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ɐɟɥɶ ɪɚɛɨɬɵ: ɂɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɛɚɤɬɟɪɢɢ ɪɨɞɚ Rhizobium ɫɪɟɞɢ ɨɛɪɚɡɰɨɜ 

ɩɨɱɜɟɧɧɵɯ ɛɚɤɬɟɪɢɣ, ɢɫɩɨɥɶɡɭɹ ɦɟɬɨɞ ɚɧɚɥɢɡɚ ɩɨɥɢɦɨɪɮɢɡɦɚ ɞɥɢɧ 

ɪɟɫɬɪɢɤɰɢɨɧɧɵɯ ɮɪɚɝɦɟɧɬɨɜ ɝɟɧɚ 16S-ɪɊɇɄ. 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɫɥɟɞɭɸɳɢɟ 

ɡɚɞɚɱɢ: 
1. ȼɵɞɟɥɢɬɶ ɢɡ ɛɢɨɦɚɫɫɵ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ȾɇɄ, ɨɩɪɟɞɟɥɢɬɶ ɟɟ 

ɤɨɧɰɟɧɬɪɚɰɢɸ ɢ ɤɚɱɟɫɬɜɨ. 

2. ɉɨɥɭɱɢɬɶ ɚɦɩɥɢɤɨɧɵ 500L-1350R ɝɟɧɚ 16S pPɇɄ ɢ ɩɪɨɜɟɫɬɢ 

ɪɟɚɤɰɢɢ ɪɟɫɬɪɢɤɰɢɢ ɫ ɩɨɥɭɱɟɧɧɵɦɢ ɚɦɩɥɢɤɨɧɚɦɢ, ɱɬɨɛɵ ɡɚɬɟɦ ɫ ɩɨɦɨɳɶɸ 

ɷɥɟɤɬɪɨɮɨɪɟɝɪɚɦɦɵ ɨɩɪɟɞɟɥɢɬɶ ɜɢɞ ɢɫɫɥɟɞɭɟɦɨɣ ɛɚɤɬɟɪɢɢ. 

3. ɉɪɨɜɟɫɬɢ ɷɥɟɤɬɪɨɮɨɪɟɡ ɩɨɥɭɱɟɧɧɵɯ ɩɪɨɞɭɤɬɨɜ ɝɢɞɪɨɥɢɡɚ 

ɚɦɩɥɢɤɨɧɨɜ ɪɟɫɬɪɢɤɬɚɡɚɦɢ ɢ ɡɚɞɨɤɭɦɟɧɬɢɪɨɜɚɬɶ ɩɨɥɭɱɟɧɧɵɟ 

ɷɥɟɤɬɪɨɮɨɪɟɝɪɚɦɦɵ. 

4. ɉɪɨɜɟɫɬɢ ɪɟɫɬɪɢɤɰɢɸ ɚɦɩɥɢɤɨɧɨɜ 500L-1350R ɝɟɧɚ 16S-ɪɊɇɄ  

ɛɚɤɬɟɪɢɣ ɪɨɞɚ Rhizobium in silico ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɛɚɡɵ ɞɚɧɧɵɯ Genbank. 

5. ɋɪɚɜɧɢɬɶ ɩɪɚɤɬɢɱɟɫɤɢɟ ɢ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɤɚɪɬɢɧɵ 

ɷɥɟɤɬɪɨɮɨɪɟɬɢɱɟɫɤɨɝɨ ɪɚɡɞɟɥɟɧɢɹ ɪɟɫɬɪɢɤɬɨɜ ɞɚɧɧɵɯ ɚɦɩɥɢɤɨɧɨɜ ɢ ɫɞɟɥɚɬɶ 

ɜɵɜɨɞ ɩɨ ɩɨɥɭɱɟɧɧɵɦ ɫɨɜɩɚɞɟɧɢɹɦ ɨ ɪɨɞɨɜɨɣ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɢɫɫɥɟɞɭɟɦɨɝɨ 

ɨɛɪɚɡɰɚ. 

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɧɚ ɤɚɮɟɞɪɟ Ɇɟɞɢɰɢɧɫɤɨɣ ɛɢɨɥɨɝɢɢ ɜ ɂɧɫɬɢɬɭɬɟ 

Ɏɭɧɞɚɦɟɧɬɚɥɶɧɨɣ Ȼɢɨɥɨɝɢɢ ɢ Ȼɢɨɬɟɯɧɨɥɨɝɢɢ. 
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1. ɈȻɁɈɊ ɅɂɌȿɊȺɌɍɊɕ 

1.1 Ⱥɡɨɬɮɢɤɫɢɪɭɸɳɢɟ ɛɚɤɬɟɪɢɢ 

Ⱥɡɨɬɮɢɤɫɢɪɭɸɳɢɟ ɛɚɤɬɟɪɢɢ (ɚɡɨɬɮɢɤɫɚɬɨɪɵ) ɭɫɜɚɢɜɚɸɬ ɦɨɥɟɤɭɥɹɪɧɵɣ 

ɚɡɨɬ (N2) ɚɬɦɨɫɮɟɪɵ ɢ ɩɟɪɟɜɨɞɹɬ ɟɝɨ ɜ ɨɪɝɚɧɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ. ɂɦɟɸɬ 

ɛɨɥɶɲɨɟ ɡɧɚɱɟɧɢɟ ɜ ɤɪɭɝɨɜɨɪɨɬɟ ɚɡɨɬɚ ɜ ɩɪɢɪɨɞɟ, ɫɧɚɛɠɟɧɢɢ ɪɚɫɬɟɧɢɣ 

ɭɫɜɨɹɟɦɵɦɢ ɟɝɨ ɮɨɪɦɚɦɢ.  

ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɵ ɜ ɩɪɢɪɨɞɟ ɫɜɨɛɨɞɧɨɠɢɜɭɳɢɟ ɛɚɤɬɟɪɢɢ, 

ɛɚɤɬɟɪɢɢ, ɠɢɜɭɳɢɟ ɜ ɫɢɦɛɢɨɡɟ ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ ɫ ɜɵɫɲɢɦɢ ɪɚɫɬɟɧɢɹɦɢ, ɚ 

ɬɚɤɠɟ ɚɫɫɨɰɢɚɬɢɜɧɵɟ ɮɨɪɦɵ, ɧɚɤɚɩɥɢɜɚɸɳɢɟ ɚɡɨɬ ɜ ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɟɫɧɵɯ 

ɜɡɚɢɦɨɨɬɧɨɲɟɧɢɹɯ ɫ ɞɪɭɝɢɦɢ ɦɢɤɪɨɨɪɝɚɧɢɡɦɚɦɢ ɢɥɢ ɫ ɪɚɫɬɟɧɢɹɦɢ. ȼ ɩɪɨɰɟɫɫɟ 

ɚɡɨɬɮɢɤɫɚɰɢɢ ɦɨɥɟɤɭɥɹɪɧɵɣ ɚɡɨɬ ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɞɨ ɚɦɦɢɚɤɚ, ɤɨɬɨɪɵɣ 

ɪɟɚɝɢɪɭɟɬ ɫ ɤɟɬɨɤɢɫɥɨɬɚɦɢ, ɨɛɪɚɡɭɹ ɚɦɢɧɨɤɢɫɥɨɬɵ. ɂɫɬɨɱɧɢɤɨɦ ɷɧɟɪɝɢɢ ɞɥɹ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɚɡɨɬɚ ɫɥɭɠɚɬ ɩɪɨɰɟɫɫɵ ɞɵɯɚɧɢɹ ɭ ɚɷɪɨɛɧɵɯ ɛɚɤɬɟɪɢɣ ɢ 

ɛɪɨɠɟɧɢɹ ɭ ɚɧɚɷɪɨɛɧɵɯ [3]. 

Ʉ ɚɡɨɬɮɢɤɫɢɪɭɸɳɢɦ ɛɚɤɬɟɪɢɹɦ ɨɬɧɨɫɢɬɫɹ ɫɜɵɲɟ 130 ɪɨɞɨɜ ɢ ɜɢɞɨɜ 

ɛɚɤɬɟɪɢɣ, ɛɨɥɟɟ 100 ɬɚɤɫɨɧɨɜ ɫɢɧɟɡɟɥёɧɵɯ ɜɨɞɨɪɨɫɥɟɣ (ɰɢɚɧɨɛɚɤɬɟɪɢɣ) ɢ 

ɞɪɭɝɢɟ ɦɢɤɪɨɨɪɝɚɧɢɡɦɵ. Ʉ ɫɢɦɛɢɨɬɢɱɟɫɤɢɦ ɚɡɨɬɮɢɤɫɢɪɭɸɳɢɦ ɛɚɤɬɟɪɢɹɦ, 

ɪɚɫɩɪɨɫɬɪɚɧёɧɧɵɦ ɜ ɩɨɱɜɚɯ, ɨɬɧɨɫɹɬɫɹ ɤɥɭɛɟɧɶɤɨɜɵɟ ɛɚɤɬɟɪɢɢ ɪɨɞɚ Rhizobium, 

ɠɢɜɭɳɢɟ ɜ ɫɢɦɛɢɨɡɟ ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ ɫ ɛɨɛɨɜɵɦɢ ɪɚɫɬɟɧɢɹɦɢ.  

Ȼɚɤɬɟɪɢɢ ɪɨɞɚ Rhizobium - ɫɬɪɨɝɢɟ ɚɷɪɨɛɵ. ɋɪɟɞɢ ɧɢɯ ɪɚɡɥɢɱɚɸɬ 

ɚɤɬɢɜɧɵɟ, ɦɚɥɨɚɤɬɢɜɧɵɟ ɢ ɧɟɚɤɬɢɜɧɵɟ ɤɭɥɶɬɭɪɵ. Ʉɪɢɬɟɪɢɟɦ ɚɤɬɢɜɧɨɫɬɢ 

ɤɥɭɛɟɧɶɤɨɜɵɯ ɛɚɤɬɟɪɢɣ ɫɥɭɠɢɬ ɢɯ ɫɩɨɫɨɛɧɨɫɬɶ ɜ ɫɢɦɛɢɨɡɟ ɫ ɛɨɛɨɜɵɦ 

ɪɚɫɬɟɧɢɟɦ ɮɢɤɫɢɪɨɜɚɬɶ ɚɬɦɨɫɮɟɪɧɵɣ ɚɡɨɬ ɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɟɝɨ ɜ ɜɢɞɟ 

ɫɨɟɞɢɧɟɧɢɣ ɞɥɹ ɤɨɪɧɟɜɨɝɨ ɩɢɬɚɧɢɹ ɪɚɫɬɟɧɢɣ [4]. 

ȼɧɟɞɪɢɜɲɢɫɶ ɜ ɬɤɚɧɶ ɤɨɪɧɹ ɪɚɫɬɟɧɢɹ-ɯɨɡɹɢɧɚ, ɨɧɢ ɜɵɡɵɜɚɸɬ ɭɫɢɥɟɧɧɨɟ 

ɞɟɥɟɧɢɟ ɟɝɨ ɤɥɟɬɨɤ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɨɹɜɥɟɧɢɸ ɤɥɭɛɟɧɶɤɨɜ. ȼ ɤɥɭɛɟɧɶɤɚɯ 

ɛɚɤɬɟɪɢɢ ɪɚɡɦɧɨɠɚɸɬɫɹ, ɪɚɫɬɭɬ, ɩɪɟɜɪɚɳɚɹɫɶ ɜ ɭɬɨɥɳёɧɧɵɟ, ɪɚɡɜɟɬɜɥɟɧɧɵɟ 
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ɮɨɪɦɵ — ɛɚɤɬɟɪɨɢɞɵ; ɩɟɪɢɨɞ ɨɛɪɚɡɨɜɚɧɢɹ ɛɚɤɬɟɪɨɢɞɨɜ ɫɨɜɩɚɞɚɟɬ ɫ ɩɟɪɢɨɞɨɦ 

ɚɤɬɢɜɧɨɣ ɚɡɨɬɮɢɤɫɚɰɢɢ ɛɨɛɨɜɨ-ɪɢɡɨɛɢɚɥɶɧɨɝɨ ɫɢɦɛɢɨɡɚ. ɋɨɫɭɞɢɫɬɚɹ ɫɢɫɬɟɦɚ 

ɤɥɭɛɟɧɶɤɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɫɜɹɡɶ ɦɟɠɞɭ ɛɚɤɬɟɪɢɹɦɢ ɢ ɪɚɫɬɟɧɢɟɦ-ɯɨɡɹɢɧɨɦ: 

ɪɚɫɬɟɧɢɹ ɫɧɚɛɠɚɸɬ ɛɚɤɬɟɪɢɢ ɭɝɥɟɜɨɞɚɦɢ ɢ ɦɢɧɟɪɚɥɶɧɵɦɢ ɫɨɥɹɦɢ, ɛɚɤɬɟɪɢɢ 

ɨɬɞɚɸɬ ɪɚɫɬɟɧɢɸ ɞɨ 70% ɚɫɫɢɦɢɥɢɪɨɜɚɧɧɨɝɨ ɢɦɢ ɚɡɨɬɚ. ɍ ɛɨɥɶɲɢɧɫɬɜɚ 

ɛɨɛɨɜɵɯ ɨɞɧɨɥɟɬɧɢɯ ɪɚɫɬɟɧɢɣ ɨɬɦɢɪɚɧɢɟ ɤɥɭɛɟɧɶɤɨɜ ɧɚɱɢɧɚɟɬɫɹ ɜ ɩɟɪɢɨɞ 

ɰɜɟɬɟɧɢɹ ɪɚɫɬɟɧɢɹ-ɯɨɡɹɢɧɚ; ɤɥɭɛɟɧɶɤɢ ɦɧɨɝɨɥɟɬɧɢɯ ɪɚɫɬɟɧɢɣ ɦɨɝɭɬ 

ɮɭɧɤɰɢɨɧɢɪɨɜɚɬɶ ɜ ɬɟɱɟɧɢɟ ɦɧɨɝɢɯ ɥɟɬ. ɉɨɫɥɟ ɪɚɡɪɭɲɟɧɢɹ ɤɥɭɛɟɧɶɤɚ ɤɥɟɬɤɢ 

ɛɚɤɬɟɪɢɣ ɩɨɩɚɞɚɸɬ ɜ ɩɨɱɜɭ ɢ ɩɟɪɟɯɨɞɹɬ ɤ ɫɭɳɟɫɬɜɨɜɚɧɢɸ ɡɚ ɫɱёɬ ɨɪɝɚɧɢɱɟɫɤɢɯ 

ɜɟɳɟɫɬɜ ɩɨɞɨɛɧɨ ɞɪɭɝɢɦ ɫɚɩɪɨɮɢɬɧɵɦ ɩɨɱɜɟɧɧɵɦ ɨɪɝɚɧɢɡɦɚɦ [5]. 

 

1.2 Ƚɟɧɟɬɢɱɟɫɤɢɣ ɚɩɩɚɪɚɬ ɛɚɤɬɟɪɢɣ 

Ƚɟɧɟɬɢɱɟɫɤɢɣ ɚɩɩɚɪɚɬ, ɢɥɢ ɧɭɤɥɟɨɢɞ, ɹɜɥɹɟɬɫɹ ɚɧɚɥɨɝɨɦ ɹɞɪɚ ɭ ɛɚɤɬɟɪɢɣ.  

ɇɭɤɥɟɨɢɞ, ɫɨɫɬɨɢɬ ɡɚɦɤɧɭɬɵɯ ɜ ɤɨɥɶɰɨ ɢɥɢ ɥɢɧɟɣɧɵɯ ɦɨɥɟɤɭɥɵ ȾɇɄ. 

ɋɬɪɭɤɬɭɪɚ ȾɇɄ ɩɪɟɞɫɬɚɜɥɟɧɚ ɚɧɬɢɩɚɪɚɥɥɟɥɶɧɨɣ ɞɜɨɣɧɨɣ ɩɪɚɜɨɡɚɤɪɭɱɟɧɧɨɣ 

ɫɩɢɪɚɥɶɸ [6]. 

ȾɇɄ ɩɪɨɤɚɪɢɨɬ ɫɭɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱɚɟɬɫɹ ɩɨ ɫɬɪɭɤɬɭɪɧɨɣ ɨɪɝɚɧɢɡɚɰɢɢ ɨɬ 

ȾɇɄ ɷɭɤɚɪɢɨɬ: ɧɭɤɥɟɨɢɞ ɛɚɤɬɟɪɢɣ ɧɟ ɢɦɟɟɬ ɹɞɟɪɧɨɣ ɨɛɨɥɨɱɤɢ, ɹɞɪɵɲɤɚ ɢ 

ɨɫɧɨɜɧɵɯ ɛɟɥɤɨɜ ɝɢɫɬɨɧɨɜ (ɢɦɟɸɬɫɹ ɝɢɫɬɨɧɨɩɨɞɨɛɧɵɟ ɛɟɥɤɢ - HU, H-NS, IHF, 

ɤɨɬɨɪɵɟ ɭɱɚɫɬɜɭɸɬ ɜ ɤɨɦɩɚɤɬɢɡɚɰɢɢ ȾɇɄ). Ƚɟɧɨɦ ɤɨɦɩɚɤɬɧɵɣ, ɤɨɥɢɱɟɫɬɜɨ 

ɧɟɤɨɞɢɪɭɸɳɢɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ȾɇɄ ɦɢɧɢɦɚɥɶɧɨ, ɜ ɝɟɧɵ ɧɟ ɜɤɥɸɱɟɧɵ 

ɢɧɬɪɨɧɵ (ɤɪɨɦɟ ɝɟɧɨɜ ɚɪɯɟɛɚɤɬɟɪɢɣ). Ƚɟɧɵ –  ɞɢɫɤɪɟɬɧɵɟ ɭɱɚɫɬɤɢ ɧɚ ȾɇɄ, 

ɨɬɥɢɱɚɸɬɫɹ ɱɢɫɥɨɦ ɢ ɫɩɟɰɢɮɢɱɧɨɫɬɶɸ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɧɭɤɥɟɨɬɢɞɨɜ, ɜ 

ɤɨɬɨɪɵɯ ɡɚɲɢɮɪɨɜɚɧɚ ɢɧɮɨɪɦɚɰɢɹ ɨ ɫɬɪɭɤɬɭɪɟ ɢ ɫɜɨɣɫɬɜɚɯ ɛɟɥɤɨɜ. Ʉɚɠɞɨɦɭ 

ɛɟɥɤɭ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɜɨɣ ɝɟɧ. Ⱦɥɹ ɤɨɞɢɪɨɜɚɧɢɹ ɛɟɥɤɨɜ ɢɧɨɝɞɚ ɢɫɩɨɥɶɡɭɸɬɫɹ 2 

ɢɥɢ 3 ɪɚɦɤɢ ɫɱɢɬɵɜɚɧɢɹ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ȾɇɄ, ɱɬɨ 

ɩɨɜɵɲɚɟɬ ɤɨɞɢɪɭɸɳɢɣ ɩɨɬɟɧɰɢɚɥ ɝɟɧɨɦɚ ɛɟɡ ɭɜɟɥɢɱɟɧɢɹ ɟɝɨ ɪɚɡɦɟɪɚ [7]. ȼ 

ɤɥɟɬɤɚɯ ɛɚɤɬɟɪɢɣ ɢ ɚɪɯɟɣ ɤɨɥɶɰɟɜɵɟ ɢɥɢ ɥɢɧɟɣɧɵɟ ɦɨɥɟɤɭɥɵ ȾɇɄ 
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ɩɪɢɤɪɟɩɥɟɧɵ ɤ ɤɥɟɬɨɱɧɨɣ ɦɟɦɛɪɚɧɟ ɢɡɧɭɬɪɢ. ȼɫɹ ȾɇɄ (ɢ ɧɭɤɥɟɨɢɞɧɚɹ, ɢ 

ɩɥɚɡɦɢɞɧɚɹ) ɤɥɟɬɤɢ ɨɛɪɚɡɭɟɬ ɝɟɧɨɦ. Ɉɛɵɱɧɨ ɛɚɤɬɟɪɢɚɥɶɧɚɹ ɤɥɟɬɤɚ ɫɨɞɟɪɠɢɬ 

ɨɞɧɭ ɯɪɨɦɨɫɨɦɭ, ɧɨ ɛɵɜɚɟɬ ɢ ɧɟɫɤɨɥɶɤɨ. Ⱦɥɢɧɚ ɛɚɤɬɟɪɢɚɥɶɧɨɣ ȾɇɄ ɜ ɫɪɟɞɧɟɦ 

ɫɨɫɬɚɜɥɹɟɬ 5 ɦɥɧ. ɩ.ɧ., ɦɨɥɟɤɭɥɚ ȾɇɄ ɜ ɪɚɡɜɟɪɧɭɬɨɦ ɜɢɞɟ ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ 

ɛɨɥɟɟ 1 ɦɦ, ɬɨ ɟɫɬɶ ɩɨɱɬɢ ɜ 1000 ɪɚɡ ɩɪɟɜɵɲɚɬɶ ɞɥɢɧɭ ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɤɥɟɬɤɢ. 

Ȼɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɨɤɚɪɢɨɬɢɱɟɫɤɢɟ ɧɭɤɥɟɨɢɞɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ 

ɜɵɫɨɤɨɭɩɨɪɹɞɨɱɟɧɧɭɸ ɫɬɪɭɤɬɭɪɭ, ɱɚɫɬɶ ȾɇɄ ɜ ɷɬɨɣ ɫɬɪɭɤɬɭɪɟ ɩɪɟɞɫɬɚɜɥɟɧɚ 

ɫɢɫɬɟɦɨɣ ɢɡ 20 - 100 ɧɟɡɚɜɢɫɢɦɨ ɫɭɩɟɪɫɩɢɪɚɥɢɡɨɜɚɧɧɵɯ ɩɟɬɟɥɶ. ɇɭɤɥɟɨɢɞɵ 

ɛɨɥɶɲɢɧɫɬɜɚ ɩɪɨɤɚɪɢɨɬ ɢɦɟɸɬ ɦɨɥɟɤɭɥɹɪɧɭɸ ɦɚɫɫɭ ɜ ɩɪɟɞɟɥɚɯ 1×109-3×109 

ɞɚɥɶɬɨɧ. ɋɨɨɬɧɨɲɟɧɢɟ ɩɚɪ ɨɫɧɨɜɚɧɢɣ Ⱥ+Ɍ ɢ Ƚ+ɐ ɜ ɦɨɥɟɤɭɥɟ ȾɇɄ ɹɜɥɹɟɬɫɹ 

ɩɨɫɬɨɹɧɧɵɦ ɞɥɹ ɞɚɧɧɨɝɨ ɜɢɞɚ ɨɪɝɚɧɢɡɦɚ ɢ ɫɥɭɠɢɬ ɜɚɠɧɵɦ ɞɢɚɝɧɨɫɬɢɱɟɫɤɢɦ 

ɩɪɢɡɧɚɤɨɦ [8]. 

