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ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «ȼɥɢɹɧɢɟ ɧɚɧɨɱɚɫɬɢɰ 

ɫɟɥɟɧɚ ɧɚ ɨɛɪɚɡɨɜɚɧɢɟ ɫɜɨɛɨɞɧɵɯ ɪɚɞɢɤɚɥɨɜ ɜ ɤɥɟɬɤɚɯ ɚɫɰɢɧɨɣ ɤɚɪɰɢɧɨɦɵ 

ɗɪɥɢɯɚ» ɫɨɞɟɪɠɢɬ 41 ɫɬɪɚɧɢɰe ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 14 ɢɥɥɸɫɬɪɚɰɢɣ, 69 

ɥɢɬɟɪɚɬɭɪɧɵɯ ɢɫɬɨɱɧɢɤɨɜ. 

ɈȻɅɍɑȿɇɂȿ, ɇȺɇɈɑȺɋɌɂɐɕ ɋȿɅȿɇȺ, ȺɋɐɂɌɇȺə ɄȺɊɐɂɇɈɆȺ 

ɗɊɅɂɏȺ, ɋȼɈȻɈȾɇɕȿ ɊȺȾɂɄȺɅɕ, ȺɊȺȻɂɇɈȽȺɅȺɄɌȺɇ 

ɐɟɥɶ ɪɚɛɨɬɵ: ɨɰɟɧɤɚ ɚɧɬɢɨɤɫɢɞɚɧɬɧɵɯ ɫɜɨɣɫɬɜ ɧɚɧɨɱɚɫɬɢɰ ɫɟɥɟɧɚ, 

ɩɨɤɪɵɬɵɯ ɚɪɚɛɢɧɨɝɚɥɚɤɬɚɧɨɦ, ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɢɡɥɭɱɟɧɢɹ 

ɋȼɑ-ɞɢɚɩɚɡɨɧɚ ɧɚ ɤɥɟɬɤɢ ɚɫɰɢɬɧɨɣ ɤɚɪɰɢɧɨɦɵ ɗɪɥɢɯɚ. 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɪɚɛɨɬɵ ɨɛɭɫɥɨɜɥɟɧɚ ɬɟɦ, ɱɬɨ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ 

ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɧɚɝɪɭɡɤɢ ɚɧɬɪɨɩɨɝɟɧɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ ɫɩɨɫɨɛɟɧ 

ɩɪɢɜɨɞɢɬɶ ɤ ɭɜɟɥɢɱɟɧɢɸ ɫɤɨɪɨɫɬɢ ɝɟɧɟɪɚɰɢɢ ɫɜɨɛɨɞɧɵɯ ɪɚɞɢɤɚɥɨɜ ɜ ɤɥɟɬɤɟ, 

ɜɵɡɵɜɚɹ ɚɩɨɩɬɨɡ. Ⱦɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɫɬɪɟɫɫɚ ɫɭɳɟɫɬɜɭɸɬ 

ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɟ ɞɨɛɚɜɤɢ ɜ ɫɨɫɬɚɜɟ ɤɨɬɨɪɵɯ ɩɪɢɫɭɬɫɬɜɭɸɬ 

ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɟ ɦɟɬɚɥɥɵ, ɧɚɩɪɢɦɟɪ, ɫɟɥɟɧ, ɨɛɥɚɞɚɸɳɢɣ 

ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ ɚɤɬɢɜɧɨɫɬɶɸ. ɋɜɨɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɨɧ ɫɧɢɠɚɟɬ ɤɨɥɢɱɟɫɬɜɨ 

ȺɎɄ ɜ ɤɥɟɬɤɚɯ, ɬɟɦ ɫɚɦɵɦ ɩɪɟɞɨɬɜɪɚɳɚɟɬ ɢɯ ɚɩɨɩɬɨɡ. Ɉɞɧɚɤɨ ɫɭɳɟɫɬɜɭɸɬ 

ɞɚɧɧɵɟ ɨ ɬɨɦ, ɱɬɨ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɫɩɨɫɨɛɧɨ ɫɬɚɬɶ ɷɮɮɟɤɬɢɜɧɵɦ 

ɫɩɨɫɨɛɨɦ ɛɨɪɶɛɵ ɫ ɨɩɭɯɨɥɟɜɵɦɢ ɤɥɟɬɤɚɦɢ, ɩɭɬɟɦ ɭɜɟɥɢɱɟɧɢɹ ɜ ɧɢɯ ɫɤɨɪɨɫɬɢ 

ɝɟɧɟɪɚɰɢɢ ȺɎɄ. ɇɨ ɩɪɨɹɜɥɟɧɢɹ ɚɧɬɢɨɤɫɢɞɚɧɬɧɵɯ ɫɜɨɣɫɬɜ ɧɚɧɨɱɚɫɬɢɰ ɫɟɥɟɧɚ 

ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɧɚ ɨɩɭɯɨɥɟɜɵɟ ɤɥɟɬɤɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɢɡɥɭɱɟɧɢɟɦ ɜ 

ɥɢɬɟɪɚɬɭɪɟ ɧɟ ɨɛɫɭɠɞɚɟɬɫɹ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɛɨɬɵ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɧɚɧɨɱɚɫɬɢɰɵ ɫɟɥɟɧɚ ɧɟ ɜɥɢɹɸɬ 

ɧɚ ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɶ ɤɥɟɬɨɤ ɚɫɰɢɬɧɨɣ ɤɚɪɰɢɧɨɦɵ ɗɪɥɢɯɚ, ɚ ɬɚɤɠɟ ɧɚ 

ɤɨɧɰɟɧɬɪɚɰɢɸ ɩɪɨɢɡɜɨɞɢɦɵɯ ɢɦɢ ɫɜɨɛɨɞɧɵɯ ɪɚɞɢɤɚɥɨɜ. Ɉɞɧɚɤɨ ɛɵɥɨ 

ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ ɧɚɧɨɱɚɫɬɢɰ ɫɟɥɟɧɚ ɤ ɫɭɫɩɟɧɡɢɢ ɤɥɟɬɨɤ ɜ 

ɭɫɥɨɜɢɹɯ ɋȼɑ-ɢɡɥɭɱɟɧɢɹ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜɪɟɦɹ ɚɤɬɢɜɚɰɢɢ ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ 

ɫɢɫɬɟɦɵ. 
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ȼȼȿȾȿɇɂȿ 
 
ȼɫɟ ɠɢɜɵɟ ɨɪɝɚɧɢɡɦɵ ɨɤɪɭɠɟɧɵ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ ɟɫɬɟɫɬɜɟɧɧɨɝɨ 

ɩɪɨɢɫɯɨɠɞɟɧɢɹ. ɋ ɪɚɡɜɢɬɢɟɦ ɬɟɥɟ- ɢ ɪɚɞɢɨɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ 

ɭɪɨɜɟɧɶ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɧɚɝɪɭɡɤɢ ɧɚ ɨɪɝɚɧɢɡɦ ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɥɫɹ [1]. 

ȼɨɡɞɟɣɫɬɜɢɟ ɫɜɟɪɯɜɵɫɨɤɨɱɚɫɬɨɬɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɧɚ ɨɪɝɚɧɢɡɦ ɢɡɭɱɟɧɨ ɧɟ 

ɩɨɥɧɨɫɬɶɸ, ɨɞɧɚɤɨ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɨɧɨ ɫɩɨɫɨɛɧɨ ɫɬɚɬɶ ɩɪɢɱɢɧɨɣ ɜɨɡɪɚɫɬɚɧɢɹ 

ɫɤɨɪɨɫɬɢ ɝɟɧɟɪɚɰɢɢ ɫɜɨɛɨɞɧɵɯ ɪɚɞɢɤɚɥɨɜ [2, 3], ɤɚɤ ɜ ɡɞɨɪɨɜɵɯ ɤɥɟɬɤɚɯ, 

ɩɨɜɵɲɚɹ ɜɟɪɨɹɬɧɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ ɤɚɪɰɢɧɨɦɵ [1], ɬɚɤ ɢ ɜ ɨɩɭɯɨɥɟɜɵɯ, 

ɩɨɞɚɜɥɹɹ ɢɯ ɞɟɥɟɧɢɟ ɢ ɪɨɫɬ [4]. ȼɫɟɦɢɪɧɨɣ ɨɪɝɚɧɢɡɚɰɢɟɣ ɡɞɪɚɜɨɨɯɪɚɧɟɧɢɹ 

ɜɥɢɹɧɢɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɩɨɥɟɣ ɜ ɫɜɟɪɯɜɵɫɨɤɨɱɚɫɬɨɬɧɨɦ (ɋȼɑ) ɞɢɚɩɚɡɨɧɟ 

ɛɵɥɨ ɩɪɢɡɧɚɧɨ ɤɚɧɰɟɪɨɝɟɧɧɵɦ ɮɚɤɬɨɪɨɦ [5]. ɉɪɢ ɷɬɨɦ ɫɧɢɠɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ 

ȺɎɄ, ɧɚɨɛɨɪɨɬ, ɫɩɨɫɨɛɫɬɜɭɟɬ ɩɪɨɥɢɮɟɪɚɰɢɢ ɜɫɟɯ ɬɢɩɨɜ ɤɥɟɬɨɤ [6]. ɉɨɷɬɨɦɭ 

ɷɜɨɥɸɰɢɨɧɧɨ ɜ ɠɢɜɵɯ ɨɪɝɚɧɢɡɦɚɯ ɛɵɥɢ ɜɵɪɚɛɨɬɚɧɵ ɪɚɡɥɢɱɧɵɟ 

ɚɧɬɢɨɤɫɢɞɚɧɬɧɵɟ ɫɢɫɬɟɦɵ, ɫɩɨɫɨɛɫɬɜɭɸɳɢɟ ɤ ɢɧɝɢɛɢɪɨɜɚɧɢɸ ɨɤɢɫɥɟɧɢɹ 

ɜɟɳɟɫɬɜ ɜ ɤɥɟɬɤɚɯ, ɜ ɤɨɬɨɪɵɟ ɜɯɨɞɹɬ ɚɧɬɢɨɤɫɢɞɚɧɬɧɵɟ ɮɟɪɦɟɧɬɵ: 

ɫɭɩɟɪɨɫɢɞɞɢɫɦɭɬɚɡɚ, ɤɚɬɚɥɚɡɚ, ɩɟɪɨɤɫɢɞɚɡɚ ɢ ɬ.ɞ. [7]. Ɉɞɧɚɤɨ ɩɪɢ ɩɟɪɟɢɡɛɵɬɤɟ 

ɫɜɨɛɨɞɧɵɯ ɪɚɞɢɤɚɥɨɜ ɟɫɬɟɫɬɜɟɧɧɵɯ ɡɚɳɢɬɧɵɯ ɦɟɯɚɧɢɡɦɨɜ ɨɪɝɚɧɢɡɦɚ ɛɭɞɟɬ 

ɧɟɞɨɫɬɚɬɨɱɧɨ. 

ɉɨɷɬɨɦɭ ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɫɬɪɟɫɫɚ ɜ ɨɪɝɚɧɢɡɦɟ 

ɢɫɩɨɥɶɡɭɸɬ ɪɚɡɥɢɱɧɵɟ ɞɨɛɚɜɤɢ, ɩɨɥɭɱɚɟɦɵɟ ɫ ɩɢɳɟɣ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ 

ɨɞɧɢɦɢ ɢɡ ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɟɦɵɯ ɞɨɛɚɜɨɤ ɹɜɥɹɸɬɫɹ ɛɢɨɥɨɝɢɱɟɫɤɢ 

ɚɤɬɢɜɧɵɟ ɦɟɬɚɥɥɵ, ɜ ɱɚɫɬɧɨɫɬɢ, ɫɟɥɟɧ [8]. ɋɟɥɟɧ ɨɛɥɚɞɚɟɬ ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ 

ɚɤɬɢɜɧɨɫɬɶɸ ɢ ɜɯɨɞɢɬ ɜ ɫɨɫɬɚɜ ɚɤɬɢɜɧɵɯ ɰɟɧɬɪɨɜ ɮɟɪɦɟɧɬɨɜ-ɚɧɬɢɨɤɫɢɞɚɧɬɨɜ. 

