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ɋɉɂɋɈɄ ɍɋɅɈȼɇɕɏ ɈȻɈɁɇȺɑȿɇɂɃ 

 

ȺȾɎ – ɚɞɟɧɨɡɢɧɞɢɮɨɫɮɨɪɧɚɹ ɤɢɫɥɨɬɚ 

ȺɥɚɊɋ – ɚɥɚɧɢɥ-ɬɊɇɄ ɫɢɧɬɟɬɚɡɚ 

ȺɆɎ – ɚɞɟɧɨɡɢɧɦɨɧɨɮɨɫɮɨɪɧɚɹ ɤɢɫɥɨɬɚ 

ȺɪɝɊɋ – ɚɪɝɢɧɢɥ-ɬɊɇɄ ɫɢɧɬɟɬɚɡɚ 

ȺɫɧɊɋ – ɚɫɩɚɪɚɝɢɧɢɥ-ɬɊɇɄ ɫɢɧɬɟɬɚɡɚ 

ȺɫɩɊɋ – ɚɫɩɚɪɚɝɢɥ-ɬɊɇɄ ɫɢɧɬɟɬɚɡɚ 

ȺɌɎ – ɚɞɟɧɨɡɢɧɬɪɢɮɨɫɮɨɪɧɚɹ ɤɢɫɥɨɬɚ 

ȻɋȺ – ɛɵɱɢɣ ɫɵɜɨɪɨɬɨɱɧɵɣ ɚɥɶɛɭɦɢɧ 

ȼɚɥɊɋ – ɜɚɥɢɥ-ɬɊɇɄ ɫɢɧɬɟɬɚɡɚ 

ȼɗɀɏ – ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɚɹ ɠɢɞɤɨɫɬɧɚɹ ɯɪɨɦɚɬɨɝɪɚɮɢɹ 

ȽɢɫɊɋ – ɝɢɫɬɢɞɢɥ-ɬɊɇɄ ɫɢɧɬɟɬɚɡɚ 

ȽɥɢɊɋ – ɝɥɢɰɢɥ-ɬɊɇɄ ɫɢɧɬɟɬɚɡɚ 

ȽɥɧɊɋ – ɝɥɭɬɚɦɢɧɢɥ-ɬɊɇɄ ɫɢɧɬɟɬɚɡɚ 

ȽɥɭɊɋ – ɝɥɭɬɚɦɢɥ-ɬɊɇɄ ɫɢɧɬɟɬɚɡɚ 

ȽɌɎ – ɝɭɚɧɢɞɢɧɬɪɢɮɨɫɮɨɪɧɚɹ ɤɢɫɥɨɬɚ 

ȾɆɋɈ – ɞɢɦɟɬɢɥɫɭɥɶɮɨɤɫɢɞ 

Ⱦɋɇ – ɞɨɞɟɰɢɥɫɭɥɶɮɚɬ ɧɚɬɪɢɹ 

ȾɌɌ – ɞɢɬɢɨɬɪɟɢɬɨɥ 

ȾɗȺɗ – ɞɢɷɬɢɥɚɦɢɧɨɷɬɢɥ 

ɂɥɟɊɋ – ɢɡɨɥɟɣɰɢɥ-ɬɊɇɄ ɫɢɧɬɟɬɚɡɚ 

ɂɉɌȽ – ɢɡɨɩɪɨɩɢɥ-β-D-1-ɬɢɨɝɚɥɚɤɬɨɩɢɪɚɧɨɡɢɞ 

ɅɟɣɊɋ – ɥɟɣɰɢɥ-ɬɊɇɄ ɫɢɧɬɟɬɚɡɚ 

ɅɢɡɊɋ – ɥɢɡɢɥ-ɬɊɇɄ ɫɢɧɬɟɬɚɡɚ 

ɆɟɬɊɋ – ɦɟɬɢɨɧɢɥ-ɬɊɇɄ ɫɢɧɬɟɬɚɡɚ 

ɨɫ. ɱ. – ɨɫɨɛɨ ɱɢɫɬɵɣ 

ɉȺȺȽ – ɩɨɥɢɚɤɪɢɥɚɦɢɞɧɵɣ ɝɟɥɶ 

ɉɪɨɊɋ – ɩɪɨɥɢɥ-ɬɊɇɄ ɫɢɧɬɟɬɚɡɚ 

ɉɪɨɊɋEf – ɩɪɨɥɢɥ-ɬɊɇɄ ɫɢɧɬɟɬɚɡɚ Enterococcus faecalis 
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ɉɪɨɊɋЕɫ – ɩɪɨɥɢɥ-ɬɊɇɄ ɫɢɧɬɟɬɚɡɚ Escherichia coli 

ɉɋȺ – ɩɟɪɫɭɥɶɮɚɬ ɧɚɬɪɢɹ 

ɉɐɊ – ɩɨɥɢɦɟɪɚɡɧɚɹ ɰɟɩɧɚɹ ɪɟɚɤɰɢɹ 

ɉɗɂ-ɰɟɥɥɸɥɨɡɚ – ɩɨɥɢɷɬɢɥɟɧɢɦɢɧ ɰɟɥɥɸɥɨɡɚ 

ɋɟɪɊɋ – ɫɟɪɢɥ-ɬɊɇɄ ɫɢɧɬɟɬɚɡɚ 

ɌɢɪɊɋ – ɬɢɪɨɡɢɥ-ɬɊɇɄ ɫɢɧɬɟɬɚɡɚ 

ɌɪɟɊɋ – ɬɪɟɨɧɢɥ-ɬɊɇɄ ɫɢɧɬɟɬɚɡɚ 

Ɍɪɢɫ – ɬɪɢɫ(ɝɢɞɪɨɤɫɢɦɟɬɢɥ)ɚɦɢɧɨɦɟɬɚɧ 

ɬɊɇɄɉɪɨȺɥɚ
Ef – ɬɊɇɄɉɪɨȺɥɚ Enterococcus faecalis 

ɬɊɇɄɉɪɨ
Ef – ɬɊɇɄɉɪɨ Enterococcus faecalis 

ɬɊɇɄɉɪɨ
Rp – ɬɊɇɄɉɪɨ Rhodopseudomonas palustris 

ɬɊɇɄɉɪɨЕɫ – ɬɊɇɄɉɪɨ Escherichia coli 

ɌɪɩɊɋ – ɬɪɢɩɬɨɮɚɧɢɥ-ɬɊɇɄ ɫɢɧɬɟɬɚɡɚ 

Ɍɏɍ – ɬɪɢɯɥɨɪɭɤɫɭɫɧɚɹ ɤɢɫɥɨɬɚ 

ɍɌɎ – ɭɪɢɞɢɧɬɪɢɮɨɫɮɨɪɧɚɹ ɤɢɫɥɨɬɚ 

ɎɟɧɊɋ – ɮɟɧɢɥɚɥɚɧɢɥ-ɬɊɇɄ ɫɢɧɬɟɬɚɡɚ 

ɐɢɫɊɋ – ɰɢɫɬɟɢɧɢɥ-ɬɊɇɄ ɫɢɧɬɟɬɚɡɚ 

ɐɌɎ – ɰɢɬɢɞɢɧɬɪɢɮɨɫɮɨɪɧɚɹ ɤɢɫɥɨɬɚ 

ɗȾɌȺ – ɷɬɢɥɟɧɞɢɚɦɢɧɬɟɬɪɚɭɤɫɭɫɧɚɹ ɤɢɫɥɨɬɚ 

HEPES – 4-(2-ɝɢɞɪɨɤɫɢɷɬɢɥ)-1-ɩɢɩɟɪɚɡɢɧɷɬɚɧɫɭɥɶɮɨɧɨɜɚɹ ɤɢɫɥɨɬɚ 

HPLC – ɠɢɞɤɨɫɬɧɚɹ ɯɪɨɦɚɬɨɝɪɚɮɢɹ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ 

MOPS – 3-[N-ɆɨɪɮɨɥɢɧɨЖɩɪɨɩɚɧɫɭɥɶɮɨɧɨɜɚɹ ɤɢɫɥɨɬɚ 

PIPES – ɩɢɩɟɪɚɡɢɧ-N,N′-ɛɢɫ(2-ɷɬɚɧɫɭɥɶɮɨɧɨɜɚɹ ɤɢɫɥɨɬɚ)  

PMSF – ɮɟɧɢɥɦɟɬɚɧɫɭɥɶɮɨɧɢɥɮɥɸɨɪɢɞ  

QM – ɤɜɚɧɬɨɜɨ-ɦɟɯɚɧɢɱɟɫɤɢɣ 

RMSD – ɫɪɟɞɧɟɟ ɤɜɚɞɪɚɬɢɱɧɨɟ ɪɚɫɫɬɨɹɧɢɟ 

TEMED – ɬɟɬɪɚɦɟɬɢɥɷɬɢɥɟɧɞɢɚɦɢɧ 
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ȼɋɌɍɉɅȿɇɂȿ 

 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɬɟɦɵ. ɗɜɨɥɸɰɢɨɧɧɨɟ ɪɚɡɜɢɬɢɟ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɤɨɞɚ 

ɫɨɩɪɨɜɨɠɞɚɥɨɫɶ ɭɫɬɚɧɨɜɥɟɧɢɟɦ ɨɞɧɨɡɧɚɱɧɨɝɨ ɫɨɨɬɜɟɬɫɬɜɢɹ ɦɟɠɞɭ ɤɨɞɨɧɚɦɢ 

ɦɊɇɄ ɢ ɚɦɢɧɨɤɢɫɥɨɬɧɵɦɢ ɨɫɬɚɬɤɚɦɢ ɫɢɧɬɟɡɢɪɭɟɦɨɣ ɩɨɥɢɩɟɩɬɢɞɧɨɣ ɰɟɩɢ. ȼ 

ɯɨɞɟ ɷɜɨɥɸɰɢɢ ɷɬɨɬ ɩɪɨɰɟɫɫ ɬɪɟɛɨɜɚɥ ɞɢɜɟɪɝɟɧɰɢɢ ɚɦɢɧɨɚɰɢɥ-ɬɊɇɄ ɫɢɧɬɟɬɚɡ 

(ȺɊɋ) ɢ ɜɨɡɪɚɫɬɚɧɢɹ ɢɯ ɫɩɟɰɢɮɢɱɧɨɫɬɢ. ɋɩɟɰɢɚɥɢɡɚɰɢɹ ɤɚɠɞɨɝɨ ɢɡ ɷɬɢɯ 

ɮɟɪɦɟɧɬɨɜ ɧɚ ɭɡɧɚɜɚɧɢɢ ɨɞɧɨɣ ɤɨɧɤɪɟɬɧɨɣ ɚɦɢɧɨɤɢɫɥɨɬɵ ɞɨɫɬɢɝɥɚ ɭɪɨɜɧɹ, 

ɢɧɨɝɞɚ ɧɚɡɵɜɚɟɦɨɝɨ ɫɜɟɪɯɫɩɟɰɢɮɢɱɧɨɫɬɶɸ. ɗɬɨɬ ɭɪɨɜɟɧɶ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ, ɜ 

ɱɚɫɬɧɨɫɬɢ, ɪɟɞɚɤɬɢɪɨɜɚɧɢɟɦ. 

Ɋɟɞɚɤɬɢɪɨɜɚɧɢɟ ɨɲɢɛɨɤ ȺɊɋ – ɷɬɨ ɫɩɟɰɢɮɢɱɟɫɤɢɣ ɝɢɞɪɨɥɢɡ ɩɪɨɞɭɤɬɨɜ, 

ɜɨɡɧɢɤɲɢɯ ɜɫɥɟɞɫɬɜɢɟ ɫɜɹɡɵɜɚɧɢɹ ɮɟɪɦɟɧɬɨɦ ɨɲɢɛɨɱɧɨɣ ɚɦɢɧɨɤɢɫɥɨɬɵ. ȺɊɋ 

ɢɫɩɨɥɶɡɭɸɬ ɰɟɥɵɣ ɧɚɛɨɪ ɪɟɞɚɤɬɢɪɭɸɳɢɯ ɦɟɯɚɧɢɡɦɨɜ, ɢɯ ɪɚɡɧɨɨɛɪɚɡɢɟ 

ɨɬɪɚɠɚɟɬ ɷɜɨɥɸɰɢɨɧɧɵɣ ɩɭɬɶ ɫɬɚɧɨɜɥɟɧɢɹ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɤɨɞɚ ɢ ɪɨɫɬ ɬɨɱɧɨɫɬɢ 

ɛɟɥɤɨɜɨɝɨ ɫɢɧɬɟɡɚ. ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɷɬɢɯ ɦɟɯɚɧɢɡɦɨɜ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɲɚɝɨɜ ɤ 

ɩɨɧɢɦɚɧɢɸ ɪɚɧɧɢɯ ɷɬɚɩɨɜ ɪɚɡɜɢɬɢɹ ɠɢɡɧɢ. 

Ɉɫɨɛɵɣ ɢɧɬɟɪɟɫ ɜɵɡɵɜɚɟɬ ɝɢɞɪɨɥɢɡ ɨɲɢɛɨɱɧɵɯ ɤɨɧɟɱɧɵɯ ɩɪɨɞɭɤɬɨɜ – 

ɚɦɢɧɨɚɰɢɥ-ɬɊɇɄ, ɧɚɡɵɜɚɟɦɵɣ ɩɨɫɬɬɪɚɧɫɮɟɪɧɵɦ ɪɟɞɚɤɬɢɪɨɜɚɧɢɟɦ. ȼ 

ɱɚɫɬɧɨɫɬɢ, ɡɞɟɫɶ ɟɫɬɶ ɩɪɢɦɟɪɵ ɝɥɭɛɨɤɢɯ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɪɚɡɥɢɱɢɣ ɜ ɪɚɛɨɬɟ 

ɝɨɦɨɥɨɝɢɱɧɵɯ ɮɟɪɦɟɧɬɨɜ. ɇɚɩɪɢɦɟɪ, ɧɚ ɫɟɝɨɞɧɹ ɢɡɜɟɫɬɧɨ, ɱɬɨ 

ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɟ ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ ɭ ɚɥɚɧɢɥ-ɬɊɇɄ ɫɢɧɬɟɬɚɡɵ (ȺɥɚɊɋ) ɢ ɬɪɟɨɧɢɥ-

ɬɊɇɄ ɫɢɧɬɟɬɚɡɵ (ɌɪɟɊɋ), ɧɟɫɦɨɬɪɹ ɧɚ ɢɯ ɝɨɦɨɥɨɝɢɸ (Beebe et al., 2003), 

ɩɪɨɢɫɯɨɞɢɬ ɩɨ ɚɛɫɨɥɸɬɧɨ ɪɚɡɧɵɦ ɦɟɯɚɧɢɡɦɚɦ. Ɍɚɤɠɟ ɩɨ-ɪɚɡɧɨɦɭ ɝɢɞɪɨɥɢɡɭɸɬ 

ɨɲɢɛɨɱɧɵɟ ɚɦɢɧɨɚɰɢɥ-ɬɊɇɄ ɪɟɞɚɤɬɢɪɭɸɳɢɣ ɞɨɦɟɧ ɩɪɨɥɢɥ-ɬɊɇɄ ɫɢɧɬɟɬɚɡɵ 

(ɉɪɨɊɋ) ɢ ɝɨɦɨɥɨɝɢɱɧɚɹ ɞɟɚɰɢɥɚɡɚ YbaK (Kumar et al., 2012, Kumar et al., 2013). 

ɇɚɤɨɩɥɟɧɢɟ ɞɚɧɧɵɯ ɨ ɬɚɤɢɯ ɪɚɡɥɢɱɢɹɯ ɢ ɢɯ ɞɚɥɶɧɟɣɲɟɟ ɨɫɦɵɫɥɟɧɢɟ ɩɨɡɜɨɥɹɬ 

ɭɝɥɭɛɢɬɶ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɨ ɩɭɬɹɯ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɞɢɜɟɪɝɟɧɰɢɢ ɮɟɪɦɟɧɬɨɜ. ɋ 

ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɧɚɤɨɩɥɟɧɢɟ ɞɚɧɧɵɯ ɨɛ ɨɬɞɟɥɶɧɵɯ ɩɪɢɦɟɪɚɯ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ 

ɦɨɠɟɬ ɩɨɡɜɨɥɢɬɶ ɜɵɹɜɢɬɶ ɨɛɳɢɟ ɨɫɨɛɟɧɧɨɫɬɢ ɝɢɞɪɨɥɢɡɚ ȺɊɋ ɨɲɢɛɨɱɧɨ 

ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɚɦɢɧɨɚɰɢɥ-ɬɊɇɄ. 
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ȼ ɪɟɞɚɤɬɢɪɭɸɳɢɯ ɦɟɯɚɧɢɡɦɚɯ ɧɟɤɨɬɨɪɵɯ ȺɊɋ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɉɪɨɊɋ 

(Kumar et al., 2012), ɩɪɢɧɢɦɚɸɬ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɭɱɚɫɬɢɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ 

ɝɪɭɩɩɵ ɬɊɇɄ, ɨɛɟɫɩɟɱɢɜɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɤɚɬɚɥɢɡɚ ɞɟɚɰɢɥɢɪɨɜɚɧɢɹ. ȼɵɹɜɥɟɧ 

ɪɹɞ ɩɪɢɦɟɪɨɜ ɊɇɄ-ɛɟɥɤɨɜɨɝɨ ɤɚɬɚɥɢɡɚ, ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɦɟɠɞɭ 

ɪɢɛɨɡɢɦɚɥɶɧɵɦ ɤɚɬɚɥɢɡɨɦ ɢ ɪɚɛɨɬɨɣ ɛɨɥɶɲɢɧɫɬɜɚ ɮɟɪɦɟɧɬɨɜ (Ling et al., 2007, 

Kang et al., 2012). ɗɬɨ ɭɝɥɭɛɥɹɟɬ ɧɚɲɢ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɨ ɛɢɨɤɚɬɚɥɢɡɟ, ɨɫɨɛɟɧɧɨ ɜ 

ɫɜɟɬɟ ɩɪɟɞɫɬɚɜɥɟɧɢɣ ɨ ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɛɟɥɤɨɜɨɣ ɠɢɡɧɢ ɢɡ «ɦɢɪɚ ɊɇɄ». 

Ⱦɚɧɧɵɟ, ɩɨɥɭɱɟɧɧɵɟ in vivo ɧɚ ɩɪɨɤɚɪɢɨɬɢɱɟɫɤɢɯ ɨɪɝɚɧɢɡɦɚɯ (Cvetesic et 

al., 2014), ɩɨɞɬɜɟɪɠɞɚɸɬ ɮɢɡɢɨɥɨɝɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ȺɊɋ. ɗɬɨ 

ɞɚёɬ ɩɨɬɟɧɰɢɚɥɶɧɭɸ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɟɳɟɫɬɜ, ɛɥɨɤɢɪɭɸɳɢɯ 

ɪɟɞɚɤɬɢɪɭɸɳɢɟ ɚɤɬɢɜɧɵɟ ɰɟɧɬɪɵ ȺɊɋ, ɜ ɤɚɱɟɫɬɜɟ ɩɪɨɬɢɜɨɦɢɤɪɨɛɧɵɯ 

ɩɪɟɩɚɪɚɬɨɜ. Ɍɚɤɠɟ ɞɚɧɧɵɟ ɨ ɪɟɞɚɤɬɢɪɭɸɳɢɯ ɦɟɯɚɧɢɡɦɚɯ ɦɨɝɭɬ ɛɵɬɶ 

ɩɪɢɦɟɧɟɧɵ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɫɢɫɬɟɦ ɞɥɹ ɫɢɧɬɟɡɚ ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɛɟɥɤɨɜ, 

ɫɨɞɟɪɠɚɳɢɯ ɧɟɩɪɢɪɨɞɧɵɟ ɚɦɢɧɨɤɢɫɥɨɬɧɵɟ ɨɫɬɚɬɤɢ, ɜ ɱɚɫɬɧɨɫɬɢ, ɞɥɹ 

ɨɛɟɫɩɟɱɟɧɢɹ ɛɟɡɨɲɢɛɨɱɧɨɫɬɢ ɬɚɤɨɝɨ ɫɢɧɬɟɡɚ. 

ɋɜɹɡɶ ɪɚɛɨɬɵ ɫ ɧɚɭɱɧɵɦɢ ɩɪɨɝɪɚɦɦɚɦɢ, ɩɥɚɧɚɦɢ, ɬɟɦɚɦɢ. 

Ⱦɢɫɫɟɪɬɚɰɢɹ ɨɬɜɟɱɚɟɬ ɬɟɦɚɬɢɤɟ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɪɚɛɨɬ ɨɬɞɟɥɚ 

ɷɧɡɢɦɨɥɨɝɢɢ ɛɟɥɤɨɜɨɝɨ ɫɢɧɟɬɟɡɚ ɂɧɫɬɢɬɭɬɚ ɦɨɥɟɤɭɥɹɪɧɨɣ ɛɢɨɥɨɝɢɢ ɢ ɝɟɧɟɬɢɤɢ 

ɇȺɇɍ ɢ ɜɵɩɨɥɧɹɥɚɫɶ ɜ ɪɚɦɤɚɯ ɬɟɦ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 2.2.4.14 «ɂɡɭɱɟɧɢɟ 

ɦɨɥɟɤɭɥɹɪɧɵɯ ɦɟɯɚɧɢɡɦɨɜ ɤɨɪɪɟɤɰɢɨɧɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɚɦɢɧɨɚɰɢɥ-ɬɊɇɄ 

ɫɢɧɬɟɬɚɡ» (2005-2009), ɧɨɦɟɪ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɪɟɝɢɫɬɪɚɰɢɢ 0105U003263; 

2.2.4.14 «ɂɡɭɱɟɧɢɟ ɦɨɥɟɤɭɥɹɪɧɵɯ ɨɫɧɨɜ ɬɨɱɧɨɫɬɢ ɬɪɚɧɫɥɹɰɢɢ ɝɟɧɟɬɢɱɟɫɤɨɝɨ 

ɤɨɞɚ ɜ ɩɪɨɰɟɫɫɟ ɨɛɪɚɡɨɜɚɧɢɹ ɚɦɢɧɨɚɰɢɥ-ɬɊɇɄ», ɧɨɦɟɪ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ 

ɪɟɝɢɫɬɪɚɰɢɢ 0109U007245. 

ɐɟɥɶ ɢ ɡɚɞɚɱɢ ɢɫɫɥɟɞɨɜɚɧɢɹ. ɐɟɥɶ ɪɚɛɨɬɵ – ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ 

ɦɟɯɚɧɢɡɦɵ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɉɪɨɊɋ ɛɚɤɬɟɪɢɢ Enterococcus faecalis ɚɥɚɧɢɥ-

ɬɊɇɄɉɪɨ. 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɰɟɥɶɸ ɪɚɛɨɬɵ ɛɵɥɢ ɩɨɫɬɚɜɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

1) Ʉɥɨɧɢɪɨɜɚɬɶ ɝɟɧ ɬɊɇɄɉɪɨ
Ef, ɪɚɡɪɚɛɨɬɚɬɶ ɦɟɬɨɞɢɤɭ ɷɤɫɩɪɟɫɫɢɢ ɢ ɨɱɢɫɬɤɢ 

ɬɪɚɧɫɤɪɢɩɬɚ ɬɊɇɄɉɪɨ. 
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2) Ⱦɥɹ ɚɧɚɥɢɡɚ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɣ ɪɟɞɚɤɬɢɪɭɸɳɟɣ ɚɤɬɢɜɧɨɫɬɢ ɫɨɡɞɚɬɶ 

ɝɢɛɪɢɞɧɭɸ ɬɊɇɄɉɪɨȺɥɚ, ɫɩɨɫɨɛɧɭɸ ɛɵɬɶ ɚɦɢɧɨɚɰɢɥɢɪɨɜɚɧɧɨɣ ȺɥɚɊɋ ɢ 

ɞɟɚɰɢɥɢɪɨɜɚɧɧɨɣ ɉɪɨɊɋ ɜ ɯɨɞɟ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɝɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ. 

3) Ɉɰɟɧɢɬɶ ɜɤɥɚɞ ɢɡɛɢɪɚɬɟɥɶɧɨɝɨ ɜɵɫɜɨɛɨɠɞɟɧɢɹ ɚɥɚɧɢɥ-ȺɆɎ ɢ ɟɝɨ 

ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɪɚɫɳɟɩɥɟɧɢɹ ɜ ɩɪɟɬɪɚɧɫɮɟɪɧɨɟ ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ ɉɪɨɊɋ. 

4) ɉɪɨɜɟɪɢɬɶ ɜɥɢɹɧɢɟ ɬɊɇɄɉɪɨ ɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɟɬɪɚɧɫɮɟɪɧɨɝɨ 

ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɢ ɭɫɬɚɧɨɜɢɬɶ ɟё ɤɥɸɱɟɜɵɟ ɫɬɪɭɤɬɭɪɧɵɟ ɷɥɟɦɟɧɬɵ, 

ɡɚɞɟɣɫɬɜɨɜɚɧɧɵɟ ɜ ɷɬɨɦ ɩɪɨɰɟɫɫɟ, ɩɭɬёɦ ɟё ɦɨɞɢɮɢɤɚɰɢɢ.  

5) ɉɨɥɭɱɢɬɶ ɧɚɛɨɪ ɦɭɬɚɧɬɧɵɯ ɮɨɪɦ ɉɪɨɊɋEf, ɧɟɫɭɳɢɯ ɦɭɬɚɰɢɢ ɜ 

ɪɟɞɚɤɬɢɪɭɸɳɟɦ ɞɨɦɟɧɟ, ɩɨ ɚɦɢɧɨɤɢɫɥɨɬɧɵɦ ɨɫɬɚɬɤɚɦ, ɦɨɝɭɳɢɦ ɭɱɚɫɬɜɨɜɚɬɶ ɜ 

ɩɪɨɰɟɫɫɟ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɝɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ, ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɨɰɟɧɢɬɶ ɢɯ 

ɮɭɧɤɰɢɨɧɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ. 

6) ɉɪɨɜɟɪɢɬɶ ɭɱɚɫɬɢɟ ɚɥɚɧɢɥ-ɬɊɇɄɉɪɨ ɜ ɤɚɬɚɥɢɡɟ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɝɨ 

ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɉɪɨɊɋEf ɢ ɜɵɞɜɢɧɭɬɶ ɩɪɟɞɩɨɥɨɠɟɧɢɹ ɨ ɯɚɪɚɤɬɟɪɟ ɟё ɭɱɚɫɬɢɹ ɜ 

ɷɬɨɦ ɩɪɨɰɟɫɫɟ, ɢɫɩɨɥɶɡɭɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɦɨɞɟɥɢ ɧɚ ɨɫɧɨɜɟ 

ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɬɊɇɄ. 

7) ɋɨɩɨɫɬɚɜɢɬɶ ɩɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɫ ɤɨɦɩɶɸɬɟɪɧɨɣ ɦɨɞɟɥɶɸ ɦɟɯɚɧɢɡɦɚ 

ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɝɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɉɪɨɊɋEf ɚɥɚɧɢɥ-ɬɊɇɄɉɪɨ, ɩɨɥɭɱɟɧɧɨɣ ɩɭɬёɦ 

ɦɨɥɟɤɭɥɹɪɧɨɣ ɞɢɧɚɦɢɤɢ ɢ ɤɜɚɧɬɨɜɨ-ɯɢɦɢɱɟɫɤɢɯ ɜɵɱɢɫɥɟɧɢɣ. 

Ɉɛɴɟɤɬ иɫɫɥɟɞɨɜɚɧия – ɦɟɯɚɧɢɡɦɵ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɉɪɨɊɋEf. 

ɉɪɟɞɦɟɬ иɫɫɥɟɞɨɜɚɧия – ɫɬɪɭɤɬɭɪɧɨ-ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ 

ɦɟɯɚɧɢɡɦɨɜ ɩɪɟɬɪɚɧɫɮɟɪɧɨɝɨ ɢ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɝɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɉɪɨɊɋEf. 

Ɇɟɬɨɞɵ иɫɫɥɟɞɨɜɚɧия – ɫɚɣɬ-ɧɚɩɪɚɜɥɟɧɧɵɣ ɦɭɬɚɝɟɧɟɡ ɉɪɨɊɋEf ɢ ɬɊɇɄɉɪɨ
, 

ɮɟɪɦɟɧɬɚɬɢɜɧɚɹ ɦɨɞɢɮɢɤɚɰɢɹ ɬɊɇɄ, ɩɨɫɬɚɧɨɜɤɚ ɮɟɪɦɟɧɬɚɬɢɜɧɵɯ ɢ 

ɧɟɮɟɪɦɟɧɬɚɬɢɜɧɵɯ ɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ ɫ ɪɚɞɢɨɚɤɬɢɜɧɨɣ ɦɟɬɤɨɣ, 

ɫɨɩɨɫɬɚɜɥɟɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɤɨɦɩɶɸɬɟɪɧɨɝɨ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ. 

ɇɚɭɱɧɚɹ ɧɨɜɢɡɧɚ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ. ȼɩɟɪɜɵɟ ɩɨɤɚɡɚɧɨ ɬɊɇɄ-

ɡɚɜɢɫɢɦɨɟ ɩɪɟɬɪɚɧɫɮɟɪɧɨɟ ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ ɭ ȺɊɋ ɜɬɨɪɨɝɨ ɫɬɪɭɤɬɭɪɧɨɝɨ ɤɥɚɫɫɚ. 

ɉɨɤɚɡɚɧɚ ɜɟɞɭɳɚɹ ɪɨɥɶ ɜ ɷɬɨɦ ɩɪɨɰɟɫɫɟ ɝɢɞɪɨɤɫɢɥɶɧɵɯ ɝɪɭɩɩ Ⱥ76 ɬɊɇɄɉɪɨ. 
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ɍɫɬɚɧɨɜɥɟɧɚ ɫɩɟɰɢɮɢɱɟɫɤɚɹ ɪɨɥɶ 2’-ɝɢɞɪɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɵ Ⱥ76 ɬɊɇɄɉɪɨ ɜ 

ɩɪɟɬɪɚɧɫɮɟɪɧɨɦ ɪɟɞɚɤɬɢɪɨɜɚɧɢɢ, ɧɟ ɫɜɨɞɢɦɚɹ ɤ ɭɱɚɫɬɢɸ ɜ ɫɜɹɡɵɜɚɧɢɢ ɢ 

ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɢ Ⱥ76 ɬɊɇɄɉɪɨ ɜ ɚɦɢɧɨɚɰɢɥɢɪɭɸɳɟɦ ɚɤɬɢɜɧɨɦ ɰɟɧɬɪɟ. 

     ɉɨɤɚɡɚɧɚ ɤɚɬɚɥɢɬɢɱɟɫɤɚɹ ɩɪɢɪɨɞɚ ɬɊɇɄ-ɡɚɜɢɫɢɦɨɝɨ ɢ ɬɊɇɄ-ɧɟɡɚɜɢɫɢɦɨɝɨ 

ɩɪɟɬɪɚɧɫɮɟɪɧɨɝɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɉɪɨɊɋEf, ɢ ɱɚɫɬɢɱɧɨɟ ɢɡɛɢɪɚɬɟɥɶɧɨɟ 

ɜɵɫɜɨɛɨɠɞɟɧɢɟ ɚɥɚɧɢɥ-ȺɆɎ ɜ ɨɬɫɭɬɫɬɜɢɢ ɬɊɇɄɉɪɨ. 

     ɉɪɨɜɟɞёɧ ɢɫɱɟɪɩɵɜɚɸɳɢɣ ɫɚɣɬ-ɧɚɩɪɚɜɥɟɧɧɵɣ ɦɭɬɚɝɟɧɟɡ ɪɟɞɚɤɬɢɪɭɸɳɟɝɨ 

ɚɤɬɢɜɧɨɝɨ ɰɟɧɬɪɚ ɉɪɨɊɋEf ɩɨ ɫɬɪɚɬɟɝɢɢ ɚɥɚɧɢɧɨɜɨɝɨ ɫɤɚɧɢɪɨɜɚɧɢɹ, 

ɩɨɡɜɨɥɢɜɲɢɣ ɭɫɬɚɧɨɜɢɬɶ ɜɤɥɚɞ ɪɚɡɥɢɱɧɵɯ ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ ɨɫɬɚɬɤɨɜ ɜ 

ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɟ ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ ɉɪɨɊɋEf. 

     ɇɚ ɞɜɭɯ ɪɚɡɧɨɪɨɞɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɦɨɞɟɥɹɯ ɩɨɤɚɡɚɧɚ ɧɟɨɛɯɨɞɢɦɨɫɬɶ 

2’-ɝɢɞɪɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɵ Ⱥ76 ɬɊɇɄɉɪɨ ɞɥɹ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɝɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ 

ɉɪɨɊɋEf. 

     ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɩɨɞɬɜɟɪɠɞɟɧɚ ɧɨɜɚɹ ɤɜɚɧɬɨɜɨ-ɯɢɦɢɱɟɫɤɚɹ ɦɨɞɟɥɶ 

ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɝɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɉɪɨɊɋEf, ɜɩɟɪɜɵɟ ɜɵɩɨɥɧɟɧɧɚɹ ɧɚ ɨɫɧɨɜɟ 

ɩɨɥɧɨɪɚɡɦɟɪɧɨɣ ɦɨɞɟɥɢ ɫɬɪɭɤɬɭɪɵ ɤɨɦɩɥɟɤɫɚ ɉɪɨɊɋEf ɫ ɚɥɚɧɢɥ-ɬɊɇɄɉɪɨ, ɢ 

ɫɭɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱɧɚɹ ɨɬ ɩɪɟɞɥɨɠɟɧɧɨɣ ɪɚɧɟɟ. ɋɨɝɥɚɫɧɨ ɧɟɣ, ɤɚɬɚɥɢɡ 

ɝɢɞɪɨɥɢɡɚ ɚɥɚɧɢɥ-ɬɊɇɄɉɪɨ ɢɞёɬ ɩɨ ɤɢɫɥɨɬɧɨ-ɨɫɧɨɜɧɨɦɭ, ɫɭɛɫɬɪɚɬ-

ɚɫɫɢɫɬɢɪɨɜɚɧɧɨɦɭ ɦɟɯɚɧɢɡɦɭ. ɇɭɤɥɟɨɮɢɥɶɧɚɹ ɚɬɚɤɚ ɫɤɨɨɪɞɢɧɢɪɨɜɚɧɧɨɣ 

ɦɨɥɟɤɭɥɵ ɜɨɞɵ ɨɛɥɟɝɱɚɟɬɫɹ ɜɨɞɨɪɨɞɧɵɦ ɫɜɹɡɵɜɚɧɢɟɦ ɜɧɭɬɪɢ ɫɭɛɫɬɪɚɬɚ 

ɤɢɫɥɨɪɨɞɚ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɵ ɨɫɬɚɬɤɚ ɚɥɚɧɢɧɚ ɫ 2’-ɝɢɞɪɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɨɣ 

ɪɢɛɨɡɵ Ⱥ76 ɬɊɇɄɉɪɨ, ɭɫɢɥɢɜɚɸɳɢɦ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɡɚɪɹɞ ɧɚ 

ɭɝɥɟɪɨɞɟ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɵ. 

ɉɪɚɤɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ. ɉɨɥɭɱɟɧɧɵɟ 

ɫɢɫɬɟɦɵ ɷɤɫɩɪɟɫɫɢɢ ɢ ɨɬɪɚɛɨɬɚɧɧɵɟ ɦɟɬɨɞɵ ɨɱɢɫɬɤɢ ɬɪɚɧɫɤɪɢɩɬɨɜ ɬɊɇɄɉɪɨ
Ef ɢ 

ɬɊɇɄɉɪɨȺɥɚ ɦɨɝɭɬ ɩɨɫɥɭɠɢɬɶ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɩɪɟɩɚɪɚɬɨɜ ɷɬɢɯ ɬɊɇɄ ɜ ɰɟɥɹɯ ɢɯ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɞɚɥɶɧɟɣɲɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɚɩɩɚɪɚɬɚ ɛɟɥɤɨɜɨɝɨ ɫɢɧɬɟɡɚ. 

     Ⱦɚɧɧɵɟ ɨ ɦɟɯɚɧɢɡɦɟ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɝɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɦɨɝɭɬ ɛɵɬɶ 

ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɩɪɨɬɢɜ ɚɥɚɧɢɧɚ ɢ ɩɪɨɥɢɧɚ ɜ 
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ɩɪɨɰɟɫɫɟ ɫɨɡɞɚɧɢɹ ɧɚ ɨɫɧɨɜɟ ɉɪɨɊɋ ɢ ɬɊɇɄɉɪɨ ɨɪɬɨɝɨɧɚɥɶɧɵɯ ɩɚɪ ɞɥɹ ɜɜɟɞɟɧɢɹ 

ɜ ɫɬɪɭɤɬɭɪɭ ɫɢɧɬɟɡɢɪɭɟɦɵɯ ɛɟɥɤɨɜ ɧɟɤɚɧɨɧɢɱɟɫɤɢɯ ɚɦɢɧɨɤɢɫɥɨɬ. 

Ʌɢɱɧɵɣ ɜɤɥɚɞ ɫɨɢɫɤɚɬɟɥɹ. Ɉɰɟɧɤɚ ɥɢɬɟɪɚɬɭɪɧɵɯ ɞɚɧɧɵɯ ɩɪɨɜɟɞɟɧɚ 

ɞɢɫɫɟɪɬɚɧɬɨɦ ɥɢɱɧɨ. ɋɨɡɞɚɧɢɟ ɝɟɧɧɨɢɧɠɟɧɟɪɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɞɥɹ ɷɤɫɩɪɟɫɫɢɢ 

ɬɊɇɄɉɪɨ
Ef ɢ ɝɢɛɪɢɞɧɨɣ ɬɊɇɄɉɪɨȺɥɚ, ɫɚɣɬ-ɧɚɩɪɚɜɥɟɧɧɵɣ ɦɭɬɚɝɟɧɟɡ ɝɟɧɚ ɉɪɨɊɋ 

Ef, ɜɵɞɟɥɟɧɢɟ ɢ ɨɱɢɫɬɤɚ ɬɪɚɧɫɤɪɢɩɬɚ ɬɊɇɄɉɪɨȺɥɚ, ɞɢɤɨɝɨ ɬɢɩɚ ɢ ɦɭɬɚɧɬɧɵɯ 

ɮɨɪɦ ɉɪɨɊɋ, ɩɨɥɭɱɟɧɢɟ ɩɪɟɩɚɪɚɬɨɜ ɚɥɚɧɢɥ-ɬɊɇɄɉɪɨȺɥɚ ɢ ɩɪɨɥɢɥ-ɬɊɇɄɉɪɨ, 

ɩɨɫɬɚɧɨɜɤɚ ɮɟɪɦɟɧɬɚɬɢɜɧɵɯ ɢ ɧɟɮɟɪɦɟɧɬɚɬɢɜɧɵɯ ɪɟɚɤɰɢɣ ɢ ɚɧɚɥɢɡ 

ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɛɵɥɢ ɨɫɭɳɟɫɬɜɥɟɧɵ ɥɢɱɧɨ ɫɨɢɫɤɚɬɟɥɟɦ.  

     Ɉɱɢɫɬɤɚ ɬɊɇɄɉɪɨ
Ef ɢ ɬɊɇɄɉɪɨ 

Rhodopseudomonas palustris (ɬɊɇɄɉɪɨ
Rp) 

ɩɪɨɜɨɞɢɥɚɫɶ ɫɨɜɦɟɫɬɧɨ ɫ ɂ. Ⱥ. Ʉɪɢɤɥɢɜɵɦ. Ⱥɜɬɨɪ ɜɵɪɚɠɚɟɬ ɛɥɚɝɨɞɚɪɧɨɫɬɶ 

ɱɥɟɧɭ-ɤɨɪɪɟɫɩɨɧɞɟɧɬɭ ɇȺɇ ɍɤɪɚɢɧɵ Ɇ. Ⱥ. Ɍɭɤɚɥɨ ɡɚ ɩɨɦɨɳɶ ɜ ɪɚɡɪɚɛɨɬɤɟ 

ɫɬɪɚɬɟɝɢɢ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɚɧɚɥɢɡɟ ɢ ɨɛɨɛɳɟɧɢɢ ɪɟɡɭɥɶɬɚɬɨɜ. 

     ɋɥɨɜɚ ɢɫɤɪɟɧɧɟɣ ɛɥɚɝɨɞɚɪɧɨɫɬɢ ɚɜɬɨɪ ɚɞɪɟɫɭɟɬ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɦɭ 

ɪɭɤɨɜɨɞɢɬɟɥɸ ɪɚɛɨɬɵ ɤ.ɛ.ɧ. Ⱥ. Ⱦ. əɪɟɦɱɭɤ ɡɚ ɪɭɤɨɜɨɞɫɬɜɨ, ɩɨɥɟɡɧɵɟ ɫɨɜɟɬɵ ɢ 

ɡɚɦɟɱɚɧɢɹ ɜɨ ɜɪɟɦɹ ɩɨɞɝɨɬɨɜɤɢ, ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɢ ɩɪɢ ɨɛɫɭɠɞɟɧɢɢ 

ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɛɨɬɵ. ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢɡɥɨɠɟɧɵ ɜ ɫɨɜɦɟɫɬɧɵɯ 

ɩɭɛɥɢɤɚɰɢɹɯ.  

Ⱥɩɪɨɛɚɰɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɞɢɫɫɟɪɬɚɰɢɢ. Ɉɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢɹ 

ɞɢɫɫɟɪɬɚɰɢɢ ɞɨɤɥɚɞɵɜɚɥɢɫɶ ɧɚ Iɏ ɍɤɪɚɢɧɫɤɨɦ ɛɢɨɯɢɦɢɱɟɫɤɨɦ ɫɴɟɡɞɟ 

(ɏɚɪɶɤɨɜ, ɍɤɪɚɢɧɚ, 2006), 12-ɣ Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɩɭɳɢɧɫɤɨɣ ɲɤɨɥɟ-

ɤɨɧɮɟɪɟɧɰɢɢ ɦɨɥɨɞɵɯ ɭɱёɧɵɯ (ɉɭɳɢɧɨ, Ɋɨɫɫɢɹ, 2008), ɤɨɧɮɟɪɟɧɰɢɢ «Ɇɨɫɬɵ ɜ 

ɧɚɭɤɚɯ ɨ ɠɢɡɧɢ» (Ɂɚɝɪɟɛ, ɏɨɪɜɚɬɢɹ, 2008), 1-ɣ Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɧɚɭɱɧɨɣ 

ɤɨɧɮɟɪɟɧɰɢɢ ɫɬɭɞɟɧɬɨɜ, ɚɫɩɢɪɚɧɬɨɜ ɢ ɦɨɥɨɞɵɯ ɭɱёɧɵɯ «Ɏɭɧɞɚɦɟɧɬɚɥɶɧɵɟ ɢ 

ɩɪɢɤɥɚɞɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɛɢɨɥɨɝɢɢ» (Ⱦɨɧɟɰɤ, ɍɤɪɚɢɧɚ, 2009), V 

Ɇɟɠɞɭɧɚɪɨɞɧɨɦ ɫɢɦɩɨɡɢɭɦɟ «ɇɚɞɦɨɥɟɤɭɥɹɪɧɵɟ ɫɢɫɬɟɦɵ ɜ ɯɢɦɢɢ ɢ ɛɢɨɥɨɝɢɢ» 

(Ʉɢɟɜ, ɍɤɪɚɢɧɚ, 2009), VII ɉɚɪɧɚɫɨɜɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ ɩɨ ɛɢɨɯɢɦɢɢ ɢ 

ɦɨɥɟɤɭɥɹɪɧɨɣ ɛɢɨɥɨɝɢɢ (əɥɬɚ, ɍɤɪɚɢɧɚ, 2009), Ʉɨɧɮɟɪɟɧɰɢɢ ɦɨɥɨɞɵɯ ɭɱёɧɵɯ 

ɂɆȻȽ ɇȺɇɍ (Ʉɢɟɜ, ɍɤɪɚɢɧɚ, 2010), Ʉɨɧɮɟɪɟɧɰɢɢ ɦɨɥɨɞɵɯ ɭɱёɧɵɯ ɂɆȻȽ 

ɇȺɇɍ (Ʉɢɟɜ, ɍɤɪɚɢɧɚ, 2011), VI Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɤɨɧɮɟɪɟɧɰɢɢ ɦɨɥɨɞɵɯ 
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ɭɱёɧɵɯ (ɏɚɪɶɤɨɜ, ɍɤɪɚɢɧɚ, 2011), Ɏɨɪɭɦɟ ɦɨɥɨɞɵɯ ɭɱёɧɵɯ ɎȿȻɈ (ɋɚɧɤɬ-

ɉɟɬɟɪɛɭɪɝ, Ɋɨɫɫɢɹ, 2013), ɏI ɍɤɪɚɢɧɫɤɨɦ ɛɢɨɯɢɦɢɱɟɫɤɨɦ ɫɴɟɡɞɟ (Ʉɢɟɜ, 

ɍɤɪɚɢɧɚ, 2014), 19-ɣ Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɩɭɳɢɧɫɤɨɣ ɲɤɨɥɟ-ɤɨɧɮɟɪɟɧɰɢɢ ɦɨɥɨɞɵɯ 

ɭɱёɧɵɯ (ɉɭɳɢɧɨ, Ɋɨɫɫɢɹ, 2015). 

ɉɭɛɥɢɤɚɰɢɢ. ɉɨ ɬɟɦɟ ɞɢɫɫɟɪɬɚɰɢɢ ɨɩɭɛɥɢɤɨɜɚɧɨ 18 ɧɚɭɱɧɵɯ ɪɚɛɨɬ, ɢɡ 

ɧɢɯ 5 ɫɬɚɬɟɣ ɜ ɪɟɰɟɧɡɢɪɭɟɦɵɯ ɧɚɭɱɧɵɯ ɠɭɪɧɚɥɚɯ ɢ ɬɟɡɢɫɵ 13 ɞɨɤɥɚɞɨɜ ɜ 

ɫɛɨɪɧɢɤɚɯ ɦɚɬɟɪɢɚɥɨɜ ɦɟɠɞɭɧɚɪɨɞɧɵɯ ɢ ɜɫɟɭɤɪɚɢɧɫɤɢɯ ɧɚɭɱɧɵɯ ɤɨɧɮɟɪɟɧɰɢɣ. 

ɋɬɪɭɤɬɭɪɚ ɢ ɨɛɴёɦ ɪɚɛɨɬɵ. Ⱦɢɫɫɟɪɬɚɰɢɹ ɫɨɫɬɨɢɬ ɢɡ ɜɫɬɭɩɥɟɧɢɹ, ɨɛɡɨɪɚ 

ɥɢɬɟɪɚɬɭɪɵ, ɦɚɬɟɪɢɚɥɨɜ ɢ ɦɟɬɨɞɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɱɚɫɬɢ, 

ɚɧɚɥɢɡɚ ɢ ɨɛɨɛɳɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ, ɜɵɜɨɞɨɜ, ɫɩɢɫɤɚ ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ 

ɢɫɬɨɱɧɢɤɨɜ, ɤɨɬɨɪɵɣ ɜɤɥɸɱɚɟɬ 134 ɧɚɢɦɟɧɨɜɚɧɢɹ. Ⱦɢɫɫɟɪɬɚɰɢɹ ɢɡɥɨɠɟɧɚ ɧɚ 

142 ɫɬɪɚɧɢɰɚɯ ɦɚɲɢɧɨɩɢɫɧɨɝɨ ɬɟɤɫɬɚ, ɨɧɚ ɫɨɞɟɪɠɢɬ 36 ɪɢɫɭɧɤɨɜ ɢ 5 ɬɚɛɥɢɰ. 
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ɊȺɁȾȿɅ 1 

 

ɈȻɁɈɊ ɅɂɌȿɊȺɌɍɊɕ 

 

1.1. Ⱥɦɢɧɨɚɰɢɥ-ɬɊɇɄ ɫɢɧɬɟɬɚɡɵ ɤɚɤ ɤɥɚɫɫ ɮɟɪɦɟɧɬɨɜ  

 

Ⱥɦɢɧɨɚɰɢɥ-ɬɊɇɄ ɫɢɧɬɟɬɚɡɵ (ȺɊɋ) ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɮɟɪɦɟɧɬɵ, 

ɤɚɬɚɥɢɡɢɪɭɸɳɢɟ ɫɩɟɰɢɮɢɱɟɫɤɨɟ ɚɦɢɧɨɚɰɢɥɢɪɨɜɚɧɢɟ ɬɊɇɄ ɚɦɢɧɨɤɢɫɥɨɬɚɦɢ. ȼ 

ɢɯ ɚɤɬɢɜɧɵɯ ɰɟɧɬɪɚɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɪɨɯɨɞɹɬ ɞɜɟ ɪɟɚɤɰɢɢ – ɚɤɬɢɜɚɰɢɹ 

ɚɦɢɧɨɤɢɫɥɨɬɵ ȺɌɎ, ɫɨɩɪɨɜɨɠɞɚɸɳɚɹɫɹ ɨɛɪɚɡɨɜɚɧɢɟɦ ɚɦɢɧɨɚɰɢɥ-ɚɞɟɧɢɥɚɬɚ ɢ 

ɜɵɫɜɨɛɨɠɞɟɧɢɟɦ ɩɢɪɨɮɨɫɮɚɬɚ, ɢ ɚɦɢɧɨɚɰɢɥɢɪɨɜɚɧɢɟ ɬɊɇɄ ɫ ɜɵɫɜɨɛɨɠɞɟɧɢɟɦ 

ȺɆɎ (ɪɢɫ. 1.1). ɍɡɧɚɜɚɧɢɟ ɨɞɧɨɣ ɢɡ 20-ɬɢ ɬɊɇɄ (ɧɟ ɫɱɢɬɚɹ ɢɡɨɚɤɰɟɩɬɨɪɧɵɯ) ɢ 

ɭɡɧɚɜɚɧɢɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɟɣ ɚɦɢɧɨɤɢɫɥɨɬɵ ɧɟɨɛɯɨɞɢɦɵ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ 

ɩɪɚɜɢɥɶɧɨɝɨ ɤɨɧɟɱɧɨɝɨ ɩɪɨɞɭɤɬɚ – ɚɦɢɧɨɚɰɢɥ-ɬɊɇɄ, ɜ ɤɨɬɨɪɨɣ ɚɧɬɢɤɨɞɨɧ 

ɬɊɇɄ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɪɢɫɨɟɞɢɧёɧɧɨɦɭ ɤ ɧɟɣ ɚɦɢɧɨɤɢɫɥɨɬɧɨɦɭ ɨɫɬɚɬɤɭ. ɂɦɟɧɧɨ 

ɫɩɟɰɢɮɢɱɧɨɫɬɶ ȺɊɋ ɨɩɪɟɞɟɥɹɟɬ ɫɨɨɬɜɟɬɫɬɜɢɟ ɧɭɤɥɟɨɬɢɞɧɵɯ ɬɪɢɩɥɟɬɨɜ 

ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɤɨɞɚ ɚɦɢɧɨɤɢɫɥɨɬɚɦ. ɗɬɚ ɤɥɸɱɟɜɚɹ ɮɭɧɤɰɢɹ ɜ ɪɟɚɥɢɡɚɰɢɢ 

ɝɟɧɟɬɢɱɟɫɤɨɣ ɢɧɮɨɪɦɚɰɢɢ ɨɩɪɟɞɟɥɹɟɬ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɜɵɫɨɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤ 

ɫɩɟɰɢɮɢɱɧɨɫɬɢ ȺɊɋ. 
 

                            
 

Ɋɢɫ. 1.1. Ⱦɜɟ ɫɬɚɞɢɢ ɪɟɚɤɰɢɢ ɚɦɢɧɨɚɰɢɥɢɪɨɜɚɧɢɹ ɢ ɜɵɫɜɨɛɨɠɞɟɧɢɟ 

ɩɪɨɞɭɤɬɚ. ȿ – ɮɟɪɦɟɧɬ, ȺɄ – ɚɦɢɧɨɤɢɫɥɨɬɚ, PPТ – ɩɢɪɨɮɨɫɮɚɬ, ȺɄ-ȺɆɎ – 

ɚɦɢɧɨɚɰɢɥ-ɚɞɟɧɢɥɚɬ, ȺɄ-ɬɊɇɄ – ɚɦɢɧɨɚɰɢɥ-ɬɊɇɄ 

 

Ⱦɨ ɩɨɹɜɥɟɧɢɹ ɛɟɥɤɨɜɵɯ ȺɊɋ ɢɯ ɮɭɧɤɰɢɢ ɜɵɩɨɥɧɹɥɢ ɦɨɥɟɤɭɥɵ ɊɇɄ, ɱɬɨ 

ɤɨɫɜɟɧɧɨ ɩɨɞɬɜɟɪɠɞɟɧɨ ɢɫɤɭɫɫɬɜɟɧɧɵɦ ɫɨɡɞɚɧɢɟɦ ɪɢɛɨɡɢɦɨɜ, ɫɩɨɫɨɛɧɵɯ 

ɚɦɢɧɨɚɰɢɥɢɪɨɜɚɬɶ ɫɜɨɣ 3'-ɤɨɧɟɰ ɢɥɢ 3'-ɤɨɧɟɰ ɬɊɇɄ [7]. ȼ ɞɚɥɶɧɟɣɲɟɦ ȺɊɋ-
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ɪɢɛɨɡɢɦɵ ɨɤɚɡɚɥɢɫɶ ɡɚɦɟɧɟɧɵ ɛɟɥɤɚɦɢ, ɜɟɞɭɳɢɦɢ ɧɚɱɚɥɨ ɨɬ ɞɜɭɯ ɩɪɟɞɤɨɜɵɯ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ [8]. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɬɪɭɤɬɭɪɧɨ ȺɊɋ ɪɚɫɩɚɞɚɸɬɫɹ ɧɚ ɞɜɚ 

ɛɨɥɶɲɢɯ ɧɟɪɨɞɫɬɜɟɧɧɵɯ ɞɪɭɝ ɞɪɭɝɭ ɤɥɚɫɫɚ. Ɏɟɪɦɟɧɬɵ 1-ɝɨ ɫɬɪɭɤɬɭɪɧɨɝɨ ɤɥɚɫɫɚ 

ɭɡɧɚɜɚɟɦɵ ɩɨ ɬɪɟɬɢɱɧɨɣ ɫɬɪɭɤɬɭɪɟ ɚɦɢɧɨɚɰɢɥɢɪɭɸɳɟɝɨ ɞɨɦɟɧɚ ɜ ɜɢɞɟ 

ɩɚɪɚɥɥɟɥɶɧɨɝɨ β-ɥɢɫɬɚ, ɮɥɚɧɤɢɪɨɜɚɧɧɨɝɨ α-ɫɩɢɪɚɥɹɦɢ, ɧɚɡɵɜɚɟɦɨɣ ɬɚɤɠɟ 

ɭɤɥɚɞɤɨɣ Ɋɨɫɫɦɚɧɚ. ɉɨ ɩɟɪɜɢɱɧɨɣ ɫɬɪɭɤɬɭɪɟ ɢɯ ɩɨɡɜɨɥɹɸɬ ɭɡɧɚɬɶ ɞɜɟ ɤɨɪɨɬɤɢɟ 

ɤɨɧɫɟɪɜɚɬɢɜɧɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɨɛɪɚɡɭɸɳɢɟ ɱɚɫɬɶ ȺɌɎ-ɫɜɹɡɵɜɚɸɳɟɝɨ 

ɰɟɧɬɪɚ. Ⱦɥɹ ɩɟɪɜɨɝɨ ɫɬɪɭɤɬɭɪɧɨɝɨ ɤɥɚɫɫɚ ɯɚɪɚɤɬɟɪɧɨ ɨɬɫɭɬɫɬɜɢɟ ɱɟɬɜɟɪɬɢɱɧɨɣ 

ɫɬɪɭɤɬɭɪɵ – ɛɨɥɶɲɢɧɫɬɜɨ ɢɡ ɧɢɯ ɦɨɧɨɦɟɪɵ. ɋ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ 

ɷɬɢ ɮɟɪɦɟɧɬɵ ɨɬɥɢɱɚɟɬ ɫɜɹɡɵɜɚɧɢɟ ɚɤɰɟɩɬɨɪɧɨɝɨ ɫɬɟɛɥɹ ɬɊɇɄ ɫɨ ɫɬɨɪɨɧɵ 

ɦɚɥɨɣ ɛɨɪɨɡɞɵ (ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɌɢɪɊɋ ɢ ɌɪɩɊɋ [9; 10]), ɢ ɚɦɢɧɨɚɰɢɥɢɪɨɜɚɧɢɟ 

ɜ ɨɫɧɨɜɧɨɦ ɩɨ 2'-ɝɢɞɪɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɟ Ⱥ76 ɬɊɇɄ. 

ȼ ɨɫɧɨɜɟ ɫɬɪɭɤɬɭɪɵ ɚɤɬɢɜɧɨɝɨ ɰɟɧɬɪɚ ɮɟɪɦɟɧɬɨɜ 2-ɝɨ ɫɬɪɭɤɬɭɪɧɨɝɨ 

ɤɥɚɫɫɚ ɥɟɠɢɬ ɚɧɬɢɩɚɪɚɥɥɟɥɶɧɵɣ β-ɥɢɫɬ. Ɉɬɥɢɱɢɬɟɥɶɧɵɦɢ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɢɯ 

ɩɟɪɜɢɱɧɨɣ ɫɬɪɭɤɬɭɪɵ ɜɵɫɬɭɩɚɸɬ ɬɪɢ ɝɨɦɨɥɨɝɢɱɧɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, 

ɭɱɚɫɬɜɭɸɳɢɟ ɜɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫ ɬɊɇɄ, ɫɜɹɡɵɜɚɧɢɢ ȺɌɎ ɢ ɞɢɦɟɪɢɡɚɰɢɢ. ɗɬɢ 

ɮɟɪɦɟɧɬɵ ɤɚɤ ɩɪɚɜɢɥɨ ɹɜɥɹɸɬɫɹ ɝɨɦɨɞɢɦɟɪɚɦɢ, ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɫ 

ɚɤɰɟɩɬɨɪɧɵɦ ɫɬɟɛɥɟɦ ɬɊɇɄ ɫɨ ɫɬɨɪɨɧɵ ɛɨɥɶɲɨɣ ɛɨɪɨɡɞɵ, ɢ, ɤɪɨɦɟ 

ɮɟɧɢɥɚɥɚɧɢɥ-ɬɊɇɄ ɫɢɧɬɟɬɚɡɵ (ɎɟɧɊɋ), ɚɦɢɧɨɚɰɢɥɢɪɭɸɬ Ⱥ76 ɬɊɇɄ ɩɨ 3'-

ɝɢɞɪɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɟ [11]. ɉɨ ɝɨɦɨɥɨɝɢɢ ɩɟɪɜɢɱɧɨɣ ɫɬɪɭɤɬɭɪɵ ɢ 

ɨɫɨɛɟɧɧɨɫɬɹɦ ɞɨɦɟɧɧɨɣ ɨɪɝɚɧɢɡɚɰɢɢ ɤɚɠɞɵɣ ɢɡ ɤɥɚɫɫɨɜ ɞɨɩɨɥɧɢɬɟɥɶɧɨ 

ɪɚɡɞɟɥɟɧ ɧɚ ɩɨɞɤɥɚɫɫɵ (ɬɚɛɥ. 1.1). Ⱦɥɹ ȺɊɋ ɯɚɪɚɤɬɟɪɧɚ ɦɨɞɭɥɶɧɚɹ ɫɬɪɭɤɬɭɪɚ, ɜ 

ɤɨɬɨɪɨɣ ɤ ɨɫɧɨɜɧɨɦɭ ɚɦɢɧɨɚɰɢɥɢɪɭɸɳɟɦɭ ɦɨɞɭɥɸ ɤɪɟɩɹɬɫɹ ɚɧɬɢɤɨɞɨɧ-

ɫɜɹɡɵɜɚɸɳɢɣ, ɪɟɞɚɤɬɢɪɭɸɳɢɣ ɢɥɢ ɞɪɭɝɢɟ ɦɨɞɭɥɢ, ɹɜɥɹɸɳɢɟɫɹ ɛɨɥɟɟ 

ɩɨɡɞɧɢɦɢ ɷɜɨɥɸɰɢɨɧɧɵɦɢ ɩɪɢɨɛɪɟɬɟɧɢɹɦɢ. Ɍɚɤɢɟ ɦɨɞɭɥɢ ɜ ɯɨɞɟ ɷɜɨɥɸɰɢɢ 

ɢɧɨɝɞɚ ɦɟɧɹɥɢ ɫɜɨё ɩɨɥɨɠɟɧɢɟ ɜ ɩɟɪɜɢɱɧɨɣ ɫɬɪɭɤɬɭɪɟ, ɜɫɬɪɟɱɚɥɢɫɶ ɢɥɢ 

ɜɫɬɪɟɱɚɸɬɫɹ ɜ ɜɢɞɟ ɫɚɦɨɫɬɨɹɬɟɥɶɧɵɯ ɛɟɥɤɨɜ.  

Ⱦɨɦɟɧɧɚɹ ɫɬɪɭɤɬɭɪɚ ȺɊɋ ɨɬɨɛɪɚɠɚɟɬ ɩɨɷɬɚɩɧɨɟ ɩɨɜɵɲɟɧɢɟ ɬɪɟɛɨɜɚɧɢɣ ɤ 

ɫɩɟɰɢɮɢɱɧɨɫɬɢ ɭɡɧɚɜɚɧɢɹ ɢɦɢ ɬɊɇɄ ɢ ɚɦɢɧɨɤɢɫɥɨɬ. ɉɪɢ ɷɬɨɦ ɭɡɧɚɜɚɧɢɟ 

ɚɦɢɧɨɤɢɫɥɨɬ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɛɨɥɟɟ ɫɥɨɠɧɭɸ ɡɚɞɚɱɭ. ȿɫɥɢ ɭɡɧɚɜɚɧɢɸ ɬɊɇɄ 
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ɡɚɞɚɧɧɨɣ ɫɩɟɰɢɮɢɱɧɨɫɬɢ ɛɥɚɝɨɩɪɢɹɬɫɬɜɭɟɬ ɫɩɨɫɨɛɧɨɫɬɶ ɟё ɞɨɫɬɚɬɨɱɧɨ ɫɥɨɠɧɨɣ 

ɫɬɪɭɤɬɭɪɵ ɧɟɫɬɢ ɞɨɫɬɚɬɨɱɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɨɬɥɢɱɢɬɟɥɶɧɵɯ ɱɟɪɬ, ɫɬɚɧɨɜɹɳɢɯɫɹ 

ɞɟɬɟɪɦɢɧɚɧɬɚɦɢ ɭɡɧɚɜɚɧɢɹ, ɬɨ ɩɪɨɫɬɚɹ ɯɢɦɢɱɟɫɤɚɹ ɫɬɪɭɤɬɭɪɚ ɬɚɤɨɣ ɦɚɥɨɣ 

ɦɨɥɟɤɭɥɵ, ɤɚɤ ɚɦɢɧɨɤɢɫɥɨɬɚ, ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɝɨɪɚɡɞɨ ɦɟɧɶɲɟ ɬɚɤɢɯ 

ɜɨɡɦɨɠɧɨɫɬɟɣ. ɉɨ ɷɬɨɣ ɩɪɢɱɢɧɟ, ɫɪɟɞɢ ɞɪɭɝɢɯ ɯɚɪɚɤɬɟɪɧɵɯ ɱɟɪɬ, ɪɹɞ ȺɊɋ 

ɨɛɥɚɞɚɟɬ ɫɩɨɫɨɛɧɨɫɬɶɸ ɤ ɪɟɞɚɤɬɢɪɨɜɚɧɢɸ, ɬɨ ɟɫɬɶ ɢɡɛɢɪɚɬɟɥɶɧɨɦɭ 

ɪɚɫɳɟɩɥɟɧɢɸ ɫɨɛɫɬɜɟɧɧɵɯ ɨɲɢɛɨɱɧɨ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɩɪɨɞɭɤɬɨɜ. Ɇɟɯɚɧɢɡɦɵ 

ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ȺɊɋ ɨɬɥɢɱɚɸɬɫɹ ɭɞɢɜɢɬɟɥɶɧɵɦ ɪɚɡɧɨɨɛɪɚɡɢɟɦ, ɤɨɬɨɪɨɟ ɬɚɤɠɟ 

ɛɭɞɟɬ ɪɚɫɫɦɨɬɪɟɧɨ ɜ ɧɚɫɬɨɹɳɟɦ ɨɛɡɨɪɟ. 

1.1.1. Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɚɦɢɧɨɚɰɢɥ-ɬɊɇɄ ɫɢɧɬɟɬɚɡ. ɇɚ ɨɫɧɨɜɚɧɢɢ 

ɫɪɚɜɧɟɧɢɹ ɩɟɪɜɢɱɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɫɬɪɭɤɬɭɪ ɜɫɟ 

ȺɊɋ ɪɚɡɞɟɥɟɧɵ ɧɚ ɞɜɚ ɤɥɚɫɫɚ Д11Ж. Ʉɚɤ ɩɪɚɜɢɥɨ, ɜɫɟ ɢɡɜɟɫɬɧɵɟ ȺɊɋ 

ɨɩɪɟɞɟɥёɧɧɨɣ ɫɩɟɰɢɮɢɱɧɨɫɬɢ ɨɬɧɨɫɹɬɫɹ ɤ ɨɞɧɨɦɭ ɢ ɬɨɦɭ ɠɟ ɤɥɚɫɫɭ. 

ȿɞɢɧɫɬɜɟɧɧɵɦ ɢɫɤɥɸɱɟɧɢɟɦ ɫɬɚɥɚ ɅɢɡɊɋ 1-ɝɨ ɤɥɚɫɫɚ, ɨɛɧɚɪɭɠɟɧɧɚɹ ɭ ɚɪɯɟɣ ɢ 

ɧɟɤɨɬɨɪɵɯ ɛɨɥɟɡɧɟɬɜɨɪɧɵɯ ɛɚɤɬɟɪɢɣ Д13Ж. Ʉ 1-ɦɭ ɤɥɚɫɫɭ ɨɬɧɨɫɹɬɫɹ ȺɊɋ, 

ɫɩɟɰɢɮɢɱɧɵɟ ɤ ɚɪɝɢɧɢɧɭ, ɰɢɫɬɟɢɧɭ, ɝɥɭɬɚɦɢɧɭ, ɝɥɭɬɚɦɢɧɨɜɨɣ ɤɢɫɥɨɬɟ, 

ɥɟɣɰɢɧɭ, ɢɡɨɥɟɣɰɢɧɭ, ɜɚɥɢɧɭ, ɦɟɬɢɨɧɢɧɭ, ɬɢɪɨɡɢɧɭ ɢ ɬɪɢɩɬɨɮɚɧɭ, ɚ ɬɚɤɠɟ, 

ɢɧɨɝɞɚ, ɅɢɡɊɋ (ɬɚɛɥ. 1.1). ȺɊɋ, ɫɩɟɰɢɮɢɱɧɵɟ ɤ ɝɥɢɰɢɧɭ, ɚɥɚɧɢɧɭ, ɫɟɪɢɧɭ, 

ɬɪɟɨɧɢɧɭ, ɚɫɩɚɪɚɝɢɧɭ, ɚɫɩɚɪɚɝɢɧɨɜɨɣ ɤɢɫɥɨɬɟ, ɩɪɨɥɢɧɭ, ɝɢɫɬɢɞɢɧɭ, 

ɮɟɧɢɥɚɥɚɧɢɧɭ ɢ, ɨɛɵɱɧɨ, ɥɢɡɢɧɭ, ɨɬɧɨɫɹɬɫɹ ɤɨ 2-ɦɭ ɤɥɚɫɫɭ. Ɍɚɤɠɟ ɤɨ 2-ɦɭ 

ɤɥɚɫɫɭ ɨɬɧɨɫɹɬɫɹ ɧɟɤɚɧɨɧɢɱɟɫɤɢɟ ɩɢɪɪɨɥɢɡɢɥ-ɬɊɇɄ ɫɢɧɬɟɬɚɡɚ Д14Ж ɢ 

ɮɨɫɮɨɫɟɪɢɥ-ɬɊɇɄ ɫɢɧɬɟɬɚɡɚ Д15Ж, ɞɢɜɟɪɝɢɪɨɜɚɜɲɢɟ ɨɬ ɮɟɧɢɥɚɥɚɧɢɥ-ɬɊɇɄ 

ɫɢɧɬɟɬɚɡɵ (ɎɟɧɊɋ) ɜɨ ɜɪɟɦɟɧɚ ɩɨɫɥɟɞɧɟɝɨ ɨɛɳɟɝɨ ɩɪɟɞɤɚ Д16; 17Ж.  

      ȺɊɋ ɤɚɠɞɨɝɨ ɫɬɪɭɤɬɭɪɧɨɝɨ ɤɥɚɫɫɚ ɧɟɫɭɬ ɨɛɳɢɟ ɞɥɹ ɧɢɯ ɝɨɦɨɥɨɝɢɱɧɵɟ 

ɦɨɬɢɜɵ, ɨɛɥɚɞɚɸɬ ɯɚɪɚɤɬɟɪɧɨɣ ɬɨɩɨɥɨɝɢɟɣ ɚɤɬɢɜɧɨɝɨ ɰɟɧɬɪɚ, ɱɟɬɜɟɪɬɢɱɧɨɣ 

ɫɬɪɭɤɬɭɪɨɣ, ɫɩɨɫɨɛɨɦ ɫɜɹɡɵɜɚɧɢɹ ɬɊɇɄ ɢ ȺɌɎ, ɩɪɢɞɟɪɠɢɜɚɸɬɫɹ 

ɨɩɪɟɞɟɥёɧɧɨɝɨ ɦɟɫɬɚ ɤɪɟɩɥɟɧɢɹ ɚɦɢɧɨɤɢɫɥɨɬɵ ɧɚ 3’-ɚɞɟɧɢɧɟ ɬɊɇɄ, ɢɦɟɸɬ 

ɨɛɳɭɸ ɫɤɨɪɨɫɬɶ-ɥɢɦɢɬɢɪɭɸɳɭɸ ɫɬɚɞɢɸ ɪɟɚɤɰɢɢ. ɉɨ ɫɯɨɞɫɬɜɭ ɩɟɪɜɢɱɧɨɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɢ ɬɪɟɬɢɱɧɨɣ ɫɬɪɭɤɬɭɪɵ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɞɨɦɟɧɚ ȺɊɋ 

ɤɚɠɞɨɝɨ ɤɥɚɫɫɚ ɞɟɥɹɬɫɹ ɧɚ ɪɹɞ ɩɨɞɤɥɚɫɫɨɜ (ɬɚɛɥ. 1.1) [12]. 
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Тɚɛɥиɰɚ 1.1  

Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ȺɊɋ, ɢɯ ɱɟɬɜɟɪɬɢɱɧɚɹ ɫɬɪɭɤɬɭɪɚ ɢ ɪɟɞɚɤɬɢɪɭɸɳɚɹ 

ɚɤɬɢɜɧɨɫɬɶ  

Ʉɥɚɫɫ 1 

 

ɋɬɪɭɤ-

ɬɭɪɚ 

Ɋɟɞɚɤɬɢɪɨ-

ɜɚɧɢɟ 

Ʉɥɚɫɫ 2 ɋɬɪɭɤ-

ɬɭɪɚ 

Ɋɟɞɚɤɬɢɪɨ-

ɜɚɧɢɟ 

ɉɨɞɤɥɚɫɫ 1Ⱥ   ɉɨɞɤɥɚɫɫ 2Ⱥ   

ɆɟɬɊɋ α, α2 Ƚɨɦɨɰɢɫɬɟɢɧ ɋɟɪɊɋ α2 Ɍɪɟɨɧɢɧ, 
ɰɢɫɬɟɢɧ 

ɅɟɣɊɋ α ɇɨɪɜɚɥɢɧ, 
ɢɡɨɥɟɣɰɢɧ 

ɉɪɨɊɋ α2 Ⱥɥɚɧɢɧ, 
ɰɢɫɬɟɢɧ 

ɂɥɟɊɋ α ȼɚɥɢɧ, 
ɰɢɫɬɟɢɧ 

ɌɪɟɊɋ α2 ɋɟɪɢɧ 

ȼɚɥɊɋ α Ɍɪɟɨɧɢɧ ȽɥɢɊɋ α2  

   ȽɢɫɊɋ α2  

ɉɨɞɤɥɚɫɫ 1B   ɉɨɞɤɥɚɫɫ 2B   

ɐɢɫɊɋ α, α2  ȺɫɩɊɋ α2  

ȽɥɧɊɋ α  ȺɫɧɊɋ α2  

ȽɥɭɊɋ α  ɅɢɡɊɋ α2 Ƚɨɦɨɰɢɫɬɟ- 
ɢɧ, 
ɝɨɦɨɫɟɪɢɧ 

ɉɨɞɤɥɚɫɫ 1C   ɉɨɞɤɥɚɫɫ 2C   

ɌɢɪɊɋ α  ɎɟɧɊɋ (αβ)2, α Ɍɢɪɨɡɢɧ, 
ɢɡɨɥɟɣɰɢɧ 

ɌɪɩɊɋ 

 

α2  ȽɥɢɊɋ (αβ)2  

ȺɥɚɊɋ α2, α ɋɟɪɢɧ, 

ɝɥɢɰɢɧ 

ɉɨɞɤɥɚɫɫ 1D   ɋɟɥɟɧɨɰɢɫ-
ɬɟɢɧɢɥ-Ɋɋ 

α4  

ȺɪɝɊɋ α2  ɉɢɪɪɨɥɢɡɢɥ-
Ɋɋ 

α2  

   

ɉɨɞɤɥɚɫɫ 1E      

ɅɢɡɊɋ α     
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ȺɊɋ ɩɟɪɜɨɝɨ ɫɬɪɭɤɬɭɪɧɨɝɨ ɤɥɚɫɫɚ ɧɟɫɭɬ ɞɜɚ ɯɚɪɚɤɬɟɪɧɵɯ ɦɨɬɢɜɚ, ɨɛɵɱɧɨ 

ɨɛɨɡɧɚɱɚɟɦɵɟ HIGH ɢ KMSKS. Ȼɨɥɟɟ ɬɨɱɧɨ ɢɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜɵɝɥɹɞɹɬ 

ɤɚɤ hɎGh ɢ kmsKs. ȼɬɨɪɨɣ ɫɬɪɭɤɬɭɪɧɵɣ ɤɥɚɫɫ ɧɟɫёɬ ɬɪɢ ɯɚɪɚɤɬɟɪɧɵɯ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ: gɎxxɎxxPɎɎ, fRxe-h/rxxxfxxx(d/e) ɢ 

gɎgɎgɎ(d/e)RɎɎɎɎɎ. «Ɏ» ɡɞɟɫɶ ɨɛɨɡɧɚɱɚɟɬ ɝɢɞɪɨɮɨɛɧɵɣ ɚɦɢɧɨɤɢɫɥɨɬɧɵɣ 

ɨɫɬɚɬɨɤ, «ɯ» – ɥɸɛɨɣ ɨɫɬɚɬɨɤ. Ɇɚɥɟɧɶɤɚɹ ɛɭɤɜɚ, ɩɨɞɱёɪɤɧɭɬɚɹ ɦɚɥɟɧɶɤɚɹ ɛɭɤɜɚ 

ɢ ɩɨɞɱёɪɤɧɭɬɚɹ ɛɨɥɶɲɚɹ ɛɭɤɜɚ ɨɛɨɡɧɚɱɚɸɬ ɤɨɧɫɟɪɜɚɬɢɜɧɵɣ, ɜɵɫɨɤɨ 

ɤɨɧɫɟɪɜɚɬɢɜɧɵɣ ɢ ɚɛɫɨɥɸɬɧɨ ɤɨɧɫɟɪɜɚɬɢɜɧɵɣ ɨɫɬɚɬɤɢ [18]. ɋɬɪɭɤɬɭɪɧɨ ɨɛɚ 

ɦɨɬɢɜɚ ɩɟɪɜɨɝɨ ɤɥɚɫɫɚ, ɚ ɬɚɤɠɟ ɜɬɨɪɨɣ ɢ ɬɪɟɬɢɣ ɦɨɬɢɜɵ ɜɬɨɪɨɝɨ ɤɥɚɫɫɚ 

ɭɱɚɫɬɜɭɸɬ ɜ ɮɨɪɦɢɪɨɜɚɧɢɢ ȺɌɎ-ɫɜɹɡɵɜɚɸɳɟɝɨ ɰɟɧɬɪɚ ɢ ɜɨɜɥɟɱɟɧɵ ɜ 

ɫɬɚɛɢɥɢɡɚɰɢɸ ɩɟɪɟɯɨɞɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɪɟɚɤɰɢɢ ɚɤɬɢɜɚɰɢɢ ɚɦɢɧɨɤɢɫɥɨɬɵ [19]. 

ɉɟɪɜɵɣ ɦɨɬɢɜ ɜɬɨɪɨɝɨ ɫɬɪɭɤɬɭɪɧɨɝɨ ɤɥɚɫɫɚ ɡɚɞɟɣɫɬɜɨɜɚɧ ɜ ɮɨɪɦɢɪɨɜɚɧɢɢ 

ɱɟɬɜɟɪɬɢɱɧɨɣ ɫɬɪɭɤɬɭɪɵ ȺɊɋ [20]. 

Ɇɨɬɢɜɵ ɩɟɪɜɢɱɧɨɣ ɫɬɪɭɤɬɭɪɵ ɫɛɥɢɠɟɧɵ ɜ ɬɪɟɬɢɱɧɨɣ ɫɬɪɭɤɬɭɪɟ 

ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɞɨɦɟɧɨɜ ɨɛɨɢɯ ɤɥɚɫɫɨɜ ȺɊɋ. ɉɪɢ ɷɬɨɦ ɤɚɬɚɥɢɬɢɱɟɫɤɢɣ ɞɨɦɟɧ 

ɩɟɪɜɨɝɨ ɤɥɚɫɫɚ ɨɛɪɚɡɭɟɬ β5α4 ɫɬɪɭɤɬɭɪɭ ɫ ɩɚɪɚɥɥɟɥɶɧɵɦɢ β-ɬɹɠɚɦɢ, 

ɧɚɡɵɜɚɟɦɭɸ ɭɤɥɚɞɤɨɣ Ɋɨɫɫɦɚɧɚ. ɗɬɚ ɧɭɤɥɟɨɬɢɞ-ɫɜɹɡɵɜɚɸɳɚɹ ɫɬɪɭɤɬɭɪɚ ɛɵɥɚ 

ɬɚɤɠɟ ɨɛɧɚɪɭɠɟɧɚ ɜ ɞɟɝɢɞɪɨɝɟɧɚɡɚɯ [21]. Ʉɚɬɚɥɢɬɢɱɟɫɤɢɣ ɞɨɦɟɧ ɜɬɨɪɨɝɨ ɤɥɚɫɫɚ 

ȺɊɋ ɢɦɟɟɬ ɜ ɫɜɨɟɣ ɨɫɧɨɜɟ ɫɬɪɭɤɬɭɪɭ ɢɡ ɫɟɦɢ ɚɧɬɢɩɚɪɚɥɥɟɥɶɧɵɯ β-ɬɹɠɟɣ, 

ɨɤɪɭɠёɧɧɵɯ α-ɫɩɢɪɚɥɹɦɢ [22]. Ƚɨɦɨɥɨɝɢɱɧɚɹ ɫɬɪɭɤɬɭɪɚ ɛɵɥɚ ɨɛɧɚɪɭɠɟɧɚ 

ɬɚɤɠɟ ɜ ɛɢɨɬɢɧ-ɫɢɧɬɟɬɚɡɚɯ [23]. 

Ɉɬɥɢɱɚɟɬɫɹ ɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɨɪɢɟɧɬɚɰɢɹ ɬɊɇɄ ɩɪɢ ɟё ɫɜɹɡɵɜɚɧɢɢ ȺɊɋ 

ɞɜɭɯ ɤɥɚɫɫɨɜ. ȺɊɋ ɩɟɪɜɨɝɨ ɤɥɚɫɫɚ ɫɬɵɤɭɸɬɫɹ ɫ ɚɤɰɟɩɬɨɪɧɵɦ ɫɬɟɛɥɟɦ ɬɊɇɄ ɫɨ 

ɫɬɨɪɨɧɵ ɦɚɥɨɣ ɛɨɪɨɡɞɵ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɜɬɨɪɨɣ ɤɥɚɫɫ ɤɨɧɬɚɤɬɢɪɭɟɬ ɫ ɧɢɦ ɫɨ 

ɫɬɨɪɨɧɵ ɛɨɥɶɲɨɣ ɛɨɪɨɡɞɵ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɜɚɪɢɚɛɟɥɶɧɚɹ ɩɟɬɥɹ ɬɊɇɄ, 

ɫɜɹɡɚɧɧɨɣ ɫ ȺɊɋ ɩɟɪɜɨɝɨ ɤɥɚɫɫɚ, ɷɤɫɩɨɧɢɪɨɜɚɧɚ ɜ ɪɚɫɬɜɨɪ, ɚ ɜ ɫɥɭɱɚɟ ȺɊɋ 

ɜɬɨɪɨɝɨ ɤɥɚɫɫɚ – ɤɨɧɬɚɤɬɢɪɭɟɬ ɫ ɝɥɨɛɭɥɨɣ ɮɟɪɦɟɧɬɚ [19]. ȼɩɪɨɱɟɦ, ɷɬɚ 

ɡɚɤɨɧɨɦɟɪɧɨɫɬɶ ɢɦɟɟɬ ɫɜɨɢ ɢɫɤɥɸɱɟɧɢɹ, ɌɢɪɊɋ ɢ ɌɪɩɊɋ ɩɟɪɜɨɝɨ ɤɥɚɫɫɚ 

ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɫ ɬɊɇɄ ɯɚɪɚɤɬɟɪɧɵɦ ɞɥɹ ɮɟɪɦɟɧɬɨɜ ɜɬɨɪɨɝɨ ɤɥɚɫɫɚ ɨɛɪɚɡɨɦ 

[9; 10].  
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Ɋɚɡɥɢɱɧɵɟ ɫɩɨɫɨɛɵ ɫɜɹɡɵɜɚɧɢɹ ɚɤɰɟɩɬɨɪɧɨɝɨ ɫɬɟɛɥɹ ɬɊɇɄ ɞɜɭɦɹ 

ɤɥɚɫɫɚɦɢ ȺɊɋ ɨɛɭɫɥɨɜɥɢɜɚɸɬ ɪɚɡɥɢɱɢɟ ɜ ɯɚɪɚɤɬɟɪɟ ɩɪɢɤɪɟɩɥɟɧɢɹ 

ɚɦɢɧɨɤɢɫɥɨɬ. Ʉɚɤ ɩɪɚɜɢɥɨ, ȺɊɋ ɩɟɪɜɨɝɨ ɤɥɚɫɫɚ ɩɟɪɟɧɨɫɹɬ ɚɦɢɧɨɤɢɫɥɨɬɧɵɟ 

ɨɫɬɚɬɤɢ ɧɚ 2’-ɝɢɞɪɨɤɫɢɥɶɧɭɸ ɝɪɭɩɩɭ ɪɢɛɨɡɵ Ⱥ76 ɬɊɇɄ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ 

ɮɟɪɦɟɧɬɵ ɜɬɨɪɨɝɨ ɤɥɚɫɫɚ – ɧɚ 3’-ɝɢɞɪɨɤɫɢɥɶɧɭɸ ɝɪɭɩɩɭ. ɂɫɤɥɸɱɟɧɢɟɦ 

ɹɜɥɹɟɬɫɹ ɎɟɧɊɋ ɜɬɨɪɨɝɨ ɤɥɚɫɫɚ, ɩɪɢɤɪɟɩɥɹɸɳɚɹ ɨɫɬɚɬɨɤ ɮɟɧɢɥɚɥɚɧɢɧɚ ɤ 

ɤɢɫɥɨɪɨɞɭ 2’-ɝɢɞɪɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɵ. ɌɢɪɊɋ, ɌɪɩɊɋ ɢ ɐɢɫɊɋ ɩɟɪɜɨɝɨ ɤɥɚɫɫɚ 

ɦɨɝɭɬ ɩɟɪɟɧɨɫɢɬɶ ɚɦɢɧɨɤɢɫɥɨɬɧɵɟ ɨɫɬɚɬɤɢ ɤɚɤ ɧɚ 2’, ɬɚɤ ɢ ɧɚ 3’-

ɝɢɞɪɨɤɫɢɥɶɧɭɸ ɝɪɭɩɩɭ [24; 25]. 

ȺɊɋ ɩɟɪɜɨɝɨ ɤɥɚɫɫɚ ɨɛɵɱɧɨ ɫɭɳɟɫɬɜɭɸɬ ɜ ɜɢɞɟ ɦɨɧɨɦɟɪɨɜ, ɡɚ 

ɢɫɤɥɸɱɟɧɢɟɦ ɌɢɪɊɋ ɢ ɌɪɩɊɋ, ɫɩɨɫɨɛɧɵɯ ɫɭɳɟɫɬɜɨɜɚɬɶ ɜ ɜɢɞɟ ɝɨɦɨɞɢɦɟɪɨɜ. 

Ɍɚɤɠɟ, ɆɟɬɊɋ ɭ ɪɚɡɥɢɱɧɵɯ ɬɚɤɫɨɧɨɜ ɦɨɠɟɬ ɩɪɟɞɫɬɚɜɥɹɬɶ ɫɨɛɨɣ ɤɚɤ ɝɨɦɨɞɢɦɟɪ, 

ɬɚɤ ɢ ɦɨɧɨɦɟɪ. ȺɊɋ ɜɬɨɪɨɝɨ ɤɥɚɫɫɚ ɫɭɳɟɫɬɜɭɸɬ ɜ ɜɢɞɟ ɨɥɢɝɨɦɟɪɨɜ, 

ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɝɨɦɨɞɢɦɟɪɨɜ. ɋɪɟɞɢ ɧɢɯ ɢɫɤɥɸɱɟɧɢɹɦɢ ɹɜɥɹɸɬɫɹ ȺɥɚɊɋ 

ɷɭɤɚɪɢɨɬ ɢ ɎɟɧɊɋ ɦɢɬɨɯɨɧɞɪɢɣ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ ɫɨɛɨɣ ɦɨɧɨɦɟɪɵ. 

Ȼɨɥɶɲɢɧɫɬɜɨ ɎɟɧɊɋ ɢ ȽɥɢɊɋ ɢɦɟɸɬ ɱɟɬɜɟɪɬɢɱɧɭɸ ɫɬɪɭɤɬɭɪɭ α2β2.  

ɋɤɨɪɨɫɬɶ-ɥɢɦɢɬɢɪɭɸɳɢɦ ɩɪɨɰɟɫɫɨɦ ɚɦɢɧɨɚɰɢɥɢɪɨɜɚɧɢɹ ɬɊɇɄ ȺɊɋ 

ɩɟɪɜɨɝɨ ɤɥɚɫɫɚ ɹɜɥɹɟɬɫɹ ɨɫɜɨɛɨɠɞɟɧɢɟ ɚɦɢɧɨɚɰɢɥ-ɬɊɇɄ ɢɡ ɩɨɫɬɪɟɚɤɰɢɨɧɧɨɝɨ 

ɤɨɦɩɥɟɤɫɚ, ɨɬɤɪɵɜɚɸɳɟɟ ɜɨɡɦɨɠɧɨɫɬɶ ɞɥɹ ɫɜɹɡɵɜɚɧɢɹ ɧɨɜɨɣ 

ɧɟɚɦɢɧɨɚɰɢɥɢɪɨɜɚɧɧɨɣ ɬɊɇɄ. Ⱦɥɹ ȺɊɋ ɜɬɨɪɨɝɨ ɤɥɚɫɫɚ ɫɤɨɪɨɫɬɶ-

ɥɢɦɢɬɢɪɭɸɳɟɣ ɫɬɚɞɢɟɣ ɹɜɥɹɟɬɫɹ ɚɤɬɢɜɚɰɢɹ ɚɦɢɧɨɤɢɫɥɨɬɵ [26]. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɞɜɚ ɤɥɚɫɫɚ ȺɊɋ ɝɥɭɛɨɤɨ ɪɚɡɥɢɱɚɸɬɫɹ ɦɟɠɞɭ ɫɨɛɨɣ ɧɟ ɬɨɥɶɤɨ ɫɬɪɭɤɬɭɪɧɨ, ɧɨ ɢ 

ɮɭɧɤɰɢɨɧɚɥɶɧɨ. 

1.1.2. Ɇɨɞɭɥɶɧɚɹ ɫɬɪɭɤɬɭɪɚ ɚɦɢɧɨɚɰɢɥ-ɬɊɇɄ ɫɢɧɬɟɬɚɡ. Ⱥɧɚɥɢɡ 

ɫɬɪɭɤɬɭɪɵ ȺɊɋ ɜɵɹɜɢɥ ɦɨɞɭɥɶɧɵɣ ɫɨɫɬɚɜ ɷɬɢɯ ɮɟɪɦɟɧɬɨɜ. ɐɟɧɬɪɚɥɶɧɨɟ ɦɟɫɬɨ 

ɜ ɢɯ ɫɬɪɭɤɬɭɪɟ ɡɚɧɢɦɚɟɬ ɤɥɚɫɫ-ɫɩɟɰɢɮɢɱɟɫɤɢɣ ɤɚɬɚɥɢɬɢɱɟɫɤɢɣ ɞɨɦɟɧ, ɧɚ 

ɤɨɧɰɚɯ ɤɨɬɨɪɨɝɨ, ɢɥɢ ɠɟ ɜ ɫɟɪɟɞɢɧɟ, ɪɚɫɩɨɥɨɠɟɧɵ ɞɪɭɝɢɟ ɞɨɦɟɧɵ. Ɇɨɞɭɥɶɧɚɹ 

ɨɪɝɚɧɢɡɚɰɢɹ ȺɊɋ ɛɵɥɚ ɜɩɟɪɜɵɟ ɩɨɤɚɡɚɧɚ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɩɨ ɤɨɧɬɪɨɥɢɪɭɟɦɨɦɭ 

ɩɪɨɬɟɨɥɢɡɭ ɆɟɬɊɋ Escherichia coli [27]. Ȼɨɥɟɟ ɩɨɡɞɧɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɞɟɥɟɰɢɨɧɧɵɯ ɦɭɬɚɧɬɧɵɯ ɮɨɪɦ ȺɥɚɊɋ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɥɢ ɥɢɧɟɣɧɨɟ 
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ɪɚɫɩɨɥɨɠɟɧɢɟ ɪɚɡɥɢɱɧɵɯ ɞɨɦɟɧɨɜ, ɨɬɜɟɱɚɸɳɢɯ ɡɚ ɨɥɢɝɨɦɟɪɢɡɚɰɢɸ, 

ɫɜɹɡɵɜɚɧɢɟ ɬɊɇɄ ɢ ɟё ɚɦɢɧɨɚɰɢɥɢɪɨɜɚɧɢɟ [28]. ɋ ɧɚɤɨɩɥɟɧɢɟɦ ɞɚɧɧɵɯ ɨ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɫɬɪɭɤɬɭɪɟ ȺɊɋ ɫɬɚɥɨ ɩɨɧɹɬɧɵɦ, ɱɬɨ 

ɦɨɞɭɥɶɧɚɹ ɫɬɪɭɤɬɭɪɚ ɹɜɥɹɟɬɫɹ ɞɥɹ ɧɢɯ ɩɪɚɜɢɥɨɦ [29]. ɋɪɟɞɢ ɞɜɚɞɰɚɬɢ 

ɤɚɧɨɧɢɱɟɫɤɢɯ ȺɊɋ ɩɭɬёɦ ɫɪɚɜɧɟɧɢɹ ɩɟɪɜɢɱɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɛɵɥɨ 

ɨɛɧɚɪɭɠɟɧɨ 57 ɦɨɞɭɥɟɣ, ɧɟ ɫɱɢɬɚɹ ɞɜɭɯ ɬɢɩɨɜ ɚɦɢɧɨɚɰɢɥɢɪɭɸɳɢɯ ɞɨɦɟɧɨɜ 

[30]. Ɉɞɧɢ ɢɡ ɧɢɯ ɫɨɩɭɬɫɬɜɭɸɬ ȺɊɋ ɨɩɪɟɞɟɥёɧɧɨɣ ɫɩɟɰɢɮɢɱɧɨɫɬɢ, ɞɪɭɝɢɟ 

ɜɫɬɪɟɱɚɸɬɫɹ ɭ ɪɚɡɥɢɱɧɵɯ ȺɊɋ, ɩɪɢɧɚɞɥɟɠɚɳɢɯ ɤ ɨɩɪɟɞɟɥёɧɧɨɦɭ ɩɨɞɤɥɚɫɫɭ 

ɢɥɢ ɤɥɚɫɫɭ. ɋɭɳɟɫɬɜɭɸɬ ɢ ɦɨɞɭɥɢ, ɜɫɬɪɟɱɚɸɳɢɟɫɹ ɭ ȺɊɋ ɨɛɨɢɯ ɤɥɚɫɫɨɜ. ɑɚɫɬɶ 

ɦɨɞɭɥɟɣ ɜɫɬɪɟɱɚɟɬɫɹ ɬɨɥɶɤɨ ɜ ɨɞɧɨɦ ɢɡ ɬɚɤɫɨɧɨɜ, ɭ ɷɭɤɚɪɢɨɬ ɢ/ɢɥɢ ɚɪɯɟɣ, ɥɢɛɨ 

ɭ ɩɪɨɤɚɪɢɨɬ. ɇɟɪɟɞɤɨ ɦɨɞɭɥɢ ȺɊɋ ɢɦɟɸɬ ɝɨɦɨɥɨɝɨɜ, ɫɭɳɟɫɬɜɭɸɳɢɯ ɤɚɤ 

ɨɬɞɟɥɶɧɵɟ ɛɟɥɤɢ. 

