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ɊȿФȿɊȺɌ 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «ɂɡɭɱɟɧɢɟ ɫɚɩɪɨɮɢɬɧɨɣ 

ɮɥɨɪɵ ɤɚɤ ɤɨɦɩɨɧɟɧɬɚ ɦɢɤɪɨɛɢɨɦɚ ɱɟɥɨɜɟɤɚ» ɫɨɞɟɪɠɢɬ 51 ɫɬɪɚɧɢɰɭ 

ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 6 ɬɚɛɥɢɰ, 10 ɢɥɥɸɫɬɪɚɰɢɣ, 84 ɥɢɬɟɪɚɬɭɪɧɵɯ 

ɢɫɬɨɱɧɢɤɚ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɦɢɤɪɨɛɢɨɦ, ɤɢɲɟɱɧɚɹ ɦɢɤɪɨɮɥɨɪɚ, 16S ɪɊɇɄ, 

ɩɨɥɢɦɟɪɚɡɧɚɹ ɰɟɩɧɚɹ ɪɟɚɤɰɢɹ, ɷɥɟɤɬɪɨɮɨɪɟɡ, ɉȾɊɎ, ɩɨɥɢɦɨɪɮɢɡɦ ɞɥɢɧ 

ɪɟɤɬɪɢɤɰɢɨɧɧɵɯ ɮɪɚɝɦɟɧɬɨɜ. 

ɐɟɥɶ ɪɚɛɨɬɵ: ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɨɛɪɚɡɰɵ ɛɚɤɬɟɪɢɣ ɩɪɢ ɩɨɦɨɳɢ 

ɦɟɬɨɞɚ, ɨɫɧɨɜɚɧɧɨɝɨ ɧɚ ɝɟɧɟɬɢɱɟɫɤɢɯ ɨɫɨɛɟɧɧɨɫɬɹɯ ɷɬɢɯ ɛɚɤɬɟɪɢɣ. 

 Ɂɚɞɚɱɢ:  

1. ȼɵɞɟɥɢɬɶ ȾɇɄ ɢɡ ɨɩɵɬɧɵɯ ɨɛɪɚɡɰɨɜ ɛɚɤɬɟɪɢɣ ɢ ɨɩɪɟɞɟɥɢɬɶ 

ɤɨɧɰɟɧɬɪɚɰɢɸ ɢ ɱɢɫɬɨɬɭ ɩɨɥɭɱɟɧɧɵɯ ɩɪɟɩɚɪɚɬɨɜ ȾɇɄ. 

2. ɋ ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ ɉɐɊ ɩɨɥɭɱɢɬɶ ɚɦɩɥɢɤɨɧɵ ɝɟɧɚ 16SɪɊɇɄ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜɵɞɟɥɟɧɧɵɯ ɨɛɪɚɡɰɨɜ ȾɇɄ. 

3. ɉɪɨɜɟɫɬɢ ɪɟɚɤɰɢɸ ɪɟɫɬɪɢɤɰɢɢ ɩɨɥɭɱɟɧɧɵɯ ɚɦɩɥɢɤɨɧɨɜ. 

4. ɉɪɨɜɟɫɬɢ ɷɥɟɤɬɪɨɮɨɪɟɡ ɪɟɫɬɪɢɤɬɨɜ ɢ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ 

ɷɥɟɤɬɪɨɮɨɪɟɝɪɚɦɦɵ.  

5. ɋɪɚɜɧɢɬɶ ɩɪɚɤɬɢɱɟɫɤɢɟ ɷɥɟɤɬɪɨɮɨɪɟɨɝɪɚɦɦɵ ɫ ɬɟɨɪɟɬɢɱɟɫɤɢɦɢ 

ɢɡ ɧɚɲɟɣ ɛɚɡɵ ɞɚɧɧɵɯ. 

6. ɋɞɟɥɚɬɶ ɜɵɜɨɞɵ ɨ ɜɢɞɨɜɨɣ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɛɚɤɬɟɪɢɣ. 

 

ɉɪɢ ɭɱёɬɟ ɜɥɢɹɧɢɹ ɛɚɤɬɟɪɢɣ ɩɪɢ ɬɟɪɚɩɢɢ, ɜɚɠɧɚ ɢɯ ɬɨɱɧɚɹ 

ɢɞɟɧɬɢɮɢɤɚɰɢɹ. ȼɦɟɫɬɟ ɫ ɬɪɚɞɢɰɢɨɧɧɵɦɢ ɦɟɬɨɞɚɦɢ ɢɞɟɧɬɢɮɢɤɚɰɢɢ 

ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɭɥɶɬɭɪɚɥɶɧɵɯ ɢ ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɯɢɦɢɱɟɫɤɢɯ ɢ ɛɢɨɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ, ɜ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɜɫɟ 

ɛɨɥɟɟ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɧɚɯɨɞɹɬ ɦɟɬɨɞɵ ɨɩɪɟɞɟɥɟɧɢɹ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ, 

ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɫɪɚɜɧɟɧɢɢ ɧɭɤɥɟɨɬɢɞɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɝɟɧɨɜ 

ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɢ ɚɧɚɥɢɡɟ ɩɨɥɢɦɨɪɮɢɡɦɚ ɮɪɚɝɦɟɧɬɨɜ ȾɇɄ, ɤɨɬɨɪɵɟ ɛɵɥɢ 

ɩɨɥɭɱɟɧɵ ɚɦɩɥɢɮɢɤɚɰɢɟɣ ɨɬɞɟɥɶɧɵɯ ɝɟɧɨɜ ɛɚɤɬɟɪɢɣ. Ɇɟɬɨɞ ɚɧɚɥɢɡɚ 



3 

ɩɨɥɢɦɨɪɮɢɡɦɚ ɞɥɢɧ ɪɟɫɬɪɢɤɰɢɨɧɧɵɯ ɮɪɚɝɦɟɧɬɨɜ ɩɨɡɜɨɥɢɥ ɧɚɦ 

ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ 11 ɨɛɪɚɡɰɨɜ ɛɚɤɬɟɪɢɣ. ɗɬɨɬ ɦɟɬɨɞ ɜ ɞɨɩɨɥɧɟɧɢɟ ɤ 

ɤɥɚɫɫɢɱɟɫɤɢɦ, ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɫɬɵɦ, ɫɤɨɪɵɦ ɢ ɞɟɲɟɜɵɦ 

ɫɩɨɫɨɛɨɦ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ. 

  



4 

Ɉɝɥɚɜɥɟɧɢɟ 

ɊȿɎȿɊȺɌ ................................................................................................................. 2 

Ɉɝɥɚɜɥɟɧɢɟ ............................................................................................................... 4 

ȼɜɟɞɟɧɢɟ ................................................................................................................... 6 

1 Ɉɛɡɨɪ ɥɢɬɟɪɚɬɭɪɵ ................................................................................................ 8 

1.1 Ȼɚɤɬɟɪɢɢ ɜ ɨɪɝɚɧɢɡɦɟ ɱɟɥɨɜɟɤɚ .................................................................... 8 

1.1.1 Ʉɨɠɚ .......................................................................................................... 8 

1.1.2 ɋɥɢɡɢɫɬɚɹ ɨɛɨɥɨɱɤɚ ɝɥɚɡ ......................................................................... 8 

1.1.3 ɀɄɌ ........................................................................................................... 9 

1.1.4 ȼɥɚɝɚɥɢɳɟ ................................................................................................. 9 

1.1.5 Ɋɨɬɨɜɚɹ ɩɨɥɨɫɬɶ ...................................................................................... 10 

1.1.6 Ʌɟɝɤɢɟ ...................................................................................................... 10 

1.2 Ɂɚɛɨɥɟɜɚɧɢɹ, ɫɜɹɡɚɧɧɵɟ ɫ ɧɚɪɭɲɟɧɢɟɦ ɦɢɤɪɨɛɢɨɦɚ ............................... 11 

1.2.1 ȼɨɫɩɚɥɢɬɟɥɶɧɨɟ ɡɚɛɨɥɟɜɚɧɢɟ ɤɢɲɟɱɧɢɤɚ (ȼɁɄ) ................................. 12 

1.2.2 ɋɬɨɣɤɢɣ ɤɨɥɢɬ, ɜɵɡɜɚɧɧɵɣ ɚɧɬɢɛɢɨɬɢɤɚɦɢ ....................................... 13 

1.2.3 Ⱥɬɨɩɢɱɟɫɤɚɹ ɚɫɬɦɚ ................................................................................. 13 

1.2.4 Ɉɠɢɪɟɧɢɟ ɢ ɫɚɯɚɪɧɵɣ ɞɢɚɛɟɬ 2 ɬɢɩɚ (ɋȾ2) ........................................ 14 

1.2.5 ɋɟɪɞɟɱɧɨ-ɫɨɫɭɞɢɫɬɵɟ ɡɚɛɨɥɟɜɚɧɢɹ ...................................................... 15 

1.2.6 Ɋɟɜɦɚɬɨɢɞɧɵɣ ɚɪɬɪɢɬ ............................................................................ 15 

1.3 Ɇɢɤɪɨɛɢɨɦ, ɤɚɤ ɬɟɪɚɩɟɜɬɢɱɟɫɤɚɹ ɦɢɲɟɧɶ ................................................ 16 

1.3.1 Ɍɪɚɧɫɩɥɚɧɬɚɰɢɹ ɮɟɤɚɥɶɧɨɣ ɦɢɤɪɨɛɢɨɬɵ ............................................ 16 

1.4 Ƚɟɧɟɬɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ ɛɚɤɬɟɪɢɣ ................................................................. 17 

1.5 Ƚɟɧ 16S rRNA ............................................................................................... 18 

1.6 ɉɐɊ ................................................................................................................ 19 

1.7 ɉȾɊɎ ............................................................................................................. 21 

1.8 ɗɥɟɤɬɪɨɮɨɪɟɡ ɜ ɝɟɥɟ..................................................................................... 21 

1 Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ ...................................................................................... 23 

2.1  Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ .................................................................................. 23 

2.2 Ɇɟɬɨɞɢɤɚ ɜɵɞɟɥɟɧɢɹ ȾɇɄ .......................................................................... 23 

2.3 Ɇɟɬɨɞɢɤɚ ɩɪɨɜɟɞɟɧɢɹ ɉɐɊ ......................................................................... 25 

2.4 Ɇɟɬɨɞɢɤɚ ɨɱɢɫɬɤɢ ɚɦɩɥɢɤɨɧɨɜ .................................................................. 27 

2.5 Ɇɟɬɨɞɢɤɚ ɩɪɨɜɟɞɟɧɢɹ ɪɟɚɤɰɢɢ ɪɟɫɬɪɢɤɰɢɢ .............................................. 27 



5 

2.6 Ƚɟɥɶ ɷɥɟɤɬɪɨɮɨɪɟɡ ........................................................................................ 27 

3 Ɋɟɡɭɥɶɬɚɬɵ ........................................................................................................... 30 

3.1 ȼɵɞɟɥɟɧɢɟ ȾɇɄ ɢɡ ɨɛɪɚɡɰɨɜ ɛɚɤɬɟɪɢɣ ..................................................... 30 

3.2 ɉɨɥɭɱɟɧɢɟ ɚɦɩɥɢɤɨɧɨɜ ɝɟɧɚ 16S-ɪɊɇɄ..................................................... 31 

3.3 ɉɪɨɜɟɞɟɧɢɟ ɪɟɫɬɪɢɤɰɢɢ ɚɦɩɥɢɤɨɧɨɜ 500L – 1350R ................................ 33 

3.4 ɉɪɨɜɟɞɟɧɢɹ ɚɧɚɥɢɡɚ in silico ....................................................................... 34 

3.5 ɋɪɚɜɧɟɧɢɟ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ....................... 35 

Ɂɚɤɥɸɱɟɧɢɟ ............................................................................................................ 39 

ɋɉɂɋɈɄ ɋɈɄɊȺɓȿɇɂɃ ................................................................................... 40 

ɋɩɢɫɨɤ ɢɫɩɨɥɶɡɭɟɦɵɯ ɢɫɬɨɱɧɢɤɨɜ ...................................................................... 41 

 

  



6 

ȼɜɟɞɟɧɢɟ 

ȼɡɪɨɫɥɵɣ ɱɟɥɨɜɟɤ ɤɨɥɨɧɢɡɢɪɭɟɬɫɹ ɦɧɨɝɢɦɢ ɫɨɬɧɹɦɢ ɜɢɞɨɜ ɛɚɤɬɟɪɢɣ, ɚ 

ɨɛɳɚɹ ɦɢɤɪɨɛɧɚɹ ɛɢɨɦɚɫɫɚ ɭ ɫɪɟɞɧɟɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ ɜɡɪɨɫɥɨɝɨ ɱɟɥɨɜɟɤɚ 

ɫɨɫɬɚɜɥɹɟɬ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ  3–4 ɤɢɥɨɝɪɚɦɦɚ [1]. Ȼɚɤɬɟɪɢɢ ɢ ɞɪɭɝɢɟ 

ɦɢɤɪɨɨɪɝɚɧɢɡɦɵ ɜ ɨɪɝɚɧɢɡɦɟ ɫɨɫɬɚɜɥɹɸɬ ɦɢɤɪɨɛɢɨɬɭ ɱɟɥɨɜɟɤɚ. 

Ȼɨɥɶɲɢɧɫɬɜɨ ɧɚɯɨɞɢɬɫɹ ɜ ɠɟɥɭɞɨɱɧɨ-ɤɢɲɟɱɧɨɦ ɬɪɚɤɬɟ (ɀɄɌ), ɧɨ ɬɚɤɠɟ ɢ 

ɜɫɟ ɩɨɜɟɪɯɧɨɫɬɢ, ɤɨɧɬɚɤɬɢɪɭɸɳɢɟ ɫ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɨɣ, ɤɨɥɨɧɢɡɢɪɨɜɚɧɵ. 

ɋɢɦɛɢɨɬɢɱɟɫɤɢɟ ɛɚɤɬɟɪɢɢ ɜ ɧɚɲɟɦ ɨɪɝɚɧɢɡɦɟ ɨɛɥɟɝɱɚɸɬ ɩɟɪɟɜɚɪɢɜɚɧɢɟ 

ɩɢɳɢ, ɞɟɥɚɸɬ ɩɢɬɚɬɟɥɶɧɵɟ ɜɟɳɟɫɬɜɚ ɛɨɥɟɟ ɛɢɨɞɨɫɬɭɩɧɵɦɢ, ɧɟɣɬɪɚɥɢɡɭɸɬ 

ɬɨɤɫɢɧɵ [2, 3, 4]. Ʉɪɨɦɟ ɬɨɝɨ, ɦɢɤɪɨɛɢɨɬɚ ɢɝɪɚɟɬ ɜɚɠɧɭɸ ɪɨɥɶ ɜ ɡɚɳɢɬɟ ɨɬ 

ɢɧɮɟɤɰɢɣ, ɡɚɳɢɳɚɹ ɤɨɥɨɧɢɡɢɪɨɜɚɧɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ ɨɬ ɜɬɨɪɠɟɧɢɹ ɩɚɬɨɝɟɧɨɜ.  

ȼ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɧɚɛɥɸɞɚɟɬɫɹ ɪɨɫɬ ɢɫɫɥɟɞɨɜɚɧɢɣ ɦɢɤɪɨɛɨɜ ɜ ɨɪɝɚɧɢɡɦɟ ɢ 

ɢɯ ɝɟɧɨɦɨɜ (ȾɇɄ). ɋɬɚɧɨɜɢɬɫɹ ɜɫɟ ɛɨɥɟɟ ɨɱɟɜɢɞɧɵɦ, ɱɬɨ ɦɢɤɪɨɛɵ ɜɚɠɧɵ ɞɥɹ 

ɡɞɨɪɨɜɶɹ ɱɟɥɨɜɟɤɚ, ɧɨ ɬɚɤɠɟ ɨɧɢ ɦɨɝɭɬ ɹɜɥɹɬɶɫɹ ɜɨɡɛɭɞɢɬɟɥɹɦɢ ɛɨɥɟɡɧɟɣ. 

ȼɨɫɩɚɥɢɬɟɥɶɧɵɟ ɡɚɛɨɥɟɜɚɧɢɹ ɤɢɲɟɱɧɢɤɚ, ɹɡɜɵ ɠɟɥɭɞɤɚ, ɪɚɤ ɬɨɥɫɬɨɣ ɤɢɲɤɢ ɢ 

ɨɠɢɪɟɧɢɟ ɹɜɥɹɸɬɫɹ ɩɪɢɦɟɪɚɦɢ ɡɚɛɨɥɟɜɚɧɢɣ, ɜ ɤɨɬɨɪɵɯ ɦɢɤɪɨɛɢɨɬɚ ɢɝɪɚɟɬ 

ɜɚɠɧɭɸ ɪɨɥɶ [4, 5]. ɋ ɧɚɤɨɩɥɟɧɢɟɦ ɡɧɚɧɢɣ ɨ ɜɥɢɹɧɢɢ ɛɚɤɬɟɪɢɣ ɧɚ ɡɞɨɪɨɜɶɟ 

ɱɟɥɨɜɟɤɚ, ɩɨɹɜɥɹɸɬɫɹ ɧɨɜɵɟ ɦɟɬɨɞɵ, ɤɨɬɨɪɵɟ ɨɫɧɨɜɚɧɵ ɧɚ ɩɪɢɦɟɧɟɧɢɢ 

ɩɪɨɛɢɨɬɢɤɨɜ ɜ ɬɟɪɚɩɢɢ.  

 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɪɚɛɨɬɵ 

ɉɪɢ ɭɱёɬɟ ɜɥɢɹɧɢɹ ɛɚɤɬɟɪɢɣ ɜ ɬɟɪɚɩɢɢ, ɜɚɠɧɚ ɢɯ ɬɨɱɧɚɹ 

ɢɞɟɧɬɢɮɢɤɚɰɢɹ. ȼɦɟɫɬɟ ɫ ɬɪɚɞɢɰɢɨɧɧɵɦɢ ɦɟɬɨɞɚɦɢ ɢɞɟɧɬɢɮɢɤɚɰɢɢ 

ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɭɥɶɬɭɪɚɥɶɧɵɯ ɢ ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɯɢɦɢɱɟɫɤɢɯ ɢ ɛɢɨɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ [6], ɜ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ 

ɜɫɟ ɛɨɥɟɟ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɧɚɯɨɞɹɬ ɦɟɬɨɞɵ ɨɩɪɟɞɟɥɟɧɢɹ 

ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɫɪɚɜɧɟɧɢɢ ɧɭɤɥɟɨɬɢɞɧɵɯ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɝɟɧɨɜ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ [7] ɢ ɚɧɚɥɢɡɟ ɩɨɥɢɦɨɪɮɢɡɦɚ 

ɮɪɚɝɦɟɧɬɨɜ ȾɇɄ, ɤɨɬɨɪɵɟ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɚɦɩɥɢɮɢɤɚɰɢɟɣ ɨɬɞɟɥɶɧɵɯ ɝɟɧɨɜ 

ɛɚɤɬɟɪɢɣ [8].  
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  Цɟɥɶ  

ɂɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɨɛɪɚɡɰɵ ɩɨɱɜɟɧɧɵɯ ɛɚɤɬɟɪɢɣ ɩɪɢ ɩɨɦɨɳɢ ɦɟɬɨɞɚ, 

ɨɫɧɨɜɚɧɧɨɝɨ ɧɚ ɝɟɧɟɬɢɱɟɫɤɢɯ ɨɫɨɛɟɧɧɨɫɬɹɯ ɷɬɢɯ ɛɚɤɬɟɪɢɣ. 

Ɂɚɞɚɱɢ  

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɡɚɞɚɧɧɨɣ ɰɟɥɢ ɛɵɥɢ ɩɨɫɬɚɜɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

1. ȼɵɞɟɥɢɬɶ ȾɇɄ ɢɡ ɨɩɵɬɧɵɯ ɨɛɪɚɡɰɨɜ ɛɚɤɬɟɪɢɣ ɢ ɨɩɪɟɞɟɥɢɬɶ 

ɤɨɧɰɟɧɬɪɚɰɢɸ ɢ ɱɢɫɬɨɬɭ ɩɨɥɭɱɟɧɧɵɯ ɩɪɟɩɚɪɚɬɨɜ ȾɇɄ. 

2. ɋ ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ ɉɐɊ ɩɨɥɭɱɢɬɶ ɚɦɩɥɢɤɨɧɵ ɝɟɧɚ 16SɪɊɇɄ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜɵɞɟɥɟɧɧɵɯ ɨɛɪɚɡɰɨɜ ȾɇɄ. 

3. ɉɪɨɜɟɫɬɢ ɪɟɚɤɰɢɸ ɪɟɫɬɪɢɤɰɢɢ ɩɨɥɭɱɟɧɧɵɯ ɚɦɩɥɢɤɨɧɨɜ. 

4. ɉɪɨɜɟɫɬɢ ɷɥɟɤɬɪɨɮɨɪɟɡ ɪɟɫɬɪɢɤɬɨɜ ɢ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ 

ɷɥɟɤɬɪɨɮɨɪɟɝɪɚɦɦɵ.  

5. ɋɪɚɜɧɢɬɶ ɩɪɚɤɬɢɱɟɫɤɢɟ ɷɥɟɤɬɪɨɮɨɪɟɨɝɪɚɦɦɵ ɫ ɬɟɨɪɟɬɢɱɟɫɤɢɦɢ ɢɡ 

ɧɚɲɟɣ ɛɚɡɵ ɞɚɧɧɵɯ. 

6. ɋɞɟɥɚɬɶ ɜɵɜɨɞɵ ɨ ɜɢɞɨɜɨɣ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɛɚɤɬɟɪɢɣ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɐɟɧɬɪɟ ɤɨɥɥɟɤɬɢɜɧɨɝɨ ɩɨɥɶɡɨɜɚɧɢɹ ɂɧɫɬɢɬɭɬɚ 

Ɏɭɧɞɚɦɟɧɬɚɥɶɧɨɣ Ȼɢɨɥɨɝɢɢ ɢ Ȼɢɨɬɟɯɧɨɥɨɝɢɢ ɋɎɍ. 

  



8 

1 Ɉɛɡɨɪ ɥɢɬɟɪɚɬɭɪɵ 

1.1 Ȼɚɤɬɟɪɢɢ ɜ ɨɪɝɚɧɢɡɦɟ ɱɟɥɨɜɟɤɚ 

Ȼɚɤɬɟɪɢɢ ɢ ɞɪɭɝɢɟ ɦɢɤɪɨɨɪɝɚɧɢɡɦɵ ɨɛɢɬɚɸɬ ɧɚ ɤɨɠɟ ɢ ɜ ɫɥɢɡɢɫɬɵɯ 

ɨɛɨɥɨɱɤɚɯ ɪɚɡɥɢɱɧɵɯ ɨɪɝɚɧɚɯ ɱɟɥɨɜɟɤɚ. ɂɯ ɪɨɥɶ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɨɡɞɚɧɢɢ 

ɧɨɪɦɚɥɶɧɨɣ, ɮɢɡɢɨɥɨɝɢɱɟɫɤɢ ɡɞɨɪɨɜɨɣ ɦɢɤɪɨɮɥɨɪɵ, ɧɨ, ɤɨɝɞɚ ɢɯ 

ɱɢɫɥɟɧɧɨɫɬɶ ɫɬɚɧɨɜɢɬɫɹ ɧɟɧɨɪɦɚɥɶɧɨɣ, ɧɚɩɪɢɦɟɪ, ɢɡ-ɡɚ ɧɚɪɭɲɟɧɢɹ 

ɢɦɦɭɧɧɨɣ ɫɢɫɬɟɦɵ, ɢɥɢ ɟɫɥɢ ɦɢɤɪɨɨɪɝɚɧɢɡɦɵ ɩɨɩɚɞɚɸɬ ɢ ɡɚɫɟɥɹɸɬ ɬɟ 

ɭɱɚɫɬɤɢ ɬɟɥɚ, ɤɨɬɨɪɵɟ ɧɟ ɞɨɥɠɧɵ ɛɵɬɶ ɢɦɢ ɤɨɥɨɧɢɡɢɪɨɜɚɧɧɵɦɢ ɢɥɢ 

ɫɬɟɪɢɥɶɧɵɟ, ɬɨ ɷɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɚɬɨɥɨɝɢɱɟɫɤɢɦ ɫɨɫɬɨɹɧɢɹɦ ɨɪɝɚɧɢɡɦɚ, 

ɧɚɩɪɢɦɟɪ, ɤ ɫɟɩɫɢɫɭ [9]. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɦɢɤɪɨɛɢɨɦɚ ɱɟɥɨɜɟɤɚ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɜ ɱɟɥɨɜɟɱɟɫɤɨɦ 

ɨɪɝɚɧɢɡɦɟ ɨɛɢɬɚɸɬ ɬɵɫɹɱɢ ɜɢɞɨɜ ɛɚɤɬɟɪɢɣ ɫ ɨɩɪɟɞɟɥɟɧɧɵɦɢ ɨɫɨɛɟɧɧɨɫɬɹɦɢ 

ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɱɚɫɬɟɣ ɬɟɥɚ. Ɍɚɤɢɟ ɭɱɚɫɬɤɢ, ɤɚɤ ɪɨɞɨɜɵɟ ɩɭɬɢ ɢ ɤɨɠɧɵɟ 

ɩɨɤɪɨɜɵ ɨɛɥɚɞɚɸɬ ɦɟɧɶɲɢɦ ɜɢɞɨɜɵɦ ɪɚɡɧɨɨɛɪɚɡɢɟɦ, ɜ ɨɬɥɢɱɢɢ ɨɬ ɪɨɬɨɜɨɣ 

ɩɨɥɨɫɬɢ ɢ ɤɢɲɟɱɧɢɤɚ, ɝɞɟ ɫɭɳɟɫɬɜɭɟɬ ɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ 

ɛɚɤɬɟɪɢɣ [10]. 

