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ɐeɥɶ ɪaɛɨɬɵ: ɂɞeɧɬɢɮɢɰɢɪɨɜaɬɶ ɛaɤɬeɪɢɢ ɪɨɞa Pseudomonas ɫɪeɞɢ 

ɨɛɪaɡɰɨɜ ɩɨɱɜeɧɧɵɯ ɛaɤɬeɪɢɣ, ɢɫɩɨɥɶɡɭɹ ɦeɬɨɞ aɧaɥɢɡa ɩɨɥɢɦɨɪɮɢɡɦa ɞɥɢɧ 

ɪeɫɬɪɢɤɰɢɨɧɧɵɯ ɮɪaɝɦeɧɬɨɜ ɝeɧa 16S-ɪɊɇɄ. 

Ⱦɥɹ ɞɨɫɬɢɠeɧɢɹ ɡaɞaɧɧɨɣ ɰeɥɢ ɛɵɥɢ ɩɨɫɬaɜɥeɧɵ ɫɥeɞɭɸɳɢe ɡaɞaɱɢ: 

1. ȼɵɞeɥɢɬɶ ȾɇɄ ɢɡ ɨɩɵɬɧɵɯ ɨɛɪaɡɰɨɜ ɛaɤɬeɪɢɣ, ɨɩɪeɞeɥɢɬɶ 

ɤɨɧɰeɧɬɪaɰɢɸ ɢ ɱɢɫɬɨɬɭ ɩɨɥɭɱeɧɧɵɯ ɩɪeɩaɪaɬɨɜ ȾɇɄ. 

2. ɉɨɥɭɱɢɬɶ aɦɩɥɢɤɨɧɵ ɝeɧa 16S ɪɊɇɄ ɫ ɢɫɩɨɥɶɡɨɜaɧɢeɦ ɩaɪɵ 

ɩɪaɣɦeɪɨɜ 500L ɢ 1350R ɞɥɹ ɞaɧɧɵɯ ɛaɤɬeɪɢɣ. 

3. ɉɪɨɜeɫɬɢ ɪeaɤɰɢɢ ɪeɫɬɪɢɤɰɢɢ ɞɥɹ ɩɨɥɭɱeɧɧɵɯ aɦɩɥɢɤɨɧɨɜ. 

4. ɉɪɨɜeɫɬɢ ɝeɥɶ-ɷɥeɤɬɪɨɮɨɪeɡ ɩɨɥɭɱeɧɧɵɯ ɪeɫɬɪɢɤɬɨɜ ɫ ɦaɪɤeɪaɦɢ ɜ 

aɝaɪɨɡɧɨɦ ɝeɥe ɢ ɩɪɨaɧaɥɢɡɢɪɨɜaɬɶ ɩɨɥɭɱeɧɧɵe ɷɥeɤɬɪɨɮɨɪeɝɪaɦɦɵ ɞɥɹ 

ɨɩɪeɞeɥeɧɢɹ ɜɢɞa ɢɫɫɥeɞɭeɦɵɯ ɨɛɪaɡɰɨɜ. 

 5. ɉɪɨɜeɫɬɢ ɪeɫɬɪɢɤɰɢɸ aɦɩɥɢɤɨɧɨɜ 500L-1350R ɝeɧa 16S-ɪɊɇɄ  

ɛaɤɬeɪɢɣ ɪɨɞa Pseudomonas  in silico ɫ ɢɫɩɨɥɶɡɨɜaɧɢeɦ ɛaɡɵ ɞaɧɧɵɯ Genbank. 

 6. ɋɪaɜɧɢɬɶ ɩɪaɤɬɢɱeɫɤɢe ɢ ɬeɨɪeɬɢɱeɫɤɢe ɤaɪɬɢɧɵ 

ɷɥeɤɬɪɨɮɨɪeɬɢɱeɫɤɨɝɨ ɪaɡɞeɥeɧɢɹ ɪeɫɬɪɢɤɬɨɜ ɞaɧɧɵɯ aɦɩɥɢɤɨɧɨɜ ɢ ɫɞeɥaɬɶ 

ɜɵɜɨɞ ɩɨ ɩɨɥɭɱeɧɧɵɦ ɫɨɜɩaɞeɧɢɹɦ ɨ ɪɨɞɨɜɨɣ ɩɪɢɧaɞɥeɠɧɨɫɬɢ ɢɫɫɥeɞɭeɦɨɝɨ 

ɨɛɪaɡɰa. 

Ɋaɛɨɬa ɜɵɩɨɥɧeɧa ɧa ɤaɮeɞɪe Ɇeɞɢɰɢɧɫɤɨɣ ɛɢɨɥɨɝɢɢ ɜ ɂɧɫɬɢɬɭɬe 

Ɏɭɧɞaɦeɧɬaɥɶɧɨɣ Ȼɢɨɥɨɝɢɢ ɢ Ȼɢɨɬeɯɧɨɥɨɝɢɢ. 
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1 ɈȻɁɈɊ ɅɂɌEɊAɌɍɊЫ 

1.1 Ȼaɤɬeɪɢɢ ɪɨɞa Pseudomonas 

Ȼaɤɬeɪɢɢ ɷɬɨɝɨ ɪɨɞa ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɯɨɡɹɣɫɬɜeɧɧɨɣ ɩɪaɤɬɢɤe, a 

ɬaɤɠe ɜ ɤaɱeɫɬɜe ɦɨɞeɥeɣ ɞɥɹ ɦɧɨɝɨɱɢɫɥeɧɧɵɯ ɬeɨɪeɬɢɱeɫɤɢɯ ɢɫɫɥeɞɨɜaɧɢɣ. 

ȼ 50-60-ɯ ɝɨɞaɯ ɧaɲeɝɨ ɫɬɨɥeɬɢɹ ɩɨɹɜɢɥɨɫɶ ɛɨɥɶɲɨe ɤɨɥɢɱeɫɬɜɨ ɧaɭɱɧɵɯ 

ɢɫɫɥeɞɨɜaɧɢɣ ɨ ɛaɤɬeɪɢɹɯ ɪɨɞa Pseudomonas, ɜ ɱaɫɬɧɨɫɬɢ ɨɛ ɢɯ 

ɮɥɭɨɪeɫɰɢɪɭɸɳeɣ ɝɪɭɩɩe. ɗɬɢ ɢɫɫɥeɞɨɜaɧɢɹ ɤaɫaɸɬɫɹ ɜɨɩɪɨɫɨɜ ɢɫɩɨɥɶɡɨɜaɧɢɹ 

ɮɥɭɨɪeɫɰɢɪɭɸɳɢɯ ɛaɤɬeɪɢɣ ɞɥɹ ɪeɲeɧɢɹ ɪɹɞa ɩɪaɤɬɢɱeɫɤɢɯ ɢ ɬeɨɪeɬɢɱeɫɤɢɯ 

ɡaɞaɱ. ɋɭɳeɫɬɜɭeɬ ɦɧɨɝɨ ɩaɬeɧɬɨɜ ɢ ɧaɭɱɧɨ-ɢɫɫɥeɞɨɜaɬeɥɶɫɤɢɯ ɪaɛɨɬ 

aɦeɪɢɤaɧɫɤɢɯ, ɹɩɨɧɫɤɢɯ ɢ ɫɨɜeɬɫɤɢɯ aɜɬɨɪɨɜ, ɝɞe ɩɨɞɪɨɛɧɨ ɩɪeɞɫɬaɜɥeɧɵ 

ɯaɪaɤɬeɪɢɫɬɢɤɢ ɩɪɨɞɭɰeɧɬɨɜ, ɫɨɫɬaɜ ɫɪeɞ ɞɥɹ ɜɵɪaɳɢɜaɧɢɹ ɛaɤɬeɪɢɣ ɢ 

ɨɩɢɫaɧɵ ɭɫɥɨɜɢɹ ɤɭɥɶɬɢɜɢɪɨɜaɧɢɹ ɞɥɹ ɩɨɥɭɱeɧɢɹ ɡɧaɱɢɬeɥɶɧɵɯ ɤɨɥɢɱeɫɬɜ 

ɪaɡɥɢɱɧɵɯ ɛɢɨɥɨɝɢɱeɫɤɢ aɤɬɢɜɧɵɯ ɫɨeɞɢɧeɧɢɣ. 

Ɍaɤ, ɩɪɢ ɢɫɩɨɥɶɡɨɜaɧɢɢ ɜ ɤaɱeɫɬɜe ɩɪɨɞɭɰeɧɬɨɜ ɧeɤɨɬɨɪɵɯ ɲɬaɦɦɨɜ 

ɛaɤɬeɪɢɣ Pseudomonas fluorescens ɨɫɭɳeɫɬɜɥɹeɬɫɹ ɛɢɨɫɢɧɬeɡ ɨɪɝaɧɢɱeɫɤɢɯ 

ɤɢɫɥɨɬ: ɝɥɸɤɨɧɨɜɨɣ, 2-ɤeɬɨɝɥɸɤɨɧɨɜɨɣ, α-ɤeɬɨɝɥɭɬaɪɨɜɨɣ ɢ ɩɢɪɨɜɢɧɨɝɪaɞɧɨɣ 

ɂɡ ɨɤɪaɲeɧɧɵɯ ɜeɳeɫɬɜ, ɫɢɧɬeɡɢɪɭeɦɵɯ ɛaɤɬeɪɢɹɦɢ ɪɨɞa Pseudomonas, 

ɛɵɥɢ ɜɵɞeɥeɧɵ ɯɢɦɢɱeɫɤɢe ɜeɳeɫɬɜa, ɨɛɥaɞaɸɳɢe aɧɬɢɛɢɨɬɢɱeɫɤɢɦɢ 

ɫɜɨɣɫɬɜaɦɢ, — ɩɢɨɰɢaɧɢɧ, ɯɥɨɪɨɪaɮɢɧ, ɨɤɫɢɯɥɨɪɨɪaɮɢɧ, ɮeɧaɡɢɧ-1-

ɤaɪɛɨɧɨɜaɹ ɤɢɫɥɨɬa ɢ ɷɪɭɝɢɧɨɡɢɧ. ȼɫe ɩeɪeɱɢɫɥeɧɧɵe ɩɢɝɦeɧɬɵ ɨɛɥaɞaɸɬ 

aɧɬɢɛɢɨɬɢɱeɫɤɨɣ aɤɬɢɜɧɨɫɬɶɸ ɩɪɨɬɢɜ ɝɪaɦɩɨɥɨɠɢɬeɥɶɧɵɯ ɢ 

ɝɪaɦɨɬɪɢɰaɬeɥɶɧɵɯ ɛaɤɬeɪɢɣ, ɞɪɨɠɠeɣ ɢ ɝɪɢɛɨɜ. 

Ʉɪɨɦe aɧɬɢɛɢɨɬɢɤɨɜ, ɜ ɫɨɫɬaɜ ɨɤɪaɲeɧɧɵɯ ɜeɳeɫɬɜ, ɫɢɧɬeɡɢɪɭeɦɵɯ 

ɩɫeɜɞɨɦɨɧaɞaɦɢ, ɜɯɨɞɹɬ ɜɢɬaɦɢɧɵ.  

ȼ ɪaɛɨɬaɯ ɫɨɜeɬɫɤɢɯ ɢ ɡaɪɭɛeɠɧɵɯ ɢɫɫɥeɞɨɜaɬeɥeɣ ɩɨɫɥeɞɧeɝɨ 

ɞeɫɹɬɢɥeɬɢɹ ɨɬɦeɱaeɬɫɹ, ɱɬɨ ɮɥɭɨɪeɫɰɢɪɭɸɳɢe ɩɫeɜɞɨɦɨɧaɞɵ ɦɨɝɭɬ ɛɵɬɶ 

ɩɪɨɞɭɰeɧɬaɦɢ ɮeɪɦeɧɬɨɜ. Ɍaɤ, ɫɨɜeɬɫɤɢe ɢɫɫɥeɞɨɜaɬeɥɢ ɢɡɭɱaɸɬ ɩɪɨɰeɫɫ 

ɫɢɧɬeɡa ɮeɪɦeɧɬa aɫɩaɪaɝɢɧaɡɵ, ɢɫɩɨɥɶɡɭɹ Pseudomonas fluorescens[4]. 
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Ȼaɤɬeɪɢɢ ɪɨɞa Pseudomonas ɲɢɪɨɤɨ ɪaɫɩɪɨɫɬɪaɧeɧɵ ɜ ɩɪɢɪɨɞe. ɂɯ ɦɨɠɧɨ 

ɜɫɬɪeɬɢɬɶ ɜ ɜɨɡɞɭɯe, ɩɨɱɜe, ɦɨɪɫɤɢɯ ɢ ɩɪeɫɧɵɯ ɜɨɞɨeɦaɯ, ɫɬɨɱɧɵɯ ɜɨɞaɯ ɢ ɢɥe, 

ɧeɮɬɢ ɢ ɧa ɝaɡɨɜɵɯ ɦeɫɬɨɪɨɠɞeɧɢɹɯ. ɉɫeɜɞɨɦɨɧaɞɵ ɛɵɥɢ ɨɛɧaɪɭɠeɧɵ ɧa 

ɩɢɳeɜɵɯ ɩɪɨɞɭɤɬaɯ, ɬeɥaɯ ɠɢɜɨɬɧɵɯ, ɪaɫɬeɧɢɹɯ, a ɬaɤɠe ɜ ɝɧɨɣɧɵɯ ɪaɧaɯ ɢ 

ɷɤɫɤɪeɦeɧɬaɯ ɛɨɥɶɧɵɯ ɦɥeɤɨɩɢɬaɸɳɢɯ. 

Ȼaɤɬeɪɢɢ ɪɨɞa Pseudomonas ɦɨɧɨɥɢɬɧɵ ɩɨ ɦɨɪɮɨɥɨɝɢɱeɫɤɢɦ ɢ ɨɱeɧɶ 

ɪaɡɧɨɨɛɪaɡɧɵ ɩɨ ɤɭɥɶɬɭɪaɥɶɧɵɦ ɢ ɮɢɡɢɨɥɨɝɢɱeɫɤɢɦ ɩɪɢɡɧaɤaɦ. 

Ʉɥeɬɤɢ ɩɫeɜɞɨɦɨɧaɞ ɩɪeɞɫɬaɜɥɹɸɬ ɫɨɛɨɣ ɦeɥɤɢe ɨɞɢɧɨɱɧɵe 

ɝɪaɦɨɬɪɢɰaɬeɥɶɧɵe ɩaɥɨɱɤɢ. ɋɩɨɪ ɢ ɜɵɪɨɫɬɨɜ ɧe ɨɛɪaɡɭɸɬ, ɩɨɞɜɢɠɧɵ, ɢɦeɸɬ 

ɩɨɥɹɪɧɨ ɪaɫɩɨɥɨɠeɧɧɵe ɠɝɭɬɢɤɢ. ɑɢɫɥɨ ɠɝɭɬɢɤɨɜ ɭ ɪaɡɧɵɯ ɜɢɞɨɜ ɤɨɥeɛɥeɬɫɹ. 

Ʉɥeɬɤɢ ɜ ɤɭɥɶɬɭɪaɯ ɱaɫɬɨ ɨɛɴeɞɢɧɹɸɬɫɹ ɜ ɧeɛɨɥɶɲɢe ɤɨɦɨɱɤɢ ɢɥɢ ɡeɪɧa, 

ɨɤɪɭɠeɧɧɵe ɬɨɥɫɬɨɣ ɫɥɢɡɢɫɬɨɣ ɨɛɨɥɨɱɤɨɣ, ɢɧɨɝɞa ɪeɡɤɨ ɨɱeɪɱeɧɧɨɣ, —

ɡɨɨɝɥeɢ. 

Ʉɨɥɨɧɢɢ ɛaɤɬeɪɢɣ ɨɱeɧɶ ɪaɡɧɨɨɛɪaɡɧɵ: ɫɥɢɡɢɫɬɵe ɢ ɩaɫɬɨɨɛɪaɡɧɵe, 

ɜɵɩɭɤɥɵe ɢ ɩɥɨɫɤɢe, ɤɪɭɩɧɵe ɢ ɦeɥɤɢe. ɍ ɦɧɨɝɢɯ ɜɢɞɨɜ ɨɬɦeɱaeɬɫɹ 

ɜɧɭɬɪeɧɧɹɹ ɫɬɪɭɤɬɭɪa ɤɨɥɨɧɢɣ. Eɫɥɢ ɢɯ ɪaɫɫɦaɬɪɢɜaɬɶ ɜ ɦɢɤɪɨɫɤɨɩe ɩɪɢ ɦaɥɨɦ 

ɭɜeɥɢɱeɧɢɢ, ɬɨ ɜ ɨɞɧɢɯ ɫɥɭɱaɹɯ ɦɨɠɧɨ ɨɛɧaɪɭɠɢɬɶ ɦeɥɤɨɡeɪɧɢɫɬɭɸ ɤɨɥɨɧɢɸ; 

ɜ ɞɪɭɝɢɯ — ɹɱeɢɫɬɭɸ, ɧaɩɨɦɢɧaɸɳɭɸ ɫɨɬɵ; ɜ ɬɪeɬɶɢɯ — ɤɨɥɨɧɢɢ ɜ ɜɢɞe 

ɦeɥɤɢɯ ɤɨɦɨɱɤɨɜ ɢɥɢ ɡeɪeɧ. 

Ȼɨɥɶɲɢɧɫɬɜɨ ɜɢɞɨɜ ɢɦeeɬ ɤɨɥɨɧɢɢ ɛeɡ ɜɧɭɬɪeɧɧeɣ ɫɬɪɭɤɬɭɪɵ — ɩɨɞ 

ɦɢɤɪɨɫɤɨɩɨɦ ɨɧɢ ɜɵɝɥɹɞɹɬ ɤaɤ ɨɞɧɨɪɨɞɧaɹ ɝɨɦɨɝeɧɧaɹ ɦaɫɫa. ɉɫeɜɞɨɦɨɧaɞɵ 

ɯɨɪɨɲɨ ɪaɫɬɭɬ ɧa ɨɛɵɱɧɵɯ ɩɢɬaɬeɥɶɧɵɯ ɫɪeɞaɯ — ɫɥɨɠɧɵɯ ɨɪɝaɧɢɱeɫɤɢɯ. 

Ʉɭɥɶɬɭɪɵ ɪaɡɥɢɱaɸɬɫɹ ɦeɠɞɭ ɫɨɛɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ ɪaɡɥaɝaɬɶ ɛeɥɤɢ, 

ɢɫɩɨɥɶɡɨɜaɬɶ ɭɝɥeɜɨɞ, ɪaɫɳeɩɥɹɬɶ ɤɪaɯɦaɥ, ɤɥeɬɱaɬɤɭ, ɭɝɥeɜɨɞɨɪɨɞɵ, 

ɫɨeɞɢɧeɧɢɹ aɪɨɦaɬɢɱeɫɤɨɝɨ ɪɹɞa ɢ ɞɪɭɝɢe ɫɥɨɠɧɵe ɩɨ ɫɨɫɬaɜɭ ɜeɳeɫɬɜa. 

Ȼɨɥɶɲɢɧɫɬɜɨ ɛaɤɬeɪɢɣ ɪɨɞa Pseudomonas ɨɛɥaɞaeɬ ɝeɬeɪɨɬɪɨɮɧɵɦ ɬɢɩɨɦ 

ɨɛɦeɧa ɜeɳeɫɬɜ, ɬ. e. ɞɥɹ ɩɨɫɬɪɨeɧɢɹ ɬeɥa ɢɦ ɬɪeɛɭeɬɫɹ ɝɨɬɨɜɨe ɨɪɝaɧɢɱeɫɤɨe 

ɜeɳeɫɬɜɨ. Ȼɢɨɫɢɧɬeɬɢɱeɫɤɢe ɩɪɨɰeɫɫɵ ɩɪɢ ɷɬɨɦ ɨɫɭɳeɫɬɜɥɹɸɬɫɹ ɡa ɫɱeɬ 

ɨɛɦeɧa ɨɤɢɫɥɢɬeɥɶɧɨɝɨ ɬɢɩa, ɝɞe ɤɢɫɥɨɪɨɞ ɹɜɥɹeɬɫɹ ɤɨɧeɱɧɵɦ aɤɰeɩɬɨɪɨɦ 

ɷɥeɤɬɪɨɧɨɜ, ɩeɪeɧɨɫ ɤɨɬɨɪɵɯ ɫɜɹɡaɧ ɫ ɫɢɫɬeɦɨɣ ɰɢɬɨɯɪɨɦɨɜ. ɇeɤɨɬɨɪɵe 
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ɩɪeɞɫɬaɜɢɬeɥɢ ɷɬɨɝɨ ɪɨɞa ɦɨɝɭɬ ɫɭɳeɫɬɜɨɜaɬɶ ɡa ɫɱeɬ aɧaɷɪɨɛɧɨɝɨ ɧɢɬɪaɬɧɨɝɨ 

ɞɵɯaɧɢɹ, ɞɪɭɝɢe ɢɫɩɨɥɶɡɭɸɬ ɷɧeɪɝɢɸ ɨɤɢɫɥeɧɢɹ ɜɨɞɨɪɨɞa. Ɇɧɨɝɢe ɜɢɞɵ 

ɩɫeɜɞɨɦɨɧaɞ ɨɛɪaɡɭɸɬ ɩɢɝɦeɧɬɵ, ɪaɡɥɢɱɧɵe ɩɨ ɨɤɪaɫɤe ɢ ɯɢɦɢɱeɫɤɨɣ ɩɪɢɪɨɞe; 

ɧeɤɨɬɨɪɵe ɫɢɧɬeɡɢɪɭɸɬ ɜɢɬaɦɢɧɵ, aɧɬɢɛɢɨɬɢɤɢ, ɬɨɤɫɢɧɵ. 

ɋɪeɞɢ ɩɪeɞɫɬaɜɢɬeɥeɣ ɛaɤɬeɪɢɣ ɪɨɞa Pseudomonas eɫɬɶ ɮɨɪɦɵ, ɬɨɤɫɢɱɧɵe 

ɞɥɹ ɠɢɜɨɬɧɵɯ ɨɪɝaɧɢɡɦɨɜ (ɩaɬɨɝeɧɧɵe ɛaɤɬeɪɢɢ). ɂɦeeɬɫɹ ɬaɤɠe ɧeɦaɥɨ 

ɮɢɬɨɩaɬɨɝeɧɧɵɯ ɜɢɞɨɜ, ɩɨɪaɠaɸɳɢɯ ɪaɫɬeɧɢɹ[5]. 

 

1.2 Ɍɪaɞɢɰɢɨɧɧɵe ɦeɬɨɞɵ ɢɞeɧɬɢɮɢɤaɰɢɢ ɦɢɤɪɨɨɪɝaɧɢɡɦɨɜ 

Ⱦɢaɝɧɨɫɬɢɱeɫɤaɹ ɦɢɤɪɨɛɢɨɥɨɝɢɹ ɧaɩɪaɜɥeɧa ɧa ɜɵɹɜɥeɧɢe ɢ 

ɢɞeɧɬɢɮɢɤaɰɢɸ ɢɡɜeɫɬɧɵɯ ɦɢɤɪɨɨɪɝaɧɢɡɦɨɜ ɢɡ ɨɤɪɭɠaɸɳeɣ ɫɪeɞɵ. 

ɂɞeɧɬɢɮɢɤaɰɢɹ ɛaɤɬeɪɢɣ ɨɫɭɳeɫɬɜɥɹeɬɫɹ ɫ ɩɨɦɨɳɶɸ ɝeɧeɬɢɱeɫɤɢɯ ɢ 

ɦɨɪɮɨɥɨɝɢɱeɫɤɢɯ ɦeɬɨɞɨɜ, ɞɨ 80-ɯ ɝɨɞɨɜ ɩɪɨɲɥɨɝɨ ɜeɤa ɩɪeɨɛɥaɞaɥɨ 

ɨɩɪeɞeɥeɧɢe ɮeɧɨɬɢɩɢɱeɫɤɢɯ ɯaɪaɤɬeɪɢɫɬɢɤ [6].  

ɂɞeɧɬɢɮɢɤaɰɢɹ ɦɢɤɪɨɨɪɝaɧɢɡɦɨɜ – ɷɬɨ ɨɩɪeɞeɥeɧɢe ɜɢɞɨɜɨɣ ɢɥɢ 

ɪɨɞɨɜɨɣ ɩɪɢɧaɞɥeɠɧɨɫɬɢ ɧa ɨɫɧɨɜaɧɢɢ ɢɡɭɱeɧɢɹ ɛɢɨɯɢɦɢɱeɫɤɢɯ, 

ɤɭɥɶɬɭɪaɥɶɧɨ-ɦɨɪɮɨɥɨɝɢɱeɫɤɢɯ, ɩaɬɨɝeɧɧɵɯ, ɫeɪɨɥɨɝɢɱeɫɤɢɯ ɢ ɝeɧeɬɢɱeɫɤɢɯ 

ɫɜɨɣɫɬɜ ɨɩɪeɞeɥeɧɧɨɝɨ ɨɛɪaɡɰa. 

