
Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ  

ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 

«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

ɂɧɫɬɢɬɭɬ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɛɢɨɥɨɝɢɢ ɢ ɛɢɨɬɟɯɧɨɥɨɝɢɢ 

Ȼɚɡɨɜɚɹ ɤɚɮɟɞɪɚ ɛɢɨɬɟɯɧɨɥɨɝɢɢ 

 

ɍɌȼȿɊɀȾȺɘ 

Ɂɚɜɟɞɭɸɳɚɹ ɤɚɮɟɞɪɨɣ 

___________ Ɍ.Ƚ. ȼɨɥɨɜɚ 

 

« _____» ________ 2021 ɝ. 

 

ȻȺɄȺɅȺȼɊɋɄȺə ɊȺȻɈɌȺ 

06.03.01 - Ȼɢɨɥɨɝɢɹ 

 

ɂɁɍɑȿɇɂȿ ȻɂɈɊȺɁɊɍɒȺȿɆɕɏ ȻɂɈɆȺɌȿɊɂȺɅɈȼ ȾɅə ɊȿɉȺɊȺɐɂɂ 

ɄɈɀɂ 

 
 

 
 
ɇɚɭɱɧɵɣ ɪɭɤɨɜɨɞɢɬɟɥɶ   _________   ɩɪɨɮɟɫɫɨɪ, ɞ.ɛ.ɧ      ɒɢɲɚɰɤɚɹ ȿ.ɂ. 

                                                                                                                                        

                                              ɩɨɞɩɢɫɶ, ɞɚɬɚ      ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɚɹ ɫɬɟɩɟɧɶ     ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
 

ȼɵɩɭɫɤɧɢɤ                       _________                                      ɒɚɪɨɜɚɬɨɜɚ ɇ.ȼ. 
                                                             ɩɨɞɩɢɫɶ, ɞɚɬɚ                                                       ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

                                                 

 

 
Ʉɪɚɫɧɨɹɪɫɤ 2021  



2 

 

Ɉɝɥɚɜɥɟɧɢɟ 

 

ȼȼȿȾȿɇɂȿ 4 

1 ɈȻɁɈɊ ɅɂɌȿɊȺɌɍɊɕ 7 

1.1 ɋɬɪɨɟɧɢɟ ɤɨɠɢ 7 

1.2 Ɍɪɚɞɢɰɢɨɧɧɵɟ ɫɩɨɫɨɛɵ ɜɨɫɩɨɥɧɟɧɢɹ ɬɤɚɧɟɜɨɝɨ ɞɟɮɢɰɢɬɚ ɤɨɠɢ 8 

1.2.1 Ʉɫɟɧɨɬɪɚɧɫɩɥɚɧɬɚɬɵ 8 

1.2.2 Ⱥɭɬɨɬɪɚɧɫɩɥɚɧɬɚɬɵ 9 

1.2.3 Ⱥɥɥɨɬɪɚɧɫɩɥɚɧɬɚɬɵ 10 

1.3 Ɍɤɚɧɟɜɚɹ ɢɧɠɟɧɟɪɢɹ ɤɨɠɢ 11 

1.3.1 Ɍɤɚɧɟɢɧɠɟɧɟɪɧɵɟ ɡɚɦɟɧɢɬɟɥɢ ɤɨɠɢ 11 

1.3.2 ɋɢɧɬɟɬɢɱɟɫɤɢɟ ɤɨɠɧɵɟ ɡɚɦɟɧɢɬɟɥɢ 12 

1.4 Ȼɢɨɦɚɬɟɪɢɚɥɵ ɞɥɹ ɬɤɚɧɟɜɨɣ ɢɧɠɟɧɟɪɢɢ ɤɨɠɢ 14 

1.4.1 ɇɚɬɭɪɚɥɶɧɵɟ ɩɨɥɢɦɟɪɵ 14 

1.4.1.1 Ʉɨɥɥɚɝɟɧ 14 

1.4.1.2 Ɏɢɛɪɢɧ 15 

1.4.1.3 Ƚɢɚɥɭɪɨɧɨɜɚɹ ɤɢɫɥɨɬɚ 16 

1.4.1.4 ɏɢɬɨɡɚɧ 17 

1.4.1.5 Ⱥɥɶɝɢɧɚɬ ɢ ɚɝɚɪɨɡɚ 18 

1.4.2 ɋɢɧɬɟɬɢɱɟɫɤɢɟ ɩɨɥɢɦɟɪɵ 18 

1.4.2.1 ɉɨɥɢɤɚɩɪɨɥɚɤɬɨɧ 19 

1.4.2.2 ɉɨɥɢɷɬɢɥɟɧɝɥɢɤɨɥɶ 20 

1.4.2.3 ɉɨɥɢɜɢɧɢɥɨɜɵɣ ɫɩɢɪɬ 20 

1.4.2.4 ɉɨɥɢɝɢɞɪɨɤɫɢɷɮɢɪɵ 21 

1.4.2.4.1 ɉɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɵ 21 



3 

 

1.4.2.4.2 ȼɢɞɵ ɩɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɨɜ 23 

1.4.2.4.3 ɉɨɥɢ-3-ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬ 24 

1.5 Ɍɟɯɧɨɥɨɝɢɢ ɤɥɟɬɨɱɧɵɯ ɤɭɥɶɬɭɪ 24 

2 ɆȺɌȿɊɂȺɅɕ ɂ ɆȿɌɈȾɕ 27 

2.1 Ɉɛɴɟɤɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ 27 

2.2 ɂɡɝɨɬɨɜɥɟɧɢɟ ɩɨɥɢɦɟɪɧɵɯ ɩɥɟɧɨɱɧɵɯ ɨɛɪɚɡɰɨɜ 27 

2.3 ɂɡɭɱɟɧɢɟ ɫɜɨɣɫɬɜ ɩɨɜɟɪɯɧɨɫɬɢ ɩɥɟɧɨɱɧɵɯ ɨɛɪɚɡɰɨɜ 28 

2.4 ȼɟɞɟɧɢɟ ɤɥɟɬɨɱɧɨɣ ɤɭɥɶɬɭɪɵ 29 

2.5 ɂɫɫɥɟɞɨɜɚɧɢɹ ɰɢɬɨɬɨɤɫɢɱɧɨɫɬɢ ɩɨɥɢɦɟɪɧɵɯ ɩɥɟɧɨɱɧɵɯ ɨɛɪɚɡɰɨɜ 29 

2.5.1 Ɉɰɟɧɤɚ ɚɛɫɨɥɸɬɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɚɞɝɟɡɢɪɨɜɚɧɧɵɯ ɤɥɟɬɨɤ 30 

2.5.2 ɆɌɌ-ɬɟɫɬ 31 

2.5.3 Ɉɤɪɚɫɤɚ ɤɥɟɬɨɤ ɮɥɭɨɪɟɫɰɟɧɬɧɵɦɢ ɤɪɚɫɢɬɟɥɹɦɢ DAPI  ɢ FITC 32 

2.6 ɋɬɚɬɢɫɬɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ 32 

3 ɊȿɁɍɅɖɌȺɌɕ ɂ ɈȻɋɍɀȾȿɇɂȿ 33 

3.1 ɉɨɥɭɱɟɧɢɟ ɩɥɟɧɨɱɧɵɯ ɨɛɪɚɡɰɨɜ ɢ ɢɡɭɱɟɧɢɟ ɢɯ ɫɜɨɣɫɬɜ ɩɨɜɟɪɯɧɨɫɬɢ 33 

3.3 ɂɫɫɥɟɞɨɜɚɧɢɟ ɰɢɬɨɬɨɤɫɢɱɧɨɫɬɢ ɩɨɥɢɦɟɪɧɵɯ ɩɥɟɧɨɱɧɵɯ ɨɛɪɚɡɰɨɜ 34 

3.3.1 Ɉɰɟɧɤɚ ɚɛɫɨɥɸɬɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɚɞɝɟɡɢɪɨɜɚɧɧɵɯ ɤɥɟɬɨɤ ɧɚ ɩɥɟɧɨɱɧɵɯ 
ɨɛɪɚɡɰɚɯ 34 

3.3.2 ɆɌɌ-ɬɟɫɬ 35 

3.3.3 ɂɡɭɱɟɧɢɟ ɤɥɟɬɨɤ ɩɨɫɥɟ ɨɤɪɚɫɤɢ ɮɥɭɨɪɟɫɰɟɧɬɧɵɦɢ ɤɪɚɫɢɬɟɥɹɦɢ 37 

ȼɕȼɈȾɕ 38 

ɋɉɂɋɈɄ ɋɈɄɊȺɓȿɇɂɃ: 39 

ɋɉɂɋɈɄ ɅɂɌȿɊȺɌɍɊɕ: 40 

 

  



4 

 

ȼȼȿȾȿɇɂȿ 

 

Ɋɚɡɥɢɱɧɵɟ ɡɚɛɨɥɟɜɚɧɢɹ ɤɨɠɢ ɜ ɫɨɜɪɟɦɟɧɧɨɦ ɦɢɪɟ ɞɨɫɬɚɬɨɱɧɨ ɲɢɪɨɤɨ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɵ ɫɪɟɞɢ ɧɚɫɟɥɟɧɢɹ ɜɫɟɝɨ ɡɟɦɧɨɝɨ ɲɚɪɚ ɢ ɡɧɚɱɢɬɟɥɶɧɨ ɜɥɢɹɸɬ ɧɚ 

ɤɚɱɟɫɬɜɨ ɠɢɡɧɢ ɱɟɥɨɜɟɤɚ. Ⱦɟɦɨɝɪɚɮɢɱɟɫɤɢ ɱɢɫɥɨ ɛɨɥɶɧɵɯ, ɫɬɪɚɞɚɸɳɢɯ 

ɯɪɨɧɢɱɟɫɤɢɦɢ ɪɚɧɚɦɢ ɢ ɧɚɪɭɲɟɧɧɵɦɢ ɭɫɥɨɜɢɹɦɢ ɡɚɠɢɜɥɟɧɢɹ, ɞɨɫɬɢɝɚɟɬ 

ɦɚɫɲɬɚɛɨɜ ɷɩɢɞɟɦɢɢ ɢ ɫɬɚɧɨɜɢɬɫɹ ɟɳɟ ɛɨɥɟɟ ɨɛɪɟɦɟɧɢɬɟɥɶɧɵɦ ɤɚɤ ɫ ɬɨɱɤɢ 

ɡɪɟɧɢɹ ɡɞɨɪɨɜɶɹ ɱɟɥɨɜɟɤɚ, ɬɚɤ ɢ ɫ ɷɤɨɧɨɦɢɱɟɫɤɨɣ [1]. 

ȼ ɫɜɹɡɢ ɫ ɪɨɫɬɨɦ ɱɢɫɥɚ ɪɚɡɧɨɝɨ ɪɨɞɚ ɬɪɚɜɦ, ɫɬɢɯɢɣɧɵɯ ɛɟɞɫɬɜɢɣ, ɚ ɬɚɤɠɟ 

ɜɨɟɧɧɵɯ ɤɨɧɮɥɢɤɬɨɜ ɨɞɧɨɣ ɢɡ ɧɚɢɛɨɥɟɟ ɚɤɬɭɚɥɶɧɵɯ ɦɟɞɢɤɨ-ɫɨɰɢɚɥɶɧɵɯ 

ɩɪɨɛɥɟɦ ɧɚɭɤɢ ɹɜɥɹɟɬɫɹ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɟ ɥɟɱɟɧɢɟ ɪɚɧ, ɢɫɩɨɥɶɡɭɸɳɟɟ 

ɪɚɡɥɢɱɧɵɟ ɛɢɨɦɚɬɟɪɢɚɥɵ. ɋɬɢɦɭɥɨɦ ɪɚɡɜɢɬɢɹ ɨɬɟɱɟɫɬɜɟɧɧɨɣ ɢɧɞɭɫɬɪɢɢ 

ɛɢɨɦɚɬɟɪɢɚɥɨɜ - ɤɨɠɧɵɯ ɬɪɚɧɫɩɥɚɧɬɚɬɨɜ ɫɱɢɬɚɟɬɫɹ ɢɯ ɡɧɚɱɢɬɟɥɶɧɚɹ 

ɜɨɫɬɪɟɛɨɜɚɧɧɨɫɬɶ ɞɥɹ ɥɟɱɟɧɢɹ ɩɨɜɪɟɠɞɟɧɧɨɣ ɤɨɠɢ ɩɪɢ ɨɠɨɝɚɯ, ɬɪɚɜɦɚɯ, 

ɡɚɬɹɠɧɵɯ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨ ɧɟɡɚɠɢɜɚɸɳɢɯ ɪɚɧɚɯ, ɜ ɬɟɪɚɩɟɜɬɢɱɟɫɤɨɣ 

ɤɨɫɦɟɬɨɥɨɝɢɢ ɫ ɰɟɥɶɸ ɨɦɨɥɚɠɢɜɚɸɳɟɣ ɬɟɪɚɩɢɢ [2]. 

Ʉɨɠɚ ɹɜɥɹɟɬɫɹ ɛɚɪɶɟɪɨɦ ɦɟɠɞɭ ɜɧɭɬɪɟɧɧɟɣ ɢ ɜɧɟɲɧɟɣ ɫɪɟɞɨɣ ɢ ɹɜɥɹɟɬɫɹ 

ɫɚɦɵɦ ɛɨɥɶɲɢɦ ɨɪɝɚɧɨɦ ɱɟɥɨɜɟɱɟɫɤɨɝɨ ɬɟɥɚ.  Ɉɧɚ ɡɚɧɢɦɚɟɬ ɫ ɭɱɟɬɨɦ 

ɩɨɞɤɨɠɧɨ-ɠɢɪɨɜɨɣ ɤɥɟɬɱɚɬɤɨɣ ɞɨ 25% ɨɬ ɨɛɳɟɣ ɦɚɫɫɵ ɬɟɥɚ ɜɡɪɨɫɥɨɝɨ ɱɟɥɨɜɟɤɚ 

ɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɡɚɳɢɬɭ ɨɬ ɜɧɟɲɧɢɯ ɮɢɡɢɱɟɫɤɢɯ, ɯɢɦɢɱɟɫɤɢɯ ɢ ɛɢɨɥɨɝɢɱɟɫɤɢɯ 

ɚɝɟɧɬɨɜ [3].  

Ȼɥɚɝɨɞɚɪɹ ɧɚɥɢɱɢɸ ɪɟɡɢɞɟɧɬɧɵɯ ɫɬɜɨɥɨɜɵɯ ɤɥɟɬɨɤ, ɩɨɜɪɟɠɞɟɧɧɵɣ 

ɷɩɢɞɟɪɦɢɫ ɫɩɨɫɨɛɟɧ ɪɟɚɥɢɡɨɜɚɬɶ ɫɚɦɨɜɨɫɫɬɚɧɨɜɥɟɧɢɟ, ɨɞɧɚɤɨ ɩɪɢ ɝɥɭɛɨɤɢɯ 

ɬɪɚɜɦɚɯ ɢ ɨɠɨɝɚɯ ɟɫɬɟɫɬɜɟɧɧɵɣ ɩɪɨɰɟɫɫ ɡɚɠɢɜɥɟɧɢɹ ɧɟ ɹɜɥɹɟɬɫɹ ɚɞɟɤɜɚɬɧɵɦ, 

ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɧɟɫɨɜɟɪɲɟɧɧɨɣ ɪɟɩɚɪɚɰɢɢ, ɡɚɤɥɸɱɚɸɳɟɣɫɹ ɜ ɮɨɪɦɢɪɨɜɚɧɢɢ 

ɯɪɨɧɢɱɟɫɤɢɯ ɪɚɧ ɢ ɪɭɛɰɨɜ. ɉɨɬɟɪɹ ɬɨɥɳɢɧɵ ɤɨɠɢ ɢ ɩɨɞɥɟɠɚɳɢɯ ɦɹɝɤɢɯ ɬɤɚɧɟɣ 

ɩɨ ɥɸɛɵɦ ɩɪɢɱɢɧɚɦ ɛɨɥɟɟ 4 ɫɦ ɧɭɠɞɚɟɬɫɹ ɜ ɩɟɪɟɫɚɞɤɟ ɤɨɠɢ ɞɥɹ ɟɝɨ ɥɟɱɟɧɢɹ 

[4]. Ʉɪɨɦɟ ɬɨɝɨ, ɥɸɛɚɹ ɬɪɚɜɦɚ ɱɚɫɬɨ ɩɪɢɜɨɞɢɬ ɤ ɨɫɬɪɵɦ ɪɚɧɚɦ ɤɨɠɢ. ɉɨɫɥɟ 

ɡɚɜɟɪɲɟɧɢɹ ɩɪɨɰɟɫɫɨɜ ɪɟɩɚɪɚɰɢɢ ɛɟɡ ɫɩɟɰɢɮɢɱɟɫɤɨɝɨ ɥɟɱɟɧɢɹ ɧɚ ɦɟɫɬɟ ɪɚɧ 

ɮɨɪɦɢɪɭɸɬɫɹ, ɬɚɤ ɧɚɡɵɜɚɟɦɵɟ, ɞɨɛɪɨɤɚɱɟɫɬɜɟɧɧɵɟ ɪɭɛɰɵ [11]. Ʌɟɱɟɧɢɟ 
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ɩɪɨɫɬɪɚɧɧɵɯ ɪɚɧ ɤɨɠɢ ɢ ɦɹɝɤɢɯ ɬɤɚɧɟɣ ɫɨɫɬɚɜɥɹɟɬ ɡɧɚɱɢɬɟɥɶɧɵɣ ɫɟɝɦɟɧɬ 

ɪɚɫɯɨɞɨɜ ɧɚ ɡɞɪɚɜɨɨɯɪɚɧɟɧɢɟ. ɉɪɢ ɫɬɚɧɞɚɪɬɧɨɦ ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ ɤɨɠɢ ɩɪɢ 

ɩɨɦɨɳɢ ɚɭɬɨ- ɢ ɚɥɥɨɬɪɚɧɫɩɥɚɧɬɚɰɢɢ ɫɭɳɟɫɬɜɭɟɬ ɜɵɪɚɠɟɧɧɵɣ ɞɟɮɢɰɢɬ 

ɞɨɫɬɭɩɧɨɣ ɡɞɨɪɨɜɨɣ ɞɨɧɨɪɫɤɨɣ ɬɤɚɧɢ.  

Ⱥɥɶɬɟɪɧɚɬɢɜɨɣ ɬɪɚɞɢɰɢɨɧɧɵɦ ɫɬɪɚɬɟɝɢɹɦ ɡɚɠɢɜɥɟɧɢɹ ɪɚɧ ɢ ɪɟɝɟɧɟɪɚɰɢɢ 

ɦɹɝɤɢɯ ɬɤɚɧɟɣ ɫɥɭɠɚɬ ɬɤɚɧɟɢɧɠɟɧɟɪɧɵɟ (Ɍɂ) ɡɚɦɟɧɢɬɟɥɢ ɤɨɠɢ. ɋɪɟɞɢ Ɍɂ 

ɨɪɝɚɧɨɜ ɤɨɠɚ ɛɵɥɚ ɩɟɪɜɵɦ ɛɢɨɢɧɠɟɧɟɪɧɵɦ ɨɪɝɚɧɨɦ, ɤɨɬɨɪɵɣ ɩɪɨɲɟɥ ɩɭɬɶ ɨɬ 

ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɞɨ ɩɪɢɦɟɧɟɧɢɹ ɜ ɤɥɢɧɢɤɟ [5]. ȼ ɩɨɫɥɟɞɧɢɟ 

ɞɟɫɹɬɢɥɟɬɢɹ ɛɵɥɢ ɪɚɡɪɚɛɨɬɚɧɵ ɪɚɡɥɢɱɧɵɟ ɛɢɨɢɧɠɟɧɟɪɧɵɟ ɢ ɫɢɧɬɟɬɢɱɟɫɤɢɟ 

ɡɚɦɟɧɢɬɟɥɢ, ɤɨɬɨɪɵɟ, ɤɚɤ ɩɪɚɜɢɥɨ, ɩɨɡɢɰɢɨɧɢɪɭɸɬɫɹ ɞɥɹ ɨɞɧɨɦɨɦɟɧɬɧɨɝɨ 

ɥɟɱɟɧɢɹ ɜ ɨɫɬɪɨɣ ɮɚɡɟ ɩɨɜɪɟɠɞɟɧɢɣ ɢ ɨɛɟɫɩɟɱɢɜɚɸɬ ɛɚɪɶɟɪɧɭɸ ɮɭɧɤɰɢɸ 

ɧɚɪɹɞɭ ɫ ɡɚɳɢɬɨɣ ɨɬ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ, ɭɦɟɧɶɲɟɧɢɟɦ ɛɨɥɢ ɜ ɪɚɧɚɯ ɢ 

ɫɬɢɦɭɥɢɪɨɜɚɧɢɟɦ ɡɚɠɢɜɥɟɧɢɹ ɪɚɧ ɩɭɬɟɦ ɪɟɝɟɧɟɪɚɰɢɢ ɬɤɚɧɟɣ [3-5]. 

ȼ ɬɤɚɧɟɜɨɣ ɢɧɠɟɧɟɪɢɢ ɢɫɩɨɥɶɡɭɸɬ ɪɚɡɥɢɱɧɵɟ ɦɚɬɟɪɢɚɥɵ ɩɪɢɪɨɞɧɨɝɨ ɢ 

ɫɢɧɬɟɬɢɱɟɫɤɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ. 

ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɩɨɩɭɥɹɪɧɨɫɬɶɸ ɜ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ Ɍɂ 

ɡɚɦɟɧɢɬɟɥɟɣ ɤɨɠɢ ɩɨɥɶɡɭɸɬɫɹ ɛɢɨɞɟɝɪɚɞɢɪɭɟɦɵɟ ɩɨɥɢɷɮɢɪɵ ɛɚɤɬɟɪɢɚɥɶɧɨɝɨ 

ɩɪɨɢɫɯɨɠɞɟɧɢɹ – ɩɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɵ (ɉȽȺ) [14]. ɗɬɨɬ ɤɥɚɫɫ ɩɨɥɢɦɟɪɨɜ 

ɨɛɥɚɞɚɟɬ ɧɟɫɤɨɥɶɤɢɦɢ ɩɪɟɢɦɭɳɟɫɬɜɚɦɢ, ɬɚɤ ɤɚɤ ɩɨɞɯɨɞɢɬ ɩɨɞ ɬɪɟɛɨɜɚɧɢɹ, 

ɩɪɟɞɴɹɜɥɹɟɦɵɟ ɞɥɹ ɫɨɡɞɚɧɢɹ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɜɧɟɤɥɟɬɨɱɧɨɝɨ ɦɚɬɪɢɤɫɚ (ȼɄɆ) 

ɦɧɨɝɢɯ ɬɤɚɧɟɣ, ɜ ɬɨɦ ɱɢɫɥɟ ɛɚɡɚɥɶɧɨɣ ɦɟɦɛɪɚɧɵ ɞɟɪɦɵ. ȼ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɷɬɨ 

ɬɚɤɢɟ ɜɚɠɧɵɟ ɫɜɨɣɫɬɜɚ, ɤɚɤ ɛɢɨɫɨɜɦɟɫɬɢɦɨɫɬɶ ɢ ɛɢɨɞɟɝɪɚɞɚɰɢɹ.  

ɉɨɫɥɟɞɧɢɟ ɝɨɞɵ ɢɫɫɥɟɞɨɜɚɬɟɥɹɦɢ ɛɵɥ ɞɨɤɚɡɚɧ ɩɨɬɟɧɰɢɚɥ ɩɪɢɦɟɧɟɧɢɹ 

ɩɨɥɢɦɟɪɨɜ ɉȽȺ ɜ ɤɚɱɟɫɬɜɟ ɪɚɧɟɜɵɯ ɩɨɜɹɡɨɤ ɞɥɹ ɥɟɱɟɧɢɹ ɛɨɥɶɲɢɯ ɤɨɠɧɵɯ 

ɞɟɮɟɤɬɨɜ, ɚ ɢɦɟɧɧɨ ɨɠɨɝɢ ɢ ɝɧɨɣɧɵɟ ɪɚɧɵ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɪɚɧɟɜɵɟ ɩɨɤɪɵɬɢɹ  

ɩɥɟɧɨɱɧɨɝɨ ɬɢɩɚ ɢɡ ɉȽȺ ɨɬɥɢɱɧɨ ɢɦɢɬɢɪɭɸɬ ȼɄɆ ɢ ɫɨɡɞɚɸɬ ɭɫɥɨɜɢɹ ɞɥɹ 

ɩɨɞɞɟɪɠɤɢ ɝɥɚɜɧɵɯ ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ ɤɨɠɢ [6]. ȼ Ɋɨɫɫɢɢ ɩɨɞɨɛɧɨɝɨ 

ɪɨɞɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɟ ɩɪɨɜɨɞɹɬɫɹ. 

ɐɟɥɶ ɪɚɛɨɬɵ – ɩɨɥɭɱɢɬɶ ɢ ɢɫɫɥɟɞɨɜɚɬɶ ɩɥɟɧɨɱɧɵɟ ɨɛɪɚɡɰɵ ɢɡ ɩɨɥɢ-3-

ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬ-ɫɨ-ɩɨɥɢ-3-ɝɢɞɪɨɤɫɢɜɚɥɟɪɚɬɚ ɫ ɜɤɥɸɱɟɧɢɟɦ ɜɚɥɟɪɚɬɚ 10 % 
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(ɉ(3ȽȻ\3Ƚȼ10)) ɫ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɶɸ ɨɱɢɫɬɤɢ ɜ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɵ ɞɥɹ 

ɬɤɚɧɟɢɧɠɟɧɟɪɧɨɝɨ ɡɚɦɟɧɢɬɟɥɹ ɤɨɠɢ. 

Ⱦɥɹ ɜɵɩɨɥɧɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɧɵ ɫɥɟɞɭɸɳɢɟ 

ɡɚɞɚɱɢ: 

1. ɂɡɝɨɬɨɜɢɬɶ ɩɥɟɧɨɱɧɵɟ ɨɛɪɚɡɰɵ ɫ ɢɡ (ɉ(3ȽȻ\3Ƚȼ10)) ɪɚɡɧɨɣ ɫɬɟɩɟɧɢ 

ɨɱɢɫɬɤɢ ɢ ɫɪɚɜɧɢɬɶ ɢɯ. 

2. ɂɫɫɥɟɞɨɜɚɬɶ ɩɥɟɧɨɱɧɵɟ ɨɛɪɚɡɰɵ ɧɚ ɰɢɬɨɬɨɤɫɢɱɧɨɫɬɶ: 

Ⱥ. ɉɪɨɜɟɫɬɢ ɆɌɌ-ɬɟɫɬ ɧɚ ɩɥɟɧɨɱɧɵɯ ɨɛɪɚɡɰɚɯ. 

Ȼ. ɂɫɫɥɟɞɨɜɚɬɶ ɚɛɫɨɥɸɬɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɚɞɝɟɡɢɪɨɜɚɧɧɵɯ 

ɤɥɟɬɨɤ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɩɥɟɧɨɱɧɵɯ ɨɛɪɚɡɰɨɜ ɢ ɩɪɨɜɟɫɬɢ 

ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ.  

ȼ. ɂɡɭɱɢɬɶ ɦɨɪɮɨɥɨɝɢɸ ɤɥɟɬɨɤ HeLa, ɤɭɥɶɬɢɜɢɪɭɟɦɵɯ ɧɚ 

ɩɨɜɟɪɯɧɨɫɬɢ ɩɥɟɧɨɱɧɵɯ ɨɛɪɚɡɰɨɜ. 

3. ɂɫɫɥɟɞɨɜɚɬɶ ɫɜɨɣɫɬɜɚ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɩɪɨɜɟɫɬɢ ɫɪɚɜɧɢɬɟɥɶɧɵɣ 

ɚɧɚɥɢɡ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɥɟɧɨɱɧɵɯ ɨɛɪɚɡɰɨɜ ɢɡ (ɉ(3ȽȻ\3Ƚȼ10)) ɫ 

ɪɚɡɧɨɣ ɫɬɟɩɟɧɶɸ ɨɱɢɫɬɤɢ. 
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1 ɈȻɁɈɊ ɅɂɌȿɊȺɌɍɊɕ 
 

1.1 ɋɬɪɨɟɧɢɟ ɤɨɠɢ 

 

Ʉɨɠɚ - ɷɬɨ ɨɪɝɚɧ, ɨɛɪɚɡɭɸɳɢɣ ɨɛɳɢɣ ɩɨɤɪɨɜ ɬɟɥɚ. ȼ ɧɟɣ ɡɚɥɨɠɟɧɵ 

ɱɭɜɫɬɜɢɬɟɥɶɧɵɟ ɧɟɪɜɧɵɟ ɨɤɨɧɱɚɧɢɹ, ɩɨɬɨɜɵɟ ɢ ɫɚɥɶɧɵɟ ɠɟɥɟɡɵ, ɦɵɲɰɵ ɢ 

ɜɨɥɨɫɹɧɵɟ ɮɨɥɥɢɤɭɥɵ. Ɉɧɚ ɩɨɦɨɝɚɟɬ ɧɚɦ ɪɟɝɭɥɢɪɨɜɚɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɬɟɥɚ, 

ɜɵɩɨɥɧɹɟɬ ɦɟɬɚɛɨɥɢɱɟɫɤɢɟ ɮɭɧɤɰɢɢ, ɨɫɭɳɟɫɬɜɥɹɟɬ ɫɢɧɬɟɡ ɜɢɬɚɦɢɧɨɜ, 

ɡɚɳɢɳɚɟɬ ɧɚɫ ɨɬ ɩɨɜɪɟɠɞɟɧɢɣ ɭɥɶɬɪɚɮɢɨɥɟɬɨɦ ɢ ɪɚɡɥɢɱɧɵɯ ɢɧɮɟɤɰɢɣ, 

ɹɜɥɹɟɬɫɹ ɨɪɝɚɧɨɦ ɨɫɹɡɚɧɢɹ, ɛɥɚɝɨɞɚɪɹ ɱɟɦɭ ɦɵ ɦɨɠɟɦ ɜɨɫɩɪɢɧɢɦɚɬɶ 

ɪɚɡɞɪɚɠɟɧɢɹ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ.  