1.1.1 Ʉɨɠɚ 

Ʉɨɠɧɵɟ ɩɨɤɪɨɜɵ ɫɥɭɠɚɬ ɛɚɪɶɟɪɨɦ ɞɥɹ ɩɨɩɚɞɚɧɢɹ ɜɧɭɬɪɶ ɬɟɥɚ ɩɚɬɨɝɟɧɧɵɯ 

ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɢ ɹɜɥɹɸɬɫɹ ɩɨɫɬɨɹɧɧɵɦ ɢɥɢ ɜɪɟɦɟɧɧɵɦ ɦɟɫɬɨɦ ɢɯ 

ɨɛɢɬɚɧɢɹ. Ɍɢɩɵ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ, ɩɨɫɬɨɹɧɧɨ ɠɢɜɭɳɢɯ ɧɚ ɤɨɠɟ ɪɚɡɥɢɱɚɸɬɫɹ 

ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɱɚɫɬɟɣ ɬɟɥɚ. Ȼɨɥɶɲɢɧɫɬɜɨ ɢɯ ɧɢɯ ɤɨɥɨɧɢɡɢɪɭɸɬɫɹ ɧɚ 

ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɤɥɟɬɤɚɯ ɤɨɠɢ ɢɥɢ ɜ ɠɟɥɟɡɚɯ ɜɧɟɲɧɟɣ ɫɟɤɪɟɰɢɢ [11]. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɛɨɥɶɲɢɧɫɬɜɨ ɛɚɤɬɟɪɢɣ ɩɪɢɧɚɞɥɟɠɢɬ ɤ ɱɟɬɵɪɟɦ 

ɬɢɩɚɦ: Actinobacteria, Firmicutes, Proteobacteria ɢ Bacteroidetes [12].   

 

1.1.2 ɋɥɢɡɢɫɬɚɹ ɨɛɨɥɨɱɤɚ ɝɥɚɡ 

Ɍɚɤ ɤɚɤ ɜ ɫɥɟɡɟ ɫɨɞɟɪɠɢɬɫɹ ɛɚɤɬɟɪɢɰɢɞ ɥɢɡɨɰɢɦ, ɬɨ ɦɢɤɪɨɛɚɦ ɬɪɭɞɧɨ 

ɤɨɥɨɧɢɡɢɪɨɜɚɬɶ ɫɥɢɡɢɫɬɭɸ ɝɥɚɡɚ, ɧɨ ɧɟɤɨɬɨɪɵɦ ɛɚɤɬɟɪɢɹɦ, ɬɚɤɢɦ ɤɚɤ 
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Staphylococcus, Streptococcus, Haemophilus ɢ Neisseria ɷɬɨ ɧɟɪɟɞɤɨ ɭɞɚɟɬɫɹ 

[12, 13]. 

 

1.1.3 ɀɄɌ 

Ɂɚɫɟɥɟɧɢɟ ɠɟɥɭɞɨɱɧɨ-ɤɢɲɟɱɧɨɝɨ ɬɪɚɤɬɚ ɩɪɨɢɫɯɨɞɢɬ ɫ ɪɨɠɞɟɧɢɟɦ ɢ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɨɝɨ, ɤɚɤɢɦ ɨɛɪɚɡɨɦ ɛɵɥ ɪɨɠɞɟɧ ɦɥɚɞɟɧɟɰ, ɟɫɬɟɫɬɜɟɧɧɵɦ 

ɩɭɬɟɦ ɢɥɢ ɤɟɫɚɪɟɜɵɦ ɫɟɱɟɧɢɟɦ, ɦɢɤɪɨɛɢɨɬɚ ɢɦɟɟɬ ɨɬɥɢɱɢɹ [14].  

Ɍɚɤ, ɩɪɢ ɪɨɠɞɟɧɢɢ ɧɟɟɫɬɟɫɬɜɟɧɧɵɦ ɩɭɬɟɦ, ɩɪɟɨɛɥɚɞɚɟɬ ɛɨɥɟɟ ɩɚɬɨɝɟɧɧɚɹ 

ɦɢɤɪɨɮɥɨɪɚ, ɬɚɤɚɹ ɤɚɤ Escherichia coli ɢ Staphylococcus. Ɍɚɤɠɟ ɩɨɹɜɥɟɧɢɟ 

ɪɟɛɟɧɤɚ ɩɪɢ ɩɨɦɨɳɢ ɤɟɫɚɪɟɜɚ ɭɜɟɥɢɱɢɜɚɟɬ ɜɪɟɦɹ ɪɚɡɜɢɬɢɹ ɩɨɥɟɡɧɨɣ 

ɦɢɤɪɨɮɥɨɪɵ. ɍ ɦɥɚɞɟɧɰɟɜ, ɤɨɬɨɪɵɟ ɩɨɹɜɢɥɢɫɶ ɧɚ ɫɜɟɬ ɟɫɬɟɫɬɜɟɧɧɵɦ, 

ɜɚɝɢɧɚɥɶɧɵɦ ɩɭɬɟɦ ɫɪɚɡɭ ɩɪɟɨɛɥɚɞɚɟɬ ɧɨɪɦɚɥɶɧɚɹ ɦɢɤɪɨɛɢɨɬɚ, ɤɨɬɨɪɚɹ ɩɨ 

ɜɢɞɨɜɨɦɭ ɫɨɫɬɚɜɭ ɩɨɯɨɠɚ ɧɚ ɦɚɬɟɪɢɧɫɤɭɸ [15]. 

Ɇɢɤɪɨɨɪɝɚɧɢɡɦɵ ɜ ɤɢɲɟɱɧɢɤɟ ɩɨɦɨɝɚɸɬ ɭɫɜɚɢɜɚɬɶ ɤɥɟɬɱɚɬɤɭ, ɧɟɤɨɬɨɪɵɟ 

ɠɢɪɧɵɟ ɤɢɫɥɨɬɵ, ɭɱɚɫɬɜɭɸɬ ɜ ɫɢɧɬɟɡɟ ɜɢɬɚɦɢɧɨɜ ɝɪɭɩɩɵ ȼ, ɜɢɬɚɦɢɧɚ Ʉ, 

ɦɟɬɚɛɨɥɢɡɦɟ ɠёɥɱɧɵɯ ɤɢɫɥɨɬ, ɫɬɟɪɢɧɨɜ ɢ ɤɫɟɧɨɛɢɨɬɢɤɨɜ [11, 16]. ȼ 

ɪɟɡɭɥɶɬɚɬɟ ɫɜɨɟɣ ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ ɛɚɤɬɟɪɢɢ-ɩɪɨɛɢɨɬɢɤɢ ɩɪɨɢɡɜɨɞɹɬ 

ɝɨɪɦɨɧɨɩɨɞɨɛɧɵɟ ɜɟɳɟɫɬɜɚ, ɢ ɦɨɠɧɨ ɝɨɜɨɪɢɬɶ ɨ ɬɨɦ, ɱɬɨ ɦɢɤɪɨɛɢɨɬɚ 

ɨɛɥɚɞɚɟɬ ɷɧɞɨɤɪɢɧɧɨɩɨɞɨɛɧɨɣ ɮɭɧɤɰɢɟɣ [16]. Ⱦɚɧɧɵɟ ɨ ɧɚɪɭɲɟɧɢɹɯ 

ɦɢɤɪɨɮɥɨɪɵ ɤɢɲɟɱɧɢɤɚ ɤɨɪɪɟɥɢɪɭɟɬ ɫɨ ɦɧɨɝɢɦɢ ɜɨɫɩɚɥɢɬɟɥɶɧɵɦɢ ɢ 

ɚɭɬɨɢɦɦɭɧɧɵɦɢ ɡɚɛɨɥɟɜɚɧɢɹɦɢ [17, 18].  

 

1.1.4 ȼɥɚɝɚɥɢɳɟ 

Ɇɢɤɪɨɛɢɨɬɚ ɜɥɚɝɚɥɢɳɚ ɢɝɪɚɟɬ ɡɧɚɱɢɦɭɸ ɪɨɥɶ ɜ ɡɚɳɢɬɟ ɨɬ 

ɢɧɮɟɤɰɢɨɧɧɵɯ ɡɚɛɨɥɟɜɚɧɢɣ ɢ ɩɨɞɞɟɪɠɚɧɢɢ ɡɞɨɪɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ ɪɨɞɨɜɵɯ 

ɩɭɬɟɣ [19]. ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɟ ɜɢɞɵ, ɤɨɬɨɪɵɟ ɩɪɢɫɭɬɫɬɜɭɸɬ ɜɨ 

ɜɥɚɝɚɥɢɳɟ ɜ ɩɟɪɢɨɞ ɩɪɟɦɟɧɨɩɚɭɡɵ - ɷɬɨ Lactobacillus. Ɉɧɢ ɫɞɟɪɠɢɜɚɸɬ 

ɪɨɫɬ ɩɚɬɨɝɟɧɧɨɣ ɦɢɤɪɨɮɥɨɪɵ, ɜɵɞɟɥɹɹ ɩɟɪɨɤɫɢɞ ɜɨɞɨɪɨɞɚ ɢ ɦɨɥɨɱɧɭɸ 

ɤɢɫɥɨɬɭ [19, 20, 21].  
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1.1.5 Ɋɨɬɨɜɚɹ ɩɨɥɨɫɬɶ 
ȼ ɪɨɬɨɜɨɣ ɩɨɥɨɫɬɢ ɛɥɚɝɨɩɪɢɹɬɧɵɟ ɭɫɥɨɜɢɹ ɞɥɹ ɪɨɫɬɚ ɢ ɪɚɡɜɢɬɢɹ 

ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ: ɜɥɚɠɧɨɫɬɶ, ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɢɬɚɬɟɥɶɧɵɯ ɜɟɳɟɫɬɜ 

ɢ ɩɨɞɯɨɞɹɳɚɹ ɬɟɦɩɟɪɚɬɭɪɚ [11]. ȼɢɞɨɜɨɣ ɫɨɫɬɚɜ ɪɨɬɨɜɨɣ ɩɨɥɨɫɬɢ 

ɞɨɫɬɚɬɨɱɧɨ ɜɟɥɢɤ ɢ ɪɚɡɧɨɨɛɪɚɡɟɧ, ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɟ ɪɨɞɵ 

ɧɨɪɦɚɥɶɧɨɣ ɦɢɤɪɨɮɥɨɪɵ ɪɬɚ ɜɤɥɸɱɚɸɬ: Actinomyces, Arachnia, 

Bacteroides, Bifidobacterium, Eubacterium, Fusobacterium, Lactobacillus, 

Leptotrichia, Peptococcus, Peptostreptococcus, Propionibacterium, 

Selenomonas, Veillella, Trepone [22]. ɋɥɸɧɚ ɜɵɩɨɥɧɹɟɬ ɪɟɝɭɥɢɪɭɸɳɭɸ 

ɮɭɧɤɰɢɸ ɜ ɩɨɞɞɟɪɠɚɧɢɢ ɧɨɪɦɚɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɜ 

ɪɨɬɨɜɨɣ ɩɨɥɨɫɬɢ, ɩɨɫɬɚɜɥɹɹ ɩɢɬɚɬɟɥɶɧɵɟ ɜɟɳɟɫɬɜɚ, ɜɥɚɝɭ, ɚ ɬɚɤɠɟ 

ɜɵɦɵɜɚɟɬ ɥɢɲɧɸɸ ɛɢɨɩɥɟɧɤɭ [23, 24].  

 

1.1.6 Ʌɟɝɤɢɟ 

ȼɟɪɯɧɢɟ ɢ ɧɢɠɧɢɟ ɞɵɯɚɬɟɥɶɧɵɟ ɩɭɬɢ ɢɦɟɸɬ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɪɟɞɫɬɜɚ 

ɞɥɹ ɭɞɚɥɟɧɢɹ ɛɚɤɬɟɪɢɣ. ȼɵɞɟɥɟɧɢɹ, ɩɪɨɢɡɜɨɞɢɦɵɟ ɛɨɤɚɥɨɜɢɞɧɵɦɢ 

ɤɥɟɬɤɚɦɢ, ɡɚɯɜɚɬɵɜɚɸɬ ɦɢɤɪɨɨɪɝɚɧɢɡɦɵ ɢ ɱɟɪɟɡ ɧɟɩɪɟɪɵɜɧɨ ɞɜɢɠɭɳɢɟɫɹ 

ɤɥɟɬɤɢ ɪɟɫɧɢɱɧɨɝɨ ɷɩɢɬɟɥɢɹ ɨɧɢ ɭɞɚɥɹɸɬɫɹ. Ɍɚɤɠɟ ɜ ɫɥɢɡɢ ɫɨɞɟɪɠɢɬɫɹ 

ɥɢɡɨɰɢɦ, ɤɨɬɨɪɵɣ ɬɚɤɠɟ ɪɟɝɭɥɢɪɭɟɬ ɤɨɥɢɱɟɫɬɜɨ ɦɢɤɪɨɛɨɜ ɜ ɞɵɯɚɬɟɥɶɧɵɯ 

ɩɭɬɹɯ [11]. Ʌɟɝɨɱɧɚɹ ɦɢɤɪɨɛɢɨɬɚ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ: Prevotella, 

Sphingomonas, Pseudomonas, Acinetobacter, Fusobacterium, Megasphaera, 

Veillonella, Staphylococcus, ɢ Streptococcus. ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ,ɱɬɨ ɧɟɤɨɬɨɪɵɟ 

ɢɡ ɜɢɞɨɜ, ɤɨɬɨɪɵɟ ɩɪɢɫɭɬɫɬɜɭɸɬ ɜ ɧɨɪɦɚɥɶɧɨɣ ɦɢɤɪɨɛɢɨɬɟ ɞɵɯɚɬɟɥɶɧɵɯ 

ɩɭɬɟɣ, ɜ ɫɥɭɱɚɟ ɨɫɥɚɛɥɟɧɢɹ ɢɦɦɭɧɢɬɟɬɚ, ɦɨɝɭɬ ɜɵɡɜɚɬɶ ɡɚɛɨɥɟɜɚɧɢɹ. 

ɉɨɬɟɧɰɢɚɥɶɧɨ ɨɩɚɫɧɵɦɢ ɜɢɞɚɦɢ ɹɜɥɹɸɬɫɹ: Streptococcus pyogenes, 

Haemophilus influenzae, Streptococcus pneumoniae, Neisseria meningitidis, ɢ 

Staphylococcus aureus, Klebsiella pneumoniae [25]. 

 



11 

1.2 Ɂɚɛɨɥɟɜɚɧɢɹ, ɫɜɹɡɚɧɧɵɟ ɫ ɧɚɪɭɲɟɧɢɟɦ ɦɢɤɪɨɛɢɨɦɚ 

Ɇɢɤɪɨɛɢɨɦ ɢ ɢɦɦɭɧɧɚɹ ɫɢɫɬɟɦɚ ɩɨɫɬɨɹɧɧɨ ɮɨɪɦɢɪɭɸɬ ɞɪɭɝ ɞɪɭɝɚ, 

ɨɩɪɟɞɟɥɹɹ ɧɟɭɫɬɨɣɱɢɜɨɟ ɪɚɜɧɨɜɟɫɢɟ ɡɞɨɪɨɜɨɝɨ ɱɟɥɨɜɟɤɚ. Ɇɢɤɪɨɛɢɨɦ ɜɫɟ 

ɱɚɳɟ ɭɱɚɫɬɜɭɟɬ ɜ ɞɢɫɢɦɦɭɧɧɵɯ ɡɚɛɨɥɟɜɚɧɢɹɯ, ɬɚɤɢɯ ɤɚɤ ɚɥɥɟɪɝɢɹ, ɚɫɬɦɚ, 

ɚɭɬɨɢɦɦɭɧɧɵɯ ɡɚɛɨɥɟɜɚɧɢɹɯ, ɚ ɬɚɤɠɟ ɩɟɪɜɢɱɧɵɣ ɢɥɢ ɩɪɢɨɛɪɟɬɟɧɧɵɣ 

ɢɦɦɭɧɨɞɟɮɢɰɢɬ. ɇɵɧɟɲɧɢɟ ɷɩɢɞɟɦɢɢ ɚɥɥɟɪɝɢɱɟɫɤɢɯ ɡɚɛɨɥɟɜɚɧɢɣ ɢ ɚɫɬɦɵ 

ɭɠɟ ɞɚɜɧɨ ɫɜɹɡɚɧɵ ɫ ɦɢɤɪɨɛɧɨɣ ɫɪɟɞɨɣ ɱɟɪɟɡ ɝɢɝɢɟɧɢɱɟɫɤɭɸ ɝɢɩɨɬɟɡɭ. 

ɉɪɨɝɪɟɫɫ ɜ ɩɨɧɢɦɚɧɢɢ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɦɢɤɪɨɛɢɨɦɧɨ-ɢɦɦɭɧɧɨɣ ɫɢɫɬɟɦɵ 

ɨɛɴɹɫɧɢɥ ɬɟɫɧɭɸ ɫɜɹɡɶ ɦɟɠɞɭ ɦɢɤɪɨɛɧɵɦɢ ɫɨɨɛɳɟɫɬɜɚɦɢ ɢ ɪɚɡɜɢɬɢɟɦ 

ɚɥɥɟɪɝɢɱɟɫɤɢɯ ɡɚɛɨɥɟɜɚɧɢɣ ɢ ɚɫɬɦɵ. ɇɚɪɭɲɟɧɢɟ ɦɢɤɪɨɛɢɨɦɚ ɜɥɢɹɟɬ ɧɚ 

ɢɦɦɭɧɧɵɣ ɨɬɜɟɬ ɯɨɡɹɢɧɚ ɢ ɨɬɤɪɵɜɚɟɬ ɩɭɬɶ ɤ ɩɚɬɨɝɟɧɟɡɭ ɡɚɛɨɥɟɜɚɧɢɹ. ɂ 

ɧɚɨɛɨɪɨɬ, ɛɨɥɟɡɧɢ ɢ ɬɟɪɚɩɟɜɬɢɱɟɫɤɢɟ ɜɦɟɲɚɬɟɥɶɫɬɜɚ ɜɥɢɹɸɬ ɧɚ ɦɢɤɪɨɛɧɵɟ 

ɫɨɨɛɳɟɫɬɜɚ [26]. 

ȼ ɱɚɫɬɧɨɫɬɢ, ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɦɢɤɨɛɢɨɬɚ ɤɢɲɟɱɧɢɤɚ ɦɨɞɭɥɢɪɭɟɬ 

ɜɪɨɠɞɟɧɧɭɸ ɢɦɦɭɧɧɭɸ ɫɢɫɬɟɦɭ ɱɟɥɨɜɟɤɚ ɱɟɪɟɡ ɪɟɰɟɩɬɨɪ Dectin-1 [27]. 

Ⱦɢɫɛɢɨɡ ɤɢɲɟɱɧɢɤɚ ɫɜɹɡɚɧ ɫ ɜɨɫɩɚɥɟɧɢɟɦ ɤɢɲɟɱɧɢɤɚ; ɨɫɨɛɟɧɧɨ ɨɛɨɫɬɪɟɧɢɟ 

ɤɨɥɢɬɚ, ɫɜɹɡɚɧɧɨɟ ɫ ɢɡɦɟɧɟɧɢɟɦ ɜɢɞɨɜɨɝɨ ɫɨɫɬɚɜɚ ɫɨɨɛɳɟɫɬɜ ɤɢɲɟɱɧɢɤɚ, 

ɩɪɨɢɫɯɨɞɢɥɨ ɭ ɦɵɲɟɣ, ɩɨɥɭɱɚɜɲɢɯ ɚɧɬɢɛɚɤɬɟɪɢɚɥɶɧɵɟ  ɩɪɟɩɚɪɚɬɵ [28].  

ɋɞɜɢɝɢ ɜ ɫɨɫɬɚɜɟ ɛɚɤɬɟɪɢɚɥɶɧɨɝɨ ɦɢɤɪɨɛɢɨɦɚ ɧɚɛɥɸɞɚɥɢɫɶ ɩɪɢ 

ɪɚɡɥɢɱɧɵɯ ɯɪɨɧɢɱɟɫɤɢɯ ɡɚɛɨɥɟɜɚɧɢɹɯ, ɜ ɬɨɦ ɱɢɫɥɟ ɩɪɢ ɜɨɫɩɚɥɢɬɟɥɶɧɵɯ 

ɡɚɛɨɥɟɜɚɧɢɹɯ ɤɢɲɟɱɧɢɤɚ [29, 30, 31] ɢɥɢ ɩɪɢ ɞɵɯɚɬɟɥɶɧɵɯ ɦɭɤɨɜɢɫɰɢɞɨɡɚɯ 

ɛɨɥɶɧɵɯ [32]. 

Ɂɚ ɩɨɫɥɟɞɧɢɟ ɩɨɥɜɟɤɚ ɚɥɥɟɪɝɢɱɟɫɤɢɟ ɡɚɛɨɥɟɜɚɧɢɹ ɩɟɪɟɪɨɫɥɢ ɜ ɷɩɢɞɟɦɢɢ 

[33]. Ɍɚɤɚɹ ɛɵɫɬɪɚɹ ɷɜɨɥɸɰɢɹ ɧɟ ɫɜɹɡɚɧɚ ɫ ɝɟɧɟɬɢɤɨɣ. ɂɡɦɟɧɟɧɢɹ 

ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɢ ɨɛɪɚɡɚ ɠɢɡɧɢ ɜɫɤɨɪɟ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɜ ɤɚɱɟɫɬɜɟ 

ɤɥɸɱɟɜɵɯ ɮɚɤɬɨɪɨɜ [34] ɱɟɪɟɡ ɢɡɦɟɧɟɧɢɹ ɦɢɤɪɨɛɢɨɦɚ ɱɟɥɨɜɟɤɚ ɢ ɫɜɹɡɚɧɧɵɯ 

ɫ ɧɢɦ ɢɦɦɭɧɧɵɯ ɪɟɚɤɰɢɣ [35, 36]. ɉɨɬɟɪɹ ɛɢɨɪɚɡɧɨɨɛɪɚɡɢɹ ɢ ɢɡɦɟɧɟɧɢɟ 

ɤɥɢɦɚɬɚ ɭɫɢɥɢɜɚɸɬ ɧɚɪɭɲɟɧɢɹ ɦɢɤɪɨɛɢɨɦɚ, ɨɛɭɫɥɨɜɥɟɧɧɵɟ ɨɤɪɭɠɚɸɳɟɣ 

ɫɪɟɞɨɣ. Ʉɪɨɦɟ ɬɨɝɨ, ɜɧɟɲɧɢɟ ɮɚɤɬɨɪɵ ɫɪɟɞɵ, ɬɚɤɢɟ ɤɚɤ ɡɚɝɪɹɡɧɢɬɟɥɢ 

ɜɨɡɞɭɯɚ, ɜɨɡɞɟɣɫɬɜɢɟ ɬɚɛɚɤɚ, ɛɢɨɡɚɝɪɹɡɧɢɬɟɥɢ ɢ ɞɚɠɟ ɞɢɟɬɚ, ɨɤɚɡɵɜɚɸɬ 
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ɷɩɢɝɟɧɟɬɢɱɟɫɤɨɟ ɜɨɡɞɟɣɫɬɜɢɟ, ɤɨɬɨɪɨɟ ɛɵɥɨ ɫɜɹɡɚɧɨ ɫ ɜɨɡɧɢɤɧɨɜɟɧɢɟɦ 

ɚɥɥɟɪɝɢɱɟɫɤɢɯ ɡɚɛɨɥɟɜɚɧɢɣ ɭ ɩɨɬɨɦɫɬɜɚ [37].  

