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ɊȿɎȿɊȺɌ 

 

Ɇɚɝɢɫɬɟɪɫɤɚɹ ɞɢɫɫɟɪɬɚɰɢɹ ɩɨ ɬɟɦɟ  "Ɉɩɪɟɞɟɥɟɧɢɟ ɜɢɞɨɜ ɛɚɤɬɟɪɢɣ 

ɫɨɜɪɟɦɟɧɧɵɦɢ ɦɟɬɨɞɚɦɢ" ɫɨɞɟɪɠɢɬ 63 ɫɬɪɚɧɢɰɵ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 21 

ɢɥɥɸɫɬɪɚɰɢɸ, 4 ɬɚɛɥɢɰɵ, 56 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: 16S pɊɇɄ, ȺRDRȺ, ɢɞɟɧɬɢɮɢɤɚɰɢɹ ɛɚɤɬɟɪɢɣ, ɦɟɬɨɞ 

ɚɧɚɥɢɡɚ ɩɨɥɢɦɨɪɮɢɡɦɚ ɞɥɢɧ pɟɫɬɪɢɤɰɢɨɧɧɵɯ ɮɪɚɝɦɟɧɬɨɜ. 

ɐɟɥɶ ɪɚɛɨɬɵ: ȼɵɹɜɢɬɶ ɫɯɨɞɫɬɜɚ ɢ ɪɚɡɥɢɱɢɹ ɷɥeɤɬɪɨɮɨɪɟɝɪɚɦɦ ɞɥɹ 

ɦɟɬɨɞɚ ȺRDRȺ (Ⱥmplified Ribosomɚl DNȺ Restrictiɨn Ⱥnalysis) ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɟɫɬɪɢɤɬɚɡ Hɚe III , Msɪ I, Fɚt I ɞɥɹ ɪɹɞɚ ɨɛɪɚɡɰɨɜ ɛɚɤɬɟɪɢɣ. 

Ɂɚɞɚɱɢ ɢɫɫɥɟɞɨɜɚɧɢɹ: 
1. ɉɨɫɬɪɨɢɬɶ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɷɥeɤɬɪɨɮɨɪɟɝɪɚɦɦɵ ɞɥɹ ɪɹɞɚ ɛɚɤɬɟɪɢɣ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪeɫɬɪɢɤɬɚɡ Hɚe III , Msɪ I, Fɚt I ɦɟɬɨɞɨɦ ȺRDRȺ. 
2. ȼɵɞɟɥɢɬɶ ȾHK ɢɡ ɪɹɞɚ ɨɛɪɚɡɰɨɜ ɛɚɤɬɟɪɢɣ. 
3. ɉɨɥɭɱɢɬɶ aɦɩɥɢɤɨɧɵ ɝɟɧɚ 16S pɊɇɄ ɨɛɪɚɡɰɨɜ ɛɚɤɬɟɪɢɣ. 
4. ɉɪɨɜɟɫɬɢ ɝɢɞɪɨɥɢɡ ɩɨɥɭɱɟɧɧɵɯ aɦɩɥɢɤɨɧɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

pɟɫɬɪɢɤɬɚɡ Hɚe III , Msɪ I, Fɚt I ɢ ɩɪɨɜɟɫɬɢ ɷɥɟɤɬɪɨɮɨɪɟɡ ɩɪɨɞɭɤɬɨɜ ɝɢɞɪɨɥɢɡɚ. 
5. ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɷɥɟɤɬɪɨɮɨɪɟɡɚ ɢ ɫɪɚɜɧɢɬɶ 

ɩɪɚɤɬɢɱɟɫɤɢɟ ɢ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɪɟɡɭɥɶɬɚɬɵ. 
ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɛɚɡɵ ɞɚɧɧɵɯ GɟnBɚnk, ɛɵɥɢ ɩɨɫɬɪɨɟɧɵ  

ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɷɥeɤɬɪɨɮɨɪɟɝɪɚɦɦɵ ɞɥɹ ɪɹɞɚ ɛɚɤɬɟɪɢɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

pɟɫɬɪɢɤɬɚɡ Hɚe III, Msɪ I, Fɚt I ɦɟɬɨɞɨɦ ȺRDRȺ. 

ȼɵɞɟɥɟɧɵ ɩɪɟɩɚɪɚɬɵ ȾHK ɢɡ ɪɹɞɚ ɛɚɤɬɟɪɢɣ, ɩɨɥɭɱɟɧɵ aɦɩɥɢɤɨɧɵ 

ɪɚɡɦɟɪɨɦ ɨɤɨɥɨ 1500 ɩ.ɨ. ɝɟɧɚ 16S pɊɇɄ. 

ɉɪɨɜɟɞɟɧ ɝɢɞɪɨɥɢɡ ɩɨɥɭɱɟɧɧɵɯ aɦɩɥɢɤɨɧɨɜ ɢ ɷɥɟɤɬɪɨɮɨɪɟɡ ɩɪɨɞɭɤɬɨɜ 
ɝɢɞɪɨɥɢɡɚ. 

ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɛɵɥɢ ɫɜɟɪɟɧɵ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɚɧɚɥɢɡɚ in silicо ɢ 
ɪɟɡɭɥɶɬɚɬɚɦɢ ɫeɤɜɟɧɢɪɨɜɚɧɢɹ.  

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɫɥɟɞɨɜɚɧɧɵɟ ɨɛɪɚɡɰɵ ɨɤɚɡɚɥɢɫɶ ɩɪɟɞɫɬɚɜɢɬɟɥɹɦɢ 

ɜɢɞɨɜ: Ваcillus mycoides, Ваcillus ɪumilus, Ваcillus mеthylotrophicus, Ваcillus 

tоyonensis, Ваcillus аmyloliquefaciens, Аrthrobacter аurescens, Micrоbacterium 

ɪhyllosphaerae, Ваcillus аtrophaeus, Аrthrobacter glоbiformis.  



3 
 

ɋɈȾȿɊɀȺɇɂȿ 

 

ȼȼȿȾȿɇɂȿ .............................................................................................................. 5 

1 ɈȻɁɈɊ ɅɂɌȿɊȺɌɍɊɕ ........................................................................................ 6 

1.1 Ⱦɨɦɟɧ Bacteria ɢ ɞɨɦɟɧ Archaea ...................................................................... 6 

1.2 Ƚɟɧ 16S ɪPHK .................................................................................................. 11 

1.3 ɉɨɥɢɦɟɪɚɡɧɚɹ ɰɟɩɧɚɹ ɪɟɚɤɰɢɹ ....................................................................... 12 

1.4 Ʉɨɦɩɨɧɟɧɬɵ, ɤɨɬɨɪɵɟ ɧɟɨɛɯɨɞɢɦɵ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɪɟɚɤɰɢɢ 

ɚɦɩɥɢɮɢɤɚɰɢɢ ....................................................................................................... 13 

1.5 ɉɪɨɰɟɫɫ ɚɦɩɥɢɮɢɤɚɰɢɢ ................................................................................ 144 

1.6 Ɇɨɞɢɮɢɤɚɰɢɢ ɉɐɊ ......................................................................................... 16 

1.6.1 ɇot-start ɉɐɊ ............................................................................................... 166 

1.6.2 ɉɐɊ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɨɛɪɚɬɧɨɣ ɬɪɚɧɫɤɪɢɩɬɚɡɵ ....................................... 177 

1.6.3 End-point ɩɨɥɢɦɟɪɚɡɧɚɹ ɰɟɩɧɚɹ ɪɟɚɤɰɢɹ ................................................. 177 

1.6.4 Real-Time ɩɨɥɢɦɟɪɚɡɧɚɹ ɰɟɩɧɚɹ ɪɟɚɤɰɢɹ .................................................. 18 

1.6.5 Multiplex ɩɨɥɢɦɟɪɚɡɧɚɹ ɰɟɩɧɚɹ ɪɟɚɤɰɢɹ .................................................. 199 

1.6.6 ɂɧɜɟɪɬɢɪɨɜɚɧɧɵɣ ɦɟɬɨɞ ɉɐɊ .................................................................... 19 

1.6.7 Lɨng-rɚngɟ ɩɨɥɢɦɟɪɚɡɧɚɹ ɰɟɩɧɚɹ ɪɟɚɤɰɢɹ ................................................. 20 

1.7 ɗɥeɤɬopoɮoɪeɬɢɱɟɫɤɨɟ ɪɚɡɞɟɥɟɧɢɟ ɮɪɚɝɦɟɧɬɨɜ ȾɇɄ ɜ aɝaɪoɡɧɨɦ ɝɟɥɟ . 200 

1.8 Ɇɟɬɨɞɢɤɚ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɝɟɥɶ-ɷɥɟɤɬɪɨɮɨɪɟɡɚ ............................................. 22 

1.9 Restriction fragment length polymorphism .................................................... 233 

1.10 ɋɟɤɜɟɧɢɪɨɜɚɧɢɟ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ ............................................................. 24 

1.11 Ɉɫɧɨɜɧɵɟ ɩɨɫɬɭɥɚɬɵ NGS ............................................................................ 24 

1.12 ɉɪɢɦɟɧɟɧɢɟ ɫɟɤɜɟɧɢɪɨɜɚɧɢɹ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ ....................................... 25 

1.13 ɇɟɝɟɧɟɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ .................... 26 



4 
 

1.14 Ɋɭɱɧɵɟ ɦɟɬɨɞɵ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɛɚɤɬɟɪɢɣ .................................................. 26 

1.14.1 ȼɢɞɵ ɪɭɱɧɵɯ ɬɟɫɬ-ɫɢɫɬɟɦ ......................................................................... 27 

1.14.2 ɋɢɫɬɟɦɚ ɢɧɞɢɤɚɬɨɪɧɵɯ ɛɭɦɚɠɟɤ .............................................................. 27 

1.14.3 Ⱥɧɬɢɝɟɧɧɚɹ ɫɬɪɭɤɬɭɪɚ ɤɚɤ ɨɫɧɨɜɚ ɞɥɹ ɢɦɦɭɧɨɦɚɝɧɢɬɧɨɣ 

ɞɢɮɮɟɪɟɧɰɢɪɨɜɤɢ .................................................................................................. 28 

1.15 ɏɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ...................................................................... 28 

1.16 Ɇɟɬɨɞ ɦɢɤɪɨɤɚɥɨɪɢɦɟɬɪɢɢ .......................................................................... 29 

1.17 ɋeɪɨɥɨɝɢɱeɫɤɢɣ ɦeɬɨɞ .................................................................................. 30 

1.18 ɆȺLDI-TɈF ɦɟɬɨɞɢɤɚ .................................................................................. 31 

1.19  Ɉɩɪɟɞɟɥɟɧɢɟ ɜɢɞɨɜɨɣ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɩɪɢ ɩɨɦɨɳɢ 

ɛɢɨɯɢɦɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ....................................................................................... 32 

1.20 Ⱥɜɬɨɦɚɬɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɛɚɤɬɟɪɢɣ............................. 3333 

1.20.1 ɋɢɫɬɟɦɚ MICROSCAN ............................................................................... 33 

1.20.2 ɋɢɫɬɟɦɚ VITEK ........................................................................................ 334 

1.20.3 Ⱥɧɚɥɢɡ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ in silico ............................................................ 35 

1.21 Ɍɪaɞɢɰɢɨɧɧɵɟ ɦeɬɨɞɵ ɛaɤɬeɪɢɨɥɨɝɢɱeɫɤɨɝɨ aɧaɥɢɡa .............................. 35 

1.22 ɇɟɞɨɫɬɚɬɤɢ ɬɪaɞɢɰɢɨɧɧɵɯ ɦeɬɨɞɨɜ ɛɚɤɬɟɪɢɨɥɨɝɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ........ 35 

2 ɆȺɌȿɊɂȺɅɕ ɂ ɆȿɌɈȾɕ…………………………………………………..36 

2.1 Ɇɟɬɨɞɢɤɚ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ARDRA……………………...…...36 

2.2 Ɇɟɬɨɞɢɤɚ ɩɪɨɜɟɞɟɧɢɹ ɷɥɟɤɬɪɨɮɨɪɟɡɚ………………………………………38 

2.3 Ɇɟɬɨɞɢɤɚ ɨɱɢɫɬɤɢ ɚɦɩɥɢɤɨɧɨɜ……………………………………………..40 

2.4 ɉɪɨɜɟɞɟɧɢɟ ɉɐɊ……………………………………………………………..41 

2.6 ɉɪɨɜɟɞɟɧɢɟ ɪɟɚɤɰɢɢ ɪɟɫɬɪɢɤɰɢɢ…………………………………………...42 

3 ɊȿɁɍɅɖɌȺɌɕ ɂ ɈȻɋɍɀȾȿɇɂȿ…………………………………………...43 

3.1Ɋɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɡɨɜ in silicɨ………………………………………………..43  



5 
 

3.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢ ɤɚɱɟɫɬɜɚ ɩɨɥɭɱɟɧɧɵɯ ɨɛɪɚɡɰɨɜ ȾɇɄ……45 

3.3 ɉɨɥɭɱɟɧɢɟ ɚɦɩɥɢɤɨɧɨɜ ɝɟɧɚ 16S ɪɊɇɄ……………………………………46 

3.4.1 ɋɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɪɟɫɬɪɢɤɬɨɜ ɚɦɩɥɢɤɨɧɚ 8L – 1492R ɩɨɫɥɟ 

ɪɟɫɬɪɢɤɰɢɢ ɮɟɪɦɟɧɬɨɦ Hae III…………………………………………………48 

3.4.2 ɋɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɪɟɫɬɪɢɤɬɨɜ ɚɦɩɥɢɤɨɧɚ 8L – 1492R ɩɨɫɥɟ 

ɪɟɫɬɪɢɤɰɢɢ ɮɟɪɦɟɧɬɨɦ Msp I…………………………………………………..49 

3.4.3 ɋɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɪɟɫɬɪɢɤɬɨɜ ɚɦɩɥɢɤɨɧɚ 8L – 1492R ɩɨɫɥɟ 

ɪɟɫɬɪɢɤɰɢɢ ɮɟɪɦɟɧɬɨɦ Fat I……………………………………………………52 

ɁȺɄɅɘɑȿɇɂȿ………………………………………………………………….54 

ɋɉɂɋɈɄ ɋɈɄɊȺɓȿɇɂɃ……………………………………………………..55 

SUMMARY………………………………………………………………………56 

ɋɉɂɋɈɄ ɂɋɉɈɅɖɁɈȼȺɇɇɈɃ ɅɂɌȿɊȺɌɍɊɕ…………………………….57 

 

 

 

 



6 
 

ȼȼȿȾȿɇɂȿ 

 
ȼ ɫɨɜɪɟɦɟɧɧɨɣ ɛɢɨɬɟɯɧɨɥɨɝɢɢ ɢ ɦɟɞɢɰɢɧɟ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ 

ɫɜɨɣɫɬɜɚ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ. Ɇɢɤɪɨɨɪɝɚɧɢɡɦɵ ɦɨɝɭɬ ɨɛɥɚɞɚɬɶ ɩɨɥɟɡɧɵɦɢ ɞɥɹ 

ɱɟɥɨɜɟɤɚ ɫɜɨɣɫɬɜɚɦɢ, ɦɨɝɭɬ ɛɵɬɶ ɢ ɩɚɬɨɝɟɧɧɵɦɢ. ɉɨɷɬɨɦɭ ɨɱɟɧɶ ɜɚɠɧɨ 

ɭɦɟɬɶ ɢɯ ɩɪɚɜɢɥɶɧɨ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ.  

ɉɨɦɢɦɨ ɤɥɚɫɫɢɱɟɫɤɢɯ ɦɟɬɨɞɢɤ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɛɚɤɬɟɪɢɣ ɫ ɩɨɦɨɳɶɸ 

ɤɭɥɶɬɭɪaɥɶɧɵɯ ɢ ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɚ ɬɚɤɠɟ ɯɢɦɢɱɟɫɤɢɯ ɢ 

ɛɢɨɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ, ɜɫё ɱɚɳɟ ɩɪɢɦɟɧɹɸɬɫɹ ɦɟɬɨɞɵ ɢɞɟɧɬɢɮɢɤɚɰɢɢ, 

ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɢɡɭɱɟɧɢɢ ȾɇɄ [1] . 

 Ɇɟɬɨɞ ARDRA (ɪɟɫɬɪɢɤɰɢoɧɧɵɣ ɚɧɚɥɢɡ ɚɦɩɥɢɤɨɧɨɜ ɝɟɧɚ 16S pɊɇɄ) 

ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɦɟɧɟɟ ɡɚɬɪɚɬɧɵɯ ɢ ɫɤɨɪɵɯ ɦɟɬɨɞɨɜ ɢɞɟɧɬɢɮɢɤɚɰɢɢ 

ɛɚɤɬɟɪɢɣ. Ɇeɬoɞ ARDRA ɞɚɟɬ ɪɟɡɭɥɶɬɚɬ ɜ ɬɟɱɟɧɢɟ ɞɧɹ. 

 ȾɇɄ ɹɜɥɹɟɬɫɹ ɫɬɟɪɠɧɟɜɵɦ ɨɛɴɟɤɬɨɦ ɢɡɭɱɟɧɢɹ ɜ ɦɨɥɟɤɭɥɹɪɧɨɣ 

ɛɢɨɥɨɝɢɢ ɢ ɛɢɨɯɢɦɢɢ. Ⱦɥɹ ɪɚɡɞɟɥɟɧɢɹ, ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɢ ɨɱɢɫɬɤɢ ȾɇɄ 

ɭɩɨɬɪɟɛɥɹɸɬ ɦɟɬɨɞ ɷɥɟɤɬɪɨɮɨɪɟɡɚ ɜ ɚɝaɪɨɡɧɨɦ ɝɟɥɟ [2]. 

 ɐɟɥɶ ɪɚɛɨɬɵ: 
 ȼɵɹɜɢɬɶ ɫɯɨɞɫɬɜɚ ɢ ɪɚɡɥɢɱɢɹ ɷɥeɤɬɪɨɮoɪeɝɪaɦɦ ɞɥɹ ɦɟɬɨɞɚ ARDRA ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪeɫɬɪɢɤɬaɡ Hɚɟ III, Msɪ I, Fɚt I ɞɥɹ ɪɹɞɚ ɨɛɪɚɡɰɨɜ ɛɚɤɬɟɪɢɣ. 

 Ɂɚɞɚɱɢ: 
 1. ɉɨɫɬɪɨɢɬɶ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɷɥeɤɬɪoɮoɪɟɝɪaɦɦɵ ɞɥɹ ɪɹɞɚ ɛɚɤɬɟɪɢɣ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪeɫɬɪɢɤɬaɡ Hɚɟ III, Msɪ I, Fɚt I ɦɟɬɨɞɨɦ ȺRDRȺ. 

 2. ȼɵɞɟɥɢɬɶ ȾɇɄ ɢɡ ɪɹɞɚ ɨɛɪɚɡɰɨɜ ɛɚɤɬɟɪɢɣ. 

 3. ɉɨɥɭɱɢɬɶ aɦɩɥɢɤoɧɵ ɝɟɧɚ 16S pɊɇɄ ɨɛɪɚɡɰɨɜ ɛɚɤɬɟɪɢɣ. 

 4. ɉɪɨɜɟɫɬɢ ɝɢɞɪɨɥɢɡ ɩɨɥɭɱɟɧɧɵɯ aɦɩɥɢɤoɧɨɜ ɪeɫɬɪɢɤɬaɡaɦɢ Hɚɟ III , 

Msɪ I, Fɚt I ɢ ɩɪɨɜɟɫɬɢ ɷɥɟɤɬɪɨɮɨɪɟɡ ɩɪɨɞɭɤɬɨɜ ɝɢɞɪɨɥɢɡɚ. 

 5. ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ 

ɷɥɟɤɬɪɨɮɨɪɟɡɚ ɢ ɫɪɚɜɧɢɬɶ ɩɪɚɤɬɢɱɟɫɤɢɟ ɢ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɪɟɡɭɥɶɬɚɬɵ.  

 
Ɋɚɛɨɬɚ ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ ɧɚ ɛɚɡɟ ɰɟɧɬɪɚ ɤɨɥɥɟɤɬɢɜɧɨɝɨ ɩɨɥɶɡɨɜɚɧɢɹ 

ɩɪɢɛɨɪɨɜ ɂɎȻɢȻT CɎɍ, ɝ. Ʉɪɚɫɧɨɹɪɫɤ. 
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1 ɈȻɁɈɊ ɅɂɌȿɊȺɌɍɊɕ 

 

1.1 Ⱦɨɦɟɧ Bаctеriа ɢ ɞɨɦɟɧ Аrchaеа  
 

Ȼɚɤɬɟɪɢɢ, ɪɚɜɧɨ ɤɚɤ ɢ ɚɪɯɟɢ, ɹɜɥɹɸɬɫɹ ɩɪɨɤɚɪɢɨɬɢɱɟɫɤɢɦɢ 

ɦɢɤɪɨɨɪɝɚɧɢɡɦɚɦɢ. ɂɯ ɪɚɡɦɟɪɵ ɫɬɚɧɞɚɪɬɧɨ ɧɟ ɩɪɟɜɵɲɚɸɬ ɧɟɫɤɨɥɶɤɢɯ 

ɦɢɤɪɨɦɟɬɪɨɜ. 

ɉɪɟɞɫɬɚɜɢɬɟɥɢ ɞɨɦɟɧɚ Bаctеriа ɹɜɥɹɸɬɫɹ ɨɞɧɢɦɢ ɢɡ ɞɪɟɜɧɟɣɲɢɯ 

ɠɢɜɵɯ ɨɪɝɚɧɢɡɦɨɜ ɧɚ ɩɥɚɧɟɬɟ Ɂɟɦɥɹ. Ɇɟɫɬɨɦ ɢɯ ɨɛɢɬɚɧɢɹ ɫɥɭɠɚɬ ɜɨɞɚ, 

ɡɟɦɥɹ, ɬɟɪɦɚɥɶɧɵɟ ɝɟɣɡɟɪɵ, ɡɚɪɚɠɟɧɧɵɣ ɪɚɞɢɚɰɢɟɣ ɦɭɫɨɪ. Ȼɚɤɬɟɪɢɢ ɧɟɪɟɞɤɨ 

ɦɨɝɭɬ ɜɵɫɬɭɩɚɬɶ ɜ ɤɚɱɟɫɬɜɟ ɫɢɦɛɢɨɧɬɨɜ ɞɥɹ ɩɪɟɞɫɬɚɜɢɬɟɥɟɣ ɞɪɭɝɢɯ ɰɚɪɫɬɜ, ɜ 

ɱɚɫɬɧɨɫɬɢ, ɠɢɜɨɬɧɵɯ ɢ ɪɚɫɬɟɧɢɣ. ɋɭɳɟɫɬɜɭɸɬ ɢ ɩɚɪɚɡɢɬɢɱɟɫɤɢɟ ɮɨɪɦɵ. 

ɑɟɥɨɜɟɱɟɫɬɜɭ ɢɡɜɟɫɬɧɚ ɥɢɲɶ ɦɟɧɶɲɚɹ ɱɚɫɬɶ ɜɫɟɯ ɫɭɳɟɫɬɜɭɸɳɢɯ 

ɛɚɤɬɟɪɢɣ. ɂɯ ɪɚɡɧɨɨɛɪɚɡɢɟ ɨɝɪɨɦɧɨ. ɇɚ Ɂɟɦɥɟ ɫɭɳɟɫɬɜɭɸɬ ɦɢɥɥɢɨɧɵ ɢ 

ɦɢɥɥɢɚɪɞɵ ɧɟ ɨɩɢɫɚɧɧɵɯ ɜɢɞɨɜ. 

Ȼɚɤɬɟɪɢɢ ɫɩɨɫɨɛɧɵ ɪɚɡɥɚɝɚɬɶ ɨɪɝɚɧɢɱɟɫɤɢɟ ɜɟɳɟɫɬɜɚ. Ɉɧɢ ɡɚɩɭɫɤɚɸɬ 

ɩɪɨɰɟɫɫ ɪɚɡɥɨɠɟɧɢɹ, ɭɱɚɫɬɜɭɸɬ ɜ ɩɪɨɰɟɫɫɟ ɮɢɤɫɢɪɨɜɚɧɢɹ ɚɬɦɨɫɮɟɪɧɨɝɨ N. 

Ɇɨɝɭɬ ɜɵɠɢɜɚɬɶ ɜ ɷɤɫɬɪɟɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ, ɞɚɠɟ ɧɚ ɞɧɟ Ɇɚɪɢɚɧɫɤɨɝɨ 

ɠɟɥɨɛɚ, ɝɞɟ ɧɟɬ ɧɢɱɟɝɨ ɠɢɜɨɝɨ. Ɉɛɢɬɚɸɬ ɜ ɀɄɌ ɱɟɥɨɜɟɤɚ, ɧɚ ɤɨɠɟ. ɂɝɪɚɸɬ 

ɜɚɠɧɟɣɲɭɸ ɪɨɥɶ ɜ ɮɨɪɦɢɪɨɜɚɧɢɢ ɢɦɦɭɧɢɬɟɬɚ. 

ɉɪɨɤɚɪɢɨɬɵ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɷɭɤɚɪɢɨɬ, ɧɟ ɢɦɟɸɬ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ ɹɞɪɚ. 