ɉɪɢ ɟɝɨ ɧɟɞɨɫɬɚɬɤɟ ɭɫɢɥɢɜɚɸɬɫɹ ɫɜɨɛɨɞɧɨɪɚɞɢɤɚɥɶɧɵɟ ɪɟɚɤɰɢɢ, ɚ ɢɦɟɧɧɨ, 

ɝɟɧɟɪɚɰɢɹ ɚɤɬɢɜɧɵɯ ɮɨɪɦ ɤɢɫɥɨɪɨɞɚ ɢ ɪɨɫɬ ɩɟɪɟɤɢɫɧɨɝɨ ɨɤɢɫɥɟɧɢɹ ɥɢɩɢɞɨɜ, ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɩɪɨɢɫɯɨɞɢɬ ɩɨɜɪɟɠɞɟɧɢɟ ɤɥɟɬɨɱɧɵɯ ɦɟɦɛɪɚɧ ɢ ɨɫɧɨɜɧɵɯ 

ɤɥɟɬɨɱɧɵɯ ɨɪɝɚɧɟɥɥ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɩɨɜɪɟɠɞɟɧɢɟɦ ȾɇɄ, ɤɨɬɨɪɚɹ ɡɚɩɭɫɤɚɟɬ 

ɩɪɨɰɟɫɫɵ ɚɩɨɩɬɨɡɚ ɢ ɧɟɤɪɨɡɚ [9].  

ɍɱɢɬɵɜɚɹ, ɱɬɨ ɫɜɟɪɯɜɵɫɨɤɨɱɚɫɬɨɬɧɨɟ ɢɡɥɭɱɟɧɢɟ ɫɩɨɫɨɛɧɨ ɫɬɚɬɶ ɩɪɢɱɢɧɨɣ 

ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɫɬɪɟɫɫɚ ɜ ɤɥɟɬɤɟ, ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ 
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ɫɟɥɟɧ, ɨɛɥɚɞɚɹ ɚɧɬɢɨɤɫɢɞɚɧɬɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɫɩɨɫɨɛɟɧ ɫɧɢɠɚɬɶ ɤɨɥɢɱɟɫɬɜɨ 

ɜɵɪɚɛɚɬɵɜɚɟɦɵɯ ɫɜɨɛɨɞɧɵɯ ɪɚɞɢɤɚɥɨɜ ɜ ɤɥɟɬɤɟ, ɬɟɦ ɫɚɦɵɦ ɩɪɟɞɨɬɜɪɚɳɚɹ ɢɯ 

ɧɚɤɨɩɥɟɧɢɟ ɢ ɩɪɨɹɜɥɟɧɢɹ ɨɤɫɢɞɚɬɢɜɧɨɝɨ ɫɬɪɟɫɫɚ ɜ ɭɫɥɨɜɢɹɯ ɋȼɑ-ɢɡɥɭɱɟɧɢɹ.  

ɉɨɦɢɦɨ ɫɟɥɟɧɚ ɫɭɳɟɫɬɜɭɸɬ ɞɪɭɝɢɟ ɜɟɳɟɫɬɜɚ, ɫɩɨɫɨɛɧɵɟ ɫɧɢɡɢɬɶ ɭɪɨɜɟɧɶ 

ȺɎɄ ɜ ɤɥɟɬɤɟ. ɋɪɟɞɢ ɢɡɜɟɫɬɧɵɯ ɛɢɨɚɧɬɢɨɤɫɢɞɚɧɬɨɜ ɜɵɞɟɥɹɸɬ ɬɨɤɨɮɟɪɨɥɵ ɢ 

ɬɨɤɨɬɪɢɟɧɨɥɵ (ɜɢɬɚɦɢɧ ȿ), ɤɚɪɨɬɢɧɨɢɞɵ (ɩɪɨɜɢɬɚɦɢɧ Ⱥ), ɜɢɬɚɦɢɧ ɋ [10, 11, 

12]. ɋɭɳɟɫɬɜɭɸɬ ɫɨɟɞɢɧɟɧɢɹ ɧɟɨɪɝɚɧɢɱɟɫɤɨɣ ɩɪɢɪɨɞɵ, ɤɨɬɨɪɵɟ ɬɚɤɠɟ 

ɨɛɥɚɞɚɸɬ ɜɵɪɚɠɟɧɧɵɦɢ ɰɢɬɨɬɨɤɫɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɬɚɤɢɦ ɩɪɢɦɟɪɨɦ ɦɨɠɟɬ 

ɫɥɭɠɢɬɶ ɰɢɫɩɥɚɬɢɧ [13]. ɐɢɬɨɬɨɤɫɢɱɧɨɫɬɶ ɜɵɪɚɠɚɟɬɫɹ ɜ ɫɩɨɫɨɛɧɨɫɬɢ 

ɞɟɣɫɬɜɭɸɳɢɯ ɜɟɳɟɫɬɜ ɡɚɩɭɫɤɚɬɶ ɩɪɨɰɟɫɫɵ ɚɩɨɩɬɨɡɚ ɢ ɧɟɤɪɨɡɚ ɜ ɤɥɟɬɤɟ. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɫɟɥɟɧɚ ɜ ɮɨɪɦɟ ɧɚɧɨɱɚɫɬɢɰ, ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɵɯ 

ɚɪɚɛɢɧɨɝɚɥɚɤɬɚɧɨɦ, ɹɜɥɹɟɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɢɧɫɬɪɭɦɟɧɬɨɦ ɫɧɢɠɟɧɢɹ 

ɤɨɥɢɱɟɫɬɜɚ ȺɎɄ ɜ ɤɥɟɬɤɚɯ [14]. ɋɭɳɟɫɬɜɭɸɬ ɞɚɧɧɵɟ ɨ ɬɨɦ, ɱɬɨ ɷɮɮɟɤɬɢɜɧɵɦ 

ɫɩɨɫɨɛɨɦ ɛɨɪɶɛɵ ɫ ɨɩɭɯɨɥɟɜɵɦɢ ɤɥɟɬɤɚɦɢ ɦɨɠɟɬ ɹɜɥɹɬɶɫɹ ɜɨɡɞɟɣɫɬɜɢɟ 

ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɋȼɑ-ɞɢɚɩɚɡɨɧɚ, ɤɨɬɨɪɨɟ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ 

ɝɟɧɟɪɚɰɢɢ ȺɎɄ [15]. Ɉɞɧɚɤɨ ɩɪɨɹɜɥɟɧɢɟ ɚɧɬɢɨɤɫɢɞɚɧɬɧɵɯ ɫɜɨɣɫɬɜ ɧɚɧɨɱɚɫɬɢɰ 

ɫɟɥɟɧɚ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɧɚ ɨɩɭɯɨɥɟɜɵɟ ɤɥɟɬɤɢ ɜ ɥɢɬɟɪɚɬɭɪɟ ɧɟ ɨɛɫɭɠɞɚɟɬɫɹ.  

ɐɟɥɶ ɪɚɛɨɬɵ: ɨɰɟɧɤɚ ɚɧɬɢɨɤɫɢɞɚɧɬɧɵɯ ɫɜɨɣɫɬɜ ɧɚɧɨɱɚɫɬɢɰ ɫɟɥɟɧɚ, 

ɩɨɤɪɵɬɵɯ ɚɪɚɛɢɧɨɝɚɥɚɤɬɚɧɨɦ, ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɢɡɥɭɱɟɧɢɹ 

ɋȼɑ-ɞɢɚɩɚɡɨɧɚ ɧɚ ɤɥɟɬɤɢ ɚɫɰɢɬɧɨɣ ɤɚɪɰɢɧɨɦɵ ɗɪɥɢɯɚ. 

Ɂɚɞɚɱɢ:  

1. ɋɢɧɬɟɡɢɪɨɜɚɬɶ ɧɚɧɨɱɚɫɬɢɰ ɫɟɥɟɧɚ, ɩɨɤɪɵɬɵɟ ɚɪɚɛɢɧɨɝɚɥɤɬɚɧɨɦ, ɢ 

ɨɩɢɫɚɬɶ ɢɯ ɫɜɨɣɫɬɜɚ. 

2. ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɜɥɢɹɧɢɟ ɧɚɧɨɱɚɫɬɢɰ ɫɟɥɟɧɚ, ɩɨɤɪɵɬɵɯ 

ɚɪɚɛɢɧɨɝɚɥɤɬɚɧɨɦ, ɧɚ ɢɡɦɟɧɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɜɨɛɨɞɧɵɯ ɪɚɞɢɤɚɥɨɜ ɜ ɤɥɟɬɤɚɯ 

ɚɫɰɢɬɧɨɣ ɤɚɪɰɢɧɨɦɵ ɗɪɥɢɯɚ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɢɡɥɭɱɟɧɢɹ 

ɋȼɑ-ɞɢɚɩɚɡɨɧɚ. 

3. ȼɵɹɜɢɬɶ ɜɥɢɹɧɢɟ ɧɚɧɨɱɚɫɬɢɰ ɫɟɥɟɧɚ, ɩɨɤɪɵɬɵɯ ɚɪɚɛɢɧɨɝɚɥɚɤɬɚɧɨɦ, 

ɧɚ ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɶ ɤɥɟɬɨɤ ɚɫɰɢɬɧɨɣ ɤɚɪɰɢɧɨɦɵ ɗɪɥɢɯɚ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ 

ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɋȼɑ-ɞɢɚɩɚɡɨɧɚ. 
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1 ȼɥɢɹɧɢɟ ɜɧɭɬɪɟɧɧɢɯ ɢ ɜɧɟɲɧɢɯ ɮɚɤɬɨɪɨɜ ɫɪɟɞɵ ɧɚ ɝɟɧɟɪɚɰɢɸ 

ɚɤɬɢɜɧɵɯ ɮɨɪɦ ɤɢɫɥɨɪɨɞɚ ɜ ɤɥɟɬɤɚɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɨɩɭɯɨɥɢ 

 

1.1 ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɨɩɭɯɨɥɢ – ɚɫɰɢɬɧɨɣ ɤɚɪɰɢɧɨɦɵ 

ɗɪɥɢɯɚ 

 

Ɉɞɧɨɣ ɢɡ ɫɚɦɵɯ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ ɦɨɞɟɥɟɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɨɩɭɯɨɥɢ 

ɹɜɥɹɟɬɫɹ ɚɫɰɢɬɧɚɹ ɤɚɪɰɢɧɨɦɚ ɗɪɥɢɯɚ [16, 17]. Ɉɧɚ ɛɵɥɚ ɨɬɤɪɵɬɚ ɜ 1932 ɝɨɞɭ, ɚ 

ɢɫɯɨɞɧɨɣ ɨɩɭɯɨɥɶɸ ɞɥɹ ɧɟɟ ɹɜɥɹɥɫɹ ɫɩɨɧɬɚɧɧɵɣ ɪɚɤ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ ɦɵɲɟɣ, 

ɤɨɬɨɪɵɣ ɛɵɥ ɨɬɤɪɵɬ ɜ 1905 ɝɨɞɭ [18]. ɉɨ ɝɢɫɬoɥoɝɢɱeɫɤoɦy cɬpoeɧɢɸ – ɷɬɨ 

ɧɟɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɧɚɹ ɨɩɭɯɨɥɶ, ɭɬɪɚɬɢɜɲɚɹ ɷɩɢɬɟɥɢɚɥɶɧɵɣ xapaɤɬep, ɢ 

ɩɪɟɞɫɬɚɜɥɹɸɳɚɹ ɫɨɛɨɣ ɚɫɰɢɬɧɭɸ ɠɢɞɤɨɫɬɶ ɫ ɤɥɟɬɤɚɦɢ ɤɚɪɰɢɧɨɦɵ [19]. 