 

1.2.1 ȼɨɫɩɚɥɢɬɟɥɶɧɨɟ ɡɚɛɨɥɟɜɚɧɢɟ ɤɢɲɟɱɧɢɤɚ (ȼɁɄ) 

ɇɚɪɭɲɟɧɢɹ ɫɨɫɬɚɜɚ ɢ ɮɭɧɤɰɢɢ ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɢ ɝɪɢɛɤɨɜɨɣ ɦɢɤɪɨɛɢɨɬɵ 

ɤɢɲɟɱɧɢɤɚ ɫɜɹɡɚɧɵ ɫ ɪɚɡɥɢɱɧɵɦɢ ɮɨɪɦɚɦɢ ȼɁɄ, ɜɤɥɸɱɚɹ ɛɨɥɟɡɧɶ Ʉɪɨɧɚ 

(ȻɄ) ɢ ɹɡɜɟɧɧɵɣ ɤɨɥɢɬ [38, 39, 40, 41, 42]. Ɉɛɚ ɜɚɪɢɚɧɬɚ ɞɟɦɨɧɫɬɪɢɪɭɸɬ 

ɩɨɬɟɪɸ ɪɚɡɧɨɨɛɪɚɡɢɹ ɤɢɲɟɱɧɵɯ ɛɚɤɬɟɪɢɣ [41, 43] ɢ ɪɨɫɬ ɫɩɟɰɢɮɢɱɟɫɤɢɯ 

ɛɚɤɬɟɪɢɚɥɶɧɵɯ ɬɢɩɨɜ, ɬɚɤɢɯ ɤɚɤ Enterobacteriaceae [43]. Ɋɚɫɩɪɨɫɬɪɚɧɟɧɢɟ 

ɷɧɬɟɪɨɛɚɤɬɟɪɢɣ ɛɵɥɨ ɫɜɹɡɚɧɨ ɫ ɩɟɪɜɢɱɧɨ ɜɨɡɧɢɤɲɟɣ ȻɄ, ɚ ɰɟɥɟɧɚɩɪɚɜɥɟɧɧɨɟ 

ɢɫɬɨɳɟɧɢɟ ɷɬɨɝɨ ɫɟɦɟɣɫɬɜɚ ɛɚɤɬɟɪɢɣ ɭɫɢɥɢɜɚɟɬ ɜɨɫɩɚɥɟɧɢɟ ɤɢɲɟɱɧɢɤɚ ɭ 

ɦɵɲɟɣ [44]. Ʉɪɨɦɟ ɬɨɝɨ, ɩɨɬɟɪɹ ɧɟɤɨɬɨɪɵɯ ɫɢɦɛɢɨɬɢɱɟɫɤɢɯ ɬɚɤɫɨɧɨɜ, ɬɚɤɢɯ 

ɤɚɤ Faecalibacterium prausnitzii, ɛɵɥɚ ɫɜɹɡɚɧɚ ɫ ɪɟɰɢɞɢɜɨɦ ȻɄ, ɢ ɞɨɛɚɜɥɟɧɢɟ 

ɦɵɲɚɦ ɷɬɨɝɨ ɨɪɝɚɧɢɡɦɚ ɭɦɟɧɶɲɚɥɨ ɜɨɫɩɚɥɟɧɢɟ ɜ ɦɨɞɟɥɢ ɯɢɦɢɱɟɫɤɢ 

ɢɧɞɭɰɢɪɨɜɚɧɧɨɝɨ ɤɨɥɢɬɚ [38], ɱɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɩɪɨɬɢɜɨɜɨɫɩɚɥɢɬɟɥɶɧɭɸ 

ɮɭɧɤɰɢɸ ɞɥɹ ɷɬɨɝɨ ɤɢɲɟɱɧɨɝɨ ɫɢɦɛɢɨɧɬɚ, ɫɜɹɡɚɧɧɨɝɨ ɫɨ ɫɥɢɡɢɫɬɨɣ 

ɨɛɨɥɨɱɤɨɣ. ɋɨɜɫɟɦ ɧɟɞɚɜɧɨ ɛɢɨɚɤɬɢɜɧɚɹ ɦɢɤɪɨɛɧɚɹ ɩɪɨɬɢɜɨɜɨɫɩɚɥɢɬɟɥɶɧɚɹ 

ɦɨɥɟɤɭɥɚ ɛɵɥɚ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɚ ɜ ɫɭɩɟɪɧɚɬɚɧɬɟ ɤɭɥɶɬɢɜɢɪɭɟɦɵɯ F. 

Prausnitzii [45] ɢ ɫɱɢɬɚɟɬɫɹ, ɱɬɨ ɨɧ ɨɬɜɟɱɚɟɬ, ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ ɱɚɫɬɢɱɧɨ, ɡɚ 

ɭɦɟɧɶɲɟɧɢɟ ɜɨɫɩɚɥɟɧɢɹ ɤɢɲɟɱɧɢɤɚ. Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɞɨɛɚɜɥɟɧɢɟ ɦɵɲɟɣ 

Lactococcus lactis, ɷɤɫɩɪɟɫɫɢɪɭɸɳɢɯ ɦɢɤɪɨɛɧɭɸ ɩɪɨɬɢɜɨɜɨɫɩɚɥɢɬɟɥɶɧɭɸ 

ɦɨɥɟɤɭɥɭ F. prausnitzii, ɭɦɟɧɶɲɚɥɨ ɜɨɫɩɚɥɟɧɢɟ ɤɢɲɟɱɧɢɤɚ [45, 46].  

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɞɢɫɛɢɨɡ, ɫɜɹɡɚɧɧɵɣ ɫ ɩɨɬɟɪɟɣ ɤɢɲɟɱɧɵɯ ɛɚɤɬɟɪɢɣ, 

ɫɩɨɫɨɛɧɵɯ ɩɨɞɚɜɥɹɬɶ ɤɢɲɟɱɧɨɟ ɜɨɫɩɚɥɟɧɢɟ, ɬɚɤɠɟ ɩɪɟɞɩɨɥɚɝɚɟɬ, ɱɬɨ 

ɦɚɧɢɩɭɥɹɰɢɢ ɫ ɦɢɤɪɨɛɢɨɦɨɦ, ɨɫɨɛɟɧɧɨ ɞɨɛɚɜɥɟɧɢɟ ɲɬɚɦɦɨɜ, 

ɜɨɫɫɬɚɧɚɜɥɢɜɚɸɳɢɯ ɢɫɬɨɳɟɧɧɵɟ ɦɢɤɪɨɛɧɵɟ ɮɭɧɤɰɢɢ ɭ ɛɨɥɶɧɵɯ ɩɚɰɢɟɧɬɨɜ, 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɜɟɪɨɹɬɧɵɣ ɩɭɬɶ ɬɟɪɚɩɟɜɬɢɱɟɫɤɨɝɨ ɜɦɟɲɚɬɟɥɶɫɬɜɚ. 
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1.2.2 ɋɬɨɣɤɢɣ ɤɨɥɢɬ, ɜɵɡɜɚɧɧɵɣ ɚɧɬɢɛɢɨɬɢɤɚɦɢ 

ȼɵɡɜɚɧɧɵɟ ɚɧɬɢɛɢɨɬɢɤɚɦɢ ɢɡɦɟɧɟɧɢɹ ɜ ɦɢɤɪɨɛɢɨɦɟ ɤɢɲɟɱɧɢɤɚ ɢ 

ɫɜɹɡɚɧɧɨɦ ɫ ɧɢɦ ɦɟɬɚɛɨɥɨɦɟ ɫɧɢɠɚɸɬ ɭɫɬɨɣɱɢɜɨɫɬɶ ɤ ɤɨɥɨɧɢɡɚɰɢɢ ɩɪɨɬɢɜ 

ɫɩɨɪɨɨɛɪɚɡɭɸɳɟɝɨ, ɩɪɨɞɭɰɢɪɭɸɳɟɝɨ ɬɨɤɫɢɧɵ ɩɚɬɨɝɟɧɚ Clostridium difficile 

[47], ɜɨɡɛɭɞɢɬɟɥɹ ɚɧɬɢɛɢɨɬɢɤɨ-ɚɫɫɨɰɢɢɪɨɜɚɧɧɨɝɨ ɤɨɥɢɬɚ. ɋɱɢɬɚɟɬɫɹ, ɱɬɨ 

ɩɪɨɪɚɫɬɚɧɢɸ ɢ ɪɚɡɪɚɫɬɚɧɢɸ ɷɬɨɝɨ ɩɚɬɨɝɟɧɚ ɫɩɨɫɨɛɫɬɜɭɟɬ ɭɦɟɧɶɲɟɧɢɟ 

ɜɬɨɪɢɱɧɵɯ ɦɟɬɚɛɨɥɢɬɨɜ ɠɟɥɱɧɵɯ ɤɢɫɥɨɬ, ɩɪɨɢɫɯɨɞɹɳɢɯ ɢɡ ɦɢɤɪɨɛɢɨɬɵ, 

ɤɨɬɨɪɵɟ ɢɧɝɢɛɢɪɭɸɬ ɩɪɨɪɚɫɬɚɧɢɟ ɫɩɨɪ [48]. ɂɫɩɨɥɶɡɭɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ 

ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɧɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɦɢɤɪɨɛɢɨɬɵ ɝɨɫɩɢɬɚɥɢɡɢɪɨɜɚɧɧɵɯ 

ɩɚɰɢɟɧɬɨɜ, ɧɟɞɚɜɧɟɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɥɨ Clostridium scindens 

ɤɚɤ ɜɢɞ ɤɢɲɟɱɧɵɯ ɛɚɤɬɟɪɢɣ, ɤɨɬɨɪɵɟ ɞɟɝɢɞɪɨɤɫɢɥɢɪɭɸɬ ɠɟɥɱɧɭɸ ɤɢɫɥɨɬɭ, 

ɬɟɦ ɫɚɦɵɦ ɨɩɨɫɪɟɞɭɹ ɭɫɬɨɣɱɢɜɨɫɬɶ ɤ ɤɨɥɨɧɢɡɚɰɢɢ ɩɪɨɬɢɜ C. Difficile [48]. 

ɗɬɢ ɪɟɡɭɥɶɬɚɬɵ ɨɛɧɚɞɟɠɢɜɚɸɬ ɤɚɤ ɩɟɪɜɵɟ ɲɚɝɢ ɤ ɢɡɭɱɟɧɢɸ ɧɨɜɵɯ 

ɩɪɨɮɢɥɚɤɬɢɱɟɫɤɢɯ ɫɬɪɚɬɟɝɢɣ, ɬɚɤɢɯ ɤɚɤ ɩɪɨɮɢɥɚɤɬɢɱɟɫɤɢɟ ɦɢɤɪɨɛɧɵɟ 

ɞɨɛɚɜɤɢ, ɞɥɹ ɝɪɭɩɩ ɪɢɫɤɚ ɪɚɡɜɢɬɢɹ ɚɧɬɢɛɢɨɬɢɤɨ-ɚɫɫɨɰɢɢɪɨɜɚɧɧɨɝɨ ɤɨɥɢɬɚ. 

 

1.2.3 Ⱥɬɨɩɢɱɟɫɤɚɹ ɚɫɬɦɚ 

Ȼɵɫɬɪɵɣ ɪɨɫɬ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɫɬɢ ɚɫɬɦɵ ɜ ɩɪɨɦɵɲɥɟɧɧɨ ɪɚɡɜɢɬɵɯ 

ɫɬɪɚɧɚɯ ɡɚ ɩɨɫɥɟɞɧɢɟ ɧɟɫɤɨɥɶɤɨ ɞɟɫɹɬɢɥɟɬɢɣ, ɨɫɨɛɟɧɧɨ ɫɪɟɞɢ 

ɩɟɞɢɚɬɪɢɱɟɫɤɨɝɨ ɧɚɫɟɥɟɧɢɹ, ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɨɛɴɹɫɧɟɧ ɬɨɥɶɤɨ ɝɟɧɟɬɢɱɟɫɤɢɦɢ 

ɮɚɤɬɨɪɚɦɢ ɪɢɫɤɚ ɢ ɫɱɢɬɚɟɬɫɹ ɫɜɹɡɚɧɧɵɦ ɫ ɢɡɦɟɧɟɧɢɟɦ ɜɨɡɞɟɣɫɬɜɢɹ 

ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɫɜɹɡɚɧɧɵɦ ɫ ɡɚɩɚɞɧɵɦ ɨɛɪɚɡɨɦ ɠɢɡɧɢ. Ɋɹɞ 

ɩɨɞɬɜɟɪɠɞɟɧɧɵɯ ɷɩɢɞɟɦɢɨɥɨɝɢɱɟɫɤɢɯ ɧɚɛɥɸɞɟɧɢɣ ɭɤɚɡɵɜɚɟɬ ɧɚ ɬɨ, ɱɬɨ 

ɜɨɡɞɟɣɫɬɜɢɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ ɪɚɧɧɟɦ ɞɟɬɫɬɜɟ ɩɨɜɵɲɚɟɬ ɪɢɫɤ ɪɚɡɜɢɬɢɹ 

ɚɫɬɦɵ ɭ ɞɟɬɟɣ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɦɧɨɝɢɟ ɢɡ ɷɬɢɯ ɜɨɡɞɟɣɫɬɜɢɣ, ɜɤɥɸɱɚɹ ɤɟɫɚɪɟɜɨ 

ɫɟɱɟɧɢɟ [49, 50, 51, 52, 53], ɩɪɢɟɦ ɚɧɬɢɦɢɤɪɨɛɧɵɯ ɩɪɟɩɚɪɚɬɨɜ [54, 55, 56, 57], 

ɤɨɪɦɥɟɧɢɟ ɫɦɟɫɹɦɢ, ɜɨɡɞɟɣɫɬɜɢɟ ɩɭɲɧɵɯ ɞɨɦɚɲɧɢɯ ɠɢɜɨɬɧɵɯ ɢ ɬɨɤɫɢɧɵ 

ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ [58, 59] ɮɨɪɦɢɪɭɸɬ ɡɚɪɨɠɞɚɸɳɢɣɫɹ ɦɢɤɪɨɛɢɨɦ 

ɤɢɲɟɱɧɢɤɚ. 
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Ⱦɢɫɛɢɨɡ ɦɢɤɪɨɛɢɨɬɵ ɜ ɪɚɧɧɟɦ ɜɨɡɪɚɫɬɟ ɬɚɤɠɟ ɧɚɛɥɸɞɚɥɫɹ ɭ ɦɥɚɞɟɧɰɟɜ 

ɫ ɪɢɫɤɨɦ ɪɚɡɜɢɬɢɹ ɚɫɬɦɵ ɜ ɛɨɥɟɟ ɩɨɡɞɧɟɦ ɜɨɡɪɚɫɬɟ. Ȼɚɤɬɟɪɢɚɥɶɧɨɟ 

ɢɫɬɨɳɟɧɢɟ ɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɝɪɢɛɤɨɜ ɧɚɛɥɸɞɚɥɢɫɶ ɜ ɤɢɲɟɱɧɨɦ ɦɢɤɪɨɛɢɨɦɟ 

ɞɟɬɟɣ ɢɡ ɝɪɭɩɩɵ ɪɢɫɤɚ ɜ ɜɨɡɪɚɫɬɟ 1 ɦɟɫ. ɉɪɢ ɷɬɨɦ ɮɟɤɚɥɶɧɵɣ ɦɟɬɚɛɨɥɢɱɟɫɤɢɣ 

ɩɪɨɮɢɥɶ ɯɚɪɚɤɬɟɪɢɡɨɜɚɥɫɹ ɢɫɬɨɳɟɧɢɟɦ ω-3 ɠɢɪɧɵɯ ɤɢɫɥɨɬ ɢ 

ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɨɜ ɩɪɨɫɬɚɝɥɚɧɞɢɧɨɜ [60]. 

ɇɚɛɥɸɞɟɧɢɹ ɡɚ ɧɟɡɚɜɢɫɢɦɵɦɢ, ɝɟɨɝɪɚɮɢɱɟɫɤɢ ɪɚɡɧɵɦɢ ɤɨɝɨɪɬɚɦɢ 

ɪɨɠɞɟɧɢɹ, ɜɤɥɸɱɚɸɳɢɦɢ ɪɚɡɥɢɱɧɵɟ ɫɨɰɢɚɥɶɧɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɢ ɪɚɫɨɜɵɟ 

ɝɪɭɩɩɵ, ɧɟɢɡɦɟɧɧɨ ɭɤɚɡɵɜɚɸɬ ɧɚ ɢɫɬɨɳɟɧɢɟ ɫɢɦɛɢɨɬɢɱɟɫɤɢɯ ɛɚɤɬɟɪɢɚɥɶɧɵɯ 

ɬɚɤɫɨɧɨɜ, ɬɚɤɢɯ ɤɚɤ Faecalibacterium, Akkermansia ɢ Lachnospira, ɭ ɦɥɚɞɟɧɰɟɜ 

ɫ ɪɢɫɤɨɦ ɪɚɡɜɢɬɢɹ ɚɬɨɩɢɢ ɢɥɢ ɚɫɬɦɵ [60, 61, 62]. ɗɬɢ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɞɨɩɨɥɧɹɸɬ ɪɚɫɬɭɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɞɨɤɚɡɚɬɟɥɶɫɬɜ ɬɨɝɨ, ɱɬɨ ɧɚɪɭɲɟɧɢɹ 

ɦɢɤɪɨɛɢɨɦɚ ɤɢɲɟɱɧɢɤɚ ɜ ɪɚɧɧɟɦ ɜɨɡɪɚɫɬɟ ɫɩɨɫɨɛɫɬɜɭɸɬ ɪɚɡɜɢɬɢɸ ɚɫɬɦɵ ɭ 

ɞɟɬɟɣ, ɜɵɞɟɥɹɹ ɧɟɨɧɚɬɚɥɶɧɵɣ ɩɟɪɢɨɞ ɤɚɤ ɛɥɚɝɨɩɪɢɹɬɧɨɟ ɜɪɟɦɹ ɞɥɹ 

ɩɪɨɮɢɥɚɤɬɢɱɟɫɤɢɯ ɦɢɤɪɨɛɧɵɯ ɜɦɟɲɚɬɟɥɶɫɬɜ ɭ ɦɥɚɞɟɧɰɟɜ ɢɡ ɝɪɭɩɩɵ 

ɜɵɫɨɤɨɝɨ ɪɢɫɤɚ. 

 

1.2.4 Ɉɠɢɪɟɧɢɟ ɢ ɫɚɯɚɪɧɵɣ ɞɢɚɛɟɬ 2 ɬɢɩɚ (ɋȾ2) 

Ɉɠɢɪɟɧɢɟ ɢ ɋȾ2 ɜɡɚɢɦɨɫɜɹɡɚɧɵ ɢ ɫɜɹɡɚɧɵ ɫ ɞɢɫɛɢɨɬɢɱɟɫɤɨɣ 

ɦɢɤɪɨɛɢɨɬɨɣ ɤɢɲɟɱɧɢɤɚ [63]. ɋɧɢɠɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɱɢɫɥɟɧɧɨɫɬɢ 

Bacteroides spp. ɨɫɨɛɟɧɧɨ ɡɚɦɟɬɧɨ ɩɪɢ ɨɠɢɪɟɧɢɢ [64]. ȼɢɞɵ ɛɚɤɬɟɪɢɣ (ɜ 

ɱɚɫɬɧɨɫɬɢ, Bacteroides spp.), ɚɫɫɨɰɢɢɪɨɜɚɧɧɵɟ ɫ ɯɭɞɵɦ ɮɟɧɨɬɢɩɨɦ, ɩɨ-

ɜɢɞɢɦɨɦɭ, ɩɪɟɨɛɥɚɞɚɥɢ ɧɚɞ ɜɢɞɚɦɢ, ɚɫɫɨɰɢɢɪɨɜɚɧɧɵɦɢ ɫ ɨɠɢɪɟɧɢɟɦ, 

ɩɨɫɤɨɥɶɤɭ ɩɨɞɫɚɞɤɚ ɦɵɲɟɣ, ɧɟɫɭɳɢɯ «ɬɨɳɭɸ» ɦɢɤɪɨɛɢɨɬɭ, ɤ ɬɟɦ, ɭ ɤɨɬɨɪɵɯ 

ɟɫɬɶ «ɬɭɱɧɚɹ» ɦɢɤɪɨɛɢɨɬɚ, ɩɪɟɞɨɬɜɪɚɳɚɥɨ ɭɜɟɥɢɱɟɧɢɟ ɜɟɫɚ ɢ ɦɟɬɚɛɨɥɢɱɟɫɤɢɟ 

ɮɟɧɨɬɢɩɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɨɠɢɪɟɧɢɟɦ. Ɍɨɱɧɨ ɬɚɤ ɠɟ ɬɪɚɧɫɩɥɚɧɬɚɰɢɹ ɮɟɤɚɥɶɧɨɣ 

ɦɢɤɪɨɛɢɨɬɵ ɨɬ ɡɞɨɪɨɜɵɯ ɯɭɞɵɯ ɞɨɧɨɪɨɜ ɩɚɰɢɟɧɬɚɦ ɫ ɨɠɢɪɟɧɢɟɦ ɩɪɢɜɟɥɚ ɤ 

ɩɨɜɵɲɟɧɢɸ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɤ ɢɧɫɭɥɢɧɭ [65].  
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1.2.5 ɋɟɪɞɟɱɧɨ-ɫɨɫɭɞɢɫɬɵɟ ɡɚɛɨɥɟɜɚɧɢɹ 

Ȼɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɦɢɤɪɨɛɧɵɣ ɦɟɬɚɛɨɥɢɡɦ ɞɢɟɬɢɱɟɫɤɨɝɨ ɯɨɥɢɧɚ ɢ 

ɤɚɪɧɢɬɢɧɚ, ɤɨɬɨɪɵɟ ɫɨɫɬɚɜɥɹɸɬ ɡɧɚɱɢɬɟɥɶɧɵɣ ɤɨɦɩɨɧɟɧɬ ɡɚɩɚɞɧɨɣ ɞɢɟɬɵ, 

ɭɜɟɥɢɱɢɜɚɟɬ ɪɢɫɤ ɫɟɪɞɟɱɧɨ-ɫɨɫɭɞɢɫɬɵɯ ɡɚɛɨɥɟɜɚɧɢɣ [66]. Ɇɟɬɚɛɨɥɢɡɦ ɷɬɢɯ 

ɫɨɟɞɢɧɟɧɢɣ ɩɪɨɢɡɜɨɞɢɬ ɬɪɢɦɟɬɢɥɚɦɢɧ (ɌɆȺ), ɤɨɬɨɪɵɣ ɨɤɢɫɥɹɟɬɫɹ ɜ ɩɟɱɟɧɢ 

ɞɨ ɬɪɢɦɟɬɢɥɚɦɢɧ- N- ɨɤɫɢɞɚ, ɨɤɫɢɞɚ ɚɦɢɧɚ, ɫɜɹɡɚɧɧɨɝɨ ɫ ɪɚɡɜɢɬɢɟɦ 

ɚɬɟɪɨɫɤɥɟɪɨɡɚ [67].  

