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ɊȿɎȿɊȺɌ 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɰɢɪɨɜɚɧɧɚɹ ɪɚɛɨɬɚ ɧɚ ɬɟɦɭ «Ⱥɧɝɢɨɝɟɧɟɡ ɩɪɢ 

ɩɨɜɪɟɠɞɟɧɢɢ ɦɨɡɝɚ ɢ ɛɨɥɟɡɧɢ Ⱥɥɶɰɝɟɣɦɟɪɚ» ɫɨɞɟɪɠɢɬ 34 ɫɬɪɚɧɢɰɵ 

ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 25 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ȺɇȽɂɈȽȿɇȿɁ, ȺɅɖɐȽȿɃɆȿɊ, ɂɒȿɆɂə, ȾȿɆȿɇɐɂə, 

ɎɅɍɈɊȿɋȿɇɌɇȺə ɆɂɄɊɈɋɄɈɉɂə, ɉɈȼȿȾȿɇɑȿɋɄɂȿ ɌȿɋɌɕ, 

ɂɆɆɍɇɈȽɂɋɌɈɏɂɆɂə. ɐɟɥɶ ɢɫɫɥɟɞɨɜɚɧɢɹ - ɨɰɟɧɤɚ ɢɡɦɟɧɟɧɢɣ 

ɚɧɝɢɨɝɟɧɟɡɚ ɭ ɤɪɵɫ ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɛɨɥɟɡɧɶɸ Ⱥɥɶɰɝɟɣɦɟɪɚ ɢ ɢɲɟɦɢɟɣ 

ɝɨɥɨɜɧɨɝɨ ɦɨɡɝɚ. 

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɛɨɥɟɡɧɢ Ⱥɥɶɰɝɟɣɦɟɪɚ (ȻȺ) ɩɪɨɯɨɞɢɥɨ ɧɚ ɤɪɵɫɚɯ 

ɜɨɡɪɚɫɬɨɦ ɩɨ 8 ɦɟɫɹɰɟɜ ɫ ɨɞɧɨɤɪɚɬɧɵɦ ɜɜɟɞɟɧɢɟɦ ɛɟɬɚ-ɚɦɟɥɨɢɞɚ ɢɥɢ 

ɮɢɡɢɨɥɨɝɢɱɟɫɤɨɝɨ ɪɚɫɬɜɨɪɚ, ɚ ɬɚɤɠɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɢɲɟɦɢɢ ɝɨɥɨɜɧɨɝɨ ɦɨɡɝɚ 

ɩɪɨɯɨɞɢɥɨ ɧɚ ɤɪɵɫɚɯ ɜɨɡɪɚɫɬɨɦ ɩɨ 2 ɦɟɫɹɰɚ. Ɉɰɟɧɤɚ ɢɡɦɟɧɟɧɢɣ ɜ ɩɨɜɟɞɟɧɢɢ 

ɠɢɜɨɬɧɵɯ ɩɪɨɜɨɞɢɥɚɫɶ ɫ ɩɨɦɨɳɶɸ ɩɨɜɟɞɟɧɱɟɫɤɢɯ ɬɟɫɬɨɜ – NSS-ɬɟɫɬ, 

«ɨɬɤɪɵɬɨɟ ɩɨɥɟ» ɢ «ɜɨɞɧɵɣ ɥɚɛɢɪɢɧɬ Ɇɨɪɪɢɫɚ», ɩɪɨɜɨɞɢɥɢɫɶ 

ɢɦɦɭɧɨɝɢɫɬɨɯɢɦɢɹ ɧɚ ɫɜɨɛɨɞɧɨ-ɩɥɚɜɚɸɳɢɯ ɫɪɟɡɚɯ ɢ ɮɥɭɨɪɟɫɰɟɧɬɧɚɹ 

ɦɢɤɪɨɫɤɨɩɢɹ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɢɫɫɥɟɞɨɜɚɧɢɹ  ɜɵɹɜɥɟɧɵ ɜɵɪɚɠɟɧɧɵɣ 

ɧɟɜɪɨɥɨɝɢɱɟɫɤɢɣ ɞɟɮɢɰɢɬ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɪɚɡɜɢɬɢɢ ɨɫɬɪɨɣ ɢ 

ɯɪɨɧɢɱɟɫɤɨɣ ɧɟɣɪɨɞɟɝɟɧɟɪɚɰɢɢ ɢ ɭɫɢɥɟɧɢɟ ɚɧɝɢɨɝɟɧɟɡɚ ɭ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɝɪɭɩɩ ɦɨɞɟɥɟɣ ȻȺ ɢ ɢɲɟɦɢɢ ɝɨɥɨɜɧɨɝɨ ɦɨɡɝɚ, ɱɬɨ ɦɨɠɟɬ 

ɫɜɢɞɟɬɟɥɶɫɬɜɨɜɚɬɶ ɨ ɪɟɩɚɪɚɰɢɢ ɩɨɜɪɟɠɞɟɧɢɹ. 
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ȼȼȿȾȿɇɂȿ 

Ɋɚɫɩɪɨɫɬɪɚɧɟɧɧɨɫɬɶ ɡɚɛɨɥɟɜɚɧɢɣ, ɬɚɤɢɯ ɤɚɤ ɛɨɥɟɡɧɶ Ⱥɥɶɰɝɟɣɦɟɪɚ (ȻȺ) ɢ 

ɢɲɟɦɢɹ ɝɨɥɨɜɧɨɝɨ ɦɨɡɝɚ, ɡɚɦɟɬɧɨ ɜɨɡɪɚɫɬɚɟɬ ɫ ɜɨɡɪɚɫɬɨɦ. ȿɠɟɝɨɞɧɨ ɜ Ɋɨɫɫɢɢ 

ɩɨɪɚɠɚɟɬɫɹ ɛɨɥɟɟ 450 000 ɱɟɥɨɜɟɤ. ȼ ɬɟɱɟɧɢɟ ɩɨɫɥɟɞɧɟɝɨ ɞɟɫɹɬɢɥɟɬɢɹ 

ɩɪɨɢɡɨɲɟɥ ɤɨɧɰɟɩɬɭɚɥɶɧɵɣ ɫɞɜɢɝ ɜ ɨɛɥɚɫɬɢ ɛɨɥɟɡɧɢ Ⱥɥɶɰɝɟɣɦɟɪɚ, 

ɪɚɫɫɦɚɬɪɢɜɚɸɳɟɣ ɛɨɥɟɡɧɶ ɤɚɤ ɤɨɧɬɢɧɭɭɦ. ɏɨɬɹ ɧɚɢɛɨɥɟɟ ɲɢɪɨɤɨ 

ɭɛɟɞɢɬɟɥɶɧɨɣ ɝɢɩɨɬɟɡɨɣ ɞɥɹ ɷɬɢɨɥɨɝɢɢ ɛɨɥɟɡɧɢ Ⱥɥɶɰɝɟɣɦɟɪɚ ɹɜɥɹɟɬɫɹ 

ɝɢɩɨɬɟɡɚ ɚɦɢɥɨɢɞɧɨɝɨ ɤɚɫɤɚɞɚ, ɜɫɟ ɛɨɥɶɲɟ ɞɚɧɧɵɯ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɬɨɦ, 

ɱɬɨ ɚɧɝɢɨɝɟɧɟɡ ɦɨɠɟɬ ɩɪɟɞɫɬɚɜɥɹɬɶ ɫɨɛɨɣ ɧɨɜɵɣ ɩɚɬɨɝɟɧɧɵɣ ɦɟɯɚɧɢɡɦ, 

ɭɱɚɫɬɜɭɸɳɢɣ ɜ ɩɪɨɝɪɟɫɫɢɪɨɜɚɧɢɢ ȻȺ.  Ⱥɧɝɢɨɝɟɧɟɡ - ɷɬɨ ɮɨɪɦɢɪɨɜɚɧɢɟ ɢ 

ɪɟɦɨɞɟɥɢɪɨɜɚɧɢɟ ɧɨɜɵɯ ɤɪɨɜɟɧɨɫɧɵɯ ɫɨɫɭɞɨɜ ɢ ɤɚɩɢɥɥɹɪɨɜ ɢɡ 

ɫɭɳɟɫɬɜɭɸɳɟɣ ɫɨɫɭɞɢɫɬɨɣ ɫɟɬɢ ɩɨɫɪɟɞɫɬɜɨɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ 

ɤɥɟɬɨɱɧɵɦ ɦɚɬɪɢɤɫɨɦ, ɰɢɬɨɤɢɧɚɦɢ ɢ ɩɪɨɬɟɚɡɚɦɢ. Ɉɧ ɢɝɪɚɟɬ ɤɥɸɱɟɜɭɸ ɪɨɥɶ 

ɜ ɞɢɮɮɭɡɢɨɧɧɨɦ ɨɛɦɟɧɟ ɦɟɬɚɛɨɥɢɬɨɜ ɢ ɩɢɬɚɬɟɥɶɧɵɯ ɜɟɳɟɫɬɜ ɜɨ ɜɫɟɯ ɬɤɚɧɹɯ 

ɢ ɨɪɝɚɧɚɯ ɱɟɥɨɜɟɱɟɫɤɨɝɨ ɬɟɥɚ, ɩɪɨɢɫɯɨɞɹɳɢɟ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɜɫɟɣ ɧɚɲɟɣ 

ɠɢɡɧɢ ɤɚɤ ɜ ɛɨɥɟɡɧɟɧɧɨɦ, ɬɚɤ ɢ ɜ ɡɞɨɪɨɜɨɦ ɫɨɫɬɨɹɧɢɢ. ɂɡɦɟɧɟɧɢɹ 

ɦɟɬɚɛɨɥɢɡɦɚ ɩɪɢɜɨɞɹɬ ɤ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɦ ɢɡɦɟɧɟɧɢɹɦ ɚɧɝɢɨɝɟɧɟɡɚ ɢ, 

ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɦ ɢɡɦɟɧɟɧɢɹɦ ɤɚɩɢɥɥɹɪɧɨɫɬɢ. Ʉɢɫɥɨɪɨɞ 

ɢɦɟɟɬ ɪɟɲɚɸɳɟɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɷɬɨɝɨ ɩɪɨɰɟɫɫɚ. Ƚɢɩɨɤɫɢɹ ɜɨɡɧɢɤɚɟɬ ɩɪɢ 

ɫɧɢɠɟɧɢɢ ɩɨɞɚɱɢ ɤɢɫɥɨɪɨɞɚ ɢɥɢ ɩɨɜɵɲɟɧɢɢ ɩɨɬɪɟɛɧɨɫɬɢ ɜ ɤɢɫɥɨɪɨɞɟ. ɗɬɨ 

ɨɫɧɨɜɧɨɣ ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɣ ɫɬɢɦɭɥ ɞɥɹ ɢɧɞɭɤɰɢɢ ɚɧɝɢɨɝɟɧɟɡɚ, ɤɨɬɨɪɵɣ 

ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɭɬɶ ɫɬɢɦɭɥ-ɨɬɜɟɬ, ɤɨɬɨɪɵɣ ɩɵɬɚɟɬɫɹ ɩɨɞɞɟɪɠɢɜɚɬɶ 

ɚɞɟɤɜɚɬɧɭɸ ɨɤɫɢɝɟɧɚɰɢɸ ɩɪɢ ɩɚɬɨɥɨɝɢɱɟɫɤɨɦ ɫɬɚɬɭɫɟ.  ȼ ɩɨɫɥɟɞɧɢɟ 

ɞɟɫɹɬɢɥɟɬɢɹ ɧɚɛɥɸɞɚɟɬɫɹ ɛɨɥɶɲɨɣ ɢɧɬɟɪɟɫ ɤ ɪɟɝɭɥɹɰɢɢ ɚɧɝɢɨɝɟɧɟɡɚ ɤɚɤ 

ɬɟɪɚɩɟɜɬɢɱɟɫɤɨɣ ɦɢɲɟɧɢ ɩɪɢ ɪɚɤɟ ɢ ɢɲɟɦɢɱɟɫɤɨɦ ɢɧɫɭɥɶɬɟ. [1,2].  
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ɐɟɥɶ ɢɫɫɥɟɞɨɜɚɧɢɹ: ɨɰɟɧɤɚ ɢɡɦɟɧɟɧɢɣ ɚɧɝɢɨɝɟɧɟɡɚ ɭ ɤɪɵɫ ɫ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɛɨɥɟɡɧɶɸ Ⱥɥɶɰɝɟɣɦɟɪɚ ɢ ɢɲɟɦɢɟɣ ɝɨɥɨɜɧɨɝɨ ɦɨɡɝɚ. 

Ɂɚɞɚɱɢ:  

1. Ɉɛɨɡɧɚɱɢɬɶ ɢ ɜɵɹɫɧɢɬɶ ɫɯɨɞɫɬɜɨ ɩɨɜɟɞɟɧɱɟɫɤɢɯ ɢɡɦɟɧɟɧɢɣ ɩɪɢ ɛɨɥɟɡɧɢ 

Ⱥɥɶɰɝɟɣɦɟɪɚ ɢ ɢɲɟɦɢɢ ɝɨɥɨɜɧɨɝɨ ɦɨɡɝɚ. 

2. ȼɵɹɜɢɬɶ ɨɫɨɛɟɧɧɨɫɬɢ ɚɧɝɢɨɝɟɧɟɡɚ ɭ ɦɨɞɟɥɶɧɵɯ ɠɢɜɨɬɧɵɯ. 

3. ɉɪɨɜɟɫɬɢ ɤɨɪɪɟɥɹɰɢɨɧɧɵɣ ɚɧɚɥɢɡ ɜɵɪɚɠɟɧɧɨɫɬɢ ɩɨɜɟɞɟɧɱɟɫɤɢɯ ɢɡɦɟɧɟɧɢɣ ɫ 

ɢɡɦɟɧɟɧɢɟɦ ɷɤɫɩɪɟɫɫɢɢ ɦɚɪɤɟɪɨɜ ɚɧɝɢɨɝɟɧɟɡɚ. 
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1. ɅɂɌȿɊȺɌɍɊɇЫɃ ɈȻɁɈɊ 

1.1 Ⱥɧɝɢɨɝɟɧɟɡ 

Ⱥɧɝɢɨɝɟɧɟɡ ɢɝɪɚɟɬ ɪɟɲɚɸɳɭɸ ɪɨɥɶ ɜ ɷɦɛɪɢɨɝɟɧɟɡɟ ɢ ɫɨɡɪɟɜɚɧɢɢ 

ɫɟɪɞɟɱɧɨ-ɫɨɫɭɞɢɫɬɨɣ ɫɢɫɬɟɦɵ. ɋɟɪɞɟɱɧɨ-ɫɨɫɭɞɢɫɬɚɹ ɫɢɫɬɟɦɚ - ɷɬɨ ɩɟɪɜɵɣ 

ɨɪɝɚɧ, ɮɨɪɦɢɪɭɸɳɢɣɫɹ ɜɨ ɜɪɟɦɹ ɪɚɡɜɢɬɢɹ ɩɨɡɜɨɧɨɱɧɵɯ. ɗɬɚ ɫɥɨɠɧɚɹ 

ɫɨɫɭɞɢɫɬɚɹ ɫɟɬɶ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɢɬɚɧɢɟ ɢ ɩɨɞɞɟɪɠɤɭ ɢɦɦɭɧɧɨɣ ɫɢɫɬɟɦɵ 

ɪɚɡɥɢɱɧɵɦ ɬɤɚɧɹɦ. ɍ ɩɪɢɦɢɬɢɜɧɵɯ ɠɢɜɨɬɧɵɯ, ɬɚɤɢɯ ɤɚɤ ɩɥɨɞɨɜɚɹ ɦɭɯɚ 

Drosophila melanogaster ɢ ɱɟɪɜɶ Caenorhabditis elegans, ɤɢɫɥɨɪɨɞ 

ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɱɟɪɟɡ ɤɨɠɭ ɤɨ ɜɫɟɦ ɤɥɟɬɤɚɦ ɢɯ ɬɟɥɚ. ȼ ɯɨɞɟ ɷɜɨɥɸɰɢɢ 

ɠɢɜɨɬɧɵɟ ɫɬɚɥɢ ɛɨɥɟɟ ɫɥɨɠɧɵɦɢ ɢ ɤɪɭɩɧɵɦɢ. Ʉɚɤ ɩɪɚɜɢɥɨ, ɫɨɜɪɟɦɟɧɧɵɟ 

ɦɧɨɝɨɤɥɟɬɨɱɧɵɟ ɠɢɜɨɬɧɵɟ ɢɦɟɸɬ ɧɢɡɤɨɟ ɨɬɧɨɲɟɧɢɟ ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢ ɤ 

ɨɛɴɟɦɭ, ɱɬɨ ɞɟɥɚɟɬ ɧɟɜɨɡɦɨɠɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɧɟɨɛɯɨɞɢɦɨɝɨ ɤɢɫɥɨɪɨɞɚ ɢ 

ɞɪɭɝɢɯ ɩɢɬɚɬɟɥɶɧɵɯ ɜɟɳɟɫɬɜ ɫ ɩɨɦɨɳɶɸ ɩɪɨɫɬɨɣ ɞɢɮɮɭɡɢɢ. ɉɨɫɤɨɥɶɤɭ 

ɞɢɮɮɭɡɢɹ ɤɢɫɥɨɪɨɞɚ ɨɝɪɚɧɢɱɟɧɚ ɬɨɥɳɢɧɨɣ ɩɪɢɦɟɪɧɨ 100–200 ɦɤɦ, ɜɫɟɦ 

ɦɧɨɝɨɤɥɟɬɨɱɧɵɦ ɠɢɜɨɬɧɵɦ ɡɚ ɩɪɟɞɟɥɚɦɢ ɷɬɨɝɨ ɪɚɡɦɟɪɚ ɧɟɨɛɯɨɞɢɦɨ 

ɪɟɤɪɭɬɢɪɨɜɚɬɶ ɤɪɨɜɟɧɨɫɧɵɟ ɫɨɫɭɞɵ ɩɭɬɟɦ ɚɧɝɢɨɝɟɧɟɡɚ, ɱɬɨɛɵ ɤɢɫɥɨɪɨɞ ɢ 

ɩɢɬɚɬɟɥɶɧɵɟ ɜɟɳɟɫɬɜɚ ɦɨɝɥɢ ɪɚɫɩɪɟɞɟɥɹɬɶɫɹ ɩɨ ɢɯ ɤɥɟɬɤɚɦ. Ɇɧɨɝɢɟ ɤɥɟɬɤɢ ɫ 

ɪɚɡɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɢ ɩɪɨɢɫɯɨɠɞɟɧɢɟɦ, ɚ ɬɚɤɠɟ ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ ɧɟɛɨɥɶɲɢɟ 

ɚɧɝɢɨɝɟɧɧɵɟ ɦɨɥɟɤɭɥɵ ɭɱɚɫɬɜɭɸɬ ɜ ɷɬɨɦ ɫɬɪɨɝɨ ɪɟɝɭɥɢɪɭɟɦɨɦ ɩɪɨɰɟɫɫɟ 

[1,3]. 

1.2 Ɇɟɯɚɧɢɡɦɵ 

ɋɭɳɟɫɬɜɭɟɬ ɞɜɚ ɨɫɧɨɜɧɵɯ ɬɢɩɚ ɚɧɝɢɨɝɟɧɟɡɚ: ɩɪɨɪɚɫɬɚɸɳɢɣ ɚɧɝɢɨɝɟɧɟɡ 

ɢ ɢɧɜɚɝɢɧɚɥɶɧɵɣ ɚɧɝɢɨɝɟɧɟɡ. ɉɪɢ ɩɪɨɪɚɫɬɚɧɢɢ ɚɧɝɢɨɝɟɧɟɡɚ ɮɟɪɦɟɧɬɚɬɢɜɧɚɹ 

ɞɟɝɪɚɞɚɰɢɹ ɛɚɡɚɥɶɧɨɣ ɦɟɦɛɪɚɧɵ ɤɚɩɢɥɥɹɪɨɜ ɨɫɥɚɛɥɹɟɬ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ 

ɷɧɞɨɬɟɥɢɚɥɶɧɚɹ ɤɥɟɬɤɚ-ɤɥɟɬɤɚ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɷɧɞɨɬɟɥɢɚɥɶɧɵɦ ɤɥɟɬɤɚɦ 

ɩɪɨɥɢɮɟɪɢɪɨɜɚɬɶ ɢ ɩɪɨɪɚɫɬɚɬɶ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɚɧɝɢɨɝɟɧɧɨɝɨ ɫɬɢɦɭɥɹɬɨɪɚ. ɇɚ 

ɷɬɨɣ ɫɬɚɞɢɢ ɷɧɞɨɬɟɥɢɚɥɶɧɵɟ ɤɥɟɬɤɢ ɭɩɥɨɳɚɸɬɫɹ, ɨɛɪɚɡɭɹ ɞɥɢɧɧɭɸ, ɬɨɧɤɭɸ, 

ɫɭɠɢɜɚɸɳɭɸɫɹ ɩɫɟɜɞɨɩɨɞɢɸ, ɧɚɡɵɜɚɟɦɭɸ ɮɢɥɨɩɨɞɢɹɦɢ; ɷɬɨ ɫɬɪɭɤɬɭɪɵ ɫ 

ɫɢɥɶɧɨ ɪɚɫɲɢɪɟɧɧɵɦ ɷɧɞɨɩɥɚɡɦɚɬɢɱɟɫɤɢɦ ɪɟɬɢɤɭɥɭɦɨɦ ɢ ɚɩɩɚɪɚɬɨɦ 
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Ƚɨɥɶɞɠɢ, ɫ ɜɵɫɨɤɢɦ ɭɪɨɜɧɟɦ ɩɪɨɞɭɤɰɢɢ ɩɪɨɬɟɨɥɢɬɢɱɟɫɤɢɯ 

ɮɟɪɦɟɧɬɨɜ. ɉɪɨɬɟɨɥɢɬɢɱɟɫɤɢɟ ɮɟɪɦɟɧɬɵ, ɫɟɤɪɟɬɢɪɭɟɦɵɟ ɮɢɥɨɩɨɞɢɹɦɢ, 

ɪɚɫɳɟɩɥɹɸɬ ɜɧɟɤɥɟɬɨɱɧɵɣ ɦɚɬɪɢɤɫ ɢ ɨɬɤɪɵɜɚɸɬ ɩɭɬɶ ɞɥɹ ɪɚɡɜɢɜɚɸɳɟɝɨɫɹ 

ɪɨɫɬɤɚ. ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɢɧɜɚɝɢɧɚɥɶɧɵɣ ɚɧɝɢɨɝɟɧɟɡ ɧɟ ɡɚɜɢɫɢɬ ɨɬ 

ɩɪɨɥɢɮɟɪɚɰɢɢ ɢɥɢ ɦɢɝɪɚɰɢɢ ɷɧɞɨɬɟɥɢɚɥɶɧɵɯ ɤɥɟɬɨɤ. ȼ ɷɬɨɦ ɬɢɩɟ 

ɚɧɝɢɨɝɟɧɟɡɚ, ɤɨɬɨɪɵɣ ɫɱɢɬɚɟɬɫɹ ɛɵɫɬɪɵɦ ɚɧɝɢɨɝɟɧɟɡɨɦ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɩɪɨɪɚɫɬɚɸɳɢɦ ɚɧɝɢɨɝɟɧɟɡɨɦ, ɫɭɳɟɫɬɜɭɸɳɢɣ ɫɨɫɭɞ ɪɚɡɞɟɥɹɟɬɫɹ ɧɚ ɞɜɚ ɧɨɜɵɯ 

ɫɨɫɭɞɚ ɬɨɥɶɤɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɥɟɬɨɱɧɨɣ ɪɟɨɪɝɚɧɢɡɚɰɢɢ. [4]. 

