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ɊȿɎȿɊȺɌ 
 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «Ɇɨɞɟɥɢɪɨɜɚɧɢɟ 

ɧɟɫɬɚɰɢɨɧɚɪɧɨɣ ɤɢɧɟɬɢɤɢ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɣ ɪɟɚɤɰɢɢ, ɤɚɬɚɥɢɡɢɪɭɟɦɨɣ 

ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɥɸɰɢɮɟɪɚɡɨɣ, ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɤɪɚɭɞɢɧɝ-ɚɝɟɧɬɚ ɮɢɤɨɥɥɚ» 

ɫɨɞɟɪɠɢɬ 39 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 17 ɢɥɥɸɫɬɪɚɰɢɣ, 5 ɬɚɛɥɢɰ, 21 

ɢɫɩɨɥɶɡɨɜɚɧɧɵɣ ɢɫɬɨɱɧɢɤ. 

ȻɂɈɅɘɆɂɇȿɋɐȿɇɌɇȺə ɊȿȺɄɐɂə, ɇȿɋɌȺɐɂɈɇȺɊɇȺə 

ɄɂɇȿɌɂɄȺ, ɆɈɅȿɄɍɅəɊɇɕɃ ɄɊȺɍȾɂɇȽ, ȼəɁɄɈɋɌɖ, ɎɂɄɈɅɅ, 

ɅɘɐɂɎȿɊȺɁȺ, ɋȺɏȺɊɈɁȺ. 

Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɪɟɚɤɰɢɹ, ɤɚɬɚɥɢɡɢɪɭɟɦɚɹ ɛɚɤɬɟɪɢɚɥɶɧɨɣ 

ɥɸɰɢɮɟɪɚɡɨɣ. 

ɐɟɥɶ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɷɮɮɟɤɬ ɦɨɥɟɤɭɥɹɪɧɨɝɨ 

ɤɪɚɭɞɢɧɝɚ ɧɚ ɦɧɨɝɨɫɬɚɞɢɣɧɵɣ ɛɢɨɯɢɦɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɧɚ ɩɪɢɦɟɪɟ 

ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɣ ɪɟɚɤɰɢɢ ɛɚɤɬɟɪɢɣ. 

Ɂɚɞɚɱɢ: 1) ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɬɶ ɧɟɫɬɚɰɢɨɧɚɪɧɭɸ ɤɢɧɟɬɢɤɭ ɪɟɚɤɰɢɢ, 

ɤɚɬɚɥɢɡɢɪɭɟɦɨɣ ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɥɸɰɢɮɟɪɚɡɨɣ, ɜ ɩɪɢɫɭɬɫɬɜɢɢ 

ɦɚɤɪɨɦɨɥɟɤɭɥɹɪɧɨɝɨ ɤɪɚɭɞɢɧɝ-ɚɝɟɧɬɚ ɢ ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɨɝɨ ɜɹɡɤɨɝɨ 

ɤɨɫɨɥɶɜɟɧɬɚ; 2) ɦɟɬɨɞɚɦɢ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɤɢɧɟɬɢɱɟɫɤɢɯ ɤɪɢɜɵɯ 

ɩɨɥɭɱɢɬɶ ɤɨɧɫɬɚɧɬɵ ɫɤɨɪɨɫɬɟɣ ɨɬɞɟɥɶɧɵɯ ɫɬɚɞɢɣ ɪɟɚɤɰɢɢ ɜ ɜɹɡɤɨɣ ɫɪɟɞɟ ɢ 

ɭɫɥɨɜɢɹɯ ɦɚɤɪɨɦɨɥɟɤɭɥɹɪɧɨɝɨ ɤɪɚɭɞɢɧɝɚ; 3) ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɜɥɢɹɧɢɟ 

ɭɫɥɨɜɢɣ ɦɚɤɪɨɦɨɥɟɤɭɥɹɪɧɨɝɨ ɤɪɚɭɞɢɧɝɚ ɢ ɩɨɜɵɲɟɧɧɨɣ ɜɹɡɤɨɫɬɢ ɧɚ ɤɢɧɟɬɢɤɭ 

ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɣ ɪɟɚɤɰɢɢ, ɤɚɬɚɥɢɡɢɪɭɟɦɨɣ ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɥɸɰɢɮɟɪɚɡɨɣ. 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɞɨɛɚɜɥɟɧɢɟ ɜɹɡɤɨɝɨ ɤɨɫɨɥɶɜɟɧɬɚ ɢ ɤɪɚɭɞɢɧɝ-ɚɝɟɧɬɚ 

ɜɨɡɞɟɣɫɬɜɭɸɬ ɧɚ ɤɢɧɟɬɢɤɭ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɣ ɪɟɚɤɰɢɢ ɫɯɨɠɢɦ ɨɛɪɚɡɨɦ. 

ɗɬɨ ɦɨɠɟɬ ɝɨɜɨɪɢɬɶ ɨ ɧɟɡɧɚɱɢɬɟɥɶɧɨɦ ɜɥɢɹɧɢɢ ɢɫɤɥɸɱɟɧɧɨɝɨ ɨɛɴɟɦɚ ɧɚ 

ɪɟɚɤɰɢɸ, ɤɚɬɚɥɢɡɢɪɭɟɦɭɸ ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɥɸɰɢɮɟɪɚɡɨɣ ɢ ɤɥɸɱɟɜɨɣ ɪɨɥɢ 

ɜɹɡɤɨɫɬɢ ɜ ɧɚɛɥɸɞɚɟɦɵɯ ɷɮɮɟɤɬɚɯ. 
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ȼȼȿȾȿɇɂȿ 

 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɜɧɭɬɪɢɤɥɟɬɨɱɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɩɥɨɬɧɭɸ ɫɪɟɞɭ ɫ ɧɟɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɫɜɨɛɨɞɧɨɣ ɜɨɞɵ. Ɍɚɤɢɟ ɭɫɥɨɜɢɹ 

ɧɚɡɵɜɚɸɬɫɹ «ɢɫɤɥɸɱɟɧɢɟɦ ɨɛɴɟɦɚ» ɢɥɢ «ɩɟɪɟɩɨɥɧɟɧɢɟɦ», «ɤɪɚɭɞɢɧɝɨɦ». 

Ⱦɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɬɚɤɨɣ ɫɪɟɞɵ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ ɢɫɩɨɥɶɡɭɸɬ 

ɤɪɚɭɞɢɧɝ-ɚɝɟɧɬɵ  ɢɧɟɪɬɧɵɟ ɩɨɥɢɦɟɪɵ, ɫɨɡɞɚɸɳɢɟ ɜ ɪɚɫɬɜɨɪɟ ɭɫɥɨɜɢɹ 

«ɩɟɪɟɩɨɥɧɟɧɢɹ». ɋɨɜɪɟɦɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɨɞɬɜɟɪɠɞɚɸɬ ɹɜɥɟɧɢɹ, 

ɜɵɡɜɚɧɧɵɟ ɷɮɮɟɤɬɨɦ ɤɪɚɭɞɢɧɝɚ, ɬɚɤɢɟ ɤɚɤ ɢɡɦɟɧɟɧɢɹ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ 

ɨɛɴɟɦɚ ɛɟɥɤɨɜ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɫɞɜɢɝɭ ɯɢɦɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ, ɚ ɬɚɤɠɟ 

ɢɡɦɟɧɟɧɢɟ ɫɤɨɪɨɫɬɢ ɪɟɚɤɰɢɣ ɚɫɫɨɰɢɚɰɢɢ ɦɚɤɪɨɦɨɥɟɤɭɥ. 

ɇɨ ɜɨɩɪɨɫ ɦɟɯɚɧɢɡɦɚ ɜɥɢɹɧɢɹ ɦɚɤɪɨɦɨɥɟɤɭɥɹɪɧɨɝɨ ɤɪɚɭɞɢɧɝɚ ɧɚ 

ɫɤɨɪɨɫɬɢ ɛɢɨɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɩɨ-ɩɪɟɠɧɟɦɭ ɨɫɬɚёɬɫɹ ɨɬɤɪɵɬɵɦ ɢ ɦɚɥɨ 

ɢɡɭɱɟɧɧɵɦ. Ɍɚɤɢɟ ɮɚɤɬɨɪɵ ɤɚɤ ɩɨɜɵɲɟɧɧɚɹ ɜɹɡɤɨɫɬɶ, ɢɡɦɟɧɟɧɢɟ 

ɤɨɧɮɨɪɦɚɰɢɨɧɧɨɣ ɞɢɧɚɦɢɤɢ ɮɟɪɦɟɧɬɚ ɢɥɢ ɮɟɪɦɟɧɬ-ɫɭɛɫɬɪɚɬɧɵɯ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɢ ɞɪɭɝɢɟ ɦɨɝɭɬ ɨɤɚɡɵɜɚɬɶ ɜɥɢɹɧɢɟ ɧɚ ɦɟɬɚɛɨɥɢɱɟɫɤɢɟ 

ɩɪɨɰɟɫɫɵ ɜ ɭɫɥɨɜɢɹɯ «ɢɫɤɥɸɱɟɧɧɨɝɨ ɨɛɴɟɦɚ». 

Ⱦɥɹ ɩɨɧɢɦɚɧɢɹ ɩɪɢɧɰɢɩɨɜ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɮɟɪɦɟɧɬɚɬɢɜɧɵɯ 

ɰɟɩɨɱɟɤ ɜɧɭɬɪɢ ɤɥɟɬɤɢ ɜ ɤɚɱɟɫɬɜɟ ɦɨɞɟɥɶɧɵɯ ɨɛɴɟɤɬɨɜ ɦɨɝɭɬ ɛɵɬɶ 

ɪɚɫɫɦɨɬɪɟɧɵ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɵɟ ɪɟɚɤɰɢɢ, ɨ ɪɚɛɨɬɟ ɤɨɬɨɪɵɯ ɥɟɝɤɨ ɫɭɞɢɬɶ 

ɩɨ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɜɟɱɟɧɢɹ. 

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɨɣ ɛɵɥɨ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɷɮɮɟɤɬ ɦɨɥɟɤɭɥɹɪɧɨɝɨ 

ɤɪɚɭɞɢɧɝɚ ɧɚ ɦɧɨɝɨɫɬɚɞɢɣɧɵɣ ɛɢɨɯɢɦɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɧɚ ɩɪɢɦɟɪɟ 

ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɣ ɪɟɚɤɰɢɢ ɛɚɤɬɟɪɢɣ. 

Ⱦɥɹ ɜɵɩɨɥɧɟɧɢɹ ɰɟɥɢ ɛɵɥɢ ɩɨɫɬɚɜɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

 ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɬɶ ɧɟɫɬɚɰɢɨɧɚɪɧɭɸ ɤɢɧɟɬɢɤɭ ɪɟɚɤɰɢɢ, 

ɤɚɬɚɥɢɡɢɪɭɟɦɨɣ ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɥɸɰɢɮɟɪɚɡɨɣ, ɜ ɩɪɢɫɭɬɫɬɜɢɢ 

ɦɚɤɪɨɦɨɥɟɤɭɥɹɪɧɨɝɨ ɤɪɚɭɞɢɧɝ-ɚɝɟɧɬɚ ɢ ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɨɝɨ ɜɹɡɤɨɝɨ 

ɤɨɫɨɥɶɜɟɧɬɚ; 
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 ɦɟɬɨɞɚɦɢ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɤɢɧɟɬɢɱɟɫɤɢɯ ɤɪɢɜɵɯ 

ɩɨɥɭɱɢɬɶ ɤɨɧɫɬɚɧɬɵ ɫɤɨɪɨɫɬɟɣ ɨɬɞɟɥɶɧɵɯ ɫɬɚɞɢɣ ɪɟɚɤɰɢɢ ɜ ɜɹɡɤɨɣ ɫɪɟɞɟ ɢ 

ɭɫɥɨɜɢɹɯ ɦɚɤɪɨɦɨɥɟɤɭɥɹɪɧɨɝɨ ɤɪɚɭɞɢɧɝɚ; 

 ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɜɥɢɹɧɢɟ ɭɫɥɨɜɢɣ ɦɚɤɪɨɦɨɥɟɤɭɥɹɪɧɨɝɨ ɤɪɚɭɞɢɧɝɚ 

ɢ ɩɨɜɵɲɟɧɧɨɣ ɜɹɡɤɨɫɬɢ ɧɚ ɤɢɧɟɬɢɤɭ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɣ ɪɟɚɤɰɢɢ, 

ɤɚɬɚɥɢɡɢɪɭɟɦɨɣ ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɥɸɰɢɮɟɪɚɡɨɣ. 
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1 Ɉɛɡɨɪ ɥɢɬɟɪɚɬɭɪɵ 
 

1.1 Ɋɟɚɤɰɢɹ, ɤɚɬɚɥɢɡɢɪɭɟɦɚɹ ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɥɸɰɢɮɟɪɚɡɨɣ 

 

Ȼɚɤɬɟɪɢɚɥɶɧɚɹ ɥɸɰɢɮɟɪɚɡɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɮɥɚɜɢɧ-ɡɚɜɢɫɢɦɭɸ 

ɦɨɧɨɨɤɫɢɝɟɧɚɡɭ, ɭɧɢɤɚɥɶɧɨɣ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɤɨɬɨɪɨɣ 

ɹɜɥɹɟɬɫɹ ɤɚɬɚɥɢɡ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɣ ɪɟɚɤɰɢɢ ɜ ɫɜɟɬɹɳɢɯɫɹ ɛɚɤɬɟɪɢɹɯ. 

Ⱦɚɧɧɵɣ ɮɟɪɦɟɧɬ ɹɜɥɹɟɬɫɹ ɝɟɬɟɪɨɞɢɦɟɪɨɦ, ɫɨɫɬɨɹɳɢɦ ɢɡ ɞɜɭɯ ɪɚɡɧɵɯ 

ɩɨɥɢɩɟɩɬɢɞɨɜ, α- ɢ β-ɫɭɛɴɟɞɢɧɢɰ (ɪɢɫ.1). Ɇɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ ɥɸɰɢɮɟɪɚɡ 

ɪɚɡɧɵɯ ɜɢɞɨɜ ɛɚɤɬɟɪɢɣ ɜɚɪɶɢɪɭɟɬ ɜ ɩɪɟɞɟɥɚɯ 77-80 ɤȾɚ [1]. 

 

 

Ɋɢɫɭɧɨɤ 1 – ɋɬɪɭɤɬɭɪɚ ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɥɸɰɢɮɟɪɚɡɵ [1]. 

ɏɢɦɢɱɟɫɤɚɹ ɪɟɚɤɰɢɹ, ɤɨɬɨɪɚɹ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɨɣ ɫɜɟɱɟɧɢɹ ɛɚɤɬɟɪɢɣ, 

ɹɜɥɹɟɬɫɹ ɨɤɢɫɥɟɧɢɟ ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɝɨ ɮɥɚɜɢɧɦɨɧɨɧɭɤɥɟɨɬɢɞɚ (FMNH2; ɪɢɫ. 

2 (Ⱥ)), ɞɥɢɧɧɨɰɟɩɨɱɟɱɧɨɝɨ ɚɥɶɞɟɝɢɞɚ (RCHO) ɢ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɤɢɫɥɨɪɨɞɚ 

(O2), ɞɨ ɮɥɚɜɢɧɚ (FMN; ɪɢɫ. 2 (ȼ)), ɤɚɪɛɨɧɨɜɨɣ ɤɢɫɥɨɬɵ (RCOOH) ɢ ɜɨɞɵ 

(H2O) ɫ ɫɨɩɭɬɫɬɜɭɸɳɢɦ ɢɫɩɭɫɤɚɧɢɟɦ ɫɜɟɬɚ (hȞ): 
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(1) 

  

 

Ɋɢɫɭɧɨɤ 2 – Ɇɨɥɟɤɭɥɹɪɧɚɹ ɫɬɪɭɤɬɭɪɚ FMNH2 ɢ FMN  

ɇɟɤɨɬɨɪɵɟ ɫɜɟɬɹɳɢɟɫɹ ɛɚɤɬɟɪɢɢ ɧɟɫɭɬ ɮɥɭɨɪɟɫɰɟɧɬɧɵɟ ɛɟɥɤɢ ɞɥɹ 

ɦɨɞɭɥɹɰɢɢ ɰɜɟɬɚ ɢɡɥɭɱɟɧɢɹ. Ɍɚɤ, ɜ Photobacterium leiognathi ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ 

ɥɸɦɚɡɢɧɚ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɥɸɰɢɮɟɪɚɡɚɦɢ ɞɚɟɬ ɢɡɥɭɱɟɧɢɹ, ɫɞɜɢɧɭɬɨɟ 

ɝɢɩɫɨɯɪɨɦɨ ɧɚ 15 ɧɦ. Ʌɸɰɢɮɟɪɚɡɵ ɯɨɪɨɲɨ ɮɭɧɤɰɢɨɧɢɪɭɸɬ ɫ 

ɞɥɢɧɧɨɰɟɩɨɱɟɱɧɵɦɢ ɚɥɶɞɟɝɢɞɚɦɢ ɢɡ ɜɨɫɶɦɢ ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ ɢɥɢ ɛɨɥɟɟ, 

ɩɪɢɱɟɦ ɬɟɬɪɚɞɟɤɚɧɚɥɶ ɫɱɢɬɚɟɬɫɹ ɩɪɢɪɨɞɧɵɦ ɚɥɶɞɟɝɢɞɨɦ, ɢɫɩɨɥɶɡɭɟɦɵɦ in 

vivo ɜ ɥɸɦɢɧɟɫɰɟɧɬɧɵɯ ɛɚɤɬɟɪɢɹɯ [2]. ɇɨ ɞɚɧɧɵɣ ɪɟɚɝɟɧɬ ɩɨɞɜɟɪɝɚɟɬɫɹ 

ɦɟɞɥɟɧɧɨɦɭ ɧɟɮɟɪɦɟɧɬɚɬɢɜɧɨɦɭ ɨɤɢɫɥɟɧɢɸ, ɢ ɫɤɨɪɨɫɬɶ ɞɚɧɧɨɣ ɪɟɚɤɰɢɢ 

ɡɚɜɢɫɢɬ ɨɬ ɧɚɱɚɥɶɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ. Ʌɸɦɢɧɟɫɰɟɧɬɧɚɹ 

ɪɟɚɤɰɢɹ, ɚɤɬɢɜɢɪɨɜɚɧɧɚɹ ɜɜɟɞɟɧɢɟɦ ɪɚɫɬɜɨɪɚ FɆNɇ2, ɦɨɠɟɬ ɞɥɢɬɶɫɹ ɨɬ 10 ɞɨ 

100 ɫɟɤɭɧɞ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɞɥɢɧɵ ɰɟɩɢ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɚɥɶɞɟɝɢɞɚ ɢ ɜɢɞɚ 

ɛɚɤɬɟɪɢɣ, ɢɡ ɤɨɬɨɪɵɯ ɜɵɞɟɥɟɧɚ ɥɸɰɢɮɟɪɚɡɚ [3]. 

