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Ɋɟɮɟɪɚɬ 
 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «ɍɪɨɜɟɧɶ ɩɟɪɟɤɢɫɧɨɝɨ 

ɨɤɢɫɥɟɧɢɹ ɥɢɩɢɞɨɜ ɢ ɚɤɬɢɜɧɨɫɬɶ ɚɧɬɢɨɤɫɢɞɚɧɬɧɵɯ ɮɟɪɦɟɧɬɨɜ ɩɪɢ 

ɤɨɥɨɪɟɤɬɚɥɶɧɨɦ ɪɚɤɟ» ɫɨɞɟɪɠɢɬ 38 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, ɨɞɧɨɝɨ 

ɪɢɫɭɧɤɚ,  7 ɬɚɛɥɢɰ,  40 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɤɨɥɨɪɟɤɬɚɥɶɧɵɣ ɪɚɤ, ɨɤɢɫɥɢɬɟɥɶɧɵɣ ɫɬɪɟɫɫ, 

ɩɟɪɟɤɢɫɧɨɟ ɨɤɢɫɥɟɧɢɟ ɥɢɩɢɞɨɜ, ɚɧɬɢɨɤɫɢɞɚɧɬɧɚɹ ɫɢɫɬɟɦɚ, ɦɚɥɨɧɨɜɵɣ 

ɞɢɚɥɶɞɟɝɢɞ, ɫɭɩɟɪɨɤɫɢɞɞɢɫɦɭɬɚɡɚ, ɤɚɬɚɥɚɡɚ. 

Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɷɪɢɬɪɨɰɢɬɵ ɛɨɥɶɧɵɯ ɤɨɥɨɪɟɤɬɚɥɶɧɵɦ ɪɚɤɨɦ. 

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɢɥɨɫɶ ɢɡɭɱɟɧɢɟ ɫɨɫɬɨɹɧɢɹ ɩɪɨɨɤɫɢɞɚɧɬɧɨɣ ɢ 

ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ ɫɢɫɬɟɦ ɩɨ  ɭɪɨɜɧɸ  ɦɚɥɨɧɨɜɨɝɨ ɞɢɚɥɶɞɟɝɢɞɚ,   ɚɤɬɢɜɧɨɫɬɢ  

ɫɭɩɟɪɨɤɫɢɞɞɢɫɦɭɬɚɡɵ  ɢ ɤɚɬɚɥɚɡɵ  ɭ  ɛɨɥɶɧɵɯ  ɤɨɥɨɪɟɤɬɚɥɶɧɵɦ ɪɚɤɨɦ. 

ɂɫɯɨɞɹ ɢɡ ɰɟɥɢ, ɛɵɥɢ ɜɵɞɜɢɧɭɬɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

1. ɂɫɫɥɟɞɨɜɚɬɶ ɫɨɞɟɪɠɚɧɢɟ ɦɚɥɨɧɨɜɨɝɨ ɞɢɚɥɶɞɟɝɢɞɚ ɜ ɷɪɢɬɪɨɰɢɬɚɯ 

ɛɨɥɶɧɵɯ ɤɨɥɨɪɟɤɬɚɥɶɧɵɦ ɪɚɤɨɦ ɞɨ ɥɟɱɟɧɢɹ, ɩɨɫɥɟ ɨɩɟɪɚɬɢɜɧɨɝɨ 

ɜɦɟɲɚɬɟɥɶɫɬɜɚ ɢ ɩɨɫɥɟ ɯɢɦɢɨɬɟɪɚɩɢɢ.  

2. Ɉɩɪɟɞɟɥɢɬɶ ɚɤɬɢɜɧɨɫɬɶ ɚɧɬɢɨɤɫɢɞɚɧɬɧɵɯ ɮɟɪɦɟɧɬɨɜ ɭ ɛɨɥɶɧɵɯ 

ɤɨɥɨɪɟɤɬɚɥɶɧɵɦ ɪɚɤɨɦ ɞɨ ɥɟɱɟɧɢɹ, ɩɨɫɥɟ ɨɩɟɪɚɰɢɢ ɢ ɩɨɫɥɟ ɯɢɦɢɨɬɟɪɚɩɢɢ.  

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɷɪɢɬɪɨɰɢɬɚɯ ɛɨɥɶɧɵɯ ɤɨɥɨɪɟɤɬɚɥɶɧɵɦ ɪɚɤɨɦ ɤɚɤ ɞɨ 

ɥɟɱɟɧɢɹ, ɬɚɤ ɢ ɩɨɫɥɟ ɨɩɟɪɚɬɢɜɧɨɝɨ ɜɦɟɲɚɬɟɥɶɫɬɜɚ ɢ ɯɢɦɢɨɬɟɪɚɩɢɢ ɭɪɨɜɟɧɶ 

ɩɪɨɞɭɤɬɚ ɩɟɪɟɤɢɫɧɨɝɨ ɨɤɢɫɥɟɧɢɹ ɥɢɩɢɞɨɜ – ɦɚɥɨɧɨɜɨɝɨ ɞɢɚɥɶɞɟɝɢɞɚ 

ɫɭɳɟɫɬɜɟɧɧɨ ɢ ɞɨɫɬɨɜɟɪɧɨ ɩɪɟɜɵɲɚɟɬ ɤɨɧɬɪɨɥɶɧɵɣ ɩɨɤɚɡɚɬɟɥɶ. 

Ⱥɤɬɢɜɧɨɫɬɶ ɚɧɬɢɨɤɫɢɞɚɧɬɧɵɯ ɮɟɪɦɟɧɬɨɜ ɢɡɦɟɧɹɟɬɫɹ 

ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɦ ɨɛɪɚɡɨɦ, ɩɪɨɹɜɥɹɹ ɬɟɧɞɟɧɰɢɹ ɤ ɩɨɜɵɲɟɧɢɸ ɭ 

ɫɭɩɟɪɨɤɫɢɞɞɢɫɦɭɬɚɡɵ ɢ ɫɧɢɠɟɧɢɸ ɭ ɤɚɬɚɥɚɡɵ ɩɨ  ɫɪɚɜɧɟɧɢɸ ɫ ɤɨɧɬɪɨɥɟɦ.  
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Вɜɟɞɟɧɢɟ 
 

Ʉɨɥɨɪɟɤɬɚɥɶɧɵɣ ɪɚɤ (ɄɊɊ) – ɷɬɨ ɨɩɭɯɨɥɟɜɵɣ ɩɪɨɰɟɫɫ, ɜɨɡɧɢɤɚɸɳɢɣ ɜ 

ɬɤɚɧɢ ɬɨɥɫɬɨɣ, ɚ ɬɚɤɠɟ ɩɪɹɦɨɣ ɤɢɲɤɢ. ȿɠɟɝɨɞɧɨ ɞɢɚɝɧɨɫɬɢɪɭɟɬɫɹ ɨɤɨɥɨ 

ɦɢɥɥɢɨɧɚ ɧɨɜɵɯ ɫɥɭɱɚɟɜ ɡɚɛɨɥɟɜɚɧɢɹ, ɱɬɨ ɞɟɥɚɟɬ ɄɊɊ ɬɪɟɬɶɟɣ ɩɨ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɫɬɢ ɡɥɨɤɚɱɟɫɬɜɟɧɧɨɣ ɨɩɭɯɨɥɶɸ ɜ ɩɚɬɨɥɨɝɢɢ ɱɟɥɨɜɟɤɚ ɜɨ 

ɜɫɟɦ ɦɢɪɟ ɢ ɜɬɨɪɨɣ ɩɨ ɡɧɚɱɢɦɨɫɬɢ ɩɪɢɱɢɧɨɣ ɫɦɟɪɬɢ ɨɬ ɡɥɨɤɚɱɟɫɬɜɟɧɧɵɯ 

ɡɚɛɨɥɟɜɚɧɢɣ[1].Ɂɚ ɩɨɫɥɟɞɧɢɟ ɧɟɫɤɨɥɶɤɨ ɞɟɫɹɬɢɥɟɬɢɣ ɜ ɧɚɲɟɣ ɫɬɪɚɧɟ 

ɭɜɟɥɢɱɢɥɚɫɶ ɡɚɛɨɥɟɜɚɟɦɨɫɬɶ ɪɚɤɨɦ ɬɨɥɫɬɨɣ ɤɢɲɤɢ. Ɋɨɫɬ ɡɚɛɨɥɟɜɚɟɦɨɫɬɢ 

ɪɚɤɨɦ ɩɪɹɦɨɣ ɤɢɲɤɢ ɢ ɫɦɟɪɬɧɨɫɬɢ ɨɬ ɧɟɝɨ ɞɟɥɚɟɬ ɚɤɬɭɚɥɶɧɵɦ ɢɫɫɥɟɞɨɜɚɧɢɟ 

ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɵ ɢ ɩɨɢɫɤ ɧɨɜɵɯ ɦɟɬɨɞɨɜ ɪɚɧɧɟɣ ɞɢɚɝɧɨɫɬɢɤɢ ɢ ɥɟɱɟɧɢɹ.  

ȼ ɪɚɡɥɢɱɧɵɯ ɩɭɛɥɢɤɚɰɢɹɯ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɪɨɥɶ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ 

ɫɬɪɟɫɫɚ ɜ ɩɚɬɨɝɟɧɟɡɟ ɢ ɪɚɡɜɢɬɢɢ ɄɊɊ ɱɟɥɨɜɟɤɚ. ɀɟɥɭɞɨɱɧɨ-ɤɢɲɟɱɧɵɣ ɬɪɚɤɬ 

ɨɫɨɛɟɧɧɨ ɩɨɞɜɟɪɠɟɧ ɚɬɚɤɟ ɚɤɬɢɜɧɵɯ ɮɨɪɦ ɤɢɫɥɨɪɨɞɚ, ɤɨɬɨɪɵɟ ɩɪɢɜɨɞɹɬ ɤ 

ɤɚɧɰɟɪɨɝɟɧɟɡɭ. Ɉɞɧɚɤɨ ɢɧɮɨɪɦɚɰɢɢ ɨ ɛɢɨɯɢɦɢɱɟɫɤɢɯ ɢɡɦɟɧɟɧɢɹɯ ɜ ɬɤɚɧɹɯ ɢ 

ɤɪɨɜɢ ɧɟɞɨɫɬɚɬɨɱɧɨ.  

Ɂɚɛɨɥɟɜɚɟɦɨɫɬɶ ɄɊɊ ɧɟɭɤɥɨɧɧɨ ɪɚɫɬɟɬ ɜɨ ɜɫɟɦ ɦɢɪɟ, ɨɫɨɛɟɧɧɨ ɜ 

ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɫɬɪɚɧɚɯ, ɤɨɬɨɪɵɟ ɩɪɢɧɢɦɚɸɬ "ɡɚɩɚɞɧɵɣ" ɨɛɪɚɡ ɠɢɡɧɢ. 

Ɉɠɢɪɟɧɢɟ, ɦɚɥɨɩɨɞɜɢɠɧɵɣ ɨɛɪɚɡ ɠɢɡɧɢ, ɩɨɬɪɟɛɥɟɧɢɟ ɤɪɚɫɧɨɝɨ ɦɹɫɚ, 

ɤɥɟɱɚɬɤɢ, ɚɥɤɨɝɨɥɹ ɢ ɬɚɛɚɤɚ ɫɱɢɬɚɸɬɫɹ ɞɜɢɠɭɳɟɣ ɫɢɥɨɣ ɪɨɫɬɚ ɄɊɊ.   

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɢɥɨɫɶ ɢɡɭɱɟɧɢɟ ɫɨɫɬɨɹɧɢɹ ɩɪɨɨɤɫɢɞɚɧɬɧɨɣ ɢ 

ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ ɫɢɫɬɟɦ ɩɨ  ɭɪɨɜɧɸ  ɦɚɥɨɧɨɜɨɝɨ ɞɢɚɥɶɞɟɝɢɞɚ,   ɚɤɬɢɜɧɨɫɬɢ  

ɫɭɩɟɪɨɤɫɢɞɞɢɫɦɭɬɚɡɵ  ɢ ɤɚɬɚɥɚɡɵ  ɭ  ɛɨɥɶɧɵɯ  ɤɨɥɨɪɟɤɬɚɥɶɧɵɦ ɪɚɤɨɦ 

ɂɫɯɨɞɹ ɢɡ ɰɟɥɢ, ɛɵɥɢ ɜɵɞɜɢɧɭɬɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

1. Ɉɩɪɟɞɟɥɢɬɶ ɫɨɞɟɪɠɚɧɢɹ ɦɚɥɨɧɨɜɨɝɨ ɞɢɚɥɶɞɟɝɢɞɚ ɜ ɷɪɢɬɪɨɰɢɬɚɯ ɭ 

ɛɨɥɶɧɵɯ ɤɨɥɨɪɟɤɬɚɥɶɧɵɦ ɪɚɤɨɦ ɞɨ ɥɟɱɟɧɢɹ, ɩɨɫɥɟ ɨɩɟɪɚɬɢɜɧɨɝɨ 

ɜɦɟɲɚɬɟɥɶɫɬɜɚ ɢ ɩɨɫɥɟ ɯɢɦɢɨɬɟɪɚɩɢɢ. 

2. Ɉɩɪɟɞɟɥɢɬɶ ɚɤɬɢɜɧɨɫɬɶ ɚɧɬɢɨɤɫɢɞɚɧɬɧɵɯ ɮɟɪɦɟɧɬɨɜ ɜ 

ɷɪɢɬɪɨɰɢɬɚɯ ɭ ɛɨɥɶɧɵɯ ɤɨɥɨɪɟɤɬɚɥɶɧɵɦ ɪɚɤɨɦ ɞɨ ɥɟɱɟɧɢɹ, ɩɨɫɥɟ 

ɨɩɟɪɚɬɢɜɧɨɝɨ ɜɦɟɲɚɬɟɥɶɫɬɜɚ ɢ ɩɨɫɥɟ ɯɢɦɢɨɬɟɪɚɩɢɢ. 
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Ɋɚɛɨɬɚ ɹɜɥɹɟɬɫɹ ɱɚɫɬɶɸ ɤɨɦɩɥɟɤɫɧɨɝɨ ɢɡɭɱɟɧɢɹ ɫɨɫɬɨɹɧɢɹ 

ɫɜɨɛɨɞɧɨɪɚɞɢɤɚɥɶɧɵɯ ɩɪɨɰɟɫɫɨɜ ɢ ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ ɫɢɫɬɟɦɵ ɜ ɧɨɪɦɟ ɢ ɩɪɢ 

ɪɚɡɥɢɱɧɵɯ ɡɚɛɨɥɟɜɚɧɢɹɯ.  ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ – ɪɟɡɭɥɶɬɚɬ 

ɫɨɜɦɟɫɬɧɵɯ  ɢɫɫɥɟɞɨɜɚɧɢɣ, ɩɪɨɜɨɞɢɦɵɯ Ʉɚɮɟɞɪɨɣ ɦɟɞɢɰɢɧɫɤɨɣ ɛɢɨɥɨɝɢɢ 

ɂɧɫɬɢɬɭɬɚ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɛɢɨɥɨɝɢɢ ɢ ɛɢɨɬɟɯɧɨɥɨɝɢɢ ɋɢɛɢɪɫɤɨɝɨ 

ɮɟɞɟɪɚɥɶɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ ɢ ɄȽȻɍɁ «Ʉɪɚɫɧɨɹɪɫɤɢɣ ɤɪɚɟɜɨɣ ɤɥɢɧɢɱɟɫɤɢɣ 

ɨɧɤɨɥɨɝɢɱɟɫɤɢɣ ɞɢɫɩɚɧɫɟɪ ɢɦɟɧɢ Ⱥ.ɂ. Ʉɪɵɠɚɧɨɜɫɤɨɝɨ». 
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1 Ɉɛɡɨɪ ɥɢɬɟɪɚɬɭɪɵ 
 

1.1 Аɤɬɢɜɧɵɟ ɮɨɪɦɵ ɤɢɫɥɨɪɨɞɚ 

 

Ⱥɤɬɢɜɧɵɟ ɮɨɪɦɵ ɤɢɫɥɨɪɨɞɚ(ȺɎɄ) - ɷɬɨ ɩɪɨɞɭɤɬɵ ɧɟɩɨɥɧɨɝɨ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɤɢɫɥɨɪɨɞɚ, ɫɨɞɟɪɠɚɳɢɟ ɧɟɫɩɚɪɟɧɧɵɟ ɷɥɟɤɬɪɨɧɵ. ɂɡ-ɡɚ ɷɬɨɝɨ  

ɨɧɢ ɹɜɥɹɸɬɫɹ ɜɟɫɶɦɚ ɪɟɚɤɬɢɜɧɵɦɢ. Ȼɨɥɶɲɚɹ ɱɚɫɬɶ ɩɨɫɬɭɩɚɟɦɨɝɨ Ɉ2 (95-98%) 

ɪɚɫɯɨɞɭɟɬɫɹ ɧɚ ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɟ ɩɪɨɰɟɫɫɵ, ɨɫɬɚɥɶɧɚɹ ɱɚɫɬɶ (2–5%) 

ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɚɤɬɢɜɧɵɟ ɮɨɪɦɵ ɤɢɫɥɨɪɨɞɚ[2, 3]. ɋɪɟɞɧɟɟ ɫɨɞɟɪɠɚɧɢɟ 

ɪɟɚɤɬɢɜɧɵɯ ɮɨɪɦ ɤɢɫɥɨɪɨɞɚ ɜ ɬɤɚɧɹɯ ɱɟɥɨɜɟɤɚ ɫɨɫɬɚɜɥɹɟɬ 10–8 ɦɆ. 

ɋɜɨɛɨɞɧɵɟ ɪɚɞɢɤɚɥɵ ɨɛɪɚɡɭɸɬɫɹ ɜ ɤɥɟɬɤɟ ɜɨ ɜɪɟɦɹ ɧɨɪɦɚɥɶɧɨɝɨ 

ɤɥɟɬɨɱɧɨɝɨ ɦɟɬɚɛɨɥɢɡɦɚ. ɗɬɢ ɜɵɫɨɤɨ ɞɟɣɫɬɜɭɸɳɢɟ ɪɚɞɢɤɚɥɵ ɩɪɨɢɫɯɨɞɹɬ ɤɚɤ 

ɢɡ ɜɧɭɬɪɟɧɧɢɯ, ɬɚɤ ɢ ɢɡ ɜɧɟɲɧɢɯ ɢɫɬɨɱɧɢɤɨɜ. ȼɧɭɬɪɟɧɧɢɟ ɢɫɬɨɱɧɢɤɢ ɜ 

ɨɫɧɨɜɧɨɦ ɜɤɥɸɱɚɸɬ ɦɢɬɨɯɨɧɞɪɢɢ, ɜɨɫɩɚɥɢɬɟɥɶɧɵɟ ɤɥɟɬɤɢ ɢ ɧɟɫɤɨɥɶɤɨ 

ɷɧɡɢɦɚɬɢɱɟɫɤɢɯ ɤɥɟɬɨɱɧɵɯ ɤɨɦɩɥɟɤɫɨɜ; ɜɧɟɲɧɢɟ ɢɫɬɨɱɧɢɤɢ ɜɤɥɸɱɚɸɬ ɩɪɨ-

ɨɤɢɫɥɢɬɟɥɶɧɵɟ ɷɤɨɥɨɝɢɱɟɫɤɢɟ ɬɨɤɫɢɧɵ, ɪɚɞɢɚɰɢɸ ɢ ɪɚɡɥɢɱɧɵɟ ɯɢɦɢɱɟɫɤɢɟ 

ɫɨɟɞɢɧɟɧɢɹ, ɜ ɬɨɦ ɱɢɫɥɟ ɚɥɤɨɝɨɥɶ, ɤɭɪɟɧɢɟ ɬɚɛɚɤɚ, ɢ ɧɟɤɨɬɨɪɵɟ ɧɚɪɤɨɬɢɤɢ. 