Ʉɭɥɶɬɭɪaɥɶɧɵe ɫɜɨɣɫɬɜa ɦɢɤɪɨɨɪɝaɧɢɡɦɨɜ ɨɩɪeɞeɥɹɸɬ ɩɪɢ ɩɨɦɨɳɢ 

ɩɨɫeɜa ɧa ɠɢɞɤɢe, ɩɨɥɭɠɢɞɤɢe ɢ ɩɥɨɬɧɵe ɫɪeɞɵ. ɇa ɠɢɞɤɢɯ ɫɪeɞaɯ ɭɱɢɬɵɜaɸɬ 

ɫɬeɩeɧɶ ɢ ɯaɪaɤɬeɪ ɩɨɦɭɬɧeɧɢɹ ɫɪeɞɵ; ɜeɥɢɱɢɧɭ, ɮɨɪɦɭ ɢ ɤɨɧɫɢɫɬeɧɰɢɸ 

ɨɫaɞɤa; ɧaɥɢɱɢe ɢɥɢ ɨɬɫɭɬɫɬɜɢe ɩɥёɧɤɢ ɧa ɩɨɜeɪɯɧɨɫɬɢ; a ɬaɤɠe ɫɦɨɬɪɹɬ ɧa 

ɪaɡɦeɪ ɢ ɮɨɪɦɭ ɩɪɢɫɬeɧɨɱɧɨɝɨ ɤɨɥɶɰa. ɇa ɩɨɥɭɠɢɞɤɢɯ ɫɪeɞaɯ ɨɩɪeɞeɥɹɸɬ ɪɨɫɬ 

ɩɨ ɭɤɨɥɭ, ɧa ɩɥɨɬɧɵɯ — ɮɨɪɦɭ, ɪaɡɦeɪ, ɜeɥɢɱɢɧɭ, ɰɜeɬ ɤɨɥɨɧɢɣ ɢ ɝɭɫɬɨɬɭ 

ɪɨɫɬa. ɇa ɮɨɪɦɭ, ɪaɡɦeɪ, ɜeɥɢɱɢɧɭ, ɰɜeɬ ɤɨɥɨɧɢɣ ɢ ɝɭɫɬɨɬɭ ɪɨɫɬa ɤɨɥɨɧɢɣ 

ɨɤaɡɵɜaeɬ ɛɨɥɶɲɨe ɜɥɢɹɧɢe ɫɨɫɬaɜ ɩɢɬaɬeɥɶɧɨɣ ɫɪeɞɵ, ɢ ɜɢɞɨɜaɹ 

ɫɩeɰɢɮɢɱɧɨɫɬɶ ɦɢɤɪɨɨɪɝaɧɢɡɦɨɜ.  

Ɇɨɪɮɨɥɨɝɢɸ ɢɡɭɱaɸɬ ɩɭɬёɦ ɦɢɤɪɨɫɤɨɩɢɢ ɦaɡɤɨɜ ɩaɬɨɥɨɝɢɱeɫɤɨɝɨ 

ɦaɬeɪɢaɥa ɢɥɢ ɢɫɫɥeɞɨɜaɧɢeɦ ɩɨɫaɠeɧɧɵɯ ɢ ɨɤɪaɲeɧɧɵɯ ɤɭɥɶɬɭɪ. Ɉɛɵɱɧɨ 
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ɨɛɪaɳaɸɬ ɜɧɢɦaɧɢe ɧa ɪaɡɦeɪ, ɮɨɪɦɭ (ɤɨɤɤɢ, ɩaɥɨɱɤɢ ɢɥɢ ɢɡɜɢɬɵe), 

ɪaɫɩɨɥɨɠeɧɢe (ɨɞɢɧɨɱɧɨ, ɰeɩɨɱɤaɦɢ, ɩɨɩaɪɧɨ, ɝɪɨɡɞɶɹɦɢ), ɧaɥɢɱɢe ɫɩɨɪ ɢ 

ɤaɩɫɭɥ, ɜɤɥɸɱeɧɢɣ ɢ ɠɝɭɬɢɤɨɜ. Ɉɩɪeɞeɥɹɸɬ ɩɨɞɜɢɠɧɨɫɬɶ (ɢɫɫɥeɞɨɜaɧɢe 

ɤɭɥɶɬɭɪ ɜ ɜɢɫɹɱeɣ ɤaɩɥe ɢɥɢ ɩɨɫeɜ ɧa ɩɨɥɭɠɢɞɤɭɸ ɫɪeɞɭ) [7]. 

Ȼɢɨɯɢɦɢɱeɫɤɭɸ aɤɬɢɜɧɨɫɬɶ ɢ ɦeɬaɛɨɥɢɡɦ ɦɢɤɪɨɨɪɝaɧɢɡɦɨɜ ɢɡɭɱaɸɬ ɧa 

ɞɢɮɮeɪeɧɰɢaɥɴɧɨ-ɞɢaɝɧɨɫɬɢɱeɫɤɢɯ ɫɪeɞaɯ. Ɉɩɪeɞeɥɹɸɬ ɫɩɨɫɨɛɧɨɫɬɶ ɛaɤɬeɪɢɣ 

ɪaɫɳeɩɥɹɬɶ ɛeɥɤɢ, ɠɢɪɵ ɢ ɭɝɥeɜɨɞɵ; ɪeɞɭɰɢɪɨɜaɬɶ ɨɪɝaɧɢɱeɫɤɢe ɤɪaɫɤɢ; 

ɜɨɫɫɬaɧaɜɥɢɜaɬɶ ɧɢɬɪaɬɵ ɜ ɧɢɬɪɢɬɵ ɢ ɧɢɬɪɢɬɵ ɜ aɦɦɢaɤ; ɜɵɞeɥɹɬɶ ɮeɪɦeɧɬɵ. 

 ɋeɪɨɥɨɝɢɱeɫɤɢɣ ɦeɬɨɞ ɜɤɥɸɱaeɬ ɢɫɫɥeɞɨɜaɧɢɹ ɫɵɜɨɪɨɬɤɢ ɤɪɨɜɢ, a ɬaɤɠe 

ɞɪɭɝɢɯ ɛɢɨɥɨɝɢɱeɫɤɢɯ ɫɭɛɫɬɪaɬɨɜ ɞɥɹ ɜɵɹɜɥeɧɢɹ ɫɩeɰɢɮɢɱeɫɤɢɯ aɧɬɢɬeɥ ɢ 

aɧɬɢɝeɧɨɜ. Ʉɥaɫɫɢɱeɫɤaɹ ɫeɪɨɞɢaɝɧɨɫɬɢɤa ɨɫɧɨɜaɧa ɧa ɨɩɪeɞeɥeɧɢɢ aɧɬɢɬeɥ ɤ 

ɜɵɹɜɥeɧɧɨɦɭ ɢɥɢ ɩɪeɞɩɨɥaɝaeɦɨɦɭ ɜɨɡɛɭɞɢɬeɥɸ. ɉɨɥɨɠɢɬeɥɶɧɵɣ ɪeɡɭɥɶɬaɬ 

ɪeaɤɰɢɢ ɫɜɢɞeɬeɥɶɫɬɜɭeɬ ɨ ɧaɥɢɱɢɢ ɜ ɢɫɫɥeɞɭeɦɨɣ ɫɵɜɨɪɨɬɤe ɤɪɨɜɢ aɧɬɢɬeɥ ɤ 

aɧɬɢɝeɧaɦ ɜɨɡɛɭɞɢɬeɥɹ, ɨɬɪɢɰaɬeɥɶɧɵɣ ɪeɡɭɥɶɬaɬ ɭɤaɡɵɜaeɬ ɧa ɢɯ ɨɬɫɭɬɫɬɜɢe. 

Ɉɛɧaɪɭɠeɧɢe ɜ ɢɫɫɥeɞɭeɦɨɣ ɫɵɜɨɪɨɬɤe ɤɪɨɜɢ aɧɬɢɬeɥ ɤ ɜɨɡɛɭɞɢɬeɥɸ ɪɹɞa 

ɢɧɮeɤɰɢɨɧɧɵɯ ɛɨɥeɡɧeɣ ɧeɞɨɫɬaɬɨɱɧɨ ɞɥɹ ɩɨɫɬaɧɨɜɤɢ ɞɢaɝɧɨɡa, ɩɨɫɤɨɥɶɤɭ ɨɧɨ 

ɦɨɠeɬ ɨɬɪaɠaɬɶ ɧaɥɢɱɢe ɩɨɫɬɢɧɮeɤɰɢɨɧɧɨɝɨ ɩɪɨɰeɫɫa, ɩɨɷɬɨɦɭ ɢɫɫɥeɞɭɸɬ 

«ɩaɪɧɵe» ɫɵɜɨɪɨɬɤɢ ɤɪɨɜɢ, ɩeɪɜɭɸ, ɜɡɹɬɭɸ ɜ ɩeɪɜɵe ɞɧɢ ɛɨɥeɡɧɢ, ɢ ɜɬɨɪɭɸ, 

ɜɡɹɬɭɸ ɫ ɢɧɬeɪɜaɥɨɦ 7—10 ɞɧeɣ. ȼ ɷɬɨɦ ɫɥɭɱae ɨɰeɧɢɜaɸɬ ɞɢɧaɦɢɤɭ 

ɧaɪaɫɬaɧɢɹ ɭɪɨɜɧɹ aɧɬɢɬeɥ. Ɉɞɧaɤɨ, ɧɭɠɧɨ ɭɱɢɬɵɜaɬɶ ɜeɪɨɹɬɧɨɫɬɶ ɬɨɝɨ, ɱɬɨ 

ɪaɡɧɵe ɪɨɞɫɬɜeɧɧɵe ɛaɤɬeɪɢɢ ɦɨɝɭɬ aɝɝɥɸɬɢɧɢɪɨɜaɬɶɫɹ ɨɞɧɨɣ ɢ ɬɨɣ ɠe 

ɞɢaɝɧɨɫɬɢɱeɫɤɨɣ ɫɵɜɨɪɨɬɤɨɣ, ɱɬɨ ɦɨɠeɬ ɡaɬɪɭɞɧɢɬɶ ɢɯ ɢɞeɧɬɢɮɢɤaɰɢɸ. 

ɉaɬɨɝeɧɧɨɫɬɶ ɢɫɫɥeɞɭeɦɵɯ ɦɢɤɪɨɨɪɝaɧɢɡɦɨɜ ɢɡɭɱaɸɬ ɡaɪaɠeɧɢeɦ 

ɥaɛɨɪaɬɨɪɧɵɯ ɠɢɜɨɬɧɵɯ. 

ɇa ɨɫɧɨɜaɧɢɢ ɩɨɥɭɱeɧɧɵɯ ɞaɧɧɵɯ, ɢɫɩɨɥɶɡɭɹ ɨɩɪeɞeɥɢɬeɥɢ 

ɦɢɤɪɨɨɪɝaɧɢɡɦɨɜ, ɭɫɬaɧaɜɥɢɜaɸɬ ɩɪɢɧaɞɥeɠɧɨɫɬɶ ɦɢɤɪɨɨɪɝaɧɢɡɦa ɤ 

ɨɩɪeɞeɥёɧɧɨɦɭ ɫeɦeɣɫɬɜɭ, ɪɨɞɭ ɢ ɜɢɞɭ [8]. 

Ɍɪaɞɢɰɢɨɧɧɵɣ ɦeɬɨɞ ɛaɤɬeɪɢɨɥɨɝɢɱeɫɤɨɝɨ aɧaɥɢɡa ɜɤɥɸɱaeɬ ɬɪɢ 

ɨɫɧɨɜɧɵɯ ɷɬaɩa: 
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1—ɉɨɫeɜ ɢɫɫɥeɞɭeɦɨɝɨ ɦaɬeɪɢaɥa ɧa ɱaɲɤɢ ɫ ɞɢɮɮeɪeɧɰɢaɥɶɧɨ-

ɞɢaɝɧɨɫɬɢɱeɫɤɢɦɢ ɫɪeɞaɦɢ; 

2—ɋɧɹɬɢe ɨɬɞeɥɶɧɵɯ ɤɨɥɨɧɢɣ ɢ ɧaɤɨɩɥeɧɢe ɱɢɫɬɨɣ ɤɭɥɶɬɭɪɵ ɫ 

ɩeɪɜɢɱɧɨɣ ɞɢɮɮeɪeɧɰɢaɰɢeɣ ɧa ɤɨɦɛɢɧɢɪɨɜaɧɧɵɯ ɩɢɬaɬeɥɶɧɵɯ ɫɪeɞaɯ; 

3—ɉɨɥɧaɹ ɢɞeɧɬɢɮɢɤaɰɢɹ ɜɵɞeɥeɧɧɨɣ ɤɭɥɶɬɭɪɵ ɩɨ ɤɨɦɩɥeɤɫɭ 

ɛɢɨɯɢɦɢɱeɫɤɢɯ ɩɪɢɡɧaɤɨɜ, aɧɬɢɝeɧɧɨɣ ɫɬɪɭɤɬɭɪe, ɩaɬɨɝeɧɧɨɫɬɢ, ɭɫɬɨɣɱɢɜɨɫɬɢ 

ɤ ɫɩeɰɢɮɢɱeɫɤɢɦ ɛaɤɬeɪɢɨɮaɝaɦ ɢ aɧɬɢɛɢɨɬɢɤaɦ. 

ȼɪeɦɹ ɩɪɨɜeɞeɧɢɹ ɦɢɤɪɨɛɢɨɥɨɝɢɱeɫɤɨɝɨ aɧaɥɢɡa ɨɛɵɱɧɨ ɫɨɫɬaɜɥɹeɬ ɨɬ 72 

ɱaɫɨɜ ɞɨ 4-5 ɫɭɬɨɤ. Ɍaɤɢe ɫɪɨɤɢ ɧe ɭɞɨɜɥeɬɜɨɪɹɸɬ ɷɩɢɞeɦɢɨɥɨɝɨɜ. Ɉɫɨɛeɧɧɨ ɜ 

ɜɢɞɭ ɩɨɹɜɥeɧɢɹ ɧɨɜɵɯ, ɨɱeɧɶ ɨɩaɫɧɵɯ ɡaɛɨɥeɜaɧɢɣ, ɬaɤɢɯ ɤaɤ, ɧaɩɪɢɦeɪ, 

ɥɢɯɨɪaɞɤa ɗɛɨɥa [9]. 

ɉɪɢ ɢɫɩɨɥɶɡɨɜaɧɢɢ ɬɪaɞɢɰɢɨɧɧɵɯ ɦeɬɨɞɨɜ:  

- ɬɪeɛɭeɬɫɹ ɦɧɨɝɨ ɜɪeɦeɧɢ ɧa ɢɞeɧɬɢɮɢɤaɰɢɸ ɦɢɤɪɨɨɪɝaɧɢɡɦɨɜ; 

- ɡaɬɪaɱɢɜaɸɬɫɹ ɡɧaɱɢɬeɥɶɧɵe ɦaɬeɪɢaɥɶɧɵe ɪeɫɭɪɫɵ; 

- ɧe ɨɩɪeɞeɥɹɸɬɫɹ ɧeɤɭɥɶɬɢɜɢɪɭeɦɵe ɛaɤɬeɪɢɢ. 

ɉɨɷɬɨɦɭ ɫɭɳeɫɬɜɭeɬ ɧeɨɛɯɨɞɢɦɨɫɬɶ ɢɫɩɨɥɶɡɨɜaɬɶ ɛɨɥee ɫɨɜɪeɦeɧɧɵe ɢ 

ɛɵɫɬɪɵe ɫɩɨɫɨɛɵ ɞɢaɝɧɨɫɬɢɤɢ. ȼ ɤaɱeɫɬɜe ɷɮɮeɤɬɢɜɧɨɝɨ ɦeɬɨɞa 

ɢɞeɧɬɢɮɢɤaɰɢɢ ɜ ɥaɛɨɪaɬɨɪɧɨɣ ɞɢaɝɧɨɫɬɢɤe ɞɥɹ ɨɩɪeɞeɥeɧɢɹ ɦɢɤɪɨɨɪɝaɧɢɡɦɨɜ 

ɜɫe ɱaɳe ɩɪɢɦeɧɹeɬɫɹ ɦeɬɨɞ ɉɐɊ. ɍɧɢɜeɪɫaɥɶɧɨɫɬɶ, ɜɵɫɨɤaɹ ɱɭɜɫɬɜɢɬeɥɶɧɨɫɬɶ 

ɢ ɨɬɧɨɫɢɬeɥɶɧaɹ ɩɪɨɫɬɨɬa ɢɫɩɨɥɧeɧɢɹ ɫɞeɥaɥɢ ɦeɬɨɞ ɉɐɊ ɧeɡaɦeɧɢɦɵɦ ɞɥɹ 

ɪeɲeɧɢɹ ɬaɤɢɯ ɡaɞaɱ ɞɢaɝɧɨɫɬɢɤɢ, ɤaɤ ɩɪɹɦɨe ɨɛɧaɪɭɠeɧɢe ɢ ɢɞeɧɬɢɮɢɤaɰɢɹ 

ɦɢɤɪɨɨɪɝaɧɢɡɦɨɜ, aɧaɥɢɡ ɦɭɬaɰɢɣ, ɫɜɹɡaɧɧɵɯ ɫ ɝeɧeɬɢɱeɫɤɢɦɢ ɡaɛɨɥeɜaɧɢɹɦɢ 

ɭ ɱeɥɨɜeɤa ɢ ɢɞeɧɬɢɮɢɤaɰɢɹ ɥɢɱɧɨɫɬɢ ɱeɥɨɜeɤa [10].  
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1.3 ȾɇɄ 

Ⱦeɡɨɤɫɢɪɢɛɨɧɭɤɥeɢ ɧɨɜaɹ ɤɢɫɥɨɬ   (ȾɇɄ) - ɦaɤɪɨɦɨɥeɤɭɥa, 

ɨɛeɫɩeɱɢɜaɸɳaɹ ɯɪaɧeɧɢe, ɩeɪeɞaɱɭ ɢɡ ɩɨɤɨɥeɧɢɹ ɜ ɩɨɤɨɥeɧɢe ɢ ɪeaɥɢɡaɰɢɸ 

ɝeɧeɬɢɱeɫɤɨɣ ɩɪɨɝɪaɦɦɵ ɪaɡɜɢɬɢɹ ɢ ɮɭɧɤɰɢɨɧɢɪɨɜaɧɢɹ ɠɢɜɵɯ ɨɪɝaɧɢɡɦɨɜ.  

 ȼ ɛɨɥɶɲɢɧɫɬɜe ɫɥɭɱaeɜ ɦaɤɪɨɦɨɥeɤɭɥa ȾɇɄ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɰeɩeɣ, 

ɨɪɢeɧɬɢɪɨɜaɧɧɵɯ aɡɨɬɢɫɬɵɦɢ ɨɫɧɨɜaɧɢɹɦɢ ɞɪɭɝ ɤ ɞɪɭɝɭ. ɗɬa ɞɜɭɯɰeɩɨɱeɱɧaɹ 

ɦɨɥeɤɭɥa ɫɩɢɪaɥɢɡɨɜaɧa. ȼ ɰeɥɨɦ ɫɬɪɭɤɬɭɪa ɦɨɥeɤɭɥɵ ȾɇɄ ɩɨɥɭɱɢɥa ɧaɡɜaɧɢe 

«ɞɜɨɣɧɨɣ ɫɩɢɪaɥɢ». Ɉɫɬɨɜ ɤaɠɞɨɣ ɢɡ ɰeɩeɣ ɫɨɫɬɨɢɬ ɢɡ ɱeɪeɞɭɸɳɢɯɫɹ ɮɨɫɮaɬɨɜ 

ɢ ɫaɯaɪɨɜ [11]. ȼɧɭɬɪɢ ɨɞɧɨɣ ɰeɩɢ ȾɇɄ ɫɨɫeɞɧɢe ɧɭɤɥeɨɬɢɞɵ ɫɨeɞɢɧeɧɵ 

ɮɨɫɮɨɞɢɷɮɢɪɧɵɦɢ ɫɜɹɡɹɦɢ, ɤɨɬɨɪɵe ɮɨɪɦɢɪɭɸɬɫɹ ɜ ɪeɡɭɥɶɬaɬe 

ɜɡaɢɦɨɞeɣɫɬɜɢɹ ɦeɠɞɭ 3'-ɝɢɞɪɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɨɣ ɦɨɥeɤɭɥɵ ɞeɡɨɤɫɢɪɢɛɨɡɵ 

ɨɞɧɨɝɨ ɧɭɤɥeɨɬɢɞa ɢ 5'-ɮɨɫɮaɬɧɨɣ ɝɪɭɩɩɨɣ ɞɪɭɝɨɝɨ. Aɫɢɦɦeɬɪɢɱɧɵe ɤɨɧɰɵ 

ɰeɩɢ ȾɇɄ ɧaɡɵɜaɸɬɫɹ 3' ɢ 5'. ɉɨɥɹɪɧɨɫɬɶ ɰeɩɢ ɢɝɪaeɬ ɜaɠɧɭɸ ɪɨɥɶ ɩɪɢ ɫɢɧɬeɡe 

ȾɇɄ (ɭɞɥɢɧeɧɢe ɰeɩɢ ɜɨɡɦɨɠɧɨ ɬɨɥɶɤɨ ɩɭɬёɦ ɩɪɢɫɨeɞɢɧeɧɢɹ ɧɨɜɵɯ 

ɧɭɤɥeɨɬɢɞɨɜ ɤ ɫɜɨɛɨɞɧɨɦɭ 3'-ɤɨɧɰɭ). 

 ȼ ȾɇɄ ɜɫɬɪeɱaeɬɫɹ ɱeɬɵɪe ɜɢɞa aɡɨɬɢɫɬɵɯ ɨɫɧɨɜaɧɢɣ. Aɡɨɬɢɫɬɵe 

ɨɫɧɨɜaɧɢɹ ɨɞɧɨɣ ɢɡ ɰeɩeɣ ɫɨeɞɢɧeɧɵ ɫ aɡɨɬɢɫɬɵɦɢ ɨɫɧɨɜaɧɢɹɦɢ ɞɪɭɝɨɣ ɰeɩɢ 

ɜɨɞɨɪɨɞɧɵɦɢ ɫɜɹɡɹɦɢ ɫɨɝɥaɫɧɨ ɩɪɢɧɰɢɩɭ ɤɨɦɩɥeɦeɧɬaɪɧɨɫɬɢ. 

ɉɨɫɥeɞɨɜaɬeɥɶɧɨɫɬɶ ɧɭɤɥeɨɬɢɞɨɜ ɩɨɡɜɨɥɹeɬ «ɤɨɞɢɪɨɜaɬɶ» ɢɧɮɨɪɦaɰɢɸ ɨ 

ɪaɡɥɢɱɧɵɯ ɬɢɩaɯ ɊɇɄ, ɧaɢɛɨɥee ɜaɠɧɵɦɢ ɢɡ ɤɨɬɨɪɵɯ ɹɜɥɹɸɬɫɹ 

ɢɧɮɨɪɦaɰɢɨɧɧɵe, ɢɥɢ ɦaɬɪɢɱɧɵe (ɦɊɇɄ), ɪɢɛɨɫɨɦaɥɶɧɵe (ɪɊɇɄ) ɢ 

ɬɪaɧɫɩɨɪɬɧɵe. 

 ɂɫɯɨɞɹ ɢɡ ɫɬɪɭɤɬɭɪɵ ɦɨɥeɤɭɥ, ɨɫɧɨɜaɧɢɹ, ɜɯɨɞɹɳɢe ɜ ɫɨɫɬaɜ 

ɧɭɤɥeɨɬɢɞɨɜ, ɪaɡɞeɥɹɸɬ ɧa ɞɜe ɝɪɭɩɩɵ: ɩɭɪɢɧɵ (aɞeɧɢɧ ɢ ɝɭaɧɢɧ) ɨɛɪaɡɨɜaɧɵ 

ɫɨeɞɢɧёɧɧɵɦɢ ɩɹɬɢ- ɢ ɲeɫɬɢɱɥeɧɧɵɦ ɝeɬeɪɨɰɢɤɥaɦɢ; ɢ ɩɢɪɢɦɢɞɢɧɵ (ɰɢɬɨɡɢɧ 

ɢ ɬɢɦɢɧ) — ɲeɫɬɢɱɥeɧɧɵɦ ɝeɬeɪɨɰɢɤɥɨɦ. 

 ȼ ɞɜɨɣɧɨɣ ɫɩɢɪaɥɢ ɪaɡɥɢɱaɸɬ ɦaɥɭɸ (12 Å) ɢ ɛɨɥɶɲɭɸ (22 Å) ɛɨɪɨɡɞɤɢ 

[12]. Ȼeɥɤɢ ɢ ɮaɤɬɨɪɵ ɬɪaɧɫɤɪɢɩɰɢɢ ɨɛɵɱɧɨ ɜɡaɢɦɨɞeɣɫɬɜɭɸɬ ɫ ɨɫɧɨɜaɧɢɹɦɢ, 

ɪaɫɩɨɥɨɠeɧɧɵɦɢ ɜ ɛɨɥɶɲɨɣ ɛɨɪɨɡɞɤe. 
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ȼɨɫɩɪɨɢɡɜeɞeɧɢe ɦɨɥeɤɭɥɵ ȾɇɄ ɨɫɧɨɜaɧɨ ɧa ɬɨɦ, ɱɬɨ ɤaɠɞaɹ ɰeɩɶ ɞɜɨɣɧɨɣ 

ɫɩɢɪaɥɢ ɫɥɭɠɢɬ ɦaɬɪɢɰeɣ ɞɥɹ ɫɛɨɪɤɢ ɧɨɜɵɯ ɦɨɥeɤɭɥ. Ɉɬɤɪɵɬɢe ȾɇɄ, ɤaɤ ɢ 

ɩɪaɤɬɢɱeɫɤɢ ɜɫe ɜeɥɢɤɢe ɨɬɤɪɵɬɢɹ, ɧe ɛɵɥɨ ɪeɡɭɥɶɬaɬɨɦ ɪaɛɨɬɵ ɨɞɢɧɨɤɨɝɨ 

ɝeɧɢɹ, a ɭɜeɧɱaɥɨ ɫɨɛɨɣ ɞɥɢɧɧɭɸ ɰeɩɶ ɷɤɫɩeɪɢɦeɧɬaɥɶɧɵɯ ɪaɛɨɬ [13]. 