Ȼɢɨɥɸɦɢɧɟɫɰɟɧɬɧɚɹ ɪɟɚɤɰɢɹ ɛɚɤɬɟɪɢɣ – ɦɧɨɝɨɫɬɚɞɢɣɧɵɣ ɩɪɨɰɟɫɫ (ɪɢɫ. 

3), ɤɨɬɨɪɵɣ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ:  

 ɫɜɹɡɵɜɚɧɢɟ ɥɸɰɢɮɟɪɚɡɵ ɫ ɮɥɚɜɢɧɨɦ; 

 ɪɟɚɤɰɢɸ ɮɟɪɦɟɧɬ-ɫɭɛɫɬɪɚɬɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɫ ɦɨɥɟɤɭɥɹɪɧɵɦ 

ɤɢɫɥɨɪɨɞɨɦ (ɨɛɪɚɡɨɜɚɧɢɟ C4a-ɩɟɪɨɤɫɢɮɥɚɜɢɧɚ); 

 ɫɜɹɡɵɜɚɧɢɟ ɚɥɶɞɟɝɢɞɚ C4a-ɩɟɪɨɤɫɢɮɥɚɜɢɧɨɦ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɚɞɞɭɤɬɚ 

– ɮɥɚɜɢɧ-C4a-ɩɟɪɨɤɫɢɩɨɥɭɚɰɟɬɚɥɶ; 

 ɞɢɫɫɨɰɢɚɰɢɹ ɚɞɞɭɤɬɚ ɧɚ ɤɚɪɛɨɧɨɜɭɸ ɤɢɫɥɨɬɭ ɢ ɜɨɡɛɭɠɞɟɧɧɵɣ 

ɷɦɢɬɬɟɪ (ɋ4ɚ-ɝɢɞɪɨɤɫɢɮɥɚɜɢɧ); 
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 ɢɫɩɭɫɤɚɧɢɟ ɋ4ɚ-ɝɢɞɪɨɤɫɢɮɥɚɜɢɧɨɦ ɤɜɚɧɬɚ ɫɜɟɬɚ (ɫ ɷɧɟɪɝɢɟɣ ɨɤɨɥɨ 

490 ɧɦ); 

 ɪɚɫɩɚɞ ɋ4ɚ-ɝɢɞɪɨɤɫɢɮɥɚɜɢɧɚ ɧɚ ɜɨɞɭ ɢ ɨɤɢɫɥɟɧɧɵɣ ɮɥɚɜɢɧ. 

ȼ ɨɬɫɭɬɫɬɜɢɟ ɚɥɶɞɟɝɢɞɚ C4a-ɩɟɪɨɤɫɢɮɥɚɜɢɧ ɪɚɫɩɚɞɚɟɬɫɹ ɧɚ ɩɟɪɨɤɫɢɞ 

ɜɨɞɨɪɨɞɚ ɢ FMN ɛɟɡ ɢɡɥɭɱɟɧɢɹ ɫɜɟɬɚ ɱɟɪɟɡ ɬɟɦɧɨɜɨɣ ɩɭɬɶ. 

 

Ɋɢɫɭɧɨɤ 3 – ɋɯɟɦɚ ɪɟɚɤɰɢɢ, ɤɚɬɚɥɢɡɢɪɭɟɦɨɣ ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɥɸɰɢɮɟɪɚɡɨɣ [1] 

ɇɢ ɨɞɢɧ ɢɡ ɢɫɯɨɞɧɵɯ ɫɭɛɫɬɪɚɬɨɜ ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɣ 

ɪɟɚɤɰɢɢ ɧɟ ɦɨɠɟɬ ɫɭɳɟɫɬɜɨɜɚɬɶ ɜ ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɤɥɟɬɤɟ ɜ ɫɜɨɛɨɞɧɨɦ ɜɢɞɟ 

(FMNɇ2 – ɩɨ ɩɪɢɱɢɧɟ ɛɵɫɬɪɨɝɨ ɚɜɬɨɨɤɢɫɥɟɧɢɹ, ɚɥɶɞɟɝɢɞ, ɩɨɬɨɦɭ ɱɬɨ 

ɹɜɥɹɟɬɫɹ ɹɞɨɦ ɢ ɧɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɨɪɝɚɧɢɡɦɚɦɢ). ɉɨɷɬɨɦɭ ɛɚɤɬɟɪɢɢ ɢɦɟɸɬ 

ɫɩɟɰɢɚɥɶɧɵɟ ɮɟɪɦɟɧɬɚɬɢɜɧɵɟ ɫɢɫɬɟɦɵ, ɫɩɨɫɨɛɫɬɜɭɸɳɢɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɸ 

ɮɥɚɜɢɧɚ ɢ ɤɚɪɛɨɧɨɜɨɣ ɤɢɫɥɨɬɵ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ 

ɛɢɨɥɸɦɢɧɟɫɰɟɧɰɢɢ. ɋɱɢɬɚɟɬɫɹ, ɱɬɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ FMN ɜ ɛɚɤɬɟɪɢɹɯ 

ɩɪɨɢɫɯɨɞɢɬ ɜ ɪɟɚɤɰɢɢ, ɤɚɬɚɥɢɡɢɪɭɟɦɨɣ ɞɪɭɝɢɦ ɮɟɪɦɟɧɬɨɦ – NAD(Ɋ)H:FMN-

ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɨɣ. ȼ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɩɪɢɦɟɧɹɸɬ 

ɧɟɫɤɨɥɶɤɨ ɫɩɨɫɨɛɨɜ ɩɨɥɭɱɟɧɢɟ FMNH2, ɨɞɢɧ ɢɡ ɧɢɯ ɨɩɢɫɚɧ ɧɢɠɟ. 
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Фɨɬɨɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɮɥɚɜɢɧɚ ɫ ɷɬɢɥɟɧɞɢɚɦɢɧɬɟɬɪɚɭɤɫɭɫɧɨɣ 

ɤɢɫɥɨɬɨɣ 

Ɏɨɬɨɜɨɫɫɬɚɧɨɜɥɟɧɢɟ FMN ɫ ɷɬɢɥɟɧɞɢɚɦɢɧɬɟɬɪɚɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ 

(ɞɚɥɟɟ EDTA) ɨɩɢɫɵɜɚɟɬɫɹ ɪɟɚɤɰɢɟɣ [4]: 

 

FMN + 2EDTA + hȞ   FMNH2 + ɮɨɬɨɩɪɨɞɭɤɬɵ.                      (2) 

 

ɋɱɢɬɚɟɬɫɹ, ɱɬɨ EDTA ɩɪɟɞɨɫɬɚɜɥɹɟɬ 2 ɧɟɨɛɯɨɞɢɦɵɯ ɚɬɨɦɚ ɜɨɞɨɪɨɞɚ. 

ɉɨɞɪɨɛɧɵɣ ɦɟɯɚɧɢɡɦ ɪɟɚɤɰɢɢ ɨɩɢɫɚɧ ɜ ɫɬɚɬɶɹɯ [5-8]. ȼ ɯɨɞɟ ɧɟɨɛɪɚɬɢɦɨɣ 

ɪɟɚɤɰɢɢ EDTA ɝɢɞɪɨɥɢɡɭɟɬɫɹ ɞɨ ɝɥɢɤɨɤɫɢɥɚɬɚ ɫ ɜɵɫɜɨɛɨɠɞɟɧɢɟɦ ɋɈ2 

(ɨɛɨɡɧɚɱɟɧɨ ɤɚɤ ɮɨɬɨɩɪɨɞɭɤɬɵ). 

ȼ ɩɪɢɫɭɬɫɬɜɢɟ EDTA ɩɨɫɥɟ ɜɵɤɥɸɱɟɧɢɹ ɫɜɟɬɚ ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ 

ɨɤɢɫɥɟɧɢɹ FMNH2 ɞɨ FMN. Ȼɚɪɛɨɬɢɪɨɜɚɧɢɟ ɜɨɡɞɭɯɨɦ (3 ɫɦ3 ɜ ɬɟɱɟɧɢɟ 30 ɫ) 

ɩɨɫɥɟ 20 ɦɢɧɭɬ ɷɤɫɩɨɡɢɰɢɢ ɛɟɡ ɫɜɟɬɚ ɬɚɤɠɟ ɧɟ ɩɪɢɜɨɞɢɬ ɤ  ɨɤɢɫɥɟɧɢɸ. 

ɋɱɢɬɚɟɬɫɹ, ɱɬɨ ɤɢɫɥɨɪɨɞ, ɩɨɫɬɭɩɚɸɳɢɣ ɜ ɩɪɨɰɟɫɫɟ ɛɚɪɛɨɬɢɪɨɜɚɧɢɹ, 

ɩɨɝɥɨɳɚɟɬɫɹ ɮɨɬɨɩɪɨɞɭɤɬɚɦɢ, ɮɨɪɦɢɪɭɟɦɵɦɢ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢ FMN ɢ 

EDTA [4]. 

 Ȼɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɩɪɢɫɭɬɫɬɜɢɢ EDTA ɩɪɢ ɚɷɪɨɛɧɵɯ ɭɫɥɨɜɢɹɯ ɜ 

ɬɟɱɟɧɢɟ ɩɟɪɜɵɯ 30 ɫɟɤɭɧɞ ɮɨɬɨɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ. ȼɟɪɨɹɬɧɨ, 

ɩɟɪɜɨɧɚɱɚɥɶɧɨ ɡɧɚɱɢɬɟɥɟɧ ɜɤɥɚɞ ɚɜɬɨɨɤɢɫɥɟɧɢɹ, ɩɨɤɚ ɤɢɫɥɨɪɨɞ ɧɟ 

ɢɡɪɚɫɯɨɞɭɟɬɫɹ. ɉɨɫɥɟ ɜɵɤɥɸɱɟɧɢɹ ɫɜɟɬɚ ɩɨɝɥɨɳɟɧɢɟ ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬɫɹ, 

ɫɧɚɱɚɥɚ ɦɟɞɥɟɧɧɨ, ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɭɫɤɨɪɟɧɢɟɦ. Ɂɚ 40 ɦɢɧɭɬ FMN 

ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɫɬɶɸ. Ɉɤɢɫɥɟɧɢɟ, ɫɤɨɪɟɟ ɜɫɟɝɨ, ɜɵɡɜɚɧɨ 

ɞɢɮɮɭɡɢɟɣ ɤɢɫɥɨɪɨɞɚ. Ɇɟɞɥɟɧɧɨɟ ɧɚɱɚɥɨ ɨɤɢɫɥɟɧɢɹ, ɜɟɪɨɹɬɧɨ, ɜɵɡɜɚɧɨ 

ɩɨɝɥɨɳɟɧɢɟɦ ɤɢɫɥɨɪɨɞɚ ɮɨɬɨɩɪɨɞɭɤɬɚɦɢ EDTA [4].  
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1.2 Ɇɨɥɟɤɭɥɹɪɧɵɣ ɤɪɚɭɞɢɧɝ 

 

Ȼɢɨɯɢɦɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ, ɩɪɨɬɟɤɚɸɳɢɟ ɜ ɤɥɟɬɤɟ, ɩɪɨɢɫɯɨɞɹɬ ɜ 

ɩɥɨɬɧɨɣ ɫɪɟɞɟ, ɫɨɞɟɪɠɚɳɟɣ ɧɭɤɥɟɢɧɨɜɵɟ ɤɢɫɥɨɬɵ, ɛɟɥɤɢ, 

ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɢ ɩɨɥɢɫɚɯɚɪɢɞɵ. Ɂɚɧɹɬɵɣ ɷɬɢɦɢ 

ɤɨɦɩɨɧɟɧɬɚɦɢ ɨɛɴɟɦ ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ 40% ɨɛɴɟɦɚ ɜɫɟɣ ɤɥɟɬɤɢ. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɛɟɥɤɢ ɫɜɨɪɚɱɢɜɚɸɬɫɹ ɢ ɮɭɧɤɰɢɨɧɢɪɭɸɬ ɜɧɭɬɪɢ ɤɥɟɬɤɢ ɜ ɫɪɟɞɟ, 

ɫɨɞɟɪɠɚɳɟɣ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɡɥɢɱɧɵɯ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɦɚɤɪɨɦɨɥɟɤɭɥ. 

Ȼɨɥɶɲɢɧɫɬɜɨ ɷɬɢɯ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɦɚɤɪɨɦɨɥɟɤɭɥ ɯɨɬɹ ɢ ɧɟ ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɫ ɢɫɫɥɟɞɭɟɦɵɦ ɛɟɥɤɨɦ, ɧɨ ɡɚɧɢɦɚɟɬ ɡɧɚɱɢɬɟɥɶɧɭɸ ɱɚɫɬɶ 

ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɤɥɟɬɤɢ. ɉɨɞɨɛɧɵɟ ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɟ ɭɫɥɨɜɢɹ 

ɧɚɡɵɜɚɸɬ «ɦɨɥɟɤɭɥɹɪɧɵɦ ɤɪɚɭɞɢɧɝɨɦ».  Ʉɪɚɭɞɢɧɝ ɩɪɟɞɩɨɥɚɝɚɟɬ ɩɪɢɫɭɬɫɬɜɢɟ 

ɧɟɫɩɟɰɢɮɢɱɟɫɤɨɝɨ ɫɬɟɪɢɱɟɫɤɨɝɨ ɨɬɬɚɥɤɢɜɚɧɢɹ ɦɨɥɟɤɭɥ, ɤɨɬɨɪɨɟ 

ɩɪɢɫɭɬɫɬɜɭɟɬ ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɞɪɭɝɢɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɦɚɤɪɨɦɨɥɟɤɭɥ, ɤ 

ɩɪɢɦɟɪɭ, ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɢɯ ɢɥɢ ɝɢɞɪɨɮɨɛɧɵɯ [9]. Ɉɫɧɨɜɧɨɣ ɦɟɯɚɧɢɡɦ, ɩɨ 

ɤɨɬɨɪɨɦɭ ɦɨɥɟɤɭɥɹɪɧɵɣ ɤɪɚɭɞɢɧɝ ɜɨɡɞɟɣɫɬɜɭɟɬ ɧɚ ɛɟɥɨɤ – ɷɬɨ ɦɢɧɢɦɢɡɚɰɢɹ 

ɢɫɤɥɸɱɟɧɧɨɝɨ ɨɛɴɟɦɚ, ɨɛɭɫɥɨɜɥɟɧɧɨɝɨ ɜɡɚɢɦɧɨɣ ɧɟɩɪɨɧɢɰɚɟɦɨɫɬɶɸ ɜɫɟɯ 

ɦɨɥɟɤɭɥ ɪɚɫɬɜɨɪɟɧɧɵɯ ɜɟɳɟɫɬɜ [10]. 

ɗɮɮɟɤɬ ɢɫɤɥɸɱɟɧɧɨɝɨ ɨɛɴɟɦɚ ɨɤɚɡɵɜɚɟɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ 

ɤɨɧɮɨɪɦɚɰɢɨɧɧɭɸ ɫɬɚɛɢɥɶɧɨɫɬɶ ɢ ɫɬɪɭɤɬɭɪɧɵɟ ɫɜɨɣɫɬɜɚ ɛɢɨɥɨɝɢɱɟɫɤɢɯ 

ɦɚɤɪɨɦɨɥɟɤɭɥ. Ɍɚɤɠɟ ɦɚɤɪɨɦɨɥɟɤɭɥɹɪɧɵɣ ɤɪɚɭɞɢɧɝ ɦɨɠɟɬ ɜɥɢɹɬɶ ɧɚ 

ɫɤɨɪɨɫɬɢ ɢ ɩɨɥɨɠɟɧɢɟ ɪɚɜɧɨɜɟɫɢɹ ɛɢɨɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ, ɚ ɡɧɚɱɢɬ ɢ ɧɚ 

ɩɪɨɰɟɫɫɵ ɫɜɨɪɚɱɢɜɚɧɢɹ ɛɟɥɤɚ, ɫɜɹɡɵɜɚɧɢɹ ɫ ɦɚɥɵɦɢ ɦɨɥɟɤɭɥɚɦɢ, 

ɮɟɪɦɟɧɬɚɬɢɜɧɭɸ ɚɤɬɢɜɧɨɫɬɶ, ɛɟɥɨɤ-ɛɟɥɤɨɜɵɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, 

ɩɚɬɨɥɨɝɢɱɟɫɤɭɸ ɚɝɪɟɝɚɰɢɸ ɛɟɥɤɨɜ, ɫɬɟɩɟɧɶ ɮɨɪɦɢɪɨɜɚɧɢɹ ɚɦɢɥɨɢɞɧɵɯ 

ɮɢɛɪɢɥɥ, ɨɛɪɚɬɢɦɭɸ ɞɟɧɚɬɭɪɚɰɢɸ ɛɟɥɤɚ, ɩɨɥɢɦɟɪɢɡɚɰɢɸ ɚɤɬɢɧɚ ɢ ɞɪ. [10]. 

ɇɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɜɥɢɹɧɢɟ ɦɚɤɪɨɦɨɥɟɤɭɥɹɪɧɨɝɨ ɤɪɚɭɞɢɧɝɚ ɲɢɪɨɤɨ 

ɢɡɭɱɚɟɬɫɹ. Ⱦɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɭɫɥɨɜɢɣ ɦɚɤɪɨɦɨɥɟɤɭɥɹɪɧɨɝɨ ɤɪɚɭɞɢɧɝɚ in 

vitro ɜ ɪɚɫɬɜɨɪ ɞɨɛɚɜɥɹɸɬ ɤɪɚɭɞɢɧɝ-ɚɝɟɧɬɵ. Ɍɚɤ ɤɚɤ ɜ ɧɟɤɨɬɨɪɵɯ ɫɢɫɬɟɦɚɯ 
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ɛɨɥɶɲɨɣ ɩɪɨɛɥɟɦɨɣ ɦɨɠɟɬ ɛɵɬɶ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɛɟɥɤɚ ɫ ɤɪɚɭɧɞɢɧɝ-ɚɝɟɧɬɨɦ, 

ɬɨ ɨɧ ɞɨɥɠɟɧ ɨɬɜɟɱɚɬɶ ɨɩɪɟɞɟɥёɧɧɵɦ ɭɫɥɨɜɢɹɦ: ɦɨɥɟɤɭɥɵ ɞɨɥɠɧɵ ɢɦɟɬɶ 

ɮɨɪɦɭ ɝɥɨɛɭɥ, ɪɚɫɬɜɨɪ ɧɟ ɞɨɥɠɟɧ ɛɵɬɶ ɫɥɢɲɤɨɦ ɜɹɡɤɢɦ ɢ ɧɟ ɞɨɥɠɟɧ 

ɩɪɨɹɜɥɹɬɶ ɫɩɨɫɨɛɧɨɫɬɢ ɤ ɫɩɟɰɢɮɢɱɟɫɤɢɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹɦ ɫ ɢɫɫɥɟɞɭɟɦɵɦɢ 

ɦɚɤɪɨɦɨɥɟɤɭɥɚɦɢ. Ɍɚɤɠɟ, ɩɨɫɤɨɥɶɤɭ ɩɨɧɹɬɢɟ ɤɪɚɭɞɢɧɝɚ ɩɨɞɪɚɡɭɦɟɜɚɟɬ 

ɧɚɥɢɱɢɟ ɥɢɲɶ ɫɬɟɪɢɱɟɫɤɨɝɨ ɨɬɬɚɥɤɢɜɚɧɢɹ ɦɟɠɞɭ ɨɬɞɟɥɶɧɵɦɢ 

ɦɚɤɪɨɦɨɥɟɤɭɥɚɦɢ, ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ ɞɨɥɠɧɚ ɤɨɥɟɛɚɬɶɫɹ ɜ ɩɪɟɞɟɥɚɯ ɨɬ 50 

ɞɨ 200 ɤȾɚ. ɗɬɨ ɡɧɚɱɢɬ, ɱɬɨ ɫɥɟɞɭɟɬ ɫɨɛɥɸɞɚɬɶ ɨɫɨɛɭɸ ɨɫɬɨɪɨɠɧɨɫɬɶ ɩɪɢ 

ɩɪɨɜɟɞɟɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨ ɦɨɞɟɥɢɪɨɜɚɧɢɸ ɷɮɮɟɤɬɚ ɤɪɚɭɞɢɧɝɚ ɢ 

ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɢɯ ɪɟɡɭɥɶɬɚɬɨɜ, ɢ, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɞɨɥɠɧɨ ɛɵɬɶ ɞɨɤɚɡɚɧɨ 

ɨɬɫɭɬɫɬɜɢɟ ɫɟɪɶɟɡɧɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɦɟɠɞɭ ɛɟɥɤɨɦ ɢ ɤɪɚɭɞɢɧɝ-ɚɝɟɧɬɨɦ 

[11]. 

 

1.2.1 ȼɥɢɹɧɢɟ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɤɪɚɭɞɢɧɝɚ ɧɚ ɮɟɪɦɟɧɬɚɬɢɜɧɵɟ ɪɟɚɤɰɢɢ 
 

ȼ ɧɚɫɬɨɹɳɢɣ ɦɨɦɟɧɬ, ɩɪɚɤɬɢɱɟɫɤɢ ɜɫɟ ɢɦɟɸɳɢɟɫɹ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɨ 

ɫɬɪɭɤɬɭɪɟ ɢ ɮɨɥɞɢɧɝɟ ɛɟɥɤɨɜ ɫɮɨɪɦɢɪɨɜɚɥɢɫɶ ɜ ɪɟɡɭɥɶɬɚɬɟ ɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹ 

in vitro ɜ ɪɚɡɛɚɜɥɟɧɧɵɯ ɛɭɮɟɪɧɵɯ ɪɚɫɬɜɨɪɚɯ. In vivo ɛɟɥɤɢ ɮɭɧɤɰɢɨɧɢɪɭɸɬ ɜ 

ɝɭɫɬɨɧɚɫɟɥɟɧɧɨɣ ɫɪɟɞɟ ɜ ɤɥɟɬɤɟ, ɫɨɞɟɪɠɚɳɟɣ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɡɥɢɱɧɵɯ 

ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɦɚɤɪɨɦɨɥɟɤɭɥ (ɝɥɨɛɭɥɹɪɧɵɯ ɛɟɥɤɨɜ, ɤɨɦɩɥɟɤɫɨɜ ɜɧɭɬɪɟɧɧɟ 

ɧɟɭɩɨɪɹɞɨɱɟɧɧɵɯ ɛɟɥɤɨɜ ɫɨ ɫɜɨɢɦɢ ɩɚɪɬɧɟɪɚɦɢ, ɧɭɤɥɟɢɧɨɜɵɯ ɤɢɫɥɨɬ, 

ɩɨɥɢɫɚɯɚɪɢɞɨɜ, ɪɢɛɨɧɭɤɥɟɨɩɪɨɬɟɢɧɨɜ). Ɋɚɧɟɟ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɞɥɹ 

ɤɥɸɱɟɜɵɯ ɮɟɪɦɟɧɬɨɜ ɝɥɢɤɨɝɟɧɨɥɢɡɚ ɦɨɥɟɤɭɥɹɪɧɵɣ ɤɪɚɭɞɢɧɝ ɫɥɭɠɢɬ 

ɮɚɤɬɨɪɨɦ, ɨɤɚɡɵɜɚɸɳɢɦ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɬɢɩɚ 

ɛɟɥɨɤ-ɥɢɝɚɧɞ, ɛɟɥɨɤ-ɛɟɥɨɤ, ɤɨɧɮɨɪɦɚɰɢɨɧɧɵɟ ɩɟɪɟɯɨɞɵ ɢ ɨɛɪɚɡɨɜɚɧɢɟ 

ɧɚɞɦɨɥɟɤɭɥɹɪɧɵɯ ɫɬɪɭɤɬɭɪ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɧɚ ɦɟɯɚɧɢɡɦɵ 

ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɮɟɪɦɟɧɬɨɜ in vivo. Ɉɛɧɚɪɭɠɟɧɨ ɜɥɢɹɧɢɟ ɤɪɚɭɞɢɧɝɚ ɧɚ 

ɚɫɫɨɰɢɚɰɢɸ PhK (ɤɢɧɚɡɵ ɮɨɫɮɨɪɢɥɚɡɵ) ɢ Phb (ɝɥɢɤɨɝɟɧɮɨɫɮɨɪɢɥɚɡɵ). 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɤɪɚɭɞɢɧɝ ɫɬɢɦɭɥɢɪɭɟɬ ɚɫɫɨɰɢɚɰɢɸ PhK ɜ ɩɪɢɫɭɬɫɬɜɢɢ Ca2+ ɢ 



12 

 

Mg2+ c ɨɛɪɚɡɨɜɚɧɢɟɦ ɧɚɞɦɨɥɟɤɭɥɹɪɧɵɯ ɫɬɪɭɤɬɭɪ, ɜɤɥɸɱɚɸɳɢɯ ɫɨɬɧɢ 

ɦɨɥɟɤɭɥ ɮɟɪɦɟɧɬɚ [10]. Ɍɚɤɠɟ ɞɨɤɚɡɚɧɨ, ɱɬɨ ɞɥɹ ɛɨɥɶɲɢɧɫɬɜɚ ɮɟɪɦɟɧɬɨɜ 

ɤɪɚɭɞɢɧɝ ɦɨɠɟɬ ɨɤɚɡɵɜɚɬɶ ɷɮɮɟɤɬ ɩɨɜɵɲɟɧɢɹ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɚɛɢɥɶɧɨɫɬɢ 

[11]. 

ȼɥɢɹɧɢɟ ɜɵɫɨɤɢɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɌɆȺɈ ɢ ɛɟɬɚɢɧɚ ɧɚ ɚɫɫɨɰɢɚɰɢɸ 

ɮɟɪɦɟɧɬɨɜ ɝɥɢɤɨɝɟɧɨɥɢɡɚ, ɚ ɬɚɤɠɟ ɧɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɷɬɢɯ ɮɟɪɦɟɧɬɨɜ ɫ 

ɝɥɢɤɨɝɟɧɨɦ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɬɟɨɪɟɬɢɱɟɫɤɢ ɩɪɟɞɫɤɚɡɚɧɧɵɦɢ ɷɮɮɟɤɬɚɦɢ 

ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɤɪɚɭɞɢɧɝɚ. Ɉɛɧɚɪɭɠɟɧɨ ɜɥɢɹɧɢɟ ɤɪɚɭɞɢɧɝɚ ɧɚ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ Phb ɫ ɚɥɥɨɫɬɟɪɢɱɟɫɤɢɦ ɷɮɮɟɤɬɨɪɨɦ – FAD. ɉɪɢ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ Phb ɫ FAD ɜ ɭɫɥɨɜɢɹɯ ɤɪɚɭɞɢɧɝɚ ɩɪɨɢɫɯɨɞɢɬ 

ɤɨɧɮɨɪɦɚɰɢɨɧɧɵɣ ɩɟɪɟɯɨɞ ɞɢɦɟɪɧɨɣ ɦɨɥɟɤɭɥɵ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɬɨɪɨɝɨ 

ɩɨɹɜɥɹɸɬɫɹ ɤɨɨɩɟɪɚɬɢɜɧɵɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɮɥɚɜɢɧ-ɫɜɹɡɵɜɚɸɳɢɯ ɰɟɧɬɪɨɜ 

ɮɟɪɦɟɧɬɚ. ɉɨɫɤɨɥɶɤɭ ɤɨɧɫɬɚɧɬɵ ɫɜɹɡɵɜɚɧɢɹ ɥɢɝɚɧɞɨɜ ɫ ɛɟɥɤɚɦɢ ɢɡɦɟɧɹɸɬɫɹ 

ɜ ɭɫɥɨɜɢɹɯ ɤɪɚɭɞɢɧɝɚ, ɦɨɠɧɨ ɨɠɢɞɚɬɶ, ɱɬɨ ɤɪɚɭɞɢɧɝ ɛɭɞɟɬ ɨɤɚɡɵɜɚɬɶ 

ɜɥɢɹɧɢɟ ɧɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɩɪɟɩɚɪɚɬɨɜ ɫ ɛɟɥɤɚɦɢ-ɦɢɲɟɧɹɦɢ. 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɮɨɫɮɨɪɢɥɚɡɚ ɹɜɥɹɟɬɫɹ ɦɢɲɟɧɶɸ ɞɥɹ ɢɫɩɵɬɚɧɢɹ 

ɩɪɨɬɢɜɨɞɢɚɛɟɬɢɱɟɫɤɢɯ ɩɪɟɩɚɪɚɬɨɜ. ɉɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɵɜɚɸɬ, 

ɱɬɨ ɷɮɮɟɤɬɵ ɤɪɚɭɞɢɧɝɚ ɞɨɥɠɧɵ ɭɱɢɬɵɜɚɬɶɫɹ ɩɪɢ ɢɫɩɵɬɚɧɢɢ ɧɨɜɵɯ 

ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɩɪɟɩɚɪɚɬɨɜ. Ɉɰɟɧɢɜɚɹ ɜɨɡɦɨɠɧɭɸ ɩɪɚɤɬɢɱɟɫɤɭɸ ɡɧɚɱɢɦɨɫɬɶ 

ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɨɬɟɤɚɧɢɹ ɛɢɨɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɜ ɭɫɥɨɜɢɹɯ ɤɪɚɭɞɢɧɝɚ 

ɞɥɹ ɦɟɞɢɰɢɧɵ, ɫɥɟɞɭɟɬ ɬɚɤɠɟ ɩɪɢɧɢɦɚɬɶ ɜɨ ɜɧɢɦɚɧɢɟ, ɱɬɨ ɰɟɥɵɣ ɪɹɞ 

ɡɚɛɨɥɟɜɚɧɢɣ (ɬɚɤɢɯ ɤɚɤ ɧɟɣɪɨɞɟɝɟɧɟɪɚɬɢɜɧɵɟ ɛɨɥɟɡɧɢ) ɫɜɹɡɚɧɵ ɫ 

ɨɛɪɚɡɨɜɚɧɢɟɦ ɧɟɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɛɟɥɤɨɜɵɯ ɚɝɪɟɝɚɬɨɜ, ɮɨɪɦɢɪɨɜɚɧɢɟ 

ɤɨɬɨɪɵɯ ɫɬɢɦɭɥɢɪɭɟɬɫɹ ɜ ɭɫɥɨɜɢɹɯ ɤɪɚɭɞɢɧɝɚ. Ɂɚɳɢɬɧɵɣ ɫɬɚɛɢɥɢɡɢɪɭɸɳɢɣ 

ɷɮɮɟɤɬ ɨɫɦɨɥɢɬɨɜ ɩɪɢ ɫɬɪɟɫɫɚɯ ɪɚɡɥɢɱɧɨɣ ɩɪɢɪɨɞɵ – ɬɟɪɦɢɱɟɫɤɨɦ, 

ɯɢɦɢɱɟɫɤɨɦ ɢɥɢ ɨɫɦɨɬɢɱɟɫɤɨɦ – ɜ ɪɹɞɟ ɫɥɭɱɚɟɜ ɨɛɴɹɫɧɹɟɬɫɹ ɷɮɮɟɤɬɨɦ 

ɢɫɤɥɸɱɟɧɧɨɝɨ ɨɛɴɟɦɚ. Ɍɚɤɠɟ ɩɨɤɚɡɚɧɨ ɡɚɳɢɬɧɨɟ ɞɟɣɫɬɜɢɟ ɦɨɥɟɤɭɥɹɪɧɨɝɨ 

ɤɪɚɭɞɢɧɝɚ, ɫɨɡɞɚɜɚɟɦɨɝɨ ɨɫɦɨɥɢɬɚɦɢ (ɌɆȺɈ, ɛɟɬɚɢɧɨɦ, ɩɪɨɥɢɧɨɦ ɢ 

ɝɥɢɰɢɧɨɦ), ɩɪɢ ɢɧɚɤɬɢɜɚɰɢɢ Phb ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɝɭɚɧɢɞɢɧɝɢɞɪɨɯɥɨɪɢɞɚ. 

Ɇɟɬɨɞɢɱɟɫɤɢɟ ɩɪɢɟɦɵ ɫɬɚɛɢɥɢɡɚɰɢɢ ɛɟɥɤɨɜ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 
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ɷɮɮɟɤɬɨɜ ɤɪɚɭɞɢɧɝɚ, ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɩɪɢ ɪɟɲɟɧɢɢ 

ɛɢɨɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɡɚɞɚɱ ɢ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɦɟɬɨɞɨɜ ɯɪɚɧɟɧɢɹ ɛɟɥɤɨɜɵɯ 

ɩɪɟɩɚɪɚɬɨɜ ɦɟɞɢɰɢɧɫɤɨɝɨ ɧɚɡɧɚɱɟɧɢɹ [11]. 

 

1.3 ȼɥɢɹɧɢɟ ɜɹɡɤɢɯ ɫɪɟɞ ɧɚ ɮɟɪɦɟɧɬɚɬɢɜɧɵɟ ɪɟɚɤɰɢɢ 

 

ȼɨ ɜɫɟɯ ɤɥɟɬɤɚɯ ɩɪɢɫɭɬɫɬɜɭɟɬ ɠɢɞɤɚɹ ɮɚɡɚ, ɜ ɤɨɬɨɪɨɣ ɩɪɨɬɟɤɚɟɬ 

ɡɧɚɱɢɬɟɥɶɧɚɹ ɱɚɫɬɶ ɨɫɧɨɜɧɵɯ ɪɟɚɤɰɢɣ ɦɟɬɚɛɨɥɢɡɦɚ [10]. ȼɹɡɤɨɫɬɶ ɹɜɥɹɟɬɫɹ 

ɨɞɧɢɦ ɢɡ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɜɨɞɧɨɣ ɫɪɟɞɵ, ɨɬ ɤɨɬɨɪɨɝɨ ɡɚɜɢɫɹɬ 

ɩɪɨɬɟɤɚɸɳɢɟ ɜ ɧɟɣ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ. ɍɱɢɬɵɜɚɹ 

ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɭɸ ɧɟɨɞɧɨɪɨɞɧɨɫɬɶ ɜɧɭɬɪɢɤɥɟɬɨɱɧɨɣ ɫɪɟɞɵ, ɢɡɦɟɪɟɧɢɹ 

ɜɹɡɤɨɫɬɢ in vivo, ɤɚɤ ɩɪɚɜɢɥɨ, ɨɯɜɚɬɵɜɚɸɬ ɨɩɪɟɞɟɥɟɧɧɭɸ ɨɛɥɚɫɬɶ ɤɥɟɬɤɢ, ɜ 

ɤɨɬɨɪɨɣ ɧɚɯɨɞɢɬɫɹ ɡɨɧɞ, ɢ ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɬɨ, ɱɬɨ ɦɨɠɧɨ ɧɚɡɜɚɬɶ 

"ɦɢɤɪɨɜɹɡɤɨɫɬɶɸ" [10]. 

