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ɊȿɎȿɊȺɌ 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «Ɉɩɬɢɦɢɡɚɰɢɹ ɫɨɫɬɚɜɚ 

ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɝɨ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɨɝɨ ɪɟɚɝɟɧɬɚ» ɫɨɞɟɪɠɢɬ 51 ɫɬɪɚɧɢɰɭ 

ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 11 ɢɥɥɸɫɬɪɚɰɢɣ, 1 ɬɚɛɥɢɰɭ, 53 ɥɢɬɟɪɚɬɭɪɧɵɯ ɢɫɬɨɱɧɢɤɚ. 

ɅɘɐɂɎȿɊȺɁȺ, NAD(P)H:FMN-ɈɄɋɂȾɈɊȿȾɍɄɌȺɁȺ, 

ȻɂɈɅɘɆɂɇȿɋɐȿɇɐɂə, ȻɂɎȿɊɆȿɇɌɇȺə ɋɂɋɌȿɆȺ NAD(P)H:FMN-

ɈɄɋɂȾɈɊȿȾɍɄɌȺɁȺ ɂ ɅɘɐɂɎȿɊȺɁȺ, ɂɆɆɈȻɂɅɂɁȺɐɂə, 

ȻɂɈɅɘɆɂɇȿɋɐȿɇɌɇɕɃ ȺɇȺɅɂɁ, ɗɄɈɅɈȽɂɑȿɋɄɂɃ ɆɈɇɂɌɈɊɂɇȽ, 

ȻɂɈɌȿɋɌɂɊɈȼȺɇɂȿ, ɋɌȺȻɂɅɂɁȺɐɂə ɎȿɊɆȿɇɌɈȼ. 

ɐɟɥɶ ɪɚɛɨɬɵ: ɭɫɬɚɧɨɜɢɬɶ ɨɩɬɢɦɚɥɶɧɵɣ ɫɨɫɬɚɜ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɝɨ 

ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɨɝɨ ɪɟɚɝɟɧɬɚ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɟɝɨ ɜɵɫɨɤɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɤ 

ɞɟɣɫɬɜɢɸ ɬɨɤɫɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ ɪɚɡɧɵɯ ɤɥɚɫɫɨɜ ɢ ɫɬɚɛɢɥɶɧɨɫɬɢ ɩɪɢ ɞɥɢɬɟɥɶɧɨɦ 

ɯɪɚɧɟɧɢɢ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ. 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɞɚɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɬɚɤɨɣ 

ɛɢɨɥɨɝɢɱɟɫɤɢɣ ɦɟɬɨɞ ɷɤɨɬɨɤɫɢɤɨɥɨɝɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ, ɤɚɤ ɛɢɨɬɟɫɬ ɧɚ ɨɫɧɨɜɟ 

ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɝɨ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɨɝɨ ɪɟɚɝɟɧɬɚ ɧɚ ɨɫɧɨɜɟ ɛɢɮɟɪɦɟɧɬɧɨɣ 

ɫɢɫɬɟɦɵ NAD(P)H:FMN-ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɚ ɢ ɥɸɰɢɮɟɪɚɡɚ ɹɜɥɹɟɬɫɹ ɷɮɮɟɤɬɢɜɧɵɦ 

ɢ ɷɤɫɩɪɟɫɫɧɵɦ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɨɤɫɢɱɧɨɫɬɢ ɚɧɚɥɢɡɢɪɭɟɦɵɯ ɫɪɟɞ. Ɉɞɧɚɤɨ 

ɞɚɧɧɵɣ ɪɟɚɝɟɧɬ ɢɦɟɟɬ ɤɨɪɨɬɤɢɣ ɫɪɨɤ ɯɪɚɧɟɧɢɹ, ɱɬɨ ɨɝɪɚɧɢɱɢɜɚɟɬ ɟɝɨ 

ɩɪɢɦɟɧɟɧɢɟ.  

ɂɬɨɝɨɦ ɞɚɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɬɚɥ ɩɨɞɨɛɪɚɧɧɵɣ ɨɩɬɢɦɢɡɢɪɨɜɚɧɧɵɣ 

ɫɨɫɬɚɜ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɝɨ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɨɝɨ ɪɟɚɝɟɧɬɚ ɧɚ ɨɫɧɨɜɟ 

ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɣ ɮɟɪɦɟɧɬɚɬɢɜɧɨɣ ɫɢɫɬɟɦɵ ɫɜɟɬɹɳɢɯɫɹ ɛɚɤɬɟɪɢɣ, 

ɫɨɞɟɪɠɚɳɢɣ 0,12 ɦɤɝ ɥɸɰɢɮɟɪɚɡɵ ɢ 0,8 mU NAD(P)H:FMN-ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɵ, 

0,09 ɦɆ NADH ɢ 0,0003% ɦɢɪɢɫɬɢɧɨɜɨɝɨ ɚɥɶɞɟɝɢɞɚ, ɨɬɥɢɱɚɸɳɢɣɫɹ 

ɞɥɢɬɟɥɶɧɵɦ ɫɪɨɤɨɦ ɯɪɚɧɟɧɢɹ ɩɪɢ ɜɵɫɨɤɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɤ ɬɨɤɫɢɱɟɫɤɢɦ 

ɜɟɳɟɫɬɜɚɦ.  
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ȼȼȿȾȿɇɂȿ 
 

ɗɤɨɥɨɝɢɱɟɫɤɨɟ ɫɨɫɬɨɹɧɢɟ Ɂɟɦɥɢ ɢɫɩɵɬɵɜɚɟɬ ɨɝɪɨɦɧɵɣ ɭɳɟɪɛ ɜɫɥɟɞɫɬɜɢɟ 

ɚɧɬɪɨɩɨɝɟɧɧɨɝɨ ɢ ɬɟɯɧɨɝɟɧɧɨɝɨ ɮɚɤɬɨɪɨɜ ɡɚɝɪɹɡɧɟɧɢɹ. Ʉɨɥɢɱɟɫɬɜɨ ɜɢɞɨɜ 

ɬɨɤɫɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ ɟɠɟɝɨɞɧɨ ɜɨɡɪɚɫɬɚɟɬ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɝɭɛɢɬɟɥɶɧɨ 

ɨɬɪɚɠɚɟɬɫɹ ɧɚ ɪɚɡɥɢɱɧɵɯ ɜɢɞɚɯ ɨɪɝɚɧɢɡɦɨɜ ɢ ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɨɛɫɬɚɧɨɜɤɟ ɜ 

ɰɟɥɨɦ. ɉɨɷɬɨɦɭ ɨɞɧɨɣ ɢɡ ɜɚɠɧɟɣɲɢɯ ɡɚɞɚɱ ɩɨɫɥɟɞɧɢɯ ɞɟɫɹɬɢɥɟɬɢɣ ɹɜɥɹɟɬɫɹ 

ɦɨɧɢɬɨɪɢɧɝ ɡɚɝɪɹɡɧɟɧɢɹ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. Ɍɪɚɞɢɰɢɨɧɧɨ ɞɥɹ ɦɨɧɢɬɨɪɢɧɝɚ 

ɡɚɝɪɹɡɧɟɧɢɹ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɩɪɢɦɟɧɹɸɬɫɹ ɯɢɦɢɱɟɫɤɢɟ ɦɟɬɨɞɵ, ɨɞɧɚɤɨ 

ɞɚɧɧɵɟ ɦɟɬɨɞɵ ɧɟ ɦɨɝɭɬ ɨɰɟɧɢɬɶ ɬɨɤɫɢɱɟɫɤɨɟ ɜɥɢɹɧɢɟ ɧɚ ɨɛɴɟɤɬɵ ɠɢɜɨɣ 

ɩɪɢɪɨɞɵ. ɉɨɷɬɨɦɭ ɞɥɹ ɩɪɟɞɭɩɪɟɠɞɟɧɢɹ ɡɚɝɪɹɡɧɟɧɢɹ ɢ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɟɝɨ 

ɩɨɫɥɟɞɫɬɜɢɣ ɦɢɪɨɜɨɟ ɧɚɭɱɧɨɟ ɫɨɨɛɳɟɫɬɜɨ ɪɚɡɜɢɜɚɟɬ ɪɚɡɥɢɱɧɵɟ ɛɢɨɥɨɝɢɱɟɫɤɢɟ 

ɦɟɬɨɞɵ ɬɟɫɬɢɪɨɜɚɧɢɹ ɬɨɤɫɢɱɧɵɯ ɜɟɳɟɫɬɜ, ɧɨ ɨɧɢ ɞɨɜɨɥɶɧɨ ɞɥɢɬɟɥɶɧɵ ɢ 

ɡɚɬɪɚɬɧɵ. 

Ⱥɤɬɭɚɥɶɧɵɦ ɨɫɬɚёɬɫɹ ɩɨɢɫɤ ɛɵɫɬɪɵɯ ɦɟɬɨɞɨɜ ɨɰɟɧɤɢ ɫɨɫɬɨɹɧɢɹ 

ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. Ɍɚɤɢɦ ɦɟɬɨɞɨɦ ɹɜɥɹɟɬɫɹ ɚɧɚɥɢɡ ɬɨɤɫɢɱɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɧɚ 

ɨɫɧɨɜɟ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɣ ɛɢɮɟɪɦɟɧɬɧɨɣ ɫɢɫɬɟɦɵ ɫɜɟɬɹɳɢɯɫɹ ɛɚɤɬɟɪɢɣ 

NAD(P)H:FMN-ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɚ ɢ ɥɸɰɢɮɟɪɚɡɚ (R + L), ɤɚɬɚɥɢɡɢɪɭɸɳɟɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɪɟɚɤɰɢɣ, ɜ ɤɨɬɨɪɵɯ ɷɧɟɪɝɢɹ ɯɢɦɢɱɟɫɤɢɯ ɫɜɹɡɟɣ 

ɬɪɚɧɫɮɨɪɦɢɪɭɟɬɫɹ ɜ ɫɜɟɬɨɜɭɸ. Ⱦɥɹ ɛɨɥɟɟ ɲɢɪɨɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɮɟɪɦɟɧɬɨɜ 

ɫɜɟɬɹɳɢɯɫɹ ɛɚɤɬɟɪɢɣ ɜ ɦɟɬɨɞɚɯ ɷɤɨɥɨɝɢɱɟɫɤɨɝɨ ɛɢɨɬɟɫɬɢɪɨɜɚɧɢɹ (ɨɰɟɧɤɢ 

ɤɚɱɟɫɬɜɚ ɜɨɞɵ, ɜɨɡɞɭɯɚ ɢ ɩɨɱɜɵ) ɧɟɨɛɯɨɞɢɦɨ ɩɨɥɭɱɟɧɢɟ ɧɚ ɢɯ ɨɫɧɨɜɟ 

ɫɬɚɛɢɥɶɧɵɯ ɪɟɚɝɟɧɬɨɜ, ɩɪɢ ɫɨɯɪɚɧɟɧɢɢ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɤ ɞɟɣɫɬɜɢɸ 

ɬɨɤɫɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ ɧɚ ɭɪɨɜɧɟ ɉȾɄ. 

ɇɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɢɡɜɟɫɬɧɨ ɧɟɫɤɨɥɶɤɨ ɫɩɨɫɨɛɨɜ ɫɬɚɛɢɥɢɡɚɰɢɢ 

ɮɟɪɦɟɧɬɨɜ, ɢɡ ɤɨɬɨɪɵɯ ɧɚɢɛɨɥɟɟ ɨɩɬɢɦɚɥɶɧɵɦ ɹɜɥɹɟɬɫɹ ɢɯ ɢɦɦɨɛɢɥɢɡɚɰɢɹ. 

ɇɟɫɨɦɧɟɧɧɨ, ɢɦɦɨɛɢɥɢɡɚɰɢɹ ɮɟɪɦɟɧɬɨɜ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɫɬɚɛɢɥɶɧɵɟ ɩɪɢ 

ɯɪɚɧɟɧɢɢ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɪɟɚɝɟɧɬɵ, ɭɞɨɛɧɵɟ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ 

ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ. Ɋɚɡɪɚɛɨɬɚɧɵ ɤɨɦɦɟɪɱɟɫɤɢɟ ɩɪɟɩɚɪɚɬɵ, 

ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ ɫɨɛɨɣ ɛɢɮɟɪɦɟɧɬɧɭɸ ɫɢɫɬɟɦɭ R + L, ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɭɸ 

ɫɨɜɦɟɫɬɧɨ ɫ ɫɭɛɫɬɪɚɬɚɦɢ ɜ ɤɪɚɯɦɚɥɶɧɵɣ ɝɟɥɶ, ɧɨ ɢɯ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɤ 
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ɞɟɣɫɬɜɢɸ ɪɚɡɧɵɦ ɤɥɚɫɫɚɦ ɬɨɤɫɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ ɡɧɚɱɢɬɟɥɶɧɨ ɧɢɠɟ ɜ ɫɪɚɜɧɟɧɢɢ 

ɫ ɪɚɫɬɜɨɪɢɦɵɦɢ ɮɟɪɦɟɧɬɚɦɢ. ȿɳё ɨɞɧɨɣ ɧɟɪɟɲёɧɧɨɣ ɩɪɨɛɥɟɦɨɣ ɹɜɥɹɟɬɫɹ 

ɩɪɨɛɥɟɦɚ ɫɨɯɪɚɧɟɧɢɹ ɚɤɬɢɜɧɨɫɬɢ ɪɟɚɝɟɧɬɚ ɩɪɢ ɯɪɚɧɟɧɢɢ.  

ɐɟɥɶ ɪɚɛɨɬɵ ɫɨɫɬɨɹɥɚ ɜ ɨɩɬɢɦɢɡɚɰɢɢ ɫɨɫɬɚɜɚ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɝɨ 

ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɨɝɨ ɪɟɚɝɟɧɬɚ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɟɝɨ ɜɵɫɨɤɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɤ 

ɞɟɣɫɬɜɢɸ ɬɨɤɫɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ ɢ ɫɬɚɛɢɥɶɧɨɫɬɢ ɩɪɢ ɞɥɢɬɟɥɶɧɨɦ ɯɪɚɧɟɧɢɢ ɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɢ.  

ȼ ɪɚɛɨɬɟ ɛɵɥɢ ɩɨɫɬɚɜɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ:  

1. ɋɪɚɜɧɢɬɶ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɯ 

ɪɟɚɝɟɧɬɨɜ, ɪɚɡɥɢɱɚɸɳɢɯɫɹ ɩɨ ɫɨɞɟɪɠɚɧɢɸ ɮɟɪɦɟɧɬɨɜ ɢ ɫɭɛɫɬɪɚɬɨɜ. 

2. ɉɪɨɜɟɫɬɢ ɚɧɚɥɢɡ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɝɨ 

ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɨɝɨ ɪɟɚɝɟɧɬɚ ɤ ɬɨɤɫɢɤɚɧɬɚɦ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɟɝɨ ɫɨɫɬɚɜɚ. 

3. Ɉɰɟɧɢɬɶ ɫɬɚɛɢɥɶɧɨɫɬɶ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɯ ɪɟɚɝɟɧɬɨɜ, 

ɪɚɡɥɢɱɚɸɳɢɯɫɹ ɩɨ ɫɨɫɬɚɜɭ, ɩɪɢ ɯɪɚɧɟɧɢɢ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ. 
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ȽɅȺȼȺ 1. ɈȻɁɈɊ ɅɂɌȿɊȺɌɍɊɕ 

1. Ɏɟɪɦɟɧɬɚɬɢɜɧɵɟ ɛɢɨɬɟɫɬɵ ɢ ɫɩɨɫɨɛɵ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɹ 

ɮɟɪɦɟɧɬɚɬɢɜɧɵɯ ɪɟɚɝɟɧɬɨɜ 

1.1. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɮɟɪɦɟɧɬɨɜ ɜ ɦɟɬɨɞɚɯ ɛɢɨɞɢɚɝɧɨɫɬɢɤɢ 

Ɏɟɪɦɟɧɬɵ – ɫɨɟɞɢɧɟɧɢɹ ɛɟɥɤɨɜɨɣ ɩɪɢɪɨɞɵ, ɤɨɬɨɪɵɟ ɤɚɬɚɥɢɡɢɪɭɸɬ 

ɪɟɚɤɰɢɢ ɨɪɝɚɧɢɡɦɚ. Ɏɟɪɦɟɧɬɵ ɜɵɫɨɤɨɚɤɬɢɜɧɵ, ɚ ɬɚɤɠɟ ɱɭɜɫɬɜɢɬɟɥɶɧɵ ɤ 

ɜɨɡɞɟɣɫɬɜɢɸ ɬɨɤɫɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ ɪɚɡɧɵɯ ɤɥɚɫɫɨɜ, ɱɬɨ ɩɨɫɥɭɠɢɥɨ ɨɫɧɨɜɚɧɢɟɦ  

ɞɥɹ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɤɚɱɟɫɬɜɟ ɛɢɨɦɚɪɤɟɪɨɜ ɩɪɢ ɛɢɨɞɢɚɝɧɨɫɬɢɤɟ [1]. 