ɗɬɨ ɹɜɥɹɟɬɫɹ ɜɚɠɧɟɣɲɢɦ ɬɚɤɫɨɧɨɦɢɱɟɫɤɢɦ ɩɪɢɡɧɚɤɨɦ. ȾɇɄ ɛɚɤɬɟɪɢɣ — 

ɤɨɥɶɰɨ. Ƚɟɧɟɬɢɱɟɫɤɢɣ ɚɩɩɚɪɚɬ ɤɥɟɬɤɢ ɧɟ ɫɨɞɟɪɠɢɬ ɢɧɬɪɨɧɨɜ, ɧɨ ɜɫɬɪɟɱɚɸɬɫɹ 

ɪɟɞɤɢɟ ɢɫɤɥɸɱɟɧɢɹ. 
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Ɋɢɫɭɧɨɤ 1 — Ɇɟɫɬɨ ɩɪɨɤɚɪɢɨɬ ɜ ɨɛɳɟɣ ɝɪɚɞɚɰɢɢ ɪɚɡɦɟɪɨɜ ɠɢɜɵɯ 

ɨɪɝɚɧɢɡɦɨɜ ɢ ɛɢɨɦɨɥɟɤɭɥ 

 

ȿɳɟ ɨɞɧɢɦ ɜɚɠɧɵɦ ɬɚɤɫɨɧɨɦɢɱɟɫɤɢɦ ɩɪɢɡɧɚɤɨɦ ɹɜɥɹɟɬɫɹ ɧɚɥɢɱɢɟ 

ɮɨɫɮɨɥɢɩɢɞɧɨɣ ɤɥɟɬɨɱɧɨɣ ɦɟɦɛɪɚɧɵ.  

ɉɨ ɫɩɨɫɨɛɭ ɩɢɬɚɧɢɹ ɛɚɤɬɟɪɢɢ ɬɪɚɞɢɰɢɨɧɧɨ ɩɨɞɪɚɡɞɟɥɹɸɬɫɹ ɧɚ: 

— Ɏɨɬɨɬɪɨɮɨɜ. ɋɩɨɫɨɛɧɵ ɩɨɥɭɱɚɬɶ ɷɧɟɪɝɢɸ ɡɚ ɫɱɟɬ ɫɨɥɧɰɚ. 

— Ʌɢɬɨɬɪɨɮɨɜ. ɉɨɥɭɱɚɸɬ ɷɧɟɪɝɢɸ ɢɡ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ. 

— Ɉɪɝɚɧɨɬɪɨɮɨɜ. ɉɢɬɚɸɬɫɹ, ɪɚɡɥɚɝɚɹ ɨɪɝɚɧɢɱɟɫɤɢɟ ɜɟɳɟɫɬɜɚ. 

Ȼɚɤɬɟɪɢɢ ɦɨɝɭɬ ɜɵɫɬɭɩɚɬɶ ɜ ɤɚɱɟɫɬɜɟ ɩɚɬɨɝɟɧɨɜ. ɋɬɚɧɨɜɹɬɫɹ ɩɪɢɱɢɧɨɣ 

ɬɹɠɟɥɟɣɲɢɯ ɡɚɛɨɥɟɜɚɧɢɣ ɱɟɥɨɜɟɤɚ ɢ ɠɢɜɨɬɧɵɯ. Ȼɭɛɨɧɧɚɹ ɱɭɦɚ, ɫɬɨɥɛɧɹɤ, 

ɝɨɧɨɪɟɹ, ɬɭɛɟɪɤɭɥɟɡ — ɜɫɟ ɷɬɢ ɛɨɥɟɡɧɢ ɢɦɟɸɬ ɛɚɤɬɟɪɢɚɥɶɧɭɸ ɩɪɢɪɨɞɭ. 
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Ɋɢɫɭɧɨɤ 2 — Bаctеriа — ɜɨɡɛɭɞɢɬɟɥɢ ɢɧɮɟɤɰɢɣ 

 

 Ⱦɨɦɟɧ Аrchaeа ɹɜɥɹɟɬɫɹ ɫɪɚɜɧɢɬɟɥɶɧɨ ɦɨɥɨɞɵɦ. Ɉɧ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ  

ɦɢɤɪɨɨɪɝɚɧɢɡɦɵ, ɤɨɬɨɪɵɟ ɩɨɞɪɚɡɞɟɥɹɸɬɫɹ ɫɢɫɬɟɦɚɬɢɤɚɦɢ ɧɚ ɮɢɥɭɦɵ: 

Еuryаrchаеоta, Crеnаrchаeotа ɢ Kоrаrchаeota [3].  

 ɉɪɟɞɫɬɚɜɢɬɟɥɢ Еuryаrchаеоta ɨɛɢɬɚɸɬ ɩɨɜɫɸɞɭ. əɜɥɹɸɬɫɹ 

ɨɛɥɢɝɚɬɧɵɦɢ ɚɧɚɷɪɨɛɚɦɢ. ɗɬɢɯ ɚɪɯɟɣ ɦɨɠɧɨ ɨɛɧɚɪɭɠɢɬɶ ɫɪɟɞɢ ɞɨɧɧɵɯ 

ɩɪɟɫɧɨɜɨɞɧɵɯ ɨɬɥɨɠɟɧɢɣ, ɛɨɝɚɬɵɯ ɨɪɝɚɧɢɱɟɫɤɢɦɢ ɫɨɟɞɢɧɟɧɢɹɦɢ. Ɍɚɤ ɠɟ 

ɫɪɟɞɨɣ ɨɛɢɬɚɧɢɹ Еuryаrchаеоta ɹɜɥɹɟɬɫɹ ɠɟɥɭɞɨɱɧɨ-ɤɢɲɟɱɧɵɣ ɬɪɚɤɬ 

ɠɜɚɱɧɵɯ ɠɢɜɨɬɧɵɯ.  

Ɇɨɝɭɬ ɹɜɥɹɬɶɫɹ ɝaɥoɮɢɥɚɦɢ. ɋɩɨɫɨɛɧɵ ɜɵɠɢɜɚɬɶ ɜ ɷɤɫɬɪɟɦɚɥɶɧɵɯ 

ɭɫɥɨɜɢɹɯ, ɜ ɫɪɟɞɚɯ, ɨɬɥɢɱɚɸɳɢɯɫɹ ɩɨɜɵɲɟɧɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɫɨɥɟɣ. 

Ɏɨɬɨɫɢɧɬɟɡ, ɫɜɨɣɫɬɜɟɧɧɵɣ ɝɚɥɨɮɢɥɚɦ, ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɢ ɩɨɦɨɳɢ 

ɛaɤɬepɢoɪoɞoɩɫɢɧɚ. Ⱦɚɧɧɵɣ ɩɪɨɰɟɫɫ ɪɚɛɨɬɚɟɬ ɩɨɞɨɛɧɨ ɩɪɨɬɨɧɧɨɣ ɩɨɦɩɟ [3].  

 Crеnаrchаeotа ɬɚɤ ɠɟ ɫɩɨɫɨɛɧɵ ɜɵɠɢɜɚɬɶ ɜ ɷɤɫɬɪɟɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ. 

Ⱥɪɟɚɥ ɨɛɢɬɚɧɢɹ ɱɪɟɡɜɵɱɚɣɧɨ ɭɡɨɤ ɢ ɬɪɭɞɧɨɞɨɫɬɭɩɟɧ. ɀɢɜɭɬ ɜ ɫɟɪɧɵɯ 

ɫɨɟɞɢɧɟɧɢɹɯ ɩɪɢ ɡɚɲɤɚɥɢɜɚɸɳɢɯ ɡɧɚɱɟɧɢɹɯ ɪɇ ɢ ɬɟɦɩɟɪɚɬɭɪɵ.  
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ɉɪɟɞɫɬɚɜɢɬɟɥɟɣ ɮɢɥɭɦɚ Kоrаrchаeota ɱɟɥɨɜɟɤ ɤɭɥɶɬɢɜɢɪɨɜɚɬɶ, ɜ 

ɧɚɫɬɨɹɳɢɣ ɦɨɦɟɧɬ, ɧɟ ɫɩɨɫɨɛɟɧ. Ɉɞɧɚɤɨ ɭɱɟɧɵɦ ɭɞɚɥɨɫɶ ɪɚɫɲɢɮɪɨɜɚɬɶ 

ɧɭɤɥɟɨɬɢɞɧɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɯɚɪɚɤɬɟɪɧɵɟ ɞɥɹ ɷɬɢɯ ɚɪɯɟɣ [4]. 

 Ⱦɨɦɟɧ Аrchaeа ɨɬɥɢɱɚɟɬɫɹ ɫɬɪɨɟɧɢɟɦ ɦɨɥɟɤɭɥɵ 16S pɊɇɄ.  

Аrchaeа ɬɚɤ ɠɟ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɩɪɟɞɫɬɚɜɢɬɟɥɟɣ ɞɨɦɟɧɨɜ Bacteria ɢ 

Eukaryota ɦɧɨɠɟɫɬɜɨɦ ɫɭɳɟɫɬɜɟɧɧɵɯ ɩɪɢɡɧɚɤɨɜ: 

 — ȼ ɦɟɦɛɪɚɧɚɯ ɢ ɦɟɦɛɪɚɧɧɵɯ ɥɢɩɢɞɚɯ ɩɪɟɞɫɬɚɜɢɬɟɥɟɣ Аrchaeа, 

ɝɥɢɰɟɪɨɥ ɫɜɹɡɚɧ ɩɪɨɫɬɨɣ ɷɮɢɪɧɨɣ ɫɜɹɡɶɸ ɫ ɮɢɬɚɧɨɥɨɦ (ɫɩɢɪɬ). ȼ 

ɨɛɵɤɧɨɜɟɧɧɵɯ ɥɢɩɢɞɚɯ ɩɪɢɫɭɬɫɬɜɭɸɬ ɫɥɨɠɧɨɷɮɢɪɧɵɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 

ɝɥɢɰɟɪɨɥɚ ɫ ɀɄ. Ʌɢɩɢɞɵ ɫɩɨɫɨɛɧɵ ɩɪɢɧɢɦɚɬɶ ɬɟɬɪɚɦɟɪɧɭɸ ɤɨɧɮɢɝɭɪɚɰɢɸ. 

ȼ ɫɜɨɟɦ ɫɨɫɬɚɜɟ ɦɨɝɭɬ ɫɨɞɟɪɠɚɬɶ ɤɨɥɶɰɚ, ɫɨɫɬɨɹɳɢɟ ɢɡ ɩɹɬɢ ɱɥɟɧɨɜ.  

 Ɍɟɬɪɚɦɟɪɧɵɟ ɦɟɦɛɪɚɧɵ ɨɬɥɢɱɚɸɬɫɹ ɜɵɫɨɤɨɣ ɪɢɝɢɞɧɨɫɬɶɸ. ɗɬɨ ɫɜɹɡɚɧɨ 

ɫ ɬɟɦ, ɱɬɨ ɬɚɤɢɟ ɦɟɦɛɪɚɧɵ, ɤɚɤ ɩɪɚɜɢɥɨ, ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɨɬɫɭɬɫɬɜɢɟɦ 

ɜɧɭɬɪɟɧɧɟɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ. 

 ɇɚɪɹɞɭ ɫ ɦɨɧɨɫɥɨɣɧɵɦɢ ɦɟɦɛɪɚɧɚɦɢ Аrchaeа ɦɨɝɭɬ ɨɛɥɚɞɚɬɶ ɬɚɤ ɠɟ ɢ 

ɛɢɫɥɨɣɧɵɦɢ ɦɟɦɛɪɚɧɚɦɢ. Ɍɨ ɢɥɢ ɢɧɨɟ ɫɬɪɨɟɧɢɟ ɡɚɜɢɫɢɬ ɨɬ ɭɫɥɨɜɢɣ, ɜ 

ɤɨɬɨɪɵɯ ɨɛɢɬɚɟɬ ɛɚɤɬɟɪɢɹ. ɑɟɦ ɨɧɢ ɷɤɫɬɪɟɦɚɥɶɧɟɟ, ɬɟɦ ɪɢɝɢɞɧɟɟ ɫɬɚɧɨɜɢɬɫɹ 

ɤɥɟɬɨɱɧɚɹ ɨɛɨɥɨɱɤɚ. 

 — Аrchaeа ɦɨɝɭɬ ɫɨɞɟɪɠɚɬɶ ɜ ɫɜɨɢɯ ɦɟɦɛɪɚɧɚɯ ɨɬ ɫɟɦɢ ɞɨ ɬɪɢɞɰɚɬɢ 

ɩɪɨɰɟɧɬɨɜ ɫɤɜɚɥɟɧɚ (ɷɬɨ ɫɨɟɞɢɧɟɧɢɟ ɨɬɧɨɫɢɬɫɹ ɤ ɝɪɭɩɩɟ ɢɡɨɩɪɟɧɨɞɨɜ). 

ɂɡɨɩɪɟɧɨɢɞɵ ɜ ɫɨɫɬɚɜɟ ɤɥɟɬɨɱɧɨɣ ɫɬɟɧɤɢ — ɯɚɪɚɤɬɟɪɧɵɣ ɦɚɪɤɟɪ ɞɪɟɜɧɨɫɬɢ. 

ȼɫɬɪɟɱɚɟɬɫɹ ɭ ɬɟɯ ɚɪɯɟɣ, ɱɬɨ ɨɛɢɬɚɸɬ ɜ ɧɟɮɬɹɧɵɯ ɦɟɫɬɨɪɨɠɞɟɧɢɹɯ. 

 — ȼ ɤɥɟɬɨɱɧɵɯ ɫɬɟɧɤɚɯ Аrchaeа ɨɬɫɭɬɫɬɜɭɸɬ ɩɟɩɬɢɞɨɝɥɢɤɚɧɵ.  

ȼ ɤɥɟɬɨɱɧɨɣ ɫɬɟɧɤɟ ɧɚɯɨɞɢɬɫɹ ɥɢɛɨ ɩɫɟɜɞɨɦɭɪɟɢɧ, ɥɢɲɟɧɧɵɣ N-

aɰeɬɢɥɦɭpaɦoɜoɣ ɤ-ɬɵ, ɥɢɛɨ ɫɥɨɣ ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɯ ɛɟɥɤɨɜ, ɫɨɫɬɨɹɳɢɯ ɢɡ 

«ɤɢɫɥɵɯ» ȺɄ. Ɍɚɤɢɟ ɚɦɢɧɨɤɢɫɥɨɬɵ ɩɪɢɧɢɦɚɸɬ ɭɱɚɫɬɢɟ ɜ ɮɨɪɦɢɪɨɜɚɧɢɢ 

ɬɨɧɤɨɝɨ ɫɥɨɹ, ɤɨɬɨɪɵɣ ɨɬɬɚɥɤɢɜɚɟɬ ɨɬ ɤɥɟɬɨɱɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢɨɧɵ ɫɨɥɟɣ.  

ȼɨɡɦɨɠɧɨ ɬɚɤ ɠɟ ɢ ɩɨɥɧɨɟ ɨɬɫɭɬɫɬɜɢɟ ɤɚɤɨɣ ɛɵ ɬɨ ɧɢ ɛɵɥɨ ɤɥɟɬɨɱɧɨɣ 

ɫɬɟɧɤɢ. ȿɟ ɡɚɦɟɧɹɟɬ ɬɟɬɪɚɦɟɪɧɵɣ ɦɨɧɨɫɥɨɣ. Ɍɚɤɢɦɢ ɚɪɯɟɹɦɢ ɹɜɥɹɸɬɫɹ  

Thеrmоplаsmа. 
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 — ȼ ɨɬɥɢɱɢɟ ɨɬ Bacteria, ȾɇɄ Аrchaeа ɫɜɹɡɚɧɚ ɫ ɛɟɥɤɚɦɢ-ɝɢɫɬɨɧɚɦɢ. 

ɗɬɨ ɪɨɞɧɢɬ ɢɯ ɫ ɩɪɟɞɫɬɚɜɢɬɟɥɹɦɢ ɞɨɦɟɧɚ Eukaryota. ɉɪɢɫɭɬɫɬɜɭɸɬ ɢɧɬɪɨɧɵ. 

ɌɊHɄ ɧɟ ɫɨɞɟɪɠɢɬ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ pɢɛoɬɢɦɢɧ. ɋɭɛɴɟɞɢɧɢɰɵ ɊɇɄ-

ɩɨɥɢɦɟɪɚɡ ɚɪɯɟɣ ɫɯɨɞɧɵ ɫ ɩɨɥɢɦɟɪɚɡɚɦɢ Eukaryota. 

 — Аrchaeа ɫɩɨɫɨɛɧɵ ɜɵɠɢɜɚɬɶ ɜ ɷɤɫɬɪɟɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ, ɝɞɟ 

ɨɬɫɭɬɫɬɜɭɟɬ ɤɨɧɤɭɪɟɧɬɧɚɹ ɛɨɪɶɛɚ. ɂɦɟɧɧɨ ɛɥɚɝɨɞɚɪɹ ɷɬɨɦɭ ɩɪɟɞɫɬɚɜɢɬɟɥɢ 

ɞɚɧɧɨɝɨ ɞɨɦɟɧɚ ɫɭɦɟɥɢ ɞɨɠɢɬɶ ɞɨ ɧɚɲɢɯ ɞɧɟɣ [5]. 

 

1.2 Ƚɟɧ 16S pPHK 

 

Ƚɟɧ 16S pɊɇɄ ɹɜɥɹɟɬɫɹ ɢɧɫɬɪɭɦɟɧɬɨɦ ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɚɬɢɤɢ. 

  Ⱦɚɧɧɵɣ ɝɟɧ ɫɨɫɬɨɢɬ ɢɡ ɩɨɥɭɬɨɪɚ ɬɵɫɹɱ ɩ. ɨ., ɨɤɨɥɨ ɞɟɜɹɬɢɫɨɬ ɢɡ ɧɢɯ 

ɢɦɟɸɬ ɭɫɬɨɣɱɢɜɨɫɬɶ ɤ ɦɭɬɚɰɢɹɦ. ɗɬɨ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɫɪɚɜɧɢɜɚɬɶ 

ɧɭɤɥɟɨɬɢɞɧɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɞɚɧɧɨɝɨ ɝɟɧɚ, ɩɪɢɧɚɞɥɟɠɚɳɢɟ ɪɚɡɥɢɱɧɵɦ 

ɛɚɤɬɟɪɢɹɦ, ɦɟɠɞɭ ɫɨɛɨɣ [6].  

 Ɇɨɥɟɤɭɥɭ 16S pɊɇɄ ɩɪɢɧɹɬɨ ɧɚɡɵɜɚɬɶ ɝɟɧɧɵɦ «ɯɪɨɧɨɦɟɬɪɨɦ». 

ɂɧɮɨɪɦɚɰɢɢ, ɡɚɤɥɸɱɟɧɧɨɣ ɜ ɧɟɣ, ɞɨɫɬɚɬɨɱɧɨ ɞɥɹ ɜɢɞɨɜɨɣ ɢɞɟɧɬɢɮɢɤɚɰɢɢ 

ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ. Ʉɨɦɩɶɸɬɟɪɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɩɨɡɜɨɥɢɥɢ ɩɨɫɬɪɨɢɬɶ 

ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɨɟ ɞɪɟɜɨ, ɨɫɧɨɜɚɧɧɨɟ ɧɚ ɨɝɪɨɦɧɨɦ ɤɨɥɢɱɟɫɬɜɟ 

ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɧɨɣ ɢɧɮɨɪɦɚɰɢɢ. 

 Ȼɥɚɝɨɞɚɪɹ ɝɟɧɟɬɢɱɟɫɤɢɦ ɢɫɫɥɟɞɨɜɚɧɢɹɦ, ɪɨɞɢɥɚɫɶ ɬɟɨɪɢɹ ɨ ɬɨɦ, ɱɬɨ 

ɩɪɨɢɫɯɨɠɞɟɧɢɟ ɯɥɨɪɨɩɥɚɫɬɨɜ ɢ ɦɢɬɨɯɨɧɞɪɢɣ ɹɜɥɹɟɬɫɹ  ɪɟɡɭɥɶɬɚɬɨɦ 

ɛɚɤɬɟɪɢɚɥɶɧɨɝɨ ɫɢɦɛɢɨɡɚ.  

ɂɡɭɱɟɧɢɹ ɝɟɧɚ 16S pɊɇɄ ɞɟɥɚɟɬ ɜɨɡɦɨɠɧɵɦ ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɭɸ 

ɢɞɟɧɬɢɮɢɤɚɰɢɸ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ. Ⱦɟɜɹɧɨɫɬɨɩɪɨɰɟɧɬɧɨɟ ɫɨɜɩɚɞɟɧɢɟ 

ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɪɨɞɨɜɨɣ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ, ɚ ɞɟɜɹɧɨɫɬɨɫɟɦɢɩɪɨɰɟɧɬɧɨɟ — 

ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɜɢɞ ɢɫɫɥɟɞɭɟɦɨɝɨ ɦɢɤɪɨɨɪɝɚɧɢɡɦɚ [7].  
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 Ɋɢɫɭɧɨɤ 3 – Ⱥɧɚɥɢɡ 16S pɊɇɄ ɩɨɡɜɨɥɢɥ ɭɱɟɧɵɦ ɜɨɫɩɪɨɢɡɜɟɫɬɢ 

ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɨɟ ɞɪɟɜɨ 

 

1.3 ɉoɥɢɦɟɪaɡɧɚɹ ɰɟɩɧɚɹ ɪɟɚɤɰɢɹ 

 

 ȼ ɯɨɞɟ ɩɨɥɢɦɟɪɚɡɧɨɣ ɰɟɩɧɨɣ ɪɟɚɤɰɢɢ (ɉɐɊ) ɩɪɨɢɫɯɨɞɢɬ ɧɚɪɚɛɨɬɤɚ 

ɚɦɩɥɢɤɨɧɨɜ ɢɫɫɥɟɞɭɟɦɨɣ ȾɇɄ. ȼ ɷɬɨɦ ɩɪɨɰɟɫɫɟ ɭɱɚɫɬɜɭɟɬ ɷɧɡɢɦ — ȾɇɄ-

ɩɨɥɢɦɟɪɚɡɚ. 

ɉɐɊ ɫɨɫɬɨɢɬ ɢɡ ɧɟɫɤɨɥɶɤɨ ɰɢɤɥɨɜ. ɉɪɨɞɭɤɬɵ, ɧɚɪɚɛɨɬɚɧɧɵɟ ɜ 

ɩɪɟɞɵɞɭɳɟɦ ɰɢɤɥɟ, ɫɥɭɠɚɬ ɦɚɬɪɢɰɟɣ ɞɥɹ ɫɥɟɞɭɸɳɢɯ.  

 ȼ ɩɪɨɰɟɫɫɟ ɉɐɊ ɚɦɩɥɢɮɢɰɢɪɭɟɬɫɹ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɬɨɬ ɭɱɚɫɬɨɤ ȾɇɄ, 

ɤɨɬɨɪɵɣ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɡɚɞɚɧɧɵɦ ɭɫɥɨɜɢɹɦ ɪɟɚɤɰɢɢ. Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ, 

ɱɬɨɛɵ ɢɫɫɥɟɞɭɟɦɵɣ ɭɱɚɫɬɨɤ ɩɪɢɫɭɬɫɬɜɨɜɚɥ ɜ ɩɪɨɛɟ [8].  

 

 



13 
 

 

 

Ɋɢɫɭɧɨɤ 4 — ɉɨɥɢɦɟɪɚɡɧɚɹ ɰɟɩɧɚɹ ɪɟɚɤɰɢɹ 

 

 Ɋɟɩɥɢɤɚɰɢɹ, ɩɪɨɢɫɯɨɞɹɳɚɹ ɜ ɠɢɜɵɯ ɤɥɟɬɤɚɯ, ɫɩɨɫɨɛɧɚ ɪɟɩɥɢɰɢɪɨɜɚɬɶ 

ɜɫɸ ȾɇɄ. ɉɨɥɢɦɟɪɚɡɧɚɹ ɰɟɩɧɚɹ ɪɟɚɤɰɢɹ ɩɪɢɡɜɚɧɚ ɫɨɡɞɚɜɚɬɶ ɚɦɩɥɢɤɨɧɵ 

ɞɨɜɨɥɶɧɨ ɨɝɪɚɧɢɱɟɧɧɵɯ ɮɪɚɝɦɟɧɬɨɜ ɰɟɩɟɣ ȾɇɄ (ɨɧɢ ɬɪɚɞɢɰɢɨɧɧɨ ɧɟ 

ɩɪɟɜɵɲɚɸɬ ɬɪɟɯ ɬɵɫɹɱ ɩ.ɨ. (ɬɪɢ kbɪ). 

 

1.4 Ʉɨɦɩɨɧɟɧɬɵ, ɤɨɬɨɪɵɟ ɧɟɨɛɯɨɞɢɦɵ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɪɟɚɤɰɢɢ 
ɚɦɩɥɢɮɢɤɚɰɢɢ 

 

 1. Пɪaɣмеɪы. ɉɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɧɟɛɨɥɶɲɢɟ (ɞɟɫɹɬɶ-ɞɜɚɞɰɚɬɶ 

ɧɭɤɥɟɨɬɢɞɨɜ) ɧɟɫɩɚɪɟɧɧɵɟ ɰɟɩɨɱɤɢ ȾɇɄ. əɜɥɹɸɬɫɹ ɤɨɦɩɥɟɦɟɧɬɚɪɧɵɦɢ ɤ 

ɨɩɪɟɞɟɥɟɧɧɨɦɭ ɭɱɚɫɬɤɭ ɢɫɫɥɟɞɭɟɦɨɣ ȾɇɄ. 

 ɉɪɚɣɦɟɪɵ ɧɟɨɛɯɨɞɢɦɵ ɞɥɹ ɡɚɩɭɫɤɚ ɝɥɚɜɧɨɝɨ ɷɧɡɢɦɚ ɉɐɊ — ȾɇɄ-

ɩɨɥɢɦɟɪɚɡɵ.  

 ɉɚɪɚ ɩɪɚɣɦɟɪɨɜ ɩɪɢɡɜɚɧɚ ɨɝɪɚɧɢɱɢɬɶ ɢɫɫɥɟɞɭɟɦɭɸ ɧɭɤɥɟɨɬɢɞɧɭɸ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɫɩɟɪɟɞɢ ɢ ɫɡɚɞɢ. F (forward) ɩɪɚɣɦɟɪ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 

ɧɭɤɥɟɨɬɢɞɚɦ ɧɚ 5’-3’ ɰɟɩɢ ȾɇɄ, ɚ R (reverse) ɩɪɚɣɦɟɪ ɤɨɦɩɥɟɦɟɧɬɚɪɟɧ 

ɨɛɪɚɬɧɨɣ (3’-5’) ɰɟɩɢ [8].  

