢɹ ɩɪɢ ɞɨɥɝɨɦ ɯɪɚɧɟɧɢɢ ɹɜɥɹɟɬɫɹ 

ɨɫɧɨɜɧɵɦ ɩɪɟɢɦɭɳɟɫɬɜɨɦ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɵɯ ɦɟɬɨɞɨɜ. 

ɑɪɟɡɜɵɱɚɣɧɨ ɜɚɠɧɨ ɬɨ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɵɯ 

ɦɟɬɨɞɨɜ ɜ ɛɢɨɬɟɫɬɢɪɨɜɚɧɢɢ ɦɨɝɥɨ ɩɨɜɵɫɢɬɶ ɬɨɱɧɨɫɬɶ ɚɧɚɥɢɡɨɜ ɢ 

ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɬɶ ɢɯ ɩɟɪɟɯɨɞ ɨɬ ɠɢɜɵɯ ɨɪɝɚɧɢɡɦɨɜ ɤ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɦ 

ɪɟɚɝɟɧɬɚɦ. 

 1.3. Ɏɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɨɣ 
ɫɨɜɦɟɫɬɧɨ ɫ ɫɭɛɫɬɪɚɬɚɦɢ ɛɢɮɟɪɦɟɧɬɧɨɣ ɫɢɫɬɟɦɵ ɫɜɟɬɹɳɢɯɫɹ ɛɚɤɬɟɪɢɣ 

NAD(P)H:FMN -ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɚ-ɥɸɰɢɮɟɪɚɡɚ. 

 1.3.1 ȼɥɢɹɧɢɟ pH ɩɪɢ ɢɦɦɨɛɢɥɢɡɚɰɢɢ ɮɟɪɦɟɧɬɨɜ. 

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ, ɛɵɥɨ ɧɟɨɞɧɨɤɪɚɬɧɨ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɧɨ 

ɜɥɢɹɧɢɟ ɢɦɦɨɛɢɥɢɡɚɰɢɢ ɧɚ ɤɚɬɚɥɢɬɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɇ, 
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ɜɥɢɹɧɢɟ ɧɚ ɢɨɧɧɵɣ ɫɨɫɬɚɜ, ɫɬɚɛɢɥɶɧɨɫɬɶ ɮɟɪɦɟɧɬɨɜ ɢ ɬ.ɞ. ɇɚ ɪɢɫɭɧɤɟ 1.3.1. 

ɩɨɤɚɡɚɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɜɟɱɟɧɢɹ ɛɢɮɟɪɦɟɧɬɧɨɣ ɫɢɫɬɟɦɵ 

NADH: FMN-ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɚ-ɥɸɰɢɮɟɪɚɡɚ. Ɋɇ – ɨɩɬɢɦɭɦ ɞɥɹ ɪɚɫɬɜɨɪɢɦɨɣ 

ɫɢɫɬɟɦɵ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɡɧɚɱɟɧɢɸ 6.8, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɞɥɹ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɯ 

ɫɢɫɬɟɦ ɩɪɨɢɫɯɨɞɢɥ ɫɞɜɢɝ ɪɇ – ɨɩɬɢɦɭɦɚ ɜ ɳɟɥɨɱɧɭɸ ɨɛɥɚɫɬɶ. ɉɪɢ 

ɢɦɦɨɛɢɥɢɡɚɰɢɢ ɜ ɤɪɚɯɦɚɥɶɧɵɣ ɝɟɥɶ, ɧɚɛɥɸɞɚɥɚɫɶ ɜɵɫɨɤɚɹ ɧɚɩɪɹɠɟɧɧɨɫɬɶ 

ɥɸɦɢɧɟɫɰɟɧɰɢɢ ɧɚ ɜɫɟɦ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɞɢɚɩɚɡɨɧɟ ɨɬ 5.8 ɞɨ 7.8. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɢɦɦɨɛɢɥɢɡɚɰɢɢ ɜ ɠɟɥɚɬɢɧɨɜɵɣ ɝɟɥɶ, ɨɩɪɟɞɟɥɢɥɢ ɭɪɨɜɟɧɶ ɪɇ, 

ɤɨɬɨɪɵɣ ɧɚɯɨɞɢɥɫɹ ɜ ɨɛɥɚɫɬɢ ɨɬ 6.6 ɞɨ 7.3.  

 

 

 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 1.3.1. ɪɇ-ɡɚɜɢɫɢɦɨɫɬɶ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɜɟɱɟɧɢɹ: 1 – ɪɚɫɬɜɨɪɢɦɵɟ ɮɟɪɦɟɧɬɵ; 2 – 

ɮɟɪɦɟɧɬɵ, ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɟ ɜ ɤɪɚɯɦɚɥɶɧɵɣ ɝɟɥɶ; 3 – ɮɟɪɦɟɧɬɵ, ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɟ 

ɫɨɜɦɟɫɬɧɨ ɫ ɫɭɛɫɬɪɚɬɚɦɢ ɜ ɤɪɚɯɦɚɥɶɧɵɣ ɝɟɥɶ; 4 – ɮɟɪɦɟɧɬɵ, ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɟ ɜ 

ɠɟɥɚɬɢɧɨɜɵɣ ɝɟɥɶ; 5 - ɮɟɪɦɟɧɬɵ, ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɟ ɫɨɜɦɟɫɬɧɨ ɫ ɫɭɛɫɬɪɚɬɚɦɢ ɜ 

ɠɟɥɚɬɢɧɨɜɵɣ ɝɟɥɶ. 

ɋɥɨɠɧɨ ɩɨɧɹɬɶ ɦɟɯɚɧɢɡɦɵ ɞɟɣɫɬɜɢɹ, ɨɞɧɚɤɨ ɜɥɢɹɧɢɟ ɪɇ ɧɚ ɚɤɬɢɜɧɨɫɬɶ 

ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɯ ɮɟɪɦɟɧɬɨɜ ɦɨɠɧɨ ɨɛɨɫɧɨɜɚɬɶ ɧɟɤɨɬɨɪɵɦɢ 

ɡɚɤɥɸɱɟɧɢɹɦɢ. ɇɚɥɢɱɢɟ ɜ ɦɚɬɪɢɰɟ ɧɨɫɢɬɟɥɹ ɡɚɪɹɠɟɧɧɵɯ ɝɪɭɩɩ ɪɚɫɩɪɟɞɟɥɹɟɬ 

ɱɚɫɬɢɰɚ ɩɪɨɬɨɧɨɜ ɜ ɮɚɡɭ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɨɝɨ ɪɟɚɝɟɧɬɚ. ɗɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ 

ɩɪɢ ɢɦɦɨɛɢɥɢɡɚɰɢɢ ɮɟɪɦɟɧɬɨɜ ɜ ɠɟɥɚɬɢɧɨɜɵɣ ɝɟɥɶ ɫ ɡɚɪɹɠɟɧɧɵɦɢ 
ɝɪɭɩɩɚɦɢ. Ɇɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨɛ ɢɦɦɨɛɢɥɢɡɚɰɢɢ ɮɟɪɦɟɧɬɨɜ ɜ 

ɤɪɚɯɦɚɥɶɧɵɣ ɝɟɥɶ, ɝɞɟ ɞɟɦɨɧɫɬɪɢɪɭɟɬɫɹ ɧɟɡɧɚɱɢɬɟɥɶɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɪɇ 

(ɨɛɭɫɥɚɜɥɢɜɚɟɬɫɹ ɷɥɟɤɬɪɨɧɟɣɬɪɚɥɶɧɨɫɬɶɸ ɜɟɳɟɫɬɜɚ ɧɨɫɢɬɟɥɹ). ȼɹɡɤɨɫɬɶ 

ɫɪɟɞɵ, ɤɨɬɨɪɭɸ ɩɪɨɞɭɰɢɪɭɟɬ ɩɨɥɢɦɟɪɧɚɹ ɦɚɬɪɢɰɚ, ɧɟɨɛɯɨɞɢɦɚ ɞɥɹ 
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ɫɜɨɛɨɞɧɨɣ ɞɢɮɮɭɡɢɢ ɩɪɨɬɨɧɨɜ ɜ ɝɨɬɨɜɨɦ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɨɦ ɮɟɪɦɟɧɬɟ. ɉɪɢ 

ɜɨɡɪɚɫɬɚɧɢɢ ɡɧɚɱɟɧɢɹ ɪɇ ɚɧɚɥɨɝɢɱɧɨɦ ɫɨɤɪɚɳɟɧɢɸ ɫɨɫɪɟɞɨɬɨɱɟɧɢɸ 

ɩɪɨɬɨɧɨɜ ɜ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɩɪɨɢɫɯɨɞɢɬ ɜɚɠɧɨɟ ɢɡɦɟɧɟɧɢɟ 

ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ, ɬɚɤɠɟ, ɜɟɪɨɹɬɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɫɧɢɠɟɧɢɹ 

ɫɩɨɫɨɛɧɨɫɬɢ ɞɢɮɮɭɡɢɢ ɜ ɤɨɦɩɥɟɤɫɟ ɫ ɷɮɮɟɤɬɨɦ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɩɪɨɬɨɧɨɜ 

[18, 19]. 