Ȼɥɚɝɨɞɚɪɹ ɦɟɬɨɞɭ ɛɢɨɢɧɞɢɤɚɰɢɢ ɢɦɟɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɨɩɟɪɚɬɢɜɧɨ ɨɰɟɧɢɬɶ 

ɬɨɤɫɢɱɧɨɫɬɶ ɚɧɚɥɢɡɢɪɭɟɦɵɯ ɫɪɟɞ ɧɟ ɬɨɥɶɤɨ ɩɨ ɬɚɤɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ 

ɨɪɝɚɧɢɡɦɚ ɤɚɤ ɜɵɠɢɜɚɟɦɨɫɬɶ, ɪɚɡɦɧɨɠɟɧɢɟ, ɪɨɫɬ ɢ ɞɪ. ɧɚ ɠɢɜɵɟ ɨɪɝɚɧɢɡɦɵ ɜ 

ɭɫɥɨɜɢɹɯ ɪɟɚɥɶɧɨɝɨ ɩɪɟɛɵɜɚɧɢɹ, ɧɨ ɢ ɩɨ ɚɤɬɢɜɧɨɫɬɢ ɮɟɪɦɟɧɬɨɜ ɠɢɜɵɯ 

ɨɪɝɚɧɢɡɦɨɜ [2]. Ɍɚɤ, ɩɨ ɭɪɨɜɧɸ ɤɚɬɚɥɚɡɵ ɢ ɝɥɭɬɚɬɢɨɧ-S-ɬɪɚɧɫɮɟɪɚɡɵ ɜ ɠɚɛɪɚɯ, 

ɩɟɱɟɧɢ ɢ ɩɨɱɤɚɯ ɤɚɪɚɫɹ ɭɫɬɚɧɨɜɢɥɢ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɫɬɪɟɫɫɚ, 

ɤɨɬɨɪɵɣ ɛɵɥ ɜɵɡɜɚɧ ɡɚɝɪɹɡɧɢɬɟɥɹɦɢ ɜ ɫɬɨɱɧɵɯ ɜɨɞɚɯ Ʉɨɪɟɢ [3]. Ɉɞɧɢɦ ɢɡ 

ɩɪɢɦɟɧɟɧɢɣ ɮɟɪɦɟɧɬɨɜ ɫɬɚɥɨ ɚɤɬɢɜɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɢɯ ɜ ɛɢɨɞɢɚɝɧɨɫɬɢɤɟ 

ɪɚɡɥɢɱɧɵɯ ɫɪɟɞ. Ɍɚɤ ɞɥɹ ɨɰɟɧɤɢ ɜɥɢɹɧɢɹ ɚɧɬɢɛɢɨɬɢɤɨɜ ɧɚ ɩɨɱɜɭ ɢ ɢɯ 

ɬɨɤɫɢɱɧɨɫɬɶ ɞɥɹ ɤɭɥɶɬɭɪɧɵɯ ɪɚɫɬɟɧɢɣ ɢɫɫɥɟɞɨɜɚɥɢ ɩɨɱɜɨɝɪɭɧɬ ɩɨ ɫɟɦɟɧɚɦ 

Raphanus sativus ɢ Triticum aestivum. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɢɫɫɥɟɞɨɜɚɧɧɵɟ 

ɚɧɬɢɛɢɨɬɢɤɢ ɩɨɞɚɜɥɹɸɬ ɚɤɬɢɜɧɨɫɬɶ ɮɟɪɦɟɧɬɨɜ ɪɚɫɬɟɧɢɣ ɢ ɧɚɢɛɨɥɟɟ ɨɩɚɫɧɵ ɞɥɹ 

ɮɟɪɦɟɧɬɚ ɰɟɥɥɸɥɚɡɵ [4]. 

Ʉ ɫɨɠɚɥɟɧɢɸ, ɞɚɧɧɵɣ ɦɟɬɨɞ ɛɢɨɞɢɚɝɧɨɫɬɢɤɢ ɢɦɟɟɬ ɫɜɨɢ ɧɟɞɨɫɬɚɬɤɢ. 

ɋɚɦɵɦ ɝɥɚɜɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɹɜɥɹɟɬɫɹ ɜɚɪɢɚɛɟɥɶɧɨɫɬɶ ɢɡɦɟɪɹɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ 

ɭ ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɴɟɤɬɚ. ɇɚɪɹɞɭ ɫ ɷɬɢɦ ɨɝɪɚɧɢɱɟɧɨ ɤɨɥɢɱɟɫɬɜɨ ɮɟɪɦɟɧɬɨɜ, 

ɨɩɪɟɞɟɥɹɟɦɵɯ ɩɪɢ ɩɨɦɨɳɢ ɛɢɨɦɚɪɤɢɪɨɜɚɧɢɹ. Ɉɞɧɚɤɨ, ɬɨɱɧɨɫɬɶ ɢ 

ɜɨɫɩɪɨɢɡɜɨɞɢɦɨɫɬɶ ɫɨɜɪɟɦɟɧɧɵɯ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɬɟɫɬɨɜ, ɨɫɧɨɜɚɧɧɵɯ ɧɚ 

ɢɡɦɟɧɟɧɢɢ ɚɤɬɢɜɧɨɫɬɢ ɮɟɪɦɟɧɬɨɜ ɠɢɜɵɯ ɨɪɝɚɧɢɡɦɨɜ ɩɨɞ ɜɥɢɹɧɢɟɦ 

ɬɨɤɫɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɧɟɜɵɫɨɤɚ, ɱɬɨ ɞɟɥɚɟɬ ɢɯ 

ɧɟɧɚɞёɠɧɵɦɢ ɞɥɹ ɷɤɫɩɪɟɫɫɧɨɣ ɨɰɟɧɤɢ ɡɚɝɪɹɡɧɟɧɢɹ. Ⱦɚɧɧɵɟ ɪɚɡɥɢɱɢɹ 
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ɜɵɫɬɭɩɚɸɬ ɪɟɡɭɥɶɬɚɬɨɦ ɪɚɡɥɢɱɢɣ ɫɚɦɢɯ ɨɪɝɚɧɢɡɦɨɜ, ɪɚɡɥɢɱɢɣ ɜ ɩɨɥɭɱɟɧɢɢ ɢ 

ɯɪɚɧɟɧɢɢ ɬɟɫɬ-ɨɪɝɚɧɢɡɦɨɜ. ɇɚɪɹɞɭ ɫ ɷɬɢɦ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɠɢɜɵɯ ɨɪɝɚɧɢɡɦɨɜ 

ɤɚɤ ɬɟɫɬ-ɨɛɴɟɤɬɨɜ ɨɛɟɫɩɟɱɢɜɚɟɬ ɞɥɢɬɟɥɶɧɵɣ ɢ ɬɪɭɞɧɨɪɟɚɥɢɡɭɟɦɵɣ ɩɪɨɰɟɫɫ ɜ 

ɫɜɹɡɢ ɫ ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɨɛɟɫɩɟɱɢɜɚɬɶ ɩɨɫɬɨɹɧɫɬɜɨ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɞɥɹ 

ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɤɭɥɶɬɭɪ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɢ ɦɧɨɝɨɤɥɟɬɨɱɧɵɯ ɬɟɫɬ-

ɨɪɝɚɧɢɡɦɨɜ. 

Ɋɟɲɢɬɶ ɞɚɧɧɵɟ ɩɪɨɛɥɟɦɵ ɩɨɦɨɝɚɟɬ ɦɟɬɨɞ ɛɢɨɬɟɫɬɢɪɨɜɚɧɢɹ. ɉɨɞ 

ɛɢɨɬɟɫɬɢɪɨɜɚɧɢɟɦ ɩɨɧɢɦɚɸɬ ɧɟɞɨɪɨɝɢɟ ɢ ɛɵɫɬɪɵɟ ɦɟɬɨɞɵ ɨɛɧɚɪɭɠɟɧɢɹ ɢ 

ɨɩɪɟɞɟɥɟɧɢɹ ɜɟɳɟɫɬɜɚ ɧɚ ɤɭɥɶɬɢɜɢɪɭɟɦɵɯ ɜ ɥɚɛɨɪɚɬɨɪɢɢ ɨɪɝɚɧɢɡɦɚɯ, ɧɟ 

ɬɪɟɛɭɸɳɢɟ ɞɥɢɬɟɥɶɧɵɯ ɢ ɫɥɨɠɧɵɯ ɩɪɢёɦɨɜ ɩɪɨɛɨɩɨɞɝɨɬɨɜɤɢ ɜ 

ɫɬɚɧɞɚɪɬɢɡɢɪɨɜɚɧɧɵɯ ɭɫɥɨɜɢɹɯ. Ɂɚ ɟɝɨ ɨɫɧɨɜɭ ɜɡɹɬɚ ɦɟɬɨɞɨɥɨɝɢɹ ɫɤɪɢɧɢɧɝɚ, 

ɢɫɩɨɥɶɡɭɟɦɚɹ ɞɥɹ ɨɰɟɧɤɢ ɚɧɚɥɢɡɢɪɭɟɦɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ 

ɢɫɫɥɟɞɭɟɦɵɯ ɩɪɨɛ [5]. Ɋɟɡɭɥɶɬɚɬɵ ɬɚɤɢɯ ɬɟɫɬɨɜ ɢɫɤɥɸɱɚɸɬ ɨɲɢɛɤɢ ɩɪɢ 

ɨɬɪɢɰɚɬɟɥɶɧɵɯ ɬɟɫɬɚɯ, ɧɨ ɦɨɝɭɬ ɢɦɟɬɶ ɨɲɢɛɨɱɧɵɟ ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɪɟɡɭɥɶɬɚɬɵ, 

ɤɨɬɨɪɵɟ ɨɬɩɪɚɜɥɹɸɬ ɧɚ ɞɟɬɚɥɶɧɨɟ ɢɡɭɱɟɧɢɟ. Ȼɥɚɝɨɞɚɪɹ ɬɚɤɨɦɭ ɦɟɬɨɞɭ ɭɞɚёɬɫɹ 

ɡɧɚɱɢɬɟɥɶɧɨ ɫɨɤɪɚɬɢɬɶ ɤɨɥɢɱɟɫɬɜɨ ɨɛɪɚɡɰɨɜ, ɚɧɚɥɢɡɢɪɭɟɦɵɯ ɜɩɨɫɥɟɞɫɬɜɢɢ 

ɯɢɦɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ.  

ȼ ɮɟɪɦɟɧɬɚɬɢɜɧɨɦ ɛɢɨɬɟɫɬɢɪɨɜɚɧɢɢ ɢɫɩɨɥɶɡɭɸɬ ɜɵɞɟɥɟɧɧɵɟ ɮɟɪɦɟɧɬɵ ɢ 

ɮɟɪɦɟɧɬɧɵɟ ɫɢɫɬɟɦɵ [6]. Ɉɧɢ, ɛɥɚɝɨɞɚɪɹ ɫɜɨɢɦ ɩɪɟɢɦɭɳɟɫɬɜɚɦ ɩɟɪɟɞ 

ɤɥɚɫɫɢɱɟɫɤɢɦɢ ɛɢɨɬɟɫɬɚɦɢ, ɲɢɪɨɤɨ ɢ ɭɫɩɟɲɧɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɪɚɡɥɢɱɧɵɯ 

ɨɬɪɚɫɥɹɯ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɦɟɞɢɰɢɧɟ, ɫɟɥɶɫɤɨɦ ɯɨɡɹɣɫɬɜɟ, ɯɢɦɢɱɟɫɤɨɦ ɢ 

ɛɢɨɥɨɝɢɱɟɫɤɨɦ ɚɧɚɥɢɡɟ. ɉɪɢɧɰɢɩ ɩɪɢɦɟɧɟɧɢɹ ɮɟɪɦɟɧɬɨɜ ɜ ɤɚɱɟɫɬɜɟ ɬɟɫɬ-

ɨɛɴɟɤɬɨɜ ɩɪɢ ɛɢɨɬɟɫɬɢɪɨɜɚɧɢɢ ɨɫɧɨɜɚɧ ɧɚ ɭɫɤɨɪɟɧɢɢ ɢɥɢ ɡɚɦɟɞɥɟɧɢɢ ɫɤɨɪɨɫɬɢ 

ɛɢɨɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɜɧɭɬɪɟɧɧɟɣ ɫɪɟɞɵ ɨɪɝɚɧɢɡɦɚ. ɉɨɫɥɟ 

ɩɪɨɜɟɞɟɧɢɹ ɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɬɟɫɬɢɪɨɜɚɧɢɹ, ɪɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɡɢɪɭɸɬ ɧɚ 

ɨɫɧɨɜɚɧɢɢ ɬɚɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ, ɤɚɤ ɚɤɬɢɜɚɰɢɹ ɢɥɢ ɢɧɝɢɛɢɪɨɜɚɧɢɟ 

ɮɟɪɦɟɧɬɚɬɢɜɧɵɯ ɩɪɨɰɟɫɫɨɜ ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ ɚɧɚɥɢɡɢɪɭɟɦɨɝɨ ɜɟɳɟɫɬɜɚ.  

ɉɪɢɧɰɢɩ ɚɤɬɢɜɚɰɢɢ ɮɟɪɦɟɧɬɨɜ ɢɫɩɨɥɶɡɭɸɬ ɞɥɹ ɨɛɧɚɪɭɠɟɧɢɹ ɬɟɯ 

ɬɨɤɫɢɤɚɧɬɨɜ, ɤɨɬɨɪɵɟ ɨɞɧɨɜɪɟɦɟɧɧɨ ɹɜɥɹɸɬɫɹ ɫɭɛɫɬɪɚɬɚɦɢ ɞɚɧɧɨɝɨ ɮɟɪɦɟɧɬɚ. 

Ȼɨɥɶɲɚɹ ɱɚɫɬɶ ɮɟɪɦɟɧɬɚɬɢɜɧɵɯ ɬɟɫɬɨɜ ɨɫɧɨɜɚɧɚ ɧɚ ɩɪɢɧɰɢɩɟ ɢɧɝɢɛɢɪɨɜɚɧɢɹ 
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ɚɤɬɢɜɧɨɫɬɢ ɮɟɪɦɟɧɬɨɜ ɬɨɤɫɢɱɟɫɤɢɦɢ ɜɟɳɟɫɬɜɚɦɢ, ɩɪɢ ɷɬɨɦ ɭɦɟɧɶɲɟɧɢɟ 

ɚɤɬɢɜɧɨɫɬɢ ɮɟɪɦɟɧɬɚ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɬɨɤɫɢɱɟɫɤɨɦɭ ɷɮɮɟɤɬɭ [7]. Ɉɩɪɟɞɟɥɹɸɬ 

ɷɮɮɟɤɬ ɢɧɝɢɛɢɪɨɜɚɧɢɹ ɨɬɧɨɲɟɧɢɟɦ ɚɤɬɢɜɧɨɫɬɢ ɮɟɪɦɟɧɬɚ ɜ ɨɬɫɭɬɫɬɜɢɟ ɢ 

ɩɪɢɫɭɬɫɬɜɢɢ ɬɨɤɫɢɱɟɫɤɨɝɨ ɜɟɳɟɫɬɜɚ, ɪɚɫɫɱɢɬɵɜɚɹ ɤɨɧɫɬɚɧɬɭ ɢɧɝɢɛɢɪɨɜɚɧɢɹ 

(Ki), ɚ ɬɚɤɠɟ IC20 ɢ IC50, ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ ɫɨɛɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɬɨɤɫɢɤɚɧɬɚ, 

ɢɧɝɢɛɢɪɭɸɳɢɟ ɚɤɬɢɜɧɨɫɬɶ ɮɟɪɦɟɧɬɚ ɧɚ 20 ɢ 50 ɩɪɨɰɟɧɬɨɜ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ [8, 

9]. 