 Ƚɥɚɜɧɨɟ, ɱɬɨ ɧɭɠɧɨ ɭɱɟɫɬɶ ɩɪɢ ɜɵɛɨɪɟ ɩɪɚɣɦɟɪɚ — ɷɬɨ ɬɟɦɩɟɪɚɬɭɪɚ 

ɩɥɚɜɥɟɧɢɹ (Tm) ɤɨɦɩɥɟɤɫɚ ɩɪaɣɦeɪ-ɦɚɬɪɢɰɚ. ȿɫɥɢ ɩɨɞɨɛɪɚɧ ɧɟɜɟɪɧɵɣ 
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ɩɪɚɣɦɟɪ, ɬɨ ɩɨɥɢɦɟɪɚɡɧɚɹ ɰɟɩɧɚɹ ɪɟɚɤɰɢɹ ɩɨɩɪɨɫɬɭ ɧɟ ɧɚɱɧɟɬɫɹ. ȾɇɄ-

ɦɚɬɪɢɰɚ ɧɟ ɫɦɨɠɟɬ ɫɜɹɡɚɬɶɫɹ ɫ ɡɚɬɪɚɜɤɚɦɢ. 

 ȼ ɫɥɭɱɚɟ ɟɫɥɢ ɞɥɹ ɪɟɚɤɰɢɢ ɉɐɊ ɛɭɞɟɬ ɜɵɛɪɚɧ ɧɟɩɪɚɜɢɥɶɧɵɣ ɩɪɚɣɦɟɪ, 

ɷɬɨ ɩɪɢɜɟɞɟɬ ɤ ɫɨɡɞɚɧɢɸ ɧɟɫɩɟɰɢɮɢɱɟɫɤɢɯ ɩɪɨɞɭɤɬɨɜ ɚɦɩɥɢɮɢɤɚɰɢɢ ɢɡ-ɡɚ 

ɭɱɚɫɬɤɨɜ, ɱɚɫɬɢɱɧɨ ɤɨɦɩɥɟɦɟɧɬɚɪɧɵɯ ɞɪɭɝɢɦ ɪɟɝɢɨɧɚɦ ɦɚɬɪɢɱɧɨɣ ɰɟɩɢ ȾɇɄ.  

 ȼɚɠɧɟɣɲɢɟ ɤɪɢɬɟɪɢɢ ɩɨɞɛɨɪɚ ɩɪɚɣɦɟɪɨɜ: 

— ɋɨɞɟɪɠɚɧɢɟ ɝɭɚɧɢɧɚ ɢ ɰɢɡɨɡɢɧɚ ɞɨɥɠɧɨ ɜɚɪɶɢɪɨɜɚɬɶ ɜ ɩɪɟɞɟɥɚɯ 

ɫɨɪɨɤɚ-ɲɟɫɬɢɞɟɫɹɬɢ ɩɪɨɰɟɧɬɨɜ; 

— Ɍɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ ɩɪaɣɦepoɜ ɧɟ ɞɨɥɠɧɚ ɪɚɡɥɢɱɚɬɶɫɹ ɛɨɥɶɲɟ 

ɱɟɦ ɧɚ ɩɹɬɶ ɝɪɚɞɭɫɨɜ; 

— ɉɪɢɫɭɬɫɬɜɢɟ ɜ ɩɪɚɣɦɟɪɚɯ ɲɩɢɥɟɤ ɢ ɞɢɦeɪoɜ ɧɟ ɞɨɩɭɫɤɚɟɬɫɹ; 

— Ƚɭɚɧɢɧ ɢ ɰɢɬɨɡɢɧ ɫɩɨɫɨɛɧɵ ɫɨɡɞɚɜɚɬɶ ɬɪɢ ɜɨɞɨɪɨɞɧɵɟ ɫɜɹɡɢ. ɂɯ 

ɩɪɢɫɭɬɫɬɜɢɟ ɧɚ 3’-ɤɨɧɰɟ ɫɬɚɛɢɥɢɡɢɪɭɟɬ ɝɢɛɪɢɞɢɡɚɰɢɸ ɩɪɚɣɦɟɪɚ ɫ ɦɚɬɪɢɱɧɨɣ 

ɰɟɩɶɸ ȾɇɄ. 

 2. ȼ ȾHK-ɦɚɬɪɢɰɟ ɞɨɥɠɟɧ ɩɪɢɫɭɬɫɬɜɨɜɚɬɶ ɭɱɚɫɬɨɤ, ɤɨɬɨɪɵɣ ɧɚɞɥɟɠɢɬ 

ɚɦɩɥɢɮɢɤɚɰɢɢ. ɇɟɪɟɞɤɨ ɜ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɚɦɩɥɢɮɢɰɢɪɭɟɬɫɹ ɜɫɹ ɝɟɧɨɦɧɚɹ 

ȾɇɄ [8, 9]. 

 3. Ɍɪɟɛɭɟɬɫɹ ɬeɪɦoɫɬɚɛɢɥɶɧɚɹ ȾHɄ-ɩɨɥɢɦɟɪɚɡɚ Ɉɧɚ ɞɨɥɠɧɚ ɪɚɛɨɬɚɬɶ 

ɩɪɢ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɞɨɫɬɚɬɨɱɧɨ ɞɨɥɝɨ. 

ȼ  ɉɐɊ ɬɪɚɞɢɰɢɨɧɧɨ ɢɫɩɨɥɶɡɭɸɬ ɷɧɡɢɦɵ, ɩɨɥɭɱɚɟɦɵɟ ɢɡ ɬɟɪɦɨɮɢɥɨɜ. 

 4. ɇɟɨɛɯɨɞɢɦɵ ɞeɡoɤɫɢpɢɛoɧɭɤɥeoɬɢɞɬpɢɮocɮaɬɵ (ɬɚɤ ɠɟ 

ɨɛɨɡɧɚɱɚɟɦɵɟ ɤɚɤ dȺɌP, dGɌɊ, dɋɌɊ, dɌɌɊ). 

 5. ɂɨɧɵ Ɇg2+. 

 6. Ȼɭɮɟɪɧɵɣ ɪɚɫɬɜɨɪ. Ɉɧ ɨɬɜɟɱɚɟɬ ɡɚ ɫɥɟɞɭɸɳɢɟ ɭɫɥɨɜɢɹ: ɪɇ, ɢɨɧɧɭɸ 

ɫɢɥɭ ɪɚɫɬɜɨɪɚ. ɂɫɩɨɥɶɡɭɸɬɫɹ Ɍris-ɇɋl (ɨɛɟɫɩɟɱɢɜɚɟɬ ɧɟɢɡɦɟɧɧɨɫɬɶ ɪɇ ɜ 

ɩɪɨɛɟ), ɉAȼ, ɨɪɝɚɧɢɱɟɫɤɢɟ ɫɨɥɢ [9]. 

 

1.5 ɉɪɨɰɟɫɫ aɦɩɥɢɮɢɤaɰɢɢ 
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 1. Ⱦɟɧɚɬɭɪɚɰɢɹ. ȾHɄ-ɦɚɬɪɢɰɚ, ɤɨɬɨɪɚɹ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɰɟɩɟɣ, 

ɩɨɞɜɟɪɝɚɟɬɫɹ ɜɨɡɞɟɣɫɬɜɢɸ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ (94-96°ɋ) ɧɚ ɩɪɨɬɹɠɟɧɢɢ 0,5-

2 ɦɢɧɭɬ. ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ ɪɚɫɯɨɠɞɟɧɢɸ ɰɟɩɟɣ ȾHɄ. ȼɨɞɨɪɨɞɧɵɟ ɫɜɹɡɢ 

ɢɫɱɟɡɚɸɬ. ɉɟɪɟɞ ɩɟɪɜɵɦ ɰɢɤɥɨɦ ɚɦɩɥɢɮɢɤɚɰɢɢ ɩɨɥɚɝɚɟɬɫɹ ɩɪɨɝɪɟɜɚɬɶ 

ɪɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɞɥɢɬɟɥɶɧɨɝɨ ɜɪɟɦɟɧɢ (ɜ ɬɟɱɟɧɢɟ ɞɜɭɯ-

ɩɹɬɢ ɦɢɧɭɬ). ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɞɨɛɢɬɶɫɹ ɩɨɥɧɨɣ ɞɟɧɚɬɭɪɚɰɢɢ ȾɇɄ-ɦɚɬɪɢɰɵ ɢ 

ɡɚɬɪɚɜɨɤ [10]. 

 2. Ɉɬɠɢɝ. ɉɨɫɥɟ ɬɨɝɨ, ɤɚɤ ɰɟɩɢ ɞɟɧɚɬɭɪɢɪɨɜɚɥɢ, ɬɟɦɩɟɪɚɬɭɪɭ ɜ 

ɚɦɩɥɢɮɢɤɚɬɨɪɟ ɫɧɢɠɚɸɬ. ɉɨɧɢɠɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɡɜɨɥɹɟɬ ɨɛɪɚɡɨɜɚɬɶ 

ɫɜɹɡɢ ɦɟɠɞɭ oɞɧoɰeɩoɱeɱɧɨɣ ɦɚɬɪɢɰɟɣ ɢ ɩɪɚɣɦɟɪɚɦɢ. ȼ ɫɥɭɱɚɟ ɟɫɥɢ ɨɬɠɢɝ 

ɩɪɚɣɦɟɪɨɜ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɪɢ ɫɥɢɲɤɨɦ ɜɵɫɨɤɨɣ ɢɥɢ ɫɥɢɲɤɨɦ ɧɢɡɤɨɣ 

ɬɟɦɩɟɪɚɬɭɪɟ, ɤɨɦɩɥɟɤɫ ɩɪɚɣɦɟɪ-ɦɚɬɪɢɰɚ ɫɜɹɠɟɬɫɹ ɫɥɚɛɨ, ɥɢɛɨ ɨɛɪɚɡɭɸɬɫɹ 

ɧɟɫɩɟɰɢɮɢɱɟɫɤɢɟ ɤɨɦɩɨɧɟɧɬɵ. Ɉɬɠɢɝ ɩɪɨɢɡɜɨɞɢɬɫɹ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɬɪɢɞɰɚɬɢ 

ɢɥɢ ɫɨɪɨɤɚ ɩɹɬɢ ɫɟɤɭɧɞ [10]. 

 3. ɗɥoɧɝaɰɢɹ. ɇɚ ɷɬɨɦ ɷɬɚɩɟ ɬɟɦɩɟɪɚɬɭɪɚ ɞɨɥɠɧɚ ɜɨɡɜɪɚɬɢɬɶɫɹ ɤ 

ɨɩɬɢɦɭɦɭ, ɧɟɨɛɯɨɞɢɦɨɦɭ ɞɥɹ ɪɚɛɨɬɵ ɬeɪɦoɫɬaɛɢɥɶɧɨɣ ȾHɄ-ɩoɥɢɦeɪɚɡɵ, 

ɤɨɬɨɪɚɹ ɩɪɢɫɭɬɫɬɜɭɟɬ ɜ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ (ɫɟɦɶɞɟɫɹɬ-ɫɟɦɶɞɟɫɹɬ ɩɹɬɶ 

ɝɪɚɞɭɫɨɜ ɐɟɥɶɫɢɹ). ɉɨ ɦɟɪɟ ɪɚɛɨɬɵ ɷɧɡɢɦɚ, ɤ ɩɪɚɣɦɟɪɭ ɩɨɞɫɨɟɞɢɧɹɸɬɫɹ 

ɧɭɤɥɟɨɬɢɞɵ ɜ ɧɭɠɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. ɂɡ ɦɨɧɨɦɟɪɨɜ, ɫɨɞɟɪɠɚɳɢɯɫɹ ɜ 

ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɨɛɪɚɡɭɟɬɫɹ ɜɬɨɪɚɹ ɰɟɩɶ. ɉɟɪɜɚɹ ɜɵɫɬɭɩɚɟɬ ɜ ɤɚɱɟɫɬɜɟ 

ɦɚɬɪɢɰɵ [10]. 

 Ɍɟɦɩɟɪɚɬɭɪɚɬɭɪɧɵɣ ɩɪɨɮɢɥɶ ɷɬɚɩɚ ɷɥɨɧɝɚɰɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɬɟɪɦɨɫɬɚɛɢɥɶɧɨɣ ɩɨɥɢɦɟɪɚɡɨɣ. 

ȿɫɥɢ ɜ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɩɪɢɫɭɬɫɬɜɭɸ Tɚq ɢ Ɋfu ɩɨɥɢɦɟɪɚɡɵ, ɬɨ 

ɫɦɟɫɶ ɪɚɡɨɝɪɟɜɚɸɬ ɞɨ ɫɟɦɢɞɟɫɹɬɢ ɞɜɭɯ ɝɪɚɞɭɫɨɜ. ɉɪɢ ɷɬɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 

ɞɚɧɧɵɟ ɷɧɡɢɦɵ ɩɪɨɹɜɥɹɸɬ ɫɜɨɸ ɧɚɢɛɨɥɶɲɭɸ ɚɤɬɢɜɧɨɫɬɶ.  

ȼɪɟɦɹ ɷɥɨɧɝɚɰɢɢ ɡɚɜɢɫɢɬ ɨɬ ɞɥɢɧɵ ɦɚɬɪɢɰɵ. ɉɨɥɢɦɟɪɚɡɚ ɫɩɨɫɨɛɧɚ 

ɫɢɧɬɟɡɢɪɨɜɚɬɶ ɬɵɫɹɱɭ ɩɚɪ ɨɫɧɨɜɚɧɢɣ ɡɚ 1 ɦɢɧɭɬɭ.  
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ɉɨ ɡɚɜɟɪɲɟɧɢɢ ɰɢɤɥɨɜ ɩɨɥɚɝɚɟɬɫɹ ɫɞɟɥɚɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɷɥɨɧɝɚɰɢɸ. 

ȼɨ ɜɪɟɦɹ ɧɟɟ oɞɧoɰeɩɨɱɟɱɧɵɟ ɮɪɚɝɦɟɧɬɵ ɞɨɫɬɪɚɢɜɚɸɬɫɹ. Ⱦɚɧɧɵɣ ɷɬɚɩ 

ɡɚɧɢɦɚɟɬ ɫɟɦɶ-ɞɟɫɹɬɶ ɦɢɧɭɬ. 

 ɉɨɫɥɟ ɷɬɨɝɨ, ɬɟɦɩɟɪɚɬɭɪɭ ɜ ɚɦɩɥɢɮɢɤɚɬɨɪɟ ɜɧɨɜɶ ɩɨɜɵɲɚɸɬ ɞɨ 

ɞɟɜɹɧɨɫɬɨ ɱɟɬɵɪɟɯ ɝɪɚɞɭɫɨɜ. Ⱦɜɨɣɧɵɟ ɰɟɩɢ ȾHK ɞɢccoɰɢɢɪɭɸɬ [11]. 

 

 

Ɋɢɫɭɧɨɤ 5 — ɂɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɬɢɩɢɱɧɨɦ ɰɢɤɥɟ ɉɐP 

 

1.6 Ɇɨɞɢɮɢɤɚɰɢɢ ɉɐP 

 

1.6.1 ɇɨt-stɚrt ɉɐɊ 

 

 ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɞɚɧɧɨɣ ɦɨɞɢɮɢɤɚɰɢɢ ɫɬɚɧɨɜɢɬɫɹ ɧɟɜɨɡɦɨɠɧɵɦ 

ɩɪɟɠɞɟɜɪɟɦɟɧɧɨɟ ɧɚɱɚɥɨ ɪɟɚɤɰɢɢ. ȼ ɩɪɨɛɢɪɤɟ ɫ ɩɪɨɛɨɣ ɫɨɡɞɚɸɬɫɹ ɢɞɟɚɥɶɧɵɟ 

ɭɫɥɨɜɢɹ, ɤɨɬɨɪɵɟ ɧɟɨɛɯɨɞɢɦɵ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɫɩɟɰɢɮɢɱɟɫɤɨɝɨ ɨɬɠɢɝɚ [12].  

 ɉɪɢ «ɝɨɪɹɱɟɦ» ɫɬɚɪɬɟ ɚɤɬɢɜɧɨɫɬɶ ɷɧɡɢɦɚ ɜ ɦɨɦɟɧɬ ɩɨɫɬɚɧɨɜɤɢ 

ɩɨɥɢɦɟɪɚɡɧɨɣ ɰɟɩɧɨɣ ɪɟɚɤɰɢɢ ɢɧɝɢɛɢɪɭɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ȺɌ. Ʌɢɛɨ ɫ 

ɩɨɦɨɳɶɸ «ɥɨɠɧɵɯ» ɚɧɬɢɬɟɥ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɦɨɥɟɤɭɥɵ ɬɢɩɚ  

Ⱥffibɨdy. ɂɧɝɢɛɢɪɨɜɚɧɢɟ ɞɟɪɠɢɬɫɹ ɞɨ ɦɨɦɟɧɬɚ ɩɟɪɜɨɣ ɞɟɧɚɬɭɪɚɰɢɢ (ɩɪɢ 

ɞɟɜɹɧɨɫɬɨ ɩɹɬɢ ɝɪɚɞɭɫɚɯ ɜ ɬɟɱɟɧɢɟ ɞɟɫɹɬɢ ɦɢɧɭɬ).  



17 
 

 ȼɦɟɫɬɨ ɚɧɬɢɬɟɥ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɥɟɝɤɨɩɥɚɜɤɢɣ ɩɚɪɚɮɢɧ. Ɍɚɤ ɠɟ 

ɜɨɡɦɨɠɧɨ ɩɪɢɦɟɧɟɧɢɟ ɫɩɟɰɢɚɥɶɧɵɯ ɦɚɫɟɥ. Ɉɧɢ ɫɩɨɫɨɛɧɵ ɧɚ ɜɪɟɦɹ 

ɢɡɨɥɢɪɨɜɚɬɶ ɷɧɡɢɦ ɨɬ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ [12]. 

 

 1.6.2 ɉɐP ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɨɛɪɚɬɧɨɣ ɬɪɚɧɫɤɪɢɩɬɚɡɵ 

 

 Ɍɚɤɚɹ ɦɨɞɢɮɢɤɚɰɢɹ ɩɨɥɢɦɟɪɚɡɧɨɣ ɰɟɩɧɨɣ ɪɟɚɤɰɢɢ ɩɪɢɦɟɧɹɬɫɹ ɩɪɢ 

ɪɚɛɨɬɟ ɫ ɢɡɜɟɫɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶɸ PɇɄ.  

 ɂɫɩɨɥɶɡɭɹ ɪɟɜɟɪɬɚɡɭ ɦɨɠɧɨ ɫɢɧɬɟɡɢɪɨɜɚɬɶ ɨɞɧɨɰɟɩɨɱɟɱɧɵɟ ɦɨɥɟɤɭɥɵ 

ɤȾɇɄ (ɤɨɦɩɥɢɦɟɧɬɚɪɧɨɣ ȾɇɄ). Ɇɚɬɪɢɰɟɣ ɜɵɫɬɭɩɚɟɬ ɦɚɬɪɢɱɧɚɹ ɊɇɄ. 

ɉɨɥɭɱɟɧɧɚɹ ɤȾɇɄ ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ ɩɨɫɬɚɧɨɜɤɢ ɉɐP.  

 ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɨɛɪɚɬɧɨɣ ɬɪɚɧɫɤɪɢɩɬɚɡɵ ɬɪɟɛɭɟɬ ɨɫɨɛɵɯ ɭɫɥɨɜɢɣ. ɗɬɨɬ 

ɷɧɡɢɦ ɱɪɟɡɜɵɱɚɣɧɨ ɱɭɜɫɬɜɢɬɟɥɟɧ ɤ ɢɡɦɟɧɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɚ. 

ɋɨɪɨɤ ɞɜɚ ɝɪɚɞɭɫɚ ɐɟɥɶɫɢɹ ɹɜɥɹɸɬɫɹ ɩɨɪɨɝɨɜɵɦ ɡɧɚɱɟɧɢɟɦ 

 Ɉɞɧɚɤɨ ɞɚɧɧɚɹ ɩɪɨɛɥɟɦɚ ɪɟɲɚɟɬɫɹ ɜ ɫɥɭɱɚɟ ɩɪɢɦɟɧɟɧɢɹ  

ɬɟɪɦɨɫɬɚɛɢɥɶɧɨɝɨ ɷɧɡɢɦɚ, ɤɨɬɨɪɵɣ ɛɭɞɟɬ ɚɤɬɢɜɟɧ ɩɪɢ Ɇn2+ [13]. 

 
 1.6.3 ȿnd-pɨint ɩɨɥɢɦɟɪɚɡɧɚɹ ɰɟɩɧɚɹ ɪɟɚɤɰɢɹ 

 
 Ⱦɚɧɧɚɹ ɦɟɬɨɞɢɤɚ ɉɐP ɫɢɝɧɚɥɢɡɢɪɭɟɬ ɨ ɪɟɡɭɥɶɬɚɬɚɯ ɪɟɚɤɰɢɢ ɫ 

ɩɨɦɨɳɶɸ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɩɨɫɥɟ ɚɦɩɥɢɮɢɤɚɰɢɢ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɩɪɨɢɡɜɨɞɢɬɶ 

ɨɰɟɧɤɭ ɧɚɪɚɛɨɬɚɧɧɵɯ ɩɪɨɞɭɤɬɨɜ, ɛɟɡ ɨɬɤɪɵɬɢɹ ɩɪɨɛɢɪɤɢ. ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ ɧɟ 

ɩɪɨɢɫɯɨɞɢɬ ɤɨɧɬɚɦɢɧɚɰɢɢ.  

 
 

Ɋɢɫɭɧɨɤ 6 — ɉɪɢɧɰɢɩ ɦɨɞɢɮɢɤɚɰɢɢ End-point 
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 Ɉɥɢɝɨɧɭɤɥɟɨɬɢɞɧɵɟ ɰɟɩɢ ȾɇɄ ɩɨɦɟɱɚɸɬɫɹ ɫɩɟɰɢɮɢɱɟɫɤɢɦɢ 

ɦɨɥɟɤɭɥɚɦɢ ɮɥɭɨɪɨɮɨɪɚ ɢ «ɬɟɦɧɨɜɨɝɨ» ɝɚɫɢɬɟɥɹ. ȼ ɪɟɡɭɥɶɬɚɬɟ 

ɫɢɧɬɟɡɢɪɭɸɬɫɹ ɬɚɤ ɧɚɡɵɜɚɟɦɵɟ «ɝɢɛɪɢɞɧɵɟ» ɡɨɧɞɵ [14].  

 Ɇɟɱɟɧɧɵɟ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɵ ɜɧɨɫɹɬɫɹ ɜ ɪɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ.  

 Ɏɥɭɨɪɟɫɰɟɧɰɢɹ ɧɟ ɜɢɡɭɚɥɢɡɢɪɭɟɬɫɹ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɮɥɭopoɮop ɢ 

ɝɚɫɢɬɟɥɶ ɧɚɯɨɞɹɬɫɹ ɧɟɩɨɞɚɥɟɤɭ.  

 ȼɨ ɜɪɟɦɹ ɩɪɨɜɟɞɟɧɢɹ ɩɨɥɢɦɟɪɚɡɧɨɣ ɰɟɩɧɨɣ ɪɟɚɤɰɢɢ ɡɨɧɞɵ ɨɛɪɚɡɭɸɬ 

ɤɨɦɩɥɟɤɫɵ ɫ ɬɚɪɝɟɬɧɨɣ ȾHK. ȼɨ ɜɪɟɦɹ ɷɥɨɧɝɚɰɢɢ Tɚq-ɩɨɥɢɦɟɪɚɡɚ 

ɪɚɫɳɟɩɥɹɟɬ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɧɵɣ ɡɨɧɞ ɛɥɚɝɨɞɚɪɹ 5'-ɷɤɡɨɧɭɤɥɟɚɡɧɨɣ 

ɚɤɬɢɜɧɨɫɬɢ. Ɏɥɭopoɮop ɢ ɟɝɨ ɝɚɫɢɬɟɥɶ ɨɬɞɚɥɹɸɬɫɹ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɢ 

ɩɪɨɢɫɯɨɞɢɬ ɫɜɟɱɟɧɢɟ.  

 Ɇɟɱɟɧɧɵɟ ɮɥɭɨɪɨɮɨɪɨɦ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɧɵɟ ɡɨɧɞɵ, ɤɨɬɨɪɵɟ 

ɪɚɡɪɭɲɚɸɬɫɹ ɜ ɩɪɨɰɟɫɫɟ ɉɐɊ, ɨɛɟɫɩɟɱɢɜɚɸɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɭɪɨɜɟɧɶ 

ɮɥɭɨɪɟɫɰɟɧɰɢɢ. Ʉɨɥɢɱɟɫɬɜɨ ɧɚɪɚɛɨɬɚɧɧɵɯ ɚɦɩɥɢɤɨɧɨɜ ɫɬɪɨɝɨ 

ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɤɨɥɢɱɟɫɬɜɭ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ.  

 Ɇɨɞɢɮɢɤɚɰɢɹ End-point ɧɟ ɹɜɥɹɟɬɫɹ ɤɨɥɢɱɟɫɬɜɟɧɧɵɦ ɦɟɬɨɞɨɦ [15]. 

 

 1.6.4 Rɟɚl-Ɍime ɩɨɥɢɦɟɪɚɡɧɚɹ ɰɟɩɧɚɹ ɪɟɚɤɰɢɹ 

 

 Ɏɥɭɨɪɟɫɰɟɧɬɧɵɟ ɤɪɚɫɢɬɟɥɢ, ɤɨɬɨɪɵɟ ɨɛɥɚɞɚɸɬ ɫɩɨɫɨɛɧɨɫɬɶɸ 

ɫɜɹɡɵɜɚɬɶɫɹ ɫ ɞɜɨɣɧɵɦɢ ɰɟɩɹɦɢ ȾɇɄ, ɧɚɲɥɢ ɫɜɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ ɦɟɬɨɞɟ Real-

time ɉɐɊ. Ɍɚɤ ɠɟ ɢɫɩɨɥɶɡɭɸɬ ɞeɡoɤcɢɧɭɤɥeoɬɢɞɵ, ɩɨɞɜɟɪɝɲɢɟɫɹ 

ɦɨɞɢɮɢɤɚɰɢɹɦ. Ɉɧɢ ɫɩɨɫɨɛɧɵ ɢɫɩɭɫɤɚɬɶ ɮɥɭɨɪɟɫɰɟɧɬɧɨɟ ɫɜɟɱɟɧɢɟ ɩɨɫɥɟ 

ɝɢɛɪɢɞɢɡɚɰɢɢ ɫ ɤɨɦɩɥɟɦɟɧɬɚɪɧɵɦɢ ɧɭɤɥɟɨɬɢɞɧɵɦɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦɢ 

ȾɇɄ.  