ɉɨɧɢɦɚɧɢɟ ɜɥɢɹɧɢɹ ɪɇ ɞɥɹ ɜɵɛɪɚɧɧɨɝɨ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɨɝɨ ɩɪɟɩɚɪɚɬɚ 

ɫɩɨɫɨɛɫɬɜɭɟɬ ɫɬɚɛɢɥɢɡɚɰɢɢ ɦɨɥɟɤɭɥ ɮɟɪɦɟɧɬɚ ɩɨɫɪɟɞɫɬɜɨɦ ɜɤɥɸɱɟɧɢɹ 
ɫɭɛɫɬɪɚɬɨɜ ɜ ɚɤɬɢɜɧɵɟ ɰɟɧɬɪɵ ɮɟɪɦɟɧɬɚ ɩɪɢ ɢɦɦɨɛɢɥɢɡɚɰɢɢ. 

 1.3.2. Ɍɟɦɩɟɪɚɬɭɪɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɚɤɬɢɜɧɨɫɬɶ ɮɟɪɦɟɧɬɚɬɢɜɧɵɯ 

ɪɟɚɝɟɧɬɨɜ ɛɢɨɥɸɦɢɧɟɫɰɟɧɰɢɢ. 

 ɉɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɬɟɦɩɟɪɚɬɭɪ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɫɩɟɤɬɪɟ ɫɢɫɬɟɦɵ ɫ 

ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɦɢ ɮɟɪɦɟɧɬɚɦɢ ɞɟɦɨɧɫɬɪɢɪɭɸɬ ɧɚɢɛɨɥɶɲɭɸ 
ɤɚɬɚɥɢɬɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ. Ɍɚɤ, ɩɪɢ ɢɦɦɨɛɢɥɢɡɚɰɢɢ ɜ ɤɪɚɯɦɚɥɶɧɵɣ ɝɟɥɶ 

ɫɜɟɬɢɦɨɫɬɶ ɞɨɫɬɢɝɚɥɚɫɶ ɛɨɥɶɲɟ ɩɨɥɨɜɢɧɵ ɨɬ ɧɚɢɛɨɥɶɲɟɝɨ ɡɧɚɱɟɧɢɹ, ɚ ɩɪɢ 

ɢɦɦɨɛɢɥɢɡɚɰɢɢ ɜ ɠɟɥɚɬɢɧɨɜɵɣ ɝɟɥɶ ɩɪɢɦɟɪɧɨ ɪɚɜɧɚ ɩɨɥɨɜɢɧɟ (Ɋɢɫɭɧɨɤ 

1.3.2.).  

 ɂɫɫɥɟɞɨɜɚɧɚ ɛɵɥɚ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɫɜɟɱɟɧɢɹ ɜ ɪɚɫɬɜɨɪɢɦɵɯ ɫɢɫɬɟɦɚɯ 

ɞɥɹ ɩɨɥɧɨɝɨ ɩɨɧɢɦɚɧɢɹ ɢ ɨɩɢɫɚɧɢɹ ɛɢɮɟɪɦɟɧɬɧɨɣ ɫɢɫɬɟɦɵ. Ɋɚɫɬɜɨɪɢɦɚɹ 

ɛɢɮɟɪɦɟɧɬɧɚɹ ɫɢɫɬɟɦɚ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 15 ɞɨ 30 ɝɪɚɞɭɫɨɜ ɐɟɥɶɫɢɹ ɦɨɝɥɚ 

ɫɨɯɪɚɧɹɬɶ ɛɨɥɟɟ ɩɨɥɨɜɢɧɵ ɨɬ ɧɚɢɛɨɥɶɲɟɣ ɚɤɬɢɜɧɨɫɬɢ, ɤɨɝɞɚ ɢɧɚɤɬɢɜɚɰɢɹ 

ɩɨɥɧɨɫɬɶɸ ɞɨɫɬɢɝɚɥɚɫɶ ɭɠɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 40 ɝɪɚɞɭɫɨɜ ɐɟɥɶɫɢɹ. 

ɂɧɬɟɧɫɢɜɧɨɟ ɫɜɟɱɟɧɢɟ ɪɚɫɬɜɨɪɢɦɨɣ ɛɢɮɟɪɦɟɧɬɧɨɣ ɫɢɫɬɟɦɵ ɩɪɨɢɫɯɨɞɢɥɨ ɜ 

ɞɢɚɩɚɡɨɧɟ ɨɬ 20 ɞɨ 25 ɝɪɚɞɭɫɨɜ ɐɟɥɶɫɢɹ.  

 Ⱦɥɹ ɮɟɪɦɟɧɬɨɜ, ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɯ ɨɬɞɟɥɶɧɨ, ɚ ɬɚɤɠɟ ɫɨɜɦɟɫɬɧɨ ɫ 

ɫɭɛɫɬɪɚɬɚɦɢ ɭɪɨɜɟɧɶ ɬɟɦɩɟɪɚɬɭɪ ɨɤɚɡɚɥɫɹ ɭɜɟɥɢɱɟɧ, ɩɨɷɬɨɦɭ ɞɥɹ 

ɤɪɚɯɦɚɥɶɧɨɝɨ ɝɟɥɹ ɨɧɚ ɜɨɡɪɨɫɥɚ ɨɬ 5 ɞɨ 50 ɝɪɚɞɭɫɨɜ ɐɟɥɶɫɢɹ, ɚ ɞɥɹ 

ɠɟɥɚɬɢɧɨɜɨɝɨ ɝɟɥɹ ɨɬ 15 ɞɨ 50 ɝɪɚɞɭɫɨɜ ɐɟɥɶɫɢɹ.  
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 ȼɚɠɧɨ ɩɨɧɹɬɶ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɩɪɢɱɢɧɨɣ ɞɚɧɧɨɝɨ ɷɮɮɟɤɬɚ. ȼɨɡɪɚɫɬɚɧɢɟ 

ɭɪɨɜɧɹ ɬɟɪɦɨɫɬɚɛɢɥɶɧɨɫɬɢ ɩɪɢ ɩɪɨɰɟɫɫɟ ɢɦɦɨɛɢɥɢɡɚɰɢɢ ɨɛɴɹɫɧɹɟɬɫɹ 

ɫɧɢɠɟɧɢɟɦ ɩɨɞɜɢɠɧɨɫɬɢ ɮɟɪɦɟɧɬɨɜ ɢ ɤɨɮɟɪɦɟɧɬɨɜ ɜ ɝɟɥɟɜɨɣ ɦɚɬɪɢɰɟ. 

Ɇɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɢɦɦɨɛɢɥɢɡɚɰɢɹ ɜ ɩɨɥɢɦɟɪɧɵɯ ɝɟɥɹɯ 

ɨɤɚɡɵɜɚɟɬ ɫɬɚɛɢɥɢɡɢɪɭɸɳɢɣ ɷɮɮɟɤɬ ɛɢɮɟɪɦɟɧɬɧɨɣ ɫɢɫɬɟɦɵ, ɨɞɧɚɤɨ ɨɧ 

ɥɢɦɢɬɢɪɭɟɬɫɹ ɫ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪ. 

 Ⱥɧɚɥɢɡɢɪɭɹ ɢɦɟɸɳɢɟɫɹ ɪɟɡɭɥɶɬɚɬɵ, ɦɨɠɧɨ ɫɤɚɡɚɬɶ ɨ ɡɧɚɱɢɬɟɥɶɧɨɣ 

ɫɬɚɛɢɥɢɡɚɰɢɢ ɫɢɫɬɟɦɵ NADH: FMN-ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɚ-ɥɸɰɢɮɟɪɚɡɚ ɩɪɢ 
ɢɦɦɨɛɢɥɢɡɚɰɢɢ ɜ ɤɪɚɯɦɚɥɶɧɵɣ ɢ ɠɟɥɚɬɢɧɨɜɵɟ ɝɟɥɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɤ 

ɞɟɧɚɬɭɪɢɪɭɸɳɢɦ ɚɝɟɧɬɚɦ. ɂɡ ɜɫɟɝɨ ɷɬɨɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ ɜɵɫɨɤɨɚɤɬɢɜɧɵɣ ɢ 

ɫɬɚɛɢɥɶɧɵɣ ɩɪɟɩɚɪɚɬ ɞɥɹ ɛɢɨɥɸɦɢɧɟɫɰɟɧɰɢɢ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧ ɢ 

ɨɩɬɢɦɢɡɢɪɨɜɚɧ ɫ ɭɱɟɬɨɦ ɞɚɧɧɵɯ ɫɩɨɫɨɛɨɜ. 

 

 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 1.3.2. Ɂɚɜɢɫɢɦɨɫɬɶ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɜɟɱɟɧɢɹ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢɧɤɭɛɢɪɨɜɚɧɢɹ: 1 – 

ɪɚɫɬɜɨɪɢɦɵɟ ɮɟɪɦɟɧɬɵ; 2 – ɮɟɪɦɟɧɬɵ, ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɟ ɜ ɤɪɚɯɦɚɥɶɧɵɣ ɝɟɥɶ; 3 – 

ɮɟɪɦɟɧɬɵ, ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɟ ɫɨɜɦɟɫɬɧɨ ɫ ɫɭɛɫɬɪɚɬɚɦɢ ɜ ɤɪɚɯɦɚɥɶɧɵɣ ɝɟɥɶ; 4 – 

ɮɟɪɦɟɧɬɵ, ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɟ ɜ ɠɟɥɚɬɢɧɨɜɵɣ ɝɟɥɶ; 5 - ɮɟɪɦɟɧɬɵ, ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɟ 

ɫɨɜɦɟɫɬɧɨ ɫ ɫɭɛɫɬɪɚɬɚɦɢ ɜ ɠɟɥɚɬɢɧɨɜɵɣ ɝɟɥɶ. 