ȼ ɮɟɪɦɟɧɬɧɵɯ ɛɢɨɬɟɫɬɚɯ, ɤɚɤ ɩɪɚɜɢɥɨ, ɜ ɤɚɱɟɫɬɜɟ ɬɟɫɬ-ɨɛɴɟɤɬɨɜ 

ɢɫɩɨɥɶɡɭɸɬ ɨɫɧɨɜɧɵɟ ɢɥɢ ɥɢɦɢɬɢɪɭɸɳɢɟ ɮɟɪɦɟɧɬɵ [10]. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɩɪɢ 

ɭɫɢɥɟɧɢɢ ɞɟɣɫɬɜɢɹ ɚɰɟɬɢɥɯɨɥɢɧɚ, ɜ ɱɚɫɬɧɨɫɬɢ ɧɚɤɨɩɥɟɧɢɢ ɟɝɨ ɜ ɨɪɝɚɧɢɡɦɟ, 

ɢɧɝɢɛɢɪɭɟɬɫɹ ɤɥɸɱɟɜɨɣ ɮɟɪɦɟɧɬ, ɪɚɡɪɭɲɚɸɳɢɣ ɚɰɟɬɢɥɯɨɥɢɧ ɜ ɨɪɝɚɧɢɡɦɟ, – 

ɚɰɟɬɢɥɯɨɥɢɧɷɫɬɟɪɚɡɚ. ɗɬɨɬ ɮɟɪɦɟɧɬ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɧɚɩɪɚɜɥɟɧɧɨɝɨ 

ɩɨɢɫɤɚ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɩɪɟɩɚɪɚɬɨɜ ɲɢɪɨɤɨɝɨ ɫɩɟɤɬɪɚ ɞɟɣɫɬɜɢɹ, ɜ ɬɨɦ ɱɢɫɥɟ ɞɥɹ 

ɥɟɱɟɧɢɹ ɛɨɥɟɡɧɢ Ⱥɥɶɰɝɟɣɦɟɪɚ [11]. Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɨɤɫɢɱɧɨɫɬɢ ɬɹɠёɥɵɯ 

ɦɟɬɚɥɥɨɜ ɪɚɡɪɚɛɨɬɚɧ ɛɢɨɬɟɫɬ ɧɚ ɨɫɧɨɜɟ ɳɟɥɨɱɧɨɣ ɮɨɫɮɚɬɚɡɵ Chlamydomonas 

reinhardtii [12]. Ⱦɪɭɝɢɦ ɩɪɢɦɟɪɨɦ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɢɡɛɢɪɚɬɟɥɶɧɨɣ ɛɢɨɬɟɫɬ-

ɫɢɫɬɟɦɵ ɧɚ ɨɫɧɨɜɟ ɤɚɬɚɥɚɡɵ ɢ ɝɥɭɬɚɬɢɨɧɪɟɞɭɤɬɚɡɵ, ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬ 

ɩɪɨɬɢɜɨɦɢɤɪɨɛɧɭɸ ɢ ɚɧɬɢɨɤɫɢɞɚɧɬɧɭɸ ɚɤɬɢɜɧɨɫɬɶ ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ 

ɜɟɳɟɫɬɜ, ɚ ɬɚɤɠɟ ɛɢɨɬɟɫɬ ɧɚ ɨɫɧɨɜɟ NAD(P)H-ɨɤɫɢɞɚɡɵ ɞɥɹ ɜɵɹɜɥɟɧɢɹ ɜɟɳɟɫɬɜ 

ɫ ɢɦɦɭɧɨɦɨɞɭɥɢɪɭɸɳɟɣ ɚɤɬɢɜɧɨɫɬɶɸ [13]. ȼ ɪɚɛɨɬɟ Ȼɚɛɢɱɚ ɢ ɞɪ. ɛɵɥɨ 

ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɬɨɤɫɢɱɧɨɫɬɢ ɮɟɪɦɟɧɬɧɨɝɨ ɩɪɟɩɚɪɚɬɚ L-ɮɟɧɢɥɚɥɚɧɢɧ-

ɚɦɦɨɧɢɣ-ɥɢɚɡɵ ɩɪɢ ɥɟɱɟɧɢɢ ɮɟɧɢɥɤɟɬɨɧɭɪɢɢ [14]. Ɉ ɩɪɢɦɟɧɟɧɢɢ ɮɟɪɦɟɧɬɨɜ ɜ 

ɢɦɦɭɧɨɮɟɪɦɟɧɬɧɵɯ ɢ ɛɢɨɫɟɧɫɨɪɧɵɯ ɦɟɬɨɞɚɯ, ɩɨɡɜɨɥɹɸɳɢɯ ɨɩɪɟɞɟɥɹɬɶ 

ɫɨɞɟɪɠɚɧɢɹ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɩɪɟɩɚɪɚɬɨɜ, ɩɪɢɦɟɧɹɟɦɵɯ ɜ ɜɟɬɟɪɢɧɚɪɢɢ, ɜ ɫɨɫɬɚɜɟ 

ɤɨɪɦɨɜɵɯ ɞɨɛɚɜɨɤ ɩɨɞɪɨɛɧɨ ɧɚɩɢɫɚɧɨ ɜ ɪɚɛɨɬɟ ɉɨɩɨɜɚ ɉ. Ⱥ ɢ ɞɪ. [15]. Ȼɵɥ 

ɜɵɹɜɥɟɧ ɩɨɬɟɧɰɢɚɥ ɩɪɢɦɟɧɟɧɢɹ ɷɮɮɟɤɬɚ ɢɧɝɢɛɢɪɨɜɚɧɢɹ α-ɚɦɢɥɚɡɵ 

ɝɢɞɪɨɥɢɡɚɬɚɦɢ ɛɟɥɤɨɜ ɫɭɲёɧɵɯ ɦɨɪɫɤɢɯ ɜɨɞɨɪɨɫɥɟɣ [16]. 

ɒɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɮɟɪɦɟɧɬɵ ɩɨɥɭɱɢɥɢ ɜ ɤɚɱɟɫɬɜɟ ɛɢɨɥɨɝɢɱɟɫɤɨɝɨ 

ɫɟɥɟɤɬɢɜɧɨɝɨ ɷɥɟɦɟɧɬɚ ɜ ɛɢɨɫɟɧɫɨɪɚɯ. Ȼɢɨɫɟɧɫɨɪɵ – ɷɬɨ ɭɫɬɪɨɣɫɬɜɚ, 

ɜɤɥɸɱɚɸɳɢɟ ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɣ ɷɥɟɦɟɧɬ ɢ ɢɫɩɨɥɶɡɭɸɳɢɟ ɛɢɨɯɢɦɢɱɟɫɤɢɟ 
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ɪɟɚɤɰɢɢ ɫ ɰɟɥɶɸ ɨɛɧɚɪɭɠɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɥɢ ɚɤɬɢɜɧɨɫɬɢ ɜɟɳɟɫɬɜɚ ɜ 

ɢɫɫɥɟɞɭɟɦɨɦ ɨɛɪɚɡɰɟ ɢ ɩɪɟɨɛɪɚɡɨɜɵɜɚɸɳɢɟ ɪɟɡɭɥɶɬɚɬ ɜ ɭɞɨɛɧɵɣ ɫɢɝɧɚɥ. 

Ȼɢɨɫɟɧɫɨɪɧɵɟ ɫɢɫɬɟɦɵ, ɫɨɡɞɚɧɧɵɟ ɧɚ ɨɫɧɨɜɟ ɩɪɢɦɟɧɟɧɢɹ ɮɟɪɦɟɧɬɨɜ, ɤɭɥɶɬɭɪ 

ɪɚɫɬɢɬɟɥɶɧɵɯ ɢ ɠɢɜɨɬɧɵɯ ɤɥɟɬɨɤ, ɩɨɡɜɨɥɹɸɬ ɷɮɮɟɤɬɢɜɧɨ ɢ ɛɵɫɬɪɨ ɜɵɹɜɥɹɬɶ ɜ 

ɢɡɭɱɚɟɦɵɯ ɩɪɨɛɚɯ ɛɢɨɥɨɝɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ ɢɥɢ ɨɬɤɥɢɤ ɧɚ ɞɟɣɫɬɜɢɟ 

ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɴɟɤɬɚ. Ɍɚɤ ɩɨ ɨɬɤɥɨɧɟɧɢɹɦ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ 

ɨɩɬɢɦɚɥɶɧɨɝɨ ɞɟɣɫɬɜɢɹ ɮɟɪɦɟɧɬɨɜ ɨɩɪɟɞɟɥɹɸɬ ɬɨɤɫɢɱɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ 

ɢɫɫɥɟɞɭɟɦɭɸ ɫɪɟɞɭ. [17]. 

ɂɫɬɨɪɢɹ ɪɚɡɜɢɬɢɹ ɮɟɪɦɟɧɬɧɵɯ ɛɢɨɫɟɧɫɨɪɨɜ ɧɚɱɚɥɚɫɶ ɜ 1960-ɯ ɝɨɞɚɯ 

ɛɥɚɝɨɞɚɪɹ ɨɬɤɪɵɬɢɸ Ʉɥɚɪɤɚ ɢ Ʌɚɣɨɧɫɚ [17]. Ȼɵɥ ɫɨɡɞɚɧ ɩɪɢɛɨɪ, ɨɩɪɟɞɟɥɹɸɳɢɣ 

ɫɨɞɟɪɠɚɧɢɟ ɤɢɫɥɨɪɨɞɚ ɜ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɬɤɚɧɹɯ. ɋ ɤɚɠɞɵɦ ɝɨɞɨɦ ɤɨɥɢɱɟɫɬɜɨ 

ɬɟɫɬ-ɫɢɫɬɟɦ ɦɧɨɝɨɤɪɚɬɧɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɢ ɤ ɧɚɫɬɨɹɳɟɦɭ ɜɪɟɦɟɧɢ ɬɨɱɧɨɟ 

ɤɨɥɢɱɟɫɬɜɨ ɮɟɪɦɟɧɬɧɵɯ ɛɢɨɬɟɫɬɨɜ ɭɠɟ ɬɪɭɞɧɨ ɩɨɞɫɱɢɬɚɬɶ.  

ɋɭɳɟɫɬɜɭɟɬ ɦɧɨɠɟɫɬɜɨ ɩɪɢɦɟɪɨɜ ɩɪɢɦɟɧɟɧɢɹ ɮɟɪɦɟɧɬɚɬɢɜɧɵɯ 

ɛɢɨɫɟɧɫɨɪɨɜ ɜ ɩɢɳɟɜɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɜ ɬɨɦ ɱɢɫɥɟ ɛɢɨɫɟɧɫɨɪ ɧɚ ɨɫɧɨɜɟ 

ɥɚɤɬɚɬɨɤɫɢɞɚɡɵ ɞɥɹ ɦɨɧɢɬɨɪɢɧɝɚ L-ɦɨɥɨɱɧɨɣ ɤɢɫɥɨɬɵ. Ɏɟɪɦɟɧɬ ɜ ɞɚɧɧɨɣ 

ɛɢɨɬɟɫɬ-ɫɢɫɬɟɦɟ ɪɚɡɦɟɳɚɟɬɫɹ ɦɟɠɞɭ ɫɥɨɹɦɢ ɯɢɬɨɡɚɧɚ, ɧɚɧɟɫёɧɧɵɦɢ ɧɚ 

ɦɧɨɝɨɫɥɨɣɧɵɟ ɭɝɥɟɪɨɞɧɵɟ ɧɚɧɨɬɪɭɛɤɢ [18]. Ⱦɥɹ ɧɟɩɪɟɪɵɜɧɨɣ ɨɰɟɧɤɢ 

ɤɨɥɢɱɟɫɬɜɚ ɚɥɤɨɝɨɥɹ ɪɚɡɪɚɛɨɬɚɥɢ ɦɢɧɢɦɚɥɶɧɨ ɢɧɜɚɡɢɜɧɭɸ ɦɚɬɪɢɰɭ ɞɚɬɱɢɤɨɜ ɫ 

ɦɢɤɪɨɢɝɥɚɦɢ, ɤɨɬɨɪɭɸ ɦɨɠɧɨ ɩɪɢɤɪɟɩɢɬɶ ɤ ɤɨɧɱɢɤɭ ɩɚɥɶɰɚ [19]. Ɍɚɤɠɟ 

ɢɡɜɟɫɬɟɧ ɛɢɨɫɟɧɫɨɪ ɧɚ ɨɫɧɨɜɟ ɮɟɪɦɟɧɬɚ ɩɟɧɧɢɰɢɥɚɡɵ, ɤɨɬɨɪɵɣ ɩɪɨɞɭɰɢɪɭɟɬɫɹ 

ɛɚɤɬɟɪɢɹɦɢ, ɭɫɬɨɣɱɢɜɵɦɢ ɤ β-ɥɚɤɬɚɦɧɵɦ ɚɧɬɢɛɢɨɬɢɤɚɦ ɞɥɹ ɢɯ ɨɛɧɚɪɭɠɟɧɢɹ ɜ 

ɦɨɥɨɱɧɨɣ ɩɪɨɞɭɤɰɢɢ [20]. 

Ⱥɤɬɢɜɧɨ ɩɪɢɦɟɧɹɸɬɫɹ ɛɢɨɫɟɧɫɨɪɵ ɢ ɜ ɷɤɨɥɨɝɢɱɟɫɤɨɦ ɦɨɧɢɬɨɪɢɧɝɟ. 

ɉɪɢɦɟɪɨɦ ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɛɢɨɫɟɧɫɨɪ ɧɚ ɨɫɧɨɜɟ ɥɚɤɤɚɡɵ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 

ɫɨɞɟɪɠɚɧɢɹ ɮɟɧɨɥɶɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɜ ɫɬɨɱɧɵɯ ɜɨɞɚɯ [21]. Ɍɚɤ, ɞɥɹ 

ɨɛɧɚɪɭɠɟɧɢɹ ɚɮɥɨɬɨɤɫɢɧɚ, ɢɫɩɨɥɶɡɭɸɬ ɧɨɜɵɣ ɮɟɪɦɟɧɬɚɬɢɜɧɵɣ ɛɢɨɫɟɧɫɨɪ, 

ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɢɧɝɢɛɢɪɨɜɚɧɢɢ ɚɰɟɬɢɥɯɨɥɢɧɷɫɬɟɪɚɡɵ [22].  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢɜɟɞёɧɧɵɟ ɜɵɲɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɞɬɜɟɪɠɞɚɸɬ, ɱɬɨ 

ɬɟɫɬɵ ɧɚ ɨɫɧɨɜɟ ɜɵɞɟɥɟɧɧɵɯ ɮɟɪɦɟɧɬɨɜ ɩɨɡɜɨɥɹɸɬ ɩɨɥɭɱɢɬɶ ɪɟɡɭɥɶɬɚɬɵ ɫ 
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ɜɵɫɨɤɨɣ ɜɨɫɩɪɨɢɡɜɨɞɢɦɨɫɬɶɸ ɢ ɛɵɫɬɪɵɦ ɨɬɤɥɢɤɨɦ ɧɚ ɧɚɥɢɱɢɟ ɲɢɪɨɤɨɝɨ ɤɪɭɝɚ 

ɚɧɚɥɢɡɢɪɭɟɦɵɯ ɜɟɳɟɫɬɜ ɜ ɢɫɫɥɟɞɭɟɦɨɦ ɨɛɪɚɡɰɟ. Ɍɚɤɠɟ ɧɟɦɚɥɨɜɚɠɧɵɦ ɹɜɥɹɟɬɫɹ 

ɬɨ, ɱɬɨ ɩɪɢ ɪɚɛɨɬɟ ɫ ɜɵɞɟɥɟɧɧɵɦɢ ɮɟɪɦɟɧɬɚɦɢ ɫɨɤɪɚɬɢɥɨɫɶ ɜɪɟɦɹ 

ɛɢɨɬɟɫɬɢɪɨɜɚɧɢɹ, ɚ ɦɟɬɨɞɢɤɭ ɩɪɨɜɟɞɟɧɢɹ ɚɧɚɥɢɡɚ ɭɞɚɥɨɫɶ ɭɩɪɨɫɬɢɬɶ. Ȼɥɚɝɨɞɚɪɹ 

ɮɟɪɦɟɧɬɧɵɦ ɪɟɚɤɬɢɜɚɦ ɩɨɹɜɢɥɚɫɶ ɜɨɡɦɨɠɧɨɫɬɶ ɜɚɪɶɢɪɨɜɚɬɶ ɤɨɥɢɱɟɫɬɜɨ 

ɤɨɦɩɨɧɟɧɬɨɜ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɢɡɭɱɢɬɶ ɤɪɢɬɢɱɟɫɤɢɟ ɞɨɡɵ ɢ 

ɦɟɯɚɧɢɡɦɵ ɢɧɝɢɛɢɪɨɜɚɧɢɹ ɚɤɬɢɜɧɨɫɬɢ ɮɟɪɦɟɧɬɨɜ ɬɨɤɫɢɱɟɫɤɢɦɢ ɜɟɳɟɫɬɜɚɦɢ. 

ɇɟɫɦɨɬɪɹ ɧɚ ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɟ ɞɨɫɬɨɢɧɫɬɜɚ ɮɟɪɦɟɧɬɨɜ ɤɚɤ ɬɟɫɬ-

ɨɛɴɟɤɬɨɜ ɞɥɹ ɦɨɧɢɬɨɪɢɧɝɚ ɫɨɫɬɨɹɧɢɹ ɩɪɢɪɨɞɧɵɯ ɫɪɟɞ, ɭ ɫɨɜɪɟɦɟɧɧɵɯ 

ɮɟɪɦɟɧɬɧɵɯ ɬɟɫɬɨɜ ɟɫɬɶ ɨɩɪɟɞɟɥёɧɧɵɟ ɧɟɞɨɫɬɚɬɤɢ. Ɉɞɧɢɦ ɢɡ ɝɥɚɜɧɵɯ 

ɨɝɪɚɧɢɱɢɜɚɸɳɢɯ ɮɚɤɬɨɪɨɜ ɫɱɢɬɚɟɬɫɹ ɨɛɟɫɩɟɱɟɧɢɟ ɨɩɬɢɦɚɥɶɧɵɯ ɭɫɥɨɜɢɣ ɞɥɹ 

ɯɪɚɧɟɧɢɹ ɮɟɪɦɟɧɬɨɜ [17]. 