ɉɪɢ ɞɨɛɚɜɥɟɧɢɢ ɪɚɡɥɢɱɧɵɯ ɜɹɡɤɢɯ ɚɝɟɧɬɨɜ ɜ ɜɨɞɧɭɸ ɫɪɟɞɭ ɧɟɢɡɛɟɠɧɨ 

ɦɟɧɹɸɬɫɹ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɪɚɫɬɜɨɪɚ, ɚ ɬɚɤɠɟ ɧɟ ɢɫɤɥɸɱɚɟɬɫɹ 

ɜɨɡɦɨɠɧɨɫɬɶ ɫɩɟɰɢɮɢɱɟɫɤɨɝɨ (ɯɢɦɢɱɟɫɤɨɝɨ) ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɷɬɢɯ ɜɟɳɟɫɬɜ ɫ 

ɮɟɪɦɟɧɬɚɦɢ. ɉɨɷɬɨɦɭ ɞɥɹ ɜɵɹɜɥɟɧɢɹ ɷɮɮɟɤɬɚ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜɹɡɤɨɫɬɢ ɧɚ 

ɩɪɨɬɟɤɚɧɢɟ ɮɟɪɦɟɧɬɚɬɢɜɧɨɣ ɪɟɚɤɰɢɢ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɨɞɢɬɶ ɢɡɦɟɪɟɧɢɹ ɜ 

ɪɚɫɬɜɨɪɚɯ ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɜɹɡɤɢɯ ɚɝɟɧɬɨɜ ɪɚɡɧɨɣ ɩɪɢɪɨɞɵ, ɦɨɥɟɤɭɥɹɪɧɨɣ 

ɦɚɫɫɵ ɢ ɞɪ. 

ɋɱɢɬɚɟɬɫɹ, ɱɬɨ ɜɹɡɤɨɫɬɶ ɦɨɠɟɬ ɜɨɡɞɟɣɫɬɜɨɜɚɬɶ ɧɚ ɮɟɪɦɟɧɬɚɬɢɜɧɵɟ 

ɪɟɚɤɰɢɢ ɩɨ ɞɜɭɦ ɩɪɢɧɰɢɩɢɚɥɶɧɵɦ ɦɟɯɚɧɢɡɦɚɦ: ɩɨɫɪɟɞɫɬɜɚɦ ɫɧɢɠɟɧɢɹ 

ɤɨɷɮɮɢɰɢɟɧɬɚ ɦɨɥɟɤɭɥɹɪɧɨɣ ɞɢɮɮɭɡɢɢ, ɤɨɬɨɪɵɣ ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɟɧ 

ɜɹɡɤɨɫɬɢ ɫɪɟɞɵ, ɢɥɢ ɱɟɪɟɡ ɫɧɢɠɟɧɢɟ ɤɨɧɮɨɪɦɚɰɢɨɧɧɨɣ ɩɨɞɜɢɠɧɨɫɬɢ 

ɮɟɪɦɟɧɬɚ. 

 Ⱦɥɹ ɩɨɫɥɟɞɧɟɝɨ ɦɟɯɚɧɢɡɦɚ ɫɩɪɚɜɟɞɥɢɜɚ ɮɨɪɦɭɥɚ: 

, 
 (3) 



14 

 

    
(4) 

ɝɞɟ  ηrel – ɷɬɨ ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɜɹɡɤɨɫɬɶ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɤɚɤ ɨɬɧɨɲɟɧɢɟ ɜɹɡɤɨɫɬɟɣ 

ɪɟɚɤɰɢɨɧɧɨɝɨ ɪɚɫɬɜɨɪɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɢ ɨɬɫɭɬɫɬɜɢɢ ɜɹɡɤɨɝɨ ɚɝɟɧɬɚ, δ – 

ɤɨɧɫɬɚɧɬɚ ɫɨɩɪɹɠɟɧɢɹ, ɨɩɪɟɞɟɥɹɸɳɚɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɪɟɚɤɰɢɢ ɤ ɜɹɡɤɨɫɬɢ 

ɪɚɫɬɜɨɪɢɬɟɥɹ. ȿё ɡɧɚɱɟɧɢɹ ɦɨɝɭɬ ɜɚɪɶɢɪɨɜɚɬɶ ɨɬ 0 ɞɨ 1, δ = 0 ɞɥɹ ɪɟɚɤɰɢɣ 

ɮɟɪɦɟɧɬɨɜ, ɭ ɤɨɬɨɪɵɯ ɚɤɬɢɜɧɵɣ ɰɟɧɬɪ ɢɡɨɥɢɪɨɜɚɧ ɨɬ ɫɪɟɞɵ ɢ 1  ɞɥɹ 

ɮɟɪɦɟɧɬɨɜ ɫ ɚɤɬɢɜɧɵɦ ɰɟɧɬɪɨɦ, ɩɥɨɬɧɨ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɦ ɫɨ ɫɪɟɞɨɣ.  

 

1.4 ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɦɟɬɨɞɵ ɪɟɝɢɫɬɪɚɰɢɢ ɧɟɫɬɚɰɢɨɧɚɪɧɨɣ ɤɢɧɟɬɢɤɢ 
 

1.4.1 Ɉɫɧɨɜɧɵɟ ɩɪɢɧɰɢɩɵ ɪɟɝɢɫɬɪɚɰɢɢ ɧɟɫɬɚɰɢɨɧɚɪɧɨɣ ɤɢɧɟɬɢɤɢ 

 

ɋɪɟɞɢ ɪɚɡɥɢɱɧɵɯ ɫɩɨɫɨɛɨɜ ɢɡɭɱɟɧɢɹ ɤɢɧɟɬɢɤɢ ɛɵɫɬɪɵɯ ɪɟɚɤɰɢɣ 

ɜɵɞɟɥɹɟɬɫɹ ɝɪɭɩɩɚ ɦɟɬɨɞɨɜ, ɨɬɥɢɱɚɸɳɚɹɫɹ ɧɟɤɨɬɨɪɵɦɢ ɨɛɳɢɦɢ 

ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɢ ɧɚɡɵɜɚɟɦɚɹ ɫɬɪɭɟɜɵɦɢ ɦɟɬɨɞɚɦɢ.  ɂɦɟɸɬɫɹ ɬɪɢ ɫɬɪɭɟɜɵɯ 

ɦɟɬɨɞɚ, ɢɡɜɟɫɬɧɵɯ ɤɚɤ ɦɟɬɨɞɵ ɧɟɩɪɟɪɵɜɧɨɣ ɫɬɪɭɢ (continuous-flow), 

ɭɫɤɨɪɟɧɧɨɣ ɫɬɪɭɢ (accelerated-flow) ɢ ɨɫɬɚɧɨɜɥɟɧɧɨɣ ɫɬɪɭɢ (stopped-flow). 

Ⱦɜɚ ɪɚɫɬɜɨɪɚ ɪɟɚɝɢɪɭɸɳɢɯ ɜɟɳɟɫɬɜ ɦɨɠɧɨ ɫɦɟɲɚɬɶ ɡɚ ɜɪɟɦɹ ɦɟɧɶɲɟɟ 

ɫɟɤɭɧɞɵ, ɫɨɟɞɢɧɹɹ ɛɵɫɬɪɵɟ ɫɬɪɭɢ ɷɬɢɯ ɪɚɫɬɜɨɪɨɜ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ 

ɨɛɪɚɡɨɦ ɫɤɨɧɫɬɪɭɢɪɨɜɚɧɧɨɣ ɫɦɟɫɢɬɟɥɶɧɨɣ ɤɚɦɟɪɟ. Ɂɚ ɞɚɥɶɧɟɣɲɢɦ ɬɟɱɟɧɢɟɦ 

ɪɟɚɤɰɢɢ ɜ ɫɦɟɫɢ ɦɨɠɧɨ ɫɥɟɞɢɬɶ ɨɞɧɢɦ ɢɡ ɫɭɳɟɫɬɜɭɸɳɢɯ ɫɩɨɫɨɛɨɜ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɨɝɨ, ɤɚɤ ɛɵɫɬɪɨ ɦɨɠɧɨ ɨɫɭɳɟɫɬɜɢɬɶ ɧɚɛɥɸɞɟɧɢɹ ɢ ɫɤɨɥɶɤɨ 

ɪɚɫɬɜɨɪɚ ɢɦɟɟɬɫɹ ɜ ɪɚɫɩɨɪɹɠɟɧɢɢ [14]. 
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Ɋɢɫɭɧɨɤ 4 - ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɭɫɬɚɧɨɜɤɢ, ɢɫɩɨɥɶɡɭɟɦɨɣ ɜ ɦɟɬɨɞɟ 

ɧɟɩɪɟɪɵɜɧɨɣ ɫɬɪɭɢ: ɚ - ɪɚɫɬɜɨɪɵ ɪɟɚɝɢɪɭɸɳɢɯ ɜɟɳɟɫɬɜ; ɛ - ɫɦɟɫɢɬɟɥɶɧɚɹ 

ɤɚɦɟɪɚ; ɜ - ɬɪɭɛɤɚ ɞɥɹ ɧɚɛɥɸɞɟɧɢɣ [12] 

ȼ ɦɟɬɨɞɟ ɧɟɩɪɟɪɵɜɧɨɣ ɫɬɪɭɢ ɞɜɚ ɪɚɫɬɜɨɪɚ ɫ ɪɚɡɧɵɦɢ ɪɟɚɝɟɧɬɚɦɢ 

ɩɨɫɬɭɩɚɸɬ ɜ ɫɦɟɫɢɬɟɥɶɧɭɸ ɤɚɦɟɪɭ, ɚ ɡɚɬɟɦ ɜ ɬɪɭɛɤɭ (ɬɪɭɛɱɚɬɵɣ ɪɟɚɤɬɨɪ), ɜ 

ɤɨɬɨɪɨɣ ɧɚ ɧɟɤɨɬɨɪɨɦ ɪɚɫɫɬɨɹɧɢɢ ɨɬ ɦɟɫɬɚ ɫɦɟɲɟɧɢɹ ɨɩɪɟɞɟɥɹɸɬ 

ɤɨɧɰɟɧɬɪɚɰɢɸ ɨɞɧɨɝɨ ɢɡ ɪɟɚɝɟɧɬɨɜ ɢɥɢ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ ɩɨ ɨɩɬɢɱɟɫɤɨɣ 

ɩɥɨɬɧɨɫɬɢ ɢɥɢ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɪɚɫɬɜɨɪɚ (ɪɢɫ. 4). ȼɪɟɦɹ ɩɪɨɬɟɤɚɧɢɹ 

ɪɟɚɤɰɢɢ ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɪɚɫɫɬɨɹɧɢɸ, ɩɪɨɣɞɟɧɧɨɦɭ ɪɟɚɤɰɢɨɧɧɨɣ 

ɫɦɟɫɶɸ ɨɬ ɫɦɟɫɢɬɟɥɶɧɨɣ ɤɚɦɟɪɵ ɞɨ ɦɟɫɬɚ ɜ ɬɪɭɛɤɟ, ɝɞɟ ɩɪɨɜɨɞɹɬ ɢɡɦɟɪɟɧɢɹ. 

Ɇɟɧɹɹ ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚ ɢ ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɬɨɱɤɢ ɫɦɟɲɟɧɢɹ ɞɨ ɦɟɫɬɚ ɢɡɦɟɪɟɧɢɹ, 

ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɞɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɤɢɧɟɬɢɱɟɫɤɨɣ ɤɪɢɜɨɣ. ȼ 

ɫɦɟɫɢɬɟɥɶɧɨɣ ɤɚɦɟɪɟ ɫɩɟɰɢɚɥɶɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɫɦɟɲɟɧɢɟ ɞɨɫɬɢɝɚɟɬɫɹ ɡɚ 1-2 

ɦɫ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɢɡɭɱɚɬɶ ɤɢɧɟɬɢɤɭ ɪɟɚɤɰɢɣ ɫɨ ɜɪɟɦɟɧɟɦ ɩɨɥɭɩɪɟɜɪɚɳɟɧɢɹ, 

ɪɚɜɧɵɦ ɧɟɫɤɨɥɶɤɨ ɦɫ. ɇɚ ɩɪɨɜɟɞɟɧɢɟ ɨɩɵɬɚ ɬɪɟɛɭɟɬɫɹ ɨɬ 0,3 ɞɨ 1 ɥ ɪɚɫɬɜɨɪɚ. 

ɉɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɤɨɧɫɬɚɧɬɵ ɫɤɨɪɨɫɬɢ ɫɨɫɬɚɜɥɹɟɬ 2-5%. 

ȼ ɦɟɬɨɞɟ ɭɫɤɨɪɟɧɧɨɣ ɫɬɪɭɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɟɚɝɟɧɬɨɜ ɨɩɪɟɞɟɥɹɸɬ ɜ 

ɮɢɤɫɢɪɨɜɚɧɧɨɣ ɬɨɱɤɟ ɩɨɬɨɤɚ, ɤɨɝɞɚ ɫɤɨɪɨɫɬɶ ɪɟɚɤɰɢɢ ɧɟɩɪɟɪɵɜɧɨ ɦɟɧɹɟɬɫɹ. 

Ɋɚɫɬɜɨɪɵ ɪɟɚɝɟɧɬɨɜ ɩɨɦɟɳɚɸɬ ɜ ɞɜɭɯ ɲɩɪɢɰɚɯ. ɂɯ ɩɨɪɲɧɢ ɩɪɢɜɨɞɹɬ ɜ 

ɞɜɢɠɟɧɢɟ ɜɪɭɱɧɭɸ ɧɚɞɚɜɥɢɜɚɧɢɟɦ ɧɚ ɫɤɨɥɶɡɹɳɢɣ ɛɥɨɤ. Ɋɟɡɤɢɣ ɬɨɥɱɨɤ 

ɜɵɡɵɜɚɟɬ ɭɫɤɨɪɟɧɧɵɣ ɩɨɬɨɤ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ (ɜ ɬɟɱɟɧɢɟ ɨɤɨɥɨ 0,1 ɫ). 

ȼɪɟɦɹ, ɩɪɨɲɟɞɲɟɟ ɨɬ ɧɚɱɚɥɚ ɪɟɚɤɰɢɢ ɞɨ ɦɨɦɟɧɬɚ ɧɚɛɥɸɞɟɧɢɹ, ɨɛɪɚɬɧɨ 
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ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɫɤɨɪɨɫɬɢ ɩɨɬɨɤɚ ɢ ɜ ɯɨɞɟ ɨɩɵɬɚ ɭɦɟɧɶɲɚɟɬɫɹ. 

ɉɨɫɬɭɩɚɬɟɥɶɧɨɟ ɞɜɢɠɟɧɢɟ ɫɤɨɥɶɡɹɳɟɝɨ ɛɥɨɤɚ ɱɟɪɟɡ ɩɨɬɟɧɰɢɨɦɟɬɪ 

ɩɪɟɨɛɪɚɡɭɸɬ ɜ ɧɚɩɪɹɠɟɧɢɟ, ɤɨɬɨɪɨɟ ɩɨɞɚɸɬ ɧɚ X-ɩɥɚɫɬɢɧɵ ɨɫɰɢɥɥɨɝɪɚɮɚ. ɇɚ 

Y-ɩɥɚɫɬɢɧɵ ɩɨɞɚɸɬ ɧɚɩɪɹɠɟɧɢɟ ɫ ɜɵɯɨɞɚ ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɧɚ ɷɤɪɚɧɟ ɨɫɰɢɥɥɨɝɪɚɮɚ ɩɨɥɭɱɚɸɬ ɤɢɧɟɬɢɱɟɫɤɭɸ ɤɪɢɜɭɸ. ɉɨ ɷɬɨɣ ɤɪɢɜɨɣ 

ɦɨɠɧɨ ɜɵɱɢɫɥɢɬɶ ɤɨɧɫɬɚɧɬɭ ɫɤɨɪɨɫɬɢ ɪɟɚɤɰɢɢ. Ɇɢɧɢɦɚɥɶɧɨɟ ɜɪɟɦɹ 

ɩɨɥɭɩɪɟɜɪɚɳɟɧɢɹ ɪɟɚɝɟɧɬɚ, ɞɨɫɬɭɩɧɨɟ ɢɡɦɟɪɟɧɢɸ, ɫɨɫɬɚɜɥɹɟɬ 1 ɦɫ; ɧɚ ɨɞɢɧ 

ɨɩɵɬ ɪɚɫɯɨɞɭɟɬɫɹ ɜɫɟɝɨ 0,1 ɫɦ3 ɪɚɫɬɜɨɪɚ; ɞɢɚɩɚɡɨɧ ɢɡɦɟɪɹɟɦɵɯ ɤɨɧɫɬɚɧɬ 

ɫɤɨɪɨɫɬɢ ɫɨɫɬɚɜɥɹɟɬ 102-107 ɥ·ɦɨɥɶ-1·ɫ-1. 