Ɍɚɤɢɟ ɫɜɨɛɨɞɧɵɟ ɪɚɞɢɤɚɥɵ ɦɨɝɭɬ ɧɚɧɟɫɬɢ ɭɳɟɪɛ ɪɚɡɥɢɱɧɵɦ ɜɚɠɧɵɦ 

ɛɢɨɦɨɥɟɤɭɥɚɦ, ɜɤɥɸɱɚɹ ɥɢɩɢɞɵ, ɛɟɥɤɢ ɢ ɧɭɤɥɟɢɧɨɜɵɟ ɤɢɫɥɨɬɵ, ɱɬɨ 

ɩɪɢɜɨɞɢɬ ɤ ɨɤɢɫɥɢɬɟɥɶɧɨɦɭ ɫɬɪɟɫɫɭ ɢ ɩɨɜɪɟɠɞɟɧɢɸ ɪɚɡɥɢɱɧɵɯ ɬɤɚɧɟɣ 

ɱɟɥɨɜɟɤɚ[4]. 

ɑɚɫɬɶ ȺɎɄ ɦɨɝɭɬ ɨɩɨɫɪɟɞɨɜɚɬɶ ɜɚɠɧɟɣɲɢɟ ɫɢɝɧɚɥɶɧɵɟ ɩɭɬɢ ɜɧɭɬɪɢ 

ɤɥɟɬɤɢ. Ⱥɤɬɢɜɧɵɟ ɮɨɪɦɵ ɤɢɫɥɨɪɨɞɚ ɭɱɚɫɬɜɭɸɬ (ɱɟɪɟɡ ȺɎɄ-ɡɚɜɢɫɢɦɵɣ 

ɫɢɝɧɚɥɢɧɝ) ɜ ɪɟɝɭɥɹɰɢɢ ɤɥɟɬɨɱɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɬɚɤɢɯ ɤɚɤ ɤɥɟɬɨɱɧɨɟ ɞɟɥɟɧɢɟ, 

ɞɵɯɚɧɢɟ ɢ ɬ.ɞ.. Ⱥ ɬɚɤɠɟ ɚɤɬɢɜɢɪɭɸɬ ɢɦɦɭɧɧɵɟ ɪɟɚɤɰɢɢ ɥɟɣɤɨɰɢɬɨɜ,  

ɧɚɩɪɢɦɟɪ, ɤɥɟɬɤɢ ɤɪɨɜɢ ɜ ɦɟɫɬɟ ɩɨɜɪɟɠɞɟɧɢɹ ɧɚɱɢɧɚɸɬ ɜɵɪɚɛɚɬɵɜɚɬɶ ȺɎɄ, 

ɤɨɬɨɪɵɟ ɩɪɢɜɥɟɤɚɸɬ ɬɪɨɦɛɨɰɢɬɵ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɧɚɱɚɥɚ ɩɪɨɰɟɫɫɚ 

ɡɚɠɢɜɥɟɧɢɹ. ɉɨɦɢɦɨ ɷɬɨɝɨ ɨɤɚɡɵɜɚɸɬ ɛɚɤɬɟɪɢɰɢɞɧɨɟ ɞɟɣɫɬɜɢɟ. 
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ɋɚɦɵɦɢ ɜɚɠɧɵɦɢ ȺɎɄ ɹɜɥɹɸɬɫɹ: ɫɭɩɟɪɨɤɫɢɞɧɵɣ ɪɚɞɢɤɚɥ, ɫɢɧɝɥɟɬɧɵɣ 

ɤɢɫɥɨɪɨɞ, ɝɢɞɪɨɤɫɢɥɶɧɵɟ ɢ ɩɟɪɨɤɫɢɞɧɵɟ ɪɚɞɢɤɚɥɵ, ɩɟɪɨɤɫɢɞ ɜɨɞɨɪɨɞɚ, 

ɩɟɪɨɤɫɢɞ-ɢɨɧ, ɝɢɩɨɯɥɨɪɢɬ.  

ɋɢɧɝɥɟɬɧɵɣ ɤɢɫɥɨɪɨɞ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɪɟɚɤɰɢɨɧɧɨɫɩɨɫɨɛɧɵɦ, ɢ ɜɫɟ 

ɨɫɬɚɥɶɧɵɟ ȺɎɄ ɦɨɝɭɬ ɛɵɬɶ ɨɛɪɚɡɨɜɚɧɵ ɢɡ ɫɢɧɝɥɟɬɧɨɝɨ ɤɢɫɥɨɪɨɞɚ ɫ 

ɩɨɦɨɳɶɸ ɨɞɧɨɷɬɚɩɧɨɝɨ ɩɟɪɟɧɨɫɚ ɷɥɟɤɬɪɨɧɨɜ. ɋɭɩɟɪɨɤɫɢɞɧɵɣ ɪɚɞɢɤɚɥ-ɷɬɨ 

ɨɞɧɨ ɷɥɟɤɬɪɨɧɧɨɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɫɢɧɝɥɟɬɧɨɝɨ ɤɢɫɥɨɪɨɞɚ, ɬɨɝɞɚ ɤɚɤ ɩɟɪɨɤɫɢɞ 

ɜɨɞɨɪɨɞɚ, ɞɪɭɝɨɣ ɜɪɟɞɧɵɣ ȺɎɄ, ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɷɥɟɤɬɪɨɧɧɵɦ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɟɦ ɫɭɩɟɪɨɤɫɢɞɧɨɝɨ ɪɚɞɢɤɚɥɚ. ȼ ɠɢɜɵɯ ɤɥɟɬɤɚɯ ɩɟɪɟɤɢɫɶ 

ɜɨɞɨɪɨɞɚ ɢɝɪɚɟɬ ɠɢɡɧɟɧɧɨ ɜɚɠɧɭɸ ɪɨɥɶ ɜ ɡɚɳɢɬɟ ɨɬ ɧɟɤɨɬɨɪɵɯ ɢɧɮɟɤɰɢɣ, ɚ 

ɬɚɤɠɟ ɜ ɤɥɟɬɨɱɧɨɣ ɫɢɝɧɚɥɢɡɚɰɢɢ ɜ ɤɢɧɚɡɧɵɯ ɩɭɬɹɯ, ɫɜɹɡɚɧɧɵɯ ɫ ɦɢɝɪɚɰɢɟɣ 

ɤɥɟɬɨɤ ɜ ɡɚɳɢɬɟ ɨɬ ɧɟɤɨɬɨɪɵɯ ɢɧɮɟɤɰɢɣ, ɚ ɬɚɤɠɟ ɜ ɤɥɟɬɨɱɧɨɣ ɫɢɝɧɚɥɢɡɚɰɢɢ ɜ 

ɤɢɧɚɡɧɵɯ ɩɭɬɹɯ, ɫɜɹɡɚɧɧɵɯ ɫ ɦɢɝɪɚɰɢɟɣ ɢ ɩɪɨɥɢɮɟɪɚɰɢɟɣ ɤɥɟɬɨɤ. ȺɎɄ ɜ 

ɠɢɜɵɯ ɤɥɟɬɤɚɯ ɜɤɥɸɱɚɸɬ ɝɢɞɪɨɤɫɢɥɶɧɵɟ ɪɚɞɢɤɚɥɵ, ɨɛɵɱɧɨ ɜɨɡɧɢɤɚɸɳɢɟ ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɪɟɚɤɰɢɣ ɬɢɩɚ Ɏɟɧɬɨɧɚ, ɨɤɫɢɞ ɚɡɨɬɚ ɢ ɩɨɥɭɱɟɧɧɵɣ ɢɡ ɨɤɫɢɞɚ ɚɡɨɬɚ 

ɩɟɪɨɤɫɢɧɢɬɪɢɬ, ɯɥɨɪɧɭɸ ɤɢɫɥɨɬɭ, ɤɨɬɨɪɚɹ ɞɟɣɫɬɜɭɟɬ ɜ ɤɚɱɟɫɬɜɟ 

ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɚ ɞɥɹ ɦɧɨɝɢɯ ɫɢɥɶɧɵɯ ɨɤɢɫɥɹɸɳɢɯ ɜɢɞɨɜ[5].  

Ⱦɢɫɮɭɧɤɰɢɹ ɷɥɟɤɬɪɨɧɧɨ-ɬɪɚɧɫɩɨɪɬɧɵɯ ɰɟɩɟɣ ɦɢɬɨɯɨɧɞɪɢɣ ɩɪɢ ɧɢɡɤɢɯ 

ɤɨɧɰɟɧɬɪɚɰɢɹɯ ȺȾɎ ɩɪɢɜɨɞɹɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɪɟɤɬɢɜɧɵɯ ɮɨɪɦ ɤɢɫɥɨɪɨɞɚ[6]. 

Ɉɞɧɢɦ ɢɡ ɫɜɨɣɫɬɜ ɫɜɨɛɨɞɧɵɯ ɪɚɞɢɤɚɥɨɜ ɹɜɥɹɟɬɫɹ ɢɯ ɜɵɫɨɤɚɹ 

ɯɢɦɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ. Ɉɧɢ ɫɩɨɫɨɛɧɵ ɩɨɜɪɟɠɞɚɬɶ ɪɚɡɥɢɱɧɵɟ ɥɢɩɢɞɵ, ɛɟɥɤɢ 

ɢ ɧɭɤɥɟɢɧɨɜɵɟ ɤɢɫɥɨɬɵ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɧɚɪɭɲɟɧɢɹ ɫɬɪɭɤɬɭɪɵ ɦɟɦɛɪɚɧ  ɢɡ-ɡɚ 

ɩɨɹɜɥɟɧɢɹ ɝɢɞɪɨɩɟɪɨɤɫɢɞɨɜ ɠɢɪɧɵɯ ɤɢɫɥɨɬ ɤɥɟɬɤɚ ɦɨɠɟɬ ɩɪɨɩɭɫɤɚɬɶ  

ɦɨɥɟɤɭɥɵ ɇ2Ɉ, ɚ ɬɚɤɠɟ Na2+, Ca2, ɩɪɢɜɨɞɹɳɢɟ ɤ ɪɚɡɪɭɲɟɧɢɸ ɤɥɟɬɨɤ. 

ȼ ɧɨɪɦɟ ɩɪɢ 4-ɯ ɷɥɟɤɬɪɨɧɧɨɦ ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ ɤɢɫɥɨɪɨɞɚ ɨɛɪɚɡɭɟɬɫɹ 

ɜɨɞɚ. ɉɨɷɬɚɩɧɨɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɦɨɠɟɬ ɩɪɢɜɨɞɢɬɶ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɚɤɬɢɜɧɵɯ 

ɮɨɪɦ ɤɢɫɥɨɪɨɞɚ (1). 

O2 (+e-) •O2- (+e-, 2H+)  H2O2 (+e-)  HO•  (+e-, 2H+)  2H2O      (1) 

Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɤɨɝɞɚ ɜ ɪɚɫɬɜɨɪɚɯ ɛɢɨɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ 

ɪɚɡɜɢɜɚɸɬɫɹ ɫɜɨɛɨɞɧɨɪɚɞɢɤɚɥɶɧɵɟ ɪɟɚɤɰɢɢ, ɧɟɫɤɨɥɶɤɨ ɢɫɯɨɞɧɵɯ ɫɜɨɛɨɞɧɵɯ 
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ɪɚɞɢɤɚɥɨɜ ɦɨɝɭɬ ɩɨɜɪɟɞɢɬɶ ɨɝɪɨɦɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɛɢɨɦɨɥɟɤɭɥ. ȼɨɬ ɩɨɱɟɦɭ ɜ 

ɛɢɨɯɢɦɢɱɟɫɤɨɣ ɥɢɬɟɪɚɬɭɪɟ ȺɎɄ ɬɪɚɞɢɰɢɨɧɧɨ ɫɱɢɬɚɸɬɫɹ ɱɪɟɡɜɵɱɚɣɧɨ 

ɨɩɚɫɧɵɦɢ ɱɚɫɬɢɰɚɦɢ. 

ȼ  ɩɪɨɰɟɫɫɟ  ɩɪɢɫɨɟɞɢɧɟɧɢɹ  ɷɥɟɤɬɪɨɧɚ  ɤ ɦɨɥɟɤɭɥɟ Ɉ2 ɨɛɪɚɡɭɸɬɫɹ  

ɫɭɩɟɪɨɤɫɢɞ-ɚɧɢɨɧ-ɪɚɞɢɤɚɥ O2•-  ɢ  ɝɢɞɪɨɩɟɪɟɤɢɫɧɵɣ  ɪɚɞɢɤɚɥ HO2•; ɨɛɚ ɞɚɸɬ 

ɧɚɱɚɥɨ ɪɹɞɭ ɞɪɭɝɢɯ  ȺɎɄ. Ɉɛɪɚɡɨɜɚɧɢɟ ɫɭɩɟɪɨɤɫɢɞɧɨɝɨ ɪɚɞɢɤɚɥɚ 

ɩɪɨɢɫɯɨɞɢɬ  ɜɨ ɜɪɟɦɹ ɫɥɭɱɚɣɧɵɯ ɫɛɨɟɜ ɜ ɰɟɩɢ ɩɟɪɟɧɨɫɚ ɷɥɟɤɬɪɨɧɨɜ, ɤɨɝɞɚ ɧɟ 

ɯɜɚɬɚɟɬ ɤɢɫɥɨɪɨɞɚ [6].  

Ƚɟɧɟɪɚɰɢɹ ɪɚɞɢɤɚɥɚ •OH ɧɚɛɥɸɞɚɥɚɫɶ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɝɟɦɨɝɥɨɛɢɧɚ ɧɚ 

ɩɟɪɟɤɢɫɶ ɜɨɞɨɪɨɞɚ[7]. ɉɪɢ ɢɧɤɭɛɚɰɢɢ ɝɟɦɨɝɥɨɛɢɧɚ ɫ ɩɟɪɟɤɢɫɶɸ ɜɨɞɨɪɨɞɚ ɜ 

ɪɚɫɬɜɨɪɟ ɩɪɨɢɫɯɨɞɢɬ ɨɛɪɚɡɨɜɚɧɢɟ ɝɢɞɪɨɤɫɢɥɶɧɵɯ ɪɚɞɢɤɚɥɨɜ ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɟɪɟɤɢɫɢ ɜɨɞɨɪɨɞɚ ɫ ɢɨɧɚɦɢ ɠɟɥɟɡɚ (ɪɟɚɤɰɢɹ Ɏɟɧɬɨɧɚ), 

ɜɵɞɟɥɹɸɳɢɦɢɫɹ ɢɡ ɝɟɦɨɝɥɨɛɢɧɚ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɇ2Ɉ2. ɇɨ ɷɬɢ ɞɚɧɧɵɟ ɛɵɥɢ 

ɩɨɥɭɱɟɧɵ ɜ ɦɨɞɟɥɶɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɜ ɭɫɥɨɜɢɹɯ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɵɫɨɤɢɯ 

ɤɨɧɰɟɧɬɪɚɰɢɣ ɩɟɪɟɤɢɫɢ ɜɨɞɨɪɨɞɚ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɝɟɦɨɝɥɨɛɢɧɭ[8]. 

ɍɪɨɜɟɧɶ ȺɎɄ ɨɩɪɟɞɟɥɹɟɬ ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɟ ɷɮɮɟɤɬɵ. ȼ ɬɨ ɜɪɟɦɹ ɤɚɤ 

ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ȺɎɄ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɩɨɜɪɟɠɞɟɧɢɸ ɬɤɚɧɟɣ ɢ ɝɢɛɟɥɢ 

ɤɥɟɬɨɤ, ɧɢɡɤɢɣ ɭɪɨɜɟɧɶ ɦɨɠɟɬ ɢɦɟɬɶ ɷɮɮɟɤɬ ɩɪɨɥɢɮɟɪɚɰɢɢ[9].ɇɢɡɤɢɟ ɭɪɨɜɧɢ 

ȺɎɄ ɢɝɪɚɸɬ ɜɚɠɧɭɸ ɪɨɥɶ ɜ ɪɟɝɭɥɢɪɨɜɚɧɢɢ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ ɜ 

ɤɥɟɬɤɚɯ ɦɥɟɤɨɩɢɬɚɸɳɢɯ. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɢɡɛɵɬɨɱɧɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ ɦɨɠɟɬ 

ɜɵɡɜɚɬɶ ɝɢɛɟɥɶ ɤɥɟɬɨɤ ɩɭɬɟɦ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɪɚɡɪɭɲɢɬɟɥɶɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ 

ɧɚ ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɟ ɛɢɨɦɚɬɟɪɢɚɥɵ [10].  

ȼ ɪɚɤɨɜɵɯ ɤɥɟɬɤɚɯ ɨɝɪɨɦɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ȺɎɄ ɦɨɠɟɬ ɛɵɬɶ ɪɟɡɭɥɶɬɚɬɨɦ 

ɩɨɜɵɲɟɧɧɨɣ ɦɟɬɚɛɨɥɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ, ɦɢɬɨɯɨɧɞɪɢɚɥɶɧɨɣ ɞɢɫɮɭɧɤɰɢɢ, 

ɩɟɪɨɤɫɢɫɨɦɧɨɣ ɚɤɬɢɜɧɨɫɬɢ, ɩɨɜɵɲɟɧɧɨɣ ɫɢɝɧɚɥɢɡɚɰɢɢ ɤɥɟɬɨɱɧɵɯ 

ɪɟɰɟɩɬɨɪɨɜ, ɨɧɤɨɝɟɧɧɨɣ ɚɤɬɢɜɧɨɫɬɢ, ɩɨɜɵɲɟɧɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɨɤɫɢɞɚɡ, 

ɰɢɤɥɨɤɫɢɝɟɧɚɡ, ɥɢɩɨɤɫɢɝɟɧɚɡ ɢ ɬɢɦɢɞɢɧɚ ɮɨɫɮɨɪɢɥɚɡɵ[11]. 

ɋɨɨɛɳɚɥɨɫɶ, ɱɬɨ ɨɤɢɫɥɢɬɟɥɶɧɵɟ ɫɨɛɵɬɢɹ, ɫɜɹɡɚɧɧɵɟ ɫɨ ɫɬɪɟɫɫɨɦ, 

ɜɥɢɹɸɬ ɧɚ ɪɚɤɨɜɵɟ ɤɥɟɬɤɢ. ɇɚɩɪɢɦɟɪ, ȺɎɄ ɜ ɪɚɤɟ ɭɱɚɫɬɜɭɸɬ ɜ 

ɩɪɨɝɪɟɫɫɢɪɨɜɚɧɢɢ ɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɢ ɤɥɟɬɨɱɧɨɝɨ ɰɢɤɥɚ, ɜɵɠɢɜɚɧɢɢ ɤɥɟɬɨɤ ɢ 
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ɚɩɨɩɬɨɡɟ, ɷɧɟɪɝɟɬɢɱɟɫɤɨɦ ɦɟɬɚɛɨɥɢɡɦɟ, ɤɥɟɬɨɱɧɨɣ ɦɨɪɮɨɥɨɝɢɢ, ɤɥɟɬɨɱɧɨɣ 

ɚɞɝɟɡɢɢ, ɩɨɞɜɢɠɧɨɫɬɢ ɤɥɟɬɨɤ, ɚɧɝɢɨɝɟɧɟɡɟ ɢ ɩɨɞɞɟɪɠɚɧɢɢ ɫɬɜɨɥɨɜɵɯ ɤɥɟɬɨɤ 

ɨɩɭɯɨɥɢ. 