ȼ ɫɨɫɬɚɜɟ ɜɫɟɯ ɫɨɜɪɟɦɟɧɧɵɯ ȺɊɋ ɩɪɢɫɭɬɫɬɜɭɟɬ ɬɊɇɄ-ɫɜɹɡɵɜɚɸɳɢɣ 

ɞɨɦɟɧ. Ɉɧ ɜɧɨɫɢɬ ɜɤɥɚɞ ɜ ɫɟɥɟɤɬɢɜɧɨɟ ɫɜɹɡɵɜɚɧɢɟ ɭɡɧɚɜɚɟɦɵɯ ɮɟɪɦɟɧɬɨɦ 

ɢɡɨɚɤɰɟɩɬɨɪɧɵɯ ɬɊɇɄ. ɉɨɹɜɥɟɧɢɟ ɷɬɢɯ ɦɨɞɭɥɟɣ ɨɬɧɨɫɹɬ ɤɨ ɜɪɟɦɟɧɢ 

ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɤɨɞɚ [31]. ȼ ɫɬɪɭɤɬɭɪɟ ȺɊɋ ɦɨɠɟɬ 

ɩɪɢɫɭɬɫɬɜɨɜɚɬɶ ɢ ɧɟɫɤɨɥɶɤɨ ɪɚɡɥɢɱɧɵɯ ɞɨɦɟɧɨɜ, ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɯ ɫ ɬɊɇɄ, 

ɩɨɦɢɦɨ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɞɨɦɟɧɚ, ɫɜɹɡɵɜɚɸɳɟɝɨ ɟё ɚɤɰɟɩɬɨɪɧɵɣ ɫɬɟɛɟɥɶ.  

Ɋɹɞ ɦɨɞɭɥɟɣ ȺɊɋ ɜɵɩɨɥɧɹɸɬ ɪɟɞɚɤɬɢɪɭɸɳɭɸ ɮɭɧɤɰɢɸ, ɨɛɟɫɩɟɱɢɜɚɹ 

ɢɫɩɪɚɜɥɟɧɢɟ ɨɲɢɛɨɤ ɭɡɧɚɜɚɧɢɹ ɚɦɢɧɨɤɢɫɥɨɬ, ɞɨɩɭɳɟɧɧɵɯ ɩɪɢ 

ɚɦɢɧɨɚɰɢɥɢɪɨɜɚɧɢɢ ɬɊɇɄ. ɂɯ ɧɚɥɢɱɢɟ ɢ ɫɬɪɭɤɬɭɪɚ ɧɟɩɨɫɬɨɹɧɧɵ ɜ ɪɹɞɭ 

ɬɚɤɫɨɧɨɜ. ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧёɧɧɵɦ ɪɟɞɚɤɬɢɪɭɸɳɢɦ ɦɨɞɭɥɟɦ ɹɜɥɹɟɬɫɹ ɋɊ1 

(connective peptide 1) [32], ɯɚɪɚɤɬɟɪɧɵɣ ɞɥɹ ȺɊɋ ɩɟɪɜɨɝɨ ɤɥɚɫɫɚ: ȼɚɥɊɋ, ɂɥɟɊɋ 

ɢ ɅɟɣɊɋ. ɗɬɨɬ ɞɨɦɟɧ ɩɪɟɪɵɜɚɟɬ ɩɟɪɜɢɱɧɭɸ ɫɬɪɭɤɬɭɪɭ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɞɨɦɟɧɚ 

ɧɚɡɜɚɧɧɵɯ ɮɟɪɦɟɧɬɨɜ.  

ɍ ȺɊɋ ɜɬɨɪɨɝɨ ɤɥɚɫɫɚ ɪɟɞɚɤɬɢɪɭɸɳɢɟ ɦɨɞɭɥɢ ɛɨɥɟɟ ɪɚɡɧɨɨɛɪɚɡɧɵ. Ɍɚɤ, ɭ 

ɌɪɟɊɋ ɡɚ ɭɡɧɚɜɚɧɢɟ ɢ ɞɟɚɰɢɥɢɪɨɜɚɧɢɟ ɫɟɪɢɥ-ɬɊɇɄɌɪɟ ɨɬɜɟɱɚɟɬ N-ɤɨɧɰɟɜɨɣ 

ɞɨɦɟɧ N2 [33]. Ɉɧ ɩɪɢɫɭɬɫɬɜɭɟɬ ɭ ɛɚɤɬɟɪɢɚɥɶɧɵɯ ɢ ɷɭɤɚɪɢɨɬɢɱɟɫɤɢɯ ɌɪɟɊɋ, ɧɨ 

ɨɬɫɭɬɫɬɜɭɟɬ ɭ ɚɪɯɟɣ, ɚ ɬɚɤɠɟ ɭ ɦɢɬɨɯɨɧɞɪɢɣ [34]. Ɋɟɞɚɤɬɢɪɭɸɳɢɣ ɞɨɦɟɧ, 

ɝɨɦɨɥɨɝɢɱɧɵɣ ɞɨɦɟɧɭ N2 ɛɚɤɬɟɪɢɣ, ɪɚɫɩɪɨɫɬɪɚɧёɧ ɫɪɟɞɢ ȺɥɚɊɋ ɜɫɟɯ ɰɚɪɫɬɜ 
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ɠɢɜɨɣ ɩɪɢɪɨɞɵ [1]. ȿɝɨ ɫɬɪɭɤɬɭɪɧɵɣ ɢ ɮɭɧɤɰɢɨɧɚɥɶɧɵɣ ɝɨɦɨɥɨɝ AlaXp 

ɫɭɳɟɫɬɜɭɟɬ ɜ ɜɢɞɟ ɨɬɞɟɥɶɧɨ ɤɨɞɢɪɭɟɦɨɝɨ ɛɟɥɤɚ, ɜɧɟ ɫɬɪɭɤɬɭɪɵ ȺɥɚɊɋ [35]. 

Ɍɚɤɠɟ ɫɭɳɟɫɬɜɭɸɬ ɨɬɞɟɥɶɧɵɟ ɝɨɦɨɥɨɝɢ ɪɟɞɚɤɬɢɪɭɸɳɟɝɨ ɞɨɦɟɧɚ ɉɪɨɊɋ – ins-

ɞɨɦɟɧɚ. ɗɬɨ ɛɟɥɨɤ YbaK ɭ ɩɪɨɤɚɪɢɨɬ ɢ ProX ɭ ɷɭɤɚɪɢɨɬ [36; 44].  

ɗɭɤɚɪɢɨɬɢɱɟɫɤɢɟ ȺɊɋ, ɩɨɦɢɦɨ ɤɨɪɨɜɨɣ ɱɚɫɬɢ, ɝɨɦɨɥɨɝɢɱɧɨɣ ɛɚɡɨɜɨɦɭ 

ɧɚɛɨɪɭ ɦɨɞɭɥɟɣ ɩɪɨɤɚɪɢɨɬ, ɡɚɱɚɫɬɭɸ ɨɛɥɚɞɚɸɬ N- ɢɥɢ ɋ-ɤɨɧɰɟɜɵɦɢ 

ɭɞɥɢɧɟɧɢɹɦɢ, ɯɚɪɚɤɬɟɪɧɵɦɢ ɬɨɥɶɤɨ ɞɥɹ ɧɢɯ. ɋɸɞɚ ɨɬɧɨɫɹɬɫɹ, ɜ ɩɟɪɜɭɸ 

ɨɱɟɪɟɞɶ, ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɬɊɇɄ-ɫɜɹɡɵɜɚɸɳɢɟ ɞɨɦɟɧɵ, ɥɢɡɢɧ-ɛɨɝɚɬɵɟ ɞɨɦɟɧɵ, 

ɩɨɜɬɨɪɹɸɳɢɟɫɹ ɦɨɬɢɜɵ, ɞɨɦɟɧɵ ɝɨɦɨɥɨɝɢ EMAPII, ɢ ɞɨɦɟɧɵ, ɧɟɨɛɯɨɞɢɦɵɟ 

ɞɥɹ ɨɛɪɚɡɨɜɚɧɢɹ ɦɭɥɶɬɢɫɢɧɬɟɬɚɡɧɵɯ ɤɨɦɩɥɟɤɫɨɜ, ɯɚɪɚɤɬɟɪɧɵɯ ɞɥɹ ɷɭɤɚɪɢɨɬ 

[29]. 

 

1.2. ɉɪɨɛɥɟɦɚ ɩɨɞɞɟɪɠɚɧɢɹ ɚɦɢɧɨɤɢɫɥɨɬɧɨɣ ɫɩɟɰɢɮɢɱɧɨɫɬɢ 

ɚɦɢɧɨɚɰɢɥ-ɬɊɇɄ ɫɢɧɬɟɬɚɡɚɦɢ 

 

ɉɪɨɛɥɟɦɚ ɧɟɫɨɨɬɜɟɬɫɬɜɢɹ ɦɟɠɞɭ ɬɟɫɧɵɦ ɫɯɨɞɫɬɜɨɦ ɪɹɞɚ ɚɦɢɧɨɤɢɫɥɨɬ ɢ 

ɧɚɛɥɸɞɚɟɦɨɣ ɬɨɱɧɨɫɬɶɸ ɛɟɥɤɨɜɨɝɨ ɫɢɧɬɟɡɚ ɜɩɟɪɜɵɟ ɛɵɥɚ ɩɨɫɬɚɜɥɟɧɚ Ʌ. 

ɉɨɥɢɧɝɨɦ ɜ 1957 ɝɨɞɭ [38]. ɉɨ ɟɝɨ ɪɚɫɱёɬɚɦ, ɞɥɹ ɚɦɢɧɨɤɢɫɥɨɬ, ɪɚɡɥɢɱɚɸɳɢɯɫɹ 

ɨɞɧɨɣ ɦɟɬɢɥɶɧɨɣ ɝɪɭɩɩɨɣ (ɚɥɚɧɢɧ – ɝɥɢɰɢɧ, ɢɡɨɥɟɣɰɢɧ – ɜɚɥɢɧ), ɪɚɡɧɢɰɚ ɜ 

ɷɧɟɪɝɢɢ ɫɜɹɡɵɜɚɧɢɹ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫ ɮɟɪɦɟɧɬɨɦ ɞɨɥɠɧɚ ɛɵɥɚ ɫɨɫɬɚɜɢɬɶ 

ɨɤɨɥɨ 1 ɤɤɚɥ/ɦɨɥɶ, ɱɬɨ ɩɨɡɜɨɥɢɥɨ ɛɵ ɮɟɪɦɟɧɬɭ ɨɲɢɛɚɬɶɫɹ ɧɟ ɪɟɠɟ ɱɟɦ ɜ ɨɞɧɨɦ 

ɫɥɭɱɚɟ ɢɡ ɩɹɬɢ. Ⱦɚɥɶɧɟɣɲɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɤɨɪɪɟɤɬɢɪɨɜɚɥɢ ɷɧɟɪɝɢɸ 

ɫɜɹɡɵɜɚɧɢɹ ɦɟɬɢɥɶɧɨɣ ɝɪɭɩɩɵ ɫ ɮɟɪɦɟɧɬɨɦ ɞɨ 3,4 ɤɤɚɥ/ɦɨɥɶ [39], ɱɬɨ 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɲɢɛɤɟ ɭɡɧɚɜɚɧɢɹ ɜ ɨɞɧɨɦ ɫɥɭɱɚɟ ɢɡ ɞɜɭɯɫɨɬ. ɇɨ ɢ ɷɬɚ ɰɢɮɪɚ ɩɨ 

ɦɟɧɶɲɟɣ ɦɟɪɟ ɧɚ ɞɜɚ ɩɨɪɹɞɤɚ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɪɟɚɥɶɧɨ ɧɚɛɥɸɞɚɟɦɨɝɨ ɭɪɨɜɧɹ 

ɨɲɢɛɨɤ ɜ ɩɟɪɜɢɱɧɨɣ ɫɬɪɭɤɬɭɪɟ ɛɟɥɤɨɜ, ɫɨɫɬɚɜɥɹɸɳɟɝɨ 10-4-10-5 [40; 41]. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɫɜɟɪɯɫɩɟɰɢɮɢɱɧɨɫɬɶ ɚɦɢɧɨɚɰɢɥɢɪɨɜɚɧɢɹ ɬɊɇɄ ȺɊɋ ɧɟ ɜɨ ɜɫɟɯ 

ɫɥɭɱɚɹɯ ɦɨɠɟɬ ɛɵɬɶ ɨɛɴɹɫɧɟɧɚ ɨɞɧɨɣ ɥɢɲɶ ɫɩɟɰɢɮɢɱɧɨɫɬɶɸ ɭɡɧɚɜɚɧɢɹ 

ɚɦɢɧɨɤɢɫɥɨɬɵ ɜ ɚɦɢɧɨɚɰɢɥɢɪɭɸɳɟɦ ɚɤɬɢɜɧɨɦ ɰɟɧɬɪɟ. ɇɟɨɛɯɨɞɢɦ ɦɟɯɚɧɢɡɦ, 
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ɞɨɩɨɥɧɹɸɳɢɣ ɩɟɪɜɢɱɧɨɟ ɭɡɧɚɜɚɧɢɟ, ɢ ɫɭɳɟɫɬɜɟɧɧɨ ɩɨɜɵɲɚɸɳɢɣ ɜɨɡɦɨɠɧɨɫɬɢ 

ɮɟɪɦɟɧɬɚ ɩɨ ɪɚɡɥɢɱɟɧɢɸ ɫɯɨɠɢɯ ɚɦɢɧɨɤɢɫɥɨɬ. 

ȼɩɟɪɜɵɟ ɪɚɛɨɬɭ ɬɚɤɨɝɨ ɦɟɯɚɧɢɡɦɚ ɭɞɚɥɨɫɶ ɧɚɛɥɸɞɚɬɶ ɭ ɂɥɟɊɋ E. coli 

[42]. Ȼɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɂɥɟɊɋ ɨɛɪɚɡɭɟɬ ɤɚɤ ɢɡɨɥɟɣɰɢɥ-ȺɆɎ, ɬɚɤ ɢ ɜɚɥɢɥ-

ȺɆɎ, ɧɨ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɬɊɇɄɂɥɟ ɨɫɬɚɬɨɤ ɢɡɨɥɟɣɰɢɧɚ ɩɟɪɟɧɨɫɢɬɫɹ ɧɚ ɬɊɇɄ, ɚ 

ɜɚɥɢɥ-ɚɞɟɧɢɥɚɬ ɝɢɞɪɨɥɢɡɭɟɬɫɹ ɛɟɡ ɩɟɪɟɧɨɫɚ ɨɫɬɚɬɤɚ ɜɚɥɢɧɚ. ɗɬɢ ɪɟɡɭɥɶɬɚɬɵ 

ɩɨɡɜɨɥɢɥɢ ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ ɤɨɧɰɟɩɰɢɸ ɤɢɧɟɬɢɱɟɫɤɨɝɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ, 

ɫɨɝɥɚɫɧɨ ɤɨɬɨɪɨɣ ɩɪɟɜɪɚɳɟɧɢɟ ɚɦɢɧɨɚɰɢɥ-ɚɞɟɧɢɥɚɬɚ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɡɚɞɟɣɫɬɜɨɜɚɧɧɨɝɨ ɜ ɟɝɨ ɮɨɪɦɢɪɨɜɚɧɢɢ ɚɦɢɧɨɤɢɫɥɨɬɧɨɝɨ ɨɫɬɚɬɤɚ, ɦɨɠɟɬ ɢɞɬɢ 

ɤɚɤ ɩɨ ɩɭɬɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɚɦɢɧɨɚɰɢɥ-ɬɊɇɄ, ɬɚɤ ɢ ɩɨ ɩɭɬɢ ɝɢɞɪɨɥɢɡɚ [43; 44]. 

ȼ ɞɚɥɶɧɟɣɲɟɦ ɫɩɟɰɢɮɢɱɟɫɤɢɣ ɝɢɞɪɨɥɢɡ ɨɲɢɛɨɱɧɨ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ 

ɚɦɢɧɨɚɰɢɥ-ɚɞɟɧɢɥɚɬɚ ɛɭɞɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶɫɹ ɤɚɤ ɦɟɯɚɧɢɡɦ ɩɪɟɬɪɚɧɫɮɟɪɧɨɝɨ 

ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ, ɧɚɪɹɞɭ ɫɨ ɫɩɟɰɢɮɢɱɟɫɤɢɦ ɜɵɫɜɨɛɨɠɞɟɧɢɟɦ 

ɧɟɝɢɞɪɨɥɢɡɨɜɚɧɧɨɝɨ ɚɦɢɧɨɚɰɢɥ-ɚɞɟɧɢɥɚɬɚ ɜ ɪɚɫɬɜɨɪ [45; 46]. 

ȼɫɤɨɪɟ ɛɵɥ ɨɬɤɪɵɬ ɞɪɭɝɨɣ ɦɟɯɚɧɢɡɦ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ 

ɞɟɚɰɢɥɢɪɨɜɚɧɢɢ ɨɲɢɛɨɱɧɨ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɣ ɬɊɇɄ ɢ ɧɚɡɜɚɧɧɵɣ ɜɩɨɫɥɟɞɫɬɜɢɢ 

ɩɨɫɬɬɪɚɧɫɮɟɪɧɵɦ ɪɟɞɚɤɬɢɪɨɜɚɧɢɟɦ. ɑɚɫɬɧɵɣ ɫɥɭɱɚɣ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɝɨ 

ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ, ɢɡɭɱɟɧɧɵɣ ɧɚ ɂɥɟɊɋ, ɩɨɫɥɭɠɢɥ ɞɥɹ ɫɨɡɞɚɧɢɹ ɤɨɧɰɟɩɰɢɢ 

ɞɜɨɣɧɨɝɨ ɫɢɬɚ (ɪɢɫ. 1.2), ɫɨɝɥɚɫɧɨ ɤɨɬɨɪɨɣ ɜ ɨɛɟɫɩɟɱɟɧɢɢ ɫɩɟɰɢɮɢɱɧɨɫɬɢ 

ɪɟɞɚɤɬɢɪɭɸɳɢɯ ȺɊɋ ɭɱɚɫɬɜɭɸɬ ɞɜɚ ɚɤɬɢɜɧɵɯ ɰɟɧɬɪɚ – ɚɦɢɧɨɚɰɢɥɢɪɭɸɳɢɣ ɢ 

ɭɞɚɥёɧɧɵɣ ɨɬ ɧɟɝɨ ɪɟɞɚɤɬɢɪɭɸɳɢɣ. Ⱥɦɢɧɨɚɰɢɥɢɪɭɸɳɢɣ ɚɤɬɢɜɧɵɣ ɰɟɧɬɪ 

ɢɝɪɚɟɬ ɪɨɥɶ "ɝɪɭɛɨɝɨ ɫɢɬɚ", ɩɪɨɩɭɫɤɚɸɳɟɝɨ ɤɚɤ ɫɜɨɸ, ɬɚɤ ɢ ɦɟɧɶɲɢɟ ɩɨ 

ɪɚɡɦɟɪɚɦ ɚɦɢɧɨɤɢɫɥɨɬɵ, ɞɚɜɚɹ ɢɦ ɜɨɡɦɨɠɧɨɫɬɶ ɛɵɬɶ ɚɤɬɢɜɢɪɨɜɚɧɧɵɦɢ ɜ 

ɪɟɚɤɰɢɢ ɫ ȺɌɎ ɢ ɭɱɚɫɬɜɨɜɚɬɶ ɜ ɚɦɢɧɨɚɰɢɥɢɪɨɜɚɧɢɢ ɬɊɇɄ. Ɋɨɥɶ "ɬɨɧɤɨɝɨ ɫɢɬɚ" 

ɢɝɪɚɟɬ ɪɟɞɚɤɬɢɪɭɸɳɢɣ ɚɤɬɢɜɧɵɣ ɰɟɧɬɪ, ɤɭɞɚ ɩɪɨɯɨɞɹɬ ɩɪɢɫɨɟɞɢɧёɧɧɵɟ ɤ 

ɬɊɇɄ ɚɦɢɧɨɤɢɫɥɨɬɧɵɟ ɨɫɬɚɬɤɢ, ɜ ɫɥɭɱɚɟ ɟɫɥɢ ɨɧɢ ɩɨ ɪɚɡɦɟɪɚɦ ɦɟɧɶɲɟ, ɱɟɦ 

ɬɪɟɛɭɟɦɵɣ.  

ɉɪɨɲɟɞɲɢɟ ɜ ɪɟɞɚɤɬɢɪɭɸɳɢɣ ɚɤɬɢɜɧɵɣ ɰɟɧɬɪ ɚɦɢɧɨɤɢɫɥɨɬɧɵɟ ɨɫɬɚɬɤɢ 

ɝɢɞɪɨɥɢɡɭɸɬɫɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɭɡɧɚɜɚɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɞɜɚɠɞɵ, ɩɨɡɜɨɥɹɹ ɨɬɫɟɱɶ 
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ɤɚɤ ɛɨɥɟɟ ɤɪɭɩɧɵɟ, ɬɚɤ ɢ ɛɨɥɟɟ ɦɟɥɤɢɟ ɱɟɦ ɬɪɟɛɭɟɦɚɹ ɚɦɢɧɨɤɢɫɥɨɬɵ, ɞɚɠɟ ɟɫɥɢ 

ɫɬɟɪɢɱɟɫɤɢ ɨɧɢ ɨɱɟɧɶ ɩɨɯɨɠɢ Д47; 48].  

 

 

Ɋɢɫ. 1.2. Ʉɨɧɰɟɩɰɢɹ «ɞɜɨɣɧɨɝɨ ɫɢɬɚ». Ȼɨɥɟɟ ɤɪɭɩɧɵɟ ɚɦɢɧɨɤɢɫɥɨɬɵ, ɱɟɦ 

ɧɭɠɧɚɹ, ɨɬɫɟɤɚɸɬɫɹ ɧɚ ɷɬɚɩɟ ɚɤɬɢɜɚɰɢɢ, ɛɨɥɟɟ ɦɟɥɤɢɟ – ɧɚ ɷɬɚɩɟ 

ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ. 

   

Ⱦɚɧɧɚɹ ɦɨɞɟɥɶ ɧɟ ɨɩɢɫɵɜɚɟɬ ɜɫɟɝɨ ɪɚɡɧɨɨɛɪɚɡɢɹ ɫɭɳɟɫɬɜɭɸɳɢɯ 

ɦɟɯɚɧɢɡɦɨɜ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ, ɧɨ ɢɦɟɟɬ ɜɚɠɧɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɩɨɧɢɦɚɧɢɹ 

ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɞɜɭɯ ɚɤɬɢɜɧɵɯ ɰɟɧɬɪɨɜ ɭ ɛɨɥɶɲɢɧɫɬɜɚ ɪɟɞɚɤɬɢɪɭɸɳɢɯ ȺɊɋ. 

Ɏɚɤɬɨɪ ɪɚɡɦɟɪɚ ɦɨɠɟɬ ɛɵɬɶ ɡɚɦɟɧёɧ ɫɬɟɪɢɱɟɫɤɢɦ ɫɨɨɬɜɟɬɫɬɜɢɟɦ ɚɦɢɧɨɤɢɫɥɨɬɵ 

ɚɤɬɢɜɧɨɦɭ ɰɟɧɬɪɭ ɢɥɢ ɧɚɥɢɱɢɟɦ ɢ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɨɩɪɟɞɟɥёɧɧɵɯ ɯɢɦɢɱɟɫɤɢɯ 

ɝɪɭɩɩ, ɨɞɧɚɤɨ, ɫɭɬɶ ɤɨɧɰɟɩɰɢɢ ɞɜɨɣɧɨɝɨ ɭɡɧɚɜɚɧɢɹ ɨɫɬɚёɬɫɹ ɜ ɫɢɥɟ. 

ɋɨɝɥɚɫɧɨ ɫɨɜɪɟɦɟɧɧɵɦ ɩɪɟɞɫɬɚɜɥɟɧɢɹɦ, ɧɚɛɨɪ ɦɟɯɚɧɢɡɦɨɜ 

ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɜɵɝɥɹɞɢɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. ɉɪɟɬɪɚɧɫɮɟɪɧɵɦ 

ɪɟɞɚɤɬɢɪɨɜɚɧɢɟɦ ɧɚɡɵɜɚɸɬ ɫɩɟɰɢɮɢɱɟɫɤɢɣ ɝɢɞɪɨɥɢɡ ɥɢɛɨ ɜɵɫɜɨɛɨɠɞɟɧɢɟ ɜ 

ɪɚɫɬɜɨɪ ɨɲɢɛɨɱɧɨ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɚɦɢɧɨɚɰɢɥ-ɚɞɟɧɢɥɚɬɚ. Ɍɚɤɨɟ 

ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɬɊɇɄ-ɧɟɡɚɜɢɫɢɦɵɦ, ɟɫɥɢ ɟɝɨ ɫɤɨɪɨɫɬɶ ɧɟ ɡɚɜɢɫɢɬ 

ɨɬ ɩɪɢɫɭɬɫɬɜɢɹ ɬɊɇɄ, ɢɥɢ ɬɊɇɄ-ɡɚɜɢɫɢɦɵɦ, ɟɫɥɢ ɩɪɢɫɭɬɫɬɜɢɟ ɬɊɇɄ ɩɨɜɵɲɚɟɬ 

ɟɝɨ ɫɤɨɪɨɫɬɶ. ɉɨɫɬɬɪɚɧɫɮɟɪɧɵɦ ɪɟɞɚɤɬɢɪɨɜɚɧɢɟɦ ɧɚɡɵɜɚɸɬ ɫɩɟɰɢɮɢɱɟɫɤɢɣ 

ɝɢɞɪɨɥɢɡ ɨɲɢɛɨɱɧɨ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɚɦɢɧɨɚɰɢɥ-ɬɊɇɄ [49]. Ɍɚɤɨɟ 
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ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ ɦɨɠɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɜ ɚɤɬɢɜɧɨɦ ɰɟɧɬɪɟ ɨɞɧɨɝɨ ɢɡ ɞɨɦɟɧɨɜ 

ȺɊɋ (in cis), ɥɢɛɨ ɜ ɚɤɬɢɜɧɨɦ ɰɟɧɬɪɟ ɫɜɨɛɨɞɧɨɣ ɞɟɚɰɢɥɚɡɵ (in trans) [35]. 

Ɋɚɡɥɢɱɧɵɟ ɜɢɞɵ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɦɨɝɭɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɨɞɧɨɣ ɦɨɥɟɤɭɥɨɣ, ɟɫɥɢ 

ɩɪɟɬɪɚɧɫɮɟɪɧɨɟ ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ ɩɪɨɩɭɫɤɚɟɬ ɫɭɳɟɫɬɜɟɧɧɭɸ ɱɚɫɬɶ ɨɲɢɛɨɱɧɨ 

ɚɤɬɢɜɢɪɨɜɚɧɧɵɯ ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ ɨɫɬɚɬɤɨɜ [50]. 

1.2.1. Ɇɟɬɨɞɵ ɢɡɭɱɟɧɢɹ ɦɟɯɚɧɢɡɦɨɜ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɚɦɢɧɨɚɰɢɥ-

ɬɊɇɄ ɫɢɧɬɟɬɚɡɚɦɢ. Ⱦɥɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɪɟɞɚɤɬɢɪɭɸɳɟɣ 

ɚɤɬɢɜɧɨɫɬɢ ȺɊɋ ɢɫɩɨɥɶɡɭɸɬ ɬɪɢ ɨɫɧɨɜɧɵɯ ɩɨɞɯɨɞɚ. ɉɟɪɜɵɣ ɢɡ ɧɢɯ ɨɫɧɨɜɚɧ ɧɚ 

ɧɚɤɨɩɥɟɧɢɢ ɦɟɱɟɧɨɣ ȺɆɎ. ȼ ɩɪɢɫɭɬɫɬɜɢɢ ɭɡɧɚɜɚɟɦɨɣ ɚɦɢɧɨɤɢɫɥɨɬɵ ɢ ȺɌɎ 

ȺɊɋ ɫɢɧɬɟɡɢɪɭɟɬ ɚɦɢɧɨɚɰɢɥ-ɚɞɟɧɢɥɚɬ ɢ ɭɞɟɪɠɢɜɚɟɬ ɟɝɨ ɜ ɫɜɨёɦ ɚɤɬɢɜɧɨɦ 

ɰɟɧɬɪɟ ɞɨ ɩɨɞɯɨɞɚ ɬɊɇɄ. ȿɫɥɢ ɜ ɫɦɟɫɢ ɬɊɇɄ ɧɟɬ, ɚɤɬɢɜɧɵɟ ɰɟɧɬɪɵ ɜɫɟɯ 

ɦɨɥɟɤɭɥ ɮɟɪɦɟɧɬɚ ɨɤɚɡɵɜɚɸɬɫɹ ɡɚɧɹɬɵɦɢ ɚɦɢɧɨɚɰɢɥ-ɚɞɟɧɢɥɚɬɨɦ, ɪɟɚɤɰɢɹ 

ɩɪɟɤɪɚɳɚɟɬɫɹ, ɢ ɧɚɤɨɩɥɟɧɢɹ ȺɆɎ ɧɟ ɩɪɨɢɫɯɨɞɢɬ. ȼ ɩɪɢɫɭɬɫɬɜɢɢ 

ɪɟɞɚɤɬɢɪɭɟɦɨɣ ɚɦɢɧɨɤɢɫɥɨɬɵ ɨɲɢɛɨɱɧɨ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɟ ɦɨɥɟɤɭɥɵ 

ɚɦɢɧɨɚɰɢɥ-ɚɞɟɥɚɬɚ ɝɢɞɪɨɥɢɡɭɸɬɫɹ, ɚɤɬɢɜɧɵɣ ɰɟɧɬɪ ɮɟɪɦɟɧɬɚ ɩɪɢ ɷɬɨɦ ɫɧɨɜɚ ɢ 

ɫɧɨɜɚ ɨɫɜɨɛɨɠɞɚɟɬɫɹ ɞɥɹ ɨɱɟɪɟɞɧɨɣ ɪɟɚɤɰɢɢ ɚɤɬɢɜɚɰɢɢ. ȼɨɡɧɢɤɚɸɳɢɣ ɰɢɤɥ 

ɫɢɧɬɟɡɚ ɢ ɝɢɞɪɨɥɢɡɚ ɚɦɢɧɨɚɰɢɥ-ɚɞɟɧɢɥɚɬɚ ɪɟɞɚɤɬɢɪɭɟɦɨɣ ɚɦɢɧɨɤɢɫɥɨɬɵ 

ɜɵɡɵɜɚɟɬ ɛɵɫɬɪɵɣ ɪɚɫɯɨɞ ȺɌɎ ɢ ɧɚɤɨɩɥɟɧɢɟ ȺɆɎ. ȼ ɩɪɢɫɭɬɫɬɜɢɢ ɬɊɇɄ ɢ 

ɭɡɧɚɜɚɟɦɨɣ ɚɦɢɧɨɤɢɫɥɨɬɵ ɜɫɟ ɦɨɥɟɤɭɥɵ ɬɊɇɄ ɛɵɫɬɪɨ ɨɤɚɡɵɜɚɸɬɫɹ 

ɚɦɢɧɨɚɰɢɥɢɪɨɜɚɧɵ, ɢ ɫɤɨɪɨɫɬɶ ɪɟɚɤɰɢɢ ɨɩɭɫɤɚɟɬɫɹ ɞɨ ɫɤɨɪɨɫɬɢ ɢɯ ɫɩɨɧɬɚɧɧɨɝɨ 

ɞɟɚɰɢɥɢɪɨɜɚɧɢɹ. ȿɫɥɢ ɠɟ ɜ ɫɦɟɫɢ ɧɚɯɨɞɢɬɫɹ ɪɟɞɚɤɬɢɪɭɟɦɚɹ ɚɦɢɧɨɤɢɫɥɨɬɚ, ɜ 

ɩɪɢɫɭɬɫɬɜɢɢ ɬɊɇɄ ɜ ɧɚɤɨɩɥɟɧɢɟ ȺɆɎ ɦɨɝɭɬ ɜɧɨɫɢɬɶ ɜɤɥɚɞ ɥɸɛɵɟ ɢɡ 

ɩɪɨɰɟɫɫɨɜ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ [51]. 

ȼɬɨɪɨɣ ɩɨɞɯɨɞ ɤ ɞɟɬɟɤɰɢɢ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɨɫɧɨɜɚɧ ɧɚ ɝɢɞɪɨɥɢɡɟ ɦɟɱɟɧɨɣ 

ɚɦɢɧɨɚɰɢɥ-ɬɊɇɄ. Ɉɧ ɬɪɟɛɭɟɬ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɪɨɜɟɫɬɢ ɚɦɢɧɨɚɰɢɥɢɪɨɜɚɧɢɟ 

ɬɊɇɄ ɪɚɞɢɨɚɤɬɢɜɧɨ-ɦɟɱɟɧɵɦ ɪɟɞɚɤɬɢɪɭɟɦɵɦ ɚɦɢɧɨɤɢɫɥɨɬɧɵɦ ɨɫɬɚɬɤɨɦ. 

ɉɨɥɭɱɟɧɧɚɹ ɚɦɢɧɨɚɰɢɥ-ɬɊɇɄ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ȺɊɋ ɫɜɹɡɵɜɚɟɬɫɹ ɫ ɧɟɣ ɢ 

ɝɢɞɪɨɥɢɡɭɟɬɫɹ ɜ ɟё ɪɟɞɚɤɬɢɪɭɸɳɟɦ ɚɤɬɢɜɧɨɦ ɰɟɧɬɪɟ. Ⱦɥɹ ɷɬɨɝɨ ȺɊɋ ɞɨɥɠɧɚ 

ɛɵɬɶ ɫɩɟɰɢɮɢɱɧɚ ɤ ɞɚɧɧɨɣ ɬɊɇɄ, ɢ ɨɛɥɚɞɚɬɶ ɫɩɨɫɨɛɧɨɫɬɶɸ ɤ 
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ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɦɭ ɪɟɞɚɤɬɢɪɨɜɚɧɢɸ ɩɪɨɬɢɜ ɩɪɢɫɨɟɞɢɧёɧɧɨɝɨ ɤ ɧɟɣ 

ɚɦɢɧɨɤɢɫɥɨɬɧɨɝɨ ɨɫɬɚɬɤɚ [51]. 

Ɍɪɟɬɢɣ ɩɨɞɯɨɞ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɞɟɬɟɤɰɢɢ ɚɦɢɧɨɚɰɢɥ-ɬɊɇɄ – ɩɪɨɞɭɤɬɚ 

ɨɲɢɛɨɱɧɨɝɨ ɚɦɢɧɨɚɰɢɥɢɪɨɜɚɧɢɹ, ɡɚ ɫɱёɬ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɪɟɞɚɤɬɢɪɭɟɦɨɣ 

ɚɦɢɧɨɤɢɫɥɨɬɵ ɤ ɦɟɱɟɧɨɣ ɬɊɇɄ [50]. Ⱦɥɹ ɨɛɧɚɪɭɠɟɧɢɹ ɩɪɨɞɭɤɬɚ ɜ ɧɟɛɨɥɶɲɢɯ 

ɤɨɥɢɱɟɫɬɜɚɯ ɬɊɇɄ ɦɟɬɹɬ ɩɨ ɮɨɫɮɨɪɭ Ⱥ76, ɚɦɢɧɨɚɰɢɥɢɪɭɸɬ ɪɟɞɚɤɬɢɪɭɟɦɨɣ 

ɚɦɢɧɨɤɢɫɥɨɬɨɣ, ɪɚɫɳɟɩɥɹɸɬ ɋɋȺ-ɤɨɧɟɰ ɢ ɪɚɡɞɟɥɹɸɬ ɩɭɬёɦ ɬɨɧɤɨɫɥɨɣɧɨɣ 

ɯɪɨɦɚɬɨɝɪɚɮɢɢ ɦɟɱɟɧɵɟ Ⱥɪ ɢ ɚɦɢɧɨɚɰɢɥ-Ⱥɪ [51].  

ɉɨɦɢɦɨ ɛɢɨɯɢɦɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ, ɨɝɪɨɦɧɭɸ ɪɨɥɶ ɜ ɢɡɭɱɟɧɢɢ ɦɟɯɚɧɢɡɦɨɜ 

ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɢɝɪɚɸɬ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ [18] ɢ ɪɚɡɥɢɱɧɵɟ 

ɦɟɬɨɞɵ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ [52; 53]. 

1.2.2. Ɋɟɞɚɤɬɢɪɨɜɚɧɢɟ ɭ ɚɦɢɧɨɚɰɢɥ-ɬɊɇɄ ɫɢɧɬɟɬɚɡ 1-ɝɨ ɫɬɪɭɤɬɭɪɧɨɝɨ 

ɤɥɚɫɫɚ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢɡɜɟɫɬɧɨ ɨ ɧɚɥɢɱɢɢ ɮɭɧɤɰɢɢ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɭ 

ɞɟɜɹɬɢ ȺɊɋ: ɂɥɟɊɋ, ɅɟɣɊɋ, ȼɚɥɊɋ ɢ ɆɟɬɊɋ ɩɟɪɜɨɝɨ ɫɬɪɭɤɬɭɪɧɨɝɨ ɤɥɚɫɫɚ, ɚ 

ɬɚɤɠɟ ɉɪɨɊɋ, ɌɪɟɊɋ, ȺɥɚɊɋ, ɎɟɧɊɋ ɢ ɋɟɪɊɋ II-ɫɬɪɭɤɬɭɪɧɨɝɨ ɤɥɚɫɫɚ. ɉɨɦɢɦɨ 

ɷɬɨɝɨ, ɩɪɨɞɭɤɬɵ ɪɹɞɚ ȺɊɋ ɪɟɞɚɤɬɢɪɭɸɬɫɹ in trans ɫɜɨɛɨɞɧɵɦɢ ɞɟɚɰɢɥɚɡɚɦɢ. 

ȼɫɟ ɪɟɞɚɤɬɢɪɭɸɳɢɟ ȺɊɋ ɩɟɪɜɨɝɨ ɤɥɚɫɫɚ ɫɨɞɟɪɠɚɬ ɜ ɫɜɨɟɣ ɫɬɪɭɤɬɭɪɟ ɞɨɦɟɧ ɋɊ1 

(connective peptide 1). ɍ ɬɪёɯ ɢɡ ɧɢɯ, ɂɥɟɊɋ, ɅɟɣɊɋ ɢ ȼɚɥɊɋ, ɨɧ ɮɭɧɤɰɢɨɧɚɥɟɧ, 

ɢ ɨɫɭɳɟɫɬɜɥɹɟɬ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɟ ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ. 

1.2.2.1 ɂɥɟɊɋ. ɂɡɨɥɟɣɰɢɥ-ɬɊɇɄ ɫɢɧɬɟɬɚɡɚ (ɂɥɟɊɋ) ɨɲɢɛɨɱɧɨ ɚɤɬɢɜɢɪɭɟɬ 

ɜɚɥɢɧ ɜ 200 ɪɚɡ ɦɟɧɟɟ ɷɮɮɟɤɬɢɜɧɨ (0,5 10-2), ɱɟɦ ɢɡɨɥɟɣɰɢɧ [47], ɱɬɨ ɜɵɲɟ 

ɞɨɩɭɫɬɢɦɨɝɨ ɭɪɨɜɧɹ (10-3 – 10-4). Ⱦɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɚɦɢɧɨɚɰɢɥɢɪɨɜɚɧɢɹ 

ɬɊɇɄɂɥɟ ɜɚɥɢɧɨɦ ɮɟɪɦɟɧɬ ɪɚɫɩɨɥɚɝɚɟɬ ɪɚɡɥɢɱɧɵɦɢ ɦɟɯɚɧɢɡɦɚɦɢ 

ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ. Ɇɟɧɶɲɢɣ ɜɤɥɚɞ ɜ ɩɨɞɞɟɪɠɚɧɢɟ ɚɦɢɧɨɤɢɫɥɨɬɧɨɣ 

ɫɩɟɰɢɮɢɱɧɨɫɬɢ ɫɩɨɫɨɛɧɨ ɜɧɨɫɢɬɶ ɬɊɇɄ-ɧɟɡɚɜɢɫɢɦɨɟ ɩɪɟɬɪɚɧɫɮɟɪɧɨɟ 

ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ, ɜ ɯɨɞɟ ɤɨɬɨɪɨɝɨ ɪɚɫɳɟɩɥɹɟɬɫɹ ɧɟ ɛɨɥɟɟ 3% ɪɟɞɚɤɬɢɪɭɟɦɵɯ 

ɫɨɟɞɢɧɟɧɢɣ. ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɟɬɪɚɧɫɮɟɪɧɨɝɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɡɧɚɱɢɬɟɥɶɧɨ 

ɩɨɜɵɲɚɟɬ ɩɪɢɫɭɬɫɬɜɢɟ ɬɊɇɄ. Ʉɚɤ ɬɊɇɄ-ɧɟɡɚɜɢɫɢɦɵɣ, ɬɚɤ ɢ ɬɊɇɄ-ɡɚɜɢɫɢɦɵɣ 

ɝɢɞɪɨɥɢɡ ɜɚɥɢɥ-ɚɞɟɧɢɥɚɬɚ ɩɪɨɢɫɯɨɞɢɬ ɜ ɚɦɢɧɨɚɰɢɥɢɪɭɸɳɟɦ ɚɤɬɢɜɧɨɦ ɰɟɧɬɪɟ 

[50], ɯɨɬɹ ɪɚɧɟɟ ɩɪɟɞɩɨɥɚɝɚɥɨɫɶ ɟɝɨ ɨɫɭɳɟɫɬɜɥɟɧɢɟ ɜ ɚɤɬɢɜɧɨɦ ɰɟɧɬɪɟ ɨɫɨɛɨɝɨ 
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ɪɟɞɚɤɬɢɪɭɸɳɟɝɨ ɞɨɦɟɧɚ ɋɊ1 [54; 55]. Ⱦɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɬɊɇɄ-ɡɚɜɢɫɢɦɨɝɨ 

ɩɪɟɬɪɚɧɫɮɟɪɧɨɝɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɧɟɨɛɯɨɞɢɦɵ 2'- ɢ 3'-Ɉɇ Ⱥ76 ɬɊɇɄɂɥɟ [56]. 

ɋɧɢɠɟɧɢɟ ɬɊɇɄ-ɡɚɜɢɫɢɦɨɝɨ ɩɪɟɬɪɚɧɫɮɟɪɧɨɝɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɂɥɟɊɋ, ɧɟɫɭɳɟɣ 

ɦɭɬɚɰɢɢ ɜ ɚɤɬɢɜɧɨɦ ɰɟɧɬɪɟ ɋɊ1-ɞɨɦɟɧɚ, ɢ ɥɢɲёɧɧɨɣ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɣ 

ɪɟɞɚɤɬɢɪɭɸɳɟɣ ɚɤɬɢɜɧɨɫɬɢ [50], ɦɨɠɟɬ ɫɜɢɞɟɬɟɥɶɫɬɜɨɜɚɬɶ ɨ ɧɟɨɛɯɨɞɢɦɨɫɬɢ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɋɋȺ-ɤɨɧɰɚ ɬɊɇɄ ɫ ɋɊ1-ɞɨɦɟɧɨɦ ɞɥɹ ɧɚɜɟɞɟɧɢɹ 

ɤɨɧɮɨɪɦɚɰɢɨɧɧɵɯ ɢɡɦɟɧɟɧɢɣ ɧɚ ɚɦɢɧɨɚɰɢɥɢɪɭɸɳɢɣ ɚɤɬɢɜɧɵɣ ɰɟɧɬɪ.  

ȼ ɨɫɧɨɜɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɨɲɢɛɨɱɧɨ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɩɪɨɞɭɤɬɨɜ ɦɟɠɞɭ 

ɩɪɟɬɪɚɧɫɮɟɪɧɵɦ ɢ ɩɨɫɬɬɪɚɧɫɮɟɪɧɵɦ ɪɟɞɚɤɬɢɪɨɜɚɧɢɟɦ ɂɥɟɊɋ ɥɟɠɢɬ 

ɤɨɧɤɭɪɟɧɰɢɹ ɜɨɞɵ ɢ 2'-Ɉɇ Ⱥ76 ɬɊɇɄɂɥɟ ɜ ɚɦɢɧɨɚɰɢɥɢɪɭɸɳɟɦ ɚɤɬɢɜɧɨɦ ɰɟɧɬɪɟ 

ɡɚ ɭɝɥɟɪɨɞ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɵ ɨɫɬɚɬɤɚ ɪɟɞɚɤɬɢɪɭɟɦɨɣ ɚɦɢɧɨɤɢɫɥɨɬɵ. 

ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɫɤɨɪɨɫɬɟɣ ɬɊɇɄ-ɡɚɜɢɫɢɦɨɝɨ ɩɪɟɬɪɚɧɫɮɟɪɧɨɝɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɢ 

ɩɟɪɟɧɨɫɚ ɨɫɬɚɬɤɚ ɜɚɥɢɧɚ ɧɚ ɬɊɇɄɂɥɟ ɭɤɚɡɵɜɚɟɬ ɧɚ ɪɟɚɥɶɧɨɟ ɭɱɚɫɬɢɟ ɜ 

ɨɛɟɫɩɟɱɟɧɢɢ ɚɦɢɧɨɤɢɫɥɨɬɧɨɣ ɫɩɟɰɢɮɢɱɧɨɫɬɢ ɤɚɤ ɩɪɟɬɪɚɧɫɮɟɪɧɨɝɨ, ɬɚɤ ɢ 

ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɝɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ, ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɜ ɪɚɜɧɨɣ ɩɪɨɩɨɪɰɢɢ [50]. 

ɉɨɫɬɬɪɚɧɫɮɟɪɧɨɟ ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ ɂɥɟɊɋ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɪɟɞɚɤɬɢɪɭɸɳɟɦ 

ɞɨɦɟɧɟ ɋɊ1, ɝɨɦɨɥɨɝɢɱɧɨɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɞɨɦɟɧɚɦ ȼɚɥɊɋ, ɅɟɣɊɋ ɢ ɆɟɬɊɋ 

[57]. Ⱥɤɬɢɜɧɵɣ ɰɟɧɬɪ ɋɊ1-ɞɨɦɟɧɚ ɧɚɯɨɞɢɬɫɹ ɧɚ ɪɚɫɫɬɨɹɧɢɢ ɨɤɨɥɨ 30 й ɨɬ 

ɚɦɢɧɨɚɰɢɥɢɪɭɸɳɟɝɨ ɚɤɬɢɜɧɨɝɨ ɰɟɧɬɪɚ, ɜ ɨɝɪɚɧɢɱɟɧɧɨɦ ɤɨɧɫɟɪɜɚɬɢɜɧɵɦɢ 

ɚɦɢɧɨɤɢɫɥɨɬɧɵɦɢ ɨɫɬɚɬɤɚɦɢ ɬɪɟɨɧɢɧ-ɛɨɝɚɬɨɦ ɭɝɥɭɛɥɟɧɢɢ, ɫɬɟɪɢɱɟɫɤɢ 

ɢɫɤɥɸɱɚɸɳɟɦ ɫɜɹɡɵɜɚɧɢɟ ɨɫɬɚɬɤɚ ɢɡɨɥɟɣɰɢɧɚ, ɧɨ ɫɩɟɰɢɮɢɱɟɫɤɢ ɫɜɹɡɵɜɚɸɳɟɦ 

ɜɚɥɢɧ [58]. Ʉɚɤ ɢ ɭ ɛɨɥɶɲɢɧɫɬɜɚ ɪɟɞɚɤɬɢɪɭɸɳɢɯ ȺɊɋ, ɞɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ 

ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɝɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɋɋȺ-ɤɨɧɟɰ ȼɚɥɢɥ-ɬɊɇɄɂɥɟ ɞɨɥɠɟɧ 

ɩɟɪɟɛɪɚɫɵɜɚɬɶɫɹ ɢɡ ɚɦɢɧɨɚɰɢɥɢɪɭɸɳɟɝɨ ɚɤɬɢɜɧɨɝɨ ɰɟɧɬɪɚ ɜ ɪɟɞɚɤɬɢɪɭɸɳɢɣ, ɜ 

ɬɨ ɜɪɟɦɹ ɤɚɤ ɨɫɬɚɥɶɧɚɹ ɱɚɫɬɶ ɦɨɥɟɤɭɥɵ ɨɫɬɚёɬɫɹ ɫɜɹɡɚɧɧɨɣ ɫ ɮɟɪɦɟɧɬɨɦ [38] 

(ɪɢɫ. 1.3). ɋɭɳɟɫɬɜɟɧɧɵɦ ɨɬɥɢɱɢɟɦ ɂɥɟɊɋ ɨɬ ɞɪɭɝɢɯ ɪɟɞɚɤɬɢɪɭɸɳɢɯ ȺɊɋ 

ɹɜɥɹɟɬɫɹ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɟɪɟɚɦɢɧɨɚɰɢɥɢɪɨɜɚɧɢɹ ɪɟɞɚɤɬɢɪɭɟɦɨɣ 

ɚɦɢɧɨɤɢɫɥɨɬɵ ɫ 2'- ɧɚ 3'-Ɉɇ Ⱥ76 ɬɊɇɄɂɥɟ ɞɥɹ ɟё ɝɢɞɪɨɥɢɡɚ ɜ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɦ 

ɪɟɞɚɤɬɢɪɨɜɚɧɢɢ [56].  
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1.2.2.2. ȼɚɥɊɋ. ȼɚɥɢɥ-ɬɊɇɄ ɫɢɧɬɟɬɚɡɚ (ȼɚɥɊɋ) ɚɤɬɢɜɢɪɭɟɬ ɢɡɨɫɬɟɪɢɱɧɵɣ 

ɜɚɥɢɧɭ ɬɪɟɨɧɢɧ ɫ ɱɚɫɬɨɬɨɣ 0,25 10-2 [59Ж. ɗɬɨɬ ɮɟɪɦɟɧɬ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ 

ɧɟɡɧɚɱɢɬɟɥɶɧɵɦ ɭɪɨɜɧɟɦ ɬɊɇɄ-ɧɟɡɚɜɢɫɢɦɨɝɨ ɩɪɟɬɪɚɧɫɮɟɪɧɨɝɨ 

ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ, ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɫɧɢɠɚɸɳɢɦɫɹ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɬɊɇɄȼɚɥ. ɉɨ 

ɩɪɢɱɢɧɟ ɛɵɫɬɪɨɝɨ ɩɟɪɟɧɨɫɚ ɧɚ ɬɊɇɄȼɚɥ ɨɫɬɚɬɤɚ ɬɪɟɨɧɢɧɚ ɫ ɬɪɟɨɧɢɥ-ɚɞɟɧɢɥɚɬɚ, ɜ 

 

Ɋɢɫ. 1.3. ɉɨɫɬɬɪɚɧɫɮɟɪɧɨɟ ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ ɭ ɛɨɥɶɲɢɧɫɬɜɚ ȺɊɋ, ɜ ɬɨɦ 

ɱɢɫɥɟ ɂɥɟɊɋ, ɬɪɟɛɭɟɬ ɢɡɦɟɧɟɧɢɹ ɤɨɧɮɨɪɦɚɰɢɢ ɨɞɧɨɰɟɩɨɱɟɱɧɨɝɨ 3’-ɤɨɧɰɚ 

ɚɦɢɧɨɚɰɢɥ-ɬɊɇɄ ɞɥɹ ɬɪɚɧɫɥɨɤɚɰɢɢ ɚɦɢɧɨɤɢɫɥɨɬɧɨɝɨ ɨɫɬɚɬɤɚ ɢɡ 

ɚɦɢɧɨɚɰɢɥɢɪɭɸɳɟɝɨ ɚɤɬɢɜɧɨɝɨ ɰɟɧɬɪɚ ɜ ɪɟɞɚɤɬɢɪɭɸɳɢɣ 

 

ɩɪɟɬɪɚɧɫɮɟɪɧɨɦ ɪɟɞɚɤɬɢɪɨɜɚɧɢɢ ȼɚɥɊɋ ɭɫɩɟɜɚɟɬ ɝɢɞɪɨɥɢɡɨɜɚɬɶɫɹ ɥɢɲɶ 1/200 

ɜɫɟɯ ɪɟɞɚɤɬɢɪɭɟɦɵɯ ɫɭɛɫɬɪɚɬɨɜ, ɚ ɨɫɧɨɜɧɚɹ ɪɨɥɶ ɩɪɢɧɚɞɥɟɠɢɬ 

ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɦɭ ɪɟɞɚɤɬɢɪɨɜɚɧɢɸ [50].  

ɉɨɫɬɬɪɚɧɫɮɟɪɧɨɟ ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ ȼɚɥɊɋ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɨɛɨɫɨɛɥɟɧɧɨɦ 

ɪɟɞɚɤɬɢɪɭɸɳɟɦ ɋɊ1-ɞɨɦɟɧɟ, ɝɨɦɨɥɨɝɢɱɧɨɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɞɨɦɟɧɚɦ ɂɥɟɊɋ, 

ɅɟɣɊɋ ɢ ɆɟɬɊɋ [60]. ȼ ɨɬɥɢɱɢɟ ɨɬ ɂɥɟɊɋ, ɨɫɬɚɬɨɤ ɪɟɞɚɤɬɢɪɭɟɦɨɣ 

ɚɦɢɧɨɤɢɫɥɨɬɵ ɜ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɦ ɪɟɞɚɤɬɢɪɨɜɚɧɢɢ ɧɟ ɩɟɪɟɚɦɢɧɨɚɰɢɥɢɪɭɟɬɫɹ ɢ 
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ɝɢɞɪɨɥɢɡɭɟɬɫɹ ɫ 2'-OH A76 ɬɊɇɄȼɚɥ, ɤ ɤɨɬɨɪɨɦɭ ɨɧ ɢ ɛɵɥ ɩɪɢɫɨɟɞɢɧёɧ ɜ 

ɚɦɢɧɨɚɰɢɥɢɪɭɸɳɟɦ ɚɤɬɢɜɧɨɦ ɰɟɧɬɪɟ. Ɍɟɦ ɧɟ ɦɟɧɟɟ ɜ ɷɤɫɩɟɪɢɦɟɧɬɟ 

ɞɟɚɰɢɥɢɪɨɜɚɧɢɟ 3'-dA76 ɬɪɟɨɧɢɥ-ɬɊɇɄȼɚɥ ɫɧɢɠɟɧɨ ɧɚ ɩɨɪɹɞɨɤ, ɚ 3'-FA76 

ɬɪɟɨɧɢɥ-ɬɊɇɄȼɚɥ – ɧɚ ɞɜɚ ɩɨɪɹɞɤɚ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛ ɨɩɪɟɞɟɥёɧɧɨɣ ɪɨɥɢ 

3'-Ɉɇ A76 Ɍɪɟ-ɬɊɇɄȼɚɥ ɜ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɦ ɪɟɞɚɤɬɢɪɨɜɚɧɢɢ [56]. 

1.2.2.3. ɅɟɣɊɋ. Ʌɟɣɰɢɥ-ɬɊɇɄ ɫɢɧɬɟɬɚɡɚ (ɅɟɣɊɋ) ɨɲɢɛɨɱɧɨ ɚɤɬɢɜɢɪɭɟɬ 

ɧɨɪɜɚɥɢɧ, ɢɡɨɥɟɣɰɢɧ, ɦɟɬɢɨɧɢɧ ɢ ɝɨɦɨɰɢɫɬɟɢɧ. ɉɨɬɟɧɰɢɚɥɶɧɨ ɧɚɢɛɨɥɟɟ ɨɩɚɫɟɧ 

ɢɡ ɧɢɯ ɧɨɪɜɚɥɢɧ. Ʉɨɧɫɬɚɧɬɚ ɫɜɹɡɵɜɚɧɢɹ ɅɟɣɊɋ ɞɥɹ ɧɟɝɨ ɩɪɢɦɟɪɧɨ ɜ 30 ɪɚɡ 

ɛɨɥɶɲɟ, ɱɟɦ ɞɥɹ ɥɟɣɰɢɧɚ, ɚ ɤɚɬɚɥɢɬɢɱɟɫɤɚɹ ɤɨɧɫɬɚɧɬɚ ɦɟɧɶɲɟ ɜɫɟɝɨ ɜɬɪɨɟ. 

ɇɨɪɜɚɥɢɧ ɚɤɬɢɜɢɪɭɟɬɫɹ ɅɟɣɊɋ E. coli ɜ 70 ɪɚɡ ɦɟɧɟɟ ɷɮɮɟɤɬɢɜɧɨ, ɱɟɦ ɥɟɣɰɢɧ, ɜ 

ɬɨ ɜɪɟɦɹ ɤɚɤ ɢɡɨɥɟɣɰɢɧ – ɜ 3500 ɪɚɡ ɦɟɧɟɟ ɷɮɮɟɤɬɢɜɧɨ [6; 61]. ɉɪɨɬɢɜ 

ɨɲɢɛɨɱɧɨ ɚɤɬɢɜɢɪɭɟɦɵɯ ɚɦɢɧɨɤɢɫɥɨɬ ɮɟɪɦɟɧɬ ɫɩɨɫɨɛɟɧ ɨɫɭɳɟɫɬɜɥɹɬɶ ɤɚɤ 

ɩɪɟɬɪɚɧɫɮɟɪɧɨɟ, ɬɚɤ ɢ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɟ ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ.  

ɉɪɟɬɪɚɧɫɮɟɪɧɨɟ ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ ɩɪɨɬɢɜ ɧɨɪɜɚɥɢɧɚ ɜ ɨɬɫɭɬɫɬɜɢɟ ɬɊɇɄ 

ɩɪɨɢɫɯɨɞɢɬ ɜ ɚɦɢɧɨɚɰɢɥɢɪɭɸɳɟɦ ɚɤɬɢɜɧɨɦ ɰɟɧɬɪɟ. ɗɬɨɬ ɦɟɯɚɧɢɡɦ ɭ ɅɟɣɊɋ 

Aquifex aeolicus ɫɩɨɫɨɛɟɧ ɨɛɟɫɩɟɱɢɜɚɬɶ 7% ɨɬ ɪɟɞɚɤɬɢɪɭɸɳɟɣ ɚɤɬɢɜɧɨɫɬɢ, 

ɧɚɛɥɸɞɚɟɦɨɣ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɬɊɇɄɅɟɣ. ɉɪɢ ɷɬɨɦ ɩɪɨɬɢɜ ɢɡɨɥɟɣɰɢɧɚ ɟɝɨ 

ɞɟɣɫɬɜɢɟ ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ [61]. Ʉɪɨɦɟ ɬɨɝɨ, ɅɟɣɊɋ ɨɫɭɳɟɫɬɜɥɹɟɬ 

ɩɪɟɬɪɚɧɫɮɟɪɧɨɟ ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ ɩɪɨɬɢɜ ɝɨɦɨɰɢɫɬɟɢɧɚ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 

ɬɢɨɥɚɤɬɨɧɚ ɝɨɦɨɰɢɫɬɟɢɧɚ, ɤɚɤ ɢ ɆɟɬɊɋ [62] (ɫɦ. ɧɢɠɟ). 

ɉɨɫɬɬɪɚɧɫɮɟɪɧɨɟ ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ ɭ ɅɟɣɊɋ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɚɤɬɢɜɧɨɦ 

ɰɟɧɬɪɟ ɪɟɞɚɤɬɢɪɭɸɳɟɝɨ ɞɨɦɟɧɚ ɋɊ1, ɜɫɬɚɜɥɟɧɧɨɝɨ ɜ ɭɤɥɚɞɤɭ Ɋɨɫɫɦɚɧɚ, ɢ 

ɝɨɦɨɥɨɝɢɱɧɨɝɨ ɪɟɞɚɤɬɢɪɭɸɳɢɦ ɞɨɦɟɧɚɦ ɂɥɟɊɋ ɢ ȼɚɥɊɋ. Ⱥɦɢɧɨɚɰɢɥɢɪɨɜɚɧɢɟ 

ɬɊɇɄ ɩɪɢɜɨɞɢɬ ɤ ɢɡɦɟɧɟɧɢɸ ɤɨɧɮɨɪɦɚɰɢɢ ɚɦɢɧɨɚɰɢɥɢɪɭɸɳɟɝɨ ɚɤɬɢɜɧɨɝɨ 

ɰɟɧɬɪɚ, ɡɚɩɭɫɤɚɸɳɟɦɭ ɜɡɚɢɦɧɵɣ ɩɨɜɨɪɨɬ ɚɦɢɧɨɚɰɢɥɢɪɭɸɳɟɝɨ, ɰɢɧɤ-

ɫɜɹɡɵɜɚɸɳɟɝɨ ɢ ɪɟɞɚɤɬɢɪɭɸɳɟɝɨ ɞɨɦɟɧɨɜ. ɉɪɢ ɷɬɨɦ ɨɫɥɚɛɥɹɟɬɫɹ ɫɜɹɡɵɜɚɧɢɟ 

ɬɊɇɄ, ɦɟɧɹɟɬɫɹ ɩɨɥɨɠɟɧɢɟ ɟё ɚɤɰɟɩɬɨɪɧɨɝɨ ɫɬɟɛɥɹ, ɢ ɋɋȺ-ɤɨɧɟɰ 

ɩɟɪɟɛɪɚɫɵɜɟɬɫɹ ɞɥɹ ɤɨɧɬɚɤɬɚ ɫ ɪɟɞɚɤɬɢɪɭɸɳɢɦ ɞɨɦɟɧɨɦ [63]. 

Cɨɝɥɚɫɧɨ ɞɚɧɧɵɦ, ɩɨɥɭɱɟɧɧɵɦ in vivo, ɞɥɹ ɜɵɠɢɜɚɧɢɹ ɢ ɞɟɥɟɧɢɹ E. coli 

ɧɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɦ ɪɟɞɚɤɬɢɪɨɜɚɧɢɢ ɅɟɣɊɋ ɩɪɨɬɢɜ 
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ɢɡɨɥɟɣɰɢɧɚ, ɚ ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ ɩɪɨɬɢɜ ɧɨɪɜɚɥɢɧɚ ɠɢɡɧɟɧɧɨ ɧɟɨɛɯɨɞɢɦɨ ɥɢɲɶ 

ɩɪɢ ɤɢɫɥɨɪɨɞɧɨɦ ɝɨɥɨɞɚɧɢɢ, ɤɨɝɞɚ ɤɨɧɰɟɧɬɪɚɰɢɹ ɷɬɨɝɨ ɦɟɬɚɛɨɥɢɬɚ ɜ 

ɰɢɬɨɩɥɚɡɦɟ ɜɨɡɪɚɫɬɚɟɬ [6]. ɗɤɫɩɟɪɢɦɟɧɬɵ ɫ ɤɨɤɪɢɫɬɚɥɥɢɡɚɰɢɟɣ ɚɧɚɥɨɝɨɜ 

ɧɨɪɜɚɥɢɥ-ɬɊɇɄɅɟɣ ɢ ɧɨɪɜɚɥɢɥ-ɚɞɟɧɢɥɚɬɚ ɫ ɅɟɣɊɋ Thermus thermophilus 

ɩɨɤɚɡɚɥɢ ɜɨɡɦɨɠɧɨɫɬɶ ɫɜɹɡɵɜɚɧɢɹ ɜ ɚɤɬɢɜɧɨɦ ɰɟɧɬɪɟ ɪɟɞɚɤɬɢɪɭɸɳɟɝɨ ɋɊ1-

ɞɨɦɟɧɚ ɫɭɛɫɬɪɚɬɨɜ ɤɚɤ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɝɨ, ɬɚɤ ɢ ɩɪɟɬɪɚɧɫɮɟɪɧɨɝɨ 

ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɫɯɨɞɧɵɦ ɨɛɪɚɡɨɦ. ɇɚɢɛɨɥɶɲɟɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɝɢɞɪɨɥɢɡɚ ɢɦɟɟɬ 

ɮɢɤɫɚɰɢɹ ɚɦɢɧɨɝɪɭɩɩɵ ɪɟɞɚɤɬɢɪɭɟɦɨɣ ɚɦɢɧɨɤɢɫɥɨɬɵ ɤɨɧɫɟɪɜɚɬɢɜɧɵɦɢ 

ɨɫɬɚɬɤɚɦɢ ɚɫɩɚɪɚɝɢɧɨɜɨɣ ɤɢɫɥɨɬɵ ɢ ɦɟɬɢɨɧɢɧɚ. Ɍɚɤɠɟ ɤɥɸɱɟɜɨɟ ɡɧɚɱɟɧɢɟ 

ɢɦɟɸɬ ɞɜɚ ɫɨɫɟɞɫɬɜɭɸɳɢɯ ɨɫɬɚɬɤɚ ɬɪɟɨɧɢɧɚ ɢɡ ɬɪɟɨɧɢɧ-ɛɨɝɚɬɨɝɨ ɭɱɚɫɬɤɚ ɋɊ1-

ɞɨɦɟɧɚ, ɫɜɹɡɵɜɚɸɳɢɟ ɪɢɛɨɡɭ Ⱥ76 ɚɦɢɧɨɚɰɢɥ-ɬɊɇɄɅɟɣ ɥɢɛɨ ɮɨɫɮɚɬ ɚɦɢɧɨɚɰɢɥ-

ɚɞɟɧɢɥɚɬɚ. Ȼɨɤɨɜɚɹ ɰɟɩɶ ɪɟɞɚɤɬɢɪɭɟɦɨɣ ɚɦɢɧɨɤɢɫɥɨɬɵ ɧɚɯɨɞɢɬɫɹ ɜ 

ɝɢɞɪɨɮɨɛɧɨɦ ɤɚɪɦɚɧɟ ɝɥɨɛɭɥɵ ɮɟɪɦɟɧɬɚ. Ɂɚɦɟɧɚ ɧɚ ɚɥɚɧɢɧ ɨɫɬɚɬɤɚ ɬɪɟɨɧɢɧɚ 

252, ɭɱɚɫɬɜɭɸɳɟɝɨ ɜ ɮɨɪɦɢɪɨɜɚɧɢɢ ɷɬɨɝɨ ɤɚɪɦɚɧɚ, ɢ ɫɩɨɫɨɛɧɨɝɨ ɫɬɟɪɢɱɟɫɤɢ 

ɢɫɤɥɸɱɚɬɶ ɫɜɹɡɵɜɚɧɢɟ ɛɨɤɨɜɨɣ ɰɟɩɢ ɥɟɣɰɢɧɚ, ɜɟɞёɬ ɤ ɩɨɬɟɪɟ ɫɩɟɰɢɮɢɱɧɨɫɬɢ 

ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɢ ɝɢɞɪɨɥɢɡɭ Ʌɟɣ-ɬɊɇɄɅɟɣ. ɋɭɛɫɬɪɚɬ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɝɨ 

ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɭɞɨɛɧɵɦ ɨɛɪɚɡɨɦ ɞɥɹ ɝɢɞɪɨɥɢɡɚ ɦɨɥɟɤɭɥɨɣ 

ɜɨɞɵ, ɫɤɨɨɪɞɢɧɢɪɨɜɚɧɧɨɣ ɫ 3'-Ɉɇ Ⱥ76. Ɋɚɞɚɤɬɢɪɭɸɳɢɣ ɚɤɬɢɜɧɵɣ ɰɟɧɬɪ ɅɟɣɊɋ 

T. thermophilus ɜɤɥɸɱɚɟɬ ɢ ɞɪɭɝɭɸ ɫɤɨɨɪɞɢɧɢɪɨɜɚɧɧɭɸ ɦɨɥɟɤɭɥɭ ɜɨɞɵ, 

ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɭɸ ɫ ɨɫɬɚɬɤɨɦ ɚɫɩɚɪɚɝɢɧɨɜɨɣ ɤɢɫɥɨɬɵ [104].  

ɋɨɝɥɚɫɧɨ ɞɚɧɧɵɦ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɯɨɞɹɳɟɣ ɜ 

ɪɟɞɚɤɬɢɪɭɸɳɟɦ ɚɤɬɢɜɧɨɦ ɰɟɧɬɪɟ ɅɟɣɊɋ T. thermophilus ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ, 

3'-Ɉɇ Ⱥ76 ɨɲɢɛɨɱɧɨ ɚɦɢɧɨɚɰɢɥɢɪɨɜɚɧɧɨɣ ɬɊɇɄɅɟɣ ɚɤɬɢɜɢɪɭɟɬ ɦɨɥɟɤɭɥɭ ɜɨɞɵ 

ɞɥɹ ɝɢɞɪɨɥɢɡɚ ɷɮɢɪɧɨɣ ɫɜɹɡɢ. Ɉɞɢɧ ɢɡ ɜɨɞɨɪɨɞɨɜ ɷɬɨɣ ɦɨɥɟɤɭɥɵ ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɪɟɚɤɰɢɢ ɨɤɚɡɵɜɚɟɬɫɹ ɤɨɜɚɥɟɧɬɧɨ ɫɜɹɡɚɧɧɵɦ ɫ 2'-Ɉ [53] (ɪɢɫ. 1.4). ɇɚ 

ɩɪɨɬɹɠɟɧɢɢ ɜɫɟɣ ɪɟɚɤɰɢɢ ɩɪɨɬɨɧ 3’-ɝɢɞɪɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɵ ɨɫɬɚёɬɫɹ ɫɜɹɡɚɧɧɵɦ 

ɫ ɛɨɤɨɜɨɣ ɝɪɭɩɩɨɣ Ɍɪɟ248 ɛɟɥɤɨɜɨɣ ɰɟɩɢ. ɉɪɢ ɷɬɨɦ ɛɨɤɨɜɚɹ ɰɟɩɶ Ɍɪɟ247 ɢ 

ɜɬɨɪɚɹ ɦɨɥɟɤɭɥɚ ɜɨɞɵ ɫɬɚɛɢɥɢɡɢɪɭɸɬ ɬɟɬɪɚɷɞɪɚɥɶɧɨɟ ɩɪɨɦɟɠɭɬɨɱɧɨɟ 

ɫɨɟɞɢɧɟɧɢɟ. Ⱦɪɭɝɚɹ ɚɧɚɥɨɝɢɱɧɚɹ ɦɨɞɟɥɶ [65], ɜɵɩɨɥɧɟɧɧɚɹ ɞɥɹ ɬɨɝɨ ɠɟ ɨɛɴɟɤɬɚ, 

ɬɚɤɠɟ ɨɬɜɨɞɢɬ ɤɥɸɱɟɜɭɸ ɪɨɥɶ ɜ ɚɤɬɢɜɚɰɢɢ ɜɨɞɵ ɞɥɹ ɧɭɤɥɟɨɮɢɥɶɧɨɣ ɚɬɚɤɢ 3'-
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Ɉɇ, ɤɚɤ ɚɤɰɟɩɬɨɪɭ ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɢ. Ʉɚɤ ɢ ɜ ɩɪɟɞɵɞɭɳɟɣ ɦɨɞɟɥɢ, 2’-

ɝɢɞɪɨɤɫɢɥɶɧɭɸ ɝɪɭɩɩɭ Ⱥ76 ɬɊɇɄɅɟɣ ɮɨɪɦɢɪɭɟɬ ɨɞɢɧ ɢɡ ɩɪɨɬɨɧɨɜ ɦɨɥɟɤɭɥɵ 

ɜɨɞɵ, ɨɫɭɳɟɫɬɜɢɜɲɟɣ ɧɭɤɥɟɨɮɢɥɶɧɭɸ ɚɬɚɤɭ [65].  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɬɊɇɄɅɟɣ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜɵɩɨɥɧɹɟɬ ɤɚɬɚɥɢɬɢɱɟɫɤɭɸ 

ɮɭɧɤɰɢɸ ɜ ɞɟɚɰɢɥɢɪɨɜɚɧɢɢ ɨɲɢɛɨɱɧɵɯ ɩɪɨɞɭɤɬɨɜ ɅɟɣɊɋ. ɉɪɢ ɷɬɨɦ ɛɟɥɨɤ 

ɭɫɢɥɢɜɚɟɬ ɤɚɬɚɥɢɬɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ 3'-Ɉɇ ɱɟɪɟɡ ɫɟɬɶ ɜɨɞɨɪɨɞɧɵɯ ɫɜɹɡɟɣ ɢ 

ɫɬɚɛɢɥɢɡɢɪɭɟɬ ɩɟɪɟɯɨɞɧɨɟ ɫɨɫɬɨɹɧɢɟ ɜɨ ɜɪɟɦɹ ɪɟɚɤɰɢɢ. ɇɚ ɨɫɧɨɜɚɧɢɢ ɞɚɧɧɵɯ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɝɢɛɪɢɞɧɵɣ ɪɢɛɨɡɢɦɧɨ-ɛɟɥɤɨɜɵɣ ɤɚɬɚɥɢɡ ɛɵɥ ɩɨɫɬɭɥɢɪɨɜɚɧ ɤɚɤ 

ɧɨɜɚɹ ɷɧɡɢɦɨɥɨɝɢɱɟɫɤɚɹ ɤɚɬɟɝɨɪɢɹ [53; 5]. 

 

Ɋɢɫ. 1.4. Ɇɟɯɚɧɢɡɦ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɝɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɅɟɣɊɋ T. 

thermophilus  
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ɅɟɣɊɋ ɪɚɡɥɢɱɧɵɯ ɨɪɝɚɧɢɡɦɨɜ ɢɫɩɨɥɶɡɭɸɬ ɢɦɟɸɳɢɟɫɹ ɜ ɧɚɥɢɱɢɢ 

ɦɟɯɚɧɢɡɦɵ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɜ ɪɚɡɥɢɱɧɵɯ ɫɨɨɬɧɨɲɟɧɢɹɯ. Ɍɚɤ, ɅɟɣɊɋ E. coli ɞɥɹ 

ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɚɦɢɧɨɚɰɢɥɢɪɨɜɚɧɢɹ ɬɊɇɄɅɟɣ ɢɡɨɥɟɣɰɢɧɨɦ ɜ ɨɫɧɨɜɧɨɦ 

ɢɫɩɨɥɶɡɭɟɬ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɟ ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ, ɚ ɞɪɨɠɠɟɜɚɹ – ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ 

ɩɪɟɬɪɚɧɫɮɟɪɧɨɟ Д66Ж. ɗɬɨ ɫɨɨɬɧɨɲɟɧɢɟ ɦɨɠɟɬ ɦɟɧɹɬɶɫɹ ɭ ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ 

ɮɟɪɦɟɧɬɚ ɜ ɜɢɞɟ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɤɨɦɩɟɧɫɚɰɢɢ ɩɨɫɥɟɞɫɬɜɢɣ ɦɭɬɚɝɟɧɟɡɚ Д67]. 

1.2.2.4. ɆɟɬɊɋ. Ɇɟɬɢɨɧɢɥ-ɬɊɇɄ ɫɢɧɬɟɬɚɡɚ (ɆɟɬɊɋ) ɨɛɥɚɞɚɟɬ 

ɩɪɟɬɪɚɧɫɮɟɪɧɵɦ ɪɟɞɚɤɬɢɪɨɜɚɧɢɟɦ ɩɪɨɬɢɜ ɝɨɦɨɰɢɫɬɟɢɧɚ, ɤɨɬɨɪɵɣ ɨɧɚ ɫɩɨɫɨɛɧɚ 

ɚɤɬɢɜɢɪɨɜɚɬɶ ɫ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɫɩɟɰɢɮɢɱɧɨɫɬɶɸ 10-2-10-3. ɉɪɢ ɪɚɡɥɢɱɢɢ ɜ 

ɫɪɨɞɫɬɜɟ ɤ ɚɤɬɢɜɧɨɦɭ ɰɟɧɬɪɭ ɆɟɬɊɋ ɧɚ ɞɜɚ ɩɨɪɹɞɤɚ (0,03 ɢ 5,2 ɦɆ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɞɥɹ E. coli), ɦɟɬɢɨɧɢɧ ɢ ɝɨɦɨɰɢɫɬɟɢɧ ɚɤɬɢɜɢɪɭɸɬɫɹ ɫɨ ɫɯɨɞɧɨɣ 

kcat (93 ɢ 87 c-1). Ɋɚɫɳɟɩɥɟɧɢɟ ɝɨɦɨɰɢɫɬɟɢɧɢɥ-ɚɞɟɧɢɥɚɬɚ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɫɭɥɶɮɝɢɞɪɢɥɶɧɨɣ ɢ ɤɚɪɛɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 

ɰɢɤɥɢɱɟɫɤɨɝɨ ɬɢɨɥɚɤɬɨɧɚ ɝɨɦɨɰɢɫɬɟɢɧɚ Д49; 48Ж. ɉɨɤɚɡɚɧɨ ɩɪɟɜɪɚɳɟɧɢɟ 

ɷɤɡɨɝɟɧɧɨɝɨ ɝɨɦɨɰɢɫɬɟɢɧɚ ɤɥɟɬɤɚɦɢ E. coli in vivo Д68Ж. Ɋɟɚɤɰɢɹ ɰɢɤɥɢɡɚɰɢɢ 

ɨɫɬɚɬɤɚ ɝɨɦɨɰɢɫɬɟɢɧɚ ɤɚɬɚɥɢɡɢɪɭɟɬɫɹ ɩɨ ɫɭɛɫɬɪɚɬ-ɚɫɫɢɫɬɢɪɨɜɚɧɧɨɦɭ 

ɦɟɯɚɧɢɡɦɭ, ɩɪɢ ɭɱɚɫɬɢɢ ɟɝɨ ɮɨɫɮɚɬɧɨɣ ɝɪɭɩɩɵ ɜ ɪɨɥɢ ɨɫɧɨɜɚɧɢɹ, ɥɢɛɨ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɚɧɢɹ ɨɫɬɚɬɤɚ ɚɫɩɚɪɚɝɢɧɨɜɨɣ ɤɢɫɥɨɬɵ Д69].  

ɇɟɫɦɨɬɪɹ ɧɚ ɧɚɥɢɱɢɟ ɭ ɆɟɬɊɋ ɭɤɨɪɨɱɟɧɧɨɝɨ ɞɨɦɟɧɚ ɋɊ1, ɝɨɦɨɥɨɝɢɱɧɨɝɨ 

ɪɟɞɚɤɬɢɪɭɸɳɢɦ ɞɨɦɟɧɚɦ ɨɫɬɚɥɶɧɵɯ ɬɪёɯ ɪɟɞɚɤɬɢɪɭɸɳɢɯ ȺɊɋ 1-ɝɨ 

ɫɬɪɭɤɬɭɪɧɨɝɨ ɤɥɚɫɫɚ, ɨɧɚ ɥɢɲɟɧɚ ɫɩɨɫɨɛɧɨɫɬɢ ɨɫɭɳɟɫɬɜɥɹɬɶ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɟ 

ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ. ɉɪɢ ɷɬɨɦ ɋɊ1-ɞɨɦɟɧ ɆɟɬɊɋ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɫɜɨɢɯ ɝɨɦɨɥɨɝɨɜ, 

ɫɨɞɟɪɠɢɬ ɰɢɧɤ-ɫɜɹɡɵɜɚɸɳɢɣ ɩɟɩɬɢɞ, ɭɱɚɫɬɜɭɸɳɢɣ ɜ ɫɬɚɛɢɥɢɡɚɰɢɢ 

ɩɟɪɟɯɨɞɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɩɪɢ ɚɤɬɢɜɚɰɢɢ ɦɟɬɢɨɧɢɧɚ [70].  

1.2.3. Ɋɟɞɚɤɬɢɪɨɜɚɧɢɟ ɭ ȺɊɋ 2-ɝɨ ɫɬɪɭɤɬɭɪɧɨɝɨ ɤɥɚɫɫɚ. ɍ ȺɊɋ 2-ɝɨ 

ɤɥɚɫɫɚ ɞɨɦɟɧɵ, ɨɬɜɟɬɫɬɜɟɧɧɵɟ ɡɚ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɟ ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ, ɪɚɡɧɨɪɨɞɧɵ 

ɩɨ ɫɜɨɟɣ ɚɪɯɢɬɟɤɬɭɪɟ. Ƚɨɦɨɥɨɝɢɱɧɵ ɥɢɲɶ ɪɟɞɚɤɬɢɪɭɸɳɢɟ ɞɨɦɟɧɵ ȺɥɚɊɋ ɢ 

ɛɚɤɬɟɪɢɚɥɶɧɵɯ ɌɪɟɊɋ, ɩɪɢɱёɦ, ɧɟɫɦɨɬɪɹ ɧɚ ɷɬɨ, ɦɟɯɚɧɢɡɦɵ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɭ 

ɧɢɯ ɪɚɡɥɢɱɧɵ [1]. Ɋɟɞɚɤɬɢɪɭɸɳɢɟ ɞɨɦɟɧɵ ɎɟɧɊɋ ɢ ɉɪɨɊɋ ɧɟ ɢɦɟɸɬ 
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ɝɨɦɨɥɨɝɨɜ ɭ ɞɪɭɝɢɯ ȺɊɋ, ɚ ɪɟɞɚɤɬɢɪɭɸɳɚɹ ɋɟɪɊɋ ɥɢɲɟɧɚ ɪɟɞɚɤɬɢɪɭɸɳɟɝɨ 

ɞɨɦɟɧɚ [71]. 

1.2.3.1. ȺɥɚɊɋ. Ⱥɥɚɧɢɥ-ɬɊɇɄ ɫɢɧɬɟɬɚɡɚ (ȺɥɚɊɋ) ɧɭɠɞɚɟɬɫɹ ɜ 

ɪɟɞɚɤɬɢɪɨɜɚɧɢɢ ɩɪɨɬɢɜ ɝɥɢɰɢɧɚ ɢ ɫɟɪɢɧɚ. ɋɭɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱɚɹɫɶ ɨɬ ɚɥɚɧɢɧɚ 

ɩɨ ɤɨɧɫɬɚɧɬɚɦ ɫɜɹɡɵɜɚɧɢɹ (0,42, 58,5 ɢ 54,8 ɦM ɞɥɹ ɚɥɚɧɢɧɚ, ɝɥɢɰɢɧɚ ɢ ɫɟɪɢɧɚ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ), ɷɬɢ ɚɦɢɧɨɤɢɫɥɨɬɵ, ɬɟɦ ɧɟ ɦɟɧɟɟ, ɩɪɢ ɩɨɩɚɞɚɧɢɢ ɜ ɚɤɬɢɜɧɵɣ 

ɰɟɧɬɪ ȺɥɚɊɋ, ɚɤɬɢɜɢɪɭɸɬɫɹ ɫ ɩɨɯɨɠɢɦɢ ɤɚɬɚɥɢɬɢɱɟɫɤɢɦɢ ɤɨɧɫɬɚɧɬɚɦɢ (2,4, 3,0 

ɢ 1,2 ɫ-1). ɗɬɨ ɞɚёɬ ɪɚɡɧɢɰɭ ɜ ɫɤɨɪɨɫɬɹɯ ɚɤɬɢɜɚɰɢɢ, ɨɰɟɧɢɜɚɟɦɭɸ ɜ 100-300 ɪɚɡ 

[1]. Ʉɚɤ ɩɨɤɚɡɚɥɢ ɫɬɪɭɤɬɭɪɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɜɫɟ ɬɪɢ ɚɦɢɧɨɤɢɫɥɨɬɵ 

ɫɜɹɡɵɜɚɸɬɫɹ ɜ ɚɤɬɢɜɧɨɦ ɰɟɧɬɪɟ ɮɟɪɦɟɧɬɚ ɩɪɚɤɬɢɱɟɫɤɢ ɨɞɢɧɚɤɨɜɵɦ ɨɛɪɚɡɨɦ, ɚ 

ɝɢɞɪɨɤɫɢɥɶɧɚɹ ɝɪɭɩɩɚ ɫɟɪɢɧɚ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ 

ɤɨɧɫɟɪɜɚɬɢɜɧɵɦ ɨɫɬɚɬɤɨɦ ɚɫɩɚɪɚɝɢɧɨɜɨɣ ɤɢɫɥɨɬɵ, ɫɜɹɡɵɜɚɸɳɢɦ ɚɦɢɧɨɝɪɭɩɩɵ 

ɜɫɟɯ ɚɤɬɢɜɢɪɭɟɦɵɯ ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ ɨɫɬɚɬɤɨɜ [72].  

ȺɥɚɊɋ ɨɫɭɳɟɫɬɜɥɹɟɬ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɟ ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ ɩɪɨɬɢɜ ɨɛɟɢɯ 

ɚɦɢɧɨɤɢɫɥɨɬ ɜ ɚɤɬɢɜɧɨɦ ɰɟɧɬɪɟ ɪɟɞɚɤɬɢɪɭɸɳɟɝɨ ɞɨɦɟɧɚ, ɪɚɫɩɨɥɨɠɟɧɧɨɦ 

ɜɫɥɟɞ ɡɚ ɨɫɧɨɜɧɵɦ ɤɚɬɚɥɢɬɢɱɟɫɤɢɦ ɞɨɦɟɧɨɦ, ɢ ɝɨɦɨɥɨɝɢɱɧɨɝɨ 

ɪɟɞɚɤɬɢɪɭɸɳɟɦɭ ɞɨɦɟɧɭ ɌɪɟɊɋ. ɇɚɢɛɨɥɶɲɟɟ ɜɥɢɹɧɢɟ ɧɚ ɪɟɞɚɤɬɢɪɭɸɳɭɸ 

ɚɤɬɢɜɧɨɫɬɶ in vitro ɢ in vivo ɨɤɚɡɵɜɚɟɬ ɡɚɦɟɧɚ ɤɨɧɫɟɪɜɚɬɢɜɧɨɝɨ ɨɫɬɚɬɤɚ 

ɰɢɫɬɟɢɧɚ, ɱɬɨ, ɧɚɪɹɞɭ ɫ ɞɪɭɝɢɦɢ ɞɚɧɧɵɦɢ, ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɪɚɡɥɢɱɧɵɯ 

ɦɟɯɚɧɢɡɦɚɯ ɝɢɞɪɨɥɢɡɚ ɨɲɢɛɨɱɧɨ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɚɦɢɧɨɚɰɢɥ-ɬɊɇɄ ɭ 

ȺɥɚɊɋ ɢ ɌɪɟɊɋ [1], ɩɪɢɱёɦ ɞɥɹ ȺɥɚɊɋ ɷɬɨɬ ɦɟɯɚɧɢɡɦ ɨɫɬɚёɬɫɹ ɧɟɢɡɜɟɫɬɧɵɦ. 

Ɋɟɞɚɤɬɢɪɭɸɳɢɣ ɚɤɬɢɜɧɵɣ ɰɟɧɬɪ ɧɚɯɨɞɢɬɫɹ ɨɬ ɫɢɧɬɟɬɢɱɟɫɤɨɝɨ ɚɤɬɢɜɧɨɝɨ 

ɰɟɧɬɪɚ ɧɚ ɪɚɫɫɬɨɹɧɢɢ ɛɨɥɟɟ 35й, ɱɬɨ ɞɟɥɚɟɬ ɩɪɨɛɥɟɦɚɬɢɱɧɵɦ ɩɟɪɟɧɨɫ 

ɚɦɢɧɨɤɢɫɥɨɬɧɨɝɨ ɨɫɬɚɬɤɚ ɦɟɠɞɭ ɫɚɣɬɚɦɢ ɩɭɬёɦ ɢɡɦɟɧɟɧɢɹ ɤɨɧɮɨɪɦɚɰɢɢ 

ɬɊɇɄ [73]. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɩɪɟɞɩɨɥɨɠɢɬɶ ɜɬɨɪɢɱɧɨɟ ɫɜɹɡɵɜɚɧɢɟ ɨɲɢɛɨɱɧɨ 

ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɚɦɢɧɨɚɰɢɥ-ɬɊɇɄ ɩɨɫɥɟ ɞɢɫɫɨɰɢɚɰɢɢ [74]. 

ȼ ɪɟɞɚɤɬɢɪɭɸɳɟɦ ɚɤɬɢɜɧɨɦ ɰɟɧɬɪɟ ȺɥɚɊɋ in vitro ɋɟɪ-ɬɊɇɄȺɥɚ 

ɞɟɚɰɢɥɢɪɭɟɬɫɹ ɥɢɲɶ ɜ 12,2 ɪɚɡɚ ɛɵɫɬɪɟɟ, ɱɟɦ Ⱥɥɚ-ɬɊɇɄȺɥɚ [75]. ɗɬɨ ɧɟ 

ɦɟɲɚɟɬ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɦɭ ɪɟɞɚɤɬɢɪɨɜɚɧɢɸ ȺɥɚɊɋ ɨɫɬɚɜɚɬɶɫɹ 
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ɮɭɧɤɰɢɨɧɚɥɶɧɨ ɜɚɠɧɵɦ ɞɥɹ ɨɪɝɚɧɢɡɦɚ. Ɇɵɲɢ, ɜ ɤɥɟɬɤɚɯ ɤɨɬɨɪɵɯ ɷɬɚ 

ɮɭɧɤɰɢɹ ɧɚɪɭɲɟɧɚ ɜɫɥɟɞɫɬɜɢɟ ɚɦɢɧɨɤɢɫɥɨɬɧɨɣ ɡɚɦɟɧɵ, ɫɬɪɚɞɚɸɬ ɚɬɚɤɫɢɟɣ. 

ɍ ɧɢɯ ɧɚɛɥɸɞɚɟɬɫɹ ɝɢɛɟɥɶ ɤɥɟɬɨɤ ɉɭɪɤɢɧɶɟ ɜɫɥɟɞɫɬɜɢɟ ɧɚɤɨɩɥɟɧɢɹ 

ɧɟɩɪɚɜɢɥɶɧɨ ɭɥɨɠɟɧɧɵɯ ɝɥɨɛɭɥɹɪɧɵɯ ɛɟɥɤɨɜ [76]. 

ɉɨɦɢɦɨ ɪɟɞɚɤɬɢɪɭɸɳɟɝɨ ɞɨɦɟɧɚ, ɜ ɩɨɞɞɟɪɠɚɧɢɢ ɫɩɟɰɢɮɢɱɧɨɫɬɢ ȺɥɚɊɋ 

ɤɚɤ ɭ ɩɪɨ-, ɬɚɤ ɢ ɭ ɷɭɤɚɪɢɨɬ ɭɱɚɫɬɜɭɸɬ in trans ɝɨɦɨɥɨɝɢɱɧɵɟ ɟɦɭ 

ɪɟɞɚɤɬɢɪɭɸɳɢɟ ɛɟɥɤɢ AlaX [77; 42]. ȼ ɭɡɧɚɜɚɧɢɟ ɫɟɪɢɧɚ ɜ ɚɤɬɢɜɧɨɦ 

ɪɟɞɚɤɬɢɪɭɸɳɟɦ ɰɟɧɬɪɟ ɤɚɤ ȺɥɚɊɋ [78], ɬɚɤ ɢ AlaX [79], ɜɨɜɥɟɱёɧ ɢɨɧ ɰɢɧɤɚ. 

ȼɵɬɚɥɤɢɜɚɧɢɟ ɨɫɬɚɬɤɚ ɚɥɚɧɢɧɚ ɭ ȺɥɚɊɋ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɨɫɬɚɬɤɨɦ ɝɥɭɬɚɦɢɧɚ, ɚ 

ɭ AlaX – ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɟɦɭ ɨɫɬɚɬɤɨɦ ɬɪɟɨɧɢɧɚ, ɨɫɭɳɟɫɬɜɥɹɸɳɢɦɢ 

ɯɢɦɢɱɟɫɤɨɟ ɜɵɬɚɥɤɢɜɚɧɢɟ ɟɝɨ ɝɢɞɪɨɮɨɛɧɨɣ ɦɟɬɢɥɶɧɨɣ ɝɪɭɩɩɵ [79]. 