Ⱥɫɰɢɬɧɚɹ ɠɢɞɤɨɫɬɶ ɢɦɟɟɬ ɫɟɪɨ-ɛɟɥɵɣ ɨɬɬɟɧɨɤ, ɧɨ ɢɧɨɝɞɚ ɦɨɠɟɬ ɛɵɬɶ ɜ ɜɢɞɟ 

ɫɜɟɬɥɨ ɤɪɨɜɚɜɨɣ ɫɭɛɫɬɚɧɰɢɢ [18].  

ɉɪɟɢɦɭɳɟɫɬɜɚɦɢ ɩɪɢɦɟɧɟɧɢɹ ɞɚɧɧɨɣ ɨɩɭɯɨɥɢ ɜ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɹɜɥɹɸɬɫɹ 

ɟɟ ɜɵɫɨɤɚɹ ɬɪɚɧɫɩɥɚɧɬɚɰɢɨɧɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ, ɛɵɫɬɪɨɟ ɪɚɡɦɧɨɠɟɧɢɟ, ɤɨɪɨɬɤɚɹ 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɠɢɡɧɢ, 100% ɡɥɨɤɚɱɟɫɬɜɟɧɧɨɫɬɶ, ɚ ɬɚɤɠɟ ɨɬɫɭɬɫɬɜɢɟ 

ɤɨɧɤɪɟɬɧɵɯ ɚɧɬɢɝɟɧɚ (TSTA –  tumor specific surface antigen) [20]. 

Ɋɨɫɬ ɨɩɭɯɨɥɢ ɧɟɪɚɜɧɨɦɟɪɟɧ ɢ ɩɪɢ ɫɬɚɧɞɚɪɬɧɨɣ ɩɟɪɟɫɚɞɤɟ ȺɄɗ ɜ 

ɨɪɝɚɧɢɡɦ ɧɟ ɦɟɧɟɟ 3ɯ106 ɤɥ/ɦɥ ɩɪɢɧɹɬɨ ɜɵɞɟɥɹɬɶ 3 ɷɬɚɩɚ ɪɨɫɬɚ: 1 – ɥɚɝ-ɮɚɡɚ, 

ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɚɞɚɩɬɚɰɢɟɣ ɜ ɨɪɝɚɧɢɡɦɟ-ɪɟɰɢɩɢɟɧɬɟ ɢ ɩɪɨɬɟɤɚɟɬ ɜ ɬɟɱɟɧɢɟ 1-5 

ɞɧɟɣ; 2 – ɮɚɡɚ ɩɪɨɥɢɮɟɪɚɰɢɢ, ɢɥɢ ɥɨɝ-ɮɚɡɚ, ɜ ɧɟɣ ɩɪɨɢɫɯɨɞɢɬ ɥɨɝɚɪɢɮɦɢɱɟɫɤɨɟ 

ɭɜɟɥɢɱɟɧɢɟ ɱɢɫɥɚ ɤɥɟɬɨɤ ɜ ɩɟɪɢɨɞ ɨɬ 7 ɞɨ 12 ɞɧɟɣ; 3 – ɬɟɪɦɢɧɚɥɶɧɚɹ ɮɚɡɚ, ɜ 

ɤɨɬɨɪɨɣ ɤɨɥɢɱɟɫɬɜɨ ɤɥɟɬɨɤ ɩɟɪɟɫɬɚɟɬ ɭɜɟɥɢɱɢɜɚɬɶɫɹ, ɞɚɧɧɵɣ ɩɟɪɢɨɞ ɧɚɫɬɭɩɚɟɬ 

ɧɚ 13-16 ɫɭɬɤɢ [19]. ɉɨɫɥɟ ɬɟɪɦɢɧɚɥɶɧɨɣ ɮɚɡɵ ɫɥɟɞɭɟɬ ɝɢɛɟɥɶ ɨɪɝɚɧɢɡɦɚ. 

Ȼɵɫɬɪɚɹ ɩɪɨɥɢɮɟɪɚɰɢɹ ɤɥɟɬɨɤ ɩɪɢɜɨɞɢɬ ɤ ɛɨɥɶɲɨɦɭ ɧɚɤɨɩɥɟɧɢɸ ɚɫɰɢɬɧɨɣ 

ɠɢɞɤɨɫɬɢ ɜ ɛɪɸɲɧɨɣ ɩɨɥɨɫɬɢ, ɤɨɬɨɪɚɹ ɜɵɡɵɜɚɟɬ ɱɪɟɡɦɟɪɧɨɟ ɞɚɜɥɟɧɢɟ ɢ 

ɹɜɥɹɟɬɫɹ ɩɪɢɱɢɧɨɣ ɫɦɟɪɬɢ ɠɢɜɨɬɧɨɝɨ [18]. 

ȼ ɩɪɨɰɟɫɫɟ ɪɨɫɬɚ ɢ ɫɨɡɪɟɜɚɧɢɹ ɜ ɨɩɭɯɨɥɢ ɩɪɨɢɫɯɨɞɢɬ ɪɹɞ ɛɢɨɯɢɦɢɱɟɫɤɢɯ 

ɢɡɦɟɧɟɧɢɣ, ɤɨɬɨɪɵɟ ɩɪɢɜɨɞɹɬ ɤ ɪɚɡɥɢɱɧɵɦ ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɦ ɢ 
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ɦɟɬɚɛɨɥɢɱɟɫɤɢɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹɦ. Ɉɞɧɢɦ ɢɡ ɹɜɧɵɯ ɩɪɢɦɟɪɨɜ ɫɥɭɠɚɬ 

ɫɬɪɭɤɬɭɪɧɵɟ ɧɚɪɭɲɟɧɢɹ ɜ ɦɢɬɨɯɨɧɞɪɢɹɯ, ɷɬɨ ɩɪɨɹɜɥɹɟɬɫɹ ɜ ɢɯ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɦɚɥɵɯ ɪɚɡɦɟɪɚɯ, ɧɟɛɨɥɶɲɨɦ ɤɨɥɢɱɟɫɬɜɟ ɤɪɢɫɬ, ɚ ɬɚɤɠɟ ɫɨɤɪɚɳɟɧɢɢ ɤɨɥɢɱɟɫɬɜɚ 

b-F1 ɫɭɛɴɟɞɢɧɢɰ ȺɌɎ-ɫɢɧɬɚɡɵ, ɜ ɫɥɟɞɫɬɜɢɢ ɱɟɝɨ ɩɪɨɢɫɯɨɞɢɬ ɭɦɟɧɶɲɟɧɢɟ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɢ ɫɤɨɪɨɫɬɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ȺɌɎ [36, 37, 38, 39, 40, 41]. Ɍɚɤɠɟ ɜ 

ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɤɚɯ ɜɵɹɜɥɹɟɬɫɹ ɫɨɤɪɚɳɟɧɢɟ ɩɭɪɢɧɨɜɵɯ ɢ ɩɪɢɦɢɞɢɧɨɜɵɯ 

ɧɭɤɥɟɨɬɢɞɨɜ ɢ ɧɭɤɥɟɨɡɢɞɨɜ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɫɤɨɪɨɫɬɢ ɛɢɨɫɢɧɬɟɡɚ 

ȾɇɄ, ɊɇɄ ɢ ɛɟɥɤɨɜ [36, 37, 38, 42, 43, 44, 45].  

Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɬɟɱɟɧɢɟ ɪɨɫɬɚ ɜ ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɤɚɯ ɩɪɨɢɫɯɨɞɢɬ 

ɭɜɟɥɢɱɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɬɪɢɚɰɢɥɝɥɢɰɟɪɢɞɨɜ, ɠɢɪɧɵɯ ɤɢɫɥɨɬ ɢ ɫɥɨɠɧɵɯ 

ɷɮɢɪɨɜ [36], ɨɞɧɚɤɨ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ ɤɥɟɬɤɢ ɧɟ ɫɩɨɫɨɛɧɵ ɫɢɧɬɟɡɢɪɨɜɚɬɶ ɜɵɫɲɢɟ 

ɠɢɪɧɵɟ ɤɢɫɥɨɬɵ, ɩɨɷɬɨɦɭ ɨɧɢ ɩɨɥɭɱɚɸɬ ɢɯ ɢɡ ɚɫɰɢɬɢɱɟɫɤɨɣ ɠɢɞɤɨɫɬɢ 

ɨɪɝɚɧɢɡɦɚ-ɯɨɡɹɢɧɚ ɜ ɤɨɦɩɥɟɤɫɟ ɫ ɚɥɶɛɭɦɢɧɨɦ [39, 43]. 

ɇɚɤɨɧɟɰ, ɨɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɜɚɠɧɵɯ ɚɫɩɟɤɬɨɜ ɜ ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ 

ɨɩɭɯɨɥɢ ɹɜɥɹɟɬɫɹ ɩɪɨɰɟɫɫ ɝɟɧɟɪɚɰɢɢ ɚɤɬɢɜɧɵɯ ɮɨɪɦ ɤɢɫɥɨɪɨɞɚ (ȺɎɄ), ɨɞɧɚɤɨ 

ɢɯ ɪɨɥɶ ɹɜɥɹɟɬɫɹ ɧɟɨɞɧɨɡɧɚɱɧɨɣ. ȼ ɨɞɧɨɦ ɫɥɭɱɚɟ ȺɎɄ ɫɩɨɫɨɛɧɵ ɨɛɥɟɝɱɚɬɶ 

ɩɪɨɥɢɮɟɪɚɰɢɸ ɤɥɟɬɨɤ, ɜɵɠɢɜɚɟɦɨɫɬɶ ɢ ɚɞɚɩɬɚɰɢɸ ɤ ɝɢɩɨɤɫɢɢ ɩɭɬɟɦ 

ɫɬɢɦɭɥɢɪɨɜɚɧɢɹ ɩɪɨ-ɨɧɤɨɝɟɧɧɵɯ ɩɟɪɟɞɚɱ ɫɢɝɧɚɥɨɜ [52], ɧɨ ɜ ɞɪɭɝɨɦ ɫɥɭɱɚɟ 

ɭɜɟɥɢɱɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ȺɎɄ ɫɩɨɫɨɛɧɨ ɩɪɢɜɨɞɢɬɶ ɤ ɨɤɢɫɥɢɬɟɥɶɧɨɦɭ ɫɬɪɟɫɫɭ, 

ɤɨɬɨɪɵɣ ɫɬɚɧɨɜɢɬɫɹ ɩɪɢɱɢɧɨɣ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɚɩɨɩɬɨɡɚ ɜ ɨɩɭɯɨɥɟɜɨɣ ɤɥɟɬɤɟ 

[53]. 

ɉɨɜɵɲɟɧɧɚɹ ɝɟɧɟɪɚɰɢɹ ȺɎɄ ɜɥɢɹɟɬ ɧɟ ɬɨɥɶɤɨ ɧɚ ɨɩɭɯɨɥɟɜɵɟ ɤɥɟɬɤɢ, ɧɨ 

ɢ ɧɚ ɡɞɨɪɨɜɵɟ [63]. Ɉɞɧɚɤɨ ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɫɬɪɟɫɫɚ ɜ 

ɨɛɨɢɯ ɬɢɩɚɯ ɤɥɟɬɨɤ ɨɪɝɚɧɢɡɦ ɧɟ ɜɫɟɝɞɚ ɢɦɟɟɬ ɞɨɫɬɚɬɨɱɧɨɟ ɤɨɥɢɱɟɫɬɜɨ 

ɜɧɭɬɪɟɧɧɢɯ ɪɟɫɭɪɫɨɜ. ɉɨ ɷɬɨɣ ɩɪɢɱɢɧɟ ɫɭɳɟɫɬɜɭɸɬ ɞɨɛɚɜɤɢ ɷɤɡɨɝɟɧɧɨɝɨ 

ɯɚɪɚɤɬɟɪɚ, ɜɜɨɞɢɦɵɟ ɜ ɨɪɝɚɧɢɡɦ, ɞɥɹ ɭɦɟɧɶɲɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɫɜɨɛɨɞɧɵɯ 

ɪɚɞɢɤɚɥɨɜ ɢ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɨɤɢɫɥɢɬɟɥɶɧɵɯ ɩɨɜɪɟɠɞɟɧɢɣ ɜ ɡɞɨɪɨɜɵɯ ɤɥɟɬɤɚɯ. 

Ɉɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɟɦɵɯ ɛɢɨɥɨɝɢɱɟɫɤɢ ɫɨɜɦɟɫɬɢɦɵɯ 

ɚɧɬɢɨɤɫɢɞɚɧɬɨɜ ɷɤɡɨɝɟɧɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ ɹɜɥɹɸɬɫɹ ɧɚɧɨɱɚɫɬɢɰɵ ɫɟɥɟɧɚ [14, 

23].  
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1.2 ɉɨɥɭɱɟɧɢɟ ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɧɚɧɨɤɦɨɩɨɡɢɬɨɜ ɫɟɥɟɧɚ 

 

1.2.1 ɋɩɨɫɨɛɵ ɩɨɥɭɱɟɧɢɹ ɢ ɫɬɚɛɢɥɢɡɚɰɢɢ ɧɚɧɨɱɚɫɬɢɰ ɫɟɥɟɧɚ 

 

ɋɭɳɟɫɬɜɭɟɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɦɟɬɨɞɨɜ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɵɯ 

ɜɨɡɦɨɠɧɨ ɩɨɥɭɱɟɧɢɟ ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɫɬɪɭɤɬɭɪ. ɋɢɧɬɟɡ ɧɚɧɨɱɚɫɬɢɰ ɪɚɡɞɟɥɹɸɬ 

ɩɨ ɫɩɨɫɨɛɭ ɢɯ ɩɨɥɭɱɟɧɢɹ ɢ ɫɬɚɛɢɥɢɡɚɰɢɢ ɢ ɩɨ ɬɢɩɭ ɮɨɪɦɢɪɨɜɚɧɢɹ 

ɧɚɧɨɫɬɪɭɤɬɭɪ. Ɏɨɪɦɢɪɨɜɚɧɢɟ ɞɟɥɹɬ ɧɚ ɦɟɬɨɞ «ɫɜɟɪɯɭ ɜɧɢɡ», ɤɨɬɨɪɵɣ ɨɫɧɨɜɚɧ 

ɧɚ ɚɝɪɟɝɢɪɨɜɚɧɢɢ ɧɚɧɨɱɚɫɬɢɰ ɢɡ ɨɬɞɟɥɶɧɵɯ ɚɬɨɦɨɜ, ɢ ɦɟɬɨɞ «ɫɧɢɡɭ ɜɜɟɪɯ», ɩɪɢ 

ɤɨɬɨɪɨɦ ɩɪɨɢɫɯɨɞɢɬ ɞɪɨɛɥɟɧɢɟ ɱɚɫɬɢɰ ɞɨ ɧɚɧɨɪɚɡɦɟɪɨɜ [21]. 

Ɇɨɪɮɨɥɨɝɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɥɹ ɱɚɫɬɢɰ ɜ ɪɚɡɦɟɪɟ ɧɚɧɨ-ɞɢɚɩɚɡɨɧɚ 

ɢɝɪɚɸɬ ɨɝɪɨɦɧɭɸ ɪɨɥɶ, ɩɨɫɤɨɥɶɤɭ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɡɦɟɪɚ, ɮɨɪɦɵ, ɫɬɪɭɤɬɭɪɵ 

ɢɡɦɟɧɹɸɬɫɹ ɢɯ ɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ. ɉɨɷɬɨɦɭ ɫɩɨɫɨɛɚɦ ɩɨɥɭɱɟɧɢɹ ɧɚɧɨɱɚɫɬɢɰ 

ɫ ɡɚɪɚɧɟɟ ɡɚɞɚɧɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɭɞɟɥɹɸɬ ɨɫɨɛɨɟ ɜɧɢɦɚɧɢɟ [46].  

Ɍɪɚɞɢɰɢɨɧɧɵɦɢ ɢ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɟɦɵɦɢ ɦɟɬɨɞɚɦɢ ɹɜɥɹɸɬɫɹ ɯɢɦɢɱɟɫɤɢɟ 

ɦɟɬɨɞɵ ɫɢɧɬɟɡɚ, ɩɨɫɤɨɥɶɤɭ ɫ ɢɯ ɩɨɦɨɳɶɸ ɦɨɠɧɨ ɥɭɱɲɟ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ 

ɩɚɪɚɦɟɬɪɵ ɱɚɫɬɢɰɵ. Ⱦɥɹ ɫɢɧɬɟɡɚ ɧɚɧɨɱɚɫɬɢɰ ɫɟɥɟɧɚ ɢɫɩɨɥɶɡɭɸɬ ɦɟɬɨɞ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɫɟɥɟɧɢɬɚ ɧɚɬɪɢɹ ɝɥɸɬɚɬɢɨɧɨɦ ɢɥɢ ɚɫɤɨɪɛɢɧɨɜɨɣ ɤɢɫɥɨɬɨɣ [14, 

22, 23, 24, 25, 26, 27, 29, 33]. ɉɨɦɢɦɨ ɷɬɨɝɨ, ɜɨɫɫɬɚɧɨɜɢɬɟɥɟɦ ɦɨɠɟɬ ɜɵɫɬɭɩɚɬɶ 

ɷɤɫɬɪɚɤɬ ɥɢɫɬɶɟɜ ɞɟɪɟɜɚ Cassia auriculata [32]. 

ɉɨɦɢɦɨ ɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɫɭɳɟɫɬɜɭɸɬ ɦɟɬɨɞɵ, ɫɜɹɡɚɧɧɵɟ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ, ɬɚɤ, ɧɚɩɪɢɦɟɪ, ɩɪɢ ɫɢɧɬɟɡɟ ɦɨɠɟɬ 

ɛɵɬɶ ɡɚɞɟɣɫɬɜɨɜɚɧ ɦɢɰɟɥɢɣ ɝɪɢɛɨɜ Trichoderma sp. ɜ ɤɚɱɟɫɬɜɟ ɫɭɛɫɬɪɚɬɚ ɞɥɹ 

ɨɛɪɚɡɨɜɚɧɢɹ ɱɚɫɬɢɰ ɫɟɥɟɧɚ ɜɧɭɬɪɢ ɧɟɝɨ [30]. Ɍɚɤɠɟ ɫɭɳɟɫɬɜɭɟɬ ɫɢɧɬɟɡ, ɩɪɢ 

ɤɨɬɨɪɨɦ ɛɚɤɬɟɪɢɢ Lactobacillus casei ɨɛɥɚɞɚɸɬ ɫɩɨɫɨɛɧɨɫɬɶɸ ɩɪɨɢɡɜɨɞɢɬɶ 

ɧɚɧɨɱɚɫɬɢɰɵ ɫɟɥɟɧɚ ɜɧɭɬɪɢɤɥɟɬɨɱɧɨ [31].  

Ɉɞɧɚɤɨ ɫɢɧɬɟɡ ɛɟɡ ɞɨɛɚɜɥɟɧɢɹ ɫɬɚɛɢɥɢɡɚɬɨɪɨɜ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɧɟɩɨɥɧɵɦ, 

ɩɨɫɤɨɥɶɤɭ ɱɚɫɬɢɰɵ ɢɦɟɸɬ ɫɩɨɫɨɛɧɨɫɬɶ ɤ ɚɝɪɟɝɚɰɢɢ ɫ ɞɪɭɝɢɦɢ ɱɚɫɬɢɰɚɦɢ, ɱɬɨ 

ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɢɡ ɜ ɪɚɡɦɟɪɟ ɢ ɜ ɞɚɥɶɧɟɣɲɟɦ ɜɥɢɹɟɬ ɧɚ ɢɯ ɫɜɨɣɫɬɜɚ 
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[46]. 

Ⱦɥɹ ɫɨɯɪɚɧɟɧɢɹ ɢɫɯɨɞɧɵɯ ɫɜɨɣɫɬɜ ɧɚɧɨɱɚɫɬɢɰ ɢɫɩɨɥɶɡɭɸɬ ɪɚɡɥɢɱɧɵɟ 

ɫɬɚɛɢɥɢɡɚɬɨɪɵ. ȼ ɱɚɫɬɧɨɫɬɢ, ɞɥɹ ɫɟɥɟɧɚ ɫɭɳɟɫɬɜɭɸɬ ɧɟɫɤɨɥɶɤɨ ɝɪɭɩɩ 

ɫɬɚɛɢɥɢɡɢɪɭɸɳɢɯ ɜɟɳɟɫɬɜ, ɚ ɢɦɟɧɧɨ, ɩɨɥɢɫɚɯɚɪɢɞɵ, ɩɨɥɢɩɟɩɬɢɞɵ [33], ɫɦɨɥɵ 

[22], ɩɨɥɢɫɚɯɚɪɞɧɨ-ɛɟɥɤɨɜɵɟ ɤɨɦɩɥɟɤɫɵ [27], ɷɤɫɬɪɚɤɬ ɥɢɫɬɶɟɜ ɛɨɛɨɜɨɝɨ ɞɟɪɟɜɚ 

[32], ɩɨɥɢɦɟɪɵ [22], ɤɨɦɩɥɟɤɫɵ ɫ ɞɪɭɝɢɦ ɦɟɬɚɥɥɨɦ [25, 26, 30]. Ɉɞɧɚɤɨ ɱɚɳɟ 

ɜɫɟɝɨ ɜ ɜɢɞɟ ɫɬɚɛɢɥɢɡɢɪɭɸɳɢɯ ɜɟɳɟɫɬɜ ɜɵɛɢɪɚɸɬ ɩɨɥɢɫɚɯɚɪɢɞɵ, ɨɧɢ 

ɩɪɟɞɫɬɚɜɥɹɸɬ ɨɛɲɢɪɧɭɸ ɝɪɭɩɩɭ, ɜ ɤɨɬɨɪɭɸ ɜɯɨɞɹɬ ɤɚɪɪɚɝɢɧɚɧ [23], 

ɚɪɚɛɢɧɨɝɚɥɚɤɬɚɧ [14], ɯɢɬɨɡɚɧ [24, 25, 26, 28, 29].  

Ⱦɨɛɚɜɥɟɧɢɟ ɫɬɚɛɢɥɢɡɚɬɨɪɨɜ ɧɚ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɨɫɧɨɜɟ ɨɛɟɫɩɟɱɢɜɚɟɬ 

ɛɨɥɶɲɭɸ ɫɬɚɛɢɥɶɧɨɫɬɶ ɡɚ ɫɱɟɬ ɪɚɡɜɟɬɜɥɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ, ɤɨɬɨɪɚɹ ɩɪɟɩɹɬɫɬɜɭɟɬ 

ɦɟɠɱɚɫɬɢɱɧɵɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹɦ. ɉɨɦɢɦɨ ɫɬɚɛɢɥɢɡɢɪɭɸɳɢɯ ɤɚɱɟɫɬɜ ɭ ɞɚɧɧɵɯ 

ɜɟɳɟɫɬɜ ɩɪɢɫɭɬɫɬɜɭɟɬ ɫɨɛɫɬɜɟɧɧɚɹ ɛɢɨɥɨɝɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ, ɤɨɬɨɪɚɹ 

ɫɨɜɦɟɫɬɧɨ ɫ ɧɚɧɨɱɚɫɬɢɰɚɦɢ ɦɨɠɟɬ ɨɤɚɡɵɜɚɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ 

ɨɛɴɟɤɬ. Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɩɨɥɟɡɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɨɛɥɚɞɚɸɬ ɩɨɥɢɫɚɯɚɪɢɞɵ – 

ɚɪɚɛɢɧɨɝɚɥɚɤɬɚɧ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɜɵɫɨɤɨɣ ɦɟɦɛɪɚɧɨɬɪɨɩɧɨɫɬɶɸ, ɫɩɨɫɨɛɟɧ 

ɫɬɢɦɭɥɢɪɨɜɚɬɶ ɜɵɪɚɛɨɬɤɭ ɢɦɦɭɧɨɝɥɨɛɭɥɢɧɨɜ, ɩɪɨɹɜɥɹɬɶ ɚɧɬɢɦɢɤɪɨɛɧɵɟ 

ɫɜɨɣɫɬɜɚ ɢ ɬ.ɞ. [14, 47], ɚ ɯɢɬɨɡɚɧ ɢɦɟɟɬ ɛɚɤɬɟɪɢɰɢɞɧɵɟ ɫɜɨɣɫɬɜɚ ɢ ɫɩɨɫɨɛɟɧ ɤ 

ɩɪɨɹɜɥɟɧɢɸ ɩɪɨɬɢɜɨɜɢɪɭɫɧɨɣ ɚɤɬɢɜɧɨɫɬɢ [48]. 