Ɉɤɢɫɥɢɬɟɥɶɧɚɹ ɦɨɞɢɮɢɤɚɰɢɹ ɛɟɥɤɨɜ ɪɟɚɤɬɢɜɧɵɦɢ ɜɢɞɚɦɢ ɜɨɜɥɟɱɟɧɚ ɜ 

ɷɬɢɨɥɨɝɢɸ ɢɥɢ ɩɪɨɝɪɟɫɫɢɪɨɜɚɧɢɟ ɪɚɡɥɢɱɧɵɯ ɪɚɫɫɬɪɨɣɫɬɜ ɢ ɡɚɛɨɥɟɜɚɧɢɣ. 

Ɉɫɧɨɜɧɵɦ ɩɨɜɪɟɠɞɟɧɢɟɦ ȺɎɄ ɞɥɹ ɛɟɥɤɨɜ ɹɜɥɹɟɬɫɹ ɢɡɦɟɧɟɧɢɟ ɢɯ 

ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ ɨɫɬɚɬɤɨɜ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɢɡɦɟɧɟɧɢɸ ɮɭɧɤɰɢɣ. ɇɟɤɨɬɨɪɵɟ 

ɦɨɞɢɮɢɤɚɰɢɢ,  ɜɵɡɜɚɧɧɵɟ ȺɎɄ, ɬɚɤɠɟ ɭɜɟɥɢɱɢɜɚɸɬ ɤɚɪɛɨɧɢɥɢɪɨɜɚɧɢɟ 

ɛɟɥɤɚ, ɧɢɬɪɚɬ ɬɢɪɨɡɢɧɚ ɢ ɮɟɧɢɥɚɥɚɧɢɧɚ, ɞɟɝɪɚɞɚɰɢɸ ɛɟɥɤɚ ɢɥɢ ɦɨɝɭɬ 

ɩɪɢɜɟɫɬɢ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɩɟɪɟɤɪɟɫɬɧɵɯ ɢ ɝɥɢɤɢɪɨɜɚɧɧɵɯ ɛɟɥɤɨɜ. Ɉɤɢɫɥɟɧɧɵɟ 

ɚɦɢɧɨɤɢɫɥɨɬɧɵɟ ɨɫɬɚɬɤɢ ɛɟɥɤɨɜ ɦɨɝɭɬ ɜɥɢɹɬɶ ɧɚ ɢɯ ɫɩɨɫɨɛɧɨɫɬɶ ɜ 

ɦɟɯɚɧɢɡɦɚɯ ɩɟɪɟɞɚɱɢ ɫɢɝɧɚɥɚ. ɇɚɩɪɢɦɟɪ, ɧɟɨɛɪɚɬɢɦɨɟ ɨɤɢɫɥɟɧɢɟ ɮɨɫɮɚɬɨɜ ɜ 

ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɭɱɚɫɬɤɚɯ ɩɪɟɩɹɬɫɬɜɭɟɬ ɢɯ ɷɧɡɢɦɚɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ. 

Ɉɤɢɫɥɢɬɟɥɶɧɵɟ ɢɡɦɟɧɟɧɢɹ ɮɟɪɦɟɧɬɨɜ ɬɚɤɠɟ ɜɥɢɹɸɬ ɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ȾɇɄ, ɜɟɪɧɨɫɬɶ ɩɨɥɢɦɟɪɚɡɵ ȾɇɄ ɜɨ ɜɪɟɦɹ 

ɪɟɩɥɢɤɚɰɢɢ/ɫɢɧɬɟɡɚ ɢ ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɵɟ ɞɟɣɫɬɜɢɹ, ɤɨɬɨɪɵɟ ɬɟɫɧɨ ɫɜɹɡɚɧɵ ɫ 

ɧɚɱɚɥɨɦ ɪɚɤɚ. 

 

1.2 ɉɟɪɟɤɢɫɧɨɟ ɨɤɢɫɥɟɧɢɟ ɥɢɩɢɞɨɜ 

Ɉɤɢɫɥɢɬɟɥɶɧɵɣ ɫɬɪɟɫɫ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɦɟɯɚɧɢɡɦɨɜ, ɭɱɚɫɬɜɭɸɳɢɯ ɜ 

ɩɪɨɰɟɫɫɟ ɤɚɧɰɟɪɨɝɟɧɟɡɚ. Ⱥɤɬɢɜɧɵɟ ɩɪɨɦɟɠɭɬɨɱɧɵɟ ɩɪɨɞɭɤɬɵ, 

ɩɪɨɞɭɰɢɪɭɟɦɵɟ ɨɤɫɢɞɚɬɢɜɧɵɦ ɫɬɪɟɫɫɨɦ, ɢɡɦɟɧɹɸɬ ɫɬɪɭɤɬɭɪɭ ɦɟɦɛɪɚɧɵ ɢ 

ɜɵɡɵɜɚɸɬ ɩɟɪɟɤɢɫɧɨɟ ɨɤɢɫɥɟɧɢɟ ɥɢɩɢɞɨɜ (ɉɈɅ). 

ɉɈɅ – ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ, ɤɨɬɨɪɵɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ 

ɦɟɯɚɧɢɡɦɭ ɰɟɩɧɨɣ ɪɟɚɤɰɢɢ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɧɚɤɨɩɥɟɧɢɸ ɪɚɡɥɢɱɧɵɯ 

ɩɪɨɞɭɤɬɨɜ, ɬɚɤɢɯ ɤɚɤ ɦɚɥɨɧɞɢɚɥɶɞɟɝɢɞ, 4-ɝɢɞɪɨɤɫɢɧɨɧɟɧɚɥɶ ɢɥɢ ɚɤɪɨɥɟɢɧ. 

Ɇɚɥɨɧɨɜɵɣ ɞɢɚɥɶɞɟɝɢɞ (ɆȾȺ) ɨɞɢɧ ɢɡ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ ɢ 

ɧɚɢɛɨɥɟɟ ɜɪɟɞɧɵɯ ɩɪɨɞɭɤɬɨɜ ɩɟɪɟɤɢɫɧɨɝɨ ɨɤɢɫɥɟɧɢɹ ɥɢɩɢɞɨɜ, ɤɨɬɨɪɵɣ 

ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɩɨɜɪɟɠɞɟɧɢɸ ɤɥɟɬɨɤ, ɜɫɬɭɩɚɹ ɜ ɪɟɚɤɰɢɸ ɫɨ ɫɜɨɛɨɞɧɵɦɢ 

ɚɦɢɧɨɝɪɭɩɩɚɦɢ ɛɟɥɤɨɜ ɢ ɧɭɤɥɟɢɧɨɜɵɯ ɤɢɫɥɨɬ[12]. 
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Ʌɢɩɨɩɟɪɟɤɢɫɢ ɧɟɝɚɬɢɜɧɨ ɜɥɢɹɸɬ ɧɚ ɤɥɟɬɤɭ ɞɜɭɦɹ ɫɩɨɫɨɛɚɦɢ. 

ɉɨɫɤɨɥɶɤɭ ɥɢɩɢɞɵ ɨɬɜɟɱɚɸɬ ɡɚ ɩɨɞɞɟɪɠɚɧɢɟ ɰɟɥɨɫɬɧɨɫɬɢ ɤɥɟɬɨɱɧɵɯ 

ɦɟɦɛɪɚɧ, ɢɧɬɟɧɫɢɜɧɨɟ ɩɟɪɟɤɢɫɧɨɟ ɨɤɢɫɥɟɧɢɟ ɥɢɩɢɞɨɜ ɢɡɦɟɧɹɟɬ ɫɛɨɪɤɭ, 

ɫɨɫɬɚɜ, ɫɬɪɭɤɬɭɪɭ ɢ ɞɢɧɚɦɢɤɭ ɥɢɩɢɞɧɵɯ ɦɟɦɛɪɚɧ. Ȼɭɞɭɱɢ 

ɜɵɫɨɤɨɪɟɚɤɬɢɜɧɵɦɢ ɫɨɟɞɢɧɟɧɢɹɦɢ, ɩɟɪɟɤɢɫɢ ɥɢɩɢɞɨɜ ɬɚɤɠɟ ɫɩɨɫɨɛɧɵ 

ɪɚɫɩɪɨɫɬɪɚɧɹɬɶ ɞɚɥɶɧɟɣɲɟɟ ɩɪɨɢɡɜɨɞɫɬɜɨ ȺɎɄ ɢɥɢ ɪɚɫɩɚɞɚɬɶɫɹ ɧɚ 

ɪɟɚɤɬɢɜɧɵɟ ɫɨɟɞɢɧɟɧɢɹ, ɫɩɨɫɨɛɧɵɟ ɫɲɢɜɚɬɶ ȾɇɄ ɢ ɛɟɥɤɢ. 

ɉɟɪɟɤɢɫɧɨɟ ɨɤɢɫɥɟɧɢɟ ɥɢɩɢɞɨɜ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɨɤɢɫɥɹɟɬ 

ɩɨɥɢɧɟɧɚɫɵɳɟɧɧɵɟ ɠɢɪɧɵɟ ɤɢɫɥɨɬɵ(ɉɇɀɄ), ɧɚɩɪɢɦɟɪ, ɥɢɧɨɥɟɜɭɸ, 

ɚɪɚɯɢɞɨɧɨɜɭɸ ɢ ɞɨɤɨɡɚɝɟɤɫɚɟɧɨɜɭɸ ɤɢɫɥɨɬɵ. ɇɚɢɛɨɥɟɟ ɩɨɞɜɟɪɠɟɧɧɵ 

ɩɟɪɟɤɢɫɧɨɦɭ ɨɤɢɫɥɟɧɢɸ ɉɇɀɄ, ɤɨɬɨɪɵɟ ɫɨɞɟɪɠɚɬ ɩɟɧɬɚɞɢɟɧɨɜɭɸ ɱɚɫɬɶ[13]. 

ɉɟɪɟɤɢɫɧɨɟ ɨɤɢɫɥɟɧɢɟ ɦɟɦɛɪɚɧɧɵɯ ɮɨɫɮɨɥɢɩɢɞɨɜ ɹɜɥɹɟɬɫɹ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɦɟɯɚɧɢɡɦɨɦ ɦɨɞɢɮɢɤɚɰɢɢ ɢ ɞɟɫɬɪɭɤɰɢɢ ɦɟɦɛɪɚɧ, ɟɝɨ 

ɭɫɢɥɟɧɢɟ ɜɵɹɜɥɹɟɬɫɹ ɩɪɢ ɪɚɡɜɢɬɢɢ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɩɚɬɨɥɨɝɢɱɟɫɤɢɯ 

ɫɨɫɬɨɹɧɢɣ[14]. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɩɟɪɟɤɢɫɧɨɟ ɨɤɢɫɥɟɧɢɟ ɦɟɦɛɪɚɧɧɵɯ ɥɢɩɢɞɨɜ 

ɫɭɳɟɫɬɜɟɧɧɨ ɢɡɦɟɧɹɟɬ ɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɥɢɩɢɞɧɵɯ ɛɢɫɥɨɟɜ. ȼ ɱɚɫɬɧɨɫɬɢ, 

ɩɟɪɟɤɢɫɧɨɟ ɨɤɢɫɥɟɧɢɟ ɢɡɦɟɧɹɟɬ ɥɢɩɢɞ-ɥɢɩɢɞɧɵɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, ɝɪɚɞɢɟɧɬɵ 

ɢɨɧɨɜ, ɬɟɤɭɱɟɫɬɶ ɦɟɦɛɪɚɧ ɢ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɦɟɦɛɪɚɧ [12]. 

ɉɪɨɰɟɫɫ ɉɈɅ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɦɟɯɚɧɢɡɦɭ ɰɟɩɧɨɣ ɪɟɚɤɰɢɢ, ɱɬɨ 

ɩɪɢɜɨɞɢɬ ɤ ɧɚɤɨɩɥɟɧɢɸ ɪɚɡɥɢɱɧɵɯ ɥɢɩɨɩɟɪɨɤɫɢɞɨɜ - ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɫɬɚɛɢɥɶɧɵɯ ɫɨɟɞɢɧɟɧɢɣ[17]. ɉɨɫɥɟɞɧɢɟ ɜɵɡɵɜɚɸɬ ɧɚɪɭɲɟɧɢɟ ɭɩɚɤɨɜɤɢ 

ɦɟɦɛɪɚɧɵ ɢ ɩɨɩɚɞɚɧɢɟ ɜɨɞɵ ɢ ɞɪɭɝɢɯ ɝɢɞɪɨɮɢɥɶɧɵɯ ɦɨɥɟɤɭɥ ɜ ɨɛɥɚɫɬɶ 

ɞɟɮɟɤɬɨɜ ɦɟɦɛɪɚɧɵ [15].  

ɋɤɨɪɨɫɬɶ ɥɢɩɨɩɟɪɨɤɫɢɞɚɰɢɢ ɞɥɹ ɩɨɜɪɟɠɞɟɧɧɵɯ ɦɟɦɛɪɚɧ ɡɚɜɢɫɢɬ ɨɬ 

ɩɪɢɪɨɞɵ ɫɭɛɫɬɪɚɬɚ (ɨɬ ɧɟɧɚɫɵɳɟɧɧɨɫɬɢ ɠɢɪɧɵɯ ɤɢɫɥɨɬ, ɪɚɫɩɨɥɨɠɟɧɢɹ 

ɞɜɨɣɧɵɯ ɫɜɹɡɟɣ ɢ ɬ.ɞ.), ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ, ɚ ɬɚɤɠɟ ɨɬ ɩɪɢɫɭɬɫɬɜɢɹ 

ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɜ ɫɢɫɬɟɦɟ (ɪɢɫ. 1). ɗɬɢ ɫɜɨɛɨɞɧɨɪɚɞɢɤɚɥɶɧɵɟ ɪɟɚɤɰɢɢ 

ɷɮɮɟɤɬɢɜɧɨ ɢɧɝɢɛɢɪɭɸɬɫɹ ɪɚɡɥɢɱɧɵɦɢ ɚɧɬɢɨɤɫɢɞɚɧɬɚɦɢ [8]. 

ȼ ɧɟɩɨɜɪɟɠɞɟɧɧɵɯ ɦɟɦɛɪɚɧɚɯ ɥɢɩɢɞɵ ɷɮɮɟɤɬɢɜɧɨ ɡɚɳɢɳɟɧɵ ɨɬ 

ɧɟɮɟɪɦɟɧɬɚɬɢɜɧɨɝɨ ɨɤɢɫɥɟɧɢɹ ɡɚ ɫɱɟɬ ɫɬɪɭɤɬɭɪɵ ɦɟɦɛɪɚɧɧɨɝɨ ɛɢɫɥɨɹ ɢ 
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ɚɧɬɢɨɤɫɢɞɚɧɬɧɵɯ ɫɢɫɬɟɦ, ɤɨɬɨɪɵɟ ɪɟɝɭɥɢɪɭɸɬ ɫɨɞɟɪɠɚɧɢɟ ɚɤɬɢɜɧɵɯ ɮɨɪɦ 

ɤɢɫɥɨɪɨɞɚ[16]. 

 

 

 

Ɋɢɫɭɧɨɤ – 1 ɋɯɟɦɚ, ɢɡɨɛɪɚɠɚɸɳɚɹ ɫɜɨɛɨɞɧɨɪɚɞɢɤɚɥɶɧɨɟ ɨɤɢɫɥɟɧɢɟ 

ɥɢɧɨɥɟɜɨɣ ɤɢɫɥɨɬɵ [8] 

 

Ɉɱɢɳɟɧɢɟ ɦɟɦɛɪɚɧɵ ɨɬ ɩɨɜɪɟɠɞɟɧɧɵɯ ɮɨɫɮɨɥɢɩɢɞɨɜ ɨɛɵɱɧɨ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɬɚɤɢɯ ɮɟɪɦɟɧɬɨɜ, ɤɚɤ ɮɨɫɮɨɥɢɩɚɡ ɢ 

ɝɥɭɬɚɬɢɨɧɩɟɪɨɤɫɢɞɚɡ. ɉɪɢɫɭɬɫɬɜɢɟ ɝɢɞɪɨɩɟɪɨɤɫɢɞɨɜ ɜ ɫɬɪɭɤɬɭɪɟ ɛɢɫɥɨɹ 

ɦɟɦɛɪɚɧɵ ɜɵɡɵɜɚɟɬ ɜɜɟɞɟɧɢɟ ɜ ɨɛɥɚɫɬɶ ɧɟɞɨɫɬɚɬɤɨɜ ɦɟɦɛɪɚɧɵ 

ɝɢɞɪɨɮɢɥɶɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɜ ɬɨɦ ɱɢɫɥɟ ɢɨɧɨɜ ɤɚɥɶɰɢɹ, ɚɤɬɢɜɢɪɭɸɳɢɯ 

ɮɨɫɮɨɥɢɩɚɡɭ. Ʉɪɨɦɟ ɬɨɝɨ, ɨɤɢɫɥɟɧɧɵɟ ɮɨɫɮɨɥɢɩɢɞɵ ɹɜɥɹɸɬɫɹ ɛɨɥɟɟ 

ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɵɦ ɫɭɛɫɬɪɚɬɨɦ ɞɥɹ ɦɟɦɛɪɚɧɧɨɣ ɮɨɫɮɨɥɢɩɚɡɵ Ⱥ2, ɱɟɦ 

ɧɚɬɢɜɧɵɟ. Ɏɨɫɮɨɥɢɩɢɞɵ, ɫɨɞɟɪɠɚɳɢɟ ɩɨɥɢɧɟɧɚɫɵɳɟɧɧɭɸ ɚɪɚɯɢɞɨɧɨɜɭɸ 

ɤɢɫɥɨɬɭ, ɨɤɢɫɥɹɸɬɫɹ ɥɟɝɱɟ. ȼɵɫɜɨɛɨɠɞɟɧɢɟ ɚɪɚɯɢɞɨɧɨɜɨɣ ɤɢɫɥɨɬɵ 

ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɟɟ ɞɥɹ ɨɛɪɚɡɨɜɚɧɢɹ ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ 
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ɫɨɟɞɢɧɟɧɢɣ. ɗɬɚ ɢɡɛɢɪɚɬɟɥɶɧɨɫɬɶ ɮɨɫɮɨɥɢɩɚɡɵ ɢɦɟɟɬ ɛɨɥɶɲɨɟ 

ɮɢɡɢɨɥɨɝɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɩɪɨɰɟɫɫɨɜ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɦɟɦɛɪɚɧɵ[17]. 

 

Фɭɧɤɰии ɩɟɪɟɤиɫɧɨɝɨ ɨɤиɫɥɟɧия ɥиɩиɞɨɜ ɜ ɧɨɪɦɟ:  

1. ȼɵɡɵɜɚɟɬ ɚɩɨɩɬɨɡ.  