ɇaɩɪɢɦeɪ, ɷɤɫɩeɪɢɦeɧɬ ɏeɪɲɢ—ɑeɣɡa ɩɪɨɞeɦɨɧɫɬɪɢɪɨɜaɥ, ɱɬɨ ɧɨɫɢɬeɥeɦ 

ɝeɧeɬɢɱeɫɤɨɣ ɢɧɮɨɪɦaɰɢɢ ɜ ɤɥeɬɤaɯ ɹɜɥɹeɬɫɹ ɢɦeɧɧɨ ȾɇɄ, a ɧe ɛeɥɤɢ. Eɳe ɜ 

1920-e ɝɨɞɵ aɦeɪɢɤaɧɫɤɢɣ ɛɢɨɯɢɦɢɤ Ɏɢɛɭɫ Ʌeɜɢɧ (Phoebus Levene) ɭɫɬaɧɨɜɢɥ, 

ɱɬɨ ɨɫɧɨɜa ȾɇɄ, — ɷɬɨ ɩɹɬɢaɬɨɦɧɵɣ ɫaɯaɪ ɞeɡɨɤɫɢɪɢɛɨɡa; ɮɨɫɮaɬɧaɹ ɝɪɭɩɩa ɢ 

ɱeɬɵɪe aɡɨɬɢɫɬɵɯ ɨɫɧɨɜaɧɢɹ. ȼ ɤɨɧɰe 1940-ɯ ɝɨɞɨɜ aɦeɪɢɤaɧɫɤɢɣ ɛɢɨɯɢɦɢɤ 

ɗɪɜɢɧ ɑaɪɝaɮɮ ɜɵɹɫɧɢɥ, ɱɬɨ ɜɨ ɜɫeɯ ȾɇɄ ɫɨɞeɪɠɢɬɫɹ ɪaɜɧɨe ɤɨɥɢɱeɫɬɜɨ 

ɨɫɧɨɜaɧɢɣ Ɍ ɢ A ɢ, aɧaɥɨɝɢɱɧɨ, ɪaɜɧɨe ɤɨɥɢɱeɫɬɜɨ ɨɫɧɨɜaɧɢɣ Ƚ ɢ ɐ, ɩɪɨɰeɧɬ 

ɫɨɨɬɧɨɲeɧɢɹ Ɍ\A ɢ Ƚ\ɐ ɹɜɥɹeɬɫɹ ɜaɠɧeɣɲeɣ ɜɢɞɨɫɩeɰɢɮɢɱɧɨɣ 

ɯaɪaɤɬeɪɢɫɬɢɤɨɣ.  

 

1.4 Ƚeɧeɬɢɱeɫɤaя ɫɢɫɬeɦa ɛaɤɬeɪɢɣ 

Ƚɟɧɟɬɢɱɟɫɤɢɣ  ɩɩ ɪ ɬ, ɢɥɢ ɧɭɤɥɟɨɢɞ, ɹɜɥɹɟɬɫɹ ɷɤɜɢɜ ɥɟɧɬɨɦ ɹɞɪ  ɭ 

ɛ ɤɬɟɪɢɣ.  ɇɭɤɥɟɨɢɞ, ɫɨɫɬɨɢɬ ɢɡ ɨɞɧɨɣ ɡ ɦɤɧɭɬɨɣ ɜ ɤɨɥɶɰɨ ɢɥɢ ɥɢɧɟɣɧɨɣ 

ɦɨɥɟɤɭɥɵ ȾɇɄ. ɋɬɪɭɤɬɭɪ  ȾɇɄ ɩɪɟɞɫɬ ɜɥɟɧ   ɧɬɢɩ ɪ ɥɥɟɥɶɧɨɣ ɞɜɨɣɧɨɣ 

ɩɪ ɜɨɡ ɤɪɭɱɟɧɧɨɣ ɫɩɢɪ ɥɶɸ Ƚeɧeɬɢɱeɫɤaɹ ɫɢɫɬeɦa ɛaɤɬeɪɢɣ ɫɨɫɬɨɢɬ ɢɡ 

ɧɭɤɥeɨɢɞa ɢ ɜɧeɧɭɤɥeɨɢɞɧɵɯ ɫɬɪɭɤɬɭɪ. Aɧaɥɨɝ ɹɞɪa ɩɪɨɤaɪɢɨɬɨɜ ɡɧaɱɢɬeɥɶɧɨ 

ɨɬɥɢɱaeɬɫɹ ɨɬ ɹɞɪa ɷɭɤaɪɢɨɬɢɱeɫɤɢɯ ɤɥeɬɨɤ. Ɉɧ ɩɪeɞɫɬaɜɥeɧ ɧɭɤɥeɨɢɞɨɦ [14], 

ɥɢɲeɧɧɵɦ ɨɛɨɥɨɱɤɢ ɢ ɜɤɥɸɱaɸɳeɦ ɜ ɫeɛɹ ɩɨɱɬɢ ɜɫɸ ȾɇɄ ɛaɤɬeɪɢɢ. 

Ȼaɤɬeɪɢaɥɶɧɵɣ ɧɭɤɥeɢɞ ɨɛɵɱɧɨ ɫɨɫɬɨɢɬ ɢɡ ɨɞɧɨɣ ɞɜɭɧɢɬeɜɨɣ ɦɨɥeɤɭɥɵ ȾɇɄ 

ɤɨɥɶɰeɜɨɣ ɮɨɪɦɵ. ɇaɫɥeɞɫɬɜeɧɧaɹ ɢɧɮɨɪɦaɰɢɹ ɭ ɛaɤɬeɪɢɣ ɯɪaɧɢɬɫɹ ɜ ɮɨɪɦe 

ɩɨɫɥeɞɨɜaɬeɥɶɧɨɫɬɢ ɧɭɤɥeɨɬɢɞɨɜ ȾɇɄ, ɤɨɬɨɪaɹ ɨɩɪeɞeɥɹeɬ ɩɨɫɥeɞɨɜaɬeɥɶɧɨɫɬɶ 

aɦɢɧɨɤɢɫɥɨɬɧɵɯ ɨɫɬaɬɤɨɜ ɜ ɦɨɥeɤɭɥe ɛeɥɤa. ȾɇɄ ɩɪɨɤaɪɢɨɬ ɢɦeeɬ 

ɫɭɳeɫɬɜeɧɧɵe ɨɬɥɢɱɢɹ ɜ ɫɬɪɭɤɬɭɪɧɨɣ ɨɪɝaɧɢɡaɰɢɢ ɨɬ ɷɭɤaɪɢɨɬɢɱeɫɤɨɣ ȾɇɄ: 

ɧɭɤɥeɨɢɞ ɛaɤɬeɪɢɣ ɧe ɢɦeeɬ ɹɞeɪɧɨɣ ɨɛɨɥɨɱɤɢ, ɹɞɪɵɲɤa ɢ ɨɫɧɨɜɧɵɯ ɛeɥɤɨɜ 

ɝɢɫɬɨɧɨɜ (ɢɦeɸɬɫɹ ɝɢɫɬɨɧɨɩɨɞɨɛɧɵe ɛeɥɤɢ - HU, H-NS, IHF, ɤɨɬɨɪɵe 
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ɭɱaɫɬɜɭɸɬ ɜ ɤɨɦɩaɤɬɢɡaɰɢɢ ȾɇɄ). Ƚeɧɨɦ ɤɨɦɩaɤɬeɧ, ɤɨɥɢɱeɫɬɜɨ 

ɧeɤɨɞɢɪɭɸɳɢɯ ɩɨɫɥeɞɨɜaɬeɥɶɧɨɫɬeɣ ȾɇɄ ɦɢɧɢɦaɥɶɧɨ, ɝeɧɵ ɧe ɧeɫɭɬ 

ɢɧɬɪɨɧɨɜ (ɡa ɢɫɤɥɸɱeɧɢeɦ aɪɯeɛaɤɬeɪɢɣ). Ƚeɧɵ – ɞɢɫɤɪeɬɧɵe ɭɱaɫɬɤɢ ɧa ȾɇɄ, 

ɤɨɬɨɪɵe ɨɬɥɢɱaɸɬɫɹ ɱɢɫɥɨɦ ɢ ɫɩeɰɢɮɢɱɧɨɫɬɶɸ ɩɨɫɥeɞɨɜaɬeɥɶɧɨɫɬɢ 

ɧɭɤɥeɨɬɢɞɨɜ, ɜ ɤɨɬɨɪɵɯ ɨɛɵɱɧɨ ɡaɲɢɮɪɨɜaɧa ɢɧɮɨɪɦaɰɢɹ ɨ ɫɬɪɭɤɬɭɪe ɢ 

ɫɜɨɣɫɬɜaɯ ɛeɥɤɨɜ. Ʉaɠɞɨɦɭ ɛeɥɤɭ ɫɨɨɬɜeɬɫɬɜɭeɬ ɫɜɨɣ ɝeɧ, ɬ.e., ɞɢɫɤɪeɬɧɵɣ 

ɭɱaɫɬɨɤ ɧa ȾɇɄ, ɨɬɥɢɱaɸɳɢɣɫɹ ɱɢɫɥɨɦ ɢ ɫɩeɰɢɮɢɱɧɨɫɬɶɸ ɩɨɫɥeɞɨɜaɬeɥɶɧɨɫɬɢ 

ɧɭɤɥeɨɬɢɞɨɜ. Ⱦɥɹ ɤɨɞɢɪɨɜaɧɢɹ ɛeɥɤɨɜ ɢɧɨɝɞa ɢɫɩɨɥɶɡɭɸɬɫɹ 2 ɢɥɢ 3 ɪaɦɤɢ 

ɫɱɢɬɵɜaɧɢɹ ɨɞɧɨɣ ɢ ɬɨɣ ɠe ɩɨɫɥeɞɨɜaɬeɥɶɧɨɫɬɢ ȾɇɄ, ɱɬɨ ɩɨɜɵɲaeɬ 

ɤɨɞɢɪɭɸɳɢɣ ɩɨɬeɧɰɢaɥ ɝeɧɨɦa ɛeɡ ɭɜeɥɢɱeɧɢɹ eɝɨ ɪaɡɦeɪa [15]. 

ȼ ɤɥeɬɤaɯ ɛaɤɬeɪɢɣ ɢ aɪɯeɣ ɤɨɥɶɰeɜɵe ɢɥɢ ɥɢɧeɣɧɵe ɦɨɥeɤɭɥɵ ȾɇɄ 

ɩɪɢɤɪeɩɥeɧɵ ɢɡɧɭɬɪɢ ɤ ɤɥeɬɨɱɧɨɣ ɦeɦɛɪaɧe. ɍ ɧɢɯ ɢ ɭ ɧɢɡɲɢɯ ɷɭɤaɪɢɨɬ ɤɪɨɦe 

ɯɪɨɦɨɫɨɦaɥɶɧɨɣ (ɧɭɤɥeɨɢɞɧɨɣ) ȾɇɄ ɜɫɬɪeɱaɸɬɫɹ ɬaɤɠe ɧeɛɨɥɶɲɢe 

aɜɬɨɧɨɦɧɵe, ɩɪeɢɦɭɳeɫɬɜeɧɧɨ ɤɨɥɶɰeɜɵe ɦɨɥeɤɭɥɵ ȾɇɄ, ɧaɡɵɜaeɦɵe 

ɩɥaɡɦɢɞaɦɢ. ɉɥaɡɦɢɞɵ - ɤɨɥɶɰeɜɵe ȾɇɄ ɞɥɢɧɨɣ ɨɬ ɧeɫɤɨɥɶɤɢɯ ɬɵɫɹɱ ɞɨ ɫɨɬeɧ 

ɬɵɫɹɱ ɩ.ɨ ɂɯ ɱɢɫɥɨ ɜ ɤaɠɞɨɦ ɦɢɤɪɨɨɪɝaɧɢɡɦe ɦɨɠeɬ ɜaɪɶɢɪɨɜaɬɶ [16]. 

ɉɥaɡɦɢɞɵ – aɜɬɨɧɨɦɧɨ ɪeɩɥɢɰɢɪɭɸɳɢeɫɹ ɜɧeɯɪɨɦɨɫɨɦɧɵe ɝeɧeɬɢɱeɫɤɢe 

ɷɥeɦeɧɬɵ. ȼ ɨɬɥɢɱɢe ɨɬ ɯɪɨɦɨɫɨɦ ɩɥaɡɦɢɞɵ ɹɜɥɹɸɬɫɹ «ɧeɨɛɹɡaɬeɥɶɧɵɦ» 

ɝeɧeɬɢɱeɫɤɢɦ ɦaɬeɪɢaɥɨɦ, ɩɨɬeɪɹ ɤɨɬɨɪɨɝɨ ɧe ɩɪɢɜɨɞɢɬ ɤ ɝɢɛeɥɢ ɤɥeɬɤɢ. 

Ɉɞɧaɤɨ ɦɧɨɝɢe ɤɪɭɩɧɵe ɩɥaɡɦɢɞɵ ɫɨɞeɪɠaɬ ɝeɧɵ, ɤɨɬɨɪɵe ɨɬɜeɱaɸɬ ɡa ɜaɠɧɵe 

ɞɥɹ ɤɥeɬɤɢ ɮɭɧɤɰɢɢ, ɧɭɠɧɵe ɜ ɨɩɪeɞeɥeɧɧɵɯ ɷɤɨɥɨɝɢɱeɫɤɢɯ ɭɫɥɨɜɢɹɯ. 

ɉɪɢɨɛɪeɬaeɦɵe ɫ ɩɥaɡɦɢɞaɦɢ ɧɨɜɵe ɩɪɢɡɧaɤɢ ɜ ɪɹɞe ɫɥɭɱaeɜ ɨɩɪeɞeɥɹɸɬ 

ɧaɡɜaɧɢɹ ɩɥaɡɦɢɞ: ɧaɩɪɢɦeɪ, F-ɩɥaɡɦɢɞa (fertility factor), ɩɪɢɞaɸɳaɹ ɤɥeɬɤaɦ 

ɞɨɧɨɪɧɵe ɫɜɨɣɫɬɜa, ɢɥɢ R-ɩɥaɡɦɢɞa, ɨɩɪeɞeɥɹɸɳaɹ ɪeɡɢɫɬeɧɬɧɨɫɬɶ ɤɥeɬɨɤ ɤ 

aɧɬɢɛɢɨɬɢɤaɦ [17]. 

Ƚeɧɨɦɵ ɩɪɨɤaɪɢɨɬ ɹɜɥɹɸɬɫɹ ɞɢɧaɦɢɱɧɵɦɢ ɫɬɪɭɤɬɭɪaɦɢ ɞaɠe ɜ ɩɪeɞeɥaɯ 

ɨɞɧɨɝɨ ɜɢɞa. ɂɫɯɨɞɹ ɢɡ ɜɧɭɬɪɢɜɢɞɨɜɨɣ ɜaɪɢaɛeɥɶɧɨɫɬɢ ɝeɧɨɦɨɜ ɫɥɨɠɢɥɢɫɶ 

ɩɪeɞɫɬaɜɥeɧɢɹ ɨ ɛaɡɨɜɨɦ ɢ ɝɢɛɤɨɦ ɜɫɩɨɦɨɝaɬeɥɶɧɨɦ ɧaɛɨɪe ɝeɧɨɜ. 

Ʉɨɧɫeɪɜaɬɢɜɧɵɣ ɛaɡɨɜɵɣ ɧaɛɨɪ ɜɤɥɸɱaeɬ ɝeɧɵ ɬaɤ ɧaɡɵɜaeɦɨɝɨ «ɞɨɦaɲɧeɝɨ 

ɯɨɡɹɣɫɬɜa», ɨɬɜeɬɫɬɜeɧɧɵe ɡa ɢɧɮɨɪɦaɰɢɨɧɧɵe ɫɢɫɬeɦɵ ɪeɩɥɢɤaɰɢɢ, 
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ɬɪaɧɫɤɪɢɩɰɢɢ, ɬɪaɧɫɥɹɰɢɢ, ɤɥɸɱeɜɵe ɩɭɬɢ ɦeɬaɛɨɥɢɡɦa ɢ ɮɨɪɦɢɪɨɜaɧɢɹ 

ɤɥeɬɨɱɧɵɯ ɫɬɪɭɤɬɭɪ, ɨɩɪeɞeɥɹɸɳɢɯ ɜɢɞɨɜɭɸ (ɪɨɞɨɜɭɸ) ɩɪɢɧaɞɥeɠɧɨɫɬɶ. ȼ 

ɤaɬeɝɨɪɢɸ ɜɫɩɨɦɨɝaɬeɥɶɧɵɯ ɜɯɨɞɹɬ ɨɩeɪaɰɢɨɧɧɵe ɝeɧɵ, ɤɨɧɬɪɨɥɢɪɭɸɳɢe 

ɪaɡɧɵe ɩɪɨɰeɫɫɵ ɦeɬaɛɨɥɢɡɦa ɢ ɦɨɪɮɨɮɢɡɢɨɥɨɝɢɱeɫɤɢe ɩɪɢɡɧaɤɢ, 

ɨɛeɫɩeɱɢɜaɸɳɢe ɩɪɢɫɩɨɫɨɛɥeɧɧɨɫɬɶ ɤ ɨɩɪeɞeɥeɧɧɨɣ ɷɤɨɥɨɝɢɱeɫɤɨɣ ɧɢɲe. 

Ɇɧɨɝɢe ɢɡ ɬaɤɢɯ ɝeɧɨɜ ɥɨɤaɥɢɡɨɜaɧɵ ɜ ɩɥaɡɦɢɞaɯ, ɦɨɛɢɥɶɧɵɯ ɷɥeɦeɧɬaɯ, 

ɤɨɬɨɪɵe ɧe ɨɛɹɡaɬeɥɶɧɨ ɩɪɢɫɭɬɫɬɜɭɸɬ ɜɨ ɜɫeɯ ɲɬaɦɦaɯ ɨɞɧɨɝɨ ɜɢɞa [18]. 

Ȼaɤɬeɪɢaɥɶɧɵɣ ɧɭɤɥeɨɢɞ ɫɨɞeɪɠɢɬ ɞɨ 4000 ɨɬɞeɥɶɧɵɯ ɝeɧɨɜ. Ɋaɡɦeɪɵ 

ɛaɤɬeɪɢaɥɶɧɨɝɨ ɧɭɤɥeɨɢɞa ɭ ɪaɡɥɢɱɧɵɯ ɩɪeɞɫɬaɜɢɬeɥeɣ ɰaɪɫɬɜa Procaryotae 

ɜaɪɶɢɪɭɸɬ ɨɬ 3ɯ108 ɞɨ 3ɯ109Ⱦ. 

1.5 Ƚeɧ 16S ɪɊɇɄ 

ɂɞeaɥɶɧɵɦ ɦaɪɤeɪɨɦ ɞɥɹ ɢɞeɧɬɢɮɢɤaɰɢɢ ɦɢɤɪɨɨɪɝaɧɢɡɦɨɜ ɨɤaɡaɥɫɹ ɝeɧ, 

ɤɨɞɢɪɭɸɳɢɣ 16S ɪɢɛɨɫɨɦaɥɶɧɭɸ ɊɇɄ [19]. ɗɬɨɬ ɝeɧ eɫɬɶ ɜ ɝeɧɨɦe ɜɫeɯ 

ɢɡɜeɫɬɧɵɯ ɛaɤɬeɪɢɣ ɢ aɪɯeɣ, ɧɨ ɨɬɫɭɬɫɬɜɭeɬ ɭ ɜɢɪɭɫɨɜ ɢ ɜ ɹɞeɪɧɵɯ ɯɪɨɦɨɫɨɦaɯ 

ɷɭɤaɪɢɨɬ. Ƚeɧ 16S ɪɊɇɄ eɫɬɶ ɜ ɷɭɤaɪɢɨɬaɯ ɜ ɦɢɬɨɯɨɧɞɪɢaɥɶɧɨɣ ȾɇɄ. ɗɬɨɬ ɝeɧ 

ɢɦeeɬ ɤaɤ ɤɨɧɫeɪɜaɬɢɜɧɵe ɭɱaɫɬɤɢ ɬaɤ ɢ ɜɢɞɨɫɩeɰɢɮɢɱɧɵe [20, 21] 

Ʉɨɧɫeɪɜaɬɢɜɧɵe ɭɱaɫɬɤɢ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜaɬɶ ɞɥɹ ɩeɪɜɨɝɨ ɷɬaɩa ɩɨɥɢɦeɪaɡɧɨɣ 

ɰeɩɧɨɣ ɪeaɤɰɢɢ — ɩɪɢɫɨeɞɢɧeɧɢɹ ɩɪaɣɦeɪɨɜ ɤ ɢɫɫɥeɞɭeɦɨɣ ɧɢɬɢ ȾɇɄ, a 

ɜɢɞɨɫɩeɰɢɮɢɱɧɵe — ɞɥɹ ɨɩɪeɞeɥeɧɢɹ ɜɢɞɨɜ. ɋɬeɩeɧɶ ɫɯɨɠeɫɬɢ 

ɜɢɞɨɫɩeɰɢɮɢɱɧɵɯ ɭɱaɫɬɤɨɜ ɨɱeɧɶ ɯɨɪɨɲɨ ɨɬɪaɠaeɬ ɷɜɨɥɸɰɢɨɧɧɨe ɪɨɞɫɬɜɨ 

ɪaɡɧɵɯ ɜɢɞɨɜ. 

ɇɭɤɥeɨɬɢɞɧɵe ɩɨɫɥeɞɨɜaɬeɥɶɧɨɫɬɢ 16S ɪɊɇɄ ɦɧɨɝɢɯ ɢɡɜeɫɬɧɵɯ ɛaɤɬeɪɢɣ 

ɢ aɪɯeɣ ɞɨɫɬɭɩɧɵ. ȼɵɹɜɥeɧɧɵe ɩɨɫɥeɞɨɜaɬeɥɶɧɨɫɬɢ ɢɡɭɱaeɦɵɯ 

ɦɢɤɪɨɨɪɝaɧɢɡɦɨɜ ɦɨɠɧɨ ɫɪaɜɧɢɬɶ ɫ ɩɪɢɫɭɬɫɬɜɭɸɳɢɦɢ ɜ ɛaɡaɯ ɞaɧɧɵɯ ɢ 

ɢɞeɧɬɢɮɢɰɢɪɨɜaɬɶ ɜɢɞ ɛaɤɬeɪɢɢ. ȼ ɩɨɫɥeɞɧee ɜɪeɦɹ ɢɞeɬ ɢɧɬeɧɫɢɜɧɵɣ 

ɩeɪeɫɦɨɬɪ ɫɬaɪɨɣ, ɮeɧɨɬɢɩɢɱeɫɤɨɣ, ɤɥaɫɫɢɮɢɤaɰɢɢ ɛaɤɬeɪɢɣ, ɨɫɧɨɜaɧɧɨɣ ɧa 

ɩɥɨɯɨ ɮɨɪɦaɥɢɡɭeɦɵɯ ɤɪɢɬeɪɢɹɯ — ɨɬ ɜɧeɲɧeɝɨ ɜɢɞa ɤɨɥɨɧɢɣ ɞɨ ɫɩɨɫɨɛɧɨɫɬɢ 

ɨɤɪaɲɢɜaɬɶɫɹ ɪaɡɧɵɦɢ ɤɪaɫɢɬeɥɹɦɢ. ɇɨɜaɹ ɫɢɫɬeɦaɬɢɤa ɨɩɢɪaeɬɫɹ ɧa 
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ɦɨɥeɤɭɥɹɪɧɵe ɤɪɢɬeɪɢɢ (ɧɭɤɥeɨɬɢɞɧaɹ ɩɨɫɥeɞɨɜaɬeɥɶɧɨɫɬɶ ɝeɧa 16S ɪɊɇɄ) ɢ 

ɬɨɥɶɤɨ ɨɬɱaɫɬɢ ɩɨɜɬɨɪɹeɬ ɮeɧɨɬɢɩɢɱeɫɤɭɸ. 

 

1.6 ȼɵɞeɥeɧɢe ȾɇɄ 

ȼɵɞeɥeɧɢe ȾɇɄ ɢ ɊɇɄ — ɧeɨɛɯɨɞɢɦɵɣ ɲaɝ ɩɨɞɝɨɬɨɜɤɢ ɩɪɨɛ ɩeɪeɞ 

ɛɢɨɯɢɦɢɱeɫɤɢɦɢ ɢ ɞɢaɝɧɨɫɬɢɱeɫɤɢɦɢ ɩɪɨɰeɫɫaɦɢ. Ɇɧɨɝɢe ɛɢɨɯɢɦɢɱeɫɤɢe 

ɩɪɨɰeɫɫɵ, ɬaɤɢe ɤaɤ aɦɩɥɢɮɢɤaɰɢɹ, ɩɪɨɜeɞeɧɢe ɨɛɪaɬɧɨɣ ɬɪaɧɫɤɪɢɩɰɢɢ, 

ɫɢɤɜeɧɫ, ɝɢɛɪɢɞɢɡaɰɢɹ, ɫɢɧɬeɡ ȾɇɄ, ɧe ɦɨɝɭɬ ɛɵɬɶ ɜɵɩɨɥɧeɧɵ 

ɧeɩɨɫɪeɞɫɬɜeɧɧɨ ɧa ɛɢɨɥɨɝɢɱeɫɤɢɯ ɨɛɪaɡɰaɯ ɛeɡ ɩɪeɞɜaɪɢɬeɥɶɧɨɝɨ ɜɵɞeɥeɧɢɹ ɢ 

ɨɱɢɫɬɤɢ ɧɭɤɥeɢɧɨɜɵɯ ɤɢɫɥɨɬ. ɋɭɳeɫɬɜɭeɬ ɧeɫɤɨɥɶɤɨ ɨɛɳeɩɪɢɡɧaɧɧɵɯ ɦeɬɨɞɨɜ 

ɩɨɥɭɱeɧɢɹ ȾɇɄ ɢɡ ɛɢɨɥɨɝɢɱeɫɤɨɝɨ ɦaɬeɪɢaɥa, ɢ ɜ ɡaɜɢɫɢɦɨɫɬɢ ɨɬ ɩɨɫɬaɜɥeɧɧɨɣ 

ɡaɞaɱɢ [22] ɧɭɠɧɨ ɜɵɛɪaɬɶ ɧaɢɛɨɥee ɨɩɬɢɦaɥɶɧɭɸ ɦeɬɨɞɢɤɭ. ɉɪɢ ɜɵɛɨɪe 

ɧɭɠɧɨ ɩɨɦɧɢɬɶ ɩɪɨ ɧeɫɤɨɥɶɤɨ ɬɪeɛɨɜaɧɢɣ, ɩɪeɞɴɹɜɥɹeɦɵɯ ɤ ɤɨɧeɱɧɨɦɭ 

ɪeɡɭɥɶɬaɬɭ, ɧaɩɪɢɦeɪ - ɜɵɫɨɤɢɣ ɜɵɯɨɞ ɧɭɠɧɨɝɨ ɦaɬeɪɢaɥa; ɜɪeɦɹ, ɬɪeɛɭeɦɨe 

ɞɥɹ ɩɨɥɭɱeɧɢɹ ɤɨɧeɱɧɨɝɨ ɩɪɨɞɭɤɬa; ɜɵɫɨɤɨe ɤaɱeɫɬɜɨ ɩɨɥɭɱeɧɧɨɝɨ ɦaɬeɪɢaɥa. 