ȼɬɨɪɨɣ ɤɨɦɩɨɧɟɧɬ ɛɚɤɬɟɪɢɚɥɶɧɨɝɨ ɝɟɧɨɦɚ – ɷɬɨ ɩɥɚɡɦɢɞɵ. ɉɥɚɡɦɢɞɵ – 

ɤɨɥɶɰɟɜɵɟ ȾɇɄ ɞɥɢɧɨɣ ɞɨ ɧɟɫɤɨɥɶɤɢɯ ɬɵɫɹɱ ɩɚɪ ɨɫɧɨɜɚɧɢɣ. ɑɢɫɥɨ ɢɯ ɜ ɤɚɠɞɨɣ 

ɤɥɟɬɤɟ ɜɚɪɶɢɪɭɟɬɫɹ [9]. ɉɥɚɡɦɢɞɵ – ɚɜɬɨɧɨɦɧɨ ɪɟɩɥɢɰɢɪɭɸɳɢɟɫɹ 

ɜɧɟɯɪɨɦɨɫɨɦɧɵɟ ɝɟɧɟɬɢɱɟɫɤɢɟ ɷɥɟɦɟɧɬɵ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɩɨɬɟɪɢ ɤɥɟɬɤɨɣ 

ɯɪɨɦɨɫɨɦ ɩɨɬɟɪɹ  ɩɥɚɡɦɢɞ ɧɟ ɩɪɢɜɨɞɢɬ ɤ ɝɢɛɟɥɢ ɤɥɟɬɤɢ, ɬ.ɤ. ɩɥɚɡɦɢɞɵ ɧɟ 

ɹɜɥɹɸɬɫɹ ɨɛɹɡɚɬɟɥɶɧɵɦ ɝɟɧɟɬɢɱɟɫɤɢɦ ɦɚɬɟɪɢɚɥɨɦ. Ɉɞɧɚɤɨ ɦɧɨɝɢɟ ɤɪɭɩɧɵɟ 

ɩɥɚɡɦɢɞɵ ɫɨɞɟɪɠɚɬ ɝɟɧɵ, ɤɨɞɢɪɭɸɳɢɟ ɜɚɠɧɵɟ ɞɥɹ ɤɥɟɬɤɢ ɮɭɧɤɰɢɢ, ɤɨɬɨɪɵɟ 

ɦɨɝɭɬ ɨɤɚɡɚɬɶɫɹ ɧɟɨɛɯɨɞɢɦɵɦɢ ɜ ɨɩɪɟɞɟɥɟɧɧɵɯ ɭɫɥɨɜɢɹɯ [10]. 

Ƚɟɧɨɦɵ ɩɪɨɤɚɪɢɨɬ ɹɜɥɹɸɬɫɹ ɞɢɧɚɦɢɱɧɵɦɢ ɫɬɪɭɤɬɭɪɚɦɢ ɞɚɠɟ ɜ ɩɪɟɞɟɥɚɯ 

ɨɞɧɨɝɨ ɜɢɞɚ. ɂɫɯɨɞɹ ɢɡ ɜɧɭɬɪɢɜɢɞɨɜɨɣ ɜɚɪɢɚɛɟɥɶɧɨɫɬɢ ɝɟɧɨɦɨɜ, ɫɥɨɠɢɥɢɫɶ 

ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɨ ɛɚɡɨɜɨɦ ɢ ɝɢɛɤɨɦ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɦ ɧɚɛɨɪɟ ɝɟɧɨɜ. 

Ʉɨɧɫɟɪɜɚɬɢɜɧɵɣ ɛɚɡɨɜɵɣ ɧɚɛɨɪ ɜɤɥɸɱɚɟɬ ɝɟɧɵ ɬɚɤ ɧɚɡɵɜɚɟɦɨɝɨ «ɞɨɦɚɲɧɟɝɨ 

ɯɨɡɹɣɫɬɜɚ», ɨɬɜɟɬɫɬɜɟɧɧɵɟ ɡɚ ɢɧɮɨɪɦɚɰɢɨɧɧɵɟ ɫɢɫɬɟɦɵ ɪɟɩɥɢɤɚɰɢɢ, 

ɬɪɚɧɫɤɪɢɩɰɢɢ, ɬɪɚɧɫɥɹɰɢɢ, ɤɥɸɱɟɜɵɟ ɩɭɬɢ ɦɟɬɚɛɨɥɢɡɦɚ ɢ ɮɨɪɦɢɪɨɜɚɧɢɹ 

ɤɥɟɬɨɱɧɵɯ ɫɬɪɭɤɬɭɪ, ɨɩɪɟɞɟɥɹɸɳɢɯ ɪɨɞɨɜɭɸ ɢ ɜɢɞɨɜɭɸ ɩɪɢɧɚɞɥɟɠɧɨɫɬɶ. ȼ 

ɤɚɬɟɝɨɪɢɸ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɝɟɧɨɜ ɜɯɨɞɹɬ ɨɩɟɪɚɰɢɨɧɧɵɟ ɝɟɧɵ, 

ɤɨɧɬɪɨɥɢɪɭɸɳɢɟ ɪɚɡɧɵɟ ɩɪɨɰɟɫɫɵ ɦɟɬɚɛɨɥɢɡɦɚ ɢ ɦɨɪɮɨɮɢɡɢɨɥɨɝɢɱɟɫɤɢɟ 
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ɩɪɢɡɧɚɤɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɩɪɢɫɩɨɫɨɛɥɟɧɧɨɫɬɶ ɤ ɨɩɪɟɞɟɥɟɧɧɨɣ ɷɤɨɥɨɝɢɱɟɫɤɨɣ 

ɧɢɲɟ. Ɇɧɨɝɢɟ ɢɡ ɬɚɤɢɯ ɝɟɧɨɜ ɧɟ ɨɛɹɡɚɬɟɥɶɧɨ ɩɪɢɫɭɬɫɬɜɭɸɬ ɜɨ ɜɫɟɯ ɲɬɚɦɦɚɯ 

ɨɞɧɨɝɨ ɜɢɞɚ [11]. 

 

1.3 Ƚɟɧ 16S ɪɊɇɄ 

Ⱦɥɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɨɫɬɚɜɚ ɦɢɤɪɨɛɧɵɯ ɫɨɨɛɳɟɫɬɜ ɢɫɩɨɥɶɡɭɸɬɫɹ ɤɚɤ 

ɬɪɚɞɢɰɢɨɧɧɵɟ ɦɢɤɪɨɛɢɨɥɨɝɢɱɟɫɤɢɟ ɦɟɬɨɞɵ, ɩɪɟɞɩɨɥɚɝɚɸɳɢɟ ɩɨɥɭɱɟɧɢɟ 

ɱɢɫɬɵɯ ɤɭɥɶɬɭɪ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɢ ɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ, ɬɚɤ ɢ ɦɨɥɟɤɭɥɹɪɧɵɟ 

ɦɟɬɨɞɵ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɩɨ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦ ɦɚɪɤɟɪɧɵɯ 

ɝɟɧɨɜ, ɛɟɡ ɢɯ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ [12]. 

ɋɚɦɵɦ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɦɚɪɤɟɪɧɵɦ ɝɟɧɨɦ ɛɚɤɬɟɪɢɣ ɹɜɥɹɟɬɫɹ ɝɟɧ 16S 

ɪɢɛɨɫɨɦɚɥɶɧɨɣ ɊɇɄ. Ƚɟɧ 16S ɪɊɇɄ ɩɪɢɫɭɬɫɬɜɭɟɬ ɜɨ ɜɫɟɯ ɩɪɨɤɚɪɢɨɬɚɯ ɢ 

ɦɢɬɨɯɨɧɞɪɢɹɯ.  ɗɬɨɬ ɝɟɧ ɤɨɞɢɪɭɟɬ ɫɢɧɬɟɡ 16S ɪɊɇɄ, ɤɨɬɨɪɚɹ ɧɚɯɨɞɢɬɫɹ ɜ ɦɚɥɨɣ 

ɫɭɛɴɟɞɢɧɢɰɟ ɪɢɛɨɫɨɦ ɩɪɨɤɚɪɢɨɬ (30S).  Ɉɧ ɧɟɫɟɬ ɤɚɤ ɤɨɧɫɟɪɜɚɬɢɜɧɵɟ, ɬɚɤ ɢ 

ɜɚɪɢɚɛɟɥɶɧɵɟ ɭɱɚɫɬɤɢ ɧɭɤɥɟɨɬɢɞɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɷɬɨ ɢ ɩɨɡɜɨɥɹɟɬ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɟɝɨ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɚɤ ɪɨɞɨɜɨɣ, ɬɚɤ ɢ ɜɢɞɨɜɨɣ ɢɞɟɧɬɢɮɢɤɚɰɢɢ 

ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ. Ʉɨɧɫɟɪɜɚɬɢɜɧɵɟ ɭɱɚɫɬɤɢ ɢɞɟɧɬɢɱɧɵ ɭ ɜɫɟɯ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ 

ɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɨɬɠɢɝɚ ɩɪɚɣɦɟɪɨɜ ɩɪɢ ɉɐɊ, ɚ ɜɚɪɢɚɛɟɥɶɧɵɟ ɢɥɢ 

ɜɢɞɨɫɩɟɰɢɮɢɱɧɵɟ ɭɱɚɫɬɤɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɤɨɧɤɪɟɬɧɵɯ 

ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ [13, 14]. 

ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɝɟɧɚ 16S-ɪɊɇɄ ɢɡɜɟɫɬɧɵ ɞɥɹ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ 

ɩɪɨɤɚɪɢɨɬ ɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɫɜɨɛɨɞɧɨɦ ɞɨɫɬɭɩɟ ɜ ɝɟɧɟɬɢɱɟɫɤɢɯ ɛɚɡɚɯ ɞɚɧɧɵɯ. 

ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɫɪɚɜɧɢɜɚɬɶ ɩɨɥɭɱɟɧɧɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɫ ɭɠɟ ɢɦɟɸɳɢɦɢɫɹ, 

ɢ ɬɟɦ ɫɚɦɵɦ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɩɪɨɤɚɪɢɨɬɵ [15]. 
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1.4 ɉɨɥɢɦɟɪɚɡɧɚɹ ɰɟɩɧɚɹ ɪɟɚɤɰɢɹ 

ɉɨɥɢɦɟɪɚɡɧɚɹ ɰɟɩɧɚɹ ɪɟɚɤɰɢɹ – ɦɟɬɨɞ ɦɨɥɟɤɭɥɹɪɧɨɣ ɛɢɨɥɨɝɢɢ, ɤɨɬɨɪɵɣ 

ɩɨɡɜɨɥɹɟɬ ɞɨɛɢɬɶɫɹ ɦɧɨɝɨɤɪɚɬɧɨɝɨ ɭɜɟɥɢɱɟɧɢɹ ɤɨɩɢɣ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɮɪɚɝɦɟɧɬɚ 

ȾɇɄ ɜ ɛɢɨɥɨɝɢɱɟɫɤɨɦ ɦɚɬɟɪɢɚɥɟ. Ɇɟɬɨɞ ɛɵɥ ɢɡɨɛɪɟɬɟɧ ɚɦɟɪɢɤɚɧɫɤɢɦ 

ɛɢɨɯɢɦɢɤɨɦ Ʉɷɪɪɢ Ɇɚɥɥɢɫɨɦ ɜ 1983 ɝɨɞɭ [16].  

Ɇɟɬɨɞ ɉɐɊ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜɨ ɜɫɟɯ ɨɛɥɚɫɬɹɯ ɛɢɨɥɨɝɢɢ ɢ ɦɟɞɢɰɢɧɵ: 

ɦɨɥɟɤɭɥɹɪɧɨɣ ɞɢɚɝɧɨɫɬɢɤɟ (ɞɟɬɟɤɰɢɢ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɢ ɜɢɪɭɫɨɜ, ɚɧɚɥɢɡɟ 

ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɨɜ, ɜɵɹɜɥɟɧɢɢ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɝɟɧɟɬɢɱɟɫɤɢɯ ɨɫɨɛɟɧɧɨɫɬɟɣ), ɚ 

ɬɚɤɠɟ ɜ ɦɨɥɟɤɭɥɹɪɧɨɦ ɤɥɨɧɢɪɨɜɚɧɢɢ, ɫɟɤɜɟɧɢɪɨɜɚɧɢɢ ɢ ɜ ɞɪɭɝɢɯ ɦɨɥɟɤɭɥɹɪɧɨ-

ɝɟɧɟɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ [17]. 

ɉɐɊ - ɢɫɤɭɫɫɬɜɟɧɧɵɣ ɩɪɨɰɟɫɫ ɦɧɨɝɨɤɪɚɬɧɨɝɨ ɤɨɩɢɪɨɜɚɧɢɹ 

(ɚɦɩɥɢɮɢɤɚɰɢɢ) ɫɩɟɰɢɮɢɱɟɫɤɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ȾɇɄ, ɨɫɭɳɟɫɬɜɥɹɟɦɵɣ in 

vitro. Ʉɨɩɢɪɨɜɚɧɢɟ ȾɇɄ ɩɪɢ ɉɐɊ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɩɟɰɢɚɥɶɧɵɦ ɮɟɪɦɟɧɬɨɦ – 

ȾɇɄ-ɩɨɥɢɦɟɪɚɡɨɣ, ɤɚɤ ɢ ɜ ɤɥɟɬɤɚɯ ɠɢɜɵɯ ɨɪɝɚɧɢɡɦɨɜ. ȾɇɄ-ɩɨɥɢɦɟɪɚɡɚ, ɞɜɢ-

ɝɚɹɫɶ ɩɨ ɨɞɢɧɨɱɧɨɣ ɰɟɩɢ ȾɇɄ (ɦɚɬɪɢɰɟ), ɫɢɧɬɟɡɢɪɭɟɬ ɤɨɦɩɥɟɦɟɧɬɚɪɧɭɸ ɟɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ȾɇɄ. ȼɚɠɧɨ, ɱɬɨ ȾɇɄ-ɩɨɥɢɦɟɪɚɡɚ ɧɟ ɦɨɠɟɬ ɧɚɱɚɬɶ ɫɢɧɬɟɡ 

ɰɟɩɢ ȾɇɄ «ɫ ɧɭɥɹ», ɟɣ ɧɟɨɛɯɨɞɢɦɚ ɤɨɪɨɬɤɚɹ «ɡɚɬɪɚɜɨɱɧɚɹ» ɰɟɩɶ – 

ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɧɵɣ ɩɪɚɣɦɟɪ, ɤ ɤɨɬɨɪɨɣ ɨɧɚ ɦɨɠɟɬ ɧɚɱɚɬɶ ɩɪɢɫɨɟɞɢɧɹɬɶ 

ɧɭɤɥɟɨɬɢɞɵ. ɋɩɟɰɢɮɢɱɧɨɫɬɶ ɉɐɊ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɩɨɫɨɛɧɨɫɬɶɸ ɩɪɚɣɦɟɪɨɜ 

«ɭɡɧɚɜɚɬɶ» ɫɬɪɨɝɨ ɨɩɪɟɞɟɥɟɧɧɵɣ ɭɱɚɫɬɨɤ ȾɇɄ ɢ ɫɜɹɡɵɜɚɬɶɫɹ ɫ ɧɢɦ ɫɨɝɥɚɫɧɨ 

ɩɪɢɧɰɢɩɭ ɦɨɥɟɤɭɥɹɪɧɨɣ ɤɨɦɩɥɟɦɟɧɬɚɪɧɨɫɬɢ [18]. 

 ɉɐɊ ɩɪɨɜɨɞɹɬ ɜ ɚɦɩɥɢɮɢɤɚɬɨɪɟ  — ɩɪɢɛɨɪɟ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɦ 

ɩɟɪɢɨɞɢɱɟɫɤɨɟ ɨɯɥɚɠɞɟɧɢɟ ɢ ɧɚɝɪɟɜɚɧɢɟ ɩɪɨɛɢɪɨɤ, ɨɛɵɱɧɨ ɫ ɬɨɱɧɨɫɬɶɸ ɧɟ 

ɦɟɧɟɟ 0,1°C. ɋɨɜɪɟɦɟɧɧɵɟ ɚɦɩɥɢɮɢɤɚɬɨɪɵ ɩɨɡɜɨɥɹɸɬ ɡɚɞɚɜɚɬɶ ɫɥɨɠɧɵɟ 

ɩɪɨɝɪɚɦɦɵ, ɜ ɬɨɦ ɱɢɫɥɟ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ «ɝɨɪɹɱɟɝɨ ɫɬɚɪɬɚ»,  ɢ ɩɨɫɥɟɞɭɸɳɟɝɨ 

ɯɪɚɧɟɧɢɹ ɚɦɩɥɢɮɢɰɢɪɨɜɚɧɧɵɯ ɦɨɥɟɤɭɥ ɩɪɢ 4 °C. Ⱦɥɹ ɉɐɊ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ 

ɜɵɩɭɫɤɚɸɬ ɩɪɢɛɨɪɵ, ɨɛɨɪɭɞɨɜɚɧɧɵɟ ɮɥɭɨɪɟɫɰɟɧɬɧɵɦ ɞɟɬɟɤɬɨɪɨɦ. 
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ɋɭɳɟɫɬɜɭɸɬ ɬɚɤɠɟ ɩɪɢɛɨɪɵ ɫ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɤɪɵɲɤɨɣ ɢ ɨɬɞɟɥɟɧɢɟɦ ɞɥɹ 

ɦɢɤɪɨɩɥɚɧɲɟɬɚ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɜɫɬɪɚɢɜɚɬɶ ɢɯ ɜ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɟ ɫɢɫɬɟɦɵ. 

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɉɐɊ ɧɟɨɛɯɨɞɢɦɵ ɫɥɟɞɭɸɳɢɟ ɤɨɦɩɨɧɟɧɬɵ: 

o ȾɇɄ-ɦɚɬɪɢɰɚ, ɫɨɞɟɪɠɚɳɚɹ ɬɨɬ ɭɱɚɫɬɨɤ ȾɇɄ, ɤɨɬɨɪɵɣ ɬɪɟɛɭɟɬɫɹ 

ɚɦɩɥɢɮɢɰɢɪɨɜɚɬɶ.  

o Ⱦɜɚ ɩɪɚɣɦɟɪɚ (ɡɚɬɪɚɜɤɢ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɢɧɢɰɢɚɰɢɢ ɫɢɧɬɟɡɚ ȾɇɄ), 

ɤɨɦɩɥɟɦɟɧɬɚɪɧɵɟ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɦ ɤɨɧɰɚɦ ɪɚɡɧɵɯ ɰɟɩɟɣ ɬɪɟɛɭɟɦɨɝɨ 

ɮɪɚɝɦɟɧɬɚ ȾɇɄ.  

o Ɍɟɪɦɨɫɬɚɛɢɥɶɧɚɹ ȾɇɄ-ɩɨɥɢɦɟɪɚɡɚ — ɮɟɪɦɟɧɬ, ɤɨɬɨɪɵɣ ɤɚɬɚɥɢɡɢɪɭɟɬ 

ɪɟɚɤɰɢɸ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ȾɇɄ. ɉɨɥɢɦɟɪɚɡɚ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɉɐɊ ɞɨɥɠɧɚ 

ɫɨɯɪɚɧɹɬɶ ɚɤɬɢɜɧɨɫɬɶ ɩɪɢ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɞɥɢɬɟɥɶɧɨɟ ɜɪɟɦɹ, ɩɨɷɬɨɦɭ 

ɢɫɩɨɥɶɡɭɸɬ ɮɟɪɦɟɧɬɵ, ɜɵɞɟɥɟɧɧɵɟ ɢɡ ɬɟɪɦɨɮɢɥɨɜ — Thermus aquaticus (Taq-

ɩɨɥɢɦɟɪɚɡɚ), Pyrococcus furiosus (Pfu-ɩɨɥɢɦɟɪɚɡɚ), Pyrococcus woesei (Pwo-

ɩɨɥɢɦɟɪɚɡɚ) ɢ ɞɪɭɝɢɟ [19, 20].  

o Ⱦɟɡɨɤɫɢɧɭɤɥɟɨɡɢɞɬɪɢɮɨɫɮɚɬɵ (dATP, dGTP, dCTP, dTTP), ɫɥɭɠɚɳɢɟ 

ɦɚɬɟɪɢɚɥɨɦ ɞɥɹ ɫɢɧɬɟɡɚ ɧɨɜɵɯ ɰɟɩɟɣ ȾɇɄ.  

o ɂɨɧɵ Mg2+, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɪɚɛɨɬɵ ɩɨɥɢɦɟɪɚɡɵ.  

o Ȼɭɮɟɪɧɵɣ ɪɚɫɬɜɨɪ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ ɧɟɨɛɯɨɞɢɦɵɟ ɭɫɥɨɜɢɹ ɪɟɚɤɰɢɢ — 

ɪɇ, ɢɨɧɧɭɸ ɫɢɥɭ ɪɚɫɬɜɨɪɚ. ɋɨɞɟɪɠɢɬ ɪɚɡɥɢɱɧɵɟ ɫɨɥɢ, ɛɵɱɢɣ ɫɵɜɨɪɨɬɨɱɧɵɣ 

ɚɥɶɛɭɦɢɧ.  

o ɑɬɨɛɵ ɢɡɛɟɠɚɬɶ ɢɫɩɚɪɟɧɢɹ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ, ɜ ɩɪɨɛɢɪɤɭ ɞɨɛɚɜɥɹɸɬ 

ɜɵɫɨɤɨɤɢɩɹɳɟɟ ɦɚɫɥɨ, ɧɚɩɪɢɦɟɪ, ɜɚɡɟɥɢɧɨɜɨɟ. ȿɫɥɢ ɢɫɩɨɥɶɡɭɟɬɫɹ 

ɚɦɩɥɢɮɢɤɚɬɨɪ ɫ ɩɨɞɨɝɪɟɜɚɸɳɟɣɫɹ ɤɪɵɲɤɨɣ, ɷɬɨɝɨ ɞɟɥɚɬɶ ɧɟ ɬɪɟɛɭɟɬɫɹ. 

ȼɫɹ ɬɟɯɧɨɥɨɝɢɹ ɉɐɊ ɫɨɫɬɨɢɬ ɢɡ ɬɪɟɯ ɫɬɚɞɢɣ: 
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o ɋɬɚɞɢɹ I – ɩɨɞɝɨɬɨɜɤɚ ɦɚɬɪɢɰɵ, ɤɨɬɨɪɚɹ ɜɤɥɸɱɚɟɬ ɜɵɞɟɥɟɧɢɟ ɢ ɨɱɢɫɬɤɭ 

ȾɇɄ, ɨɩɪɟɞɟɥɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ, ɨɰɟɧɤɭ ɤɚɱɟɫɬɜɚ ɦɚɬɪɢɰɵ, ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɟ 

(ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɨɜɵɲɟɧɢɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɞɟɬɟɤɰɢɢ); 

o ɋɬɚɞɢɹ II – ɚɦɩɥɢɮɢɤɚɰɢɹ ɢɥɢ ɫɨɛɫɬɜɟɧɧɨ ɉɐɊ; 

o ɋɬɚɞɢɹ III – ɪɚɡɞɟɥɟɧɢɟ ɢ ɜɢɡɭɚɥɢɡɚɰɢɹ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ ɫ ɩɨɦɨɳɶɸ 

ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɝɟɥɶ-ɷɥɟɤɬɪɨɮɨɪɟɡɚ ɢɥɢ ɢɧɵɯ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɵɯ ɦɟɬɨɞɨɜ 

ɪɚɡɞɟɥɟɧɢɹ ɢ ɞɟɬɟɤɰɢɢ ɧɭɤɥɟɢɧɨɜɵɯ ɤɢɫɥɨɬ. 