2.Ɋɟɝɭɥɢɪɭɟɬ ɫɬɪɭɤɬɭɪɭ ɤɥɟɬɨɱɧɵɯ ɦɟɦɛɪɚɧ ɢ ɪɚɛɨɬɭ ɢɨɧɧɵɯ ɤɚɧɚɥɨɜ, 

ɪɟɰɟɩɬɨɪɨɜ ɢ ɮɟɪɦɟɧɬɨɜ. 

3.Ⱦɟɥɚɟɬ ɜɨɡɦɨɠɧɵɦ ɜɵɯɨɞ ɚɪɚɯɢɞɨɧɨɜɨɣ ɤɢɫɥɨɬɵ ɢɡ ɦɟɦɛɪɚɧ ɞɥɹ 

ɫɢɧɬɟɡɚ ɷɣɤɨɡɚɧɨɢɞɨɜ. 

4.ɉɈɅ ɦɨɠɟɬ ɞɟɣɫɬɜɨɜɚɬɶ ɤɚɤ ɜɬɨɪɢɱɧɵɣ ɦɟɫɫɟɧɞɠɟɪ ɞɥɹ ɩɟɪɟɞɚɱɢ 

ɜɧɭɬɪɢɤɥɟɬɨɱɧɨɝɨ ɫɢɝɧɚɥɚ ɢɡ ɜɧɟɲɧɟɣ ɫɪɟɞɵ. 

Оɬɪиɰаɬɟɥɶɧɵɟ ɩɨɫɥɟɞɫɬɜия аɤɬиɜаɰии ɩɟɪɟɤиɫɧɨɝɨ ɨɤиɫɥɟɧия 

ɥиɩиɞɨɜ: 

1.ɉɨɜɪɟɠɞɟɧɢɟ ɥɢɩɢɞɧɨɝɨ ɛɢɫɥɨɹ ɦɟɦɛɪɚɧ ɢ ɧɚɪɭɲɟɧɢɟ ɢɯ 

ɩɨɥɭɩɪɨɧɢɰɚɟɦɨɫɬɢ. 

2. ɉɪɟɠɞɟɜɪɟɦɟɧɧɨɟ ɫɬɚɪɟɧɢɟ ɤɥɟɬɨɤ ɢ ɨɪɝɚɧɢɡɦɚ ɜ ɰɟɥɨɦ.  

3.ɂɡɦɟɧɟɧɢɟ ɬɟɤɭɱɟɫɬɢ ɦɟɦɛɪɚɧ ɢ ɧɚɪɭɲɟɧɢɟ ɢɯ ɬɪɚɧɫɩɨɪɬɧɨɣ 

ɮɭɧɤɰɢɢ.  

4.ɇɚɪɭɲɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɦɟɦɛɪɚɧɧɨ-ɫɜɹɡɚɧɧɵɯ ɮɟɪɦɟɧɬɨɜ ɢ ɝɨɪɦɨɧɨɜ. 

 

1.3 Аɧɬɢɨɤɫɢɞɚɧɬɧɚɹ ɫɢɫɬɟɦɚ 

ɉɪɨɞɭɤɰɢɸ ɪɟɚɤɬɢɜɧɵɯ ɮɨɪɦ ɤɢɫɥɨɪɨɞɚ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɜɨ 

ɦɧɨɝɢɯ ɦɟɬɚɛɨɥɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɚɯ. Ɋ ɢ ɪɚɡɜɢɬɢɟ ɤɥɟɬɨɤ, ɚ ɬɚɤ ɠɟ ɨɪɝɚɧɢɡɦɚ ɜ 

ɰɟɥɨɦ, ɜ ɚɷɪɨɛɧɨɦ ɦɢɪɟ ɧɟ ɦɨɝɥɨ ɛɵ ɛɵɬɶ ɜɨɡɦɨɠɧɵɦ ɛɟɡ ɫɭɳɟɫɬɜɨɜɚɧɢɹ 

ɡɚɳɢɬɧɵɯ ɫɢɫɬɟɦ, ɨɫɧɨɜɚɧɧɵɯ ɧɚ ɚɧɬɢɨɤɫɢɞɚɧɬɚɯ [18], ɤɨɬɨɪɵɟ ɜ ɫɜɨɸ 

ɨɱɟɪɟɞɶ ɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɮɟɪɦɟɧɬɚɬɢɜɧɵɟ ɢ ɧɟɮɟɪɦɟɧɬɚɬɢɜɧɵɟ. 

Ⱥɧɬɢɨɤɫɢɞɚɧɬ – ɷɬɨ ɜɟɳɟɫɬɜɨ, ɩɪɢɫɭɬɫɬɜɭɸɳɟɟ ɜ ɧɟɛɨɥɶɲɢɯ 

ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɜ ɨɪɝɚɧɢɡɦɟ, ɤɨɬɨɪɨɟ ɩɨɦɨɝɚɟɬ ɩɪɟɞɨɬɜɪɚɬɢɬɶ ɨɤɢɫɥɟɧɢɟ 

ɫɭɛɫɬɪɚɬɚ ɢ ɢɝɪɚɟɬ ɜɚɠɧɭɸ ɪɨɥɶ ɜ ɦɟɯɚɧɢɡɦɟ ɡɚɳɢɬɵ ɨɪɝɚɧɢɡɦɚ ɨɬ ɚɤɬɢɜɧɵɯ 
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ɮɨɪɦ ɤɢɫɥɨɪɨɞɚ. Ⱥɧɬɢɨɤɫɢɞɚɧɬɵ ɦɨɝɭɬ ɩɪɟɞɨɬɜɪɚɳɚɬɶ ɨɤɢɫɥɟɧɢɟ ɫɭɛɫɬɪɚɬɨɜ 

ɞɚɠɟ ɜ ɧɢɡɤɢɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ[19].  

Ⱥɧɬɢɨɤɫɢɞɚɧɬɵ ɢɦɟɸɬ ɲɢɪɨɤɢɣ ɫɩɟɤɬɪ ɷɮɮɟɤɬɨɜ ɜ ɪɚɡɥɢɱɧɵɯ 

ɭɫɥɨɜɢɹɯ ɡɚɛɨɥɟɜɚɧɢɹ ɢ ɩɨɦɨɝɚɸɬ ɩɪɟɞɨɬɜɪɚɬɢɬɶ ɧɚɫɬɭɩɥɟɧɢɟ ɬɚɤɢɯ 

ɫɨɫɬɨɹɧɢɣ. ɉɪɢɪɨɞɧɵɟ ɚɧɬɢɨɤɫɢɞɚɧɬɵ, ɤɨɬɨɪɵɟ ɜɫɬɪɟɱɚɸɬɫɹ ɜ ɨɪɝɚɧɢɡɦɟ 

ɦɨɝɭɬ ɛɨɪɨɬɶɫɹ ɩɪɨɬɢɜ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɫɬɪɟɫɫɚ, ɤɨɬɨɪɵɣ ɩɪɨɢɫɯɨɞɢɬ ɱɟɪɟɡ 

ɪɚɡɥɢɱɧɵɟ ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ. Ʉ ɧɢɦ ɨɬɧɨɫɹɬɫɹ ɚɧɬɢɨɤɫɢɞɚɧɬɧɵɟ 

ɮɟɪɦɟɧɬɵ, ɬɚɤɢɟ ɤɚɤ ɤɚɬɚɥɚɡɚ,ɫɭɩɟɪɨɤɫɢɞ ɞɢɫɦɭɬɚɡɚ, ɝɥɭɬɚɬɢɨɧɩɟɪɨɤɫɢɞɚɡɚ. 

Ɏɟɪɦɟɧɬɧɵɟ ɚɧɬɢɨɤɫɢɞɚɧɬɵ ɹɜɥɹɸɬɫɹ ɥɭɱɲɢɦɢ, ɩɨɬɨɦɭ ɱɬɨ ɨɧ 

ɨɛɪɚɡɨɜɵɜɚɸɬɫɹ ɨɪɝɚɧɢɡɦɨɦ ɧɟɡɚɜɢɫɢɦɨ. ɂɯ ɜɵɫɨɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 

ɨɛɭɫɥɨɜɥɟɧɚ ɬɟɦ, ɱɬɨ ɨɧɢ ɨɛɪɚɡɭɸɬɫɹ ɜɧɭɬɪɢ ɤɥɟɬɨɤ, ɢ ɞɥɹ ɧɢɯ ɧɟɬ 

ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɪɨɧɢɤɚɬɶ ɱɟɪɟɡ ɦɟɦɛɪɚɧɵ ɤɥɟɬɨɤ. 

ɗɬɢ ɦɨɥɟɤɭɥɵ ɤɨɥɥɟɤɬɢɜɧɨ ɞɟɣɫɬɜɭɸɬ ɩɪɨɬɢɜ ɫɜɨɛɨɞɧɵɯ ɪɚɞɢɤɚɥɨɜ, 

ɱɬɨɛɵ ɩɪɨɬɢɜɨɫɬɨɹɬɶ ɢɯ ɪɚɡɪɭɲɢɬɟɥɶɧɨɦɭ ɜɨɡɞɟɣɫɬɜɢɸ ɧɚ ɠɢɡɧɟɧɧɨ ɜɚɠɧɵɟ 

ɛɢɨɦɨɥɟɤɭɥɵ ɢ, ɜ ɤɨɧɟɱɧɨɦ ɫɱɟɬɟ, ɬɤɚɧɢ ɨɪɝɚɧɢɡɦɚ. Ɉɫɧɨɜɵɜɚɹɫɶ ɧɚ ɢɯ 

ɪɟɚɤɰɢɢ ɧɚ ɨɛɳɟɟ ɜɬɨɪɠɟɧɢɟ ɫɜɨɛɨɞɧɵɯ ɪɚɞɢɤɚɥɨɜ, ɨɧɢ ɦɨɝɭɬ ɛɵɬɶ 

ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɧɵ ɧɚ ɩɟɪɜɭɸ, ɜɬɨɪɭɸ, ɬɪɟɬɶɸ ɢ ɞɚɠɟ ɱɟɬɜɟɪɬɭɸ ɥɢɧɢɸ 

ɡɚɳɢɬɵ ɚɧɬɢɨɤɫɢɞɚɧɬɨɜ. ɋɭɩɟɪɨɤɫɢɞɞɢɫɦɭɬɚɡɚ, ɤɚɬɚɥɚɡɚ ɢ 

ɝɥɭɬɚɬɢɨɧɩɟɪɨɤɫɢɞɚɡɚ ɜɯɨɞɹɬ ɜ ɩɟɪɜɭɸ ɥɢɧɢɸ ɡɚɳɢɬɵ, ɤɨɬɨɪɚɹ ɹɜɥɹɟɬɫɹ 

ɜɚɠɧɨɣ ɞɥɹ ɭɫɬɪɚɧɟɧɢɹ ɫɭɩɟɪɨɤɫɢɞɧɨɝɨ ɪɚɞɢɤɚɥɚ, ɨɛɪɚɡɭɸɳɟɝɨɫɹ ɱɟɪɟɡ 

ɦɢɬɨɯɨɧɞɪɢɚɥɶɧɵɣ ɩɭɬɶ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɧɟɪɝɢɢ [20].  

ȼ ɤɥɟɬɤɚɯ ɧɟɨɛɯɨɞɢɦɚ ɩɨɫɬɨɹɧɧɚɹ ɪɟɝɟɧɟɪɚɰɢɹ ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ 

ɫɩɨɫɨɛɧɨɫɬɢ ɞɥɹ ɫɚɦɨɪɟɝɭɥɹɰɢɢ ɦɟɠɞɭ ɨɤɢɫɥɢɬɟɥɹɦɢ ɢ ɚɧɬɢɨɤɫɢɞɚɧɬɚɦɢ. 

ȿɫɥɢ ɩɪɨɢɫɯɨɞɢɬ ɫɛɨɣ, ɬɨ ɧɚɤɚɩɥɢɜɚɸɬɫɹ ɨɤɢɫɥɢɬɟɥɶɧɵɟ ɩɨɜɪɟɠɞɟɧɢɹ, 

ɤɨɬɨɪɵɟ ɩɪɢɜɨɞɹɬ ɤ ɨɤɫɢɞɚɬɢɜɧɨɦɭ ɫɬɪɟɫɫɭ[21]. 

ȺɈɋ ɨɝɪɚɧɢɱɢɜɚɟɬ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɪɟɚɤɰɢɢ ɫɜɨɛɨɞɧɨɪɚɞɢɤɚɥɶɧɨɝɨ ɢ 

ɩɟɪɟɤɢɫɧɨɝɨ ɨɤɢɫɥɟɧɢɹ. Ʉɪɨɦɟ ɷɬɨɝɨ ɡɚɳɢɳɚɟɬ ɛɢɨɦɨɥɟɤɭɥɵ ɨɬ ɫɬɪɟɫɫɚ, ɚ 

ɬɚɤɠɟ ɜɨɫɫɬɚɧɨɜɥɢɜɚɬɶ ɨɤɢɫɥɢɬɟɥɶɧɵɟ ɦɨɥɟɤɭɥɹɪɧɵɟ ɩɨɜɪɟɠɞɟɧɢɹ [12]. ȼ 

ɰɟɥɨɦ, ɨɫɧɨɜɧɚɹ ɡɚɞɚɱɚ ɫɢɫɬɟɦɵ ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ ɡɚɳɢɬɵ ɫɨɫɬɨɢɬ ɜ 

https://www.sciencedirect.com/topics/medicine-and-dentistry/catalase
https://www.sciencedirect.com/topics/medicine-and-dentistry/glutathione-peroxidase
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ɩɪɟɞɨɬɜɪɚɳɟɧɢɢ ɢ ɨɝɪɚɧɢɱɟɧɢɢ ɪɚɡɜɢɬɢɹ ɩɚɬɨɥɨɝɢɱɟɫɤɢɯ ɫɨɫɬɨɹɧɢɣ, 

ɜɵɡɵɜɚɟɦɵɯ ɨɤɢɫɥɢɬɟɥɶɧɵɦɢ ɩɨɜɪɟɠɞɟɧɢɹɦɢ ɫɬɪɭɤɬɭɪ ɨɪɝɚɧɢɡɦɚ [1]. 

Ⱥɧɬɢɨɤɫɢɞɚɧɬɵ - ɷɬɨ ɜɟɳɟɫɬɜɚ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɥɨɤɢɪɨɜɚɬɶ ɪɟɚɤɰɢɢ 

ɨɤɢɫɥɟɧɢɹ ɫɜɨɛɨɞɧɵɯ ɪɚɞɢɤɚɥɨɜ. Ʉɨɝɞɚ ɨɧɢ ɫɬɚɥɤɢɜɚɸɬɫɹ ɫɨ ɫɜɨɛɨɞɧɵɦɢ 

ɪɚɞɢɤɚɥɚɦɢ, ɨɧɢ ɨɬɞɚɸɬ ɢɦ ɫɜɨɣ ɷɥɟɤɬɪɨɧ, ɡɚɜɟɪɲɚɹ ɫɜɨɸ ɫɬɪɭɤɬɭɪɭ ɜ 

ɡɚɤɨɧɱɟɧɧɭɸ ɦɨɥɟɤɭɥɭ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɥɢɲɚɹ ɢɯ ɠɟɥɚɧɢɹ ɨɬɧɹɬɶ 

ɧɟɞɨɫɬɚɸɳɢɣ ɷɥɟɤɬɪɨɧ ɢɡ ɞɪɭɝɢɯ ɦɨɥɟɤɭɥ ɢ ɤɥɟɬɨɤ ɧɚ ɷɬɨɦ ɩɭɬɢ. Ʉɚɤɢɟ 

ɧɟɮɟɪɦɟɧɬɚɬɢɜɧɵɟ ɚɧɬɢɨɤɫɢɞɚɧɬɵ ɫɚɦɵɟ ɥɭɱɲɢɟ?  

1. Ʉɨɷɧɡɢɦ Q10 - ɷɬɨ ɦɨɥɟɤɭɥɚ «ɤɨɞɚ ɦɨɥɨɞɨɫɬɢ» ɤɨɠɢ. Ɉɛɟɫɩɟɱɢɜɚɟɬ 

ɫɬɚɛɢɥɶɧɭɸ ɜɵɪɚɛɨɬɤɭ ɷɧɟɪɝɢɢ ɜ ɦɢɬɨɯɨɧɞɪɢɹɯ ɤɥɟɬɨɤ ɢ ɡɚɳɢɳɚɟɬ ɢɯ ɨɬ 

ɨɤɢɫɥɢɬɟɥɶɧɵɯ ɚɬɚɤ. 

2. Ʌɢɤɨɩɢɧ ɩɪɟɤɪɚɳɚɟɬ ɨɛɪɚɡɨɜɚɧɢɟ ɪɚɞɢɤɚɥɨɜ, ɡɚɳɢɳɚɟɬ ɤɨɠɭ ɨɬ ɍɎ-

ɥɭɱɟɣ ɢ ɩɨɞɚɜɥɹɟɬ ɜɨɫɩɚɥɟɧɢɟ. 

3. Ⱥɥɶɮɚ-ɥɢɩɨɟɜɚɹ ɤɢɫɥɨɬɚ, ɢɥɢ ɬɢɨɤɬɨɜɚɹ ɤɢɫɥɨɬɚ, ɧɟɣɬɪɚɥɢɡɭɟɬ 

ɫɜɨɛɨɞɧɵɟ ɪɚɞɢɤɚɥɵ ɢ ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬ ɜ ɨɪɝɚɧɢɡɦɟ ɭɪɨɜɟɧɶ ɬɪɟɯ 

ɚɧɬɢɨɤɫɢɞɚɧɬɨɜ - ɚɫɤɨɪɛɢɧɨɜɨɣ ɤɢɫɥɨɬɵ, ɬɨɤɨɮɟɪɨɥɚ ɢ ɝɥɭɬɚɬɢɨɧɚ. 

4.  Ɋɟɫɜɟɪɚɬɪɨɥ ɫɩɨɫɨɛɫɬɜɭɟɬ ɪɟɝɟɧɟɪɚɰɢɢ ɤɥɟɬɨɤ, ɩɨɜɪɟɠɞɟɧɧɵɯ 

ɪɚɞɢɤɚɥɚɦɢ, ɩɨɫɤɨɥɶɤɭ ɚɤɬɢɜɢɪɭɟɬ ɫɢɪɬɭɢɧɵ - ɛɟɥɤɢ, ɜɨɫɫɬɚɧɚɜɥɢɜɚɸɳɢɟ 

ɤɥɟɬɤɢ. ɉɪɨɹɜɥɹɟɬ ɫɟɛɹ ɤɚɤ ɚɧɬɢɫɟɩɬɢɤ, ɫɧɢɠɚɟɬ ɪɢɫɤ ɪɚɤɨɜɨɝɨ ɩɟɪɟɪɨɠɞɟɧɢɹ 

ɤɥɟɬɨɤ, ɫɧɢɠɚɟɬ ɤɨɧɰɟɧɬɪɚɰɢɸ ɯɨɥɟɫɬɟɪɢɧɚ ɜ ɤɪɨɜɢ. 