 

1.2.2 Ɇɟɬɨɞɵ ɨɩɢɫɚɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ 

 

ɉɪɚɤɬɢɱɟɫɤɚɹ ɩɨɥɶɡɚ ɧɚɧɨɱɚɫɬɢɰ ɫɟɥɟɧɚ, ɤɚɤ ɢ ɨɫɬɚɥɶɧɵɯ ɦɟɬɚɥɥɢɱɟɫɤɢɯ 

ɧɚɧɨɱɚɫɬɢɰ, ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɟɝɨ ɫɜɨɣɫɬɜɚɯ. Ɉɫɧɨɜɭ ɷɬɢɯ ɫɜɨɣɫɬɜ ɫɨɫɬɚɜɥɹɟɬ 

ɦɨɪɮɨɥɨɝɢɹ ɧɚɧɨɱɚɫɬɢɰɵ. Ɇɨɪɮɨɥɨɝɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ 

ɪɚɡɦɟɪ, ɫɬɪɭɤɬɭɪɭ ɢ ɮɨɪɦɭ ɧɚɧɨɱɚɫɬɢɰɵ. Ɂɚ ɷɬɢ ɩɪɢɡɧɚɤɢ ɨɬɜɟɱɚɟɬ ɬɳɚɬɟɥɶɧɵɣ 

ɤɨɧɬɪɨɥɶ ɩɚɪɚɦɟɬɪɨɜ ɪɟɚɤɰɢɢ, ɬɚɤɢɯ ɤɚɤ ɜɪɟɦɹ, ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɨɰɟɫɫɚ, ɫɤɨɪɨɫɬɶ 

ɩɟɪɟɦɟɲɢɜɚɧɢɹ, ɤɨɧɰɟɧɬɪɚɰɢɹ ɪɟɚɝɟɧɬɨɜ ɢ ɫɬɚɛɢɥɢɡɢɪɭɸɳɢɯ ɞɨɛɚɜɨɤ. Ɉɧɢ 

ɩɨɡɜɨɥɹɸɬ ɫɭɡɢɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨ ɪɚɡɦɟɪɚɦ ɩɨɥɭɱɚɸɳɢɯɫɹ ɧɚɧɨɱɚɫɬɢɰ, ɧɨ ɧɟ 

ɜɫɟɝɞɚ ɞɨ ɧɭɠɧɵɯ ɪɚɡɦɟɪɨɜ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɧɟɨɛɯɨɞɢɦɨ ɨɬɫɥɟɠɢɜɚɬɶ 
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ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨɫɪɟɞɫɬɜɨɦ ɧɚɛɥɸɞɟɧɢɹ ɡɚ ɧɚɧɨɱɚɫɬɢɰɚɦɢ 

ɦɟɬɨɞɨɦ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ. Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɩɪɢɦɟɧɹɟɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ 

ɜɨ ɜɫɟɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ, ɫɜɹɡɚɧɧɵɯ ɫ ɧɚɧɨɱɚɫɬɢɰɚɦɢ [14, 22, 23, 24, 25, 26, 27, 

28, 29, 30, 31, 32, 33]. ɉɨɦɢɦɨ ɦɢɤɪɨɫɤɨɩɢɢ ɩɪɢɦɟɧɹɸɬ ɛɨɥɟɟ ɫɥɨɠɧɵɟ ɦɟɬɨɞɵ 

ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɡɦɟɪɚ ɢ ɫɬɪɭɤɬɭɪɵ, ɚ ɢɦɟɧɧɨ, ɞɢɧɚɦɢɱɟɫɤɨɟ ɪɚɫɫɟɢɜɚɧɢɟ 

ɫɜɟɬɚ [14, 24, 27] ɢ əɆɊ [23]. 

ȼɬɨɪɵɦ ɩɨ ɡɧɚɱɢɦɨɫɬɢ ɫɜɨɣɫɬɜɨɦ ɹɜɥɹɟɬɫɹ ɞɡɟɬɚ-ɩɨɬɟɧɰɢɚɥ. Ɉɧ ɨɬɪɚɠɚɟɬ 

ɭɫɬɨɣɱɢɜɨɫɬɶ ɧɚɧɨɱɚɫɬɢɰ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɚɝɥɨɦɟɪɚɬɨɜ ɢ ɨɫɜɨɟɧ ɧɚ ɦɟɬɨɞɟ 

ɷɥɟɤɬɪɨɮɨɪɟɬɢɱɟɫɤɨɟ ɪɚɫɫɟɢɜɚɧɢɟ ɫɜɟɬɚ [22, 24, 25, 26, 27, 33].  

ɉɨɫɥɟ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɡɦɟɪɚ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɧɚɧɨɱɚɫɬɢɰ ɤ ɚɝɪɟɝɚɰɢɢ, 

ɨɩɪɟɞɟɥɹɸɬ ɨɩɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ.  Ɂɚ ɫɱɟɬ ɫɜɨɟɝɨ ɪɚɡɦɟɪɚ ɢ ɫɬɪɭɤɬɭɪɵ 

ɧɚɧɨɱɚɫɬɢɰɵ ɫɩɨɫɨɛɧɵ ɡɧɚɱɢɬɟɥɶɧɨ ɭɫɢɥɢɬɶ ɷɮɮɟɤɬ ɦɧɨɝɨɤɪɚɬɧɨɝɨ ɪɚɫɫɟɹɧɢɹ 

ɫɜɟɬɚ, ɤɨɬɨɪɵɣ ɜɥɢɹɟɬ ɧɚ ɢɯ ɨɩɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ. Ⱦɥɹ ɧɚɧɨɱɚɫɬɢɰ ɫɟɥɟɧɚ 

ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ 3 ɨɫɧɨɜɧɵɟ ɝɪɭɩɩɵ ɫɜɨɣɫɬɜ, ɩɨ ɤɨɬɨɪɵɦ ɩɪɨɜɨɞɹɬ ɢɡɦɟɪɟɧɢɹ: 

ɂɄ-ɫɩɟɤɬɪɨɫɤɨɩɢɹ [14, 23, 24, 26, 27, 28, 29, 30, 31, 32, 33], ɍɎ-ɫɩɟɤɬɪɨɫɤɨɩɢɹ 

[14, 24, 28, 29, 30, 32, 33], ɮɨɬɨɥɸɦɢɧɟɫɰɟɧɬɧɚɹ ɫɩɟɤɬɪɨɫɤɨɩɢɹ [23, 30]. 

Ɇɟɬɨɞɵ ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɩɨɡɜɨɥɹɸɬ ɭɡɧɚɬɶ ɨɫɧɨɜɧɵɟ ɫɜɟɞɟɧɢɹ ɨ ɦɨɥɟɤɭɥɹɪɧɨɣ 

ɫɬɪɭɤɬɭɪɟ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɢ ɨɪɝɚɧɢɱɟɫɤɢɯ ɤɨɦɩɨɧɟɧɬɨɜ, ɨɛɪɚɡɭɸɳɢɯ 

ɤɨɦɩɥɟɤɫɵ ɫ ɧɚɧɨɱɚɫɬɢɰɚɦɢ. ȼ ɱɚɫɬɧɨɫɬɢ, ɂɄ-ɫɩɟɤɬɪ ɞɚɟɬ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨ ɬɨɦ, 

ɭɞɚɥɨɫɶ ɥɢ ɢɫɫɥɟɞɨɜɚɬɟɥɹɦ ɞɨɛɢɬɶɫɹ ɫɨɟɞɢɧɟɧɢɹ ɧɚɧɨɱɚɫɬɢɰ ɫ ɞɪɭɝɢɦ 

ɜɟɳɟɫɬɜɨɦ, ɧɚɩɪɢɦɟɪ, ɫɬɚɛɢɥɢɡɚɬɨɪɨɦ, ɚ ɍɎ-ɫɩɟɤɬɪɨɫɤɨɩɢɹ ɩɨɡɜɨɥɹɟɬ 

ɨɩɪɟɞɟɥɢɬɶ ɧɚɥɢɱɢɟ ɨɩɪɟɞɟɥɟɧɧɵɯ ɜɟɳɟɫɬɜ ɜ ɫɭɫɩɟɧɡɢɢ ɧɚɧɨɱɚɫɬɢɰ. 

ɇɟɤɨɬɨɪɵɟ ɢɫɫɥɟɞɨɜɚɬɟɥɢ ɩɪɨɜɟɪɹɸɬ ɧɚɧɨɱɚɫɬɢɰɵ ɫɟɥɟɧɚ ɬɟɪɦɢɱɟɫɤɢɦ 

ɚɧɚɥɢɡɨɦ, ɩɪɢ ɤɨɬɨɪɨɦ ɪɟɝɢɫɬɪɢɪɭɟɬɫɹ ɢɡɦɟɧɟɧɢɟ ɦɚɫɫɵ ɨɛɪɚɡɰɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ 

ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ [24, 29]. 

Ɍɚɤɠɟ ɫɢɧɬɟɡɢɪɭɸɬ ɧɚɧɨɱɚɫɬɢɰɵ ɫɟɥɟɧɚ, ɫɜɹɡɚɧɧɵɟ ɫ ɦɚɝɧɢɬɧɵɦɢ 

ɧɚɧɨɱɚɫɬɢɰɚɦɢ, ɧɚɩɪɢɦɟɪ, ɠɟɥɟɡɨɦ [25, 26]. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɞɚɧɧɵɣ ɤɨɦɩɥɟɤɫ 

ɫɩɨɫɨɛɟɧ ɩɪɨɹɜɥɹɬɶ ɦɚɝɧɢɬɧɵɟ ɫɜɨɣɫɬɜɚ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɹɜɥɹɬɶɫɹ ɩɪɟɞɦɟɬɨɦ 

ɢɫɫɥɟɞɨɜɚɧɢɹ. 

Ɇɨɠɧɨ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɬɪɨɟɧɢɹ ɧɚɧɨɤɨɦɩɨɡɢɬɵ ɦɨɝɭɬ 
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ɨɛɥɚɞɚɬɶ ɪɚɡɥɢɱɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɢ ɯɚɪɚɤɬɟɪɨɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɨɛɴɟɤɬɚɦɢ, 

ɩɨɷɬɨɦɭ ɜɚɠɧɨ ɡɧɚɬɶ ɢɯ ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɟ ɢ ɮɢɡɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ. Ɉɫɨɛɟɧɧɨ 

ɷɬɨ ɢɦɟɟɬ ɛɨɥɶɲɭɸ ɡɧɚɱɢɦɨɫɬɶ ɩɪɢ ɪɚɛɨɬɟ ɫ ɛɢɨɥɨɝɢɱɟɫɤɢɦɢ ɨɛɴɟɤɬɚɦɢ, 

ɩɨɫɤɨɥɶɤɭ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɧɢɯ ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ ɫɩɨɫɨɛɧɨ ɩɪɢɜɨɞɢɬɶ ɤ 

ɲɢɪɨɤɨɦɭ ɫɩɟɤɬɪɭ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɜ ɦɟɬɚɛɨɥɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɚɯ [14, 54]. 