ɋɚɦ ɩɪɨɰɟɫɫ ɚɦɩɥɢɮɢɤɚɰɢɢ ɫɨɫɬɨɢɬ ɢɡ ɦɧɨɝɨɤɪɚɬɧɨ ɩɨɜɬɨɪɹɸɳɢɯɫɹ 

ɰɢɤɥɨɜ (ɤɚɤ ɩɪɚɜɢɥɨ, 25-35), ɤɚɠɞɵɣ ɢɡ ɤɨɬɨɪɵɯ ɜɤɥɸɱɚɟɬ ɬɪɢ ɷɬɚɩɚ (ɪɚɭɧɞɚ): 

ɞɟɧɚɬɭɪɚɰɢɹ (ɪɚɫɩɥɟɬɟɧɢɟ, ɩɥɚɜɥɟɧɢɟ) ɞɜɭɯɰɟɩɨɱɟɱɧɵɯ ɮɪɚɝɦɟɧɬɨɜ ȾɇɄ, 

“ɨɬɠɢɝ” (ɩɪɢɫɨɟɞɢɧɟɧɢɟ, ɝɢɛɪɢɞɢɡɚɰɢɹ) ɩɪɚɣɦɟɪɨɜ ɤ ɦɚɬɪɢɰɟ ɢ ɷɥɨɧɝɚɰɢɹ 

(ɭɞɥɢɧɟɧɢɟ ɩɪɚɣɦɟɪɨɜ).  

ɉɟɪɜɵɣ ɷɬɚɩ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɧɚɝɪɟɜ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ, 

ɩɪɢ ɤɨɬɨɪɨɣ ɮɪɚɝɦɟɧɬɵ ȾɇɄ ɛɭɞɭɬ ɞɟɧɚɬɭɪɢɪɨɜɚɧɵ ɢ ȾɇɄ ɪɚɫɩɚɞɟɬɫɹ ɧɚ 

ɨɬɞɟɥɶɧɵɟ ɰɟɩɢ. ɉɪɢ ɷɬɨɦ ɬɟɦɩɟɪɚɬɭɪɚ ɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪɧɨɣ 

ɨɛɪɚɛɨɬɤɢ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɩɨɞɛɢɪɚɸɬɫɹ ɬɚɤ, ɱɬɨɛɵ ɨɫɧɨɜɧɚɹ ɱɚɫɬɶ ɦɨɥɟɤɭɥ 

ȾɇɄ-ɩɨɥɢɦɟɪɚɡɵ ɨɫɬɚɥɚɫɶ ɜ ɧɟɚɤɬɢɜɢɪɨɜɚɧɧɨɦ ɫɨɫɬɨɹɧɢɢ (ɨɛɵɱɧɨ ɨɬ +93ɨɋ ɞɨ 

+96ɨɋ, 30-120ɫɟɤ.). 

ɇɚ ɜɬɨɪɨɦ ɷɬɚɩɟ ɤɚɠɞɨɝɨ ɰɢɤɥɚ ɉɐɊ ɪɟɚɤɰɢɨɧɧɚɹ ɫɦɟɫɶ ɨɯɥɚɠɞɚɟɬɫɹ ɞɨ 

ɬɟɦɩɟɪɚɬɭɪɵ, ɨɩɬɢɦɚɥɶɧɨɣ ɞɥɹ ɤɨɦɩɥɟɦɟɧɬɚɪɧɨɝɨ ɫɰɟɩɥɟɧɢɹ ɩɪɚɣɦɟɪɨɜ ɫɨ 

ɫɩɟɰɢɮɢɱɟɫɤɢɦ ɭɱɚɫɬɤɨɦ ɨɞɧɨɰɟɩɨɱɟɱɧɨɣ ȾɇɄ-ɦɚɬɪɢɰɵ (ɨɛɵɱɧɨ ɨɬ +47ɨɋ ɞɨ 

+65ɨɋ). ɉɪɚɣɦɟɪɵ – ɷɬɨ ɤɨɪɨɬɤɢɟ (ɤɚɤ ɩɪɚɜɢɥɨ,17-33 ɧɭɤɥɟɨɬɢɞɚ) ɯɢɦɢɱɟɫɤɢ 

ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɟ ɨɥɢɝɨɞɟɡɨɤɫɢɪɢɛɨɧɭɤɥɟɨɬɢɞɵ, ɹɜɥɹɸɳɢɟɫɹ ɡɚɬɪɚɜɤɚɦɢ 

(ɢɧɢɰɢɚɬɨɪɚɦɢ) ɫɢɧɬɟɡɚ ɰɟɩɢ ȾɇɄ ɫ ɩɨɦɨɳɶɸ ȾɇɄ-ɩɨɥɢɦɟɪɚɡɵ. ɉɪɚɣɦɟɪɵ 

ɞɨɥɠɧɵ ɛɵɬɶ ɤɨɦɩɥɟɦɟɧɬɚɪɧɵ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦ ȾɇɄ ɧɚ ɥɟɜɨɣ ɢ ɩɪɚɜɨɣ 

ɝɪɚɧɢɰɚɯ ɫɩɟɰɢɮɢɱɟɫɤɨɝɨ ɮɪɚɝɦɟɧɬɚ ɢ ɨɪɢɟɧɬɢɪɨɜɚɧɵ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ 

ɞɨɫɬɪɚɢɜɚɧɢɟ ɰɟɩɢ ɩɪɨɢɫɯɨɞɢɥɨ ɬɨɥɶɤɨ ɦɟɠɞɭ ɧɢɦɢ. Ɇɟɫɬɚ (ɫɚɣɬɵ) ɩɨɫɚɞɤɢ 
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ɩɪɚɣɦɟɪɨɜ ɧɚ ȾɇɄ-ɦɚɬɪɢɰɟ ɢ ɨɩɪɟɞɟɥɹɸɬ ɜɟɥɢɱɢɧɭ ɬɨɝɨ ɭɱɚɫɬɤɚ ȾɇɄ, ɤɨɬɨɪɵɣ 

ɞɨɥɠɟɧ ɛɭɞɟɬ ɚɦɩɥɢɮɢɰɢɪɨɜɚɬɶɫɹ. 

ɇɚɤɨɧɟɰ, ɧɚ ɬɪɟɬɶɟɦ ɷɬɚɩɟ ɩɪɨɢɫɯɨɞɢɬ ɫɢɧɬɟɡ ɤɨɦɩɥɟɦɟɧɬɚɪɧɵɯ ɰɟɩɟɣ 

ȾɇɄ, ɤɨɬɨɪɵɣ ɢɧɢɰɢɢɪɭɟɬɫɹ ɩɪɚɣɦɟɪɚɦɢ, ɨɧ ɢɞɟɬ ɜ ɧɚɩɪɚɜɥɟɧɢɢ 5’→3’ ɢ 

ɤɚɬɚɥɢɡɢɪɭɟɬɫɹ ȾɇɄ-ɩɨɥɢɦɟɪɚɡɨɣ. Ɇɚɬɟɪɢɚɥɨɦ ɞɥɹ ɫɢɧɬɟɡɚ ɧɨɜɵɯ ɰɟɩɟɣ ȾɇɄ 

ɫɥɭɠɚɬ ɞɟɡɨɤɫɢɪɢɛɨɧɭɤɥɟɨɬɢɞɬɪɢɮɨɫɮɚɬɵ, ɧɚɯɨɞɹɳɢɟɫɹ ɜ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ. 

ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɷɬɚɩɚ ɚɦɩɥɢɮɢɤɚɰɢɢ ɫɨɫɬɚɜɥɹɟɬ, ɜ ɫɪɟɞɧɟɦ, 20-40ɫɟɤ. ɢ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɤɨɪɨɫɬɶɸ ɪɚɛɨɬɵ ɩɨɥɢɦɟɪɚɡɵ ɢ ɪɚɡɦɟɪɨɦ ɬɨɝɨ ɮɪɚɝɦɟɧɬɚ ȾɇɄ, 

ɤɨɬɨɪɵɣ ɧɭɠɧɨ ɫɢɧɬɟɡɢɪɨɜɚɬɶ (ɨɛɵɱɧɨ ɨɬ ɧɟɫɤɨɥɶɤɢɯ ɫɨɬɟɧ ɞɨ 5-6 ɬɵɫ. 

ɧɭɤɥɟɨɬɢɞɨɜ) [21]. 

 

1.5 Ɋɟɫɬɪɢɤɰɢɹ ȾɇɄ 

ɗɧɞɨɧɭɤɥɟɚɡɵ ɪɟɫɬɪɢɤɰɢɢ, ɪɟɫɬɪɢɤɬɚɡɵ — ɝɪɭɩɩɚ ɮɟɪɦɟɧɬɨɜ, 

ɨɬɧɨɫɹɳɢɯɫɹ ɤ ɤɥɚɫɫɭ ɝɢɞɪɨɥɚɡ, ɤɚɬɚɥɢɡɢɪɭɸɳɢɯ ɝɢɞɪɨɥɢɡ ɮɨɫɮɨɞɢɷɮɢɪɧɵɯ 

ɫɜɹɡɟɣ ɱɭɠɟɪɨɞɧɵɯ ȾɇɄ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɩɪɨɤɚɪɢɨɬɢɱɟɫɤɢɯ (ɛɚɤɬɟɪɢɢ ɢ ɫɢɧɟ-

ɡɟɥɟɧɵɟ ɜɨɞɨɪɨɫɥɢ) ɨɪɝɚɧɢɡɦɚɯ ɢ ɜɵɩɨɥɧɹɸɳɢɟ ɬɟɦ ɫɚɦɵɦ "ɢɦɦɭɧɧɭɸ" 

ɮɭɧɤɰɢɸ [22, 23].  

ɗɬɨ ɮɟɪɦɟɧɬɵ, «ɭɡɧɚɸɳɢɟ» ɨɩɪɟɞɟɥɟɧɧɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ (ɫɚɣɬɵ 

ɪɟɫɬɪɢɤɰɢɢ) ɜ ɞɜɭɯɰɟɩɨɱɟɱɧɨɣ ȾɇɄ. ɂɯ ɜɵɞɟɥɹɸɬ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɢɡ 

ɩɪɨɤɚɪɢɨɬɢɱɟɫɤɢɯ ɤɥɟɬɨɤ [24]. 

ȼ ɨɬɥɢɱɢɟ ɨɬ ɷɤɡɨɧɭɤɥɟɚɡ, ɷɧɞɨɧɭɤɥɟɚɡɵ ɪɚɫɳɟɩɥɹɸɬ ɧɭɤɥɟɢɧɨɜɵɟ 

ɤɢɫɥɨɬɵ ɧɟ ɫ ɤɨɧɰɚ ɦɨɥɟɤɭɥɵ, ɚ ɜ ɫɟɪɟɞɢɧɟ. ɉɪɢ ɷɬɨɦ ɤɚɠɞɚɹ ɪɟɫɬɪɢɤɬɚɡɚ 

ɭɡɧɚёɬ ɨɩɪɟɞɟɥёɧɧɵɣ ɭɱɚɫɬɨɤ ȾɇɄ ɞɥɢɧɨɣ ɨɬ ɱɟɬɵɪёɯ ɩɚɪ ɧɭɤɥɟɨɬɢɞɨɜ ɢ 

ɛɨɥɶɲɟ ɢ ɪɚɫɳɟɩɥɹɟɬ ɧɭɤɥɟɨɬɢɞɧɭɸ ɰɟɩɶ ɜɧɭɬɪɢ ɭɱɚɫɬɤɚ ɭɡɧɚɜɚɧɢɹ ɢɥɢ ɜɧɟ 

ɧɟɝɨ. 
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Ʉ 2016 ɝɨɞɭ ɛɵɥɨ ɜɵɞɟɥɟɧɨ ɛɨɥɟɟ ɬɪɟɯ ɫ ɩɨɥɨɜɢɧɨɣ ɬɵɫɹɱ ɷɧɞɨɧɭɤɥɟɚɡ 

ɪɟɫɬɪɢɤɰɢɢ. Ȼɨɥɟɟ ɬɵɫɹɱɢ ɪɟɫɬɪɢɤɬɚɡ ɞɨɫɬɭɩɧɵ ɜ ɜɢɞɟ ɤɨɦɦɟɪɱɟɫɤɢɯ 

ɩɪɟɩɚɪɚɬɨɜ ɢ ɩɨɜɫɟɞɧɟɜɧɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɥɚɛɨɪɚɬɨɪɢɹɯ ɞɥɹ ɦɨɞɢɮɢɤɚɰɢɢ ȾɇɄ 

ɢ ɪɟɲɟɧɢɹ ɝɟɧɧɨ-ɢɧɠɟɧɟɪɧɵɯ ɡɚɞɚɱ [24]. 

Раɡɥɢчаюɬ 3 ɤɥаɫɫа ɪеɫɬɪɢɤɬаɡ: 

Ɋɟɫɬɪɢɤɬɚɡɵ ɩɟɪɜɨɝɨ ɬɢɩɚ (ɧɚɩɪɢɦɟɪ, ȿɫɨR ɢɡ Escherichia coli Ʉ12) 

ɭɡɧɚɸɬ ɨɩɪɟɞɟɥёɧɧɭɸ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɧɭɤɥɟɨɬɢɞɨɜ ɢ ɪɚɡɪɟɡɚɸɬ 

ɞɜɭɯɰɟɩɨɱɧɭɸ ɦɨɥɟɤɭɥɭ ȾɇɄ ɧɟɩɨɞɚɥёɤɭ ɨɬ ɷɬɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜ 

ɩɪɨɢɡɜɨɥɶɧɨɣ ɬɨɱɤɟ ɢ ɫɚɦɨ ɦɟɫɬɨ ɪɚɡɪɟɡɚ ɧɟ ɫɬɪɨɝɨ ɫɩɟɰɢɚɥɶɧɨ [25]. 

Ɋɟɫɬɪɢɤɬɚɡɵ ɜɬɨɪɨɝɨ ɬɢɩɚ (ɧɚɩɪɢɦɟɪ, EcoRI) ɭɡɧɚɸɬ ɨɩɪɟɞɟɥёɧɧɭɸ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɢ ɪɚɡɪɟɡɚɸɬ ɞɜɨɣɧɭɸ ɫɩɢɪɚɥɶ ȾɇɄ ɜ ɨɩɪɟɞɟɥёɧɧɨɣ 

ɮɢɤɫɢɪɨɜɚɧɧɨɣ ɬɨɱɤɟ ɜɧɭɬɪɢ ɷɬɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. Ɋɟɫɬɪɢɤɬɚɡɵ ɷɬɨɝɨ ɬɢɩɚ 

ɭɡɧɚɸɬ ɩɚɥɢɧɞɪɨɦɚɥɶɧɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɤɨɬɨɪɵɟ ɨɛɥɚɞɚɸɬ ɰɟɧɬɪɚɥɶɧɨɣ 

ɨɫɶɸ ɢ ɫɱɢɬɵɜɚɸɬɫɹ ɨɞɢɧɚɤɨɜɨ ɜ ɨɛɟ ɫɬɨɪɨɧɵ ɨɬ ɨɫɢ ɫɢɦɦɟɬɪɢɢ. 

Ɋɟɫɬɪɢɤɬɚɡɵ ɬɪɟɬɶɟɝɨ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɬɢɩɚ (ɧɚɩɪɢɦɟɪ, EcoPI) ɭɡɧɚɸɬ 

ɧɭɠɧɭɸ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɢ ɪɚɡɪɟɡɚɸɬ ɞɜɭɯɰɟɩɨɱɧɭɸ ɦɨɥɟɤɭɥɭ ȾɇɄ, 

ɨɬɫɬɭɩɢɜ ɨɩɪɟɞɟɥёɧɧɨɟ ɱɢɫɥɨ ɧɭɤɥɟɨɬɢɞɧɵɯ ɩɚɪ ɨɬ ɟё ɤɨɧɰɚ (ɢɥɢ ɜ ɧɟɫɤɨɥɶɤɢɯ 

ɬɨɱɤɚɯ ɧɚ ɪɚɡɧɨɦ ɭɞɚɥɟɧɢɢ ɨɬ ɫɚɣɬɚ ɭɡɧɚɜɚɧɢɹ). ɉɪɢ ɷɬɨɦ ɨɛɪɚɡɭɸɬɫɹ 

ɮɪɚɝɦɟɧɬɵ ȾɇɄ ɥɢɛɨ ɫ ɪɨɜɧɵɦɢ (ɬɭɩɵɦɢ) ɤɨɧɰɚɦɢ, ɥɢɛɨ ɫ ɜɵɫɬɭɩɚɸɳɢɦɢ 

(ɥɢɩɤɢɦɢ) 5'- ɢɥɢ 3'-ɤɨɧɰɚɦɢ. ɗɬɢ ɪɟɫɬɪɢɤɬɚɡɵ ɭɡɧɚɸɬ ɚɫɢɦɦɟɬɪɢɱɧɵɟ ɫɚɣɬɵ. 

[25]. 

ȼ ɨɫɧɨɜɧɨɦ ɛɢɨɬɟɯɧɨɥɨɝɢɢ ɢɫɩɨɥɶɡɭɸɬ ɪɟɫɬɪɢɤɬɚɡɵ 2-ɝɨ ɬɢɩɚ. Ɏɟɪɦɟɧɬɵ 

ɜɬɨɪɨɝɨ ɬɢɩɚ ɫɨɫɬɨɹɬ ɢɡ ɞɜɭɯ ɨɬɞɟɥɶɧɵɯ ɛɟɥɤɨɜ: ɪɟɫɬɪɢɰɢɪɭɸɳɟɣ 

ɷɧɞɨɧɭɤɥɟɚɡɵ ɢ ɦɨɞɢɮɢɰɢɪɭɸɳɟɣ ɦɟɬɢɥɚɡɵ. Ɉɧɢ ɧɭɠɞɚɸɬɫɹ ɜ ɢɨɧɚɯ ɦɚɝɧɢɹ ɜ 

ɤɚɱɟɫɬɜɟ ɤɨɮɚɤɬɨɪɨɜ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜɵɞɟɥɟɧɨ ɛɨɥɟɟ 500 ɪɟɫɬɪɢɤɬɚɡ ɜɬɨɪɨɝɨ ɬɢɩɚ, ɨɞɧɚɤɨ 

ɫɪɟɞɢ ɮɟɪɦɟɧɬɨɜ, ɜɵɞɟɥɟɧɧɵɯ ɢɡ ɪɚɡɥɢɱɧɵɯ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ, ɜɫɬɪɟɱɚɸɬɫɹ 
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ɬɚɤɢɟ, ɤɨɬɨɪɵɟ ɭɡɧɚɸɬ ɧɚ ȾɇɄ ɨɞɧɢ ɢ ɬɟ ɠɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. Ɍɚɤɢɟ ɩɚɪɵ 

ɢɥɢ ɝɪɭɩɩɵ ɧɚɡɵɜɚɸɬ ɢɡɨɲɢɡɨɦɟɪɚɦɢ. Ɋɚɡɥɢɱɚɸɬ ɢɫɬɢɧɧɭɸ ɢɡɨɲɢɡɨɦɟɪɢɸ, 

ɤɨɝɞɚ ɮɟɪɦɟɧɬɵ ɭɡɧɚɸɬ ɨɞɧɭ ɢ ɬɭ ɠɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɧɭɤɥɟɨɬɢɞɨɜ ɢ 

ɪɚɡɪɵɜɚɸɬ ȾɇɄ ɜ ɨɞɧɢɯ ɢ ɬɟɯ ɠɟ ɬɨɱɤɚɯ, ɢ ɥɨɠɧɭɸ, ɤɨɝɞɚ ɮɟɪɦɟɧɬɵ, ɭɡɧɚɜɚɹ 

ɨɞɢɧ ɢ ɬɨɬ ɠɟ ɫɚɣɬ ɧɚ ȾɇɄ, ɩɪɨɢɡɜɨɞɹɬ ɪɚɡɪɵɜɵ ɜ ɪɚɡɧɵɯ ɬɨɱɤɚɯ ɜ ɩɪɟɞɟɥɚɯ 

ɬɨɝɨ ɠɟ ɫɚɣɬɚ. 

 Ȼɨɥɶɲɢɧɫɬɜɨ ɪɟɫɬɪɢɤɬɚɡ ɜɬɨɪɨɝɨ ɬɢɩɚ ɭɡɧɚɸɬ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, 

ɫɨɞɟɪɠɚɳɢɟ ɨɬ 4 ɞɨ 6 ɧɭɤɥɟɨɬɢɞɧɵɯ ɩɚɪ, ɩɨɷɬɨɦɭ ɪɟɫɬɪɢɤɬɚɡɵ ɞɟɥɹɬ ɧɚ ɦɟɥɤɨ- 

ɢ ɤɪɭɩɧɨɳɟɩɹɳɢɟ. Ɇɟɥɤɨɳɟɩɹɳɢɟ ɪɟɫɬɪɢɤɬɚɡɵ ɭɡɧɚɸɬ ɬɟɬɪɚɧɭɤɥɟɨɬɢɞ ɢ 

ɜɧɨɫɹɬ ɜ ɦɨɥɟɤɭɥɵ ɝɨɪɚɡɞɨ ɛɨɥɶɲɟ ɪɚɡɪɵɜɨɜ, ɱɟɦ ɤɪɭɩɧɨɳɟɩɹɳɢɟ, ɭɡɧɚɸɳɢɟ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɢɡ ɲɟɫɬɢ ɧɭɤɥɟɨɬɢɞɧɵɯ ɩɚɪ. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ 

ɜɟɪɨɹɬɧɨɫɬɶ ɜɫɬɪɟɱɚɟɦɨɫɬɢ ɨɩɪɟɞɟɥɟɧɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɢɡ ɱɟɬɵɪɟɯ 

ɧɭɤɥɟɨɬɢɞɨɜ ɝɨɪɚɡɞɨ ɜɵɲɟ, ɱɟɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɢɡ ɲɟɫɬɢ ɧɭɤɥɟɨɬɢɞɨɜ. 

ɇɚɩɪɢɦɟɪ, ɜ ȾɇɄ ɛɚɤɬɟɪɢɨɮɚɝɚ Ɍ7, ɫɨɫɬɨɹɳɟɣ ɢɡ 40000 ɩɚɪ ɨɫɧɨɜɚɧɢɣ, 

ɨɬɫɭɬɫɬɜɭɟɬ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ, ɭɡɧɚɜɚɟɦɚɹ ɪɟɫɬɪɢɤɬɚɡɨɣ R1 ɢɡ E. coli. 