5. Ƚɥɭɬɚɬɢɨɧ ɜɵɪɚɛɚɬɵɜɚɟɬɫɹ ɩɟɱɟɧɶɸ ɢɡ ɬɪɟɯ ɚɦɢɧɨɤɢɫɥɨɬ - ɝɥɢɰɢɧɚ, 

ɰɢɫɬɟɢɧɚ ɢ ɝɥɭɬɚɦɢɧɨɜɨɣ ɤɢɫɥɨɬɵ. Ɉɧ ɧɚɯɨɞɢɬɫɹ ɜ ɨɪɝɚɧɢɡɦɟ ɜ ɞɜɭɯ ɮɨɪɦɚɯ 

- ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɣ ɢ ɨɤɢɫɥɟɧɧɨɣ. ȼɵɩɨɥɧɹɟɬɫɹ ɜɨɫɫɬɚɧɨɜɥɟɧɧɚɹ 

ɚɧɬɢɨɤɫɢɞɚɧɬɧɚɹ ɮɭɧɤɰɢɹ. ɂɦɟɧɧɨ ɟɝɨ ɭɪɨɜɟɧɶ ɨɩɪɟɞɟɥɹɟɬ «ɡɚɳɢɬɧɵɣ ɫɬɚɬɭɫ 

ɨɪɝɚɧɢɡɦɚ». 

6. ȼɢɬɚɦɢɧ ɋ ɚɤɬɢɜɢɪɭɟɬ ɫɢɧɬɟɡ ɤɨɥɥɚɝɟɧɚ, ɧɨɪɦɚɥɢɡɭɟɬ 

ɩɪɨɧɢɰɚɟɦɨɫɬɶ, ɚ ɬɚɤɠɟ ɝɢɛɤɨɫɬɶ ɤɚɩɢɥɥɹɪɨɜ. ɉɨɦɢɦɨ ɷɬɨ ɩɪɨɞɥɟɜɚɟɬ ɠɢɡɧɶ 

ɞɪɭɝɢɦ ɚɧɬɢɨɤɫɢɞɚɧɬɚɦ - ɫɟɥɟɧɭ, ɪɟɬɢɧɨɥɭ, ɬɨɤɨɮɟɪɨɥɭ. 

7.  ȼɢɬɚɦɢɧ ȿ - ɦɨɳɧɵɣ ɚɧɬɢɨɤɫɢɞɚɧɬ, ɡɚɳɢɳɚɸɳɢɣ ɤɥɟɬɨɱɧɵɟ 

ɦɟɦɛɪɚɧɵ. 
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1.3.1 ɋɭɩɟɪɨɤɫɢɞɞɢɫɦɭɬɚɡɚ 

Cɭɩɟɪɨɤɫɢɞɞɢɫɦɭɬɚɡɚ (ɄɎ 1.15.1.1, ɫɭɩɟɪɨɤɫɢɞ: 

ɫɭɩɟɪɨɤɫɢɞɨɤɫɢɞɨɪɟɞɭɤɬɚɡɚ, ɋɈȾ) ɹɜɥɹɟɬɫɹ ɩɟɪɜɵɦ ɮɟɪɦɟɧɬɨɦ 

ɞɟɬɨɤɫɢɤɚɰɢɢ ɢ ɫɚɦɵɦ ɦɨɳɧɵɦ ɚɧɬɢɨɤɫɢɞɚɧɬɨɦ ɜ ɤɥɟɬɤɟ. ɗɬɨ ɜɚɠɧɵɣ 

ɷɧɞɨɝɟɧɧɵɣ ɚɧɬɢɨɤɫɢɞɚɧɬɧɵɣ ɮɟɪɦɟɧɬ, ɤɨɬɨɪɵɣ ɞɟɣɫɬɜɭɟɬ ɤɚɤ ɤɨɦɩɨɧɟɧɬ 

ɫɢɫɬɟɦɵ ɡɚɳɢɬɵ ɩɟɪɜɨɣ ɥɢɧɢɢ ɨɬ ɚɤɬɢɜɧɵɯ ɮɨɪɦ ɤɢɫɥɨɪɨɞɚ. Ɉɧ 

ɤɚɬɚɥɢɡɢɪɭɟɬ ɞɢɫɦɭɬɚɰɢɸ ɞɜɭɯ ɦɨɥɟɤɭɥ ɫɭɩɟɪɨɤɫɢɞ-ɚɧɢɨɧɚ ɞɨ ɩɟɪɨɤɫɢɞɚ 

ɜɨɞɨɪɨɞɚ ɢ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɤɢɫɥɨɪɨɞɚ, ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɞɟɥɚɹ ɩɨɬɟɧɰɢɚɥɶɧɨ 

ɨɩɚɫɧɵɣ ɫɭɩɟɪɨɤɫɢɞ-ɚɧɢɨɧ ɦɟɧɟɟ ɨɩɚɫɧɵɦ, ɬɟɦ ɫɚɦɵɦ ɨɫɬɚɧɚɜɥɢɜɚɹ ɩɪɨɰɟɫɫ 

ɤɚɧɰɟɪɨɝɟɧɟɡɚ [17,22]: 

O2•- + O2•- +2H+ → H2O2 + O2 

ɋɈȾ ɩɨɜɫɟɦɟɫɬɧɨ ɫɭɳɟɫɬɜɭɟɬ ɜ ɷɭɤɚɪɢɨɬɚɯ ɢ ɩɪɨɤɚɪɢɨɬɚɯ. ɂɦɟɟɬ 

ɦɨɥɟɤɭɥɹɪɧɭɸ ɦɚɫɫɭ 32 ɤȾɚ ɢ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɫɭɛɴɟɞɢɧɢɰ, ɤɚɠɞɚɹ ɢɡ 

ɤɨɬɨɪɵɯ ɫɨɞɟɪɠɢɬ ɩɨ ɨɞɧɨɦɭ ɢɨɧɭ ɦɟɬɚɥɥɚ. ɋɭɩɟɪɨɤɫɢɞɧɵɟ ɞɢɫɦɭɬɚɡɵ 

ɢɫɩɨɥɶɡɭɸɬ ɢɨɧɵ ɦɟɬɚɥɥɚ, ɬɚɤɢɟ ɤɚɤ ɦɟɞɶ (Cu2+), ɰɢɧɤ (Zn2+), ɦɚɪɝɚɧɟɰ 

(Mn2+) ɢɥɢ ɠɟɥɟɡɨ (Fe2+) ɜ ɤɚɱɟɫɬɜɟ ɤɨɮɚɤɬɨɪɨɜ. Ɋɚɡɥɢɱɧɵɟ ɢɡɨɮɟɪɦɟɧɬɵ 

ɋɈȾ ɪɚɫɩɨɥɨɠɟɧɵ ɜ ɪɚɡɧɵɯ ɱɚɫɬɹɯ ɤɥɟɬɤɢ ɢ ɨɱɟɧɶ ɫɩɟɰɢɮɢɱɧɵ ɜ 

ɪɟɝɭɥɢɪɨɜɚɧɢɢ ɫɜɹɡɚɧɧɵɯ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ [13]. ȼ ɤɥɟɬɤɚɯ 

ɦɥɟɤɨɩɢɬɚɸɳɢɯ ɟɫɬɶ ɬɪɢ ɢɡɨɮɨɪɦɵ ɋɈȾ: ɰɢɬɨɩɥɚɡɦɢɱɟɫɤɚɹ ɋu/Zn –ɋɈȾ 

(ɋɈȾ 1), ɦɢɬɨɯɨɧɞɪɢɚɥɶɧɚɹ Mn – ɋɈȾ (ɋɈȾ 2) ɢ ɜɧɟɤɥɟɬɨɱɧɚɹ Cu/Zn–SOD 

(ɋɈȾ 3)[23].  

Ʉɨɦɩɥɟɤɫɵ ɦɟɞɢ ɫ ɚɦɢɧɨɤɢɫɥɨɬɚɦɢ ɢ ɩɟɩɬɢɞɚɦɢ, ɚ ɬɚɤɠɟ ɦɧɨɝɢɟ 

ɦɟɞɶɫɨɞɟɪɠɚɳɢɟ ɛɟɥɤɢ ɦɨɝɭɬ ɩɪɨɹɜɥɹɬɶ ɚɤɬɢɜɧɨɫɬɶ ɫɭɩɟɪɨɤɫɢɞɞɢɫɦɭɬɚɡɵ. 

Ɉɡɜɭɱɟɧɧɵɟ ɪɚɧɟɟ ɢɡɨɮɟɪɦɟɧɬɵ ɹɜɥɹɸɬɫɹ ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɦɢ 

ɮɟɪɦɟɧɬɚɦɢ, ɜɧɟ ɤɥɟɬɤɢ ɬɚɤɢɟ ɮɟɪɦɟɧɬɵ ɪɚɡɪɭɲɚɸɬɫɹ ɡɚ 5-10 ɦɢɧɭɬ. Ɉɞɧɚɤɨ 

ɛɵɥɚ ɨɛɧɚɪɭɠɟɧɚ ɜɧɟɤɥɟɬɨɱɧɚɹ ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɚɹ ɮɨɪɦɚ ɋɈȾ ɫ 

ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɨɣ 12 ɤȾɚ. ɉɪɢɫɭɬɫɬɜɭɟɬ ɜ ɪɚɡɥɢɱɧɵɯ ɨɪɝɚɧɢɡɦɚɯ ɤɚɤ 

ɬɟɬɪɚɦɟɪ [24,25]. Ʉɚɠɞɵɣ ɬɟɬɪɚɦɟɪ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɞɢɦɟɪɨɜ, ɫɜɹɡɚɧɧɵɯ ɱɟɪɟɡ 

ɞɢɫɭɥɶɮɢɞɧɵɣ ɦɨɫɬɢɤ. ɗɤɫɬɪɚɰɟɥɥɸɥɹɪɧɚɹ ɋɈȾ ɧɟ ɫɜɹɡɵɜɚɟɬɫɹ ɫ 

ɥɟɣɤɨɰɢɬɚɦɢ ɢ ɷɪɢɬɪɨɰɢɬɚɦɢ, ɧɟ ɭɱɚɫɬɜɭɟɬ ɜ ɪɟɝɭɥɹɰɢɢ ɩɪɨɞɭɤɰɢɢ ɚɤɬɢɜɧɵɯ 
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ɮɨɪɦ ɤɢɫɥɨɪɨɞɚ ɝɪɚɧɭɥɨɰɢɬɚɦɢ ɜ ɩɪɨɰɟɫɫɟ ɤɢɥɥɢɧɝɚ[26]. ȿɟ ɮɭɧɤɰɢɹ - ɷɬɨ 

ɥɨɤɚɥɶɧɨ ɡɚɳɢɳɚɬɶ ɷɧɞɨɬɟɥɢɨɰɢɬɵ ɨɬ ɩɨɜɪɟɠɞɟɧɢɹ ȺɎɄ [27,28] 

ȼ ɪɟɚɤɰɢɢ, ɤɚɬɚɥɢɡɢɪɭɟɦɨɣ ɋɈȾ, ɧɚɪɹɞɭ ɫ Ɉ2 ɨɛɪɚɡɭɟɬɫɹ ɚɤɬɢɜɧɚɹ, 

ɧɟɪɚɞɢɤɚɥɶɧɚɹ ɦɨɥɟɤɭɥɚ ɩɟɪɨɤɫɢɞɚ ɜɨɞɨɪɨɞɚ, ɤɨɬɨɪɚɹ ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɞɨ 

ɜɨɞɵ ɜ ɨɫɧɨɜɧɨɦ ɤɚɬɚɥɚɡɨɣ ɢ ɝɥɭɬɚɬɢɨɧɩɟɪɨɤɫɢɞɚɡɨɣ [20].  

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɫɭɩɟɪɨɤɫɢɞɞɢɫɦɭɬɚɡɚ ɧɟɨɛɯɨɞɢɦɚ ɞɥɹ ɧɨɪɦɚɥɶɧɨɝɨ 

ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɤɥɟɬɨɤ, ɨɪɝɚɧɨɜ ɢ ɬɤɚɧɟɣ, ɡɚɳɢɳɚɹ ɢɯ ɨɬ ɢɡɛɵɬɨɱɧɵɯ 

ɤɢɫɥɨɪɨɞɧɵɯ ɪɚɞɢɤɚɥɨɜ, ɫɜɨɛɨɞɧɵɯ ɪɚɞɢɤɚɥɨɜ ɢ ɞɪɭɝɢɯ ɜɪɟɞɧɵɯ ɚɝɟɧɬɨɜ, 

ɤɨɬɨɪɵɟ ɫɩɨɫɨɛɫɬɜɭɸɬ ɫɬɚɪɟɧɢɸ ɢɥɢ ɝɢɛɟɥɢ ɨɪɝɚɧɢɡɦɚ. Ⱥɤɬɢɜɧɨɫɬɶ ɢ 

ɭɪɨɜɟɧɶ ɋɈȾ ɫ ɜɨɡɪɚɫɬɨɦ ɫɧɢɠɚɸɬɫɹ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɨɛɪɚɡɨɜɚɧɢɟ ɫɜɨɛɨɞɧɵɯ 

ɪɚɞɢɤɚɥɨɜ ɭɜɟɥɢɱɢɜɚɟɬɫɹ[20]. 

 

1.3.2 Кɚɬɚɥɚɡɚ 

Ʉɚɬɚɥɚɡɚ (ɄɎ1.11.1.6, ɇ2Ɉ2:ɇ2Ɉ2–ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɚ, ɄȺɌ)– 

ɯɪɨɦɨɩɪɨɬɟɢɧ ɫ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɨɣ ɨɤɨɥɨ 240 ɤȾɚ, ɫɨɫɬɨɢɬ ɢɡ 4 

ɫɭɛɴɟɞɢɧɢɰ, ɤɚɠɞɚɹ ɢɡ ɤɨɬɨɪɵɯ ɫɨɞɟɪɠɢɬ ɜ ɤɚɱɟɫɬɜɟ ɩɪɨɫɬɟɬɢɱɟɫɤɨɣ ɝɪɭɩɩɵ 

ɝɟɦ. Ʉɚɬɚɥɚɡɚ ɹɜɥɹɟɬɫɹ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɚɧɬɢɨɤɫɢɞɚɧɬɧɵɦ ɮɟɪɦɟɧɬɨɦ, 

ɩɪɢɫɭɬɫɬɜɭɸɳɢɦ ɩɨɱɬɢ ɜɨ ɜɫɟɯ ɠɢɜɵɯ ɬɤɚɧɹɯ, ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭɸɬ 

ɤɢɫɥɨɪɨɞ. Ɏɟɪɦɟɧɬ ɢɫɩɨɥɶɡɭɟɬ ɠɟɥɟɡɨ ɢɥɢ ɦɚɪɝɚɧɟɰ ɜ ɤɚɱɟɫɬɜɟ ɤɨɮɚɤɬɨɪɚ ɢ 

ɤɚɬɚɥɢɡɢɪɭɟɬ ɞɟɝɪɚɞɚɰɢɸ ɢɥɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɩɟɪɟɤɢɫɢ ɜɨɞɨɪɨɞɚ ɜ ɜɨɞɭ ɢ 

ɦɨɥɟɤɭɥɹɪɧɵɣ ɤɢɫɥɨɪɨɞ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɡɚɜɟɪɲɚɹ ɩɪɨɰɟɫɫ ɞɟɬɨɤɫɢɤɚɰɢɢ, 

ɢɦɢɬɢɪɭɟɦɵɣ ɋɈȾ.  

ɄȺɌ ɨɱɟɧɶ ɷɮɮɟɤɬɢɜɟɧ; ɨɧ ɦɨɠɟɬ ɪɚɫɳɟɩɥɹɬɶ ɦɢɥɥɢɨɧɵ ɦɨɥɟɤɭɥ 

ɩɟɪɟɤɢɫɢ ɜɨɞɨɪɨɞɚ ɡɚ ɨɞɧɭ ɫɟɤɭɧɞɭ[17]. Ɍɚɤɚɹ ɜɵɫɨɤɚɹ ɫɤɨɪɨɫɬɶ ɪɟɚɤɰɢɢ 

ɧɟɨɛɯɨɞɢɦɚ ɞɥɹ ɭɞɚɥɟɧɢɹ ɚɤɬɢɜɧɨɝɨ ɤɢɫɥɨɪɨɞɚ ɢ ɡɚɳɢɬɵ ɤɨɦɩɨɧɟɧɬɨɜ 

ɤɥɟɬɤɢ ɨɬ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɞɟɣɫɬɜɢɹ. 

 ɇɚɯɨɞɢɬɫɹ ɷɬɨɬ ɮɟɪɦɟɧɬ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɷɭɤɚɪɢɨɬ ɜ ɰɢɬɨɡɨɥɟ ɢ 

ɩɟɪɨɤɫɢɫɨɦɚɯ. Ʉɚɬɚɥɚɡɚ ɪɚɡɪɭɲɚɟɬ ɩɟɪɟɤɢɫɶ ɜɨɞɨɪɨɞɚ ɬɨɥɶɤɨ ɬɚɦ, ɝɞɟ 

ɤɨɧɰɟɧɬɪɚɰɢɹ ɟɟ ɜɟɥɢɤɚ, ɬ.ɟ. ɜ ɩɟɪɨɤɫɢɫɨɦɚɯ. 

Ʉɚɬɚɥɚɡɚ ɪɚɡɥɚɝɚɟɬ ɩɟɪɟɤɢɫɶ ɜɨɞɨɪɨɞɚ ɜ ɞɜɚ ɷɬɚɩɚ: 

http://www.expasy.org/cgi-bin/nicezyme.pl?1.11.1.6
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Fe3+-ɤɚɬɚɥɚɡɚ + 2 H2O2 → ɨɤɢɫɥɟɧɧɚɹ ɤɚɬɚɥɚɡɚ + H2O2 → Fe3+-ɤɚɬɚɥɚɡɚ + 

H2O2 + O2. 

ɋɭɛɫɬɪɚɬɚɦɢ ɞɥɹ ɨɤɢɫɥɟɧɧɨɣ ɮɨɪɦɵ ɤɚɬɚɥɚɡɵ ɫɥɭɠɚɬ  ɞɨɧɨɪɵ 

ɜɨɞɨɪɨɞɚ, ɧɚɩɪɢɦɟɪ ɷɬɚɧɨɥ [29,30]. 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɜ ɩɪɨɰɟɫɫɟ ɪɚɡɥɨɠɟɧɢɹ ɩɟɪɟɤɢɫɢ ɜɨɞɨɪɨɞɚ ɜɧɨɜɶ 

ɝɟɧɟɪɢɪɭɸɬɫɹ ɚɤɬɢɜɧɵɟ ɮɨɪɦɵ ɤɢɫɥɨɪɨɞɚ ɦɟɧɶɲɟ 1% . 