1.3 ɇɚɜɢɝɚɰɢɨɧɧɵɟ ɪɟɰɟɩɬɨɪɵ 

Ɏɚɤɬɨɪɵ, ɪɟɝɭɥɢɪɭɸɳɢɟ ɩɪɨɪɚɫɬɚɧɢɹ ɫɨɫɭɞɨɜ, ɩɨ ɫɜɨɟɣ ɩɪɢɪɨɞɟ 

ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɛɢɨɯɢɦɢɱɟɫɤɢɟ ɢ ɯɢɦɢɱɟɫɤɢɟ. Ȼɢɨɯɢɦɢɱɟɫɤɢɟ ɮɚɤɬɨɪɵ 

ɜɤɥɸɱɚɸɬ ɚɪɬɟɪɢɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ, ɪɚɫɬɹɠɟɧɢɟ ɫɨɫɭɞɢɫɬɨɣ ɫɬɟɧɤɢ, 

ɬɪɚɧɫɷɧɞɨɬɟɥɢɚɥɶɧɵɣ ɬɨɤ ɠɢɞɤɨɫɬɢ. Ȼɢɨɯɢɦɢɱɟɫɤɢɟ ɮɚɤɬɨɪɵ ɦɟɧɹɸɬ 

ɷɤɫɩɪɟɫɫɢɸ ɝɟɧɨɜ ɢ ɪɟɝɭɥɢɪɭɸɬ ɦɢɝɪɚɰɢɸ ɢ ɫɟɤɪɟɰɢɸ ɢɦɢ ɯɢɦɢɱɟɫɤɢɯ 

ɚɧɝɢɨɝɟɧɧɵɯ ɮɚɤɬɨɪɨɜ. Ɉɩɢɫɚɧɨ ɦɧɨɠɟɫɬɜɨ ɯɢɦɢɱɟɫɤɢɯ ɫɢɝɧɚɥɨɜ, 

ɪɟɝɭɥɢɪɭɸɳɢɯ ɩɪɨɪɚɫɬɚɧɢɹ ɫɨɫɭɞɨɜ, ɤɨɬɨɪɵɟ ɜɤɥɸɱɚɸɬ ɪɹɞ ɛɢɨɥɨɝɢɱɟɫɤɢ 

ɚɤɬɢɜɧɵɯ ɜɟɳɟɫɬɜ ɢ ɦɟɬɚɛɨɥɢɬɨɜ. Ȼɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɟ ɜɟɳɟɫɬɜɚ, 

ɜɥɢɹɸɳɢɟ ɧɚ ɩɪɨɪɚɫɬɚɧɢɟ ɫɨɫɭɞɨɜ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɷɮɮɟɤɬɚ ɞɟɥɹɬɫɹ ɧɚ 

ɫɬɢɦɭɥɹɬɨɪɵ ɢ ɢɧɝɢɛɢɬɨɪɵ. ɋɟɦɟɣɫɬɜɨ ɮɚɤɬɨɪɨɜ ɪɨɫɬɚ ɷɧɞɨɬɟɥɢɹ ɫɨɫɭɞɨɜ 

(VEGF) ɫɬɢɦɭɥɢɪɭɟɬ ɪɨɫɬ ɫɨɫɭɞɨɜ, ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ VEGF-A, 

ɛɥɢɡɤɨɪɨɞɫɬɜɟɧɧɵɟ ɮɚɤɬɨɪɵ ɪɨɫɬɚ ɩɥɚɰɟɧɬɵ (PIGF-1,2), ɨɫɧɨɜɧɨɣ ɮɚɤɬɨɪ 

ɪɨɫɬɚ ɮɢɛɪɨɛɥɚɫɬɨɜ (FGF2), ɚɧɝɢɨɩɨɷɬɢɧ (ANGPT-1,2), ɢɧɬɟɪɥɟɣɤɢɧ-8 (IL-8), 

ɮɚɤɬɨɪɵ ɪɨɫɬɚ ɬɪɨɦɛɨɰɢɬɨɜ (PDGF) ɢ ɞɪɭɝɢɟ. Ɉɩɢɫɚɧɨ ɞɨɫɬɚɬɨɱɧɨ ɦɧɨɝɨ 

ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɜɟɳɟɫɬɜ, ɩɨɞɚɜɥɹɸɳɢɯ ɩɪɨɪɚɫɬɚɧɢɟ ɤɪɨɜɟɧɨɫɧɵɯ 

ɫɨɫɭɞɨɜ. Ȼɨɥɟɟ ɢɫɫɥɟɞɨɜɚɧɧɵɦɢ ɢɧɝɢɛɢɬɨɪɚɦɢ ɹɜɥɹɸɬɫɹ ɬɪɨɦɛɨɫɩɨɧɞɢɧ-1,2, 

ɜɚɡɨɝɢɛɢɧ-1, ɚɧɝɢɨɫɬɚɬɢɧɵ ɢ ɞɪɭɝɢɟ [5,6]. 

1.4 VEGF 

VEGF ɛɵɥ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧ, ɜɵɞɟɥɟɧ ɢ ɤɥɨɧɢɪɨɜɚɧ ɛɨɥɟɟ 25 ɥɟɬ 

ɧɚɡɚɞ. ɏɨɬɹ VEGF ɜ ɨɫɧɨɜɧɨɦ ɧɚɰɟɥɟɧ ɧɚ ɷɧɞɨɬɟɥɢɚɥɶɧɵɟ ɤɥɟɬɤɢ, ɛɵɥɨ 
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ɩɨɤɚɡɚɧɨ, ɱɬɨ ɷɬɨɬ ɮɚɤɬɨɪ ɨɤɚɡɵɜɚɟɬ ɦɧɨɠɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɬɢɩɵ ɤɥɟɬɨɤ.  ɏɨɬɹ VEGF ɧɟɨɛɯɨɞɢɦ ɞɥɹ ɮɢɡɢɨɥɨɝɢɱɟɫɤɨɝɨ 

ɫɨɫɭɞɢɫɬɨɝɨ ɝɨɦɟɨɫɬɚɡɚ ɜ ɪɚɡɥɢɱɧɵɯ ɤɥɟɬɤɚɯ ɢ ɬɤɚɧɹɯ, ɛɵɥɨ 

ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɨ, ɱɬɨ ɨɧ ɜɚɠɟɧ ɜ ɦɨɥɟɤɭɥɹɪɧɨɦ ɩɚɬɨɝɟɧɟɡɟ ɪɨɫɬɚ ɢ 

ɦɟɬɚɫɬɚɡɢɪɨɜɚɧɢɹ ɨɩɭɯɨɥɢ. ɉɚɬɨɝɟɧɧɵɟ ɷɮɮɟɤɬɵ, ɨɩɨɫɪɟɞɨɜɚɧɧɵɟ VEGF, ɜ 

ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɨɛɭɫɥɨɜɥɟɧɵ ɟɝɨ ɜɥɢɹɧɢɟɦ ɧɚ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɫɨɫɭɞɨɜ ɢ 

ɧɟɨɚɧɝɢɨɝɟɧɟɡ (ɧɟɨɜɚɫɤɭɥɹɪɢɡɚɰɢɹ). ɉɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ ɚɧɝɢɨɝɟɧɧɵɦɢ 

ɮɚɤɬɨɪɚɦɢ, ɫɟɦɟɣɫɬɜɨ ɮɚɤɬɨɪɚ ɪɨɫɬɚ ɷɧɞɨɬɟɥɢɹ ɫɨɫɭɞɨɜ (VEGF) ɫɱɢɬɚɟɬɫɹ 

ɩɪɟɨɛɥɚɞɚɸɳɢɦ ɜ ɫɨɫɭɞɢɫɬɵɯ ɧɨɜɨɨɛɪɚɡɨɜɚɧɢɹɯ. Ȼɟɥɤɢ ɫɟɦɟɣɫɬɜɚ VEGF – 

ɷɬɨ ɝɥɢɤɨɩɪɨɬɟɢɧɵ, ɤɨɬɨɪɵɟ ɫɬɢɦɭɥɢɪɭɸɬ ɨɛɪɚɡɨɜɚɧɢɟ ɧɨɜɵɯ ɤɪɨɜɟɧɨɫɧɵɯ ɢ 

ɥɢɦɮɚɬɢɱɟɫɤɢɯ ɫɨɫɭɞɨɜ, ɚ ɬɚɤɠɟ ɩɨɜɵɲɚɸɬ ɢɯ ɩɪɨɧɢɰɚɟɦɨɫɬɶ. VEGF 

ɜɵɜɨɞɢɬɫɹ ɜ ɜɢɞɟ ɤɨɜɚɥɟɧɬɧɨ ɫɜɹɡɚɧɧɵɯ ɝɨɦɨɞɢɦɟɪɨɜ, ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɵɯ 

ɞɢɫɭɥɶɮɢɞɧɵɦɢ ɦɨɫɬɢɤɚɦɢ. ɋɟɦɟɣɫɬɜɨ ɜɤɥɸɱɚɟɬ ɬɚɤɢɟ ɮɚɤɬɨɪɵ ɪɨɫɬɚ ɤɚɤ: 

VEGF-A; VEGF-B; VEGF-C; VEGF-D; VEGF-E ɢ ɮɚɤɬɨɪ ɪɨɫɬɚ ɩɥɚɰɟɧɬɵ 

(PLGF). Ɉɞɧɢɦ ɢɡ ɚɤɬɢɜɚɬɨɪɨɜ VEGF ɹɜɥɹɟɬɫɹ ɮɚɤɬɨɪ, ɢɧɞɭɰɢɪɨɜɚɧɧɵɣ 

ɝɢɩɨɤɫɢɟɣ (HIF-1). Ɏɚɤɬɨɪɵ ɫɟɦɟɣɫɬɜɚ VEGF ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɫ ɤɥɟɬɤɨɣ 

ɱɟɪɟɡ ɪɟɰɟɩɬɨɪɧɭɸ ɬɢɪɨɡɢɧɤɢɧɚɡɭ. Ɋɟɰɟɩɬɨɪ VEGF 1-ɝɨ ɬɢɩɚ (VEGFR1, Flt-

1) ɷɤɫɩɪɟɫɫɢɪɭɟɬɫɹ ɝɟɦɨɩɨɷɬɢɱɟɫɤɢɦɢ ɫɬɜɨɥɨɜɵɦɢ ɤɥɟɬɤɚɦɢ, ɦɨɧɨɰɢɬɚɦɢ, 

ɦɚɤɪɨɮɚɝɚɦɢ ɢ ɷɧɞɨɬɟɥɢɚɥɶɧɵɦɢ ɤɥɟɬɤɚɦɢ ɫɨɫɭɞɨɜ. Ɋɟɰɟɩɬɨɪ VEGF 2-ɝɨ 

ɬɢɩɚ (VEGFR-2, Flk-1 / KDR) ɷɤɫɩɪɟɫɫɢɪɭɟɬɫɹ ɤɪɨɜɶɸ ɢ ɥɢɦɮɚɬɢɱɟɫɤɢɦɢ 

ɷɧɞɨɬɟɥɢɚɥɶɧɵɦɢ ɤɥɟɬɤɚɦɢ, ɚ ɪɟɰɟɩɬɨɪ VEGF 3-ɝɨ ɬɢɩɚ (VEGFR-3, Flt-4) - 

ɷɧɞɨɬɟɥɢɚɥɶɧɵɦɢ ɤɥɟɬɤɚɦɢ ɥɢɦɮɚɬɢɱɟɫɤɢɯ ɫɨɫɭɞɨɜ [7]. 

VEGF-A ɫɜɹɡɵɜɚɟɬɫɹ ɫ VEGFR-1 ɢ VEGFR-2, ɬɨɝɞɚ ɤɚɤ PLGF ɢ VEGF-

B ɫɜɹɡɵɜɚɸɬɫɹ ɬɨɥɶɤɨ ɫ VEGFR-1. VEGF-C ɢ VEGF-D ɫɧɚɱɚɥɚ ɫɜɹɡɵɜɚɸɬɫɹ ɫ 

VEGFR-3, ɚ ɡɚɬɟɦ ɫ VEGFR-2. Ȼɟɥɤɢ ɫɟɦɟɣɫɬɜɚ VEGF ɬɚɤɠɟ ɫɜɹɡɵɜɚɸɬɫɹ ɫ 

ɤɨ-ɪɟɰɟɩɬɨɪɚɦɢ (ɧɟɣɬɪɨɮɢɥɵ), ɬɪɚɧɫɦɟɦɛɪɚɧɧɵɦɢ ɧɟɩɪɨɬɟɢɧɨɜɵɦɢ 

ɤɨɪɟɰɟɩɬɨɪɚɦɢ ɬɢɪɨɡɢɧɤɢɧɚɡɵ ɞɥɹ ɫɟɦɟɣɫɬɜ ɫɟɦɚɮɨɪɢɧɨɜɵɯ ɚɤɫɨɧɨɜ ɢ 

VEGF. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɠɞɭ VEGF ɢ ɪɟɰɟɩɬɨɪɨɦ ɚɤɬɢɜɢɪɭɟɬ ɨɫɬɚɬɨɤ 

ɬɢɪɨɡɢɧɚ ɜɨ ɜɧɭɬɪɢɰɢɬɨɩɥɚɡɦɚɬɢɱɟɫɤɨɣ ɱɚɫɬɢ ɪɟɰɟɩɬɨɪɚ ɢ ɧɚɱɢɧɚɟɬ ɪɚɛɨɬɭ 
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ɪɚɡɥɢɱɧɵɯ ɫɢɝɧɚɥɶɧɵɯ ɤɚɫɤɚɞɨɜ ɜ ɷɧɞɨɬɟɥɢɚɥɶɧɵɯ ɤɥɟɬɤɚɯ, ɬɚɤɢɯ ɤɚɤ 

ɩɪɨɥɢɮɟɪɚɰɢɹ, ɦɢɝɪɚɰɢɹ ɢ ɩɨɜɵɲɟɧɧɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɫɨɫɭɞɨɜ. Ɏɚɤɬɨɪ 

ɪɨɫɬɚ ɷɧɞɨɬɟɥɢɹ ɫɨɫɭɞɨɜ ɬɢɩɚ Ⱥ (VEGF-A). VEGF-A ɷɤɫɩɪɟɫɫɢɪɭɟɬɫɹ 

ɝɥɚɞɤɨɦɵɲɟɱɧɵɦɢ ɤɥɟɬɤɚɦɢ ɫɨɫɭɞɨɜ, ɦɚɤɪɨɮɚɝɚɦɢ ɢ ɨɩɭɯɨɥɟɜɵɦɢ 

ɤɥɟɬɤɚɦɢ. ɋɨɞɟɪɠɚɧɢɟ ɤɢɫɥɨɪɨɞɚ ɜ ɬɤɚɧɹɯ - ɜɚɠɧɵɣ ɪɟɝɭɥɹɬɨɪ ɷɤɫɩɪɟɫɫɢɢ 

VEGF-A. VEGF-A ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɦɟɞɢɚɬɨɪɨɜ ɚɧɝɢɨɝɟɧɟɡɚ: 

ɚɥɶɬɟɪɧɚɬɢɜɧɨɟ ɫɥɢɹɧɢɟ ɦɊɇɄ ɞɚɟɬ 5 ɢɡɨɮɨɪɦ ɛɟɥɤɨɜ VEGF-A ɫɨ 121, 145, 

165, 189 ɢ 206 ɚɦɢɧɨɤɢɫɥɨɬɧɵɦɢ ɨɫɬɚɬɤɚɦɢ ɫ ɪɚɡɥɢɱɧɵɦɢ ɮɭɧɤɰɢɹɦɢ. 

Ɋɚɫɬɜɨɪɢɦɵɟ ɢɡɨɮɨɪɦɵ VEGF121 ɢ VEGF145 ɫɩɨɫɨɛɫɬɜɭɸɬ ɚɧɝɢɨɝɟɧɟɡɭ, 

ɪɟɝɭɥɢɪɭɸɬ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɫɨɫɭɞɨɜ ɢ ɫɩɨɫɨɛɫɬɜɭɸɬ ɩɪɨɥɢɮɟɪɚɰɢɢ 

ɷɧɞɨɬɟɥɢɚɥɶɧɵɯ ɤɥɟɬɨɤ. VEGF189 ɢ VEGF206 ɜɵɡɵɜɚɸɬ ɩɪɨɥɢɮɟɪɚɰɢɸ 

«ɚɤɬɢɜɧɨɝɨ» ɷɧɞɨɬɟɥɢɹ. ɋ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, VEGF ɹɜɥɹɟɬɫɹ ɫɨɫɭɞɢɫɬɵɦ 

ɩɪɨɬɟɤɬɨɪɨɦ, ɤɨɬɨɪɵɣ ɞɟɣɫɬɜɭɟɬ, ɫɬɢɦɭɥɢɪɭɹ ɨɛɪɚɡɨɜɚɧɢɟ ɨɤɫɢɞɚ ɚɡɨɬɚ, 

ɨɩɨɫɪɟɞɭɟɬ ɚɧɬɢɚɩɨɩɬɨɬɢɱɟɫɤɢɣ ɷɮɮɟɤɬ, ɫɩɨɫɨɛɫɬɜɭɟɬ ɜɵɠɢɜɚɧɢɸ ɷɧɞɨɬɟɥɢɹ 

ɢ ɭɫɢɥɢɜɚɟɬ ɟɝɨ ɚɧɬɢɬɪɨɦɛɨɬɢɱɟɫɤɢɟ ɢ ɩɪɨɬɢɜɨɜɨɫɩɚɥɢɬɟɥɶɧɵɟ ɫɜɨɣɫɬɜɚ. ɋ 

ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɭɜɟɥɢɱɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ VEGF ɭɜɟɥɢɱɢɜɚɟɬ ɩɪɨɧɢɰɚɟɦɨɫɬɶ 

ɫɬɟɧɤɢ ɫɨɫɭɞɚ ɢ ɫɩɨɫɨɛɫɬɜɭɟɬ ɪɚɡɜɢɬɢɸ ɨɬɟɤɚ. ɉɪɟɞɵɞɭɳɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɩɨɤɚɡɚɥɢ, ɱɬɨ ɭ ɩɨɱɬɢ ɡɞɨɪɨɜɵɯ ɥɸɞɟɣ ɫɪɟɞɧɹɹ ɫɵɜɨɪɨɬɨɱɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ 

C-ɪɟɚɤɬɢɜɧɨɝɨ ɛɟɥɤɚ (CRP) ɢ ɯɟɦɨɤɢɧɚ, ɛɟɥɤɚ, ɤɨɬɨɪɵɣ ɫɩɨɫɨɛɫɬɜɭɟɬ 

ɦɢɝɪɚɰɢɢ ɦɚɤɪɨɮɚɝɨɜ (MSP-1), VEGF ɡɧɚɱɢɬɟɥɶɧɨ ɧɢɠɟ ɜ ɜɨɡɪɚɫɬɧɨɣ ɝɪɭɩɩɟ 

ɨɬ 21 ɝɨɞɚ ɞɨ 40 ɥɟɬ, ɧɟɠɟɥɢ ɜ ɜɨɡɪɚɫɬɧɨɣ ɝɪɭɩɩɟ ɨɬ 41 ɞɨ 60 ɥɟɬ. ɉɪɢ ɷɬɨɦ 

ɧɚɛɥɸɞɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ VEGF ɜ ɩɥɚɡɦɟ ɤɪɨɜɢ. ɉɨɜɵɲɟɧɧɵɟ 

ɭɪɨɜɧɢ ɜ ɫɵɜɨɪɨɬɤɟ ɫɢɝɧɚɥɶɧɵɯ ɦɨɥɟɤɭɥ, ɬɚɤɢɯ ɤɚɤ CRP ɢ ɯɟɦɨɤɢɧ MCP-1, 

ɬɟɫɧɨ ɫɜɹɡɚɧɵ ɫ ɩɨɠɢɥɵɦ ɜɨɡɪɚɫɬɨɦ. ɋɧɢɠɟɧɢɟ ɭɪɨɜɧɟɣ VEGF ɜ ɫɵɜɨɪɨɬɤɟ ɢ 

ɩɥɚɡɦɟ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɨɞɢɧ ɢɡ ɦɚɪɤɟɪɨɜ ɨɬɫɭɬɫɬɜɢɹ ɦɟɯɚɧɢɡɦɨɜ 

ɚɧɝɢɨɝɟɧɟɡɚ, ɩɪɢɜɨɞɹɳɟɝɨ ɤ ɦɟɞɥɟɧɧɨɦɭ ɩɪɨɝɪɟɫɫɢɪɨɜɚɧɢɸ ɰɟɪɟɛɪɚɥɶɧɨɣ 

ɢɲɟɦɢɢ ɢ ɭɜɟɥɢɱɟɧɢɸ ɧɟɜɪɨɥɨɝɢɱɟɫɤɨɝɨ ɞɟɮɢɰɢɬɚ [8,9,10]. 
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1.5  HIF 

ɂɡɦɟɧɟɧɢɹ ɜ ɩɨɞɚɱɟ ɤɢɫɥɨɪɨɞɚ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɨɫɧɨɜɧɨɣ 

ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɣ ɫɬɢɦɭɥ ɞɥɹ ɜɫɟɯ ɷɭɤɚɪɢɨɬɢɱɟɫɤɢɯ ɤɥɟɬɨɤ, ɤɨɬɨɪɵɦ 