 ɉɐP Real-time ɧɟɪɟɞɤɨ ɫɨɱɟɬɚɸɬ ɫ ɨɛɪɚɬɧɨ-ɬɪɚɧɫɤɪɢɩɬɚɡɧɨɣ ɉɐɊ. ɗɬɨ 

ɩɨɦɨɝɚɟɬ ɩɪɨɢɡɜɨɞɢɬɶ ɞɟɬɟɤɰɢɸ ɧɟɛɨɥɶɲɨɝɨ ɨɛɴɟɦɚ ɦɊɇɄ. 

 ɉɪɢ ɩɪɢɦɟɧɟɧɢɢ ɉɐɊ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɫɭɳɟɫɬɜɭɟɬ 

ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɤɥɸɱɢɬɶ ɫɬɚɞɢɸ ɝɟɥɶ-ɷɥɟɤɬɪɨɮɨɪɟɡɚ. ɗɬɨ ɫɭɳɟɫɬɜɟɧɧɨ 
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ɭɦɟɧɶɲɚɟɬ ɨɩɚɫɧɨɫɬɶ ɤɨɧɬɚɦɢɧɚɧɬɧɨɝɨ ɡɚɪɚɠɟɧɢɹ ɩɪɨɛ ɢ ɦɢɧɢɦɢɡɢɪɭɟɬ 

ɥɨɠɧɵɟ ɪɟɡɭɥɶɬɚɬɵ [17]. 

 

 1.6.5 Multiplex ɩɨɥɢɦɟɪɚɡɧɚɹ ɰɟɩɧɚɹ ɪɟɚɤɰɢɹ  
  

 Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɩɨɡɜɨɥɹɟɬ ɩɪɨɢɡɜɨɞɢɬɶ ɨɞɧɨɦɨɦɟɧɬɧɭɸ ɚɦɩɥɢɮɢɤɚɰɢɸ 

ɫɪɚɡɭ ɧɟɫɤɨɥɶɤɢɯ ɧɭɤɥɟɨɬɢɞɧɵɯ ɮɪɚɝɦɟɧɬɨɜ ȾɇɄ ɜ ɨɞɧɨɣ ɩɪɨɛɢɪɤɟ. 

Ɇɭɥɶɬɢɩɪɚɣɦɟɪɧɚɹ ɉɐɊ ɩɨɡɜɨɥɹɟɬ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɧɟɫɤɨɥɶɤɨ ɜɢɞɨɜ 

ɩɚɬɨɝɟɧɨɜ, ɝɟɧɟɬɢɱɟɫɤɢɯ ɦɭɬɚɰɢɣ ɢ ɬ.ɞ. ɜ ɨɞɧɨɣ ɩɪɨɛɢɪɤɟ [18].  

 

 

 Ɋɢɫɭɧɨɤ 7 — ɋɪɚɜɧɟɧɢɟ ɬɪɚɞɢɰɢɨɧɧɨɣ ɢ Multiplex PCR 

 

1.6.6 ɂɧɜɟɪɬɢɪɨɜɚɧɧɵɣ ɦɟɬɨɞ ɉɐɊ  

 

 ȿɫɥɢ ɢɫɫɥɟɞɨɜɚɬɟɥɸ ɢɡɜɟɫɬɟɧ ɤɨɪɨɬɤɢɣ ɮɪɚɝɦɟɧɬ ɜɧɭɬɪɢ ɢɡɭɱɚɟɦɨɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɢɫɩɨɥɶɡɭɟɬɫɹ ɢɧɜɟɪɬɢɪɨɜɚɧɧɵɣ ɦɟɬɨɞ ɉɐɊ.  

Ɉɧ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɫɨɫɟɞɧɢɟ ɧɭɤɥɟɨɬɢɞɵ ɩɨɫɥɟ ɜɫɬɚɜɤɢ ȾɇɄ ɜ 

ɝɟɧɨɦ. ɑɬɨɛɵ ɜɵɹɫɧɢɬɶ ɷɬɨ, ɬɪɟɛɭɟɬɫɹ ɩɪɨɢɡɜɟɫɬɢ ɧɟɫɤɨɥɶɤɨ ɪɟɫɬɪɢɤɰɢɨɧɧɵɯ 

ɪɚɡɪɟɡɨɜ ɫ ɩɨɦɨɳɶɸ ɷɧɞɨɧɭɤɥɟɚɡ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɫɲɢɜɤɨɣ ɩɨɥɭɱɟɧɧɵɯ 

ɮɪɚɝɦɟɧɬɨɜ [19]. 
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  1.6.7 Lɨng-rɚngɟ ɩɨɥɢɦɟɪɚɡɧɚɹ ɰɟɩɧɚɹ ɪɟɚɤɰɢɹ  

 

 ɉɪɢɦɟɧɹɟɬɫɹ ɜ ɫɥɭɱɚɹɯ, ɟɫɥɢ ɧɟɨɛɯɨɞɢɦɨ ɩɨɥɭɱɢɬɶ ɚɦɩɥɢɤɨɧɵ 

ɞɨɜɨɥɶɧɨ ɩɪɨɬɹɠɟɧɧɵɯ ɮɪɚɝɦɟɧɬɨɜ ȾɇɄ. Ɉɬ ɞɟɫɹɬɢ ɬɵɫɹɱ ɩɚɪ ɨɫɧɨɜɚɧɢɣ ɢ 

ɛɨɥɟɟ. Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ Lɨng-rɚngɟ ɉɐɊ ɩɪɢɦɟɧɹɸɬ ɫɦɟɫɶ ɞɜɭɯ ɮɟɪɦɟɧɬɨɜ. 

Ɍɚq-ɩoɥɢɦeɪaɡɭ ɫ ɛɨɥɶɲɨɣ ɩɪɨɞɭɤɬɢɜɧɨɫɬɶɸ: ɨɧɚ ɦɨɠɟɬ ɡɚ ɪɚɡ 

ɫɢɧɬɟɡɢɪɨɜɚɬɶ ɩɪɨɬɹɠɟɧɧɵɣ ɮɪɚɝɦɟɧɬ ȾɇɄ. Ɍɚɤ ɠɟ ɜ ɪɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ 

ɞɨɛɚɜɥɹɸɬ ȾHK-ɩɨɥɢɦɟɪɚɡɭ, ɪɚɛɨɬɚɸɳɭɸ ɜ ɧɚɩɪɚɜɥɟɧɢɢ 3'-5'. Ɍɚɤɢɦ 

ɮɟɪɦɟɧɬɨɦ ɹɜɥɹɟɬɫɹ Ɋfu-ɩoɥɢɦeɪaɡa. Ɉɧɚ ɫɩɨɫɨɛɧɚ ɢɫɩɪɚɜɥɹɬɶ ɨɲɢɛɤɢ, 

ɩɪɨɢɡɜɟɞɟɧɧɵɟ Ɍɚq-ɩɨɥɢɦɟɪɚɡɨɣ [22]. 

 

1.7 ɗɥeɤɬopoɮoɪeɬɢɱɟɫɤɨɟ ɪɚɡɞɟɥɟɧɢɟ ɮɪɚɝɦɟɧɬɨɜ ȾɇɄ ɜ aɝaɪoɡɧɨɦ ɝɟɥɟ 

 

 ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɜ ɰɟɥɹɯ ɷɥɟɤɬɪɨɮɨɪɟɬɢɱɟɫɤɨɝɨ 

ɪɚɡɞɟɥɟɧɢɹ ɮɪɚɝɦɟɧɬɨɜ ȾɇɄ, ɢɫɩɨɥɶɡɭɸɬɫɹ ɚɝɚɪɨɡɧɵɟ ɩɥɚɫɬɢɧɵ. 

Ʉɨɧɰɟɧɬɪɚɰɢɹ ɝɟɥɹ ɫɨɫɬɚɜɥɹɟɬ ɩɨɥɬɨɪɚ-ɞɜɚ ɫ ɩɨɥɨɜɢɧɨɣ ɩɪɨɰɟɧɬɚ ɚɝɚɪɨɡɵ. 

ɇɟɪɟɞɤɨ ɜ ɛɭɮɟɪ ɞɨɛɚɜɥɹɸɬ ɫɩɟɰɢɮɢɱɟɫɤɢɟ ɤɪɚɫɢɬɟɥɢ ɞɥɹ ɜɢɡɭɚɥɢɡɚɰɢɢ 

ɩɪɨɞɭɤɬɨɜ.  

 ɉɪɢ ɡɚɥɢɜɤɟ ɪɚɫɩɥɚɜɥɟɧɧɨɝɨ ɝɟɥɹ, ɜ ɤɚɦɟɪɭ ɭɫɬɚɧɚɜɥɢɜɚɸɬ 

ɫɩɟɰɢɚɥɶɧɵɟ ɝɪɟɛёɧɤɢ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɵɯ ɨɛɪɚɡɭɸɬɫɹ ɥɭɧɤɢ. ɉɨɫɥɟ 

ɡɚɫɬɵɜɚɧɢɹ ɚɝɚɪɨɡɵ, ɝɪɟɛɟɧɤɢ ɭɞɚɥɹɸɬ. ȼ ɩɨɥɭɱɢɜɲɢɟɫɹ ɥɭɧɤɢ ɜɧɨɫɹɬ 

ɚɦɩɥɢɤɨɧɵ [24].  
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Ɋɢɫɭɧɨɤ 8 — Ʉɨɦɩɥɟɤɬɭɸɳɢɟ ɞɥɹ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɷɥɟɤɬɪɨɮɨɪɟɡɚ 

 

 Ɂɚɫɬɵɜɲɢɣ ɝɟɥɶ ɫ ɩɪɨɛɚɦɢ ɨɩɭɫɤɚɸɬ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɭɸ ɮɨɪɟɡɧɭɸ 

ɤɚɦɟɪɭ. Ɂɚ ɫɱɟɬ ɪɚɛɨɬɵ ɢɫɬɨɱɧɢɤɚ ɧɚɩɪɹɠɟɧɢɹ, ɦɨɥɟɤɭɥɵ ȾɇɄ, ɨɛɥɚɞɚɸɳɢɟ 

ɨɬɪɢɰɚɬɟɥɶɧɵɦ ɡɚɪɹɞɨɦ, ɛɟɝɭɬ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɨɬ ɨɬɪɢɰɚɬɟɥɶɧɨɝɨ ɩɨɥɸɫɚ ɤ 

ɩɨɥɨɠɢɬɟɥɶɧɨɦɭ. Ɂɚ ɫɱɟɬ ɫɟɬɱɚɬɨɣ ɫɬɪɭɤɬɭɪɵ ɝɟɥɹ ɦɟɥɤɢɟ ɮɪɚɝɦɟɧɬɵ ȾHK 

ɛɟɝɭɬ ɛɵɫɬɪɟɟ, ɱɟɦ ɤɪɭɩɧɵɟ.  

  

 

 Ɋɢɫɭɧɨɤ  9 – ɗɥɟɤɬɪɨɮɨɪɟɡ 

 

 Ƚɟɥɶ-ɷɥɟɤɬɪɨɮɨɪɟɡ ɞɥɢɬɫɹ ɨɬ ɞɟɫɹɬɢ ɦɢɧɭɬ ɞɨ ɬɪɟɯ ɱɚɫɨɜ. ɉɨɫɥɟ ɷɬɨɝɨ 

ɚɝɚɪɨɡɧɭɸ ɩɥɚɫɬɢɧɭ ɧɚɞɥɟɠɢɬ ɨɬɩɪɚɜɢɬɶ ɜ  ɬpaɧcɢɥɥɸɦɢɧaɬop, ɤɨɬɨɪɵɣ 

ɢɡɥɭɱɚɟɬ ɍɎ-ɥɭɱɢ (254 – 310 ɧɦ). ȾɇɄ ɫɩɨɫɨɛɧɚ ɩɨɝɥɨɳɚɬɶ ɥɭɱɢ ɜ ɪɚɣɨɧɟ 

260 ɧɦ. ɉɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɍɎ-ɢɡɥɭɱɟɧɢɹ, ɮɥɭɨɪɟɫɰɟɧɬɧɵɣ ɤɪɚɫɢɬɟɥɶ 
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ɢɫɩɭɫɤɚɟɬ ɫɜɟɬ, ɪɟɝɢɫɬɪɢɪɭɟɦɵɣ ɜ ɨɪɚɧɠɟɜɨ-ɤɪɚɫɧɨɣ ɨɛɥɚɫɬɢ ɜɢɞɢɦɨɝɨ 

ɫɩɟɤɬɪɚ (590 ɧɦ) [24]. 

   

1.8 Ɇɟɬɨɞ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɝɟɥɶ-ɷɥɟɤɬɪɨɮɨɪɟɡɚ 

 

 ȼ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɵ ɞɥɹ ɝɟɥɹ ɜɵɫɬɭɩɚɟɬ ɩoɥɢaɤɪɢɥaɦɢɞ, ɩɨɦɟɳɚɟɦɵɣ ɜ 

ɜɟɪɬɢɤɚɥɶɧɭɸ ɤɚɦɟɪɭ.  

 

 

 Ɋɢɫɭɧɨɤ  10 – Ɇɟɬɨɞɢɤɚ ɩɪɨɜɟɞɟɧɢɹ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɝɟɥɶ-ɷɥɟɤɬɪɨɮɨɪɟɡɚ 

 

 ɗɥɟɤɬɪɨɮɨɪɟɡ ɜ ɩɨɥɢɚɤɪɢɥɚɦɢɞɧɨɦ ɝɟɥɟ ɞɚɟɬ ɪɹɞ ɩɪɟɢɦɭɳɟɫɬɜ. ɗɬɨ 

ɜɵɫɨɤɨɬɨɱɧɵɣ ɦɟɬɨɞ, ɤɨɬɨɪɵɣ ɨɛɥɚɞɚɟɬ ɦɚɤɫɢɦɚɥɶɧɨɣ ɪɚɡɪɟɲɚɸɳɟɣ 

ɫɩɨɫɨɛɧɨɫɬɶɸ. ɉɪɨɢɡɜɨɞɢɬɫɹ ɩɨɥɧɨɟ ɪɚɡɞɟɥɟɧɢɟ ɦɨɥɟɤɭɥ ȾɇɄ, ɜɩɥɨɬɶ ɞɨ  

ɨɞɧɨɝɨ ɧɭɤɥɟɨɬɢɞɚ.  

ȼ ɬɨ ɠɟ ɜɪɟɦɹ, ɩɪɨɰɟɫɫ ɫɨɩɪɹɠɟɧ ɫ ɧɟɤɨɬɨɪɵɦɢ ɫɥɨɠɧɨɫɬɹɦɢ. ȼ 

ɨɬɥɢɱɢɟ ɨɬ ɚɝɚɪɨɡɵ, ɩɨɥɢɚɤɪɢɥɚɦɢɞ ɷɬɨ ɜɵɫɨɤɨɬɨɤɫɢɱɧɨɟ ɫɨɟɞɢɧɟɧɢɟ, 

ɨɤɚɡɵɜɚɸɳɟɟ ɧɟɝɚɬɢɜɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɠɢɜɵɟ ɨɪɝɚɧɢɡɦɵ [26].  

  Ⱥɝɚɪɨɡɧɵɣ ɢ ɩɨɥɢɚɤɪɢɥɨɦɢɞɧɵɣ ɝɟɥɶ-ɷɥɟɤɬɪɨɮɨɪɟɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ 

ɨɛɥɚɞɚɸɬ ɪɹɞɨɦ ɧɟɞɨɫɬɚɬɤɨɜ:  

• Ⱦɟɬɟɤɰɢɹ ɡɚɧɢɦɚɟɬ ɫɥɢɲɤɨɦ ɦɧɨɝɨ ɜɪɟɦɟɧɢ.  

• ɋɞɟɥɚɬɶ ɩɪɨɰɟɫɫ ɚɜɬɨɦɚɬɢɱɟɫɤɢɦ ɧɟɥɶɡɹ. 
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• Ɍɪɚɤɬɨɜɚɬɶ ɪɟɡɭɥɶɬɚɬɵ ɷɥɟɤɬɪɨɮɨɪɟɡɚ ɞɨɜɨɥɶɧɨ ɫɥɨɠɧɨ. ɋɜɨɸ ɪɨɥɶ 

ɢɝɪɚɟɬ ɫɭɛɴɟɤɬɢɜɧɨɫɬɶ ɜɨɫɩɪɢɹɬɢɹ.  

• ɋɭɳɟɫɬɜɭɟɬ ɨɝɪɨɦɧɵɣ ɪɢɫɤ ɤɨɧɬɚɦɢɧɚɰɢɢ ɩɪɨɛ [27]. 

 

1.9 Restriction fragment length polymorphism 

 

 ɉɪɢ ɞɚɧɧɨɦ ɦɟɬɨɞɟ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɚɦɩɥɢɮɢɰɢɪɨɜɚɧɧɵɟ ɮɪɚɝɦɟɧɬɵ 

ɦɨɥɟɤɭɥɵ ȾɇɄ ɪɚɡɪɟɡɚɸɬɫɹ ɪɟɫɬɪɢɤɰɢɨɧɧɵɦɢ ɷɧɞɨɧɭɤɥɟɚɡɚɦɢ. ȼ 

ɩɨɫɥɟɞɫɬɜɢɢ ɩɨɥɭɱɢɜɲɢɟɫɹ ɪɟɫɬɪɢɤɬɵ ɚɧɚɥɢɡɢɪɭɸɬɫɹ ɷɥɟɤɬɪɨɮɨɪɟɡɨɦ  ɜ 

ɚɝɚɪɨɡɧɨɦ ɢɥɢ ɩɨɥɢɚɤɪɢɥɚɦɢɞɧɨɦ ɝɟɥɟ [33]. 

 ɉȾɊɎ ɚɧɚɥɢɡ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɧɟɫɤɨɥɶɤɨ ɷɬɚɩɨɜ: 

— ɜɵɞɟɥɹɟɬɫɹ ɝɟɧɨɦɧɚɹ ȾɇɄ; 

— ɫ ɩɨɦɨɳɶɸ ɷɧɞɨɧɭɤɥɟɚɡ ɩɪɨɢɡɜɨɞɢɬɫɹ ɪɟɫɬɪɢɤɰɢɹ ɧɭɤɥɟɨɬɢɞɧɨɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ; 

— ɡɚɬɟɦ ɩɪɨɢɡɜɨɞɢɬɫɹ ɪɚɡɞɟɥɟɧɢɟ ɩɨɥɭɱɟɧɧɵɯ ɮɪɚɝɦɟɧɬɨɜ ɧɚ ɝɟɥɶ-

ɷɥɟɤɬɪɨɮɨɪɟɡɟ; 

— ɧɚ ɡɚɤɥɸɱɢɬɟɥɶɧɨɦ ɷɬɚɩɟ ɮɪɚɝɦɟɧɬɵ ȾHK, ɜ ɫɨɫɬɚɜ ɤɨɬɨɪɵɯ ɜɯɨɞɢɬ 

ɩɨɥɢɦɨɪɮɧɵɣ ɫɚɣɬ ɪɟɫɬɪɢɤɰɢɢ, ɢɞɟɧɬɢɮɢɰɢɪɭɸɬɫɹ. 

 

 

Ɋɢɫɭɧɨɤ 11 — Restriction fragment length polymorphism 

 



24 
 

 Ɇɟɬɨɞ ɉȾɊɎ ɧɚɲɟɥ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ ɩɨɩɭɥɹɰɢɨɧɧɨ-

ɝɟɧɟɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ. ɗɬɨ ɜɨɡɦɨɠɧɨ ɛɥɚɝɨɞɚɪɹ ɬɨɦɭ, ɱɬɨ ɜ ɝɟɧɨɦɚɯ 

ɢɡɭɱɚɟɦɵɯ ɨɪɝɚɧɢɡɦɨɜ ɩɪɢɫɭɬɫɬɜɭɸɬ ɪeɫɬɪɢɤɰɢoɧɧɵɟ ɮɪɚɝɦɟɧɬɵ ȾHK 

ɨɩɪɟɞɟɥɟɧɧɨɣ ɞɥɢɧɵ.  

Ɍɚɤɢɟ ɮɪɚɝɦɟɧɬɵ — ɢɞɟɚɥɶɧɵɣ ɝɟɧɟɬɢɱɟɫɤɢɣ ɦɚɪɤɟɪ. Ɍɚɤ ɠɟ ɨɧɢ 

ɜɵɫɬɭɩɚɸɬ ɜ ɤɚɱɟɫɬɜɟ ɮɟɧɨɬɢɩɢɱɟɫɤɨɝɨ ɩɪɢɡɧɚɤɚ, ɤɨɬɨɪɵɣ ɨɛɭɫɥɚɜɥɢɜɚɟɬɫɹ 

ɝɟɧɨɬɢɩɨɦ ɨɪɝɚɧɢɡɦɚ [34]. 

 

1.10 Ceɤɜɟɧɢɪɨɜɚɧɢɟ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ 

 

 ɋ ɩɨɦɨɳɶɸ NGS ɭɱɟɧɵɟ ɩɨɥɭɱɢɥɢ ɜɨɡɦɨɠɧɨɫɬɶ ɡɚ ɨɞɢɧ ɜɪɟɦɟɧɧɨɣ 

ɩɪɨɦɟɠɭɬɨɤ ɢɫɫɥɟɞɨɜɚɬɶ  ɦɧɨɠɟɫɬɜɨ ɭɱɚɫɬɤɨɜ ɝɟɧɨɦɚ. ɗɬɨ ɛɟɫɫɩɨɪɧɨɟ 

ɩɪɟɢɦɭɳɟɫɬɜɨ, ɧɟɞɨɫɬɭɩɧɨɟ ɪɚɧɧɢɦ ɦɟɬɨɞɢɤɚɦ ceɤɜɟɧɢɪɨɜɚɧɢɹ ɝɟɧɨɦɚ [40].  

 Ȼɚɡɨɣ ɞɥɹ ɦɟɬɨɞɢɤɢ NGS ɫɬɚɥɨ ɩɨɹɜɥɟɧɢɟ ɩɚɪɚɥɥɟɥɶɧɵɯ 

ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɫɢɫɬɟɦ ɞɥɹ «ɱɬɟɧɢɹ» ȾHK. ɋɟɤɜɟɧɚɬɨɪ ɦɨɠɟɬ ɩɨɥɭɱɢɬɶ 

ɞɚɧɧɵɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɫɤɨɥɶɤɢɯ ɭɱɚɫɬɤɨɜ ɝɟɧɨɦɚ ɡɚ ɨɞɢɧ ɷɬɚɩ ɪɚɛɨɬɵ. ɗɬɨ 

ɭɞɟɲɟɜɢɥɨ ɢ ɦɧɨɝɨɤɪɚɬɧɨ ɭɫɤɨɪɢɥɨ ɝɟɧɨɦɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ.  

 ɋɤɨɪɨɫɬɢ ɩɪɨɱɬɟɧɢɹ ɝɟɧɨɦɨɜ ɫɬɚɥɢ ɫɬɨɥɶ ɜɵɫɨɤɢ, ɱɬɨ  

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɦɧɨɝɢɯ ceɤɜɟɧɚɬɨɪɨɜ ɞɨɫɬɢɝɚɟɬ ɫɨɬɟɧ ɦɢɥɥɢɨɧɨɜ ɩ. ɨ. 

Ȼɥɚɝɨɞɚɪɹ ɷɬɨɦɭ ɝɟɧɨɦ Homo sapiens ɦɨɠɟɬ ɛɵɬɶ ɩɪɨɱɬɟɧ ɡɚ ɩɚɪɭ ɫɭɬɨɤ [41]. 

 

1.11 Ɉɫɧɨɜɧɵɟ ɩɨɫɬɭɥɚɬɵ NGS 

 

 ȼɫɟ ɬɟɯɧɨɥɨɝɢɢ NGS ɢɦɟɸɬ ɜ ɫɜɨɟɣ ɨɫɧɨɜɟ ceɤɜɟɧɢɪɨɜɚɧɢɟ ȾHK-

ɱɢɩɨɜ. ɉɪɢ ɷɬɨɦ ɩɪɢɦɟɧɹɸɬɫɹ ɷɧɡɢɦɚɬɢɱɟɫɤɢɟ ɰɢɤɥɵ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ 

ɫɨɛɢɪɚɬɶ ɧɚɪɚɛɨɬɚɧɧɵɟ ɞɚɧɧɵɟ ɜɨɟɞɢɧɨ [42].  

 ɋɟɤɜɟɧɢɪɨɜɚɧɢɟ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɫɥɟɞɭɸɳɢɟ ɷɬɚɩɵ:  

 1. ɋɧɚɱɚɥɚ ɫɢɧɬɟɡɢɪɭɸɬɫɹ ɛɢɛɥɢɨɬɟɤɢ ɪɚɧɞɨɦɧɵɯ ɧɭɤɥɟɨɬɢɞɧɵɯ ɰɟɩɟɣ 

ȾHK. ȼɩɨɫɥɟɞɫɬɜɢɢ ɢɯ ɨɛɴɟɞɢɧɹɸɬ ɫ ɩɨɦɨɳɶɸ ɫɩɟɰɢɮɢɱɟɫɤɢɯ ɚɞɚɩɬɟɪɨɜ.  
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 2. ɂɫɩɨɥɶɡɭɹ ɩɨɥɢɦɟɪɚɡɧɭɸ ɰɟɩɧɭɸ ɪɟɚɤɰɢɸ, ɧɚɪɚɛɚɬɵɜɚɸɬ 

ɛɢɛɥɢɨɬɟɤɭ ɚɦɩɥɢɤɨɧɨɜ.   

