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ȺɇɇɈɌȺɐɂə 
 

Ɇɚɤɪɨɮɚɝɢ – ɝɟɬɟɪɨɝɟɧɧɚɹ ɤɥɟɬɨɱɧɚɹ ɩɨɩɭɥɹɰɢɹ, ɢɝɪɚɸɳɚɹ ɤɥɸɱɟɜɭɸ 

ɪɨɥɶ ɜ ɪɟɚɤɰɢɹɯ ɤɥɟɬɨɱɧɨɝɨ ɢɦɦɭɧɢɬɟɬɚ ɢ ɜɨɫɩɚɥɢɬɟɥɶɧɵɯ ɩɪɨɰɟɫɫɚɯ. 

Ɏɟɧɨɬɢɩɢɱɟɫɤɚɹ ɜɚɪɢɚɛɟɥɶɧɨɫɬɶ ɦɚɤɪɨɮɚɝɨɜ ɫɜɹɡɚɧɚ ɫ ɩɪɨɰɟɫɫɚɦɢ Ɇ1/Ɇ2- 

ɩɨɥɹɪɢɡɚɰɢɢ. Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɮɢɡɢɨɥɨɝɢɱɟɫɤɢ ɚɞɟɤɜɚɬɧɵɯ ɩɪɨɰɟɫɫɨɜ 

ɧɟɨɛɯɨɞɢɦɚ ɨɩɪɟɞɟɥɟɧɧɚɹ ɞɢɧɚɦɢɤɚ Ɇ1/Ɇ2-ɮɟɧɨɬɢɩɨɜ. Ⱦɨɦɢɧɢɪɨɜɚɧɢɟ 

ɨɞɧɨɝɨ ɢɡ ɜɚɪɢɚɧɬɨɜ ɩɨɥɹɪɢɡɚɰɢɢ ɩɪɢɜɨɞɢɬ ɤ ɪɚɡɜɢɬɢɸ ɩɚɬɨɥɨɝɢɣ. ȼ ɧɚɫɬɨɹɳɟɟ 

ɜɪɟɦɹ ɪɟɝɭɥɹɰɢɹ ɚɤɬɢɜɧɨɫɬɢ ɩɪɨɰɟɫɫɨɜ Ɇ1/Ɇ2 ɩɨɥɹɪɢɡɚɰɢɢ ɦɚɤɪɨɮɚɝɨɜ 

ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɤɚɤ ɩɟɪɫɩɟɤɬɢɜɧɚɹ ɬɟɪɚɩɟɜɬɢɱɟɫɤɚɹ ɫɬɪɚɬɟɝɢɹ. ɗɬɨ ɨɩɪɟɞɟɥɹɟɬ 

ɚɤɬɭɚɥɶɧɨɫɬɶ ɢɡɭɱɟɧɢɹ ɩɪɨɰɟɫɫɨɜ ɩɨɥɹɪɢɡɚɰɢɢ ɦɚɤɪɨɮɚɝɨɜ in vivo ɢ ɜ 

ɦɨɞɟɥɶɧɵɯ ɫɢɫɬɟɦɚɯ in vitro. 

Ɇɧɨɝɨɱɢɫɥɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ, ɱɬɨ 

ɜ ɤɚɱɟɫɬɜɟ ɢɧɞɭɤɬɨɪɨɜ ɩɨɥɹɪɢɡɚɰɢɢ ɦɨɝɭɬ ɜɵɫɬɭɩɚɬɶ ɧɚɧɨɱɚɫɬɢɰɵ. ȼ ɭɫɥɨɜɢɹɯ 

ɫɨɜɪɟɦɟɧɧɨɣ ɰɢɜɢɥɢɡɚɰɢɢ ɧɚɧɨɱɚɫɬɢɰɵ ɚɤɬɢɜɧɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɫɮɟɪɚɯ, 

ɫɜɹɡɚɧɧɵɯ ɫɨ ɡɞɨɪɨɜɶɟɦ ɱɟɥɨɜɟɤɚ. ɗɬɨ ɨɩɪɟɞɟɥɹɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɢɡɭɱɟɧɢɹ 

ɧɚɧɨɱɚɫɬɢɰ ɤɚɤ ɢɧɞɭɤɬɨɪɨɜ ɢ ɪɟɝɭɥɹɬɨɪɨɜ ɩɪɨɰɟɫɫɨɜ ɩɨɥɹɪɢɡɚɰɢɢ ɦɚɤɪɨɮɚɝɨɜ 

ɢ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɢɯ ɪɨɥɢ ɜ ɩɚɬɨɝɟɧɟɡɟ ɪɚɡɥɢɱɧɵɯ ɡɚɛɨɥɟɜɚɧɢɣ ɱɟɥɨɜɟɤɚ, 

ɫɜɹɡɚɧɧɵɯ ɫ ɧɚɪɭɲɟɧɢɹɦɢ ɥɢɩɢɞɧɨɝɨ ɦɟɬɚɛɨɥɢɡɦɚ. 

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɰɟɥɶɸ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɨ ɢɡɭɱɟɧɢɟ ɜɥɢɹɧɢɹ ɧɚɧɨɱɚɫɬɢɰ 

ɡɨɥɨɬɚ ɧɚ ɚɤɬɢɜɧɨɫɬɶ ɮɨɪɦɢɪɨɜɚɧɢɹ ɥɢɩɢɞ-ɧɚɝɪɭɠɟɧɧɵɯ ɦɚɤɪɨɮɚɝɨɜ ɜ 

ɩɪɨɰɟɫɫɟ Ɇ1/Ɇ2 ɩɨɥɹɪɢɡɚɰɢɢ in vitro. ȼ ɡɚɞɚɱɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɯɨɞɢɥɨ 

ɨɩɪɟɞɟɥɟɧɢɟ ɱɢɫɥɟɧɧɨɫɬɢ ɥɢɩɢɞ-ɧɚɝɪɭɠɟɧɧɵɯ ɦɚɤɪɨɮɚɝɨɜ, ɬɢɩɨɜ ɩɨɥɹɪɢɡɚɰɢɢ 

ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɯ ɢ ɛɢɨɯɢɦɢɱɟɫɤɢɯ ɦɚɪɤɟɪɨɜ ɜ ɪɚɡɥɢɱɧɵɯ 

ɭɫɥɨɜɢɹɯ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ in vitro. 

Ȼɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɧɚɧɨɱɚɫɬɢɰɵ ɡɨɥɨɬɚ ɭɜɟɥɢɱɢɜɚɸɬ ɱɢɫɥɟɧɧɨɫɬɶ ɥɢɩɢɞ-

ɧɚɝɪɭɠɟɧɧɵɯ     ɦɚɤɪɨɮɚɝɨɜ.     ɍɜɟɥɢɱɟɧɢɟ     ɱɢɫɥɟɧɧɨɫɬɢ ɥɢɩɢɞ- 

ɧɚɝɪɭɠɟɧɧɵɯ     ɦɚɤɪɨɮɚɝɨɜ     ɩɨɞ     ɜɨɡɞɟɣɫɬɜɢɟɦ     ɧɚɧɨɱɚɫɬɢɰ  ɡɨɥɨɬɚ 

ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟɦ ɚɤɬɢɜɧɨɫɬɢ ɩɪɨɞɭɤɰɢɢ ɥɟɣɤɨɬɪɢɟɧɨɜ ȼ4, 

ɚɧɬɢɜɨɫɩɚɥɢɬɟɥɶɧɵɯ ɰɢɬɨɤɢɧɨɜ ɢ ɯɟɦɨɤɢɧɨɜ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ 
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ɧɚɧɨɱɚɫɬɢɰɵ ɡɨɥɨɬɚ ɢɧɢɰɢɢɪɭɸɬ ɮɨɪɦɢɪɨɜɚɧɢɟ Ɇ2ɚ- ɢ Ɇ2ɫ-ɮɟɧɨɬɢɩɨɜ 

ɦɚɤɪɨɮɚɝɨɜ. ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ, ɱɬɨ ɧɚɧɨɱɚɫɬɢɰɵ ɡɨɥɨɬɚ 

ɪɚɡɦɟɪɨɦ 6 ɧɦ ɢ 25 ɧɦ ɢɧɞɭɰɢɪɭɸɬ Ɇ2-ɩɨɥɹɪɢɡɚɰɢɸ ɦɚɤɪɨɮɚɝɨɜ, ɤɨɬɨɪɚɹ 

ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɚɤɬɢɜɚɰɢɟɣ ɛɢɨɝɟɧɟɡɚ ɥɢɩɢɞɧɵɯ ɤɚɩɟɥɶ. ɗɬɨ ɩɪɟɞɩɨɥɚɝɚɟɬ 

ɜɤɥɸɱɟɧɢɟ ɧɚɧɨɱɚɫɬɢɰ ɡɨɥɨɬɚ ɜ ɪɟɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ ɥɢɩɢɞɧɨɝɨ ɦɟɬɚɛɨɥɢɡɦɚ 

ɦɚɤɪɨɮɚɝɨɜ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɆɈɇɈɐɂɌɕ, ɆȺɄɊɈɎȺȽɂ, Ɇ1 / Ɇ2 

ɉɈɅəɊɂɁȺɐɂə, ɇȺɇɈɑȺɋɌɂɐɕ ɁɈɅɈɌȺ, ɂɆɆɍɇɇɕȿ ɄɈɆɉɅȿɄɋɕ. 
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ɊȿɎȿɊȺɌ 
 

Ɇɚɝɢɫɬɟɪɫɤɚɹ ɞɢɫɫɟɪɬɚɰɢɹ ɩɨ ɬɟɦɟ «Ʌɢɩɢɞɧɵɣ ɦɟɬɚɛɨɥɢɡɦ ɢ 

ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɩɨɥɹɪɢɡɚɰɢɹ ɦɨɧɨɰɢɬɨɜ-ɦɚɤɪɨɮɚɝɨɜ in vitro» ɫɨɞɟɪɠɢɬ 67 

ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 13 ɢɥɥɸɫɬɪɚɰɢɣ, 1 ɬɚɛɥɢɰɭ, 83 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ 

ɢɫɬɨɱɧɢɤɚ. 

 
ɆɈɇɈɐɂɌɕ, ɆȺɄɊɈɎȺȽɂ, Ɇ1/Ɇ2 ɉɈɅəɊɂɁȺɐɂə ɆȺɄɊɈɎȺȽɈȼ, 

ɇȺɇɈɑȺɋɌɂɐɕ ɁɈɅɈɌȺ 

 
Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ: ɦɨɧɨɰɢɬɵ-ɦɚɤɪɨɮɚɝɢ ɱɟɥɨɜɟɤɚ. 

ɐɟɥɶ ɢɫɫɥɟɞɨɜɚɧɢɹ: ɢɡɭɱɟɧɢɟ ɜɥɢɹɧɢɹ ɧɚɧɨɱɚɫɬɢɰ ɡɨɥɨɬɚ ɧɚ ɚɤɬɢɜɧɨɫɬɶ 

ɮɨɪɦɢɪɨɜɚɧɢɹ ɥɢɩɢɞ-ɧɚɝɪɭɠɟɧɧɵɯ ɦɚɤɪɨɮɚɝɨɜ ɜ ɩɪɨɰɟɫɫɟ Ɇ1/Ɇ2 

ɩɨɥɹɪɢɡɚɰɢɢ in vitro. 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɢɫɫɥɟɞɨɜɚɧɢɹ: ȼ ɭɫɥɨɜɢɹɯ ɫɨɜɪɟɦɟɧɧɨɣ ɰɢɜɢɥɢɡɚɰɢɢ 

ɚɤɬɢɜɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɚɧɨɱɚɫɬɢɰ ɜ ɫɮɟɪɚɯ, ɫɜɹɡɚɧɧɵɯ ɫɨ ɡɞɨɪɨɜɶɟɦ 

ɱɟɥɨɜɟɤɚ, ɨɩɪɟɞɟɥɹɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɢɡɭɱɟɧɢɹ ɧɚɧɨɱɚɫɬɢɰ ɤɚɤ ɢɧɞɭɤɬɨɪɨɜ ɢ 

ɪɟɝɭɥɹɬɨɪɨɜ ɩɪɨɰɟɫɫɨɜ ɩɨɥɹɪɢɡɚɰɢɢ ɦɚɤɪɨɮɚɝɨɜ ɞɥɹ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɪɨɥɢ 

ɧɚɧɨɱɚɫɬɢɰ ɜ ɩɚɬɨɝɟɧɟɡɟ ɪɚɡɥɢɱɧɵɯ ɡɚɛɨɥɟɜɚɧɢɣ ɱɟɥɨɜɟɤɚ. 

Ɉɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ: Ȼɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɧɚɧɨɱɚɫɬɢɰɵ ɡɨɥɨɬɚ 

ɭɜɟɥɢɱɢɜɚɸɬ ɱɢɫɥɟɧɧɨɫɬɶ ɥɢɩɢɞ-ɧɚɝɪɭɠɟɧɧɵɯ ɦɚɤɪɨɮɚɝɨɜ. ɇɚɧɨɱɚɫɬɢɰɵ 

ɪɚɡɦɟɪɨɦ 6 ɧɦ ɹɜɥɹɸɬɫɹ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦɢ ɢɧɞɭɤɬɨɪɚɦɢ ɛɢɨɝɟɧɟɡɚ 

ɥɢɩɢɞɧɵɯ ɤɚɩɟɥɶ, ɱɟɦ ɧɚɧɨɱɚɫɬɢɰɵ ɪɚɡɦɟɪɨɦ 25 ɧɦ. ȼ ɭɫɥɨɜɢɹɯ 

ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚɧɨɱɚɫɬɢɰ ɢ ɢɦɦɭɧɧɵɯ ɤɨɦɩɥɟɤɫɨɜ 

ɱɢɫɥɟɧɧɨɫɬɶ ɥɢɩɢɞ-ɧɚɝɪɭɠɟɧɧɵɯ ɦɚɤɪɨɮɚɝɨɜ ɞɨɫɬɨɜɟɪɧɨ ɜɵɲɟ (1,8 ɢ 2,6 ɪɚɡɚ, 

ɞɥɹ ɇɑ 6ɧɦ ɢ 25 ɧɦ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ), ɱɟɦ ɜ ɭɫɥɨɜɢɹɯ ɨɞɧɨɮɚɤɬɨɪɧɨɝɨ 

ɜɨɡɞɟɣɫɬɜɢɹ (ɇɑ). ɍɜɟɥɢɱɟɧɢɟ ɱɢɫɥɟɧɧɨɫɬɢ ɥɢɩɢɞ-ɧɚɝɪɭɠɟɧɧɵɯ ɦɚɤɪɨɮɚɝɨɜ 

ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɧɚɧɨɱɚɫɬɢɰ ɡɨɥɨɬɚ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟɦ ɚɤɬɢɜɧɨɫɬɢ 

ɩɪɨɞɭɤɰɢɢ ɥɟɣɤɨɬɪɢɟɧɨɜ ȼ4 (ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɤɨɧɬɪɨɥɟɦ). ȼ ɭɫɥɨɜɢɹɯ 

ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚɧɨɱɚɫɬɢɰ ɢ ɢɦɦɭɧɧɵɯ ɤɨɦɩɥɟɤɫɨɜ 
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ɚɤɬɢɜɧɨɫɬɶ ɩɪɨɞɭɤɰɢɢ ɥɟɣɤɨɬɪɢɟɧɨɜ ȼ4 ɢ ɩɪɨɫɬɚɝɥɚɧɞɢɧɨɜ ȿ2 ɪɟɡɤɨ ɫɧɢɠɚɟɬɫɹ 

ɜ 9-10 ɪɚɡ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɞɧɨɮɚɤɬɨɪɧɵɦ ɜɨɡɞɟɣɫɬɜɢɟɦ ɧɚɧɨɱɚɫɬɢɰ. 

ɇɚɧɨɱɚɫɬɢɰɵ ɡɨɥɨɬɚ ɜ ɭɫɥɨɜɢɹɯ ɨɞɧɨɮɚɤɬɨɪɧɨɝɨ ɢ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ 

ɜɨɡɞɟɣɫɬɜɢɹ ɢɧɢɰɢɢɪɭɸɬ ɮɨɪɦɢɪɨɜɚɧɢɟ Ɇ2ɚ- ɢ Ɇ2ɫ-ɮɟɧɨɬɢɩɨɜ ɆɎ, ɧɨ 

ɫɟɤɪɟɬɨɦɵ ɷɬɢɯ ɮɟɧɨɬɢɩɨɜ ɜ ɭɫɥɨɜɢɹɯ ɨɞɧɨɮɚɤɬɨɪɧɨɝɨ ɢ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ 

ɜɨɡɞɟɣɫɬɜɢɹ ɫɭɳɟɫɬɜɟɧɧɨ ɪɚɡɥɢɱɚɸɬɫɹ. 

ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ, ɱɬɨ ɧɚɧɨɱɚɫɬɢɰɵ ɡɨɥɨɬɚ 

ɢɧɞɭɰɢɪɭɸɬ Ɇ2-ɩɨɥɹɪɢɡɚɰɢɸ ɦɚɤɪɨɮɚɝɨɜ, ɤɨɬɨɪɚɹ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɚɤɬɢɜɚɰɢɟɣ 

ɛɢɨɝɟɧɟɡɚ ɥɢɩɢɞɧɵɯ ɤɚɩɟɥɶ. 
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ABSTRACT 
 

Master's thesis on "Lipid metabolism and functional polarization of monocytes- 
macrophages in vitro" contains 67 pages of a text document, 13 illustrations, 1 table, 
83 used sources. 

MONOCYTES, MACROPHAGES, M1 / M2 POLARIZATION OF 

MACROPHAGES, GOLD NANOPARTICLES 

Research object: human monocytes-macrophages. 

Objective: to study the effect of gold nanoparticles on the formation activity of 
lipid-loaded macrophages in the process of M1 / M2 polarization in vitro. 

Relevance of the research: In the conditions of modern civilization, the active 
use of nanoparticles in areas related to human health determines the need to study 
nanoparticles as inductors and regulators of macrophage polarization processes to 
predict the role of nanoparticles in the pathogenesis of various human diseases. 

Main results: Gold nanoparticles have been shown to increase the number of 
lipid-loaded macrophages. Nanoparticles with a size of 6 nm are more effective 
inducers of biogenesis of lipid droplets than nanoparticles with a size of 25 nm. 
Under the conditions of the combined effect of nanoparticles and immune complexes, 
the number of lipid-loaded macrophages is significantly higher (1.8 and 2.6 times, for 
NPs 6 nm and 25 nm, respectively) than under conditions of single-factor exposure 
(NP). The increase in the number of lipid-loaded macrophages under the influence of 
gold nanoparticles is accompanied by an increase in the activity of the production of 
B4 leukotrienes (as compared to the control). Under the conditions of the combined 
effect of nanoparticles and immune complexes, the activity of the production of 
leukotrienes B4 and prostaglandins E2 is sharply reduced by 9-10 times, compared 
with the single-factor effect of nanoparticles. Gold nanoparticles under the conditions 
of one-factor and combined exposure initiate the formation of M2- and M2c- 
phenotypes of MF, but the secretomes of these phenotypes under conditions of one- 
factor and combined exposure differ significantly. 

The results obtained indicate that gold nanoparticles induce M2 polarization of 
macrophages, which is accompanied by the activation of lipid droplet biogenesis. 
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ȼȼȿȾȿɇɂȿ 
 

Ɇɚɤɪɨɮɚɝɢ (ɆɎ) – ɝɟɬɟɪɨɝɟɧɧɚɹ ɤɥɟɬɨɱɧɚɹ ɩɨɩɭɥɹɰɢɹ, ɢɝɪɚɸɳɚɹ 

ɤɥɸɱɟɜɭɸ ɪɨɥɶ ɜ ɪɟɚɤɰɢɹɯ ɤɥɟɬɨɱɧɨɝɨ ɢɦɦɭɧɢɬɟɬɚ ɢ ɜɨɫɩɚɥɢɬɟɥɶɧɵɯ 

ɩɪɨɰɟɫɫɚɯ [1]. Ɏɟɧɨɬɢɩɢɱɟɫɤɚɹ ɜɚɪɢɚɛɟɥɶɧɨɫɬɶ ɆɎ ɫɜɹɡɚɧɚ ɫ ɩɪɨɰɟɫɫɚɦɢ 

ɩɨɥɹɪɢɡɚɰɢɢ: ɦɢɤɪɨɷɧɜɚɣɪɨɧɦɟɧɬɚɥɶɧɵɟ ɮɚɤɬɨɪɵ ɦɨɝɭɬ ɢɧɞɭɰɢɪɨɜɚɬɶ 

ɞɢɮɮɟɪɟɧɰɢɪɨɜɤɭ ɧɚɢɜɧɵɯ ɆɎ ɜ ɩɪɨɜɨɫɩɚɥɢɬɟɥɶɧɵɣ Ɇ1-ɮɟɧɨɬɢɩ [2] ɢɥɢ ɜ 

ɩɪɨɬɢɜɨɜɨɫɩɚɥɢɬɟɥɶɧɵɣ Ɇ2-ɮɟɧɨɬɢɩ [3]. 

ɗɩɢɝɟɧɟɬɢɱɟɫɤɨɟ ɪɟɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ ɧɚɢɜɧɵɯ ɆɎ ɪɟɚɥɢɡɭɟɬɫɹ ɜ 

ɢɡɦɟɧɟɧɢɹɯ ɫɩɟɤɬɪɚ ɩɨɜɟɪɯɧɨɫɬɧɵɯ CD-ɚɧɬɢɝɟɧɨɜ, ɫɟɤɪɟɬɢɪɭɟɦɵɯ ɰɢɬɨɤɢɧɨɜ 

[2], ɢɡɦɟɧɟɧɢɹɯ ɚɤɬɢɜɧɨɫɬɢ ɮɚɝɨɰɢɬɨɡɚ [2], ɩɟɪɟɫɬɪɨɣɤɚɯ ɥɢɩɢɞɧɨɝɨ 

ɦɟɬɚɛɨɥɢɡɦɚ ɢ ɨɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɝɨ ɝɨɦɟɨɫɬɚɡɚ [2]. 

Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɮɢɡɢɨɥɨɝɢɱɟɫɤɢ ɚɞɟɤɜɚɬɧɵɯ ɩɪɨɰɟɫɫɨɜ ɧɟɨɛɯɨɞɢɦɚ 

ɨɩɪɟɞɟɥɟɧɧɚɹ ɞɢɧɚɦɢɤɚ Ɇ1/Ɇ2-ɮɟɧɨɬɢɩɨɜ. Ⱦɨɦɢɧɢɪɨɜɚɧɢɟ ɨɞɧɨɝɨ ɢɡ 

ɜɚɪɢɚɧɬɨɜ ɩɨɥɹɪɢɡɚɰɢɢ ɩɪɢɜɨɞɢɬ ɤ ɪɚɡɜɢɬɢɸ ɩɚɬɨɥɨɝɢɣ [1]. ɉɨɤɚɡɚɧɨ, ɱɬɨ 

ɬɚɤɢɟ ɡɚɛɨɥɟɜɚɧɢɹ, ɤɚɤ ɞɢɚɛɟɬ ɢ ɚɬɟɪɨɫɤɥɟɪɨɡ ɫɜɹɡɚɧɵ ɫ ɞɨɦɢɧɢɪɨɜɚɧɢɟɦ Ɇ1- 

ɮɟɧɨɬɢɩɚ, ɚ, ɧɚɩɪɢɦɟɪ, ɨɧɤɨɥɨɝɢɱɟɫɤɢɟ ɡɚɛɨɥɟɜɚɧɢɹ ɢ ɚɫɬɦɚ – ɫ 

ɞɨɦɢɧɢɪɨɜɚɧɢɟɦ Ɇ2-ɮɟɧɨɬɢɩɚ [3]. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɪɟɝɭɥɹɰɢɹ ɚɤɬɢɜɧɨɫɬɢ ɩɪɨɰɟɫɫɨɜ Ɇ1/Ɇ2 ɩɨɥɹɪɢɡɚɰɢɢ 

ɆɎ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɤɚɤ ɩɟɪɫɩɟɤɬɢɜɧɚɹ ɬɟɪɚɩɟɜɬɢɱɟɫɤɚɹ ɫɬɪɚɬɟɝɢɹ [2]. ɗɬɨ 

ɨɩɪɟɞɟɥɹɟɬ ɚɤɬɭɚɥɶɧɨɫɬɶ ɢɡɭɱɟɧɢɹ ɩɪɨɰɟɫɫɨɜ ɩɨɥɹɪɢɡɚɰɢɢ ɆɎ in vivo ɢ ɜ 

ɦɨɞɟɥɶɧɵɯ ɫɢɫɬɟɦɚɯ in vitro. 

ɋɬɚɧɞɚɪɬɧɵɟ ɩɪɨɬɨɤɨɥɵ ɩɨɥɹɪɢɡɚɰɢɢ ɆɎ in vitro ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟ   ɜ ɤɚɱɟɫɬɜɟ ɢɧɞɭɤɬɨɪɨɜ ɩɨɥɹɪɢɡɚɰɢɢ   LPS, IFN-Ȗ (M1-ɮɟɧɨɬɢɩ) 

[] ɢ IL-4, IL-13 (Ɇ2-ɮɟɧɨɬɢɩ) [3]. Ɉɞɧɚɤɨ, ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ, ɱɬɨ ɜ ɤɚɱɟɫɬɜɟ ɢɧɞɭɤɬɨɪɨɜ ɩɨɥɹɪɢɡɚɰɢɢ ɦɨɝɭɬ 

ɜɵɫɬɭɩɚɬɶ ɧɚɧɨɱɚɫɬɢɰɵ [4]. Ɋɟɩɪɨɝɪɚɦɦɢɪɭɸɳɢɟ ɷɮɮɟɤɬɵ ɧɚɧɨɱɚɫɬɢɰ 

ɪɟɚɥɢɡɭɸɬɫɹ ɜ ɩɟɪɟɫɬɪɨɣɤɚɯ ɫɟɤɪɟɬɨɦɚ ɢ ɥɢɩɢɞɨɦɚ ɆɎ [3]. ɗɮɮɟɤɬɵ 

ɧɚɧɨɱɚɫɬɢɰ ɨɩɪɟɞɟɥɹɸɬɫɹ ɢɯ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɡɚɜɢɫɹɬ ɨɬ 

ɪɚɡɦɟɪɨɜ, ɮɨɪɦɵ, ɤɨɧɰɟɧɬɪɚɰɢɢ ɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɜɨɡɞɟɣɫɬɜɢɹ [3]. 
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ȼ ɭɫɥɨɜɢɹɯ ɫɨɜɪɟɦɟɧɧɨɣ ɰɢɜɢɥɢɡɚɰɢɢ ɧɚɧɨɱɚɫɬɢɰɵ ɚɤɬɢɜɧɨ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɫɮɟɪɚɯ, ɫɜɹɡɚɧɧɵɯ ɫɨ ɡɞɨɪɨɜɶɟɦ ɱɟɥɨɜɟɤɚ, ɚ ɢɦɟɧɟɧɧɨ ɜ 

ɦɟɞɢɰɢɧɫɤɢɯ ɬɟɯɧɨɥɨɝɢɹɯ, ɤɨɫɦɟɬɨɥɨɝɢɢ, ɩɟɳɟɜɨɣ ɢ ɬɟɤɫɬɢɥɶɧɨɣ ɢɧɞɭɫɬɪɢɹɯ. 

ɗɬɨ ɨɩɪɟɞɟɥɹɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɢɡɭɱɟɧɢɹ ɧɚɧɨɱɚɫɬɢɰ ɤɚɤ ɢɧɞɭɤɬɨɪɨɜ ɢ 

ɪɟɝɭɥɹɬɨɪɨɜ ɩɪɨɰɟɫɫɨɜ ɩɨɥɹɪɢɡɚɰɢɢ ɆɎ ɢ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɢɯ ɪɨɥɢ ɜ 

ɩɚɬɨɝɟɧɟɡɟ ɪɚɡɥɢɱɧɵɯ ɡɚɛɨɥɟɜɚɧɢɣ ɱɟɥɨɜɟɤɚ. 

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɰɟɥɶɸ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɬɚɥɨ: ɢɡɭɱɟɧɢɟ ɜɥɢɹɧɢɹ ɧɚɧɨɱɚɫɬɢɰ 

ɡɨɥɨɬɚ ɧɚ ɚɤɬɢɜɧɨɫɬɶ ɮɨɪɦɢɪɨɜɚɧɢɹ ɥɢɩɢɞ-ɧɚɝɪɭɠɟɧɧɵɯ ɆɎ ɜ ɩɪɨɰɟɫɫɟ 

Ɇ1/Ɇ2 ɩɨɥɹɪɢɡɚɰɢɢ in vitro. 

Ȼɵɥɢ ɩɨɫɬɚɜɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

1. Ɉɩɪɟɞɟɥɢɬɶ ɱɢɫɥɟɧɧɨɫɬɶ ɥɢɩɢɞ-ɧɚɝɪɭɠɟɧɧɵɯ ɆɎ (ɤɥɟɬɨɤ ɫ 

ɥɢɩɢɞɧɵɦɢ ɤɚɩɥɹɦɢ ɜ ɰɢɬɨɩɥɚɡɦɟ). 

2. Ɉɰɟɧɢɬɶ ɬɢɩ ɩɨɥɹɪɢɡɚɰɢɢ ɆɎ, ɢɫɩɨɥɶɡɭɹ ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɟ ɦɚɪɤɟɪɵ 

(ɫɨɨɬɧɨɲɟɧɢɟ ɱɢɫɥɟɧɧɨɫɬɢ ɨɤɪɭɝɥɵɯ ɢ ɭɞɥɢɧɟɧɧɵɯ ɤɥɟɬɨɤ). 