Ʉɨɠɚ ɫɨɫɬɨɢɬ ɢɡ ɬɪɟɯ ɫɥɨɟɜ: ɷɩɢɞɟɪɦɢɫɚ, ɞɟɪɦɵ ɢ ɩɨɞɤɨɠɧɨɣ ɤɥɟɬɱɚɬɤɢ. 

ɗɩɢɞɟɪɦɢɫ ɢɦɟɟɬ ɦɧɨɠɟɫɬɜɨ ɫɥɨɟɜ, ɫ ɤɥɟɬɤɚɦɢ, ɩɪɨɫɬɢɪɚɸɳɢɦɢɫɹ ɨɬ 

ɛɚɡɚɥɶɧɨɣ ɦɟɦɛɪɚɧɵ ɞɨ ɞɟɪɦɵ. ɋɚɦɚɹ ɜɧɟɲɧɹɹ ɱɚɫɬɶ ɷɩɢɞɟɪɦɢɫɚ (ɪɨɝɨɜɨɣ 

ɫɥɨɣ) ɜ ɬɨɥɫɬɨɣ ɤɨɠɟ ɫɨɫɬɨɢɬ ɢɡ 15-20, ɚ ɜ ɬɨɧɤɨɣ - 3-4 ɫɥɨɟɜ ɪɨɝɨɜɵɯ ɱɟɲɭɟɤ. 

Ɇɟɠɞɭ ɱɟɲɭɣɤɚɦɢ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɦɟɠɤɥɟɬɨɱɧɵɣ ɰɟɦɟɧɬ, ɫɨɫɬɨɹɳɢɣ ɢɡ ɫɦɟɫɢ 

ɥɢɩɢɞɨɜ. ɗɬɢ ɥɢɩɢɞɵ ɨɛɭɫɥɨɜɥɢɜɚɸɬ ɜɨɞɨɧɟɩɪɨɧɢɰɚɟɦɨɫɬɶ ɪɨɝɨɜɨɝɨ ɫɥɨɹ 

ɷɩɢɞɟɪɦɢɫɚ, ɢ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɨɝɨɜɨɣ ɫɥɨɣ ɩɪɟɩɹɬɫɬɜɭɟɬ ɩɪɨɧɢɤɧɨɜɟɧɢɸ 

ɩɚɬɨɝɟɧɨɜ ɢ ɞɪɭɝɢɯ ɢɧɨɪɨɞɧɵɯ ɜɟɳɟɫɬɜ ɜ ɨɪɝɚɧɢɡɦ. ȼ ɷɩɢɞɟɪɦɢɫɟ ɪɚɡɥɢɱɚɸɬ 

ɧɟɫɤɨɥɶɤɨ ɬɢɩɨɜ ɤɥɟɬɨɤ: ɤɟɪɚɬɢɧɨɰɢɬɵ, ɦɟɥɚɧɨɰɢɬɵ, ɤɥɟɬɤɢ Ʌɚɧɝɟɪɝɚɧɫɚ 

(ɜɧɭɬɪɢɷɩɢɞɟɪɦɚɥɶɧɵɟ ɦɚɤɪɨɮɚɝɢ) ɢ ɤɥɟɬɤɢ Ɇɟɪɤɟɥɹ. 

Ⱦɟɪɦɚ ɹɜɥɹɟɬɫɹ ɫɚɦɵɦ ɬɨɥɫɬɵɦ ɢɡ ɬɪɟɯ ɫɥɨɟɜ ɤɨɠɢ ɢ ɧɚɯɨɞɢɬɫɹ ɱɭɬɶ 

ɧɢɠɟ ɷɩɢɞɟɪɦɢɫɚ. ɗɬɨ ɫɨɟɞɢɧɢɬɟɥɶɧɚɹ ɬɤɚɧɶ, ɫɨɫɬɨɹɳɚɹ ɢɡ ȼɄɆ, 

ɮɢɛɪɨɛɥɚɫɬɨɜ, ɷɧɞɨɬɟɥɢɚɥɶɧɵɯ ɤɥɟɬɨɤ ɫɨɫɭɞɨɜ ɤɨɠɢ, ɚ ɬɚɤɠɟ ɜɨɥɨɫɹɧɵɯ 

ɮɨɥɥɢɤɭɥɨɜ, ɩɨɬɨɜɵɯ ɠɟɥɟɡ, ɫɚɥɶɧɵɯ ɠɟɥɟɡ, ɤɪɨɜɟɧɨɫɧɵɯ ɫɨɫɭɞɨɜ ɢ ɧɟɪɜɧɵɯ 

ɨɤɨɧɱɚɧɢɣ. Ɏɢɛɪɨɛɥɚɫɬɵ ɹɜɥɹɸɬɫɹ ɨɫɧɨɜɧɵɦɢ ɤɥɟɬɤɚɦɢ ɞɟɪɦɵ, ɤɨɬɨɪɵɟ 

ɫɢɧɬɟɡɢɪɭɸɬ ɤɨɥɥɚɝɟɧ ɢ ɷɥɚɫɬɢɧ ɢ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɛɟɫɩɟɱɢɜɚɟɬ ɦɟɯɚɧɢɱɟɫɤɭɸ 

ɩɪɨɱɧɨɫɬɶ ɢ ɷɥɚɫɬɢɱɧɨɫɬɶ ɤɨɠɢ. 
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ɉɨɞ ɞɟɪɦɨɣ ɧɚɯɨɞɢɬɫɹ ɫɥɨɣ ɩɨɞɤɨɠɧɨɣ ɠɢɪɨɜɨɣ ɬɤɚɧɢ. Ɉɧ ɨɛɟɫɩɟɱɢɜɚɟɬ 

ɢɡɨɥɹɰɢɸ ɢ ɚɦɨɪɬɢɡɚɰɢɸ ɦɟɠɞɭ ɤɨɠɟɣ ɢ ɫɤɟɥɟɬɧɵɦɢ ɫɬɪɭɤɬɭɪɚɦɢ, ɬɚɤɢɦɢ ɤɚɤ 

ɤɨɫɬɢ ɢ ɦɵɲɰɵ, ɚ ɬɚɤɠɟ ɫɥɭɠɢɬ ɞɥɹ ɯɪɚɧɟɧɢɹ ɷɧɟɪɝɢɢ. 

1.2 Ɍɪɚɞɢɰɢɨɧɧɵɟ ɫɩɨɫɨɛɵ ɜɨɫɩɨɥɧɟɧɢя ɬɤɚɧɟɜɨɝɨ ɞɟɮɢɰɢɬɚ ɤɨɠɢ 

 

ȼ ɧɚɲɟ ɜɪɟɦɹ ɨɛɳɟɩɪɢɧɹɬɚɹ ɬɚɤɬɢɤɚ ɥɟɱɟɧɢɹ ɪɚɧ ɛɨɥɶɲɨɣ ɩɥɨɳɚɞɢ 

ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɟ ɩɪɢɧɰɢɩɵ: ɩɪɨɮɢɥɚɤɬɢɤɚ ɢ ɛɨɪɶɛɚ ɫ ɢɧɮɟɤɰɢɟɣ ɢ 

ɢɧɬɨɤɫɢɤɚɰɢɟɣ; ɩɪɢɧɹɬɢɟ ɜɨ ɜɧɢɦɚɧɢɟ ɨɛɳɟɣ ɪɟɚɤɰɢɢ ɨɪɝɚɧɢɡɦɚ ɧɚ ɬɪɚɜɦɭ ɢ 

ɢɧɮɟɤɰɢɸ ɪɚɧɵ; ɩɟɪɢɨɞɢɡɚɰɢɹ ɪɚɧɟɜɨɝɨ ɩɪɨɰɟɫɫɚ; ɭɱɟɬ ɢɧɞɢɜɢɞɭɚɥɶɧɨɫɬɢ 

ɩɚɰɢɟɧɬɚ (ɟɝɨ ɜɨɡɪɚɫɬɧɵɟ ɢ ɬɢɩɨɥɨɝɢɱɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ); ɩɨɞɝɨɬɨɜɤɚ ɢ 

ɩɟɪɟɫɚɞɤɚ ɤɨɠɧɨɝɨ ɬɪɚɧɫɩɥɚɧɬɚɬɚ. Ɂɚɞɚɱɚ ɬɟɪɚɩɢɢ ɜɤɥɸɱɚɟɬ ɧɟ ɬɨɥɶɤɨ 

ɭɫɤɨɪɟɧɢɟ ɡɚɠɢɜɥɟɧɢɹ ɪɚɧɵ, ɫɬɢɦɭɥɹɰɢɸ ɩɪɨɰɟɫɫɨɜ ɷɩɢɬɟɥɢɡɚɰɢɢ, ɧɨ ɢ 

ɭɫɬɪɚɧɟɧɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɩɨɫɥɟɞɭɸɳɢɯ ɨɫɥɨɠɧɟɧɢɣ ɜ ɜɢɞɟ ɪɭɛɰɨɜ ɢ ɫɤɪɵɬɵɯ 

ɨɱɚɝɨɜ ɢɧɮɟɤɰɢɢ, ɚ ɬɚɤɠɟ ɩɨɥɧɨɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɰɟɥɨɫɬɧɨɫɬɢ ɢ ɮɭɧɤɰɢɣ 

ɭɱɚɫɬɤɚ ɩɨɜɪɟɠɞɟɧɢɹ ɜ ɦɚɤɫɢɦɚɥɶɧɨ ɤɨɪɨɬɤɢɣ ɫɪɨɤ. 

ȼɵɛɨɪ ɬɪɚɧɫɩɥɚɧɬɚɬɚ ɞɥɹ ɪɟɩɚɪɚɰɢɢ ɤɨɠɧɨɝɨ ɩɨɤɪɨɜɚ ɹɜɥɹɟɬɫɹ ɬɚɤɠɟ 

ɜɚɠɧɵɦ ɮɚɤɬɨɪɨɦ ɬɚɤɨɝɨ ɥɟɱɟɧɢɹ. Ɍɪɚɧɫɩɥɚɧɬɚɬ ɦɨɠɧɨ ɧɚɡɜɚɬɶ ɡɚɦɟɧɢɬɟɥɟɦ 

ɤɨɠɢ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɫɨɛɨɣ ɚɧɢɡɨɬɪɨɩɧɭɸ ɫɢɫɬɟɦɭ, ɧɚɩɪɚɜɥɟɧɧɭɸ ɧɚ 

ɡɚɤɪɵɬɢɟ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ ɪɚɧ. Ɂɚɦɟɧɢɬɟɥɢ ɤɨɠɢ ɩɪɢɦɟɧɹɸɬɫɹ ɞɥɹ ɥɟɱɟɧɢɹ 

ɤɪɭɩɧɵɯ ɢ ɝɥɭɛɨɤɢɯ ɩɨɜɪɟɠɞɟɧɧɵɯ ɭɱɚɫɬɤɨɜ, ɩɨɫɤɨɥɶɤɭ ɨɧɢ ɬɪɟɛɭɸɬ ɦɟɧɶɲɟɝɨ 

ɮɨɪɦɢɪɨɜɚɧɢɹ ɤɪɨɜɟɧɨɫɧɵɯ ɫɨɫɭɞɨɜ, ɭɜɟɥɢɱɢɜɚɸɬ ɤɨɠɧɵɣ ɤɨɦɩɨɧɟɧɬ ɪɚɧɵ, 

ɭɦɟɧɶɲɚɸɬ ɩɨɞɚɜɥɹɸɳɢɟ ɮɚɤɬɨɪɵ ɢ ɜɨɫɩɚɥɟɧɢɟ, ɚ ɬɚɤɠɟ ɨɛɟɫɩɟɱɢɜɚɸɬ ɫɤɨɪɨɟ 

ɢ ɛɟɡɨɩɚɫɧɨɟ ɡɚɤɪɵɬɢɟ ɪɚɧɵ. ɇɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɬɪɚɞɢɰɢɨɧɧɨ ɢɫɩɨɥɶɡɭɸɬɫɹ 

ɬɚɤɢɟ ɜɢɞɵ ɡɚɦɟɧɢɬɟɥɟɣ ɤɚɤ: ɤɫɟɧɨ-, ɚɭɬɨ- ɢ ɚɥɥɨɬɪɚɧɫɩɥɚɧɬɚɬɵ. 

 

1.2.1 Ʉɫɟɧɨɬɪɚɧɫɩɥɚɧɬɚɬɵ 

 

Ʉɫɟɧɨɬɪɚɧɫɩɥɚɧɬɚɬɵ - ɷɬɨ ɯɢɪɭɪɝɢɱɟɫɤɢɣ ɬɪɚɧɫɩɥɚɧɬɚɬ ɬɤɚɧɢ ɨɞɧɨɝɨ 

ɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɜɢɞɚ ɨɪɝɚɧɢɡɦɚ, ɢɫɩɨɥɶɡɭɟɦɵɣ ɜ ɤɚɱɟɫɬɜɟ ɜɪɟɦɟɧɧɨɝɨ ɢɥɢ 

ɩɨɫɬɨɹɧɧɨɝɨ ɬɪɚɧɫɩɥɚɧɬɚɬɚ ɞɥɹ ɞɪɭɝɨɝɨ ɜɢɞɚ. ɂɯ ɩɨɥɭɱɚɸɬ ɢɡ ɬɤɚɧɟɣ ɠɢɜɨɬɧɵɯ 



9 

 

(ɧɚɢɛɨɥɟɟ ɱɚɫɬɵɦ ɢɫɩɨɥɶɡɭɟɦɵɦ ɜ ɦɟɞɢɰɢɧɟ ɹɜɥɹɸɬɫɹ ɫɜɢɧɵɟ ɩɪɨɞɭɤɬɵ) ɢ 

ɩɪɢɦɟɧɹɸɬ ɜ ɤɚɱɟɫɬɜɟ ɜɪɟɦɟɧɧɵɯ ɬɪɚɧɫɩɥɚɧɬɚɬɨɜ ɞɥɹ ɱɟɥɨɜɟɱɟɫɤɢɯ ɪɚɧ [7]. 

Ʉɫɟɧɨɬɪɚɧɫɩɥɚɧɬɚɬɵ ɜɜɨɞɹɬ ɷɤɡɨɝɟɧɧɵɣ ɤɨɥɥɚɝɟɧ ɜ ɪɚɧɭ, ɱɬɨ 

ɫɬɢɦɢɥɭɪɢɟɬ ɪɟɝɟɧɟɪɚɰɢɸ ɤɨɠɢ. ɗɤɡɨɝɟɧɧɵɣ ɤɨɥɥɚɝɟɧ ɫɱɢɬɚɟɬɫɹ 

ɯɟɦɨɬɚɤɫɢɱɟɫɤɢɦ ɞɥɹ ɦɚɤɪɨɮɚɝɨɜ ɢ ɮɢɛɪɨɛɥɚɫɬɨɜ ɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɬɪɟɯɦɟɪɧɭɸ 

ɫɬɪɭɤɬɭɪɭ ɞɥɹ ɜɪɚɫɬɚɧɢɹ ɬɤɚɧɢ [8,9]. Ɇɚɬɟɪɢɚɥ ɜɧɟɤɥɟɬɨɱɧɨɝɨ ɦɚɬɪɢɤɫɚ (ȼɄɆ), 

ɞɨɫɬɚɜɥɹɟɦɵɣ ɜ ɪɚɧɟɜɨɟ ɥɨɠɟ, ɩɨɦɨɝɚɟɬ ɫɧɢɡɢɬɶ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɦɚɬɪɢɤɫɧɵɯ 

ɦɟɬɚɥɥɨɩɪɨɬɟɢɧɚɡ, ɤɨɬɨɪɵɟ ɢɧɝɢɛɢɪɭɸɬ ɩɪɨɰɟɫɫ ɡɚɠɢɜɥɟɧɢɹ ɩɪɢ ɯɪɨɧɢɱɟɫɤɢɯ 

ɧɟɡɚɠɢɜɚɸɳɢɯ ɪɚɧɚɯ [10]. 

Ɍɪɚɧɫɩɥɚɧɬɚɬɵ ɢɡ ɫɜɢɧɨɣ ɤɨɠɢ ɱɚɫɬɨ ɦɨɞɢɮɢɰɢɪɭɸɬ ɩɭɬɟɦ ɚɥɶɞɟɝɢɞɧɨɝɨ 

ɫɲɢɜɚɧɢɹ ɢ ɩɪɨɩɢɬɤɢ ɢɨɧɚɦɢ ɫɟɪɟɛɪɚ ɜ ɰɟɥɹɯ ɨɛɟɫɩɟɱɢɬɶ ɛɨɥɟɟ ɭɫɬɨɣɱɢɜɵɟ ɤ 

ɦɢɤɪɨɛɚɦ ɩɪɟɩɚɪɚɬɵ. 

Ɍɪɚɧɫɩɥɚɧɬɚɬ ɧɟ ɫɬɚɧɨɜɢɬɫɹ ɜɚɫɤɭɥɹɪɢɡɢɪɨɜɚɧɧɵɦ, ɧɟ ɢɦɟɟɬ ɜɪɚɫɬɚɧɢɹ 

ɤɚɩɢɥɥɹɪɨɜ ɢ ɫɨɟɞɢɧɟɧɢɹ ɫɨɫɭɞɚ ɫ ɫɨɫɭɞɨɦ, ɯɨɬɹ ɧɟɤɨɬɨɪɨɟ ɜɪɚɫɬɚɧɢɟ 

ɝɪɚɧɭɥɹɰɢɨɧɧɨɣ ɬɤɚɧɢ ɜ ɞɟɪɦɚɥɶɧɵɣ ɫɥɨɣ ɦɨɠɧɨ ɭɜɢɞɟɬɶ ɝɢɫɬɨɥɨɝɢɱɟɫɤɢ. 

ɉɚɫɫɢɜɧɨɟ ɩɥɚɡɦɚɬɢɱɟɫɤɨɟ ɩɢɬɚɧɢɟ ɩɨɞɞɟɪɠɢɜɚɟɬ ɝɢɞɪɚɬɚɰɢɸ ɛɢɨɥɨɝɢɱɟɫɤɨɝɨ 

ɦɚɬɟɪɢɚɥɚ ɢ ɥɸɛɵɯ ɠɢɡɧɟɫɩɨɫɨɛɧɵɯ ɤɥɟɬɨɤ ɜ ɬɟɱɟɧɢɟ ɤɨɪɨɬɤɨɝɨ ɜɪɟɦɟɧɢ, ɧɨ ɜ 

ɤɨɧɟɱɧɨɦ ɢɬɨɝɟ ɩɪɨɢɫɯɨɞɢɬ ɢɫɫɭɲɟɧɢɟ ɢ ɚɜɚɫɤɭɥɹɪɧɵɣ ɧɟɤɪɨɡ. ɇɚ ɝɪɚɧɢɰɟ 

ɬɪɚɧɫɩɥɚɧɬɚɬ-ɪɚɧɚ ɢɦɟɟɬɫɹ ɭɦɟɪɟɧɧɚɹ ɤɥɟɬɨɱɧɚɹ ɢɧɮɢɥɶɬɪɚɰɢɹ ɢ 

ɢɦɦɭɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɬɜɟɬɚ ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ. Ʉɫɟɧɨɬɪɚɧɫɩɥɚɧɬɚɬ ɨɬɬɨɪɝɚɟɬɫɹ 

ɩɨɫɥɟ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɨɞ ɧɢɦ ɩɨɥɧɨɝɨ ɷɩɢɬɟɥɢɹ [11].  

Ⱦɚɧɧɵɣ ɜɢɞ ɤɨɠɧɵɯ ɡɚɦɟɧɢɬɟɥɟɣ ɮɭɧɤɰɢɨɧɢɪɭɸɬ ɬɨɥɶɤɨ ɤɚɤ 

ɛɢɨɥɨɝɢɱɟɫɤɚɹ ɩɨɜɹɡɤɚ, ɩɨɫɤɨɥɶɤɭ ɤɥɟɬɤɢ ɜ ɬɪɚɧɫɩɥɚɧɬɚɬɟ ɧɟ ɠɢɡɧɟɫɩɨɫɨɛɧɵ ɢ 

ɬɚɤɢɟ ɡɚɦɟɧɢɬɟɥɢ ɧɟ ɜɚɫɤɭɥɹɪɢɡɢɪɭɸɬɫɹ.  

 

1.2.2 Ⱥɭɬɨɬɪɚɧɫɩɥɚɧɬɚɬɵ 

 

ɉɪɨɰɟɞɭɪɚ, ɤɨɝɞɚ ɭɱɚɫɬɨɤ ɤɨɠɢ ɩɚɰɢɟɧɬɚ ɩɟɪɟɫɚɠɢɜɚɟɬɫɹ ɫ ɨɞɧɨɝɨ ɦɟɫɬɚ 

ɧɚ ɞɪɭɝɨɟ ɧɚɡɵɜɚɟɬɫɹ ɩɟɪɟɫɚɞɤɨɣ ɤɨɠɢ  - «ɚɭɬɨɬɪɚɧɫɩɥɚɧɬɚɬɨɦ». Ɍɚɤɢɟ 

ɬɪɚɧɫɩɥɚɧɬɚɬɵ ɤɚɤ ɩɪɚɜɢɥɨ ɩɨɞɪɚɡɞɟɥɹɸɬɫɹ ɧɚ 3 ɨɫɧɨɜɧɵɟ ɤɚɬɟɝɨɪɢɢ: 
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ɪɚɫɳɟɩɥɟɧɧɵɟ ɤɨɠɧɵɟ ɥɨɫɤɭɬɵ, ɩɨɥɧɨɫɥɨɣɧɵɟ ɤɨɠɧɵɟ ɬɪɚɧɫɩɥɚɧɬɚɬɵ ɢ 

ɤɭɥɶɬɭɪɚɥɶɧɚɹ ɚɭɬɨɥɨɝɢɱɧɚɹ ɤɨɠɚ [12].  

Ɋɚɫɳɟɩɥɟɧɧɵɟ ɤɨɠɧɵɟ ɥɨɫɤɭɬɵ ɫɨɞɟɪɠɚɬ ɷɩɢɞɟɪɦɢɫ ɢ ɧɟɤɨɬɨɪɨɟ 

ɤɨɥɢɱɟɫɬɜɨ ɞɟɪɦɵ, ɨɫɬɚɜɥɹɹ ɝɥɭɛɨɤɢɟ ɫɥɨɢ ɞɟɪɦɵ ɧɚ ɦɟɫɬɟ, ɩɪɢ ɷɬɨɦ ɬɚɤɢɟ 

ɭɱɚɫɬɤɢ ɡɚɛɨɪɚ ɤɨɠɢ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ ɜɨɫɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɜ ɚɫɟɩɬɢɱɟɫɤɢɯ 

ɭɫɥɨɜɢɹɯ ɡɚ ɫɱɟɬ ɜɬɨɪɢɱɧɨɣ ɷɩɢɬɟɥɢɡɚɰɢɟɣ ɫ ɤɪɚɟɜ ɪɚɧɵ ɢ ɤɟɪɚɬɢɧɨɰɢɬɨɜ 

ɜɨɥɨɫɧɵɯ ɮɨɥɥɢɤɭɥɨɜ.  

ɉɨɥɧɨɫɥɨɣɧɵɟ ɤɨɠɧɵɟ ɬɪɚɧɫɩɥɚɧɬɚɬɵ ɫɨɞɟɪɠɚɬ ɷɩɢɞɟɪɦɢɫ ɢ ɜɫɸ ɞɟɪɦɭ 

[13]. ɗɬɢ ɬɪɚɧɫɩɥɚɧɬɚɬɵ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɵ ɜ ɨɛɥɚɫɬɹɯ, ɝɞɟ ɡɧɚɱɢɬɟɥɶɧɵɟ ɪɭɛɰɵ 

ɢɥɢ ɤɨɧɬɪɚɤɬɭɪɵ ɬɪɚɧɫɩɥɚɧɬɚɬɨɜ ɦɨɝɭɬ ɩɪɢɜɟɫɬɢ ɤ ɧɟɠɟɥɚɬɟɥɶɧɵɦ 

ɷɫɬɟɬɢɱɟɫɤɢɦ ɢɥɢ ɮɭɧɤɰɢɨɧɚɥɶɧɵɦ ɩɨɫɥɟɞɫɬɜɢɹɦ (ɝɨɥɨɜɚ, ɲɟɹ, ɥɢɰɨ, ɚ ɬɚɤɠɟ 

ɨɛɥɚɫɬɢ ɝɪɭɞɢ ɢ ɩɨɥɨɜɵɯ ɨɪɝɚɧɨɜ).  

Ʉɭɥɶɬɢɜɢɪɨɜɚɧɧɵɟ ɚɭɬɨɥɨɝɢɱɧɵɟ ɡɚɦɟɧɢɬɟɥɢ ɤɨɠɢ ɱɚɫɬɨ ɧɚɡɵɜɚɸɬ 

ɤɭɥɶɬɢɜɢɪɨɜɚɧɧɵɦɢ ɷɩɢɞɟɪɦɚɥɶɧɵɦɢ ɚɭɬɨɬɪɚɧɫɩɥɚɧɬɚɬɚɦɢ. ɗɬɨɬ ɡɚɦɟɧɢɬɟɥɶ 

ɜɤɥɸɱɚɟɬ ɤɭɥɶɬɭɪɭ ɚɭɬɨɥɨɝɢɱɧɵɯ ɤɟɪɚɬɢɧɨɰɢɬɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɢɡ ɛɢɨɩɫɢɨɧɧɨɝɨ 

ɦɚɬɟɪɢɚɥɚ ɤɨɠɢ ɫɚɦɨɝɨ ɩɚɰɢɟɧɬɚ. Ɂɚɠɢɜɥɟɧɢɟ ɪɚɧɵ ɡɚɜɢɫɢɬ ɨɬ ɬɨɥɳɢɧɵ 

ɩɨɞɥɟɠɚɳɟɣ ɞɟɪɦɵ ɜ ɬɪɚɧɫɩɥɚɧɬɚɬɟ. Ɍɨɥɫɬɚɹ ɞɟɪɦɚ ɩɪɢɜɨɞɢɬ ɤ ɛɨɥɟɟ ɛɵɫɬɪɨɦɭ 

ɡɚɠɢɜɥɟɧɢɸ ɢ ɥɭɱɲɟɦɭ ɤɨɫɦɟɬɢɱɟɫɤɨɦɭ ɢ ɷɫɬɟɬɢɱɟɫɤɨɦɭ ɜɢɞɭ ɡɚɠɢɜɲɟɣ ɪɚɧɵ.  

ɉɨɫɤɨɥɶɤɭ ɚɭɬɨɬɪɚɧɫɩɥɚɧɬɚɬ ɩɨɥɭɱɚɸɬ ɢɡ ɫɨɛɫɬɜɟɧɧɵɯ ɛɢɨɦɚɬɟɪɢɚɥɨɜ 

ɩɚɰɢɟɧɬɚ ɪɢɫɤɢ ɨɬɬɨɪɠɟɧɢɹ ɨɬɫɭɬɫɬɜɭɸɬ.   

 

1.2.3 Ⱥɥɥɨɬɪɚɧɫɩɥɚɧɬɚɬɵ 

 

Ɍɪɚɧɫɩɥɚɧɬɚɬɵ, ɩɟɪɟɫɚɞɤɭ ɤɨɬɨɪɵɯ ɩɪɨɜɨɞɹɬ ɨɬ ɨɞɧɨɝɨ ɨɪɝɚɧɢɡɦɚ 

ɞɪɭɝɨɦɭ ɨɞɧɨɝɨ ɜɢɞɚ ɧɨɫɢɬ ɧɚɡɜɚɧɢɟ ɚɥɥɨɬɪɚɧɫɩɥɚɧɬɚɬ. Ⱦɥɹ ɡɚɦɟɧɵ 

ɩɨɜɪɟɠɞɟɧɢɣ ɤɨɠɢ ɱɟɥɨɜɟɤɚ ɬɚɤɨɣ ɜɢɞ ɬɪɚɧɫɩɥɚɧɬɚɬɨɜ ɩɨɞɪɚɡɞɟɥɹɸɬ ɧɚ 

ɩɪɢɠɢɡɧɟɧɧɭɸ ɢ ɬɪɭɩɧɭɸ ɬɪɚɧɫɩɥɚɧɬɚɰɢɸ.  