ɉɟɪɟɤɢɫɶ ɜɨɞɨɪɨɞɚ ɨɛɵɱɧɨ ɪɟɝɭɥɢɪɭɟɬ ɧɟɤɨɬɨɪɵɟ ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɟ 

ɩɪɨɰɟɫɫɵ ɩɪɢ ɧɢɡɤɢɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ, ɬɚɤɢɟ ɤɚɤ ɩɟɪɟɞɚɱɚ ɫɢɝɧɚɥɨɜ ɜɨ ɜɪɟɦɹ 

ɩɪɨɥɢɮɟɪɚɰɢɢ ɤɥɟɬɨɤ, ɝɢɛɟɥɶ ɤɥɟɬɨɤ, ɭɝɥɟɜɨɞɧɵɣ ɨɛɦɟɧ, ɮɭɧɤɰɢɹ 

ɦɢɬɨɯɨɧɞɪɢɣ, ɚɤɬɢɜɚɰɢɹ ɬɪɨɦɛɨɰɢɬɨɜ ɢ ɩɨɞɞɟɪɠɚɧɢɟ ɧɨɪɦɚɥɶɧɨɝɨ 

ɨɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɝɨ ɛɚɥɚɧɫɚ ɬɢɨɥɨɜ [31], ɨɞɧɚɤɨ ɜ ɜɵɫɨɤɢɯ 

ɤɨɧɰɟɧɬɪɚɰɢɹɯ, ɨɧɚ ɨɱɟɧɶ ɜɪɟɞɧɚ ɞɥɹ ɤɥɟɬɨɤ[32].Ȼɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ 

ɤɚɬɚɥɚɡɵ ɫɨɞɟɪɠɢɬɫɹ ɜ ɷɪɢɬɪɨɰɢɬɚɯ ɞɥɹ ɡɚɳɢɬɵ ɝɟɦɚ ɝɟɦɨɝɥɨɛɢɧɚ ɨɬ 

ɨɤɢɫɥɟɧɢɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɩɨɫɨɛɧɨɫɬɶ ɄAT ɷɮɮɟɤɬɢɜɧɨ ɨɝɪɚɧɢɱɢɜɚɟɬ 

ɤɨɧɰɟɧɬɪɚɰɢɸ ɇ2Ɉ2 ɜ ɤɥɟɬɤɚɯ ɩɨɞɱɟɪɤɢɜɚɟɬ ɟɝɨ ɜɚɠɧɨɫɬɶ ɜ ɜɵɲɟɭɩɨɦɹɧɭɬɵɯ 

ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɚɯ. Ʉɚɬɚɥɚɡɚ ɹɜɥɹɟɬɫɹ ɮɟɪɦɟɧɬɨɦ ɜɬɨɪɨɣ ɥɢɧɢɢ 

ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ ɡɚɳɢɬɵ. Ⱦɟɮɢɰɢɬ ɮɟɪɦɟɧɬɚ ɢɥɢ ɦɭɬɚɰɢɹ ɫɜɹɡɚɧɵ ɫ 

ɪɚɡɥɢɱɧɵɦɢ ɡɚɛɨɥɟɜɚɧɢɹɦɢ ɢ ɚɧɨɦɚɥɢɹɦɢ[33]. 

 

 

1.4  Кɨɥɨɪɟɤɬɚɥɶɧɵɣ ɪɚɤ 

Ʉɨɥɨɪɟɤɬɚɥɶɧɵɣ ɪɚɤ – ɨɩɭɯɨɥɟɜɵɣ ɩɪɨɰɟɫɫ, ɜɨɡɧɢɤɚɸɳɢɣ ɜ ɬɤɚɧɢ 

ɬɨɥɫɬɨɣ, ɚ ɬɚɤɠɟ ɩɪɹɦɨɣ ɤɢɲɤɢ. ɇɚ ɩɪɨɬɹɠɟɧɢɢ ɞɟɫɹɬɤɨɜ ɥɟɬ ɨɬɦɟɱɚɟɬɫɹ 

ɫɭɳɟɫɬɜɟɧɧɵɣ ɪɨɫɬ ɞɢɧɚɦɢɤɢ ɞɚɧɧɨɝɨ ɡɚɛɨɥɟɜɚɧɢɹ. ȿɠɟɝɨɞɧɨ ɫɬɚɜɢɬɫɹ ɨɤɨɥɨ 

ɦɢɥɥɢɨɧɚ ɧɨɜɵɯ ɫɥɭɱɚɟɜ ɡɚɛɨɥɟɜɚɧɢɹ, ɱɬɨ ɞɟɥɚɟɬ ɄɊɊ ɬɪɟɬɶɟɣ ɩɨ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɫɬɢ ɡɥɨɤɚɱɟɫɬɜɟɧɧɨɣ ɨɩɭɯɨɥɶɸ ɜ ɩɚɬɨɥɨɝɢɢ ɱɟɥɨɜɟɤɚ ɜɨ 

ɜɫɟɦ ɦɢɪɟ ɢ ɜɬɨɪɨɣ ɩɨ ɡɧɚɱɢɦɨɫɬɢ ɩɪɢɱɢɧɨɣ ɫɦɟɪɬɢ ɨɬ ɡɥɨɤɚɱɟɫɬɜɟɧɧɵɯ 

ɡɚɛɨɥɟɜɚɧɢɣ[1]. 

Ɂɚɛɨɥɟɜɚɟɦɨɫɬɶ ɄɊɊ ɧɟɭɤɥɨɧɧɨ ɪɚɫɬɟɬ ɜɨ ɜɫɟɦ ɦɢɪɟ, ɨɫɨɛɟɧɧɨ ɜ 

ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɫɬɪɚɧɚɯ, ɤɨɬɨɪɵɟ ɩɪɢɧɢɦɚɸɬ "ɡɚɩɚɞɧɵɣ" ɨɛɪɚɡ ɠɢɡɧɢ. 
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Ɉɠɢɪɟɧɢɟ, ɦɚɥɨɩɨɞɜɢɠɧɵɣ ɨɛɪɚɡ ɠɢɡɧɢ, ɩɨɬɪɟɛɥɟɧɢɟ ɤɪɚɫɧɨɝɨ ɦɹɫɚ, 

ɤɥɟɱɚɬɤɢ, ɚɥɤɨɝɨɥɹ ɢ ɬɚɛɚɤɚ ɫɱɢɬɚɸɬɫɹ ɞɜɢɠɭɳɟɣ ɫɢɥɨɣ ɪɨɫɬɚ ɄɊɊ [32,34, 

35].   

ɄɊɊ ɱɚɳɟ ɜɫɟɝɨ ɧɚɱɢɧɚɟɬɫɹ ɫ ɧɟɪɚɤɨɜɨɣ ɩɪɨɥɢɮɟɪɚɰɢɢ ɫɥɢɡɢɫɬɵɯ 

ɷɩɢɬɟɥɢɚɥɶɧɵɯ ɤɥɟɬɨɤ. ɗɬɢ ɧɚɪɚɫɬɚɧɢɹ ɢɡɜɟɫɬɧɵ ɤɚɤ ɩɨɥɢɩɵ ɢ ɦɨɝɭɬ ɪɚɫɬɢ 

ɩɨɫɬɟɩɟɧɧɨ ɜ ɬɟɱɟɧɢɟ 10-20 ɥɟɬ, ɩɪɟɠɞɟ ɱɟɦ ɫɬɚɬɶ ɪɚɤɨɜɵɦ. ɇɚɢɛɨɥɟɟ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɣ ɮɨɪɦɨɣ ɹɜɥɹɟɬɫɹ ɩɨɥɢɩ. Ɉɧ ɜɨɡɧɢɤɚɟɬ ɢɡ 

ɝɪɚɧɭɥɢɪɨɜɚɧɧɵɯ ɤɥɟɬɨɤ, ɮɭɧɤɰɢɹ ɤɨɬɨɪɵɯ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ 

ɫɥɢɡɢ, ɤɨɬɨɪɚɹ ɜɫɚɫɵɜɚɟɬɫɹ ɬɨɥɫɬɭɸ ɤɢɲɤɭ. Ɍɨɥɶɤɨ ɨɤɨɥɨ 10% ɜɫɟɯ ɚɞɟɧɨɦ 

ɩɪɨɝɪɟɫɫɢɪɭɸɬ ɞɨ ɢɧɜɚɡɢɜɧɨɝɨ ɪɚɤɚ. Ɉɞɧɚɤɨ ɤɨɝɞɚ ɩɨɥɢɩ ɫɬɚɧɨɜɢɬɫɹ ɛɨɥɶɲɟ, 

ɪɢɫɤ ɪɚɤɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ. ɂɧɜɚɡɢɜɧɵɣ ɪɚɤ, ɜɨɡɧɢɤɚɸɳɢɣ ɜ ɪɟɡɭɥɶɬɚɬɟ ɬɚɤɢɯ 

ɩɨɥɢɩɨɜ, ɢɡɜɟɫɬɟɧ ɤɚɤ ɚɞɟɧɨɤɚɪɰɢɧɨɦɚ ɢ ɫɨɫɬɚɜɥɹɟɬ 96% ɜɫɟɯ ɫɥɭɱɚɟ ɄɊɊ.  

ɉɨɥɨɜɢɧɚ ɫɥɭɱɚɟɜ ɪɚɡɜɢɬɢɹ ɄɊɊ ɫɜɹɡɚɧɚ ɫ ɨɛɪɚɡɨɦ ɠɢɡɧɢ, ɚ ɬɚɤɠɟ 

ɞɥɢɬɟɥɶɧɵɦ ɜɨɡɞɟɣɫɬɜɢɟɦ ɤɚɧɰɟɪɨɝɟɧɨɜ[36], ɟɳɟ ɨɤɨɥɨ ¼  -  ɫ ɝɟɧɟɬɢɱɟɫɤɢɦɢ 

ɮɚɤɬɨɪɚɦɢ[37].  

Ʉɨɥɨɪɟɤɬɚɥɶɧɵɣ ɪɚɤ ɩɨɞɪɚɡɞɟɥɹɟɬɫɹ ɧɚ ɫɬɚɞɢɢ ɡɚɛɨɥɟɜɚɧɢɹ. ɋɬɚɞɢɹ 

ɪɚɤɚ ɡɚɜɢɫɢɬ ɨɬ ɪɚɡɦɟɪɚ ɨɩɭɯɨɥɢ, ɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɧɚ ɨɤɪɭɠɚɸɳɢɟ 

ɥɢɦɮɚɬɢɱɟɫɤɢɟ ɭɡɥɵ ɢ ɧɚɥɢɱɢɹ ɨɬɞɚɥɟɧɧɵɯ ɦɟɬɚɫɬɚɡɨɜ. 

 I-ɹ ɫɬɚɞɢɹ: ɉɪɨɪɚɫɬɚɧɢɟ ɡɥɨɤɚɱɟɫɬɜɟɧɧɨɣ ɨɩɭɯɨɥɢ ɜ ɦɵɲɟɱɧɵɣ 

ɫɥɨɣ ɬɨɥɫɬɨɣ ɤɢɲɤɢ (ɩɪɹɦɨɣ ɤɢɲɤɢ); 

 II-ɹ ɫɬɚɞɢɹ: ɇɨɜɨɨɛɪɚɡɨɜɚɧɢɟ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɥɢɛɨ ɜ ɩɪɟɞɟɥɚɯ 

ɜɧɟɲɧɟɝɨ ɫɥɨɹ ɬɨɥɫɬɨɣ (ɢɥɢ ɩɪɹɦɨɣ) ɤɢɲɤɢ, ɥɢɛɨ ɩɪɨɪɨɫɥɨ ɡɚ ɟɟ ɩɪɟɞɟɥɵ; 

 III-ɹ ɫɬɚɞɢɹ: Ɋɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɡɥɨɤɚɱɟɫɬɜɟɧɧɵɯ ɤɥɟɬɨɤ ɜ ɨɞɢɧ ɢɥɢ 

ɛɨɥɟɟ ɥɢɦɮɨɭɡɥɨɜ; 

 IV-ɹ ɫɬɚɞɢɹ: Ɇɟɬɚɫɬɚɡɢɪɨɜɚɧɢɟ ɜ ɫɨɫɟɞɧɢɟ ɱɚɫɬɢ ɬɟɥɚ 

ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɠɢɡɧɢ ɛɨɥɶɧɵɯ ɄɊɊ, ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ, ɫɜɹɡɚɧɚ ɫɨ 

ɫɬɟɩɟɧɶɸ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɫɬɢ ɨɩɭɯɨɥɢ, ɧɚɥɢɱɢɟɦ ɦɟɬɚɫɬɚɡɨɜ. ȼ ɫɥɭɱɚɟ 

ɜɵɹɜɥɟɧɢɹ ɪɚɤɚ ɧɚ I ɫɬɚɞɢɢ ɩɹɬɢɥɟɬɧɹɹ ɜɵɠɢɜɚɟɦɨɫɬɶ ɫɨɫɬɚɜɥɹɟɬ 93%, 

ɨɞɧɚɤɨ ɩɨ ɦɟɪɟ ɩɪɨɝɪɟɫɫɢɪɨɜɚɧɢɹ ɡɚɛɨɥɟɜɚɧɢɹ ɧɚɛɥɸɞɚɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɨɟ 

ɫɧɢɠɟɧɢɟ ɜɵɠɢɜɚɟɦɨɫɬɢ. ɇɚ ɜɬɨɪɨɣ ɫɬɚɞɢɢ ɡɚɛɨɥɟɜɚɧɢɹ ɩɹɬɢɥɟɬɧɹɹ 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6791134/#cit0018
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ɜɵɠɢɜɚɟɦɨɫɬɶ ɫɧɢɠɚɟɬɫɹ ɞɨ 72%, ɧɚ ɬɪɟɬɶɟɣ ɫɬɚɞɢɢ ɜɵɠɢɜɚɟɦɨɫɬɶ ɧɟ 

ɩɪɟɜɵɲɚɟɬ 45%, ɚ ɧɚ ɱɟɬɜɟɪɬɨɣ - ɩɹɬɢɥɟɬɧɹɹ ɜɵɠɢɜɚɟɦɨɫɬɶ ɫɨɫɬɚɜɥɹɟɬ 

8%[11].  

I-II ɫɬɚɞɢɢ ɦɨɝɭɬ ɧɟ ɛɟɫɩɨɤɨɢɬɶ. ɇɨ ɜ ɞɚɥɶɧɟɣɲɟɦ ɫɢɦɩɬɨɦɵ ɡɚɜɢɫɹɬ ɨɬ 

ɥɨɤɚɥɢɡɚɰɢɢ ɢ ɨɫɨɛɟɧɧɨɫɬɟɣ ɪɨɫɬɚ ɧɨɜɨɨɛɪɚɡɨɜɚɧɢɹ. Ɉɞɧɢɦ ɢɡ ɩɟɪɜɵɯ 

ɩɪɢɡɧɚɤɨɜ ɤɨɥɨɪɟɤɬɚɥɶɧɨɝɨ ɪɚɤɚ ɱɚɫɬɨ ɹɜɥɹɟɬɫɹ ɛɨɥɶ ɜ ɠɢɜɨɬɟ, ɤɨɬɨɪɚɹ ɛɨɥɟɟ 

ɜɵɪɚɠɟɧɚ ɩɪɢ ɪɚɤɟ ɥɟɜɨɣ ɩɨɥɨɜɢɧɵ ɤɢɲɟɱɧɢɤɚ (ɨɫɨɛɟɧɧɨ ɬɨɥɫɬɨɣ ɤɢɲɤɢ). 

Ʉɪɨɜɨɬɟɱɟɧɢɟ – ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɟ ɨɫɥɨɠɧɟɧɢɟ ɄɊɊ. Ɉɧɨ  ɭ 

ɛɨɥɶɲɟɣ ɱɚɫɬɢ ɩɚɰɢɟɧɬɨɜ. ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɧɚɛɥɸɞɚɸɬɫɹ ɧɟɛɨɥɶɲɢɟ ɢ 

ɩɨɜɬɨɪɹɸɳɢɟɫɹ ɤɪɨɜɨɩɨɬɟɪɢ, ɩɪɢɜɨɞɹɳɢɟ ɤ ɪɚɡɜɢɬɢɸ ɠɟɥɟɡɨɞɟɮɢɰɢɬɧɨɣ 

ɚɧɟɦɢɢ. Ɉɱɟɧɶ ɪɟɞɤɨ ɜɨɡɦɨɠɧɨ ɨɛɢɥɶɧɨɟ ɤɪɨɜɨɬɟɱɟɧɢɟ, ɩɪɟɞɫɬɚɜɥɹɸɳɟɟ 

ɭɝɪɨɡɭ ɞɥɹ ɠɢɡɧɢ ɩɚɰɢɟɧɬɚ. ɑɚɫɬɨ ɩɪɢ ɩɨɪɚɠɟɧɢɢ ɥɟɜɵɯ ɨɬɞɟɥɨɜ 

ɫɢɝɦɨɜɢɞɧɨɣ ɤɢɲɤɢ ɪɚɡɜɢɜɚɟɬɫɹ ɤɢɲɟɱɧɚɹ ɧɟɩɪɨɯɨɞɢɦɨɫɬɶ. ȿɳɟ ɨɞɧɨ 

ɫɟɪɶɟɡɧɨɟ ɨɫɥɨɠɧɟɧɢɟ ɪɚɤɚ ɬɨɥɫɬɨɣ ɤɢɲɤɢ - ɩɟɪɮɨɪɚɰɢɹ ɫɬɟɧɤɢ ɤɢɲɟɱɧɢɤɚ. 

ɇɨɜɨɨɛɪɚɡɨɜɚɧɢɹ ɢɡ ɧɢɠɧɟɝɨ ɨɬɞɟɥɚ ɬɨɥɫɬɨɣ ɤɢɲɤɢ ɦɨɝɭɬ ɩɨɪɚɠɚɬɶ 

ɫɨɫɟɞɧɢɟ ɨɪɝɚɧɵ, ɚ  ɜɨɫɩɚɥɟɧɢɟ ɜ ɨɛɥɚɫɬɢ ɨɩɭɯɨɥɢ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ 

ɝɧɨɣɧɨɦɭ ɩɨɪɚɠɟɧɢɸ ɨɤɪɭɠɚɸɳɢɯ ɬɤɚɧɟɣ. ɉɟɪɮɨɪɚɰɢɹ ɬɨɥɫɬɨɣ ɤɢɲɤɢ ɩɪɢ 

ɪɚɤɟ ɬɨɥɫɬɨɣ ɤɢɲɤɢ ɜɟɪɯɧɟɝɨ ɨɬɞɟɥɚ ɤɢɲɟɱɧɢɤɚ ɩɪɢɜɨɞɢɬ ɤ ɪɚɡɜɢɬɢɸ 

ɩɟɪɢɬɨɧɢɬɚ. Ɉɫɥɨɠɧɟɧɢɹ ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɜɚɸɬ ɪɢɫɤ ɨɩɟɪɚɰɢɢ[38]. 

Ɉɫɧɨɜɧɨɣ ɦɟɬɨɞ ɥɟɱɟɧɢɹ ɯɢɪɭɪɝɢɱɟɫɤɢɣ, ɧɨ ɦɨɠɟɬ ɩɪɢɦɟɧɹɬɶɫɹ ɢ 

ɤɨɦɛɢɧɚɰɢɹ ɦɟɬɨɞɨɜ: ɥɭɱɟɜɚɹ ɢ ɯɢɦɢɨɬɟɪɚɩɢɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɧɤɪɟɬɧɨɣ 

ɫɢɬɭɚɰɢɢ. ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɢ ɫɩɨɫɨɛɵ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɨɩɭɯɨɥɶ ɨɩɪɟɞɟɥɹɟɬ 

ɤɨɧɫɢɥɢɭɦ ɜɪɚɱɟɣ. 