1.2.3.2. ɌɪɟɊɋ. Ɍɪɟɨɧɢɥ-ɬɊɇɄ ɫɢɧɬɟɬɚɡɚ (ɌɪɟɊɋ) ɬɪɟɛɭɟɬ ɞɥɹ 

ɚɤɬɢɜɚɰɢɢ ɚɦɢɧɨɤɢɫɥɨɬ ɤɨɨɪɞɢɧɢɪɨɜɚɧɢɹ ɝɢɞɪɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɵ ɛɨɤɨɜɨɣ 

ɰɟɩɢ [80], ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɟɣ ɫ ɢɨɧɨɦ Zn2+ ɜ ɚɦɢɧɨɚɰɢɥɢɪɭɸɳɟɦ ɚɤɬɢɜɧɨɦ 

ɰɟɧɬɪɟ, ɢ ɧɭɠɞɚɟɬɫɹ ɜ ɪɟɞɚɤɬɢɪɨɜɚɧɢɢ ɩɪɨɬɢɜ ɫɟɪɢɧɚ, ɫɜɹɡɵɜɚɟɦɨɝɨ 

ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ ɨɱɟɧɶ ɫɯɨɞɧɵɦ ɫ ɬɪɟɨɧɢɧɨɦ ɨɛɪɚɡɨɦ 33]. ɉɨ ɫɤɨɪɨɫɬɢ 

ɩɟɪɟɧɨɫɚ ɚɦɢɧɨɤɢɫɥɨɬɧɨɝɨ ɨɫɬɚɬɤɚ ɢɡ ɚɦɢɧɨɚɰɢɥ-ɚɞɟɧɢɥɚɬɚ ɧɚ ɬɊɇɄɌɪɟ 

ɫɜɹɡɚɜɲɢɣɫɹ ɫ ɚɤɬɢɜɧɵɦ ɰɟɧɬɪɨɦ ɫɟɪɢɧ ɥɢɲɶ ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɭɫɬɭɩɚɟɬ 

ɬɪɟɨɧɢɧɭ. Ɋɚɡɥɢɱɢɹ ɜ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɫɜɹɡɵɜɚɧɢɹ ɫɟɪɢɧɚ ɢ ɬɪɟɨɧɢɧɚ ɞɚɸɬ 

ɨɛɳɭɸ ɪɚɡɧɢɰɭ ɜ ɫɤɨɪɨɫɬɢ ɚɤɬɢɜɚɰɢɢ ɩɨɪɹɞɤɚ 103 [81]. Ɋɟɞɚɤɬɢɪɨɜɚɧɢɟ 

ɫɟɪɢɧɚ ɌɪɟɊɋ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɤɚɤ ɩɨ ɩɪɟɬɪɚɧɫɮɟɪɧɨɦɭ, ɬɚɤ ɢ ɩɨ 

ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɦɭ ɩɭɬɢ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɞɨɫɬɭɩɧɨɫɬɢ ɬɊɇɄɌɪɟ. Ƚɢɞɪɨɥɢɡ 

ɫɟɪɢɥ-ɚɞɟɧɢɥɚɬɚ ɡɚ ɫɱёɬ ɬɊɇɄ-ɧɟɡɚɜɢɫɢɦɨɝɨ ɩɪɟɬɪɚɧɫɮɟɪɧɨɝɨ 

ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɢɞёɬ ɜ 29 ɪɚɡ ɛɵɫɬɪɟɟ, ɱɟɦ ɞɥɹ ɬɪɟɨɧɢɥ-ɚɞɟɧɢɥɚɬɚ ɜ ɬɟɯ ɠɟ 

ɭɫɥɨɜɢɹɯ, ɢ ɜ 40 ɪɚɡ ɛɵɫɬɪɟɟ, ɱɟɦ ɫɩɨɧɬɚɧɧɵɣ ɝɢɞɪɨɥɢɡ. ɇɨ ɩɪɢ ɧɚɥɢɱɢɢ 

ɬɊɇɄɌɪɟ ɜ ɞɨɫɬɚɬɨɱɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɷɬɨɬ ɩɭɬɶ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɢɫɩɨɥɶɡɭɟɬɫɹ, 

ɭɫɬɭɩɚɹ ɦɟɫɬɨ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɦɭ ɩɭɬɢ [82]. ȼ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɟ 

ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ ɜɨɜɥɟɱёɧ N-ɤɨɧɰɟɜɨɣ ɞɨɦɟɧ ɌɪɟɊɋ [80]. Ɋɟɞɚɤɬɢɪɭɸɳɢɣ 

ɞɨɦɟɧ, ɩɪɢɫɭɬɫɬɜɭɸɳɢɣ ɭ ɛɚɤɬɟɪɢɣ ɢ ɷɭɤɚɪɢɨɬ, ɥɢɲёɧ ɝɨɦɨɥɨɝɢɢ ɫ 
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ɩɪɢɫɭɬɫɬɜɭɸɳɢɦ ɭ ɚɪɯɟɣ. Ɉɧ ɝɨɦɨɥɨɝɢɱɟɧ ɪɟɞɚɤɬɢɪɭɸɳɟɦɭ ɞɨɦɟɧɭ ȺɥɚɊɋ, ɜ 

ɬɨ ɜɪɟɦɹ ɤɚɤ ɚɪɯɟɛɚɤɬɟɪɢɚɥɶɧɵɣ ɪɟɞɚɤɬɢɪɭɸɳɢɣ ɞɨɦɟɧ ɝɨɦɨɥɨɝɢɱɟɧ 

ɞɟɚɰɢɥɚɡɚɦ D-ɚɦɢɧɨɤɢɫɥɨɬ [83]. Ɇɟɯɚɧɢɡɦ ɤɚɬɚɥɢɡɚ D-ɬɢɪɨɡɢɥ ɞɟɚɰɢɥɚɡɵ 

ɛɭɞɟɬ ɧɢɠɟ ɨɩɢɫɚɧ ɨɬɞɟɥɶɧɨ, ɩɨɷɬɨɦɭ ɡɞɟɫɶ ɛɭɞɟɬ ɪɚɫɫɦɨɬɪɟɧɚ ɬɨɥɶɤɨ ɪɚɛɨɬɚ 

ɪɟɞɚɤɬɢɪɭɸɳɟɝɨ ɞɨɦɟɧɚ ɌɪɟɊɋ ɛɚɤɬɟɪɢɚɥɶɧɨɝɨ ɬɢɩɚ. ɇɟɫɦɨɬɪɹ ɧɚ ɝɨɦɨɥɨɝɢɸ 

ɩɟɪɜɢɱɧɨɣ ɫɬɪɭɤɬɭɪɵ, ɦɟɯɚɧɢɡɦɵ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɪɚɡɥɢɱɧɵ ɞɥɹ 

ɛɚɤɬɟɪɢɚɥɶɧɵɯ ɌɪɟɊɋ ɢ ȺɥɚɊɋ [1]. ɉɟɪɟɧɨɫ ɚɦɢɧɨɤɢɫɥɨɬɧɨɝɨ ɨɫɬɚɬɤɚ ɢɡ 

ɚɦɢɧɨɚɰɢɥɢɪɭɸɳɟɝɨ ɚɤɬɢɜɧɨɝɨ ɰɟɧɬɪɚ ɜ ɪɟɞɚɤɬɢɪɭɸɳɢɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɡɚ 

ɫɱёɬ ɢɡɦɟɧɟɧɢɹ ɤɨɧɮɨɪɦɚɰɢɢ ɋɋȺ-ɤɨɧɰɚ ɬɊɇɄ [33]. Ɍɪɟɨɧɢɧ ɧɟ ɞɨɩɭɫɤɚɟɬɫɹ 

ɜ ɪɟɞɚɤɬɢɪɭɸɳɢɣ ɚɤɬɢɜɧɵɣ ɰɟɧɬɪ ɌɪɟɊɋ ɩɭɬёɦ ɫɬɟɪɢɱɟɫɤɨɝɨ ɢɫɤɥɸɱɟɧɢɹ 

ɦɟɬɢɥɶɧɨɣ ɝɪɭɩɩɵ. ɍɝɥɟɪɨɞ ɤɚɪɛɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɵ ɨɫɬɚɬɤɚ ɫɟɪɢɧɚ 

ɩɨɞɜɟɪɝɚɟɬɫɹ ɧɭɤɥɟɨɮɢɥɶɧɨɣ ɚɬɚɤɟ ɫɤɨɨɪɞɢɧɢɪɨɜɚɧɧɨɣ ɦɨɥɟɤɭɥɵ ɜɨɞɵ (ɪɢɫ. 

1.5) [84]. ȼɬɨɪɚɹ ɦɨɥɟɤɭɥɚ ɜɨɞɵ, ɬɚɤɠɟ ɫɤɨɨɪɞɢɧɢɪɨɜɚɧɧɚɹ ɜ ɪɟɞɚɤɬɢɪɭɸɳɟɦ 

ɚɤɬɢɜɧɨɦ ɰɟɧɬɪɟ, ɩɟɪɟɞɚёɬ ɩɪɨɬɨɧ 3'-ɤɢɫɥɨɪɨɞɭ Ⱥ76 ɬɊɇɄɌɪɟ. ɉɪɨɬɨɧ 

ɚɬɚɤɭɸɳɟɣ ɦɨɥɟɤɭɥɵ ɜɨɞɵ ɫɬɚɛɢɥɢɡɢɪɭɟɬɫɹ ɨɫɬɚɬɤɨɦ ɝɢɫɬɢɞɢɧɚ, ɚ 

ɝɢɞɪɨɤɫɢɥɶɧɚɹ ɝɪɭɩɩɚ ɜɬɨɪɨɣ ɦɨɥɟɤɭɥɵ – ɫɨɥɟɜɵɦ ɦɨɫɬɢɤɨɦ ɫ ɨɫɬɚɬɤɨɦ 

ɚɫɩɚɪɚɝɢɧɨɜɨɣ ɤɢɫɥɨɬɵ [84]. 

 

Ɋɢɫ. 1.5. ɉɪɟɞɥɨɠɟɧɧɵɣ ɦɟɯɚɧɢɡɦ ɝɢɞɪɨɥɢɡɚ ɫɟɪɢɥ-ɬɊɇɄɌɪɟ ɌɪɟɊɋ E. 

coli. Ȼɭɤɜɨɣ W ɨɛɨɡɧɚɱɟɧɵ ɦɨɥɟɤɭɥɵ ɜɨɞɵ 
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Ⱦɪɨɠɠɟɜɚɹ ɦɢɬɨɯɨɧɞɪɢɚɥɶɧɚɹ ɌɪɟɊɋ ɥɢɲɟɧɚ ɪɟɞɚɤɬɢɪɭɸɳɟɝɨ ɞɨɦɟɧɚ 

ɢ ɦɨɠɟɬ ɩɨɥɚɝɚɬɶɫɹ ɬɨɥɶɤɨ ɧɚ ɩɪɟɬɪɚɧɫɮɟɪɧɨɟ ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ. ɉɪɢ ɷɬɨɦ 

ɫɟɪɢɧ ɚɤɬɢɜɢɪɭɟɬɫɹ ɟɸ ɩɪɢɦɟɪɧɨ ɜ 700 ɪɚɡ ɦɟɧɟɟ ɷɮɮɟɤɬɢɜɧɨ, ɱɟɦ ɬɪɟɨɧɢɧ, 

ɱɬɨ ɧɟ ɩɨɡɜɨɥɹɟɬ ɭɞɟɪɠɢɜɚɬɶ ɤɨɥɢɱɟɫɬɜɨ ɨɲɢɛɨɤ ɧɚ ɩɪɢɟɦɥɟɦɨɦ ɭɪɨɜɧɟ. 

ɋɤɨɪɨɫɬɢ ɩɪɟɬɪɚɧɫɮɟɪɧɨɝɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɩɪɨɬɢɜ ɫɟɪɢɧɚ ɢ ɬɪɟɨɧɢɧɚ 

ɪɚɡɥɢɱɚɸɬɫɹ ɥɢɲɶ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɜɱɟɬɜɟɪɨ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ 

ɬɪɭɞɧɨɫɬɢ ɪɚɡɥɢɱɟɧɢɹ ɢɯ ɚɞɟɧɢɥɚɬɨɜ ɮɟɪɦɟɧɬɨɦ. Ɂɧɚɱɢɬɟɥɶɧɚɹ ɱɚɫɬɶ ɫɟɪɢɥ-

ȺɆɎ ɭɯɨɞɢɬ ɜ ɪɚɫɬɜɨɪ, ɱɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɧɚ ɞɜɚ ɩɨɪɹɞɤɚ ɛɨɥɟɟ ɫɥɚɛɵɦ 

ɫɜɹɡɵɜɚɧɢɟɦ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɬɪɟɨɧɢɥ-ȺɆɎ. ɋɨɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɚɧɚɥɨɝɨɜ 

ɨɛɨɢɯ ɚɦɢɧɨɚɰɢɥ-ɚɞɟɧɢɥɚɬɨɜ ɩɨɤɚɡɚɥɚ ɫɭɳɟɫɬɜɟɧɧɵɟ ɨɬɥɢɱɢɹ ɤɚɤ ɜ 

ɤɨɧɮɨɪɦɚɰɢɢ ɛɟɥɤɚ ɢ ɥɢɝɚɧɞɚ, ɬɚɤ ɢ ɜ ɪɚɫɩɨɥɨɠɟɧɢɢ ɫɤɨɨɪɞɢɧɢɪɨɜɚɧɧɨɣ 

ɜɨɞɵ. ȼ ɫɥɭɱɚɟ ɚɧɚɥɨɝɚ ɫɟɪɢɥ-ȺɆɎ ɜɨɞɚ ɫɤɨɨɪɞɢɧɢɪɨɜɚɧɚ 

ɚɦɢɧɨɤɢɫɥɨɬɧɵɦɢ ɨɫɬɚɬɤɚɦɢ Ʌɢɡ273 ɢ, ɨɩɨɫɪɟɞɨɜɚɧɧɨ, Ɍɢɪ109, ɩɨɞ 

ɨɩɬɢɦɚɥɶɧɵɦ ɭɝɥɨɦ ɞɥɹ ɧɭɤɥɟɨɮɢɥɶɧɨɣ ɚɬɚɤɢ. ȼ ɫɥɭɱɚɟ ɚɧɚɥɨɝɚ ɬɪɟɨɧɢɥ-

ȺɆɎ ɛɥɢɠɚɣɲɚɹ ɦɨɥɟɤɭɥɚ ɜɨɞɵ ɨɤɚɡɵɜɚɟɬɫɹ ɫɜɹɡɚɧɚ ɫ ɚɬɨɦɨɦ ɤɢɫɥɨɪɨɞɚ 

ɫɭɥɶɮɚɦɨɢɥɶɧɨɣ ɝɪɭɩɩɵ (ɚɧɚɥɨɝɢɱɧɨɣ ɮɨɫɮɚɬɧɨɣ), ɢ ɨɪɢɟɧɬɢɪɨɜɚɧɚ 

ɧɟɨɩɬɢɦɚɥɶɧɵɦ ɞɥɹ ɧɭɤɥɟɨɮɢɥɶɧɨɣ ɚɬɚɤɢ ɨɛɪɚɡɨɦ [85]. 

1.2.3.3. ɎɟɧɊɋ. Ɏɟɧɢɥɚɥɚɧɢɥ-ɬɊɇɄ ɫɢɧɬɟɬɚɡɚ (ɎɟɧɊɋ) ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ 

ɬɚɤɢɦɢ ɨɫɨɛɟɧɧɨɫɬɹɦɢ, ɤɚɤ ɚɦɢɧɨɚɰɢɥɢɪɨɜɚɧɢɟ ɩɨ 2'-ɝɢɞɪɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɟ 

Ⱥ76 ɬɊɇɄ (ɱɬɨ ɹɜɥɹɟɬɫɹ ɢɫɤɥɸɱɟɧɢɟɦ ɞɥɹ ȺɊɋ 2-ɝɨ ɫɬɪɭɤɬɭɪɧɨɝɨ ɤɥɚɫɫɚ), ɢ 

ɝɟɬɟɪɨɞɢɦɟɪɧɨɣ ɱɟɬɜɟɪɬɢɱɧɨɣ ɫɬɪɭɤɬɭɪɨɣ (ɧɚɪɹɞɭ ɫ ɝɥɢɰɢɥ-ɬɊɇɄ ɫɢɧɬɟɬɚɡɨɣ) 

[11]. ɗɬɨɬ ɮɟɪɦɟɧɬ ɧɭɠɞɚɟɬɫɹ ɜ ɪɟɞɚɤɬɢɪɨɜɚɧɢɢ ɩɪɨɬɢɜ ɬɢɪɨɡɢɧɚ, ɢɞɭɳɟɦ ɜ 

ɨɫɧɨɜɧɨɦ ɩɨ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɦɭ ɩɭɬɢ [86]. Ȼɚɤɬɟɪɢɚɥɶɧɵɟ, ɚɪɯɟɛɚɤɬɟɪɢɚɥɶɧɵɟ ɢ 

ɷɭɤɚɪɢɨɬɢɱɟɫɤɢɟ ɎɟɧɊɋ [87] ɜɤɥɸɱɚɸɬ ɫɩɟɰɢɚɥɶɧɵɣ ɪɟɞɚɤɬɢɪɭɸɳɢɣ ɞɨɦɟɧ 

[86], ɪɚɫɩɨɥɨɠɟɧɧɵɣ ɜ ȼ3/ȼ4 ɭɱɚɫɬɤɟ β-ɫɭɛɴɟɞɢɧɢɰɵ, ɢ ɧɟ ɩɪɨɹɜɥɹɸɳɢɣ 

ɫɬɪɭɤɬɭɪɧɨɝɨ ɫɯɨɞɫɬɜɚ ɫ ɪɟɞɚɤɬɢɪɭɸɳɢɦɢ ɞɨɦɟɧɚɦɢ ɞɪɭɝɢɯ ȺɊɋ [88]. 

Ɇɢɬɨɯɨɧɞɪɢɚɥɶɧɵɟ ɎɟɧɊɋ ɥɢɲɟɧɵ β-ɫɭɛɴɟɞɢɧɢɰɵ, ɢ ɪɟɞɚɤɬɢɪɭɸɳɢɣ ɞɨɦɟɧ ɭ 

ɧɢɯ ɨɬɫɭɬɫɬɜɭɟɬ [89]. 
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ɉɨɫɬɬɪɚɧɫɮɟɪɧɨɟ ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ ɎɟɧɊɋ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɭɬёɦ 

ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɚɦɢɧɨɤɢɫɥɨɬɧɨɝɨ ɨɫɬɚɬɤɚ ɨɲɢɛɨɱɧɨ ɚɦɢɧɨɚɰɢɥɢɪɨɜɚɧɧɨɣ 

ɬɊɇɄ ɞɥɹ ɝɢɞɪɨɥɢɡɚ ɦɨɥɟɤɭɥɚɦɢ ɜɨɞɵ. ɋ ɨɞɧɨɣ ɢɡ ɷɬɢɯ ɦɨɥɟɤɭɥ ɨɛɪɚɡɭɟɬ 

ɜɨɞɨɪɨɞɧɭɸ ɫɜɹɡɶ 3'-ɝɢɞɪɨɤɫɢɥɶɧɚɹ ɝɪɭɩɩɚ Ⱥ76 ɬɊɇɄɎɟɧ, ɜɧɨɫɹɳɚɹ ɧɚɢɛɨɥɶɲɢɣ 

ɜɤɥɚɞ ɜ ɨɛɟɫɩɟɱɟɧɢɟ ɝɢɞɪɨɥɢɡɚ Ɍɢɪ-ɬɊɇɄɎɟɧ. ɋɤɨɪɨɫɬɶ-ɥɢɦɢɬɢɪɭɸɳɢɦ 

ɩɪɨɰɟɫɫɨɦ ɞɥɹ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɝɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɎɟɧɊɋ ɹɜɥɹɟɬɫɹ ɫɜɹɡɵɜɚɧɢɟ 

ɫɭɛɫɬɪɚɬɚ ɜ ɪɟɞɚɤɬɢɪɭɸɳɟɦ ɚɤɬɢɜɧɨɦ ɰɟɧɬɪɟ, ɚ ɧɟ ɫɨɛɫɬɜɟɧɧɨ ɤɚɬɚɥɢɡ [4]. ɇɚ 

ɨɫɧɨɜɚɧɢɢ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ ɎɟɧɊɋ T. thermophilus [88] ɢ 

ɫɬɪɭɤɬɭɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɟё ɤɨɦɩɥɟɤɫɚ ɫ ɬɢɪɨɡɢɥ-ɚɞɟɧɨɡɢɧɨɦ ɜ ɪɚɫɬɜɨɪɟ, 

ɛɵɥɨ ɩɪɟɞɥɨɠɟɧɨ ɭɱɚɫɬɢɟ ɜ ɝɢɞɪɨɥɢɡɟ Ɍɢɪ-ɬɊɇɄɎɟɧ ɞɜɭɯ ɦɨɥɟɤɭɥ ɜɨɞɵ, ɨɞɧɚ ɢɡ 

ɤɨɬɨɪɵɯ ɤɨɨɪɞɢɧɢɪɭɟɬɫɹ ɤɚɤ ɛɨɤɨɜɨɣ ɰɟɩɶɸ Ɍɪɟ354, ɬɚɤ ɢ 3’-Ɉɇ Ⱥ76 ɬɊɇɄɎɟɧ. 

ɉɪɢ ɷɬɨɦ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɫ ɎɟɧɊɋ E. coli ɷɮɮɟɤɬ ɦɨɞɢɮɢɤɚɰɢɢ 3’d-Ⱥ76 Ɍɢɪ-

ɬɊɇɄɎɟɧ ɧɚ ɫɨɨɬɧɨɲɟɧɢɟ kcat/Km ɪɟɚɤɰɢɢ ɞɟɚɰɢɥɢɪɨɜɚɧɢɹ ɫɨɫɬɚɜɢɥ ɨɤɨɥɨ 300 

ɪɚɡ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɷɮɮɟɤɬ ɡɚɦɟɧɵ Ɍɪɟ354 ɧɚ ɜɚɥɢɧ ɫɨɫɬɚɜɢɥ 3,4 ɪɚɡɚ [4].  

Ⱥɜɬɨɪɵ, ɨɩɭɛɥɢɤɨɜɚɜɲɢɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ ɫɬɪɭɤɬɭɪɭ ɎɟɧɊɋ T. 

thermophilus ɜ ɤɨɦɩɥɟɤɫɟ ɫ ɚɧɚɥɨɝɨɦ ɮɟɧɢɥɚɥɚɧɢɥ-Ⱥ76 ɩɭɪɨɦɢɰɢɧɨɦ 

ɩɨɫɬɭɥɢɪɨɜɚɥɢ ɫɯɨɞɫɬɜɨ ɤɨɧɮɨɪɦɚɰɢɢ ɩɭɪɨɦɢɰɢɧɚ, ɫɜɹɡɚɧɧɨɝɨ ɜ 

ɪɟɞɚɤɬɢɪɭɸɳɟɦ ɚɤɬɢɜɧɨɦ ɰɟɧɬɪɟ ɎɟɧɊɋ, ɫ ɨɪɬɨɷɮɢɪɨɦ, ɜɨɡɧɢɤɚɸɳɢɦ ɤɚɤ 

ɩɪɨɦɟɠɭɬɨɱɧɨɟ ɫɨɟɞɢɧɟɧɢɟ ɩɪɢ ɩɟɪɟɚɰɢɥɢɪɨɜɚɧɢɢ ɦɟɠɞɭ 2’- ɢ 3’-Ɉ Ⱥ76 [90]. 

Ⱦɨɩɨɥɧɢɜ ɫɜɨё ɢɫɫɥɟɞɨɜɚɧɢɟ ɤɜɚɧɬɨɜɨ-ɦɟɯɚɧɢɱɟɫɤɢɦ ɜɵɱɢɫɥɢɬɟɥɶɧɵɦ 

ɦɨɞɟɥɢɪɨɜɚɧɢɟɦ ɜɨɡɦɨɠɧɵɯ ɦɟɯɚɧɢɡɦɨɜ ɪɟɚɤɰɢɢ ɞɟɚɰɢɥɢɪɨɜɚɧɢɹ, ɨɧɢ ɩɪɢɲɥɢ 

ɤ ɜɵɜɨɞɭ ɨ ɜɨɡɦɨɠɧɨɫɬɢ ɮɟɪɦɟɧɬɚɬɢɜɧɨɝɨ ɞɟɚɰɢɥɢɪɨɜɚɧɢɹ ɤɚɤ 2’-, ɬɚɤ ɢ 3’-

ɪɟɝɢɨɢɡɨɦɟɪɨɜ Ɍɢɪ-ɬɊɇɄɎɟɧ, ɚ ɬɚɤɠɟ ɢɯ ɩɟɪɟɚɰɢɥɢɪɨɜɚɧɢɹ ɜ ɨɛɨɢɯ 

ɧɚɩɪɚɜɥɟɧɢɹɯ [90]. Ʉ ɫɨɠɚɥɟɧɢɸ, ɜ ɪɚɛɨɬɟ ɫɯɟɦɚɬɢɱɟɫɤɢ ɩɨɤɚɡɚɧɵ ɬɨɥɶɤɨ 

ɧɟɤɨɬɨɪɵɟ ɢɡ ɩɨɫɬɭɥɢɪɨɜɚɧɧɵɯ ɪɟɚɤɰɢɣ (ɪɢɫ. 1.6) [90]. ɉɪɢ ɷɬɨɦ, ɧɚɥɢɰɨ 

ɧɟɫɯɨɠɟɫɬɶ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ɧɟɣ ɪɟɡɭɥɶɬɚɬɨɜ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɨɛɫɭɠɞɚɜɲɟɣɫɹ 

ɜɵɲɟ ɪɚɛɨɬɵ Ʌɢɧɝɚ ɢ ɫɨɚɜɬɨɪɨɜ [4]. Ɍɚɤ, ɚɬɚɤɭɸɳɭɸ ɦɨɥɟɤɭɥɭ ɜɨɞɵ ɩɪɢ 

ɝɢɞɪɨɥɢɡɟ 2’-ɪɟɝɢɨɢɡɨɦɟɪɚ ɤɨɨɪɞɢɧɢɪɭɟɬ ɞɪɭɝɨɣ ɨɫɬɚɬɨɤ ɬɪɟɨɧɢɧɚ, ɚ ɛɨɤɨɜɚɹ 

ɰɟɩɶ Ⱥɫɧ250 (ɧɭɦɟɪɚɰɢɹ ɎɟɧɊɋ T. thermophilus), ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɩɪɢ ɷɬɨɦ 
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ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɫ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɨɣ ɫɭɛɫɬɪɚɬɚ [90], ɚ ɧɟ ɫ ɦɨɥɟɤɭɥɨɣ 

ɪɚɫɬɜɨɪɢɬɟɥɹ [4].  

 

 
 

Ɋɢɫ. 1.6. Ɉɪɬɨɷɮɢɪ (ɚ), 3’-ɪɟɝɢɨɢɡɨɦɟɪ (ɛ) ɢ 2’-ɪɟɝɢɨɢɡɨɦɟɪ (ɜ) Ɍɢɪ-

ɬɊɇɄɎɟɧ ɜ ɪɟɞɚɤɬɢɪɭɸɳɟɦ ɚɤɬɢɜɧɨɦ ɰɟɧɬɪɟ ɎɟɧɊɋ T. thermophilus. R1 – 

ɨɫɬɚɬɨɤ ɚɞɟɧɢɧɚ, R2 – ɨɫɬɚɬɨɤ ɬɊɇɄɎɟɧ. ɇɚ ɪɢɫɭɧɤɟ ɚ ɫɬɪɟɥɤɚɦɢ ɩɨɤɚɡɚɧɵ 

ɜɨɡɦɨɠɧɵɟ ɢɫɬɨɱɧɢɤɢ ɩɪɨɬɨɧɚ ɞɥɹ ɩɪɟɜɪɚɳɟɧɢɹ ɨɪɬɨɷɮɢɪɚ ɜ 3’-ɪɟɝɢɨɢɡɨɦɟɪ, 

ɧɚ ɪɢɫɭɧɤɟ ɜ – ɧɚɩɪɚɜɥɟɧɢɟ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɚɬɚɤɢ ɦɨɥɟɤɭɥɵ ɜɨɞɵ W40 ɩɨ 

ɤɚɪɛɨɧɢɥɶɧɨɦɭ ɭɝɥɟɪɨɞɭ 2’-ɪɟɝɢɨɢɡɨɦɟɪɚ  

 

ɑɚɫɬɶ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ Ɍɢɪ-ɬɊɇɄɎɟɧ ɞɢɫɫɨɰɢɢɪɭɟɬ ɞɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ, ɢ 

ɫɜɹɡɵɜɚɟɬɫɹ ɫ EП-Tu. Ɉɞɧɚɤɨ, ɎɟɧɊɋ ɫɩɨɫɨɛɧɚ ɤɨɧɤɭɪɢɪɨɜɚɬɶ ɫ EП-Tu ɡɚ ɫɜɨɣ 

ɨɲɢɛɨɱɧɵɣ ɩɪɨɞɭɤɬ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɜɨɡɦɨɠɧɨɫɬɶ ɞɥɹ ɜɬɨɪɢɱɧɨɝɨ ɫɜɹɡɵɜɚɧɢɹ ɢ 

ɷɮɮɟɤɬɢɜɧɨɝɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɨɫɬɚёɬɫɹ Д74]. Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɮɚɤɬɨɪ ɷɥɨɧɝɚɰɢɢ 

Ef-Tu ɤɚɬɚɥɢɡɢɪɭɟɬ ɬɪɚɧɫɷɬɟɪɢɮɢɤɚɰɢɸ ɚɦɢɧɨɚɰɢɥ-ɬɊɇɄ [91], 

ɚɦɢɧɨɚɰɢɥɢɪɨɜɚɧɧɵɯ ɩɨ 2’-ɤɢɫɥɨɪɨɞɭ, ɜ ɢɯ 3’-ɪɟɝɢɨɢɡɨɦɟɪɵ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɫɩɨɫɨɛɧɨɫɬɶ ɪɟɞɚɤɬɢɪɭɸɳɟɝɨ ɞɨɦɟɧɚ ɎɟɧɊɋ ɤ ɞɟɚɰɢɥɢɪɨɜɚɧɢɸ ɨɛɨɢɯ 

ɪɟɝɢɨɢɡɨɦɟɪɨɜ, ɢ/ɢɥɢ ɢɯ ɩɟɪɟɚɰɢɥɢɪɨɜɚɧɢɸ ɦɨɝɥɚ ɛɵ ɢɦɟɬɶ ɨɩɪɟɞɟɥёɧɧɵɟ 

ɷɜɨɥɸɰɢɨɧɧɵɟ ɩɪɢɱɢɧɵ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ, ɜɪɹɞ ɥɢ ɜɵɡɵɜɚɟɬ ɫɨɦɧɟɧɢɹ, ɱɬɨ ɜ 

ɬɢɩɢɱɧɨɦ ɫɥɭɱɚɟ ɪɟɞɚɤɬɢɪɭɸɳɟɦɭ ɚɤɬɢɜɧɨɦɭ ɰɟɧɬɪɭ ɩɪɟɞɫɬɨɢɬ ɫɜɹɡɚɬɶ Ɍɢɪ-
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ɬɊɇɄɎɟɧ ɜ ɬɨɦ ɜɢɞɟ, ɜ ɤɨɬɨɪɨɦ ɟё 3’-ɤɨɧɟɰ ɩɨɤɢɧɭɥ ɚɦɢɧɨɚɰɢɥɢɪɭɸɳɢɣ 

ɚɤɬɢɜɧɵɣ ɰɟɧɬɪ, ɬɨ ɟɫɬɶ ɜ ɜɢɞɟ 2’-ɪɟɝɢɨɢɡɨɦɟɪɚ (ɪɢɫ. 1.6, ɜ).  

1.2.3.4. ɋɟɪɊɋ. ɋɟɪɢɥ-ɬɊɇɄ ɫɢɧɬɟɬɚɡɚ (ɋɟɪɊɋ) ɨɲɢɛɨɱɧɨ ɚɤɬɢɜɢɪɭɟɬ 

ɬɪɟɨɧɢɧ (ɜ ɨɞɧɨɦ ɫɥɭɱɚɟ ɢɡ 2550) ɢ ɰɢɫɬɟɢɧ (ɜ ɨɞɧɨɦ ɫɥɭɱɚɟ ɢɡ 3380), ɱɬɨ 

ɬɟɨɪɟɬɢɱɟɫɤɢ ɧɟ ɩɪɟɞɴɹɜɥɹɟɬ ɠёɫɬɤɢɯ ɬɪɟɛɨɜɚɧɢɣ ɤ ɧɚɥɢɱɢɸ ɮɭɧɤɰɢɢ 

ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɮɟɪɦɟɧɬ ɫɩɟɰɢɮɢɱɟɫɤɢ ɝɢɞɪɨɥɢɡɭɟɬ 

ɨɛɪɚɡɨɜɚɧɧɵɟ ɢɦ ɬɪɟɨɧɢɥ- ɢ ɰɢɫɬɟɢɧɢɥ-ɚɞɟɧɢɥɚɬ ɩɭɬёɦ ɬɊɇɄ-ɧɟɡɚɜɢɫɢɦɨɝɨ 

ɩɪɟɬɪɚɧɫɮɟɪɧɨɝɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ, ɩɪɨɢɫɯɨɞɹɳɟɝɨ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ 

ɚɦɢɧɨɚɰɢɥɢɪɭɸɳɟɦ ɚɤɬɢɜɧɨɦ ɰɟɧɬɪɟ [71]. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɥɢɲёɧɧɚɹ 

ɪɟɞɚɤɬɢɪɭɸɳɟɝɨ ɞɨɦɟɧɚ [22] ɋɟɪɊɋ, ɩɨɥɧɨɫɬɶɸ ɨɛɟɫɩɟɱɢɜɚɟɬ ɫɢɧɬɟɡ ɢ 

ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ ɩɪɨɞɭɤɬɨɜ, ɢɫɩɨɥɶɡɭɹ ɜɨɡɦɨɠɧɨɫɬɢ ɫɜɨɟɝɨ ɟɞɢɧɫɬɜɟɧɧɨɝɨ 

ɚɤɬɢɜɧɨɝɨ ɰɟɧɬɪɚ. 

1.2.4. D-ɚɦɢɧɨɚɰɢɥ ɞɟɚɰɢɥɚɡɵ. Ɍɢɪɨɡɢɥ-, ɬɪɢɩɬɨɮɚɧɢɥ- ɢ ɚɫɩɚɪɬɢɥ- 

ɬɊɇɄ ɫɢɧɬɟɬɚɡɵ (ɌɢɪɊɋ, ɌɪɩɊɋ ɢ ȺɫɩɊɋ) ɫɩɨɫɨɛɧɵ ɚɦɢɧɨɚɰɢɥɢɪɨɜɚɬɶ ɬɊɇɄ 

D-ɚɧɚɥɨɝɚɦɢ ɭɡɧɚɜɚɟɦɵɯ ɢɦɢ ɚɦɢɧɨɤɢɫɥɨɬ. Ɋɟɞɚɤɬɢɪɨɜɚɧɢɟ ɩɪɨɬɢɜ ɧɢɯ 

ɨɫɭɳɟɫɬɜɥɹɟɬ in trans D-ɬɢɪɨɡɢɥ ɞɟɚɰɢɥɚɡɚ, ɝɨɦɨɥɨɝɢɱɧɚɹ ɪɟɞɚɤɬɢɪɭɸɳɟɦɭ 

ɞɨɦɟɧɭ ɚɪɯɟɛɚɤɬɟɪɢɚɥɶɧɵɯ ɌɪɟɊɋ. Ⱥɤɬɢɜɧɵɣ ɰɟɧɬɪ D-ɬɢɪɨɡɢɥ ɞɟɚɰɢɥɚɡɵ 

ɩɨɡɜɨɥɹɟɬ ɟɣ ɭɡɧɚɜɚɬɶ ɲɢɪɨɤɢɣ ɫɩɟɤɬɪ ɬɨɤɫɢɱɧɵɯ ɞɥɹ ɤɥɟɬɤɢ ɨɫɬɚɬɤɨɜ D-

ɚɦɢɧɨɤɢɫɥɨɬ, ɜɤɥɸɱɚɹ D-Ⱥɪɝ, D-Ʌɢɡ, D-Ƚɥɭ, D-ɋɟɪ ɢ D-Ƚɢɫ, ɩɪɟɞɨɬɜɪɚɳɚɹ ɢɯ 

ɭɱɚɫɬɢɟ ɜ ɛɟɥɤɨɜɨɦ ɫɢɧɬɟɡɟ. ɉɪɢ ɷɬɨɦ ɮɟɪɦɟɧɬ ɨɛɥɚɞɚɟɬ 

ɷɧɚɧɬɢɨɫɩɟɰɢɮɢɱɧɨɫɬɶɸ, ɢ ɧɟ ɝɢɞɪɨɥɢɡɭɟɬ L-ɚɦɢɧɨɚɰɢɥ-ɬɊɇɄ [92].  

     Ʉɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɫɬɪɭɤɬɭɪɚ D-ɬɢɪɨɡɢɥ ɞɟɚɰɢɥɚɡɵ Plasmodium falciparum ɜ 

ɤɨɦɩɥɟɤɫɟ ɫ ɧɟɝɢɞɪɨɥɢɡɭɟɦɵɦ ɚɧɚɥɨɝɨɦ ɫɭɛɫɬɪɚɬɚ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɥɚ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɭɡɧɚɜɚɧɢɟ ɛɟɥɤɨɦ ɯɢɪɚɥɶɧɨɝɨ ɰɟɧɬɪɚ ɝɢɞɪɨɥɢɡɭɟɦɨɝɨ 

ɚɦɢɧɨɤɢɫɥɨɬɧɨɝɨ ɨɫɬɚɬɤɚ, ɱɬɨ ɨɛɴɹɫɧɹɟɬ ɟɝɨ ɲɢɪɨɤɭɸ ɫɩɟɰɢɮɢɱɧɨɫɬɶ. ɇɚ 

ɨɫɧɨɜɚɧɢɢ ɫɬɪɭɤɬɭɪɧɵɯ ɞɚɧɧɵɯ ɢ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɛɵɥ 

ɩɪɟɞɥɨɠɟɧ ɦɟɯɚɧɢɡɦ ɪɟɚɤɰɢɢ ɞɟɚɰɢɥɢɪɨɜɚɧɢɹ D-ɚɦɢɧɨɤɢɫɥɨɬ, ɜɤɥɸɱɚɸɳɢɣ 

ɚɤɬɢɜɚɰɢɸ ɚɬɚɤɭɸɳɟɣ ɦɨɥɟɤɭɥɵ ɜɨɞɵ 2’-ɝɢɞɪɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɨɣ Ⱥ76 

ɫɭɛɫɬɪɚɬɚ. ɉɪɢ ɷɬɨɦ ɚɦɢɧɨɤɢɫɥɨɬɧɵɟ ɭɱɚɫɬɤɢ ɮɟɪɦɟɧɬɚ, ɤɚɤ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɝɨ ɭɱɚɫɬɢɹ ɜ ɤɚɬɚɥɢɡɟ ɧɟ ɩɪɢɧɢɦɚɸɬ (ɪɢɫ. 1.7) [93]. 
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Ɋɢɫ. 1.7. ɉɪɟɞɩɨɥɚɝɚɟɦɵɣ ɦɟɯɚɧɢɡɦ ɝɢɞɪɨɥɢɡɚ D-ɚɦɢɧɨɚɰɢɥ-ɬɊɇɄ D-

ɬɢɪɨɡɢɥ ɞɟɚɰɢɥɚɡɨɣ Plasmodium falciparum. W – ɦɨɥɟɤɭɥɚ ɜɨɞɵ 

 

1.2.5. ɏɚɪɚɤɬɟɪɧɵɟ ɱɟɪɬɵ ɪɟɞɚɤɬɢɪɭɸɳɢɯ ɦɟɯɚɧɢɡɦɨɜ. 

Ɋɟɞɚɤɬɢɪɭɸɳɢɟ ɦɟɯɚɧɢɡɦɵ ȺɊɋ, ɩɪɢ ɜɫёɦ ɫɜɨёɦ ɪɚɡɧɨɨɛɪɚɡɢɢ, ɩɨɡɜɨɥɹɸɬ 

ɜɵɞɟɥɢɬɶ ɪɹɞ ɯɚɪɚɤɬɟɪɧɵɯ ɱɟɪɬ.  

ɋɨɜɪɟɦɟɧɧɵɟ ɞɚɧɧɵɟ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɜ ɩɨɥɶɡɭ ɬɨɝɨ, ɱɬɨ ɩɪɟɬɪɚɧɫɮɟɪɧɨɟ 

ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ, ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ, ɭ ɛɨɥɶɲɢɧɫɬɜɚ ɢɫɩɨɥɶɡɭɸɳɢɯ ɟɝɨ ȺɊɋ 

ɩɪɨɢɫɯɨɞɢɬ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɚɦɢɧɨɚɰɢɥɢɪɭɸɳɟɦ ɚɤɬɢɜɧɨɦ ɰɟɧɬɪɟ [50; 94]. 

ɉɨ ɜɫɟɣ ɜɢɞɢɦɨɫɬɢ, ɷɬɨɬ ɦɟɯɚɧɢɡɦ, ɧɟ ɬɪɟɛɭɸɳɢɣ ɜɨɜɥɟɱɟɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ 

ɪɟɞɚɤɬɢɪɭɸɳɢɯ ɞɨɦɟɧɨɜ, ɢɥɢ ɞɟɣɫɬɜɭɸɳɢɯ in trans ɞɟɚɰɢɥɚɡ [35], ɹɜɥɹɟɬɫɹ 

ɧɚɢɛɨɥɟɟ ɷɜɨɥɸɰɢɨɧɧɨ ɪɚɧɧɢɦ ɦɟɯɚɧɢɡɦɨɦ ɩɨɞɞɟɪɠɚɧɢɹ ɚɦɢɧɨɤɢɫɥɨɬɧɨɣ 

ɫɩɟɰɢɮɢɱɧɨɫɬɢ, ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɭɡɧɚɜɚɧɢɹ ɚɦɢɧɨɤɢɫɥɨɬ, ɩɪɟɞɲɟɫɬɜɭɸɳɟɝɨ ɢɯ 

ɚɤɬɢɜɚɰɢɢ. ɇɟɫɦɨɬɪɹ ɧɚ ɫɭɳɟɫɬɜɭɸɳɢɟ ɩɪɟɞɩɨɥɨɠɟɧɢɹ ɨɛ ɭɱɚɫɬɢɢ ɜ 

ɩɪɟɬɪɚɧɫɮɟɪɧɨɦ ɪɟɞɚɤɬɢɪɨɜɚɧɢɢ ɦɟɯɚɧɢɡɦɚ ɫɟɥɟɤɬɢɜɧɨɝɨ ɜɵɬɚɥɤɢɜɚɧɢɹ 

ɧɟɝɢɞɪɨɥɢɡɨɜɚɧɧɵɯ ɚɦɢɧɨɚɰɢɥ-ɚɞɟɧɢɥɚɬɨɜ ɜ ɪɚɫɬɜɨɪ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɢɯ 

ɫɩɨɧɬɚɧɧɵɦ ɝɢɞɪɨɥɢɡɨɦ [49; 45], ɨɫɧɨɜɧɵɦ ɦɟɯɚɧɢɡɦɨɦ ɹɜɥɹɟɬɫɹ ɢɯ 
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ɮɟɪɦɟɧɬɚɬɢɜɧɵɣ ɝɢɞɪɨɥɢɡ [46; 50], ɜɢɞɢɦɨ, ɡɚ ɫɱёɬ ɛɨɥɶɲɟɣ ɫɤɨɪɨɫɬɢ ɛɨɥɟɟ 

ɧɚɞёɠɧɨ ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ ɨɛɟɡɜɪɟɠɢɜɚɧɢɟ ɨɲɢɛɨɱɧɨ ɚɤɬɢɜɢɪɨɜɚɧɧɵɯ 

ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ ɨɫɬɚɬɤɨɜ ɞɨ ɩɟɪɟɧɨɫɚ ɧɚ ɬɊɇɄ. ɉɪɢ ɷɬɨɦ ɮɟɪɦɟɧɬɚɬɢɜɧɵɣ 

ɦɟɯɚɧɢɡɦ ɝɢɞɪɨɥɢɡɚ ɨɲɢɛɨɱɧɨ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɚɦɢɧɨɚɰɢɥ-ɚɞɟɧɢɥɚɬɨɜ, ɤɚɤ ɢ 

ɦɟɯɚɧɢɡɦ ɢɯ ɪɚɫɩɨɡɧɚɜɚɧɢɹ, ɜɨ ɜɫɟɯ ɫɥɭɱɚɹɯ ɨɫɬɚёɬɫɹ ɧɟɢɡɜɟɫɬɧɵɦ.  

ɉɪɢ ɫɨɫɭɳɟɫɬɜɨɜɚɧɢɢ ɩɪɟɬɪɚɧɫɮɟɪɧɨɝɨ ɢ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɝɨ ɦɟɯɚɧɢɡɦɨɜ, 

ɢɯ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɜɤɥɚɞ ɜ ɩɨɞɞɟɪɠɚɧɢɟ ɚɦɢɧɨɤɢɫɥɨɬɧɨɣ ɫɩɟɰɢɮɢɱɧɨɫɬɢ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɨɨɬɧɨɲɟɧɢɟɦ ɫɤɨɪɨɫɬɢ ɝɢɞɪɨɥɢɡɚ ɨɲɢɛɨɱɧɨ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ 

ɚɦɢɧɨɚɰɢɥ-ɚɞɟɧɢɥɚɬɨɜ ɢ ɫɤɨɪɨɫɬɢ ɩɟɪɟɧɨɫɚ ɢɯ ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ ɨɫɬɚɬɤɨɜ ɧɚ 

ɬɊɇɄ [50]. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚ ɷɬɨɦ ɷɬɚɩɟ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɛɨɬɵ ɮɟɪɦɟɧɬɚ 

ɜɫɬɭɩɚɟɬ ɜ ɤɨɧɮɥɢɤɬ ɫ ɟɝɨ ɫɩɟɰɢɮɢɱɧɨɫɬɶɸ, ɱɬɨ ɦɨɠɟɬ ɬɪɟɛɨɜɚɬɶ ɜɜɟɞɟɧɢɹ 

ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ, ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɝɨ ɷɬɚɩɚ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ.  

ɉɨɫɬɬɪɚɧɫɮɟɪɧɨɟ ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɜ ɚɤɬɢɜɧɵɯ ɰɟɧɬɪɚɯ 

ɨɛɨɫɨɛɥɟɧɧɵɯ ɪɟɞɚɤɬɢɪɭɸɳɢɯ ɞɨɦɟɧɨɜ, ɥɢɛɨ ɝɨɦɨɥɨɝɢɱɧɵɯ ɢɦ ɞɟɣɫɬɜɭɸɳɢɯ 

in trans ɞɟɚɰɢɥɚɡ. ɉɪɢ ɪɟɞɚɤɬɢɪɨɜɚɧɢɢ in cis, ɩɟɪɟɧɨɫ ɚɦɢɧɨɤɢɫɥɨɬɧɨɝɨ ɨɫɬɚɬɤɚ 

ɦɟɠɞɭ ɚɦɢɧɨɚɰɢɥɢɪɭɸɳɢɦ ɢ ɪɟɞɚɤɬɢɪɭɸɳɢɦ ɚɤɬɢɜɧɵɦɢ ɰɟɧɬɪɚɦɢ 

ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɩɨɦɨɳɢ ɢɡɦɟɧɟɧɢɹ ɤɨɧɮɨɪɦɚɰɢɢ ɋɋȺ-ɤɨɧɰɚ ɬɊɇɄ. ɉɪɢ ɷɬɨɦ 

ɫɩɢɪɚɥɶɧɚɹ ɤɨɧɮɨɪɦɚɰɢɹ ɋɋȺ-ɤɨɧɰɚ, ɯɚɪɚɤɬɟɪɧɚɹ ɞɥɹ ɫɜɨɛɨɞɧɨɣ ɬɊɇɄ, 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɞɥɹ ɤɨɦɩɥɟɤɫɨɜ ɫ ȺɊɋ 1-ɝɨ ɫɬɪɭɤɬɭɪɧɨɝɨ ɤɥɚɫɫɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɸ 

ɫ ɪɟɞɚɤɬɢɪɭɸɳɢɦ ɋɊ1-ɞɨɦɟɧɨɦ [38; 63], ɚ ɞɥɹ ɤɨɦɩɥɟɤɫɨɜ ɫ ȺɊɋ 2-ɝɨ 

ɫɬɪɭɤɬɭɪɧɨɝɨ ɤɥɚɫɫɚ – ɜɡɚɢɦɨɞɟɣɫɬɜɢɸ ɫ ɚɦɢɧɨɚɰɢɥɢɪɭɸɳɢɦ ɚɤɬɢɜɧɵɦ 

ɰɟɧɬɪɨɦ [33; 52]. ɉɪɢ ɪɟɞɚɤɬɢɪɨɜɚɧɢɢ in trans ɦɨɠɟɬ ɬɪɟɛɨɜɚɬɶɫɹ 

ɮɨɪɦɢɪɨɜɚɧɢɟ ɬɪɨɣɫɬɜɟɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ȺɊɋ: ɚɦɢɧɨɚɰɢɥ-ɬɊɇɄ: ɞɟɚɰɢɥɚɡɚ 

[95]. 

Ⱦɥɹ ȺɊɋ ɢ ɞɟɚɰɢɥɚɡ, ɦɟɯɚɧɢɡɦɵ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɝɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ 

ɤɨɬɨɪɵɯ ɢɡɭɱɟɧɵ ɜ ɧɚɢɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ – ɅɟɣɊɋ [64], ɌɪɟɊɋ [84], ɎɟɧɊɋ [4; 

90] ɢ ɉɪɨɊɋ [2] ɩɪɨɫɥɟɠɢɜɚɟɬɫɹ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɟ ɜɛɥɢɡɢ ɝɢɞɪɨɥɢɡɭɟɦɨɣ 

ɫɜɹɡɢ ɫɤɨɨɪɞɢɧɢɪɨɜɚɧɧɵɯ ɚɦɢɧɨɤɢɫɥɨɬɧɵɦɢ ɨɫɬɚɬɤɚɦɢ ɪɟɞɚɤɬɢɪɭɸɳɟɝɨ 

ɚɤɬɢɜɧɨɝɨ ɰɟɧɬɪɚ ɦɨɥɟɤɭɥ ɜɨɞɵ, ɨɱɟɜɢɞɧɨ, ɜɨɜɥɟɱёɧɧɵɯ ɜ ɝɢɞɪɨɥɢɡ. ȼ 

ɤɨɨɪɞɢɧɢɪɨɜɚɧɢɢ ɦɨɥɟɤɭɥ ɪɚɫɬɜɨɪɢɬɟɥɹ ɭɱɚɫɬɜɭɸɬ 3'-OH (ɞɥɹ ɅɟɣɊɋ ɢ ɎɟɧɊɋ) 
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ɢɥɢ 2'-OH (ɞɥɹ ɌɪɟɊɋ, ɉɪɨɊɋ ɢ D-ɬɢɪɨɡɢɥ ɞɟɚɰɢɥɚɡɵ [93]) Ⱥ76 ɨɲɢɛɨɱɧɨ 

ɚɦɢɧɨɚɰɢɥɢɪɨɜɚɧɧɨɣ ɬɊɇɄ. ɋɭɳɟɫɬɜɭɸɳɚɹ ɦɨɞɟɥɶ ɤɚɬɚɥɢɡɚ ɞɟɚɰɢɥɢɪɨɜɚɧɢɹ 

ɋɟɪ-ɬɊɇɄɌɪɟ ɨɬɜɨɞɢɬ ɟё 2'-OH ɪɨɥɶ ɜ ɩɟɪɟɧɨɫɟ ɩɪɨɬɨɧɚ [84]. ȼ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɦ 

ɪɟɞɚɤɬɢɪɨɜɚɧɢɢ ɅɟɣɊɋ 3'-OH, ɫɨɝɥɚɫɧɨ ɤɨɦɩɶɸɬɟɪɧɵɦ ɪɚɫɱёɬɚɦ, ɚɤɬɢɜɢɪɭɟɬ 

ɦɨɥɟɤɭɥɭ ɜɨɞɵ ɞɥɹ ɝɢɞɪɨɥɢɡɚ [53]. ɉɨɤɚɡɚɧɚ ɜɟɞɭɳɚɹ ɪɨɥɶ ɚɧɚɥɨɝɢɱɧɨɣ Ɉɇ-

ɝɪɭɩɩɵ ɢ ɜ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɦ ɪɟɞɚɤɬɢɪɨɜɚɧɢɢ ɎɟɧɊɋ 2-ɝɨ ɤɥɚɫɫɚ [4]. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɭɱɚɫɬɢɟ Ɉɇ-ɝɪɭɩɩ Ⱥ76 ɨɲɢɛɨɱɧɨ ɚɦɢɧɨɚɰɢɥɢɪɨɜɚɧɧɨɣ ɬɊɇɄ ɦɨɠɧɨ 

ɫɱɢɬɚɬɶ ɯɚɪɚɤɬɟɪɧɨɣ ɱɟɪɬɨɣ ɦɟɯɚɧɢɡɦɨɜ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɝɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ, ɚ 

ɩɪɨɢɫɯɨɞɹɳɭɸ ɩɪɢ ɷɬɨɦ ɪɟɚɤɰɢɸ – ɫɭɛɫɬɪɚɬ-ɚɫɫɢɫɬɢɪɨɜɚɧɧɨɣ. ɂɧɬɟɪɟɫɧɨ, ɱɬɨ 

ɝɢɞɪɨɤɫɢɥɶɧɵɟ ɝɪɭɩɩɵ ɬɊɇɄ ɩɪɢɧɢɦɚɸɬ ɭɱɚɫɬɢɟ ɬɚɤɠɟ ɜ ɫɩɨɧɬɚɧɧɨɦ 

ɩɟɪɟɚɦɢɧɨɚɰɢɥɢɪɨɜɚɧɢɢ ɢ ɞɟɚɰɢɥɢɪɨɜɚɧɢɢ ɚɦɢɧɨɚɰɢɥ-ɬɊɇɄ, ɜ ɤɚɬɚɥɢɡɟ 

ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɟɩɬɢɞɧɨɣ ɫɜɹɡɢ ɩɪɢ ɬɪɚɧɫɥɹɰɢɢ ɧɚ ɪɢɛɨɫɨɦɟ [96; 97]. 

ɋɥɟɞɭɟɬ ɩɨɞɱɟɪɤɧɭɬɶ, ɱɬɨ ɜɫɟ ɩɪɢɜɟɞёɧɧɵɟ ɜɵɲɟ ɧɚɛɥɸɞɟɧɢɹ ɧɨɫɹɬ 

ɫɭɝɭɛɨ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɯɚɪɚɤɬɟɪ, ɩɨ ɩɪɢɱɢɧɟ ɦɚɥɨɣ ɢɡɭɱɟɧɧɨɫɬɢ ɦɟɯɚɧɢɡɦɨɜ 

ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɦɧɨɝɢɯ ɪɟɞɚɤɬɢɪɭɸɳɢɯ ȺɊɋ. Ʉɚɤ ɛɵɥɨ ɩɨɤɚɡɚɧɨ ɜɵɲɟ, ɞɚɠɟ 

ȺɊɋ, ɨɛɥɚɞɚɸɳɢɟ ɝɨɦɨɥɨɝɢɱɧɵɦɢ ɪɟɞɚɤɬɢɪɭɸɳɢɦɢ ɞɨɦɟɧɚɦɢ, ɦɨɝɭɬ 

ɞɟɦɨɧɫɬɪɢɪɨɜɚɬɶ ɫɭɳɟɫɬɜɟɧɧɵɟ ɪɚɡɥɢɱɢɹ ɜ ɦɟɯɚɧɢɡɦɚɯ ɢɯ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ. 

Ɍɟɦ ɦɟɧɟɟ ɭɜɟɪɟɧɧɨ ɦɨɠɧɨ ɩɪɨɜɨɞɢɬɶ ɩɚɪɚɥɥɟɥɢ ɫ ɧɚɢɦɟɧɟɟ ɢɡɭɱɟɧɧɵɦɢ 

ɪɟɞɚɤɬɢɪɭɸɳɢɦɢ ȺɊɋ, ɜ ɱɢɫɥɟ ɤɨɬɨɪɵɯ ɨɫɬɚёɬɫɹ ɩɪɨɥɢɥ-ɬɊɇɄ ɫɢɧɬɟɬɚɡɚ 

(ɉɪɨɊɋ).  

 

1.3. Ɉɫɨɛɟɧɧɨɫɬɢ ɩɪɨɥɢɥ-ɬɊɇɄ ɫɢɧɬɟɬɚɡɵ  

ɉɪɨɊɋ ɨɬɧɨɫɢɬɫɹ ɤ ɩɨɞɤɥɚɫɫɭ Ⱥ ɜɬɨɪɨɝɨ ɫɬɪɭɤɬɭɪɧɨɝɨ ɤɥɚɫɫɚ, ɢ 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɝɨɦɨɞɢɦɟɪ, ɦɨɧɨɦɟɪ ɤɨɬɨɪɨɝɨ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɨɫɧɨɜɧɵɯ 

ɞɨɦɟɧɨɜ – ɚɦɢɧɨɚɰɢɥɢɪɭɸɳɟɝɨ ɢ ɋ-ɤɨɧɰɟɜɨɝɨ ɚɧɬɢɤɨɞɨɧ-ɫɜɹɡɵɜɚɸɳɟɝɨ, 

ɯɚɪɚɤɬɟɪɧɨɝɨ ɞɥɹ ȺɊɋ ɷɬɨɝɨ ɩɨɞɤɥɚɫɫɚ. ɍ ɚɪɯɟɣ ɢ ɷɭɤɚɪɢɨɬ ɬɚɤɠɟ ɢɦɟɟɬɫɹ 

ɩɪɢɦɵɤɚɸɳɢɣ ɤ ɚɧɬɢɤɨɞɨɧ-ɫɜɹɡɵɜɚɸɳɟɦɭ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɋ-ɤɨɧɰɟɜɨɣ 

ɞɨɦɟɧ. Ⱦɥɹ ɷɭɤɚɪɢɨɬ ɯɚɪɚɤɬɟɪɧɵ ɢ N-ɤɨɧɰɟɜɵɟ ɭɞɥɢɧɟɧɢɹ ɪɚɡɥɢɱɧɨɣ ɩɪɢɪɨɞɵ 

[52]. ɍ ɛɚɤɬɟɪɢɚɥɶɧɵɯ ɉɪɨɊɋ ɦɟɠɞɭ ɜɬɨɪɵɦ ɢ ɬɪɟɬɶɢɦ ɤɨɧɫɟɪɜɚɬɢɜɧɵɦɢ 
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ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɦɢ ɦɨɬɢɜɚɦɢ 2-ɝɨ ɫɬɪɭɤɬɭɪɧɨɝɨ ɤɥɚɫɫɚ ɜ ɩɟɪɜɢɱɧɭɸ 

ɫɬɪɭɤɬɭɪɭ ɚɦɢɧɨɚɰɢɥɢɪɭɸɳɟɝɨ ɞɨɦɟɧɚ ɜɫɬɚɜɥɟɧɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ 

ɪɟɞɚɤɬɢɪɭɸɳɟɝɨ INS (insertion) ɞɨɦɟɧɚ [98]. ɂɫɤɥɸɱɟɧɢɟ ɫɨɫɬɚɜɥɹɸɬ α-

ɩɪɨɬɟɨɛɚɤɬɟɪɢɚɥɶɧɵɟ ɢ ɦɢɬɨɯɨɧɞɪɢɚɥɶɧɵɟ ɉɪɨɊɋ, ɭ ɤɨɬɨɪɵɯ ɪɟɞɚɤɬɢɪɭɸɳɢɣ 

ɞɨɦɟɧ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɫɬɶɸ ɜɬɨɪɢɱɧɨ ɞɟɥɟɬɢɪɨɜɚɧ. Ʉɪɨɦɟ ɬɨɝɨ, ɭ ɦɧɨɝɢɯ 

ɛɚɤɬɟɪɢɣ, ɨɬɧɨɫɹɳɢɯɫɹ ɤ ɫɚɦɵɦ ɪɚɡɥɢɱɧɵɦ ɬɚɤɫɨɧɚɦ, ɬɢɩɢɱɧɚɹ ɛɚɤɬɟɪɢɚɥɶɧɚɹ 

ɉɪɨɊɋ ɡɚɦɟɧɟɧɚ ɝɨɦɨɥɨɝɢɱɧɨɣ ɚɪɯɟɣɧɵɦ ɢ ɷɭɤɚɪɢɨɬɢɱɟɫɤɢɦ ɮɟɪɦɟɧɬɚɦ. ȼ 

ɷɜɨɥɸɰɢɢ ɛɚɤɬɟɪɢɣ ɨɧɚ ɩɨɹɜɢɥɚɫɶ ɩɪɟɞɩɨɥɨɠɢɬɟɥɶɧɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɧɧɟɝɨ 

ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɩɟɪɟɧɨɫɚ, ɢ ɜ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɟё ɝɟɧ ɫɨɫɭɳɟɫɬɜɭɟɬ ɜ ɤɥɟɬɤɟ 

ɫ ɝɟɧɨɦ ɫɨɛɫɬɜɟɧɧɨ ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɉɪɨɊɋ. Ɍɚɤɚɹ ɪɚɡɧɨɜɢɞɧɨɫɬɶ ɮɟɪɦɟɧɬɚ 

ɥɢɲɟɧɚ ɪɟɞɚɤɬɢɪɭɸɳɟɝɨ ɞɨɦɟɧɚ. ɇɚɩɪɨɬɢɜ, ɭ ɞɪɨɠɠɟɣ ɢ ɧɟɤɨɬɨɪɵɯ 

ɩɚɪɚɡɢɬɢɱɟɫɤɢɯ ɩɪɨɫɬɟɣɲɢɯ ɞɨɦɟɧ, ɝɨɦɨɥɨɝɢɱɧɵɣ ɪɟɞɚɤɬɢɪɭɸɳɟɦɭ ɞɨɦɟɧɭ 

ɛɚɤɬɟɪɢɣ, ɧɚɯɨɞɢɬɫɹ ɧɚ N-ɤɨɧɰɟ ɉɪɨɊɋ ɷɭɤɚɪɢɨɬɢɱɟɫɤɨɝɨ ɬɢɩɚ [52]. 

ɋɭɳɟɫɬɜɭɸɬ ɬɚɤɠɟ ɨɛɨɫɨɛɥɟɧɧɵɟ ɛɟɥɤɢ-ɞɟɚɰɢɥɚɡɵ, ɝɨɦɨɥɨɝɢɱɧɵɟ 

ɪɟɞɚɤɬɢɪɭɸɳɟɦɭ ɞɨɦɟɧɭ ɉɪɨɊɋ – YbaK [36; 99], ProX [37] ɢ PrdX [35].  

1.3.1. ɉɪɨɛɥɟɦɚ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɩɪɨɥɢɥ-ɬɊɇɄ ɫɢɧɬɟɬɚɡɨɣ. ɉɪɨɊɋ 

ɨɲɢɛɨɱɧɨ ɚɤɬɢɜɢɪɭɟɬ ɚɥɚɧɢɧ ɢ ɰɢɫɬɟɢɧ. ȿɫɥɢ ɤɨɧɫɬɚɧɬɚ Ɇɢɯɚɷɥɢɫɚ ɞɥɹ 

ɩɪɨɥɢɧɚ ɭ ɪɚɡɥɢɱɧɵɯ ɉɪɨɊɋ ɜɚɪɶɢɪɭɟɬ ɜ ɩɪɟɞɟɥɚɯ, 0,05 – 0,28 ɦɆ, ɬɨ ɞɥɹ 

ɰɢɫɬɟɢɧɚ – ɜ ɩɪɟɞɟɥɚɯ 0,01 – 0,26 ɦɆ. ȼ ɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ ɪɚɡɥɢɱɚɸɬɫɹ 

ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ ɤɨɧɫɬɚɧɬɵ: 5,6 – 63 ɫ-1 ɞɥɹ ɩɪɨɥɢɧɚ ɢ 0,03 – 0,39 ɫ-1 ɞɥɹ 

ɰɢɫɬɟɢɧɚ. ȼɟɪɨɹɬɧɨɫɬɶ ɚɤɬɢɜɚɰɢɢ ɰɢɫɬɟɢɧɚ ɜɚɪɶɢɪɭɟɬ ɜ ɲɢɪɨɤɢɯ ɩɪɟɞɟɥɚɯ 

ɨɬ 1/31 ɞɨ 1/1428 [100]. Ⱦɥɹ ɚɤɬɢɜɚɰɢɢ ɚɥɚɧɢɧɚ ɤɨɧɫɬɚɧɬɚ Ɇɢɯɚɷɥɢɫɚ 

ɧɚɯɨɞɢɬɫɹ ɜ ɪɚɣɨɧɟ 140 ɦɆ, ɚ ɤɨɧɫɬɚɧɬɚ ɫɤɨɪɨɫɬɢ 1,7 ɫ-1. ȼɟɪɨɹɬɧɨɫɬɶ 

ɚɤɬɢɜɚɰɢɢ ɚɥɚɧɢɧɚ ɫɨɫɬɚɜɥɹɟɬ 3,6 10-5 (≈1/28000) [45]. ɉɪɢ ɷɬɨɦ 

ɤɨɧɰɟɧɬɪɚɰɢɹ ɚɥɚɧɢɧɚ ɜ ɤɥɟɬɤɟ E. coli ɛɨɥɟɟ ɱɟɦ ɜ 18 ɪɚɡ ɩɪɟɜɵɲɚɟɬ 

ɤɨɧɰɟɧɬɪɚɰɢɸ ɩɪɨɥɢɧɚ, ɚ ɤɨɧɰɟɧɬɪɚɰɢɹ ɰɢɫɬɟɢɧɚ – ɜ 5 ɪɚɡ [101], ɱɬɨ ɜ 

ɫɥɭɱɚɟ ɫ ɚɥɚɧɢɧɨɦ ɫɨɡɞɚёɬ, ɚ ɜ ɫɥɭɱɚɟ ɫ ɰɢɫɬɟɢɧɨɦ ɭɫɭɝɭɛɥɹɟɬ ɨɩɚɫɧɨɫɬɶ 

ɧɟɞɨɩɭɫɬɢɦɨɝɨ ɭɪɨɜɧɹ ɨɲɢɛɨɤ. Ʉɨɧɰɟɧɬɪɚɰɢɹ ɚɥɚɧɢɧɚ ɧɟɫɤɨɥɶɤɨ ɜɨɡɪɚɫɬɚɟɬ 

ɜ ɯɨɞɟ ɢɧɤɭɛɚɰɢɢ ɤɭɥɶɬɭɪɵ. Ȼɨɥɟɟ ɡɧɚɱɢɬɟɥɶɧɵɣ ɪɨɫɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɚɥɚɧɢɧɚ 
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ɜ ɤɥɟɬɤɚɯ ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢ ɧɟɞɨɫɬɚɬɤɟ ɤɢɫɥɨɪɨɞɚ [102]. Ɋɚɡɥɢɱɢɹ ɜ 

ɫɨɨɬɧɨɲɟɧɢɢ ɤɨɧɰɟɧɬɪɚɰɢɣ ɚɦɢɧɨɤɢɫɥɨɬ ɜ ɰɢɬɨɩɥɚɡɦɟ ɤɥɟɬɨɤ ɪɚɡɥɢɱɧɵɯ 

ɨɪɝɚɧɢɡɦɨɜ ɦɨɠɟɬ ɜɥɢɹɬɶ ɧɚ ɬɪɟɛɨɜɚɧɢɹ ɤ ɪɟɞɚɤɬɢɪɭɸɳɢɦ ɮɭɧɤɰɢɹɦ 

ɉɪɨɊɋ.  

     ɋɩɨɫɨɛɧɨɫɬɶ ɷɮɮɟɤɬɢɜɧɨ ɚɤɬɢɜɢɪɨɜɚɬɶ ɰɢɫɬɟɢɧ, ɢ ɜɦɟɫɬɟ ɫ ɬɟɦ 

ɧɟɫɩɨɫɨɛɧɨɫɬɶ ɷɮɮɟɤɬɢɜɧɨ ɪɟɞɚɤɬɢɪɨɜɚɬɶ ɩɪɨɬɢɜ ɧɟɝɨ in cis [103] ɪɚɧɟɟ 

ɜɵɡɵɜɚɥɢ ɩɪɟɞɩɨɥɨɠɟɧɢɹ ɨ ɞɜɨɣɧɨɣ ɫɩɟɰɢɮɢɱɧɨɫɬɢ ɉɪɨɊɋ, ɬɨ ɟɫɬɶ 

ɫɩɨɫɨɛɧɨɫɬɢ ɫɢɧɬɟɡɢɪɨɜɚɬɶ ɤɚɤ ɩɪɨɥɢɥ-ɬɊɇɄɉɪɨ, ɬɚɤ ɢ ɰɢɫɬɟɢɧɢɥ-ɬɊɇɄɐɢɫ 

[104; 105; 106]. Ɉɞɧɚɤɨ, ɩɨɡɠɟ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɮɟɪɦɟɧɬ ɚɦɢɧɨɚɰɢɥɢɪɭɟɬ 

ɰɢɫɬɟɢɧɨɦ ɬɨɥɶɤɨ ɬɊɇɄɉɪɨ. ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɪɟɲɚɸɳɭɸ ɪɨɥɶ ɜ 

ɪɟɞɚɤɬɢɪɨɜɚɧɢɢ ɩɪɨɬɢɜ ɰɢɫɬɟɢɧɚ ɢɝɪɚɟɬ ɞɟɣɫɬɜɭɸɳɢɣ in trans ɨɛɨɫɨɛɥɟɧɧɵɣ 

ɛɟɥɨɤ, ɝɨɦɨɥɨɝ ɪɟɞɚɤɬɢɪɭɸɳɟɝɨ ɞɨɦɟɧɚ ɉɪɨɊɋ, YbaK, ɨɛɪɚɡɭɸɳɢɣ ɞɥɹ ɷɬɨɝɨ 

ɬɪɨɣɫɬɜɟɧɧɵɣ ɤɨɦɩɥɟɤɫ ɫ ɉɪɨɊɋ ɢ ɰɢɫɬɟɢɧɢɥ-ɬɊɇɄɉɪɨ [95]. Ʉɜɚɧɬɨɜɨ-

ɦɟɯɚɧɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɨɫɭɳɟɫɬɜɥɹɟɦɨɣ YbaK ɪɟɚɤɰɢɢ ɞɟɚɰɢɥɢɪɨɜɚɧɢɹ 

ɩɨɡɜɨɥɢɥɨ ɭɤɚɡɚɬɶ ɧɚ ɰɢɤɥɢɡɚɰɢɸ ɰɢɫɬɟɢɧɚ, ɤɚɤ ɤɥɸɱɟɜɨɣ ɷɥɟɦɟɧɬ ɟё 

ɦɟɯɚɧɢɡɦɚ (ɪɢɫ. 1.8). ɉɪɢ ɷɬɨɦ ɨɫɧɨɜɧɚɹ ɰɟɩɶ ɛɟɥɤɚ ɫɬɚɛɢɥɢɡɢɪɭɟɬ ɩɟɪɟɯɨɞɧɨɟ 

ɫɨɫɬɨɹɧɢɟ ɜɨ ɜɪɟɦɹ ɪɟɚɤɰɢɢ, ɚ 2’-Ɉɇ Ⱥ76 ɬɊɇɄɉɪɨ ɫɬɚɛɢɥɢɡɢɪɭɟɬ ɟё ɩɪɨɞɭɤɬ 

[3]. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɭ ɚɪɯɟɛɚɤɬɟɪɢɣ ɢ ɷɭɤɚɪɢɨɬ ɞɟɚɰɢɥɚɡɚ YbaK 

ɨɬɫɭɬɫɬɜɭɟɬ, ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɚɪɯɟɛɚɤɬɟɪɢɢ Aeropyrum pernix [52]. 

     Ⱦɪɭɝɨɣ ɝɨɦɨɥɨɝɢɱɧɵɣ ɛɟɥɨɤ, ProX, ɫɩɨɫɨɛɟɧ ɞɟɚɰɢɥɢɪɨɜɚɬɶ ɚɥɚɧɢɥ-ɬɊɇɄɉɪɨ 

[37Ж. Ɉɧ ɨɬɫɭɬɫɬɜɭɟɬ ɬɨɥɶɤɨ ɜ ɤɥɟɬɤɚɯ ɚɪɯɟɛɚɤɬɟɪɢɣ Д52Ж. ɉɨɦɢɦɨ ProX, 

ɞɟɣɫɬɜɢɬɟɥɶɧɵɣ ɜɤɥɚɞ ɤɨɬɨɪɨɝɨ ɜ ɫɩɟɰɢɮɢɱɧɨɫɬɶ ɉɪɨɊɋ ɹɫɟɧ ɧɟ ɜɩɨɥɧɟ, ɜ 

ɪɟɞɚɤɬɢɪɨɜɚɧɢɢ ɩɪɨɬɢɜ ɚɥɚɧɢɧɚ ɡɚɞɟɣɫɬɜɨɜɚɧɵ ɦɟɯɚɧɢɡɦɵ ɪɚɛɨɬɚɸɳɢɟ in cis. 

ɉɪɨɊɋ ɨɛɥɚɞɚɟɬ ɤɚɤ ɩɪɟɬɪɚɧɫɮɟɪɧɵɦ ɪɟɞɚɤɬɢɪɨɜɚɧɢɟɦ ɩɪɨɬɢɜ ɚɥɚɧɢɧɚ, 

ɩɪɨɢɫɯɨɞɹɳɢɦ ɜ ɚɦɢɧɨɚɰɢɥɢɪɭɸɳɟɦ ɚɤɬɢɜɧɨɦ ɰɟɧɬɪɟ, ɬɚɤ ɢ ɩɨɫɬɬɪɚɧɫɮɟɪɧɵɦ 

ɪɟɞɚɤɬɢɪɨɜɚɧɢɟɦ, ɩɪɨɢɫɯɨɞɹɳɢɦ ɜ ɪɟɞɚɤɬɢɪɭɸɳɟɦ INS-ɞɨɦɟɧɟ [103; 98].  
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Ɋɢɫ. 1.8 Ɇɟɯɚɧɢɡɦ ɝɢɞɪɨɥɢɡɚ ɰɢɫɬɟɢɧɢɥ-ɬɊɇɄɉɪɨ ɞɟɚɰɢɥɚɡɨɣ YbaK E. coli 

 

ɂɡɭɱɟɧɧɵɟ ɬɪɟɬɢɱɧɵɟ ɫɬɪɭɤɬɭɪɵ ɉɪɨɊɋ ɷɭɛɚɤɬɟɪɢɢ E. faecalis (ɉɪɨɊɋEf) 

ɢ ɤɨɦɩɥɟɤɫɚ ɌɪɟɊɋ E. coli ɫ ɬɊɇɄɌɪɟ ɩɨɡɜɨɥɢɥɢ ɫɨɡɞɚɬɶ ɤɨɦɩɶɸɬɟɪɧɭɸ ɦɨɞɟɥɶ 

ɤɨɦɩɥɟɤɫɚ ɉɪɨɊɋEf ɫ ɩɪɨɥɢɥ-ɬɊɇɄɉɪɨ ɜ ɤɨɧɮɨɪɦɚɰɢɹɯ ɤɚɤ 

ɚɦɢɧɨɚɰɢɥɢɪɨɜɚɧɢɹ, ɬɚɤ ɢ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ. ɉɪɟɞɩɨɥɨɠɟɧɢɹ ɨ ɥɨɤɚɥɢɡɚɰɢɢ 

ɚɤɬɢɜɧɨɝɨ ɰɟɧɬɪɚ ɪɟɞɚɤɬɢɪɭɸɳɟɝɨ ɞɨɦɟɧɚ ɉɪɨɊɋ ɞɥɹ ɷɬɨɣ ɰɟɥɢ ɩɨɡɜɨɥɢɥɢ 

ɫɞɟɥɚɬɶ ɚɧɚɥɢɡ ɩɟɪɜɢɱɧɨɣ ɫɬɪɭɤɬɭɪɵ ɪɟɞɚɤɬɢɪɭɸɳɢɯ ɞɨɦɟɧɨɜ ɢ ɫɜɨɛɨɞɧɵɯ 

ɞɟɚɰɢɥɚɡ [52], ɚ ɬɚɤɠɟ ɫɚɣɬ-ɧɚɩɪɚɜɥɟɧɧɵɣ ɦɭɬɚɝɟɧɟɡ ɪɟɞɚɤɬɢɪɭɸɳɟɝɨ ɞɨɦɟɧɚ 

ɉɪɨɊɋ E. coli (ɉɪɨɊɋEc) [107]. ɉɟɪɟɦɟɳɟɧɢɟ ɪɟɞɚɤɬɢɪɭɟɦɨɝɨ ɚɦɢɧɨɤɢɫɥɨɬɧɨɝɨ 

ɨɫɬɚɬɤɚ ɦɟɠɞɭ ɚɦɢɧɨɚɰɢɥɢɪɭɸɳɢɦ ɢ ɪɟɞɚɤɬɢɪɭɸɳɢɦ ɚɤɬɢɜɧɵɦɢ ɰɟɧɬɪɚɦɢ ɜ 

ɷɬɨɣ ɦɨɞɟɥɢ ɬɪɟɛɭɟɬ ɥɢɲɶ ɢɡɦɟɧɟɧɢɹ ɤɨɧɮɨɪɦɚɰɢɢ 73-ȺɋɋȺ-76 3'-ɤɨɧɰɟɜɨɝɨ 

ɨɞɧɨɰɟɩɨɱɟɱɧɨɝɨ ɭɱɚɫɬɤɚ ɚɦɢɧɨɚɰɢɥ-ɬɊɇɄ. ɉɪɟɞɩɨɥɚɝɚɟɦɵɣ ɪɟɞɚɤɬɢɪɭɸɳɢɣ 

ɚɤɬɢɜɧɵɣ ɰɟɧɬɪ ɫɨɞɟɪɠɢɬ ɚɛɫɨɥɸɬɧɨ ɤɨɧɫɟɪɜɚɬɢɜɧɵɣ ɨɫɬɚɬɨɤ Ʌɢɡ279 (ɡɞɟɫɶ ɢ 

ɞɚɥɟɟ ɧɭɦɟɪɚɰɢɹ ɉɪɨɊɋEf), ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɣ ɫ Ⱥ76 ɬɊɇɄ, ɤɨɧɫɟɪɜɚɬɢɜɧɵɟ 

ɨɫɬɚɬɤɢ Ƚɢɫ366, Ƚɥɢ331, ɂɥɟ333 [52].  

ɋɚɣɬ-ɧɚɩɪɚɜɥɟɧɧɵɣ ɦɭɬɚɝɟɧɟɡ ɉɪɨɊɋEc ɩɨɤɚɡɚɥ ɜɟɞɭɳɭɸ ɪɨɥɶ 

ɚɦɢɧɨɤɢɫɥɨɬɧɨɝɨ ɨɫɬɚɬɤɚ Ʌɢɡ279 ɜ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɦ ɪɟɞɚɤɬɢɪɨɜɚɧɢɢ [46]. Ɉɧ 
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ɨɛɟɫɩɟɱɢɜɚɟɬ ɫɜɹɡɵɜɚɧɢɟ ɋɋȺ-ɤɨɧɰɚ ɚɥɚɧɢɥ-ɬɊɇɄɉɪɨ ɜ ɪɟɞɚɤɬɢɪɭɸɳɟɦ 

ɚɤɬɢɜɧɨɦ ɰɟɧɬɪɟ ɢ ɟё ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɟ ɞɥɹ ɝɢɞɪɨɥɢɡɚ [149]. Ɂɚɦɟɧɚ ɨɫɬɚɬɤɚ 

Ʌɢɡ279 ɧɚ ɚɥɚɧɢɧ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɫɬɶɸ ɩɨɞɚɜɥɹɟɬ ɞɟɚɰɢɥɢɪɨɜɚɧɢɟ ɚɥɚɧɢɥ-

ɬɊɇɄɉɪɨ, ɢ ɞɟɥɚɟɬ ɮɟɪɦɟɧɬ ɫɩɨɫɨɛɧɵɦ ɫɢɧɬɟɡɢɪɨɜɚɬɶ ɟё ɜ ɨɩɪɟɞɟɥɹɟɦɵɯ 

ɤɨɥɢɱɟɫɬɜɚɯ. Ɍɚɤɚɹ ɮɨɪɦɚ ɮɟɪɦɟɧɬɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɫɩɨɫɨɛɧɨɫɬɶɸ ɤ 

ɞɢɫɤɪɢɦɢɧɚɰɢɢ ɩɪɨɥɢɧɚ ɢ ɚɥɚɧɢɧɚ ɫ ɧɚɞёɠɧɨɫɬɶɸ 1900 ɤ 1 (5·10-4) [46], ɱɬɨ 

ɛɥɢɡɤɨ ɤ ɜɟɪɯɧɟɣ ɝɪɚɧɢɰɟ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɧɨɪɦɚɥɶɧɨɝɨ ɭɪɨɜɧɹ (10-4-10-5). ɇɨ ɜ 

ɭɫɥɨɜɢɹɯ ɰɢɬɨɩɥɚɡɦɵ E. coli, ɝɞɟ ɤɨɧɰɟɧɬɪɚɰɢɹ ɚɥɚɧɢɧɚ ɜ 18 ɪɚɡ ɜɵɲɟ, ɱɟɦ 

ɤɨɧɰɟɧɬɪɚɰɢɹ ɩɪɨɥɢɧɚ [101], ɧɚɞёɠɧɨɫɬɶ ɞɢɫɤɪɢɦɢɧɚɰɢɢ ɛɭɞɟɬ ɨɤɨɥɨ 105 ɤ 1 

(0,9·10-2). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɞɧɨ ɥɢɲɶ ɩɪɟɬɪɚɧɫɮɟɪɧɨɟ ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ ɉɪɨɊɋ ɧɟ 

ɫɩɨɫɨɛɧɨ ɨɛɟɫɩɟɱɢɬɶ ɧɟɨɛɯɨɞɢɦɭɸ ɚɦɢɧɨɤɢɫɥɨɬɧɭɸ ɫɩɟɰɢɮɢɱɧɨɫɬɶ. 

ȼ ɉɪɨɊɋEc ɛɨɤɨɜɚɹ ɦɟɬɢɥɶɧɚɹ ɝɪɭɩɩɚ ɨɫɬɚɬɤɚ ɚɥɚɧɢɧɚ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɜ 

ɝɢɞɪɨɮɨɛɧɨɦ ɤɚɪɦɚɧɟ ɩɪɟɞɩɨɥɚɝɚɟɦɨɝɨ ɪɟɞɚɤɬɢɪɭɸɳɟɝɨ ɞɨɦɟɧɚ, ɨɛɪɚɡɨɜɚɧɧɨɦ 

ɤɨɧɫɟɪɜɚɬɢɜɧɵɦɢ ɚɦɢɧɨɤɢɫɥɨɬɧɵɦɢ ɨɫɬɚɬɤɚɦɢ ɂɥɟ263, Ʌɟɣ266, Ʌɢɡ279 ɢ 

ɱɚɫɬɢɱɧɨ ɤɨɧɫɟɪɜɚɬɢɜɧɵɦ Ɍɪɟ277. ɋɚɣɬ-ɧɚɩɪɚɜɥɟɧɧɵɣ ɦɭɬɚɝɟɧɟɡ ɷɬɢɯ ɨɫɬɚɬɤɨɜ 

ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɣ ɪɟɞɚɤɬɢɪɭɸɳɟɣ ɚɤɬɢɜɧɨɫɬɢ. Ɍɚɤɠɟ 

ɢɡɦɟɧɟɧɢɟ ɪɚɡɦɟɪɨɜ ɤɚɪɦɚɧɚ ɧɚɪɭɲɚɟɬ ɫɩɟɰɢɮɢɱɧɨɫɬɶ ɩɪɨɰɟɫɫɚ [109]. 

ɋɨɝɥɚɫɧɨ ɩɨɫɬɪɨɟɧɧɨɣ ɤɜɚɧɬɨɜɨ-ɦɟɯɚɧɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɪɟɚɤɰɢɢ 

ɞɟɚɰɢɥɢɪɨɜɚɧɢɹ ɚɥɚɧɢɥ-ɬɊɇɄɉɪɨ ɉɪɨɊɋEf, 2'-Ɉɇ ɝɪɭɩɩɚ Ⱥ76 ɬɊɇɄ ɚɤɬɢɜɢɪɭɟɬ 

ɦɨɥɟɤɭɥɭ ɜɨɞɵ ɞɥɹ ɝɢɞɪɨɥɢɡɚ ɚɧɝɢɞɪɢɞɧɨɣ ɫɜɹɡɢ, ɢ ɦɨɠɟɬ ɭɱɚɫɬɜɨɜɚɬɶ ɜ 

ɩɟɪɟɧɨɫɟ ɩɪɨɬɨɧɚ [2] (ɪɢɫ. 1.9). 

ɇɟɨɛɯɨɞɢɦɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɨ ɩɪɟɬɪɚɧɫɮɟɪɧɨɦ ɪɟɞɚɤɬɢɪɨɜɚɧɢɢ ɜ 

ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢɡɜɟɫɬɧɨ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟ, ɱɟɦ ɨ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɦ. 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɟɬɪɚɧɫɮɟɪɧɨɟ ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ ɩɪɨɬɢɜ ɚɥɚɧɢɧɚ ɩɪɨɢɫɯɨɞɢɬ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɚɦɢɧɨɚɰɢɥɢɪɭɸɳɟɦ ɚɤɬɢɜɧɨɦ ɰɟɧɬɪɟ. ɗɤɫɩɟɪɢɦɟɧɬɵ ɫ 

ɮɟɪɦɟɧɬɨɦ E. coli ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɜ ɩɨɥɶɡɭ ɬɊɇɄ-ɧɟɡɚɜɢɫɢɦɨɫɬɢ ɷɬɨɝɨ 

ɩɪɨɰɟɫɫɚ. Ƚɢɞɪɨɥɢɡ ɚɥɚɧɢɥ-ɚɞɟɧɢɥɚɬɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɮɟɪɦɟɧɬɚɬɢɜɧɵɦ ɩɭɬёɦ 

[46Ж, ɧɨ ɦɟɯɚɧɢɡɦɵ ɟɝɨ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɢ ɤɚɬɚɥɢɡɚ ɪɟɚɤɰɢɢ ɨɫɬɚɸɬɫɹ 

ɧɟɢɡɜɟɫɬɧɵɦɢ. 
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Ɋɢɫ. 1.9 ɉɪɟɞɥɨɠɟɧɧɵɣ ɦɟɯɚɧɢɡɦ ɝɢɞɪɨɥɢɡɚ ɚɥɚɧɢɥ-ɬɊɇɄɉɪɨ ɜ 

ɪɟɞɚɤɬɢɪɭɸɳɟɦ ɞɨɦɟɧɟ ɉɪɨɊɋEf. ɚ – ɉɪɟ-ɪɟɚɤɰɢɨɧɧɵɣ ɤɨɦɩɥɟɤɫ. Ɇɨɥɟɤɭɥɚ 

ɜɨɞɵ (W1) ɚɤɬɢɜɢɪɭɟɬɫɹ 2’-ɝɢɞɪɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɨɣ Ⱥ76 ɚɥɚɧɢɥ-ɬɊɇɄɉɪɨ. ɛ – 

ɉɟɪɟɯɨɞɧɨɟ ɫɨɫɬɨɹɧɢɟ. ɉɪɨɬɨɧ ɫ ɦɨɥɟɤɭɥɵ ɜɨɞɵ ɩɟɪɟɧɨɫɢɬɫɹ ɱɟɪɟɡ 2’-Ɉɇ ɧɚ 

3’-Ɉ. ɜ – Ɉɤɫɢɚɧɢɨɧɧɨɟ ɩɪɨɦɟɠɭɬɨɱɧɨɟ ɫɨɟɞɢɧɟɧɢɟ ɫɬɚɛɢɥɢɡɢɪɭɟɬɫɹ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɫ ɛɨɤɨɜɨɣ ɰɟɩɶɸ ɋɟɪ280. Ɏɨɪɦɢɪɭɸɬɫɹ ɩɪɨɞɭɤɬɵ ɪɟɚɤɰɢɢ 

 

        Ɏɢɥɨɝɟɧɟɬɢɱɟɫɤɨɟ ɪɚɡɧɨɨɛɪɚɡɢɟ ɉɪɨɊɋ, ɚ ɬɚɤɠɟ ɦɚɥɨɢɡɭɱɟɧɧɨɫɬɶ 

ɦɨɥɟɤɭɥɹɪɧɵɯ ɦɟɯɚɧɢɡɦɨɜ ɩɨɞɞɟɪɠɚɧɢɹ ɟё ɚɦɢɧɨɤɢɫɥɨɬɧɨɣ ɫɩɟɰɢɮɢɱɧɨɫɬɢ 

ɞɟɥɚɸɬ ɞɚɧɧɵɣ ɮɟɪɦɟɧɬ ɩɟɪɜɨɨɱɟɪɟɞɧɵɦ ɨɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɨɛɥɚɫɬɢ 

ɷɧɡɢɦɨɥɨɝɢɢ ɛɟɥɤɨɜɨɝɨ ɫɢɧɬɟɡɚ. 
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ɊȺɁȾȿɅ 2 

 

ɆȺɌȿɊɂȺɅɕ ɂ ɆȿɌɈȾɕ ɂɋɋɅȿȾɈȼȺɇɂɃ 

 

2.1. Ɇɚɬɟɪɢɚɥɵ ɢ ɨɛɨɪɭɞɨɜɚɧɢɟ 

 

ȼ ɪɚɛɨɬɟ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɤɨɦɩɨɧɟɧɬɵ ɫɪɟɞ ɞɥɹ ɛɚɤɬɟɪɢɚɥɶɧɵɯ 

ɤɭɥɶɬɭɪ ɮɢɪɦɵ «Difco», ɫɨɥɢ ɢ ɤɨɦɩɨɧɟɧɬɵ ɛɭɮɟɪɧɵɯ ɪɚɫɬɜɨɪɨɜ ɤɜɚɥɢɮɢɤɚɰɢɢ 

«ɨɫ.ɱ.», ɦɨɧɨɦɟɪɵ ɞɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɩɨɥɢɚɤɪɢɥɚɦɢɞɧɵɯ ɝɟɥɟɣ (ɉȺȺȽ) ɮɢɪɦɵ 

«Reanal», ɚɝɚɪɨɡɚ ɮɢɪɦɵ «Q-BIOgen», ɮɟɪɦɟɧɬɵ ɮɢɪɦɵ «Roche», 

ɞɢɷɬɢɥɚɦɢɧɨɷɬɢɥ-ɫɟɮɚɪɨɡɚ (ȾɗȺɗ-ɫɟɮɚɪɨɡɚ) ɮɢɪɦɵ «Pharmacia Biotech», 

ɫɨɪɛɟɧɬ ȾɗȺɗ Toyopearl 650M ɮɢɪɦɵ «Toyo Soda», ɤɨɥɨɧɤɚ ɞɥɹ 

ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɨɣ ɠɢɞɤɨɫɬɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɢ (ȼɗɀɏ) ProSwift Monolith 

WAX-1S ɮɢɪɦɵ «Dionex», ɪɚɞɢɨɚɤɬɢɜɧɨ-ɦɟɱɟɧɵɟ ɜɟɳɟɫɬɜɚ ɮɢɪɦɵ 

«Amersham», ɫɬɟɤɥɨɜɨɥɨɤɨɧɧɵɟ ɮɢɥɶɬɪɵ ɮɢɪɦɵ «Whatman».  

 

2.2. ɉɥɚɡɦɢɞɵ ɢ ɲɬɚɦɦɵ  

 

ȼ ɪɚɛɨɬɟ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɤɥɟɬɤɢ E. coli ɲɬɚɦɦɚ DH5α (F-

φ80dlacZΔM15 Δ(lacZYA-argF)U169 deoR, recA1 endA1 hsdR17(rk- mk+ phoA 

supE44 λ- thi-1 gyrA96 relA1) ɮɢɪɦɵ "Thermo Fisher Scientific"; ɌɈɊ10 (F- mcrA 

Δ(mrr-hsdRMS-mcrBC) φ80lacZΔM15 ΔlacX74 nupG recA1 araD139 Δ(ara-

leu)7697 galE15 galK16 rpsL(StrR) endA1 λ-) ɮɢɪɦɵ “Invitrogen”; BL21 (DE3) 

Star (F- ompT hsdSB (rB-mB-) gal dcm rne131 (DE3)) ɮɢɪɦɵ “Invitrogen”, JM101 

(ЬuЩE, ЭСТ, Δ(ХКМ-ЩЫШAB), ДF' ЭЫКD36, ЩЫШAB, ХКМIqГΔM15Ж) ɮɢɪɦɵ “AРТХОЧЭ 

TОМСЧШХШРТОЬ”. 
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2.3. Ɇɟɬɨɞɵ ɪɚɛɨɬɵ ɫ ɤɥɟɬɤɚɦɢ E. coli 

 

2.3.1. ɉɢɬɚɬɟɥɶɧɵɟ ɫɪɟɞɵ ɞɥɹ ɪɨɫɬɚ ɛɚɤɬɟɪɢɚɥɶɧɵɯ ɤɥɟɬɨɤ. ɋɪɟɞɚ 

Ʌɭɪɢɚ-Ȼɟɪɬɚɧɢ ɩɪɢɦɟɧɹɥɚɫɶ ɩɪɢ ɜɵɪɚɳɢɜɚɧɢɢ ɤɭɥɶɬɭɪ ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ 

ɜɵɞɟɥɟɧɢɹ ɩɥɚɡɦɢɞɧɵɯ ȾɇɄ. Ɉɧɚ ɫɨɞɟɪɠɚɥɚ 10 ɝ/ɥ ɛɚɤɬɨɬɪɢɩɬɨɧɚ, 5 ɝ/ɥ 

ɞɪɨɠɠɟɜɨɝɨ ɷɤɫɬɪɚɤɬɚ, 10 ɝ/ɥ NaCl. Ⱥɝɚɪɢɡɨɜɚɧɧɚɹ ɫɪɟɞɚ Ʌɭɪɢɚ-Ȼɟɪɬɚɧɢ, 

ɩɪɟɞɧɚɡɧɚɱɚɜɲɚɹɫɹ ɞɥɹ ɡɚɥɢɜɤɢ ɜ ɱɚɲɤɢ ɉɟɬɪɢ, ɫɨɞɟɪɠɚɥɚ ɚɝɚɪ ɜ ɤɨɧɰɟɧɬɪɚɰɢɢ 

15 ɝ/ɥ. Ⱦɥɹ ɷɤɫɩɪɟɫɫɢɢ ɬɊɇɄ in vivo ɩɪɢɦɟɧɹɥɚɫɶ ɫɪɟɞɚ 2xTY. Ɉɧɚ ɫɨɞɟɪɠɚɥɚ 16 

ɝ/ɥ ɛɚɤɬɨɬɪɢɩɬɨɧɚ, 10 ɝ/ɥ ɞɪɨɠɠɟɜɨɝɨ ɷɤɫɬɪɚɤɬɚ ɢ 5 ɝ/ɥ NaCl. Ʉɚɥɢɣ-ɮɨɫɮɚɬɧɚɹ 

ɫɪɟɞɚ ɩɪɢɦɟɧɹɥɚɫɶ ɞɥɹ ɧɚɪɚɳɢɜɚɧɢɹ ɛɢɨɦɚɫɫ ɫ ɰɟɥɶɸ ɷɤɫɩɪɟɫɫɢɢ ɜ ɧɢɯ 

ɪɟɤɨɦɛɢɧɚɧɬɧɵɯ ɛɟɥɤɨɜ. ɗɬɚ ɫɪɟɞɚ ɫɨɞɟɪɠɚɥɚ 5,6 ɝ/ɥ KH2PO4, 28,9 ɝ/ɥ K2HPO4, 

10 ɝ/ɥ ɞɪɨɠɠɟɜɨɝɨ ɷɤɫɬɪɚɤɬɚ ɢ 40 ɦɆ ɝɥɸɤɨɡɭ. ȼɫɟ ɫɪɟɞɵ ɫɬɟɪɢɥɢɡɨɜɚɥɢ 

ɚɜɬɨɤɥɚɜɢɪɨɜɚɧɢɟɦ ɩɪɢ 1,5 ɚɬɦ ɜ ɬɟɱɟɧɢɟ 40 ɦɢɧ, ɝɥɸɤɨɡɭ ɫɬɟɪɢɥɢɡɨɜɚɥɢ 

ɮɢɥɶɬɪɨɜɚɧɢɟɦ ɢ ɞɨɛɚɜɥɹɥɢ ɤ ɨɯɥɚɠɞёɧɧɨɣ ɫɬɟɪɢɥɶɧɨɣ ɫɪɟɞɟ. ɋɪɟɞɚ SOB ɞɥɹ 

ɩɨɥɭɱɟɧɢɹ ɯɢɦɢɱɟɫɤɢ ɤɨɦɩɟɬɟɧɬɧɵɯ ɤɥɟɬɨɤ E. coli ɫɨɞɟɪɠɚɥɚ 20 ɝ/ɥ 

ɛɚɤɬɨɬɪɢɩɬɨɧɚ, 5 ɝ/ɥ ɞɪɨɠɠɟɜɨɝɨ ɷɤɫɬɪɚɤɬɚ, 10 ɦɆ NaCl, 2,5 ɦɆ KCl. ɋɪɟɞɚ 

SOC, ɢɫɩɨɥɶɡɭɟɦɚɹ ɩɪɢ ɷɥɟɤɬɪɨɬɪɚɧɫɮɨɪɦɚɰɢɢ E. coli ɫɨɞɟɪɠɚɥɚ 20 ɝ/ɥ 

ɛɚɤɬɨɬɪɢɩɬɨɧɚ, 5 ɝ/ɥ ɞɪɨɠɠɟɜɨɝɨ ɷɤɫɬɪɚɤɬɚ, 10 ɦɆ NaCl, 2,5 ɦɆ KCl, 20 ɦɆ 

ɝɥɸɤɨɡɭ, 10 ɦɆ MgCl2, 10 ɦɆ MРSO4. Ⱥɧɬɢɛɢɨɬɢɤɢ ɞɨɛɚɜɥɹɥɢ ɢɡ ɫɬɨɤɨɜɵɯ 

ɪɚɫɬɜɨɪɨɜ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 200 ɦɝ/ɦɥ ɞɥɹ ɚɦɩɢɰɢɥɥɢɧɚ ɢ 50 ɦɝ/ɦɥ ɞɥɹ 

ɤɚɧɚɦɢɰɢɧɚ. Ɋɚɛɨɱɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɚɦɩɢɰɢɥɥɢɧɚ ɫɨɫɬɚɜɥɹɥɚ 100 ɦɤɝ/ɦɥ, 

ɤɚɧɚɦɢɰɢɧɚ – 50 ɦɤɝ/ɦɥ. 