ȼ ɥɢɬeɪaɬɭɪe ɨɩɢɫaɧɨ ɦɧɨɠeɫɬɜɨ ɦeɬɨɞɨɜ, ɩɨɡɜɨɥɹɸɳɢɯ ɜɵɞeɥɹɬɶ 

ɧɭɤɥeɢɧɨɜɵe ɤɢɫɥɨɬɵ ɢɡ ɪaɡɧɨɨɛɪaɡɧɵɯ ɛɢɨɥɨɝɢɱeɫɤɢɯ ɦaɬeɪɢaɥɨɜ, ɨɞɧaɤɨ ɧe 

ɜɫe ɩɪɢɝɨɞɧɵ ɞɥɹ aɜɬɨɦaɬɢɡaɰɢɢ ɷɬɨɝɨ ɩɪɨɰeɫɫa, ɛɨɥee ɬɨɝɨ ɧa ɦɧɨɝɢɯ ɫɬaɞɢɹɯ 

ɜɵɞeɥeɧɢɹ ɩɪɢɫɭɬɫɬɜɭeɬ ɜɵɫɨɤɢɣ ɪɢɫɤ ɤɨɧɬaɦɢɧaɰɢɢ ɩɨɥɭɱeɧɧɨɝɨ ɩɪeɩaɪaɬa. 

[23]. Ɇeɬɨɞɵ ɜɵɞeɥeɧɢɹ ȾɇɄ ɦɨɠɧɨ ɪaɡɞeɥɢɬɶ ɧa ɠɢɞɤɨ - ɢ ɬɜeɪɞɨɮaɡɧɵe 

ɦeɬɨɞɵ.  

 ɀɢɞɤɨɮaɡɧɵe ɦeɬɨɞɵ ɩɪɢɦeɧɹɸɬɫɹ ɤɨɝɞa ɬɪeɛɭeɬɫɹ ɥɢɡɢɫ 

ɛɢɨɥɨɝɢɱeɫɤɨɝɨ ɦaɬeɪɢaɥa (ɧaɩɪɢɦeɪ ɤɪɨɜɶ ɢɥɢ ɬɤaɧɶ) ɞeɬeɪɝeɧɬaɦɢ ɢɥɢ 

ɯaɨɬɪɨɩɧɵɦɢ ɜeɳeɫɬɜaɦɢ. ɉɨɫɥe ɫɬaɞɢɢ ɥɢɡɢɫa ɫɥeɞɭeɬ ɧeɫɤɨɥɶɤɨ ɫɬaɞɢɣ ɜ 

ɤɨɬɨɪɵɯ ɩɪɢɦeɧɹɸɬ ɨɪɝaɧɢɱeɫɤɢe ɪaɫɬɜɨɪɢɬeɥɢ (ɮeɧɨɥ, ɯɥɨɪɨɮɨɪɦ ɢɥɢ 

ɷɬaɧɨɥ). ɉɪɢ ɩɨɦɨɳɢ ɩeɪɯɥɨɪaɬa ɧaɬɪɢɹ [24] ɦɨɠɧɨ ɞɨɫɬɢɝɧɭɬɶ ɩɨɥɧɨɝɨ 

ɪaɡɞeɥeɧɢɹ ɛeɥɤɨɜ ɢ ɧɭɤɥeɢɧɨɜɵɯ ɤɢɫɥɨɬ. ɋɬaɧɞaɪɬɧaɹ ɦeɬɨɞɢɤa ɩɨɥɭɱeɧɢɹ 

ɱɢɫɬɨɝɨ ɩɪeɩaɪaɬa ɨɫɧɨɜaɧa ɧa ɬɨɦ, ɱɬɨ ȾɇɄ ɹɜɥɹeɬɫɹ ɩɨɥɹɪɧɨɣ ɦɨɥeɤɭɥɨɣ ɢ ɧe 

ɪaɫɬɜɨɪɹeɬɫɹ ɜ ɨɪɝaɧɢɱeɫɤɢɯ ɪaɫɬɜɨɪɢɬeɥɹɯ. Ɍɪaɞɢɰɢɨɧɧɨ ɞɥɹ ɜɵɞeɥeɧɢɹ ȾɇɄ 
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ɢɫɩɨɥɶɡɭeɬɫɹ ɮeɧɨɥ-ɯɥɨɪɨɮɨɪɦɧaɹ ɷɤɫɬɪaɤɰɢɹ. ɉɪɢ ɩeɪeɦeɲɢɜaɧɢɢ 

ɤɥeɬɨɱɧɨɝɨ ɥɢɡaɬa ɢ ɮeɧɨɥa ɮɨɪɦɢɪɭɸɬɫɹ ɞɜe ɮaɡɵ. ȾɇɄ ɧaɯɨɞɢɬɫɹ ɜ ɜeɪɯɧeɣ 

(ɜɨɞɧɨɣ) ɮaɡe, a ɞeɧaɬɭɪɢɪɨɜaɧɧɵe ɛeɥɤɢ — ɜ ɧɢɠɧeɣ (ɨɪɝaɧɢɱeɫɤɨɣ) ɮaɡe [25]. 

ȼ ɷɬɨɦ ɫɩɨɫɨɛe ɩɪɢɫɭɬɫɬɜɭeɬ ɧeɫɤɨɥɶɤɨ ɫɬaɞɢɣ ɰeɧɬɪɢɮɭɝɢɪɨɜaɧɢɹ ɢ 

ɠɢɞɤɨɫɬɧɨɣ ɷɤɫɬɪaɤɰɢɢ, ɩɨɷɬɨɦɭ ɞaɧɧɵɣ ɫɩɨɫɨɛ ɧeɥɶɡɹ aɜɬɨɦaɬɢɡɢɪɨɜaɬɶ. 

 ɋɭɳeɫɬɜɭeɬ ɧeɫɤɨɥɶɤɨ ɦeɬɨɞɨɜ, ɫɨɝɥaɫɧɨ ɤɨɬɨɪɵɦ ɢɡ ɨɞɧɨɝɨ ɨɛɪaɡɰa 

ɦɨɠɧɨ ɜɵɞeɥɢɬɶ ɨɞɧɨɜɪeɦeɧɧɨ ȾɇɄ ɢ ɊɇɄ [26]. ɉɪɢ ɷɬɨɦ ɢɫɩɨɥɶɡɭɸɬɫɹ 

ɫɢɥɶɧɵe ɯaɨɬɪɨɩɧɵe aɝeɧɬɵ, ɬaɤɢe ɤaɤ ɝɭaɧɢɞɢɧ ɬɢɨɰɢaɧaɬ ɢ ɰeɡɢɹ ɬɪɢ- 

ɮɥɭɨɪɨaɰeɬaɬ ɞɥɹ ɨɞɧɨɜɪeɦeɧɧɨɝɨ ɪaɡɪɭɲeɧɢɹ ɤɥeɬɨɱɧɵɯ ɦeɦɛɪaɧ ɢ 

ɢɧaɤɬɢɜaɰɢɢ ɜɧɭɬɪɢɤɥeɬɨɱɧɵɯ ɪɢɛɨɧɭɤɥeaɡ (ɊɇɄaɡ). Ʌɢɦɢɬɢɪɭɸɳɢɦɢ ɮaɤ- 

ɬɨɪaɦɢ ɬaɤɢɯ ɦeɬɨɞɢɤ ɹɜɥɹɸɬɫɹ ɧeɨɛɯɨɞɢɦɨɫɬɶ ɭɥɶɬɪaɰeɧɬɪɢɮɭɝɢɪɨɜaɧɢɹ ɢ 

ɛɨɥɶɲɨe ɜɪeɦɹ aɧaɥɢɡa (16–44 ɱ) [27].  

 ȼ ɬɜeɪɞɨɮaɡɧɵɯ ɦeɬɨɞaɯ ɜɵɞeɥeɧɢɹ ɧɭɤɥeɢɧɨɜɵɯ ɤɢɫɥɨɬ ɢɫɩɨɥɶɡɭɸɬɫɹ 

ɫɥeɞɭɸɳɢe ɩɪɨɰeɫɫɵ ɢ ɩɪɢɧɰɢɩɵ: ɜɨɞɨɪɨɞɧɵe ɫɜɹɡɢ ɫ ɧeɦɨɞɢɮɢɰɢɪɨɜaɧɧɨɣ 

ɝɢɞɪɨɮɢɥɶɧɨɣ ɦaɬɪɢɰeɣ; ɢɨɧɨɨɛɦeɧ ɜ ɜɨɞɧɨɦ ɪaɫɬɜɨɪe; aɮɮɢɧɧɨɫɬɶ; 

ɦeɯaɧɢɡɦɵ ɢɫɤɥɸɱeɧɢɹ ɩɨ ɪaɡɦeɪɭ. Ɍɜeɪɞɨɮaɡɧɵe ɫɢɫɬeɦɵ, aɞɫɨɪɛɢɪɭɸɳɢe 

ɧɭɤɥeɢɧɨɜɵe ɤɢɫɥɨɬɵ, — ɷɬɨ ɱaɫɬɢɰɵ ɧa ɨɫɧɨɜe ɤɜaɪɰa, ɫɬeɤɥɹɧɧɵe ɜɨɥɨɤɧa, 

aɧɢɨɧɨɨɛɦeɧɧɵe ɧɨɫɢɬeɥɢ [28], ɤɨɬɨɪɵe ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɯɪɨɦaɬɨ- ɝɪaɮɢɱeɫɤɢɯ 

ɫeɩaɪaɰɢɨɧɧɵɯ ɤɨɥɨɧɤaɯ. 

 Ɉɱeɧɶ ɭɞɨɛɧɵɦ ɹɜɥɹeɬɫɹ ɦeɬɨɞ ɜɵɞeɥeɧɢɹ ɧɭɤɥeɢɧɨɜɵɯ ɤɢɫɥɨɬ, 

ɩɪeɞɥɨɠeɧɧɵɣ Santosa [29]. ɗɬɨɬ ɦeɬɨɞ ɜɤɥɸɱaeɬ ɜ ɫeɛɹ ɫɬaɞɢɸ ɥɢɡɢɫa ɤɥeɬɨɤ 

ɫɢɥɶɧɵɦ ɯaɨɬɪɨɩɧɵɦ aɝeɧɬɨɦ, ɤɨɬɨɪɵɣ ɪaɡɪɭɲaeɬ ɤɥeɬɨɱɧɵe ɦeɦɛɪaɧɵ ɢ 

ɞeɡaɤɬɢɜɢɪɭeɬ ɜɧɭɬɪɢɤɥeɬɨɱɧɵe ɊɇɄaɡɵ, ɩɨɬɨɦ ɩɪɨɢɫɯɨɞɢɬ ɫɨɪɛɰɢɹ 

ɧɭɤɥeɢɧɨɜɨɣ ɤɢɫɥɨɬɵ ɧa ɧɨɫɢɬeɥe (ɫɬeɤɥɹɧɧɵe ɛɭɫɵ, ɞɢaɬɨɦɨɜaɹ ɡeɦɥɹ, 

ɫɬeɤɥɹɧɧɨe "ɦɨɥɨɤɨ" ɢ ɬ. ɞ.). ɇɭɤɥeɢɧɨɜaɹ ɤɢɫɥɨɬa ɨɛɪaɬɢɦɨ ɫɜɹɡɵɜaeɬɫɹ ɫɨ 

ɫɬeɤɥɨɦ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɜɵɫɨɤɨɣ ɤɨɧɰeɧɬɪaɰɢɢ ɯaɨɬɪɨɩɧɵɯ ɫɨɥeɣ (ɝɭaɧɢɞɢɧ 

ɯɥɨɪɢɞa, ɝɭaɧɢɞɢɧ ɬɢɨɰɢaɧaɬa). ȼ ɬaɤɢɯ ɭɫɥɨɜɢɹɯ ɫɜɹɡɵɜaɧɢɹ ɛeɥɤɨɜ ɫ 

ɦaɬɪɢɰeɣ ɧe ɩɪɨɢɫɯɨɞɢɬ. Ɉɱɢɳeɧɧaɹ ɧɭɤɥeɢɧɨɜaɹ ɤɢɫɥɨɬa ɫɧɢɦaeɬɫɹ ɫɨ ɫɬeɤɥa 

ɛɭɮeɪɨɦ ɫ ɧɢɡɤɨɣ ɢɨɧɧɨɣ ɫɢɥɨɣ. ȼ ɧaɫɬɨɹɳee ɜɪeɦɹ ɦɧɨɝɢe ɤɨɦɦeɪɱeɫɤɢe 
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ɮɢɪɦɵ ɩɪeɞɥaɝaɸɬ ɞɥɹ ɜɵɞeɥeɧɢɹ ɧɭɤɥeɢɧɨɜɵɯ ɤɢɫɥɨɬ ɤɨɥɨɧɤɢ ɫɨ ɫɬeɤɥɹɧɧɨɣ 

ɦaɬɪɢɰeɣ (ɧaɩɪɢɦeɪ, Zymo Research, Axygen ɢ Promega).  

 

1.7 ɉɨɥɢɦeɪaɡɧaя ɰeɩɧaя ɪeaɤɰɢя 

ɉɨɥɢɦɟɪ ɡɧ ɹ ɰɟɩɧ ɹ ɪɟ ɤɰɢɹ – ɦɟɬɨɞ ɦɨɥɟɤɭɥɹɪɧɨɣ ɛɢɨɥɨɝɢɢ, ɤɨɬɨɪɵɣ 

ɩɨɡɜɨɥɹɟɬ ɞɨɛɢɬɶɫɹ ɡɧ ɱɢɬɟɥɶɧɨɝɨ ɭɜɟɥɢɱɟɧɢɹ ɤɨɩɢɣ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɮɪ ɝɦɟɧɬ  

ȾɇɄ ɜ ɛɢɨɥɨɝɢɱɟɫɤɨɦ ɦ ɬɟɪɢ ɥɟ. Ɇɟɬɨɞ ɛɵɥ ɢɡɨɛɪɟɬɟɧ  ɦɟɪɢɤ ɧɫɤɢɦ 

ɛɢɨɯɢɦɢɤɨɦ Ʉɷɪɪɢ Ɇ ɥɥɢɫɨɦ ɜ 1983 ɝɨɞɭ [30]. 

Ɇɟɬɨɞ ɉɐɊ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜɨ ɜɫɟɯ ɨɛɥ ɫɬɹɯ ɛɢɨɥɨɝɢɢ ɢ ɦɟɞɢɰɢɧɵ: 

ɦɨɥɟɤɭɥɹɪɧɨɣ ɞɢ ɝɧɨɫɬɢɤɟ (ɞɟɬɟɤɰɢɢ ɦɢɤɪɨɨɪɝ ɧɢɡɦɨɜ ɢ ɜɢɪɭɫɨɜ,  ɧ ɥɢɡɟ 

ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɨɜ, ɜɵɹɜɥɟɧɢɢ ɢɧɞɢɜɢɞɭ ɥɶɧɵɯ ɝɟɧɟɬɢɱɟɫɤɢɯ ɨɫɨɛɟɧɧɨɫɬɟɣ),   

ɬ ɤɠɟ ɜ ɦɨɥɟɤɭɥɹɪɧɨɦ ɤɥɨɧɢɪɨɜ ɧɢɢ, ɫɟɤɜɟɧɢɪɨɜ ɧɢɢ ɢ ɜ ɞɪɭɝɢɯ ɦɨɥɟɤɭɥɹɪɧɨ-

ɝɟɧɟɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜ ɧɢɹɯ. 

 ȼ ɨɫɧɨɜe ɦeɬɨɞa ɉɐɊ ɥeɠɢɬ ɩɪɢɪɨɞɧɵɣ ɩɪɨɰeɫɫ - ɤɨɦɩɥeɦeɧɬaɪɧɨe 

ɞɨɫɬɪaɢɜaɧɢe ȾɇɄ ɦaɬɪɢɰɵ, ɨɫɭɳeɫɬɜɥɹeɦɨe ɫ ɩɨɦɨɳɶɸ ɮeɪɦeɧɬa ȾɇɄ-

ɩɨɥɢɦeɪaɡɵ. ɗɬa ɪeaɤɰɢɹ ɧɨɫɢɬ ɧaɡɜaɧɢe ɪeɩɥɢɤaɰɢɢ ȾɇɄ.  

Eɫɬeɫɬɜeɧɧaɹ ɪeɩɥɢɤaɰɢɹ ȾɇɄ ɜɤɥɸɱaeɬ ɜ ɫeɛɹ ɧeɫɤɨɥɶɤɨ ɫɬaɞɢɣ:  

1) Ⱦeɧaɬɭɪaɰɢɹ ȾɇɄ (ɪaɫɩɥeɬeɧɢe ɞɜɨɣɧɨɣ ɫɩɢɪaɥɢ, ɪaɫɯɨɠɞeɧɢe ɧɢɬeɣ ȾɇɄ); 

2) Ɉɛɪaɡɨɜaɧɢe ɤɨɪɨɬɤɢɯ ɞɜɭɯɰeɩɨɱeɱɧɵɯ ɭɱaɫɬɤɨɜ ȾɇɄ (ɡaɬɪaɜɨɤ, 

ɧeɨɛɯɨɞɢɦɵɯ ɞɥɹ ɢɧɢɰɢaɰɢɢ ɫɢɧɬeɡa ȾɇɄ); 

3) ɋɢɧɬeɡ ɧɨɜɨɣ ɰeɩɢ ȾɇɄ (ɤɨɦɩɥeɦeɧɬaɪɧɨe ɞɨɫɬɪaɢɜaɧɢe ɨɛeɢɯ ɧɢɬeɣ). 

ɋɭɳɧɨɫɬɶ ɦeɬɨɞa ɡaɤɥɸɱaeɬɫɹ ɜ ɫɩeɰɢɮɢɱeɫɤɨɣ aɦɩɥɢɮɢɤaɰɢɢ ȾɇɄ ɫ 

ɩɨɦɨɳɶɸ ɩɨɥɢɦeɪaɡɵ, ɨɫɭɳeɫɬɜɥɹɸɳeɣ ɢɡɛɢɪaɬeɥɶɧɵɣ ɫɢɧɬeɡ ɜɡaɢɦɧɨ- 

ɤɨɦɩɥeɦeɧɬaɪɧɵɯ ɰeɩeɣ ȾɇɄ, ɧaɱɢɧaɹ ɫ ɞɜɭɯ ɩɪaɣɦeɪɨɜ. ɉɪaɣɦeɪɵ 

ɤɨɦɩɥeɦeɧɬaɪɧɵ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɦ ɰeɩɹɦ ȾɇɄ ɜ ɭɱaɫɬɤaɯ, ɨɝɪaɧɢɱɢɜaɸɳɢɯ 

ɜɵɛɪaɧɧɭɸ ɨɛɥaɫɬɶ ȾɇɄ, ɢ ɨɪɢeɧɬɢɪɨɜaɧɵ Ɂ'-ɤɨɧɰaɦɢ ɧaɜɫɬɪeɱɭ ɞɪɭɝ ɞɪɭɝɭ ɢ 

ɜ ɫɬɨɪɨɧɭ ɬɨɣ ɩɨɫɥeɞɨɜaɬeɥɶɧɨɫɬɢ, ɤɨɬɨɪɭɸ ɧeɨɛɯɨɞɢɦɨ aɦɩɥɢɮɢɰɢɪɨɜaɬɶ. 

Ⱦɥɢɧa aɦɩɥɢɮɢɰɢɪɭeɦɨɝɨ ɮɪaɝɦeɧɬa ɨɩɪeɞeɥɹeɬɫɹ ɪaɫɫɬɨɹɧɢeɦ ɦeɠɞɭ 
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ɩɪaɣɦeɪaɦɢ. ɂɫɩɨɥɶɡɭɹ ɜ ɤaɱeɫɬɜe ɦaɬɪɢɰɵ ɥɸɛɵe ɨɛɪaɡɰɵ ȾɇɄ, ɫɨɞeɪɠaɳɢe 

aɦɩɥɢɮɢɰɢɪɭeɦɭɸ ɩɨɫɥeɞɨɜaɬeɥɶɧɨɫɬɶ, ɦɨɠɧɨ ɭɜeɥɢɱɢɬɶ ɤɨɥɢɱeɫɬɜɨ ɤɨɩɢɣ 

ɢɡɭɱaeɦɨɝɨ ɮɪaɝɦeɧɬa ȾɇɄ ɜ ɫɨɬɧɢ ɦɢɥɥɢɨɧɨɜ ɪaɡ [31].  

Ⱦɥɹ ɩɪɨɜeɞeɧɢɹ ɉɐɊ ɬɪeɛɭɸɬɫɹ ɫɥeɞɭɸɳɢe ɤɨɦɩɨɧeɧɬɵ:  

 ȾɇɄ-ɦaɬɪɢɰa, ɫɨɞeɪɠaɳaɹ ɬɨɬ ɭɱaɫɬɨɤ ȾɇɄ, ɤɨɬɨɪɵɣ ɬɪeɛɭeɬɫɹ 

aɦɩɥɢɮɢɰɢɪɨɜaɬɶ. 

 Ⱦɜa ɩɪaɣɦeɪa - ɢɫɤɭɫɫɬɜeɧɧɨ ɫɢɧɬeɡɢɪɨɜaɧɧɵe ɨɥɢɝɨɧɭɤɥeɨɬɢɞɵ, 

ɢɦeɸɳɢe, ɤaɤ ɩɪaɜɢɥɨ, ɪaɡɦeɪ ɨɬ 18 ɞɨ 30 ɩ.ɧ., ɢɞeɧɬɢɱɧɵe 

ɫɨɨɬɜeɬɫɬɜɭɸɳɢɦ ɭɱaɫɬɤaɦ ȾɇɄ-ɦɢɲeɧɢ. Ɉɧɢ ɢɝɪaɸɬ ɤɥɸɱeɜɭɸ ɪɨɥɶ ɜ 

ɨɛɪaɡɨɜaɧɢɢ ɩɪɨɞɭɤɬɨɜ ɪeaɤɰɢɢ aɦɩɥɢɮɢɤaɰɢɢ. ɉɪaɜɢɥɶɧɨ ɩɨɞɨɛɪaɧɧɵe 

ɩɪaɣɦeɪɵ ɨɛeɫɩeɱɢɜaɸɬ ɫɩeɰɢɮɢɱɧɨɫɬɶ ɢ ɱɭɜɫɬɜɢɬeɥɶɧɨɫɬɶ ɬeɫɬ-

ɫɢɫɬeɦɵ.). 

 Ɍeɪɦɨɫɬaɛɢɥɶɧaɹ ȾɇɄ-ɩɨɥɢɦeɪaɡa — ɮeɪɦeɧɬ, ɤɨɬɨɪɵɣ ɤaɬaɥɢɡɢɪɭeɬ 

ɪeaɤɰɢɸ ɩɨɥɢɦeɪɢɡaɰɢɢ ȾɇɄ. ɉɨɥɢɦeɪaɡa ɞɥɹ ɢɫɩɨɥɶɡɨɜaɧɢɹ ɜ ɉɐɊ 

ɞɨɥɠɧa ɫɨɯɪaɧɹɬɶ aɤɬɢɜɧɨɫɬɶ ɩɪɢ ɜɵɫɨɤɨɣ ɬeɦɩeɪaɬɭɪe ɞɥɢɬeɥɶɧɨe 

ɜɪeɦɹ, ɩɨɷɬɨɦɭ ɢɫɩɨɥɶɡɭɸɬ ɮeɪɦeɧɬɵ, ɜɵɞeɥeɧɧɵe ɢɡ ɬeɪɦɨɮɢɥɨɜ — 

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

Pyrococcus woesei (Pwo-ɩɨɥɢɦeɪaɡa) ɢ ɞɪɭɝɢe. 

 Ⱦeɡɨɤɫɢɧɭɤɥeɨɬɢɞɬɪɢɮɨɫɮaɬɵ (ɞɇɌɎ) – ɞeɡɨɤɫɢaɞeɧɨɡɢɧɬɪɢɮɨɫɮaɬa 

(ɞAɌɎ), ɞeɡɨɤɫɢɝɭaɧɨɡɢɧɬɪɢɮɨɫɮaɬa (ɞȽɌɎ), ɞeɡɨɤɫɢɰɢɬɨɡɢɧɬɪɢɮɨɫɮaɬa 

(ɞɐɌɎ) ɢ ɞeɡɨɤɫɢɬɢɦɢɞɢɧɬɪɢɮɨɫɮaɬa (ɞɌɌɎ) «ɫɬɪɨɢɬeɥɶɧɵɣ ɦaɬeɪɢaɥ», 

ɢɫɩɨɥɶɡɭeɦɵɣ Taq-ɩɨɥɢɦeɪaɡɨɣ ɞɥɹ ɫɢɧɬeɡa ɜɬɨɪɨɣ ɰeɩɢ ȾɇɄ. 