ȼ ɦɟɬɨɞɟ ɨɫɬɚɧɨɜɥɟɧɧɨɣ ɫɬɪɭɢ ɛɵɫɬɪɨ ɫɦɟɲɢɜɚɸɬ ɞɜɚ ɪɚɫɬɜɨɪɚ 

ɪɟɚɝɢɪɭɸɳɢɯ ɜɟɳɟɫɬɜ, ɩɨɞɚɜɚɹ ɢɯ ɜ ɫɦɟɫɢɬɟɥɶɧɭɸ ɤɚɦɟɪɭ, ɚ ɩɨɥɭɱɟɧɧɵɣ ɩɪɢ 

ɫɦɟɲɢɜɚɧɢɢ ɪɚɫɬɜɨɪ ɜɵɬɟɤɚɟɬ ɩɨ ɬɪɭɛɤɟ. ɉɨɬɨɤ ɪɟɡɤɨ ɨɫɬɚɧɚɜɥɢɜɚɸɬ, ɬɚɤ ɱɬɨ 

ɪɚɫɬɜɨɪ ɫɬɚɧɨɜɢɬɫɹ ɧɟɩɨɞɜɢɠɧɵɦ ɡɚ 1–2 ɦɫ. ɗɥɟɦɟɧɬ ɪɚɫɬɜɨɪɚ, ɤɨɬɨɪɵɣ 

ɨɫɬɚɧɨɜɢɥɫɹ, ɫɤɚɠɟɦ, ɜ 10 ɦɦ ɨɬ ɫɦɟɫɢɬɟɥɶɧɨɣ ɤɚɦɟɪɵ, ɫɦɟɲɢɜɚɟɬɫɹ ɜ 

ɬɟɱɟɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɦɢɥɥɢɫɟɤɭɧɞ. Ⱦɚɥɟɟ ɫɥɟɞɹɬ ɡɚ ɪɟɚɤɰɢɟɣ ɜ ɷɬɨɦ 

ɮɢɤɫɢɪɨɜɚɧɧɨɦ ɷɥɟɦɟɧɬɟ ɪɚɫɬɜɨɪɚ, ɩɪɨɜɨɞɹ ɧɚɛɥɸɞɟɧɢɹ ɜ ɷɬɨɣ ɬɨɱɤɟ ɤɚɤɢɦ-

ɥɢɛɨ ɛɵɫɬɪɵɦ ɦɟɬɨɞɨɦ, ɧɚɩɪɢɦɟɪ, ɩɪɢ ɩɨɦɨɳɢ ɮɨɬɨɷɥɟɤɬɪɢɱɟɫɤɨɣ 

ɮɨɬɨɦɟɬɪɢɢ. ȼɪɟɦɟɧɧɚɹ ɲɤɚɥɚ ɦɟɬɨɞɚ ɩɪɨɫɬɢɪɚɟɬɫɹ ɨɬ ɦɢɥɥɢɫɟɤɭɧɞ ɞɨ 

ɧɟɫɤɨɥɶɤɢɯ ɦɢɧɭɬ ɢ ɫɦɵɤɚɟɬɫɹ ɫɨ ɜɪɟɦɟɧɚɦɢ, ɞɨɫɬɭɩɧɵɦɢ ɢɡɦɟɪɟɧɢɸ 

ɨɛɵɱɧɵɦɢ ɦɟɬɨɞɚɦɢ.  

ɗɮɮɟɤɬɢɜɧɨɟ ɞɟɣɫɬɜɢɟ ɚɩɩɚɪɚɬɭɪɵ ɦɟɬɨɞɚ ɨɫɬɚɧɨɜɥɟɧɧɨɣ ɫɬɪɭɢ 

ɡɚɜɢɫɢɬ ɨɬ ɧɟɫɤɨɥɶɤɢɯ ɮɚɤɬɨɪɨɜ (ɪɢɫ. 5). ɑɬɨɛɵ ɩɪɨɢɡɨɲɥɨ ɩɨɥɧɨɟ 

ɫɦɟɲɢɜɚɧɢɟ, ɬɨɱɤɚ ɧɚɛɥɸɞɟɧɢɹ ɞɨɥɠɧɚ ɧɚɯɨɞɢɬɶɫɹ ɜ ɧɟɫɤɨɥɶɤɢɯ 

ɦɢɥɥɢɦɟɬɪɚɯ ɨɬ ɫɦɟɫɢɬɟɥɶɧɨɣ ɤɚɦɟɪɵ, ɧɨ ɨɧɚ ɧɟ ɞɨɥɠɧɚ ɧɚɯɨɞɢɬɶɫɹ 

ɫɥɢɲɤɨɦ ɞɚɥɟɤɨ, ɬɚɤ ɤɚɤ ɜɪɟɦɹ ɦɟɠɞɭ ɫɦɟɲɢɜɚɧɢɟɦ ɢ ɧɚɛɥɸɞɟɧɢɟɦ 

ɧɟɨɛɯɨɞɢɦɨ ɫɞɟɥɚɬɶ ɦɢɧɢɦɚɥɶɧɵɦ. ɇɚɤɨɧɟɰ, ɧɟɨɛɯɨɞɢɦɨ ɨɱɟɧɶ ɛɵɫɬɪɨ 

ɨɫɬɚɧɚɜɥɢɜɚɬɶ ɩɨɬɨɤ ɩɨ ɫɥɟɞɭɸɳɟɣ ɩɪɢɱɢɧɟ: ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɫɦɟɲɢɜɚɧɢɹ 

ɩɚɞɚɟɬ, ɟɫɥɢ ɬɟɱɟɧɢɟ ɫɥɢɲɤɨɦ ɦɟɞɥɟɧɧɨɟ; ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɟɫɥɢ ɫɤɨɪɨɫɬɶ 

ɬɟɱɟɧɢɹ ɭɦɟɧɶɲɚɟɬɫɹ ɩɨɫɬɟɩɟɧɧɨ, ɠɢɞɤɨɫɬɶ, ɤɨɬɨɪɚɹ ɨɫɬɚɧɨɜɢɥɚɫɶ ɜ ɬɨɱɤɟ 

ɧɚɛɥɸɞɟɧɢɹ, ɦɨɝɥɚ ɛɵ ɛɵɬɶ ɫɦɟɲɚɧɧɨɣ ɧɟ ɩɨɥɧɨɫɬɶɸ ɢ ɜɧɚɱɚɥɟ ɷɮɮɟɤɬɢɜɧɚɹ 
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ɫɤɨɪɨɫɬɶ ɪɟɚɤɰɢɢ ɛɵɥɚ ɛɵ ɫɥɢɲɤɨɦ ɧɢɡɤɨɣ. Ʉɪɨɦɟ ɬɨɝɨ, ɱɟɦ ɛɨɥɟɟ ɪɟɡɤɨɣ 

ɛɭɞɟɬ ɨɫɬɚɧɨɜɤɚ, ɬɟɦ ɛɨɥɟɟ ɛɵɫɬɪɵɟ ɪɟɚɤɰɢɢ ɦɨɠɧɨ ɧɚɛɥɸɞɚɬɶ [15, 16]. 

ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɭɫɬɚɧɨɜɤɢ, ɢɫɩɨɥɶɡɭɟɦɨɣ ɜ ɦɟɬɨɞɟ ɨɫɬɚɧɨɜɥɟɧɧɨɣ 

ɫɬɪɭɢ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5. 

 

Ɋɢɫɭɧɨɤ 5  ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɭɫɬɚɧɨɜɤɢ, ɢɫɩɨɥɶɡɭɟɦɨɣ ɜ ɦɟɬɨɞɟ 

ɨɫɬɚɧɨɜɥɟɧɧɨɣ ɫɬɪɭɢ: ɚ - ɪɚɫɬɜɨɪɵ ɪɟɚɝɢɪɭɸɳɢɯ ɜɟɳɟɫɬɜ; ɛ - ɫɦɟɫɢɬɟɥɶɧɚɹ 

ɤɚɦɟɪɚ; ɜ - ɬɨɱɤɚ ɧɚɛɥɸɞɟɧɢɹ; ɝ - ɨɫɬɚɧɚɜɥɢɜɚɸɳɢɣ ɩɨɪɲɟɧɶ; ɞ - 

ɨɝɪɚɧɢɱɢɬɟɥɶ 

ɇɟɤɨɬɨɪɵɟ ɦɟɪɵ ɩɨɜɵɲɟɧɢɹ ɫɢɝɧɚɥɚ ɩɪɢ ɪɟɝɢɫɬɪɚɰɢɢ ɦɟɬɨɞɨɦ 

ɨɫɬɚɧɨɜɥɟɧɧɨɣ ɫɬɪɭɢ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. 

Ɍɚɛɥɢɰɚ 1 – ɋɩɨɫɨɛɵ ɭɫɢɥɟɧɢɹ ɫɢɝɧɚɥɚ ɩɪɢ ɪɟɝɢɫɬɪɚɰɢɢ ɦɟɬɨɞɨɦ 

ɨɫɬɚɧɨɜɥɟɧɧɨɣ ɫɬɪɭɢ 

№ Чɬɨ ɦɨɠɧɨ ɩɪɟɞɩɪɢɧɹɬɶ ȼɨɡɦɨɠɧɵɟ ɧɟɞɨɫɬɚɬɤɢ  ɫɩɨɫɨɛɚ 

1 ɍɜɟɥɢɱɟɧɢɟ ɞɥɢɧɵ ɨɩɬɢɱɟɫɤɨɝɨ 

ɩɭɬɢ 

- ɑɪɟɡɦɟɪɧɵɣ ɪɚɫɯɨɞ ɪɟɚɝɟɧɬɨɜ  

- ɍɜɟɥɢɱɟɧɢɟ ɦɟɪɬɜɨɝɨ ɜɪɟɦɟɧɢ 

- ɗɮɮɟɤɬ ɜɧɭɬɪɟɧɧɟɝɨ ɮɢɥɶɬɪɚ 

2 ɍɜɟɥɢɱɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ 

ɪɟɚɝɟɧɬɚ 

- ɑɪɟɡɦɟɪɧɵɣ ɪɚɫɯɨɞ ɪɟɚɝɟɧɬɨɜ 

-ɍɜɟɥɢɱɟɧɢɟ ɜɹɡɤɨɫɬɢ, ɜɵɡɵɜɚɸɳɢɟ 

ɤɚɜɢɬɚɰɢɸ 

3 Ɉɩɬɢɦɢɡɚɰɢɹ ɨɩɬɢɤɢ (ɥɚɦɩɚ, 

ɳɟɥɶ, ɤɨɥɥɢɦɚɬɨɪɵ ɢ ɬ.ɞ.) 

Ɏɨɬɨɨɛɟɫɰɜɟɱɢɜɚɧɢɟ 

 

И̚ъят̌ 1 т̌̍л̛ц̌ 
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1.4.2 ɂɡɭɱɟɧɢɟ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɵɯ ɪɟɚɤɰɢɣ ɫ ɩɨɦɨщɶɸ ɦɟɬɨɞɚ 

ɨɫɬɚɧɨɜɥɟɧɧɨɣ ɫɬɪɭɢ 

 

Ɋɚɧɟɟ ɦɟɬɨɞ ɫɬɨɩ-ɮɥɨɭ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɞɥɹ ɢɡɭɱɟɧɢɹ ɦɟɯɚɧɢɡɦɚ 

ɪɟɚɤɰɢɢ, ɤɚɬɚɥɢɡɢɪɭɟɦɨɣ ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɥɸɰɢɮɟɪɚɡɨɣ, ɜɵɞɟɥɟɧɧɨɣ ɢɡ Vibrio 

harveyi. Ȼɵɥɢ ɩɨɥɭɱɟɧɵ ɧɟɤɨɬɨɪɵɟ ɨɩɬɢɱɟɫɤɢɟ ɢ ɤɢɧɟɬɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ. 

Ɉɛɪɚɡɨɜɚɧɢɟ ɢ ɪɚɫɩɚɞ ɪɚɡɥɢɱɧɵɯ ɢɧɬɟɪɦɟɞɢɚɬɨɜ ɪɟɚɤɰɢɢ ɨɛɧɚɪɭɠɢɜɚɥɢ 

ɢɡɦɟɪɟɧɢɟɦ ɩɨɝɥɨɳɟɧɢɹ ɧɚ ɞɥɢɧɚɯ ɜɨɥɧ 380 ɢ 445 ɧɦ ɢ ɪɟɝɢɫɬɪɚɰɢɟɣ 

ɢɫɩɭɫɤɚɧɢɹ ɜɢɞɢɦɨɝɨ ɫɜɟɬɚ. Ȼɵɥɢ ɢɡɦɟɪɟɧɵ ɤɢɧɟɬɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɩɨ 

ɩɨɝɥɨɳɟɧɢɸ ɮɥɚɜɢɧɚ ɧɚ ɞɥɢɧɚɯ ɜɨɥɧ 380 ɢ 445 ɧɦ, ɚ ɬɚɤɠɟ ɩɨ 

ɛɢɨɥɸɦɢɧɟɫɰɟɧɰɢɢ ɪɟɚɤɰɢɢ. Ɉɛɪɚɡɨɜɚɧɢɟ FMNOOH ɧɚɛɥɸɞɚɥɢ ɩɪɢ ɞɥɢɧɟ 

ɜɨɥɧɵ 380 ɧɦ  ɩɪɢ ɪɚɡɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɮɟɪɦɟɧɬɚ, FMNH2, ɤɢɫɥɨɪɨɞɚ ɢ 

ɞɥɢɧɧɨɰɟɩɨɱɟɱɧɨɝɨ ɚɥɶɞɟɝɢɞɚ. Ȼɵɥɚ ɢɡɦɟɪɟɧɚ ɤɨɧɫɬɚɧɬɚ ɫɤɨɪɨɫɬɢ ɜɬɨɪɨɝɨ 

ɩɨɪɹɞɤɚ ɨɛɪɚɡɨɜɚɧɢɹ FMNOOH ɢɡ ɤɨɦɩɥɟɤɫɚ ɥɸɰɢɮɟɪɚɡɚ-FMNH2, ɪɚɜɧɚɹ 

2,4   ɥ·ɦɨɥɶ-1·ɫ-1. Ȼɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɨɬɫɭɬɫɬɜɢɢ ɞɟɤɚɧɚɥɹ ɷɬɨɬ 

ɤɨɦɩɥɟɤɫ ɪɚɫɩɚɞɚɟɬɫɹ ɧɚ FMN ɢ H2O2 ɫ ɤɨɧɫɬɚɧɬɨɣ ɫɤɨɪɨɫɬɢ 0,1    . Ɂɚ 

ɨɛɪɚɡɨɜɚɧɢɟɦ FMN ɢɡ FMNOH ɧɚɛɥɸɞɚɥɢ ɩɪɢ ɞɥɢɧɟ ɜɨɥɧɵ 380 ɧɦ. ɇɚ 

ɨɫɧɨɜɟ ɢɡɦɟɪɟɧɢɣ ɛɵɥɢ ɩɨɫɬɪɨɟɧɵ ɤɢɧɟɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ, ɨɬɪɚɠɚɸɳɢɟ 

ɡɚɜɢɫɢɦɨɫɬɶ ɨɩɬɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɨɬ ɜɪɟɦɟɧɢ. ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ (ɪɢɫ. 6) 

ɩɪɢɜɟɞɟɧɚ ɤɢɧɟɬɢɤɚ ɮɨɪɦɢɪɨɜɚɧɢɹ ɤɨɦɩɥɟɤɫɚ ɥɸɰɢɮɟɪɚɡɚ-FMNOOH [17]. 
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Ɋɢɫɭɧɨɤ 6 – Ɂɚɜɢɫɢɦɨɫɬɶ ɩɨɝɥɨɳɟɧɢɹ ɩɪɢ 380 ɧɦ ɨɬ ɜɪɟɦɟɧɢ 

(ɮɨɪɦɢɪɨɜɚɧɢɟ ɤɨɦɩɥɟɤɫɚ ɥɸɰɢɮɟɪɚɡɚ–FMNOOH) [17] 

 

Ɍɚɤɠɟ ɞɚɧɧɵɣ ɦɟɬɨɞ ɢɫɩɨɥɶɡɨɜɚɥɢ ɞɥɹ ɢɡɭɱɟɧɢɹ ɷɮɮɟɤɬɨɜ 

ɞɥɢɧɧɨɰɟɩɨɱɟɱɧɨɝɨ ɚɥɶɞɟɝɢɞɚ ɢ ɟɝɨ ɚɧɚɥɨɝɨɜ (ɬɪɢɮɬɨɪɦɟɬɢɥɨɜɵɟ ɤɟɬɨɧɵ, 

ɛɨɪɨɧɨɜɵɟ ɤɢɫɥɨɬɵ, ɫɩɢɪɬɵ ɢ ɤɚɪɛɨɧɨɜɵɟ ɤɢɫɥɨɬɵ) ɧɚ ɤɢɧɟɬɢɱɟɫɤɢɣ 

ɦɟɯɚɧɢɡɦ ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɣ ɪɟɚɤɰɢɢ, ɚ ɢɦɟɧɧɨ ɧɚ 

ɮɨɪɦɢɪɨɜɚɧɢɟ ɢ ɫɬɚɛɢɥɶɧɨɫɬɶ ɢɧɬɟɪɦɟɞɢɚɬɚ 4ɚ-ɝɢɞɪɨɩɟɪɨɤcɢɞ ɮɥɚɜɢɧɚ [18]. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɞɥɢɬɟɥɶɧɨɫɬɶ ɜɫɩɵɲɤɢ ɡɚɜɢɫɢɬ ɨɬ ɞɥɢɧɵ 

ɰɟɩɢ ɚɥɶɞɟɝɢɞɚ. ɏɨɬɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɢɡɥɭɱɟɧɢɹ ɛɵɥɚ ɪɚɡɥɢɱɧɨɣ ɞɥɹ ɤɚɠɞɨɝɨ 

ɚɥɶɞɟɝɢɞɚ, ɤɜɚɧɬɨɜɵɣ ɜɵɯɨɞ ɪɟɚɤɰɢɢ ɧɟ ɡɚɜɢɫɟɥ ɨɬ ɞɥɢɧɵ ɰɟɩɢ ɚɥɶɞɟɝɢɞɚ. 