2.3.2. ɉɨɥɭɱɟɧɢɟ ɤɨɦɩɟɬɟɧɬɧɵɯ ɤɥɟɬɨɤ Е. coli. Ⱦɥɹ ɬɪɚɧɫɮɨɪɦɚɰɢɢ 

ɩɪɟɩɚɪɚɬɚɦɢ ɩɥɚɡɦɢɞɧɵɯ ȾɇɄ ɩɪɢɦɟɧɹɥɢ ɯɢɦɢɱɟɫɤɢ ɤɨɦɩɟɬɟɧɬɧɵɟ ɤɥɟɬɤɢ. 

Ⱦɥɹ ɢɯ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɤɭɥɶɬɭɪɭ ɧɚɪɚɳɢɜɚɥɢ ɜ ɫɪɟɞɟ SOB ɞɨ ɫɪɟɞɧɟɣ lag ɮɚɡɵ, 

ɨɯɥɚɠɞɚɥɢ ɧɚ ɥɶɞɭ ɢ ɨɫɚɠɞɚɥɢ ɧɚ ɯɨɥɨɞɭ (4 oC) ɜ ɬɟɱɟɧɢɟ 20 ɦɢɧ ɩɪɢ 3000 

ɨɛ/ɦɢɧ. ɐɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɟ ɩɨɜɬɨɪɹɥɢ ɞɥɹ ɩɨɥɧɨɝɨ ɭɞɚɥɟɧɢɹ ɫɭɩɟɪɧɚɬɚɧɬɚ. 

ɉɨɥɭɱɟɧɧɵɣ ɨɫɚɞɨɤ ɫɭɫɩɟɧɞɢɪɨɜɚɥɢ ɜ ɛɭɮɟɪɧɨɦ ɪɚɫɬɜɨɪɟ, ɫɨɞɟɪɠɚɳɟɦ 10 ɦɆ 

ɩɢɩɟɪɚɡɢɧ-N,N′-ɛɢɫ(2-ɷɬɚɧɫɭɥɶɮɨɧɨɜɭɸ ɤɢɫɥɨɬɭ) (PIPES)-ɄɈɇ, ɪɇ 6,7, 55 ɦɆ 

MnCl2, 15 ɦɆ CaCl2 ɢ 250 ɦɆ KCl, ɢɡ ɪɚɫɱёɬɚ 25 ɦɥ ɪɚɫɬɜɨɪɚ ɧɚ ɤɚɠɞɵɟ 100 ɦɥ 
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ɤɭɥɶɬɭɪɵ. ɉɨɫɥɟ 15 ɦɢɧ ɢɧɤɭɛɚɰɢɢ ɫɭɫɩɟɧɡɢɢ ɤɥɟɬɨɤ ɧɚ ɥɶɞɭ ɨɫɚɠɞɟɧɢɟ 

ɩɨɜɬɨɪɹɥɢ. ȼɧɨɜɶ ɩɨɥɭɱɟɧɧɵɣ ɨɫɚɞɨɤ ɫɭɫɩɟɧɞɢɪɨɜɚɥɢ ɜ ɬɨɦ ɠɟ ɪɚɫɬɜɨɪɟ, 

ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɫɨɞɟɪɠɚɳɟɦ 3,5% ɞɢɦɟɬɢɥɫɭɥɶɮɨɤɫɢɞ (ȾɆɋɈ), ɢɡ ɪɚɫɱёɬɚ 5 ɦɥ 

ɧɚ 100 ɦɥ ɢɫɯɨɞɧɨɣ ɤɭɥɶɬɭɪɵ. ɉɨɫɥɟ 15 ɦɢɧ ɢɧɤɭɛɚɰɢɢ ɧɚ ɥɶɞɭ ɤɨɧɰɟɧɬɪɚɰɢɸ 

ȾɆɋɈ ɞɨɜɨɞɢɥɢ ɞɨ 7% ɢ ɢɧɤɭɛɚɰɢɸ ɩɨɜɬɨɪɹɥɢ. Ⱥɥɢɤɜɨɬɵ ɫɭɫɩɟɧɡɢɢ ɨɛɴёɦɨɦ 

ɩɨ 100 ɦɤɥ ɡɚɦɨɪɚɠɢɜɚɥɢ ɢ ɯɪɚɧɢɥɢ ɩɪɢ -70 ɨɋ. 

Ⱦɥɹ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɩɥɚɡɦɢɞɧɵɦɢ ȾɇɄ, ɧɚɯɨɞɹɳɢɦɢɫɹ ɜ ɥɢɝɚɡɧɵɯ ɢ 

ɫɦɟɫɹɯ ɞɥɹ ɩɨɥɢɦɟɪɚɡɧɨɣ ɰɟɩɧɨɣ ɪɟɚɤɰɢɢ (ɉɐɊ-ɫɦɟɫɹɯ), ɩɪɢɦɟɧɹɥɢ 

ɷɥɟɤɬɪɨɤɨɦɩɟɬɟɧɬɧɵɟ ɤɥɟɬɤɢ. Ⱦɥɹ ɢɯ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɤɭɥɶɬɭɪɭ ɧɚɪɚɳɢɜɚɥɢ ɜ 

ɫɪɟɞɟ Ʌɭɪɢɚ-Ȼɟɪɬɚɧɢ ɞɨ ɫɪɟɞɧɟɣ lag ɮɚɡɵ, ɨɯɥɚɠɞɚɥɢ ɧɚ ɥɶɞɭ ɢ ɨɫɚɠɞɚɥɢ ɧɚ 

ɯɨɥɨɞɭ (4 ɨɋ) ɩɪɢ 5000 g ɜ ɬɟɱɟɧɢɟ 15 ɦɢɧ. ɐɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɟ ɩɨɜɬɨɪɹɥɢ ɞɨ 

ɩɨɥɧɨɝɨ ɭɞɚɥɟɧɢɹ ɫɭɩɟɪɧɚɬɚɧɬɚ. ɉɨɥɭɱɟɧɧɵɣ ɨɫɚɞɨɤ ɫɭɫɩɟɧɞɢɪɨɜɚɥɢ ɜ 

ɨɯɥɚɠɞёɧɧɨɦ ɞɨ 0 ɨɋ 10% ɝɥɢɰɟɪɢɧɟ: ɫɧɚɱɚɥɚ ɜ ɨɛɴёɦɟ ɪɚɜɧɨɦ ɢɡɧɚɱɚɥɶɧɨɦɭ 

ɨɛɴёɦɭ ɤɭɥɶɬɭɪɵ, ɡɚɬɟɦ, ɩɨɫɥɟ ɩɨɜɬɨɪɧɨɝɨ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɹ ɜɨ ɜɞɜɨɟ 

ɦɟɧɶɲɟɦ ɨɛɴёɦɟ, ɡɚɬɟɦ ɬɚɤɢɦ ɠɟ ɨɛɪɚɡɨɦ ɨɛɴёɦ ɟɳё ɞɜɚɠɞɵ ɭɦɟɧɶɲɚɥɢ ɜ 10 

ɪɚɡ. ɉɨɥɭɱɟɧɧɭɸ ɜ ɢɬɨɝɟ ɫɭɫɩɟɧɡɢɸ ɷɥɟɤɬɪɨɤɨɦɩɟɬɟɧɬɧɵɯ ɤɥɟɬɨɤ ɮɚɫɨɜɚɥɢ ɩɨ 

40 ɦɤɥ, ɡɚɦɨɪɚɠɢɜɚɥɢ ɢ ɯɪɚɧɢɥɢ ɩɪɢ -70 ɨɋ. 

2.3.3. Ɍɪɚɧɫɮɨɪɦɚɰɢɹ ɛɚɤɬɟɪɢɚɥɶɧɵɯ ɤɥɟɬɨɤ. Ⱦɥɹ ɯɢɦɢɱɟɫɤɨɣ 

ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɛɚɤɬɟɪɢɚɥɶɧɵɯ ɤɥɟɬɨɤ ɮɚɫɨɜɤɭ ɯɢɦɢɱɟɫɤɢ ɤɨɦɩɟɬɟɧɬɧɵɯ 

ɤɥɟɬɨɤ ɪɚɡɦɨɪɚɠɢɜɚɥɢ ɧɚ ɥɶɞɭ, ɤ ɧɢɦ ɞɨɛɚɜɥɹɥɢ β-ɦɟɪɤɚɩɬɨɷɬɚɧɨɥ ɞɨ 

ɤɨɧɰɟɧɬɪɚɰɢɢ 20 ɦɆ ɢ 2 ɦɤɥ ɪɚɫɬɜɨɪɚ ɩɥɚɡɦɢɞɧɨɣ ȾɇɄ ɩɪɢ ɨɫɬɨɪɨɠɧɨɦ 

ɩɟɪɟɦɟɲɢɜɚɧɢɢ. ɉɨɫɥɟ 30 ɦɢɧ ɢɧɤɭɛɚɰɢɢ ɫɭɫɩɟɧɡɢɸ ɧɚɝɪɟɜɚɥɢ ɧɚ ɜɨɞɹɧɨɣ 

ɛɚɧɟ ɩɪɢ 42 ɨɋ ɜ ɬɟɱɟɧɢɟ 30 ɫ ɢ ɡɚɬɟɦ ɜ ɬɟɱɟɧɢɟ 2 ɦɢɧ ɨɯɥɚɠɞɚɥɢ ɧɚ ɥɶɞɭ. Ⱦɚɥɟɟ 

ɬɪɚɧɫɮɨɪɦɚɧɬɨɜ ɢɧɤɭɛɢɪɨɜɚɥɢ ɜ ɬɟɱɟɧɢɟ 1 ɱ ɩɪɢ 37 ɨɋ ɢ ɢɧɬɟɧɫɢɜɧɨɦ 

ɜɫɬɪɹɯɢɜɚɧɢɢ ɜ 400 ɦɤɥ ɫɪɟɞɵ SOC ɢ ɜɵɫɟɜɚɥɢ ɧɚ ɱɚɲɤɭ ɉɟɬɪɢ, ɫɨɞɟɪɠɚɳɭɸ 

ɚɝɚɪɢɡɨɜɚɧɧɭɸ ɫɪɟɞɭ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɚɧɬɢɛɢɨɬɢɤɨɦ.  

Ⱦɥɹ ɷɥɟɤɬɪɨɬɪɚɧɫɮɨɪɦɚɰɢɢ ɮɚɫɨɜɤɭ ɷɥɟɤɬɪɨɤɨɦɩɟɬɟɧɬɧɵɯ ɤɥɟɬɨɤ, 

ɧɚɯɨɞɹɳɭɸɫɹ ɧɚ ɥɶɞɭ, ɫɦɟɲɢɜɚɥɢ ɫ 2 ɦɤɥ ɩɥɚɡɦɢɞɧɨɣ ȾɇɄ ɜ ɧɢɡɤɨɫɨɥɟɜɨɦ 

ɪɚɫɬɜɨɪɟ (10 ɦɆ ɬɪɢɫ-HCl, ɪɇ=8,0) ɢ ɢɧɤɭɛɢɪɨɜɚɥɢ ɜ ɬɟɱɟɧɢɟ 1 ɦɢɧ. Ɂɚɬɟɦ 

ɫɭɫɩɟɧɡɢɸ ɤɥɟɬɨɤ ɩɟɪɟɧɨɫɢɥɢ ɜ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɨɯɥɚɠɞёɧɧɭɸ ɞɨ 0 ɨɋ ɤɸɜɟɬɭ 
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ɞɥɹ ɷɥɟɤɬɪɨɩɨɪɚɰɢɢ. ɗɥɟɤɬɪɨɩɨɪɚɰɢɹ ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ ɩɪɢ ɩɨɦɨɳɢ ɩɪɢɛɨɪɚ 

MicroPulser 165-2100 ɮɢɪɦɵ «Bio-Rad». ɉɨɫɥɟ ɢɦɩɭɥɶɫɚ ɧɚɩɪɹɠɟɧɢɟɦ 1,8 ɤȼ 

ɤɥɟɬɤɢ ɩɟɪɟɧɨɫɢɥɢ ɜ ɫɪɟɞɭ SOC ɨɛɴёɦɨɦ 200 ɦɤɥ, ɢɧɤɭɛɢɪɨɜɚɥɢ 1 ɱɚɫ ɩɪɢ 37 
ɨɋ ɢ ɜɵɫɟɜɚɥɢ ɧɚ ɱɚɲɤɭ ɉɟɬɪɢ ɫɨɞɟɪɠɚɳɭɸ ɚɝɚɪɢɡɨɜɚɧɧɭɸ ɫɪɟɞɭ ɫ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɚɧɬɢɛɢɨɬɢɤɨɦ. 

2.3.4. ɇɚɪɚɳɢɜɚɧɢɟ ɛɢɨɦɚɫɫɵ E. coli ɢ ɢɧɞɭɤɰɢɹ ɷɤɫɩɪɟɫɫɢɢ ɛɟɥɤɚ. 

Ʉɨɥɨɧɢɸ ɤɥɟɬɨɤ ɫ ɱɚɲɤɢ ɉɟɬɪɢ ɢɧɨɤɭɥɢɪɨɜɚɥɢ ɜ 10 ɦɥ ɤɚɥɢɣ-ɮɨɫɮɚɬɧɨɣ 

ɫɪɟɞɵ, ɫɨɞɟɪɠɚɳɟɣ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɚɧɬɢɛɢɨɬɢɤ. Ʉɭɥɶɬɭɪɭ ɧɚɪɚɳɢɜɚɥɢ 12-16 

ɱ (ɧɨɱɶ) ɩɪɢ 37 ɨɋ ɢ ɢɧɬɟɧɫɢɜɧɨɦ ɩɟɪɟɦɟɲɢɜɚɧɢɢ. Ɂɚɬɟɦ ɜ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ 

ɩɪɨɝɪɟɬɭɸ ɤɚɥɢɣ-ɮɨɫɮɚɬɧɭɸ ɫɪɟɞɭ ɫ ɚɧɬɢɛɢɨɬɢɤɨɦ ɜɧɨɫɢɥɢ 1/500 ɨɛɴёɦɚ 

ɧɨɱɧɨɣ ɤɭɥɶɬɭɪɵ. ɂɧɤɭɛɚɰɢɸ ɩɪɢ 37 ɨɋ ɢ ɢɧɬɟɧɫɢɜɧɨɦ ɩɟɪɟɦɟɲɢɜɚɧɢɢ 

ɩɪɨɞɨɥɠɚɥɢ ɞɨ ɞɨɫɬɢɠɟɧɢɹ OD600 0,6-0,8 ɨ.ɟ.. Ɂɚɬɟɦ ɞɨɛɚɜɥɹɥɢ ɢɡɨɩɪɨɩɢɥ-β-D-

1-ɬɢɨɝɚɥɚɤɬɨɩɢɪɚɧɨɡɢɞ (ɂɉɌȽ) ɞɨ ɤɨɧɰɟɧɬɪɚɰɢɢ 1 ɦɆ ɢ ɩɪɨɞɨɥɠɚɥɢ 

ɢɧɤɭɛɚɰɢɸ ɜ ɬɟɱɟɧɢɟ ɟɳё 3,5 ɱ. ɉɨ ɢɯ ɢɫɬɟɱɟɧɢɢ ɩɨɥɭɱɟɧɧɭɸ ɛɢɨɦɚɫɫɭ 

ɨɯɥɚɠɞɚɥɢ ɧɚ ɥɶɞɭ ɜ ɬɟɱɟɧɢɟ 15-30 ɦɢɧ ɢ ɨɫɚɠɞɚɥɢ ɧɚ ɯɨɥɨɞɭ (4 ɨɋ) ɩɪɢ 5000 g 

ɜ ɬɟɱɟɧɢɟ 20 ɦɢɧ, ɚ ɡɚɬɟɦ ɡɚɦɨɪɚɠɢɜɚɥɢ ɩɪɢ -20 ɨɋ. 

 

2.4. Ɇɟɬɨɞɵ ɪɚɛɨɬɵ ɫ ɧɭɤɥɟɢɧɨɜɵɦɢ ɤɢɫɥɨɬɚɦɢ 

 

2.4.1. Ⱦɢɡɚɣɧ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɨɜ. ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɱɚɫɬɢɱɧɨ 

ɤɨɦɩɥɟɦɟɧɬɚɪɧɵɯ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɨɜ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɝɟɧɨɜ ɬɊɇɄɉɪɨ 
E. faecalis 

(ɬɊɇɄɉɪɨ
Ef) ɢ ɬɊɇɄɉɪɨȺɥɚ

Ef ɩɨɞɛɢɪɚɥɢ ɧɚ ɨɫɧɨɜɟ ɩɟɪɜɢɱɧɨɣ ɫɬɪɭɤɬɭɪɵ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɬɊɇɄ ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɩɪɨɦɨɬɨɪɚ ɮɚɝɚ Ɍ7 

ɢ ɫɚɣɬɚ ɪɟɫɬɪɢɤɰɢɢ BstNI ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɩɪɚɜɢɥɶɧɨɣ ɬɟɪɦɢɧɚɰɢɢ 

ɬɪɚɧɫɤɪɢɩɰɢɢ. ȼ ɫɥɭɱɚɟ ɬɊɇɄɉɪɨ
Ef ɭɱɢɬɵɜɚɥɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɰɢɫ-

ɝɢɞɪɨɥɢɬɢɱɟɫɤɨɝɨ ɪɢɛɨɡɢɦɚ. Ɍɟɦɩɟɪɚɬɭɪɭ ɩɥɚɜɥɟɧɢɹ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɨɜ 

ɪɚɫɫɱɢɬɵɜɚɥɢ on-line ɩɪɢ ɩɨɦɨɳɢ ɫɟɪɜɢɫɚ OХТРШЧuМХОШЭТНО PЫШЩОЫЭТОЬ CКХМuХКЭШЫ 

(http://simgene.com).  

ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɨɜ ɞɥɹ ɫɚɣɬ-ɧɚɩɪɚɜɥɟɧɧɨɝɨ 

ɦɭɬɚɝɟɧɟɡɚ ɩɨɞɛɢɪɚɥɢ ɢɫɯɨɞɹ ɢɡ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɦɭɬɢɪɭɟɦɨɝɨ ɝɟɧɚ ɢ 
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ɯɚɪɚɤɬɟɪɚ ɧɟɨɛɯɨɞɢɦɨɣ ɦɭɬɚɰɢɢ. Ɉɧɢ ɛɵɥɢ ɤɨɦɩɥɢɦɟɧɬɚɪɧɵ ɞɜɭɦ ɰɟɩɹɦ 

ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ ɭɱɚɫɬɤɚ ɝɟɧɚ. Ⱦɥɢɧɚ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɨɜ ɫɨɫɬɚɜɥɹɥɚ 30-45 

ɧɭɤɥɟɨɬɢɞɨɜ. Ɉɧɚ ɩɨɞɛɢɪɚɥɚɫɶ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ 

ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɨɜ ɫɨɫɬɚɜɥɹɥɚ ɧɟ ɦɟɧɟɟ 78 ɨɋ. Ⱦɥɹ ɪɚɫɱёɬɚ ɬɟɦɩɟɪɚɬɭɪɵ 

ɩɥɚɜɥɟɧɢɹ ɩɪɢɦɟɧɹɥɚɫɶ ɫɥɟɞɭɸɳɚɹ ɮɨɪɦɭɥɚ: TЦ=81,5+0,41(%GC)-675/N-

%ɧɟɫɩɚɪɟɧɧɵɯ (ɦɟɬɨɞ QuickChange, Stratagene), ɝɞɟ %GC – ɩɪɨɰɟɧɬɧɚɹ ɞɨɥɹ 

ɝɭɚɧɢɧɚ ɢ ɰɢɬɨɡɢɧɚ ɜ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɚ, N – ɟɝɨ ɞɥɢɧɚ 

(ɱɢɫɥɨ ɧɭɤɥɟɨɬɢɞɨɜ), %ɧɟɫɩɚɪɟɧɧɵɯ – ɩɪɨɰɟɧɬɧɚɹ ɞɨɥɹ ɜ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɟ 

ɡɜɟɧɶɟɜ, ɧɟɤɨɦɩɥɟɦɟɧɬɚɪɧɵɯ ɦɚɬɪɢɰɟ, ɧɚɥɢɱɢɟ ɤɨɬɨɪɵɯ ɢ ɜɟɞёɬ ɤ 

ɧɭɤɥɟɨɬɢɞɧɵɦ ɡɚɦɟɧɚɦ ɜ ɩɪɨɞɭɤɬɟ ɉɐɊ. ɇɟɤɨɦɩɥɟɦɟɧɬɚɪɧɵɟ ɦɚɬɪɢɰɟ 

ɧɭɤɥɟɨɬɢɞɵ ɜɜɨɞɢɥɢ ɜ ɰɟɧɬɪɚɥɶɧɭɸ ɱɚɫɬɶ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɩɪɚɣɦɟɪɚ. Ʉɚɤ 

ɩɪɚɜɢɥɨ, ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɵ ɜɤɥɸɱɚɥɢ ɧɟ ɦɟɧɟɟ 40% G ɢ C, ɚ ɬɚɤɠɟ ɫɨɞɟɪɠɚɥɢ 

ɨɞɢɧ ɢɥɢ ɧɟɫɤɨɥɶɤɨ G ɢ C ɧɚ ɤɨɧɰɚɯ.  

2.4.2. Ⱥɦɩɥɢɮɢɤɚɰɢɹ ȾɇɄ ɫ ɩɨɦɨɳɶɸ ɩɨɥɢɦɟɪɚɡɧɨɣ ɰɟɩɧɨɣ 

ɪɟɚɤɰɢɢ. ɉɨɥɢɦɟɪɚɡɧɭɸ ɰɟɩɧɭɸ ɪɟɚɤɰɢɸ ɩɪɨɜɨɞɢɥɢ ɞɥɹ ɚɦɩɥɢɮɢɤɚɰɢɢ 

ɤɨɧɫɬɪɭɤɰɢɢ, ɫɨɞɟɪɠɚɳɟɣ ɝɟɧ ɉɪɨɊɋ ɩɪɢ ɫɚɣɬ-ɧɚɩɪɚɜɥɟɧɧɨɦ ɦɭɬɚɝɟɧɟɡɟ. ȼ 

ɨɛɨɢɯ ɫɥɭɱɚɹɯ ɩɪɢɦɟɧɹɥɚɫɶ ɪɟɞɚɤɬɢɪɭɸɳɚɹ ȾɇɄ-ɩɨɥɢɦɟɪɚɡɚ Pfu (Stratagene) ɜ 

ɤɨɧɰɟɧɬɪɚɰɢɢ 0,02 U/ɦɤɥ ɢ ɩɪɢɥɚɝɚɸɳɢɣɫɹ ɤ ɧɟɣ 10-ɤɪɚɬɧɵɣ ɮɢɪɦɟɧɧɵɣ 

ɛɭɮɟɪɧɵɣ ɪɚɫɬɜɨɪ. Ɉɛɴёɦ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɫɨɫɬɚɜɥɹɥ 50 ɦɤɥ, ɤɨɧɰɟɧɬɪɚɰɢɢ 

dNTP 0,5 ɦɆ ɤɚɠɞɨɝɨ, 1 ɧɝ/ɦɤɥ ɦɚɬɪɢɰɵ. 0,5 ɦɤɆ ɤɚɠɞɨɝɨ ɢɡ ɩɪɚɣɦɟɪɨɜ. Ⱦɥɹ 

ɪɟɚɤɰɢɢ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɚɦɩɥɢɮɢɤɚɬɨɪ Techne ɮɢɪɦɵ TechGene. ȾɇɄ-ɦɚɬɪɢɰɭ 

ɞɟɧɚɬɭɪɢɪɨɜɚɥɢ ɩɪɢ 94 ɨɋ ɜ ɬɟɱɟɧɢɟ 5 ɦɢɧ, ɡɚɬɟɦ ɫɥɟɞɨɜɚɥɨ 16-30 ɰɢɤɥɨɜ, 

ɜɤɥɸɱɚɜɲɢɯ ɩɥɚɜɥɟɧɢɟ, ɨɬɠɢɝ ɩɪɚɣɦɟɪɨɜ ɢ ɫɢɧɬɟɡ ɧɨɜɵɯ ɰɟɩɟɣ ȾɇɄ ɩɪɢ 72 ɨɋ. 

ȼɪɟɦɟɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɰɢɤɥɨɜ ɜɚɪɶɢɪɨɜɚɥɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɞɥɢɧɵ 

ɚɦɩɥɢɮɢɰɢɪɭɟɦɨɣ ɜɫɬɚɜɤɢ, ɚ ɬɟɦɩɟɪɚɬɭɪɭ ɨɬɠɢɝɚ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ 

ɩɪɚɣɦɟɪɨɜ. Ɂɚ ɩɨɫɥɟɞɧɢɦ ɰɢɤɥɨɦ ɫɥɟɞɨɜɚɥɚ ɢɧɤɭɛɚɰɢɹ ɩɪɢ 72 ɨɋ ɜ ɬɟɱɟɧɢɟ 5 

ɦɢɧ ɞɥɹ ɡɚɜɟɪɲɟɧɢɹ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɮɪɚɝɦɟɧɬɨɜ ɜɫɬɚɜɤɢ. 

2.4.3. ɋɚɣɬ-ɧɚɩɪɚɜɥɟɧɧɵɣ ɦɭɬɚɝɟɧɟɡ. ɋɚɣɬ-ɧɚɩɪɚɜɥɟɧɧɵɣ ɦɭɬɚɝɟɧɟɡ 

ɩɪɨɜɨɞɢɥɢ ɩɨ ɦɟɬɨɞɭ QuiɫkChange® ɮɢɪɦɵ Stratagene (ɋɒȺ) ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɩɨɥɢɦɟɪɚɡɧɨɣ ɰɟɩɧɨɣ ɪɟɚɤɰɢɢ (ɉɐɊ). Ⱦɥɹ ɷɬɨɝɨ ɩɥɚɜɢɥɢ ɩɥɚɡɦɢɞɭ pQE70, 
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ɫɨɞɟɪɠɚɳɭɸ ɦɭɬɢɪɭɟɦɵɣ ɝɟɧ, ɢ ɨɬɠɢɝɚɥɢ ɧɚ ɨɛɟɢɯ ɟё ɰɟɩɹɯ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɵ 

ɫ ɬɪɟɛɭɟɦɵɦɢ ɨɞɧɨ- ɢɥɢ ɞɜɭɯɧɭɤɥɟɨɬɢɞɧɵɦɢ ɡɚɦɟɧɚɦɢ. ɂɫɩɨɥɶɡɭɹ 

ɜɵɫɨɤɨɩɪɨɰɟɫɫɢɜɧɭɸ ȾɇɄ-ɩɨɥɢɦɟɪɚɡɭ Pfu-Turbo, ɨɛɥɚɞɚɸɳɭɸ 3’-5’ 

ɪɟɞɚɤɬɢɪɭɸɳɟɣ ɚɤɬɢɜɧɨɫɬɶɸ, ɧɨ ɥɢɲёɧɧɭɸ 5’-3’ ɪɟɞɚɤɬɢɪɭɸɳɟɣ ɚɤɬɢɜɧɨɫɬɢ, 

ɩɨɥɭɱɚɥɢ ɞɜɟ ɰɟɩɢ ɦɭɬɚɧɬɧɨɣ ɩɥɚɡɦɢɞɧɨɣ ȾɇɄ. ȿё ɤɨɥɢɱɟɫɬɜɨ ɧɚɪɚɳɢɜɚɥɨɫɶ ɜ 

ɯɨɞɟ ɲɟɫɬɧɚɞɰɚɬɢ ɰɢɤɥɨɜ ɉɐɊ. Ɇɟɬɢɥɢɪɨɜɚɧɧɭɸ ɦɚɬɪɢɰɭ, ɧɟ ɧɟɫɭɳɭɸ 

ɦɭɬɚɰɢɣ, ɪɚɫɳɟɩɥɹɥɢ ɪɟɫɬɪɢɤɬɚɡɨɣ DpnI, ɭɡɧɚɸɳɟɣ ɦɟɬɢɥɢɪɨɜɚɧɧɵɟ ɫɚɣɬɵ 

GЦ6AЗTC. ɉɨɥɭɱɟɧɧɨɣ ɫɦɟɫɶɸ ɬɪɚɧɫɮɨɪɦɢɪɨɜɚɥɢ ɦɟɬɨɞɨɦ ɷɥɟɤɬɪɨɩɨɪɚɰɢɢ 

ɷɥɟɤɬɪɨɤɨɦɩɟɬɟɧɬɧɵɟ ɤɥɟɬɤɢ E. coli DH5α. Ɂɚɬɟɦ ɬɪɚɧɫɮɨɪɦɢɪɨɜɚɧɧɵɟ ɤɥɟɬɤɢ 

ɜɵɫɟɜɚɥɢ ɧɚ ɱɚɲɤɭ ɉɟɬɪɢ, ɫɨɞɟɪɠɚɳɭɸ ɚɝɚɪɢɡɨɜɚɧɭɸ ɫɪɟɞɭ ɫ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɚɧɬɢɛɢɨɬɢɤɨɦ. Ɉɬɛɢɪɚɥɢ 8-10 ɤɨɥɨɧɢɣ ɤɥɟɬɨɤ ɫ 

ɩɨɫɥɟɞɭɸɳɢɦ ɧɚɪɚɳɢɜɚɧɢɟɦ ɤɭɥɶɬɭɪ ɢ ɜɵɞɟɥɟɧɢɟɦ ɩɥɚɡɦɢɞɧɨɣ ȾɇɄ. ɇɚɥɢɱɢɟ 

ɢ ɰɟɥɨɫɬɧɨɫɬɶ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɝɟɧɚ ɜ ɩɥɚɡɦɢɞɧɨɣ ȾɇɄ ɩɪɨɜɟɪɹɥɢ 

ɪɟɫɬɪɢɤɬɧɵɦ ɚɧɚɥɢɡɨɦ. Ɇɭɬɢɪɨɜɚɧɧɵɟ ɝɟɧɵ ɩɪɨɜɟɪɹɥɢ ɦɟɬɨɞɨɦ 

ɫɟɤɜɟɧɢɪɨɜɚɧɢɹ ɜ ɝɪɭɩɩɟ ɫɟɤɜɟɧɢɪɨɜɚɧɢɹ ɂɆȻɢȽ.  

2.4.4. ȿɥɟɤɬɪɨɮɨɪɟɡ ɢ ɨɱɢɫɬɤɚ ɮɪɚɝɦɟɧɬɨɜ ȾɇɄ ɢɡ ɝɟɥɹ. 

Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɷɥɟɤɬɪɨɮɨɪɟɬɢɱɟɫɤɚɹ ɩɨɞɜɢɠɧɨɫɬɶ ɦɨɥɟɤɭɥ ȾɇɄ ɜ ɚɝɚɪɨɡɧɨɦ 

ɝɟɥɟ ɡɚɜɢɫɢɬ ɨɬ ɢɯ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɵ ɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɝɟɥɹ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɡɚɞɚɱɢ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɤɨɧɰɟɧɬɪɚɰɢɢ ɨɬ 0,8 ɞɨ 1,5 %. Ⱦɥɹ ɜɵɞɟɥɟɧɢɹ ɜɫɬɚɜɤɢ, 

ɫɨɞɟɪɠɚɳɟɣ ɝɟɧ ɬɊɇɄɉɪɨ ɛɵɥɚ ɜɵɛɪɚɧɚ ɤɨɧɰɟɧɬɪɚɰɢɹ ɚɝɚɪɨɡɧɨɝɨ ɝɟɥɹ 1,5 %. 

ɋɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɫɭɯɨɣ ɚɝɚɪɨɡɵ ɞɨɛɚɜɥɹɥɢ ɜ ɛɭɮɟɪɧɵɣ ɪɚɫɬɜɨɪ 

Ɍȼȿ ɢ ɧɚɝɪɟɜɚɥɢ ɞɨ ɩɥɚɜɥɟɧɢɹ. Ɂɚɥɢɜɤɚ ɝɟɥɹ ɜ ɮɨɪɦɭ ɩɪɨɢɡɜɨɞɢɥɚɫɶ ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɟ ɨɤɨɥɨ 50 ɨɋ. Ⱥɝɚɪɨɡɧɵɣ ɝɟɥɶ ɮɨɪɦɢɪɨɜɚɥɫɹ ɧɚ ɩɪɨɬɹɠɟɧɢɢ 20-25 

ɦɢɧ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. ɉɪɨɛɵ ɫɨɞɟɪɠɚɥɢ ɛɭɮɟɪɧɵɣ ɪɚɫɬɜɨɪ Ɍȼȿ, 

ɤɪɚɫɢɬɟɥɶ ɛɪɨɦɮɟɧɨɥɨɜɵɣ ɫɢɧɢɣ ɢ ɫɚɯɚɪɨɡɭ ɞɨ 40% ɞɥɹ ɭɜɟɥɢɱɟɧɢɹ ɩɥɨɬɧɨɫɬɢ. 

Ⱦɥɹ ɪɚɡɝɨɧɤɢ ɩɪɨɛ ɢɫɩɨɥɶɡɨɜɚɥɢ ɩɪɢɛɨɪ SE-1 ɮɢɪɦɵ «ɏɟɥɢɤɨɧ». ɉɪɢ ɜɜɟɞɟɧɢɢ 

ɩɪɨɛ ɜ ɝɟɥɶ ɧɚɩɪɹɠɟɧɢɟ ɫɨɫɬɚɜɥɹɥɨ 80 ȼ, ɩɪɢ ɪɚɡɝɨɧɤɟ – 160 ȼ. Ɉɤɪɚɲɢɜɚɧɢɟ 

ɝɟɥɟɣ ɩɪɨɢɡɜɨɞɢɥɢ ɩɨɫɥɟ ɪɚɡɝɨɧɤɢ ɜ ɪɚɫɬɜɨɪɟ ɛɪɨɦɢɫɬɨɝɨ ɷɬɢɞɢɹ 

ɤɨɧɰɟɧɬɪɚɰɢɟɣ 0,5 ɦɤɝ/ɦɥ ɜ ɬɟɱɟɧɢɟ 10 ɦɢɧ, ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɨɬɦɵɜɤɨɣ ɜ ɜɨɞɟ 

ɬɚɤɠɟ ɜ ɬɟɱɟɧɢɟ 10 ɦɢɧ. ɗɥɟɤɬɪɨɮɨɪɟɝɪɚɦɦɵ ɜɢɡɭɚɥɢɡɢɪɨɜɚɥɢɫɶ ɜ ɩɪɨɯɨɞɹɳɟɦ 
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ɞɥɢɧɧɨɜɨɥɧɨɜɨɦ ɭɥɶɬɪɚɮɢɨɥɟɬɨɜɨɦ ɫɜɟɬɟ, ɢ ɞɨɤɭɦɟɧɬɢɪɨɜɚɥɢɫɶ 

ɮɨɬɨɝɪɚɮɢɪɨɜɚɧɢɟɦ. Ⱦɥɹ ɤɥɨɧɢɪɨɜɚɧɢɹ ɜɫɬɚɜɤɢ, ɫɨɞɟɪɠɚɳɟɣ ɝɟɧ ɬɊɇɄ, 

ɫɨɞɟɪɠɚɳɢɣ ɟё ɮɪɚɝɦɟɧɬ ɝɟɥɹ ɛɵɥ ɜɵɪɟɡɚɧ, ȾɇɄ ɛɵɥɚ ɨɱɢɳɟɧɚ ɩɪɢ ɩɨɦɨɳɢ 

ɧɚɛɨɪɚ Gel Extraction Kit ɮɢɪɦɵ “Quiagen” (ɇɢɞɟɪɥɚɧɞɵ). ɉɪɢɧɰɢɩ ɦɟɬɨɞɚ 

ɨɫɧɨɜɚɧ ɧɚ ɫɨɪɛɰɢɢ ȾɇɄ ɧɚ ɦɟɦɛɪɚɧɟ, ɫɨɞɟɪɠɚɳɟɣ SТO2. 

2.4.5. Ɋɟɫɬɪɢɤɰɢɹ ɢ ɥɢɝɢɪɨɜɚɧɢɟ ɮɪɚɝɦɟɧɬɨɜ ȾɇɄ. ȼ ɪɚɛɨɬɟ 

ɩɪɢɦɟɧɹɥɢɫɶ ɪɟɫɬɪɢɤɬɚɡɵ EcoRI, PstI, SacII, BamHI, BstNI ɮɢɪɦɵ “Fermentas” ɜ 

ɤɨɧɰɟɧɬɪɚɰɢɢ 0,25 U/ɦɤɥ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɮɢɪɦɟɧɧɵɦɢ ɛɭɮɟɪɧɵɦɢ 

ɪɚɫɬɜɨɪɚɦɢ. Ɋɟɚɤɰɢɸ ɩɪɨɞɨɥɠɚɥɢ ɜ ɬɟɱɟɧɢɟ 2 ɱ ɩɪɢ 37 ɨɋ, ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ 

ɫɦɟɫɟɣ, ɫɨɞɟɪɠɚɳɢɯ BstNI, ɤɨɬɨɪɵɟ ɢɧɤɭɛɢɪɨɜɚɥɢ ɜ ɬɟɱɟɧɢɟ 3,5 ɱ ɩɪɢ 60 ɨɋ. 

ɉɨɥɧɨɬɭ ɩɪɨɯɨɠɞɟɧɢɹ ɪɟɚɤɰɢɢ ɩɪɨɜɟɪɹɥɢ ɩɪɢ ɩɨɦɨɳɢ ɷɥɟɤɬɪɨɮɨɪɟɡɚ ɜ 

ɚɝɚɪɨɡɧɨɦ ɝɟɥɟ. Ʌɢɝɢɪɨɜɚɧɢɟ ɩɪɨɜɨɞɢɥɢ ɜ ɨɛɴёɦɟ 20 ɦɤɥ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 0,15 

U/ɦɤɥ ɥɢɝɚɡɵ ɮɚɝɚ Ɍ4 ɮɢɪɦɵ “Fermentas”, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɮɢɪɦɟɧɧɨɝɨ 

ɛɭɮɟɪɧɨɝɨ ɪɚɫɬɜɨɪɚ, 0,75 ɦɆ ȺɌɎ, 0,75 ɦɆ ɫɩɟɪɦɢɞɢɧɚ, ɩɪɢ ɦɨɥɹɪɧɨɦ 

ɫɨɨɬɧɨɲɟɧɢɢ ɜɟɤɬɨɪɚ ɤ ɜɫɬɚɜɤɟ ɛɥɢɡɤɨɦ ɤ 1/3. Ɋɟɚɤɰɢɸ ɩɪɨɜɨɞɢɥɢ ɜ ɬɟɱɟɧɢɟ 

12-16 ɱ ɩɪɢ 12 ɨɋ. 

2.4.6. ȼɵɞɟɥɟɧɢɟ ɩɥɚɡɦɢɞɧɨɣ ȾɇɄ. ɉɥɚɡɦɢɞɧɭɸ ȾɇɄ ɜɵɞɟɥɹɥɢ ɢɡ 

ɤɥɟɬɨɤ E. ɫoli DH5α ɫ ɩɨɦɨɳɶɸ ɧɚɛɨɪɚ QТКРОЧ PХКЬЦТН PuЫТПТМКЭТШЧ Kit ɮɢɪɦɵ 

“Qiagen” (ɇɢɞɟɪɥɚɧɞɵ). ɗɬɨ ɦɨɞɢɮɢɤɚɰɢɹ ɦɟɬɨɞɚ ɳɟɥɨɱɧɨɝɨ ɥɢɡɢɫɚ [110] ɫ 

ɩɨɫɥɟɞɭɸɳɢɦ ɫɜɹɡɵɜɚɧɢɟɦ ȾɇɄ ɫ ɚɧɢɨɧɨɨɛɦɟɧɧɵɦ ɧɨɫɢɬɟɥɟɦ ɜ ɧɢɡɤɨɫɨɥɟɜɨɦ 

ɪɚɫɬɜɨɪɟ. Ɉɫɚɞɨɤ ɤɭɥɶɬɭɪɵ ɤɥɟɬɨɤ ɜ ɩɨɡɞɧɟɣ ХКР ɮɚɡɟ (12-16 ɱɚɫɨɜ 

ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ), ɫɨɞɟɪɠɚɳɟɣ ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɩɥɚɡɦɢɞɧɭɸ ȾɇɄ 

ɫɭɫɩɟɧɞɢɪɨɜɚɥɢ ɜ ɛɭɮɟɪɟ «1» (50 ɦɆ ɬɪɢɫ-HCХ, ЩH 8,0, 10 ɦɆ 

ɷɬɢɥɟɧɞɢɚɦɢɧɬɟɬɪɚɭɤɫɭɫɧɚɹ ɤɢɫɥɨɬɚ (ɗȾɌȺ), 100 ɦɤɝ/ɦɥ ɊɇɄɚɡɚ A), ɚ ɡɚɬɟɦ 

ɥɢɡɢɪɨɜɚɥɢ ɞɨɛɚɜɥɟɧɢɟɦ ɪɚɫɬɜɨɪɚ «2» (200 ɦɆ NКOH, 1% ɞɨɞɟɰɢɥɫɭɥɶɮɚɬ 

ɧɚɬɪɢɹ (Ⱦɋɇ)). ɉɨɫɥɟ 5 ɦɢɧ ɢɧɤɭɛɚɰɢɢ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɥɢɡɚɬ 

ɧɟɣɬɪɚɥɢɡɨɜɚɥɢ ɪɚɜɧɵɦ ɨɛɶёɦɨɦ ɪɚɫɬɜɨɪɚ «3» (3 M ɄȺɫ, ЩH 5,5). 

Ɉɛɪɚɡɨɜɚɜɲɢɣɫɹ ɨɫɚɞɨɤ ɢ ɧɟɪɚɫɬɜɨɪɢɦɭɸ ɮɪɚɤɰɢɸ ɥɢɡɚɬɚ ɭɞɚɥɹɥɢ 

ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɟɦ ɩɪɢ 12000 ɨɛ/ɦɢɧ ɜ ɬɟɱɟɧɢɟ 10 ɦɢɧ. ɋɭɩɟɪɧɚɬɚɧɬ 

ɧɚɧɨɫɢɥɢ ɧɚ ɢɨɧɨɨɛɦɟɧɧɵɣ ɧɨɫɢɬɟɥɶ ɰɟɧɬɪɢɮɭɠɧɵɯ ɦɢɤɪɨɤɨɥɨɧɨɤ ɩɭɬёɦ 



54 
 

   

ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɹ 1 ɦɢɧ ɩɪɢ 12000 ɨɛ/ɦɢɧ. Ɍɚɤɠɟ ɩɭɬёɦ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɹ 

ɤɨɥɨɧɤɭ ɩɪɨɦɵɜɚɥɢ ɛɭɮɟɪɨɦ ɞɥɹ ɩɪɨɦɵɜɤɢ (50 ɦɆ 3-[N-

ɦɨɪɮɨɥɢɧɨЖɩɪɨɩɚɧɫɭɥɶɮɨɧɨɜɚɹ ɤɢɫɥɨɬɚ (MOPS), pH 7,0, 1 M NaCl, 15% 

ɢɡɨɩɪɨɩɚɧɨɥ). ɉɥɚɡɦɢɞɧɭɸ ȾɇɄ ɷɥɸɢɪɨɜɚɥɢ ɛɭɮɟɪɨɦ ɞɥɹ ɷɥɸɰɢɢ, 

ɫɨɞɟɪɠɚɳɢɦ 10 ɦɆ Ɍɪɢɫ-HCl, ɪɇ 8,0. 

2.4.7. ɋɢɧɬɟɡ ɊɇɄ in vitro. ɉɥɚɡɦɢɞɧɭɸ ȾɇɄ ɧɚɪɚɛɚɬɵɜɚɥɢ ɜ ɤɥɟɬɤɚɯ E. 

coli ɲɬɚɦɦɚ DH5α, ɧɚɪɚɳɢɜɚɹ ɧɟɫɭɳɭɸ ɩɥɚɡɦɢɞɭ ɤɭɥɶɬɭɪɭ ɜ ɬɟɱɟɧɢɟ ɧɨɱɢ ɩɪɢ 

37ɨɋ ɢ ɩɨɫɬɨɹɧɧɨɦ ɩɟɪɟɦɟɲɢɜɚɧɢɢ. Ɂɚɬɟɦ ɩɥɚɡɦɢɞɧɭɸ ȾɇɄ ɜɵɞɟɥɹɥɢ ɩɨ 

ɦɟɬɨɞɭ Ȼɢɪɧɛɨɣɦɚ [110], ɢ ɪɟɫɬɪɢɰɢɪɨɜɚɥɢ ɩɨ ɫɚɣɬɭ BЬЭNI ɜ ɬɟɱɟɧɢɟ 3,5 ɱ ɩɪɢ 

+60ɨɋ, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɪɚɜɢɥɶɧɭɸ ɬɟɪɦɢɧɚɰɢɸ ɬɪɚɧɫɤɪɢɩɰɢɢ 3‘-ɤɨɧɰɚ 

ɫɢɧɬɟɡɢɪɭɟɦɨɣ ɊɇɄ. Ɋɟɫɬɪɢɰɢɪɨɜɚɧɧɭɸ ȾɇɄ ɨɱɢɳɚɥɢ ɮɟɧɨɥɨɦ, ɯɥɨɪɨɮɨɪɦɨɦ 

ɢ ɩɟɪɟɨɫɚɠɞɟɧɢɟɦ. Ⱦɥɹ ɷɬɨɝɨ ɤ ɨɞɧɨɦɭ ɨɛɴёɦɭ ɪɚɫɬɜɨɪɚ ȾɇɄ ɞɨɛɚɜɥɹɥɢ ɨɞɢɧ 

ɨɛɴёɦ ɮɟɧɨɥɚ, ɧɚɫɵɳɟɧɨɝɨ ɜɨɞɧɵɦ ɪɚɫɬɜɨɪɨɦ 10 ɦɆ ɬɪɢɫ-HCl, pH 8,0, 

ɩɟɪɟɦɟɲɢɜɚɥɢ ɞɨ ɫɨɫɬɨɹɧɢɹ ɷɦɭɥɶɫɢɢ, ɢ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ 10 ɦɢɧ ɩɪɢ 12000 

ɨɛ/ɦɢɧ ɧɚ ɨɯɥɚɠɞёɧɧɨɦ ɞɨ 4 ɨɋ ɪɨɬɨɪɟ ɞɨ ɪɚɡɞɟɥɟɧɢɹ ɮɚɡ. Ɂɚɬɟɦ ɨɬɛɢɪɚɥɢ 

ɜɨɞɧɭɸ ɮɚɡɭ ɢ ɞɨɛɚɜɥɹɥɢ ɤ ɧɟɣ ɪɚɜɧɵɣ ɨɛɴёɦ ɯɥɨɪɨɮɨɪɦɚ, ɜɧɨɜɶ 

ɩɟɪɟɦɟɲɢɜɚɥɢ ɢ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ ɜ ɬɟɯ ɠɟ ɭɫɥɨɜɢɹɯ. Ʉ ɩɨɥɭɱɟɧɧɨɣ ɜɨɞɧɨɣ 

ɮɚɡɟ ɧɚ ɥɶɞɭ ɞɨɛɚɜɥɹɥɢ ɞɜɚ ɫ ɩɨɥɨɜɢɧɨɣ ɨɛɴёɦɚ 96% ɷɬɚɧɨɥɚ t = -20 ɨɋ, 

ɜɫɬɪɹɯɢɜɚɥɢ ɫɦɟɫɶ ɜ ɪɭɤɚɯ, ɢ ɢɧɤɭɛɢɪɨɜɚɥɢ 1 ɱɚɫ ɩɪɢ -20 ɨɋ. Ɂɚɬɟɦ ɫɦɟɫɶ 

ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ ɧɚ ɪɨɬɨɪɟ, ɨɯɥɚɠɞёɧɧɨɦ ɞɨ 4 ɨɋ ɜ ɬɟɱɟɧɢɟ 10 ɦɢɧ ɩɪɢ 12000 

ɨɛ/ɦɢɧ, ɭɞɚɥɹɥɢ ɫɭɩɟɪɧɚɬɚɧɬ, ɞɨɛɚɜɥɹɥɢ 20-30 ɦɤɥ 70% ɷɬɚɧɨɥɚ ɢ 

ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ 5 ɦɢɧ ɜ ɬɟɯ ɠɟ ɭɫɥɨɜɢɹɯ. ɍɞɚɥɢɜ ɫɭɩɟɪɧɚɬɚɧɬ, ɨɫɚɞɨɤ 

ɜɵɫɭɲɢɜɚɥɢ ɩɨɞ ɜɚɤɭɭɦɧɵɦ ɧɚɫɨɫɨɦ ɜ ɬɟɱɟɧɢɟ 5 ɦɢɧ ɢ ɪɚɫɬɜɨɪɹɥɢ ɜ 10 ɦɆ 

ɬɪɢɫ-HCl, pH 8,0. Ɍɪɚɧɫɤɪɢɩɰɢɸ ɊɇɄ-ɩɨɥɢɦɟɪɚɡɨɣ ɮɚɝɚ Ɍ7 ɩɪɨɜɨɞɢɥɢ in vitro ɜ 

ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ, ɫɨɞɟɪɠɚɳɟɣ 100 ɦɆ ɬɪɢɫ-HCl, ɪɇ 8,0, 30 ɦɆ MgCl2, 5 ɦɆ 

ɞɢɬɢɨɬɪɟɢɬɨɥ (ȾɌɌ), 50 ɦɆ ɫɩɟɪɦɢɞɢɧ ɢ ɩɨ 4 ɦɆ ȺɌɎ, ɍɌɎ, ȽɌɎ ɢ ɐɌɎ, ɩɪɢ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ȾɇɄ-ɦɚɬɪɢɰɵ 0,5 ɦɤɆ ɜ ɨɛɴёɦɚɯ ɨɬ 1 ɞɨ 8 ɦɥ. Ɍɟɦɩɟɪɚɬɭɪɭ 

ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ +37oC ɜ ɬɟɱɟɧɢɟ 4-5 ɱ ɩɨɞɞɟɪɠɢɜɚɥɢ ɩɪɢ ɩɨɦɨɳɢ ɜɨɞɹɧɨɣ 

ɛɚɧɢ.  
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2.4.8. Ɋɚɡɪɟɡɚɧɢɟ ɬɪɚɧɫɤɪɢɩɬɚ ɢ ɨɱɢɫɬɤɚ ɬɊɇɄ. ɉɨɥɭɱɟɧɧɵɣ 

ɬɪɚɧɫɤɪɢɩɬ ɨɱɢɳɚɥɢ ɧɚ ɤɨɥɨɧɤɟ DEAE-Toyopearl 650M, ɨɛɴёɦ ɫɨɪɛɟɧɬɚ 1 ɦɥ. 

ɉɪɢ ɷɬɨɦ ɨɫɜɟɬɥёɧɧɭɸ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɟɦ ɜ ɬɟɱɟɧɢɟ 10 ɦɢɧ ɩɪɢ 10000 

ɨɛ/ɦɢɧ ɪɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɪɚɡɜɨɞɢɥɢ ɜ 20 ɪɚɡ ɛɭɮɟɪɧɵɦ ɪɚɫɬɜɨɪɨɦ, 

ɫɨɞɟɪɠɚɳɢɦ 10 ɦɆ ɬɪɢɫ-HCl, ɪɇ 8,0 ɢ 10 ɦɆ MРCХ2, ɧɚɧɨɫɢɥɢ ɧɚ ɤɨɥɨɧɤɭ ɢ 

ɩɨɫɥɟ ɩɪɨɦɵɜɤɢ 40 ɦɥ ɬɨɝɨ ɠɟ ɪɚɫɬɜɨɪɚ, ɷɥɸɢɪɨɜɚɥɢ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 1 Ɇ NaCl, 

10 ɦɆ ɬɪɢɫ-HCl, ɪɇ 8,0 ɢ 10 ɦɆ MgCl2. ɉɨɥɭɱɟɧɧɵɣ ɷɥɸɚɬ ɨɫɚɠɞɚɥɢ ɬɪɟɦɹ 

ɨɛɴёɦɚɦɢ 96% ɷɬɚɧɨɥɚ ɬɟɦɩɟɪɚɬɭɪɨɣ -20 ɨɋ ɜ ɬɟɱɟɧɢɟ ɫɭɬɨɤ, ɡɚɬɟɦ ɫɦɟɫɶ 

ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ ɩɪɢ 12000 ɨɛ/ɦɢɧ ɜ ɬɟɱɟɧɢɟ 15 ɦɢɧ ɩɪɢ 4 ɨɋ. Ɉɬɳɟɩɥɟɧɢɟ 

ɰɢɫ-ɝɢɞɪɨɥɢɬɢɱɟɫɤɨɝɨ ɪɢɛɨɡɢɦɚ ɫɬɢɦɭɥɢɪɨɜɚɥɢ, ɩɨɞɜɟɪɝɚɹ ɊɇɄ ɰɢɤɥɢɱɟɫɤɨɦɭ 

ɩɥɚɜɥɟɧɢɸ ɢ ɨɬɠɢɝɭ ɜ ɉɐɊ-ɬɟɪɦɨɰɢɤɥɟɪɟ ɜ ɛɭɮɟɪɧɨɦ ɪɚɫɬɜɨɪɟ, ɫɨɞɟɪɠɚɳɟɦ 

20 ɦɆ ɬɪɢɫ-HCl, pH 7,5 ɢ 30 ɦɆ MgCl2, ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɬɪɚɧɫɤɪɢɩɬɚ 4 

ɦɤɝ/ɦɥ. ɉɪɨɝɪɚɦɦɚ ɉɐɊ-ɬɟɪɦɨɰɢɤɥɟɪɚ ɜɤɥɸɱɚɥɚ 14 ɰɢɤɥɨɜ ɧɚɝɪɟɜɚɧɢɹ ɞɨ 95 ɨɋ 

ɜ ɬɟɱɟɧɢɟ 30 ɫ ɢ ɨɯɥɚɠɞɟɧɢɹ ɞɨ 60 ɨɋ ɡɚ 9 ɦɢɧ. Ɂɚɬɟɦ ɬɪɚɧɫɤɪɢɩɬ ɜɧɨɜɶ ɩɥɚɜɢɥɢ 

ɧɚɝɪɟɜɚɧɢɟɦ ɩɪɢ 70 ɨɋ ɜ ɬɟɱɟɧɢɟ 3 ɦɢɧ ɢ ɪɟɧɚɬɭɪɢɪɨɜɚɥɢ ɩɨɫɬɟɩɟɧɧɵɦ 

ɨɯɥɚɠɞɟɧɢɟɦ ɜ ɨɛɴёɦɟ ɜɨɞɵ, ɨɫɬɵɜɚɸɳɟɣ ɫ 70 ɨɋ ɞɨ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜ 

ɬɟɱɟɧɢɟ ɱɚɫɚ. Ɉɱɢɫɬɤɭ ɩɨɥɭɱɟɧɧɨɣ ɬɊɇɄ ɨɬ ɨɬɳɟɩɢɜɲɟɝɨɫɹ ɪɢɛɨɡɢɦɚ 

ɩɪɨɜɨɞɢɥɢ c ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ȼɗɀɏ ɧɚ ɤɨɥɨɧɤɟ ProSwift Monolith WAX-1S 

(ȾɗȺɗ-ɩɨɥɢɦɟɬɚɤɪɢɥɚɬ) ɨɛɴёɦɨɦ 0,73 ɦɥ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 57 oɋ ɢ ɫɤɨɪɨɫɬɢ 

ɩɨɞɚɱɢ ɪɚɫɬɜɨɪɨɜ 1 ɦɥ/ɦɢɧ. ɇɚ ɤɨɥɨɧɤɭ ɧɚɧɨɫɢɥɢ ɩɨ 250 ɦɤɝ ɬɪɚɧɫɤɪɢɩɬɚ ɜ 

ɛɭɮɟɪɧɨɦ ɪɚɫɬɜɨɪɟ, ɫɨɞɟɪɠɚɳɟɦ 50 ɦɆ ɬɪɢɫ-HCl, pH 7,5, 4 ɦɆ MgCl2, 10% 

ɢɡɨɩɪɨɩɚɧɨɥ. ɬɊɇɄ ɷɥɸɢɪɨɜɚɥɢ ɝɪɚɞɢɟɧɬɨɦ ɨɬ 0,2 ɞɨ 1 Ɇ NaCl ɜ ɬɨɦ ɠɟ 

ɛɭɮɟɪɟ. 

2.4.9. ȼɵɞɟɥɟɧɢɟ ɬɊɇɄ ɢɡ ɤɥɟɬɨɤ-ɩɪɨɞɭɰɟɧɬɨɜ. Ƚɟɧɧɨɢɧɠɟɧɟɪɧɚɹ 

ɤɨɧɫɬɪɭɤɰɢɹ ɞɥɹ ɷɤɫɩɪɟɫɫɢɢ ɬɊɇɄɉɪɨ R. ɪalustris (CGG) ɥɸɛɟɡɧɨ ɩɪɟɞɨɫɬɚɜɥɟɧɚ 

Thibaut Crepin ɢ Stephen Cusack, Ƚɪɟɧɨɛɥɶɫɤɨɟ ɨɬɞɟɥɟɧɢɟ ȿɆȻɅ, Ɏɪɚɧɰɢɹ. 

ɇɚɪɚɳɢɜɚɧɢɟ ɛɢɨɦɚɫɫɵ ɛɚɤɬɟɪɢɣ ɲɬɚɦɦɚ E. coli JM101, ɫɨɞɟɪɠɚɳɢɯ ɝɟɧ ɬɊɇɄ, 

ɩɪɨɜɨɞɢɥɢ ɩɪɢ 37 ɨC ɜ ɬɟɱɟɧɢɟ 17 ɱɚɫɨɜ ɜ 4,0 ɥɢɬɪɚɯ ɩɢɬɚɬɟɥɶɧɨɣ ɫɪɟɞɵ 2xTY, 

ɫɨɞɟɪɠɚɳɟɣ 150 ɦɝ/ɥ ɚɦɩɢɰɢɥɥɢɧɚ. ȼɵɪɨɳɟɧɧɭɸ ɤɭɥɶɬɭɪɭ ɨɯɥɚɠɞɚɥɢ, ɤɥɟɬɤɢ 

ɫɨɛɢɪɚɥɢ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɟɦ ɩɪɢ 6000 ɨɛ/ɦɢɧ ɜ ɬɟɱɟɧɢɟ 15 ɦɢɧ ɢ 
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ɪɟɫɭɫɩɟɧɞɢɪɨɜɚɥɢ ɜ ɬɪёɯ ɨɛɴёɦɚɯ 5 ɦɆ ɬɪɢɫ-HCl, pH 7,4 ɢ 10 ɦɆ ɚɰɟɬɚɬɚ 

ɦɚɝɧɢɹ. Ʉɥɟɬɤɢ ɪɚɡɪɭɲɚɥɢ, ɞɨɛɚɜɥɹɹ ɤ ɫɭɫɩɟɧɡɢɢ ɪɚɜɧɵɣ ɨɛɴёɦ ɮɟɧɨɥɚ, 

ɧɚɫɵɳɟɧɨɝɨ 10 ɦɆ ɧɚɬɪɢɣ-ɚɰɟɬɚɬɧɵɦ ɛɭɮɟɪɧɵɦ ɪɚɫɬɜɨɪɨɦ, pH 6,0 ɩɪɢ 

ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. ɉɨɥɭɱɟɧɧɵɣ ɥɢɡɚɬ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ 30 ɦɢɧ ɩɪɢ 

14000 ɨɛ/ɦɢɧ ɩɪɢ 15 ɨC. Ʉ ɜɨɞɧɨɣ ɮɚɡɟ ɞɨɛɚɜɥɹɥɢ NaCl ɞɨ ɤɨɧɰɟɧɬɪɚɰɢɢ 0,5 Ɇ 

ɢ ɨɫɚɠɞɚɥɢ ɬɪɟɦɹ ɨɛɴёɦɚɦɢ ɷɬɚɧɨɥɚ. ɋɦɟɫɶ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ ɜ ɬɟɱɟɧɢɟ 15 

ɦɢɧ ɩɪɢ 10000 ɨɛ/ɦɢɧ. ȼɵɫɭɲɟɧɧɵɣ ɧɚ ɜɨɡɞɭɯɟ ɨɫɚɞɨɤ ɪɚɫɬɜɨɪɹɥɢ ɜ 5 ɦɥ 1,0 M 

NaCl ɢ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ 30 ɦɢɧ ɩɪɢ 12000 ɨɛ/ɦɢɧ ɩɪɢ ɤɨɦɧɚɬɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɟ. ɬɊɇɄ ɜɧɨɜɶ ɨɫɚɠɞɚɥɢ ɷɬɚɧɨɥɨɦ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 0,5 Ɇ NaCl. 

Ⱦɟɚɰɢɥɢɪɨɜɚɧɢɟ ɬɊɇɄ ɩɪɨɜɨɞɢɥɢ ɜ 2 ɦɥ 1,8 Ɇ ɬɪɢɫ-HCl, ɪɇ 8,0 ɜ ɬɟɱɟɧɢɟ 90 

ɦɢɧ ɩɪɢ 37 ɨC. ɉɨɫɥɟ ɨɫɚɠɞɟɧɢɹ ɬɪɟɦɹ ɨɛɴёɦɚɦɢ ɷɬɚɧɨɥɚ ɬɊɇɄ ɪɚɫɬɜɨɪɹɥɢ ɜ 10 

ɦɥ ɛɭɮɟɪɧɨɝɨ ɪɚɫɬɜɨɪɚ, ɫɨɞɟɪɠɚɳɟɝɨ 20 ɦɆ ɬɪɢɫ-HCl, pH 7,5, 8 ɦɆ MgCl2 ɢ 0,2 

M NaCl. ɉɨɥɭɱɟɧɧɵɣ ɪɚɫɬɜɨɪ ɧɚɧɨɫɢɥɢ ɧɚ ɤɨɥɨɧɤɭ ɨɛɴёɦɨɦ 14 ɦɥ ɫ 

ɚɧɢɨɧɨɨɛɦɟɧɧɵɦ ɧɨɫɢɬɟɥɟɦ Toyopearl 650M, ɭɪɚɜɧɨɜɟɲɟɧɧɭɸ ɬɟɦ ɠɟ 

ɛɭɮɟɪɨɦ, ɢ ɨɬɦɵɜɚɥɢ 0,3 Ɇ NaCl. ɬɊɇɄ ɷɥɸɢɪɨɜɚɥɢ 1Ɇ NaCl ɢ ɜɧɨɜɶ ɨɫɚɠɞɚɥɢ 

ɬɪɟɦɹ ɨɛɴёɦɚɦɢ ɷɬɚɧɨɥɚ. Ⱦɚɥɶɧɟɣɲɭɸ ɨɱɢɫɬɤɭ ɬɊɇɄɉɪɨ
 ɩɪɨɜɨɞɢɥɢ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɯɪɨɦɚɬɨɝɪɚɮɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ HPLC GoldSystem ɧɚ 

ɤɨɥɨɧɤɟ Spherogel TSK DEAE 5PW ɨɛɴёɦɨɦ 30 ɦɥ ɜ ɛɭɮɟɪɧɨɦ ɪɚɫɬɜɨɪɟ, 

ɫɨɞɟɪɠɚɳɟɦ 20 ɦɆ ɬɪɢɫ-HCl, pH 7,5, 8 ɦɆ MgCl2, 0,2 M NaCl, 10% 

ɢɡɨɩɪɨɩɚɧɨɥ, ɬɊɇɄ ɷɥɸɢɪɨɜɚɥɢ ɝɪɚɞɢɟɧɬɨɦ 0 - 1,0 M NaCl ɜ ɬɨɦ ɠɟ ɛɭɮɟɪɟ. ɇɚ 

ɤɨɥɨɧɤɭ ɩɪɢ ɷɬɨɦ ɧɚɧɨɫɢɥɢ ɨɤɨɥɨ 10 ɦɝ ɬɊɇɄ ɜ ɨɛɴёɦɟ 10 ɦɥ. Ɏɪɚɤɰɢɢ, 

ɫɨɞɟɪɠɚɳɢɟ ɬɊɇɄɉɪɨ ɨɩɪɟɞɟɥɹɥɢ ɩɨ ɭɪɨɜɧɸ ɚɤɰɟɩɬɨɪɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɜ ɪɟɚɤɰɢɢ 

ɚɦɢɧɨɚɰɢɥɢɪɨɜɚɧɢɹ, ɨɛɴɟɞɢɧɹɥɢ, ɨɫɚɠɞɚɥɢ ɬɪɟɦɹ ɨɛɴёɦɚɦɢ ɷɬɚɧɨɥɚ, 

ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ ɜ ɬɟɱɟɧɢɟ 15 ɦɢɧ ɩɪɢ 10000 ɨɛ/ɦɢɧ, ɜɵɫɭɲɢɜɚɥɢ ɧɚ ɜɨɡɞɭɯɟ 

ɢ ɪɚɫɬɜɨɪɹɥɢ ɜ 50 ɦɆ ɚɰɟɬɚɬɟ ɚɦɦɨɧɢɹ, ɪɇ 5,2, 10 ɦɆ MРCХ2. Ⱦɚɥɟɟ ɬɊɇɄ 

ɨɱɢɳɚɥɢ ɧɚ ɯɪɨɦɚɬɨɝɪɚɮɟ UltiMate 3000 ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɛɪɚɳёɧɧɨ-ɮɚɡɨɜɨɣ 

ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɨɣ ɤɨɥɨɧɤɢ Vydac C4 ɜ 50 ɦɆ ɚɰɟɬɚɬɟ ɚɦɦɨɧɢɹ, ɪɇ 5,2, 10 

ɦɆ MgCl2. ɬɊɇɄ ɷɥɸɢɪɨɜɚɥɢ ɝɪɚɞɢɟɧɬɨɦ 0 – 10% ɢɡɨɩɪɨɩɚɧɨɥɚ ɜ ɬɨɦ ɠɟ 

ɛɭɮɟɪɟ, ɨɫɚɠɞɚɥɢ, ɤɚɤ ɛɵɥɨ ɨɩɢɫɚɧɨ ɜɵɲɟ, ɜɵɫɭɲɢɜɚɥɢ ɧɚ ɜɨɡɞɭɯɟ ɢ 

ɪɚɫɬɜɨɪɹɥɢ ɜ 10 ɦɆ ɬɪɢɫ-HCl, ɪɇ 7,5 ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ. 
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2.4.10. Ɉɤɢɫɥɟɧɢɟ ɬɊɇɄ ɩɟɪɢɨɞɚɬɨɦ ɧɚɬɪɢɹ. Ʌɢɲёɧɧɭɸ ɚɤɰɟɩɬɨɪɧɨɣ 

ɚɤɬɢɜɧɨɫɬɢ ɬɊɇɄɉɪɨ (CGG) R. ɪalustris ɫ ɨɤɢɫɥɟɧɧɵɦɢ 2’- ɢ 3’-ɝɢɞɪɨɤɫɢɥɶɧɵɦɢ 

ɝɪɭɩɩɚɦɢ ɪɢɛɨɡɵ 3’-ɤɨɧɰɟɜɨɝɨ ɚɞɟɧɨɡɢɧɚ ɩɨɥɭɱɚɥɢ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. 100 

ɦɤɝ ɬɊɇɄ ɜ ɨɛɴёɦɟ 32 ɦɤɥ ɨɛɪɚɛɚɬɵɜɚɥɢ 3,3 ɦɆ ɩɟɪɢɨɞɚɬɚ ɧɚɬɪɢɹ ɜ 

ɩɪɢɫɭɬɫɬɜɢɢ 100 ɦɆ ɧɚɬɪɢɣ-ɚɰɟɬɚɬɧɨɝɨ ɛɭɮɟɪɚ, ɪɇ 5,3 ɜ ɬɟɱɟɧɢɟ 30 ɦɢɧ ɜ 

ɬɟɦɧɨɬɟ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. Ɋɟɚɤɰɢɸ ɨɫɬɚɧɚɜɥɢɜɚɥɢ ɞɨɛɚɜɥɟɧɢɟɦ 

ɝɥɸɤɨɡɵ ɞɨ ɤɨɧɰɟɧɬɪɚɰɢɢ 5 ɦɆ. Ɉɤɢɫɥɟɧɧɭɸ ɬɊɇɄ ɨɫɚɠɞɚɥɢ ɬɪɟɦɹ ɨɛɴёɦɚɦɢ 

ɷɬɚɧɨɥɚ, ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ 10 ɦɢɧ ɩɪɢ 12000 ɨɛ/ɦɢɧ, ɪɚɫɬɜɨɪɹɥɢ ɜ 10 ɦɆ ɬɪɢɫ-

HCХ, ɪɇ 7,5 ɢ ɯɪɚɧɢɥɢ ɩɪɢ -20 ɨɋ.  

2.4.11. Ɂɚɦɟɧɚ Ⱥ76 ɬɊɇɄ ɧɚ 2'd-Ⱥ76 ɢ 2'F-Ⱥ76. Ɇɟɬɨɞɢɤɚ ɜɤɥɸɱɚɥɚ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɨɬɳɟɩɥɟɧɢɟ ɋɋȺ-ɤɨɧɰɚ ɬɊɇɄɉɪɨ R. palustris (ɬɊɇɄɉɪɨ
Rp) ɢ 

ɬɊɇɄɉɪɨȺɥɚ E. faecalis (ɬɊɇɄɉɪɨȺɥɚ
Ef) ɩɪɢ ɩɨɦɨɳɢ ɮɨɫɮɨɞɢɷɫɬɟɪɚɡɵ ɹɞɚ Crotalus 

adamanteus ɢ ɞɨɫɬɪɨɣɤɭ ɋɋ*Ⱥ ɤɨɧɰɚ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɩɪɨɢɡɜɨɞɧɵɦ ɚɞɟɧɢɧɚ 

ɩɪɢ ɩɨɦɨɳɢ ɬɟɪɦɢɧɚɥɶɧɨɣ ɬɊɇɄ-ɧɭɤɥɟɨɬɢɞɢɥɬɪɚɧɫɮɟɪɚɡɵ Bacillus 

stearothermophilus. Ɋɟɚɤɰɢɨɧɧɚɹ ɫɦɟɫɶ ɞɥɹ ɨɬɳɟɩɥɟɧɢɹ ɋɋȺ-ɤɨɧɰɚ ɬɊɇɄ 

ɜɤɥɸɱɚɥɚ 50 ɦɆ ɬɪɢɫ-HCl pH 8,0, 10 ɦɆ MgCl2, 0,32 ɦɝ/ɦɥ ɬɊɇɄ ɢ 0,02 U/ɦɥ 

ɮɨɫɮɨɞɢɷɫɬɟɪɚɡɵ. ɉɨɫɥɟ 15 ɦɢɧ ɢɧɤɭɛɚɰɢɢ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɫɦɟɫɶ 

ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɪɚɜɧɵɦ ɨɛɴёɦɨɦ ɮɟɧɨɥɚ, ɧɚɫɵɳɟɧɧɨɝɨ 10 ɦɆ ɚɰɟɬɚɬɧɵɦ 

ɛɭɮɟɪɨɦ, ɪɇ 6,0 ɢ ɨɫɚɠɞɚɥɢ ɨɛɪɚɛɨɬɚɧɧɭɸ ɬɊɇɄ ɢɡ ɨɬɨɛɪɚɧɧɨɣ ɜɨɞɧɨɣ ɮɚɡɵ 

ɬɪɟɦɹ ɨɛɴёɦɚɦɢ ɷɬɚɧɨɥɚ. ɋɦɟɫɶ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ ɜ ɬɟɱɟɧɢɟ 10 ɦɢɧ ɩɪɢ 12000 

ɨɛ/ɦɢɧ, ɨɫɚɞɨɤ ɜɵɫɭɲɢɜɚɥɢ ɩɨɞ ɜɚɤɭɭɦɧɵɦ ɧɚɫɨɫɨɦ ɢ ɪɚɫɬɜɨɪɹɥɢ ɜ ɛɭɮɟɪɧɨɦ 

ɪɚɫɬɜɨɪɟ, ɫɨɞɟɪɠɚɜɲɟɦ 20 ɦɆ ɬɪɢɫ-HCl, pH 7,5, 4 ɦɆ MgCl2 ɢ 10% 

ɢɡɨɩɪɨɩɚɧɨɥ. ɋɥɟɞɵ ɧɟɨɛɪɚɛɨɬɚɧɧɨɣ ɬɊɇɄ ɭɞɚɥɹɥɢ ɩɭɬёɦ ɢɨɧɨɨɛɦɟɧɧɨɣ 

ɯɪɨɦɚɬɨɝɪɚɮɢɢ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɤɨɥɨɧɤɟ VAX 1S ɮɢɪɦɵ "Dionex" ɫ 

ɫɨɪɛɟɧɬɨɦ ɧɚ ɨɫɧɨɜɟ ȾɗȺɗ-ɩɨɥɢɦɟɬɚɤɪɢɥɚɬɚ ɨɛɴёɦɨɦ 0,73 ɦɥ. ɬɊɇɄ 

ɷɥɸɢɪɨɜɚɥɢ ɝɪɚɞɢɟɧɬɨɦ ɤɨɧɰɟɧɬɪɚɰɢɢ NaCl ɨɬ 0,2 ɞɨ 1 Ɇ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 20 ɦɆ 

ɬɪɢɫ-HCl, pH 7,5, 4 ɦɆ MgCl2 ɢ 10% ɢɡɨɩɪɨɩɚɧɨɥɚ. Ɉɱɢɳɟɧɧɭɸ ɬɊɇɄ ɛɟɡ 

ɋɋȺ-ɤɨɧɰɚ ɪɟɧɚɬɭɪɢɪɨɜɚɥɢ ɩɭɬёɦ ɩɥɚɜɥɟɧɢɹ ɩɪɢ 95 ɨɋ ɢ ɨɬɠɢɝɚ ɜ 200 ɦɥ 

ɨɫɬɵɜɚɸɳɟɣ ɜɨɞɵ ɜ ɬɟɱɟɧɢɟ ɨɞɧɨɝɨ ɱɚɫɚ. 
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Ɋɟɚɤɰɢɨɧɧɚɹ ɫɦɟɫɶ ɞɥɹ ɞɨɫɬɪɨɣɤɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɋɋ*Ⱥ-ɤɨɧɰɚ ɬɊɇɄ 

ɫɨɞɟɪɠɚɥɚ 100 ɦɆ ɝɥɢɰɢɧ-NaOH, pH 9,0, 10 ɦɆ MgCl2, 1 ɦɆ ȾɌɌ, 15 ɦɤɆ 

ɬɊɇɄ ɛɟɡ ɋɋȺ, 100 ɦɤɆ ɋɌɊ, 2 ɦɆ 2'd-ȺɌɊ ɢɥɢ 2'F-ȺɌɊ, 5 ɦɤɆ ɬɟɪɦɢɧɚɥɶɧɭɸ 

ɬɊɇɄ-ɧɭɤɥɟɨɬɢɞɢɥɬɪɚɧɫɮɟɪɚɡɭ. ɉɨɫɥɟ 30 ɦɢɧ ɢɧɤɭɛɚɰɢɢ ɩɪɢ 60 ɨɋ 

ɨɛɪɚɛɨɬɚɧɧɭɸ ɬɊɇɄ ɨɫɚɠɞɚɥɢ ɬɪɟɦɹ ɨɛɴёɦɚɦɢ ɷɬɚɧɨɥɚ. ɋɦɟɫɶ 

ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ ɜ ɬɟɱɟɧɢɟ 10 ɦɢɧ ɩɪɢ 12000 ɨɛ/ɦɢɧ, ɨɫɚɞɨɤ ɜɵɫɭɲɢɜɚɥɢ ɩɨɞ 

ɜɚɤɭɭɦɧɵɦ ɧɚɫɨɫɨɦ.  

Ⱦɥɹ ɨɱɢɫɬɤɢ ɩɨɥɭɱɟɧɧɨɣ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɣ ɬɊɇɄ ɩɪɟɩɚɪɚɬ ɪɚɫɬɜɨɪɹɥɢ ɜ 

ɛɭɮɟɪɟ TBE, ɫɨɞɟɪɠɚɜɲɟɦ 50 ɦɆ ɬɪɢɫ, 50 ɦɆ ɛɨɪɧɨɣ ɤɢɫɥɨɬɵ, 1 ɦɆ ɗȾɌȺ ɢ 

ɧɚɧɨɫɢɥɢ ɧɚ 8 % ɉȺȺȽ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 7 Ɇ ɦɨɱɟɜɢɧɵ. ɉɨɥɨɫɭ ɝɟɥɹ, 

ɫɨɞɟɪɠɚɳɭɸ ɬɊɇɄ, ɜɵɪɟɡɚɥɢ ɩɨɞ ɭɥɶɬɪɚɮɢɨɥɟɬɨɜɵɦ ɨɫɜɟɳɟɧɢɟɦ. 

Ɇɨɞɢɮɢɰɢɪɨɜɚɧɧɭɸ ɬɊɇɄ ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɢɡ ɝɟɥɹ ɬɪɟɦɹ ɨɛɴёɦɚɦɢ ɛɭɮɟɪɧɨɝɨ 

ɪɚɫɬɜɨɪɚ, ɫɨɞɟɪɠɚɳɟɝɨ 0,5 Ɇ NH4Ac pH 5,5, 0,1 ɦɆ ɗȾɌȺ, 0,1 % Ⱦɋɇ. 

ɑɚɫɬɢɰɵ ɝɟɥɹ ɭɞɚɥɹɥɢ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɟɦ ɩɪɢ 6000 ɨɛ/ɦɢɧ ɜ ɬɟɱɟɧɢɟ 15 ɦɢɧ, 

ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɭɸ ɬɊɇɄ ɢɡ ɨɫɜɟɬɥёɧɧɨɝɨ ɪɚɫɬɜɨɪɚ ɨɫɚɠɞɚɥɢ ɬɪɟɦɹ ɨɛɴёɦɚɦɢ 

ɷɬɚɧɨɥɚ, ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ 10 ɦɢɧ ɩɪɢ 12000 ɨɛ/ɦɢɧ, ɪɚɫɬɜɨɪɹɥɢ ɜ 10 ɦɆ ɬɪɢɫ-

HCХ, ɪɇ 7,5 ɢ ɯɪɚɧɢɥɢ ɩɪɢ -20 ɨɋ. Ⱥɧɚɥɢɡ ɩɨɥɭɱɟɧɵɯ ɩɪɟɩɚɪɚɬɨɜ ɩɪɨɜɨɞɢɥɢ ɜ 

ɬɨɦ ɠɟ 8 % ɉȺȺȽ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɩɩɚɪɚɬɚ SОquТ-Gen GT Nucleic Acid 

Electrophoresis Cell ɮɢɪɦɵ BioRad (ɋɒȺ), ɩɨɡɜɨɥɹɸɳɟɝɨ ɡɚ ɫɱёɬ ɞɥɢɧɵ 

ɩɪɨɛɟɝɚ (ɞɨ 30 ɫɦ) ɢ ɦɚɥɨɣ ɬɨɥɳɢɧɵ ɝɟɥɹ (0,4 ɦɦ) ɞɨɛɢɬɶɫɹ ɪɚɡɞɟɥɟɧɢɹ ɬɊɇɄ ɫ 

ɪɚɡɪɟɲɟɧɢɟɦ ɞɨ ɨɞɧɨɝɨ ɧɭɤɥɟɨɬɢɞɚ. 

 

2.5. Ɇɟɬɨɞɵ ɪɚɛɨɬɵ ɫ ɛɟɥɤɚɦɢ 

 

2.5.1. ȿɥɟɤɬɪɨɮɨɪɟɡ ɛɟɥɤɨɜ ɜ ɉȺȺȽ ɜ ɞɟɧɚɬɭɪɢɪɭɸɳɢɯ ɭɫɥɨɜɢɹɯ. Ⱦɥɹ 

ɚɧɚɥɢɡɚ ɤɥɟɬɨɱɧɵɯ ɥɢɡɚɬɨɜ, ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɢɯ ɮɪɚɤɰɢɣ ɢ ɩɨɥɭɱɟɧɧɵɯ 

ɩɪɟɩɚɪɚɬɨɜ ɛɟɥɤɨɜ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɦɟɬɨɞ ɝɟɥɶ-ɷɥɟɤɬɪɨɮɨɪɟɡɚ ɛɟɥɤɨɜ ɜ 

ɞɟɧɚɬɭɪɢɪɭɸɳɢɯ ɭɫɥɨɜɢɹɯ, ɜɩɟɪɜɵɟ ɨɩɢɫɚɧɧɵɣ Ʌɷɦɦɥɢ [111]. 

ɉɨɥɢɚɤɪɢɥɚɦɢɞɧɵɣ ɝɟɥɶ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɪɚɡɞɟɥɟɧɢɹ ɞɟɧɚɬɭɪɢɪɨɜɚɧɧɵɯ 

ɛɟɥɤɨɜ ɩɨ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɟ ɜ ɷɥɟɤɬɪɢɱɟɫɤɨɦ ɩɨɥɟ, ɫɨɫɬɨɹɥ ɢɡ ɞɜɭɯ ɫɥɨёɜ – 
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ɤɨɧɰɟɧɬɪɢɪɭɸɳɟɝɨ ɢ ɪɚɡɞɟɥɹɸɳɟɝɨ. Ʉɨɧɰɟɧɬɪɢɪɭɸɳɢɣ ɝɟɥɶ ɫɨɞɟɪɠɚɥ 5% 

ɚɤɪɢɥɚɦɢɞ, 0,12% N,N'ɦɟɬɢɥɟɧɛɢɫɚɤɪɢɥɚɦɢɞ, 0,1 Ɇ ɬɪɢɫ-HCl, pH 6,8, 0,1% Ⱦɋɇ. 

Ɋɚɡɞɟɥɹɸɳɢɣ ɝɟɥɶ ɫɨɞɟɪɠɚɥ 12,5 ɚɤɪɢɥɚɦɢɞ, 0,3% N,N'ɦɟɬɢɥɟɧɛɢɫɚɤɪɢɥɚɦɢɞ, 

0,375 Ɇ ɬɪɢɫ-HCl pH 8,8, 0,1% Ⱦɋɇ. ɉɨɥɢɦɟɪɢɡɚɰɢɸ ɩɪɨɜɨɞɢɥɢ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 

0,005% ɬɟɬɪɚɦɟɬɢɥɷɬɢɥɟɧɞɢɚɦɢɧ (TEMED) ɢ 0,15% ɩɟɪɫɭɥɶɮɚɬ ɧɚɬɪɢɹ (ɉɋȺ). 

Ɍɪɢɫ-ɝɥɢɰɢɧɨɜɵɣ ɷɥɟɤɬɪɨɞɧɵɣ ɛɭɮɟɪɧɵɣ ɪɚɫɬɜɨɪ ɪɇ 8,3 ɫɨɞɟɪɠɚɥ 0,05 Ɇ ɬɪɢɫ, 

0,384 Ɇ ɝɥɢɰɢɧ ɢ 0,1% Ⱦɋɇ. ȼ ɫɨɫɬɚɜ ɩɪɨɛ ɩɨɦɢɦɨ ɪɚɡɞɟɥɹɟɦɵɯ ɛɟɥɤɨɜ ɜɯɨɞɢɥɢ 

0,025 Ɇ ɬɪɢɫ, 0,192 Ɇ ɝɥɢɰɢɧ 5 % β-ɦɟɪɤɚɩɬɨɷɬɚɧɨɥ, 1 % Ⱦɋɇ, 5% ɫɚɯɚɪɨɡɚ ɢ 

0,05% ɛɪɨɦɮɟɧɨɥɨɜɵɣ ɫɢɧɢɣ. ɉɪɢ ɪɚɡɝɨɧɤɟ ɧɚ ɩɪɢɛɨɪɟ Sȿ-250 ɮɢɪɦɵ BioRad ɩɪɢ 

ɩɪɨɯɨɠɞɟɧɢɢ ɩɪɨɛɚɦɢ ɪɚɡɞɟɥɹɸɳɟɝɨ ɝɟɥɹ ɧɚɩɪɹɠɟɧɢɟ ɫɨɫɬɚɜɥɹɥɨ 10-20 ɦȺ, ɩɪɢ 

ɩɪɨɯɨɠɞɟɧɢɢ ɪɚɡɞɟɥɹɸɳɟɝɨ ɝɟɥɹ – 30-40 ɦȺ. ɉɨɫɥɟ ɨɤɨɧɱɚɧɢɹ ɪɚɡɝɨɧɤɢ ɝɟɥɢ 

ɮɢɤɫɢɪɨɜɚɥɢ ɢ ɨɤɪɚɲɢɜɚɥɢ ɩɪɢ 100oC ɜ 7% ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɟ ɢ 0,25% ɤɪɚɫɢɬɟɥɟ 

Coomassie R-250.  

2.5.2. Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɛɟɥɤɚ ɩɨ ɦɟɬɨɞɭ Ȼɪɟɞɮɨɪɞ. 

Ʉɨɧɰɟɧɬɪɚɰɢɢ ɛɟɥɤɨɜ ɜ ɩɪɟɩɚɪɚɬɚɯ ɢ ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɢɯ ɮɪɚɤɰɢɹɯ 

ɢɡɦɟɪɹɥɢɫɶ ɩɨ ɦɟɬɨɞɭ Ȼɪɟɞɮɨɪɞ [112], ɨɫɧɨɜɚɧɧɨɦɭ ɧɚ ɢɡɦɟɧɟɧɢɢ ɦɚɤɫɢɦɭɦɚ 

ɩɨɝɥɨɳɟɧɢɹ ɤɪɚɫɢɬɟɥɹ Coomassie G-250 ɩɪɢ ɫɜɹɡɵɜɚɧɢɢ ɫ ɛɟɥɤɨɦ ɜ ɤɢɫɥɨɣ ɫɪɟɞɟ. 

ɉɪɨɛɵ ɫɨɞɟɪɠɚɥɢ 0,067 ɝ/ɥ Coomassie G-250, 3,2% ɷɬɚɧɨɥɚ, 5,7% ɨɪɬɨɮɨɫɮɨɪɧɨɣ 

ɤɢɫɥɨɬɵ. ɉɨɫɥɟ 5 ɦɢɧ ɢɧɤɭɛɚɰɢɢ ɢɯ ɚɧɚɥɢɡɢɪɨɜɚɥɢ ɧɚ ɨɫɧɨɜɚɧɢɢ ɨɩɬɢɱɟɫɤɨɝɨ 

ɩɨɝɥɨɳɟɧɢɹ ɩɪɢ OD600. Ʉɨɧɰɟɧɬɪɚɰɢɸ ɛɟɥɤɨɜ ɪɚɫɫɱɢɬɵɜɚɥɢ ɩɨ ɤɚɥɢɛɪɨɜɨɱɧɨɣ 

ɤɪɢɜɨɣ, ɩɨɫɬɪɨɟɧɧɨɣ ɩɨ ɛɵɱɶɟɦɭ ɫɵɜɨɪɨɬɨɱɧɨɦɭ ɚɥɶɛɭɦɢɧɭ (ȻɋȺ). 

2.5.3. ȼɵɞɟɥɟɧɢɟ ɢ ɨɱɢɫɬɤɚ ɪɟɤɨɦɛɢɧɚɧɬɧɵɯ ɉɪɨɊɋ. Ɋɟɤɨɦɛɢɧɚɧɬɧɭɸ 

ɉɪɨɊɋ ɞɢɤɨɝɨ ɬɢɩɚ ɢ ɟё ɦɭɬɚɧɬɧɵɟ ɮɨɪɦɵ ɷɤɫɩɪɟɫɫɢɪɨɜɚɥɢ ɜ ɤɭɥɶɬɭɪɚɯ E. coli, 

ɲɬɚɦɦ BL21(DE3) Star. Ʉɭɥɶɬɭɪɭ ɧɚɪɚɳɢɜɚɥɢ ɜ ɤɚɥɢɣ-ɮɨɫɮɚɬɧɨɣ ɫɪɟɞɟ ɩɪɢ 37 
ɨɋ ɞɨ OD600 0,6 – 0,8 ɨ.ɟ. ɢ ɢɧɞɭɰɢɪɨɜɚɥɢ ɷɤɫɩɪɟɫɫɢɸ ɪɟɤɨɦɛɢɧɚɧɬɧɨɝɨ ɛɟɥɤɚ 

ɞɨɛɚɜɥɟɧɢɟɦ ɂɉɌȽ ɞɨ 1 ɦɆ. ɗɤɫɩɪɟɫɫɢɸ ɩɪɨɜɨɞɢɥɢ ɜ ɬɟɱɟɧɢɟ 3 ɱ ɩɪɢ 37 ɨɋ ɢ 

ɢɧɬɟɧɫɢɜɧɨɦ ɩɟɪɟɦɟɲɢɜɚɧɢɢ. Ɂɚɬɟɦ ɤɭɥɶɬɭɪɭ ɨɯɥɚɠɞɚɥɢ ɧɚ ɥɶɞɭ ɜ ɬɟɱɟɧɢɟ 20 

ɦɢɧ ɢ ɨɫɚɠɞɚɥɢ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɟɦ ɩɪɢ 5000 ɨɛ/ɦɢɧ ɜ ɬɟɱɟɧɢɟ 15 ɦɢɧ ɩɪɢ 4 
ɨɋ. ɋɭɩɟɪɧɚɬɚɧɬ ɭɞɚɥɹɥɢ, ɤɥɟɬɨɱɧɵɟ ɨɫɚɞɤɢ ɡɚɦɨɪɚɠɢɜɚɥɢ ɩɪɢ -20 ɨɋ. ɉɨɫɥɟ 

ɨɞɧɨɤɪɚɬɧɨɝɨ ɡɚɦɨɪɚɠɢɜɚɧɢɹ ɢ ɨɬɬɚɢɜɚɧɢɹ ɤɥɟɬɤɢ ɫɭɫɩɟɧɞɢɪɨɜɚɥɢ ɜ 75 ɦɥ 
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ɛɭɮɟɪɚ 20 ɦɆ ɬɪɢɫ-HCl pH 8,0, 2 ɦɆ ȾɌɌ, 0,1 ɦɆ ɗȾɌȺ, 0,017 ɦɝ/ɦɥ 

ɮɟɧɢɥɦɟɬɚɧɫɭɥɶɮɨɧɢɥɮɥɸɨɪɢɞ (PMSF) ɢ ɥɢɡɢɪɨɜɚɥɢ ɞɨɛɚɜɥɟɧɢɟɦ ɥɢɡɨɰɢɦɚ 

ɞɨ ɤɨɧɰɟɧɬɪɚɰɢɢ 0,5 ɦɝ/ɦɥ 30 ɦɢɧ ɧɚ ɥɶɞɭ, ɩɨɫɥɟ ɱɟɝɨ ɨɛɪɚɛɚɬɵɜɚɥɢ 

ɭɥɶɬɪɚɡɜɭɤɨɦ ɧɚ ɫɨɧɢɤɚɬɨɪɟ, ɩɹɬɶɸ ɰɢɤɥɚɦɢ ɩɨ 30 ɫ, ɫ ɩɪɨɦɟɠɭɬɤɚɦɢ ɩɨ 1 ɦɢɧ. 

