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ɊȿФȿɊȺɌ 
 

Ɇɚɝɢɫɬɟɪɫɤɚɹ ɞɢɫɫɟɪɬɚɰɢɹ ɩɨ ɬɟɦɟ «ɋɪɚɜɧɟɧɢɟ ɦɟɬɨɞɨɜ ɩɨɫɬɪɨɟɧɢɹ 
ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɝɟɧɨɦɨɜ ɩɨ ɱɚɫɬɨɬɚɦ ɬɪɢɩɥɟɬɨɜ ɢ ɧɚ ɨɫɧɨɜɟ ɜɵɪɚɜɧɢɜɚɧɢɹ ɧɚ 
ɩɪɢɦɟɪɟ ɝɟɧɨɦɨɜ ɫɟɦɟɣɫɬɜɚ Coronaviridae» ɫɨɞɟɪɠɢɬ 78 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ 
ɞɨɤɭɦɟɧɬɚ, 2 ɩɪɢɥɨɠɟɧɢɹ, 13 ɢɥɥɸɫɬɪɚɰɢɣ, 1 ɬɚɛɥɢɰɭ ɢ 158 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ 
ɢɫɬɨɱɧɢɤɨɜ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ:  
ɄɈɊɈɇȺȼɂɊɍɋɕ, ɗȼɈɅɘɐɂə, ɎɂɅɈȽȿɇȿɌɂɑȿɋɄɂɃ ȺɇȺɅɂɁ, 

ȼɕɊȺȼɇɂȼȺɇɂȿ, ɆȿɌɈȾɕ ɋȼɈȻɈȾɇɕȿ ɈɌ ȼɕɊȺȼɇɂȼȺɇɂə, ɆȿɌɈȾ 
ȾɂɇȺɆɂɑȿɋɄɂɏ əȾȿɊ, ɆȿɌɈȾ ɍɉɊɍȽɂɏ ɄȺɊɌ. 

Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɝɟɧɨɦɵ ɤɨɪɨɧɚɜɢɪɭɫɨɜ. 
ɐɟɥɶ ɪɚɛɨɬɵ – ɫɪɚɜɧɟɧɢɟ ɞɜɭɯ ɦɟɬɨɞɨɜ ɜɵɹɜɥɟɧɢɹ ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɨɝɨ 

ɨɬɧɨɲɟɧɢɹ ɧɚ ɩɪɢɦɟɪɟ ɫɟɦɟɣɫɬɜɚ ɝɟɧɨɦɨɜ ɤɨɪɨɧɚɜɢɪɭɫɨɜ: ɦɟɬɨɞɚ, ɨɫɧɨɜɚɧɧɨɝɨ 
ɧɚ ɜɵɪɚɜɧɢɜɚɧɢɢ ɢ ɦɟɬɨɞɚ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɝɟɧɨɦɨɜ ɩɨ ɱɚɫɬɨɬɚɦ ɬɪɢɩɥɟɬɨɜ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɞɟɥɚɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɨ ɨɬɨɛɪɚɧɨ 69 ɝɟɧɨɦɨɜ 
ɤɨɪɨɧɚɜɢɪɭɫɨɜ ɢɡ ɞɜɭɯ ɨɛɳɟɞɨɫɬɭɩɧɵɯ ɛɚɡ ɞɚɧɧɵɯ ɢ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ 
ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɢɟ ɨɬɧɨɲɟɧɢɹ ɦɟɠɞɭ ɧɢɦɢ ɦɟɬɨɞɨɦ ɩɨɥɧɨɝɟɧɨɦɧɨɝɨ 
ɜɵɪɚɜɧɢɜɚɧɢɹ ɢ ɩɨɫɬɪɨɟɧɢɹ ɮɢɥɨɝɟɧɢɢ ɧɚ ɟɝɨ ɨɫɧɨɜɟ, ɚ ɬɚɤɠɟ ɦɟɬɨɞɨɦ 
ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɝɟɧɨɦɨɜ ɩɨ ɱɚɫɬɨɬɚɦ ɬɪɢɩɥɟɬɨɜ. Ɍɨɩɨɥɨɝɢɢ ɞɟɪɟɜɶɟɜ,  
ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɨɦ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ 
ɛɚɣɟɫɨɜɫɤɨɝɨ ɩɨɞɯɨɞɚ, ɢɞɟɧɬɢɱɧɵ ɢ ɢɦɟɥɢ ɭɦɟɪɟɧɧɭɸ ɢ ɜɵɫɨɤɭɸ ɩɨɞɞɟɪɠɤɭ 
ɜɟɬɜɟɣ. ɉɪɢ ɩɨɦɨɳɢ ɦɟɬɨɞɚ ɞɢɧɚɦɢɱɟɫɤɢɯ ɹɞɟɪ ɫ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ 
ɜɨɡɪɚɫɬɚɸɳɢɦ ɱɢɫɥɨɦ ɤɥɚɫɫɨɜ ɩɨɫɬɪɨɟɧɨ ɢɟɪɚɪɯɢɱɟɫɤɨɟ ɞɟɪɟɜɨ, ɩɨɫɥɟɞɧɢɣ 
ɫɥɨɣ ɤɨɬɨɪɨɝɨ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɤɥɚɫɫɵ ɬɟɫɧɨ ɫɜɹɡɚɧɧɵɯ ɦɟɠɞɭ ɫɨɛɨɣ 
ɝɟɧɨɦɨɜ, ɬɨɱɧɨ ɫɨɜɩɚɞɚɸɳɢɯ ɫ ɤɥɚɫɬɟɪɚɦɢ ɝɟɧɨɦɨɜ, ɜɵɞɟɥɹɟɦɵɯ ɧɚ 
ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɨɦ ɞɟɪɟɜɟ. Ɇɟɬɨɞ ɭɩɪɭɝɢɯ ɤɚɪɬ ɜɵɹɜɥɹɟɬ ɧɟɥɢɧɟɣɧɵɟ ɫɜɹɡɢ 
ɦɟɠɞɭ ɨɛɴɟɤɬɚɦɢ (ɝɟɧɨɦɚɦɢ), ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɤ ɥɢɧɟɣɧɵɦ ɫɜɹɡɹɦ, 
ɜɵɹɜɥɹɟɦɵɯ, ɧɚɩɪɢɦɟɪ, ɦɟɬɨɞɨɦ ɞɢɧɚɦɢɱɟɫɤɢɯ ɹɞɟɪ. Ʉɥɚɫɬɟɪɵ, ɜɵɞɟɥɟɧɧɵɟ 
ɦɟɬɨɞɨɦ ɭɩɪɭɝɢɯ ɤɚɪɬ, ɬɚɤɠɟ ɯɨɪɨɲɨ ɫɨɜɩɚɞɚɸɬ, ɤɚɤ ɫ ɤɥɚɫɫɚɦɢ ɩɨɫɥɟɞɧɟɝɨ 
ɫɥɨɹ ɫɥɨɢɫɬɨɝɨ ɝɪɚɮɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɦɟɬɨɞɨɦ ɞɢɧɚɦɢɱɟɫɤɢɯ ɹɞɟɪ, ɬɚɤ ɢ ɫ 
ɤɥɚɫɫɢɱɟɫɤɢɦ ɜɵɪɚɜɧɢɜɚɧɢɟɦ. ɉɪɨɜɟɞɟɧɧɵɟ ɜɵɱɢɫɥɟɧɢɹ ɩɨɤɚɡɚɥɢ ɜɵɫɨɤɭɸ 
ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɤɚɠɞɨɝɨ ɢɡ ɷɬɢɯ ɦɟɬɨɞɨɜ. Ɉɛɚ ɦɟɬɨɞɚ ɬɚɤɠɟ ɩɨɤɚɡɚɥɢ ɯɨɪɨɲɟɟ 
ɪɚɫɯɨɠɞɟɧɢɟ ɝɟɧɨɦɨɜ ɩɨ ɬɚɤɫɨɧɨɦɢɱɟɫɤɨɦɭ ɩɪɢɡɧɚɤɭ, ɧɨ ɩɨ ɯɚɪɚɤɬɟɪɭ 
ɜɵɡɵɜɚɟɦɵɯ ɡɚɛɨɥɟɜɚɧɢɣ ɫɨɨɬɜɟɬɫɬɜɢɟ ɦɟɧɶɲɟ. 

 
 
 



3 
 

 
ɋɈȾȿɊɀȺɇɂȿ 

ȼȼȿȾȿɇɂȿ ................................................................................................................ 4 

Ƚɥɚɜɚ 1. Ɉɛɡɨɪ ɥɢɬɟɪɚɬɭɪɵ ....................................................................................... 7 

1.1. ɋɬɪɭɤɬɭɪɚ ɤɨɪɨɧɚɜɢɪɭɫɨɜ ............................................................. 7 

1.2. ɗɜɨɥɸɰɢɹ ɤɨɪɨɧɚɜɢɪɭɫɨɜ ........................................................... 12 

1.3. Ɇɟɬɨɞɵ ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ......................................... 25 

1.4. ɇɟɤɨɬɨɪɵɟ ɦɟɬɨɞɵ ɚɧɚɥɢɡɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɛɟɡ 
ɜɵɪɚɜɧɢɜɚɧɢɹ ................................................................................................... 33 

Ƚɥɚɜɚ 2. Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ ................................................................................ 36 

2.1. Ƚɟɧɟɬɢɱɟɫɤɢɣ ɦɚɬɟɪɢɚɥ ............................................................... 36 

2.2. ɉɨɥɧɨɝɟɧɨɦɧɨɟ ɜɵɪɚɜɧɢɜɚɧɢɟ ɢ ɩɨɫɬɪɨɟɧɢɟ ɮɢɥɨɝɟɧɢɢ ........ 36 

2.3. ɉɨɫɬɪɨɟɧɢɟ ɱɚɫɬɨɬɧɵɯ ɫɥɨɜɚɪɟɣ ................................................ 37 

2.4. Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɦɟɬɨɞɨɦ ɞɢɧɚɦɢɱɟɫɤɢɯ ɹɞɟɪ ........................... 38 

2.5. Ʉɥɚɫɬɟɪɢɡɚɰɢɹ ɦɟɬɨɞɨɦ ɭɩɪɭɝɢɯ ɤɚɪɬ ....................................... 39 

Ƚɥɚɜɚ 3. Ɋɟɡɭɥɶɬɚɬɵ ................................................................................................. 41 

3.1. Ɏɢɥɨɝɟɧɟɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ........................................................... 41 

3.2. Ⱥɧɚɥɢɡ ɱɚɫɬɨɬɧɵɯ ɫɥɨɜɚɪɟɣɈɲɢɛɤɚ! Ɂɚɤɥɚɞɤɚ ɧɟ ɨɩɪɟɞɟɥɟɧɚ. 

3.3. ɋɪɚɜɧɟɧɢɟ ɦɟɬɨɞɨɜ ............ Ɉɲɢɛɤɚ! Ɂɚɤɥɚɞɤɚ ɧɟ ɨɩɪɟɞɟɥɟɧɚ. 

ɁȺɄɅɘɑȿɇɂȿ ....................................................................................................... 43 

ɋɉɂɋɈɄ ɂɋɉɈɅɖɁɈȼȺɇɇɕɏ ɂɋɌɈɑɇɂɄɈȼ ............................................. 45 

ɉɊɂɅɈɀȿɇɂȿ Ⱥ ................................................................................................... 61 

ɉɊɂɅɈɀȿɇɂȿ Ȼ .................................................................................................... 63 

 
 

 

 

 

 

 

  



4 
 

 ȼȼȿȾȿɇɂȿ 

Ʉɨɪɨɧɚɜɢɪɭɫɵ — ɷɬɨ ɛɨɥɶɲɨɟ ɫɟɦɟɣɫɬɜɨ ɨɞɧɨɰɟɩɨɱɟɱɧɵɯ ɊɇɄ-ɜɢɪɭɫɨɜ, 

ɤɨɬɨɪɵɟ ɩɨɪɚɠɚɸɬ ɦɧɨɝɢɟ ɜɢɞɵ ɠɢɜɨɬɧɵɯ, ɜɤɥɸɱɚɹ ɱɟɥɨɜɟɤɚ, ɜɵɡɵɜɚɹ 

ɪɟɫɩɢɪɚɬɨɪɧɵɟ, ɠɟɥɭɞɨɱɧɨ-ɤɢɲɟɱɧɵɟ, ɩɟɱɟɧɨɱɧɵɟ ɢ ɧɟɜɪɨɥɨɝɢɱɟɫɤɢɟ 

ɡɚɛɨɥɟɜɚɧɢɹ (Weiss et al., 2011) ɗɬɨ ɫɟɦɟɣɫɬɜɨ ɹɜɥɹɟɬɫɹ ɫɚɦɵɦ ɤɪɭɩɧɵɦ ɢɡ 

ɢɡɜɟɫɬɧɵɯ ɫɟɦɟɣɫɬɜ ɊɇɄ-ɜɢɪɭɫɨɜ ɢ ɞɟɥɢɬɫɹ ɧɚ ɱɟɬɵɪɟ ɪɨɞɚ: ɚɥɶɮɚ-, ɛɟɬɚ-, 

ɝɚɦɦɚ- ɢ ɞɟɥɶɬɚ-ɤɨɪɨɧɚɜɢɪɭɫɵ (Yang et al., 2015). 

Ⱥɥɶɮɚ- ɢ ɛɟɬɚɤɨɪɨɧɚɜɢɪɭɫɵ ɡɚɪɚɠɚɸɬ ɬɨɥɶɤɨ ɦɥɟɤɨɩɢɬɚɸɳɢɯ, ɨɛɵɱɧɨ 

ɜɵɡɵɜɚɹ ɪɟɫɩɢɪɚɬɨɪɧɵɟ ɡɚɛɨɥɟɜɚɧɢɹ ɭ ɥɸɞɟɣ ɢ ɝɚɫɬɪɨɷɧɬɟɪɢɬɵ ɭ ɠɢɜɨɬɧɵɯ. 

Ƚɚɦɦɚ- ɢ ɞɟɥɶɬɚɤɨɪɨɧɚɜɢɪɭɫɵ ɡɚɪɚɠɚɸɬ ɩɬɢɰ, ɨɞɧɚɤɨ ɧɟɤɨɬɨɪɵɟ ɢɡ ɧɢɯ ɦɨɝɭɬ 

ɬɚɤɠɟ ɡɚɪɚɠɚɬɶ ɢ ɦɥɟɤɨɩɢɬɚɸɳɢɯ (Woo et al., 2012). Ⱥɥɶɮɚ- ɢ 

ɛɟɬɚɤɨɪɨɧɚɜɢɪɭɫɵ ɦɨɝɭɬ ɜɵɡɵɜɚɬɶ ɬɹɠɟɥɵɟ ɛɨɥɟɡɧɢ ɞɨɦɚɲɧɟɝɨ ɫɤɨɬɚ. ɗɬɢ 

ɜɢɪɭɫɵ ɜɤɥɸɱɚɸɬ ɜɢɪɭɫ ɫɜɢɧɨɝɨ ɬɪɚɧɫɦɢɫɫɢɜɧɨɝɨ ɝɚɫɬɪɨɷɧɬɟɪɢɬɚ (Brian et al., 

2005), ɜɢɪɭɫ ɤɢɲɟɱɧɨɣ ɞɢɚɪɟɢ ɫɜɢɧɟɣ (PEDV) (Lin et al., 2016), ɤɨɪɨɧɚɜɢɪɭɫ, 

ɜɵɡɵɜɚɸɳɢɣ ɫɢɧɞɪɨɦ ɨɫɬɪɨɣ ɞɢɚɪɟɢ ɫɜɢɧɟɣ (SADS-CoV) (Zhou et al., 2018) ɢ 

ɧɟɤɨɬɨɪɵɟ ɞɪɭɝɢɟ.  

Ʉ ɧɚɫɬɨɹɳɟɦɭ ɜɪɟɦɟɧɢ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɨ 7 ɤɨɪɨɧɚɜɢɪɭɫɨɜ ɱɟɥɨɜɟɤɚ 

(HCoVs): ɚɥɶɮɚ-ɤɨɪɨɧɚɜɢɪɭɫɵ HCoVs-NL63 ɢ HCoVs-229E, ɚ ɬɚɤɠɟ ɛɟɬɚ-

ɤɨɪɨɧɚɜɢɪɭɫɵ HCoVs-OC43, HCoVs-HKU1, ɛɟɬɚ-ɤɨɪɨɧɚɜɢɪɭɫɵ, ɜɵɡɵɜɚɸɳɢɟ 

ɨɫɬɪɵɟ ɪɟɫɩɢɪɚɬɨɪɧɵɟ ɫɢɧɞɪɨɦɵ (SARS-CoV ɢ SARS-CoV-2 ɢ 

ɛɥɢɠɧɟɜɨɫɬɨɱɧɵɣ ɪɟɫɩɢɪɚɬɨɪɧɵɣ ɫɢɧɞɪɨɦ (MERS-CoV)) (Zaki et.al., 2012; 

Cheng et.al., 2020). ɉɪɢ ɡɚɪɚɠɟɧɢɢ SARS-CoV-2, SARS-CoV ɢ MERS-CoV 

ɪɚɡɜɢɜɚɟɬɫɹ ɬɹɠɟɥɵɣ ɪɟɫɩɢɪɚɬɨɪɧɵɣ ɫɢɧɞɪɨɦ ɭ ɥɸɞɟɣ; ɨɫɬɚɥɶɧɵɟ ɱɟɬɵɪɟ 

ɤɨɪɨɧɚɜɢɪɭɫɚ ɱɟɥɨɜɟɤɚ ɜɵɡɵɜɚɸɬ ɥɟɝɤɢɟ ɡɚɛɨɥɟɜɚɧɢɹ ɜɟɪɯɧɢɯ ɞɵɯɚɬɟɥɶɧɵɯ 

ɩɭɬɟɣ ɭ ɢɦɦɭɧɨɤɨɦɩɟɬɟɧɬɧɵɯ ɯɨɡɹɟɜ. ɉɪɢ ɷɬɨɦ ɧɟɤɨɬɨɪɵɟ ɢɡ ɧɢɯ ɦɨɝɭɬ 

ɜɵɡɵɜɚɬɶ ɬɹɠɟɥɨɟ ɬɟɱɟɧɢɟ ɢɧɮɟɤɰɢɢ ɭ ɦɥɚɞɟɧɰɟɜ, ɦɚɥɟɧɶɤɢɯ ɞɟɬɟɣ ɢ ɩɨɠɢɥɵɯ 

ɥɸɞɟɣ. ɋɨɜɪɟɦɟɧɧɵɟ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɨ ɩɪɨɢɫɯɨɠɞɟɧɢɢ ɜɵɫɨɤɨ ɩɚɬɨɝɟɧɧɵɯ 

ɲɬɚɦɦɨɜ ɤɨɪɨɧɚɜɢɪɭɫɨɜ ɱɟɥɨɜɟɤɚ ɩɨɡɜɨɥɹɸɬ ɭɬɜɟɪɠɞɚɬɶ, ɱɬɨ ɜ ɤɚɱɟɫɬɜɟ 

ɩɟɪɜɢɱɧɨɝɨ ɧɨɫɢɬɟɥɹ ɜɵɫɬɭɩɚɥɢ ɠɢɜɨɬɧɵɟ. ɋɱɢɬɚɟɬɫɹ, ɱɬɨ ɭ SARS-CoV, 
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MERS-CoV, HCoV-NL63 ɢ HCoV-229E ɬɚɤɢɦɢ ɧɨɫɢɬɟɥɹɦɢ ɜɵɫɬɭɩɚɥɢ ɥɟɬɭɱɢɟ 

ɦɵɲɢ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ HCoV-OC43 ɢ HKU1, ɜɟɪɨɹɬɧɨ, ɢɦɟɥɢ ɝɪɵɡɭɧɨɜ ɜ 

ɤɚɱɟɫɬɜɟ ɬɚɤɢɯ ɯɨɡɹɟɜ (Su et al., 2016; Forni et.al., 2020). 

ɉɚɧɞɟɦɢɹ, ɜɵɡɜɚɧɧɚɹ SARS-CoV-2, ɪɟɡɤɨ ɭɫɢɥɢɥɚ ɢɧɬɟɪɟɫ ɤ ɞɚɧɧɨɦɭ 

ɫɟɦɟɣɫɬɜɭ ɜ ɰɟɥɨɦ. ɇɟɞɚɜɧɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɝɟɧɨɦ ɷɬɨɝɨ ɜɢɪɭɫɚ ɧɚ 

96 % ɢɞɟɧɬɢɱɟɧ ɝɟɧɨɦɚɦ ɤɨɪɨɧɚɜɢɪɭɫɨɜ ɥɟɬɭɱɢɯ ɦɵɲɟɣ, ɱɬɨ ɦɨɠɟɬ 

ɫɜɢɞɟɬɟɥɶɫɬɜɨɜɚɬɶ ɨ ɬɨɦ, ɱɬɨ ɥɟɬɭɱɢɟ ɦɵɲɢ ɹɜɥɹɸɬɫɹ ɧɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɵɦ 

ɩɟɪɜɢɱɧɵɦ ɯɨɡɹɢɧɨɦ SARS-CoV-2 (Zhou et al., 2020; Ji et.al., 2020). Ɋɚɧɟɟ ɛɵɥɢ 

ɜɵɫɤɚɡɚɧɵ ɪɚɡɥɢɱɧɵɟ ɩɪɟɞɩɨɥɨɠɟɧɢɹ ɨ ɬɨɦ, ɤɬɨ ɹɜɥɹɟɬɫɹ ɩɪɨɦɟɠɭɬɨɱɧɵɦ 

ɯɨɡɹɢɧɨɦ ɞɚɧɧɨɝɨ ɜɢɪɭɫɚ. ȼ ɷɬɨɬ ɫɩɢɫɨɤ ɩɨɩɚɥɢ ɡɦɟɢ (Ji et al., 2020), ɹɳɟɪɵ 

(Lam et al., 2020) ɢ ɧɨɪɤɢ (Cheng et.al., 2020), ɨɞɧɚɤɨ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɯɨɡɹɟɜ 

ɦɨɠɟɬ ɛɵɬɶ ɢ ɧɟɫɤɨɥɶɤɨ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɞɟɧɬɢɮɢɤɚɰɢɹ ɢɫɬɨɱɧɢɤɚ ɜɢɪɭɫɚ 

ɩɨɦɨɠɟɬ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɟɝɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ. 

ȼɫɟ ɜɢɪɭɫɵ ɷɬɨɝɨ ɫɟɦɟɣɫɬɜɚ ɹɜɥɹɸɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɛɥɢɡɤɢɦɢ ɞɥɹ 

ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɩɨɥɧɨɝɟɧɨɦɧɨɝɨ ɜɵɪɚɜɧɢɜɚɧɢɹ ɢ ɩɨɫɬɪɨɟɧɢɹ ɮɢɥɨɝɟɧɢɢ ɧɚ ɟɝɨ 

ɨɫɧɨɜɟ. Ɉɞɧɚɤɨ ɞɚɧɧɵɣ ɦɟɬɨɞ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɹɜɥɹɟɬɫɹ ɜɟɫɶɦɚ ɬɪɭɞɨɺɦɤɢɦ ɜ 

ɪɟɚɥɢɡɚɰɢɢ, ɱɬɨ ɞɟɥɚɟɬ ɡɚɞɚɱɭ ɩɨɢɫɤɚ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɦɟɬɨɞɨɜ ɚɤɬɭɚɥɶɧɨɣ. 

Ʉɪɨɦɟ ɬɨɝɨ, ɬɚɤɢɟ ɚɥɶɬɟɪɧɚɬɢɜɧɵɟ ɦɟɬɨɞɵ ɦɨɝɭɬ ɜɵɹɜɥɹɬɶ ɫɜɹɡɢ ɦɟɠɞɭ 

ɝɟɧɨɦɚɦɢ, ɤɨɬɨɪɵɟ ɧɟ ɜɵɹɜɥɹɸɬɫɹ ɜɵɪɚɜɧɢɜɚɧɢɟɦ. Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɫɪɚɜɧɟɧɢɟ 

ɩɨɥɧɵɯ ɝɟɧɨɦɨɜ ɦɢɬɨɯɨɧɞɪɢɣ ɠɢɜɨɬɧɵɯ ɩɨ ɱɚɫɬɨɬɚɦ ɬɪɢɩɥɟɬɧɨɝɨ ɫɨɫɬɚɜɚ 

ɜɵɹɜɥɹɟɬ ɨɱɟɧɶ ɫɢɥɶɧɭɸ ɫɜɹɡɶ ɦɟɠɞɭ ɤɥɚɫɫɚɦɢ, ɜɵɞɟɥɹɟɦɵɦɢ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ 

ɱɚɫɬɨɬ ɤɥɚɫɫɢɮɢɤɚɰɢɟɣ ɛɟɡ ɭɱɢɬɟɥɹ (ɦɟɬɨɞɨɦ ɞɢɧɚɦɢɱɟɫɤɢɯ ɹɞɟɪ) ɢ 

ɬɪɚɞɢɰɢɨɧɧɨɣ ɫɢɫɬɟɦɚɬɢɤɨɣ ɠɢɜɨɬɧɵɯ (Sadovsky et al., 2015), ɚ ɬɚɤɠɟ ɦɟɠɞɭ 

ɮɭɧɤɰɢɟɣ ɤɨɞɢɪɭɟɦɨɝɨ ɝɟɧɚ ɢ ɬɚɤɫɨɧɨɦɢɟɣ (Putinseva et al., 2019; Fedotovskaya 

et.al., 2020; Sadovsky et.al., 2020).  

ɐɟɥɶɸ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɫɪɚɜɧɟɧɢɟ ɞɜɭɯ ɦɟɬɨɞɨɜ ɜɵɹɜɥɟɧɢɹ 

ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɨɝɨ ɨɬɧɨɲɟɧɢɹ ɧɚ ɩɪɢɦɟɪɟ ɫɟɦɟɣɫɬɜɚ ɝɟɧɨɦɨɜ ɤɨɪɨɧɚɜɢɪɭɫɨɜ: 

ɦɟɬɨɞɚ, ɨɫɧɨɜɚɧɧɨɝɨ ɧɚ ɜɵɪɚɜɧɢɜɚɧɢɢ ɢ ɦɟɬɨɞɚ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɝɟɧɨɦɨɜ ɩɨ 

ɱɚɫɬɨɬɚɦ ɬɪɢɩɥɟɬɨɜ. Ɂɞɟɫɶ ɫɥɟɞɭɟɬ ɩɨɞɱɟɪɤɧɭɬɶ, ɱɬɨ ɰɟɥɶɸ ɧɚɲɟɣ ɪɚɛɨɬɵ 

ɹɜɥɹɟɬɫɹ ɧɟ ɭɫɬɚɧɨɜɥɟɧɢɟ ɩɨɥɧɨɣ ɷɤɜɢɜɚɥɟɧɬɧɨɫɬɢ ɷɬɢɯ ɞɜɭɯ ɦɟɬɨɞɨɜ, ɚ 
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ɜɵɹɜɥɟɧɢɟ ɫɨɞɟɪɠɚɬɟɥɶɧɵɯ ɪɚɡɥɢɱɢɣ ɜ ɜɵɹɜɥɹɟɦɵɯ ɢɦɢ ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɢɯ 

ɫɜɹɡɹɯ. 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɷɬɨɣ ɰɟɥɢ ɛɵɥɢ ɩɨɫɬɚɜɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

1. ɉɪɨɜɟɫɬɢ ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɝɟɧɨɦɨɜ ɤɨɪɨɧɚɜɢɪɭɫɚ ɧɚ 

ɨɫɧɨɜɟ ɢɯ ɩɨɥɧɨɝɟɧɨɦɧɨɝɨ ɜɵɪɚɜɧɢɜɚɧɢɹ; 

2. ȼɵɩɨɥɧɢɬɶ ɦɟɬɨɞɚɦɢ ɞɢɧɚɦɢɱɟɫɤɢɯ ɹɞɟɪ ɢ ɭɩɪɭɝɢɯ ɤɚɪɬ 

ɤɥɚɫɬɟɪɧɵɣ ɚɧɚɥɢɡ ɱɚɫɬɨɬɧɵɯ ɫɥɨɜɚɪɟɣ ɬɪɢɩɥɟɬɨɜ, ɩɨɫɬɪɨɟɧɧɵɯ ɞɥɹ ɢɡɭɱɚɟɦɵɯ 

ɝɟɧɨɦɨɜ; 

3. ɋɪɚɜɧɢɬɶ ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɞɥɹ ɷɬɢɯ ɞɜɭɯ ɦɟɬɨɞɨɜ. 

 

 

 

  



7 
 

Ƚɥɚɜɚ 1. Ɉɛɡɨɪ ɥɢɬɟɪɚɬɭɪɵ 
  
1.1. ɋɬɪɭɤɬɭɪɚ ɤɨɪɨɧɚɜɢɪɭɫɨɜ 
 
Ʉɨɪɨɧɚɜɢɪɭɫɵ ɩɪɢɧɚɞɥɟɠɚɬ ɤ ɩɨɞɫɟɦɟɣɫɬɜɭ Coronavirinae ɫɟɦɟɣɫɬɜɚ 

Coronaviridae ɩɨɪɹɞɤɚ Nidovirales, ɷɬɨ ɩɨɞɫɟɦɟɣɫɬɜɨ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɱɟɬɵɪɟ 

ɪɨɞɚ: Alphacoronavirus, Betacoronavirus, Gammacoronavirus ɢ Deltacoronavirus. 

Ƚɟɧɨɦ ɤɨɪɨɧɚɜɢɪɭɫɨɜ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɞɧɨɰɟɩɨɱɟɱɧɭɸ ɊɇɄ ɞɥɢɧɨɣ ɨɤɨɥɨ 

30 ɬ.ɩ.ɧ., ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɫɱɢɬɚɬɶ ɢɯ ɝɟɧɨɦɵ ɫɚɦɵɦɢ ɤɪɭɩɧɵɦɢ ɢɡ ɢɡɜɟɫɬɧɵɯ 

ɫɪɟɞɢ ɊɇɄ-ɜɢɪɭɫɨɜ, ɩɨɬɨɦɭ ɤɚɤ ɫɪɟɞɧɢɣ ɪɚɡɦɟɪ ɝɟɧɨɦɚ ɊɇɄ-ɜɢɪɭɫɨɜ 10 ɬ.ɩ.ɧ.  

Ƚɟɧɨɦ ɤɨɪɨɧɚɜɢɪɭɫɨɜ ɭɩɚɤɨɜɚɧ ɜɧɭɬɪɢ ɫɩɢɪɚɥɶɧɨɝɨ ɤɚɩɫɢɞɚ, 

ɨɛɪɚɡɨɜɚɧɧɨɝɨ ɧɭɤɥɟɨɤɚɩɫɢɞɧɵɦ ɛɟɥɤɨɦ (N) ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɨɤɪɭɠɟɧɧɨɝɨ 

ɨɛɨɥɨɱɤɨɣ. ɋ ɜɢɪɭɫɧɨɣ ɨɛɨɥɨɱɤɨɣ ɫɜɹɡɚɧɵ, ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ, ɬɪɢ ɫɬɪɭɤɬɭɪɧɵɯ 

ɛɟɥɤɚ: ɦɟɦɛɪɚɧɧɵɣ ɛɟɥɨɤ (M) ɢ ɛɟɥɨɤ ɨɛɨɥɨɱɤɢ (E), ɭɱɚɫɬɜɭɸɳɢɟ ɜ ɫɛɨɪɤɟ 

ɜɢɪɭɫɚ, ɬɨɝɞɚ ɤɚɤ ɫɩɚɣɤɨɜɵɣ ɛɟɥɨɤ (S) ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɪɨɧɢɤɧɨɜɟɧɢɟ ɜɢɪɭɫɚ ɜ 

ɤɥɟɬɤɢ ɯɨɡɹɟɜ. ɇɟɤɨɬɨɪɵɟ ɤɨɪɨɧɚɜɢɪɭɫɵ ɬɚɤɠɟ ɤɨɞɢɪɭɸɬ ɫɜɹɡɚɧɧɵɣ ɫ 

ɨɛɨɥɨɱɤɨɣ ɛɟɥɨɤ ɝɟɦɚɝɝɥɸɬɢɧɢɧ-ɷɫɬɟɪɚɡɵ (HE) (Chen et al., 2020). 

Ƚɟɧɨɦ ɬɢɩɢɱɧɨɝɨ ɤɨɪɨɧɚɜɢɪɭɫɚ ɫɨɫɬɨɢɬ ɧɟ ɦɟɧɟɟ, ɱɟɦ ɢɡ ɲɟɫɬɢ 

ɨɛɹɡɚɬɟɥɶɧɵɯ ɝɟɧɨɜ. ɇɚ 5'-ɤɨɧɰɟ ɝɟɧɨɦɚ ɧɚɯɨɞɢɬɫɹ ɥɢɞɟɪɧɚɹ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ, ɤɨɬɨɪɚɹ ɢɝɪɚɟɬ ɜɚɠɧɭɸ ɪɨɥɶ ɜ ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɨɜ 

ɤɨɪɨɧɚɜɢɪɭɫɨɜ ɜɨ ɜɪɟɦɹ ɩɪɟɪɵɜɢɫɬɨɣ ɫɭɛɝɟɧɨɦɧɨɣ ɪɟɩɥɢɤɚɰɢɢ. ȼɛɥɢɡɢ 5'-ɤɷɩ-

ɫɬɪɭɤɬɭɪɵ ɧɚɯɨɞɢɬɫɹ ɝɟɧ ɪɟɩɥɢɤɚɡɵ, ɤɨɬɨɪɵɣ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ 

ɩɟɪɟɤɪɵɜɚɸɳɢɯɫɹ ɨɬɤɪɵɬɵɯ ɪɚɦɨɤ ɫɱɢɬɵɜɚɧɢɹ, ORF 1a ɢ 1b, ɤɨɬɨɪɵɟ 

ɡɚɧɢɦɚɸɬ ɨɤɨɥɨ 2/3 ɜɫɟɝɨ ɝɟɧɨɦɚ. Ɇɟɠɞɭ ORF1a ɢ ORF1b ɫɭɳɟɫɬɜɭɟɬ ɫɞɜɢɝ 

ɪɚɦɤɢ ɫɱɢɬɵɜɚɧɢɹ -1, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɪɨɞɭɤɰɢɢ ɞɜɭɯ ɩɨɥɢɩɪɨɬɟɢɧɨɜ: pp1a ɢ 

pp1ab. Ɂɚɬɟɦ ɩɨɥɢɩɪɨɬɟɢɧɵ ɩɪɨɰɟɫɫɢɪɭɸɬɫɹ ɞɜɭɦɹ ɢɥɢ ɬɪɟɦɹ ɜɢɪɭɫɧɵɦɢ 

ɞɨɦɟɧɚɦɢ ɩɪɨɬɟɢɧɚɡɵ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɦɟɦɛɪɚɧɨɫɜɹɡɚɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ 

ɪɟɩɥɢɤɚɡɚ-ɬɪɚɧɫɤɪɢɩɬɚɡɚ (Brockway et al., 2003). ɉɨɫɥɟ ɩɪɨɬɟɨɥɢɬɢɱɟɫɤɨɝɨ 

ɩɪɨɰɟɫɫɢɧɝɚ ɩɨɥɢɩɟɩɬɢɞ ORF 1ab ɫɨ ɫɞɜɢɝɨɦ ɪɚɦɤɢ ɫɱɢɬɵɜɚɧɢɹ ɝɟɧɟɪɢɪɭɟɬ 15–

16 ɧɟɫɬɪɭɤɬɭɪɧɵɯ ɛɟɥɤɨɜ (nsp), ɦɧɨɝɢɟ ɢɡ ɤɨɬɨɪɵɯ ɭɱɚɫɬɜɭɸɬ ɥɢɛɨ ɜ ɫɢɧɬɟɡɟ 

ɊɇɄ, ɥɢɛɨ ɜ ɩɪɨɬɟɨɥɢɬɢɱɟɫɤɨɦ ɩɪɨɰɟɫɫɢɧɝɟ, ɧɟɨɛɯɨɞɢɦɨɦ ɞɥɹ ɪɟɩɥɢɤɚɰɢɢ 
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ɜɢɪɭɫɚ: nsp1 – nsp11, ɤɨɞɢɪɭɸɬɫɹ ɜ ORF 1a, ɚ nsp12–16, ɤɨɞɢɪɭɸɬɫɹ ɜ ORF1b 

(Ziebuhr et al., 2000). 

ɉɨɫɥɟ ORF1b ɪɚɫɩɨɥɨɠɟɧɵ ɱɟɬɵɪɟ ɨɬɤɪɵɬɵɯ ɪɚɦɤɢ ɫɱɢɬɵɜɚɧɢɹ, ɤɨɬɨɪɵɟ 

ɤɨɞɢɪɭɸɬ ɨɛɳɢɣ ɞɥɹ ɜɫɟɯ ɤɨɪɨɧɚɜɢɪɭɫɨɜ ɧɚɛɨɪ ɫɬɪɭɤɬɭɪɧɵɯ ɛɟɥɤɨɜ: 

ɫɩɚɣɤɨɜɵɣ ɛɟɥɨɤ (S), ɦɟɦɛɪɚɧɵ (M), ɨɛɨɥɨɱɤɢ (E) ɢ ɧɭɤɥɟɨɤɚɩɫɢɞɚ (N). Ȼɟɥɨɤ S 

ɨɩɨɫɪɟɞɭɟɬ ɩɪɢɤɪɟɩɥɟɧɢɟ ɜɢɪɭɫɚ ɤ ɫɩɟɰɢɮɢɱɟɫɤɢɦ ɤɥɟɬɨɱɧɵɦ ɪɟɰɟɩɬɨɪɚɦ ɢ 

ɫɥɢɹɧɢɟ ɦɟɠɞɭ ɨɛɨɥɨɱɤɨɣ ɢ ɩɥɚɡɦɚɬɢɱɟɫɤɨɣ ɦɟɦɛɪɚɧɨɣ ɢ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ 

ɢɧɞɭɤɬɨɪɨɦ ɧɟɣɬɪɚɥɢɡɭɸɳɢɯ ɜɢɪɭɫ ɚɧɬɢɬɟɥ. Ȼɟɥɨɤ ɨɛɨɥɨɱɤɢ (ȿ) ɢɝɪɚɟɬ 

ɜɚɠɧɭɸ ɪɨɥɶ ɜ ɫɛɨɪɤɟ ɜɢɪɭɫɧɨɣ ɨɛɨɥɨɱɤɢ, ɧɨ ɧɟ ɹɜɥɹɟɬɫɹ ɫɭɳɟɫɬɜɟɧɧɵɦ ɞɥɹ 

ɪɚɡɦɧɨɠɟɧɢɹ ɜɢɪɭɫɚ. Ɇɟɦɛɪɚɧɧɵɣ ɛɟɥɨɤ (Ɇ), ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɣ 

ɫɬɪɭɤɬɭɪɧɵɣ ɤɨɦɩɨɧɟɧɬ, ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɝɥɢɤɨɩɪɨɬɟɢɧ III ɬɢɩɚ, ɫɨɫɬɨɹɳɢɣ 

ɢɡ ɤɨɪɨɬɤɨɝɨ ɚɦɢɧɨɤɨɧɰɟɜɨɝɨ ɷɤɬɨɞɨɦɟɧɚ, ɬɪɚɧɫɦɟɦɛɪɚɧɧɨɝɨ ɞɨɦɟɧɚ ɢ 

ɞɥɢɧɧɨɝɨ ɜɧɭɬɪɟɧɧɟɝɨ ɞɨɦɟɧɚ ɫ ɤɚɪɛɨɤɫɢɥɶɧɵɦ ɤɨɧɰɨɦ. Ȼɟɥɨɤ ɧɭɤɥɟɨɤɚɩɫɢɞɚ 

(N) ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɮɨɫɮɨɩɪɨɬɟɢɧ, ɤɨɬɨɪɵɣ ɩɨɦɢɦɨ ɫɜɨɟɣ ɮɭɧɤɰɢɢ ɜ 

ɜɢɪɢɨɧɟ ɬɚɤɠɟ ɦɨɞɭɥɢɪɭɟɬ ɫɢɧɬɟɡ ɜɢɪɭɫɧɨɣ ɊɇɄ (Brian et al., 2005). 