  

Ɋɚɧɧɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɥɸɰɢɮɟɪɚɡɵ ɢɡ Photobacterium 

leiognathi ɢ NAD(P)H: FMN-ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɵ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɜɹɡɤɢɯ 
ɪɚɫɬɜɨɪɢɬɟɥɟɣ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɞɨ 35 ° C ɦɨɠɟɬ ɩɨɧɹɬɶ ɜɥɢɹɧɢɟ ɜɹɡɤɢɯ 

ɪɚɫɬɜɨɪɢɬɟɥɟɣ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɬɪɟɬɢɱɧɵɟ ɢ ɜɬɨɪɢɱɧɵɟ ɫɬɪɭɤɬɭɪɧɵɟ 

ɢɡɦɟɧɟɧɢɹ ɥɸɰɢɮɟɪɚɡɵ ɢ NAD (P) H: FMN-ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɵ. 
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 Ɏɥɭɨɪɟɫɰɟɧɬɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɟɩɥɨɜɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɮɟɪɦɟɧɬɵ 

ɫɜɹɡɚɧɧɨɣ ɛɢɮɟɪɦɟɧɬɧɨɣ ɫɢɫɬɟɦɵ NADH: FMN-ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɚ-

ɥɸɰɢɮɟɪɚɡɚ ɜ ɜɹɡɤɢɯ ɫɪɟɞɚɯ ɩɨɤɚɡɚɥɢ ɨɬɫɭɬɫɬɜɢɟ ɤɨɧɮɨɪɦɚɰɢɨɧɧɵɯ 

ɢɡɦɟɧɟɧɢɣ ɥɸɰɢɮɟɪɚɡɵ ɢ NAD (P) H: FMN-ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɵ ɬɪɟɬɢɱɧɨɣ ɢ 

ɜɬɨɪɢɱɧɨɣ ɫɬɪɭɤɬɭɪɵ ɮɟɪɦɟɧɬɨɜ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɟɡɭɥɶɬɚɬɵ, 

ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ ɷɬɢɯ ɪɚɛɨɬɚɯ, ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɝɥɢɰɟɪɢɧ ɢ ɫɚɯɚɪɨɡɚ 

ɫɧɢɠɚɸɬ ɫɤɨɪɨɫɬɶ ɢɧɚɤɬɢɜɚɰɢɢ ɥɸɰɢɮɟɪɚɡɵ ɢ NAD(P)H: FMN-

ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɵ ɢ ɫɨɯɪɚɧɹɸɬ ɟɟ ɤɨɧɮɨɪɦɚɰɢɸ ɩɪɨɬɢɜ ɬɟɪɦɢɱɟɫɤɨɝɨ 
ɪɚɡɜɨɪɚɱɢɜɚɧɢɹ. 

 

 

 

 

 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 1.3.3.Ɉɩɬɢɦɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɫɜɹɡɚɧɧɨɣ ɮɟɪɦɟɧɬɧɨɣ ɫɢɫɬɟɦɵ NADH: FMN-

ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɚ-ɥɸɰɢɮɟɪɚɡɚ ɜ ɨɬɫɭɬɫɬɜɢɟ (♦) ɢ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 40% ɫɚɯɚɪɨɡɵ (ɜɹɡɤɨɫɬɶ 

6,16 ɦɉɚ) (▲) ɢ 50% ɝɥɢɰɟɪɢɧɚ (ɜɹɡɤɨɫɬɶ 6,05 ɦɉɚ) (■). 

 

 ȼ ɨɩɬɢɦɚɥɶɧɵɯ ɫɨɫɬɨɹɧɢɹɯ ɥɸɰɢɮɟɪɚɡɵ ɩɪɨɹɜɥɹɸɬ ɤɢɧɟɬɢɤɭ ɫɜɟɱɟɧɢɹ 

«flash» - ɬɢɩɚ ɫ ɫɤɨɪɵɦ ɡɚɬɭɯɚɧɢɟɦ ɜ ɬɟɱɟɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɦɢɧɭɬ, ɨɩɬɢɦɭɦ 

ɬɟɦɩɟɪɚɬɭɪɵ ɬɚɤɨɣ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɣ ɪɟɚɤɰɢɢ ɥɟɠɢɬ ɜ ɞɢɚɩɚɡɨɧɟ 10-15 

ɝɪɚɞɭɫɨɜ ɐɟɥɶɫɢɹ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɞɚɥɟɤ ɤɚɤ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ 

ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɤɥɟɬɨɤ ɦɥɟɤɨɩɢɬɚɸɳɢɯ, ɬɚɤ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɢɯ ɬɤɚɧɟɣ.  ɗɬɚ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɦɨɠɟɬ ɨɤɚɡɵɜɚɬɶ ɜɥɢɹɧɢɟ ɩɪɢ ɩɪɨɰɟɫɫɟ ɢɦɦɨɛɢɥɢɡɚɰɢɢ ɧɚ 

ɞɚɥɶɧɟɣɲɢɟ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɵɟ ɩɚɪɚɦɟɬɪɵ.  
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 ɇɟɫɦɨɬɪɹ ɧɚ ɢɡɭɱɟɧɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɜɥɢɹɧɢɹ ɧɚ ɮɟɪɦɟɧɬɵ, 

ɫɭɛɫɬɪɚɬɵ ɢ ɦɢɤɪɨɨɤɪɭɠɟɧɢɟ, ɜɨɡɞɟɣɫɬɜɢɟ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɚ 

ɜɵɫɭɲɢɜɚɧɢɹ ɢ ɯɪɚɧɟɧɢɹ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɨɣ ɫɨɜɦɟɫɬɧɨ ɫ ɫɭɛɫɬɪɚɬɚɦɢ 

ɛɢɮɟɪɦɟɧɬɧɨɣ ɫɢɫɬɟɦɵ NAD(P)H:FMN–ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɚ–ɥɸɰɢɮɟɪɚɡɚ ɧɚ 

ɚɤɬɢɜɧɨɫɬɶ ɪɟɚɝɟɧɬɨɜ ɢ ɬɨɱɧɨɫɬɶ ɪɟɡɭɥɶɬɚɬɨɜ ɚɧɚɥɢɡɚ ɨɫɬɚɥɚɫɶ ɧɟ ɢɡɭɱɟɧɧɨɣ.  
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 2. Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 

 2.1 Ɇɚɬɟɪɢɚɥɵ 

 ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɜ ɥɚɛɨɪɚɬɨɪɢɢ ɂɧɫɬɢɬɭɬɚ ɛɢɨɮɢɡɢɤɢ ɋɈ ɊȺɇ, 

ɫɨɜɦɟɫɬɧɨ ɫ ɥɚɛɨɪɚɬɨɪɢɟɣ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɎȽȺɈɍ ȼɈ 

«ɋɎɍ» ɪɚɡɪɚɛɨɬɚɧ ɪɟɚɝɟɧɬ «ɗɧɡɢɦɨɥɸɦ». ɗɬɨ ɞɢɫɤɢ ɜɵɫɭɲɟɧɧɨɝɨ 

ɤɪɚɯɦɚɥɶɧɨɝɨ ɝɟɥɹ, ɤɨɬɨɪɵɣ ɫɨɞɟɪɠɢɬ ɮɟɪɦɟɧɬɵ ɢ ɫɭɛɫɬɪɚɬɵ ɛɢɮɟɪɦɟɧɬɧɨɣ 

ɫɢɫɬɟɦɵ ɫɜɟɬɹɳɢɯɫɹ ɛɚɤɬɟɪɢɣ NAD(P)H:FMN-ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɚ-ɥɸɰɢɮɟɪɚɡɚ. 

ɂɡɦɟɧɹɹ ɤɨɧɰɟɧɬɪɚɰɢɸ ɮɟɪɦɟɧɬɨɜ ɢ ɫɭɛɫɬɪɚɬɨɜ, ɜɪɟɦɹ ɢ ɫɩɨɫɨɛ ɫɭɲɤɢ 

ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɯ ɪɟɚɝɟɧɬɨɜ, ɦɨɠɧɨ ɢɡɝɨɬɚɜɥɢɜɚɬɶ ɪɟɚɝɟɧɬɵ ɫ ɪɚɡɥɢɱɧɨɣ 

ɮɟɪɦɟɧɬɚɬɢɜɧɨɣ ɚɤɬɢɜɧɨɫɬɶɸ ɢ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ.  