Ȼɵɥɨ ɬɚɤɠɟ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɚɧɚɥɨɝ n-ɚɥɤɢɥɚɥɶɞɟɝɢɞɚ ɞɟɣɫɬɜɭɟɬ ɩɨɞɨɛɧɨ 

ɚɥɶɞɟɝɢɞɭ, ɨɱɟɜɢɞɧɨ ɮɨɪɦɢɪɭɹ ɬɪɨɣɧɨɣ ɤɨɦɩɥɟɤɫ ɫ ɥɸɰɢɮɟɪɚɡɨɣ ɢ 

ɜɨɫɫɬɚɧɨɜɥɟɧɧɵɦ ɮɥɚɜɢɧɨɦ, ɭɦɟɧɶɲɚɹ ɩɪɢ ɷɬɨɦ ɫɤɨɪɨɫɬɶ ɮɨɪɦɢɪɨɜɚɧɢɹ 

FMNOOH. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɜɵɲɟɢɡɥɨɠɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɛɵɥɢ 

ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɵ ɫɥɟɞɭɸɳɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: 

1)  ɜɪɟɦɹ ɪɟɚɤɰɢɢ ɤɨɦɩɥɟɤɫɚ ɥɸɰɢɮɟɪɚɡɚ-FMNH2-ɞɟɤɚɧɚɥɶ ɫ 

ɤɢɫɥɨɪɨɞɨɦ ɩɪɢ ɪɚɡɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɞɟɤɚɧɚɥɹ (ɩɨ ɤɢɧɟɬɢɤɟ ɩɨɝɥɨɳɟɧɢɹ 

ɧɚ ɞɥɢɧɟ ɜɨɥɧɵ 380 ɧɦ); 
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2)  ɜɪɟɦɹ ɪɟɚɤɰɢɢ ɤɨɦɩɥɟɤɫɚ ɥɸɰɢɮɟɪɚɡɚ-FMNH2-ɞɟɤɚɧɚɥɶ ɫ 

ɤɢɫɥɨɪɨɞɨɦ ɩɪɢ ɪɚɡɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɤɢɫɥɨɪɨɞɚ (ɩɨ ɤɢɧɟɬɢɤɟ 

ɩɨɝɥɨɳɟɧɢɹ ɧɚ ɞɥɢɧɟ ɜɨɥɧɵ 380 ɧɦ); 

3)  ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɛɢɨɥɸɦɢɧɟɫɰɟɧɰɢɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɞɥɢɧɵ ɰɟɩɢ 

ɚɥɶɞɟɝɢɞɚ; 

4)  ɷɮɮɟɤɬɵ ɚɥɶɞɟɝɢɞɧɵɯ ɚɧɚɥɨɝɨɜ ɧɚ ɮɨɪɦɢɪɨɜɚɧɢɟ ɢ ɪɚɫɩɚɞ 

ɢɧɬɟɪɦɟɞɢɚɬɚ 4ɚ-ɝɢɞɪɨɩɟɪɨɤɫɢɞ ɮɥɚɜɢɧɚ (ɩɨ ɤɢɧɟɬɢɤɟ ɩɨɝɥɨɳɟɧɢɹ ɩɪɢ380 

ɢ 445 ɧɦ) [18]. 

Ɍɚɤɠɟ ɦɟɬɨɞɨɦ ɨɫɬɚɧɨɜɥɟɧɧɨɣ ɫɬɪɭɢ ɧɚɛɥɸɞɚɥɢ ɤɢɧɟɬɢɤɭ 

ɫɜɨɪɚɱɢɜɚɧɢɹ ɫɜɟɬɥɹɤɨɜɨɣ ɥɸɰɢɮɟɪɚɡɵ ɩɨ ɢɡɦɟɧɟɧɢɸ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 

ɫɨɛɫɬɜɟɧɧɨɣ ɥɸɦɢɧɟɫɰɟɧɰɢɢ ɮɟɪɦɟɧɬɚ [19]. ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɛɵɥɢ ɢɡɦɟɪɟɧɵ 

ɛɢɨɥɸɦɢɧɟɫɰɟɧɰɢɹ ɢ ɷɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ ɮɟɪɦɟɧɬɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɥɸɦɢɧɨɦɟɬɪɚ, ɟɝɨ ɮɥɭɨɪɟɫɰɟɧɰɢɹ ɩɪɢ ɩɨɦɨɳɢ ɮɥɭɨɪɢɦɟɬɪɚ.  Ⱦɥɹ ɢɡɭɱɟɧɢɹ 

ɜɬɨɪɢɱɧɨɣ ɢ ɬɪɟɬɢɱɧɨɣ ɫɬɪɭɤɬɭɪ ɛɵɥ ɩɪɢɦɟɧɟɧ ɦɟɬɨɞ ɤɪɭɝɨɜɨɝɨ ɞɢɯɪɨɢɡɦɚ. 

Ɋɟɡɭɥɶɬɚɬɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɷɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ ɥɸɰɢɮɟɪɚɡɵ ɩɨɜɵɲɚɟɬɫɹ ɜ 

ɩɪɢɫɭɬɫɬɜɢɢ ɬɪɟɝɚɥɨɡɵ, ɨɞɧɚɤɨ ɭɦɟɧɶɲɚɟɬɫɹ ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ         
ɋɨɝɥɚɫɧɨ ɤɢɧɟɬɢɤɟ ɮɥɭɨɪɟɫɰɟɧɰɢɢ, ɫɧɹɬɨɣ ɦɟɬɨɞɨɦ ɫɬɨɩ-ɮɥɨɭ (ɪɢɫɭɧɨɤ 7), 

ɤɨɧɫɬɚɧɬɚ ɫɤɨɪɨɫɬɢ ɫɜɨɪɚɱɢɜɚɧɢɹ ɮɟɪɦɟɧɬɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜ ɩɪɢɫɭɬɫɬɜɢɢ       , ɧɨ ɭɦɟɧɶɲɚɟɬɫɹ ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ ɬɪɟɝɚɥɨɡɵ. ɗɬɨ ɝɨɜɨɪɢɬ ɨ ɬɨɦ, ɱɬɨ 

ɫɪɟɞɚ ɜɥɢɹɟɬ ɧɚ ɫɬɪɭɤɬɭɪɧɵɟ ɢ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɫɜɨɣɫɬɜɚ ɮɟɪɦɟɧɬɚ. 

Ɍɪɟɝɚɥɨɡɚ ɜɵɫɬɭɩɚɟɬ ɜ ɤɚɱɟɫɬɜɟ ɚɝɟɧɬɚ, ɩɨɜɵɲɚɟɳɟɝɨ ɜɹɡɤɨɫɬɶ ɫɪɟɞɵ, 

ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɡɚɦɟɞɥɹɟɬɫɹ ɞɢɧɚɦɢɱɟɫɤɚɹ ɩɨɞɜɢɠɧɨɫɬɶ ɥɸɰɢɮɟɪɚɡɵ. 

ɋɭɥɶɮɚɬ ɦɚɝɧɢɹ, ɧɚɨɛɨɪɨɬ, ɩɨɦɨɝɚɟɬ ɮɟɪɦɟɧɬɭ ɞɨɫɬɢɱɶ ɧɚɢɛɨɥɟɟ ɜɵɝɨɞɧɨɟ 

ɷɧɟɪɝɟɬɢɱɟɫɤɨɟ ɫɨɫɬɨɹɧɢɟ. 
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Ɋɢɫɭɧɨɤ 7  Ʉɢɧɟɬɢɤɚ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɥɸɰɢɮɟɪɚɡɵ ɫɜɟɬɥɹɤɨɜ ɩɪɢ 

ɞɨɛɚɜɥɟɧɢɢ ɬɪɟɝɚɥɨɡɵ ɢ        [19] 

 

 

 

1.4.3 Ʉɢɧɟɬɢɤɚ ɚɜɬɨɨɤɢɫɥɟɧɢɹ ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɝɨ ɮɥɚɜɢɧɦɨɧɨɧɭɤɥɟɨɬɢɞɚ 
ɤɢɫɥɨɪɨɞɨɦ 
 

Ɋɚɧɟɟ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɨɤɢɫɥɟɧɢɟ ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɝɨ FMNH2  

ɤɢɫɥɨɪɨɞɨɦ – ɚɜɬɨɤɚɬɚɥɢɬɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ, ɬ.ɤ. ɨɤɢɫɥɟɧɧɚɹ ɢ 

ɜɨɫɫɬɚɧɨɜɥɟɧɧɚɹ ɮɨɪɦɚ ɮɥɚɜɢɧɦɨɧɨɧɭɤɥɟɨɬɢɞɚ ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ 

ɨɛɪɚɡɨɜɚɧɢɟɦ ɢɧɬɟɪɦɟɞɢɚɬɚ, ɫɩɨɫɨɛɧɨɝɨ ɪɟɚɝɢɪɨɜɚɬɶ ɫ ɤɢɫɥɨɪɨɞɨɦ. 

Ȼɵɥɚ ɩɪɟɞɥɨɠɟɧɚ ɫɥɟɞɭɸɳɚɹ ɫɯɟɦɚ ɨɤɢɫɥɟɧɢɹ ɮɥɚɜɢɧɚ: 

 

FMN + FMNH2  


1

1

k

k

 I                                            (5) 

1/2I + 1/2O2 
2k

  FMN + 1/2H2O2ɬ                                     (6) 

FMNH2 


3

3

k

k

 J 
4k

FMN                                           (7) 
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ɝɞɟ I – ɫɟɦɢɯɢɧɨɧ [20], J – ɮɥɚɜɢɧ-ɤɢɫɥɨɪɨɞɧɵɣ ɤɨɦɩɥɟɤɫ [21]. 

Ɍɚɤɠɟ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɤɢɧɟɬɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɪɟɚɤɰɢɢ FMNH2 (15µɆ) ɫ 

Ɉ2 (120 µɆ) ɩɨ ɩɨɝɥɨɳɟɧɢɸ ɧɚ ɞɥɢɧɚɯ ɜɨɥɧ 380 ɢ 445 ɧɦ. Ʉɢɧɟɬɢɱɟɫɤɢɟ 

ɤɪɢɜɵɟ ɨɛɪɚɡɨɜɚɧɢɹ FMN, ɢɡɦɟɪɟɧɧɵɟ ɧɚ ɨɛɟɢɯ ɞɥɢɧɚɯ ɜɨɥɧ ɨɱɟɧɶ ɩɨɯɨɠɢ, 

ɢ ɤɚɠɞɚɹ ɢɦɟɟɬ  ɨɬɥɢɱɢɬɟɥɶɧɭɸ ɥɚɝ ɮɚɡɭ, ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɣ 

ɫɬɚɞɢɟɣ (ɪɢɫ. 8).   

 

Ɋɢɫɭɧɨɤ 8 – Ʉɢɧɟɬɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɪɟɚɤɰɢɢ FMNH2 (15µɆ) c Ɉ2 (120 µɆ) 

ɢɡɦɟɪɟɧɧɵɟ ɩɪɢ ɞɥɢɧɚɯ ɜɨɥɧ 380 (●) ɢ 445 (○). ɋɩɥɨɲɧɵɟ ɥɢɧɢɢ 

ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɞɚɧɧɵɦ, ɬɨɱɤɢ ɫɨɨɬɜɟɬɫɬɜɭɸɬ 

ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɤɪɢɜɵɯ, ɩɨ ɤɨɬɨɪɵɦ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɤɨɧɫɬɚɧɬɵ k1 ɢ k2 

ɪɚɜɧɵɟ 4,7 ɢ 11,5 ɫ-1 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 

 

Ʉɢɧɟɬɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɞɥɹ ɷɬɨɣ ɪɟɚɤɰɢɢ ɛɵɥɢ ɨɛɪɚɛɨɬɚɧɵ ɫɨɝɥɚɫɧɨ 

ɭɪɚɜɧɟɧɢɸ (8), ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɡɧɚɱɟɧɢɹ ɞɥɹ k1 ɢ k2 4,7 ɢ 

11,5 ɫ-1, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ [17]. 

 

y=1 + [1/(k1 – k2)](k2e
–k1t – k1e

–k2t)   (8) 
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2 Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 
 

2.1 Ɋɟɚɤɬɢɜɵ ɢ ɨɛɨɪɭɞɨɜɚɧɢɟ 

 

ȼ ɪɚɛɨɬɟ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɫɥɟɞɭɸɳɢɟ ɪɟɚɤɬɢɜɵ: 

 ɮɥɚɜɢɧɦɨɧɨɧɭɤɥɟɨɬɢɞ (Sigma); ɤɨɧɰɟɧɬɪɚɰɢɸ ɨɩɪɟɞɟɥɹɥɢ 

ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɢɱɟɫɤɢ ɩɨ ɤɨɷɮɮɢɰɢɟɧɬɭ ɦɨɥɹɪɧɨɣ ɷɤɫɬɢɧɤɰɢɢ ɩɪɢ ɞɥɢɧɟ 

ɜɨɥɧɵ 445 ɧɦ (445=12200 Ɇ-1ɫɦ-1); 

 EDTA (ROTH); ɜ ɤɚɱɟɫɬɜɟ ɫɬɚɛɢɥɢɡɚɬɨɪɚ ɩɪɢ 

ɮɨɬɨɜɨɫɫɬɚɧɨɜɥɟɧɢɢ FMN ɢɫɩɨɥɶɡɨɜɚɥɢ ɪɚɫɬɜɨɪ EDTA 0,03 Ɇ ɜ ɮɨɫɮɚɬɧɨɦ 

ɛɭɮɟɪɟ; 

 ɪɟɤɨɦɛɢɧɚɧɬɧɚɹ ɥɸɰɢɮɟɪɚɡɚ ɛɚɤɬɟɪɢɣ Photobacterium lieognathi 

(ɂɧɫɬɢɬɭɬ ɛɢɨɮɢɡɢɤɢ ɋɈ ɊȺɇ); ɪɚɫɬɜɨɪ ɝɨɬɨɜɢɥɢ ɞɨɛɚɜɥɟɧɢɟɦ ɜ 

ɥɢɨɮɢɥɢɡɨɜɚɧɧɵɣ ɩɪɟɩɚɪɚɬ ɥɸɰɢɮɟɪɚɡɵ ɤɚɥɢɣ-ɮɨɫɮɚɬɧɨɝɨ ɛɭɮɟɪɚ (0,05 Ɇ, 

ɪɇ 6.8); 

 ɞɟɤɚɧɚɥɶ (Sigma), ɫɩɢɪɬɨɜɨɣ ɪɚɫɬɜɨɪ ɫɨɞɟɪɠɚɥ 2 ɦɆ ɚɥɶɞɟɝɢɞɚ; 

 ɮɢɤɨɥɥ (Sigma); ɝɨɬɨɜɢɥɢ ɪɚɫɬɜɨɪɵ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɮɢɤɨɥɥɚ 5, 10, 

15 ɢ 20 %; ɮɢɤɨɥɥ ɪɚɫɬɜɨɪɹɥɢ ɮɨɫɮɚɬɧɵɦ ɛɭɮɟɪɨɦ; ɜɹɡɤɨɫɬɶ ɪɚɫɬɜɨɪɨɜ 

ɫɨɫɬɚɜɥɹɥɚ 2, 2.5, 6, 10 ɫɊ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; 

 ɫɚɯɚɪɨɡɚ (GERBU); ɝɨɬɨɜɢɥɢ ɪɚɫɬɜɨɪɵ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɫɚɯɚɪɨɡɵ 

10, 20, 30, 40 ɢ 50%; ɫɚɯɚɪɨɡɭ ɪɚɫɬɜɨɪɹɥɢ ɮɨɫɮɚɬɧɵɦ ɛɭɮɟɪɨɦ; ɜɹɡɤɨɫɬɶ 

ɪɚɫɬɜɨɪɨɜ ɫɨɫɬɚɜɥɹɥɚ 1.3, 1.9, 3.2, 6.2 ɢ 15,4 ɫɊ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

 

Ʉɢɧɟɬɢɤɭ ɪɟɚɤɰɢɢ ɪɟɝɢɫɬɪɢɪɨɜɚɥɢ ɧɚ ɚɧɚɥɢɡɚɬɨɪɟ ɤɢɧɟɬɢɤɢ ɛɵɫɬɪɵɯ 

ɩɪɨɰɟɫɫɨɜ SX-20 (Applied Photophysics), ɨɫɧɚɳɟɧɧɨɦ ɬɟɪɦɨɫɬɚɬɢɪɭɟɦɨɣ 

ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɹɱɟɣɤɨɣ. Ɋɟɚɝɟɧɬɵ ɩɨɦɟɳɚɥɢ ɜ ɩɥɚɫɬɢɤɨɜɵɟ ɲɩɪɢɰɵ (10 ɦɥ), 

ɤɨɬɨɪɵɟ ɫɨɟɞɢɧɹɥɢ ɫ ɜɧɭɬɪɟɧɧɢɦɢ ɲɩɪɢɰɚɦɢ ɭɫɬɚɧɨɜɤɢ. ɗɤɫɩɟɪɢɦɟɧɬɵ 

ɩɪɨɜɨɞɢɥɢ ɩɪɢ 20 °ɋ.  
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Ⱦɥɹ ɮɨɬɨɜɨɫɫɬɚɧɨɜɥɟɧɢɹ FMN ɢɫɩɨɥɶɡɨɜɚɥɢ ɫɜɟɬɨɞɢɨɞ ɫ ɦɚɤɫɢɦɭɦɨɦ 

ɢɫɩɭɫɤɚɧɢɹ ɧɚ ɞɥɢɧɟ ɜɨɥɧɵ 460 ɧɦ.  