ɉɪɨɢɡɜɨɞɫɬɜɨ ɌɆȺ ɤɚɬɚɥɢɡɢɪɭɟɬɫɹ ɦɢɤɪɨɛɧɨɣ ɌɆȺ-ɥɢɚɡɨɣ [68], ɢ 

ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɷɬɨɝɨ ɮɟɪɦɟɧɬɚ ɫɧɢɠɚɟɬ ɪɚɡɜɢɬɢɟ ɚɬɟɪɨɫɤɥɟɪɨɬɢɱɟɫɤɢɯ 

ɛɥɹɲɟɤ ɭ ɜɨɫɩɪɢɢɦɱɢɜɵɯ ɥɸɞɟɣ. Ʉɪɨɦɟ ɬɨɝɨ, ɞɨɛɚɜɥɟɧɢɟ A. muciniphila 

ɦɵɲɚɦ, ɫɤɥɨɧɧɵɯ ɤ ɚɬɟɪɨɫɤɥɟɪɨɡɭ, ɡɚɳɢɳɚɥɨ ɨɬ ɪɚɡɜɢɬɢɹ ɚɬɟɪɨɫɤɥɟɪɨɡɚ, 

ɜɵɡɜɚɧɧɨɝɨ ɤɨɪɦɥɟɧɢɟɦ ɡɚɩɚɞɧɨɣ ɞɢɟɬɨɣ [69]. Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɦɵɲɢ ɫ 

ɜɵɫɨɤɢɦ ɭɪɨɜɧɟɦ ɦɟɬɚɛɨɥɢɡɢɪɭɸɳɢɯ ɯɨɥɢɧ ɛɚɤɬɟɪɢɣ ɛɨɥɟɟ ɜɨɫɩɪɢɢɦɱɢɜɵ ɤ 

ɦɟɬɚɛɨɥɢɱɟɫɤɢɦ ɡɚɛɨɥɟɜɚɧɢɹɦ, ɜɵɡɜɚɧɧɵɦ ɞɢɟɬɨɣ [70].  

Ɇɨɞɭɥɹɰɢɹ ɦɢɤɪɨɛɧɨɝɨ ɦɟɬɚɛɨɥɢɡɦɚ ɩɨɫɪɟɞɫɬɜɨɦ ɞɢɟɬɢɱɟɫɤɨɝɨ 

ɜɦɟɲɚɬɟɥɶɫɬɜɚ ɢɥɢ ɩɪɹɦɨɝɨ ɩɪɢɟɦɚ ɞɨɛɚɜɨɤ ɦɨɠɟɬ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɨɛɟɫɩɟɱɢɬɶ ɷɮɮɟɤɬɢɜɧɭɸ ɫɬɪɚɬɟɝɢɸ, ɥɢɛɨ ɨɬɞɟɥɶɧɨ, ɥɢɛɨ ɜ ɫɨɱɟɬɚɧɢɢ ɫ 

ɭɫɬɚɧɨɜɥɟɧɧɵɦɢ ɦɟɬɨɞɚɦɢ ɥɟɱɟɧɢɹ, ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɫɟɪɞɟɱɧɨ-

ɫɨɫɭɞɢɫɬɵɯ ɡɚɛɨɥɟɜɚɧɢɣ. 

 

1.2.6 Ɋɟɜɦɚɬɨɢɞɧɵɣ ɚɪɬɪɢɬ 

Ɋɟɜɦɚɬɨɢɞɧɵɣ ɚɪɬɪɢɬ (ɊȺ) - ɷɬɨ ɫɢɫɬɟɦɧɨɟ ɚɭɬɨɢɦɦɭɧɧɨɟ ɜɨɫɩɚɥɢɬɟɥɶɧɨɟ 

ɫɨɫɬɨɹɧɢɟ, ɤɨɬɨɪɨɟ ɩɪɨɹɜɥɹɟɬɫɹ ɜ ɩɨɜɪɟɠɞɟɧɢɢ ɫɭɫɬɚɜɨɜ. ɍ ɩɚɰɢɟɧɬɨɜ ɫ ɊȺ 

ɧɚɛɥɸɞɚɟɬɫɹ ɷɤɫɩɚɧɫɢɹ ɤɢɲɟɱɧɨɣ Prevotella copri, ɚ ɚɭɬɨɚɧɬɢɝɟɧɵ ɭ ɷɬɢɯ 

ɩɚɰɢɟɧɬɨɜ ɩɪɨɹɜɥɹɸɬ ɜɵɫɨɤɭɸ ɝɨɦɨɥɨɝɢɸ ɫ ɩɟɩɬɢɞɚɦɢ, ɚɫɫɨɰɢɢɪɨɜɚɧɧɵɦɢ ɫ 

Prevotella [71]. Ɇɨɥɟɤɭɥɹɪɧɚɹ ɦɢɦɢɤɪɢɹ ɚɧɬɢɝɟɧɨɜ, ɚɫɫɨɰɢɢɪɨɜɚɧɧɵɯ ɫ ɊȺ, 

ɦɢɤɪɨɛɢɨɬɨɣ ɤɢɲɟɱɧɢɤɚ ɬɚɤɠɟ ɛɵɥɚ ɨɩɢɫɚɧɚ ɜ ɦɟɬɚɝɟɧɨɦɧɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ 

ɩɚɰɢɟɧɬɨɜ ɫ ɊȺ [72]. Ɉɞɧɚɤɨ ɟɳɟ ɩɪɟɞɫɬɨɢɬ ɜɵɹɫɧɢɬɶ, ɦɨɠɟɬ ɥɢ ɬɨɱɧɨɟ 

ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ ɦɢɤɪɨɛɢɨɬɵ ɨɛɥɟɝɱɢɬɶ ɤɥɢɧɢɱɟɫɤɢɟ ɫɢɦɩɬɨɦɵ ɭ ɩɚɰɢɟɧɬɨɜ ɫ 

ɊȺ. 
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1.3 Ɇɢɤɪɨɛɢɨɦ, ɤɚɤ ɬɟɪɚɩɟɜɬɢɱɟɫɤɚɹ ɦɢɲɟɧɶ 

ɍɱɢɬɵɜɚɹ ɬɟɫɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɠɞɭ ɫɢɦɛɢɨɧɬɚɦɢ ɤɢɲɟɱɧɵɯ 

ɦɢɤɪɨɛɨɜ ɢ ɢɦɦɭɧɢɬɟɬɨɦ ɯɨɡɹɢɧɚ, ɭɫɢɥɢɹ ɛɵɥɢ ɫɨɫɪɟɞɨɬɨɱɟɧɵ ɧɚ 

ɪɟɚɥɢɡɚɰɢɢ ɪɚɡɥɢɱɧɵɯ ɫɬɪɚɬɟɝɢɣ, ɧɚɩɪɚɜɥɟɧɧɵɯ ɧɚ ɦɢɤɪɨɛɢɨɬɭ ɤɢɲɟɱɧɢɤɚ, 

ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɢɥɢ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɯɪɨɧɢɱɟɫɤɢɯ ɜɨɫɩɚɥɢɬɟɥɶɧɵɯ 

ɡɚɛɨɥɟɜɚɧɢɣ. Ʉɥɢɧɢɱɟɫɤɢɟ ɩɨɞɯɨɞɵ ɤ ɢɡɦɟɧɟɧɢɸ ɦɢɤɪɨɛɢɨɬɵ ɤɢɲɟɱɧɢɤɚ 

ɨɛɵɱɧɨ ɫɨɫɪɟɞɨɬɨɱɟɧɵ ɧɚ ɢɫɬɨɳɟɧɢɢ ɢɡɛɵɬɨɱɧɵɯ ɜɢɞɨɜ ɢɥɢ ɨɛɳɟɣ 

ɦɢɤɪɨɛɧɨɣ ɧɚɝɪɭɡɤɢ ɫ ɩɨɦɨɳɶɸ ɚɧɬɢɛɢɨɬɢɤɨɜ ɢɥɢ ɩɪɨɬɢɜɨɝɪɢɛɤɨɜɵɯ 

ɫɪɟɞɫɬɜ, ɦɨɞɭɥɹɰɢɢ ɫ ɩɨɦɨɳɶɸ ɢɡɦɟɧɟɧɢɹ ɞɢɟɬɵ ɢɥɢ ɞɨɛɚɜɥɟɧɢɹ ɠɢɜɵɯ 

ɦɢɤɪɨɛɨɜ (ɨɞɢɧɨɱɧɵɯ ɢɥɢ ɫɦɟɲɚɧɧɵɯ ɜɢɞɨɜ).  

ɋɨɜɫɟɦ ɧɟɞɚɜɧɨ ɬɪɚɧɫɩɥɚɧɬɚɰɢɹ ɮɟɤɚɥɶɧɵɯ ɦɢɤɪɨɛɨɜ (FMT) 

ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɢɧɮɟɤɰɢɨɧɧɵɯ, ɧɟɜɪɨɥɨɝɢɱɟɫɤɢɯ ɢ 

ɠɟɥɭɞɨɱɧɨ-ɤɢɲɟɱɧɵɯ ɡɚɛɨɥɟɜɚɧɢɹɯ ɫ ɦɧɨɝɨɨɛɟɳɚɸɳɢɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ. 

ɏɨɬɹ ɩɪɨɬɢɜɨɦɢɤɪɨɛɧɵɟ ɩɪɟɩɚɪɚɬɵ ɨɛɵɱɧɨ ɧɟ ɫɱɢɬɚɸɬɫɹ ɩɨɞɯɨɞɹɳɢɦɢ ɞɥɹ 

ɞɥɢɬɟɥɶɧɨɝɨ ɥɟɱɟɧɢɹ ɯɪɨɧɢɱɟɫɤɢɯ ɫɨɫɬɨɹɧɢɣ, ɭɱɢɬɵɜɚɹ ɧɟɨɛɯɨɞɢɦɨɫɬɶ 

ɩɨɜɬɨɪɧɨɝɨ ɞɨɡɢɪɨɜɚɧɢɹ ɢ ɨɩɚɫɟɧɢɹ ɩɨ ɩɨɜɨɞɭ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ 

ɤ ɩɪɨɬɢɜɨɦɢɤɪɨɛɧɵɦ ɩɪɟɩɚɪɚɬɚɦ, Ɋɚɧɧɢɟ ɞɚɧɧɵɟ ɩɨɤɚɡɵɜɚɥɢ, ɱɬɨ ɜɜɟɞɟɧɢɟ 

ɩɪɨɬɢɜɨɦɢɤɪɨɛɧɵɯ ɩɪɟɩɚɪɚɬɨɜ ɜ ɤɚɱɟɫɬɜɟ ɫɪɟɞɫɬɜɚ ɭɧɢɱɬɨɠɟɧɢɹ ɩɚɬɨɝɟɧɧɵɯ 

ɦɢɤɪɨɛɢɨɦɨɜ ɩɟɪɟɞ FMT ɢɥɢ ɦɢɤɪɨɛɧɵɦɢ ɞɨɛɚɜɤɚɦɢ ɭɫɢɥɢɜɚɟɬ 

ɩɪɢɠɢɜɥɟɧɢɟ ɩɨɥɟɡɧɵɯ ɜɢɞɨɜ ɢ ɩɨɜɵɲɚɟɬ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɥɟɱɟɧɢɹ [73]. 

 

1.3.1 Ɍɪɚɧɫɩɥɚɧɬɚɰɢɹ ɮɟɤɚɥɶɧɨɣ ɦɢɤɪɨɛɢɨɬɵ 

Ɍɪɚɧɫɩɥɚɧɬɚɰɢɹ ɮɟɤɚɥɶɧɨɣ ɦɢɤɪɨɛɢɨɬɵ (FMT) - ɷɬɨ ɜɜɟɞɟɧɢɟ ɪɚɫɬɜɨɪɚ 

ɮɟɤɚɥɢɣ ɨɬ ɞɨɧɨɪɚ ɜ ɤɢɲɟɱɧɢɤ ɪɟɰɢɩɢɟɧɬɚ ɫ ɰɟɥɶɸ ɩɪɹɦɨɝɨ ɢɡɦɟɧɟɧɢɹ 

ɦɢɤɪɨɛɧɨɝɨ ɫɨɫɬɚɜɚ ɪɟɰɢɩɢɟɧɬɚ ɢ ɭɥɭɱɲɟɧɢɹ ɡɞɨɪɨɜɶɹ [74, 75]. ɉɟɪɜɨɟ 

ɢɡɜɟɫɬɧɨɟ ɨɩɢɫɚɧɢɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɮɟɤɚɥɢɣ ɜ ɤɚɱɟɫɬɜɟ ɬɟɪɚɩɢɢ ɛɵɥɨ ɨɩɢɫɚɧɨ 

Ƚɟ ɏɨɧɝɨɦ ɜ Ʉɢɬɚɟ ɜ ɱɟɬɜɟɪɬɨɦ ɜɟɤɟ ɞɥɹ ɥɟɱɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɫɨɫɬɨɹɧɢɣ, 

ɜɤɥɸɱɚɹ ɞɢɚɪɟɸ [76]. ɉɪɨɰɟɫɫ ɨɛɵɱɧɨ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɫɧɚɱɚɥɚ ɜɵɛɨɪ ɞɨɧɨɪɚ 



17 

ɛɟɡ ɫɟɦɟɣɧɨɝɨ ɚɧɚɦɧɟɡɚ ɚɭɬɨɢɦɦɭɧɧɵɯ, ɦɟɬɚɛɨɥɢɱɟɫɤɢɯ ɢ ɡɥɨɤɚɱɟɫɬɜɟɧɧɵɯ 

ɡɚɛɨɥɟɜɚɧɢɣ ɢ ɫɤɪɢɧɢɧɝ ɧɚ ɥɸɛɵɟ ɩɨɬɟɧɰɢɚɥɶɧɵɟ ɩɚɬɨɝɟɧɵ. Ɂɚɬɟɦ ɮɟɤɚɥɢɢ 

ɝɨɬɨɜɹɬ ɩɭɬɟɦ ɫɦɟɲɢɜɚɧɢɹ ɫ ɜɨɞɨɣ ɢɥɢ ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɦ ɪɚɫɬɜɨɪɨɦ ɫ 

ɩɨɫɥɟɞɭɸɳɟɣ ɫɬɚɞɢɟɣ ɮɢɥɶɬɪɚɰɢɢ ɞɥɹ ɭɞɚɥɟɧɢɹ ɥɸɛɵɯ ɬɜɟɪɞɵɯ ɱɚɫɬɢɰ. 

ɋɦɟɫɶ ɦɨɠɧɨ ɜɜɨɞɢɬɶ ɱɟɪɟɡ ɧɚɡɨɝɚɫɬɪɚɥɶɧɵɣ ɡɨɧɞ, 

ɷɡɨɮɚɝɨɝɚɫɬɪɨɞɭɨɞɟɧɨɫɤɨɩɢɸ, ɤɨɥɨɧɨɫɤɨɩɢɸ ɢɥɢ ɭɞɟɪɠɢɜɚɸɳɭɸ ɤɥɢɡɦɭ. 

Ȼɨɥɶɲɚɹ ɱɚɫɬɶ ɤɥɢɧɢɱɟɫɤɨɝɨ ɨɩɵɬɚ ɫ FMT ɛɵɥɚ ɩɨɥɭɱɟɧɚ ɩɪɢ ɥɟɱɟɧɢɢ 

ɪɟɰɢɞɢɜɢɪɭɸɳɟɣ ɢɥɢ ɪɟɡɢɫɬɟɧɬɧɨɣ ɢɧɮɟɤɰɢɢ Clostridium difficile (CD) [75]. 

 

1.4 Ƚɟɧɟɬɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ ɛɚɤɬɟɪɢɣ 

Ȼɚɤɬɟɪɢɚɥɶɧɚɹ ɯɪɨɦɨɫɨɦɚ - ɷɬɨ ɦɨɥɟɤɭɥɚ ȾɇɄ, ɤɨɬɨɪɚɹ ɮɭɧɤɰɢɨɧɢɪɭɟɬ 

ɤɚɤ ɫɚɦɨɜɨɫɩɪɨɢɡɜɨɞɹɳɢɣɫɹ ɝɟɧɟɬɢɱɟɫɤɢɣ ɷɥɟɦɟɧɬ (ɪɟɩɥɢɤɨɧ). 

ȼɧɟɯɪɨɦɨɫɨɦɧɵɟ ɝɟɧɟɬɢɱɟɫɤɢɟ ɷɥɟɦɟɧɬɵ, ɬɚɤɢɟ ɤɚɤ ɩɥɚɡɦɢɞɵ ɢ 

ɛɚɤɬɟɪɢɨɮɚɝɢ, ɹɜɥɹɸɬɫɹ ɧɟɫɭɳɟɫɬɜɟɧɧɵɦɢ ɪɟɩɥɢɤɨɧɚɦɢ, ɤɨɬɨɪɵɟ ɱɚɫɬɨ 

ɨɩɪɟɞɟɥɹɸɬ ɭɫɬɨɣɱɢɜɨɫɬɶ ɤ ɚɧɬɢɦɢɤɪɨɛɧɵɦ ɚɝɟɧɬɚɦ, ɜɵɪɚɛɨɬɤɭ ɮɚɤɬɨɪɨɜ 

ɜɢɪɭɥɟɧɬɧɨɫɬɢ ɢɥɢ ɞɪɭɝɢɟ ɮɭɧɤɰɢɢ. ɏɪɨɦɨɫɨɦɚ ɩɨɥɭɤɨɧɫɟɪɜɚɬɢɜɧɨ 

ɪɟɩɥɢɰɢɪɭɟɬɫɹ; ɤɚɠɞɚɹ ɰɟɩɶ ȾɇɄ ɫɥɭɠɢɬ ɦɚɬɪɢɰɟɣ ɞɥɹ ɫɢɧɬɟɡɚ ɫɜɨɟɣ 

ɤɨɦɩɥɟɦɟɧɬɚɪɧɨɣ ɰɟɩɢ [77]. 

Ȼɚɤɬɟɪɢɚɥɶɧɵɟ ɝɟɧɨɦɵ ɪɚɡɥɢɱɚɸɬɫɹ ɩɨ ɪɚɡɦɟɪɭ ɨɬ 0,4 × 10 9 ɞɨ 8,6 × 10 9 

ɞɚɥɶɬɨɧ (Ⱦɚ), ɧɟɤɨɬɨɪɵɟ ɢɡ ɫɚɦɵɯ ɦɟɥɤɢɯ ɢɡ ɧɢɯ ɩɪɢɧɚɞɥɟɠɚɬ ɨɛɥɢɝɚɬɧɵɦ 

ɩɚɪɚɡɢɬɚɦ (ɦɢɤɨɩɥɚɡɦɚ), ɚ ɫɚɦɵɟ ɤɪɭɩɧɵɟ ɩɪɢɧɚɞɥɟɠɚɬ ɛɚɤɬɟɪɢɹɦ, 

ɫɩɨɫɨɛɧɵɦ ɤ ɫɥɨɠɧɨɣ ɞɢɮɮɟɪɟɧɰɢɚɰɢɢ, ɬɚɤɢɦ ɤɚɤ Myxococcus. Ʉɨɥɢɱɟɫɬɜɨ 

ȾɇɄ ɜ ɝɟɧɨɦɟ ɨɩɪɟɞɟɥɹɟɬ ɦɚɤɫɢɦɚɥɶɧɵɣ ɨɛɴɟɦ ɢɧɮɨɪɦɚɰɢɢ, ɤɨɬɨɪɭɸ ɨɧ 

ɦɨɠɟɬ ɤɨɞɢɪɨɜɚɬɶ. Ȼɨɥɶɲɢɧɫɬɜɨ ɛɚɤɬɟɪɢɣ ɢɦɟɸɬ ɝɚɩɥɨɢɞɧɵɣ ɝɟɧɨɦ, 

ɟɞɢɧɫɬɜɟɧɧɭɸ ɯɪɨɦɨɫɨɦɭ, ɫɨɫɬɨɹɳɭɸ ɢɡ ɤɨɥɶɰɟɜɨɣ ɞɜɭɯɰɟɩɨɱɟɱɧɨɣ 

ɦɨɥɟɤɭɥɵ ȾɇɄ. Ʌɢɧɟɣɧɵɟ ɯɪɨɦɨɫɨɦɵ ɛɵɥɢ ɨɛɧɚɪɭɠɟɧɵ ɭ 

ɝɪɚɦɩɨɥɨɠɢɬɟɥɶɧɵɯ Borrelia ɢ Streptomyces spp., ɚ ɭ ɝɪɚɦɨɬɪɢɰɚɬɟɥɶɧɵɯ 

ɛɚɤɬɟɪɢɣ Agrobacterium tumefaciens ɩɪɢɫɭɬɫɬɜɭɟɬ ɨɞɧɚ ɥɢɧɟɣɧɚɹ ɢ ɨɞɧɚ 

ɤɪɭɝɨɜɚɹ ɯɪɨɦɨɫɨɦɵ. Ɉɞɧɚ ɯɪɨɦɨɫɨɦɚ ɤɢɲɟɱɧɨɣ ɛɚɤɬɟɪɢɢ E. coli ɢɦɟɟɬ 



18 

ɪɚɡɦɟɪ 3 × 109 Ⱦɚ (4500 ɩɚɪ ɨɫɧɨɜɚɧɢɣ), ɱɬɨ ɫɨɫɬɚɜɥɹɟɬ ɩɪɢɦɟɪɧɨ 2–3 

ɩɪɨɰɟɧɬɚ ɨɬ ɫɭɯɨɣ ɦɚɫɫɵ ɤɥɟɬɤɢ E.coli , ɝɟɧɨɦ ɫɨɫɬɚɜɥɹɟɬ ɥɢɲɶ ɨɤɨɥɨ 0,1% ɨɬ 

ɜɫɟɣ ɦɚɫɫɵ ɛɚɤɬɟɪɢɢ [78]. 

 

1.5 Ƚɟɧ 16S rRNA 

ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɧɭɤɥɟɨɬɢɞɨɜ ɪɢɛɨɫɨɦɧɨɣ ɊɇɄ 16S ɲɢɪɨɤɨ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɢ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɢ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɛɚɤɬɟɪɢɣ ɢ ɚɪɯɟɣ . 