ɉɨɦɢɦɨ ɷɬɢɯ ɱɟɬɵɪɟɯ ɨɫɧɨɜɧɵɯ ɫɬɪɭɤɬɭɪɧɵɯ ɛɟɥɤɨɜ, ɪɚɡɧɵɟ 

ɤɨɪɨɧɚɜɢɪɭɫɵ ɤɨɞɢɪɭɸɬ ɫɩɟɰɢɚɥɶɧɵɟ ɫɬɪɭɤɬɭɪɧɵɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɟ ɛɟɥɤɢ, 

ɬɚɤɢɟ ɤɚɤ ɛɟɥɨɤ  ɝɟɦɚɝɝɥɸɬɢɧɢɧ-ɷɫɬɟɪɚɡɚ (HE), ɛɟɥɨɤ 3a/b, ɛɟɥɨɤ 4a/b ɢ ɞɪɭɝɢɟ, 

ɨɧɢ ɧɟ ɧɭɠɧɵ ɩɪɢ ɪɟɩɥɢɤɚɰɢɢ, ɧɨ, ɜɢɞɢɦɨ, ɢɝɪɚɸɬ ɜɚɠɧɭɸ ɪɨɥɶ ɜ ɩɚɬɨɝɟɧɟɡɟ. 

ɂɯ ɤɨɥɢɱɟɫɬɜɨ, ɧɭɤɥɟɨɬɢɞɧɚɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɢ ɩɨɪɹɞɨɤ ɦɨɝɭɬ ɡɚɦɟɬɧɨ 

ɪɚɡɥɢɱɚɬɶɫɹ ɭ ɪɚɡɧɵɯ ɤɨɪɨɧɚɜɢɪɭɫɨɜ. Ɏɭɧɤɰɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɛɟɥɤɨɜ ɜ 

ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɧɟɢɡɜɟɫɬɧɚ. Ɉɞɧɚɤɨ ɨɧɢ ɞɟɣɫɬɜɢɬɟɥɶɧɨ ɢɝɪɚɸɬ ɜɚɠɧɭɸ 

ɪɨɥɶ ɜɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹɯ ɜɢɪɭɫɚ-ɯɨɡɹɢɧɚ, ɩɨɫɤɨɥɶɤɭ ɨɛɵɱɧɨ ɫɨɯɪɚɧɹɸɬɫɹ ɜɨ 

ɜɪɟɦɹ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɢɧɮɢɰɢɪɨɜɚɧɢɹ, ɚ ɢɯ ɩɨɬɟɪɹ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ 

ɜɢɪɭɥɟɧɬɧɨɫɬɢ (Chen et al., 2020; Van Boheemen et al., 2012; Lu et al.,2015).  

ɇɚ ɪɢɫɭɧɤɟ 1 ɩɪɢɜɟɞɟɧɵ ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɨɟ ɞɟɪɟɜɨ ɢ ɫɬɪɭɤɬɭɪɵ ɝɟɧɨɦɨɜ 

ɬɢɩɢɱɧɵɯ ɩɪɟɞɫɬɚɜɢɬɟɥɟɣ ɤɨɪɨɧɚɜɢɪɭɫɨɜ (Chen et al., 2020). 
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Ɋɢɫɭɧɨɤ 1 – A. Ɏɢɥɨɝɟɧɟɬɢɱɟɫɤɨɟ ɞɟɪɟɜɨ ɪɟɩɪɟɡɟɧɬɚɬɢɜɧɵɯ ɜɢɞɨɜ 

ɤɨɪɨɧɚɜɢɪɭɫɨɜ. ȼ. ɋɬɪɭɤɬɭɪɚ ɝɟɧɨɦɨɜ ɱɟɬɵɪɟɯ ɪɨɞɨɜ ɤɨɪɨɧɚɜɢɪɭɫɨɜ. 

ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ pp1a ɢ pp1b ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɞɜɚ ɞɥɢɧɧɵɯ 

ɩɨɥɢɩɟɩɬɢɞɚ, ɤɨɬɨɪɵɟ ɩɪɨɰɟɫɫɢɪɭɸɬɫɹ ɜ 16 ɧɟɫɬɪɭɤɬɭɪɧɵɯ ɛɟɥɤɨɜ. S, E, M ɢ N 

ɨɛɨɡɧɚɱɚɸɬ ɱɟɬɵɪɟ ɫɬɪɭɤɬɭɪɧɵɯ ɛɟɥɤɚ: ɫɩɚɣɤɨɜɵɣ, ɨɛɨɥɨɱɤɢ, ɦɟɦɛɪɚɧɵ ɢ 

ɧɭɤɥɟɨɤɚɩɫɢɞɚ, ɚ ɬɚɤɠɟ HE  ̶  ɝɟɦɚɝɝɥɸɬɢɧɢɧ-ɷɫɬɟɪɚɡɚ (Chen et al., 2020) 

ɂɫɯɨɞɹ ɢɡ ɪɟɩɪɟɡɟɧɬɚɬɢɜɧɨɣ ɜɵɛɨɪɤɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 1, 

ɜɵɪɚɜɧɢɜɚɧɢɟ ɝɟɧɨɦɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɤɨɪɨɧɚɜɢɪɭɫɨɜ ɩɨɤɚɡɵɜɚɟɬ 58% 

ɢɞɟɧɬɢɱɧɨɫɬɢ ɜ ɨɛɥɚɫɬɢ, ɤɨɞɢɪɭɸɳɟɣ ɧɟɫɬɪɭɤɬɭɪɧɵɟ ɛɟɥɤɢ, ɢ 43% 

ɢɞɟɧɬɢɱɧɨɫɬɢ ɜ ɨɛɥɚɫɬɢ, ɤɨɞɢɪɭɸɳɟɣ ɫɬɪɭɤɬɭɪɧɵɟ ɛɟɥɤɢ ɫɪɟɞɢ ɪɚɡɥɢɱɧɵɯ 

ɤɨɪɨɧɚɜɢɪɭɫɨɜ. ɂɞɟɧɬɢɱɧɨɫɬɶ ɧɚ ɭɪɨɜɧɟ ɜɫɟɝɨ ɝɟɧɨɦɚ 54%. Ɍɨ ɟɫɬɶ, 

ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɨɛɥɚɫɬɶ, ɤɨɞɢɪɭɸɳɚɹ ɧɟɫɬɪɭɤɬɭɪɧɵɟ ɛɟɥɤɢ ɛɨɥɟɟ 

ɤɨɧɫɟɪɜɚɬɢɜɧɚ, ɚ ɨɛɥɚɫɬɶ, ɤɨɞɢɪɭɸɳɚɹ ɫɬɪɭɤɬɭɪɧɵɟ ɛɟɥɤɢ ɛɨɥɟɟ ɪɚɡɧɨɨɛɪɚɡɧɚ 

ɢ ɧɭɠɞɚɟɬɫɹ ɜ ɚɞɚɩɬɚɰɢɢ ɤ ɧɨɜɵɦ ɯɨɡɹɟɜɚɦ(Chen et al., 2020). 

 
1.1.1. Ⱥɥɶɮɚɤɨɪɨɧɚɜɢɪɭɫɵ 

 
Ɋɟɩɪɟɡɟɧɬɚɬɢɜɧɵɟ ɚɥɶɮɚɤɨɪɨɧɚɜɢɪɭɫɵ ɜɤɥɸɱɚɸɬ ɤɨɪɨɧɚɜɢɪɭɫɵ 

ɱɟɥɨɜɟɤɚ NL63 (HCoV-NL63) ɢ 229ȿ ((HCoV-229ȿ), ɤɨɪɨɧɚɜɢɪɭɫ 

ɬɪɚɧɫɦɢɫɫɢɜɧɨɝɨ ɝɚɫɬɪɨɷɧɬɟɪɢɬɚ ɫɜɢɧɟɣ (TGEV), ɜɢɪɭɫ ɷɩɢɞɢɦɢɱɟɫɤɨɣ ɞɢɚɪɟɢ 

ɫɜɢɧɟɣ (PEDV), ɪɟɫɩɢɪɚɬɨɪɧɵɣ ɤɨɪɨɧɚɜɢɪɭɫ ɫɜɢɧɟɣ (PRCV) ɢ ɜɢɪɭɫ 

ɢɧɮɟɤɰɢɨɧɧɨɝɨ ɩɟɪɢɬɨɧɢɬɚ ɤɨɲɟɤ (FIPV). 
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ɉɨɦɢɦɨ ɨɛɹɡɚɬɟɥɶɧɨɝɨ ɧɚɛɨɪɚ ɝɟɧɨɜ ɭ ɧɢɯ ɬɚɤ ɠɟ ɡɚɱɚɫɬɭɸ ɜɨ ɜɬɨɪɨɣ 

ɬɪɟɬɢ ɝɟɧɨɦɟ ɟɫɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɝɟɧɵ (Dye et al., 2005; Haijema et al., 2007; 

Tekes et al., 2008). Ʉɨɪɨɧɚɜɢɪɭɫɵ ɱɟɥɨɜɟɤɚ HCoV-NL63 ɢ PEDV, ɤɨɞɢɪɭɸɬ 

ɨɞɢɧ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɛɟɥɨɤ ɦɟɠɞɭ ɝɟɧɚɦɢ S ɢ E. Ɉɞɧɚɤɨ ɞɪɭɝɢɟ 

ɚɥɶɮɚɤɨɪɨɧɚɜɢɪɭɫɵ, ɬɚɤɢɟ ɤɚɤ ɱɟɥɨɜɟɱɟɫɤɢɣ HCoV-229E, TGEV ɢ FIPV, 

ɫɨɞɟɪɠɚɬ ɞɜɚ, ɬɪɢ ɢ ɩɹɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɛɟɥɤɨɜ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ɍɚɤ, 

ɧɚɩɪɢɦɟɪ, ɭ ɚɥɶɮɚɤɚɪɨɧɚɜɢɪɭɫɨɜ ɜ ɨɛɥɚɫɬɢ ɦɟɠɞɭ ɝɟɧɚɦɢ, ɤɨɞɢɪɭɸɳɢɦɢ S ɢ E 

ɛɟɥɤɢ, ɧɚɯɨɞɢɬɫɹ ORF3, ɤɨɞɢɪɭɸɳɚɹ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɟ ɛɟɥɤɢ 3a, 3b ɢ 3c (Tekes 

et al., 2016). ɇɚɩɪɢɦɟɪ, ɭ ɤɨɲɚɱɶɟɝɨ (FIPV) ɢ ɫɨɛɚɱɶɟɝɨ (CCoV) ɤɨɪɨɧɚɜɢɪɭɫɨɜ 

ɢɦɟɟɬɫɹ ɜɫɟ 3 ɛɟɥɤɚ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɭ ɤɨɪɨɧɚɜɢɪɭɫɚ ɬɪɚɧɫɦɢɫɫɢɜɧɨɝɨ 

ɝɚɫɬɪɨɷɧɬɟɪɢɬɚ ɫɜɢɧɟɣ ɩɪɢɫɭɬɫɬɜɭɸɬ ɬɨɥɶɤɨ ɛɟɥɤɢ 3a ɢ 3b, ɤɚɤ ɢ ɭ 

ɤɨɪɨɧɚɜɢɪɭɫɨɜ ɱɟɥɨɜɟɤɚ NL63 ɢ 229ȿ. ɉɪɢ ɷɬɨɦ ɚɧɚɥɢɡ ɝɟɧɨɦɧɵɯ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɭɤɚɡɵɜɚɟɬ ɧɚ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɭ ɜɫɟɯ ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɯ 

ɜɢɪɭɫɨɜ 3ɚ ɛɟɥɤɢ ɹɜɥɹɸɬɫɹ ɝɨɦɨɥɨɝɢɱɧɵɦɢ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɝɟɧ, ɤɨɞɢɪɭɸɳɢɣ 3ɫ 

ɤɨɲɚɱɶɟɝɨ ɤɨɪɨɧɚɜɢɪɭɫɚ ɹɜɥɹɟɬɫɹ ɝɨɦɨɥɨɝɨɦ ɞɥɹ 3ɫ ɤɨɪɨɧɚɜɢɪɭɫɚ, 

ɩɨɪɚɠɚɸɳɟɝɨ ɫɨɛɚɤ ɢ ɝɨɦɨɥɨɝɨɦ 3b ɬɪɚɧɫɦɢɫɫɢɜɧɨɝɨ ɝɚɫɬɪɨɷɧɬɟɪɢɬɚ ɫɜɢɧɟɣ 

(Narayanan et al., 2007). 

Ɍɚɤɠɟ ɨɬɦɟɱɚɟɬɫɹ, ɱɬɨ ɪɚɡɧɵɟ ɩɪɟɞɫɬɚɜɢɬɟɥɢ ɚɥɶɮɚɤɨɪɨɧɚɜɢɪɭɫɨɜ 

ɫɨɞɟɪɠɚɬ ɪɚɡɥɢɱɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɝɟɧɨɜ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɭɠɟ 

ɩɨɫɥɟ ɝɟɧɚ, ɤɨɞɢɪɭɸɳɟɝɨ ɛɟɥɨɤ ɧɭɤɥɟɨɤɚɩɫɢɞɚ (Haijema et al., 2004). 

 
1.1.2. Ȼɟɬɚɤɨɪɨɧɚɜɢɪɭɫɵ 

 
Ɍɢɩɢɱɧɵɟ ɛɟɬɚɤɨɪɨɧɚɜɢɪɭɫɵ ɜɤɥɸɱɚɸɬ SARS-CoV, SARS-CoV-2, 

MERS-CoV, ɤɨɪɨɧɚɜɢɪɭɫ ɥɟɬɭɱɢɯ ɦɵɲɟɣ HKU4, ɤɨɪɨɧɚɜɢɪɭɫ ɝɟɩɚɬɢɬɚ ɦɵɲɟɣ 

(MHV), ɤɨɪɨɧɚɜɢɪɭɫ ɤɪɭɩɧɨɝɨ ɪɨɝɚɬɨɝɨ ɫɤɨɬɚ (BCoV), ɤɨɪɨɧɚɜɢɪɭɫ ɱɟɥɨɜɟɤɚ 

OC43 ɢ ɞɪ. Ɉɧɢ ɬɚɤɠɟ ɫɨɞɟɪɠɚɬ ɪɚɡɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɛɟɥɤɨɜ: 

ɤɚɠɞɵɣ ɢɡ ɤɨɪɨɧɚɜɢɪɭɫɨɜ MHV, HCoV-OC43 ɢ MERS-CoV ɢɦɟɟɬ ɩɹɬɶ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɛɟɥɤɨɜ, ɚ ɜ SARS-CoV ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɨ ɧɟ ɦɟɧɟɟ ɜɨɫɶɦɢ (Li  

et al., 2014, Chafekar et al., 2018).  
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Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɨɫɧɨɜɧɨɣ ɨɬɜɟɬ ɤɥɟɬɨɤ ɦɥɟɤɨɩɢɬɚɸɳɢɯ ɧɚ ɜɢɪɭɫɧɭɸ 

ɢɧɮɟɤɰɢɸ — ɷɬɨ ɚɤɬɢɜɚɰɢɹ ɜɪɨɠɞɟɧɧɨɝɨ ɢɦɦɭɧɧɨɝɨ ɨɬɜɟɬɚ ɩɨɫɪɟɞɫɬɜɨɦ 

ɩɪɨɞɭɤɰɢɢ ɢɧɬɟɪɮɟɪɨɧɚ I ɬɢɩɚ. ɂɫɫɥɟɞɨɜɚɧɢɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜɪɟɦɟɧɧɨɣ 

ɫɜɟɪɯɷɤɫɩɪɟɫɫɢɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɛɟɥɤɨɜ ORF4a, ORF4b ɢ ORF5 ɩɨɤɚɡɚɥɢ, ɱɬɨ 

ɨɧɢ ɢɧɝɢɛɢɪɭɸɬ ɤɚɤ ɢɧɞɭɤɰɢɸ ɢɧɬɟɪɮɟɪɨɧɚ I ɬɢɩɚ (Yang et al., 2013;  Niemeyer 

et al., 2013; Matthews et al., 2014), ɬɚɤ ɢ ɩɭɬɢ ɩɟɪɟɞɚɱɢ ɫɢɝɧɚɥɨɜ NF-kappaB, 

ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ ɭɧɢɜɟɪɫɚɥɶɧɵɦ ɮɚɤɬɨɪɨɦ ɬɪɚɧɫɤɪɢɩɰɢɢ, ɤɨɧɬɪɨɥɢɪɭɸɳɢɦ 

ɷɤɫɩɪɟɫɫɢɸ ɝɟɧɨɜ ɢɦɦɭɧɧɨɝɨ ɨɬɜɟɬɚ  (Matthews et al., 2014). 

Ȼɟɥɨɤ HE (ɝɥɢɤɨɩɪɨɬɟɢɧ ɝɟɦɚɝɝɥɸɬɢɧɢɧ-ɷɫɬɟɪɚɡɵ) ɜɯɨɞɢɬ ɜ ɫɬɪɭɤɬɭɪɭ 

ɬɨɥɶɤɨ ɛɟɬɚɤɨɪɨɧɚɜɢɪɭɫɨɜ. ɑɚɫɬɶ ɛɟɥɤɚ HE ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɥɟɬɤɢ-ɯɨɡɹɢɧɚ 

ɫɜɹɡɵɜɚɟɬɫɹ ɫ ɫɢɚɥɨɜɨɣ ɤɢɫɥɨɬɨɣ ɢ, ɜɟɪɨɹɬɧɨ, ɫɩɨɫɨɛɫɬɜɭɟɬ ɧɚɱɚɥɶɧɨɣ 

ɚɞɫɨɪɛɰɢɢ ɜɢɪɭɫɚ ɦɟɦɛɪɚɧɨɣ. ɗɫɬɟɪɚɡɚ ɨɬɳɟɩɥɹɟɬ ɚɰɟɬɢɥɶɧɵɟ ɝɪɭɩɩɵ ɨɬ 

ɫɢɚɥɨɜɨɣ ɤɢɫɥɨɬɵ. Ƚɟɧɵ HE ɤɨɪɨɧɚɜɢɪɭɫɨɜ ɢɦɟɸɬ ɝɨɦɨɥɨɝɢɱɧɵɟ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɫ ɝɥɢɤɨɩɪɨɬɟɢɧɨɦ HE ɜɢɪɭɫɚ ɝɪɢɩɩɚ ɢ ɫɩɨɫɨɛɧɵ 

ɨɬɨɛɪɚɠɚɬɶ ɪɚɧɧɸɸ ɪɟɤɨɦɛɢɧɚɰɢɸ ɦɟɠɞɭ ɞɜɭɦɹ ɜɢɪɭɫɚɦɢ (Klausegger et 

al., 1999). 

 
1.1.3. Ƚɚɦɦɚɤɨɪɨɧɚɜɢɪɭɫɵ 

 
Ɍɢɩɢɱɧɵɣ ɝɚɦɦɚɤɨɪɨɧɚɜɢɪɭɫ — ɤɨɪɨɧɚɜɢɪɭɫ ɩɬɢɱɶɟɝɨ ɢɧɮɟɤɰɢɨɧɧɨɝɨ 

ɛɪɨɧɯɢɬɚ (IBV). Ɉɧ ɢɦɟɟɬ ɞɜɚ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɝɟɧɚ, ɧɚɡɵɜɚɸɳɢɟɫɹ 3 ɢ 5, 

ɤɨɬɨɪɵɟ ɜ ɢɬɨɝɟ ɬɪɚɧɫɥɢɪɭɸɬɫɹ ɜ ɱɟɬɵɪɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɛɟɥɤɚ. Ƚɟɧ 3 ɢɦɟɟɬ 

ɬɪɢ ɨɬɤɪɵɬɵɯ ɪɚɦɤɢ ɫɱɢɬɵɜɚɧɢɹ, ɤɨɞɢɪɭɸɳɢɟ ɛɟɥɤɢ 3a, 3b ɢ 3c, ɤɨɬɨɪɵɣ 

ɹɜɥɹɟɬɫɹ ɛɟɥɤɨɦ ɨɛɨɥɨɱɤɢ (E). Ƚɟɧ 5 ɬɪɚɧɫɥɢɪɭɟɬ ɛɟɥɤɢ 5a ɢ 5b. ɂɯ ɮɭɧɤɰɢɢ 

ɩɨɤɚ ɨɫɬɚɸɬɫɹ ɧɟɢɡɜɟɫɬɧɵɦɢ (Cavanagh et al., 2007). 

  
1.1.4. Ⱦɟɥɶɬɚɤɨɪɨɧɚɜɢɪɭɫɵ 

 
Ɍɢɩɢɱɧɵɣ ɩɪɟɞɫɬɚɜɢɬɟɥɶ — ɞɟɥɶɬɚɤɨɪɨɧɚɜɢɪɭɫ ɫɜɢɧɟɣ (PdCɨV). 

ɉɨɞɨɛɧɨ ɞɪɭɝɢɦ ɞɟɥɶɬɚɤɨɪɨɧɚɜɢɪɭɫɚɦ, PDCoV ɤɨɞɢɪɭɟɬ ɞɜɚ ɫɩɟɰɢɮɢɱɟɫɤɢɯ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɝɟɧɚ, ɚ ɢɦɟɧɧɨ NS6, ɪɚɫɩɨɥɨɠɟɧɧɵɣ ɦɟɠɞɭ ɝɟɧɚɦɢ M ɢ N, ɢ 

NS7, ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ ɚɥɶɬɟɪɧɚɬɢɜɧɨɣ ɪɚɦɤɨɣ ɫɱɢɬɵɜɚɧɢɹ ɝɟɧɚ  N. ɂɡ 
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ɧɟɞɚɜɧɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢɡɜɟɫɬɧɨ, ɱɬɨ NS7 ɧɟ ɬɪɟɛɭɟɬɫɹ ɞɥɹ ɷɮɮɟɤɬɢɜɧɨɣ 

ɪɟɩɥɢɤɚɰɢɢ ɜ ɤɥɟɬɤɚɯ, ɧɨ ɜɢɪɭɫɵ, ɥɢɲɟɧɧɵɟ ɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ NS6, 

ɞɟɦɨɧɫɬɪɢɪɭɟɬ ɡɚɦɟɬɧɨ ɛɨɥɟɟ ɧɢɡɤɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɟɩɥɢɤɚɰɢɢ (Zhang et al., 

2019). 

1.2. Эɜɨɥɸɰɢɹ ɤɨɪɨɧɚɜɢɪɭɫɨɜ 
 

ɉɟɪɜɵɣ ɨɛɧɚɪɭɠɟɧɧɵɣ ɤɨɪɨɧɚɜɢɪɭɫ, ɜɢɪɭɫ ɢɧɮɟɤɰɢɨɧɧɨɝɨ ɛɪɨɧɯɢɬɚ 

(IBV), ɛɵɥ ɜɵɞɟɥɟɧ ɢɡ ɤɭɪɢɧɵɯ ɷɦɛɪɢɨɧɨɜ ɜ 1937 ɝɨɞɭ (Beaudette et al., 1937). 

Ɂɚ ɧɢɦ ɩɨɫɥɟɞɨɜɚɥɨ ɨɬɤɪɵɬɢɟ ɜɢɪɭɫɚ ɝɟɩɚɬɢɬɚ ɦɵɲɟɣ (MHV) ɢ ɤɨɪɨɧɚɜɢɪɭɫɨɜ 

ɞɪɭɝɢɯ ɦɥɟɤɨɩɢɬɚɸɳɢɯ ɜ 1940-ɯ ɝɨɞɚɯ (Cheever et al., 1949; Doyle et.al., 1946). 

ɉɟɪɜɵɦɢ ɨɛɧɚɪɭɠɟɧɧɵɦɢ ɤɨɪɨɧɚɜɢɪɭɫɚɦɢ ɱɟɥɨɜɟɤɚ ɹɜɥɹɸɬɫɹ 229E (HCoV-

229E) ɢ OC43 (HCoV-OC43), ɤɨɬɨɪɵɟ ɛɵɥɢ ɨɛɧɚɪɭɠɟɧɵ ɜ 1960-ɯ ɝɨɞɚɯ (Tyrrell 

et.al., 1966; Hamre et al., 1966). HCoV-229E — ɷɬɨ ɚɥɶɮɚɤɨɪɨɧɚɜɢɪɭɫ, 

ɜɨɡɧɢɤɲɢɣ ɭ ɥɟɬɭɱɢɯ ɦɵɲɟɣ ɢ ɩɟɪɟɞɚɜɲɢɣɫɹ ɱɟɥɨɜɟɤɭ ɱɟɪɟɡ ɚɥɶɩɚɤ (Corman et 

al., 2015), ɚ OC43 — ɛɟɬɚɤɨɪɨɧɚɜɢɪɭɫ, ɩɟɪɟɞɚɜɲɢɣɫɹ ɱɟɥɨɜɟɤɭ ɨɬ ɝɪɵɡɭɧɨɜ 

ɱɟɪɟɡ ɤɪɭɩɧɨɪɨɝɚɬɵɣ ɫɤɨɬ (Corman et al., 2018). ɉɨɫɥɟ ɷɩɢɞɟɦɢɢ ɚɬɢɩɢɱɧɨɣ 

ɩɧɟɜɦɨɧɢɢ 2002–2003 ɝɝ. ɢɧɬɟɪɟɫ ɤ ɤɨɪɨɧɚɜɢɪɭɫɚɦ ɜɨɡɨɛɧɨɜɢɥɫɹ ɢ ɩɨɡɜɨɥɢɥ 

ɨɬɤɪɵɬɶ ɟɳɟ ɞɜɚ ɜɢɪɭɫɚ, ɩɨɪɚɠɚɸɳɢɯ ɱɟɥɨɜɟɤɚ, — ɚɥɶɮɚɤɨɪɨɧɚɜɢɪɭɫ HCoV-

NL63 ɢ ɛɟɬɚɤɨɪɨɧɚɜɢɪɭɫ HCoV-HKU1, ɩɨɥɭɱɟɧɧɵɟ ɨɬ ɥɟɬɭɱɢɯ ɦɵɲɟɣ ɢ 

ɝɪɵɡɭɧɨɜ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ (Tao et al., 2017). ȼɫɟ ɷɬɢ ɱɟɬɵɪɟ ɜɢɪɭɫɚ ɨɛɵɱɧɨ 

ɜɵɡɵɜɚɸɬ ɥɟɝɤɢɟ ɪɟɫɩɢɪɚɬɨɪɧɵɟ ɫɢɦɩɬɨɦɵ ɭ ɢɦɦɭɧɨɤɨɦɩɟɬɟɧɬɧɵɯ ɩɚɰɢɟɧɬɨɜ. 

SARS-CoV ɢ MERS-CoV — ɷɬɨ ɞɜɚ ɧɟɪɨɞɫɬɜɟɧɧɵɯ ɛɟɬɚɤɨɪɨɧɚɜɢɪɭɫɚ, 

ɤɨɬɨɪɵɟ ɩɪɨɢɡɨɲɥɢ ɨɬ ɥɟɬɭɱɢɯ ɦɵɲɟɣ ɢ ɩɟɪɟɞɚɸɬɫɹ ɥɸɞɹɦ ɨɬ ɞɢɤɢɯ 

ɩɥɨɬɨɹɞɧɵɯ ɠɢɜɨɬɧɵɯ ɢ ɜɟɪɛɥɸɞɨɜ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɞɪɭɝɢɯ 

HCoV, ɷɬɢ ɞɜɚ ɜɢɪɭɫɚ ɩɪɨɹɜɥɹɥɢ ɩɨɜɵɲɟɧɧɭɸ ɜɢɪɭɥɟɧɬɧɨɫɬɶ, ɜɵɡɵɜɚɹ 

ɬɹɠɟɥɭɸ ɩɧɟɜɦɨɧɢɸ ɢ ɞɚɠɟ ɫɦɟɪɬɶ ɩɨɪɚɠɟɧɧɵɯ ɥɸɞɟɣ, ɩɪɢ ɷɬɨɦ ɭɪɨɜɟɧɶ 

ɫɦɟɪɬɧɨɫɬɢ ɫɨɫɬɚɜɥɹɥ ɨɤɨɥɨ 10% ɢ 30%, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ (Guarner et al., 2020). 

ȼɨɡɧɢɤɚɟɬ ɜɨɩɪɨɫ, ɤɚɤ ɤɨɪɨɧɚɜɢɪɭɫɵ ɩɟɪɟɯɨɞɹɬ ɦɟɠɜɢɞɨɜɨɣ ɛɚɪɶɟɪ? ȼ 

ɪɟɡɭɥɶɬɚɬɟ ɬɪɚɧɫɤɪɢɩɰɢɢ ɜɢɪɭɫɧɨɣ ɊɇɄ ɫɢɧɬɟɡɢɪɭɸɬɫɹ ɤɚɤ ɝɟɧɨɦɧɵɟ 

(ɩɨɥɧɨɪɚɡɦɟɪɧɵɟ ɬɪɚɧɫɤɪɢɩɬɵ), ɬɚɤ ɢ ɫɭɛɝɟɧɨɦɧɵɟ (ɭɫɟɱɟɧɧɵɟ) ɊɇɄ. 
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ɋɭɛɝɟɧɨɦɧɵɟ ɊɇɄ ɫɥɭɠɚɬ ɦɊɇɄ ɞɥɹ ɫɬɪɭɤɬɭɪɧɵɯ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɝɟɧɨɜ, 

ɤɨɬɨɪɵɟ ɪɚɫɩɨɥɨɠɟɧɵ ɧɢɠɟ ɩɨɥɢɩɪɨɬɟɢɧɨɜ ɪɟɩɥɢɤɚɡɵ. ȼɫɟ ɫɭɛɝɟɧɨɦɧɵɟ ɩɥɸɫ-

ɰɟɩɢ ɊɇɄ ɨɛɪɚɡɭɸɬ ɧɚɛɨɪ ɜɥɨɠɟɧɧɵɯ ɊɇɄ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɨɬɥɢɱɢɬɟɥɶɧɨɣ ɱɟɪɬɨɣ 

ɩɨɪɹɞɤɚ Nidovirales (Sethna et al., 1991). 

Ʉɨɪɨɧɚɜɢɪɭɫɵ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɢɫɤɥɸɱɢɬɟɥɶɧɨɣ ɝɟɧɟɬɢɱɟɫɤɨɣ 

ɩɥɚɫɬɢɱɧɨɫɬɶɸ ɢ ɛɵɫɬɪɨ ɪɚɡɜɢɜɚɸɬɫɹ, ɢɡɦɟɧɹɹ ɫɜɨɣ ɚɧɬɢɝɟɧɧɵɣ ɩɪɨɮɢɥɶ, 

ɬɪɨɩɢɡɦ ɬɤɚɧɟɣ ɢɥɢ ɤɪɭɝ ɯɨɡɹɟɜ ɫ ɩɨɦɨɳɶɸ ɞɜɭɯ ɪɚɡɥɢɱɧɵɯ ɦɟɯɚɧɢɡɦɨɜ. 

ȼɢɪɭɫɧɚɹ ɪɟɩɥɢɤɚɡɚ (ɊɇɄ-ɡɚɜɢɫɢɦɚɹ ɊɇɄ-ɩɨɥɢɦɟɪɚɡɚ) ɦɨɠɟɬ ɪɚɛɨɬɚɬɶ ɫ 

ɨɲɢɛɤɚɦɢ, ɩɨɷɬɨɦɭ ɜɤɥɸɱɟɧɢɟ ɧɟɩɪɚɜɢɥɶɧɵɯ ɧɭɤɥɟɨɬɢɞɨɜ ɜ ɤɚɠɞɨɦ ɰɢɤɥɟ 

ɪɟɩɥɢɤɚɰɢɢ ɢ ɩɨɫɥɟɞɭɸɳɟɟ ɧɚɤɨɩɥɟɧɢɟ ɦɭɬɚɰɢɣ ɜ ɜɢɪɭɫɧɨɦ ɝɟɧɨɦɟ ɩɪɢɜɨɞɢɬ ɤ 

ɞɢɮɮɟɪɟɧɰɢɚɰɢɢ ɜɢɪɭɫɧɨɝɨ ɩɨɬɨɦɫɬɜɚ ɨɬ ɪɨɞɢɬɟɥɶɫɤɨɝɨ ɲɬɚɦɦɚ. ɗɬɨɬ 

ɦɟɯɚɧɢɡɦ ɯɨɪɨɲɨ ɢɡɜɟɫɬɟɧ ɞɥɹ ɜɢɪɭɫɨɜ ɝɪɢɩɩɚ ɢ ɨɬɜɟɬɫɬɜɟɧɟɧ, ɡɚ ɬɚɤ 

ɧɚɡɵɜɚɟɦɵɣ, ɚɧɬɢɝɟɧɧɵɣ ɞɪɟɣɮ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɜɵɡɵɜɚɬɶ ɩɨɫɬɟɩɟɧɧɭɸ 

ɚɞɚɩɬɚɰɢɸ ɩɨɜɟɪɯɧɨɫɬɟɣ ɛɟɥɤɨɜ ɜɢɪɭɫɚ ɤ ɪɟɰɟɩɬɨɪɚɦ ɤɥɟɬɨɤ ɧɨɜɵɯ ɜɢɞɨɜ 

ɠɢɜɨɬɧɵɯ, ɩɨɜɵɲɚɹ ɩɪɢɫɩɨɫɨɛɥɟɧɧɨɫɬɶ ɜɢɪɭɫɚ. Ʉ ɬɨɦɭ ɠɟ, ɨɫɨɛɵɣ ɦɟɯɚɧɢɡɦ 

ɪɟɩɥɢɤɚɰɢɢ ɤɨɪɨɧɚɜɢɪɭɫɨɜ ɫɩɨɫɨɛɫɬɜɭɟɬ ɪɟɤɨɦɛɢɧɚɰɢɢ ɢɡ-ɡɚ ɩɪɢɫɭɬɫɬɜɢɹ 

ɫɭɛɝɟɧɨɦɧɵɯ ɊɇɄ. ȼ ɫɥɭɱɚɟ ɡɚɪɚɠɟɧɢɹ ɛɨɥɟɟ ɱɟɦ ɨɞɧɢɦ ɲɬɚɦɦɨɦ 

ɤɨɪɨɧɚɜɢɪɭɫɚ, ɊɇɄ-ɩɨɥɢɦɟɪɚɡɚ ɦɨɠɟɬ ɩɟɪɟɫɤɚɤɢɜɚɬɶ ɫ ɊɇɄ ɨɞɧɨɝɨ ɲɬɚɦɦɚ ɧɚ 

ɊɇɄ ɞɪɭɝɨɝɨ ɲɬɚɦɦɚ, ɫɢɧɬɟɡɢɪɭɹ ɝɢɛɪɢɞɧɭɸ ɊɇɄ, ɫɨɞɟɪɠɚɳɭɸ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ ɨɛɨɢɯ ɜɢɪɭɫɨɜ. Ɋɟɤɨɦɛɢɧɚɰɢɹ ɦɨɠɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɧɟ 

ɬɨɥɶɤɨ ɫ ɝɟɧɨɦɧɵɦɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦɢ ɞɪɭɝɢɯ ɤɨɪɨɧɚɜɢɪɭɫɨɜ 

(ɝɨɦɨɥɨɝɢɱɧɚɹ ɪɟɤɨɦɛɢɧɚɰɢɹ), ɧɨ ɬɚɤɠɟ ɫ ɊɇɄ ɪɚɡɧɵɯ ɜɢɪɭɫɨɜ ɢ ɞɪɭɝɢɯ 

ɨɪɝɚɧɢɡɦɨɜ (ɝɟɬɟɪɨɥɨɝɢɱɧɚɹ ɪɟɤɨɦɛɢɧɚɰɢɹ) (Banner et al., 1991; Lai et al., 1996; 

Zeng et al., 2008). 

Ɋɟɤɨɦɛɢɧɚɰɢɹ — ɷɬɨ ɚɥɶɬɟɪɧɚɬɢɜɧɵɣ ɦɟɯɚɧɢɡɦ, ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɹɟɬ 

ɤɨɪɨɧɚɜɢɪɭɫɚɦ ɩɪɢɨɛɪɟɬɚɬɶ ɧɨɜɵɟ ɛɢɨɥɨɝɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ 

ɜɢɪɭɥɟɧɬɧɨɫɬɢ, ɞɢɚɩɚɡɨɧɚ ɯɨɡɹɟɜ ɢ ɬɪɨɩɢɡɦɚ ɬɤɚɧɟɣ. ɒɬɚɦɦɵ ɤɨɪɨɧɚɜɢɪɭɫɚ, 

ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɧɟɩɚɬɨɝɟɧɧɵɦɢ ɢɥɢ ɧɢɡɤɨɩɚɬɨɝɟɧɧɵɦɢ ɞɥɹ ɢɫɯɨɞɧɨɝɨ 

ɯɨɡɹɢɧɚ, ɦɨɝɭɬ ɩɨɜɵɲɚɬɶ ɫɜɨɸ ɩɚɬɨɝɟɧɧɨɫɬɶ ɭ ɬɟɯ ɠɟ ɜɢɞɨɜ ɢɥɢ ɚɞɚɩɬɢɪɨɜɚɬɶɫɹ 
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ɤ ɪɚɡɧɵɦ ɜɢɞɚɦ, ɪɚɫɩɪɨɫɬɪɚɧɹɬɫɹ ɜ ɧɨɜɨɦ ɯɨɡɹɢɧɟ ɫ ɢɫɤɥɸɱɢɬɟɥɶɧɨɣ 

ɫɤɨɪɨɫɬɶɸ (Banner et al., 1991). 