ɬɪɟɛɭɟɬɫɹ ɚɞɟɤɜɚɬɧɨɟ ɩɨɬɪɟɛɥɟɧɢɟ ɤɢɫɥɨɪɨɞɚ ɞɥɹ ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɯ 

ɦɟɬɚɛɨɥɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ. ɉɨɦɢɦɨ ɫɜɨɟɝɨ ɜɤɥɚɞɚ ɜ ɩɨɞɞɟɪɠɚɧɢɟ 

ɜɧɭɬɪɢɤɥɟɬɨɱɧɨɣ ɛɢɨɷɧɟɪɝɟɬɢɤɢ ɡɚ ɫɱɟɬ ɜɵɪɚɛɨɬɤɢ ɦɢɬɨɯɨɧɞɪɢɚɥɶɧɨɝɨ ȺɌɎ, 

O 2 ɬɚɤɠɟ ɫɥɭɠɢɬ ɭɧɢɜɟɪɫɚɥɶɧɵɦ ɚɤɰɟɩɬɨɪɨɦ ɷɥɟɤɬɪɨɧɨɜ ɜ ɪɚɡɥɢɱɧɵɯ 

ɛɢɨɯɢɦɢɱɟɫɤɢɯ ɩɭɬɹɯ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɝɟɧɵ, ɭɱɚɫɬɜɭɸɳɢɟ ɜ ɪɟɚɤɰɢɢ ɧɚ 

ɝɢɩɨɤɫɢɸ, ɜɵɫɨɤɨ ɤɨɧɫɟɪɜɚɬɢɜɧɵ ɜ ɩɪɨɰɟɫɫɟ ɷɜɨɥɸɰɢɢ. HIF-1 ɩɪɟɞɫɬɚɜɥɹɟɬ 

ɫɨɛɨɣ ɤɢɫɥɨɪɨɞ-ɡɚɜɢɫɢɦɵɣ ɚɤɬɢɜɚɬɨɪ ɬɪɚɧɫɤɪɢɩɰɢɢ, ɤɨɬɨɪɵɣ ɫɨɫɬɨɢɬ ɢɡ 

HIF-1α, ɚɥɶɮɚ-ɫɭɛɴɟɞɢɧɢɰɵ, ɢ ɹɞɟɪɧɨɝɨ ɬɪɚɧɫɥɨɤɚɬɨɪɚ ɚɪɢɥɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ 

ɪɟɰɟɩɬɨɪɚ (Arnt), ɛɟɬɚ-ɫɭɛɴɟɞɢɧɢɰɵ.  Ɉɛɟ ɫɭɛɴɟɞɢɧɢɰɵ ɩɪɢɧɚɞɥɟɠɚɬ ɤ 

ɫɟɦɟɣɫɬɜɭ bHLH-PAS (Per / Arnt / Sim). HIF-1 ɢɧɞɭɰɢɪɭɟɬɫɹ ɜ ɝɢɩɨɤɫɢɱɟɫɤɢɯ 

ɤɥɟɬɤɚɯ ɢ ɫɜɹɡɵɜɚɟɬɫɹ ɫ ɰɢɫ-ɞɟɣɫɬɜɭɸɳɢɦ ɷɥɟɦɟɧɬɨɦ ɨɬɜɟɬɚ ɧɚ ɝɢɩɨɤɫɢɸ 

(HRE) ɝɟɧɚ ɱɟɥɨɜɟɤɚ, ɤɨɬɨɪɵɣ ɧɟɨɛɯɨɞɢɦ ɞɥɹ ɫɢɧɬɟɡɚ ɷɪɢɬɪɨɩɨɷɬɢɧɚ. ɍɪɨɜɧɢ 

ɜɧɭɬɪɢɤɥɟɬɨɱɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɢɫɥɨɪɨɞɚ ɦɨɝɭɬ ɜɥɢɹɬɶ ɧɚ ɫɭɛɤɥɟɬɨɱɧɭɸ 

ɥɨɤɚɥɢɡɚɰɢɸ ɢ ɚɤɬɢɜɧɨɫɬɶ ɛɟɥɤɚ ɫɭɛɴɟɞɢɧɢɰɵ HIF-1α, ɬɨɝɞɚ ɤɚɤ ɷɤɫɩɪɟɫɫɢɹ 

HIF-1β ɧɟ ɪɟɝɭɥɢɪɭɟɬɫɹ ɭɪɨɜɧɟɦ. ɋɭɛɴɟɞɢɧɢɰɵ HIF-1α ɢ HIF-1β ɩɨɯɨɠɢ ɩɨ 

ɫɬɪɭɤɬɭɪɟ, ɢ ɨɛɟ ɫɨɞɟɪɠɚɬ ɞɜɚ ɞɨɦɟɧɚ PAS. Ⱦɨɦɟɧɵ bHLH ɢ PAS ɢɦɟɸɬ 

ɪɟɲɚɸɳɟɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɨɛɪɚɡɨɜɚɧɢɹ ɝɟɬɟɪɨɞɢɦɟɪɨɜ HIF-1α ɢ HIF-1β ɢ ɞɥɹ 

ɫɜɹɡɵɜɚɧɢɹ ȾɇɄ. ɋɭɛɴɟɞɢɧɢɰɚ HIF-1α ɫɨɞɟɪɠɢɬ N-ɤɨɧɰɟɜɵɟ ɞɨɦɟɧɵ 

ɬɪɚɧɫɚɤɬɢɜɚɰɢɢ (TAD-N) ɢ C-ɤɨɧɰɟɜɵɟ ɞɨɦɟɧɵ ɬɪɚɧɫɚɤɬɢɜɚɰɢɢ (TAD-C), 

ɫɰɟɩɥɟɧɧɵɟ ɫ ɩɨɦɨɳɶɸ ɢɧɝɢɛɢɬɨɪɧɨɝɨ ɞɨɦɟɧɚ. TAD-N ɧɟɩɪɟɪɵɜɟɧ ɫɨ 

ɫɬɚɛɢɥɶɧɨɫɬɶɸ ɛɟɥɤɚ, ɤɨɬɨɪɵɣ ɩɟɪɟɤɪɵɜɚɟɬɫɹ ɫ ɞɨɦɟɧɨɦ ɤɢɫɥɨɪɨɞɡɚɜɢɫɢɦɨɣ 

ɞɟɝɪɚɞɚɰɢɢ (ODD). TAD-C ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɫɬɚɛɢɥɶɧɨɫɬɢ ɛɟɥɤɚ, ɤɨɬɨɪɵɣ 

ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ p300 / CBP ɢ ɢɦɟɟɬ ɪɟɲɚɸɳɟɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɚɤɬɢɜɧɨɫɬɢ 

ɬɪɚɧɫɤɪɢɩɰɢɢ. Ȼɟɥɨɤ HIF-1α ɧɟɫɬɚɛɢɥɟɧ (ɩɟɪɢɨɞ ɩɨɥɭɪɚɫɩɚɞɚ = 5 ɦɢɧ) ɢ 

ɦɨɞɢɮɢɰɢɪɭɟɬɫɹ ɪɚɡɥɢɱɧɵɦɢ ɩɨɫɬɬɪɚɧɫɤɪɢɩɰɢɨɧɧɵɦɢ ɪɟɝɭɥɹɬɨɪɚɦɢ, 

ɜɤɥɸɱɚɹ ɮɨɫɮɨɪɢɥɢɪɨɜɚɧɢɟ, ɝɢɞɪɨɤɫɢɥɢɪɨɜɚɧɢɟ, ɭɛɢɤɜɢɬɢɧɢɪɨɜɚɧɢɟ, 

ɚɰɟɬɢɥɢɪɨɜɚɧɢɟ ɢ ɧɢɬɪɨɡɢɪɨɜɚɧɢɟ. Ɏɚɤɬɨɪ, ɢɧɝɢɛɢɪɭɸɳɢɣ HIF-1 (FIH-1), 
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ɝɢɞɪɨɤɫɢɥɢɪɭɟɬ ɚɫɩɚɪɚɝɢɧ-803 HIF-1α ɜ TAD-C ɜ ɧɨɪɦɨɤɫɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ, 

ɱɬɨ ɢɧɝɢɛɢɪɭɟɬ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ HIF-1α ɫ ɤɨɚɤɬɢɜɚɬɨɪɚɦɢ 

ɬɪɚɧɫɤɪɢɩɰɢɢ. Ɇɨɥɟɤɭɥɹɪɧɵɟ ɦɟɯɚɧɢɡɦɵ ɤɥɸɱɟɜɨɣ ɪɨɥɢ HIF-1 ɜ ɪɟɝɭɥɹɰɢɢ 

ɚɧɝɢɨɝɟɧɟɡɚ ɛɵɥɢ ɜɵɹɜɥɟɧɵ ɜ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɩɭɬɟɦ ɦɨɞɭɥɹɰɢɢ 

ɩɪɨɚɧɝɢɨɝɟɧɧɵɯ ɯɟɦɨɤɢɧɨɜ ɢ ɪɟɰɟɩɬɨɪɨɜ (SDF-1α, ɫɮɢɧɝɨɡɢɧ-1-ɮɨɫɮɚɬ, 

ɮɚɤɬɨɪ 1α, ɩɨɥɭɱɟɧɧɵɣ ɢɡ ɫɬɪɨɦɚɥɶɧɵɯ ɤɥɟɬɨɤ, ɪɟɰɟɩɬɨɪ CXCR4, 

ɫɮɢɧɝɨɡɢɧ-1-ɮɨɫɮɚɬɧɵɟ ɪɟɰɟɩɬɨɪɵ ɢ ɯɟɦɨɤɢɧɨɜɵɣ ɪɟɰɟɩɬɨɪ CXC ɬɢɩɚ 4), 

ɬɟɦ ɫɚɦɵɦ ɫɩɨɫɨɛɫɬɜɭɹ ɪɟɤɪɭɬɢɪɨɜɚɧɢɸ ɷɧɞɨɬɟɥɢɚɥɶɧɵɯ ɤɥɟɬɨɤ. ȼ ɨɛɳɟɦ, 

ɦɨɞɢɮɢɤɚɰɢɢ HIF-1 ɛɵɫɬɪɨ ɢ ɬɨɱɧɨ ɪɟɝɭɥɢɪɭɸɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 

ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɤɢɫɥɨɪɨɞɚ ɜ ɤɥɟɬɤɟ ɩɨɫɪɟɞɫɬɜɨɦ ɦɧɨɠɟɫɬɜɟɧɧɨɣ ɩɟɪɟɞɚɱɢ 

ɫɢɝɧɚɥɨɜ. Ⱥɧɝɢɨɝɟɧɟɡ, ɢɧɞɭɰɢɪɨɜɚɧɧɵɣ ɝɢɩɨɤɫɢɟɣ, ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɱɟɧɶ 

ɫɥɨɠɧɵɣ ɢ ɭɩɪɚɜɥɹɟɦɵɣ ɩɪɨɰɟɫɫ ɩɪɢ ɡɚɛɨɥɟɜɚɧɢɢ ɱɟɥɨɜɟɤɚ. Ȼɵɥɨ 

ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ HIF-1 ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ ɦɨɞɭɥɹɬɨɪɨɦ ɢɧɞɭɰɢɪɨɜɚɧɧɨɝɨ 

ɝɢɩɨɤɫɢɟɣ ɚɧɝɢɨɝɟɧɟɡɚ ɡɚ ɫɱɟɬ ɫɢɧɟɪɝɢɱɟɫɤɢɯ ɤɨɪɪɟɥɹɰɢɣ ɫ ɪɚɡɥɢɱɧɵɦɢ 

ɩɪɨɚɧɝɢɨɝɟɧɧɵɦɢ ɮɚɤɬɨɪɚɦɢ ɢ ɪɟɝɭɥɢɪɭɟɬ ɦɧɨɝɢɟ ɝɟɧɵ, ɤɨɬɨɪɵɟ ɢɝɪɚɸɬ 

ɜɚɠɧɭɸ ɪɨɥɶ ɜ ɚɧɝɢɨɝɟɧɟɡɟ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɞɭɥɹɰɢɹ HIF-1 ɦɨɠɟɬ ɢɦɟɬɶ 

ɬɟɪɚɩɟɜɬɢɱɟɫɤɢɟ ɩɪɟɢɦɭɳɟɫɬɜɚ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɩɚɬɨɥɨɝɢɹɯ ɝɢɩɨɤɫɢɢ, 

ɜɤɥɸɱɚɹ ɡɚɛɨɥɟɜɚɧɢɹ ɫ ɜɵɫɨɤɢɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɫɦɟɪɬɧɨɫɬɢ [1,11,12]. 

1.6 Ʉɨɦɩɨɧɟɧɬɵ ɦɟɠɤɥɟɬɨɱɧɨɝɨ ɦɚɬɪɢɤɫɚ 

ɉɪɨɪɚɫɬɚɧɢɟ ɚɧɝɢɨɝɟɧɟɡɚ, ɩɪɢ ɤɨɬɨɪɨɦ ɷɧɞɨɬɟɥɢɚɥɶɧɵɟ ɤɥɟɬɤɢ 

ɤɪɨɜɟɧɨɫɧɵɯ ɫɨɫɭɞɨɜ ɥɨɤɚɥɶɧɨ ɩɪɨɥɢɮɟɪɢɪɭɸɬ, ɡɚɪɨɠɞɚɸɬɫɹ ɢ ɨɛɪɚɡɭɸɬ 

ɨɬɜɟɬɜɥɹɸɳɢɟɫɹ ɫɨɫɭɞɵ ɨɬ ɝɥɚɜɧɨɝɨ ɫɨɫɭɞɚ, ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɢɧɜɚɡɢɜɧɵɣ 

ɩɪɨɰɟɫɫ, ɢɧɢɰɢɢɪɭɟɦɵɣ ɦɧɨɠɟɫɬɜɟɧɧɵɦɢ ɦɚɬɪɢɤɫɧɵɦɢ 

ɦɟɬɚɥɥɨɩɪɨɬɟɢɧɚɡɚɦɢ (ɆɆɉ).  ɗɬɢ ɮɟɪɦɟɧɬɵ ɪɚɡɪɭɲɚɸɬ ɛɟɥɤɢ 

ɜɧɟɤɥɟɬɨɱɧɨɝɨ ɦɚɬɪɢɤɫɚ, ɩɨɡɜɨɥɹɹ ɷɧɞɨɬɟɥɢɚɥɶɧɵɦ ɤɥɟɬɤɚɦ ɫɨɫɭɞɨɜ 

ɩɪɨɧɢɤɚɬɶ ɜ ɬɤɚɧɶ ɢ ɨɛɪɚɡɨɜɵɜɚɬɶ ɨɬɪɨɫɬɤɢ ɫɨɫɭɞɨɜ. ɋɬɪɭɤɬɭɪɚ ɜɫɟɯ ɆɆɉ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɢɝɧɚɥɶɧɵɦ ɩɟɩɬɢɞɨɦ, ɧɟɨɛɯɨɞɢɦɵɦ ɞɥɹ ɭɫɩɟɲɧɨɝɨ ɜɵɜɟɞɟɧɢɹ 

ɢɡ ɤɥɟɬɤɢ; ɫɚɣɬ ɩɪɨɩɟɩɬɢɞɚ, ɩɪɢ ɪɚɫɳɟɩɥɟɧɢɢ ɤɨɬɨɪɨɝɨ ɚɤɬɢɜɢɪɭɟɬɫɹ ɆɆɉ. 

Ⱥɤɬɢɜɧɨɫɬɶ ɮɟɪɦɟɧɬɨɜ ɡɚɜɢɫɢɬ ɨɬ ɭɪɨɜɧɹ ɷɤɫɩɪɟɫɫɢɢ ɢɯ ɝɟɧɨɜ ɢ ɨɬ 
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ɩɪɢɫɭɬɫɬɜɢɹ, ɤɚɤ ɚɤɬɢɜɚɬɨɪɨɜ, ɬɚɤ ɢ ɢɧɝɢɛɢɬɨɪɨɜ. ɆɆɉ ɧɚɡɵɜɚɸɬɫɹ 

«ɢɧɞɭɰɢɛɟɥɶɧɵɦɢ ɮɟɪɦɟɧɬɚɦɢ», ɧɚ ɬɪɚɧɫɤɪɢɩɰɢɸ ɤɨɬɨɪɵɯ ɜɥɢɹɟɬ ɪɹɞ 

ɮɚɤɬɨɪɨɜ (ɫɬɟɪɨɢɞɧɵɟ ɢ ɬɢɪɨɢɞɧɵɟ ɝɨɪɦɨɧɵ, ɰɢɬɨɤɢɧɵ, ɮɚɤɬɨɪɵ ɪɨɫɬɚ, 

ɯɢɦɢɱɟɫɤɢɟ ɜɟɳɟɫɬɜɚ ɢ ɬ. Ⱦ.). Ɉɫɧɨɜɧɚɹ ɛɢɨɥɨɝɢɱɟɫɤɚɹ ɮɭɧɤɰɢɹ ɆɆɉ - 

ɭɞɚɥɟɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ ɜɧɟɤɥɟɬɨɱɧɨɝɨ ɦɚɬɪɢɤɫɚ. Ɇɟɬɚɥɥɨɩɪɨɬɟɢɧɚɡɵ 

ɩɪɨɞɭɰɢɪɭɸɬɫɹ ɧɨɪɦɚɥɶɧɵɦɢ ɢɥɢ ɬɪɚɧɫɮɨɪɦɢɪɨɜɚɧɧɵɦɢ ɤɥɟɬɤɚɦɢ: 

ɧɟɣɬɪɨɮɢɥɚɦɢ, ɦɨɧɨɰɢɬɚɦɢ, ɦɚɤɪɨɮɚɝɚɦɢ ɢ ɞɪ. Ɇɨɞɟɥɶ ɦɵɲɰ ɫ ɞɟɮɢɰɢɬɨɦ 

MMP9 ɩɨɤɚɡɚɥɚ, ɱɬɨ ɮɟɪɦɟɧɬ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ ɪɟɝɭɥɹɬɨɪɨɦ ɚɧɝɢɨɝɟɧɟɡɚ ɢ 

ɚɩɨɩɬɨɡɚ ɯɨɧɞɪɨɰɢɬɨɜ  [13,14]. 

1.7 Ⱥɧɝɢɨɝɟɧɟɡ ɩɪɢ ɢɲɟɦɢɢ ɝɨɥɨɜɧɨɝɨ ɦɨɡɝɚ 

ɂɲɟɦɢɹ - ɷɬɨ ɩɚɬɨɥɨɝɢɱɟɫɤɨɟ ɫɨɫɬɨɹɧɢɟ, ɝɨɜɨɪɹɳɟɟ ɨɛ ɨɬɧɨɫɢɬɟɥɶɧɵɦ 

ɧɚɪɭɲɟɧɢɟɦ ɤɪɨɜɨɫɧɚɛɠɟɧɢɹ ɦɢɨɤɚɪɞɚ ɢɡ-ɡɚ ɩɨɜɪɟɠɞɟɧɢɹ ɤɨɪɨɧɚɪɧɵɯ 

ɚɪɬɟɪɢɣ. ȼ ɩɪɨɰɟɫɫɚɯ ɚɧɝɢɨɝɟɧɟɡɚ ɨɧ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ ɮɚɤɬɨɪɨɦ ɪɨɫɬɚ 

ɮɢɛɪɨɛɥɚɫɬɨɜ (bFGF). ȼ ɬɤɚɧɢ ɦɨɡɝɚ ɨɧ ɷɤɫɩɪɟɫɫɢɪɭɟɬɫɹ ɜ ɰɢɬɨɩɥɚɡɦɟ 

ɧɟɣɪɨɧɨɜ ɢ ɷɧɞɨɬɟɥɢɚɥɶɧɵɯ ɤɥɟɬɨɤ. ɉɪɢɟɦ ɷɤɡɨɝɟɧɧɨɝɨ ɮɚɤɬɨɪɚ 

ɫɩɨɫɨɛɫɬɜɭɟɬ ɦɟɫɬɧɨɣ ɩɟɪɮɭɡɢɢ, ɡɚɳɢɳɚɟɬ ɤɥɟɬɤɢ ɨɬ ɬɨɤɫɢɱɟɫɤɨɝɨ 

ɜɨɡɞɟɣɫɬɜɢɹ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɫɬɪɟɫɫɚ ɢ ɨɝɪɚɧɢɱɢɜɚɟɬ ɨɛɥɚɫɬɶ ɢɲɟɦɢɱɟɫɤɨɝɨ 

ɧɟɤɪɨɡɚ. ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɜ ɨɛɥɚɫɬɢ ɚɧɝɢɨɝɟɧɟɡɚ, 

ɫɬɢɦɭɥɢɪɨɜɚɧɧɨɝɨ bFGF, ɧɚɛɥɸɞɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɚɤɬɢɜɧɨ 

ɮɭɧɤɰɢɨɧɢɪɭɸɳɢɯ ɦɢɤɪɨɫɨɫɭɞɨɜ ɜ ɫɪɟɞɧɟɫɪɨɱɧɨɣ ɢ ɞɨɥɝɨɫɪɨɱɧɨɣ 

ɩɟɪɫɩɟɤɬɢɜɟ. Ⱥɧɝɢɨɝɟɧɧɵɣ ɷɮɮɟɤɬ ɮɚɤɬɨɪɚ ɫɩɨɫɨɛɫɬɜɭɟɬ ɩɪɨɥɢɮɟɪɚɰɢɢ ɢ 

ɪɟɝɭɥɢɪɭɟɬ ɦɢɝɪɚɰɢɸ ɚɤɬɢɜɢɪɨɜɚɧɧɵɯ ɷɧɞɨɬɟɥɢɚɥɶɧɵɯ ɤɥɟɬɨɤ ɢ ɩɟɪɢɰɢɬɨɜ. 