ɉɨɥɭɱɟɧɧɵɣ ɥɢɡɚɬ ɨɫɜɟɬɥɹɥɢ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɟɦ ɜ ɬɟɱɟɧɢɟ 30 ɦɢɧ ɩɪɢ 14000 

ɨɛ/ɦɢɧ. Ɉɫɜɟɬɥёɧɧɵɣ ɥɢɡɚɬ ɩɨɞɜɟɪɝɚɥɢ ɫɬɭɩɟɧɱɚɬɨɦɭ ɜɵɫɚɥɢɜɚɧɢɸ ɛɟɥɤɨɜ ɞɨ 

ɤɨɧɰɟɧɬɪɚɰɢɣ ɫɭɥɶɮɚɬɚ ɚɦɦɨɧɢɹ 40% ɢ 80% ɨɬ ɧɚɫɵɳɟɧɢɹ ɩɪɢ 0 ɨɋ. Ɉɫɚɞɨɤ 

ɨɞɧɨɣ ɬɪɟɬɢ ɨɛɴёɦɚ ɩɨɫɥɟɞɧɟɣ ɮɪɚɤɰɢɢ ɪɚɫɬɜɨɪɹɥɢ ɜ 5 ɦɥ ɭɤɚɡɚɧɧɨɝɨ ɜɵɲɟ 

ɛɭɮɟɪɚ, ɪɚɫɬɜɨɪ ɞɢɚɥɢɡɨɜɚɥɢ ɩɪɨɬɢɜ 1 ɥ ɬɨɝɨ ɠɟ ɛɭɮɟɪɚ ɜ ɬɟɱɟɧɢɟ ɧɨɱɢ ɩɪɢ 4 
ɨɋ. Ɉɬɞɢɚɥɢɡɨɜɚɧɧɵɣ ɪɚɫɬɜɨɪ ɧɚɧɨɫɢɥɢ ɧɚ ȾɗȺɗ-ɫɟɮɚɪɨɡɭ (V ɤɨɥɨɧɤɢ 20 ɦɥ), 

ɩɪɨɦɵɜɚɥɢ 800 ɦɥ ɭɤɚɡɚɧɧɨɝɨ ɛɭɮɟɪɚ ɞɨ OD280<0,1 ɨ.ɟ., OD260<0,1 ɨ.ɟ. ɢ 

ɷɥɸɢɪɨɜɚɥɢ ɜ ɬɨɦ ɠɟ ɛɭɮɟɪɟ ɝɪɚɞɢɟɧɬɨɦ NaCl 0-0,45 Ɇ 100 + 100 ɦɥ. ɉɢɤɨɜɵɟ 

ɮɪɚɤɰɢɢ ɉɪɨɊɋ ɨɩɪɟɞɟɥɹɥɢ ɩɨ ɦɟɬɨɞɭ Ȼɪɟɞɮɨɪɞ [112] ɢ ɩɨ ɬɟɫɬɭ ɧɚ 

ɚɦɢɧɨɚɰɢɥɢɪɭɸɳɭɸ ɚɤɬɢɜɧɨɫɬɶ. Ɏɪɚɤɰɢɢ, ɫɨɞɟɪɠɚɳɢɟ ɉɪɨɊɋ ɨɛɴɟɞɢɧɹɥɢ, 

ɜɵɫɚɥɢɜɚɥɢ 2 Ɇ ɫɭɥɶɮɚɬɨɦ ɚɦɦɨɧɢɹ, ɡɚɬɟɦ ɪɚɫɬɜɨɪɹɥɢ ɜ ɦɢɧɢɦɚɥɶɧɨ 

ɞɨɫɬɚɬɨɱɧɨɦ ɨɛɴёɦɟ 50 ɦɆ ɤɚɥɢɣ-ɮɨɫɮɚɬɧɨɝɨ ɛɭɮɟɪɧɨɝɨ ɪɚɫɬɜɨɪɚ, ɪɇ 7,5, 

ɫɨɞɟɪɠɚɳɟɝɨ 2 ɦɆ ȾɌɌ, 0,1 ɦɆ ɗȾɌȺ ɢ 0,017 ɦɝ/ɦɥ PMSF. Ɋɚɫɬɜɨɪ ɧɚɧɨɫɢɥɢ 

ɧɚ ɤɨɥɨɧɤɭ Toyopearl HW-60 (V ɤɨɥɨɧɤɢ 30 ɦɥ), ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ 

ɭɪɚɜɧɨɜɟɲɟɧɧɭɸ ɛɭɮɟɪɨɦ, ɫɨɞɟɪɠɚɳɢɦ 2 Ɇ ɫɭɥɶɮɚɬɚ ɚɦɦɨɧɢɹ. ɉɨɫɥɟ 

ɩɪɨɦɵɜɤɢ 15 ɦɥ ɬɨɝɨ ɠɟ ɛɭɮɟɪɚ ɜɵɫɨɥɟɧɧɵɟ ɧɚ ɤɨɥɨɧɤɟ ɛɟɥɤɢ ɷɥɸɢɪɨɜɚɥɢ ɜ 

ɝɪɚɞɢɟɧɬɟ ɤɨɧɰɟɧɬɪɚɰɢɣ ɫɭɥɶɮɚɬɚ ɚɦɦɨɧɢɹ 2 - 0 Ɇ 100 + 100 ɦɥ. ɉɢɤɨɜɵɟ 

ɮɪɚɤɰɢɢ ɉɪɨɊɋ ɨɛɴɟɞɢɧɹɥɢ, ɞɢɚɥɢɡɨɜɚɥɢ ɩɪɨɬɢɜ 1 ɥ 20 ɦɆ ɬɪɢɫ-HCl pH 8,0, 2 

ɦɆ ȾɌɌ, 0,1 ɦɆ ɗȾɌȺ. ɉɨɥɭɱɟɧɧɵɣ ɪɚɫɬɜɨɪ ɤɨɧɰɟɧɬɪɢɪɨɜɚɥɢ ɩɪɢ ɩɨɦɨɳɢ 

ɤɨɧɰɟɧɬɪɚɬɨɪɨɜ Millipore 10000 ɞɨ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɨɪɹɞɤɚ 10 ɦɝ/ɦɥ ɢ 

ɚɧɚɥɢɡɢɪɨɜɚɥɢ ɩɨ ɫɩɟɤɬɪɚɦ ɨɩɬɢɱɟɫɤɨɝɨ ɩɨɝɥɨɳɟɧɢɹ ɢ ɦɟɬɨɞɨɦ ɷɥɟɤɬɪɨɮɨɪɟɡɚ 

ɩɨ Ʌɟɦɦɥɢ [111]. ɑɢɫɬɨɬɚ ɩɪɟɩɚɪɚɬɨɜ ɜɨ ɜɫɟɯ ɫɥɭɱɚɹɯ ɫɨɫɬɚɜɢɥɚ ɛɨɥɟɟ 95%. 
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2.6. Ɏɟɪɦɟɧɬɚɬɢɜɧɵɟ ɪɟɚɤɰɢɢ 

 

2.6.1. Ⱥɧɚɥɢɡ ɚɤɰɟɩɬɨɪɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɬɊɇɄɉɪɨ
. ɋɦɟɫɶ ɞɥɹ ɪɟɚɤɰɢɢ 

ɚɦɢɧɨɚɰɢɥɢɪɨɜɚɧɢɹ ɜ ɨɛɴёɦɟ 130 ɦɤɥ ɫɨɞɟɪɠɚɥɚ 100 ɦɆ ɬɪɢɫ-HCl pH 8,0, 20 

ɦɆ MgCl2, 0,5 ɦɝ/ɦɥ ȻɋȺ, 3 ɦɆ ȺɌɎ, 3 ɦɆ ɩɪɨɥɢɧ, 20 ɦɤɆ 14ɋ-ɦɟɱɟɧɵɣ 

ɩɪɨɥɢɧ (268 ɦɄɢ/ɦɦɨɥɶ), 1 ɦɤɆ ɬɊɇɄɉɪɨ ɢ 50 ɧɆ ɉɪɨɊɋEf. ȼ ɯɨɞɟ ɪɟɚɤɰɢɢ ɩɪɢ 

37 ɨɋ ɱɟɪɟɡ ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɩɪɨɦɟɠɭɬɤɢ ɜɪɟɦɟɧɢ ɢɡ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ 

ɨɬɛɢɪɚɥɢ ɚɥɢɤɜɨɬɵ ɩɨ 20 ɦɤɥ, ɨɫɚɠɞɚɥɢ ɬɊɇɄ ɢ ɚɦɢɧɨɚɰɢɥ-ɬɊɇɄ 10% Ɍɏɍ ɜ 

ɨɛɴёɦɟ 200 ɦɤɥ ɧɚ ɯɨɥɨɞɭ, ɩɨɫɥɟ ɱɟɝɨ ɨɫɚɞɤɢ ɩɟɪɟɧɨɫɢɥɢ ɧɚ ɮɢɥɶɬɪɵ, 

ɨɬɦɵɜɚɥɢ 50 ɦɥ 5 % Ɍɏɍ, ɜɵɫɭɲɢɜɚɥɢ ɢ ɢɡɦɟɪɹɥɢ ɪɚɞɢɨɚɤɬɢɜɧɨɫɬɶ ɧɚ 

ɠɢɞɤɨɫɬɧɨɦ ɫɰɢɧɬɢɥɥɹɰɢɨɧɧɨɦ ɫɱёɬɱɢɤɟ. 

2.6.2. ɉɨɥɭɱɟɧɢɟ ɩɪɟɩɚɪɚɬɨɜ 14ɋ-ɚɥɚɧɢɥ ɬɊɇɄɉɪɨȺɥɚ
. Ɋɟɚɤɰɢɸ 

ɩɪɨɜɨɞɢɥɢ ɜ ɨɛɴёɦɟ 0,5 ɦɥ ɩɪɢ ɫɥɟɞɭɸɳɢɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɤɨɦɩɨɧɟɧɬɨɜ 

ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ: 600 ɧɆ ȺɥɚɊɋ T. thermophilus, 15 ɦɤɆ ɬɊɇɄɉɪɨȺɥɚ, 0,03 ɦɆ 

ɚɥɚɧɢɧ, 78 ɦɤɆ 14ɋ-ɦɟɱɟɧɵɣ ɚɥɚɧɢɧ, 100 ɦɆ ɬɪɢɫ-HCl, pH 7,5, 15 ɦɆ MgCl2, 

0,5 ɦɝ/ɦɥ ȻɋȺ, 3 ɦɆ ȺɌɎ. ɋɦɟɫɶ ɢɧɤɭɛɢɪɨɜɚɥɢ 20 ɦɢɧ ɩɪɢ 37 ɨɋ, ɡɚɤɢɫɥɹɥɢ 

ɞɨɛɚɜɥɟɧɢɟɦ ɧɚɬɪɢɣ-ɚɰɟɬɚɬɧɨɝɨ ɛɭɮɟɪɧɨɝɨ ɪɚɫɬɜɨɪɚ ɪɇ 5,5 ɞɨ 300 ɦɆ, ɡɚɬɟɦ 
14ɋ-ɚɥɚɧɢɥ ɬɊɇɄɉɪɨȺɥɚ ɨɱɢɳɚɥɢ ɮɟɧɨɥɨɦ ɢ ɯɥɨɪɨɮɨɪɦɨɦ. Ⱦɥɹ ɷɬɨɝɨ ɤ ɨɞɧɨɦɭ 

ɨɛɴёɦɭ ɪɚɫɬɜɨɪɚ ɬɊɇɄ ɞɨɛɚɜɥɹɥɢ ɨɞɢɧ ɨɛɴёɦ ɮɟɧɨɥɚ, ɧɚɫɵɳɟɧɨɝɨ ɜɨɞɧɵɦ 

ɪɚɫɬɜɨɪɨɦ 10 ɦɆ ɬɪɢɫ-HCl, pH 8,0, ɩɟɪɟɦɟɲɢɜɚɥɢ ɞɨ ɫɨɫɬɨɹɧɢɹ ɷɦɭɥɶɫɢɢ, ɢ 

ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ 10 ɦɢɧ ɩɪɢ 12000 ɨɛ/ɦɢɧ ɧɚ ɨɯɥɚɠɞёɧɧɨɦ ɞɨ 4 ɨɋ ɪɨɬɨɪɟ ɞɨ 

ɪɚɡɞɟɥɟɧɢɹ ɮɚɡ. Ɂɚɬɟɦ ɨɬɛɢɪɚɥɢ ɜɨɞɧɭɸ ɮɚɡɭ ɢ ɞɨɛɚɜɥɹɥɢ ɤ ɧɟɣ ɪɚɜɧɵɣ ɨɛɴёɦ 

ɯɥɨɪɨɮɨɪɦɚ, ɜɧɨɜɶ ɩɟɪɟɦɟɲɢɜɚɥɢ ɢ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ ɜ ɬɟɯ ɠɟ ɭɫɥɨɜɢɹɯ. Ʉ 

ɩɨɥɭɱɟɧɧɨɣ ɜɨɞɧɨɣ ɮɚɡɟ ɧɚ ɥɶɞɭ ɞɨɛɚɜɥɹɥɢ ɞɜɚ ɫ ɩɨɥɨɜɢɧɨɣ ɨɛɴёɦɚ 96% 

ɷɬɚɧɨɥɚ t = -20 ɨɋ, ɜɫɬɪɹɯɢɜɚɥɢ ɫɦɟɫɶ ɜ ɪɭɤɚɯ, ɢ ɢɧɤɭɛɢɪɨɜɚɥɢ 1 ɱɚɫ ɩɪɢ -20 ɨɋ. 

Ɂɚɬɟɦ ɫɦɟɫɶ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ ɧɚ ɪɨɬɨɪɟ, ɨɯɥɚɠɞёɧɧɨɦ ɞɨ 4 ɨɋ ɜ ɬɟɱɟɧɢɟ 10 

ɦɢɧ ɩɪɢ 12000 ɨɛ/ɦɢɧ, ɭɞɚɥɹɥɢ ɫɭɩɟɪɧɚɬɚɧɬ, ɞɨɛɚɜɥɹɥɢ 20-30 ɦɤɥ 70% ɷɬɚɧɨɥɚ 

ɢ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ 5 ɦɢɧ ɜ ɬɟɯ ɠɟ ɭɫɥɨɜɢɹɯ. ɍɞɚɥɢɜ ɫɭɩɟɪɧɚɬɚɧɬ, ɨɫɚɞɨɤ 

ɜɵɫɭɲɢɜɚɥɢ ɩɨɞ ɜɚɤɭɭɦɧɵɦ ɧɚɫɨɫɨɦ ɜ ɬɟɱɟɧɢɟ 5 ɦɢɧ ɢ ɪɚɫɬɜɨɪɹɥɢ ɜ 40 ɦɤɥ 0,1 

Ɇ ɧɚɬɪɢɣ-ɚɰɟɬɚɬɧɨɝɨ ɛɭɮɟɪɧɨɝɨ ɪɚɫɬɜɨɪɚ, ɪɇ 4,0. 
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2.6.3. Ⱥɧɚɥɢɡ ɝɢɞɪɨɥɢɡɚ ɚɥɚɧɢɥ-ɬɊɇɄɉɪɨȺɥɚ
. Ɋɟɚɤɰɢɨɧɧɚɹ ɫɦɟɫɶ ɜ 

ɨɛɴёɦɟ 60 ɦɤɥ ɫɨɞɟɪɠɚɥɚ 60 ɧɆ ɉɪɨɊɋEf ɥɢɛɨ ɟё ɦɭɬɚɧɬɧɵɟ ɮɨɪɦɵ, 100 ɦɆ 4-

(2-ɝɢɞɪɨɤɫɢɷɬɢɥ)-1-ɩɢɩɟɪɚɡɢɧɷɬɚɧɫɭɥɶɮɨɧɨɜɚɹ ɤɢɫɥɨɬɚ (HEPES), pH 7,0, 10 ɦɆ 

MgCl2, 0,1 ɦɝ/ɦɥ ȻɋȺ, 2 ɦɆ ȾɌɌ, 3,5 – 4,5 ɦɤɆ ɪɚɫɬɜɨɪɚ 14ɋ-ɚɥɚɧɢɥ-

ɬɊɇɄɉɪɨȺɥɚ, ɩɨɥɭɱɟɧɢɟ ɤɨɬɨɪɨɝɨ ɨɩɢɫɚɧɨ ɜ ɩɪɟɞɵɞɭɳɟɦ ɩɭɧɤɬɟ. Ɋɟɚɤɰɢɹ 

ɩɪɨɜɨɞɢɥɚɫɶ ɩɪɢ 37 ɨɋ, ɚɥɢɤɜɨɬɵ ɩɨ 5 ɦɤɥ ɨɬɛɢɪɚɥɢɫɶ ɜ ɧɭɥɟɜɨɣ ɬɨɱɤɟ, ɱɟɪɟɡ 1, 

2, 3, 5 ɢ 10 ɦɢɧɭɬ ɩɨɫɥɟ ɧɚɱɚɥɚ ɪɟɚɤɰɢɢ, ɢ ɧɚɧɨɫɢɥɢɫɶ ɧɚ ɫɬɟɤɥɨɜɨɥɨɤɨɧɧɵɟ 

ɮɢɥɶɬɪɵ, ɩɪɨɩɢɬɚɧɧɵɟ 10% Ɍɏɍ. Ɂɚɬɟɦ ɮɢɥɶɬɪɵ ɩɪɨɦɵɜɚɥɢ 50 ɦɥ 5% Ɍɏɍ, 

ɜɵɫɭɲɢɜɚɥɢ ɢ ɚɧɚɥɢɡɢɪɨɜɚɥɢ ɧɚ ɠɢɞɤɨɫɬɧɨɦ ɫɰɢɧɬɢɥɥɹɰɢɨɧɧɨɦ ɫɱёɬɱɢɤɟ. 

2.6.4. Ⱥɧɚɥɢɡ ɝɢɞɪɨɥɢɡɚ ȺɌɎ. Ɋɟɚɤɰɢɨɧɧɚɹ ɫɦɟɫɶ ɜ ɨɛɴёɦɟ 18 ɦɤɥ 

ɫɨɞɟɪɠɚɥɚ 100 ɦɆ HEPES ɪɇ 7,5, 25 ɦɆ ɄCl, 10 ɦɆ MgCl2, 2 ɦɆ ȾɌɌ, 1 ɦɆ 

ȺɌɎ, 75 ɦɤɆ 14ɋ-ɦɟɱɟɧɭɸ ȺɌɎ (57,9 ɦɄɢ/ɦɦɨɥɶ), 500 ɦɆ ɚɥɚɧɢɧ ɥɢɛɨ 250 

ɦɆ ɩɪɨɥɢɧ, 15 ɦɤɆ ɬɊɇɄɉɪɨ ɢ 2 ɦɤɆ ɉɪɨɊɋ. ȼ ɯɨɞɟ ɪɟɚɤɰɢɢ ɩɪɢ 37 ɨɋ 

ɨɬɛɢɪɚɥɢ ɚɥɢɤɜɨɬɵ ɩɨ 2 ɦɤɥ ɢ ɧɚɧɨɫɢɥɢ ɢɯ ɧɚ ɩɨɥɢɷɬɢɥɟɧɢɦɢɧ ɰɟɥɥɸɥɨɡɭ 

(ɉɗɂ-ɰɟɥɥɸɥɨɡɭ), ɩɨɫɥɟ ɱɟɝɨ ɪɚɡɞɟɥɹɥɢ ȺɌɎ, ȺȾɎ ɢ ȺɆɎ ɦɟɬɨɞɨɦ 

ɬɨɧɤɨɫɥɨɣɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɢ ɜ 0,75 Ɇ ɤɚɥɢɣ-ɮɨɫɮɚɬɧɨɦ ɛɭɮɟɪɟ ɪɇ 3,5. 

Ɋɚɞɢɨɚɤɬɢɜɧɨɫɬɶ ɡɨɧ ȺɌɎ ɢ ȺɆɎ ɚɧɚɥɢɡɢɪɨɜɚɥɢ ɩɪɢ ɩɨɦɨɳɢ 

ɫɰɢɧɬɢɥɥɹɰɢɨɧɧɨɝɨ ɫɱёɬɱɢɤɚ ɥɢɛɨ ɮɨɫɮɨɢɦɢɞɠɟɪɚ. 

2.6.5. Ⱥɧɚɥɢɡ ɝɢɞɪɨɥɢɡɚ ɚɥɚɧɢɥ-ȺɆɎ. Ɏɟɪɦɟɧɬɚɬɢɜɧɵɣ ɝɢɞɪɨɥɢɡ 

ɚɥɚɧɢɥ-ȺɆɎ ɉɪɨɊɋEf ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɬɊɇɄɉɪɨ ɢɡɭɱɚɥɢ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. 

Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ, ɫɨɞɟɪɠɚɳɭɸ 0,1 M HEPES pH 7,5, 10 ɦM MgCl2, 0,5 M 

ɚɥɚɧɢɧ, 2 ɦM ȾTT, 0,16 ɦɆ ȺɌɎ ɢ ɫɥɟɞɨɜɵɟ ɤɨɥɢɱɟɫɬɜɚ 32Ɋ ATɎ, 

ɢɧɤɭɛɢɪɨɜɚɥɢ ɩɪɢ 37ɨɋ ɜ ɬɟɱɟɧɢɟ 10 ɦɢɧ ɫ ɉɪɨɊɋEf ɞɢɤɨɝɨ ɬɢɩɚ ɢɥɢ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɦɭɬɚɧɬɧɨɣ ɮɨɪɦɨɣ ɮɟɪɦɟɧɬɚ ɞɥɹ ɧɚɤɨɩɥɟɧɢɹ ɚɥɚɧɢɥ-

ɚɞɟɧɢɥɚɬɚ. Ɂɚɬɟɦ ɞɨɛɚɜɥɹɥɢ ɧɚɬɢɜɧɭɸ ɬɊɇɄɉɪɨ
Rp ɞɨ 11,5 ɦɤɆ, ɨɬɛɢɪɚɥɢ 

ɚɥɢɤɜɨɬɵ ɩɨ ɜɪɟɦɟɧɢ, ɪɚɡɞɟɥɹɥɢ ȺɌɎ, ȺɆɎ ɢ ɚɥɚɧɢɥ-ȺɆɎ ɩɭɬёɦ 

ɬɨɧɤɨɫɥɨɣɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɢ ɧɚ ɉɗɂ-ɰɟɥɥɸɥɨɡɟ ɢ ɚɧɚɥɢɡɢɪɨɜɚɥɢ ɢɯ ɩɪɢ 

ɩɨɦɨɳɢ ɮɨɫɮɨɢɦɢɞɠɟɪɚ. 

Ⱦɥɹ ɢɡɭɱɟɧɢɹ ɧɟɮɟɪɦɟɧɬɚɬɢɜɧɨɝɨ ɝɢɞɪɨɥɢɡɚ ɚɥɚɧɢɥ-ȺɆɎ ɤ ɪɟɚɤɰɢɨɧɧɨɣ 

ɫɦɟɫɢ ɩɨɫɥɟ 10 ɦɢɧ ɢɧɤɭɛɚɰɢɢ ɞɨɛɚɜɥɹɥɢ ɩɪɨɥɢɥ-ɫɭɥɶɮɚɦɨɢɥɚɞɟɧɢɥɚɬ ɞɨ 
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ɤɨɧɟɱɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ 10 ɦɆ ɞɥɹ ɤɨɧɤɭɪɟɧɬɧɨɝɨ ɜɵɬɟɫɧɟɧɢɹ ɚɥɚɧɢɥ-ȺɆɎ ɢɡ 

ɚɤɬɢɜɧɵɯ ɰɟɧɬɪɨɜ ɉɪɨɊɋEf. Ɉɬɛɨɪ ɢ ɚɧɚɥɢɡ ɩɪɨɛ ɩɪɨɜɨɞɢɥɢ ɚɧɚɥɨɝɢɱɧɵɦ 

ɨɛɪɚɡɨɦ. 
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ɊȺɁȾȿɅ 3 

 

ɗɄɋɉȿɊɂɆȿɇɌȺɅɖɇȺə ɑȺɋɌɖ 

 

3.1. Ʉɥɨɧɢɪɨɜɚɧɢɟ ɢ ɷɤɫɩɪɟɫɫɢɹ ɬɊɇɄɉɪɨ
 ɢ ɝɢɛɪɢɞɧɨɣ ɬɊɇɄɉɪɨȺɥɚ

 

Enterococcus faecalis  

 

ɉɨɥɭɱɟɧɢɟ ɜɵɫɨɤɨɨɱɢɳɟɧɧɵɯ ɩɪɟɩɚɪɚɬɨɜ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɬɊɇɄ 

ɹɜɥɹɟɬɫɹ ɜɚɠɧɟɣɲɢɦ ɷɬɚɩɨɦ ɜ ɢɫɫɥɟɞɨɜɚɧɢɢ ɫɬɪɭɤɬɭɪɵ ɢ ɮɭɧɤɰɢɢ ɤɚɤ ɫɚɦɢɯ 

ɷɬɢɯ ɦɨɥɟɤɭɥ, ɬɚɤ ɢ ɞɪɭɝɢɯ ɤɨɦɩɨɧɟɧɬɨɜ ɚɩɩɚɪɚɬɚ ɛɟɥɤɨɜɨɝɨ ɫɢɧɬɟɡɚ. ɇɚɢɛɨɥɟɟ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɵ ɞɜɚ ɩɭɬɢ ɩɨɥɭɱɟɧɢɹ ɩɪɟɩɚɪɚɬɢɜɧɵɯ ɤɨɥɢɱɟɫɬɜ ɬɊɇɄ: 

ɫɭɩɟɪɩɪɨɞɭɤɰɢɹ in vivo (ɧɚɩɪɢɦɟɪ, ɩɨɞ lpp-ɩɪɨɦɨɬɨɪɨɦ [113Ж) ɢ ɬɪɚɧɫɤɪɢɩɰɢɹ ɫ 

ɩɨɦɨɳɶɸ ɊɇɄ-ɩɨɥɢɦɟɪɚɡɵ ɮɚɝɚ Ɍ7 in vitro. ȼ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɦɨɠɟɬ ɬɚɤɠɟ 

ɩɪɢɦɟɧɹɬɶɫɹ ɯɢɦɢɱɟɫɤɢɣ ɫɢɧɬɟɡ Д114].  

ɉɪɟɢɦɭɳɟɫɬɜɨɦ ɦɟɬɨɞɚ, ɨɫɧɨɜɚɧɧɨɝɨ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɊɇɄ-ɩɨɥɢɦɟɪɚɡɵ 

ɮɚɝɚ Ɍ7 ɹɜɥɹɟɬɫɹ ɜɵɫɨɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɬɪɚɧɫɤɪɢɩɰɢɢ, ɩɪɨɫɬɨɬɚ 

ɷɤɫɩɥɭɚɬɚɰɢɢ, ɭɞɨɛɫɬɜɨ ɜ ɪɚɛɨɬɟ ɫ ɧɚɛɨɪɚɦɢ ɦɭɬɚɧɬɨɜ, ɫɪɚɜɧɢɬɟɥɶɧɨ ɧɟɜɵɫɨɤɚɹ 

ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɩɪɨɞɭɤɬɚ. Ɉɬɫɭɬɫɬɜɢɟ ɮɟɪɦɟɧɬɨɜ, ɦɨɞɢɮɢɰɢɪɭɸɳɢɯ ɚɡɨɬɢɫɬɵɟ 

ɨɫɧɨɜɚɧɢɹ, ɜ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ in vitro ɞɚёɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɢɬɶ 

ɝɨɦɨɝɟɧɧɵɣ ɩɪɟɩɚɪɚɬ, ɦɨɥɟɤɭɥɵ ɬɊɇɄ ɜ ɤɨɬɨɪɨɦ ɧɟ ɪɚɡɧɹɬɫɹ ɩɨ ɱɢɫɥɭ 

ɦɨɞɢɮɢɤɚɰɢɣ, ɤɚɤ ɷɬɨ ɦɨɠɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɩɪɢ ɫɭɩɟɪɩɪɨɞɭɤɰɢɢ in vivo. 

Ƚɨɦɨɝɟɧɧɨɫɬɶ ɩɪɟɩɚɪɚɬɚ ɨɫɨɛɟɧɧɨ ɜɚɠɧɚ ɩɪɢ ɫɨɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɬɊɇɄ ɫ 

ɛɟɥɤɚɦɢ. ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɧɟɞɨɫɬɚɬɨɤ ɷɬɨɝɨ ɩɨɞɯɨɞɚ – ɡɚɜɢɫɢɦɨɫɬɶ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɧɢɰɢɚɰɢɢ ɬɪɚɧɫɤɪɢɩɰɢɢ ɨɬ ɩɟɪɜɨɝɨ ɨɫɧɨɜɚɧɢɹ ɫɢɧɬɟɡɢɪɭɟɦɨɣ 

ɊɇɄ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɵɛɨɪ ɩɨɞɯɨɞɚ ɡɚɜɢɫɢɬ ɨɬ ɤɨɧɤɪɟɬɧɨɣ ɧɚɭɱɧɨɣ ɡɚɞɚɱɢ. ȼ 

ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɨɧ ɨɩɪɟɞɟɥɹɥɫɹ ɬɪɟɛɨɜɚɧɢɹɦɢ ɤ ɝɨɦɨɝɟɧɧɨɫɬɢ ɦɨɥɟɤɭɥ ɬɊɇɄ ɜ 

ɩɪɟɩɚɪɚɬɟ. 

      Ȼɚɤɬɟɪɢɚɥɶɧɵɟ ɬɊɇɄɉɪɨ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɧɚɥɢɱɢɟɦ ɰɢɬɨɡɢɧɚ ɧɚ 5'-ɤɨɧɰɟ 

ɦɨɥɟɤɭɥɵ, ɱɬɨ ɡɚɬɪɭɞɧɹɟɬ ɢɧɢɰɢɚɰɢɸ ɬɪɚɧɫɤɪɢɩɰɢɢ Ɍ7-ɩɨɥɢɦɟɪɚɡɨɣ [115]. 

ɗɮɮɟɤɬɢɜɧɵɦ ɩɨɞɯɨɞɨɦ ɞɥɹ ɪɟɲɟɧɢɹ ɩɪɨɛɥɟɦɵ 5'-ɤɨɧɰɟɜɨɝɨ ɰɢɬɨɡɢɧɚ ɫɬɚɥɨ 



65 
 

   

ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɨɷɤɫɩɪɟɫɫɢɢ ɬɊɇɄ ɫ ɰɢɫ-ɝɢɞɪɨɥɢɬɢɱɟɫɤɢɦ ɪɢɛɨɡɢɦɨɦ ɧɚ 5'-

ɤɨɧɰɟ Д116]. ɉɪɢ ɷɬɨɦ ɛɥɢɡɨɫɬɶ ɪɚɡɦɟɪɨɜ ɬɊɇɄ ɢ ɪɢɛɨɡɢɦɚ ɫɬɚɜɢɬ ɜɨɩɪɨɫ ɨɛ ɢɯ 

ɷɮɮɟɤɬɢɜɧɨɦ ɪɚɡɞɟɥɟɧɢɢ. Ⱦɥɹ ɷɬɨɣ ɰɟɥɢ ɩɪɢɦɟɧɹɟɬɫɹ ɠɢɞɤɨɫɬɧɚɹ 

ɯɪɨɦɚɬɨɝɪɚɮɢɹ: ɝɟɥɶ-ɮɢɥɶɬɪɚɰɢɹ [117Ж, ɥɢɛɨ ɚɧɢɨɧɨɨɛɦɟɧɧɚɹ ɯɪɨɦɚɬɨɝɪɚɮɢɹ 

[118].  

      Ʉ ɧɟɞɨɫɬɚɬɤɚɦ ɩɪɟɩɚɪɚɬɨɜ ɬɊɇɄ, ɩɨɥɭɱɟɧɧɵɯ ɩɭɬёɦ ɷɤɫɩɪɟɫɫɢɢ in vitro 

ɫɥɟɞɭɟɬ ɨɬɧɟɫɬɢ ɩɨɥɧɨɟ ɨɬɫɭɬɫɬɜɢɟ ɭ ɧɢɯ ɩɨɫɬɬɪɚɧɫɤɪɢɩɰɢɨɧɧɵɯ ɦɨɞɢɮɢɤɚɰɢɣ, 

ɯɚɪɚɤɬɟɪɧɵɯ ɞɥɹ ɧɚɬɢɜɧɵɯ ɬɊɇɄ. ɉɨɷɬɨɦɭ ɢɡɧɚɱɚɥɶɧɨ ɞɥɹ ɷɤɫɩɪɟɫɫɢɢ ɬɊɇɄɉɪɨ 

Enterococcus faecalis (ɬɊɇɄɉɪɨ
Ef) ɧɚɦɢ ɛɵɥɢ ɩɪɢɦɟɧɟɧɵ ɞɜɚ ɪɚɡɥɢɱɧɵɯ 

ɩɨɞɯɨɞɚ. Ƚɟɧ ɛɵɥ ɜɫɬɪɨɟɧ ɜ ɜɟɤɬɨɪ pUC18 ɩɨɞ ɤɨɧɬɪɨɥɟɦ ɩɪɨɦɨɬɨɪɚ ɮɚɝɚ Ɍ7 

ɞɥɹ ɷɤɫɩɪɟɫɫɢɢ in vitro, ɚ ɬɚɤɠɟ ɜ ɜɟɤɬɨɪ pBSTNAV3 [113] ɩɨɞ ɤɨɧɬɪɨɥɟɦ lpp-

ɩɪɨɦɨɬɨɪɚ ɢ rrnc-ɬɟɪɦɢɧɚɬɨɪɚ ɞɥɹ ɷɤɫɩɪɟɫɫɢɢ ɜ ɤɥɟɬɤɚɯ E. coli. Ɉɞɧɚɤɨ, 

ɷɤɫɩɪɟɫɫɢɹ ɬɊɇɄɉɪɨ
Ef in vivo ɩɨ ɧɟɜɵɹɫɧɟɧɧɵɦ ɩɪɢɱɢɧɚɦ ɨɤɚɡɚɥɚɫɶ 

ɫɨɜɟɪɲɟɧɧɨ ɧɟɷɮɮɟɤɬɢɜɧɨɣ, ɱɬɨ ɜɵɧɭɞɢɥɨ ɧɚɫ ɫɞɟɥɚɬɶ ɜɵɛɨɪ ɜ ɩɨɥɶɡɭ 

ɬɪɚɧɫɤɪɢɩɬɚ ɬɊɇɄɉɪɨ
Ef ɢ ɧɚɬɢɜɧɨɣ ɬɊɇɄɉɪɨ 

Rhodopseudomonas palustris 

(ɬɊɇɄɉɪɨ
Rp) ɫ ɚɧɬɢɤɨɞɨɧɨɦ CGG.  

3.1.1. Ʉɥɨɧɢɪɨɜɚɧɢɟ ɢ ɷɤɫɩɪɟɫɫɢɹ ɬɊɇɄɉɪɨ
 Enterococcus faecalis 

3.1.1.1. ɋɨɡɞɚɧɢɟ ɝɟɧɧɨɢɧɠɟɧɟɪɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɞɥɹ ɷɤɫɩɪɟɫɫɢɢ 

ɬɊɇɄɉɪɨ
 E. faecalis in vitro. ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɝɟɧɨɜ ɬɊɇɄɉɪɨ

Ef, ɰɢɫ-

ɝɢɞɪɨɥɢɬɢɱɟɫɤɨɝɨ ɪɢɛɨɡɢɦɚ [119] ɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ Ɍ7-ɩɪɨɦɨɬɨɪɚ ɜ ɜɢɞɟ 

ɲɟɫɬɢ ɩɚɪ ɞɟɡɨɤɫɢɨɥɢɝɨɧɭɤɥɟɨɬɢɞɨɜ (ɪɢɫ. 3.1, ɚ) ɛɵɥɢ ɥɢɝɢɪɨɜɚɧɵ ɜ ɜɟɤɬɨɪ 

pUC18 ɩɨ ɫɚɣɬɚɦ ɪɟɫɬɪɢɤɰɢɢ BamHI ɢ EcoRI. ɉɨɥɭɱɟɧɧɚɹ ɝɟɧɧɨɢɧɠɟɧɟɪɧɚɹ 

ɤɨɧɫɬɪɭɤɰɢɹ ɞɥɹ ɷɤɫɩɪɟɫɫɢɢ ɬɊɇɄɉɪɨ
Ef in vitro (ɪɢɫ. 3.1 ɛ) ɫɨɞɟɪɠɢɬ ɝɟɧɵ 

ɪɢɛɨɡɢɦɚ ɢ ɬɊɇɄ ɩɨɞ ɤɨɧɬɪɨɥɟɦ Ɍ7-ɩɪɨɦɨɬɨɪɚ. Ⱦɥɹ ɩɪɚɜɢɥɶɧɨɣ ɬɟɪɦɢɧɚɰɢɢ 

ɬɪɚɧɫɤɪɢɩɰɢɢ ɧɚ 3'-ɤɨɧɰɟ ɝɟɧɚ ɬɊɇɄ ɛɵɥɚ ɜɜɟɞɟɧɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɫɚɣɬɚ 

ɭɡɧɚɜɚɧɢɹ ɪɟɫɬɪɢɤɬɚɡɵ BЬЭNI, ɱɚɫɬɢɱɧɨ ɫɨɜɩɚɞɚɸɳɚɹ ɫ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶɸ 

ɝɟɧɚ, ɱɚɫɬɢɱɧɨ ɥɟɠɚɳɚɹ ɜɧɟ ɟɝɨ (ɪɢɫ. 3.1, ɜ). ɉɨ ɷɬɨɦɭ ɫɚɣɬɭ ɤɨɧɫɬɪɭɤɰɢɹ 

ɪɚɡɪɟɡɚɟɬɫɹ ɩɪɢ ɟё ɩɨɞɝɨɬɨɜɤɟ ɤ ɬɪɚɧɫɤɪɢɩɰɢɢ, ɩɪɢɱёɦ ɦɟɫɬɨ ɪɚɡɪɟɡɚ 

ɤɨɞɢɪɭɸɳɟɣ ɰɟɩɢ ɫɨɜɩɚɞɚɟɬ ɫ ɤɨɧɰɨɦ ɤɨɞɢɪɭɸɳɟɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɬɊɇɄ. 
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Ɋɢɫ. 3.1. Ƚɟɧɧɨɢɧɠɟɧɟɪɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɞɥɹ ɷɤɫɩɪɟɫɫɢɢ ɬɊɇɄɉɪɨ
Ef in 

vitro: ɚ – ɲɟɫɬɶ ɩɚɪ ɯɢɦɢɱɟɫɤɢ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɨɜ, 

ɫɨɫɬɚɜɥɹɸɳɢɯ ɤɨɞɢɪɭɸɳɭɸ ɜɫɬɚɜɤɭ. ɛ – ɨɛɳɚɹ ɫɯɟɦɚ ɷɤɫɩɪɟɫɫɢɪɭɸɳɟɣ 

ɤɨɧɫɬɪɭɤɰɢɢ, ɩɨɥɭɱɟɧɧɨɣ ɧɚ ɨɫɧɨɜɟ ɜɟɤɬɨɪɚ pUC18. ɜ – ɪɚɫɩɨɥɨɠɟɧɢɟ 

ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɜ ɤɨɞɢɪɭɸɳɟɣ ɜɫɬɚɜɤɟ 

 

3.1.1.2. Ɉɛɟɫɩɟɱɟɧɢɟ ɩɪɚɜɢɥɶɧɨɣ ɪɚɛɨɬɵ ɪɢɛɨɡɢɦɚ ɜɢɪɭɫɚ ɤɪɭɝɥɨɣ 

ɩɹɬɧɢɫɬɨɫɬɢ ɬɚɛɚɤɚ, ɤɨɷɤɫɩɪɟɫɫɢɪɨɜɚɧɧɨɝɨ ɫ ɬɊɇɄɉɪɨ
Ef. ɋɢɧɬɟɡ 

ɤɨɬɪɚɧɫɤɪɢɩɬɚ ɧɚɱɢɧɚɟɬɫɹ ɫ ɝɭɚɧɨɡɢɧɚ ɧɚ 5'-ɤɨɧɰɟ ɪɢɛɨɡɢɦɚ, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ 

ɜɵɫɨɤɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɛɨɬɵ ɊɇɄ-ɩɨɥɢɦɟɪɚɡɵ ɮɚɝɚ Ɍ7. ɋɢɧɬɟɡɢɪɨɜɚɧɧɵɣ 

ɤɨɬɪɚɧɫɤɪɢɩɬ ɦɨɠɟɬ ɢɦɟɬɶ ɪɚɡɥɢɱɧɭɸ ɜɬɨɪɢɱɧɭɸ ɫɬɪɭɤɬɭɪɭ, ɬɚɤ ɤɚɤ 5'-

ɤɨɧɰɟɜɚɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɬɊɇɄ, ɩɪɢɦɵɤɚɸɳɚɹ ɤ 3'-ɤɨɧɰɭ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɪɢɛɨɡɢɦɚ [119], ɤɨɦɩɥɟɦɟɧɬɚɪɧɚ ɢ 5'-ɤɨɧɰɭ ɪɢɛɨɡɢɦɚ, ɢ 3'-

ɤɨɧɰɭ ɬɊɇɄ. ɉɪɢ ɷɬɨɦ ɫɚɦɨɪɚɡɪɟɡɚɧɢɟ ɤɨɬɪɚɧɫɤɪɢɩɬɚ ɡɚ ɫɱёɬ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ 

ɚɤɬɢɜɧɨɫɬɢ ɪɢɛɨɡɢɦɚ ɜɨɡɦɨɠɧɨ ɬɨɥɶɤɨ ɩɪɢ ɤɨɦɩɥɟɦɟɧɬɚɪɧɨɦ ɫɩɚɪɢɜɚɧɢɢ 5'-
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ɤɨɧɰɚ ɬɊɇɄ ɢ 5'-ɤɨɧɰɚ ɪɢɛɨɡɢɦɚ (ɪɢɫ. 3.2). ɑɬɨɛɵ ɞɚɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɜɫɟɦ 

ɦɨɥɟɤɭɥɚɦ ɤɨɬɪɚɧɫɤɪɢɩɬɚ ɩɪɢɨɛɪɟɫɬɢ ɧɟɨɛɯɨɞɢɦɭɸ ɞɥɹ ɪɚɡɪɟɡɚɧɢɹ 

ɤɨɧɮɨɪɦɚɰɢɸ, ɧɟɨɛɯɨɞɢɦɵ ɰɢɤɥɵ ɩɥɚɜɥɟɧɢɟ-ɨɬɠɢɝ, ɩɨɫɥɟ ɤɚɠɞɨɝɨ ɢɡ ɤɨɬɨɪɵɯ 

ɪɚɫɬёɬ ɞɨɥɹ ɪɚɡɪɟɡɚɧɧɨɝɨ ɤɨɬɪɚɧɫɤɪɢɩɬɚ.  
 

 

Ɋɢɫ. 3.2. ɉɪɟɞɩɨɥɚɝɚɟɦɚɹ ɜɬɨɪɢɱɧɚɹ ɫɬɪɭɤɬɭɪɚ ɤɨɬɪɚɧɫɤɪɢɩɬɚ ɬɊɇɄ ɢ 

ɰɢɫ-ɝɢɞɪɨɥɢɬɢɱɟɫɤɨɝɨ ɪɢɛɨɡɢɦɚ, ɧɟɨɛɯɨɞɢɦɚɹ ɞɥɹ ɟɝɨ ɫɚɦɨɪɚɡɪɟɡɚɧɢɹ. 5'-ɤɨɧɟɰ 

ɪɢɛɨɡɢɦɚ ɤɨɦɩɥɟɦɟɧɬɚɪɧɨ ɫɩɚɪɟɧ ɫ 5'- ɤɨɧɰɨɦ ɬɊɇɄ, ɜɬɨɪɢɱɧɚɹ ɫɬɪɭɤɬɭɪɚ 

ɚɤɰɟɩɬɨɪɧɨɝɨ ɫɬɟɛɥɹ ɬɊɇɄ ɩɪɢ ɬɚɤɨɦ ɫɩɨɫɨɛɟ ɭɤɥɚɞɤɢ ɧɟ ɮɨɪɦɢɪɭɟɬɫɹ. 

Ɉɫɬɚɥɶɧɵɟ ɷɥɟɦɟɧɬɵ ɜɬɨɪɢɱɧɨɣ ɫɬɪɭɤɬɭɪɵ ɬɊɇɄ ɩɨɤɚɡɚɧɵ ɜ ɨɛɵɱɧɨɣ 

ɨɪɢɟɧɬɚɰɢɢ "ɤɥɟɜɟɪɧɨɝɨ ɥɢɫɬɚ". ɋɬɪɟɥɤɨɣ ɭɤɚɡɚɧɨ ɦɟɫɬɨ ɪɚɡɪɟɡɚɧɢɹ 

 

ɉɨɫɥɟ ɨɬɳɟɩɥɟɧɢɹ ɪɢɛɨɡɢɦɚ ɨɧ ɦɨɠɟɬ ɨɫɬɚɜɚɬɶɫɹ ɫɜɹɡɚɧɧɵɦ ɫ ɬɊɇɄ 

ɤɨɦɩɥɟɦɟɧɬɚɪɧɵɦɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹɦɢ, ɱɬɨ ɫɨɡɞɚёɬ ɬɪɭɞɧɨɫɬɢ ɞɥɹ ɢɯ 

ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɨɝɨ ɪɚɡɞɟɥɟɧɢɹ ɛɟɡ ɩɪɢɦɟɧɟɧɢɹ ɞɟɬɟɪɝɟɧɬɨɜ. ȼ ɤɚɱɟɫɬɜɟ 

ɮɚɤɬɨɪɚ, ɫɩɨɫɨɛɫɬɜɭɸɳɟɝɨ ɨɫɥɚɛɥɟɧɢɸ ɤɨɦɩɥɟɦɟɧɬɚɪɧɨɝɨ ɫɜɹɡɵɜɚɧɢɹ ɬɊɇɄ ɫ 

ɪɢɛɨɡɢɦɨɦ ɛɵɥɨ ɢɡɛɪɚɧɨ ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɞɨ +57 ɨɋ ɜɨ ɜɪɟɦɹ 
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ɯɪɨɦɚɬɨɝɪɚɮɢɢ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɪɢɦɟɧёɧɧɨɣ 

ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɨɣ ɤɨɥɨɧɤɢ. 

3.1.1.3. Ɉɱɢɫɬɤɚ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɬɊɇɄɉɪɨ
Ef. Ⱦɥɹ 

ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɨɣ ɨɱɢɫɬɤɢ ɬɪɚɧɫɤɪɢɩɬɚ ɢɫɩɨɥɶɡɨɜɚɥɢ ɢɨɧɨɨɛɦɟɧɧɭɸ 

ɤɨɥɨɧɤɭ WAX-1S, ɫɨɞɟɪɠɚɳɭɸ ȾɗȺɗ-ɩɨɥɢɦɟɬɚɤɪɢɥɚɬ, ɱɬɨ ɩɨɡɜɨɥɢɥɨ 

ɨɬɞɟɥɢɬɶ ɜ ɝɪɚɞɢɟɧɬɟ NaCl ɬɪɚɧɫɤɪɢɩɬ ɬɊɇɄ ɨɬ ɪɢɛɨɡɢɦɚ ɢ ɨɫɬɚɬɤɨɜ 

ɤɨɜɚɥɟɧɬɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɬɊɇɄ-ɪɢɛɨɡɢɦ (ɪɢɫ. 3.3), ɱɬɨ ɩɨɞɬɜɟɪɠɞɟɧɨ ɝɟɥɶ-

ɷɥɟɤɬɪɨɮɨɪɟɡɨɦ (ɪɢɫ. 3.4). 

 

 

Ɋɢɫ. 3.3. ɏɪɨɦɚɬɨɝɪɚɦɦɚ ɤɨɬɪɚɧɫɤɪɢɩɬɚ ɬɊɇɄɉɪɨ
Ef ɢ ɰɢɫ-

ɝɢɞɪɨɥɢɬɢɱɟɫɤɨɝɨ ɪɢɛɨɡɢɦɚ. ɋɨɫɬɚɜ ɮɪɚɤɰɢɣ: 1 – ɬɊɇɄɉɪɨ, 2 – ɬɊɇɄɉɪɨ + 

ɪɢɛɨɡɢɦ, 3 – ɪɢɛɨɡɢɦ, 4 – ɧɟɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɧɵɟ ɮɪɚɝɦɟɧɬɵ ɊɇɄ 

 

Ʉɨɧɟɱɧɵɣ ɜɵɯɨɞ ɬɪɚɧɫɤɪɢɩɬɚ ɬɊɇɄ ɫ 1 ɦɝ ȾɇɄ-ɦɚɬɪɢɰɵ ɫɨɫɬɚɜɢɥ 0,8 ɦɝ. 

ɇɚɱɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɚɦɢɧɨɚɰɢɥɢɪɨɜɚɧɢɹ ɬɪɚɧɫɤɪɢɩɬɚ ɩɪɚɤɬɢɱɟɫɤɢ ɫɨɜɩɚɞɚɟɬ ɫ 

ɧɚɱɚɥɶɧɨɣ ɫɤɨɪɨɫɬɶɸ ɚɦɢɧɨɚɰɢɥɢɪɨɜɚɧɢɹ ɧɚɬɢɜɧɨɣ ɬɊɇɄɉɪɨ
Rɪ (CGG) (ɪɢɫ. 3.5) 

Ɋɟɚɤɰɢɹ ɩɪɨɜɨɞɢɥɚɫɶ ɩɪɢ 37 ɨɋ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 14,6 ɧɦ ɉɪɨɊɋEf ɢ 197,6 ɦɤɆ 

ɬɊɇɄ. ɑɢɫɬɨɬɚ ɩɪɟɩɚɪɚɬɨɜ ɩɪɨɜɟɪɟɧɚ ɦɟɬɨɞɨɦ ɷɥɟɤɬɪɨɮɨɪɟɡɚ ɜ 

ɩɨɥɢɚɤɪɢɥɚɦɢɞɧɨɦ ɝɟɥɟ ɢ ɫɨɫɬɚɜɢɥɚ ɛɨɥɟɟ 80% (ɪɢɫ. 3.4). ɉɪɟɢɦɭɳɟɫɬɜɚ 

ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɨɛɟɫɩɟɱɢɜɚɸɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ȼɗɀɏ ɧɚ ɚɧɢɨɧɨɨɛɦɟɧɧɨɦ 

ɫɨɪɛɟɧɬɟ ȾɗȺɗ-ɩɨɥɢɦɟɬɚɤɪɢɥɚɬɟ (ɤɨɥɨɧɤɚ WAX-1S ɮɢɪɦɵ "Dionex") ɞɥɹ 

ɨɱɢɫɬɤɢ ɩɪɟɩɚɪɚɬɨɜ ɨɬ ɰɢɫ-ɝɢɞɪɨɥɢɬɢɱɟɫɤɨɝɨ ɪɢɛɨɡɢɦɚ, ɧɟɨɛɯɨɞɢɦɨɝɨ ɞɥɹ 

ɷɮɮɟɤɬɢɜɧɨɝɨ ɫɢɧɬɟɡɚ ɊɇɄ. Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɜɩɟɪɜɵɟ ɩɪɢɦɟɧёɧ ɞɥɹ ɪɟɲɟɧɢɹ 
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ɬɚɤɨɣ ɡɚɞɚɱɢ, ɢ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɞɥɹ ɨɱɢɫɬɤɢ ɬɪɚɧɫɤɪɢɩɬɨɜ ɥɸɛɵɯ 

ɬɢɩɨɜ ɬɊɇɄ, ɱɬɨ ɬɪɟɛɭɟɬ ɥɢɲɶ ɧɟɡɧɚɱɢɬɟɥɶɧɨɣ ɨɩɬɢɦɢɡɚɰɢɢ ɭɫɥɨɜɢɣ 

ɩɪɨɜɟɞɟɧɢɹ ɯɪɨɦɚɬɨɝɪɚɮɢɢ.  

 

                          ɇ           1           2             3          4         ɇ        ɬɊɇɄɉɪɨ  ɇ 

      
 

Ɋɢɫ. 3.4. ɗɥɟɤɬɪɨɮɨɪɟɝɪɚɦɦɚ ɮɪɚɤɰɢɣ ɯɪɨɦɚɬɨɝɪɚɦɦɵ ɤɨɬɪɚɧɫɤɪɢɩɬɚ 

ɬɊɇɄɉɪɨ
Ef ɢ ɰɢɫ-ɝɢɞɪɨɥɢɬɢɱɟɫɤɨɝɨ ɪɢɛɨɡɢɦɚ. ɇ – ɫɦɟɫɶ, ɧɚɧɨɫɢɜɲɚɹɫɹ ɧɚ 

ɤɨɥɨɧɤɭ, ɞɚɥɟɟ ɧɨɦɟɪɚ ɮɪɚɤɰɢɣ. 1 – ɬɊɇɄɉɪɨ
Ef, 2 – ɬɊɇɄɉɪɨ

Ef + ɪɢɛɨɡɢɦ, 3 – 

ɪɢɛɨɡɢɦ, 4 – ɧɟɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɧɵɟ ɮɪɚɝɦɟɧɬɵ ɊɇɄ. ɋɩɪɚɜɚ 

ɷɥɟɤɬɪɨɮɨɪɟɝɪɚɦɦɚ ɩɪɟɩɚɪɚɬɚ ɬɪɚɧɫɤɪɢɩɬɚ ɬɊɇɄɉɪɨ
Ef ɢ ɧɟɪɚɡɞɟɥёɧɧɨɣ ɫɦɟɫɢ ɫ 

ɪɢɛɨɡɢɦɨɦ  

 

Ɋɢɫ. 3.5. Ⱥɦɢɧɨɚɰɢɥɢɪɨɜɚɧɢɟ ɩɪɨɥɢɧɨɦ ɬɪɚɧɫɤɪɢɩɬɚ ɬɊɇɄɉɪɨ
Ef (▲) ɢ 

ɬɊɇɄɉɪɨ
Rp (■) 

 

Ʉɨɦɩɥɟɤɫ 
(125 ɧ.) 
 
ɬɊɇɄɉɪɨ 
(77 ɧ.) 
 
 
Ɋɢɛɨɡɢɦ  
(48 ɧ.) 
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ɇɟɫɨɦɧɟɧɧɵɦɢ ɩɪɟɢɦɭɳɟɫɬɜɚɦɢ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɩɟɪɟɞ ɨɱɢɫɬɤɨɣ 

ɬɪɚɧɫɤɪɢɩɬɨɜ ɬɊɇɄ ɜ ɩɨɥɢɚɤɪɢɥɚɦɢɞɧɨɦ ɝɟɥɟ ɹɜɥɹɟɬɫɹ ɫɤɨɪɨɫɬɶ ɩɪɨɜɟɞɟɧɢɹ 

ɩɪɨɰɟɞɭɪ ɢ ɧɢɡɤɢɣ ɪɚɫɯɨɞ ɞɨɪɨɝɨɫɬɨɹɳɢɯ ɦɚɬɟɪɢɚɥɨɜ, ɚ ɬɚɤɠɟ ɜɵɫɨɤɢɣ ɜɵɯɨɞ 

ɩɪɨɞɭɤɬɚ, ɨɛɭɫɥɨɜɥɟɧɧɵɣ ɧɢɡɤɢɦ ɭɪɨɜɧɟɦ ɩɨɬɟɪɶ ɩɪɢ ɨɱɢɫɬɤɟ. 

3.1.2. Ʉɥɨɧɢɪɨɜɚɧɢɟ ɢ ɷɤɫɩɪɟɫɫɢɹ ɝɢɛɪɢɞɧɨɣ ɬɊɇɄɉɪɨȺɥɚ, ɭɡɧɚɜɚɟɦɨɣ 

ɩɪɨɥɢɥ- ɢ ɚɥɚɧɢɥ-ɬɊɇɄ ɫɢɧɬɟɬɚɡɚɦɢ. Ɋɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɚ ɞɟɬɟɤɰɢɢ 

ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɣ ɪɟɞɚɤɬɢɪɭɸɳɟɣ ɚɤɬɢɜɧɨɫɬɢ ɉɪɨɊɋ ɬɪɟɛɭɟɬ ɩɨɥɭɱɟɧɢɹ 

ɩɪɟɩɚɪɚɬɨɜ ɪɚɞɢɨɚɤɬɢɜɧɨ ɦɟɱɟɧɨɣ ɚɥɚɧɢɥ-ɬɊɇɄɉɪɨ. ɉɪɢ ɢɡɭɱɟɧɢɢ ɞɪɭɝɢɯ ȺɊɋ 

ɧɟɨɞɧɨɤɪɚɬɧɨ ɩɪɚɤɬɢɤɨɜɚɥɨɫɶ ɩɨɥɭɱɟɧɢɟ ɩɨɞɨɛɧɵɯ ɨɲɢɛɨɱɧɵɯ ɩɪɨɞɭɤɬɨɜ ɜ 

ɩɪɟɩɚɪɚɬɢɜɧɵɯ ɤɨɥɢɱɟɫɬɜɚɯ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɭɬɚɧɬɧɵɯ ɮɨɪɦ ȺɊɋ, 

ɞɟɮɢɰɢɬɧɵɯ ɩɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɸ. Ɉɞɧɚɤɨ, ɫɜɹɡɵɜɚɧɢɟ ɚɥɚɧɢɧɚ ɉɪɨɊɋ 

ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɜɵɫɨɤɨɣ ɤɨɧɫɬɚɧɬɨɣ Ɇɢɯɚɷɥɢɫɚ, ɚ ɫɨɡɞɚɧɢɟ ɜɵɫɨɤɨɣ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɦɟɱɟɧɨɣ ɚɦɢɧɨɤɢɫɥɨɬɵ ɜ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ 

ɚɦɢɧɨɚɰɢɥɢɪɨɜɚɧɢɹ ɧɟɨɩɪɚɜɞɚɧɧɨ ɞɨɪɨɝɨ ɢ ɦɚɥɨɷɮɮɟɤɬɢɜɧɨ. ɉɨɷɬɨɦɭ ɞɥɹ 

ɢɡɭɱɟɧɢɹ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɣ ɪɟɞɚɤɬɢɪɭɸɳɟɣ ɚɤɬɢɜɧɨɫɬɢ ɉɪɨɊɋЕɫ ɪɚɧɟɟ ɛɵɥɚ 

ɫɨɡɞɚɧɚ ɝɢɛɪɢɞɧɚɹ ɬɊɇɄɉɪɨȺɥɚ ɧɚ ɨɫɧɨɜɟ ɬɊɇɄɉɪɨ
Ec, ɧɟɫɭɳɚɹ ɷɥɟɦɟɧɬɵ 

ɭɡɧɚɜɚɧɢɹ ɤɚɤ ɞɥɹ ɉɪɨɊɋ, ɬɚɤ ɢ ɞɥɹ ȺɥɚɊɋ [107; 98]. ɗɬɨ ɩɨɡɜɨɥɢɥɨ 

ɚɦɢɧɨɚɰɢɥɢɪɨɜɚɬɶ ɟё ɚɥɚɧɢɧɨɦ ɩɪɢ ɩɨɦɨɳɢ ȺɥɚɊɋ, ɚ ɡɚɬɟɦ ɧɚɛɥɸɞɚɬɶ 

ɞɟɚɰɢɥɢɪɨɜɚɧɢɟ ɚɥɚɧɢɥ-ɬɊɇɄɉɪɨȺɥɚ ɩɭɬёɦ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɝɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ 

ɉɪɨɊɋ. ɉɟɪɟɞ ɧɚɦɢ ɜ ɩɪɨɰɟɫɫɟ ɢɡɭɱɟɧɢɹ ɪɟɞɚɤɬɢɪɭɸɳɢɯ ɦɟɯɚɧɢɡɦɨɜ 

ɉɪɨɊɋEf ɜɫɬɚɥɚ ɚɧɚɥɨɝɢɱɧɚɹ ɡɚɞɚɱɚ. 

3.1.2.1. ȼɵɛɨɪ ɷɥɟɦɟɧɬɨɜ ɭɡɧɚɜɚɧɢɹ ɯɢɦɟɪɧɨɣ ɬɊɇɄɉɪɨȺɥɚ
Ef. ȼ 

ɨɬɥɢɱɢɟ ɨɬ ɭɡɧɚɜɚɧɢɹ ɉɪɨɊɋ ɬɊɇɄɉɪɨ [120], ɜ ɭɡɧɚɜɚɧɢɢ ɬɊɇɄȺɥɚ ȺɥɚɊɋ E. coli 

ɚɧɬɢɤɨɞɨɧ ɧɟ ɩɪɢɧɢɦɚɟɬ ɭɱɚɫɬɢɹ [121]. Ʉɥɸɱɟɜɵɦ ɷɥɟɦɟɧɬɨɦ ɭɡɧɚɜɚɧɢɹ 

ɬɊɇɄȺɥɚ ɹɜɥɹɟɬɫɹ ɧɟɤɚɧɨɧɢɱɟɫɤɚɹ ɧɭɤɥɟɨɬɢɞɧɚɹ ɩɚɪɚ G3:U70 [122]. 

Ȼɚɤɬɟɪɢɚɥɶɧɵɟ ɬɊɇɄɉɪɨ ɧɟɫɭɬ ɜ ɷɬɢɯ ɩɨɥɨɠɟɧɢɹɯ ɤɚɧɨɧɢɱɟɫɤɭɸ 

ɧɭɤɥɟɨɬɢɞɧɭɸ ɩɚɪɭ G3:ɋ70. ɉɪɢ ɷɬɨɦ, ɤɚɤ ɛɵɥɨ ɩɨɤɚɡɚɧɨ ɩɭɬёɦ ɫɚɣɬ-

ɧɚɩɪɚɜɥɟɧɧɨɝɨ ɦɭɬɚɝɟɧɟɡɚ ɬɊɇɄɉɪɨЕɫ, ɦɭɬɚɰɢɹ ɋ70U ɬɊɇɄɉɪɨ ɜɟɞёɬ ɤ 

ɫɧɢɠɟɧɢɸ ɚɤɰɟɩɬɨɪɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɩɪɢ ɚɦɢɧɨɚɰɢɥɢɪɨɜɚɧɢɢ ɩɪɨɥɢɧɨɦ 

ɩɪɢɦɟɪɧɨ ɜ 6 ɪɚɡ Д120]. Ɉɞɧɚɤɨ, ɷɮɮɟɤɬɢɜɧɨɟ ɭɡɧɚɜɚɧɢɟ ȺɥɚɊɋ ɬɚɤɠɟ ɬɪɟɛɭɟɬ 
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ɡɚɦɟɧɵ ɧɭɤɥɟɨɬɢɞɧɨɣ ɩɚɪɵ ɬɊɇɄɉɪɨ C1:G72 ɧɚ G1:C72, ɱɬɨ ɜɟɞёɬ ɤ ɩɚɞɟɧɢɸ 

ɚɤɰɟɩɬɨɪɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɜ 77 ɪɚɡ Д120]. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɝɢɛɪɢɞɧɚɹ ɬɊɇɄ 

ɩɪɚɤɬɢɱɟɫɤɢ ɬɟɪɹɟɬ ɫɩɨɫɨɛɧɨɫɬɶ ɤ ɭɡɧɚɜɚɧɢɸ ɜ ɚɦɢɧɨɚɰɢɥɢɪɭɸɳɟɦ ɚɤɬɢɜɧɨɦ 

ɰɟɧɬɪɟ ɉɪɨɊɋ, ɱɬɨ, ɜɩɪɨɱɟɦ, ɧɟ ɩɪɨɬɢɜɨɪɟɱɢɬ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɟ. 

3.1.2.2. Ʉɥɨɧɢɪɨɜɚɧɢɟ ɝɟɧɚ ɝɢɛɪɢɞɧɨɣ ɬɊɇɄɉɪɨȺɥɚ
Ef, ɟё ɷɤɫɩɪɟɫɫɢɹ ɢ 

ɨɱɢɫɬɤɚ. Ƚɢɛɪɢɞɧɚɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɝɟɧɚ ɬɊɇɄɉɪɨȺɥɚ
Ef, ɫɨɞɟɪɠɚɳɚɹ 

ɨɞɧɨɧɭɤɥɟɨɬɢɞɧɵɟ ɡɚɦɟɧɵ C1G, ɋ70U ɢ G72C, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɜɜɟɞɟɧɢɹ ɜ ɟё 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɷɥɟɦɟɧɬɨɜ ɭɡɧɚɜɚɧɢɹ ȺɥɚɊɋ (ɪɢɫ. 3.6), ɢ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ Ɍ7-ɩɪɨɦɨɬɨɪɚ ɜ ɜɢɞɟ ɨɞɧɨɣ ɩɚɪɵ ɱɚɫɬɢɱɧɨ 

ɤɨɦɩɥɟɦɟɧɬɚɪɧɵɯ   ɞɟɡɨɤɫɢɨɥɢɝɨɧɭɤɥɟɨɬɢɞɨɜ   (ɪɢɫ. 3.7.)   ɛɵɥɚ   ɞɨɫɬɪɨɟɧɚ   ɞɨ  

 

Ɋɢɫ. 3.6. ɇɭɤɥɟɨɬɢɞɧɵɟ ɡɚɦɟɧɵ ɜ ɬɊɇɄɉɪɨ
Ef, ɜɜɟɞёɧɧɵɟ ɞɥɹ ɫɨɡɞɚɧɢɹ 

ɝɢɛɪɢɞɧɨɣ ɬɊɇɄɉɪɨȺɥɚ
Ef, ɫɩɨɫɨɛɧɨɣ ɤ ɭɡɧɚɜɚɧɢɸ ɛɚɤɬɟɪɢɚɥɶɧɵɦɢ ȺɥɚɊɋ 
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ɩɨɥɧɨɫɬɶɸ ɞɜɭɯɰɟɩɨɱɟɱɧɨɣ ɫɬɪɭɤɬɭɪɵ ɫ ɩɨɦɨɳɶɸ ȾɇɄ-ɩɨɥɢɦɟɪɚɡɵ Pfu ɢ 

ɥɢɝɢɪɨɜɚɧɚ ɜ ɜɟɤɬɨɪ pCR2.1 ɩɪɢ ɩɨɦɨɳɢ ɧɚɛɨɪɚ ɞɥɹ ɥɢɝɢɪɨɜɚɧɢɹ ɉɐɊ-

ɩɪɨɞɭɤɬɨɜ CloneJet (Thermo Scientific).  

 

tAPEF-1 (68 н) 
5’-GAATTCTAATACGACTCACTATAGGGGAAGTAGCTCAGCTTGGTAGAGCACTTG 
GTTTGGGACCAAGG-3’ 
 

tAPEF-2 (65 н) 
5’-GGATCCTGGTGGAGAAGACAGGATTCGAACCTGCGACCCCTTGGTCCCAAACCA 
AGTGCTCTACC-3’ 
 

Ɋɢɫ. 3.7. ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɨɜ ɞɥɹ ɤɥɨɧɢɪɨɜɚɧɢɹ ɝɟɧɚ 

ɬɊɇɄɉɪɨȺɥɚ
Ef ɜ ɜɟɤɬɨɪɟ ЩUC18. ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ, ɤɨɞɢɪɭɸɳɚɹ ɬɊɇɄ 

ɜɵɞɟɥɟɧɚ ɫɟɪɵɦ, ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ Ɍ7-ɩɪɨɦɨɬɨɪɚ – ɤɭɪɫɢɜɨɦ, 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɫɚɣɬɨɜ BamHI ɢ EcoRI – ɩɨɞɱёɪɤɧɭɬɵ. ȼɜɟɞёɧɧɵɟ ɜ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɝɟɧɚ ɬɊɇɄɉɪɨ
Ef ɦɭɬɚɰɢɢ ɜɵɞɟɥɟɧɵ ɩɨɥɭɠɢɪɧɵɦ ɲɪɢɮɬɨɦ 

ɢ ɩɨɞɱёɪɤɧɭɬɵ. 27 ɧɭɤɥɟɨɬɢɞɨɜ ɧɚ 3’-ɤɨɧɰɚɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ 

ɤɨɦɩɥɟɦɟɧɬɚɪɧɵ 

 

ɉɨɥɭɱɟɧɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɛɵɥɚ ɧɚɪɚɛɨɬɚɧɚ ɜ ɤɭɥɶɬɭɪɟ ɤɥɟɬɨɤ E. coli 

DH5α, ɜɵɞɟɥɟɧɚ ɢ ɪɚɡɪɟɡɚɧɚ ɩɨ ɫɚɣɬɚɦ ɪɟɫɬɪɢɤɰɢɢ BamHI ɢ EcoRI. ɍɱɚɫɬɨɤ 

ȾɇɄ, ɫɨɞɟɪɠɚɳɢɣ Ɍ7-ɩɪɨɦɨɬɨɪ ɢ ɝɟɧ ɬɊɇɄɉɪɨȺɥɚ
Ef ɛɵɥ ɨɱɢɳɟɧ ɧɚ ɚɝɚɪɨɡɧɨɦ 

ɝɟɥɟ ɢ ɜɫɬɪɨɟɧ ɜ ɜɟɤɬɨɪ pUC18. 

ɉɨɥɭɱɟɧɧɭɸ ɝɟɧɧɨɢɧɠɟɧɟɪɧɭɸ ɤɨɧɫɬɪɭɤɰɢɸ ɩɪɨɜɟɪɹɥɢ ɩɭɬёɦ 

ɫɟɤɜɟɧɢɪɨɜɚɧɢɹ. ɗɤɫɩɪɟɫɫɢɹ ɢ ɜɵɞɟɥɟɧɢɟ ɬɊɇɄɉɪɨȺɥɚ ɩɪɨɜɨɞɢɥɢɫɶ ɚɧɚɥɨɝɢɱɧɨ 

ɬɚɤɨɜɵɦ ɞɥɹ ɬɊɇɄɉɪɨ
Ef, ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɨɬɫɭɬɫɬɜɢɹ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜ 

ɤɨɷɤɫɩɪɟɫɫɢɢ ɬɊɇɄ ɫ ɰɢɫ-ɝɢɞɪɨɥɢɬɢɱɟɫɤɢɦ ɪɢɛɨɡɢɦɨɦ ɢ ɢɯ ɩɨɫɥɟɞɭɸɳɟɝɨ 

ɪɚɡɞɟɥɟɧɢɹ. ɑɢɫɬɨɬɚ ɩɨɥɭɱɟɧɧɨɝɨ ɩɪɟɩɚɪɚɬɚ ɫɨɫɬɚɜɢɥɚ ɛɨɥɟɟ 90%. 
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3.1.2.3. Ȼɢɨɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɬɊɇɄɉɪɨȺɥɚ
Ef. Ƚɢɛɪɢɞɧɚɹ ɬɊɇɄɉɪɨȺɥɚ

Ef 

ɭɡɧɚёɬɫɹ ɢ ɷɮɮɟɤɬɢɜɧɨ ɚɦɢɧɨɚɰɢɥɢɪɭɟɬɫɹ ȺɥɚɊɋ T. thermophilus (ɪɢɫ. 3.8, ɚ). 

ɗɬɨ ɞɚɥɨ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɚɧɧɭɸ ɬɊɇɄ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɩɪɟɩɚɪɚɬɨɜ 
14ɋ-ɚɥɚɧɢɥ-ɬɊɇɄɉɪɨȺɥɚ

Ef. 14ɋ-ɚɥɚɧɢɥ-ɬɊɇɄɉɪɨȺɥɚ
Ef ɷɮɮɟɤɬɢɜɧɨ ɝɢɞɪɨɥɢɡɭɟɬɫɹ 

ɉɪɨɊɋEf ɩɭɬёɦ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɝɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ (ɪɢɫ. 3.8, ɛ). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɫɬɚɥɨ ɜɨɡɦɨɠɧɵɦ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɪɚɡɞɟɥɢɬɶ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɟ 

ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ ɉɪɨɊɋEf ɢ ɩɪɟɬɪɚɧɫɮɟɪɧɨɟ ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ, ɜɧɨɫɹɳɟɟ ɫɜɨɸ 

ɥɟɩɬɭ ɜ ɧɚɤɨɩɥɟɧɢɟ ȺɆɎ ɜ ɤɥɚɫɫɢɱɟɫɤɨɦ ɬɟɫɬɟ ɧɚ ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ. 

ɚ ɛ  

Ɋɢɫ. 3.8. Ȼɢɨɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɬɊɇɄɉɪɨȺɥɚ
Ef: ɚ: ɚɦɢɧɨɚɰɢɥɢɪɨɜɚɧɢɟ 

ɬɊɇɄɉɪɨȺɥɚ
Ef ɚɥɚɧɢɧɨɦ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 0,6 ɦɤɆ ȺɥɚɊɋ T. thermophilus. ɛ: 

ɞɟɚɰɢɥɢɪɨɜɚɧɢɟ ɚɥɚɧɢɥ-ɬɊɇɄɉɪɨȺɥɚ 60 ɧM ɉɪɨɊɋEf (■) ɢ ɟё ɧɟɮɟɪɦɟɧɬɚɬɢɜɧɨɟ 

ɞɟɚɰɢɥɢɪɨɜɚɧɢɟ (●) 

 

ȼɵɜɨɞɵ ɤ ɩɨɞɪɚɡɞɟɥɭ 3.1.: 

 

● ɋɨɡɞɚɧɚ ɝɟɧɧɨɢɧɠɟɧɟɪɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɞɥɹ ɷɤɫɩɪɟɫɫɢɢ ɬɊɇɄɉɪɨ
Ef in vitro. 

Ƚɟɧ ɬɊɇɄɉɪɨ
Ef, ɫɥɢɬɵɣ ɫ ɝɟɧɨɦ ɰɢɫ-ɝɢɞɪɨɥɢɬɢɱɟɫɤɨɝɨ ɪɢɛɨɡɢɦɚ, ɤɥɨɧɢɪɨɜɚɧ 

ɩɪɢ ɩɨɦɨɳɢ ɜɟɤɬɨɪɚ pUC18 ɢ ɷɤɫɩɪɟɫɫɢɪɨɜɚɧ in vitro. ɉɨɞɬɜɟɪɠɞɟɧɚ ɱɢɫɬɨɬɚ ɢ 

ɚɤɰɟɩɬɨɪɧɚɹ ɚɤɬɢɜɧɨɫɬɶ ɩɨɥɭɱɟɧɧɨɝɨ ɩɪɟɩɚɪɚɬɚ ɬɊɇɄɉɪɨ
Ef. ɉɨɤɚɡɚɧɚ ɪɚɜɧɚɹ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɭɡɧɚɜɚɧɢɹ ɉɪɨɊɋEf ɬɪɚɧɫɤɪɢɩɬɚ ɬɊɇɄɉɪɨ
Ef ɢ ɬɊɇɄɉɪɨ

Rp. 
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● Ƚɟɧ ɝɢɛɪɢɞɧɨɣ ɬɊɇɄɉɪɨȺɥɚ
Ef, ɫɨɞɟɪɠɚɳɢɣ ɞɟɬɟɪɦɢɧɚɧɬɵ ɭɡɧɚɜɚɧɢɹ ɬɊɇɄȺɥɚ, 

ɤɥɨɧɢɪɨɜɚɧ ɩɪɢ ɩɨɦɨɳɢ ɜɟɤɬɨɪɚ pUC18 ɢ ɷɤɫɩɪɟɫɫɢɪɨɜɚɧ in vitro. 

ɉɨɞɬɜɟɪɠɞɟɧɵ ɱɢɫɬɨɬɚ ɢ ɚɤɰɟɩɬɨɪɧɚɹ ɚɤɬɢɜɧɨɫɬɶ ɩɨɥɭɱɟɧɧɨɝɨ ɩɪɟɩɚɪɚɬɚ 

ɬɊɇɄɉɪɨȺɥɚ
Ef. 

 

● ɉɨɤɚɡɚɧɨ, ɱɬɨ ɬɊɇɄɉɪɨȺɥɚ
Ef ɚɤɰɟɩɬɢɪɭɟɬ ɚɥɚɧɢɧ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ȺɥɚɊɋEc, 

ɩɨɫɥɟ ɱɟɝɨ ɞɟɚɰɢɥɢɪɭɟɬɫɹ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɉɪɨɊɋEf. 

 

 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɩɪɢɜɟɞёɧɧɵɯ ɜ ɩɨɞɪɚɡɞɟɥɟ, ɨɩɭɛɥɢɤɨɜɚɧɵ ɜ 

ɪɚɛɨɬɚɯ: 

1. Ʉɥɨɧɢɪɨɜɚɧɢɟ, ɷɤɫɩɪɟɫɫɢɹ ɢ ɨɱɢɫɬɤɚ ɬɊɇɄɉɪɨ ɢɡ ɛɚɤɬɟɪɢɢ Enterococcus 

faecalis / Ȼɨɹɪɲɢɧ Ʉ.ɋ., Ʉɪɢɤɥɢɜɵɣ ɂ.Ⱥ., əɪɟɦɱɭɤ Ⱥ.Ⱦ., Ɍɭɤɚɥɨ Ɇ.Ⱥ. // 

Biopolimers and Cell.- 2009.- Vol. 25, N. 6.- P. 445-450.  

2. ɉɪɟɞɩɨɥɚɝɚɟɦɵɣ ɚɤɬɢɜɧɵɣ ɰɟɧɬɪ ɪɟɞɚɤɬɢɪɭɸɳɟɝɨ ɞɨɦɟɧɚ ɩɪɨɥɢɥ-ɬɊɇɄ 

ɫɢɧɬɟɬɚɡɵ ɛɚɤɬɟɪɢɢ Enterococcus faecalis / Ȼɨɹɪɲɢɧ Ʉ.ɋ., Ʉɪɢɤɥɢɜɵɣ ɂ.Ⱥ., 

Ɋɚɟɜɫɤɢɣ Ⱥ.ȼ., ɏɢɦɢɧ Ⱥ.Ⱥ., əɪɟɦɱɭɤ Ⱥ.Ⱦ., Ɍɭɤɚɥɨ Ɇ.Ⱥ. // Ȼɿɨɩɨɥɿɦɟɪɢ ɿ 

ɤɥɿɬɢɧɚ. -2009. -Ɍ.25, № 1.-ɋ. 39-43. 

3. ɋɬɜɨɪɟɧɧɹ ɝɟɧɧɢɯ ɤɨɧɫɬɪɭɤɰɿɣ ɬɚ ɟɤɫɩɪɟɫɿɹ in vitro i in vivo ɬɊɇɄɉɪɨ ɿɡ 

Enterococcus faecalis / Ȼɨɹɪɲɢɧ Ʉ.ɋ., Ʉɪɢɤɥɢɜɢɣ І.Ⱥ., Ʉɨɜɚɥɟɧɤɨ Ɉ.ɉ., əɪɟɦɱɭɤ 

Ƚ.Ⱦ. // Ɇɚɬɟɪɿɚɥɢ Iɏ ɍɤɪɚʀɧɫɶɤɨɝɨ ɛɿɨɯɿɦɿɱɧɨɝɨ ɡ'ʀɡɞɭ. ɀɨɜɬɟɧɶ 2006, ɏɚɪɤɿɜ. 

ɋɛ. ɬɟɡɢɫɨɜ, ɫ. 32. 

 

3.2. ɂɡɭɱɟɧɢɟ ɪɨɥɢ ɬɊɇɄ ɜ ɩɪɟɬɪɚɧɫɮɟɪɧɨɦ ɪɟɞɚɤɬɢɪɨɜɚɧɢɢ ɩɪɨɥɢɥ-

ɬɊɇɄ ɫɢɧɬɟɬɚɡɨɣ 

 

ȼ ɷɤɫɩɟɪɢɦɟɧɬɚɯ in vitro ɪɚɫɩɚɞ ɢ ɩɨɜɬɨɪɧɵɣ ɫɢɧɬɟɡ ɩɪɨɞɭɤɬɨɜ, 

ɩɨɞɥɟɠɚɳɢɯ ɪɟɞɚɤɬɢɪɨɜɚɧɢɸ, ɩɪɢɜɨɞɢɬ ɤ ɩɨɫɬɨɹɧɧɨɦɭ ɪɚɫɯɨɞɭ ȺɌɎ ɢ 

ɧɚɤɨɩɥɟɧɢɸ ȺɆɎ ɜ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ, ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɬɨɝɨ, ɤɚɤɢɦ ɨɛɪɚɡɨɦ 

ɩɪɨɢɫɯɨɞɢɬ ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ Д46Ж. Ⱥɦɢɧɨɤɢɫɥɨɬɚ ɢ ɬɊɇɄ ɩɪɢ ɷɬɨɦ ɧɟ 
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ɪɚɫɯɨɞɭɸɬɫɹ, ɩɨɡɜɨɥɹɹ ɢɡɦɟɧɹɬɶɫɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɬɨɥɶɤɨ ɨɞɧɨɝɨ ɢɡ ɫɭɛɫɬɪɚɬɨɜ. 

Ɇɟɬɨɞ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɧɚɤɨɩɥɟɧɢɢ ȺɆɎ, ɛɵɥ ɩɪɢɦɟɧёɧ ɧɚɦɢ ɞɥɹ ɢɡɭɱɟɧɢɹ 

ɩɭɬɟɣ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɉɪɨɊɋEf ɩɪɨɞɭɤɬɨɜ ɨɲɢɛɨɱɧɨɝɨ ɭɡɧɚɜɚɧɢɹ ɚɥɚɧɢɧɚ.  

ȼ ɧɚɲɢɯ ɨɩɵɬɚɯ ɩɨ ɝɢɞɪɨɥɢɡɭ ȺɌɎ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɪɟɞɚɤɬɢɪɭɟɦɨɣ 

ɚɦɢɧɨɤɢɫɥɨɬɵ (500 ɦɆ ɚɥɚɧɢɧɚ) ɫɭɦɦɚɪɧɵɣ ɭɪɨɜɟɧɶ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɉɪɨɊɋEf 

(ɪɚɫɯɨɞ ȺɌɎ ɤɚɤ ɫɥɟɞɫɬɜɢɟ ɢ ɩɪɟɬɪɚɧɫɮɟɪɧɨɝɨ, ɢ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɝɨ 

ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ) ɩɨɜɵɲɚɥɫɹ ɜ ɧɟɫɤɨɥɶɤɨ ɪɚɡ ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ ɬɊɇɄɉɪɨ ɞɨ 

ɤɨɧɰɟɧɬɪɚɰɢɢ 15 ɦɤɆ (ɪɢɫ. 3.9). ȼ ɷɬɨɦ ɢ ɩɨɫɥɟɞɭɸɳɢɯ ɷɤɫɩɟɪɢɦɟɧɬɚɯ 

ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɧɚɬɢɜɧɚɹ ɬɊɇɄɉɪɨ
Rp, ɭɡɧɚɜɚɟɦɚɹ ɉɪɨɊɋEf ɧɚɪɚɜɧɟ ɫ 

ɬɪɚɧɫɤɪɢɩɬɨɦ ɬɊɇɄɉɪɨ
Ef, ɤɚɤ ɛɵɥɨ ɩɨɤɚɡɚɧɨ ɜ ɪɚɡɞɟɥɟ 1. ɍɫɤɨɪɟɧɢɟ ɝɢɞɪɨɥɢɡɚ 

ȺɌɎ ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ ɬɊɇɄɉɪɨ ɦɨɠɧɨ ɛɵɥɨ ɢɧɬɟɪɩɪɟɬɢɪɨɜɚɬɶ ɢ ɤɚɤ ɪɟɡɭɥɶɬɚɬ 

ɬɨɥɶɤɨ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɝɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ, ɢ ɤɚɤ ɫɭɦɦɚɪɧɵɣ ɪɟɡɭɥɶɬɚɬ 

ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɝɨ ɢ ɬɊɇɄ-ɡɚɜɢɫɢɦɨɝɨ ɩɪɟɬɪɚɧɫɮɟɪɧɨɝɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ.  

 

Ɋɢɫ. 3.9. ɇɚɤɨɩɥɟɧɢɟ ȺɆɎ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɰɟɫɫɨɜ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ. 

ɬɊɇɄ-ɧɟɡɚɜɢɫɢɦɨɟ ɩɪɟɬɪɚɧɫɮɟɪɧɨɟ ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɉɪɨɊɋ 

ɞɢɤɨɝɨ ɬɢɩɚ ɛɟɡ ɬɊɇɄ (▲) ɢ ɉɪɨɊɋ Ʉ279Ⱥ ɛɟɡ ɬɊɇɄ (▼). ɬɊɇɄ-ɡɚɜɢɫɢɦɨɟ 

ɩɪɟɬɪɚɧɫɮɟɪɧɨɟ ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɉɪɨɊɋ Ʉ279Ⱥ ɢ ɬɊɇɄɉɪɨ
Rp (●). 

ɉɪɟɬɪɚɧɫɮɟɪɧɨɟ ɢ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɟ ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɞ.ɬ. ɉɪɨɊɋ 

ɢ ɬɊɇɄɉɪɨ
Rp (■). Ʉɨɧɰɟɧɬɪɚɰɢɹ ɉɪɨɊɋ 2 ɦɤɆ, ɬɊɇɄ – 15 ɦɤɆ 
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ɑɬɨɛɵ ɩɨɥɭɱɢɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɞɥɹ ɛɨɥɟɟ ɱёɬɤɨɣ ɢɧɬɟɪɩɪɟɬɚɰɢɢ 

ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɛɵɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ ɦɭɬɚɧɬɧɚɹ ɮɨɪɦɚ ɮɟɪɦɟɧɬɚ ɫ 

ɚɦɢɧɨɤɢɫɥɨɬɧɨɣ ɡɚɦɟɧɨɣ Ʉ279Ⱥ ɜ ɞɨɦɟɧɟ, ɨɬɜɟɬɫɬɜɟɧɧɨɦ ɡɚ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɟ 

ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ, ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɫɬɶɸ ɥɢɲёɧɧɚɹ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɣ 

ɪɟɞɚɤɬɢɪɭɸɳɟɣ ɚɤɬɢɜɧɨɫɬɢ. Ɋɚɧɟɟ ɛɵɥɢ ɨɩɢɫɚɧɵ ɚɧɚɥɨɝɢɱɧɵɟ ɫɜɨɣɫɬɜɚ 

ɦɭɬɚɧɬɧɨɣ ɮɨɪɦɵ K279A ɉɪɨɊɋEc [98]. Cɬɪɭɤɬɭɪɧɚɹ ɪɨɥɶ ɷɬɨɝɨ 

ɚɦɢɧɨɤɢɫɥɨɬɧɨɝɨ ɨɫɬɚɬɤɚ ɛɵɥɚ ɩɨɤɚɡɚɧɚ ɩɭɬёɦ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

[52].  

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɉɪɨɊɋEf Ʉ279Ⱥ ɞɚɥɨ ɧɚɦ ɜɨɡɦɨɠɧɨɫɬɶ ɨɰɟɧɢɜɚɬɶ ɬɨɥɶɤɨ 

ɩɪɟɬɪɚɧɫɮɟɪɧɭɸ ɪɟɞɚɤɬɢɪɭɸɳɭɸ ɚɤɬɢɜɧɨɫɬɶ ɜ ɨɩɵɬɚɯ ɩɨ ɝɢɞɪɨɥɢɡɭ ȺɌɎ ɜ 

ɩɪɢɫɭɬɫɬɜɢɢ ɪɟɞɚɤɬɢɪɭɟɦɨɣ ɚɦɢɧɨɤɢɫɥɨɬɵ, ɨɬɪɚɠɚɸɳɢɯ ɫɭɦɦɚɪɧɨɟ 

ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɦɭɬɚɧɬɧɨɣ ɮɨɪɦɵ ɉɪɨɊɋEf 

Ʉ279Ⱥ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɣɫɹ ɩɪɚɤɬɢɱɟɫɤɢɦ ɨɬɫɭɬɫɬɜɢɟɦ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɣ 

ɪɟɞɚɤɬɢɪɭɸɳɟɣ ɚɤɬɢɜɧɨɫɬɢ, ɜ ɬɟɫɬɟ ɧɚ ɧɚɤɨɩɥɟɧɢɟ ȺɆɎ ɩɨɡɜɨɥɢɥɨ ɧɚɦ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɪɚɡɞɟɥɢɬɶ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɟ ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ ɢ ɬɊɇɄ-

ɡɚɜɢɫɢɦɨɟ ɩɪɟɬɪɚɧɫɮɟɪɧɨɟ ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɛɵɥɨ ɨɬɦɟɱɟɧɨ 

ɩɨɜɵɲɟɧɢɟ ɭɪɨɜɧɹ ɩɪɟɬɪɚɧɫɮɟɪɧɨɝɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɬɊɇɄɉɪɨ 

(ɪɢɫ. 3.9). 

ȼ ɩɪɢɫɭɬɫɬɜɢɢ ɧɚɬɢɜɧɨɣ ɬɊɇɄɉɪɨ
Rp ɢ ɦɭɬɚɧɬɧɨɣ ɮɨɪɦɵ ɉɪɨɊɋЕf Ʉ279Ⱥ 

ɫɤɨɪɨɫɬɶ ɧɚɤɨɩɥɟɧɢɹ ȺɆɎ ɩɪɢɦɟɪɧɨ ɜɬɪɨɟ ɛɨɥɶɲɟ, ɱɟɦ ɜ ɚɧɚɥɨɝɢɱɧɨɣ ɫɦɟɫɢ 

ɛɟɡ ɬɊɇɄ (ɪɢɫ. 3.9, ɬɚɛɥ. 3.1). ȼ ɩɪɢɫɭɬɫɬɜɢɢ ɮɟɪɦɟɧɬɚ ɞɢɤɨɝɨ ɬɢɩɚ ɢ ɧɚɬɢɜɧɨɣ 

ɬɊɇɄɉɪɨ
Rp ɫɤɨɪɨɫɬɶ ɧɚɤɨɩɥɟɧɢɹ ɩɪɨɞɭɤɬɚ ɜɨɡɪɚɫɬɚɟɬ ɟɳё ɩɪɢɦɟɪɧɨ ɜɬɪɨɟ 

(ɬɚɛɥ. 3.1), ɡɚ ɫɱёɬ ɩɨɞɤɥɸɱɟɧɢɹ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɝɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ, 

ɛɥɨɤɢɪɨɜɚɧɧɨɝɨ ɜ ɦɭɬɚɧɬɧɨɣ ɮɨɪɦɟ.  

3.2.1. ɏɚɪɚɤɬɟɪ ɬɊɇɄ-ɡɚɜɢɫɢɦɨɫɬɢ ɩɪɟɬɪɚɧɫɮɟɪɧɨɝɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ 

ɉɪɨɊɋEf. ɋɪɚɜɧɟɧɢɟ ɧɚɛɥɸɞɚɟɦɵɯ ɤɨɧɫɬɚɧɬ ɫɤɨɪɨɫɬɢ ɧɚɤɨɩɥɟɧɢɹ ȺɆɎ ɫɨ 

ɫɤɨɪɨɫɬɶɸ ɫɩɨɧɬɚɧɧɨɝɨ ɝɢɞɪɨɥɢɡɚ ɚɥɚɧɢɥ-ɚɞɟɧɢɥɚɬɚ ɜ ɚɧɚɥɨɝɢɱɧɨɦ ɪɚɫɬɜɨɪɟ 

(ɬɚɛɥ. 3.1) ɩɨɤɚɡɚɥɨ, ɱɬɨ ɤɚɤ ɬɊɇɄ-ɡɚɜɢɫɢɦɨɟ, ɬɚɤ ɢ ɬɊɇɄ-ɧɟɡɚɜɢɫɢɦɨɟ 

ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ ɉɪɨɊɋEf ɹɜɥɹɸɬɫɹ ɤɚɬɚɥɢɬɢɱɟɫɤɢɦɢ ɩɪɨɰɟɫɫɚɦɢ, ɢ ɧɟ ɫɜɨɞɹɬɫɹ 

ɤ ɢɡɛɢɪɚɬɟɥɶɧɨɦɭ ɜɵɫɜɨɛɨɠɞɟɧɢɸ ɚɥɚɧɢɥ-ɚɞɟɧɢɥɚɬɚ ɢɡ ɚɤɬɢɜɧɨɝɨ ɰɟɧɬɪɚ  
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Тɚɛɥиɰɚ 3.1 

ɇɚɛɥɸɞɚɟɦɵɟ ɤɨɧɫɬɚɧɬɵ ɫɤɨɪɨɫɬɢ ɧɚɤɨɩɥɟɧɢɹ ȺɆɎ ɜ ɯɨɞɟ 

ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɉɪɨɊɋEf ɩɪɨɬɢɜ ɚɥɚɧɢɧɚ.  