 

1.2. Ȼɢɨɥɸɦɢɧɟɫɰɟɧɬɧɵɟ ɮɟɪɦɟɧɬɚɬɢɜɧɵɟ ɬɟɫɬɵ  

Ȼɢɨɥɸɦɢɧɟɫɰɟɧɰɢɹ – ɷɬɨ ɢɡɥɭɱɟɧɢɟ ɨɪɝɚɧɢɡɦɨɦ ɜɢɞɢɦɨɝɨ ɝɥɚɡɨɦ ɫɜɟɬɚ ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɬɟɤɚɧɢɹ ɟɫɬɟɫɬɜɟɧɧɨɣ ɛɢɨɯɢɦɢɱɟɫɤɨɣ ɯɟɦɢɥɸɦɢɧɟɫɰɟɧɬɧɨɣ 

ɪɟɚɤɰɢɢ [23]. Ȼɢɨɥɸɦɢɧɟɫɰɟɧɬɧɵɦɢ ɫɢɫɬɟɦɚɦɢ ɨɛɥɚɞɚɸɬ ɪɚɡɥɢɱɧɵɟ 

ɨɪɝɚɧɢɡɦɵ: ɛɚɤɬɟɪɢɢ, ɨɞɧɨɤɥɟɬɨɱɧɵɟ ɜɨɞɨɪɨɫɥɢ, ɝɪɢɛɵ, ɛɟɫɩɨɡɜɨɧɨɱɧɵɟ, 

ɧɚɫɟɤɨɦɵɟ, ɪɚɤɨɨɛɪɚɡɧɵɟ, ɦɟɞɭɡɵ, ɪɵɛɵ ɢ ɞɪɭɝɢɟ. ɇɨ, ɧɟɫɦɨɬɪɹ ɧɚ 

ɪɚɡɧɨɨɛɪɚɡɢɟ ɨɪɝɚɧɢɡɦɨɜ, ɭ ɜɫɟɯ ɜ ɨɫɧɨɜɟ ɯɟɦɢɥɸɦɢɧɟɫɰɟɧɬɧɨɣ ɪɟɚɤɰɢɢ ɥɟɠɢɬ 

ɪɟɚɤɰɢɹ ɨɤɢɫɥɟɧɢɹ ɫɭɛɫɬɪɚɬɚ (ɥɸɰɢɮɟɪɢɧɚ) ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɤɢɫɥɨɪɨɞɚ ɜɨɡɞɭɯɚ. 

Ʉɚɬɚɥɢɡɚɬɨɪɨɦ ɷɬɨɣ ɪɟɚɤɰɢɢ ɹɜɥɹɟɬɫɹ ɮɟɪɦɟɧɬ – ɥɸɰɢɮɟɪɚɡɚ. ɋɜɟɬ, 

ɢɡɥɭɱɚɟɦɵɣ ɢɧɬɟɪɦɟɞɢɚɬɨɦ ɨɤɢɫɥɟɧɧɨɝɨ ɥɸɰɢɮɟɪɢɧɚ, ɩɪɢɧɚɞɥɟɠɢɬ ɜɢɞɢɦɨɣ 

ɨɛɥɚɫɬɢ ɫɩɟɤɬɪɚ [24, 25]. Ȼɢɨɥɸɦɢɧɟɫɰɟɧɬɧɚɹ ɪɟɚɤɰɢɹ ɛɵɥɚ ɚɤɬɢɜɧɨ ɩɪɢɦɟɧɟɧɚ 

ɜ ɛɢɨɬɟɫɬɢɪɨɜɚɧɢɢ ɞɥɹ ɨɛɧɚɪɭɠɟɧɢɹ ɢ ɨɰɟɧɤɢ ɬɨɤɫɢɱɧɨɫɬɢ ɚɧɚɥɢɡɢɪɭɟɦɵɯ 

ɫɪɟɞ, ɩɨɫɤɨɥɶɤɭ ɨɧɚ ɧɚɩɪɹɦɭɸ ɫɜɹɡɚɧɚ ɫ ɤɥɟɬɨɱɧɵɦ ɞɵɯɚɧɢɟɦ ɢ ɥɸɛɨɟ 

ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɤɥɟɬɨɱɧɨɝɨ ɦɟɬɚɛɨɥɢɡɦɚ ɜ ɫɜɹɡɢ ɫ ɞɟɣɫɬɜɢɟɦ ɬɨɤɫɢɱɧɨɝɨ 

ɜɟɳɟɫɬɜɚ ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɫɜɟɬɨɜɨɝɨ ɢɡɥɭɱɟɧɢɹ ɩɨɪɚɠɟɧɧɵɯ ɤɥɟɬɨɤ [12, 

26 – 30]. ȼ ɪɚɛɨɬɟ [31] ɞɥɹ ɨɰɟɧɤɢ ɬɨɤɫɢɱɧɨɝɨ ɜɥɢɹɧɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ 
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ɧɢɡɤɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɧɚ ɬɨɤɫɢɱɧɨɫɬɶ ɛɵɬɨɜɵɯ ɫɬɨɤɨɜ ɩɪɢɦɟɧɹɥɚɫɶ ɬɟɫɬ-

ɫɢɫɬɟɦɚ «ɗɤɨɥɸɦ», ɨɫɧɨɜɚɧɧɚɹ ɧɚ ɥɢɨɮɢɥɢɡɢɪɨɜɚɧɧɵɯ ɫɜɟɬɹɳɢɯɫɹ ɛɚɤɬɟɪɢɹɯ. 

Ɉɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɩɪɢ ɦɟɧɶɲɟɣ ɨɱɢɫɬɤɟ ɫɬɨɱɧɵɯ ɜɨɞ ɧɚɛɥɸɞɚɟɬɫɹ ɭɜɟɥɢɱɟɧɧɨɟ 

ɜɥɢɹɧɢɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɢ ɭɜɟɥɢɱɢɜɚɟɬ ɬɨɤɫɢɱɧɨɫɬɶ ɜɨɞ [31]. 

Ɍɚɤɠɟ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɵɣ ɚɧɚɥɢɡ ɧɚ ɨɫɧɨɜɟ ɩɪɟɩɚɪɚɬɚ «ɗɤɨɥɸɦ» ɩɪɢɦɟɧɢɥɢ 

ɞɥɹ ɚɧɚɥɢɡɚ ɬɨɤɫɢɱɧɨɫɬɢ ɜɨɞ ɢ ɜɵɹɫɧɢɥɢ, ɱɬɨ ɨɛɪɚɡɰɵ ɜɨɞɵ ɢɡ ɪɟɤɢ ɋɚɤɦɚɪɚ 

ɱɪɟɡɜɵɱɚɣɧɨ ɬɨɤɫɢɱɧɵ [32]. 

ȼ 1990-ɦ ɝɨɞɭ ɛɵɥɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɚɡɪɚɛɨɬɤɢ ɧɨɜɨɝɨ 

ɛɢɨɞɢɚɝɧɨɫɬɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ ɧɚ ɨɫɧɨɜɟ ɮɟɪɦɟɧɬɨɜ, ɜɵɞɟɥɟɧɧɵɯ ɢɡ ɫɜɟɬɹɳɢɯɫɹ 

ɛɚɤɬɟɪɢɣ. ɉɪɢɧɰɢɩ ɞɟɣɫɬɜɢɹ ɬɚɤɢɯ ɛɢɨɬɟɫɬɨɜ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɨɛɧɚɪɭɠɟɧɢɢ 

ɬɨɤɫɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɬɟɫɬɢɪɭɟɦɵɯ ɨɛɪɚɡɰɨɜ ɩɨ ɢɯ ɜɥɢɹɧɢɸ ɧɚ ɩɚɪɚɦɟɬɪɵ 

ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɣ ɪɟɚɤɰɢɢ.  

ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɛɢɨɬɟɫɬɨɜ ɢɫɩɨɥɶɡɭɸɬɫɹ ɮɟɪɦɟɧɬɚɬɢɜɧɵɟ ɪɟɚɤɰɢɢ, 

ɤɚɬɚɥɢɡɢɪɭɟɦɵɟ ɥɢɛɨ ɬɨɥɶɤɨ ɥɸɰɢɮɟɪɚɡɨɣ (L) (ɦɨɧɨɮɟɪɦɟɧɬɧɚɹ ɫɢɫɬɟɦɚ – 

ɪɟɚɤɰɢɹ 1), ɥɢɛɨ ɥɸɰɢɮɟɪɚɡɨɣ ɢ NAD(Ɋ)H:FMN-ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɨɣ  (R+L) 

(ɛɢɮɟɪɦɟɧɬɧɚɹ ɫɢɫɬɟɦɚ - ɪɟɚɤɰɢɢ 1 ɢ 2) [33]: 

                                    L 

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

                                  R 

NADH + FMN + H+ → NAD+ + FMNH2    (2)  

Ʌɸɰɢɮɟɪɚɡɚ ɤɚɬɚɥɢɡɢɪɭɟɬ ɪɟɚɤɰɢɸ ɨɤɢɫɥɟɧɢɹ ɞɥɢɧɧɨɰɟɩɨɱɟɱɧɵɯ 

ɚɥɢɮɚɬɢɱɟɫɤɢɯ ɚɥɶɞɟɝɢɞɨɜ ɩɪɢ ɭɱɚɫɬɢɢ ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɝɨ 

ɮɥɚɜɢɧɦɨɧɨɧɭɤɥɟɨɬɢɞɚ (FMNH2). ɉɪɨɞɭɤɬɚɦɢ ɷɬɨɣ ɪɟɚɤɰɢɢ ɹɜɥɹɸɬɫɹ 

ɨɤɢɫɥɟɧɧɵɣ ɮɥɚɜɢɧɦɨɧɨɧɭɤɥɟɨɬɢɞ (FMN), ɠɢɪɧɚɹ ɤɢɫɥɨɬɚ (RCOOH) ɢ 

ɢɡɥɭɱɟɧɢɟ ɤɜɚɧɬɨɜ ɫɜɟɬɚ ɜ ɫɢɧɟ-ɡɟɥɟɧɨɣ ɨɛɥɚɫɬɢ ɫɩɟɤɬɪɚ. Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ 

ɥɸɰɢɮɟɪɚɡɵ FMNH2 ɩɪɢɦɟɧɹɟɬɫɹ ɫɨɩɪɹɠɟɧɢɟ ɥɸɰɢɮɟɪɚɡɧɨɣ ɪɟɚɤɰɢɢ ɫ 

ɪɟɚɤɰɢɟɣ, ɤɚɬɚɥɢɡɢɪɭɟɦɨɣ NAD(P)H:FMN-ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɨɣ (ɪɟɚɤɰɢɹ 2), ɱɬɨ 

ɩɨɡɜɨɥɹɟɬ ɧɚɛɥɸɞɚɬɶ ɞɥɢɬɟɥɶɧɨɟ ɫɜɟɱɟɧɢɟ [34].  
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Ɏɟɪɦɟɧɬɵ ɫɜɟɬɹɳɢɯɫɹ ɛɚɤɬɟɪɢɣ ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ ɤ 

ɢɧɝɢɛɢɪɭɸɳɟɦɭ ɜɥɢɹɧɢɸ ɬɨɤɫɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ ɪɚɡɥɢɱɧɨɣ ɩɪɢɪɨɞɵ. ɋɨɡɞɚɧɵ ɢ 

ɭɠɟ ɭɫɩɟɲɧɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɬɟɫɬ-ɫɢɫɬɟɦɵ ɧɚ ɨɫɧɨɜɟ ɮɟɪɦɟɧɬɨɜ ɫɜɟɬɹɳɢɯɫɹ 

ɛɚɤɬɟɪɢɣ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɜ ɨɛɪɚɡɰɚɯ ɪɚɡɥɢɱɧɵɯ ɚɧɬɢɛɢɨɬɢɤɨɜ, 

ɩɟɫɬɢɰɢɞɨɜ ɢ ɬɹɠёɥɵɯ ɦɟɬɚɥɥɨɜ. Ɍɚɤ, ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɛɢɮɟɪɦɟɧɬɧɨɣ ɫɢɫɬɟɦɵ 

R + L ɩɪɨɜɟɥɢ  ɨɰɟɧɤɭ ɛɢɨɬɨɤɫɢɱɧɨɫɬɢ ɧɚɧɨɦɚɬɟɪɢɚɥɨɜ, ɧɚɢɛɨɥɟɟ ɬɨɤɫɢɱɧɵɦɢ 

ɢɡ ɤɨɬɨɪɵɯ ɨɤɚɡɚɥɢɫɶ ɧɚɧɨɱɚɫɬɢɰɵ ɧɚ ɨɫɧɨɜɟ ɦɟɞɢ ɢ ɟё ɨɤɫɢɞɚ [35].  

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɢɧɬɟɝɪɚɥɶɧɨɣ ɬɨɤɫɢɱɧɨɫɬɢ 

ɪɚɡɥɢɱɧɵɯ ɫɪɟɞ ɚɤɬɢɜɧɨ ɩɪɢɦɟɧɹɟɬɫɹ ɢɦɟɧɧɨ ɛɢɮɟɪɦɟɧɬɧɚɹ ɫɢɫɬɟɦɚ R + L. 

Ɉɫɧɨɜɧɵɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɪɟɡɭɥɶɬɚɬɨɜ ɚɧɚɥɢɡɚ ɹɜɥɹɸɬɫɹ ɩɚɪɚɦɟɬɪɵ ɭɤɚɡɚɧɧɵɯ 

ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɵɯ ɪɟɚɤɰɢɣ, ɜ ɬɨɦ ɱɢɫɥɟ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɫɜɟɱɟɧɢɹ, 

ɪɟɝɢɫɬɪɢɪɭɟɦɚɹ ɛɢɨɥɸɦɢɧɨɦɟɬɪɨɦ, ɜɪɟɦɹ ɜɵɯɨɞɚ ɫɜɟɱɟɧɢɹ ɧɚ ɦɚɤɫɢɦɭɦ, 

ɤɨɧɫɬɚɧɬɚ ɫɩɚɞɚ ɫɜɟɱɟɧɢɹ, ɨɛɳɢɣ ɤɜɚɧɬɨɜɵɣ ɜɵɯɨɞ ɢɡɥɭɱɟɧɢɹ ɫɜɟɬɚ, 

ɪɚɫɫɱɢɬɵɜɚɟɦɵɣ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ.  

Ɍɚɤɠɟ ɛɢɮɟɪɦɟɧɬɧɭɸ ɫɢɫɬɟɦɭ R + L ɢɫɩɨɥɶɡɭɸɬ ɞɥɹ ɨɛɧɚɪɭɠɟɧɢɹ 

ɢɫɤɨɦɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɜ ɩɪɨɛɟ, ɩɨɫɬɨɹɧɧɨɝɨ ɤɨɧɬɪɨɥɹ ɫɨɫɬɨɹɧɢɹ ɪɚɡɥɢɱɧɵɯ 

ɫɪɟɞ, ɧɚɥɢɱɢɹ ɢ ɨɰɟɧɤɢ ɜɥɢɹɧɢɹ ɬɨɤɫɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ ɜ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɴɟɤɬɚɯ. 

Ɉɰɟɧɤɭ ɬɨɤɫɢɱɧɨɫɬɢ ɩɪɨɜɨɞɹɬ ɩɨ ɬɚɤɢɦ ɩɚɪɚɦɟɬɪɚɦ, ɤɚɤ IC20 ɢ IC50 [36]. 

ɋ ɪɚɡɜɢɬɢɟɦ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɝɨ ɮɟɪɦɟɧɬɚɬɢɜɧɨɝɨ ɬɟɫɬɢɪɨɜɚɧɢɹ ɛɵɥɢ 

ɫɤɨɧɫɬɪɭɢɪɨɜɚɧɵ ɮɟɪɦɟɧɬɚɬɢɜɧɵɟ ɬɟɫɬɵ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɬɪɟɯ 

ɫɨɩɪɹɠёɧɧɵɯ ɪɟɚɤɰɢɣ [37]. ɉɪɢɦɟɪɨɦ ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɪɚɛɨɬɚ ɋɭɬɨɪɦɢɧɚ ɫ 

ɫɨɚɜɬɨɪɚɦɢ [36], ɝɞɟ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɡɚɝɪɹɡɧɟɧɢɹ ɩɨɱɜ ɩɪɢɦɟɧɹɥɢ 

ɬɪɢɮɟɪɦɟɧɬɧɭɸ ɫɢɫɬɟɦɭ R+L+LDH. ȼ ɪɚɛɨɬɟ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɢ 

ɭɞɥɢɧɟɧɢɢ ɰɟɩɢ ɫɨɩɪɹɠɟɧɢɹ ɮɟɪɦɟɧɬɚɬɢɜɧɵɯ ɪɟɚɤɰɢɣ ɭɜɟɥɢɱɢɜɚɟɬɫɹ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɮɟɪɦɟɧɬɚɬɢɜɧɨɝɨ ɬɟɫɬɚ ɤ ɬɨɤɫɢɱɟɫɤɢɦ ɜɟɳɟɫɬɜɚɦ.  