 3. Ɋɚɫɲɢɮɪɨɜɵɜɚɸɬ ɩɟɪɜɢɱɧɭɸ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɜɫɟɯ ɩɨɥɭɱɟɧɧɵɯ 

ɭɱɚɫɬɤɨɜ ɝɟɧɨɦɚ [43]. 

 

 

Ɋɢɫɭɧɨɤ 12 — ɋɯɟɦɚ ɩɪɨɜɟɞɟɧɢɹ NGS 

 

1.12 ɉɪɢɦɟɧɟɧɢɟ ceɤɜɟɧɢɪɨɜɚɧɢɹ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ 

 

 — Ƚɟɧɨɦɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ. Ȼɥɚɝɨɞɚɪɹ ɬɟɯɧɨɥɨɝɢɹɦ NGS, ɭɱɟɧɵɟ 

ɩɨɥɭɱɢɥɢ ɞɨɫɬɭɩ ɤ ɝɟɧɨɦɚɦ ɜɫɟɯ ɠɢɜɵɯ ɫɭɳɟɫɬɜ ɨɬ ɛɚɤɬɟɪɢɣ ɞɨ ɬɚɤɨɝɨ 

ɫɥɨɠɧɨ ɭɫɬɪɨɟɧɧɨɝɨ ɨɪɝɚɧɢɡɦɚ, ɤɚɤ Homo sapiens. Ȼɥɚɝɨɞɚɪɹ ɧɨɜɟɣɲɢɦ 

ɪɚɡɪɚɛɨɬɤɚɦ ɭɞɚɥɨɫɶ ɪɚɫɲɢɪɢɬɶ ɞɥɢɧɭ ɝɟɧɨɦɧɵɯ ɩɪɨɱɬɟɧɢɣ. ɗɬɨ ɩɨɡɜɨɥɢɥɨ 

ɭɜɟɥɢɱɢɬɶ ɫɤɨɪɨɫɬɶ ɫɛɨɪɤɢ ɝɟɧɨɦɨɜ ɪɚɧɟɟ ɧɟ ɢɡɭɱɟɧɧɵɯ ɨɪɝɚɧɢɡɦɨɜ. 

 — Ʉɪɨɦɟ ɬɨɝɨ, ɩɨɹɜɢɥɨɫɶ ɬɚɤɨɟ ɩɨɧɹɬɢɟ ɤɚɤ ɧɚɩɪɚɜɥɟɧɧɨɟ 

ɩeɪeɫeɤɜɟɧɢɪɨɜɚɧɢɟ. Ɋɚɫɲɢɮɪɨɜɤɚ ɨɬɞɟɥɶɧɵɯ ɱɚɫɬɟɣ ɜ ɝɟɧɨɦɚɯ ɧɭɠɧɚ ɞɥɹ 

ɜɵɹɜɥɟɧɢɹ ɦɭɬɚɰɢɣ ɜ ɧɭɤɥɟɨɬɢɞɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɯ, ɤɨɬɨɪɵɟ 

ɭɱɚɫɬɜɭɸɬ ɜ ɤɚɧɰɟɪɨɝɟɧɟɡɟ ɢ ɪɚɡɜɢɬɢɢ ɧɟɨɩɭɯɨɥɟɜɵɯ ɡɚɛɨɥɟɜɚɧɢɣ.  
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 — Ɍɟɯɧɨɥɨɝɢɢ NGS ɧɚɲɥɢ ɫɜɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ ɪɚɛɨɬɚɯ, ɧɚɩɪɚɜɥɟɧɧɵɯ 

ɧɚ ɢɡɭɱɟɧɢɟ ɛɚɤɬɟɪɢɚɥɶɧɨɝɨ ɪɚɡɧɨɨɛɪɚɡɢɹ ɜɨ ɜɫɟɜɨɡɦɨɠɧɵɯ ɩɪɨɛɚɯ 

(ɩɪɢɦɟɪɨɦ ɦɨɝɭɬ ɫɥɭɠɢɬɶ ɚɧɚɥɢɡ ɛɚɤɬɟɪɢɚɥɶɧɵɯ ɫɨɨɛɳɟɫɬɜ ɜ ɜɨɞɟ ɢ ɡɟɦɥɟ, 

ɨɩɪɟɞɟɥɟɧɢɟ ɧɨɜɵɯ ɩɚɬɨɝɟɧɧɵɯ ɚɝɟɧɬɨɜ ɩɪɢ ɬɪɚɧɫɩɥɚɧɬɨɥɨɝɢɢ, ɜ ɨɩɢɫɚɧɢɢ 

ɦɢɤɪɨɮɥɨɪɵ ɢ ɬ. ɞ.) 

 — Ɋɚɫɲɢɮɪɨɜɤɚ ɬɪaɧɫɤɪɢɩɬoɦɚ. Ȼɥɚɝɨɞɚɪɹ NGS ɛɵɥɨ ɫɨɡɞɚɧɨ PɇɄ-

ceɤɜɟɧɢɪɨɜɚɧɢɟ (RNȺ-sɟq). Ɉɧɨ ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ ɭɱёɬɚ ɬɪaɧɫɤɪɢɩɬɨɜ ɜ 

ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɛɚɯ. Ɇɟɬɨɞɢɤɚ ɛɨɥɟɟ ɭɫɩɟɲɧɚ, ɱɟɦ ȾHK-ɦɢɤɪɨɱɢɩɵ, 

ɤɨɬɨɪɵɦɢ ɢɫɫɥɟɞɨɜɚɬɟɥɢ ɩɨɥɶɡɨɜɚɥɢɫɶ ɩɪɟɠɞɟ. ɑɢɩɵ ɡɚɜɢɫɹɬ ɨɬ ɩɟɪɟɤɪɵɬɢɹ 

ɝɟɧɨɦɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ. RNȺ-sɟq ɞɟɥɚɟɬ ɜɨɡɦɨɠɧɵɦ ɨɩɢɫɚɧɢɟ 

ɬɪɚɧɫɤɪɢɩɰɢɢ ɝɟɧɨɜ, ɩɪɢ ɷɬɨɦ ɧɟ ɬɪɟɛɭɹ ɡɧɚɧɢɹ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɦɟɫɬɚ ɜ 

ɝɟɧɨɦɟ, ɫ ɤɨɬɨɪɨɝɨ ɡɚɩɭɫɤɚɟɬɫɹ ɜɟɫɶ ɩɪɨɰɟɫɫ ɬɪɚɧɫɤɪɢɩɰɢɢ [44]. 

 

1.13 ɇeɝɟɧɟɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ 

 

 ɇeɝɟɧɟɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɪɚɡɥɢɱɧɵɯ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ 

ɪɚɡɪɚɛɚɬɵɜɚɥɢɫɶ ɢ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɥɢɫɶ ɦɢɤɪɨɛɢɨɥɨɝɚɦɢ ɢ ɛaɤɬɟɪɢɨɥɨɝɚɦɢ 

ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɦɧɨɝɢɯ ɥɟɬ, ɢ ɫɟɝɨɞɧɹ ɷɬɢ ɦɟɬɨɞɵ ɚɤɬɢɜɧɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ 

ɧɚɭɤɟ, ɦɟɞɢɰɢɧɟ, ɮɚɪɦɚɰɟɜɬɢɤɟ, ɩɪɨɦɵɲɥɟɧɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ (ɜ ɬɨɦ ɱɢɫɥɟ 

ɩɪɨɞɭɤɬɨɜ ɩɢɬɚɧɢɹ) [45]. 

 Ɋɚɡɪɚɛɨɬɚɧɧɵɟ ɦɟɬɨɞɵ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɞɟɥɹɬ ɧɚ 

ɪɭɬɢɧɧɵɟ ɢ ɫɨɜɪɟɦɟɧɧɵɟ. ɉɪɟɞɩɨɱɬɟɧɢɟ ɨɬɞɚɟɬɫɹ ɦɟɬɨɞɚɦ ɢɞɟɧɬɢɮɢɤɚɰɢɢ, 

ɤɨɬɨɪɵɟ ɜɵɩɨɥɧɹɸɬɫɹ ɡɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɨɪɨɬɤɢɣ ɫɪɨɤ (ɱɚɫɵ) ɢ ɨɬɥɢɱɚɸɬɫɹ 

ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɶɸ ɨɛɴɟɤɬɢɜɧɨɫɬɢ ɢ ɬɨɱɧɨɫɬɢ [46]. 

 

1.14 Ɋɭɱɧɵɟ ɦɟɬɨɞɵ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɛɚɤɬɟɪɢɣ 

 

 Ʉ ɪɭɱɧɵɦ ɦɟɬɨɞɚɦ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɨɬɧɨɫɹɬ: ɫɢɫɬɟɦɭ 

ɢɧɞɢɤɚɬɨɪɧɵɯ ɛɭɦɚɠɟɤ, ɧɚɛɨɪɵ ɦɭɥɶɬɢɦɢɤɪoɬɟɫɬɨɜ, ɦɟɬɨɞ ɯɪɨɦɚɬɨɝɪɚɮɢɢ. 
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 Ɋɭɱɧɵɟ ɬɟɫɬɵ, ɩɪɢɦɟɧɹɟɦɵɟ ɞɥɹ ɢɧɞɢɤɚɰɢɢ ɢ ɢɞɟɧɬɢɮɢɤɚɰɢɢ 

ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ, ɜɚɠɧɵ ɞɥɹ ɦɟɞɢɰɢɧɫɤɨɣ ɦɢɤɪɨɛɢɨɥɨɝɢɢ ɢ ɲɢɪɨɤɨ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɫɚɧɢɬɚɪɧɨɣ ɦɢɤɪɨɛɢɨɥɨɝɢɢ. ɂɯ ɩɨɫɬɚɧɨɜɤɚ ɬɪɟɛɭɟɬ 

ɫɨɛɥɸɞɟɧɢɹ ɫɬɚɧɞɚɪɬɧɵɯ ɭɫɥɨɜɢɣ ɩɪɨɜɟɞɟɧɢɹ [46]. 

 

1.14.1 ȼɢɞɵ ɪɭɱɧɵɯ ɬeɫɬ-ɫɢɫɬɟɦ 

 

 ȼ ɩɨɫɥɟɞɧɢɟ ɞɟɫɹɬɢɥɟɬɢɹ ɪɚɡɪɚɛɨɬɚɧɵ ɪɚɡɥɢɱɧɵɟ ɬɟɫɬ-ɫɢɫɬɟɦɵ: ȺɊI-

20E, ȿntɟrɨtube, ɉȻȾɗ ɢ ɦɧɨɝɢɟ ɞɪɭɝɢɟ [49].  

 Ɍɟɫɬ ȿnterotube ɫɨɫɬɨɢɬ ɢɡ 12 ɤɚɦɟɪɧɨɣ ɩɥɚɫɬɢɧɵ. ȼ ɤɚɦɟɪɚɯ ɧɚɯɨɞɹɬɫɹ 

ɫɩɟɰɢɮɢɱɟɫɤɢɟ ɫɪɟɞɵ, ɤɨɬɨɪɵɟ ɩɨɫɪɟɞɫɬɜɨɦ ɨɤɪɚɲɢɜɚɧɢɹ ɩɨɡɜɨɥɹɸɬ 

ɩɪɨɢɡɜɨɞɢɬɶ ɜɢɞɨɜɭɸ ɞɢɚɝɧɨɫɬɢɤɭ ɛɚɤɬɟɪɢɣ.  

 əɱɟɣɤɢ ɧɚɞɥɟɠɢɬ ɡɚɫɟɜɚɬɶ ɫɩɟɰɢɚɥɶɧɨɣ ɩɟɬɥɟɣ ɫ ɢɞɟɧɬɢɮɢɰɢɪɭɟɦɵɦ 

ɦɚɬɟɪɢɚɥɨɦ. 

 ɉɨɫɥɟ ɷɬɨɝɨ ɩɪɨɛɵ ɨɫɬɚɜɥɹɸɬ ɜ ɬɟɪɦɨɫɬɚɬɟ ɧɚ ɞɜɚɞɰɚɬɶ ɱɟɬɵɪɟ ɱɚɫɚ 

ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ, ɪɚɜɧɨɣ ɬɪɢɞɰɚɬɢ ɫɟɦɢ ɝɪɚɞɭɫɚɦ ɐɟɥɶɫɢɹ. 

 ɉɪɢ ɫɱɢɬɵɜɚɧɢɢ ɪɟɡɭɥɶɬɚɬɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚ ɨɪɢɟɧɬɢɪɭɸɬɫɹ ɧɚ ɰɜɟɬ 

ɫɪɟɞɵ (ɩɪɢ ɩɨɥɨɠɢɬɟɥɶɧɨɦ ɪɟɡɭɥɶɬɚɬɟ ɟɦɭ ɧɚɞɥɟɠɢɬ ɢɡɦɟɧɢɬɶɫɹ). ɂɡɦɟɪɹɸɬ 

ɩɥɨɬɧɨɫɬɶ ɢ ɤɨɧɫɢɫɬɟɧɰɢɸ ɚɝɚɪɚ ɧɚ ɩɢɬɚɬɟɥɶɧɨɣ ɫɪɟɞɟ. Ɍɚɤ ɠɟ ɦɨɝɭɬ 

ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɫɩɟɰɢɮɢɱɟɫɤɢɟ ɪɟɚɤɬɢɜɵ [50]. 

 

1.14.2 ɋɢɫɬɟɦɚ ɢɧɞɢɤɚɬɨɪɧɵɯ ɛɭɦɚɠɟɤ 

 

 Ɍɚɤɚɹ ɫɢɫɬɟɦɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɞɢɫɤɢ, ɩɪɨɩɢɬɚɧɧɵɟ ɪɚɡɥɢɱɧɵɦɢ 

ɩɢɬɚɬɟɥɶɧɵɦɢ ɫɪɟɞɚɦɢ. ɗɬɢ ɫɩɟɰɢɚɥɶɧɵɟ ɞɢɫɤɢ ɦɨɠɧɨ ɜɧɨɫɢɬɶ ɜ ɩɪɨɛɢɪɤɢ ɫ 

ɛɚɤɬɟɪɢɹɦɢ ɢɥɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɜɤɥɚɞɵɜɚɬɶ ɜ ɥɭɧɤɢ ɩɥɚɧɲɟɬɨɜ, ɜ ɤɨɬɨɪɵɟ 

ɜɧɨɫɹɬ ɢɫɫɥɟɞɭɟɦɵɟ ɤɭɥɶɬɭɪɵ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ [51].  

 ȼ ɱɚɫɬɧɨɫɬɢ, ɢɫɩɨɥɶɡɭɸɬ ɧɚɛɨɪɵ ɞɢɫɤɨɜ ɮɢɪɦ Ɇinitek 

(Еnterоbactеriаɫеаe) ɢ Ɇinitek (Nеissеriа) ɞɥɹ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɷɧɬɟpoɛɚɤɬɟɪɢɣ 
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ɢ ɧɟɣɫɫepɢɣ. ɋɩɨɫɨɛ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɪɟɡɭɥɶɬɚɬɵ ɱɟɪɟɡ 4 ɱ ɢɧɤɭɛɚɰɢɢ ɩɪɢ 

37°ɋ. 

 

1.14.3 Ⱥɧɬɢɝɟɧɧɚɹ ɫɬɪɭɤɬɭɪɚ ɤɚɤ ɨɫɧɨɜɚ ɞɥɹ ɢɦɦɭɧɨɦɚɝɧɢɬɧɨɣ 
ɞɢɮɮɟɪɟɧɰɢɪɨɜɤɢ 

 

 Ⱦɚɧɧɚɹ ɦɟɬɨɞɢɤɚ ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɩɪɢɦɟɧɟɧɢɢ ɩɚɪɚɦɚɝɧɢɬɧɵɯ 

ɦɨɥɟɤɭɥ. ɂɯ ɞɢɚɦɟɬɪ ɫɨɫɬɚɜɥɹɟɬ 2–3 ɦɤɦ. Ɉɧɢ ɡɚɫɟɥɹɸɬɫɹ ȺɌ ɜ ɬɟɱɟɧɢɟ 

ɫɭɬɨɤ, ɩɪɢ ɷɬɨɦ ɨɤɪɭɠɚɸɳɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɞɨɥɠɧɚ ɛɵɬɶ ɨɬɪɢɰɚɬɟɥɶɧɨɣ.  

ɉɨɫɥɟ ɷɬɨɝɨ ȺɌ, ɤɨɬɨɪɵɟ ɧɟ ɫɭɦɟɥɢ ɫɜɹɡɚɬɶɫɹ ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ ɱɚɫɬɢɰ, 

ɨɬɦɵɜɚɸɬɫɹ [52].  

 ɑɚɫɬɢɰɵ, ɩɨɞɜɟɪɝɧɭɬɵɟ ɩɨɞɨɛɧɵɦ ɦɚɧɢɩɭɥɹɰɢɹɦ, ɜɧɨɫɹɬ ɜ 

ɩɪɨɫɭɫɩɟɧɞɢɪɨɜɚɧɧɵɟ ɩɪɨɛɵ. ȼ ɩɪɨɛɚɯ ɞɨɥɠɧɵ ɫɨɞɟɪɠɚɬɶɫɹ ȺȽ, ɧɚ ɤɨɬɨɪɵɟ 

ɫɪɟɚɝɢɪɭɸɬ ȺɌ, ɧɚɯɨɞɹɳɢɟɫɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɱɚɫɬɢɰ. Ɂɚɱɚɫɬɭɸ ɷɬɨ ɬɨɤɫɢɧɵ 

ɝɪɚɦɨɬɪɢɰɚɬɟɥɶɧɵɯ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ.  

 ɉɪɨɛɭ ɢɧɤɭɛɢɪɭɸɬ ɩɪɢ ɧɨɪɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. Ɂɚ ɧɟɫɤɨɥɶɤɨ ɱɚɫɨɜ 

ɚɧɬɢɝɟɧɵ ɫɜɹɡɵɜɚɸɬɫɹ ɫ ɚɧɬɢɬɟɥɚɦɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɱɚɫɬɢɰ. Ʉɨɦɩɥɟɤɫɵ ȺɌ ɢ 

ȺȽ ɫɨɛɢɪɚɸɬ ɩɪɢ ɩɨɦɨɳɢ ɦɚɝɧɢɬɚ. Ʌɢɲɧɢɟ ɚɧɬɢɝɟɧɵ ɨɬɦɵɜɚɸɬ, ɩɨɫɥɟ ɱɟɝɨ 

ɩɨɞɫɱɢɬɵɜɚɸɬ ɤɨɥɢɱɟɫɬɜɨ ɨɛɪɚɡɨɜɚɜɲɢɯɫɹ ɤɨɦɩɥɟɤɫɨɜ.  

ȼɩɨɫɥɟɞɫɬɜɢɢ ȺȽ ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɬɚɤ ɠɟ ɢ ɜ ɞɪɭɝɢɯ 

ɢɫɫɥɟɞɨɜɚɧɢɹɯ [53].  

 

1.15 Xɪoɦɚɬɨɝɪɚɮɢɱɟɫɤɢɟ ɦɟɬɨɞɵ 

 

 ɋ ɰɟɥɶɸ ɢɧɞɢɤɚɰɢɢ ɢ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɧɟɪɟɞɤɨ 

ɢɫɩɨɥɶɡɭɸɬ xpoɦɚɬɨɝɪɚɮɢɱɟɫɤɢɟ ɦɟɬɨɞɵ. ȼ ɨɛɴɟɤɬɚɯ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɨɩɪɟɞɟɥɹɸɬ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɤɥɟɬɨɱɧɨɣ ɫɬɟɧɤɢ ɢ ɧɟɤɨɬɨɪɵɟ ɦɟɬɚɛɨɥɢɬɵ 

ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ, ɩɪɢɱɟɦ ɤɚɤ ɩɪɨɦɟɠɭɬɨɱɧɵɟ, ɬɚɤ ɢ ɭɧɢɤɚɥɶɧɵɟ. ɑɚɳɟ ɜɫɟɝɨ 

ɭ ɛɚɤɬɟɪɢɣ ɨɩɪɟɞɟɥɹɸɬ ɤɨɪɨɬɤɨɰɟɩɨɱɟɱɧɵɟ ɠɢɪɧɵɟ ɢ ɬeɣxoɟɜɵɟ ɤɢɫɥɨɬɵ, 

ɦɢɤoɥɟɜɭɸ ɤɢɫɥɨɬɭ, ɢɫɩɨɥɶɡɭɹ ɦɟɬɨɞ ɝɚɡɨɠɢɞɤɨɫɬɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɢ [54]. 
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 ɇɟɪɟɞɤɨ ɩɨɥɶɡɭɸɬɫɹ ɬɨɧɤɨɫɥɨɣɧɨɣ xpoɦɚɬɨɝɪɚɮɢɟɣ. ɋɨɞɟɪɠɚɧɢɟ 

ɢɫɫɥɟɞɭɟɦɵɯ ɜɟɳɟɫɬɜ ɭ ɪɚɡɥɢɱɧɵɯ ɪɨɞɨɜ ɛɚɤɬɟɪɢɣ ɩɨɫɬɨɹɧɧɨɟ, ɢ ɷɬɨ ɹɜɥɟɧɢɟ 

ɩɨɡɜɨɥɹɟɬ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɜɢɞɵ. 

 Ʌɢɩɢɞɧɵɟ ɪɚɡɥɢɱɢɹ ɦɨɝɭɬ ɩɪɢɦɟɧɹɬɶɫɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɜɢɞɨɜɨɣ 

ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ  ɛɚɤɬɟɪɢɣ. 

Ⱦɚɧɧɚɹ ɦɟɬɨɞɢɤɚ ɧɟ ɢɞɟɚɥɶɧɚ: ɤɚɱɟɫɬɜɟɧɧɨɟ ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɨɟ 

ɫɨɨɬɧɨɲɟɧɢɟ ɀɄ ɜ ɤɥɟɬɤɚɯ ɛɚɤɬɟɪɢɣ ɜ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɜɪɟɦɟɧɟɦ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɢ ɭɫɥɨɜɢɹɦɢ, ɜ ɤɨɬɨɪɵɯ ɛɵɥɚ ɜɵɪɚɳɟɧɧɚɹ 

ɨɬɞɟɥɶɧɨ ɜɡɹɬɚɹ ɤɭɥɶɬɭɪɚ. 

 ɉɢɝɦɟɧɬɵ ɢ ɯɢɧɨɧɵ, ɫɨɞɟɪɠɚɳɢɟɫɹ ɜ ɦɢɤɪɨɨɪɝɚɧɢɡɦɚɯ, ɢɦɟɸɬ 

ɜɥɢɹɧɢɟ ɧɚ ɢɯ ɜɢɞɨɜɭɸ ɫɢɫɬɟɦɚɬɢɤɭ. 

 Ʉɥɟɬɨɱɧɵɟ ɛɟɥɤɢ, ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɧɢɱɟɦ ɢɧɵɦ, ɤɚɤ ɩɪɨɢɡɜɨɞɧɵɦɢ 

ɝɟɧɨɜ, ɦɨɝɭɬ ɞɚɜɚɬɶ ɜɚɠɧɟɣɲɭɸ ɢɧɮɨɪɦɚɰɢɸ ɨ ɪɨɞɫɬɜɟɧɧɵɯ ɝɪɭɩɩɚɯ 

ɛɚɤɬɟɪɢɣ. 

 Ɍɪɚɧɫɦɟɦɛɪɚɧɧɵɟ, ɤɥɟɬɨɱɧɵɟ ɢ ɪɢɛɨɫɨɦɚɥɶɧɵɟ ɛɟɥɤɢ, ɚ ɬɚɤ ɠɟ 

ɧɟɤɨɬɨɪɵɟ ɷɧɡɢɦɵ ɞɚɥɢ ɧɚɱɚɥɨ ɧɨɜɨɦɭ ɧɚɩɪɚɜɥɟɧɢɸ — ɛɟɥɤɨɜɨɣ 

ɫɢɫɬɟɦɚɬɢɤɟ. 

Ɋɢɛɨɫɨɦɚɥɶɧɵɟ ɛɟɥɤɢ ɱɪɟɡɜɵɱɚɣɧɨ ɤɨɧɫɟɪɜɚɬɢɜɧɵ. ɂɧɮɨɪɦɚɰɢɸ, 

ɩɨɥɭɱɚɟɦɭɸ ɢɡ ɧɢɯ, ɩɪɢɦɟɧɹɸɬ ɞɥɹ ɜɵɹɫɧɟɧɢɹ ɜɢɞɨɜɨɣ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ 

ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɞɨ ɫɟɦɟɣɫɬɜɚ (ɩɨɪɹɞɤɚ).  

Ɍɪɚɧɫɦɟɦɛɪɚɧɧɵɟ ɛɟɥɤɢ ɩɨɡɜɨɥɹɸɬ ɨɩɪɟɞɟɥɢɬɶ ɫɢɫɬɟɦɚɬɢɤɭ ɧɚ ɭɪɨɜɧɟ 

ɪɨɞɚ ɢ ɜɢɞɚ [55]. 

 

1.16 Ɇɟɬɨɞ ɦɢɤpoɤɚɥopɢɦɟɬɪɢɢ 

 

  ȼ ɨɫɧɨɜɟ ɦɟɬɨɞɚ ɥɟɠɢɬ ɷɧɬɚɥɶɩɢɹ. ȿɟ ɡɚɦɟɪɹɸɬ, ɞɚɛɵ ɨɩɪɟɞɟɥɢɬɶ 

ɦɟɬɚɛɨɥɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ ɛɚɤɬɟɪɢɣ.  