Ʉɨɧɰɟɧɬɪɚɰɢɹ ɉɪɨɊɋ 2 ɦɤɆ, ɬɊɇɄ – 15 ɦɤɆ 

kobs, c
-1 

ɋɭɦɦɚɪɧɨɟ  

ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ 

(Ⱦ.ɬ. ɉɪɨɊɋ+ 

ɬɊɇɄɉɪɨ) 

ɬɊɇɄ-

ɡɚɜɢɫɢɦɨɟ 

ɩɪɟɬɪɚɧɫɮɟɪɧɨɟ 

ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ 

(ɉɪɨɊɋ Ʉ279Ⱥ 

+ ɬɊɇɄɉɪɨ) 

ɬɊɇɄ-

ɧɟɡɚɜɢɫɢɦɨɟ 

ɩɪɟɬɪɚɧɫɮɟɪɧɨɟ 

ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ 

(Ⱦ.ɬ. ɉɪɨɊɋ  

ɛɟɡ ɬɊɇɄ) 

ɇɟɮɟɪɦɟɧɬɚɬɢɜɧɵɣ 

ɝɢɞɪɨɥɢɡ 

ɚɥɚɧɢɥ-ɚɞɟɧɢɥɚɬɚ 

 

0,433±0,065 

 

0,131±0,014 

 

0,039±0,013 

 

(7,8±1,7)×10-4 

 

ɮɟɪɦɟɧɬɚ. ɉɨɦɢɦɨ ɧɚɤɨɩɥɟɧɢɹ ȺɆɎ, ɜ ɨɬɫɭɬɫɬɜɢɟ ɬɊɇɄ (ɚ ɬɚɤɠɟ ɜ 

ɩɪɢɫɭɬɫɬɜɢɢ ɬɪɚɧɫɤɪɢɩɬɚ ɬɊɇɄɉɪɨ
Ef) ɧɚɛɥɸɞɚɟɬɫɹ ɧɚɤɨɩɥɟɧɢɟ ɚɥɚɧɢɥ-ȺɆɎ, 

ɱɟɝɨ ɧɟ ɩɪɨɢɫɯɨɞɢɬ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɧɚɬɢɜɧɨɣ ɬɊɇɄɉɪɨ
Rp (ɪɢɫ. 3.10). Ⱦɨɛɚɜɥɟɧɢɟ  

 

Ɋɢɫ. 3.10. ɋɟɥɟɤɬɢɜɧɨɟ ɜɵɫɜɨɛɨɠɞɟɧɢɟ ɚɥɚɧɢɥ-ȺɆɎ ɢɡ ɚɤɬɢɜɧɨɝɨ ɰɟɧɬɪɚ 

ɉɪɨɊɋEf. Ⱦɢɤɢɣ ɬɢɩ ɉɪɨɊɋ ɛɟɡ ɬɊɇɄ (■) ɢ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɧɚɬɢɜɧɨɣ ɬɊɇɄɉɪɨ
Rp 

(●) 
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11,5 ɦɤɆ ɧɚɬɢɜɧɨɣ ɬɊɇɄ ɜ ɪɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɜɟɞёɬ ɤ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɦɭ 

ɩɚɞɟɧɢɸ ɤɨɧɰɟɧɬɪɚɰɢɢ ɚɥɚɧɢɥ-ȺɆɎ. Ⱦɢɤɢɣ ɬɢɩ ɮɟɪɦɟɧɬɚ, ɢ ɦɭɬɚɧɬɧɵɟ 

ɮɨɪɦɵ Ʉ279Ⱥ ɢ ɇ366Ⱥ, ɧɟɫɭɳɢɟ ɦɭɬɚɰɢɢ ɜ ɪɟɞɚɤɬɢɪɭɸɳɟɦ ɞɨɦɟɧɟ, ɜɟɞɭɬ ɫɟɛɹ 

ɜ ɷɬɨɦ ɩɪɨɰɟɫɫɟ ɫɯɨɠɢɦ ɨɛɪɚɡɨɦ (ɪɢɫ. 3.11). ɗɬɨɬ ɷɤɫɩɟɪɢɦɟɧɬ ɩɨɤɚɡɵɜɚɟɬ 

ɡɧɚɱɟɧɢɟ ɩɪɢɫɭɬɫɬɜɢɹ ɬɊɇɄ ɢɦɟɧɧɨ ɞɥɹ ɫɤɨɪɨɫɬɢ ɝɢɞɪɨɥɢɡɚ ɚɥɚɧɢɥ-ɚɞɟɧɢɥɚɬɚ, 

ɚ ɧɟ ɞɥɹ ɫɤɨɪɨɫɬɢ ɟɝɨ ɫɢɧɬɟɡɚ. Ɉɬɫɭɬɫɬɜɢɟ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɜɥɢɹɧɢɹ ɦɭɬɚɰɢɣ ɜ 

ɪɟɞɚɤɬɢɪɭɸɳɟɦ ɞɨɦɟɧɟ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɜ ɩɨɥɶɡɭ ɥɨɤɚɥɢɡɚɰɢɢ ɬɊɇɄ-

ɡɚɜɢɫɢɦɨɝɨ ɩɪɟɬɪɚɧɫɮɟɪɧɨɝɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɜ ɫɢɧɬɟɬɢɱɟɫɤɨɦ ɚɤɬɢɜɧɨɦ ɰɟɧɬɪɟ 

ɮɟɪɦɟɧɬɚ. 

 

Ɋɢɫ. 3.11. Ƚɢɞɪɨɥɢɡ ɚɥɚɧɢɥ-ȺɆɎ ɉɪɨɊɋEf. Ⱦ.ɬ. ɉɪɨɊɋ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 

ɬɊɇɄɉɪɨ
Rp (■), ɉɪɨɊɋ Ʉ279Ⱥ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɬɊɇɄɉɪɨ

Rp (●), ɉɪɨɊɋ ɇ366Ⱥ ɜ 

ɩɪɢɫɭɬɫɬɜɢɢ ɬɊɇɄɉɪɨ
Rp (▲), ɞ.ɬ. ɉɪɨɊɋ ɛɟɡ ɬɊɇɄ (▼) 

 

3.2.2. Ɇɨɞɢɮɢɤɚɰɢɹ ɬɊɇɄɉɪɨ
 ɩɭɬёɦ ɨɤɢɫɥɟɧɢɹ ɩɟɪɢɨɞɚɬɨɦ ɧɚɬɪɢɹ. 

ɉɪɟɬɪɚɧɫɮɟɪɧɨɟ ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ ɭ ɢɡɭɱɟɧɧɵɯ ɪɚɧɟɟ ɚɦɢɧɨɚɰɢɥ-ɬɊɇɄ ɫɢɧɬɟɬɚɡ 

ɩɪɨɬɟɤɚɟɬ ɥɢɛɨ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɚɦɢɧɨɚɰɢɥɢɪɭɸɳɟɦ ɚɤɬɢɜɧɨɦ ɰɟɧɬɪɟ Д45], 

ɥɢɛɨ ɜ ɬɨɦ ɠɟ ɚɤɬɢɜɧɨɦ ɰɟɧɬɪɟ, ɱɬɨ ɢ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɟ ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ Д64Ж. ȼ 

ɨɛɨɢɯ ɫɥɭɱɚɹɯ ɫ ɦɟɫɬɨɦ ɩɪɟɬɪɚɧɫɮɟɪɧɨɝɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɜ ɧɚɢɛɨɥɶɲɟɣ 

ɫɬɟɩɟɧɢ ɫɛɥɢɠɚɟɬɫɹ 3’-ɤɨɧɟɰ ɬɊɇɄ, ɱɬɨ ɫɬɚɜɢɬ ɜɨɩɪɨɫ ɨ ɟɝɨ ɜɨɡɦɨɠɧɨɣ ɪɨɥɢ ɜ 

ɢɧɞɭɤɰɢɢ ɝɢɞɪɨɥɢɡɚ ɨɲɢɛɨɱɧɨ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɚɦɢɧɨɚɰɢɥ-ɚɞɟɧɢɥɚɬɚ. 
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ɉɪɨɜɟɞёɧɧɵɣ ɧɚɦɢ ɷɤɫɩɟɪɢɦɟɧɬ ɩɨ ɝɢɞɪɨɥɢɡɭ ȺɌɎ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɚɥɚɧɢɧɚ ɢ 

ɬɊɇɄɉɪɨ
Rɪ (CGG) ɫ ɨɤɢɫɥɟɧɧɵɦɢ ɩɟɪɢɨɞɚɬɨɦ ɧɚɬɪɢɹ 2’- ɢ 3’-ɝɢɞɪɨɤɫɢɥɶɧɵɦɢ 

ɝɪɭɩɩɚɦɢ ɪɢɛɨɡɵ 3’-ɤɨɧɰɟɜɨɝɨ ɚɞɟɧɨɡɢɧɚ ɩɨɤɚɡɚɥ ɤɥɸɱɟɜɨɟ ɡɧɚɱɟɧɢɟ ɷɬɢɯ 

ɝɪɭɩɩ  ɞɥɹ  ɢɧɞɭɤɰɢɢ  ɩɪɟɬɪɚɧɫɮɟɪɧɨɝɨ  ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ  (ɪɢɫ. 3.12). Ɉɛɪɚɛɨɬɤɚ  

 

ɚ 

 
ɛ 

 

Ɋɢɫ. 3.12. ȼɥɢɹɧɢɟ ɨɛɪɚɛɨɬɤɢ ɬɊɇɄɉɪɨ ɩɟɪɢɨɞɚɬɨɦ ɧɚɬɪɢɹ ɧɚ ɫɬɪɭɤɬɭɪɭ ɟё 

Ⱥ76 (ɚ), ɢ ɧɚ ɟё ɭɱɚɫɬɢɟ ɜ ɩɪɟɬɪɚɧɫɮɟɪɧɨɦ ɪɟɞɚɤɬɢɪɨɜɚɧɢɢ (ɛ). Ɋɟɞɚɤɬɢɪɨɜɚɧɢɟ 

ɉɪɨɊɋEf ɞɢɤɨɝɨ ɬɢɩɚ (●) ɢ ɟё ɦɭɬɚɧɬɧɨɣ ɮɨɪɦɨɣ Ʉ279Ⱥ (▼) ɩɪɨɬɢɜ ɚɥɚɧɢɧɚ ɜ 

ɩɪɢɫɭɬɫɬɜɢɢ ɧɨɪɦɚɥɶɧɨɣ ɬɊɇɄɉɪɨ
Rp (CGG). Ɋɟɞɚɤɬɢɪɨɜɚɧɢɟ ɉɪɨɊɋEf ɞɢɤɨɝɨ 

ɬɢɩɚ (▲) ɢ ɟё ɦɭɬɚɧɬɧɨɣ ɮɨɪɦɨɣ Ʉ279Ⱥ (♦) ɩɪɨɬɢɜ ɚɥɚɧɢɧɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɬɨɣ 

ɠɟ ɬɊɇɄ, ɨɤɢɫɥɟɧɧɨɣ ɩɟɪɢɨɞɚɬɨɦ ɧɚɬɪɢɹ. Ɍɨ ɠɟ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɞɢɤɨɝɨ ɬɢɩɚ 

ɉɪɨɊɋEf, ɧɨ ɛɟɡ ɬɊɇɄ (■) 

 

ɷɬɢɦ ɪɟɚɝɟɧɬɨɦ ɩɪɢɜɨɞɢɬ ɤ ɪɚɡɪɵɜɭ ɩɟɧɬɨɡɧɨɝɨ ɤɨɥɶɰɚ ɪɢɛɨɡɵ Ⱥ76 ɢ 

ɜɯɨɠɞɟɧɢɸ ɤɢɫɥɨɪɨɞɨɜ 2'- ɢ 3'-ɝɢɞɪɨɤɫɢɥɨɜ ɜ ɫɨɫɬɚɜ ɤɚɪɛɨɤɫɢɥɶɧɵɯ ɝɪɭɩɩ 
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[123Ж. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɛɟ ɝɢɞɪɨɤɫɢɥɶɧɵɟ ɝɪɭɩɩɵ Ⱥ76 ɩɪɟɤɪɚɳɚɸɬ ɫɜɨё 

ɫɭɳɟɫɬɜɨɜɚɧɢɟ, ɱɬɨ ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɞɥɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɨɰɟɧɤɢ ɢɯ ɭɱɚɫɬɢɹ ɜ 

ɛɢɨɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɚɯ. 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫ. 3.12, ɨɤɢɫɥɟɧɧɚɹ ɩɟɪɢɨɞɚɬɨɦ ɧɚɬɪɢɹ ɬɊɇɄ ɩɨɥɧɨɫɬɶɸ 

ɬɟɪɹɟɬ ɫɩɨɫɨɛɧɨɫɬɶ ɜɥɢɹɬɶ ɧɚ ɫɤɨɪɨɫɬɶ ɩɪɨɰɟɫɫɨɜ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ, ɤɚɤ ɜ 

ɩɪɢɫɭɬɫɬɜɢɢ ɞɢɤɨɝɨ ɬɢɩɚ ɉɪɨɊɋEf, ɬɚɤ ɢ ɦɭɬɚɧɬɧɨɣ ɮɨɪɦɵ Ʉ279Ⱥ.  

3.2.3. ɉɨɥɭɱɟɧɢɟ 2'- ɢ 3'-dȺ76 ɩɪɨɢɡɜɨɞɧɵɯ ɬɊɇɄɉɪɨ
. ɋ ɰɟɥɶɸ ɩɪɨɜɟɪɤɢ 

ɭɱɚɫɬɢɹ ɝɢɞɪɨɤɫɢɥɶɧɵɯ ɝɪɭɩɩ ɪɢɛɨɡɵ Ⱥ76 ɬɊɇɄɉɪɨ ɜ ɢɧɞɭɤɰɢɢ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ 

ɧɚɦɢ ɛɵɥɢ ɩɨɥɭɱɟɧɵ 2'- ɢ 3'-dȺ76 ɩɪɨɢɡɜɨɞɧɵɟ ɬɊɇɄɉɪɨ
Rp. Ⱦɥɹ ɷɬɨɝɨ ɩɪɟɩɚɪɚɬ 

ɬɊɇɄɉɪɨ
Rp (CGG) ɛɵɥ ɩɨɞɜɟɪɝɧɭɬ ɨɛɪɚɛɨɬɤɟ ɮɨɫɮɨɞɢɷɫɬɟɪɚɡɨɣ C. adamanteus, 

ɱɬɨ ɩɪɢɜɟɥɨ ɤ ɨɬɳɟɩɥɟɧɢɸ ɟё ɨɞɧɨɰɟɩɨɱɟɱɧɨɝɨ 3'-ɤɨɧɰɚ 74-ɋɋȺ-76. Ɂɚɬɟɦ ɷɬɚ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɛɵɥɚ ɞɨɫɬɪɨɟɧɚ ɩɪɢ ɩɨɦɨɳɢ ɬɟɪɦɢɧɚɥɶɧɨɣ ɬɊɇɄ-

ɧɭɤɥɟɨɬɢɞɢɥɬɪɚɧɫɮɟɪɚɡɵ B. stearothermophilus ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɐɌɎ ɢ, ɜ ɨɞɧɨɦ 

ɫɥɭɱɚɟ 2'-dȺɌɎ, ɜ ɞɪɭɝɨɦ 3'-d ȺɌɎ (ɤɨɪɞɢɰɟɩɢɧɚ) (ɪɢɫ. 3.13). 
 

 
 

Ɋɢɫ. 3.13. ɉɨɥɭɱɟɧɢɟ ɩɪɨɢɡɜɨɞɧɵɯ ɬɊɇɄɉɪɨ
Rp ɩɨ Ⱥ76. ɎȾɗ – 

ɮɨɫɮɨɞɢɷɫɬɟɪɚɡɚ, ɌɌɇɌ – ɬɟɪɦɢɧɚɥɶɧɚɹ ɬɊɇɄ-ɧɭɤɥɟɨɬɢɞɢɥɬɪɚɧɫɮɟɪɚɡɚ 
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ɉɨɥɭɱɟɧɧɵɟ ɬɚɤɢɦ ɨɛɪɚɡɨɦ 2’-dA76 ɬɊɇɄɉɪɨ ɢ 3'-dA76 ɬɊɇɄɉɪɨ ɛɵɥɢ 

ɨɱɢɳɟɧɵ ɩɭɬёɦ ɷɥɟɤɬɪɨɮɨɪɟɡɚ ɜ ɉȺȺȽ. ɉɨɫɥɟ ɷɥɸɰɢɢ ɬɊɇɄ ɢɡ ɝɟɥɹ, ɱɢɫɬɨɬɚ 

ɩɨɥɭɱɟɧɧɵɯ ɩɪɟɩɚɪɚɬɨɜ ɤɨɧɬɪɨɥɢɪɨɜɚɥɚɫɶ ɩɨ ɷɥɟɤɬɪɨɮɨɪɟɝɪɚɦɦɟ, ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɢɛɨɪɚ ɞɥɹ ɫɟɤɜɟɧɢɪɭɸɳɟɝɨ ɷɥɟɤɬɪɨɮɨɪɟɡɚ Sequi-Gen 

(BioRad, ɋɒȺ) (ɪɢɫ. 3.14). 
 

                                                          1        2         3          4          5 

 
 

Ɋɢɫ. 3.14. 1- 2'-dA76 ɬɊɇɄɉɪɨ, 2- 3'-dA76 ɬɊɇɄɉɪɨ, 3 ɢ 5- ɬɊɇɄɉɪɨ
Rp (CGG) 

ɫ ɨɬɳɟɩɥёɧɧɨɣ ɤɨɧɰɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶɸ 74-ɋɋȺ-76, 4- ɢɧɬɚɤɬɧɚɹ 

ɬɊɇɄɉɪɨ
Rp (CGG) 

 

3.2.4. ȼɥɢɹɧɢɟ ɩɪɨɢɡɜɨɞɧɵɯ ɬɊɇɄɉɪɨ
 ɧɚ ɩɪɟɬɪɚɧɫɮɟɪɧɨɟ 

ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ ɉɪɨɊɋEf. 2’- ɢ 3’-dA76 ɩɪɨɢɡɜɨɞɧɵɟ ɬɊɇɄɉɪɨ
Rp 

ɯɚɪɚɤɬɟɪɢɡɨɜɚɥɢɫɶ ɦɧɨɝɨɤɪɚɬɧɨ ɫɧɢɠɟɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ ɤ ɭɫɤɨɪɟɧɢɸ 

ɝɢɞɪɨɥɢɡɚ ȺɌɎ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ ɬɟɫɬɟ (ɪɢɫ. 3.15).  

ɍ ɉɪɨɊɋ, ɤɚɤ ɢ ɭ ɛɨɥɶɲɢɧɫɬɜɚ ȺɊɋ 2-ɝɨ ɤɥɚɫɫɚ, 2'-ɝɢɞɪɨɤɫɢɥɶɧɚɹ ɝɪɭɩɩɚ 

Ⱥ76 ɧɟ ɩɪɢɧɢɦɚɟɬ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɝɨ ɭɱɚɫɬɢɹ ɜ ɪɟɚɤɰɢɢ ɚɦɢɧɨɚɰɢɥɢɪɨɜɚɧɢɹ, 

ɱɬɨ ɩɨɡɜɨɥɢɥɨ ɧɚɦ ɩɪɨɜɟɪɢɬɶ ɫɩɟɰɢɮɢɱɟɫɤɭɸ ɪɨɥɶ ɷɬɨɣ ɝɪɭɩɩɵ ɜ 

ɩɪɟɬɪɚɧɫɮɟɪɧɨɦ ɪɟɞɚɤɬɢɪɨɜɚɧɢɢ, ɫɪɚɜɧɢɜ ɩɚɞɟɧɢɟ ɫɤɨɪɨɫɬɢ 

ɚɦɢɧɨɚɰɢɥɢɪɨɜɚɧɢɹ ɢ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɩɪɢ ɟё ɭɞɚɥɟɧɢɢ. 

Ɋɟɡɭɥɶɬɚɬɵ ɷɬɢɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 3.15. Ʉɚɤ ɜɢɞɧɨ ɢɡ 

ɷɬɨɝɨ  ɪɢɫɭɧɤɚ,  ɤɚɤ 2’-, ɬɚɤ ɢ 3’-ɞɟɡɨɤɫɢ  ɦɨɞɢɮɢɤɚɰɢɢ Ⱥ76 ɬɊɇɄɉɪɨ ɩɪɢɜɨɞɹɬ ɤ  
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Ɋɢɫ. 3.15. ɇɚɤɨɩɥɟɧɢɟ ȺɆɎ ɜɫɥɟɞɫɬɜɢɟ ɚɤɬɢɜɚɰɢɢ ɚɥɚɧɢɧɚ ɢ 

ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɩɪɨɞɭɤɬɨɜ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 2 ɦɤɆ ɉɪɨɊɋEf ɢ ɬɊɇɄɉɪɨ
Rp ɞɢɤɨɝɨ 

ɬɢɩɚ (■), ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɟё 2'- (▼) ɢ 3'-Ⱥ76 (▲) ɩɪɨɢɡɜɨɞɧɵɯ, ɚ ɬɚɤɠɟ ɜ 

ɨɬɫɭɬɫɬɜɢɟ ɬɊɇɄ (●)  

 

ɫɭɳɟɫɬɜɟɧɧɨɦɭ ɩɚɞɟɧɢɸ ɤɚɤ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɣ, ɬɚɤ ɢ ɬɊɇɄ-ɡɚɜɢɫɢɦɨɣ 

ɩɪɟɬɪɚɧɫɮɟɪɧɨɣ ɪɟɞɚɤɬɢɪɭɸɳɟɣ ɚɤɬɢɜɧɨɫɬɟɣ. Ⱥɧɚɥɢɡ ɪɨɥɢ 3’-ɝɢɞɪɨɤɫɢɥɶɧɨɣ 

ɝɪɭɩɩɵ ɡɚɬɪɭɞɧёɧ ɬɟɦ, ɱɬɨ ɟё ɡɚɦɟɧɚ ɧɚ ɩɪɨɬɨɧ ɞɟɥɚɟɬ ɮɟɪɦɟɧɬɚɬɢɜɧɨɟ 

ɚɦɢɧɨɚɰɢɥɢɪɨɜɚɧɢɟ ɬɊɇɄɉɪɨ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɧɟɜɨɡɦɨɠɧɵɦ, ɚ ɡɧɚɱɢɬ, 

ɢɫɤɥɸɱɚɟɬ ɫɪɚɜɧɟɧɢɟ ɜɥɢɹɧɢɹ ɡɚɦɟɧɵ ɧɚ ɚɦɢɧɨɚɰɢɥɢɪɨɜɚɧɢɟ ɢ 

ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ. ɉɨɷɬɨɦɭ ɜ ɞɚɥɶɧɟɣɲɟɦ ɦɵ ɫɨɫɪɟɞɨɬɨɱɢɥɢ ɜɧɢɦɚɧɢɟ ɧɚ ɪɨɥɢ 

2’-ɝɢɞɪɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɵ. ȼ ɪɟɡɭɥɶɬɚɬɟ 2’-ɞɟɡɨɤɫɢ ɦɨɞɢɮɢɤɚɰɢɢ Ⱥ76 ɬɊɇɄɉɪɨ, 

ɫɧɢɠɟɧɢɟ ɫɤɨɪɨɫɬɢ ɩɪɟɬɪɚɧɫɮɟɪɧɨɝɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɫɨɫɬɚɜɢɥɨ ɩɨɪɹɞɤɚ 90 ɪɚɡ 

(ɪɢɫ. 3.16, ɚ), ɩɪɢ ɫɧɢɠɟɧɢɢ ɫɤɨɪɨɫɬɢ ɚɦɢɧɨɚɰɢɥɢɪɨɜɚɧɢɹ ɜ 3-4 ɪɚɡɚ (ɪɢɫ. 3.16, 

ɛ). 

Ʉɚɤ ɛɭɞɟɬ ɩɨɤɚɡɚɧɨ ɧɢɠɟ, ɚɦɢɧɨɚɰɢɥ-2'-НȺ76 ɬɊɇɄɉɪɨ ɩɪɚɤɬɢɱɟɫɤɢ 

ɩɨɥɧɨɫɬɶɸ ɥɢɲɟɧɚ ɫɩɨɫɨɛɧɨɫɬɢ ɩɨɞɜɟɪɝɚɬɶɫɹ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɦɭ 

ɪɟɞɚɤɬɢɪɨɜɚɧɢɸ, ɢ ɩɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɨɬɪɚɠɚɸɬ ɬɨɥɶɤɨ ɜɥɢɹɧɢɟ ɦɨɞɢɮɢɤɚɰɢɢ 

ɧɚ ɬɊɇɄ-ɡɚɜɢɫɢɦɨɟ ɩɪɟɬɪɚɧɫɮɟɪɧɨɟ ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 
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ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɭɤɚɡɵɜɚɸɬ ɧɚ ɫɩɟɰɢɮɢɱɟɫɤɭɸ ɪɨɥɶ 2’-

ɝɢɞɪɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɵ Ⱥ76 ɬɊɇɄɉɪɨ ɜ ɩɪɟɬɪɚɧɫɮɟɪɧɨɦ ɪɟɞɚɤɬɢɪɨɜɚɧɢɢ. 

ɚ ɛ  
 

Ɋɢɫ. 3.16. Ȼɢɨɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ 2'-dȺ76 ɬɊɇɄɉɪɨ
Rp: ɚ – ɧɚɤɨɩɥɟɧɢɟ 

ȺɆɎ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 0,5 ɦɤɆ ɉɪɨɊɋEf ɢ ɬɊɇɄɉɪɨ
Rp (■), 20 ɦɤɆ ɉɪɨɊɋEf ɢ 2'-d 

Ⱥ76 ɬɊɇɄɉɪɨ
Rp (●), 20 ɦɤɆ ɉɪɨɊɋEf ɢ ɬɊɇɄɉɪɨ

Rp ɛɟɡ 74-ɋɋȺ-76 (▲), 20 ɦɤɆ 

ɉɪɨɊɋEf ɛɟɡ ɬɊɇɄ (▼); ɛ – ɚɦɢɧɨɚɰɢɥɢɪɨɜɚɧɢɟ ɬɊɇɄɉɪɨ
Rp (■) ɢ 2'-d Ⱥ76 

ɬɊɇɄɉɪɨ
Rp (●) ɩɪɨɥɢɧɨɦ. Ʉɨɧɬɪɨɥɶɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ ɛɟɡ ɉɪɨɊɋ (▲)  

 

 

ȼɵɜɨɞɵ ɤ ɩɨɞɪɚɡɞɟɥɭ 3.2.: 

● ɉɨɤɚɡɚɧ ɮɟɧɨɦɟɧ ɬɊɇɄ-ɡɚɜɢɫɢɦɨɝɨ ɩɪɟɬɪɚɧɫɮɟɪɧɨɝɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɚɥɚɧɢɥ-

ɚɞɟɧɢɥɚɬɚ ɉɪɨɊɋEf.  

 

● ɉɨɥɭɱɟɧɵ 2'-dȺ76 ɢ 3'-dȺ76 ɩɪɨɢɡɜɨɞɧɵɟ ɬɊɇɄɉɪɨ
Rp (ɋGG). 

 

● ɬɊɇɄ-ɡɚɜɢɫɢɦɨɟ ɩɪɟɬɪɚɧɫɮɟɪɧɨɟ ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ ɚɥɚɧɢɧɚ ɉɪɨɊɋEf ɹɜɥɹɟɬɫɹ 

ɤɚɬɚɥɢɬɢɱɟɫɤɢɦ ɦɟɯɚɧɢɡɦɨɦ, ɨɩɨɫɪɟɞɨɜɚɧɧɵɦ 2'- ɢ 3'-ɝɢɞɪɨɤɫɢɥɶɧɵɦɢ 

ɝɪɭɩɩɚɦɢ Ⱥ76 ɬɊɇɄɉɪɨ. 

 

● ȼ ɨɬɫɭɬɫɬɜɢɟ ɬɊɇɄɉɪɨ ɞɟɣɫɬɜɭɸɬ ɦɟɯɚɧɢɡɦɵ ɬɊɇɄ-ɧɟɡɚɜɢɫɢɦɨɝɨ 

ɩɪɟɬɪɚɧɫɮɟɪɧɨɝɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɢ ɫɟɥɟɤɬɢɜɧɨɝɨ ɜɵɫɜɨɛɨɠɞɟɧɢɹ ɚɥɚɧɢɥ-ȺɆɎ. 
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Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɩɪɢɜɟɞёɧɧɵɯ ɜ ɩɨɞɪɚɡɞɟɥɟ, ɨɩɭɛɥɢɤɨɜɚɧɵ ɜ 

ɪɚɛɨɬɚɯ: 

1. ɬɊɇɄ-ɡɚɜɢɫɢɦɨɟ ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ ɨɲɢɛɨɤ ɩɪɨɥɢɥ-ɬɊɇɄ ɫɢɧɬɟɬɚɡɨɣ ɢɡ 

ɛɚɤɬɟɪɢɢ Enterococcus faecalis / Ȼɨɹɪɲɢɧ Ʉ.ɋ., Ʉɪɢɤɥɢɜɵɣ ɂ.Ⱥ., Ɍɭɤɚɥɨ Ɇ.Ⱥ. // 

ɍɤɪɚʀɧɫɶɤɢɣ ɛɿɨɯɿɦɿɱɧɢɣ ɠɭɪɧɚɥ.-2008.-Ɍ.80, № 61.-ɋ. 52-59. 

2. Ɋɨɥɶ ɬɊɇɄɉɪɨ ɜ ɩɪɟɬɪɚɧɫɮɟɪɧɨɦ ɪɟɞɚɤɬɢɪɨɜɚɧɢɢ ɚɥɚɧɢɧɚ ɩɪɨɥɢɥ-ɬɊɇɄ 

ɫɢɧɬɟɬɚɡɨɣ / Ȼɨɹɪɲɢɧ Ʉ.ɋ., ɉɪɢɫɫ Ⱥ.ȿ., Ʉɪɢɤɥɢɜɵɣ ɂ.Ⱥ., Ʉɨɜɚɥɟɧɤɨ Ɉ.ɉ., 

əɪɟɦɱɭɤ Ⱥ.Ⱦ., Ɍɭɤɚɥɨ Ɇ.Ⱥ. // Biopolymers and cell.- 2013.- Vol. 29, N. 5.- P. 382-

388.  

3. ɬɊɇɄ ɭɱɚɫɬɜɭɟɬ ɜ ɨɛɟɫɩɟɱɟɧɢɢ ɫɩɟɰɢɮɢɱɧɨɫɬɢ ɫɢɧɬɟɡɚ ɩɪɨɥɢɥ-ɚɞɟɧɢɥɚɬɚ 

ɩɪɨɥɢɥ-ɬɊɇɄ ɫɢɧɬɟɬɚɡɨɣ ɛɚɤɬɟɪɢɢ  Enterococcus faecalis / Ȼɨɹɪɲɢɧ Ʉ.ɋ., 

Ʉɪɢɤɥɢɜɵɣ ɂ.Ⱥ., Ɍɭɤɚɥɨ Ɇ.Ⱥ. // Ȼɢɨɥɨɝɢɹ ɧɚɭɤɚ ɏɏI ɜɟɤɚ. 12-ɹ ɦɟɠɞɭɧɚɪɨɞɧɚɹ 

ɩɭɳɢɧɫɤɚɹ ɲɤɨɥɚ-ɤɨɧɮɟɪɟɧɰɢɹ ɦɨɥɨɞɵɯ ɭɱɟɧɵɯ. ɇɨɹɛɪɶ 2008, ɉɭɳɢɧɨ. ɋɛ. 

ɬɟɡɢɫɨɜ, ɫ. 9. 

4. ɂɡɭɱɟɧɢɟ ɪɨɥɢ ɬɊɇɄ ɜ ɩɪɟɬɪɚɧɫɮɟɪɧɨɦ ɚɦɢɧɨɤɢɫɥɨɬɧɨɦ ɪɟɞɚɤɬɢɪɨɜɚɧɢɢ 

ɩɪɨɥɢɥ-ɬɊɇɄ ɫɢɧɬɟɬɚɡɨɣ ɛɚɤɬɟɪɢɢ Enterococcus faecalis / Ȼɨɹɪɲɢɧ Ʉ.ɋ., 

Ʉɪɢɤɥɢɜɵɣ ɂ.Ⱥ., əɪɟɦɱɭɤ Ⱥ.Ⱦ., Ɍɭɤɚɥɨ Ɇ.Ⱥ. // Ɏɭɧɞɚɦɟɧɬɚɥɶɧɵɟ ɢ 

ɩɪɢɤɥɚɞɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɛɢɨɥɨɝɢɢ. Ɇɚɬɟɪɢɚɥɵ 1-ɣ ɦɟɠɞɭɧɚɪɨɞɧɨɣ ɧɚɭɱɧɨɣ 

ɤɨɧɮɟɪɟɧɰɢɢ ɫɬɭɞɟɧɬɨɜ, ɚɫɩɢɪɚɧɬɨɜ ɢ ɦɨɥɨɞɵɯ ɭɱɟɧɵɯ, ɮɟɜɪɚɥɶ 2009, Ⱦɨɧɟɰɤ. 

Ɍɟɡɢɫɵ, Ɍ. 2, ɫ. 98. 

5. Pretransfer and posttransfer editing activity of prokaryote-type prolyl-tRNA 

synthetase of bacteria  Enterococcus faecalis / Boyarshin K., Kriklivyi I., Yaremchuk 

G., Tukalo M. // VII Parnas conference on biochemistry and molecular biology. The 

Ukrainian biochemical journal. -2009. V. 81, N 4, P. 159. 

6. Strucrural basis of amino acid specificity maintanance by Enterococcus faecalis 

prolyl-tRNA synthetase / Boyarshin K., Kriklivyi I., Yaremchuk G., Tukalo M. // 

Biopolymers and Cell. -2010 . -V.26, №  5.,-P.416. Conference of young scientists.  

7. tRNA-assisted editing by Enterococcus faecalis Prolyl-tRNA synthetase / 

Boyarshin K., Kriklivyi I., Yaremchuk G., Tukalo M. // Biopolymers and Cell. -2011 
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. -V.27, №  4.,-P.314-315. Materials of the 5th Conference of IMBG Young 

Scientists (24-25 May 2011)      

8. Ɋɨɥɶ 2'-Ɉɇ ɝɪɭɩɢ 3'-ɤɿɧɰɟɜɨɝɨ ɚɞɟɧɨɡɢɧɭ ɬɊɇɄɉɪɨ ɭ ɪɟɚɤɰɿɹɯ 

ɚɦɿɧɨɚɰɢɥɸɜɚɧɧɹ ɬɚ ɩɪɟɬɪɚɧɫɮɟɪɧɨɝɨ ɪɟɞɚɝɭɜɚɧɧɹ ɩɪɨɥɿɥ-ɬɊɇɄ ɫɢɧɬɟɬɚɡɨɸ 

ɟɭɛɚɤɬɟɪɿʀ Enterococcus faecalis / ɉɪɿɫɫ Ⱥ.Є., Ɇɚɡɭɪ ɉ.ɋ., Ȼɨɹɪɲɢɧ Ʉ.ɋ. // 
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ɦɨɥɨɞɢɯ ɧɚɭɤɨɜɰɿɜ (ɏɚɪɤɿɜ, 22-25 ɥɢɫɬɨɩɚɞɚ 2011) ɫɬɪ. 112-113.  

9. tRNA ensures amino acid specificity of enterococcal prolyl-tRNA synthetase on 

the two steps of editing / Boyarshyn K., Priss A., Rayevskiy A., Kriklivyi I., 

Kovalenko O., Il'chenko N., Dubey I., Yaremchuk A., Tukalo M. // 13th Young 
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3.3. ɂɡɭɱɟɧɢɟ ɪɟɞɚɤɬɢɪɭɸɳɟɝɨ ɚɤɬɢɜɧɨɝɨ ɰɟɧɬɪɚ ɉɪɨɊɋEf ɦɟɬɨɞɨɦ 

ɫɚɣɬ-ɧɚɩɪɚɜɥɟɧɧɨɝɨ ɦɭɬɚɝɟɧɟɡɚ 

 

ɋɚɣɬ-ɧɚɩɪɚɜɥɟɧɧɵɣ ɦɭɬɚɝɟɧɟɡ ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ ɨɫɬɚɬɤɨɜ ɮɟɪɦɟɧɬɚ 

ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɞɚɧɧɵɟ ɨɛ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɜɚɠɧɨɫɬɢ ɬɟɯ ɢɥɢ ɢɧɵɯ 

ɯɢɦɢɱɟɫɤɢɯ ɝɪɭɩɩ ɛɨɤɨɜɵɯ ɰɟɩɟɣ ɷɬɢɯ ɨɫɬɚɬɤɨɜ ɞɥɹ ɩɪɚɜɢɥɶɧɨɝɨ 

ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɮɟɪɦɟɧɬɚ. ɋɪɚɜɧɟɧɢɟ ɷɬɢɯ ɞɚɧɧɵɯ ɫɨ ɫɬɪɭɤɬɭɪɧɵɦɢ 

ɞɚɧɧɵɦɢ, ɩɨɥɭɱɟɧɧɵɦɢ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢ ɢɥɢ ɩɭɬёɦ ɤɨɦɩɶɸɬɟɪɧɨɝɨ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɩɨɡɜɨɥɹɟɬ ɞɟɥɚɬɶ ɩɪɟɞɩɨɥɨɠɟɧɢɹ ɨ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɪɨɥɢ ɬɟɯ 

ɢɥɢ ɢɧɵɯ ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ ɨɫɬɚɬɤɨɜ. Ⱦɥɹ ɢɡɭɱɟɧɢɹ ɪɟɞɚɤɬɢɪɭɸɳɟɝɨ ɞɨɦɟɧɚ 

ɉɪɨɊɋ, ɤɚɬɚɥɢɡɢɪɭɸɳɟɝɨ ɜ ɫɜɨёɦ ɚɤɬɢɜɧɨɦ ɰɟɧɬɪɟ ɟɞɢɧɫɬɜɟɧɧɭɸ ɪɟɚɤɰɢɸ 

ɞɟɚɰɢɥɢɪɨɜɚɧɢɹ ɚɥɚɧɢɥ-ɬɊɇɄɉɪɨȺɥɚ, ɬɚɤɨɣ ɩɨɞɯɨɞ ɩɪɟɞɫɬɚɜɢɥɫɹ ɧɚɦ 

ɦɧɨɝɨɨɛɟɳɚɸɳɢɦ (ɜ ɨɬɥɢɱɢɟ ɨɬ ɚɦɢɧɨɚɰɢɥɢɪɭɸɳɟɝɨ ɚɤɬɢɜɧɨɝɨ ɰɟɧɬɪɚ, ɝɞɟ 

ɨɞɧɢ ɢ ɬɟ ɠɟ ɦɭɬɚɰɢɢ ɫ ɛɨɥɶɲɨɣ ɜɟɪɨɹɬɧɨɫɬɶɸ ɡɚɬɪɨɧɭɬ ɪɚɡɥɢɱɧɵɟ 

ɮɟɪɦɟɧɬɚɬɢɜɧɵɟ ɚɤɬɢɜɧɨɫɬɢ, ɫɤɚɡɵɜɚɹɫɶ ɧɚ ɫɩɨɫɨɛɧɨɫɬɢ ɮɟɪɦɟɧɬɚ ɤ 

ɚɤɬɢɜɚɰɢɢ ɚɦɢɧɨɤɢɫɥɨɬɵ, ɟё ɩɟɪɟɧɨɫɭ ɧɚ ɬɊɇɄɉɪɨ, ɫɟɥɟɤɬɢɜɧɨɦɭ 

ɜɵɫɜɨɛɨɠɞɟɧɢɸ ɚɥɚɧɢɧɚ ɢ ɩɪɟɬɪɚɧɫɮɟɪɧɨɦɭ ɪɟɞɚɤɬɢɪɨɜɚɧɢɸ). 
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3.3.1. ȼɵɛɨɪ ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ ɨɫɬɚɬɤɨɜ ɪɟɞɚɤɬɢɪɭɸɳɟɝɨ ɞɨɦɟɧɚ 

ɉɪɨɊɋ ɞɥɹ ɫɚɣɬ-ɧɚɩɪɚɜɥɟɧɧɨɝɨ ɦɭɬɚɝɟɧɟɡɚ. ɉɨɡɢɰɢɢ ɞɥɹ ɫɚɣɬ-

ɧɚɩɪɚɜɥɟɧɧɨɝɨ ɦɭɬɚɝɟɧɟɡɚ ɛɵɥɢ ɜɵɛɪɚɧɵ ɢɫɯɨɞɹ ɢɡ ɪɹɞɚ ɪɚɡɥɢɱɧɵɯ ɤɪɢɬɟɪɢɟɜ. 

Ⱥɦɢɧɨɤɢɫɥɨɬɧɵɟ ɨɫɬɚɬɤɢ G331 ɢ S332 ɜɵɡɜɚɥɢ ɢɧɬɟɪɟɫ, ɤɚɤ ɫɨɫɬɚɜɥɹɸɳɢɟ 

ɩɪɟɞɩɨɥɚɝɚɟɦɵɣ ɚɤɬɢɜɧɵɣ ɰɟɧɬɪ ɪɟɞɚɤɬɢɪɭɸɳɟɝɨ ɞɨɦɟɧɚ ɧɚ ɨɫɧɨɜɚɧɢɢ 

ɫɬɪɭɤɬɭɪɧɵɯ ɞɚɧɧɵɯ ɢ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ (ɪɢɫ. 3.17) [52]. Ɍ257, 

Ʉ279 ɢ ɇ366 ɝɨɦɨɥɨɝɢɱɧɵ ɚɦɢɧɨɤɢɫɥɨɬɧɵɦ ɨɫɬɚɬɤɚɦ ɉɪɨɊɋEc, ɩɨɤɚɡɚɜɲɢɦ 

ɫɜɨё ɡɧɚɱɟɧɢɟ ɞɥɹ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɣ ɪɟɞɚɤɬɢɪɭɸɳɟɣ ɚɤɬɢɜɧɨɫɬɢ ɜ ɯɨɞɟ 

ɢɫɫɥɟɞɨɜɚɧɢɣ, ɩɪɨɜɟɞёɧɧɵɯ ɧɚ ɷɬɨɦ ɮɟɪɦɟɧɬɟ [107]. ɇɚɤɨɧɟɰ, I263, I278, S280, 

I333 ɢ G334 ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ ɫɛɥɢɠɟɧɵ ɫ ɩɪɟɞɩɨɥɚɝɚɟɦɵɦ ɚɤɬɢɜɧɵɦ ɰɟɧɬɪɨɦ, 

ɚ ȿ218 ɧɚɯɨɞɢɬɫɹ ɜ ɪɚɣɨɧɟ ɫɨɟɞɢɧɟɧɢɹ ɪɟɞɚɤɬɢɪɭɸɳɟɝɨ ɞɨɦɟɧɚ ɫ 

ɫɢɧɬɟɬɢɱɟɫɤɢɦ ɞɨɦɟɧɨɦ ɮɟɪɦɟɧɬɚ. Ɉɫɧɨɜɧɨɟ ɜɧɢɦɚɧɢɟ ɩɪɢ ɜɵɛɨɪɟ 

ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ ɨɫɬɚɬɤɨɜ ɞɥɹ ɫɚɣɬ-ɧɚɩɪɚɜɥɟɧɧɨɝɨ ɦɭɬɚɝɟɧɟɡɚ ɪɟɞɚɤɬɢɪɭɸɳɟɝɨ  

 

Ɋɢɫ. 3.17. Ɋɟɞɚɤɬɢɪɭɸɳɢɣ ɞɨɦɟɧ ɉɪɨɊɋEf. Ɉɛɨɡɧɚɱɟɧɵ ɧɨɦɟɪɚ 

ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ ɨɫɬɚɬɤɨɜ, ɩɨɞɜɟɪɝɧɭɬɵɯ ɡɚɦɟɧɟ ɧɚ ɨɫɬɚɬɤɢ ɚɥɚɧɢɧɚ  
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ɞɨɦɟɧɚ ɉɪɨɊɋ ɭɞɟɥɹɥɨɫɶ ɤɨɦɩɶɸɬɟɪɧɨɣ ɦɨɞɟɥɢ ɤɨɦɩɥɟɤɫɚ ɬɊɇɄɉɪɨ ɫ ɉɪɨɊɋ ɜ 

ɤɨɧɮɨɪɦɚɰɢɢ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ Д52Ж, ɚ ɬɚɤɠɟ ɷɜɨɥɸɰɢɨɧɧɨɣ ɤɨɧɫɟɪɜɚɬɢɜɧɨɫɬɢ 

ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ ɩɨɡɢɰɢɣ. 

3.3.2. ɉɨɥɭɱɟɧɢɟ ɦɭɬɚɧɬɧɵɯ ɮɨɪɦ ɉɪɨɊɋEf. ɗɤɫɩɪɟɫɫɢɪɭɸɳɢɟ 

ɜɟɤɬɨɪɵ ɫ ɦɭɬɚɧɬɧɵɦɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦɢ ɝɟɧɚ ɉɪɨɊɋEf ɛɵɥɢ ɩɨɥɭɱɟɧɵ 

ɩɭɬёɦ ɫɚɣɬ-ɧɚɩɪɚɜɥɟɧɧɨɝɨ ɦɭɬɚɝɟɧɟɡɚ ɩɨ ɦɟɬɨɞɭ QuikChangeTM (Stratagen, 

USA). ɇɚɥɢɱɢɟ ɧɭɤɥɟɨɬɢɞɧɵɯ ɡɚɦɟɧ, ɜɟɞɭɳɢɯ ɤ ɢɡɦɟɧɟɧɢɸ ɡɧɚɱɟɧɢɹ ɤɨɞɨɧɚ-

ɦɢɲɟɧɢ ɧɚ ɤɨɞɨɧ ɚɥɚɧɢɧɚ, ɛɵɥɨ ɩɨɞɬɜɟɪɠɞɟɧɨ ɩɭɬёɦ ɫɟɤɜɟɧɢɪɨɜɚɧɢɹ. 

Ɇɭɬɚɧɬɧɵɟ ɛɟɥɤɢ ɛɵɥɢ ɷɤɫɩɪɟɫɫɢɪɨɜɚɧɵ ɜ ɤɥɟɬɤɚɯ E. coli BL21(DE3) Star, ɢ 

ɜɵɞɟɥɟɧɵ ɢɡ ɨɫɜɟɬɥёɧɧɵɯ ɥɢɡɚɬɨɜ ɫɬɭɩɟɧɱɚɬɵɦ ɜɵɫɚɥɢɜɚɧɢɟɦ, ɢɨɧɨɨɛɦɟɧɧɨɣ 

ɯɪɨɦɚɬɨɝɪɚɮɢɟɣ ɧɚ DEAE-ɫɟɮɚɪɨɡɟ (ɪɢɫ. 3.18, ɚ) ɢ ɨɱɢɳɟɧɵ ɩɭɬёɦ ɨɛɪɚɬɧɨɝɨ  

ɚ ɛ  
 

Ɋɢɫ. 3.18. ɚ: ɯɪɨɦɚɬɨɝɪɚɦɦɚ ɜɵɞɟɥɟɧɢɹ ɉɪɨɊɋEf ɢ ɟё ɦɭɬɚɧɬɧɵɯ ɮɨɪɦ 

ɩɭɬёɦ ɯɪɨɦɚɬɨɝɪɚɮɢɢ ɧɚ ȾɗȺɗ-ɫɟɮɚɪɨɡɟ. Ƚɢɫɬɨɝɪɚɦɦɚ ɨɬɧɨɫɢɬɫɹ ɤ ɩɪɚɜɨɣ 

ɨɫɢ ɢ ɨɬɪɚɠɚɟɬ ɨɬɧɨɫɢɬɟɥɶɧɭɸ ɚɤɬɢɜɧɨɫɬɶ ɉɪɨɊɋ ɩɨ ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɢɦ 

ɮɪɚɤɰɢɹɦ. ɛ: ɯɪɨɦɚɬɨɝɪɚɦɦɚ ɨɱɢɫɬɤɢ ɉɪɨɊɋEf ɢ ɟё ɦɭɬɚɧɬɧɵɯ ɮɨɪɦ ɩɭɬёɦ 

ɨɛɪɚɬɧɨɝɨ ɜɵɫɚɥɢɜɚɧɢɹ ɧɚ ɫɨɪɛɟɧɬɟ Toyopearl HW60 

 

 

ɜɵɫɚɥɢɜɚɧɢɹ ɧɚ ɫɨɪɛɟɧɬɟ Toyopearl HW60 (ɪɢɫ. 3.18, ɛ). ɑɢɫɬɨɬɚ ɩɪɟɩɚɪɚɬɨɜ 

ɜɨ ɜɫɟɯ ɫɥɭɱɚɹɯ ɫɨɫɬɚɜɢɥɚ ɛɨɥɟɟ 90% (ɪɢɫ. 3.19).  

 

 



88 
 

   

д.т. E218A T257A K279A G331A S332A G334A H366A  д.т.  I263A  I278A  S280A  I333A 

   
 

Ɋɢɫ. 3.19. ɗɥɟɤɬɪɨɮɨɪɟɝɪɚɦɦɚ ɩɪɟɩɚɪɚɬɨɜ ɉɪɨɊɋEf ɞɢɤɨɝɨ ɬɢɩɚ (ɞ.ɬ.) ɢ ɟё 

ɦɭɬɚɧɬɧɵɯ ɮɨɪɦ 

 

 

3.3.3. Ⱥɧɚɥɢɡ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɣ ɪɟɞɚɤɬɢɪɭɸɳɟɣ ɚɤɬɢɜɧɨɫɬɢ 

ɦɭɬɚɧɬɧɵɯ ɮɨɪɦ ɉɪɨɊɋ. ɏɢɦɟɪɧɭɸ ɬɊɇɄɉɪɨȺɥɚ ɚɦɢɧɨɚɰɢɥɢɪɨɜɚɥɢ 

ɪɚɞɢɨɚɤɬɢɜɧɨ-ɦɟɱɟɧɵɦ ɚɥɚɧɢɧɨɦ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ȺɥɚɊɋ T. thermophilus. 

Ⱥɤɬɢɜɧɨɫɬɶ ɦɭɬɚɧɬɧɵɯ ɮɨɪɦ ɩɪɨɥɢɥ-ɬɊɇɄ ɫɢɧɬɟɬɚɡɵ ɨɰɟɧɢɜɚɥɢ ɩɨ ɫɤɨɪɨɫɬɢ 

ɝɢɞɪɨɥɢɡɚ ɦɟɱɟɧɨɣ ɚɥɚɧɢɥ-ɬɊɇɄɉɪɨȺɥɚ. Ⱦɚɧɧɵɟ ɩɨ ɧɚɱɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɪɟɚɤɰɢɢ 

ɞɟɚɰɢɥɢɪɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɢɡ ɨɞɢɧɧɚɞɰɚɬɢ ɜɧɟɫёɧɧɵɯ ɦɭɬɚɰɢɣ ɧɚɢɛɨɥɶɲɟɟ 

ɜɥɢɹɧɢɟ ɧɚ ɩɨɫɬɬɪɚɧɫɮɟɪɧɭɸ ɪɟɞɚɤɬɢɪɭɸɳɭɸ ɚɤɬɢɜɧɨɫɬɶ ɨɤɚɡɚɥɚ ɡɚɦɟɧɚ 

K279A, ɜɟɞɭɳɚɹ ɤ ɫɧɢɠɟɧɢɸ ɚɤɬɢɜɧɨɫɬɢ ɩɪɢɦɟɪɧɨ ɜ 2000 ɪɚɡ. Ɇɭɬɚɧɬɧɵɟ 

ɮɨɪɦɵ ɉɪɨɊɋEf I333Ⱥ, I278Ⱥ, G331A ɢ H366A ɩɨɤɚɡɚɥɢ ɩɚɞɟɧɢɟ 

ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɣ ɪɟɞɚɤɬɢɪɭɸɳɟɣ ɚɤɬɢɜɧɨɫɬɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɜ 55, 13, 7 ɢ 4 

ɪɚɡɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɢɤɢɦ ɬɢɩɨɦ ɮɟɪɦɟɧɬɚ (ɬɚɛɥ. 3.2).  

ɉɨɦɢɦɨ ɫɩɨɫɨɛɧɨɫɬɢ ɤ ɞɟɚɰɢɥɢɪɨɜɚɧɢɸ ɚɥɚɧɢɥ-ɬɊɇɄɉɪɨȺɥɚ, ɛɵɥɚ 

ɩɨɤɚɡɚɧɚ ɫɩɨɫɨɛɧɨɫɬɶ ɦɭɬɚɧɬɧɨɣ ɮɨɪɦɵ ɉɪɨɊɋEf ɇ366Ⱥ ɤ ɞɟɚɰɢɥɢɪɨɜɚɧɢɸ 

ɩɪɨɥɢɥ-ɬɊɇɄɉɪɨ, ɚɧɚɥɨɝɢɱɧɨ ɉɪɨɊɋEɫ ɫ ɡɚɦɟɧɨɣ ɇ369Ⱥ ɜ ɝɨɦɨɥɨɝɢɱɧɨɣ 

ɩɨɡɢɰɢɢ [107Ж (ɪɢɫ. 3.20). ɗɬɨ ɫɜɨɣɫɬɜɨ ɉɪɨɊɋEf ɇ366Ⱥ ɛɵɥɨ ɜ ɞɚɥɶɧɟɣɲɟɦ 

ɢɫɩɨɥɶɡɨɜɚɧɨ ɧɚɦɢ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɦɨɞɟɥɶɧɨɣ ɫɢɫɬɟɦɵ ɫ ɰɟɥɶɸ ɢɡɭɱɟɧɢɹ 

ɦɟɯɚɧɢɡɦɚ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɝɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ. 
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Тɚɛɥиɰɚ 3.2 

Ⱦɟɚɰɢɥɢɪɨɜɚɧɢɟ ɚɥɚɧɢɥ-ɬɊɇɄɉɪɨȺɥɚ
 ɉɪɨɊɋEf ɞɢɤɨɝɨ ɬɢɩɚ (ȾɌ) ɢ ɟё 

ɦɭɬɚɧɬɧɵɦɢ ɮɨɪɦɚɦɢ 

 

ɉɪɨɊɋEf ȾɌ E218A T257A I263A I278A K279A 

kobs, ɫ-1 0,383± 
0,047 

0,249± 
0,069 

0,353± 
0,069 

0,157± 
0,063 

0,030± 
0,005 

1,909*10-4± 
0,061*10-4 

% ɨɬ ȾɌ 100±12 65±18 92±18 41±16 8±1 5*10-4±2*10-3 
Ʉɪɚɬɧɨɫɬɶ 
ɫɧɢɠɟɧɢɹ 
kobs 

1,0 1,5 1,1 2,4 12,8 2006,3 

 
ɉɪɨɊɋEf S280A G331A S332A I333A G334A H366A 

kobs, ɫ-1 0,188± 
0,078 

0,057± 
0,028 

0,364± 
0,100 

0,007± 
0,005 

0,172± 
0,055 

0,088± 
0,039 

% ɨɬ ȾɌ 49±20 15±7 95±26 2±1 45±14 23±10 
Ʉɪɚɬɧɨɫɬɶ 
ɫɧɢɠɟɧɢɹ 
kobs 

2,0 6,7 1,1 54,7 2,2 4,4 

 

Ɇɭɬɚɧɬɧɚɹ ɮɨɪɦɚ ɉɪɨɊɋEf Ʉ279Ⱥ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹɫɹ ɜ ɧɚɢɛɨɥɶɲɟɣ 

ɫɬɟɩɟɧɢ ɫɧɢɠɟɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ ɤ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɦɭ ɪɟɞɚɤɬɢɪɨɜɚɧɢɸ, ɛɵɥɚ 

ɡɚɞɟɣɫɬɜɨɜɚɧɚ   ɜ   ɢɡɭɱɟɧɢɢ   ɩɪɟɬɪɚɧɫɮɟɪɧɨɝɨ   ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ,   ɨɩɢɫɚɧɧɨɦ  ɜ 

 

Ɋɢɫ. 3.20. Ⱦɟɚɰɢɥɢɪɨɜɚɧɢɟ ɩɪɨɥɢɥ-ɬɊɇɄɉɪɨ ɦɭɬɚɧɬɧɨɣ ɮɨɪɦɨɣ ɉɪɨɊɋEf 

ɇ366Ⱥ (■) ɢ ɟё ɧɟɮɟɪɦɟɧɬɚɬɢɜɧɨɟ ɞɟɚɰɢɥɢɪɨɜɚɧɢɟ (●) 
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ɩɪɟɞɵɞɭɳɟɣ ɝɥɚɜɟ. ɗɮɮɟɤɬ, ɞɨɫɬɢɝɧɭɬɵɣ ɷɬɨɣ ɚɦɢɧɨɤɢɫɥɨɬɧɨɣ ɡɚɦɟɧɨɣ, 

ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ. 3.21, ɚ, ɝɞɟ ɪɚɡɧɢɰɚ ɤɨɧɰɟɧɬɪɚɰɢɣ ɦɭɬɚɧɬɧɨɣ ɮɨɪɦɵ ɢ 

ɞɢɤɨɝɨ ɬɢɩɚ ɮɟɪɦɟɧɬɚ ɫɨɫɬɚɜɥɹɟɬ ɞɨ ɫɬɚ ɪɚɡ. ɉɪɢ ɷɬɨɦ, ɉɪɨɊɋEf Ʉ279Ⱥ 

ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɧɟɫɤɨɥɶɤɨ ɫɧɢɠɟɧɧɨɣ ɚɦɢɧɨɚɰɢɥɢɪɭɸɳɟɣ ɚɤɬɢɜɧɨɫɬɶɸ (Ɋɢɫ 

3.21, ɛ), ɧɨ ɫɯɨɞɧɨɣ ɫ ɞɢɤɢɦ ɬɢɩɨɦ ɩɪɟɬɪɚɧɫɮɟɪɧɨɣ ɪɟɞɚɤɬɢɪɭɸɳɟɣ 

ɚɤɬɢɜɧɨɫɬɶɸ (ɪɢɫ. 3.11). ɗɬɢ ɫɜɨɣɫɬɜɚ ɦɭɬɚɧɬɧɨɣ ɮɨɪɦɵ ɩɨɡɜɨɥɢɥɢ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɟё ɜ ɤɚɱɟɫɬɜɟ ɢɧɫɬɪɭɦɟɧɬɚ ɞɥɹ ɢɡɭɱɟɧɢɹ ɩɪɟɬɪɚɧɫɮɟɪɧɨɝɨ 

ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ. 

ɚ ɛ  

 

Ɋɢɫ 3.21. Ȼɢɨɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɦɭɬɚɧɬɧɨɣ ɮɨɪɦɵ ɉɪɨɊɋEf Ʉ279Ⱥ: ɚ – 

ɞɟɚɰɢɥɢɪɨɜɚɧɢɟ ɚɥɚɧɢɥ-ɬɊɇɄɉɪɨȺɥɚ 0,06 ɦɤɆ ɞɢɤɨɝɨ ɬɢɩɚ ɉɪɨɊɋEf (■) ɢ ɟё 

ɦɭɬɚɧɬɧɨɣ ɮɨɪɦɨɣ Ʉ279Ⱥ ɜ ɤɨɧɰɟɧɬɪɚɰɢɹɯ 0,06 ɦɤɆ (●) ɢ 6 ɦɤɆ (▼); ɛ – 

ɚɦɢɧɨɚɰɢɥɢɪɨɜɚɧɢɟ ɩɪɨɥɢɧɨɦ ɬɊɇɄɉɪɨ
Rp (CGG) 20 ɧɦ ɉɪɨɊɋEf ɞɢɤɨɝɨ ɬɢɩɚ 

(●), ɢ 0,2 ɦɤɆ ɟё ɦɭɬɚɧɬɧɨɣ ɮɨɪɦɵ Ʉ279Ⱥ (■)  

 

Ⱦɚɧɧɵɟ, ɩɨɥɭɱɟɧɧɵɟ ɩɭɬёɦ ɚɧɚɥɢɡɚ ɜɥɢɹɧɢɹ ɦɭɬɚɰɢɣ ɜ ɪɟɞɚɤɬɢɪɭɸɳɟɦ 

ɞɨɦɟɧɟ ɧɚ ɫɤɨɪɨɫɬɶ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɝɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɜ ɰɟɥɨɦ ɫɨɝɥɚɫɭɸɬɫɹ ɫ 

ɜɵɞɜɢɧɭɬɵɦɢ ɪɚɧɟɟ Д52Ж ɩɪɟɞɩɨɥɨɠɟɧɢɹɦɢ ɨ ɫɬɪɭɤɬɭɪɟ ɞɟɚɰɢɥɢɪɭɸɳɟɝɨ 

ɚɤɬɢɜɧɨɝɨ ɰɟɧɬɪɚ ɉɪɨɊɋEf, ɧɟ ɩɨɞɬɜɟɪɠɞɚɹ ɩɪɢ ɷɬɨɦ ɪɨɥɶ ɫɛɥɢɠɟɧɧɵɯ ɫ 

ɞɟɚɰɢɥɢɪɭɸɳɢɦ ɚɤɬɢɜɧɵɦ ɫɚɣɬɨɦ ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ ɨɫɬɚɬɤɨɜ T257 ɢ S332. 

Ƚɨɦɨɥɨɝɢɱɧɵɟ ɚɦɢɧɨɤɢɫɥɨɬɧɵɦ ɨɫɬɚɬɤɚɦ K279 ɢ H369 ɉɪɨɊɋEc 

ɚɦɢɧɨɤɢɫɥɨɬɧɵɟ ɨɫɬɚɬɤɢ ɉɪɨɊɋEf K279 ɢ H366 ɢɦɟɸɬ ɫɯɨɞɧɨɟ ɫ ɧɢɦɢ [107] 

ɡɧɚɱɟɧɢɟ ɞɥɹ ɞɟɚɰɢɥɢɪɨɜɚɧɢɹ ɚɥɚɧɢɥ-ɬɊɇɄɉɪɨȺɥɚ, ɱɬɨ ɦɨɝɥɨ ɛɵ 
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ɫɜɢɞɟɬɟɥɶɫɬɜɨɜɚɬɶ ɜ ɩɨɥɶɡɭ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ ɫɯɨɞɫɬɜɚ 

ɚɩɩɚɪɚɬɨɜ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɝɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɉɪɨɊɋ ɨɛɟɢɯ ɛɚɤɬɟɪɢɣ, ɧɟɫɦɨɬɪɹ 

ɧɚ ɢɯ ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɭɸ ɭɞɚɥёɧɧɨɫɬɶ. 

 

ȼɵɜɨɞɵ ɤ ɩɨɞɪɚɡɞɟɥɭ 3.3.: 

 

● ɉɨɥɭɱɟɧɵ ɦɭɬɚɧɬɧɵɟ ɮɨɪɦɵ ɉɪɨɊɋEf E218A, T257A, K279A, G331A, S332A, 

G334A, H366A, I263A, I278A, S280A, I333A. 

 

● ɇɚɢɛɨɥɶɲɟɟ ɜɥɢɹɧɢɟ ɧɚ ɩɨɫɬɬɪɚɧɫɮɟɪɧɭɸ ɪɟɞɚɤɬɢɪɭɸɳɭɸ ɚɤɬɢɜɧɨɫɬɶ 

ɨɤɚɡɚɥɚ ɡɚɦɟɧɚ K279A, ɜɟɞɭɳɚɹ ɤ ɫɧɢɠɟɧɢɸ ɚɤɬɢɜɧɨɫɬɢ ɜ 2006 ɪɚɡ. 

 

● Ɇɭɬɚɧɬɧɵɟ ɮɨɪɦɵ ɉɪɨɊɋEf I333Ⱥ, I278Ⱥ, G331A ɢ H366A, ɩɪɨɹɜɢɥɢ 

ɫɭɳɟɫɬɜɟɧɧɨ ɫɧɢɠɟɧɧɭɸ ɩɨɫɬɬɪɚɧɫɮɟɪɧɭɸ ɪɟɞɚɤɬɢɪɭɸɳɭɸ ɚɤɬɢɜɧɨɫɬɶ, 

ɫɨɫɬɚɜɢɜɲɭɸ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 2, 8, 15 ɢ 23 % ɨɬ ɚɤɬɢɜɧɨɫɬɢ ɞɢɤɨɝɨ ɬɢɩɚ. 

 

● ɉɨɤɚɡɚɧɚ ɫɩɨɫɨɛɧɨɫɬɶ ɦɭɬɚɧɬɧɨɣ ɮɨɪɦɵ ɉɪɨɊɋEf ɇ366Ⱥ ɤ ɞɟɚɰɢɥɢɪɨɜɚɧɢɸ 

ɩɪɨɥɢɥ-ɬɊɇɄɉɪɨ, ɚɧɚɥɨɝɢɱɧɨ ɉɪɨɊɋEɫ ɫ ɡɚɦɟɧɨɣ ɇ369Ⱥ ɜ ɝɨɦɨɥɨɝɢɱɧɨɣ 

ɩɨɡɢɰɢɢ. 

 

 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɩɪɢɜɟɞёɧɧɵɯ ɜ ɩɨɞɪɚɡɞɟɥɟ, ɨɩɭɛɥɢɤɨɜɚɧɵ ɜ 
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3.4. ɂɡɭɱɟɧɢɟ ɪɨɥɢ ɬɊɇɄɉɪɨ
 ɜ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɦ ɪɟɞɚɤɬɢɪɨɜɚɧɢɢ 

ɦɟɬɨɞɨɦ ɦɨɞɢɮɢɤɚɰɢɢ ɬɊɇɄ 

 

ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɞɚɧɧɵɯ ɩɨ ɪɟɞɚɤɬɢɪɭɸɳɟɣ ɚɤɬɢɜɧɨɫɬɢ ɦɭɬɚɧɬɧɵɯ ɮɨɪɦ 

ɉɪɨɊɋ ɫ ɤɨɦɩɶɸɬɟɪɧɨɣ ɦɨɞɟɥɶɸ ɤɨɦɩɥɟɤɫɚ Ⱥɥɚ-ɬɊɇɄɉɪɨ ɢ ɉɪɨɊɋEf ɜ 

ɤɨɧɮɨɪɦɚɰɢɢ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɝɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ [52] ɧɟ ɩɨɡɜɨɥɢɥɨ ɩɪɨɹɫɧɢɬɶ 

ɦɟɯɚɧɢɡɦ ɝɢɞɪɨɥɢɡɚ ɚɥɚɧɢɥ-ɬɊɇɄɉɪɨ ɜ ɚɤɬɢɜɧɨɦ ɰɟɧɬɪɟ ɪɟɞɚɤɬɢɪɭɸɳɟɝɨ 

ɞɨɦɟɧɚ. Ⱦɨɩɨɥɧɢɬɟɥɶɧɵɦ ɤɚɧɞɢɞɚɬɨɦ ɧɚ ɚɤɬɢɜɧɭɸ ɪɨɥɶ ɜ ɷɬɨɦ ɩɪɨɰɟɫɫɟ ɫɬɚɥɚ 

2'-OH ɝɪɭɩɩɚ Ⱥ76 ɚɥɚɧɢɥ-ɬɊɇɄɉɪɨ.  

Ⱦɥɹ ɢɡɭɱɟɧɢɹ ɪɨɥɢ 2'-OH ɝɪɭɩɩɵ ɬɊɇɄɉɪɨ ɜ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɦ 

ɪɟɞɚɤɬɢɪɨɜɚɧɢɢ ɧɚɦɢ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɜɟ ɪɚɡɥɢɱɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ 

ɦɨɞɟɥɢ. ȼ ɨɞɧɨɣ ɢɡ ɧɢɯ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɝɢɛɪɢɞɧɚɹ ɬɊɇɄɉɪɨȺɥɚ ɢ ɟё ɫɩɨɫɨɛɧɨɫɬɶ 

ɛɵɬɶ ɚɦɢɧɨɚɰɢɥɢɪɨɜɚɧɧɨɣ ɚɥɚɧɢɧɨɦ ɩɪɢ ɩɨɦɨɳɢ ȺɥɚɊɋ. ȼɨ ɜɬɨɪɨɣ 

ɢɫɩɨɥɶɡɨɜɚɥɨɫɶ ɫɜɨɣɫɬɜɨ ɦɭɬɚɧɬɧɨɣ ɮɨɪɦɵ ɉɪɨɊɋ ɇ366Ⱥ ɞɟɚɰɢɥɢɪɨɜɚɬɶ 

ɩɪɨɥɢɥ-ɬɊɇɄɉɪɨ ɩɭɬёɦ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɝɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ. 

3.4.1. Ɇɨɞɢɮɢɤɚɰɢɹ Ⱥ76 ɬɊɇɄɉɪɨȺɥɚ
 ɩɨ 2'-ɩɨɥɨɠɟɧɢɸ ɪɢɛɨɡɵ. Ⱦɥɹ 

ɢɡɭɱɟɧɢɹ ɪɨɥɢ ɬɊɇɄ ɜ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɦ ɪɟɞɚɤɬɢɪɨɜɚɧɢɢ ɉɪɨɊɋ 

ɮɟɪɦɟɧɬɚɬɢɜɧɵɦ ɩɭɬёɦ ɛɵɥɨ ɩɨɥɭɱɟɧɨ 2'-dA76 ɩɪɨɢɡɜɨɞɧɨɟ ɬɊɇɄɉɪɨȺɥɚ. Ⱦɥɹ 

ɷɬɨɝɨ ɩɪɟɩɚɪɚɬ ɬɊɇɄɉɪɨȺɥɚ ɛɵɥ ɩɨɞɜɟɪɝɧɭɬ ɨɛɪɚɛɨɬɤɟ ɮɨɫɮɨɞɢɷɫɬɟɪɚɡɨɣ C. 

adamanteus, ɱɬɨ ɩɪɢɜɟɥɨ ɤ ɨɬɳɟɩɥɟɧɢɸ ɟё ɨɞɧɨɰɟɩɨɱɟɱɧɨɝɨ 3'-ɤɨɧɰɚ 74-ɋɋȺ-
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76. Ɂɚɬɟɦ ɷɬɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɛɵɥɚ ɞɨɫɬɪɨɟɧɚ ɩɪɢ ɩɨɦɨɳɢ ɬɟɪɦɢɧɚɥɶɧɨɣ 

ɬɊɇɄ-ɧɭɤɥɟɨɬɢɞɢɥɬɪɚɧɫɮɟɪɚɡɵ B. stearothermophilus ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɐɌɎ ɢ 2'-

dȺɌɎ. ɉɨɥɭɱɟɧɧɚɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ 2'-dA76 ɬɊɇɄɉɪɨȺɥɚ ɛɵɥɚ ɨɱɢɳɟɧɚ ɩɭɬёɦ 

ɷɥɟɤɬɪɨɮɨɪɟɡɚ ɜ ɉȺȺȽ. ɉɨɫɥɟ ɷɥɸɰɢɢ ɬɊɇɄ ɢɡ ɝɟɥɹ, ɱɢɫɬɨɬɚ ɩɨɥɭɱɟɧɧɨɝɨ 

ɩɪɟɩɚɪɚɬɚ ɤɨɧɬɪɨɥɢɪɨɜɚɥɚɫɶ ɩɨ ɷɥɟɤɬɪɨɮɨɪɟɝɪɚɦɦɟ, ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɢɛɨɪɚ 

ɞɥɹ ɫɟɤɜɟɧɢɪɭɸɳɟɝɨ ɷɥɟɤɬɪɨɮɨɪɟɡɚ (BioRad, ɋɒȺ).  

3.4.2. Ȼɢɨɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ 2’-dA76 ɚɥɚɧɢɥ-ɬɊɇɄɉɪɨȺɥɚ
. 

ɉɨɥɭɱɟɧɧɵɣ ɩɪɟɩɚɪɚɬ ɛɵɥ ɚɦɢɧɨɚɰɢɥɢɪɨɜɚɧ ɚɥɚɧɢɧɨɦ ɩɪɢ ɩɨɦɨɳɢ ȺɥɚɊɋ E. 

faecalis. ɉɨɥɭɱɟɧɧɚɹ 2'-dA76 ɚɥɚɧɢɥ-ɬɊɇɄɉɪɨȺɥɚ ɩɨɥɧɨɫɬɶɸ ɬɟɪɹɥɚ ɫɩɨɫɨɛɧɨɫɬɶ 

ɤ ɞɟɚɰɢɥɢɪɨɜɚɧɢɸ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɉɪɨɊɋ (ɪɢɫ. 3.22, ɚ). Ȼɨɥɟɟ ɬɨɝɨ, ɨɧɚ 

ɨɤɚɡɵɜɚɥɚɫɶ ɡɚɳɢɳɟɧɚ ɮɟɪɦɟɧɬɨɦ ɨɬ ɫɩɨɧɬɚɧɧɨɝɨ ɝɢɞɪɨɥɢɡɚ. ɉɨɫɥɟɞɧɢɣ ɮɚɤɬ 

ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɜ ɩɨɥɶɡɭ ɷɮɮɟɤɬɢɜɧɨɝɨ ɫɜɹɡɵɜɚɧɢɹ ɫɭɛɫɬɪɚɬɚ ɫ ɚɤɬɢɜɧɵɦ 

ɰɟɧɬɪɨɦ ɪɟɞɚɤɬɢɪɭɸɳɟɝɨ ɞɨɦɟɧɚ. ɋɭɳɟɫɬɜɟɧɧɨ ɫɧɢɠɟɧɧɨɣ ɨɤɚɡɚɥɚɫɶ ɬɚɤɠɟ 

ɫɤɨɪɨɫɬɶ ɪɚɫɩɚɞɚ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɣ ɚɥɚɧɢɥ-ɬɊɇɄɉɪɨȺɥɚ ɜ ɨɬɫɭɬɫɬɜɢɟ ɮɟɪɦɟɧɬɚ 

(ɪɢɫ.   3.22,   ɛ).   Ɍɚɤɢɦ   ɨɛɪɚɡɨɦ,   ɩɨɥɭɱɟɧɧɵɟ   ɞɚɧɧɵɟ   ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɥɢ  

ɚ ɛ  
 

Ɋɢɫ 3.22. Ȼɢɨɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ 2'-dA76 ɚɥɚɧɢɥ-ɬɊɇɄɉɪɨȺɥɚ: ɚ – 

ɞɟɚɰɢɥɢɪɨɜɚɧɢɟ ɚɥɚɧɢɥ-ɬɊɇɄɉɪɨȺɥɚ (■) ɢ 2'-dA76 ɚɥɚɧɢɥ-ɬɊɇɄɉɪɨȺɥɚ (●) ɜ 

ɩɪɢɫɭɬɫɬɜɢɢ 4,8 ɦɤM ɉɪɨɊɋEf ɜ ɬɟɱɟɧɢɟ 10 ɱɚɫɨɜ; ɛ – ɧɟɮɟɪɦɟɧɬɚɬɢɜɧɨɟ 

ɞɟɚɰɢɥɢɪɨɜɚɧɢɟ ɚɥɚɧɢɥ-ɬɊɇɄɉɪɨȺɥɚ (■) ɢ 2'-dA76 ɚɥɚɧɢɥ-ɬɊɇɄɉɪɨȺɥɚ (●) 

 

ɤɪɢɬɢɱɟɫɤɭɸ ɪɨɥɶ 2'-OH Ⱥ76 ɜ ɪɟɞɚɤɬɢɪɨɜɚɧɢɢ ɚɥɚɧɢɥ-ɬɊɇɄɉɪɨȺɥɚ ɉɪɨɊɋEf, 

ɨɞɧɚɤɨ ɨɫɬɚɜɢɥɢ ɩɨɞ ɜɨɩɪɨɫɨɦ ɟё ɤɚɬɚɥɢɬɢɱɟɫɤɭɸ ɮɭɧɤɰɢɸ, ɬɚɤ ɤɚɤ ɧɟ 
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ɩɪɟɞɫɬɚɜɥɹɥɨɫɶ ɜɨɡɦɨɠɧɵɦ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɨɩɪɟɞɟɥɢɬɶ ɤɢɧɟɬɢɱɟɫɤɢɟ 

ɩɚɪɚɦɟɬɪɵ ɪɟɚɤɰɢɢ. Ɂɚɳɢɬɚ ɫɭɛɫɬɪɚɬɚ ɨɬ ɧɟɮɟɪɦɟɧɬɚɬɢɜɧɨɝɨ ɝɢɞɪɨɥɢɡɚ ɦɨɠɟɬ 

ɫɜɢɞɟɬɟɥɶɫɬɜɨɜɚɬɶ ɨ ɩɨɬɟɪɟ ɞɨɫɬɭɩɚ ɤ ɚɧɝɢɞɪɢɞɧɨɣ ɫɜɹɡɢ ɜɨɞɵ, ɛɟɡ ɤɨɬɨɪɨɣ 

ɪɟɚɤɰɢɹ ɧɟɜɨɡɦɨɠɧɚ ɞɚɠɟ ɩɪɢ ɫɨɯɪɚɧɟɧɢɢ ɜɫɟɯ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɝɪɭɩɩ.  

3.4.3. Ɇɨɞɢɮɢɤɚɰɢɹ Ⱥ76 ɬɊɇɄɉɪɨ
 ɩɨ 2'-ɩɨɥɨɠɟɧɢɸ ɪɢɛɨɡɵ. Ⱦɥɹ 

ɩɨɥɭɱɟɧɢɹ ɛɨɥɟɟ ɢɧɮɨɪɦɚɬɢɜɧɵɯ ɞɚɧɧɵɯ ɨɬɧɨɫɢɬɟɥɶɧɨ ɪɨɥɢ 2'-OH Ⱥ76 ɬɊɇɄ ɜ 

ɦɟɯɚɧɢɡɦɟ ɝɢɞɪɨɥɢɡɚ ɚɥɚɧɢɥ-ɬɊɇɄɉɪɨ, ɦɵ ɢɫɩɨɥɶɡɨɜɚɥɢ ɫɩɨɫɨɛɧɨɫɬɶ ɦɭɬɚɧɬɧɨɣ 

ɮɨɪɦɵ ɉɪɨɊɋEf ɇ366Ⱥ ɞɟɚɰɢɥɢɪɨɜɚɬɶ ɩɪɨɥɢɥ-ɬɊɇɄɉɪɨ [107Ж. ȼ ɪɟɚɤɰɢɹɯ ɛɵɥɢ 

ɢɫɩɨɥɶɡɨɜɚɧɵ ɩɪɨɥɢɥ-ɬɊɇɄɉɪɨ ɞɢɤɨɝɨ ɬɢɩɚ, 2’-dA76 ɩɪɨɥɢɥ-ɬɊɇɄɉɪɨ ɢ 2’-FA76 

ɩɪɨɥɢɥ-ɬɊɇɄɉɪɨ (ɪɢɫ. 3.23).  

 
 

Ɋɢɫ. 3.23. Ɂɚɦɟɧɚ Ⱥ76 ɬɊɇɄɉɪɨ
Rp ɧɚ 2’-ɞɟɡɨɤɫɢɚɞɟɧɨɡɢɧ ɢ 2’-

ɮɥɸɨɪɨɚɞɟɧɨɡɢɧ 
 

ɉɪɟɩɚɪɚɬɵ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɬɊɇɄ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɮɟɪɦɟɧɬɚɬɢɜɧɵɦ 

ɩɭɬёɦ. Ⱦɥɹ ɷɬɨɝɨ ɩɪɟɩɚɪɚɬ ɬɊɇɄɉɪɨ
Rp (CGG) ɛɵɥ ɩɨɞɜɟɪɝɧɭɬ ɨɛɪɚɛɨɬɤɟ 

ɮɨɫɮɨɞɢɷɫɬɟɪɚɡɨɣ C. adamanteus, ɱɬɨ ɩɪɢɜɟɥɨ ɤ ɨɬɳɟɩɥɟɧɢɸ ɟё 

ɨɞɧɨɰɟɩɨɱɟɱɧɨɝɨ 3'-ɤɨɧɰɚ 74-ɋɋȺ-76. Ɂɚɬɟɦ ɷɬɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɛɵɥɚ 
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ɞɨɫɬɪɨɟɧɚ ɩɪɢ ɩɨɦɨɳɢ ɬɟɪɦɢɧɚɥɶɧɨɣ ɬɊɇɄ-ɧɭɤɥɟɨɬɢɞɢɥɬɪɚɧɫɮɟɪɚɡɵ B. 

stearothermophilus ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɐɌɎ ɢ, ɜ ɨɞɧɨɦ ɫɥɭɱɚɟ 2'-dȺɌɎ, ɜ ɞɪɭɝɨɦ 2'-F 

ȺɌɎ. ɉɨɥɭɱɟɧɧɵɟ ɬɚɤɢɦ ɨɛɪɚɡɨɦ 2’-dA76 -ɬɊɇɄɉɪɨ ɢ 2’-FA76 ɬɊɇɄɉɪɨ ɛɵɥɢ 

ɨɱɢɳɟɧɵ ɩɭɬёɦ ɷɥɟɤɬɪɨɮɨɪɟɡɚ ɜ ɉȺȺȽ.  

3.4.4. Ȼɢɨɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ 2’-dA76 ɩɪɨɥɢɥ-ɬɊɇɄɉɪɨ
 ɢ 2’-FA76 

ɩɪɨɥɢɥ-ɬɊɇɄɉɪɨ
. ȼ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɩɨ ɞɟɚɰɢɥɢɪɨɜɚɧɢɸ 2’-dA76 ɩɪɨɥɢɥ-

ɬɊɇɄɉɪɨ ɢ 2’-FA76 ɩɪɨɥɢɥ-ɬɊɇɄɉɪɨ ɉɪɨɊɋEf ɇ366Ⱥ ɧɟ ɧɚɛɥɸɞɚɥɨɫɶ ɷɮɮɟɤɬɚ 

ɡɚɳɢɬɵ ɩɪɨɢɡɜɨɞɧɵɯ ɚɦɢɧɨɚɰɢɥ-ɬɊɇɄ ɨɬ ɫɩɨɧɬɚɧɧɨɝɨ ɝɢɞɪɨɥɢɡɚ (ɪɢɫ. 3.24, ɚ), 

ɢ ɫɬɚɥɨ ɜɨɡɦɨɠɧɵɦ ɩɪɨɜɟɫɬɢ ɤɨɥɢɱɟɫɬɜɟɧɧɭɸ ɨɰɟɧɤɭ ɤɢɧɟɬɢɤɢ ɝɢɞɪɨɥɢɡɚ 

ɩɪɨɞɭɤɬɨɜ (ɪɢɫ. 3.24, ɛ; ɬɚɛɥ. 3.3). Ʉɚɤ ɜɢɞɧɨ ɢɡ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ, 

ɫɤɨɪɨɫɬɶ ɝɢɞɪɨɥɢɡɚ 2’d-A76 ɩɪɨɥɢɥ-ɬɊɇɄɉɪɨ ɛɵɥɚ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɜ 600 ɪɚɡ 

ɦɟɧɶɲɟ ɫɤɨɪɨɫɬɢ ɝɢɞɪɨɥɢɡɚ ɩɪɨɥɢɥ-ɬɊɇɄɉɪɨ.  

ɚ ɛ  

 

Ɋɢɫ. 3.24. Ⱦɟɚɰɢɥɢɪɨɜɚɧɢɟ ɞɢɤɨɝɨ ɬɢɩɚ ɩɪɨɥɢɥ-ɬɊɇɄɉɪɨ (▲) ɢ ɟё 

ɩɪɨɢɡɜɨɞɧɵɯ 2'-FA76 ɩɪɨɥɢɥ-ɬɊɇɄɉɪɨ (■) ɢ 2'-dA76 ɩɪɨɥɢɥ-ɬɊɇɄɉɪɨ (●) ɜ 

ɨɬɫɭɬɫɬɜɢɟ ɮɟɪɦɟɧɬɚ (ɚ), ɢ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɦɭɬɚɧɬɧɨɣ ɮɨɪɦɵ ɉɪɨɊɋEf ɇ366Ⱥ 

(ɛ) 

 

ɉɪɢ ɷɬɨɦ ɮɟɪɦɟɧɬɚɬɢɜɧɵɣ ɝɢɞɪɨɥɢɡ 2’-dA76 ɩɪɨɥɢɥ-ɬɊɇɄɉɪɨ ɢɞёɬ ɜ 8 ɪɚɡ 

ɛɵɫɬɪɟɟ ɧɟɮɟɪɦɟɧɬɚɬɢɜɧɨɝɨ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɟɫɦɨɬɪɹ ɧɚ ɫɨɯɪɚɧɟɧɢɟ ɞɨɫɬɭɩɚ 

ɜɨɞɵ ɤ ɚɧɝɢɞɪɢɞɧɨɣ ɫɜɹɡɢ, ɭɞɚɥɟɧɢɟ 2’-OH ɤɨɪɟɧɧɵɦ ɨɛɪɚɡɨɦ ɫɤɚɡɚɥɨɫɶ ɧɚ 

ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɮɭɧɤɰɢɢ ɪɟɞɚɤɬɢɪɭɸɳɟɝɨ ɞɨɦɟɧɚ. ɋɤɨɪɨɫɬɶ ɝɢɞɪɨɥɢɡɚ 2’-FA76 
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ɩɪɨɥɢɥ- ɬɊɇɄɉɪɨ ɨɤɚɡɚɥɚɫɶ ɫɧɢɠɟɧɧɨɣ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɢɤɢɦ ɬɢɩɨɦ ɩɪɨɥɢɥ-

ɬɊɇɄɉɪɨ  ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ  ɜ  140  ɪɚɡ  (ɬɚɛɥ.  3.3).  ɇɟɫɦɨɬɪɹ  ɧɚ  ɫɜɨɢ  ɩɨɥɹɪɧɵɟ 
 

Тɚɛɥиɰɚ 3.3 

Ⱦɟɚɰɢɥɢɪɨɜɚɧɢɟ ɞɢɤɨɝɨ ɬɢɩɚ ɩɪɨɥɢɥ-ɬɊɇɄɉɪɨ
  

ɢ ɟё ɩɪɨɢɡɜɨɞɧɵɯ ɉɪɨɊɋEf ɇ366Ⱥ 

  Ⱦɢɤɢɣ ɬɢɩ  
ɩɪɨɥɢɥ-ɬɊɇɄɉɪɨ 

2'-F Ⱥ76 2'-d Ⱥ76 

Ɏɟɪɦɟɧɬɚ- 
ɬɢɜɧɵɣ 
ɝɢɞɪɨɥɢɡ 

kobs, 
ɫ-1 
 

0,246±0.037 0,175*10-2 

±0,024*10-2 
0,422*10-3 

±0,052*10-3 

% 100,0 7,1*10-1 1,7*10-1 

ɇɟɮɟɪɦɟɧ- 
ɬɚɬɢɜɧɵɣ 
ɝɢɞɪɨɥɢɡ 

kobs, 
ɫ-1 
 

0,166*10-3 

±0,037*10-3 
0,964*10-4 

±0,174*10-4 
0,503*10-4 

±0,080*10-4 

% 100,0 58,1 30,3 

 

ɫɜɨɣɫɬɜɚ, ɮɥɸɨɪɨɝɪɭɩɩɚ ɜ 2’-ɩɨɥɨɠɟɧɢɢ ɨɤɚɡɚɥɚɫɶ ɧɟɫɩɨɫɨɛɧɨɣ ɢɦɢɬɢɪɨɜɚɬɶ 

ɮɭɧɤɰɢɢ ɝɢɞɪɨɤɫɢɥɚ. ɇɚɢɛɨɥɟɟ ɨɱɟɜɢɞɧɵɦ ɨɬɥɢɱɢɟɦ ɷɬɢɯ ɯɢɦɢɱɟɫɤɢɯ 

ɡɚɦɟɫɬɢɬɟɥɟɣ ɹɜɥɹɟɬɫɹ ɧɟɫɩɨɫɨɛɧɨɫɬɶ ɮɥɸɨɪɨɝɪɭɩɩɵ ɛɵɬɶ ɞɨɧɨɪɨɦ 

ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɢ Д56Ж. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɮɭɧɤɰɢɹ 2’-

ɝɢɞɪɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɵ ɜ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɦ ɪɟɞɚɤɬɢɪɨɜɚɧɢɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 

ɩɨɫɪɟɞɫɬɜɨɦ ɨɛɪɚɡɨɜɚɧɢɹ ɟɸ ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɢ ɫ ɧɟɤɨɣ ɨɬɪɢɰɚɬɟɥɶɧɨ 

ɡɚɪɹɠɟɧɧɨɣ ɝɪɭɩɩɨɣ ɢ ɫɨɡɞɚɧɢɹ ɨɩɪɟɞɟɥɟɧɧɨɣ ɤɨɧɮɨɪɦɚɰɢɢ ɫɭɛɫɬɪɚɬɚ, ɤɨɬɨɪɚɹ 

ɩɪɢɜɨɞɢɬ ɤ ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɭɫɤɨɪɟɧɢɸ ɝɢɞɪɨɥɢɡɚ ɷɮɢɪɧɨɣ ɫɜɹɡɢ. 

 

 

ȼɵɜɨɞɵ ɤ ɩɨɞɪɚɡɞɟɥɭ 3.4.:  

 

● ɉɨɥɭɱɟɧɵ ɩɪɟɩɚɪɚɬɵ ɩɪɨɢɡɜɨɞɧɵɯ ɚɦɢɧɨɚɰɢɥ-ɬɊɇɄ: 2’-dA76 ɚɥɚɧɢɥ-

ɬɊɇɄɉɪɨȺɥɚ, 2’-dA76 ɩɪɨɥɢɥ-ɬɊɇɄɉɪɨ, 2’-FA76 ɩɪɨɥɢɥ-ɬɊɇɄɉɪɨȺɥɚ. 
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● Ɇɨɞɢɮɢɤɚɰɢɹ 2'-dȺ76 ɚɥɚɧɢɥ-ɬɊɇɄɉɪɨȺɥɚ ɜɟɞёɬ ɤ ɩɨɞɚɜɥɟɧɢɸ 

ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɝɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɫɭɛɫɬɪɚɬɚ ɉɪɨɊɋEf, ɢ ɫɭɳɟɫɬɜɟɧɧɨ 

ɡɚɦɟɞɥɹɟɬ ɟɝɨ ɧɟɮɟɪɦɟɧɬɚɬɢɜɧɵɣ ɝɢɞɪɨɥɢɡ. 

 

● ȼ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɦɨɞɟɥɢ ɧɚ ɨɫɧɨɜɟ ɦɭɬɚɧɬɧɨɣ ɮɨɪɦɵ ɉɪɨɊɋEf ɇ366Ⱥ 

2'-dȺ76 ɩɪɨɢɡɜɨɞɧɨɟ ɩɪɨɥɢɥ-ɬɊɇɄɉɪɨ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɫɤɨɪɨɫɬɶɸ 

ɞɟɚɰɢɥɢɪɨɜɚɧɢɹ ɜ ɯɨɞɟ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɝɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ, ɫɧɢɠɟɧɧɨɣ ɛɨɥɟɟ 

ɱɟɦ ɜ 500 ɪɚɡ. 

 

● ȼ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɦɨɞɟɥɢ ɧɚ ɨɫɧɨɜɟ ɦɭɬɚɧɬɧɨɣ ɮɨɪɦɵ ɉɪɨɊɋEf ɇ366Ⱥ 

2'-ɮɥɸɨɪɨɝɪɭɩɩɚ Ⱥ76 ɩɪɨɢɡɜɨɞɧɨɝɨ ɩɪɨɥɢɥ-ɬɊɇɄɉɪɨ ɧɟ ɤɨɦɩɟɧɫɢɪɭɟɬ 

ɨɬɫɭɬɫɬɜɢɟ 2'-ɝɢɞɪɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɵ, ɱɬɨ ɦɨɠɟɬ ɫɜɢɞɟɬɟɥɶɫɬɜɨɜɚɬɶ ɨ ɪɨɥɢ 2'-

ɝɢɞɪɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɵ ɤɚɤ ɞɨɧɨɪɚ ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɢ ɜ ɦɟɯɚɧɢɡɦɟ ɤɚɬɚɥɢɡɚ 

ɞɟɚɰɢɥɢɪɨɜɚɧɢɹ ɚɥɚɧɢɥ-ɬɊɇɄɉɪɨ. 

 

 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɩɪɢɜɟɞёɧɧɵɯ ɜ ɩɨɞɪɚɡɞɟɥɟ, ɨɩɭɛɥɢɤɨɜɚɧɵ ɜ 

ɪɚɛɨɬɚɯ: 

1. A new mechanism of post-transfer editing by aminoacyl-tRNA synthetases: 

catalysis of hydrolytic reaction by bacterial-type prolyl-tRNA synthetase / Boyarshin 

K.S., Priss A.E., Rayevskiy A.V., Ilchenko M.M., Dubey I.Y., Kriklivyi I.A., 

Yaremchuk A.D., Tukalo M.A. // Journal of Biomolecular Structure and Dynamics.- 

2016.- DOI: 10.1080/07391102.2016.1155171. 

2. tRNA ensures amino acid specificity of enterococcal prolyl-tRNA synthetase on 

the two steps of editing / Boyarshyn K., Priss A., Rayevskiy A., Kriklivyi I., 

Kovalenko O., Il'chenko N., Dubey I., Yaremchuk A., Tukalo M. // 13th Young 

Scientists' Forum (3-6 July 2013 Saint Petersburg). 

3. ɬɊɇɄ ɨɛɟɫɩɟɱɢɜɚɟɬ ɬɨɱɧɨɫɬɶ ɫɢɧɬɟɡɚ ɩɪɨɥɢɥ-ɬɊɇɄɉɪɨ ɧɚ ɞɜɭɯ ɷɬɚɩɚɯ 

ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɩɪɨɞɭɤɬɚ / Ȼɨɹɪɲɢɧ Ʉ.ɋ., ɉɪɢɫɫ Ⱥ.ȿ., Ɋɚɟɜɫɤɢɣ Ⱥ.ȼ., 

Ʉɪɢɤɥɢɜɵɣ ɂ.Ⱥ., Ʉɨɜɚɥɟɧɤɨ Ɉ.ɉ., ɂɥɶɱɟɧɤɨ ɇ.ɇ., Ⱦɭɛɟɣ ɂ.ə., əɪɟɦɱɭɤ Ⱥ.Ⱦ., 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Boyarshin%20KS%5BAuthor%5D&cauthor=true&cauthor_uid=26886480
http://www.ncbi.nlm.nih.gov/pubmed/?term=Boyarshin%20KS%5BAuthor%5D&cauthor=true&cauthor_uid=26886480
http://www.ncbi.nlm.nih.gov/pubmed/?term=Priss%20AE%5BAuthor%5D&cauthor=true&cauthor_uid=26886480
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rayevskiy%20AV%5BAuthor%5D&cauthor=true&cauthor_uid=26886480
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ilchenko%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=26886480
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dubey%20IY%5BAuthor%5D&cauthor=true&cauthor_uid=26886480
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kriklivyi%20IA%5BAuthor%5D&cauthor=true&cauthor_uid=26886480
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yaremchuk%20AD%5BAuthor%5D&cauthor=true&cauthor_uid=26886480
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tukalo%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=26886480
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Ɍɭɤɚɥɨ Ɇ.Ⱥ. // XI ɍɤɪɚʀɧɫɶɤɢɣ ɛɿɨɯɿɦɿɱɧɢɣ ɤɨɧɝɪɟɫ (06-10 ɠɨɜɬɧɹ 2014 ɪ. ɦ. 