Ʉ ɦɟɥɤɨɳɟɩɹɳɢɦ ɨɬɧɨɫɹɬɫɹ ɪɟɫɬɪɢɤɬɚɡɵ Hpa II ɢ Alu (ɢɡ Arthrobacter 

luteus), ɤ ɤɪɭɩɧɨɳɟɩɹɳɢɦ - Eco RI (ɢɡ Escherichia coli) ɢ Hind III. ȿɫɥɢ 

ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɭɱɚɫɬɤɢ ɭɡɧɚɜɚɧɢɹ ɪɟɫɬɪɢɤɬɚɡ ɪɚɫɩɪɟɞɟɥɟɧɵ ɜɞɨɥɶ ɰɟɩɢ 

ȾɇɄ ɫɥɭɱɚɣɧɨ, ɬɨ ɦɢɲɟɧɶ ɞɥɹ ɮɟɪɦɟɧɬɨɜ, ɭɡɧɚɸɳɢɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ 

(ɫɚɣɬ) ɢɡ ɱɟɬɵɪɟɯ ɧɭɤɥɟɨɬɢɞɨɜ, ɞɨɥɠɧɚ ɜɫɬɪɟɱɚɬɶɫɹ ɜ ɫɪɟɞɧɟɦ 1 ɪɚɡ ɱɟɪɟɡ 

ɤɚɠɞɵɟ 256 ɩɚɪ ɨɫɧɨɜɚɧɢɣ, ɚ ɞɥɹ ɮɟɪɦɟɧɬɨɜ, ɭɡɧɚɸɳɢɯ ɲɟɫɬɶ ɧɭɤɥɟɨɬɢɞɨɜ, - 

ɱɟɪɟɡ 4096 ɩɚɪ ɨɫɧɨɜɚɧɢɣ. ȿɫɥɢ ɫɚɣɬ ɪɟɫɬɪɢɤɰɢɢ ɨɤɚɠɟɬɫɹ ɜɧɭɬɪɢ ɝɟɧɚ, ɬɨ 

ɨɛɪɚɛɨɬɤɚ ȾɇɄ-ɪɟɫɬɪɢɤɬɚɡɨɣ ɩɪɢɜɟɞɟɬ ɤ ɟɝɨ ɢɧɚɤɬɢɜɚɰɢɢ. ȼɟɪɨɹɬɧɨɫɬɶ ɬɚɤɨɝɨ 

ɫɨɛɵɬɢɹ ɨɱɟɧɶ ɜɟɥɢɤɚ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɦɟɥɤɨɳɟɩɹɳɢɦɢ ɪɟɫɬɪɢɤɬɚɡɚɦɢ ɢ 

ɧɟɡɧɚɱɢɬɟɥɶɧɚ ɩɪɢ ɩɪɢɦɟɧɟɧɢɢ ɤɪɭɩɧɨɳɟɩɹɳɢɯ ɷɧɞɨɧɭɤɥɟɚɡ. ɉɨɷɬɨɦɭ ɫ ɰɟɥɶɸ 

ɩɨɥɭɱɟɧɢɹ ɧɟɩɨɜɪɟɠɞɟɧɧɨɝɨ ɝɟɧɚ ɪɚɫɳɟɩɥɟɧɢɟ ɩɪɨɜɨɞɹɬ ɩɨɨɱɟɪɟɞɧɨ 

ɧɟɫɤɨɥɶɤɢɦɢ ɤɪɭɩɧɨɳɟɩɹɳɢɦɢ ɪɟɫɬɪɢɤɬɚɡɚɦɢ, ɥɢɛɨ ɩɪɢɦɟɧɹɸɬ ɩɪɢɟɦ 

"ɧɟɞɨɪɟɫɬɪɢɤɰɢɢ", ɬ.ɟ. ɪɟɫɬɪɢɤɰɢɸ ɩɪɨɜɨɞɹɬ ɜ ɬɚɤɢɯ ɭɫɥɨɜɢɹɯ, ɤɨɝɞɚ 

ɩɪɨɢɫɯɨɞɢɬ ɪɚɫɳɟɩɥɟɧɢɟ ɥɢɲɶ ɜ ɨɞɧɨɦ ɫɚɣɬɟ [26].  
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Ⱦɥɹ ɤɚɠɞɨɝɨ ɮɟɪɦɟɧɬɚ ɪɟɫɬɪɢɤɰɢɢ ɫɭɳɟɫɬɜɭɸɬ ɨɩɬɢɦɚɥɶɧɵɟ ɭɫɥɨɜɢɹ 

ɪɟɚɤɰɢɢ, ɤɨɬɨɪɵɟ ɩɪɢɜɨɞɹɬɫɹ ɜ ɨɩɢɫɚɧɢɢ, ɩɪɢɥɚɝɚɟɦɨɦ ɮɢɪɦɨɣ-ɢɡɝɨɬɨɜɢɬɟɥɟɦ. 

Ɉɫɧɨɜɧɵɟ ɩɟɪɟɦɟɧɧɵɟ ɩɚɪɚɦɟɬɪɵ – ɷɬɨ ɬɟɦɩɟɪɚɬɭɪɚ ɢɧɤɭɛɚɰɢɢ ɢ ɫɨɫɬɚɜ 

ɛɭɮɟɪɚ. Ʉ ɬɟɦɩɟɪɚɬɭɪɧɨɦɭ ɪɟɠɢɦɭ ɩɪɟɞɴɹɜɥɹɸɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɠɟɫɬɤɢɟ 

ɬɪɟɛɨɜɚɧɢɹ, ɬɨɝɞɚ ɤɚɤ ɪɚɡɥɢɱɢɹ ɦɟɠɞɭ ɛɭɮɟɪɚɦɢ ɱɚɳɟ ɜɫɟɝɨ ɥɢɲɶ 

ɧɟɡɧɚɱɢɬɟɥɶɧɵ. 

Ɋɟɫɬɪɢɤɰɢɨɧɧɵɣ ɚɧɚɥɢɡ ȾɇɄ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɦɨɥɟɤɭɥɹɪɧɨ-

ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɢ ɩɪɢɤɥɚɞɧɵɯ ɪɚɛɨɬɚɯ ɢ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ 

ɧɚɢɛɨɥɟɟ ɜɚɠɧɵɯ ɢɧɫɬɪɭɦɟɧɬɨɜ ɩɪɢ ɢɡɭɱɟɧɢɢ ȾɇɄ. ɉɪɢ ɩɨɦɨɳɢ ɷɧɞɨɧɭɤɥɟɚɡ 

ɪɟɫɬɪɢɤɰɢɢ ɦɨɠɧɨ ɩɪɨɜɟɫɬɢ ɢɡɭɱɟɧɢɟ ȾɇɄ ɪɚɡɥɢɱɧɵɯ ɜɢɪɭɫɨɜ, ɛɚɤɬɟɪɢɣ, 

ɠɢɜɨɬɧɵɯ, ɪɚɫɬɟɧɢɣ [27, 28, 29, 30]. 

ɉɪɨɞɭɤɬɵ ɪɚɫɳɟɩɥɟɧɢɹ ȾɇɄ ɨɛɵɱɧɨ ɚɧɚɥɢɡɢɪɭɸɬɫɹ ɫ ɩɨɦɨɳɶɸ ɝɟɥɶ-

ɷɥɟɤɬɪɨɮɨɪɟɡɚ ɜ ɚɝɚɪɨɡɧɨɦ ɢɥɢ ɩɨɥɢɚɤɪɢɥɚɦɢɞɧɨɦ ɝɟɥɟ, ɚ ɩɨɥɭɱɟɧɧɚɹ ɬɚɤɢɦ 

ɨɛɪɚɡɨɦ ɤɚɪɬɢɧɚ ɪɚɡɞɟɥɟɧɢɹ ɮɪɚɝɦɟɧɬɨɜ ȾɇɄ ɜ ɜɢɞɟ ɨɩɪɟɞɟɥɟɧɧɨɝɨ, 

ɨɬɥɢɱɚɸɳɟɝɨɫɹ ɞɥɹ ɪɚɡɧɵɯ ɛɚɤɬɟɪɢɣ, ɧɚɛɨɪɚ ɩɨɥɨɫ ɢ ɹɜɥɹɟɬɫɹ ɪɟɡɭɥɶɬɚɬɨɦ 

ɪɟɫɬɪɢɤɰɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ ɬɨɣ ɢɥɢ ɢɧɨɣ ȾɇɄ [31]. 

Ʉɨɪɨɬɤɢɟ ɮɪɚɝɦɟɧɬɵ ɦɢɝɪɢɪɭɸɬ ɧɚɦɧɨɝɨ ɛɵɫɬɪɟɟ, ɱɟɦ ɞɥɢɧɧɵɟ. ɉɪɢ 

ɫɪɚɜɧɢɬɟɥɶɧɨ ɜɵɫɨɤɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɚɝɚɪɨɡɵ ɛɨɥɶɲɢɟ ɮɪɚɝɦɟɧɬɵ ɜɨɨɛɳɟ ɧɟ 

ɦɨɝɭɬ ɩɪɨɧɢɤɧɭɬɶ ɜ ɝɟɥɶ. ȼ ɩɪɨɰɟɫɫɟ ɦɢɝɪɚɰɢɢ ɪɟɫɬɪɢɤɰɢɨɧɧɵɟ ɮɪɚɝɦɟɧɬɵ ɧɟ 

ɞɟɝɪɚɞɢɪɭɸɬ, ɢɯ ɦɨɠɧɨ ɜɵɦɵɜɚɬɶ ɜ ɜɢɞɟ ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ 

ɞɜɭɯɰɟɩɨɱɟɱɧɵɯ ɦɨɥɟɤɭɥ. ɉɪɢ ɨɤɪɚɲɢɜɚɧɢɢ ɝɟɥɟɣ ɤɪɚɫɢɬɟɥɹɦɢ, 

ɫɜɹɡɵɜɚɸɳɢɦɢɫɹ ɫ ȾɇɄ, ɜɵɹɜɥɹɟɬɫɹ ɧɚɛɨɪ ɩɨɥɨɫ, ɤɚɠɞɚɹ ɢɡ ɤɨɬɨɪɵɯ ɨɬɜɟɱɚɟɬ 

ɪɟɫɬɪɢɤɰɢɨɧɧɨɦɭ ɮɪɚɝɦɟɧɬɭ, ɦɨɥɟɤɭɥɹɪɧɭɸ ɦɚɫɫɭ ɤɨɬɨɪɨɝɨ ɦɨɠɧɨ 

ɨɩɪɟɞɟɥɢɬɶ, ɩɪɨɜɟɞɹ ɤɚɥɢɛɪɨɜɤɭ ɫ ɩɨɦɨɳɶɸ ȾɇɄ ɫ ɢɡɜɟɫɬɧɵɦɢ 

ɦɨɥɟɤɭɥɹɪɧɵɦɢ ɦɚɫɫɚɦɢ (ɦɚɪɤɟɪɚɦɢ). 

 ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɧɟɫɤɨɥɶɤɢɯ ɷɧɞɨɧɭɤɥɟɚɡ ɪɟɫɬɪɢɤɰɢɢ ɞɥɹ ɨɞɧɨɝɨ 

ɨɛɪɚɡɰɚ ɦɨɠɧɨ ɫɨɫɬɚɜɥɹɬɶ ɪɟɫɬɪɢɤɰɢɨɧɧɵɟ ɤɚɪɬɵ. Ɋɚɫɩɨɥɚɝɚɹ ɬɚɤɨɣ 

ɢɧɮɨɪɦɚɰɢɟɣ, ɦɨɠɧɨ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɧɚ ȾɇɄ ɛɢɨɥɨɝɢɱɟɫɤɢ ɜɚɠɧɵɟ 
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ɭɱɚɫɬɤɢ. ɉɨɫɤɨɥɶɤɭ ɪɟɫɬɪɢɤɰɢɨɧɧɚɹ ɤɚɪɬɚ ɨɬɪɚɠɚɟɬ ɪɚɫɩɨɥɨɠɟɧɢɟ 

ɨɩɪɟɞɟɥɟɧɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɧɭɤɥɟɨɬɢɞɨɜ ɜ ɞɚɧɧɨɦ ɭɱɚɫɬɤɟ, ɫɪɚɜɧɟɧɢɟ 

ɬɚɤɢɯ ɤɚɪɬ ɞɥɹ ɞɜɭɯ ɢɥɢ ɛɨɥɟɟ ɪɨɞɫɬɜɟɧɧɵɯ ɝɟɧɨɜ ɩɨɡɜɨɥɹɟɬ ɨɰɟɧɢɬɶ 

ɝɨɦɨɥɨɝɢɸ ɦɟɠɞɭ ɧɢɦɢ. Ⱥɧɚɥɢɡɢɪɭɹ ɪɟɫɬɪɢɤɰɢɨɧɧɵɟ ɤɚɪɬɵ, ɦɨɠɧɨ ɫɪɚɜɧɢɜɚɬɶ 

ɨɩɪɟɞɟɥɟɧɧɵɟ ɭɱɚɫɬɤɢ ȾɇɄ ɪɚɡɧɵɯ ɜɢɞɨɜ ɠɢɜɨɬɧɵɯ ɛɟɡ ɨɩɪɟɞɟɥɟɧɢɹ ɢɯ 

ɧɭɤɥɟɨɬɢɞɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚɩɪɢɦɟɪ, ɛɵɥɨ 

ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɯɪɨɦɨɫɨɦɧɵɟ ɭɱɚɫɬɤɢ, ɤɨɞɢɪɭɸɳɢɟ ɰɟɩɢ ɝɟɦɨɝɥɨɛɢɧɚ ɭ 

ɱɟɥɨɜɟɤɚ, ɨɪɚɧɝɭɬɚɧɝɚ ɢ ɲɢɦɩɚɧɡɟ ɫɨɯɪɚɧɢɥɢɫɶ ɜ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɢɡɦɟɧɧɨɦ ɜɢɞɟ 

ɜ ɬɟɱɟɧɢɟ ɩɨɫɥɟɞɧɢɯ 5 - 10 ɦɥɧ. ɥɟɬ [31]. 

Ɇɟɬɨɞ ɪɟɫɬɪɢɤɰɢɨɧɧɨɝɨ ɤɚɪɬɢɪɨɜɚɧɢɹ ɩɨɡɜɨɥɹɟɬ ɭɜɢɞɟɬɶ ɤɪɭɩɧɵɟ 

ɝɟɧɟɬɢɱɟɫɤɢɟ ɢɡɦɟɧɟɧɢɹ, ɬɚɤɢɟ ɤɚɤ ɞɟɥɟɰɢɢ ɢɥɢ ɢɧɫɟɪɰɢɢ. ɉɪɢ ɷɬɨɦ 

ɩɪɨɢɫɯɨɞɢɬ ɭɦɟɧɶɲɟɧɢɟ ɢɥɢ ɭɜɟɥɢɱɟɧɢɟ ɪɟɫɬɪɢɤɰɢɨɧɧɵɯ ɮɪɚɝɦɟɧɬɨɜ, ɚ ɬɚɤɠɟ 

ɢɫɱɟɡɧɨɜɟɧɢɟ ɢɥɢ ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɫɚɣɬɨɜ ɪɟɫɬɪɢɤɰɢɢ. 

 

1.6 ɗɥɟɤɬɪɨɮɨɪɟɡ ȾɇɄ 

ɗɥɟɤɬɪɨɮɨɪɟɡ — ɷɬɨ ɩɟɪɟɦɟɳɟɧɢɟ ɱɚɫɬɢɰ ɞɢɫɩɟɪɫɧɨɣ ɮɚɡɵ ɜ ɠɢɞɤɨɣ ɢɥɢ 

ɝɚɡɨɨɛɪɚɡɧɨɣ ɫɪɟɞɟ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ. ȼɩɟɪɜɵɟ ɛɵɥ 

ɨɬɤɪɵɬ ɩɪɨɮɟɫɫɨɪɚɦɢ Ɇɨɫɤɨɜɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ ɉ. ɂ. ɋɬɪɚɯɨɜɵɦ ɢ Ɏ. Ɏ. 

Ɋɟɣɫɫɨɦ ɜ 1809 ɝɨɞɭ. ɗɥɟɤɬɪɨɮɨɪɟɡ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɜɚɠɧɵɯ 

ɦɟɬɨɞɨɜ ɞɥɹ ɪɚɡɞɟɥɟɧɢɹ ɢ ɚɧɚɥɢɡɚ ɤɨɦɩɨɧɟɧɬɨɜ ɜɟɳɟɫɬɜ ɜ ɯɢɦɢɢ. ɗɬɨɬ ɦɟɬɨɞ 

ɧɚɯɨɞɢɬ ɲɢɪɨɱɚɣɲɟɟ ɩɪɢɦɟɧɟɧɢɟ ɞɥɹ ɪɚɡɞɟɥɟɧɢɹ ɫɦɟɫɟɣ ɛɢɨɦɨɥɟɤɭɥ ɧɚ 

ɮɪɚɤɰɢɢ ɢɥɢ ɢɧɞɢɜɢɞɭɚɥɶɧɵɟ ɜɟɳɟɫɬɜɚ. Ɉɧ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɛɢɨɯɢɦɢɢ, 

ɦɨɥɟɤɭɥɹɪɧɨɣ ɛɢɨɥɨɝɢɢ, ɤɥɢɧɢɱɟɫɤɨɣ ɞɢɚɝɧɨɫɬɢɤɟ. 

ȼ ɧɚɱɚɥɟ 70-ɯ ɝɨɞɨɜ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɫ ɩɨɦɨɳɶɸ ɝɟɥɶ-ɷɥɟɤɬɪɨɮɨɪɟɡɚ 

ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɞɥɢɧɭ ɢ ɱɢɫɬɨɬɭ ɦɨɥɟɤɭɥ ȾɇɄ, ɚ ɬɚɤɠɟ ɪɚɡɞɟɥɢɬɶ ɢ 

ɜɵɞɟɥɢɬɶ ɧɭɠɧɵɟ ɮɪɚɝɦɟɧɬɵ. ɗɬɨɬ ɦɟɬɨɞ ɩɪɨɫɬ, ɬɚɤ ɤɚɤ ɤɚɠɞɵɣ ɧɭɤɥɟɨɬɢɞ ɜ 

ɦɨɥɟɤɭɥɟ ɧɭɤɥɟɢɧɨɜɨɣ ɤɢɫɥɨɬɵ ɨɛɥɚɞɚɟɬ ɨɬɪɢɰɚɬɟɥɶɧɵɦ ɡɚɪɹɞɨɦ, ɤɨɬɨɪɵɣ 

ɞɜɢɝɚɟɬɫɹ ɤ ɩɨɥɨɠɢɬɟɥɶɧɨɦɭ ɷɥɟɤɬɪɨɞɭ. ɑɬɨɛɵ ɪɚɡɞɟɥɢɬɶ ɦɨɥɟɤɭɥɵ ȾɇɄ, 
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ɢɫɯɨɞɹ ɢɡ ɢɯ ɪɚɡɦɟɪɚ, ɷɥɟɤɬɪɨɮɨɪɟɡ ɩɪɨɜɨɞɹɬ ɜ ɝɟɥɹɯ. Ȼɵɥɢ ɪɚɡɪɚɛɨɬɚɧɵ 

ɫɩɟɰɢɚɥɶɧɵɟ ɝɟɥɢ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɵɯ ɭɞɚɟɬɫɹ ɪɚɡɞɟɥɢɬɶ ɮɪɚɝɦɟɧɬɵ ȾɇɄ 

ɞɥɢɧɨɣ ɞɨ 500 ɧɭɤɥɟɨɬɢɞɨɜ, ɨɬɥɢɱɚɸɳɢɟɫɹ ɜɫɟɝɨ ɥɢɲɶ ɧɚ ɧɟɫɤɨɥɶɤɨ 

ɧɭɤɥɟɨɬɢɞɨɜ: ɩɨɥɢɚɤɪɢɥɚɦɢɞɧɵɟ ɢ ɚɝɚɪɨɡɧɵɟ. ɉɨɫɤɨɥɶɤɭ ɩɨɪɵ ɜ 

ɩɨɥɢɚɤɪɢɥɚɦɢɞɧɨɦ ɝɟɥɟ ɞɥɹ ɛɨɥɶɲɢɯ ɦɨɥɟɤɭɥ ȾɇɄ ɫɥɢɲɤɨɦ ɦɚɥɵ, ɬɨ ɞɥɹ 

ɪɚɡɞɟɥɟɧɢɹ ɤɪɭɩɧɵɯ ɦɨɥɟɤɭɥ ȾɇɄ ɩɨ ɪɚɡɦɟɪɭ ɛɵɥɢ ɪɚɡɪɚɛɨɬɚɧɵ ɫɩɟɰɢɚɥɶɧɵɟ 

ɝɟɥɢ ɧɚ ɨɫɧɨɜɟ ɚɝɚɪɨɡɵ (ɩɨɥɢɫɚɯɚɪɢɞɚ, ɜɵɞɟɥɹɟɦɨɝɨ ɢɡ ɦɨɪɫɤɢɯ ɜɨɞɨɪɨɫɥɟɣ). 

Ɉɛɚ ɷɬɢ ɦɟɬɨɞɚ ɪɚɡɞɟɥɟɧɢɹ ȾɇɄ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɢ 

ɩɪɟɩɚɪɚɬɢɜɧɵɯ ɰɟɥɟɣ.  

ɗɥɟɤɬɪɨɮɨɪɟɡ ɜ ɚɝɚɪɨɡɧɨɦ ɝɟɥɟ – ɫɬɚɧɞɚɪɬɧɵɣ ɦɟɬɨɞ ɪɚɡɞɟɥɟɧɢɹ, 

ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɢ ɨɱɢɫɬɤɢ ɮɪɚɝɦɟɧɬɨɜ ȾɇɄ. ɋ ɩɨɦɨɳɶɸ ɩɪɨɫɬɨɣ ɬɟɯɧɢɤɢ 

ɦɨɠɧɨ ɛɵɫɬɪɨ ɪɚɡɞɟɥɢɬɶ ɬɚɤɢɟ ɫɦɟɫɢ ɮɪɚɝɦɟɧɬɨɜ ȾɇɄ, ɤɨɬɨɪɵɟ ɧɟɜɨɡɦɨɠɧɨ 

ɪɚɡɞɟɥɢɬɶ ɞɪɭɝɢɦɢ ɫɩɨɫɨɛɚɦɢ, ɤ ɩɪɢɦɟɪɭ, ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɟɦ ɜ ɝɪɚɞɢɟɧɬɟ 

ɩɥɨɬɧɨɫɬɢ [32]. 