XELOX - ɷɬɨ ɤɨɦɛɢɧɚɰɢɹ ɯɢɦɢɨɬɟɪɚɩɟɜɬɢɱɟɫɤɢɯ ɩɪɟɩɚɪɚɬɨɜ, ɬɚɤɠɟ 

ɢɡɜɟɫɬɧɵɯ ɤɚɤ CAPOX, CAPE-OX ɢɥɢ OxCap. ɋɨɫɬɨɢɬ ɢɡ ɨɤɫɚɥɢɩɥɚɬɢɧɚ 

(ɷɥɨɤɫɚɬɢɧɚ) ɢ ɤɚɩɟɰɢɬɚɛɢɧɚ (ɤɫɟɥɨɞɚ). ɗɬɢ ɯɢɦɢɨɬɟɪɚɩɟɜɬɢɱɟɫɤɢɟ 

ɩɪɟɩɚɪɚɬɵ ɪɚɡɪɭɲɚɸɬ ɛɵɫɬɪɨ ɞɟɥɹɳɢɟɫɹ ɤɥɟɬɤɢ, ɨɫɨɛɟɧɧɨ ɪɚɤɨɜɵɟ. 

ɏɢɦɢɨɬɟɪɚɩɢɹ XELOX ɩɪɨɜɨɞɢɬɫɹ ɰɢɤɥɚɦɢ ɥɟɱɟɧɢɹ, ɤɚɠɞɵɣ 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶɸ 3 ɧɟɞɟɥɢ (21 ɞɟɧɶ). ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɨɬɪɟɛɧɨɫɬɟɣ 

ɩɚɰɢɟɧɬɵ ɦɨɝɭɬ ɩɪɨɣɬɢ ɨɬ 6 ɞɨ 8 ɰɢɤɥɨɜ. 
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2 Мɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 

2.1 Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ȼ ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɥɭɠɢɥɢ ɷɪɢɬɪɨɰɢɬɵ ɡɞɨɪɨɜɵɯ ɥɸɞɟɣ 

- 25 ɱɟɥɨɜɟɤ ɢ ɥɸɞɟɣ ɛɨɥɶɧɵɯ ɤɨɥɨɪɟɤɬɚɥɶɧɵɦ ɪɚɤɨɦ ɞɨ ɢ ɩɨɫɥɟ ɨɩɟɪɚɰɢɢ(25 

ɱɟɥɨɜɟɤ). ȼɨɡɪɚɫɬ ɛɨɥɶɧɵɯ ɜɚɪɶɢɪɨɜɚɥ ɨɬ 47 ɞɨ 82 ɥɟɬ, ɫɪɟɞɧɢɣ ɜɨɡɪɚɫɬ 

ɫɨɫɬɚɜɢɥ 66,5±6,5 ɥɟɬ. Ɉɬ ɤɚɠɞɨɝɨ ɩɚɰɢɟɧɬɚ ɛɵɥɨ ɩɨɥɭɱɟɧɨ ɩɨɞɩɢɫɚɧɧɨɟ 

ɢɧɮɨɪɦɢɪɨɜɚɧɧɨɟ ɫɨɝɥɚɫɢɟ ɧɚ ɭɱɚɫɬɢɟ ɜ ɢɫɫɥɟɞɨɜɚɧɢɢ.  

 

 2.2 ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɭɩɚɤɨɜɚɧɧɵɯ ɷɪɢɬɪɨɰɢɬɨɜ 

1) Ʉɪɨɜɶ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ 15 ɦɢɧ ɩɪɢ 3000 ɨɛ/ɦɢɧ.  

2) ɉɥɚɡɦɭ ɨɫɬɨɪɨɠɧɨ ɭɞɚɥɹɥɢ, ɚ ɷɪɢɬɪɨɰɢɬɵ ɩɹɬɶ ɪɚɡ ɨɬɦɵɜɚɥɢ 

ɯɨɥɨɞɧɵɦ ɪɚɫɬɜɨɪɨɦ 0,9%-ɧɨɝɨ NaCl, ɤɚɠɞɵɣ ɪɚɡ ɰɟɧɬɪɢɮɭɝɢɪɭɹ ɩɪɢ 

ɜɵɲɟɧɚɡɜɚɧɧɵɯ ɭɫɥɨɜɢɹɯ, ɧɚɞɨɫɚɞɨɱɧɭɸ ɠɢɞɤɨɫɬɶ ɨɬɛɪɚɫɵɜɚɥɢ.  
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3) Ɂɚɬɟɦ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ ɜ ɬɟɱɟɧɢɟ 20 ɦɢɧ ɩɪɢ 3000 ɨɛ/ɦɢɧ ɞɥɹ 

ɛɨɥɟɟ ɩɥɨɬɧɨɣ ɭɩɚɤɨɜɤɢ ɤɥɟɬɨɤ[39]. 

 

 2.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɝɟɦɨɝɥɨɛɢɧɚ 

ɉɪɢɧɰɢɩ ɦɟɬɨɞɚ: ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɝɟɦɨɝɥɨɛɢɧɚ ɤɪɨɜɢ ɫ ɰɢɚɧɢɫɬɵɦ 

ɤɚɥɢɟɦ, ɩɪɨɢɫɯɨɞɢɬ ɨɤɢɫɥɟɧɢɟ ɞɨ ɦɟɬɝɟɦɨɝɥɨɛɢɧɚ. Ⱦɚɥɶɲɟ ɷɬɨ ɫɨɟɞɢɧɟɧɢɟ 

ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ ɚɰɟɬɨɧɰɢɚɧɝɢɞɪɢɧɨɦ ɢ ɨɛɪɚɡɭɟɬ ɰɢɚɧɦɟɬɝɟɦɨɝɥɨɛɢɧ. 

ɍɝɚɫɚɧɢɟ ɷɤɫɬɢɧɰɢɢ ɤɨɬɨɪɨɝɨ ɩɪɢ 540 ɧɦ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɤɨɧɰɟɧɬɪɚɰɢɢ Hb 

ɜ ɨɛɪɚɡɰɟ ɤɪɨɜɢ. Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɝɟɦɨɝɥɨɛɢɧɚ ɩɪɨɜɨɞɢɥɨɫɶ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɟɪɢɢ ɪɟɚɝɟɧɬɨɜ ɮɢɪɦɵ «ȺȽȺɌ», ɝ. Ɇɨɫɤɜɚ. 

Ɋɟɚɤɬɢɜɵ: 

1. Ɍɪɚɧɫɮɨɪɦɢɪɭɸɳɢɣ ɪɟɚɝɟɧɬ (ɧɚɬɪɢɣ ɭɝɥɟɤɢɫɥɵɣ ɤɢɫɥɵɣ, 1,0 ɝ; 

ɤɚɥɢɣ ɠɟɥɟɡɨɫɢɧɟɪɨɞɢɫɬɵɣ, 200 ɦɝ ɢ ɚɦɩɭɥɚ ɚɰɟɬɨɧɰɢɚɧɝɢɞɪɢɧɚ 

ɪɚɫɬɜɨɪɹɸɬɫɹ ɜ 1000 ɦɥ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɵ); 

2. Ʉɚɥɢɛɪɚɬɨɪ (ɤɨɧɰ. Hb 120 ɝ/ɥ). 

 

ɏɨɞ ɨɩɪɟɞɟɥɟɧɢɹ: 

ɉɪɨɛɵ ɛɵɥɢ ɩɪɢɝɨɬɨɜɥɟɧɵ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɦ ɜɧɟɫɟɧɢɟɦ ɪɟɚɝɟɧɬɨɜ 

ɫɨɝɥɚɫɧɨ ɬɚɛɥ.1. 

 

Ɍɚɛɥɢɰɚ -1 ɉɨɪɹɞɨɤ ɜɧɟɫɟɧɢɹ ɪɟɚɝɟɧɬɨɜ 

Ɋɟɚɝɟɧɬ Ɉɩɵɬɧɵɣ ɨɛɪɚɡɟɰ,ɦɥ Ʉɨɧɬɪɨɥɶɧɵɣ ɨɛɪɚɡɟɰ ɦɥ 
Ɍɪɚɧɫɮɨɪɦɢɪɭɸɳɢɣ 
ɪɟɚɝɟɧɬ 

5 5 

Ƚɟɦɨɥɢɡɚɬ  
(ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1:2, 
ɭɩɚɤɨɜɚɧɧɵɟ ɷɪɢɬɪɨɰɢɬɵ: 
ɞɢɫɬ.ɜɨɞɚ,00ɋ) 

0,02 – 

Ʉɚɥɢɛɪɨɜɨɱɧɵɣ ɪɚɫɬɜɨɪ 
ɝɟɦɨɝɥɨɛɢɧɚ  

– 0,02 
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ɉɨɫɥɟ ɞɨɛɚɜɥɟɧɢɹ ɬɳɚɬɟɥɶɧɨ ɩɟɩɢɬɢɪɨɜɚɥɢ. ȼɵɞɟɪɠɚɜ 10 ɦɢɧ, 

ɡɚɦɟɪɹɥɢ ɷɤɫɬɢɧɰɢɸ ɩɪɨɬɢɜ ɬɪɚɧɫɮɨɪɦɢɪɭɸɳɟɝɨ ɪɚɫɬɜɨɪɚ. Ȼɪɚɥɢ 

ɫɬɟɤɥɹɧɧɭɸ ɤɸɜɟɬɭ ɫ ɬɨɥɳɢɧɨɣ ɫɥɨɹ 1 ɫɦ. Ⱦɥɢɧɚ ɜɨɥɧɵ ɩɪɢ ɷɬɨɦ 540 ɧɦ. 

Ʉɨɧɰɟɧɬɪɚɰɢɸ ɝɟɦɨɝɥɨɛɢɧɚ  ɩɪɢ  ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɢɱɟɫɤɨɦ 

ɨɩɪɟɞɟɥɟɧɢɢ ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɪɚɫɫɱɢɬɵɜɚɸɬ ɩɨ ɮɨɪɦɭɥɟ. 

Hb(ɝ/ɥ) = D540⋅367,7. 

ɉɪɢ ɮɨɬɨɤɨɥɨɪɢɦɟɪɢɱɟɫɤɨɦ ɨɩɪɟɞɟɥɟɧɢɢ ɡɚɦɟɪɹɸɬ ɷɤɫɬɢɧɰɢɸ ɜ 

ɞɢɚɩɚɡɨɧɟ ɞɥɢɧ ɜɨɥɧ 500 - 560 ɧɦ. Ʉɚɥɢɛɪɚɬɨɪ ɨɛɪɚɛɚɬɵɜɚɸɬ ɬɚɤ ɠɟ, ɤɚɤ ɢ 

ɨɩɵɬɧɵɟ ɨɛɪɚɡɰɵ. Ɋɚɫɱɟɬ ɫɨɞɟɪɠɚɧɢɹ ɝɟɦɨɝɥɨɛɢɧɚ ɩɪɨɢɡɜɨɞɹɬ ɩɨ ɮɨɪɦɭɥɟ: 

Hb(ɝ/ɥ) = D0/Dɯ⋅120, ɝɞɟ 

Hb – ɫɨɞɟɪɠɚɧɢɟ ɝɟɦɨɝɥɨɛɢɧɚ ɜ ɨɩɵɬɧɨɣ ɩɪɨɛɟ, ɝ/ɥ; 

D0 – ɨɩɬɢɱɟɫɤɚɹ ɩɥɨɬɧɨɫɬɶ ɨɩɵɬɧɨɣ ɩɪɨɛɵ; 

Dɯ – ɨɩɬɢɱɟɫɤɚɹ ɩɥɨɬɧɨɫɬɶ ɤɚɥɢɛɪɨɜɨɱɧɨɣ ɩɪɨɛɵ; 

120 – ɫɨɞɟɪɠɚɧɢɟ ɝɟɦɨɝɥɨɛɢɧɚ ɜ ɤɚɥɢɛɪɨɜɨɱɧɨɦ ɪɚɫɬɜɨɪɟ, ɝ/ɥ.. 

 

 

 

 

 

2.4 Ɉɩɪɟɞɟɥɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɦɚɥɨɧɨɜɨɝɨ ɞɢɚɥɶɞɟɝɢɞɚ 

Ɇɚɥɨɧɨɜɵɣ ɞɢɚɥɶɞɟɝɢɞ – ɨɞɢɧ ɢɡ ɩɪɨɞɭɤɬɨɜ ɩɟɪɟɤɢɫɧɨɝɨ ɨɤɢɫɥɟɧɢɹ 

ɥɢɩɢɞɨɜ, ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫ 2-ɬɢɨɛɚɪɛɢɬɭɪɨɜɨɣ ɤɢɫɥɨɬɨɣ ɨɛɪɚɡɭɟɬ 

ɯɪɨɦɨɝɟɧ, ɦɚɤɫɢɦɭɦ ɩɨɝɥɨɳɟɧɢɹ ɤɨɬɨɪɨɝɨ ɧɚɯɨɞɢɬɫɹ ɜ ɤɪɚɫɧɨɣɨɛɥɚɫɬɢ 

ɜɢɞɢɦɨɝɨ ɫɩɟɤɬɪɚ, ɞɥɢɧɚ ɜɨɥɧɵ – 532 ɧɦ[36]. 

Ɋɟɚɤɬɢɜɵ: 

1) 0,9%-ɧɵɣ ɪɚɫɬɜɨɪ NaCl (ɮɢɡ. ɪɚɫɬɜɨɪ); 

2) 30%-ɧɵɣ ɪɚɫɬɜɨɪ ɬɪɢɯɥɨɪɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ (Ɍɏɍ); 

3) 0,1Ɇ ɪɚɫɬɜɨɪ ɞɢɧɚɬɪɢɟɜɨɣ ɫɨɥɢ ɷɬɢɥɟɧɞɢɚɦɢɧɬɟɬɪɚɚɰɟɬɚɬɚ (ɗȾɌȺ); 

4) 0,05 ɧ ɪɚɫɬɜɨɪ NaOH; 
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5) 1%-ɧɵɣ ɪɚɫɬɜɨɪ 2-ɬɢɨɛɚɪɛɢɬɭɪɨɜɨɣ ɤɢɫɥɨɬɵ (ɌȻɄ),ɩɪɢɝɨɬɨɜɥɟɧɧɵɣ 

ɧɚ 0,05 ɧ ɪɚɫɬɜɨɪɟ NaOH. 

 ɏɨɞ ɨɩɪɟɞɟɥɟɧɢɹ: 

ɉɪɨɛɵ ɛɵɥɢ ɩɪɢɝɨɬɨɜɥɟɧɵ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɦ ɜɧɟɫɟɧɢɟɦ ɪɟɚɝɟɧɬɨɜ 

ɫɨɝɥɚɫɧɨ ɬɚɛɥ.2. 

 

Ɍɚɛɥɢɰɚ 2 – ɉɨɪɹɞɨɤ ɜɧɟɫɟɧɢɹ ɪɟɚɝɟɧɬɨɜ ɜ ɩɪɨɛɭ  

ɗɤɫɬɢɧɰɢɸ ɢɫɩɵɬɭɟɦɨɝɨ ɨɛɪɚɡɰɚ ɢɡɦɟɪɹɥɢ ɩɪɨɬɢɜ ɤɨɧɬɪɨɥɹ ɧɚ 

ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɟ ɩɪɢ ɞɥɢɧɟ ɜɨɥɧɵ 532 ɧɦ. ɂɫɩɨɥɶɡɨɜɚɥɢ ɫɬɟɤɥɹɧɧɵɟ  

ɤɸɜɟɬɵ ɬɨɳɢɧɨɣ 1 ɫɦ. Ɂɚ ɦɨɥɹɪɧɨɣ ɷɤɫɬɢɧɤɰɢɸ ɨɛɪɚɡɭɸɳɟɝɨɫɹ ɯɪɨɦɨɝɟɧɚ 

ɛɪɚɥɢ ɡɧɚɱɟɧɢɟ,ɪɚɜɧɟ 1,56·105 Ɇ-1ɫɦ-1 ɢ ɜɵɪɚɠɚɥɢ ɜ ɦɤɦɨɥɶ/ɝ Hb. 

ɋ= D532∗Vp. c∗F∗1000/ (Vnp∗ɛ ∗d∗Hb) , ɝɞɟ:  

ɋ – ɫɨɞɟɪɠɚɧɢɟ ɆȾȺ, ɦɤɦɨɥɶ/ɝ Hb,  

D532 – ɷɤɫɬɢɧɰɢɹ ɩɪɢ ɞɥɢɧɟ ɜɨɥɧɵ 532 ɧɦ;  

V ɪ.ɫ. – ɨɛɴɟɦ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ (1,325 ɦɥ); 

F – ɮɚɤɬɨɪ ɪɚɡɜɟɞɟɧɢɹ (7,5);  

ε – ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɥɹɪɧɨɣ ɷɤɫɬɢɧɤɰɢɢ ɨɛɪɚɡɨɜɚɜɲɟɝɨɫɹ ɯɪɨɦɨɝɟɧɚ 

(1,56*105 Ɇ-1*ɫɦ-1);  

Ɋɟɚɝɟɧɬ ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɣ 
ɨɛɪɚɡɟɰ, 

ɦɥ 

Ʉɨɧɬɪɨɥɶɧɚɹ ɩɪɨɛɚ, 
ɦɥ 

Ɏɢɡɢɨɥɨɝɢɱɟɫɤɢɣ 
ɪɚɫɬɜɨɪ 

0,8 0,8 

Ⱦɢɫɬɢɥɥɢɪɨɜɚɧɧɚɹ 
ɜɨɞɚ  

- 0,2 

ɗɪɢɬɪɨɰɢɬɵ 0,2 - 
Ɍɏɍ 0,5 0,5 

ɐɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ 15 ɦɢɧ ɩɪɢ 1700g, ɨɬɛɢɪɚɥɢ ɫɭɩɟɪɧɚɬɚɧɬ 
ɋɭɩɟɪɧɚɬɚɧɬ 1,0 1,0 
ɗȾɌȺ 0,075 0,075 
ɌȻɄ 0,25 0,25 
ɉɨɫɥɟ ɜɧɟɫɟɧɢɹ ɪɟɚɝɟɧɬɨɜ ɨɛɪɚɡɰɵ ɬɳɚɬɟɥɶɧɨ ɩɟɩɢɬɢɪɨɜɚɥɢ ɢ 
ɫɬɚɜɢɥɢ ɜ ɤɢɩɹɳɭɸ ɜɨɞɹɧɭɸ ɛɚɧɸ ɧɚ 15 ɦɢɧ. ɉɨɫɥɟ ɷɬɨɝɨ ɩɪɨɛɢɪɤɢ 
ɞɨɜɨɞɢɥɢ ɞɨ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ. 
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V ɩɪ. – ɨɛɴɟɦ ɫɭɩɟɪɧɚɬɚɧɬɚ, ɢɫɩɨɥɶɡɭɟɦɵɣ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 

ɫɨɞɟɪɠɚɧɢɹ ɆȾȺ (1 ɦɥ); 

d – ɬɨɥɳɢɧɚ ɤɸɜɟɬɵ (1 ɫɦ); 

1000/Hb – ɤɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɫɱɟɬɚ ɧɚ ɝɟɦɨɝɥɨɛɢɧ. 