Ɍɚɤɢɟ ɬɪɚɫɩɥɚɧɬɚɬɵ, ɜ ɨɛɳɟɦ, ɞɟɥɹɬ ɧɚ ɬɪɢ ɝɪɭɩɩɵ: 

ɷɩɢɬɟɥɢɚɥɶɧɵɟ/ɷɩɢɞɟɪɦɚɥɶɧɵɟ, ɞɟɪɦɚɥɶɧɵɟ ɢɥɢ ɤɨɦɩɨɡɢɬɧɵɟ (ɷɩɢɞɟɪɦɚɥɶɧɵɟ 

ɢ ɞɟɪɦɚɥɶɧɵɟ).  
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Ɍɪɭɩɧɵɟ ɚɥɥɨɬɪɚɧɫɩɥɚɧɬɚɬɵ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɪɢ ɥɟɱɟɧɢɢ 

ɨɠɨɝɨɜɵɯ ɪɚɧ ɜɨ ɦɧɨɝɢɯ ɨɠɨɝɨɜɵɯ ɰɟɧɬɪɚɯ ɩɨ ɜɫɟɦɭ ɦɢɪɭ. Ⱥɥɥɨɬɪɚɧɫɩɥɚɧɬɚɬɵ 

ɫɨɡɞɚɸɬ ɚɧɬɢɦɢɤɪɨɛɧɵɣ ɛɚɪɶɟɪ ɧɚɪɹɞɭ ɫ ɫɬɢɦɭɥɢɪɨɜɚɧɢɟɦ ɚɧɝɢɨɝɟɧɟɡɚ, 

ɮɨɪɦɢɪɭɹ ɛɥɚɝɨɩɪɢɹɬɧɵɟ ɩɪɨɮɢɥɢ  ɮɚɤɬɨɪɨɜ ɪɨɫɬɚ ɢ ɰɢɬɨɤɢɧɨɜ ɞɥɹ 

ɡɚɠɢɜɥɟɧɢɹ ɪɚɧ [7], ɩɪɢ ɷɬɨɦ ɨɧɢ ɬɚɤɠɟ ɫɥɭɠɚɬ ɜɪɟɦɟɧɧɨɣ ɡɚɳɢɬɨɣ ɨɬ 

ɢɦɦɭɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɬɬɨɪɠɟɧɢɹ  [14,15] ɢ ɜɢɪɭɫɨɜ (ɝɟɩɚɬɢɬɵ ȼ ɢ ɋ, ȼɂɑ). 

ɉɪɢɦɟɧɟɧɢɟ ɚɥɥɨɬɪɚɧɫɩɥɚɧɬɚɬɚ ɤɨɠɢ ɱɟɥɨɜɟɤɚ ɡɚɳɢɳɚɟɬ ɩɨɞɥɟɠɚɳɢɟ ɬɤɚɧɢ, 

ɫɩɨɫɨɛɫɬɜɭɹ ɮɨɪɦɢɪɨɜɚɧɢɸ ɝɪɚɧɭɥɹɰɢɨɧɧɭɸ ɬɤɚɧɢ ɢ ɫɨɤɪɚɳɟɧɢɸ ɩɥɨɳɚɞɢ 

ɪɚɧɵ.  

Ⱥɥɥɨɬɪɚɧɫɩɥɚɧɬɚɬɵ ɜ ɰɟɥɨɦ ɫɬɢɦɭɥɢɪɭɸɬ ɷɩɢɬɟɥɢɡɚɰɢɸ. Ⱥɞɝɟɡɢɹ 

ɚɥɥɨɬɪɚɧɫɩɥɚɧɬɚɬɨɜ ɤ ɪɚɧɟɜɨɦɭ ɥɨɠɭ ɫɩɨɫɨɛɫɬɜɭɟɬ ɭɫɩɟɲɧɨɫɬɢ 

ɚɥɥɨɬɪɚɧɫɩɥɚɧɬɚɰɢɢ.  

 

1.3 Ɍɤɚɧɟɜɚя ɢɧɠɟɧɟɪɢя ɤɨɠɢ 

 

ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɚɪɫɟɧɚɥ ɬɪɚɞɢɰɢɨɧɧɨɣ ɬɟɪɚɩɢɢ ɤɨɠɢ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ 

ɲɢɪɨɤɢɣ ɫɩɟɤɬɪ ɫɪɟɞɫɬɜ ɞɥɹ ɩɟɪɟɧɨɫɚ ɬɤɚɧɟɣ, ɜɫɟ ɷɬɢ ɩɨɞɯɨɞɵ ɩɨɤɚ ɧɟ 

ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɢɫɬɢɧɧɨɣ ɩɨɥɧɨɣ ɪɟɝɟɧɟɪɚɰɢɢ. Ɍɪɚɞɢɰɢɨɧɧɵɟ ɡɚɦɟɧɢɬɟɥɢ ɤɨɠɢ 

ɦɨɝɭɬ ɫɨɞɟɪɠɚɬɶ ɞɪɟɦɥɸɳɢɟ ɜɢɪɭɫɵ, ɚ ɬɚɤɠɟ ɧɟɥɶɡɹ ɢɫɤɥɸɱɚɬɶ ɪɢɫɤ 

ɡɚɠɢɜɥɟɧɢɹ ɪɚɧɵ ɫ ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɪɭɛɰɨɜ, ɩɪɢ ɷɬɨɦ ɧɟ ɢɞɟɬ ɫɩɨɧɬɚɧɧɚ 

ɪɟɝɟɧɟɪɚɰɢɹ ɩɨɬɨɜɵɯ ɠɟɥɟɡ, ɧɟɪɜɨɜ ɢ ɜɨɥɨɫɹɧɵɯ ɮɨɥɥɢɤɭɥɨɜ [16].  

          Ƚɥɚɜɧɚɹ ɩɪɨɛɥɟɦɚ Ɍɂ – ɷɬɨ ɜɨɫɫɨɡɞɚɧɢɟ ɫɪɟɞɵ, ɫɨɞɟɣɫɬɜɭɸɳɟɣ 

ɮɨɪɦɢɪɨɜɚɧɢɸ ɛɚɡɨɜɵɯ ɝɨɦɟɨɫɬɚɬɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ. ɗɮɮɟɤɬɢɜɧɨɫɬɶ Ɍɂ 

ɡɚɦɟɧɢɬɟɥɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɥɟɞɭɸɳɢɯ ɮɚɤɬɨɪɚɯ: ɜ ɫɨɡɞɚɧɢɢ ɭɫɥɨɜɢɣ ɞɥɹ 

ɫɨɟɞɢɧɢɬɟɥɶɧɨ-ɬɤɚɧɧɨɣ ɩɨɞɞɟɪɠɤɢ, ɮɨɪɦɢɪɨɜɚɧɢɸ ɫɢɝɧɚɥɶɧɵɯ ɩɭɬɟɣ, 

ɚɧɝɢɨɝɟɧɟɡɚ, ɨɩɬɢɦɚɥɶɧɨɣ ɜɵɠɢɜɚɟɦɨɫɬɢ ɤɥɟɬɨɤ, ɚ ɬɚɤɠɟ ɢɯ ɧɨɪɦɚɥɶɧɨɣ 

ɩɪɨɥɢɮɟɪɚɰɢɢ, ɞɢɮɮɟɪɟɧɰɢɪɨɜɤɢ ɢ ɚɩɨɩɬɨɡɚ. 

Ʉɨɧɟɱɧɚɹ ɰɟɥɶ ɬɤɚɧɟɜɨɣ ɢɧɠɟɧɟɪɢɢ ɤɨɠɢ – ɫɨɡɞɚɧɢɟ ɧɨɜɵɯ 

ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɦɟɬɨɞɨɜ ɬɟɪɚɩɢɢ ɤɨɠɧɵɯ ɩɨɜɪɟɠɞɟɧɢɣ, ɤɨɬɨɪɵɟ ɛɭɞɭɬ 

ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɛɨɥɶɲɢɧɫɬɜɨ ɯɚɪɚɤɬɟɪɢɫɬɢɤ.  
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1.3.1 Ɍɤɚɧɟɢɧɠɟɧɟɪɧɵɟ ɡɚɦɟɧɢɬɟɥɢ ɤɨɠɢ 

 

Ɍɂ ɡɚɦɟɧɢɬɟɥɢ ɤɨɠɢ - ɷɬɨ ɲɢɪɨɤɚɹ ɝɪɭɩɩɚ ɬɟɪɚɩɟɜɬɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ 

ɪɚɡɧɵɯ ɬɢɩɨɜ. Ɂɚɦɟɧɢɬɟɥɢ ɤɨɠɢ ɞɟɣɫɬɜɭɸɬ ɤɚɤ ɜɪɟɦɟɧɧɨɟ ɡɚɳɢɬɧɨɟ ɩɨɤɪɵɬɢɟ 

ɪɚɧɵ, ɡɚɳɢɳɚɹ ɩɨɜɪɟɠɞɟɧɧɵɟ ɭɱɚɫɬɤɢ ɨɬ ɩɨɬɟɪɢ ɠɢɞɤɨɫɬɢ ɢ ɡɚɝɪɹɡɧɟɧɢɹ, ɚ 

ɬɚɤɠɟ ɭɫɤɨɪɹɹ ɩɪɨɰɟɫɫɵ ɪɟɝɟɧɟɪɚɰɢɢ ɬɤɚɧɢ ɡɚ ɫɱɟɬ ɫɬɢɦɭɥɹɰɢɢ ɜɵɫɜɨɛɨɠɞɟɧɢɹ 

ɰɢɬɨɤɢɧɨɜ ɢ ɮɚɤɬɨɪɨɜ ɪɨɫɬɚ ɜ ɨɛɥɚɫɬɢ ɪɚɧɵ [17]. 

Ɍɤɚɧɟɢɧɠɟɧɟɪɧɵɣ ɩɪɟɩɚɪɚɬ ɡɚɦɟɧɢɬɟɥɹ ɤɨɠɢ ɜɤɥɸɱɚɟɬ ɤɥɟɬɤɢ ɢ/ɢɥɢ 

ɢɫɤɭɫɫɬɜɟɧɧɵɣ ȼɄɆ [18]. ɂɞɟɚɥɶɧɵɣ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɣ ɡɚɦɟɧɢɬɟɥɶ ɤɨɠɢ 

ɞɨɥɠɟɧ ɛɵɬɶ ɫɬɟɪɢɥɶɧɵɦ ɢ ɧɟɬɨɤɫɢɱɧɵɦ, ɨɛɥɚɞɚɬɶ ɛɚɪɶɟɪɧɵɦɢ ɮɭɧɤɰɢɹɦɢ ɢ 

ɧɢɡɤɭɸ ɜɨɫɩɚɥɢɬɟɥɶɧɭɸ ɪɟɚɤɰɢɸ, ɞɨɩɭɫɤɚɬɶ ɚɷɪɚɰɢɸ ɚɧɚɥɨɝɢɱɧɨ ɧɨɪɦɚɥɶɧɨɣ 

ɤɨɠɟ. Ɍɚɤɢɟ ɡɚɦɟɧɢɬɟɥɢ ɤɨɠɢ ɞɨɥɠɧɵ ɨɛɥɚɞɚɬɶ ɜɵɫɤɨɣ ɚɞɝɟɡɢɨɧɧɨɣ 

ɫɩɨɫɨɛɧɨɫɬɶ ɤ ɪɟɰɟɩɢɟɧɬɧɨɦɭ ɥɨɠɭ ɪɚɧɟɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɢɦɟɬɶ ɧɟɨɛɯɨɞɢɦɵɟ 

ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɞɥɹ ɤɨɠɢ ɢ ɦɹɝɤɢɯ ɬɤɚɧɟɣ ɢ ɩɪɨɯɨɞɢɬɶ 

ɤɨɧɬɪɨɥɢɪɭɟɦɭɸ ɛɢɨɞɟɝɪɚɞɚɰɢɸ [19]. Ɉɧɢ ɬɚɤɠɟ ɞɨɥɠɧɵ ɛɵɬɶ ɥɟɝɤɢɦɢ ɜ 

ɨɛɪɚɳɟɧɢɢ, ɝɢɛɤɢɦɢ, ɷɥɚɫɬɢɱɧɵɦɢ ɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɞɨɪɨɝɢɦɢ.  

Ɍɂ ɡɚɦɟɧɢɬɟɥɢ ɞɥɹ ɤɨɠɧɵɯ ɪɚɧ ɱɪɟɡɜɵɱɚɣɧɨ ɷɜɨɥɸɰɢɨɧɢɪɨɜɚɥɢ ɡɚ 

ɩɨɫɥɟɞɧɢɟ ɧɟɫɤɨɥɶɤɨ ɥɟɬ. Ȼɵɥɢ ɞɨɫɬɢɝɧɭɬɵ ɧɨɜɵɟ ɭɫɩɟɯɢ ɜ ɪɚɡɪɚɛɨɬɤɟ 

ɡɚɦɟɧɢɬɟɥɟɣ ɤɨɠɢ, ɫɨɫɬɨɹɳɢɯ ɢɡ ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɢ ɧɚɬɭɪɚɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ.  

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɫɪɨɤɚ ɷɤɫɩɥɭɚɬɚɰɢɢ ɨɧɢ 

ɤɥɚɫɫɢɮɢɰɢɪɭɸɬɫɹ ɤɚɤ ɩɨɫɬɨɹɧɧɵɟ, ɩɨɥɭɩɨɫɬɨɹɧɧɵɟ ɢɥɢ ɜɪɟɦɟɧɧɵɟ. Ɉɧɢ 

ɬɚɤɠɟ ɦɨɝɭɬ ɛɵɬɶ ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɧɵ ɧɚ ɨɫɧɨɜɟ ɫɨɫɬɚɜɚ ɡɚɦɟɧɢɬɟɥɹ ɤɨɠɢ ɤɚɤ 

ɤɥɟɬɨɱɧɵɟ ɢɥɢ ɚɰɟɥɥɸɥɹɪɧɵɟ. Ɍɨɱɧɨ ɬɚɤ ɠɟ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ 

ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɛɢɨɦɚɬɟɪɢɚɥɚ, ɨɧɢ ɦɨɝɭɬ ɛɵɬɶ ɛɢɨɥɨɝɢɱɟɫɤɢɦɢ 

(ɚɭɬɨɥɨɝɢɱɧɵɦɢ, ɚɥɥɨɝɟɧɧɵɦɢ, ɤɫɟɧɨɝɟɧɧɵɦɢ) ɢɥɢ ɫɢɧɬɟɬɢɱɟɫɤɢɦɢ 

(ɛɢɨɪɚɡɥɚɝɚɟɦɵɦɢ ɢ ɧɟɪɚɡɥɚɝɚɟɦɵɦɢ). 

 

1.3.2 ɋɢɧɬɟɬɢɱɟɫɤɢɟ ɤɨɠɧɵɟ ɡɚɦɟɧɢɬɟɥɢ 
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ɋɢɧɬɟɬɢɱɟɫɤɢɟ ɡɚɦɟɧɢɬɟɥɢ ɤɨɠɢ ɩɨɫɬɪɨɟɧɵ ɢɡ ɧɟɛɢɨɥɨɝɢɱɟɫɤɢɯ ɦɨɥɟɤɭɥ 

ɢ ɩɨɥɢɦɟɪɨɜ, ɤɨɬɨɪɵɟ ɧɟ ɩɪɢɫɭɬɫɬɜɭɸɬ ɜ ɧɨɪɦɚɥɶɧɨɣ ɤɨɠɟ [20]. ɗɬɢ 

ɤɨɧɫɬɪɭɤɰɢɢ ɞɨɥɠɧɵ ɛɵɬɶ ɫɬɚɛɢɥɶɧɵɦɢ, ɛɢɨɪɚɡɥɚɝɚɟɦɵɦɢ ɢ ɨɛɟɫɩɟɱɢɜɚɬɶ 

ɚɞɟɤɜɚɬɧɭɸ ɫɪɟɞɭ ɞɥɹ ɪɟɝɟɧɟɪɚɰɢɢ ɬɤɚɧɟɣ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɬɚɤɨɣ ɡɚɦɟɧɢɬɟɥɶ 

ɞɨɥɠɟɧ ɫɨɯɪɚɧɹɬɶ ɫɜɨɸ ɬɪɟɯɦɟɪɧɭɸ ɫɬɪɭɤɬɭɪɭ ɢ ɩɪɨɱɧɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɧɟ ɦɟɧɟɟ 3 ɧɟɞɟɥɶ, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɜɚɬɶ ɜɪɚɫɬɚɧɢɟ ɤɪɨɜɟɧɨɫɧɵɯ ɫɨɫɭɞɨɜ, 

ɦɢɝɪɚɰɢɸ ɮɢɛɪɨɛɥɚɫɬɨɜ ɢ ɩɨɤɪɵɬɢɟ ɷɩɢɬɟɥɢɚɥɶɧɵɦɢ ɤɥɟɬɤɚɦɢ (ɷɩɢɬɚɥɢɡɚɰɢɹ 

ɤɨɧɫɬɪɭɤɰɢɢ). ɉɪɟɞɩɨɱɬɢɬɟɥɶɧɨ, ɛɢɨɞɟɝɪɚɞɚɰɢɹ ɞɨɥɠɧɚ ɩɪɨɢɫɯɨɞɢɬɶ ɩɨɫɥɟ 

ɷɬɨɝɨ ɩɟɪɢɨɞɚ ɢ ɩɪɨɬɟɤɚɬɶ ɛɟɡ ɜɨɫɩɚɥɢɬɟɥɶɧɨɣ ɪɟɚɤɰɢɢ ɨɪɝɚɧɢɡɦɚ. Ⱦɥɹ ɷɬɨɝɨ 

ɫɢɧɬɟɬɢɱɟɫɤɢɣ Ɍɂ ɡɚɦɟɧɢɬɟɥɶ ɞɨɥɠɟɧ ɫɨɫɬɨɹɬɶ ɢɡ ɢɦɦɭɧɨɫɨɜɦɟɫɬɢɦɵɯ 

ɦɚɬɟɪɢɚɥɨɜ. 

ɂɫɤɭɫɫɬɜɟɧɧɚɹ ɩɪɢɪɨɞɚ ɬɚɤɢɯ ɡɚɦɟɧɢɬɟɥɟɣ ɤɨɠɢ ɢɦɟɟɬ ɧɟɤɨɬɨɪɵɟ ɹɜɧɵɟ 

ɩɪɟɢɦɭɳɟɫɬɜɚ ɢ ɧɟɞɨɫɬɚɬɤɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɟɫɬɟɫɬɜɟɧɧɵɦɢ ɛɢɨɥɨɝɢɱɟɫɤɢɦɢ 

ɦɚɬɟɪɢɚɥɚɦɢ. ɋɨɫɬɚɜ ɢ ɫɜɨɣɫɬɜɚ ɩɪɟɩɚɪɚɬɚ ɦɨɠɧɨ ɝɨɪɚɡɞɨ ɬɨɱɧɟɟ 

ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ. Ⱦɥɹ ɭɫɢɥɟɧɢɹ ɷɮɮɟɤɬɚ ɦɨɠɧɨ ɞɨɛɚɜɥɹɬɶ ɪɚɡɥɢɱɧɵɟ ɞɨɛɚɜɤɢ, 

ɬɚɤɢɟ ɤɚɤ ɮɚɤɬɨɪɵ ɪɨɫɬɚ ɢ ɤɨɦɩɨɧɟɧɬɵ ȼɄɆ, ɨɞɧɚɤɨ ɷɬɢ ɫɢɧɬɟɬɢɱɟɫɤɢɟ 

ɡɚɦɟɧɢɬɟɥɢ ɨɛɵɱɧɨ ɧɟ ɢɦɟɸɬ ɛɚɡɚɥɶɧɨɣ ɦɟɦɛɪɚɧɵ, ɢ ɢɯ ɚɪɯɢɬɟɤɬɭɪɚ ɧɟ ɩɨɯɨɠɚ 

ɧɚ ɧɚɬɢɜɧɭɸ ɤɨɠɭ. Ɉɞɢɧ ɢɡ ɧɟɞɨɫɬɚɬɤɨɜ – ɷɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɟɛɢɨɥɨɝɢɱɟɫɤɢɯ 

ɤɨɦɩɨɧɟɧɬɨɜ, ɤɨɬɨɪɨɟ ɦɨɠɟɬ ɛɵɬɶ ɩɪɨɛɥɟɦɚɬɢɱɧɵɦ ɩɪɢ ɩɨɩɵɬɤɟ ɩɨɥɭɱɟɧɢɹ 

ɛɢɨɥɨɝɢɱɟɫɤɢ ɫɨɜɦɟɫɬɢɦɨɝɨ ɦɚɬɟɪɢɚɥɚ [20].  

ȼ ɧɚɲɟ ɜɪɟɦɹ ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɡɚɦɟɧɢɬɟɥɟɣ ɤɨɠɢ, ɞɨɫɬɭɩɧɵɯ ɧɚ ɪɵɧɤɟ, 

ɫɭɳɟɫɬɜɭɟɬ ɧɟɦɧɨɝɨ. ɋɪɟɞɢ ɧɢɯ  Biobrane, ɫɨɫɬɨɹɳɢɣ ɧɟɣɥɨɧɨɜɨɣ ɫɟɬɤɢ ɜ 

ɤɚɱɟɫɬɜɟ ɜɧɭɬɪɟɧɧɟɝɨ ɫɥɨɹ, ɤɨɬɨɪɚɹ ɨɛɟɫɩɟɱɢɜɚɟɬ ɮɢɛɪɨɜɚɫɤɭɥɹɪɧɨɟ ɜɪɚɫɬɚɧɢɟ, 

ɢ ɧɚɪɭɠɧɨɝɨ ɫɥɨɹ ɫɢɥɚɫɬɢɤɚ, ɤɨɬɨɪɵɣ ɜɵɩɨɥɧɹɟɬ ɝɚɡɨɛɚɪɶɟɪɧɭɸ ɢ 

ɚɧɬɢɛɚɤɬɟɪɢɚɥɶɧɵɟ ɮɭɧɤɰɢɢ [21]. ȿɳɟ ɨɞɢɧ ɩɪɟɩɚɪɚɬ Dermagraft, ɩɪɟɞɫɬɚɜɥɹɟɬ 

ɫɨɛɨɣ ɫɟɬɤɭ ɢɡ ɩɨɥɢɝɥɚɤɬɢɧɚ (ɩɨɥɢɥɚɤɬɢɞ/ɩɨɥɢɝɥɢɤɨɥɢɞ 9:1), ɡɚɫɟɹɧɧɭɸ 

ɚɥɥɨɝɟɧɧɵɦɢ ɩɪɟɞɲɟɫɬɜɟɧɧɵɦɢ ɮɢɛɪɨɛɥɚɫɬɚɦɢ [22].  

Ɍɚɤɠɟ ɢɦɟɟɬɫɹ ɧɟɫɤɨɥɶɤɨ ɩɪɟɩɚɪɚɬɨɜ ɧɚ ɨɫɧɨɜɟ ɤɨɥɥɚɝɟɧɨɜ: 

1) Integra (ɤɨɦɩɨɡɢɬ ɢɡ ɛɵɱɶɟɝɨ ɤɨɥɥɚɝɟɧɚ, ɯɨɧɞɪɨɢɬɢɧ-6-ɫɭɥɶɮɚɬɚ ɢ 

ɫɢɥɢɤɨɧɨɜɨɣ ɦɟɦɛɪɚɧɵ, ɜɵɫɬɭɩɚɸɳɢɣ ɜ ɤɚɱɟɫɬɜɟ ɡɚɦɟɧɵ ɷɩɢɞɟɪɦɢɫɚ);  
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2) Apligraft (ɞɜɭɯɫɥɨɣɧɵɣ ɷɤɜɢɜɚɥɟɧɬ ɤɨɠɢ, ɫɨɫɬɨɹɳɢɣ ɢɡ ɛɵɱɶɟɝɨ 

ɤɨɥɥɚɝɟɧɚ I ɬɢɩɚ, ɚɥɥɨɝɟɧɧɵɯ ɤɟɪɚɬɢɧɨɰɢɬɨɜ ɢ ɧɟɨɧɚɬɚɥɶɧɵɯ ɮɢɛɪɨɛɥɚɫɬɨɜ); 

3) Matriderm (ɦɚɬɪɢɰɚ ɢɡ ɛɵɱɶɟɝɨ ɤɨɥɥɚɝɟɧɚ I ɬɢɩɚ ɫ ɷɥɚɫɬɢɧɨɦ); 

4) OrCel (ɩɨɜɹɡɤɚ, ɜ ɤɨɬɨɪɨɣ ɷɩɢɞɟɪɦɚɥɶɧɵɟ ɤɟɪɚɬɢɧɨɰɢɬɵ ɢ ɞɟɪɦɚɥɶɧɵɟ 

ɮɢɛɪɨɛɥɚɫɬɵ ɤɭɥɶɬɢɜɢɪɭɸɬɫɹ ɜ ɞɜɚ ɨɬɞɟɥɶɧɵɯ ɫɥɨɹ ɜ ɝɭɛɤɟ ɢɡ ɛɵɱɶɟɝɨ 

ɤɨɥɥɚɝɟɧɚ I ɬɢɩɚ) [20,22–24]. 

 

1.4 Ȼɢɨɦɚɬɟɪɢɚɥɵ ɞɥя ɬɤɚɧɟɜɨɣ ɢɧɠɟɧɟɪɢɢ ɤɨɠɢ 

 

ȼ ɰɟɥɨɦ, ɨɛɥɚɫɬɢ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ ɞɥɹ Ɍɂ-ɦɚɬɪɢɰ ɢ ɤɚɪɤɚɫɨɜ, ɤɨɬɨɪɵɟ 

ɫɨɞɟɣɫɬɜɭɸɬ ɩɨɞɞɟɪɠɤɟ ɫɬɪɭɤɬɭɪɵ ɬɤɚɧɢ ɢ ɫɩɨɫɨɛɫɬɜɭɸɬ ɦɢɝɪɚɰɢɢ ɤɥɟɬɨɤ, 

ɫɱɢɬɚɟɬɫɹ ɭɠɟ ɲɢɪɨɤɨ ɢ ɯɨɪɨɲɨ ɢɡɭɱɟɧɧɵɦ ɫɟɝɦɟɧɬɨɦ ɧɚɭɤɢ. ɂɫɫɥɟɞɨɜɚɧɢɹ 

ɪɚɡɥɢɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɩɨɞɯɨɞɹɳɢɯ ɞɥɹ ɫɨɡɞɚɧɢɹ ɤɨɠɧɵɯ ɡɚɦɟɧɢɬɟɥɟɣ, 

ɚɤɬɢɜɧɨ ɩɪɨɜɨɞɹɬɫɹ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ. Ɍɚɤɢɟ ɦɚɬɟɪɢɚɥɵ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ 

ɫɩɟɰɢɮɢɱɟɫɤɢɦɢ ɮɢɡɢɱɟɫɤɢɦɢ ɢ ɛɢɨɥɨɝɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɬɚɤɢɦɢ ɤɚɤ 

ɤɨɥɢɱɟɫɬɜɨ ɢ ɪɚɡɦɟɪ ɩɨɪ (ɩɨɪɢɫɬɨɫɬɶ), ɷɥɚɫɬɢɱɧɨɫɬɶ, ɚ ɬɚɤɠɟ 

ɡɚɩɪɨɝɪɚɦɦɢɪɨɜɚɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɤɥɟɬɨɱɧɨɣ ɚɤɬɢɜɧɨɫɬɢ.  

ɒɢɪɨɤɨ ɢɫɫɥɟɞɨɜɚɧɵ ɩɪɢɪɨɞɧɵɟ ɢ ɫɢɧɬɟɬɢɱɟɫɤɢɟ ɩɨɥɢɦɟɪɵ, ɨɧɢ 

ɨɛɥɚɞɚɸɬ ɩɨɞɯɨɞɹɳɟɣ ɝɢɛɤɨɫɬɶɸ, ɩɨɫɤɨɥɶɤɭ ɢɯ ɫɬɪɭɤɬɭɪɚ ɢ ɫɨɫɬɚɜ ɦɨɝɭɬ ɛɵɬɶ 

ɚɞɚɩɬɢɪɨɜɚɧɵ ɤ ɤɨɧɤɪɟɬɧɵɦ ɩɨɬɪɟɛɧɨɫɬɹɦ [25]. 

 

1.4.1 ɇɚɬɭɪɚɥɶɧɵɟ ɩɨɥɢɦɟɪɵ 

 

ɇɚɬɭɪɚɥɶɧɵɟ ɩɨɥɢɦɟɪɵ ɩɨɥɭɱɚɸɬ ɢɡ ɩɪɢɪɨɞɧɵɯ ɢɫɬɨɱɧɢɤɨɜ – ɠɢɜɵɯ 

ɨɪɝɚɧɢɡɦɨɜ. Ⱦɚɧɧɚɹ ɝɪɭɩɩɚ ɩɨɥɢɦɟɪɨɜ ɢɦɟɸɬ ɩɪɟɢɦɭɳɟɫɬɜɚ ɧɚɞ ɞɪɭɝɢɦɢ, ɬɚɤ 

ɤɚɤ ɨɛɥɚɞɚɸɬ ɫɬɪɭɤɬɭɪɨɣ ɞɨɫɬɚɬɨɱɧɨ ɩɨɯɨɠɟɣ ɧɚ ɫɬɪɭɤɬɭɪɭ ȼɄɆ ɤɨɠɢ, 

ɫɨɫɬɨɹɳɢɣ ɧɚ 80-90% ɢɡ ɛɟɥɤɚ ɤɨɥɥɚɝɟɧɚ. Ɍɚɤɠɟ ɞɥɹ ɰɟɥɟɣ Ɍɂ ɤɨɠɢ 

ɢɫɩɨɥɶɡɭɸɬ ɪɚɡɥɢɱɧɵɟ ɩɨɥɢɩɟɩɬɢɞɵ, ɩɨɥɢɫɚɯɚɪɢɞɵ, ɚ ɬɚɤɠɟ ɢɯ ɤɨɦɛɢɧɚɰɢɢ 

[26].   
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1.4.1.1 Ʉɨɥɥɚɝɟɧ 

 

ɒɢɪɨɤɨ ɢɡɜɟɫɬɧɵɦ ɧɚɬɭɪɚɥɶɧɵɦ ɩɨɥɢɦɟɪɨɦ, ɧɚ ɨɫɧɨɜɟ ɤɨɬɨɪɨɝɨ 

ɩɨɥɭɱɚɸɬ ɬɤɚɧɟɢɧɠɟɧɟɪɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ (ɌɂɄ) ɢɥɢ ɦɚɬɪɢɤɫɵ (scaffolds), 

ɹɜɥɹɟɬɫɹ ɤɨɥɥɚɝɟɧ. ɗɬɨ ɮɢɛɪɢɥɥɹɪɧɵɣ ɛɟɥɨɤ, ɨɧ ɜɯɨɞɢɬ ɜ ɫɨɫɬɚɜ ɨɫɧɨɜɵ 

ɫɨɟɞɢɧɢɬɟɥɶɧɨɣ ɬɤɚɧɢ ɜɫɟɯ ɠɢɜɵɯ ɨɪɝɚɧɢɡɦɨɜ ɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɟɟ ɩɪɨɱɧɨɫɬɶ ɢ 

ɷɥɚɫɬɢɱɧɨɫɬɶ. Ɉɧ ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ ɤɥɟɬɤɚɦɢ ɜɨ ɜɫɟɯ ɬɢɩɚɯ ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ 

ɬɤɚɧɟɣ ɢ ɬɪɚɧɫɞɭɰɢɪɭɟɬ ɜɚɠɧɵɟ ɫɢɝɧɚɥɵ ɤɥɟɬɨɱɧɨɣ ɫɢɝɧɚɥɢɡɚɰɢɢ ɢ ɪɟɝɭɥɹɰɢɢ. 