ȼ ɡɚɤɥɸɱɟɧɢɢ ɦɨɠɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ ɛɢɨɬɟɫɬɵ ɧɚ ɨɫɧɨɜɟ ɮɟɪɦɟɧɬɨɜ 

ɫɜɟɬɹɳɢɯɫɹ ɛɚɤɬɟɪɢɣ ɹɜɥɹɸɬɫɹ ɧɚɢɛɨɥɟɟ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɵɦɢ ɞɥɹ 

ɪɚɡɧɨɨɛɪɚɡɧɵɯ ɚɧɚɥɢɡɨɜ ɛɥɚɝɨɞɚɪɹ ɫɜɨɢɦ ɩɪɟɢɦɭɳɟɫɬɜɚɦ [33], ɬɚɤɢɦ ɤɚɤ 

ɩɪɨɫɬɨɬɚ ɢ ɷɤɫɩɪɟɫɫɧɨɫɬɶ ɜɵɩɨɥɧɟɧɢɹ ɛɢɨɬɟɫɬɚ, ɟɝɨ ɬɨɱɧɨɫɬɶ, 

ɜɨɫɩɪɨɢɡɜɨɞɢɦɨɫɬɶ, ɢɡɛɢɪɚɬɟɥɶɧɨɫɬɶ ɢ ɜɵɫɨɤɚɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ. Ɉɞɧɚɤɨ 
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ɢɦɟɸɬɫɹ ɧɟɤɨɬɨɪɵɟ ɧɟɞɨɫɬɚɬɤɢ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɵɯ ɮɟɪɦɟɧɬɚɬɢɜɧɵɯ ɦɟɬɨɞɨɜ, 

ɨɝɪɚɧɢɱɢɜɚɸɳɢɟ ɢɯ ɩɪɢɦɟɧɢɦɨɫɬɶ ɜ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ. Ʉ ɨɞɧɨɦɭ 

ɢɡ ɝɥɚɜɧɵɯ ɧɟɞɨɫɬɚɬɤɨɜ ɫɥɟɞɭɟɬ ɨɬɧɟɫɬɢ ɧɟɫɬɚɛɢɥɶɧɨɫɬɶ ɢɫɩɨɥɶɡɭɟɦɵɯ 

ɩɪɟɩɚɪɚɬɨɜ ɮɟɪɦɟɧɬɨɜ ɩɪɢ ɯɪɚɧɟɧɢɢ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ.  

 

1.3. ɋɬɚɛɢɥɢɡɚɰɢɹ ɮɟɪɦɟɧɬɨɜ 

Ⱦɥɹ ɫɨɤɪɚɳɟɧɢɹ ɜɥɢɹɧɢɹ ɧɟɝɚɬɢɜɧɵɯ ɮɚɤɬɨɪɨɜ ɧɚ ɮɟɪɦɟɧɬɵ ɢ 

ɫɨɯɪɚɧɟɧɢɹ ɢɯ ɚɤɬɢɜɧɨɫɬɢ ɧɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɜ ɷɧɡɢɦɨɥɨɝɢɢ ɢɫɩɨɥɶɡɭɸɬ 

ɦɟɬɨɞɵ ɫɬɚɛɢɥɢɡɚɰɢɢ ɮɟɪɦɟɧɬɨɜ [38-40]. Ɉɫɧɨɜɧɵɦɢ ɫɬɪɚɬɟɝɢɹɦɢ 

ɫɬɚɛɢɥɢɡɚɰɢɢ ɮɟɪɦɟɧɬɨɜ ɹɜɥɹɸɬɫɹ ɞɨɛɚɜɥɟɧɢɟ ɫɬɚɛɢɥɢɡɢɪɭɸɳɢɯ ɜɟɳɟɫɬɜ, 

ɯɢɦɢɱɟɫɤɚɹ ɦɨɞɢɮɢɤɚɰɢɹ ɛɨɤɨɜɵɯ ɝɪɭɩɩ ɮɟɪɦɟɧɬɚ, ɝɟɧɟɬɢɱɟɫɤɚɹ ɦɨɞɢɮɢɤɚɰɢɹ, 

ɩɪɢɦɟɧɟɧɢɟ ɜɵɫɨɤɨɝɨ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ (HHP) ɢ ɢɦɦɨɛɢɥɢɡɚɰɢɹ [17, 

41].  

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜɫё ɱɚɳɟ ɭɜɟɥɢɱɟɧɢɟ ɫɪɨɤɚ ɫɨɯɪɚɧɟɧɢɹ ɚɤɬɢɜɧɨɫɬɢ 

ɮɟɪɦɟɧɬɨɜ ɞɨɫɬɢɝɚɟɬɫɹ ɩɭɬёɦ ɜɧɟɫɟɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɜɟɳɟɫɬɜ ɜ ɫɨɫɬɚɜ 

ɪɟɚɝɟɧɬɚ. Ʉ ɩɪɢɦɟɪɭ, ɞɥɹ ɦɢɧɢɦɢɡɚɰɢɢ ɢɧɚɤɬɢɜɚɰɢɢ ɮɟɪɦɟɧɬɨɜ ɜ 

ɛɢɮɟɪɦɟɧɬɧɨɣ ɫɢɫɬɟɦɟ ɥɸɰɢɮɟɪɚɡɚ + NAD(P)H:FMN-ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɚ 

ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɜɜɨɞɢɥɢ ɫɬɚɛɢɥɢɡɚɬɨɪɵ SH-ɝɪɭɩɩ ɮɟɪɦɟɧɬɨɜ, ɬɚɤɢɟ ɤɚɤ ȾȾɌ ɢ 

ɦɟɪɤɚɩɬɨɷɬɚɧɨɥ, ɢ ɛɵɱɢɣ ɫɵɜɨɪɨɬɨɱɧɵɣ ɚɥɶɛɭɦɢɧ ɞɥɹ ɭɜɟɥɢɱɟɧɢɹ ɜɹɡɤɨɫɬɢ 

ɪɚɫɬɜɨɪɚ. ȼɧɟɫɟɧɢɟ ɞɚɧɧɵɯ ɞɨɛɚɜɨɤ ɜ ɫɨɫɬɚɜ ɫɨɩɪɹɠɟɧɧɨɣ ɮɟɪɦɟɧɬɧɨɣ ɫɢɫɬɟɦɵ 

ɭɥɭɱɲɚɟɬ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɟɚɝɟɧɬɚ, ɬ.ɤ. ɩɨɡɜɨɥɹɟɬ ɭɜɟɥɢɱɢɬɶ ɢɯ ɚɤɬɢɜɧɨɫɬɶ ɧɚ 

150%, ɚ ɬɚɤɠɟ ɭɜɟɥɢɱɢɜɚɟɬ ɫɪɨɤ ɯɪɚɧɟɧɢɹ ɮɟɪɦɟɧɬɨɜ ɛɟɡ ɡɧɚɱɢɬɟɥɶɧɨɣ ɩɨɬɟɪɢ 

ɚɤɬɢɜɧɨɫɬɢ [42].  

ɉɪɢ ɩɨɩɵɬɤɚɯ ɢɧɚɤɬɢɜɢɪɨɜɚɬɶ ɮɟɪɦɟɧɬɵ, ɩɪɢɧɨɫɹɳɢɟ ɜɪɟɞ ɤɚɱɟɫɬɜɭ 

ɩɢɳɟɜɵɯ ɩɪɨɞɭɤɬɨɜ ɫ ɩɨɦɨɳɶɸ ɧɟɬɟɩɥɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ, ɨɛɧɚɪɭɠɢɥɢ, ɱɬɨ 

ɜɵɫɨɤɨɟ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ (HHP) ɫɩɨɫɨɛɧɨ ɚɤɬɢɜɢɪɨɜɚɬɶ ɢ 

ɫɬɚɛɢɥɢɡɢɪɨɜɚɬɶ ɧɟɤɨɬɨɪɵɟ ɩɢɳɟɜɵɟ ɮɟɪɦɟɧɬɵ. HHP ɜɥɢɹɟɬ ɧɚ ɫɥɚɛɵɟ 

ɦɨɥɟɤɭɥɹɪɧɵɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ (ɝɢɞɪɨɮɨɛɧɵɟ, ɢɨɧɧɵɟ ɢ ɜɨɞɨɪɨɞɧɵɟ ɛɟɥɤɨɜɵɟ 

ɫɜɹɡɢ). ȼɥɢɹɧɢɟ ɇɇɊ ɧɢɠɟ 1000-1500 Ɇɩɚ ɧɚ ɚɤɬɢɜɧɨɫɬɶ ɢ ɫɬɚɛɢɥɶɧɨɫɬɶ 
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ɮɟɪɦɟɧɬɨɜ ɨɛɴɹɫɧɹɟɬɫɹ ɢɡɦɟɧɟɧɢɹɦɢ ɧɟɤɨɜɚɥɟɧɬɧɵɯ ɦɨɥɟɤɭɥɹɪɧɵɯ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ. Ɉɞɧɚɤɨ, ɧɚ ɩɪɢɦɟɪɟ ɬɚɤɢɯ ɮɟɪɦɟɧɬɨɜ ɤɚɤ ɩɟɤɬɢɧɷɫɬɟɪɚɡɚ, 

ɩɨɥɢɮɟɧɨɥɨɤɫɢɞɚɡɚ ɢ α-ɯɢɦɨɬɪɢɩɫɢɧ, ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɇɇɊ ɦɨɠɟɬ 

ɨɤɚɡɵɜɚɬɶ ɢ ɧɟɝɚɬɢɜɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɚɤɬɢɜɧɨɫɬɶ ɮɟɪɦɟɧɬɨɜ ɢɥɢ ɧɟ ɨɤɚɡɵɜɚɬɶ 

ɧɢɤɚɤɨɝɨ ɜɥɢɹɧɢɹ [17, 43]. 

ɇɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɦɟɬɨɞɨɦ ɫɬɚɛɢɥɢɡɚɰɢɢ ɮɟɪɦɟɧɬɨɜ ɹɜɥɹɟɬɫɹ 

ɢɦɦɨɛɢɥɢɡɚɰɢɹ ɧɚ ɪɚɡɥɢɱɧɵɯ ɧɨɫɢɬɟɥɹɯ. ɂɦɦɨɛɢɥɢɡɚɰɢɹ – ɷɬɨ ɫɩɨɫɨɛ 

ɩɟɪɟɜɨɞɚ ɮɟɪɦɟɧɬɚ ɜ ɧɟɪɚɫɬɜɨɪɢɦɨɟ ɫɨɫɬɨɹɧɢɟ, ɨɫɧɨɜɵɜɚɸɳɢɣɫɹ ɧɚ 

ɢɡɨɥɢɪɨɜɚɧɢɢ ɮɟɪɦɟɧɬɚ ɜɟɳɟɫɬɜɨɦ, ɫɩɨɫɨɛɧɵɦ ɨɛɦɟɧɢɜɚɬɶɫɹ ɫ ɧɚɯɨɞɹɳɢɦɢɫɹ 

ɜ ɧɟɣ ɦɨɥɟɤɭɥɚɦɢ ɫɭɛɫɬɪɚɬɚ, ɷɮɮɟɤɬɨɪɚ ɢ ɢɧɝɢɛɢɬɨɪɚ [44]. ɂɦɦɨɛɢɥɢɡɚɰɢɹ 

ɩɨɡɜɨɥɹɟɬ ɧɟ ɬɨɥɶɤɨ ɫɨɯɪɚɧɢɬɶ, ɧɨ ɢ ɭɥɭɱɲɢɬɶ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɮɟɪɦɟɧɬɨɜ 

(ɜ ɨɩɬɢɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɪɟɚɤɰɢɢ ɩɪɨɰɟɫɫɚ). ȼɫɟ ɢɦɟɸɳɢɟɫɹ ɤ ɧɚɫɬɨɹɳɟɦɭ 

ɦɨɦɟɧɬɭ ɦɟɬɨɞɵ ɢɦɦɨɛɢɥɢɡɚɰɢɢ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɞɜɟ ɝɪɭɩɩɵ: ɯɢɦɢɱɟɫɤɢɟ 

ɢ ɮɢɡɢɱɟɫɤɢɟ.  

                                             
Ɋɢɫ. 1 – ɋɯɟɦɚɬɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɫɩɨɫɨɛɨɜ ɢɦɦɨɛɢɥɢɡɚɰɢɢ ɮɟɪɦɟɧɬɨɜ ɜ ɛɢɨɫɟɧɫɨɪɚɯ: ɚ – 
ɤɨɜɚɥɟɧɬɧɨɟ ɫɜɹɡɵɜɚɧɢɟ ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ ɧɨɫɢɬɟɥɹ; ɛ – ɫɲɢɜɚɧɢɟ; ɜ – ɚɞɫɨɪɛɰɢɹ ɧɚ ɧɨɫɢɬɟɥɟ; 
ɝ – ɤɨɜɚɥɟɧɬɧɨɟ ɫɜɹɡɵɜɚɧɢɟ ɢ ɩɪɢɲɢɜɚɧɢɟ ɤ ɩɨɞɥɨɠɤɟ; ɞ – ɡɚɯɜɚɬ ɧɨɫɢɬɟɥɟɦ (ɜ ɩɥёɧɤɟ 
ɩɨɥɢɦɟɪɚ) [1]. 

 

Ʉ ɯɢɦɢɱɟɫɤɢɦ ɦɟɬɨɞɚɦ ɢɦɦɨɛɢɥɢɡɚɰɢɢ ɨɬɧɨɫɢɬɫɹ ɢɦɦɨɛɢɥɢɡɚɰɢɹ ɩɪɢ 

ɩɨɦɨɳɢ ɤɨɜɚɥɟɧɬɧɵɯ ɫɜɹɡɟɣ. Ɉɧɚ ɡɚɜɢɫɢɬ ɨɬ ɦɧɨɝɢɯ ɮɚɤɬɨɪɨɜ (ɚɤɬɢɜɧɨɫɬɶ 

ɮɟɪɦɟɧɬɨɜ, ɦɚɬɟɪɢɚɥ, ɭɫɥɨɜɢɹ ɩɪɨɜɟɞɟɧɢɹ ɪɟɚɤɰɢɢ) ɢ ɢɦɟɟɬ ɛɨɥɶɲɭɸ 

ɜɟɪɨɹɬɧɨɫɬɶ ɧɚɪɭɲɟɧɢɹ ɤɨɜɚɥɟɧɬɧɵɯ ɫɜɹɡɟɣ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɧɢɡɤɨɦɭ ɜɵɯɨɞɭ 

ɚɤɬɢɜɧɨɫɬɢ. Ɍɚɤɠɟ ɫɭɳɟɫɬɜɟɧɧɵɦɢ ɧɟɞɨɫɬɚɬɤɚɦɢ ɹɜɥɹɸɬɫɹ ɫɥɨɠɧɨɫɬɶ 
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ɩɪɨɰɟɞɭɪɵ ɢɦɦɨɛɢɥɢɡɚɰɢɢ ɢ ɟё ɜɵɫɨɤɚɹ ɫɬɨɢɦɨɫɬɶ. ȼ ɪɚɛɨɬɟ ɑɠɨɭ 

ɨɩɢɫɵɜɚɟɬɫɹ ɫɨɡɞɚɧɢɟ ɛɢɨɫɟɧɫɨɪɚ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɭɪɨɜɧɹ ɝɥɸɤɨɡɵ ɩɭɬёɦ 

ɢɦɦɨɛɢɥɢɡɚɰɢɢ ɝɥɸɤɨɡɨɨɤɫɢɞɚɡɵ ɩɨɫɪɟɞɫɬɜɨɦ ɮɢɡɢɱɟɫɤɨɣ ɚɞɫɨɪɛɰɢɢ ɧɚ 

ɧɚɧɨɬɪɭɛɤɚɯ ɨɤɫɢɞɚ ɰɢɧɤɚ. ɋɬɚɛɢɥɶɧɨɫɬɶ ɨɩɢɫɚɧɧɨɝɨ ɛɢɨɫɟɧɫɨɪɚ ɢɡɦɟɪɹɥɚɫɶ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ, ɢ ɞɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɢ ɯɪɚɧɟɧɢɢ ɩɪɢ 4 ɨɋ ɜ ɬɟɱɟɧɢɟ 20 ɞɧɟɣ 

ɛɢɨɫɟɧɫɨɪ ɫɨɯɪɚɧɢɥ 81% ɫɜɨɟɣ ɩɟɪɜɨɧɚɱɚɥɶɧɨɣ ɚɤɬɢɜɧɨɫɬɢ [45].  

Ʉɨ ɜɬɨɪɨɣ ɝɪɭɩɩɟ ɦɟɬɨɞɨɜ ɨɬɧɨɫɹɬɫɹ ɜɤɥɸɱɟɧɢɟ ɮɟɪɦɟɧɬɨɜ ɜ ɝɟɥɢ 

ɪɚɡɥɢɱɧɨɣ ɩɪɢɪɨɞɵ ɢ ɚɞɫɨɪɛɰɢɹ. ȼɬɨɪɨɣ ɬɢɩ ɢɦɦɨɛɢɥɢɡɚɰɢɢ ɱɚɫɬɨ ɩɪɢɜɨɞɢɬ ɤ 

ɭɬɟɱɤɟ ɮɟɪɦɟɧɬɨɜ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɢɥɢ ɪɇ, ɩɨɷɬɨɦɭ ɚɞɫɨɪɛɰɢɹ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɫɨɱɟɬɚɧɢɢ ɫ ɞɪɭɝɢɦɢ ɦɟɬɨɞɚɦɢ ɢɦɦɨɛɢɥɢɡɚɰɢɢ. Ɉɛɚ ɦɟɬɨɞɚ 

ɞɨɫɬɚɬɨɱɧɨ ɷɮɮɟɤɬɢɜɧɵ ɢ ɩɨɡɜɨɥɹɸɬ ɢɦɦɨɛɢɥɢɡɨɜɚɬɶ ɧɟ ɬɨɥɶɤɨ ɨɬɞɟɥɶɧɵɟ 

ɮɟɪɦɟɧɬɵ, ɧɨ ɢ ɮɟɪɦɟɧɬɧɵɟ ɫɢɫɬɟɦɵ [17].  