 
1.2.1. Кɨɪɨɧɚɜɢɪɭɫɵ ɩɬɢɰ 

 
ɋ ɦɨɦɟɧɬɚ ɩɨɹɜɥɟɧɢɹ SARS-CoV ɜ 2002 ɝɨɞɭ ɜɨɡɪɨɫ ɢɧɬɟɪɟɫ ɤ 

ɤɨɪɨɧɚɜɢɪɭɫɚɦ ɭ ɞɪɭɝɢɯ ɜɢɞɨɜ, ɜɤɥɸɱɚɹ ɩɬɢɰ. Ⱦɨ ɷɬɨɝɨ ɢɧɮɨɪɦɚɰɢɹ ɨ 

ɤɨɪɨɧɚɜɢɪɭɫɚɯ ɩɬɢɰ ɛɵɥɚ ɨɝɪɚɧɢɱɟɧɚ ɜ ɨɫɧɨɜɧɨɦ ɢɫɫɥɟɞɨɜɚɧɢɟɦ ɬɪɟɯ ɪɨɞɨɜ 

ɨɬɪɹɞɚ Galliformes. Ȼɵɥɢ ɢɡɭɱɟɧɵ ɜɢɪɭɫ ɢɧɮɟɤɰɢɨɧɧɨɝɨ ɛɪɨɧɯɢɬɚ (IBV) ɭ 

ɞɢɤɨɣ ɛɚɧɤɢɜɫɤɨɣ ɤɭɪɢɰɵ (Gallus gallus), ɚ ɬɚɤɠɟ ɤɨɪɨɧɚɜɢɪɭɫɵ TCoV ɢ PhCoV 

ɭ ɢɧɞɟɣɤɢ (ɪɨɞ Meleagris) ɢ ɮɚɡɚɧɚ (ɪɨɞ Phasianidae), ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ (Decaro et 

al., 2020). 

ɗɬɨɬ ɢɡɦɟɧɢɥɨɫɶ ɩɨɫɥɟ ɨɛɧɚɪɭɠɟɧɢɹ ɧɟɫɤɨɥɶɤɢɯ ɧɨɜɵɯ ɤɨɪɨɧɚɜɢɪɭɫɨɜ ɫ 

ɜɵɫɨɤɢɦ ɝɟɧɟɬɢɱɟɫɤɢɦ ɪɚɡɧɨɨɛɪɚɡɢɟɦ ɭ ɪɚɡɧɵɯ ɜɢɞɨɜ ɩɬɢɰ. ȼɫɟ ɷɬɢ ɜɢɪɭɫɵ, ɚ 

ɬɚɤɠɟ IBV-ɩɨɞɨɛɧɵɟ ɤɨɪɨɧɚɜɢɪɭɫɵ, ɨɛɧɚɪɭɠɟɧɧɵɟ ɭ ɞɪɭɝɢɯ ɩɬɢɰ, ɜɤɥɸɱɚɹ 

ɩɢɧɝɜɢɧɨɜ, ɝɨɥɭɛɟɣ, ɩɚɜɥɢɧɚ, ɩɨɩɭɝɚɟɜ, ɛɵɥɢ ɨɬɧɟɫɟɧɵ ɤ ɨɞɧɨɦɭ ɢ ɬɨɦɭ ɠɟ 

ɜɢɪɭɫɧɨɦɭ ɜɢɞɭ, ɢɡɜɟɫɬɧɨɦɭ ɤɚɤ ɩɬɢɱɢɣ ɤɨɪɨɧɚɜɢɪɭɫ (ACoV), ɩɪɢɧɚɞɥɟɠɚɳɢɣ 

ɤ ɪɨɞɭ ɝɚɦɦɚɤɨɪɨɧɚɜɢɪɭɫ (Cavanagh et al., 2002; Liu et al., 2005; Hughes et al., 

2009; Circella et al., 2007; Torres et al., 2013; Domanska-Blicharz et al., 2014; 

Decaro et al., 2020). 

ɂɫɬɨɪɢɱɟɫɤɢ ɜɫɟ ɤɨɪɨɧɚɜɢɪɭɫɵ ɩɬɢɰ ɨɬɧɨɫɢɥɢɫɶ ɤ ɪɨɞɭ 

ɝɚɦɦɚɤɨɪɨɧɚɜɢɪɭɫɨɜ ɢ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɜɫɟ ɤɨɪɨɧɚɜɢɪɭɫɵ, ɩɪɢɧɚɞɥɟɠɚɳɢɟ ɤ 

ɷɬɨɦɭ ɪɨɞɭ, ɛɵɥɢ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɵ ɬɨɥɶɤɨ ɭ ɩɬɢɰ. Ɉɞɧɚɤɨ ɷɬɨ 

ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɛɵɥɨ ɨɩɪɨɜɟɪɝɧɭɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɨɦ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɤ ɪɨɞɭ 

ɝɚɦɦɚɤɨɪɨɧɚɜɢɪɭɫɨɜ ɤɨɪɨɧɚɜɢɪɭɫɚ ɛɟɥɭɯɢ, ɜɩɟɪɜɵɟ ɨɛɧɚɪɭɠɟɧɧɨɝɨ ɜ 2008 ɝɨɞɭ 

(Beluga whale coronavirus SW1) (Mihindukulasuriya et al., 2008), ɢ ɬɪɟɯ ɧɨɜɵɯ 

ɤɨɪɨɧɚɜɢɪɭɫɨɜ: BuCoV HKU11 ɭ ɩɬɢɰ ɨɬɪɹɞɚ ɜɨɪɨɛɶɢɧɨɨɛɪɚɡɧɵɟ 

(Passeriformes), ThCoV HKU12 ɭ ɞɪɨɡɞɨɜ (Turdidae) ɢ MuCoV HKU13 ɭ ɦɭɧɢɢ 

(Lonchura punctulate), ɤɨɬɨɪɵɟ ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɢ ɧɟ ɝɪɭɩɩɢɪɨɜɚɥɢɫɶ ɫ 

ɫɭɳɟɫɬɜɭɸɳɢɦɢ ɤɨɪɨɧɚɜɢɪɭɫɚɦɢ, ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɧɵɦɢ ɭ ɩɬɢɰ. ɗɬɢ ɬɪɢ 
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ɜɢɪɭɫɚ ɨɬɥɢɱɚɥɢɫɶ ɨɬ ɢɡɜɟɫɬɧɵɯ ɝɚɦɦɚɤɨɪɨɧɚɜɢɪɭɫɨɜ, ɨɛɪɚɡɭɹ ɭɧɢɤɚɥɶɧɵɣ 

ɤɥɚɫɬɟɪ ɜ ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɨɦ ɞɟɪɟɜɟ, ɤɨɬɨɪɵɣ ɩɨɫɥɭɠɢɥ ɨɫɧɨɜɨɣ ɞɥɹ ɫɨɡɞɚɧɢɹ 

ɪɨɞɚ ɞɟɥɶɬɚɤɨɪɨɧɚɜɢɪɭɫ (Woo et al., 2009; Chu et al., 2011; Torres et al., 2016). 

ɗɬɢ ɜɢɪɭɫɵ ɨɛɴɟɞɢɧɹɸɬɫɹ ɜ ɤɥɚɫɬɟɪ ɫ ɪɚɧɟɟ ɧɟɤɥɚɫɫɢɮɢɰɢɪɨɜɚɧɧɵɦɢ 

ɤɨɪɨɧɚɜɢɪɭɫɚɦɢ, ɨɛɧɚɪɭɠɟɧɧɵɦɢ ɭ ɪɚɡɥɢɱɧɵɯ ɚɡɢɚɬɫɤɢɯ ɯɢɳɧɢɤɨɜ, ɧɚɩɪɢɦɟɪ, 

ɭ ɚɡɢɚɬɫɤɨɣ ɥɟɨɩɚɪɞɨɜɨɣ ɤɨɲɤɢ (Prionailurus bengalensis) ɢ ɟɧɨɬɨɜɢɞɧɨɣ ɫɨɛɚɤɢ 

(Nyctereutes procyonoides) (Dong et al., 2007). 

 
1.2.2. Кɨɪɨɧɚɜɢɪɭɫɵ ɥɟɬɭɱɢɯ ɦɵɲɟɣ 

 
ɉɟɪɜɵɟ ɞɨɤɚɡɚɬɟɥɶɫɬɜɚ, ɱɬɨ ɥɟɬɭɱɢɟ ɦɵɲɢ ɬɚɤɠɟ ɦɨɝɭɬ ɩɟɪɟɧɨɫɢɬɶ 

ɤɨɪɨɧɚɜɢɪɭɫɵ, ɛɵɥɢ ɨɩɭɛɥɢɤɨɜɚɧɵ ɜ 2005 ɝɨɞɭ (Poon et al., 2005). ɇɚ 

ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɭ ɥɟɬɭɱɢɯ ɦɵɲɟɣ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɨ ɛɨɥɟɟ 200 ɧɨɜɵɯ 

ɤɨɪɨɧɚɜɢɪɭɫɨɜ (Chen et al., 2014). Ʌɢɲɶ ɧɟɛɨɥɶɲɚɹ ɱɚɫɬɶ ɷɬɢɯ ɤɨɪɨɧɚɜɢɪɭɫɨɜ 

ɛɵɥɚ ɨɮɢɰɢɚɥɶɧɨ ɩɪɢɡɧɚɧɚ ICTV (Ɇɟɠɞɭɧɚɪɨɞɧɵɣ ɤɨɦɢɬɟɬ ɩɨ ɬɚɤɫɨɧɨɦɢɢ 

ɜɢɪɭɫɨɜ); ɦɧɨɝɢɟ ɞɪɭɝɢɟ ɜɫɟ ɟɳɟ ɨɠɢɞɚɸɬ ɨɮɢɰɢɚɥɶɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ. 

Ȼɥɢɡɤɨɪɨɞɫɬɜɟɧɧɵɟ ɤɨɪɨɧɚɜɢɪɭɫɵ ɦɨɝɭɬ ɛɵɬɶ ɨɛɧɚɪɭɠɟɧɵ ɭ ɨɞɧɢɯ ɢ 

ɬɟɯ ɠɟ ɜɢɞɨɜ ɥɟɬɭɱɢɯ ɦɵɲɟɣ, ɠɢɜɭɳɢɯ ɜ ɦɟɫɬɚɯ, ɪɚɡɞɟɥɟɧɧɵɯ ɬɵɫɹɱɚɦɢ 

ɦɢɥɹɦɢ (Drexler et al., 2010), ɚ ɪɚɡɧɵɟ ɜɢɞɵ ɢɥɢ ɪɨɞɵ ɤɨɪɨɧɚɜɢɪɭɫɨɜ ɦɨɝɭɬ 

ɛɵɬɶ ɨɛɧɚɪɭɠɟɧɵ ɭ ɪɚɡɧɵɯ ɜɢɞɨɜ ɥɟɬɭɱɢɯ ɦɵɲɟɣ, ɠɢɜɭɳɢɯ ɧɚ ɨɞɧɢɯ ɢ ɬɟɯ ɠɟ 

ɦɟɫɬɚɯ ɧɨɱɟɜɨɤ. Ɍɚɤɠɟ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɧɟɤɨɬɨɪɵɟ ɤɨɪɨɧɚɜɢɪɭɫɵ ɹɜɥɹɸɬɫɹ 

ɜɢɞɨɫɩɟɰɢɮɢɱɧɵɦɢ, ɨɞɧɚɤɨ, ɭ ɥɟɬɭɱɢɯ ɦɵɲɟɣ, ɤɨɪɨɧɚɜɢɪɭɫɵ, ɜ ɨɬɥɢɱɢɟ ɨɬ 

ɞɪɭɝɢɯ ɜɢɪɭɫɨɜ ɢ ɛɚɤɬɟɪɢɣ, ɧɟ ɜɵɡɵɜɚɸɬ ɹɜɧɵɯ ɡɚɛɨɥɟɜɚɧɢɣ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɩɪɢ 

ɧɚɩɪɚɜɥɟɧɧɨɦ ɡɚɪɚɠɟɧɢɢ (Mühldorfer et al., 2011). ɗɬɨɬ ɮɟɧɨɦɟɧ, ɩɨ-ɜɢɞɢɦɨɦɭ, 

ɫɜɹɡɚɧ ɫ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɢɯ ɢɦɦɭɧɧɨɣ ɫɢɫɬɟɦɵ (Ahn et al., 2019; Brook et al., 

2020). 

Ɉɫɧɨɜɵɜɚɹɫɶ ɧɚ ɢɦɟɸɳɢɯɫɹ ɝɟɧɨɦɧɵɯ ɞɚɧɧɵɯ, ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ, ɯɨɬɹ 

ɩɬɢɰɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɪɟɡɟɪɜɭɚɪ ɞɥɹ ɤɨɪɨɧɚɜɢɪɭɫɨɜ, ɩɪɢɧɚɞɥɟɠɚɳɢɯ ɤ 

ɪɨɞɚɦ ɝɚɦɦɚ- ɢ ɞɟɥɶɬɚɤɨɪɨɧɚɜɢɪɭɫɨɜ, ɥɟɬɭɱɢɟ ɦɵɲɢ ɹɜɥɹɸɬɫɹ ɟɫɬɟɫɬɜɟɧɧɵɦ 

ɪɟɡɟɪɜɭɚɪɨɦ ɞɥɹ ɚɥɶɮɚ- ɢ ɛɟɬɚɤɨɪɨɧɚɜɢɪɭɫɨɜ. Ʉɨɪɨɧɚɜɢɪɭɫɵ ɫ ɜɵɫɨɤɨɣ 
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ɱɚɫɬɨɬɨɣ ɜɵɹɜɥɹɥɢɫɶ ɭ ɥɟɬɭɱɢɯ ɦɵɲɟɣ ɧɚ ɜɫɟɯ ɤɨɧɬɢɧɟɧɬɚɯ, ɩɪɢɱɟɦ 

ɚɥɶɮɚɤɨɪɨɧɚɜɢɪɭɫɵ ɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɵ, ɱɟɦ ɛɟɬɚɤɨɪɨɧɚɜɢɪɭɫɵ (Wong et 

al., 2019). 

ȿɫɬɶ ɩɪɟɞɩɨɥɨɠɟɧɢɹ, ɱɬɨ ɦɧɨɝɢɟ ɱɟɥɨɜɟɱɟɫɤɢɟ ɜɢɪɭɫɵ ɜɡɹɥɢ ɧɚɱɚɥɨ ɨɬ 

ɤɨɪɨɧɚɜɢɪɭɫɨɜ ɥɟɬɭɱɢɯ ɦɵɲɟɣ. ȼɢɪɭɫɧɵɣ ɲɬɚɦɦ BtKYNL63-9b, 

ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɧɵɣ ɜ 2010 ɝ. ɭ ɥɟɬɭɱɢɯ ɦɵɲɟɣ Triaenops afer ɢɡ Ʉɟɧɢɢ 

ɹɜɥɹɸɬɫɹ ɪɨɞɫɬɜɟɧɧɵɦ ɝɪɭɩɩɟ NL63 (NL63-related bat coronavirus strain 

BtKYNL63-9b), ɜ ɤɨɬɨɪɭɸ ɜɯɨɞɢɬ ɤɨɪɨɧɚɜɢɪɭɫ ɱɟɥɨɜɟɤɚ NL63 (Tao et al., 2017). 

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɛɵɥɨ ɩɪɟɞɩɨɥɨɠɟɧɨ, ɱɬɨ ɞɜɚ ɜɢɪɭɫɚ ɱɟɥɨɜɟɤɚ HCoV-229E ɢ 

HCoV-NL63, ɩɪɢɧɚɞɥɟɠɚɳɢɯ ɤ ɚɥɶɮɚɤɨɪɨɧɚɜɢɪɭɫɚɦ ɢ ɜɵɡɵɜɚɸɳɢɯ ɥɟɝɤɢɟ 

ɪɟɫɩɢɪɚɬɨɪɧɵɟ ɫɢɦɩɬɨɦɵ ɭ ɢɦɦɭɧɨɤɨɦɩɟɬɟɧɬɧɵɯ ɥɸɞɟɣ, ɬɚɤɠɟ ɩɪɨɢɡɨɲɥɢ ɨɬ 

ɥɟɬɭɱɢɯ ɦɵɲɟɣ. 

ȼ ɤɚɱɟɫɬɜɟ ɩɪɹɦɨɝɨ ɩɪɟɞɤɚ HCoV-229E ɩɪɢɡɧɚɟɬɫɹ ɚɥɶɮɚɤɨɪɨɧɚɜɢɪɭɫ 

ɚɥɶɩɚɤ, ɤɨɬɨɪɵɣ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɩɪɨɢɫɯɨɞɢɬ ɨɬ ɜɢɪɭɫɨɜ ɫɜɹɡɚɧɧɵɯ ɫ 229E-

CoV, ɜɵɹɜɥɟɧɧɵɯ ɭ ɩɨɞɤɨɜɨɝɭɛɵɯ ɥɟɬɭɱɢɯ ɦɵɲɟɣ (Corman et al., 2015). HCoV-

NL63, ɜɟɪɨɹɬɧɨ, ɹɜɥɹɟɬɫɹ ɪɟɤɨɦɛɢɧɚɧɬɧɵɦ ɜɢɪɭɫɨɦ, ɩɪɨɢɫɯɨɞɹɳɢɦ ɢɡ 

ɨɬɞɚɥɟɧɧɨ ɪɨɞɫɬɜɟɧɧɵɯ 229E-CoV, ɫɜɹɡɚɧɧɵɯ ɫ ɩɨɞɤɨɜɨɝɭɛɵɦɢ ɥɟɬɭɱɢɦɢ 

ɦɵɲɚɦɢ, ɢ ɤɨɪɨɧɚɜɢɪɭɫɨɦ, ɫɜɹɡɚɧɧɵɦ ɫ ɥɟɬɭɱɢɦɢ ɦɵɲɚɦɢ Triaenops afer (Tao 

et al., 2017). Ȼɟɥɨɤ S HCoV-NL63 ɛɨɥɟɟ ɬɟɫɧɨ ɫɜɹɡɚɧ ɫ ɛɟɥɤɨɦ S 229E-CoV, 

ɬɨɝɞɚ ɤɚɤ ɨɫɬɚɥɶɧɚɹ ɱɚɫɬɶ ɝɟɧɨɦɚ ɢɞɟɧɬɢɱɧɚ ɲɬɚɦɦɭ BtKYNL63-9b 

ɤɨɪɨɧɚɜɢɪɭɫɚ ɥɟɬɭɱɢɯ ɦɵɲɟɣ (Tao et al., 2017). Ⱥɧɚɥɢɡ ɝɟɧɨɦɚ ɪɟɫɩɢɪɚɬɨɪɧɨɝɨ 

ɤɨɪɨɧɚɜɢɪɭɫɚ ɚɥɶɩɚɤɢ ɩɨɤɚɡɚɥ, ɱɬɨ ɷɬɨɬ ɜɢɪɭɫ ɛɵɥ ɬɟɫɧɨ ɫɜɹɡɚɧ ɫ ɚɥɶɮɚ-

ɤɨɪɨɧɚɜɢɪɭɫɨɦ HCoV-229E (Crossley et al., 2012). ɋɨɜɫɟɦ ɧɟɞɚɜɧɨ ɞɥɹ HCoV-

229E ɛɵɥɢ ɨɛɧɚɪɭɠɟɧɵ ɛɥɢɡɤɨɪɨɞɫɬɜɟɧɧɵɟ ɜɢɞɵ ɜɢɪɭɫɨɜ ɭ ɚɮɪɢɤɚɧɫɤɢɯ 

ɩɨɞɤɨɜɨɝɭɛɵɯ ɥɟɬɭɱɢɯ ɦɵɲɟɣ. ɂɧɬɟɪɟɫɧɨ, ɱɬɨ ɢ ɭ ɜɢɪɭɫɨɜ ɥɟɬɭɱɢɯ ɦɵɲɟɣ, ɢ ɭ 

ɜɢɪɭɫɨɜ ɚɥɶɩɚɤɢ ɨɛɧɚɪɭɠɟɧ ɢɧɬɚɤɬɧɵɣ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɣ ɝɟɧ ORF8, 

ɪɚɫɩɨɥɨɠɟɧɧɵɣ ɧɚ 3'-ɤɨɧɰɟ ɝɟɧɨɦɚ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ HCoV-229E ɫɨɯɪɚɧɢɥ ɬɨɥɶɤɨ 

ɤɨɧɫɟɪɜɚɬɢɜɧɵɣ ɭɱɚɫɬɨɤ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɪɟɝɭɥɢɪɭɸɳɟɣ ɬɪɚɧɫɤɪɢɩɰɢɸ, 

ɩɪɟɞɲɟɫɬɜɭɸɳɢɣ ɨɫɬɚɬɤɚɦ ɷɬɨɣ ORF, ɱɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɟɝɨ ɩɨɬɟɪɸ ɩɨɫɥɟ 



17 
 

ɩɪɢɨɛɪɟɬɟɧɢɹ ɱɟɥɨɜɟɤɨɦ ɤɨɪɨɧɚɜɢɪɭɫɚ 229E. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, HCoV-229ȿ, 

ɜɟɪɨɹɬɧɨ, ɹɜɥɹɟɬɫɹ ɩɨɬɨɦɤɨɦ ɤɨɪɨɧɚɜɢɪɭɫɚ ɚɥɶɩɚɤɢ (Corman et al., 2015). 

ȼ 2002 ɝɨɞɭ, ɜ ɧɚɱɚɥɟ ɷɩɢɞɟɦɢɢ ɚɬɢɩɢɱɧɨɣ ɩɧɟɜɦɨɧɢɢ, ɩɨɱɬɢ ɜɫɟ ɩɟɪɜɵɟ 

ɩɚɰɢɟɧɬɵ ɛɵɥɢ ɜ ɤɨɧɬɚɤɬɟ ɫ ɠɢɜɨɬɧɵɦɢ ɧɚ ɪɵɧɤɟ ɜ ɩɪɨɜɢɧɰɢɢ Ƚɭɚɧɞɭɧ ɞɨ 

ɬɨɝɨ, ɤɚɤ ɡɚɛɨɥɟɥɢ. ɉɨɫɥɟ ɬɨɝɨ, ɤɚɤ SARS-CoV ɛɵɥ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧ, ɟɝɨ ɊɇɄ 

ɢ/ɢɥɢ ɫɩɟɰɢɮɢɱɟɫɤɢɟ ɚɧɬɢɬɟɥɚ ɛɵɥɢ ɨɛɧɚɪɭɠɟɧɵ ɭ ɦɚɫɤɢɪɨɜɚɧɧɵɯ ɩɚɥɶɦɨɜɵɯ 

ɰɢɜɟɬɬ (Paguma larvata) ɢ ɭ ɡɚɜɨɞɱɢɤɨɜ ɠɢɜɨɬɧɵɯ ɧɚ ɪɵɧɤɟ. Ɉɞɧɚɤɨ ɛɨɥɟɟ 

ɩɨɡɞɧɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨ ɩɨɣɦɚɧɧɵɯ ɜ ɞɢɤɨɣ ɩɪɢɪɨɞɟ ɰɢɜɟɬɬɚɯ ɩɨɤɚɡɚɥɢ, ɱɬɨ 

ɲɬɚɦɦɵ SARS-CoV, ɨɛɧɚɪɭɠɟɧɧɵɟ ɜ ɰɢɜɟɬɬɚɯ ɫ ɪɵɧɤɚ, ɩɟɪɟɞɚɜɚɥɢɫɶ ɢɦ ɨɬ 

ɞɪɭɝɢɯ ɞɢɤɢɯ ɠɢɜɨɬɧɵɯ (Tu et al., 2004; Kan et al., 2005). ȼɩɨɫɥɟɞɫɬɜɢɢ ɧɨɜɵɟ 

ɤɨɪɨɧɚɜɢɪɭɫɵ, ɫɜɹɡɚɧɧɵɟ ɫ SARS-CoV ɱɟɥɨɜɟɤɚ (SARS-rCoVs), ɛɵɥɢ 

ɨɛɧɚɪɭɠɟɧɵ ɭ ɩɨɞɤɨɜɨɨɛɪɚɡɧɵɯ ɥɟɬɭɱɢɯ ɦɵɲɟɣ (ɪɨɞ Rhinolophus) ɜ Ʉɢɬɚɟ ɢ 

Ƚɨɧɤɨɧɝɟ (Lau et al., 2005; Li  et al., 2005). ɗɬɢ SARS-rCoVs ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɥɢ 

ɢɞɟɧɬɢɱɧɨɫɬɶ ɝɟɧɨɦɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɧɚ 88–90% ɦɟɠɞɭ ɫɨɛɨɣ ɢ ɧɚ 87–

92% ɢɞɟɧɬɢɱɧɨɫɬɢ ɫ ɢɡɨɥɹɬɚɦɢ SARS-CoV ɱɟɥɨɜɟɤɚ ɢɥɢ ɰɢɜɟɬɬɵ. Ɍɚɤɠɟ SARS-

rCoV ɛɵɥɢ ɨɛɧɚɪɭɠɟɧɵ ɭ Rhinolophus spp. ɥɟɬɭɱɢɯ ɦɵɲɟɣ ɢɡ ɞɪɭɝɢɯ ɪɟɝɢɨɧɨɜ 

Ʉɢɬɚɹ (Tang et al., 2006; Woo et al., 2006). 

ɗɬɢ ɞɚɧɧɵɟ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɬɨɦ, ɱɬɨ ɥɟɬɭɱɢɟ ɦɵɲɢ ɦɨɝɭɬ ɛɵɬɶ 

ɟɫɬɟɫɬɜɟɧɧɵɦɢ ɯɨɡɹɟɜɚɦɢ SARS-CoV, ɚ ɞɢɤɢɟ ɩɥɨɬɨɹɞɧɵɟ ɠɢɜɨɬɧɵɟ ɛɵɥɢ 

ɥɢɲɶ ɩɪɨɦɟɠɭɬɨɱɧɵɦɢ ɯɨɡɹɟɜɚɦɢ. ɏɨɬɹ ɷɬɢ SARS-CoV-ɩɨɞɨɛɧɵɟ ɜɢɪɭɫɵ 

ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɥɢ ɜɵɫɨɤɭɸ ɢɞɟɧɬɢɱɧɨɫɬɶ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɫ SARS-CoV, 

ɛɵɥɨ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɨ, ɱɬɨ ɨɧɢ ɧɟɫɩɨɫɨɛɧɵ ɫɜɹɡɵɜɚɬɶɫɹ ɫ ɪɟɰɟɩɬɨɪɨɦ 

ɚɧɝɢɨɬɟɧɡɢɧɩɪɟɜɪɚɳɚɸɳɟɝɨ ɮɟɪɦɟɧɬɚ II (ACE2) ɤɥɟɬɨɤ ɱɟɥɨɜɟɤɚ ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɞɟɥɟɰɢɣ ɜ ɢɯ S ɛɟɥɤɟ (Ren et al., 2008). Ʉɪɨɦɟ ɬɨɝɨ, ɬɟɨɪɢɹ ɩɪɨɢɫɯɨɠɞɟɧɢɹ 

SARS-CoV ɨɬ ɥɟɬɭɱɢɯ ɦɵɲɟɣ ɧɟ ɩɨɥɭɱɢɥɚ ɭɛɟɞɢɬɟɥɶɧɨɣ ɩɨɞɞɟɪɠɤɢ ɢɡ-ɡɚ 

ɧɟɜɨɡɦɨɠɧɨɫɬɢ ɩɪɹɦɨɝɨ ɜɵɞɟɥɟɧɢɹ ɷɬɨɝɨ ɜɢɪɭɫɚ ɨɬ ɥɟɬɭɱɢɯ ɦɵɲɟɣ. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɭɱɢɬɵɜɚɹ, ɱɬɨ ɩɪɹɦɵɯ ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɨɜ SARS-CoV ɭ ɥɟɬɭɱɢɯ 

ɦɵɲɟɣ ɨɛɧɚɪɭɠɟɧɨ ɧɟ ɛɵɥɨ ɢ ɱɬɨ ɪɟɤɨɦɛɢɧɚɰɢɹ ɊɇɄ ɹɜɥɹɟɬɫɹ ɬɨɩɥɢɜɨɦ ɞɥɹ 

ɷɜɨɥɸɰɢɢ ɤɨɪɨɧɚɜɢɪɭɫɨɜ, ɛɵɥɨ ɜɵɫɤɚɡɚɧɨ ɩɪɟɞɩɨɥɨɠɟɧɢɟ, ɱɬɨ SARS-CoV 

ɜɨɡɧɢɤ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɟɤɨɦɛɢɧɚɰɢɢ SARS-CoV-ɩɨɞɨɛɧɵɯ ɜɢɪɭɫɨɜ ɥɟɬɭɱɢɯ 
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ɦɵɲɟɣ. ɗɬɚ ɝɢɩɨɬɟɡɚ ɛɵɥɚ ɜɵɞɜɢɧɭɬɚ ɩɨɫɥɟ ɞɨɤɚɡɚɬɟɥɶɫɬɜɚ ɧɚɥɢɱɢɹ 

ɟɞɢɧɫɬɜɟɧɧɨɣ ɩɟɳɟɪɵ ɥɟɬɭɱɢɯ ɦɵɲɟɣ ɜ ɘɧɶɧɚɧɢ, Ʉɢɬɚɣ, ɫ ɨɱɟɧɶ ɜɵɫɨɤɢɦ 

ɪɚɡɧɨɨɛɪɚɡɢɟɦ ɤɨɪɨɧɚɜɢɪɭɫɨɜ ɜ ɷɬɨɣ ɩɨɩɭɥɹɰɢɢ, ɤɨɬɨɪɵɟ ɫɨɞɟɪɠɚɥɢ ɜɫɟ 

ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ SARS-CoV ɝɟɧɟɬɢɱɟɫɤɢɟ ɷɥɟɦɟɧɬɵ (Ge et 

al., 2013). 

Ⱥɧɚɥɢɡ ɪɟɤɨɦɛɢɧɚɰɢɢ ɬɚɤɠɟ ɭɛɟɞɢɬɟɥɶɧɨ ɩɨɞɬɜɟɪɞɢɥ ɝɢɩɨɬɟɡɭ ɨ ɬɨɦ, 

ɱɬɨ SARS-CoV ɲɬɚɦɦ SZ3 ɰɢɜɟɬɬ ɜɨɡɧɢɤ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɟɤɨɦɛɢɧɚɰɢɢ ɞɜɭɯ 

ɫɭɳɟɫɬɜɭɸɳɢɯ ɲɬɚɦɦɨɜ ɥɟɬɭɱɢɯ ɦɵɲɟɣ, WIV16 ɢ Rf4092 (Hu et al., 2017). 

ɇɚɢɛɨɥɟɟ ɱɚɫɬɵɟ ɬɨɱɤɢ ɧɚɪɭɲɟɧɢɹ ɪɟɤɨɦɛɢɧɚɰɢɢ ɛɵɥɢ ɜɧɭɬɪɢ ɝɟɧɚ S ɢ ORF8, 

ɤɨɬɨɪɵɣ ɤɨɞɢɪɭɟɬ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɣ ɛɟɥɨɤ. ɗɬɢ ɝɟɧɵ ɬɚɤɠɟ ɭɱɚɫɬɜɨɜɚɥɢ ɜ 

ɜɚɠɧɟɣɲɢɯ ɩɭɬɹɯ ɚɞɚɩɬɚɰɢɢ SARS-CoV ɨɬ ɥɟɬɭɱɢɯ ɦɵɲɟɣ ɤ ɞɢɤɢɦ ɯɢɳɧɢɤɚɦ, 

ɨɬ ɞɢɤɢɯ ɯɢɳɧɢɤɨɜ ɤ ɥɸɞɹɦ ɢ ɨɬ ɱɟɥɨɜɟɤɚ ɤ ɱɟɥɨɜɟɤɭ (Cui et al., 2019). Ȼɵɥɨ 

ɩɨɤɚɡɚɧɨ, ɱɬɨ WIV16 ɨɛɥɚɞɚɟɬ ɫɩɨɫɨɛɧɨɫɬɶɸ ɫɜɹɡɵɜɚɬɶɫɹ ɫ ɪɟɰɟɩɬɨɪɨɦ ACE2 

ɱɟɥɨɜɟɤɚ, ɰɢɜɟɬɬɵ ɢ ɥɟɬɭɱɟɣ ɦɵɲɢ (Ge et al., 2013). ȼɵɞɟɥɟɧɢɟ ɜ ɤɭɥɶɬɭɪɟ 

ɤɥɟɬɨɤ ɲɬɚɦɦɚ SARS-CoV ɫ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɶɸ ɪɨɞɫɬɜɚ ɜ ɫɨɱɟɬɚɧɢɢ ɫ 

ɞɨɤɚɡɚɬɟɥɶɫɬɜɨɦ ɧɚɥɢɱɢɹ ɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ ɛɟɥɤɚ S, ɫɩɨɫɨɛɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 

ɬɨɬ ɠɟ ɪɟɰɟɩɬɨɪ ACE2, ɩɪɟɞɨɫɬɚɜɢɥɨ ɧɚɞɟɠɧɵɟ ɢ ɭɛɟɞɢɬɟɥɶɧɵɟ ɞɨɤɚɡɚɬɟɥɶɫɬɜɚ 

ɩɪɨɢɫɯɨɠɞɟɧɢɹ SARS-CoV ɨɬ ɥɟɬɭɱɢɯ ɦɵɲɟɣ. 

ɇɚɩɪɨɬɢɜ, ɤɨɪɨɧɚɜɢɪɭɫ ɥɟɬɭɱɟɣ ɦɵɲɢ, ɬɟɫɧɨ ɫɜɹɡɚɧɧɵɣ ɫ MERS-CoV 

ɱɟɥɨɜɟɤɚ, ɧɟ ɛɵɥ ɨɛɧɚɪɭɠɟɧ. Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɝɟɧɨɦɧɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 

MERS-CoV ɱɟɥɨɜɟɤɚ ɨɛɥɚɞɚɸɬ ɥɢɲɶ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 65–80% ɧɭɤɥɟɨɬɢɞɧɨɣ 

ɢɞɟɧɬɢɱɧɨɫɬɶɸ ɫ ɬɚɤɨɜɵɦɢ ɭ ɞɪɭɝɢɯ ɩɪɟɞɫɬɚɜɢɬɟɥɟɣ ɩɨɞɪɨɞɚ Merbecovirus ɨɬ 

ɪɚɡɧɵɯ ɥɟɬɭɱɢɯ ɦɵɲɟɣ. ȼɦɟɫɬɨ ɷɬɨɝɨ ɱɟɥɨɜɟɱɟɫɤɢɟ MERS-CoV ɛɵɥɢ ɩɨɱɬɢ 

ɢɞɟɧɬɢɱɧɵ MERS-CoV, ɜɵɹɜɥɟɧɧɵɦ ɭ ɨɞɧɨɝɨɪɛɵɯ ɜɟɪɛɥɸɞɨɜ (Camelus 

dromedaries).ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɚɧɚɥɢɡ ɝɟɧɨɦɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɩɨɤɚɡɚɥ, 

ɱɬɨ ɤɨɪɨɧɚɜɢɪɭɫɵ, ɬɟɩɟɪɶ ɩɪɢɧɚɞɥɟɠɚɳɢɟ ɤ ɜɢɞɭ MERS-rCoV, ɛɵɥɢ 

ɨɛɧɚɪɭɠɟɧɵ ɭ ɧɟɫɤɨɥɶɤɢɯ ɜɢɞɨɜ ɥɟɬɭɱɢɯ ɦɵɲɟɣ ɢɡ ɞɜɭɯ ɫɟɦɟɣɫɬɜ 

Vespertilionidae ɢ Nycteridae (Lelli et al., 2013; Corman et al., 2014). Ɉɞɧɚɤɨ ɧɢ 

ɨɞɢɧ ɢɡ ɷɬɢɯ MERS-rCoV ɧɟ ɹɜɥɹɟɬɫɹ ɩɪɹɦɵɦ ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɨɦ MERS-CoV, 

ɩɨɫɤɨɥɶɤɭ ɢɯ S-ɛɟɥɤɢ ɫɭɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɛɟɥɤɨɜ ɱɟɥɨɜɟɱɟɫɤɨɝɨ 
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ɜɢɪɭɫɚ. Ȼɥɢɠɚɣɲɢɦ ɪɨɞɫɬɜɟɧɧɢɤɨɦ MERS-CoV ɱɟɥɨɜɟɤɚ ɢ ɜɟɪɛɥɸɞɚ ɹɜɥɹɟɬɫɹ 

ɲɬɚɦɦ MERS-rCoV Neoromicia/5038, ɜɵɞɟɥɟɧɧɵɣ ɢɡ ɥɟɬɭɱɢɯ ɦɵɲɟɣ 

Neoromicia capensis ɜ ɘɠɧɨɣ Ⱥɮɪɢɤɟ (Geldenhuys et al., 2018). Ʉɨɪɨɬɤɚɹ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ (ɨɤɨɥɨ 200 ɧɭɤɥɟɨɬɢɞɨɜ) ɜɢɪɭɫɧɨɣ ɊɇɄ, ɢɞɟɧɬɢɱɧɚɹ 

ɬɚɤɨɜɨɣ ɭ MERS-CoV, ɛɵɥɚ ɬɚɤɠɟ ɨɛɧɚɪɭɠɟɧɚ ɭ ɥɟɬɭɱɢɯ ɦɵɲɟɣ Taphozous 

perforates ɜ ɋɚɭɞɨɜɫɤɨɣ Ⱥɪɚɜɢɢ (Memish et al., 2013). 