Ʉɨɥɥɚɝɟɧ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɫɨɤɨɣ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɶɸ, ɯɨɪɨɲɟɣ 

ɛɢɨɫɨɜɦɟɫɬɢɦɨɫɬɶɸ, ɧɢɡɤɨɣ ɚɧɬɢɝɟɧɧɨɫɬɶɸ ɢ ɫɩɨɫɨɛɧɨɫɬɶɸ ɤ ɯɢɦɢɱɟɫɤɨɦɭ 

ɫɲɢɜɚɧɢɸ, ɚ ɬɚɤɠɟ ɩɨɞɜɟɪɠɟɧ  ɦɟɯɚɧɢɱɟɫɤɨɣ ɞɟɝɪɚɞɚɰɢɢ ɢ ɯɨɪɨɲɨ ɩɨɝɥɨɳɚɸɬ 

ɜɨɞɭ; ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɨ ɞɜɚɞɰɚɬɶ ɫɟɦɶ ɬɢɩɨɜ ɤɨɥɥɚɝɟɧɨɜ, 

ɩɪɢ ɷɬɨɦ ɤɨɥɥɚɝɟɧ I ɬɢɩɚ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɜ ɬɟɥɟ ɱɟɥɨɜɟɤɚ 

ɢ ɧɚɢɛɨɥɟɟ ɢɫɫɥɟɞɨɜɚɧɧɵɦ ɞɥɹ ɛɢɨɦɟɞɢɰɢɧɫɤɢɯ ɩɪɢɦɟɧɟɧɢɣ [27]. 

Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɜ ɫɜɹɡɢ ɫ ɛɟɥɤɨɜɵɦ ɩɪɨɢɫɯɨɠɞɟɧɢɟɦ, ɤɨɥɥɚɝɟɧ ɢɦɟɟɬ ɢ 

ɡɧɚɱɢɬɟɥɶɧɵɟ ɧɟɞɨɫɬɚɬɤɢ ɞɥɹ ɫɨɡɞɚɧɢɹ ɌɂɄ. Ʉɨɥɥɚɝɟɧ ɨɛɥɚɞɚɟɬ ɜɵɫɨɤɨɣ 

ɫɤɨɪɨɫɬɶɸ ɛɢɨɞɟɝɪɚɞɚɰɢɢ, ɬɚɤ ɤɚɤ ɹɜɥɹɟɬɫɹ ɯɨɪɨɲɨ ɛɢɨɪɚɡɥɚɝɚɟɦɵɦ 

ɦɚɬɟɪɢɚɥɨɦ ɡɚ ɫɱɟɬ ɜɥɢɹɧɢɹ ɧɚ ɩɨɥɢɦɟɪ ɤɚɬɚɛɨɥɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, ɜɤɥɸɱɚɹ 

ɞɟɣɫɬɜɢɟ ɫɩɟɰɢɮɢɱɟɫɤɢɯ ɤɨɥɥɚɝɟɧɚɡ ɢ ɮɚɝɨɰɢɬɨɡɚ. Ⱦɚɧɧɵɣ ɦɢɧɭɫ ɦɨɠɧɨ 

ɭɫɬɪɚɧɢɬɶ ɫ ɩɨɦɨɳɶɸ ɜɧɟɞɪɟɧɢɹ ɫɲɢɜɨɤ ɦɟɠɞɭ ɩɨɥɢɩɟɩɬɢɞɧɵɦɢ ɰɟɩɹɦɢ [28]. 

Ɍɚɤɠɟ ɫɬɪɭɤɬɭɪɚ ɤɨɥɥɚɝɟɧɚ ɢɦɟɟɬ ɧɚ ɤɪɚɹɯ ɬɪɨɣɧɨɣ ɫɩɢɪɚɥɢ ɤɨɪɨɬɤɢɟ 

ɧɟɫɩɢɪɚɥɶɧɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɢ ɬɟɥɨɩɟɩɬɢɞɵ, ɤɨɬɨɪɵɟ ɨɛɥɚɞɚɸɬ 

ɢɦɦɭɧɨɥɨɝɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ – ɢ ɷɬɨ ɜɬɨɪɨɣ ɟɝɨ ɧɟɞɨɫɬɚɬɨɤ [28–30]. ɇɟ 

ɜɨɡɞɟɣɫɬɜɭɹ ɧɚ ɬɪɨɣɧɭɸ ɫɩɢɪɚɥɶ ɤɨɥɥɚɝɟɧɚ, ɢɡɛɚɜɢɬɶɫɹ ɨɬ ɧɟɠɟɥɚɬɟɥɶɧɵɯ 

ɞɨɦɟɧɨɜ ɦɨɠɧɨ ɫ ɩɨɦɨɳɶɸ ɮɟɪɦɟɧɬɚɬɢɜɧɨɣ ɷɤɫɬɪɚɤɰɢɟɣ ɩɪɨɬɟɚɡɚɦɢ.  

ȿɳɟ ɨɞɧɢɦ ɦɢɧɭɫɨɦ, ɜ ɰɟɥɨɦ, ɹɜɥɹɸɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɫɥɚɛɵɟ ɦɟɯɚɧɢɱɟɫɤɢɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɱɬɨ ɧɟɪɟɞɤɨ ɜɵɡɵɜɚɟɬ ɨɝɪɚɧɢɱɟɧɢɹ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 

ɤɨɥɥɚɝɟɧɚ ɜ ɤɚɱɟɫɬɜɟ ɌɂɄ. ɗɬɨ ɨɝɪɚɧɢɱɟɧɢɟ ɬɚɤɠɟ ɫɧɢɦɚɟɬɫɹ ɩɪɢ ɯɢɦɢɱɟɫɤɨɣ 

ɦɨɞɢɮɢɤɚɰɢɢ ɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɤɨɥɥɚɝɟɧɚ.  
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Ⱦɨɫɬɨɢɧɫɬɜɨɦ ɤɨɥɥɚɝɟɧɚ ɹɜɥɹɟɬɫɹ ɟɝɨ ɞɨɫɬɭɩɧɨɫɬɶ ɢ ɨɬɧɨɫɢɬɟɥɶɧɚɹ 

ɥɟɝɤɨɫɬɶ  ɩɟɪɟɪɚɛɨɬɤɢ ɜ ɩɨɪɢɫɬɵɟ ɝɭɛɤɢ, ɝɟɥɢ ɢ ɩɥɚɫɬɵ.  

 

1.4.1.2 Ɏɢɛɪɢɧ 

 

Ɏɢɛɪɢɧ — ɷɬɨ ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɣ ɛɟɥɨɤ, ɫɝɭɫɬɤɢ ɟɝɨ ɜɨɥɨɤɨɧ 

ɫɨɫɬɚɜɥɹɸɬ ɨɫɧɨɜɭ ɬɪɨɦɛɚ, ɤɨɬɨɪɵɣ ɨɛɪɚɡɭɟɬɫɹ ɜɨ ɜɪɟɦɹ ɫɜɨɪɚɱɢɜɚɧɢɹ ɩɪɢ 

ɤɪɨɜɨɬɟɱɟɧɢɢ. 

Ɏɢɛɪɢɧ ɨɛɪɚɡɭɟɬɫɹ ɩɭɬɟɦ ɮɟɪɦɟɧɬɚɬɢɜɧɨɝɨ ɪɚɫɳɟɩɥɟɧɢɹ ɛɟɥɤɚ-

ɮɢɛɪɢɧɨɝɟɧɚ, ɩɨɫɬɨɹɧɧɨ ɩɪɢɫɭɬɫɬɜɭɸɳɟɝɨ ɜ ɩɥɚɡɦɟ ɤɪɨɜɢ. Ɋɚɫɬɜɨɪɢɦɵɟ 

ɦɨɥɟɤɭɥɵ ɮɢɛɪɢɧɨɝɟɧɚ ɩɨɞ ɜɥɢɹɧɢɟɦ ɬɪɨɦɛɢɧɚ ɩɟɪɟɯɨɞɹɬ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 

ɩɨɥɢɦɟɪɧɨɣ ɫɟɬɢ ɜ ɜɢɞɟ ɝɟɥɹ (ɮɢɛɪɢɧɨɜɚɹ ɫɟɬɶ) ɜ ɧɟɪɚɫɬɜɨɪɢɦɭɸ ɮɨɪɦɭ. 

Ɏɢɛɪɢɧɨɜɚɹ ɫɟɬɶ ɢɦɟɟɬ ɧɚɧɨɦɟɬɪɨɜɭɸ ɪɚɡɦɟɪɧɨɫɬɶ ɢ ɨɛɥɚɞɚɟɬ ɫɯɨɠɢɦɢ 

ɩɚɪɚɦɟɬɪɚɦɢ ɫ ȼɄɆ ɤɨɠɢ ɩɨ  ɜɵɫɨɤɨɦɭ ɫɨɨɬɧɨɲɟɧɢɸ ɨɛɴɟɦɚ ɢ ɩɥɨɳɚɞɢ [31]. 

ɗɬɚ ɫɟɬɶ – ɟɫɬɟɫɬɜɟɧɧɚɹ ɪɚɧɨɡɚɠɢɜɥɹɸɳɚɹ ɦɚɬɪɢɰɚ, ɤɨɬɨɪɚɹ ɨɛɪɚɡɭɟɬɫɹ ɩɪɢ 

ɩɨɜɪɟɠɞɟɧɢɢ ɤɨɠɢ ɢ ɬɪɚɜɦɟ ɫɨɫɭɞɨɜ. ɇɚ ɷɬɨɦ ɨɫɧɨɜɵɜɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɞɥɹ 

ɪɟɝɟɧɟɪɚɰɢɢ ɦɹɝɤɢɯ ɬɤɚɧɟɣ ɝɢɞɪɨɝɟɥɟɣ, ɢɦɟɸɳɢɯ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ ɮɢɛɪɢɧ, ɩɪɢ 

ɷɬɨɦ ɩɪɨɢɫɯɨɞɢɬ ɚɤɬɢɜɧɚɹ ɦɢɝɪɚɰɢɹ ɤɥɟɬɨɤ ɜ ɡɨɧɭ ɪɟɝɟɧɟɪɚɰɢɢ ɢ ɯɨɪɨɲɚɹ 

ɚɞɝɟɡɢɹ ɷɬɨɣ ɦɚɬɪɢɰɵ [32–34]. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɚɤɬɢɜɧɨɫɬɶ ɤɥɟɬɨɱɧɵɯ ɩɪɨɰɟɫɫɨɜ 

ɫɧɢɠɚɟɬɫɹ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɩɥɨɬɧɨɫɬɢ ɮɢɛɪɢɧɨɜɨɣ ɫɟɬɢ. 

         ɇɟɞɨɫɬɚɬɤɨɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɨɥɢɦɟɪɚ ɫɱɢɬɚɟɬɫɹ ɜɵɫɨɤɚɹ 

ɤɨɪɪɟɥɹɰɢɹ ɦɟɠɞɭ ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɌɂɄ ɢ  ɬɚɤɢɦɢ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɮɢɛɪɢɧɚ, ɤɚɤ ɪɚɡɦɟɪ ɜɨɥɨɤɨɧ ɢ ɩɥɨɬɧɨɫɬɶ ɮɢɛɪɢɥɥɹɪɧɨɣ 

ɫɟɬɢ [35]. Ⱦɥɹ ɭɥɭɱɲɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɧɟɨɛɯɨɞɢɦɨ 

ɭɜɟɥɢɱɢɜɚɬɶ ɩɥɨɬɧɨɫɬɶ ɮɢɛɪɢɧɨɜɨɣ ɫɟɬɢ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɧɟɝɚɬɢɜɧɵɦ ɮɚɤɬɨɪɨɦ 

ɞɥɹ ɩɪɨɥɢɮɟɪɚɰɢɢ ɢ ɦɢɝɪɚɰɢɢ ɤɥɟɬɨɤ ɜ ɫɬɪɭɤɬɭɪɭ ɌɂɄ. 

 

1.4.1.3 Ƚɢɚɥɭɪɨɧɨɜɚɹ ɤɢɫɥɨɬɚ 
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Ƚɢɚɥɭɪɨɧɨɜɚɹ ɤɢɫɥɨɬɚ (ȽɄ) ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ ɢ ɨɛɹɡɚɬɟɥɶɧɵɦ 

ɤɨɦɩɨɧɟɧɬɨɦ ɧɚɬɢɜɧɨɝɨ ȼɄɆ ɤɨɠɢ ɢ ɞɪɭɝɢɯ ɦɹɝɤɢɯ ɬɤɚɧɟɣ, ɟɟ ɦɨɥɟɤɭɥɵ ɜ 

ɛɨɥɶɲɨɦ ɤɨɥɢɱɟɫɬɜɟ ɫɨɞɟɪɠɚɬɫɹ ɜ ɪɚɡɥɢɱɧɵɯ ɬɢɩɚɯ ɫɨɟɞɢɧɢɬɟɥɶɧɨɣ ɬɤɚɧɢ [36]. 

ȽɄ - ɷɬɨ ɩɪɢɪɨɞɧɵɣ ɩɨɥɢɫɚɯɚɪɢɞ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɛɵɬɶ ɯɢɦɢɱɟɫɤɢ 

ɦɨɞɢɮɢɰɢɪɨɜɚɧ ɞɥɹ ɦɧɨɝɢɯ ɩɪɢɦɟɧɟɧɢɣ ɬɤɚɧɟɜɨɣ ɢɧɠɟɧɟɪɢɢ, ɩɪɢ ɷɬɨɦ ɨɧ 

ɮɟɪɦɟɧɬɚɬɢɜɧɨ ɨɱɢɳɚɟɬɫɹ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ in vivo [37]. ȼ ɬɤɚɧɟɜɨɣ 

ɢɧɠɟɧɟɪɢɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɝɢɞɪɨɝɟɥɢ ɝɢɚɥɭɪɨɧɚɧɚ, ɫɜɨɣɫɬɜɚ ɤɨɬɨɪɨɝɨ ɦɨɠɧɨ 

ɦɨɞɢɮɢɰɢɪɨɜɚɬɶ ɩɭɬɟɦ ɞɨɛɚɜɥɟɧɢɹ ɪɚɡɥɢɱɧɵ ɤɨɦɩɨɧɟɧɬɨɜ, ɚ ɬɚɤɠɟ ɦɟɧɹɹ 

ɤɨɥɢɱɟɫɬɜɟɧɧɵɟ ɫɨɨɬɧɨɲɟɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ ɝɢɚɥɭɪɨɧɚɧɚ, ɩɥɨɬɧɨɫɬɶ ɫɲɢɜɤɢ, 

ɯɢɦɢɱɟɫɤɭɸ ɩɪɢɪɨɞɭ ɦɨɞɢɮɢɤɚɬɨɪɚ ɢ ɫɬɟɩɟɧɶ ɦɨɞɢɮɢɤɚɰɢɢ[38]. ȽɄ ɲɢɪɨɤɨ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɤɨɧɬɭɪɧɨɣ ɩɥɚɫɬɢɤɟ ɜ ɷɫɬɟɬɢɱɟɫɤɢɯ ɰɟɥɹɯ, ɤɨɝɞɚ ɟɟ ɢɧɴɟɤɰɢɨɧɧɨ 

ɜɜɨɞɹɬ ɜ/ɩɨɞ ɤɨɠɭ. 

 

1.4.1.4 ɏɢɬɨɡɚɧ 

 

ɏɢɬɨɡɚɧ – ɷɬɨ ɞɟɚɰɟɬɢɥɢɪɨɜɚɧɧɵɣ ɩɪɨɞɭɤɬ ɯɢɬɢɧɚ, ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ 

ɛɨɝɚɬɵɦ ɜɨɡɨɛɧɨɜɥɹɟɦɵɦ ɩɪɢɪɨɞɧɵɦ ɳɟɥɨɱɧɵɦ ɩɨɥɢɫɚɯɚɪɢɞɨɦ. ɂɡɜɟɫɬɧɨ, ɱɬɨ 

ɨɧ ɧɟ ɨɛɥɚɞɚɟɬ ɫɢɫɬɟɦɧɨɣ ɬɨɤɫɢɱɧɨɫɬɶɸ ɢ ɞɪɭɝɢɦɢ ɩɨɛɨɱɧɵɦɢ ɷɮɮɟɤɬɚɦɢ, ɚ 

ɬɚɤɠɟ ɢɦɟɟɬ ɯɨɪɨɲɢɟ ɭɜɥɚɠɧɹɸɳɢɟ ɢ ɚɞɫɨɪɛɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ. Ɍɚɤɠɟ, ɯɢɬɢɧ 

ɫɱɢɬɚɟɬɫɹ ɜɬɨɪɵɦ ɩɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɫɬɢ ɩɨɥɢɦɟɪɢɡɨɜɚɧɧɵɦ ɭɝɥɟɜɨɞɨɪɨɞɨɦ, 

ɜɫɬɪɟɱɚɸɳɢɦɫɹ ɜ ɩɪɢɪɨɞɟ [39]. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɨɢɡɜɨɞɧɵɟ ɯɢɬɨɡɚɧɚ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ 

ɫɨɡɞɚɧɢɢ ɌɂɄ, ɜ ɬɨɦ ɱɢɫɥɟ ɤɨɠɢ. ȿɝɨ ɦɨɠɧɨ ɢɫɩɨɥɶɡɭɸɬ ɞɥɹ ɩɨɥɭɱɟɧɢɹ 

ɪɚɧɟɜɵɯ ɩɨɤɪɵɬɢɣ, ɞɨɫɬɚɜɤɢ ɪɚɡɥɢɱɧɵɯ ɩɪɟɩɚɪɚɬɨɜ, ɚ ɬɚɤɠɟ ɜ ɬɤɚɧɟɜɨɣ 

ɢɧɠɟɧɟɪɢɢ ɦɹɝɤɢɯ ɢ ɠɟɫɬɤɨɣ ɫɨɟɞɢɧɢɬɟɥɶɧɨɣ (ɯɪɹɳɟɜɨɣ) ɬɤɚɧɟɣ, ɚ ɬɚɤɠɟ 

ɜɵɫɨɤɨɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɧɵɯ ɬɤɚɧɟɣ (ɧɟɪɜɧɚɹ ɢ ɩɟɱɟɧɨɱɧɚɹ ɬɤɚɧɢ). ɏɢɬɨɡɚɧ 

ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɧɢɡɤɨɣ ɢɦɦɭɧɨɝɟɧɧɨɫɬɶɸ, ɦɹɝɤɢɦɢ ɭɫɥɨɜɢɹɦɢ ɟɝɨ ɨɛɪɚɛɨɬɤɢ, 

ɪɚɫɬɜɨɪɢɦɨɫɬɶɸ ɩɪɢ ɪɇ<5,5, ɤɨɧɬɪɨɥɢɪɭɟɦɵɟ ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɢ 

ɛɢɨɞɟɝɪɚɞɚɰɢɨɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɤɨɬɨɪɵɟ ɮɨɪɦɢɪɭɸɬɫɹ ɧɚ ɨɫɧɨɜɟ ɩɨɪɢɫɬɨɫɬɢ 

ɤɚɪɤɚɫɚ ɢ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɵ. Ɍɚɤɠɟ ɭ ɯɢɬɨɡɚɧɚ ɢɦɟɟɬɫɹ ɦɧɨɠɟɫɬɜɨ ɛɨɤɨɜɵɯ 
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ɯɢɦɢɱɟɫɤɢɯ ɝɪɭɩɩ, ɤɨɬɨɪɵɟ ɨɛɟɫɩɟɱɢɜɚɸɬ ɜɵɫɨɤɭɸ ɪɟɚɤɰɢɨɧɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ 

ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɪɚɡɥɢɱɧɵɦ ɦɨɥɟɤɭɥɚɦ [40].  

Ʉɚɤ ɢ ɭ ɜɫɟɯ ɧɚɬɭɪɚɥɶɧɵɯ ɩɨɥɢɦɟɪɨɜ, ɧɟɞɨɫɬɚɬɤɚɦɢ ɯɢɬɨɡɚɧɚ ɹɜɥɹɸɬɫɹ 

ɟɝɨ ɧɢɡɤɢɟ ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. ɗɬɚ ɩɪɨɛɥɟɦɚ ɦɨɠɟɬ ɛɵɬɶ ɪɟɲɟɧɚ 

ɤɨɦɨɡɢɰɢɟɣ ɯɢɬɨɡɚɧɚ ɫ ɦɚɬɟɪɢɚɥɚɦɢ, ɨɛɥɚɞɚɸɳɢɦɢ ɛɨɥɶɲɢɣ ɭɪɨɜɟɧɶ 

ɩɪɨɱɧɨɫɬɢ [41]. Ɉɞɧɚɤɨ, ɞɥɹ ɨɛɲɢɪɧɵɯ ɩɨɜɪɟɠɞɟɧɢɣ ɤɨɠɢ ɌɂɄ ɧɚ ɨɫɧɨɜɟ 

ɯɢɬɨɡɚɧɚ ɪɟɞɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɫɢɥɭ ɜɵɲɟɨɩɢɫɚɧɧɨɝɨ ɧɟɞɨɫɬɚɬɤɚ.  

 

1.4.1.5 Ⱥɥɶɝɢɧɚɬ ɢ ɚɝɚɪɨɡɚ 

 

Ⱥɥɶɝɢɧɚɬ ɢ ɚɝɚɪɨɡɚ — ɥɢɧɟɣɧɵɟ ɩɨɥɢɫɚɯɚɪɢɞɵ, ɜɵɞɟɥɹɟɦɵɟ ɢɡ ɤɪɚɫɧɵɯ ɢ 

ɛɭɪɵɯ ɜɨɞɨɪɨɫɥɟɣ. Ɉɛɵɱɧɨ ɷɬɢ ɩɨɥɢɫɚɯɚɪɢɞɵ ɢɫɩɨɥɶɡɭɸɬ ɜɦɟɫɬɟ ɞɥɹ 

ɭɥɭɱɲɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɢɯ ɢ ɚɞɝɟɡɢɜɧɵɯ ɫɜɨɣɫɬɜ ɌɂɄ [42].  

Ⱥɥɶɝɢɧɚɬ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɨɱɟɬɚɧɢɟ ɦɨɧɨɦɟɪɨɜ β-D-ɦɚɧɧɭɪɨɧɨɜɨɣ 

ɤɢɫɥɨɬɵ ɢ α-L-ɝɭɥɭɪɨɧɨɜɨɣ ɤɢɫɥɨɬɵ, ɚ ɚɝɚɪɨɡɚ ɫɨɫɬɨɢɬ ɢɡ β-D-ɝɚɥɚɤɬɨɩɢɪɚɧɨɡɵ 

ɢ 3,6-ɚɧɝɢɞɪɢɞɨ-α-1-ɝɚɥɚɤɬɨɩɢɪɚɧɨɡɵ. ȼ ɩɪɢɫɭɬɫɬɜɢɢ ɞɜɭɯɜɚɥɟɧɬɧɵɯ ɤɚɬɢɨɧɨɜ, 

ɬɚɤɢɯ ɤɚɤ Mg2+, Ca2+, Ba2+ ɢ Sr2+, ɷɬɢ ɩɨɥɢɫɚɯɚɪɢɞɵ ɩɨɞɜɟɪɝɚɸɬɫɹ 

ɝɟɥɢɪɨɜɚɧɢɸ. ȼ ɰɟɥɨɦ, ɦɚɬɟɪɢɚɥɵ ɧɚ ɢɯ ɨɫɧɨɜɟ ɞɟɦɨɧɫɬɪɢɪɭɸɬ ɯɨɪɨɲɭɸ 

ɛɢɨɫɨɜɦɟɫɬɢɦɨɫɬɶ, ɩɨɪɢɫɬɨɫɬɶ, ɨɩɬɢɦɚɥɶɧɭɸ ɞɥɹ ɤɥɟɬɨɱɧɨɣ ɦɢɝɪɚɰɢɢ ɢ 

ɞɨɫɬɚɜɤɢ ɩɢɬɚɬɟɥɶɧɵɯ ɜɟɳɟɫɬɜ, ɬɚɤɠɟ ɨɩɢɫɚɧɨ ɩɨɞɞɟɪɠɚɧɢɟ ɯɨɧɞɪɨɝɟɧɧɨɣ 

ɞɢɮɮɟɪɟɧɰɢɪɨɜɤɢ ɫɬɜɨɥɨɜɵɯ ɤɥɟɬɨɤ [42,43]. ȿɳɟ ɨɞɧɢɦ ɩɪɟɢɦɭɳɟɫɬɜɨɦ 

ɚɥɶɝɢɧɚɬɧɵɯ ɝɟɥɟɣ ɹɜɥɹɟɬɫɹ ɢɯ ɬɟɪɦɢɱɟɫɤɚɹ ɫɬɚɛɢɥɶɧɨɫɬɶ, ɧɟɬɨɤɫɢɱɧɨɫɬɶ ɢ 

ɚɤɬɢɜɧɚɹ ɛɢɨɪɚɡɥɚɝɚɟɦɨɫɬɶ. Ɉɞɧɚɤɨ, ɩɨɤɚɡɚɧɨ, ɱɬɨ  ɛɢɨɞɟɝɪɚɞɚɰɢɹ ɚɥɶɝɢɧɚɬɚ ɢ 

ɚɝɚɪɨɡɵ in vivo ɹɜɥɹɟɬɫɹ ɞɨɜɨɥɶɧɨ ɦɟɞɥɟɧɧɵɦ ɢ ɦɚɥɨ ɤɨɧɬɪɨɥɢɪɭɟɦɵɦ 

ɩɪɨɰɟɫɫɨɦ, ɱɬɨ ɨɝɪɚɧɢɱɢɜɚɟɬ ɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜ ɤɚɱɟɫɬɜɟ ɛɢɨɢɫɤɭɫɫɬɜɟɧɧɨɝɨ 

ɜɧɟɤɥɟɬɨɱɧɨɝɨ ɦɚɬɪɢɤɫɚ ɤɨɠɢ ɩɪɢ ɞɪɭɝɢɯ ɯɨɪɨɲɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ [41]. 

 

1.4.2 ɋɢɧɬɟɬɢɱɟɫɤɢɟ ɩɨɥɢɦɟɪɵ 
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Ⱥɧɚɥɢɡ ɫɜɨɣɫɬɜ ɧɚɬɭɪɚɥɶɧɵɯ ɩɨɥɢɦɟɪɨɜ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɨɞɧɢɦ ɢɡ 

ɨɛɴɟɞɢɧɹɸɳɢɯ ɢɯ ɧɟɞɨɫɬɚɬɤɨɜ ɹɜɥɹɟɬɫɹ ɦɚɥɚɹ ɦɟɯɚɧɢɱɟɫɤɚɹ ɩɪɨɱɧɨɫɬɶ. 

Ʉɚɪɤɚɫɧɚɹ ɮɭɧɤɰɢɹ – ɷɬɨ ɨɞɧɚ ɢɡ ɝɥɚɜɧɵɯ ɮɭɧɤɰɢɣ ɢɫɤɭɫɫɬɜɟɧɧɵɯ Ɍɂ-

ɦɚɬɪɢɤɫɨɜ, ɢ ɷɬɨɬ ɧɟɞɨɫɬɚɬɨɤ ɹɜɥɹɟɬɫɹ ɫɭɳɟɫɬɜɟɧɧɨɣ ɩɪɨɛɥɟɦɨɣ ɞɥɹ 

ɩɨɥɧɨɰɟɧɧɨɣ ɪɟɝɟɧɟɪɚɰɢɢ ɬɤɚɧɟɣ.  

Ⱥɥɶɬɟɪɧɚɬɢɜɧɵɦ ɜɚɪɢɚɧɬɨɦ ɧɚɬɭɪɚɥɶɧɵɦ ɦɚɬɟɪɢɚɥɚɦ ɫɥɭɠɚɬ 

ɫɢɧɬɟɬɢɱɟɫɤɢɟ ɩɨɥɢɦɟɪɵ. Ȼɥɚɝɨɞɚɪɹ ɛɨɥɶɲɨɦɭ ɤɨɥɢɱɟɫɬɜɭ ɦɟɬɨɞɨɜ ɫɢɧɬɟɡɚ ɢ 

ɨɛɪɚɛɨɬɤɢ ɦɚɬɟɪɢɚɥɨɜ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɤɚɤ ɧɟɨɛɯɨɞɢɦɭɸ ɮɨɪɦɭ, ɬɚɤ ɢ 

ɚɞɚɩɬɚɰɢɸ ɦɚɬɟɪɢɚɥɚ ɤ ɩɨɥɭɱɟɧɢɸ ɲɢɪɨɤɨɝɨ ɫɩɟɤɬɪɚ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ 

ɫɜɨɣɫɬɜ ɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɢ ɫɤɨɪɨɫɬɟɣ ɞɟɝɪɚɞɚɰɢɢ. ɋɢɧɬɟɬɢɱɟɫɤɢɟ 

ɩɨɥɢɦɟɪɵ ɬɚɤɠɟ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɛɨɥɟɟ ɧɚɞɟɠɧɵɣ ɢɫɬɨɱɧɢɤ ɫɵɪɶɹ, ɩɪɢ 

ɜɨɡɦɨɠɧɨɫɬɢ ɩɨɥɭɱɟɧɢɹ ɧɟɢɦɭɧɧɨɝɟɧɧɵɯ ɩɪɨɞɭɤɬɨɜ. Ɍɚɤɠɟ, ɦɨɠɧɨ ɥɟɝɤɨ 

ɪɟɚɥɢɡɨɜɵɜɚɬɶ ɤɨɦɩɨɡɢɰɢɸ ɪɚɡɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɜ ɨɞɧɨɦ ɩɪɨɞɭɤɬɟ.  