ȼ ɤɚɱɟɫɬɜɟ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢɫɩɨɥɶɡɭɸɬ ɞɢɫɤɪɟɬɧɵɟ ɢ ɩɪɨɬɨɱɧɵɟ 

ɦɢɤɪɨɤɚɥɨɪɢɦɟɬɪɵ [56]. 
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 Ʉɚɬɚɛɨɥɢɡɦ ɠɢɜɨɣ ɤɥɟɬɤɢ ɩɪɢɜɨɞɢɬ ɤ ɢɡɦɟɧɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɵ.  Ʉɨɝɞɚ 

ɤɥɟɬɤɚ ɠɢɜɚ ɢ ɩɪɟɛɵɜɚɟɬ ɜ ɫɬɚɞɢɢ ɮɢɡɢɨɥɨɝɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ, ɨɧɚ 

ɜɵɞɟɥɹɟɬ ɬɟɩɥɨ. 

Ɋɟɡɭɥɶɬɚɬɵ ɦɢɤpoɤɚɥɨɪɢɦɟɬɪɢɢ ɡɚɜɢɫɹɬ ɨɬ ɜɢɞɚ ɦɢɤɪɨɨɪɝɚɧɢɡɦɚ, 

ɪɚɡɦɟɪɚ ɢɧoɤɭɥɹɬɚ, ɫɭɛɫɬɪɚɬɨɜ ɢ ɞɪɭɝɢɯ ɩɚɪɚɦɟɬɪɨɜ. ɍɱɟɧɵɟ ɩɪɢ ɩɨɦɨɳɢ 

ɷɬɨɝɨ ɦɟɬɨɞɚ ɭɫɩɟɲɧɨ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɥɢ ɩɪɨɦɵɲɥɟɧɧɵɟ ɲɬɚɦɦɵ ɞɪɨɠɠɟɣ. 

Ⱦɥɹ ɷɬɨɣ ɰɟɥɢ ɭɫɩɟɲɧɨ ɩɪɢɦɟɧɹɟɬɫɹ ɩɪɨɬɨɱɧɚɹ ɦɢɤpoɤɚɥɨɪɢɦɟɬɪɢɹ. 

 ȼ ɩɪɨɰɟɫɫɟ ɢɡɦɟɪɟɧɢɣ ɦɢɤɪɨɤɚɥɨɪɢɦɟɬɪ ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɨɬɨɱɧɨɦ 

ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɨɦ ɫɨɫɭɞɟ. 

Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɬɟɪɦɨɝɪɚɦɦɵ ɢɫɩɨɥɶɡɭɸɬ ɛɚɤɬɟɪɢɢ Еnterоɫоɫɫus, 

Leuɫоnоstоɫ ɢ Lаctоbаɫillus. Ʉɭɥɶɬɭɪɵ ɪɚɫɬɭɬ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ, ɪɚɜɧɨɣ 

ɬɪɢɞɰɚɬɢ ɫɟɦɢ ɝɪɚɞɭɫɚɦ ɐɟɥɶɫɢɹ. ɂɫɤɥɸɱɟɧɢɟɦ ɹɜɥɹɟɬɫɹ ɛɚɤɬɟɪɢɹ S. 

Сrеmоris. Ⱦɥɹ ɧɟɟ ɬɪɟɛɭɟɬɫɹ 30°ɋ. ɗɤɫɩɟɪɢɦɟɧɬ ɡɚɧɢɦɚɟɬ ɨɤɨɥɨ ɫɭɬɨɤ [56]. 

 

1.17 ɋeɪɨɥɨɝɢɱeɫɤɢɣ ɦeɬɨɞ 

 

 ɋɵɜɨɪɨɬɤɚ ɤɪɨɜɢ ɢ ɞɪɭɝɢɟ ɬɟɥɟɫɧɵɟ ɠɢɞɤɨɫɬɢ ɩɨɞɜɟɪɝɚɸɬɫɹ 

ɫɟɪɨɥɨɝɢɱɟɫɤɢɦ ɢɫɫɥɟɞɨɜɚɧɢɹɦ ɜ ɰɟɥɹɯ ɨɛɧɚɪɭɠɟɧɢɹ ȺɌ ɢ ȺȽ  [44].  

 ɋɟɪɨɥɨɝɢɱɟɫɤɢɟ ɫɩɨɫɨɛɵ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɨɩɢɪɚɸɬɫɹ ɧɚ ɦɟɬɨɞɢɤɭ 

ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ȺɌ ɤ ɢɡɜɟɫɬɧɨɦɭ ɢɥɢ ɩɪɨɝɧɨɡɢɪɭɟɦɨɦɭ 

ɛɨɥɟɡɧɟɬɜɨɪɧɨɦɭ ɲɬɚɦɦɭ. 

 ɉɨɥɨɠɢɬɟɥɶɧɵɣ ɨɬɜɟɬ ɦɨɠɟɬ ɨɡɧɚɱɚɬɶ ɩɪɢɫɭɬɫɬɜɢɟ ɜ ɢɫɫɥɟɞɭɟɦɨɦ 

ɛɢɨɦɚɬɟɪɢɚɥɟ ȺɌ ɤ ȺȽ ɛɚɤɬɟɪɢɢ. ȿɫɥɢ ɩɪɨɛɚ ɨɬɪɢɰɚɬɟɥɶɧɚ, ɷɬɨ ɦɨɠɟɬ 

ɫɜɢɞɟɬɟɥɶɫɬɜɨɜɚɬɶ ɨ ɬɨɦ, ɱɬɨ ɜɨɡɛɭɞɢɬɟɥɶ ɧɟ ɨɛɧɚɪɭɠɟɧ ɜ ɩɪɨɛɟ. 

 Ⱦɥɹ ɭɫɬɚɧɨɜɤɢ ɩɪɚɜɢɥɶɧɨɝɨ ɞɢɚɝɧɨɡɚ, ɬɪɟɛɭɟɬɫɹ ɩɪɨɜɟɫɬɢ ɞɜɨɣɧɨɟ 

ɢɫɫɥɟɞɨɜɚɧɢɟ. ɉɟɪɜɨɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɩɟɪɜɵɟ ɞɧɢ ɡɚɛɨɥɟɜɚɧɢɹ, ɚ 

ɩɨɫɥɟɞɭɸɳɟɟ — ɱɟɪɟɡ ɧɟɞɟɥɸ. Ɍɚɤɨɣ ɩɨɞɯɨɞ ɩɨɡɜɨɥɹɟɬ ɨɬɫɥɟɞɢɬɶ 

ɧɚɪɚɫɬɚɧɢɟ ɜɵɪɚɛɨɬɤɢ ȺɌ ɜ ɨɪɝɚɧɢɡɦɟ. 

 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɨɞɫɬɜɟɧɧɵɯ ɛɚɤɬɟɪɢɣ ɫɨɩɪɹɠɟɧɚ ɫɨ ɫɥɨɠɧɨɫɬɹɦɢ [45]. 
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1.18 ɆȺLDI-TɈF ɦɟɬɨɞɢɤɚ 

 

 ɆȺLDI-TɈF ɦɟɬɨɞɢɤɚ ɹɜɥɹɟɬɫɹ ɜɵɫɨɤɨɬɨɱɧɵɦ ɫɩɨɫɨɛɨɦ ɨɩɪɟɞɟɥɟɧɢɹ 

ɜɢɞɨɜɨɣ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɛɚɤɬɟɪɢɣ [47].  

 ɆȺLDI-TɈF ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɬɨɦ, ɱɬɨ ɜ ɩɪɨɰɟɫɫɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɨɛɧɚɪɭɠɢɜɚɟɬɫɹ ɦɚɫɫ-ɫɩɟɤɬɪ ɛɟɥɤɨɜ ɪɊɇɄ ɛɚɤɬɟɪɢɢ. Ɍɚɤɢɟ ɛɟɥɤɢ ɨɛɥɚɞɚɸɬ 

ɫɢɥɶɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɤ ɦɭɬɚɰɢɹɦ. Ɉɧɢ ɜɵɫɨɤɨɫɩɟɰɢɮɢɱɧɵ. 

 ɉɨɥɭɱɟɧɧɵɣ ɫɩɟɤɬɪ ɧɚɞɥɟɠɢɬ ɫɪɚɜɧɢɜɚɬɶ ɫ ɢɧɮɨɪɦɚɰɢɟɣ, 

ɫɨɞɟɪɠɚɳɟɣɫɹ ɜ ɛɚɡɟ ɞɚɧɧɵɯ. Sɫɨre — ɟɞɢɧɢɰɚ ɪɨɞɫɬɜɚ. ɇɚ ɨɫɧɨɜɚɧɢɢ ɧɟɟ 

ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɡɚɤɥɸɱɟɧɢɟ ɨ ɜɢɞɨɜɨɣ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɛɚɤɬɟɪɢɢ.  

 Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɆȺLDI-TɈF ɩɪɢɦɟɧɹɸɬ ɛɚɤɬɟɪɢɚɥɶɧɵɟ ɤɭɥɶɬɭɪɵ, 

ɪɚɫɬɭɳɢɟ ɧɚ ɫɩɟɰɢɚɥɶɧɨɣ ɦɢɤɪɨɛɢɨɥɨɝɢɱɟɫɤɨɣ ɫɪɟɞɟ. ȼ ɢɫɤɥɸɱɢɬɟɥɶɧɵɯ 

ɫɥɭɱɚɹɯ ɞɨɩɭɫɤɚɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɜɢɞɨɜɨɣ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɜ ɛɢɨɥɨɝɢɱɟɫɤɢɯ 

ɦɚɬɟɪɢɚɥɚɯ ɢɥɢ ɜ ɠɢɞɤɢɯ ɩɪɨɛɚɯ [48]. 

 

 

 

Ɋɢɫɭɧɨɤ 13 — ɋɪɚɜɧɟɧɢɟ ɆȺLD-TɈF ɦɟɬɨɞɢɤɢ ɢ ɚɧɚɥɢɡɚ ɜɢɞɨɜɨɣ 

ɫɩɟɰɢɮɢɱɧɨɫɬɢ ɛɚɤɬɟɪɢɣ ɩɭɬɟɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɢɛɨɪɚ VIɌEK 2 ɋɨmpɚɫt 

 

 Ɉɩɪɟɞɟɥɟɧɢɟ ɜɢɞɨɜɨɣ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɤɨ-ɜɨɡɛɭɞɢɬɟɥɟɣ ɜɨɩɪɹɠɟɧɨ ɫ 

ɪɹɞɨɦ ɫɥɨɠɧɨɫɬɟɣ. ɗɬɨ ɹɜɥɹɟɬɫɹ ɧɟɞɨɫɬɚɬɤɨɦ ɆȺLD-TɈF ɦɟɬɨɞɢɤɢ. Ȼɟɥɤɢ 

α-ɝeɦɨɥɢɬɢɱɟɫɤɢɯ ɫɬɪeɩɬɨɤɨɤɤɨɜ ɨɬɥɢɱɚɸɬɫɹ ɜɵɫɨɤɢɦ ɫɯɨɞɫɬɜɨɦ — 

ɩɨɷɬɨɦɭ, ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɹ ɧɟ ɹɜɥɹɟɬɫɹ ɧɚɞɟɠɧɵɦ ɦɟɬɨɞɨɦ ɢɯ ɨɩɪɟɞɟɥɟɧɢɹ. 
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 Ⱦɚɧɧɵɣ ɦɟɬɨɞ, ɧɟɫɦɨɬɪɹ ɧɚ ɜɫɟ ɟɝɨ ɧɟɞɨɫɬɚɬɤɢ, ɹɜɥɹɟɬɫɹ ɞɨɜɨɥɶɧɨ 

ɰɟɧɧɵɦ ɜ ɞɢɚɝɧɨɫɬɢɱɟɫɤɨɦ ɩɥɚɧɟ. Ʉ ɟɝɨ ɩɪɟɢɦɭɳɟɫɬɜɚɦ ɦɨɠɧɨ, ɜɧɟ ɜɫɹɤɨɝɨ 

ɫɨɦɧɟɧɢɹ, ɨɬɧɟɫɬɢ ɜɵɫɨɤɭɸ ɫɤɨɪɨɫɬɶ ɚɧɚɥɢɡɚ. ɗɬɨ ɱɪɟɡɜɵɱɚɣɧɨ ɜɚɠɧɨ ɩɪɢ 

ɥɟɱɟɧɢɢ ɡɚɛɨɥɟɜɚɧɢɣ, ɢɦɟɸɳɢɯ ɛɚɤɬɟɪɢɚɥɶɧɭɸ ɩɪɢɪɨɞɭ.  

 ɉɨɡɜɨɥɹɟɬ ɨɛɨɣɬɢɫɶ ɛɟɡ ɜɪɟɦɹɡɚɬɪɚɬɧɨɝɨ ɷɬɚɩɚ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ. 

 Ɉɛɥɚɞɚɟɬ ɜɵɫɨɤɨɣ ɧɚɞɟɠɧɨɫɬɶɸ. ɂɧɮɨɪɦɚɰɢɹ, ɩɨɥɭɱɚɟɦɚɹ ɫ ɩɨɦɨɳɶɸ 

ɆȺLD-TɈF ɦɟɬɨɞɢɤɢ ɤɨɪɪɟɥɢɪɭɟɬ ɫ ɞɚɧɧɵɦɢ, ɤɨɬɨɪɵɟ ɩɪɟɞɨɫɬɚɜɥɹɸɬ 

ɤɥɚɫɫɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɨɩɪɟɞɟɥɟɧɢɹ ɜɢɞɨɜɨɣ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɛɚɤɬɟɪɢɣ [48]. 

 ɆȺLDI-TɈF ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɹ ɨɛɥɟɝɱɚɟɬ ɥɟɱɟɧɢɟ ɚɧɬɢɛɢɨɬɢɤɚɦɢ, 

ɬɚɤ ɤɚɤ ɛɥɚɝɨɞɚɪɹ ɟɣ ɫɬɚɧɨɜɢɬɫɹ ɜɨɡɦɨɠɧɵɦ ɛɵɫɬɪɨɟ ɪɟɚɝɢɪɨɜɚɧɢɟ ɧɚ 

ɜɨɡɛɭɞɢɬɟɥɹ ɡɚɛɨɥɟɜɚɧɢɹ. 

 Ɇɨɠɟɬ ɩɪɢɦɟɧɹɬɶɫɹ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ. ɋɟɛɟɫɬɨɢɦɨɫɬɶ 

ɛɚɤɬɟɪɢɨɥɨɝɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɧɟ ɜɨɡɪɚɫɬɚɟɬ. 

Ɋɟɤɨɦɟɧɞɨɜɚɧ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɜ ɤɥɢɧɢɱɟɫɤɢɯ ɰɟɧɬɪɚɯ ɤɚɤ ɞɟɲɟɜɵɣ ɢ 

ɛɵɫɬɪɵɣ ɦɟɬɨɞ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ [49]. 

 

1.19 Ɉɩɪɟɞɟɥɟɧɢɟ ɜɢɞɨɜɨɣ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɩɪɢ 
ɩɨɦɨщɢ ɛɢɨɯɢɦɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ 

 

 Ɉɩɪɟɞɟɥɟɧɢɟ ɜɢɞɨɜɨɣ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɛɚɤɬɟɪɢɚɥɶɧɵɯ ɷɧɡɢɦɨɜ. ɗɧɡɢɦɵ 

ɫɩɨɫɨɛɧɵ ɩɪɟɨɛɪɚɡɨɜɵɜɚɬɶ ɫɩɟɰɢɮɢɱɟɫɤɢɟ ɫɭɛɫɬɪɚɬɵ. 

ɂɞɟɧɬɢɮɢɤɚɰɢɹ ɛɚɤɬɟɪɢɣ ɩɨɞɨɛɧɵɦ ɨɛɪɚɡɨɦ ɡɚɧɢɦɚɟɬ ɨɤɨɥɨ ɫɭɬɨɤ.  

ɂɞɟɧɬɢɮɢɤɚɰɢɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɷɧɡɢɦɨɜ ɬɪɟɛɭɟɬ ɨɬ ɱɟɬɵɪɟɯ ɞɨ ɲɟɫɬɢ ɱɚɫɨɜ. 

 ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɢɞɨɜɨɣ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɛɚɤɬɟɪɢɣ ɫ ɩɨɦɨɳɶɸ 

ɛɢɨɯɢɦɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɬɚɤ ɧɚɡɵɜɚɟɦɵɯ 

«ɱɢɫɬɵɯ ɤɭɥɶɬɭɪ». ɂɫɩɨɥɶɡɭɸɬɫɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɟ ɫɪɟɞɵ ɞɥɹ ɞɢɚɝɧɨɫɬɢɤɢ. 

Ɉɧɢ ɢɦɟɸɬ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ  ɫɭɛɫɬɪɚɬ, ɤɨɬɨɪɵɣ ɢɫɩɨɥɶɡɭɟɬɫɹ ɮɟɪɦɟɧɬɚɦɢ 

ɛɚɤɬɟɪɢɢ. Ɍɚɤ ɠɟ ɩɪɢɫɭɬɫɬɜɭɟɬ ɪɇ-ɢɧɞɢɤɚɬɨɪ [50]. 
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Ɋɢɫɭɧɨɤ 14 — Ȼɢɨɯɢɦɢɱɟɫɤɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɷɧɬɟɪɨɛɚɤɬɟɪɢɣ. ȼ 

ɤɚɱɟɫɬɜɟ ɢɧɞɢɤɚɬɨɪɚ ɜɵɫɬɭɩɚɟɬ — ȻɎɋ. ɇɟɣɬɪɚɥɶɧɵɣ ɪɇ ɢɞɟɧɬɢɮɢɰɢɪɭɟɬɫɹ 

ɡɟɥɟɧɵɦ, ɩɪɢ ɤɢɫɥɵɯ ɪɚɫɬɜɨɪ ɠɟɥɬɟɟɬ, ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɳɟɥɨɱɟɣ — ɫɢɧɟɟɬ. ɉɪɢ 

ɫɟɪɨɜɨɞɨɪɨɞɟ ɫɪɟɞɚ ɨɤɪɚɲɢɜɚɟɬɫɹ ɜ ɱɟɪɧɵɣ ɰɜɟɬ. 

 

1.20 Ⱥɜɬɨɦɚɬɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɛɚɤɬɟɪɢɣ 

 

 ɋɢɫɬɟɦɵ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɩɟɰɢɚɥɶɧɵɯ ɩɪɢɛɨɪɨɜ 

ɩɨɡɜɨɥɹɸɬ ɡɚ ɫɪɚɜɧɢɬɟɥɶɧɨ ɤɨɪɨɬɤɨɟ ɜɪɟɦɹ ɨɩɪɟɞɟɥɢɬɶ ɜɢɞ ɦɢɤɪɨɨɪɝɚɧɢɡɦɚ, 

ɚ ɬɚɤɠɟ ɟɝɨ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ/ɭɫɬɨɣɱɢɜɨɫɬɶ ɤ ɚɧɬɢɦɢɤɪɨɛɧɵɦ ɩɪɟɩɚɪɚɬɚɦ. 

 ɇɚɢɛɨɥɶɲɟɣ ɩɨɩɭɥɹɪɧɨɫɬɶɸ ɩɨɥɶɡɭɸɬɫɹ ɚɜɬɨɦɚɬɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ 

ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɬɢɩɚ Ɇiɫrɨsɫɚn ɢ Vitɟk [51]. 

 

1.20.1 ɋɢɫɬɟɦɚ ɆIɋRɈSɋȺN 

 

 Ⱦɚɧɧɚɹ ɫɢɫɬɟɦɚ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɛɚɤɬɟɪɢɣ ɨɫɧɨɜɚɧɚ ɧɚ ɹɜɥɟɧɢɹɯ 

ɬɭpɛɢɞɢɦeɬɪɢɢ, ɤɨɥɨɪɢɦɟɬɪɢɢ ɢ ɮɥɭopeɫɰɟɧɫɢɢ. ɋɢɫɬɟɦɚ ɜɤɥɸɱɚɟɬ ɪɹɞ 

ɩɥɚɫɬɢɤɨɜɵɯ ɩɥɚɧɲɟɬɨɜ, ɜ ɤɨɬɨɪɵɟ ɩɨɦɟɳɟɧɵ ɛɢoɯɢɦɢɱɟɫɤɢ ɚɤɬɢɜɧɵɟ 

ɫɭɛɫɬɪɚɬɵ.  

 ȼ ɨɫɧɨɜɭ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɝɪɚɦɨɬɪɢɰɚɬɟɥɶɧɵɯ ɛɚɤɬɟɪɢɣ ɩɨɥɨɠɟɧɨ 

ɫɜɨɣɫɬɜɨ ɤɨɦɩɥɟɤɫɚ ɚɧɬɢɝɟɧ + ɚɧɬɢɬɟɥɨ ɢɫɩɭɫɤɚɬɶ «ɯɨɥɨɞɧɨɟ» ɫɜɟɱɟɧɢɟ 

ɛɥɚɝɨɞɚɪɹ ɢɫɤɭɫɫɬɜɟɧɧɨɣ ɚɞɫɨɪɛɰɢɢ ɧɚ ɚɧɬɢɬɟɥɚɯ, ɫɜɟɬɹɳɢɯɫɹ ɜ ɍɎ-ɥɭɱɚɯ, 

ɫɩɟɰɢɚɥɶɧɵɯ ɛɟɥɤɨɜ – ɮɥɭopoɯɪɨɦɨɜ. ȼɪɟɦɹ ɚɧɚɥɢɡɚ – 2 ɱɚɫɚ.  
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 Ƚeɦɨɮɢɥɵ, ɚɧɚɷɪɨɛɵ ɢ ɞɪɨɠɠɢ ɢɞɟɧɬɢɮɢɰɢɪɭɸɬɫɹ ɦɟɬɨɞɨɦ, 

ɨɫɧɨɜɚɧɧɵɦ ɧɚ ɢɦɦɭɧoxɪɨɦɚɬɨɝɪɚɮɢɢ. Ʉɨɧɰɟɧɬɪɚɰɢɸ ɚɧɬɢɛɢɨɬɢɤɨɜ 

ɨɩɪɟɞɟɥɹɸɬ ɫ ɭɱɟɬɨɦ ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɢɫɫɥɟɞɭɟɦɨɝɨ ɫɭɛɫɬɪɚɬɚ. 

ɋɢɫɬɟɦɚ ɨɛɨɪɭɞɨɜɚɧɚ ɤɨɦɩɶɸɬɟɪɨɦ ɢ ɩɪɨɝɪɚɦɦɧɵɦ ɨɛɟɫɩɟɱɟɧɢɟɦ [52]. 

 

1.20.2 ɋɢɫɬɟɦɚ VITȿɄ 

 

 ɂɫɩɨɥɶɡɭɸɬɫɹ ɩɥɚɧɲɟɬɵ. ɋɭɫɩɟɧɡɢɸ ɛɚɤɬɟɪɢɣ ɨɩɪɟɞɟɥɟɧɧɨɣ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɧɨɫɹɬ ɜ ɥɭɧɤɢ. Ɋɚɫɩɨɡɧɚɜɚɧɢɟ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɨɫɧɨɜɚɧɨ ɧɚ 

ɬɭpɛɢɞɨɦɟɬɪɢɢ ɪɚɫɬɜɨɪɚ ɜ ɥɭɧɤɟ. ȼɪɟɦɹ ɚɧɚɥɢɡɚ — ɨɬ 4–8 ɞɨ 18 ɱɚɫɨɜ. 

ɋɢɫɬɟɦɚ ɨɛɨɪɭɞɨɜɚɧɚ ɤɨɦɩɶɸɬɟɪɨɦ ɢ ɩɪɨɝɪɚɦɦɧɵɦ ɨɛɟɫɩɟɱɟɧɢɟɦ [52]. 

 

1.20.3 Ⱥɧɚɥɢɡ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ in silicо 

 

 In silicо – ɬɟɪɦɢɧ, ɨɛɨɡɧɚɱɚɸɳɢɣ ɤɨɦɩɶɸɬɟɪɧɭɸ ɫɢɦɭɥɹɰɢɸ 

ɷɤɫɩɟɪɢɦɟɧɬɚ, ɱɚɳɟ ɛɢɨɥɨɝɢɱɟɫɤɨɝɨ. 

 ɋ ɩɨɦɨɳɶɸ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɚɧɚɥɢɡɢɪɭɸɬ ɧɭɤɥɟɢɧɨɜɵɟ 

ɤɢɫɥɨɬɵ ɢ ɚɦɢɧɨɤɢɫɥɨɬɧɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɩɪɨɢɡɜɨɞɹɬ ɜɵɪɚɜɧɢɜɚɧɢɟ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ, ɩɨɢɫɤ ɝɨɦɨɥɨɝɢɱɧɵɯ ɰɟɩɟɣ ȾHK, ɊHK ɢ ɛɟɥɤɨɜ, 

ɩɨɫɬɪɨɟɧɢɟ ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɢɯ ɤɚɪɬ, ɢɫɩɨɥɶɡɭɹ ɫɩɟɰɢɚɥɶɧɨɟ ɩɪɨɝɪɚɦɦɧɨɟ 

ɨɛɟɫɩɟɱɟɧɢɟ.  

 Ɉɫɭɳɟɫɬɜɥɹɸɬ ɬɚɤɢɟ ɦɚɧɢɩɭɥɹɰɢɢ ɤɚɤ: ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɚɦɩɥɢɮɢɤɚɰɢɸ, 

ɪeɫɬɪɢɤɬɢɪɨɜɚɧɢe, ɷɥɟɤɬɪɨɮɨɪɟɡ. Ƚɟɧɨɦɵ ɦɨɝɭɬ ɢɦɟɬɶ ɞɥɢɧɭ ɞɨ ɧɟɫɤɨɥɶɤɢɯ 

ɦɢɥɥɢɚɪɞɨɜ ɩɚɪ ɧɭɤɥɟɨɬɢɞɨɜ. Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɩɨɡɜɨɥɹɟɬ ɚɧɚɥɢɡɢɪɨɜɚɬɶ 

ɪɚɡɥɢɱɧɵɟ ɝɟɧɨɦɵ ɡɚ ɤɨɪɨɬɤɨɟ ɜɪɟɦɹ, ɨɫɭɳɟɫɬɜɥɹɬɶ ɩɨɢɫɤ ɧɭɠɧɵɯ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ȾHK, ɊHK, ɛɟɥɤɨɜ ɢ ɪɚɛɨɬɚɬɶ ɫ ɧɢɦɢ [52]. 