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɠɟɥɚɟɦɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɢɦɟɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɜɵɛɨɪɚ 

ɧɨɫɢɬɟɥɹ, ɜɚɪɶɢɪɨɜɚɧɢɹ ɭɫɥɨɜɢɣ ɢɦɦɨɛɢɥɢɡɚɰɢɢ, ɤɨɥɢɱɟɫɬɜɚ ɮɟɪɦɟɧɬɨɜ ɢ 

ɫɭɛɫɬɪɚɬɨɜ ɢ ɞɪɭɝɢɯ ɩɚɪɚɦɟɬɪɨɜ. ȼɚɠɧɵɦ ɩɪɟɢɦɭɳɟɫɬɜɨɦ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɯ 

ɮɟɪɦɟɧɬɨɜ ɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɭɩɪɚɜɥɟɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɮɟɪɦɟɧɬɨɜ ɤ 

ɞɟɣɫɬɜɢɸ ɮɢɡɢɱɟɫɤɢɯ ɢ ɯɢɦɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ ɫɪɟɞɵ ɩɭɬёɦ ɜɵɛɨɪɚ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɦɢɤɪɨɨɤɪɭɠɟɧɢɹ [44].  

ɑɪɟɡɜɵɱɚɣɧɨ ɜɚɠɧɵɦ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɫɬɚɛɢɥɶɧɵɯ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɯ 

ɩɪɟɩɚɪɚɬɨɜ ɹɜɥɹɟɬɫɹ ɜɵɛɨɪ ɧɨɫɢɬɟɥɹ ɞɥɹ ɢɦɦɨɛɢɥɢɡɚɰɢɢ. Ɋɚɧɟɟ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, 

ɱɬɨ ɧɚɢɛɨɥɟɟ ɩɨɞɯɨɞɹɳɢɦɢ ɞɥɹ ɢɦɦɨɛɢɥɢɡɚɰɢɢ ɛɢɮɟɪɦɟɧɬɧɨɣ ɫɢɫɬɟɦɵ R + L 

ɹɜɥɹɸɬɫɹ ɩɪɢɪɨɞɧɵɟ ɩɨɥɢɦɟɪɧɵɟ ɝɟɥɢ ɧɚ ɨɫɧɨɜɟ ɤɪɚɯɦɚɥɚ ɢɥɢ ɠɟɥɚɬɢɧɚ [45]. 

Ɋɟɚɝɟɧɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɧɚ ɨɫɧɨɜɟ ɤɪɚɯɦɚɥɶɧɨɝɨ ɢ ɠɟɥɚɬɢɧɨɜɨɝɨ ɝɟɥɟɣ, 

ɨɬɥɢɱɚɸɬɫɹ ɜɵɫɨɤɢɦ ɜɵɯɨɞɨɦ ɚɤɬɢɜɧɨɫɬɢ, ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɤ ɜɨɡɞɟɣɫɬɜɢɸ 

ɮɢɡɢɱɟɫɤɢɯ ɢ ɯɢɦɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ ɫɪɟɞɵ [46]. əɜɥɹɹɫɶ ɩɪɢɪɨɞɧɵɦɢ 

ɛɢɨɩɨɥɢɦɟɪɚɦɢ, ɝɟɥɢ ɧɟɬɨɤɫɢɱɧɵ, ɛɢɨɪɚɡɥɚɝɚɟɦɵ ɢ ɨɛɟɫɩɟɱɢɜɚɸɬ ɫɪɟɞɭ, 

ɚɧɚɥɨɝɢɱɧɭɸ ɫɪɟɞɟ ɮɟɪɦɟɧɬɚ ɜ ɤɥɟɬɤɟ. Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɟɢɦɭɳɟɫɬɜɚɦɢ 

ɜɵɛɪɚɧɧɵɯ ɝɟɥɟɣ ɹɜɥɹɟɬɫɹ ɢɯ ɞɟɲёɜɚɹ ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɢ ɩɪɨɫɬɨɬɚ ɦɟɬɨɞɢɤɢ 

ɢɦɦɨɛɢɥɢɡɚɰɢɢ.  
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ȼ ɪɚɛɨɬɟ Ƚɭɥɶɧɨɜɚ ɛɵɥɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ 

ɦɢɤɪɨɜɹɡɤɨɫɬɶ ɞɥɹ ɪɚɫɬɜɨɪɨɜ ɤɪɚɯɦɚɥɚ ɡɧɚɱɢɬɟɥɶɧɨ ɜɵɲɟ, ɱɟɦ ɭ ɪɚɫɬɜɨɪɨɜ 

ɠɟɥɚɬɢɧɚ, ɱɬɨ ɝɨɜɨɪɢɬ ɨ ɯɨɪɨɲɟɣ ɬɟɤɭɱɟɫɬɢ ɪɚɫɬɜɨɪɚ [47]. 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɧɨɫɢɬɟɥɹ ɢɦɦɨɛɢɥɢɡɚɰɢɢ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ 

ɨɩɪɟɞɟɥɹɸɬ ɬɟɤɫɬɭɪɭ ɢ ɫɬɚɛɢɥɶɧɨɫɬɶ ɤɨɧɟɱɧɨɝɨ ɩɪɨɞɭɤɬɚ. ɉɨɷɬɨɦɭ ɹɜɥɹɟɬɫɹ 

ɧɟɨɛɯɨɞɢɦɵɦ ɩɨɧɢɦɚɬɶ ɦɟɯɚɧɢɡɦɵ ɨɛɪɚɡɨɜɚɧɢɹ ɩɚɫɬɵ ɢ ɝɟɥɹ ɢɡ ɤɪɚɯɦɚɥɚ 

ɤɚɪɬɨɮɟɥɹ, ɭɱɢɬɵɜɚɬɶ ɜɫɟ ɩɪɟɢɦɭɳɟɫɬɜɚ ɢ ɧɟɞɨɫɬɚɬɤɢ. 

Ʉɚɪɬɨɮɟɥɶɧɵɣ ɤɪɚɯɦɚɥ – ɷɬɨ ɩɨɥɢɦɟɪ, ɢɦɟɸɳɢɣ ɜ ɫɜɨёɦ ɫɨɫɬɚɜɟ 

ɦɨɥɟɤɭɥɵ ɥɢɧɟɣɧɨɣ ɚɦɢɥɨɡɵ ɢ ɪɚɡɜɟɬɜɥёɧɧɨɝɨ ɚɦɢɥɨɩɟɤɬɢɧɚ. ȼ ɨɬɥɢɱɢɟ ɨɬ 

ɡɟɪɧɨɜɵɯ ɤɭɥɶɬɭɪ, ɤɪɚɯɦɚɥ ɢɡ ɤɚɪɬɨɮɟɥɹ ɢɦɟɟɬ ɛɨɥɶɲɢɣ ɮɚɤɬɨɪ ɧɚɛɭɯɚɧɢɹ 

(ɝɪɚɧɭɥɚ ɤɚɪɬɨɮɟɥɶɧɨɝɨ ɤɪɚɯɦɚɥɚ ɫɩɨɫɨɛɧɚ ɭɜɟɥɢɱɢɜɚɬɶɫɹ ɜ 100 ɪɚɡ ɛɟɡ 

ɪɚɡɪɭɲɟɧɢɹ ɫɬɪɭɤɬɭɪɵ ɜɟɳɟɫɬɜɚ). 

ɉɪɢ ɞɨɛɚɜɥɟɧɢɢ ɤ ɤɪɚɯɦɚɥɭ ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ ɨɛɪɚɡɭɟɬɫɹ ɤɪɚɯɦɚɥɶɧɚɹ 

ɫɭɫɩɟɧɡɢɹ. ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ ɤɚɪɬɨɮɟɥɶɧɨɝɨ ɤɪɚɯɦɚɥɚ ɛɨɥɟɟ 30 ɨɋ ɜ ɭɫɥɨɜɢɹɯ 

ɢɡɛɵɬɤɚ ɜɨɞɵ, ɤɪɚɯɦɚɥɶɧɚɹ ɫɭɫɩɟɧɡɢɹ ɩɨɞɜɟɪɝɚɟɬɫɹ ɠɟɥɚɬɢɧɢɡɚɰɢɢ, ɩɪɢ 

ɤɨɬɨɪɨɣ ɩɨ ɦɟɪɟ ɧɚɛɭɯɚɧɢɹ ɝɪɚɧɭɥ ɪɚɡɪɭɲɚɸɬɫɹ ɜɨɞɨɪɨɞɧɵɟ ɫɜɹɡɢ ɚɦɢɥɨɡɵ ɢ 

ɚɦɢɥɨɩɟɤɬɢɧɚ ɜ ɚɦɨɪɮɧɵɯ ɨɛɥɚɫɬɹɯ ɝɪɚɧɭɥ ɤɪɚɯɦɚɥɚ [48]. ɋ ɩɨɜɵɲɟɧɢɟɦ 

ɬɟɦɩɟɪɚɬɭɪɵ ɫɭɫɩɟɧɡɢɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜɵɳɟɥɚɱɢɜɚɧɢɟ ɚɦɢɥɨɡɵ ɢɡ ɧɚɛɭɯɲɢɯ 

ɝɪɚɧɭɥ ɢ ɝɢɞɪɚɬɢɪɭɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɤɪɚɯɦɚɥɚ, ɩɪɢɜɨɞɹɳɚɹ, ɜ ɤɨɧɟɱɧɨɦ ɫɱёɬɟ, 

ɤ ɩɥɚɜɥɟɧɢɸ ɧɟɪɚɫɬɜɨɪёɧɧɵɯ ɤɪɢɫɬɚɥɥɢɬɨɜ ɚɦɢɥɨɩɟɤɬɢɧɚ. 

ɉɪɨɰɟɫɫ ɤɥɟɣɫɬɟɪɢɡɚɰɢɢ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɞɚɥɶɧɟɣɲɟɦ ɧɟɩɪɟɪɵɜɧɨɦ 

ɧɚɝɪɟɜɚɧɢɢ ɝɪɚɧɭɥ ɤɪɚɯɦɚɥɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɢɡɛɵɬɤɚ ɜɨɞɵ ɢ ɜɤɥɸɱɚɟɬ 

ɩɪɨɞɨɥɠɚɸɳɟɟɫɹ ɧɚɛɭɯɚɧɢɟ ɝɪɚɧɭɥ, ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɜɵɦɵɜɚɧɢɟ ɪɚɫɬɜɨɪɟɧɧɵɯ 

ɦɨɥɟɤɭɥ ɤɪɚɯɦɚɥɶɧɨɝɨ ɩɨɥɢɦɟɪɚ ɢ ɪɚɡɪɭɲɟɧɢɟ ɯɪɭɩɤɢɯ ɧɚɛɭɯɲɢɯ ɝɪɚɧɭɥ, 

ɩɪɢɜɨɞɹɳɟɟ ɤ ɩɟɪɟɯɨɞɭ ɩɨɥɢɫɚɯɚɪɢɞɨɜ ɜ ɪɚɫɬɜɨɪ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɭɱɚɟɬɫɹ 

ɜɹɡɤɨɭɩɪɭɝɚɹ ɦɚɫɫɚ, ɫɨɫɬɨɹɳɚɹ ɢɡ ɧɟɩɪɟɪɵɜɧɨɣ ɮɚɡɵ. Ⱦɨɫɬɢɝɚɟɬɫɹ ɩɢɤɨɜɚɹ 

ɜɹɡɤɨɫɬɶ, ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ, ɢɡ-ɡɚ ɧɚɛɭɯɲɢɯ ɝɪɚɧɭɥ. ɇɚ ɷɬɨɦ ɷɬɚɩɟ ɩɨɥɭɱɚɟɬɫɹ 

ɬɚɤ ɧɚɡɵɜɚɟɦɚɹ ɝɨɪɹɱɚɹ ɩɚɫɬɚ [49]. 

ɉɪɢ ɨɫɬɵɜɚɧɢɢ ɤɪɚɯɦɚɥɶɧɚɹ ɩɚɫɬɚ ɫɬɚɧɨɜɢɬɫɹ ɛɨɥɟɟ ɷɥɚɫɬɢɱɧɨɣ ɢ 

ɩɪɢɨɛɪɟɬɚɟɬ ɨɬɱёɬɥɢɜɵɟ ɬɜёɪɞɵɟ ɫɜɨɣɫɬɜɚ, ɱɬɨ ɧɚɡɵɜɚɸɬ ɝɟɥɟɨɛɪɚɡɨɜɚɧɢɟɦ. ȼ 
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ɝɟɥɟ ɨɛɪɚɡɭɸɬɫɹ ɫɟɬɢ ɦɟɠɞɭ ɦɨɥɟɤɭɥɚɦɢ ɚɦɢɥɨɡɵ. ɉɨ ɦɟɪɟ ɨɯɥɚɠɞɟɧɢɹ ɝɟɥɹ 

ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɨɛɪɚɡɨɜɚɧɢɟ ɫɟɬɤɢ ɢ ɞɜɢɠɟɧɢɟ ɱɚɫɬɢɰ ɚɦɢɥɨɡɵ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ 

ɪɚɡɞɟɥɟɧɢɸ ɮɚɡ ɩɪɢ ɢɦɦɨɛɢɥɢɡɚɰɢɢ ɢ ɫɨɡɞɚёɬ ɩɪɟɩɹɬɫɬɜɢɹ ɞɥɹ ɞɨɫɬɭɩɚ 

ɫɭɛɫɬɪɚɬɚ ɤ ɮɟɪɦɟɧɬɭ. ɗɬɢɦ ɨɛɴɹɫɧɹɟɬɫɹ ɫɧɢɠɟɧɢɟ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ 

ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɪɚɫɬɜɨɪɢɦɨɣ ɫɢɫɬɟɦɨɣ [49]. 

Ƚɟɥɶ ɢɡ ɤɚɪɬɨɮɟɥɶɧɨɝɨ ɤɪɚɯɦɚɥɚ ɭɜɟɥɢɱɢɜɚɟɬ ɫɬɚɛɢɥɶɧɨɫɬɶ ɮɟɪɦɟɧɬɚ ɡɚ 

ɫɱёɬ ɫɜɨɟɣ ɯɢɦɢɱɟɫɤɨɣ, ɮɢɡɢɱɟɫɤɨɣ ɢ ɬɟɩɥɨɜɨɣ ɫɬɨɣɤɨɫɬɢ. ɂɦɟɧɧɨ 3%-ɧɵɣ 

ɤɪɚɯɦɚɥɶɧɵɣ ɝɟɥɶ ɩɨɡɜɨɥɹɟɬ ɢɡɛɟɠɚɬɶ ɢɧɝɢɛɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ ɫɜɹɡɚɧɧɵɯ 

ɮɟɪɦɟɧɬɨɜ NAD(P)H:FMN-ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɵ ɢ ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɥɸɰɢɮɟɪɚɡɵ. 

Ɍɚɤɠɟ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɫɭɫɩɟɧɡɢɢ ɤɪɚɯɦɚɥɚ ɢɦɢɬɢɪɭɸɬ ɫɪɟɞɵ ɫ ɧɟɨɞɧɨɪɨɞɧɨɣ 

ɩɨɥɹɪɧɨɫɬɶɸ ɢ ɜɹɡɤɨɫɬɶɸ, ɱɬɨ ɯɚɪɚɤɬɟɪɧɨ ɞɥɹ ɤɥɟɬɤɢ [50]. 

ɉɨɫɥɟ ɨɯɥɚɠɞɟɧɢɹ ɝɟɥɹ ɧɚɫɬɭɩɚɟɬ ɩɪɨɰɟɫɫ ɪɟɬɪɨɝɪɚɞɚɰɢɢ ɤɪɚɯɦɚɥɚ, 

ɩɪɨɢɫɯɨɞɹɳɢɣ ɩɪɢ ɨɛɪɚɡɨɜɚɧɢɢ ɞɜɨɣɧɨɣ ɫɩɢɪɚɥɢ ɚɦɢɥɨɡɵ ɜ ɬɟɱɟɧɢɟ 48 ɱɚɫɨɜ. 

Ɋɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɚɦɢɥɨɡɵ ɢ ɚɦɢɥɨɩɟɤɬɢɧɚ ɫɩɨɫɨɛɫɬɜɭɸɬ ɧɢɡɤɢɟ ɬɟɦɩɟɪɚɬɭɪɵ, 

ɧɨ ɪɟɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɚɹ ɫɬɪɭɤɬɭɪɚ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɧɚɬɢɜɧɨɝɨ ɤɪɚɯɦɚɥɚ ɢ 

ɫɬɚɧɨɜɢɬɫɹ ɦɟɧɟɟ ɭɫɬɨɣɱɢɜɨɣ. 