 ȼ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɫɥɟɞɭɸɳɢɟ ɩɪɢɛɨɪɵ: ɥɸɦɢɧɨɦɟɬɪ GloMax 
20/20 ɩɪɨɢɡɜɨɞɫɬɜɚ Promega Corporation (ɋɒȺ). Ⱥɤɬɢɜɧɨɫɬɶ ɮɟɪɦɟɧɬɚɬɢɜɧɨɣ 

ɫɢɫɬɟɦɵ NADH: FMN-ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɚ-ɥɸɰɢɮɟɪɚɡɚ ɜ ɪɚɫɬɜɨɪɢɦɨɦ ɢ 

ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɨɦ ɫɨɫɬɨɹɧɢɢ ɨɩɪɟɞɟɥɹɥɢ ɩɨ ɦɚɤɫɢɦɚɥɶɧɨɣ ɫɜɟɬɢɦɨɫɬɢ.  

 ȼ ɷɬɨɣ ɪɚɛɨɬɟ ɦɵ ɢɫɩɨɥɶɡɭɟɦ ɧɚɛɨɪ ɚɧɚɥɢɬɢɱɟɫɤɢɯ 

ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɵɯ ɪɟɚɝɟɧɬɨɜ (CRAB), ɤɨɬɨɪɵɟ ɜɤɥɸɱɚɸɬ ɥɸɰɢɮɟɪɚɡɭ (L) 

ɢɡ ɪɟɤɨɦɛɢɧɚɧɬɧɨɝɨ ɲɬɚɦɦɚ E.coli ɢ NADH: FMN - ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɭ (R) ɢɡ 

Photobacterium leiognathi, ɩɪɨɢɡɜɟɞɟɧɧɭɸ ɜ ɂɧɫɬɢɬɭɬɟ ɛɢɨɮɢɡɢɤɢ ɋɈ ɊȺɇ 
(Ʉɪɚɫɧɨɹɪɫɤ). Ʉɚɠɞɵɣ ɮɥɚɤɨɧ CRAB ɫɨɞɟɪɠɢɬ 0,5 ɦɝ / ɦɥ ɥɸɰɢɮɟɪɚɡɵ, 0,15 

ɟɞ. NADH: FMN - ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɵ. 

 Ʉɚɪɬɨɮɟɥɶɧɵɣ ɤɪɚɯɦɚɥ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɧɨɫɢɬɟɥɹ ɞɥɹ 

ɮɨɬɨɛɚɤɬɟɪɢɚɥɶɧɵɯ ɮɟɪɦɟɧɬɨɜ.  

ɂɫɩɨɥɶɡɨɜɚɥɢɫɶ ɫɥɟɞɭɸɳɢɟ ɩɪɢɛɨɪɵ: ɥɸɦɢɧɨɦɟɬɪ GloMax 20/20 

ɩɪɨɢɡɜɨɞɫɬɜɚ Promega Corporation (ɋɒȺ); ɬɟɪɦɨɫɬɚɬ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɫ 

ɨɯɥɚɠɞɟɧɢɟɦ ɌɋɈ-1/80 ɋɉɍ; ɷɥɟɤɬɪɨɧɧɚɹ ɩɢɩɟɬɤɚ Sartorius; ɜɚɤɭɭɦɧɵɣ 

ɫɦɟɫɢɬɟɥɶ Averon; ɥɚɛɨɪɚɬɨɪɧɵɟ ɜɟɫɵ. 

ɑɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɪɟɚɝɟɧɬɨɜ ɨɰɟɧɢɜɚɥɢ ɩɨ ɢɡɦɟɧɟɧɢɸ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 

ɢɡɥɭɱɟɧɢɹ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɪɚɫɬɜɨɪɚ ɫɨɥɢ ɦɟɬɚɥɥɚ CuSO 4. 

 ɉɪɨɰɟɞɭɪɚ ɩɨɥɭɱɟɧɢɹ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɯ ɮɨɬɨɛɚɤɬɟɪɢɚɥɶɧɵɯ 

ɮɟɪɦɟɧɬɨɜ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ: ɨɛɪɚɡɟɰ 0,425 ɝ ɤɚɪɬɨɮɟɥɶɧɨɝɨ 
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ɤɪɚɯɦɚɥɚ ɩɨɦɟɳɚɸɬ ɜ 20 ɦɥ 0,05 Ɇ ɤɚɥɢɣ-ɮɨɫɮɚɬɧɨɝɨ ɛɭɮɟɪɚ, ɪɇ 6,8, ɫɦɟɫɶ 

ɧɚɝɪɟɜɚɸɬ ɞɨ ɤɢɩɟɧɢɹ ɢ ɤɢɩɹɬɹɬ ɜ ɬɟɱɟɧɢɟ 2 ɦɢɧɭɬ. 350 ɝ 0,019% 

ɦɢɪɢɫɬɢɧɨɜɨɝɨ ɚɥɶɞɟɝɢɞɚ ɞɨɛɚɜɥɹɸɬ ɤ ɝɨɪɹɱɟɦɭ ɤɪɚɯɦɚɥɶɧɨɦɭ ɝɟɥɸ ɢ ɫɦɟɫɶ 

ɩɟɪɟɦɟɲɢɜɚɸɬ ɜ ɜɚɤɭɭɦɧɨɦ ɫɦɟɫɢɬɟɥɟ ɜ ɬɟɱɟɧɢɟ 50 ɫɟɤɭɧɞ, ɡɚɬɟɦ ɞɨɛɚɜɥɹɸɬ 

110 ɦɤɥ 1,6 × ͳͲ−2   Ɇ ɪɚɫɬɜɨɪɚ NADH ɢ ɫɦɟɫɶ ɫɧɨɜɚ ɩɟɪɟɦɟɲɢɜɚɸɬ. ɉɨɫɥɟ 

ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɝɟɥɶ ɨɯɥɚɠɞɚɸɬ ɞɨ 25 ° C. Ɂɚɬɟɦ ɞɨɛɚɜɥɹɸɬ 300 ɦɤɥ CRAB, 

ɪɚɡɜɟɞɟɧɧɨɝɨ ɜ 500 ɦɤɥ ɛɭɮɟɪɚ, ɢ ɝɟɥɶ ɫɧɨɜɚ ɩɟɪɟɦɟɲɢɜɚɸɬ. Ɂɚɬɟɦ ɝɟɥɶ ɫ 

ɜɤɥɸɱɟɧɧɵɦɢ ɮɟɪɦɟɧɬɚɦɢ ɢ ɫɭɛɫɬɪɚɬɚɦɢ ɧɚɧɨɫɹɬ ɧɚ ɩɥɟɧɤɭ ɜ ɨɛɴɟɦɟ 25 ɦɤɥ. 
Ⱦɨɡɢɪɨɜɚɧɧɵɣ ɝɟɥɶ ɫɭɲɚɬ ɜ ɯɨɥɨɞɢɥɶɧɢɤɟ. 

 

 2.2 Ɇɟɬɨɞɵ 

 ɉɪɢɛɨɪ ɪɟɝɢɫɬɪɚɰɢɢ ɫɜɟɱɟɧɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɯɟɦɢɥɸɦɢɧɨɦɟɬɪ, 

ɝɞɟ ɜɧɭɬɪɢ ɧɟɝɨ ɜ ɤɸɜɟɬɟ, ɫɨɞɟɪɠɚɳɭɸ ɪɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ, ɩɪɨɢɫɯɨɞɢɬ 
ɪɟɚɤɰɢɹ ɫ ɜɵɞɟɥɟɧɢɟɦ ɦɨɥɟɤɭɥ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ ɢ ɜɵɞɟɥɟɧɢɹ ɫɜɟɬɨɜɨɣ 

ɷɧɟɪɝɢɢ (ɥɭɱɢɫɬɚɹ ɞɟɡɚɤɬɢɜɚɰɢɹ) ɩɪɢ ɜɨɡɜɪɚɳɟɧɢɢ ɢɯ ɜ ɨɫɧɨɜɧɨɟ ɫɨɫɬɨɹɧɢɟ: 
 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 2.2. ɇɚɩɪɚɜɥɟɧɢɟ ɫɜɟɬɚ ɜ ɯɟɦɢɥɸɦɢɧɨɦɟɬɪɟ: ɚ – ɤɸɜɟɬɚ ɫ ɢɫɫɥɟɞɭɟɦɨɣ 

ɫɪɟɞɨɣ; ɛ – ɩɨɥɨɫɨɜɨɣ ɮɢɥɶɬɪ, ɩɪɨɩɭɫɤɚɸɳɢɣ ɩɨɬɨɤ ɢɡɥɭɱɟɧɧɨɣ ɫɜɟɬɨɜɨɣ ɷɧɟɪɝɢɢ ɜ 

ɩɨɥɨɫɟ ɞɥɢɧ ɜɨɥɧ λ1; ɜ – ɮɨɬɨɩɪɢɟɦɧɢɤ; Ɏɢ – ɩɨɬɨɤ ɫɜɟɬɨɜɨɣ ɷɧɟɪɝɢɢ, ɢɡɥɭɱɚɟɦɵɣ 

ɢɫɫɥɟɞɭɟɦɨɣ ɫɪɟɞɨɣ; ΔɎɢ – ɩɨɬɨɤ ɫɜɟɬɨɜɨɣ ɷɧɟɪɝɢɢ ɢɡɥɭɱɟɧɢɹ ɜ ɩɨɥɨɫɟ ɞɥɢɧ ɜɨɥɧ. 