ɋɪɚɜɧɟɧɢɟ ɩɨɱɬɢ ɩɨɥɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɝɟɧɚ 16S ɪɊɇɄ ɲɢɪɨɤɨ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɬɚɤɫɨɧɨɦɢɱɟɫɤɢɯ ɜɡɚɢɦɨɨɬɧɨɲɟɧɢɣ ɦɟɠɞɭ 

ɩɪɨɤɚɪɢɨɬɢɱɟɫɤɢɦɢ ɲɬɚɦɦɚɦɢ, ɩɪɢ ɷɬɨɦ ɫɯɨɞɫɬɜɨ 98,65% ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ 

ɩɪɢɡɧɚɧɨ ɩɨɪɨɝɨɜɵɦ ɡɧɚɱɟɧɢɟɦ ɞɥɹ ɪɚɡɝɪɚɧɢɱɟɧɢɹ ɜɢɞɨɜ. ɋɪɚɜɧɟɧɢɟ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɝɟɧɚ 16S ɪɊɇɄ ɫ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦɢ ɬɢɩɨɜɵɯ 

ɲɬɚɦɦɨɜ ɜɫɟɯ ɜɢɞɨɜ ɩɪɨɤɚɪɢɨɬ ɨɛɟɫɩɟɱɢɜɚɟɬ ɬɨɱɧɵɣ ɢ ɭɞɨɛɧɵɣ ɫɩɨɫɨɛ 

ɪɭɬɢɧɧɨɣ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɢ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɩɪɨɤɚɪɢɨɬ [79]. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɝɟɧɚ 16S ɪɊɇɄ ɞɥɹ ɢɡɭɱɟɧɢɹ 

ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɮɢɥɨɝɟɧɢɢ ɢ ɬɚɤɫɨɧɨɦɢɢ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɹɜɥɹɟɬɫɹ 

ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɝɟɧɟɬɢɱɟɫɤɢɦ ɦɚɪɤɟɪɨɦ, ɢɫɩɨɥɶɡɭɟɦɵɦ ɩɨ ɪɹɞɭ 

ɩɪɢɱɢɧ. ɗɬɢ ɩɪɢɱɢɧɵ ɜɤɥɸɱɚɸɬ: ɟɝɨ ɩɪɢɫɭɬɫɬɜɢɟ ɩɨɱɬɢ ɜɨ ɜɫɟɯ ɛɚɤɬɟɪɢɹɯ, 

ɮɭɧɤɰɢɹ ɝɟɧɚ 16S ɪɊɇɄ ɫ ɬɟɱɟɧɢɟɦ ɜɪɟɦɟɧɢ ɧɟ ɢɡɦɟɧɢɥɚɫɶ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ 

ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɫɥɭɱɚɣɧɵɟ ɢɡɦɟɧɟɧɢɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɹɜɥɹɸɬɫɹ 

ɛɨɥɟɟ ɬɨɱɧɨɣ ɦɟɪɨɣ ɜɪɟɦɟɧɢ. Ⱦɚɧɧɵɣ ɝɟɧ ɢɦɟɟɬ ɤɚɤ ɤɨɧɫɟɪɜɚɬɢɜɧɵɟ ɭɱɚɫɬɤɢ, 

ɨɞɢɧɚɤɨɜɵɟ ɞɥɹ ɩɪɨɤɚɪɢɨɬ, ɬɚɤ ɢ ɜɢɞɨɫɩɟɰɢɮɢɱɧɵɟ. Ʉɨɧɫɟɪɜɚɬɢɜɧɵɟ 

ɭɱɚɫɬɤɢ ɫɥɭɠɚɬ ɞɥɹ ɩɟɪɜɨɝɨ ɷɬɚɩɚ ɩɨɥɢɦɟɪɚɡɧɨɣ ɰɟɩɧɨɣ ɪɟɚɤɰɢɢ — 

ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɩɪɚɣɦɟɪɨɜ ɤ ɢɫɫɥɟɞɭɟɦɨɣ ȾɇɄ, ɚ ɜɢɞɨɫɩɟɰɢɮɢɱɧɵɟ — ɞɥɹ 

ɨɩɪɟɞɟɥɟɧɢɹ ɜɢɞɨɜ. Ʉ ɬɨɦɭ ɠɟ ɫɬɟɩɟɧɶ ɫɯɨɠɟɫɬɢ ɜɢɞɨɫɩɟɰɢɮɢɱɧɵɯ ɭɱɚɫɬɤɨɜ 

ɨɱɟɧɶ ɯɨɪɨɲɨ ɨɬɪɚɠɚɟɬ ɷɜɨɥɸɰɢɨɧɧɨɟ ɪɨɞɫɬɜɨ ɪɚɡɧɵɯ ɜɢɞɨɜ [80]. 
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1.6 ɉЦɊ 

ɉɨɥɢɦɟɪɚɡɧɚɹ ɰɟɩɧɚɹ ɪɟɚɤɰɢɹ (ɉɐɊ), ɤɨɬɨɪɭɸ ɢɧɨɝɞɚ ɧɚɡɵɜɚɸɬ 

«ɦɨɥɟɤɭɥɹɪɧɵɦ ɮɨɬɨɤɨɩɢɪɨɜɚɧɢɟɦ», ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɛɵɫɬɪɵɣ ɢ 

ɧɟɞɨɪɨɝɨɣ ɦɟɬɨɞ, ɢɫɩɨɥɶɡɭɟɦɵɣ ɞɥɹ «ɚɦɩɥɢɮɢɤɚɰɢɢ» - ɤɨɩɢɪɨɜɚɧɢɹ 

ɧɟɛɨɥɶɲɢɯ ɫɟɝɦɟɧɬɨɜ ȾɇɄ. ɉɨɫɤɨɥɶɤɭ ɞɥɹ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɢ ɝɟɧɟɬɢɱɟɫɤɨɝɨ 

ɚɧɚɥɢɡɚ ɧɟɨɛɯɨɞɢɦɵ ɡɧɚɱɢɬɟɥɶɧɵɟ ɤɨɥɢɱɟɫɬɜɚ ɨɛɪɚɡɰɚ ȾɇɄ, ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɢɡɨɥɢɪɨɜɚɧɧɵɯ ɮɪɚɝɦɟɧɬɨɜ ȾɇɄ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɜɨɡɦɨɠɧɵ ɛɟɡ ɉɐɊ-

ɚɦɩɥɢɮɢɤɚɰɢɢ. 

ɉɐɊ, ɤɨɬɨɪɭɸ ɱɚɫɬɨ ɧɚɡɵɜɚɸɬ ɨɞɧɢɦ ɢɡ ɫɚɦɵɯ ɜɚɠɧɵɯ ɧɚɭɱɧɵɯ 

ɞɨɫɬɢɠɟɧɢɣ ɜ ɦɨɥɟɤɭɥɹɪɧɨɣ ɛɢɨɥɨɝɢɢ, ɩɪɨɢɡɜɟɥɚ ɪɟɜɨɥɸɰɢɸ ɜ ɢɡɭɱɟɧɢɢ 

ȾɇɄ ɞɨ ɬɚɤɨɣ ɫɬɟɩɟɧɢ, ɱɬɨ ɟɟ ɫɨɡɞɚɬɟɥɶ, Ʉɷɪɢ Ȼ. Ɇɚɥɥɢɫ, ɛɵɥ ɭɞɨɫɬɨɟɧ 

ɇɨɛɟɥɟɜɫɤɨɣ ɩɪɟɦɢɢ ɩɨ ɯɢɦɢɢ ɜ 1993 ɝɨɞɭ [81]. 

ɑɬɨɛɵ ɚɦɩɥɢɮɢɰɢɪɨɜɚɬɶ ɫɟɝɦɟɧɬ ȾɇɄ ɫ ɩɨɦɨɳɶɸ ɉɐɊ, ɨɛɪɚɡɟɰ 

ɫɧɚɱɚɥɚ ɧɚɝɪɟɜɚɸɬ, ɱɬɨɛɵ ȾɇɄ ɞɟɧɚɬɭɪɢɪɨɜɚɥɚ ɢɥɢ ɪɚɡɞɟɥɹɥɚɫɶ ɧɚ ɞɜɟ ɱɚɫɬɢ 

ɨɞɧɨɰɟɩɨɱɟɱɧɨɣ ȾɇɄ. Ɂɚɬɟɦ ɮɟɪɦɟɧɬ ɩɨɞ ɧɚɡɜɚɧɢɟɦ «ɩɨɥɢɦɟɪɚɡɚ Taq» 

ɫɢɧɬɟɡɢɪɭɟɬ - ɫɬɪɨɢɬ - ɞɜɟ ɧɨɜɵɟ ɰɟɩɢ ȾɇɄ, ɢɫɩɨɥɶɡɭɹ ɢɫɯɨɞɧɵɟ ɰɟɩɢ ɜ 

ɤɚɱɟɫɬɜɟ ɦɚɬɪɢɰ. ɗɬɨɬ ɩɪɨɰɟɫɫ ɩɪɢɜɨɞɢɬ ɤ ɞɭɛɥɢɪɨɜɚɧɢɸ ɢɫɯɨɞɧɨɣ ȾɇɄ, 

ɩɪɢ ɷɬɨɦ ɤɚɠɞɚɹ ɢɡ ɧɨɜɵɯ ɦɨɥɟɤɭɥ ɫɨɞɟɪɠɢɬ ɨɞɧɭ ɫɬɚɪɭɸ ɢ ɨɞɧɭ ɧɨɜɭɸ ɰɟɩɶ 

ȾɇɄ. Ɂɚɬɟɦ ɤɚɠɞɭɸ ɢɡ ɷɬɢɯ ɧɢɬɟɣ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɫɨɡɞɚɧɢɹ ɞɜɭɯ 

ɧɨɜɵɯ ɤɨɩɢɣ ɢ ɬɚɤ ɞɚɥɟɟ, ɢ ɬɚɤ ɞɚɥɟɟ. ɐɢɤɥ ɞɟɧɚɬɭɪɢɪɨɜɚɧɢɹ ɢ ɫɢɧɬɟɡɚ ɧɨɜɨɣ 

ȾɇɄ ɩɨɜɬɨɪɹɟɬɫɹ ɨɬ 30 ɞɨ 40 ɪɚɡ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɩɨɥɭɱɚɟɬɫɹ ɛɨɥɟɟ ɨɞɧɨɝɨ 

ɦɢɥɥɢɚɪɞɚ ɬɨɱɧɵɯ ɤɨɩɢɣ ɢɫɯɨɞɧɨɝɨ ɫɟɝɦɟɧɬɚ ȾɇɄ. 

ȼɟɫɶ ɰɢɤɥ ɉɐɊ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧ ɢ ɦɨɠɟɬ ɛɵɬɶ ɡɚɜɟɪɲɟɧ ɜɫɟɝɨ ɡɚ 

ɧɟɫɤɨɥɶɤɨ ɱɚɫɨɜ. Ɉɧ ɭɩɪɚɜɥɹɟɬɫɹ ɦɚɲɢɧɨɣ, ɧɚɡɵɜɚɟɦɨɣ ɬɟɪɦɨɰɢɤɥɟɪɨɦ, 

ɤɨɬɨɪɚɹ ɡɚɩɪɨɝɪɚɦɦɢɪɨɜɚɧɚ ɧɚ ɢɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɪɟɚɤɰɢɢ ɤɚɠɞɵɟ 

ɧɟɫɤɨɥɶɤɨ ɦɢɧɭɬ, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɞɟɧɚɬɭɪɢɪɨɜɚɧɢɟ ɢ ɫɢɧɬɟɡ ȾɇɄ. 

Ⱦɥɹ ɩpoɜeɞeɧɢɹ ɉɐP ɬpeɛɭɸɬcɹ cɥeɞɭɸɳɢe ɤoɦɩoɧeɧɬɵ:  

 ȾɇɄ-ɦaɬpɢɰa, coɞepɠaɳaɹ ɬoɬ ɭɱacɬoɤ ȾɇɄ, ɤoɬopɵɣ ɬpeɛɭeɬcɹ 

aɦɩɥɢɮɢɰɢpoɜaɬɶ. 
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 Ⱦɜa ɩpaɣɦepa - ɢcɤɭccɬɜeɧɧo cɢɧɬeɡɢpoɜaɧɧɵe oɥɢɝoɧɭɤɥeoɬɢɞɵ, 

ɢɦeɸɳɢe, ɤaɤ ɩpaɜɢɥo, paɡɦep oɬ 18 ɞo 30 ɩ.ɧ., ɢɞeɧɬɢɱɧɵe 

cooɬɜeɬcɬɜɭɸɳɢɦ ɭɱacɬɤaɦ ȾɇɄ-ɦɢɲeɧɢ. Oɧɢ ɢɝpaɸɬ ɤɥɸɱeɜɭɸ poɥɶ 

ɜ oɛpaɡoɜaɧɢɢ ɩpoɞɭɤɬoɜ peaɤɰɢɢ aɦɩɥɢɮɢɤaɰɢɢ. ɉpaɜɢɥɶɧo 

ɩoɞoɛpaɧɧɵe ɩpaɣɦepɵ oɛecɩeɱɢɜaɸɬ cɩeɰɢɮɢɱɧocɬɶ ɢ 

ɱɭɜcɬɜɢɬeɥɶɧocɬɶ ɬecɬ-cɢcɬeɦɵ.). 

 Ɍepɦocɬaɛɢɥɶɧaɹ ȾɇɄ-ɩoɥɢɦepaɡa — ɮepɦeɧɬ, ɤoɬopɵɣ ɤaɬaɥɢɡɢpɭeɬ 

peaɤɰɢɸ ɩoɥɢɦepɢɡaɰɢɢ ȾɇɄ. ɉoɥɢɦepaɡa ɞɥɹ ɢcɩoɥɶɡoɜaɧɢɹ ɜ ɉɐP 

ɞoɥɠɧa coxpaɧɹɬɶ aɤɬɢɜɧocɬɶ ɩpɢ ɜɵcoɤoɣ ɬeɦɩepaɬɭpe ɞɥɢɬeɥɶɧoe 

ɜpeɦɹ, ɩoɷɬoɦɭ ɢcɩoɥɶɡɭɸɬ ɮepɦeɧɬɵ, ɜɵɞeɥeɧɧɵe ɢɡ ɬepɦoɮɢɥoɜ — 

Thermus aquaticus (Taq-ɩoɥɢɦepaɡa), Pyrococcus furiosus (Pfu-

ɩoɥɢɦepaɡa), Pyrococcus woesei (Pwo-ɩoɥɢɦepaɡa) ɢ ɞpɭɝɢe. 

 Ⱦeɡoɤcɢɧɭɤɥeoɬɢɞɬpɢɮocɮaɬɵ (ɞɇɌɎ) – ɞeɡoɤcɢaɞeɧoɡɢɧɬpɢɮocɮaɬa 

(ɞAɌɎ), ɞeɡoɤcɢɝɭaɧoɡɢɧɬpɢɮocɮaɬa (ɞȽɌɎ), 

ɞeɡoɤcɢɰɢɬoɡɢɧɬpɢɮocɮaɬa (ɞɐɌɎ) ɢ ɞeɡoɤcɢɬɢɦɢɞɢɧɬpɢɮocɮaɬa 

(ɞɌɌɎ) «cɬpoɢɬeɥɶɧɵɣ ɦaɬepɢaɥ», ɢcɩoɥɶɡɭeɦɵɣ Taq-ɩoɥɢɦepaɡoɣ ɞɥɹ 

cɢɧɬeɡa ɜɬopoɣ ɰeɩɢ ȾɇɄ. 

 ɂoɧɵ Mg2+, ɧeoɛxoɞɢɦɵe ɞɥɹ paɛoɬɵ ɩoɥɢɦepaɡɵ. 

 Ȼɭɮepɧɵɣ pacɬɜop, oɛecɩeɱɢɜaɸɳɢɣ ɧeoɛxoɞɢɦɵe ɭcɥoɜɢɹ peaɤɰɢɢ — 

pɇ, ɢoɧɧɭɸ cɢɥɭ pacɬɜopa. Coɞepɠɢɬ coɥɢ, ɛɵɱɢɣ cɵɜopoɬoɱɧɵɣ 

aɥɶɛɭɦɢɧ. 

 Aɧaɥɢɡɢpɭeɦɵɣ oɛpaɡeɰ - ɩoɞɝoɬoɜɥeɧɧɵɣ ɤ ɜɧeceɧɢɸ ɜ peaɤɰɢoɧɧɭɸ 

cɦecɶ ɩpeɩapaɬ, ɤoɬopɵɣ coɞepɠɢɬ ɢcɤoɦɭɸ ȾɇɄ. ɉpɢ oɬcɭɬcɬɜɢɢ 

ȾɇɄ-ɦɢɲeɧɢ cɩeɰɢɮɢɱecɤɢɣ ɩpoɞɭɤɬ aɦɩɥɢɮɢɤaɰɢɢ ɧe oɛpaɡɭeɬcɹ 

ɑɬoɛɵ ɢɡɛeɠaɬɶ ɢcɩapeɧɢɹ peaɤɰɢoɧɧoɣ cɦecɢ, ɜ ɩpoɛɢpɤɭ ɞoɛaɜɥɹɸɬ 

ɜɵcoɤoɤɢɩɹɳee ɦacɥo, ɧaɩpɢɦep, ɜaɡeɥɢɧoɜoe. Ecɥɢ ɢcɩoɥɶɡɭeɬcɹ 

aɦɩɥɢɮɢɤaɬop c ɩoɞoɝpeɜaɸɳeɣcɹ ɤpɵɲɤoɣ, ɷɬoɝo ɞeɥaɬɶ ɧe ɬpeɛɭeɬcɹ [82]. 
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1.7 ɉȾɊФ 

Ɇɟɬɨɞ ɚɧɚɥɢɡɚ ɩoɥɢɦopɮɢɡɦɚ ɞɥɢɧ pecɬpɢɤɰɢoɧɧɵx ɮpaɝɦeɧɬoɜ (ɉȾPɎ) 

— ɷɬo cɩocoɛ ɢccɥeɞoɜaɧɢɹ ɝeɧoɦɧoɣ ȾɇɄ, ɩɭɬёɦ paɡpeɡaɧɢɹ aɦɩɥɢɤoɧoɜ 

ȾɇɄ c ɩoɦoɳɶɸ ɷɧɞoɧɭɤɥeaɡ pecɬpɢɤɰɢɢ ɢ ɞaɥɶɧeɣɲeɝo aɧaɥɢɡa paɡɦepoɜ 

oɛpaɡɭɸɳɢxcɹ ɮpaɝɦeɧɬoɜ (pecɬpɢɤɬoɜ) ɩɭɬёɦ ɝeɥɶ-ɷɥeɤɬpoɮopeɡa (ȾɇɄ 

ɷɥeɤɬpoɮopeɡa). 

ɗɧɞɨɧɭɤɥɟɚɡɵ ɪɟɫɬɪɢɤɰɢɢ, ɪɟɫɬɪɢɤɬɚɡɵ — ɝɪɭɩɩɚ ɮɟɪɦɟɧɬɨɜ, 

ɨɬɧɨɫɹɳɢɯɫɹ ɤ ɤɥɚɫɫɭ ɝɢɞɪɨɥɚɡ, ɤɚɬɚɥɢɡɢɪɭɸɳɢɯ ɝɢɞɪɨɥɢɡ ɮɨɫɮɨɞɢɷɮɢɪɧɵɯ 

ɫɜɹɡɟɣ ɱɭɠɟɪɨɞɧɵɯ ȾɇɄ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɩɪɨɤɚɪɢɨɬɢɱɟɫɤɢɯ (ɛɚɤɬɟɪɢɢ ɢ ɫɢɧɟ-

ɡɟɥɟɧɵɟ ɜɨɞɨɪɨɫɥɢ) ɢ ɧɟɤɨɬɨɪɵɯ ɞɪɭɝɢɯ ɨɪɝɚɧɢɡɦɚɯ ɢ ɜɵɩɨɥɧɹɸɳɢɟ ɬɟɦ 

ɫɚɦɵɦ "ɢɦɦɭɧɧɭɸ" ɮɭɧɤɰɢɸ. ɗɬɨ ɮɟɪɦɟɧɬɵ, «ɭɡɧɚɸɳɢɟ» ɨɩɪɟɞɟɥɟɧɧɵɟ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ (ɫɚɣɬɵ ɪɟɫɬɪɢɤɰɢɢ) ɜ ɞɜɭɯɰɟɩɨɱɟɱɧɨɣ ȾɇɄ. 

ɋɩɟɰɢɮɢɱɟɫɤɢɣ ɩɚɬɬɟɪɧ ɉȾɊɎ ɜɨɡɧɢɤɚɟɬ ɩɪɢ ɷɥɟɤɬɪɨɮɨɪɟɬɢɱɟɫɤɨɦ 

ɪɚɡɞɟɥɟɧɢɢ ɪɚɫɳɟɩɥɟɧɧɨɣ ȾɇɄ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɨɛɪɚɡɭɸɬɫɹ ɮɪɚɝɦɟɧɬɵ 

ɪɚɫɳɟɩɥɟɧɢɹ ɪɚɡɥɢɱɧɨɣ ɞɥɢɧɵ, ɤɨɬɨɪɵɟ ɯɚɪɚɤɬɟɪɧɵ ɞɥɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 

ȾɇɄ. ɂɧɞɢɜɢɞɭɭɦɵ, ɜɢɞɵ ɢɥɢ ɨɪɝɚɧɢɡɦɵ ɦɨɠɧɨ ɪɚɡɥɢɱɚɬɶ ɧɚ ɨɫɧɨɜɟ 

ɲɚɛɥɨɧɚ ɉȾɊɎ. ɉȾɊɎ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɢɞɟɧɬɢɮɢɤɚɰɢɢ 

ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ, ɝɟɧɨɬɢɩɢɪɨɜɚɧɢɹ, ɫɧɹɬɢɹ ɨɬɩɟɱɚɬɤɨɜ ȾɇɄ, ɤɚɪɬɢɪɨɜɚɧɢɹ 

ɝɟɧɨɜ ɢ ɞɢɚɝɧɨɫɬɢɤɢ ɝɟɧɟɬɢɱɟɫɤɢɯ ɧɚɪɭɲɟɧɢɣ [83]. 

 

1.8 Эɥɟɤɬɪɨɮɨɪɟɡ ɜ ɝɟɥɟ 

Ƚɟɥɶ-ɷɥɟɤɬɪɨɮɨɪɟɡ - ɷɬɨ ɥɚɛɨɪɚɬɨɪɧɵɣ ɦɟɬɨɞ, ɢɫɩɨɥɶɡɭɟɦɵɣ ɞɥɹ 

ɪɚɡɞɟɥɟɧɢɹ ɫɦɟɫɟɣ ȾɇɄ, ɊɇɄ ɢɥɢ ɛɟɥɤɨɜ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɡɦɟɪɚ ɦɨɥɟɤɭɥ. 

ɉɪɢ ɝɟɥɶ-ɷɥɟɤɬɪɨɮɨɪɟɡɟ ɪɚɡɞɟɥɹɟɦɵɟ ɦɨɥɟɤɭɥɵ ɩɪɨɬɚɥɤɢɜɚɸɬɫɹ 

ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɩɨɥɟɦ ɱɟɪɟɡ ɝɟɥɶ, ɫɨɞɟɪɠɚɳɢɣ ɦɚɥɟɧɶɤɢɟ ɩɨɪɵ. Ɇɨɥɟɤɭɥɵ 

ɩɪɨɯɨɞɹɬ ɱɟɪɟɡ ɩɨɪɵ ɝɟɥɹ ɫɨ ɫɤɨɪɨɫɬɶɸ, ɤɨɬɨɪɚɹ ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ 

ɢɯ ɞɥɢɧɟ. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɧɟɛɨɥɶɲɚɹ ɦɨɥɟɤɭɥɚ ȾɇɄ ɩɪɨɣɞɟɬ ɱɟɪɟɡ ɝɟɥɶ 

ɛɨɥɶɲɟɟ ɪɚɫɫɬɨɹɧɢɟ, ɱɟɦ ɛɨɥɟɟ ɤɪɭɩɧɚɹ ɦɨɥɟɤɭɥɚ ȾɇɄ. 

Ʉɚɤ ɭɩɨɦɢɧɚɥɨɫɶ ɪɚɧɟɟ, ɝɟɥɶ-ɷɥɟɤɬɪɨɮɨɪɟɡ ɜɤɥɸɱɚɟɬ ɷɥɟɤɬɪɢɱɟɫɤɨɟ 

ɩɨɥɟ, ɜ ɱɚɫɬɧɨɫɬɢ, ɷɬɨ ɩɨɥɟ ɩɪɢɤɥɚɞɵɜɚɟɬɫɹ ɬɚɤ, ɱɬɨ ɨɞɢɧ ɤɨɧɟɰ ɝɟɥɹ ɢɦɟɟɬ 
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ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɡɚɪɹɞ, ɚ ɞɪɭɝɨɣ ɤɨɧɟɰ - ɨɬɪɢɰɚɬɟɥɶɧɵɣ. ɉɨɫɤɨɥɶɤɭ ȾɇɄ ɢ 

ɊɇɄ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɨɬɪɢɰɚɬɟɥɶɧɨ ɡɚɪɹɠɟɧɧɵɟ ɦɨɥɟɤɭɥɵ, ɨɧɢ ɛɭɞɭɬ 

ɩɪɢɬɹɝɢɜɚɬɶɫɹ ɤ ɩɨɥɨɠɢɬɟɥɶɧɨ ɡɚɪɹɠɟɧɧɨɦɭ ɤɨɧɰɭ ɝɟɥɹ. ɇɚɤɨɧɟɰ, ɩɨɫɥɟ 

ɬɨɝɨ, ɤɚɤ ɦɨɥɟɤɭɥɵ ȾɇɄ, ɊɇɄ ɢɥɢ ɛɟɥɤɚ ɛɵɥɢ ɪɚɡɞɟɥɟɧɵ ɫ ɩɨɦɨɳɶɸ ɝɟɥɶ-

ɷɥɟɤɬɪɨɮɨɪɟɡɚ, ɦɨɝɭɬ ɛɵɬɶ ɨɛɧɚɪɭɠɟɧɵ ɩɨɥɨɫɵ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ ɦɨɥɟɤɭɥɵ 

ɪɚɡɧɵɯ ɪɚɡɦɟɪɨɜ [84]. 