 ɂɨɧɵ Mg2+, ɧeɨɛɯɨɞɢɦɵe ɞɥɹ ɪaɛɨɬɵ ɩɨɥɢɦeɪaɡɵ. 

 Ȼɭɮeɪɧɵɣ ɪaɫɬɜɨɪ, ɨɛeɫɩeɱɢɜaɸɳɢɣ ɧeɨɛɯɨɞɢɦɵe ɭɫɥɨɜɢɹ ɪeaɤɰɢɢ — ɪɇ, 

ɢɨɧɧɭɸ ɫɢɥɭ ɪaɫɬɜɨɪa. ɋɨɞeɪɠɢɬ ɫɨɥɢ, ɛɵɱɢɣ ɫɵɜɨɪɨɬɨɱɧɵɣ aɥɶɛɭɦɢɧ. 

 Aɧaɥɢɡɢɪɭeɦɵɣ ɨɛɪaɡeɰ - ɩɨɞɝɨɬɨɜɥeɧɧɵɣ ɤ ɜɧeɫeɧɢɸ ɜ ɪeaɤɰɢɨɧɧɭɸ 

ɫɦeɫɶ ɩɪeɩaɪaɬ, ɤɨɬɨɪɵɣ ɫɨɞeɪɠɢɬ ɢɫɤɨɦɭɸ ȾɇɄ. ɉɪɢ ɨɬɫɭɬɫɬɜɢɢ ȾɇɄ-

ɦɢɲeɧɢ ɫɩeɰɢɮɢɱeɫɤɢɣ ɩɪɨɞɭɤɬ aɦɩɥɢɮɢɤaɰɢɢ ɧe ɨɛɪaɡɭeɬɫɹ 
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ɑɬɨɛɵ ɢɡɛeɠaɬɶ ɢɫɩaɪeɧɢɹ ɪeaɤɰɢɨɧɧɨɣ ɫɦeɫɢ, ɜ ɩɪɨɛɢɪɤɭ ɞɨɛaɜɥɹɸɬ 

ɜɵɫɨɤɨɤɢɩɹɳee ɦaɫɥɨ, ɧaɩɪɢɦeɪ, ɜaɡeɥɢɧɨɜɨe. Eɫɥɢ ɢɫɩɨɥɶɡɭeɬɫɹ 

aɦɩɥɢɮɢɤaɬɨɪ ɫ ɩɨɞɨɝɪeɜaɸɳeɣɫɹ ɤɪɵɲɤɨɣ, ɷɬɨɝɨ ɞeɥaɬɶ ɧe ɬɪeɛɭeɬɫɹ. 

Ⱦɨɛaɜɥeɧɢe ɩɢɪɨɮɨɫɨɮaɬaɡɵ ɦɨɠeɬ ɭɜeɥɢɱɢɬɶ ɜɵɯɨɞ ɉɐɊ-ɪeaɤɰɢɢ. ɗɬɨɬ 

ɮeɪɦeɧɬ ɤaɬaɥɢɡɢɪɭeɬ ɝɢɞɪɨɥɢɡ ɩɢɪɨɮɨɫɮaɬa, ɩɨɛɨɱɧɨɝɨ ɩɪɨɞɭɤɬa 

ɩɪɢɫɨeɞɢɧeɧɢɹ ɧɭɤɥeɨɬɢɞɬɪɢɮɨɫɮaɬɨɜ ɤ ɪaɫɬɭɳeɣ ɰeɩɢ ȾɇɄ, ɞɨ ɨɪɬɨɮɨɫɮaɬa. 

ɉɢɪɨɮɨɫɮaɬ ɦɨɠeɬ ɢɧɝɢɛɢɪɨɜaɬɶ ɉɐɊ-ɪeaɤɰɢɸ [32]. 

ɉɐɊ ɩɪɨɜɨɞɹɬ ɜ aɦɩɥɢɮɢɤaɬɨɪe — ɩɪɢɛɨɪe, ɨɛeɫɩeɱɢɜaɸɳeɦ 

ɩeɪɢɨɞɢɱeɫɤɨe ɨɯɥaɠɞeɧɢe ɢ ɧaɝɪeɜaɧɢe ɩɪɨɛɢɪɨɤ, ɨɛɵɱɧɨ ɫ ɬɨɱɧɨɫɬɶɸ ɧe 

ɦeɧee 0,1 °C. ɋɨɜɪeɦeɧɧɵe aɦɩɥɢɮɢɤaɬɨɪɵ ɩɨɡɜɨɥɹɸɬ ɡaɞaɜaɬɶ ɫɥɨɠɧɵe 

ɩɪɨɝɪaɦɦɵ, ɜ ɬɨɦ ɱɢɫɥe ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ «ɝɨɪɹɱeɝɨ ɫɬaɪɬa» ɢ ɩɨɫɥeɞɭɸɳeɝɨ 

ɯɪaɧeɧɢɹ aɦɩɥɢɮɢɰɢɪɨɜaɧɧɵɯ ɦɨɥeɤɭɥ ɩɪɢ 4 °C. Ⱦɥɹ ɉɐɊ ɜ ɪeaɥɶɧɨɦ ɜɪeɦeɧɢ 

ɜɵɩɭɫɤaɸɬ ɩɪɢɛɨɪɵ, ɨɛɨɪɭɞɨɜaɧɧɵe ɮɥɭɨɪeɫɰeɧɬɧɵɦ ɞeɬeɤɬɨɪɨɦ. 

ɋɭɳeɫɬɜɭɸɬ ɬaɤɠe ɩɪɢɛɨɪɵ ɫ aɜɬɨɦaɬɢɱeɫɤɨɣ ɤɪɵɲɤɨɣ ɢ ɨɬɞeɥeɧɢeɦ ɞɥɹ 

ɦɢɤɪɨɩɥaɧɲeɬ, ɱɬɨ ɩɨɡɜɨɥɹeɬ ɜɫɬɪaɢɜaɬɶ ɢɯ ɜ aɜɬɨɦaɬɢɡɢɪɨɜaɧɧɵe ɫɢɫɬeɦɵ 

[33]. 

Eɫɥɢ ɜ aɧaɥɢɡɢɪɭeɦɨɦ ɨɛɪaɡɰe ɩɪɢɫɭɬɫɬɜɭeɬ ɢɫɤɨɦaɹ ȾɇɄ, ɬɨ ɜ ɩɪɨɰeɫɫe 

ɪeaɤɰɢɢ aɦɩɥɢɮɢɤaɰɢɢ ɫ ɧeɣ ɩɪɨɢɫɯɨɞɢɬ ɪɹɞ ɫɨɛɵɬɢɣ, ɨɛeɫɩeɱɢɜaeɦɵɯ 

ɨɩɪeɞeɥeɧɧɵɦɢ ɬeɦɩeɪaɬɭɪɧɵɦɢ ɰɢɤɥaɦɢ. Ɉɛɵɱɧɨ ɩɪɢ ɩɪɨɜeɞeɧɢɢ ɉɐɊ 

ɜɵɩɨɥɧɹeɬɫɹ 20—35 ɰɢɤɥɨɜ, ɤaɠɞɵɣ ɢɡ ɤɨɬɨɪɵɯ ɫɨɫɬɨɢɬ ɢɡ ɬɪeɯ ɫɬaɞɢɣ. 

1. Ⱦeɧaɬɭɪaɰɢя. ɇa ɩeɪɜɨɦ ɷɬaɩe ɧeɨɛɯɨɞɢɦɨ ɪaɫɩɥeɫɬɢ ɞɜɨɣɧɭɸ ɰeɩɶ 

ȾɇɄ, ɧaɯɨɞɹɳɭɸɫɹ ɜ ɨɛɪaɡɰe. Ⱦɜɭɯɰeɩɨɱeɱɧɭɸ ȾɇɄ-ɦaɬɪɢɰɭ ɧaɝɪeɜaɸɬ ɞɨ 

94—96°C (ɢɥɢ ɞɨ 98 °C, eɫɥɢ ɢɫɩɨɥɶɡɭeɬɫɹ ɨɫɨɛeɧɧɨ ɬeɪɦɨɫɬaɛɢɥɶɧaɹ 

ɩɨɥɢɦeɪaɡa) ɧa 0,5—2 ɦɢɧ., ɱɬɨɛɵ ɰeɩɢ ȾɇɄ ɪaɡɨɲɥɢɫɶ. ɗɬa ɫɬaɞɢɹ ɧaɡɵɜaeɬɫɹ 

ɞeɧaɬɭɪaɰɢeɣ, ɬaɤ ɤaɤ ɪaɡɪɭɲaɸɬɫɹ ɜɨɞɨɪɨɞɧɵe ɫɜɹɡɢ ɦeɠɞɭ ɞɜɭɦɹ ɰeɩɹɦɢ 

ȾɇɄ. ɂɧɨɝɞa ɩeɪeɞ ɩeɪɜɵɦ ɰɢɤɥɨɦ (ɞɨ ɞɨɛaɜɥeɧɢɹ ɩɨɥɢɦeɪaɡɵ) ɩɪɨɜɨɞɹɬ 

ɩɪeɞɜaɪɢɬeɥɶɧɵɣ ɩɪɨɝɪeɜ ɪeaɤɰɢɨɧɧɨɣ ɫɦeɫɢ ɜ ɬeɱeɧɢe 2—5 ɦɢɧ. ɞɥɹ ɩɨɥɧɨɣ 

ɞeɧaɬɭɪaɰɢɢ ɦaɬɪɢɰɵ ɢ ɩɪaɣɦeɪɨɜ. Ɍaɤɨɣ ɩɪɢёɦ ɧaɡɵɜaeɬɫɹ ɝɨɪɹɱɢɦ ɫɬaɪɬɨɦ, 

ɨɧ ɩɨɡɜɨɥɹeɬ ɫɧɢɡɢɬɶ ɤɨɥɢɱeɫɬɜɨ ɧeɫɩeɰɢɮɢɱɧɵɯ ɩɪɨɞɭɤɬɨɜ ɪeaɤɰɢɢ.  
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2. Ɉɬɠɢɝ. ɇa ɜɬɨɪɨɦ ɷɬaɩe ɩɪaɣɦeɪɵ ɩɪɢɫɨeɞɢɧɹɸɬɫɹ ɤ ɨɞɧɨɰeɩɨɱeɱɧɨɣ 

ȾɇɄ-ɦɢɲeɧɢ. ɉɪaɣɦeɪɵ ɩɨɞɛɢɪaɸɬ ɬaɤ, ɱɬɨ ɨɧɢ ɨɝɪaɧɢɱɢɜaɸɬ ɢɫɤɨɦɵɣ 

ɮɪaɝɦeɧɬ ɢ ɤɨɦɩɥeɦeɧɬaɪɧɵ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɦ ɰeɩɹɦ ȾɇɄ. 

Ɉɬɠɢɝ ɩɪɨɢɫɯɨɞɢɬ ɜ ɫɨɨɬɜeɬɫɬɜɢɢ ɫ ɩɪaɜɢɥɨɦ ɤɨɦɩɥeɦeɧɬaɪɧɨɫɬɢ 

ɑaɪɝaɮɮa, ɨɡɧaɱaɸɳɢɦ, ɱɬɨ ɜ ɞɜɭɯɰeɩɨɱeɱɧɨɣ ɦɨɥeɤɭɥe ȾɇɄ ɧaɩɪɨɬɢɜ 

aɞeɧɢɧa ɜɫeɝɞa ɧaɯɨɞɢɬɫɹ ɬɢɦɢɧ, a ɧaɩɪɨɬɢɜ ɝɭaɧɢɧa - ɰɢɬɨɡɢɧ. Eɫɥɢ ɷɬɨ 

ɭɫɥɨɜɢe ɧe ɫɨɛɥɸɞeɧɨ, ɬɨ ɨɬɠɢɝa ɩɪaɣɦeɪɨɜ ɧe ɩɪɨɢɫɯɨɞɢɬ. Ʉɨɝɞa ɰeɩɢ 

ɪaɡɨɲɥɢɫɶ, ɬeɦɩeɪaɬɭɪɭ ɩɨɧɢɠaɸɬ, ɱɬɨɛɵ ɩɪaɣɦeɪɵ ɦɨɝɥɢ ɫɜɹɡaɬɶɫɹ ɫ 

ɨɞɧɨɰeɩɨɱeɱɧɨɣ ɦaɬɪɢɰeɣ. Ɍeɦɩeɪaɬɭɪa ɨɬɠɢɝa ɡaɜɢɫɢɬ ɨɬ ɫɨɫɬaɜa ɩɪaɣɦeɪɨɜ ɢ 

ɨɛɵɱɧɨ ɜɵɛɢɪaeɬɫɹ ɧa 4—5°ɋ ɧɢɠe ɢɯ ɬeɦɩeɪaɬɭɪɵ ɩɥaɜɥeɧɢɹ. ȼɪeɦɹ ɫɬaɞɢɢ 

— 0,5—2 ɦɢɧ. ɇeɩɪaɜɢɥɶɧɵɣ ɜɵɛɨɪ ɬeɦɩeɪaɬɭɪɵ ɨɬɠɢɝa ɩɪɢɜɨɞɢɬ ɥɢɛɨ ɤ 

ɩɥɨɯɨɦɭ ɫɜɹɡɵɜaɧɢɸ ɩɪaɣɦeɪɨɜ ɫ ɦaɬɪɢɰeɣ (ɩɪɢ ɡaɜɵɲeɧɧɨɣ ɬeɦɩeɪaɬɭɪe), 

ɥɢɛɨ ɤ ɫɜɹɡɵɜaɧɢɸ ɜ ɧeɜeɪɧɨɦ ɦeɫɬe ɢ ɩɨɹɜɥeɧɢɸ ɧeɫɩeɰɢɮɢɱeɫɤɢɯ ɩɪɨɞɭɤɬɨɜ 

(ɩɪɢ ɡaɧɢɠeɧɧɨɣ ɬeɦɩeɪaɬɭɪe). 

ɉɨɫɥe ɨɬɠɢɝa ɩɪaɣɦeɪɨɜ Taq-ɩɨɥɢɦeɪaɡa ɧaɱɢɧaeɬ ɞɨɫɬɪaɢɜaɧɢe ɜɬɨɪɨɣ 

ɰeɩɢ ȾɇɄ ɫ 3'-ɤɨɧɰa ɩɪaɣɦeɪa. 

3. ɗɥɨɧɝaɰɢя (ɫɢɧɬeɡ). ɇa ɬɪeɬɶeɦ ɷɬaɩe ɬeɦɩeɪaɬɭɪɭ ɜ ɪeaɤɰɢɨɧɧɨɣ 

ɫɦeɫɢ ɞɨɜɨɞɹɬ ɞɨ ɨɩɬɢɦɭɦa ɪaɛɨɬɵ Taq-ɩɨɥɢɦeɪaɡɵ, ɢ ɫɢɧɬeɡ ɜɬɨɪɨɣ ɰeɩɢ 

ɩɪɨɞɨɥɠaeɬɫɹ ɫ ɦaɤɫɢɦaɥɶɧɨɣ ɷɮɮeɤɬɢɜɧɨɫɬɶɸ. ȾɇɄ-ɩɨɥɢɦeɪaɡa ɪeɩɥɢɰɢɪɭeɬ 

ɦaɬɪɢɱɧɭɸ ɰeɩɶ, ɢɫɩɨɥɶɡɭɹ ɩɪaɣɦeɪ ɜ ɤaɱeɫɬɜe ɡaɬɪaɜɤɢ. ɉɨɥɢɦeɪaɡa ɧaɱɢɧaeɬ 

ɫɢɧɬeɡ ɜɬɨɪɨɣ ɰeɩɢ ɨɬ 3'-ɤɨɧɰa ɩɪaɣɦeɪa, ɤɨɬɨɪɵɣ ɫɜɹɡaɥɫɹ ɫ ɦaɬɪɢɰeɣ, ɢ 

ɞɜɢɠeɬɫɹ ɜɞɨɥɶ ɦaɬɪɢɰɵ. Ɍeɦɩeɪaɬɭɪa ɷɥɨɧɝaɰɢɢ ɡaɜɢɫɢɬ ɨɬ ɩɨɥɢɦeɪaɡɵ. 

ɑaɫɬɨ ɢɫɩɨɥɶɡɭeɦɵe ɩɨɥɢɦeɪaɡɵ Taq ɢ Pfu ɧaɢɛɨɥee aɤɬɢɜɧɵ ɩɪɢ 72 °C. ȼɪeɦɹ 

ɷɥɨɧɝaɰɢɢ ɡaɜɢɫɢɬ ɤaɤ ɨɬ ɬɢɩa ȾɇɄ-ɩɨɥɢɦeɪaɡɵ, ɬaɤ ɢ ɨɬ ɞɥɢɧɵ 

aɦɩɥɢɮɢɰɢɪɭeɦɨɝɨ ɮɪaɝɦeɧɬa. Ɉɛɵɱɧɨ ɜɪeɦɹ ɷɥɨɧɝaɰɢɢ ɩɪɢɧɢɦaɸɬ ɪaɜɧɵɦ 

ɨɞɧɨɣ ɦɢɧɭɬe ɧa ɤaɠɞɭɸ ɬɵɫɹɱɭ ɩaɪ ɨɫɧɨɜaɧɢɣ. ɉɨɫɥe ɨɤɨɧɱaɧɢɹ ɜɫeɯ ɰɢɤɥɨɜ 

ɱaɫɬɨ ɩɪɨɜɨɞɹɬ ɞɨɩɨɥɧɢɬeɥɶɧɭɸ ɫɬaɞɢɸ ɮɢɧaɥɶɧɨɣ ɷɥɨɧɝaɰɢɢ, ɱɬɨɛɵ 

ɞɨɫɬɪɨɢɬɶ ɜɫe ɨɞɧɨɰeɩɨɱeɱɧɵe ɮɪaɝɦeɧɬɵ. ɗɬa ɫɬaɞɢɹ ɞɥɢɬɫɹ 7-10 ɦɢɧ [34]. 
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1.8 ɗɧɞɨɧɭɤɥeaɡɵ ɪeɫɬɪɢɤɰɢɢ 

ɗɧɞɨɧɭɤɥeaɡɵ ɪeɫɬɪɢɤɰɢɢ, ɪeɫɬɪɢɤɬaɡɵ (ɨɬ ɥaɬ. restrictio — 

ɨɝɪaɧɢɱeɧɢe) — ɝɪɭɩɩa ɮeɪɦeɧɬɨɜ, ɨɬɧɨɫɹɳɢɯɫɹ ɤ ɤɥaɫɫɭ ɝɢɞɪɨɥaɡ, 

ɤaɬaɥɢɡɢɪɭɸɳɢɯ ɝɢɞɪɨɥɢɡ ɮɨɫɮɨɞɢɷɮɢɪɧɵɯ ɫɜɹɡeɣ ɱɭɠeɪɨɞɧɵɯ ȾɇɄ ɜ 

ɛɨɥɶɲɢɧɫɬɜe ɩɪɨɤaɪɢɨɬɢɱeɫɤɢɯ ɢ ɧeɤɨɬɨɪɵɯ ɞɪɭɝɢɯ ɨɪɝaɧɢɡɦaɯ . ɗɬɨ 

ɮeɪɦeɧɬɵ, «ɭɡɧaɸɳɢe» ɨɩɪeɞeɥeɧɧɵe ɩɨɫɥeɞɨɜaɬeɥɶɧɨɫɬɢ (ɫaɣɬɵ ɪeɫɬɪɢɤɰɢɢ) 

ɜ ɞɜɭɯɰeɩɨɱeɱɧɨɣ ȾɇɄ. ɂɯ ɜɵɞeɥɹɸɬ ɩɪeɢɦɭɳeɫɬɜeɧɧɨ ɢɡ ɩɪɨɤaɪɢɨɬɢɱeɫɤɢɯ 

ɤɥeɬɨɤ. 

ȼ ɨɬɥɢɱɢe ɨɬ ɷɤɡɨɧɭɤɥeaɡ, ɪeɫɬɪɢɤɬaɡɵ ɪaɫɳeɩɥɹɸɬ ɧɭɤɥeɢɧɨɜɵe 

ɤɢɫɥɨɬɵ ɧe ɫ ɤɨɧɰa ɦɨɥeɤɭɥɵ, a ɜ ɫeɪeɞɢɧe. ɉɪɢ ɷɬɨɦ ɤaɠɞaɹ ɪeɫɬɪɢɤɬaɡa 

ɭɡɧaёɬ ɨɩɪeɞeɥёɧɧɵɣ ɭɱaɫɬɨɤ ȾɇɄ ɞɥɢɧɨɣ ɨɬ ɱeɬɵɪёɯ ɩaɪ ɧɭɤɥeɨɬɢɞɨɜ ɢ 

ɪaɫɳeɩɥɹeɬ ɧɭɤɥeɨɬɢɞɧɭɸ ɰeɩɶ ɜɧɭɬɪɢ ɭɱaɫɬɤa ɭɡɧaɜaɧɢɹ ɢɥɢ ɜɧe eɝɨ. 

ȼɵɞeɥɹɸɬ ɬɪɢ ɨɫɧɨɜɧɵɯ ɬɢɩa (ɢɥɢ ɤɥaɫɫa) ɮeɪɦeɧɬɨɜ ɪeɫɬɪɢɤɰɢɢ, ɫaɣɬɵ 

ɭɡɧaɜaɧɢɹ ɞɥɹ ɤɨɬɨɪɵɯ ɦɨɝɭɬ ɛɵɬɶ ɫɢɦɦeɬɪɢɱɧɵɦɢ (ɩaɥɢɧɞɪɨɦɧɵɦɢ) ɢ 

ɧeɫɢɦɦeɬɪɢɱɧɵɦɢ: 

 Ɋeɫɬɪɢɤɬaɡɵ ɩeɪɜɨɝɨ ɬɢɩa (ɧaɩɪɢɦeɪ, EɫɨК ɢɡ Escherichiacoli К12) 

ɭɡɧaɸɬ ɨɩɪeɞeɥёɧɧɭɸ ɩɨɫɥeɞɨɜaɬeɥɶɧɨɫɬɶ ɧɭɤɥeɨɬɢɞɨɜ ɢ ɪaɡɪeɡaɸɬ 

ɞɜɭɯɰeɩɨɱɧɭɸ ɦɨɥeɤɭɥɭ ȾɇɄ ɧeɩɨɞaɥёɤɭ ɨɬ ɷɬɨɣ ɩɨɫɥeɞɨɜaɬeɥɶɧɨɫɬɢ ɜ 

ɩɪɨɢɡɜɨɥɶɧɨɣ ɬɨɱɤe ɢ ɫaɦɨ ɦeɫɬɨ ɪaɡɪeɡa ɧe ɫɬɪɨɝɨ ɫɩeɰɢaɥɶɧɨ. 

 Ɋeɫɬɪɢɤɬaɡɵ ɜɬɨɪɨɝɨ ɬɢɩa (ɧaɩɪɢɦeɪ, EcoRI) ɭɡɧaɸɬ ɨɩɪeɞeɥёɧɧɭɸ 

ɩɨɫɥeɞɨɜaɬeɥɶɧɨɫɬɶ ɢ ɪaɡɪeɡaɸɬ ɞɜɨɣɧɭɸ ɫɩɢɪaɥɶ ȾɇɄ ɜ ɨɩɪeɞeɥёɧɧɨɣ 

ɮɢɤɫɢɪɨɜaɧɧɨɣ ɬɨɱɤe ɜɧɭɬɪɢ ɷɬɨɣ ɩɨɫɥeɞɨɜaɬeɥɶɧɨɫɬɢ.  

 Ɋeɫɬɪɢɤɬaɡɵ ɬɪeɬɶeɝɨ ɩɪɨɦeɠɭɬɨɱɧɨɝɨ ɬɢɩa (ɧaɩɪɢɦeɪ, EcoPI) 

ɭɡɧaɸɬ ɧɭɠɧɭɸ ɩɨɫɥeɞɨɜaɬeɥɶɧɨɫɬɶ ɢ ɪaɡɪeɡaɸɬ ɞɜɭɯɰeɩɨɱɧɭɸ ɦɨɥeɤɭɥɭ ȾɇɄ, 

ɨɬɫɬɭɩɢɜ ɨɩɪeɞeɥёɧɧɨe ɱɢɫɥɨ ɧɭɤɥeɨɬɢɞɧɵɯ ɩaɪ ɨɬ eё ɤɨɧɰa (ɢɥɢ ɜ ɧeɫɤɨɥɶɤɢɯ 

ɬɨɱɤaɯ ɧa ɪaɡɧɨɦ ɭɞaɥeɧɢɢ ɨɬ ɫaɣɬa ɭɡɧaɜaɧɢɹ). ɗɬɢ ɪeɫɬɪɢɤɬaɡɵ ɭɡɧaɸɬ 

aɫɢɦɦeɬɪɢɱɧɵe ɫaɣɬɵ [35]. 

http://ru.wikipedia.org/wiki/%D0%9B%D0%B0%D1%82%D0%B8%D0%BD%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
http://ru.wikipedia.org/wiki/%D0%A4%D0%B5%D1%80%D0%BC%D0%B5%D0%BD%D1%82
http://www.xumuk.ru/encyklopedia/1047.html
http://www.xumuk.ru/biospravochnik/264.html
http://www.xumuk.ru/biospravochnik/692.html
http://ru.wikipedia.org/wiki/%D0%AD%D0%BA%D0%B7%D0%BE%D0%BD%D1%83%D0%BA%D0%BB%D0%B5%D0%B0%D0%B7%D1%8B
http://ru.wikipedia.org/wiki/%D0%94%D0%9D%D0%9A
http://ru.wikipedia.org/wiki/%D0%A4%D0%B5%D1%80%D0%BC%D0%B5%D0%BD%D1%82
http://ru.wikipedia.org/w/index.php?title=%D0%A1%D0%B0%D0%B9%D1%82_%D0%94%D0%9D%D0%9A&action=edit&redlink=1
http://ru.wikipedia.org/w/index.php?title=%D0%A1%D0%B0%D0%B9%D1%82_%D0%94%D0%9D%D0%9A&action=edit&redlink=1
http://ru.wikipedia.org/wiki/%D0%9F%D0%B0%D0%BB%D0%B8%D0%BD%D0%B4%D1%80%D0%BE%D0%BC
http://ru.wikipedia.org/wiki/Escherichia_coli
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Ⱦɥɹ ɤaɠɞɨɝɨ ɮeɪɦeɧɬa ɪeɫɬɪɢɤɰɢɢ ɫɭɳeɫɬɜɭɸɬ ɨɩɬɢɦaɥɶɧɵe ɭɫɥɨɜɢɹ 

ɪeaɤɰɢɢ, ɤɨɬɨɪɵe ɩɪɢɜɨɞɹɬɫɹ ɜ ɨɩɢɫaɧɢɢ, ɩɪɢɥaɝaeɦɨɦ ɮɢɪɦɨɣ-ɢɡɝɨɬɨɜɢɬeɥeɦ. 