ɋɢɧɬɟɬɢɱɟɫɤɢɟ ɩɨɥɢɦɟɪɵ ɞɟɥɹɬ ɧɚ ɞɜɟ ɝɪɭɩɩɵ: ɛɢɨɞɟɝɪɚɞɢɪɭɟɦɵɟ ɢ 

ɧɟɛɢɨɞɟɝɪɚɞɢɪɭɟɦɵɟ. Ȼɢɨɞɟɝɪɚɞɢɪɭɟɦɵɟ ɦɚɬɟɪɢɚɥɵ ɜɤɥɸɱɚɸɬ ɩɨɥɢɥɚɤɬɢɞ, 

ɩɨɥɢɝɥɢɤɨɥɢɞ, ɢɯ ɫɨɩɨɥɢɦɟɪɵ – ɩɨɥɢɥɚɤɬɨɝɥɢɤɨɥɢɞ ɢ ɩɨɥɢɝɥɚɤɬɢɧ 9:1, 

ɩɨɥɢɤɚɩɪɨɥɚɤɬɨɧ, ɩɨɥɢɰɢɚɧɨɚɤɪɢɥɚɬɵ, ɩɨɥɢɜɢɧɢɥɨɜɵɣ ɫɩɢɪɬ, ɞɪ. ȼ ɝɪɭɩɩɭ 

ɧɟɛɢɨɞɟɝɪɚɞɢɪɭɟɦɵɯ ɩɨɥɢɦɟɪɨɜ ɜɯɨɞɹɬ ɩɨɥɢɝɢɞɪɨɤɫɢɷɬɢɥɦɟɬɚɤɪɢɥɚɬ, ɩɨɥɢ-N-

ɢɡɨɩɪɨɩɢɥɚɤɪɢɥɚɦɢɞ ɢ ɞɪ [44]. 

 

1.4.2.1 ɉɨɥɢɤɚɩɪɨɥɚɤɬɨɧ 

 

ɉɨɥɢɤɚɩɪɨɥɚɤɬɨɧ (ɉɄɅ) — ɛɢɨɞɟɝɪɚɞɢɪɭɟɦɵɣ, ɩɨɥɭɤɪɢɫɬɚɥɥɢɱɟɫɤɢɣ, 

ɚɥɢɮɚɬɢɱɟɫɤɢɣ ɩɨɥɢɷɮɢɪ, ɜ ɤɚɱɟɫɬɜɟ ɦɨɧɨɦɟɪɚ ɤɨɬɨɪɨɝɨ ɜɵɫɬɭɩɚɟɬ 

ɤɚɩɪɨɥɚɤɬɨɧ. ɗɬɨɬ ɩɨɥɢɦɟɪ ɢɦɟɟɬ ɧɢɡɤɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɩɥɚɜɥɟɧɢɹ ɨɤɨɥɨ 60 °C. 

ɉɄɅ ɪɚɡɥɚɝɚɟɬɫɹ ɝɢɞɪɨɥɢɡɨɦ ɟɝɨ ɫɥɨɠɧɨɷɮɢɪɧɵɯ ɫɜɹɡɟɣ ɜ ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɯ 

ɭɫɥɨɜɢɹɯ (ɜ ɬɨɦ ɱɢɫɥɟ, ɜ ɨɪɝɚɧɢɡɦɟ ɱɟɥɨɜɟɤɚ) ɢ ɩɨɷɬɨɦɭ ɩɨɥɭɱɢɥ ɛɨɥɶɲɨɟ 

ɜɧɢɦɚɧɢɟ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ ɤɚɤ ɦɚɬɟɪɢɚɥ ɞɥɹ ɫɨɡɞɚɧɢɹ ɌɂɄ. Ɉɛɵɱɧɨ ɉɄɅ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɮɚɪɦɚɰɟɜɬɢɱɟɫɤɢɯ ɩɪɨɞɭɤɬɚɯ ɢ ɪɚɧɟɜɵɯ ɩɨɜɹɡɤɚɯ [45]. 
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ɗɬɨɬ ɦɚɬɟɪɢɚɥ ɨɛɥɚɞɚɟɬ ɯɨɪɨɲɢɦɢ ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ, 

ɛɢɨɫɨɜɦɟɫɬɢɦɨɫɬɶɸ, ɚ ɬɚɤɠɟ ɞɨɜɨɥɶɧɨ ɭɞɨɛɟɧ ɜ ɨɛɪɚɛɨɬɤɟ [46] . Ɉɞɧɚɤɨ ɢɡ-ɡɚ 

ɜɧɭɬɪɟɧɧɟɣ ɝɢɞɪɨɮɨɛɧɨɣ ɫɬɪɭɤɬɭɪɵ ɢ ɨɬɫɭɬɫɬɜɢɹ ɛɢɨɚɤɬɢɜɧɵɯ 

ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɝɪɭɩɩ ɉɄɅ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɟ ɨɱɟɧɶ ɛɥɚɝɨɩɪɢɹɬɧɭɸ 

ɫɪɟɞɭ ɞɥɹ ɪɨɫɬɚ ɤɥɟɬɨɤ, ɱɬɨ ɨɝɪɚɧɢɱɢɜɚɟɬ ɩɪɢɦɟɧɟɧɢɟ ɷɬɨɝɨ ɩɨɥɢɦɟɪɚ ɜ 

ɬɤɚɧɟɜɨɣ ɢɧɠɟɧɟɪɢɢ ɜ ɤɚɱɟɫɬɜɟ ɦɚɬɪɢɤɫɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɡɧɚɱɢɬɟɥɶɧɵɯ 

ɪɚɡɦɟɪɨɜ [47,48]. ɇɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɦɧɨɝɢɟ ɦɟɬɨɞɢɤɢ ɧɚɩɪɚɜɥɟɧɵ ɧɚ 

ɦɨɞɢɮɢɤɚɰɢɸ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɥɢɤɚɩɪɨɥɚɤɬɨɧɚ ɚɞɝɟɡɢɜɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ. 

 

1.4.2.2 ɉɨɥɢɷɬɢɥɟɧɝɥɢɤɨɥɶ 

 

ɉɨɥɢɷɬɢɥɟɧɝɥɢɤɨɥɶ (ɉɗȽ), ɬɚɤɠɟ ɢɡɜɟɫɬɧɵɣ ɤɚɤ ɩɨɥɢɷɬɢɥɟɧɨɤɫɢɞ (ɉɗɈ) 

ɢɥɢ ɩɨɥɢɨɤɫɢɷɬɢɥɟɧ, ɤɨɬɨɪɵɣ ɨɬɧɨɫɢɬɫɹ ɤ ɨɥɢɝɨɦɟɪɭ ɢɥɢ ɩɨɥɢɦɟɪɭ 

ɷɬɢɥɟɧɨɤɫɢɞɚ, ɩɪɟɩɹɬɫɬɜɭɸɳɟɦɭ ɚɞɫɨɪɛɰɢɢ ɛɟɥɤɚ ɢ ɤɥɟɬɨɱɧɨɣ ɚɞɝɟɡɢɢ [49]. 

ɗɬɢ ɫɜɨɣɫɬɜɚ ɩɨɦɨɝɚɸɬ ɦɢɧɢɦɢɡɢɪɨɜɚɬɶ ɢɦɦɭɧɧɵɣ ɨɬɜɟɬ ɩɨɫɥɟ ɢɦɩɥɚɧɬɚɰɢɢ 

[50]. ɂɡ ɝɢɞɪɨɮɢɥɶɧɵɯ ɉɗȽ ɝɢɞɪɨɝɟɥɟɣ ɦɨɠɧɨ ɢɡɝɨɬɚɜɥɢɜɚɬɶ ɤɚɪɤɚɫɵ ɫ 

ɪɚɡɥɢɱɧɨɣ ɫɬɟɩɟɧɶɸ ɞɟɝɪɚɞɚɰɢɢ [51]. Ⱦɥɹ ɦɨɞɢɮɢɤɚɰɢɢ ɞɚɧɧɵɯ ɝɟɥɟɣ 

ɞɨɛɚɜɥɹɸɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɫɚɣɬɵ ɞɥɹ ɤɥɟɬɨɱɧɨɣ ɚɞɝɟɡɢɢ ɢɥɢ ɦɨɥɟɤɭɥɵ ȼɄɆ, 

ɱɬɨɛɵ ɩɨɦɨɱɶ ɤɥɟɬɤɚɦ ɩɪɨɧɢɤɧɭɬɶ ɜ ɤɚɪɤɚɫ ɢɡ ɝɢɞɪɨɝɟɥɹ, ɩɪɢ ɷɬɨɦ 

ɪɚɫɲɢɪɹɟɬɫɹ ɨɛɥɚɫɬɶ ɢɯ ɩɪɢɦɟɧɟɧɢɹ. Ȼɢɨɚɤɬɢɜɧɵɟ ɦɨɥɟɤɭɥɵ, ɬɚɤɢɟ ɤɚɤ 

ɥɢɝɚɧɞɵ ɤɥɟɬɨɱɧɨɣ ɚɞɝɟɡɢɢ, ɮɚɤɬɨɪɵ ɪɨɫɬɚ ɢ ɫɚɣɬɵ ɩɪɨɬɟɨɥɢɬɢɱɟɫɤɨɣ 

ɞɟɝɪɚɞɚɰɢɢ,   ɜɤɥɸɱɚɸɬ ɜ ɉɗȽ ɝɢɞɪɨɝɟɥɢ, ɷɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɜɥɢɹɟɬ ɧɚ ɚɞɝɟɡɢɸ, 

ɩɪɨɥɢɮɟɪɚɰɢɸ ɢ ɦɢɝɪɚɰɢɸ ɤɥɟɬɨɤ [40]. 

 

1.4.2.3 ɉɨɥɢɜɢɧɢɥɨɜɵɣ ɫɩɢɪɬ 

 

Ȼɥɚɝɨɞɚɪɹ ɛɥɚɝɨɩɪɢɹɬɧɵɦ ɫɜɨɣɫɬɜɚɦ ɩɨɥɢɜɢɧɢɥɨɜɨɝɨ ɫɩɢɪɬɚ (ɉȼɋ), 

ɬɚɤɢɦ ɤɚɤ ɧɟɬɨɤɫɢɱɧɨɫɬɶ, ɛɢɨɫɨɜɦɟɫɬɢɦɨɫɬɶ ɢ ɛɢɨɞɟɝɪɚɞɢɪɭɟɦɨɫɬɶ, ɨɧ 

ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɞɥɹ ɲɢɪɨɤɨɝɨ ɫɩɟɤɬɪɚ ɛɢɨɦɟɞɢɰɢɧɫɤɢɯ ɩɪɢɦɟɧɟɧɢɣ, ɬɚɤɢɯ ɤɚɤ 

ɤɨɫɬɧɵɟ ɢɦɩɥɚɧɬɚɬɵ [53] ɢ ɪɚɡɥɢɱɧɵɟ ɛɢɨɢɫɤɭɫɫɬɜɟɧɧɵɟ ɨɪɝɚɧɵ, ɚ ɬɚɤɠɟ Ɍɂ-
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ɤɨɠɚ [54]. ɉɨɫɤɨɥɶɤɭ ɉȼɋ ɨɛɥɚɞɚɟɬ ɯɨɪɨɲɢɦɢ ɜɨɥɨɤɧɨɨɛɪɚɡɭɸɳɢɦɢ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ,  ɧɚɧɨɜɨɥɨɤɧɚ ɫɦɟɫɟɣ ɉȼɋ ɢ ɯɢɬɨɡɚɧɚ, ɩɨɥɭɱɟɧɧɵɟ ɦɟɬɨɞɨɦ 

ɷɥɟɤɬɪɨɫɩɢɧɧɢɧɝɚ, ɩɪɢɦɟɧɹɥɢ ɞɥɹ ɬɤɚɧɟɜɨɣ ɢɧɠɟɧɟɪɢɢ ɢ ɜ ɩɪɨɰɟɫɫɟ 

ɡɚɠɢɜɥɟɧɢɹ [55,56]. Ɍɚɤɠɟ ɞɥɹ ɬɤɚɧɟɜɨɣ ɢɧɠɟɧɟɪɢɢ ɤɨɠɢ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ 

ɧɚɧɨɜɨɥɨɤɧɚ ɉȼɋ ɢ ɩɨɥɢɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬɚ [57]. 

1.4.2.4 ɉɨɥɢɝɢɞɪɨɤɫɢɷɮɢɪɵ  

 

ɉɨɥɢɝɢɞɪɨɤɫɢɷɮɢɪɵ, ɬɚɤɢɟ ɤɚɤ ɩɨɥɢɝɥɢɤɨɥɟɜɚɹ ɤɢɫɥɨɬɚ (ɉȽɄ), 

ɩɨɥɢɦɨɥɨɱɧɚɹ ɤɢɫɥɨɬɚ (ɉɆɄ) ɢ ɢɯ ɫɨɩɨɥɢɦɟɪɵ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬ ɞɥɹ 

ɬɤɚɧɟɜɨɣ ɢɧɠɟɧɟɪɢɢ [58]. 

ɋɢɫɬɟɦɵ ɧɚ ɨɫɧɨɜɟ ɉɅȽɄ  ɱɚɫɬɨ ɢɫɩɨɥɶɡɨɜɚɥɢ ɜ ɫɢɧɬɟɡɟ ɤɨɠɧɵɯ 

ɫɤɚɮɮɨɥɞɨɜ [59]. ɉɪɢ ɷɬɨɦ  ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɷɬɢ ɩɨɥɢɷɮɢɪɵ ɪɚɡɥɚɝɚɸɬɫɹ ɞɨ 

ɫɜɨɢɯ ɤɢɫɥɵɯ ɤɨɦɩɨɧɟɧɬɨɜ, ɜɵɡɵɜɚɹ ɜɵɫɨɤɭɸ ɥɨɤɚɥɶɧɭɸ ɤɢɫɥɨɬɧɨɫɬɶ ɜ ɡɨɧɟ 

ɢɦɩɥɚɧɬɚɰɢɢ Ɍɂ-ɤɨɧɫɬɪɭɤɰɢɣ ɢɡ ɧɢɯ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɪɚɡɪɭɲɚɬɶ ɛɟɥɤɢ [60]. 

Ȼɵɫɬɪɚɹ ɞɟɝɪɚɞɚɰɢɹ ɷɬɨɝɨ ɩɨɥɢɦɟɪɚ ɦɨɠɟɬ ɱɚɫɬɨ ɩɪɟɩɹɬɫɬɜɨɜɚɬɶ 

ɨɛɪɚɛɨɬɤɟ ɦɚɬɟɪɢɚɥɚ ɩɨɫɥɟ ɜɨɡɞɟɣɫɬɜɢɹ ɜɨɞɧɵɯ ɫɪɟɞ. Ⱦɥɹ ɩɪɟɨɞɨɥɟɧɢɹ ɷɬɢɯ 

ɩɪɨɛɥɟɦ   ɢɫɩɨɥɶɡɨɜɚɥɢ ɤɨɦɛɢɧɚɰɢɣ ɉɆɄ/ɉȽɄ. Ɍɚɤɠɟ ɛɵɥɨ ɞɨɤɚɡɚɧɨ, ɱɬɨ 

ɫɦɟɲɢɜɚɧɢɟ ɩɨɥɢ-4-ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬɚ ɫ ɉɆɄ ɢ ɟɝɨ ɫɨɩɨɥɢɦɟɪɚɦɢ ɩɨɜɵɲɚɟɬ 

ɜɹɡɤɨɫɬɶ ɢ ɫɧɢɠɚɟɬ ɠɟɫɬɤɨɫɬɶ ɦɚɬɟɪɢɚɥɚ  [61]. 

ɉɨɥɢ-D,L-ɦɨɥɨɱɧɚɹ-ɫɨ-ɝɥɢɤɨɥɟɜɚɹ ɤɢɫɥɨɬɚ (ɉɆȽɄ) -  ɚɦɨɪɮɧɵɣ 

ɛɢɨɪɚɡɥɚɝɚɟɦɵɣ ɩɨɥɢɷɮɢɪ,  ɢɫɩɨɥɶɡɭɸɬ ɭɠɟ ɧɟɫɤɨɥɶɤɨ ɞɟɫɹɬɢɥɟɬɢɣ  ɜ ɤɚɱɟɫɬɜɟ 

scaffold-ɦɚɬɟɪɢɚɥɚ, ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɪɚɡɪɚɛɨɬɤɢ ɞɚɬɢɪɭɸɬɫɹ  ɫ ɬɟɯ ɩɨɪ, ɤɚɤ ɨɧ 

ɛɵɥ ɫɨɡɞɚɧ. Ɉɧ ɨɛɥɚɞɚɟɬ ɫɜɨɣɫɬɜɚɦɢ, ɚɧɚɥɨɝɢɱɧɵɦɢ ɫɜɨɣɫɬɜɚɦ ɧɨɪɦɚɥɶɧɵɯ 

ɬɤɚɧɟɣ [62]. ɋɤɚɮɮɨɥɞɵ, ɢɡɝɨɬɨɜɥɟɧɧɵɟ ɢɡ ɛɢɨɪɚɡɥɚɝɚɟɦɵɯ ɩɨɥɢɦɟɪɨɜ, ɬɚɤɢɯ 

ɤɚɤ ɉȽɄ, ɉɆɄ ɢ ɉɆȽɄ, ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɬɤɚɧɟɜɨɣ ɢɧɠɟɧɟɪɢɢ ɯɪɹɳɟɣ, 

ɤɨɫɬɟɣ, ɫɜɹɡɨɤ ɢ ɤɨɠɢ [63]. 

ɉɆɄ ɢ ɉȽɄ ɢɦɟɸɬ ɬɟɧɞɟɧɰɢɸ ɤ ɦɟɞɥɟɧɧɨɦɭ ɪɚɡɥɨɠɟɧɢɸ,  ɱɬɨ ɞɟɥɚɟɬ ɢɯ 

ɩɪɢɜɥɟɤɚɬɟɥɶɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ ɞɥɹ ɢɦɩɥɚɧɬɚɰɢɢ ɜ ɬɤɚɧɢ [64]. Ⱦɥɹ 

ɪɚɧɨɡɚɠɢɜɥɹɸɳɟɝɨ ɩɪɢɦɟɧɟɧɢɹ ɢɫɫɥɟɞɨɜɚɬɟɥɹɦɢ ɝɨɬɨɜɢɥɢ ɛɢɨɫɨɜɦɟɫɬɢɦɵɣ 

ɤɚɪɤɚɫ, ɜ ɤɨɬɨɪɨɦ ɉɆȽɄ-ɦɨɥɟɤɭɥɵ ɛɵɥɢ ɜɫɬɪɨɟɧɵ ɜ ɦɢɤɪɨɱɚɫɬɢɰɵ ɤɭɪɤɭɦɢɧɚ. 
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ɂɯ ɪɟɡɭɥɶɬɚɬɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɷɬɨɬ ɤɚɪɤɚɫ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɜ ɤɚɱɟɫɬɜɟ 

ɫɢɫɬɟɦɵ ɞɨɫɬɚɜɤɢ ɥɟɤɚɪɫɬɜ ɞɥɹ ɥɟɱɟɧɢɹ ɬɹɠɟɥɵɯ ɢ ɯɪɨɧɢɱɟɫɤɢɯ ɤɨɠɧɵɯ 

ɪɚɧ[65]. 

  

1.4.2.4.1 ɉɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɵ 

 

ɉȽȺ – ɥɢɧɟɣɧɵɟ ɩɨɥɭɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɩɨɥɢɷɮɢɪɵ ɦɢɤɪɨɛɢɨɥɨɝɢɱɟɫɤɨɝɨ 

ɩɪɨɢɫɯɨɠɞɟɧɢɹ. ɉɨ ɪɹɞɭ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɉȽȺ ɫɯɨɞɧɵ ɫ ɬɚɤɢɦɢ 

ɫɢɧɬɟɬɢɱɟɫɤɢɦɢ ɩɨɥɢɦɟɪɚɦɢ, ɤɚɤ ɩɨɥɢɷɬɢɥɟɧ ɢ ɩɨɥɢɩɪɨɩɢɥɟɧ. 

ɉɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɵ ɨɛɥɚɞɚɸɬ ɲɢɪɨɤɢɦ ɫɩɟɤɬɪɨɦ ɫɜɨɣɫɬɜ:  ɨɩɬɢɱɟɫɤɨɣ 

ɚɤɬɢɜɧɨɫɬɶɸ, ɚɧɬɢɨɤɫɢɞɚɧɬɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɩɶɟɡɨɷɥɟɤɬɪɢɱɟɫɤɢɦ ɷɮɮɟɤɬɨɦ ɢ, 

ɱɬɨ ɫɚɦɨɟ ɝɥɚɜɧɨɟ, ɛɢɨɞɟɝɪɚɞɚɰɢɟɣ ɢ ɛɢɨɫɨɜɦɟɫɬɢɦɨɫɬɶɸ [66]. ɉɨɫɥɟɞɧɟɟ 

ɨɛɭɫɥɚɜɥɢɜɚɟɬɫɹ ɬɟɦ, ɱɬɨ ɨɫɧɨɜɧɵɦ ɤɨɦɩɨɧɟɧɬɨɦ ɛɨɥɶɲɢɧɫɬɜɚ ɉȽȺ ɹɜɥɹɟɬɫɹ 

3-ɝɢɞɪɨɤɫɢɦɚɫɥɹɧɚɹ ɤɢɫɥɨɬɚ, ɤɨɬɨɪɚɹ ɭɬɢɥɢɡɢɪɭɸɬɫɹ ɜ ɰɢɤɥɟ ɬɪɢɤɚɪɛɨɧɨɜɵɯ 

ɤɢɫɥɨɬ. ɉɨɫɥɟ ɢɦɩɥɚɧɬɚɰɢɢ ɉȽȺ-ɩɨɥɢɦɟɪɵ ɦɟɞɥɟɧɧɨ ɪɚɡɥɚɝɚɸɬɫɹ ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɟ ɬɟɥɚ ɢ ɨɛɪɚɡɭɟɬ ɧɟɬɨɤɫɢɱɧɵɟ ɦɟɬɚɛɨɥɢɬɵ (ɜ ɚɷɪɨɛɧɵɯ ɭɫɥɨɜɢɹɯ - 

CO2, H2O) [41]. 

ɉȽȺ ɧɟ ɝɢɞɪɨɥɢɡɭɸɬɫɹ ɜ ɠɢɞɤɢɯ ɫɪɟɞɚɯ, ɛɢɨɞɟɝɪɚɞɚɰɢɹ ɉȽȺ ɹɜɥɹɟɬɫɹ 

ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɢ ɩɪɨɢɫɯɨɞɢɬ ɤɥɟɬɨɱɧɵɦ ɢ ɝɭɦɨɪɚɥɶɧɵɦ ɩɭɬɹɦɢ; ɨɛɪɚɡɭɸɳɢɟɫɹ 

ɩɪɢ ɷɬɨɦ ɦɨɧɨɦɟɪɵ ɝɢɞɪɨɤɫɢɦɚɫɥɹɧɨɣ ɤɢɫɥɨɬɵ ɧɟ ɜɵɡɵɜɚɸɬ ɡɚɤɢɫɥɟɧɢɹ 

ɬɤɚɧɟɣ ɢ ɜɵɪɚɠɟɧɧɨɣ ɜɨɫɩɚɥɢɬɟɥɶɧɨɣ ɪɟɚɤɰɢɢ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɉɆȽɄ-

ɦɚɬɟɪɢɚɥɨɜ. ɋɤɨɪɨɫɬɢ ɛɢɨɪɟɡɨɪɛɰɢɢ ɉȽȺ ɡɧɚɱɢɬɟɥɶɧɨ ɧɢɠɟ, ɱɟɦ ɩɨɥɢɥɚɤɬɢɞɨɜ 

ɢ ɩɨɥɢɝɥɢɤɨɥɢɞɨɜ, ɢɡɞɟɥɢɹ ɢɡ ɉȽȺ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɮɨɪɦɵ ɢ ɦɟɫɬɚ 

ɢɦɩɥɚɧɬɚɰɢɢ in vivo ɦɨɝɭɬ ɮɭɧɤɰɢɨɧɢɪɨɜɚɬɶ ɞɨ ɧɟɫɤɨɥɶɤɢɯ ɥɟɬ, ɩɪɢ ɷɬɨɦ, 

ɫɤɨɪɨɫɬɶɸ ɞɟɝɪɚɞɚɰɢɢ ɉȽȺ ɦɨɠɧɨ ɭɩɪɚɜɥɹɬɶ [67]. 

ɉɪɢɪɨɞɧɵɟ ɉȽȺ ɨɛɥɚɞɚɸɬ ɥɢɧɟɣɧɨɣ ɫɬɪɭɤɬɭɪɨɣ, ɛɥɚɝɨɞɚɪɹ ɤɨɬɨɪɨɣ ɩɪɢ 

ɧɚɝɪɟɜɚɧɢɢ ɫɬɚɧɨɜɹɬɫɹ ɩɥɚɫɬɢɱɧɵɦɢ. ɉɨɤɚɡɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɩɟɪɟɪɚɛɨɬɤɢ ɉȽȺ 

ɨɛɳɟɩɪɢɧɹɬɵɦɢ ɫɩɨɫɨɛɚɦɢ (ɷɤɫɬɪɭɡɢɹ, ɩɪɟɫɫɨɜɚɧɢɟ, ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɟ 

ɮɨɪɦɨɜɚɧɢɟ, ɩɨɥɭɱɟɧɢɟ ɦɢɤɪɨɱɚɫɬɢɰ ɢɡ ɷɦɭɥɶɫɢɣ ɢ ɬ.ɞ.) ɜ ɪɚɡɥɢɱɧɵɟ ɢɡɞɟɥɢɹ 

[66]. 
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ȼɫɟ ɷɬɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɟɥɚɸɬ ɉȽȺ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɦɚɬɟɪɢɚɥɨɦ ɞɥɹ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɟ ɬɨɥɶɤɨ ɜ ɬɤɚɧɟɜɨɣ ɢɧɠɟɧɟɪɢɢ, ɧɨ ɢ ɜ ɞɪɭɝɢɯ ɨɛɥɚɫɬɹɯ 

ɦɟɞɢɰɢɧɵ ɢ ɛɢɨɦɟɞɢɰɢɧɫɤɨɣ ɢɧɠɟɧɟɪɢɢ. ɏɨɪɨɲɚɹ ɦɟɯɚɧɢɱɟɫɤɚɹ ɩɥɨɬɧɨɫɬɶ 

ɨɬɥɢɜɧɵɯ ɩɥɟɧɨɤ ɢ ɦɚɬɪɢɤɫɨɜ ɢɡ ɉȽȺ ɞɟɥɚɸɬ ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ ɞɥɹ ɬɤɚɧɟɜɨɣ 

ɢɧɠɟɧɟɪɢɢ ɤɨɠɢ [6,68,69]. 

 

1.4.2.4.2 ȼɢɞɵ ɩɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɨɜ 

 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɚɤɫɨɧɨɦɢɱɟɫɤɨɝɨ ɩɨɥɨɠɟɧɢɹ ɢ ɮɢɡɢɨɥɨɝɨ-

ɛɢɨɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ-ɩɪɨɞɭɰɟɧɬɨɜ, ɭɫɥɨɜɢɣ ɛɢɨɫɢɧɬɟɡɚ ɢ 

ɬɢɩɚ ɭɝɥɟɪɨɞɧɨɝɨ ɫɭɛɫɬɪɚɬɚ ɪɚɡɥɢɱɚɸɬ ɦɧɨɠɟɫɬɜɨ ɜɢɞɨɜ ɩɨɥɢɦɟɪɨɜ ɤɥɚɫɫɚ 

ɉȽȺ. ȼɫɟ ɨɧɢ ɪɚɡɥɢɱɚɸɬɫɹ ɦɟɠɞɭ ɫɨɛɨɣ ɩɨ ɫɬɪɭɤɬɭɪɟ ɢ ɲɢɪɨɤɨɦɭ ɫɩɟɤɬɪɭ 

ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ (ɝɢɛɤɨɫɬɢ, ɠɟɫɬɤɨɫɬɢ, ɷɥɚɫɬɢɱɧɨɫɬɢ, ɫɬɟɩɟɧɢ 

ɤɪɢɫɬɚɥɥɢɱɧɨɫɬɢ, ɬɟɦɩɟɪɚɬɭɪɧɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɢ ɞɪ.).  ɉȽȺ ɞɟɥɹɬ ɧɚ 

ɝɨɦɨ/ɝɟɬɟɪɨɩɨɥɢɦɟɪɵ ɩɨ ɫɨɫɬɚɜɭ ɦɨɧɨɦɟɪɨɜ ɨɫɧɨɜɧɨɣ ɰɟɩɢ. 