Ʉɢʀɜ). Ukrainian biochemical journal.-2014.-VШХ.86, № 5 (SuЩ.1), P.16-17.  

4. Ɋɟɞɚɤɬɢɪɨɜɚɧɢɟ ɩɪɨɥɢɥ-ɬɊɇɄ ɫɢɧɬɟɬɚɡɨɣ ɛɚɤɬɟɪɢɚɥɶɧɨɝɨ ɬɢɩɚ ɩɪɨɞɭɤɬɨɜ 

ɨɲɢɛɨɱɧɨɝɨ ɭɡɧɚɜɚɧɢɹ ɚɥɚɧɢɧɚ / Ȼɨɹɪɲɢɧ Ʉ.ɋ., ɉɪɢɫɫ Ⱥ.ȿ., Ɋɚɟɜɫɤɢɣ Ⱥ.ȼ., 

Ʉɪɢɤɥɢɜɵɣ ɂ.Ⱥ., Ʉɨɜɚɥɟɧɤɨ Ɉ.ɉ., ɂɥɶɱɟɧɤɨ ɇ.ɇ., Ⱦɭɛɟɣ ɂ.ə., əɪɟɦɱɭɤ Ⱥ.Ⱦ., 

Ɍɭɤɚɥɨ Ɇ.Ⱥ. // 19-ɹ Ɇɟɠɞɭɧɚɪɨɞɧɚɹ ɉɭɳɢɧɫɤɚɹ ɲɤɨɥɚ-ɤɨɧɮɟɪɟɧɰɢɹ ɦɨɥɨɞɵɯ 

ɭɱёɧɵɯ «Ȼɢɨɥɨɝɢɹ – ɧɚɭɤɚ ББI ɜɟɤɚ», (20–24 ɚɩɪɟɥɹ 2015 ɝɨɞɚ, ɉɭɳɢɧɨ). ɋɛ. 

ɬɟɡɢɫɨɜ, ɫ.220. 
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ɊȺɁȾȿɅ 4 

 

ȺɇȺɅɂɁ ɂ ɈȻɈȻɓȿɇɂȿ ɊȿɁɍɅɖɌȺɌɈȼ 

 

 ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɦɵ ɨɫɧɨɜɵɜɚɥɢɫɶ ɧɚ ɪɟɞɭɤɰɢɨɧɧɨɣ ɦɟɬɨɞɨɥɨɝɢɢ, 

ɢɫɩɨɥɶɡɭɹ ɢɡɭɱɟɧɢɟ ɜɥɢɹɧɢɹ ɨɬɞɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ ɧɚ ɪɟɡɭɥɶɬɚɬ 

ɩɪɨɢɫɯɨɞɹɳɢɯ ɜ ɧɟɣ ɩɪɨɰɟɫɫɨɜ ɞɥɹ ɜɵɞɜɢɠɟɧɢɹ ɨɛɨɫɧɨɜɚɧɧɵɯ 

ɩɪɟɞɩɨɥɨɠɟɧɢɣ ɨ ɦɟɯɚɧɢɡɦɟ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ ɤɚɤ ɰɟɥɨɝɨ, ɩɭɬёɦ ɫɨɩɨɫɬɚɜɥɟɧɢɹ 

ɩɨɥɭɱɟɧɧɵɯ ɧɚɦɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɬɟɨɪɟɬɢɱɟɫɤɢɯ 

ɜɵɱɢɫɥɟɧɢɣ. ɉɪɢ ɷɬɨɦ ɱɚɫɬɶ ɪɚɛɨɬɵ, ɩɨɫɜɹɳёɧɧɚɹ ɩɪɟɬɪɚɧɫɮɟɪɧɨɦɭ 

ɪɟɞɚɤɬɢɪɨɜɚɧɢɸ, ɨɩɢɫɵɜɚɟɬ ɮɟɧɨɦɟɧɨɥɨɝɢɸ ɩɪɨɰɟɫɫɚ ɦɟɬɨɞɚɦɢ 

ɮɟɪɦɟɧɬɚɬɢɜɧɨɣ ɤɢɧɟɬɢɤɢ, ɢ ɧɟ ɩɪɟɬɟɧɞɭɟɬ ɧɚ ɪɚɫɤɪɵɬɢɟ ɟɝɨ ɦɟɯɚɧɢɡɦɚ ɜ 

ɰɟɥɨɦ, ɞɟɦɨɧɫɬɪɢɪɭɹ ɥɢɲɶ ɧɟɤɨɬɨɪɵɟ ɟɝɨ ɷɥɟɦɟɧɬɵ. ȼ ɱɚɫɬɢ ɪɚɛɨɬɵ, 

ɩɨɫɜɹɳёɧɧɨɣ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɦɭ ɪɟɞɚɤɬɢɪɨɜɚɧɢɸ, ɨɫɭɳɟɫɬɜɥɟɧɚ 

ɢɞɟɧɬɢɮɢɤɚɰɢɹ ɤɥɸɱɟɜɵɯ ɫɬɪɭɤɬɭɪɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɢ ɩɪɟɞɥɨɠɟɧɨ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɦɟɯɚɧɢɡɦɚ ɷɬɨɝɨ 

ɩɪɨɰɟɫɫɚ.  

 

4.1 ɉɪɟɬɪɚɧɫɮɟɪɧɨɟ ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ ɉɪɨɊɋ E. faecalis 

 

Ɉɫɭɳɟɫɬɜɥɹɟɦɨɟ ɉɪɨɊɋEf ɬɊɇɄ-ɡɚɜɢɫɢɦɨɟ ɩɪɟɬɪɚɧɫɮɟɪɧɨɟ 

ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɨɣ, ɧɨ ɫɬɚɬɢɫɬɢɱɟɫɤɢ 

ɞɨɫɬɨɜɟɪɧɵɣ ɷɮɮɟɤɬ, ɫɚɦɨɫɬɨɹɬɟɥɶɧɵɣ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɩɪɨɰɟɫɫɚɦ ɚɤɬɢɜɚɰɢɢ 

ɚɦɢɧɨɤɢɫɥɨɬɵ, ɟё ɩɟɪɟɧɨɫɚ ɧɚ ɬɊɇɄ, ɢ ɫɟɥɟɤɬɢɜɧɨɝɨ ɜɵɫɜɨɛɨɠɞɟɧɢɹ ɚɥɚɧɢɥ-

ɚɞɟɧɢɥɚɬɚ. ɉɪɢ ɷɬɨɦ, ɜɨɩɪɨɫ ɨ ɟɝɨ ɮɢɡɢɨɥɨɝɢɱɟɫɤɨɦ ɡɧɚɱɟɧɢɢ in vivo ɨɫɬɚёɬɫɹ 

ɨɬɤɪɵɬɵɦ. ɇɚɛɥɸɞɚɟɦɵɣ ɧɚɦɢ ɷɮɮɟɤɬ ɦɨɠɟɬ ɨɬɪɚɠɚɬɶ ɤɚɤ ɚɤɬɭɚɥɶɧɵɣ 

ɦɟɯɚɧɢɡɦ, ɡɚɞɟɣɫɬɜɨɜɚɧɧɵɣ ɜ ɨɛɟɫɩɟɱɟɧɢɢ ɬɨɱɧɨɫɬɢ ɫɢɧɬɟɡɚ ɩɪɨɥɢɥ-ɬɊɇɄɉɪɨ, 

ɬɚɤ ɢ ɪɭɞɢɦɟɧɬ ɦɟɯɚɧɢɡɦɚ, ɢɦɟɜɲɟɝɨ ɡɧɚɱɟɧɢɟ ɜ ɠɢɜɨɣ ɤɥɟɬɤɟ ɞɨ ɩɨɹɜɥɟɧɢɹ 

ɷɮɮɟɤɬɢɜɧɨɝɨ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɝɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ. 
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ɂ ɬɊɇɄ-ɡɚɜɢɫɢɦɨɟ, ɢ ɬɊɇɄ-ɧɟɡɚɜɢɫɢɦɨɟ ɩɪɟɬɪɚɧɫɮɟɪɧɨɟ ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ 

ɉɪɨɊɋEf ɹɜɥɹɸɬɫɹ ɤɚɬɚɥɢɬɢɱɟɫɤɢɦɢ ɩɪɨɰɟɫɫɚɦɢ, ɫɤɨɪɨɫɬɶ ɤɨɬɨɪɵɯ 

ɦɧɨɝɨɤɪɚɬɧɨ ɩɪɟɜɵɲɚɟɬ ɫɤɨɪɨɫɬɶ ɧɟɮɟɪɦɟɧɬɚɬɢɜɧɨɝɨ ɝɢɞɪɨɥɢɡɚ ɚɥɚɧɢɥ-

ɚɞɟɧɢɥɚɬɚ ɜ ɪɚɫɬɜɨɪɟ (ɬɚɛɥ. 3.1). ɇɟɫɦɨɬɪɹ ɧɚ ɷɬɨ, ɫɟɥɟɤɬɢɜɧɨɟ ɜɵɫɜɨɛɨɠɞɟɧɢɟ 

ɚɥɚɧɢɥ-ɚɞɟɧɢɥɚɬɚ ɢɦɟɟɬ ɦɟɫɬɨ – ɨɧɨ ɱɚɫɬɢɱɧɨ ɩɪɨɢɫɯɨɞɢɬ ɜ ɨɬɫɭɬɫɬɜɢɟ ɬɊɇɄɉɪɨ 

(ɪɢɫ. 3.10). ɉɚɪɚɥɥɟɥɶɧɨ ɫ ɜɵɫɜɨɛɨɠɞɟɧɢɟɦ ɨɲɢɛɨɱɧɨ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ 

ɩɪɨɞɭɤɬɚ ɩɪɨɢɫɯɨɞɢɬ ɟɝɨ ɜɬɨɪɢɱɧɨɟ ɫɜɹɡɵɜɚɧɢɟ ɢ ɝɢɞɪɨɥɢɡ ɜ ɚɤɬɢɜɧɨɦ ɰɟɧɬɪɟ 

ɮɟɪɦɟɧɬɚ (ɪɢɫ. 3.11). Ɋɚɜɧɨɜɟɫɢɟ ɦɟɠɞɭ ɷɬɢɦɢ ɩɪɨɰɟɫɫɚɦɢ, ɚ ɬɚɤɠɟ 

ɧɟɮɟɪɦɟɧɬɚɬɢɜɧɵɦ ɝɢɞɪɨɥɢɡɨɦ ɚɥɚɧɢɥ-ɚɞɟɧɢɥɚɬɚ, ɨɩɪɟɞɟɥɹɟɬ ɫɬɚɛɢɥɶɧɨ 

ɧɢɡɤɭɸ ɤɨɧɰɟɧɬɪɚɰɢɸ ɩɨɫɥɟɞɧɟɝɨ ɜ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ. ȼ ɩɪɢɫɭɬɫɬɜɢɢ 

ɧɚɬɢɜɧɨɣ ɬɊɇɄɉɪɨ ɧɚɤɨɩɥɟɧɢɹ ɚɥɚɧɢɥ-ɚɞɟɧɢɥɚɬɚ ɜ ɫɦɟɫɢ ɧɟ ɩɪɨɢɫɯɨɞɢɬ, ɢ ɟɝɨ 

ɤɨɧɰɟɧɬɪɚɰɢɹ ɧɟ ɩɪɟɜɵɲɚɟɬ ɤɨɧɰɟɧɬɪɚɰɢɸ ɚɤɬɢɜɧɵɯ ɰɟɧɬɪɨɜ ɮɟɪɦɟɧɬɚ (ɪɢɫ. 

3.10). ɉɪɢ ɞɨɛɚɜɥɟɧɢɢ ɬɊɇɄ ɜ ɪɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ, ɫɨɞɟɪɠɚɳɭɸ ɚɥɚɧɢɥ-

ɚɞɟɧɢɥɚɬ, ɟɝɨ ɤɨɧɰɟɧɬɪɚɰɢɹ ɛɵɫɬɪɨ ɩɚɞɚɟɬ, ɱɬɨ ɨɬɪɚɠɚɟɬ ɭɫɤɨɪɟɧɢɟ ɟɝɨ 

ɝɢɞɪɨɥɢɡɚ ɉɪɨɊɋEf (ɪɢɫ. 3.11). ɗɬɨɬ ɪɟɡɭɥɶɬɚɬ ɭɤɚɡɵɜɚɟɬ ɧɚ ɭɱɚɫɬɢɟ ɬɊɇɄɉɪɨ 

ɢɦɟɧɧɨ ɜ ɝɢɞɪɨɥɢɡɟ ɚɥɚɧɢɥ-ɚɞɟɧɢɥɚɬɚ, ɚ ɧɟ ɜ ɟɝɨ ɫɢɧɬɟɡɟ, ɱɬɨ ɬɚɤɠɟ ɦɨɝɥɨ ɛɵ 

ɨɬɪɚɡɢɬɶɫɹ ɧɚ ɫɤɨɪɨɫɬɢ ɧɚɤɨɩɥɟɧɢɹ ȺɆɎ ɜ ɷɤɫɩɟɪɢɦɟɧɬɟ. Ʉɢɧɟɬɢɤɚ ɝɢɞɪɨɥɢɡɚ 

ɚɥɚɧɢɥ-ɚɞɟɧɢɥɚɬɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɬɊɇɄɉɪɨ ɫɯɨɞɧɚ ɞɥɹ ɞɢɤɨɝɨ ɬɢɩɚ ɉɪɨɊɋ ɢ 

ɦɭɬɚɧɬɧɵɯ ɮɨɪɦ, ɧɟɫɭɳɢɯ ɩɨɜɪɟɠɞёɧɧɵɣ ɚɤɬɢɜɧɵɣ ɰɟɧɬɪ ɪɟɞɚɤɬɢɪɭɸɳɟɝɨ 

ɞɨɦɟɧɚ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɜ ɩɨɥɶɡɭ ɧɟɩɪɢɱɚɫɬɧɨɫɬɢ ɦɟɯɚɧɢɡɦɚ 

ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɝɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɤ ɷɬɨɦɭ ɩɪɨɰɟɫɫɭ. 

ɗɮɮɟɤɬɢɜɧɚɹ ɢɧɞɭɤɰɢɹ ɩɪɟɬɪɚɧɫɮɟɪɧɨɝɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɧɟɜɨɡɦɨɠɧɚ ɜ 

ɨɬɫɭɬɫɬɜɢɟ 2'-ɝɢɞɪɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɵ ɪɢɛɨɡɵ Ⱥ76 ɬɊɇɄɉɪɨ. ɍɞɚɥɟɧɢɟ ɷɬɨɣ 

ɝɪɭɩɩɵ ɨɤɚɡɵɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɨ ɛɨɥɶɲɟɟ ɜɥɢɹɧɢɟ ɧɚ ɢɧɞɭɤɰɢɸ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ, 

ɱɟɦ ɧɚ ɫɤɨɪɨɫɬɶ ɚɦɢɧɨɚɰɢɥɢɪɨɜɚɧɢɹ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɣ ɬɊɇɄɉɪɨ. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɪɨɥɶ 2'-Ɉɇ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɧɟ ɨɝɪɚɧɢɱɢɜɚɟɬɫɹ ɫɜɹɡɵɜɚɧɢɟɦ Ⱥ76 

ɜ ɚɤɬɢɜɧɨɦ ɰɟɧɬɪɟ ɉɪɨɊɋEf, ɢɥɢ ɢɧɞɭɤɰɢɟɣ ɤɨɧɮɨɪɦɚɰɢɨɧɧɵɯ ɢɡɦɟɧɟɧɢɣ, 

ɨɞɢɧɚɤɨɜɨ ɜɚɠɧɵɯ ɞɥɹ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɢ ɚɦɢɧɨɚɰɢɥɢɪɨɜɚɧɢɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɷɬɨɣ ɯɢɦɢɱɟɫɤɨɣ ɝɪɭɩɩɟ ɫ ɛɨɥɶɲɨɣ ɞɨɥɟɣ ɭɜɟɪɟɧɧɨɫɬɢ ɦɨɠɧɨ ɩɪɢɩɢɫɚɬɶ 
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ɫɩɟɰɢɮɢɱɟɫɤɭɸ ɮɭɧɤɰɢɸ ɡɚɩɭɫɤɚ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɦɟɯɚɧɢɡɦɚ ɝɢɞɪɨɥɢɡɚ 

ɚɥɚɧɢɥ-ɚɞɟɧɢɥɚɬɚ ɜ ɯɨɞɟ ɬɊɇɄ-ɡɚɜɢɫɢɦɨɝɨ ɩɪɟɬɪɚɧɫɮɟɪɧɨɝɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ. 

ɋɪɚɜɧɢɜɚɹ ɩɨɥɭɱɟɧɧɵɟ ɧɚɦɢ ɪɟɡɭɥɶɬɚɬɵ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɋɩɥɚɧ ɢ 

ɫɨɚɜɬɨɪɨɜ, ɩɨɥɭɱɟɧɧɵɦɢ ɧɚ ɉɪɨɊɋЕɫ ɢ ɩɨɤɚɡɚɜɲɢɦɢ ɨɬɫɭɬɫɬɜɢɟ ɭ ɧɟё ɬɊɇɄ-

ɡɚɜɢɫɢɦɨɫɬɢ ɩɪɟɬɪɚɧɫɮɟɪɧɨɝɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ [46], ɧɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ 

ɩɪɢɦɟɧɟɧɢɟ ɡɚɪɭɛɟɠɧɨɣ ɝɪɭɩɩɨɣ ɭɱёɧɵɯ ɬɊɇɄɉɪɨ, ɥɢɲёɧɧɨɣ 5’-ɤɨɧɰɟɜɨɝɨ 

ɰɢɬɨɡɢɧɚ, ɱɬɨ ɭɩɪɨɫɬɢɥɨ ɩɨɥɭɱɟɧɢɟ ɬɪɚɧɫɤɪɢɩɬɚ ɩɪɢ ɩɨɦɨɳɢ ȾɇɄ-ɡɚɜɢɫɢɦɨɣ 

ɊɇɄ-ɩɨɥɢɦɟɪɚɡɵ ɮɚɝɚ Ɍ7 Д124]. ɗɬɚ ɦɟɪɚ ɜɟɞёɬ ɤ ɭɤɨɪɨɱɟɧɢɸ ɞɜɭɫɩɢɪɚɥɶɧɨɝɨ 

ɚɤɰɟɩɬɨɪɧɨɝɨ ɫɬɟɛɥɹ, ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɤ ɭɞɥɢɧɟɧɢɸ ɨɞɧɨɰɟɩɨɱɟɱɧɨɝɨ ɭɱɚɫɬɤɚ 

ɬɊɇɄɉɪɨ, ɱɬɨ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɦɨɠɟɬ ɫɤɚɡɵɜɚɬɶɫɹ ɧɚ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɢ Ⱥ76 ɜ 

ɚɤɬɢɜɧɨɦ ɰɟɧɬɪɟ ɮɟɪɦɟɧɬɚ. ɋɩɨɫɨɛɧɨɫɬɶ ɞɟɥɟɰɢɨɧɧɨɣ ɮɨɪɦɵ ɬɊɇɄɉɪɨ ɤ 

ɚɦɢɧɨɚɰɢɥɢɪɨɜɚɧɢɸ ɫɚɦɚ ɩɨ ɫɟɛɟ ɧɟ ɫɧɢɦɚɟɬ ɜɨɩɪɨɫ ɨ ɩɨɡɢɰɢɢ ɧɟ 

ɭɱɚɫɬɜɭɸɳɟɣ ɜ ɷɬɨɦ ɩɪɨɰɟɫɫɟ 2’-ɝɢɞɪɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɵ, ɤɨɬɨɪɚɹ ɜ ɧɚɲɢɯ 

ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɩɨɤɚɡɚɥɚ ɫɜɨё ɤɥɸɱɟɜɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɢɧɞɭɤɰɢɢ 

ɩɪɟɬɪɚɧɫɮɟɪɧɨɝɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ. ȼɨɡɦɨɠɧɨ, ɷɬɢɦ ɢ ɨɛɴɹɫɧɹɟɬɫɹ ɨɬɫɭɬɫɬɜɢɟ 

ɷɮɮɟɤɬɚ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɋɩɥɚɧ ɢ ɫɨɚɜɬɨɪɨɜ [46]. Ɍɚɤɠɟ ɧɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ 

ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɭɸ ɭɞɚɥёɧɧɨɫɬɶ E. coli (ɬɢɩ Proteobacteria) ɢ E. faecalis (ɬɢɩ 

Firmicutes). ȼ ɭɫɥɨɜɢɹɯ ɧɚɥɢɱɢɹ ɷɮɮɟɤɬɢɜɧɨɝɨ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɝɨ 

ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ, ɦɟɯɚɧɢɡɦ ɩɪɟɬɪɚɧɫɮɟɪɧɨɝɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ, ɜ ɱɚɫɬɧɨɫɬɢ 

ɬɊɇɄ-ɡɚɜɢɫɢɦɨɫɬɶ, ɦɨɠɟɬ ɧɟ ɫɬɚɛɢɥɢɡɢɪɨɜɚɬɶɫɹ ɨɬɛɨɪɨɦ ɜ ɞɨɫɬɚɬɨɱɧɨɣ ɦɟɪɟ 

ɞɥɹ ɟɝɨ ɫɨɯɪɚɧɟɧɢɹ ɭ ɜɫɟɯ ɉɪɨɊɋ ɛɚɤɬɟɪɢɚɥɶɧɨɝɨ ɬɢɩɚ. 

ɇɚɲɢ ɪɟɡɭɥɶɬɚɬɵ ɫɨɜɩɚɞɚɸɬ ɫ ɩɨɥɭɱɟɧɧɵɦɢ ɋɩɥɚɧ ɢ ɫɨɚɜɬɨɪɚɦɢ ɧɚ 

ɉɪɨɊɋЕɫ, ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɳɢɦɢ ɨ ɞɨɦɢɧɢɪɨɜɚɧɢɢ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɬɊɇɄ-

ɧɟɡɚɜɢɫɢɦɨɝɨ ɩɪɟɬɪɚɧɫɮɟɪɧɨɝɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɧɚɞ ɢɡɛɢɪɚɬɟɥɶɧɵɦ 

ɜɵɫɜɨɛɨɠɞɟɧɢɟɦ ɚɥɚɧɢɥ-ɚɞɟɧɢɥɚɬɚ Д46Ж. ɉɪɢ ɷɬɨɦ, ɢɫɫɥɟɞɨɜɚɧɧɵɣ ɧɚɦɢ 

ɮɟɪɦɟɧɬ ɫɩɨɫɨɛɟɧ ɞɟɦɨɧɫɬɪɢɪɨɜɚɬɶ ɰɟɥɵɣ ɫɩɟɤɬɪ ɷɮɮɟɤɬɨɜ, ɧɚɩɪɚɜɥɟɧɧɵɯ ɧɚ 

ɭɫɬɪɚɧɟɧɢɟ ɩɨɫɥɟɞɫɬɜɢɣ ɨɲɢɛɨɤ: ɷɬɨ ɢ ɫɟɥɟɤɬɢɜɧɨɟ ɜɵɫɜɨɛɨɠɞɟɧɢɟ ɚɥɚɧɢɥ-

ɚɞɟɧɢɥɚɬɚ, ɢ ɟɝɨ ɬɊɇɄ-ɧɟɡɚɜɢɫɢɦɵɣ ɝɢɞɪɨɥɢɡ, ɬɊɇɄ-ɡɚɜɢɫɢɦɵɣ ɝɢɞɪɨɥɢɡ, 

ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɟ ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ ɚɥɚɧɢɥ-ɬɊɇɄɉɪɨ in cis ɢ in trans, ɞɟɚɰɢɥɚɡɚɦɢ 

ProX [37], PrdX [35] ɢ YbКK (ɜ ɫɥɭɱɚɟ ɰɢɫɬɟɢɧɢɥ-ɬɊɇɄɉɪɨ) [36; 99]. ɉɪɢ ɷɬɨɦ, 
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ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ ɜ ɷɤɫɩɟɪɢɦɟɧɬɟ, ɚɥɚɧɢɥ-ɚɞɟɧɢɥɚɬ ɢ ɚɥɚɧɢɥ-ɬɊɇɄɉɪɨ ɦɨɝɭɬ 

ɩɨɞɜɟɪɝɚɬɶɫɹ ɪɟɞɚɤɬɢɪɨɜɚɧɢɸ ɜ ɬɨɦ ɱɢɫɥɟ ɩɪɢ ɜɬɨɪɢɱɧɨɦ ɭɥɚɜɥɢɜɚɧɢɢ ɢɡ 

ɪɚɫɬɜɨɪɚ. ɉɟɪɟɱɢɫɥɟɧɧɵɟ ɩɪɨɰɟɫɫɵ, ɪɚɡɥɢɱɧɵɟ ɩɨ ɷɮɮɟɤɬɢɜɧɨɫɬɢ, ɞɨɥɠɧɵ ɜ 

ɡɧɚɱɢɬɟɥɶɧɨɣ ɦɟɪɟ ɨɬɪɚɠɚɬɶ ɷɜɨɥɸɰɢɨɧɧɭɸ ɢɫɬɨɪɢɸ ɩɨɜɵɲɟɧɢɹ 

ɫɩɟɰɢɮɢɱɧɨɫɬɢ ɫɢɧɬɟɡɚ ɩɪɨɥɢɥ-ɬɊɇɄɉɪɨ. ɋɭɳɟɫɬɜɨɜɚɧɢɟ ɉɪɨɊɋ, ɧɟ 

ɪɚɫɩɨɥɚɝɚɸɳɢɯ ɪɟɞɚɤɬɢɪɭɸɳɢɦ ɞɨɦɟɧɨɦ ɭ ɚɪɯɟɣ, ɷɭɤɚɪɢɨɬ ɢ ɱɚɫɬɢ ɛɚɤɬɟɪɢɣ 

[52], ɤɚɤ ɢ ɫɭɳɟɫɬɜɨɜɚɧɢɟ ɨɛɨɫɨɛɥɟɧɧɵɯ ɞɟɚɰɢɥɚɡ, ɝɨɦɨɥɨɝɨɜ ɪɟɞɚɤɬɢɪɭɸɳɟɝɨ 

INS-ɞɨɦɟɧɚ, ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɩɪɢɡɧɚɤ ɨɬɧɨɫɢɬɟɥɶɧɨ ɪɚɧɧɟɝɨ 

ɩɨɹɜɥɟɧɢɹ ɢ ɜɵɫɨɤɨɝɨ ɜ ɩɪɨɲɥɨɦ ɡɧɚɱɟɧɢɹ ɩɪɟɬɪɚɧɫɮɟɪɧɨɝɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ. 

Ɉɛɫɭɠɞɚɹ ɩɪɢɱɢɧɵ ɪɚɡɜɢɬɢɹ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɝɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɧɚ ɩɪɢɦɟɪɟ 

ɂɥɟɊɋ, Ⱦɭɥɢɤ ɢ ɫɨɚɜɬɨɪɵ [125Ж ɚɤɰɟɧɬɢɪɨɜɚɥɢ ɜɧɢɦɚɧɢɟ ɧɚ ɫɥɨɠɧɨɫɬɢ 

ɩɚɪɚɥɥɟɥɶɧɨɣ ɨɩɬɢɦɢɡɚɰɢɢ ɚɦɢɧɨɚɰɢɥɢɪɭɸɳɟɣ ɢ ɩɪɟɬɪɚɧɫɮɟɪɧɨɣ 

ɪɟɞɚɤɬɢɪɭɸɳɟɣ ɚɤɬɢɜɧɨɫɬɟɣ ɜ ɚɦɢɧɨɚɰɢɥɢɪɭɸɳɟɦ ɚɤɬɢɜɧɨɦ ɰɟɧɬɪɟ. 

ɉɪɨɊɋEf ɫɬɚɥɚ ɩɟɪɜɨɣ ȺɊɋɚɡɨɣ ɜɬɨɪɨɝɨ ɫɬɪɭɤɬɭɪɧɨɝɨ ɤɥɚɫɫɚ, ɭ ɤɨɬɨɪɨɣ 

ɛɵɥɚ ɨɛɧɚɪɭɠɟɧɚ ɫɩɨɫɨɛɧɨɫɬɶ ɤ ɬɊɇɄ-ɡɚɜɢɫɢɦɨɦɭ ɩɪɟɬɪɚɧɫɮɟɪɧɨɦɭ 

ɪɟɞɚɤɬɢɪɨɜɚɧɢɸ. Ɋɚɧɟɟ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɜɥɢɹɧɢɟ ɬɊɇɄ ɧɚ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɟ 

ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ ɭ ȺɊɋɚɡ ɩɟɪɜɨɝɨ ɫɬɪɭɤɬɭɪɧɨɝɨ ɤɥɚɫɫɚ ɡɚɜɢɫɢɬ ɨɬ ɫɤɨɪɨɫɬɢ 

ɩɟɪɟɧɨɫɚ ɚɤɬɢɜɢɪɨɜɚɧɧɨɝɨ ɚɦɢɧɨɤɢɫɥɨɬɧɨɝɨ ɨɫɬɚɬɤɚ ɧɚ ɬɊɇɄ [50; 126], ɱɬɨ 

ɨɠɢɞɚɟɦɨ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɫɨɨɬɧɨɲɟɧɢɹ ɫɤɨɪɨɫɬɟɣ ɚɦɢɧɨɚɰɢɥɢɪɨɜɚɧɢɹ ɬɊɇɄ ɢ 

ɝɢɞɪɨɥɢɡɚ ɚɦɢɧɨɚɰɢɥ-ɚɞɟɧɢɥɚɬɚ. ɉɪɢ ɷɬɨɦ, ɤɚɤɢɟ-ɥɢɛɨ ɫɬɪɭɤɬɭɪɧɵɟ ɞɚɧɧɵɟ ɨ 

ɦɟɯɚɧɢɡɦɟ ɭɱɚɫɬɢɹ ɬɊɇɄ ɜ ɩɪɟɬɪɚɧɫɮɟɪɧɨɦ ɪɟɞɚɤɬɢɪɨɜɚɧɢɢ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ 

ɞɟɧɶ ɨɬɫɭɬɫɬɜɭɸɬ. ɇɟɬ ɨɫɧɨɜɚɧɢɣ ɢ ɞɥɹ ɤɚɤɢɯ-ɥɢɛɨ ɩɪɟɞɩɨɥɨɠɟɧɢɣ ɨ ɫɬɟɩɟɧɢ 

ɨɛɳɧɨɫɬɢ ɬɚɤɢɯ ɦɟɯɚɧɢɡɦɨɜ ɭ ȺɊɋɚɡ ɩɟɪɜɨɝɨ ɤɥɚɫɫɚ ɢ ɉɪɨɊɋEf. ɉɪɢ ɷɬɨɦ, ɤɚɤ 

ɢ ɜ ɫɥɭɱɚɟ ɂɥɟɊɋ E. coli [125], ɉɪɨɊɋEf ɩɪɢ ɢɧɚɤɬɢɜɚɰɢɢ ɪɟɞɚɤɬɢɪɭɸɳɟɝɨ 

ɞɨɦɟɧɚ ɫɨɯɪɚɧɹɟɬ ɩɪɢɦɟɪɧɨ ɬɪɟɬɶ ɫɤɨɪɨɫɬɢ ɬɊɇɄ-ɡɚɜɢɫɢɦɨɝɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ 

ɩɨ ɞɚɧɧɵɦ ɬɟɫɬɚ ɧɚ ɧɚɤɨɩɥɟɧɢɟ ȺɆɎ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚɫɤɨɥɶɤɨ ɦɨɠɧɨ ɫɭɞɢɬɶ 

ɢɫɯɨɞɹ ɢɡ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ, ɷɬɢ ɷɮɮɟɤɬɵ ɫɪɚɜɧɢɦɵ ɩɨ ɦɚɫɲɬɚɛɭ ɢ 

ɩɨɬɟɧɰɢɚɥɶɧɨɦɭ ɮɢɡɢɨɥɨɝɢɱɟɫɤɨɦɭ ɡɧɚɱɟɧɢɸ. ɉɪɢ ɷɬɨɦ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɜ ɨɛɨɢɯ 

ɫɥɭɱɚɹɯ ɨɫɧɨɜɧɭɸ ɪɨɥɶ ɜ ɩɨɞɞɟɪɠɚɧɢɢ ɬɨɱɧɨɫɬɢ ɬɪɚɧɫɥɹɰɢɢ ɢɝɪɚɟɬ 

ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɟ ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ. 
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4.2. ɉɨɫɬɬɪɚɧɫɮɟɪɧɨɟ ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ ɉɪɨɊɋ E. faecalis 

 

4.2.1. ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɫ ɞɚɧɧɵɦɢ 

ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. ɑɬɨɛɵ ɪɚɫɲɢɪɢɬɶ ɜɨɡɦɨɠɧɨɫɬɢ 

ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ, ɩɨɥɭɱɟɧɧɵɯ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɚɣɬ-

ɧɚɩɪɚɜɥɟɧɧɨɝɨ ɦɭɬɚɝɟɧɟɡɚ ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ ɨɫɬɚɬɤɨɜ ɪɟɞɚɤɬɢɪɭɸɳɟɝɨ ɞɨɦɟɧɚ 

ɉɪɨɊɋ ɢ ɦɨɞɢɮɢɤɚɰɢɢ ɫɭɛɫɬɪɚɬɨɜ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ, ɦɵ ɫɨɩɨɫɬɚɜɢɥɢ ɢɯ ɫ 

ɪɟɡɭɥɶɬɚɬɚɦɢ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɤɨɦɩɥɟɤɫɚ ɉɪɨɊɋEf ɫ ɚɥɚɧɢɥ-

ɬɊɇɄɉɪɨ, ɫɜɹɡɚɧɧɨɣ ɜ ɪɟɞɚɤɬɢɪɭɸɳɟɦ ɚɤɬɢɜɧɨɦ ɰɟɧɬɪɟ. Ⱦɚɧɧɚɹ ɦɨɞɟɥɶ ɛɵɥɚ 

ɩɨɥɭɱɟɧɚ ɫɨɬɪɭɞɧɢɤɚɦɢ ɨɬɞɟɥɚ ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɛɢɨɪɟɝɭɥɹɬɨɪɨɜ ɂɧɫɬɢɬɭɬɚ 

ɦɨɥɟɤɭɥɹɪɧɨɣ ɛɢɨɥɨɝɢɢ ɢ ɝɟɧɟɬɢɤɢ ɇɚɰɢɨɧɚɥɶɧɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ ɍɤɪɚɢɧɵ, ɢ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɫɨɜɦɟɫɬɧɨɣ ɩɭɛɥɢɤɚɰɢɢ ɫ ɚɜɬɨɪɨɦ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ [127Ж. Ɉɧɚ 

ɨɩɢɪɚɟɬɫɹ ɧɚ ɩɨɥɧɨɪɚɡɦɟɪɧɭɸ ɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ ɫɬɪɭɤɬɭɪɭ ɉɪɨɊɋEf [52Ж ɢ 

ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɜ ɥɢɬɟɪɚɬɭɪɟ ɦɨɞɟɥɢ Ʉɭɦɚɪɚ ɢ ɫɨɚɜɬɨɪɨɜ, 

ɩɪɟɞɫɬɚɜɥɹɸɳɟɣ ɥɢɲɶ ɱɚɫɬɶ ɫɭɛɫɬɪɚɬɚ, 5’-CCA-ȺɥК, ɫɜɹɡɚɧɧɭɸ ɫɨ ɫɜɨɛɨɞɧɵɦ 

ɞɨɦɟɧɨɦ INS [2; 109]. Ⱦɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɦɟɯɚɧɢɡɦɚ ɪɟɚɤɰɢɢ ɞɟɚɰɢɥɢɪɨɜɚɧɢɹ 

ɚɥɚɧɢɥ-ɬɊɇɄɉɪɨ ɉɪɨɊɋEf ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɤɜɚɧɬɨɜɨ-ɯɢɦɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɜ 

ɫɨɱɟɬɚɧɢɢ ɫ ɦɨɥɟɤɭɥɹɪɧɨɣ ɞɢɧɚɦɢɤɨɣ. 

ȼ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɦɨɞɟɥɢ [127] (ɪɢɫ. 4.1 ɚ, ɛ) ɤɚɪɦɚɧ, ɜ ɤɨɬɨɪɨɦ 

ɪɚɫɩɨɥɨɠɟɧ ɚɤɬɢɜɧɵɣ ɰɟɧɬɪ, ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɦɟɪɟ ɩɟɪɟɤɪɵɜɚɟɬɫɹ ɫ 

ɩɪɟɞɩɨɥɚɝɚɟɦɵɦ ɚɤɬɢɜɧɵɦ ɰɟɧɬɪɨɦ, ɨɩɢɫɚɧɧɵɦ ɪɚɧɟɟ ɭ Ʉɪɟɩɢɧɚ ɢ ɫɨɚɜɬɨɪɨɜ 

[52Ж, ɜɤɥɸɱɚɹ ɬɚɤɢɟ ɮɭɧɤɰɢɨɧɚɥɶɧɨ ɜɚɠɧɵɟ ɷɥɟɦɟɧɬɵ, ɤɚɤ ɦɨɬɢɜ 331-

ȽɥɢɏɏɏɎɟɧ-335 ɢ Ʌɢɡ279. ɉɪɢ ɷɬɨɦ Ʌɢɡ279 ɫɜɹɡɚɧ ɫ ɮɨɫɮɚɬɧɨɣ ɝɪɭɩɩɨɣ Ⱥ76 

ɚɥɚɧɢɥ-ɬɊɇɄɉɪɨ. ɗɬɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɟɡɭɥɶɬɚɬɚɦ ɪɟɧɬɝɟɧ-

ɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ ɚɩɨɮɟɪɦɟɧɬɚ, ɝɞɟ ɨɫɬɚɬɨɤ ɥɢɡɢɧɚ ɤɨɨɪɞɢɧɢɪɭɟɬ 

ɫɭɥɶɮɚɬ-ɢɨɧ Д52]. 
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Ɋɢɫ. 4.1. ɚ – ɫɬɚɛɢɥɶɧɚɹ ɫɬɪɭɤɬɭɪɚ ɤɨɦɩɥɟɤɫɚ ɚɥɚɧɢɥ-ɬɊɇɄɉɪɨ ɢ ɉɪɨɊɋEf ɜ 

ɤɨɧɮɨɪɦɚɰɢɢ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ; ɛ – ɬɨ ɠɟ, ɤɪɭɩɧɵɦ ɩɥɚɧɨɦ  

 

Ʌɢɡ279 ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɬɚɤɠɟ ɫ Ɉ2 ɋ75 ɢ 2’-ɝɢɞɪɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɨɣ 

ɋ74, ɫɩɨɫɨɛɫɬɜɭɹ ɢɡɝɢɛɭ ɋɋȺ-ɤɨɧɰɚ ɬɊɇɄ. ȼ ɞɪɭɝɨɟ ɫɬɚɛɢɥɶɧɨɟ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɠɞɭ ɪɟɞɚɤɬɢɪɭɸɳɢɦ ɞɨɦɟɧɨɦ ɉɪɨɊɋEf ɢ ɫɭɛɫɬɪɚɬɨɦ 

ɚ 

ɛ 
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ɜɨɜɥɟɱёɧ ɚɞɟɧɢɧ Ⱥ76. ɗɬɨ ɚɡɨɬɢɫɬɨɟ ɨɫɧɨɜɚɧɢɟ ɬɚɤɠɟ ɜɫɬɭɩɚɟɬ ɜ ɫɬɟɤɢɧɝ ɫ 

Ɏɟɧ330.  

      Ɉɫɬɚɬɨɤ ɚɥɚɧɢɧɚ Ⱥɥɚ-ɬɊɇɄɉɪɨ ɫɜɹɡɚɧ ɜ ɝɢɞɪɨɮɨɛɧɨɦ ɤɚɪɦɚɧɟ 

ɪɟɞɚɤɬɢɪɭɸɳɟɝɨ ɞɨɦɟɧɚ. ȿɝɨ ɮɢɤɫɢɪɭɸɬ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɚɦɢɧɨɝɪɭɩɩɵ ɫ 

ɨɫɧɨɜɧɨɣ ɰɟɩɶɸ Ƚɥɢ331 ɢ ɂɥɟ333 (ɨɫɬɚɬɤɚɦɢ ɦɨɬɢɜɚ 331-ȽɥɢɏɏɏɎɟɧ-335). 

Ȼɨɤɨɜɚɹ ɦɟɬɢɥɶɧɚɹ ɝɪɭɩɩɚ ɨɫɬɚɬɤɚ ɚɥɚɧɢɧɚ ɧɚɯɨɞɢɬɫɹ ɜ ɝɢɞɪɨɮɨɛɧɨɦ ɤɚɪɦɚɧɟ, 

ɪɚɧɟɟ ɩɨɤɚɡɚɧɧɨɦ Ʉɭɦɚɪɨɦ ɢ ɫɨɚɜɬɨɪɚɦɢ [109Ж, ɢ ɜɤɥɸɱɚɸɳɟɦ ɂɥɟ263, 

ɂɥɟ277, Ƚɢɫ366 ɢ ȼɚɥ266 [127]. 

      Ɋɚɫɱёɬ ɦɨɥɟɤɭɥɹɪɧɨɣ ɞɢɧɚɦɢɤɢ ɤɨɦɩɥɟɤɫɚ ɉɪɨɊɋEf ɫ ɚɥɚɧɢɥ-ɬɊɇɄɉɪɨ ɜ 

ɤɨɧɮɨɪɦɚɰɢɢ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɩɨɡɜɨɥɢɥ ɭɫɬɚɧɨɜɢɬɶ, ɱɬɨ ɜɨɞɨɪɨɞɧɵɟ ɫɜɹɡɢ 

ɦɟɠɞɭ ɚɦɢɧɨɤɢɫɥɨɬɧɵɦɢ ɨɫɬɚɬɤɚɦɢ ɪɟɞɚɤɬɢɪɭɸɳɟɝɨ ɞɨɦɟɧɚ ɢ ɫɭɛɫɬɪɚɬɨɦ 

ɫɥɟɞɭɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɞɨɥɝɨɠɢɜɭɳɢɟ. Ɍɚɤɠɟ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɦɨɥɟɤɭɥɵ 

ɜɨɞɵ, ɫɨɫɟɞɫɬɜɭɸɳɢɟ ɫ ɭɝɥɟɪɨɞɨɦ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɵ ɫɭɛɫɬɪɚɬɚ. Ɂɚɬɟɦ 

ɛɵɥɢ ɜɵɛɪɚɧɵ ɤɚɞɪɵ ɦɨɥɟɤɭɥɹɪɧɨɣ ɞɢɧɚɦɢɤɢ, ɝɞɟ ɞɜɟ ɦɨɥɟɤɭɥɵ ɜɨɞɵ 

ɮɨɪɦɢɪɨɜɚɥɢ ɭɝɥɵ 104-105ɨ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 3.5 й ɨɬ ɭɝɥɟɪɨɞɚ ɤɚɪɛɨɧɢɥɶɧɨɣ 

ɝɪɭɩɩɵ. ɉɨɞɨɛɧɵɟ ɤɨɧɮɢɝɭɪɚɰɢɢ ɫɨɯɪɚɧɹɥɢɫɶ ɧɚ ɩɪɨɬɹɠɟɧɢɢ 50 ɩɫ, ɜ ɬɨ 

ɜɪɟɦɹ ɤɚɤ ɨɫɬɚɬɨɤ ɚɥɚɧɢɧɚ ɬɚɤɠɟ ɧɚɯɨɞɢɥɫɹ ɜ ɭɞɨɛɧɨɦ ɞɥɹ ɚɬɚɤɢ ɩɨɥɨɠɟɧɢɢ  

[127]. ɂɫɯɨɞɹ ɢɡ ɷɬɨɝɨ, ɞɜɟ ɦɨɥɟɤɭɥɵ ɜɨɞɵ, ɩɨɥɨɠɟɧɢɟ ɤɨɬɨɪɵɯ ɛɵɥɨ 

ɩɪɟɞɫɤɚɡɚɧɨ ɧɚ ɨɫɧɨɜɚɧɢɢ ɪɚɫɫɱёɬɨɜ ɦɨɥɟɤɭɥɹɪɧɨɣ ɞɢɧɚɦɢɤɢ, ɛɵɥɢ ɜɤɥɸɱɟɧɵ 

ɜ ɩɨɞɫɢɫɬɟɦɭ, ɜ ɩɪɟɞɟɥɚɯ ɤɨɬɨɪɨɣ ɜ ɞɚɥɶɧɟɣɲɟɦ ɩɪɨɜɨɞɢɥɢɫɶ ɤɜɚɧɬɨɜɨ-

ɦɟɯɚɧɢɱɟɫɤɢɟ ɪɚɫɫɱёɬɵ.  

Ʉɨɨɪɞɢɧɚɬɵ ɚɬɨɦɨɜ ɞɥɹ ɩɨɥɧɨɣ ɨɩɬɢɦɢɡɚɰɢɢ ɝɟɨɦɟɬɪɢɢ ɛɵɥɢ ɜɡɹɬɵ ɢɡ 

ɦɨɥɟɤɭɥɹɪɧɨɣ ɞɢɧɚɦɢɤɢ ɩɪɢ t=2050 ɩɫ ɫɱɢɬɚɹ ɫ ɟё ɧɚɱɚɥɚ. ȼ ɷɬɨɬ ɦɨɦɟɧɬ 

ɤɨɧɮɨɪɦɚɰɢɹ ɚɤɬɢɜɧɨɝɨ ɰɟɧɬɪɚ ɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɦɨɥɟɤɭɥ 

ɜɨɞɵ ɞɨɩɭɫɤɚɟɬ ɮɨɪɦɢɪɨɜɚɧɢɟ ɩɪɟ-ɪɟɚɤɰɢɨɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ, ɫ ɤɨɬɨɪɨɝɨ ɦɨɠɟɬ 

ɧɚɱɚɬɶɫɹ ɩɪɨɰɟɫɫ ɝɢɞɪɨɥɢɡɚ [127] (ɪɢɫ. 4.2). ɋɨɝɥɚɫɧɨ ɜɢɡɭɚɥɢɡɢɪɨɜɚɧɧɵɦ 

ɤɜɚɧɬɨɜɨ-ɦɟɯɚɧɢɱɟɫɤɢɦ ɦɨɞɟɥɹɦ, ɝɢɞɪɨɥɢɡ ɚɥɚɧɢɥ-ɬɊɇɄɉɪɨ ɜɤɥɸɱɚɟɬ ɨɞɧɨ 

ɩɟɪɟɯɨɞɧɨɟ ɫɨɫɬɨɹɧɢɟ. ȼ ɪɟɚɤɰɢɢ ɧɚɩɪɹɦɭɸ ɭɱɚɫɬɜɭɸɬ ɞɜɟ ɦɨɥɟɤɭɥɵ ɜɨɞɵ. 

ɇɟɫɤɨɥɶɤɨ ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ ɨɫɬɚɬɤɨɜ ɮɟɪɦɟɧɬɚ ɫɩɨɫɨɛɫɬɜɭɸɬ ɝɢɞɪɨɥɢɡɭ [127].  
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Ɋɢɫ. 4.2. ɍɱɚɫɬɨɤ ɫɬɪɭɤɬɭɪɵ ɤɨɦɩɥɟɤɫɚ ɪɟɞɚɤɬɢɪɭɸɳɟɝɨ ɞɨɦɟɧɚ ɉɪɨɊɋEf 

ɢ ɚɥɚɧɢɥ-ɬɊɇɄȺɥɚ, ɞɥɹ ɤɨɬɨɪɨɝɨ ɩɪɨɜɨɞɢɥɢɫɶ ɤɜɚɧɬɨɜɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɪɚɫɫɱёɬɵ. 

Ⱥɬɨɦɵ ɜɨɞɨɪɨɞɚ ɫɤɪɵɬɵ, ɤɪɨɦɟ ɝɪɭɩɩ, ɨɛɪɚɡɭɸɳɢɯ ɜɨɞɨɪɨɞɧɵɟ ɫɜɹɡɢ, ɢ 

ɦɨɥɟɤɭɥ ɜɨɞɵ  

 

Ʉɥɸɱɟɜɚɹ ɪɨɥɶ 2'-ɝɢɞɪɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɵ ɪɢɛɨɡɵ Ⱥ76 ɬɊɇɄɉɪɨ ɜ 

ɨɬɳɟɩɥɟɧɢɢ ɨɫɬɚɬɤɚ ɚɥɚɧɢɧɚ ɩɨɥɧɨɫɬɶɸ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɜɵɱɢɫɥɟɧɢɹɦɢ. 

ɉɪɨɰɟɫɫ ɩɪɟɞɩɨɥɚɝɚɟɬ ɮɨɪɦɢɪɨɜɚɧɢɟ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɢ 

ɦɟɠɞɭ 2'-OH ɢ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɨɣ ɚɦɢɧɨɤɢɫɥɨɬɵ. Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɷɬɨɝɨ 2'-

ɝɢɞɪɨɤɫɢɥɶɧɚɹ ɝɪɭɩɩɚ ɢ ɚɦɢɧɨɤɢɫɥɨɬɧɵɣ ɨɫɬɚɬɨɤ ɜ 3'-ɩɨɥɨɠɟɧɢɢ 

ɩɨɜɨɪɚɱɢɜɚɸɬɫɹ ɞɨ ɩɪɢɨɛɪɟɬɟɧɢɹ ɤɨɧɮɨɪɦɚɰɢɢ, ɜ ɤɨɬɨɪɨɣ ɝɢɞɪɨɤɫɢɥɶɧɚɹ 

ɝɪɭɩɩɚ ɫɩɨɫɨɛɧɚ ɤɨɨɪɞɢɧɢɪɨɜɚɬɶɫɹ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɨɣ ɚɦɢɧɨɤɢɫɥɨɬɧɨɝɨ 

ɨɫɬɚɬɤɚ (ɪɢɫ 4.3, ɚ). ɗɬɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɩɨɜɵɲɚɟɬ ɷɥɟɤɬɪɨɮɢɥɶɧɨɫɬɶ ɭɝɥɟɪɨɞɚ 

ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɵ ɢ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɭɳɟɫɬɜɟɧɧɨ ɫɩɨɫɨɛɫɬɜɭɟɬ 

ɧɭɤɥɟɨɮɢɥɶɧɨɣ ɚɬɚɤɟ ɦɨɥɟɤɭɥɵ ɜɨɞɵ [127].  
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Ⱦɜɟ ɦɨɥɟɤɭɥɵ ɜɨɞɵ ɫɛɥɢɠɚɸɬɫɹ ɫ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɨɣ ɨɫɬɚɬɤɚ 

ɚɥɚɧɢɧɚ. Ɉɞɧɚ ɢɡ ɧɢɯ (W1) ɝɨɬɨɜɚ ɤ ɧɭɤɥɟɨɮɢɥɶɧɨɣ ɚɬɚɤɟ ɧɚ ɷɥɟɤɬɪɨɮɢɥɶɧɭɸ 

ɤɚɪɛɨɧɢɥɶɧɭɸ ɝɪɭɩɩɭ. ɗɬɚ ɦɨɥɟɤɭɥɚ ɜɨɞɵ ɨɛɪɚɡɭɟɬ ɜɨɞɨɪɨɞɧɭɸ ɫɜɹɡɶ ɫ 

ɤɚɪɛɨɧɢɥɶɧɵɦ ɤɢɫɥɨɪɨɞɨɦ ɨɫɧɨɜɧɨɣ ɰɟɩɢ ɂɥɟ333 ɢ ɫɨ ɜɬɨɪɨɣ, ɧɟ ɚɬɚɤɭɸɳɟɣ 

ɦɨɥɟɤɭɥɨɣ ɜɨɞɵ (W2). Ɇɨɥɟɤɭɥɚ W2, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɨɛɪɚɡɭɟɬ ɜɨɞɨɪɨɞɧɭɸ 

ɫɜɹɡɶ ɫ ɤɚɪɛɨɧɢɥɶɧɵɦ ɤɢɫɥɨɪɨɞɨɦ ɨɫɧɨɜɧɨɣ ɰɟɩɢ ɂɥɟ278. Ʉɨɨɪɞɢɧɢɪɨɜɚɧɢɟ 

ɩɪɨɬɨɧɚ ɚɬɚɤɭɸɳɟɣ ɜɨɞɵ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɨɣ ɂɥɟ333 ɫɨɯɪɚɧɹɟɬɫɹ ɜ ɯɨɞɟ 

ɚɬɚɤɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɮɨɪɦɢɪɭɟɬɫɹ ɩɪɟɞɪɟɚɤɰɢɨɧɧɵɣ ɤɨɦɩɥɟɤɫ (Ɋɢɫ 4.3, ɚ) 

[127].  

ɉɪɨɬɨɧɢɪɨɜɚɧɧɚɹ ɚɦɢɧɨɝɪɭɩɩɚ ɨɫɬɚɬɤɚ ɚɥɚɧɢɧɚ (NH3
+) ɨɛɪɚɡɭɟɬ ɞɜɟ 

ɜɨɞɨɪɨɞɧɵɟ ɫɜɹɡɢ: ɨɞɧɭ ɫ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɨɣ Ƚɥɢ331, ɞɪɭɝɭɸ ɫ ɦɨɥɟɤɭɥɨɣ 

ɜɨɞɵ W3, ɤɨɨɪɞɢɧɢɪɭɸɳɟɣ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɚɧɢɨɧ ɮɨɫɮɚɬɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɜɨɞɚ ɨɛɪɚɡɭɟɬ ɦɨɫɬɢɤ ɦɟɠɞɭ ɮɨɫɮɚɬɧɨɣ ɝɪɭɩɩɨɣ ɢ ɚɦɢɧɨɝɪɭɩɩɨɣ. ȼɨɞɚ W3 ɧɟ 

ɭɱɚɫɬɜɭɟɬ ɧɚɩɪɹɦɭɸ ɜ ɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɹɯ. Ⱦɚɥɟɟ ɨɧɚ ɧɟ ɛɭɞɟɬ ɭɩɨɦɢɧɚɬɶɫɹ ɜ 

ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ, ɨɞɧɚɤɨ, ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɟё ɤɨɨɪɞɢɧɢɪɭɸɳɚɹ ɪɨɥɶ 

ɨɫɬɚёɬɫɹ ɧɟɢɡɦɟɧɧɨɣ ɜ ɬɟɱɟɧɢɟ ɜɫɟɝɨ ɩɪɨɰɟɫɫɚ ɝɢɞɪɨɥɢɡɚ ɚɧɝɢɞɪɢɞɧɨɣ ɫɜɹɡɢ. 

Ɉɬɳɟɩɥɹɟɦɵɣ ɨɫɬɚɬɨɤ ɚɥɚɧɢɧɚ ɤɨɧɮɨɪɦɚɰɢɨɧɧɨ ɡɚɮɢɤɫɢɪɨɜɚɧ ɫɟɬɶɸ 

ɜɨɞɨɪɨɞɧɵɯ ɫɜɹɡɟɣ, ɨɫɬɚɜɥɹɸɳɟɣ ɟɦɭ ɦɢɧɢɦɭɦ ɫɜɨɛɨɞɵ ɞɜɢɠɟɧɢɣ, ɱɬɨ, ɩɨ-

ɜɢɞɢɦɨɦɭ, ɨɛɥɟɝɱɚɟɬ ɝɢɞɪɨɥɢɡ [127].  

Ɇɨɥɟɤɭɥɚ ɜɨɞɵ А1 ɚɬɚɤɭɟɬ ɤɚɪɛɨɧɢɥɶɧɭɸ ɝɪɭɩɩɭ ɨɫɬɚɬɤɚ ɚɥɚɧɢɧɚ. ɉɪɢ 

ɷɬɨɦ ɮɨɪɦɢɪɭɟɬɫɹ ɫɜɹɡɶ C-OH, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɜɬɨɪɨɣ ɩɪɨɬɨɧ ɜɨɞɵ А1 

ɨɞɧɨɜɪɟɦɟɧɧɨ ɧɚɱɢɧɚɟɬ ɩɟɪɟɧɨɫɢɬɶɫɹ ɧɚ А2, ɮɨɪɦɢɪɭɹ ɫ ɧɟɣ ɫɜɹɡɶ H-O. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ ɞɨɫɬɢɝɚɟɬɫɹ ɩɟɪɟɯɨɞɧɨɟ ɫɨɫɬɨɹɧɢɟ (ɉɋ) (Ɋɢɫ 4.3, ɛ, ɜ) [127]. ȼ ɷɬɨ 

ɜɪɟɦɹ ɧɟɚɬɚɤɭɸɳɚɹ ɦɨɥɟɤɭɥɚ ɜɨɞɵ А2 ɤɨɨɪɞɢɧɢɪɭɟɬ ɚɦɢɧɨɤɢɫɥɨɬɧɵɟ ɨɫɬɚɬɤɢ 

ɂɥɟ278 ɢ ɋɟɪ280 – ɨɞɢɧ ɩɪɨɬɨɧ ɨɛɪɚɡɭɟɬ ɜɨɞɨɪɨɞɧɭɸ ɫɜɹɡɶ ɫ ɝɢɞɪɨɤɫɢɥɶɧɨɣ 

ɝɪɭɩɩɨɣ ɫɟɪɢɧɚ, ɞɪɭɝɨɣ ɫ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɨɣ ɨɫɧɨɜɧɨɣ ɰɟɩɢ ɢɡɨɥɟɣɰɢɧɚ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɷɬɚ ɦɨɥɟɤɭɥɚ ɜɨɞɵ ɮɢɤɫɢɪɭɟɬɫɹ, ɱɬɨ ɜɚɠɧɨ ɞɥɹ ɩɨɫɥɟɞɭɸɳɢɯ 

ɷɬɚɩɨɜ ɪɟɚɤɰɢɢ. Ɍɨɝɞɚ ɠɟ ɩɪɨɬɨɧɢɪɨɜɚɧɧɚɹ ɚɦɢɧɨɝɪɭɩɩɚ ɨɬɳɟɩɥɹɟɦɨɝɨ ɨɫɬɚɬɤɚ 

ɚɥɚɧɢɧɚ ɨɛɪɚɡɭɟɬ ɬɪɟɬɶɸ ɜɨɞɨɪɨɞɧɭɸ ɫɜɹɡɶ – ɫ ɚɡɨɬɨɦ ɝɟɬɟɪɨɰɢɤɥɚ Ƚɢɫ366. 

Ɍɪɨɣɧɨɟ  ɤɨɨɪɞɢɧɢɪɨɜɚɧɢɟ  ɚɦɢɧɨɝɪɭɩɩɵ  ɨɫɬɚɬɤɚ  ɚɥɚɧɢɧɚ  ɜɨɞɨɣ,  Ƚɥɢ331  ɢ  
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Ɋɢɫ. 4.3 Ɇɟɯɚɧɢɡɦ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɝɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɚɥɚɧɢɥ-ɬɊɇɄɉɪɨ 

ɉɪɨɊɋEf: ɚ – ɩɪɟɞɪɟɚɤɰɢɨɧɧɵɣ ɤɨɦɩɥɟɤɫ, ɫɬɪɟɥɤɨɣ ɩɨɤɚɡɚɧɨ ɧɚɩɪɚɜɥɟɧɢɟ 

ɧɭɤɥɟɨɮɢɥɶɧɨɣ ɚɬɚɤɢ ɦɨɥɟɤɭɥɵ ɜɨɞɵ ɩɨ ɤɚɪɛɨɧɢɥɶɧɨɦɭ ɭɝɥɟɪɨɞɭ 

ɝɢɞɪɨɥɢɡɭɟɦɨɝɨ ɨɫɬɚɬɤɚ ɚɥɚɧɢɧɚ, ɩɭɧɤɬɢɪɧɵɦɢ ɥɢɧɢɹɦɢ – ɜɨɞɨɪɨɞɧɵɟ ɫɜɹɡɢ; 

ɛ– ɩɟɪɟɯɨɞɧɨɟ ɫɨɫɬɨɹɧɢɟ, ɫɬɪɟɥɤɢ ɩɨɤɚɡɵɜɚɸɬ ɨɛɪɚɡɨɜɚɧɢɟ ɢ ɪɚɡɪɵɜ 

ɯɢɦɢɱɟɫɤɢɯ ɫɜɹɡɟɣ; ɜ – ɩɚɪɚɦɟɬɪɵ ɩɟɪɟɯɨɞɧɨɝɨ ɫɨɫɬɨɹɧɢɹ, ɱɢɫɥɚɦɢ ɩɨɤɚɡɚɧɵ 

ɞɥɢɧɵ ɯɢɦɢɱɟɫɤɢɯ ɫɜɹɡɟɣ, q(H3O) – ɩɨɥɧɵɣ ɡɚɪɹɞ ɧɚ ɢɨɧɟ ɝɢɞɪɨɤɫɨɧɢɹ; ɝ   – 

ɩɪɨɞɭɤɬɵ ɪɟɚɤɰɢɢ. 

 

 

ɚ ɛ 

ɜ ɝ 
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Ƚɢɫ366 ɨɫɬɚёɬɫɹ ɫɬɚɛɢɥɶɧɵɦ ɞɨ ɤɨɧɰɚ ɩɪɨɰɟɫɫɚ [127]. 

Ⱦɟɩɪɨɬɨɧɢɪɨɜɚɧɧɚɹ ɚɬɚɤɭɸɳɚɹ ɦɨɥɟɤɭɥɚ ɜɨɞɵ, ɬɨ ɟɫɬɶ ɚɧɢɨɧ ɝɢɞɪɨɤɫɢɞɚ, 

ɫɨɟɞɢɧɹɟɬɫɹ ɫ ɤɚɪɛɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɨɣ ɨɬɳɟɩɥɹɟɦɨɝɨ ɨɫɬɚɬɤɚ ɚɥɚɧɢɧɚ, 

ɮɨɪɦɢɪɭɹ ɫɜɹɡɶ C-OH ɫ ɬɟɬɪɚɷɞɪɚɥɶɧɵɦ ɚɬɨɦɨɦ ɭɝɥɟɪɨɞɚ. ȼɬɨɪɚɹ ɦɨɥɟɤɭɥɚ 

ɜɨɞɵ W2 ɩɪɨɬɨɧɢɪɭɟɬɫɹ, ɢ ɜ ɨɩɪɟɞɟɥёɧɧɵɣ ɦɨɦɟɧɬ ɨɛɪɚɡɭɟɬ ɢɨɧ ɝɢɞɪɨɤɫɨɧɢɹ 

H3O
+, ɫɤɨɨɪɞɢɧɢɪɨɜɚɧɧɵɣ ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɶɸ ɫ ɝɢɞɪɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɨɣ 

ɛɵɜɲɟɣ W1. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɟɪɟɡ W2 ɩɪɨɢɫɯɨɞɢɬ ɩɟɪɟɧɨɫ ɩɪɨɬɨɧɚ ɫ W1 ɧɚ 3'-

ɚɬɨɦ ɤɢɫɥɨɪɨɞɚ ɨɫɬɚɬɤɚ ɪɢɛɨɡɵ, ɫ ɮɨɪɦɢɪɨɜɚɧɢɟɦ 3'-ɝɢɞɪɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɵ. ȼ 

ɬɨ ɠɟ ɜɪɟɦɹ ɪɚɡɪɵɜɚɟɬɫɹ ɫɜɹɡɶ ɦɟɠɞɭ 3'-ɤɢɫɥɨɪɨɞɨɦ ɢ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɨɣ 

ɨɬɳɟɩɥɹɟɦɨɣ ɚɦɢɧɨɤɢɫɥɨɬɵ. Ƚɢɞɪɨɤɫɢɥɶɧɚɹ ɝɪɭɩɩɚ ɜ ɫɨɫɬɚɜɟ ɤɚɪɛɨɤɫɢɥɶɧɨɣ 

ɝɪɭɩɩɵ ɚɥɚɧɢɧɚ ɨɫɬɚёɬɫɹ ɫɜɹɡɚɧɧɨɣ ɫ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɨɣ ɨɫɧɨɜɧɨɣ ɰɟɩɢ 

ɚɦɢɧɨɤɢɫɥɨɬɧɨɝɨ ɨɫɬɚɬɤɚ ɂɥɟ333 ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɶɸ. ȼɨ ɜɪɟɦɹ ɩɟɪɟɧɨɫɚ 

ɩɪɨɬɨɧɚ W2 ɩɪɨɞɨɥɠɚɟɬ ɫɜɹɡɵɜɚɬɶɫɹ ɨɫɬɚɬɤɚɦɢ ɂɥɟ278 ɢ ɋɟɪ280 [127].  

ȼ ɤɨɧɰɟ ɩɟɪɟɯɨɞɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɪɚɡɴɟɞɢɧɟɧɢɟ ɨɫɬɚɬɤɨɜ 

ɪɢɛɨɡɵ ɢ ɚɥɚɧɢɧɚ. ɉɪɢ ɷɬɨɦ ɬɊɇɄɉɪɨ ɨɤɚɡɵɜɚɟɬɫɹ ɫɜɨɛɨɞɧɚ ɨɬ ɚɦɢɧɨɤɢɫɥɨɬɵ 

(Ɋɢɫ 4.3, ɝ), ɩɪɨɬɨɧɢɪɨɜɚɧɧɚɹ ɚɦɢɧɨɝɪɭɩɩɚ ɤɨɬɨɪɨɣ ɜ ɷɬɨɬ ɦɨɦɟɧɬ ɜɫё ɟɳё 

ɤɨɨɪɞɢɧɢɪɭɟɬɫɹ ɦɨɥɟɤɭɥɨɣ ɜɨɞɵ W3, ɚ ɬɚɤɠɟ ɚɦɢɧɨɤɢɫɥɨɬɧɵɦɢ ɨɫɬɚɬɤɚɦɢ 

ɚɤɬɢɜɧɨɝɨ ɰɟɧɬɪɚ Ƚɥɢ331 ɢ Ƚɢɫ366. Ʉɚɪɛɨɤɫɢɥɶɧɚɹ ɝɪɭɩɩɚ ɚɥɚɧɢɧɚ ɨɛɪɚɡɭɟɬ ɞɜɟ 

ɜɨɞɨɪɨɞɧɵɯ ɫɜɹɡɢ – ɝɢɞɪɨɤɫɢɥɶɧɚɹ ɝɪɭɩɩɚ ɜ ɟё ɫɨɫɬɚɜɟ ɜɫё ɟɳё ɤɨɨɪɞɢɧɢɪɭɟɬɫɹ 

ɂɥɟ333, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɤɚɪɛɨɧɢɥɶɧɵɣ ɤɢɫɥɨɪɨɞ ɮɨɪɦɢɪɭɟɬ ɧɨɜɭɸ ɜɨɞɨɪɨɞɧɭɸ 

ɫɜɹɡɶ ɫ ɜɧɨɜɶ ɫɮɨɪɦɢɪɨɜɚɧɧɨɣ 3'-ɝɢɞɪɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɨɣ ɨɫɬɚɬɤɚ ɪɢɛɨɡɵ. 

Ɇɨɥɟɤɭɥɚ ɜɨɞɵ W2, ɩɨɫɥɟ ɩɟɪɟɞɚɱɢ ɩɪɨɬɨɧɚ ɫ W1 ɧɚ 3'-ɚɬɨɦ ɤɢɫɥɨɪɨɞɚ ɨɫɬɚɬɤɚ 

ɪɢɛɨɡɵ, ɨɫɬɚёɬɫɹ ɫɜɹɡɚɧɧɨɣ ɫ ɚɦɢɧɨɤɢɫɥɨɬɧɵɦɢ ɨɫɬɚɬɤɚɦɢ ɂɥɟ278 ɢ ɋɟɪ280 

ɜɨɞɨɪɨɞɧɵɦɢ ɫɜɹɡɹɦɢ. Ʉɢɫɥɨɪɨɞ ɜɨɞɵ ɜ ɬɨ ɠɟ ɜɪɟɦɹ ɮɨɪɦɢɪɭɟɬ ɧɨɜɭɸ 

ɜɨɞɨɪɨɞɧɭɸ ɫɜɹɡɶ ɫ 2'-ɝɢɞɪɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɨɣ ɨɫɬɚɬɤɚ ɪɢɛɨɡɵ. Ⱦɚɥɟɟ ɦɨɥɟɤɭɥɚ 

ɚɥɚɧɢɧɚ ɩɨɤɢɞɚɟɬ ɚɤɬɢɜɧɵɣ ɰɟɧɬɪ ɪɟɞɚɤɬɢɪɭɸɳɟɝɨ ɞɨɦɟɧɚ [127]. 

ɋɨɝɥɚɫɧɨ ɩɪɨɜɟɞёɧɧɵɦ ɪɚɫɱёɬɚɦ, ɦɨɞɢɮɢɤɚɰɢɢ Ⱥ76 ɚɥɚɧɢɥ-ɬɊɇɄɉɪɨ ɩɨ 

2’-ɩɨɥɨɠɟɧɢɸ, ɫ ɜɜɟɞɟɧɢɟɦ ɜ ɟё ɫɬɪɭɤɬɭɪɭ ɜɦɟɫɬɨ 2’-ɝɢɞɪɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɵ 

ɚɬɨɦɚ ɮɬɨɪɚ ɢɥɢ ɩɪɨɬɨɧɚ, ɫɭɳɟɫɬɜɟɧɧɨ ɩɨɜɵɲɚɸɬ ɷɧɟɪɝɢɸ ɚɤɬɢɜɚɰɢɢ 

ɩɟɪɟɯɨɞɧɨɝɨ ɫɨɫɬɨɹɧɢɹ (ɬɚɛɥ. 4.1) [127]. 



111 
 

   

 

Тɚɛɥиɰɚ 4.1 

ɗɧɟɪɝɟɬɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɪɟɚɤɰɢɢ ɝɢɞɪɨɥɢɡɚ ɚɥɚɧɢɥ-ɬɊɇɄɉɪɨ
 ɞɥɹ 

ɫɢɫɬɟɦ, ɫɨɞɟɪɠɚɳɢɯ ɜ ɩɨɥɨɠɟɧɢɢ 76 ɚɞɟɧɨɡɢɧ, 2'-ɮɥɸɨɪɨɚɞɟɧɨɡɢɧ ɢ 2'-

ɞɟɡɨɤɫɢɚɞɟɧɨɡɢɧ  

 

2'-

ɡɚɦɟɫɬɢɬɟɥɶ 

ɗɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ, 
ɤɤɚɥ/ɦɨɥɶ 

1.
 

Eact ΔEact 
2.
 

Ɉɇ 18.57 0 
H 31.06  12.49 
F 25.73 7.16 

ɉɪɢɦɟɱɚɧɢɹ: 
1. Ɋɚɡɧɢɰɚ ɦɟɠɞɭ ɩɨɥɧɵɦɢ ɷɧɟɪɝɢɹɦɢ ɩɪɟ-ɪɟɚɤɰɢɨɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ 
ɢ ɩɟɪɟɯɨɞɧɨɝɨ ɫɨɫɬɨɹɧɢɹ. 
2. Ɋɚɡɧɢɰɚ ɦɟɠɞɭ ɷɧɟɪɝɢɹɦɢ ɚɤɬɢɜɚɰɢɢ ɚɥɚɧɢɥ-ɬɊɇɄɉɪɨ ɞɢɤɨɝɨ ɬɢɩɚ 
ɢ ɟё ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɩɪɨɢɡɜɨɞɧɵɦɢ. 

 

ɋɭɦɦɢɪɭɹ ɪɚɫɫɦɨɬɪɟɧɧɵɟ ɞɚɧɧɵɟ, ɫɥɟɞɭɟɬ ɩɨɞɱɟɪɤɧɭɬɶ, ɱɬɨ ɫɨɝɥɚɫɧɨ ɢɦ 

ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ 2'-ɝɢɞɪɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɵ Ⱥ76 ɚɥɚɧɢɥ-

ɬɊɇɄɉɪɨ ɫ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɨɣ ɨɫɬɚɬɤɚ ɚɥɚɧɢɧɚ ɩɨɜɵɲɚɟɬ ɷɥɟɤɬɪɨɮɢɥɶɧɨɫɬɶ 

ɭɝɥɟɪɨɞɚ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɵ, ɢ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɩɨɫɨɛɫɬɜɭɟɬ ɧɭɤɥɟɨɮɢɥɶɧɨɣ 

ɚɬɚɤɟ ɦɨɥɟɤɭɥɵ ɜɨɞɵ ɧɚ ɫɤɨɪɨɫɬɶ-ɥɢɦɢɬɢɪɭɸɳɟɣ ɫɬɚɞɢɢ ɪɟɚɤɰɢɢ [127Ж, ɱɬɨ 

ɨɬɥɢɱɚɟɬ ɞɚɧɧɭɸ ɦɨɞɟɥɶ ɨɬ ɛɨɥɶɲɢɧɫɬɜɚ ɫɭɳɟɫɬɜɭɸɳɢɯ ɦɨɞɟɥɟɣ 

ɮɟɪɦɟɧɬɚɬɢɜɧɨɝɨ ɝɢɞɪɨɥɢɡɚ ɚɦɢɧɨɚɰɢɥ-ɬɊɇɄ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɨɬ 

ɩɪɟɞɩɨɥɚɝɚɟɦɨɝɨ ɦɟɯɚɧɢɡɦɚ ɝɢɞɪɨɥɢɡɚ ɰɢɫɬɟɢɧɢɥ-ɬɊɇɄɉɪɨ ɝɨɦɨɥɨɝɢɱɧɨɣ 

ɪɟɞɚɤɬɢɪɭɸɳɟɦɭ ɞɨɦɟɧɭ ɉɪɨɊɋ ɞɟɚɰɢɥɚɡɨɣ YbaK [3].  

4.2.2. Ɉɛɨɛɳɟɧɢɟ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɞɥɹ 

ɉɪɨɊɋ ɨɬɫɭɬɫɬɜɭɸɬ ɩɪɹɦɵɟ ɫɬɪɭɤɬɭɪɧɵɟ ɞɚɧɧɵɟ ɨ ɪɚɫɩɨɥɨɠɟɧɢɢ 

ɦɢɫɚɰɢɥɢɪɨɜɚɧɧɨɣ ɬɊɇɄ ɜ ɚɤɬɢɜɧɨɦ ɰɟɧɬɪɟ ɟё ɪɟɞɚɤɬɢɪɭɸɳɟɝɨ ɞɨɦɟɧɚ. 

ɉɨɷɬɨɦɭ ɞɥɹ ɜɵɹɫɧɟɧɢɹ ɫɬɪɭɤɬɭɪɧɨ-ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɨɪɝɚɧɢɡɚɰɢɢ 

ɪɟɞɚɤɬɢɪɭɸɳɟɝɨ ɚɤɬɢɜɧɨɝɨ ɰɟɧɬɪɚ ɜ ɤɨɦɩɥɟɤɫɟ ɫ ɚɥɚɧɢɥ-ɬɊɇɄɉɪɨ ɢ ɦɟɯɚɧɢɡɦɚ 

ɤɚɬɚɥɢɡɚ ɦɵ ɢɫɩɨɥɶɡɨɜɚɥɢ ɤɨɦɩɥɟɤɫ ɞɪɭɝɢɯ ɩɨɞɯɨɞɨɜ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ 

ɦɭɬɚɰɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ ɢ ɦɨɞɢɮɢɤɚɰɢɣ ɬɊɇɄ ɩɨɡɜɨɥɢɥɢ ɜɵɹɜɢɬɶ ɞɜɚ 
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ɫɬɪɭɤɬɭɪɧɵɯ ɷɥɟɦɟɧɬɚ, ɜ ɧɚɢɛɨɥɶɲɟɣ ɦɟɪɟ ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɡɚ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɟ 

ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ ɉɪɨɊɋEf – 2'-ɝɢɞɪɨɤɫɢɥɶɧɭɸ ɝɪɭɩɩɭ ɚɥɚɧɢɥ-ɬɊɇɄɉɪɨ ɢ 

ɚɦɢɧɨɤɢɫɥɨɬɧɵɣ ɨɫɬɚɬɨɤ Ʉ279 ɪɟɞɚɤɬɢɪɭɸɳɟɝɨ ɞɨɦɟɧɚ. ɋɨɩɨɫɬɚɜɥɟɧɢɟ 

ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɡɜɨɥɢɥɨ 

ɩɨɞɬɜɟɪɞɢɬɶ ɩɪɟɞɥɨɠɟɧɧɵɣ ɦɟɯɚɧɢɡɦ [127] ɮɟɪɦɟɧɬɚɬɢɜɧɨɝɨ ɤɚɬɚɥɢɡɚ 

ɞɟɚɰɢɥɢɪɨɜɚɧɢɹ ɚɥɚɧɢɥ-ɬɊɇɄɉɪɨ.  

ȼ ɭɫɥɨɜɢɹɯ ɫɭɛɫɬɪɚɬ-ɚɫɫɢɫɬɢɪɭɟɦɨɝɨ ɤɚɬɚɥɢɡɚ ɨɞɧɨɣ ɢɡ ɨɫɧɨɜɧɵɯ 

ɮɭɧɤɰɢɣ ɮɟɪɦɟɧɬɚ ɦɵ ɦɨɠɟɦ ɫɱɢɬɚɬɶ ɮɢɤɫɚɰɢɸ ɫɩɟɰɢɮɢɱɟɫɤɨɣ ɤɨɧɮɨɪɦɚɰɢɢ 

ɚɥɚɧɢɥ-ɬɊɇɄɉɪɨ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɣ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɵ 

ɨɫɬɚɬɤɚ ɚɥɚɧɢɧɚ ɫ 2'-ɝɢɞɪɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɨɣ Ⱥ76, ɚ ɬɚɤɠɟ ɭɫɬɨɣɱɢɜɨɟ 

ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɟ ɞɜɭɯ ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɪɟɚɤɰɢɢ ɦɨɥɟɤɭɥ ɜɨɞɵ ɜ ɨɩɬɢɦɚɥɶɧɨɦ 

ɞɥɹ ɪɟɚɤɰɢɢ ɩɨɥɨɠɟɧɢɢ, ɜ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ ɛɥɢɡɨɫɬɢ ɨɬ ɝɢɞɪɨɥɢɡɭɟɦɨɣ ɫɜɹɡɢ. 

ɏɨɬɹ ɪɨɥɶ ɫɬɪɭɤɬɭɪɧɵɯ ɷɥɟɦɟɧɬɨɜ ɚɤɬɢɜɧɨɝɨ ɰɟɧɬɪɚ ɮɟɪɦɟɧɬɚ ɧɟ ɜɫɟɝɞɚ ɦɨɠɟɬ 

ɛɵɬɶ ɩɨɤɚɡɚɧɚ ɫ ɬɨɣ ɠɟ ɱёɬɤɨɫɬɶɸ, ɱɬɨ ɢ ɪɨɥɶ 2'-Ɉɇ ɬɊɇɄɉɪɨ, ɧɚɦ ɭɞɚɥɨɫɶ 

ɩɨɥɭɱɢɬɶ ɪɟɡɭɥɶɬɚɬɵ, ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɭɤɚɡɵɜɚɸɳɢɟ ɧɚ ɪɨɥɶ ɧɟɤɨɬɨɪɵɯ 

ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ ɨɫɬɚɬɤɨɜ ɜ ɩɪɨɰɟɫɫɟ ɪɟɚɤɰɢɢ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ.  

ɇɚɢɛɨɥɟɟ ɮɭɧɤɰɢɨɧɚɥɶɧɨ ɜɚɠɧɵɦ ɢɡ ɧɢɯ ɨɤɚɡɚɥɫɹ ɥɢɡɢɧ Ʉ279. ȿɝɨ 

ɛɨɤɨɜɚɹ ɰɟɩɶ, ɤɚɤ ɩɨɤɚɡɵɜɚɸɬ ɫɬɪɭɤɬɭɪɧɵɟ ɞɚɧɧɵɟ, ɨɛɪɚɳɟɧɚ ɜ ɫɬɨɪɨɧɭ ɨɬ 

ɨɫɬɚɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɚɤɬɢɜɧɨɝɨ ɰɟɧɬɪɚ, ɢ, ɫɨɝɥɚɫɧɨ ɤɨɦɩɶɸɬɟɪɧɨɣ ɦɨɞɟɥɢ, 

ɭɱɚɫɬɜɭɟɬ ɜ ɫɜɹɡɵɜɚɧɢɢ ɚɤɰɟɩɬɨɪɧɨɝɨ ɤɨɧɰɚ ɚɥɚɧɢɥ-ɬɊɇɄɉɪɨ [52]. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ, Ʉ279 ɧɟ ɜɯɨɞɢɬ ɜ ɚɤɬɢɜɧɵɣ ɰɟɧɬɪ ɪɟɞɚɤɬɢɪɭɸɳɟɝɨ ɞɨɦɟɧɚ ɤɚɤ 

ɬɚɤɨɜɨɣ. Ɉɞɧɚɤɨ, ɨɧ ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ ɋɋȺ-ɤɨɧɰɨɦ ɪɟɞɚɤɬɢɪɭɟɦɨɣ ɚɥɚɧɢɥ-

ɬɊɇɄɉɪɨ, ɫɜɹɡɵɜɚɹ ɢ ɩɨɡɢɰɢɨɧɢɪɭɹ ɟɝɨ ɜ ɚɤɬɢɜɧɨɦ ɰɟɧɬɪɟ ɩɨɫɪɟɞɫɬɜɨɦ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɨɫɬɚɬɤɨɦ ɮɨɫɮɨɪɧɨɣ ɤɢɫɥɨɬɵ Ⱥ76. ɗɬɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ 

ɤɨɫɜɟɧɧɨ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɦɢ ɞɚɧɧɵɦɢ ɨɛ ɚɩɨɮɟɪɦɟɧɬɟ 

ɉɪɨɊɋEf, ɝɞɟ K279 ɫɜɹɡɚɧ ɫ ɢɨɧɨɦ SO4
2- ɪɚɫɬɜɨɪɚ [52], ɚ ɬɚɤɠɟ ɥɢɬɟɪɚɬɭɪɧɵɦɢ 

ɞɚɧɧɵɦɢ ɨ ɟɝɨ ɪɨɥɢ ɜ ɪɟɚɤɰɢɢ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɉɪɨɊɋEɫ [149]. Ʉɚɤ ɜ ɉɪɨɊɋEf, 

ɬɚɤ ɢ ɜ ɮɟɪɦɟɧɬɟ E. coli [107Ж, ɡɚɦɟɧɚ ɥɢɡɢɧɚ Ʉ279 ɧɚ ɚɥɚɧɢɧ ɨɤɚɡɵɜɚɟɬ 

ɧɚɢɛɨɥɶɲɟɟ ɜɥɢɹɧɢɟ ɧɚ ɩɨɫɬɬɪɚɧɫɮɟɪɧɭɸ ɪɟɞɚɤɬɢɪɭɸɳɭɸ ɚɤɬɢɜɧɨɫɬɶ ɫɪɟɞɢ 

ɜɫɟɯ ɢɡɭɱɟɧɧɵɯ ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ ɨɫɬɚɬɤɨɜ. ɉɨ-ɜɢɞɢɦɨɦɭ, ɟɝɨ ɪɨɥɶ ɧɟɡɚɦɟɧɢɦɚ 
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ɧɚ ɷɬɚɩɟ ɩɟɪɜɢɱɧɨɝɨ ɫɜɹɡɵɜɚɧɢɹ 3’-ɤɨɧɰɚ ɚɥɚɧɢɥ-ɬɊɇɄɉɪɨ ɜ ɚɤɬɢɜɧɨɦ ɰɟɧɬɪɟ 

ɪɟɞɚɤɬɢɪɭɸɳɟɝɨ ɞɨɦɟɧɚ, ɢ ɩɨ ɷɬɨɣ ɩɪɢɱɢɧɟ ɨɤɚɡɵɜɚɟɬɫɹ ɤɥɸɱɟɜɨɣ ɞɥɹ 

ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɮɟɪɦɟɧɬɨɦ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɝɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ. Ʉɪɨɦɟ ɬɨɝɨ, 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ Ʉ279 ɫ ɚɥɚɧɢɥ-ɬɊɇɄɉɪɨ, ɜɟɪɨɹɬɧɨ, ɜɥɢɹɟɬ ɧɚ ɤɨɧɮɨɪɦɚɰɢɸ 

ɫɨɫɟɞɫɬɜɭɸɳɟɝɨ ɫ ɧɢɦ ɜ ɩɨɥɢɩɟɩɬɢɞɧɨɣ ɰɟɩɢ ɚɦɢɧɨɤɢɫɥɨɬɧɨɝɨ ɨɫɬɚɬɤɚ I278, 

ɜɨɜɥɟɱёɧɧɨɝɨ ɜ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɟ ɦɨɥɟɤɭɥɵ ɜɨɞɵ, ɭɱɚɫɬɜɭɸɳɟɣ ɜ ɩɟɪɟɧɨɫɟ 

ɩɪɨɬɨɧɚ, ɱɬɨ ɞɨɥɠɧɨ ɛɵɬɶ ɫɭɳɟɫɬɜɟɧɧɵɦ ɞɥɹ ɷɮɮɟɤɬɢɜɧɨɝɨ ɤɚɬɚɥɢɡɚ. 

ɉɟɪɟɱɢɫɥɟɧɧɵɟ ɨɛɫɬɨɹɬɟɥɶɫɬɜɚ ɨɛɴɹɫɧɹɸɬ ɩɚɞɟɧɢɟ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɣ 

ɪɟɞɚɤɬɢɪɭɸɳɟɣ ɚɤɬɢɜɧɨɫɬɢ ɧɚ ɬɪɢ ɩɨɪɹɞɤɚ ɩɪɢ ɡɚɦɟɧɟ Ʉ279 ɧɚ ɚɥɚɧɢɧ, 

ɧɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɨɧ ɧɟ ɫɨɞɟɪɠɢɬ ɯɢɦɢɱɟɫɤɢɯ ɝɪɭɩɩ, ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ 

ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɤɚɬɚɥɢɡɟ.  

Ɋɨɥɶ ɝɢɫɬɢɞɢɧɚ ɇ366 ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɜ ɨɛɟɫɩɟɱɟɧɢɢ 

ɫɭɛɫɬɪɚɬɧɨɣ ɫɩɟɰɢɮɢɱɧɨɫɬɢ ɞɟɚɰɢɥɢɪɭɸɳɟɝɨ ɚɤɬɢɜɧɨɝɨ ɰɟɧɬɪɚ. Ɂɚɦɟɧɚ 

ɝɨɦɨɥɨɝɢɱɧɨɝɨ ɝɢɫɬɢɞɢɧɚ ɇ369 ɧɚ ɚɥɚɧɢɧ ɥɢɛɨ ɰɢɫɬɟɢɧ ɜ ɮɟɪɦɟɧɬɟ E. coli 

ɩɪɢɜɨɞɢɥɚ ɧɟ ɬɨɥɶɤɨ ɤ ɩɚɞɟɧɢɸ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɣ ɪɟɞɚɤɬɢɪɭɸɳɟɣ ɚɤɬɢɜɧɨɫɬɢ, 

ɧɨ ɢ ɤ ɧɚɪɭɲɟɧɢɸ ɫɩɟɰɢɮɢɱɧɨɫɬɢ ɞɟɚɰɢɥɢɪɨɜɚɧɢɹ, ɩɪɨɹɜɥɹɸɳɟɦɫɹ ɜ 

ɝɢɞɪɨɥɢɡɟ ɩɪɨɥɢɥ-ɬɊɇɄɉɪɨ [107]. Ⱥɧɚɥɨɝɢɱɧɵɣ ɪɟɡɭɥɶɬɚɬ ɩɨɥɭɱɟɧ ɧɚɦɢ ɩɪɢ 

ɡɚɦɟɧɟ ɧɚ ɚɥɚɧɢɧ ɝɨɦɨɥɨɝɢɱɧɨɝɨ ɇ366 ɉɪɨɊɋEf. ɍɡɧɚɜɚɧɢɟ ɷɬɨɣ ɦɭɬɚɧɬɧɨɣ 

ɮɨɪɦɨɣ ɮɟɪɦɟɧɬɚ ɛɨɥɶɲɟɝɨ ɩɨ ɪɚɡɦɟɪɭ ɫɭɛɫɬɪɚɬɚ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɫɜɹɡɚɧɨ ɫ 

ɢɡɦɟɧɟɧɢɟɦ ɪɚɡɦɟɪɨɜ ɢ ɤɨɧɮɢɝɭɪɚɰɢɢ ɤɚɪɦɚɧɚ, ɜ ɤɨɬɨɪɨɦ ɪɚɫɩɨɥɚɝɚɟɬɫɹ 

ɪɟɞɚɤɬɢɪɭɟɦɵɣ ɚɦɢɧɨɤɢɫɥɨɬɧɵɣ ɨɫɬɚɬɨɤ [107]. ɇɟɩɨɞɜɢɠɧɨɫɬɶ ɢɦɢɧɨɝɪɭɩɩɵ 

ɩɪɨɥɢɧɚ ɜ ɨɬɥɢɱɢɟ ɨɬ ɚɦɢɧɨɝɪɭɩɩɵ ɚɥɚɧɢɧɚ ɦɨɠɟɬ ɜɥɢɹɬɶ ɢ ɧɚ ɤɨɧɮɨɪɦɚɰɢɸ 

ɫɜɹɡɚɧɧɨɝɨ ɫɭɛɫɬɪɚɬɚ, ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɤɚɬɚɥɢɡɚ, ɨɛɴɹɫɧɹɹ 

ɫɧɢɠɟɧɢɟ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɣ ɪɟɞɚɤɬɢɪɭɸɳɟɣ ɚɤɬɢɜɧɨɫɬɢ [109]. Ʉɪɨɦɟ ɬɨɝɨ, 

ɫɨɝɥɚɫɧɨ ɞɚɧɧɵɦ ɤɜɚɧɬɨɜɨ-ɯɢɦɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɪɟɚɤɰɢɢ 

ɞɟɚɰɢɥɢɪɨɜɚɧɢɹ ɚɥɚɧɢɥ-ɬɊɇɄɉɪɨ ɉɪɨɊɋEf [127], ɛɨɤɨɜɨɣ ɪɚɞɢɤɚɥ ɇ366 

ɭɱɚɫɬɜɭɟɬ ɜ ɤɨɨɪɞɢɧɚɰɢɢ ɩɪɨɬɨɧɢɪɨɜɚɧɧɨɣ ɚɦɢɧɨɝɪɭɩɩɵ ɝɢɞɪɨɥɢɡɭɟɦɨɝɨ 

ɨɫɬɚɬɤɚ ɚɥɚɧɢɧɚ ɧɚ ɷɬɚɩɚɯ ɬɟɬɪɚɷɞɪɚɥɶɧɨɝɨ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɢ ɩɨ 

ɡɚɜɟɪɲɟɧɢɢ ɪɟɚɤɰɢɢ. ɇɚɪɹɞɭ ɫ ɇ366 ɷɬɚ ɝɪɭɩɩɚ ɤɨɨɪɞɢɧɢɪɨɜɚɧɚ ɫ 

ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɨɣ G331, ɢ, ɱɟɪɟɡ ɦɨɥɟɤɭɥɭ ɜɨɞɵ, ɫ ɮɨɫɮɚɬɧɨɣ ɝɪɭɩɩɨɣ 
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Ⱥ76 ɬɊɇɄɉɪɨ. ɋɬɨɢɬ ɨɛɪɚɬɢɬɶ ɜɧɢɦɚɧɢɟ ɧɚ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ 

ɩɪɨɬɨɧɢɪɨɜɚɧɧɚɹ ɚɦɢɧɨɝɪɭɩɩɚ ɨɫɬɚɬɤɚ ɚɥɚɧɢɧɚ ɫɩɨɫɨɛɧɚ ɭɱɚɫɬɜɨɜɚɬɶ 

ɨɞɧɨɜɪɟɦɟɧɧɨ ɜ ɬɪёɯ ɜɨɞɨɪɨɞɧɵɯ ɫɜɹɡɹɯ, ɤɚɤɨɜɚɹ ɜɨɡɦɨɠɧɨɫɬɶ ɪɟɚɥɢɡɭɟɬɫɹ ɜ 

ɯɨɞɟ ɪɟɚɤɰɢɢ, ɢɦɢɧɨɝɪɭɩɩɚ ɨɫɬɚɬɤɚ ɩɪɨɥɢɧɚ ɫɩɨɫɨɛɧɚ ɫɥɭɠɢɬɶ ɞɨɧɨɪɨɦ ɧɟ 

ɛɨɥɟɟ ɱɟɦ ɞɜɭɯ ɜɨɞɨɪɨɞɧɵɯ ɫɜɹɡɟɣ. ɗɬɨ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ ɬɚɤɠɟ ɦɨɠɟɬ ɢɦɟɬɶ 

ɡɧɚɱɟɧɢɟ ɞɥɹ ɫɩɟɰɢɮɢɱɧɨɫɬɢ ɞɟɚɰɢɥɢɪɨɜɚɧɢɹ ɚɥɚɧɢɥ-ɬɊɇɄɉɪɨ, ɞɟɥɚɹ 

ɧɟɜɨɡɦɨɠɧɵɦ ɫɜɹɡɵɜɚɧɢɟ ɨɫɬɚɬɤɚ ɩɪɨɥɢɧɚ ɫ ɇ366 ɜ ɧɚɱɚɥɟ ɪɟɚɤɰɢɢ 

ɞɟɚɰɢɥɢɪɨɜɚɧɢɹ. 