Ⱥɜɬɨɪɵ: ɂ. ȿ. ɋɭɤɨɜɚɬɚɹ, ȼ. Ⱥ. Ʉɪɚɬɚɫɸɤ, ȼ. ȼ. Ɇɟɠɟɜɢɤɢɧ, ɂ. ȼ. ɋɜɢɞɟɪɫɤɚɹ, ȿ. ɇ. 

ȿɫɢɦɛɟɤɨɜɚ, ȿ. ȼ. ɇɟɦɰɟɜɚ. 

 

 Ɋɟɝɢɫɬɪɚɰɢɹ ɫɜɟɱɟɧɢɹ ɩɪɨɢɫɯɨɞɢɬ ɫ ɩɨɦɨɳɶɸ ɩɪɢɛɨɪɚ GloMax. 

Ⱦɢɧɚɦɢɱɟɫɤɢɣ ɞɢɚɩɚɡɨɧ GloMax ɛɨɥɟɟ ɱɟɦ ɞɨɫɬɚɬɨɱɟɧ, ɱɬɨɛɵ ɨɯɜɚɬɢɬɶ 
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ɨɛɵɱɧɵɟ ɥɸɦɢɧɟɫɰɟɧɬɧɵɟ ɩɪɢɦɟɧɟɧɢɹ, ɬɟɦ ɫɚɦɵɦ ɭɦɟɧɶɲɚɹ ɧɟɨɛɯɨɞɢɦɨɫɬɶ 

ɪɚɡɛɚɜɥɟɧɢɹ ɨɛɪɚɡɰɨɜ. 

 

Ɋɢɫɭɧɨɤ 2.3. ɋɯɟɦɚ ɢɡɦɟɪɟɧɢɹ ɚɤɬɢɜɧɨɫɬɢ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɨɣ ɛɢɮɟɪɦɟɧɬɧɨɣ ɫɢɫɬɟɦɵ . 

Ⱥɜɬɨɪɵ: Ɍɨɪɝɚɲɢɧɚ ɂ.Ƚ., ȿɫɢɦɛɟɤɨɜɚ ȿ.ɇ., Ʉɪɚɬɚɫɸɤ ȼ.Ⱥ. 

 

 Ⱥɤɬɢɜɧɨɫɬɶ ɮɟɪɦɟɧɬɨɜ, ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɯ ɜɦɟɫɬɟ ɫ ɫɭɛɫɬɪɚɬɚɦɢ, 

ɢɡɦɟɪɹɥɢ ɜ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɫɥɟɞɭɸɳɟɝɨ ɫɨɫɬɚɜɚ: ɞɢɫɤ ɫ 

ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɦɢ ɮɟɪɦɟɧɬɚɦɢ ɢ ɫɭɛɫɬɪɚɬɚɦɢ (ɪɟɚɝɟɧɬ ɷɧɡɢɦɨɥɸɦ), 300 

ɦɤɥ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɵ, 10 ɦɤɥ 5∙10-4 Ɇ FMN. 

 Ʉɸɜɟɬɭ ɫ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɶɸ ɩɨɦɟɳɚɥɢ ɜ ɩɪɢɛɨɪ GloMax 20/20 
ɥɸɦɢɧɨɦɟɬɪ. Ɇɚɤɫɢɦɚɥɶɧɨɟ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɟ ɫɜɟɱɟɧɢɟ ɛɵɥɨ 

ɡɚɮɢɤɫɢɪɨɜɚɧɨ ɜ Excel 2010. 

 Ⱥɤɬɢɜɧɨɫɬɶ ɮɟɪɦɟɧɬɨɜ, ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɯ ɜɦɟɫɬɟ ɫ ɫɭɛɫɬɪɚɬɚɦɢ ɜ 

ɩɪɢɫɭɬɫɬɜɢɢ ɫɨɥɢ ɦɟɬɚɥɥɚ CuSO4, ɢɡɦɟɪɹɟɫɬɫɹ ɜ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ 

ɫɥɟɞɭɸɳɟɝɨ ɫɨɫɬɚɜɚ: ɮɟɪɦɟɧɬɧɵɣ ɪɟɚɝɟɧɬ, 300 ɦɤɥ ɪɚɫɬɜɨɪɚ CuSO4, 10 ɦɤɥ 

5∙10-4 Ɇ FMN. 

 ɑɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɪɟɚɝɟɧɬɚ ɨɰɟɧɢɜɚɸɬ ɩɨ ɤɨɧɰɟɧɬɪɚɰɢɢ 

ɩɨɥɭɦɚɤɫɢɦɚɥɶɧɨɝɨ ɢɧɝɢɛɢɪɨɜɚɧɢɹ ɚɤɬɢɜɧɨɫɬɢ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɦɨɞɟɥɶɧɨɝɨ 

ɬɨɤɫɢɱɟɫɤɨɝɨ ɚɝɟɧɬɚ, ɫɭɥɶɮɚɬɚ ɦɟɞɢ. 
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 3. Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ 

 3.1 Ɉɰɟɧɤɚ ɜɥɢɹɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɚ ɜɵɫɭɲɢɜɚɧɢɹ 
ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɨɣ ɫɨɜɦɟɫɬɧɨ ɫ ɫɭɛɫɬɪɚɬɚɦɢ ɛɢɮɟɪɦɟɧɬɧɨɣ ɫɢɫɬɟɦɵ  
NAD(P)H:FMN–ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɚ–ɥɸɰɢɮɟɪɚɡɚ. 
 Ⱦɥɹ ɨɬɜɟɬɚ ɧɚ ɩɨɫɬɚɜɥɟɧɧɵɟ ɡɚɞɚɱɢ ɩɟɪɜɨɫɬɟɩɟɧɧɨ ɧɟɨɛɯɨɞɢɦɨ ɛɵɥɨ 

ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɨɬɜɟɬɢɬɶ ɧɚ ɜɨɩɪɨɫ «ɜɥɢɹɸɬ ɥɢ ɭɫɥɨɜɢɹ ɜɵɫɭɲɢɜɚɧɢɹ 

ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɯ ɜ ɤɪɚɯɦɚɥɶɧɵɣ ɝɟɥɶ ɮɟɪɦɟɧɬɨɜ ɛɢɮɟɪɦɟɧɬɧɨɣ ɫɢɫɬɟɦɵ  

NAD(P)H:FMN–ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɚ–ɥɸɰɢɮɟɪɚɡɚ ɧɚ ɢɯ ɚɤɬɢɜɧɨɫɬɶ» ? 

Ⱦɥɹ ɷɬɨɝɨ ɩɪɨɜɟɞɟɧɨ ɫɪɚɜɧɟɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɨɣ 

ɛɢɮɟɪɦɟɧɬɧɨɣ ɫɢɫɬɟɦɵ ɫɜɟɬɹɳɢɯɫɹ ɛɚɤɬɟɪɢɣ NAD(P)H:FMN-

ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɚ-ɥɸɰɢɮɟɪɚɡɚ ɫɨɜɦɟɫɬɧɨ ɫ ɫɭɛɫɬɪɚɬɚɦɢ NADH ɢ 

ɬɟɬɪɚɞɟɤɚɧɚɥɶ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɢɣ ɜɵɫɭɲɢɜɚɧɢɹ (Ɋɢɫɭɧɨɤ 

3.1.).  ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɞɥɹ ɜɵɫɭɲɢɜɚɧɢɹ ɪɟɚɝɟɧɬɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢ ɫɥɟɞɭɸɳɢɟ 

ɭɫɥɨɜɢɹ: «ɤɨɦɧɚɬɧɵɟ» - 30% ɜɥɚɠɧɨɫɬɢ ɢ ɬɟɦɩɟɪɚɬɭɪɚ 25 ºɋ; ɭɫɥɨɜɢɹ 

ɯɨɥɨɞɢɥɶɧɨɣ ɤɚɦɟɪɵ - 47% ɜɥɚɠɧɨɫɬɢ ɢ 7 ºɋ ɬɟɦɩɟɪɚɬɭɪɵ, ɢ ɭɫɥɨɜɢɹ 

ɯɨɥɨɞɢɥɶɧɨɣ ɤɚɦɟɪɵ ɫ ɜɟɧɬɢɥɹɰɢɟɣ - 64% ɜɥɚɠɧɨɫɬɢ ɢ 5 ºɋ ɬɟɦɩɟɪɚɬɭɪɵ. 
 ɉɨɤɚɡɚɧɨ, ɱɬɨ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɫɜɟɱɟɧɢɹ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɯ ɪɟɚɝɟɧɬɨɜ 

ɡɚɜɢɫɢɬ ɨɬ ɪɟɠɢɦɚ ɜɵɫɭɲɢɜɚɧɢɹ. Ɍɚɤ, ɦɚɤɫɢɦɚɥɶɧɚɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɫɜɟɱɟɧɢɹ 

ɧɚɛɥɸɞɚɥɚɫɶ ɭ ɪɟɚɝɟɧɬɨɜ, ɜɵɫɭɲɟɧɧɵɯ ɩɪɢ ɡɧɚɱɟɧɢɹɯ ɜɥɚɠɧɨɫɬɢ 30% ɢ 

ɬɟɦɩɟɪɚɬɭɪɟ 25 ºɋ (ɤɨɦɧɚɬɧɵɟ ɭɫɥɨɜɢɹ). ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɢɧɬɟɧɫɢɜɧɨɫɬɶ 