  



23 

2 Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 

2.1  Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ 

Ɉɛɪɚɡɰɵ ɛɚɤɬɟɪɢɣ ɛɵɥɢ ɩɪɟɞɨɫɬɚɜɥɟɧɵ ɧɚɦ ɦɚɝɢɫɬɪɚɧɬɚɦɢ ɤɚɮɟɞɪɵ 

ɛɢɨɬɟɯɧɨɥɨɝɢɢ. 

 

2.2 Ɇɟɬɨɞɢɤɚ ɜɵɞɟɥɟɧɢɹ ȾɇɄ 

Ⱦɥɹ ɜɵɞɟɥɟɧɢɹ ȾɇɄ ɤɥɟɬɤɭ ɧɟɨɛɯɨɞɢɦɨ ɪɚɡɪɭɲɢɬɶ ɬɟɦ ɢɥɢ ɢɧɵɦ 

ɫɩɨɫɨɛɨɦ, ɚ ȾɇɄ ɨɱɢɫɬɢɬɶ ɨɬ ɞɪɭɝɢɯ ɤɥɟɬɨɱɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ. 

Ɇɟɬɨɞɢɤɚ ɜɵɞɟɥɟɧɢɹ ȾɇɄ ɨɛɵɱɧɨ ɜɤɥɸɱɚɟɬ ɫɥɟɞɭɸɳɢɟ ɷɬɚɩɵ: 1) ɥɢɡɢɫ 

ɤɥɟɬɨɤ (ɢɥɢ ɪɚɡɪɭɲɟɧɢɟ ɮɢɡɢɱɟɫɤɢɦ, ɦɟɯɚɧɢɱɟɫɤɢɦ ɫɩɨɫɨɛɨɦ); 2) 

ɮɟɪɦɟɧɬɚɬɢɜɧɨɟ ɪɚɡɪɭɲɟɧɢɟ ɛɟɥɤɨɜ ɩɪɨɬɟɢɧɚɡɚɦɢ ɢ/ɢɥɢ ɞɟɩɪɨɬɟɢɧɢɡɚɰɢɸ 

ɤɥɟɬɨɱɧɨɝɨ ɥɢɡɚɬɚ ɫ ɩɨɦɨɳɶɸ ɮɟɧɨɥɚ ɢ ɯɥɨɪɨɮɨɪɦɚ;  3) ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɟ 

ɞɥɹ ɭɞɚɥɟɧɢɹ ɞɟɧɚɬɭɪɢɪɨɜɚɧɧɵɯ ɛɟɥɤɨɜ ɢ ɮɪɚɝɦɟɧɬɨɜ ɤɥɟɬɨɱɧɵɯ ɨɪɝɚɧɟɥɥ. 

Ɂɚɬɟɦ ȾɇɄ ɨɫɚɠɞɚɸɬ ɢɡ ɪɚɫɬɜɨɪɚ ɷɬɚɧɨɥɨɦ ɢ ɩɨɫɥɟ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɹ 

ɪɚɫɬɜɨɪɹɸɬ ɨɫɚɞɨɤ ɜ ɛɭɮɟɪɧɨɦ ɪɚɫɬɜɨɪɟ. 

ȼɵɞɟɥɟɧɢɟ ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɝɟɧɨɦɧɨɣ ȾɇɄ ɩɪɨɜɨɞɢɥɢ ɩɪɢ ɩɨɦɨɳɢ ɧɚɛɨɪɚ 

AxyPrep Bacterial Genomic DNA Miniprep Kit (ɩɪɨɢɡɜɨɞɫɬɜɚ ɄɇɊ). ɇɚɛɨɪ 

ɩɨɞɯɨɞɢɬ ɞɥɹ ɛɵɫɬɪɨɝɨ ɜɵɞɟɥɟɧɢɹ ɞɨ 20 ɦɝ ɝɟɧɨɦɧɨɣ ȾɇɄ ɢɡ 1,0 × 109 

ɛɚɤɬɟɪɢɚɥɶɧɵɯ ɤɥɟɬɨɤ. ɉɨɫɥɟ ɥɢɡɢɫɚ ɨɬɞɟɥɟɧɢɟ ɝɟɧɨɦɧɨɣ ȾɇɄ ɨɬ ɛɟɥɤɨɜ, 

ɩɨɥɢɫɚɯɚɪɢɞɨɜ ɢ ɥɢɩɢɞɨɜ ɞɨɫɬɢɝɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɭɧɢɤɚɥɶɧɨɣ ɫɬɚɞɢɢ 

ɮɚɡɨɜɨɝɨ ɪɚɡɞɟɥɟɧɢɹ. Ƚɟɧɨɦɧɚɹ ȾɇɄ ɜ ɧɢɠɧɟɣ ɮɚɡɟ ɜɵɛɨɪɨɱɧɨ ɫɜɹɡɵɜɚɟɬɫɹ 

ɫɨ ɫɩɟɰɢɚɥɶɧɨɣ ɤɨɥɨɧɤɨɣ AxyPrep ɞɥɹ ɞɚɥɶɧɟɣɲɟɣ ɨɱɢɫɬɤɢ ɢ ɨɛɟɫɫɨɥɢɜɚɧɢɹ. 

ȼɵɫɨɤɨɨɱɢɳɟɧɧɚɹ ɝɟɧɨɦɧɚɹ ȾɇɄ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɢɦɟɟɬ ɞɥɢɧɭ 30 ɬ.ɩ.ɧ. ɢ 

ɩɨɞɯɨɞɢɬ ɞɥɹ ɦɧɨɠɟɫɬɜɚ ɩɪɢɦɟɧɟɧɢɣ, ɬɪɟɛɭɸɳɢɯ ɜɵɫɨɤɨɨɱɢɳɟɧɧɨɣ 

ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɨɣ ɝɟɧɨɦɧɨɣ ȾɇɄ, ɬɚɤɢɯ ɤɚɤ ɉɐɊ. 

Ɋɟɚɤɬɢɜɵ: 

1) Ʌɢɡɢɪɭɸɳɢɣ ɪɚɫɬɜɨɪ 

2) Ɉɬɦɵɜɨɱɧɵɣ ɪɚɫɬɜɨɪ №1 

3) Ɉɬɦɵɜɨɱɧɵɣ ɪɚɫɬɜɨɪ №2 



24 

4) ɗɥɸɢɪɭɸɳɢɣ ɪɚɫɬɜɨɪ 

5) ɋɨɪɛɟɧɬ (ɜɨɞɧɚɹ ɫɭɫɩɟɧɡɢɹ) 

ɏɨɞ ɪɟɚɤɰɢɢ: 

1) ɂɫɫɥɟɞɭɟɦɭɸ ɩɪɨɛɭ, ɫɨɞɟɪɠɚɳɭɸ ȾɇɄ, ɜɧɟɫɬɢ ɜ ɦɢɤɪɨɩɪɨɛɢɪɤɭ. 

2) Ⱦɨɛɚɜɢɬɶ ɜ ɩɪɨɛɢɪɤɭ 300 ɦɤɥ ɥɢɡɢɪɭɸɳɟɝɨ ɪɚɫɬɜɨɪɚ (ɟɫɥɢ ɟɫɬɶ ɨɫɚɞɨɤ, 

ɬɨ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɟɝɨ ɧɟɨɛɯɨɞɢɦɨ ɩɟɪɟɦɟɲɚɬɶ). 

3) ɉɟɪɟɦɟɲɚɬɶ ɫɨɞɟɪɠɢɦɨɟ ɩɪɨɛɢɪɤɢ ɢ ɩɨɦɟɫɬɢɬɶ ɜ ɬɟɪɦɨɫɬɚɬ ɧɚ 10 

ɦɢɧ(ɞɥɹ ɝɪɚɦɩɨɥɨɠɢɬɟɥɶɧɵɯ ɛɚɤɬɟɪɢɣ ɜɪɟɦɹ ɢɧɤɭɛɚɰɢɢ 30 ɦɢɧɭɬ). 

4) ȼɫɬɪɹɯɧɭɬɶ ɫɨɞɟɪɠɢɦɨɟ ɩɪɨɛɢɪɤɢ ɧɚ ɜɨɪɬɟɤɫɟ ɢ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɬɶ 10 

ɦɢɧ. ɩɪɢ 13,4 ɬɵɫ. ɨɛɨɪɨɬɨɜ. 

5) ɋ ɩɨɦɨɳɶɸ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɞɨɡɚɬɨɪɚ ɨɬɨɛɪɚɬɶ ɧɚɞɨɫɚɞɨɱɧɭɸ 

ɠɢɞɤɨɫɬɶ ɢ ɩɟɪɟɧɟɫɬɢ ɜ ɱɢɫɬɭɸ ɩɪɨɛɢɪɤɭ. Ɂɚɬɟɦ ɞɨɛɚɜɢɬɶ 20 ɦɤɥ ɫɭɫɩɟɧɡɢɢ 

ɫɨɪɛɟɧɬɚ. ɉɟɪɟɞ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɨɪɛɟɧɬɚ, ɟɝɨ ɫɥɟɞɭɟɬ ɩɨɥɧɨɫɬɶɸ 

ɫɭɫɩɟɧɞɢɪɨɜɚɬɶ ɧɚ ɜɨɪɬɟɤɫɟ ɞɨ ɢɫɱɟɡɧɨɜɟɧɢɹ ɨɫɚɞɤɚ. 

6) ɋɨɞɟɪɠɢɦɨɟ ɩɪɨɛɢɪɤɢ ɫ ɩɪɨɛɨɣ ɜɫɬɪɹɯɧɭɬɶ ɧɚ ɜɨɪɬɟɤɫɟ ɢ ɨɫɬɚɜɢɬɶ ɜ 

ɲɬɚɬɢɜɟ ɧɚ 10 ɦɢɧ. ɞɥɹ ɚɞɫɨɪɛɰɢɢ ȾɇɄ, ɜ ɬɟɱɟɧɢɟ ɤɨɬɨɪɵɯ ɤɚɠɞɵɟ 3 ɦɢɧɭɬɵ 

ɩɟɪɟɦɟɲɢɜɚɬɶ ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɱɚɫɬɢɰ ɫɨɪɛɟɧɬɚ ɜɨ ɜɡɜɟɲɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ. 

7) ɉɪɨɛɢɪɤɢ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɬɶ 20 ɫɟɤ. ɩɪɢ 13,4 ɬɵɫ. ɨɛɨɪɨɬɨɜ. 

8) ɇɚɞɨɫɚɞɨɱɧɭɸ ɠɢɞɤɨɫɬɶ ɭɞɚɥɢɬɶ ɩɪɢ ɩɨɦɨɳɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 

ɞɨɡɚɬɨɪɚ. 

9) Ʉ ɨɫɚɞɤɭ ɩɪɢɛɚɜɢɬɶ 500 ɦɤɥ ɪɚɛɨɱɟɝɨ ɨɬɦɵɜɨɱɧɨɝɨ ɪɚɫɬɜɨɪɚ №1, 

ɨɫɚɞɨɤ ɪɟɫɭɫɩɟɧɞɢɪɨɜɚɬɶ, ɜɫɬɪɹɯɧɭɬɶ ɧɚ ɜɨɪɬɟɤɫɟ. 

10) ɐɟɧɬɪɢɮɭɝɢɪɨɜɚɬɶ ɩɪɨɛɵ 30 ɫɟɤ. ɩɪɢ 2 ɬɵɫ. ɨɛɨɪɨɬɨɜ. 

11) ɇɚɞɨɫɚɞɨɱɧɭɸ ɠɢɞɤɨɫɬɶ ɭɞɚɥɢɬɶ. 
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12) Ʉ ɨɫɚɞɤɭ ɩɪɢɛɚɜɢɬɶ 500 ɦɤɥ ɪɚɛɨɱɟɝɨ ɨɬɦɵɜɨɱɧɨɝɨ ɪɚɫɬɜɨɪɚ №2, 

ɨɫɚɞɨɤ ɪɟɫɭɫɩɟɧɞɢɪɨɜɚɬɶ, ɜɫɬɪɹɯɧɭɬɶ ɧɚ ɜɨɪɬɟɤɫɟ. 

13) ɐɭɧɬɪɢɮɭɝɢɪɨɜɚɬɶ ɩɪɨɛɵ 30 ɫɟɤ. ɩɪɢ 2 ɬɵɫ. ɨɛɨɪɨɬɨɜ. ɇɚɞɨɫɚɞɨɱɧɭɸ 

ɠɢɞɤɨɫɬɶ ɩɨɥɧɨɫɬɶɸ ɭɞɚɥɢɬɶ. 

14) ɉɨɜɬɨɪɢɬɶ ɨɩɟɪɚɰɢɢ, ɢɡɥɨɠɟɧɧɵɟ ɜ ɩɩ.12 ɢ 13. 

15) Ɉɬɤɪɵɬɭɸ ɩɪɨɛɢɪɤɭ ɩɨɦɟɫɬɢɬɶ ɜ ɬɟɪɦɨɫɬɚɬ ɢ ɫɭɲɢɬɶ ɨɫɚɞɨɤ 5 ɦɢɧ. 

ɩɪɢ 65 ɝɪɚɞɭɫɨɜ. 

16) Ʉ ɜɵɫɭɲɟɧɧɨɦɭ ɨɫɚɞɤɭ ɞɨɛɚɜɢɬɶ 75 ɦɤɥ ɷɥɸɢɪɭɸɳɟɝɨ ɪɚɫɬɜɨɪɚ, 

ɩɪɨɛɢɪɤɭ ɡɚɤɪɵɬɶ ɢ ɬɟɪɦɨɫɬɚɬɢɪɨɜɚɬɶ 1-2 ɦɢɧ. ɩɪɢ 65 ɝɪɚɞɭɫɨɜ. 

17) ɉɪɨɛɢɪɤɭ ɜɫɬɪɹɯɧɭɬɶ ɧɚ ɜɨɪɬɟɤɫɟ ɞɥɹ ɪɟɫɭɫɩɟɧɞɢɪɨɜɚɧɢɹ ɨɫɚɞɤɚ ɢ 

ɬɟɪɦɨɫɬɚɬɢɪɨɜɚɬɶ ɜ ɩɪɟɠɧɢɯ ɭɫɥɨɜɢɹɯ ɟɳɟ 5 ɦɢɧ. ɉɨ ɨɤɨɧɱɚɧɢɢ 

ɬɟɪɦɨɫɬɚɬɢɪɨɜɚɧɢɹ ɫɨɞɟɪɠɢɦɨɟ ɩɪɨɛɢɪɤɢ ɟɳɟ ɪɚɡ ɜɫɬɪɹɯɧɭɬɶ ɧɚ ɜɨɪɬɟɤɫɟ. 

18) ɐɟɧɬɪɢɮɭɝɢɪɨɜɚɬɶ 1 ɦɢɧ. ɩɪɢ 10 ɬɵɫ. ɨɛɨɪɨɬɨɜ. ɇɚɞɨɫɚɞɨɱɧɭɸ 

ɠɢɞɤɨɫɬɶ (ɩɪɟɩɚɪɚɬ ȾɇɄ) ɩɟɪɟɧɟɫɬɢ ɜ ɱɢɫɬɭɸ ɩɪɨɛɢɪɤɭ, ɧɟ ɡɚɞɟɜɚɹ ɩɪɢ ɷɬɨɦ 

ɨɫɚɞɤɚ. ɉɪɟɩɚɪɚɬ ȾɇɄ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɉɐɊ. 

ɏɪɚɧɢɬɶ ɩɪɟɩɚɪɚɬɵ ȾɇɄ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 2-8 ɧɟ ɛɨɥɟɟ 2 

ɧɟɞɟɥɶ ɢɥɢ ɞɨ 6 ɦɟɫɹɰɟɜ ɩɪɢ -18 ɧɟ ɞɨɩɭɫɤɚɹ ɱɚɫɬɨɝɨ ɡɚɦɨɪɚɠɢɜɚɧɢɹ-

ɨɬɬɚɢɜɚɧɢɹ. 

 

2.3 Ɇɟɬɨɞɢɤɚ ɩɪɨɜɟɞɟɧɢɹ ɉЦɊ 

Ɋɟɚɤɰɢɹ ɉɐɊ ɩɪɨɜɨɞɢɥɚɫɶ ɜ ɩɪɢɛɨɪɟ ThermalCycler ɋ1000. 

ɇɚ ɨɞɧɭ ɩɪɨɛɭ ɨɛɴɟɦɨɦ 50ɦɤɥ ɬɪɟɛɭɟɬɫɹ: 

- 27 ɦɤɥ ɞɢɫɬ. ɜɨɞɵ 

- 5 ɦɤɥ 10ɯ ɛɭɮɟɪɚ 

- 5 ɦɤɥ ɩɪɚɣɦɟɪɨɜ ɫ ɤɨɧɰɟɧɬɪɚɰɢɹɦɢ ɩɨ 1µM (8L – 1492R) 
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- 3 ɦɤɥ MgCl2 ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 2.5mM 

-1 ɦɤɥ ȾɇɄ hot-start taq ɩɨɥɢɦɟɪɚɡɵ. 

ȼɟɳɟɫɬɜɚ ɫɦɟɲɢɜɚɥɢ ɜ 1 ɩɪɨɛɢɪɤɟ ɨɛɴɟɦɨɦ 1,5 ɦɥ ɢɡ ɪɚɫɱɟɬɚ ɧɚ 15 ɩɪɨɛ, 

ɞɚɥɟɟ ɜ ɤɚɠɞɭɸ ɞɨɛɚɜɥɹɥɢ ɩɨ 47 ɦɤɥ ɞɚɧɧɨɣ ɫɦɟɫɢ ɢ ɩɨ 2 ɦɤɥ ɢɫɫɥɟɞɭɟɦɨɣ 

ȾɇɄ ɢ 1 ɦɤɥ ɩɨɥɢɦɟɪɚɡɵ. Ⱦɥɹ ɜɢɡɭɚɥɢɡɚɰɢɢ ɪɟɡɭɥɶɬɚɬɨɜ ɚɦɩɥɢɮɢɤɚɰɢɢ 

ɢɫɩɨɥɶɡɨɜɚɥɢ ɷɥɟɤɬɪɨɮɨɪɟɡ ɜ ɚɝɚɪɨɡɧɨɦ ɝɟɥɟ. ɉɨɫɥɟ ɨɤɨɧɱɚɧɢɹ 

ɷɥɟɤɬɪɨɮɨɪɟɡɚ ɝɟɥɶ ɩɨɦɟɳɚɥɢ ɜ ɬɪɚɧɫɥɸɦɢɧɚɬɨɪ ɝɟɥɶ-ɞɨɤɭɦɟɧɬɢɪɭɸɳɟɣ 

ɫɢɫɬɟɦɵ. ɉɪɨɜɟɞɟɧɧɵɣ ɷɥɟɤɬɪɨɮɨɪɟɡ ɚɦɩɥɢɤɨɧɨɜ ȾɇɄ ɩɨɤɚɡɚɥ ɱɬɨ ɪɟɚɤɰɢɹ 

ɉɐɊ ɩɪɨɲɥɚ ɭɫɩɟɲɧɨ ɢ ɦɵ ɜɵɞɟɥɢɥɢ ɭɱɚɫɬɤɢ ȾɇɄ ɝɟɧɚ 16S ɪɊɇɄ. 

ɂɫɩɨɥɶɡɭɟɦɚɹ ɩɪɨɝɪɚɦɦɚ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɉɐɊ: 

1. 940ɋ – 3:00 ɦɢɧ.  

2. 800ɋ – 0:40 ɫɟɤ  

3. 950ɋ – 0:10 ɫɟɤ.  

4. 620ɋ – 0:20 ɫɟɤ. 

 5. 720ɋ – 1:40 ɦɢɧ. 

 6. Go to 3 – 35 times 

7. 720ɋ for 10: 00 ɦɢɧ. 

8. 40ɋ – 18:00:00 

9. END 
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2.4 Ɇɟɬɨɞɢɤɚ ɨɱɢɫɬɤɢ ɚɦɩɥɢɤɨɧɨɜ 

Ɉɱɢɫɬɤɚ ɚɦɩɥɢɤɨɧɨɜ ɩɪɨɢɡɜɨɞɢɥɚɫɶ ɫ ɩɨɦɨɳɶɸ ɧɚɛɨɪɚ Diatom DNA 

Clean-UP, ɩɪɨɢɡɜɨɞɫɬɜɨ ɮɢɪɦɵ IsoGene 

ɇɚɛɨɪ ɞɥɹ ɛɵɫɬɪɨɣ ɨɱɢɫɬɤɢ PCR ɩɪɨɞɭɤɬɚ, ɨɫɧɨɜɚɧ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 

ɫɨɥɸɛɢɥɢɡɢɪɭɸɳɟɝɨ ɚɝɟɧɬɚ ɫ ɯɚɨɬɪɨɩɧɵɦ ɜɟɳɟɫɬɜɨɦ, ɜ ɩɪɢɫɭɬɫɬɜɢɢ 

ɤɨɬɨɪɨɝɨ ȾɇɄ ɨɫɬɚɟɬɫɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɮɟɪ ɲɚɪɢɤɨɜ ɫɨɪɛɟɧɬɚ. ɋ 

ɩɨɫɥɟɞɭɸɳɟɣ ɨɬɦɵɜɤɨɣ ɫɩɢɪɬɨɜɵɦ ɪɚɫɬɜɨɪɨɦ, ɫɮɟɪɵ ɫ ȾɇɄ ɨɱɢɳɚɸɬɫɹ ɨɬ 

ɧɟɧɭɠɧɵɯ ɩɪɢɦɟɫɟɣ ɢ, ɷɥɸɢɪɨɜɚɧɧɚɹ ɫ ɫɨɪɛɟɧɬɚ ɛɢɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɨɣ 

ɢɥɢ ɬɪɚɞɢɰɢɨɧɧɵɦɢ ɛɭɮɟɪɚɦɢ (Ɍȿ ɢ ɞɪ.), ȾɇɄ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɞɥɹ 

ɞɚɥɶɧɟɣɲɟɝɨ ɪɟɫɬɪɢɤɰɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ.  

ɉɪɢɦɟɧɟɧɢɟ ɧɚɛɨɪɚ ɨɛɟɫɩɟɱɢɥɨ ɜɵɫɨɤɭɸ ɱɢɫɬɨɬɭ ɨɱɢɳɟɧɧɨɣ ȾɇɄ – OD 

260/280 – 1.8-2.0. 

 

2.5 Ɇɟɬɨɞɢɤɚ ɩɪɨɜɟɞɟɧɢɹ ɪɟɚɤɰɢɢ ɪɟɫɬɪɢɤɰɢɢ 

Ɋɟɚɤɰɢɸ ɪɟɫɬɪɢɤɰɢɢ ɚɦɩɥɢɮɢɰɢɪɨɜɚɧɧɨɣ ȾɇɄ ɩɪɨɜɨɞɢɥɢ ɜ ɬɟɱɟɧɢɟ 2 ɱ. ɜ 

ɩɪɢɛɨɪɟ Thermomixercomfort ɩɪɨɢɡɜɨɞɫɬɜɨ ɮɢɪɦɵ Eppendorf. Ɋɟɚɤɰɢɹ 

ɩɪɨɯɨɞɢɥɚ ɩɪɢ 65 0ɋ ɜ 50 ɦɤɥ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ, ɫɨɞɟɪɠɚɳɟɣ 2 ɟɞ. ɚɤɬ. 