 

1.2.3 Ȼɢɨɥɨɝɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɟɥɟɧɚ 

 

ɋɟɥɟɧ – ɦɢɤɪɨɷɥɟɦɟɧɬ, ɤɨɬɨɪɵɣ ɢɝɪɚɟɬ ɜɚɠɧɭɸ ɪɨɥɶ ɜ ɪɟɝɭɥɢɪɨɜɚɧɢɢ 

ɮɭɧɤɰɢɣ ɦɧɨɝɢɯ ɜɧɬɭɪɢɤɥɟɬɨɱɧɵɯ ɛɟɥɤɨɜ. Ɉɧ ɹɜɥɹɟɬɫɹ ɤɨɮɚɤɬɨɪɨɦ ɜɨ ɦɧɨɝɢɯ 

ɮɟɪɦɟɧɬɚɬɢɜɧɵɯ ɪɟɚɤɰɢɹɯ ɨɪɝɚɧɢɡɦɚ, ɫɩɨɫɨɛɫɬɜɭɸɳɚɹ ɧɨɪɦɚɥɶɧɨɣ ɚɤɬɢɜɧɨɫɬɢ 

ɫɟɥɟɧɫɨɞɟɪɠɚɳɢɯ ɮɟɪɦɟɧɬɨɜ ɢ ɫɟɥɟɧɩɪɨɬɟɢɧɨɜ [34]. 

ɋɭɳɟɫɬɜɭɸɬ ɚɦɢɧɨɤɢɫɥɨɬɵ, ɜ ɤɨɬɨɪɵɯ ɬɢɨɥɶɧɚɹ ɝɪɭɩɩɚ ɡɚɦɟɧɟɧɚ ɧɚ 

ɫɟɥɟɧ, ɬɚɤɢɟ ɚɦɢɧɨɤɢɫɥɨɬɵ ɧɚɡɵɜɚɸɬɫɹ ɫɟɥɟɧɫɨɞɟɪɠɚɳɢɟ. ɉɪɢɦɟɪɨɦ ɬɚɤɨɣ 

ɤɢɫɥɨɬɵ ɹɜɥɹɟɬɫɹ ɫɟɥɟɧɨɰɢɫɬɟɢɧ. Ɂɚ ɫɱɟɬ ɡɚɦɟɧɟɧɧɨɣ ɬɢɨɥɶɧɨɣ ɝɪɭɩɩɵ, ɨɧ 

ɢɦɟɟɬ ɛɨɥɟɟ ɧɢɡɤɭɸ, ɱɟɦ ɭ ɰɢɫɬɟɢɧɚ, ɤɨɧɫɬɚɧɬɭ ɞɢɫɫɨɰɢɚɰɢɢ ɢ ɛɨɥɟɟ 

ɜɵɫɨɤɢɣ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɣ ɩɨɬɟɧɰɢɚɥ. Ȼɥɚɝɨɞɚɪɹ ɷɬɢɦ ɫɜɨɣɫɬɜɚɦ 

ɫɟɥɟɧɨɰɢɫɬɟɢɧ ɜɯɨɞɢɬ ɜ ɫɨɫɬɚɜ ɛɟɥɤɨɜ ɢ ɫɟɥɟɧɩɪɨɬɟɢɧɨɜ, 

ɨɛɥɚɞɚɸɳɢɯ ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ ɚɤɬɢɜɧɨɫɬɶɸ [49]. 

ɋɟɥɟɧ ɹɜɥɹɟɬɫɹ ɱɚɫɬɶɸ ɮɟɪɦɟɧɬɚ ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ ɡɚɳɢɬɵ – 

ɝɥɭɬɚɬɢɨɧɩɟɪɨɤɫɢɞɚɡɵ, ɤɨɬɨɪɚɹ ɞɟɬɨɤɫɢɰɢɪɭɟɬ ɩɟɪɨɤɫɢɞɵ ɜɨɞɨɪɨɞɚ ɢ ɞɪɭɝɢɯ 

ɝɢɞɪɨɩɟɪɨɤɫɢɞɨɜ, ɬɚɤɠɟ ɨɧɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɡɚɳɢɬɭ ɦɟɦɛɪɚɧɧɵɯ ɫɬɪɭɤɬɭɪ ɤɥɟɬɤɢ 

ɢ ɨɪɝɚɧɟɥɥ, ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɦɢɬɨɯɨɧɞɪɢɣ, ɨɬ ɩɟɪɟɤɢɫɧɨɝɨ ɨɤɢɫɥɟɧɢɹ ɥɢɩɢɞɨɜ 

[50]. Ɏɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɫɟɥɟɧɚ ɜ ɤɚɱɟɫɬɜɟ ɚɧɬɢɨɤɫɢɞɚɧɬɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 

ɩɭɬɟɦ ɜɤɥɸɱɟɧɢɹ ɟɝɨ ɜ ɪɨɥɢ ɤɨɮɚɤɬɨɪɚ ɜ ɮɟɪɦɟɧɬɚɬɢɜɧɭɸ ɫɢɫɬɟɦɭ ɝɥɭɬɚɬɢɨɧɚ. 

Ƚɥɭɬɚɬɢɨɧ ɭɱɚɫɬɜɭɟɬ ɜ ɫɢɧɬɟɡɟ ɫɟɥɟɧɡɚɜɢɫɢɦɨɣ ɝɥɭɬɚɬɢɧɨɩɟɪɨɫɤɢɞɚɡɵ, ɜ 

ɤɨɬɨɪɨɣ ɜ ɚɤɬɢɜɧɨɦ ɰɟɧɬɪɟ ɧɚɯɨɞɢɬɫɹ ɨɫɬɚɬɨɤ ɚɦɢɧɨɤɢɫɥɨɬɵ ɫɟɥɟɧɨɰɢɫɬɢɧɚ. 

Ⱥɬɨɦɵ ɫɟɥɟɧɚ, ɧɚɯɨɞɹɳɢɟɫɹ ɜɧɭɬɪɢ ɮɟɪɦɟɧɬɚ, ɨɤɢɫɥɹɸɬɫɹ ɩɟɪɟɤɢɫɹɦɢ ɞɨ 

SeOH. Ɂɚɬɟɦ SeOH ɨɛɪɚɡɭɟɬ ɤɨɦɩɥɟɤɫ ɫ ɝɥɭɬɚɬɢɨɧɨɦ – Se-ɝɥɭɬɚɬɢɨɧ. Ⱦɚɧɧɨɟ 

ɫɨɟɞɢɧɟɧɢɟ ɪɟɚɝɢɪɭɟɬ ɫ ɞɪɭɝɨɣ ɦɨɥɟɤɭɥɨɣ ɝɥɭɬɚɬɢɨɧɚ. ɉɪɢ ɷɬɨɦ ɩɪɨɰɟɫɫɟ 

https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BD%D1%81%D1%82%D0%B0%D0%BD%D1%82%D0%B0_%D0%B4%D0%B8%D1%81%D1%81%D0%BE%D1%86%D0%B8%D0%B0%D1%86%D0%B8%D0%B8_%D0%BA%D0%B8%D1%81%D0%BB%D0%BE%D1%82%D1%8B
https://ru.wikipedia.org/wiki/%D0%92%D0%BE%D1%81%D1%81%D1%82%D0%B0%D0%BD%D0%BE%D0%B2%D0%B8%D1%82%D0%B5%D0%BB%D1%8C%D0%BD%D1%8B%D0%B9_%D0%BF%D0%BE%D1%82%D0%B5%D0%BD%D1%86%D0%B8%D0%B0%D0%BB
https://ru.wikipedia.org/wiki/%D0%90%D0%BD%D1%82%D0%B8%D0%BE%D0%BA%D1%81%D0%B8%D0%B4%D0%B0%D0%BD%D1%82
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ɪɟɝɟɧɟɪɢɪɭɟɬɫɹ ɫɟɥɟɧ ɢ ɨɛɪɚɡɭɟɬɫɹ ɩɨɛɨɱɧɵɣ ɩɪɨɞɭɤɬ, ɤɨɬɨɪɵɦ ɹɜɥɹɟɬɫɹ 

ɨɤɢɫɥɟɧɧɵɣ ɝɥɭɬɚɬɢɨɧ. ɉɪɢɧɹɬɨ ɫɱɢɬɚɬɶ, ɱɬɨ ɝɥɭɬɚɬɢɨɧ ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬ ɫɟɥɟɧ 

ɜ ɝɥɭɬɚɬɢɨɧɩɟɪɨɤɫɢɞɚɡɟ ɢ ɬɟɦ ɫɚɦɵɦ ɞɚɧɧɚɹ ɮɨɪɦɚ ɮɟɪɦɟɧɬɚ ɤɚɬɚɥɢɡɢɪɭɟɬɫɹ 

ɪɚɫɩɚɞ ɩɟɪɟɤɢɫɢ ɜɨɞɨɪɨɞɚ [35]. 

ɉɨɦɢɦɨ ɚɧɬɢɨɤɫɢɞɚɧɬɧɵɯ ɫɜɨɣɫɬɜ ɫɟɥɟɧ ɜ ɫɨɫɬɚɜɟ ɞɪɭɝɢɯ ɛɟɥɤɨɜ 

ɫɩɨɫɨɛɟɧ ɭɱɚɫɬɜɨɜɚɬɶ ɜ ɛɢɨɫɢɧɬɟɡɟ ɬɢɪɟɨɢɞɧɵɯ ɝɨɪɦɨɧɨɜ, ɤɚɬɚɥɢɡɢɪɭɹ ɢɯ 

ɩɪɨɞɭɤɰɢɸ [50]. 

Ɉɤɢɫɥɢɬɟɥɶɧɵɟ ɫɜɨɣɫɬɜɚ ɩɪɨɹɜɥɹɸɬɫɹ ɢ ɭ ɧɚɧɨɱɚɫɬɢɰ ɫɟɥɟɧɚ. Ⱦɨɤɚɡɚɧɨ, 

ɱɬɨ ɨɧɢ ɫɩɨɫɨɛɧɵ ɧɟɣɬɪɚɥɢɡɨɜɚɬɶ ɦɨɞɟɥɶɧɵɟ ɫɜɨɛɨɞɧɵɟ ɪɚɞɢɤɚɥɵ ABTS ɢ 

DPPH [24]. Ɍɚɤɠɟ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɜɨɟɣ ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ ɚɤɬɢɜɧɨɫɬɶɸ ɨɧɢ 

ɦɨɝɭɬ ɢɧɞɭɰɢɪɨɜɚɬɶ ɚɩɨɩɬɨɡ ɜ ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɤɚɯ [14].  

ɍɜɟɥɢɱɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɜɨɛɨɞɧɵɯ ɪɚɞɢɤɚɥɨɜ ɜ ɤɥɟɬɤɟ ɦɨɠɟɬ ɛɵɬɶ 

ɫɜɹɡɚɧɨ ɫ ɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɜɧɭɬɪɟɧɧɢɯ ɢ ɜɧɟɲɧɢɯ ɮɚɤɬɨɪɨɜ, ɜɥɢɹɸɳɢɯ ɧɚ 

ɨɪɝɚɧɢɡɦ. ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɨɞɧɢɦ ɢɡ ɬɚɤɢɯ ɮɚɤɬɨɪɨɜ, ɭɫɢɥɢɜɚɸɳɢɯ 

ɝɟɧɟɪɚɰɢɸ ȺɎɄ, ɹɜɥɹɟɬɫɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɟ ɢɡɥɭɱɟɧɢɟ ɋȼɑ-ɞɢɚɩɚɡɨɧɚ 

ɚɧɬɪɨɩɨɝɟɧɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ [59], ɤɨɬɨɪɨɟ ɜɵɡɜɚɧɨ ɫɬɪɟɦɢɬɟɥɶɧɵɦ 

ɪɚɡɜɢɬɢɟɦ ɬɟɯɧɨɥɨɝɢɣ [1].   