ɫɜɟɱɟɧɢɹ ɛɵɥɚ ɧɚ 30% ɛɨɥɶɲɟ, ɱɟɦ ɜ ɫɥɭɱɚɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɥɹ ɜɵɫɭɲɢɜɚɧɢɹ 

ɯɨɥɨɞɢɥɶɧɵɯ ɤɚɦɟɪ.  ȼɟɪɨɹɬɧɨ, ɷɬɨɬ ɪɟɡɭɥɶɬɚɬ ɨɛɭɫɥɨɜɥɟɧ ɦɟɧɶɲɢɦ 

ɜɪɟɦɟɧɟɦ ɜɵɫɭɲɢɜɚɧɢɹ. ɉɪɢ ɜɵɫɭɲɢɜɚɧɢɢ ɪɟɚɝɟɧɬɨɜ ɜ ɭɫɥɨɜɢɹɯ ɧɢɡɤɨɣ 

ɜɥɚɠɧɨɫɬɢ (30%) ɢ ɬɟɦɩɟɪɚɬɭɪɟ 25 ºɋ ɜɵɫɵɯɚɧɢɟ ɩɪɨɢɫɯɨɞɢɥɨ ɦɟɧɟɟ ɱɟɦ ɡɚ 5 
ɱɚɫɨɜ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɩɪɢ ɭɫɥɨɜɢɹɯ ɜɵɫɭɲɢɜɚɧɢɹ ɜ ɯɨɥɨɞɢɥɶɧɵɯ ɤɚɦɟɪɚɯ ɫ 

ɨɛɞɭɜɨɦ ɜɨɡɞɭɯɨɦ ɪɟɚɝɟɧɬɨɜ ɢ ɛɟɡ ɨɛɞɭɜɚ (64% ɜɥɚɠɧɨɫɬɶ / 5 ºɋ ɬɟɦɩɟɪɚɬɭɪɚ 

ɢ 47% ɜɥɚɠɧɨɫɬɶ / 7 ºɋ ɬɟɦɩɟɪɚɬɭɪɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ) ɞɥɹ ɜɵɫɵɯɚɧɢɹ 

ɩɨɬɪɟɛɨɜɚɥɨɫɶ ɛɨɥɟɟ 12 ɱɚɫɨɜ. 
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Ɉɞɧɚɤɨ, ɜɨ ɜɫɟɯ ɫɥɭɱɚɹɯ ɪɚɡɛɪɨɫ ɡɧɚɱɟɧɢɣ ɦɚɤɫɢɦɚɥɶɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 

ɫɜɟɱɟɧɢɹ ɜɨ ɜɫɟɯ ɫɥɭɱɚɹɯ ɫɨɫɬɚɜɢɥ ɛɨɥɟɟ 25 % ɢ ɧɟ ɡɚɜɢɫɟɥ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ 

ɜɵɫɭɲɢɜɚɧɢɹ. 

 

 
Ɋɢɫɭɧɨɤ 3.1. Ɂɚɜɢɫɢɦɨɫɬɶ ɦɚɤɫɢɦɚɥɶɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɜɟɱɟɧɢɹ 

ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɨɣ ɛɢɮɟɪɦɟɧɬɧɨɣ ɫɢɫɬɟɦɵ NAD(P)H: FMN – ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɚ – 

ɥɸɰɢɮɟɪɚɡɚ  ɨɬ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɚ ɜɵɫɭɲɢɜɚɧɢɹ: 1 – (64% ɜɥɚɠɧɨɫɬɶ, 5ºɋ 

ɬɟɦɩɟɪɚɬɭɪɚ); 2 – (47% ɜɥɚɠɧɨɫɬɶ, 7 ºɋ ɬɟɦɩɟɪɚɬɭɪɚ); 3 – (30% ɜɥɚɠɧɨɫɬɶ, 25 ºɋ 

ɬɟɦɩɟɪɚɬɭɪɚ). 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɤɚɡɚɧɨ, ɱɬɨ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɪɟɠɢɦ, ɚ ɬɚɤɠɟ ɜɟɪɨɹɬɧɨ 

ɪɟɠɢɦ ɜɥɚɠɧɨɫɬɢ ɜɥɢɹɟɬ ɧɚ ɜɪɟɦɹ ɜɵɫɭɲɢɜɚɧɢɹ ɪɟɚɝɟɧɬɨɜ ɛɢɮɟɪɦɟɧɬɧɨɣ 

ɫɢɫɬɟɦɵ NAD(P)H:FMN – ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɚ – ɥɸɰɢɮɟɪɚɡɚ ɢ ɧɚ ɢɯ ɚɤɬɢɜɧɨɫɬɶ. 

Ɉɞɧɚɤɨ ɭɤɚɡɚɧɧɵɟ ɪɟɠɢɦɵ ɧɟ ɩɨɜɥɢɹɥɢ ɧɚ ɪɚɡɛɪɨɫ ɡɧɚɱɟɧɢɣ ɦɚɤɫɢɦɚɥɶɧɨɣ 

ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɜɟɱɟɧɢɹ.  

 Ʉɪɨɦɟ ɬɨɝɨ, ɛɵɥɚ ɢɫɫɥɟɞɨɜɚɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ 

ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɨɣ ɛɢɮɟɪɦɟɧɬɧɨɣ ɫɢɫɬɟɦɵ NAD(P)H:FMN – 

ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɚ – ɥɸɰɢɮɟɪɚɡɚ  ɤ ɞɟɣɫɬɜɢɸ ɫɭɥɶɮɚɬɚ ɦɟɞɢ ɨɬ ɭɫɥɨɜɢɣ 

ɜɵɫɭɲɢɜɚɧɢɹ ɪɟɚɝɟɧɬɚ (Ɋɢɫɭɧɨɤ 3.2.). 
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Ɋɢɫɭɧɨɤ 3.2. Ɉɫɬɚɬɨɱɧɚɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɫɜɟɱɟɧɢɹ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɨɣ ɫɨɜɦɟɫɬɧɨ ɫ 

ɫɭɛɫɬɪɚɬɚɦɢ NADH ɢ ɬɟɬɪɚɞɟɤɚɧɚɥɶ NAD(P)H: FMN – ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɚ – ɥɸɰɢɮɟɪɚɡɚ ɨɬ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɭɥɶɮɚɬɚ ɦɟɞɢ. 

 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɪɟɚɝɟɧɬɨɜ ɡɚɜɢɫɢɬ ɨɬ ɪɟɠɢɦɚ ɜɵɫɭɲɢɜɚɧɢɹ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɟɬɨɞɢɤɚ ɢɦɦɨɛɢɥɢɡɚɰɢɢ ɛɢɮɟɪɦɟɧɬɧɨɣ ɫɢɫɬɟɦɵ 

NAD(P)H:FMN – ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɚ – ɥɸɰɢɮɟɪɚɡɚ  ɦɨɠɟɬ ɛɵɬɶ 

ɨɩɬɢɦɢɡɢɪɨɜɚɧɚ ɩɭɬɟɦ ɢɡɦɟɧɟɧɢɹ ɪɟɠɢɦɚ ɜɵɫɭɲɢɜɚɧɢɹ ɛɟɡ ɩɨɬɟɪɢ 

ɚɤɬɢɜɧɨɫɬɢ ɢ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ. 
 Ⱦɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɥɢɹɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɚ 

ɜɵɫɭɲɢɜɚɧɢɹ ɪɟɚɝɟɧɬɨɜ ɛɢɮɟɪɦɟɧɬɧɨɣ ɫɢɫɬɟɦɵ NAD(P)H:FMN–

ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɚ–ɥɸɰɢɮɟɪɚɡɚ ɜ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɥɢ ɬɟɪɦɨɫɬɚɬ 

ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɫ ɨɯɥɚɠɞɟɧɢɟɦ ɌɋɈ-1/80 ɋɉɍ. Ȼɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɨɣ ɛɢɮɟɪɦɟɧɬɧɨɣ ɫɢɫɬɟɦɵ ɫɜɟɬɹɳɢɯɫɹ 

ɛɚɤɬɟɪɢɣ NAD(P)H:FMN-ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɚ-ɥɸɰɢɮɟɪɚɡɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɬɟɦɩɟɪɚɬɭɪ ɜɵɫɭɲɢɜɚɧɢɹ: 5, 10, 15 ɢ 25 0ɋ. (Ɋɢɫɭɧɨɤ 3.3.). Ʉɨɧɬɪɨɥɢɪɨɜɚɬɶ 

ɜɥɚɠɧɨɫɬɶ ɜ ɞɚɧɧɨɦ ɷɤɫɩɟɪɢɦɟɧɬɟ ɧɟ ɩɪɟɞɫɬɚɜɥɹɥɨɫɶ ɜɨɡɦɨɠɧɵɦ, ɨɞɧɚɤɨ 
ɭɪɨɜɟɧɶ ɜɥɚɠɧɨɫɬɢ ɧɚ ɜɫɟɦ ɩɪɨɦɟɠɭɬɤɟ ɜɪɟɦɟɧɢ ɜɵɫɭɲɢɜɚɧɢɹ ɫɨɫɬɚɜɢɥ ɧɟ 