Ƚɟɥɟɜɨɟ ɨɤɪɭɠɟɧɢɟ ɪɚɫɲɢɪɹɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɨɝɨ ɮɟɪɦɟɧɬɚ ɜ ɛɢɨɬɟɫɬɢɪɨɜɚɧɢɢ, ɬ.ɤ. ɩɨɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ 

ɚɧɚɥɢɡɢɪɨɜɚɬɶ ɫɪɟɞɵ ɫ ɭɜɟɥɢɱɟɧɧɵɦ ɞɢɚɩɚɡɨɧɨɦ ɬɟɦɩɟɪɚɬɭɪɵ, pH, 

ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɬɨɤɫɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɭɬɟɦ ɜɤɥɸɱɟɧɢɹ ɮɟɪɦɟɧɬɨɜ ɜ ɝɟɥɢ ɩɨɹɜɥɹɟɬɫɹ  

ɜɨɡɦɨɠɧɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɫɜɨɣɫɬɜ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɯ ɪɟɚɝɟɧɬɨɜ: ɭɜɟɥɢɱɟɧɢɟ 

ɬɟɪɦɨɫɬɨɣɤɨɫɬɢ, ɪɚɫɲɢɪɟɧɢɟ ɪɚɛɨɱɟɝɨ ɞɢɚɩɚɡɨɧɚ pH, ɢɡɦɟɧɟɧɢɟ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɤ ɞɟɣɫɬɜɢɸ ɬɨɤɫɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ ɢ ɞɪ.  

Ɋɚɡɪɚɛɨɬɚɧɵ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɟ ɪɟɚɝɟɧɬɵ, ɜɤɥɸɱɚɸɳɢɟ ɫɨɜɦɟɫɬɧɨ 

ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɟ ɜ ɝɟɥɢ ɮɟɪɦɟɧɬɵ ɢ ɫɭɛɫɬɪɚɬɵ ɛɢɮɟɪɦɟɧɬɧɨɣ ɫɢɫɬɟɦɵ R + L 

[51]. ɗɬɢ ɪɟɚɝɟɧɬɵ ɫɨɞɟɪɠɚɬ ɜɫɟ ɧɟɨɛɯɨɞɢɦɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ 

ɨɞɧɨɝɨ ɢɡɦɟɪɟɧɢɹ, ɚ ɧɚɛɨɪ ɪɟɚɝɟɧɬɨɜ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɤɨɦɩɥɟɤɬ 

ɞɨɡɢɪɨɜɚɧɧɵɯ ɧɚ ɨɞɧɨ ɢɡɦɟɪɟɧɢɟ ɫɭɯɢɯ ɞɢɫɤɨɜ [42, 52, 53]. 

Ɇɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɟ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɟ ɪɟɚɝɟɧɬɵ ɩɨɡɜɨɥɢɥɢ ɩɨɜɵɫɢɬɶ 
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ɬɨɱɧɨɫɬɶ ɢɡɦɟɪɟɧɢɣ, ɭɩɪɨɫɬɢɬɶ ɩɪɨɰɟɞɭɪɭ ɚɧɚɥɢɡɚ, ɫɨɤɪɚɬɢɬɶ ɜɪɟɦɹ 

ɩɪɨɜɟɞɟɧɢɹ ɢ ɭɦɟɧɶɲɢɬɶ ɟɝɨ ɫɬɨɢɦɨɫɬɶ. Ȼɥɚɝɨɞɚɪɹ ɫɜɨɟɣ ɥɟɝɤɨɞɨɫɬɭɩɧɨɣ 

ɮɨɪɦɟ, ɩɪɨɜɟɞɟɧɢɟ ɚɧɚɥɢɡɨɜ ɜɨɡɦɨɠɧɨ ɞɚɠɟ ɜ ɩɨɥɟɜɵɯ ɭɫɥɨɜɢɹɯ, ɬɚɤ ɤɚɤ ɞɥɹ 

ɯɪɚɧɟɧɢɹ ɮɟɪɦɟɧɬɚ ɢ ɜɵɩɨɥɧɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɧɟ ɬɪɟɛɭɟɬɫɹ ɫɨɡɞɚɧɢɹ 

ɫɩɟɰɢɚɥɶɧɵɯ ɭɫɥɨɜɢɣ.  

ɋɭɳɟɫɬɜɟɧɧɵɟ ɭɫɩɟɯɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɛɢɨɬɟɫɬɢɪɨɜɚɧɢɢ ɩɨɞɨɛɧɵɯ 

ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ ɪɟɚɝɟɧɬɨɜ ɩɪɚɤɬɢɱɟɫɤɢ ɞɨɫɬɢɝɧɭɬɵ, ɨɞɧɚɤɨ ɨɫɬɚɟɬɫɹ 

ɧɟɪɟɲɟɧɧɨɣ ɩɪɨɛɥɟɦɚ ɫɨɯɪɚɧɟɧɢɹ ɢɯ ɚɤɬɢɜɧɨɫɬɢ ɜɨ ɜɪɟɦɟɧɢ ɩɪɢ ɨɛɟɫɩɟɱɟɧɢɢ 

ɧɟɨɛɯɨɞɢɦɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɪɟɚɝɟɧɬɨɜ ɤ ɜɨɡɞɟɣɫɬɜɢɸ ɬɨɤɫɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ. 

ȼ ɪɚɛɨɬɟ ɩɪɨɛɥɟɦɚ ɪɟɲɚɟɬɫɹ ɩɭɬɟɦ ɩɨɞɛɨɪɚ ɨɩɬɢɦɚɥɶɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ 

ɮɟɪɦɟɧɬɨɜ ɢ ɫɭɛɫɬɪɚɬɨɜ ɜ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɦ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɨɦ ɪɟɚɝɟɧɬɟ. 
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ȽɅȺȼȺ 2. ɆȺɌȿɊɂȺɅɕ ɂ ɆȿɌɈȾɕ ɂɋɋɅȿȾɈȼȺɇɂə 

2.1. Ɋɟɚɤɬɢɜɵ ɢ ɩɪɢɛɨɪɵ 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɱɚɫɬɢ ɛɵɥɢ 

ɢɫɩɨɥɶɡɨɜɚɧɵ ɥɢɨɮɢɥɢɡɨɜɚɧɧɵɟ ɩɪɟɩɚɪɚɬɵ ɄɊȺȻ (ɤɨɦɩɥɟɤɫ ɪɟɚɤɬɢɜɨɜ 

ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɛɢɨɥɸɦɢɧɟɫɰɟɧɰɢɢ), ɫɨɞɟɪɠɚɳɢɟ ɜɵɫɨɤɨɨɱɢɳɟɧɧɵɟ ɮɟɪɦɟɧɬɵ 

ɥɸɰɢɮɟɪɚɡɭ (L) ɢɡ ɪɟɤɨɦɛɢɧɚɧɬɧɨɝɨ ɲɬɚɦɦɚ Escherichia coli ɢ NAD(P)ɇ:FMN - 

ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɭ (R) ɢɡ Vibrio fischeri, ɩɪɨɢɡɜɟɞɟɧɧɵɟ ɜ ɥɚɛɨɪɚɬɨɪɢɢ 

ɧɚɧɨɛɢɨɬɟɯɧɨɥɨɝɢɢ ɢ ɛɢɨɥɸɦɢɧɟɫɰɟɧɰɢɢ ɂɧɫɬɢɬɭɬɚ ɛɢɨɮɢɡɢɤɢ ɋɈ ɊȺɇ 

(Ʉɪɚɫɧɨɹɪɫɤ). Ɉɞɢɧ ɮɥɚɤɨɧ ɩɪɟɩɚɪɚɬɚ ɄɊȺȻ ɫɨɞɟɪɠɚɥ 0,5 ɦɝ ɥɸɰɢɮɟɪɚɡɵ ɢɡ 

ɪɟɤɨɦɛɢɧɚɧɬɧɨɝɨ ɲɬɚɦɦɚ E.coli ɢ 0,3 ɟɞɢɧɢɰ ɚɤɬɢɜɧɨɫɬɢ (U) NADH:FMN-

ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɵ ɢɡ Vibrio fischeri. 

ȼ ɤɚɱɟɫɬɜɟ ɪɟɚɤɬɢɜɨɜ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ: ɪɚɫɬɜɨɪɢɦɵɣ 

ɤɚɪɬɨɮɟɥɶɧɵɣ ɤɪɚɯɦɚɥ («Sigma», Ƚɟɪɦɚɧɢɹ), NADH («Gerbu», Ƚɟɪɦɚɧɢɹ), 

ɬɟɬɪɚɞɟɤɚɧɚɥɶ («Merck», Ƚɟɪɦɚɧɢɹ) ɢ FMN («Serva», Ƚɟɪɦɚɧɢɹ). Ⱦɥɹ 

ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɪɚɫɬɜɨɪɨɜ ɮɟɪɦɟɧɬɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢ 0,05 Ɇ ɤɚɥɢɣ-ɮɨɫɮɚɬɧɵɣ 

ɛɭɮɟɪ, pH 6,8. Ⱦɥɹ ɚɧɚɥɢɡɚ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɜ ɤɚɱɟɫɬɜɟ ɬɨɤɫɢɤɚɧɬɨɜ 

ɢɫɩɨɥɶɡɨɜɚɥɢ ɦɟɞɧɵɣ ɤɭɩɨɪɨɫ CuSO4 ɢ ɩɟɫɬɢɰɢɞ «Ʌɢɤɜɢɞɚɬɨɪ», ɜ ɤɨɬɨɪɨɦ ɜ 

ɤɚɱɟɫɬɜɟ ɞɟɣɫɬɜɭɸɳɟɝɨ ɜɟɳɟɫɬɜɚ ɢɫɩɨɥɶɡɨɜɚɧ ɝɥɢɮɨɫɚɬ («ȿɜɪɨ-ɋɟɦɟɧɚ», 

Ɋɨɫɫɢɹ).  

ȼɨ ɮɥɚɤɨɧ ɄɊȺȻɚ ɜɧɨɫɢɥɢ 1 ɦɥ ɤɚɥɢɣ–ɮɨɫɮɚɬɧɨɝɨ ɛɭɮɟɪɚ, ɩɨɥɭɱɟɧɧɵɣ 

ɪɚɫɬɜɨɪ ɜɵɞɟɪɠɢɜɚɥɢ ɧɚ ɥɶɞɭ ɜ ɬɟɱɟɧɢɟ 1 – 2 ɱɚɫɨɜ, ɡɚɬɟɦ ɯɪɚɧɢɥɢ ɜ 

ɦɨɪɨɡɢɥɶɧɨɣ ɤɚɦɟɪɟ.  Ɂɚ ɱɚɫ ɞɨ ɧɚɱɚɥɚ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɪɚɫɬɜɨɪ ɜɵɞɟɪɠɢɜɚɥɢ ɧɚ 

ɥɶɞɭ.  

Ɋɚɫɬɜɨɪ 0,0025 % ɦɢɪɢɫɬɢɧɨɜɨɝɨ ɚɥɶɞɟɝɢɞɚ ɝɨɬɨɜɢɥɢ ɞɨɛɚɜɥɟɧɢɟɦ ɤ 50 

ɦɤɥ 0,25%-ɧɨɝɨ ɫɩɢɪɬɨɜɨɝɨ ɪɚɫɬɜɨɪɚ ɚɥɶɞɟɝɢɞɚ 5 ɦɥ 0,05 Ɇ ɛɭɮɟɪɚ. 

ɇɚ ɨɫɧɨɜɟ ɛɭɮɟɪɚ ɝɨɬɨɜɢɥɢ 16 ɦɆ ɛɭɮɟɪɧɵɣ ɪɚɫɬɜɨɪ NADH, ɪɚɡɛɚɜɥɹɹ 

2,83 ɦɝ NADH 250 ɦɤɥ 0,05 Ɇ ɤɚɥɢɣ-ɮɨɫɮɚɬɧɨɝɨ ɛɭɮɟɪɚ.  
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ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɫɜɟɱɟɧɢɹ ɪɚɫɬɜɨɪɢɦɨɣ ɛɢɮɟɪɦɟɧɬɧɨɣ ɫɢɫɬɟɦɵ ɢ 

ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɝɨ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɨɝɨ ɪɟɚɝɟɧɬɚ ɢɡɦɟɪɹɥɢ ɫ ɩɨɦɨɳɶɸ 

ɥɸɦɢɧɨɦɟɬɪɚ Glomax E5321 (Promega GloMax 20/20 Luminometer, ɋɒȺ). 

 

2.2. Ɇɟɬɨɞ ɩɨɥɭɱɟɧɢɹ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɝɨ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɨɝɨ 

ɪɟɚɝɟɧɬɚ 

Ⱦɥɹ ɢɦɦɨɛɢɥɢɡɚɰɢɢ ɮɟɪɦɟɧɬɨɜ ɢ ɫɭɛɫɬɪɚɬɨɜ ɛɢɮɟɪɦɟɧɬɧɨɣ ɫɢɫɬɟɦɵ R 

+ L ɢɫɩɨɥɶɡɨɜɚɥɢ 3,15% ɤɪɚɯɦɚɥɶɧɵɣ ɝɟɥɶ. Ⱦɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɤɪɚɯɦɚɥɶɧɨɝɨ 

ɝɟɥɹ 0,4725 ɝ ɤɪɚɯɦɚɥɚ ɜɧɨɫɢɥɢ ɜ 20 ɦɥ ɛɭɮɟɪɚ. ɉɨɥɭɱɟɧɧɭɸ ɫɦɟɫɶ ɧɚɝɪɟɜɚɥɢ 

ɞɨ ɤɢɩɟɧɢɹ ɢ ɤɢɩɹɬɢɥɢ ɜ ɬɟɱɟɧɢɟ 2-ɯ ɦɢɧɭɬ. ȼ ɩɨɥɭɱɟɧɧɭɸ ɫɭɫɩɟɧɡɢɸ ɜɧɨɫɢɥɢ 

175, 350 ɢɥɢ 700 ɦɤɥ 0,019% ɫɩɢɪɬɨɜɨɝɨ ɪɚɫɬɜɨɪɚ ɦɢɪɢɫɬɢɧɨɜɨɝɨ ɚɥɶɞɟɝɢɞɚ, 

ɬɳɚɬɟɥɶɧɨ ɩɟɪɟɦɟɲɢɜɚɥɢ ɫ ɩɨɦɨɳɶɸ ɜɚɤɭɭɦɧɨɝɨ ɫɦɟɫɢɬɟɥɹ. Ɉɫɬɭɠɚɥɢ ɝɟɥɶ ɞɨ 

25 0ɋ ɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜɧɨɫɢɥɢ 55, 110 ɢɥɢ 220 ɦɤɥ 1,6 ɦɆ NADH, 

ɩɟɪɟɦɟɲɢɜɚɹ ɜ ɬɟɱɟɧɢɟ 50 ɫ ɧɚ ɜɚɤɭɭɦɧɨɣ ɦɟɲɚɥɤɟ. ɉɨɫɥɟ ɷɬɨɝɨ ɞɨɛɚɜɥɹɥɢ 

ɮɟɪɦɟɧɬɵ 100, 200 ɢɥɢ 300 ɦɤɥ ɛɭɮɟɪɧɨɝɨ ɪɚɫɬɜɨɪɚ ɥɸɰɢɮɟɪɚɡɵ ɢ 

NAD(P)H:FMN–ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɵ, ɜɧɨɜɶ ɩɟɪɟɦɟɲɢɜɚɥɢ ɫ ɩɨɦɨɳɶɸ ɜɚɤɭɭɦɧɨɝɨ 

ɫɦɟɫɢɬɟɥɹ. Ⱦɨɡɢɪɨɜɚɥɢ ɩɨɥɭɱɟɧɧɭɸ ɫɦɟɫɶ ɫ ɩɨɦɨɳɶɸ ɦɧɨɝɨɤɚɧɚɥɶɧɨɝɨ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɞɨɡɚɬɨɪɚ ɩɨ 25 ɦɤɥ ɧɚ ɝɢɞɪɨɮɨɛɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ. ȼɵɫɭɲɢɜɚɥɢ 

ɩɨɥɭɱɢɜɲɢɟɫɹ ɤɚɩɥɢ ɜ ɬɟɪɦɨɫɬɚɬɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 4-5 0ɋ ɜ ɬɟɱɟɧɢɟ 24 ɱɚɫɨɜ, 

ɥɢɛɨ ɜ ɯɨɥɨɞɢɥɶɧɢɤɟ «Haier» (Ʉɢɬɚɣ) ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 8 0ɋ. 

Ɇɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɣ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɣ ɪɟɚɝɟɧɬ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɜɵɫɭɲɟɧɧɵɣ ɞɢɫɤ ɞɢɚɦɟɬɪɨɦ 6 ɦɦ, ɫɭɯɨɣ ɜɟɫ 1,5 ɦɝ.  