Ⱦɥɢɬɟɥɶɧɨɟ ɭɱɚɫɬɢɟ bFGF ɜ ɷɬɢɯ ɩɪɨɰɟɫɫɚɯ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɞɚɧɧɵɦɢ ɨ 

ɫɨɞɟɪɠɚɧɢɢ ɷɧɞɨɝɟɧɧɨɝɨ ɫɵɜɨɪɨɬɨɱɧɨɝɨ bFGF ɭ ɛɨɥɶɧɵɯ ɫ ɢɧɫɭɥɶɬɨɦ. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɧɢɡɤɢɯ ɞɨɡ ɧɢɬɪɨɚɪɝɢɧɢɧɚ ɜɨ ɜɪɟɦɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ 

ɨɤɤɥɸɡɢɢ ɚɪɬɟɪɢɢ ɫɪɟɞɧɟɝɨ ɦɨɡɝɚ ɨɝɪɚɧɢɱɢɜɚɟɬ ɨɛɥɚɫɬɶ ɢɲɟɦɢɱɟɫɤɨɝɨ 

ɢɧɫɭɥɶɬɚ ɭ ɤɪɵɫ, ɬɨɝɞɚ ɤɚɤ ɜɵɫɨɤɢɟ ɞɨɡɵ ɢɧɝɢɛɢɬɨɪɨɜ ɧɢɬɪɨɤɫɢɞɫɢɧɬɚɡɵ, 

ɧɚɩɪɨɬɢɜ, ɭɫɢɥɢɜɚɸɬ ɨɱɚɝ ɢɲɟɦɢɢ. Ɍɨɤɫɢɱɟɫɤɨɟ ɢ ɡɚɳɢɬɧɨɟ ɞɟɣɫɬɜɢɟ ɨɤɫɢɞɚ 
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ɚɡɨɬɚ ɞɨɩɨɥɧɹɸɬ ɢ ɩɪɨɬɢɜɨɪɟɱɚɬ ɞɪɭɝ ɞɪɭɝɭ ɤɚɤ ɷɥɟɦɟɧɬɵ ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ 

ɞɟɣɫɬɜɢɹ [15,16]. 

1.8 Ⱦɢɫɮɭɧɤɰɢɹ ɚɧɝɢɨɝɟɧɟɡɚ ɩɪɢ ɛɨɥɟɡɧɢ Ⱥɥɶɰɝɟɣɦɟɪɚ 

VEGF ɦɨɠɟɬ ɛɵɬɶ ɜɨɡɦɨɠɧɵɦ ɦɟɞɢɚɬɨɪɨɦ, ɫɜɹɡɵɜɚɸɳɢɦ ɞɟɩɪɟɫɫɢɸ ɢ 

ɞɟɦɟɧɰɢɸ, ɢ ɦɨɠɟɬ ɛɵɬɶ ɜɨɜɥɟɱɟɧ ɜ ɤɨɝɧɢɬɢɜɧɵɟ ɧɚɪɭɲɟɧɢɹ ɩɪɢ ȻȺ. 

ɏɨɪɨɲɨ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɫɭɳɟɫɬɜɭɸɬ ɚɫɫɨɰɢɚɰɢɢ ɦɟɠɞɭ ɩɫɢɯɨɫɨɰɢɚɥɶɧɵɦɢ 

ɫɬɪɟɫɫɨɪɚɦɢ ɢ ɞɟɩɪɟɫɫɢɟɣ. VEGF ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧ ɢɡ ɩɨɜɵɲɟɧɧɨɝɨ 

ɭɪɨɜɧɹ ɧɨɪɚɞɪɟɧɚɥɢɧɚ ɱɟɪɟɡ ɛɟɬɚ-ɚɞɪɟɧɨɪɟɰɟɩɬɨɪɵ, ɚɤɬɢɜɢɪɭɟɦɵɟ 

ɫɢɦɩɚɬɢɱɟɫɤɢɦɢ ɩɭɬɹɦɢ. ɍɫɬɚɧɨɜɥɟɧɨ ɩɨɜɵɲɟɧɧɨɟ ɫɨɞɟɪɠɚɧɢɟ VEGF ɜ 

ɩɥɚɡɦɟ ɤɪɨɜɢ ɭ ɠɟɧɳɢɧ, ɩɨɞɜɟɪɝɚɸɳɢɯɫɹ ɞɥɢɬɟɥɶɧɨɦɭ ɩɫɢɯɨɫɨɰɢɚɥɶɧɨɦɭ 

ɫɬɪɟɫɫɭ. ɉɨɜɵɲɟɧɧɵɣ ɭɪɨɜɟɧɶ VEGF ɜ ɫɵɜɨɪɨɬɤɟ ɤɪɨɜɢ ɭ ɩɚɰɢɟɧɬɨɜ ɫ ȻȺ ɫ 

ɞɟɩɪɟɫɫɢɟɣ ɦɨɠɟɬ ɫɜɢɞɟɬɟɥɶɫɬɜɨɜɚɬɶ ɨ ɬɨɦ, ɱɬɨ ɩɚɰɢɟɧɬɵ ɫ ȻȺ ɢɦɟɸɬ ɛɨɥɟɟ 

ɜɵɫɨɤɢɣ ɩɫɢɯɨɫɨɰɢɚɥɶɧɵɣ ɫɬɪɟɫɫ, ɫɜɹɡɚɧɧɵɣ ɫ ɞɟɩɪɟɫɫɢɟɣ, ɱɬɨ ɦɨɠɟɬ 

ɢɧɞɭɰɢɪɨɜɚɬɶ ɚɤɬɢɜɚɰɢɸ ɫɢɦɩɚɬɢɱɟɫɤɨɣ ɧɟɪɜɧɨɣ ɫɢɫɬɟɦɵ [5,17]. 

1.9 Ɂɚɳɢɬɧɵɟ ɷɮɮɟɤɬɵ ɮɢɡɢɱɟɫɤɢɯ ɭɩɪɚɠɧɟɧɢɣ 

ɗɩɢɞɟɦɢɨɥɨɝɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɩɨɞɬɜɟɪɠɞɚɸɬ ɨɛɪɚɬɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ 

ɦɟɠɞɭ ɤɨɥɢɱɟɫɬɜɨɦ ɜɵɩɨɥɧɹɟɦɵɯ ɮɢɡɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɢ ɪɢɫɤɨɦ ɪɚɡɜɢɬɢɹ 

ɷɬɢɯ ɞɜɭɯ ɡɚɛɨɥɟɜɚɧɢɣ. Ȼɨɥɶɲɢɧɫɬɜɨ ɩɪɨɞɨɥɶɧɵɯ ɷɩɢɞɟɦɢɨɥɨɝɢɱɟɫɤɢɯ 

ɢɫɫɥɟɞɨɜɚɧɢɣ, ɜ ɤɨɬɨɪɵɯ ɢɡɭɱɚɥɚɫɶ ɫɜɹɡɶ ɦɟɠɞɭ PA ɢ ɪɢɫɤɨɦ ɫɧɢɠɟɧɢɹ 

ɤɨɝɧɢɬɢɜɧɵɯ ɮɭɧɤɰɢɣ, ɩɨɞɬɜɟɪɠɞɚɸɬ ɢɞɟɸ ɨ ɬɨɦ, ɱɬɨ PA ɡɚɞɟɪɠɢɜɚɟɬ 

ɧɚɱɚɥɨ AD ɢ ɞɟɦɟɧɰɢɢ ɭ ɩɨɠɢɥɵɯ ɥɸɞɟɣ. Ɇɟɬɚɚɧɚɥɢɡ, ɩɪɨɜɟɞɟɧɧɵɣ ɜ 2009 

ɝɨɞɭ, ɩɨɤɚɡɚɥ, ɱɬɨ ɉȺ ɫɧɢɠɚɟɬ ɪɢɫɤ ɪɚɡɜɢɬɢɹ ȻȺ ɧɚ 45% [0,55, 95% 

ɞɨɜɟɪɢɬɟɥɶɧɵɣ ɢɧɬɟɪɜɚɥ (Ⱦɂ) = 0,36–0,84, ɪ = 0,006]. ɗɬɚ ɡɚɳɢɬɧɚɹ ɪɨɥɶ ɉȺ 

ɩɪɨɬɢɜ ȻȺ ɨɩɪɟɞɟɥɹɟɬɫɹ, ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ, ɱɚɫɬɢɱɧɨ, ɡɚɜɢɫɢɦɨɫɬɶɸ ɨɬ ɞɨɡɵ.  

ȼ ɢɫɫɥɟɞɨɜɚɧɢɢ, ɩɨɫɜɹɳɟɧɧɨɦ ɩɨɩɭɥɹɰɢɨɧɧɨɦɭ ɪɢɫɤɭ ȻȺ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 

ɜɵɛɪɚɧɧɵɦɢ ɮɚɤɬɨɪɚɦɢ ɪɢɫɤɚ, ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ 12,7% ɢ 20,3% ɫɥɭɱɚɟɜ ȻȺ ɜ 

ɦɢɪɟ ɢ ɜ ȿɜɪɨɩɟ ɜ 2010 ɝɨɞɭ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɛɵɥɢ ɫɜɹɡɚɧɵ ɫ ɨɬɫɭɬɫɬɜɢɟɦ 

ɮɢɡɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɚɧɧɵɟ ɨɛɫɟɪɜɚɰɢɨɧɧɵɯ 

ɢɫɫɥɟɞɨɜɚɧɢɣ ɭɛɟɞɢɬɟɥɶɧɨ ɩɨɞɬɜɟɪɠɞɚɸɬ, ɱɬɨ PA ɹɜɥɹɟɬɫɹ ɤɥɢɧɢɱɟɫɤɢ 
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ɡɧɚɱɢɦɵɦ ɜɚɪɢɚɧɬɨɦ ɩɪɨɮɢɥɚɤɬɢɤɢ AD. Ɏɢɡɢɱɟɫɤɢɟ ɭɩɪɚɠɧɟɧɢɹ, 

ɨɩɪɟɞɟɥɹɟɦɵɟ ɤɚɤ ɩɨɜɬɨɪɹɸɳɢɟɫɹ ɢ ɰɟɥɟɧɚɩɪɚɜɥɟɧɧɵɟ ɉȺ, ɨɛɵɱɧɨ 

ɢɫɩɨɥɶɡɭɟɦɵɟ ɞɥɹ ɭɥɭɱɲɟɧɢɹ ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɯ, ɮɢɡɢɱɟɫɤɢɯ ɢ 

ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɫɩɨɫɨɛɧɨɫɬɟɣ, ɹɜɥɹɸɬɫɹ ɩɨɞɬɢɩɨɦ ɉȺ, ɤɨɬɨɪɵɣ ɬɚɤɠɟ 

ɡɚɳɢɳɚɟɬ ɨɬ ɫɧɢɠɟɧɢɹ ɤɨɝɧɢɬɢɜɧɵɯ ɮɭɧɤɰɢɣ ɢ ȻȺ. Ⱥɦɟɪɢɤɚɧɫɤɨɟ 

ɢɫɫɥɟɞɨɜɚɧɢɟ 1740 ɫɭɛɴɟɤɬɨɜ ɫɬɚɪɲɟ 65 ɥɟɬ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɱɚɫɬɨɬɚ ɞɟɦɟɧɰɢɢ 

ɫɨɫɬɚɜɥɹɥɚ 13,0 ɧɚ 1000 ɱɟɥɨɜɟɤɨ-ɥɟɬ ɞɥɹ ɭɱɚɫɬɧɢɤɨɜ, ɤɨɬɨɪɵɟ ɡɚɧɢɦɚɥɢɫɶ 

ɬɪɢ ɢɥɢ ɛɨɥɟɟ ɪɚɡ ɜ ɧɟɞɟɥɸ (≥15 ɦɢɧɭɬ / ɫɟɚɧɫ ɯɨɞɶɛɵ, ɟɡɞɵ ɧɚ ɜɟɥɨɫɢɩɟɞɟ, 

ɩɥɚɜɚɧɢɹ, ɚɷɪɨɛɢɤɢ, ɷɜɪɢɬɦɢɢ, ɚɤɜɚɪɨɛɢɤɚ, ɫɢɥɨɜɵɟ ɬɪɟɧɢɪɨɜɤɢ, ɪɚɫɬɹɠɤɚ 

ɢɥɢ ɞɪɭɝɢɟ ɜɢɞɵ ɞɟɹɬɟɥɶɧɨɫɬɢ) ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 19,7 ɧɚ 1000 ɱɟɥɨɜɟɤɨ-ɥɟɬ ɞɥɹ 

ɬɟɯ, ɤɬɨ ɡɚɧɢɦɚɥɫɹ ɦɟɧɟɟ ɬɪɟɯ ɪɚɡ ɜ ɧɟɞɟɥɸ. ȼ ɤɨɝɨɪɬɟ ɢɡ 347 ɩɨɠɢɥɵɯ 

ɦɭɠɱɢɧ (ɜ ɜɨɡɪɚɫɬɟ 74,6 ± 4,3 ɝɨɞɚ, ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ± ɫɬɚɧɞɚɪɬɧɨɟ 

ɨɬɤɥɨɧɟɧɢɟ) ɤɨɝɧɢɬɢɜɧɨɟ ɫɧɢɠɟɧɢɟ, ɢɡɦɟɪɟɧɧɨɟ ɫ ɩɨɦɨɳɶɸ ɦɢɧɢ-

ɨɛɫɥɟɞɨɜɚɧɢɹ ɩɫɢɯɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ (MMSE), ɛɵɥɨ ɜɵɲɟ ɞɥɹ ɥɢɰ, ɤɨɬɨɪɵɟ 

ɜɵɩɨɥɧɹɥɢ ɉȺ ɦɟɧɟɟ 1 ɱɚɫɚ ɜ ɧɟɞɟɥɸ, ɱɟɦ ɞɥɹ ɬɟɯ, ɤɬɨ ɛɵɥɢ ɡɧɚɱɢɬɟɥɶɧɨ 

ɛɨɥɟɟ ɚɤɬɢɜɧɵɦɢ. ɉɪɨɞɨɥɶɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ, ɩɪɨɜɟɞɟɧɧɨɟ ɜ Ɂɚɩɚɞɧɨɣ ȿɜɪɨɩɟ 

(ɜ Ɏɢɧɥɹɧɞɢɢ, ɂɬɚɥɢɢ ɢ ɇɢɞɟɪɥɚɧɞɚɯ) ɜ ɬɟɱɟɧɢɟ 10-ɥɟɬɧɟɝɨ ɩɟɪɢɨɞɚ, 

ɩɨɤɚɡɚɥɨ, ɱɬɨ ɭ ɫɭɛɴɟɤɬɨɜ (n = 295), ɤɨɬɨɪɵɟ ɭɦɟɧɶɲɢɥɢ ɫɜɨɟ ɫɭɬɨɱɧɨɟ 

ɤɨɥɢɱɟɫɬɜɨ ɢɥɢ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɉȺ, ɧɚɛɥɸɞɚɥɨɫɶ ɫɧɢɠɟɧɢɟ ɤɨɝɧɢɬɢɜɧɵɯ 

ɫɩɨɫɨɛɧɨɫɬɟɣ, ɤɨɬɨɪɨɟ ɛɵɥɨ ɛɨɥɶɲɟ, ɱɟɦ ɭ ɫɭɛɴɟɤɬɨɜ, ɤɨɬɨɪɵɟ ɩɨɞɞɟɪɠɢɜɚɥɢ 

ɫɜɨɸ ɫɭɬɨɱɧɭɸ ɞɨɡɭ ɢɥɢ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɉȺ. Ɏɢɡɢɱɟɫɤɢɟ ɭɩɪɚɠɧɟɧɢɹ 

ɹɜɥɹɸɬɫɹ ɦɨɳɧɵɦ ɢɧɫɬɪɭɦɟɧɬɨɦ ɞɥɹ ɡɚɦɟɞɥɟɧɢɹ ɫɧɢɠɟɧɢɹ ɮɢɡɢɱɟɫɤɨɣ ɢ 

ɤɨɝɧɢɬɢɜɧɨɣ ɮɭɧɤɰɢɢ ɭ ɩɚɰɢɟɧɬɨɜ ɫ ȻȺ. ɋɧɢɠɟɧɢɟ ɫɢɦɩɬɨɦɨɜ ɞɟɩɪɟɫɫɢɢ ɢ 

ɞɚɠɟ ɫɦɟɪɬɧɨɫɬɢ ɛɵɥɨ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɨ ɭ ɩɚɰɢɟɧɬɨɜ ɫ ɞɟɦɟɧɰɢɟɣ, 

ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɩɪɨɝɪɚɦɦɚɯ PE. ɍɥɭɱɲɟɧɢɹ ɤɨɝɧɢɬɢɜɧɨɣ ɮɭɧɤɰɢɢ ɛɵɥɢ 

ɫɜɹɡɚɧɵ ɫ ɭɥɭɱɲɟɧɢɹɦɢ ɩɨɫɬɭɪɚɥɶɧɨɣ ɢ ɦɨɬɨɪɧɨɣ ɮɭɧɤɰɢɣ ɜ ɢɫɩɵɬɚɧɢɹɯ ɫ 

ɮɢɡɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɨɣ [18,19,20,21,22,23,24]. 
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2. Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 

2.1 Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ 

Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɦɨɞɟɥɢ ɢɲɟɦɢɢ ɝɨɥɨɜɧɨɝɨ ɦɨɡɝɚ ɛɪɚɥɢ ɤɪɵɫ ɥɢɧɢɢ 

Wistar, ɫɚɦɰɨɜ, ɜ ɜɨɡɪɚɫɬɟ 2 ɦɟɫɹɰɟɜ. Ɉɩɵɬɧɚɹ ɝɪɭɩɩɚ (ɦɨɞɟɥɶ ɢɲɟɦɢɢ 

ɝɨɥɨɜɧɨɝɨ ɦɨɡɝɚ) – 1-ɫɬɨɪɨɧɧɹɹ ɩɟɪɟɜɹɡɤɚ ɨɛɳɟɣ ɫɨɧɧɨɣ ɚɪɬɟɪɢɢ (ɈɋȺ). ɉɪɢ 

ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɤɨɠɭ ɪɚɡɜɨɞɢɥɢ ɜ ɫɬɨɪɨɧɵ. ɈɋȺ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɦɟɠɞɭ 

ɝɥɭɛɨɤɢɦɢ ɦɵɲɰɚɦɢ ɲɟɢ ɜ ɫɨɫɬɚɜɟ ɫɨɫɭɞɢɫɬɨ-ɧɟɪɜɧɨɝɨ ɩɭɱɤɚ, ɢ ɟɟ ɦɨɠɧɨ 

ɭɜɢɞɟɬɶ, ɨɬɨɞɜɢɧɭɜ ɝɪɭɞɢɧɨ-ɤɥɸɱɢɱɧɨ-ɫɨɫɰɟɜɢɞɧɭɸ ɦɵɲɰɭ. ɈɋȺ ɨɬɞɟɥɹɥɢ 

ɨɬ ɞɪɭɝɢɯ ɷɥɟɦɟɧɬɨɜ ɫɨɫɭɞɢɫɬɨ-ɧɟɪɜɧɨɝɨ ɩɭɱɤɚ, ɚ ɩɨɫɥɟ ɷɬɨɝɨ ɩɨɞ ɧɟɟ 

ɩɨɞɜɨɞɢɥɢ ɥɢɝɚɬɭɪɵ. Ʉɨɧɬɪɨɥɶɧɚɹ ɝɪɭɩɩɚ – ɥɨɠɧɨ-ɨɩɟɪɢɪɨɜɚɧɧɵɟ 

ɠɢɜɨɬɧɵɟ. Ʌɨɠɧɚɹ ɨɩɟɪɚɰɢɹ – ɞɚɱɚ ɧɚɪɤɨɡɚ ɢ ɯɢɪɭɪɝɢɱɟɫɤɢɣ ɞɨɫɬɭɩ ɫ 

ɩɨɫɥɟɞɭɸɳɢɦ ɭɲɢɜɚɧɢɟɦ ɪɚɧɵ, ɧɨ ɛɟɡ ɩɟɪɟɜɹɡɤɢ ɈɋȺ (ɞɥɹ ɢɫɤɥɸɱɟɧɢɹ 

ɜɥɢɹɧɢɹ ɧɚɪɤɨɡɚ ɢ ɨɩɟɪɚɰɢɨɧɧɨɝɨ ɫɬɪɟɫɫɚ). ɂɫɫɥɟɞɨɜɚɧɢɹ ɧɚ ɠɢɜɨɬɧɵɯ 

ɩɪɨɜɨɞɢɥɢɫɶ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɫɨɛɥɸɞɟɧɢɟɦ ɩɪɢɧɰɢɩɨɜ ɝɭɦɚɧɧɨɫɬɢ, 

ɢɡɥɨɠɟɧɧɵɯ ɜ Ⱦɢɪɟɤɬɢɜɟ ȿɜɪɨɩɟɣɫɤɨɝɨ ɫɨɨɛɳɟɫɬɜɚ (2010/63/ȿɋ) [Ɉɲɢɛɤɚ! 

Ɂɚɤɥɚɞɤɚ ɧɟ ɨɩɪɟɞɟɥɟɧɚ.]. 

Ʉɪɵɫɵ ɥɢɧɢɢ Wistar, ɫɚɦɰɵ, ɜ ɜɨɡɪɚɫɬɟ 8 ɦɟɫɹɰɟɜ, ɛɵɥɢ ɪɚɡɞɟɥɟɧɵ ɧɚ 

ɞɜɟ ɝɪɭɩɩɵ: ɨɩɵɬɧɚɹ ɝɪɭɩɩɚ ɠɢɜɨɬɧɵɯ ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ȻȺ ɩɨɫɥɟ 

ɜɜɟɞɟɧɢɹ β-ɚɦɢɥɨɢɞɚ 1-42 (Sigma-Aldrich, USA) ɢ ɤɨɧɬɪɨɥɶɧɚɹ ɝɪɭɩɩɚ ɥɨɠɧɨ-

ɨɩɟɪɢɪɨɜɚɧɧɵɯ ɠɢɜɨɬɧɵɯ ɩɨɫɥɟ ɜɜɟɞɟɧɢɹ ɪɚɫɬɜɨɪɢɬɟɥɹ ɞɥɹ ɛɟɬɚ-ɚɦɢɥɨɢɞɚ – 

ɮɨɫɮɚɬɧɨ-ɫɨɥɟɜɨɝɨ ɛɭɮɟɪɚ (Sigma-Aldrich, USA). ɀɢɜɨɬɧɵɟ ɫɨɞɟɪɠɚɥɢɫɶ ɜ 

ɤɥɟɬɤɚɯ ɫɨ ɫɜɨɛɨɞɧɵɦ ɞɨɫɬɭɩɨɦ ɤ ɤɨɪɦɭ ɢ ɜɨɞɟ ɩɪɢ ɪɟɝɭɥɹɪɧɨɦ ɫɜɟɬɨɜɨɦ 

ɰɢɤɥɟ 12 ɱ ɞɟɧɶ/12 ɱ ɧɨɱɶ ɢ ɩɨɫɬɨɹɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 21±1°ɋ [25].  