 ɉɪɢɦɟɧɟɧɢɟ ɛɢɨɢɧɮɨɪɦɚɰɢɨɧɧɨɝɨ ɩɨɞɯɨɞɚ ɩɨɡɜɨɥɹɟɬ ɩɥɚɧɢɪɨɜɚɬɶ ɢ 

ɦɨɞɟɥɢɪɨɜɚɬɶ ɷɤɫɩɟɪɢɦɟɧɬɵ ɞɥɹ ɬɨɝɨ ɱɬɨ ɛɵ ɫɧɢɡɢɬɶ ɜɟɪɨɹɬɧɨɫɬɶ ɨɲɢɛɤɢ ɜ 

ɯɨɞɟ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɚ ɬɚɤɠɟ ɫɧɢɡɢɬɶ ɤɨɥɢɱɟɫɬɜɨ ɪɟɫɭɪɫɨɜ [52]. 
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1.21 Ɍɪaɞɢɰɢɨɧɧɵɟ ɦeɬɨɞɵ ɛaɤɬeɪɢɨɥɨɝɢɱeɫɤɨɝɨ aɧaɥɢɡa 

 

 Ⱦɚɧɧɵɣ ɦɟɬɨɞ, ɤɚɤ ɩɪɚɜɢɥɨ, ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɫɥɟɞɭɸɳɢɟ ɷɬɚɩɵ: 

 ɗɬɚɩ ɩɟɪɜɵɣ: ɩɪɟɠɞɟ ɜɫɟɝɨ, ɫɥɟɞɭɟɬ ɩɪɨɢɡɜɟɫɬɢ ɩɨɫɟɜ ɧɚ ɱɚɲɤɢ ɉɟɬɪɢ. 

ɂɫɩɨɥɶɡɭɸɬɫɹ ɫɩɟɰɢɚɥɶɧɵɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɟ ɫɪɟɞɵ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ 

ɩɪɨɢɡɜɟɫɬɢ ɞɢɚɝɧɨɫɬɢɤɭ ɩɨɫɟɜɚ. 

 ɗɬɚɩ ɜɬɨɪɨɣ: ɥɚɛɨɪɚɧɬ ɫɧɢɦɚɟɬ ɨɬɞɟɥɶɧɨ ɜɵɪɨɫɲɢɟ ɤɨɥɨɧɢɢ ɢ 

ɧɚɤɚɩɥɢɜɚɟɬ ɬɚɤ ɧɚɡɵɜɚɟɦɵɟ «ɱɢɫɬɵɟ ɤɭɥɶɬɭɪɵ». ɂɯ ɩɨɥɭɱɚɸɬ ɫ ɩɟɪɜɢɱɧɨɣ 

ɞɢɮɮɟɪɟɧɰɢɚɰɢɟɣ. Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɰɟɥɢ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ 

ɤɨɦɛɢɧɢɪɨɜɚɧɵɟ ɩɢɬɚɬɟɥɶɧɵɟ ɫɪɟɞɵ. 

 ɗɬɚɩ ɬɪɟɬɢɣ: ɧɚ ɬɪɟɬɶɟɦ ɷɬɚɩɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɢɞɟɧɬɢɮɢɤɚɰɢɹ 

ɢɫɫɥɟɞɨɜɚɧɧɨɣ ɤɭɥɶɬɭɪɵ. ɂɫɩɨɥɶɡɭɸɬɫɹ ɛɢɨɯɢɦɢɱɟɫɤɢɟ ɩɪɢɡɧɚɤɢ, ɞɚɧɧɵɟ ɨ 

ɩɚɬɨɝɟɧɧɨɫɬɢ, ɫɜɟɞɟɧɢɹ ɨɛ ɚɧɬɢɝɟɧɧɨɣ ɫɬɪɭɤɬɭɪɟ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɛɚɤɬɟɪɢɣ. 

 Ⱥɧɚɥɢɡ ɞɚɧɧɨɝɨ ɬɢɩɚ, ɤɚɤ ɩɪɚɜɢɥɨ, ɡɚɧɢɦɚɟɬ ɞɨ ɱɟɬɵɪɟɯ-ɩɹɬɢ ɫɭɬɨɤ. 

 ɗɩɢɞɟɦɢɨɥɨɝɢ ɧɚɯɨɞɹɬ ɬɚɤɢɟ ɫɪɨɤɢ ɧɟɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵɦɢ. ɉɪɢ 

ɨɫɨɛɨ ɨɩɚɫɧɵɯ ɡɚɛɨɥɟɜɚɧɢɹɯ (ɩɪɢɦɟɪɨɦ ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɥɢɯɨɪɚɞɤɚ ɗɛɨɥɚ, 

ɫɜɢɪɟɩɫɬɜɭɸɳɚɹ ɧɚ Ⱥɮɪɢɤɚɧɫɤɨɦ ɤɨɧɬɢɧɟɧɬɟ), ɧɟɨɛɯɨɞɢɦɵ ɛɨɥɟɟ ɛɵɫɬɪɵɟ 

ɦɟɬɨɞɵ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɧɟɢɡɜɟɫɬɧɵɯ ɜɨɡɛɭɞɢɬɟɥɟɣ [53]. 

 

1.22 ɇɟɞɨɫɬɚɬɤɢ ɬɪaɞɢɰɢɨɧɧɵɯ ɦeɬɨɞɨɜ ɛɚɤɬɟɪɢɨɥɨɝɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ 

 

 — Ɍɪeɛɭeɬɫɹ ɦɧɨɝɨ ɜɪeɦeɧɢ ɧa ɢɞeɧɬɢɮɢɤaɰɢɸ ɦɢɤɪɨɨɪɝaɧɢɡɦɨɜ; 

 — Ɂaɬɪaɱɢɜaɸɬɫɹ ɡɧaɱɢɬeɥɶɧɵe ɦaɬeɪɢaɥɶɧɵe ɪeɫɭɪɫɵ; 

 — ɇeɤɭɥɶɬɢɜɢɪɭeɦɵe ɛaɤɬeɪɢɢ ɧɟ ɨɩɪɟɞɟɥɹɸɬɫɹ. 

 ȼ ɫɜɹɡɢ ɫ ɜɵɲɟɢɡɥɨɠɟɧɧɵɦɢ ɩɪɢɱɢɧɚɦɢ ɫɭɳeɫɬɜɭeɬ ɧeɨɛɯɨɞɢɦɨɫɬɶ 

ɢɫɩɨɥɶɡɨɜaɬɶ ɛɨɥee ɫɨɜɪeɦeɧɧɵe ɢ ɛɵɫɬɪɵe ɫɩɨɫɨɛɵ ɞɢaɝɧɨɫɬɢɤɢ. ȼ 

ɤaɱeɫɬɜe ɷɮɮeɤɬɢɜɧɨɝɨ ɦeɬɨɞa ɢɞeɧɬɢɮɢɤaɰɢɢ ɜ ɥaɛɨɪaɬɨɪɧɨɣ ɞɢaɝɧɨɫɬɢɤe 

ɞɥɹ ɨɩɪeɞeɥeɧɢɹ ɦɢɤɪɨɨɪɝaɧɢɡɦɨɜ ɜɫe ɱaɳe ɩɪɢɦeɧɹɸɬɫɹ ɦeɬɨɞɢɤɢ, 

ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɩɪɢɦɟɧɟɧɢɢ ɩɨɥɢɦɟɪɚɡɧɨɣ ɰɟɩɧɨɣ ɪɟɚɤɰɢɢ [54]. 
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2 ɆȺɌȿɊɂȺɅɕ ɂ ɆȿɌɈȾɕ 

 

2.1 Ɇɟɬɨɞɢɤɚ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ARDRA 

 

 1. Ⱦɥɹ ɩɪɨɢɡɜɟɞɟɧɢɹ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɪɟɫɬɪɢɤɬɢɪɨɜɚɧɢɹ 

ɧɭɤɥɟɨɬɢɞɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɛɚɤɬɟɪɢɣ, ɧɟɨɛɯɨɞɢɦɨ: 

 2. ɇɚɣɬɢ ɜ ɛɚɡɟ ɞɚɧɧɵɯ GenBank ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɧɭɠɧɵɯ 

ɲɬɚɦɦɨɜ, ɤɨɬɨɪɵɟ ɛɭɞɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɩɪɚɤɬɢɱɟɫɤɨɣ ɱɚɫɬɢ 

ɢɫɫɥɟɞɨɜɚɧɢɹ; 

3. ɉɨɥɭɱɢɬɶ ɚɦɩɥɢɤɨɧɵ 8F-1492R ɞɥɹ ɷɬɢɯ ɲɬɚɦɦɨɜ; 

4. ȼɢɪɬɭɚɥɶɧɨ ɩɪɨɪɟɫɬɪɢɤɬɢɪɨɜɚɬɶ ɩɨɥɭɱɟɧɧɵɟ ɚɦɩɥɢɤɨɧɵ 

ɪɟɫɬɪɢɤɬɚɡɚɦɢ, ɤɨɬɨɪɵɟ ɩɥɚɧɢɪɭɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɪɚɛɨɬɟ. Ⱦɥɹ ɷɬɨɝɨ 

ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɪɨɝɪɚɦɦɭ pDRAW32; 

5. Ⱦɚɥɟɟ ɫɥɟɞɭɟɬ ɩɪɨɢɡɜɟɫɬɢ ɚɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ; 

6. ȼ ɤɨɧɰɟ ɪɚɛɨɬɵ ɧɟɨɛɯɨɞɢɦɨ ɫɪɚɜɧɢɬɶ ɞɚɧɧɵɟ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɢ 

ɩɪɚɤɬɢɱɟɫɤɨɣ ɪɚɛɨɬɵ. 

 

2.2 ɋɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɢɞɟɧɬɢɮɢɰɢɪɭɟɦɵɯ ɛɚɤɬɟɪɢɣ 

 

Ɉɛɪɚɡɰɵ ɛɚɤɬɟɪɢɣ, ɢɞɟɧɬɢɮɢɰɢɪɭɟɦɵɟ ɜ ɪɚɛɨɬɟ, ɛɵɥɢ ɥɸɛɟɡɧɨ 

ɩɪɟɞɨɫɬɚɜɥɟɧɵ ɦɨɢɦɢ ɤɨɥɥɟɝɚɦɢ ɫ Ȼɚɡɨɜɨɣ Ʉɚɮɟɞɪɵ Ȼɢɨɬɟɯɧɨɥɨɝɢɢ 

ɋɢɛɢɪɫɤɨɝɨ Ɏɟɞɟɪɚɥɶɧɨɝɨ ɍɧɢɜɟɪɫɢɬɟɬɚ. 

 

2.3 Ɇɟɬɨɞɢɤɚ ɜɵɞɟɥɟɧɢɹ ȾɇɄ ɫ ɩɨɦɨщɶɸ ɧɚɛɨɪɚ ɪɟɚɝɟɧɬɨɜ SILICȺ uni 

 

Ɋɟɚɤɬɢɜɵ ɞɥɹ ɜɵɞɟɥɟɧɢɹ ȾHK: 

1) Ʌɢɡɢpɭɸɳɢɣ ɪɚɫɬɜɨɪ 

2) Oɬɦɵɜɨɱɧɵɣ ɪɚɫɬɜɨɪ №1 

3) Oɬɦɵɜɨɱɧɵɣ ɪɚɫɬɜɨɪ №2 

4) ɗɥɸɢpɭɸɳɢɣ ɪɚɫɬɜɨɪ 
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5) Coɪɛɟɧɬ (ɜɨɞɧɚɹ ɫɭɫɩɟɧɡɢɹ) 

 ɋɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɞɟɡɨɤɫɢɪɢɛɨɤɧɭɤɥɟɢɧɨɜɵɯ ɤɢɫɥɨɬ ɞɥɹ ɩɨɥɢɦɟɪɚɡɧɨɣ 

ɰɟɩɧɨɣ ɪɟɚɤɰɢɢ ɜ ɩɪɨɰɟɫɫɟ ɩɪɨɛɨɩɨɞɝɨɬɨɜɤɢ ɦɨɠɧɨ ɫɨɜɟɪɲɢɬɶ ɫ  ɩɨɦɨɳɶɸ 

ɧɚɛɨɪɚ ɪɟɚɝɟɧɬɨɜ SILICȺ uni. 

ȼ ɨɫɧɨɜɭ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɩɨɥɨɠɟɧɚ ɫɩɨɫɨɛɧɨɫɬɶ ɧɭɤɥɟɢɧɨɜɵɯ ɤɢɫɥɨɬ 

ɨɬɫɨɪɛɢɪɨɜɚɬɶɫɹ ɧɚ ɱɚɫɬɢɰɚɯ ɤɪɟɦɧɢɹ (ɬɚɤ ɧɚɡɵɜɚɟɦɨɟ «glɚss milk», SiɈ2). 

Ⱦɚɧɧɨɟ ɫɜɨɣɫɬɜɨ ɞɟɥɚɟɬ ɜɨɡɦɨɠɧɵɦ ɩɨɥɭɱɟɧɢɟ ɩɪɨɛ ɫ ɦɢɧɢɦɢɡɢɪɨɜɚɧɧɵɦɢ 

ɩɨɬɟɪɹɦɢ.  

ɉɪɢ ɷɬɨɦ ɩɪɟɩɚɪɚɬɵ ȾHK ɜɵɞɟɥɹɸɬɫɹ ɜ ɤɚɱɟɫɬɜɟ, ɤɨɬɨɪɨɟ ɹɜɥɹɟɬɫɹ 

ɨɩɬɢɦɚɥɶɧɵɦ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɩɨɥɢɦɟɪɚɡɧɨɣ ɰɟɩɧɨɣ ɪɟɚɤɰɢɢ.  

ɉɪɨɛɨɩɨɞɝɨɬɨɜɤɚ ɡɚɧɢɦɚɟɬ ɩɪɢɦɟɪɧɨ 1 ɱɚɫ.  

ȾHK, ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ SILICȺ uni, ɩɪɢɝɨɞɧɵ ɞɥɹ ɉɐP. 

ɉɪɨɰɟɞɭɪɚ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ȾHK ɧɟ ɨɛɹɡɚɬɟɥɶɧɚ [55]. 

 ɏɨɞ ɪɚɛɨɬɵ: 
1. ȼ ɩɪɨɛɢɪɤɭ ɜɧɨɫɢɦ 220 ɦɤɥ ɥɢɡɢpɭɸɳɟɝɨ ɪɚɫɬɜɨɪɚ. 

2. ȼɧɨɫɢɦ ɢɫɫɥɟɞɭɟɦɭɸ ɩɪɨɛɭ ɜ ɦɢɤɪɨɩpoɛɢɪɤɭ ɫ ɩɨɦɨɳɶɸ 

ɦɢɤɪɨɛɢɨɥɨɝɢɱɟɫɤɨɣ ɩɟɬɥɢ. 

3. ɉɨɦɟɳɚɟɦ ɩɪɨɛɵ ɧɚ ɜɨɪɬɟɤɫ. ȼɩɨɫɥɟɞɫɬɜɢɢ ɰɟɧɬɪɢɮɭɝɢɪɭɟɦ ɧɚ 

ɩɪɨɬɹɠɟɧɢɢ 10 ɦɢɧɭɬ ɩɪɢ ɪɟɠɢɦɟ ɪɚɛɨɬɵ 13 400 ɨɛɨɪɨɬɨɜ. 

4. ɋ ɩɨɦɨɳɶɸ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɞɨɡɚɬɨɪɚ ɨɬɛɢɪɚɟɦ ɧɚɞoɫɚɞɨɱɧɭɸ 

ɠɢɞɤɨɫɬɶ ɢ ɩɟɪɟɧɨɫɢɦ ɜ ɱɢɫɬɭɸ ɩɪɨɛɢɪɤɭ. Ɂɚɬɟɦ ɞɨɛɚɜɢɦ 20 ɦɤɥ ɫɭɫɩɟɧɡɢɢ 

ɫɨɪɛɟɧɬɚ. ɉɟɪɟɞ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɨɪɛɟɧɬɚ, ɩɨɥɧɨɫɬɶɸ cɭɫɩɟɧɞɢɪɭɟɦ ɟɝɨ ɧɚ 

ɜoɪɬɟɤɫɟ. 

5. ɋɨɞɟɪɠɢɦɨɟ ɩɪɨɛɢɪɤɢ ɫ ɩɪɨɛɨɣ ɜɫɬɪɹɯɢɜɚɟɦ ɧɚ ɜoɪɬɟɤɫɟ ɢ 

ɨɫɬɚɜɥɹɟɦ ɜ ɲɬɚɬɢɜɟ ɧɚ 10 ɦɢɧ. ɞɥɹ ɚɞɫɨɪɛɰɢɢ ȾHK, ɜ ɬɟɱɟɧɢɟ ɤɨɬɨɪɵɯ 

ɤɚɠɞɵɟ 3 ɦɢɧɭɬɵ ɩɟɪɟɦɟɲɢɜɚɟɦ. 

6. ɉpoɛɵ ɩɨɦɟɳɚɟɦ ɜ ɰɟɧɬɪɢɮɭɝɭ. ɉɪɨɰɟɞɭɪɚ ɡɚɧɢɦɚɟɬ 20 ɫɟɤɭɧɞ. 

Ɋɟɠɢɦ ɪɚɛɨɬɵ — 13 400 ɨɛɨɪɨɬɨɜ. 

7. ɇaɞɨɫɚɞɨɱɧɭɸ ɮɪɚɤɰɢɸ ɭɛɢɪɚɟɦ. 
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8. ȼɧɨɫɢɦ 500 ɦɤɥ ɨɬɦɵɜɨɱɧɨɣ ɠɢɞɤɨɫɬɢ №1, ɨɫɚɞɨɤ peɫɭɫɩɟɧɞɢɪɭɟɦ, 

ɜɫɬɪɹɯɢɜɚɟɦ ɧɚ ɜoɪɬɟɤɫɟ. 

9. ɐɟɧɬɪɢɮɭɝɢɪɭɟɦ ɩɪɨɛɵ 30 ɫɟɤɭɧɞ ɩɪɢ 2 ɬɵɫɹɱɚɯ ɨɛɨɪɨɬɨɜ. 

10. ɇɚɞoɫɚɞɨɱɧɭɸ ɠɢɞɤɨɫɬɶ ɭɞɚɥɹɟɦ. 

11. Ʉ ɨɫɚɞɤɭ ɩɪɢɛɚɜɥɹɟɦ 500 ɦɤɥ ɪɚɛɨɱɟɝɨ ɨɬɦɵɜɨɱɧɨɝɨ ɪɚɫɬɜɨɪɚ №2, 

ɨɫɚɞɨɤ ɪecɭɫɩɟɧɞɢɪɭɟɦ, ɜɫɬɪɹɯɢɜɚɟɦ ɧɚ ɜoɪɬɟɤɫɟ. 

12. ɐɟɧɬɪɢɮɭɝɢɪɭɟɦ ɩɪɨɛɵ 30 ɫɟɤɭɧɞ ɩɪɢ 2 ɬɵɫ. ɨɛɨɪɨɬɨɜ. 

ɇɚɞoɫɚɞɨɱɧɭɸ ɠɢɞɤɨɫɬɶ ɩɨɥɧɨɫɬɶɸ ɭɞɚɥɹɟɦ. 

13. ɉɨɜɬɨɪɹɟɦ ɨɩɟɪɚɰɢɢ, ɢɡɥɨɠɟɧɧɵɟ ɜ ɩɩ.11 ɢ 12. 

14. Ɉɬɤɪɵɬɭɸ ɩɪɨɛɢɪɤɭ ɩɨɦɟɳɚɟɦ ɜ ɬɟɪɦɨɫɬɚɬ ɢ ɫɭɲɢɦ ɨɫɚɞɨɤ 5 ɦɢɧ. 

ɩɪɢ 65 ɝɪɚɞɭɫɚɯ. 

15. Ʉ ɜɵɫɭɲɟɧɧɨɦɭ ɨɫɚɞɤɭ ɞɨɛɚɜɢɦ 75 ɦɤɥ ɷɥɸɢpɭɸɳɟɝɨ ɪɚɫɬɜɨɪɚ, 

ɩɪɨɛɢɪɤɭ ɡɚɤɪɵɜɚɟɦ ɢ ɬɟpɦɨɫɬɚɬɢɪɭɟɦ 1-2 ɦɢɧ. ɩɪɢ 65 ɝɪɚɞɭɫɨɜ. 

16. ɉɪɨɛɢɪɤɭ ɫɥɟɞɭɟɬ ɩɨɦɟɫɬɢɬɶ ɧɚ ɜoɪɬɟɤɫ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɩɪɨɢɡɜɟɫɬɢ 

ɪɟɫɭɫɩɟɧɞɢɪɨɜɚɧɢɟ ɨɫɚɞɤɚ. Ⱦɚɥɟɟ ɩɨɦɟɳɚɟɦ ɩɪɨɛɭ ɜ ɬɟɪɦɨɫɬɚɬ ɢ ɨɫɬɚɜɥɹɟɦ ɜ 

ɩɪɟɠɧɢɯ ɭɫɥɨɜɢɹɯ ɧɚ ɫɥɟɞɭɸɳɢɟ ɩɹɬɶ ɦɢɧɭɬ. ɋɧɨɜɚ ɩɨɦɟɳɚɟɦ ɧɚ ɜɨɪɬɟɤɫ. 

17. ɉɪɨɛɢɪɤɭ ɨɬɩɪɚɜɥɹɟɦ ɜ ɰɟɧɬɪɢɮɭɝɭ, ɩɪɨɰɟɞɭɪɚ ɡɚɧɢɦɚɟɬ ɦɢɧɭɬɭ, 

ɩɪɢ ɪɟɠɢɦɟ ɜ 10 000 ɨɛɨɪɨɬɨɜ. ɀɢɞɤɨɫɬɶ ɢɡ ɜɟɪɯɧɟɣ ɮɚɡɵ, ɤɨɬɨɪɚɹ 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɪɚɫɬɜɨɪ ȾɇɄ, ɧɟɨɛɯɨɞɢɦɨ ɩɟɪɟɧɟɫɬɢ ɜ ɱɢɫɬɵɣ 

ɷɩɩɟɧɞɨɪɮ. Ɉɫɚɞɨɤ ɜɵɛɪɚɫɵɜɚɟɬɫɹ. ȼ ɞɚɥɶɧɟɣɲɟɦ ɩɪɟɩɚɪɚɬ ȾHK ɛɭɞɟɦ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɉɐP. 

 ɏɪɚɧɢɬɶ ɩɪɟɩɚɪɚɬɵ ȾHK ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 2-8ɋ ɧɟ ɛɨɥɟɟ 

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

ɨɬɬɚɢɜɚɧɢɹ. 

 Ɇɵ ɜɵɞɟɥɹɥɢ ȾHK ɢɡ ɨɛɪɚɡɰɨɜ ɛɚɤɬɟɪɢɣ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɩɪɨɜɟɞɟɧɢɹ 

ɉɐP ɫ ɰɟɥɶɸ ɩɨɥɭɱɟɧɢɹ aɦɩɥɢɤɨɧɨɜ ɝɟɧɚ 16S pɊɇɄ. 

 

2.4 Ɇɟɬɨɞɢɤɚ ɩɪɨɜɟɞɟɧɢɹ ɷɥɟɤɬɪɨɮɨɪɟɡɚ 
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  Ɉɛɨɪɭɞɨɜɚɧɢɟ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɢ ɞɨɤɭɦɟɧɬɢɪɨɜɚɧɢɹ 

ɷɥɟɤɬɪɨɮɨɪɟɡɚ: 
1. Ƚɟɧɟɪɚɬɨɪ ɩɨɫɬɨɹɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ. 

2. ɗɥɟɤɬɪɨɮɨɪɟɬɢɱɟɫɤɚɹ ɤɚɦɟɪɚ. 

3. Ƚɟɥɶ - ɞɨɤɭɦɟɧɬɢɪɭɸɳɚɹ ɫɢɫɬɟɦɚ ȼiɨ-Rɚd Gɟl Dɨɫ ɏR ɫ 

ɤɨɦɩɶɸɬɟɪɨɦ. 

Ɋɟɚɤɬɢɜɵ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɷɥɟɤɬɪɨɮɨɪɟɡɚ: 
1. ɉɨɪɨɲɨɤ aɝɚɪɨɡɵ; 

2. Ȼɪɨɦɢɫɬɵɣ ɷɬɢɞɢɣ; 

3. Ȼɭɮɟɪɵ ɞɥɹ ɷɥɟɤɬɪɨɮɨɪɟɡɚ (ɬpɢɫ-aɰɟɬɚɬɧɵɟ, ɬpɢɫ-ɛoɪɚɬɧɵɟ, ɬpɢɫ-

ɮɨɫɮɚɬɧɵɟ); 

4. ȾHK-ɦɚɪɤɟɪɵ; 

5. 6-ɬɢɤɪɚɬɧɵɣ ɛɭɮɟɪ ɞɥɹ ɧɚɧɟɫɟɧɢɹ (ɤɫɢɥeɧɰɢɚɧɨɥ FF, ɦeɬɢɥɟɧɨɜɵɣ 

ɫɢɧɢɣ, ɫɚɯɚɪɨɡɚ ɢ ɜɨɞɚ). 

 ɏɨɞ ɪɟɚɤɰɢɢ: 
1. ȼɡɜɟɲɢɜɚɟɦ aɝɚɪɨɡɭ ɢ ɞɨɛɚɜɥɹɟɦ ɟɟ ɤ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦɭ ɤɨɥɢɱɟɫɬɜɭ 

0.5ɯ ɌAȿ ɛɭɮɟɪɚ. 

2. ɉɨɦɟɳɚɟɦ ɜ ɪɚɛɨɬɚɸɳɭɸ ɦɢɤɪɨɜɨɥɧɨɜɭɸ ɩɟɱɶ ɧɚ 45-50 ɫ, ɞɨ 

ɩɨɥɭɱɟɧɢɹ ɨɞɧɨɪɨɞɧɨɣ ɫɭɫɩɟɧɡɢɢ. 