Ɉɫɧɨɜɧɵe ɩeɪeɦeɧɧɵe ɩaɪaɦeɬɪɵ – ɷɬɨ ɬeɦɩeɪaɬɭɪa ɢɧɤɭɛaɰɢɢ ɢ ɫɨɫɬaɜ 

ɛɭɮeɪa. Ʉ ɬeɦɩeɪaɬɭɪɧɨɦɭ ɪeɠɢɦɭ ɩɪeɞɴɹɜɥɹɸɬɫɹ ɞɨɫɬaɬɨɱɧɨ ɠeɫɬɤɢe 

ɬɪeɛɨɜaɧɢɹ, ɬɨɝɞa ɤaɤ ɪaɡɥɢɱɢɹ ɦeɠɞɭ ɛɭɮeɪaɦɢ ɱaɳe ɜɫeɝɨ ɥɢɲɶ 

ɧeɡɧaɱɢɬeɥɶɧɵ. 

Ɋɟɫɬɪɢɤɰɢɨɧɧɵɣ  ɧ ɥɢɡ ȾɇɄ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɦɨɥɟɤɭɥɹɪɧɨ-

ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜ ɧɢɹɯ ɢ ɩɪɢɤɥ ɞɧɵɯ ɪ ɛɨɬ ɯ ɢ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ 

ɧ ɢɛɨɥɟɟ ɜ ɠɧɵɯ ɢɧɫɬɪɭɦɟɧɬɨɜ ɩɪɢ ɢɡɭɱɟɧɢɢ ȾɇɄ. ɉɪɢ ɩɨɦɨɳɢ ɷɧɞɨɧɭɤɥɟ ɡ 

ɪɟɫɬɪɢɤɰɢɢ ɦɨɠɧɨ ɢɫɫɥɟɞɨɜ ɬɶ ȾɇɄ ɪ ɡɥɢɱɧɵɯ ɜɢɪɭɫɨɜ, ɛ ɤɬɟɪɢɣ, ɠɢɜɨɬɧɵɯ, 

ɪ ɫɬɟɧɢɣ [36]. 

Ʉ ɤ ɩɪ ɜɢɥɨ, ɩɪɨɞɭɤɬɵ ɪ ɫɳɟɩɥɟɧɢɹ ȾɇɄ  ɧ ɥɢɡɢɪɭɸɬɫɹ ɫ ɩɨɦɨɳɶɸ 

ɝɟɥɶ-ɷɥɟɤɬɪɨɮɨɪɟɡ  ɜ  ɝ ɪɨɡɧɨɦ ɢɥɢ  ɤɪɢɥ ɦɢɞɧɨɦ ɝɟɥɟ,   ɩɨɥɭɱɟɧɧ ɹ ɬ ɤɢɦ 

ɨɛɪ ɡɨɦ ɤ ɪɬɢɧ  ɪ ɡɞɟɥɟɧɢɹ ɮɪ ɝɦɟɧɬɨɜ ȾɇɄ ɜ ɜɢɞɟ ɨɩɪɟɞɟɥɟɧɧɨɝɨ, 

ɨɬɥɢɱ ɸɳɟɝɨɫɹ ɞɥɹ ɪ ɡɧɵɯ ɮɟɪɦɟɧɬɨɜ, ɧ ɛɨɪ  ɩɨɥɨɫ ɢ ɹɜɥɹɟɬɫɹ ɪɟɡɭɥɶɬ ɬɨɦ 

ɪɟɫɬɪɢɤɰɢɨɧɧɨɝɨ  ɧ ɥɢɡ  ɬɨɣ ɢɥɢ ɢɧɨɣ ȾɇɄ [37]. 

Ʉɨɪɨɬɤɢɟ ɮɪ ɝɦɟɧɬɵ ɦɢɝɪɢɪɭɸɬ ɧ ɦɧɨɝɨ ɛɵɫɬɪɟɟ, ɱɟɦ ɞɥɢɧɧɵɟ. ɉɪɢ 

ɫɪ ɜɧɢɬɟɥɶɧɨ ɜɵɫɨɤɨɣ ɤɨɧɰɟɧɬɪ ɰɢɢ  ɝ ɪɨɡɵ ɛɨɥɶɲɢɟ ɮɪ ɝɦɟɧɬɵ ɜɨɨɛɳɟ ɧɟ 

ɦɨɝɭɬ ɩɪɨɧɢɤɧɭɬɶ ɜ ɝɟɥɶ. ȼ ɩɪɨɰɟɫɫɟ ɦɢɝɪ ɰɢɢ ɪɟɫɬɪɢɤɰɢɨɧɧɵɟ ɮɪ ɝɦɟɧɬɵ ɧɟ 

ɞɟɝɪ ɞɢɪɭɸɬ, ɢɯ ɦɨɠɧɨ ɜɵɦɵɜ ɬɶ ɜ ɜɢɞɟ ɛɢɨɥɨɝɢɱɟɫɤɢ  ɤɬɢɜɧɵɯ 

ɞɜɭɯɰɟɩɨɱɟɱɧɵɯ ɦɨɥɟɤɭɥ. ɉɪɢ ɨɤɪ ɲɢɜ ɧɢɢ ɝɟɥɟɣ ɤɪ ɫɢɬɟɥɹɦɢ, 

ɫɜɹɡɵɜ ɸɳɢɦɢɫɹ ɫ ȾɇɄ, ɜɵɹɜɥɹɟɬɫɹ ɧ ɛɨɪ ɩɨɥɨɫ, ɤ ɠɞ ɹ ɢɡ ɤɨɬɨɪɵɯ ɨɬɜɟɱ ɟɬ 

ɪɟɫɬɪɢɤɰɢɨɧɧɨɦɭ ɮɪ ɝɦɟɧɬɭ, ɦɨɥɟɤɭɥɹɪɧɭɸ ɦ ɫɫɭ ɤɨɬɨɪɨɝɨ ɦɨɠɧɨ 

ɨɩɪɟɞɟɥɢɬɶ, ɩɪɨɜɟɞɹ ɤ ɥɢɛɪɨɜɤɭ ɫ ɩɨɦɨɳɶɸ ȾɇɄ ɫ ɢɡɜɟɫɬɧɵɦɢ 

ɦɨɥɟɤɭɥɹɪɧɵɦɢ ɦ ɫɫ ɦɢ. 

 ɉɪɢ ɢɫɩɨɥɶɡɨɜ ɧɢɢ ɧɟɫɤɨɥɶɤɢɯ ɷɧɞɨɧɭɤɥɟ ɡ ɪɟɫɬɪɢɤɰɢɢ ɧ  ɨɞɧɨɦ 

ɨɛɪ ɡɰɟ ɦɨɠɧɨ ɫɨɫɬ ɜɥɹɬɶ ɪɟɫɬɪɢɤɰɢɨɧɧɵɟ ɤ ɪɬɵ. Ɋ ɫɩɨɥ ɝ ɹ ɬ ɤɨɣ 

ɢɧɮɨɪɦ ɰɢɟɣ, ɦɨɠɧɨ ɢɞɟɧɬɢɮɢɰɢɪɨɜ ɬɶ ɧ  ȾɇɄ ɛɢɨɥɨɝɢɱɟɫɤɢ ɜ ɠɧɵɟ 

ɭɱ ɫɬɤɢ. ɉɨɫɤɨɥɶɤɭ ɪɟɫɬɪɢɤɰɢɨɧɧ ɹ ɤ ɪɬ  ɨɬɪ ɠ ɟɬ ɪ ɫɩɨɥɨɠɟɧɢɟ 
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ɨɩɪɟɞɟɥɟɧɧɨɣ ɩɨɫɥɟɞɨɜ ɬɟɥɶɧɨɫɬɢ ɧɭɤɥɟɨɬɢɞɨɜ ɜ ɞ ɧɧɨɦ ɭɱ ɫɬɤɟ, ɫɪ ɜɧɟɧɢɟ 

ɬ ɤɢɯ ɤ ɪɬ ɞɥɹ ɞɜɭɯ ɢɥɢ ɛɨɥɟɟ ɪɨɞɫɬɜɟɧɧɵɯ ɝɟɧɨɜ ɩɨɡɜɨɥɹɟɬ ɨɰɟɧɢɬɶ 

ɝɨɦɨɥɨɝɢɸ ɦɟɠɞɭ ɧɢɦɢ. Ⱥɧ ɥɢɡɢɪɭɹ ɪɟɫɬɪɢɤɰɢɨɧɧɵɟ ɤ ɪɬɵ, ɦɨɠɧɨ ɫɪ ɜɧɢɜ ɬɶ 

ɨɩɪɟɞɟɥɟɧɧɵɟ ɭɱ ɫɬɤɢ ȾɇɄ ɪ ɡɧɵɯ ɜɢɞɨɜ ɠɢɜɨɬɧɵɯ ɛɟɡ ɨɩɪɟɞɟɥɟɧɢɹ ɢɯ 

ɧɭɤɥɟɨɬɢɞɧɨɣ ɩɨɫɥɟɞɨɜ ɬɟɥɶɧɨɫɬɢ. Ɍ ɤɢɦ ɨɛɪ ɡɨɦ, ɧ ɩɪɢɦɟɪ, ɛɵɥɨ 

ɭɫɬ ɧɨɜɥɟɧɨ, ɱɬɨ ɯɪɨɦɨɫɨɦɧɵɟ ɭɱ ɫɬɤɢ, ɤɨɞɢɪɭɸɳɢɟ ɰɟɩɢ ɝɟɦɨɝɥɨɛɢɧ  ɭ 

ɱɟɥɨɜɟɤ , ɨɪ ɧɝɭɬ ɧɝ  ɢ ɲɢɦɩ ɧɡɟ ɫɨɯɪ ɧɢɥɢɫɶ ɜ ɩɪ ɤɬɢɱɟɫɤɢ ɧɟɢɡɦɟɧɧɨɦ ɜɢɞɟ 

ɜ ɬɟɱɟɧɢɟ ɩɨɫɥɟɞɧɢɯ 5 - 10 ɦɥɧ. ɥɟɬ [38]. 

Ɇɟɬɨɞ ɪɟɫɬɪɢɤɰɢɨɧɧɨɝɨ ɤ ɪɬɢɪɨɜ ɧɢɹ ɩɨɡɜɨɥɹɟɬ ɭɜɢɞɟɬɶ ɤɪɭɩɧɵɟ 

ɝɟɧɟɬɢɱɟɫɤɢɟ ɢɡɦɟɧɟɧɢɹ, ɬ ɤɢɟ ɤ ɤ ɞɟɥɟɰɢɢ ɢɥɢ ɢɧɫɟɪɰɢɢ. ɉɪɢ ɷɬɨɦ 

ɩɪɨɢɫɯɨɞɢɬ ɭɦɟɧɶɲɟɧɢɟ ɢɥɢ ɭɜɟɥɢɱɟɧɢɟ ɪɟɫɬɪɢɤɰɢɨɧɧɵɯ ɮɪ ɝɦɟɧɬɨɜ,   ɬ ɤɠɟ 

ɢɫɱɟɡɧɨɜɟɧɢɟ ɢɥɢ ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɫ ɣɬɨɜ ɪɟɫɬɪɢɤɰɢɢ. 

 

 

1.9 Ɇeɬɨɞ aɧaɥɢɡa ɩɨɥɢɦɨɪɮɢɡɦa ɞɥɢɧ ɪeɫɬɪɢɤɰɢɨɧɧɵɯ ɮɪaɝɦeɧɬɨɜ 

ɉɨɥɢɦɨɪɮɢɡɦ ɞɥɢɧ ɪeɫɬɪɢɤɰɢɨɧɧɵɯ ɮɪaɝɦeɧɬɨɜ (ɉȾɊɎ) — ɷɬɨ ɫɩɨɫɨɛ 

ɢɫɫɥeɞɨɜaɧɢɹ ɝeɧɨɦɧɨɣ ȾɇɄ, ɩɭɬёɦ ɪaɡɪeɡaɧɢɹ aɦɩɥɢɤɨɧɨɜ ȾɇɄ ɫ 

ɩɨɦɨɳɶɸ ɷɧɞɨɧɭɤɥeaɡ ɪeɫɬɪɢɤɰɢɢ ɢ ɞaɥɶɧeɣɲeɝɨ aɧaɥɢɡa ɪaɡɦeɪɨɜ 

ɨɛɪaɡɭɸɳɢɯɫɹ ɮɪaɝɦeɧɬɨɜ (ɪeɫɬɪɢɤɬɨɜ) ɩɭɬёɦ ɝeɥɶ-ɷɥeɤɬɪɨɮɨɪeɡa (ȾɇɄ 

ɷɥeɤɬɪɨɮɨɪeɡa). 

ɉɪɢ ɢɫɩɨɥɶɡɨɜaɧɢɢ ɞaɧɧɨɝɨ ɢ ɦeɬɨɞa ɩɨɥɭɱaɸɬɫɹ ɪaɡɥɢɱɧɵe ɪeɡɭɥɶɬaɬɵ 

ɨɬ ɪaɡɥɢɱɧɵɯ ɨɛɪaɡɰɨɜ, ɢ ɦɨɠɧɨ ɢɞeɧɬɢɮɢɰɢɪɨɜaɬɶ ɧeɤɨɬɨɪɵe ɪaɡɥɢɱɢɹ ɜ 

ɩɨɫɥeɞɨɜaɬeɥɶɧɨɫɬɢ ɧɭɤɥeɨɬɢɞɨɜ ȾɇɄ, ɜ ɫɥɭɱae, ɤɨɝɞa ɨɧɢ ɪaɫɩɨɥaɝaɸɬɫɹ ɜ 

ɫaɣɬe ɪeɫɬɪɢɤɰɢɢ. Aɧaɥɢɡ ɪaɡɧɨɨɛɪaɡɢɹ ɉȾɊɎ ɹɜɥɹeɬɫɹ ɜaɠɧɵɦ ɢɧɫɬɪɭɦeɧɬɨɦ 

ɜ ɤaɪɬɢɪɨɜaɧɢɢ ɝeɧɨɦa, ɥɨɤaɥɢɡaɰɢɢ ɝeɧɨɜ, ɨɬɜeɬɫɬɜeɧɧɵɯ ɡa ɝeɧeɬɢɱeɫɤɢe 

ɡaɛɨɥeɜaɧɢɹ, ɨɩɪeɞeɥeɧɢɹ ɪɢɫɤa ɡaɛɨɥeɜaɧɢɹ, ɩɨɥɭɱeɧɢɹ ɝeɧeɬɢɱeɫɤɢɯ 

ɨɬɩeɱaɬɤɨɜ ɢ ɨɩɪeɞeɥeɧɢɹ ɪɨɞɫɬɜa. ɉɨɥɧɨe ɫɨɜɩaɞeɧɢe ɪeɫɬɪɢɤɰɢɨɧɧɵɯ ɤaɪɬɢɧ 

https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BD%D0%BE%D0%BC
https://ru.wikipedia.org/wiki/%D0%94%D0%9D%D0%9A
https://ru.wikipedia.org/wiki/%D0%A0%D0%B5%D1%81%D1%82%D1%80%D0%B8%D0%BA%D1%82%D0%B0%D0%B7%D1%8B
https://ru.wikipedia.org/wiki/%D0%94%D0%9D%D0%9A_%D1%8D%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D1%84%D0%BE%D1%80%D0%B5%D0%B7
https://ru.wikipedia.org/wiki/%D0%94%D0%9D%D0%9A_%D1%8D%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D1%84%D0%BE%D1%80%D0%B5%D0%B7
https://ru.wikipedia.org/wiki/%D0%9D%D1%83%D0%BA%D0%BB%D0%B5%D0%BE%D1%82%D0%B8%D0%B4
https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BD%D0%BE%D0%BC
https://en.wikipedia.org/wiki/genetic_fingerprinting
https://en.wikipedia.org/wiki/genetic_fingerprinting
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ɩɨ ɧeɫɤɨɥɶɤɢɦ ɪeɫɬɪɢɤɬaɡaɦ ɭɤaɡɵɜaeɬ ɧa ɛɥɢɡɤɨɪɨɞɫɬɜeɧɧɨɫɬɶ ɞaɧɧɵɯ 

ɲɬaɦɦɨɜ. 

ȼ  ɩɨɫɥeɞɧee ɜɪeɦɹ ɢɫɩɨɥɶɡɭɸɬ ɩɪeɢɦɭɳeɫɬɜeɧɧɨ ɦeɬɨɞ aɧaɥɢɡa ɉȾɊɎ ɜ 

ɫɨɱeɬaɧɢɢ ɫ ɩɨɥɢɦeɪaɡɧɨɣ ɰeɩɧɨɣ ɪeaɤɰɢeɣ (ɉɐɊ) [39].  

 

1.10 ɗɥeɤɬɪɨɮɨɪeɡ ȾɇɄ 

ɗɥeɤɬɪɨɮɨɪeɡ — ɷɬɨ ɩeɪeɦeɳeɧɢe ɱaɫɬɢɰ ɞɢɫɩeɪɫɧɨɣ ɮaɡɵ ɜ ɠɢɞɤɨɣ 

ɢɥɢ ɝaɡɨɨɛɪaɡɧɨɣ ɫɪeɞe ɩɨɞ ɞeɣɫɬɜɢeɦ ɜɧeɲɧeɝɨ ɷɥeɤɬɪɢɱeɫɤɨɝɨ ɩɨɥɹ. 

ȼɩeɪɜɵe ɛɵɥ ɨɬɤɪɵɬ ɩɪɨɮeɫɫɨɪaɦɢ Ɇɨɫɤɨɜɫɤɨɝɨ ɭɧɢɜeɪɫɢɬeɬa ɉ. ɂ. 

ɋɬɪaɯɨɜɵɦ ɢ Ɏ. Ɏ. Ɋeɣɫɫɨɦ ɜ 1809 ɝɨɞɭ [40]. 

ɗɥeɤɬɪɨɮɨɪeɡ ɹɜɥɹeɬɫɹ ɨɞɧɢɦ ɢɡ ɧaɢɛɨɥee ɜaɠɧɵɯ ɦeɬɨɞɨɜ ɞɥɹ 

ɪaɡɞeɥeɧɢɹ ɢ aɧaɥɢɡa ɤɨɦɩɨɧeɧɬɨɜ ɜeɳeɫɬɜ ɜ ɯɢɦɢɢ. ɗɬɨɬ ɦeɬɨɞ ɧaɯɨɞɢɬ 

ɲɢɪɨɱaɣɲee ɩɪɢɦeɧeɧɢe ɞɥɹ ɪaɡɞeɥeɧɢɹ ɫɦeɫeɣ ɛɢɨɦɨɥeɤɭɥ ɧa ɮɪaɤɰɢɢ ɢɥɢ 

ɢɧɞɢɜɢɞɭaɥɶɧɵe ɜeɳeɫɬɜa. Ɉɧ ɢɫɩɨɥɶɡɭeɬɫɹ ɜ ɛɢɨɯɢɦɢɢ, ɦɨɥeɤɭɥɹɪɧɨɣ 

ɛɢɨɥɨɝɢɢ, ɤɥɢɧɢɱeɫɤɨɣ ɞɢaɝɧɨɫɬɢɤe, ɩɨɩɭɥɹɰɢɨɧɧɨɣ ɛɢɨɥɨɝɢɢ [41]. 

ȼ ɧaɱaɥe 70-ɯ ɝɨɞɨɜ ɛɵɥɨ ɩɨɤaɡaɧɨ, ɱɬɨ ɫ ɩɨɦɨɳɶɸ ɝeɥɶ-ɷɥeɤɬɪɨɮɨɪeɡa 

ɦɨɠɧɨ ɨɩɪeɞeɥɢɬɶ ɞɥɢɧɭ ɢ ɱɢɫɬɨɬɭ ɦɨɥeɤɭɥ ȾɇɄ, a ɬaɤɠe ɪaɡɞeɥɢɬɶ ɢ 

ɜɵɞeɥɢɬɶ ɧɭɠɧɵe ɮɪaɝɦeɧɬɵ. ɗɬɨɬ ɦeɬɨɞ ɩɪɨɫɬ, ɬaɤ ɤaɤ ɤaɠɞɵɣ ɧɭɤɥeɨɬɢɞ ɜ 

ɦɨɥeɤɭɥe ɧɭɤɥeɢɧɨɜɨɣ ɤɢɫɥɨɬɵ ɨɛɥaɞaeɬ ɨɬɪɢɰaɬeɥɶɧɵɦ ɡaɪɹɞɨɦ, ɤɨɬɨɪɵɣ 

ɩɨɞ ɞeɣɫɬɜɢeɦ ɩɪɢɥɨɠeɧɧɨɝɨ ɷɥeɤɬɪɢɱeɫɤɨɝɨ ɩɨɥɹ ɡaɫɬaɜɥɹeɬ ɦɨɥeɤɭɥɵ 

ɞɜɢɝaɬɶɫɹ ɤ ɩɨɥɨɠɢɬeɥɶɧɨɦɭ ɷɥeɤɬɪɨɞɭ. ɑɬɨɛɵ ɪaɡɞeɥɢɬɶ ɦɨɥeɤɭɥɵ ȾɇɄ, 

ɢɫɯɨɞɹ ɢɡ ɢɯ ɪaɡɦeɪa, ɷɥeɤɬɪɨɮɨɪeɡ ɩɪɨɜɨɞɹɬ ɜ ɝeɥɹɯ. Ȼɵɥɢ ɪaɡɪaɛɨɬaɧɵ 

ɫɩeɰɢaɥɶɧɵe ɝeɥɢ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɵɯ ɭɞaeɬɫɹ ɪaɡɞeɥɢɬɶ ɮɪaɝɦeɧɬɵ ȾɇɄ 

ɞɥɢɧɨɣ ɞɨ 500 ɧɭɤɥeɨɬɢɞɨɜ, ɨɬɥɢɱaɸɳɢeɫɹ ɜɫeɝɨ ɥɢɲɶ ɧa ɧeɫɤɨɥɶɤɨ 

ɧɭɤɥeɨɬɢɞɨɜ.  

ɉɨɫɤɨɥɶɤɭ ɩɨɪɵ ɜ ɩɨɥɢaɤɪɢɥaɦɢɞɧɨɦ ɝeɥe ɞɥɹ ɛɨɥɶɲɢɯ ɦɨɥeɤɭɥ ȾɇɄ 

ɫɥɢɲɤɨɦ ɦaɥɵ, ɬɨ ɞɥɹ ɪaɡɞeɥeɧɢɹ ɦɨɥeɤɭɥ ȾɇɄ ɩɨ ɪaɡɦeɪɭ ɛɵɥɢ ɪaɡɪaɛɨɬaɧɵ 

ɫɩeɰɢaɥɶɧɵe ɝeɥɢ ɧa ɨɫɧɨɜe aɝaɪɨɡɵ (ɩɨɥɢɫaɯaɪɢɞa, ɜɵɞeɥɹeɦɨɝɨ ɢɡ ɦɨɪɫɤɢɯ 
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ɜɨɞɨɪɨɫɥeɣ). Ɉɛa ɷɬɢ ɦeɬɨɞa ɪaɡɞeɥeɧɢɹ ȾɇɄ (ɜ ɩɨɥɢaɤɪɢɥaɦɢɞɧɨɦ ɝeɥe ɢ 

aɝaɪɨɡɧɨɦ ɝeɥe) ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ aɧaɥɢɬɢɱeɫɤɢɯ ɢ ɩɪeɩaɪaɬɢɜɧɵɯ 

ɰeɥeɣ. 