2.3 Ɍɟɫɬɢɪɨɜɚɧɢɟ ɠɢɜɨɬɧɵɯ 

2.3.1 NSS-ɬɟɫɬ 

ɋɬɚɧɞɚɪɬɧɵɣ ɧɟɜɪɨɥɨɝɢɱɟɫɤɢɣ ɬɟɫɬ, ɩɨɡɜɨɥɹɸɳɢɣ ɢɫɫɥɟɞɨɜɚɬɶ ɜ 

ɞɢɧɚɦɢɤɟ ɫɨɫɬɨɹɧɢɹ ɦɨɬɨɪɧɨɣ, ɪɟɮɥɟɤɬɨɪɧɨɣ, ɤɨɨɪɞɢɧɚɬɨɪɧɨɣ ɢ ɫɟɧɫɨɪɧɨɣ 

ɮɭɧɤɰɢɢ ɞɨ ɢ ɩɨɫɥɟ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɡɚɛɨɥɟɜɚɧɢɣ ɐɇɋ (ɜ ɱɚɫɬɧɨɫɬɢ, ɢɲɟɦɢɢ 

ɝɨɥɨɜɧɨɝɨ ɦɨɡɝɚ), ɧɚɥɢɱɢɟ ɨɱɚɝɨɜɨɣ ɫɢɦɩɬɨɦɚɬɢɤɢ ɩɨɜɪɟɠɞɟɧɢɹ ɦɨɡɝɚ. 
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Ɉɩɪɟɞɟɥɟɧɢɟ ɧɟɜɪɨɥɨɝɢɱɟɫɤɨɝɨ ɫɬɚɬɭɫɚ ɛɭɞɟɬ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɩɨ 

ɨɛɳɟɩɪɢɧɹɬɨɣ ɲɤɚɥɟ ɨɰɟɧɤɢ ɧɟɜɪɨɥɨɝɢɱɟɫɤɨɣ ɬɹɠɟɫɬɢ (NSS), 

ɚɞɚɩɬɢɪɨɜɚɧɧɨɣ ɞɥɹ ɤɪɵɫ. ɗɬɨɬ ɬɟɫɬ ɨɰɟɧɢɜɚɟɬ ɜɨɡɦɨɠɧɨɫɬɢ ɠɢɜɨɬɧɨɝɨ ɩɪɢ 

ɜɵɩɨɥɧɟɧɢɢ 10 ɪɚɡɥɢɱɧɵɯ ɡɚɞɚɱ, ɤɨɬɨɪɵɟ ɨɰɟɧɢɜɚɸɬ ɨɫɧɨɜɧɵɟ ɪɟɮɥɟɤɫɵ, 

ɟɝɨ ɫɩɨɫɨɛɧɨɫɬɶ ɞɜɢɝɚɬɶɫɹ ɢ ɫɨɯɪɚɧɹɬɶ ɪɚɜɧɨɜɟɫɢɟ. Ɉɞɢɧ ɛɚɥɥ ɩɪɢɫɭɠɞɚɟɬɫɹ 

ɡɚ ɧɟɜɵɩɨɥɧɟɧɢɟ ɡɚɞɚɧɢɹ, ɩɨɷɬɨɦɭ ɧɨɪɦɚɥɶɧɨɟ ɡɞɨɪɨɜɨɟ ɠɢɜɨɬɧɨɟ ɞɨɥɠɧɨ 

ɩɨɥɭɱɢɬɶ 0 ɛɚɥɥɨɜ ɩɨ ɜɫɟɦ ɩɭɧɤɬɚɦ ɲɤɚɥɵ. Ɉɰɟɧɤɭ ɧɟɜɪɨɥɨɝɢɱɟɫɤɨɝɨ 

ɞɟɮɢɰɢɬɚ ɠɢɜɨɬɧɵɯ ɩɪɨɜɨɞɹɬ ɧɚ 1-ɟ ɫɭɬɤɢ ɞɨ ɦɨɞɟɥɢɪɭɸɳɢɯ ɜɨɡɞɟɣɫɬɜɢɣ ɢ 

14-ɟ ɫɭɬɤɢ ɩɨɫɥɟ ɦɨɞɟɥɢɪɭɸɳɢɯ ɜɨɡɞɟɣɫɬɜɢɣ [25]. 

2.3.2 «Ɉɬɤɪɵɬɨɟ ɩɨɥɟ» 

Ɍɟɫɬ ɩɨɡɜɨɥɹɟɬ ɜɵɹɜɢɬɶ ɧɚɪɭɲɟɧɢɹ ɫɩɨɧɬɚɧɧɨɣ ɞɜɢɝɚɬɟɥɶɧɨɣ 

ɚɤɬɢɜɧɨɫɬɢ, ɜɟɝɟɬɚɬɢɜɧɵɯ ɮɭɧɤɰɢɣ (ɧɚɩɪɢɦɟɪ, ɭɱɚɳɟɧɢɟ ɢɥɢ ɭɪɟɠɟɧɢɟ 

ɭɪɢɧɚɰɢɣ ɢ ɞɟɮɟɤɚɰɢɣ, ɢɡɦɟɧɟɧɢɟ ɤɨɧɫɢɫɬɟɧɰɢɢ ɛɨɥɸɫɨɜ), ɧɚɪɭɲɟɧɢɹ 

ɷɦɨɰɢɨɧɚɥɶɧɨɣ ɪɟɚɤɰɢɢ ɤɪɵɫ (ɞɥɢɬɟɥɶɧɨɟ ɡɚɦɢɪɚɧɢɟ ɢ ɫɧɢɠɟɧɢɟ ɱɚɫɬɨɬɵ 

ɝɪɭɦɢɧɝɚ, ɨɛ ɷɦɨɰɢɨɧɚɥɶɧɨɫɬɢ ɬɚɤɠɟ ɦɨɠɧɨ ɫɭɞɢɬɶ ɩɨ ɢɡɦɟɧɟɧɢɸ ɞɟɮɟɤɚɰɢɢ 

ɭ ɤɪɵɫ ɢ ɬ.ɞ.). Ɍɟɫɬɢɪɨɜɚɧɢɟ ɨɛɳɟɣ ɞɜɢɝɚɬɟɥɶɧɨɣ ɚɤɬɢɜɧɨɫɬɢ, 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ, ɷɦɨɰɢɨɧɚɥɶɧɨɝɨ 

ɫɨɫɬɨɹɧɢɹ ɠɢɜɨɬɧɵɯ ɩɪɨɜɨɞɹɬ ɜ ɭɫɥɨɜɢɹɯ «ɨɬɤɪɵɬɨɣ ɚɪɟɧɵ». Ɍɟɫɬ ɜɤɥɸɱɚɟɬ 

ɤɨɥɢɱɟɫɬɜɟɧɧɭɸ ɨɰɟɧɤɭ ɩɨɜɟɞɟɧɱɟɫɤɢɯ ɤɨɦɩɨɧɟɧɬɨɜ ɠɢɜɨɬɧɨɝɨ, 

ɩɨɦɟɳɟɧɧɨɝɨ ɜ ɧɨɜɨɟ ɨɬɤɪɵɬɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ, ɢɡ ɤɨɬɨɪɨɝɨ ɫɬɟɧɚ, 

ɨɝɪɚɧɢɱɢɜɚɸɳɚɹ ɚɪɟɧɭ, ɩɪɟɩɹɬɫɬɜɭɟɬ ɟɝɨ ɜɵɯɨɞɭ.  «Ɉɬɤɪɵɬɨɟ ɩɨɥɟ» ɞɥɹ ɤɪɵɫ 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɟɪɭɸ ɚɪɟɧɭ ɩɥɨɳɚɞɶɸ 1 ɦ2. ȼɢɞɟɨɪɟɝɢɫɬɪɚɰɢɹ 

ɨɬɞɟɥɶɧɵɯ ɩɨɜɟɞɟɧɱɟɫɤɢɯ ɪɟɚɤɰɢɣ ɠɢɜɨɬɧɵɯ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ 

ɜɢɞɟɨɤɚɦɟɪɵ. ɋ ɰɟɥɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɨɪɢɟɧɬɢɪɨɜɨɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ ɢ 

ɞɜɢɝɚɬɟɥɶɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɤɪɵɫ ɜ ɬɟɱɟɧɢɟ 5 ɦɢɧɭɬ ɬɟɫɬɢɪɨɜɚɧɢɹ ɪɟɝɢɫɬɪɢɪɭɸɬ 

ɫɥɟɞɭɸɳɢɟ ɩɨɤɚɡɚɬɟɥɢ: 

 Ƚɨɪɢɡɨɧɬɚɥɶɧɚɹ ɞɜɢɝɚɬɟɥɶɧɚɹ ɚɤɬɢɜɧɨɫɬɶ, ɨɬɪɚɠɚɸɳɚɹ ɨɛɳɭɸ 

ɞɜɢɝɚɬɟɥɶɧɭɸ ɚɤɬɢɜɧɨɬɶ ɤɪɵɫ. ȼ ɷɬɨɬ ɩɚɪɚɦɟɬɪ ɜɯɨɞɢɬ ɛɟɝ ɩɨ ɪɚɡɧɵɦ ɩɭɬɹɦ, 

ɤɪɭɠɟɧɢɟ ɜɨɤɪɭɝ ɨɞɧɨɝɨ ɦɟɫɬɚ. 
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 ȼɟɪɬɢɤɚɥɶɧɚɹ ɞɜɢɝɚɬɟɥɶɧɚɹ ɚɤɬɢɜɧɨɫɬɶ, ɨɬɪɚɠɚɸɳɚɹ ɨɪɢɟɧɬɢɪɨɜɤɭ ɢ 

ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɟ ɩɨɜɟɞɟɧɢɟ ɠɢɜɨɬɧɵɯ. ȼɟɪɬɢɤɚɥɶɧɵɟ ɫɬɨɣɤɢ ɤɪɟɩɹɬɫɹ ɤɚɤ 

ɫ ɨɩɨɪɨɣ, ɬɚɤ ɢ ɛɟɡ ɧɟɟ. 

 Ⱦɥɹ ɨɰɟɧɤɢ ɷɦɨɰɢɨɧɚɥɶɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɤɪɵɫ ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɥɟɞɭɸɳɢɟ 

ɩɨɤɚɡɚɬɟɥɢ: 

 Ⱦɥɢɬɟɥɶɧɨɫɬɶ ɪɟɚɤɰɢɢ ɝɪɭɦɢɧɝɚ: Ƚɪɭɦɢɧɝ ɭ ɝɪɵɡɭɧɨɜ ɩɪɟɞɫɬɚɜɥɹɟɬ 

ɫɨɛɨɣ ɱɪɟɡɜɵɱɚɣɧɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɭɸ ɮɨɪɦɭ ɩɨɜɟɞɟɧɢɹ, ɜɵɩɨɥɧɹɸɳɭɸ ɜ 

ɨɪɝɚɧɢɡɦɟ ɪɹɞ ɜɚɠɧɵɯ ɮɭɧɤɰɢɣ – ɭɯɨɞ ɡɚ ɤɨɠɟɣ ɢ ɲɟɪɫɬɶɸ, 

ɬɟɪɦɨɪɟɝɭɥɹɰɢɸ, ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɯɢɦɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ. 

 Ʉɨɪɨɬɤɢɣ ɝɪɭɦɢɧɝ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ 1-2 ɛɵɫɬɪɵɦɢ ɤɪɭɝɨɜɵɦɢ 

ɞɜɢɠɟɧɢɹɦɢ ɥɚɩ ɜɨɤɪɭɝ ɧɨɫɚ ɢ ɧɟɛɨɥɶɲɨɣ ɨɛɥɚɫɬɢ ɨɤɨɥɨ ɧɟɝɨ, ɚ ɞɥɢɬɟɥɶɧɵɣ 

ɝɪɭɦɢɧɝ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɭɦɵɜɚɧɢɟɦ ɨɛɥɚɫɬɢ ɝɥɚɡ, ɡɚɜɟɞɟɧɢɟɦ ɥɚɩ ɡɚ ɭɲɢ.  

Ɋɟɚɤɰɢɹ ɝɪɭɦɢɧɝɚ ɜ ɷɦɨɰɢɨɝɟɧɧɵɯ ɫɢɬɭɚɰɢɹɯ ɹɜɥɹɟɬɫɹ ɫɦɟɲɚɧɧɨɣ 

ɪɟɚɤɰɢɟɣ, ɨɬɪɚɠɚɸɳɟɣ ɧɚɥɢɱɢɟ ɷɦɨɰɢɨɧɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ. ɍ ɝɪɵɡɭɧɨɜ 

ɝɪɭɦɢɧɝ ɫɩɟɰɢɮɢɱɟɫɤɢ ɚɤɬɢɜɢɪɭɟɬɫɹ ɩɪɢ ɞɟɣɫɬɜɢɢ ɫɬɪɟɫɫɚ [25].  

2.3.3 «ȼɨɞɧɵɣ ɥɚɛɢɪɢɧɬ Ɇɨɪɪɢɫɚ» 

Ⱦɚɧɧɵɣ ɬɟɫɬ ɩɨɡɜɨɥɹɟɬ ɨɰɟɧɢɬɶ ɞɨɥɝɨɜɪɟɦɟɧɧɭɸ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɭɸ 

ɩɚɦɹɬɶ, ɷɤɜɢɜɚɥɟɧɬɧɭɸ ɷɩɢɡɨɞɢɱɟɫɤɭɸ ɩɚɦɹɬɶ, ɨɛɭɱɚɟɦɨɫɬɶ. Ɉɰɟɧɢɜɚɟɦɵɟ 

ɩɚɪɚɦɟɬɪɵ – ɜɪɟɦɹ, ɤɨɬɨɪɨɟ ɬɪɟɛɨɜɚɥɨɫɶ ɤɪɵɫɟ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɥɚɬɮɨɪɦɵ, 

ɜɪɟɦɹ ɧɚɯɨɠɞɟɧɢɹ ɤɪɵɫɨɣ ɧɨɜɨɝɨ ɪɚɫɩɨɥɨɠɟɧɢɹ ɩɥɚɬɮɨɪɦɵ. 

ɂɫɩɵɬɚɬɟɥɶɧɚɹ ɭɫɬɚɧɨɜɤɚ ɩɪɟɞɫɬɚɜɥɹɥɚ ɫɨɛɨɣ ɤɪɭɝɥɵɣ ɛɚɫɫɟɣɧ ɫɨ 

ɫɬɟɧɤɚɦɢ ɜɵɫɨɬɨɣ ɨɤɨɥɨ ɨɞɧɨɝɨ ɦɟɬɪɚ, ɧɚɩɨɥɧɟɧɧɵɣ ɜɨɞɨɣ (T 25 ± 2 ° C) ɫ 

ɞɨɛɚɜɥɟɧɢɟɦ ɫɭɯɨɝɨ ɦɨɥɨɤɚ ɞɥɹ ɦɭɬɧɨɫɬɢ. ȼ ɚɪɟɧɟ ɧɚ 5 ɫɦ ɧɢɠɟ ɭɪɨɜɧɹ ɜɨɞɵ 

ɪɚɡɦɟɳɚɥɚɫɶ ɫɬɟɤɥɹɧɧɚɹ ɩɥɚɬɮɨɪɦɚ. Ʉɚɠɞɵɣ ɞɟɧɶ ɦɟɧɹɥɨɫɶ 

ɦɟɫɬɨɪɚɫɩɨɥɨɠɟɧɢɟ ɩɥɚɬɮɨɪɦɵ ɨɩɪɟɞɟɥɟɧɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɤɪɨɦɟ 

ɤɨɧɬɪɨɥɶɧɨɝɨ ɬɟɫɬɢɪɨɜɚɧɢɹ ɞɨ ɢ ɩɨɫɥɟ ɨɩɟɪɚɰɢɢ, ɜ ɷɬɢ ɞɧɢ ɩɥɚɬɮɨɪɦɭ 

ɨɫɬɚɜɥɹɥɢ ɜ ɩɨɡɢɰɢɢ ɬɪɟɬɶɟɝɨ ɢɫɩɵɬɚɧɢɹ [Ɉɲɢɛɤɚ! Ɂɚɤɥɚɞɤɚ ɧɟ 

ɨɩɪɟɞɟɥɟɧɚ.,Ɉɲɢɛɤɚ! Ɂɚɤɥɚɞɤɚ ɧɟ ɨɩɪɟɞɟɥɟɧɚ.]. 
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2.4 ɉɨɞɝɨɬɨɜɤɚ ɦɚɬɟɪɢɚɥɚ ɢ ɩɪɢɝɨɬɨɜɥɟɧɢɟ ɫɪɟɡɨɜ 

ɉɨɫɥɟ ɨɩɟɪɚɰɢɢ, ɫɩɭɫɬɹ 14 ɞɧɟɣ ɩɪɨɜɨɞɢɥɢ ɤɨɧɬɪɨɥɶɧɨɟ ɬɟɫɬɢɪɨɜɚɧɢɟ, 

ɡɚɬɟɦ ɭ ɠɢɜɨɬɧɵɯ ɨɫɭɳɟɫɬɜɥɹɥɢ ɬɪɚɧɫɤɚɪɞɢɚɥɶɧɭɸ ɩɟɪɮɭɡɢɸ 4% 

ɩɚɪɚɮɚɪɦɚɥɶɞɟɝɢɞɨɦ (PFA) ɫ ɡɚɛɨɪɨɦ ɝɨɥɨɜɧɨɝɨ ɦɨɡɝɚ. Ɇɨɡɝ ɮɢɤɫɢɪɨɜɚɥɢ ɜ 

10% ɧɟɣɬɪɚɥɶɧɨɦ ɡɚɛɭɮɟɪɟɧɧɨɦ ɮɨɪɦɚɥɢɧɟ ɜ ɬɟɱɟɧɢɟ ɞɜɭɯ ɫɭɬɨɤ, ɩɨɫɥɟ ɱɟɝɨ 

ɩɨɝɪɭɠɚɥɢ ɜ 25-30% ɪɚɫɬɜɨɪ ɫɚɯɚɪɨɡɵ. ɋ ɩɨɦɨɳɶɸ ɜɢɛɪɨɬɨɦɚ Thermo 

Scientific Microm HM 650 ɢɡɝɨɬɚɜɥɢɜɚɥɢ ɫɪɟɡɵ ɬɨɥɳɢɧɨɣ 50-80 ɦɤɦ. ɉɨɫɥɟ 

ɧɚɪɟɡɤɢ ɫɪɟɡɵ ɩɨɦɟɳɚɥɢɫɶ ɜ ɩɥɚɧɲɟɬɵ ɫ ɤɨɧɫɟɪɜɚɧɬɨɦ (PBS ɫ ɚɡɢɞɨɦ 

ɧɚɬɪɢɹ). 

2.4 ɂɦɦɭɧɨɝɢɫɬɨɯɢɦɢɱɟɫɤɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ 

ɂɦɦɭɧɨɝɢɫɬɨɯɢɦɢɹ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ 

ɦɟɬɨɞɨɜ ɢɡɭɱɟɧɢɹ ɷɤɫɩɪɟɫɢɢ ɚɧɬɢɝɟɧɨɜ ɧɚ ɤɥɟɬɤɚɯ. ɉɪɢɧɰɢɩ ɦɟɬɨɞɚ ɨɫɧɨɜɚɧ 

ɧɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɚɧɬɢɝɟɧ-ɚɧɬɢɬɟɥɨ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɩɨɦɟɬɢɬɶ ɤɥɟɬɤɭ, ɧɚ 

ɤɨɬɨɪɨɣ ɩɪɢɫɭɬɫɬɜɭɟɬ ɢɡɭɱɚɟɦɵɣ ɚɧɬɢɝɟɧ, ɤɚɤɨɣ-ɥɢɛɨ ɦɟɬɤɨɣ. 

Ɏɥɭɨɪɟɫɰɟɧɬɧɚɹ ɦɟɬɤɚ ɦɨɠɟɬ ɫɜɹɡɵɜɚɬɶɫɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɫ ɩɟɪɜɢɱɧɵɦ 

ɚɧɬɢɬɟɥɨɦ, ɤɨɬɨɪɨɟ ɛɚɡɢɪɭɟɬɫɹ ɩɪɨɬɢɜ ɛɟɥɤɚ-ɦɢɲɟɧɢ (ɩɪɹɦɚɹ 

ɢɦɦɭɧɨɮɥɭɨɪɟɫɰɟɧɰɢɹ), ɢɥɢ ɠɟ ɫ ɜɬɨɪɢɱɧɵɦ ɚɧɬɢɬɟɥɨɦ, ɤɨɬɨɪɨɟ, ɜ ɫɜɨɸ 

ɨɱɟɪɟɞɶ, ɪɚɫɩɨɡɧɚɟɬ ɩɟɪɜɢɱɧɨɟ ɚɧɬɢɬɟɥɨ ɢɥɢ ɫɨɟɞɢɧɟɧɢɟ ɫɢɫɬɟɦɵ 

ɚɦɩɥɢɮɢɤɚɰɢɢ (ɧɟɩɪɹɦɚɹ ɢɦɦɭɧɨɮɥɭɨɪɟɫɰɟɧɰɢɹ), ɜɬɨɪɨɣ ɜɚɪɢɚɧɬ ɹɜɥɹɟɬɫɹ 

ɛɨɥɟɟ ɫɩɟɰɢɮɢɱɧɵɦ, ɩɨɷɬɨɦɭ ɟɝɨ ɢ ɢɫɩɨɥɶɡɨɜɚɥɢ ɜ ɞɚɧɧɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ.       