ɪɟɫɬɪɢɤɬɚɡɵ. 

ɉɨɫɬɚɧɨɜɤɚ ɪɟɚɤɰɢɢ ɪɟɫɬɪɢɤɰɢɢ, ɞɥɹ 1 ɩɪɨɛɵ ɨɛɴɟɦɨɦ 50 ɦɤɥ ɧɟɨɛɯɨɞɢɦɨ: 

- 5 ɦɤɥ 10ɯ ɛɭɮɟɪɚ - 10 ɦɤɥ ɪɚɡɛ. BSA - 25 ɦɤɥ H20 - 10 ɦɤɥ ȾɇɄ 

- 5 ɦɤɥ ɮɟɪɦɟɧɬɚ(ɚɤɬɢɜɧɨɫɬɶ ɮɟɪɦɟɧɬɚ 10 000 ɟ.ɚ/ɦɥ_ 

ȼɫɟ ɜɟɳɟɫɬɜɚ ɫɦɟɲɚɥɢ ɧɚ ɯɨɥɨɞɟ ɜ 1 ɩɪɨɛɢɪɤɟ ɨɛɴɟɦɨɦ 2 ɦɥ, ɢɡ 

ɪɚɫɱɟɬɚ ɧɚ 15 ɩɪɨɛ, ɡɚɬɟɦ ɜ ɤɚɠɞɭɸ ɩɪɨɛɢɪɤɭ ɞɨɛɚɜɢɥɢ ɩɨ 35 ɦɤɥ ɞɚɧɧɨɣ 

ɫɦɟɫɢ ɢ ɩɨ 15 ɦɤɥ ɢɫɫɥɟɞɭɟɦɨɣ ȾɇɄ. 

Ⱦɥɹ ɜɢɡɭɚɥɢɡɚɰɢɢ ɪɟɡɭɥɶɬɚɬɨɜ ɪɟɫɬɪɢɤɰɢɢ ɢɫɩɨɥɶɡɨɜɚɥɢ ɷɥɟɤɬɪɨɮɨɪɟɡ. 

 

2.6 Ƚɟɥɶ ɷɥɟɤɬɪɨɮɨɪɟɡ 

Ƚɟɥɶ-ɷɥɟɤɬɪɨɮɨɪɟɡ - ɷɬɨ ɫɬɚɧɞɚɪɬɧɚɹ ɥɚɛɨɪɚɬɨɪɧɚɹ ɩɪɨɰɟɞɭɪɚ ɪɚɡɞɟɥɟɧɢɹ 

ȾɇɄ ɩɨ ɪɚɡɦɟɪɭ (ɧɚɩɪɢɦɟɪ, ɞɥɢɧɚ ɜ ɩɚɪɚɯ ɨɫɧɨɜɚɧɢɣ) ɞɥɹ ɜɢɡɭɚɥɢɡɚɰɢɢ ɢ 
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ɨɱɢɫɬɤɢ. ɗɥɟɤɬɪɨɮɨɪɟɡ ɢɫɩɨɥɶɡɭɟɬ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɩɨɥɟ ɞɥɹ ɩɟɪɟɦɟɳɟɧɢɹ 

ɨɬɪɢɰɚɬɟɥɶɧɨ ɡɚɪɹɠɟɧɧɨɣ ȾɇɄ ɱɟɪɟɡ ɦɚɬɪɢɰɭ ɚɝɚɪɨɡɧɨɝɨ ɝɟɥɹ ɤ 

ɩɨɥɨɠɢɬɟɥɶɧɨɦɭ ɷɥɟɤɬɪɨɞɭ. Ȼɨɥɟɟ ɤɨɪɨɬɤɢɟ ɮɪɚɝɦɟɧɬɵ ȾɇɄ ɩɪɨɯɨɞɹɬ ɱɟɪɟɡ 

ɝɟɥɶ ɛɵɫɬɪɟɟ, ɱɟɦ ɛɨɥɟɟ ɞɥɢɧɧɵɟ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɵ ɦɨɠɟɦ ɨɩɪɟɞɟɥɢɬɶ 

ɩɪɢɛɥɢɡɢɬɟɥɶɧɭɸ ɞɥɢɧɭ ɮɪɚɝɦɟɧɬɚ ȾɇɄ, ɩɪɨɝɧɚɜ ɟɝɨ ɧɚ ɚɝɚɪɨɡɧɨɦ ɝɟɥɟ 

ɪɹɞɨɦ ɫ ɥɟɫɬɧɢɰɟɣ ȾɇɄ (ɧɚɛɨɪɨɦ ɮɪɚɝɦɟɧɬɨɜ ȾɇɄ ɢɡɜɟɫɬɧɨɣ ɞɥɢɧɵ-

ɦɚɪɤɟɪɨɦ). 

Ɉɛɨɪɭɞɨɜɚɧɢɟ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɢ ɞɨɤɭɦɟɧɬɢɪɨɜɚɧɢɹ ɷɥɟɤɬɪɨɮɨɪɟɡɚ: 

1. ɂɫɬɨɱɧɢɤ ɩɢɬɚɧɢɹ Bio-Rad PowerPac HV (1-400 ȼɬ, 0,01-500ɦȺ, 20-5000ȼ). 

2. Ʉɚɦɟɪɚ ɞɥɹ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɷɥɟɤɬɪɨɮɨɪɟɡɚ (ɝɟɥɶ 7ɯ10) Mini-Sub Cell GT, 

Bio-Rad. 

3. Ƚɟɥɶ - ɞɨɤɭɦɟɧɬɢɪɭɸɳɚɹ ɫɢɫɬɟɦɚ Bio-Rad Gel Doc XR ɫ ɤɨɦɩɶɸɬɟɪɨɦ. 

Ɋɟɚɤɬɢɜɵ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɷɥɟɤɬɪɨɮɨɪɟɡɚ: 

1. ɉɨɪɨɲɨɤ ɚɝɚɪɨɡɵ; 

2. Ȼɪɨɦɢɫɬɵɣ ɷɬɢɞɢɣ; 

3. Ȼɭɮɟɪɵ ɞɥɹ ɷɥɟɤɬɪɨɮɨɪɟɡɚ (ɬɪɢɫ-ɚɰɟɬɚɬɧɵɟ, ɬɪɢɫ-ɛɨɪɚɬɧɵɟ, ɬɪɢɫ-

ɮɨɫɮɚɬɧɵɟ); 

4. ȾɇɄ-ɦɚɪɤɟɪɵ; 

5. 6-ɬɢɤɪɚɬɧɵɣ ɛɭɮɟɪ ɞɥɹ ɧɚɧɟɫɟɧɢɹ (ɤɫɢɥɟɧɰɢɚɧɨɥ FF, ɦɟɬɢɥɟɧɨɜɵɣ ɫɢɧɢɣ, 

ɫɚɯɚɪɨɡɚ ɢ ɜɨɞɚ). 

ɏɨɞ ɩɪɨɰɟɫɫɚ: 

1. ȼɡɜɟɫɢɬɶ ɚɝɚɪɨɡɭ ɢ ɞɨɛɚɜɢɬɶ ɟɟ ɤ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦɭ ɤɨɥɢɱɟɫɬɜɭ 0.5ɯ ɌAȿ 

ɛɭɮɟɪɚ. 

2. ɉɨɦɟɫɬɢɬɶ ɜ ɪɚɛɨɬɚɸɳɭɸ ɦɢɤɪɨɜɨɥɧɨɜɭɸ ɩɟɱɶ ɧɚ 45-50 ɫɟɤ., ɞɨ 

ɩɨɥɭɱɟɧɢɹ ɨɞɧɨɪɨɞɧɨɣ ɫɭɫɩɟɧɡɢɢ, ɡɚɬɟɦ ɨɫɬɭɞɢɬɶ ɞɨ 600 ɋ. 
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3. ɍɫɬɚɧɨɜɢɬɶ ɝɪɟɛɟɧɤɭ ɜ ɮɨɪɦɭ ɞɥɹ ɚɝɚɪɨɡɵ (ɮɨɪɦɭ ɜɵɪɨɜɧɹɬɶ ɩɨ ɭɪɨɜɧɸ, 

ɞɥɹ ɪɚɜɧɨɦɟɪɧɨɝɨ ɧɚɧɟɫɟɧɢɹ ɪɚɫɬɜɨɪɚ). 

4. ɉɟɪɟɥɢɬɶ ɪɚɫɬɜɨɪ ɜ ɮɨɪɦɭ ɞɥɹ ɚɝɚɪɨɡɵ. 

5. Ɉɫɬɚɜɢɬɶ ɝɟɥɶ ɧɚ 25 ɦɢɧɭɬ ɞɥɹ ɡɚɫɬɵɜɚɧɢɹ. 

6. ɍɞɚɥɢɬɶ ɝɪɟɛɟɧɤɭ ɢ ɩɨɦɟɫɬɢɬɶ ɝɟɥɶ ɜ ɷɥɟɤɬɪɨɮɨɪɟɬɢɱɟɫɤɭɸ ɤɸɜɟɬɭ. 

7. ɉɨɤɪɵɬɶ ɝɟɥɶ ɫɥɨɟɦ ɷɥɟɤɬɪɨɮɨɪɟɬɢɱɟɫɤɨɝɨ ɛɭɮɟɪɚ (ɝɟɥɶ ɞɨɥɠɟɧ ɛɵɬɶ 

ɩɨɤɪɵɬ ɛɭɮɟɪɨɦ, ɬɨɥɳɢɧɚ ɤɨɬɨɪɨɝɨ 1ɫɦ). 

8. ɋɦɟɲɚɬɶ ɩɪɨɛɵ ȾɇɄ ɫ ɛɭɮɟɪɨɦ ɞɥɹ ɧɚɧɟɫɟɧɢɹ ɩɪɨɛɵ (ɫɨɞɟɪɠɚɳɢɦ 

ɝɥɢɰɟɪɢɧ ɢ ɤɪɚɫɢɬɟɥɢ) ɜ ɫɨɨɬɧɨɲɟɧɢɢ 5:1. ȼɧɟɫɬɢ ɫɦɟɫɶ ɜ ɥɭɧɤɢ ɝɟɥɹ ɩɨɞ 

ɷɥɟɤɬɪɨɮɨɪɟɬɢɱɟɫɤɢɣ ɛɭɮɟɪ ɫ ɩɨɦɨɳɶɸ ɫɚɦɩɥɟɪɚ. ɇɚɧɟɫɬɢ ɦɚɪɤɟɪ (ɜ 1 ɢ 

ɩɨɫɥɟɞɧɸɸ ɥɭɧɤɢ). 

9. ɉɨɞɫɨɟɞɢɧɢɬɶ ɷɥɟɤɬɪɨɞɵ, ɭɫɬɚɧɨɜɢɬɶ ɧɚɩɪɹɠɟɧɢɟ ɢ ɜɪɟɦɹ, ɡɚɩɭɫɬɢɬɶ 

ɷɥɟɤɬɪɨɮɨɪɟɡ. 

10. ɋɜɟɪɯɭ ɩɨɥɨɠɢɬɶ ɯɥɚɞɚɝɟɧɬ. 

11. ɉɨɫɥɟ ɨɤɨɧɱɚɧɢɹ ɷɥɟɤɬɪɨɮɨɪɟɡɚ ɞɨɫɬɚɬɶ ɝɟɥɶ ɢ ɩɨɝɪɭɡɢɬɶ ɟɝɨ ɜ 

ɛɪɨɦɢɫɬɵɣ ɷɬɢɞɢɣ ɞɥɹ ɨɤɪɚɲɢɜɚɧɢɹ ɢ ɩɨɫɬɚɜɢɬɶ ɧɚ ɜɨɪɬɟɤɫ, ɧɚ 25 ɦɢɧɭɬ. 

12. ɉɪɨɦɵɬɶ ɝɟɥɶ ɞɢɫɬɢɥɢɪɨɜɚɧɧɨɣ ɜɨɞɨɣ. 

13. Ɉɤɪɚɲɟɧɧɵɣ ɝɟɥɶ ɩɨɦɟɫɬɢɬɶ ɜ ɬɪɚɧɫɢɥɥɸɦɢɧɚɬɨɪ. 

14. Ɋɚɫɫɦɨɬɪɟɬɶ ɝɟɥɶ ɜ ɭɥɶɬɪɚɮɢɨɥɟɬɨɜɨɦ ɫɜɟɬɟ ɢ ɞɨɤɭɦɟɧɬɢɪɨɜɚɬɶ 

ɩɨɥɭɱɟɧɧɵɟ ɢɡɨɛɪɚɠɟɧɢɹ. 
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3 Ɋɟɡɭɥɶɬɚɬɵ 

3.1 ȼɵɞɟɥɟɧɢɟ ȾɇɄ ɢɡ ɨɛɪɚɡɰɨɜ ɛɚɤɬɟɪɢɣ 

 ɂɡ ɨɞɢɧɧɚɞɰɚɬɢ ɨɛɪɚɡɰɨɜ ɨɩɪɟɞɟɥɹɟɦɵɯ ɛɚɤɬɟɪɢɣ ɢ ɞɜɭɯ ɢɡɜɟɫɬɧɵɯ 

ɲɬɚɦɦɨɜ ɛɵɥɚ ɜɵɞɟɥɟɧɚ ɫɭɦɦɚɪɧɚɹ ɝɟɧɨɦɧɚɹ ȾɇɄ ɜɵɫɨɤɨɝɨ ɤɚɱɟɫɬɜɚ. 

(Ɍɚɛɥɢɰɚ 1) 

Ɍɚɛɥɢɰɚ 1 - Ʉɨɧɰɟɧɬɪɚɰɢɹ ɢ ɱɢɫɬɨɬɚ ɩɨɥɭɱɟɧɧɨɣ ȾɇɄ 

№ ɉɪɨɛɵ 

Ʉɨɧɰɟɧɬɪɚɰɢɹ 

ɪɚɡɜɟɞɟɧɢɟ ɜ 10 

ɪɚɡ, ɦɤɝ/ɦɥ 

ɂɫɯɨɞɧɚɹ 

ɤɨɧɰɟɧɬɪɚɰɢɹ, ɦɝ/ɦɥ 

ɑɢɫɬɨɬɚ ɩɪɟɩɚɪɚɬɚ 

A260:A280 

1 43 0,43 1,97 

2 37 0,37 1,95 

3 46 0,46 1,94 

4 39 0,39 1,96 

5 35 0,35 1,96 

6 30 0,3 1,95 

7 41 0,41 1,97 

8 40 0,4 1,96 

9 34 0,34 1,93 

10 33 0,33 1,96 

11 42 0,42  1,97 

Escherichia coli K-12 41 0,41 1,98 

Ralstonia eutropha B 5876 37 0,37 1,96 

 

 ȼɫɟ ɨɛɪɚɡɰɵ ɛɵɥɢ ɩɪɢɝɨɞɧɵ ɞɥɹ ɞɚɥɶɧɟɣɲɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɬɚɤ ɤɚɤ 

ɨɬɧɨɲɟɧɢɟ A260:A280 ɭ ɷɬɢɯ ɨɛɪɚɡɰɨɜ ɜɯɨɞɢɬ ɜ ɨɩɬɢɦɚɥɶɧɵɣ ɞɢɚɩɚɡɨɧ ɨɬ 

1,8 ɞɨ 2,0. 
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M – ȾɇɄ ɦɚɪɤɟɪ 1kb 

1 – 5 – ɂɫɫɥɟɞɭɟɦɵɟ ɨɛɪɚɡɰɵ ɛɚɤɬɟɪɢɣ 

6 – Ralstonia eutropha B 5876 

Ɋɢɫɭɧɨɤ 1 - Cɭɦɦɚɪɧɚɹ ɝɟɧɨɦɧɚɹ ȾɇɄ ɛɚɤɬɟɪɢɣ 

 

 ɇɚ ɪɢɫɭɧɤɟ 1 ɩɪɨɢɥɥɸɫɬɪɢɪɨɜɚɧ  ɪɟɡɭɥɶɬɚɬ ɷɥɟɤɬɪɨɮɨɪɟɡɚ ɜɵɞɟɥɟɧɧɨɣ 

ȾɇɄ ɢɫɫɥɟɞɭɟɦɵɯ ɛɚɤɬɟɪɢɣ, ɚ ɬɚɤɠɟ ȾɇɄ Ralstonia eutropha B 5876. Ɇɚɫɫɚ 

ɜɵɞɟɥɟɧɧɨɣ ɫɭɦɦɚɪɧɨɣ ȾɇɄ ɤɚɠɞɨɝɨ ɢɡ ɨɛɪɚɡɰɨɜ ɫɨɫɬɚɜɢɥɚ ɛɨɥɟɟ 10 000 ɩɚɪ 

ɨɫɧɨɜɚɧɢɣ. 

 

3.2 ɉɨɥɭɱɟɧɢɟ ɚɦɩɥɢɤɨɧɨɜ ɝɟɧɚ 16S-ɪɊɇɄ 

ɂɡ ɜɵɞɟɥɟɧɧɨɣ ȾɇɄ ɦɵ ɩɨɥɭɱɢɥɢ ɚɦɩɥɢɤɨɧɵ, ɤɨɬɨɪɵɟ ɫɨɨɬɜɟɬɫɬɜɭɸɬ 

ɜɵɛɪɚɧɧɨɦɭ ɭɱɚɫɬɤɭ ɝɟɧɚ 16S-ɪɊɇɄ. ɗɬɨ ɭɱɚɫɬɤɢ, ɨɝɪɚɧɢɱɟɧɧɵɟ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦɢ, ɤɨɦɩɥɟɦɟɧɬɚɪɧɵɦɢ ɩɚɪɟ ɩɪɚɣɦɟɪɨɜ 500L ɢ 1350R.  

Ɂɚɬɟɦ ɩɪɟɩɚɪɚɬɵ ɚɦɩɥɢɤɨɧɨɜ ɩɨɞɜɟɪɝɥɢɫɶ ɨɱɢɫɬɤɟ. 

Ɋɟɡɭɥɶɬɚɬɵ ɨɱɢɫɬɤɢ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 2 
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Ɍɚɛɥɢɰɚ 2 - Ʉɨɧɰɟɧɬɪɚɰɢɢ ɢ ɱɢɫɬɨɬɚ ɩɨɥɭɱɟɧɧɵɯ ɚɦɩɥɢɤɨɧɨɜ 

№ ɉɪɨɛɵ Ʉɨɧɰɟɧɬɪɚɰɢɹ, ɦɝ/ɦɥ 
ɑɢɫɬɨɬɚ ɩɪɟɩɚɪɚɬɚ 

A260:A280 

1 30 1,94 

2 27 1,92 

3 25 1,91 

4 31 1,93 

5 35 1,94 

6 32 1,93 

7 29 1,92 

8 26 1,92 

9 33 1,94 

10 31 1,93 

11 27 1,92 

Escherichia coli 

K-12 
36 1,94 

Ralstonia eutropha 

B 5876 
35 1,93 

 

 ȼɫɟ ɨɛɪɚɡɰɵ ɚɦɩɥɢɤɨɧɨɜ ɛɵɥɢ ɩɪɢɝɨɞɧɵ ɞɥɹ ɞɚɥɶɧɟɣɲɢɯ 

ɢɫɫɥɟɞɨɜɚɧɢɣ, ɬɚɤ ɤɚɤ ɨɬɧɨɲɟɧɢɟ ɩɨɝɥɨɳɟɧɢɣ A260:A280 ɭ ɷɬɢɯ ɨɛɪɚɡɰɨɜ 

ɜɯɨɞɢɬ ɜ ɨɩɬɢɦɚɥɶɧɵɣ ɞɢɚɩɚɡɨɧ ɨɬ 1,8 ɞɨ 2,0. 
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M – ȾɇɄ ɦɚɪɤɟɪ 1kb 

1–5 ɂɫɫɥɟɞɭɟɦɵɟ ɨɛɪɚɡɰɵ ɛɚɤɬɟɪɢɣ 

6– Escherichia coli K-12 

Ɋɢɫɭɧɨɤ 2 – Ⱥɦɩɥɢɤɨɧɵ ɝɟɧɚ 16S-ɪɊɇɄ ɛɚɤɬɟɪɢɣ 

 

 ɇɚ ɪɢɫɭɧɤɟ 2 ɩɪɟɞɫɬɚɜɥɟɧ ɪɟɡɭɥɶɬɚɬ ɷɥɟɤɬɪɨɮɨɪɟɡɚ ɚɦɩɥɢɤɨɧɨɜ ɝɟɧɚ 

16S-ɪɊɇɄ ɢɫɫɥɟɞɭɟɦɵɯ ɛɚɤɬɟɪɢɣ, ɚ ɬɚɤɠɟ ɚɦɩɥɢɤɨɧ Escherichia coli K-12. 

Ɉɛɪɚɡɰɵ, ɧɟ ɜɨɲɟɞɲɢɟ ɜ ɞɚɧɧɵɟ ɷɥɟɤɬɪɨɮɨɪɟɝɪɚɦɦɵ, ɩɨɤɚɡɚɥɢ ɫɯɨɞɧɵɟ 

ɷɥɟɤɬɪɨɮɨɪɟɬɢɱɟɫɤɢɟ ɤɚɪɬɢɧɵ. Ɇɚɫɫɚ ɚɦɩɥɢɤɨɧɨɜ ɫɨɫɬɚɜɢɥɚ ɨɤɨɥɨ 900 ɩ.ɨ. 

ɞɥɹ ɚɦɩɥɢɤɨɧɨɜ 500L -1350R  

 

3.3 ɉɪɨɜɟɞɟɧɢɟ ɪɟɫɬɪɢɤɰɢɢ ɚɦɩɥɢɤɨɧɨɜ 500L – 1350R 

 ɉɨɥɭɱɟɧɧɵɟ ɚɦɩɥɢɤɨɧɵ ɛɵɥɢ ɩɨɞɜɟɪɝɧɭɬɵ ɪɟɫɬɪɢɤɬɢɪɨɜɚɧɢɸ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɜɭɯ ɷɧɞɨɧɭɤɥɟɚɡ ɪɟɫɬɪɢɤɰɢɢ: Bst MB I ɢ BspFN I.  
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Ɍɚɛɥɢɰɚ 3 - ɉɪɢɦɟɪɧɵɟ ɪɚɡɦɟɪɵ ɪɟɫɬɪɢɤɬɨɜ ɩɨɥɭɱɟɧɧɵɟ ɩɨɫɥɟ ɨɛɪɚɛɨɬɤɢ 
ɚɦɩɥɢɤɨɧɨɜ 500L – 1350R ɷɧɞɨɧɭɤɥɟɚɡɚɦɢ ɪɟɫɬɪɢɤɰɢɢ 

Ɉɛɪɚɡɰɵ 
ɛɚɤɬɟɪɢɣ 
 
 
 
Ɋɟɫɬɪɢɤɬɚɡ
ɵ 

Ralstonia 
Eutropha  
B 5876 
 

 
Escheric
hia coli  
K-12 
 

1 2, 5 3 4 

Bsp FN I 
340 290  
100 90 40 

340  300 
140  100  

340  300  
140  100 

300  200 
180  90 
70 

450  300 
90 50 

430 380 
 

Bst MB I 790 50 50 
650 190 
50 

650 190 
50 

600 240 
50 

600 190 
50 50 

600 190 
50 50 

 

Ɍɚɛɥɢɰɚ 4 - ɉɪɢɦɟɪɧɵɟ ɪɚɡɦɟɪɵ ɪɟɫɬɪɢɤɬɨɜ ɩɨɥɭɱɟɧɧɵɟ ɩɨɫɥɟ ɨɛɪɚɛɨɬɤɢ 
ɚɦɩɥɢɤɨɧɨɜ 500L – 1350R ɷɧɞɨɧɭɤɥɟɚɡɚɦɢ ɪɟɫɬɪɢɤɰɢɢ 

Ɉɛɪɚɡɰɵ 
ɛɚɤɬɟɪɢɣ 
 
 
 
Ɋɟɫɬɪɢɤɬɚɡɵ 

6 7 ɢ 11 8  9 10 

Bsp FN I 
440  260  
110  60 

290 170 160 
100 90 40 

440 260 
120 70 

440 440 
390 300 
90 50 

Bst MB I 
380 350 
110 60 

770 50 50 
380 350  
110 50 

840 50 780 100 

 

3.4 ɉɪɨɜɟɞɟɧɢɹ ɚɧɚɥɢɡɚ in silico 

 ɇɚ ɨɫɧɨɜɚɧɢɢ ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢɡɭɱɟɧɧɵɯ ɨɛɪɚɡɰɨɜ 

ɛɚɤɬɟɪɢɣ ɛɵɥɢ ɜɵɛɪɚɧɵ ɫɟɦɶ ɪɨɞɨɜ ɛɚɤɬɟɪɢɣ, ɤ ɤɨɬɨɪɵɦ ɦɨɝɥɢ ɨɬɧɨɫɢɬɶɫɹ 

ɨɛɪɚɡɰɵ: Rhizobium, Achromobacter, Pseudomonas, Arthrobacter, Bacillus, 

Klebsiella, Roseovarius. Ȼɵɥ ɩɪɨɜɟɞɟɧ ɪɟɫɬɪɢɤɰɢɨɧɧɵɣ ɚɧɚɥɢɡ in silico 

ɚɦɩɥɢɤɨɧɨɜ ɢɯ ɝɟɧɨɜ 16S-ɪɊɇɄ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦ pDRAW32.  ɉɨɫɥɟ 

ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɪɟɫɬɪɢɤɬɢɪɨɜɚɧɢɹ ɚɦɩɥɢɤɨɧɨɜ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɜɡɹɬɵɯ 

ɢɡ ɛɚɡɵ ɞɚɧɧɵɯ GenBank ɢɡ ɤɚɠɞɨɝɨ ɪɨɞɚ ɛɵɥɢ ɜɵɛɪɚɧɵ ɩɨɞɯɨɞɹɳɢɟ ɩɨ 

ɪɟɫɬɪɢɤɰɢɨɧɧɨɦɭ ɩɪɨɮɢɥɸ ɜɢɞɵ. 