3. ɍɫɬɚɧɚɜɥɢɜɚɟɦ ɝɪɟɛɟɧɤɭ ɜ ɮɨɪɦɭ ɞɥɹ aɝɚɪɨɡɵ (ɮɨɪɦɭ ɜɵɪɚɜɧɢɜɚɟɦ 

ɩɨ ɭɪɨɜɧɸ, ɞɥɹ ɪɚɜɧɨɦɟɪɧɨɝɨ ɧɚɧɟɫɟɧɢɹ ɪɚɫɬɜɨɪɚ) 

4. ɉɟɪɟɥɢɜɚɟɦ ɪɚɫɬɜɨɪ ɜ ɮɨɪɦɭ ɞɥɹ aɝɚɪɨɡɵ. 

5. Ɉɫɬɚɜɥɹɟɦ ɝɟɥɶ ɧɚ 25 ɦɢɧɭɬ ɞɥɹ ɡɚɫɬɵɜɚɧɢɹ. 

6. ɍɞɚɥɹɟɦ ɝɪɟɛɟɧɤɭ ɢ ɩɨɦɟɳɚɟɦ ɝɟɥɶ ɜ ɷɥɟɤɬɪɨɮɨɪɟɬɢɱɟɫɤɭɸ ɤɸɜɟɬɭ. 

7. ɉɨɤɪɵɜɚɟɦ ɝɟɥɶ ɫɥɨɟɦ ɷɥɟɤɬɪɨɮɨɪɟɬɢɱɟɫɤɨɝɨ ɛɭɮɟɪɚ (ɝɟɥɶ ɞɨɥɠɟɧ 

ɛɵɬɶ ɩɨɤɪɵɬ ɛɭɮɟɪɨɦ, ɬɨɥɳɢɧɚ ɤɨɬɨɪɨɝɨ 1ɫɦ). 

8. ɉɪɨɢɡɜɨɞɢɦ ɜɧɟɫɟɧɢɟ ɩɪɨɛ ȾɇɄ ɜ ɛɭɮɟɪ, ɫɨɛɥɸɞɚɹ ɩɪɨɩɨɪɰɢɢ 5:1. 

ȼɧɨɫɢɦ ɫɦɟɫɶ ɜ ɥɭɧɤɢ ɝɟɥɹ ɩɨɞ ɷɥɟɤɬɪɨɮɨɪɟɬɢɱɟɫɤɢɣ ɛɭɮɟɪ ɫ ɩɨɦɨɳɶɸ 

caɦɩɥɟɪɚ. ɇɚɧɨɫɢɦ ɦɚɪɤɟɪ (ɜ 1 ɢ ɩɨɫɥɟɞɧɸɸ ɥɭɧɤɢ). 
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9. ɉɨɞɫɨɟɞɢɧɹɟɦ ɷɥɟɤɬɪɨɞɵ, ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɧɚɩɪɹɠɟɧɢɟ ɢ ɜɪɟɦɹ, 

ɡɚɩɭɫɤɚɟɦ ɷɥɟɤɬɪɨɮɨɪɟɡ. 

10. ɋɜɟɪɯɭ ɤɥɚɞɟɦ xɥɚɞɚɝɟɧɬ. 

11. ɉɨɫɥɟ ɨɤɨɧɱɚɧɢɹ ɷɥɟɤɬɪɨɮɨɪɟɡɚ ɞɨɫɬɚɟɦ ɝɟɥɶ ɢ ɩɨɝɪɭɠɚɟɦ ɟɝɨ ɜ 

ɛɪɨɦɢɫɬɵɣ ɷɬɢɞɢɣ ɞɥɹ ɨɤɪɚɲɢɜɚɧɢɹ. ɉɨɫɥɟ ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɧɚ ɜopɬɟɤɫ, ɧɚ 25 

ɦɢɧɭɬ. 

12. ɉɪɨɦɵɜɚɟɦ ɝɟɥɶ ɞɢcɬɢɥɢɪɨɜɚɧɧɨɣ ɜɨɞɨɣ. 

13. Ɉɤɪɚɲɟɧɧɵɣ ɝɟɥɶ ɩɨɦɟɳɚɟɦ ɜ ɬpaɧcɢɥɥɸɦɢɧɚɬɨɪ. 

14. Ɋɚɫɫɦɚɬɪɢɜɚɟɦ ɝɟɥɶ ɜ ɭɥɶɬɪɚɮɢɨɥɟɬɨɜɨɦ ɫɜɟɬɟ ɢ ɞɨɤɭɦɟɧɬɢɪɭɟɦ 

ɩɨɥɭɱɟɧɧɵɟ ɢɡɨɛɪɚɠɟɧɢɹ. 

 

2.5 Ɇɟɬɨɞɢɤɚ ɨɱɢɫɬɤɢ aɦɩɥɢɤɨɧɨɜ 

 

Ɉɱɢɫɬɤɭ aɦɩɥɢɤɨɧɨɜ ɩɪɨɢɡɜɨɞɢɦ ɫ ɩɨɦɨɳɶɸ ɧɚɛɨɪɚ Diɚtɨm DNȺ 

Clɟɚn-UɊ (ɩɪɨɢɡɜɨɞɫɬɜɨ ɮɢɪɦɵ IsɨGɟne). 

Ɉɱɢɫɬɤɚ ɚɦɩɥɢɤɨɧɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɚɛɨɪɚ ɪɟɚɝɟɧɬɨɜ Diɚtɨm DNȺ 

Clɟɚn-UɊ ɨɫɧɨɜɚɧɚ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɫɨɥɸɛɢɥɢɡɢɪɭɸɳɟɝɨ ɪɟɚɝɟɧɬɚ (ɜ 

ɫɨɨɬɧɨɲɟɧɢɢ ɩɪɨɛɵ ɤ ɫɨɥɸɛɢɥɢɡɢɪɭɟɦɭ ɪɟɚɝɟɧɬɭ), ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɤɨɬɨɪɨɝɨ 

ȾHK ɫɨɪɛɢɪɭɟɬɫɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɨɪɛɟɧɬɚ.  

Ʉɨɥɢɱɟɫɬɜɨ ɞɨɛɚɜɥɹɟɦɨɝɨ ɫɨɪɛɟɧɬɚ ɡɚɜɢɫɢɬ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ȾHK ɜ ɩɪɨɛɟ 

(ɨɛɵɱɧɨ ɫɨɨɬɧɨɲɟɧɢɟ 1:2). 

ȼɪɟɦɹ ɫɨɪɛɰɢɢ ɫɨɫɬɚɜɥɹɟɬ 5-7 ɦɢɧɭɬ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɨɬɦɵɜɤɨɣ 

ɫɩɢɪɬɨɜɵɦ ɪɚɫɬɜɨɪɨɦ (ɷɬɚɧɨɥɨɦ).  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ȾHK ɩɨɥɧɨɫɬɶɸ ɨɱɢɳɚɟɬɫɹ ɨɬ ɫɨɩɭɬɫɬɜɭɸɳɢɯ 

ɩɪɢɦɟɫɟɣ: ɢɡɛɵɬɤɚ ɩɪaɣɦɟɪɨɜ, ɞɢɦeɪɨɜ-ɩɪaɣɦɟɪɨɜ, dNTɊ, ɫ ɞɚɥɶɧɟɣɲɟɣ 

ɷɥɸɰɢeɣ ɫ ɫɨɪɛɟɧɬɚ ɛɢɞɢcɬɢɥɥɢɪɨɜɚɧɧoɣ ɜɨɞɨɣ. Ɉɱɢɳɟɧɧɚɹ ɬɚɤɢɦ ɦɟɬɨɞɨɦ 

ȾɇɄ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɞɥɹ ɞɚɥɶɧɟɣɲɟɣ ɪɟɫɬɪɢɤɰɢɢ ɢ 

ceɤɜɟɧɢɪɨɜɚɧɢɹ. 
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Ⱦɚɧɧɵɣ ɧɚɛɨɪ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɫɨɤɭɸ ɱɢɫɬɨɬɭ ɨɱɢɳɟɧɧɨɣ ȾHK – ɈD 

260/280 – 1.8-2.0. Ɉɫɨɛɟɧɧɨ ɷɮɮɟɤɬɢɜɟɧ ɩɪɢ ɨɱɢɫɬɤɟ ȾHK ɪɚɡɦɟɪɨɦ ɨɬ 200 

ɞɨ 20 000 ɩ. o.  

  

2.6 ɉɪɨɜɟɞɟɧɢɟ ɉɐP 

 

Ɋɟɚɤɰɢɸ ɉɐP ɩɪɨɜɨɞɢɦ ɜ ɩɪɢɛɨɪɟ Thɟrmɚl ɋycler ɋ1000. 

ɇɚ ɨɞɧɭ ɩɪɨɛɭ ɨɛɴɟɦɨɦ 50 ɦɤɥ ɬɪɟɛɭɟɬɫɹ:  

— 27 ɦɤɥ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɵ; 

— 5 ɦɤɥ 10ɯ ɛɭɮɟɪɚ; 

— 5 ɦɤɥ + 5 ɦɤɥ ɩɪaɣɦɟɪɨɜ ɫ ɤɨɧɰɟɧɬɪɚɰɢɹɦɢ ɩɨ 1µM (8L – 1492R); 

— 3 ɦɤɥ Ɇgɋl2 ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 2.5mɆ. 

ɏɨɞ ɪɚɛɨɬɵ: 
1. ȼɫɟ ɜɟɳɟɫɬɜɚ ɫɦɟɲɢɜɚɟɦ ɜ 1 ɩɪɨɛɢɪɤɟ ɨɛɴɟɦɨɦ 1,5 ɦɥ ɢɡ ɪɚɫɱɟɬɚ ɧɚ 

15 ɩɪɨɛ. 

2. ȼ ɤɚɠɞɭɸ ɩɪɨɛɢɪɤɭ ɞɨɛɚɜɥɹɟɦ ɩɨ 47 ɦɤɥ ɞɚɧɧɨɣ ɫɦɟɫɢ ɢ ɩɨ 2 ɦɤɥ 

ɢɫɫɥɟɞɭɟɦɨɣ ȾHK.  

3. ɉɟɪɟɞ ɝɨɪɹɱɢɦ ɫɬɚɪɬɨɦ ɜ ɤɚɠɞɭɸ ɢɡ ɩɪɨɛɢɪɨɤ ɞɨɛɚɜɥɹɟɦ ɩɨ 1 ɦɤɥ 

ȾHK Tɚg-ɩɨɥɢɦɟɪɚɡɵ. 

4. Ⱦɥɹ ɜɢɡɭɚɥɢɡɚɰɢɢ ɪɟɡɭɥɶɬɚɬɨɜ aɦɩɥɢɮɢɤɚɰɢɢ ɢɫɩɨɥɶɡɭɟɦ 

ɷɥɟɤɬɪɨɮɨɪɟɡ. 

5. ɉɨɫɥɟ ɨɤɨɧɱɚɧɢɹ ɷɥɟɤɬɪɨɮɨɪɟɡɚ ɝɟɥɶ ɩɨɦɟɳɚɟɦ ɜ ɬpaɧɫɥɸɦɢɧɚɬɨɪ 

ɝɟɥɶ-ɞɨɤɭɦɟɧɬɢɪɭɸɳɟɣ ɫɢɫɬɟɦɵ.  

ɉɪɨɝɪɚɦɦɚ ɞɥɹ ɩɪɨɜɟɞɟɧɢɢ ɉɐP: 

1. 940ɋ – 3:00 ɦɢɧ; 

2. 800ɋ – 0:40 ɫ; 

3. 950ɋ – 0:10 ɫ; 

4. 620ɋ – 0:20 ɫ; 

5. 720ɋ – 1:40 ɦɢɧ; 

6. Go to 3 35 times; 
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7. 720ɋ for 10:00 ɦɢɧ; 

8. 40ɋ – 18:00:00 ɱ; 

9. ȿND. 

 

2.7 ɉɪɨɜɟɞɟɧɢɟ ɪɟɚɤɰɢɢ ɪɟɫɬɪɢɤɰɢɢ 

 

Ɋɟɚɤɰɢɸ ɪɟɫɬɪɢɤɰɢɢ aɦɩɥɢɮɢɰɢɪɨɜɚɧɧɨɣ ȾHK ɩɪɨɜɨɞɢɥɢ ɜ ɬɟɱɟɧɢɟ 2 

ɱɚɫɨɜ ɜ ɩɪɢɛɨɪɟ Ɍhɟrmomixer ɫɨmfort (ɩɪɨɢɡɜɨɞɫɬɜɨ ɮɢɪɦɵ ȿɪɪendorf).  

Ɋɟɚɤɰɢɹ ɩɪɨɯɨɞɢɥɚ ɩɪɢ 370ɋ (ɞɥɹ ɪɟɫɬɪɢɤɬɚɡ ɆspI, HɚɟIII) ɢ 550ɋ (FɚtI) 

ɜ 50 ɦɤɥ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ, ɫɨɞɟɪɠɚɳɟɣ 2 ɟɞ. ɚɤɬ. ɪeɫɬɪɢɤɬɚɡɵ. 

 

Ɍɚɛɥɢɰɚ 1 — ɋɚɣɬɵ ɪɟɫɬɪɢɤɰɢɢ ɞɥɹ Ɇsp I, ɇae III, FɚtI 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɪɟɫɬɪɢɤɬɚɡɵ ɋɚɣɬ ɭɡɧɚɜɚɧɢɹ 

Msp I 5′-ɋ^ɋGG-3′ 
3′-GGɋ^ɋ-5′ 

Hae III 5′-GG^ɋɋ-3′ 
3′-ɋɋ^GG-5′ 

FatI 5′-^ɋȺTG-3′ 
3′-GɌAC^-5′ 

 

Ⱦɥɹ ɩɨɫɬɚɧɨɜɤɢ ɪɟɚɤɰɢɢ ɪɟɫɬɪɢɤɰɢɢ ɞɥɹ 1 ɩɪɨɛɵ ɨɛɴɟɦɨɦ 50 ɦɤɥ 

ɬɪɟɛɭɟɬɫɹ: 

— 5 ɦɤɥ 10ɯ ɛɭɮɟɪɚ; 

— 10 ɦɤɥ ɪɚɡɛ. ȼSȺ; 

— 25 ɦɤɥ H2Ɉ; 

— 10 ɦɤɥ ȾHK; 

— 5 ɦɤɥ ɮɟɪɦɟɧɬɚ (ɚɤɬɢɜɧɨɫɬɶ ɮɟɪɦɟɧɬɚ 10 000 e.a/ɦɥ). 

ɏɨɞ ɪɚɛɨɬɵ: 
1. ȼɫɟ ɜɟɳɟɫɬɜɚ ɫɦɟɲɢɜɚɟɦ ɧɚ ɯɨɥɨɞɭ ɜ 1 ɩɪɨɛɢɪɤɟ ɨɛɴɟɦɨɦ 2 ɦɥ, ɢɡ 

ɪɚɫɱɟɬɚ ɧɚ 15 ɩɪɨɛ. 

2. ȼ ɤɚɠɞɭɸ ɩɪɨɛɢɪɤɭ ɞɨɛɚɜɥɹɟɦ ɩɨ 35 ɦɤɥ ɞɚɧɧɨɣ ɫɦɟɫɢ ɢ ɩɨ 15 ɦɤɥ 

ɢɫɫɥɟɞɭɟɦɨɣ ȾHK. 

3. Ⱦɥɹ ɜɢɡɭɚɥɢɡɚɰɢɢ ɪɟɡɭɥɶɬɚɬɨɜ ɪɟɫɬɪɢɤɰɢɢ ɢɫɩɨɥɶɡɭɟɦ ɷɥɟɤɬɪɨɮɨɪɟɡ.  
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3 ɊȿɁɍɅɖɌȺɌɕ ɂ ɈȻɋɍɀȾȿɇɂȿ 

 

ɂɡ ɬɟɤɫɬɚ ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ ɢɡɴɹɬɵ, ɫ 43 ɩɨ 53 ɫɬɪɚɧɢɰɭ, 
ɪɟɡɭɥɶɬɚɬɵ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ, ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɩɨɬɟɧɰɢɚɥɶɧɭɸ 
ɤɨɦɦɟɪɱɟɫɤɭɸ ɧɚɭɱɧɭɸ ɰɟɧɧɨɫɬɶ ɜ ɫɢɥɭ ɧɟɢɡɜɟɫɬɧɨɫɬɢ ɢɯ ɬɪɟɬɶɢɦ ɥɢɰɚɦ. 
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ɁȺɄɅɘɑȿɇɂȿ 

 
1. ɉɨɫɬɪɨɢɥɚ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɷɥeɤɬɪɨɮɨɪɟɝɪɚɦɦɵ ɞɥɹ ɪɹɞɚ ɛɚɤɬɟɪɢɣ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ peɫɬɪɢɤɬɚɡ Hɚe III , Msɪ I, Fɚt I ɦɟɬɨɞɨɦ ȺRDRȺ 

(ɪɟɫɬɪɢɤɰɢoɧɧɵɣ ɚɧɚɥɢɡ ɚɦɩɥɢɤɨɧɨɜ ɝɟɧɚ 16S pɊɇɄ). 

2. ȼɵɞɟɥɢɥɚ ȾHK ɢɡ ɪɹɞɚ ɨɛɪɚɡɰɨɜ ɛɚɤɬɟɪɢɣ. 

3. ɉɨɥɭɱɢɥɚ aɦɩɥɢɤɨɧɵ ɝɟɧɚ 16S pɊɇɄ ɨɛɪɚɡɰɨɜ ɛɚɤɬɟɪɢɣ. 

4. ɉɪɨɜɟɥɚ ɝɢɞɪɨɥɢɡ ɩɨɥɭɱɟɧɧɵɯ aɦɩɥɢɤɨɧɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

pɟɫɬɪɢɤɬɚɡ Hɚe III , Msɪ I, Fɚt I ɢ ɷɥeɤɬɪɨɮɨɪɟɡ ɩɪɨɞɭɤɬɨɜ ɝɢɞɪɨɥɢɡɚ. 

5. ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɥɚ ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɷɥeɤɬɪɨɮɨɪɟɡɚ ɢ ɫɪaɜɧɢɥɚ 

ɩɪɚɤɬɢɱɟɫɤɢɟ ɢ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɪɟɡɭɥɶɬɚɬɵ. 

ɂɫɫɥɟɞɭɟɦɵɟ ɨɛɪɚɡɰɵ ɨɤɚɡɚɥɢɫɶ ɩɪɟɞɫɬɚɜɢɬɟɥɹɦɢ ɜɢɞɨɜ ȼɚcillus 

ɫereus, Ваcillus ɪumilus, Ваcillus mеthylotrophicus, Ваcillus tоyonensis, Ваcillus 

аmyloliquefaciens, Аrthrobacter аurescens, Miɫrobacterium ɪhyllosphaerae, 

Ваcillus аtrophaeus, Аrthrobacter glоbiformis. 

Ɇɟɬɨɞ ȺRDRȺ (ɪɟɫɬɪɢɤɰɢoɧɧɵɣ ɚɧɚɥɢɡ ɚɦɩɥɢɤɨɧɨɜ ɝɟɧɚ 16S pɊɇɄ) ɜ 

ɞɨɩɨɥɧɟɧɢɟ ɤ ɤɥɚɫɫɢɱɟɫɤɢɦ ɦɟɬɨɞɚɦ ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɞɨɫɬɚɬɨɱɧɨ ɭɞɨɛɧɵɦ 

ɫɩɨɫɨɛɨɦ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ.  

ɇɚ ɞɚɧɧɵɣ ɦɟɬɨɞ ɧɟ ɬɚɤ ɫɢɥɶɧɨ ɜɥɢɹɟɬ ɡɚɝɪɹɡɧɟɧɢɟ ȾHK, ɤɚɤ ɧɚ 

cɟɤɜɟɧɢɪɨɜɚɧɢɟ. ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɦɵ ɞɨɤɚɡɚɥɢ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ 

ɦɟɬɨɞɚ ɞɥɹ ɞɨɩɨɞɥɢɧɧɨɝɨ, ɫɤɨɪɨɝɨ ɢ ɛɸɞɠɟɬɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɧɤɪɟɬɧɵɯ 

ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɜ ɢɫɫɥɟɞɭɟɦɨɣ ɫɪɟɞɟ. ɂɫɩɨɥɶɡɭɹ ɦeɬoɞ ȺRDRȺ, ɪɟɡɭɥɶɬɚɬ 

ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɜ ɬɟɱɟɧɢɟ ɞɧɹ. 

ɋɨɩɭɬɫɬɜɭɸɳɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɦɟɬɨɞɭ 

ȺRDRȺ ɞɚɸɬ ɛɨɥɟɟ ɩɨɞɥɢɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɦɚɫɫ-

ɫɩeɤɬɪɨɦɟɬɪɢɱɟɫɤɢɦ ɚɧɚɥɢɡɨɦ ɜɢɞɨɜɨɣ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɛɚɤɬɟɪɢɣ. 
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ɋɉɂɋɈɄ ɋɈɄɊȺЩȿɇɂɃ 

 
 
ȾHK (DNȺ) — ɞɟɡoɤɫɢpɢɛɨɧɭɤɥeɢɧɨɜɚɹ ɤɢcɥɨɬɚ 

ɤȾHK – ɤoɦɩɥɟɦɟɧɬɚɪɧɚɹ ɞeɡɨɤɫɢpɢɛɨɧɭɤɥeɢɧɨɜɚɹ ɤɢɫɥoɬɚ 

ȺRDRȺ (Ⱥmplified Ribɨsomal DNȺ Rɟstriction Ⱥnalysis) — pɟɫɬɪɢɤɰɢɨɧɧɵɣ 

ɚɧɚɥɢɡ aɦɩɥɢɮɢɤɚɰɢɢ ɝɟɧɚ 16S pɊɇɄ 

ɊHK (RNA) — pɢɛɨɧɭɤɥɟɢɧɨɜɚɹ ɤɢɫɥɨɬɚ 

pɊɇɄ (rRNȺ) — pɢɛɨɫɨɦɧɚɹ ɪɢɛoɧɭɤɥɟɢɧɨɜɚɹ ɤɢɫɥoɬɚ 

ɬɊHK (tRNȺ) — ɬpɚɧɫɩɨɪɬɧɚɹ ɪɢɛoɧɭɤɥɟɢɧɨɜɚɹ ɤɢɫɥoɬɚ 

ɦɊHK (mRNȺ) — ɦaɬɪɢɱɧɚɹ ɪɢɛoɧɭɤɥɟɢɧɨɜɚɹ ɤɢɫɥoɬɚ 

ɉɐP — ɉoɥɢɦɟɪɚɡɧɚɹ ɰɟɩɧɚɹ ɪɟɚɤɰɢɹ 

Tm - ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ 

dNTɊ — ɧɭɤɥɟoɡɢɞɬɪɢɮoɫɮɚɬ 

ɉAȼ — ɩoɜɟɪɯɧɨɫɬɧɨ-aɤɬɢɜɧɵɟ ɜɟɳɟɫɬɜɚ 

Cɇɉ (NGS) — ceɤɜɟɧɢɪɨɜɚɧɢɟ ɧoɜɨɝɨ ɩoɤɨɥɟɧɢɹ 

RNȺ-sɟq — ɊHK-ɫɟɤɜɟɧɢɪɨɜɚɧɢɟ 

ɍɎ — ɭɥɶɬɪaɮɢɨɥɟɬɨɜɨɟ ɢɡɥɭɱɟɧɢɟ 

ɩ.o. — ɩɚɪɵ oɫɧɨɜɚɧɢɣ 

ɉȾPɎ – ɩoɥɢɦɨɪɮɢɡɦ ɞɥɢɧ pɟɫɬɪɢɤɰɢɨɧɧɵɯ ɮpɚɝɦɟɧɬɨɜ 

ɦɤɥ — ɦɢɤɪoɥɢɬɪ 

ɦɤɝ — ɦɢɤɪoɝɪɚɦɦ 

ɦɥ — ɦɢɥɥɢɥɢɬp 

SiɈ2 — oɤɫɢɞ ɤɪeɦɧɢɹ 

Ɇg2+ — ɢɨɧɵ ɦɚɝɧɢɹ 

in silicо — ɬɟɨɪɟɬɢɱɟɫɤɨɟ (ɤɨɦɩɶɸɬɟɪɧɨɟ) ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚ 

in vitrо — ɬɟɯɧɨɥɨɝɢɹ ɜɵɩɨɥɧɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɜɧɟ ɠɢɜɨɝɨ ɨɪɝɚɧɢɡɦɚ 

Е. cоli — Escherichia cоli 

S. Crеmoris — Strеptococcus Crеmoris 

L. mоnocytogenes  — Listeriа mоnocytogenes   
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SUMMARY 

 

In this work we show the applicability of the method of amplified ribosomal 

DNȺ restriction analysis for the identification of microorganisms.  

During the process of our work we obtained a high quality DNȺ from 17-

samples of bacteria. Further we performed the analysis of nucleotide sequence of 

16S rRNȺ genes of these bacteria using PɋR and restriction enzyme analysis.  

We obtained restriction fragments of same amplicons 16S rRNȺ gene of 

these bacteria and analyzed their electrophorograms. The restriction enzymes used 

were Hɚe III, Msɪ I, Fɚt I. 

After completion of the ȺRDRȺ analysis we discovered that the studied 

samples were representatives of the following species:  

— Ваcillus mycоides,  

— Ваcillus ɪumilus,  

— Ваcillus mеthylotrophicus,  

— Ваcillus tоyonensis,  

— Ваcillus аmyloliquefaciens,  

— Аrthrobacter аurescens,  

— Micrоbacterium ɪhyllosphaerae,  

— Ваcillus аtrophaeus,  

— Аrthrobacter glоbiformis. 

Ɇethod of amplified ribosomal DNȺ restriction analysis combined with 

using the genetic database for sequenced DNȺ (GɟnBɚnk) can serve as a relatively 

simple method for identifying microorganisms. 
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