3. Ɉɩɪɟɞɟɥɢɬɶ ɤɨɧɰɟɧɬɪɚɰɢɸ ɩɪɨɜɨɫɩɚɥɢɬɟɥɶɧɵɯ ɰɢɬɨɤɢɧɨɜ IL-6, TNF-ɑ  

ɢ PGȿ2 (ɦɚɪɤɟɪɨɜ Ɇ1-ɩɨɥɹɪɢɡɚɰɢɢ) ɢ ɚɧɬɢɜɨɫɩɚɥɢɬɟɥɶɧɵɯ ɰɢɬɨɤɢɧɨɜ IL-10, 

CCL18 ɢ LTB4 (ɦɚɪɤɟɪɨɜ Ɇ2-ɩɨɥɹɪɢɡɚɰɢɢ). 
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1 ɈȻɁɈɊ ɅɂɌȿɊȺɌɍɊɕ 

1.1 Ɉɛɳɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɦɨɧɨɰɢɬɨɜ - ɦɚɤɪɨɮɚɝɨɜ 
 

Ʉɥɟɬɨɱɧɨ-ɨɩɨɫɪɟɞɨɜɚɧɧɵɣ ɢɦɦɭɧɢɬɟɬ - ɷɬɨ ɢɦɦɭɧɧɵɣ ɨɬɜɟɬ, ɧɟ 

ɫɜɹɡɚɧɧɵɣ ɫ ɚɧɬɢɬɟɥɚɦɢ. ɋɤɨɪɟɟ, ɤɥɟɬɨɱɧɵɣ ɢɦɦɭɧɢɬɟɬ - ɷɬɨ ɚɤɬɢɜɚɰɢɹ 

ɮɚɝɨɰɢɬɨɜ, ɚɧɬɢɝɟɧ-ɫɩɟɰɢɮɢɱɟɫɤɢɯ ɰɢɬɨɬɨɤɫɢɱɟɫɤɢɯ Ɍ-ɥɢɦɮɨɰɢɬɨɜ ɢ 

ɜɵɫɜɨɛɨɠɞɟɧɢɟ ɪɚɡɥɢɱɧɵɯ ɰɢɬɨɤɢɧɨɜ ɜ ɨɬɜɟɬ ɧɚ ɚɧɬɢɝɟɧ [5]. 

Ʉɥɟɬɨɱɧɵɣ ɢɦɦɭɧɢɬɟɬ ɡɚɳɢɳɚɟɬ ɨɪɝɚɧɢɡɦ, ɢɫɩɨɥɶɡɭɹ ɫɥɟɞɭɸɳɢɟ 

ɦɟɯɚɧɢɡɦɵ: 

 Ɍ-ɤɥɟɬɨɱɧɵɣ ɢɦɦɭɧɢɬɟɬ: ɚɤɬɢɜɚɰɢɹ ɚɧɬɢɝɟɧ-ɫɩɟɰɢɮɢɱɟɫɤɢɯ 

ɰɢɬɨɬɨɤɫɢɱɟɫɤɢɯ Ɍ-ɤɥɟɬɨɤ, ɤɨɬɨɪɵɟ ɫɩɨɫɨɛɧɵ ɜɵɡɵɜɚɬɶ ɚɩɨɩɬɨɡ ɜ ɤɥɟɬɤɚɯ 

ɨɪɝɚɧɢɡɦɚ, ɨɬɨɛɪɚɠɚɸɳɢɯ ɷɩɢɬɨɩɵ ɱɭɠɟɪɨɞɧɨɝɨ ɚɧɬɢɝɟɧɚ ɧɚ ɫɜɨɟɣ 

ɩɨɜɟɪɯɧɨɫɬɢ, ɬɚɤɢɯ ɤɚɤ ɢɧɮɢɰɢɪɨɜɚɧɧɵɟ ɜɢɪɭɫɨɦ ɤɥɟɬɤɢ, ɤɥɟɬɤɢ ɫ 

ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɦɢ ɛɚɤɬɟɪɢɹɦɢ ɢ ɪɚɤɨɜɵɟ ɤɥɟɬɤɢ, ɨɬɨɛɪɚɠɚɸɳɢɟ ɨɩɭɯɨɥɟɜɵɟ 

ɚɧɬɢɝɟɧɵ [6]; 

 Ⱦɟɣɫɬɜɢɟ ɆɎ ɢ ɟɫɬɟɫɬɜɟɧɧɵɯ ɤɥɟɬɨɤ-ɤɢɥɥɟɪɨɜ: ɨɛɟɫɩɟɱɟɧɢɟ 

ɭɧɢɱɬɨɠɟɧɢɹ ɩɚɬɨɝɟɧɨɜ ɩɨɫɪɟɞɫɬɜɨɦ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɢ ɫɟɤɪɟɰɢɢ 

ɰɢɬɨɬɨɤɫɢɱɟɫɤɢɯ ɝɪɚɧɭɥ (ɞɥɹ ɟɫɬɟɫɬɜɟɧɧɵɯ ɤɥɟɬɨɤ-ɤɢɥɥɟɪɨɜ) [6] ɢ ɮɚɝɨɰɢɬɨɡɚ 

(ɞɥɹ ɆɎ) [7]; 

 ɋɬɢɦɭɥɢɪɨɜɚɧɢɟ ɤɥɟɬɨɤ ɤ ɫɟɤɪɟɰɢɢ ɪɚɡɥɢɱɧɵɯ ɰɢɬɨɤɢɧɨɜ, ɤɨɬɨɪɵɟ 

ɜɥɢɹɸɬ ɧɚ ɮɭɧɤɰɢɸ ɞɪɭɝɢɯ ɤɥɟɬɨɤ, ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɚɞɚɩɬɢɜɧɵɯ ɢɦɦɭɧɧɵɯ 

ɨɬɜɟɬɚɯ ɢ ɜɪɨɠɞɟɧɧɵɯ ɢɦɦɭɧɧɵɯ ɨɬɜɟɬɚɯ [6, 7] 

Ɋɚɫɫɦɨɬɪɢɦ ɩɨɞɪɨɛɧɟɟ ɦɨɧɨɰɢɬɚɪɧɵɟ ɢ ɦɚɤɪɨɮɚɝɚɥɶɧɵɟ ɤɥɟɬɤɢ. 

Ɇɨɧɨɰɢɬɵ (Ɇɇ) ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɬɢɩ ɥɟɣɤɨɰɢɬɨɜ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ 

ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɬɶɫɹ ɜ ɆɎ ɢ ɞɟɧɞɪɢɬɧɵɟ ɤɥɟɬɤɢ ɦɢɟɥɨɢɞɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ. 

Ɇɇ ɢɦɟɸɬ ɚɦɟɛɨɜɢɞɧɵɣ ɜɧɟɲɧɢɣ ɜɢɞ ɢ ɧɟ ɝɪɚɧɭɥɢɪɨɜɚɧɧɭɸ ɰɢɬɨɩɥɚɡɦɭ 

[8], ɜ ɫɥɟɞɫɬɜɢɢ ɱɟɝɨ, ɤɥɚɫɫɢɮɢɰɢɪɭɸɬɫɹ ɤɚɤ ɚɝɪɚɧɭɥɨɰɢɬɵ. ɗɬɢ ɤɥɟɬɤɢ, 

ɫɨɞɟɪɠɚɳɢɟ ɨɞɧɨɥɢɫɬɧɵɟ ɹɞɪɚ, ɹɜɥɹɸɬɫɹ ɨɞɧɢɦ ɢɡ ɬɢɩɨɜ ɦɨɧɨɧɭɤɥɟɚɪɧɵɯ 

ɥɟɣɤɨɰɢɬɨɜ, ɜ ɤɨɬɨɪɵɯ ɧɚɯɨɞɹɬɫɹ ɚɡɭɪɨɮɢɥɶɧɵɟ ɝɪɚɧɭɥɵ. Ⱥɪɯɟɬɢɩɢɱɟɫɤɚɹ 

ɝɟɨɦɟɬɪɢɹ ɹɞɪɚ ɦɨɧɨɰɢɬɚ - ɷɥɥɢɩɫɨɢɞɚɥɶɧɚɹ; ɨɛɪɚɡɧɨ ɛɨɛɨɜɢɞɧɨɣ ɢɥɢ 
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ɩɨɱɤɨɜɢɞɧɨɣ ɮɨɪɦɵ, ɯɨɬɹ ɧɚɢɛɨɥɟɟ ɫɭɳɟɫɬɜɟɧɧɵɦ ɨɬɥɢɱɢɟɦ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ 

ɹɞɟɪɧɚɹ ɨɛɨɥɨɱɤɚ ɧɟ ɞɨɥɠɧɚ ɛɵɬɶ ɝɢɩɟɪɛɨɥɢɱɟɫɤɢ ɪɚɡɞɟɥɟɧɚ ɧɚ ɞɨɥɢ [8]. 

Ɇɇ ɫɨɫɬɚɜɥɹɸɬ ɨɬ 2% ɞɨ 10% ɜɫɟɯ ɥɟɣɤɨɰɢɬɨɜ ɜ ɨɪɝɚɧɢɡɦɟ ɱɟɥɨɜɟɤɚ ɢ 

ɜɵɩɨɥɧɹɸɬ ɦɧɨɠɟɫɬɜɨ ɮɭɧɤɰɢɣ ɢɦɦɭɧɧɨɣ ɫɢɫɬɟɦɵ. Ʉ ɬɚɤɢɦ ɪɨɥɹɦ ɨɬɧɨɫɹɬɫɹ: 

ɩɨɩɨɥɧɟɧɢɟ ɪɟɡɢɞɟɧɬɧɵɯ ɆɎ ɜ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ; ɦɢɝɪɚɰɢɹ ɜ ɬɟɱɟɧɢɟ 8–12 

ɱɚɫɨɜ ɜ ɨɬɜɟɬ ɧɚ ɫɢɝɧɚɥɵ ɜɨɫɩɚɥɟɧɢɹ ɢɡ ɭɱɚɫɬɤɨɜ ɢɧɮɟɤɰɢɢ ɜ ɬɤɚɧɹɯ; 

ɞɢɮɮɟɪɟɧɰɢɪɨɜɤɚ ɜ ɆɎ ɢɥɢ ɞɟɧɞɪɢɬɧɵɟ ɤɥɟɬɤɢ ɞɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɢɦɦɭɧɧɨɝɨ 

ɨɬɜɟɬɚ. Ɉɤɨɥɨ ɩɨɥɨɜɢɧɵ Ɇɇ ɫɨɯɪɚɧɹɸɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɪɟɡɟɪɜɚ ɜ ɫɟɥɟɡɟɧɤɟ [8]. 

Ɉɧɢ ɩɪɟɜɪɚɳɚɸɬɫɹ ɜ ɆɎ ɩɨɫɥɟ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɬɤɚɧɟɜɵɟ 

ɩɪɨɫɬɪɚɧɫɬɜɚ, ɤɨɬɨɪɵɟ ɬɚɤ ɠɟ ɦɨɝɭɬ ɬɪɚɧɫɮɨɪɦɢɪɨɜɚɬɶɫɹ ɜ ɩɟɧɢɫɬɵɟ ɤɥɟɬɤɢ ɜ 

ɷɧɞɨɬɟɥɢɢ ɩɪɢ ɩɚɬɨɥɨɝɢɱɟɫɤɢɯ ɢɡɦɟɧɟɧɢɹɯ [8]. 

Ɇɇ ɩɪɨɢɡɜɨɞɹɬɫɹ ɜ ɤɨɫɬɧɨɦ ɦɨɡɝɟ ɢɡ ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɨɜ – ɦɨɧɨɛɥɚɫɬɨɜ, 

ɤɨɬɨɪɵɟ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɥɢɫɶ ɨɬ ɝɟɦɨɩɨɷɬɢɱɟɫɤɢɯ ɫɬɜɨɥɨɜɵɯ ɤɥɟɬɨɤ [8]. Ɇɇ 

ɰɢɪɤɭɥɢɪɭɸɬ ɜ ɤɪɨɜɨɬɨɤɟ ɨɬ ɨɞɧɨɝɨ ɞɨ ɬɪɟɯ ɞɧɟɣ, ɚ ɡɚɬɟɦ ɩɟɪɟɦɟɳɚɸɬɫɹ ɜ 

ɬɤɚɧɢ ɩɨ ɜɫɟɦɭ ɬɟɥɭ, ɝɞɟ ɞɢɮɮɟɪɟɧɰɢɪɭɸɬɫɹ ɜ ɆɎ ɢ ɞɟɧɞɪɢɬɧɵɟ ɤɥɟɬɤɢ [8]. 

ɆɎ ɧɟɫɭɬ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɡɚ ɡɚɳɢɬɭ ɬɤɚɧɟɣ ɨɬ ɩɨɫɬɨɪɨɧɧɢɯ ɜɟɳɟɫɬɜ, ɧɨ 

ɬɚɤɠɟ ɨɧɢ ɢɝɪɚɸɬ ɜɚɠɧɭɸ ɪɨɥɶ ɜ ɮɨɪɦɢɪɨɜɚɧɢɢ ɬɚɤɢɯ ɜɚɠɧɵɯ ɨɪɝɚɧɨɜ, ɤɚɤ 

ɫɟɪɞɰɟ ɢ ɦɨɡɝ. ɗɬɨ ɤɥɟɬɤɢ, ɤɨɬɨɪɵɟ ɨɛɥɚɞɚɸɬ ɛɨɥɶɲɢɦ ɝɥɚɞɤɢɦ ɹɞɪɨɦ, 

ɛɨɥɶɲɨɣ ɩɥɨɳɚɞɶɸ ɰɢɬɨɩɥɚɡɦɵ ɢ ɦɧɨɠɟɫɬɜɨɦ ɜɧɭɬɪɟɧɧɢɯ ɜɟɡɢɤɭɥ ɞɥɹ 

ɨɛɪɚɛɨɬɤɢ ɱɭɠɟɪɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ [9]. 

ɆɎ - ɷɬɨ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɟ ɤɥɟɬɤɢ, ɭɱɚɫɬɜɭɸɳɢɟ ɜ ɨɛɧɚɪɭɠɟɧɢɢ, 

ɮɚɝɨɰɢɬɨɡɟ ɢ ɭɧɢɱɬɨɠɟɧɢɢ ɩɚɬɨɝɟɧɨɜ. Ʉɪɨɦɟ ɬɨɝɨ, ɨɧɢ ɦɨɝɭɬ ɚɤɬɢɜɢɪɨɜɚɬɶ 

ɚɧɬɢɝɟɧɵ Ɍ-ɤɥɟɬɤɚɦ ɢ ɜɵɡɵɜɚɬɶ ɜɨɫɩɚɥɟɧɢɟ, ɜɵɫɜɨɛɨɠɞɚɹ ɰɢɬɨɤɢɧɵ ɞɥɹ 

ɚɤɬɢɜɚɰɢɢ ɞɪɭɝɢɯ ɤɥɟɬɨɤ [9]. 

ɆɎ ɱɟɥɨɜɟɤɚ ɢɦɟɸɬ ɞɢɚɦɟɬɪ ɨɤɨɥɨ 21 ɦɤɦ [10] ɢ ɨɛɪɚɡɭɸɬɫɹ ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɞɢɮɮɟɪɟɧɰɢɪɨɜɤɢ Ɇɇ ɜ ɬɤɚɧɹɯ. ɋɪɟɞɢ ɤɚɠɞɨɣ ɩɨɩɭɥɹɰɢɢ ɆɎ 

ɫɭɳɟɫɬɜɭɟɬ ɡɧɚɱɢɬɟɥɶɧɚɹ ɧɟɨɞɧɨɪɨɞɧɨɫɬɶ, ɱɬɨ ɨɬɪɚɠɚɟɬ ɧɟɨɛɯɨɞɢɦɵɣ ɭɪɨɜɟɧɶ 

ɫɩɟɰɢɚɥɢɡɚɰɢɢ ɜ ɫɪɟɞɟ ɥɸɛɨɣ ɬɤɚɧɢ [Оши̍к̌! З̌кл̌дк̌ не определен̌.]. ɗɬɚ 

ɝɟɬɟɪɨɝɟɧɧɨɫɬɶ ɩɪɨɹɜɥɹɟɬɫɹ ɜ ɢɯ ɦɨɪɮɨɥɨɝɢɢ, ɬɢɩɟ ɩɚɬɨɝɟɧɨɜ, ɤɨɬɨɪɵɟ ɨɧɢ 

ɦɨɝɭɬ ɪɚɫɩɨɡɧɚɜɚɬɶ, ɚ ɬɚɤɠɟ ɜ ɭɪɨɜɧɹɯ ɩɪɨɞɭɰɢɪɭɟɦɵɯ ɢɦɢ ɜɨɫɩɚɥɢɬɟɥɶɧɵɯ 
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ɰɢɬɨɤɢɧɨɜ (ɧɚɩɪɢɦɟɪ, ɂɅ-1, ɂɅ-6, TNF-α). Ʉɪɨɦɟ ɬɨɝɨ, ɆɎ ɩɪɨɢɡɜɨɞɹɬ 

ɚɤɬɢɜɧɵɟ ɮɨɪɦɵ ɤɢɫɥɨɪɨɞɚ [11], ɬɚɤɢɟ ɤɚɤ ɨɤɫɢɞ ɚɡɨɬɚ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ 

ɭɧɢɱɬɨɠɚɬɶ ɮɚɝɨɰɢɬɢɪɨɜɚɧɧɵɟ ɛɚɤɬɟɪɢɢ. Ƚɟɬɟɪɨɝɟɧɧɚɹ ɩɪɢɪɨɞɚ ɷɬɢɯ ɤɥɟɬɨɤ 

ɦɨɠɟɬ ɛɵɬɶ ɧɟ ɬɨɥɶɤɨ ɪɟɡɭɥɶɬɚɬɨɦ ɩɪɨɰɟɫɫɚ ɢɯ ɞɢɮɮɟɪɟɧɰɢɪɨɜɤɢ, ɧɨ, ɫɤɨɪɟɟ 

ɜɫɟɝɨ, ɭɧɚɫɥɟɞɨɜɚɧɚ ɨɬ ɢɯ ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɨɜ Ɇɇ. 

ɆɎ ɦɢɝɪɢɪɭɸɬ ɢ ɰɢɪɤɭɥɢɪɭɸɬ ɩɨɱɬɢ ɜ ɤɚɠɞɨɣ ɬɤɚɧɢ, ɩɚɬɪɭɥɢɪɭɹ 

ɩɚɬɨɝɟɧɵ ɢɥɢ ɭɞɚɥɹɹ ɦɟɪɬɜɵɟ ɤɥɟɬɤɢ. ȼ ɬɚɛɥɢɰɟ 1 ɨɩɢɫɚɧɨ ɪɚɫɩɨɥɨɠɟɧɢɟ ɢ 

ɮɭɧɤɰɢɢ ɧɟɫɤɨɥɶɤɢɯ ɪɚɡɥɢɱɧɵɯ ɩɨɩɭɥɹɰɢɣ ɆɎ [11]. 

ɆɎ, ɤɨɬɨɪɵɟ ɜɵɡɵɜɚɸɬ ɜɨɫɩɚɥɟɧɢɟ, ɧɚɡɵɜɚɸɬɫɹ ɦɚɤɪɨɮɚɝɚɦɢ M1, ɬɨɝɞɚ 

ɤɚɤ ɬɟ, ɤɨɬɨɪɵɟ ɭɦɟɧɶɲɚɸɬ ɜɨɫɩɚɥɟɧɢɟ ɢ ɫɬɢɦɭɥɢɪɭɸɬ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɬɤɚɧɟɣ, 

ɧɚɡɵɜɚɸɬɫɹ ɦɚɤɪɨɮɚɝɚɦɢ M2 [12]. ɗɬɨ ɪɚɡɥɢɱɢɟ ɨɬɪɚɠɚɟɬɫɹ ɜ ɢɯ ɦɟɬɚɛɨɥɢɡɦɟ 

[12]. 

ɂɯ ɦɨɠɧɨ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɫ ɩɨɦɨɳɶɸ ɩɪɨɬɨɱɧɨɣ ɰɢɬɨɦɟɬɪɢɢ ɢɥɢ 

ɢɦɦɭɧɨɝɢɫɬɨɯɢɦɢɱɟɫɤɨɝɨ ɨɤɪɚɲɢɜɚɧɢɹ ɩɨ ɢɯ ɫɩɟɰɢɮɢɱɟɫɤɨɣ ɷɤɫɩɪɟɫɫɢɢ 

ɛɟɥɤɨɜ, ɬɚɤɢɯ ɤɚɤ CD14, CD40, CD11b, CD64, F4 / 80 (ɦɵɲɢ) / EMR1 (ɱɟɥɨɜɟɤ), 

ɥɢɡɨɰɢɦ M, MAC-1 / MAC-3 ɢ CD68 [13]. 

ɆɎ ɛɵɥɢ ɜɩɟɪɜɵɟ ɨɛɧɚɪɭɠɟɧɵ ɪɭɫɫɤɢɦ ɡɨɨɥɨɝɨɦ ɂ. ɂ. Ɇɟɱɧɢɤɨɜɵɦ ɜ 

1884 ɝɨɞɭ [10]. 

 
1.1.1 Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɦɨɧɨɰɢɬɨɜ 

 
ȼ ɤɪɨɜɢ ɱɟɥɨɜɟɤɚ ɟɫɬɶ ɤɚɤ ɦɢɧɢɦɭɦ ɬɪɢ ɬɢɩɚ Ɇɇ [14]: 

 Ʉɥɚɫɫɢɱɟɫɤɢɟ Ɇɇ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɜɵɫɨɤɢɦ ɭɪɨɜɟɧɟɦ ɷɤɫɩɪɟɫɫɢɢ ɜ 

CD14 ɪɟɰɟɩɬɨɪɟ ɤɥɟɬɨɱɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ (CD14 ++ CD16 - Ɇɇ). 

 ɇɟɤɥɚɫɫɢɱɟɫɤɢɣ ɦɨɧɨɰɢɬ ɩɨɤɚɡɵɜɚɟɬ ɧɢɡɤɢɣ ɭɪɨɜɟɧɶ ɷɤɫɩɪɟɫɫɢɢ CD14 ɢ 

ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɤɨɷɤɫɩɪɟɫɫɢɸ ɪɟɰɟɩɬɨɪɚ CD16 (ɦɨɧɨɰɢɬ CD14 + CD16 ++) 

[15]. 

 ɉɪɨɦɟɠɭɬɨɱɧɵɣ ɦɨɧɨɰɢɬ ɫ ɜɵɫɨɤɢɦ ɭɪɨɜɧɟɦ ɷɤɫɩɪɟɫɫɢɢ CD14 ɢ ɧɢɡɤɢɦ 

ɭɪɨɜɧɟɦ ɷɤɫɩɪɟɫɫɢɢ CD16 (CD14 ++ CD16 + Ɇɇ) [16]. 
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ɍ ɦɵɲɟɣ Ɇɇ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɞɜɟ ɫɭɛɩɨɩɭɥɹɰɢɢ [17]. 

ȼɨɫɩɚɥɢɬɟɥɶɧɵɟ Ɇɇ ( CX3CR1 low , CCR2 pos , Ly6C high , PD-L1 neg ), 

ɤɨɬɨɪɵɟ ɷɤɜɢɜɚɥɟɧɬɧɵ ɱɟɥɨɜɟɱɟɫɤɢɦ ɤɥɚɫɫɢɱɟɫɤɢɦ CD14 ++ CD16 - ɦɨɧɨɰɢɬɚɦ 

ɢ ɪɟɡɢɞɟɧɬɧɵɦ ɦɨɧɨɰɢɬɚɦ ( CX3CR1 high , CCR2 neg , Ly6C low , PD-L1 pos ), 

ɤɨɬɨɪɵɟ ɷɤɜɢɜɚɥɟɧɬɧɵ ɧɟɤɥɚɫɫɢɱɟɫɤɢɦ CD14 + CD16 + ɦɨɧɨɰɢɬɚɦ ɱɟɥɨɜɟɤɚ 

[18]. Ɋɟɡɢɞɟɧɬɧɵɟ Ɇɇ ɫɩɨɫɨɛɧɵ «ɩɚɬɪɭɥɢɪɨɜɚɬɶ» ɫɬɟɧɤɭ ɷɧɞɨɬɟɥɢɹ ɜ 

ɧɨɪɦɚɥɶɧɨɦ ɫɨɫɬɨɹɧɢɢ ɢ ɩɪɢ ɜɨɫɩɚɥɢɬɟɥɶɧɵɯ ɩɪɨɰɟɫɫɚɯ [16]. ɍ ɥɸɞɟɣ 

ɩɨɜɟɞɟɧɢɟ Ɇɇ, ɩɨɞɨɛɧɨɟ ɩɚɬɪɭɥɢɪɨɜɚɧɢɸ ɭ ɦɵɲɟɣ, ɛɵɥɨ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɨ 

ɤɚɤ ɞɥɹ ɤɥɚɫɫɢɱɟɫɤɢɯ, ɬɚɤ ɢ ɞɥɹ ɧɟɤɥɚɫɫɢɱɟɫɤɢɯ Ɇɇ [18]. 
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1.1.2 Ɏɭɧɤɰɢɨɧɚɥɶɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɦɨɧɨɰɢɬɨɜ 
 

Ɇɇ ɜɵɩɨɥɧɹɸɬ ɬɪɢ ɨɫɧɨɜɧɵɟ ɮɭɧɤɰɢɢ ɜ ɢɦɦɭɧɧɨɣ ɫɢɫɬɟɦɟ: ɮɚɝɨɰɢɬɨɡ, 

ɩɪɟɡɟɧɬɚɰɢɹ ɚɧɬɢɝɟɧɚ ɢ ɩɪɨɞɭɤɰɢɹ ɰɢɬɨɤɢɧɨɜ. Ɏɚɝɨɰɢɬɨɡ - ɩɪɨɰɟɫɫ ɩɨɝɥɨɳɟɧɢɹ 

ɩɚɬɨɝɟɧɨɜ ɢ ɱɚɫɬɢɰ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɪɚɡɪɭɲɟɧɢɟɦ ɷɬɨɝɨ ɦɚɬɟɪɢɚɥɚ. Ɇɇ ɦɨɝɭɬ 

ɨɫɭɳɟɫɬɜɥɹɬɶ ɮɚɝɨɰɢɬɨɡ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɦɟɠɭɬɨɱɧɵɯ (ɨɩɫɨɧɢɡɢɪɭɸɳɢɯ) 

ɛɟɥɤɨɜ, ɬɚɤɢɯ ɤɚɤ ɚɧɬɢɬɟɥɚ ɢɥɢ ɤɨɦɩɥɟɦɟɧɬ, ɤɨɬɨɪɵɟ ɩɨɤɪɵɜɚɸɬ ɩɚɬɨɝɟɧ, ɚ 

ɬɚɤɠɟ ɩɭɬɟɦ ɫɜɹɡɵɜɚɧɢɹ ɫ ɧɢɦ ɧɚɩɪɹɦɭɸ ɱɟɪɟɡ ɪɟɰɟɩɬɨɪɵ ɪɚɫɩɨɡɧɚɜɚɧɢɹ 

ɨɛɪɚɡɨɜ, ɪɚɫɩɨɡɧɚɸɳɢɟ ɩɚɬɨɝɟɧɵ. Ɇɇ ɬɚɤɠɟ ɫɩɨɫɨɛɧɵ ɭɛɢɜɚɬɶ 

ɢɧɮɢɰɢɪɨɜɚɧɧɵɟ ɤɥɟɬɤɢ-ɯɨɡɹɟɜɚ ɩɨɫɪɟɞɫɬɜɨɦ ɚɧɬɢɬɟɥɨɡɚɜɢɫɢɦɨɣ ɤɥɟɬɨɱɧɨ- 

ɨɩɨɫɪɟɞɨɜɚɧɧɨɣ ɰɢɬɨɬɨɤɫɢɱɧɨɫɬɢ [17]. 

Ɉɫɬɚɸɳɢɟɫɹ ɩɨɫɥɟ ɮɚɝɨɰɢɬɢɪɨɜɚɧɢɹ ɮɪɚɝɦɟɧɬɵ ɩɚɬɨɝɟɧɨɜ ɦɨɝɭɬ 

ɫɥɭɠɢɬɶ ɚɧɬɢɝɟɧɚɦɢ. Ɏɪɚɝɦɟɧɬɵ ɦɨɝɭɬ ɛɵɬɶ ɜɤɥɸɱɟɧɵ ɜ ɦɨɥɟɤɭɥɵ MHC, ɚ 

ɡɚɬɟɦ ɩɟɪɟɦɟɳɟɧɵ ɧɚ ɤɥɟɬɨɱɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ Ɇɇ (ɢ ɆɎ ɢ ɞɟɧɞɪɢɬɧɵɯ 

ɤɥɟɬɨɤ). ɗɬɨɬ ɩɪɨɰɟɫɫ ɧɚɡɵɜɚɟɬɫɹ ɩɪɟɡɟɧɬɚɰɢɟɣ ɚɧɬɢɝɟɧɚ ɢ ɩɪɢɜɨɞɢɬ ɤ 

ɚɤɬɢɜɚɰɢɢ Ɍ-ɥɢɦɮɨɰɢɬɨɜ, ɤɨɬɨɪɵɟ ɡɚɬɟɦ ɜɵɡɵɜɚɸɬ ɫɩɟɰɢɮɢɱɟɫɤɢɣ ɢɦɦɭɧɧɵɣ 

ɨɬɜɟɬ ɩɪɨɬɢɜ ɚɧɬɢɝɟɧɚ [13]. 

Ⱦɪɭɝɢɟ ɷɥɟɦɟɧɬɵ ɩɚɬɨɝɟɧɨɜ ɦɨɝɭɬ ɧɚɩɪɹɦɭɸ ɚɤɬɢɜɢɪɨɜɚɬɶ Ɇɇ, ɱɬɨ 

ɩɪɢɜɨɞɢɬ ɤ ɜɵɪɚɛɨɬɤɟ ɩɪɨɜɨɫɩɚɥɢɬɟɥɶɧɵɯ ɢ ɩɪɨɬɢɜɨɜɨɫɩɚɥɢɬɟɥɶɧɵɯ 

ɰɢɬɨɤɢɧɨɜ. Ɍɢɩɢɱɧɵɦɢ ɰɢɬɨɤɢɧɚɦɢ, ɩɪɨɞɭɰɢɪɭɟɦɵɦɢ ɦɨɧɨɰɢɬɚɦɢ, ɹɜɥɹɸɬɫɹ 

TNF, ɂɅ-1 ɢ ɂɅ-12 [14]. 
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1.2 Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɩɨɥɹɪɢɡɚɰɢɹ ɦɚɤɪɨɮɚɝɨɜ 
 

ɆɎ ɦɢɝɪɢɪɭɸɬ ɩɨɱɬɢ ɜ ɤɚɠɞɭɸ ɬɤɚɧɶ ɢ ɰɢɪɤɭɥɢɪɭɸɬ ɜ ɧɢɯ, ɩɚɬɪɭɥɢɪɭɹ 

ɩɚɬɨɝɟɧɵ ɢɥɢ ɭɞɚɥɹɹ ɦɟɪɬɜɵɟ ɤɥɟɬɤɢ. ȼ ɬɚɛɥɢɰɟ ɧɢɠɟ ɨɩɢɫɚɧɨ ɪɚɫɩɨɥɨɠɟɧɢɟ ɢ 

ɮɭɧɤɰɢɢ ɧɟɫɤɨɥɶɤɢɯ ɪɚɡɥɢɱɧɵɯ ɩɨɩɭɥɹɰɢɣ ɆɎ [Оши̍к̌! З̌кл̌дк̌ не определен̌.]. 