ɋɩɟɤɬɪɵ ɩɨɝɥɨɳɟɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ ɪɟɝɢɫɬɪɢɪɨɜɚɥɢ ɫ ɩɨɦɨɳɶɸ 

ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɚ Cary 5000 (Agilent Technologies). 

Ⱦɥɹ ɜɡɜɟɲɢɜɚɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɢ ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɜɟɫɵ Adventurer (Ohaus, 

ɋɒȺ) ɫ ɪɚɡɪɟɲɟɧɢɟɦ 0,1 ɦɝ. 

 

2.2 Ɇɟɬɨɞɢɤɚ ɷɤɫɩɟɪɢɦɟɧɬɚ  

 

ɉɨɥɭɱɟɧɢɟ ɮɨɬɨɜɨɫɫɬɚɧɨɜɥɟɧɧɨɝɨ FMN 

Ɏɨɬɨɜɨɫɫɬɚɧɨɜɥɟɧɢɟ FMN ɩɪɨɜɨɞɢɥɢ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 0,01 Ɇ EDTA. 

ɉɟɪɟɞ ɮɨɬɨɜɨɫɫɬɚɧɨɜɥɟɧɢɟɦ ɩɪɨɜɨɞɢɥɢ ɭɞɚɥɟɧɢɟ ɤɢɫɥɨɪɨɞɚ ɢɡ 

ɪɚɫɬɜɨɪɚ ɫ ɩɨɦɨɳɶɸ ɛɚɪɛɨɬɢɪɨɜɚɧɢɹ ɚɪɝɨɧɨɦ ɜ ɬɟɱɟɧɢɟ 5 ɦɢɧɭɬ. 

Ɏɨɬɨɜɨɫɫɬɚɧɨɜɥɟɧɢɟ FMN ɩɪɨɜɨɞɢɥɢ ɜɨ ɜɧɭɬɪɟɧɧɟɦ ɲɩɪɢɰɟ ɚɧɚɥɢɡɚɬɨɪɚ 

ɤɢɧɟɬɢɤɢ ɛɵɫɬɪɵɯ ɩɪɨɰɟɫɫɨɜ ɨɛɥɭɱɟɧɢɟɦ ɫɜɟɬɨɞɢɨɞɨɦ ɜ ɬɟɱɟɧɢɟ 10 ɦɢɧɭɬ, 

ɩɨɤɚ ɪɚɫɬɜɨɪ ɧɟ ɫɬɚɧɨɜɢɥɫɹ ɩɪɨɡɪɚɱɧɵɦ. 

 

Ɋɟɝɢɫɬɪɚɰɢɹ ɤɢɧɟɬɢɤɢ ɪɟɚɤɰɢɢ, ɤɚɬɚɥɢɡɢɪɭɟɦɨɣ ɛɚɤɬɟɪɢɚɥɶɧɨɣ 

ɥɸɰɢɮɟɪɚɡɨɣ, ɜ ɜɹɡɤɢɯ ɫɪɟɞɚɯ  

Ʉɢɧɟɬɢɤɭ ɛɢɨɥɸɦɢɟɧɫɰɟɧɬɧɨɣ ɪɟɚɤɰɢɢ ɜ ɜɹɡɤɢɯ ɫɪɟɞɚɯ 

ɪɟɝɢɫɬɪɢɪɨɜɚɥɢ ɫ ɩɨɦɨɳɶɸ ɚɧɚɥɢɡɚɬɨɪɚ SX-20 ɜ ɪɟɠɢɦɟ ɮɥɭɨɪɟɫɰɟɧɰɢɢ. ȼ 

ɩɟɪɜɵɣ ɲɩɪɢɰ ɩɨɦɟɳɚɥɢ ɪɚɫɬɜɨɪ ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɝɨ ɮɥɚɜɢɧɦɨɧɨɧɭɤɥɟɨɬɢɞɚ, 

ɩɪɢɝɨɬɨɜɥɟɧɧɵɣ ɩɨ ɜɵɲɟɭɤɚɡɚɧɧɨɦɭ ɦɟɬɨɞɭ, ɫ ɪɚɡɥɢɱɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ 

ɮɢɤɨɥɥɚ ɢɥɢ ɫɚɯɚɪɨɡɵ ɢ ɪɚɡɥɢɱɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɞɟɤɚɧɚɥɹ. ȼɨ ɜɬɨɪɨɦ 

ɲɩɪɢɰɟ ɧɚɯɨɞɢɥɫɹ ɪɚɫɬɜɨɪ ɥɸɰɢɮɟɪɚɡɵ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ ɪɚɫɬɜɨɪɢɬɟɥɟ 

(ɛɭɮɟɪ ɫ ɮɢɤɨɥɥɨɦ ɢɥɢ ɫɚɯɚɪɨɡɨɣ) (ɬɚɛɥɢɰɚ 1). 

ɉɚɪɚɦɟɬɪɵ SX-20 ɩɪɢ ɪɟɝɢɫɬɪɚɰɢɢ ɤɢɧɟɬɢɤɢ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɣ 

ɪɟɚɤɰɢɢ:  

 ɧɚɩɪɹɠɟɧɢɟ ɧɚ Ɏɗɍ: 400 ȼ; 
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  ɜɪɟɦɹ ɪɟɝɢɫɬɪɚɰɢɢ: 15 ɫɟɤɭɧɞ;  

 ɱɢɫɥɨ ɬɨɱɟɤ: 3000;  

 ɱɢɫɥɨ ɩɨɜɬɨɪɟɧɢɣ 10.  

 

Ɍɚɛɥɢɰɚ 2 – ɋɨɫɬɚɜ ɫɦɟɫɟɣ ɞɥɹ ɚɧɚɥɢɡɚɬɨɪɚ SX-20  

   

 
 

 

   

 

Ⱥɩɩɪɨɤɫɢɦɚɰɢɸ ɭɱɚɫɬɤɚ ɤɢɧɟɬɢɱɟɫɤɢɯ ɤɪɢɜɵɯ ɨɫɭɳɟɫɬɜɥɹɥɢ ɩɪɢ 

ɩɨɦɨɳɢ ɩɪɨɝɪɚɦɦɵ OriginPro (ɪɢɫ. 9) ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɭɪɚɜɧɟɧɢɹ: 

 

 (9) 

 

 

Ɋɢɫɭɧɨɤ 9  ɉɪɢɦɟɪ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɫɩɚɞɚ ɫɜɟɱɟɧɢɹ  

Чɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɪɟɚɤɰɢɢ, ɤɚɬɚɥɢɡɢɪɭɟɦɨɣ ɛɚɤɬɟɪɢɚɥɶɧɨɣ 

ɥɸɰɢɮɟɪɚɡɨɣ 

 

ݕ = 𝐴 ∗ exp −ݔ ∗ 𝑘 + 0ݕ  

И̚ъят̌ 1 т̌̍л̛ц̌ 
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ɑɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɤɢɧɟɬɢɤɢ ɪɟɚɤɰɢɢ ɨɫɭɳɟɫɬɜɥɹɥɢ ɜ 

ɩɪɨɝɪɚɦɦɧɨɦ ɩɚɤɟɬɟ SciLab. ɉɪɨɜɨɞɢɥɢ ɱɢɫɥɟɧɧɨɟ ɪɟɲɟɧɢɟ ɫɢɫɬɟɦɵ 

ɭɪɚɜɧɟɧɢɣ, ɫɜɹɡɵɜɚɸɳɢɯ ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɟɚɝɟɧɬɨɜ ɢ ɤɨɧɫɬɚɧɬɵ ɫɤɨɪɨɫɬɢ 

ɪɚɡɧɵɯ ɫɬɚɞɢɣ ɪɟɚɤɰɢɢ. ɉɨɥɭɱɚɟɦɵɟ ɤɢɧɟɬɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɞɨɥɠɧɵ ɛɵɥɢ 

ɦɚɤɫɢɦɚɥɶɧɨ ɫɨɜɩɚɞɚɬɶ ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ. Ⱦɨɫɬɨɜɟɪɧɨɫɬɶ 

ɩɨɥɭɱɚɟɦɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɤɨɧɬɪɨɥɢɪɨɜɚɥɢ ɧɟɫɤɨɥɶɤɢɦɢ ɫɩɨɫɨɛɚɦɢ: ɩɨ 

ɨɬɧɨɫɢɬɟɥɶɧɨɦɭ ɨɬɤɥɨɧɟɧɢɸ ɦɨɞɟɥɶɧɵɯ ɤɪɢɜɵɯ ɨɬ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ, ɩɨ 

ɤɢɧɟɬɢɤɟ ɢɧɬɟɪɦɟɞɢɚɬɨɜ ɪɟɚɤɰɢɢ, ɩɨ ɫɨɨɬɜɟɬɫɬɜɢɸ ɩɨɥɭɱɚɟɦɵɯ ɤɨɧɫɬɚɧɬ 

ɢɡɜɟɫɬɧɵɦ ɥɢɬɟɪɚɬɭɪɧɵɦ ɞɚɧɧɵɦ. 
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3 Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ 
 

3.1 Ʉɢɧɟɬɢɤɚ ɪɟɚɤɰɢɢ, ɤɚɬɚɥɢɡɢɪɭɟɦɨɣ ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɥɸɰɢɮɟɪɚɡɨɣ, ɜ 

ɜɹɡɤɢɯ ɫɪɟɞɚɯ 

 

Ȼɵɥɚ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɚ ɤɢɧɟɬɢɤɚ ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɣ ɪɟɚɤɰɢɢ, 

ɤɚɬɚɥɢɡɢɪɭɟɦɨɣ ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɥɸɰɢɮɟɪɚɡɨɣ, ɜ ɫɪɟɞɚɯ ɫ ɪɚɡɧɵɦ 

ɫɨɞɟɪɠɚɧɢɟɦ ɮɢɤɨɥɥɚ ɢ ɫɚɯɚɪɨɡɵ (ɬɚɛɥ. 2, ɷɤɫɩɟɪɢɦɟɧɬ 1 ɢ 2), ɢ ɩɪɢ 

ɜɚɪɢɚɰɢɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɚɥɶɞɟɝɢɞɚ. ɇɚ ɪɢɫɭɧɤɟ 10 ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɨɥɭɱɟɧɧɵɟ 

ɤɢɧɟɬɢɱɟɫɤɢɟ ɤɪɢɜɵɟ. ȼɢɞɧɨ, ɱɬɨ ɫ ɪɨɫɬɨɦ ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɪɚɭɞɢɧɝ-ɚɝɟɧɬɚ ɢ 

ɜɹɡɤɨɝɨ ɤɨɫɨɥɶɜɟɧɬɚ ɩɪɨɢɫɯɨɞɢɬ ɭɦɟɧɶɲɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ, 

ɡɚɦɟɞɥɹɟɬɫɹ ɫɩɚɞ ɫɜɟɱɟɧɢɹ, ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜɪɟɦɹ ɜɵɯɨɞɚ ɧɚ ɦɚɤɫɢɦɭɦ. 

 

(Ⱥ) (Ȼ) 

 

Ɋɢɫɭɧɨɤ 10 – Ʉɢɧɟɬɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɪɟɚɤɰɢɢ, ɤɚɬɚɥɢɡɢɪɭɟɦɨɣ ɛɚɤɬɟɪɢɚɥɶɧɨɣ 
ɥɸɰɢɮɟɪɚɡɨɣ, ɜ ɫɪɟɞɚɯ ɫ ɫɚɯɚɪɨɡɨɣ (Ⱥ) ɢ ɮɢɤɨɥɥɨɦ (Ȼ) ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɢ 

ɞɟɤɚɧɚɥɹ 10 ȝM 

Ȼɵɥɚ ɩɨɥɭɱɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɜɪɟɦɟɧɢ ɜɵɯɨɞɚ ɧɚ ɦɚɤɫɢɦɭɦ ɢ ɤɜɚɧɬɨɜɨɝɨ 

ɜɵɯɨɞɚ ɨɬ ɜɹɡɤɨɫɬɢ ɫɪɟɞɵ (ɪɢɫ. 12 ɢ 13).  ɉɨɞ ɤɜɚɧɬɨɜɵɦ ɜɵɯɨɞɨɦ ɡɞɟɫɶ ɦɵ 

ɩɨɧɢɦɚɟɦ ɨɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɤɜɚɧɬɨɜ ɫɜɟɬɚ, ɢɫɩɭɫɤɚɟɦɨɟ ɡɚ ɨɞɢɧ ɨɛɨɪɨɬ 

ɮɟɪɦɟɧɬɚ ɞɚɧɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ (ɪɢɫ. 11). 
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Ɋɢɫɭɧɨɤ 11 – Ʉɢɧɟɬɢɱɟɫɤɚɹ ɤɪɢɜɚɹ ɪɟɚɤɰɢɢ, ɤɚɬɚɥɢɡɢɪɭɟɦɨɣ ɛɚɤɬɟɪɢɚɥɶɧɨɣ 
ɥɸɰɢɮɟɪɚɡɨɣ, ɢ ɨɩɪɟɞɟɥɹɟɦɵɟ ɩɚɪɚɦɟɬɪɵ 

 

 

 

 

 

 

 

(Ⱥ) 

 

 

 

 

 

 

(Ȼ) 

 

Ɋɢɫɭɧɨɤ 12 – ɂɡɦɟɧɟɧɢɟ ɜɪɟɦɟɧɢ ɜɵɯɨɞɚ ɧɚ ɦɚɤɫɢɦɭɦ ɜ ɦɨɞɟɥɶɧɵɯ ɫɪɟɞɚɯ ɜ 
ɩɪɢɫɭɬɫɬɜɢɢ ɫɚɯɚɪɨɡɵ (Ⱥ) ɢ ɮɢɤɨɥɥɚ (Ȼ) 

ɉɨ ɪɢɫ. 12 ɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɨɞɧɢɯ ɢ ɬɟɯ ɠɟ ɡɧɚɱɟɧɢɹɯ ɜɹɡɤɨɫɬɢ ɫɪɟɞɵ 

ɡɚɜɢɫɢɦɨɫɬɶ ɜɪɟɦɟɧɢ ɜɵɯɨɞɚ ɧɚ ɦɚɤɫɢɦɭɦ ɛɥɢɡɤɚ ɤ ɥɢɧɟɣɧɨɣ ɜ ɫɪɟɞɚɯ ɫ 

ɫɚɯɚɪɨɡɨɣ ɢ ɢɦɟɟɬ ɮɨɪɦɭ ɤɪɢɜɨɣ ɧɚɫɵɳɟɧɢɹ ɜ ɫɪɟɞɚɯ ɫ ɮɢɤɨɥɥɨɦ. ɗɬɨ ɦɨɠɟɬ 

ɫɜɢɞɟɬɟɥɶɫɬɜɨɜɚɬɶ ɨ ɪɚɡɧɵɯ ɦɟɯɚɧɢɡɦɚɯ ɜɨɡɞɟɣɫɬɜɢɹ ɞɜɭɯ ɦɨɞɟɥɶɧɵɯ ɫɪɟɞ ɧɚ 

ɫɬɚɞɢɸ ɪɟɚɤɰɢɢ, ɨɬɜɟɬɫɬɜɟɧɧɭɸ ɡɚ ɜɵɯɨɞ ɫɜɟɱɟɧɢɹ ɧɚ ɦɚɤɫɢɦɭɦ. 

 

 

 

 

И̚ъят 1 ̛̬̭унок 
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(Ⱥ) 

 

 

 

 

(Ȼ) 

Ɋɢɫɭɧɨɤ 13 – ɂɡɦɟɧɟɧɢɟ ɤɜɚɧɬɨɜɨɝɨ ɜɵɯɨɞɚ ɪɟɚɤɰɢɢ ɜ ɦɨɞɟɥɶɧɵɯ ɫɪɟɞɚɯ ɜ 
ɩɪɢɫɭɬɫɬɜɢɢ ɫɚɯɚɪɨɡɵ (Ⱥ) ɢ ɮɢɤɨɥɥɚ (Ȼ) 

 

ɇɚɛɥɸɞɚɸɬɫɹ ɨɬɥɢɱɢɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɤɜɚɧɬɨɜɨɝɨ ɜɵɯɨɞɚ ɨɬ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɢɡɤɨ- ɢ ɜɵɫɨɤɨ-ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɤɨɫɨɥɶɜɟɧɬɚ. ȼ ɫɥɭɱɚɟ 

ɫɚɯɚɪɨɡɵ ɤɜɚɧɬɨɜɵɣ ɜɯɨɞ ɫɭɳɟɫɬɜɟɧɧɨ ɧɟ ɢɡɦɟɧɹɟɬɫɹ. ȼ ɭɫɥɨɜɢɹɯ 

ɦɚɤɪɨɦɨɥɟɤɭɥɹɪɧɨɝɨ ɤɪɚɭɞɢɧɝɚ, ɦɨɞɟɥɢɪɭɟɦɨɝɨ ɮɢɤɨɥɥɨɦ, ɤɜɚɧɬɨɜɵɣ ɜɵɯɨɞ 

ɩɚɞɚɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɩɪɢ ɜɫɟɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɚɥɶɞɟɝɢɞɚ.  