SARS-CoV-2 ɫɪɚɜɧɢɜɚɥɫɹ ɫ ɫɭɳɟɫɬɜɭɸɳɢɦɢ ɜɢɞɚɦ ɫɨɬɟɧ ɢɡɜɟɫɬɧɵɯ 

ɜɢɪɭɫɨɜ, ɜ ɨɫɧɨɜɧɨɦ ɢɡɨɥɢɪɨɜɚɧɧɵɯ ɨɬ ɥɟɬɭɱɢɯ ɦɵɲɟɣ. ȼɚɠɧɨ ɨɬɦɟɬɢɬɶ, ɛɵɥɨ 

ɩɨɞɬɜɟɪɠɞɟɧɨ, ɱɬɨ SARS-CoV-2 ɢɫɩɨɥɶɡɭɟɬ ɪɟɰɟɩɬɨɪ ACE2 ɱɟɪɟɡ ɪɟɰɟɩɬɨɪ-

ɫɜɹɡɵɜɚɸɳɢɣ ɞɨɦɟɧ (RBD) ɛɟɥɤɚ S (Hoffmann et al., 2020; Zhou et al., 2020). 

ɋɤɨɪɟɟ ɜɫɟɝɨ, SARS-CoV-2 ɬɚɤɠɟ ɩɨɲɟɥ ɨɬ ɥɟɬɭɱɢɯ ɦɵɲɟɣ. ɋɨɝɥɚɫɧɨ 

ɞɨɫɬɭɩɧɵɦ ɤ ɧɚɫɬɨɹɳɟɦɭ ɜɪɟɦɟɧɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦ ɝɟɧɨɦɚ, ɧɚɢɛɨɥɟɟ 

ɛɥɢɡɤɢɦ ɜɢɪɭɫɨɦ (96,2% ɢɞɟɧɬɢɱɧɨɫɬɢ ɧɭɤɥɟɨɬɢɞɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ) ɫ 

SARS-CoV-2 ɹɜɥɹɟɬɫɹ ɲɬɚɦɦ BatCoV RaTG13, ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɧɵɣ ɨɬ 

ɥɟɬɭɱɟɣ ɦɵɲɢ Rhinolophus affinis, ɢɡ ɩɪɨɜɢɧɰɢɢ ɘɧɶɧɚɧɶ, Ʉɢɬɚɣ (Tang et 

al., 2020). Ɋɟɰɟɩɬɨɪ-ɫɜɹɡɵɜɚɸɳɢɣ ɫɩɚɣɤɨɜɵɣ ɛɟɥɨɤ SARS-CoV-2 ɫɢɥɶɧɨ 

ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɞɪɭɝɢɯ ɤɨɪɨɧɚɜɢɪɭɫɨɜ (ɫ ɦɟɧɟɟ ɱɟɦ 75% ɢɞɟɧɬɢɱɧɨɫɬɶɸ 

ɧɭɤɥɟɨɬɢɞɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɫɨ ɜɫɟɦɢ ɪɚɧɟɟ ɨɩɢɫɚɧɧɵɦɢ SARS-rCoV, ɡɚ 

ɢɫɤɥɸɱɟɧɢɟɦ 93,1% ɧɭɤɥɟɨɬɢɞɧɨɣ ɢɞɟɧɬɢɱɧɨɫɬɢ ɫ BatCoV RaTG13) (Zhou et 

al., 2020). ɏɨɬɹ SARS-CoV-2 ɢɫɩɨɥɶɡɭɟɬ ɪɟɰɟɩɬɨɪ ACE2, ɩɹɬɶ ɢɡ ɲɟɫɬɢ 

ɤɪɢɬɢɱɟɫɤɢɯ ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ ɨɫɬɚɬɤɨɜ ɜ RBD ɪɚɡɥɢɱɚɥɢɫɶ ɦɟɠɞɭ SARS-CoV-2 

ɢ SARS-CoV; ɜɦɟɫɬɨ ɷɬɨɝɨ ɬɟ ɠɟ ɨɫɬɚɬɤɢ ɛɵɥɢ ɢɞɟɧɬɢɱɧɵ ɨɫɬɚɬɤɚɦ SARS-rCoV 

ɩɚɧɝɨɥɢɧɚ, ɢ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɬɨɥɶɤɨ ɨɞɢɧ ɢɡ ɷɬɢɯ ɨɫɬɚɬɤɨɜ ɛɵɥ ɢɞɟɧɬɢɱɟɧ 

ɨɫɬɚɬɤɚɦ BatCoV RaTG13 (Tang et al., 2020), ɯɨɬɹ ɩɨɫɥɟɞɧɢɣ ɩɨɤɚɡɵɜɚɟɬ 

ɧɚɢɜɵɫɲɭɸ ɢɞɟɧɬɢɱɧɨɫɬɶ ɧɭɤɥɟɨɬɢɞɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɫ SARS-CoV-2 ɩɨ 

ɜɫɟɦɭ ɝɟɧɨɦɭ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɛɵɥɨ ɥɨɝɢɱɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɨɛɥɚɫɬɶ RBD 

SARS-CoV-2 ɦɨɝɥɚ ɜɨɡɧɢɤɧɭɬɶ ɜ ɪɟɡɭɥɶɬɚɬɟ ɧɟɞɚɜɧɟɝɨ ɫɨɛɵɬɢɹ ɪɟɤɨɦɛɢɧɚɰɢɢ 

ɭ ɹɳɟɪɨɜ ɢɥɢ ɱɬɨ SARS-CoV-2 ɢ SARS-rCoV ɭ ɩɚɧɝɨɥɢɧɨɜ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ 

ɪɟɡɭɥɶɬɚɬ ɫɥɭɱɚɣɧɨɣ ɷɜɨɥɸɰɢɢ (Tang et al., 2020; Lam et al., 2020). ȼ ɰɟɥɨɦ, ɟɳɟ 

ɩɪɟɞɫɬɨɢɬ ɪɟɲɢɬɶ, ɩɨɧɚɞɨɛɢɥɫɹ ɥɢ SARS-CoV-2 ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɯɨɡɹɢɧ, 



20 
 

ɩɪɟɠɞɟ ɱɟɦ ɨɧ ɫɦɨɝ ɡɚɪɚɡɢɬɶ ɥɸɞɟɣ, ɤɚɤ ɷɬɨ ɛɵɥɨ ɜ ɫɥɭɱɚɟ SARS-CoV ɢ ɞɪɭɝɢɯ 

HCoV. 

 
1.2.3. Кɨɪɨɧɚɜɢɪɭɫɵ ɫɜɢɧɟɣ 

 
ɇɚɢɛɨɥɟɟ ɢɡɜɟɫɬɧɵɦɢ ɤɨɪɨɧɚɜɢɪɭɫɚɦ ɫɜɢɧɟɣ ɫɱɢɬɚɸɬɫɹ ɜɢɪɭɫ 

ɬɪɚɧɫɦɢɫɫɢɜɧɨɝɨ ɝɚɫɬɪɨɷɧɬɟɪɢɬɚ ɫɜɢɧɟɣ (TGEV), ɜɢɪɭɫ ɷɩɢɞɟɦɢɱɟɫɤɨɣ ɞɢɚɪɟɢ 

ɫɜɢɧɟɣ (PEDV) ɢ SADS-CoV, ɨɬɧɨɫɹɳɢɟɫɹ ɤ ɪɨɞɭ ɚɥɶɮɚɤɨɪɨɧɚɜɢɪɭɫɨɜ, 

ɛɟɬɚɤɨɪɨɧɚɜɢɪɭɫ ɝɟɦɚɝɝɥɸɬɢɧɢɪɭɸɳɟɝɨ ɷɧɰɟɮɚɥɨɦɢɟɥɢɬɚ ɫɜɢɧɟɣ (PHEV) ɢ 

ɨɞɢɧ ɞɟɥɶɬɚɤɨɪɨɧɚɜɢɪɭɫ ɫɜɢɧɟɣ (PDCoV). 

TGEV ɛɵɥ ɜɩɟɪɜɵɟ ɨɩɢɫɚɧ ɜ ȼɟɥɢɤɨɛɪɢɬɚɧɢɢ ɜ 1950-ɯ ɝɨɞɚɯ ɢ 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɚɦɵɣ ɫɬɚɪɵɣ ɢɡ ɢɡɜɟɫɬɧɵɯ ɤɨɪɨɧɚɜɢɪɭɫɨɜ ɫɜɢɧɟɣ. TGEV 

ɬɟɫɧɨ ɫɜɹɡɚɧ ɫ ɫɨɛɚɱɶɢɦ ɤɨɪɨɧɚɜɢɪɭɫɨɦ (CCoV) ɢ ɤɨɲɚɱɶɢɦ ɤɨɪɨɧɚɜɢɪɭɫɨɦ 

(FCoV), ɨɛɪɚɡɭɹ ɫ ɷɬɢɦɢ ɤɨɪɨɧɚɜɢɪɭɫɚɦɢ ɭɧɢɤɚɥɶɧɵɣ ɜɢɞ, ɧɚɡɵɜɚɟɦɵɣ 

Alphacoronavirus-1 (Lorusso et al., 2008). 

PEDV ɛɵɥ ɨɛɧɚɪɭɠɟɧ ɜ ɩɨɩɭɥɹɰɢɢ ɫɜɢɧɟɣ ɜ 1970-ɯ ɝɨɞɚɯ, ɜɟɪɨɹɬɧɨ, ɤɚɤ 

ɫɥɟɞɫɬɜɢɟ ɜɬɨɪɢɱɧɨɝɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɨɬ ɥɟɬɭɱɢɯ ɦɵɲɟɣ. PEDV ɛɨɥɟɟ ɬɟɫɧɨ 

ɫɜɹɡɚɧ ɫ ɤɨɪɨɧɚɜɢɪɭɫɨɦ ɥɟɬɭɱɢɯ ɦɵɲɟɣ Scotophilus bat coronavirus 512, ɱɟɦ ɫ 

ɞɪɭɝɢɦɢ ɢɡɜɟɫɬɧɵɦɢ ɚɥɶɮɚ-ɤɨɪɨɧɚɜɢɪɭɫɚɦɢ, ɜɤɥɸɱɚɹ TGEV ɢ ɚɥɶɮɚ-

ɤɨɪɨɧɚɜɢɪɭɫɵ ɱɟɥɨɜɟɤɚ (HCoV-229E ɢ HCoV-NL63). ɋɥɟɞɨɜɚɬɟɥɶɧɨ, PEDV ɢ 

Scotophilus bat coronavirus 512, ɜɟɪɨɹɬɧɨ, ɢɦɟɸɬ ɨɛɳɟɝɨ ɷɜɨɥɸɰɢɨɧɧɨɝɨ ɩɪɟɞɤɚ, 

ɢ ɦɟɠɜɢɞɨɜɚɹ ɩɟɪɟɞɚɱɚ ɜɢɪɭɫɚ ɦɨɝɥɚ ɩɪɨɢɫɯɨɞɢɬɶ ɦɟɠɞɭ ɥɟɬɭɱɢɦɢ ɦɵɲɚɦɢ ɢ 

ɫɜɢɧɶɹɦɢ (Banerjee et al., 2019). 

SADV-CoV, ɬɟɩɟɪɶ ɧɚɡɵɜɚɟɦɵɣ ɤɢɲɟɱɧɵɦ ɚɥɶɮɚɤɨɪɨɧɚɜɢɪɭɫɨɦ ɫɜɢɧɟɣ 

(SeACoV), ɬɚɤɠɟ ɩɪɨɢɡɨɲɟɥ ɨɬ ɥɟɬɭɱɢɯ ɦɵɲɟɣ ɢ ɢɦɟɟɬ 86% ɢɞɟɧɬɢɱɧɨɫɬɶ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɫ ɚɥɶɮɚɤɨɪɨɧɚɜɢɪɭɫɨɦ ɥɟɬɭɱɢɯ ɦɵɲɟɣ HKU2-CoV (Zhou et 

al., 2018). 

ɗɧɰɟɮɚɥɨɦɢɟɥɢɬ ɩɨɪɨɫɹɬ (PHEV), ɤɨɬɨɪɵɣ ɛɵɥ ɜɩɟɪɜɵɟ ɨɩɢɫɚɧ ɜ 1957 

ɝɨɞɭ ɜ Ɉɧɬɚɪɢɨ, Ʉɚɧɚɞɚ, ɟɝɨ ɷɜɨɥɸɰɢɨɧɧɚɹ ɢɫɬɨɪɢɹ ɬɟɫɧɨ ɫɜɹɡɚɧɚ ɫ ɞɜɭɦɹ 

ɞɪɭɝɢɦɢ ɛɥɢɡɤɨɪɨɞɫɬɜɟɧɧɵɦɢ ɛɟɬɚɤɨɪɨɧɚɜɢɪɭɫɚɦɢ, HCoV-OC43 ɢ ɫɚɦɵɦ 
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ɫɬɚɪɵɦ ɢɡ ɢɡɜɟɫɬɧɵɯ  ̶  ɤɨɪɨɧɚɜɢɪɭɫ ɤɪɨɩɧɨɪɨɝɚɬɨɝɨ ɫɤɨɬɚ BCoV, ɫ ɤɨɬɨɪɵɦ 

PHEV ɦɨɠɟɬ ɢɦɟɬɶ ɨɛɳɢɯ ɩɪɟɞɤɨɜ (Vijgen et al., 2006) ɢ ɜɤɥɸɱɟɧ ɜ ɨɞɢɧ ɢ ɬɨɬ 

ɠɟ ɜɢɪɭɫɧɵɣ ɜɢɞ Betacoronavirus-1 (Corman et al., 2018). ɋɤɨɪɟɟ ɜɫɟɝɨ, HCoV-

OC43 ɢ PHEV ɩɪɨɢɡɨɲɥɢ ɨɬ ɛɟɬɚɤɨɪɨɧɚɜɢɪɭɫɚ ɝɪɵɡɭɧɨɜ ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɚɞɚɩɬɚɰɢɢ ɤ BCoV (Corman et al., 2018). 

Ⱦɟɥɶɬɚɤɨɪɨɧɚɜɢɪɭɫ PDCoV ɛɵɥ ɨɛɧɚɪɭɠɟɧ ɜ 2012 ɝɨɞɭ ɜ Ƚɨɧɤɨɧɝɟ ɜɨ 

ɜɪɟɦɹ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɷɩɢɞɧɚɞɡɨɪɚ ɡɚ ɤɨɪɨɧɚɜɢɪɭɫɚɦɢ ɭ ɩɬɢɰ ɢ 

ɦɥɟɤɨɩɢɬɚɸɳɢɯ. ɇɚɢɛɨɥɟɟ ɛɥɢɡɤɢɣ ɪɨɞɫɬɜɟɧɧɢɤ PDCoV ɛɵɥ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧ 

ɭ ɩɟɪɟɩɟɥɚ  ̶  ɞɟɥɶɬɚɤɨɪɨɧɚɜɢɪɭɫ UAE-HKU30, ɢ ɛɵɥɨ ɩɪɟɞɥɨɠɟɧɨ, ɱɬɨ ɷɬɨɬ 

ɜɢɪɭɫ ɛɵɥ ɪɟɤɨɦɛɢɧɚɧɬɧɵɦ ɦɟɠɞɭ ɞɜɭɦɹ ɞɪɭɝɢɦɢ ɞɟɥɶɬɚɤɨɪɨɧɚɜɢɪɭɫɚɦɢ ɩɬɢɰ, 

ɤɨɪɨɧɚɜɢɪɭɫɨɦ ɜɨɪɨɛɶɹ HKU15 ɢ ɤɨɪɨɧɚɜɢɪɭɫɨɦ ɫɨɥɨɜɶɹ HKU11. ȼɫɟ ɷɬɢ 

ɞɟɥɶɬɚɤɨɪɨɧɚɜɢɪɭɫɵ ɬɟɩɟɪɶ ɩɪɢɧɚɞɥɟɠɚɬ ɤ ɨɞɧɨɦɭ ɜɢɞɭ Coronavirus HKU15 

(Lau et al., 2018). 

Ȼɵɥɨ ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɫɜɢɧɶɢ ɩɨɞɜɟɪɠɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɦɭ 

ɡɚɪɚɠɟɧɢɸ ɛɟɬɚɤɨɪɨɧɚɜɢɪɭɫɨɦ MERS-CoV (Vergara-Alert et al., 2017), ɚ ɊɇɄ 

SARS-CoV ɛɵɥɚ ɨɛɧɚɪɭɠɟɧɚ ɭ ɫɜɢɧɟɣ ɢ ɞɢɤɢɯ ɤɚɛɚɧɨɜ (Chen W et al., 2005; 

Wang et al., 2005) ɇɚɩɪɨɬɢɜ, ɧɟɞɚɜɧɟɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɡɚɪɚɠɟɧɢɟ 

ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɥɨ, ɱɬɨ ɫɜɢɧɶɢ ɧɟ ɜɨɫɩɪɢɢɦɱɢɜɵ ɤ SARS-CoV-2 (Shi et al., 

2020). 

 
1.2.4. Кɨɪɨɧɚɜɢɪɭɫɵ ɝɪɵɡɭɧɨɜ 

 
ɉɨ ɚɧɚɥɨɝɢɢ ɫ ɥɟɬɭɱɢɦɢ ɦɵɲɚɦɢ, ɝɪɵɡɭɧɵ ɢɝɪɚɸɬ ɡɧɚɱɢɬɟɥɶɧɭɸ ɪɨɥɶ ɜ 

ɷɜɨɥɸɰɢɢ ɤɨɪɨɧɚɜɢɪɭɫɨɜ, ɜ ɱɚɫɬɧɨɫɬɢ ɬɟɯ, ɤɨɬɨɪɵɟ ɩɪɢɧɚɞɥɟɠɚɬ ɤ ɩɨɞɪɨɞɭ 

Embecovirus ɪɨɞɚ ɛɟɬɚɤɨɪɨɧɚɜɢɪɭɫ. ɇɚ ɩɪɨɬɹɠɟɧɢɢ ɞɟɫɹɬɢɥɟɬɢɣ ɬɨɥɶɤɨ ɨɞɢɧ 

ɜɢɞ ɤɨɪɨɧɚɜɢɪɭɫɚ  ̶  ɦɵɲɢɧɵɣ ɤɨɪɨɧɚɜɢɪɭɫ ɛɵɥ ɫɜɹɡɚɧ ɫ ɝɪɵɡɭɧɚɦɢ. ɉɪɨɬɨɬɢɩ 

ɜɢɪɭɫɚ, ɤɨɬɨɪɵɣ ɛɵɥ ɧɚɡɜɚɧ ɜɢɪɭɫɨɦ ɝɟɩɚɬɢɬɚ ɦɵɲɟɣ (MHV), ɛɵɥ ɜɩɟɪɜɵɟ 

ɜɵɞɟɥɟɧ ɭ ɦɵɲɟɣ ɜ 1949 ɝ. (Cheever et al., 1949). ȼɚɪɢɚɧɬ MHV ɭ ɤɪɵɫ ɛɵɥ 

ɢɞɟɧɬɢɮɢɰɢɪɨɜɚ ɜ 1970 ɝɨɞɭ (Parker et al., 1970). Ʉɨɪɨɧɚɜɢɪɭɫ ɤɪɵɫ (RCoV) 

ɜɵɡɵɜɚɟɬ ɷɩɢɞɟɦɢɢ ɪɟɫɩɢɪɚɬɨɪɧɵɯ ɡɚɛɨɥɟɜɚɧɢɣ ɜ ɤɨɥɨɧɢɹɯ ɥɚɛɨɪɚɬɨɪɧɵɯ 
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ɤɪɵɫ. Ⱦɜɭɦɹ ɩɪɨɬɨɬɢɩɚɦɢ ɲɬɚɦɦɚ RCoV ɹɜɥɹɸɬɫɹ ɜɢɪɭɫ ɫɢɚɥɨɞɚɤɪɢɨɚɞɟɧɢɬɚ 

(SDAV) ɢ ɤɨɪɨɧɚɜɢɪɭɫ ɤɪɵɫ ɉɚɪɤɟɪɚ (PRC) (Bhatt et al., 1972; Parker et al., 

1970). 

Ɋɨɥɶ ɝɪɵɡɭɧɨɜ ɜ ɷɜɨɥɸɰɢɢ ɤɨɪɨɧɚɜɢɪɭɫɨɜ, ɩɪɢɧɚɞɥɟɠɚɳɢɯ ɤ 

ɷɦɛɟɤɨɜɢɪɭɫɚɦ, ɛɵɥɚ ɧɟɞɚɜɧɨ ɩɨɞɱɟɪɤɧɭɬɚ ɩɨɫɪɟɞɫɬɜɨɦ ɨɬɤɪɵɬɢɹ ɧɨɜɨɝɨ ɛɟɬɚ-

ɤɨɪɨɧɚɜɢɪɭɫɚ ɭ ɧɨɪɜɟɠɫɤɢɯ ɤɪɵɫ (Rattus norvegicus) ɜ Ʉɢɬɚɟ. ɗɬɨɬ ɜɢɪɭɫ 

ɨɛɪɚɡɭɟɬ ɨɬɞɟɥɶɧɵɣ ɜɢɞ ɩɨɞ ɧɚɡɜɚɧɢɟɦ China Rattus coronavirus HKU24 

(ChRCoV HKU24). ɗɬɨɬ ɜɢɪɭɫ ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɢ ɨɬɥɢɱɚɥɫɹ ɨɬ MHV ɢ HCoV-

HKU1 ɢ ɨɛɥɚɞɚɥ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɝɟɧɨɦɚ, ɤɨɬɨɪɵɟ ɛɵɥɢ ɩɪɨɦɟɠɭɬɨɱɧɵɦɢ 

ɦɟɠɞɭ ɜɢɪɭɫɨɦ ɤɪɭɩɧɨɪɨɝɚɬɨɝɨ ɫɤɨɬɚ (BCoV) ɢ MHV. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ChRCoV 

HKU24 ɦɨɝ ɩɨɫɥɭɠɢɬɶ ɨɫɧɨɜɨɣ ɞɥɹ ɩɪɨɢɫɯɨɠɞɟɧɢɹ BCoV, ɚ ɝɪɵɡɭɧɵ, 

ɜɟɪɨɹɬɧɨ, ɹɜɥɹɸɬɫɹ ɜɚɠɧɵɦ ɪɟɡɟɪɜɭɚɪɨɦ ɞɥɹ ɩɪɟɞɤɨɜ ɩɨɞɪɨɞɚ Embecovirus (Lau 

et al., 2015). 

Ɋɟɩɥɢɤɚɰɢɹ SARS-CoV ɛɵɥɚ ɢɡɭɱɟɧɚ ɧɚ ɦɵɲɚɯ, ɫɢɪɢɣɫɤɢɯ ɡɨɥɨɬɵɯ ɢ 

ɤɢɬɚɣɫɤɢɯ ɯɨɦɹɤɚɯ. Ȼɵɥɚ ɫɨɡɞɚɧɚ ɦɨɞɟɥɶ ɡɚɪɚɠɟɧɢɹ SARS-CoV ɧɚ ɫɬɚɪɵɯ 

ɦɵɲɚɯ (Gretebeck et al.,  2015), ɞɥɹ ɷɬɨɝɨ ɛɵɥɢ ɪɚɡɪɚɛɨɬɚɧɵ ɬɪɚɧɫɝɟɧɧɵɟ ɦɵɲɢ, 

ɷɤɫɩɪɟɫɫɢɪɭɸɳɢɟ ACE2 ɱɟɥɨɜɟɤɚ. ɇɟɤɨɬɨɪɵɟ ɠɢɜɨɬɧɵɟ ɦɨɞɟɥɢ ɛɵɥɢ 

ɩɪɨɬɟɫɬɢɪɨɜɚɧɵ ɢ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɧɚ ɝɟɧɨɦɧɨɦ ɢ ɩɪɨɬɟɨɦɧɨɦ ɭɪɨɜɧɟ ɞɥɹ 

ɢɡɭɱɟɧɢɹ ɩɚɬɨɝɟɧɟɡɚ SARS-CoV. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɟɫɬɶ ɨɫɧɨɜɚɧɢɹ ɩɨɥɚɝɚɬɶ, ɱɬɨ 

ɬɚɤɢɟ ɦɨɞɟɥɢ ɛɭɞɭɬ ɪɚɛɨɬɚɬɶ ɢ ɞɥɹ SARS-CoV-2. ɇɚɩɪɨɬɢɜ, ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɩɨɤɚɡɚɥɢ, ɱɬɨ ɦɵɲɢ, ɦɨɪɫɤɢɟ ɫɜɢɧɤɢ ɢ ɯɨɦɹɤɢ ɧɟ ɜɨɫɩɪɢɢɦɱɢɜɵ ɤ ɢɧɮɟɤɰɢɢ 

MERS-CoV ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ ɩɨɬɨɦɭ, ɱɬɨ ɢɯ ɝɨɦɨɥɨɝɢɱɧɵɟ ɦɨɥɟɤɭɥɵ DPP4 

(ɞɢɩɟɩɬɢɞɢɥɩɟɩɬɢɞɚɡɚ-4) ɧɟ ɮɭɧɤɰɢɨɧɢɪɭɸɬ ɤɚɤ ɪɟɰɟɩɬɨɪɵ ɞɥɹ ɩɪɨɧɢɤɧɨɜɟɧɢɹ 

MERS-CoV (Cockrell et al., 2014). ɉɟɪɜɚɹ ɦɨɞɟɥɶ ɢɧɮɟɤɰɢɢ MERS ɧɚ ɦɵɲɚɯ, ɨ 

ɤɨɬɨɪɨɣ ɫɨɨɛɳɚɥɨɫɶ ɜ 2014 ɝɨɞɭ, ɜɤɥɸɱɚɥɚ ɬɪɚɧɫɞɭɤɰɢɸ ɠɢɜɨɬɧɵɯ 

ɪɟɤɨɦɛɢɧɚɧɬɧɵɦ ɚɞɟɧɨɜɢɪɭɫɨɦ 5, ɤɨɞɢɪɭɸɳɢɦ ɦɨɥɟɤɭɥɵ DPP4 ɱɟɥɨɜɟɤɚ 

(hDPP4), ɢɧɬɪɚɧɚɡɚɥɶɧɨ, ɱɬɨ ɩɪɢɜɟɥɨ ɤ ɪɟɩɥɢɤɚɰɢɢ MERS-CoV ɜ ɥɟɝɤɢɯ (Song 

et al., 2019). 
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1.2.5. Кɨɪɨɧɚɜɢɪɭɫɵ ɠɜɚɱɧɵɯ ɠɢɜɨɬɧɵɯ 
  

ɋɚɦɵɦ ɫɬɚɪɵɦ ɢɡɜɟɫɬɧɵɦ ɤɨɪɨɧɚɜɢɪɭɫɨɦ ɠɜɚɱɧɵɯ ɠɢɜɨɬɧɵɯ ɹɜɥɹɟɬɫɹ 

ɤɨɪɨɧɚɜɢɪɭɫ ɤɪɭɩɧɨɪɨɝɚɬɨɝɨ ɫɤɨɬɚ (BCoV), ɤɨɬɨɪɵɣ ɬɚɤɠɟ ɹɜɥɹɟɬɫɹ 

ɩɪɨɬɨɬɢɩɨɦ ɜɢɞɚ Betacoronavirus-1. BCoV ɹɜɥɹɟɬɫɹ ɨɛɪɚɡɰɨɦ ɬɨɝɨ, ɤɚɤ 

ɤɨɪɨɧɚɜɢɪɭɫɵ ɦɨɝɭɬ ɩɪɟɨɞɨɥɟɜɚɬɶ ɦɟɠɜɢɞɨɜɵɟ ɛɚɪɶɟɪɵ, ɫɨɡɞɚɜɚɹ ɨɬɞɟɥɶɧɵɟ 

ɜɢɪɭɫɧɵɟ ɥɢɧɢɢ, ɩɨɪɚɠɚɸɳɢɟ ɞɵɯɚɬɟɥɶɧɵɟ ɢ/ɢɥɢ ɤɢɲɟɱɧɵɟ ɬɪɚɤɬɵ ɱɟɥɨɜɟɤɚ 

(HCoV-OC43), ɫɜɢɧɟɣ (PHEV), ɥɨɲɚɞɟɣ (ɤɨɪɨɧɚɜɢɪɭɫ ɥɨɲɚɞɟɣ, ECoV), ɢ ɫɨɛɚɤ 

(ɪɟɫɩɢɪɚɬɨɪɧɵɣ ɤɨɪɨɧɚɜɢɪɭɫ ɫɨɛɚɤ, CRCoV). 

ɍ ɨɞɧɨɝɨɪɛɵɯ ɜɟɪɛɥɸɞɨɜ, ɜɨɫɩɪɢɢɦɱɢɜɵɯ ɤ ɢɧɮɟɤɰɢɢ MERS-CoV, 

ɪɚɡɜɢɜɚɸɬɫɹ ɛɟɫɫɢɦɩɬɨɦɧɵɟ ɢɧɮɟɤɰɢɢ ɢɥɢ ɥɟɝɤɢɟ ɡɚɛɨɥɟɜɚɧɢɹ ɜɟɪɯɧɢɯ 

ɞɵɯɚɬɟɥɶɧɵɯ ɩɭɬɟɣ, ɩɨɷɬɨɦɭ ɨɧɢ ɫɱɢɬɚɸɬɫɹ ɟɫɬɟɫɬɜɟɧɧɵɦɢ ɯɨɡɹɟɜɚɦɢ MERS-

CoV (Hemida et al., 2017). ɇɟɤɨɬɨɪɵɟ ɜɵɫɤɚɡɵɜɚɸɬɫɹ ɨ ɬɨɦ, ɱɬɨ 

ɢɧɮɢɰɢɪɨɜɚɧɧɵɟ ɜɟɪɛɥɸɞɵ ɦɧɨɝɨɤɪɚɬɧɨ ɡɚɧɨɫɢɥɢ ɜɢɪɭɫ ɜ ɱɟɥɨɜɟɱɟɫɤɭɸ 

ɩɨɩɭɥɹɰɢɸ (Hemida et al., 2017). ɏɨɬɹ ɞɪɭɝɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɫɤɥɸɱɢɥɢ 

ɜɨɫɩɪɢɢɦɱɢɜɨɫɬɶ ɞɪɭɝɢɯ ɞɨɦɚɲɧɢɯ ɠɜɚɱɧɵɯ ɠɢɜɨɬɧɵɯ ɤ MERS-CoV (Reusken 

et al., 2013; Adney et al., 2016), ɧɟɞɚɜɧɟɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɨɛɧɚɪɭɠɢɥɨ 

ɫɩɟɰɢɮɢɱɟɫɤɢɟ ɚɧɬɢɬɟɥɚ ɢ ɊɇɄ ɜ ɫɵɜɨɪɨɬɤɟ ɢ ɧɨɫɨɜɵɯ ɫɟɤɪɟɬɚɯ, ɞɨɦɚɲɧɢɯ 

ɠɜɚɱɧɵɯ ɠɢɜɨɬɧɵɯ ɜɵɪɚɳɟɧɵ ɜ Ⱥɮɪɢɤɟ, ɜɤɥɸɱɚɹ ɨɜɟɰ, ɤɨɡ ɢ ɤɪɭɩɧɵɣ ɪɨɝɚɬɵɣ 

ɫɤɨɬ (Kandeil et al., 2019). 

 
1.2.6. Кɨɪɨɧɚɜɢɪɭɫɵ ɯɢɳɧɢɤɨɜ 

 
ɇɟɤɨɬɨɪɵɟ ɞɨɦɚɲɧɢɟ ɢ ɞɢɤɢɟ ɩɥɨɬɨɹɞɧɵɟ ɠɢɜɨɬɧɵɟ ɬɚɤɠɟ 

ɜɨɫɩɪɢɢɦɱɢɜɵ ɤ ɢɧɮɟɤɰɢɢ SARS-CoV. ɏɨɬɹ ɩɨɬɟɧɰɢɚɥɶɧɵɦɢ ɟɫɬɟɫɬɜɟɧɧɵɦɢ 

ɪɟɡɟɪɜɭɚɪɚɦɢ ɹɜɥɹɸɬɫɹ ɩɨɞɤɨɜɨɨɛɪɚɡɧɵɟ ɥɟɬɭɱɢɟ ɦɵɲɢ, ɛɵɥɨ ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ 

ɲɬɚɦɦɵ SARS-ɩɨɞɨɛɧɵɯ ɤɨɪɨɧɚɜɢɪɭɫɨɜ ɲɢɪɨɤɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɵ ɭ 

ɦɚɫɤɢɪɨɜɚɧɧɵɯ ɩɚɥɶɦɨɜɵɯ ɰɢɜɟɬɬ (Paguma larvata) ɢ ɟɧɨɬɨɜɢɞɧɵɯ ɫɨɛɚɤ, 

ɤɨɬɨɪɵɟ ɩɪɟɞɩɨɥɨɠɢɬɟɥɶɧɨ ɹɜɥɹɸɬɫɹ ɟɝɨ ɩɪɨɦɟɠɭɬɨɱɧɵɦɢ ɯɨɡɹɟɜɚɦɢ (Guan et 

al., 2003). Ⱥɧɚɥɢɡ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜɢɪɭɫɚ SARS-CoV ɦɚɫɤɢɪɨɜɚɧɧɵɯ 

ɩɚɥɶɦɨɜɵɯ ɰɢɜɟɬɬ ɩɨɤɚɡɚɥ, ɱɬɨ ɨɧɢ ɛɵɥɢ ɜɵɫɨɤɨ ɝɨɦɨɥɨɝɢɱɧɵ SARS-CoV 
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ɱɟɥɨɜɟɤɚ ɫ ɧɭɤɥɟɨɬɢɞɧɨɣ ɢɞɟɧɬɢɱɧɨɫɬɶɸ ɛɨɥɟɟ 99,6%, ɱɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɬɨ, ɱɬɨ 

ɜɢɪɭɫ ɧɟ ɰɢɪɤɭɥɢɪɨɜɚɥ ɜ ɩɨɩɭɥɹɰɢɢ ɦɚɫɤɢɪɨɜɚɧɧɵɯ ɩɚɥɶɦɨɜɵɯ ɰɢɜɟɬɬ ɜ 

ɬɟɱɟɧɢɟ ɞɥɢɬɟɥɶɧɨɝɨ ɜɪɟɦɟɧɢ (Shi et al., 2008). 

ɋɪɟɞɢ ɩɥɨɬɨɹɞɧɵɯ ɠɢɜɨɬɧɵɯ SARS-CoV-2 ɫɩɨɫɨɛɟɧ ɡɚɪɚɠɚɬɶ ɤɨɲɟɤ, 

ɯɨɪɶɤɨɜ ɢ, ɜ ɦɟɧɶɲɟɣ ɫɬɟɩɟɧɢ, ɫɨɛɚɤ (Shi et al., 2020). 

Ɋɟɡɸɦɢɪɭɹ, ɤɨɪɨɧɚɜɢɪɭɫɵ ɢɡɜɟɫɬɧɵ ɜɟɬɟɪɢɧɚɪɢɢ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɦɧɨɝɢɯ 

ɞɟɫɹɬɢɥɟɬɢɣ; ɧɟɤɨɬɨɪɵɟ ɢɡ ɷɬɢɯ ɜɢɪɭɫɨɜ, ɬɚɤɢɟ ɤɚɤ IBV, TGEV, BCoV ɢ ɞɪɭɝɢɟ 

ɦɨɝɭɬ ɜɵɡɵɜɚɬɶ ɡɚɛɨɥɟɜɚɧɢɹ, ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɛɨɥɶɲɨɟ ɜɥɢɹɧɢɟ ɧɚ 

ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɭɸ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ. Ⱦɪɭɝɢɟ ɤɨɪɨɧɚɜɢɪɭɫɵ, ɚ ɢɦɟɧɧɨ 

FIPV, FRSCV ɢ MHV, ɜɵɡɵɜɚɸɬ ɬɹɠɟɥɵɟ ɡɚɛɨɥɟɜɚɧɢɹ ɭ ɞɨɦɚɲɧɢɯ (ɤɨɲɤɢ, 

ɯɨɪɶɤɢ) ɢɥɢ ɥɚɛɨɪɚɬɨɪɧɵɯ (ɦɵɲɢ) ɠɢɜɨɬɧɵɯ. Ʉɨɪɨɧɚɜɢɪɭɫɵ ɠɢɜɨɬɧɵɯ 

ɩɨɤɚɡɵɜɚɸɬ, ɤɚɤ ɤɨɪɨɧɚɜɢɪɭɫɵ ɷɜɨɥɸɰɢɨɧɢɪɭɸɬ ɩɨɫɪɟɞɫɬɜɨɦ ɧɚɤɨɩɥɟɧɢɹ 

ɬɨɱɟɱɧɵɯ ɦɭɬɚɰɢɣ ɢ ɝɨɦɨɥɨɝɢɱɧɨɣ (ɢ ɝɟɬɟɪɨɥɨɝɢɱɧɨɣ) ɪɟɤɨɦɛɢɧɚɰɢɢ, 

ɝɟɧɟɪɢɪɭɹ ɪɚɡɥɢɱɧɵɟ ɝɟɧɨɬɢɩɵ ɢ ɩɚɬɨɬɢɩɵ. ɗɜɨɥɸɰɢɹ ɤɨɪɨɧɚɜɢɪɭɫɨɜ ɦɨɠɟɬ 

ɩɪɢɜɟɫɬɢ ɤ ɢɡɦɟɧɟɧɢɸ ɞɢɚɩɚɡɨɧɚ ɯɨɡɹɟɜ ɫ ɨɞɧɨɝɨ ɜɢɞɚ ɠɢɜɨɬɧɵɯ ɧɚ ɞɪɭɝɨɣ ɢɥɢ 

ɫ ɠɢɜɨɬɧɵɯ ɧɚ ɥɸɞɟɣ. ɉɟɪɜɨɟ ɫɨɛɵɬɢɟ ɯɨɪɨɲɨ ɡɚɞɨɤɭɦɟɧɬɢɪɨɜɚɧɨ ɜ 

ɜɟɬɟɪɢɧɚɪɢɢ, ɩɨɫɤɨɥɶɤɭ ɦɧɨɠɟɫɬɜɨ ɜɢɪɭɫɨɜ ɩɪɨɢɫɯɨɞɢɬ ɨɬ IBV ɢ BCoV, 

ɤɨɬɨɪɵɟ ɚɞɚɩɬɢɪɨɜɚɥɢɫɶ ɤ ɪɚɡɥɢɱɧɵɦ ɜɢɞɚɦ ɠɢɜɨɬɧɵɯ. Ɉɞɧɚɤɨ ɧɚɢɛɨɥɟɟ 

ɢɧɬɟɪɟɫɧɵɦ ɫɰɟɧɚɪɢɟɦ ɹɜɥɹɟɬɫɹ ɫɤɚɱɨɤ ɢ ɞɚɥɶɧɟɣɲɚɹ ɚɞɚɩɬɚɰɢɹ ɤɨɪɨɧɚɜɢɪɭɫɨɜ 

ɠɢɜɨɬɧɵɯ ɤ ɱɟɥɨɜɟɤɭ. ɉɨɹɜɥɹɟɬɫɹ ɜɫɟ ɛɨɥɶɲɟ ɫɜɢɞɟɬɟɥɶɫɬɜ ɬɨɝɨ, ɱɬɨ ɜɫɟ 

ɢɡɜɟɫɬɧɵɟ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɱɟɥɨɜɟɱɟɫɤɢɟ ɤɨɪɨɧɚɜɢɪɭɫɵ ɩɪɨɢɫɯɨɞɹɬ ɨɬ 

ɤɨɪɨɧɚɜɢɪɭɫɨɜ ɠɢɜɨɬɧɵɯ, ɩɪɢɱɟɦ ɤɨɪɨɧɚɜɢɪɭɫɵ ɥɟɬɭɱɢɯ ɦɵɲɟɣ ɢɥɢ ɝɪɵɡɭɧɨɜ 

ɹɜɥɹɸɬɫɹ ɧɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɵɦɢ ɩɪɟɞɤɚɦɢ. ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ 

ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɞɪɭɝɢɟ ɦɥɟɤɨɩɢɬɚɸɳɢɟ ɫɥɭɠɚɬ ɩɪɨɦɟɠɭɬɨɱɧɵɦɢ 

ɯɨɡɹɟɜɚɦɢ ɞɨ ɨɤɨɧɱɚɬɟɥɶɧɨɣ ɚɞɚɩɬɚɰɢɢ ɤ ɱɟɥɨɜɟɤɭ, ɬɨ ɟɫɬɶ ɚɥɶɩɚɤɢ ɢ 

ɤɪɭɩɧɨɪɨɝɚɬɵɣ ɫɤɨɬ ɞɥɹ ɧɢɡɤɨɩɚɬɨɝɟɧɧɵɯ HCoV-229E ɢ HCoV-OC43 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɚ ɬɚɤɠɟ ɞɢɤɢɟ ɯɢɳɧɢɤɢ ɢ ɨɞɧɨɝɨɪɛɵɟ ɜɟɪɛɥɸɞɵ ɞɥɹ 

ɜɵɫɨɤɨɩɚɬɨɝɟɧɧɵɯ SARS-CoV ɢ MERS-CoV, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ⱦɜɚ ɞɪɭɝɢɯ 

ɜɢɪɭɫɚ HCoV-NL63 ɢ HCoV-HKU1, ɜɟɪɨɹɬɧɨ, ɩɪɨɢɡɨɲɥɢ ɨɬ ɥɟɬɭɱɢɯ ɦɵɲɟɣ ɢ 

ɝɪɵɡɭɧɨɜ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɧɨ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɟɢɡɜɟɫɬɧɨ, ɬɪɟɛɨɜɚɥɨɫɶ ɥɢ ɞɥɹ 
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ɷɬɨɣ ɩɟɪɟɞɚɱɢ ɩɪɨɦɟɠɭɬɨɱɧɨɟ ɦɥɟɤɨɩɢɬɚɸɳɟɟ-ɯɨɡɹɢɧ. ɉɪɨɢɫɯɨɠɞɟɧɢɟ SARS-

CoV-2 ɞɨɥɠɧɨ ɛɵɬɶ ɡɨɨɧɨɡɧɵɦ, ɩɨɫɤɨɥɶɤɭ ɭ ɥɟɬɭɱɢɯ ɦɵɲɟɣ ɛɵɥɢ ɨɛɧɚɪɭɠɟɧɵ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɫ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɶɸ ɢɞɟɧɬɢɱɧɨɫɬɢ, ɧɨ ɨɤɨɧɱɚɬɟɥɶɧɵɣ 

ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɯɨɡɹɢɧ ɞɨ ɫɢɯ ɩɨɪ ɧɟ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧ. 