Ɍɚɛɥɢɰɚ 1 - Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɆɎ 
 

Ɍɢɩ ɦɚɤɪɨɮɚɝɚ Ɇɟɫɬɨ 
ɪɚɫɩɨɥɨɠɟɧɢɹ Ɏɭɧɤɰɢɹ 

 
Ⱥɥɶɜɟɨɥɹɪɧɵɣ 

ɦɚɤɪɨɮɚɝ 

 
 
Ⱥɥɶɜɟɨɥɵ ɥɟɝɤɢɯ 

Ɏɚɝɨɰɢɬɨɡ ɦɟɥɤɢɯ ɱɚɫɬɢɰ, ɦɟɪɬɜɵɯ 
ɤɥɟɬɨɤ ɢɥɢ 

ɛɚɤɬɟɪɢɣ. ɂɧɢɰɢɢɪɨɜɚɧɢɟ ɢ 
ɤɨɧɬɪɨɥɶ ɢɦɦɭɧɢɬɟɬɚ ɤ 

ɪɟɫɩɢɪɚɬɨɪɧɵɦ ɩɚɬɨɝɟɧɚɦ 
 

Ʉɥɟɬɤɢ Ʉɭɩɮɟɪɚ 
 

ɉɟɱɟɧɶ 
Ɂɚɩɭɫɤɚɟɬ ɢɦɦɭɧɧɵɟ ɪɟɚɤɰɢɢ ɢ 
ɪɟɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɟɱɟɧɨɱɧɨɣ 

ɬɤɚɧɢ. 
 

Ɇɢɤɪɨɝɥɢɹ 
ɐɟɧɬɪɚɥɶɧɚɹ 

ɧɟɪɜɧɚɹ ɫɢɫɬɟɦɚ 

ɍɫɬɪɚɧɟɧɢɟ ɫɬɚɪɵɯ ɢɥɢ ɦɟɪɬɜɵɯ 
ɧɟɣɪɨɧɨɜ ɢ ɤɨɧɬɪɨɥɶ ɢɦɦɭɧɢɬɟɬɚ ɜ 

ɝɨɥɨɜɧɨɦ ɦɨɡɝɟ. 
ɆɎ ɫɟɥɟɡɟɧɤɢ 

(ɦɚɪɝɢɧɚɥɶɧɚɹ ɡɨɧɚ, 
ɦɟɬɚɥɥɨɮɢɥɶɧɵɟ ɆɎ ɢ 
ɆɎ ɤɪɚɫɧɨɣ ɩɭɥɶɩɵ) 

Ʉɪɚɟɜɚɹ ɡɨɧɚ 
ɫɟɥɟɡɟɧɤɢ, 

ɤɪɚɫɧɨ-ɛɟɥɚɹ 
ɩɭɥɶɩɚ 

 
ɍɫɬɪɚɧɟɧɢɟ ɞɢɫɮɭɧɤɰɢɨɧɚɥɶɧɵɯ 

ɢɥɢ ɫɬɚɪɵɯ ɷɪɢɬɪɨɰɢɬɨɜ. 

 
ɆɎ ɫɩɨɫɨɛɧɵ ɨɛɧɚɪɭɠɢɜɚɬɶ ɩɪɨɞɭɤɬɵ ɛɚɤɬɟɪɢɣ ɢ ɞɪɭɝɢɯ 

ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ,   ɢɫɩɨɥɶɡɭɹ   ɫɢɫɬɟɦɭ   ɪɚɫɩɨɡɧɚɸɳɢɯ   ɪɟɰɟɩɬɨɪɨɜ,   ɬɚɤɢɯ 

ɤɚɤ Toll-ɩɨɞɨɛɧɵɟ ɪɟɰɟɩɬɨɪɵ (TLR) [Оши̍к̌! З̌кл̌дк̌ не определен̌.]. ɗɬɢ 

ɪɟɰɟɩɬɨɪɵ ɦɨɝɭɬ ɫɩɟɰɢɮɢɱɟɫɤɢ ɫɜɹɡɵɜɚɬɶɫɹ ɫ ɪɚɡɥɢɱɧɵɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ 

ɩɚɬɨɝɟɧɨɜ, ɬɚɤɢɦɢ ɤɚɤ ɥɢɩɨɩɨɥɢɫɚɯɚɪɢɞɵ (Ʌɉɋ), ɊɇɄ, ȾɇɄ ɢɥɢ ɜɧɟɤɥɟɬɨɱɧɵɟ 

ɛɟɥɤɢ (ɧɚɩɪɢɦɟɪ, ɮɥɚɝɟɥɥɢɧ ɢɡ ɛɚɤɬɟɪɢɚɥɶɧɵɯ ɠɝɭɬɢɤɨɜ) [Оши̍к̌! З̌кл̌дк̌ не 

определен̌.]. 

ȿɫɬɶ ɧɟɫɤɨɥɶɤɨ ɚɤɬɢɜɢɪɨɜɚɧɧɵɯ ɮɨɪɦ ɆɎ [12]. ɇɟɫɦɨɬɪɹ ɧɚ ɫɩɟɤɬɪ 

ɜɚɪɢɚɧɬɨɜ ɚɤɬɢɜɚɰɢɢ ɆɎ, ɟɫɬɶ ɞɜɟ ɨɫɧɨɜɧɵɟ ɝɪɭɩɩɵ, ɨɛɨɡɧɚɱɟɧɧɵɟ M1 ɢ M2. 

ɆɎ M1 (ɤɥɚɫɫɢɱɟɫɤɢ ɚɤɬɢɜɢɪɨɜɚɧɧɵɦɢ ɦɚɤɪɨɮɚɝɚɦɢ) [12], ɨɧɢ ɠɟ 

«ɤɢɥɥɟɪɧɵɟ» ɆɎ ɚɤɬɢɜɢɪɭɸɬɫɹ Ʌɉɋ ɢ ɢɧɬɟɪɮɟɪɨɧɨɦ-Ȗ (IFN-Ȗ) ɢ ɫɟɤɪɟɬɢɪɭɸɬ 

ɜɵɫɨɤɢɟ ɭɪɨɜɧɢ ɂɅ-6, ɂɅ-12 ɢ ɧɢɡɤɢɟ ɭɪɨɜɧɢ ɂɅ-10 [2]. ɆɎ M1 ɜɵɩɨɥɧɹɸɬ 
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ɩɪɨɜɨɫɩɚɥɢɬɟɥɶɧɭɸ, ɛɚɤɬɟɪɢɰɢɞɧɭɸ ɢ ɮɚɝɨɰɢɬɚɪɧɭɸ ɮɭɧɤɰɢɢ [12]. ɇɚɩɪɨɬɢɜ, 

ɨɛɨɡɧɚɱɟɧɢɟ «ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ» M2 (ɬɚɤɠɟ ɧɚɡɵɜɚɟɦɨɟ ɚɥɶɬɟɪɧɚɬɢɜɧɨ 

ɚɤɬɢɜɢɪɨɜɚɧɧɵɦɢ ɦɚɤɪɨɮɚɝɚɦɢ) ɜ ɲɢɪɨɤɨɦ ɫɦɵɫɥɟ ɨɬɧɨɫɢɬɫɹ ɤ ɦɚɤɪɨɮɚɝɚɦ, 

ɤɨɬɨɪɵɟ ɮɭɧɤɰɢɨɧɢɪɭɸɬ ɜ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɩɪɨɰɟɫɫɚɯ, ɬɚɤɢɯ ɤɚɤ ɡɚɠɢɜɥɟɧɢɟ 

ɪɚɧ ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɬɤɚɧɟɣ, ɚ ɬɚɤɠɟ ɤ ɦɚɤɪɨɮɚɝɚɦ, ɤɨɬɨɪɵɟ ɨɬɤɥɸɱɚɸɬ 

ɩɨɜɪɟɠɞɚɸɳɭɸ ɚɤɬɢɜɚɰɢɸ ɢɦɦɭɧɧɨɣ ɫɢɫɬɟɦɵ, ɩɪɨɢɡɜɨɞɹ 

ɩɪɨɬɢɜɨɜɨɫɩɚɥɢɬɟɥɶɧɵɟ ɰɢɬɨɤɢɧɵ. ɆɎ M2 ɩɪɨɞɭɰɢɪɭɸɬ ɜɵɫɨɤɢɟ ɭɪɨɜɧɢ ɂɅ- 

10, TGF-ɛɟɬɚ ɢ ɧɢɡɤɢɟ ɭɪɨɜɧɢ ɂɅ-12. ɋɜɹɡɚɧɧɵɟ ɫ ɨɩɭɯɨɥɶɸ ɆɎ ɜ ɨɫɧɨɜɧɨɦ 

ɨɬɧɨɫɹɬɫɹ ɤ ɮɟɧɨɬɢɩɭ M2 ɢ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɚɤɬɢɜɧɨ ɫɩɨɫɨɛɫɬɜɭɸɬ ɪɨɫɬɭ 

ɨɩɭɯɨɥɢ [10]. 

ɆɎ M1 ɹɜɥɹɸɬɫɹ ɞɨɦɢɧɢɪɭɸɳɢɦ ɮɟɧɨɬɢɩɨɦ, ɧɚɛɥɸɞɚɟɦɵɦ ɧɚ ɪɚɧɧɢɯ 

ɫɬɚɞɢɹɯ ɜɨɫɩɚɥɟɧɢɹ, ɢ ɚɤɬɢɜɢɪɭɸɬɫɹ ɬɪɟɦɹ ɤɥɸɱɟɜɵɦɢ ɦɟɞɢɚɬɨɪɚɦɢ: IFN-Ȗ, 

TNF ɢ ɦɨɥɟɤɭɥɹɪɧɵɦɢ ɫɬɪɭɤɬɭɪɚɦɢ, ɫɜɹɡɚɧɧɵɦɢ ɫ ɩɨɜɪɟɠɞɟɧɢɹɦɢ [2]. 

ɗɬɢ ɦɟɞɢɚɬɨɪɧɵɟ ɦɨɥɟɤɭɥɵ ɫɨɡɞɚɸɬ ɩɪɨɜɨɫɩɚɥɢɬɟɥɶɧɵɣ ɨɬɜɟɬ, ɤɨɬɨɪɵɣ 

ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɩɪɨɢɡɜɨɞɢɬ ɩɪɨɜɨɫɩɚɥɢɬɟɥɶɧɵɟ ɰɢɬɨɤɢɧɵ, ɬɚɤɢɟ ɤɚɤ ɂɅ-6 ɢ 

TNF. ȼ ɨɬɥɢɱɢɟ ɨɬ ɆɎ M1, ɆɎ M2 ɫɟɤɪɟɬɢɪɭɸɬ ɩɪɨɬɢɜɨɜɨɫɩɚɥɢɬɟɥɶɧɵɣ ɨɬɜɟɬ 

ɡɚ ɫɱɟɬ ɞɨɛɚɜɥɟɧɢɹ ɂɅ-4 ɢɥɢ ɂɅ-13. Ɉɧɢ ɬɚɤɠɟ ɢɝɪɚɸɬ ɪɨɥɶ ɜ ɡɚɠɢɜɥɟɧɢɢ ɪɚɧ 

ɢ ɧɟɨɛɯɨɞɢɦɵ ɞɥɹ ɪɟɜɚɫɤɭɥɹɪɢɡɚɰɢɢ ɢ ɪɟɷɩɢɬɟɥɢɡɚɰɢɢ [13]. Ʉɪɨɦɟ ɬɨɝɨ, ɪɚɡɧɵɟ 

ɫɬɢɦɭɥɵ ɦɨɝɭɬ ɢɧɞɭɰɢɪɨɜɚɬɶ ɪɚɡɧɵɟ ɩɨɞɦɧɨɠɟɫɬɜɚ ɆɎ M2, ɬɚɤɢɟ ɤɚɤ M2b 

(ɚɤɬɢɜɢɪɭɸɬɫɹ ɥɢɝɚɧɞɚɦɢ TLR ɢɥɢ ɚɝɨɧɢɫɬɚɦɢ ɂɅ1R), M2c (ɢɧɞɭɰɢɪɭɸɬɫɹ 

ɝɥɸɤɨɤɨɪɬɢɤɨɢɞɚɦɢ ɢɥɢ ɂɅ-10) ɢ M2d (ɢɧɞɭɰɢɪɭɸɬɫɹ ɥɢɝɚɧɞɚɦɢ TLR ɢ 

ɚɝɨɧɢɫɬɚɦɢ ɚɞɟɧɨɡɢɧɨɜɵɯ ɪɟɰɟɩɬɨɪɨɜ A2) [19]. Ʉɚɤ ɨɩɪɟɞɟɥɹɸɬɫɹ ɮɟɧɨɬɢɩɵ 

M2, ɜɫɟ ɟɳɟ ɨɛɫɭɠɞɚɟɬɫɹ, ɧɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɢɯ ɨɤɪɭɠɟɧɢɟ 

ɩɨɡɜɨɥɹɟɬ ɢɦ ɩɪɢɫɩɨɫɚɛɥɢɜɚɬɶɫɹ ɤ ɬɨɦɭ ɮɟɧɨɬɢɩɭ, ɤɨɬɨɪɵɣ ɧɚɢɛɨɥɟɟ ɩɨɞɯɨɞɢɬ 

ɞɥɹ ɷɮɮɟɤɬɢɜɧɨɝɨ ɡɚɠɢɜɥɟɧɢɹ ɪɚɧɵ [12]. 

ɉɪɢ ɨɫɬɪɵɯ ɜɨɫɩɚɥɢɬɟɥɶɧɵɯ ɪɟɚɤɰɢɹɯ ɧɚɛɥɸɞɚɟɬɫɹ ɫɞɜɢɝ ɮɟɧɨɬɢɩɚ ɨɬ 

ɆɎ M1 ɤ M2, ɨɞɧɚɤɨ ɞɥɹ ɯɪɨɧɢɱɟɫɤɢɯ ɩɚɬɨɥɨɝɢɣ ɷɬɨɬ ɫɞɜɢɝ ɧɚɪɭɲɟɧ. ɗɬɨ 

ɧɚɪɭɲɟɧɢɟ ɪɟɝɭɥɹɰɢɢ ɩɪɢɜɨɞɢɬ ɤ ɧɟɞɨɫɬɚɬɨɱɧɨɦɭ ɤɨɥɢɱɟɫɬɜɭ ɆɎ M2 ɢ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɢɦ ɮɚɤɬɨɪɨɜ ɪɨɫɬɚ / ɩɪɨɬɢɜɨɜɨɫɩɚɥɢɬɟɥɶɧɵɯ ɰɢɬɨɤɢɧɨɜ, ɩɪɢ 

ɧɟɞɨɫɬɚɬɤɟ ɤɨɬɨɪɵɯ, ɢ ɩɟɪɟɢɡɛɵɬɤɟ ɩɪɨɜɨɫɩɚɥɢɬɟɥɶɧɵɯ ɰɢɬɨɤɢɧɨɜ, 
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ɯɪɨɧɢɱɟɫɤɢɟ ɜɨɫɩɚɥɟɧɢɹ ɧɟ ɦɨɝɭɬ ɫɜɨɟɜɪɟɦɟɧɧɨ ɪɟɝɟɧɟɪɢɪɨɜɚɬɶ. Ɉɛɵɱɧɨ ɩɨɫɥɟ 

ɬɨɝɨ, ɤɚɤ ɧɟɣɬɪɨɮɢɥɵ ɮɚɝɨɰɢɬɢɪɭɸɬ ɞɟɛɪɢɫ / ɩɚɬɨɝɟɧɵ, ɨɧɢ ɫɨɜɟɪɲɚɸɬ ɚɩɨɩɬɨɡ 

ɢ ɪɚɡɪɭɲɚɸɬɫɹ. ɇɚ ɷɬɨɦ ɷɬɚɩɟ ɜɨɫɩɚɥɟɧɢɟ ɧɟ ɬɪɟɛɭɟɬɫɹ, ɢ M1-ɩɨɥɹɪɢɡɚɰɢɹ 

ɩɟɪɟɤɥɸɱɚɟɬɫɹ ɧɚ M2 (ɩɪɨɬɢɜɨɜɨɫɩɚɥɢɬɟɥɶɧɭɸ). Ɉɞɧɚɤɨ ɧɚɪɭɲɟɧɢɟ ɪɟɝɭɥɹɰɢɢ 

ɩɪɨɢɫɯɨɞɢɬ, ɩɨɫɤɨɥɶɤɭ ɆɎ M1 ɧɟ ɮɚɝɨɰɢɬɢɪɭɸɬ ɧɟɣɬɪɨɮɢɥɵ, ɩɨɞɜɟɪɝɲɢɟɫɹ 

ɚɩɨɩɬɨɡɭ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɦɢɝɪɚɰɢɢ ɆɎ ɢ ɭɫɢɥɟɧɢɸ ɜɨɫɩɚɥɟɧɢɹ 

[12]. 

ɆɎ M1 ɢ M2 ɢɝɪɚɸɬ ɪɨɥɶ ɜ ɪɚɡɜɢɬɢɢ ɚɬɟɪɨɫɤɥɟɪɨɡɚ. ɆɎ M1 

ɫɩɨɫɨɛɫɬɜɭɸɬ ɪɚɡɜɢɬɢɸ ɚɬɟɪɨɫɤɥɟɪɨɡɚ ɡɚ ɫɱɟɬ ɜɨɫɩɚɥɟɧɢɹ. ɆɎ M2 ɦɨɝɭɬ 

ɭɞɚɥɹɬɶ ɯɨɥɟɫɬɟɪɢɧ ɢɡ ɤɪɨɜɟɧɨɫɧɵɯ ɫɨɫɭɞɨɜ, ɧɨ ɤɨɝɞɚ ɯɨɥɟɫɬɟɪɢɧ ɨɤɢɫɥɹɟɬɫɹ, 

ɆɎ M2 ɫɬɚɧɨɜɹɬɫɹ ɚɩɨɩɬɨɬɢɱɟɫɤɢɦɢ ɩɟɧɢɫɬɵɦɢ ɤɥɟɬɤɚɦɢ, ɫɩɨɫɨɛɫɬɜɭɹ 

ɨɛɪɚɡɨɜɚɧɢɸ ɚɬɟɪɨɦɚɬɨɡɧɨɣ ɛɥɹɲɤɢ ɚɬɟɪɨɫɤɥɟɪɨɡɚ [12]. 

 
1.2.1 Ɋɨɥɶ ɦɟɬɚɛɨɥɢɡɦɚ ɥɢɩɢɞɨɜ ɜ ɩɨɥɹɪɢɡɚɰɢɢ ɦɚɤɪɨɮɚɝɨɜ 

 
ɆɎ M1 ɢ M2 ɪɚɡɥɢɱɚɸɬɫɹ ɩɨ ɫɜɨɟɦɭ ɦɟɬɚɛɨɥɢɡɦɭ. Ɇɟɬɚɛɨɥɢɱɟɫɤɢɟ 

ɚɞɚɩɬɚɰɢɢ ɤɚɠɞɨɝɨ ɬɢɩɚ ɆɎ ɬɟɫɧɨ ɫɜɹɡɚɧɵ ɫ ɢɯ ɨɫɧɨɜɧɨɣ ɮɭɧɤɰɢɟɣ. ɂɡɜɟɫɬɧɨ, 

ɱɬɨ ɆɎ M1 ɩɨɥɚɝɚɸɬɫɹ ɧɚ ɚɷɪɨɛɧɵɣ ɝɥɢɤɨɥɢɡ ɢ ɢɦɟɸɬ ɧɚɪɭɲɟɧɧɨɟ 

ɨɤɢɫɥɢɬɟɥɶɧɨɟ ɮɨɫɮɨɪɢɥɢɪɨɜɚɧɢɟ (ɈɎ) [20]. ɗɬɚ ɦɟɬɚɛɨɥɢɱɟɫɤɚɹ ɚɞɚɩɬɚɰɢɹ 

ɫɩɨɫɨɛɫɬɜɭɟɬ ɛɵɫɬɪɨɦɭ ɩɪɨɢɡɜɨɞɫɬɜɭ ȺɌɎ ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɢɯ ɮɚɝɨɰɢɬɚɪɧɨɣ 

ɮɭɧɤɰɢɢ ɢ ɨɛɟɫɩɟɱɟɧɢɹ ɦɟɬɚɛɨɥɢɱɟɫɤɢɦɢ ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɚɦɢ 

ɩɟɧɬɨɡɨɮɨɫɮɚɬɧɨɝɨ ɩɭɬɢ. ȼ ɷɬɢɯ ɦɚɤɪɨɮɚɝɚɯ ɰɢɤɥ ɬɪɢɤɚɪɛɨɧɨɜɨɣ ɤɢɫɥɨɬɵ 

(ɐɌɄ) ɪɚɡɛɢɬ ɧɚ ɞɜɟ ɱɚɫɬɢ, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɨɜ, ɧɟɨɛɯɨɞɢɦɵɯ 

ɞɥɹ ɫɢɧɬɟɡɚ ɧɟɫɤɨɥɶɤɢɯ ɥɢɩɢɞɨɜ [21] ɢ ɫɬɚɛɢɥɢɡɚɰɢɢ ɮɚɤɬɨɪɨɜ ɬɪɚɧɫɤɪɢɩɰɢɢ, 

ɬɚɤɢɯ ɤɚɤ ɮɚɤɬɨɪ, ɢɧɞɭɰɢɪɭɟɦɵɣ ɝɢɩɨɤɫɢɟɣ 1α, ɤɥɸɱɟɜɨɣ ɢɝɪɨɤ ɜ ɚɤɬɢɜɚɰɢɢ 

ɝɥɢɤɨɥɢɡɚ [22]. ɇɚɩɪɨɬɢɜ, ɆɎ M2 ɢɦɟɸɬ ɢɧɬɚɤɬɧɵɣ ɰɢɤɥ ɐɌɄ ɢ ɭɫɢɥɟɧɧɨɟ 

ɨɤɢɫɥɟɧɢɟ ɠɢɪɧɵɯ ɤɢɫɥɨɬ (ɈɀɄ) ɢ ɈɎ [21]. ɏɨɬɹ ɢɡɧɚɱɚɥɶɧɨ ɩɪɟɞɩɨɥɚɝɚɥɨɫɶ, 

ɱɬɨ ɩɪɨɜɨɫɩɚɥɢɬɟɥɶɧɵɟ ɆɎ ɹɜɥɹɸɬɫɹ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɝɥɢɤɨɥɢɬɢɱɟɫɤɢɦɢ ɢ 

ɈɀɄ ɢ ɈɎ ɹɜɥɹɸɬɫɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɩɪɨɬɢɜɨɜɨɫɩɚɥɢɬɟɥɶɧɵɯ ɆɎ, ɫ ɝɨɞɚɦɢ 
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ɫɬɚɥɨ ɹɫɧɨ, ɱɬɨ ɷɬɨ ɭɪɚɜɧɟɧɢɟ ɧɟ ɬɚɤ ɩɪɨɫɬɨ, ɢ ɧɟɞɚɜɧɢɟ ɪɟɡɭɥɶɬɚɬɵ 

ɩɨɞɬɜɟɪɠɞɚɸɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɝɥɢɤɨɥɢɡɚ ɞɥɹ M2-ɮɟɧɨɬɢɩɚ ɆɎ [23, 24]. 

 
1.2.1.1 Ȼɢɨɝɟɧɟɡ ɥɢɩɢɞɧɵɯ ɤɚɩɟɥɶ 

 
Ʉɥɟɬɤɚɦ ɧɟɨɛɯɨɞɢɦɵ ɥɢɩɢɞɵ, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɷɮɮɟɤɬɢɜɧɨɟ ɯɪɚɧɟɧɢɟ ɢ 

ɩɪɨɢɡɜɨɞɫɬɜɨ ɷɧɟɪɝɢɢ [25]. Ʌɢɩɢɞɵ ɬɚɤɠɟ ɹɜɥɹɸɬɫɹ ɨɫɧɨɜɧɵɦɢ ɫɬɪɨɢɬɟɥɶɧɵɦɢ 

ɷɥɟɦɟɧɬɚɦɢ ɤɥɟɬɨɱɧɵɯ ɦɟɦɛɪɚɧ ɢ ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɚɦɢ ɦɧɨɝɢɯ ɫɢɝɧɚɥɶɧɵɯ 

ɦɨɥɟɤɭɥ. Ȼɨɥɶɲɢɧɫɬɜɨ ɤɥɟɬɨɤ ɨɛɥɚɞɚɸɬ ɫɩɨɫɨɛɧɨɫɬɶɸ ɧɚɤɚɩɥɢɜɚɬɶ ɥɢɩɢɞɵ ɜ 

ɮɨɪɦɟ ɥɢɩɢɞɧɵɯ ɤɚɩɟɥɶ [26]. 

Ʌɢɩɢɞɧɵɟ ɤɚɩɥɢ (ɅɄ) - ɷɬɨ ɰɢɬɨɩɥɚɡɦɚɬɢɱɟɫɤɢɟ ɞɢɧɚɦɢɱɟɫɤɢɟ ɤɥɟɬɨɱɧɵɟ 

ɨɪɝɚɧɟɥɥɵ, ɞɟɩɨɧɢɪɭɸɳɢɟ ɥɢɩɢɞɵ [27]. Ɇɧɨɝɢɟ ɢɡ ɮɟɪɦɟɧɬɨɜ, ɤɨɬɨɪɵɟ 

ɫɢɧɬɟɡɢɪɭɸɬ ɮɨɫɮɨɥɢɩɢɞɵ (ɎɅ), ɬɪɢɚɰɢɥɝɥɢɰɟɪɢɧɵ (ɌȽ) ɢ ɢɯ ɩɪɨɦɟɠɭɬɨɱɧɵɟ 

ɫɨɟɞɢɧɟɧɢɹ, ɚ ɬɚɤɠɟ ɥɢɩɚɡɵ ɢ ɥɢɩɨɥɢɬɢɱɟɫɤɢɟ ɪɟɝɭɥɹɬɨɪɵ, ɥɨɤɚɥɢɡɭɸɬɫɹ ɧɚ 

ɩɨɜɟɪɯɧɨɫɬɢ ɅɄ. ɉɨɦɢɦɨ ɢɯ ɢɡɜɟɫɬɧɨɣ ɪɨɥɢ ɜ ɦɟɬɚɛɨɥɢɡɦɟ ɥɢɩɢɞɨɜ, ɜɫɟ 

ɛɨɥɶɲɟ ɞɚɧɧɵɯ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ ɅɄ ɬɚɤɠɟ ɭɱɚɫɬɜɭɸɬ ɜ ɞɟɝɪɚɞɚɰɢɢ 

ɛɟɥɤɚ [28], ɨɬɜɟɬɟ ɧɚ ɫɬɪɟɫɫ ɗɉɊ [25], ɝɥɢɤɨɡɢɥɢɪɨɜɚɧɢɢ ɛɟɥɤɚ [29] ɢ ɢɧɮɟɤɰɢɢ 

ɩɚɬɨɝɟɧɨɜ [30]. 

ɅɄ ɨɯɜɚɬɵɜɚɸɬ ɲɢɪɨɤɢɣ ɞɢɚɩɚɡɨɧ ɪɚɡɦɟɪɨɜ (ɨɬ ɞɟɫɹɬɤɨɜ ɧɦ ɞɨ 

ɧɟɫɤɨɥɶɤɢɯ ɦɢɤɪɨɧ ɜ ɞɢɚɦɟɬɪɟ) ɢ ɦɨɝɭɬ ɪɚɫɬɢ ɢ ɭɦɟɧɶɲɚɬɶɫɹ ɜ ɨɬɜɟɬ ɧɚ 

ɤɥɟɬɨɱɧɵɟ ɫɢɝɧɚɥɵ. əɞɪɚ ɅɄ ɫɨɞɟɪɠɚɬ ɧɟɣɬɪɚɥɶɧɵɟ ɥɢɩɢɞɵ, ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ 

ɫɬɟɪɢɧɨɜɵɟ ɷɮɢɪɵ ɢɥɢ ɌȽ, ɢ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ ɤɥɟɬɨɤ, ɦɨɝɭɬ ɬɚɤɠɟ 

ɜɤɥɸɱɚɬɶ ɪɟɬɢɧɢɥɨɜɵɟ ɷɮɢɪɵ, ɜɨɫɤɢ ɢ ɩɪɨɫɬɵɟ ɷɮɢɪɵ ɥɢɩɢɞɨɜ. ɗɬɢ ɥɢɩɢɞɵ 

ɨɤɪɭɠɟɧɵ ɮɨɫɮɨɥɢɩɢɞɧɵɦ ɦɨɧɨɫɥɨɟɦ, ɫɨɫɬɨɹɳɢɦ ɜ ɨɫɧɨɜɧɨɦ ɢɡ 

ɮɨɫɮɚɬɢɞɢɥɯɨɥɢɧɚ ɢ ɮɨɫɮɚɬɢɞɢɥɷɬɚɧɨɥɚɦɢɧɚ [31]. ɋɨɫɬɚɜ ɩɨɜɟɪɯɧɨɫɬɢ ɨɱɟɧɶ 

ɜɚɠɟɧ ɞɥɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɪɚɡɦɟɪɚ ɅɄ ɢ ɢɯ ɫɩɨɫɨɛɧɨɫɬɢ ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɬɶ ɫ 

ɞɪɭɝɢɦɢ ɅɄ ɢɥɢ ɨɪɝɚɧɟɥɥɚɦɢ, ɬɚɤɢɦɢ ɤɚɤ ɗɉɊ. 

ɉɨɜɟɪɯɧɨɫɬɶ ɅɄ ɞɟɤɨɪɢɪɨɜɚɧɚ ɫɩɟɰɢɮɢɱɟɫɤɢɦɢ ɛɟɥɤɚɦɢ, ɢ, ɱɬɨ 

ɧɟɭɞɢɜɢɬɟɥɶɧɨ, ɦɧɨɝɢɟ ɢɡ ɧɢɯ ɭɱɚɫɬɜɭɸɬ ɜ ɦɟɬɚɛɨɥɢɡɦɟ ɥɢɩɢɞɨɜ. Ȼɨɥɶɲɢɧɫɬɜɨ 

ɅɄ ɢɦɟɸɬ ɨɤɨɥɨ 50-200 ɪɚɡɥɢɱɧɵɯ ɛɟɥɤɨɜ ɧɚ ɫɜɨɟɣ ɩɨɜɟɪɯɧɨɫɬɢ [28]. ɋɨɫɬɚɜ 
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ɛɟɥɤɨɜ ɦɨɠɟɬ ɪɚɡɥɢɱɚɬɶɫɹ ɭ ɅɄ ɪɚɡɧɨɝɨ ɪɚɡɦɟɪɚ [32] ɢɥɢ ɪɚɡɧɨɝɨ ɥɢɩɢɞɧɨɝɨ 

ɫɨɫɬɚɜɚ [27]. 