ɗɥeɤɬɪɨɮɨɪeɡ ɜ aɝaɪɨɡɧɨɦ ɝeɥe – ɫɬaɧɞaɪɬɧɵɣ ɦeɬɨɞ, ɢɫɩɨɥɶɡɭeɦɵɣ ɞɥɹ 

ɪaɡɞeɥeɧɢɹ, ɢɞeɧɬɢɮɢɤaɰɢɢ ɢ ɨɱɢɫɬɤɢ ɮɪaɝɦeɧɬɨɜ ȾɇɄ. ɋ ɩɨɦɨɳɶɸ ɷɬɨɣ 

ɩɪɨɫɬɨɣ ɬeɯɧɢɤɢ ɦɨɠɧɨ ɛɵɫɬɪɨ ɪaɡɞeɥɢɬɶ ɬaɤɢe ɫɦeɫɢ ɮɪaɝɦeɧɬɨɜ ȾɇɄ, 

ɤɨɬɨɪɵe ɧe ɦɨɝɭɬ ɛɵɬɶ ɪaɡɞeɥeɧɵ ɞɪɭɝɢɦɢ ɫɩɨɫɨɛaɦɢ, ɧaɩɪɢɦeɪ 

ɰeɧɬɪɢɮɭɝɢɪɨɜaɧɢeɦ ɜ ɝɪaɞɢeɧɬe ɩɥɨɬɧɨɫɬɢ. ɗɥeɤɬɪɨɮɨɪeɡ ɩɪɨɜɨɞɢɬɫɹ ɜ 

ɤaɦeɪe, ɡaɩɨɥɧeɧɧɨɣ ɛɭɮeɪɧɵɦ ɪaɫɬɜɨɪɨɦ. Ȼɭɮeɪ ɧeɨɛɯɨɞɢɦ ɞɥɹ ɩɨɜɵɲeɧɢɹ 

ɢɨɧɧɨɣ ɫɢɥɵ ɪaɫɬɜɨɪa, ɜ ɤɨɬɨɪɨɦ ɛɭɞeɬ ɩɪɨɢɫɯɨɞɢɬɶ ɪaɡɞeɥeɧɢe ɦɨɥeɤɭɥ ȾɇɄ. 

Ɉɧ ɠe ɢɫɩɨɥɶɡɭeɬɫɹ ɞɥɹ ɩɪɢɝɨɬɨɜɥeɧɢɹ aɝaɪɨɡɧɨɝɨ ɝeɥɹ. 

Ʉɪɨɦe ɬɨɝɨ, ɩɪɢ ɪaɡɞeɥeɧɢɢ ɜ ɝeɥe ɩɪɹɦɨ ɫɥeɞɹɬ ɡa ɩɨɥɨɠeɧɢeɦ ȾɇɄ, ɬaɤ 

ɤaɤ ɩɨɥɨɫɵ ȾɇɄ ɜ ɝeɥe ɦɨɠɧɨ ɨɤɪaɲɢɜaɬɶ ɮɥɭɨɪeɫɰɢɪɭɸɳɢɦ ɜ ȾɇɄ 

ɤɪaɫɢɬeɥeɦ – ɛɪɨɦɢɫɬɵɦ ɷɬɢɞɢeɦ ɜ ɧɢɡɤɨɣ ɤɨɧɰeɧɬɪaɰɢɢ. ɉɪɨɫɦaɬɪɢɜaɹ 

ɩɪɨɤɪaɲeɧɧɵɣ ɝeɥɶ ɜ ɭɥɶɬɪaɮɢɨɥeɬɨɜɨɦ ɫɜeɬe, ɦɨɠɧɨ ɡaɦeɬɢɬɶ ɞaɠe 1 ɧɝ 

ȾɇɄ. 

ɋɤɨɪɨɫɬɶ ɦɢɝɪaɰɢɢ ȾɇɄ ɱeɪeɡ aɝaɪɨɡɧɵɣ ɝeɥɶ ɩɪɢ ɷɥeɤɬɪɨɮɨɪeɡe 

ɨɩɪeɞeɥɹeɬɫɹ ɫɥeɞɭɸɳɢɦɢ ɩaɪaɦeɬɪaɦɢ:  

- ɪaɡɦeɪɨɦ ɦɨɥeɤɭɥ ȾɇɄ,  

- ɤɨɧɮɨɪɦaɰɢeɣ ȾɇɄ,  

- ɤɨɧɰeɧɬɪaɰɢeɣ aɝaɪɨɡɵ,  

- ɧaɩɪɹɠeɧɧɨɫɬɶɸ ɷɥeɤɬɪɢɱeɫɤɨɝɨ ɩɨɥɹ,  

- ɢɫɩɨɥɶɡɭeɦɵɦ ɛɭɮeɪɨɦ. 

Ⱦɥɹ ɷɥeɤɬɪɨɮɨɪeɡa ɩɪɢɦeɧɹɸɬɫɹ ɬɪɢɫ-aɰeɬaɬɧɵe, ɬɪɢɫ-ɛɨɪaɬɧɵe ɢɥɢ 

ɬɪɢɫ-ɮɨɫɮaɬɧɵe ɛɭɮeɪɵ ɜ ɤɨɧɰeɧɬɪaɰɢɢ 50 ɦɆ ɫ ɪɇ ɨɬ 7,5 ɞɨ 7,8. 
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ɗɥeɤɬɪɨɮɨɪeɡ ɹɜɥɹeɬɫɹ ɨɞɧɢɦ ɢɡ ɦeɬɨɞɨɜ ɨɩɪeɞeɥeɧɢɹ ɤɨɥɢɱeɫɬɜa ɢ 

ɤaɱeɫɬɜa ȾɇɄ. ɗɬɨɬ ɦeɬɨɞ ɩɨɡɜɨɥɹeɬ ɨɩɪeɞeɥɢɬɶ ɩɪɢɛɥɢɡɢɬeɥɶɧɭɸ 

ɤɨɧɰeɧɬɪaɰɢɸ ȾɇɄ. Ɉɧa ɨɩɪeɞeɥɹeɬɫɹ ɫɪaɜɧeɧɢeɦ ɢɫɫɥeɞɭeɦɨɣ ȾɇɄ ɫɨ 

ɫɬaɧɞaɪɬɧɵɦɢ ɪaɡɜeɞeɧɢɹɦɢ ȾɇɄ-ɦaɪɤeɪa ɢɡɜeɫɬɧɨɣ ɦɨɥeɤɭɥɹɪɧɨɣ ɦaɫɫɵ, 

ɤɨɧɰeɧɬɪaɰɢɹ ɤɨɬɨɪɨɝɨ ɢɡɜeɫɬɧa. ɉɨɫɥe ɷɥeɤɬɪɨɮɨɪeɡa ɢ ɨɤɪaɲɢɜaɧɢɹ ɝeɥɹ 

ɫɪaɜɧɢɜaɸɬ ɢɧɬeɧɫɢɜɧɨɫɬɶ ɫɜeɱeɧɢɹ ɩɨɥɨɫ ȾɇɄ ɜ ɢɫɫɥeɞɭeɦɵɯ ɢ ɷɬaɥɨɧɧɵɯ 

ɨɛɪaɡɰaɯ. 

1.11 Aɧaɥɢɡ in silico 

In silico – ɬeɪɦɢɧ, ɨɛɨɡɧaɱaɸɳɢɣ ɤɨɦɩɶɸɬeɪɧɨe ɦɨɞeɥɢɪɨɜaɧɢe (ɫɢɦɭɥɹɰɢɸ) 

ɷɤɫɩeɪɢɦeɧɬa, ɱaɳe ɛɢɨɥɨɝɢɱeɫɤɨɝɨ. Ɏɪaɡa ɛɵɥa ɫɨɡɞaɧa ɩɨ aɧaɥɨɝɢɢ ɫ 

ɮɪaɡaɦɢ invivo (ɜ ɠɢɜɨɦ ɨɪɝaɧɢɡɦe) ɢ invitro (ɜ ɩɪɨɛɢɪɤe), ɤɨɬɨɪɵe ɱaɫɬɨ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɛɢɨɥɨɝɢɢ. 

ɋ ɩɨɦɨɳɶɸ ɤɨɦɩɶɸɬeɪɧɨɝɨ ɦɨɞeɥɢɪɨɜaɧɢɹ aɧaɥɢɡɢɪɭɸɬ ɧɭɤɥeɢɧɨɜɵe ɤɢɫɥɨɬ 

ɢ aɦɢɧɨɤɢɫɥɨɬɧɵe ɩɨɫɥeɞɨɜaɬeɥɶɧɨɫɬɢ, ɩɪɨɢɡɜɨɞɹɬ ɜɵɪaɜɧɢɜaɧɢe 

ɩɨɫɥeɞɨɜaɬeɥɶɧɨɫɬeɣ, ɩɨɢɫɤ ɝɨɦɨɥɨɝɢɱɧɵɯ ɩɨɫɥeɞɨɜaɬeɥɶɧɨɫɬeɣ ȾɇɄ, ɊɇɄ ɢ 

ɛeɥɤɨɜ, ɩɨɫɬɪɨeɧɢe ɮɢɥɨɝeɧeɬɢɱeɫɤɢɯ ɤaɪɬ, ɢɫɩɨɥɶɡɭɹ ɫɩeɰɢaɥɶɧɨe 

ɩɪɨɝɪaɦɦɧɨe ɨɛeɫɩeɱeɧɢe. Ɉɫɭɳeɫɬɜɥɹɸɬ ɬaɤɢe ɦaɧɢɩɭɥɹɰɢɢ ɤaɤ: 

ɬeɨɪeɬɢɱeɫɤɢe aɦɩɥɢɮɢɤaɰɢɸ, ɪeɫɬɪɢɤɬɢɪɨɜaɧɢe, ɷɥeɤɬɪɨɮɨɪeɡ. Ƚeɧɨɦɵ ɦɨɝɭɬ 

ɢɦeɬɶ ɞɥɢɧɭ ɞɨ ɧeɫɤɨɥɶɤɢɯ ɦɢɥɥɢaɪɞɨɜ ɩaɪ ɧɭɤɥeɨɬɢɞɨɜ. Ⱦaɧɧɵɣ ɦeɬɨɞ 

ɩɨɡɜɨɥɹeɬ aɧaɥɢɡɢɪɨɜaɬɶ ɪaɡɥɢɱɧɵe ɝeɧɨɦɵ ɡa ɤɨɪɨɬɤɨe ɜɪeɦɹ, ɨɫɭɳeɫɬɜɥɹɬɶ 

ɩɨɢɫɤ ɧɭɠɧɵɯ ɩɨɫɥeɞɨɜaɬeɥɶɧɨɫɬeɣ ȾɇɄ, ɊɇɄ, ɛeɥɤɨɜ ɢ ɪaɛɨɬaɬɶ ɫ ɧɢɦɢ. 

ȼ ɧaɫɬɨɹɳee ɜɪeɦɹ ɢɦeeɬɫɹ ɨɝɪɨɦɧɨe ɤɨɥɢɱeɫɬɜɨ ɝeɧeɬɢɱeɫɤɢɯ ɞaɧɧɵɯ, ɧaɯɨɞɹ-

ɳɢɯɫɹ ɜ ɨɬɤɪɵɬɨɦ ɞɨɫɬɭɩe ɧa ɫɩeɰɢaɥɢɡɢɪɨɜaɧɧɵɯ ɩɨɪɬaɥaɯ. Ɇaɬeɦaɬɢɱeɫɤaɹ, 

aɧaɥɢɬɢɱeɫɤaɹ ɢ ɩɪɨɝɪaɦɦɧaɹ ɨɛɪaɛɨɬɤa ɞaɧɧɵɯ ɩɨɫɥeɞɨɜaɬeɥɶɧɨɫɬeɣ ɢɦeeɬ 

ɹɜɧɨe ɩɪeɢɦɭɳeɫɬɜɨ ɩeɪeɞ ɷɤɫɩeɪɢɦeɧɬaɥɶɧɵɦɢ ɢɫɫɥeɞɨɜaɧɢɹɦɢ ɜ ɨɛɥaɫɬɢ 

ɬɪɭɞɨeɦɤɨɫɬɢ, ɫɬɨɢɦɨɫɬɢ ɢ ɜɪeɦeɧɢ [42, 43]. 
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ɉɪɢɦeɧeɧɢe ɛɢɨɢɧɮɨɪɦaɰɢɨɧɧɨɝɨ ɩɨɞɯɨɞa ɩɨɡɜɨɥɹeɬ ɩɥaɧɢɪɨɜaɬɶ ɢ 

ɦɨɞeɥɢɪɨɜaɬɶ ɷɤɫɩeɪɢɦeɧɬɵ ɞɥɹ ɬɨɝɨ ɱɬɨ ɛɵ ɫɧɢɡɢɬɶ ɜeɪɨɹɬɧɨɫɬɶ ɨɲɢɛɤɢ ɜ 

ɯɨɞe ɩɪaɤɬɢɱeɫɤɨɝɨ ɷɤɫɩeɪɢɦeɧɬa, a ɬaɤɠe ɫɧɢɡɢɬɶ ɤɨɥɢɱeɫɬɜɨ ɪeɫɭɪɫɨɜ. 
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2 ɆAɌEɊɂAɅЫ ɂ ɆEɌɈȾЫ 

2.1 Ɉɛɴeɤɬ ɢɫɫɥeɞɨɜaɧɢя 

Ɉɛɪaɡɰɵ ɛaɤɬeɪɢɣ ɛɵɥɢ ɩɪeɞɨɫɬaɜɥeɧɵ ɧaɦ ɦaɝɢɫɬɪaɧɬɨɦ ɤaɮeɞɪɵ 

ɛɢɨɬeɯɧɨɥɨɝɢɢ Ʌaɪɶɤɨɜɨɣ Aɧɧɨɣ ɇɢɤɨɥaeɜɧɨɣ. 

2.2 Ɇeɬɨɞɢɤa ɜɵɞeɥeɧɢя ȾɇɄ  

 Ɇeɬɨɞɢɤa ɜɵɞeɥeɧɢɹ ȾɇɄ ɫ ɩɨɦɨɳɶɸ ɧaɛɨɪa SILICA uni ɨɫɧɨɜaɧa ɧa 

ɫɨɪɛɰɢɢ ɩɪeɢɦɭɳeɫɬɜeɧɧɨ ɜɵɫɨɤɨɦɨɥeɤɭɥɹɪɧɨɣ ɮɪaɤɰɢɢ ɧɭɤɥeɢɧɨɜɵɯ ɤɢɫɥɨɬ 

ɫɭɫɩeɧɞɢɪɨɜaɧɧɵɦɢ ɱaɫɬɢɰaɦɢ ɨɤɫɢɞa ɤɪeɦɧɢɹ, ɱɬɨ ɩɨɡɜɨɥɹeɬ ɩɪɨɢɡɜɨɞɢɬɶ 

ɩɪɨɛɨɩɨɞɝɨɬɨɜɤɭ ɞɥɹ ɉɐɊ ɫ ɦɢɧɢɦaɥɶɧɵɦɢ ɩɨɬeɪɹɦɢ, ɢ ɨɛɭɫɥaɜɥɢɜaeɬ 

ɤaɱeɫɬɜɨ ɩɪeɩaɪaɬa ȾɇɄ, ɨɩɬɢɦaɥɶɧɨe ɞɥɹ ɉɐɊ. Ɉɫɧɨɜɧɨɣ ɤɨɦɩɨɧeɧɬ 

ɥɢɡɢɪɭɸɳeɣ ɫɦeɫɢ – ɝɭaɧɢɞɢɧɬɢɨɰɢaɧaɬ. ɉɪɨɞɨɥɠɢɬeɥɶɧɨɫɬɶ ɩɨɞɝɨɬɨɜɤɢ 

ɨɛɪaɡɰɨɜ ɫ ɩɨɦɨɳɶɸ ɧaɛɨɪa SILICA uni ɫɨɫɬaɜɥɹeɬ ɨɤɨɥɨ 1 ɱaɫa. ɉɨɥɭɱeɧɧɵe 

ɩɪeɩaɪaɬɵ ȾɇɄ ɦɨɠɧɨ ɫɪaɡɭ ɢɫɩɨɥɶɡɨɜaɬɶ ɞɥɹ ɉɐɊ ɛeɡ ɨɩɪeɞeɥeɧɢɹ 

ɤɨɧɰeɧɬɪaɰɢɢ ȾɇɄ ɜ ɧɢɯ ɢ ɞɨɩɨɥɧɢɬeɥɶɧɨɝɨ ɪaɡɛaɜɥeɧɢɹ. 

ɇaɛɨɪ ɪeaɝeɧɬɨɜ SILICA uni ɩɪɢɦeɧɹeɬɫɹ ɞɥɹ ɜɵɞeɥeɧɢɹ ȾɇɄ ɢɡ 

ɛɨɥɶɲɢɧɫɬɜa ɠɢɜɵɯ ɬɤaɧeɣ ɢ ɛɢɨɥɨɝɢɱeɫɤɢɯ ɠɢɞɤɨɫɬeɣ ɠɢɜɨɬɧɨɝɨ, 

ɪaɫɬɢɬeɥɶɧɨɝɨ ɢ ɦɢɤɪɨɛɢɨɥɨɝɢɱeɫɤɨɝɨ ɩɪɨɢɫɯɨɠɞeɧɢɹ. 

ɇaɛɨɪ ɪeaɝeɧɬɨɜ SILICA uni ɨɫɧɨɜaɧ ɧa ɢɫɩɨɥɶɡɨɜaɧɢɢ ɥɢɡɢɪɭɸɳeɝɨ 

ɛɭɮeɪa ɫ ɝɭaɧɢɞɢɧɬɢɨɰɢaɧaɬɨɦ, ɤɨɬɨɪɵɣ ɩɪeɞɧaɡɧaɱeɧ ɞɥɹ ɥɢɡɢɫa ɤɥeɬɨɤ, 

ɫɨɥɸɛɢɥɢɡaɰɢɢ ɤɥeɬɨɱɧɨɝɨ ɞeɛɪɢɫa, a ɬaɤɠe ɞɥɹ ɞeɧaɬɭɪaɰɢɢ ɤɥeɬɨɱɧɵɯ 

ɧɭɤɥeaɡ. ȼ ɩɪɢɫɭɬɫɬɜɢɢ ɥɢɡɢɪɭɸɳeɝɨ ɛɭɮeɪa ȾɇɄ aɤɬɢɜɧɨ ɫɜɹɡɵɜaeɬɫɹ ɫ 

ɫɨɪɛeɧɬɨɦ, ɡaɬeɦ ɥeɝɤɨ ɨɬɦɵɜaeɬɫɹ ɨɬ ɛeɥɤɨɜ ɢ ɫɨɥeɣ ɨɬɦɵɜɨɱɧɵɦɢ 

ɫɩɢɪɬɨɜɵɦɢ ɛɭɮeɪaɦɢ. ȾɇɄ, ɷɥɸɢɪɨɜaɧɧaɹ ɢɡ ɫɨɪɛeɧɬa ɛɭɮeɪɨɦ ɌE ɦɨɠeɬ 

ɛɵɬɶ ɧaɩɪɹɦɭɸ ɢɫɩɨɥɶɡɨɜaɧa ɞɥɹ ɉɐɊ [44]. 

2.3 Ɇeɬɨɞɢɤa ɩɪɨɜeɞeɧɢe ɉɐɊ 

 Ⱦɥɹ ɩɪɨɜeɞeɧɢɹ ɉɐɊ ɜ ɩɪɨɫɬeɣɲeɦ ɫɥɭɱae ɬɪeɛɭɸɬɫɹ ɫɥeɞɭɸɳɢe 

ɤɨɦɩɨɧeɧɬɵ: 
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 ȾɇɄ-ɦaɬɪɢɰa, ɫɨɞeɪɠaɳaɹ ɬɨɬ ɭɱaɫɬɨɤ ȾɇɄ, ɤɨɬɨɪɵɣ ɬɪeɛɭeɬɫɹ 

aɦɩɥɢɮɢɰɢɪɨɜaɬɶ.  

 Ⱦɜa ɩɪaɣɦeɪa (ɡaɬɪaɜɤɢ, ɧeɨɛɯɨɞɢɦɵe ɞɥɹ ɢɧɢɰɢaɰɢɢ ɫɢɧɬeɡa 

ȾɇɄ), ɤɨɦɩɥeɦeɧɬaɪɧɵe ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɦ ɤɨɧɰaɦ ɪaɡɧɵɯ ɰeɩeɣ ɬɪeɛɭeɦɨɝɨ 

ɮɪaɝɦeɧɬa ȾɇɄ.  

 Ɍeɪɦɨɫɬaɛɢɥɶɧaɹ ȾɇɄ-ɩɨɥɢɦeɪaɡa — ɮeɪɦeɧɬ, ɤɨɬɨɪɵɣ 

ɤaɬaɥɢɡɢɪɭeɬ ɪeaɤɰɢɸ ɩɨɥɢɦeɪɢɡaɰɢɢ ȾɇɄ.  

 Ⱦeɡɨɤɫɢɧɭɤɥeɨɡɢɞɬɪɢɮɨɫɮaɬɵ (dATP, dGTP, dCTP, dTTP).  

 ɂɨɧɵ Mg2+, ɧeɨɛɯɨɞɢɦɵe ɞɥɹ ɪaɛɨɬɵ ɩɨɥɢɦeɪaɡɵ.  

 Ȼɭɮeɪɧɵɣ ɪaɫɬɜɨɪ, ɨɛeɫɩeɱɢɜaɸɳɢɣ ɧeɨɛɯɨɞɢɦɵe ɭɫɥɨɜɢɹ 

ɪeaɤɰɢɢ — ɪɇ, ɢɨɧɧɭɸ ɫɢɥɭ ɪaɫɬɜɨɪa. ɋɨɞeɪɠɢɬ ɫɨɥɢ, ɛɵɱɢɣ ɫɵɜɨɪɨɬɨɱɧɵɣ 

aɥɶɛɭɦɢɧ. 

Нa од̦у п̬обу об̻e̥о̥ 50̥кл т̬eбуeт̭я:  

 - 27 ɦɤɥ ɞɢɫɬ. ɜɨɞɵ 

 - 5 ɦɤɥ 10ɯ ɛɭɮeɪa 

 - 5 ɦɤɥ + 5 ɦɤɥ ɩɪaɣɦeɪɨɜ ɫ ɤɨɧɰeɧɬɪaɰɢɹɦɢ ɩɨ 1µM (1350 R - 500 L; 8F – 

1492L) 

 - 3 ɦɤɥ MgCl2 ɫ ɤɨɧɰeɧɬɪaɰɢeɣ 2.5mM 

 ȼɫe ɜeɳeɫɬɜa ɫɦeɲɢɜaɥɢ ɜ 1 ɩɪɨɛɢɪɤe ɨɛɴeɦɨɦ 1,5 ɦɥ ɢɡ ɪaɫɱeɬa ɧa 13 

ɩɪɨɛ, ɡaɬeɦ ɜ ɤaɠɞɭɸ ɛɵɥɨ ɞɨɛaɜɥeɧɨ ɩɨ 47 ɦɤɥ ɞaɧɧɨɣ ɫɦeɫɢ ɢ ɩɨ 2 ɦɤɥ 

ɢɫɫɥeɞɭeɦɨɣ ȾɇɄ. ɉɨɫɥe ɝɨɪɹɱeɝɨ ɫɬaɪɬa ɜ ɤaɠɞɭɸ ɢɡ ɩɪɨɛɢɪɨɤ  

ɞɨɛaɜɢɥɢ ɩɨ 1 ɦɤɥ ȾɇɄ Tag - ɩɨɥɢɦeɪaɡɵ. 

ɏɨɞ ɪeaɤɰɢɢ:  

  ɉɪɨɜeɞeɧɢe ɉɐɊ – ɩɪɨɰeɫɫ ɫɥɨɠɧɵɣ ɢ ɡaɧɢɦaeɬ ɩɪɢɛɥɢɡɢɬeɥɶɧɨ 25-30 

ɰɢɤɥɨɜ. Ʉaɠɞɵɣ ɢɡ ɰɢɤɥɨɜ ɫɨɫɬɨɢɬ ɢɡ ɬɪeɯ ɫɬaɞɢɣ. ɗɬɨ ɧɭɠɧɨ ɞɥɹ ɩɨɥɭɱeɧɢɹ 

ɞɨɫɬaɬɨɱɧɨɝɨ ɤɨɥɢɱeɫɬɜa ɤɨɩɢɣ ɢɫɤɨɦɨɝɨ ɯaɪaɤɬeɪɢɫɬɢɱeɫɤɨɝɨ ɮɪaɝɦeɧɬa 

ȾɇɄ.  

1.Ƚɨɪɹɱɢɣ ɫɬaɪɬ – ɨɞɧa ɢɡ ɩeɪɜɵɯ ɫɬaɞɢɣ. ȾɇɄ ɧaɝɪeɜaɸɬ ɞɨ 96°C ɜ ɬeɱeɧɢe 
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ɬɪeɯ ɦɢɧɭɬ. Ɂaɬeɦ ɬeɦɩeɪaɬɭɪɭ ɩɨɧɢɠaɸɬ ɞɨ 72°C, ɱɬɨɛɵ ɞɨɛaɜɢɬɶ ɮeɪɦeɧɬ. 

Ⱦaɥee ɮeɪɦeɧɬ ɧeɬ ɧeɨɛɯɨɞɢɦɨɫɬɢ ɞɨɛaɜɥɹɬɶ, ɩɨɫɤɨɥɶɤɭ ȾɇɄ-ɩɨɥɢɦeɪaɡɭ 

ɢɡɝɨɬɨɜɥɹɸɬ ɢɡ ɬeɪɦɨɮɢɥɶɧɵɯ ɛaɤɬeɪɢɣ. ɉɨɷɬɨɦɭ ɨɧa ɬeɪɦɨɫɬaɛɢɥɶɧaɹ ɢ 

ɫɩɨɫɨɛɧa ɜɵɞeɪɠɢɜaɬɶ ɜɵɫɨɤɢe ɬeɦɩeɪaɬɭɪɵ.  

2. Ⱦeɧaɬɭɪaɰɢɹ. ɇa ɷɬɨɣ ɫɬaɞɢɢ ɩɪɨɢɫɯɨɞɢɬ ɪaɫɩɥeɬeɧɢe ɧɢɬeɣ ȾɇɄ ɩɨɞ 

ɞeɣɫɬɜɢeɦ ɧa ɧee ɜɵɫɨɤɨɣ ɬeɦɩeɪaɬɭɪɵ- 95 °C. Ⱦɥɢɬeɥɶɧɨɫɬɶ – ɞɜe ɦɢɧɭɬɵ.  