1.3. Ɇɟɬɨɞɵ ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ 

1.3.1. Ɇɟɬɨɞɵ ɜɵɪɚɜɧɢɜɚɧɢɹ 
 

ȼɵɪɚɜɧɢɜɚɧɢɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ȾɇɄ ɹɜɥɹɟɬɫɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɦ 

ɭɫɥɨɜɢɟɦ ɩɪɚɤɬɢɱɟɫɤɢ ɞɥɹ ɜɫɟɯ ɫɪɚɜɧɢɬɟɥɶɧɵɯ ɝɟɧɨɦɧɵɯ ɚɧɚɥɢɡɨɜ, ɜɤɥɸɱɚɹ 

ɢɞɟɧɬɢɮɢɤɚɰɢɸ ɤɨɧɫɟɪɜɚɬɢɜɧɵɯ ɦɨɬɢɜɨɜ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ, ɨɰɟɧɤɭ 

ɷɜɨɥɸɰɢɨɧɧɨɝɨ ɪɚɫɯɨɠɞɟɧɢɹ ɦɟɠɞɭ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦɢ ɢ ɢɫɬɨɪɢɱɟɫɤɢɯ 

ɜɡɚɢɦɨɫɜɹɡɟɣ ɦɟɠɞɭ ɝɟɧɚɦɢ ɢ ɜɢɞɚɦɢ. Oɲɢɛɤɢ ɜ ɜɵɪɚɜɧɢɜɚɧɢɢ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɨɤɚɡɵɜɚɸɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɧɟɝɚɬɢɜɧɨɟ ɜɥɢɹɧɢɟ ɧɚ 

ɩɨɫɥɟɞɭɸɳɢɣ ɜɵɜɨɞ ɨ ɞɢɜɟɪɝɟɧɰɢɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɢ ɨ ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɢɯ 

ɞɟɪɟɜɶɹɯ. 

ȿɫɬɶ ɞɜɚ ɬɢɩɚ ɜɵɪɚɜɧɢɜɚɧɢɹ: ɝɥɨɛɚɥɶɧɨɟ ɢ ɥɨɤɚɥɶɧɨɟ. ȼ ɫɥɭɱɚɟ 

ɝɥɨɛɚɥɶɧɨɝɨ ɜɵɪɚɜɧɢɜɚɧɢɹ ɞɜɟ ɢɥɢ ɛɨɥɟɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜɵɪɚɜɧɢɜɚɸɬɫɹ 

ɨɬ ɧɚɱɚɥɚ ɢ ɞɨ ɤɨɧɰɚ. ɗɬɨ ɩɨɞɯɨɞɢɬ ɞɥɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɝɟɧɨɜ, 

ɤɨɞɢɪɭɸɳɢɯ ɛɟɥɤɢ, ɞɥɹ ɤɨɪɨɬɤɢɯ ɭɱɚɫɬɤɨɜ ɝɟɧɨɦɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɢ  ɜ 

ɰɟɥɨɦ ɞɥɹ ɨɱɟɧɶ ɫɯɨɠɢɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɩɪɢɦɟɪɧɨ ɨɞɧɨɣ ɞɥɢɧɵ. Ⱦɥɹ 

ɛɨɥɟɟ ɞɥɢɧɧɨɣ ɫɥɨɠɧɨɣ ɝɟɧɨɦɧɨɣ ȾɇɄ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɩɟɪɟɫɬɪɨɣɤɢ, 

ɜɫɬɚɜɤɢ ɢ ɞɟɥɟɰɢɢ ɜ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɯ, ɱɬɨ ɬɪɟɛɭɟɬ ɫɨɡɞɚɧɢɹ ɥɨɤɚɥɶɧɵɯ 

ɜɵɪɚɜɧɢɜɚɧɢɣ. Ʌɨɤɚɥɶɧɨɟ ɜɵɪɚɜɧɢɜɚɧɢɟ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɝɥɨɛɚɥɶɧɨɝɨ 

ɜɵɪɚɜɧɢɜɚɧɢɹ ɬɟɦ, ɱɬɨ ɩɟɪɜɨɟ ɮɨɤɭɫɢɪɭɟɬɫɹ ɧɚ ɨɛɳɢɯ ɨɛɥɚɫɬɹɯ ɫ ɜɵɫɨɤɢɦ 

ɫɯɨɞɫɬɜɨɦ, ɢɝɧɨɪɢɪɭɹ ɨɛɥɚɫɬɢ, ɤɨɬɨɪɵɟ ɧɟ ɞɟɦɨɧɫɬɪɢɪɭɸɬ ɜɵɫɨɤɭɸ ɝɨɦɨɥɨɝɢɸ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɦɟɠɞɭ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦɢ (Brudno et al., 2003). 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɜɚɠɧɵɦ ɲɚɝɨɦ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɢɯ 

ɞɟɪɟɜɶɟɜ ɹɜɥɹɟɬɫɹ ɩɨɫɬɪɨɟɧɢɟ ɦɧɨɠɟɫɬɜɟɧɧɨɝɨ ɝɥɨɛɚɥɶɧɨɝɨ ɜɵɪɚɜɧɢɜɚɧɢɹ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ (MSA). Ȼɨɥɶɲɢɧɫɬɜɨ ɦɟɬɨɞɨɜ, ɨɛɵɱɧɨ ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ 
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ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ, ɨɫɧɨɜɚɧɨ ɧɚ ɩɪɨɝɪɟɫɫɢɜɧɨɦ ɜɵɪɚɜɧɢɜɚɧɢɢ. ɗɬɨɬ ɩɨɩɭɥɹɪɧɵɣ 

ɚɥɝɨɪɢɬɦ MSA ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɪɨɫɬɭɸ ɚɝɥɨɦɟɪɚɰɢɨɧɧɭɸ ɩɪɨɰɟɞɭɪɭ. 

ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɫɧɚɱɚɥɚ ɩɨɩɚɪɧɨ ɫɪɚɜɧɢɜɚɸɬɫɹ ɞɪɭɝ ɫ ɞɪɭɝɨɦ, ɱɬɨɛɵ 

ɡɚɩɨɥɧɢɬɶ ɦɚɬɪɢɰɭ ɪɚɫɫɬɨɹɧɢɣ, ɫɨɞɟɪɠɚɳɭɸ ɩɪɨɰɟɧɬ ɢɞɟɧɬɢɱɧɨɫɬɢ. Ɂɚɬɟɦ ɤ 

ɷɬɨɣ ɦɚɬɪɢɰɟ ɪɚɫɫɬɨɹɧɢɣ ɩɪɢɦɟɧɹɟɬɫɹ ɚɥɝɨɪɢɬɦ ɤɥɚɫɬɟɪɢɡɚɰɢɢ (UPGMA ɢɥɢ 

NJ) ɞɥɹ ɫɨɡɞɚɧɢɹ ɤɨɪɧɟɜɨɝɨ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɞɟɪɟɜɚ. Ⱥɥɝɨɪɢɬɦ ɚɝɥɨɦɟɪɚɰɢɢ 

ɫɥɟɞɭɟɬ ɬɨɩɨɥɨɝɢɢ ɞɟɪɟɜɚ ɢ ɩɪɨɯɨɞɢɬ ɩɭɬɶ ɨɬ ɥɢɫɬɚ ɤ ɤɨɪɧɸ, ɜɵɪɚɜɧɢɜɚɹ 

ɩɨɩɚɪɧɨ ɤɚɠɞɭɸ ɩɚɪɭ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɫɜɹɡɚɧɧɭɸ ɫ ɤɚɠɞɵɦ ɜɫɬɪɟɱɟɧɧɵɦ 

ɭɡɥɨɦ. ɉɪɨɰɟɞɭɪɚ ɦɨɠɟɬ ɩɪɢɦɟɧɹɬɶɫɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɥɸɛɨɝɨ ɚɥɝɨɪɢɬɦɚ, 

ɫɩɨɫɨɛɧɨɝɨ ɜɵɪɨɜɧɹɬɶ ɞɜɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɢɥɢ ɞɜɚ ɜɵɪɚɜɧɢɜɚɧɢɹ. ȼ 

ɛɨɥɶɲɢɧɫɬɜɟ ɩɚɤɟɬɨɜ ɷɬɨ ɚɥɝɨɪɢɬɦ ɇɢɞɥɦɚɧɚ-ȼɭɧɲɚ (Needleman and Wunsch, 

1970) ɢɥɢ ɚɥɝɨɪɢɬɦ ȼɢɬɟɪɛɢ (Durbin et al., 1998). 

ClustalW (Thompson et al., 1994) ɱɚɫɬɨ ɫɱɢɬɚɟɬɫɹ ɩɪɨɨɛɪɚɡɨɦ 

ɩɪɨɝɪɟɫɫɢɜɧɨɝɨ ɜɵɪɚɜɧɢɜɚɧɢɹ. Ƚɥɚɜɧɨɣ ɟɝɨ ɩɪɨɛɥɟɦɨɣ ɫɱɢɬɚɟɬɫɹ ɧɚɫɥɟɞɨɜɚɧɢɟ 

ɨɲɢɛɤɢ ɩɟɪɜɨɝɨ ɲɚɝɚ, ɬɨ ɟɫɬɶ ɜ ɫɥɭɱɚɟ, ɟɫɥɢ ɜɨɡɧɢɤɥɚ ɤɚɤɚɹ-ɬɨ ɨɲɢɛɤɚ ɜ ɫɚɦɨɦ 

ɧɚɱɚɥɟ ɩɪɢ ɩɟɪɜɨɦ ɩɨɩɚɪɧɨɦ ɜɵɪɚɜɧɢɜɚɧɢɢ, ɷɬɨ ɨɲɢɛɤɚ ɫɨɯɪɚɧɢɬɶɫɹ ɢ ɩɪɢ 

ɞɨɛɚɜɥɟɧɢɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɞɥɹ ɜɵɪɚɜɧɢɜɚɧɢɹ, ɩɨɬɨɦɭ ɤɚɤ ɨɩɬɢɦɚɥɶɧɨɟ 

ɜɵɪɚɜɧɢɜɚɧɢɟ ɞɥɹ ɧɨɜɨɣ ɝɪɭɩɩɵ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɧɟ ɢɳɟɬɫɹ, ɱɬɨ ɜ 

ɤɨɧɟɱɧɨɦ ɢɬɨɝɟ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɫɨɜɟɪɲɟɧɧɨ ɧɟɩɪɚɜɢɥɶɧɨɦɭ ɪɟɡɭɥɶɬɚɬɭ.  ɗɬɨ 

ɯɨɪɨɲɨ ɢɡɜɟɫɬɧɚɹ ɩɪɨɛɥɟɦɚ, ɨɛɵɱɧɨ ɪɟɲɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɢɬɟɪɚɬɢɜɧɨɣ 

ɫɬɪɚɬɟɝɢɢ. ȼ ɢɬɟɪɚɬɢɜɧɨɣ ɫɯɟɦɟ ɝɪɭɩɩɵ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɩɟɪɟɫɬɪɚɢɜɚɸɬɫɹ 

ɨɩɪɟɞɟɥɟɧɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɡ, ɢɫɩɨɥɶɡɭɹ ɥɢɛɨ ɫɥɭɱɚɣɧɵɟ ɪɚɡɛɢɟɧɢɹ, ɥɢɛɨ 

ɪɚɡɛɢɟɧɢɹ, ɩɪɟɞɥɨɠɟɧɧɵɟ ɧɚɩɪɚɜɥɹɸɳɢɦ ɞɟɪɟɜɨɦ. ɋɚɦɵɟ ɫɥɨɠɧɵɟ 

ɢɬɟɪɚɬɢɜɧɵɟ ɫɬɪɚɬɟɝɢɢ (Muscle ɢ PRRP), ɜɤɥɸɱɚɸɬ ɞɜɚ ɜɥɨɠɟɧɧɵɯ 

ɢɬɟɪɚɰɢɨɧɧɵɯ ɰɢɤɥɚ: ɜɧɭɬɪɟɧɧɢɣ, ɜ ɤɨɬɨɪɨɦ ɜɵɪɚɜɧɢɜɚɧɢɟ ɨɩɬɢɦɢɡɢɪɭɟɬɫɹ ɩɨ 

ɨɬɧɨɲɟɧɢɸ ɤ ɧɚɩɪɚɜɥɹɸɳɟɦɭ ɞɟɪɟɜɭ, ɢ ɜɧɟɲɧɢɣ, ɜ ɤɨɬɨɪɨɦ ɬɟɤɭɳɟɟ MSA 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɩɨɜɬɨɪɧɨɣ ɨɰɟɧɤɢ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɞɟɪɟɜɚ. ɉɪɨɰɟɞɭɪɚ 

ɩɪɨɞɨɥɠɚɟɬɫɹ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɜɵɪɚɜɧɢɜɚɧɢɟ ɢ ɧɚɩɪɚɜɥɹɸɳɟɟ ɞɟɪɟɜɨ ɧɟ 

ɫɨɣɞɭɬɫɹ. Ȼɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɷɬɢ ɢɬɟɪɚɰɢɢ ɩɨɱɬɢ ɜɫɟɝɞɚ ɭɥɭɱɲɚɸɬ ɬɨɱɧɨɫɬɶ 

MSA (Wallace et al., 2005). 
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ɉɪɨɝɪɚɦɦɧɵɟ ɢɧɫɬɪɭɦɟɧɬɵ ɞɥɹ ɜɵɪɚɜɧɢɜɚɧɢɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ, 

ɬɚɤɢɟ ɤɚɤ BLAST (Altschul et al., 1990) ɢ CLUSTAL (Thompson et al., 1994), 

ɹɜɥɹɸɬɫɹ ɧɚɢɛɨɥɟɟ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɦɵɦɢ ɦɟɬɨɞɚɦɢ ɛɢɨɢɧɮɨɪɦɚɬɢɤɢ. ɏɨɬɹ 

ɩɨɞɯɨɞɵ ɧɚ ɨɫɧɨɜɟ ɜɵɪɚɜɧɢɜɚɧɢɹ ɨɛɵɱɧɨ ɨɫɬɚɸɬɫɹ ɷɬɚɥɨɧɨɦ, ɦɟɬɨɞɵ ɧɚ ɨɫɧɨɜɟ 

MSA ɫɥɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɧɚ ɨɱɟɧɶ ɛɨɥɶɲɢɯ ɧɚɛɨɪɚɯ ɞɚɧɧɵɯ, ɤɨɬɨɪɵɟ 

ɞɨɫɬɭɩɧɵ ɫɟɝɨɞɧɹ (Chan et al., 2013). Ʉɪɨɦɟ ɬɨɝɨ, ɦɟɬɨɞɵ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ 

ɜɵɪɚɜɧɢɜɚɧɢɢ, ɨɤɚɡɚɥɢɫɶ ɧɟɬɨɱɧɵɦɢ ɜ ɫɥɭɱɚɹɯ ɫ ɧɢɡɤɨɣ ɢɞɟɧɬɢɱɧɨɫɬɶɸ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ, ɧɚɩɪɢɦɟɪ, ɪɟɝɭɥɹɬɨɪɧɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɝɟɧɨɜ 

(Kantorovitz et al., 2007; Ivan et al., 2008) ɢ ɨɬɞɚɥɟɧɧɨ ɪɨɞɫɬɜɟɧɧɵɟ ɝɨɦɨɥɨɝɢ 

ɛɟɥɤɨɜ (Zielezinski et al., 2017; Vinga et al., 2004). Ȼɨɥɟɟ ɬɨɝɨ, ɚɥɝɨɪɢɬɦɵ 

ɜɵɪɚɜɧɢɜɚɧɢɹ ɩɪɟɞɩɨɥɚɝɚɸɬ, ɱɬɨ ɥɢɧɟɣɧɵɣ ɩɨɪɹɞɨɤ ɝɨɦɨɥɨɝɢɢ ɫɨɯɪɚɧɹɟɬɫɹ ɜ 

ɫɪɚɜɧɢɜɚɟɦɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɯ, ɩɨɷɬɨɦɭ ɷɬɢ ɚɥɝɨɪɢɬɦɵ ɧɟ ɦɨɝɭɬ 

ɩɪɢɦɟɧɹɬɶɫɹ ɧɚɩɪɹɦɭɸ, ɟɫɥɢ ɟɫɬɶ ɩɟɪɟɫɬɪɨɣɤɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ (ɧɚɩɪɢɦɟɪ, 

ɪɟɤɨɦɛɢɧɚɰɢɹ ɢ ɡɚɦɟɧɵ ɛɟɥɤɨɜɵɯ ɞɨɦɟɧɨɜ (Terrapon et al., 2014) ɢɥɢ 

ɝɨɪɢɡɨɧɬɚɥɶɧɵɣ ɩɟɪɟɧɨɫ (Cong et al., 2016), ɜ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɨɛɪɚɛɚɬɵɜɚɸɬɫɹ 

ɤɪɭɩɧɵɟ ɧɚɛɨɪɵ ɞɚɧɧɵɯ ɨ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɯ, ɧɚɩɪɢɦɟɪ, ɞɥɹ ɩɨɥɧɨɝɟɧɨɦɧɨɣ 

ɮɢɥɨɝɟɧɟɬɢɤɢ (Ondov et al., 2016)). Ʉɪɨɦɟ ɬɨɝɨ, ɜɵɪɚɜɧɢɜɚɧɢɟ ɞɜɭɯ ɞɥɢɧɧɵɯ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ȾɇɄ (ɞɥɢɧɨɣ ɜ ɦɢɥɥɢɨɧɵ ɧɭɤɥɟɨɬɢɞɨɜ) ɧɚ ɩɪɚɤɬɢɤɟ 

ɧɟɜɨɡɦɨɠɧɨ. ɉɨɷɬɨɦɭ ɜ ɤɚɱɟɫɬɜɟ ɚɥɶɬɟɪɧɚɬɢɜɵ ɜɵɪɚɜɧɢɜɚɧɢɸ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɛɵɥɨ ɪɚɡɪɚɛɨɬɚɧɨ ɦɧɨɠɟɫɬɜɨ ɬɚɤ ɧɚɡɵɜɚɟɦɵɯ ɩɨɞɯɨɞɨɜ ɤ 

ɚɧɚɥɢɡɭ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɛɟɡ ɜɵɪɚɜɧɢɜɚɧɢɹ (AF) (Zielezinski et al., 2017). 

Ȼɵɥ ɪɚɡɪɚɛɨɬɚɧ ɲɢɪɨɤɢɣ ɫɩɟɤɬɪ ɦɟɬɨɞɨɜ ɛɟɡ ɜɵɪɚɜɧɢɜɚɧɢɹ, 

ɧɚɩɪɚɜɥɟɧɧɵɣ ɧɚ  ɫɪɚɜɧɟɧɢɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ. ɗɬɢ ɩɨɞɯɨɞɵ ɜɤɥɸɱɚɸɬ 

ɦɟɬɨɞɵ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɩɨɞɫɱɟɬɟ ɫɥɨɜ ɢɥɢ k-ɦɟɪ, ɞɥɢɧɟ ɨɛɳɢɯ ɩɨɞɫɬɪɨɤ, ɦɢɤɪɨ-

ɜɵɪɚɜɧɢɜɚɧɢɹɯ, ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ, ɬɟɨɪɢɢ ɢɧɮɨɪɦɚɰɢɢ ɢ ɫɢɫɬɟɦɵ 

ɩɨɜɬɨɪɹɸɳɢɯɫɹ ɮɭɧɤɰɢɣ (Zielezinski et al., 2017). ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚɢɛɨɥɟɟ 

ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɦɵɣ ɩɨɞɯɨɞ AF  ̶  ɦɟɬɨɞɵ ɨɫɧɨɜɚɧɧɵɟ ɧɚ k-ɦɟɪ (Luczak et al., 

2019). ɗɬɢ ɦɟɬɨɞɵ ɨɱɟɧɶ ɪɚɡɧɨɨɛɪɚɡɧɵ ɢ ɨɛɟɫɩɟɱɢɜɚɸɬ ɦɧɨɠɟɫɬɜɨ 

ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ, ɤɨɬɨɪɵɟ ɪɟɚɥɢɡɭɸɬɫɹ ɜ ɪɚɡɧɵɯ ɩɪɨɝɪɚɦɦɧɵɯ 

ɢɧɫɬɪɭɦɟɧɬɚɯ (Lu et al., 2017; Chan et al., 2014). 
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1.3.2. Ɇɟɬɨɞɵ ɩɨɫɬɪɨɟɧɢɹ ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɢɯ ɞɟɪɟɜɶɟɜ 

 
Ɏɢɥɨɝɟɧɟɬɢɤɚ – ɷɬɨ ɨɛɥɚɫɬɶ ɛɢɨɥɨɝɢɢ, ɢɡɭɱɚɸɳɚɹ ɷɜɨɥɸɰɢɨɧɧɵɟ 

ɜɡɚɢɦɨɨɬɧɨɲɟɧɢɹ ɦɟɠɞɭ ɛɢɨɥɨɝɢɱɟɫɤɢɦɢ ɨɛɴɟɤɬɚɦɢ (ɜɢɞɚɦɢ, ɢɧɞɢɜɢɞɭɭɦɚɦɢ 

ɢɥɢ ɝɟɧɚɦɢ). Ɏɢɥɨɝɟɧɟɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ ɜɵɹɜɥɟɧɢɹ 

ɜɡɚɢɦɨɨɬɧɨɲɟɧɢɣ ɦɟɠɞɭ ɬɚɤɫɨɧɚɦɢ (ɞɚɧɧɵɦɢ, ɨɛɴɟɤɬɚɦɢ), ɚ ɧɚ ɨɫɧɨɜɟ ɟɝɨ 

ɪɟɡɭɥɶɬɚɬɨɜ ɫɬɪɨɢɬɫɹ ɤɥɚɞɨɝɪɚɦɦɚ ɢɥɢ ɞɟɪɟɜɨ. 

Ɏɢɥɨɝɟɧɟɬɢɱɟɫɤɨɟ ɞɟɪɟɜɨ – ɫɯɟɦɚ, ɨɬɪɚɠɚɸɳɚɹ ɷɜɨɥɸɰɢɨɧɧɵɟ 

ɜɡɚɢɦɨɫɜɹɡɢ ɦɟɠɞɭ ɪɚɡɥɢɱɧɵɦɢ ɜɢɞɚɦɢ ɢɥɢ ɞɪɭɝɢɦɢ ɨɛɴɟɤɬɚɦɢ, ɢɦɟɸɳɢɦɢ 

ɨɛɳɟɝɨ ɩɪɟɞɤɚ. Ɏɢɥɨɝɟɧɟɬɢɱɟɫɤɨɟ ɞɟɪɟɜɨ ɫɨɫɬɨɢɬ ɢɡ ɥɢɫɬɶɟɜ, ɭɡɥɨɜ ɢ ɤɨɪɧɹ 

(ɦɚɤɫɢɦɭɦ ɨɞɢɧ). Ʌɢɫɬɶɹ — ɷɬɨ ɤɨɧɟɱɧɵɟ ɜɟɪɲɢɧɵ, ɬ.ɟ. ɬɟ, ɜ ɤɨɬɨɪɵɟ ɜɯɨɞɹɬ 

ɪɨɜɧɨ ɩɨ ɨɞɧɨɦɭ ɪɟɛɪɭ; ɤɚɠɞɵɣ ɥɢɫɬ ɨɬɨɛɪɚɠɚɟɬ ɨɩɪɟɞɟɥɟɧɧɵɣ ɨɛɴɟɤɬ. 

Ʉɚɠɞɵɣ ɭɡɟɥ ɩɪɟɞɫɬɚɜɥɹɟɬ ɷɜɨɥɸɰɢɨɧɧɨɟ ɫɨɛɵɬɢɟ: ɪɚɡɞɟɥɟɧɢɟ ɩɪɟɞɤɨɜɨɝɨ ɜɢɞɚ 

ɧɚ ɞɜɚ ɢɥɢ ɛɨɥɟɟ, ɤɨɬɨɪɵɟ ɜ ɞɚɥɶɧɟɣɲɟɦ ɷɜɨɥɸɰɢɨɧɢɪɨɜɚɥɢ ɧɟɡɚɜɢɫɢɦɨ. 

Ʉɨɪɟɧɶ ɩɪɟɞɫɬɚɜɥɹɟɬ ɨɛɳɟɝɨ ɩɪɟɞɤɚ ɜɫɟɯ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɨɛɴɟɤɬɨɜ. ȼɟɬɜɢ — 

ɪɺɛɪɚ ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɨɝɨ ɞɟɪɟɜɚ; ɜɡɚɢɦɧɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɜɟɬɜɟɣ ɧɚɡɵɜɚɟɬɫɹ 

ɬɨɩɨɥɨɝɢɟɣ. 

ȼɚɠɧɵɦ ɷɬɚɩɨɦ ɩɟɪɟɞ ɩɨɫɬɪɨɟɧɢɟɦ ɞɟɪɟɜɚ ɜɵɛɪɚɬɶ ɨɩɬɢɦɚɥɶɧɭɸ 

ɦɨɞɟɥɶ ɷɜɨɥɸɰɢɢ ɧɭɤɥɟɨɬɢɞɨɜ. Ɇɨɞɟɥɢ ɷɜɨɥɸɰɢɢ ɧɭɤɥɟɨɬɢɞɨɜ ɨɩɢɫɵɜɚɸɬ 

ɫɤɨɪɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɮɢɤɫɢɪɨɜɚɧɧɵɯ ɦɭɬɚɰɢɣ ɫɪɟɞɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɢ 

ɫɨɫɬɚɜɥɹɸɬ ɨɫɧɨɜɭ ɷɜɨɥɸɰɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ ɝɟɧɟɬɢɱɟɫɤɢɯ ɞɚɧɧɵɯ ɧɚ 

ɦɨɥɟɤɭɥɹɪɧɨɦ ɭɪɨɜɧɟ.  

ɉɟɪɜɚɹ ɢ ɫɚɦɚɹ ɩɪɨɫɬɚɹ ɦɨɞɟɥɶ, ɢɦɢɬɢɪɭɸɳɚɹ ɩɪɨɰɟɫɫ ɡɚɦɟɧɵ 

ɧɭɤɥɟɨɬɢɞɨɜ ɜ ȾɇɄ, ɛɵɥɚ ɨɩɢɫɚɧɚ Ⱦɠɭɤɫɨɦ ɢ Ʉɚɧɬɨɪɨɦ (JC) ɜ 1969 ɝɨɞɭ (Jukes 

and Cantor, 1969). ɗɬɚ ɦɨɞɟɥɶ ɩɪɟɞɩɨɥɚɝɚɟɬ ɪɚɜɧɵɟ ɱɚɫɬɨɬɵ ɧɭɤɥɟɨɬɢɞɨɜ ɢ 

ɪɚɜɧɵɟ ɱɚɫɬɨɬɵ ɡɚɦɟɧɵ ɧɭɤɥɟɨɬɢɞɨɜ (ɦɭɬɚɰɢɢ). Ɉɞɧɚɤɨ ɢɡɦɟɧɟɧɢɹ ɦɟɠɞɭ 

ɨɫɧɨɜɚɧɢɹɦɢ ɫ ɨɞɢɧɚɤɨɜɨɣ ɯɢɦɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɨɣ (ɬɪɚɧɡɢɰɢɢ) ɛɨɥɟɟ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɵ, ɱɟɦ ɢɡɦɟɧɟɧɢɹ ɦɟɠɞɭ ɨɫɧɨɜɚɧɢɹɦɢ ɫ ɪɚɡɧɨɣ ɯɢɦɢɱɟɫɤɨɣ 

ɫɬɪɭɤɬɭɪɨɣ (ɬɪɚɧɫɜɟɪɫɢɢ), ɩɨɬɨɦɭ ɱɬɨ ɡɚɦɟɧɚ ɚɧɚɥɨɝɢɱɧɨɣ ɫɬɪɭɤɬɭɪɵ ɛɨɥɟɟ 
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ɜɟɪɨɹɬɧɚ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɦɨɥɟɤɭɥɹɪɧɨɣ ɷɜɨɥɸɰɢɢ. Ȼɨɥɟɟ ɬɨɝɨ, ɝɟɧɟɬɢɱɟɫɤɢɣ ɤɨɞ 

ɞɨɩɭɫɤɚɟɬ ɛɨɥɶɲɟ ɬɪɚɧɡɢɰɢɣ, ɱɟɦ ɬɪɚɧɫɜɟɪɫɢɣ ɛɟɡ ɡɚɦɟɧɵ ɚɦɢɧɨɤɢɫɥɵ 

(Kimura, 1980; Collins and Jukes, 1994). Ɋɭɤɨɜɨɞɫɬɜɭɹɫɶ ɷɬɢɦɢ 

ɞɨɤɚɡɚɬɟɥɶɫɬɜɚɦɢ, Ʉɢɦɭɪɚ ɜ 1980 ɝɨɞɭ (Kimura, 1980) ɩɪɟɞɫɬɚɜɢɥ ɦɨɞɟɥɶ ɫ 

ɞɜɭɦɹ ɩɚɪɚɦɟɬɪɚɦɢ (K80), ɝɞɟ ɫɤɨɪɨɫɬɢ ɡɚɦɟɧɵ ɧɭɤɥɟɨɬɢɞɨɜ ɪɚɡɥɢɱɚɸɬɫɹ 

ɦɟɠɞɭ ɬɪɚɧɡɢɰɢɹɦɢ ɢ ɬɪɚɧɫɜɟɪɫɢɹɦɢ. Ɍɨɱɧɨ ɬɚɤ ɠɟ Ɏɟɥɶɡɟɧɲɬɟɣɧ ɜ 1981 ɝɨɞɭ 

(F81) (Felsenstein, 1981) ɪɚɫɲɢɪɢɥ ɦɨɞɟɥɶ JC, ɜɤɥɸɱɢɜ ɜ ɧɟɟ ɪɚɡɧɵɟ ɱɚɫɬɨɬɵ 

ɧɭɤɥɟɨɬɢɞɨɜ, ɤɨɬɨɪɵɟ ɬɚɤɠɟ ɦɨɝɭɬ ɜɨɡɧɢɤɚɬɶ ɤɚɤ ɫɥɟɞɫɬɜɢɟ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ 

ɫɜɨɣɫɬɜ ɧɭɤɥɟɨɬɢɞɨɜ ɢ ɞɟɣɫɬɜɢɹ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɨɬɛɨɪɚ. ɉɨɡɠɟ ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ 

ɪɹɞ ɦɨɞɟɥɟɣ, ɜɤɥɸɱɚɸɳɢɯ ɪɚɫɲɢɪɟɧɢɹ ɷɬɢɯ ɢɫɯɨɞɧɵɯ ɦɨɞɟɥɟɣ (ɧɚɩɪɢɦɟɪ, 

HKY (Hasegawa, 1985) ɢ SYM (Zharkikh, 1994)). ɋɥɟɞɭɹ ɷɬɨɣ ɬɟɧɞɟɧɰɢɢ , ɫɚɦɚɹ 

ɫɥɨɠɧɚɹ ɦɨɞɟɥɶ  ̶  General time reversible (GTR)( Tavaré, 1986), ɜɤɥɸɱɚɟɬ ɪɚɡɧɵɟ 

ɫɤɨɪɨɫɬɢ ɞɥɹ ɤɚɠɞɨɝɨ ɬɢɩɚ ɡɚɦɟɧɵ ɢ ɪɚɡɧɵɟ ɱɚɫɬɨɬɵ ɧɭɤɥɟɨɬɢɞɨɜ. Ʉɪɨɦɟ ɬɨɝɨ, 

ɞɨɥɹ ɧɟɢɡɦɟɧɧɵɯ ɫɚɣɬɨɜ (+ I) (Shoemaker and Fitch, 1989) ɢ/ɢɥɢ ɫɤɨɪɨɫɬɶ 

ɜɚɪɢɚɰɢɢ ɦɟɠɞɭ ɫɚɣɬɚɦɢ (+ G) (Yang, 1994) ɦɨɝɭɬ ɛɵɬɶ ɜɤɥɸɱɟɧɵ ɜ ɥɸɛɭɸ 

ɦɨɞɟɥɶ. 

ɋɬɚɰɢɨɧɚɪɧɵɟ, ɨɛɪɚɬɢɦɵɟ ɢ ɝɨɦɨɝɟɧɧɵɟ ɦɨɞɟɥɢ ɡɚɦɟɳɟɧɢɹ ȾɇɄ, 

ɩɨɥɭɱɟɧɧɵɟ ɢɡ ɜɫɟɯ ɜɨɡɦɨɠɧɵɯ ɤɨɦɛɢɧɚɰɢɣ (ɨɞɢɧɚɤɨɜɵɟ/ɪɚɡɧɵɟ ɫɤɨɪɨɫɬɢ 

ɡɚɦɟɧɵ ɧɭɤɥɟɨɬɢɞɨɜ, ɪɚɜɧɵɟ/ɧɟɪɚɜɧɵɟ ɱɚɫɬɨɬɵ ɧɭɤɥɟɨɬɢɞɨɜ, ɫ/ɛɟɡ +G ɢ/ɢɥɢ +I; 

ɛɨɥɟɟ 1600 ɦɨɞɟɥɟɣ) ɭɠɟ ɨɩɪɟɞɟɥɟɧɵ ɢ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜɧɟɞɪɟɧɵ ɜ 

ɧɟɤɨɬɨɪɵɟ ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɢɟ ɩɪɨɝɪɚɦɦɵ (Darriba et al., 2012; Arenas and Posada, 

2014). Ɉɞɧɚɤɨ, ɧɟɫɦɨɬɪɹ ɧɚ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɞɨɫɬɭɩɧɵɯ ɦɨɞɟɥɟɣ ɡɚɦɟɳɟɧɢɹ 

ȾɇɄ, ɦɨɞɟɥɶ GTR + G + I ɨɛɵɱɧɨ ɥɭɱɲɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɟɚɥɶɧɵɦ ɞɚɧɧɵɦ, ɱɟɦ 

ɞɪɭɝɢɟ (ɛɨɥɟɟ ɩɪɨɫɬɵɟ) ɚɥɶɬɟɪɧɚɬɢɜɧɵɟ ɦɨɞɟɥɢ (Sumner et al., 2012), 

ɩɪɟɞɩɨɥɚɝɚɹ, ɱɬɨ ɷɜɨɥɸɰɢɨɧɧɵɣ ɩɪɨɰɟɫɫ ɨɱɟɧɶ ɫɥɨɠɟɧ. ɇɨ ɜɵɛɨɪ ɫɚɦɨɣ 

ɫɥɨɠɧɨɣ ɦɨɞɟɥɢ ɡɚɦɟɳɟɧɢɹ ɦɨɠɟɬ ɢ ɭɥɭɱɲɢɬɶ ɪɟɚɥɶɧɵɟ ɞɚɧɧɵɟ (Jayaswal et 

al., 2011). 