Ⱥɝɚɪɨɡɧɵɣ ɝɟɥɶ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɪɚɡɞɟɥɟɧɢɹ ɦɨɥɟɤɭɥ ȾɇɄ ɩɨ ɪɚɡɦɟɪɭ, 

ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɡɦɟɪɚ ɮɪɚɝɦɟɧɬɨɜ ȾɇɄ ɫ ɩɨɦɨɳɶɸ ɦɚɪɤɟɪɨɜ (ɦɨɥɟɤɭɥ ȾɇɄ ɫ 

ɢɡɜɟɫɬɧɵɦɢ ɦɨɥɟɤɭɥɹɪɧɵɦɢ ɦɚɫɫɚɦɢ). ɗɥɟɤɬɪɨɮɨɪɟɡ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ 

ɩɪɢɦɟɪɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ȾɇɄ ɩɨ ɹɪɤɨɫɬɢ ɫɜɟɱɟɧɢɹ ɩɨɥɨɫ ȾɇɄ ɜ 

ɭɥɶɬɪɚɮɢɨɥɟɬɨɜɨɦ ɫɜɟɬɟ ɛɥɚɝɨɞɚɪɹ ɨɤɪɚɲɢɜɚɧɢɸ ɝɟɥɹ ɛɪɨɦɢɫɬɵɦ ɷɬɢɞɢɟɦ. 

ɉɪɨɫɦɚɬɪɢɜɚɹ ɩɪɨɤɪɚɲɟɧɧɵɣ ɝɟɥɶ ɜ ɭɥɶɬɪɚɮɢɨɥɟɬɨɜɨɦ ɫɜɟɬɟ, ɦɨɠɧɨ ɡɚɦɟɬɢɬɶ 

ɞɚɠɟ 1 ɧɝ ȾɇɄ. 

Ɋɚɡɞɟɥɟɧɢɟ ɮɪɚɝɦɟɧɬɨɜ ȾɇɄ ɩɪɨɢɫɯɨɞɢɬ ɢɡ-ɡɚ ɧɚɥɢɱɢɹ ɭ ɧɢɯ ɡɚɪɹɞɚ. 

Ɏɨɫɮɚɬɧɵɟ ɨɫɬɚɬɤɢ ɭ ɧɭɤɥɟɨɬɢɞɨɜ ɢɦɟɸɬ ɨɬɪɢɰɚɬɟɥɶɧɵɣ ɡɚɪɹɞ, ɛɥɚɝɨɞɚɪɹ ɱɟɦɭ 

ȾɇɄ ɞɜɢɠɟɬɫɹ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ ɨɬ ɚɧɨɞɚ ɤ ɤɚɬɨɞɭ. 

ɇɚɩɪɹɠɟɧɧɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɩɪɢ ɪɚɡɞɟɥɟɧɢɢ ɜ ɚɝɚɪɨɡɧɵɯ ɝɟɥɹɯ 

ɫɨɫɬɚɜɥɹɟɬ 1 – 8 ȼ/ɫɦ [33, 34]. 

Ʉɨɦɩɨɧɟɧɬɵ ɷɥɟɤɬɪɨɮɨɪɟɡɚ ɜ ɚɝɚɪɨɡɧɨɦ ɝɟɥɟ: 



19 

 

Ⱥɝɚɪɨɡɚ. ɉɪɢɪɨɞɧɵɣ ɤɨɥɥɨɢɞ, ɤɨɬɨɪɵɣ ɜɵɞɟɥɹɸɬ ɢɡ ɦɨɪɫɤɢɯ 

ɜɨɞɨɪɨɫɥɟɣ, ɹɜɥɹɟɬɫɹ ɥɢɧɟɣɧɵɦ ɩɨɥɢɫɚɯɚɪɢɞɨɦ (ɫɪɟɞɧɹɹ ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ 

~12 000 Ⱦɚ). Ⱥɝɚɪɨɡɚ ɨɱɟɧɶ ɯɪɭɩɤɚ ɢ ɥɟɝɤɨ ɪɚɡɪɭɲɚɟɬɫɹ ɩɪɢ ɦɚɧɢɩɭɥɢɪɨɜɚɧɢɢ. 

Ⱥɝɚɪɨɡɧɵɟ ɝɟɥɢ ɢɦɟɸɬ «ɩɨɪɵ» ɛɨɥɶɲɨɝɨ ɪɚɡɦɟɪɚ ɢ ɢɫɩɨɥɶɡɭɸɬɫɹ 

ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɞɥɹ ɪɚɡɞɟɥɟɧɢɹ ɛɨɥɶɲɢɯ ɦɨɥɟɤɭɥ ɫ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɨɣ 

ɛɨɥɶɲɟɣ, ɱɟɦ 200 ɤȾɚ. 

Ɋɚɡɞɟɥɟɧɢɟ ɜ ɚɝɚɪɨɡɧɵɯ ɝɟɥɹɯ ɩɪɨɢɫɯɨɞɢɬ ɛɵɫɬɪɨ, ɧɨ ɫ ɨɝɪɚɧɢɱɟɧɧɵɦ 

ɪɚɡɪɟɲɟɧɢɟɦ, ɬɚɤ ɤɚɤ ɩɨɥɨɫɵ, ɨɛɪɚɡɭɸɳɢɟɫɹ ɜ ɚɝɚɪɨɡɧɵɯ ɝɟɥɹɯ, ɢɦɟɸɬ 

ɬɟɧɞɟɧɰɢɸ ɪɚɡɦɵɜɚɬɶɫɹ (ɞɢɮɮɭɧɞɢɪɨɜɚɬɶ) ɢ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɜ ɫɬɨɪɨɧɵ. ɗɬɨ 

ɹɜɥɹɟɬɫɹ ɪɟɡɭɥɶɬɚɬɨɦ ɛɨɥɶɲɨɝɨ ɪɚɡɦɟɪɚ ɩɨɪ ɢ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɨɬɜɪɚɳɟɧɨ. 

Ⱥɝɚɪɨɡɧɵɟ ɝɟɥɢ ɩɨɥɭɱɚɸɬ ɫɭɫɩɟɧɞɢɪɨɜɚɧɢɟɦ ɫɭɯɨɝɨ ɩɨɪɨɲɤɚ ɚɝɚɪɨɡɵ ɜ ɜɨɞɧɨɦ 

ɛɭɮɟɪɟ, ɢ ɤɢɩɹɱɟɧɢɟɦ ɫɦɟɫɢ ɞɨ ɬɨɝɨ ɦɨɦɟɧɬɚ, ɤɨɝɞɚ ɚɝɚɪɨɡɚ ɪɚɫɩɥɚɜɢɬɫɹ ɢ 

ɨɛɪɚɡɭɟɬ ɩɪɨɡɪɚɱɧɵɣ ɪɚɫɬɜɨɪ. Ɂɚɬɟɦ ɪɚɫɬɜɨɪ ɧɚɥɢɜɚɸɬ ɧɚ ɩɨɞɥɨɠɤɭ ɢ ɞɚɸɬ 

ɨɫɬɵɬɶ ɞɨ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ, ɱɬɨɛɵ ɫɮɨɪɦɢɪɨɜɚɥɫɹ ɩɪɨɱɧɵɣ ɝɟɥɶ. ɉɪɢ 

ɡɚɫɬɵɜɚɧɢɢ ɚɝɚɪɨɡɚ ɮɨɪɦɢɪɭɟɬ ɦɚɬɪɢɤɫ, ɪɚɡɦɟɪɵ ɩɨɪ ɤɨɬɨɪɨɝɨ ɨɩɪɟɞɟɥɹɸɬɫɹ 

ɤɨɧɰɟɧɬɪɚɰɢɟɣ. 

Ɏɪɚɝɦɟɧɬ ȾɇɄ ɡɚɞɚɧɧɨɝɨ ɪɚɡɦɟɪɚ ɩɟɪɟɦɟɳɚɟɬɫɹ ɜ ɝɟɥɟ ɧɚ ɪɚɡɥɢɱɧɵɟ 

ɪɚɫɫɬɨɹɧɢɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɚɝɚɪɨɡɵ. ɉɪɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 

ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɚɝɚɪɨɡɵ ɢ/ɢɥɢ ɛɭɮɟɪɚ ɜɨɡɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɫɟɝɦɟɧɬɵ ȾɇɄ, 

ɫɨɞɟɪɠɚɳɢɟ ɨɬ 20 ɞɨ 50000 ɧ.ɩ. (ɧɭɤɥɟɨɬɢɞɧɵɯ ɩɚɪ). Ɉɛɵɱɧɨ ɢɫɩɨɥɶɡɭɟɬɫɹ 

ɚɝɚɪɨɡɧɵɟ ɝɟɥɢ ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɚɝɚɪɨɡɵ ɨɬ 0.7% ɞɨ 3% 

Ȼɭɮɟɪɵ ɞɥɹ ɷɥɟɤɬɪɨɮɨɪɟɡɚ. ɇɚ ɷɥɟɤɬɪɨɮɨɪɟɬɢɱɟɫɤɭɸ ɩɨɞɜɢɠɧɨɫɬɶ 

ȾɇɄ ɜɨɡɞɟɣɫɬɜɭɸɬ ɫɨɫɬɚɜ ɢ ɢɨɧɧɚɹ ɫɢɥɚ ɛɭɮɟɪɚ ɞɥɹ ɷɥɟɤɬɪɨɮɨɪɟɡɚ. ȼ ɛɭɮɟɪɟ ɫ 

ɜɵɫɨɤɨɣ ɢɨɧɧɨɣ ɫɢɥɨɣ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɨɱɟɧɶ ɷɮɮɟɤɬɢɜɧɚ, ɢ ɨɛɪɚɡɭɟɬɫɹ 

ɡɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɚ. ɉɪɢ ɷɬɨɦ ɝɟɥɶ ɦɨɠɟɬ ɪɚɫɩɥɚɜɢɬɶɫɹ, ɢ 

ɷɤɫɩɟɪɢɦɟɧɬ ɩɨɬɟɪɩɢɬ ɧɟɭɞɚɱɭ. 

ɋɭɳɟɫɬɜɭɟɬ ɧɟɫɤɨɥɶɤɨ ɛɭɮɟɪɨɜ ɞɥɹ ɷɥɟɤɬɪɨɮɨɪɟɡɚ ɧɚɬɢɜɧɨɣ 

ɞɜɭɯɰɟɩɨɱɟɱɧɨɣ ȾɇɄ. Ɉɧɢ ɫɨɞɟɪɠɚɬ EDTA (ɪɇ 8.0) ɢ Tris-ɚɰɟɬɚɬ (ɌȺȿ), Tris-
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ɛɨɪɚɬ (Ɍȼȿ), ɢɥɢ Tris-ɮɨɫɮɚɬ (ɌɊȿ) ɜ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 50 ɦɆ (ɪɇ 

7.5 - 7.8). Ȼɭɮɟɪɵ ɞɥɹ ɷɥɟɤɬɪɨɮɨɪɟɡɚ ɨɛɵɱɧɨ ɝɨɬɨɜɹɬ ɜ ɜɢɞɟ 

ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɯ ɪɚɫɬɜɨɪɨɜ ɢ ɯɪɚɧɹɬ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɨɫɨɛɟɧɧɨ 

ɷɬɨ ɤɚɫɚɟɬɫɹ ɬɪɢɫ-ɛɨɪɚɬɧɨɝɨ ɛɭɮɟɪɚ.  

ȾɇɄ ɦɚɪɤɟɪɵ. ɉɪɢ ɡɚɞɚɧɧɵɯ ɧɚɩɪɹɠɟɧɢɢ, ɤɨɧɰɟɧɬɪɚɰɢɢ ɚɝɚɪɨɡɧɨɝɨ 

ɝɟɥɹ ɢ ɛɭɮɟɪɟ, ɪɚɫɫɬɨɹɧɢɟ ɩɟɪɟɦɟɳɟɧɢɹ ɡɚɜɢɫɢɬ ɨɬ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɜɟɫɚ 

ɛɢɨɩɨɥɢɦɟɪɚ. ɉɨɷɬɨɦɭ, ɦɚɪɤɟɪɧɚɹ ȾɇɄ ɢɡɜɟɫɬɧɨɝɨ ɪɚɡɦɟɪɚ ɞɨɥɠɧɚ ɧɚɧɨɫɢɬɶɫɹ 

ɧɚ ɞɨɪɨɠɤɢ ɢ ɫ ɥɟɜɨɝɨ, ɢ ɫ ɩɪɚɜɨɝɨ ɤɪɚɹ ɝɟɥɹ. Ɇɚɪɤɟɪ ɨɛɵɱɧɨ ɫɨɞɟɪɠɢɬ 

ɨɩɪɟɞɟɥɟɧɧɵɣ ɧɚɛɨɪ ɢɡɜɟɫɬɧɵɯ ɫɟɝɦɟɧɬɨɜ ȾɇɄ, ɧɚɥɢɱɢɟ ɤɨɬɨɪɵɯ ɨɛɥɟɝɱɚɸɬ 

ɡɚɞɚɱɭ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɡɦɟɪɚ ɢɫɫɥɟɞɭɟɦɨɣ ȾɇɄ. 

Ȼɭɮɟɪ ɞɥɹ ɧɚɧɟɫɟɧɢɹ. Ɉɛɪɚɡɰɵ ȾɇɄ, ɤɨɬɨɪɵɟ ɛɭɞɭɬ ɧɚɧɨɫɢɬɶɫɹ ɧɚ 

ɚɝɚɪɨɡɧɵɣ ɝɟɥɶ, ɫɧɚɱɚɥɚ ɫɦɟɲɢɜɚɸɬ ɫ ɛɭɮɟɪɨɦ ɞɥɹ ɧɚɧɟɫɟɧɢɹ, ɨɛɵɱɧɨ 

ɫɨɞɟɪɠɚɳɢɦ ɜɨɞɭ, ɫɚɯɚɪɨɡɭ ɢ ɤɪɚɫɢɬɟɥɶ (ɧɚɩɪɢɦɟɪ ɤɫɢɥɟɧɰɢɚɧɨɥ, 

ɛɪɨɦɮɟɧɨɥɨɜɵɣ ɫɢɧɢɣ, ɛɪɨɦɤɪɟɡɨɥ ɡɟɥɟɧɵɣ ɢ ɞɪ.). Ɇɚɤɫɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ 

ȾɇɄ, ɤɨɬɨɪɨɟ ɦɨɠɟɬ ɛɵɬɶ ɧɚɧɟɫɟɧɨ, ɡɚɜɢɫɢɬ ɨɬ ɱɢɫɥɚ ɮɪɚɝɦɟɧɬɨɜ. 

Ɇɢɧɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ȾɇɄ, ɤɨɬɨɪɨɟ ɦɨɠɟɬ ɛɵɬɶ ɜɵɹɜɥɟɧɨ ɧɚ ɫɧɢɦɤɚɯ ɝɟɥɹ, 

ɨɤɪɚɲɟɧɧɨɝɨ ɛɪɨɦɢɫɬɵɦ ɷɬɢɞɢɟɦ, ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 2 ɧɝ ɜ ɩɨɥɨɫɟ, ɲɢɪɢɧɨɣ 0.5 

ɫɦ. ȿɫɥɢ   ɜ   ɩɨɥɨɫɟ   ɬɚɤɨɣ   ɲɢɪɢɧɵ   ɧɚɯɨɞɢɬɫɹ   ɛɨɥɟɟ   500   ɧɝ  ȾɇɄ,   

ɡɧɚɱɢɬ  ɞɨɪɨɠɤɚ ɩɟɪɟɝɪɭɠɟɧɚ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɪɚɡɦɵɜɚɧɢɸ ɩɨɥɨɫɵ.  

Ȼɭɮɟɪ ɞɥɹ ɧɚɧɟɫɟɧɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ: 

o ɍɜɟɥɢɱɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɨɛɪɚɡɰɚ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɩɨɩɚɞɚɧɢɹ ȾɇɄ ɧɚ ɞɧɨ 

ɥɭɧɤɢ 

o Ⱦɨɛɚɜɥɟɧɢɹ ɤɪɚɫɢɬɟɥɹ ɤ ɨɛɪɚɡɰɭ, ɱɬɨɛɵ ɨɛɥɟɝɱɢɬɶ ɩɪɨɰɟɫɫ ɧɚɧɟɫɟɧɢɹ 

o Ⱦɨɛɚɜɥɟɧɢɟ ɤ ɨɛɪɚɡɰɭ ɬɚɤɨɝɨ ɤɪɚɫɢɬɟɥɹ, ɤɨɬɨɪɵɣ ɜ ɷɥɟɤɬɪɢɱɟɫɤɨɦ ɩɨɥɟ 

ɛɭɞɟɬ ɞɜɢɝɚɬɶɫɹ ɜ ɫɬɨɪɨɧɭ ɚɧɨɞɚ ɧɚ ɩɪɟɞɫɤɚɡɭɟɦɨɟ ɪɚɫɫɬɨɹɧɢɟ [35]. 

ɋɤɨɪɨɫɬɶ ɦɢɝɪɚɰɢɢ ȾɇɄ ɱɟɪɟɡ ɚɝɚɪɨɡɧɵɣ ɝɟɥɶ ɩɪɢ ɷɥɟɤɬɪɨɮɨɪɟɡɟ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɹɬɶɸ ɝɥɚɜɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ: 
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Ɋɚɡɦɟɪ ɦɨɥɟɤɭɥ ȾɇɄ. ɑɟɦ ɛɨɥɶɲɟ ɦɨɥɟɤɭɥɚ ȾɇɄ, ɬɟɦ ɦɟɞɥɟɧɧɟɟ ɨɧɚ 

ɩɟɪɟɦɟɳɚɟɬɫɹ ɜ ɝɟɥɟ 

Ʉɨɧɰɟɧɬɪɚɰɢɹ ɚɝɚɪɨɡɵ. Ɏɪɚɝɦɟɧɬɵ ȾɇɄ ɩɟɪɟɦɟɳɚɸɬɫɹ ɜ ɝɟɥɟ, 

ɫɨɞɟɪɠɚɳɟɦ ɪɚɡɧɵɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɚɝɚɪɨɡɵ, ɫ ɪɚɡɧɵɦɢ ɫɤɨɪɨɫɬɹɦɢ. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɩɪɢɦɟɧɹɹ ɝɟɥɢ ɪɚɡɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ, ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɛɨɥɶɲɨɣ ɧɚɛɨɪ 

ɮɪɚɝɦɟɧɬɨɜ ȾɇɄ, ɪɚɡɥɢɱɚɸɳɢɯɫɹ ɩɨ ɪɚɡɦɟɪɭ. 

Ʉɨɧɮɨɪɦɚɰɢɹ ȾɇɄ. ȾɇɄ, ɢɦɟɸɳɢɟ ɨɞɢɧɚɤɨɜɭɸ ɦɨɥɟɤɭɥɹɪɧɭɸ ɦɚɫɫɭ, 

ɧɨ ɪɚɡɧɵɟ ɤɨɧɮɨɪɦɚɰɢɢ, ɧɚɩɪɢɦɟɪ ɤɨɥɶɰɟɜɚɹ ɧɟɩɨɜɪɟɠɞɟɧɧɚɹ (ɮɨɪɦɚ I), 

ɤɨɥɶɰɟɜɚɹ ɫ ɨɞɧɨɰɟɩɨɱɟɱɧɵɦ ɪɚɡɪɵɜɨɦ (ɮɨɪɦɚ II) ɢ ɥɢɧɟɣɧɚɹ (ɮɨɪɦɚ III), 

ɞɜɢɠɭɬɫɹ ɜ ɚɝɚɪɨɡɧɨɦ ɝɟɥɟ ɫ ɪɚɡɧɵɦɢ ɫɤɨɪɨɫɬɹɦɢ. ɑɚɳɟ ɜɫɟɝɨ ɥɢɧɟɣɧɚɹ ɮɨɪɦɚ 

(ɮɨɪɦɚ III) ɦɢɝɪɢɪɭɟɬ ɦɟɞɥɟɧɧɟɟ ɜɫɟɯ. 

ɇɚɩɪɹɠɟɧɧɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ. ɉɪɢ ɧɢɡɤɢɯ ɧɚɩɪɹɠɟɧɧɨɫɬɹɯ 

ɫɤɨɪɨɫɬɶ ɩɟɪɟɦɟɳɟɧɢɹ ɮɪɚɝɦɟɧɬɨɜ ɥɢɧɟɣɧɨɣ ȾɇɄ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ 

ɩɪɢɥɨɠɟɧɧɨɦɭ ɧɚɩɪɹɠɟɧɢɸ. Ɉɞɧɚɤɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɧɚɩɪɹɠɟɧɧɨɫɬɢ 

ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɩɨɞɜɢɠɧɨɫɬɶ ɮɪɚɝɦɟɧɬɨɜ ȾɇɄ ɫ ɜɵɫɨɤɨɣ ɦɨɥɟɤɭɥɹɪɧɨɣ 

ɦɚɫɫɨɣ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨ ɜɨɡɪɚɫɬɚɟɬ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɫ ɭɜɟɥɢɱɟɧɢɟɦ 

ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɨɛɥɚɫɬɶ ɷɮɮɟɤɬɢɜɧɨɝɨ ɪɚɡɞɟɥɟɧɢɹ ȾɇɄ ɜ ɚɝɚɪɨɡɧɨɦ ɝɟɥɟ 

ɫɧɢɠɚɟɬɫɹ. Ɇɚɤɫɢɦɚɥɶɧɨɟ ɪɚɡɞɟɥɟɧɢɟ ɮɪɚɝɦɟɧɬɨɜ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ 

ɧɚɩɪɹɠɟɧɧɨɫɬɢ, ɧɟ ɩɪɟɜɵɲɚɸɳɟɣ 5 ȼ/ɫɦ. ɉɪɢ ɛɨɥɶɲɨɦ ɧɚɩɪɹɠɟɧɢɢ ɢ ɦɚɥɨɣ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɚɝɚɪɨɡɵ ɦɨɠɟɬ ɜɨɡɧɢɤɧɭɬɶ ɤɪɚɟɜɨɣ ɷɮɮɟɤɬ, ɤɨɝɞɚ ɤɪɚɣɧɢɟ 

ɞɨɪɨɠɤɢ ɧɚɱɧɭɬ ɢɡɝɢɛɚɬɶɫɹ. ɉɪɢ ɬɚɤɨɦ ɷɮɮɟɤɬɟ ɨɛɳɢɣ ɷɥɟɤɬɪɨɮɨɪɟɬɢɱɟɫɤɢɣ 

ɩɪɨɮɢɥɶ ɜɵɝɥɹɞɢɬ ɤɚɤ ɜɵɩɭɤɥɚɹ ɥɢɧɡɚ [36]. 