3.Ɉɬɠɢɝ. Ɂɞeɫɶ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢɫɨeɞɢɧeɧɢe ɩɪaɣɦeɪɨɜ ɫ ɫɨɨɬɜeɬɫɬɜɭɸɳɢɦɢ 

ɩɨɫɥeɞɨɜaɬeɥɶɧɨɫɬɹɦ ɧa ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɯ ɰeɩɹɯ ȾɇɄ. Ɍeɦɩeɪaɬɭɪa 

ɫɨɫɬaɜɥɹeɬ 57°C (ɩɨɞɨɛɪaɧa ɷɤɫɩeɪeɦeɧɬaɥɶɧɵɦ ɩɭɬeɦ), ɞɥɢɬeɥɶɧɨɫɬɶ –20 

ɫeɤɭɧɞ.  

4.ɋɢɧɬeɡ (ɷɥɨɧɝaɰɢɹ). ɋɢɧɬeɡ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɪɢ ɬeɦɩeɪaɬɭɪe ɩɪɢɛɥɢɡɢɬeɥɶɧɨ 

72°C. Ɍeɦɩeɪaɬɭɪa ɡaɜɢɫɢɬ ɨɬ ɪaɡɦeɪa ɤɭɫɤa ȾɇɄ ɢ ɨɬ ɢɫɩɨɥɶɡɭeɦɨɣ 

ɩɨɥɢɦeɪaɡɵ. ɉɨɫɥe ɫɢɧɬeɡa ɢɞeɬ ɩɨɜɬɨɪ ɰɢɤɥɨɜ.  

5.Ɏɢɧaɥɶɧaɹ ɷɥɨɧɝaɰɢɹ. ɂɫɩɨɥɶɡɭeɬɫɹ ɞɥɹ ɨɤɨɧɱaɬeɥɶɧɨɝɨ ɞɨɫɬɪaɢɜaɧɢɹ ɜɫeɯ 

ɨɞɧɨɰeɩɨɱeɱɧɵɯ ɮɪaɝɦeɧɬɨɜ. ɇa ɜɫe ɷɬɨ ɭɯɨɞɢɬ 7-10 ɦɢɧɭɬ.  

6. ɏɪaɧeɧɢe ɜɨɡɦɨɠɧɨ ɩɪɢ ɬeɦɩeɪaɬɭɪe 4°C ɜ ɬeɱeɧɢe 18 ɱaɫɨɜ  

ɂɫɩɨɥɶɡɭeɦaɹ ɩɪɨɝɪaɦɦa ɩɪɢ ɩɪɨɜeɞeɧɢɢ ɉɐɊ: 

1. 95°C – 2 ɦɢɧ; 

2. 80°C – 2 ɦɢɧ; 

3. 95°C – 0:10 ɫeɤ; 

4. 64°C – 0:15 ɫeɤ; 

5. 72°C - 1:00 ɦɢɧ; 

6. GO TO 3   35 times; 

7. 72°C – 4:00; 

8. 4°C – 18:00:00ɱ;    

9. END. 

Ⱦɥɹ ɜɢɡɭaɥɢɡaɰɢɢ ɪeɡɭɥɶɬaɬɨɜ aɦɩɥɢɮɢɤaɰɢɢ ɢɫɩɨɥɶɡɨɜaɥɢ 

ɷɥeɤɬɪɨɮɨɪeɡ. ɉɨɫɥe ɨɤɨɧɱaɧɢɹ ɷɥeɤɬɪɨɮɨɪeɡa ɝeɥɶ ɩɨɦeɳaɥɢ ɜ 

ɬɪaɧɫɥɸɦɢɧaɬɨɪ ɝeɥɶ-ɞɨɤɭɦeɧɬɢɪɭɸɳeɣ ɫɢɫɬeɦɵ. ɉɪɨɜeɞeɧɧɵɣ ɷɥeɤɬɪɨɮɨɪeɡ 

aɦɩɥɢɤɨɧɨɜ ȾɇɄ ɩɨɤaɡaɥ ɱɬɨ ɪeaɤɰɢɹ ɉɐɊ ɩɪɨɲɥa ɭɫɩeɲɧɨ ɢ ɦɵ ɫɦɨɝɥɢ 
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ɜɵɞeɥɢɬɶ ɭɱaɫɬɤɢ ȾɇɄ ɝeɧa 16S ɪɊɇɄ ɞɥɢɧɨɣ 900 ɩaɪ ɨɫɧɨɜaɧɢɣ. 

2.4 Ɇeɬɨɞɢɤa ɩɪɨɜeɞeɧɢя ɪeaɤɰɢɢ ɪeɫɬɪɢɤɰɢɢ 

Ɋeaɤɰɢɸ ɪeɫɬɪɢɤɰɢɢ aɦɩɥɢɮɢɰɢɪɨɜaɧɧɨɣ ȾɇɄ ɩɪɨɜɨɞɢɥɢ ɜ ɬeɱeɧɢe 2 ɱ. 

ɜ ɩɪɢɛɨɪe Thermomixercomfort ɩɪɨɢɡɜɨɞɫɬɜɨ ɮɢɪɦɵ Eppendorf. Ɋɟ ɤɰɢɹ 

ɩɪɨɯɨɞɢɥ  ɩɪɢ 37 0ɋ ɜ 50 ɦɤɥ ɪɟ ɤɰɢɨɧɧɨɣ ɫɦɟɫɢ, ɫɨɞɟɪɠ ɳɟɣ 2 ɟɞ.  ɤɬ. 

ɪɟɫɬɪɢɤɬ ɡɵ.  

ɉɨɫɬaɧɨɜɤa ɪeaɤɰɢɢ ɪeɫɬɪɢɤɰɢɢ, ɞɥɹ 1 ɩɪɨɛɵ ɨɛɴeɦɨɦ 50 ɦɤɥ 

ɧeɨɛɯɨɞɢɦɨ: 

- 5 ɦɤɥ 10ɯ ɛɭɮeɪa 

- 10 ɦɤɥɪaɡɛ. BSA 

- 25 ɦɤɥ H20 

- 10 ɦɤɥ ȾɇɄ 

- 5 ɦɤɥ ɮeɪɦeɧɬa (aɤɬɢɜɧɨɫɬɶ ɮeɪɦeɧɬa 10 000 e.a/ɦɥ) 

ȼɫe ɜeɳeɫɬɜa ɫɦeɲaɥɢ  ɜ 1 ɩɪɨɛɢɪɤe ɨɛɴeɦɨɦ 2 ɦɥ, ɢɡ ɪaɫɱeɬa ɧa 13 ɩɪɨɛ, 

ɡaɬeɦ ɜ ɤaɠɞɭɸ ɩɪɨɛɢɪɤɭ ɞɨɛaɜɢɥɢ ɩɨ 35 ɦɤɥ ɞaɧɧɨɣ ɫɦeɫɢ ɢ ɩɨ 15 ɦɤɥ 

ɢɫɫɥeɞɭeɦɨɣ ȾɇɄ. ɋɦeɫɶ ɝɨɬɨɜɢɥɢ ɧa ɥeɞɹɧɨɣ ɩɨɞɫɬaɜɤe. 

Ⱦɥɹ ɜɢɡɭaɥɢɡaɰɢɢ ɪeɡɭɥɶɬaɬɨɜ ɪeɫɬɪɢɤɰɢɢ ɢɫɩɨɥɶɡɨɜaɥɢ ɷɥeɤɬɪɨɮɨɪeɡ.  

ȼɫe ɢɫɩɨɥɶɡɨɜaɧɧɵe ɧaɦɢ ɪeɫɬɪɢɤɬaɡɵ ɢɦeɸɬ ɬeɬɪaɧɭɤɥeɨɬɢɞɧɵɣ ɫaɣɬ 

ɭɡɧaɜaɧɢɹ, ɱɬɨ ɩɨɡɜɨɥɢɥɨ ɩɨɥɭɱɢɬɶ ɨɬ 3 ɞɨ 7 ɮɪaɝɦeɧɬɨɜ ȾɇɄ ɜ ɪeɡɭɥɶɬaɬe 

ɪaɫɳeɩɥeɧɢɹ ɩɪɨɞɭɤɬɨɜ aɦɩɥɢɮɢɤaɰɢɢ, ɢɦeɸɳɢɯ ɞɥɢɧɵ ɩɨɪɹɞɤa 900 ɩaɪ 

ɨɫɧɨɜaɧɢɣ. 

 2.5 Ɇeɬɨɞɢɤa ɩɪɨɜeɞeɧɢя ɷɥeɤɬɪɨɮɨɪeɡa 

Оɛɨɪɭдɨɜaɧɢe дɥя ɩɪɨɜeдeɧɢя эɥeɤɬɪɨɮɨɪeɡa: 

1. ɂɫɬɨɱɧɢɤ ɩɢɬaɧɢɹ Bio-RadPowerPacHV (1-400 ȼɬ, 0,01-

500ɦA, 20-5000ȼ) 
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2. Ʉaɦeɪa ɞɥɹ ɝɨɪɢɡɨɧɬaɥɶɧɨɝɨ ɷɥeɤɬɪɨɮɨɪeɡa (ɝeɥɶ 7ɯ10) Mini-

SubCellGT, Bio-Rad.  

3. Ƚeɥɶ - ɞɨɤɭɦeɧɬɢɪɭɸɳaɹ ɫɢɫɬeɦa Bio-RadGelDocXR ɫ 

ɤɨɦɩɶɸɬeɪɨɦ.  

Рeaɤɬɢɜы, ɧeɨɛɯɨдɢɦыe дɥя ɩɪɨɜeдeɧɢя эɥeɤɬɪɨɮɨɪeɡa: 

1. ɉɨɪɨɲɨɤ aɝaɪɨɡɵ; 

2. Ȼɪɨɦɢɫɬɵɣ ɷɬɢɞɢɣ; 

3. Ȼɭɮeɪɵ ɞɥɹ ɷɥeɤɬɪɨɮɨɪeɡa (ɬɪɢɫ-aɰeɬaɬɧɵe, ɬɪɢɫ-ɛɨɪaɬɧɵe, 

ɬɪɢɫ-ɮɨɫɮaɬɧɵe); 

4. ȾɇɄ-ɦaɪɤeɪɵ; 

5. 6-ɬɢɤɪaɬɧɵɣ ɛɭɮeɪ ɞɥɹ ɧaɧeɫeɧɢɹ (ɤɫɢɥeɧɰɢaɧɨɥFF, 

ɦeɬɢɥeɧɨɜɵɣ ɫɢɧɢɣ, ɫaɯaɪɨɡa ɢ ɜɨɞa). 

Ⱦɥɹ ɩɪɨɜeɞeɧɢɹ ɝɨɪɢɡɨɧɬaɥɶɧɨɝɨ ɷɥeɤɬɪɨɮɨɪeɡa ɝɨɬɨɜɹɬ ɩɥaɫɬɢɧɭ 

aɝaɪɨɡɧɨɝɨ ɝeɥɹ, ɩɪeɞɫɬaɜɥɹɸɳeɣ ɫɨɛɨɣ  ɡaɫɬɵɜɲɭɸ ɩɨɫɥe ɪaɫɩɥaɜɥeɧɢɹ ɜ 

ɷɥeɤɬɪɨɮɨɪeɡɧɨɦ ɛɭɮeɪe (ɜ ɬɪɢɫ-ɛaɪaɬɧɨɦ) aɝaɪɨɡɭ ɜ ɤɨɧɰeɧɬɪaɰɢɢ 1.7%. 

Ɂaɫɬɵɜɲaɹ aɝaɪɨɡa ɨɛɪaɡɭeɬ ɩɪɨɫɬɪaɧɫɬɜeɧɧɭɸ ɪeɲeɬɤɭ. ɉɪɢ ɡaɥɢɜɤe ɫ 

ɩɨɦɨɳɶɸ ɝɪeɛeɧɤɢ ɮɨɪɦɢɪɭeɦ ɜ ɝeɥe ɫɩeɰɢaɥɶɧɵe ɥɭɧɤɢ, ɜ ɤɨɬɨɪɵe, ɩɨɫɥe 

ɡaɬɜeɪɞeɜaɧɢɹ ɝeɥɹ, ɜɧɨɫɹɬ ɩɪɨɞɭɤɬɵ aɦɩɥɢɮɢɤaɰɢɢ. Ⱦaɥee, ɩɥaɫɬɢɧa ɝeɥɹ 

ɩɨɦeɳaeɬɫɹ ɜ aɩɩaɪaɬ ɞɥɹ ɝɨɪɢɡɨɧɬaɥɶɧɨɝɨ ɝeɥɶ-ɷɥeɤɬɪɨɮɨɪeɡa(ɝeɥɶ 7ɯ10) Ɇini-

Sub Cell GT, Bio-Rad) ɢ ɩɨɞɤɥɸɱaeɬɫɹ ɢɫɬɨɱɧɢɤ ɩɨɫɬɨɹɧɧɨɝɨ ɧaɩɪɹɠeɧɢɹ (ȼio-

Rad PowerPac) -85V ɜ ɬeɱeɧɢɢ 2ɱ. ɉɨ ɨɤɨɧɱaɧɢɸ ɪaɡɞeɥeɧɢɹ ɩɨɞɥɨɠɤɭ ɫ ɝeɥeɦ 

ɢɡɜɥeɤaeɦ ɢɡ ɤɸɜeɬɵ ɢ ɩɨɦeɳaeɦ ɝeɥɶ ɜɦeɫɬe ɫ ɩɨɞɥɨɠɤɨɣ ɜ ɤɪaɫɹɳɢɣ ɪaɫɬɜɨɪ 

(0,5ɦɝ/ɥɛɪɨɦɢɫɬɨɝɨ ɷɬɢɞɢɹ, 20ɦɢɧ). ɉɨɫɥe ɩɪɨɤɪaɲɢɜaɧɢɹ ɝeɥɶ ɩɪɨɦɵɜaɸɬ ɜ 

ɜɨɞe ɜ ɬeɱeɧɢe 2 ɦɢɧ ɢ ɩeɪeɧɨɫɹɬ ɩɨɞɥɨɠɤɭ ɜ ɤaɦeɪɭ ɬɪaɧɫɢɥɥɸɦɢɧaɬɨɪa ɝeɥɶ-

ɞɨɤɭɦeɧɬɢɪɭɸɳeɣ ɫɢɫɬeɦɵ(Bio-Rad Gel Doc XR c ɤɨɦɩɶɸɬeɪɨɦ), ɢɡɥɭɱaɸɳeɝɨ 

ɫɜeɬ ɜ ɭɥɶɬɪaɮɢɨɥeɬɨɜɨɦ ɞɢaɩaɡɨɧe.Ⱦɥɹ ɨɩɪeɞeɥeɧɢɹ ɞɥɢɧɵ ɮɪaɝɦeɧɬɨɜ ȾɇɄ 

ɢɫɩɨɥɶɡɨɜaɥɢ ɦaɪɤeɪɵ ɦɨɥeɤɭɥɹɪɧɨɣ ɦaɫɫɵ ȾɇɄ (100bp ɢ 100bp+50 bp ȾɇɄ 

ɦaɪɤeɪɵ, ɇɉɈ "ɋɢɛɗɧɡɢɦ"). 
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3 ʟEЗʢЛʫʡAʡʪ 

3.1. ȼɵɞeɥeɧɢe ȾɇɄ ɢɡ ɨɛɪaɡɰɨɜ ɛaɤɬeɪɢɣ 

ɂɡ 12 ɨɛɪaɡɰɨɜ ɩɨɱɜeɧɧɵɯ ɛaɤɬeɪɢɣ ɛɵɥa ɜɵɞeɥeɧa ȾɇɄ, ɛɵɥɢ 

ɨɩɪeɞeɥeɧɵ ee ɤɨɧɰeɧɬɪaɰɢɹ ɢ ɤaɱeɫɬɜɨ ɫɩeɤɬɪɨɮɨɬɨɦeɬɪɢɱeɫɤɢɦ ɢ 

ɷɥeɤɬɪɨɮɨɪeɬɢɱeɫɤɢɦ ɦeɬɨɞaɦɢ. (Ɍaɛɥɢɰa 1) 

Ɍaɛɥɢɰa 1 - Ʉɨɧɰeɧɬɪaɰɢɹ ɢ ɱɢɫɬɨɬa ɩɨɥɭɱeɧɧɨɣ ȾɇɄ 

№ ɉɪɨɛɵ Ʉɨɧɰeɧɬɪaɰɢɹ (ɦɤɝ/ɦɥ) 
ɑɢɫɬɨɬa ɩɪeɩaɪaɬa 

A260:A280 

1 39 1,83 

2 45 1,90 

3 43 1,94 

4 41 1,87 

5 51 1,85 

6 56 1,80 

7 53 1,97 

8 44 1,91 

9 39 1,89 

10 52 1,98 

11 38 1,81 

12 36 1,88 

 Ɉɬɧɨɲeɧɢe ɩɨɝɥɨɳeɧɢɣ A260:A280 ɭ ɨɛɪaɡɰɨɜ ɜɯɨɞɢɬ ɜ ɨɩɬɢɦaɥɶɧɵɣ 

ɞɢaɩaɡɨɧ ɨɬ 1,8 ɞɨ 2,0, ɫɥeɞɨɜaɬeɥɶɧɨ, ɜɫe ɨɧɢ ɝɨɞɹɬɫɹ ɞɥɹ ɞaɥɶɧeɣɲɢɯ 

ɢɫɫɥeɞɨɜaɧɢɣ.  
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3.2. ɉɨɥɭɱeɧɢe aɦɩɥɢɤɨɧɨɜ ɝeɧa 16S ɪɊɇɄ 
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3.3. ɉɪɨɜeɞeɧɢe ɪeaɤɰɢɢ ɪeɫɬɪɢɤɰɢɢ aɦɩɥɢɤɨɧɨɜ 500L-1350R 

ɉɨɥɭɱeɧɧɵe aɦɩɥɢɤɨɧɵ ɛɵɥɢ ɩɨɞɜeɪɝɧɭɬɵ ɪeɫɬɪɢɤɬɢɪɨɜaɧɢɸ ɫ 

ɢɫɩɨɥɶɡɨɜaɧɢeɦ 6 ɷɧɞɨɧɭɤɥeaɡ ɪeɫɬɪɢɤɰɢɢ: ɢɫɩɨɥɶɡɨɜaɧɢeɦ ɷɧɞɨɧɭɤɥeaɡ 

ɪeɫɬɪɢɤɰɢɢ. 

ɉɨɫɥe ɩɪɨɜeɞeɧɢɹ ɷɤɫɩeɪɢɦeɧɬaɥɶɧɨɝɨ ɷɥeɤɬɪɨɮɨɪeɡa ɢ 

ɞɨɤɭɦeɧɬɢɪɨɜaɧɢɹ ɪeɡɭɥɶɬaɬɨɜ, ɫɪaɜɧɢɜ ɩɨɥɨɠeɧɢe ɪeɫɬɪɢɤɬɨɜ ɫ ɦaɪɤeɪaɦɢ, 

ɞɥɹ ɤaɠɞɨɝɨ ɨɛɪaɡɰa ɢɫɫɥeɞɭeɦɵɯ ɛaɤɬeɪɢɣ ɨɩɪeɞeɥɢɥɢ ɩɪɢɛɥɢɡɢɬeɥɶɧɵe 

ɪaɡɦeɪɵ ɩɨɥɭɱeɧɧɵɯ ɪeɫɬɪɢɤɬɨɜ (Ɍaɛɥɢɰa 2). 
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3.4.ɉɪɨɜeɞeɧɢe aɧaɥɢɡa in silico 
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ɉɨɫɥe ɩɪɨɜeɞeɧɢɹ aɧaɥɢɡa in silico  ɫɪaɜɧɢɥɢ ɩɨɥɭɱeɧɧɵe ɪeɡɭɥɶɬaɬɵ.  

 

3.5.ɋɪaɜɧeɧɢe ɷɤɫɩeɪɢɦeɧɬaɥɶɧɵɯ ɢ ɬeɨɪeɬɢɱeɫɤɢɯ ɞaɧɧɵɯ 

Ɍeɨɪeɬɢɱeɫɤɢe ɷɥeɤɬɪɨɮɨɪeɝɪaɦɦɵ, ɫɨɫɬaɜɥeɧɧɵe in silico, ɫɪaɜɧɢɜaɥɢɫɶ ɫ 

ɩɪaɤɬɢɱeɫɤɢɦɢ, ɩɨɥɭɱeɧɧɵɦɢ ɩɨɫɥe ɷɥeɤɬɪɨɮɨɪeɬɢɱeɫɤɨɝɨ ɪaɡɞeɥeɧɢɹ 

ɩɪɨɞɭɤɬɨɜ ɝɢɞɪɨɥɢɡa aɦɩɥɢɤɨɧɨɜ ɜ aɝaɪɨɡɧɨɦ ɝeɥe (ɪɢɫ. 4-15). 
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ɁAɄɅɘɑEɇɂE  
ȼ ɯɨɞe ɪaɛɨɬɵ ɛɵɥa ɜɵɞeɥeɧa ȾɇɄ ɜɵɫɨɤɨɝɨ ɤaɱeɫɬɜa. Ȼɵɥɢ ɩɨɥɭɱeɧɵ 

aɦɩɥɢɤɨɧɵ ɝeɧa 16S ɪɊɇɄ ɫɨɨɬɜeɬɫɬɜɭɸɳɢɯ ɞɥɢɧaɦ ɨɤɨɥɨ 900 ɩ.ɨ. ɋ 

ɩɨɥɭɱeɧɧɵɦɢ aɦɩɥɢɤɨɧaɦɢ ɛɵɥɢ ɩɪɨɜeɞeɧɵ ɪeaɤɰɢɢ ɪeɫɬɪɢɤɰɢɢ. Ȼɵɥ 

ɩɪɨɜeɞёɧ ɪeɫɬɪɢɤɰɢɨɧɧɵɣ aɧaɥɢɡ in silico ɪaɡɥɢɱɧɵɯ ɲɬaɦɦɨɜ ɛaɤɬeɪɢɣ ɪɨɞa 

Pseudomonas, ɜ ɪeɡɭɥɶɬaɬe ɤɨɬɨɪɨɝɨ ɭɫɬaɧɨɜɢɥɢ ɪaɡɦeɪɵ ɪeɫɬɪɢɤɬɨɜ ɩɪɢ 

ɢɫɩɨɥɶɡɨɜaɧɢɢ ɷɧɞɨɧɭɤɥeaɡ, ɯaɪaɤɬeɪɧɵe ɞɥɹ ɞaɧɧɨɝɨ ɪɨɞa. ɉɨ ɪeɡɭɥɶɬaɬaɦ 

ɫɪaɜɧeɧɢɹ ɬeɨɪeɬɢɱeɫɤɢɯ ɢ ɩɪaɤɬɢɱeɫɤɢ ɩɨɥɭɱeɧɧɵɯ ɷɥeɤɬɪɨɮɨɪeɝɪaɦɦ ɛɵɥɨ 

ɭɫɬaɧɨɜɥeɧɨ, ɱɬɨ ɤ ɪɨɞɭ Pseudomonas ɩɪɢɧaɞɥeɠɢɬ ɨɛɪaɡeɰ ɛaɤɬeɪɢɣ ɩɨɞ 

ɧɨɦeɪɨɦ 5.  

Ɇeɬɨɞ aɧaɥɢɡa ɉȾɊɎ ɦɨɠeɬ ɫɥɭɠɢɬɶ ɫɩɨɫɨɛɨɦ ɢɞeɧɬɢɮɢɤaɰɢɢ 

ɦɢɤɪɨɨɪɝaɧɢɡɦɨɜ. ȼ ɯɨɞe ɪaɛɨɬɵ ɛɵɥɨ ɩɨɤaɡaɧɨ, ɱɬɨ ɟɝɨ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜaɬɶ 

ɞɥɹ ɨɩɪeɞeɥeɧɢɹ ɦɢɤɪɨɨɪɝaɧɢɡɦɨɜ. 
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ɋɉɂɋɈɄ ɋɈɄɊAЩEɇɂɃ 

ɪɊɇɄ - ɪɢɛɨɫɨɦaɥɶɧaɹ ɊɇɄ 

ɊɇɄ - ɪɢɛɨɧɭɤɥeɢɧɨɜaɹ ɤɢɫɥɨɬa 

ɉɐɊ - ɩɨɥɢɦeɪaɡɧaɹ ɰeɩɧaɹ ɪeaɤɰɢɹ 

ɉȾɊɎ - ɩɨɥɢɦɨɪɮɢɡɦ ɞɥɢɧ ɪeɫɬɪɢɤɰɢɨɧɧɵɯ ɮɪaɝɦeɧɬɨɜ 

ɉ.Ɉ. - ɩaɪ ɨɫɧɨɜaɧɢɣ 

ȾɇɄ - ɞeɡɨɤɫɢɪɢɛɨɧɭɤɥeɢɧɨɜaɹ ɤɢɫɥɨɬa 

ɗȾɌA - ɷɬɢɥeɧɞɢaɦɢɧɬeɬɪaɭɤɫɭɫɧaɹ ɤɢɫɥɨɬa 

E. coli – Escherichia coli 

dTTP – ɞeɡɨɤɫɢɬɢɦɢɞɢɧ ɬɪɢɮɨɫɮaɬ 

dGTP – ɞeɡɨɤɫɢɝɭaɧɨɡɢɧ ɬɪɢɮɨɫɮaɬ 

dCTP – ɞeɡɨɤɫɢɰɢɬɢɞɢɧ ɬɪɢɮɨɫɮaɬ 

dATP – ɞeɡɨɤɫɢaɞeɧɨɡɢɧ ɬɪɢɮɨɫɮaɬ  
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