ȼ ɪɟɚɝɟɧɬɟ ɜɚɪɶɢɪɨɜɚɥɢ ɫɨɞɟɪɠɚɧɢɟ ɮɟɪɦɟɧɬɨɜ ɢ ɟɝɨ ɫɭɛɫɬɪɚɬɨɜ (NADH ɢ 

ɬɟɬɪɚɞɟɤɚɧɚɥɹ). Ʉɨɥɢɱɟɫɬɜɨ ɥɸɰɢɮɟɪɚɡɵ ɢ NAD(P)H:FMN–ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɵ ɜ 

ɞɢɫɤɚɯ ɫɨɫɬɚɜɥɹɥɨ: 0,06 ɦɤɥ, 0,12 ɦɤɥ ɢɥɢ 0,19 ɦɤɥ ɢ 0,04, 0,08 ɢɥɢ 0,11 mU 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ʉɨɧɰɟɧɬɪɚɰɢɸ NADH ɢɡɦɟɧɹɥɢ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 0,04 ɦɆ ɞɨ 0,2 

ɦɆ, ɬɟɬɪɚɞɟɤɚɧɚɥɹ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 0,00015% ɞɨ 0,0006%. 
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2.3. Ɇɟɬɨɞɢɤɚ ɢɡɦɟɪɟɧɢɹ ɚɤɬɢɜɧɨɫɬɢ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɝɨ 

ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɨɝɨ ɪɟɚɝɟɧɬɚ  

Ɉɛ ɚɤɬɢɜɧɨɫɬɢ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɝɨ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɨɝɨ ɪɟɚɝɟɧɬɚ ɫɭɞɢɥɢ 

ɩɨ ɜɟɥɢɱɢɧɟ ɦɚɤɫɢɦɚɥɶɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɜɟɱɟɧɢɹ (Imax, ɭɫɥ.ɟɞ.), ɜɵɪɚɠɟɧɧɨɣ 

ɜ ɭɫɥɨɜɧɵɯ ɟɞɢɧɢɰɚɯ. Ⱦɥɹ ɚɤɬɢɜɚɰɢɢ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɯ ɪɟɚɝɟɧɬɨɜ ɧɟɨɛɯɨɞɢɦɨ 

ɮɨɪɦɢɪɨɜɚɧɢɟ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɫɥɟɞɭɸɳɟɝɨ ɫɨɫɬɚɜɚ: 1 ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɣ 

ɞɢɫɤ; 300 ɦɤɥ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ  ɜɨɞɵ; 10 ɦɤɥ 0,5 ɦɆ ɪɚɫɬɜɨɪɚ FMN. 

Ⱥɤɬɢɜɧɨɫɬɶ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɝɨ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɨɝɨ ɪɟɚɝɟɧɬɚ 

ɨɩɪɟɞɟɥɹɥɢ ɩɨ ɤɢɧɟɬɢɱɟɫɤɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ, ɬɚɤɢɦ ɤɚɤ ɤɨɧɫɬɚɧɬɚ ɫɩɚɞɚ (kd, 

ɦɢɧ-1) ɢ ɜɪɟɦɹ ɜɵɯɨɞɚ ɫɜɟɱɟɧɢɹ ɧɚ ɦɚɤɫɢɦɭɦ (T, ɫ). Ʉɨɧɫɬɚɧɬɭ ɫɩɚɞɚ 

ɪɚɫɫɱɢɬɵɜɚɥɢ ɩɨ ɮɨɪɦɭɥɟ:  

 

ɝɞɟ I1 – ɦɚɤɫɢɦɭɦ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɜɟɱɟɧɢɹ, I2 – ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɫɜɟɱɟɧɢɹ ɱɟɪɟɡ 

ɨɩɪɟɞɟɥёɧɧɨɟ ɜɪɟɦɹ ɩɨɫɥɟ I1, ∆t – ɜɪɟɦɹ (ɦɢɧ), ɡɚ ɤɨɬɨɪɨɟ ɡɧɚɱɟɧɢɟ 

ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɜɟɱɟɧɢɹ ɦɟɧɹɟɬɫɹ ɨɬ I1 ɞɨ I2. 

 

2.4. ɂɫɫɥɟɞɨɜɚɧɢɟ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɝɨ 

ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɨɝɨ ɪɟɚɝɟɧɬɚ ɤ ɞɟɣɫɬɜɢɸ ɬɨɤɫɢɤɚɧɬɨɜ 

Ⱦɥɹ ɚɧɚɥɢɡɚ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɝɨ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɨɝɨ 

ɪɟɚɝɟɧɬɚ ɤ ɞɟɣɫɬɜɢɸ ɬɨɤɫɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ ɢɫɩɨɥɶɡɨɜɚɥɢ ɜ ɤɚɱɟɫɬɜɟ ɬɨɤɫɢɤɚɧɬɨɜ 

ɦɟɞɧɵɣ ɤɭɩɨɪɨɫ CuSO4 ɢ ɩɟɫɬɢɰɢɞ «Ʌɢɤɜɢɞɚɬɨɪ». Ⱦɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ 

ɪɚɫɬɜɨɪɨɜ ɪɚɡɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɬɨɤɫɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ ɢɫɩɨɥɶɡɨɜɚɥɢ 

ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɭɸ ɜɨɞɭ.  

ɉɟɪɜɨɧɚɱɚɥɶɧɨ ɨɩɪɟɞɟɥɹɥɢ ɦɚɤɫɢɦɚɥɶɧɭɸ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɫɜɟɱɟɧɢɹ 

ɪɟɚɝɟɧɬɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɤɨɧɬɪɨɥɶɧɨɝɨ ɨɛɪɚɡɰɚ (Iɤ). Ⱦɚɥɟɟ, ɜ ɞɪɭɝɭɸ ɤɸɜɟɬɭ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜɧɨɫɢɥɢ 1 ɞɢɫɤ; 300 ɦɤɥ CuSO4 ɢɥɢ ɩɟɫɬɢɰɢɞɚ ɡɚɞɚɧɧɨɣ 

ɤɨɧɰɟɧɬɪɚɰɢɢ (ɨɩɵɬ); 10 ɦɤɥ 0,5 ɦɆ ɪɚɫɬɜɨɪɚ FMN, ɢɡɦɟɪɹɥɢ ɦɚɤɫɢɦɚɥɶɧɭɸ 

ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɫɜɟɱɟɧɢɹ ɪɟɚɝɟɧɬɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɨɩɵɬɧɨɝɨ ɨɛɪɚɡɰɚ (Iɨ). 
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Ⱦɟɣɫɬɜɢɟ ɬɨɤɫɢɤɚɧɬɚ ɨɩɪɟɞɟɥɹɥɢ ɩɨ ɨɫɬɚɬɨɱɧɨɦɭ ɫɜɟɱɟɧɢɸ, ɪɚɫɫɱɢɬɚɧɧɨɦɭ ɩɨ 

ɮɨɪɦɭɥɟ: 

 

ɝɞɟ Iɨ ɢ Iɤ – ɦɚɤɫɢɦɚɥɶɧɚɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɫɜɟɱɟɧɢɹ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɝɨ 

ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɨɝɨ ɪɟɚɝɟɧɬɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɚɧɚɥɢɡɢɪɭɟɦɨɝɨ ɢ ɤɨɧɬɪɨɥɶɧɨɝɨ 

ɨɛɪɚɡɰɚ. 

Ɉ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɝɨ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɨɝɨ ɪɟɚɝɟɧɬɚ ɤ 

ɬɨɤɫɢɱɟɫɤɢɦ ɜɟɳɟɫɬɜɚɦ ɫɭɞɢɥɢ ɩɨ ɡɧɚɱɟɧɢɹɦ IC20 ɢ IC50, ɩɪɟɞɫɬɚɜɥɹɸɳɢɦ 

ɫɨɛɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɬɨɤɫɢɤɚɧɬɨɜ, ɢɧɝɢɛɢɪɭɸɳɢɟ ɦɚɤɫɢɦɚɥɶɧɭɸ 

ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɫɜɟɱɟɧɢɹ ɧɚ 20% ɢ 50% ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

 

2.5. ɋɬɚɬɢɫɬɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɪɟɡɭɥɶɬɚɬɨɜ ɷɤɫɩɟɪɢɦɟɧɬɨɜ 

ɂɡɦɟɪɟɧɢɟ ɤɚɠɞɨɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɬɨɱɤɢ ɩɪɨɜɨɞɢɥɢ ɧɟ ɦɟɧɟɟ ɱɟɦ ɜ 5 

ɩɨɜɬɨɪɧɨɫɬɹɯ. ɉɪɢ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ ɪɟɡɭɥɶɬɚɬɨɜ ɢ ɪɚɫɱɟɬɟ 

ɫɬɚɧɞɚɪɬɧɨɣ ɨɲɢɛɤɢ ɢɡɦɟɪɟɧɢɣ ɩɨɥɶɡɨɜɚɥɢɫɶ ɩɪɨɝɪɚɦɦɨɣ Microsoft Office 

Excel.
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ȽɅȺȼȺ 3. ȺɇȺɅɂɁ ɏȺɊȺɄɌȿɊɂɋɌɂɄ ɆɇɈȽɈɄɈɆɉɈɇȿɇɌɇɕɏ 

ɂɆɆɈȻɂɅɂɁɈȼȺɇɇɕɏ ɊȿȺȽȿɇɌɈȼ, ɊȺɁɅɂɑȺɘɓɂɏɋə ɉɈ 

ɋɈɋɌȺȼɍ ɂ ɊȿɀɂɆɍ ȼɕɋɍɒɂȼȺɇɂə 

 

ɂɡɴɹɬɨ ɫ 24 ɩɨ 43 ɫɬɪɚɧɢɰɵ ɜ ɫɜɹɡɢ ɫ ɚɜɬɨɪɫɤɢɦɢ ɩɪɚɜɚɦɢ. 
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ȼɕȼɈȾɕ 

1.  Ɉɩɬɢɦɢɡɢɪɨɜɚɧ ɫɨɫɬɚɜ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɝɨ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɨɝɨ 

ɪɟɚɝɟɧɬɚ: 0,12 ɦɤɝ ɥɸɰɢɮɟɪɚɡɵ ɢ 0,08 mU NAD(P)H:FMN-ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɵ, 

0,09 ɦɆ NADH, 0,0003 % ɬɟɬɪɚɞɟɤɚɧɚɥɹ. 

2. Ɋɟɚɝɟɧɬ ɨɩɬɢɦɢɡɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɚɜɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɜɵɫɨɤɨɣ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ ɤ ɞɟɣɫɬɜɢɸ ɪɚɡɧɵɯ ɤɥɚɫɫɨɜ ɬɨɤɫɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ: ɡɧɚɱɟɧɢɟ 

IC50 ɫɭɥɶɮɚɬɚ ɦɟɞɢ ɫɨɫɬɚɜɥɹɟɬ 1 ɦɝ/ɥ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɉȾɄ ɞɚɧɧɨɝɨ 

ɬɨɤɫɢɤɚɧɬɚ, ɡɧɚɱɟɧɢɟ IC50 ɝɥɢɮɨɫɚɬɚ ɫɨɫɬɚɜɥɹɟɬ 8,7 ɝ/ɥ, ɱɬɨ  ɜ 2 ɪɚɡɚ ɩɪɟɜɵɲɚɟɬ 

ɡɧɚɱɟɧɢɟ IC50 ɞɥɹ ɪɚɫɬɜɨɪɢɦɨɣ ɛɢɮɟɪɦɟɧɬɧɨɣ ɫɢɫɬɟɦɵ.  

3.  ȼɧɟɫɟɧɢɟ 0,12 ɦɤɝ L ɢ 0,08 mU R, 0,09 ɦɆ NADH ɢ 0,0003 % 

ɬɟɬɪɚɞɟɤɚɧɚɥɹ ɜ ɫɨɫɬɚɜ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɯ ɞɢɫɤɨɜ ɩɨɡɜɨɥɹɟɬ ɭɜɟɥɢɱɢɬɶ ɫɪɨɤ 

ɯɪɚɧɟɧɢɹ ɪɟɚɝɟɧɬɚ: ɚɤɬɢɜɧɨɫɬɶ ɪɟɚɝɟɧɬɚ ɫɧɢɡɢɥɚɫɶ ɜ 2 ɪɚɡɚ ɡɚ ɩɹɬɶ ɦɟɫɹɰɟɜ 

ɯɪɚɧɟɧɢɹ ɩɪɢ 4 0ɋ.  
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ɁȺɄɅɘɑȿɇɂȿ 

ȼ ɪɚɛɨɬɟ ɢɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ ɫɨɫɬɚɜɚ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɝɨ 

ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɨɝɨ ɪɟɚɝɟɧɬɚ ɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɛɢɮɟɪɦɟɧɬɧɨɣ ɫɢɫɬɟɦɵ R+L, 

ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɨɣ ɫɨɜɦɟɫɬɧɨ ɫ ɫɭɛɫɬɪɚɬɚɦɢ ɜ ɤɪɚɯɦɚɥɶɧɵɣ ɝɟɥɶ. Ȼɵɥ ɜɵɛɪɚɧ 

ɨɩɬɢɦɚɥɶɧɵɣ ɪɟɠɢɦ ɜɵɫɭɲɢɜɚɧɢɹ ɪɟɚɝɟɧɬɨɜ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɦɟɧɶɲɟɣ 

ɜɚɪɢɚɛɟɥɶɧɨɫɬɢ ɡɧɚɱɟɧɢɣ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɫɜɟɱɟɧɢɹ. 

 ɂɦɦɨɛɢɥɢɡɨɜɚɧɧɵɣ ɪɟɚɝɟɧɬ ɨɩɬɢɦɢɡɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɚɜɚ ɨɬɥɢɱɚɟɬɫɹ 

ɧɚɢɛɨɥɶɲɟɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ ɤ ɞɟɣɫɬɜɢɸ CuSO4, ɫɨɨɬɜɟɬɫɬɜɭɹ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɪɚɫɬɜɨɪɢɦɨɣ ɫɢɫɬɟɦɟ R+L. Ⱦɚɧɧɵɣ ɪɟɚɝɟɧɬ ɩɨɡɜɨɥɹɟɬ 

ɨɩɪɟɞɟɥɹɬɶ ɤɨɧɰɟɧɬɪɚɰɢɸ ɦɟɞɧɨɝɨ ɤɭɩɨɪɨɫɚ ɧɚ ɭɪɨɜɧɟ ɉȾɄ. ɑɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ 

ɪɟɚɝɟɧɬɚ ɤ ɝɥɢɮɨɫɚɬɭ ɧɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɉȾɄ ɩɟɫɬɢɰɢɞɚ ɢ ɜ 2 ɪɚɡɚ ɩɪɟɜɵɲɚɟɬ 

ɡɧɚɱɟɧɢɹ IC50 ɪɚɫɬɜɨɪɢɦɨɣ R+L ɫɢɫɬɟɦɵ. 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɨɥɨɠɟɧɢɟ ɩɥɚɧɲɟɬɨɜ ɩɪɢ ɜɵɫɭɲɢɜɚɧɢɢ ɪɟɚɝɟɧɬɨɜ ɧɟ 

ɜɥɢɹɸɬ ɧɚ ɤɨɧɟɱɧɭɸ ɚɤɬɢɜɧɨɫɬɶ ɞɢɫɤɨɜ.  

Ɉɩɬɢɦɢɡɚɰɢɹ ɫɨɫɬɚɜɚ ɩɨɡɜɨɥɢɥɚ ɭɜɟɥɢɱɢɬɶ ɫɪɨɤ ɯɪɚɧɟɧɢɹ 

ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɝɨ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɨɝɨ ɪɟɚɝɟɧɬɚ, ɱɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ 

ɪɚɫɲɢɪɟɧɢɸ ɩɪɢɦɟɧɟɧɢɹ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɝɨ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɨɝɨ ɪɟɚɝɟɧɬɚ ɜ 

ɤɚɱɟɫɬɜɟ ɬɟɫɬ-ɫɢɫɬɟɦɵ ɞɥɹ ɷɤɨɥɨɝɢɱɟɫɤɨɝɨ ɦɨɧɢɬɨɪɢɧɝɚ.  
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ɋɉɂɋɈɄ ɋɈɄɊȺɓȿɇɂɃ 

L – ɮɟɪɦɟɧɬ ɥɸɰɢɮɟɪɚɡɚ 

R – ɮɟɪɦɟɧɬ NAD(P)ɇ:FMN-ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɚ 

R+L – ɛɢɮɟɪɦɟɧɬɧɚɹ ɫɢɫɬɟɦɚ NAD(P)ɇ:FMN-ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɚ ɢ 

ɥɸɰɢɮɟɪɚɡɚ  

FMN, FMNɇ2 – ɨɤɢɫɥɟɧɧɚɹ ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɧɚɹ ɮɨɪɦɵ 

ɮɥɚɜɢɧɦɨɧɨɧɭɤɥɟɨɬɢɞɚ,  

NAD+, NADɇ – ɨɤɢɫɥɟɧɧɚɹ ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɧɚɹ ɮɨɪɦɵ 

ɧɢɤɨɬɢɧɚɦɢɞɚɞɟɧɢɧɞɢɧɭɤɥɟɨɬɢɞɚ  

ɄɊȺȻ – ɤɨɦɩɥɟɤɬ ɪɟɚɤɬɢɜɨɜ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɛɢɨɥɸɦɢɧɟɫɰɟɧɰɢɢ  

IC20 ɢ IC50 – ɤɨɧɰɟɧɬɪɚɰɢɢ ɡɚɝɪɹɡɧɹɸɳɟɝɨ ɜɟɳɟɫɬɜɚ, ɜɵɡɵɜɚɸɳɢɟ 

ɫɧɢɠɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɫɢɫɬɟɦɵ ɧɚ 20 ɢ 50% ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 

ɉȾɄ – ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ 

HHP – ɜɵɫɨɤɨɟ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ 

ɗɆɂ – ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɟ ɢɡɥɭɱɟɧɢɟ 
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