ɋɨɫɬɚɜ ɨɫɧɨɜɚɧɢɣ ɢ ɬɟɦɩɟɪɚɬɭɪɚ. ɗɥɟɤɬɪɨɮɨɪɟɬɢɱɟɫɤɨɟ ɩɨɜɟɞɟɧɢɟ 

ȾɇɄ ɜ ɚɝɚɪɨɡɧɵɯ ɝɟɥɹɯ ɫɥɚɛɨ ɡɚɜɢɫɢɬ ɨɬ ɫɨɫɬɚɜɚ ɨɫɧɨɜɚɧɢɣ ȾɇɄ ɢɥɢ 

ɬɟɦɩɟɪɚɬɭɪɵ ɝɟɥɹ. ȼ ɚɝɚɪɨɡɧɵɯ ɝɟɥɹɯ ɜ ɨɛɥɚɫɬɢ ɬɟɦɩɟɪɚɬɭɪ ɨɬ 4 ɞɨ 30ɨɋ 

ɢɡɦɟɧɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɷɥɟɤɬɪɨɮɨɪɟɬɢɱɟɫɤɨɣ ɩɨɞɜɢɠɧɨɫɬɢ ɮɪɚɝɦɟɧɬɨɜ ȾɇɄ 

ɪɚɡɧɨɝɨ ɪɚɡɦɟɪɚ ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ. Ɉɛɵɱɧɨ ɷɥɟɤɬɪɨɮɨɪɟɡ ɜ ɚɝɚɪɨɡɧɵɯ ɝɟɥɹɯ ɜɟɞɭɬ 

ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ [37].  
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ɇɚɢɛɨɥɟɟ ɭɞɨɛɧɵɣ ɦɟɬɨɞ ɜɢɡɭɚɥɢɡɚɰɢɢ ȾɇɄ ɜ ɚɝɚɪɨɡɧɵɯ ɝɟɥɹɯ – 

ɨɤɪɚɲɢɜɚɧɢɟ  ɮɥɭɨɪɟɫɰɢɪɭɸɳɢɦ ɤɪɚɫɢɬɟɥɟɦ (ɛɪɨɦɢɫɬɵɦ ɷɬɢɞɢɟɦ). Ɇɨɥɟɤɭɥɚ 

ɷɬɨɝɨ ɜɟɳɟɫɬɜɚ ɫɨɞɟɪɠɢɬ ɩɥɨɫɤɭɸ ɝɪɭɩɩɭ, ɤɨɬɨɪɚɹ ɢɧɬɟɪɤɚɥɢɪɭɟɬ ɦɟɠɞɭ 

ɫɨɫɟɞɧɢɦɢ ɨɫɧɨɜɚɧɢɹɦɢ ȾɇɄ. ɂɧɬɟɪɤɚɥɹɰɢɹ — ɷɬɨ ɨɛɪɚɬɢɦɨɟ ɜɤɥɸɱɟɧɢɟ 

ɦɨɥɟɤɭɥɵ ɢɥɢ ɝɪɭɩɩɵ ɦɟɠɞɭ ɞɪɭɝɢɦɢ ɦɨɥɟɤɭɥɚɦɢ ɢɥɢ ɝɪɭɩɩɚɦɢ. ȼ ɪɟɡɭɥɶɬɚɬɟ 

ɬɚɤɨɣ ɢɧɬɟɪɤɚɥɹɰɢɢ ɜ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ ɛɥɢɡɨɫɬɢ ɨɬ ɨɫɧɨɜɚɧɢɣ ɤɪɚɫɢɬɟɥɶ 

ɫɜɹɡɵɜɚɟɬɫɹ ɫ ȾɇɄ, ɱɬɨ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟɦ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 

ɮɥɭɨɪɟɫɰɟɧɰɢɢ. ɍɎ-ɢɡɥɭɱɟɧɢɟ, ɩɨɝɥɨɳɚɟɦɨɟ ȾɇɄ ɜ ɨɛɥɚɫɬɢ 260 ɧɦ ɢ 

ɩɟɪɟɞɚɜɚɟɦɨɟ ɧɚ ɤɪɚɫɢɬɟɥɶ (ɢɥɢ ɠɟ ɢɡɥɭɱɟɧɢɟ, ɩɨɝɥɨɳɚɟɦɨɟ ɫɚɦɢɦ ɤɪɚɫɢɬɟɥɟɦ 

ɩɪɢ ɞɥɢɧɚɯ ɜɨɥɧ 302 ɢ 366 ɧɦ), ɢɫɩɭɫɤɚɟɬɫɹ ɡɚɬɟɦ ɜ ɤɪɚɫɧɨ-ɨɪɚɧɠɟɜɨɣ ɨɛɥɚɫɬɢ 

ɜɢɞɢɦɨɝɨ ɫɩɟɤɬɪɚ (590 ɧɦ). ɑɚɫɬɨ ɪɚɫɬɜɨɪ ɛɪɨɦɢɫɬɨɝɨ ɷɬɢɞɢɹ ɞɨɛɚɜɥɹɸɬ ɢ ɜ 

ɝɟɥɶ, ɢ ɜ ɷɥɟɤɬɪɨɮɨɪɟɬɢɱɟɫɤɢɣ ɛɭɮɟɪ. ȼ ɟɝɨ ɩɪɢɫɭɬɫɬɜɢɢ ɷɥɟɤɬɪɨɮɨɪɟɬɢɱɟɫɤɚɹ 

ɩɨɞɜɢɠɧɨɫɬɶ ɥɢɧɟɣɧɨɣ ɞɜɭɯɰɟɩɨɱɟɱɧɨɣ ȾɇɄ ɫɧɢɠɚɟɬɫɹ ɩɪɢɦɟɪɧɨ ɧɚ 15%, ɧɨ 

ɡɚɬɨ ɩɪɢ ɷɬɨɦ ɩɨɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɧɚɛɥɸɞɚɬɶ ɡɚ ɩɪɨɰɟɫɫɨɦ ɪɚɡɞɟɥɟɧɢɹ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɨɞ ɢɫɬɨɱɧɢɤɨɦ ɍɎ-ɢɡɥɭɱɟɧɢɹ ɜɨ ɜɪɟɦɹ ɢɥɢ ɜ ɤɨɧɰɟ 

ɪɚɡɞɟɥɟɧɢɹ. Ɇɨɠɧɨ ɬɚɤɠɟ ɩɪɨɜɨɞɢɬɶ ɷɥɟɤɬɪɨɮɨɪɟɡ ɜ ɨɬɫɭɬɫɬɜɢɟ ɛɪɨɦɢɫɬɨɝɨ 

ɷɬɢɞɢɹ ɢ ɨɤɪɚɲɢɜɚɬɶ ȾɇɄ ɭɠɟ ɩɨɫɥɟ ɡɚɜɟɪɲɟɧɢɹ ɪɚɡɞɟɥɟɧɢɹ. ȼ ɩɨɫɥɟɞɧɟɦ 

ɫɥɭɱɚɟ ɝɟɥɶ ɩɨɦɟɳɚɟɬɫɹ ɜ ɷɥɟɤɬɪɨɮɨɪɟɡɧɵɣ ɛɭɮɟɪ ɢɥɢ ɜɨɞɭ, ɫɨɞɟɪɠɚɳɢɟ 

ɛɪɨɦɢɫɬɵɣ ɷɬɢɞɢɣ, ɧɚ 30 ɦɢɧ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. Ȼɪɨɦɢɫɬɵɣ ɷɬɢɞɢɣ 

ɹɜɥɹɟɬɫɹ ɦɭɬɚɝɟɧɨɦ. ȼɫɟ ɦɚɧɢɩɭɥɹɰɢɢ ɫ ɝɟɥɹɦɢ ɢ ɪɚɫɬɜɨɪɚɦɢ, ɫɨɞɟɪɠɚɳɢɦɢ 

ɤɪɚɫɢɬɟɥɶ, ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɨɞɢɬɶ ɜ ɩɟɪɱɚɬɤɚɯ [37]. 

 

1.7 Ⱥɧɚɥɢɡ ɩɨɥɢɦɨɪɮɢɡɦɚ ɞɥɢɧ ɪɟɫɬɪɢɤɰɢɨɧɧɵɯ ɮɪɚɝɦɟɧɬɨɜ 

ɉɨɥɢɦɨɪɮɢɡɦ ɞɥɢɧ ɪɟɫɬɪɢɤɰɢɨɧɧɵɯ ɮɪɚɝɦɟɧɬɨɜ (ɉȾɊɎ) — ɷɬɨ ɫɩɨɫɨɛ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɝɟɧɨɦɧɨɣ ȾɇɄ, ɩɭɬɟɦ ɪɚɡɪɟɡɚɧɢɹ ȾɇɄ ɫ ɩɨɦɨɳɶɸ ɷɧɞɨɧɭɤɥɟɚɡ 

ɪɟɫɬɪɢɤɰɢɢ  ɢ ɞɚɥɶɧɟɣɲɟɝɨ ɚɧɚɥɢɡɚ ɪɚɡɦɟɪɨɜ ɨɛɪɚɡɭɸɳɢɯɫɹ ɮɪɚɝɦɟɧɬɨɜ ɩɭɬɟɦ 

ɝɟɥɶ-ɷɥɟɤɬɪɨɮɨɪɟɡɚ [38]. 
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ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɞɚɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɥɭɱɚɸɬɫɹ ɪɚɡɥɢɱɧɵɟ 

ɪɟɡɭɥɶɬɚɬɵ ɨɬ ɪɚɡɥɢɱɧɵɯ ɨɛɪɚɡɰɨɜ, ɢ ɩɨɷɬɨɦɭ ɦɨɠɧɨ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ 

ɧɟɤɨɬɨɪɵɟ ɪɚɡɥɢɱɢɹ ɜ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɧɭɤɥɟɨɬɢɞɨɜ ȾɇɄ, ɜ ɫɥɭɱɚɟ, ɤɨɝɞɚ 

ɨɧɢ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɜ ɫɚɣɬɟ ɪɟɫɬɪɢɤɰɢɢ. 

          ɇɚɥɢɱɢɟ ɫɚɣɬɨɜ ɪɟɫɬɪɢɤɰɢɢ ɜ ɝɟɧɨɦɧɨɣ ȾɇɄ ɢ ɢɯ ɜɡɚɢɦɧɨɟ 

ɪɚɫɩɨɥɨɠɟɧɢɟ ɨɞɧɨɡɧɚɱɧɨ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶɸ ɧɭɤɥɟɨɬɢɞɨɜ 

ɢɫɫɥɟɞɭɟɦɨɣ ȾɇɄ, ɩɨɫɤɨɥɶɤɭ ɫɚɦ ɫɚɣɬ ɪɟɫɬɪɢɤɰɢɢ — ɧɟ ɱɬɨ ɢɧɨɟ, ɤɚɤ ɫɬɪɨɝɨ 

ɨɩɪɟɞɟɥɟɧɧɚɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɧɭɤɥɟɨɬɢɞɨɜ ȾɇɄ, ɭɡɧɚɜɚɟɦɚɹ ɢ 

ɪɚɫɳɟɩɥɹɟɦɚɹ ɪɟɫɬɪɢɤɬɚɡɚɦɢ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɥɸɛɚɹ ɦɭɬɚɰɢɹ, ɢɡɦɟɧɹɸɳɚɹ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɧɭɤɥɟɨɬɢɞɨɜ ɫɚɣɬɚ ɪɟɫɬɪɢɤɰɢɢ, ɭɧɢɱɬɨɠɚɟɬ ɷɬɨɬ 

ɫɚɣɬ. ɉɨɥɧɨɟ ɪɚɫɳɟɩɥɟɧɢɟ ɚɧɚɥɢɡɢɪɭɟɦɨɣ ɝɟɧɨɦɧɨɣ ȾɇɄ ɨɬɞɟɥɶɧɵɦɢ 

ɪɟɫɬɪɢɤɬɚɡɚɦɢ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɧɚɛɨɪɚ ɮɪɚɝɦɟɧɬɨɜ 

ȾɇɄ, ɱɢɫɥɨ ɢ ɪɚɡɦɟɪɵ ɤɨɬɨɪɵɯ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɪɚɫɩɨɥɨɠɟɧɢɸ ɫɚɣɬɨɜ 

ɪɟɫɬɪɢɤɰɢɢ. Ɇɭɬɚɰɢɨɧɧɚɹ ɢɡɦɟɧɱɢɜɨɫɬɶ ɜ ɫɚɣɬɚɯ ɪɟɫɬɪɢɤɰɢɢ ɦɨɠɟɬ ɛɵɬɶ ɥɟɝɤɨ 

ɨɛɧɚɪɭɠɟɧɚ ɩɨ ɢɡɦɟɧɟɧɢɸ ɞɥɢɧɵ ɪɟɫɬɪɢɤɰɢɨɧɧɵɯ ɮɪɚɝɦɟɧɬɨɜ ȾɇɄ. ɉɪɢ 

ɧɚɥɢɱɢɢ ɦɭɬɚɰɢɢ ɜ ɨɞɧɨɦ ɢɡ ɫɚɣɬɨɜ ɪɟɫɬɪɢɤɰɢɢ ɷɬɨɬ ɫɚɣɬ ɨɫɬɚɟɬɫɹ 

ɧɟɪɚɫɳɟɩɥɟɧɧɵɦ ɩɨɫɥɟ ɡɚɜɟɪɲɟɧɢɹ ɪɟɫɬɪɢɤɰɢɢ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɫɥɢɹɧɢɸ 

ɫɨɫɟɞɧɢɯ ɪɟɫɬɪɢɤɰɢɨɧɧɵɯ ɮɪɚɝɦɟɧɬɨɜ ȾɇɄ, ɪɚɡɞɟɥɹɟɦɵɯ ɦɭɬɚɧɬɧɵɦ ɫɚɣɬɨɦ, ɢ 

ɨɛɪɚɡɨɜɚɧɢɸ ɮɪɚɝɦɟɧɬɚ ȾɇɄ ɛɨɥɶɲɟɝɨ ɪɚɡɦɟɪɚ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɞɥɢɧɚ 

ɪɟɫɬɪɢɤɰɢɨɧɧɵɯ ɮɪɚɝɦɟɧɬɨɜ ȾɇɄ, ɫɨɞɟɪɠɚɳɢɯ ɦɭɬɚɧɬɧɵɟ ɫɚɣɬɵ, ɫɬɚɧɨɜɢɬɫɹ 

ɩɨɥɢɦɨɪɮɧɨɣ, ɱɬɨ ɜɵɹɜɥɹɟɬɫɹ ɩɪɢ ɫɪɚɜɧɟɧɢɢ ȾɇɄ ɢɡ ɪɚɡɧɵɯ ɢɫɬɨɱɧɢɤɨɜ 

ɦɟɬɨɞɨɦ ɉȾɊɎ [39]. 

ɉɨɞ ɩɨɥɢɦɨɪɮɢɡɦɨɦ ȾɇɄ ɩɨɞɪɚɡɭɦɟɜɚɟɬɫɹ ɧɚɥɢɱɢɟ ɜɚɪɢɚɛɟɥɶɧɨɫɬɢ ɜ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɧɭɤɥɟɨɬɢɞɨɜ ɜ ɨɞɧɨɦ ɢ ɬɨɦ ɠɟ ɝɟɧɟ (ɜɵɩɨɥɧɹɸɳɟɦ ɬɟ ɠɟ 

ɮɭɧɤɰɢɢ) ɭ ɛɥɢɡɤɨɪɨɞɫɬɜɟɧɧɵɯ ɜɢɞɨɜ. ɉɨɥɢɦɨɪɮɢɡɦ ɜɵɡɵɜɚɟɬɫɹ ɬɨɱɟɱɧɵɦɢ 

ɦɭɬɚɰɢɹɦɢ ɜ ɜɢɞɟ ɟɞɢɧɢɱɧɵɯ ɧɭɤɥɟɨɬɢɞɧɵɯ ɡɚɦɟɧ, ɨɲɢɛɤɚɦɢ ɩɪɢ ɪɟɩɥɢɤɚɰɢɢ 

ȾɇɄ ɜ ɜɢɞɟ ɢɧɫɟɪɰɢɣ ɢɥɢ ɞɟɥɟɰɢɣ ɩɪɨɬɹɠёɧɧɨɫɬɶɸ ɨɬ ɨɞɧɨɝɨ ɞɨ ɫɨɬɟɧ ɢɥɢ 

ɬɵɫɹɱ ɧɭɤɥɟɨɬɢɞɨɜ, ɞɟɥɟɰɢɹɦɢ, ɜɫɬɚɜɤɚɦɢ, ɬɪɚɧɫɥɨɤɚɰɢɹɦɢ, ɬɪɚɧɫɩɨɡɢɰɢɹɦɢ 

ɦɨɛɢɥɶɧɵɯ ɝɟɧɟɬɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ ɢ ɬ. ɩ. ȼɫɟ ɢɡɦɟɧɟɧɢɹ ɜ ɩɟɪɜɢɱɧɨɣ 
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ɫɬɪɭɤɬɭɪɟ ȾɇɄ ɜɟɞɭɬ ɤ ɢɡɦɟɧɟɧɢɹɦ ɜ ɞɥɢɧɟ ɮɪɚɝɦɟɧɬɨɜ, ɨɛɪɚɡɭɸɳɢɯɫɹ ɩɨɞ 

ɜɨɡɞɟɣɫɬɜɢɟɦ ɪɟɫɬɪɢɤɬɚɡ. 

 

1.8 Ⱥɧɚɥɢɡ in silico 

In silico – ɬɟɪɦɢɧ, ɨɛɨɡɧɚɱɚɸɳɢɣ ɤɨɦɩɶɸɬɟɪɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ  

ɷɤɫɩɟɪɢɦɟɧɬɚ (ɱɚɳɟ ɛɢɨɥɨɝɢɱɟɫɤɨɝɨ). Ɍɟɪɦɢɧ ɛɵɥ ɫɨɡɞɚɧ ɩɨ ɚɧɚɥɨɝɢɢ ɫ 

ɮɪɚɡɚɦɢ in vivo (ɜ ɠɢɜɨɦ ɨɪɝɚɧɢɡɦɟ) ɢ in vitro (ɜ ɩɪɨɛɢɪɤɟ), ɤɨɬɨɪɵɟ ɱɚɫɬɨ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɛɢɨɥɨɝɢɢ. 

Ɍɚɤɢɦ ɦɟɬɨɞɨɦ ɚɧɚɥɢɡɢɪɭɸɬ ɧɭɤɥɟɢɧɨɜɵɟ ɤɢɫɥɨɬɵ ɢ ɚɦɢɧɨɤɢɫɥɨɬɧɵɟ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɢɫɩɨɥɶɡɭɹ ɫɩɟɰɢɚɥɶɧɨɟ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ, ɩɪɢ 

ɩɨɦɨɳɢ ɤɨɬɨɪɨɝɨ ɩɪɨɢɡɜɨɞɹɬ:  ɜɵɪɚɜɧɢɜɚɧɢɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ, ɩɨɢɫɤ 

ɝɨɦɨɥɨɝɢɱɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ȾɇɄ, ɊɇɄ ɢ ɛɟɥɤɨɜ, ɩɨɫɬɪɨɟɧɢɟ 

ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɢɯ ɤɚɪɬ. Ɉɫɭɳɟɫɬɜɥɹɸɬ ɬɚɤɢɟ ɦɚɧɢɩɭɥɹɰɢɢ, ɤɚɤ ɬɟɨɪɟɬɢɱɟɫɤɢɟ 

ɚɦɩɥɢɮɢɤɚɰɢɸ, ɪɟɫɬɪɢɤɬɢɪɨɜɚɧɢɟ, ɷɥɟɤɬɪɨɮɨɪɟɡ. Ƚɟɧɨɦɵ ɦɨɝɭɬ ɢɦɟɬɶ ɞɥɢɧɭ 

ɞɨ ɧɟɫɤɨɥɶɤɢɯ ɦɢɥɥɢɚɪɞɨɜ ɩɚɪ ɧɭɤɥɟɨɬɢɞɨɜ. Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɩɨɡɜɨɥɹɟɬ 

ɚɧɚɥɢɡɢɪɨɜɚɬɶ ɪɚɡɥɢɱɧɵɟ ɝɟɧɨɦɵ ɡɚ ɤɨɪɨɬɤɨɟ ɜɪɟɦɹ, ɨɫɭɳɟɫɬɜɥɹɬɶ ɩɨɢɫɤ 

ɧɭɠɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ȾɇɄ, ɊɇɄ, ɛɟɥɤɨɜ ɢ ɪɚɛɨɬɚɬɶ ɫ ɧɢɦɢ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢɦɟɟɬɫɹ ɨɝɪɨɦɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɝɟɧɟɬɢɱɟɫɤɢɯ ɞɚɧɧɵɯ, 

ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɨɬɤɪɵɬɨɦ ɞɨɫɬɭɩɟ ɧɚ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɯ ɩɨɪɬɚɥɚɯ. 

Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ, ɚɧɚɥɢɬɢɱɟɫɤɚɹ ɢ ɩɪɨɝɪɚɦɦɧɚɹ ɨɛɪɚɛɨɬɤɚ ɞɚɧɧɵɯ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɢɦɟɟɬ ɹɜɧɨɟ ɩɪɟɢɦɭɳɟɫɬɜɨ ɩɟɪɟɞ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ 

ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ ɜ ɨɛɥɚɫɬɢ ɬɪɭɞɨɟɦɤɨɫɬɢ, ɫɬɨɢɦɨɫɬɢ ɢ ɜɪɟɦɟɧɢ [40]. 

 ɉɪɢɦɟɧɟɧɢɟ ɛɢɨɢɧɮɨɪɦɚɰɢɨɧɧɨɝɨ ɩɨɞɯɨɞɚ ɩɨɡɜɨɥɹɟɬ ɩɥɚɧɢɪɨɜɚɬɶ ɢ 

ɦɨɞɟɥɢɪɨɜɚɬɶ ɷɤɫɩɟɪɢɦɟɧɬɵ ɞɥɹ ɬɨɝɨ ɱɬɨ ɛɵ ɫɧɢɡɢɬɶ ɜɟɪɨɹɬɧɨɫɬɶ ɨɲɢɛɤɢ ɜ 

ɯɨɞɟ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɚ ɬɚɤɠɟ ɫɧɢɡɢɬɶ ɤɨɥɢɱɟɫɬɜɨ ɩɨɬɪɟɛɥɹɟɦɵɯ 

ɪɟɫɭɪɫɨɜ. 
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2. ɆȺɌȿɊɂȺɅɕ ɂ ɆȿɌɈȾɕ 
 

2.1 Ɉɛɴɟɤɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɂɫɫɥɟɞɭɟɦɵɟ ɨɛɪɚɡɰɵ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɛɵɥɢ ɩɪɟɞɨɫɬɚɜɥɟɧɵ ɧɚɦ 

ɦɚɝɢɫɬɪɨɦ ɛɚɡɨɜɨɣ ɤɚɮɟɞɪɵ ɛɢɨɬɟɯɧɨɥɨɝɢɢ ɋɎɍ Ʌɚɪɶɤɨɜɨɣ Ⱥɧɧɨɣ 

ɇɢɤɨɥɚɟɜɧɨɣ. ȼ ɪɚɛɨɬɟ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ 12 ɨɛɪɚɡɰɨɜ ɩɨɱɜɟɧɧɵɯ ɛɚɤɬɟɪɢɣ.  