ɉɨɫɥɟ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ȻȺ ɜɵɩɨɥɧɹɥɢ ɬɪɚɧɫɤɚɪɞɢɚɥɶɧɭɸ ɩɟɪɮɭɡɢɸ ɫ 4% 

ɩɚɪɚɮɚɪɦɚɥɶɞɟɝɢɞɨɦ (PFA) ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɡɚɛɨɪɨɦ ɨɛɪɚɡɰɨɜ ɝɨɥɨɜɧɨɝɨ 

ɦɨɡɝɚ. ɋɪɟɡɵ ɬɨɥɳɢɧɨɣ ɩɨɥɭɱɚɥɢ ɫ ɩɨɦɨɳɶɸ Thermo Scientific Microm HM 

650. ɉɨɫɥɟ ɷɤɫɩɪɟɫɫɢɸ ɦɚɪɤɟɪɨɜ ɢɡɭɱɚɥɢ ɫ ɩɨɦɨɳɶɸ ɧɟɩɪɹɦɨɣ 

ɢɦɦɭɧɨɝɢɫɬɨɯɢɦɢɢ ɞɥɹ ɫɜɨɛɨɞɧɨ ɩɥɚɜɚɸɳɢɯ ɫɪɟɡɨɜ. Ɉɛɪɚɡɰɵ ɬɤɚɧɢ 

ɨɤɪɚɲɢɜɚɥɢ ɩɟɪɜɢɱɧɵɦɢ ɢ ɜɬɨɪɢɱɧɵɦɢ ɚɧɬɢɬɟɥɚɦɢ. ȼɢɡɭɚɥɢɡɚɰɢɸ 

ɜɵɩɨɥɧɹɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɮɥɭɨɪɟɫɰɟɧɬɧɨɝɨ ɦɢɤɪɨɫɤɨɩɚ ZOE ɩɪɢ 

ɫɬɚɧɞɚɪɬɧɨɦ ɭɜɟɥɢɱɟɧɢɢ.  Ɉɛɪɚɛɨɬɤɚ ɢɡɨɛɪɚɠɟɧɢɣ ɜɵɩɨɥɧɹɥɚɫɶ ɜ ImageJ. 

ɉɨɞɫɱɢɬɵɜɚɥɢ ɩɪɨɰɟɧɬ ɤɥɟɬɨɤ, ɷɤɫɩɪɟɫɫɢɪɭɸɳɢɯ ɬɨɬ ɢɥɢ ɢɧɨɣ ɚɧɬɢɝɟɧ, ɨɬ 
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ɨɛɳɟɝɨ ɱɢɫɥɚ ɤɥɟɬɨɤ, ɜɵɹɜɥɹɟɦɨɝɨ ɩɨ ɨɤɪɚɫɤɟ ɹɞɟɪ ɫ ɩɨɦɨɳɶɸ ɤɪɚɫɢɬɟɥɹ 

DAPI.  

Ɉɤɪɚɫɤɚ ɩɪɨɢɡɜɟɞɟɧɚ ɜ 12-ɥɭɧɨɱɧɵɣ ɩɥɚɧɲɟɬɚɯ. ȼɫɟ ɷɬɚɩɵ ɨɤɪɚɫɤɢ ɢ 

ɩɪɨɦɵɜɤɢ ɩɪɨɜɨɞɢɥɢɫɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɲɟɣɤɟɪɚ. ɉɪɨɬɨɤɨɥ ɩɪɨɜɟɞɟɧɢɹ 

ɢɦɦɭɧɨɝɢɫɬɨɯɢɦɢɱɟɫɤɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɜɨɛɨɞɧɨɩɥɚɜɚɸɳɢɯ ɫɪɟɡɨɜ: 

1. Ɍɪɟɯɤɪɚɬɧɚɹ ɩɪɨɦɵɜɤɚ ɫɪɟɡɨɜ ɜ Washingsolution (200 ɦɥPBS + 400 ɦɤɥ 

0.2% TritonX100) – 5 ɦɢɧɭɬ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ; 

2. Ȼɥɨɤɢɪɨɜɚɧɢɟ ɧɟɫɩɟɰɢɮɢɱɟɫɤɨɝɨ ɫɜɹɡɵɜɚɧɢɹ Blockingsolution (500 ɦɤɥ 1% 

TritonX100 + 6 ɦɥ 25% BSA + 50 ɦɥ) – 1 ɱɚɫ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ; 

3. Ɍɪɟɯɤɪɚɬɧɚɹ ɩɪɨɦɵɜɤɚ ɫɪɟɡɨɜ ɩɨ 5 ɦɢɧɭɬ ɜ Washingsolution. 

4. ɂɧɤɭɛɚɰɢɹ ɫ ɩɟɪɜɢɱɧɵɦɢ ɚɧɬɢɬɟɥɚɦɢ ɜ ɪɚɡɜɟɞɟɧɢɢ 1:500 ɜ AB-solution 

(100 ɦɤɥ 0,2% TritonX100 + 6 ɦɥ 25% BSA + 50 ɦɥ PBS) – ɧɨɱɶ ɩɪɢ 4˚ C;  

5. ɂɧɤɭɛɚɰɢɹ ɫ ɩɟɪɜɢɱɧɵɦɢ ɚɧɬɢɬɟɥɚɦɢ – 2 ɱɚɫɚ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ; 

6. Ɍɪɟɯɤɪɚɬɧɚɹ ɩɪɨɦɵɜɤɚ ɫɪɟɡɨɜ ɜ Washingsolution – 5 ɦɢɧɭɬ ɩɪɢ ɤɨɦɧɚɬɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɟ; 

7. ɂɧɤɭɛɚɰɢɹ ɫ ɜɬɨɪɢɱɧɵɦɢ ɚɧɬɢɬɟɥɚɦɢ – 2 ɱɚɫɚ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ; 

8. Ɍɪɟɯɤɪɚɬɧɚɹ ɩɪɨɦɵɜɤɚ ɫɪɟɡɨɜ ɜ Washingsolution – 5 ɦɢɧɭɬ ɩɪɢ ɤɨɦɧɚɬɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɟ; 

9. ɉɟɪɟɧɨɫ ɫɪɟɡɨɜ ɧɚ ɩɪɟɞɦɟɬɧɵɟ ɫɬɟɤɥɚ; 

10.  ɇɚɧɟɫɟɧɢɟ ɧɚ ɫɪɟɡɵ ɦɨɧɬɢɪɭɸɳɟɣ ɠɢɞɤɨɫɬɢ (30-50 ɦɤɥ ɝɥɢɰɟɪɢɧɚ ɜ PBS 

1:1 + DAPI); 

11. Ɏɢɤɫɚɰɢɹ ɫɪɟɡɨɜ ɩɨɤɪɨɜɧɵɦɢ ɫɬɟɤɥɚɦɢ; 

12. Ɏɥɭɨɪɟɫɰɟɧɬɧɚɹ ɦɢɤɪɨɫɤɨɩɢɹ. 

               ZOE fluorescent Cell imager – ɫɢɫɬɟɦɚ ɜɢɡɭɚɥɢɡɚɰɢɢ ɤɥɟɬɨɱɧɵɯ 

ɦɢɤɪɨɩɪɟɩɚɪɚɬɨɜ ɜ ɮɚɡɨɜɨɦ ɤɨɧɬɪɚɫɬɟ ɢ ɬɪёɯ ɤɚɧɚɥɚɯ ɮɥɭɨɪɟɫɰɟɧɰɢɢ (ɫɢɧɢɣ, 

ɡɟɥɟɧɵɣ, ɤɪɚɫɧɵɣ). ZOE ɩɨɡɜɨɥɹɟɬ ɞɟɥɚɬɶ ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɵɟ ɮɨɬɨɝɪɚɮɢɢ 

ɨɛɪɚɡɰɨɜ, ɫɨɡɞɚɜɚɬɶ ɫɨɜɦɟɳɟɧɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɩɪɟɩɚɪɚɬɚ ɩɨ ɧɟɫɤɨɥɶɤɢɦ 

ɤɚɧɚɥɚɦ. Ƚɥɚɜɧɵɦ ɩɪɟɢɦɭɳɟɫɬɜɨɦ ɹɜɥɹɟɬɫɹ ɫɜɟɬɨɡɚɳɢɬɧɵɣ ɷɤɪɚɧ, 
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ɩɨɡɜɨɥɹɸɳɢɣ ɩɨɥɭɱɚɬɶ ɮɥɭɨɪɟɫɰɟɧɬɧɵɟ ɢɡɨɛɪɚɠɟɧɢɹ ɩɪɢ ɨɤɪɭɠɚɸɳɟɦ 

ɨɫɜɟɳɟɧɢɢ. ȼ ɩɪɨɰɟɫɫɟ ɮɥɭɨɪɟɫɰɟɧɬɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ ɢɫɫɥɟɞɨɜɚɥɢ 

ɷɤɫɩɪɟɫɫɢɸ ɧɟɣɪɨɜɨɫɩɚɥɢɬɟɥɶɧɵɯ ɦɚɪɤɟɪɨɜ ɜ ɬɪɟɯ ɨɛɥɚɫɬɹɯ: ɝɢɩɩɨɤɚɦɩ 

(ɝɥɚɜɧɵɣ ɰɟɧɬɪ ɤɨɧɫɨɥɢɞɚɰɢɢ ɩɚɦɹɬɢ), ɷɧɬɨɪɢɧɚɥɶɧɚɹ ɤɨɪɚ (ɜɯɨɞɢɬ ɜ ɫɨɫɬɚɜ 

ɝɢɩɩɨɤɚɦɩɨɜɨɣ ɮɨɪɦɚɰɢɢ) ɢ ɦɢɧɞɚɥɟɜɢɞɧɨɟ ɬɟɥɨ (ɭɱɚɫɬɜɭɟɬ ɜ ɩɪɨɰɟɫɫɚɯ 

ɮɨɪɦɢɪɨɜɚɧɢɹ ɞɨɥɝɨɫɪɨɱɧɨɣ ɩɚɦɹɬɢ).  

2.5 ɋɬɚɬɢɫɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ 

ɋɬɚɬɢɫɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɩɪɨɜɨɞɢɥɢ ɫ ɩɨɦɨɳɶɸ GraphPad Prism. 

ɂɫɩɨɥɶɡɨɜɚɥɢɫɶ U-ɤɪɢɬɟɪɢɣ Ɇɚɧɧɚ–ɍɢɬɧɢ, ɨɞɧɨɫɬɨɪɨɧɧɢɣ ɞɢɫɩɟɪɫɢɨɧɧɵɣ 

ɚɧɚɥɢɡ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɤɪɢɬɟɪɢɟɦ ɦɧɨɠɟɫɬɜɟɧɧɨɝɨ ɫɪɚɜɧɟɧɢɹ Ⱦɚɧɧɟɬɚ (*-

ɢɧɞɢɤɚɰɢɹ) ɢɥɢ ɧɟɩɚɪɧɵɣ t- ɤɪɢɬɟɪɢɣ (#-ɢɧɞɢɤɚɰɢɹ). Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ 

ɤɨɪɪɟɥɹɰɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɧɟɩɚɪɚɦɟɬɪɢɱɟɫɤɢɣ ɤɪɢɬɟɪɢɣ 

Ɇɚɧɧɚ-ɍɢɬɧɢ. ρ  <0,05 – ɭɪɨɜɟɧɶ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɡɧɚɱɢɦɨɫɬɢ. 
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3. Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ 

3.1 Ɋɟɡɭɥɶɬɚɬɵ ɬɟɫɬɨɜ 

3.1.1 Ɍɟɫɬ «Ɉɬɤɪɵɬɨɟ ɩɨɥɟ» 

              Ⱥɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɬɟɫɬɚ «Ɉɬɤɪɵɬɨɟ ɩɨɥɟ» (ɪɢɫɭɧɨɤ 1) ɩɨɤɚɡɚɥ, ɱɬɨ 

ɞɨ ɨɩɟɪɚɰɢɢ ɤɚɤ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ, ɬɚɤ ɢ ɜ ɤɨɧɬɪɨɥɶɧɨɣ ɝɪɭɩɩɚɯ, 

ɠɢɜɨɬɧɵɟ ɢɦɟɥɢ ɧɨɪɦɚɥɶɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɢ ɧɚɛɥɸɞɚɥɨɫɶ ɜɨɡɧɢɤɧɨɜɟɧɢɟ 

ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ ɩɨɜɟɞɟɧɢɹ, ɱɬɨ ɝɨɜɨɪɢɬ ɨ ɧɚɢɦɟɧɶɲɟɦ ɬɪɟɜɨɠɧɨ-

ɩɨɜɟɞɟɧɱɟɫɤɨɦ ɫɨɫɬɨɹɧɢɢ ɞɨ ɨɩɟɪɚɬɢɜɧɨɝɨ ɜɦɟɲɚɬɟɥɶɫɬɜɚ. 
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Ɋɢɫ.1 Ɋɟɡɭɥɶɬɚɬɵ ɬɟɫɬɚ ɪɚɛɨɬɵ ɫ Ⱥɥɶɰɝɟɣɦɟɪɨɦ: Ⱥ – ɱɢɫɥɨ ɷɩɢɡɨɞɨɜ, Ȼ 

– ɩɪɨɣɞɟɧɧɚɹ ɞɢɫɬɚɧɰɢɹ (ɦ), ȼ - ɜɪɟɦɹ ɡɚɦɢɪɚɧɢɹ (ɫ) 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɬɟɫɬɚ ɜɢɞɧɨ, ɱɬɨ ɩɨɫɥɟ ɜɜɟɞɟɧɢɹ ɛɟɬɚ-ɚɦɢɥɨɢɞɚ ɜ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɝɪɭɩɩɟ ɧɚɛɥɸɞɚɟɬɫɹ ɡɧɚɱɢɦɨɟ ɫɧɢɠɟɧɢɟ ɱɢɫɥɚ ɷɩɢɡɨɞɨɜ 

ɡɚɦɢɪɚɧɢɹ, ɤɨɝɞɚ ɜɪɟɦɹ ɡɚɦɢɪɚɧɢɹ ɧɚɨɛɨɪɨɬ, ɭɜɟɥɢɱɢɜɚɟɬɫɹ.  
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Ɋɢɫ.2 Ɋɟɡɭɥɶɬɚɬɵ ɬɟɫɬɚ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɨ ɢɲɟɦɢɢ: Ⱥ – ɱɢɫɥɨ ɷɩɢɡɨɞɨɜ , 

Ȼ – ɩɪɨɣɞɟɧɧɚɹ ɞɢɫɬɚɧɰɢɹ (ɦ), ȼ - ɜɪɟɦɹ ɡɚɦɢɪɚɧɢɹ (ɫ) 

ɉɨɯɨɠɚɹ ɫɢɬɭɚɰɢɹ ɧɚɛɥɸɞɚɟɬɫɹ ɢ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɝɪɭɩɩɟ ɩɨ 

ɦɨɞɟɥɢɪɨɜɚɧɢɸ ɢɲɟɦɢɢ, ɧɚ ɝɪɚɮɢɤɚɯ ɩɨɤɚɡɵɜɚɟɬɫɹ, ɱɬɨ ɱɢɫɥɨ ɷɩɢɡɨɞɨɜ 

ɭɦɟɧɶɲɚɟɬɫɹ (ɪɢɫɭɧɨɤ 2, Ⱥ) ɢ ɜɪɟɦɹ ɡɚɦɢɪɚɧɢɹ (ɪɢɫɭɧɨɤ 2, ȼ) ɭɜɟɥɢɱɢɜɚɟɬɫɹ 

ɩɨɫɥɟ ɨɩɟɪɚɰɢɨɧɧɨɝɨ ɜɦɟɲɚɬɟɥɶɫɬɜɚ, ɱɬɨ ɝɨɜɨɪɢɬ ɨɛ ɭɦɟɧɶɲɟɧɢɢ ɚɤɬɢɜɧɨɫɬɢ 

ɠɢɜɨɬɧɨɝɨ. ɗɬɨ ɫɜɨɣɫɬɜɟɧɧɨ ɞɥɹ ɤɪɵɫ, ɤɨɬɨɪɵɟ ɢɫɩɵɬɵɜɚɸɬ ɛɨɥɶɲɢɣ ɫɬɪɚɯ. 

ɂɫɯɨɞɹ ɢɡ ɷɬɢɯ ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɝɪɭɩɩɚ 

ɩɨɞɜɟɪɠɟɧɚ ɬɪɟɜɨɠɧɵɦ ɫɨɫɬɨɹɧɢɹɦ ɢ ɩɪɨɢɫɯɨɞɢɬ ɭɫɢɥɟɧɢɟ ɞɟɩɪɟɫɫɢɹ-

ɩɨɞɨɛɧɨɝɨ ɩɨɜɟɞɟɧɢɹ, ɨ ɱɟɦ ɬɚɤɠɟ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɭ ɧɢɯ ɭɦɟɧɶɲɟɧɢɟ 

ɩɪɨɣɞɟɧɧɨɣ ɞɢɫɬɚɧɰɢɢ (ɪɢɫɭɧɨɤ 2, Ȼ). 
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3.1.2 NSS-ɬɟɫɬ 

Ⱥɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ NSS-ɬɟɫɬɚ (ɪɢɫɭɧɨɤ 2) ɩɨɤɚɡɚɥ, ɱɬɨ ɭ ɝɪɭɩɩ, ɤɚɤ ɭ 

ɦɨɞɟɥɟɣ ɩɨ ɢɲɟɦɢɢ ɝɨɥɨɜɧɨɝɨ ɦɨɡɝɚ, ɬɚɤ ɢ ɭ ɦɨɞɟɥɟɣ ɩɨ ȻȺ, ɧɚɛɥɸɞɚɟɬɫɹ 

ɩɨɜɪɟɠɞɟɧɢɹ ɭɦɟɪɟɧɧɨɣ ɢ ɫɪɟɞɧɟɣ ɫɬɟɩɟɧɢ ɜɵɪɚɠɟɧɧɨɫɬɢ, ɱɬɨ ɢɫɤɥɸɱɚɟɬ 

ɧɚɥɢɱɢɟ ɜɵɪɚɠɟɧɧɨɣ ɧɟɜɪɨɥɨɝɢɱɟɫɤɨɣ ɫɢɦɩɬɨɦɚɬɢɤɢ (ɪɢɫɭɧɨɤ 3). 
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Ɋɢɫ.3 ɇɟɜɪɨɥɨɝɢɱɟɫɤɢɣ ɞɟɮɢɰɢɬ (ɫɭɦɦɚ ɛɚɥɥɨɜ NSS ɬɟɫɬɟ): Ⱥ – ɩɨ 

ɢɲɟɦɢɢ, Ȼ – ɩɨ Ⱥɥɶɰɝɟɣɦɟɪɭ 

ɍ ɠɢɜɨɬɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɝɪɭɩɩɵ ɩɨɫɥɟ ɨɩɟɪɚɰɢɢ (ɪɢɫɭɧɨɤ 3, Ⱥ) 

ɧɚɛɥɸɞɚɥɚɫɶ ɬɟɧɞɟɧɰɢɹ ɤ ɭɜɟɥɢɱɟɧɢɸ ɫɭɦɦɵ ɛɚɥɥɨɜ ɜ ɬɟɫɬɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɤɨɧɬɪɨɥɶɧɨɣ ɝɪɭɩɩɨɣ, ɝɞɟ ɫɬɚɬɢɫɬɢɱɟɫɤɚɹ ɡɧɚɱɢɦɨɫɬɶ ɩɪɟɜɵɲɚɟɬ 0,01. Ɍɚɤɠɟ 

ɞɚɧɧɵɟ ɢɡ ɝɪɚɮɢɤɚ (ɪɢɫɭɧɨɤ 3, Ȼ) ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɩɨɞɨɛɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢ ɜ 

ɦɨɞɟɥɹɯ ȻȺ, ɝɞɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɝɪɭɩɩɚ ɢɦɟɟɬ ɛɨɥɶɲɢɟ ɛɚɥɥɵ ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɜ ɝɪɭɩɩɚɯ ɤɨɧɬɪɨɥɶɧɨɣ ɞɨ ɜɜɟɞɟɧɢɹ ɮɢɡ.ɪɚɫɬɜɨɪɚ 

ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɞɨ ɜɜɟɞɟɧɢɹ ɛɟɬɚ-ɚɦɢɥɨɢɞɚ, ɪɚɫɯɨɠɞɟɧɢɹ ɜ ɨɫɧɨɜɧɨɦ 

ɛɵɥɢ ɫɜɹɡɚɧɵ ɬɨɥɶɤɨ ɫ ɢɡɦɟɧɟɧɢɹɦɢ ɪɚɜɧɨɜɟɫɢɹ. 
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3.1.2 Ɍɟɫɬ «ȼɨɞɧɵɣ ɥɚɛɢɪɢɧɬ Ɇɨɪɪɢɫɚ» 

Ⱦɨ ɨɩɟɪɚɰɢɢ ɪɟɡɭɥɶɬɚɬɵ ɜ ɤɨɧɬɪɨɥɶɧɵɯ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 

ɝɪɭɩɩɚɯ ɠɢɜɨɬɧɵɯ (ɜɪɟɦɹ ɧɚɯɨɠɞɟɧɢɹ ɩɥɚɬɮɨɪɦɵ) ɧɚɯɨɞɢɥɢɫɶ ɜ ɩɪɟɞɟɥɚɯ 

ɧɨɪɦɵ (ɞɨ 15 ɫɟɤɭɧɞ). ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɞɨɥɝɨɜɪɟɦɟɧɧɚɹ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ 

ɩɚɦɹɬɶ ɢ ɷɤɜɢɜɚɥɟɧɬɧɚɹ ɷɩɢɡɨɞɢɱɟɫɤɚɹ ɩɚɦɹɬɶ ɛɵɥɢ ɜ ɧɨɪɦɚɥɶɧɨɦ ɫɨɫɬɨɹɧɢɢ 

(ɪɢɫɭɧɨɤ 4) ɭ ɨɛɨɢɯ ɦɨɞɟɥɟɣ. 
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Ɋɢɫ.4 ȼɪɟɦɹ ɧɚɯɨɠɞɟɧɢɹ ɩɥɚɬɮɨɪɦɵ: Ⱥ – ɩɨ Ⱥɥɶɰɝɟɣɦɟɪɭ, Ȼ – ɩɨ 

ɢɲɟɦɢɢ 

ɂ ɝɪɚɮɢɤɚ (ɪɢɫɭɧɨɤ 4, Ⱥ ɢ Ȼ) ɧɚɛɥɸɞɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟ ɜɪɟɦɟɧɢ 

ɧɚɯɨɠɞɟɧɢɹ ɩɥɚɬɮɨɪɦɵ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɝɪɭɩɩɚɯ ȻȺ ɢ ɢɲɟɦɢɢ 

ɝɨɥɨɜɧɨɝɨ ɦɨɡɝɚ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛ ɭɯɭɞɲɟɧɢɢ ɤɨɝɧɢɬɢɜɧɵɯ ɮɭɧɤɰɢɣ ɭ 

ɤɪɵɫ. ɍ ɤɨɧɬɪɨɥɶɧɨɣ ɝɪɭɩɩɵ ɦɨɞɟɥɢ ȻȺ ɷɬɨ ɦɨɠɟɬ ɛɵɬɶ ɫɜɹɡɚɧɧɨ ɫ 

ɭɫɢɥɟɧɢɟɦ ɞɟɩɪɟɫɫɢɜɧɨ-ɩɨɜɟɞɟɧɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɩɨɫɥɟ ɩɟɪɟɠɢɬɨɣ 