ȼɪɟɦɹ ɜɵɯɨɞɚ ɧɚ ɦɚɤɫɢɦɭɦ ɫɜɟɱɟɧɢɹ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɟ ɫɤɨɪɨɫɬɶ 

ɥɢɦɢɬɢɪɭɸɳɟɝɨ ɩɪɨɰɟɫɫɚ ɧɚ ɧɚɱɚɥɶɧɨɣ ɫɬɚɞɢɢ ɪɟɚɤɰɢɢ, ɞɟɦɨɧɫɬɪɢɪɭɟɬ 

ɫɯɨɠɭɸ ɬɟɧɞɟɧɰɢɸ ɞɥɹ ɫɚɯɚɪɨɡɵ ɢ ɮɢɤɨɥɥɚ  ɫ ɪɨɫɬɨɦ ɜɹɡɤɨɫɬɢ ɜɵɯɨɞ ɧɚ 

ɦɚɤɫɢɦɭɦ ɡɚɦɟɞɥɹɟɬɫɹ. 

ɂɡɦɟɧɟɧɢɟ ɜɪɟɦɟɧɢ ɜɵɯɨɞɚ ɧɚ ɦɚɤɫɢɦɭɦ ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɟɫɬɢ ɨɰɟɧɤɭ 

ɫɬɟɩɟɧɢ ɫɨɩɪɹɠɟɧɢɹ ɪɟɚɤɰɢɨɧɧɨɝɨ ɰɟɧɬɪɚ, ɝɞɟ ɩɪɨɢɫɯɨɞɢɬ ɥɢɦɢɬɢɪɭɸɳɚɹ 

ɫɬɚɞɢɹ, ɫ ɜɹɡɤɨɣ ɫɪɟɞɨɣ. Ⱦɥɹ ɷɬɨɝɨ ɚɧɚɥɢɡɢɪɨɜɚɥɢ ɫɤɨɪɨɫɬɶ ɜɵɯɨɞɚ ɧɚ 

ɦɚɤɫɢɦɭɦ (kmax) – ɜɟɥɢɱɢɧɭ, ɨɛɪɚɬɧɭɸ ɜɪɟɦɟɧɢ ɜɵɯɨɞɚ ɧɚ ɦɚɤɫɢɦɭɦ. 

Ʉɨɧɫɬɚɧɬɵ ɫɨɩɪɹɠɟɧɢɹ, ɩɨɥɭɱɟɧɧɵɟ ɩɨ ɬɚɧɝɟɧɫɭ ɭɝɥɚ ɧɚɤɥɨɧɚ ɜ ɞɜɨɣɧɵɯ 

ɥɨɝɚɪɢɮɦɢɱɟɫɤɢɯ ɤɨɨɪɞɢɧɚɬɚɯ, ɨɤɚɡɚɥɢɫɶ 0,47–0,5 ɞɥɹ ɫɪɟɞ ɫ ɫɚɯɚɪɨɡɨɣ ɢ 

0,40–0,42 – ɫ ɮɢɤɨɥɥɨɦ (ɪɢɫ.14).  

 

И̚ъят 1 ̛̬̭унок 
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3.2 Чɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɧɟɫɬɚɰɢɨɧɚɪɧɨɣ ɤɢɧɟɬɢɤɢ ɪɟɚɤɰɢɢ 

 

Ȼɢɨɥɸɦɢɧɟɫɰɟɧɬɧɚɹ ɪɟɚɤɰɢɹ ɛɚɤɬɟɪɢɣ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɥɨɠɧɵɣ, 

ɦɧɨɝɨɫɬɚɞɢɣɧɵɣ ɩɪɨɰɟɫɫ, ɫɜɹɡɚɧɧɵɣ ɫ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɦ ɨɛɪɚɡɨɜɚɧɢɟɦ 

ɧɟɫɤɨɥɶɤɢɯ ɢɧɬɟɪɦɟɞɢɚɬɨɜ. Ⱦɟɬɚɥɶɧɨɟ ɩɨɧɢɦɚɧɢɹ ɷɮɮɟɤɬɨɜ ɜɹɡɤɢɯ ɫɪɟɞ 

ɧɟɜɨɡɦɨɠɧɨ ɛɟɡ ɜɵɱɥɟɧɟɧɢɹ ɤɨɧɫɬɚɧɬ ɫɤɨɪɨɫɬɟɣ ɨɬɞɟɥɶɧɵɯ ɫɬɚɞɢɣ ɷɬɨɣ 

ɪɟɚɤɰɢɢ. ɋ ɷɬɨɣ ɰɟɥɶɸ ɛɵɥɚ ɩɪɟɞɩɪɢɧɹɬɚ ɩɨɩɵɬɤɚ ɨɩɢɫɚɬɶ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɤɢɧɟɬɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɩɪɢ ɩɨɦɨɳɢ ɦɨɞɟɥɢ, 

ɪɟɚɥɢɡɨɜɚɧɧɨɣ ɜ ɩɚɤɟɬɟ ɩɪɢɤɥɚɞɧɵɯ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɩɪɨɝɪɚɦɦ SciLab. 

ɋɯɟɦɚ, ɜɡɹɬɚɹ ɡɚ ɨɫɧɨɜɭ ɦɨɞɟɥɢ, ɫɨɫɬɨɢɬ ɢɡ 5-ɬɢ ɨɫɧɨɜɧɵɯ ɫɬɚɞɢɣ (ɪɢɫ. 16). 

 

 

 Ɋɢɫɭɧɨɤ 16 – ɋɯɟɦɚ ɪɟɚɤɰɢɢ, ɤɚɬɚɥɢɡɢɪɭɟɦɨɣ ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɥɸɰɢɮɟɪɚɡɨɣ, 
ɡɚɥɨɠɟɧɧɚɹ ɜ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ  

Ɉɞɧɨɜɪɟɦɟɧɧɚɹ ɚɩɩɪɨɤɫɢɦɚɰɢɹ ɬɪɟɯ ɤɢɧɟɬɢɱɟɫɤɢɯ ɤɪɢɜɵɯ ɫ 

ɪɚɡɥɢɱɧɵɦɢ ɤɨɧɰɟɧɬɪɚɰɢɹɦɢ ɚɥɶɞɟɝɢɞɚ ɩɨɡɜɨɥɢɥɚ ɩɨɥɭɱɢɬɶ ɧɚɛɨɪ ɢɡ 10 

ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɤɢɧɟɬɢɱɟɫɤɢɯ ɤɨɧɫɬɚɧɬ, ɨɬɜɟɱɚɸɳɢɯ ɫɤɨɪɨɫɬɹɦ 

ɮɨɪɦɢɪɨɜɚɧɢɹ ɢ ɪɚɫɩɚɞɚ ɪɚɡɥɢɱɧɵɯ ɢɧɬɟɪɦɟɞɢɚɬɨɜ. ɉɪɢɦɟɪ ɨɩɢɫɚɧɢɹ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɤɪɢɜɵɯ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 17.  
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Ɋɢɫɭɧɨɤ 17 – ɉɪɢɦɟɪ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɤɢɧɟɬɢɱɟɫɤɢɯ ɤɪɢɜɵɯ ɪɟɚɤɰɢɢ, 
ɤɚɬɚɥɢɡɢɪɭɟɦɨɣ ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɥɸɰɢɮɟɪɚɡɨɣ 

 ɉɪɢɦɟɧɟɧɢɟ ɦɨɞɟɥɢ ɞɥɹ ɨɩɢɫɚɧɢɹ ɤɢɧɟɬɢɱɟɫɤɢɯ ɤɪɢɜɵɯ 

ɛɢɨɥɸɦɢɧɟɫɰɟɧɧɨɣ ɪɟɚɤɰɢɢ, ɩɨɥɭɱɟɧɧɵɯ ɜ ɫɪɟɞɚɯ ɪɚɡɥɢɱɧɨɣ ɜɹɡɤɨɫɬɢ ɢ ɜ 

ɭɫɥɨɜɢɹɯ ɤɪɚɭɞɢɧɝɚ, ɩɨɡɜɨɥɢɥɨ ɨɰɟɧɢɬɶ ɜɥɢɹɧɢɟ ɫɪɟɞɵ ɧɚ ɨɬɞɟɥɶɧɵɟ ɫɬɚɞɢɢ 

ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɨɣ ɪɟɚɤɰɢɢ. 

ɉɨɥɭɱɟɧɢɟ ɤɨɧɫɬɚɧɬ ɫɤɨɪɨɫɬɢ ɨɬɞɟɥɶɧɵɯ ɫɬɚɞɢɣ ɪɟɚɤɰɢɢ ɩɨɡɜɨɥɹɟɬ 

ɩɪɨɜɟɫɬɢ ɨɰɟɧɤɭ ɫɬɟɩɟɧɢ ɫɨɩɪɹɠɟɧɢɹ ɪɟɚɤɰɢɨɧɧɨɝɨ ɰɟɧɬɪɚ, ɝɞɟ ɩɪɨɢɫɯɨɞɢɬ 

ɥɢɦɢɬɢɪɭɸɳɚɹ ɫɬɚɞɢɹ, ɫ ɜɹɡɤɨɣ ɫɪɟɞɨɣ (ɬɚɛɥ. 3–4). ȼ ɬɚɛɥɢɰɟ 5 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɤɨɧɫɬɚɧɬɵ ɫɨɩɪɹɠɟɧɢɹ, ɩɨɥɭɱɟɧɧɵɟ ɩɨ ɬɚɧɝɟɧɫɭ ɭɝɥɚ ɧɚɤɥɨɧɚ 

ɜ ɞɜɨɣɧɵɯ ɥɨɝɚɪɢɮɦɢɱɟɫɤɢɯ ɤɨɨɪɞɢɧɚɬɚɯ. 
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Ɍɚɛɥɢɰɚ 3 – Ʉɨɧɫɬɚɧɬɵ ɫɤɨɪɨɫɬɟɣ ɨɬɞɟɥɶɧɵɯ ɫɬɚɞɢɣ ɪɟɚɤɰɢɢ ɜ ɫɪɟɞɚɯ ɫ 

ɫɚɯɚɪɨɡɨɣ 

 

ɜ ɫɪɟɞɚɯ ɫ ɮɢɤɨɥɥɨɦ 
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Ɍɚɛɥɢɰɚ 5 – Ʉɨɧɫɬɚɧɬɵ ɫɨɩɪɹɠɟɧɢɹ ɨɬɞɟɥɶɧɵɯ ɫɬɚɞɢɣ ɪɟɚɤɰɢɢ ɫɨ ɫɪɟɞɨɣ (δ) 

ɋɬɚɞɢɹ 

ɪɟɚɤɰɢɢ 

δ 

+ɫɚɯɚɪɨɡɚ + ɮɢɤɨɥɥ 

kd 0,58 0,47 

k1 0,76 0,46 

k2   

k3 0,15 0,10 

k4 +0,29 +0,39 

k1a 1,03 1,17 

 

Ɉɩɢɪɚɹɫɶ ɧɚ ɤɨɧɫɬɚɧɬɵ ɫɨɩɪɹɠɟɧɢɹ, ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɫɬɚɞɢɹ 

ɫɜɹɡɵɜɚɧɢɟ ɥɸɰɢɮɟɪɚɡɵ ɫ ɮɥɚɜɢɧɨɦ (k1) ɥɢɦɢɬɢɪɭɟɬ ɫɤɨɪɨɫɬɶ ɜɵɯɨɞɚ ɧɚ 

ɦɚɤɫɢɦɭɦ. Ɍɚɤɠɟ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɨɫɬɚɥɶɧɵɯ ɫɬɚɞɢɹ ɪɚɫɩɚɞɚ ɜɨɡɛɭɠɞёɧɧɨɝɨ 

ɢɧɬɟɪɦɟɞɢɚɬɚ (k4), ɤɨɬɨɪɚɹ ɭɫɤɨɪɹɟɬɫɹ ɜ ɦɨɞɟɥɶɧɵɯ ɫɪɟɞɚɯ (δ > 0). Ʉɪɨɦɟ 

ɬɨɝɨ, ɩɨ ɡɧɚɱɟɧɢɸ |δ| > 1 ɜɢɞɧɨ, ɱɬɨ ɫɬɚɞɢɹ ɫɜɹɡɵɜɚɧɢɹ ɚɥɶɞɟɝɢɞɚ (k1a) ɢɦɟɟɬ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɦɟɯɚɧɢɡɦ ɜɥɢɹɧɢɹ ɫɪɟɞɵ, ɤɪɨɦɟ ɜɹɡɤɨɫɬɢ. 
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ȼɕȼɈȾɕ 

 

 ȼ ɩɪɢɫɭɬɫɬɜɢɢ ɜɵɫɨɤɨ- ɢ ɧɢɡɤɨ-ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɤɨɫɨɥɶɜɟɧɬɚ 

ɧɚɛɥɸɞɚɸɬɫɹ ɫɯɨɠɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɹɡɤɨɫɬɢ ɫɪɟɞɵ ɤɚɤ ɞɥɹ ɷɦɩɢɪɢɱɟɫɤɢɯ 

(kmax, kɫɩ), ɬɚɤ ɢ ɞɥɹ ɦɨɞɟɥɶɧɵɯ ɤɨɧɫɬɚɧɬ ɫɤɨɪɨɫɬɟɣ ɨɬɞɟɥɶɧɵɯ ɫɬɚɞɢɣ 

ɪɟɚɤɰɢɢ, ɤɚɬɚɥɢɡɢɪɭɟɦɨɣ ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɥɸɰɢɮɟɪɚɡɨɣ. ɗɬɨ ɝɨɜɨɪɢɬ ɨ ɬɨɦ, 

ɱɬɨ ɜɹɡɤɨɫɬɶ – ɫɭɳɟɫɬɜɟɧɧɵɣ ɦɟɯɚɧɢɡɦ ɜɥɢɹɧɢɹ ɫɪɟɞɵ ɧɚ 

ɛɢɨɥɸɦɢɧɟɫɰɟɧɬɧɭɸ ɪɟɚɤɰɢɸ ɛɚɤɬɟɪɢɣ. 

 ɋɤɨɪɨɫɬɶ ɜɵɯɨɞɚ ɫɜɟɱɟɧɢɹ ɧɚ ɦɚɤɫɢɦɭɦ ɥɢɦɢɬɢɪɭɟɬɫɹ ɫɬɚɞɢɟɣ 

ɫɜɹɡɵɜɚɧɢɹ ɮɥɚɜɢɧɦɨɧɨɧɭɤɥɟɨɬɢɞɚ ɫ ɥɸɰɢɮɟɪɚɡɨɣ (k1) ɢ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ 

ɜɵɫɨɤɨɣ ɤɨɧɫɬɚɧɬɨɣ ɫɨɩɪɹɠɟɧɢɹ ɚɤɬɢɜɧɨɝɨ ɰɟɧɬɪɚ ɮɟɪɦɟɧɬɚ ɫɨ ɫɪɟɞɨɣ.  

 Ʉɨɧɫɬɚɧɬɚ ɫɜɹɡɵɜɚɧɢɹ ɮɟɪɦɟɧɬ-ɫɭɛɫɬɪɚɬɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɫ 

ɦɨɥɟɤɭɥɹɪɧɵɦ ɤɢɫɥɨɪɨɞɨɦ (k2) ɧɟ ɩɨɞɜɟɪɠɟɧɚ ɜɥɢɹɧɢɸ ɜɹɡɤɨɫɬɢ.  

 ɋɬɚɞɢɹ ɫɜɹɡɵɜɚɧɢɹ ɚɥɶɞɟɝɢɞɚ ɫ ɮɟɪɦɟɧɬ-ɫɭɛɫɬɪɚɬɧɵɦ ɤɨɦɩɥɟɤɫɨɦ (k1a) 

ɞɟɦɨɧɫɬɪɢɪɭɟɬ ɞɢɮɮɭɡɢɨɧɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɨɬ ɜɹɡɤɨɫɬɢ ɫɪɟɞɵ (≈1) . 

 ɋɬɚɞɢɹ ɪɚɫɩɚɞɚ ɬɪɨɣɧɨɝɨ ɢɧɬɟɪɦɟɞɢɚɬɚ, ɫɨɩɪɹɠɟɧɧɚɹ ɫ ɮɨɪɦɢɪɨɜɚɧɢɟɦ 

ɜɨɡɛɭɠɞɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ, (k4) ɭɫɤɨɪɹɟɬɫɹ ɜ ɦɨɞɟɥɶɧɵɯ ɫɪɟɞɚɯ ɫ ɪɨɫɬɨɦ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɨɫɨɥɶɜɟɧɬɚ. 
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ɋɉɂɋɈɄ ɋɈɄɊȺЩȿɇɂɃ 

ȾɇɄ – ɞɟɡɨɤɫɢɪɢɛɨɧɭɤɥɟɢɧɨɜɚɹ ɤɢɫɥɨɬɚ 

ɊɇɄ – ɪɢɛɨɧɭɤɥɟɢɧɨɜɚɹ ɤɢɫɥɨɬɚ 

C10 – ɞɟɰɢɥɨɜɵɣ ɚɥɶɞɟɝɢɞ 

ɫɊ – ɫɚɧɬɢɩɭɚɡ 

EDTA – ɷɬɢɥɟɧɞɢɚɦɢɧɬɟɬɪɚɭɤɫɨɫɧɚɹ ɤɢɫɥɨɬɚ 

FMN – ɮɥɚɜɢɧɦɨɧɨɧɭɤɥɟɨɬɢɞ  

FMNH2 – ɮɥɚɜɢɧɦɨɧɨɧɭɤɥɟɨɬɢɞ ɜɨɫɫɬɚɧɨɜɥɟɧɧɵɣ  

H2O – ɜɨɞɚ 

O2 – ɦɨɥɟɤɭɥɹɪɧɵɣ ɤɢɫɥɨɪɨɞ  

RCHO – ɞɥɢɧɧɨɰɟɩɨɱɟɱɧɵɣ ɚɥɶɞɟɝɢɞ 

RCOOH – ɤɚɪɛɨɧɨɜɚɹ ɤɢɫɥɨɬɚ 
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