ɉɟɪɜɵɦ ɢɡɭɱɟɧɧɵɦ ɩɪɟɞɫɬɚɜɢɬɟɥɟɦ ɝɨɦɨɩɨɥɢɦɟɪɨɜ ɹɜɥɹɟɬɫɹ ɩɨɥɢ-3-

ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬ (ɉ3ȽȻ).  Ɇɚɤɪɨɦɨɥɟɤɭɥɵ ɷɬɨɝɨ ɩɨɥɢɦɟɪɚ ɫɨɫɬɨɹɬ ɢɡ 

ɨɞɢɧɚɤɨɜɵɯ ɩɨ ɫɬɪɨɟɧɢɸ ɩɨɜɬɨɪɹɸɳɢɯɫɹ ɫɬɪɭɤɬɭɪɧɵɯ ɟɞɢɧɢɰ (ɦɨɧɨɦɟɪɨɜ  3-

ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬɚ).  

Ʉ ɝɪɭɩɩɟ ɝɟɬɟɪɨɩɨɥɢɦɟɪɨɜ, ɱɶɢ ɦɚɤɪɨɦɨɥɟɤɭɥɵ ɫɨɞɟɪɠɚɬ ɦɨɧɨɦɟɪɧɵɟ 

ɡɜɟɧɶɹ ɪɚɡɧɵɯ ɬɢɩɨɜ, ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɫɨɩɨɥɢɦɟɪ 3-ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬɚ ɫ 3-

ɝɢɞɪɨɤɫɢɜɚɥɟɪɚɬɨɦ (ɉ3ȽȻ/3Ƚȼ). Ɍɚɤɠɟ ɪɚɡɥɢɱɚɸɬ ɪɟɝɭɥɹɪɧɵɟ ɫɨɩɨɥɢɦɟɪɵ, 

ɫɬɪɭɤɬɭɪɧɵɟ ɡɜɟɧɶɹ ɤɨɬɨɪɵɯ ɪɚɫɩɨɥɨɠɟɧɵ ɭɩɨɪɹɞɨɱɟɧɧɨ, ɢ ɧɟɪɟɝɭɥɹɪɧɵɟ –

ɫɬɪɭɤɬɭɪɧɵɟ ɡɜɟɧɶɹ ɛɟɫɩɨɪɹɞɨɱɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. 

Ɉɫɧɨɜɧɚɹ ɫɬɪɭɤɬɭɪɧɚɹ ɮɨɪɦɭɥɚ ɉȽȺ: 

 

Ɋɢɫɭɧɨɤ 1. ɋɬɪɭɤɬɭɪɧɚɹ ɮɨɪɦɭɥɚ ɉȽȺ 
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ɉɨ ɞɥɢɧɟ ɛɨɤɨɜɨɣ ɰɟɩɢ ɉȽȺ-ɩɨɥɢɦɟɪɵ ɪɚɡɞɟɥɹɸɬ ɧɚ ɬɪɢ ɨɫɧɨɜɧɵɟ 

ɝɪɭɩɩɵ: ɤɨɪɨɬɤɨɰɟɩɨɱɟɱɧɵɟ (ɨɬ 3-ɯ ɞɨ 5-ɬɢ ɭɝɥɟɪɨɞɧɵɯ ɚɬɨɦɨɜ), 

ɫɪɟɞɧɟɰɟɩɨɱɟɱɧɵɟ (ɨɬ 6 ɞɨ 14) ɢ ɞɥɢɧɧɨɰɟɩɨɱɟɱɧɵɟ (17 ɢ 18).  

1.4.2.4.3 ɉɨɥɢ-3-ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬ 

 

ɉɨɥɢɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬ (ɉȽȻ) - ɥɢɧɟɣɧɵɣ ɝɨɦɨɩɨɥɢɦɟɪ (R)-b-

ɝɢɞɪɨɤɫɢɛɭɬɢɪɢɧɨɜɨɣ ɤɢɫɥɨɬɵ, ɤɨɬɨɪɵɣ ɨɛɪɚɡɭɟɬ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ 

ɰɢɬɨɩɥɚɡɦɚɬɢɱɟɫɤɢɟ ɝɪɚɧɭɥɵ ɜ ɛɨɥɶɲɨɦ ɤɨɥɢɱɟɫɬɜɟ ɪɚɡɥɢɱɧɵɯ ɛɚɤɬɟɪɢɣ [70]. 

ɗɬɨɬ ɦɚɬɟɪɢɚɥ ɛɢɨɞɟɝɪɚɞɢɪɭɟɦɵɣ ɢ ɛɢɨɫɨɜɦɟɫɬɢɦɵɣ,  ɩɨɫɥɟ ɢɦɩɥɚɧɬɚɰɢɢ ɜ 

ɨɪɝɚɧɢɡɦ ɦɟɞɥɟɧɧɨ ɪɚɡɥɚɝɚɟɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɬɟɥɚ ɢ ɨɛɪɚɡɭɟɬ ɧɟɬɨɤɫɢɱɧɵɣ 

ɦɟɬɚɛɨɥɢɬɵ, ɜɵɞɟɥɹɟɦɵɟ ɫ ɦɨɱɨɣ [71].  

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɉȽȻ ɯɨɪɨɲɨ ɡɚɪɟɤɨɦɟɧɞɨɜɚɥ ɫɟɛɹ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜ 

ɤɚɱɟɫɬɜɟ ɫɤɚɮɮɨɥɞɚ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɝɨ ɞɥɹ ɩɨɞɞɟɪɠɤɢ ɢ ɡɚɳɢɬɵ ɪɚɧɵ ɨɬ  

ɩɨɜɪɟɠɞɟɧɢɹ, ɫɩɨɫɨɛɫɬɜɭɹ ɡɚɠɢɜɥɟɧɢɸ ɩɭɬɟɦ ɫɬɢɦɭɥɢɪɨɜɚɧɢɹ ɤɥɟɬɨɱɧɨɝɨ 

ɪɨɫɬɚ ɧɚ ɪɚɧɟɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɜɧɭɬɪɢ ɧɟɟ [72]. Ɍɚɤɠɟ, ɨɧ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɞɥɹ   

ɩɨɥɭɱɟɧɢɹ ɧɚɧɨɜɨɥɨɤɨɧ ɦɟɬɨɞɨɦ ɷɥɟɤɬɪɨɫɩɢɧɧɢɧɝɚ ɢɡ ɫɦɟɫɟɣ ɩɨɥɢɜɢɧɢɥɨɜɨɝɨ 

ɫɩɢɪɬɚ ɢ ɉȽȻ, ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɩɨɬɟɧɰɢɚɥɶɧɵɦ ɦɚɬɟɪɢɚɥɨɦ ɤɚɪɤɚɫɚ ɞɥɹ 

ɬɤɚɧɟɜɨɣ ɢɧɠɟɧɟɪɢɢ ɤɨɠɢ [57]. ɉɪɢ ɷɬɨɦ,   ɬɪɚɧɫɩɥɚɧɬɚɬ, ɩɨɤɪɵɬɵɣ 

ɤɨɥɥɚɝɟɧɨɦ ɧɚɧɨɜɨɥɨɤɧɢɫɬɨɝɨ ɤɚɪɤɚɫɚ ɉȽȻ, ɧɚɝɪɭɠɟɧɧɨɝɨ   ɫɨɦɚɬɢɱɟɫɤɢɦɢ 

ɫɬɜɨɥɨɜɵɦɢ ɤɥɟɬɤɚɦɢ, ɩɨɤɚɡɚɥ ɥɭɱɲɢɟ ɪɟɡɭɥɶɬɚɬɵ ɜ ɩɪɨɰɟɫɫɟ ɡɚɠɢɜɥɟɧɢɹ 

ɞɟɮɟɤɬɨɜ ɤɨɠɢ ɧɚ ɦɨɞɟɥɢ ɤɪɵɫ[73]. 

 

1.5 Ɍɟɯɧɨɥɨɝɢɢ ɤɥɟɬɨɱɧɵɯ ɤɭɥɶɬɭɪ 

 

ɉɟɪɫɩɟɤɬɢɜɧɵɦ ɢ ɜɚɠɧɵɦ ɞɨɫɬɢɠɟɧɢɟɦ ɛɢɨɥɨɝɢɢ ɢ ɛɢɨɦɟɞɢɰɢɧɫɤɨɣ 

ɢɧɠɟɧɟɪɢɢ ɫɬɚɥɨ ɫɨɡɞɚɧɢɟ ɤɥɟɬɨɱɧɵɯ ɬɟɯɧɨɥɨɝɢɣ – ɫɨɜɨɤɭɩɧɨɫɬɶ ɦɟɬɨɞɨɜ, 

ɧɚɩɪɚɜɥɟɧɧɵɯ ɧɚ ɜɵɞɟɥɟɧɢɟ ɢɡ ɤɚɤɨɝɨ-ɥɢɛɨ ɬɢɩɚ ɬɤɚɧɢ ɨɬɞɟɥɶɧɵɯ ɬɢɩɨɜ ɤɥɟɬɨɤ 

ɢ ɧɚ ɢɯ ɩɨɫɥɟɞɭɸɳɟɟ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɟ in vivo ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɧɚɭɱɧɨ-

ɩɪɚɤɬɢɱɟɫɤɢɯ ɰɟɥɹɯ. ȼɩɟɪɜɵɟ ɬɟɯɧɨɥɨɝɢɹ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɬɤɚɧɟɣ ɛɵɥɚ 
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ɪɚɡɪɚɛɨɬɚɧɚ ɜ ɧɚɱɚɥɟ 20 ɜɟɤɚ ɞɥɹ ɢɡɭɱɟɧɢɹ ɫɜɨɣɫɬɜ ɠɢɜɨɬɧɵɯ ɤɥɟɬɨɤ ɜ 

ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɢɹɯ [74].  

Ƚɥɚɜɧɵɣ ɨɛɴɟɤɬ ɬɚɤɨɣ ɬɟɯɧɨɥɨɝɢɢ – ɷɬɨ ɤɥɟɬɨɱɧɚɹ ɤɭɥɶɬɭɪɚ, ɤɨɬɨɪɚɹ 

ɩɪɟɞɫɬɚɜɥɟɧɚ  ɤɥɟɬɤɚɦɢ ɠɢɜɨɬɧɵɯ ɢɥɢ ɱɟɥɨɜɟɤɚ, ɢɦɟɸɳɢɟ ɨɞɧɨ 

ɝɢɫɬɨɥɨɝɢɱɟɫɤɨɟ ɩɪɨɢɫɯɨɠɞɟɧɢɟ.  Ʉɥɟɬɤɢ ɤɭɥɶɬɢɜɢɪɭɸɬɫɹ ɜ ɱɚɲɤɚɯ ɉɟɬɪɢ ɢɥɢ 

ɫɩɟɰɢɚɥɶɧɵɯ ɩɥɚɫɬɢɤɨɜɵɯ ɮɥɚɤɨɧɚɯ ɢ ɩɥɚɧɲɟɬɚɯ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɩɢɬɚɬɟɥɶɧɨɣ ɫɪɟɞɵ, ɜ ɫɨɫɬɚɜ ɤɨɬɨɪɨɣ ɜɯɨɞɹɬ ɛɭɮɟɪɵ, ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɟ ɫɨɥɢ, 

ɚɦɢɧɨɤɢɫɥɨɬɵ, ɜɢɬɚɦɢɧɵ ɢ ɛɟɥɤɨɜɵɟ ɤɨɦɩɨɧɟɧɬɵ, ɚɧɬɢɛɚɤɬɟɪɢɚɥɶɧɵɟ ɞɨɛɚɜɤɢ. 

Ⱦɥɹ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɨɱɟɧɶ ɜɚɠɟɧ ɤɨɧɬɪɨɥɶ ɬɟɦɩɟɪɚɬɭɪɵ, ɜɥɚɠɧɨɫɬɢ ɢ ɭɪɨɜɧɹ 

ɭɝɥɟɤɢɫɥɨɝɨ ɝɚɡɚ ɜ ɫɪɟɞɟ. 

ɉɨ ɦɟɬɨɞɭ ɮɨɪɦɢɪɨɜɚɧɢɹ ɤɭɥɶɬɭɪ ɪɚɡɥɢɱɚɸɬ ɬɪɢ ɨɫɧɨɜɧɵɯ ɜɢɞɚ: 

ɨɪɝɚɧɧɚɹ, ɷɤɫɩɥɚɧɬɚɬɧɚɹ ɢ ɞɢɫɫɨɰɢɢɪɨɜɚɧɧɚɹ ɤɥɟɬɨɱɧɚɹ ɤɭɥɶɬɭɪɚ [75]. 

ɂɫɯɨɞɧɚɹ ɤɭɥɶɬɭɪɚ, ɜɡɹɬɚɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɭ ɢɧɞɢɜɢɞɭɭɦɚ, ɧɚɡɵɜɚɟɬɫɹ 

«ɩɟɪɜɢɱɧɨɣ ɤɭɥɶɬɭɪɨɣ», ɚ ɤɨɝɞɚ ɟɟ ɪɚɡɛɚɜɥɹɸɬ ɢ ɩɟɪɟɧɨɫɹɬ ɜ ɞɪɭɝɢɟ 

ɤɨɧɬɟɣɧɟɪɵ (ɩɪɨɰɟɫɫ, ɧɚɡɵɜɚɟɦɵɣ «ɩɚɫɫɚɠɟɦ»), ɨɧɚ ɫɬɚɧɨɜɢɬɫɹ «ɤɥɟɬɨɱɧɨɣ 

ɥɢɧɢɟɣ». Ʉɥɟɬɨɱɧɵɟ ɥɢɧɢɢ ɦɨɝɭɬ ɛɵɬɶ ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɧɵ ɤɚɤ «ɧɟɩɪɟɪɵɜɧɵɟ» 

ɥɢɧɢɢ, ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɩɨɬɟɧɰɢɚɥ ɞɥɹ ɧɟɨɝɪɚɧɢɱɟɧɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɩɨɩɭɥɹɰɢɢ, 

ɢɥɢ «ɤɨɧɟɱɧɵɟ» ɥɢɧɢɢ., ɤɨɬɨɪɵɟ ɩɪɟɬɟɪɩɟɜɚɸɬ ɨɝɪɚɧɢɱɟɧɧɨɟ ɤɨɥɢɱɟɫɬɜɨ 

ɭɞɜɨɟɧɢɣ ɤɥɟɬɨɤ ɞɨ «ɫɬɚɪɟɧɢɹ» [76].  

Ʉɥɟɬɨɱɧɵɟ ɥɢɧɢɢ ɦɨɝɭɬ ɫɭɳɟɫɬɜɨɜɚɬɶ ɥɢɛɨ ɜ ɜɢɞɟ ɚɞɝɟɡɢɜɧɵɯ ɤɭɥɶɬɭɪ, 

ɥɢɛɨ ɪɚɫɬɢ ɜ ɫɭɫɩɟɧɡɢɢ. Ȼɨɥɶɲɢɧɫɬɜɨ ɬɢɩɨɜ ɤɥɟɬɨɤ ɛɭɞɭɬ ɩɪɢɥɢɩɚɬɶ ɤ 

ɫɭɛɫɬɪɚɬɭ, ɬɚɤɨɦɭ ɤɚɤ ɩɥɚɫɬɢɤ ɢɥɢ ɫɬɟɤɥɨ, ɢ ɪɚɡɦɧɨɠɚɬɶɫɹ ɤɚɤ ɦɨɧɨɫɥɨɣ, ɜ ɬɨ 

ɜɪɟɦɹ ɤɚɤ ɫɭɫɩɟɧɡɢɨɧɧɵɟ ɤɭɥɶɬɭɪɵ ɧɟ ɩɪɢɤɪɟɩɥɹɸɬɫɹ ɤ ɫɭɛɫɬɪɚɬɭ ɢ ɛɭɞɭɬ 

ɪɚɫɬɢ ɜɨ ɜɡɜɟɫɢ ɩɪɢ ɞɢɧɚɦɢɱɟɫɤɨɦ ɩɟɪɟɦɟɲɢɜɚɧɢɢɢ ɜ ɫɪɟɞɟ. 

Ʉɚɤ ɦɨɞɟɥɶɧɵɟ ɫɢɫɬɟɦɵ, ɤɥɟɬɨɱɧɵɟ ɥɢɧɢɢ ɨɛɥɚɞɚɸɬ ɪɹɞɨɦ ɩɪɟɢɦɭɳɟɫɬɜ 

ɩɟɪɟɞ ɩɟɪɜɢɱɧɵɦɢ ɤɭɥɶɬɭɪɚɦɢ. ɂɯ ɩɪɟɨɛɥɚɞɚɸɳɟɣ ɫɢɥɨɣ ɹɜɥɹɟɬɫɹ ɫɩɨɫɨɛɧɨɫɬɶ 

ɩɨɜɬɨɪɹɬɶ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫ ɯɨɪɨɲɨ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɧɨɣ ɫɢɫɬɟɦɨɣ ɤɭɥɶɬɭɪɵ, 

ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɜ ɧɟɫɤɨɥɶɤɢɯ ɥɚɛɨɪɚɬɨɪɢɹɯ. ɉɪɢ 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɦ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɢ ɜɨɡɧɢɤɧɟɬ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɞɧɨɪɨɞɧɚɹ 

ɤɥɟɬɨɱɧɚɹ ɩɨɩɭɥɹɰɢɹ ɜ ɨɬɥɢɱɢɟ ɨɬ ɩɟɪɜɢɱɧɨɣ ɤɭɥɶɬɭɪɵ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ 
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ɫɨɞɟɪɠɚɬɶ ɦɧɨɝɨ ɬɢɩɨɜ ɫɬɪɨɦɚɥɶɧɵɯ ɢ ɢɧɮɢɥɶɬɪɢɪɭɸɳɢɯ ɬɢɩɨɜ ɤɥɟɬɨɤ, 

ɩɨɬɟɧɰɢɚɥɶɧɨ ɭɫɥɨɠɧɹɸɳɢɯ ɢɧɬɟɪɩɪɟɬɚɰɢɸ ɞɚɧɧɵɯ. 

ɉɟɪɜɨɣ ɧɟɩɪɟɪɵɜɧɨɣ ɤɥɟɬɨɱɧɨɣ ɥɢɧɢɟɣ ɫɬɚɥɚ HeLa – ɥɢɧɢɹ ɪɚɤɨɜɵɯ 

ɤɥɟɬɨɤ ɱɟɥɨɜɟɤɚ. Ɉɧɚ ɛɵɥɚ ɜɵɜɟɞɟɧɚ ɜ 1951 ɝɨɞɭ Ⱦɠɨɪɞɠɨɦ Ƚɚɟɦ ɜ ɝɨɫɩɢɬɚɥɟ 

Ⱦɠɨɧɫɚ ɏɨɩɤɢɧɫɚ [77]. Ʉɥɟɬɤɢ ɜɵɞɟɥɟɧɵ ɢɡ ɮɪɚɝɦɟɧɬɚ ɬɤɚɧɢ ɲɟɣɤɢ ɦɚɬɤɢ, 

ɩɨɥɭɱɟɧɧɨɝɨ ɛɢɨɩɫɢɟɣ ɨɬ ɩɚɰɢɟɧɬɤɢ Ƚɟɧɪɢɟɬɬɵ Ʌɚɤɫ, ɜ ɩɚɦɹɬɶ ɤɨɬɨɪɨɣ ɢ 

ɧɚɡɜɚɧɚ ɷɬɚ ɤɥɟɬɨɱɧɚɹ ɥɢɧɢɹ.  

Ɉɫɧɨɜɧɵɟ ɩɪɟɢɦɭɳɟɫɬɜɚ ɷɬɨɣ ɤɭɥɶɬɭɪɵ – ɷɬɨ ɛɟɫɤɨɧɟɱɧɨɟ ɱɢɫɥɨ ɰɢɤɥɨɜ 

ɞɟɥɟɧɢɹ ɢ ɛɵɫɬɪɵɣ ɪɨɫɬ ɩɪɢ ɩɥɨɬɧɨɣ ɚɞɝɟɡɢɢ ɤ ɫɭɛɫɬɪɚɬɭ. Ʉɥɟɬɤɢ HeLa ɫɥɭɠɚɬ 

ɢɦɢɬɚɰɢɟɣ ɨɪɝɚɧɢɡɦɚ ɱɟɥɨɜɟɤɚ in vivo, ɢ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɤɚɱɟɫɬɜɟ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɟɣɫɬɜɢɹ ɪɚɡɥɢɱɧɵɯ ɜɟɳɟɫɬɜ ɜɨ ɦɧɨɝɢɯ ɥɚɛɨɪɚɬɨɪɢɹɯ, ɱɬɨ ɞɟɥɚɟɬ 

ɤɭɥɶɬɭɪɭ – ɭɧɢɜɟɪɫɚɥɶɧɵɦ ɬɟɫɬ-ɨɛɴɟɤɬɨɦ. Ɍɚɤɠɟ, ɷɬɚ ɤɥɟɬɨɱɧɚɹ ɤɭɥɶɬɭɪɚ 

ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɫɬɚ ɜ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɢ ɧɚ ɪɚɡɧɵɯ ɫɪɟɞɚɯ ɢ ɨɬɥɢɱɧɨ ɩɟɪɟɧɨɫɢɬ 

ɩɪɨɰɟɞɭɪɭ ɤɪɢɨɤɨɧɫɟɪɜɚɰɢɢ. 
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2 ɆȺɌȿɊɂȺɅɕ ɂ ɆȿɌɈȾɕ 

2.1 Ɉɛɴɟɤɬɵ ɢɫɫɥɟɞɨɜɚɧɢя 

 

ȼ ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɡɹɬ ɨɛɪɚɡɟɰ ɩɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɨɜ 

(ɉȽȺ), ɩɨɥɭɱɟɧɧɵɣ ɜ Ʌɚɛɨɪɚɬɨɪɢɢ ɛɢɨɬɟɯɧɨɥɨɝɢɢ ɧɨɜɵɯ ɛɢɨɦɚɬɟɪɢɚɥɨɜ 

ɋɢɛɢɪɫɤɨɝɨ ɮɟɞɟɪɚɥɶɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ: ɞɜɭɯɤɨɦɩɨɧɟɧɬɧɵɣ ɫɨɩɨɥɢɦɟɪ 3-

ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬɚ ɢ 3-ɝɢɞɪɨɤɫɢɜɚɥɟɪɚɬɚ ɫ ɜɤɥɸɱɟɧɢɟɦ 3-ɝɢɞɪɨɤɫɢɜɚɥɟɪɚɬɚ 10 

ɦɨɥ.% (ɉ(3ȽȻ/3Ƚȼ10)).  

Ɇɨɞɟɥɶɸ ɞɥɹ ɨɰɟɧɤɢ ɰɢɬɨɬɨɤɫɢɱɧɨɫɬɢ ɢ ɚɞɝɟɡɢɨɧɧɨɫɬɢ ɩɥɟɧɨɱɧɵɯ 

ɨɛɪɚɡɰɨɜ ɉ(ɁȽȻ/3Ƚȼ10) ɩɨɫɥɭɠɢɥɚ ɤɭɥɶɬɭɪɚ HeLa, 20 ɬɵɫɹɱ ɤɥɟɬɨɤ ɧɚ ɟɞɢɧɢɰɭ 

ɩɥɨɳɚɞɢ ɨɛɪɚɡɰɚ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ȽɈɋɌ Ɋ ɂɋɈ 10993-5-2009. 

 

2.2 ɂɡɝɨɬɨɜɥɟɧɢɟ ɩɨɥɢɦɟɪɧɵɯ ɩɥɟɧɨɱɧɵɯ ɨɛɪɚɡɰɨɜ 

 

ɉɥɟɧɨɱɧɵɟ ɨɛɪɚɡɰɵ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɥɭɱɚɥɢ ɦɟɬɨɞɨɦ ɩɨɥɢɜɚ ɪɚɫɬɜɨɪɚ 

ɩɨɥɢɦɟɪɚ ɧɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɨɛɟɡɠɢɪɟɧɧɵɟ ɱɚɲɤɢ ɉɟɬɪɢ.  

ɂɡɝɨɬɨɜɥɟɧɢɟ ɪɚɫɬɜɨɪɚ ɢɡ ɉ(3ȽȻ/3Ƚȼ10) ɩɪɨɜɨɞɢɥɢ ɜ ɜɵɬɹɠɧɨɦ ɲɤɚɮɭ 

«Labɫonco» ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɪɟɞɫɬɜ ɢɧɞɢɜɢɞɭɚɥɶɧɨɣ ɡɚɳɢɬɵ. ɇɚ 

ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɜɟɫɚɯ «OHAUS CORPORATION Diseovery DV215CD» 

ɨɬɜɟɲɢɜɚɥɢ ɧɚɜɟɫɤɭ ɉ(ɁȽȻ/Ƚȼ10). ȼ ɤɚɱɟɫɬɜɟ ɪɚɫɬɜɨɪɢɬɟɥɹ ɢɫɩɨɥɶɡɨɜɚɧ 

ɬɪɢɯɥɨɪɦɟɬɚɧ (ɯɥɨɪɨɮɨɪɦ, ɏɑ, ɗɤɨɫ-1, Ɋɨɫɫɢɹ). Ƚɨɦɨɝɟɧɧɵɟ ɪɚɫɬɜɨɪɵ 

ɩɨɥɭɱɚɥɢ ɩɪɢ ɬɳɚɬɟɥɶɧɨɦ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɫ ɦɚɝɧɢɬɧɵɦ ɫɟɪɞɟɱɧɢɤɨɦ ɧɚ 

ɦɚɝɧɢɬɧɨɣ ɦɟɲɚɥɤɟ ɫ ɩɨɞɨɝɪɟɜɨɦ Heidolph MR-Hei-Standard ɜ ɪɟɠɢɦɟ 250 rpm 

ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɞɨ 50 ɝɪɚɞɭɫɨɜ ɐɟɥɶɫɢɹ, ɞɨ ɩɨɥɧɨɝɨ ɪɚɫɬɜɨɪɟɧɢɹ ɧɚɜɟɫɨɤ. 

Ɋɚɫɬɜɨɪ ɩɪɨɰɟɠɢɜɚɥɢ ɱɟɪɟɡ ɦɟɥɶɧɢɱɧɵɣ ɝɚɡ ɫ ɪɚɡɦɟɪɨɦ ɹɱɟɣɤɢ 80 ɦɤɦ, ɩɪɢ 

ɚɬɦɨɫɮɟɪɧɨɦ ɞɚɜɥɟɧɢɢ, ɫ ɩɨɦɨɳɶɸ ɫɬɟɤɥɹɧɧɨɣ ɜɨɪɨɧɤɢ.  

Ⱦɥɹ ɨɱɢɫɬɤɢ ɢɫɩɨɥɶɡɨɜɚɥɢ ɩɨɜɬɨɪɧɨɟ ɩɟɪɟɪɚɫɬɜɨɪɟɧɢɟ ɉ(ɁȽȻ/Ƚȼ10) ɜ 

ɯɥɨɪɨɮɨɪɦɟ ɢ ɨɫɚɠɞɟɧɢɟ ɜ ɨɪɝɚɧɢɱɟɫɤɨɦ ɪɚɫɬɜɨɪɢɬɟɥɟ (ɝɟɤɫɚɧ) ɫ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɮɢɥɶɬɪɚɰɢɟɣ ɪɚɫɬɜɨɪɨɜ. ɉɪɨɰɟɞɭɪɭ ɩɟɪɟɪɚɫɬɜɨɪɟɧɢɹ-

ɨɫɚɠɞɟɧɢɹ ɩɨɥɢɦɟɪɚ ɩɪɨɜɨɞɢɥɢ ɨɞɢɧ, ɞɜɚ ɢ ɬɪɢ ɪɚɡɚ. Ɉɬɮɢɥɶɬɪɨɜɚɧɧɭɸ ɦɚɫɫɭ 
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ɜɵɫɭɲɢɜɚɥɢ ɜ ɜɵɬɹɠɧɨɦ ɲɤɚɮɭ ɜ ɨɬɤɪɵɬɵɯ ɱɚɲɤɚɯ ɉɟɬɪɢ ɩɪɢ ɤɨɦɧɚɬɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɟ ɜ ɬɟɱɟɧɢɢ ɧɟɫɤɨɥɶɤɢɯ ɞɧɟɣ. 

Ɉɛɪɚɡɰɵ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɪɚɫɬɜɨɪɨɜ ɢ ɨɬɥɢɜɚ ɩɥɟɧɨɤ, ɞɥɹ 

ɨɞɧɨɣ ɩɥɟɧɤɢ ɞɢɚɦɟɬɪɨɦ 80 ɦɦ ɛɪɚɥɢ ɧɚɜɟɫɤɭ 300 ɦɝ ɢ ɪɚɫɬɜɨɪɹɥɢ ɜ 20 ɦɥ 

ɯɥɨɪɨɮɨɪɦɚ. ɉɥɟɧɨɱɧɵɟ ɨɛɪɚɡɰɵ ɜɵɫɭɲɢɜɚɥɢɫɶ ɜ ɚɫɟɩɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ ɜ 

ɡɚɤɪɵɬɨɦ ɛɨɤɫɟ-ɥɚɦɢɧɚɪɟ ɜ ɡɚɤɪɵɬɵɯ ɱɚɲɤɚɯ ɉɟɬɪɢ ɜ ɬɟɱɟɧɢɟ 48 ɱɚɫɨɜ, ɩɪɢ 

ɩɨɫɬɟɩɟɧɧɨɦ ɢɫɩɚɪɟɧɢɢ ɪɚɫɬɜɨɪɢɬɟɥɹ. ɉɥɟɧɤɢ ɫɧɢɦɚɥɢ ɫ ɱɚɲɟɤ ɩɨɞ ɫɥɨɟɦ 

ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɵ ɬɟɦɩɟɪɚɬɭɪɵ 95 ɨɋ. Ʉɪɚɣ ɩɥɟɧɤɢ ɩɨɞɪɟɡɚɥɫɹ 

ɫɬɟɪɢɥɶɧɵɦ ɫɤɚɥɶɩɟɥɟɦ. Ⱦɥɹ ɯɪɚɧɟɧɢɹ ɩɥɟɧɨɤ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɫɬɟɪɢɥɶɧɚɹ 

ɭɩɚɤɨɜɤɚ. 