ɨɩɟɪɚɰɢɢ.   
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3.2 Ɋɟɡɭɥɶɬɚɬɵ ɢɦɦɭɧɨɝɢɫɬɨɯɢɦɢɢ 

3.2.1 Эɤɫɩɪɟɫɫɢɹ VEGF 

ɇɚ ɪɢɫɭɧɤɟ 5 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɡɚ ɷɤɫɩɪɟɫɫɢɢ VEGF 

(ɫɨɫɭɞɢɫɬɨɝɨ ɷɧɞɨɬɟɥɢɚɥɶɧɨɝɨ ɮɚɤɬɨɪɚ ɪɨɫɬɚ). ɍ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɝɪɭɩɩ 

ɧɚɛɥɸɞɚɥɫɹ ɡɧɚɱɢɦɵɣ (≤ 0,005 ɜ ɦɨɞɟɥɢ ȻȺ, ≤ 0,001 ɜ ɦɨɞɟɥɢ ɢɲɟɦɢɢ 

ɝɨɥɨɜɧɨɝɨ ɦɨɡɝɚ) ɪɨɫɬ ɩɪɨɰɟɧɬɚ ɩɨɡɢɬɢɜɧɵɯ ɤɥɟɬɨɤ ɜ ɝɢɩɩɨɤɚɦɩɟ, ɱɬɨ ɦɨɠɟɬ 

ɫɜɢɞɟɬɟɥɶɫɬɜɨɜɚɬɶ ɨɛ ɭɫɢɥɟɧɢɢ ɚɧɝɢɨɝɟɧɟɡɚ ɤɚɤ ɩɪɢ ɨɫɬɪɨɣ, ɬɚɤ ɢ ɩɪɢ 

ɯɪɨɧɢɱɟɫɤɨɣ ɧɟɣɪɨɞɟɝɟɧɟɨɚɰɢɢ. Ɍɚɤɠɟ ɩɪɨɰɟɧɬ ɷɤɫɩɪɟɫɫɢɪɭɸɳɢɯ VEGF 

ɤɥɟɬɨɤ ɜɨɡɪɚɫɬɚɟɬ ɭ ɷɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɝɪɭɩɩɵ (ɪɢɫɭɧɨɤ 5, Ⱥ) ɜ ɦɢɧɞɚɥɢɧɟ. 
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Ɋɢɫ. 5 Ɋɟɡɭɥɶɬɚɬɵ ɢɦɦɭɧɨɝɢɫɬɨɯɢɦɢɱɟɫɤɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɷɤɫɩɪɟɫɫɢɢ 

VEGF: Ⱥ – ɦɨɞɟɥɶ ȻȺ, Ȼ – ɦɨɞɟɥɶ ɢɲɟɦɢɢ ɝɨɥɨɜɧɨɝɨ ɦɨɡɝɚ. Ʉ-Ƚ – 

ɤɨɧɬɪɨɥɶɧɚɹ ɝɪɭɩɩɚ, ɩɪɨɰɟɧɬ ɷɤɫɩɪɟɫɫɢɪɭɸɳɢɯ ɤɥɟɬɨɤ ɜ ɝɢɩɩɨɤɚɦɩɟ; ɗ-Ƚ – 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɝɪɭɩɩɚ, ɩɪɨɰɟɧɬ ɷɤɫɩɪɟɫɫɢɪɭɸɳɢɯ ɤɥɟɬɨɤ ɜ ɝɢɩɩɨɤɚɦɩɟ; 

Ʉ-Ɇ – ɤɨɧɬɪɨɥɶɧɚɹ ɝɪɭɩɩɚ, ɩɪɨɰɟɧɬ ɷɤɫɩɪɟɫɫɢɪɭɸɳɢɯ ɤɥɟɬɨɤ ɜ ɦɢɧɞɚɥɢɧɟ; 

ɗ-Ɇ – ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɝɪɭɩɩɚ, ɩɪɨɰɟɧɬ ɷɤɫɩɪɟɫɫɢɪɭɸɳɢɯ ɤɥɟɬɨɤ ɜ 

ɦɢɧɞɚɥɢɧɟ; Ʉ-Ʉ – ɤɨɧɬɪɨɥɶɧɚɹ ɝɪɭɩɩɚ, ɩɪɨɰɟɧɬ ɷɤɫɩɪɟɫɫɢɪɭɸɳɢɯ ɤɥɟɬɨɤ ɜ 

ɤɨɪɟ; ɗ-Ʉ – ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɝɪɭɩɩɚ, ɩɪɨɰɟɧɬ ɷɤɫɩɪɟɫɫɢɪɭɸɳɢɯ ɤɥɟɬɨɤ ɜ 

ɤɨɪɟ.  
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3.2.1 Эɤɫɩɪɟɫɫɢɹ VEGFR 

ɇɚ ɪɢɫɭɧɤɟ 6 ɩɨɤɚɡɚɧɵ ɪɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɡɚ ɷɤɫɩɪɟɫɫɢɢ VEGFR – 

ɪɟɰɟɩɬɨɪɚ ɤ ɫɨɫɭɞɢɫɬɨɦɭ ɷɧɞɨɬɟɥɢɚɥɶɧɨɦɭ ɮɚɤɬɨɪɭ ɪɨɫɬɚ. ɂɡ ɪɟɡɭɥɶɬɚɬɨɜ 

ɜɢɞɧɨ, ɱɬɨ ɨɛɟ ɝɪɭɩɩɵ ɜ ɦɢɧɞɚɥɢɧɟ ɢ ɤɨɪɟ ɧɟ ɢɦɟɸɬ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ 

ɡɧɚɱɢɦɨɫɬɢ ɢ ɫɬɚɛɢɥɶɧɵ, ɨɞɧɚɤɨ ɭ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɝɪɭɩɩ ɧɚɛɥɸɞɚɟɬɫɹ 

ɪɨɫɬ ɩɪɨɰɟɧɬɚ VEGFR-ɷɤɫɩɪɟɫɫɢɪɭɸɳɢɯ ɤɥɟɬɨɤ, ɱɬɨ ɫɨɝɥɚɫɭɟɬɫɹ ɫ 

ɩɪɟɞɵɞɭɳɢɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ ɨ ɩɨɜɵɲɟɧɢɢ ɷɤɫɩɪɟɫɫɢɢ VEGF. 
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Ɋɢɫ. 6 Ɋɟɡɭɥɶɬɚɬɵ ɢɦɦɭɧɨɝɢɫɬɨɯɢɦɢɱɟɫɤɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɷɤɫɩɪɟɫɫɢɢ 

VEGFR: Ⱥ – ɦɨɞɟɥɶ ȻȺ, Ȼ – ɦɨɞɟɥɶ ɢɲɟɦɢɢ ɝɨɥɨɜɧɨɝɨ ɦɨɡɝɚ. Ʉ-Ƚ – 

ɤɨɧɬɪɨɥɶɧɚɹ ɝɪɭɩɩɚ, ɩɪɨɰɟɧɬ ɷɤɫɩɪɟɫɫɢɪɭɸɳɢɯ ɤɥɟɬɨɤ ɜ ɝɢɩɩɨɤɚɦɩɟ; ɗ-Ƚ – 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɝɪɭɩɩɚ, ɩɪɨɰɟɧɬ ɷɤɫɩɪɟɫɫɢɪɭɸɳɢɯ ɤɥɟɬɨɤ ɜ ɝɢɩɩɨɤɚɦɩɟ; 

Ʉ-Ɇ – ɤɨɧɬɪɨɥɶɧɚɹ ɝɪɭɩɩɚ, ɩɪɨɰɟɧɬ ɷɤɫɩɪɟɫɫɢɪɭɸɳɢɯ ɤɥɟɬɨɤ ɜ ɦɢɧɞɚɥɢɧɟ; 

ɗ-Ɇ – ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɝɪɭɩɩɚ, ɩɪɨɰɟɧɬ ɷɤɫɩɪɟɫɫɢɪɭɸɳɢɯ ɤɥɟɬɨɤ ɜ 

ɦɢɧɞɚɥɢɧɟ; Ʉ-Ʉ – ɤɨɧɬɪɨɥɶɧɚɹ ɝɪɭɩɩɚ, ɩɪɨɰɟɧɬ ɷɤɫɩɪɟɫɫɢɪɭɸɳɢɯ ɤɥɟɬɨɤ ɜ 

ɤɨɪɟ; ɗ-Ʉ – ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɝɪɭɩɩɚ, ɩɪɨɰɟɧɬ ɷɤɫɩɪɟɫɫɢɪɭɸɳɢɯ ɤɥɟɬɨɤ ɜ 

ɤɨɪɟ. 
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3.2.2 Эɤɫɩɪɟɫɫɢɹ CD31 

            CD31 ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɝɥɢɤɨɩɪɨɬɟɢɧ, ɷɤɫɩɪɟɫɫɢɪɭɟɦɵɣ ɧɚ 

ɷɧɞɨɬɟɥɢɚɥɶɧɵɯ ɤɥɟɬɤɚɯ, ɬɪɨɦɛɨɰɢɬɚɯ ɢ ɧɟɤɨɬɨɪɵɯ ɥɟɣɤɨɰɢɬɚɯ. CD31 

ɤɨɧɫɬɢɬɭɬɢɜɧɨ ɷɤɫɩɪɟɫɫɢɪɭɟɬɫɹ ɧɚ ɷɧɞɨɬɟɥɢɚɥɶɧɵɯ ɤɥɟɬɤɚɯ, ɢ ɟɝɨ ɷɤɫɩɪɟɫɫɢɹ 

ɧɟ ɩɨɜɵɲɚɟɬɫɹ ɰɢɬɨɤɢɧɚɦɢ. ɂɡ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ (ɪɢɫɭɧɨɤ 7) ɜɢɞɧɨ, ɱɬɨ 

ɩɪɨɢɫɯɨɞɢɬ ɡɧɚɱɢɦɵɣ ɪɨɫɬ ɷɤɫɩɪɟɫɫɢɢ ɤɥɟɬɨɤ ɭ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɝɪɭɩɩ ɜ 

ɝɢɩɩɨɤɚɦɩɟ ɢ ɦɢɧɞɚɥɢɧɟ. 
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Ɋɢɫ 7.  Ɋɟɡɭɥɶɬɚɬɵ ɢɦɦɭɧɨɝɢɫɬɨɯɢɦɢɱɟɫɤɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɷɤɫɩɪɟɫɫɢɢ 

CD31: Ⱥ – ɦɨɞɟɥɶ ȻȺ, Ȼ – ɦɨɞɟɥɶ ɢɲɟɦɢɢ ɝɨɥɨɜɧɨɝɨ ɦɨɡɝɚ. Ʉ-Ƚ – 

ɤɨɧɬɪɨɥɶɧɚɹ ɝɪɭɩɩɚ, ɩɪɨɰɟɧɬ ɷɤɫɩɪɟɫɫɢɪɭɸɳɢɯ ɤɥɟɬɨɤ ɜ ɝɢɩɩɨɤɚɦɩɟ; ɗ-Ƚ – 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɝɪɭɩɩɚ, ɩɪɨɰɟɧɬ ɷɤɫɩɪɟɫɫɢɪɭɸɳɢɯ ɤɥɟɬɨɤ ɜ ɝɢɩɩɨɤɚɦɩɟ; 

Ʉ-Ɇ – ɤɨɧɬɪɨɥɶɧɚɹ ɝɪɭɩɩɚ, ɩɪɨɰɟɧɬ ɷɤɫɩɪɟɫɫɢɪɭɸɳɢɯ ɤɥɟɬɨɤ ɜ ɦɢɧɞɚɥɢɧɟ; 

ɗ-Ɇ – ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɝɪɭɩɩɚ, ɩɪɨɰɟɧɬ ɷɤɫɩɪɟɫɫɢɪɭɸɳɢɯ ɤɥɟɬɨɤ ɜ 

ɦɢɧɞɚɥɢɧɟ; Ʉ-Ʉ – ɤɨɧɬɪɨɥɶɧɚɹ ɝɪɭɩɩɚ, ɩɪɨɰɟɧɬ ɷɤɫɩɪɟɫɫɢɪɭɸɳɢɯ ɤɥɟɬɨɤ ɜ 

ɤɨɪɟ; ɗ-Ʉ – ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɝɪɭɩɩɚ, ɩɪɨɰɟɧɬ ɷɤɫɩɪɟɫɫɢɪɭɸɳɢɯ ɤɥɟɬɨɤ ɜ 

ɤɨɪɟ. 
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3.2.3 Эɤɫɩɪɟɫɫɢɹ PgP 

ɋɨɝɥɚɫɧɨ ɥɢɬɟɪɚɬɭɪɧɵɦ ɞɚɧɧɵɦ, ɩɨɥɨɠɢɬɟɥɶɧɚɹ ɪɟɚɤɰɢɹ ɧɚ PgP 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɨɩɭɯɨɥɟɜɵɯ ɡɚɛɨɥɟɜɚɧɢɣ. ɂɡ ɪɟɡɭɥɶɬɚɬɨɜ 

ɜɢɞɧɨ, ɱɬɨ ɭ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɝɪɭɩɩ ɷɤɫɩɪɟɫɫɢɹ ɤɥɟɬɨɤ ɡɧɚɱɢɬɟɥɶɧɨ 

ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɢ ɞɨɫɬɢɝɚɟɬ ɧɚɢɛɨɥɟɟ ɜɵɪɚɠɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɜ ɝɢɩɩɨɤɚɦɩɟ. 

ɗɬɨ ɦɨɠɟɬ ɫɜɢɞɟɬɟɥɶɫɬɜɨɜɚɬɶ ɨ ɜɨɡɦɨɠɧɨɦ ɭɫɢɥɟɧɢɢ ɚɧɝɢɨɝɟɧɟɡɚ. 
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Ɋɢɫ. 8 Ɋɟɡɭɥɶɬɚɬɵ ɢɦɦɭɧɨɝɢɫɬɨɯɢɦɢɱɟɫɤɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɷɤɫɩɪɟɫɫɢɢ 

PgP: Ⱥ – ɦɨɞɟɥɶ ȻȺ, Ȼ – ɦɨɞɟɥɶ ɢɲɟɦɢɢ ɝɨɥɨɜɧɨɝɨ ɦɨɡɝɚ. Ʉ-Ƚ – ɤɨɧɬɪɨɥɶɧɚɹ 

ɝɪɭɩɩɚ, ɩɪɨɰɟɧɬ ɷɤɫɩɪɟɫɫɢɪɭɸɳɢɯ ɤɥɟɬɨɤ ɜ ɝɢɩɩɨɤɚɦɩɟ; ɗ-Ƚ – 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɝɪɭɩɩɚ, ɩɪɨɰɟɧɬ ɷɤɫɩɪɟɫɫɢɪɭɸɳɢɯ ɤɥɟɬɨɤ ɜ ɝɢɩɩɨɤɚɦɩɟ; 

Ʉ-Ɇ – ɤɨɧɬɪɨɥɶɧɚɹ ɝɪɭɩɩɚ, ɩɪɨɰɟɧɬ ɷɤɫɩɪɟɫɫɢɪɭɸɳɢɯ ɤɥɟɬɨɤ ɜ ɦɢɧɞɚɥɢɧɟ; 

ɗ-Ɇ – ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɝɪɭɩɩɚ, ɩɪɨɰɟɧɬ ɷɤɫɩɪɟɫɫɢɪɭɸɳɢɯ ɤɥɟɬɨɤ ɜ 

ɦɢɧɞɚɥɢɧɟ; Ʉ-Ʉ – ɤɨɧɬɪɨɥɶɧɚɹ ɝɪɭɩɩɚ, ɩɪɨɰɟɧɬ ɷɤɫɩɪɟɫɫɢɪɭɸɳɢɯ ɤɥɟɬɨɤ ɜ 

ɤɨɪɟ; ɗ-Ʉ – ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɝɪɭɩɩɚ, ɩɪɨɰɟɧɬ ɷɤɫɩɪɟɫɫɢɪɭɸɳɢɯ ɤɥɟɬɨɤ ɜ 

ɤɨɪɟ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɤɨɧɬɪɨɥɶɧɵɦɢ ɝɪɭɩɩɚɦɢ, ɭ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɝɪɭɩɩ ɧɚɛɥɸɞɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟ ɩɪɨɰɟɧɬɚ ɤɥɟɬɨɤ, 

ɷɤɫɩɪɟɫɫɢɪɭɸɳɢɯ ɦɚɪɤɟɪɵ ɚɧɝɢɨɝɟɧɟɡɚ ɢ/ɢɥɢ ɷɧɞɨɬɟɥɢɹ ɫɨɫɭɞɨɜ. ɗɬɨ ɦɨɠɟɬ 

ɫɜɢɞɟɬɟɥɶɫɬɜɨɜɚɬɶ ɨɛ ɭɫɢɥɟɧɢɢ ɚɧɝɢɨɝɟɧɟɡɚ ɜ ɭɤɚɡɚɧɧɵɯ ɫɬɪɭɤɬɭɪɚɯ 
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ɝɨɥɨɜɧɨɝɨ ɦɨɡɝɚ ɩɪɢ ɩɨɜɪɟɠɞɟɧɢɢ, ɨɞɧɚɤɨ ɧɚɢɛɨɥɟɟ ɡɧɚɱɢɦɵɟ ɢɡɦɟɧɟɧɢɹ 

ɧɚɛɥɸɞɚɥɫɶ ɜ ɝɢɩɩɨɤɚɦɩɟ, ɱɬɨ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɥɢɬɟɪɚɬɭɪɧɵɦɢ ɞɚɧɧɵɦɢ ɨɛ 

ɭɫɢɥɟɧɢɢ ɧɟɣɪɨɝɟɧɟɡɚ ɜ ɡɭɛɱɚɬɨɣ ɢɡɜɢɥɢɧɟ ɝɢɩɩɨɤɚɦɩɚ. ȼɟɪɨɹɬɧɟɟ ɜɫɟɝɨ, 

ɩɚɪɚɥɥɟɥɶɧɨ ɫ ɧɟɣɪɨɝɟɧɟɡɨɦ, ɩɪɨɢɫɯɨɞɢɬ ɭɫɢɥɟɧɢɟ ɢ ɚɧɝɢɨɝɟɧɟɡɚ. 

3.3 Ʉɨɪɪɟɥɹɰɢɨɧɧɵɣ ɚɧɚɥɢɡ 

ȼ ɝɢɩɩɨɤɚɦɩɟ ɧɚɛɥɸɞɚɥɨɫɶ ɧɚɢɛɨɥɟɟ ɜɵɪɚɠɟɧɧɨɟ ɢɡɦɟɧɟɧɢɟ 

ɷɤɫɩɪɟɫɫɢɢ ɦɚɪɤɟɪɨɜ ɚɧɝɢɨɝɟɧɟɡɚ ɢ ɷɧɞɨɬɟɥɢɹ ɫɨɫɭɞɨɜ, ɩɨɷɬɨɦɭ ɞɥɹ 

ɤɨɪɪɟɥɹɰɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ ɛɵɥɢ ɜɵɛɪɚɧɵ ɩɨɤɚɡɚɬɟɥɢ ɷɬɨɣ ɫɬɪɭɤɬɭɪɵ. ȼ 

ɤɚɱɟɫɬɜɟ ɤɨɪɪɟɥɢɪɭɸɳɢɯ ɦɚɪɤɟɪɨɜ ɛɵɥɢ ɜɡɹɬɵ VEGF ɢ CD31, ɩɨ ɷɬɢɦ 

ɦɟɬɤɚɦ ɧɚɛɥɸɞɚɥɫɹ ɧɚɢɛɨɥɶɲɢɣ ɩɪɨɰɟɧɬ ɷɤɫɩɪɟɫɫɢɪɭɸɳɢɯ ɤɥɟɬɨɤ. 

Ɋɟɡɭɥɶɬɚɬɵ ɤɨɪɪɟɥɹɰɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ ɜɵɪɚɠɟɧɧɨɫɬɢ ɩɨɜɟɞɟɧɱɟɫɤɢɯ 

ɢɡɦɟɧɟɧɢɣ ɫ ɢɡɦɟɧɟɧɢɟɦ ɷɤɫɩɪɟɫɫɢɢ ɪɟɰɟɩɬɨɪɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. 

Ɍɚɛɥɢɰɚ 1. Ɋɟɡɭɥɶɬɚɬɵ ɤɨɪɪɟɥɹɰɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ ɜɵɪɚɠɟɧɧɨɫɬɢ 

ɩɨɜɟɞɟɧɱɟɫɤɢɯ ɢɡɦɟɧɟɧɢɣ ɫ ɢɡɦɟɧɟɧɢɟɦ ɷɤɫɩɪɟɫɫɢɢ VEGF ɢ CD31. 