Ʌɢɩɢɞɧɵɟ ɤɚɩɥɢ ɞɢɧɚɦɢɱɟɫɤɢ ɫɢɧɬɟɡɢɪɭɸɬɫɹ ɢ ɪɚɫɳɟɩɥɹɸɬɫɹ ɜ ɨɬɜɟɬ ɧɚ 

ɩɨɬɪɟɛɧɨɫɬɢ ɤɥɟɬɨɤ ɢ ɫɢɝɧɚɥɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ [26]. ɂɯ ɛɢɨɝɟɧɟɡ 

ɢɧɞɭɰɢɪɭɟɬɫɹ ɜ ɤɥɟɬɤɚɯ, ɩɨɞɜɟɪɠɟɧɧɵɯ ɢɡɛɵɬɨɱɧɨɦɭ ɤɨɥɢɱɟɫɬɜɭ ɥɢɩɢɞɨɜ, 

ɩɢɬɚɬɟɥɶɧɨɦɭ ɢ ɨɤɢɫɥɢɬɟɥɶɧɨɦɭ ɫɬɪɟɫɫɭ, ɚ ɬɚɤɠɟ ɪɚɡɥɢɱɧɵɦ ɞɪɭɝɢɦ ɭɫɥɨɜɢɹɦ, 

ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɦɫɹ ɷɧɟɪɝɟɬɢɱɟɫɤɢɦ ɢ ɨɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɦ 

ɞɢɫɛɚɥɚɧɫɚɦɢ [25]. Ɉɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɫɜɨɣɫɬɜ ɥɢɩɢɞɧɵɯ ɤɚɩɟɥɶ ɹɜɥɹɟɬɫɹ ɢɯ 

ɫɩɨɫɨɛɧɨɫɬɶ ɛɭɮɟɪɢɡɨɜɚɬɶ ɢɡɛɵɬɨɤ ɥɢɩɢɞɨɜ, ɨɛɟɫɩɟɱɢɜɚɹ ɬɟɦ ɫɚɦɵɦ 

ɧɟɦɟɞɥɟɧɧɭɸ ɡɚɳɢɬɭ ɨɬ ɥɢɩɨɬɨɤɫɢɱɧɨɫɬɢ ɢ ɜɵɫɜɨɛɨɠɞɚɬɶ ɢɯ ɩɨɡɠɟ, 

ɩɨɫɬɟɩɟɧɧɨ ɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɨɬɪɟɛɧɨɫɬɹɦɢ ɤɥɟɬɨɤ [25]. 

Ȼɢɨɝɟɧɟɡ ɅɄ ɧɚɱɢɧɚɟɬɫɹ ɫ ɷɧɞɨɩɥɚɡɦɚɬɢɱɟɫɤɨɝɨ ɪɟɬɢɤɭɥɭɦɚ (ɗɉɊ), 

ɩɨɫɪɟɞɫɬɜɨɦ ɱɟɝɨ ɬɪɢɚɰɢɥɝɥɢɰɟɪɢɧɵ (ɌȺȽ) ɫɢɧɬɟɡɢɪɭɸɬɫɹ ɦɟɠɞɭ ɞɜɭɦɹ 

ɫɬɜɨɪɤɚɦɢ ɦɟɦɛɪɚɧɵ ɗɉɊ ɩɭɬɟɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɞɨɛɚɜɥɟɧɢɹ ɠɢɪɧɵɯ 

ɤɢɫɥɨɬ (ɀɄ) ɤ ɝɥɢɰɟɪɢɧɨɜɨɣ ɨɫɧɨɜɧɨɣ ɰɟɩɢ [27]. Ⱦɢɚɰɢɥɝɥɢɰɟɪɢɧ 

ɚɰɢɥɬɪɚɧɫɮɟɪɚɡɵ 1 ɢ 2 ɤɚɬɚɥɢɡɢɪɭɸɬ ɩɨɫɥɟɞɧɸɸ ɢ ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɭɸ ɫɬɚɞɢɸ 

ɩɭɬɢ ɛɢɨɫɢɧɬɟɡɚ ɌȺȽ. Ʉɨɝɞɚ ɧɚɤɚɩɥɢɜɚɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨɟ ɤɨɥɢɱɟɫɬɜɨ 

ɧɟɣɬɪɚɥɶɧɵɯ ɥɢɩɢɞɨɜ, ɨɛɪɚɡɭɸɳɢɟɫɹ ɥɢɩɢɞɧɵɟ ɤɚɩɥɢ ɨɬɪɵɜɚɸɬɫɹ ɨɬ 

ɦɟɦɛɪɚɧɵ ɗɉɊ ɢ ɜɵɫɜɨɛɨɠɞɚɸɬɫɹ ɜ ɰɢɬɨɡɨɥɶ [32]. Ʌɢɩɢɞɧɵɟ ɤɚɩɥɢ 

ɪɚɫɳɟɩɥɹɸɬɫɹ ɞɜɭɦɹ ɨɫɧɨɜɧɵɦɢ ɦɟɯɚɧɢɡɦɚɦɢ: ɥɢɩɨɥɢɡɨɦ ɢ ɥɢɩɨɮɚɝɢɟɣ [33]. 

Ʌɢɩɨɥɢɡ ɨɛɟɫɩɟɱɢɜɚɟɬ ɪɟɝɭɥɢɪɭɟɦɨɟ ɜɵɫɜɨɛɨɠɞɟɧɢɟ ɢɡ Ɍȼɋ ɦɟɬɨɤ, ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɞɟɣɫɬɜɢɹ ɠɢɪɨɜɨɣ ɬɪɢɝɥɢɰɟɪɢɞ ɥɢɩɚɡɵ, ɝɨɪɦɨɧ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɣ ɥɢɩɚɡɵ ɢ ɦɨɧɨɚɰɢɥɝɥɢɰɟɪɨɥ ɥɢɩɚɡɵ [34]. Ʌɢɩɨɮɚɝɢɹ - ɷɬɨ 

ɧɟɞɚɜɧɨ ɨɬɤɪɵɬɚɹ ɫɟɥɟɤɬɢɜɧɚɹ ɮɨɪɦɚ ɚɭɬɨɮɚɝɢɢ, ɩɪɢ ɤɨɬɨɪɨɣ ɱɚɫɬɢ ɢɥɢ ɰɟɥɵɟ 

ɅɄ ɩɨɝɥɨɳɚɸɬɫɹ ɚɭɬɨɮɚɝɨɫɨɦɧɵɦɢ ɦɟɦɛɪɚɧɚɦɢ ɢ ɫɥɢɜɚɸɬɫɹ ɫ ɥɢɡɨɫɨɦɚɦɢ ɞɥɹ 

ɪɚɡɥɨɠɟɧɢɹ ɝɢɞɪɨɥɢɬɢɱɟɫɤɢɦɢ ɮɟɪɦɟɧɬɚɦɢ. ɇɚ ɭɪɨɜɧɟ ɨɪɝɚɧɢɡɦɚ ɪɚɫɩɚɞ ɅɄ ɜ 

ɚɞɢɩɨɰɢɬɚɯ ɪɟɝɭɥɢɪɭɟɬɫɹ ɝɨɪɦɨɧɚɥɶɧɨ ɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɀɄ ɞɥɹ ɜɵɪɚɛɨɬɤɢ 

ɦɢɬɨɯɨɧɞɪɢɚɥɶɧɨɣ ɷɧɟɪɝɢɢ ɜ ɧɟɠɢɪɨɜɵɯ ɬɤɚɧɹɯ ɜɨ ɜɪɟɦɹ ɝɨɥɨɞɚɧɢɹ ɢ 

ɮɢɡɢɱɟɫɤɢɯ ɭɩɪɚɠɧɟɧɢɣ [29]. Ɉɞɧɚɤɨ ɅɄ ɜ ɧɟɠɢɪɨɜɵɯ ɬɤɚɧɹɯ ɬɚɤɠɟ 

ɩɨɞɜɟɪɝɚɸɬɫɹ ɰɢɤɥɚɦ ɛɢɨɝɟɧɟɡɚ ɢ ɪɚɫɩɚɞɚ ɜ ɨɬɜɟɬ ɧɚ ɩɢɬɚɬɟɥɶɧɵɟ ɜɟɳɟɫɬɜɚ ɢ 
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ɞɪɭɝɢɟ ɫɢɝɧɚɥɵ ɢɡ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. ɂɯ ɫɨɫɬɚɜ, ɤɨɥɢɱɟɫɬɜɨ, ɪɚɡɦɟɪ ɢ 

ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɜɧɭɬɪɢ ɤɥɟɬɨɤ ɞɢɧɚɦɢɱɟɫɤɢ ɦɟɧɹɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɮɢɡɢɨɥɨɝɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɤɥɟɬɤɢ [25]. 

 
1.2.2 Ɇɨɪɮɨɥɨɝɢɱɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ ɩɨɥɹɪɢɡɚɰɢɢ ɦɚɤɪɨɮɚɝɨɜ 

 
Frances et al. ɧɚɛɥɸɞɚɥɢ, ɱɬɨ ɆɎ, ɩɪɨɢɫɯɨɞɹɳɢɟ ɢɡ ɤɨɫɬɧɨɝɨ ɦɨɡɝɚ, 

ɫɬɢɦɭɥɢɪɨɜɚɧɧɵɟ ɜ ɤɭɥɶɬɭɪɟ ɰɢɬɨɤɢɧɚɦɢ ɞɥɹ ɢɧɞɭɤɰɢɢ ɩɨɥɹɪɢɡɚɰɢɢ M1 ɢɥɢ 

M2, ɞɟɦɨɧɫɬɪɢɪɭɸɬ ɡɚɦɟɬɧɨ ɨɬɥɢɱɚɸɳɭɸɫɹ ɦɨɪɮɨɥɨɝɢɸ ɤɥɟɬɨɤ. Ⱦɨɛɚɜɥɟɧɢɟ 

Ʌɉɋ ɢ IFN-Ȗ, ɤɨɬɨɪɵɟ ɫɬɢɦɭɥɢɪɭɸɬ ɩɨɥɹɪɢɡɚɰɢɸ M1, ɡɚɫɬɚɜɥɹɥɨ ɤɥɟɬɤɢ 

ɩɪɢɧɢɦɚɬɶ ɨɤɪɭɝɥɭɸ ɮɨɪɦɭ ɜ ɬɟɱɟɧɢɟ 24 ɱɚɫɨɜ ɩɨɫɥɟ ɫɬɢɦɭɥɹɰɢɢ. ȼ 

ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɫɬɶ ɷɬɨɦɭ, ɞɨɛɚɜɥɟɧɢɟ ɂɅ-4 ɢ ɂɅ-13, ɤɚɤ ɫɬɢɦɭɥɨɜ M2 

ɩɨɥɹɪɢɡɚɰɢɢ, ɩɪɢɜɟɥɨ ɤ ɮɨɪɦɢɪɨɜɚɧɢɹ ɭɞɥɢɧɟɧɧɵɯ ɤɥɟɬɨɤ. (Ʉɨɥɢɱɟɫɬɜɟɧɧɚɹ 

ɨɰɟɧɤɚ ɫɬɟɩɟɧɢ ɭɞɥɢɧɟɧɢɹ ɤɥɟɬɨɤ, ɤɨɬɨɪɭɸ ɨɧɢ ɨɩɪɟɞɟɥɢɥɢ ɤɚɤ ɞɥɢɧɭ ɫɚɦɨɣ 

ɞɥɢɧɧɨɣ ɨɫɢ, ɞɟɥɟɧɧɭɸ ɧɚ ɞɥɢɧɭ ɤɨɪɨɬɤɨɣ ɨɫɢ ɩɨɩɟɪɟɤ ɹɞɪɚ ɤɥɟɬɤɢ, ɩɨɤɚɡɚɥɚ, 

ɱɬɨ ɤɥɟɬɤɢ M2 ɞɟɦɨɧɫɬɪɢɪɭɸɬ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɟɟ ɜɵɫɨɤɭɸ ɫɬɟɩɟɧɶ ɭɞɥɢɧɟɧɢɹ 

ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɤɥɟɬɤɚɦɢ M1 ɢɥɢ ɧɟɫɬɢɦɭɥɢɪɨɜɚɧɧɵɦ M0). Frances et al., ɞɥɹ 

ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɩɨɥɹɪɢɡɚɰɢɢ ɆɎ, ɜɵɩɨɥɧɢɥɢ ɢɦɦɭɧɨɮɥɭɨɪɟɫɰɟɧɬɧɨɟ 

ɨɤɪɚɲɢɜɚɧɢɟ ɢ ɜɟɫɬɟɪɧ-ɛɥɨɬɬɢɧɝ, ɱɬɨɛɵ ɨɰɟɧɢɬɶ ɷɤɫɩɪɟɫɫɢɸ ɢɧɞɭɰɢɪɭɟɦɨɣ 

ɫɢɧɬɚɡɵ ɨɤɫɢɞɚ ɚɡɨɬɚ (iNOS) ɢ ɚɪɝɢɧɚɡɵ-1, ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɭɫɬɚɧɨɜɥɟɧɧɵɦɢ 

ɦɚɪɤɟɪɚɦɢ ɩɪɨɜɨɫɩɚɥɢɬɟɥɶɧɨɝɨ ɢ ɩɪɨɬɢɜɨɜɨɫɩɨɥɢɬɟɥɶɧɨɝɨ ɮɟɧɨɬɢɩɨɜ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Frances et al. ɨɛɧɚɪɭɠɢɥɢ, ɱɬɨ ɆɎ, ɫɬɢɦɭɥɢɪɨɜɚɧɧɵɟ Ʌɉɋ / 

IFN-Ȗ, ɷɤɫɩɪɟɫɫɢɪɨɜɚɥɢ ɜɵɫɨɤɢɟ ɭɪɨɜɧɢ iNOS, ɧɨ ɧɟ ɚɪɝɢɧɚɡɵ-1, ɬɨɝɞɚ ɤɚɤ 

ɤɥɟɬɤɢ, ɫɬɢɦɭɥɢɪɨɜɚɧɧɵɟ ɂɅ-4 / ɂɅ-13, ɷɤɫɩɪɟɫɫɢɪɨɜɚɥɢ ɜɵɫɨɤɢɟ ɭɪɨɜɧɢ 

ɚɪɝɢɧɚɡɵ-1. ɗɤɫɩɪɟɫɫɢɹ ɚɪɝɢɧɚɡɵ-1 ɡɚɜɢɫɟɥɚ ɨɬ ɞɨɡɢɪɨɜɤɢ ɂɅ-4 / ɂɅ-13, ɚ 

ɫɬɟɩɟɧɶ ɭɞɥɢɧɟɧɢɹ ɤɥɟɬɨɤ ɤɨɪɪɟɥɢɪɨɜɚɥɚ ɫ ɭɪɨɜɧɟɦ ɷɤɫɩɪɟɫɫɢɢ ɚɪɝɢɧɚɡɵ-1. 

ȼɦɟɫɬɟ ɷɬɢ ɞɚɧɧɵɟ ɩɪɟɞɩɨɥɚɝɚɸɬ, ɱɬɨ ɮɨɪɦɚ ɤɥɟɬɨɤ ɫɜɹɡɚɧɚ ɫ ɫɨɫɬɨɹɧɢɟɦ 

ɩɨɥɹɪɢɡɚɰɢɢ ɆɎ [35]. 
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1.2.3 Ȼɢɨɯɢɦɢɱɟɫɤɢɟ ɦɚɪɤɟɪɵ ɩɨɥɹɪɢɡɚɰɢɢ ɦɚɤɪɨɮɚɝɨɜ 
 

ȼ ɫɬɚɧɞɚɪɬɧɵɯ ɩɪɨɬɨɤɨɥɚɯ ɩɨɥɹɪɢɡɚɰɢɢ ɆɎ in vitro ɭɜɟɥɢɱɟɧɢɟ 

ɚɤɬɢɜɧɨɫɬɢ ɩɪɨɞɭɤɰɢɢ ɨɩɪɟɞɟɥɟɧɧɵɯ ɦɚɪɤɟɪɨɜ ɫɜɹɡɵɜɚɸɬ ɫ ɩɨɥɹɪɢɡɚɰɢɟɣ ɆɎ 

Ɇ1/ Ɇ2. Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɮɨɪɦɢɪɨɜɚɧɢɟɦ Ɇ1-ɮɟɧɨɬɢɩɚ ɆɎ ɫɜɹɡɚɧɨ ɫ 

ɩɨɜɵɲɟɧɧɨɣ ɩɪɨɞɭɤɰɢɟɣ ɂɅ-6, TNF-ɚɥɶɮɚ, ɉȽȿ2, ɚ ɭɜɟɥɢɱɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ 

ɩɪɨɞɭɤɰɢɢ ɂɅ-10, ɯɟɦɨɤɢɧɚ CCL-18, ɅɌȻ4 – ɫ ɮɨɪɦɢɪɨɜɚɧɢɟɦ Ɇ2-ɮɟɧɨɬɢɩɚ. 

Ɋɚɫɫɦɨɬɪɢɦ ɩɨɞɪɨɛɧɟɟ ɤɚɠɞɵɣ ɢɡ ɦɟɞɢɚɬɨɪɨɜ. 

ɉɪɨɫɬɚɝɥɚɧɞɢɧɵ ȿ2 (ɉȽȿ2) ɢ ɥɟɣɤɨɬɪɢɟɧɵ Ȼ4 (ɅɌȻ4) ɹɜɥɹɸɬɫɹ 

ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɦɢ ɩɪɨɢɡɜɨɞɧɵɦɢ ɠɢɪɧɵɯ ɤɢɫɥɨɬ , ɚ ɬɚɤ ɠɟ ɦɟɞɢɚɬɨɪɚɦɢ 

ɜɨɫɩɚɥɟɧɢɹ. 

ɋɢɧɬɟɡ ɉȽȿ2 ɜ ɨɪɝɚɧɢɡɦɟ ɧɚɱɢɧɚɟɬɫɹ ɫ ɚɤɬɢɜɚɰɢɢ ɚɪɚɯɢɞɨɧɨɜɨɣ ɤɢɫɥɨɬɵ 

(ȺɄ) ɮɟɪɦɟɧɬɨɦ ɮɨɫɮɨɥɢɩɚɡɨɣ A2. ɉɨɫɥɟ ɚɤɬɢɜɚɰɢɢ ȺɄ ɧɚɫɵɳɚɟɬɫɹ 

ɤɢɫɥɨɪɨɞɨɦ ɮɟɪɦɟɧɬɚɦɢ ɰɢɤɥɨɨɤɫɢɝɟɧɚɡɵ (ɐɈȽ) ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 

ɷɧɞɨɩɟɪɨɤɫɢɞɨɜ ɩɪɨɫɬɚɝɥɚɧɞɢɧɨɜ. ȼ ɱɚɫɬɧɨɫɬɢ, ɩɪɨɫɬɚɝɥɚɧɞɢɧ Ƚ2 (ɉȽȽ 2) 

ɦɨɞɢɮɢɰɢɪɭɟɬɫɹ ɩɟɪɨɤɫɢɞɚɡɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɮɟɪɦɟɧɬɚ ɐɈȽ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 

ɩɪɨɫɬɚɝɥɚɧɞɢɧɚ H2 (ɉȽH 2), ɤɨɬɨɪɵɣ ɡɚɬɟɦ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɉȽE2 [36]. 

ɉɪɢɪɨɞɧɵɟ ɩɪɨɫɬɚɝɥɚɧɞɢɧɵ, ɜɤɥɸɱɚɹ ɉȽȿ1 ɢ ɉȽȿ2, ɢɝɪɚɸɬ ɜɚɠɧɭɸ ɪɨɥɶ 

ɜ ɫɬɪɭɤɬɭɪɟ ɢ ɮɭɧɤɰɢɢ ɚɪɬɟɪɢɚɥɶɧɨɝɨ ɩɪɨɬɨɤɚ ɭ ɩɥɨɞɚ ɢ ɧɨɜɨɪɨɠɞɟɧɧɨɝɨ [37]. 

Ɉɧɢ ɩɨɡɜɨɥɹɸɬ ɚɪɬɟɪɢɚɥɶɧɨɦɭ ɩɪɨɬɨɤɭ ɨɫɬɚɜɚɬɶɫɹ ɨɬɤɪɵɬɵɦ, ɨɛɟɫɩɟɱɢɜɚɹ 

ɧɟɨɛɯɨɞɢɦɨɟ ɫɨɟɞɢɧɟɧɢɟ ɦɟɠɞɭ ɥɟɝɨɱɧɨɣ ɚɪɬɟɪɢɟɣ ɢ ɧɢɫɯɨɞɹɳɟɣ ɚɨɪɬɨɣ, ɱɬɨ 

ɩɨɡɜɨɥɹɟɬ ɤɪɨɜɢ ɨɛɯɨɞɢɬɶ ɧɟɞɨɪɚɡɜɢɬɵɟ ɥɟɝɤɢɟ ɩɥɨɞɚ ɢ ɬɪɚɧɫɩɨɪɬɢɪɨɜɚɬɶɫɹ ɤ 

ɩɥɚɰɟɧɬɟ ɞɥɹ ɧɚɫɵɳɟɧɢɹ ɤɢɫɥɨɪɨɞɨɦ [37]. 

ɉȽȿ2, ɤɚɤ ɢ ɉȽȿ1, ɞɟɣɫɬɜɭɟɬ ɤɚɤ ɩɪɹɦɨɟ ɜɚɡɨɞɢɥɚɬɚɬɨɪ, ɜɨɡɞɟɣɫɬɜɭɹ ɧɚ 

ɝɥɚɞɤɢɟ ɦɵɲɰɵ, ɜɵɡɵɜɚɹ ɪɚɫɲɢɪɟɧɢɟ ɤɪɨɜɟɧɨɫɧɵɯ ɫɨɫɭɞɨɜ. Ʉɪɨɦɟ ɬɨɝɨ, ɉȽȿ2 

ɩɨɞɚɜɥɹɟɬ ɚɝɪɟɝɚɰɢɸ ɬɪɨɦɛɨɰɢɬɨɜ [37]. 

ɉȽȿ2 ɩɨɞɚɜɥɹɟɬ ɩɟɪɟɞɚɱɭ ɫɢɝɧɚɥɨɜ ɢ ɩɪɨɥɢɮɟɪɚɰɢɸ ɪɟɰɟɩɬɨɪɨɜ Ɍ-ɤɥɟɬɨɤ 

ɢ ɦɨɠɟɬ ɢɝɪɚɬɶ ɪɨɥɶ ɜ ɩɨɞɚɜɥɟɧɢɢ ɜɨɫɩɚɥɟɧɢɹ. Ʉɪɨɦɟ ɬɨɝɨ, ɉȽȿ2 ɨɝɪɚɧɢɱɢɜɚɟɬ 

ɢɦɦɭɧɧɵɣ ɨɬɜɟɬ, ɩɪɟɞɨɬɜɪɚɳɚɹ ɞɢɮɮɟɪɟɧɰɢɪɨɜɤɭ B-ɥɢɦɮɨɰɢɬɨɜ [37]. 
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ɅɌȻ4 ɫɢɧɬɟɡɢɪɭɸɬɫɹ ɜ ɩɪɨɰɟɫɫɟ ɨɤɢɫɥɟɧɢɹ ȺɄ ɢ ɷɣɤɨɡɚɩɟɧɬɚɟɧɨɜɨɣ 

ɤɢɫɥɨɬɵ ɫ ɩɨɦɨɳɶɸ ɮɟɪɦɟɧɬɚ ɚɪɚɯɢɞɨɧɚɬɚ 5-ɥɢɩɨɤɫɢɝɟɧɚɡɵ [38]. 

Ʉɚɬɚɥɢɬɢɱɟɫɤɢɣ ɦɟɯɚɧɢɡɦ ɜɤɥɸɱɚɟɬ ɜɜɟɞɟɧɢɟ ɤɢɫɥɨɪɨɞɧɨɝɨ ɮɪɚɝɦɟɧɬɚ ɜ 

ɨɩɪɟɞɟɥɟɧɧɨɟ ɩɨɥɨɠɟɧɢɟ ɜ ɨɫɧɨɜɧɨɣ ɰɟɩɢ ɚɪɚɯɢɞɨɧɨɜɨɣ ɤɢɫɥɨɬɵ [38]. 

Ʌɢɩɨɤɫɢɝɟɧɚɡɧɵɣ ɩɭɬɶ ɚɤɬɢɜɟɧ ɜ ɥɟɣɤɨɰɢɬɚɯ ɢ ɞɪɭɝɢɯ ɢɦɦɭɧɨɤɨɦɩɟɬɟɧɬɧɵɯ 

ɤɥɟɬɤɚɯ, ɜɤɥɸɱɚɹ Ɇɇ ɢ ɆɎ [38]. Ʉɨɝɞɚ ɬɚɤɢɟ ɤɥɟɬɤɢ ɚɤɬɢɜɢɪɭɸɬɫɹ, ȺɄ 

ɜɵɫɜɨɛɨɠɞɚɟɬɫɹ ɢɡ ɮɨɫɮɨɥɢɩɢɞɨɜ ɤɥɟɬɨɱɧɨɣ ɦɟɦɛɪɚɧɵ ɮɨɫɮɨɥɢɩɚɡɨɣ A2 ɢ 

ɩɟɪɟɞɚɟɬɫɹ 5-ɥɢɩɨɤɫɢɝɟɧɚɡɟ, ɮɟɪɦɟɧɬɭ, ɤɨɬɨɪɵɣ ɩɟɪɟɦɟɳɚɟɬɫɹ ɤ ɹɞɟɪɧɨɣ 

ɦɟɦɛɪɚɧɟ ɢɡ ɰɢɬɨɡɨɥɹ ɜ ɨɬɜɟɬ ɧɚ ɩɨɜɵɲɟɧɢɟ ɭɪɨɜɧɹ ɜɧɭɬɪɢɤɥɟɬɨɱɧɨɝɨ ɤɚɥɶɰɢɹ 

[39], ɱɟɪɟɡ ɛɟɥɨɤ-ɤɨɮɚɤɬɨɪ FLAP, ɚɤɬɢɜɢɪɭɸɳɢɣ 5-ɥɢɩɨɤɫɢɝɟɧɚɡɭ. 

Ɂɚɤɥɸɱɢɬɟɥɶɧɵɦ ɷɬɚɩɨɦ ɩɪɨɢɡɜɨɞɫɬɜɚ LTB4 ɹɜɥɹɟɬɫɹ ɝɢɞɪɨɥɢɡ LTA4, 

ɤɚɬɚɥɢɡɢɪɭɟɦɵɣ ɜ ɰɢɬɨɡɨɥɟ ɝɢɞɪɨɥɚɡɨɣ LTA4. 

Ʌɟɣɤɨɬɪɢɟɧɵ ɢɫɩɨɥɶɡɭɸɬ ɥɢɩɢɞɧɭɸ ɩɟɪɟɞɚɱɭ ɫɢɝɧɚɥɨɜ ɞɥɹ ɩɟɪɟɞɚɱɢ 

ɢɧɮɨɪɦɚɰɢɢ ɩɪɨɞɭɰɢɪɭɸɳɟɣ ɢɯ ɤɥɟɬɤɟ (ɚɭɬɨɤɪɢɧɧɚɹ ɩɟɪɟɞɚɱɚ ɫɢɝɧɚɥɨɜ), ɥɢɛɨ 

ɫɨɫɟɞɧɢɦ ɤɥɟɬɤɚɦ (ɩɚɪɚɤɪɢɧɧɚɹ ɩɟɪɟɞɚɱɚ ɫɢɝɧɚɥɨɜ), ɱɬɨɛɵ ɪɟɝɭɥɢɪɨɜɚɬɶ 

ɢɦɦɭɧɧɵɟ ɨɬɜɟɬɵ. ɉɪɨɢɡɜɨɞɫɬɜɨ ɥɟɣɤɨɬɪɢɟɧɨɜ ɨɛɵɱɧɨ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ 

ɜɵɪɚɛɨɬɤɨɣ ɝɢɫɬɚɦɢɧɚ ɢ ɩɪɨɫɬɚɝɥɚɧɞɢɧɨɜ [39]. 

Ɏɚɤɬɨɪ ɧɟɤɪɨɡɚ ɨɩɭɯɨɥɢ ɚɥɶɮɚ (TNF-α) ɹɜɥɹɟɬɫɹ ɰɢɬɨɤɢɧɨɦ, 

ɢɫɩɨɥɶɡɭɟɦɵɦ ɢɦɦɭɧɧɨɣ ɫɢɫɬɟɦɨɣ ɞɥɹ ɩɟɪɟɞɚɱɢ ɫɢɝɧɚɥɨɜ ɤɥɟɬɤɚɦ. ȿɫɥɢ ɆɎ 

ɨɛɧɚɪɭɠɢɜɚɸɬ ɢɧɮɟɤɰɢɸ, ɨɧɢ ɜɵɞɟɥɹɸɬ TNF, ɱɬɨɛɵ ɩɪɟɞɭɩɪɟɞɢɬɶ ɞɪɭɝɢɟ 

ɤɥɟɬɤɢ ɢɦɦɭɧɧɨɣ ɫɢɫɬɟɦɵ, ɚ ɬɚɤɠɟ ɤɥɟɬɤɢ ɞɪɭɝɢɯ ɬɤɚɧɟɣ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ 

ɜɨɫɩɚɥɟɧɢɸ. 

ɉɟɪɟɞɚɱɚ ɫɢɝɧɚɥɨɜ TNF ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɱɟɪɟɡ ɞɜɚ ɪɟɰɟɩɬɨɪɚ: TNFR1 ɢ 

TNFR2 [40]. TNFR1 ɤɨɧɫɬɢɬɭɬɢɜɧɨ ɷɤɫɩɪɟɫɫɢɪɭɟɬɫɹ ɧɚ ɛɨɥɶɲɢɧɫɬɜɟ ɬɢɩɨɜ 

ɤɥɟɬɨɤ, ɬɨɝɞɚ ɤɚɤ TNRF2 ɨɝɪɚɧɢɱɟɧ, ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ, ɷɧɞɨɬɟɥɢɚɥɶɧɵɦɢ, 

ɷɩɢɬɟɥɢɚɥɶɧɵɦɢ ɢ ɫɭɛɩɨɩɭɥɹɰɢɹɦɢ ɢɦɦɭɧɧɵɯ ɤɥɟɬɨɤ. ɉɟɪɟɞɚɱɚ ɫɢɝɧɚɥɨɜ 

TNF1 ɢɦɟɟɬ ɬɟɧɞɟɧɰɢɸ ɛɵɬɶ ɩɪɨɜɨɫɩɚɥɢɬɟɥɶɧɨɣ ɢ ɚɩɨɩɬɨɬɢɱɟɫɤɨɣ, ɬɨɝɞɚ ɤɚɤ 

ɩɟɪɟɞɚɱɚ ɫɢɝɧɚɥɨɜ TNFR2 ɹɜɥɹɟɬɫɹ ɩɪɨɬɢɜɨɜɨɫɩɚɥɢɬɟɥɶɧɨɣ ɢ ɫɩɨɫɨɛɫɬɜɭɟɬ 

ɩɪɨɥɢɮɟɪɚɰɢɢ ɤɥɟɬɨɤ. ɉɨɞɚɜɥɟɧɢɟ ɩɟɪɟɞɚɱɢ ɫɢɝɧɚɥɨɜ TNFR1 ɛɵɥɨ ɜɚɠɧɨ ɞɥɹ 
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ɥɟɱɟɧɢɹ ɚɭɬɨɢɦɦɭɧɧɵɯ ɡɚɛɨɥɟɜɚɧɢɣ, ɬɨɝɞɚ ɤɚɤ ɩɟɪɟɞɚɱɚ ɫɢɝɧɚɥɨɜ TNFR2 

ɫɩɨɫɨɛɫɬɜɭɟɬ ɡɚɠɢɜɥɟɧɢɸ ɪɚɧ [40]. 