 

2.3 ɂɡɭɱɟɧɢɟ ɫɜɨɣɫɬɜ ɩɨɜɟɪɯɧɨɫɬɢ ɩɥɟɧɨɱɧɵɯ ɨɛɪɚɡɰɨɜ 

 

ɉɨɜɟɪɯɧɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨɥɢɦɟɪɧɵɯ ɢɡɞɟɥɢɣ ɨɰɟɧɢɜɚɥɢ ɫ 

ɩɨɦɨɳɶɸ ɩɪɢɛɨɪɚ DSA-25E (Krüss, Ƚɟɪɦɚɧɢɹ) ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɝɪɚɦɦɧɨɝɨ 

ɨɛɟɫɩɟɱɟɧɢɹ DSA-4 ɞɥɹ Windows. ɇɚ ɩɨɜɟɪɯɧɨɫɬɶ ɨɛɪɚɡɰɚ ɫ ɩɨɦɨɳɶɸ 

ɦɢɤɪɨɲɩɪɢɰɚ ɧɚɧɨɫɢɥɢ ɤɚɩɥɢ ɜɨɞɵ ɨɛɴɟɦɨɦ 1,5 ɦɤɥ ɫ ɜɢɞɟɨɮɢɤɫɚɰɢɟɣ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɠɢɞɤɨɫɬɢ ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ ɨɛɪɚɡɰɚ. Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ ɤɪɚɟɜɵɯ 

ɭɝɥɨɜ ɫɦɚɱɢɜɚɧɢɹ ɤɚɞɪ ɜɢɞɟɨɡɚɩɢɫɢ ɤɚɩɥɢ ɩɨɫɥɟ ɟɟ ɫɬɚɛɢɥɢɡɚɰɢɢ 

ɨɛɪɚɛɚɬɵɜɚɥɫɹ ɜ ɩɨɥɭɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɪɟɠɢɦɟ ɜɫɬɪɨɟɧɧɵɦ ɜ ɩɪɨɝɪɚɦɦɧɵɣ 

ɩɚɤɟɬ ɦɟɬɨɞɨɦ «Circle». ɂɡ ɩɨɥɭɱɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɤɪɚɟɜɵɯ ɭɝɥɨɜ ɫɦɚɱɢɜɚɧɢɹ (θ, 

ɝɪɚɞ) ɜɵɱɢɫɥɹɥɢ ɫɜɨɛɨɞɧɭɸ ɩɨɜɟɪɯɧɨɫɬɧɭɸ ɷɧɟɪɝɢɸ (YS), ɫɜɨɛɨɞɧɭɸ ɷɧɟɪɝɢɸ 

ɦɟɠɮɚɡɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ (YSL) ɢ ɜɟɥɢɱɢɧɭ ɫɢɥ ɫɰɟɩɥɟɧɢɹ (WSL) (ɷɪɝ/ɫɦ2), 

ɢɫɩɨɥɶɡɭɹ ɢɡɜɟɫɬɧɵɟ ɭɪɚɜɧɟɧɢɹ. 

Y = Y (1+ cos 0)2 / 4,                                                                                        (1) 

ɝɞɟ Y - ɩɨɜɟɪɯɧɨɫɬɧɨɟ ɧɚɬɹɠɟɧɢɟ ɫɜɨɛɨɞɧɨɣ ɜɨɞɵ (72,8 ɷɪɝ/ɫɦ²).   

ɋɜɨɛɨɞɧɚɹ ɷɧɟɪɝɢɹ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɩɨɥɢɦɟɪ-ɜɨɞɚ (YsL, ɷɪɝ/ɫɦ2) ɛɵɥɚ 

ɧɚɣɞɟɧɚ ɢɡ ɭɪɚɜɧɟɧɢɹ: 

 YSL = YS+ YL-WSL,                                                                                          (2) 

ɝɞɟ YSL - ɤɪɢɬɟɪɢɣ ɨɫɬɚɬɨɱɧɨɣ ɷɧɟɪɝɢɢ ɢɧɬɟɪɮɟɣɫɚ, 
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YS ɢ YL - ɫɜɨɛɨɞɧɵɟ ɷɧɟɪɝɢɢ ɩɥɟɧɨɱɧɨɣ ɢ ɜɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɟɣ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  

ɋɢɥɭ ɫɰɟɩɥɟɧɢɹ, ɤɨɬɨɪɚɹ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɩɪɨɱɧɨɫɬɶ ɚɞɝɟɡɢɨɧɧɨɝɨ ɲɜɚ ɧɚ 

ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ, ɪɚɫɫɱɢɬɵɜɚɥɢ ɩɨ ɫɨɨɬɧɨɲɟɧɢɸ:  

WSL ≈ 2√𝑌𝑆 × 𝑌𝐿 (ɷɪɝ/ɫɦ2)                                                                                (3)      

Ⱦɥɹ ɤɚɠɞɨɝɨ ɨɛɪɚɡɰɚ ɩɪɨɜɨɞɢɥɨɫɶ ɧɟ ɦɟɧɟɟ ɞɟɫɹɬɢ ɢɡɦɟɪɟɧɢɣ; 

ɪɚɫɫɱɢɬɵɜɚɥɢ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɢ ɫɬɚɧɞɚɪɬɧɨɟ ɨɬɤɥɨɧɟɧɢɟ.     

         

2.4 ȼɟɞɟɧɢɟ ɤɥɟɬɨɱɧɨɣ ɤɭɥɶɬɭɪɵ 

 

Ⱦɥɹ ɧɚɪɚɛɨɬɤɢ  ɢ ɩɨɞɞɟɪɠɚɧɢɹ ɤɥɟɬɨɱɧɨɣ ɤɭɥɶɬɭɪɵ ɢɫɩɨɥɶɡɨɜɚɧɵ   

ɤɭɥɶɬɭɪɚɥɶɧɵɟ ɮɥɚɤɨɧɵ (Techno Plastic Products, ɒɜɟɣɰɚɪɢɹ). Ʉɭɥɶɬɭɪɭ ɜɟɥɢ ɜ 

ɋɈ2-ɢɧɤɭɛɚɬɨɪɟ MCO-5AC (Sanyo, əɩɨɧɢɹ) ɜ ɝɭɦɢɞɧɨɣ ɚɬɦɨɫɮɟɪɟ 5% ɋɈ2 ɩɪɢ 

37ºɋ. Ⱦɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɩɨɥɧɨɣ ɩɢɬɚɬɟɥɶɧɨɣ ɫɪɟɞɵ ɢɫɩɨɥɶɡɨɜɚɥɢ 

ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɭɸ ɫɪɟɞɭ DMEM (Gibco, ɋɒȺ), 10% ɷɦɛɪɢɨɧɚɥɶɧɨɣ ɬɟɥɹɱɟɣ 

ɫɵɜɨɪɨɬɤɢ (Gibco, ɋɒȺ) ɢ 5% ɪɚɫɬɜɨɪ ɚɧɬɢɛɢɨɬɢɤɨɜ (ɩɟɧɢɰɢɥɥɢɧ, 

ɫɬɪɟɩɬɨɦɢɰɢɧ) (Gibco, ɋɒȺ). Ⱦɥɹ ɫɧɹɬɢɹ ɤɥɟɬɨɤ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɤɭɥɶɬɭɪɚɥɶɧɵɯ 

ɮɥɚɤɨɧɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢ ɬɪɢɩɫɢɧ (Gibco, ɋɒȺ), ɬɢɬɪ ɫɭɫɩɟɧɡɢɢ ɨɩɪɟɞɟɥɹɥɢ ɫ 

ɩɨɦɨɳɶɸ ɤɚɦɟɪɵ Ƚɨɪɹɟɜɚ (ɫɨɨɬɧɨɲɟɧɢɟ ɠɢɡɧɟɫɩɨɫɨɛɧɵɯ ɢ ɦёɪɬɜɵɯ ɤɥɟɬɨɤ 

ɨɰɟɧɢɜɚɥɢ ɩɨɫɥɟ ɨɤɪɚɲɢɜɚɧɢɹ ɬɪɢɩɚɧɨɜɵɦ ɫɢɧɢɦ 0,4% (Gibco, ɋɒȺ)). 

ȼɫɟ ɦɚɧɢɩɭɥɹɰɢɢ ɫ ɤɥɟɬɤɚɦɢ ɨɫɭɳɟɫɬɜɥɹɥɢ ɜ ɥɚɦɢɧɚɪɧɨɦ ɲɤɚɮɭ ɜɬɨɪɨɝɨ 

ɤɥɚɫɫɚ ɡɚɳɢɬɵ NB602-WSL (N-biotek, Ʉɨɪɟɹ). ɉɟɪɟɞ ɧɚɱɚɥɨɦ ɥɸɛɵɯ ɨɩɟɪɚɰɢɣ 

ɩɪɨɜɨɞɢɥɨɫɶ ɨɛɥɭɱɟɧɢɟ ɭɥɶɬɪɚɮɢɨɥɟɬɨɜɵɦ ɫɜɟɬɨɦ ɪɚɛɨɱɟɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ 

ɥɚɦɢɧɚɪɧɨɝɨ ɲɤɚɮɚ ɜ ɬɟɱɟɧɢɟ 20 ɦɢɧ. ȼ ɯɨɞɟ ɪɚɛɨɬɵ  ɢɫɩɨɥɶɡɨɜɚɥɢ ɫɪɟɞɫɬɜɚ 

ɢɧɞɢɜɢɞɭɚɥɶɧɨɣ ɡɚɳɢɬɵ. 

 

2.5 ɂɫɫɥɟɞɨɜɚɧɢя ɰɢɬɨɬɨɤɫɢɱɧɨɫɬɢ ɩɨɥɢɦɟɪɧɵɯ ɩɥɟɧɨɱɧɵɯ ɨɛɪɚɡɰɨɜ 

 



30 

 

Ɉɰɟɧɤɭ ɰɢɬɨɬɨɤɫɢɱɧɨɫɬɢ ɩɥɟɧɨɱɧɵɯ ɨɛɪɚɡɰɨɜ ɨɰɟɧɢɜɚɥɢ ɜ ɩɨɫɬɨɹɧɧɨɣ 

ɤɥɟɬɨɱɧɨɣ ɥɢɧɢɢ ɤɚɪɰɢɧɨɦɵ ɲɟɣɤɢ ɦɚɬɤɢ ɱɟɥɨɜɟɤɚ HeLa. ȼ ɤɚɱɟɫɬɜɟ ɤɨɧɬɪɨɥɹ 

ɩɪɢɧɹɥɢ ɩɨɥɢɫɬɢɪɨɥɨɜɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɥɭɧɤɢ ɤɭɥɶɬɭɪɚɥɶɧɵɯ ɩɥɚɧɲɟɬɨɜ.  

ɉɥɟɧɨɱɧɵɟ ɨɛɪɚɡɰɵ ɧɚɪɟɡɚɥɢ ɫɩɟɰɢɚɥɶɧɨɣ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɮɨɪɦɨɣ 

ɞɢɚɦɟɬɪɨɦ 10 ɦɦ ɞɥɹ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɧɚ ɢɯ ɩɨɜɟɪɯɧɨɫɬɢ ɤɥɟɬɨɱɧɨɣ ɤɭɥɶɬɭɪɵ 

ɜ 48-ɥɭɧɨɱɧɨɦ ɩɥɚɧɲɟɬɟ. ɉɨɥɭɱɟɧɧɵɟ ɞɢɫɤɢ ɩɨɦɟɳɚɥɢ ɧɚ ɞɧɨ ɥɭɧɤɢ 

ɲɟɪɨɯɨɜɚɬɨɣ ɦɚɬɨɜɨɣ ɫɬɨɪɨɧɨɣ ɜɜɟɪɯ.  

ɉɟɪɟɞ ɧɚɱɚɥɨɦ ɷɤɫɩɟɪɢɦɟɧɬɚ ɜɫɟ ɨɛɪɚɡɰɵ ɩɥɟɧɨɤ ɩɪɨɯɨɞɢɥɢ   

ɫɬɟɪɢɥɢɡɚɰɢɸ ɜ ɷɬɢɥɨɜɨɦ ɫɩɢɪɬɟ 96%, ɫ ɨɬɦɵɜɚɧɢɟɦ ɜ ɫɬɟɪɢɥɶɧɨɦ ɞɢɫɬɢɥɥɹɬɟ 

ɢ ɞɚɥɟɟ ɩɨɞ ɭɥɶɬɪɚɮɢɨɥɟɬɨɜɵɦ ɢɡɥɭɱɟɧɢɟɦ ɜ ɥɚɦɢɧɚɪɧɨɦ ɛɨɤɫɟ, 10 ɦɢɧɭɬ ɞɥɹ 

ɤɚɠɞɨɣ ɫɬɨɪɨɧɵ ɩɥɟɧɨɤ. Ⱦɥɹ ɫɨɡɞɚɧɢɹ   ɛɥɚɝɨɩɪɢɹɬɧɵɯ ɭɫɥɨɜɢɣ ɞɥɹ 

ɩɪɢɤɪɟɩɥɟɧɢɹ ɤɥɟɬɨɤ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɩɨɫɥɟ ɫɬɟɪɢɥɢɡɚɰɢɢ ɩɥɟɧɨɱɧɵɟ 

ɨɛɪɚɡɰɵ ɡɚɦɚɱɢɜɚɥɢ ɜ ɩɨɥɧɨɣ ɩɢɬɚɬɟɥɶɧɨɣ ɫɪɟɞɟ ɜ ɬɟɱɟɧɢɢ 48 ɱɚɫɨɜ.  

 

2.5.1 Ɉɰɟɧɤɚ ɚɛɫɨɥɸɬɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɚɞɝɟɡɢɪɨɜɚɧɧɵɯ ɤɥɟɬɨɤ 

 

Ⱥɞɝɟɡɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ ɨɰɟɧɢɜɚɥɢ ɩɨɫɥɟ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɤɥɟɬɨɤ ɧɚ 

ɩɥɟɧɨɱɧɵɯ ɨɛɪɚɡɰɚɯ ɜ 48-ɥɭɧɨɱɧɨɦ ɩɥɚɧɲɟɬɟ. ɇɚ ɤɚɠɞɭɸ ɥɭɧɤɭ ɜɵɫɟɜɚɥɢ 2 ɯ 

104 ɤɥɟɬɨɤ ɢ ɞɨɜɨɞɢɥɢ ɩɢɬɚɬɟɥɶɧɨɣ ɫɪɟɞɨɣ ɞɨ ɨɛɳɟɝɨ ɨɛɴɟɦɚ ɜ 1 ɦɥ. Ɉɰɟɧɤɚ 

ɤɨɥɢɱɟɫɬɜɚ ɚɞɝɟɡɢɪɨɜɚɧɧɵɯ ɤɥɟɬɨɤ ɩɪɨɜɨɞɢɥɚɫɶ ɧɚ ɩɟɪɜɵɟ ɢ ɬɪɟɬɶɢ ɫɭɬɤɢ 

ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ. 

ɉɟɪɟɞ ɩɪɨɰɟɞɭɪɨɣ ɩɨɞɫɱɟɬɚ ɢɡ ɢɫɫɥɟɞɭɟɦɨɣ ɥɭɧɤɢ ɭɞɚɥɹɥɢ ɫɬɚɪɭɸ 

ɩɢɬɚɬɟɥɶɧɭɸ ɫɪɟɞɵ, ɩɪɨɦɵɜɚɥɢ ɧɟɩɨɥɧɨɣ ɫɪɟɞɨɣ ɆȿɆ ɢ ɨɛɪɚɛɚɬɵɜɚɥɢ 

ɪɚɫɬɜɨɪɨɦ ɬɪɢɩɫɢɧɚ (500 ɦɤɥ) ɜ ɬɟɱɟɧɢɢ 7 ɦɢɧɭɬ ɜ ɢɧɤɭɛɚɬɨɪɟ. ɉɨɫɥɟ ɷɬɨɝɨ 

ɞɨɛɚɜɥɹɥɢ ɫɪɟɞɭ ɩɢɬɚɬɟɥɶɧɭɸ ɫɪɟɞɭ (500 ɦɤɥ) ɞɥɹ ɧɟɣɬɪɚɥɢɡɚɰɢɢ ɞɟɣɫɬɜɢɹ 

ɬɪɢɩɫɢɧɚ ɢ ɡɚɬɟɦ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ ɜ ɰɟɧɬɪɢɮɭɝɟ Sigma 3-16L (Sigma, 

Ƚɟɪɦɚɧɢɹ) 5 ɦɢɧɭɬ ɫɨ ɫɤɨɪɨɫɬɶɸ 3000 ɨɛ/ɦɢɧ. Ⱦɚɥɟɟ ɫɥɢɜɚɥɢ ɫɭɩɟɪɧɚɬɚɧɬ ɢ 

ɪɟɫɭɫɩɟɧɞɢɪɨɜɚɥɢ ɤɥɟɬɨɱɧɵɣ ɨɫɚɞɨɤ ɜ ɩɢɬɚɬɟɥɶɧɨɣ ɫɪɟɞɟ. ɂɡ ɩɨɥɭɱɟɧɧɨɣ 

ɫɭɫɩɟɧɡɢɢ ɛɪɚɥɢ 20 ɦɤɥ ɢ ɞɨɛɚɜɥɹɥɢ ɤ ɧɢɦ ɪɚɜɧɵɣ ɨɛɴɟɦ ɬɪɢɩɚɧɨɜɨɝɨ ɫɢɧɟɝɨ. 
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ɉɨɫɥɟ ɱɟɝɨ ɡɚɩɨɥɧɹɥɢ ɤɚɦɟɪɭ Ƚɨɪɹɟɜɚ ɢ ɫɱɢɬɚɥɢ ɤɨɥɢɱɟɫɬɜɨ ɠɢɜɵɯ 

(ɧɟɨɤɪɚɲɟɧɧɵɯ) ɤɥɟɬɨɤ ɜ ɩɹɬɢ ɛɨɥɶɲɢɯ ɤɜɚɞɪɚɬɚɯ ɩɨ ɞɢɚɝɨɧɚɥɢ. 

Ʉɨɥɢɱɟɫɬɜɨ ɤɥɟɬɨɤ ɫɱɢɬɚɥɢ ɩɨ ɮɨɪɦɭɥɟ: 

X = N x 0,05 x 106 x m,                                                                                    (4) 

ɝɞɟ X – ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɥɟɬɨɤ (ɦɥɧ/ɦɥ), 

 N – ɤɨɥɢɱɟɫɬɜɨ ɤɥɟɬɨɤ ɜ 5 ɛɨɥɶɲɢɯ ɤɜɚɞɪɚɬɚɯ, 

 m – ɪɚɡɛɚɜɥɟɧɢɟ 

 

2.5.2 ɆɌɌ-ɬɟɫɬ 

 

ɆɌɌ-ɬɟɫɬ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɨɩɪɟɞɟɥɟɧɢɢ ɦɢɬɨɯɨɧɞɪɢɚɥɶɧɨɣ ɚɤɬɢɜɧɨɫɬɢ 

ɤɥɟɬɨɤ. Ɉɧ ɨɫɧɨɜɚɧ ɧɚ ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ (4,5-ɞɢɦɟɬɢɥɬɢɚɡɨɥ-2-ɢɥ)-2,5-ɞɢɮɟɧɢɥ-

2ɇɬɟɬɪɚɡɨɥɢɭɦ ɛɪɨɦɢɞɚ (ɆɌɌ) ɤɥɟɬɨɱɧɵɦɢ ɮɟɪɦɟɧɬɚɦɢ – ɨɤɫɢɪɟɞɭɤɬɚɡɚɦɢ. ȼ 

ɪɟɡɭɥɶɬɚɬɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɨɛɪɚɡɭɟɬɫɹ ɜɨɞɨɧɟɪɚɫɬɜɨɪɢɦɵɣ ɮɨɪɦɚɡɚɧ, 

ɤɨɥɢɱɟɫɬɜɨ ɤɨɬɨɪɨɝɨ ɤɨɪɪɟɥɢɪɭɟɬ ɫ ɤɨɥɢɱɟɫɬɜɨɦ ɠɢɡɧɟɫɩɨɫɨɛɧɵɯ ɤɥɟɬɨɤ. 

Ɉɩɪɟɞɟɥɹɸɬ ɤɨɥɢɱɟɫɬɜɨ ɮɨɪɦɚɡɚɧɚ ɨɩɬɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɫ ɩɨɦɨɳɶɸ 

ɦɢɤɪɨɩɥɚɧɲɟɬɧɨɝɨ ɮɨɬɨɦɟɬɪɚ Bio-Rad 680 (Bio-Rad Laboratories Inc, ɋɒȺ), 

ɩɨɫɤɨɥɶɤɭ ɪɚɫɬɜɨɪ ɮɨɪɦɚɡɚɧɚ ɩɨɝɥɨɳɚɟɬ ɫɜɟɬ ɧɚ ɞɥɢɧɟ ɜɨɥɧɵ ɨɤɨɥɨ 540 ɧɦ.  

ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɫɬɟɪɢɥɢɡɨɜɚɧɧɵɟ ɩɥёɧɤɢ ɩɨɦɟɳɚɥɢ ɜ ɥɭɧɤɢ 48-

ɥɭɧɨɱɧɨɝɨ ɩɥɚɧɲɟɬɚ, ɜɵɫɟɜɚɥɢ 2x104 ɤɥɟɬɨɤ ɧɚ ɥɭɧɤɭ, ɞɨɜɨɞɢɥɢ ɩɢɬɚɬɟɥɶɧɨɣ 

ɫɪɟɞɨɣ ɫɨɞɟɪɠɢɦɨɟ ɤɚɠɞɨɣ ɥɭɧɤɢ ɞɨ 1 ɦɥ. ɂɧɤɭɛɢɪɨɜɚɥɢ ɜ ɬɟɱɟɧɢɟ 1 ɢ 3 ɫɭɬɨɤ. 

Ɉɬɛɢɪɚɥɢ ɤɭɥɶɬɭɪɚɥɶɧɭɸ ɠɢɞɤɨɫɬɶ, ɡɚɬɟɦ ɜɧɨɫɢɥɢ ɜ ɤɚɠɞɭɸ ɥɭɧɤɭ 50 ɦɤɥ 

ɪɚɛɨɱɟɝɨ ɪɚɫɬɜɨɪɚ ɆɌɌ (ɤɨɧɟɱɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɆɌɌ 0,25 ɦɝ/ɦɥ) ɢ 950 ɦɤɥ 

ɩɨɥɧɨɣ ɫɪɟɞɵ DMEM ɫ ɫɵɜɨɪɨɬɤɨɣ ɢ ɚɧɬɢɛɢɨɬɢɤɚɦɢ. ɑɟɪɟɡ ɱɟɬɵɪɟ ɱɚɫɚ 

ɢɧɤɭɛɢɪɨɜɚɧɢɹ ɡɚɦɟɧɹɥɢ ɫɪɟɞɭ ɧɚ DMSO. ɉɨɫɥɟ ɩɨɥɧɨɝɨ ɪɚɫɬɜɨɪɟɧɢɹ 

ɤɪɢɫɬɚɥɥɨɜ ɮɨɪɦɚɡɚɧɚ ɚɥɢɤɜɨɬɵ ɩɟɪɟɧɨɫɢɥɢ ɜ 96-ɥɭɧɨɱɧɵɣ ɩɥɚɧɲɟɬ ɢ 

ɩɪɨɜɨɞɢɥɢ ɢɡɦɟɪɟɧɢɟ ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɩɪɢ λ=550 ɧɦ ɧɚ 

ɦɢɤɪɨɩɥɚɧɲɟɬɧɨɦ ɮɨɬɨɦɟɬɪɟ. Ɋɚɫɫɱɢɬɵɜɚɸɬ ɩɪɨɰɟɧɬ ɠɢɡɧɟɫɩɨɫɨɛɧɵɯ ɤɥɟɬɨɤ 

ɜ ɤɚɠɞɨɣ ɨɩɵɬɧɨɣ ɥɭɧɤɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɥɭɧɨɤ ɤɨɧɬɪɨɥɹ, 
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ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɶ ɤɨɬɨɪɵɯ ɩɪɢɧɢɦɚɸɬ ɡɚ 100%. Ʉɨɥɢɱɟɫɬɜɨ ɤɥɟɬɨɤ ɨɰɟɧɢɜɚɥɢ 

ɩɨ ɤɚɥɢɛɪɨɜɨɱɧɨɦɭ ɝɪɚɮɢɤɭ. 

 

2.5.3 Ɉɤɪɚɫɤɚ ɤɥɟɬɨɤ ɮɥɭɨɪɟɫɰɟɧɬɧɵɦɢ ɤɪɚɫɢɬɟɥɹɦɢ DAPI  ɢ FITC 

 

Ɉɩɪɟɞɟɥɟɧɢɟ ɦɨɪɮɨɥɨɝɢɢ ɤɥɟɬɨɤ, ɩɪɢɤɪɟɩɢɜɲɢɯɫɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ 

ɩɥɟɧɨɱɧɵɯ ɨɛɪɚɡɰɨɜ, ɩɪɨɜɨɞɢɥɢ ɫ ɩɨɦɨɳɶɸ ɨɤɪɚɫɤɢ ɮɥɭɨɪɟɫɰɟɧɬɧɵɦ 

ɤɪɚɫɢɬɟɥɟɦ DAPI (ɨɤɪɚɫɤɚ ɹɞɟɪ ɤɥɟɬɤɢ).  Ⱦɥɹ ɚɧɚɥɢɡɚ ɰɢɬɨɫɤɟɥɟɬɚ 

ɢɫɩɨɥɶɡɨɜɚɥɢ ɮɚɥɥɨɢɞɢɧ, ɦɟɱɟɧɧɵɣ FITC.  

Ⱦɥɹ ɷɬɨɝɨ ɫ ɧɚɱɚɥɚ ɭɞɚɥɹɥɢ ɫɪɟɞɭ ɫ ɥɭɧɨɤ ɩɥɚɧɲɟɬɚ ɢ ɩɪɨɦɵɜɚɥɢ 

ɮɨɫɮɚɬɧɨ-ɛɭɮɟɪɧɵɦ ɪɚɫɬɜɨɪɨɦ (PBS). Ⱦɚɥɟɟ ɮɢɤɫɢɪɨɜɚɥɢ ɜ ɮɨɪɦɚɥɢɧɟ ɜ 

ɬɟɱɟɧɢɢ 5 ɦɢɧɭɬ, ɩɨɫɥɟ ɱɟɝɨ ɭɞɚɥɹɥɢ ɮɨɪɦɚɥɢɧ ɢ ɩɪɨɦɵɜɚɥɢ PBS. Ɂɚɬɟɦ 

ɨɛɪɚɛɚɬɵɜɚɥɢ ɪɚɫɬɜɨɪɨɦ Triton-X 5 ɦɢɧɭɬ, ɩɨ ɤɨɧɰɭ ɩɪɨɰɟɞɭɪɵ ɫɧɨɜɚ ɩɪɨɦɵɥɢ 

PBS. ɋɥɟɞɭɸɳɢɦ ɲɚɝɨɦ ɞɨɛɚɜɢɥɢ ɪɚɫɬɜɨɪ ɮɚɥɥɨɢɞɢɧɚ-FITC 50ɦɝ/ɦɥ ɩɨ 1 ɦɥ 

ɧɚ ɨɛɪɚɡɟɰ ɢ ɨɤɪɚɲɢɜɚɥɢ ɜ ɬɟɱɟɧɢɢ 1 ɱɚɫɚ. ɉɨɫɥɟ ɷɬɨɝɨ ɭɞɚɥɹɥɢ ɪɚɫɬɜɨɪ ɢ 

ɞɨɛɚɜɥɹɥɢ ɪɚɫɬɜɨɪ DAPI 1 ɦɝɤ/ɦɥ ɩɨ  50 ɦɤɥ ɜ ɤɚɠɞɭɸ ɥɭɧɤɭ ɢ ɨɫɬɚɜɥɹɥɢ ɧɚ 5 

ɦɢɧɭɬ. Ɂɚɬɟɦ ɬɳɚɬɟɥɶɧɨ ɩɪɨɦɵɥɢ PBS ɞɜɚ ɪɚɡɚ. Ɋɟɡɭɥɶɬɚɬ ɨɤɪɚɲɢɜɚɧɢɹ ɤɥɟɬɨɤ 

ɫɦɨɬɪɟɥɢ ɱɟɪɟɡ ɮɥɭɨɪɟɫɰɟɧɬɧɵɣ ɦɢɤɪɨɫɤɨɩ (Leica DM4000B, ɒɜɟɣɰɚɪɢɹ).  