Ʉɨɪɪɟɥɢɪɭɸɳɢɟ ɩɨɤɚɡɚɬɟɥɢ 
Ʉɨɷɮɮɢɰɢɟɧɬ 

ɤɨɪɪɟɥɹɰɢɢ 

ɍɪɨɜɟɧɶ 

ɡɧɚɱɢɦɨɫɬɢ 

ɗɤɫɩɪɟɫɫɢɹ VEGF ɢ ɪɟɡɭɥɶɬɚɬɵ ɜɨɞɧɨɝɨ ɥɚɛɢɪɢɧɬɚ Ɇɨɪɪɢɫɚ 

ɦɨɞɟɥɟɣ ȻȺ – ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɝɪɭɩɩɚ 

0,569 ≤ 0,001 

ɗɤɫɩɪɟɫɫɢɹ VEGF ɢ ɪɟɡɭɥɶɬɚɬɨɜ NSS-ɬɟɫɬɚ ɭ ɦɨɞɟɥɟɣ ȻȺ – 

ɤɨɧɬɪɨɥɶɧɚɹ ɝɪɭɩɩɚ 

0,967 ≤ 0,005 

ɗɤɫɩɪɟɫɫɢɹ VEGF ɢ ɪɟɡɭɥɶɬɚɬɨɜ NSS-ɬɟɫɬɚ ɭ ɦɨɞɟɥɟɣ 

ɦɨɞɟɥɟɣ ȻȺ  – ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɝɪɭɩɩɚ 

0,846 ≤ 0,005 

ɗɤɫɩɪɟɫɫɢɹ CD31 ɢ ɪɟɡɭɥɶɬɚɬɵ ɜɨɞɧɨɝɨ ɥɚɛɢɪɢɧɬɚ Ɇɨɪɪɢɫɚ 

ɦɨɞɟɥɟɣ ȻȺ – ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɝɪɭɩɩɚ 

0,564 ≤ 0,001 

ɗɤɫɩɪɟɫɫɢɹ CD31 ɢ ɪɟɡɭɥɶɬɚɬɨɜ NSS-ɬɟɫɬɚ ɭ ɦɨɞɟɥɟɣ ȻȺ  – 

ɤɨɧɬɪɨɥɶɧɚɹ ɝɪɭɩɩɚ 

0,918 ≤ 0,005 

ɗɤɫɩɪɟɫɫɢɹ CD31 ɢ ɪɟɡɭɥɶɬɚɬɨɜ NSS-ɬɟɫɬɚ ɭ ɦɨɞɟɥɟɣ ȻȺ– 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɝɪɭɩɩɚ 

0,819 ≤ 0,005 

ɗɤɫɩɪɟɫɫɢɹ VEGF ɢ ɪɟɡɭɥɶɬɚɬɨɜ NSS-ɬɟɫɬɚ ɭ ɦɨɞɟɥɟɣ 

ɢɲɟɦɢɢ ɝɨɥɨɜɧɨɝɨ ɦɨɡɝɚ  – ɤɨɧɬɪɨɥɶɧɚɹ ɝɪɭɩɩɚ 

0,477 ≤ 0,001 

ɗɤɫɩɪɟɫɫɢɹ VEGF ɢ ɪɟɡɭɥɶɬɚɬɨɜ NSS-ɬɟɫɬɚ ɭ ɦɨɞɟɥɟɣ 

ɢɲɟɦɢɢ ɝɨɥɨɜɧɨɝɨ ɦɨɡɝɚ  – ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɝɪɭɩɩɚ 

0,964 ≤ 0,005 
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ɗɤɫɩɪɟɫɫɢɹ CD31 ɢ ɪɟɡɭɥɶɬɚɬɨɜ NSS-ɬɟɫɬɚ ɭ ɦɨɞɟɥɟɣ 

ɢɲɟɦɢɢ ɝɨɥɨɜɧɨɝɨ ɦɨɡɝɚ  – ɤɨɧɬɪɨɥɶɧɚɹ ɝɪɭɩɩɚ 

0,808 ≤ 0,001 

ɗɤɫɩɪɟɫɫɢɹ CD31 ɢ ɪɟɡɭɥɶɬɚɬɨɜ NSS-ɬɟɫɬɚ ɭ ɦɨɞɟɥɟɣ 

ɢɲɟɦɢɢ ɝɨɥɨɜɧɨɝɨ ɦɨɡɝɚ  – ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɝɪɭɩɩɚ 

0,955 ≤ 0,001 

ɗɤɫɩɪɟɫɫɢɹ VEGF ɢ ɪɟɡɭɥɶɬɚɬɵ ɜɨɞɧɨɝɨ ɥɚɛɢɪɢɧɬɚ Ɇɨɪɪɢɫɚ 

ɦɨɞɟɥɟɣ ɢɲɟɦɢɢ ɝɨɥɨɜɧɨɝɨ ɦɨɡɝɚ – ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ 

ɝɪɭɩɩɚ 

0,887 ≤ 0,001 

ɗɤɫɩɪɟɫɫɢɹ CD31 ɢ ɪɟɡɭɥɶɬɚɬɵ ɜɨɞɧɨɝɨ ɥɚɛɢɪɢɧɬɚ Ɇɨɪɪɢɫɚ 

ɦɨɞɟɥɟɣ ɢɲɟɦɢɢ ɝɨɥɨɜɧɨɝɨ ɦɨɡɝɚ – ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ 

ɝɪɭɩɩɚ 

0,960 ≤ 0,001 

 

ȼɵɹɜɥɟɧɵ ɦɧɨɠɟɫɬɜɟɧɧɵɟ ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɡɧɚɱɢɦɵɟ ɫɢɥɶɧɵɟ 

ɤɨɪɪɟɥɹɰɢɨɧɧɵɟ ɜɡɚɢɦɨɫɜɹɡɢ ɦɟɠɞɭ ɢɡɦɟɧɟɧɢɟɦ ɷɤɫɩɪɟɫɫɢɢ ɦɚɪɤɟɪɨɜ 

ɚɧɝɢɨɝɟɧɟɡɚ ɜ ɤɨɧɬɪɨɥɶɧɨɣ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɝɪɭɩɩɚɯ ɢ ɜɵɪɚɠɟɧɧɨɫɬɶɸ 

ɩɨɜɟɞɟɧɱɟɫɤɢɯ ɢɡɦɟɧɟɧɢɣ ɤɚɤ ɜ ɦɨɞɟɥɢ ɨɫɬɪɨɣ, ɬɚɤ ɢ ɯɪɨɧɢɱɟɫɤɨɣ 

ɧɟɣɪɨɞɟɝɟɧɟɪɚɰɢɢ, ɱɬɨ ɦɨɠɟɬ ɫɜɢɞɟɬɟɥɶɫɬɜɨɜɚɬɶ ɨɛ ɭɫɢɥɟɧɢɢ ɚɧɝɢɨɝɟɧɟɡɚ 

(ɤɚɤ ɨɞɧɨɝɨ ɢɡ ɩɨɤɚɡɚɬɟɥɟɣ ɪɟɩɚɪɚɰɢɢ ɬɤɚɧɢ) ɤɚɤ ɫɥɟɞɫɬɜɢɹ ɩɨɜɪɟɠɞɟɧɢɹ 

ɤɥɟɬɨɤ ɩɪɢ ɧɟɣɪɨɞɟɝɟɧɟɪɚɰɢɢ. 
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4. Ɂɚɤɥɸɱɟɧɢɟ 

Ȼɵɥɢ ɫɞɟɥɚɧɵ ɫɥɟɞɭɸɳɢɟ ɜɵɜɨɞɵ: 

1) Ȼɵɥɨ ɜɵɹɜɥɟɧɨ ɫɯɨɞɫɬɜɨ ɩɨɜɟɞɟɧɱɟɫɤɢɯ ɢɡɦɟɧɟɧɢɣ ɩɪɢ ȻȺ ɢ ɢɲɟɦɢɢ 

ɝɨɥɨɜɧɨɝɨ ɦɨɡɝɚ ɤɚɤ ɩɪɢɦɟɪɨɜ ɨɫɬɪɨɣ ɢ ɯɪɨɧɢɱɟɫɤɨɣ ɧɟɣɪɨɞɟɝɟɧɟɪɚɰɢɢ: 

ɫɯɨɞɧɵɟ ɢɡɦɟɧɟɧɢɹ ɞɜɢɝɚɬɟɥɶɧɨɣ ɚɤɬɢɜɧɨɫɬɢ, ɧɚɥɢɱɢɟ ɧɟɜɪɨɥɨɝɢɱɟɫɤɨɝɨ ɢ 

ɤɨɝɧɢɬɢɜɧɨɝɨ ɞɟɮɢɰɢɬɚ. 

2) ȼɨ ɜɫɟɯ ɢɡɭɱɟɧɧɵɯ ɫɬɪɭɤɬɭɪɚɯ ɝɨɥɨɜɧɨɝɨ ɦɨɡɝɚ ɛɵɥɨ ɜɵɹɜɥɟɧɨ ɭɜɟɥɢɱɟɧɢɟ 

ɩɪɨɰɟɧɬɚ ɤɥɟɬɨɤ, ɷɤɫɩɪɟɫɫɢɪɭɸɳɢɯ ɪɟɰɟɩɬɨɪɵ ɤ VEGF, ɫɚɦ VEGF, ɦɚɪɤɟɪɵ 

ɷɧɞɨɬɟɥɢɹ ɫɨɫɭɞɨɜ CD31 ɢ PgP ɩɪɢ ɨɫɬɪɨɣ ɢ ɯɪɨɧɢɱɟɫɤɨɣ ɞɟɝɟɧɟɪɚɰɢɢ, ɜ 

ɫɪɚɜɧɟɧɢɢ ɫ ɤɨɧɬɪɨɥɶɧɵɦɢ ɝɪɭɩɩɚɦɢ, ɱɬɨ ɦɨɠɟɬ ɫɜɢɞɟɬɟɥɶɫɬɜɨɜɚɬɶ ɨɛ 

ɭɫɢɥɟɧɢɢ ɚɧɝɢɨɝɟɧɟɡɚ ɜ ɭɤɚɡɚɧɧɵɯ ɫɬɪɭɤɬɭɪɚɯ ɝɨɥɨɜɧɨɝɨ ɦɨɡɝɚ ɩɪɢ 

ɩɨɜɪɟɠɞɟɧɢɢ, ɥɢɛɨ ɨ ɜɵɪɚɠɟɧɧɨɦ ɪɚɡɪɭɲɟɧɢɢ ɫɨɫɭɞɨɜ ɩɪɢ ɩɨɜɪɟɠɞɟɧɢɢ, 

ɨɞɧɚɤɨ ɧɚɢɛɨɥɟɟ ɜɵɪɚɠɟɧɧɵɟ ɢɡɦɟɧɟɧɢɹ ɧɚɛɥɸɞɚɥɢɫɶ ɜ ɝɢɩɩɨɤɚɦɩɟ, ɱɬɨ 

ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɥɢɬɟɪɚɬɭɪɧɵɦɢ ɞɚɧɧɵɦɢ ɨɛ ɭɫɢɥɟɧɢɢ ɧɟɣɪɨɝɟɧɟɡɚ ɜ ɡɭɛɱɚɬɨɣ 

ɢɡɜɢɥɢɧɟ ɝɢɩɩɨɤɚɦɩɚ. 

3) Ʉɨɪɪɟɥɹɰɢɨɧɧɵɣ ɚɧɚɥɢɡ ɜɵɪɚɠɟɧɧɨɫɬɢ ɩɨɜɟɞɟɧɱɟɫɤɢɯ ɢɡɦɟɧɟɧɢɣ ɫ 

ɢɡɦɟɧɟɧɢɟɦ ɷɤɫɩɪɟɫɫɢɢ ɦɚɪɤɟɪɨɜ ɚɧɝɢɨɝɟɧɟɡɚ ɜɵɹɜɢɥ ɫɢɥɶɧɭɸ ɡɧɚɱɢɦɭɸ 

ɩɨɥɨɠɢɬɟɥɶɧɭɸ ɤɨɪɪɟɥɹɰɢɨɧɧɭɸ ɜɡɚɢɦɨɫɜɹɡɶ ɦɟɠɞɭ ɩɪɨɰɟɧɬɨɦ  VEGF- ɢ 

CD31-ɷɤɫɩɪɟɫɫɢɪɭɸɳɢɯ ɤɥɟɬɨɤ ɢ ɪɟɡɭɥɶɬɚɬɚɦɢ ɩɪɨɜɟɞɟɧɧɵɯ ɩɨɜɟɞɟɧɱɟɫɤɢɯ 

ɬɟɫɬɨɜ, ɱɬɨ ɦɨɠɟɬ ɭɤɚɡɵɜɚɬɶ ɧɚ ɜɟɫɨɦɵɣ ɜɤɥɚɞ ɩɪɨɰɟɫɫɚ ɚɧɝɢɨɝɟɧɟɡɚ ɜ 

ɪɚɡɜɢɬɢɢ ɢ/ɢɥɢ ɪɟɩɚɪɚɰɢɢ ɩɨɜɪɟɠɞɟɧɢɣ ɬɤɚɧɢ ɩɪɢ  ɨɫɬɪɨɣ ɢ ɯɪɨɧɢɱɟɫɤɨɣ 

ɧɟɣɪɨɞɟɝɟɧɟɪɚɰɢɢ ɧɚ ɩɪɢɦɟɪɟ ɦɨɞɟɥɟɣ ɢɲɟɦɢɢ ɝɨɥɨɜɧɨɝɨ ɦɨɡɝɚ ɢ ɛɨɥɟɡɧɢ 

Ⱥɥɶɰɝɟɣɦɟɪɚ.  

 

 

 

 

 

 



 

33 
 

5. ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 

 
1. Liang W. et al. Multiscale modeling reveals angiogenesis-induced drug 

resistance in brain tumors and predicts a synergistic drug combination targeting EGFR 
and VEGFR pathways //BMC bioinformatics. – 2019. – A Vol.20(7). – P. 59-71. 

2. ɇɟɮɟɞɨɜɚ ɇ. Ⱥ., Ⱦɚɜɵɞɨɜɚ ɋ. ɘ. Ɋɨɥɶ ɫɨɫɭɞɢɫɬɨɝɨ ɷɧɞɨɬɟɥɢɚɥɶɧɨɝɨ 
ɮɚɤɬɨɪɚ ɪɨɫɬɚ (VEGF) ɢ ɝɢɩɨɤɫɢɹ-ɢɧɞɭɰɢɛɟɥɶɧɨɝɨ ɮɚɤɬɨɪɚ (HIF) ɜ ɨɩɭɯɨɥɟɜɨɦ 
ɚɧɝɢɨɝɟɧɟɡɟ //ɋɨɜɪɟɦɟɧɧɵɟ ɩɪɨɛɥɟɦɵ ɧɚɭɤɢ ɢ ɨɛɪɚɡɨɜɚɧɢɹ. – 2015. – Ɍ.3, №. 3. – 
ɋ. 51-51. 

3. ɂɜɚɧɨɜ Ⱥ. ɇ., ɉɭɱɢɧɶɹɧ Ⱦ. Ɇ., ɇɨɪɤɢɧ ɂ. Ⱥ. Ɋɨɥɶ ɷɧɞɨɬɟɥɢɚɥɶɧɵɯ 
ɤɥɟɬɨɤ ɜ ɚɧɝɢɨɝɟɧɟɡɟ //ɍɫɩɟɯɢ ɫɨɜɪɟɦɟɧɧɨɣ ɛɢɨɥɨɝɢɢ. – 2016. – Ɍ. 136, №. 5. – ɋ. 
491-505. 

4. Qin W. et al. Elevated plasma angiogenesis factors in Alzheimer's disease 
//Journal of Alzheimer's Disease. – 2015. – A Vol.45(1). – P. 245-252. 

5. Jung J. H. et al. The effect of depression on serum VEGF level in Alzheimer’s 
disease //Disease markers. – 2015. – A Vol.21(5). – P. 1-5. 

6. ɓɚɜɚ ɋ. ɉ. Ɏɚɤɬɨɪɵ ɪɨɫɬɚ ɫɨɫɭɞɨɜ ɢ ɧɟɨɚɧɝɢɨɝɟɧɟɡ ɩɪɢ ɝɢɩɨɤɫɢɢ ɢ 
ɢɲɟɦɢɢ //Ⱦɚɥɶɧɟɜɨɫɬɨɱɧɵɣ ɦɟɞɢɰɢɧɫɤɢɣ ɠɭɪɧɚɥ. – 2007. – Ɍ.6, №. 1. – ɋ. 127-
130. 

7. Potente M., Gerhardt H., and Carmeliet P. Basic and therapeutic aspects of 
angiogenesis // Cell. – 2011. – A Vol.146(6). – P. 873-87. 

8. ȼɨɫɤɪɟɫɟɧɫɤɚɹ Ɉ. ɇ. ɢ ɞɪ. Ɇɟɯɚɧɢɡɦɵ ɚɧɝɢɨɝɟɧɟɡɚ ɜ ɮɨɪɦɢɪɨɜɚɧɢɢ 
ɫɬɪɭɤɬɭɪɧɵɯ ɢɡɦɟɧɟɧɢɣ ɬɤɚɧɢ ɝɨɥɨɜɧɨɝɨ ɦɨɡɝɚ ɭ ɛɨɥɶɧɵɯ ɫ ɩɪɨɝɪɟɫɫɢɪɭɸɳɢɦɢ 
ɮɨɪɦɚɦɢ ɰɟɪɟɛɨɜɚɫɤɭɥɹɪɧɵɯ ɡɚɛɨɥɟɜɚɧɢɣ //ɀɭɪɧɚɥ ɧɟɜɪɨɥɨɝɢɢ ɢ ɩɫɢɯɢɚɬɪɢɢ 
ɢɦ. ɋɋ Ʉɨɪɫɚɤɨɜɚ. – 2017. – Ɍ. 117, №. 7. – ɋ. 64-68. 

9. Guo S., Colbert L.S., Fuller M., et al. Vascular endothelial growth factor 
receptor-2 in breast cancer // Biochim Biophys Acta. – 2010. – A Vol.106(1). – P. 108-
21. 

10. Gagliardi A.R., Hennig B., and Collins D.C. Antiestrogens inhibit 
endothelial cell growth stimulated by angiogenic growth factors // Anticancer Res. – 
1996. – A Vol.16(3a). – P. 1101-6. 

11. Semenza G.L. O2-regulated gene expression: transcriptional control of 
cardiorespiratory physiology by HIF-1 // J Appl Physiol (1985). – 2004. – A 
Vol.96(3). – P. 1173-7 

12. Powis G. and Kirkpatrick L. Hypoxia inducible factor-1alpha as a cancer 
drug target // Mol Cancer Ther. – 2004. – A Vol.3(5). – P. 647-54. 

13. Ɋɭɛɢɧɚ Ʉ. Ⱥ., ɋɟɦɢɧɚ ȿ. ȼ., Ɍɤɚɱɭɤ ȼ. Ⱥ. ɇɚɜɢɝɚɰɢɨɧɧɵɟ ɦɨɥɟɤɭɥɵ ɢ 
ɯɟɦɨɤɢɧɵ ɜ ɩɪɨɰɟɫɫɚɯ ɪɨɫɬɚ ɢ ɪɟɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɨɫɭɞɨɜ //ɀɭɪɧɚɥ 
ɷɜɨɥɸɰɢɨɧɧɨɣ ɛɢɨɯɢɦɢɢ ɢ ɮɢɡɢɨɥɨɝɢɢ. – 2017. – Ɍ. 53, №. 5. – ɋ. 313-327. 

14. ɉɨɬɟɪɹɟɜɚ Ɉ. ɇ. Ɇɚɬɪɢɤɫɧɵɟ ɦɟɬɚɥɥɨɩɪɨɬɟɢɧɚɡɵ: ɫɬɪɨɟɧɢɟ, ɪɟɝɭɥɹɰɢɹ, 
ɪɨɥɶ ɜ ɪɚɡɜɢɬɢɢ ɩɚɬɨɥɨɝɢɱɟɫɤɢɯ ɫɨɫɬɨɹɧɢɣ ɨɛɡɨɪ ɥɢɬɟɪɚɬɭɪɵ //Journal of Siberian 
Medical Sciences. – 2010. – Ɍ.31, №. 5. – ɋ. 11-21. 

15. Ʉɚɥɢɧɢɱɟɧɤɨ ɋ. Ƚ., ɓɚɜɚ ɋ. ɉ., Ɇɚɬɜɟɟɜɚ ɇ. ɘ. Ⱥɧɝɢɨɝɟɧɧɨɟ ɢ 
ɰɢɬɨɩɪɨɬɟɤɬɢɜɧɨɟ ɜɥɢɹɧɢɟ ɨɫɧɨɜɧɨɝɨ ɮɚɤɬɨɪɚ ɪɨɫɬɚ ɮɢɛɪɨɛɥɚɫɬɨɜ ɜ ɮɨɤɭɫɟ 



 

34 
 

 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɰɟɪɟɛɪɚɥɶɧɨɣ ɢɲɟɦɢɢ //Ɍɢɯɨɨɤɟɚɧɫɤɢɣ ɦɟɞɢɰɢɧɫɤɢɣ 
ɠɭɪɧɚɥ. – 2009. – №. 2 (36). – ɋ. 66-69.  

16. Merkulova-Rainon T. et al. Peripheral post-ischemic vascular repair is 
impaired in a murine model of Alzheimer’s disease //Angiogenesis. – 2018. – A 
Vol.21(3). – P. 557-569. 

17. ɑɟɪɬɨɤ ȼ. Ɇ., Ɂɚɯɚɪɱɭɤ ɇ. ȼ., ɑɟɪɬɨɤ Ⱥ. Ƚ. Ʉɥɟɬɨɱɧɨ-ɦɨɥɟɤɭɥɹɪɧɵɟ 
ɦɟɯɚɧɢɡɦɵ ɪɟɝɭɥɹɰɢɢ ɚɧɝɢɨɝɟɧɟɡɚ ɜ ɝɨɥɨɜɧɨɦ ɦɨɡɝɟ //ɀɭɪɧɚɥ ɧɟɜɪɨɥɨɝɢɢ ɢ 
ɩɫɢɯɢɚɬɪɢɢ ɢɦ. ɋɋ Ʉɨɪɫɚɤɨɜɚ. ɋɩɟɰɜɵɩɭɫɤɢ. – 2017. – Ɍ. 117, №. 8. – ɋ. 43-55. 

18. Buchman A. S. et al. Total daily physical activity and the risk of AD and 
cognitive decline in older adults //Neurology. – 2012. – A Vol.78(17). – P. 1323-1329. 

19. Hamer M., Chida Y. Physical activity and risk of neurodegenerative disease: 
a systematic review of prospective evidence //Psychological medicine. – 2009. – A 
Vol. 39(1). – P. 3-11. 

20. Buchman A. S. et al. Total daily physical activity and the risk of AD and 
cognitive decline in older adults //Neurology. – 2012. – A Vol.78(17). – P. 1323-1329. 

21. Larson E. B. et al. Exercise is associated with reduced risk for incident 
dementia among persons 65 years of age and older //Annals of internal medicine. – 
2006. – A Vol.144(2). – P. 73-81. 

22. Schuit A. J. et al. Physical activity and cognitive decline, the role of the 
apolipoprotein e4 allele //Medicine & Science in Sports & Exercise. – 2001. – A 
Vol.33(5). – P. 772-777. 

23. Van Gelder B. M. et al. Physical activity in relation to cognitive decline in 
elderly men: the FINE Study //Neurology. – 2004. – A Vol. 63(12). – P. 2316-2321. 

24. Paillard T., Rolland Y., de Souto Barreto P. Protective effects of physical 
exercise in Alzheimer's disease and Parkinson's disease: a narrative review //Journal of 
clinical neurology (Seoul, Korea). – 2015. – A Vol.11(3). – P. 212-217. 

25. Belozertseva I. V. et al. Postoperative changes in the behavior of rats after 
anesthesia with sevoflurane //Vestn. Anesteziologii I Reanimatologii. – 2017. – A Vol. 
1(2). – P. 55-62. 

 