ɏɟɦɨɤɢɧ (ɦɨɬɢɜ ɋɋ) ɥɢɝɚɧɞ 18 (CCL18) – ɬɢɩ ɰɢɬɨɤɢɧɨɜ, ɤɨɬɨɪɵɣ 

ɭɱɚɫɬɜɭɟɬ ɜ ɦɢɝɪɚɰɢɢ ɢɦɦɭɧɧɵɯ ɤɥɟɬɨɤ ɢ ɢɯ ɫɨɨɛɳɟɧɢɢ ɞɪɭɝ ɫ ɞɪɭɝɨɦ. 

CCL18 ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɨɫɧɨɜɧɨɦ ɫ ɩɨɦɨɳɶɸ ɚɧɬɢɝɟɧ-ɩɪɟɞɫɬɚɜɥɹɸɳɢɯ 

ɤɥɟɬɨɤ ɜ ɜɪɨɠɞɟɧɧɨɣ ɢɦɦɭɧɧɨɣ ɫɢɫɬɟɦɟ. ɗɬɢ ɤɥɟɬɤɢ ɜɤɥɸɱɚɸɬ ɞɟɧɞɪɢɬɧɵɟ 

ɤɥɟɬɤɢ, Ɇɇ ɢ ɆɎ. ȿɝɨ ɩɪɨɞɭɤɰɢɹ ɚɤɬɢɜɢɪɭɟɬɫɹ ɜ ɷɬɢɯ ɤɥɟɬɤɚɯ ɫ ɩɨɦɨɳɶɸ ɂɅ- 

10, ɂɅ-4 ɢ ɂɅ-13 – ɰɢɬɨɤɢɯɨɜ, ɯɚɪɚɤɬɟɪɧɵɯ ɞɥɹ Ɇ2-ɩɨɥɹɪɢɡɚɰɢɢ, ɢ ɤɨɬɨɪɵɟ 

ɭɱɚɫɬɜɭɸɬ ɜ ɝɭɦɨɪɚɥɶɧɨɦ ɢɦɦɭɧɧɨɦ ɨɬɜɟɬɟ ɢɥɢ ɜ ɢɦɦɭɧɨɫɭɩɪɟɫɫɢɢ. 

ɉɪɢɫɭɬɫɬɜɢɟ IFN-Ȗ, ɢɧɞɭɤɬɨɪɚ Ɇ1-ɩɨɥɹɪɢɡɚɰɢɢ, ɩɨɞɚɜɥɹɟɬ ɩɪɨɞɭɤɰɢɸ CCL18 

[41]. 

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɞɥɹ CCL18 ɩɪɟɞɥɨɠɟɧɵ ɬɪɢ ɪɟɰɟɩɬɨɪɚ: PITPNM3, 

GPR30 ɢ CCR8. Ɋɟɰɟɩɬɨɪ CCR8 ɯɚɪɚɤɬɟɪɟɧ ɞɥɹ ɤɥɟɬɨɤ ɢɦɦɭɧɧɨɣ ɫɢɫɬɟɦɵ, ɜ 

ɬɨɦ ɱɢɫɥɟ ɆɎ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ PITPNM3 ɷɤɫɩɪɟɫɫɢɪɭɟɬɫɹ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɧɚ 

ɪɚɤɨɜɵɯ ɤɥɟɬɤɚɯ, ɚ ɫɜɹɡɵɜɚɧɢɟ GPR30- CCL18 ɧɟ ɜɵɡɵɜɚɟɬ ɯɟɦɨɬɚɤɫɢɫɚ [41]. 

CCL18 ɩɨɛɭɠɞɚɟɬ ɧɟɡɪɟɥɵɟ ɆɎ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɬɶɫɹ ɜ 

ɢɦɦɭɧɨɫɭɩɪɟɫɫɢɜɧɵɟ (ɩɪɨɬɢɜɨɜɨɫɩɨɥɢɬɟɥɶɧɵɟ) Ɇ2-ɆɎ, ɫɩɨɫɨɛɧɵɟ 

ɩɪɨɞɭɰɢɪɨɜɚɬɶ CCL18, ɤɨɬɨɪɵɟ ɩɪɢɜɥɟɤɚɸɬ Ɍ-ɤɥɟɬɤɢ, ɩɨɞɚɜɥɹɹ ɮɭɧɤɰɢɸ 

ɷɮɮɟɤɬɨɪɧɵɯ Ɍ-ɤɥɟɬɨɤ ɢ ɝɟɧɟɪɢɪɭɹ Ɍ-ɪɟɝɭɥɹɬɨɪɧɵɟ ɤɥɟɬɤɢ ɩɭɬɟɦ ɫɟɤɪɟɰɢɢ 

ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɂɅ-10 [41]. 

ɂɧɬɟɪɥɟɣɤɢɧ 6 (ɂɅ-6) ɹɜɥɹɟɬɫɹ ɩɪɨɜɨɫɩɨɥɢɬɟɥɥɶɧɵɦ ɰɢɬɨɤɢɧɨɦ ɢ 

ɦɢɨɤɢɧɨɦ (ɰɢɬɨɤɢɧɨɦ, ɜɵɪɚɛɚɬɵɜɚɟɦɵɦ ɦɵɲɰɚɦɢ, ɭɪɨɜɟɧɶ ɤɨɬɨɪɨɝɨ 

ɩɨɜɵɲɚɟɬɫɹ ɜ ɨɬɜɟɬ ɧɚ ɫɨɤɪɚɳɟɧɢɟ ɦɵɲɰ). Ɋɨɥɶ ɂɅ-6 ɤɚɤ 

ɩɪɨɬɢɜɨɜɨɫɩɚɥɢɬɟɥɶɧɨɝɨ ɦɢɨɤɢɧɚ ɨɩɨɫɪɟɞɭɟɬɫɹ ɟɝɨ ɢɧɝɢɛɢɪɭɸɳɢɦ ɞɟɣɫɬɜɢɟɦ 

ɧɚ TNF-α ɢ ɂɅ-1 ɢ ɚɤɬɢɜɚɰɢɟɣ ɂɅ-1ra ɢ ɂɅ-10 [42]. 

ɋɭɳɟɫɬɜɭɸɬ ɧɟɤɨɬɨɪɵɟ ɪɚɧɧɢɟ ɫɜɢɞɟɬɟɥɶɫɬɜɚ ɬɨɝɨ, ɱɬɨ ɂɅ-6 ɦɨɠɟɬ 

ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɜ ɤɚɱɟɫɬɜɟ ɜɨɫɩɚɥɢɬɟɥɶɧɨɝɨ ɦɚɪɤɟɪɚ ɬɹɠɟɥɨɣ ɢɧɮɟɤɰɢɢ 

COVID-19 ɫ ɩɥɨɯɢɦ ɩɪɨɝɧɨɡɨɦ ɜ ɤɨɧɬɟɤɫɬɟ ɛɨɥɟɟ ɲɢɪɨɤɨɣ ɩɚɧɞɟɦɢɢ 

ɤɨɪɨɧɚɜɢɪɭɫɚ [42]. 
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ɂɅ-6 ɫɟɤɪɟɬɢɪɭɟɬɫɹ ɦɚɤɪɨɮɚɝɚɦɢ ɜ ɨɬɜɟɬ ɧɚ ɫɩɟɰɢɮɢɱɟɫɤɢɟ 

ɦɨɥɟɤɭɥɹɪɧɵɟ ɫɬɪɭɤɬɭɪɵ, ɚɫɫɨɰɢɢɪɨɜɚɧɧɵɦɢ ɫ ɩɚɬɨɝɟɧɚɦɢ. Ɉɧɢ ɫɜɹɡɵɜɚɸɬɫɹ ɫ 

ɜɚɠɧɨɣ ɝɪɭɩɩɨɣ ɦɨɥɟɤɭɥ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɜɪɨɠɞɟɧɧɨɣ ɢɦɦɭɧɧɨɣ ɫɢɫɬɟɦɵ, 

ɧɚɡɵɜɚɟɦɨɣ ɪɟɰɟɩɬɨɪɚɦɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɨɛɪɚɡɨɜ (PRR), ɜɤɥɸɱɚɹ Toll-ɩɨɞɨɛɧɵɟ 

ɪɟɰɟɩɬɨɪɵ (TLR) [43]. Ɉɧɢ ɩɪɢɫɭɬɫɬɜɭɸɬ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɥɟɬɤɢ ɢ 

ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɯ ɤɨɦɩɚɪɬɦɟɧɬɚɯ ɢ ɢɧɞɭɰɢɪɭɸɬ ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɟ ɫɢɝɧɚɥɶɧɵɟ 

ɤɚɫɤɚɞɵ, ɤɨɬɨɪɵɟ ɜɵɡɵɜɚɸɬ ɩɪɨɞɭɤɰɢɸ ɜɨɫɩɚɥɢɬɟɥɶɧɵɯ ɰɢɬɨɤɢɧɨɜ. ɂɅ-6 

ɹɜɥɹɟɬɫɹ ɜɚɠɧɵɦ ɦɟɞɢɚɬɨɪɨɦ ɨɫɬɪɨɣ ɮɚɡɵ ɦɦɭɧɧɨɝɨ ɨɬɜɟɬɚ [42].. 

ɂɅ-6 ɩɟɪɟɞɚɟɬ ɫɢɝɧɚɥɵ ɱɟɪɟɡ ɤɨɦɩɥɟɤɫ ɪɟɰɟɩɬɨɪɨɜ ɰɢɬɨɤɢɧɨɜ ɬɢɩɚ I ɧɚ 

ɤɥɟɬɨɱɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɫɨɫɬɨɹɳɢɣ ɢɡ ɥɢɝɚɧɞ-ɫɜɹɡɵɜɚɸɳɟɣ ɰɟɩɢ ɂɅ-6Rα 

(CD126) ɢ ɤɨɦɩɨɧɟɧɬɚ, ɩɟɪɟɞɚɸɳɟɝɨ ɫɢɝɧɚɥ gp130 (CD130) [43]. ȼɨ ɜɪɟɦɹ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɂɅ-6 ɫɨ ɫɜɨɢɦ ɪɟɰɟɩɬɨɪɨɦ, ɩɪɨɢɫɯɨɞɢɬ ɡɚɩɭɫɤ ɛɟɥɤɨɜ gp130 ɢ 

ɂɅ-6R ɞɥɹ ɨɛɪɚɡɨɜɚɧɢɹ ɤɨɦɩɥɟɤɫɚ, ɚɤɬɢɜɢɪɭɸɳɟɝɨ ɪɟɰɟɩɬɨɪ. ɗɬɢ ɤɨɦɩɥɟɤɫɵ 

ɨɛɴɟɞɢɧɹɸɬ ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɟ ɨɛɥɚɫɬɢ gp130, ɱɬɨɛɵ ɢɧɢɰɢɢɪɨɜɚɬɶ ɤɚɫɤɚɞ 

ɩɟɪɟɞɚɱɢ ɫɢɝɧɚɥɚ ɱɟɪɟɡ ɨɩɪɟɞɟɥɟɧɧɵɟ ɮɚɤɬɨɪɵ ɬɪɚɧɫɤɪɢɩɰɢɢ, ɤɢɧɚɡɵ əɧɭɫɚ 

(JAK) ɢ ɫɢɝɧɚɥɶɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɢ ɚɤɬɢɜɚɬɨɪɵ ɬɪɚɧɫɤɪɢɩɰɢɢ (STAT) [43]. 

ɂɧɬɟɪɥɟɣɤɢɧ 10 (ɂɅ-10) ɹɜɥɹɟɬɫɹ ɩɪɨɬɢɜɨɜɨɫɩɚɥɢɬɟɥɶɧɵɦ ɰɢɬɨɤɢɧɨɦ. 

ɂɅ-10 ɩɟɪɟɞɚɟɬ ɫɢɝɧɚɥɵ ɱɟɪɟɡ ɪɟɰɟɩɬɨɪɧɵɣ ɤɨɦɩɥɟɤɫ, ɫɨɫɬɨɹɳɢɣ ɢɡ ɞɜɭɯ 

ɛɟɥɤɨɜ ɪɟɰɟɩɬɨɪɚ ɂɅ-10-1 ɢ ɞɜɭɯ ɛɟɥɤɨɜ ɪɟɰɟɩɬɨɪɚ ɂɅ-10-2 [44]. ɋɜɹɡɵɜɚɧɢɟ 

ɂɅ-10 ɢɧɞɭɰɢɪɭɟɬ ɩɟɪɟɞɚɱɭ ɫɢɝɧɚɥɨɜ STAT3 ɩɨɫɪɟɞɫɬɜɨɦ ɮɨɫɮɨɪɢɥɢɪɨɜɚɧɢɹ 

ɰɢɬɨɩɥɚɡɦɚɬɢɱɟɫɤɢɯ ɯɜɨɫɬɨɜ ɪɟɰɟɩɬɨɪɚ 1 ɂɅ-10 + ɪɟɰɟɩɬɨɪɚ 2 ɂɅ-10 

ɩɨɫɪɟɞɫɬɜɨɦ JAK1 ɢ Tyk2 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ [44]. 

ɂɅ-10 ɨɫɧɨɜɧɨɦ ɫɟɤɪɟɬɢɪɭɸɬ Ɇɇ ɢ ɆɎ, ɜ ɦɟɧɶɲɟɣ ɥɢɦɮɨɰɢɬɵ. 

ɗɤɫɩɪɟɫɫɢɹ ɂɅ-10 ɦɢɧɢɦɚɥɶɧɚ ɜ ɧɟɫɬɢɦɭɥɢɪɨɜɚɧɧɵɯ ɬɤɚɧɹɯ ɢ ɬɪɟɛɭɟɬ ɡɚɩɭɫɤɚ 

ɤɨɦɦɟɧɫɚɥɶɧɨɣ ɢɥɢ ɩɚɬɨɝɟɧɧɨɣ ɮɥɨɪɨɣ [44]. ɗɤɫɩɪɟɫɫɢɹ ɂɅ-10 ɫɬɪɨɝɨ 

ɪɟɝɭɥɢɪɭɟɬɫɹ ɧɚ ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɨɦ ɢ ɩɨɫɬɬɪɚɧɫɤɪɢɩɰɢɨɧɧɨɦ ɭɪɨɜɧɹɯ. 

Ɉɛɲɢɪɧɨɟ ɪɟɦɨɞɟɥɢɪɨɜɚɧɢɟ ɥɨɤɭɫɚ ɂɅ-10 ɧɚɛɥɸɞɚɟɬɫɹ ɜ ɦɨɧɨɰɢɬɚɯ ɩɪɢ 

ɫɬɢɦɭɥɹɰɢɢ ɩɭɬɟɣ TLR ɢɥɢ Fc ɪɟɰɟɩɬɨɪɨɜ [45]. 
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ɂɅ-10 - ɷɬɨ ɰɢɬɨɤɢɧ ɫ ɦɧɨɠɟɫɬɜɟɧɧɵɦɢ ɩɥɟɣɨɬɪɨɩɧɵɦɢ ɷɮɮɟɤɬɚɦɢ ɩɪɢ 

ɢɦɦɭɧɨɪɟɝɭɥɹɰɢɢ ɢ ɜɨɫɩɚɥɟɧɢɢ. Ɉɧ ɩɨɞɚɜɥɹɟɬ ɷɤɫɩɪɟɫɫɢɸ ɰɢɬɨɤɢɧɨɜ Th1, 

ɚɧɬɢɝɟɧɨɜ MHC ɤɥɚɫɫɚ II  ɢ ɤɨɫɬɢɦɭɥɢɪɭɸɳɢɯ ɦɨɥɟɤɭɥ ɧɚ ɦɚɤɪɨɮɚɝɚɯ [45]. 

1.2. 4 Ɇ1 / Ɇ2 – ɮɟɧɨɬɢɩɵ ɦɚɤɪɨɮɚɝɨɜ ɩɪɢ ɪɚɡɧɵɯ ɩɚɬɨɥɨɝɢɹɯ 
 

ɆɎ ɩɪɟɬɟɪɩɟɜɚɸɬ ɞɢɧɚɦɢɱɟɫɤɢɟ ɢɡɦɟɧɟɧɢɹ ɧɚ ɪɚɡɧɵɯ ɷɬɚɩɚɯ 

ɪɟɝɟɧɟɪɚɰɢɢ. M1-ɩɨɥɹɪɢɡɨɜɚɧɧɵɟ ɆɎ ɨɩɨɫɪɟɞɭɸɬ ɩɨɜɪɟɠɞɟɧɢɟ ɬɤɚɧɟɣ ɢ 

ɢɧɢɰɢɢɪɭɸɬ ɜɨɫɩɚɥɢɬɟɥɶɧɵɟ ɪɟɚɤɰɢɢ [46]. ɇɚ ɧɚɱɚɥɶɧɵɯ ɷɬɚɩɚɯ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɩɨɜɪɟɠɞɟɧɧɵɯ ɭɱɚɫɬɤɨɜ ɷɩɢɬɟɥɢɹ ɩɨɩɭɥɹɰɢɹ ɆɎ ɩɪɟɞɫɬɚɜɥɟɧɚ 

M2-ɮɟɧɨɬɢɩɨɦ, ɢ ɢɯ ɫɨɤɪɚɳɟɧɢɟ ɢɧɝɢɛɢɪɭɟɬ ɨɛɪɚɡɨɜɚɧɢɟ ɫɢɥɶɧɨ 

ɜɚɫɤɭɥɹɪɢɡɨɜɚɧɧɨɣ ɤɥɟɬɨɱɧɨɣ ɝɪɚɧɭɥɹɪɧɨɣ ɬɤɚɧɢ ɢ ɪɭɛɰɨɜɵɯ ɬɤɚɧɟɣ [47]. 

ɉɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɬɚɤɨɝɨ ɡɚɛɨɥɟɜɚɧɢɹ, ɤɚɤ ɧɟɣɪɨɩɚɬɢɹ ɫɟɬɱɚɬɤɢ, 

ɢɧɮɢɥɶɬɪɚɰɢɹ ɦɨɧɨɧɭɤɥɟɚɪɧɵɯ ɮɚɝɨɰɢɬɨɜ ɫɨɡɞɚɟɬ ɧɟɣɪɨɩɪɨɬɟɤɬɨɪɧɨɟ 

ɦɢɤɪɨɨɤɪɭɠɟɧɢɟ, ɫɩɨɫɨɛɫɬɜɭɸɳɟɟ ɜɵɠɢɜɚɧɢɸ ɤɥɟɬɨɤ-ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɨɜ 

ɫɟɬɱɚɬɤɢ [48]. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɩɨɥɹɪɢɡɨɜɚɧɧɵɯ ɆɎ ɫɨ ɫɬɜɨɥɨɜɵɦɢ ɤɥɟɬɤɚɦɢ ɢ 

ɤɥɟɬɤɚɦɢ-ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɚɦɢ, ɜɟɪɨɹɬɧɨ, ɹɜɥɹɟɬɫɹ ɤɥɸɱɟɜɵɦ ɤɨɦɩɨɧɟɧɬɨɦ ɢɯ 

ɪɨɥɢ ɜ ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ ɢ ɪɟɦɨɞɟɥɢɪɨɜɚɧɢɢ, ɨɞɧɚɤɨ ɢɫɬɢɧɧɨɟ ɡɧɚɱɟɧɢɟ 

ɩɨɥɹɪɢɡɨɜɚɧɧɵɯ ɆɎ ɩɪɢ ɞɟɝɟɧɟɪɚɬɢɜɧɵɯ ɡɚɛɨɥɟɜɚɧɢɹɯ ɢ ɢɯ ɭɱɚɫɬɢɟ ɜ 

ɫɬɜɨɥɨɜɵɯ ɤɥɟɬɤɚɯ ɢ ɤɥɟɬɤɚɯ-ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɚɯ ɟɳɟ ɩɪɟɞɫɬɨɢɬ ɨɩɪɟɞɟɥɢɬɶ 

[48]. 

Ⱥɤɬɢɜɚɰɢɹ ɆɎ ɛɵɥɚ ɨɛɧɚɪɭɠɟɧɚ ɩɪɢ ɚɭɬɨɢɦɦɭɧɧɵɯ ɢ ɜɨɫɩɚɥɢɬɟɥɶɧɵɯ 

ɡɚɛɨɥɟɜɚɧɢɹɯ, ɜ ɱɚɫɬɧɨɫɬɢ ɩɪɢ ɜɨɥɱɚɧɨɱɧɨɦ ɧɟɮɪɢɬɟ [49]. ȼ ɦɵɲɢɧɨɣ ɦɨɞɟɥɢ 

ɋɄȼ ɩɪɨɜɨɫɩɚɥɢɬɟɥɶɧɚɹ ɚɤɬɢɜɚɰɢɹ ɆɎ ɩɨɞɞɟɪɠɢɜɚɥɚɫɶ ɩɟɪɟɞɚɱɟɣ ɫɢɝɧɚɥɨɜ 

Notch [49]. ɂ ɧɚɨɛɨɪɨɬ, ɫɵɜɨɪɨɬɨɱɧɵɣ ɚɦɢɥɨɢɞ P ɨɫɬɪɨɣ ɮɚɡɵ ɫɦɟɳɚɟɬ ɆɎ ɜ 

ɫɬɨɪɨɧɭ ɩɪɨɬɢɜɨɜɨɫɩɚɥɢɬɟɥɶɧɨɝɨ M2-ɩɨɞɨɛɧɨɝɨ ɮɟɧɨɬɢɩɚ, ɨɛɥɟɝɱɚɹ, ɬɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɜɨɥɱɚɧɨɱɧɵɣ ɧɟɮɪɢɬ [50]. ɉɪɢ ɊȺ ɨɫɧɨɜɧɨɣ ɢɫɬɨɱɧɢɤ ɰɢɬɨɤɢɧɨɜ M1 

(TNF-α, IL-1ȕ, IL-12p70) [51] ɜ ɫɭɫɬɚɜɚɯ ɧɚɯɨɞɹɬɫɹ ɫɢɧɨɜɢɚɥɶɧɵɟ ɆɎ, 

ɤɨɥɢɱɟɫɬɜɨ ɤɨɬɨɪɵɯ ɤɨɪɪɟɥɢɪɭɟɬ ɫ ɚɤɬɢɜɧɨɫɬɶɸ ɜɨɫɩɚɥɢɬɟɥɶɧɨɝɨ ɡɚɛɨɥɟɜɚɧɢɹ 

[51]. 
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ɆɎ M1 ɨɛɵɱɧɨ ɫɱɢɬɚɸɬɫɹ ɨɬɜɟɬɫɬɜɟɧɧɵɦɢ ɡɚ ɭɫɬɨɣɱɢɜɨɫɬɶ ɤ 

ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɦ ɩɚɬɨɝɟɧɚɦ ɢ ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɢɧɮɢɰɢɪɨɜɚɧɢɟ ɛɚɤɬɟɪɢɚɥɶɧɵɦɢ 

ɚɝɟɧɬɚɦɢ [52]. ɉɟɪɟɤɥɸɱɟɧɢɟ M1-M2, ɧɚɛɥɸɞɚɟɦɨɟ ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ ɨɫɬɪɨɣ 

ɢɧɮɟɤɰɢɢ ɤ ɯɪɨɧɢɱɟɫɤɨɣ, ɦɨɠɟɬ ɨɛɟɫɩɟɱɢɜɚɬɶ ɡɚɳɢɬɭ ɨɬ ɧɟɤɨɧɬɪɨɥɢɪɭɟɦɨɝɨ 

ɜɨɫɩɚɥɟɧɢɹ; ɬɟɦ ɧɟ ɦɟɧɟɟ, ɩɟɪɟɤɥɸɱɟɧɢɟ ɮɟɧɨɬɢɩɚ ɦɨɠɟɬ ɬɚɤɠɟ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ 

ɪɚɡɜɢɬɢɸ ɩɚɬɨɝɟɧɨɜ, ɤɨɬɨɪɵɟ ɪɚɡɪɚɛɨɬɚɥɢ ɫɬɪɚɬɟɝɢɢ, ɩɪɟɩɹɬɫɬɜɭɸɳɢɟ M1- 

ɚɫɫɨɰɢɢɪɨɜɚɧɧɨɦɭ ɨɬɜɟɬɭ [52]. 

ɉɪɢ ɩɚɪɚɡɢɬɚɪɧɵɯ ɢɧɮɟɤɰɢɹɯ ɱɟɥɨɜɟɤɚ ɆɎ ɨɛɵɱɧɨ ɩɨɞɜɟɪɝɚɸɬɫɹ 

ɞɢɧɚɦɢɱɟɫɤɨɦɭ ɩɟɪɟɤɥɸɱɟɧɢɸ ɜ ɫɬɨɪɨɧɭ ɩɨɥɹɪɢɡɚɰɢɢ M2 [53]. Ɋɚɧɧɹɹ ɢ 

ɩɨɡɞɧɹɹ ɮɚɡɵ ɢɧɮɟɤɰɢɢ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ Th1-ɭɩɪɚɜɥɹɟɦɨɣ M1 ɢ Th2- 

ɭɩɪɚɜɥɹɟɦɨɣ IL-4-ɨɩɨɫɪɟɞɨɜɚɧɧɨɣ ɩɨɥɹɪɢɡɚɰɢɟɣ ɆɎ M2, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ [53]. 

ɉɨɥɹɪɢɡɨɜɚɧɧɚɹ ɚɤɬɢɜɚɰɢɹ ɆɎ ɛɵɥɚ ɫɜɹɡɚɧɚ ɬɚɤ ɠɟ ɫ ɜɢɪɭɫɧɨɣ 

ɢɧɮɟɤɰɢɟɣ (ɧɚɩɪɢɦɟɪ, ȼɂɑ, ɜɢɪɭɫ ɝɟɪɩɟɫɚ, ɫɜɹɡɚɧɧɵɣ ɫ ɫɚɪɤɨɦɨɣ Ʉɚɩɨɲɢ ɢ 

ɞɪ.), ɢ ɷɬɚ ɩɨɥɹɪɢɡɚɰɢɹ ɦɨɠɟɬ ɢɦɟɬɶ ɧɚɢɛɨɥɶɲɟɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɫɞɟɪɠɢɜɚɧɢɹ ɢ 

ɨɝɪɚɧɢɱɟɧɢɹ ɩɨɜɪɟɠɞɟɧɢɹ ɬɤɚɧɟɣ. ȼ ɱɚɫɬɧɨɫɬɢ, ɩɪɢ ɬɹɠɟɥɨɦ ɛɪɨɧɯɢɨɥɢɬɟ, 

ɜɵɡɜɚɧɧɨɦ ɪɟɫɩɢɪɚɬɨɪɧɨ-ɫɢɧɰɢɬɢɚɥɶɧɵɦ ɜɢɪɭɫɨɦ, ɞɢɮɮɟɪɟɧɰɢɪɨɜɤɚ IL-4Rα / 

STAT6-ɡɚɜɢɫɢɦɵɯ ɆɎ M2 ɫɧɢɠɚɟɬ ɜɨɫɩɚɥɟɧɢɟ ɢ ɩɨɜɪɟɠɞɟɧɢɟ ɷɩɢɬɟɥɢɹ ɜ 

ɥɟɝɤɢɯ [54]. 

Ⱥɥɥɟɪɝɢɹ ɢɧɞɭɰɢɪɭɟɬɫɹ Th2-ɤɥɟɬɤɚɦɢ ɢ ɫɜɹɡɚɧɚ ɫ ɩɨɥɹɪɢɡɚɰɢɟɣ ɆɎ M2 

[55]. Ɍɚɤɠɟ ɫɨɨɛɳɚɥɨɫɶ, ɱɬɨ ɢɧɞɭɰɢɪɭɟɦɵɟ IL-4 ɯɟɦɨɤɢɧɵ, ɞɟɣɫɬɜɭɸɳɢɟ ɧɚ 

CCR4 (ɧɚɩɪɢɦɟɪ, CCL22), ɫɩɨɫɨɛɫɬɜɭɸɬ ɢɫɤɚɠɟɧɢɸ ɮɭɧɤɰɢɢ ɆɎ [56]. Ɍɟɩɟɪɶ 

ɞɚɧɧɵɟ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɯɢɬɢɧ- ɢ ɚɪɝɢɧɚɡɚ-ɡɚɜɢɫɢɦɵɟ ɩɭɬɢ M2 ɢɝɪɚɸɬ 

ɚɤɬɢɜɧɭɸ ɪɨɥɶ ɜ ɩɚɬɨɝɟɧɟɡɟ [55, 56]. Ⱥɫɬɦɚ ɫɜɹɡɚɧɚ ɫ ɪɟɦɨɞɟɥɢɪɨɜɚɧɢɟɦ 

ɬɤɚɧɟɣ: ɨɬɥɨɠɟɧɢɟɦ ɤɨɥɥɚɝɟɧɚ ɢ ɝɢɩɟɪɩɥɚɡɢɟɣ ɛɨɤɚɥɨɜɢɞɧɵɯ ɤɥɟɬɨɤ. 

ɉɨɥɹɪɢɡɚɰɢɹ M2, ɜɵɡɜɚɧɧɚɹ IL-4, ɜɟɪɨɹɬɧɨ, ɛɭɞɟɬ ɢɝɪɚɬɶ ɤɥɸɱɟɜɭɸ ɪɨɥɶ ɜ 

ɤɚɱɟɫɬɜɟ ɪɟɝɭɥɹɬɨɪɚ ɷɬɢɯ ɩɪɨɰɟɫɫɨɜ [56]. 

Ⱥɥɥɟɪɝɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɚɪɚɞɢɝɦɭ ɜɨɫɩɚɥɟɧɢɹ 2 ɬɢɩɚ, ɜɵɡɜɚɧɧɨɝɨ 

IL-4 / IL-13 [56]. 

ȼɨɫɩɚɥɟɧɢɟ, ɫɜɹɡɚɧɧɨɟ ɫ ɪɚɤɨɦ, ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɩɪɢɜɥɟɱɟɧɢɟɦ ɤɥɟɬɨɤ 

ɦɨɧɨɰɢɬɚɪɧɨ-ɦɚɤɪɨɮɚɝɚɥɶɧɨɣ ɥɢɧɢɢ ɤ ɨɩɭɯɨɥɟɜɵɦ ɬɤɚɧɹɦ [49], ɤɨɬɨɪɵɟ ɬɚɤɠɟ 
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ɨɛɭɫɥɨɜɥɢɜɚɸɬ ɩɪɟɦɟɬɚɫɬɚɬɢɱɟɫɤɭɸ ɧɢɲɭ, ɫɩɨɫɨɛɫɬɜɭɹ ɜɬɨɪɢɱɧɨɣ ɥɨɤɚɥɢɡɚɰɢɢ 

ɪɚɤɚ. Ʉɥɚɫɫɢɱɟɫɤɢ ɚɤɬɢɜɢɪɨɜɚɧɧɵɟ M1-ɩɨɥɹɪɢɡɨɜɚɧɧɵɟ ɆɎ ɦɨɝɭɬ ɩɪɨɹɜɥɹɬɶ 

ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɭɸ ɚɤɬɢɜɧɨɫɬɶ ɢ ɜɵɡɵɜɚɬɶ ɪɚɡɪɭɲɟɧɢɟ ɨɩɭɯɨɥɟɜɨɣ ɬɤɚɧɢ [57]. 

ɉɨ ɤɪɚɣɧɟɣ ɦɟɪɟ, ɜ ɧɟɤɨɬɨɪɵɯ ɦɨɞɟɥɹɯ ɤɚɧɰɟɪɨɝɟɧɟɡɚ ɭ ɦɵɲɟɣ 

ɩɪɨɝɪɟɫɫɢɪɨɜɚɧɢɟ ɫɜɹɡɚɧɨ ɫ ɩɟɪɟɤɥɸɱɟɧɢɟɦ ɮɟɧɨɬɢɩɚ ɫ M1 ɧɚ M2 [57]. Ȼɵɥɨ 

ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɚɤɬɢɜɚɰɢɹ ɆɎ, ɭɩɪɚɜɥɹɟɦɚɹ Th1, ɨɩɨɫɪɟɞɭɟɬ ɭɫɬɪɚɧɟɧɢɟ 

ɫɬɚɪɟɸɳɢɯ ɝɟɩɚɬɨɰɢɬɨɜ, ɤɨɬɨɪɵɟ ɜɵɡɵɜɚɸɬ ɩɨɫɥɟɞɭɸɳɢɣ ɤɚɧɰɟɪɨɝɟɧɟɡ [57]. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɤɥɚɫɫɢɱɟɫɤɢ ɚɤɬɢɜɢɪɨɜɚɧɧɵɟ ɆɎ M1 ɜɧɨɫɹɬ ɜɤɥɚɞ ɜ 

ɨɩɨɫɪɟɞɨɜɚɧɧɭɸ Ɍ-ɤɥɟɬɤɚɦɢ ɷɥɢɦɢɧɚɰɢɸ ɢ ɮɚɡɵ ɪɚɜɧɨɜɟɫɢɹ ɜɨ ɜɪɟɦɹ 

ɩɪɨɝɪɟɫɫɢɪɨɜɚɧɢɹ ɨɩɭɯɨɥɢ [57]. 

ɇɚ ɛɨɥɟɟ ɩɨɡɞɧɢɯ ɫɬɚɞɢɹɯ ɩɪɨɝɪɟɫɫɢɪɨɜɚɧɢɹ ɨɩɭɯɨɥɟɜɨɣ ɬɤɚɧɢ ɭ ɦɵɲɟɣ 

ɢ ɥɸɞɟɣ ɢɧɞɭɰɢɪɭɟɬɫɹ M2-ɩɨɞɨɛɧɵɣ ɮɟɧɨɬɢɩ ɫ ɧɢɡɤɨɣ ɷɤɫɩɪɟɫɫɢɟɣ IL-12, 

ɜɵɫɨɤɨɣ ɷɤɫɩɪɟɫɫɢɟɣ IL-10, ɚ ɬɚɤɠɟ ɧɢɡɤɨɣ ɨɩɭɯɨɥɟɜɨɣ ɚɤɬɢɜɧɨɫɬɶɸ ɢ 

ɫɬɢɦɭɥɢɪɨɜɚɧɢɟɦ ɪɟɦɨɞɟɥɢɪɨɜɚɧɢɹ ɬɤɚɧɟɣ ɢ ɚɧɝɢɨɝɟɧɟɡɚ. ɉɪɨɞɭɤɬɵ 

ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɨɤ, ɜɤɥɸɱɚɹ ɤɨɦɩɨɧɟɧɬɵ ɜɧɟɤɥɟɬɨɱɧɨɝɨ ɦɚɬɪɢɤɫɚ, IL-10, CSF- 

1 ɢ ɯɟɦɨɤɢɧɵ (CCL2, CCL18, CCL17 ɢ CXCL4), ɭɫɬɚɧɚɜɥɢɜɚɸɬ Ɇ2 ɆɎ, 

ɤɨɬɨɪɵɟ ɫɩɨɫɨɛɫɬɜɭɸɬ ɪɚɡɜɢɬɢɸ ɪɚɤɚ [58]. 
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1.5 ɇɚɧɨɱɚɫɬɢɰɵ 
 

ɇɚɧɨɬɟɯɧɨɥɨɝɢɹ – ɧɚɭɤɚ ɭɩɪɚɜɥɟɧɢɹ ɜɟɳɟɫɬɜɨɦ ɧɚ ɚɬɨɦɧɨɦ ɢ 

ɦɨɥɟɤɭɥɹɪɧɨɦ ɭɪɨɜɧɟ, ɤɨɬɨɪɚɹ ɡɚɧɢɦɚɟɬɫɹ ɪɚɡɪɚɛɨɬɤɨɣ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ 

ɦɚɬɟɪɢɚɥɨɜ ɢ ɭɫɬɪɨɣɫɬɜ ɫ ɪɚɡɦɟɪɚɦɢ ɜ ɞɢɚɩɚɡɨɧɟ 0,1–100 ɧɦ. Ʉɚɤ ɢ ɩɨɱɬɢ ɜɨ 

ɜɫɟɯ ɨɛɥɚɫɬɹɯ, ɧɚɧɨɬɟɯɧɨɥɨɝɢɢ ɩɪɢɜɨɞɹɬ ɤ ɜɵɫɨɤɢɦ ɨɠɢɞɚɧɢɹɦ ɜ ɛɢɨɥɨɝɢɢ ɢ 

ɦɟɞɢɰɢɧɟ [59]. 

ɋɟɝɨɞɧɹ ɧɚɧɨɦɟɞɢɰɢɧɚ ɧɚɩɪɚɜɥɟɧɚ ɧɚ ɪɚɡɪɚɛɨɬɤɭ ɢ ɫɨɡɞɚɧɢɟ ɫɬɪɭɤɬɭɪ, 

ɞɟɦɨɧɫɬɪɢɪɭɸɳɢɯ ɛɢɨɫɨɜɦɟɫɬɢɦɨɫɬɶ ɧɚ ɧɚɧɨɪɚɡɦɟɪɧɨɦ ɭɪɨɜɧɟ, ɢ ɨɛɟɫɩɟɱɟɧɢɟ 

ɬɟɪɚɩɟɜɬɢɱɟɫɤɢɯ ɚɝɟɧɬɨɜ ɞɥɹ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɜ ɩɨɪɚɠɟɧɧɵɟ ɬɤɚɧɢ ɢ ɤɥɟɬɤɢ. 

ɇɚɧɨɫɬɪɭɤɬɭɪɵ ɩɨɫɬɪɨɟɧɵ ɜ ɮɨɪɦɟ ɚɝɟɧɬɨɜ, ɪɟɝɭɥɢɪɭɸɳɢɯ ɝɟɧɵ, ɧɨɫɢɬɟɥɟɣ 

ɥɟɤɚɪɫɬɜ, ɡɨɧɞɨɜ ɞɥɹ ɜɢɡɭɚɥɢɡɚɰɢɢ ɢ ɫɜɟɬɨɱɭɜɫɬɜɢɬɟɥɶɧɵɯ ɬɟɪɚɩɟɜɬɢɱɟɫɤɢɯ 

ɚɝɟɧɬɨɜ [59]. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɜɥɢɹɧɢɟ ɧɚɧɨɦɚɬɟɪɢɚɥɨɜ ɧɚ ɡɞɨɪɨɜɶɟ ɱɟɥɨɜɟɤɚ ɢ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɷɬɢɯ ɦɚɬɟɪɢɚɥɨɜ ɫ ɠɢɜɵɦɢ ɫɢɫɬɟɦɚɦɢ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɹɜɥɹɸɬɫɹ 

ɜɚɠɧɵɦɢ ɜɨɩɪɨɫɚɦɢ, ɧɚ ɤɨɬɨɪɵɯ ɧɟɨɛɯɨɞɢɦɨ ɫɨɫɪɟɞɨɬɨɱɢɬɶɫɹ ɢ ɢɡɭɱɢɬɶ. ɗɬɨ 

ɢɦɟɟɬ ɪɟɲɚɸɳɟɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɥɭɱɲɟɝɨ ɩɨɧɢɦɚɧɢɹ ɜɡɚɢɦɨɫɜɹɡɢ ɦɟɠɞɭ ɠɢɜɵɦɢ 

ɤɥɟɬɤɚɦɢ ɢ ɧɚɧɨɪɚɡɦɟɪɧɵɦɢ ɫɬɪɭɤɬɭɪɚɦɢ, ɚ ɬɚɤɠɟ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ 

ɜɨɡɦɨɠɧɨɫɬɢ ɭɫɩɟɲɧɨɝɨ ɤɥɢɧɢɱɟɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ. ȼɵɫɨɤɚɹ ɫɩɟɰɢɮɢɱɟɫɤɚɹ 

ɚɤɤɭɦɭɥɹɰɢɹ ɜ ɰɟɥɟɜɵɯ ɨɛɥɚɫɬɹɯ ɢ ɭɞɚɥɟɧɢɟ ɢɡ ɨɪɝɚɧɢɡɦɚ ɩɨɱɟɱɧɵɦɢ ɩɭɬɹɦɢ, 

ɧɟ ɜɵɡɵɜɚɹ ɤɚɤɢɯ-ɥɢɛɨ ɫɭɳɟɫɬɜɟɧɧɵɯ ɬɨɤɫɢɱɟɫɤɢɯ ɷɮɮɟɤɬɨɜ, ɹɜɥɹɸɬɫɹ 

ɤɥɸɱɟɜɵɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ ɤ ɧɚɧɨɦɚɬɟɪɢɚɥɚɦ, ɤɨɬɨɪɵɟ ɞɨɥɠɧɵ ɛɵɬɶ 

ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɤɥɢɧɢɱɟɫɤɢɯ ɩɪɢɦɟɧɟɧɢɹɯ [59]. ɋɪɟɞɢ 

ɞɪɭɝɢɯ ɧɚɧɨɫɬɪɭɤɬɭɪ ɧɚɧɨɱɚɫɬɢɰɵ ɡɨɥɨɬɚ (ɇɑ ɡɨɥɨɬɚ) ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ 

ɪɚɡɥɢɱɧɵɯ ɦɟɞɢɰɢɧɫɤɢɯ ɩɪɢɥɨɠɟɧɢɹɯ ɛɥɚɝɨɞɚɪɹ ɢɯ ɩɪɨɫɬɨɣ ɢ ɛɵɫɬɪɨɣ 

ɩɨɞɝɨɬɨɜɤɟ, ɧɚɫɬɪɚɢɜɚɟɦɵɦ ɨɩɬɢɱɟɫɤɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ, ɩɪɨɫɬɨɬɟ 

ɨɛɧɚɪɭɠɟɧɢɹ ɢ ɮɭɧɤɰɢɨɧɚɥɶɧɨɫɬɢ ɫ ɪɚɡɥɢɱɧɵɦɢ ɛɢɨɦɨɥɟɤɭɥɚɦɢ. ȼɵɫɨɤɚɹ 

ɫɩɟɰɢɮɢɱɟɫɤɚɹ ɚɤɤɭɦɭɥɹɰɢɹ ɜ ɰɟɥɟɜɵɯ ɨɛɥɚɫɬɹɯ ɢ ɭɞɚɥɟɧɢɟ ɢɡ ɨɪɝɚɧɢɡɦɚ 

ɩɨɱɟɱɧɵɦɢ ɩɭɬɹɦɢ, ɧɟ ɜɵɡɵɜɚɹ ɤɚɤɢɯ-ɥɢɛɨ ɫɭɳɟɫɬɜɟɧɧɵɯ ɬɨɤɫɢɱɟɫɤɢɯ 

ɷɮɮɟɤɬɨɜ, ɹɜɥɹɸɬɫɹ ɤɥɸɱɟɜɵɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ ɤ ɧɚɧɨɦɚɬɟɪɢɚɥɚɦ, ɤɨɬɨɪɵɟ 
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ɞɨɥɠɧɵ ɛɵɬɶ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɤɥɢɧɢɱɟɫɤɢɯ ɩɪɢɦɟɧɟɧɢɹɯ 

[59]. 

Ɉɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɧɚɧɨɦɚɬɟɪɢɚɥɵ, ɨɩɪɟɞɟɥɹɟɦɵɟ ɤɚɤ ɥɸɛɨɣ ɦɚɬɟɪɢɚɥ, 

ɨɛɥɚɞɚɸɳɢɣ ɩɨ ɦɟɧɶɲɟɣ ɦɟɪɟ ɨɞɧɢɦ ɢɡɦɟɪɟɧɢɟɦ ɜ ɧɚɧɨɦɟɬɪɨɜɨɦ ɦɚɫɲɬɚɛɟ ɨɬ 

1 ɞɨ 100 ɧɦ, ɢɦɟɸɬ ɦɧɨɠɟɫɬɜɨ ɩɪɢɦɟɧɟɧɢɣ ɢ ɩɨɬɟɧɰɢɚɥɶɧɵɯ ɩɪɢɦɟɧɟɧɢɣ ɜ 

ɨɛɥɚɫɬɢ ɛɢɨɥɨɝɢɢ ɢ ɦɟɞɢɰɢɧɵ. Ɉɠɢɞɚɟɬɫɹ, ɱɬɨ ɤɨɧɤɪɟɬɧɵɟ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ 

ɫɜɨɣɫɬɜɚ ɜ ɧɚɧɨɦɚɫɲɬɚɛɟ ɩɪɢɜɟɞɭɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɪɟɚɤɬɢɜɧɨɫɬɢ ɫ 

ɛɢɨɥɨɝɢɱɟɫɤɢɦɢ ɫɢɫɬɟɦɚɦɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚɧɨɬɨɤɫɢɱɧɨɫɬɶ ɹɜɥɹɟɬɫɹ ɧɨɜɨɣ 

ɨɛɥɚɫɬɶɸ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɨɬɜɟɬɨɦ ɧɚ ɪɚɫɬɭɳɟɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɚɧɨɪɚɡɦɟɪɧɵɯ 

ɦɚɬɟɪɢɚɥɨɜ ɜɨ ɦɧɨɠɟɫɬɜɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɢɦɟɧɟɧɢɣ ɢ ɩɨɬɪɟɛɢɬɟɥɶɫɤɢɯ 

ɬɨɜɚɪɨɜ [60]. 

Ɂɨɥɨɬɨ ɜ ɟɝɨ ɟɫɬɟɫɬɜɟɧɧɨɣ ɮɨɪɦɟ ɞɨɥɝɨɟ ɜɪɟɦɹ ɫɱɢɬɚɥɨɫɶ ɢɧɟɪɬɧɵɦ 

ɛɥɚɝɨɪɨɞɧɵɦ ɦɟɬɚɥɥɨɦ, ɨɛɥɚɞɚɸɳɢɦ ɧɟɤɨɬɨɪɨɣ ɬɟɪɚɩɟɜɬɢɱɟɫɤɨɣ ɢ ɞɚɠɟ 

ɥɟɱɟɛɧɨɣ ɰɟɧɧɨɫɬɶɸ; ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɇɑ ɡɨɥɨɬɚ ɬɚɤɠɟ ɫɱɢɬɚɸɬɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɧɟɰɢɬɨɬɨɤɫɢɱɧɵɦɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɨɡɞɟɣɫɬɜɢɟ ɇɑ ɡɨɥɨɬɚ ɧɚ ɥɸɞɟɣ 

ɡɧɚɱɢɬɟɥɶɧɨ ɜɨɡɪɨɫɥɨ ɡɚ ɩɨɫɥɟɞɧɢɟ ɞɟɫɹɬɢɥɟɬɢɹ ɢɡ-ɡɚ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɨ 

ɦɧɨɝɢɯ ɨɛɥɚɫɬɹɯ, ɬɚɤɢɯ ɤɚɤ ɷɥɟɤɬɪɨɧɢɤɚ ɢ ɞɚɬɱɢɤɢ [61], ɫɨɥɧɟɱɧɵɟ ɷɥɟɦɟɧɬɵ 

[62], ɢɥɢ ɤɚɬɚɥɢɡ [63], ɧɨ ɨɫɨɛɟɧɧɨ ɜ ɛɢɨɦɟɞɢɰɢɧɫɤɢɯ ɩɪɢɦɟɧɟɧɢɹɯ - 

ɪɚɞɢɨɬɟɪɚɩɢɹ [64], ɜ ɤɚɱɟɫɬɜɟ ɧɨɫɢɬɟɥɟɣ ɥɟɤɚɪɫɬɜ ɢɥɢ ɜ ɥɟɱɟɧɢɟ ɪɚɤɚ [65]. 

Ɉɞɧɚɤɨ, ɧɟɫɦɨɬɪɹ ɧɚ ɨɝɪɨɦɧɭɸ ɩɨɬɟɧɰɢɚɥɶɧɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɇɑ 

ɡɨɥɨɬɚ ɜ ɨɛɥɚɫɬɢ ɛɢɨɦɟɞɢɰɢɧɫɤɢɯ ɢ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɢɦɟɧɟɧɢɣ, ɜɨɡɪɨɫ 

ɢɧɬɟɪɟɫ ɤ ɢɡɭɱɟɧɢɸ ɢɯ ɜɨɡɦɨɠɧɵɯ ɜɪɟɞɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ ɧɚ ɛɢɨɥɨɝɢɱɟɫɤɢɟ 

ɫɢɫɬɟɦɵ ɢ ɫɩɨɫɨɛɨɜ ɢɯ ɫɦɹɝɱɟɧɢɹ. Ȼɵɥɨ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɨ, ɱɬɨ ɪɚɡɥɢɱɧɵɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɬɚɤɢɟ ɤɚɤ ɞɢɚɦɟɬɪ, ɩɨɤɪɵɬɢɟ, ɮɨɪɦɚ [66], ɞɨɡɚ [67] ɢɥɢ ɫɩɨɫɨɛ 

ɜɜɟɞɟɧɢɹ, ɢɝɪɚɸɬ ɜɚɠɧɭɸ ɪɨɥɶ ɜ ɪɚɫɩɪɟɞɟɥɟɧɢɢ [68], ɧɚɤɨɩɥɟɧɢɢ, ɦɟɬɚɛɨɥɢɡɦɟ 

[66], ɷɥɢɦɢɧɚɰɢɢ [66], ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɥɢɹɧɢɢ ɢ ɬɨɤɫɢɱɧɨɫɬɢ ɷɬɢɯ 

ɧɚɧɨɱɚɫɬɢɰ [66]. 
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1.5.1 ɉɪɨɢɡɜɨɞɫɬɜɨ ɢ ɩɪɢɦɟɧɟɧɢɟ ɧɚɧɨɱɚɫɬɢɰ ɡɨɥɨɬɚ 
 

Ɂɨɥɨɬɨ - ɷɬɨ ɷɥɟɦɟɧɬ ɛɥɨɤɚ D, ɩɟɪɢɨɞɚ 6. ɗɬɨ ɦɹɝɤɢɣ ɦɟɬɚɥɥ, ɤɨɬɨɪɵɣ 

ɱɚɫɬɨ ɥɟɝɢɪɭɸɬ ɞɥɹ ɩɪɢɞɚɧɢɹ ɟɦɭ ɛɨɥɶɲɟɣ ɩɪɨɱɧɨɫɬɢ. ɗɬɨ ɯɨɪɨɲɢɣ ɩɪɨɜɨɞɧɢɤ 

ɬɟɩɥɚ ɢ ɷɥɟɤɬɪɢɱɟɫɬɜɚ. ɗɬɨ ɯɨɪɨɲɢɣ ɨɬɪɚɠɚɬɟɥɶ ɢɧɮɪɚɤɪɚɫɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɢ 

ɯɢɦɢɱɟɫɤɢ ɢɧɟɪɬɟɧ [60]. . 

ɍɧɢɜɟɪɫɚɥɶɧɵɣ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɧɨɱɚɫɬɢɰ ɡɨɥɨɬɚ 

ɩɨɡɜɨɥɹɟɬ ɩɨɤɪɵɜɚɬɶ ɢɯ ɧɟɛɨɥɶɲɢɦɢ ɦɨɥɟɤɭɥɚɦɢ, ɩɨɥɢɦɟɪɚɦɢ ɢ ɦɨɥɟɤɭɥɚɦɢ 

ɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɪɚɫɩɨɡɧɚɜɚɧɢɹ, ɬɟɦ ɫɚɦɵɦ ɪɚɫɲɢɪɹɹ ɞɢɚɩɚɡɨɧ ɢɯ 

ɩɪɢɦɟɧɟɧɢɹ. Ɇɨɪɮɨɥɨɝɢɹ ɧɚɧɨɱɚɫɬɢɰ ɡɨɥɨɬɚ ɫɮɟɪɢɱɟɫɤɚɹ, ɢ ɨɧɢ ɜɵɝɥɹɞɹɬ ɤɚɤ 

ɤɨɪɢɱɧɟɜɵɣ ɩɨɪɨɲɨɤ [69]. 

ɇɚɧɨɱɚɫɬɢɰɵ ɡɨɥɨɬɚ ɨɛɵɱɧɨ ɩɪɨɢɡɜɨɞɹɬɫɹ ɜ ɠɢɞɤɨɫɬɢ ɩɭɬɟɦ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɡɨɥɨɬɨɯɥɨɪɢɫɬɨɜɨɞɨɪɨɞɧɨɣ ɤɢɫɥɨɬɵ. ɉɨɫɥɟ ɪɚɫɬɜɨɪɟɧɢɹ 

ɤɢɫɥɨɬɵ ɪɚɫɬɜɨɪ ɛɵɫɬɪɨ ɫɦɟɲɢɜɚɸɬ ɫ ɜɨɫɫɬɚɧɨɜɢɬɟɥɟɦ. Ɂɚɬɟɦ ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɷɬɨɝɨ ɩɪɨɰɟɫɫɚ ɢɨɧɵ Au 3+ ɜɨɫɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɞɨ ɧɟɣɬɪɚɥɶɧɵɯ ɚɬɨɦɨɜ ɡɨɥɨɬɚ. 

ɉɨ ɦɟɪɟ ɬɨɝɨ, ɤɚɤ ɨɛɪɚɡɭɟɬɫɹ ɛɨɥɶɲɟ ɷɬɢɯ ɚɬɨɦɨɜ ɡɨɥɨɬɚ, ɪɚɫɬɜɨɪ 

ɫɬɚɧɨɜɢɬɫɹ ɩɟɪɟɧɚɫɵɳɟɧɧɵɦ. Ɂɚɬɟɦ ɡɨɥɨɬɨ ɧɚɱɢɧɚɟɬ ɜɵɩɚɞɚɬɶ ɜ ɨɫɚɞɨɤ ɜ ɜɢɞɟ 

ɱɚɫɬɢɰ ɪɚɡɦɟɪɨɦ ɦɟɧɟɟ ɧɚɧɨɦɟɬɪɚ. ȿɫɥɢ ɪɚɫɬɜɨɪ ɩɟɪɟɦɟɲɢɜɚɬɶ ɷɧɟɪɝɢɱɧɨ, 

ɱɚɫɬɢɰɵ ɢɦɟɸɬ ɬɟɧɞɟɧɰɢɸ ɤ ɨɞɧɨɪɨɞɧɨɦɭ ɪɚɡɦɟɪɭ [70]. 

ɂɧɨɝɞɚ ɞɨɛɚɜɥɹɸɬ ɫɬɚɛɢɥɢɡɢɪɭɸɳɢɣ ɚɝɟɧɬ, ɱɬɨɛɵ ɩɪɟɞɨɬɜɪɚɬɢɬɶ 

ɚɝɪɟɝɢɪɨɜɚɧɢɟ ɱɚɫɬɢɰ [61]. 

Ɂɨɥɨɬɵɟ ɧɚɧɨɱɚɫɬɢɰɵ - ɷɬɨ ɭɧɢɜɟɪɫɚɥɶɧɵɟ ɦɚɬɟɪɢɚɥɵ ɫ ɲɢɪɨɤɢɦ 

ɫɩɟɤɬɪɨɦ ɩɪɢɦɟɧɟɧɢɹ ɜ ɫɚɦɵɯ ɪɚɡɧɵɯ ɨɛɥɚɫɬɹɯ [69]. ɂɫɫɥɟɞɨɜɚɬɟɥɢ ɩɨɤɪɵɥɢ 

ɱɚɫɬɢɰɵ ɡɨɥɨɬɚ ȾɇɄ ɢ ɜɜɨɞɢɥɢ ɢɯ ɜ ɡɚɪɨɞɵɲɢ ɪɚɫɬɟɧɢɣ ɢɥɢ ɤɥɟɬɤɢ ɪɚɫɬɟɧɢɣ. 

ɗɬɨ ɝɚɪɚɧɬɢɪɭɟɬ, ɱɬɨ ɧɟɤɨɬɨɪɵɣ ɝɟɧɟɬɢɱɟɫɤɢɣ ɦɚɬɟɪɢɚɥ ɩɨɩɚɞɟɬ ɜ ɤɥɟɬɤɢ ɢ 

ɬɪɚɧɫɮɨɪɦɢɪɭɟɬ ɢɯ. ɗɬɨɬ ɦɟɬɨɞ ɭɫɢɥɢɜɚɟɬ ɩɥɚɫɬɢɞɵ ɪɚɫɬɟɧɢɣ. 

ȼ ɢɸɥɶɫɤɨɦ ɜɵɩɭɫɤɟ ɠɭɪɧɚɥɚ Analytical Chemistry ɡɚ 2007 ɝ. ɫɨɨɛɳɚɥɨɫɶ, 

ɱɬɨ ɭɱɟɧɵɟ ɢɡ ɍɧɢɜɟɪɫɢɬɟɬɚ ɉɟɪɞɶɸ ɫɦɨɝɥɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɧɚɧɨɱɚɫɬɢɰɵ ɡɨɥɨɬɚ 

ɞɥɹ ɨɛɧɚɪɭɠɟɧɢɹ ɪɚɤɚ ɝɪɭɞɢ. ɉɨɡɠɟ ɛɵɥɨ ɬɚɤɠɟ ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɧɚɧɨɱɚɫɬɢɰɵ 

ɦɨɝɭɬ ɨɛɧɚɪɭɠɢɜɚɬɶ ɬɨɤɫɢɧɵ ɢ ɩɚɬɨɝɟɧɧɵ [65]. 
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Ɉɩɬɢɤɨ-ɷɥɟɤɬɪɨɧɧɵɟ ɫɜɨɣɫɬɜɚ ɧɚɧɨɱɚɫɬɢɰ ɡɨɥɨɬɚ ɲɢɪɨɤɨ ɢɫɫɥɟɞɭɸɬɫɹ 

ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɜɵɫɨɤɨɬɟɯɧɨɥɨɝɢɱɧɵɯ ɩɪɢɥɨɠɟɧɢɹɯ, ɬɚɤɢɯ ɤɚɤ ɫɟɧɫɨɪɧɵɟ 

ɡɨɧɞɵ, ɷɥɟɤɬɪɨɧɧɵɟ ɩɪɨɜɨɞɧɢɤɢ, ɬɟɪɚɩɟɜɬɢɱɟɫɤɢɟ ɚɝɟɧɬɵ, ɨɪɝɚɧɢɱɟɫɤɢɟ 

ɮɨɬɨɷɥɟɤɬɪɢɱɟɫɤɢɟ ɷɥɟɦɟɧɬɵ, ɞɨɫɬɚɜɤɚ ɥɟɤɚɪɫɬɜ ɜ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɢ 

ɦɟɞɢɰɢɧɫɤɢɯ ɩɪɢɥɨɠɟɧɢɹɯ ɢ ɤɚɬɚɥɢɡ [66]. 