 

2.2 Ɇɟɬɨɞɢɤɚ ɜɵɞɟɥɟɧɢɹ ȾɇɄ 

ȼɵɞɟɥɟɧɢɟ ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɝɟɧɨɦɧɨɣ ȾɇɄ ɨɫɭɳɟɫɬɜɥɹɥɢ ɩɪɢ ɩɨɦɨɳɢ 

ɧɚɛɨɪɚ AxyPrep Bacterial Genomic DNA Miniprep Kit  ɢ ɜɯɨɞɹɳɟɣ ɜ ɫɨɫɬɚɜ 

ɧɚɛɨɪɚ ɢɧɫɬɪɭɤɰɢɢ. Ɇɟɬɨɞɢɤɚ ɜɵɞɟɥɟɧɢɹ ɨɫɧɨɜɚɧɚ ɧɚ ɷɮɮɟɤɬɢɜɧɨɦ ɜɵɯɨɞɟ 

ɝɟɧɨɦɧɨɣ ȾɇɄ ɩɨɫɪɟɞɫɬɜɨɦ ɫɩɟɰɢɚɥɶɧɨɝɨ ɥɢɡɢɫɧɨɝɨ ɛɭɮɟɪɚ GA. ɉɨɫɥɟ ɷɬɨɝɨ 

ɛɵɫɬɪɨɟ ɨɬɞɟɥɟɧɢɟ ɝɟɧɨɦɧɨɣ ȾɇɄ ɨɬ ɩɪɨɬɟɢɧɨɜ, ɩɨɥɢɫɚɯɚɪɢɞɨɜ ɢ ɥɢɩɢɞɨɜ 

ɞɨɫɬɢɝɚɥɨɫɶ ɮɚɡɨɪɚɡɞɟɥɢɬɟɥɶɧɵɦ ɲɚɝɨɦ ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ ɛɭɮɟɪɚ DV. 

ȼɵɫɨɤɨɨɱɢɳɟɧɧɚɹ ɝɟɧɨɦɧɚɹ ȾɇɄ ɧɚɯɨɞɢɥɚɫɶ ɜ ɧɢɠɧɟɣ ɮɚɡɟ. ɇɢɠɧɸɸ ɮɚɡɭ ɫ 

ɪɚɫɬɜɨɪёɧɧɨɣ ɜ ɧɟɣ ȾɇɄ ɧɚɧɨɫɢɥɢ ɧɚ ɮɢɥɶɬɪ ɢ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ. ɇɚ ɮɢɥɶɬɪɟ 

ɨɫɟɞɚɸɬ ɨɫɬɚɜɲɢɟɫɹ ɛɟɥɤɢ, ɥɢɩɢɞɵ ɢ ɩɨɥɢɫɚɯɚɪɢɞɵ, ɚ ɬɚɤɠɟ ɤɥɟɬɨɱɧɵɟ ɫɬɟɧɤɢ 

ɛɚɤɬɟɪɢɣ. ɋɥɟɞɭɸɳɢɦ ɲɚɝɨɦ ɪɚɫɬɜɨɪ ȾɇɄ ɧɚɧɨɫɢɥɢ ɧɚ ɤɨɥɨɧɤɭ, ɝɞɟ ȾɇɄ 

ɫɜɹɡɵɜɚɟɬɫɹ ɫ ɧɟɣ ɛɥɚɝɨɞɚɪɹ ɛɭɮɟɪɭ BV (ȾɇɄ ɫɜɹɡɵɜɚɸɳɢɣ ɛɭɮɟɪ). 

ɐɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ ɨɞɢɧ ɪɚɡ ɩɨɫɥɟ ɞɨɛɚɜɥɟɧɢɹ ɩɪɨɦɵɜɨɱɧɨɝɨ ɛɭɮɟɪɚ W1 ɢ ɞɜɚ 

ɪɚɡɚ ɩɨɫɥɟ ɞɨɛɚɜɥɟɧɢɹ ɛɭɮɟɪɚ W2. ɐɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ 2 ɦɢɧɭɬɵ ɩɪɢ 12000 

ɨɛɨɪɨɬɚɯ. ɗɬɨ ɞɟɥɚɥɢ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɨɱɢɫɬɢɬɶ ȾɇɄ ɨɬ ɧɟɠɟɥɚɬɟɥɶɧɵɯ ɦɨɥɟɤɭɥ 

ɢ ɫɨɥɟɣ, ɤɨɬɨɪɵɟ ɦɨɝɥɢ ɩɪɨɣɬɢ ɱɟɪɟɡ ɮɢɥɶɬɪ. Ɉɱɢɳɟɧɧɭɸ ɛɚɤɬɟɪɢɚɥɶɧɭɸ ȾɇɄ 

ɷɥɸɢɪɨɜɚɥɢ ɫ ɤɨɥɨɧɤɢ ɷɥɸɟɧɬɨɦ (2.5 mM Tris-HCl, pH 8.5.) ɛɭɮɟɪɨɦ [41].  

 

 



26 

 

2.3 ɉɪɨɜɟɞɟɧɢɟ ɩɨɥɢɦɟɪɚɡɧɨɣ ɰɟɩɧɨɣ ɪɟɚɤɰɢɢ 

ɉɪɢ ɩɨɫɬɚɧɨɜɤɟ ɪɟɚɤɰɢɢ ɉɐɊ ɞɥɹ 12 ɩɪɨɛ ɫɧɚɱɚɥɚ ɛɵɥɚ ɩɪɢɝɨɬɨɜɥɟɧɚ 

ɫɦɟɫɶ ɫ ɡɚɩɚɫɨɦ ɧɚ 16 ɨɛɪɚɡɰɨɜ: 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɚɦɩɥɢɤɨɧɨɜ ɨɝɪɚɧɢɱɟɧɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦɢ 

ɩɪɚɣɦɟɪɨɜ: 

  500 L – 5′-CGTGCCAGCAGCCGCGGTAA-3′  

1350 R – 5′-GACGGGCGGTGTGTACAAG-3′  

 432 ɦɤɥ H2O(ɞɢɫɬ) 

 80 ɦɤɥ 10×ɛɭɮɟɪɚ 

 80 ɦɤɥ dNTP (0,5 ɦɆ ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ ɤɚɠɞɨɝɨ) 

 24 ɦɤɥ + 24 ɦɤɥ ɩɪɚɣɦɟɪɨɜ (ɩɨ 2 μM ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ ɤɚɠɞɨɝɨ) 

 48 ɦɤɥ MgCl2 (50 ɦɆ ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ) 

ȼɫɟ ɤɨɦɩɨɧɟɧɬɵ ɫɦɟɫɢ ɛɵɥɢ ɫɦɟɲɚɧɵ ɜ 1 ɩɪɨɛɢɪɤɟ. ȼ ɨɬɞɟɥɶɧɵɟ 12 

ɩɪɨɛɢɪɨɤ ɞɨɛɚɜɢɥɢ ɩɨ 46 ɦɤɥ ɞɚɧɧɨɣ ɫɦɟɫɢ ɢ ɩɨ 2 ɦɤɥ ɢɫɫɥɟɞɭɟɦɨɣ ȾɇɄ 

ɛɚɤɬɟɪɢɣ. ɋɦɟɫɶ ɝɨɬɨɜɢɥɢ ɧɚ ɥɟɞɹɧɨɣ ɩɨɞɫɬɚɜɤɟ. 

ɉɨɫɥɟ ɝɨɪɹɱɟɝɨ ɫɬɚɪɬɚ, ɧɚ ɜɬɨɪɨɦ ɲɚɝɟ, ɧɚ ɩɚɭɡɟ, ɞɨɛɚɜɢɥɢ ɩɨ 2 ɦɤɥ 

ɮɟɪɦɟɧɬɚ ȾɇɄ-ɩɨɥɢɦɟɪɚɡɵ. 

ɉɪɨɝɪɚɦɦɚ ɉɐɊ: 

95°C – 2 ɦɢɧ; 

80°C – 2 ɦɢɧ; 

95°C – 0:10 ɫɟɤ; 

64°C – 0:15 ɫɟɤ; 

72°C - 1:00 ɦɢɧ; 

GO TO 3   35 times; 

72°C – 4:00; 

4°C – 18:00:00ɱ;   END  
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Ⱦɚɥɟɟ ɩɪɨɜɟɥɢ ɷɥɟɤɬɪɨɮɨɪɟɡ ɩɪɨɞɭɤɬɨɜ ɚɦɩɥɢɮɢɤɚɰɢɢ. ɗɥɟɤɬɪɨɮɨɪɟɡ 

ɩɪɨɞɭɤɬɨɜ ɚɦɩɥɢɮɢɤɚɰɢɢ ȾɇɄ ɩɨɤɚɡɚɥ, ɱɬɨ ɪɟɚɤɰɢɹ ɉɐɊ ɩɪɨɲɥɚ ɭɫɩɟɲɧɨ, 

ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɤɨɩɢɢ ɭɱɚɫɬɤɚ ȾɇɄ ɝɟɧɚ 16S-pɊɇɄ ɞɥɢɧɨɣ ɨɤɨɥɨ 900 ɩɚɪ 

ɨɫɧɨɜɚɧɢɣ. 

ȼ ɤɚɱɟɫɬɜɟ ȾɇɄ-ɩɨɥɢɦɟɪɚɡɵ ɢɫɩɨɥɶɡɨɜɚɥɢ ɩɨɥɢɦɟɪɚɡɭ Pfu (Ʉɨɧɰ: 5 

ɟɞ/ɦɤɥ) ɮɢɪɦɵ «SibEnzyme». ȼɵɞɟɥɟɧɚ ɢɡ ɲɬɚɦɦɚ E.coli, ɧɟɫɭɳɟɝɨ 

ɪɟɤɨɦɛɢɧɚɧɬɧɵɣ ɝɟɧ ɢɡ Pyrococcus furiosus. 

Pfu ȾɇɄ-ɩɨɥɢɦɟɪɚɡɚ ɨɛɥɚɞɚɟɬ 3`-5` ɷɤɡɨɧɭɤɥɟɚɡɧɨɣ ɤɨɪɪɟɤɬɢɪɭɸɳɟɣ 

ɚɤɬɢɜɧɨɫɬɶɸ (proof-reading activity). ȾɇɄ ɩɨɥɢɦɟɪɚɡɚ ɮɨɪɦɢɪɭɟɬ ɩɪɨɞɭɤɬɵ 

ɉɐɊ ɫ ɬɭɩɵɦɢ ɤɨɧɰɚɦɢ. Pfu ȾɇɄ-ɩɨɥɢɦɟɪɚɡɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɜɵɫɨɤɨɬɨɱɧɨɣ 

ɚɦɩɥɢɮɢɤɚɰɢɢ. Ɋɟɤɨɦɟɧɞɭɟɬɫɹ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɚɦɩɥɢɤɨɧɨɜ ɫ ɰɟɥɶɸ 

ɩɨɫɥɟɞɭɸɳɟɝɨ ɤɥɨɧɢɪɨɜɚɧɢɹ, ɫɟɤɜɟɧɢɪɨɜɚɧɢɹ, ɚɧɚɥɢɡɚ ɦɭɬɚɰɢɣ. 

Ⱥɦɩɥɢɮɢɤɚɰɢɸ ɩɪɨɜɨɞɢɥɢ ɧɚ ɩɪɢɛɨɪɟ Bio-rad - 

 MJ Mini Personal Thermal Cycler. 

 

2.4 ɉɪɨɜɟɞɟɧɢɟ ɪɟɚɤɰɢɢ ɪɟɫɬɪɢɤɰɢɢ 

Ɋɟɚɤɰɢɸ ɩɪɨɜɨɞɢɥɢ ɜ 50 ɦɤɥ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ. ɉɪɢ ɩɨɫɬɚɧɨɜɤɟ 

ɪɟɚɤɰɢɢ ɪɟɫɬɪɢɤɰɢɢ ɞɥɹ 12 ɩɪɨɛ ɫɧɚɱɚɥɚ ɛɵɥɚ ɩɪɢɝɨɬɨɜɥɟɧɚ ɫɦɟɫɶ ɫ ɡɚɩɚɫɨɦ ɧɚ 

16 ɨɛɪɚɡɰɨɜ ɞɥɹ ɤɚɠɞɨɣ ɪɟɫɬɪɢɤɬɚɡɵ. ɋɦɟɫɶ ɝɨɬɨɜɢɥɢ ɧɚ ɥɟɞɹɧɨɣ ɩɨɞɫɬɚɜɤɟ. 

 478  ɦɤɥ ɜɨɞɵ 

 80 ɦɤɥ 10×SE ɛɭɮɟɪɚ (ɞɥɹ ɤɚɠɞɨɣ ɪɟɫɬɪɢɤɬɚɡɵ ɫɜɨɣ ɛɭɮɟɪ) 

 80 ɦɤɥ BSA 

 32 ɦɤɥ ɮɟɪɦɟɧɬɚ ɪɟɫɬɪɢɤɬɚɡɵ ( 1000 ɟ.ɚ. ) 

ȼ ɨɬɞɟɥɶɧɵɟ 12 ɩɪɨɛɢɪɨɤ ɛɵɥɨ ɞɨɛɚɜɥɟɧɨ ɩɨ 40 ɦɤɥ ɢɡ ɨɛɳɟɣ ɫɦɟɫɢ ɢ 10 

ɦɤɥ ȾɇɄ ɚɦɩɥɢɤɨɧɨɜ ɢɫɫɥɟɞɭɟɦɵɯ ɛɚɤɬɟɪɢɣ. 
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ȼɪɟɦɹ ɪɟɚɤɰɢɢ ɪɟɫɬɪɢɤɰɢɢ - 2 ɱɚɫɚ. Ɍɟɦɩɟɪɚɬɭɪɚ ɞɥɹ ɤɚɠɞɨɣ ɪɟɫɬɪɢɤɬɚɡɵ 

ɜɵɫɬɚɜɥɹɥɚɫɶ ɪɚɡɧɚɹ, ɞɥɹ ɤɚɠɞɨɣ ɫɜɨɹ. 

Ɋɟɫɬɪɢɤɰɢɸ ɩɪɨɜɨɞɢɥɢ ɜ ɬɟɪɦɨɫɬɚɬɟ Eppendorf - ThermoStat plus. 

Ⱦɥɹ ɜɢɡɭɚɥɢɡɚɰɢɢ ɪɟɡɭɥɶɬɚɬɨɜ ɪɟɫɬɪɢɤɰɢɢ ɩɪɨɞɭɤɬɵ ɪɟɚɤɰɢɢ 

ɩɨɞɜɟɪɝɚɥɢɫɶ ɷɥɟɤɬɪɨɮɨɪɟɡɭ ɜ ɚɝɚɪɨɡɧɨɦ ɝɟɥɟ. 

ȼ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɥɢ ɪɟɫɬɪɢɤɬɚɡɵ ɮɢɪɦɵ «SibEnzyme»:  

ȼɫɟ ɢɫɩɨɥɶɡɨɜɚɧɧɵɟ ɪɟɫɬɪɢɤɬɚɡɵ ɢɦɟɸɬ ɬɟɬɪɚɧɭɤɥɟɨɬɢɞɧɵɣ ɫɚɣɬ 

ɭɡɧɚɜɚɧɢɹ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɨɬ 3 ɞɨ 7 ɮɪɚɝɦɟɧɬɨɜ ȾɇɄ ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɪɚɫɳɟɩɥɟɧɢɹ ɩɪɨɞɭɤɬɚ ɚɦɩɥɢɮɢɤɚɰɢɢ, ɢɦɟɸɳɟɝɨ ɞɥɢɧɭ ɩɨɪɹɞɤɚ 900 ɩ.ɨ.  

2.5 ɉɪɨɜɟɞɟɧɢɟ ɷɥɟɤɬɪɨɮɨɪɟɡɚ 

Ɋɟɚɤɬɢɜɵ: 

 0,85 ɝ ɚɝɚɪɨɡɵ ɞɥɹ ɩɨɥɭɱɟɧɢɹ 1,7% ɝɟɥɹ 

 50 ɦɥ ɷɥɟɤɬɪɨɮɨɪɟɡɧɨɝɨ ɛɭɮɟɪɚ TBE 

 ȾɇɄ Ɇɚɪɤɟɪɵ 

 Ȼɭɮɟɪ ɞɥɹ ɧɚɧɟɫɟɧɢɹ ɩɪɨɛɵ 
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 ȼɨɞɚ  

 Ɉɛɪɚɡɰɵ ȾɇɄ 

Ⱥɝɚɪɨɡɭ ɫɦɟɲɢɜɚɥɢ ɫ ɛɭɮɟɪɨɦ ɞɥɹ ɷɥɟɤɬɪɨɮɨɪɟɡɚ, ɩɨɥɭɱɟɧɧɭɸ ɫɦɟɫɶ 

ɧɚɝɪɟɜɚɥɢ ɢ ɤɢɩɹɬɢɥɢ 1 ɦɢɧɭɬɭ ɜ ɋȼɑ-ɩɟɱɢ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɧɟ ɨɛɪɚɡɨɜɚɥɚɫɶ 

ɪɚɜɧɨɦɟɪɧɚɹ ɫɭɫɩɟɧɡɢɹ. ɉɨɥɭɱɟɧɧɭɸ ɫɭɫɩɟɧɡɢɸ ɨɯɥɚɠɞɚɥɢ ɩɪɢɦɟɪɧɨ ɞɨ 60˚C. 

ȼ ɮɨɪɦɭ ɞɥɹ ɚɝɚɪɨɡɵ  ɡɚɪɚɧɟɟ ɛɵɥɚ ɭɫɬɚɧɨɜɥɟɧɚ ɝɪɟɛɟɧɤɚ, ɤɭɞɚ ɩɨɫɥɟ 

ɨɫɬɵɜɚɧɢɹ ɛɵɥɚ ɡɚɥɢɬɚ ɨɯɥɚɠɞɟɧɧɚɹ ɫɭɫɩɟɧɡɢɹ. Ɏɨɪɦɭ ɫ ɝɟɥɟɦ ɨɫɬɚɜɥɹɥɢ ɧɚ 30 

ɦɢɧɭɬ ɞɥɹ ɡɚɫɬɵɜɚɧɢɹ. ɉɨɤɚ ɝɟɥɶ ɡɚɫɬɵɜɚɥ ɧɟɨɛɯɨɞɢɦɵɟ ɩɪɨɛɵ ȾɇɄ ɢ ɦɚɪɤɟɪɵ 

ɫɦɟɲɢɜɚɥɢ ɜ ɨɬɞɟɥɶɧɨɦ ɩɥɚɧɲɟɬɟ. ɉɨɫɥɟ ɬɨɝɨ ɤɚɤ ɝɟɥɶ ɡɚɬɜɟɪɞɟɥ, ɝɪɟɛɟɧɤɚ 

ɚɤɤɭɪɚɬɧɨ ɢɡɜɥɟɤɚɥɚɫɶ ɢ ɩɨɞɥɨɠɤɭ ɫ ɝɟɥɟɦ ɩɟɪɟɦɟɳɚɥɢ ɜ ɷɥɟɤɬɪɨɮɨɪɟɡɧɭɸ 

ɤɸɜɟɬɭ. ɇɟɨɛɯɨɞɢɦɨ ɫɥɟɞɢɬɶ ɡɚ ɬɟɦ, ɱɬɨɛɵ ɫɬɨɪɨɧɚ ɝɟɥɹ ɫ ɥɭɧɤɚɦɢ, ɤɭɞɚ ɛɭɞɭɬ 

ɜɧɨɫɢɬɶɫɹ ɩɪɨɛɵ ȾɇɄ, ɛɵɥɚ ɫɨ ɫɬɨɪɨɧɵ ɚɧɨɞɚ. ɉɨɫɥɟ ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɫ 

ɛɭɮɟɪɨɦ ɧɚɧɟɫɟɧɢɹ ɜ  ɥɭɧɤɢ ɩɨɦɟɳɚɥɢɫɶ ɩɪɨɛɵ ȾɇɄ ɢ ɩɨ ɛɨɤɚɦ ȾɇɄ ɦɚɪɤɟɪɵ. 

ɉɨɫɥɟ ɧɚɧɟɫɟɧɢɹ ɩɪɨɛ ɝɟɥɶ ɩɨɤɪɵɜɚɥɢ ɷɥɟɤɬɪɨɮɨɪɟɡɧɵɦ ɛɭɮɟɪɨɦ, ɬɚɤ ɱɬɨɛɵ 

ɝɟɥɶ ɛɵɥ ɡɚɤɪɵɬ ɫɥɨɟɦ ɛɭɮɟɪɚ ɬɨɥɳɢɧɨɣ 3-4 ɦɦ. ɗɥɟɤɬɪɨɮɨɪɟɡɧɭɸ ɤɚɦɟɪɭ 

ɡɚɤɪɵɜɚɥɢ ɢ ɩɪɢɫɨɟɞɢɧɹɥɢ ɷɥɟɤɬɪɨɞɵ ɤ ɢɫɬɨɱɧɢɤɭ ɧɚɩɪɹɠɟɧɢɹ. ɇɚɩɪɹɠɟɧɧɨɫɬɶ 

ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɷɥɟɤɬɪɨɮɨɪɟɡɚ ɫɨɫɬɚɜɢɥɚ 8 ɜɨɥɶɬ/ɫɦ, ɜɪɟɦɹ 2 ɱɚɫɚ. ɉɨ 

ɨɤɨɧɱɚɧɢɸ ɪɚɡɞɟɥɟɧɢɹ ɩɨɞɥɨɠɤɭ ɫ ɝɟɥɟɦ ɜɵɧɢɦɚɥɢ ɢ ɩɨɦɟɳɚɥɢ ɜ ɤɪɚɫɹɳɢɣ 

ɪɚɫɬɜɨɪ ɛɪɨɦɢɫɬɨɝɨ ɷɬɢɞɢɹ (1 ɦɤɝ/ɦɥ). ɉɨɫɥɟ 30 ɦɢɧɭɬ ɨɤɪɚɲɢɜɚɧɢɹ ɩɨɞɥɨɠɤɭ 

ɜɦɟɫɬɟ ɫ ɝɟɥɟɦ ɩɪɨɦɵɜɚɥɢ ɜ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɟ ɜ ɬɟɱɟɧɢɟ 2 ɦɢɧɭɬ. Ⱦɚɥɟɟ 

ɝɟɥɶ ɩɨɦɟɳɚɥɢ ɜ ɬɪɚɧɫɢɥɥɸɦɢɧɚɬɨɪ  ɝɟɥɶ-ɞɨɤɭɦɟɧɬɢɪɭɸɳɟɣ ɫɢɫɬɟɦɵ ɢ 

ɞɨɤɭɦɟɧɬɢɪɨɜɚɥɢ ɝɟɥɶ ɜ ɩɪɨɯɨɞɹɳɟɦ ɍɎ-ɫɜɟɬɟ. 

ɇɟɨɛɯɨɞɢɦɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɷɥɟɤɬɪɨɮɨɪɟɡɚ: 

1. ɂɫɬɨɱɧɢɤ ɩɢɬɚɧɢɹ ȼio-Rad PowerPac HV (1-400 Bɬ, 0,01-500 ɦȺ, 20-

5000 ȼ) 

2. Ʉɚɦɟɪɚ ɞɥɹ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɷɥɟɤɬɪɨɮɨɪɟɡɚ (ɝɟɥɶ 7ɯ10) Ɇini-Sub Cell 

GT, Bio-Rad. 