ɑɬɨɛɵ ɭɥɭɱɲɢɬɶ ɫɨɨɬɜɟɬɫɬɜɢɟ ɪɟɚɥɶɧɵɦ ɞɚɧɧɵɦ, ɫɨɜɪɟɦɟɧɧɵɟ 

ɬɟɧɞɟɧɰɢɢ ɜ ɪɚɡɜɢɬɢɢ ɦɨɞɟɥɟɣ ɡɚɦɟɳɟɧɢɹ ɜɤɥɸɱɚɸɬ ɧɟɨɛɪɚɬɢɦɵɟ 

(ɚɫɢɦɦɟɬɪɢɱɧɵɟ) ɢ ɧɟɫɬɚɰɢɨɧɚɪɧɵɟ (ɧɭɤɥɟɨɬɢɞɧɵɣ ɫɨɫɬɚɜ ɦɨɠɟɬ ɦɟɧɹɬɶɫɹ ɫɨ 
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ɜɪɟɦɟɧɟɦ) ɦɚɬɪɢɰɵ (Jayaswal et al., 2011; Boussau and Gouy, 2006) ɢɥɢ ɞɚɠɟ 

ɭɱɢɬɵɜɚɬɶ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɫɨɫɟɞɹɦɢ (Lunter and Hein, 2004), ɤɨɬɨɪɵɟ 

ɦɨɝɭɬ ɩɪɢɜɟɫɬɢ ɤ ɛɨɥɟɟ ɬɨɱɧɵɦ ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɢɦ ɜɵɜɨɞɚɦ (Boussau and Gouy, 

2006; Kaehler et al., 2015). Ɉɞɧɚɤɨ ɷɬɢ ɦɨɞɟɥɢ ɟɳɟ ɧɟ ɪɟɚɥɢɡɨɜɚɧɵ ɜ ɧɚɢɛɨɥɟɟ 

ɩɨɩɭɥɹɪɧɵɯ ɩɚɤɟɬɚɯ ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɢɡ-ɡɚ ɢɯ 

ɫɥɨɠɧɨɫɬɢ. 

ɉɨɫɥɟ ɬɨɝɨ ɤɚɤ ɨɩɪɟɞɟɥɟɧɚ ɦɨɞɟɥɶ ɡɚɦɟɧ ɧɭɤɥɟɨɬɢɞɨɜ ɦɨɠɧɨ ɩɟɪɟɯɨɞɢɬɶ 

ɤ ɩɨɫɬɪɨɟɧɢɸ ɞɟɪɟɜɶɟɜ. ȿɫɬɶ 2 ɬɢɩɚ ɦɟɬɨɞɨɜ ɩɨɫɬɪɨɟɧɢɹ ɞɟɪɟɜɶɟɜ: 

ɞɢɫɬɚɧɰɢɨɧɧɵɟ (UPGMA, NJ) ɢ ɞɢɫɤɪɟɬɧɵɟ (MP,ML ɢ ɛɚɣɟɫɨɜɫɤɢɣ ɩɨɞɯɨɞ). 

ɋɚɦɵɦɢ ɩɨɩɭɥɹɪɧɵɦɢ ɞɢɫɬɚɧɰɢɨɧɧɵɦɢ ɦɟɬɨɞɚɦɢ ɹɜɥɹɸɬɫɹ UPGMA 

(ɦɟɬɨɞ ɧɟɜɡɜɟɲɟɧɧɨɝɨ ɩɨɩɚɪɧɨɝɨ ɫɪɟɞɧɟɝɨ) ɢ NJ (ɦɟɬɨɞ ɩɪɢɫɨɟɞɢɧɟɧɢɹ 

ɛɥɢɠɚɣɲɟɝɨ ɫɨɫɟɞɚ) ɦɟɬɨɞɵ.  

UPGMA ̶ ɷɬɨ ɩɪɨɫɬɨɣ ɚɝɥɨɦɟɪɚɬɢɜɧɵɣ ɦɟɬɨɞ ɢɟɪɚɪɯɢɱɟɫɤɨɣ 

ɤɥɚɫɬɟɪɢɡɚɰɢɢ, ɬɨ ɟɫɬɶ ɞɟɪɟɜɨ ɫɨɛɢɪɚɟɬɫɹ ɨɬ ɥɢɫɬɶɟɜ ɤ ɤɨɪɧɸ. ɗɬɨ ɫɚɦɵɣ 

ɩɪɨɫɬɨɣ ɢ ɛɵɫɬɪɵɣ ɦɟɬɨɞ ɩɨɫɬɪɨɟɧɢɹ ɤɨɪɧɟɜɨɝɨ ɭɥɶɬɪɚɦɟɬɪɢɱɟɫɤɨɝɨ 

ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɨɝɨ ɞɟɪɟɜɚ. Ɉɞɧɚɤɨ ɝɥɚɜɧɵɣ ɧɟɞɨɫɬɚɬɨɤ ɦɟɬɨɞɚ ̶  

ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɨɛ ɨɞɢɧɚɤɨɜɨɣ ɫɤɨɪɨɫɬɢ ɷɜɨɥɸɰɢɢ ɞɥɹ ɜɫɟɯ ɥɢɧɢɣ. ɗɬɨ 

ɨɡɧɚɱɚɟɬ, ɱɬɨ ɫɤɨɪɨɫɬɶ ɦɭɬɚɰɢɣ ɜ ɷɬɢɯ ɥɢɧɢɹɯ ɩɨɫɬɨɹɧɧɚ ɜɨ ɜɪɟɦɟɧɢ. Ʉɪɨɦɟ 

ɬɨɝɨ, ɫɥɟɞɭɹ ɷɬɨɦɭ ɦɟɬɨɞɭ, ɜɫɟ ɜɟɬɜɢ ɞɟɪɟɜɚ ɢɦɟɸɬ ɨɞɢɧɚɤɨɜɭɸ ɞɥɢɧɭ. 

ɉɨɫɤɨɥɶɤɭ ɬɪɭɞɧɨ ɢɦɟɬɶ ɨɞɢɧɚɤɨɜɭɸ ɱɚɫɬɨɬɭ ɦɭɬɚɰɢɣ ɞɥɹ ɜɫɟɯ ɜɟɬɜɟɣ, ɜ 

ɞɟɣɫɬɜɢɬɟɥɶɧɨɫɬɢ ɦɟɬɨɞ UPGMA ɱɚɳɟ ɝɟɧɟɪɢɪɭɟɬ ɧɟɧɚɞɟɠɧɵɟ ɬɨɩɨɥɨɝɢɢ 

ɞɟɪɟɜɶɟɜ. Ʉɪɨɦɟ ɬɨɝɨ, ɦɟɬɨɞ UPGMA ɧɚɱɢɧɚɟɬɫɹ ɫ ɦɚɬɪɢɰɵ ɩɨɩɚɪɧɵɯ 

ɪɚɫɫɬɨɹɧɢɣ. ɉɟɪɜɨɧɚɱɚɥɶɧɨ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɤɚɠɞɵɣ ɜɢɞ ɩɪɟɞɫɬɚɜɥɹɟɬ 

ɫɨɛɨɣ ɨɬɞɟɥɶɧɵɣ ɤɥɚɫɬɟɪ. Ɂɚɬɟɦ ɨɧ ɨɛɴɟɞɢɧɹɟɬ ɞɜɚ ɛɥɢɠɚɣɲɢɯ ɤɥɚɫɬɟɪɚ ɫ 

ɧɚɢɦɟɧɶɲɢɦ ɡɧɚɱɟɧɢɟɦ ɪɚɫɫɬɨɹɧɢɹ ɜ ɦɚɬɪɢɰɟ ɪɚɫɫɬɨɹɧɢɣ. ɉɨɫɥɟ ɨɧ 

ɩɟɪɟɫɱɢɬɵɜɚɟɬ ɪɚɫɫɬɨɹɧɢɟ ɩɚɪɵ ɜ ɭɡɥɟ, ɜɡɹɜ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ. Ɂɚɬɟɦ ɚɥɝɨɪɢɬɦ 

ɩɨɜɬɨɪɹɟɬ ɩɪɨɰɟɫɫ, ɩɨɤɚ ɜɫɟ ɜɢɞɵ ɧɟ ɛɭɞɭɬ ɨɛɴɟɞɢɧɟɧɵ ɜ ɨɞɢɧ ɤɥɚɫɬɟɪ (Sokal 

and Michener, 1958). 

Ɇɟɬɨɞ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɛɥɢɠɚɣɲɟɝɨ ɫɨɫɟɞɚ (Neighbor-joining; NJ) –  ɷɬɨ 

ɤɥɚɫɬɟɪɧɵɣ ɦɟɬɨɞ, ɧɟ ɬɪɟɛɭɸɳɢɣ, ɱɬɨɛɵ ɞɚɧɧɵɟ ɛɵɥɢ ɭɥɶɬɪɚɦɟɬɪɢɱɟɫɤɢɦɢ. 
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Ⱦɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɧɭɠɧɚ ɦɚɬɪɢɰɚ ɪɚɫɫɬɨɹɧɢɣ, ɡɚɞɚɸɳɚɹ 

ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɤɚɠɞɨɣ ɩɚɪɨɣ ɨɛɴɟɤɬɨɜ. Ⱥɥɝɨɪɢɬɦ ɧɚɱɢɧɚɟɬ ɫ ɬɨɝɨ, ɱɬɨ 

ɫɬɪɨɢɬ ɩɨɥɧɨɫɬɶɸ ɧɟɪɚɡɪɟɲɟɧɧɨɟ ɞɟɪɟɜɨ (ɜɫɟ ɜɟɬɜɢ ɨɬɯɨɞɹɬ ɨɬ ɨɞɧɨɝɨ 

ɰɟɧɬɪɚɥɶɧɨɝɨ ɭɡɥɚ). Ⱦɜɚ ɨɛɴɟɤɬɚ ɨɛɴɟɞɢɧɹɸɬɫɹ ɜ ɨɞɢɧ ɭɡɟɥ, ɟɫɥɢ ɪɚɫɫɬɨɹɧɢɟ 

ɦɟɠɞɭ ɧɢɦɢ ɦɢɧɢɦɚɥɶɧɨ. ɉɨɫɥɟ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɪɚɫɫɬɨɹɧɢɟ ɞɨ ɧɨɜɨɝɨ ɭɡɥɚ ɢ 

ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɷɬɨɝɨ ɧɨɜɨɝɨ ɭɡɥɚ ɞɨ ɤɚɠɞɨɝɨ ɢɡ ɨɫɬɚɜɲɢɯɫɹ ɨɛɴɟɤɬɨɜ. ɉɨɫɥɟ 

ɦɚɬɪɢɰɚ ɩɟɪɟɫɬɪɚɢɜɚɟɬɫɹ, ɨɛɴɟɤɬɵ, ɜɨɲɟɞɲɢɟ ɜ ɧɨɜɵɣ ɭɡɟɥ, ɭɞɚɥɹɸɬɫɹ, ɢ 

ɞɨɛɚɜɥɹɟɬɫɹ ɧɨɜɚɹ ɜɟɪɲɢɧɚ, ɬɨ ɟɫɬɶ ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɷɬɨɝɨ ɧɨɜɨɝɨ ɭɡɥɚ ɞɨ ɜɫɟɯ 

ɨɛɴɟɤɬɨɜ. ɗɬɢ ɲɚɝɢ ɩɨɜɬɨɪɹɸɬɫɹ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɧɟ ɫɬɚɧɭɬ ɢɡɜɟɫɬɧɵ ɞɥɢɧɵ 

ɜɫɟɯ ɜɟɬɜɟɣ. Ɇɟɬɨɞ ɤɥɚɫɬɟɪɢɡɚɰɢɢ, ɢɫɩɨɥɶɡɭɟɦɵɣ ɷɬɢɦ ɚɥɝɨɪɢɬɦɨɦ, ɫɢɥɶɧɨ 

ɨɬɥɢɱɚɟɬɫɹ ɨɬ UPGMA, ɩɨɫɤɨɥɶɤɭ ɨɧ ɧɟ ɩɵɬɚɟɬɫɹ ɤɥɚɫɬɟɪɢɡɨɜɚɬɶ ɧɚɢɛɨɥɟɟ 

ɬɟɫɧɨ ɫɜɹɡɚɧɧɵɟ ɨɛɴɟɤɬɵ, ɫɤɨɪɟɟ, ɨɧ ɦɢɧɢɦɢɡɢɪɭɟɬ ɞɥɢɧɭ ɜɫɟɯ ɜɧɭɬɪɟɧɧɢɯ 

ɜɟɬɜɟɣ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɞɥɢɧɭ ɜɫɟɝɨ ɞɟɪɟɜɚ (Saitou and Nei, 1987). 

Ɇɟɬɨɞ ɦɚɤɫɢɦɚɥɶɧɨɣ ɷɤɨɧɨɦɢɢ (Maximum parsimony; MP) – ɷɬɨ 

ɞɢɫɤɪɟɬɧɵɣ ɦɟɬɨɞ, ɨɫɧɨɜɧɚɹ ɢɞɟɹ ɤɨɬɨɪɨɝɨ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɨ 

ɫɚɦɨɟ ɩɪɨɫɬɨɟ ɨɛɴɹɫɧɟɧɢɟ ɞɚɧɧɵɯ, ɩɨɫɤɨɥɶɤɭ ɨɧɨ ɬɪɟɛɭɟɬ ɧɚɢɦɟɧɶɲɟɝɨ 

ɤɨɥɢɱɟɫɬɜɚ ɩɪɟɞɩɨɥɨɠɟɧɢɣ. ɉɨ ɷɬɨɦɭ ɤɪɢɬɟɪɢɸ MP ɞɟɪɟɜɨ  ̶  ɷɬɨ ɞɟɪɟɜɨ ɫ 

ɧɚɢɦɟɧɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɡɚɦɟɧ/ɷɜɨɥɸɰɢɨɧɧɵɯ ɢɡɦɟɧɟɧɢɣ ɞɥɹ ɜɫɟɯ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ, ɩɪɨɢɫɯɨɞɹɳɢɯ ɨɬ ɨɛɳɟɝɨ ɩɪɟɞɤɚ. Ⱦɥɹ ɤɚɠɞɨɝɨ ɫɚɣɬɚ 

ɜɵɪɚɜɧɢɜɚɧɢɹ ɨɰɟɧɢɜɚɸɬɫɹ ɜɫɟ ɜɨɡɦɨɠɧɵɟ ɞɟɪɟɜɶɹ, ɢ ɩɪɢɫɜɚɢɜɚɟɬɫɹ ɨɰɟɧɤɚ, 

ɨɫɧɨɜɚɧɧɚɹ ɧɚ ɤɨɥɢɱɟɫɬɜɟ ɷɜɨɥɸɰɢɨɧɧɵɯ ɢɡɦɟɧɟɧɢɣ, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ 

ɩɨɥɭɱɟɧɢɹ ɧɚɛɥɸɞɚɟɦɵɯ ɢɡɦɟɧɟɧɢɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɥɭɱɲɢɦ ɞɟɪɟɜɨɦ ɹɜɥɹɟɬɫɹ ɬɨ, ɤɨɬɨɪɨɟ ɦɢɧɢɦɢɡɢɪɭɟɬ ɨɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ 

ɦɭɬɚɰɢɣ ɧɚ ɜɫɟɯ ɭɱɚɫɬɤɚɯ. Ɉɞɧɚɤɨ ɷɬɨɬ ɦɟɬɨɞ ɞɚɟɬ ɦɚɥɨ ɢɧɮɨɪɦɚɰɢɢ ɨ ɞɥɢɧɟ 

ɜɟɬɜɟɣ ɢ ɫɢɥɶɧɨ ɫɬɪɚɞɚɟɬ ɨɬ ɩɪɢɬɹɠɟɧɢɹ ɞɥɢɧɧɵɯ ɜɟɬɜɟɣ, ɬɨ ɟɫɬɶ ɞɥɢɧɧɵɟ 

ɜɟɬɜɢ ɢɫɤɭɫɫɬɜɟɧɧɨ ɫɜɹɡɵɜɚɸɬɫɹ ɢɡ-ɡɚ ɧɚɤɨɩɥɟɧɢɹ ɧɟɨɞɧɨɪɨɞɧɵɯ ɫɯɨɞɫɬɜ, ɞɚɠɟ 

ɟɫɥɢ ɨɧɢ ɜɨɜɫɟ ɧɟ ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɢ ɫɜɹɡɚɧɵ. Ʉ ɬɨɦɭ ɠɟ MP ɦɟɬɨɞ ɞɚɟɬ ɛɨɥɟɟ 

ɨɞɧɨɝɨ ɞɟɪɟɜɚ ɫ ɨɞɢɧɚɤɨɜɵɦ ɫɱɟɬɨɦ (Mount, 2008). 

Ɇɟɬɨɞ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɪɚɜɞɨɩɨɞɨɛɢɹ (Maximum likelihood; ML)  

ɚɧɚɥɨɝɢɱɟɧ ɦɟɬɨɞɭ MP ɜ ɬɨɦ, ɱɬɨ ɨɧ ɢɫɫɥɟɞɭɟɬ ɪɚɡɥɢɱɧɵɟ ɬɨɩɨɥɨɝɢɢ ɞɟɪɟɜɶɟɜ ɢ 
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ɨɰɟɧɢɜɚɟɬ ɨɬɧɨɫɢɬɟɥɶɧɭɸ ɩɨɞɞɟɪɠɤɭ ɩɭɬɟɦ ɫɭɦɦɢɪɨɜɚɧɢɹ ɩɨ ɜɫɟɦ ɩɨɡɢɰɢɹɦ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. Ⱥɥɝɨɪɢɬɦɵ ML ɢɳɭɬ ɞɟɪɟɜɨ, ɤɨɬɨɪɨɟ ɦɚɤɫɢɦɢɡɢɪɭɟɬ 

ɜɟɪɨɹɬɧɨɫɬɶ ɧɚɛɥɸɞɟɧɢɹ ɫɨɫɬɨɹɧɢɣ ɫɢɦɜɨɥɨɜ (ɧɭɤɥɟɨɬɢɞɨɜ ɢɥɢ ɚɦɢɧɨɤɢɫɥɨɬ), 

ɭɱɢɬɵɜɚɹ ɬɨɩɨɥɨɝɢɸ ɞɟɪɟɜɚ ɢ ɦɨɞɟɥɶ ɷɜɨɥɸɰɢɢ. Ⱦɥɹ ɤɨɧɤɪɟɬɧɨɝɨ ɞɟɪɟɜɚ 

ɜɵɱɢɫɥɟɧɢɟ ɜɟɪɨɹɬɧɨɫɬɢ ɜɤɥɸɱɚɟɬ ɫɭɦɦɢɪɨɜɚɧɢɟ ɜɫɟɯ ɜɨɡɦɨɠɧɵɯ 

ɧɭɤɥɟɨɬɢɞɧɵɯ (ɢɥɢ ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ) ɫɨɫɬɨɹɧɢɣ ɜ ɩɪɟɞɤɨɜɵɯ (ɜɧɭɬɪɟɧɧɢɯ) 

ɭɡɥɚɯ. Ɇɟɬɨɞɵ ɱɢɫɥɟɧɧɨɣ ɨɩɬɢɦɢɡɚɰɢɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ 

ɤɨɦɛɢɧɚɰɢɢ ɞɥɢɧ ɜɟɬɜɟɣ ɢ ɷɜɨɥɸɰɢɨɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ, ɤɨɬɨɪɚɹ ɦɚɤɫɢɦɢɡɢɪɭɟɬ 

ɜɟɪɨɹɬɧɨɫɬɶ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɚɥɝɨɪɢɬɦɚ ɩɨɢɫɤɚ ɩɨ ɷɬɨɦɭ ɤɪɢɬɟɪɢɸ 

ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨɢɫɤ ɜɟɪɨɹɬɧɨɫɬɢ ɪɹɞɚ ɬɨɩɨɥɨɝɢɣ ɞɟɪɟɜɶɟɜ, ɢ ɞɟɪɟɜɨ, ɞɚɸɳɟɟ 

ɧɚɢɛɨɥɶɲɭɸ ɜɟɪɨɹɬɧɨɫɬɶ, ɜɵɛɢɪɚɟɬɫɹ ɤɚɤ ɥɭɱɲɟɟ ɞɟɪɟɜɨ (Schmidt and von 

Haeseler, 2009). 

ɋɬɨɢɬ ɬɚɤɠɟ ɫɤɚɡɚɬɶ ɨ ɦɟɬɨɞɟ ɩɪɨɜɟɪɤɢ ɞɟɪɟɜɶɟɜ, ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɦɢ 

ɦɟɬɨɞɚɦɢ  ̶  ɛɭɬɫɬɪɷɩɩɢɧɝ. Ȼɭɬɫɬɪɷɩ (ɚɧɝɥ. bootstrap) ̶ ɦɟɬɨɞ ɩɪɨɜɟɪɤɢ 

ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɬɨɩɨɥɨɝɢɢ ɞɟɪɟɜɚ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɦɧɨɝɨɤɪɚɬɧɨɦ ɩɨɜɬɨɪɟɧɢɢ 

ɩɪɨɢɡɜɨɥɶɧɨɣ ɜɵɛɨɪɤɢ ɫ ɩɨɜɬɨɪɟɧɢɹɦɢ ɢɡ ɩɨɥɨɜɢɧɵ ɫɬɨɥɛɰɨɜ ɜɵɪɚɜɧɢɜɚɧɢɹ ɢ 

ɩɨɫɥɟɞɭɸɳɟɦ ɩɨɫɬɪɨɟɧɢɢ ɞɟɪɟɜɚ (ɧɚ ɩɨɥɨɜɢɧɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ).  

ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɛɭɬɫɬɪɷɩɚ, ɤɚɠɞɨɣ ɜɟɬɜɢ ɩɪɢɫɜɚɢɜɚɟɬɫɹ ɡɧɚɱɟɧɢɟ – 

ɩɨɞɞɟɪɠɤɚ ̶ ɤɨɥɢɱɟɫɬɜɨ ɫɥɭɱɚɟɜ ɩɪɢɫɭɬɫɬɜɢɹ ɜɟɬɜɢ. ɉɪɢɱɟɦ ɡɧɚɱɟɧɢɹ 

ɩɨɞɞɟɪɠɤɢ ɦɨɠɧɨ ɨɬɪɚɡɢɬɶ ɤɚɤ ɧɚ ɢɫɯɨɞɧɨɦ ɞɟɪɟɜɟ, ɬɚɤ ɢ ɧɚ ɤɨɧɫɟɧɫɭɫɧɨɦ 

ɞɟɪɟɜɟ, ɩɨɫɬɪɨɟɧɧɨɦ ɢɡ ɧɟɩɪɨɬɢɜɨɪɟɱɚɳɢɯ ɜɟɬɜɟɣ ɫ ɦɚɤɫɢɦɚɥɶɧɨɣ ɩɨɞɞɟɪɠɤɨɣ 

(Schmidt and von Haeseler, 2009). 

Ȼɚɣɟɫɨɜɫɤɢɣ ɩɨɞɯɨɞ ɜ ɮɢɥɨɝɟɧɟɬɢɤɟ – ɷɬɨ ɜɟɪɨɹɬɧɨɫɬɧɵɣ ɦɟɬɨɞ, 

ɤɨɬɨɪɵɣ ɬɚɤɠɟ ɢɫɩɨɥɶɡɭɟɬ ɤɪɢɬɟɪɢɣ ɨɩɬɢɦɚɥɶɧɨɫɬɢ, ɧɨ ɨɧ ɤɨɧɰɟɩɬɭɚɥɶɧɨ 

ɨɱɟɧɶ ɨɬɥɢɱɚɸɬɫɹ ɨɬ MP ɢ ML ɬɟɦ, ɱɬɨ ɧɟ ɩɵɬɚɟɬɫɹ ɧɚɣɬɢ  ɬɨɥɶɤɨ ɨɞɧɨ ɥɭɱɲɟɟ 

ɞɟɪɟɜɨ. Ȼɚɣɟɫɨɜɫɤɢɣ ɦɟɬɨɞ ɬɚɤɠɟ ɢɫɩɨɥɶɡɭɟɬ ɤɨɧɰɟɩɰɢɸ ɜɟɪɨɹɬɧɨɫɬɢ, ɧɨ, 

ɨɪɢɟɧɬɢɪɭɹɫɶ ɧɚ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɜɟɪɨɹɬɧɨɫɬɟɣ ɞɟɪɟɜɶɟɜ, ɨɧ ɢɳɟɬ ɧɚɛɨɪ 

ɩɪɚɜɞɨɩɨɞɨɛɧɵɯ ɞɟɪɟɜɶɟɜ ɢɥɢ ɝɢɩɨɬɟɡ ɞɥɹ ɞɚɧɧɵɯ. ɗɬɨ ɡɚɞɚɧɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ 

ɞɟɪɟɜɶɟɜ ɩɨ ɫɜɨɟɣ ɫɭɬɢ ɫɨɞɟɪɠɢɬ ɞɨɜɟɪɢɬɟɥɶɧɭɸ ɨɰɟɧɤɭ ɥɸɛɨɝɨ 

ɷɜɨɥɸɰɢɨɧɧɨɝɨ ɨɬɧɨɲɟɧɢɹ. ɗɬɨɬ ɦɟɬɨɞ ɩɨɡɜɨɥɹɟɬ ɭɱɢɬɵɜɚɬɶ 
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ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɭɸ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ, ɢɫɩɨɥɶɡɨɜɚɬɶ ɚɩɪɢɨɪɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɢ 

ɫɥɨɠɧɵɟ ɦɨɞɟɥɢ ɷɜɨɥɸɰɢɢ.   

ɉɪɢɦɟɧɟɧɢɟ ɛɚɣɟɫɨɜɫɤɨɝɨ ɩɨɞɯɨɞɚ ɜ ɮɢɥɨɝɟɧɟɬɢɤɟ ɫɨɫɬɨɢɬ ɜ 

ɫɥɟɞɭɸɳɟɦ. ȼɫɺ ɦɧɨɠɟɫɬɜɨ ɞɨɩɭɫɬɢɦɵɯ ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɢɯ ɞɟɪɟɜɶɟɜ 

ɨɩɢɫɵɜɚɟɬɫɹ ɞɢɫɤɪɟɬɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ  (ɬɨɩɨɥɨɝɢɹ ɞɟɪɟɜɶɟɜ) ɢ ɧɟɩɪɟɪɵɜɧɵɦɢ 

ɩɚɪɚɦɟɬɪɚɦɢ (ɞɥɢɧɵ ɜɟɬɜɟɣ ɞɟɪɟɜɶɟɜ ɢ ɩɚɪɚɦɟɬɪɵ ɷɜɨɥɸɰɢɨɧɧɨɣ ɦɨɞɟɥɢ 

ɡɚɦɟɧ). ȼɫɟ ɩɚɪɚɦɟɬɪɵ ɡɚɞɚɸɬɫɹ ɜɪɭɱɧɭɸ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɧɚɛɨɪɨɦ ɞɚɧɧɵɯ. 

ɉɪɢɦɟɧɟɧɢɟ ɦɟɬɨɞɚ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ (ɤɨɬɨɪɵɣ ɬɚɤɠɟ ɧɚɡɵɜɚɟɬɫɹ 

ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ) ɧɚ Ɇɚɪɤɨɜɫɤɢɯ ɰɟɩɹɯ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ 

ɩɪɢɛɥɢɠɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɚɩɨɫɬɟɪɢɨɪɧɵɯ ɜɟɪɨɹɬɧɨɫɬɟɣ ɢ ɭɦɟɧɶɲɢɬɶ 

ɜɵɱɢɫɥɢɬɟɥɶɧɭɸ ɫɥɨɠɧɨɫɬɶ ɚɥɝɨɪɢɬɦɚ ɩɨɢɫɤɚ ɧɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɨɝɨ ɞɟɪɟɜɚ ɩɨ 

ɤɪɢɬɟɪɢɸ ɦɚɤɫɢɦɭɦɚ ɚɩɨɫɬɟɪɢɨɪɧɨɣ ɜɟɪɨɹɬɧɨɫɬɢ (Schmidt and von Haeseler, 

2009).  

 
1.4. ɇɟɤɨɬɨɪɵɟ ɦɟɬɨɞɵ ɚɧɚɥɢɡɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɛɟɡ 

ɜɵɪɚɜɧɢɜɚɧɢɹ 
 

1.4.1. Ɇɟɬɨɞɵ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɱɚɫɬɨɬɧɵɯ ɫɥɨɜɚɪɹɯ 
 

Ɉɛɨɫɧɨɜɚɧɢɟ ɷɬɢɯ ɦɟɬɨɞɨɜ ɩɪɨɫɬɨɟ: ɩɨɯɨɠɢɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɢɦɟɸɬ 

ɩɨɯɨɠɢɟ ɫɥɨɜɚ/k-ɦɟɪɵ (ɩɨɞɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɞɥɢɧɵ k), ɚ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ 

ɨɩɟɪɚɰɢɢ ɫ ɜɯɨɠɢɦɢ ɫɥɨɜɚɦɢ ɞɚɸɬ ɯɨɪɨɲɭɸ ɨɬɧɨɫɢɬɟɥɶɧɭɸ ɦɟɪɭ ɧɟɫɯɨɞɫɬɜɚ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ. ɗɬɨɬ ɦɟɬɨɞ ɬɚɤɠɟ ɬɟɫɧɨ ɫɜɹɡɚɧ ɫ ɢɞɟɟɣ ɝɟɧɨɦɧɵɯ 

ɫɢɝɧɚɬɭɪ, ɤɨɬɨɪɵɟ ɛɵɥɢ ɜɩɟɪɜɵɟ ɜɜɟɞɟɧɵ ɞɥɹ ɞɢɧɭɤɥɟɨɬɢɞɧɨɝɨ ɫɨɫɬɚɜɚ 

(ɧɚɩɪɢɦɟɪ, ɫɨɞɟɪɠɚɧɢɹ GC) (Deschavanne et al., 1999) ɢ ɜ ɞɚɥɶɧɟɣɲɟɦ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɵ ɧɚ ɛɨɥɟɟ ɞɥɢɧɧɵɟ ɫɥɨɜɚ. 

ɗɬɨɬ ɩɪɨɰɟɫɫ ɦɨɠɧɨ ɪɚɡɛɢɬɶ ɧɚ ɬɪɢ ɨɫɧɨɜɧɵɯ ɷɬɚɩɚ. ȼɨ-ɩɟɪɜɵɯ, 

ɫɪɚɜɧɢɜɚɟɦɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɞɨɥɠɧɵ ɛɵɬɶ ɪɚɡɛɢɬɵ ɧɚ ɧɚɛɨɪɵ 

ɭɧɢɤɚɥɶɧɵɯ ɫɥɨɜ ɡɚɞɚɧɧɨɣ ɞɥɢɧɵ. ȼɬɨɪɨɣ ɲɚɝ  ̶  ɩɪɟɨɛɪɚɡɨɜɚɬɶ ɤɚɠɞɭɸ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɜ ɦɚɫɫɢɜ ɱɢɫɟɥ (ɜɟɤɬɨɪ), ɧɚɩɪɢɦɟɪ, ɩɭɬɟɦ ɩɨɞɫɱɟɬɚ 

ɤɨɥɢɱɟɫɬɜɚ ɪɚɡ, ɤɨɝɞɚ ɤɚɠɞɨɟ ɤɨɧɤɪɟɬɧɨɟ ɫɥɨɜɨ ɩɨɹɜɥɹɟɬɫɹ ɜ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɯ. ɉɨɫɥɟɞɧɢɣ ɲɚɝ ɜɤɥɸɱɚɟɬ ɤɨɥɢɱɟɫɬɜɟɧɧɭɸ ɨɰɟɧɤɭ 
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ɧɟɫɯɨɞɫɬɜɚ ɦɟɠɞɭ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦɢ ɩɨɫɪɟɞɫɬɜɨɦ ɩɪɢɦɟɧɟɧɢɹ ɮɭɧɤɰɢɢ 

ɪɚɫɫɬɨɹɧɢɹ ɤ ɜɟɤɬɨɪɚɦ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ. ɗɬɚ ɪɚɡɧɢɰɚ 

ɨɱɟɧɶ ɱɚɫɬɨ ɜɵɱɢɫɥɹɟɬɫɹ ɟɜɤɥɢɞɨɜɵɦ ɪɚɫɫɬɨɹɧɢɟɦ, ɯɨɬɹ ɦɨɠɟɬ ɩɪɢɦɟɧɹɬɶɫɹ 

ɥɸɛɚɹ ɦɟɬɪɢɤɚ. ɑɟɦ ɜɵɲɟ ɡɧɚɱɟɧɢɟ ɧɟɫɯɨɞɫɬɜɚ, ɬɟɦ ɛɨɥɟɟ ɨɬɞɚɥɟɧɵ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ; ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɜɟ ɢɞɟɧɬɢɱɧɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 

ɩɪɢɜɟɞɭɬ ɤ ɪɚɫɫɬɨɹɧɢɸ, ɪɚɜɧɨɦɭ ɧɭɥɸ (Vinga, 2007). 

Ⱥɥɝɨɪɢɬɦɵ ɛɟɡ ɜɵɪɚɜɧɢɜɚɧɢɹ ɧɚ ɨɫɧɨɜɟ ɫɥɨɜ ɛɵɜɚɸɬ ɪɚɡɧɵɦɢ, ɫ 

ɦɟɬɨɞɨɥɨɝɢɱɟɫɤɢɦɢ ɜɚɪɢɚɰɢɹɦɢ ɧɚ ɤɚɠɞɨɦ ɢɡ ɬɪɟɯ ɨɫɧɨɜɧɵɯ ɲɚɝɨɜ. ɇɚ ɩɟɪɜɨɦ 

ɷɬɚɩɟ ɦɨɠɧɨ ɩɨɩɪɨɛɨɜɚɬɶ ɪɚɡɧɵɟ ɞɥɢɧɵ ɫɥɨɜɚ - ɜɚɠɧɨ ɜɵɛɪɚɬɶ ɫɥɨɜɚ, ɤɨɬɨɪɵɟ 

ɜɪɹɞ ɥɢ ɨɛɵɱɧɨ ɜɫɬɪɟɱɚɸɬɫɹ ɜ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ (ɱɟɦ ɤɨɪɨɱɟ ɫɥɨɜɨ, ɬɟɦ 

ɛɨɥɟɟ ɜɟɪɨɹɬɧɨ, ɱɬɨ ɨɧɨ ɩɨɹɜɢɬɫɹ ɜ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɫɥɭɱɚɣɧɵɦ ɨɛɪɚɡɨɦ). ȼ 

ɚɧɚɥɢɡɟ ɧɭɤɥɟɨɬɢɞɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ k ɦɨɠɧɨ ɭɫɬɚɧɨɜɢɬɶ ɪɚɜɧɵɦ 8–10 

ɫɢɦɜɨɥɚɦ ɞɥɹ ɝɟɧɨɜ ɢɥɢ ɊɇɄ (Höhl M, 2006), 9–14 ɨɫɧɨɜɚɧɢɣ ɞɥɹ ɨɛɳɢɯ 

ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɢɯ ɚɧɚɥɢɡɨɜ (Sims, 2009) ɢ ɞɨ 25 ɨɫɧɨɜɚɧɢɣ ɩɪɢ ɫɪɚɜɧɟɧɢɢ 

ɢɡɨɥɹɬɨɜ ɨɞɧɨɝɨ ɜɢɞɚ ɛɚɤɬɟɪɢɣ (Bernard, 2017). Ʉɚɤ ɩɨɤɚɡɵɜɚɟɬ ɩɪɚɤɬɢɤɚ, 

ɦɟɧɶɲɢɟ k-ɦɟɪɵ ɞɨɥɠɧɵ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ, ɤɨɝɞɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɹɜɧɨ 

ɪɚɡɥɢɱɧɵ (ɧɚɩɪɢɦɟɪ, ɨɧɢ ɧɟ ɫɜɹɡɚɧɵ), ɬɨɝɞɚ ɤɚɤ ɛɨɥɟɟ ɞɥɢɧɧɵɟ k-ɦɟɪɵ ɦɨɝɭɬ 

ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɞɥɹ ɨɱɟɧɶ ɩɨɯɨɠɢɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ (Sims, 2009). ȼɬɨɪɨɣ 

ɲɚɝ (ɨɬɨɛɪɚɠɟɧɢɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ, ɤɚɤ ɜɟɤɬɨɪɵ) ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ 

ɧɚɫɬɪɚɢɜɚɟɦɵɦ; ɜɦɟɫɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɟɤɬɨɪɨɜ ɤɨɥɢɱɟɫɬɜɚ ɫɥɨɜ ɢɥɢ ɱɚɫɬɨɬ 

ɫɥɨɜ ɟɫɬɶ ɦɧɨɝɨ ɞɪɭɝɢɯ ɫɩɨɫɨɛɨɜ ɫɨɡɞɚɧɢɹ ɜɟɤɬɨɪɨɜ, ɤɨɬɨɪɵɟ ɜɚɪɶɢɪɭɸɬɫɹ ɨɬ 

ɦɟɬɨɞɨɜ ɜɡɜɟɲɢɜɚɧɢɹ ɞɨ ɧɨɪɦɚɥɢɡɚɰɢɢ ɢ ɤɥɚɫɬɟɪɢɡɚɰɢɢ (Bonham-Carter et al., 

2014). Ʉɪɨɦɟ ɬɨɝɨ, ɩɨɫɤɨɥɶɤɭ ɦɟɬɨɞɵ ɧɚ ɨɫɧɨɜɟ ɫɥɨɜ ɪɚɛɨɬɚɸɬ ɫ ɜɟɤɬɨɪɚɦɢ, ɢɯ 

ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɷɥɟɝɚɧɬɧɨɫɬɶ ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɛɨɥɟɟ 40 ɮɭɧɤɰɢɣ, 

ɩɨɦɢɦɨ ɟɜɤɥɢɞɨɜɚ ɪɚɫɫɬɨɹɧɢɹ, ɬɚɤɢɯ ɤɚɤ ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɪɪɟɥɹɰɢɢ ɉɢɪɫɨɧɚ 

(Vinga and Almeida J, 2003), ɪɚɫɫɬɨɹɧɢɟ Ɇɚɧɯɷɬɬɟɧɚ ɢ ɞɪɭɝɢɟ. 