ɏɨɬɹ ɩɪɨɬɨɧɢɪɨɜɚɧɧɚɹ ɚɦɢɧɨɝɪɭɩɩɚ ɝɢɞɪɨɥɢɡɭɟɦɨɝɨ ɨɫɬɚɬɤɚ ɚɥɚɧɢɧɚ ɢ 

ɮɢɤɫɢɪɭɟɬɫɹ ɩɨɫɪɟɞɫɬɜɨɦ ɤɨɨɪɞɢɧɢɪɨɜɚɧɧɨɣ ɦɨɥɟɤɭɥɵ ɜɨɞɵ ɮɨɫɮɚɬɧɨɣ 

ɝɪɭɩɩɨɣ Ⱥ76 ɚɥɚɧɢɥ-ɬɊɇɄɉɪɨ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɡɚɮɢɤɫɢɪɨɜɚɧɧɨɣ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɫ ɚɦɢɧɨɤɢɫɥɨɬɧɵɦ ɨɫɬɚɬɤɨɦ Ʉ279, ɫɭɳɟɫɬɜɟɧɧɭɸ ɪɨɥɶ ɜ ɟё 

ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɢ ɩɟɪɟɞ ɧɚɱɚɥɨɦ ɪɟɚɤɰɢɢ ɢɝɪɚɟɬ ɤɚɪɛɨɧɢɥɶɧɚɹ ɝɪɭɩɩɚ ɨɫɬɚɬɤɚ 

G331. Ⱦɥɹ ɲɟɫɬɢɤɪɚɬɧɨɝɨ ɩɚɞɟɧɢɹ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɣ ɪɟɞɚɤɬɢɪɭɸɳɟɣ 

ɚɤɬɢɜɧɨɫɬɢ ɮɟɪɦɟɧɬɚ ɞɨɫɬɚɬɨɱɧɨ ɞɨɛɚɜɥɟɧɢɹ ɜ ɷɬɨɣ ɩɨɡɢɰɢɢ ɦɟɬɢɥɶɧɨɣ ɝɪɭɩɩɵ 

ɩɪɢ ɡɚɦɟɧɟ ɧɚ ɚɥɚɧɢɧ, ɱɬɨ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɢɡɦɟɧɟɧɢɟɦ 

ɤɨɧɮɨɪɦɚɰɢɢ ɨɫɧɨɜɧɨɣ ɰɟɩɢ. 

Cɥɟɞɭɟɬ ɨɫɨɛɨ ɨɬɦɟɬɢɬɶ ɪɨɥɶ ɜ ɤɚɬɚɥɢɡɟ ɪɟɚɤɰɢɢ ɞɟɚɰɢɥɢɪɨɜɚɧɢɹ ɚɥɚɧɢɥ-

ɬɊɇɄɉɪɨ ɤɚɪɛɨɧɢɥɶɧɵɯ ɝɪɭɩɩ I333 ɢ I278. ȼ ɩɪɟɞɥɨɠɟɧɧɨɦ ɦɟɯɚɧɢɡɦɟ 

ɝɢɞɪɨɥɢɡɚ [127] ɤɚɪɛɨɧɢɥɶɧɵɟ ɝɪɭɩɩɵ ɨɫɧɨɜɧɨɣ ɰɟɩɢ ɷɬɢɯ ɨɫɬɚɬɤɨɜ 

ɤɨɨɪɞɢɧɢɪɭɸɬ ɞɜɟ ɦɨɥɟɤɭɥɵ ɜɨɞɵ, ɭɱɚɫɬɜɭɸɳɢɟ ɜ ɝɢɞɪɨɥɢɡɟ, ɞɟɥɚɹ 

ɜɨɡɦɨɠɧɵɦ ɩɟɪɟɧɨɫ ɩɪɨɬɨɧɚ. Ɇɭɬɚɰɢɢ I333A ɢ I278A ɩɪɢɜɟɥɢ ɤ 

ɫɭɳɟɫɬɜɟɧɧɨɦɭ ɩɚɞɟɧɢɸ ɪɟɞɚɤɬɢɪɭɸɳɟɣ ɚɤɬɢɜɧɨɫɬɢ ɉɪɨɊɋEf (ɜ 13 ɢ 50 ɪɚɡ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ), ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬ ɢɯ ɪɨɥɶ ɜ ɩɪɟɞɥɨɠɟɧɧɨɦ ɦɟɯɚɧɢɡɦɟ 

ɝɢɞɪɨɥɢɡɚ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ, ɯɨɬɹ ɛɨɤɨɜɵɟ ɰɟɩɢ ɷɬɢɯ ɨɫɬɚɬɤɨɜ ɢɡɨɥɟɣɰɢɧɚ 

ɢ ɧɟ ɭɱɚɫɬɜɭɸɬ ɧɚɩɪɹɦɭɸ ɜ ɢɫɫɥɟɞɭɟɦɵɯ ɧɚɦɢ ɩɪɨɰɟɫɫɚɯ, ɨɧɢ ɨɛɚ, ɫɨɝɥɚɫɧɨ 

ɫɬɪɭɤɬɭɪɧɵɦ ɞɚɧɧɵɦ, ɜɯɨɞɹɬ ɜ ɫɨɫɬɚɜ ɝɢɞɪɨɮɨɛɧɵɯ ɤɥɚɫɬɟɪɨɜ, ɡɚɹɤɨɪɢɜɚɹ ɜ 

ɧɢɯ ɨɫɧɨɜɧɭɸ ɰɟɩɶ, ɢ, ɨɱɟɜɢɞɧɨ, ɨɛɟɫɩɟɱɢɜɚɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɟё 

ɤɨɧɮɨɪɦɚɰɢɨɧɧɭɸ ɫɬɚɛɢɥɶɧɨɫɬɶ. ɉɨ ɷɬɨɣ ɩɪɢɱɢɧɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɢɯ ɮɭɧɤɰɢɢ 

ɦɟɬɨɞɨɦ ɫɚɣɬ-ɧɚɩɪɚɜɥɟɧɧɨɝɨ ɦɭɬɚɝɟɧɟɡɚ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɧɚɦ ɩɨɥɧɨɫɬɶɸ 
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ɨɩɪɚɜɞɚɧɧɵɦ. ɍɱɚɫɬɢɟ ɤɚɪɛɨɧɢɥɶɧɵɯ ɝɪɭɩɩ ɨɫɧɨɜɧɨɣ ɰɟɩɢ ɮɟɪɦɟɧɬɚ ɜ 

ɤɚɬɚɥɢɡɟ ɩɨɤɚɡɚɧɨ ɬɚɤɠɟ ɞɥɹ ɧɟɤɨɬɨɪɵɯ ɞɪɭɝɢɯ ɮɟɪɦɟɧɬɨɜ, ɤɚɬɚɥɢɡɢɪɭɸɳɢɯ 

ɝɢɞɪɨɥɢɡ ɚɦɢɧɨɚɰɢɥ-ɬɊɇɄ. Ʉ ɧɢɦ ɨɬɧɨɫɢɬɫɹ ɛɟɥɨɤ YbaK, ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ 

ɫɬɪɭɤɬɭɪɧɵɦ ɝɨɦɨɥɨɝɨɦ ɪɟɞɚɤɬɢɪɭɸɳɟɝɨ ɞɨɦɟɧɚ ɩɪɨɤɚɪɢɨɬɢɱɟɫɤɢɯ ɉɪɨɊɋ, ɧɨ 

ɜ ɨɬɥɢɱɢɟ ɨɬ ɩɨɫɥɟɞɧɢɯ, ɝɢɞɪɨɥɢɡɭɟɬ ɧɟ ɚɥɚɧɢɥ-ɬɊɇɄɉɪɨ, ɚ ɰɢɫɬɟɢɧɢɥ-ɬɊɇɄɉɪɨ. 

Ɂɚɦɟɳɟɧɢɟ ɧɚ ɚɥɚɧɢɧ G110 ɢ G131 ɜɵɡɵɜɚɥɨ ɫɧɢɠɟɧɢɟ ɫɤɨɪɨɫɬɢ ɪɟɚɤɰɢɢ 

ɞɟɚɰɢɥɢɪɨɜɚɧɢɹ, ɤɚɬɚɥɢɡɢɪɭɟɦɨɣ YbaK ɜ 28 ɢ 36 ɪɚɡ [128]. ȼ ɞɪɭɝɨɦ ɫɥɭɱɚɟ, 

ɤɚɫɚɸɳɟɦɫɹ ɧɟɝɨɦɨɥɨɝɢɱɧɨɝɨ ɪɟɞɚɤɬɢɪɭɸɳɟɝɨ ɞɨɦɟɧɚ ɌɪɟɊɋ P. abyssi, 

ɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɫɬɪɭɤɬɭɪɚ ɮɟɪɦɟɧɬɚ ɜ ɤɨɦɩɥɟɤɫɟ ɫ ɚɧɚɥɨɝɨɦ ɫɭɛɫɬɪɚɬɚ 

ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɝɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɧɟ ɩɨɡɜɨɥɹɟɬ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɛɨɤɨɜɵɟ 

ɰɟɩɢ ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ ɨɫɬɚɬɤɨɜ, ɫɩɨɫɨɛɧɵɟ ɩɪɢɧɢɦɚɬɶ ɭɱɚɫɬɢɟ ɜ ɤɚɬɚɥɢɡɟ. 

Ʉɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢ ɡɚɮɢɤɫɢɪɨɜɚɧɧɚɹ ɦɨɥɟɤɭɥɚ ɜɨɞɵ ɜ ɚɤɬɢɜɧɨɦ ɰɟɧɬɪɟ 

ɪɟɞɚɤɬɢɪɭɸɳɟɝɨ ɞɨɦɟɧɚ ɌɪɟɊɋ ɫɜɹɡɚɧɚ ɫ ɚɬɨɦɚɦɢ ɨɫɧɨɜɧɨɣ ɰɟɩɢ P116 ɢ T119, 

ɢ ɧɚɯɨɞɢɬɫɹ ɜɛɥɢɡɢ 2′-OH ɝɪɭɩɩɵ ɚɧɚɥɨɝɚ ɫɭɛɫɬɪɚɬɚ. Ʉɚɪɛɨɧɢɥɶɧɚɹ ɝɪɭɩɩɚ 

ɦɨɠɟɬ ɢɝɪɚɬɶ ɪɨɥɶ ɜ ɩɟɪɟɧɨɫɟ ɩɪɨɬɨɧɚ ɩɪɢ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɦ ɪɟɞɚɤɬɢɪɨɜɚɧɢɢ 

ɌɪɟɊɋ P.abyssi [83Ж. ɇɚɤɨɧɟɰ, ɜ ɫɥɭɱɚɟ ɉɪɨɊɋEc ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ 

ɤɚɪɛɨɧɢɥɶɧɚɹ ɝɪɭɩɩɚ ɨɫɧɨɜɧɨɣ ɰɟɩɢ Ʉ261, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ G261 ProRSEf, 

ɢɝɪɚɟɬ ɪɨɥɶ ɜ ɩɟɪɟɧɨɫɟ ɩɪɨɬɨɧɚ ɨɬ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɦɨɥɟɤɭɥɵ ɜɨɞɵ ɧɚ 3’-O A76 

[2Ж. Ʉ ɫɨɠɚɥɟɧɢɸ, ɞɥɹ ɩɪɨɜɟɪɤɢ ɤɪɢɬɢɱɟɫɤɨɣ ɪɨɥɢ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɵ Ʉ261 ɜ 

ɤɚɬɚɥɢɡɟ ɚɜɬɨɪɵ ɢɫɩɨɥɶɡɨɜɚɥɢ ɞɟɥɟɰɢɨɧɧɵɟ ɦɭɬɚɧɬɧɵɟ ɮɨɪɦɵ ɉɪɨɊɋEc. 

Ⱦɟɥɟɰɢɹ ɚɦɢɧɨɤɢɫɥɨɬɧɨɝɨ ɨɫɬɚɬɤɚ ɫ ɜɵɫɨɤɨɣ ɜɟɪɨɹɬɧɨɫɬɶɸ ɜɟɞёɬ ɤ ɥɨɤɚɥɶɧɵɦ 

ɤɨɧɮɨɪɦɚɰɢɨɧɧɵɦ ɢɡɦɟɧɟɧɢɹɦ, ɧɟɫɨɜɦɟɫɬɢɦɵɦ ɫ ɷɮɮɟɤɬɢɜɧɨɣ ɪɚɛɨɬɨɣ 

ɚɤɬɢɜɧɨɝɨ ɰɟɧɬɪɚ, ɩɭɫɬɶ ɞɚɠɟ ɞɟɥɟɬɢɪɨɜɚɧɧɵɣ ɨɫɬɚɬɨɤ ɫɚɦ ɩɨ ɫɟɛɟ ɢ ɧɟ ɧёɫ 

ɧɢɤɚɤɨɣ ɫɩɟɰɢɮɢɱɟɫɤɨɣ ɮɭɧɤɰɢɢ, ɱɬɨ, ɩɨ ɫɭɬɢ, ɨɛɟɫɰɟɧɢɜɚɟɬ ɞɚɧɧɵɣ ɩɨɞɯɨɞ.  

ɋɨɝɥɚɫɧɨ ɤɜɚɧɬɨɜɨ-ɯɢɦɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɪɟɚɤɰɢɢ ɞɟɚɰɢɥɢɪɨɜɚɧɢɹ ɚɥɚɧɢɥ-

ɬɊɇɄɉɪɨ [127], ɜ ɤɨɨɪɞɢɧɢɪɨɜɚɧɢɢ ɦɨɥɟɤɭɥɵ ɜɨɞɵ, ɡɚɞɟɣɫɬɜɨɜɚɧɧɨɣ ɜ ɩɟɪɟɧɨɫɟ 

ɩɪɨɬɨɧɚ, ɢ ɨɛɨɡɧɚɱɚɟɦɨɣ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɤɚɤ W2, ɧɚɪɹɞɭ ɫ I278, ɦɨɥɟɤɭɥɨɣ 

ɜɨɞɵ W1, ɢ ɬɟɬɪɚɷɞɪɚɥɶɧɵɦ ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɫɨɟɞɢɧɟɧɢɟɦ, ɭɱɚɫɬɜɭɟɬ 

ɚɦɢɧɨɤɢɫɥɨɬɧɵɣ ɨɫɬɚɬɨɤ S280, ɩɨɫɪɟɞɫɬɜɨɦ ɝɢɞɪɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɵ ɛɨɤɨɜɨɝɨ 

ɪɚɞɢɤɚɥɚ. Ɉɞɧɚɤɨ, ɟɝɨ ɡɚɦɟɧɚ ɧɚ ɚɥɚɧɢɧ ɫɧɢɠɚɟɬ ɩɨɫɬɬɪɚɧɫɮɟɪɧɭɸ 
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ɪɟɞɚɤɬɢɪɭɸɳɭɸ ɚɤɬɢɜɧɨɫɬɶ ɥɢɲɶ ɜɞɜɨɟ. ɗɬɨɬ ɮɚɤɬ ɩɨɡɜɨɥɹɸɬ ɨɛɴɹɫɧɢɬɶ 

ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɦɨɥɟɤɭɥɹɪɧɨɣ ɞɢɧɚɦɢɤɢ, ɩɨɤɚɡɵɜɚɸɳɢɟ 

ɜɨɡɦɨɠɧɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ ɜɨɞɨɣ А2 ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɢ ɫ ɤɚɪɛɨɧɢɥɶɧɵɦ 

ɤɢɫɥɨɪɨɞɨɦ ɂɥɟ357 ɜ ɫɥɭɱɚɟ ɩɨɬɟɪɢ ɫɜɹɡɢ ɫ ɋɟɪ280. ɇɚ ɷɬɨɦ ɮɨɧɟ 13-ɤɪɚɬɧɨɟ 

ɩɚɞɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɦɭɬɚɧɬɧɨɣ ɮɨɪɦɵ I278Ⱥ ɦɨɠɧɨ ɩɪɢɩɢɫɚɬɶ ɢɡɦɟɧɟɧɢɸ 

ɤɨɧɮɨɪɦɚɰɢɢ ɭɱɚɫɬɤɚ ɩɨɥɢɩɟɩɬɢɞɧɨɣ ɰɟɩɢ I278-Ʉ279-S280, ɡɚɬɪɚɝɢɜɚɸɳɟɦɭ 

ɨɛɚ ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ ɨɫɬɚɬɤɚ, ɤɨɨɪɞɢɧɢɪɭɸɳɢɟ ɦɨɥɟɤɭɥɭ ɜɨɞɵ W2, ɢ ɨɫɬɚɬɨɤ, 

ɫɜɹɡɵɜɚɸɳɢɣ ɮɨɫɮɚɬ Ⱥ76 ɚɥɚɧɢɥ-ɬɊɇɄɉɪɨ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɚɦɢɧɨɤɢɫɥɨɬɧɵɟ ɨɫɬɚɬɤɢ ɚɤɬɢɜɧɨɝɨ ɰɟɧɬɪɚ 

ɪɟɞɚɤɬɢɪɭɸɳɟɝɨ ɞɨɦɟɧɚ ɉɪɨɊɋEf ɮɢɤɫɢɪɭɸɬ ɫɭɛɫɬɪɚɬ ɜ ɤɨɧɮɨɪɦɚɰɢɢ, 

ɫɩɨɫɨɛɫɬɜɭɸɳɟɣ ɟɝɨ ɝɢɞɪɨɥɢɡɭ, ɚ ɬɚɤɠɟ ɩɨɡɢɰɢɨɧɢɪɭɸɬ ɦɨɥɟɤɭɥɭ ɜɨɞɵ, 

ɨɫɭɳɟɫɬɜɥɹɳɭɸ ɧɭɤɥɟɨɮɢɥɶɧɭɸ ɚɬɚɤɭ ɧɚ ɭɝɥɟɪɨɞ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɵ 

ɫɭɛɫɬɪɚɬɚ, ɚ ɬɚɤɠɟ ɜɨɞɭ, ɨɛɟɫɩɟɱɢɜɚɸɳɭɸ ɩɟɪɟɧɨɫ ɩɪɨɬɨɧɚ ɫ ɚɬɚɤɭɸɳɟɣ 

ɦɨɥɟɤɭɥɵ ɧɚ 3'-O ɪɢɛɨɡɵ. 

Ɋɚɡɪɵɜɭ ɞɜɨɣɧɨɣ ɫɜɹɡɢ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɵ ɝɢɞɪɨɥɢɡɭɟɦɨɝɨ ɨɫɬɚɬɤɚ 

ɚɥɚɧɢɧɚ ɫɩɨɫɨɛɫɬɜɭɟɬ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɤɢɫɥɨɪɨɞɚ ɷɬɨɣ ɝɪɭɩɩɵ ɫ 2'-

ɝɢɞɪɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɨɣ ɪɢɛɨɡɵ Ⱥ76 [127]. ȼ ɨɬɫɭɬɫɬɜɢɟ ɷɬɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 

ɝɢɞɪɨɥɢɡ ɪɟɞɚɤɬɢɪɭɟɦɨɣ ɚɦɢɧɨɚɰɢɥ-ɬɊɇɄ ɜ ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɧɚɦɢ ɦɨɞɟɥɶɧɵɯ 

ɫɢɫɬɟɦɚɯ ɨɤɚɡɵɜɚɥɫɹ ɥɢɛɨ ɤɪɚɣɧɟ ɡɚɬɪɭɞɧёɧ, ɥɢɛɨ ɩɨɥɧɨɫɬɶɸ ɧɟɜɨɡɦɨɠɟɧ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɟ ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ ɉɪɨɊɋEf ɨɫɧɨɜɚɧɨ ɧɚ 

ɫɭɛɫɬɪɚɬ-ɚɫɫɢɫɬɢɪɨɜɚɧɧɨɦ ɤɚɬɚɥɢɡɟ.  

ȼ ɫɥɭɱɚɟ ɫɭɛɫɬɪɚɬɨɜ, ɫɨɞɟɪɠɚɳɢɯ 2’-d ɢ 2’-F ɦɨɞɢɮɢɤɚɰɢɢ Ⱥ76, ɫɜɹɡɶ ɧɟ 

ɨɛɪɚɡɭɟɬɫɹ, ɱɬɨ ɢ ɫɥɟɞɭɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɩɪɢɱɢɧɭ ɢɯ ɡɚɬɪɭɞɧёɧɧɨɝɨ 

ɝɢɞɪɨɥɢɡɚ. ɋ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ ɯɨɪɨɲɨ ɫɨɝɥɚɫɭɸɬɫɹ ɪɟɡɭɥɶɬɚɬɵ 

ɪɚɫɱёɬɚ ɷɧɟɪɝɢɣ ɚɤɬɢɜɚɰɢɢ ɞɥɹ ɫɭɛɫɬɪɚɬɚ ɞɢɤɨɝɨ ɬɢɩɚ ɢ ɧɟɫɭɳɢɯ ɦɨɞɢɮɢɤɚɰɢɢ 

Ⱥ76 ɩɨ 2’-ɩɨɥɨɠɟɧɢɸ (ɬɚɛɥ. 4.1) [127]. Ɋɚɡɧɢɰɚ ɫ ɞɢɤɢɦ ɬɢɩɨɦ ɡɞɟɫɶ ɫɨɫɬɚɜɥɹɟɬ 

7,16 ɤɤɚɥ/ɦɨɥɶ ɞɥɹ 2’-F, ɢ 12,49 ɤɤɚɥ/ɦɨɥɶ ɞɥɹ 2’-Н ɩɪɨɢɡɜɨɞɧɨɝɨ. Ɇɟɧɶɲɢɣ 

ɷɮɮɟɤɬ 2’-F ɦɨɞɢɮɢɤɚɰɢɢ ɦɨɠɧɨ ɫɜɹɡɚɬɶ ɫɨ ɫɦɟɳɟɧɢɟɦ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ 

ɡɚ ɫɱёɬ ɜɵɫɨɤɨɣ ɷɥɟɤɬɪɨɨɬɪɢɰɚɬɟɥɶɧɨɫɬɢ ɚɬɨɦɚ ɮɬɨɪɚ.  
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ɇɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɭɱɚɫɬɢɟ ɬɊɇɄ ɜ ɦɟɯɚɧɢɡɦɟ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɝɨ 

ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɢɡɜɟɫɬɧɨ ɞɥɹ ɉɪɨɊɋEc [2Ж, ɅɟɣɊɋ Д104, 129, 53], ɎɟɧɊɋ Д4], ɢ 

ɫɬɚɧɨɜɢɬɫɹ ɜ ɨɞɢɧ ɪɹɞ ɫ ɚɤɬɢɜɧɨɣ ɪɨɥɶɸ ɬɊɇɄ ɜ ɚɤɬɢɜɚɰɢɢ ɚɦɢɧɨɤɢɫɥɨɬɵ 

[130Ж, ɚɦɢɧɨɚɰɢɥɢɪɨɜɚɧɢɢ Д131Ж, ɬɪɚɧɫɩɟɩɬɢɞɚɡɧɨɣ ɪɟɚɤɰɢɢ [132] ɢ ɮɚɤɬɨɪ-

ɡɚɜɢɫɢɦɨɦ ɝɢɞɪɨɥɢɡɟ ɩɟɩɬɢɞɢɥ-ɬɊɇɄ ɩɪɢ ɜɵɫɜɨɛɨɠɞɟɧɢɢ ɩɨɥɢɩɟɩɬɢɞɧɨɣ ɰɟɩɢ 

[133]. ȼ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɚɯ ɜɫɟɯ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɪɟɚɤɰɢɣ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɭɱɚɫɬɢɟ ɩɪɢɧɢɦɚɟɬ ɫɨɫɟɞɫɬɜɭɸɳɚɹ ɫ ɚɦɢɧɨɚɰɢɥɶɧɨɣ ɝɪɭɩɩɨɣ 

ɝɢɞɪɨɤɫɢɥɶɧɚɹ ɝɪɭɩɩɚ ɪɢɛɨɡɵ Ⱥ76 ɬɊɇɄ.  

ȼɡɹɬɵɟ ɜɦɟɫɬɟ, ɞɚɧɧɵɟ ɩɨ ɩɪɟɬɪɚɧɫɮɟɪɧɨɦɭ ɢ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɦɭ 

ɪɟɞɚɤɬɢɪɨɜɚɧɢɸ ɞɟɦɨɧɫɬɪɢɪɭɸɬ ɚɤɬɢɜɧɭɸ ɪɨɥɶ ɬɊɇɄɉɪɨ ɧɚ ɞɜɭɯ ɫɬɚɞɢɹɯ 

ɨɛɟɫɩɟɱɟɧɢɹ ɬɨɱɧɨɫɬɢ ɬɪɚɧɫɥɹɰɢɢ ɩɪɨɥɢɧɨɜɵɯ ɤɨɞɨɧɨɜ. ɋɬɪɭɤɬɭɪɚ Ⱥ76 ɬɊɇɄ, 

ɫɨɞɟɪɠɚɳɚɹ ɯɢɦɢɱɟɫɤɢ ɚɤɬɢɜɧɭɸ ɝɢɞɪɨɤɫɢɥɶɧɭɸ ɝɪɭɩɩɭ ɜ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ 

ɛɥɢɡɨɫɬɢ ɨɬ ɦɟɫɬɚ ɩɪɢɤɪɟɩɥɟɧɢɹ ɩɟɪɟɧɨɫɢɦɨɝɨ ɚɦɢɧɨɤɢɫɥɨɬɧɨɝɨ ɨɫɬɚɬɤɚ, ɜ 

ɯɨɞɟ ɷɜɨɥɸɰɢɢ ɨɤɚɡɚɥɚɫɶ ɞɜɚɠɞɵ ɧɟɡɚɜɢɫɢɦɨ ɩɪɢɜɥɟɱɟɧɚ ɤ ɨɛɟɫɩɟɱɟɧɢɸ 

ɬɨɱɧɨɫɬɢ ɫɢɧɬɟɡɚ ɩɪɨɥɢɥ-ɬɊɇɄɉɪɨ. ȼ ɬɨɦ ɱɢɫɥɟ, ɧɚ ɷɬɚɩɟ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɝɨ 

ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɝɪɭɩɩɚ ɬɊɇɄ ɩɨɫɪɟɞɫɬɜɨɦ ɜɨɞɨɪɨɞɧɨɝɨ 

ɫɜɹɡɵɜɚɧɢɹ ɨɛɥɟɝɱɚɟɬ ɝɢɞɪɨɥɢɡ ɪɟɞɚɤɬɢɪɭɟɦɨɝɨ ɚɦɢɧɨɤɢɫɥɨɬɧɨɝɨ ɨɫɬɚɬɤɚ, ɱɬɨ 

ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɩɪɢɦɟɪ ɊɇɄ-ɛɟɥɤɨɜɨɝɨ ɫɭɛɫɬɪɚɬ-ɚɫɫɢɫɬɢɪɨɜɚɧɧɨɝɨ 

ɤɚɬɚɥɢɡɚ, ɜɩɟɪɜɵɟ ɩɨɫɬɭɥɢɪɨɜɚɧɧɨɝɨ ɞɥɹ ɅɟɣɊɋ [104; 129; 53]. ȼ 

ɩɪɟɞɥɨɠɟɧɧɨɦ ɦɟɯɚɧɢɡɦɟ ɮɟɪɦɟɧɬɚɬɢɜɧɨɝɨ ɝɢɞɪɨɥɢɡɚ ɚɥɚɧɢɥ-ɬɊɇɄɉɪɨ, 2’-

ɝɢɞɪɨɤɫɢɥɶɧɚɹ ɝɪɭɩɩɚ Ⱥ76 ɩɭɬёɦ ɨɛɪɚɡɨɜɚɧɢɹ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ 

ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɢ ɨɤɚɡɵɜɚɟɬɫɹ ɨɬɜɟɬɫɬɜɟɧɧɚ ɡɚ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɟ 

ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ ɜ ɦɨɥɟɤɭɥɟ ɫɭɛɫɬɪɚɬɚ [127]. 

      Ɉɛɫɭɠɞɟɧɢɟ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɧɟ ɦɨɝɥɨ ɛɵ ɩɪɢɧɹɬɶ ɡɚɜɟɪɲёɧɧɵɣ ɜɢɞ ɛɟɡ 

ɩɪɢɜɥɟɱɟɧɢɹ ɞɚɧɧɵɯ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ [127], ɤɨɪɟɧɧɵɦ ɨɛɪɚɡɨɦ 

ɪɚɫɲɢɪɹɸɳɢɯ ɜɨɡɦɨɠɧɨɫɬɢ ɞɥɹ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ. ȼ 

ɱɚɫɬɧɨɫɬɢ, ɷɬɨ ɞɚɥɨ ɧɚɦ ɜɨɡɦɨɠɧɨɫɬɶ ɭɝɥɭɛɥёɧɧɨɝɨ ɫɨɩɨɫɬɚɜɥɟɧɢɹ ɩɨɥɭɱɟɧɧɵɯ 

ɧɚɦɢ ɪɟɡɭɥɶɬɚɬɨɜ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ, ɨɩɢɫɚɧɧɵɦɢ ɜ ɥɢɬɟɪɚɬɭɪɟ ɞɥɹ ɞɪɭɝɢɯ ɛɟɥɤɨɜ, 

ɜɵɩɨɥɧɹɸɳɢɯ ɮɭɧɤɰɢɢ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɝɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ. ȼ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ, 

ɧɟɨɛɯɨɞɢɦɵɦ ɹɜɥɹɟɬɫɹ ɫɪɚɜɧɟɧɢɟ ɢɫɩɨɥɶɡɭɟɦɵɯ ɧɚɦɢ ɞɚɧɧɵɯ [127] ɫ ɞɚɧɧɵɦɢ, 
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ɩɨɥɭɱɟɧɧɵɦɢ ɡɚɪɭɛɟɠɧɨɣ ɝɪɭɩɩɨɣ ɭɱёɧɵɯ ɱɚɫɬɶɸ ɧɚ ɝɨɦɨɥɨɝɢɱɧɨɦ, ɚ ɱɚɫɬɶɸ 

ɧɚ ɬɨɦ ɠɟ ɫɚɦɨɦ ɨɛɴɟɤɬɟ. ȼ 2012 ɝɨɞɭ Ʉɭɦɚɪ ɢ ɫɨɚɜɬɨɪɵ ɨɩɭɛɥɢɤɨɜɚɥɢ ɪɚɛɨɬɭ, 

ɜ ɤɨɬɨɪɨɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɣ ɪɟɞɚɤɬɢɪɭɸɳɟɣ 

ɚɤɬɢɜɧɨɫɬɟɣ ɉɪɨɊɋЕɫ ɛɵɥɨ ɞɨɩɨɥɧɟɧɨ ɞɚɧɧɵɦɢ ɦɨɥɟɤɭɥɹɪɧɨɣ ɞɢɧɚɦɢɤɢ ɢ 

ɝɢɛɪɢɞɧɵɯ ɤɜɚɧɬɨɜɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ/ɦɨɥɟɤɭɥɹɪɧɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ (QM/MM) 

ɜɵɱɢɫɥɟɧɢɣ, ɨɫɧɨɜɚɧɧɵɯ ɧɚ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɟ ɉɪɨɊɋEf [2]. 

      ɉɪɟɞɥɨɠɟɧɧɵɣ ɜ ɪɚɛɨɬɟ Ʉɭɦɚɪɚ ɢ ɫɨɚɜɬɨɪɨɜ ɦɟɯɚɧɢɡɦ ɮɟɪɦɟɧɬɚɬɢɜɧɨɝɨ 

ɝɢɞɪɨɥɢɡɚ ɚɥɚɧɢɥ-ɬɊɇɄɉɪɨ ɩɪɟɞɩɨɥɚɝɚɟɬ ɭɱɚɫɬɢɟ 2’-ɝɢɞɪɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɵ Ⱥ76 

ɫɭɛɫɬɪɚɬɚ ɜ ɚɤɬɢɜɚɰɢɢ ɪɟɚɝɢɪɭɸɳɟɣ ɦɨɥɟɤɭɥɵ ɜɨɞɵ, ɢ ɩɟɪɟɧɨɫ ɩɪɨɬɨɧɚ ɧɚ 3’-Ɉ 

Ⱥ76 ɱɟɪɟɡ ɨɫɧɨɜɧɭɸ ɰɟɩɶ Ƚɥɢ261. ɉɪɢ ɷɬɨɦ, ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɡɧɚɱɢɦɨɫɬɶ ɷɬɨɝɨ 

ɚɦɢɧɨɤɢɫɥɨɬɧɨɝɨ ɨɫɬɚɬɤɚ ɧɟ ɧɚɲɥɚ ɭɛɟɞɢɬɟɥɶɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ 

ɩɨɞɬɜɟɪɠɞɟɧɢɹ, ɬɚɤ ɤɚɤ ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɞɟɥɟɰɢɨɧɧɚɹ ɦɭɬɚɧɬɧɚɹ ɮɨɪɦɚ 

ɉɪɨɊɋЕɫ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɨɫɥɚɛɥɟɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ ɤ ɫɜɹɡɵɜɚɧɢɸ ɫɭɛɫɬɪɚɬɚ 

ɜ ɟɝɨ ɪɟɞɚɤɬɢɪɭɸɳɟɣ ɤɨɧɮɨɪɦɚɰɢɢ [2]. ɇɟɫɦɨɬɪɹ ɧɚ ɩɪɢɧɰɢɩɢɚɥɶɧɭɸ 

ɨɛɳɧɨɫɬɶ ɦɟɬɨɞɨɥɨɝɢɱɟɫɤɢɯ ɩɨɞɯɨɞɨɜ, ɩɪɢɦɟɧёɧɧɵɯ ɜ ɩɨɫɬɪɨɟɧɢɢ 

ɦɨɥɟɤɭɥɹɪɧɨɣ ɢ ɤɜɚɧɬɨɜɨ-ɦɟɯɚɧɢɱɟɫɤɨɣ ɦɨɞɟɥɟɣ, ɦɟɠɞɭ ɞɜɭɦɹ ɪɚɛɨɬɚɦɢ 

ɩɪɢɫɭɬɫɬɜɭɸɬ ɫɭɳɟɫɬɜɟɧɧɵɟ ɪɚɡɥɢɱɢɹ.  

      Ɉɫɧɨɜɧɨɟ ɨɬɥɢɱɢɟ ɩɨɞɯɨɞɚ ɧɚɲɢɯ ɫɨɚɜɬɨɪɨɜ [127] ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɢɯ 

ɜɵɱɢɫɥɟɧɢɹ ɛɚɡɢɪɭɸɬɫɹ ɧɚ ɫɭɳɟɫɬɜɭɸɳɟɣ ɦɨɞɟɥɢ ɩɨɥɧɨɪɚɡɦɟɪɧɨɝɨ ɤɨɦɩɥɟɤɫɚ 

ɉɪɨɊɋ ɫ ɚɥɚɧɢɥ-ɬɊɇɄɉɪɨ ɜ ɤɨɧɮɨɪɦɚɰɢɢ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ [52], ɚ ɧɟ ɦɨɞɟɥɢ 

ɨɬɞɟɥɶɧɨ ɜɡɹɬɨɣ ɱɚɫɬɢ ɷɬɨɝɨ ɤɨɦɩɥɟɤɫɚ [2]. ɉɨ ɧɚɲɟɦɭ ɦɧɟɧɢɸ, ɷɬɨ ɩɨɡɜɨɥɢɥɨ 

ɭɱɟɫɬɶ ɜɥɢɹɧɢɟ ɨɫɨɛɟɧɧɨɫɬɟɣ ɫɜɹɡɵɜɚɧɢɹ ɬɊɇɄɉɪɨ ɉɪɨɊɋ ɧɚ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɟ 

ɟё 3’-ɤɨɧɰɚ ɩɪɢ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɦ ɪɟɞɚɤɬɢɪɨɜɚɧɢɢ. 

      ɉɪɟɞɫɬɚɜɥɟɧɧɚɹ ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɨɞɟɥɶ [127] ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɦɨɞɟɥɢ Ʉɭɦɚɪɚ ɢ 

ɫɨɚɜɬɨɪɨɜ, ɝɞɟ ɋɋȺ-ɤɨɧɟɰ ɚɥɚɧɢɥ-ɬɊɇɄɉɪɨ ɧɚɯɨɞɢɬɫɹ ɜ ɪɟɥɚɤɫɢɪɨɜɚɧɧɨɣ 

ɤɨɧɮɨɪɦɚɰɢɢ, ɢ Ⱥ76 ɨɛɪɚɡɭɟɬ ɫɬɟɤɢɧɝɨɜɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ ɋ75. Ɍɚɤɠɟ ɜ 

ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɦɨɞɟɥɢ [127] ɨɫɬɚɬɨɤ ɚɞɟɧɢɧɚ Ⱥ76 ɩɨɜёɪɧɭɬ ɚɬɨɦɨɦ ɚɡɨɬɚ N3 ɜ 

ɫɬɨɪɨɧɭ ɨɫɬɚɬɤɚ ɚɥɚɧɢɧɚ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɜ ɦɨɞɟɥɢ Ʉɭɦɚɪɚ ɢ ɫɨɚɜɬɨɪɨɜ ɨɧ 

ɩɨɜёɪɧɭɬ ɤ ɮɨɫɮɚɬɧɨɣ ɝɪɭɩɩɟ Ⱥ76. 
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      Ʉɭɦɚɪ ɢ ɫɨɚɜɬɨɪɵ ɢɫɩɨɥɶɡɨɜɚɥɢ ɞɥɹ ɤɜɚɧɬɨɜɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɜɵɱɢɫɥɟɧɢɣ 

ɥɢɲɶ ɨɱɟɧɶ ɧɟɛɨɥɶɲɭɸ ɱɚɫɬɶ ɩɨɥɭɱɟɧɧɨɣ ɢɦɢ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɨɞɟɥɢ: ɬɨɥɶɤɨ 7-

10 ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ ɨɫɬɚɬɤɨɜ ɢ Ⱥ76 ɬɊɇɄɉɪɨ [2]. ȼ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɪɚɛɨɬɟ [127] 

ɞɥɹ ɚɧɚɥɨɝɢɱɧɵɯ ɰɟɥɟɣ ɛɪɚɥɫɹ ɭɱɚɫɬɨɤ ɦɨɞɟɥɢ, ɜɤɥɸɱɚɜɲɢɣ 28 

ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ ɨɫɬɚɬɤɨɜ ɢ ɚɥɚɧɢɥ-ɋɋȺ ɱɚɫɬɶ ɚɥɚɧɢɥ-ɬɊɇɄɉɪɨ. ɗɬɢ 

ɨɛɫɬɨɹɬɟɥɶɫɬɜɚ ɩɨɡɜɨɥɹɸɬ ɧɚɦ ɭɜɟɪɟɧɧɨ ɢɧɬɟɪɩɪɟɬɢɪɨɜɚɬɶ ɩɨɥɭɱɟɧɧɵɟ 

ɪɟɡɭɥɶɬɚɬɵ ɢ ɫɪɚɜɧɢɜɚɬɶ ɢɯ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ, ɩɨɥɭɱɟɧɧɵɦɢ ɞɥɹ ɞɪɭɝɢɯ 

ɪɟɞɚɤɬɢɪɭɸɳɢɯ ȺɊɋ ɢ ɞɟɚɰɢɥɚɡ. 

      ȼɫɟ ɩɪɟɞɥɨɠɟɧɧɵɟ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɦɟɯɚɧɢɡɦɵ ɮɟɪɦɟɧɬɚɬɢɜɧɨɝɨ 

ɞɟɚɰɢɥɢɪɨɜɚɧɢɹ ɚɦɢɧɨɚɰɢɥ-ɬɊɇɄ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɨɛɵɱɧɵɟ ɢ ɫɭɛɫɬɪɚɬ-

ɚɫɫɢɫɬɢɪɭɟɦɵɟ. Ʉ ɩɟɪɜɵɦ ɫɥɟɞɭɟɬ ɨɬɧɟɫɬɢ ɞɟɚɰɢɥɢɪɨɜɚɧɢɟ ɫɟɪɢɥ-ɬɊɇɄɌɪɟ 

ɌɪɟɊɋ E. coli [84] (ɪɢɫ. 1.5). ȼ ɬɪɟɨɧɢɧɨɜɨɣ ɫɢɫɬɟɦɟ ɤɢɫɥɨɬɧɨ-ɨɫɧɨɜɧɵɣ 

ɤɚɬɚɥɢɡ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɚɦɢɧɨɤɢɫɥɨɬɧɵɦɢ ɨɫɬɚɬɤɚɦɢ ɮɟɪɦɟɧɬɚ Ƚɢɫ73 ɢ 

Ʌɢɡ156. ɉɪɢ ɷɬɨɦ ɧɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɪɟɤɨɧɫɬɪɭɤɰɢɹ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ 

ɦɟɯɚɧɢɡɦɚ ɌɪɟɊɋ ɨɩɢɪɚɟɬɫɹ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɧɚ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɟ ɞɚɧɧɵɟ. 

ɋɸɞɚ ɠɟ ɧɭɠɧɨ ɨɬɧɟɫɬɢ ɩɪɟɞɥɨɠɟɧɧɵɣ Ɍɜɨɪɨɜɫɤɢɦ ɢ ɫɨɚɜɬɨɪɚɦɢ ɦɟɯɚɧɢɡɦ 

ɞɟɚɰɢɥɢɪɨɜɚɧɢɹ 2’-ɪɟɝɢɨɢɡɨɦɟɪɚ ɬɢɪɨɡɢɥ-ɬɊɇɄɎɟɧ ɎɟɧɊɋ T. thermophilus ɩɨɫɥɟ 

ɩɪɟɞɩɨɥɚɝɚɟɦɨɝɨ ɩɟɪɟɚɰɢɥɢɪɨɜɚɧɢɹ [90] (ɪɢɫ. 1.6). Ʉɨɨɪɞɢɧɢɪɭɸɳɚɹ ɦɨɥɟɤɭɥɭ 

ɜɨɞɵ ɛɨɤɨɜɚɹ ɰɟɩɶ Ɍɪɟ249 ɡɞɟɫɶ ɜɵɫɬɭɩɚɟɬ ɚɤɰɟɩɬɨɪɨɦ ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɢ, ɢ 

ɦɨɠɟɬ ɚɤɬɢɜɢɪɨɜɚɬɶ ɟё ɞɥɹ ɧɭɤɥɟɨɮɢɥɶɧɨɣ ɚɬɚɤɢ ɩɨ ɤɚɪɛɨɧɢɥɶɧɨɦɭ ɭɝɥɟɪɨɞɭ 

ɫɭɛɫɬɪɚɬɚ. ɇɢɠɟ ɛɭɞɭɬ ɩɪɢɜɟɞɟɧɵ ɫɨɨɛɪɚɠɟɧɢɹ ɜ ɩɨɥɶɡɭ ɬɨɝɨ, ɱɬɨ ɷɬɨɬ ɩɭɬɶ 

ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɝɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɭ ɎɟɧɊɋ ɹɜɥɹɟɬɫɹ ɦɢɧɨɪɧɵɦ. 

      Ȼɨɥɶɲɢɧɫɬɜɨ ɩɪɟɞɥɨɠɟɧɧɵɯ ɦɟɯɚɧɢɡɦɨɜ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɝɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ 

ɜɵɫɬɭɩɚɸɬ ɫɭɛɫɬɪɚɬ-ɚɫɫɢɫɬɢɪɨɜɚɧɧɵɦɢ. ɋɪɟɞɢ ɧɢɯ ɨɫɨɛɧɹɤɨɦ ɫɬɨɢɬ 

ɤɚɬɚɥɢɡɢɪɭɟɦɚɹ ɞɟɚɰɢɥɚɡɨɣ YbaK E. coli ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɚɹ ɪɟɚɤɰɢɹ ɜ 

ɰɢɫɬɟɢɧɢɥ-ɬɊɇɄɉɪɨ
, ɩɪɢɜɨɞɹɳɚɹ ɤ ɞɟɚɰɢɥɢɪɨɜɚɧɢɸ ɬɊɇɄɉɪɨ ɢ ɨɛɪɚɡɨɜɚɧɢɸ 

ɬɢɨɥɚɤɬɨɧɚ ɰɢɫɬɟɢɧɚ. Ɉɧɚ ɤɚɬɚɥɢɡɢɪɭɟɬɫɹ ɩɭɬёɦ ɚɤɬɢɜɚɰɢɢ ɬɢɨɥɶɧɨɣ ɝɪɭɩɩɵ 

ɫɭɛɫɬɪɚɬɚ ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɶɸ ɫ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɨɣ ɨɫɧɨɜɧɨɣ ɰɟɩɢ Ɏɟɧ29 

[3] (ɪɢɫ. 1.8). ɉɟɪɟɯɨɞɧɨɟ ɫɨɫɬɨɹɧɢɟ ɫɬɚɛɢɥɢɡɢɪɭɟɬɫɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ 

ɨɤɫɢɚɧɢɨɧɚ ɫ ȽɏɏɏɎ-ɩɟɬɥёɣ ɮɟɪɦɟɧɬɚ, ɩɟɪɟɧɨɫ ɩɪɨɬɨɧɚ ɧɚ 3’-Ɉ 
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ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɚɩɪɹɦɭɸ ɱɟɪɟɡ Ɏɟɧ29. ɉɨ ɦɧɟɧɢɸ ɚɜɬɨɪɨɜ ɪɚɛɨɬɵ, 

ɨɞɧɨɧɚɩɪɚɜɥɟɧɧɨɫɬɶ ɪɟɚɤɰɢɢ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɜɨɞɨɪɨɞɧɵɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ 

ɦɟɠɞɭ 2’-Ɉɇ ɜ ɪɨɥɢ ɞɨɧɨɪɚ, ɢ ɜɧɨɜɶ ɫɮɨɪɦɢɪɨɜɚɧɧɨɣ 3’-Ɉɇ ɜ ɪɨɥɢ ɚɤɰɟɩɬɨɪɚ 

ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɚɤɬɢɜɧɭɸ ɪɨɥɶ ɜ ɤɚɬɚɥɢɡɟ ɢɝɪɚɸɬ ɢ ɮɟɪɦɟɧɬ, 

ɢ ɫɭɛɫɬɪɚɬ. 

      ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧёɧɧɨɣ ɫɯɟɦɨɣ ɫɭɛɫɬɪɚɬ-ɚɫɫɢɫɬɢɪɭɟɦɨɝɨ 

ɮɟɪɦɟɧɬɚɬɢɜɧɨɝɨ ɝɢɞɪɨɥɢɡɚ ɚɦɢɧɨɚɰɢɥ-ɬɊɇɄ ɜ ɥɢɬɟɪɚɬɭɪɟ ɫɬɚɥɚ ɚɤɬɢɜɚɰɢɹ 

ɪɟɚɝɢɪɭɸɳɟɣ ɦɨɥɟɤɭɥɵ ɜɨɞɵ ɫɜɨɛɨɞɧɨɣ ɝɢɞɪɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɨɣ ɪɢɛɨɡɵ Ⱥ76 

ɬɊɇɄ ɱɟɪɟɡ ɜɨɞɨɪɨɞɧɭɸ ɫɜɹɡɶ. ɍ ɅɟɣɊɋ T. thermophilus ɷɬɭ ɪɨɥɶ ɜɵɩɨɥɧɹɟɬ 3’-

ɝɢɞɪɨɤɫɢɥɶɧɚɹ ɝɪɭɩɩɚ, ɫɜɹɡɚɧɧɚɹ ɫ Ɍɪɟ248. Ⱦɪɭɝɨɣ ɨɫɬɚɬɨɤ ɬɪɟɨɧɢɧɚ, Ɍɪɟ247, 

ɭɱɚɫɬɜɭɟɬ ɜ ɫɬɚɛɢɥɢɡɚɰɢɢ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɪɨɞɭɤɬɚ [53].  

      Ⱥɧɚɥɨɝɢɱɧɚɹ ɪɨɥɶ ɨɬɜɨɞɢɬɫɹ ɫɭɛɫɬɪɚɬɭ ɉɪɨɊɋEf ɜ ɪɚɛɨɬɟ Ʉɭɦɚɪɚ ɢ 

ɫɨɚɜɬɨɪɨɜ [2], ɪɟɡɭɥɶɬɚɬɵ ɤɨɬɨɪɨɣ ɚɜɬɨɪ ɜɵɧɭɠɞɟɧ ɨɫɩɚɪɢɜɚɬɶ ɜ ɧɚɫɬɨɹɳɟɣ 

ɪɚɛɨɬɟ. Ɂɞɟɫɶ ɦɨɥɟɤɭɥɭ ɜɨɞɵ ɞɨɥɠɧɚ ɚɤɬɢɜɢɪɨɜɚɬɶ 2’-ɝɢɞɪɨɤɫɢɥɶɧɚɹ ɝɪɭɩɩɚ 

(ɪɢɫ. 1.9), ɚ ɫɬɚɛɢɥɢɡɚɰɢɹ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɢ ɩɟɪɟɧɨɫ ɩɪɨɬɨɧɚ 

ɞɨɥɠɧɵ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɩɨɫɪɟɞɫɬɜɨɦ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɝɪɭɩɩ ɮɟɪɦɟɧɬɚ. ɉɪɢ 

ɷɬɨɦ ɞɟɥɟɰɢɨɧɧɚɹ ɦɭɬɚɧɬɧɚɹ ɮɨɪɦɚ ɛɟɥɤɚ ɩɨ Ƚɥɢ261 (ɧɭɦɟɪɚɰɢɹ E. coli), 

ɤɨɬɨɪɵɣ, ɩɨ ɦɧɟɧɢɸ ɚɜɬɨɪɨɜ ɫɬɚɬɶɢ Д2Ж, ɭɱɚɫɬɜɭɟɬ ɜ ɩɟɪɟɧɨɫɟ ɩɪɨɬɨɧɚ, ɧɟ 

ɫɩɨɫɨɛɧɚ, ɤɚɤ ɫɥɟɞɭɟɬ ɢɡ ɞɚɧɧɵɯ, ɩɪɢɜɟɞёɧɧɵɯ ɜ ɫɚɦɨɣ ɫɬɚɬɶɟ, ɨɛɟɫɩɟɱɢɜɚɬɶ 

ɤɨɧɤɭɪɟɧɬɧɭɸ ɡɚɳɢɬɭ ɫɭɛɫɬɪɚɬɚ ɨɬ ɝɢɞɪɨɥɢɡɚ, ɚ ɡɧɚɱɢɬ, ɢ ɷɮɮɟɤɬɢɜɧɨ 

ɫɜɹɡɵɜɚɬɶ ɫɭɛɫɬɪɚɬ. ɗɬɨ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ ɧɟ ɩɨɡɜɨɥɹɟɬ ɞɟɥɚɬɶ ɜɵɜɨɞ ɨ 

ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɜɚɠɧɨɫɬɢ ɷɬɨɝɨ ɚɦɢɧɨɤɢɫɥɨɬɧɨɝɨ ɨɫɬɚɬɤɚ. Ʉ ɫɨɠɚɥɟɧɢɸ, ɜ 

ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɧɚɦ ɧɟ ɭɞɚɥɨɫɶ ɩɨɥɭɱɢɬɶ ɷɤɫɩɪɟɫɫɢɸ ɦɭɬɚɧɬɧɨɣ ɮɨɪɦɵ ɩɨ 

ɝɨɦɨɥɨɝɢɱɧɨɣ ɩɨɡɢɰɢɢ ɉɪɨɊɋEf Ʌɢɡ261Ⱥɥɚ, ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɩɪɨɜɟɪɢɬɶ ɟё 

ɮɭɧɤɰɢɨɧɚɥɶɧɭɸ ɪɨɥɶ.  

      Ɍɪɟɬɶɢɦ ɩɪɢɦɟɪɨɦ ɦɨɠɟɬ ɜɵɫɬɭɩɚɬɶ ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɨɞɟɥɶ, ɩɨɫɬɪɨɟɧɧɚɹ ɧɚ 

ɨɫɧɨɜɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ ɤɨɦɩɥɟɤɫɚ D-ɬɢɪɨɡɢɥ ɞɟɚɰɢɥɚɡɵ 

Plasmodium falciparum ɫ ɧɟɝɢɞɪɨɥɢɡɭɟɦɵɦ ɚɧɚɥɨɝɨɦ D-Ɍɢɪ-3’-A, ɝɞɟ 2’-

ɝɢɞɪɨɤɫɢɥɶɧɚɹ ɝɪɭɩɩɚ ɬɚɤɠɟ ɤɨɨɪɞɢɧɢɪɭɟɬ ɦɨɥɟɤɭɥɭ ɜɨɞɵ, ɫɛɥɢɠɟɧɧɭɸ ɫɨ 

ɫɜɹɡɶɸ, ɩɨɞɥɟɠɚɳɟɣ ɝɢɞɪɨɥɢɡɭ [93]. ȼɩɪɨɱɟɦ, ɧɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɷɬɚ 
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ɦɨɥɟɤɭɥɚ ɨɬɫɭɬɫɬɜɭɟɬ ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɟ ɤɨɦɩɥɟɤɫɚ ɛɟɥɤɚ ɫ ɚɧɚɥɨɝɨɦ 

ɫɭɛɫɬɪɚɬɚ, ɢ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨ ɧɟɣ ɹɜɥɹɟɬɫɹ ɪɟɡɭɥɶɬɚɬɨɦ ɦɨɥɟɤɭɥɹɪɧɨɝɨ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ. 

      ȼ ɨɬɥɢɱɢɟ ɨɬ ɩɪɢɜɟɞёɧɧɵɯ ɩɪɢɦɟɪɨɜ, ɪɚɫɫɦɨɬɪɟɧɧɚɹ ɧɚɦɢ ɦɨɞɟɥɶ 

ɝɢɞɪɨɥɢɡɚ ɚɥɚɧɢɥ-ɬɊɇɄɉɪɨ ɉɪɨɊɋEf [127] ɩɪɟɞɩɨɥɚɝɚɟɬ ɤɨɨɪɞɢɧɢɪɨɜɚɧɢɟ ɢ 

ɚɤɬɢɜɚɰɢɸ ɪɟɚɝɢɪɭɸɳɟɣ ɦɨɥɟɤɭɥɵ ɜɨɞɵ ɚɦɢɧɨɤɢɫɥɨɬɧɵɦɢ ɨɫɬɚɬɤɚɦɢ 

ɮɟɪɦɟɧɬɚ. ɉɪɢ ɷɬɨɦ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɜ ɫɭɛɫɬɪɚɬɟ 

ɩɨɜɵɲɚɟɬ ɱɚɫɬɢɱɧɵɣ ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɡɚɪɹɞ ɧɚ ɚɬɚɤɭɟɦɨɦ ɚɬɨɦɟ ɭɝɥɟɪɨɞɚ 

ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɵ ɝɢɞɪɨɥɢɡɭɟɦɨɝɨ ɨɫɬɚɬɤɚ ɚɥɚɧɢɧɚ, ɢ ɜɩɨɫɥɟɞɫɬɜɢɢ 

ɭɱɚɫɬɜɭɟɬ ɜ ɫɬɚɛɢɥɢɡɚɰɢɢ ɩɟɪɟɯɨɞɧɨɝɨ ɫɨɫɬɨɹɧɢɹ. 

      ȿɞɢɧɫɬɜɟɧɧɵɣ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɩɨɞɨɛɧɵɣ ɩɪɢɦɟɪ ɧɚɦ ɞɚёɬ 

ɩɪɟɞɥɨɠɟɧɧɵɣ Ɍɜɨɪɨɜɫɤɢɦ ɢ ɫɨɚɜɬɨɪɚɦɢ ɦɟɯɚɧɢɡɦ ɝɢɞɪɨɥɢɡɚ ɎɟɧɊɋ T. 

thermophilus 3’-ɪɟɝɢɨɢɡɨɦɟɪɚ ɬɢɪɨɡɢɥ-ɬɊɇɄɎɟɧ (ɪɢɫ. 1.8) [90]. ɉɨ ɧɚɲɟɦɭ 

ɦɧɟɧɢɸ, ɢɦɟɧɧɨ ɷɬɨɬ ɩɭɬɶ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɝɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɭ ɎɟɧɊɋ ɹɜɥɹɟɬɫɹ 

ɮɢɡɢɨɥɨɝɢɱɟɫɤɢ ɡɧɚɱɢɦɵɦ. ɋɨɩɨɫɬɚɜɥɹɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ, 

ɩɨɥɭɱɟɧɧɵɟ ɞɥɹ ɎɟɧɊɋ E. coli, ɩɨɤɚɡɵɜɚɸɳɢɟ ɫɧɢɠɟɧɢɟ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɣ 

ɪɟɞɚɤɬɢɪɭɸɳɟɣ ɚɤɬɢɜɧɨɫɬɢ ɧɚ ɞɜɚ ɩɨɪɹɞɤɚ ɜ ɫɥɭɱɚɟ 3’d-ɦɨɞɢɮɢɤɚɰɢɢ ɬɢɪɨɡɢɥ-

ɬɊɇɄɎɟɧ [4], ɫ ɦɟɯɚɧɢɡɦɨɦ ɞɟɚɰɢɥɢɪɨɜɚɧɢɹ 2’-ɪɟɝɢɨɢɡɨɦɟɪɚ, ɩɪɟɞɥɨɠɟɧɧɵɦ 

Ɍɜɨɪɨɜɫɤɢɦ ɢ ɫɨɚɜɬɨɪɚɦɢ [90], ɦɨɠɧɨ ɩɪɢɣɬɢ ɤ ɜɵɜɨɞɭ ɨ ɞɨɦɢɧɢɪɭɸɳɟɦ 

ɩɟɪɟɚɰɢɥɢɪɨɜɚɧɢɢ ɫɭɛɫɬɪɚɬɚ ɜ 3’-ɪɟɝɢɨɢɡɨɦɟɪ ɩɟɪɟɞ ɟɝɨ ɝɢɞɪɨɥɢɡɨɦ, ɬɚɤ ɤɚɤ 

ɢɧɨɣ ɫɭɳɟɫɬɜɟɧɧɨɣ ɪɨɥɢ 3’-Ɉ ɜ ɩɪɟɞɥɨɠɟɧɧɵɯ ɦɨɞɟɥɹɯ ɧɟ ɨɬɜɟɞɟɧɨ [90]. 

Ʉɪɨɦɟ ɬɨɝɨ, ɫɚɦɨ ɧɚɥɢɱɢɟ ɪɟɞɤɨ ɜɫɬɪɟɱɚɟɦɨɝɨ ɦɟɯɚɧɢɡɦɚ ɩɟɪɟɚɰɢɥɢɪɨɜɚɧɢɹ ɜ 

ɪɟɞɚɤɬɢɪɭɸɳɟɦ ɚɤɬɢɜɧɨɦ ɰɟɧɬɪɟ ɎɟɧɊɋ ɦɨɠɟɬ ɫɜɢɞɟɬɟɥɶɫɬɜɨɜɚɬɶ ɨ ɟɝɨ 

ɫɨɯɪɚɧɟɧɢɢ ɫɬɚɛɢɥɢɡɢɪɭɸɳɢɦ ɨɬɛɨɪɨɦ, ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɨ ɟɝɨ ɞɨɦɢɧɢɪɭɸɳɟɣ 

ɪɨɥɢ ɢ ɮɢɡɢɨɥɨɝɢɱɟɫɤɨɣ ɡɧɚɱɢɦɨɫɬɢ. ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ, ɩɟɪɟɞ ɧɚɦɢ ɨɤɚɡɵɜɚɟɬɫɹ 

ɬɪɟɬɢɣ ɢɡɜɟɫɬɧɵɣ ɫɥɭɱɚɣ ɮɟɪɦɟɧɬɚɬɢɜɧɨɝɨ ɩɟɪɟɚɰɢɥɢɪɨɜɚɧɢɹ ɚɦɢɧɨɚɰɢɥ-

ɬɊɇɄ, ɧɚɪɹɞɭ ɫ ɤɚɬɚɥɢɡɢɪɭɟɦɵɦɢ Ef-Tu [91] ɢ ɪɟɞɚɤɬɢɪɭɸɳɢɦ ɞɨɦɟɧɨɦ ɂɥɟɊɋ 

[56]. ɂɧɬɟɪɟɫɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜɨ ɜɫɟɯ ɬɪёɯ ɫɥɭɱɚɹɯ ɩɟɪɟɧɨɫ ɚɦɢɧɨɤɢɫɥɨɬɧɨɝɨ 

ɨɫɬɚɬɤɚ ɨɤɚɡɵɜɚɟɬɫɹ ɧɚɩɪɚɜɥɟɧ ɫ 2’-O ɧɚ 3’-O, ɢ ɫɨɜɩɚɞɚɟɬ ɫ ɩɪɟɨɛɥɚɞɚɸɳɢɦ 

ɧɚɩɪɚɜɥɟɧɢɟɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɫɩɨɧɬɚɧɧɨɝɨ ɩɪɨɰɟɫɫɚ [134]. 
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      ɋɯɨɞɫɬɜɨ ɦɟɠɞɭ ɦɟɯɚɧɢɡɦɚɦɢ ɝɢɞɪɨɥɢɡɚ ɨɲɢɛɨɱɧɨ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ 

ɚɦɢɧɨɚɰɢɥ-ɬɊɇɄ ɉɪɨɊɋ ɢ ɎɟɧɊɋ ɡɚɤɥɸɱɚɟɬɫɹ ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ ɜ ɨɛɪɚɡɨɜɚɧɢɢ 

ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɢ ɦɟɠɞɭ 2’-ɝɢɞɪɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɨɣ Ⱥ76 

ɫɭɛɫɬɪɚɬɚ, ɢ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɨɣ ɟɝɨ ɚɦɢɧɨɤɢɫɥɨɬɧɨɝɨ ɨɫɬɚɬɤɚ, ɩɨɞɥɟɠɚɳɟɝɨ 

ɝɢɞɪɨɥɢɡɭ. ȿɫɥɢ ɜ ɫɥɭɱɚɟ ɉɪɨɊɋ ɧɚɥɢɱɢɟ ɷɬɨɣ ɫɜɹɡɢ ɫɧɢɠɚɟɬ ɷɧɟɪɝɢɸ 

ɚɤɬɢɜɚɰɢɢ ɧɟ ɦɟɧɟɟ ɱɟɦ ɧɚ 7 ɤɤɚɥ/ɦɨɥɶ, ɬɨ ɜ ɪɟɞɚɤɬɢɪɭɸɳɟɦ ɚɤɬɢɜɧɨɦ ɰɟɧɬɪɟ 

ɎɟɧɊɋ ɩɨɞɨɛɧɚɹ ɤɨɧɮɨɪɦɚɰɢɹ ɫɭɛɫɬɪɚɬɚ ɦɨɠɟɬ ɨɤɚɡɵɜɚɬɶɫɹ ɟɳё ɛɨɥɟɟ 

ɷɧɟɪɝɟɬɢɱɟɫɤɢ ɜɵɝɨɞɧɨɣ. ɉɨɦɢɦɨ ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɚɧɚɥɨɝɢɱɧɨɣ ɫɜɹɡɢ ɡɞɟɫɶ 

ɩɪɟɞɩɨɥɚɝɚɸɬɫɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ Ƚɢɫ261 ɫ 3’-O ɢ ɤɨɨɪɞɢɧɢɪɭɟɦɨɣ ɜɨɞɵ ɫ 2’-O 

(ɪɢɫ. 1.6, ɛ), ɤɨɬɨɪɵɟ ɬɚɤɠɟ ɞɨɥɠɧɵ ɩɪɢɜɨɞɢɬɶ ɤ ɪɨɫɬɭ ɱɚɫɬɢɱɧɨɝɨ 

ɩɨɥɨɠɢɬɟɥɶɧɨɝɨ ɡɚɪɹɞɚ ɧɚ ɤɚɪɛɨɧɢɥɶɧɨɦ ɚɬɨɦɟ ɭɝɥɟɪɨɞɚ ɨɫɬɚɬɤɚ ɚɥɚɧɢɧɚ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɫɩɟɤɭɥɹɬɢɜɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɜ ɩɪɢɨɛɪɟɬɟɧɢɢ 

ɭɞɨɛɧɨɣ ɞɥɹ ɝɢɞɪɨɥɢɡɚ ɤɨɧɮɨɪɦɚɰɢɢ ɫɭɛɫɬɪɚɬɚ ɢ ɡɚɤɥɸɱɚɟɬɫɹ 

ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɣ ɫɦɵɫɥ ɮɟɪɦɟɧɬɚɬɢɜɧɨɝɨ ɩɟɪɟɚɰɢɥɢɪɨɜɚɧɢɹ ɬɢɪɨɡɢɥ-ɬɊɇɄɎɟɧ 

[90]. Ɍɚɤɠɟ ɧɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ, ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ ɜ ɫɥɭɱɚɟ ɎɟɧɊɋ, 

ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɜɨɛɨɞɧɨɣ ɝɢɞɪɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɵ Ⱥ76 ɞɥɹ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɩɚɪɰɢɚɥɶɧɵɯ ɡɚɪɹɞɨɜ ɜ ɫɭɛɫɬɪɚɬɟ ɨɤɚɡɵɜɚɟɬɫɹ ɞɨ 300 ɪɚɡ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦ, 

ɱɟɦ ɟё ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɞɥɹ ɚɤɬɢɜɚɰɢɢ ɚɬɚɤɭɸɳɟɣ ɦɨɥɟɤɭɥɵ ɜɨɞɵ, ɤɚɤ ɷɬɨ 

ɫɥɟɞɭɟɬ ɢɡ ɩɪɨɜɟɞёɧɧɨɝɨ ɜɵɲɟ ɫɨɩɨɫɬɚɜɥɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ [4] ɢ 

ɪɚɫɱёɬɧɵɯ [90] ɪɟɡɭɥɶɬɚɬɨɜ ɞɜɭɯ ɝɪɭɩɩ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ. ȼɩɪɨɱɟɦ, ɨɫɬɚёɬɫɹ 

ɨɬɤɪɵɬɵɦ ɜɨɩɪɨɫ ɨ ɬɨɦ, ɤɚɤɚɹ ɢɡ ɫɯɟɦ ɫɭɛɫɬɪɚɬ-ɚɫɫɢɫɬɢɪɭɟɦɨɝɨ ɝɢɞɪɨɥɢɡɚ 

ɚɦɢɧɨɚɰɢɥ-ɬɊɇɄ ɞɨɦɢɧɢɪɭɟɬ ɜ ɧɟɮɟɪɦɟɧɬɚɬɢɜɧɨɦ ɩɪɨɰɟɫɫɟ, ɬɚɤɠɟ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɦ ɤ ɧɚɥɢɱɢɸ ɫɜɨɛɨɞɧɨɣ ɝɢɞɪɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɵ Ⱥ76, ɤɚɤ ɛɵɥɨ 

ɩɨɤɚɡɚɧɨ ɜ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ. 

      ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɦɨɥɟɤɭɥɹɪɧɨɣ ɢ ɤɜɚɧɬɨɜɨ-ɦɟɯɚɧɢɱɟɫɤɨɣ ɦɨɞɟɥɟɣ, 

ɩɨɥɭɱɟɧɧɵɯ ɞɥɹ ɝɨɦɨɥɨɝɢɱɧɨɣ ɪɟɞɚɤɬɢɪɭɸɳɟɦɭ ɞɨɦɟɧɭ ɉɪɨɊɋ ɞɟɚɰɢɥɚɡɵ 

YbaK E. coli [3] ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɢ ɪɚɫɫɦɨɬɪɟɧɧɨɣ 

ɤɨɦɩɶɸɬɟɪɧɨɣ ɦɨɞɟɥɶɸ, ɩɨɡɜɨɥɹɟɬ ɨɰɟɧɢɬɶ ɫɬɟɩɟɧɶ ɤɨɧɫɟɪɜɚɬɢɜɧɨɫɬɢ 

ɦɟɯɚɧɢɡɦɨɜ ɫɜɹɡɵɜɚɧɢɹ ɫɭɛɫɬɪɚɬɚ ɢ ɤɚɬɚɥɢɡɚ ɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ. Ɏɨɫɮɚɬ Ⱥ76 

ɰɢɫɬɟɢɧɢɥ-ɬɊɇɄɉɪɨ ɫɜɹɡɵɜɚɟɬɫɹ Ʌɢɡ46 ɞɟɚɰɢɥɚɡɵ ВЛКK, ɚɛɫɨɥɸɬɧɨ 
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ɤɨɧɫɟɪɜɚɬɢɜɧɵɦ ɭ ɷɬɨɝɨ ɤɥɚɫɫɚ ɞɟɚɰɢɥɚɡ, ɢ ɝɨɦɨɥɨɝɢɱɧɵɦ Ʌɢɡ279 ɉɪɨɊɋEf. 

Ⱥɦɢɧɨɝɪɭɩɩɚ ɨɫɬɚɬɤɚ ɰɢɫɬɟɢɧɚ ɮɢɤɫɢɪɭɟɬɫɹ ɛɨɤɨɜɨɣ ɰɟɩɶɸ Ⱥɫɩ136 ВЛКK, ɱɬɨ 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɜɡɚɢɦɨɞɟɣɫɬɜɢɸ ɝɨɦɨɥɨɝɢɱɧɨɝɨ Ƚɢɫ366 ɫ ɚɦɢɧɨɝɪɭɩɩɨɣ ɨɫɬɚɬɤɚ 

ɚɥɚɧɢɧɚ ɜ ɫɥɭɱɚɟ ɉɪɨɊɋ. ɍ ВЛКK ɜ ɫɜɹɡɵɜɚɧɢɢ ɚɦɢɧɨɝɪɭɩɩɵ ɪɟɞɚɤɬɢɪɭɟɦɨɣ 

ɚɦɢɧɨɤɢɫɥɨɬɵ ɡɚɞɟɣɫɬɜɨɜɚɧɚ ɤɚɪɛɨɧɢɥɶɧɚɹ ɝɪɭɩɩɚ Ƚɥɢ101 ɤɨɧɫɟɪɜɚɬɢɜɧɨɣ 

ɩɟɬɥɢ ȽɥɢБББɎɟɧ, ɤɚɤ ɢ ɤɚɪɛɨɧɢɥɶɧɚɹ ɝɪɭɩɩɚ ɝɨɦɨɥɨɝɢɱɧɨɝɨ Ƚɥɢ331 ɉɪɨɊɋ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ВЛКK ɢɫɩɨɥɶɡɭɟɬ ɫɪɟɞɫɬɜɚ ɫɜɹɡɵɜɚɧɢɹ ɢ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ 

ɫɭɛɫɬɪɚɬɚ, ɝɨɦɨɥɨɝɢɱɧɵɟ ɢɫɩɨɥɶɡɭɟɦɵɦ ɉɪɨɊɋ, ɯɨɬɹ ɪɚɫɩɨɥɚɝɚɟɬ ɞɥɹ ɷɬɨɝɨ ɢ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɦɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹɦɢ.  

      Ɋɟɚɤɰɢɢ, ɤɚɬɚɥɢɡɢɪɭɟɦɵɟ ɪɟɞɚɤɬɢɪɭɸɳɢɦ ɞɨɦɟɧɨɦ ɉɪɨɊɋ ɢ ɞɟɚɰɢɥɚɡɨɣ 

YbaK, ɧɨɫɹɬ ɪɚɡɥɢɱɧɵɣ ɯɚɪɚɤɬɟɪ. ȼ ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɞɥɹ ɨɬɳɟɩɥɟɧɢɹ 

ɚɦɢɧɨɤɢɫɥɨɬɧɨɝɨ ɨɫɬɚɬɤɚ ɨɬ ɨɫɬɚɬɤɚ ɬɊɇɄɉɪɨ ɧɟɨɛɯɨɞɢɦɚ ɧɭɤɥɟɨɮɢɥɶɧɚɹ ɚɬɚɤɚ 

ɦɨɥɟɤɭɥɵ ɜɨɞɵ, ɚ ɜɨ ɜɬɨɪɨɦ – ɚɬɚɤɚ ɫɭɥɶɮɝɢɞɪɢɥɶɧɨɣ ɝɪɭɩɩɵ ɫɚɦɨɝɨ ɫɭɛɫɬɪɚɬɚ. 

ɉɪɢ ɷɬɨɦ, ɩɨɥɨɠɟɧɢɟ ɫɭɥɶɮɝɢɞɪɢɥɶɧɨɣ ɝɪɭɩɩɵ ɩɟɪɟɞ ɪɟɚɤɰɢɟɣ, 

ɤɚɬɚɥɢɡɢɪɭɟɦɨɣ ВЛКK, ɧɟ ɫɨɜɩɚɞɚɟɬ ɫ ɩɨɥɨɠɟɧɢɟɦ ɪɟɚɝɢɪɭɸɳɟɣ ɜɨɞɵ ɜ 

ɪɟɞɚɤɬɢɪɭɸɳɟɦ ɞɨɦɟɧɟ ɉɪɨɊɋ. ɋɭɥɶɮɝɢɞɪɢɥɶɧɚɹ ɝɪɭɩɩɚ ɤɨɨɪɞɢɧɢɪɭɟɬɫɹ ɢ 

ɚɤɬɢɜɢɪɭɟɬɫɹ ɚɦɢɧɨɤɢɫɥɨɬɧɵɦ ɨɫɬɚɬɤɨɦ Ɏɟɧ29, ɝɨɦɨɥɨɝɢɱɧɵɦ ɂɥɟ263 ɉɪɨɊɋ, 

ɧɟ ɩɪɢɧɢɦɚɸɳɟɦɭ ɭɱɚɫɬɢɹ ɜ ɤɚɬɚɥɢɡɟ. ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɚɤɬɢɜɚɰɢɸ 

ɪɟɚɝɢɪɭɸɳɟɣ ɜɨɞɵ ɜ ɉɪɨɊɋ ɨɫɭɳɟɫɬɜɥɹɟɬ ɨɫɬɚɬɨɤ ɂɥɟ333, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɟɝɨ 

ɝɨɦɨɥɨɝ ɜ ВЛКK ɂɥɟ103 ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɮɭɧɤɰɢɢ ɧɟ ɜɵɩɨɥɧɹɟɬ. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɦɟɯɚɧɢɡɦ ɡɚɩɭɫɤɚ ɪɟɚɤɰɢɢ ɭ ɉɪɨɊɋ ɢ ВЛКK ɧɟ ɹɜɥɹɟɬɫɹ 

ɤɨɧɫɟɪɜɚɬɢɜɧɵɦ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɚɡɥɢɱɧɨɦɭ ɯɚɪɚɤɬɟɪɭ ɡɚɩɭɫɤɚɟɦɵɯ 

ɪɟɚɤɰɢɣ. 

      ȼɨ ɜɪɟɦɹ ɪɟɚɤɰɢɢ, ɤɚɬɚɥɢɡɢɪɭɟɦɨɣ ВЛКK, ɨɬɪɢɰɚɬɟɥɶɧɨ ɡɚɪɹɠɟɧɧɵɣ ɚɬɨɦ 

ɤɢɫɥɨɪɨɞɚ ɬɟɬɪɚɷɞɪɚɥɶɧɨɝɨ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɨɤɪɭɠёɧ 

ɤɨɧɫɟɪɜɚɬɢɜɧɨɣ ɩɟɬɥёɣ ȽɥɢБББɎɟɧ, ɨɛɪɚɡɭɸɳɟɣ ɬɚɤɢɦ ɨɛɪɚɡɨɦ 

ɨɤɫɢɚɧɢɨɧɧɭɸ ɞɵɪɭ (ШбвКЧТШЧТМ СШХО). ȼ ɫɥɭɱɚɟ ɉɪɨɊɋ, ɚɬɨɦ ɤɢɫɥɨɪɨɞɚ 

ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɵ ɜ ɩɟɪɟɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ ɧɟ ɩɪɟɬɟɪɩɟɜɚɟɬ ɩɨɥɧɨɣ 

ɢɨɧɢɡɚɰɢɢ, ɢ ɨɫɬɚёɬɫɹ ɚɤɰɟɩɬɨɪɨɦ ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɢ ɫ 2’-Ɉɇ Ⱥ76 ɨɫɬɚɬɤɚ 

ɬɊɇɄɉɪɨ. ɉɪɢ ɷɬɨɦ ɝɢɞɪɨɤɫɢɥɶɧɚɹ ɝɪɭɩɩɚ, ɹɜɥɹɸɳɚɹɫɹ ɨɫɬɚɬɤɨɦ ɪɟɚɝɢɪɭɸɳɟɣ 
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ɜɨɞɵ, ɨɫɬɚёɬɫɹ ɫɜɹɡɚɧɧɨɣ ɫ ɨɫɧɨɜɧɨɣ ɰɟɩɶɸ ɂɥɟ333. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɟɯɚɧɢɡɦ 

ɫɬɚɛɢɥɢɡɚɰɢɢ ɩɟɪɟɯɨɞɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜ ɞɜɭɯ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɪɟɚɤɰɢɹɯ 

ɨɤɚɡɵɜɚɟɬɫɹ ɚɛɫɨɥɸɬɧɨ ɪɚɡɥɢɱɧɵɦ. ɇɟɬ ɫɯɨɞɫɬɜɚ ɢ ɜ ɩɭɬɹɯ ɩɟɪɟɧɨɫɚ ɩɪɨɬɨɧɚ ɧɚ 

3’-Ɉ Ⱥ76 – ɭ ВЛКK ɨɧ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨɫɪɟɞɫɬɜɨɦ Ɏɟɧ29, ɭ ɉɪɨɊɋ – 

ɩɨɫɪɟɞɫɬɜɨɦ ɤɨɨɪɞɢɧɢɪɨɜɚɧɧɨɣ ɂɥɟ278 ɦɨɥɟɤɭɥɵ ɜɨɞɵ. Ƚɨɦɨɥɨɝɢɱɧɵɣ ɂɥɟ278 

Ɍɢɪ45 ВЛКK ɜ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɚɯ ɧɟ ɭɱɚɫɬɜɭɟɬ. 

      Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɩɟɰɢɚɥɢɡɚɰɢɹ ɪɟɞɚɤɬɢɪɭɸɳɟɝɨ ɞɨɦɟɧɚ ɉɪɨɊɋ ɢ ɞɟɚɰɢɥɚɡɵ 

ВЛКK ɧɚ ɫɯɨɠɢɯ ɫɭɛɫɬɪɚɬɚɯ ɫ ɪɚɡɥɢɱɧɵɦɢ ɯɢɦɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɩɨɜɥɟɤɥɚ 

ɡɚ ɫɨɛɨɣ ɪɚɡɥɢɱɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɤɥɸɱɟɜɵɯ ɪɨɥɟɣ ɦɟɠɞɭ ɢɯ 

ɮɭɧɤɰɢɨɧɚɥɶɧɵɦɢ ɝɪɭɩɩɚɦɢ, ɚ ɬɚɤɠɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɦɢ ɝɪɭɩɩɚɦɢ ɫɭɛɫɬɪɚɬɨɜ. 

ɉɪɢ ɷɬɨɦ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɟɟ ɤɨɧɫɟɪɜɚɬɢɜɧɵɦɢ ɨɤɚɡɚɥɢɫɶ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, 

ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɫɜɹɡɵɜɚɧɢɟ ɢ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɟ ɫɭɛɫɬɪɚɬɨɜ, ɯɨɬɹ ɢ ɡɞɟɫɶ 

ɫɭɳɟɫɬɜɭɸɬ ɪɚɡɥɢɱɢɹ. ɇɚɢɛɨɥɟɟ ɫɭɳɟɫɬɜɟɧɧɵɦ ɢɡ ɧɢɯ ɦɨɠɧɨ ɧɚɡɜɚɬɶ 

ɫɜɹɡɵɜɚɧɢɟ 2’-Ɉɇ Ⱥ76 ɜ ɫɥɭɱɚɟ ВЛКK ɫɨ ɜɬɨɪɢɱɧɨɣ ɚɦɢɧɨɝɪɭɩɩɨɣ Ƚɥɢ101 

ɤɨɧɫɟɪɜɚɬɢɜɧɨɣ ɩɟɬɥɢ ȽɥɢБББɎɟɧ, ɜɦɟɫɬɨ ɤɚɪɛɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɵ 

ɨɬɳɟɩɥɹɟɦɨɝɨ ɚɦɢɧɨɤɢɫɥɨɬɧɨɝɨ ɨɫɬɚɬɤɚ. ɗɬɨ ɨɬɥɢɱɢɟ ɦɨɠɧɨ ɫɜɹɡɚɬɶ ɫɨ 

ɫɩɨɫɨɛɧɨɫɬɶɸ ɫɭɥɶɮɝɢɞɪɢɥɶɧɨɣ ɝɪɭɩɩɵ ɨɫɬɚɬɤɚ ɰɢɫɬɟɢɧɚ ɨɛɪɚɡɨɜɵɜɚɬɶ 

ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɫɬɚɬɤɨɦ ɚɥɚɧɢɧɚ ɜɨɞɨɪɨɞɧɭɸ ɫɜɹɡɶ ɜ 

ɚɤɬɢɜɧɨɦ ɰɟɧɬɪɟ ɮɟɪɦɟɧɬɚ. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ ɨɫɧɨɜɧɨɣ ɰɟɩɶɸ Ɏɟɧ29 

ɨɩɪɟɞɟɥɹɟɬ ɨɫɨɛɟɧɧɨɫɬɢ ɤɨɧɮɨɪɦɚɰɢɢ ɰɢɫɬɟɢɧɢɥ-ɬɊɇɄɉɪɨ, ɚ ɡɧɚɱɢɬ, ɡɚɞɚёɬ 

ɭɫɥɨɜɢɹ ɞɥɹ ɨɩɬɢɦɢɡɚɰɢɢ ɫɬɪɭɤɬɭɪɵ ɚɤɬɢɜɧɨɝɨ ɰɟɧɬɪɚ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɨɬɛɨɪɚ. 

      ɇɟ ɭɱɚɫɬɜɭɹ ɜ ɨɛɟɫɩɟɱɟɧɢɢ ɧɭɤɥɟɨɮɢɥɶɧɨɣ ɚɬɚɤɢ, 2’-Ɉɇ Ⱥ76 ɰɢɫɬɟɢɧɢɥ-

ɬɊɇɄɉɪɨ, ɬɟɦ ɧɟ ɦɟɧɟɟ, ɩɪɢɨɛɪɟɥɚ ɤɥɸɱɟɜɭɸ ɮɭɧɤɰɢɸ, ɨɛɟɫɩɟɱɢɜɚɹ 

ɨɞɧɨɧɚɩɪɚɜɥɟɧɧɨɫɬɶ ɪɟɚɤɰɢɢ ɧɚ ɩɨɫɥɟɞɧɟɦ ɟё ɷɬɚɩɟ. ɉɨ ɦɧɟɧɢɸ ɚɜɬɨɪɨɜ 

ɪɚɛɨɬɵ, ɷɬɨ ɞɨɫɬɢɝɚɟɬɫɹ ɨɛɪɚɡɨɜɚɧɢɟɦ ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɢ ɫɨ ɜɧɨɜɶ 

ɫɮɨɪɦɢɪɨɜɚɧɧɨɣ 3’-Ɉɇ. Ɋɨɥɶ 2’-Ɉɇ ɜ ɤɚɬɚɥɢɡɟ ɜ ɤɚɱɟɫɬɜɟ ɞɨɧɨɪɚ ɜɨɞɨɪɨɞɧɨɣ 

ɫɜɹɡɢ ɩɨɞɬɜɟɪɠɞɟɧɚ ɫɩɨɫɨɛɧɨɫɬɶɸ 2’-dA76 ɰɢɫɬɟɢɧɢɥ-ɬɊɇɄɉɪɨ ɤ 

ɤɨɧɤɭɪɟɧɬɧɨɦɭ ɢɧɝɢɛɢɪɨɜɚɧɢɸ ɞɟɚɰɢɥɢɪɨɜɚɧɢɹ ɫɭɛɫɬɪɚɬɚ ɞɢɤɨɝɨ ɬɢɩɚ, ɚ ɬɚɤɠɟ 

ɦɧɨɝɨɤɪɚɬɧɵɦ ɫɧɢɠɟɧɢɟɦ ɫɤɨɪɨɫɬɢ ɮɟɪɦɟɧɬɚɬɢɜɧɨɝɨ ɞɟɚɰɢɥɢɪɨɜɚɧɢɹ ɜ ɫɥɭɱɚɟ 

2'-FA76-ɦɨɞɢɮɢɤɚɰɢɢ ɫɭɛɫɬɪɚɬɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɜɨɛɨɞɧɚɹ ɝɢɞɪɨɤɫɢɥɶɧɚɹ 
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ɝɪɭɩɩɚ Ⱥ76 ɚɦɢɧɨɚɰɢɥ-ɬɊɇɄ ɢ ɡɞɟɫɶ ɧɚɲɥɚ ɫɜɨё ɩɪɢɦɟɧɟɧɢɟ. ɗɬɨɬ ɫɥɭɱɚɣ 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɬɪɟɬɢɣ ɢɡ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɧɚɦɢ ɜɚɪɢɚɧɬɨɜ ɟё ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ 

ɤɚɬɚɥɢɡɟ ɞɟɚɰɢɥɢɪɨɜɚɧɢɹ ɚɦɢɧɨɚɰɢɥ-ɬɊɇɄ. 
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ȼɕȼɈȾɕ 

 

      Ɉɯɚɪɚɤɬɟɪɢɡɨɜɚɧɵ ɦɟɯɚɧɢɡɦɵ ɩɪɟɬɪɚɧɫɮɟɪɧɨɝɨ ɢ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɝɨ 

ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɉɪɨɊɋEf ɩɪɨɞɭɤɬɨɜ ɨɲɢɛɨɱɧɨɝɨ ɭɡɧɚɜɚɧɢɹ ɚɥɚɧɢɧɚ. ɍɱɚɫɬɢɟ 

2’-Ɉɇ Ⱥ76 ɬɊɇɄɉɪɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɤɚɬɚɥɢɡɚ ɧɚ ɨɛɟɢɯ ɫɬɚɞɢɹɯ 

ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ. 

      1) Ʉɥɨɧɢɪɨɜɚɧ ɝɟɧ ɬɊɇɄɉɪɨ E. faecalis, ɪɚɡɪɚɛɨɬɚɧɚ ɦɟɬɨɞɢɤɚ ɷɤɫɩɪɟɫɫɢɢ ɢ 

ɨɱɢɫɬɤɢ ɬɪɚɧɫɤɪɢɩɬɚ ɬɊɇɄɉɪɨ. 

      2) ɋɨɡɞɚɧɚ ɝɢɛɪɢɞɧɚɹ ɬɊɇɄɉɪɨȺɥɚ ɞɥɹ ɚɧɚɥɢɡɚ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɣ 

ɪɟɞɚɤɬɢɪɭɸɳɟɣ ɚɤɬɢɜɧɨɫɬɢ ɉɪɨɊɋ, ɫɩɨɫɨɛɧɚɹ ɛɵɬɶ ɚɦɢɧɨɚɰɢɥɢɪɨɜɚɧɧɨɣ 

ȺɥɚɊɋ ɢ ɞɟɚɰɢɥɢɪɨɜɚɧɧɨɣ ɉɪɨɊɋ ɜ ɯɨɞɟ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɝɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ. 

      3) ȼɩɟɪɜɵɟ ɩɨɤɚɡɚɧɨ ɬɊɇɄ-ɡɚɜɢɫɢɦɨɟ ɩɪɟɬɪɚɧɫɮɟɪɧɨɟ ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ ɭ 

ȺɊɋ ɜɬɨɪɨɝɨ ɫɬɪɭɤɬɭɪɧɨɝɨ ɤɥɚɫɫɚ. ɉɨɤɚɡɚɧɚ ɜɟɞɭɳɚɹ ɪɨɥɶ ɜ ɷɬɨɦ ɩɪɨɰɟɫɫɟ 

ɝɢɞɪɨɤɫɢɥɶɧɵɯ ɝɪɭɩɩ Ⱥ76 ɬɊɇɄɉɪɨ. ɍɫɬɚɧɨɜɥɟɧɚ ɫɩɟɰɢɮɢɱɟɫɤɚɹ ɪɨɥɶ 2’-

ɝɢɞɪɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɵ Ⱥ76 ɬɊɇɄɉɪɨ ɜ ɩɪɟɬɪɚɧɫɮɟɪɧɨɦ ɪɟɞɚɤɬɢɪɨɜɚɧɢɢ, ɧɟ 

ɫɜɨɞɢɦɚɹ ɤ ɭɱɚɫɬɢɸ ɜ ɫɜɹɡɵɜɚɧɢɢ ɢ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɢ Ⱥ76 ɬɊɇɄɉɪɨ ɜ 

ɚɦɢɧɨɚɰɢɥɢɪɭɸɳɟɦ ɚɤɬɢɜɧɨɦ ɰɟɧɬɪɟ. 

      4) ɉɨɤɚɡɚɧɚ ɤɚɬɚɥɢɬɢɱɟɫɤɚɹ ɩɪɢɪɨɞɚ ɬɊɇɄ-ɡɚɜɢɫɢɦɨɝɨ ɢ ɬɊɇɄ-

ɧɟɡɚɜɢɫɢɦɨɝɨ ɩɪɟɬɪɚɧɫɮɟɪɧɨɝɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɉɪɨɊɋEf, ɚ ɬɚɤɠɟ ɱɚɫɬɢɱɧɨɟ 

ɢɡɛɢɪɚɬɟɥɶɧɨɟ ɜɵɫɜɨɛɨɠɞɟɧɢɟ ɚɥɚɧɢɥ-ȺɆɎ ɜ ɨɬɫɭɬɫɬɜɢɢ ɬɊɇɄɉɪɨ. 

      5) ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɩɨɤɚɡɚɧɚ ɤɪɢɬɢɱɟɫɤɚɹ ɪɨɥɶ ɚɦɢɧɨɤɢɫɥɨɬɧɨɝɨ ɨɫɬɚɬɤɚ 

Ʌɢɡ279 ɜ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɦ ɪɟɞɚɤɬɢɪɨɜɚɧɢɢ ɉɪɨɊɋEf, ɤɨɬɨɪɚɹ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ 

ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɨɛɴɹɫɧɹɟɬɫɹ ɫɜɹɡɵɜɚɧɢɟɦ ɋɋȺ-ɤɨɧɰɚ ɚɥɚɧɢɥ-

ɬɊɇɄɉɪɨ. ɋɪɟɞɢ ɛɨɤɨɜɵɯ ɰɟɩɟɣ ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ ɨɫɬɚɬɤɨɜ ɪɟɞɚɤɬɢɪɭɸɳɟɝɨ 

ɚɤɬɢɜɧɨɝɨ ɰɟɧɬɪɚ ɉɪɨɊɋEf ɧɟɬ ɩɪɟɬɟɧɞɟɧɬɨɜ ɧɚ ɩɪɹɦɭɸ ɤɚɬɚɥɢɬɢɱɟɫɤɭɸ 

ɮɭɧɤɰɢɸ. 

      6) ɇɚ ɞɜɭɯ ɪɚɡɧɨɪɨɞɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɦɨɞɟɥɹɯ ɩɨɤɚɡɚɧɚ 

ɧɟɨɛɯɨɞɢɦɨɫɬɶ 2’-ɝɢɞɪɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɵ Ⱥ76 ɬɊɇɄɉɪɨ ɞɥɹ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɝɨ 

ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɉɪɨɊɋEf. 
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      7) ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɩɪɟɞɥɨɠɟɧɧɨɣ ɤɜɚɧɬɨɜɨ-

ɯɢɦɢɱɟɫɤɨɣ ɦɨɞɟɥɶɸ ɩɨɫɬɬɪɚɧɫɮɟɪɧɨɝɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɉɪɨɊɋEf, 

ɩɪɟɞɩɨɥɚɝɚɸɳɟɣ ɫɭɛɫɬɪɚɬ-ɚɫɫɢɫɬɢɪɨɜɚɧɧɵɣ ɦɟɯɚɧɢɡɦ ɤɚɬɚɥɢɡɚ. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɜ ɨɫɧɨɜɟ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɪɟɞɪɟɚɤɰɢɨɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɥɟɠɢɬ 

ɨɛɪɚɡɨɜɚɧɢɟ ɤɚɪɛɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɨɣ ɪɟɞɚɤɬɢɪɭɟɦɨɝɨ ɨɫɬɚɬɤɚ ɚɥɚɧɢɧɚ 

ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɢ ɫ 2’-ɝɢɞɪɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɨɣ Ⱥ76, ɱɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ 

ɫɧɢɠɟɧɢɸ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɩɨɪɨɝɚ ɪɟɚɤɰɢɢ ɝɢɞɪɨɥɢɡɚ ɚɧɝɢɞɪɢɞɧɨɣ ɫɜɹɡɢ. 

ɉɟɪɟɧɨɫ ɩɪɨɬɨɧɚ ɜ ɯɨɞɟ ɪɟɚɤɰɢɢ ɩɪɨɢɫɯɨɞɢɬ ɱɟɪɟɡ ɦɨɥɟɤɭɥɭ ɜɨɞɵ, ɩɭɬёɦ ɟё 

ɩɪɟɜɪɚɳɟɧɢɹ ɜ ɦɝɧɨɜɟɧɧɨ ɪɚɫɩɚɞɚɸɳɢɣɫɹ ɢɨɧ ɝɢɞɪɨɤɫɨɧɢɹ. 
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