 

2.6 ɋɬɚɬɢɫɬɢɱɟɫɤɚя ɨɛɪɚɛɨɬɤɚ 

 

ɋɬɚɬɢɫɬɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɢ ɫɬɚɬɢɫɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ   

ɩɪɨɢɡɜɟɞɟɧɵ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ Microsoft Excel.  Ɋɟɡɭɥɶɬɚɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ 

ɜ ɜɢɞɟ ɫɪɟɞɧɟɝɨ ɚɪɢɮɦɟɬɢɱɟɫɤɨɝɨ ɫɨ ɫɬɚɧɞɚɪɬɧɵɦ ɨɬɤɥɨɧɟɧɢɟɦ. Ⱦɨɫɬɨɜɟɪɧɨɫɬɶ 

ɩɪɨɜɟɪɹɥɢ ɫ ɩɨɦɨɳɶɸ ɤɪɢɬɟɪɢɹ ɋɬɶɸɞɟɧɬɚ ɫɨ ɡɧɚɱɟɧɢɟɦ p = 0,05. 
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3 ɊȿɁɍɅɖɌȺɌɕ ɂ ɈȻɋɍɀȾȿɇɂȿ 

 

ɂɡɴɹɬɨ 6 ɫɬɪɚɧɢɰ 

 

  



34 

 

ȼɕȼɈȾɕ 

 

1. ɂɡɝɨɬɨɜɥɟɧɚ ɫɟɪɢɹ ɦɚɬɪɢɤɫɨɜ ɢɡ ɉ(3ȽȻ\3Ƚȼ10) ɜɵɫɨɤɨɣ 

ɫɬɟɩɟɧɢ ɨɱɢɫɬɤɢ ɜ ɜɢɞɟ ɩɨɥɢɦɟɪɧɵɯ ɩɥɟɧɨɤ 

2. ɂɫɫɥɟɞɨɜɚɧɢɟ ɫɜɨɣɫɬɜ ɩɨɜɟɪɯɧɨɫɬɢ   ɨɛɪɚɡɰɨɜ ɩɨɤɚɡɚɥɨ 

ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ ɪɚɡɥɢɱɢɟ ɜ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ, ɩɪɢ ɜɟɥɢɱɢɧɟ   ɤɨɧɬɚɤɬɧɨɝɨ 

ɭɝɥɚ ɫɦɚɱɢɜɚɧɢɹ ɨɛɪɚɡɰɨɜ, ɤɨɬɨɪɚɹ ɫɨɫɬɚɜɢɥɚ ɨɬ 59,4 ɞɨ 60,2, ɚ ɜɟɥɢɱɢɧɚ 

ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɷɧɟɪɝɢɢ ɨɬ 39,05 ɞɨ 39,25 ɷɪɝ/ɫɦ2. 

3. Ɂɚ ɜɪɟɦɹ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɤɨɥɢɱɟɫɬɜɨ ɩɪɢɤɪɟɩɥɟɧɧɵɯ ɠɢɜɵɯ 

ɤɥɟɬɨɤ ɧɚ ɩɥɟɧɨɱɧɵɯ ɨɛɪɚɡɰɚɯ ɛɵɥɨ ɛɥɢɡɤɨ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɤɨɧɬɪɨɥɸ ɢ 

ɫɨɫɬɚɜɢɥɨ ɛɨɥɟɟ 95% ɞɥɹ ɨɛɪɚɡɰɨɜ № 2, 3 ɢ ɤɨɧɬɪɨɥɹ, ɢ ɩɪɢɦɟɪɧɨ 88 % 

ɤɥɟɬɨɤ ɞɥɹ ɨɛɪɚɡɰɚ №1 – ɨɞɧɨɤɪɚɬɧɚɹ ɨɱɢɫɬɤɚ. 

4. ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɥɟɧɨɱɧɵɯ ɨɛɪɚɡɰɨɜ ɫ ɩɨɦɨɳɶɸ ɆɌɌ-ɬɟɫɬɚ ɧɚ 

ɩɪɢɦɟɪɟ ɤɥɟɬɨɤ HeLa ɩɨɤɚɡɚɥɚ ɨɬɫɭɬɫɬɜɢɟ ɰɢɬɨɬɨɤɫɢɱɟɫɤɨɝɨ ɷɮɮɟɤɬɚ 

ɩɨɥɢɦɟɪɧɵɯ ɩɥɟɧɨɱɧɵɯ ɦɚɬɪɢɤɫɨɜ.  

5. Ɋɟɡɭɥɶɬɚɬɵ ɮɥɭɨɪɟɫɰɟɧɬɧɨɝɨ ɨɤɪɚɲɢɜɚɧɢɹ ɤɥɟɬɨɤ Hela ɧɚ 

ɩɥɟɧɨɱɧɵɯ ɨɛɪɚɡɰɚɯ ɩɨɤɚɡɚɥɢ ɢɯ ɪɚɜɧɨɦɟɪɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨ 

ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɧɨɪɦɚɥɶɧɭɸ ɦɨɪɮɨɥɨɝɢɸ ɤɥɟɬɨɤ. 

6. ɉɨɥɭɱɟɧɧɵɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɚɧɧɵɟ ɩɨɡɜɨɥɹɸɬ 

ɫɞɟɥɚɬɶ ɜɵɜɨɞɵ ɨ ɩɪɢɝɨɞɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɉ(3ȽȻ\Ƚȼ10) ɜɵɫɨɤɨɣ ɨɱɢɫɬɤɢ 

ɞɥɹ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɚɞɝɟɡɢɨɧɧɵɯ ɤɭɥɶɬɭɪ ɞɥɹ ɰɟɥɟɣ ɬɤɚɧɟɜɨɣ 

ɢɧɠɟɧɟɪɢɢ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɩɨɞɫɱɟɬɚ ɤɨɥɢɱɟɫɬɜɚ ɚɞɝɟɡɢɪɨɜɚɧɧɵɯ ɤɥɟɬɨɤ 

ɢ ɆɌɌ-ɬɟɫɬɚ ɛɥɢɠɟ ɜɫɟɝɨ ɤ ɤɨɧɬɪɨɥɸ ɨɤɚɡɚɥɫɹ ɩɥɟɧɨɱɧɵɣ ɨɛɪɚɡɟɰ №3, 

ɩɪɨɲɟɞɲɢɣ ɬɪɟɯɤɪɚɬɧɭɸ   ɨɱɢɫɬɤɭ.  Ɋɟɡɭɥɶɬɚɬɵ, ɞɨɫɬɢɝɧɭɬɵɟ ɫ 

ɦɨɞɟɥɶɧɨɣ ɤɭɥɶɬɭɪɨɣ ɚɞɝɟɡɢɪɭɸɳɢɯ ɤ ɫɭɛɫɬɪɚɬɭ ɤɥɟɬɨɤ, ɫɥɭɠɚɬ ɨɫɧɨɜɨɣ 

ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɉȽȺ ɜ ɬɤɚɧɟɜɨɣ ɢɧɠɟɧɟɪɢɢ ɤɨɠɢ, ɢɦɟɸɳɢɟ ɱɟɬɤɭɸ 

ɫɬɪɚɬɢɮɢɤɚɰɢɸ ɚɧɚɬɨɦɢɱɟɫɤɢɯ ɨɬɞɟɥɨɜ ɨɬɧɨɫɢɬɟɥɶɧɨ ɛɚɡɚɥɶɧɨɣ 

ɦɟɦɛɪɚɧɵ. 

  



35 

 

ɋɩɢɫɨɤ ɫɨɤɪɚɳɟɧɢɣ: 
 

Ɍɂ – ɬɤɚɧɟɜɚɹ ɢɧɠɟɧɟɪɢɹ 

ɌɂɄ – ɬɤɚɧɟɢɧɠɟɧɟɪɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ   

ȼɄɆ – ɜɧɟɤɥɟɬɨɱɧɵɣ ɦɚɬɪɢɤɫ 

ȽɄ – ɝɥɢɤɨɥɟɜɚɹ ɤɢɫɥɨɬɚ 

ɉȽɄ- ɩɨɥɢɝɥɢɤɨɥɟɜɚɹ ɤɢɫɥɨɬɚ  

ɉɆɄ - ɩɨɥɢɦɨɥɨɱɧɚɹ ɤɢɫɥɨɬɚ 

ɉɆȽɄ – ɩɨɥɢ-D, L-ɦɨɥɨɱɧɚɹ-ɫɨ-ɝɥɢɤɨɥɟɜɚɹ ɤɢɫɥɨɬɚ 

ɉɗȽ – ɩɨɥɢɷɬɢɥɟɧɝɥɢɤɨɥɶ 

ɉȽȻ – ɩɨɥɢɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬ 

ɉ(3ȽȻ\3Ƚȼ10) - ɩɨɥɢ-3-ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬ-ɫɨ-ɩɨɥɢ-3-ɝɢɞɪɨɤɫɢɜɚɥɟɪɚɬ ɫ 
ɜɤɥɸɱɟɧɢɟɦ ɜɚɥɟɪɚɬɚ 10% 

PBS – ɮɨɫɮɚɬɧɨ-ɛɭɮɟɪɧɵɣ ɪɚɫɬɜɨɪ 

DMSO - ɞɢɦɟɬɢɥɫɭɥɶɮɨɤɫɢɞ 

 

 

 

  



36 

 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ: 
 

1. Sen, C. Human skin wounds: A major and snowballing threat to public 

health and the economy: perspective article / C. Sen, G. Gordillo, S. Roy. // Wound 

Repair and Regeneration. – 2009.  – T.17. – №9. – C. 763-771. 

2. Dieckmann, C. Regenerative medicine in dermatology: Biomaterials, 

tissue engineering, stem cells, gene transfer and beyond / C. Dieckmann, R. Renner, 

L. Milkova et al. // Experimental Dermatology. – 2010. – №19. – C. 697–706. 

3. Vig, K. Advances in skin regeneration using tissue engineering / K. Vig, 

A. Chaudhari, S. Tripathi // International Journal of Molecular Sciences. – 2017. – 

№4. – ɋ.789. 

4. Herndon, D.N. A comparison of conservative versus early excision. 

Therapies in severely burned patients /D. Herndon, R. Barrow, R. Rutan // Annals of 

Surgery. – 1989. – № 5. –ɋ. 547-553. 

5. Rheinwald, J.G. Human epidermal keratinocyte cell culture and 

xenograft systems: applications in the detection of potential chemical carcinogens 

and the study of epidermal transformation. // Progress in clinical and biological 

research. - 1989. 

6. ɒɢɲɚɰɤɚɹ, ȿ.ɂ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɥɟɧɨɱɧɵɯ ɦɚɬɪɢɤɫɨɜ ɢɡ 

ɪɟɡɨɪɛɢɪɭɟɦɵɯ ɩɨɥɢɝɢɞɪɨɤɫɢɚɥɤɚɧɨɚɬɨɜ ɪɚɡɥɢɱɧɨɝɨ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ in 

vivo: ɪɟɚɤɰɢɹ ɬɤɚɧɟɣ ɢ ɤɢɧɟɬɢɤɚ ɛɢɨɪɚɡɪɭɲɟɧɢɹ / ȿ.ɂ. ɒɢɲɚɰɤɚɹ, ȿ.Ⱦ. 

ɇɢɤɨɥɚɟɜɚ, Ⱥ.ȼ. Ƚɨɪɟɜɚ // Ƚɟɧɵ ɢ ɤɥɟɬɤɢ. – 2012. – Ɍ.12, № 1. – ɋ. 73–80. 

7. Halim, A.S. Biologic and synthetic skin substitutes: An overview / A.S. 

Halim, , T.L. Khoo, S.J. Shah et al.  // Indian Journal of Plastic Surgery. – 2010. 

8. Mian, M. Collagen as a pharmacological approach in wound healing / 

Mian M., Beghe F., Mian E. // International Journal of Tissue Reactions. – 1992. – 

№14. – ɋ. 1-9. 

9. Harper, C. PermacolTM: Clinical experience with a new biomaterial // 

Hosp. Med. – 2001. – №2. – ɋ.90-95. 



37 

 

10. Trengove, N.J. Analysis of the acute and chronic wound environments: 

The role of proteases and their inhibitors / N. Trengove, M. Stacey, S. Macauley // 

Wound Repair and Regeneration. – 1999. – №6. – ɋ. 442-452. 

11. Chiu,T. “Xenograft” dressing in the treatment of burns / T. Chiu, A. 

Burd // Clin. Dermatol. – 2005. – №23. – ɋ.419-423. 

12. Shores, J.T. Skin substitutes and alternatives: a review / J.T. Shores, A. 

Gabriel, S. Gupta // Advances in skin & wound care. – 2007. – №9. – ɋ.493-508 

13. Thorne, C.H. Techniques and principles in plastic surgery / C.H. Thorne 

// Grabb and Smith’s Plastic Surgery. – 2007. – ɋ.1-12. 

14. Cardinal, M. Serial surgical debridement: A retrospective study on 

clinical outcomes in chronic lower extremity wounds: Original Research - Clinical 

Science / M. Cardinal, D. Eisenbud, D. Armstrong // Wound Repair Regen. – 2009. – 

№17. – ɋ.306-311. 

15. Norman, P. Immunobiology: The immune system in health and disease / 

Norman P. // Journal of Allergy and Clinical Immunology. – 1995. – № 96. – ɋ.274-

274. 

16. Boyce, S.T. Cultured skin substitutes: A review / S.T. Boyce // Tissue 

Engineering. – 1996. – №2. – ɋ.255-266. 

17. Kroner, E. Bioinspired polymeric surface patterns for medical 

applications / E. Kroner // J. Appl. Biomater. Funct. Mater. – 2012. – №. 3. – ɋ.287-

292. 

18. Bello, Y.M Tissue-engineered skin: Current status in wound healing / 

Y.M. Bello, A.F. Falabella, W.H. Eaglstein // American Journal of Clinical 

Dermatology. – 2001. – №2 – ɋ. 305–313. 

19. MacNeil, S. Progress and opportunities for tissue-engineered skin / S. 

MacNeil // Nature. – 2007. – № 445. – ɋ. 874–880. 

20. Van der Veen, V.C. Biological background of dermal substitutes / V.C. 

Van der Veen // Burns. – 2010. – №3 – ɋ. 305-321. 



38 

 

21. Demling, R. Managing the burn wound / M.D. Demling, R.N. DeSanti // 

Brigham and Women’s Hospital Burn Center Harvard Medical School Boston. – 

1985. 

22. Hansen, S.L. Using skin replacement products to treat burns and 

wounds. / S.L. Hansen, D.W. Voigt, P. Wiebelhaus // Advances in skin & wound 

care. – 2001. – №1. – ɋ.37-46. 

23. Ryssel, H. The use of MatriDerm in early excision and simultaneous 

autologous skin grafting in burns-A pilot study / H. Ryssel, E. Gazyakan, G. 

Germann // Burns. – 2008. – №1 – ɋ.93-97. 

24. Heimbach, D. Artificial dermis for major burns. A multi-center 

randomized clinical trial / D. Heimbach, A. Luterman, J. Burke // Annals of Surgery. 

– 1988. – №3. – ɋ.313-320. 

25. Seyednejad, H. Preparation and characterization of a three-dimensional 

printed scaffold based on a functionalized polyester for bone tissue engineering 

applications / H. Seyednejada, D. Gawlittab, W. Dhert //Acta Biomater. – 2011. – 

№5. – ɋ.1999-2006. 

26. Rosso, F. Smart materials as scaffolds for tissue engineering / F. Rosso, 

G. Marino, A. Giordano // Journal of Cellular Physiology. – 2005. – №3. – ɋ.465-

470.      

27. Yang, C. The application of recombinant human collagen in tissue 

engineering / C.Yang, P. J. Hillas, J.A. Báez // BioDrugs. – 2004. – №18. – ɋ.103–

119  

28. Chevallay, B. Collagen-based biomaterials as 3D scaffold for cell 

cultures: Applications for tissue engineering and gene therapy / B. Chevallay, D. 

Herbage // Medical and Biological Engineering and Computing. – 2000. – №38. – 

ɋ.211–218. 

29. Eyre, D.R. Collagen cross-links / D.R. Eyre, J.J. Wu // Topics in Current 

Chemistry. – 2005. – №247.  – ɋ.207-229. 



39 

 

30. Orgel, J.P. The in situ conformation and axial location of the 

intermolecular cross- linked non-helical telopeptides of type I collagen / J.P. Orgel, 

T.J. Wess, A. Miller // Structure. . – 2000. – №2.  – ɋ.137-142. 

31. Barsotti, M.C. Fibrin acts as biomimetic niche inducing both 

differentiation and stem cell marker expression of early human endothelial progenitor 

cells /M. C. Barsotti, A. Magera, C. Armani // Cell Prolif. – 2011. – №44. – ɋ.33-48. 

32. Ho, W. The behavior of human mesenchymal stem cells in 3D fibrin 

clots: Dependence on fibrinogen concentration and clot structure / W. Ho, B. Tawil, 

J. Dunn // Tissue Eng. – 2006. – №12. – ɋ.1587-1595. 

33. Rowe, S.L. Influence of thrombin concentration on the mechanical and 

morphological properties of cell-seeded fibrin hydrogels / S.L. Rowe, S.Y. Lee, J.P. 

Stegemann // Acta Biomater. – 2007. – №3. – ɋ.59-67.  

34. Sadeghi-Ataabadi, M. Fabrication and characterization of platelet-rich 

plasma scaffolds for tissue engineering applications / M. Sadeghi-Ataabadi, Z. 

Mostafavi-pour, Z. Vojdani // Materials Science and Engineering C. – 2017. – №71. 

– ɋ.372-380. 

35. Brown, A.E.X. Multiscale mechanics of fibrin polymer: Gel stretching 

with protein unfolding and loss of water / A. E. X. Brown, R. I. Litvinov, D. E. 

Discher // Science. – 2009. – №325. – ɋ.741-744. 

36. Almond, A. Hyaluronan / A. Almond // Cellular and Molecular Life 

Sciences. – 2007. –  64. – ɋ.1591–1596. 

37. Koivusalo, L. Tissue adhesive hyaluronic acid hydrogels for sutureless 

stem cell delivery and regeneration of corneal epithelium and stroma / L. Koivusalo, 

M. Kauppila, S. Samanta // Biomaterials. – 2019. – №225.  

38. Liu, X. Biomimetic nanofibrous gelatin/apatite composite scaffolds for 

bone tissue engineering / X.  Liu // Biomaterials. Elsevier, – 2009. – Vol. 30. – №12. 

– ɋ. 2252–2258. 

39. Khor, E. Implantable applications of chitin and chitosan / E. Khor, L.Y. 

Lim // Biomaterials. – 2003. – №24(13). – ɋ.2339-2349 



40 

 

40. Willerth, S.M. Approaches to neural tissue engineering using scaffolds 

for drug delivery / S.M. Willertha, S.E. Sakiyama-Elbert// Advanced Drug Delivery 

Reviews. –2007. – №59. – ɋ. 325-338. 

41. Amoabediny, G. The Role of Biodegradable Engineered Scaffold in 

Tissue Engineering / G. Amoabediny, N. Salehi-Nik, B. Heli // Biomaterials Science 

and Engineering. – 2011.  

42. Sun J., Tan H. Alginate-based biomaterials for regenerative medicine 

applications / J. Sun, H. Tan // Materials. – 2013. – №6. – ɋ.1285-1309. 

43. Awad H.A. et al. Chondrogenic differentiation of adipose-derived adult 

stem cells in agarose, alginate, and gelatin scaffolds / H. Awad, M. Wickham, H. 

Leddy // Biomaterials. – 2004. – № 25(16). – ɋ.3211-3222. 

44. Garg, T. Scaffold: A novel carrier for cell and drug delivery / T. Garg, O. 

Singh, S. Arora // Critical Reviews in Therapeutic Drug Carrier Systems. – 2012. –

№.29. – ɋ.1-63. 

45. Venugopal, J. et al. In vitro study of smooth muscle cells on 

polycaprolactone and collagen nanofibrous matrices /J. Venugopal,  L. Ma, T. Yong 

// Cell Biol. Int. – 2005. – №29. – ɋ.861-897. 

46. Mei, N. Biocompatibility of poly(ε-caprolactone) scaffold modified by 

chitosan - The fibroblasts proliferation in vitro / N. Mei, G. Chen, P. Zhou // J. 

Biomater. Appl. – 2005. – №19. – ɋ.323-339. 

47. Gloria, A. Three-dimensional poly(ε-caprolactone) bioactive scaffolds 

with controlled structural and surface properties / A. Gloria, F. Causa, T. Russo et al. 

// Biomacromolecules. – 2012. – №11. – ɋ.3510–3521. 

48. Zhu, Y. Surface modification of polycaprolactone with poly(methacrylic 

acid) and gelatin covalent immobilization for promoting its cytocompatibility / Y. 

Zhu, C. Gao, J. Shen // Biomaterials. – 2002. – №23. – ɋ.4889-4895. 

49. Bryant S.J., Anseth K.S. Hydrogel properties influence ECM production 

by chondrocytes photoencapsulated in poly(ethylene glycol) hydrogels // J. Biomed. 

Mater. Res. –2002. – №59. – ɋ.63-72. 



41 

 

50. Lee, S.H. Poly(ethylene glycol) hydrogels conjugated with a 

collagenase-sensitive fluorogenic substrate to visualize collagenase activity during 

three-dimensional cell migration // Biomaterials. – 2007. – №18. – ɋ.397-399. 

51. Veronese, F.M. PEGylation, successful approach to drug delivery / F.M 

Veronese, G. Pasut // Drug Discovery Today. – 2005. – №10. – ɋ.1451-1458. 

52. Allen, M.J. Preclinical Evaluation of a Poly (Vinyl Alcohol) Hydrogel 

Implant as a Replacement for the Nucleus Pulposus / M.J. Allen, J.E. Schoonmaker, 

T.W. Bauer // Spine (Phila. Pa. 1976). – 2004. – №29. – ɋ.515-523. 

53. Chen, D. Transport and hydrolysis of urea in a reactor–separator 

combining an anion‐exchange membrane and immobilized urease / D. Chen, J. Leu, 

T. Huang // J. Chem. Technol. Biotechnol. – 1994. – №61. – ɋ.351-357. 

54. Zhou, Y. Electrospinning of chitosan/poly(vinyl alcohol)/ acrylic acid 

aqueous solutions / Y. Zhou, D. Yang, J. Nie // J. Appl. Polym. Sci. – 2006. – №102. 

– ɋ.5692-5697. 

55. Zhang, Y. Preparation of electrospun chitosan/poly(vinylalcohol) 

membranes/ Y. Zhang, X. Huang, B. Duan // Colloid Polym. Sci. – 2007. – №285. – 

ɋ.855-863. 

56. Asran, A.S. Nanofibers from blends of polyvinyl alcohol and 

polyhydroxybutyrate as potential scaffold material for tissue engineering of skin/ 

A.Asran, K. Razghandi, N. Aggarwal // Biomacromolecules. – 2010. – №11(12). – 

ɋ.3413-3421. 

57. Moran J.M., Pazzano D., Bonassar L.J. Characterization of polylactic 

acid-polyglycolic acid composites for cartilage tissue engineering/ J.M. Moran, D. 

Pazzano, L.J. Bonassar // Tissue Eng. – 2003. – №9(1). – ɋ.63-70. 

58. Singhal A.R., Agrawal C.M., Athanasiou K.A. Salient degradation 

features of a 50:50 PLA/PGA scaffold for tissue engineering/ A.R. Singhal, C.M. 

Agrawal, K.A. Athanasiou // Tissue Eng. – 1996. – №2(3). – ɋ.197-207. 

59. Li , X. In situ injectable nano-composite hydrogel composed of 

curcumin, N,O-carboxymethyl chitosan and oxidized alginate for wound healing 



42 

 

application/ X. Li, S. Chen, B. Zhang  // Int. J. Pharm. – 2012. – №431(1). – ɋ.110-

119. 

60. Khalilov, R.I. Effect of ultraviolet radiation on structural-functional 

characteristics of the thylakoid membrane/ R.I. Khalilov, G.B. Khomutov, A.N. 

Tikhonov // Russ.Plant Physiol. – 1993. – №40. – ɋ.338-442. 

61. Zhang, J. A comparative study of porous scaffolds with cubic and 

spherical macropores/ J. Zhang, L. Wu, D. Jing // Polymer. – 2005. – №46(13). – 

ɋ.4979-4985. 

62. Chen, G. Scaffold design for tissue engineering/ G. Chen, T. Ushida, T. 

Tateishi // Macromolecular Bioscience. – 2002. – №2(2). – ɋ.67-77. 

63. Cheng, Y.L. Development of dynamic masking rapid prototyping system 

for application in tissue engineering/ Y.L. Cheng, M.L. Lee // Rapid Prototyp. J. – 

2009. – №15(1). – ɋ.29-41. 

64. Amirthalingam, M. Bioactive PLGA–curcumin microparticle-embedded 

chitosan scaffold: in vitro and in vivo evaluation / M. Amirthalingam, N. Kasinathan, 

A. Amuthan // Artif. Cells, Nanomedicine Biotechnol. – 2017. – №45(2). – ɋ.233-

241. 

66. ȼɨɥɨɜɚ, Ɍ. Ƚ. ɉɨɥɢɨɤɫɢɚɥɤɚɧɨɚɬɵ (ɉɈȺ) – ɛɢɨɪɚɡɪɭɲɚɟɦɵɟ 

ɩɨɥɢɦɟɪɵ ɞɥɹ ɦɟɞɢɰɢɧɵ / Ɍ. Ƚ. ȼɨɥɨɜɚ, ȼ.ɂ. ɋɟɜɚɫɬɶɹɧɨɜ, ȿ.ɂ.  ɒɢɲɚɰɤɚɹ. –

ɇɨɜɨɫɢɛɢɪɫɤ: ɂɡɞɚɬɟɥɶɫɬɜɨ ɋɈ ɊȺɇ. – 2003. –330 ɫ. 

67. ȼɨɥɨɜɚ, Ɍ. Ƚ. Ɇɚɬɟɪɢɚɥɵ ɞɥɹ ɦɟɞɢɰɢɧɵ, ɤɥɟɬɨɱɧɨɣ ɢ ɬɤɚɧɟɜɨɣ 

ɢɧɠɟɧɟɪɢɢ [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]: ɷɥɟɤɬɪɨɧ. ɭɱɟɛ. ɩɨɫɨɛɢɟ / Ɍ. Ƚ. ȼɨɥɨɜɚ, ȿ. ɂ. 

ɒɢɲɚɰɤɚɹ, ɉ. ȼ. Ɇɢɪɨɧɨɜ. – ɗɥɟɤɬɪɨɧ. ɞɚɧ. (6 Ɇɛ). – Ʉɪɚɫɧɨɹɪɫɤ: ɂɉɄ ɋɎɍ, 

2009. – (Ɇɚɬɟɪɢɚɥɵ ɞɥɹ ɦɟɞɢɰɢɧɵ, ɤɥɟɬɨɱɧɨɣ ɢ ɬɤɚɧɟɜɨɣ ɢɧɠɟɧɟɪɢɢ: ɍɆɄȾ 

№1324– 2008 / ɪɭɤ. ɬɜɨɪɱ. ɤɨɥɥɟɤɬɢɜɚ Ɍ. Ƚ. ȼɨɥɨɜɚ). –1 ɷɥɟɤɬɪɨɧ. ɨɩɬ. ɞɢɫɤ 

(DVD). 

68. Vinnik, I.S. The current dressings for wound care in the treatment of 

purulent wounds/ I. Vinnik, N. Markelova, N. Solov'Eva // Nov. Khirurgii. – 2015. –

№23(5). – ɋ.552–558. 



43 

 

69. Murueva, A. V. The Use of Polymeric Microcarriers Loaded with Anti-

Inflammatory Substances in the Therapy of Experimental Skin Wounds/ A. Murueva 

A. Shershneva, E. Shishatskaya // Bull. Exp. Biol. Med. – 2014. – №157(5). – ɋ. 

597–602. 

70. Philip, S. Polyhydroxyalkanoates: Biodegradable polymers with a range 

of applications / S. Philip, T. Keshavarz, I. Roy // Journal of Chemical Technology 

and Biotechnology. – 2007. – №82(3). – ɋ.233-247. 

71. Chen, G.Q. The application of polyhydroxyalkanoates as tissue 

engineering materials/ G.Q. Chen, Q. Wu // Biomaterials. – 2005. – №26(33). – 

ɋ.6565-6578. 

72. Ljungberg, C. Neuronal survival using a resorbable synthetic conduit as 

an alternative to primary nerve repair / C. Ljungberg, G. Johansson-Ruden, K. 

Junemo Boström // Microsurgery. – 1999. – №19(6). – ɋ.259-264. 

73. Keshel, S.H. The healing effect of unrestricted somatic stem cells loaded 

in collagen-modified nanofibrous PHBV scaffold on full-thickness skin defects/ S. 

Keshel, E. Biazar, M. Rezaei Tavirani // Artif. Cells, Nanomedicine Biotechnol. – 

2014. – №26(33). – ɋ.6565-6578. 

74. Harrison, R.G. Observations on the living developing nerve fiber / 

Harrison, R.G.  // Proc. Soc. Exp. Biol. Med. – 1907. 

75. Schaffer, W.I. Terminology associated with cell, tissue and organ 

culture, molecular biology and molecular genetics/  W.I  Schaffer // Vitr. Cell. Dev. 

Biol. – 1990. – №26(1). – ɋ.97-101. 

76. Ɏɪɟɲɧɢ, Ɋ. ə. Ʉɭɥɶɬɭɪɚ ɠɢɜɨɬɧɵɯ ɤɥɟɬɨɤ : ɩɪɚɤɬɢɱɟɫɤɨɟ 

ɪɭɤɨɜɨɞɫɬɜɨ /Ɋ. ə. Ɏɪɟɲɧɢ.  — ɩɟɪ. 5-ɝɨ ɚɧɝɥ. ɢɡɞ. — Ɇ. : ȻɂɇɈɆ. 

Ʌɚɛɨɪɚɬɨɪɢɹ ɡɧɚɧɢɣ, 2010. — ɋ. 691. 

77. Gey, G.O. Tissue culture studies of the proliferative capacity of cervical 

carcinoma and normal epithelium / G.O. Gey, W.D. Coffmann, M.T.  Kubicek // 

Cancer Res. 1952. 

 

 