ɛɨɥɟɟ 45%. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɫɜɟɱɟɧɢɹ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɯ 

ɪɟɚɝɟɧɬɨɜ ɡɚɜɢɫɢɬ ɨɬ ɪɟɠɢɦɚ ɜɵɫɭɲɢɜɚɧɢɹ. 
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 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɚɤɫɢɦɚɥɶɧɚɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɫɜɟɱɟɧɢɹ ɧɚɛɥɸɞɚɥɚɫɶ ɭ 

ɪɟɚɝɟɧɬɨɜ, ɜɵɫɭɲɟɧɧɵɯ ɩɪɢ ɡɧɚɱɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ 10 ºɋ.  ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ 

ɬɟɦɩɟɪɚɬɭɪɵ ɜɵɫɭɲɢɜɚɧɢɹ ɦɚɤɫɢɦɚɥɶɧɚɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɫɜɟɱɟɧɢɹ 

ɫɧɢɠɚɥɚɫɶ, ɱɬɨ ɜɟɪɨɹɬɧɨ ɨɛɭɫɥɨɜɥɟɧɨ ɬɟɪɦɨɢɧɚɤɬɢɜɚɰɢɟɣ ɮɟɪɦɟɧɬɨɜ ɜ 

ɩɪɨɰɟɫɫɟ ɜɵɫɭɲɢɜɚɧɢɹ. 

 ȼɦɟɫɬɟ ɫ ɬɟɦ, ɪɚɡɛɪɨɫ ɡɧɚɱɟɧɢɣ ɦɚɤɫɢɦɚɥɶɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɜɟɱɟɧɢɹ 

ɜɨ ɜɫɟɯ ɫɥɭɱɚɹɯ ɫɨɫɬɚɜɢɥ ɛɨɥɟɟ 20 % ɢ ɧɟ ɡɚɜɢɫɟɥ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ 

ɜɵɫɭɲɢɜɚɧɢɹ. 
 

 
Ɋɢɫɭɧɨɤ 3.3. Ɂɚɜɢɫɢɦɨɫɬɶ ɜɵɯɨɞɚ ɚɤɬɢɜɧɨɫɬɢ ɫɜɹɡɚɧɧɨɣ ɮɟɪɦɟɧɬɧɨɣ ɫɢɫɬɟɦɵ 

NADH: FMN-ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɚ-ɥɸɰɢɮɟɪɚɡɚ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɜɵɫɭɲɢɜɚɧɢɹ. 

 

3.2 Ɉɰɟɧɤɚ ɜɥɢɹɧɢɹ ɪɟɠɢɦɚ ɯɪɚɧɟɧɢɹ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɨɣ ɫɨɜɦɟɫɬɧɨ 
ɫ ɫɭɛɫɬɪɚɬɚɦɢ ɛɢɮɟɪɦɟɧɬɧɨɣ ɫɢɫɬɟɦɵ  NAD(P)H:FMN–ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɚ–

ɥɸɰɢɮɟɪɚɡɚ. 
 Ⱦɥɹ ɩɨɥɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

ɛɢɮɟɪɦɟɧɬɧɨɣ ɫɢɫɬɟɦɵ NAD(P)H: FMN – ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɚ – ɥɸɰɢɮɟɪɚɡɚ 

ɛɵɥ ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɦɚɤɫɢɦɚɥɶɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɜɟɱɟɧɢɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ 

ɨɬ ɭɫɥɨɜɢɣ ɯɪɚɧɟɧɢɹ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɯ ɞɢɫɤɨɜ ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɵɯ 
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ɡɧɚɱɟɧɢɹɯ ɬɟɦɩɟɪɚɬɭɪɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. Ⱦɢɫɤɢ ɫ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɦɢ 

ɮɟɪɦɟɧɬɚɦɢ ɢ ɫɭɛɫɬɪɚɬɚɦɢ ɯɪɚɧɢɥɢ ɜ ɡɚɤɪɵɬɵɯ ɮɥɚɤɨɧɚɯ. Ⱦɥɹ ɯɪɚɧɟɧɢɹ 

ɢɫɩɨɥɶɡɨɜɚɥɢ ɫɥɟɞɭɸɳɢɟ ɭɫɥɨɜɢɹ: «ɤɨɦɧɚɬɧɵɟ» - ɬɟɦɩɟɪɚɬɭɪɚ 25 ºɋ; ɭɫɥɨɜɢɹ 

ɯɨɥɨɞɢɥɶɧɨɣ ɤɚɦɟɪɵ -5 ºɋ ɬɟɦɩɟɪɚɬɭɪɵ, ɢ ɭɫɥɨɜɢɹ ɯɨɥɨɞɢɥɶɧɨɣ ɤɚɦɟɪɵ ɫ 

ɜɟɧɬɢɥɹɰɢɟɣ 10 ºɋ ɬɟɦɩɟɪɚɬɭɪɵ. 

 ɇɚ ɩɟɪɜɨɣ ɧɟɞɟɥɟ ɯɪɚɧɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɚɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɫɜɟɱɟɧɢɹ 

ɧɚɛɥɸɞɚɥɚɫɶ ɩɪɢ ɯɪɚɧɟɧɢɢ ɪɟɚɝɟɧɬɨɜ ɜ ɭɫɥɨɜɢɹɯ -5 ºɋ ɬɟɦɩɟɪɚɬɭɪɵ, ɨɞɧɚɤɨ 

ɭɠɟ ɱɟɪɟɡ 2 ɧɟɞɟɥɢ ɯɪɚɧɟɧɢɹ ɩɪɢ ɷɬɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɚɤɬɢɜɧɨɫɬɶ ɭɦɟɧɶɲɢɥɚɫɶ 
ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɜ 3 ɪɚɡɚ (Ɋɢɫɭɧɨɤ 3.4.). ɉɪɢ ɯɪɚɧɟɧɢɢ ɜ ɬɟɱɟɧɢɟ ɧɟɞɟɥɢ ɜ 

ɤɨɦɧɚɬɧɵɯ ɭɫɥɨɜɢɹɯ, ɚɤɬɢɜɧɨɫɬɶ ɪɟɚɝɟɧɬɨɜ ɛɵɥɚ ɫɭɳɟɫɬɜɟɧɧɨ ɧɢɠɟ ɢ ɞɚɥɟɟ 

ɧɚɛɥɸɞɚɥɨɫɶ ɩɚɞɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ, ɱɬɨ ɬɚɤɠɟ ɦɨɠɟɬ ɛɵɬɶ ɫɜɹɡɚɧɨ ɫ 

ɬɟɪɦɨɢɧɚɤɬɢɜɚɰɢɟɣ ɮɟɪɦɟɧɬɨɜ.  

 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɩɬɢɦɚɥɶɧɵɦ ɡɧɚɱɟɧɢɟɦ ɹɜɥɹɟɬɫɹ ɬɟɦɟɩɪɚɬɭɪɚ 10 

ɝɪɚɞɭɫɨɜ ɐɟɥɶɫɢɹ, ɩɪɢ ɬɚɤɢɯ ɭɫɥɨɜɢɹɯ ɩɨɬɟɪɹ ɚɤɬɢɜɧɨɫɬɢ ɱɟɪɟɡ 2 ɧɟɞɟɥɢ 

ɯɪɚɧɟɧɢɹ ɨɤɚɡɚɥɚɫɶ ɦɢɧɢɦɚɥɶɧɨɣ. ȼɥɢɹɧɢɹ ɧɚ ɪɚɡɛɪɨɫ ɡɧɚɱɟɧɢɣ 

ɦɚɤɫɢɦɚɥɶɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɜɟɱɟɧɢɹ ɪɚɫɫɦɨɬɪɟɧɧɵɟ ɭɫɥɨɜɢɹ ɯɪɚɧɟɧɢɹ ɧɟ 
ɨɤɚɡɚɥɢ.  

  
Ɋɢɫɭɧɨɤ 3.4. Ɂɚɜɢɫɢɦɨɫɬɶ ɦɚɤɫɢɦɚɥɶɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɜɟɱɟɧɢɹ 

ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɨɣ ɛɢɮɟɪɦɟɧɬɧɨɣ ɫɢɫɬɟɦɵ NAD(P)H: FMN – ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɚ – 

ɥɸɰɢɮɟɪɚɡɚ ɨɬ ɭɫɥɨɜɢɣ ɯɪɚɧɟɧɢɹ. 
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ȼɕȼɈȾɕ 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɛɨɬɵ ɛɵɥɢ ɫɞɟɥɚɧɵ ɫɥɟɞɭɸɳɢɟ ɜɵɜɨɞɵ:  

1. Ɉɩɬɢɦɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜɵɫɭɲɢɜɚɧɢɹ ɢ ɯɪɚɧɟɧɢɹ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ 

ɦɚɤɫɢɦɚɥɶɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɜɟɱɟɧɢɹ ɢ ɫɬɚɛɢɥɶɧɨɫɬɢ ɚɤɬɢɜɧɨɫɬɢ 

ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɨɣ ɫɨɜɦɟɫɬɧɨ ɫ ɬɟɬɪɚɞɟɤɚɧɚɥɟɦ ɢ NADH 

ɛɢɮɟɪɦɟɧɬɧɨɣ ɫɢɫɬɟɦɵ NAD(P)H: FMN – ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɚ – 

ɥɸɰɢɮɟɪɚɡɚ  10 0ɋ. 

2. Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɪɟɠɢɦ ɜɵɫɭɲɢɜɚɧɢɹ ɢ ɯɪɚɧɟɧɢɹ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɨɣ 

ɫɨɜɦɟɫɬɧɨ ɫ ɬɟɬɪɚɞɟɤɚɧɚɥɟɦ ɢ NADH ɛɢɮɟɪɦɟɧɬɧɨɣ ɫɢɫɬɟɦɵ 
NADH:FMN-ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɚ-ɥɸɰɢɮɟɪɚɡɚ ɧɟ ɨɤɚɡɵɜɚɟɬ ɜɥɢɹɧɢɟ ɧɚ 

ɪɚɡɛɪɨɫ ɡɧɚɱɟɧɢɣ ɦɚɤɫɢɦɚɥɶɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɜɟɱɟɧɢɹ ɜ ɞɢɚɩɚɡɨɧɟ 

ɨɬ 5 ɞɨ 25 0ɋ  ɢ ɨɬ -5 ɞɨ 25 0ɋ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
  



29 
 

ɋɉɂɋɈɄ ɂɋɉɈɅɖɁɍȿɆɕɏ ɂɋɌɈЧɇɂɄɈȼ 

 

1. Hasan A., Nurunnabi M., Morshed M. Recent Advances in Application of 

Biosensors in Tissue Engineering.//BioMed Res Int. 2014. 

2. Puget K. Studies in bioluminescence. Bacterial NADH: FMN -

oxidoreductase / K. Puget, A.M. Michelson, S. Adrameas // Anal. 

Biochem.,1977. -V.79.-P. 447-456. 

3. Esimbekova E.N., Kondik A.M., Kratasyuk V.A. Bioluminescent enzymatic 

rapid assay of water integral toxicity. – Environ Monit Assess. – 2013.  – V. 

185. – I 7. – P. 5909–5916. 

4. Vetrova EV, Kudryasheva NS, Kratasyuk VA (2007) Redox compounds 

influence on theNAD(P)H:FMN-oxidoreductase-luciferase bioluminescent 

system. Photoch Photobiol Sci6:35–40. 

5. Kratasyuk VA, Kuznetsov AM, Rodicheva EK et al (1996) Problems and 

prospects of bioluminescence assays in ecological monitoring. Sib J Ecol 

5:397–40. 

6. PD 53.18.24.83-89 (1990) Methods of estimation of kinetic indices of 

surface water quality/ Gidrometeoizdat, Moscow. 

7. Vetrova EV, Kratasyuk VA, Kudryasheva NS (2002) Bioluminescent 

characteristics of Shira Lake water. Aquat Ecol 36:309–315. 

8. Deryabin DG (2009) Bacterial bioluminescence: base and applied aspects. 

Science, Moscow. 

9. Gitelson JI, Kratasyuk VA (2002) Bioluminescence as an educational tool. 

In: Kricka LJ, Stanley PE (eds) Bioluminescence and chemiluminescence: 

progress and current applications. World scientific publishing, River Edge, 

pp 175–182. 

10.  Kratasyuk VA, Gusev SM, Remmel NN et al (2007) Bioluminescence in 

the spaceflight and life science training program at Kennedy space center. 

In: Szalay A, Hill P, Kricka L, Stanley P (eds) Bioluminescence and 



30 
 

chemiluminescence: chemistry, biology and applications. World scientific 

publishing, San Diego, pp 257–260. 

11.  Kratasyuk VA, Kuznetsov AM, Gitelson JI (1997) Bacterial 

bioluminescence in ecological education. In: Hastings JW, Kricka ZJ, 

Stanley PE (eds) Bioluminescence and chemiluminescence (molecular 

reporting with photons). Willey, Chichester, pp 177–180. 

12.  ɀɟɪɟɛɰɨɜ, H.A. Ɉ ɦɟɯɚɧɢɡɦɟ ɤɢɫɥɨɬɧɨɝɨ ɢ ɮɟɪɦɟɧɬɚɬɢɜɧɨɝɨ 

ɝɢɞɪɨɥɢɡɚ ɤɪɚɯɦɚɥɚ/ H.A. ɀɟɪɟɛɰɨɜ, ɂ.Ⱦ. Ɋɭɚɞɡɟ, Ⱥ.ɇ. əɤɨɜɥɟɜ // 
ɉɪɢɤɥɚɞɧɚɹ ɛɢɨɯɢɦɢɹ ɢ ɦɢɤɪɨɛɢɨɥɨɝɢɹ. 1995. - ɬɨɦ 31, № 6. - ɋ.599-

603. 

13.  Ugarova, N., and Lebedeva, O. (1987) Appl. Biochem. Biotechnol., 15, 35-

51. 

14.  Kratasyuk, V., and Esimbekova, E. (2003) in Polymeric Biomaterials. The 

PBM Series, vol. 1 (Arshady, R., ed.), Citus Books, London, pp. 301–343. 

15.  Esimbekova, E., and Kratasyuk, V. (2005) in Bioluminescence & 

chemiluminescence: progress & perspectives, (Tsuji, A., Matsumoto, M., 

Maeda, M., Kricka, L., Stanley, P., eds), World Scientific Publishing Co., 

Singapore, pp. 237–240. 

16.  Ʉɪɚɬɚɫɸɤ ȼ.Ⱥ., Ⱥɛɚɤɭɦɨɜɚ ȼ.ȼ., Ʉɢɦ ɇ.Ȼ. (1994) Ȼɢɨɯɢɦɢɹ, 59,1020–

1026. 

17.  Ȼɟɪɟɡɢɧ, ɂ.ȼ. ɂɦɦɨɛɢɥɢɡɨɜɚɧɧɵɟ ɮɟɪɦɟɧɬɵ / ɂ.ȼ. Ȼɟɪɟɡɢɧ, ɇ.Ʌ. 

Ʉɥɹɱɤɨ, Ⱥ.ȼ. Ʌɟɜɚɲɟɜ, Ʉ. Ɇɚɪɬɢɧɟɤ, ȼ.ȼ. Ɇɨɠɚɟɜ, ɘ.Ʌ. ɏɦɟɥɶɧɢɰɤɢɣ. 

– Ɇ.: ȼɵɫɲɚɹ ɲɤɨɥɚ, 1987. – 160 ɫ.  

18.  Esimbekova,  E. N. Application of enzyme bioluminescence in ecology. / E. 

N. Esimbekova, V. Ⱥ. Kratasyuk, O. Shimomura. // Institute of Biophysics 

SB RAS, Krasnoyarsk. – 2015. Bioluminescence: Fundamentals and 

Applications in Biotechnology. – V. 1. – p. 67 – 109.  

19.  Ʌɟɧɢɧɞɠɟɪ Ⱥ. Ȼɢɨɯɢɦɢɹ / Ⱥ. Ʌɟɧɢɧɞɠɟɪ // Ɇ.: Ɇɢɪ, 1974. - 960 ɫ. 

20.  Ʉɭɞɪɹɲɟɜɚ ɇ.ɋ. Ɂɚɤɨɧɨɦɟɪɧɨɫɬɢ ɢɧɝɢɛɢɪɨɜɚɧɢɹ ɛɚɤɬɟɪɢɚɥɶɧɨɣ 

ɛɢɨɥɸɦɢɧɟɫɰɟɧɰɢɢ in vitro ɯɢɧɨɧɚɦɢ ɢ ɮɟɧɨɥɚɦɢ - ɤɨɦɩɨɧɟɧɬɚɦɢ 



31 
 

ɫɬɨɱɧɵɯ ɜɨɞ / ɇ.ɋ. Ʉɭɞɪɹɲɟɜɚ, ȿ.ȼ. ɒɚɥɚɟɜɚ, ȿ.ɇ. Ɂɚɞɨɪɨɠɧɚɹ, ȼ.Ⱥ. 

Ʉɪɚɬɚɫɸɤ // Ȼɢɨɮɢɡɢɤɚ, 1994. - Ɍ.39, N3. - ɋ. 455-464. 

21.  Ʉɭɞɪɹɲɟɜɚ ɇ.ɋ. Ɏɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɨɫɧɨɜɵ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɝɨ 

ɚɧɚɥɢɡɚ / ɇ.ɋ. Ʉɭɞɪɹɲɟɜɚ, ȼ.Ⱥ. Ʉɪɚɬɚɫɸɤ, ȿ.ɇ. ȿɫɢɦɛɟɤɨɜɚ; Ʉɪɚɫɧɨɹɪ. 

ɝɨɫ. ɭɧ-ɬ. - Ʉɪɚɫɧɨɹɪɫɤ, 2002. -154 ɫ. 

22.  Esimbekova E.N. Bioluminescent method non-specific endotoxicosis in 

therapy / E.N. Esimbekova, V.A. Kratasyuk, V.V. Abakumova // 

Luminescence, 1999. - N 14. - Ɋ. 197-198. 

 
 

 

 

 

 

 

 



  