 
1.4.2. Ɇɟɬɨɞɵ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɬɟɨɪɢɢ ɢɧɮɨɪɦɚɰɢɢ 

 



35 
 

Ɇɟɬɨɞɵ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɬɟɨɪɢɢ ɢɧɮɨɪɦɚɰɢɢ, ɪɚɫɩɨɡɧɚɸɬ ɢ ɜɵɱɢɫɥɹɸɬ 

ɨɛɴɟɦ ɢɧɮɨɪɦɚɰɢɢ, ɫɨɜɦɟɫɬɧɨ ɢɫɩɨɥɶɡɭɟɦɨɣ ɞɜɭɦɹ ɚɧɚɥɢɡɢɪɭɟɦɵɦɢ 

ɛɢɨɥɨɝɢɱɟɫɤɢɦɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦɢ. ɇɭɤɥɟɨɬɢɞɧɵɟ ɢ ɚɦɢɧɨɤɢɫɥɨɬɧɵɟ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜ ɤɨɧɟɱɧɨɦ ɢɬɨɝɟ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɰɟɩɨɱɤɢ ɫɢɦɜɨɥɨɜ, ɢ 

ɢɯ ɰɢɮɪɨɜɚɹ ɨɪɝɚɧɢɡɚɰɢɹ ɟɫɬɟɫɬɜɟɧɧɵɦ ɨɛɪɚɡɨɦ ɢɧɬɟɪɩɪɟɬɢɪɭɟɬɫɹ ɫ ɩɨɦɨɳɶɸ 

ɢɧɫɬɪɭɦɟɧɬɨɜ ɬɟɨɪɢɢ ɢɧɮɨɪɦɚɰɢɢ, ɬɚɤɢɯ ɤɚɤ ɫɥɨɠɧɨɫɬɶ ɢ ɷɧɬɪɨɩɢɹ. 

ɇɚɩɪɢɦɟɪ, ɤɨɥɦɨɝɨɪɨɜɫɤɭɸ ɫɥɨɠɧɨɫɬɶ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɦɨɠɧɨ 

ɢɡɦɟɪɢɬɶ ɞɥɢɧɨɣ ɟɟ ɤɪɚɬɱɚɣɲɟɝɨ ɨɩɢɫɚɧɢɹ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ AAAAAAAAAA ɦɨɠɟɬ ɛɵɬɶ ɨɩɢɫɚɧɚ ɧɟɫɤɨɥɶɤɢɦɢ 

ɫɥɨɜɚɦɢ (10 ɩɨɜɬɨɪɟɧɢɣ A), ɬɨɝɞɚ ɤɚɤ CGTGATGT, ɩɨ-ɜɢɞɢɦɨɦɭ, ɧɟ ɢɦɟɟɬ 

ɛɨɥɟɟ ɩɪɨɫɬɨɝɨ ɨɩɢɫɚɧɢɹ, ɱɟɦ ɨɩɪɟɞɟɥɟɧɢɟ ɧɭɤɥɟɨɬɢɞɚ ɡɚ ɧɭɤɥɟɨɬɢɞɨɦ (1 C, 

ɡɚɬɟɦ 1 G ɢ ɬɚɤ ɞɚɥɟɟ). ɂɧɬɭɢɬɢɜɧɨ ɛɨɥɟɟ ɞɥɢɧɧɵɟ ɨɩɢɫɚɧɢɹ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɭɤɚɡɵɜɚɸɬ ɧɚ ɛɨɥɶɲɭɸ ɫɥɨɠɧɨɫɬɶ. ɋɥɨɠɧɨɫɬɶ ɱɚɳɟ ɜɫɟɝɨ 

ɚɩɩɪɨɤɫɢɦɢɪɭɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɨɛɳɢɯ ɚɥɝɨɪɢɬɦɨɜ ɫɠɚɬɢɹ (ɧɚɩɪɢɦɟɪ, 

ɪɟɚɥɢɡɨɜɚɧɧɵɯ ɜ ɩɪɨɝɪɚɦɦɚɯ zip ɢɥɢ gzip), ɝɞɟ ɞɥɢɧɚ ɫɠɚɬɨɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɞɚɟɬ ɨɰɟɧɤɭ ɟɟ ɫɥɨɠɧɨɫɬɢ (ɬ.ɟ. ɛɨɥɟɟ ɫɥɨɠɧɚɹ ɫɬɪɨɤɚ ɛɭɞɟɬ 

ɦɟɧɟɟ ɫɠɢɦɚɟɦɨɣ) (Li and Vitányi, 2008.). Ɋɚɫɱɟɬ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɥɨɠɧɨɫɬɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɨɫɬ. ɗɬɚ 

ɩɪɨɰɟɞɭɪɚ ɛɟɪɟɬ ɫɪɚɜɧɢɜɚɟɦɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ (x =ATGTGTG ɢ 

y =CATGTG) ɢ ɨɛɴɟɞɢɧɹɟɬ ɢɯ ɞɥɹ ɫɨɡɞɚɧɢɹ ɨɞɧɨɣ ɛɨɥɟɟ ɞɥɢɧɧɨɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ (xy = ATGTGTGCATGTG). ȿɫɥɢ x ɢ y ɜ ɬɨɱɧɨɫɬɢ 

ɫɨɜɩɚɞɚɸɬ, ɬɨ ɫɥɨɠɧɨɫɬɶ (ɫɠɚɬɚɹ ɞɥɢɧɚ) xy ɛɭɞɟɬ ɨɱɟɧɶ ɛɥɢɡɤɚ ɤ ɫɥɨɠɧɨɫɬɢ 

ɨɬɞɟɥɶɧɵɯ x ɢɥɢ y. Ɉɞɧɚɤɨ, ɟɫɥɢ x ɢ y ɪɚɡɥɢɱɧɵ, ɬɨ ɫɥɨɠɧɨɫɬɶ xy ɛɭɞɟɬ ɢɦɟɬɶ 

ɬɟɧɞɟɧɰɢɸ ɤ ɫɨɜɨɤɭɩɧɨɣ ɫɥɨɠɧɨɫɬɢ x ɢ y (Zielezinski et al., 2017). 

ɉɪɢɦɟɧɟɧɢɟ ɬɟɨɪɢɢ ɢɧɮɨɪɦɚɰɢɢ ɜ ɨɛɥɚɫɬɢ ɚɧɚɥɢɡɚ ɢ ɫɪɚɜɧɟɧɢɹ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɪɟɡɤɨ ɪɚɫɲɢɪɢɥɨɫɶ ɜ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ, ɧɚɱɢɧɚɹ ɨɬ 

ɝɥɨɛɚɥɶɧɨɝɨ ɞɨ ɥɨɤɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɝɟɧɨɦɚ (Vinga, 2014).  
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Ƚɥɚɜɚ 2. Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 

 
2.1. Ƚɟɧɟɬɢɱɟɫɤɢɣ ɦɚɬɟɪɢɚɥ 

 
Ȼɵɥɨ ɨɬɨɛɪɚɧɨ 69 ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɝɟɧɨɦɨɜ ɤɨɪɨɧɚɜɢɪɭɫɨɜ ɜɫɟɯ 4 

ɪɨɞɨɜ: 19 ɚɥɶɮɚɤɨɪɨɧɚɜɢɪɭɫɨɜ (2 ɩɨɪɚɠɚɸɳɢɯ ɱɟɥɨɜɟɤɚ — NL63 ɢ 229E ɢ 8 

ɤɨɪɨɧɚɜɢɪɭɫɨɜ, ɩɨɪɚɠɚɸɳɢɯ ɥɟɬɭɱɢɯ ɦɵɲɟɣ); 24 ɛɟɬɚɤɨɪɨɧɚɜɢɪɭɫɨɜ ( 5 

ɩɨɪɚɠɚɸɳɢɯ ɱɟɥɨɜɟɤɚ — SARS-CoV-2, OC43, MERS-CoV, HKU1 ɢ SARS-CoV; 

2 ɤɨɪɨɧɚɜɢɪɭɫɚ, ɩɨɪɚɠɚɸɳɢɯ ɩɚɧɝɨɥɢɧɨɜ ɢ 3 ɤɨɪɨɧɚɜɢɪɭɫɚ, ɩɨɪɚɠɚɸɳɢɯ 

ɥɟɬɭɱɢɯ ɦɵɲɟɣ); 6 ɝɚɦɦɚɤɨɪɨɧɚɜɢɪɭɫɨɜ; 10 ɞɟɥɶɬɚɤɨɪɨɧɚɜɢɪɭɫɨɜ, ɚ ɬɚɤɠɟ 10 

ɧɟɤɥɚɫɫɢɮɢɰɢɪɨɜɚɧɧɵɯ. Ȼɨɥɶɲɚɹ ɱɚɫɬɶ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɛɵɥɚ ɜɡɹɬɚ ɢɡ 

GenBank (Sayers et al., 2019), ɨɞɧɚɤɨ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 3 ɝɟɧɨɦɨɜ 

ɤɨɪɨɧɚɜɢɪɭɫɨɜ, ɨɛɧɚɪɭɠɟɧɧɵɯ ɜ ɢɸɧɟ ɜ ɉɟɤɢɧɟ ɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜɢɪɭɫɚ 

RaTG13, ɛɵɥɢ ɜɡɹɬɵ ɢɡ ɛɚɡɵ ɞɚɧɧɵɯ Gisaid (Shu and McCauley, 2017). 

ɇɚɛɨɪ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ, ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɜ ɪɚɛɨɬɟ, ɛɵɥ ɫɮɨɪɦɢɪɨɜɚɧ 

ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɨɫɧɨɜɧɵɟ ɤɥɚɞɵ ɤɨɪɨɧɚɜɢɪɭɫɨɜ ɛɵɥɢ ɩɪɟɞɫɬɚɜɥɟɧɵ 

ɪɚɜɧɨɦɟɪɧɨ ɩɨɥɧɨɝɟɧɨɦɧɵɦɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦɢ, ɫɨɞɟɪɠɚɳɢɦɢ ɧɟ ɛɨɥɟɟ 

5% ɧɟɩɪɨɱɢɬɚɧɧɵɯ ɭɱɚɫɬɤɨɜ. ɉɨɥɧɨɝɟɧɨɦɧɵɟ ɧɭɤɥɟɨɬɢɞɧɵɟ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ Coronaviridae, ɢɫɩɨɥɶɡɨɜɚɧɧɵɟ ɜ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ, 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɢ Ⱥ.  

 
2.2. ɉɨɥɧɨɝɟɧɨɦɧɨɟ ɜɵɪɚɜɧɢɜɚɧɢɟ ɢ ɩɨɫɬɪɨɟɧɢɟ ɮɢɥɨɝɟɧɢɢ 

 
ȼɵɪɚɜɧɢɜɚɧɢɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɩɪɨɜɨɞɢɥɢ ɫ ɩɨɦɨɳɶɸ MAFFT 

ɜɟɪɫɢɢ 7 (Katoh et. al., 2002). Ȼɵɥ ɜɵɛɪɚɧ ɚɥɝɨɪɢɬɦ ɢɬɟɪɚɬɢɜɧɨɝɨ ɭɬɨɱɧɟɧɢɹ L-

INS-i, ɩɨɫɤɨɥɶɤɭ ɨɧ ɭɧɢɜɟɪɫɚɥɟɧ ɢ ɩɨɞɯɨɞɢɬ ɞɥɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ, 

ɫɨɞɟɪɠɚɳɢɯ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɬɹɠɟɧɧɵɯ ɢɧɞɟɥɨɜ. 

ɉɨɢɫɤ ɨɩɬɢɦɚɥɶɧɨɣ ɦɨɞɟɥɢ ɦɨɥɟɤɭɥɹɪɧɨɣ ɷɜɨɥɸɰɢɢ ɢ ɩɨɫɬɪɨɟɧɢɟ 

ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɨɝɨ ɞɟɪɟɜɚ ɦɟɬɨɞɨɦ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɜɵɩɨɥɧɟɧɵ 

ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ IQtree ɜɟɪɫɢɢ 1.6.12 (Nguyen et. 
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al., 2015). Ȼɵɥɚ ɜɵɛɪɚɧɚ ɦɨɞɟɥɶ ɦɨɥɟɤɭɥɹɪɧɨɣ ɷɜɨɥɸɰɢɢ GTR  (General Time 

Reversible) ɫ ɭɱɟɬɨɦ ɢɧɜɚɪɢɚɧɬɧɵɯ ɫɚɣɬɨɜ ɢ ɝɚɦɦɚ-ɪɚɫɩɪɟɞɟɥɟɧɢɹ (GTR+I+G). 

ɉɨɫɬɪɨɟɧɢɟ ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɨɝɨ ɞɟɪɟɜɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɛɚɣɟɫɨɜɫɤɨɝɨ 

ɩɨɞɯɨɞɚ ɩɪɨɜɨɞɢɥɨɫɶ ɜ MrBayes ɜɟɪɫɢɢ 3.2.7ɚ (Ronquist et. al., 2012). 

ɂɫɩɨɥɶɡɨɜɚɥɢɫɶ ɩɚɪɚɦɟɬɪɵ ɦɨɞɟɥɢ lset nst=6 rates=invgamma, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 

ɦɨɞɟɥɢ GTR+I+G, ɜɵɛɪɚɧɧɨɣ ɩɪɨɝɪɚɦɦɨɣ IQtree. ɉɨ ɭɦɨɥɱɚɧɢɸ MrBayes 

ɜɵɩɨɥɧɹɟɬ ɞɜɚ ɨɞɧɨɜɪɟɦɟɧɧɵɯ, ɩɨɥɧɨɫɬɶɸ ɧɟɡɚɜɢɫɢɦɵɯ ɚɧɚɥɢɡɚ, ɩɨɫɬɪɨɟɧɧɵɯ 

ɧɚ ɨɫɧɨɜɟ ɪɚɡɥɢɱɧɵɯ ɫɥɭɱɚɣɧɵɯ ɞɟɪɟɜɶɟɜ (nruns=2).  ɂ ɤɚɠɞɨɟ ɢɡ ɷɬɢɯ 2 

ɞɟɪɟɜɶɟɜ ɩɟɪɟɫɬɪɚɢɜɚɟɬɫɹ ɩɚɪɚɥɥɟɥɶɧɨ ɢ ɧɟɡɚɜɢɫɢɦɨ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɜ 8 

(nchains=8) ɪɚɡɧɵɯ ɞɟɪɟɜɶɟɜ, ɢɫɩɨɥɶɡɭɹ ɪɚɡɥɢɱɧɵɟ ɷɜɪɢɫɬɢɤɢ ɞɥɹ ɩɨɢɫɤɚ 

ɨɩɬɢɦɚɥɶɧɨɝɨ ɞɟɪɟɜɚ. Ɉɞɧɨɜɪɟɦɟɧɧɨɟ ɜɵɩɨɥɧɟɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɚɧɚɥɢɡɨɜ 

ɩɨɡɜɨɥɹɟɬ MrBayes ɩɪɨɜɟɫɬɢ ɞɢɚɝɧɨɫɬɢɤɭ ɤɨɧɜɟɪɝɟɧɰɢɢ ɜ ɩɪɨɰɟɫɫɟ 

ɜɵɱɢɫɥɟɧɢɹ. Ʉɚɠɞɵɣ ɡɚɩɭɫɤ ɧɚɱɢɧɚɟɬɫɹ ɫɨ ɫɥɭɱɚɣɧɨ ɜɵɛɪɚɧɧɨɝɨ ɞɟɪɟɜɚ. ɇɚ 

ɪɚɧɧɢɯ ɷɬɚɩɚɯ ɜɵɱɢɫɥɟɧɢɹ ɜɵɛɢɪɚɸɬɫɹ 2 ɞɟɪɟɜɚ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɞɨɜɨɥɶɧɨ 

ɫɢɥɶɧɨ ɨɬɥɢɱɚɬɶɫɹ ɞɪɭɝ ɨɬ ɞɪɭɝɚ, ɧɨ ɩɪɢ ɞɨɫɬɢɠɟɧɢɢ ɤɨɧɜɟɪɝɟɧɰɢɢ ɞɜɟ 

ɜɵɛɨɪɤɢ ɞɟɪɟɜɶɟɜ ɞɨɥɠɧɵ ɛɵɬɶ ɨɱɟɧɶ ɩɨɯɨɠɢ. 

ɉɨɫɬɪɨɟɧɢɟ ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɨɝɨ ɞɟɪɟɜɚ ɦɟɬɨɞɨɦ ɦɢɧɢɦɚɥɶɧɨɣ 

ɩɚɪɫɢɦɨɧɢɢ ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɩɪɢ ɩɨɦɨɳɢ R-ɩɚɤɟɬɚ phangorn ɜɟɪɫɢɢ 2.5.5 ɫ 

ɭɱɟɬɨɦ ɜɵɛɪɚɧɧɨɣ ɦɨɞɟɥɢ (Schliep, 2011). 

Ⱦɟɪɟɜɶɹ ɜɢɡɭɚɥɢɡɢɪɨɜɚɥɢ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ FigTree ɜɟɪɫɢɢ 1.4.4 

(http://tree.bio.ed.ac.uk/software/figtree). 

 
2.3. ɉɨɫɬɪɨɟɧɢɟ ɱɚɫɬɨɬɧɵɯ ɫɥɨɜɚɪɟɣ 

 
Ʉɚɠɞɚɹ ɧɭɤɥɟɨɬɢɞɧɚɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɹɜɥɹɟɬɫɹ ɫɢɦɜɨɥɶɧɨɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶɸ ɢɡ ɱɟɬɵɪɺɯɛɭɤɜɟɧɧɨɝɨ ɚɥɮɚɜɢɬɚ ℵ  = {A, C, G, T} ɞɥɢɧɵ 

N. Ⱦɥɹ ɤɚɠɞɨɝɨ ɢɫɫɥɟɞɭɟɦɨɝɨ ɝɟɧɨɦɚ ɫɬɪɨɢɥɫɹ ɱɚɫɬɨɬɧɵɣ ɫɥɨɜɚɪɶ ɬɨɥɳɢɧɨɣ 3. 

ɑɚɫɬɨɬɧɵɣ ɫɥɨɜɚɪɶ ɬɨɥɳɢɧɵ 3 ɷɬɨ ɫɩɢɫɨɤ ɜɫɟɯ ɬɪɨɟɤ  ɢɞɭɳɢɯ ɩɨɞɪɹɞ 

ɧɭɤɥɟɨɬɢɞɨɜ ɫ ɭɤɚɡɚɧɢɟɦ ɱɚɫɬɨɬ ɷɬɢɯ ɬɪɨɟɤ. ȼɫɟɝɨ ɫɭɳɟɫɬɜɭɟɬ 64 ɬɚɤɢɯ 

ɬɪɢɩɥɟɬɚ. ɑɚɫɬɨɬɚ  ɞɚɧɧɨɝɨ ɬɪɢɩɥɟɬɚ — ɷɬɨ ɨɬɧɨɲɟɧɢɟ ɱɢɫɥɚ ɤɨɩɢɣ  

http://tree.bio.ed.ac.uk/software/figtree
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ɞɚɧɧɨɝɨ ɬɪɢɩɥɟɬɚ ɤ ɨɛɳɟɦɭ ɱɢɫɥɭ ɜɫɟɯ ɜɨɡɦɨɠɧɵɯ ɬɪɢɩɥɟɬɨɜ , ɝɞɟ  — 

ɫɭɦɦɚ ɜɫɟɯ : 

. 

Ɋɚɦɤɚ ɫɱɢɬɵɜɚɧɢɹ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɫɥɨɜɚɪɹ  ɫɦɟɳɚɥɚɫɶ ɧɚ ɨɞɢɧ 

ɧɭɤɥɟɨɬɢɞ, ɩɪɢ ɷɬɨɦ ɫɥɨɜɚɪɶ  ɡɚɞɚɟɬ ɨɬɨɛɪɚɠɟɧɢɟ ɝɟɧɨɦɚ ɜ 64-ɦɟɪɧɨɦ 

ɩɪɨɫɬɪɚɧɫɬɜɟ. Ⱦɜɚ ɝɟɧɨɦɚ ɫɱɢɬɚɸɬɫɹ ɛɥɢɡɤɢɦɢ, ɟɫɥɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɢɦ 

ɬɨɱɤɢ ɜ 64-ɦɟɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɛɥɢɡɤɢ ɜ ɫɦɵɫɥɟ ȿɜɤɥɢɞɨɜɨɣ ɦɟɬɪɢɤɢ. 

 
2.4. Кɥɚɫɫɢɮɢɤɚɰɢɹ ɦɟɬɨɞɨɦ ɞɢɧɚɦɢɱɟɫɤɢɯ ɹɞɟɪ 

 
Ɇɟɬɨɞ ɞɢɧɚɦɢɱɟɫɤɢɯ ɹɞɟɪ (k-means) — ɧɚɢɛɨɥɟɟ ɩɪɨɫɬɨɣ ɢ ɲɢɪɨɤɨ 

ɢɫɩɨɥɶɡɭɟɦɵɣ ɢɬɟɪɚɬɢɜɧɵɣ ɚɥɝɨɪɢɬɦ ɤɥɚɫɫɢɮɢɤɚɰɢɢ, ɪɚɡɞɟɥɹɸɳɢɣ ɦɧɨɠɟɫɬɜɨ 

ɞɚɧɧɵɯ ɧɚ k ɤɥɚɫɫɨɜ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɧɚ ɜɨɡɦɨɠɧɨ ɛɨɥɶɲɢɯ ɪɚɫɫɬɨɹɧɢɹɯ ɞɪɭɝ 

ɨɬ ɞɪɭɝɚ. 

Ⱥɥɝɨɪɢɬɦ ɦɟɬɨɞɚ ɫɜɨɞɢɬɫɹ ɤ ɬɨɦɭ, ɱɬɨ ɦɧɨɠɟɫɬɜɨ ɬɨɱɟɤ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ 

ɜ n-ɦɟɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ (ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ 63-ɦɟɪɧɨɦ), ɪɚɡɞɟɥɹɟɬɫɹ ɧɚ k 

ɤɨɥɢɱɟɫɬɜɨ ɤɥɚɫɫɨɜ, ɩɪɢ ɷɬɨɦ ɤɚɠɞɚɹ ɬɨɱɤɚ ɩɨɩɚɞɚɟɬ ɜ ɤɚɤɨɣ-ɬɨ ɨɞɢɧ 

ɨɩɪɟɞɟɥɟɧɧɵɣ ɤɥɚɫɫ. Ɍɨɱɤɢ ɝɪɭɩɩɢɪɭɸɬɫɹ ɩɨ ɩɨɤɚɡɚɬɟɥɸ ɛɥɢɡɨɫɬɢ, ɧɚɩɪɢɦɟɪ, 

ɩɨ ȿɜɤɥɢɞɨɜɭ ɪɚɫɫɬɨɹɧɢɸ. Ɂɚɬɟɦ ɨɩɪɟɞɟɥɹɟɬɫɹ ɞɢɧɚɦɢɱɟɫɤɨɟ ɹɞɪɨ — ɫɪɟɞɧɟɟ 

ɚɪɢɮɦɟɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ ɱɚɫɬɨɬ ɤɚɠɞɨɝɨ ɢɡ ɬɪɢɩɥɟɬɨɜ ɬɨɱɟɤ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 

ɰɟɧɬɪɚ ɤɥɚɫɫɚ, ɩɨɫɥɟ ɷɬɨɝɨ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɬɨɱɤɢ ɞɨ ɤɚɠɞɨɝɨ 

ɰɟɧɬɪɚ ɤɥɚɫɬɟɪɨɜ. ȿɫɥɢ ɬɨɱɤɚ, ɩɟɪɜɨɧɚɱɚɥɶɧɨ ɩɪɢɧɚɞɥɟɠɚɜɲɚɹ ɤɥɚɫɫɭ K1, ɩɪɢ 

ɩɟɪɟɫɱɟɬɟ ɨɤɚɡɵɜɚɟɬɫɹ ɛɥɢɠɟ ɤ ɰɟɧɬɪɭ ɤɥɚɫɫɚ K2, ɬɨ ɟɟ ɩɪɢɧɚɞɥɟɠɧɨɫɬɶ ɤ 

ɤɥɚɫɫɭ ɦɟɧɹɟɬɫɹ. ɉɨɥɨɠɟɧɢɹ ɰɟɧɬɪɨɜ ɜɧɨɜɶ ɨɛɪɚɡɨɜɚɧɧɵɯ ɤɥɚɫɫɨɜ 

ɩɟɪɟɫɱɢɬɵɜɚɸɬɫɹ, ɢ ɜɟɫɶ ɚɥɝɨɪɢɬɦ ɩɨɜɬɨɪɹɟɬɫɹ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɧɟ ɩɪɟɤɪɚɬɢɬɫɹ 

ɩɟɪɟɯɨɞ ɬɨɱɟɤ ɦɟɠɞɭ ɤɥɚɫɫɚɦɢ.  

Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɦɟɬɨɞɚ ɞɢɧɚɦɢɱɟɫɤɢɯ ɹɞɟɪ (k-means) ɢɫɩɨɥɶɡɨɜɚɥɨɫɶ ɉɈ 

ViDaExpert (Ɂɢɧɨɜɶɟɜ, 2000). ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɧɟ ɩɪɨɜɨɞɢɥɨɫɶ ɧɢɤɚɤɢɯ 
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ɫɩɟɰɢɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɧɚɩɪɚɜɥɟɧɧɵɯ ɧɚ ɩɨɢɫɤ ɨɩɬɢɦɚɥɶɧɨɝɨ ɱɢɫɥɚ 

ɤɥɚɫɬɟɪɨɜ, ɩɨɷɬɨɦɭ ɦɵ ɩɟɪɟɛɢɪɚɥɢ ɡɧɚɱɟɧɢɹ k ɪɚɜɧɵɦɢ ɨɬ 2 ɞɨ 5. 

 
2.5. Кɥɚɫɬɟɪɢɡɚɰɢɹ ɦɟɬɨɞɨɦ ɭɩɪɭɝɢɯ ɤɚɪɬ 

 
ɍɩɪɭɝɚɹ ɤɚɪɬɚ ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ ɧɟɥɢɧɟɣɧɨɝɨ ɫɨɤɪɚɳɟɧɢɹ ɪɚɡɦɟɪɧɨɫɬɢ ɢ 

ɜɢɡɭɚɥɢɡɚɰɢɢ ɦɧɨɝɨɦɟɪɧɵɯ ɞɚɧɧɵɯ. ɋɭɬɶ ɦɟɬɨɞɚ: ɜ ɦɧɨɝɨɦɟɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ 

ɞɚɧɧɵɯ (ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ 63-ɦɟɪɧɨɦ; ɢɡ ɚɧɚɥɢɡɚ ɢɫɤɥɸɱɚɥɫɹ ɬɪɢɩɥɟɬ CGA, ɜ 

ɜɢɞɭ ɟɝɨ ɧɚɢɦɟɧɶɲɟɝɨ ɜɤɥɚɞɚ ɜ ɪɚɡɥɢɱɢɦɨɫɬɶ ɝɟɧɨɦɨɜ — ɞɥɹ ɧɟɝɨ ɧɚɛɥɸɞɚɥɫɹ 

ɦɢɧɢɦɭɦ ɫɬɚɧɞɚɪɬɧɨɝɨ ɨɬɤɥɨɧɟɧɢɹ ɩɨ ɜɫɟɦɭ ɚɧɫɚɦɛɥɸ ɝɟɧɨɦɨɜ) ɪɚɫɩɨɥɚɝɚɟɬɫɹ 

ɭɩɪɭɝɚɹ ɩɥɚɫɬɢɧɚ, ɤɨɬɨɪɚɹ ɞɟɮɨɪɦɢɪɭɟɬɫɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɩɪɢɛɥɢɡɢɬɶ 

ɢɦɟɸɳɢɟɫɹ ɬɨɱɤɢ ɞɚɧɧɵɯ ɢ ɩɪɢ ɷɬɨɦ ɩɵɬɚɟɬɫɹ ɛɵɬɶ ɧɟ ɫɥɢɲɤɨɦ ɢɡɨɝɧɭɬɨɣ ɢ 

ɪɚɫɬɹɧɭɬɨɣ. Ⱦɚɧɧɵɟ ɩɪɨɟɰɢɪɭɸɬɫɹ ɧɚ ɷɬɭ ɩɥɚɫɬɢɧɭ (ɨɩɪɟɞɟɥɹɸɬɫɹ 

ɨɪɬɨɝɨɧɚɥɶɧɵɟ ɩɪɨɟɤɰɢɢ) ɢ ɨɧɢ ɨɬɨɛɪɚɠɚɸɬɫɹ ɧɚ ɧɟɣ, ɤɚɤ ɧɚ ɤɚɪɬɟ.  

Ȼɨɥɟɟ ɫɬɪɨɝɨ ɦɟɬɨɞ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ. ɇɚ ɩɟɪɜɨɦ ɲɚɝɟ 

ɧɚɯɨɞɹɬɫɹ ɩɟɪɜɵɟ ɞɜɟ ɝɥɚɜɧɵɟ ɤɨɦɩɨɧɟɧɬɵ ɢ ɧɚ ɧɢɯ, ɤɚɤ ɧɚ ɨɫɹɯ, ɫɬɪɨɢɬɫɹ 

ɩɥɨɫɤɨɫɬɶ. Ɂɚɬɟɦ ɧɚ ɷɬɭ ɩɥɨɫɤɨɫɬɶ ɩɪɨɟɤɬɢɪɭɸɬɫɹ ɜɫɟ ɬɨɱɤɢ ɞɚɧɧɵɯ, ɢ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɦɢɧɢɦɚɥɶɧɵɣ ɤɜɚɞɪɚɬ, ɫɨɞɟɪɠɚɳɢɣ ɜɫɟ ɬɨɱɤɢ. Ʉɜɚɞɪɚɬ ɞɟɥɢɬɫɹ 

ɧɚ ɨɩɪɟɞɟɥɺɧɧɨɟ ɱɢɫɥɨ ɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ (16 ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ). ɇɚ ɜɬɨɪɨɦ 

ɲɚɝɟ ɤɚɠɞɚɹ ɬɨɱɤɚ ɞɚɧɧɵɯ ɫɨɟɞɢɧɹɟɬɫɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɩɪɭɠɢɧɨɣ ɫ ɭɡɥɨɦ 

ɪɟɲɺɬɤɢ, ɧɚɢɛɨɥɟɟ ɛɥɢɡɤɨ ɧɚɯɨɞɹɳɢɦɫɹ ɤ ɩɪɨɟɤɰɢɢ. Ɂɚɬɟɦ ɠɺɫɬɤɚɹ ɩɥɨɫɤɨɫɬɶ 

(ɬɨɱɧɟɟ, ɬɚ ɟɺ ɱɚɫɬɶ, ɤɨɬɨɪɚɹ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɛɨɥɶɲɟɦɭ ɤɜɚɞɪɚɬɭ) ɡɚɦɟɧɹɟɬɫɹ ɧɚ 

ɭɩɪɭɝɭɸ ɦɟɦɛɪɚɧɭ, ɭɩɪɭɝɢɟ ɫɜɨɣɫɬɜɚ ɤɨɬɨɪɨɣ ɨɞɧɨɪɨɞɧɵ. ɇɚ ɬɪɟɬɶɟɦ ɲɚɝɟ ɜɫɹ 

ɫɢɫɬɟɦɚ ɨɬɩɭɫɤɚɟɬɫɹ, ɢ ɩɪɭɠɢɧɵ ɫɨɤɪɚɳɚɸɬɫɹ (ɥɢɛɨ ɪɚɫɬɹɝɢɜɚɸɬɫɹ ɩɨɞ 

ɞɟɣɫɬɜɢɟɦ ɦɟɦɛɪɚɧɵ ɢ ɫɨɫɟɞɧɢɯ ɩɪɭɠɢɧ), ɚ ɦɟɦɛɪɚɧɚ ɞɟɮɨɪɦɢɪɭɟɬɫɹ. ɉɪɢ 

ɷɬɨɦ ɞɟɮɨɪɦɚɰɢɹ ɦɟɦɛɪɚɧɵ ɢ ɟɺ ɮɢɧɚɥɶɧɨɟ ɫɨɫɬɨɹɧɢɟ ɨɩɪɟɞɟɥɹɸɬɫɹ 

ɦɢɧɢɦɭɦɨɦ ɫɭɦɦɚɪɧɨɣ ɷɧɟɪɝɢɢ ɞɟɮɨɪɦɚɰɢɢ. ɇɚ ɱɟɬɜɺɪɬɨɦ ɲɚɝɟ ɩɨɥɨɠɟɧɢɟ 

ɤɚɠɞɨɣ ɬɨɱɤɢ ɧɚ ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɣ ɤɚɪɬɟ ɩɟɪɟɨɩɪɟɞɟɥɹɟɬɫɹ: ɧɚɯɨɞɢɬɫɹ ɧɨɜɚɹ 

ɨɪɬɨɝɨɧɚɥɶɧɚɹ ɩɪɨɟɤɰɢɹ (ɬɨɱɤɚ ɧɚ ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɣ ɤɚɪɬɟ, ɧɚɢɛɨɥɟɟ ɛɥɢɡɤɨ 

ɧɚɯɨɞɹɳɚɹɫɹ ɤ ɨɪɢɝɢɧɚɥɭ). ɇɚɤɨɧɟɰ, ɜɫɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɩɪɭɠɢɧɵ ɭɞɚɥɹɸɬɫɹ, 
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ɢ ɞɟɮɨɪɦɢɪɨɜɚɧɧɚɹ ɦɟɦɛɪɚɧɚ ɜɨɡɜɪɚɳɚɟɬɫɹ ɜ ɢɫɯɨɞɧɨɟ ɩɥɨɫɤɨɟ ɫɨɫɬɨɹɧɢɟ; ɩɪɢ 

ɷɬɨɦ ɨɛɪɚɡɵ ɬɨɱɟɤ ɬɚɤɠɟ ɦɟɧɹɸɬ ɫɜɨɺ ɩɨɥɨɠɟɧɢɟ ɧɚ ɭɩɪɭɝɨɣ ɤɚɪɬɟ. Ɍɚɤɨɟ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɧɚɡɵɜɚɟɬɫɹ ɩɟɪɟɯɨɞɨɦ ɜɨ ɜɧɭɬɪɟɧɧɢɟ ɤɨɨɪɞɢɧɚɬɵ. 

Ɍɚɤɠɟ ɧɭɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɭɩɪɭɝɨɫɬɶ ɤɚɪɬɵ ɜɵɛɢɪɚɟɬɫɹ «ɜɪɭɱɧɭɸ». 

ɑɟɦ ɛɨɥɟɟ ɭɩɪɭɝɚ ɤɚɪɬɚ, ɬɟɦ ɛɨɥɟɟ ɝɥɚɞɤɭɸ ɦɨɞɟɥɶ ɨɧɚ ɩɪɟɞɫɬɚɜɥɹɟɬ (ɩɪɢ 

ɛɨɥɶɲɢɯ ɡɧɚɱɟɧɢɹɯ ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɩɪɭɝɨɫɬɢ ɭɡɥɵ ɤɚɪɬɵ ɩɪɚɤɬɢɱɟɫɤɢ 

ɧɚɯɨɞɹɬɫɹ ɜ ɨɞɧɨɣ ɩɥɨɫɤɨɫɬɢ, ɢ ɷɬɨ ɩɥɨɫɤɨɫɬɶ ɝɥɚɜɧɵɯ ɤɨɦɩɨɧɟɧɬ).  

Ⱦɥɹ ɢɫɫɥɟɞɭɟɦɵɯ ɝɟɧɨɦɨɜ ɫɬɪɨɢɥɨɫɶ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɬɨɱɟɤ, 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɱɚɫɬɨɬɧɵɦ ɫɥɨɜɚɪɹɦ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɱɚɫɬɨɬ. Ɉɩɪɟɞɟɥɟɧɢɟ 

ɤɥɚɫɬɟɪɚ ɧɚ ɭɩɪɭɝɨɣ ɤɚɪɬɟ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɜɨ ɜɧɭɬɪɟɧɧɢɯ ɤɨɨɪɞɢɧɚɬɚɯ, 

ɩɪɨɜɨɞɢɥɨɫɶ ɩɨ ɥɨɤɚɥɶɧɨɣ ɩɥɨɬɧɨɫɬɢ. Ⱦɥɹ ɷɬɨɝɨ ɤɚɠɞɚɹ ɬɨɱɤɚ ɧɚ ɭɩɪɭɝɨɣ ɤɚɪɬɟ 

(ɧɚɩɨɦɧɢɦ — ɨɛɪɚɡ ɢɫɯɨɞɧɨɣ ɬɨɱɤɢ ɞɚɧɧɵɯ) ɫɧɚɛɠɚɥɚɫɶ ɤɨɥɨɤɨɥɨɨɛɪɚɡɧɨɣ 

ɮɭɧɤɰɢɟɣ; ɩɨɧɹɬɧɨ, ɱɬɨ ɜɵɛɨɪ ɮɭɧɤɰɢɣ ɬɚɤɨɝɨ ɜɢɞɚ ɜɟɫɶɦɚ ɲɢɪɨɤ, ɧɨ ɦɵ 

ɢɫɩɨɥɶɡɨɜɚɥɢ Ƚɚɭɫɫɨɜɫɤɭɸ ɮɭɧɤɰɢɸ. Ɂɚɬɟɦ ɡɧɚɱɟɧɢɹ ɜɫɟɯ ɮɭɧɤɰɢɣ ɞɥɹ ɤɚɠɞɨɣ 

ɬɨɱɤɢ ɫɭɦɦɢɪɨɜɚɥɨɫɶ ɩɨ ɜɫɟɦ ɬɨɱɤɚɦ, ɢ ɡɧɚɱɟɧɢɟ ɫɭɦɦɚɪɧɨɣ ɮɭɧɤɰɢɢ ɢ 

ɨɩɪɟɞɟɥɹɥɨ ɥɨɤɚɥɶɧɭɸ ɩɥɨɬɧɨɫɬɶ. ɉɪɢ ɨɬɨɛɪɚɠɟɧɢɢ ɷɬɨɣ ɮɭɧɤɰɢɢ ɦɵ 

ɢɫɩɨɥɶɡɨɜɚɥɢ ɫɯɟɦɭ ɫ 15 ɭɪɨɜɧɹɦɢ ɡɧɚɱɟɧɢɹ ɮɭɧɤɰɢɢ ɥɨɤɚɥɶɧɨɣ ɩɥɨɬɧɨɫɬɢ; 

ɤɥɚɫɬɟɪɨɦ ɫɱɢɬɚɥɚɫɶ ɨɛɥɚɫɬɶ ɫ ɥɨɤɚɥɶɧɨɣ ɩɥɨɬɧɨɫɬɶɸ, ɩɪɟɜɵɲɚɸɳɟɣ 9 ɫɧɢɡɭ 

ɭɪɨɜɟɧɶ. 