3. Ƚɟɥɶ-ɞɨɤɭɦɟɧɬɢɪɭɸɳɚɹ ɫɢɫɬɟɦɚ Bio-Rad Gel Doc XR c ɤɨɦɩɶɸɬɟɪɨɦ. 
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2.6 Ɇɟɬɨɞɢɤɚ ɨɱɢɫɬɤɢ ȾɇɄ ɚɦɩɥɢɤɨɧɨɜ 

Ɉɱɢɫɬɤɭ ɚɦɩɥɢɤɨɧɨɜ ɩɪɨɜɨɞɢɥɢ ɫ ɩɨɦɨɳɶɸ ɧɚɛɨɪɚ ɮɢɪɦɵ Isogene 

Laboratory DiatomTM DNA Clean-Up.  

ɇɚɛɨɪ ɞɥɹ ɩɪɨɫɬɨɝɨ ɢ ɷɮɮɟɤɬɢɜɧɨɝɨ ɜɵɞɟɥɟɧɢɹ ȾɇɄ ɢɡ ɛɢɨɥɨɝɢɱɟɫɤɢɯ 

ɨɛɪɚɡɰɨɜ ɨɫɧɨɜɚɧ ɧɚ ɢɡɛɢɪɚɬɟɥɶɧɨɣ ɫɨɪɛɰɢɢ ȾɇɄ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɟɤɥɹɧɧɵɯ 

ɲɚɪɢɤɨɜ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɜɵɫɨɤɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɯɚɨɬɪɨɩɧɨɝɨ ɚɝɟɧɬɚ. ɉɪɨɰɟɫɫ 

ɫɨɪɛɰɢɢ ȾɇɄ ɩɪɨɜɨɞɢɥɢ ɜ ɨɛɴɟɦɟ 100µɤɥ, ɚ ɜɵɞɟɥɟɧɢɟ ȾɇɄ - ɜ ɦɢɤɪɨɩɪɨɛɢɪɤɟ 

ɮɢɪɦɵ ɗɩɩɟɧɞɨɪɮ (0,2 ɦɥ). ȼɵɞɟɥɟɧɧɭɸ ȾɇɄ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ 

ɦɨɥɟɤɭɥɹɪɧɨ-ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɪɟɚɤɰɢɹɯ ɛɟɡ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɨɱɢɫɬɤɢ. ɇɚɛɨɪ 

ɩɪɟɞɧɚɡɧɚɱɟɧ  ɞɥɹ ɨɱɢɫɬɤɢ 100 ɨɛɪɚɡɰɨɜ ɉɐɊ ɩɪɨɞɭɤɬɨɜ ɨɛɴɟɦɨɦ ɞɨ100 ɦɤɥ ɢ 

ɫɨɞɟɪɠɚɧɢɟɦ  ȾɇɄ ɧɟ ɛɨɥɟɟ 20 ɦɤɝ ɢɥɢ 50 ɨɛɪɚɡɰɨɜ ȾɇɄ ɨɛɴɟɦɨɦ 200 ɦɤɥ ɢ 

ɫɨɞɟɪɠɚɧɢɟɦ ȾɇɄ ɧɟ ɛɨɥɟɟ 40 ɦɤɝ, ɢɥɢ ɛɨɥɶɲɟɝɨ ɨɛɴɟɦɚ  ɉɐɊ  ɩɪɨɞɭɤɬɚ ɩɪɢ 

ɫɨɛɥɸɞɟɧɢɢ ɨɛɴɟɦɧɵɯ ɩɪɨɩɨɪɰɢɣ ɤɨɦɩɨɧɟɧɬɨɜ ɧɚɛɨɪɚ.  
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3. ɊȿɁɍɅɖɌȺɌɕ 

3.1 ȼɵɞɟɥɟɧɢɟ ȾɇɄ ɢɡ ɨɛɪɚɡɰɨɜ ɛɚɤɬɟɪɢɣ 

ɂɡ 12 ɨɛɪɚɡɰɨɜ ɩɨɱɜɟɧɧɵɯ ɛɚɤɬɟɪɢɣ ɛɵɥɚ ɜɵɞɟɥɟɧɚ ȾɇɄ, ɛɵɥɢ 

ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɟɟ ɤɨɧɰɟɧɬɪɚɰɢɹ ɢ ɤɚɱɟɫɬɜɨ ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɢɱɟɫɤɢɦ ɢ 

ɷɥɟɤɬɪɨɮɨɪɟɬɢɱɟɫɤɢɦ ɦɟɬɨɞɚɦɢ. (Ɍɚɛɥɢɰɚ 1) 

Ɍɚɛɥɢɰɚ 1 - Ʉɨɧɰɟɧɬɪɚɰɢɹ ɢ ɱɢɫɬɨɬɚ ɩɨɥɭɱɟɧɧɨɣ ȾɇɄ 

№ ɉɪɨɛɵ Ʉɨɧɰɟɧɬɪɚɰɢɹ (ɦɤɝ/ɦɥ) 
ɑɢɫɬɨɬɚ ɩɪɟɩɚɪɚɬɚ 

A260:A280 

1 41 1,84 

2 34 1,92 

3 48 1,82 

4 36 1,96 

5 39 1,94 

6 34 1,91 

7 45 1,96 

8 41 1,95 

9 37 1,92 

10 36 1,95 

11 46 1,96 

12 36 1,95 

 

Ɉɬɧɨɲɟɧɢɟ ɩɨɝɥɨɳɟɧɢɣ A260:A280 ɭ ɨɛɪɚɡɰɨɜ ɜɯɨɞɢɬ ɜ ɨɩɬɢɦɚɥɶɧɵɣ 

ɞɢɚɩɚɡɨɧ ɨɬ 1,8 ɞɨ 2,0, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɫɟ ɨɧɢ ɝɨɞɹɬɫɹ ɞɥɹ ɞɚɥɶɧɟɣɲɢɯ 

ɢɫɫɥɟɞɨɜɚɧɢɣ.  
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Ɋɢɫɭɧɨɤ 1 – ɗɥɟɤɬɪɨɮɨɪɟɝɪɚɦɦɚ ȾɇɄ ɛɚɤɬɟɪɢɣ 

M – ȾɇɄ ɦɚɪɤɟɪ 1kb (ɋɢɛɷɧɡɢɦ) 

1 – 6 – ɂɫɫɥɟɞɭɟɦɵɟ ɨɛɪɚɡɰɵ ɛɚɤɬɟɪɢɣ 

 

ɇɚ ɪɢɫɭɧɤɟ 1 ɩɪɟɞɫɬɚɜɥɟɧ ɪɟɡɭɥɶɬɚɬ ɷɥɟɤɬɪɨɮɨɪɟɡɚ ɜɵɞɟɥɟɧɧɨɣ ȾɇɄ 6 

ɲɬɚɦɦɨɜ ɢɫɫɥɟɞɭɟɦɵɯ ɛɚɤɬɟɪɢɣ. Ɉɫɬɚɥɶɧɵɟ ɢɫɫɥɟɞɭɟɦɵɟ ɨɛɪɚɡɰɵ ɩɨɤɚɡɚɥɢ 

ɫɯɨɞɧɭɸ ɤɚɪɬɢɧɭ ɷɥɟɤɬɪɨɮɨɪɟɡɚ. Ɇɚɫɫɚ ɜɵɞɟɥɟɧɧɨɣ ɫɭɦɦɚɪɧɨɣ ȾɇɄ ɫɨɫɬɚɜɢɥɚ 

ɛɨɥɟɟ 10 000 ɩ.ɨ. 
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3.2 ɉɨɥɭɱɟɧɢɟ ɚɦɩɥɢɤɨɧɨɜ ɝɟɧɚ 16S ɪɊɇɄ 

 

ɋ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜɵɞɟɥɟɧɧɨɣ ȾɇɄ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɚɦɩɥɢɤɨɧɵ, ɤɨɬɨɪɵɟ 

ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɜɵɛɪɚɧɧɨɦɭ ɭɱɚɫɬɤɭ ɝɟɧɚ 16S ɪɊɇɄ. ɉɨɫɥɟ ɚɦɩɥɢɮɢɤɚɰɢɢ 

ɩɪɨɞɭɤɬɵ ɝɢɞɪɨɥɢɡɚ ɛɵɥɢ ɩɨɞɜɟɪɝɧɭɬɵ ɨɱɢɫɬɤɟ ɫ ɩɨɦɨɳɶɸ ɧɚɛɨɪɚ Diatom 

DNA Clean-Up ɨɬ ɩɪɚɣɦɟɪɨɜ, dNTP ɢ ɮɟɪɦɟɧɬɚ. (Ɍɚɛɥɢɰɚ 2) 

Ɍɚɛɥɢɰɚ 2 - Ʉɨɧɰɟɧɬɪɚɰɢɢ ɢ ɱɢɫɬɨɬɚ ɩɨɥɭɱɟɧɧɵɯ ɚɦɩɥɢɤɨɧɨɜ 

№ ɉɪɨɛɵ Ʉɨɧɰɟɧɬɪɚɰɢɹ, ɦɤɝ/ɦɥ 

ɑɢɫɬɨɬɚ 
ɩɪɟɩɚɪɚɬɚ 

A260:A280 

1 33 1,93 

2 25 1,90 

3 31 1,94 

4 34 1,92 

5 28 1,93 

6 27 1,88 

7 33 1,91 

8 37 1,93 

9 29 1,91 

10 30 1,90 

11 33 1,94 

12 35 1,92 

 

 Ɉɬɧɨɲɟɧɢɟ ɩɨɝɥɨɳɟɧɢɣ A260:A280 ɭ ɨɛɪɚɡɰɨɜ ɜɯɨɞɢɬ ɜ ɨɩɬɢɦɚɥɶɧɵɣ 

ɞɢɚɩɚɡɨɧ ɨɬ 1,8 ɞɨ 2,0, ɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜɫɟ ɨɛɪɚɡɰɵ ɚɦɩɥɢɤɨɧɨɜ ɛɵɥɢ ɩɪɢɝɨɞɧɵ 

ɞɥɹ ɞɚɥɶɧɟɣɲɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. 
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Ɋɢɫɭɧɨɤ 2 – Ⱥɦɩɥɢɤɨɧɵ ɝɟɧɚ 16S ɪɊɇɄ ɛɚɤɬɟɪɢɣ ɨɝɪɚɧɢɱɟɧɧɵɟ 

ɩɪɚɣɦɟɪɚɦɢ 500L – 1350R  

M – ȾɇɄ ɦɚɪɤɟɪ 1kb (ɋɢɛɷɧɡɢɦ) 

1 – 6 - ɂɫɫɥɟɞɭɟɦɵɟ ɨɛɪɚɡɰɵ ɛɚɤɬɟɪɢɣ 

 

ɇɚ ɪɢɫɭɧɤɟ 2 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɷɥɟɤɬɪɨɮɨɪɟɡɚ ɚɦɩɥɢɤɨɧɨɜ ɝɟɧɚ 

16S ɪɊɇɄ ɢɫɫɥɟɞɭɟɦɵɯ ɛɚɤɬɟɪɢɣ. Ɉɫɬɚɥɶɧɵɟ ɨɛɪɚɡɰɵ ɩɨɤɚɡɚɥɢ ɫɯɨɞɧɭɸ 

ɷɥɟɤɬɪɨɮɨɪɟɬɢɱɟɫɤɭɸ ɤɚɪɬɢɧɭ. Ɇɚɫɫɚ ɚɦɩɥɢɤɨɧɨɜ 500L -1350R ɫɨɫɬɚɜɢɥɚ 

ɨɤɨɥɨ 900 ɩ.ɨ. Ⱦɚɧɧɚɹ ɤɚɪɬɢɧɚ ɷɥɟɤɬɪɨɮɨɪɟɬɢɱɟɫɤɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨɡɜɨɥɹɟɬ 

ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɚɦɩɥɢɮɢɤɚɰɢɹ ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ ɭɫɩɟɲɧɨ. 
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3.3 ɉɪɨɜɟɞɟɧɢɟ ɪɟɚɤɰɢɢ ɪɟɫɬɪɢɤɰɢɢ ɚɦɩɥɢɤɨɧɨɜ 500L-1350R 
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3.4 ɉɪɨɜɟɞɟɧɢɟ ɚɧɚɥɢɡɚ in silico 
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3.5 ɋɪɚɜɧɟɧɢɟ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɫɯɨɞɹ ɢɡ ɫɪɚɜɧɟɧɢɹ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢ ɩɪɚɤɬɢɱɟɫɤɢɯ 

ɤɚɪɬɢɧ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɟɫɬɪɢɤɬɨɜ, ɦɵ ɫɞɟɥɚɥɢ  ɜɵɜɨɞ ɨ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɤ ɪɨɞɭ  
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ɁȺɄɅɘɑȿɇɂȿ 

ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɛɵɥɚ ɜɵɞɟɥɟɧɚ ɢ ɨɱɢɳɟɧɚ ȾɇɄ ɜɵɫɨɤɨɝɨ ɤɚɱɟɫɬɜɚ ɢɡ 

ɨɛɪɚɡɰɨɜ ɩɨɱɜɟɧɧɵɯ ɛɚɤɬɟɪɢɣ. Ȼɵɥɢ ɩɨɥɭɱɟɧɵ ɚɦɩɥɢɤɨɧɵ ɝɟɧɚ 16s ɪɊɇɄ 

ɪɚɡɦɟɪɨɦ ɨɤɨɥɨ 900 ɩ.ɨ. ɋ ɩɨɥɭɱɟɧɧɵɦɢ ɚɦɩɥɢɤɨɧɚɦɢ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ 

ɪɟɚɤɰɢɢ ɪɟɫɬɪɢɤɰɢɢ. Ⱦɚɧɧɵɟ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɯɨɞɟ ɷɤɫɩɟɪɢɦɟɧɬɨɜ, ɛɵɥɢ ɫɜɟɪɟɧɵ 

ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɚɧɚɥɢɡɚ in silico ɧɭɤɥɟɨɬɢɞɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ȾɇɄ ɢɡ 

ɛɚɡɵ ɞɚɧɧɵɯ GenBank. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɫɪɚɜɧɟɧɢɹ ɩɨɫɬɪɨɟɧɧɵɯ 

ɷɥɟɤɬɪɨɮɨɪɟɝɪɚɦɦ ɨɛɪɚɡɰɵ 10 ɢ 11 ɨɤɚɡɚɥɢɫɶ ɩɪɟɞɫɬɚɜɢɬɟɥɹɦɢ ɪɨɞɚ Rhizobium. 

Ɇɟɬɨɞ ɚɧɚɥɢɡɚ ɩɨɥɢɦɨɪɮɢɡɦɚ ɞɥɢɧ ɪɟɫɬɪɢɤɰɢɨɧɧɵɯ ɮɪɚɝɦɟɧɬɨɜ ɝɟɧɚ 16s 

ɪɊɇɄ ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɫɬɵɦ ɫɩɨɫɨɛɨɦ ɢɞɟɧɬɢɮɢɤɚɰɢɢ 

ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ.  
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ɋɉɂɋɈɄ ɋɈɄɊȺЩȿɇɂɃ 

ɉȾɊɎ – ɩɨɥɢɦɨɪɮɢɡɦ ɞɥɢɧ ɪɟɫɬɪɢɤɰɢɨɧɧɵɯ ɮɪɚɝɦɟɧɬɨɜ 

ɪɊɇɄ – ɪɢɛɨɫɨɦɚɥɶɧɚɹ ɪɢɛɨɧɭɤɥɟɢɧɨɜɚɹ ɤɢɫɥɨɬɚ  

ȾɇɄ – ɞɟɡɨɤɫɢɪɢɛɨɧɭɤɥɟɢɧɨɜɚɹ ɤɢɫɥɨɬɚ  

ɉɐɊ – ɩɨɥɢɦɟɪɚɡɧɚɹ ɰɟɩɧɚɹ ɪɟɚɤɰɢɹ 

ɤȾɇɄ – ɤɨɦɩɥɟɦɟɧɬɚɪɧɚɹ ȾɇɄ  

ɩ.ɨ. - ɩɚɪɵ ɨɫɧɨɜɚɧɢɣ 
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ɉɊɂɅɈɀȿɇɂȿ Ⱥ 

1. ɉɪɨɜɟɞɟɧɢɟ ɪɟɚɤɰɢɢ ɪɟɫɬɪɢɤɰɢɢ in silico 

Ⱦɥɹ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɪɟɫɬɪɢɤɬɢɪɨɜɚɧɢɹ ɚɦɩɥɢɤɨɧɨɜ Rhizobium ɛɵɥɢ ɜɡɹɬɵ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɝɟɧɨɜ 16S ɪɊɇɄ ɢɡ ɛɚɡɵ ɞɚɧɧɵɯ GenBank. ɂɡ ɩɨɥɧɨɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɛɵɥɢ ɜɵɞɟɥɟɧɵ ɚɦɩɥɢɤɨɧɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɢɡɜɟɫɬɧɵɯ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɩɪɚɣɦɟɪɨɜ (8F – agagtttgatcatggctcag ɢ 1492R – 

aagtcgtaacaaggtagcc). Ȼɵɥ ɩɪɨɜɟɞɟɧ ɪɟɫɬɪɢɤɰɢɨɧɧɵɣ ɚɧɚɥɢɡ in silico ɚɦɩɥɢɤɨɧɨɜ 

8F – 1492R ɢ ɷɥɟɤɬɪɨɮɨɪɟɡ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ pDRAW32. Ⱦɥɹ 

ɪɟɫɬɪɢɤɰɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ ɛɵɥɢ ɜɡɹɬɵ ɪɟɫɬɪɢɤɬɚɡɵ Aat II , Acu I, Alu I, Bfa I, Bst 

UI, Fat I, Hae III , Hha I, Hpa II , Hpy CH4IV, Mbo I, Mlu CI, Mse I, Rsa I, Sac II , 

Sma I, Sph I, Tag I, Xho I, Xma I. 

New DNA entry, 1446 bp. (LINEAR) 
Restriction analysis 06.06.2017 
pDRAW32 revision 1.1.132 
UNLICENSED 
Rebase containing 267 enzymes. 
20 enzymes match enzyme selection criteria. 
 
*************************************************** ***** 
 

AatII      (G_ACGT'C) [ZraI] 
Cuts 1 time. 
Cuts at position 1131. 
Fragment sizes 1131, 315. 
 
AcuI 
(CTGAAGnnnnnnnnnnnnnn_nn') 
[Eco57I] 
Cuts 1 time. 
Cuts at position 944. 
Fragment sizes 944, 502. 
 
AluI       (AG'CT) [AluBI] 
Cuts 10 times. 
Cuts at positions 125, 206, 248, 392, 
551, 794, 920, 1005, 1213, 1397. 

Fragment sizes 125, 81, 42, 144, 159, 
243, 126, 85, 208, 184, 49. 
 
BfaI     (C'TA_G) [MaeI,FspBI,XspI] 
Cuts 3 times. 
Cuts at positions 207, 479, 1280. 
Fragment sizes 207, 272, 801, 166. 
 
BstUI  (CG'CG) 
[AccII,Bsh1236I,BspFNI,BstFNI, 
MvnI] 
Cuts 5 times. 
Cuts at positions 95, 195, 361, 461, 
904. 
Fragment sizes 95, 100, 166, 100, 443, 
542. 
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FatI       ('CATG_) 
[NlaIII,CviAII,FaeI,Hin1II,Hsp92II] 
Cuts 9 times. 
Cuts at positions 10, 46, 354, 880, 990, 
1139, 1263, 1297, 1347. 
Fragment sizes 10, 36, 308, 526, 110, 
149, 124, 34, 50, 99. 
 
HaeIII     (GG'CC) 
[BshFI,BsnI,BsuRI] 
Cuts 8 times. 
Cuts at positions 191, 225, 291, 376, 
862, 973, 1144, 1323. 
Fragment sizes 191, 34, 66, 85, 486, 
111, 171, 179, 123. 
 
HhaI       (G_CG'C) 
[AspLEI,BstHHI,CfoI,Hin6I,HinP1I,
HspAI] 
Cuts 6 times. 
Cuts at positions 339, 511, 791, 906, 
1045, 1379. 
Fragment sizes 339, 172, 280, 115, 
139, 334, 67. 
 
HpaII      (C'CG_G) 
[BsiSI,HapII,MspI] 
Cuts 6 times. 
Cuts at positions 128, 401, 423, 437, 
1097, 1319. 
Fragment sizes 128, 273, 22, 14, 660, 
222, 127. 
 
HpyCH4IV   (A'CG_T) 
[MaeII,HpySE526I,TaiI] 
Cuts 4 times. 
Cuts at positions 513, 1128, 1166, 
1313. 
Fragment sizes 513, 615, 38, 147, 133. 
 
MboI       ('GATC_) 
[BfuCI,Bsp143I,BssMI,BstKTI,BstM
BI,DpnII,Kzo9I,NdeII,Sau3AI] 
[dam methylated] 

Cuts 5 times. 
Cuts at positions [7], [239], [263], 
[346], [1291]. 
Fragment sizes 7, 232, 24, 83, 945, 
155. 
 
MluCI      ('AATT_) [Sse9I,TasI] 
Cuts 6 times. 
Cuts at positions 139, 492, 608, 628, 
850, 890. 
Fragment sizes 139, 353, 116, 20, 222, 
40, 556. 
 
MseI       (T'TA_A) 
[SaqAI,Tru1I,Tru9I] 
Cuts 7 times. 
Cuts at positions 41, 142, 527, 803, 
837, 889, 1027. 
Fragment sizes 41, 101, 385, 276, 34, 
52, 138, 419. 
 
RsaI       (GT'AC) 
[AfaI,Csp6I,CviQI,RsaNI] 
Cuts 2 times. 
Cuts at positions 824, 1329. 
Fragment sizes 824, 505, 117. 
 
SacII      (CC_GC'GG) 
[Cfr42I,KspI,Sfr303I,SgrBI] 
Cuts 1 time. 
Cuts at position 462. 
Fragment sizes 462, 984. 
 
SmaI       (CCC'GGG) 
[Cfr9I,TspMI,XmaI] 
Cuts 1 time. 
Cuts at position 1320. 
Fragment sizes 1320, 126. 
 
SphI       (G_CATG'C) [PaeI] 
Cuts 1 time. 
Cuts at position 1301. 
Fragment sizes 1301, 145. 
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TaqI       (T'CG_A) 
[dam methylated] 
Cuts 4 times. 
Cuts at positions 55, 894, 1209, 1257. 
Fragment sizes 55, 839, 315, 48, 189. 
 
XhoI       (C'TCGA_G) 
[PaeR7I,Sfr274I,SlaI,StrI] 
Cuts 1 time. 

Cuts at position 1256. 
Fragment sizes 1256, 190. 
 
XmaI       (C'CCGG_G) 
[SmaI,Cfr9I,TspMI] 
Cuts 1 time. 
Cuts at position 1318. 
Fragment sizes 1318, 128. 

 

 

 

 

Ɋɢɫɭɧɨɤ 13 – ȼɢɪɬɭɚɥɶɧɵɟ ɷɥɟɤɬɪɨɮɨɪɟɬɢɱɟɫɤɢɟ 
ɩɪɨɮɢɥɢ ɪɟɫɬɪɢɤɬɚɡ ɞɥɹ Rhizobium 