Ⱦɪɭɝɢɟ ɩɪɢɦɟɧɟɧɢɹ ɧɚɧɨɱɚɫɬɢɰ ɡɨɥɨɬɚ ɩɟɪɟɱɢɫɥɟɧɵ ɧɢɠɟ: 

1)ȼ ɤɚɱɟɫɬɜɟ ɚɧɬɢɛɢɨɬɢɱɟɫɤɨɝɨ, ɩɪɨɬɢɜɨɝɪɢɛɤɨɜɨɝɨ ɢ ɚɧɬɢɦɢɤɪɨɛɧɨɝɨ ɚɝɟɧɬɚ 

ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ ɜ ɩɥɚɫɬɦɚɫɫɵ, ɩɨɤɪɵɬɢɹ, ɧɚɧɨɜɨɥɨɤɧɚ ɢ ɬɟɤɫɬɢɥɶ; 2) ȼ 

ɧɚɧɨɩɪɨɜɨɞɚɯ ɢ ɤɚɬɚɥɢɡɚɬɨɪɚɯ; 3) ɉɪɢ ɞɨɫɬɚɜɤɟ ɬɟɪɚɩɟɜɬɢɱɟɫɤɨɝɨ ɚɝɟɧɬɚ; 4) 

Ⱦɥɹ ɩɨɞɤɥɸɱɟɧɢɹ ɪɟɡɢɫɬɨɪɨɜ, ɩɪɨɜɨɞɧɢɤɨɜ ɢ ɞɪɭɝɢɯ ɷɥɟɦɟɧɬɨɜ ɷɥɟɤɬɪɨɧɧɨɣ 

ɦɢɤɪɨɫɯɟɦɵ; 5) ȼ ɮɨɬɨɞɢɧɚɦɢɱɟɫɤɨɣ ɬɟɪɚɩɢɢ - ɤɨɝɞɚ ɫɜɟɬ ɩɨɩɚɞɚɟɬ ɧɚ ɨɩɭɯɨɥɶ, 

ɫɨɞɟɪɠɚɳɭɸ ɧɚɧɨɱɚɫɬɢɰɵ ɡɨɥɨɬɚ, ɱɚɫɬɢɰɵ ɛɵɫɬɪɨ ɧɚɝɪɟɜɚɸɬɫɹ, ɭɛɢɜɚɹ 

ɨɩɭɯɨɥɟɜɵɟ ɤɥɟɬɤɢ; 6) ȼ ɪɚɡɥɢɱɧɵɯ ɫɟɧɫɨɪɚɯ, ɧɚɩɪɢɦɟɪ ɤɨɥɨɪɢɦɟɬɪɢɱɟɫɤɢɣ 

ɫɟɧɫɨɪ ɫ ɧɚɧɨɱɚɫɬɢɰɚɦɢ ɡɨɥɨɬɚ, ɦɨɠɟɬ ɨɩɪɟɞɟɥɹɬɶ, ɩɨɞɯɨɞɹɬ ɥɢ ɩɪɨɞɭɤɬɵ ɞɥɹ 

ɭɩɨɬɪɟɛɥɟɧɢɹ; 7) ȼ ɤɚɱɟɫɬɜɟ ɩɨɞɥɨɠɟɤ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɷɧɟɪɝɢɢ ɤɨɥɟɛɚɧɢɣ 

ɯɢɦɢɱɟɫɤɢɯ ɫɜɹɡɟɣ ɜ ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɤɨɦɛɢɧɚɰɢɨɧɧɨɝɨ ɪɚɫɫɟɹɧɢɹ ɫɜɟɬɚ ɫ 

ɭɫɢɥɟɧɢɟɦ ɩɨɜɟɪɯɧɨɫɬɢ; 8) Ɋɚɫɫɟɹɧɧɵɟ ɰɜɟɬɚ ɧɚɧɨɱɚɫɬɢɰ ɡɨɥɨɬɚ ɜ ɧɚɫɬɨɹɳɟɟ 

ɜɪɟɦɹ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɢɡɨɛɪɚɠɟɧɢɣ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ; 

9) ɇɚɧɨɱɚɫɬɢɰɵ ɡɨɥɨɬɚ ɞɨɜɨɥɶɧɨ ɩɥɨɬɧɵɟ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɢɯ ɜ 

ɤɚɱɟɫɬɜɟ ɡɨɧɞɨɜ ɞɥɹ ɩɪɨɫɜɟɱɢɜɚɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ; 10) Ⱦɥɹ 

ɨɛɧɚɪɭɠɟɧɢɹ ɛɢɨɦɚɪɤɟɪɨɜ ɩɪɢ ɞɢɚɝɧɨɫɬɢɤɟ ɪɚɤɚ, ɛɨɥɟɡɧɟɣ ɫɟɪɞɰɚ ɢ 

ɢɧɮɟɤɰɢɨɧɧɵɯ ɚɝɟɧɬɨɜ; 11) Ʉɚɤ ɤɚɬɚɥɢɡɚɬɨɪɵ ɜ ɪɹɞɟ ɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ; 

12) Ⱦɥɹ ɬɨɩɥɢɜɧɵɯ ɷɥɟɦɟɧɬɨɜ. 
 
 

1.5.2 Ɇɨɪɮɨɥɨɝɢɹ ɧɚɧɨɱɚɫɬɢɰ ɡɨɥɨɬɚ 
 

Ɇɨɪɮɨɥɨɝɢɹ ɧɚɧɨɱɚɫɬɢɰ ɩɨɦɨɝɚɟɬ ɜɵɩɨɥɧɹɬɶ ɪɚɡɥɢɱɧɵɟ ɮɭɧɤɰɢɢ, 

ɧɚɩɪɢɦɟɪ, ɞɥɢɧɧɵɟ ɭɝɥɟɪɨɞɧɵɟ ɧɚɧɨɬɪɭɛɤɢ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɞɥɹ ɩɟɪɟɤɪɵɬɢɹ 

ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɟɪɟɯɨɞɚ. Ⱥɦɨɪɮɧɵɟ ɱɚɫɬɢɰɵ ɨɛɵɱɧɨ ɩɪɢɧɢɦɚɸɬ ɫɮɟɪɢɱɟɫɤɭɸ 

ɮɨɪɦɭ ɢɥɢ ɧɚɧɨɫɮɟɪɵ, ɚ ɚɧɢɡɨɬɪɨɩɧɵɟ ɦɢɤɪɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɭɫɵ 
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ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɢɯ ɤɨɧɤɪɟɬɧɨɣ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɮɨɪɦɟ. Ɇɚɥɟɧɶɤɢɟ ɧɚɧɨɱɚɫɬɢɰɵ 

ɨɛɵɱɧɨ ɨɛɪɚɡɭɸɬ ɤɥɚɫɬɟɪɵ. Ɉɧɢ ɦɨɝɭɬ ɢɦɟɬɶ ɪɚɡɥɢɱɧɭɸ ɮɨɪɦɭ, ɧɚɩɪɢɦɟɪ 

ɫɬɟɪɠɧɢ, ɜɨɥɨɤɧɚ, ɱɚɲɤɢ ɢ ɬ.ɞ. ɂɡɭɱɟɧɢɟ ɦɟɥɤɢɯ ɱɚɫɬɢɰ ɧɚɡɵɜɚɟɬɫɹ 

ɦɢɤɪɨɦɟɪɢɬɢɤɨɣ [60]. 

Ʉɨɧɬɪɨɥɶ ɦɨɪɮɨɥɨɝɢɢ ɧɚɧɨɱɚɫɬɢɰ ɢɦɟɟɬ ɤɥɸɱɟɜɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɢɯ ɫɜɨɣɫɬɜ ɜ ɧɟɫɤɨɥɶɤɢɯ ɧɨɜɵɯ ɬɟɯɧɨɥɨɝɢɹɯ [63]. Ɉɩɬɢɱɟɫɤɢɟ 

ɮɢɥɶɬɪɵ ɢ ɛɢɨɞɚɬɱɢɤɢ ɹɜɥɹɸɬɫɹ ɨɞɧɢɦɢ ɢɡ ɦɧɨɝɢɯ ɩɪɢɥɨɠɟɧɢɣ, ɜ ɤɨɬɨɪɵɯ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɨɩɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɧɚɧɨɱɚɫɬɢɰ ɡɨɥɨɬɚ, ɢ ɞɥɹ ɷɬɨɝɨ ɬɪɟɛɭɟɬɫɹ 

ɚɧɢɡɨɬɪɨɩɢɹ ɮɨɪɦɵ ɱɚɫɬɢɰ, ɩɨɫɤɨɥɶɤɭ ɛɨɥɟɟ ɤɪɭɩɧɵɟ ɮɨɪɦɵ ɜɵɡɵɜɚɸɬ 

ɛɨɥɶɲɢɟ ɩɥɚɡɦɨɧɧɵɟ ɩɨɬɟɪɢ [64]. 

ɇɚɧɨɱɚɫɬɢɰɵ ɨɛɵɱɧɨ ɤɥɚɫɫɢɮɢɰɢɪɭɸɬɫɹ ɧɚ ɨɫɧɨɜɟ ɢɯ ɪɚɡɦɟɪɧɨɫɬɢ, 

ɦɨɪɮɨɥɨɝɢɢ, ɫɨɫɬɚɜɚ, ɨɞɧɨɪɨɞɧɨɫɬɢ ɢ ɚɝɥɨɦɟɪɚɰɢɢ. Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɩɨ 

ɪɚɡɦɟɪɧɨɫɬɢ - ɷɬɨ ɨɛɨɛɳɟɧɢɟ ɤɨɧɰɟɩɰɢɢ ɫɨɨɬɧɨɲɟɧɢɹ ɫɬɨɪɨɧ. 

1D ɧɚɧɨɦɚɬɟɪɢɚɥɵ - ɷɬɨ ɨɞɧɨɦɟɪɧɵɟ ɜ ɧɚɧɨɦɟɬɪɨɜɨɦ ɦɚɫɲɬɚɛɟ, ɤɚɤ 

ɩɪɚɜɢɥɨ, ɬɨɧɤɢɟ ɩɥɟɧɤɢ ɢɥɢ ɩɨɜɟɪɯɧɨɫɬɧɵɟ ɩɨɤɪɵɬɢɹ, ɜɤɥɸɱɚɹ ɫɯɟɦɵ 

ɤɨɦɩɶɸɬɟɪɧɵɯ ɦɢɤɪɨɫɯɟɦ, ɚ ɬɚɤɠɟ ɚɧɬɢɨɬɪɚɠɚɸɳɢɟ ɢ ɬɜɟɪɞɵɟ ɩɨɤɪɵɬɢɹ ɧɚ 

ɨɱɤɚɯ. Ɉɧɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɷɥɟɤɬɪɨɧɢɤɟ, ɯɢɦɢɢ ɢ ɬɟɯɧɢɤɟ [67]. 

2D ɧɚɧɨɦɚɬɟɪɢɚɥɵ - ɞɜɭɦɟɪɧɵɟ ɧɚɧɨɦɚɬɟɪɢɚɥɵ ɢɦɟɸɬ ɞɜɚ ɢɡɦɟɪɟɧɢɹ ɜ 

ɧɚɧɨɦɟɬɪɨɜɨɦ ɦɚɫɲɬɚɛɟ. Ʉ ɧɢɦ ɨɬɧɨɫɹɬɫɹ ɞɜɭɦɟɪɧɵɟ ɧɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɟ 

ɩɥɟɧɤɢ ɫ ɧɚɧɨɫɬɪɭɤɬɭɪɚɦɢ, ɩɪɨɱɧɨ ɩɪɢɤɪɟɩɥɟɧɧɵɦɢ ɤ ɩɨɞɥɨɠɤɟ, ɢɥɢ ɮɢɥɶɬɪɵ 

ɫ ɧɚɧɨɩɨɪɚɦɢ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɞɥɹ ɨɬɞɟɥɟɧɢɹ ɢ ɮɢɥɶɬɪɚɰɢɢ ɦɟɥɤɢɯ ɱɚɫɬɢɰ. 

ȼɨɥɨɤɧɚ ɚɫɛɟɫɬɚ ɹɜɥɹɸɬɫɹ ɩɪɢɦɟɪɨɦ ɞɜɭɦɟɪɧɵɯ ɧɚɧɨɱɚɫɬɢɰ [67]. 

3D ɧɚɧɨɦɚɬɟɪɢɚɥɵ - ɦɚɬɟɪɢɚɥɵ, ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɧɚɧɨɪɚɡɦɟɪɧɵɦɢ ɜɨ 

ɜɫɟɯ ɬɪɟɯ ɢɡɦɟɪɟɧɢɹɯ, ɫɱɢɬɚɸɬɫɹ ɬɪɟɯɦɟɪɧɵɦɢ ɧɚɧɨɦɚɬɟɪɢɚɥɚɦɢ. Ʉ ɧɢɦ 

ɨɬɧɨɫɹɬɫɹ ɬɨɧɤɢɟ ɩɥɟɧɤɢ, ɨɫɚɠɞɟɧɧɵɟ ɜ ɭɫɥɨɜɢɹɯ, ɤɨɬɨɪɵɟ ɫɨɡɞɚɸɬ ɩɨɪɢɫɬɨɫɬɶ 

ɚɬɨɦɧɨɝɨ ɦɚɫɲɬɚɛɚ, ɤɨɥɥɨɢɞɵ ɢ ɫɜɨɛɨɞɧɵɟ ɧɚɧɨɱɚɫɬɢɰɵ ɪɚɡɥɢɱɧɨɣ 

ɦɨɪɮɨɥɨɝɢɢ [67]. 
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1.5.3 ȼɥɢɹɧɢɟ ɧɚɧɨɱɚɫɬɢɰ ɡɨɥɨɬɚ ɧɚ ɩɨɥɹɪɢɡɚɰɢɸ ɦɚɤɪɨɮɚɝɨɜ 
 

Ɋɟɚɤɰɢɹ ɆɎ ɧɚ ɧɚɧɨɱɚɫɬɢɰɵ ɦɨɠɟɬ ɡɚɜɢɫɟɬɶ ɨɬ ɬɚɤɢɯ ɮɚɤɬɨɪɨɜ, ɤɚɤ ɞɨɡɚ, 

ɫɩɨɫɨɛ ɜɜɟɞɟɧɢɹ, ɪɚɡɦɟɪ, ɫɨɫɬɚɜ ɧɚɧɨɱɚɫɬɢɰ ɢ ɫɜɨɣɫɬɜɚ ɩɨɜɟɪɯɧɨɫɬɢ 

ɧɚɧɨɱɚɫɬɢɰ [71]. ɆɎ ɭ ɩɚɰɢɟɧɬɨɜ ɨɛɵɱɧɨ ɩɨɞɜɟɪɝɚɸɬɫɹ ɜɨɡɞɟɣɫɬɜɢɸ 

ɧɚɧɨɱɚɫɬɢɰ ɬɪɟɦɹ ɨɫɧɨɜɧɵɦɢ ɫɩɨɫɨɛɚɦɢ: 1) ɩɟɪɨɪɚɥɶɧɨɟ ɢɥɢ ɩɚɪɟɧɬɟɪɚɥɶɧɨɟ 

ɜɜɟɞɟɧɢɟ ɮɚɪɦɚɰɟɜɬɢɱɟɫɤɢɯ ɫɨɫɬɚɜɨɜ ɧɚ ɨɫɧɨɜɟ ɧɚɧɨɱɚɫɬɢɰ, 2) ɜɞɵɯɚɧɢɟ 

ɩɟɪɟɧɨɫɢɦɵɯ ɩɨ ɜɨɡɞɭɯɭ ɧɚɧɨɱɚɫɬɢɰ ɜ ɪɟɡɭɥɶɬɚɬɟ ɡɚɝɪɹɡɧɟɧɢɹ ɢɥɢ 

ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ, ɢɥɢ 3) ɨɛɪɚɡɨɜɚɧɢɟ ɧɚɧɨɱɚɫɬɢɰ ɜ ɨɪɝɚɧɢɡɦɟ 

ɢɡ-ɡɚ ɞɟɝɪɚɞɚɰɢɢ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɢɦɩɥɚɧɬɚɬɨɜ. Ʉɚɤ ɬɨɥɶɤɨ ɧɚɧɨɱɚɫɬɢɰɵ 

ɩɨɩɚɞɚɸɬ ɜ ɨɪɝɚɧɢɡɦ, ɆɎ ɦɨɝɭɬ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɧɚɧɨɱɚɫɬɢɰɵ ɤɚɤ 

ɢɧɨɪɨɞɧɵɟ ɬɟɥɚ ɢɡ-ɡɚ ɨɩɫɨɧɢɡɚɰɢɢ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɡɚɯɜɚɬɵɜɚɬɶ ɢɯ ɩɨɫɪɟɞɫɬɜɨɦ 

ɷɧɞɨɰɢɬɨɡɚ ɢɥɢ ɮɚɝɨɰɢɬɨɡɚ [72]. ɉɨɫɤɨɥɶɤɭ ɷɬɢ ɦɚɬɟɪɢɚɥɵ ɧɟ ɫɱɢɬɚɸɬɫɹ 

ɢɧɟɪɬɧɵɦɢ, ɆɎ ɱɚɫɬɨ ɪɟɚɝɢɪɭɸɬ ɧɚ ɢɯ ɩɨɝɥɨɳɟɧɢɟ, ɩɨɞɜɟɪɝɚɹɫɶ ɩɨɥɹɪɢɡɚɰɢɢ. 

Ɍɨɱɧɵɣ ɜɤɥɚɞ ɤɨɧɤɪɟɬɧɵɯ ɫɜɨɣɫɬɜ ɧɚɧɨɱɚɫɬɢɰ, ɬɚɤɢɯ ɤɚɤ ɬɢɩ ɦɚɬɟɪɢɚɥɚ, ɫɨɫɬɚɜ 

ɹɞɪɚ ɢ ɨɛɨɥɨɱɤɢ, ɬɟɪɚɩɟɜɬɢɱɟɫɤɚɹ ɧɚɝɪɭɡɤɚ ɢɥɢ ɮɨɪɦɚ, ɧɚ ɢɯ ɨɛɳɢɟ 

ɩɨɥɹɪɢɡɚɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ ɆɎ ɞɨ ɤɨɧɰɚ ɧɟ ɢɡɭɱɟɧɵ [72]. 

Bastus et al. ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɥɢ, ɱɬɨ ɨɛɪɚɛɨɬɤɚ ɆɎ ɧɚɧɨɱɚɫɬɢɰɚɦɢ 

ɡɨɥɨɬɚ, ɤɨɧɴɸɝɢɪɨɜɚɧɧɵɦɢ ɫ ɩɟɩɬɢɞɨɦ, ɢɧɝɢɛɢɪɭɸɳɢɦ ɪɨɫɬ ɚɦɢɥɨɢɞɚ, 

ɭɜɟɥɢɱɢɜɚɥɚ ɫɟɤɪɟɰɢɸ TNF-α, ɂɅ-1ȕ ɢ ɂɅ-6 ɢɡ-ɡɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɦɟɠɞɭ 

ɤɨɧɴɸɝɢɪɨɜɚɧɧɵɦɢ ɫ ɩɟɩɬɢɞɨɦ ɧɚɧɨɱɚɫɬɢɰɚɦɢ ɢ Toll-ɩɨɞɨɛɧɵɦ ɪɟɰɟɩɬɨɪɨɦ 4 

[71, 72]. ɆɎ, ɨɛɪɚɛɨɬɚɧɧɵɟ ɧɚɧɨɱɚɫɬɢɰɚɦɢ, ɜ ɷɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ ɬɚɤɠɟ 

ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɥɢ ɩɨɜɵɲɟɧɧɭɸ ɷɤɫɩɪɟɫɫɢɸ iNOS ɤɚɤ ɷɥɟɦɟɧɬ ɢɦɦɭɧɧɨɝɨ 

ɨɬɜɟɬɚ. ȼ ɞɪɭɝɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ Pal et al. ɢɡɦɟɪɢɥɢ ɜɥɢɹɧɢɟ ɨɛɪɚɛɨɬɤɢ ɩɨɤɪɵɬɵɯ 

ɰɢɬɪɚɬɨɦ ɇɑ ɡɨɥɨɬɚ ɧɚ ɚɫɫɨɰɢɢɪɨɜɚɧɧɵɟ ɫ ɨɩɭɯɨɥɶɸ ɆɎ ɦɵɲɟɣ ɫ ɨɩɭɯɨɥɶɸ, 

ɆɎ ɫɟɥɟɡɟɧɤɢ ɦɵɲɟɣ ɫ ɨɩɭɯɨɥɶɸ ɢ ɆɎ ɡɞɨɪɨɜɵɯ ɦɵɲɟɣ [72]. Ƚɟɧɟɪɚɰɢɹ ȺɎɄ 

ɭɜɟɥɢɱɢɥɚɫɶ ɜ ɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ ɜ ɫɜɹɡɚɧɧɵɯ ɫ ɨɩɭɯɨɥɶɸ ɦɚɤɪɨɮɚɝɚɯ, ɱɟɦ ɜ 

ɦɚɤɪɨɮɚɝɚɯ ɫɟɥɟɡɟɧɤɢ ɦɵɲɟɣ-ɨɩɭɯɨɥɟɧɨɫɢɬɟɥɟɣ ɢɥɢ ɦɚɤɪɨɮɚɝɚɯ ɡɞɨɪɨɜɵɯ 

ɦɵɲɟɣ. Ʉɪɨɦɟ ɬɨɝɨ, ɨɛɪɚɛɨɬɤɚ ɇɑ ɡɨɥɨɬɚ ɭɦɟɧɶɲɚɥɚ ɫɟɤɪɟɰɢɸ ɤɚɤ TNF-α, ɬɚɤ 

ɢ ɂɅ-10 ɢɡ ɫɜɹɡɚɧɧɵɯ ɫ ɨɩɭɯɨɥɶɸ ɆɎ, ɚ ɬɚɤɠɟ ɭɜɟɥɢɱɢɜɚɥɚ ɫɟɤɪɟɰɢɸ ɂɅ-12. 
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ɉɪɨɬɢɜɨɪɟɱɢɜɵɟ ɧɚɛɥɸɞɟɧɢɹ ɫɟɤɪɟɰɢɢ ɰɢɬɨɤɢɧɨɜ ɦɟɠɞɭ ɞɜɭɦɹ ɪɚɧɟɟ 

ɨɛɫɭɠɞɟɧɧɵɦɢ ɨɬɱɟɬɚɦɢ ɦɨɝɭɬ ɛɵɬɶ ɩɪɢɩɢɫɚɧɵ ɪɚɡɥɢɱɢɹɦ ɦɟɠɞɭ ɰɢɬɪɚɬɧɵɦ ɢ 

ɩɟɩɬɢɞɧɵɦ ɩɨɤɪɵɬɢɟɦ ɩɨɜɟɪɯɧɨɫɬɢ ɇɑ ɡɨɥɨɬɚ; ɨɞɧɚɤɨ ɜɵɹɫɧɟɧɢɟ ɜɥɢɹɧɢɹ 

ɩɨɤɪɵɬɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɇɑ ɧɚ ɩɨɥɹɪɢɡɚɰɢɸ ɆɎ ɩɪɢ ɫɨɯɪɚɧɟɧɢɢ ɞɪɭɝɢɯ 

ɮɚɤɬɨɪɨɜ, ɬɚɤɢɯ ɤɚɤ ɩɨɫɬɨɹɧɧɵɣ ɩɨɜɟɪɯɧɨɫɬɧɵɣ ɡɚɪɹɞ, ɨɫɬɚɟɬɫɹ ɬɪɭɞɧɵɦ. ɗɬɢ 

ɪɟɡɭɥɶɬɚɬɵ ɭɤɚɡɵɜɚɸɬ ɧɚ ɜɚɠɧɨɫɬɶ ɩɨɤɪɵɬɢɣ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɧɨɱɚɫɬɢɰ ɞɥɹ 

ɩɨɥɹɪɢɡɚɰɢɢ ɆɎ. 

 
1.6 Ɋɨɥɶ ɷɜɟɪɨɥɢɦɭɫɚ ɜ ɦɟɬɚɛɨɥɢɡɦɟ ɥɢɩɢɞɨɜ 

 
ɗɜɟɪɨɥɢɦɭɫ – ɦɚɤɪɨɰɢɤɥɢɱɟɫɤɢɣ ɥɚɤɬɨɧ, ɩɪɟɩɚɪɚɬ, ɤɨɬɨɪɵɣ ɢɫɩɨɥɶɡɭɟɬɫɹ 

ɜ ɤɚɱɟɫɬɜɟ ɢɦɦɭɧɨɞɟɩɪɟɫɫɚɧɬɚ, ɱɬɨɛɵ ɩɪɟɞɨɬɜɪɚɬɢɬɶ ɨɬɤɚɡ ɨɬ ɬɪɚɧɫɩɥɚɧɬɚɰɢɢ 

ɨɪɝɚɧɨɜ ɢ ɩɪɢ ɥɟɱɟɧɢɢ ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ ɪɚɤɚ. ɗɬɨɬ ɩɪɟɩɚɪɚɬ ɛɵɥ ɫɨɡɞɚɧ ɧɚ 

ɨɫɧɨɜɟ ɬɚɤɨɝɨ ɫɨɟɞɢɧɟɧɢɹ, ɤɚɤ ɪɚɩɚɦɢɰɢɧ, ɢ ɹɜɥɹɟɬɫɹ ɢɧɝɢɛɢɬɨɪɨɦ mTORC 

[73]. 

ɗɜɟɪɨɥɢɦɭɫ (RAD001) ɹɜɥɹɟɬɫɹ ɩɟɪɨɪɚɥɶɧɵɦ ɢɧɝɢɛɢɬɨɪɨɦ ɪɚɩɚɦɢɰɢɧɚ- 

ɦɢɲɟɧɢ ɦɥɟɤɨɩɢɬɚɸɳɢɯ (mTOR) [74], ɤɥɸɱɟɜɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɚɤɬɢɜɧɨɝɨ ɩɭɬɢ 

PI3K / Akt ɩɪɢ ɪɚɤɟ ɱɟɥɨɜɟɤɚ [75]. Ɉɧ ɫɜɹɡɵɜɚɟɬɫɹ ɫ ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɦ 

ɪɟɰɟɩɬɨɪɨɦ FKBP12 ɜ ɩɭɬɢ mTOR ɫ ɜɵɫɨɤɢɦ ɫɪɨɞɫɬɜɨɦ, ɨɛɪɚɡɭɹ ɤɨɦɩɥɟɤɫ 

ɷɜɟɪɨɥɢɦɭɫ-FKBP12 [76]. Ʉɨɦɩɥɟɤɫ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɫɜɹɡɵɜɚɟɬɫɹ ɫ mTOR [77], 

ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɚɤɬɢɜɧɨɫɬɢ ɷɮɮɟɤɬɨɪɨɜ S6 ɪɢɛɫɨɦɚɥɶɧɨɣ 

ɩɪɨɬɟɢɧɤɢɧɚɡɵ ɢ ɛɟɥɤɚ ɪɟɩɪɟɫɫɨɪɚ ɬɪɚɧɫɥɹɰɢɢ ɷɭɤɚɪɢɨɬɢɱɟɫɤɨɝɨ ɮɚɤɬɨɪɚ 

ɷɥɨɧɝɚɰɢɢ 4E-ɫɜɹɡɵɜɚɸɳɟɝɨ ɛɟɥɤɚ [78]. ɉɨɦɢɦɨ ɫɜɨɟɣ ɢɦɦɭɧɨɫɭɩɪɟɫɫɢɜɧɨɣ 

ɚɤɬɢɜɧɨɫɬɢ ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɨɬɬɨɪɠɟɧɢɹ ɬɪɚɧɫɩɥɚɧɬɚɬɚ, ɷɜɟɪɨɥɢɦɭɫ 

ɩɪɨɹɜɥɹɟɬ ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɭɸ ɚɤɬɢɜɧɨɫɬɶ ɢ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢɫɩɨɥɶɡɭɟɬɫɹ 

ɞɥɹ ɥɟɱɟɧɢɹ ɩɨɱɟɱɧɨ-ɤɥɟɬɨɱɧɨɝɨ ɪɚɤɚ ɢ ɞɪɭɝɢɯ ɨɩɭɯɨɥɟɣ [79]. 
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2 ɈȻɔȿɄɌɕ ɂ ɆȿɌɈȾɕ ɂɋɋɅȿȾɈȼȺɇɂə 
 
 

2.1 Ɉɛɴɟɤɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ 
 

Ɇɇ ɜɵɞɟɥɹɥɢ ɢɡ ɩɟɪɢɮɟɪɢɱɟɫɤɨɣ ɤɪɨɜɢ ɡɞɨɪɨɜɨɝɨ ɞɨɧɨɪɚ ɧɚ ɝɪɚɞɢɟɧɬɟ 

ɩɥɨɬɧɨɫɬɢ ɮɢɤɨɥɥ-ɭɪɨɝɪɚɮɢɧ. ȼɵɞɟɥɟɧɧɵɟ Ɇɇ ɫɭɫɩɟɧɞɢɪɨɜɚɥɢ ɜ ɫɪɟɞɟ DMEM 

c ɮɟɬɚɥɶɧɨɣ ɫɵɜɨɪɨɬɤɨɣ. Ʉɥɟɬɨɱɧɵɟ ɫɭɫɩɟɧɡɢɢ Ɇɇ ɜɧɨɫɢɥɢ ɜ ɩɥɚɫɬɢɤɨɜɵɟ 96- 

ɥɭɧɨɱɧɵɟ ɤɭɥɶɬɭɪɚɥɶɧɵɟ ɩɥɚɧɲɟɬɵ. ɉɨɫɥɟ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɜ 

ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɧɵɟ ɆɎ ɜɧɨɫɢɥɢ ɧɚɧɨɱɚɫɬɢɰɵ ɡɨɥɨɬɚ ɫɮɟɪɢɱɟɫɤɨɣ ɮɨɪɦɵ 6 

ɧɦ ɢ 25 ɧɦ, ɢɦɦɭɧɧɵɟ ɤɨɦɩɥɟɤɫɵ (ɜɵɞɟɥɟɧɧɵɟ ɢɡ ɤɪɨɜɢ ɞɨɧɨɪɨɜ, ɛɨɥɶɧɵɯ 

ɚɬɟɪɨɫɤɥɟɪɨɡɨɦ) ɢ ɷɜɟɪɨɥɢɦɭɫ. 

 
2.2 ȼɵɛɨɪ ɞɨɧɨɪɨɜ ɩɟɪɢɮɟɪɢɱɟɫɤɨɣ ɤɪɨɜɢ 

 
ȼɵɛɨɪ ɞɨɧɨɪɨɜ ɞɥɹ ɜɡɹɬɢɹ ɩɟɪɢɮɟɪɢɱɟɫɤɨɣ ɤɪɨɜɢ ɨɫɭɳɟɫɬɜɥɹɥɫɹ ɩɨ 

ɫɪɟɞɫɬɜɚɦ ɚɧɤɟɬɢɪɨɜɚɧɢɹ (ɩɪɢɥɨɠɟɧɢɟ Ⱥ). Ⱥɧɤɟɬɵ ɛɵɥɢ ɫɨɫɬɚɜɥɟɧɵ, ɢɫɯɨɞɹ ɢɡ 

ɩɨɬɪɟɛɧɨɫɬɢ ɢɡɭɱɟɧɢɹ ɜɥɢɹɧɢɹ ɧɚɧɨɱɚɫɬɢɰ ɡɨɥɨɬɚ ɧɚ ɦɟɬɚɛɨɥɢɡɦ ɥɢɩɢɞɨɜ ɢ 

ɩɪɨɰɟɫɫɨɜ ɩɨɥɹɪɢɡɚɰɢɢ ɡɞɨɪɨɜɵɯ Ɇɇ-ɆɎ, ɩɨɷɬɨɦɭ ɜ ɚɧɤɟɬɟ ɨɬɪɚɠɟɧɵ ɬɚɤɢɟ 

ɩɨɤɚɡɚɬɟɥɢ, ɤɚɤ ɩɨɥ, ɜɨɡɪɚɫɬ, ɨɛɪɚɡ ɠɢɡɧɢ, ɩɪɢɜɵɱɤɢ ɩɢɬɚɧɢɹ, ɜɪɟɞɧɵɟ 

ɩɪɢɜɵɱɤɢ, ɨɫɨɛɟɧɧɨɫɬɢ ɩɪɨɮɟɫɫɢɢ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɚɧɤɟɬɢɪɨɜɚɧɢɹ ɛɵɥɢ ɨɬɨɛɪɚɧɵ 

ɱɟɬɵɪɟ ɡɞɨɪɨɜɵɯ ɞɨɧɨɪɚ ɦɭɠɱɢɧɵ ɨɬ 21 ɞɨ 35 ɥɟɬ, ɢɦɟɸɳɢɟ ɫɛɚɥɚɧɫɢɪɨɜɚɧɧɭɸ 

ɞɢɟɬɭ, ɚɤɬɢɜɧɵɣ ɨɛɪɚɡ ɠɢɡɧɢ, ɢɦɟɸɳɢɟ ɜɪɟɞɧɵɟ ɩɪɢɜɵɱɤɢ, ɧɨ 

ɨɝɪɚɧɢɱɢɜɚɸɳɢɟ ɭɩɨɬɪɟɛɥɟɧɢɟ ɚɥɤɨɝɨɥɹ ɨɬ 1-2 ɪɚɡ ɜ ɦɟɫɹɰ ɞɨ ɧɟɫɤɨɥɶɤɢɯ ɪɚɡ ɜ 

ɝɨɞ, ɧɟ ɢɦɟɸɳɢɟ ɯɪɨɧɢɱɟɫɤɢɯ ɡɚɛɨɥɟɜɚɧɢɣ ɢ ɡɞɨɪɨɜɵɯ ɧɚ ɦɨɦɟɧɬ ɫɛɨɪɚ ɤɪɨɜɢ. 