Ɍɚɤɠɟ ɧɚ ɞɚɧɧɵɟ ɤɚɪɬɵ ɦɨɠɧɨ ɧɚɧɟɫɬɢ ɢɧɮɨɪɦɚɰɢɨɧɧɵɟ ɫɥɨɢ ɪɚɫɤɪɚɫɨɤ, 

ɨɬɨɛɪɚɠɚɸɳɢɯ ɪɚɡɧɨɨɛɪɚɡɧɭɸ ɢɧɮɨɪɦɚɰɢɸ, ɧɚɩɪɢɦɟɪ, ɥɨɤɚɥɶɧɭɸ ɩɥɨɬɧɨɫɬɶ. 

Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɬɚɤɠɟ ɢɫɩɨɥɶɡɨɜɚɥɨɫɶ ɉɈ ViDaExpert 

(Ɂɢɧɨɜɶɟɜ, 2000).  
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Ƚɥɚɜɚ 3. Ɋɟɡɭɥɶɬɚɬɵ 

3.1. Фɢɥɨɝɟɧɟɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ 

Ⱦɥɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɢɯ ɫɜɹɡɟɣ ɛɵɥɢ ɩɨɫɬɪɨɟɧɵ ɞɟɪɟɜɶɹ 

ɬɪɟɦɹ ɞɢɫɤɪɟɬɧɵɦɢ ɦɟɬɨɞɚɦɢ. ɉɨɥɭɱɟɧɧɵɟ ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɢɟ ɞɟɪɟɜɶɹ ɛɵɥɢ 

ɩɪɨɚɫɫɨɰɢɢɪɨɜɚɧɵ ɫ ɞɜɭɦɹ ɩɪɢɡɧɚɤɚɦɢ: ɬɚɤɫɨɧɨɦɢɱɟɫɤɨɣ ɩɪɢɧɚɞɥɟɠɧɨɫɬɶɸ 

ɝɟɧɨɦɚ (Ɋɢɫ. 2Ⱥ, 3Ⱥ, 4Ⱥ) ɢ ɯɚɪɚɤɬɟɪɨɦ ɜɵɡɵɜɚɟɦɨɝɨ ɡɚɛɨɥɟɜɚɧɢɹ (Ɋɢɫ. 2Ȼ, 3Ȼ, 

4Ȼ).  

ȼ ɪɟɡɭɥɶɬɚɬɟ ɚɧɚɥɢɡɚ ɛɵɥɨ ɩɨɥɭɱɟɧɨ ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɨɟ ɞɟɪɟɜɨ ɦɟɬɨɞɨɦ 

ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɫ ɩɨɥɧɨɫɬɶɸ ɪɚɡɪɟɲɟɧɧɨɣ ɬɨɩɨɥɨɝɢɟɣ, ɨɞɧɚɤɨ 

ɞɚɥɟɤɨ ɧɟ ɜɫɟ ɭɡɥɵ (~ 4,3%) ɢɦɟɸɬ ɜɵɫɨɤɭɸ ɢɥɢ ɭɦɟɪɟɧɧɭɸ ɩɨɞɞɟɪɠɤɭ (Ɋɢɫ. 

2Ⱥ ɢ 2Ȼ).  

 

Ɋɢɫɭɧɨɤ 2Ⱥ – Ɏɢɥɨɝɟɧɟɬɢɱɟɫɤɨɟ ɞɟɪɟɜɨ, ɩɨɫɬɪɨɟɧɧɨɟ ɦɟɬɨɞɨɦ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 

ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɩɨ ɨɬɨɛɪɚɧɧɵɦ 69 ɩɨɥɧɨɝɟɧɨɦɧɵɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦ 

Coronaviridae. ȼ ɤɚɱɟɫɬɜɟ ɩɟɪɟɦɟɧɧɨɣ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɩɪɢɧɚɞɥɟɠɧɨɫɬɶ ɤ ɬɨɦɭ 

ɢɥɢ ɢɧɨɦɭ ɬɚɤɫɨɧɭ Coronaviridae 
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ɂɡɶɹɬɨ 18 ɫɬɪɚɧɢɰ 
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ɁȺɄɅɘɑȿɇɂȿ 

Ƚɥɚɜɧɨɣ ɰɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɥɨɫɶ ɫɪɚɜɧɟɧɢɟ ɦɟɬɨɞɚ, ɨɫɧɨɜɚɧɧɨɝɨ 

ɧɚ ɩɨɥɧɨɝɟɧɨɦɧɨɦ ɜɵɪɚɜɧɢɜɚɧɢɢ ɢ ɦɟɬɨɞɚ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɝɟɧɨɦɨɜ ɩɨ ɱɚɫɬɨɬɚɦ 

ɬɪɢɩɥɟɬɨɜ ɧɚ ɩɪɢɦɟɪɟ ɫɟɦɟɣɫɬɜɚ ɝɟɧɨɦɨɜ ɤɨɪɨɧɚɜɢɪɭɫɨɜ. Ɇɟɬɨɞ 

ɩɨɥɧɨɝɟɧɨɦɧɨɝɨ ɜɵɪɚɜɧɢɜɚɧɢɹ ɨɛɥɚɞɚɟɬ ɪɹɞɨɦ ɫɭɳɟɫɬɜɟɧɧɵɯ ɧɟɞɨɫɬɚɬɤɨɜ. 

ɉɟɪɜɵɦ ɢɡ ɧɢɯ ɹɜɥɹɟɬɫɹ ɩɪɨɢɡɜɨɥɶɧɵɣ ɜɵɛɨɪ ɲɬɪɚɮɧɵɯ ɮɭɧɤɰɢɣ ɞɥɹ 

ɞɨɩɭɫɬɢɦɵɯ ɨɲɢɛɨɤ; ɜɬɨɪɵɦ ɜɚɠɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɹɜɥɹɟɬɫɹ ɪɚɫɯɨɞɢɦɨɫɬɶ 

ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɪɚɡɥɢɱɧɵɯ ɚɥɝɨɪɢɬɦɨɜ, ɚ ɬɚɤɠɟ ɜɵɫɨɤɚɹ 

ɜɵɱɢɫɥɢɬɟɥɶɧɚɹ ɫɥɨɠɧɨɫɬɶ. ɉɨɩɵɬɤɢ ɩɨɫɬɪɨɟɧɢɹ ɦɟɬɨɞɨɜ, ɧɟ ɢɫɩɨɥɶɡɭɸɳɢɯ 

ɢɞɟɸ ɜɵɪɚɜɧɢɜɚɧɢɹ, ɩɪɟɞɩɪɢɧɢɦɚɸɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɞɚɜɧɨ. ɒɢɪɨɤɨɦɭ 

ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɬɚɤɢɯ ɦɟɬɨɞɨɜ ɫɜɨɛɨɞɧɵɯ ɨɬ ɜɵɪɚɜɧɢɜɚɧɢɹ ɩɪɟɩɹɬɫɬɜɭɟɬ 

ɨɬɫɭɬɫɬɜɢɟ ɪɚɡɭɦɧɨɣ ɫɢɫɬɟɦɵ ɫɨɩɨɫɬɚɜɥɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɫɪɚɜɧɟɧɢɹ, 

ɩɨɥɭɱɟɧɧɵɯ ɪɚɡɧɵɦɢ ɦɟɬɨɞɚɦɢ. ȼɨ ɦɧɨɝɨɦ ɷɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɬɪɭɞɧɨɫɬɶɸ 

ɩɨɞɛɨɪɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ. 

Ƚɟɧɨɦɵ ɤɨɪɨɧɚɜɢɪɭɫɨɜ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɨɱɟɧɶ ɭɞɚɱɧɵɣ ɨɛɴɟɤɬ ɞɥɹ 

ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɦɟɬɨɞɨɜ, ɨɫɧɨɜɚɧɧɵɯ ɧɚ ɩɨɥɧɨɝɟɧɨɦɧɨɦ ɜɵɪɚɜɧɢɜɚɧɢɢ 

ɢ ɫɜɨɛɨɞɧɵɯ ɨɬ ɧɟɝɨ ɩɨɞɯɨɞɨɜ. ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ, ɧɚ ɩɪɢɦɟɪɟ 69 ɝɟɧɨɦɨɜ 

ɤɨɪɨɧɚɜɢɪɭɫɨɜ, ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɫɪɚɜɧɟɧɢɟ ɤɥɚɫɫɢɱɟɫɤɨɝɨ ɜɵɪɚɜɧɢɜɚɧɢɹ ɫ 

ɩɨɫɥɟɞɭɸɳɢɦ ɩɨɫɬɪɨɟɧɢɟɦ ɮɢɥɨɝɟɧɢɢ, ɤɥɚɫɫɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ ɤɥɚɫɫɢɮɢɤɚɰɢɢ 

ɛɟɡ ɭɱɢɬɟɥɹ (k-means) ɢ ɫɨɜɪɟɦɟɧɧɨɝɨ ɦɟɬɨɞɚ ɧɟɥɢɧɟɣɧɨɣ ɫɬɚɬɢɫɬɢɤɢ — ɦɟɬɨɞɚ 

ɭɩɪɭɝɢɯ ɤɚɪɬ. 
ȼ ɯɨɞɟ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɨ ɜɵɩɨɥɧɟɧɨ ɦɧɨɠɟɫɬɜɟɧɧɨɟ ɩɨɥɧɨɝɟɧɨɦɧɨɟ 

ɜɵɪɚɜɧɢɜɚɧɢɟ ɞɥɹ ɨɬɨɛɪɚɧɧɵɯ ɝɟɧɨɦɨɜ ɤɨɪɨɧɚɜɢɪɭɫɨɜ ɢ ɩɨɫɬɪɨɟɧɵ 

ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɢɟ ɞɟɪɟɜɶɹ ɦɟɬɨɞɚɦɢ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɪɚɜɞɨɩɨɞɨɛɢɹ, 

ɦɢɧɢɦɚɥɶɧɨɣ ɩɚɪɫɢɦɨɧɢɢ ɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɛɚɣɟɫɨɜɫɤɨɝɨ ɩɨɞɯɨɞɚ. Ɍɨɩɨɥɨɝɢɢ 

ɞɟɪɟɜɶɟɜ, ɩɨɫɬɪɨɟɧɧɵɯ ɦɟɬɨɞɨɦ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɢ ɫ 

ɩɪɢɦɟɧɟɧɢɟɦ ɛɚɣɟɫɨɜɫɤɨɝɨ ɩɨɞɯɨɞɚ ɜ ɮɢɥɨɝɟɧɟɬɢɤɟ, ɢɞɟɧɬɢɱɧɵ. Ⱦɟɪɟɜɨ, 

ɩɨɫɬɪɨɟɧɧɨɟ ɦɟɬɨɞɨɦ ɦɢɧɢɦɚɥɶɧɨɣ ɩɚɪɫɢɦɨɧɢɢ, ɨɬɥɢɱɚɥɨɫɶ ɩɨ ɬɨɩɨɥɨɝɢɢ, ɢ 
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ɢɦɟɥɨ ɧɢɡɤɢɣ ɭɪɨɜɟɧɶ ɩɨɞɞɟɪɠɤɢ ɜ ɭɡɥɚɯ, ɜ ɤɨɬɨɪɵɯ ɫɥɭɱɢɥɢɫɶ ɩɟɪɟɫɬɪɨɣɤɢ ɜ 

ɫɪɚɜɧɟɧɢɢ ɫ ɞɟɪɟɜɶɹɦɢ, ɩɨɥɭɱɟɧɧɵɦɢ ɞɜɭɦɹ ɞɪɭɝɢɦɢ ɦɟɬɨɞɚɦɢ. ȼɵɹɜɥɟɧɨ 

ɫɨɨɬɜɟɬɫɬɜɢɟ ɮɢɥɨɝɟɧɢɢ ɢ ɬɚɤɫɨɧɨɦɢɱɟɫɤɨɝɨ ɩɨɥɨɠɟɧɢɹ ɢɡɭɱɚɟɦɵɯ ɜɢɪɭɫɨɜ, 

ɨɞɧɚɤɨ ɫɜɹɡɶ ɦɟɠɞɭ ɯɚɪɚɤɬɟɪɨɦ ɛɨɥɟɡɧɟɣ ɢ ɪɟɤɨɧɫɬɪɭɢɪɨɜɚɧɧɨɣ ɷɜɨɥɸɰɢɨɧɧɨɣ 

ɢɫɬɨɪɢɟɣ ɜɢɪɭɫɨɜ ɛɵɥɚ ɧɟɡɧɚɱɢɬɟɥɶɧɨɣ. 

Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɱɚɫɬɨɬɧɵɯ ɫɥɨɜɚɪɟɣ ɬɪɢɩɥɟɬɨɜ ɦɟɬɨɞɨɦ ɞɢɧɚɦɢɱɟɫɤɢɯ 

ɹɞɟɪ ɫ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜɨɡɪɚɫɬɚɸɳɢɦ ɱɢɫɥɨɦ ɤɥɚɫɫɨɜ ɩɨɡɜɨɥɢɥɚ ɩɨɫɬɪɨɢɬɶ 

ɢɟɪɚɪɯɢɱɟɫɤɨɟ ɞɟɪɟɜɨ, ɩɨɫɥɟɞɧɢɣ ɫɥɨɣ ɤɨɬɨɪɨɝɨ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɤɥɚɫɫɵ 

ɬɟɫɧɨ ɫɜɹɡɚɧɧɵɯ ɦɟɠɞɭ ɫɨɛɨɣ ɝɟɧɨɦɨɜ, ɤɨɬɨɪɵɟ ɫ ɯɨɪɨɲɟɣ ɬɨɱɧɨɫɬɶɸ 

ɫɨɜɩɚɞɚɸɬ ɫ ɤɥɚɫɬɟɪɚɦɢ, ɜɵɞɟɥɹɟɦɵɦɢ ɩɨ ɮɢɥɨɝɟɧɢɢ. 

Ʉɥɚɫɬɟɪɢɡɚɰɢɹ ɦɟɬɨɞɨɦ ɭɩɪɭɝɢɯ ɤɚɪɬ ɜɵɹɜɢɥɚ ɧɟɥɢɧɟɣɧɵɟ ɫɜɹɡɢ ɦɟɠɞɭ 

ɝɟɧɨɦɚɦɢ. Ʉɥɚɫɬɟɪɵ, ɜɵɞɟɥɟɧɧɵɟ ɦɟɬɨɞɨɦ ɭɩɪɭɝɢɯ ɤɚɪɬ, ɬɚɤɠɟ ɯɨɪɨɲɨ 

ɫɨɜɩɚɞɚɸɬ, ɤɚɤ ɫ ɤɥɚɫɫɚɦɢ ɩɨɫɥɟɞɧɟɝɨ ɫɥɨɹ ɫɥɨɢɫɬɨɝɨ ɝɪɚɮɚ, ɩɨɥɭɱɟɧɧɵɯ 

ɦɟɬɨɞɨɦ ɞɢɧɚɦɢɱɟɫɤɢɯ ɹɞɟɪ, ɬɚɤ ɢ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɤɥɚɫɫɢɱɟɫɤɨɝɨ 

ɜɵɪɚɜɧɢɜɚɧɢɹ.  

Ɋɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɰɟɧɬɪɚɦɢ ɢ ɪɚɞɢɭɫɵ ɤɥɚɫɬɟɪɨɜ ɩɨɞɬɜɟɪɠɞɚɸɬ 

ɧɚɞɟɠɧɨɫɬɶ ɩɨɥɭɱɟɧɧɨɣ ɤɥɚɫɬɟɪɢɡɚɰɢɢ ɢ ɞɚɸɬ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨɛ ɢɫɬɢɧɧɵɯ 

ɜɡɚɢɦɨɨɬɧɨɲɟɧɢɹɯ ɦɟɠɞɭ ɝɟɧɨɦɚɦɢ ɜ ɟɫɬɟɫɬɜɟɧɧɵɯ ɤɨɨɪɞɢɧɚɬɚɯ. 

ɗɬɢ ɪɟɡɭɥɶɬɚɬɵ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɦɟɬɨɞɵ ɫɪɚɜɧɟɧɢɹ, ɧɟ ɨɫɧɨɜɚɧɧɵɟ ɧɚ 

ɜɵɪɚɜɧɢɜɚɧɢɢ ɧɟ ɦɟɧɟɟ ɷɮɮɟɤɬɢɜɧɵ, ɛɨɥɟɟ ɬɨɝɨ ɭ ɬɚɤɢɯ ɦɟɬɨɞɨɜ ɟɫɬɶ 

ɡɧɚɱɢɬɟɥɶɧɨɟ ɩɪɟɢɦɭɳɟɫɬɜɨ ɜ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɫɥɨɠɧɨɫɬɢ. 
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ɉɊɂɅɈɀȿɇɂȿ Ⱥ 

Ɍɚɛɥɢɰɚ Ⱥ. 1   ̶ Ɉɬɨɛɪɚɧɧɵɟ ɧɭɤɥɟɨɬɢɞɧɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ Coronaviridae. 

ɉɟɪɜɵɣ ɫɬɨɥɛɟɰ «ɇɚɡɜɚɧɢɟ ɝɟɧɨɦɚ» ɨɤɪɚɲɟɧ ɫɨɝɥɚɫɧɨ ɜɵɡɵɜɚɟɦɵɦ 

ɡɚɛɨɥɟɜɚɧɢɹɦ: ɫɢɧɢɦ – ɡɚɛɨɥɟɜɚɧɢɹ ɥɟɬɭɱɢɯ ɦɵɲɟɣ, ɤɪɚɫɧɵɦ – ɪɟɫɩɢɪɚɬɨɪɧɵɟ 

ɡɚɛɨɥɟɜɚɧɢɹ ɥɸɞɟɣ, ɠɟɥɬɵɦ – ɤɢɲɟɱɧɵɟ ɡɚɛɨɥɟɜɚɧɢɹ ɦɥɟɤɨɩɢɬɚɸɳɢɯ, 

ɝɨɥɭɛɵɦ – ɪɟɫɩɢɪɚɬɨɪɧɵɟ ɡɚɛɨɥɟɜɚɧɢɹ ɦɥɟɤɨɩɢɬɚɸɳɢɯ, ɪɨɡɨɜɵɦ – ɦɵɲɢɧɵɟ 

ɝɟɩɚɬɢɬɵ, ɡɟɥɟɧɵɦ – ɪɟɫɩɢɪɚɬɨɪɧɵɟ ɡɚɛɨɥɟɜɚɧɢɹ ɩɬɢɰ. Ɍɪɟɬɢɣ ɫɬɨɥɛɟɰ 

«Ɍɚɤɫɨɧɨɦɢɱɟɫɤɚɹ ɩɪɢɧɚɞɥɠɟɧɨɫɬɶ» ɨɤɪɚɲɟɧ ɫɨɝɥɚɫɧɨ ɬɚɤɫɨɧɨɦɢɢ: ɤɪɚɫɧɵɦ – 

ɚɥɶɮɚɤɨɪɨɧɚɜɢɪɭɫɵ, ɡɟɥɟɧɵɦ – ɛɟɬɚɤɨɪɨɧɚɜɢɪɭɫɵ, ɠɟɥɬɵɦ – 

ɝɚɦɦɚɤɨɪɨɧɚɜɢɪɭɫɵ, ɪɨɡɨɜɵɦ – ɞɟɥɶɬɚɤɨɪɨɧɚɜɢɪɭɫɵ. 

ɇɚɡɜɚɧɢɟ ɝɟɧɨɦɚ 
ɂɧɜɟɧɬɚɪɧɵɣ 

ɧɨɦɟɪ 
Ɍɚɤɫɨɧɨɦɢɱɟɫɤɚɹ 
ɩɪɢɧɚɞɥɟɠɧɨɫɬɶ ɏɨɡɹɢɧ ɜɢɪɭɫɚ 

Piglets/(TGEV) PUR46-MAD NC_038861.1 Ⱥɥɶɮɚɤɨɪɨɧɚɜɢɪɭɫ 
ɂɫɤɥɸɱɢɬɟɥɶɧɨ 
ɩɨɪɨɫɹɬɚ 

Ferret/FRCoV-NL-2010 NC_030292.1 Ⱥɥɶɮɚɤɨɪɨɧɚɜɢɪɭɫ ɏɨɪɶɤɢ, ɇɨɪɤɢ 
Swine/Italy/213306/2009 NC_028806.1 Ⱥɥɶɮɚɤɨɪɨɧɚɜɢɪɭɫ ɋɜɢɧɶɢ 
Mink/WD1127 NC_023760.1 Ⱥɥɶɮɚɤɨɪɨɧɚɜɢɪɭɫ ɇɨɪɤɢ 
Feline/FIPV NC_002306.3 Ⱥɥɶɮɚɤɨɪɨɧɚɜɢɪɭɫ Ʉɨɲɤɢ  
Porcine/PEDV NC_003436.1 Ⱥɥɶɮɚɤɨɪɨɧɚɜɢɪɭɫ ɋɜɢɧɶɢ 
Rodents/AcCoV-JC34 NC_034972.1 Ⱥɥɶɮɚɤɨɪɨɧɚɜɢɪɭɫ Ƚɪɵɡɭɧɵ 
Camel/camel/Riyadh/Ry141/2015 NC_028752.1 Ⱥɥɶɮɚɤɨɪɨɧɚɜɢɪɭɫ ȼɟɪɛɥɸɞɵ, ɥɸɞɢ 
Human/NL63 NC_005831.2 Ⱥɥɶɮɚɤɨɪɨɧɚɜɢɪɭɫ ɑɟɥɨɜɟɤ 
Human/229E NC_002645.1 Ⱥɥɶɮɚɤɨɪɨɧɚɜɢɪɭɫ ɑɟɥɨɜɟɤ 
Bat/CDPHE15/USA/2006 NC_022103.1 Ⱥɥɶɮɚɤɨɪɨɧɚɜɢɪɭɫ Ʌɟɬɭɱɢɟ ɦɵɲɢ 
Bat/NL63-BtKYNL63-9b NC_048216.1 Ⱥɥɶɮɚɤɨɪɨɧɚɜɢɪɭɫ Ʌɟɬɭɱɢɟ ɦɵɲɢ 
Bat/CoV/P.kuhlii/Italy/3398-
19/2015 NC_046964.1 Ⱥɥɶɮɚɤɨɪɨɧɚɜɢɪɭɫ Ʌɟɬɭɱɢɟ ɦɵɲɢ 
Bat/NL63-BtKYNL63-9a NC_032107.1 Ⱥɥɶɮɚɤɨɪɨɧɚɜɢɪɭɫ Ʌɟɬɭɱɢɟ Ɇɵɲɢ 
Bat/BtNv-AlphaCoV/SC2013 NC_028833.1 Ⱥɥɶɮɚɤɨɪɨɧɚɜɢɪɭɫ Ʌɟɬɭɱɢɟ Ɇɵɲɢ 
Bat/BtRf-AlphaCoV/YN2012 NC_028824.1 Ⱥɥɶɮɚɤɨɪɨɧɚɜɢɪɭɫ Ʌɟɬɭɱɢɟ Ɇɵɲɢ 
Bat/BtRf-AlphaCoV/HuB2013 NC_028814.1 Ⱥɥɶɮɚɤɨɪɨɧɚɜɢɪɭɫ Ʌɟɬɭɱɢɟ Ɇɵɲɢ 
Bat/PREDICT/PDF-2180BtMr-
AlphaCoV/SAX2011 NC_028811.1 Ⱥɥɶɮɚɤɨɪɨɧɚɜɢɪɭɫ Ʌɟɬɭɱɢɟ Ɇɵɲɢ 

Lucheng Rn rat/Lucheng-19 NC_032730.1 Ⱥɥɶɮɚɤɨɪɨɧɚɜɢɪɭɫ 
Ʌɟɬɭɱɚɹ ɦɵɲɶ (Ⱦɨɦɨɜɵɟ 
ɝɥɚɞɤɨɧɨɫɵ) 

Rousettus bat/HKU10 NC_018871.1 Ⱥɥɶɮɚɤɨɪɨɧɚɜɢɪɭɫ 
Ʌɟɬɭɱɚɹ ɦɵɲɶ (Ⱦɨɦɨɜɵɟ 
ɝɥɚɞɤɨɧɨɫɵ) 

Pangolin/MP789 MT121216.1 Ȼɟɬɚɤɨɪɨɧɚɜɢɪɭɫ ɉɚɧɝɨɥɢɧɵ 
Pangolin/PCoV_GX-P5E MT040336.1 Ȼɟɬɚɤɨɪɨɧɚɜɢɪɭɫ ɉɚɧɝɨɥɢɧɵ 
Erinaceus/VMC/DEU/2012 NC_039207.1 Ȼɟɬɚɤɨɪɨɧɚɜɢɪɭɫ ȿɠɢ 
Norway rats/HKU24  NC_026011.1 Ȼɟɬɚɤɨɪɨɧɚɜɢɪɭɫ ɇɨɪɜɟɠɫɤɢɟ ɦɵɲɢ 
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Ɉɤɨɧɱɚɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ⱥ. 

ɇɚɡɜɚɧɢɟ ɝɟɧɨɦɚ 
ɂɧɜɟɧɬɚɪɧɵɣ 
ɧɨɦɟɪ 

Ɍɚɤɫɨɧɨɦɢɱɟɫɤɚɹ 
ɩɪɢɧɚɞɥɟɠɧɨɫɬɶ ɏɨɡɹɢɧ ɜɢɪɭɫɚ 

Rabbit/HKU14 NC_017083.1 Ȼɟɬɚɤɨɪɨɧɚɜɢɪɭɫ Ʉɪɨɥɢɤɢ 
Rat/PRC NC_012936.1 Ȼɟɬɚɤɨɪɨɧɚɜɢɪɭɫ Ʉɪɵɫɵ 
Bovine/BCoV NC_003045.1 Ȼɟɬɚɤɨɪɨɧɚɜɢɪɭɫ Ʉɨɪɨɜɵ 
Canine/BJ232 KX432213.1 Ȼɟɬɚɤɨɪɨɧɚɜɢɪɭɫ ɋɨɛɚɤɢ  
Canine/K37 JX860640.1 Ȼɟɬɚɤɨɪɨɧɚɜɢɪɭɫ ɋɨɛɚɤɢ  
Human/SARS-CoV NC_045512.2 Ȼɟɬɚɤɨɪɨɧɚɜɢɪɭɫ ɑɟɥɨɜɟɤ 
Human/OC43 NC_006213.1 Ȼɟɬɚɤɨɪɨɧɚɜɢɪɭɫ ɑɟɥɨɜɟɤ 
Human/England 1 NC_038294.1 Ȼɟɬɚɤɨɪɨɧɚɜɢɪɭɫ ɑɟɥɨɜɟɤ 
Human/MERS-CoV NC_019843.3 Ȼɟɬɚɤɨɪɨɧɚɜɢɪɭɫ ɑɟɥɨɜɟɤ 

Human/HKU1 
NC_006577.2 
               Ȼɟɬɚɤɨɪɨɧɚɜɢɪɭɫ ɑɟɥɨɜɟɤ 

Human/SARS-CoX-2 NC_004718.3 Ȼɟɬɚɤɨɪɨɧɚɜɢɪɭɫ ɑɟɥɨɜɟɤ 
Rousettus bat/GCCDC1-356 NC_030886.1 Ȼɟɬɚɤɨɪɨɧɚɜɢɪɭɫ Ʌɟɬɭɱɢɟ ɦɵɲɢ  
Bat/Hp-B/Zhejiang2013 NC_025217.1 Ȼɟɬɚɤɨɪɨɧɚɜɢɪɭɫ Ʌɟɬɭɱɢɟ ɦɵɲɢ  
Mouse/MHV-A59 C12 NC_001846.1 Ȼɟɬɚɤɨɪɨɧɚɜɢɪɭɫ Ɇɵɲɢ 
Mouse/A59 NC_048217.1  Ȼɟɬɚɤɨɪɨɧɚɜɢɪɭɫ Ɇɵɲɢ 
Mouse/JHM AC_000192.1 Ȼɟɬɚɤɨɪɨɧɚɜɢɪɭɫ Ɇɵɲɢ 
Beluga Whale/SW1 NC_010646.1 Ƚɚɦɦɚɤɨɪɨɧɚɜɢɪɭɫ Ȼɟɥɭɝɚ (ɜ ɧɟɜɨɥɟ) 
Turkey/TCoV NC_010800.1 Ƚɚɦɦɚɤɨɪɨɧɚɜɢɪɭɫ ɂɧɞɟɣɤɢ 
Duck/DdCoV NC_048214.1 Ƚɚɦɦɚɤɨɪɨɧɚɜɢɪɭɫ Ʉɭɪɵ ɢ ɭɬɤɢ  
Avian/IBV NC_048213.1 Ƚɚɦɦɚɤɨɪɨɧɚɜɢɪɭɫ ɉɬɢɰɵ 
Canada 
goose/Cambridge_Bay_2017 NC_046965.1 Ƚɚɦɦɚɤɨɪɨɧɚɜɢɪɭɫ Ƚɭɫɢ  
Avian/IBVB NC_001451.1 Ƚɚɦɦɚɤɨɪɨɧɚɜɢɪɭɫ ɉɬɢɰɵ 
Porcine/HKU15 NC_039208.1 Ⱦɟɥɶɬɚɤɨɪɨɧɚɜɢɪɭɫ ɋɜɢɧɶɢ 
Bulbul/HKU11-934 NC_011547.1 Ⱦɟɥɶɬɚɤɨɪɨɧɚɜɢɪɭɫ Ȼɸɥɶɛɸɥɟɜɵɟ(ɩɬɢɰɵ) 
Sparrow/HKU17 NC_016992.1 Ⱦɟɥɶɬɚɤɨɪɨɧɚɜɢɪɭɫ  ȼɨɪɨɛɶɢ 
White-eye/HKU16 NC_016991.1 Ⱦɟɥɶɬɚɤɨɪɨɧɚɜɢɪɭɫ Ȼɸɥɶɛɸɥɟɜɵɟ(ɞɪɨɡɞɵ) 
Common-moorhen/HKU21 NC_016996.1 Ⱦɟɥɶɬɚɤɨɪɨɧɚɜɢɪɭɫ Ʉɚɦɵɲɧɢɰɚ(ɩɬɢɰɚ) 
Wigeon/HKU20 NC_016995.1 Ⱦɟɥɶɬɚɤɨɪɨɧɚɜɢɪɭɫ ɋɜɢɹɡɶ (ɩɬɢɰɚ) 
Night-heron/HKU19 NC_016994.1 Ⱦɟɥɶɬɚɤɨɪɨɧɚɜɢɪɭɫ Ʉɜɚɤɜɚ(ɩɬɢɰɚ) 

Magpie-robin/HKU18 
NC_016993.1 
                 Ⱦɟɥɶɬɚɤɨɪɨɧɚɜɢɪɭɫ ɋɨɪɨɤɚ  

Munia/HKU13-3514 NC_011550.1 Ⱦɟɥɶɬɚɤɨɪɨɧɚɜɢɪɭɫ Ɇɭɧɢɢ(ɩɬɢɰɚ) 
Thrush/HKU12-600 NC_011549.1 Ⱦɟɥɶɬɚɤɨɪɨɧɚɜɢɪɭɫ Ⱦɪɨɡɞɵ 
Bat/PREDICT/PDF-2180 NC_034440.1 unclassified Ʌɟɬɭɱɢɟ ɦɵɲɢ 
Bat/BM48-31/BGR/2008 NC_014470.1 unclassified Ʌɟɬɭɱɢɟ ɦɵɲɢ 
Bat/HKU8 NC_010438.1 unclassified Ʌɟɬɭɱɢɟ ɦɵɲɢ 
Bat/1A NC_010437.1 unclassified Ʌɟɬɭɱɢɟ ɦɵɲɢ 
Bat/HKU2 NC_009988.1 unclassified Ʌɟɬɭɱɢɟ ɦɵɲɢ 
Bat/HKU9-1 NC_009021.1 unclassified Ʌɟɬɭɱɢɟ ɦɵɲɢ 
Bat/HKU5-1 NC_009020.1 unclassified Ʌɟɬɭɱɢɟ ɦɵɲɢ 
Bat/HKU4-1 NC_009019.1 unclassified Ʌɟɬɭɱɢɟ ɦɵɲɢ 
Scotophilus bat/512  NC_009657.1 unclassified Ʌɟɬɭɱɢɟ ɦɵɲɢ 
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ɉɊɂɅɈɀȿɇɂȿ Ȼ 

Ʉɥɚɫɬɟɪɢɡɚɰɢɹ ɧɚ ɞɟɬɚɥɶɧɨɣ ɭɩɪɭɝɨɣ ɤɚɪɬɟ 25 × 25.  

 

Ɋɢɫɭɧɨɤ Ȼ. 1   ̶ Ⱦɟɬɚɥɶɧɚɹ ɤɚɪɬɚ 25×25 ɜɨ ɜɧɭɬɪɟɧɧɢɯ ɤɨɨɪɞɢɧɚɬɚɯ 

 

ɉɪɢɦɟɱɚɧɢɟ: ɤɨɥɢɱɟɫɬɜɨ ɤɥɚɫɬɟɪɨɜ ɭɦɟɧɶɲɢɥɨɫɶ ɞɨ 9, ɩɪɢ ɷɬɨɦ ɦɨɧɨɬɨɧɧɨɫɬɢ 

ɩɨ ɜɤɥɸɱɟɧɢɸ ɤɥɚɫɬɟɪɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɫ ɩɨɦɨɳɶɸ ɦɹɝɤɨɣ ɭɩɪɭɝɨɣ (16×16) 

ɤɚɪɬɵ, ɜ ɤɥɚɫɬɟɪɵ, ɩɨɥɭɱɟɧɧɵɟ ɫ ɩɨɦɨɳɶɸ ɞɟɬɚɥɶɧɨɣ (25×25) ɤɚɪɬɵ, ɧɟ 

ɧɚɛɥɸɞɚɟɬɫɹ: ɧɟɤɨɬɨɪɵɟ ɢɡ ɧɢɯ ɫɥɢɥɢɫɶ ɜ ɨɞɢɧ, ɚ ɧɟɤɨɬɨɪɵɟ ɪɚɫɩɚɥɢɫɶ ɧɚ 

ɧɨɜɵɟ. 

 



64 
 

ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ. 

Ɍɚɛɥɢɰɚ Ȼ. 1   ̶ Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɰɟɧɬɪɚɦɢ ɢ ɪɚɞɢɭɫɵ (R) ɤɥɚɫɬɟɪɨɜ (L) ɧɚ 

ɦɹɝɤɨɣ ɤɚɪɬɟ 25×25. ɀɟɥɬɵɦ ɰɜɟɬɨɦ ɜɵɞɟɥɟɧɵ ɧɚɢɦɟɧɶɲɢɟ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ 

ɤɥɚɫɬɟɪɚɦɢ 

L 2 3 4 5 6 7 8 9 10 
1 0,0208 0,0275 0,0524 0,0324 0,0347 0,0426 0,0337 0,0325 0,0175 
2  0,0171 0,0460 0,0250 0,0287 0,0385 0,0361 0,0343 0,0233 
3   0,0365 0,0157 0,0161 0,0262 0,0259 0,0243 0,0225 
4    0,0326 0,0334 0,0207 0,0416 0,0425 0,0466 
5     0,0221 0,0201 0,0222 0,0285 0,0267 
6      0,0254 0,0269 0,0165 0,0276 
7       0,0236 0,0311 0,0353 
8        0,0233 0,0243 
9         0,0235 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ. 

 

Ɋɢɫɭɧɨɤ Ȼ. 2   ̶ Ɇɹɝɤɚɹ ɤɚɪɬɚ 16×16 ɫ ɨɬɨɛɪɚɠɟɧɢɟɦ ɥɨɤɚɥɶɧɨɣ ɩɥɨɬɧɨɫɬɢ. 

ɋɢɧɢɦ ɨɛɨɡɧɚɱɚɸɬɫɹ ɜɢɪɭɫɵ, ɜɵɡɵɜɚɸɳɢɟ ɛɨɥɟɡɧɢ ɥɟɬɭɱɢɯ ɦɵɲɟɣ, 

ɤɪɚɫɧɵɦ — ɪɟɫɩɢɪɚɬɨɪɧɵɟ ɡɚɛɨɥɟɜɚɧɢɹ ɥɸɞɟɣ, ɝɨɥɭɛɵɦ — ɪɟɫɩɢɪɚɬɨɪɧɵɟ 

ɡɚɛɨɥɟɜɚɧɢɹ ɦɥɟɤɨɩɢɬɚɸɳɢɯ, ɠɟɥɬɵɦ — ɤɢɲɟɱɧɵɟ ɡɚɛɨɥɟɜɚɧɢɹ 

ɦɥɟɤɨɩɢɬɚɸɳɢɯ, ɪɨɡɨɜɵɦ — ɝɟɩɚɬɢɬɵ ɦɵɲɟɣ ɢ ɡɟɥɟɧɵɦ — ɪɟɫɩɢɪɚɬɨɪɧɵɟ 

ɡɚɛɨɥɟɜɚɧɢɹ ɩɬɢɰ 
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Ɉɤɨɧɱɚɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ. 

 

Ɋɢɫɭɧɨɤ Ȼ. 3  ̶  Ɇɹɝɤɚɹ ɤɚɪɬɚ 25×25 ɫ ɨɬɨɛɪɚɠɟɧɢɟɦ ɥɨɤɚɥɶɧɨɣ ɩɥɨɬɧɨɫɬɢ. ɐɜɟɬ 
ɬɨɱɟɤ ɨɛɨɡɧɚɱɚɟɬ ɩɪɢɧɚɞɥɟɠɧɨɫɬɶ ɝɟɧɨɦɨɜ ɤ ɪɨɞɚɦ: ɤɪɚɫɧɵɟ — 
ɚɥɶɮɚɤɨɪɨɧɚɜɢɪɭɫɵ, ɡɟɥɟɧɵɟ — ɛɟɬɚɤɨɪɨɧɚɜɢɪɭɫɵ, ɠɟɥɬɵɟ — 

ɝɚɦɦɚɤɨɪɨɧɚɜɢɪɭɫɵ, ɪɨɡɨɜɵɟ — ɞɟɥɶɬɚɤɨɪɨɧɚɜɢɪɭɫɵ ɢ ɫɢɧɢɟ — ɧɟ 
ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɧɧɵɟ ɤɨɪɨɧɚɜɢɪɭɫɵ 