 

1.3 ȼɥɢɹɧɢɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɫɜɟɪɯɜɵɫɨɤɨɱɚɫɬɨɬɧɨɝɨ 

ɞɢɚɩɚɡɨɧɚ ɧɚ ɨɛɪɚɡɨɜɚɧɢɟ ɫɜɨɛɨɞɧɵɯ ɪɚɞɢɤɚɥɨɜ 

 

ɗɥɟɤɬɪɨɦɚɝɧɢɬɧɨɟ ɢɡɥɭɱɟɧɢɟ (ɗɆɂ) – ɮɨɪɦɚ ɦɚɬɟɪɢɢ, ɫ ɩɨɦɨɳɶɸ 

ɤɨɬɨɪɨɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɠɞɭ ɷɥɟɤɬɪɢɱɟɫɤɢ ɡɚɪɹɠɟɧɧɵɦɢ 

ɱɚɫɬɢɰɚɦɢ ɢ ɹɜɥɹɟɬɫɹ ɚɛɢɨɬɢɱɟɫɤɢɦ ɮɚɤɬɨɪɨɦ, ɩɨɞ ɜɥɢɹɧɢɟɦ ɤɨɬɨɪɨɝɨ 

ɩɪɨɢɫɯɨɞɢɥɨ ɮɨɪɦɢɪɨɜɚɧɢɟ ɠɢɜɵɯ ɨɪɝɚɧɢɡɦɨɜ ɢ ɢɯ ɷɜɨɥɸɰɢɹ [51]. 

ɇɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɣ ɮɨɧ Ɂɟɦɥɢ ɩɪɟɞɫɬɚɜɥɟɧ 

ɫɨɜɨɤɭɩɧɨɫɬɶɸ ɢɡɥɭɱɟɧɢɣ ɩɪɢɪɨɞɧɨɝɨ ɢ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɣ. Ʉ 

ɩɪɢɪɨɞɧɵɦ ɢɫɬɨɱɧɢɤɚɦ ɨɬɧɨɫɹɬ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɟ ɩɨɥɟ Ɂɟɦɥɢ, ɤɨɫɦɢɱɟɫɤɢɟ 

ɢɫɬɨɱɧɢɤɢ ɪɚɞɢɨɜɨɥɧ, ɧɚɩɪɢɦɟɪ, ɋɨɥɧɰɟ ɢ ɞɪɭɝɢɟ ɡɜɟɡɞɵ, ɚɬɦɨɫɮɟɪɧɨɟ 

ɷɥɟɤɬɪɢɱɟɫɬɜɨ. ɗɜɨɥɸɰɢɨɧɧɨ ɠɢɜɵɟ ɨɪɝɚɧɢɡɦɵ ɩɪɢɫɩɨɫɨɛɥɟɧɵ ɤ 
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ɟɫɬɟɫɬɜɟɧɧɨɦɭ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɦɭ ɩɨɥɸ, ɨɞɧɚɤɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɪɵɜ 

ɩɨɫɩɨɫɨɛɫɬɜɨɜɚɥ ɢɡɦɟɧɟɧɢɸ ɨɛɳɟɝɨ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɮɨɧɚ ɨɤɪɭɠɚɸɳɟɣ 

ɫɪɟɞɵ, ɭɜɟɥɢɱɢɜ ɟɝɨ ɧɚɝɪɭɡɤɭ ɧɚ ɛɢɨɨɛɴɟɤɬɵ. Ɂɚ ɩɪɨɲɟɞɲɢɟ ɞɟɫɹɬɢɥɟɬɢɹ ɜ 

ɟɫɬɟɫɬɜɟɧɧɵɣ ɮɨɧ Ɂɟɦɥɢ ɞɨɛɚɜɢɥɨɫɶ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɟ ɢɡɥɭɱɟɧɢɟ ɋȼɑ-

ɞɢɚɩɚɡɨɧɚ ɚɧɬɪɨɩɨɝɟɧɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ [5555]. Ⱦɚɧɧɵɟ ɨɛɫɬɨɹɬɟɥɶɫɬɜɚ 

ɩɪɢɜɟɥɢ ɤ ɬɨɦɭ, ɱɬɨ ɠɢɜɵɦ ɨɪɝɚɧɢɡɦɚɦ ɞɨɜɨɥɶɧɨ ɩɪɨɛɥɟɦɚɬɢɱɧɨ 

ɚɞɚɩɬɢɪɨɜɚɬɶɫɹ ɡɚ ɤɨɪɨɬɤɨɟ ɜɪɟɦɹ ɤ ɢɡɦɟɧɹɸɳɢɦɫɹ ɭɫɥɨɜɢɹɦ ɜɧɟɲɧɟɣ ɫɪɟɞɵ. 

ɂɫɬɨɱɧɢɤɚɦɢ ɗɆɂ ɚɧɬɪɨɩɨɝɟɧɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ  ɹɜɥɹɸɬɫɹ ɫɪɟɞɫɬɜɚ 

ɫɨɬɨɜɨɣ ɢ ɫɩɭɬɧɢɤɨɜɨɣ ɫɜɹɡɢ, ɪɚɞɢɨɥɨɤɚɰɢɨɧɧɵɟ ɭɫɬɚɧɨɜɤɢ, ɬɟɥɟɜɢɞɟɧɢɟ, 

ɥɢɧɢɢ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱ ɜɵɫɨɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɢ ɬ.ɞ. [1]. Ɉɫɨɛɨɟ ɜɧɢɦɚɧɢɟ ɫɬɨɢɬ 

ɭɞɟɥɢɬɶ ɫɨɬɨɜɵɦ ɬɟɥɟɮɨɧɚɦ, ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɫɚɦɵɦ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ 

ɬɢɩɨɦ ɤɨɦɦɭɧɢɤɚɰɢɢ. ɂɯ ɞɢɚɩɚɡɨɧ ɪɚɛɨɱɟɣ ɱɚɫɬɨɬɵ ɫɨɫɬɚɜɥɹɟɬ ɨɬ 900 ɆȽɰ ɞɨ 

1700 ɆȽɰ. ɑɚɫɬɨɬɚ, ɪɚɜɧɚɹ 900 ɆȽɰ – ɦɢɧɢɦɚɥɶɧɚɹ ɩɨɪɨɝɨɜɚɹ ɱɚɫɬɨɬɚ ɢ ɨɧɚ 

ɹɜɥɹɟɬɫɹ ɫɬɚɧɞɚɪɬɨɦ GSM (Groupe Special Mobile) – ɝɥɨɛɚɥɶɧɵɣ ɫɬɚɧɞɚɪɬ 

ɰɢɮɪɨɜɨɣ ɦɨɛɢɥɶɧɨɣ ɫɨɬɨɜɨɣ ɫɜɹɡɢ [58]. 

ȼ Ɋɨɫɫɢɢ ɫɭɳɟɫɬɜɭɸɬ ɧɨɪɦɚɬɢɜɧɵɟ ɞɨɤɭɦɟɧɬɵ, ɜ ɤɨɬɨɪɵɯ ɡɚɤɪɟɩɥɟɧ 

ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɣ ɭɪɨɜɟɧɶ ɜɨɡɞɟɣɫɬɜɢɹ ɗɆɂ ɋȼɑ-ɞɢɚɩɚɡɨɧɚ ɧɚ ɱɟɥɨɜɟɤɚ, 

ɢɡɦɟɪɹɟɦɵɣ ɜ ɢɧɬɟɧɫɢɜɧɨɫɬɹɯ, ɢɥɢ ɩɥɨɬɧɨɫɬɹɯ ɩɨɬɨɤɚ ɷɧɟɪɝɢɢ (ɉɉɗ) ɫ 

ɢɡɦɟɪɹɟɦɵɦ ɩɚɪɚɦɟɬɪɨɦ ȼɬ/ɫɦ2. Ⱦɥɹ ɡɚɪɭɛɟɠɧɵɯ ɫɬɪɚɧ ɞɚɧɧɵɣ ɤɪɢɬɟɪɢɣ 

ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɜɢɞɟ SAR (Specific Absorption Radiation) – ɭɞɟɥɶɧɵɣ 

ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ, ɢɡɦɟɪɹɟɦɵɣ ɜ ȼɬ/ɤɝ [56]. SAR ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ 

ɨɛɴɟɤɬɢɜɧɨɣ ɨɰɟɧɤɨɣ ɜɨɡɞɟɣɫɬɜɢɹ, ɩɨɫɤɨɥɶɤɭ ɨɬɪɚɠɚɟɬ ɯɚɪɚɤɬɟɪ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɷɧɟɪɝɢɢ ɗɆɂ ɜ ɬɤɚɧɹɯ, ɧɨ ɩɨɦɢɦɨ ɷɬɨɝɨ ɨɧ ɧɟ ɜɫɟɝɞɚ 

ɫɩɨɫɨɛɟɧ ɪɚɫɤɪɵɬɶ ɪɟɚɥɶɧɵɣ ɦɟɯɚɧɢɡɦ ɞɟɣɫɬɜɢɹ ɢɡɥɭɱɟɧɢɹ ɧɚ ɛɢɨɥɨɝɢɱɟɫɤɢɣ 

ɨɛɴɟɤɬ [57]. 

ɇɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɜ ɥɢɬɟɪɚɬɭɪɟ ɦɚɥɨ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɩɨɫɜɹɳɟɧɧɵɯ ɬɨɦɭ, 

ɤɚɤ ɢɦɟɧɧɨ ɗɆɂ ɋȼɑ-ɞɢɚɩɚɡɨɧɚ ɜɥɢɹɟɬ ɧɚ ɛɢɨɥɨɝɢɱɟɫɤɢɟ ɨɛɴɟɤɬɵ, ɨɞɧɚɤɨ 

ɨɞɧɢɦ ɢɡ ɜɟɪɨɹɬɧɵɯ ɦɟɯɚɧɢɡɦɨɜ ɞɟɣɫɬɜɢɹ ɦɨɠɟɬ ɹɜɥɹɬɶɫɹ ɝɟɧɟɪɚɰɢɹ 

ɫɜɨɛɨɞɧɵɯ ɪɚɞɢɤɚɥɨɜ [59].  

ɋɜɨɛɨɞɧɵɟ ɪɚɞɢɤɚɥɵ – ɷɬɨ ɦɨɥɟɤɭɥɹɪɧɵɟ ɱɚɫɬɢɰɵ, ɤɨɬɨɪɵɟ ɢɦɟɸɬ 
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ɧɟɫɩɚɪɟɧɧɵɟ ɷɥɟɤɬɪɨɧ ɧɚ ɜɧɟɲɧɟɣ ɷɥɟɤɬɪɨɧɧɨɣ ɨɛɨɥɨɱɤɟ.  ɉɨɧɹɬɢɟ ɫɜɨɛɨɞɧɵɟ 

ɪɚɞɢɤɚɥɵ ɨɛɴɟɞɢɧɹɟɬ ɜ ɫɟɛɟ ɪɹɞ ɦɨɥɟɤɭɥɹɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɪɚɡɥɢɱɧɵɯ ɩɨ 

ɫɨɫɬɚɜɭ, ɧɚɩɪɢɦɟɪ, ɪɚɞɢɤɚɥɵ ɫ ɜɤɥɸɱɟɧɢɟɦ ɢɨɧɨɜ ɤɢɫɥɨɪɨɞɚ, ɩɪɢɧɹɬɨ 

ɨɛɨɡɧɚɱɚɬɶ ɤɚɤ ȺɎɄ (ɚɤɬɢɜɧɵɟ ɮɨɪɦɵ ɤɢɫɥɨɪɨɞɵ) [64]. 