 

https://ru.wikipedia.org/wiki/Rhizobium
https://en.wikipedia.org/wiki/Achromobacter
https://en.wikipedia.org/wiki/Bacillus
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Ɍɚɛɥɢɰɚ 5 - Ɋɚɡɦɟɪɵ ɪɟɫɬɪɢɤɬɨɜ ɚɦɩɥɢɤɨɧɨɜ 500L – 1350R ɩɨɥɭɱɟɧɧɵɟ ɩɨɫɥɟ 
ɩɪɨɜɟɞɟɧɢɹ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɪɟɫɬɪɢɤɬɢɪɨɜɚɧɢɹ 

 

Ɍɚɛɥɢɰɚ 6 - Ɋɚɡɦɟɪɵ ɪɟɫɬɪɢɤɬɨɜ ɚɦɩɥɢɤɨɧɨɜ 500L – 1350R ɩɨɥɭɱɟɧɧɵɟ ɩɨɫɥɟ 
ɩɪɨɜɟɞɟɧɢɹ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɪɟɫɬɪɢɤɬɢɪɨɜɚɧɢɹ 

Ɉɛɪɚɡɰɵ 
ɛɚɤɬɟɪɢɣ 
 
 
 
Ɋɟɫɬɪɢɤɬɚɡɵ 

Arthrobact
er 
globiformis  

Agrobacteriu
m 
timefaciens  

Achromobacter 
xylosoxidans  

Roseovariu
s tolerans  

Pseudomona
s  
fluorescens  

Bsp FN I 
438  260  
118  68 14 

444 439  14 
291 185 154 104 87 
39 15  14 

438 260 
118 68  14 

392 296 87 
50 39 15 14 
2 

Bst MB I 
378 353  
114 53 

845 52 774 52 51 12 
378 353  
114 53 

780 103 12 

 

3.5 ɋɪɚɜɧɟɧɢɟ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ 
 

 ɉɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɚɧɚɥɢɡɚ in silico ɛɵɥɢ ɫɨɫɬɚɜɥɟɧɵ ɬɟɨɪɟɬɢɱɟɫɤɢɟ 

ɷɥɟɤɬɪɨɮɨɪɟɝɪɚɦɦɵ, ɤɨɬɨɪɵɟ ɦɵ ɫɪɚɜɧɢɥɢ ɫ ɩɪɚɤɬɢɱɟɫɤɢɦɢ, ɩɨɥɭɱɟɧɧɵɦɢ 

ɩɨɫɥɟ ɷɥɟɤɬɪɨɮɨɪɟɬɢɱɟɫɤɨɝɨ ɪɚɡɞɟɥɟɧɢɹ ɩɪɨɞɭɤɬɨɜ ɝɢɞɪɨɥɢɡɚ ɚɦɩɥɢɤɨɧɨɜ. 

 ɇɚ ɪɢɫɭɧɤɚɯ 3-10 ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɫɪɚɜɧɟɧɢɢ ɩɪɚɤɬɢɱɟɫɤɢɟ ɢ 

ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɷɥɟɤɬɪɨɮɨɪɟɝɪɚɦɦɵ ɩɪɨɞɭɤɬɨɜ ɚɦɩɥɢɮɢɤɚɰɢɢ ɝɟɧɚ 16S-ɪɊɇɄ 

ɛɚɤɬɟɪɢɣ ɩɨɫɥɟ ɝɢɞɪɨɥɢɡɚ ɚɦɩɥɢɤɨɧɨɜ ɪɚɡɧɵɦɢ ɪɟɫɬɪɢɤɬɚɡɚɦɢ.  

Ɉɛɪɚɡɰɵ 
ɛɚɤɬɟɪɢɣ 
 
 
 
Ɋɟɫɬɪɢɤɬɚɡɵ 

Ralstonia 
Eutropha  
B 5876 
 

 
E. Coli 
K-12 
 
 

Klebsiella 
pneumoni
ae 

Bacillus 
cereus 

Bacillus 
subtilis 

Bacillus 
pumilius 

Bsp FN I 
339 291  103 
87 39 15 14 

340 295  
141  104 14 

340  295 
141 
104 14 

294  209 
186  87 
50 39 15 
14 

445  294 
87 39 15 14 

445 381 
39 15 
14 

Bst MB I 787 51 50 
651 193 
50 

651 193 
50 

606 238 
50 

606 187 51 
50 

606 187 
51 50 
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M – Ɇɚɪɤɟɪ 100 bp 
1 – Ɉɛɪɚɡɟɰ 1 
2 – Ɉɛɪɚɡɟɰ 2 
3 – Ɉɛɪɚɡɟɰ 3 
4 – Ɉɛɪɚɡɟɰ 4 
5 – Ɉɛɪɚɡɟɰ 5 

6 – E. coli K-12 
Ɋɢɫɭɧɨɤ 3 - 

ɗɥɟɤɬɪɨɮɨɪɟɬɢɱɟɫɤɨɟ 
ɪɚɡɞɟɥɟɧɢɟ ɩɨɫɥɟ 

ɨɛɪɚɛɨɬɤɢ ɪɟɫɬɪɢɤɬɚɡɨɣ 
BspFN I 

 

 

M – Ɇɚɪɤɟɪ 100 bp 
1 – E. coli 

2 – Bacillus cereus 
3 – Bacillus subtilis 
4 – Bacillus pumilus 
5 – Bacillus cereus 

6 – E. coli K-12 
Ɋɢɫɭɧɨɤ 4 - 

Ɍɟɨɪɟɬɢɱɟɫɤɢ 
ɪɚɫɫɱɢɬɚɧɧɵɟ ɤɚɪɬɢɧɵ 
ɷɥɟɤɬɪɨɮɨɪɟɬɢɱɟɫɤɨɝɨ 

ɪɚɡɞɟɥɟɧɢɹ ɞɥɹ 
ɪɟɫɬɪɢɤɬɚɡɵ BspFN I 

 

ɇɚ ɞɚɧɧɵɯ ɷɥɟɤɬɪɨɮɨɪɟɝɪɚɦɦɚɯ ɧɚɛɥɸɞɚɟɬɫɹ ɱɟɬɵɪɟ ɬɢɩɚ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɟɫɬɪɢɤɬɨɜ. Ɉɛɪɚɡɟɰ 3 ɹɜɥɹɟɬɫɹ ɩɪɟɞɫɬɚɜɢɬɟɥɟɦ ɜɢɞɚ Bacillus 

subtilis, ɨɛɪɚɡɟɰ 2 -  Bacillus cereus, ɨɛɪɚɡɟɰ 1 - Escherichia coli,  ɚ ɨɛɪɚɡɟɰ 4 -  

Bacillus pumilus 

  
 

M – Ɇɚɪɤɟɪ 100 bp 
1 – E. coli K-12 
2 – Ɉɛɪɚɡɟɰ 1 
3 – Ɉɛɪɚɡɟɰ  2 
4 – Ɉɛɪɚɡɟɰ 3 
5 – Ɉɛɪɚɡɟɰ  4 
6 – E. coli K-12 

Ɋɢɫɭɧɨɤ 5 - 
ɗɥɟɤɬɪɨɮɨɪɟɬɢɱɟɫɤɨɟ 

ɪɚɡɞɟɥɟɧɢɟ ɩɨɫɥɟ 
ɨɛɪɚɛɨɬɤɢ ɪɟɫɬɪɢɤɬɚɡɨɣ 

Bst MB I 
 

 

M – Ɇɚɪɤɟɪ 100 bp 
1 – E. coli K-12 

2 – E. coli 
3 – B. cereus 
4 – B. subtilis 
5 – B. pumilus 

6 – E. coli K-12 
Ɋɢɫɭɧɨɤ 6 - 

Ɍɟɨɪɟɬɢɱɟɫɤɢ 
ɪɚɫɫɱɢɬɚɧɧɵɟ ɤɚɪɬɢɧɵ 
ɷɥɟɤɬɪɨɮɨɪɟɬɢɱɟɫɤɨɝɨ 

ɪɚɡɞɟɥɟɧɢɹ ɞɥɹ 
ɪɟɫɬɪɢɤɬɚɡɵ Bst MB I 

 

ɇɚ ɷɥɟɤɬɪɨɮɨɪɟɬɢɱɟɫɤɢɯ ɤɚɪɬɢɧɚɯ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɧɚ ɪɢɫɭɧɤɚɯ, 

ɧɚɛɥɸɞɚɟɬɫɹ 4 ɬɢɩɚ ɪɟɫɬɪɢɤɰɢɨɧɧɵɯ ɩɪɨɮɢɥɟɣ. Ɉɞɢɧɚɤɨɜɵɟ ɩɪɨɮɢɥɢ 

ɪɟɫɬɪɢɤɰɢɢ ɢɦɟɸɬ ɨɛɪɚɡɰɵ 1 ɢ E. coli K-12; 4 ɢ 3. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɞɚɧɧɨɣ 

ɪɟɫɬɪɢɤɬɚɡɵ ɭɞɚɥɨɫɶ ɨɬɥɢɱɢɬɶ 2 ɨɛɪɚɡɟɰ ɨɬ ɞɪɭɝɢɯ. Ɉɛɪɚɡɟɰ 1 – ɷɬɨ 

Escherichia coli, ɨɛɪɚɡɟɰ 2 ɹɜɥɹɟɬɫɹ B. cereus, ɨɛɪɚɡɟɰ 3 - B. subtilis. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ ɪɟɫɬɪɢɤɬɚɡɚ Bst MB I ɩɨɡɜɨɥɹɟɬ ɪɚɡɥɢɱɢɬɶ ɪɚɡɧɵɟ ɜɢɞɵ ɪɨɞɚ Bacillus 
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M – ȾɇɄ Ɇɚɪɤɟɪ100+50pb 
1 - Ɉɛɪɚɡɟɰ 6 
2 - Ɉɛɪɚɡɟɰ 7 
3 - Ɉɛɪɚɡɟɰ 11 

4 - R. eutropha B 5876 
5 - Ɉɛɪɚɡɟɰ 10 
6 - Ɉɛɪɚɡɟɰ 8 
Ɋɢɫɭɧɨɤ 7 - 

ɗɥɟɤɬɪɨɮɨɪɟɬɢɱɟɫɤɨɟ 
ɪɚɡɞɟɥɟɧɢɟ ɩɨɫɥɟ 

ɨɛɪɚɛɨɬɤɢ ɪɟɫɬɪɢɤɬɚɡɨɣ 
Bst MB I 

 

 

M – ȾɇɄ Ɇɚɪɤɟɪ100+50pb 
1 -  A. globiformis 
2 -  A. xylosoxidans 
3 -  A. xylosoxidans 

4 -  R. eutropha 
5 -  P. fluorescens 

6 -  R. tolerans 
Ɋɢɫɭɧɨɤ 8 - Ɍɟɨɪɟɬɢɱɟɫɤɢ 

ɪɚɫɫɱɢɬɚɧɧɵɟ ɤɚɪɬɢɧɵ 
ɷɥɟɤɬɪɨɮɨɪɟɬɢɱɟɫɤɨɝɨ 

ɪɚɡɞɟɥɟɧɢɹ ɞɥɹ 
ɪɟɫɬɪɢɤɬɚɡɵ Bst MB I 

 

 ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɞɥɹ ɞɚɧɧɵɯ ɨɛɪɚɡɰɨɜ ɪɟɫɬɪɢɤɬɚɡɵ Bst MB I 

ɧɚɛɥɸɞɚɟɬɫɹ ɬɪɢ ɜɢɞɚ ɪɟɫɬɪɢɤɰɢɨɧɧɵɯ ɩɪɨɮɢɥɟɣ. Ɉɞɢɧɚɤɨɜɨɟ 

ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨɤɚɡɵɜɚɸɬ ɨɛɪɚɡɰɵ 6 ɢ 8; 7, 11 ɢ R. eutropha. ɍ ɨɛɪɚɡɰɚ ɩɨɞ 

ɧɨɦɟɪɨɦ 10 ɢɧɚɹ ɤɚɪɬɢɧɚ ɪɟɫɬɪɢɤɰɢɢ. Ɂɧɚɱɢɬ ɨɧ ɩɪɢɧɚɞɥɟɠɢɬ ɤ ɞɪɭɝɨɦɭ 

ɪɨɞɭ ɛɚɤɬɟɪɢɣ ɜ ɨɬɥɢɱɢɟ ɨɬ ɨɫɬɚɥɶɧɵɯ. 

 

M – ȾɇɄ Ɇɚɪɤɟɪ100pb 
1 - Ɉɛɪɚɡɟɰ 6 
2 - Ɉɛɪɚɡɟɰ 9 
3 - Ɉɛɪɚɡɟɰ 4 
4 - Ɉɛɪɚɡɟɰ 10 
5 - Ɉɛɪɚɡɟɰ 8 
6 - Ɉɛɪɚɡɟɰ 7 
Ɋɢɫɭɧɨɤ 9 – 

ɗɥɟɤɬɪɨɮɨɪɟɬɢɱɟɫɤɨɟ 
ɪɚɡɞɟɥɟɧɢɟ ɩɨɫɥɟ 

ɨɛɪɚɛɨɬɤɢ ɪɟɫɬɪɢɤɬɚɡɨɣ 
BspFN I 

 

 

M – ȾɇɄ Ɇɚɪɤɟɪ100pb 
1 -  A. globiformis 
2 -  A. tumefaciens 

3 -  B. pumilus 
4 -  P. fluorescens 

5 -  R. tolerans 
6 -  A. Xylosoxidans 

Ɋɢɫɭɧɨɤ 10 - 
Ɍɟɨɪɟɬɢɱɟɫɤɢ 

ɪɚɫɫɱɢɬɚɧɧɵɟ ɤɚɪɬɢɧɵ 
ɷɥɟɤɬɪɨɮɨɪɟɬɢɱɟɫɤɨɝɨ 

ɪɚɡɞɟɥɟɧɢɹ ɞɥɹ 
ɪɟɫɬɪɢɤɬɚɡɵ BspFN I 

 

 

ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɞɚɧɧɨɣ ɪɟɫɬɪɢɤɬɚɡɵ ɭ ɜɫɟɯ ɨɛɪɚɡɰɨɜ ɧɚɛɥɸɞɚɟɬɫɹ 

ɪɚɡɧɵɣ ɪɟɫɬɪɢɤɰɢɨɧɧɵɣ ɩɪɨɮɢɥɶ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɫɪɚɡɭ ɨɬɥɢɱɢɬɶ ɜɫɟ 

ɢɫɫɥɟɞɭɟɦɵɟ ɨɛɪɚɡɰɵ ɞɪɭɝ ɨɬ ɞɪɭɝɚ. 

 ɂɫɯɨɞɹ ɢɡ ɫɪɚɜɧɟɧɢɹ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢ ɩɪɚɤɬɢɱɟɫɤɢɯ ɷɥɟɤɬɪɨɮɨɪɟɝɪɚɦɦ, 

ɢɫɫɥɟɞɭɟɦɵɟ ɨɛɪɚɡɰɵ ɛɚɤɬɟɪɢɣ ɹɜɥɹɸɬɫɹ ɩɪɟɞɫɬɚɜɢɬɟɥɹɦɢ ɜɢɞɨɜ:  

  



38 

Ɉɛɪɚɡɟɰ 1 – Escherichia coli 

Ɉɛɪɚɡɰɵ 2 ɢ 5 – Bacillus cereus 

Ɉɛɪɚɡɟɰ 3 – Bacillus subtilis 

Ɉɛɪɚɡɟɰ 4 – Bacillus pumilus 

Ɉɛɪɚɡɟɰ 6 – Arthrobacter globiformis 

Ɉɛɪɚɡɰɵ 7 ɢ 11 – Achromobacter xylosoxidans 

Ɉɛɪɚɡɟɰ 8 – Roseovarius tolerans 

Ɉɛɪɚɡɟɰ 9 – Agrobacterium tumefaciens  

Ɉɛɪɚɡɟɰ 10 – Pseudomonas fluorescens 

Ȼɨɥɟɟ ɢɧɮɨɪɦɚɬɢɜɧɨɣ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɨɤɚɡɚɥɚɫɶ ɪɟɫɬɪɢɤɬɚɡɚ BspFN I, 

ɬɚɤ ɤɚɤ ɩɪɢ ɟɟ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɧɚɛɥɸɞɚɸɬɫɹ ɪɚɡɧɵɟ ɤɚɪɬɢɧɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɪɟɫɬɪɢɤɬɨɜ ɞɥɹ ɜɫɟɯ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ. 
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Ɂɚɤɥɸɱɟɧɢɟ 

Ɇɟɬɨɞɨɦ ɚɧɚɥɢɡɚ ɩɨɥɢɦɨɪɮɢɡɦɚ ɞɥɢɧ ɪɟɫɬɪɢɤɰɢɨɧɧɵɯ ɮɪɚɝɦɟɧɬɨɜ 

ɛɵɥɚ ɨɩɪɟɞɟɥɟɧɚ ɜɢɞɨɜɚɹ ɩɪɢɧɚɞɥɟɠɧɨɫɬɶ 11 ɨɛɪɚɡɰɨɜ ɛɚɤɬɟɪɢɣ. ȼ ɩɪɨɰɟɫɫɟ 

ɩɪɨɞɟɥɚɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɚ ɜɵɞɟɥɟɧɚ ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɚɹ ȾɇɄ ɛɚɤɬɟɪɢɣ ɢ 

ɩɪɨɜɟɞɟɧɚ ɟɟ ɨɱɢɫɬɤɚ. ɂɫɩɨɥɶɡɭɹ ɉɐɊ ɦɵ ɩɨɥɭɱɢɥɢ ɚɦɩɥɢɤɨɧɵ ɪɚɡɦɟɪɨɦ 

900 ɩ.ɨ. ɝɟɧɚ 16S ɪɢɛɨɫɨɦɚɥɶɧɨɣ ɊɇɄ. Ɍɚɤɠɟ ɛɵɥ ɩɪɨɜɟɞɟɧ ɪɟɫɬɪɢɤɰɢɨɧɧɵɣ 

ɚɧɚɥɢɡ ɢɫɫɥɟɞɭɟɦɵɯ ɚɦɩɥɢɤɨɧɨɜ. ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɦɵ ɫɪɚɜɧɢɥɢ ɫ 

ɷɥɟɤɬɪɨɮɨɪɟɝɪɚɦɦɚɦɢ ɢɡ ɧɚɲɟɣ ɛɚɡɵ ɞɚɧɧɵɯ ɬɟɨɪɟɬɢɱɟɫɤɢɯ 

ɷɥɟɤɬɪɨɮɨɪɟɨɝɪɚɦɦ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɛɪɚɡɰɵ ɛɚɤɬɟɪɢɣ 

ɨɤɚɡɚɥɢɫɶ ɩɪɟɞɫɬɚɜɢɬɟɥɹɦɢ ɜɢɞɨɜ: Arthrobacter globiformis, Agrobacterium 

tumefaciens, Achromobacter xylosoxidans, Roseovarius tolerans, Pseudomonas 

fluorescens, Bacillus cereus, Bacillus pumilus, Bacillus subtilis, Escherichia coli. 
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ɋɉɂɋɈɄ ɋɈɄɊȺЩȿɇɂɃ 

DNA - deoxyribonucleic acid 

FMT - Fecal Microbiota Transplantation 

bp - base pairs 

ȻɄ – ɛɨɥɟɡɧɶ Ʉɪɨɧɚ 

ȼɁɄ – ɜɨɫɩɚɥɢɬɟɥɶɧɨɟ ɡɚɛɨɥɟɜɚɧɢɟ ɤɢɲɟɱɧɢɤɚ 

ɞATɎ – ɞeɡɨɤɫɢaɞeɧɨɡɢɧ ɬɪɢɮɨɫɮaɬ 

ɞTTɎ – ɞeɡɨɤɫɢɬɢɦɢɞɢɧ ɬɪɢɮɨɫɮaɬ 

Ⱦɚ - ɞɚɥɶɬɨɧ 

ɞȽTɎ – ɞeɡɨɤɫɢɝɭaɧɨɡɢɧ ɬɪɢɮɨɫɮaɬ 

ȾɇɄ – ɞɟɡɨɤɫɢɪɢɛɨɧɭɤɥɟɢɧɨɜɚɹ ɤɢɫɥɨɬɚ 

ȾɇɄ – ɞɟɡɨɤɫɢɪɢɛɨɧɭɤɥɟɢɧɨɜɚɹ ɤɢɫɥɨɬɚ  

ɞɇɌɎ – ɞɟɡɨɤɫɢɧɭɤɥɟɨɡɢɞ ɬɪɢɮɨɫɮɚɬɵ 

ɞɐTɎ – ɞeɡɨɤɫɢɰɢɬɢɞɢɧ ɬɪɢɮɨɫɮaɬ 

ɀɄɌ – ɠɟɥɭɞɨɱɧɨ–ɤɢɲɟɱɧɵɣ ɬɪɚɤɬ 

ɩ.ɨ. - ɩɚɪɵ ɨɫɧɨɜɚɧɢɣ 

ɉȾɊɎ – ɩɨɥɢɦɨɪɮɢɡɦ ɞɥɢɧ ɪɟɫɬɪɢɤɰɢɨɧɧɵɯ ɮɪɚɝɦɟɧɬɨɜ 

ɉɐɊ – ɩɨɥɢɦɟɪɚɡɧɚɹ ɰɟɩɧɚɹ ɪɟɚɤɰɢɹ 

ɊȺ – ɪɟɜɦɚɬɨɢɞɧɵɣ ɚɪɬɪɢɬ 

ɊɇɄ - ɪɢɛɨɧɭɤɥɟɢɧɨɜɚɹ ɤɢɫɥɨɬɚ 

ɪɊɇɄ – ɪɢɛɨɫɨɦɚɥɶɧɚɹ ɪɢɛɨɧɭɤɥɟɢɧɨɜɚɹ ɤɢɫɥɨɬɚ  

ɋȾ2 - ɫɚɯɚɪɧɵɣ ɞɢɚɛɟɬ 2 ɬɢɩɚ 

ɌɆȺ – ɬɪɢɦɟɬɢɥɚɦɢɧ 
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