2.3 ȼɵɞɟɥɟɧɢɟ ɢ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɟ ɦɨɧɨɰɢɬɨɜ - ɦɚɤɪɨɮɚɝɨɜ 
 

20 ɦɥ ɤɪɨɜɢ ɞɨɧɨɪɨɜ, ɩɪɨɲɟɞɲɢɯ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɚɧɤɟɬɢɪɨɜɚɧɢɟ, 

ɫɨɛɢɪɚɥɢ ɜ ɩɥɚɫɬɢɤɨɜɵɟ ɩɪɨɛɢɪɤɢ ɫ ɪɚɫɬɜɨɪɨɦ ɗȾɌȺ ɜ ɤɚɱɟɫɬɜɟ 

ɚɧɬɢɤɨɚɝɭɥɹɧɬɚ (1,2 ɦɝ ɗȾɌȺ/ɦɥ ɤɪɨɜɢ). 
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Ɇɇ ɜɵɞɟɥɹɥɢ ɜ ɝɢɩɟɪɬɨɧɢɱɟɫɤɨɦ ɝɪɚɞɢɟɧɬɟ ɩɥɨɬɧɨɫɬɢ ɮɢɤɨɥɥ- 

ɭɪɨɝɪɚɮɢɧɚ ɩɨ ɦɟɬɨɞɭ Recalde (1984) [80] ɜ ɫɬɟɪɢɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɬɟɪɢɥɶɧɵɯ ɪɟɚɝɟɧɬɨɜ 

Ʉɥɟɬɨɱɧɵɟ ɫɭɫɩɟɧɡɢɢ Ɇɇ ɜɧɨɫɢɥɢ ɜ ɩɥɚɫɬɢɤɨɜɵɟ 96-ɥɭɧɨɱɧɵɟ 

ɤɭɥɶɬɭɪɚɥɶɧɵɟ ɩɥɚɧɲɟɬɵ. ȼ ɤɚɠɞɭɸ ɥɭɧɤɭ ɜɧɨɫɢɥɢ 100 ɦɤɥ ɫɪɟɞɵ DMEM c 

10%-ɧɨɣ ɮɟɬɚɥɶɧɨɣ ɫɵɜɨɪɨɬɤɨɣ (ȻɎɋ) ɢ ɞɨɛɚɜɥɹɥɢ 50 ɦɤɥ ɤɥɟɬɨɱɧɨɣ 

ɫɭɫɩɟɧɡɢɢ. 

Ʉɥɟɬɤɢ ɤɭɥɶɬɢɜɢɪɨɜɚɥɢ ɜ ɋɈ2- ɢɧɤɭɛɚɬɨɪɟ ɜ ɬɟɱɟɧɢɟ 6 ɞɧɟɣ, ɤɚɠɞɵɟ 3 

ɫɭɬɤɢ ɦɟɧɹɥɢ ɤɭɥɶɬɭɪɚɥɶɧɭɸ ɫɪɟɞɭ. 

ɇɚ 6-ɟ ɫɭɬɤɢ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɨɬɛɢɪɚɥɢ ɤɭɥɶɬɭɪɚɥɶɧɵɣ ɮɢɥɶɬɪɚɬ ɢ 

ɜɧɨɫɢɥɢ 150 ɦɤɥ ɫɜɟɠɟɣ ɫɪɟɞɵ DMEM+10% ȻɎɋ ɜ ɤɨɧɬɪɨɥɶɧɵɣ ɜɚɪɢɚɧɬ. ȼ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɜɚɪɢɚɧɬɵ ɜɧɨɫɢɥɢ ɩɨ 150 ɦɤɥ: 

1. DMEM+10% ȻɎɋ + ɢɦɦɭɧɧɵɟ ɤɨɦɩɥɟɤɫɵ (ɂɄ), 200ɦɤɝ/ɦɥ; 

2. DMEM+10% ȻɎɋ + ɷɜɟɪɨɥɢɦɭɫ (ɗȼ), 10-5Ɇ; 

3. DMEM+10% ȻɎɋ + ɂɄ, 200ɦɤɝ/ɦɥ + ɗȼ, 10-5Ɇ; 

4. DMEM+10% ȻɎɋ + ɧɚɧɨɱɚɬɢɰɵ ɡɨɥɨɬɚ (ɇɑ Au), 6 ɧɦ, 3.3ɯ1010 

ɱɚɫɬɢɰ/ɦɥ; 

5. DMEM+10% ȻɎɋ + ɇɑ Au, 25 ɧɦ, 3.3ɯ1010 ɱɚɫɬɢɰ/ɦɥ; 

6. DMEM+10% ȻɎɋ + ɇɑ Au, 6 ɧɦ, 3.3ɯ1010 ɱɚɫɬɢɰ/ɦɥ + ɂɄ, 200ɦɤɝ/ɦɥ; 

7. DMEM+10% ȻɎɋ + ɇɑ Au, 25 ɧɦ, 3.3ɯ1010 ɱɚɫɬɢɰ/ɦɥ + ɂɄ, 200ɦɤɝ/ɦɥ. 

Ɇɇ-ɆɎ ɤɭɥɶɬɢɜɢɪɨɜɚɥɢ ɟɳɟ 3-ɟ ɫɭɬɨɤ ɜ ɋɈ2–ɢɧɤɭɛɚɬɨɪɟ. ɇɚ 9-ɟ ɫɭɬɤɢ 

ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɫɨɛɢɪɚɥɢ ɤɭɥɶɬɭɪɚɥɶɧɵɟ ɮɢɥɶɬɪɚɬɵ ɜ ɩɥɚɫɬɢɤɨɜɵɟ ɩɪɨɛɢɪɤɢ 

ɢ ɯɪɚɧɢɥɢ ɩɪɢ Ɍ=-70°ɋ. Ⱥɞɝɟɡɢɪɨɜɚɧɧɵɟ ɧɚ ɩɥɚɫɬɢɤɟ Ɇɇ-ɆɎ ɮɢɤɫɢɪɨɜɚɥɢ 

2,5% ɝɥɭɬɚɪɨɜɵɦ ɚɥɶɞɟɝɢɞɨɦ (ɧɚ ɎɋȻ, ɪɇ=7,4) ɢ ɯɪɚɧɢɥɢ ɜ ɯɨɥɨɞɢɥɶɧɢɤɟ ɩɪɢ 

Ɍ=5-8°ɋ. 
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2.4 ɂɦɦɭɧɨɮɟɪɦɟɧɬɧɵɣ ɚɧɚɥɢɡ 
 

ȼ ɤɭɥɶɬɭɪɚɥɶɧɵɯ ɮɢɥɶɬɪɚɬɚɯ ɨɩɪɟɞɟɥɹɥɢ ɫɨɞɟɪɠɚɧɢɟ ɂɅ-6 ɢ -10, ɉȽȿ2, 

ɅɌȻ4, TNF-α, ɯɟɦɨɤɢɧɚ CCL-18 ɦɟɬɨɞɨɦ ɢɦɦɭɧɨɮɟɪɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ. 

ɂɦɦɭɧɨɮɟɪɦɟɧɬɧɵɣ ɚɧɚɥɢɡ (ɂɎȺ) - ɷɬɨ ɦɟɬɨɞ ɡɚɯɜɚɬɚ ɰɟɥɟɜɨɝɨ ɚɧɬɢɝɟɧɚ 

(ɢɥɢ ɚɧɬɢɬɟɥɚ) ɜ ɨɛɪɚɡɰɚɯ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɚɧɬɢɬɟɥɚ (ɢɥɢ 

ɚɧɬɢɝɟɧɚ) ɢ ɨɛɧɚɪɭɠɟɧɢɹ / ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɰɟɥɟɜɨɣ ɦɨɥɟɤɭɥɵ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɮɟɪɦɟɧɬɚɬɢɜɧɨɣ ɪɟɚɤɰɢɢ ɫ ɟɝɨ ɫɭɛɫɬɪɚɬɨɦ [81]. 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɦɛɢɧɚɰɢɢ ɚɧɬɢɝɟɧ-ɚɧɬɢɬɟɥɨ, ɚɧɚɥɢɡ ɧɚɡɵɜɚɟɬɫɹ 

ɩɪɹɦɵɦ ɂɎȺ, ɧɟɩɪɹɦɵɦ ɂɎȺ, ɫɷɧɞɜɢɱ-ɂɎȺ, ɤɨɧɤɭɪɟɧɬɧɵɦ ɂɎȺ ɢ ɞɪ. [81]. 

Ɍɚɤ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ CCL-18 ɢɫɩɨɥɶɡɨɜɚɥɢ ɫɟɧɞɜɢɱ-ɚɧɚɥɢɡ, ɞɥɹ 

ɨɫɬɚɥɶɧɵɯ ɦɟɞɢɚɬɨɪɨɜ ɩɪɢɦɟɧɹɥɢ ɤɨɧɤɭɪɟɧɬɧɵɣ ɂɎȺ. 

 
2.5 ɗɥɟɤɬɪɨɧɧɚɹ ɦɢɤɪɨɫɤɨɩɢɹ 

 
Ɂɚɮɢɤɫɢɪɨɜɚɧɧɵɟ 2,5% ɝɥɭɬɚɪɨɜɨɦ ɚɥɶɞɟɝɢɞɟ Ɇɇ-ɆɎ ɞɨɩɨɥɧɢɬɟɥɶɧɨ 

ɮɢɤɫɢɪɨɜɚɥɢ ɜ 1% OsO4. Ʉɥɟɬɨɱɧɵɟ ɨɛɪɚɡɰɵ ɨɛɟɡɜɨɠɢɜɚɥɢ ɜ ɫɩɢɪɬɚɯ 

ɜɨɫɯɨɞɹɳɟɣ ɤɨɧɰɟɧɬɪɚɰɢɢ (10% ɷɬɚɧɨɥ … 96% ɷɬɚɧɨɥ, ɫ ɲɚɝɨɦ 10%). 

ɉɪɨɦɵɜɚɥɢ ɚɛɫɨɥɸɬɧɵɦ ɫɩɢɪɬɨɦ ɢ ɧɚɩɵɥɹɥɢ ɩɥɚɬɢɧɨɣ. Ɉɛɪɚɡɰɵ 

ɚɧɚɥɢɡɢɪɨɜɚɥɢ ɫ ɩɨɦɨɳɶɸ ɫɤɚɧɢɪɭɸɳɟɝɨ ɦɢɤɪɨɫɤɨɩɚ ɌɆ4000 (HITACHI, 

əɩɨɧɢɹ). Ɋɟɧɬɝɟɧɨɮɥɭɨɪɭɫɰɟɧɬɧɵɣ ɚɧɚɥɢɡ ɩɪɨɜɨɞɢɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɩɪɢɥɨɠɟɧɢɹ Quantax 70 (ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɜɧɭɬɪɢɤɥɟɬɨɱɧɨɣ ɥɨɤɚɥɢɡɚɰɢɢ Os). 

 
2.6 Ɇɨɪɮɨɥɨɝɢɱɟɫɤɢɣ ɚɧɚɥɢɡ 

 
ɉɨɫɥɟ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ ɩɪɨɜɨɞɢɥɫɹ ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɣ ɚɧɚɥɢɡ. 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɮɨɬɨɝɪɚɮɢɢ ɨɛɪɚɛɚɬɵɜɚɥɢ ɜ ɩɪɨɝɪɚɦɦɟ FastStone Image Viewer 

ɞɥɹ ɭɥɭɱɲɟɧɢɹ ɤɨɧɬɪɚɫɬɚ ɢ ɨɩɪɟɞɟɥɟɧɢɹ ɱɟɬɤɢɯ ɝɪɚɧɢɰ ɤɥɟɬɨɤ. Ⱦɚɥɟɟ, ɨɬɞɟɥɶɧɨ 

ɞɥɹ ɤɚɠɞɨɝɨ ɜɚɪɢɚɧɬɚ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ, ɨɫɭɳɟɫɬɜɥɹɥɢ ɩɨɞɫɱɟɬ ɤɥɟɬɨɤ 

ɪɚɡɥɢɱɧɨɣ ɦɨɪɮɨɥɨɝɢɢ ɢ ɥɨɤɨɥɢɡɚɰɢɢ ɥɢɩɢɞɧɵɯ ɤɚɩɟɥɶ (ɅɄ). 

ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɛɵɥɢ ɫɬɚɬɢɫɬɢɱɟɫɤɢ ɨɛɪɚɛɨɬɚɧɵ ɩɨ ɦɟɬɨɞɭ 

ɋɬɴɸɞɟɧɬɚ. ɗɤɫɩɟɪɢɦɟɧɬɵ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɜ 3-ɯ ɩɨɜɬɨɪɚɯ. 
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3 ɊȿɁɍɅɖɌȺɌɕ 
 
 

3.1 Ɇɨɪɮɨɥɨɝɢɱɟɫɤɚɹ ɜɚɪɢɚɛɟɥɶɧɨɫɬɶ ɦɨɧɨɰɢɬɨɜ-ɦɚɤɪɨɮɚɝɨɜ 
 

[ɢɡɴɹɬɚ 1 ɫɬɪɚɧɢɰɚ] 

3.1.1 Ɇɨɪɮɨɥɨɝɢɱɟɫɤɢɟ ɦɚɪɤɟɪɵ Ɇ1/ Ɇ2 ɩɨɥɹɪɢɡɚɰɢɢ ɦɨɧɨɰɢɬɨɜ - 
ɦɚɤɪɨɮɚɝɨɜ in vitro 

 
[ɢɡɴɹɬɨ 4 ɫɬɪɚɧɢɰɵ] 

 
3.2 Ʌɢɩɢɞɧɵɟ ɤɚɩɥɢ ɜ ɰɢɬɨɩɥɚɡɦɟ ɦɨɧɨɰɢɬɨɜ - ɦɚɤɪɨɮɚɝɨɜ 

 
[ɢɡɴɹɬɨ 2 ɫɬɪɚɧɢɰɵ] 
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3.2.1 ȼɚɪɢɚɛɟɥɶɧɨɫɬɶ ɥɢɩɢɞɧɵɯ ɤɚɩɟɥɶ 
 

[ɢɡɴɹɬɚ 1 ɫɬɪɚɧɢɰɵ] 

 
 
 

3.2.2 Ʌɢɩɢɞ-ɧɚɝɪɭɠɟɧɧɵɟ ɦɚɤɪɨɮɚɝɢ 
 

[ɢɡɴɹɬɨ 2 ɫɬɪɚɧɢɰɵ] 
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3.3 Ȼɢɨɯɢɦɢɱɟɫɤɢɟ ɦɚɪɤɟɪɵ Ɇ1/ Ɇ2 ɩɨɥɹɪɢɡɚɰɢɢ ɦɨɧɨɰɢɬɨɜ - ɦɚɤɪɨɮɚɝɨɜ 

in vitro 

[ɢɡɴɹɬɨ 2 ɫɬɪɚɧɢɰɵ] 

3.3.1 Ʉɨɥɢɱɟɫɬɜɨ ɥɢɩɢɞ-ɧɚɝɪɭɠɟɧɧɵɯ ɦɚɤɪɨɮɚɝɨɜ ɢ ɫɨɞɟɪɠɚɧɢɟ ɉȽȿ2 ɢ 

ɅɌȻ4 

[ɢɡɴɹɬɨ 2 ɫɬɪɚɧɢɰɵ] 
 
 
 

3.3.2 Ɏɟɧɨɬɢɩɵ ɦɚɤɪɨɮɚɝɨɜ ɜ ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɢɹɯ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ 
 

[ɢɡɴɹɬɨ 2 ɫɬɪɚɧɢɰɵ] 
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ɁȺɄɅɘɑȿɇɂȿ 
 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɞɟɥɚɧɧɨɣ ɪɚɛɨɬɵ ɩɨɥɭɱɟɧɵ ɫɥɟɞɭɸɳɢɟ ɜɵɜɨɞɵ: 

1. ɇɑ ɡɨɥɨɬɚ ɭɜɟɥɢɱɢɜɚɸɬ ɱɢɫɥɟɧɧɨɫɬɶ ɥɢɩɢɞ-ɧɚɝɪɭɠɟɧɧɵɯ ɆɎ. ɇɑ 

ɪɚɡɦɟɪɨɦ 6 ɧɦ ɹɜɥɹɸɬɫɹ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦɢ ɢɧɞɭɤɬɨɪɚɦɢ ɛɢɨɝɟɧɟɡɚ ɅɄ, ɱɟɦ 

ɇɑ ɪɚɡɦɟɪɨɦ 25 ɧɦ. 

2. ȼ ɭɫɥɨɜɢɹɯ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɇɑ + ɂɄ ɱɢɫɥɟɧɧɨɫɬɶ 

ɥɢɩɢɞ-ɧɚɝɪɭɠɟɧɧɵɯ ɆɎ ɞɨɫɬɨɜɟɪɧɨ ɜɵɲɟ (1,8 ɢ 2,6 ɪɚɡɚ, ɞɥɹ ɇɑ 6ɧɦ ɢ 25 ɧɦ, 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ), ɱɟɦ ɜ ɭɫɥɨɜɢɹɯ ɨɞɧɨɮɚɤɬɨɪɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ (ɇɑ). 

3. ɍɜɟɥɢɱɟɧɢɟ ɱɢɫɥɟɧɧɨɫɬɢ ɥɢɩɢɞ-ɧɚɝɪɭɠɟɧɧɵɯ ɆɎ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ 

ɇɑ ɡɨɥɨɬɚ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟɦ ɚɤɬɢɜɧɨɫɬɢ ɩɪɨɞɭɤɰɢɢ ɅɌȼ4 (ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫ ɤɨɧɬɪɨɥɟɦ). ȼ ɭɫɥɨɜɢɹɯ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɇɑ+ɂɄ 

ɚɤɬɢɜɧɨɫɬɶ ɩɪɨɞɭɤɰɢɢ ɅɌȼ4 ɢ ɉȽȿ2 ɪɟɡɤɨ ɫɧɢɠɚɟɬɫɹ ɜ 9-10 ɪɚɡ, ɩɨ ɫɪɚɜɧɟɧɢɸ 

ɫ ɨɞɧɨɮɚɤɬɨɪɧɵɦ ɜɨɡɞɟɣɫɬɜɢɟɦ, ɇɑ. 

4. ɇɑ ɡɨɥɨɬɚ ɜ ɭɫɥɨɜɢɹɯ ɨɞɧɨɮɚɤɬɨɪɧɨɝɨ ɢ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ 

ɜɨɡɞɟɣɫɬɜɢɹ ɢɧɢɰɢɢɪɭɸɬ ɮɨɪɦɢɪɨɜɚɧɢɟ Ɇ2ɚ- ɢ Ɇ2ɫ-ɮɟɧɨɬɢɩɨɜ ɆɎ, ɧɨ 

ɫɟɤɪɟɬɨɦɵ ɷɬɢɯ ɮɟɧɨɬɢɩɨɜ ɜ ɭɫɥɨɜɢɹɯ ɨɞɧɨɮɚɤɬɨɪɧɨɝɨ ɢ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ 

ɜɨɡɞɟɣɫɬɜɢɹ ɫɭɳɟɫɬɜɟɧɧɨ ɪɚɡɥɢɱɚɸɬɫɹ. 
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ɋɉɂɋɈɄ ɋɈɄɊȺɓȿɇɂɃ 
 

TLR – Toll-ɩɨɞɨɛɧɵɟ ɪɟɰɟɩɬɨɪɵ 

Ʌɉɋ – ɥɢɩɨɩɨɥɢɫɚɯɚɪɢɞɵ 

ɐɌɄ – ɬɪɢɤɚɪɛɨɧɨɜɨɣ ɤɢɫɥɨɬɵ 

ɈɀɄ – ɨɤɢɫɥɟɧɢɟ ɠɢɪɧɵɯ ɤɢɫɥɨɬ 

ɈɎ – ɨɤɢɫɥɢɬɟɥɶɧɨɟ ɮɨɫɮɨɪɢɥɢɪɨɜɚɧɢɟ 

ɐɈȽ – ɰɢɤɥɨɨɤɫɢɝɟɧɚɡɵ 

ɎɅ – ɮɨɫɮɨɥɢɩɢɞɵ 

ɌȺȽ – ɬɪɢɚɰɢɥɝɥɢɰɟɪɢɞɵ 

ɌȽ – ɬɪɢɝɥɢɰɟɪɢɞɵ 

ɀɄ – ɠɢɪɧɵɟ ɤɢɫɥɨɬɵ 

ȺɎɄ – ɚɤɬɢɜɧɵɟ ɮɨɪɦɵ ɤɢɫɥɨɪɨɞɚ 

Ɇɇ – Ɇɇ 

ɆɎ – ɆɎ 

ɅɄ – ɥɢɩɢɞɧɵɟ ɤɚɩɥɢ 

ɉȽȿ2, PGE2 – ɩɪɨɫɬɚɝɥɚɧɞɢɧɵ ɝɪɭɩɩɵ ȿ2 

ɅɌȻ4, LTB4 – ɥɟɣɤɨɬɪɢɟɧɵ ɝɪɭɩɩɵ Ȼ4 

ɂɅ-6, IL-6 – ɢɧɬɟɪɥɟɣɤɢɧ 6 

ɂɅ-10 , IL-10 – ɢɧɬɟɪɥɟɣɤɢɧ 10 

TNF- α – ɮɚɤɬɨɪ ɧɟɤɪɨɡɚ ɨɩɭɯɨɥɢ-ɚɥɶɮɚ 

CCL-18 – ɯɟɦɨɤɢɧ ɦɨɬɢɜ ɋɋ ɥɢɝɚɧɞ 18 

ɂɄ – ɢɦɦɭɧɧɵɟ ɤɨɦɩɥɟɤɫɵ 

ɇɑ – ɧɚɧɨɱɚɫɬɢɰɵ 

JAK – ɤɢɧɚɡɵ əɧɭɫɚ 

STAT – ɫɢɝɧɚɥɶɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɢ ɚɤɬɢɜɚɬɨɪɵ ɬɪɚɧɫɤɪɢɩɰɢɢ 
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iNOS – ɫɢɧɬɚɡɚ ɢɧɞɭɰɢɪɭɟɦɚɹ ɨɤɫɢɞɨɦ ɚɡɨɬɚ 

IFN-Ȗ – ɢɧɬɟɪɮɟɪɨɧ-ɝɚɦɦɚ 

ɂɎȺ – ɢɦɦɭɧɨɮɟɪɦɟɧɬɧɵɣ ɚɧɚɥɢɡ 
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ɉɊɂɅɈɀȿɇɂȿ Ⱥ 
 

Ⱥɧɤɟɬɚ ɞɥɹ ɜɵɛɨɪɚ ɞɨɧɨɪɨɜ 
 

1) ȼɚɲ ɩɨɥ? ɚ. ɀɟɧɫɤɢɣ 

ɛ. Ɇɭɠɫɤɨɣ 

2) ȼɚɲ ɜɨɡɪɚɫɬ? ɚ. ɞɨ 20 ɥɟɬ 

ɛ. ɨɬ 21 0ɨ 35 

ɜ. ɨɬ 35 

3) ȼɵɛɟɪɢɬɟ ɞɢɟɬɭ, ɤɨɬɨɪɚɹ ɧɚɢɛɨɥɟɟ 

ɬɨɱɧɨ ɨɬɪɚɠɚɟɬ ȼɚɲ ɪɚɰɢɨɧ? 

ɚ. ɫɛɚɥɚɧɫɢɪɨɜɚɧɧɚɹ (ȼɵ ɟɞɢɬɟ ɦɹɫɨ, 

ɨɜɨɳɢ, ɮɪɭɤɬɵ, ɤɪɭɩɵ, ɦɨɥɨɱɧɵɟ 

ɩɪɨɞɭɤɬɵ ɢ ɞɪ.) 

ɛ. ɜɟɝɟɬɚɪɢɚɧɬɫɤɚɹ (ȼɵ ɭɩɨɬɪɟɛɥɹɟɬɟ 

ɜ ɩɢɳɭ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɩɪɨɞɭɤɬɵ 

ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ) 

ɜ. ɧɟɫɛɚɥɚɧɫɢɪɨɜɚɧɧɚɹ (ȼɵ 

ɩɪɟɞɩɨɱɢɬɚɟɬɟ ɟɫɬɶ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ 

ɨɞɢɧ ɜɢɞ ɩɪɨɞɭɤɬɨɜ, ɧɚɩɪɢɦɟɪ, ɦɹɫɨ) 

4) Ʉɚɤɨɣ ȼɵ ɜɟɞɟɬɟ ɨɛɪɚɡ ɠɢɡɧɢ? ɚ. ɨɱɟɧɶ ɚɤɬɢɜɧɵɣ (5-7 ɪɚɡ ɜ ɧɟɞɟɥɸ 

ɢɧɬɟɧɫɢɜɧɚɹ ɮɢɡɢɱɟɫɤɚɹ ɧɚɝɪɭɡɤɚ) 

ɛ. ɚɤɬɢɜɧɵɣ (ɡɚɧɹɬɢɟ ɚɤɬɢɜɧɵɦɢ 

ɜɢɞɚɦɢ ɨɬɞɵɯɚ + ɮɢɡɢɱɟɫɤɚɹ ɧɚɝɪɭɡɤɚ 

1-3 ɪɚɡɚ ɜ ɧɟɞɟɥɸ) 

ɜ. ɦɚɥɨɚɤɬɢɜɧɵɣ (ɟɠɟɞɧɟɜɧɵɟ 

ɩɪɨɝɭɥɤɢ) 

ɝ. ɧɟɚɤɬɢɜɧɵɣ (ȼɚɲɚ ɚɤɬɢɜɧɨɫɬɶ 

ɩɨɯɨɞ ɜ ɦɚɝɚɡɢɧ / ɧɚ ɪɚɛɨɬɭ) 

5) ȿɫɬɶ ɥɢ ɭ ȼɚɫ ɜɪɟɞɧɵɟ ɩɪɢɜɵɱɤɢ? ɚ. ɞɚ 

ɛ. ɧɟɬ 

6) Ʉɚɤ ɱɚɫɬɨ ȼɵ ɤɭɪɢɬɟ? ɚ. ɧɢɤɨɝɞɚ 

ɛ. ɤɪɚɣɧɟ ɪɟɞɤɨ (ɪɟɠɟ 1 ɪɚɡɚ ɜ ɦɟɫɹɰ) 
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 ɜ. ɪɟɞɤɨ (ɧɟɫɤɨɥɶɤɨ ɪɚɡ ɜ ɦɟɫɹɰ) 

ɝ. ɱɚɫɬɨ (ɧɟɫɤɨɥɶɤɨ ɪɚɡ ɜ ɧɟɞɟɥɸ) 

ɞ. ɨɱɟɧɶ ɱɚɫɬɨ (ɤɚɠɞɵɣ ɞɟɧɶ) 

7) Ʉɚɤ ɱɚɫɬɨ ȼɵ ɭɩɨɬɪɟɛɥɹɟɬɟ 

ɚɥɤɨɝɨɥɶ? 

ɚ. ɧɢɤɨɝɞɚ 

ɛ. ɤɪɚɣɧɟ ɪɟɞɤɨ (1-2 ɪɚɡɚ ɜ ɝɨɞ) 

ɜ. ɪɟɞɤɨ (ɧɟɫɤɨɥɶɤɨ ɪɚɡ ɜ ɦɟɫɹɰ) 

ɝ. ɱɚɫɬɨ (ɧɟɫɤɨɥɶɤɨ ɪɚɡ ɜ ɧɟɞɟɥɸ) 

ɞ. ɨɱɟɧɶ ɱɚɫɬɨ (ɤɚɠɞɵɣ ɞɟɧɶ) 

8) Ȼɨɥɟɥɢ ɥɢ ȼɵ ɡɚ ɩɨɫɥɟɞɧɢɟ ɞɜɚ 

ɧɟɞɟɥɢ ɈɊɁ / ɈɊȼɂ? 

ɚ. ɞɚ 

ɛ. ɧɟɬ 

9) ȿɫɥɢ ɥɢ ɭ ȼɚɫ ɯɪɨɧɢɱɟɫɤɢɟ 

ɡɚɛɨɥɟɜɚɧɢɹ? ȿɫɥɢ ɞɚ, ɤɚɤɢɟ? 

ɚ. ɞɚ 

ɛ. ɧɟɬ 

10) ȼɵɛɟɪɢɬɟ ɩɨɥɨɠɟɧɢɟ, ɤɨɬɨɪɨɟ 

ɧɚɢɛɨɥɟɟ ɛɥɢɡɤɨ ɨɬɪɚɠɚɟɬ ȼɚɲ ɪɨɞ 

ɞɟɹɬɟɥɶɧɨɫɬɢ? 

ɚ. ɨɮɢɫɧɵɣ ɫɨɬɪɭɞɧɢɤ 

ɛ. ɧɚɭɱɧɵɣ ɫɨɬɪɭɞɧɢɤ 

ɜ. ɩɟɲɢɣ ɤɭɪɶɟɪ 

ɝ. ɝɪɭɡɱɢɤ 

ɞ. ɬɚɤɫɢ / ɤɭɪɶɟɪ ɧɚ ɚɜɬɨ 
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