Ɋɚɡɞɟɥɹɸɬ ɞɜɟ ɝɪɭɩɩɵ ɪɚɞɢɤɚɥɨɜ: ɩɟɪɜɢɱɧɵɟ ɢ ɜɬɨɪɢɱɧɵɟ. Ʉ ɩɟɪɜɢɱɧɵɦ 

ɪɚɞɢɤɚɥɚɦ ɨɬɧɨɫɹɬ ɦɨɥɟɤɭɥɵ, ɤɨɬɨɪɵɟ ɨɛɪɚɡɭɸɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɮɟɪɦɟɧɬɚɬɢɜɧɵɯ ɪɟɚɤɰɢɣ ɜ ɰɟɩɢ ɩɟɪɟɧɨɫɚ ɷɥɟɤɬɪɨɧɨɜ (ɫɭɩɟɪɨɤɫɞ (•ɈɈ-), 

ɧɢɬɪɨɤɫɢɞ (•NO), ɭɛɢɯɢɧɨɧ (•Q). ȼ ɩɪɨɰɟɫɫɟ ɦɟɬɚɛɨɥɢɱɟɫɤɢɯ ɩɪɟɜɪɚɳɟɧɢɣ ɢɡ 

ɩɟɪɜɢɱɧɨɝɨ ɪɚɞɢɤɚɥɚ – ɫɭɩɟɪɨɤɫɢɞɚ – ɦɨɝɭɬ ɨɛɪɚɡɨɜɵɜɚɬɶɫɹ ɪɚɡɥɢɱɧɵɟ 

ɚɤɬɢɜɧɵɟ ɦɨɥɟɤɭɥɹɪɧɵɟ ɫɨɟɞɢɧɟɧɢɹ: ɩɟɪɟɤɢɫɶ ɜɨɞɨɪɨɞɚ, ɝɢɩɨɯɥɨɪɢɬ, 

ɝɢɞɪɨɩɟɪɟɤɢɫɢ ɥɢɩɢɞɨɜ. ȼɬɨɪɢɱɧɵɟ ɪɚɞɢɤɚɥɵ (ɝɢɞɪɨɤɫɢɥ (•Ɉɇ), ɥɢɩɢɞɧɵɟ 

ɪɚɞɢɤɚɥɵ (L•,LOO•)) – ɷɬɨ ɫɥɟɞɫɬɜɢɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɟɪɜɢɱɧɵɯ ɪɚɞɢɤɚɥɨɜ, ɚ 

ɬɚɤɠɟ ɞɪɭɝɢɯ ɜɟɳɟɫɬɜ ɫ ɦɟɬɚɥɥɚɦɢ, ɢɦɟɸɳɢɦɢ ɩɟɪɟɦɟɧɧɭɸ ɜɚɥɟɧɬɧɨɫɬɶ 

(ɧɚɩɪɢɦɟɪ, Fe2+) [65].  

ɉɨɜɵɲɟɧɧɵɣ ɭɪɨɜɟɧɶ ȺɎɄ ɢ ɚɧɬɢɨɤɫɢɞɚɧɬɨɜ ɜ ɨɬɜɟɬ ɧɚ ɜɨɡɞɟɣɫɬɜɢɟ 

ɗɆɂ ɋȼɑ-ɞɢɚɩɚɡɨɧɚ ɛɵɥɢ ɨɛɧɚɪɭɠɟɧɵ ɜ ɪɚɡɥɢɱɧɵɯ ɬɢɩɚɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, 

ɩɪɨɜɨɞɢɦɵɟ ɧɚ ɤɭɥɶɬɭɪɟ ɤɥɟɬɨɤ [61], ɠɢɜɨɬɧɵɯ [62], ɥɸɞɹɯ [60].  

Ɇɨɠɧɨ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɩɪɨɞɭɤɬɵ ɦɟɬɚɛɨɥɢɡɦɚ ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɨɤ 

ɩɪɢɜɨɞɹɬ ɤ ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɦ ɢ ɦɟɬɚɛɨɥɢɱɟɫɤɢɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹɦ ɜ ɡɞɨɪɨɜɵɯ 

ɤɥɟɬɤɚɯ, ɧɚɩɪɢɦɟɪ, ɤ ɭɫɢɥɟɧɧɨɦɭ ɨɛɪɚɡɨɜɚɧɢɸ ɫɜɨɛɨɞɧɵɯ ɪɚɞɢɤɚɥɨɜ. 

ɍɜɟɥɢɱɟɧɢɟ ɢɯ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɩɨɫɨɛɧɨ ɫɬɚɬɶ ɩɪɢɱɢɧɨɣ ɚɩɨɩɬɨɡɚ ɤɚɤ ɜ 

ɡɞɨɪɨɜɵɯ, ɬɚɤ ɢ ɜ ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɤɚɯ. Ɍɚɤɠɟ ɧɟɥɶɡɹ ɢɫɤɥɸɱɚɬɶ ɜɥɢɹɧɢɟ 

ɜɧɟɲɧɢɯ ɮɚɤɬɨɪɨɜ ɫɪɟɞɵ – ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɢɡɥɭɱɟɧɢɹ 

ɫɜɟɪɯɜɵɫɨɤɨɱɚɫɬɨɬɧɨɝɨ ɞɢɚɩɚɡɨɧɚ ɚɧɬɪɨɩɨɝɟɧɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ, – ɤɨɬɨɪɨɟ 

ɧɟɩɪɟɪɵɜɧɨ ɜɨɡɞɟɣɫɬɜɭɟɬ ɧɚ ɨɪɝɚɧɢɡɦ ɢ ɬɚɤɠɟ ɫɩɨɫɨɛɧɨ ɩɪɢɜɨɞɢɬɶ ɤ 

ɭɫɢɥɟɧɧɨɣ ɜɵɪɚɛɨɬɤɟ ɚɤɬɢɜɧɵɯ ɮɨɪɦ ɤɢɫɥɨɪɨɞɚ ɤɚɤ ɜ ɡɞɨɪɨɜɵɯ, ɬɚɤ ɢ ɜ 

ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɤɚɯ.  

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɞɥɹ ɛɨɪɶɛɵ ɫ ɨɤɢɫɥɢɬɟɥɶɧɵɦ ɫɬɪɟɫɫɨɦ ɚɤɬɭɚɥɶɧɵɦ 

ɧɚɩɪɚɜɥɟɧɢɟɦ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɚɧɨɬɟɯɧɨɥɨɝɢɣ, ɚ ɢɦɟɧɧɨ, ɩɪɢɦɟɧɟɧɢɟ 

ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ ɫɟɥɟɧɚ, ɤɨɬɨɪɵɟ ɫɩɨɫɨɛɧɵ ɫɧɢɡɢɬɶ ɨɤɢɫɥɢɬɟɥɶɧɭɸ ɧɚɝɪɭɡɤɭ, 
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ɩɪɟɞɨɬɜɪɚɳɚɹ ɝɭɛɢɬɟɥɶɧɵɟ ɩɨɫɥɟɞɫɬɜɢɹ ɜɥɢɹɧɢɹ ɩɨɜɵɲɟɧɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ 

ɫɜɨɛɨɞɧɵɯ ɪɚɞɢɤɚɥɨɜ ɧɚ ɡɞɨɪɨɜɵɟ ɤɥɟɬɤɢ. Ɉɞɧɚɤɨ ɩɪɨɹɜɥɟɧɢɹ 

ɚɧɬɢɨɤɫɢɞɚɧɬɧɵɯ ɫɜɨɣɫɬɜ ɧɚɧɨɱɚɫɬɢɰ ɫɟɥɟɧɚ ɜ ɭɫɥɨɜɢɹɯ ɜɨɡɞɟɣɫɬɜɢɹ 

ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɫɜɟɪɯɜɵɫɨɤɨɱɚɫɬɨɬɧɨɝɨ ɞɢɚɩɚɡɨɧɚ ɧɚ ɤɥɟɬɤɢ 

ɨɩɭɯɨɥɢ ɢɡɭɱɚɟɬɫɹ ɦɚɥɨ, ɜ ɫɜɹɡɢ ɫ ɱɟɦ ɞɚɧɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ ɢɫɫɥɟɞɨɜɚɧɢɣ 

ɹɜɥɹɟɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɵɦ. 
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ɂɡɴɹɬɨ ɫ 16 ɩɨ 32 ɫɬɪɚɧɢɰɵ ɜ ɫɜɹɡɢ ɫ ɚɜɬɨɪɫɤɢɦɢ ɩɪɚɜɚɦɢ 
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ȼɕȼɈȾɕ 
 

1. ɇɚɧɨɱɚɫɬɢɰɵ ɫɟɥɟɧɚ, ɩɨɥɭɱɟɧɧɵɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟɦ ɫɟɥɟɧɢɬɚ ɧɚɬɪɢɹ, 

ɩɨɤɪɵɬɵɟ ɚɪɚɛɢɧɨɝɚɥɚɤɬɚɧɨɦ, ɧɟ ɚɝɪɟɝɢɪɭɸɬ ɢ ɢɦɟɸɬ ɞɢɚɦɟɬɪ ɨɞɧɨɣ 

ɱɚɫɬɢɰɵ – 134,04±28,33 ɧɦ, ɬɚɤɠɟ ɛɵɥɨ ɞɨɤɚɡɚɧɨ ɧɚɥɢɱɢɟ ɯɢɦɢɱɟɫɤɨɣ ɫɜɹɡɢ 

ɦɟɠɞɭ ɧɚɧɨɱɚɫɬɢɰɚɦɢ ɫɟɥɟɧɚ ɢ ɚɪɚɛɢɧɨɝɚɥɚɤɬɚɧɨɦ. 

2. ȼ ɭɫɥɨɜɢɹɯ ɜɨɡɞɟɣɫɬɜɢɹ ɋȼɑ-ɢɡɥɭɱɟɧɢɹ ɧɚ ɤɥɟɬɤɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ 

ɨɩɭɯɨɥɢ ɤɨɧɰɟɧɬɪɚɰɢɹ ɫɜɨɛɨɞɧɵɯ ɪɚɞɢɤɚɥɨɜ ɜ ɤɥɟɬɤɚɯ ɧɟ ɢɡɦɟɧɹɥɚɫɶ. 

ȼɥɢɹɧɢɟ ɧɚɧɨɱɚɫɬɢɰ ɫɟɥɟɧɚ, ɩɨɤɪɵɬɵɯ ɚɪɚɛɢɧɨɝɚɥɚɤɬɚɧɨɦ, ɧɚ ɤɥɟɬɤɢ 

ɨɩɭɯɨɥɢ ɨɬɪɚɠɚɟɬɫɹ ɜ ɜɢɞɟ ɭɜɟɥɢɱɟɧɢɹ ɜɪɟɦɟɧɢ ɡɚɞɟɪɠɤɢ ɚɤɬɢɜɚɰɢɢ 

ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ ɫɢɫɬɟɦɵ. 

3. ɀɢɡɧɟɫɩɨɫɨɛɧɨɫɬɶ ɤɥɟɬɨɤ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɨɩɭɯɨɥɢ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ 

ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɢɡɥɭɱɟɧɢɟɦ ɋȼɑ-ɞɢɚɩɚɡɨɧɚ ɫɨɯɪɚɧɹɟɬɫɹ ɤɚɤ ɩɨɫɥɟ 

ɨɛɥɭɱɟɧɢɹ, ɬɚɤ ɢ ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ ɧɚɧɨɱɚɫɬɢɰ ɫɟɥɟɧɚ, ɩɨɤɪɵɬɵɯ 

ɚɪɚɛɢɧɨɝɚɥɤɬɚɧɨɦ. 
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1. Ƚɪɢɝɨɪɶɟɜ, ɘ.Ƚ. ȼɨɡɦɨɠɧɨɫɬɶ ɪɚɡɜɢɬɢɹ ɨɩɭɯɨɥɟɣ ɦɨɡɝɚ ɭ 

ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɫɨɬɨɜɵɦɢ ɬɟɥɟɮɨɧɚɦɢ (ɧɚɭɱɧɚɹ ɢɧɮɨɪɦɚɰɢɹ ɤ ɪɟɲɟɧɢɸ 
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