 

2.5 Ɉɩɪɟɞɟɥɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɫɭɩɟɪɨɤɫɢɞɞɢɫɦɭɬɚɡɵ 

ɉɪɢɧɰɢɩ ɦɟɬɨɞɚ: ɨɫɧɨɜɚɧ ɧɚ ɢɧɝɢɛɢɪɨɜɚɧɢɢ ɪɟɚɤɰɢɢ ɚɭɬɨɨɤɢɫɥɟɧɢɹ 

ɚɞɪɟɧɚɥɢɧɚ ɜ ɳɟɥɨɱɧɨɣ ɫɪɟɞɟ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɋɈȾ ɜ ɪɟɡɭɥɶɬɚɬɟ ɞɢɫɦɭɬɚɰɢɢ 

ɫɭɩɟɪɨɤɫɢɞɧɵɯ ɪɚɞɢɤɚɥɨɜ, ɹɜɥɹɸɳɢɯɫɹ ɩɪɨɞɭɤɬɨɦ ɨɞɧɨɣ ɢɡ ɫɬɚɞɢɣ 

ɨɤɢɫɥɟɧɢɹ ɢ ɨɞɧɨɜɪɟɦɟɧɧɨ ɭɱɚɫɬɧɢɤ ɧɚ ɟɝɨ ɩɨɫɥɟɞɭɸɳɢɯ ɷɬɚɩɚɯ. 

ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɚɭɬɨɨɤɢɫɥɟɧɢɹ ɚɞɪɟɧɚɥɢɧɚ ɨɰɟɧɢɜɚɟɬɫɹ ɧɚ ɨɫɧɨɜɟ 

ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɭɜɟɥɢɱɟɧɢɹ ɩɨɝɥɨɳɟɧɢɹ ɧɚ ɞɥɢɧɟ ɜɨɥɧɵ 347 ɧɦ, ɜɵɡɜɚɧɧɨɝɨ 

ɧɚɤɨɩɥɟɧɢɟɦ ɩɪɨɞɭɤɬɚ ɨɤɢɫɥɟɧɢɹ ɢ ɞɨ ɩɨɹɜɥɟɧɢɹ ɚɞɪɟɧɨɯɪɨɦɚ.  

Ɋɟɚɤɬɢɜɵ: 

1) 0,1%-ɧɵɣ (5,46 ɦɆ) ɚɩɬɟɱɧɵɣ ɪɚɫɬɜɨɪ ɚɞɪɟɧɚɥɢɧɚ; 

2) 0,2 M ɛɢɤɚɪɛɨɧɚɬɧɵɣ ɛɭɮɟɪ, ɪɇ=11 (2.12 ɝ Na2CO3, 0,168 ɝ NaHCO3, 

0,074 ɝ ɗȾɌȺ ɪɚɫɬɜɨɪɹɥɢ ɜ 200 ɦɥ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɵ: ɪɇ ɞɨɜɨɞɢɥɢ ɞɨ 

ɧɭɠɧɨɝɨ ɡɧɚɱɟɧɢɹ ɞɨɛɚɜɥɟɧɢɟɦ NaɈɇ); 

3) ɗɬɚɧɨɥ-ɯɥɨɪɨɮɨɪɦ ɫɦɟɫɶ (2:1). 

ɏɨɞ ɨɩɪɟɞɟɥɟɧɢɹ:  

Ƚɨɬɨɜɢɥɢ ɝɟɦɨɥɢɡɚɬ, ɩɨɥɭɱɟɧɧɵɣ ɩɭɬɟɦ ɞɨɛɚɜɥɟɧɢɹ 450 ɦɤɥ 

ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɵ, ɨɯɥɚɠɞɟɧɧɨɣ ɞɨ 0 ° C, ɤ 50 ɦɤɥ ɭɩɚɤɨɜɚɧɧɵɯ 

ɷɪɢɬɪɨɰɢɬɨɜ. Ɂɚɬɟɦ ɜɨ ɜɫɟ ɩɪɨɛɵ ɩɪɢɥɢɜɚɥɢ 250 ɦɤɥ ɫɦɟɫɢ ɷɬɚɧɨɥ-

ɯɥɨɪɨɮɨɪɦ (ɫɨɨɬɧɨɲɟɧɢɟ 2: 1). ɋɨɞɟɪɠɢɦɨɟ ɩɟɪɟɦɟɲɢɜɚɥɢ ɢ ɫɬɚɜɢɥɢ ɜ 

ɰɟɧɬɪɢɮɭɝɭ ɧɚ 6000 ɨɛ / ɦɢɧ ɜ ɬɟɱɟɧɢɟ 10 ɦɢɧɭɬ. ɇɚɞɨɫɚɞɨɱɧɭɸ ɠɢɞɤɨɫɬɶ 

ɢɫɩɨɥɶɡɨɜɚɥɢ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɚɤɬɢɜɧɨɫɬɢ ɋɈȾ. ȼ ɬɚɛɥɢɰɟ 3 ɩɪɟɞɫɬɚɜɥɟɧɵ 

ɫɨɫɬɚɜɵ ɨɩɵɬɧɵɯ ɢ ɯɨɥɨɫɬɵɯ ɨɛɪɚɡɰɨɜ. 

 

Ɍɚɛɥɢɰɚ 3 – ɋɨɫɬɚɜ ɢɧɤɭɛɚɰɢɨɧɧɵɯ ɩɪɨɛ 
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Ɋɟɚɝɟɧɬɵ ɏɨɥɨɫɬɚɹ 
ɩɪɨɛɚ, ɦɥ 

Ɉɩɵɬɧɚɹ 
ɩɪɨɛɚ, ɦɥ 

0,2 Ɇ ɛɢɤɚɪɛɨɧɚɬɧɵɣ 
ɛɭɮɟɪ 

3 ɦɥ 3 ɦɥ 

ɋɭɩɟɪɧɚɬɚɧɬ - 0,05 ɦɥ 
Ⱦɢɫɬɢɥɢɪɨɜɚɧɧɚɹ 
ɜɨɞɚ 

0,05 ɦɥ - 

Ⱥɞɪɟɧɚɥɢɧ 0,15 ɦɥ 0,15 ɦɥ 
 

ɉɨɫɥɟ ɞɨɛɚɜɥɟɧɢɹ ɚɞɪɟɧɚɥɢɧɚ ɜ ɨɛɪɚɡɟɰ ɫɨɞɟɪɠɢɦɨɟ ɛɵɫɬɪɨ 

ɩɟɪɟɦɟɲɚɥɨɫɶ. ɂɡɦɟɪɟɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɜ ɤɸɜɟɬɟ ɫ ɬɨɥɳɢɧɨɣ 1,0 ɫɦ. Ʉɚɠɞɵɟ 

30 ɫ ɜ ɬɟɱɟɧɢɟ 3 ɦɢɧ ɡɚɩɢɫɵɜɚɥɢ ɡɧɚɱɟɧɢɹ ɷɤɫɬɢɧɰɢɢ. Ⱦɥɹ ɪɚɫɱɟɬɚ 

ɚɤɬɢɜɧɨɫɬɢ ɋɈȾ ɢɫɩɨɥɶɡɨɜɚɥɢ ɩɨɤɚɡɚɬɟɥɢ ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɯɨɥɨɫɬɨɝɨ ɢ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɨɛɪɚɡɰɨɜ. Ɏɟɪɦɟɧɬɚɬɢɜɧɭɸ ɚɤɬɢɜɧɨɫɬɶ ɜɵɪɚɠɚɥɢ ɜ 

ɭɫ.ɟɞ./ɦɢɧ*ɝHb. 

 

2.6 Ɉɩɪɟɞɟɥɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɤɚɬɚɥɚɡɵ 

Ɇɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ ɚɤɬɢɜɧɨɫɬɢ ɄɌ ɨɫɧɨɜɚɧ ɧɚ ɨɛɪɚɡɨɜɚɧɢɢ ɤɨɦɩɥɟɤɫɚ 

ɩɟɪɨɤɫɢɞɚ ɜɨɞɨɪɨɞɚ, ɤɨɬɨɪɵɣ ɧɟ ɪɚɡɪɭɲɚɟɬɫɹ ɜ ɩɪɨɰɟɫɫɟ ɤɚɬɚɥɚɡɧɨɣ ɪɟɚɤɰɢɢ, 

ɫ ɦɨɥɢɛɞɚɬɨɦ ɚɦɦɨɧɢɹ ɠɟɥɬɨɝɨ ɰɜɟɬɚ ɫ ɦɚɤɫɢɦɭɦɨɦ ɩɨɝɥɨɳɟɧɢɹ ɩɪɢ λ = 400 

ɧɦ. 

Ɋɟɚɝɟɧɬɵ: 

1. 0,03% ɪɚɫɬɜɨɪ ɩɟɪɟɤɢɫɢ ɜɨɞɨɪɨɞɚ; 

2. 4% ɪɚɫɬɜɨɪ ɦɨɥɢɛɞɚɬɚ ɚɦɦɨɧɢɹ. 

ɏɨɞ ɨɩɪɟɞɟɥɟɧɢɹ: 

Ⱦɥɹ ɧɚɱɚɥɚ ɩɪɢɝɨɬɚɜɥɢɜɚɥɢ 0,03% ɩɟɪɟɤɢɫɶ ɜɨɞɨɪɨɞɚ. Ⱦɥɹ ɷɬɨɝɨ ɛɪɚɥɢ 

ɦɟɪɧɭɸ ɤɨɥɛɭ ɧɚ 50 ɦɥ, ɞɨɛɚɜɥɹɥɢ ɜ ɧɟɟ 0,50 ɦɥ 3% ɩɟɪɟɤɢɫɢ ɜɨɞɨɪɨɞɚ ɢ 

ɞɨɜɨɞɢɥɢ ɞɨ ɦɟɬɤɢ ɞɢɫɬɢɥɢɪɨɜɚɧɧɨɣ ɜɨɞɨɣ.  

ɉɨɫɥɟ ɷɬɨɝɨ ɝɨɬɨɜɢɥɢ ɝɟɦɨɥɢɡɚɬ. ȼ ɷɩɟɧɞɨɪɮɤɭ ɞɨɛɚɜɥɹɥɢ 0,01 ɦɥ 

ɭɩɚɤɨɜɚɧɧɵɯ ɷɪɢɬɪɨɰɢɬɨɜ ɢ 490 ɦɤɥ ɞɢɫɬɢɥɢɪɨɜɚɧɧɨɣ ɜɨɞɵ,00ɋ. 

ɉɨɪɹɞɨɤ ɜɧɟɫɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢ ɤɨɧɬɪɨɥɶɧɨɣ ɩɪɨɛɵ 

ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4. 



26 

 

 

Ɍɚɛɥɢɰɚ 4 – ɋɨɫɬɚɜ ɨɩɵɬɧɵɯ ɢ ɤɨɧɬɪɨɥɶɧɨɣ ɩɪɨɛ 

 

Ɋɟɚɝɟɧɬ Ɉɩɵɬɧɵɣ ɨɛɪɚɡɟɰ, ɦɥ Ʉɨɧɬɪɨɥɶɧɵɣ ɨɛɪɚɡɟɰ, ɦɥ 
0,03% ɉɟɪɟɤɢɫɶ 
ɜɨɞɨɪɨɞɚ, ɇ2Ɉ2 

2 2 

Ⱦɢɫɬɢɥɢɪɨɜɚɧɧɚɹ 
ɜɨɞɚ,00ɋ 

– 0,01 

Ƚɟɦɨɥɢɡɚɬ 0,01 – 
 

ɉɨɥɭɱɢɜɲɢɟɫɹ ɩɪɨɛɵ ɩɟɪɟɦɟɲɢɜɚɥɢ, ɫɬɚɜɢɥɢ ɜ ɬɟɦɧɨɬɭ ɧɚ 10 ɦɢɧɭɬ. 

ɉɨ ɨɤɨɧɱɚɧɢɸ ɜɪɟɦɟɧɢ ɞɨɛɚɜɥɹɥɢ 1 ɦɥ ɪɚɫɬɜɨɪɚ ɦɨɥɢɛɞɚɬɚ ɚɦɦɨɧɢɹ, ɬɟɦ 

ɫɚɦɵɦ ɨɫɬɚɧɚɜɥɢɜɚɹ ɪɟɚɤɰɢɸ. Ɉɤɪɚɫɤɚ ɤɨɧɬɪɨɥɹ ɛɵɥɚ ɠɟɥɬɚɹ ɢ ɡɧɚɱɢɬɟɥɶɧɨ 

ɨɬɥɢɱɚɥɚɫɶ ɨɬ ɨɩɵɬɧɵɯ ɨɛɪɚɡɰɨɜ. 

ɗɤɫɬɢɧɰɢɸ ɢɡɦɟɪɹɥɢ ɧɚ ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɟ ɜ ɫɬɟɤɥɹɧɧɨɣ ɤɸɜɟɬɟ, 

ɬɨɥɳɢɧɚ ɫɥɨɹ ɤɨɬɨɪɨɣ ɛɵɥɚ 1,0 ɫɦ, ɩɪɢ ɞɥɢɧɟ ɜɨɥɧɵ 400 ɧɦ. ɂɡɦɟɪɟɧɢɟ 

ɩɪɨɜɨɞɢɥɢ ɩɪɨɬɢɜ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɵ. Ⱥɤɬɢɜɧɨɫɬɶ ɮɟɪɦɟɧɬɚ 

ɪɚɫɫɱɢɬɵɜɚɥɢ ɩɨ ɮɨɪɦɭɥɟ: 

Ⱥ= (Dɤ – Dɨ)·V·f·1000) / ε·v·l·t·Hb, ɝɞɟ  

Dɤ– ɨɩɬɢɱɟɫɤɚɹ ɩɥɨɬɧɨɫɬɶ ɤɨɧɬɪɨɥɹ; 

Dɨ – ɨɩɬɢɱɟɫɤɚɹ ɩɥɨɬɧɨɫɬɶ ɨɩɵɬɧɨɣ ɩɪɨɛɵ; 

V – ɨɛɴёɦ ɜɫɟɝɨ ɨɛɪɚɡɰɚ (3,01 ɦɥ); 

f – ɮɚɤɬɨɪ ɪɚɡɜɟɞɟɧɢɹ ɷɪɢɬɪɨɰɢɬɨɜ (50); 

t – ɜɪɟɦɹ ɪɟɝɢɫɬɪɚɰɢɢ ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ, ɪɚɜɧɨɟ 10 ɦɢɧɭɬ; 

l – ɬɨɥɳɢɧɚ ɤɸɜɟɬɵ (ɫɦ); 

ε – ɤɨɷɮɮɢɰɢɟɧɬ ɦɢɥɥɢɦɨɥɹɪɧɨɣ ɷɤɫɬɢɧɤɰɢɢ ɞɥɹ ɇ2Ɉ2 ɩɪɢ ɞɥɢɧɟ 

ɜɨɥɧɵ 400 ɧɦ, ɪɚɜɧɵɣ 22,2 103ɦɆ*ɫɦ-1; 

Hb – ɤɨɧɰɟɧɬɪɚɰɢɹ ɝɟɦɨɝɥɨɛɢɧɚ, ɝ/ɥ. 

 

2.7 ɋɬɚɬɢɫɬɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɪɟɡɭɥɶɬɚɬɨɜ 
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ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɚ ɫɮɨɪɦɢɪɨɜɚɧɚ ɛɚɡɚ ɞɚɧɧɵɯ, ɧɚ 

ɨɫɧɨɜɟ ɤɨɬɨɪɨɣ ɩɪɨɢɡɜɨɞɢɥɫɹ ɫɬɚɬɢɫɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɫ ɩɨɦɨɳɶɸ ɩɚɤɟɬɚ 

ɩɪɢɤɥɚɞɧɵɯ ɩɪɨɝɪɚɦɦ MicrosoftOfficeExcel 2010. Ɉɛɪɚɛɨɬɤɚ ɞɚɧɧɵɯ 

ɩɪɨɢɡɜɨɞɢɥɚɫɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɨɜ ɨɩɢɫɚɬɟɥɶɧɨɣ ɫɬɚɬɢɫɬɢɤɢ: ɫɪɟɞɧɟɝɨ 

ɡɧɚɱɟɧɢɹ ɢ ɫɪɟɞɧɟɝɨ ɨɬɤɥɨɧɟɧɢɹ. Ⱦɨɫɬɨɜɟɪɧɨɫɬɶ ɪɚɡɥɢɱɢɣ ɦɟɠɞɭ ɞɜɭɦɹ 

ɧɟɡɚɜɢɫɢɦɵɦɢ ɜɵɛɨɪɤɚɦɢ ɨɰɟɧɢɜɚɥɢ ɫ ɩɨɦɨɳɶɸ t-ɤɪɢɬɟɪɢɹ ɋɬɶɸɞɟɧɬɚ. 
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3 Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɢɯ ɨɛɫɭɠɞɟɧɢɹ 
 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɭɱɚɫɬɢɟ ȺɎɄ ɩɨɤɚɡɚɧɨ ɜ ɷɬɢɨɩɚɬɨɝɟɧɟɡɟ ɦɧɨɝɢɯ 

ɡɚɛɨɥɟɜɚɧɢɣ ɢ ɩɚɬɨɥɨɝɢɱɟɫɤɢɯ ɫɨɫɬɨɹɧɢɣ, ɨɫɧɨɜɚɧɧɨɟ ɧɚ ɧɚɪɭɲɟɧɢɢ 

ɜɡɚɢɦɨɫɜɹɡɢ ɦɟɠɞɭ ɩɪɨɢɡɜɨɞɫɬɜɨɦ ɚɤɬɢɜɧɵɯ ɮɨɪɦ ɤɢɫɥɨɪɨɞɚ ɢ ɟɝɨ 

ɢɧɝɢɛɢɪɨɜɚɧɢɟɦ ɚɧɬɢɨɤɫɢɞɚɧɬɚɦɢ, ɨɞɧɚɤɨ ɩɪɢɱɢɧɵ ɦɨɝɭɬ ɛɵɬɶ ɪɚɡɧɵɟ. ȼ 

ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɬɟɪɦɢɧ «ɨɤɢɫɥɢɬɟɥɶɧɵɣ ɫɬɪɟɫɫ» ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ 

ɨɩɢɫɚɧɢɹ ɞɢɫɛɚɥɚɧɫɚ ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɢ ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ ɫɢɫɬɟɦ ɜ ɤɥɟɬɤɚɯ. 

ɍɫɢɥɟɧɢɟ ɞɟɫɬɪɭɤɬɢɜɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɡɜɢɬɢɹ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ 

ɫɬɪɟɫɫɚ ɦɨɠɟɬ ɹɜɥɹɬɶɫɹ ɩɚɬɨɝɟɧɟɬɢɱɟɫɤɢɦ ɮɚɤɬɨɪɨɦ ɡɚɛɨɥɟɜɚɧɢɹ, ɧɨ ɧɟ 

ɨɛɹɡɚɬɟɥɶɧɨ ɥɟɠɢɬ ɜ ɨɫɧɨɜɟ ɟɝɨ ɪɚɡɜɢɬɢɹ [16].  

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ  ɧɚɪɭɲɟɧɢɣ ɜ ɫɢɫɬɟɦɟ «ɩɪɨɨɤɫɢɞɚɧɬɵ – 

ɚɧɬɢɨɤɫɢɞɚɧɬɵ» ɩɪɢ ɤɨɥɨɪɟɤɬɚɥɶɧɨɦ ɪɚɤɟ ɧɚɦɢ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɨ 

ɫɨɞɟɪɠɚɧɢɟ ɨɞɧɨɝɨ ɢɡ ɩɪɨɨɤɫɢɞɚɧɬɨɜ – ɦɚɥɨɧɨɜɨɝɨ ɞɢɚɥɶɞɟɝɢɞɚ, ɩɪɨɞɭɤɬɚ 

ɩɟɪɟɤɢɫɧɨɝɨ ɨɤɢɫɥɟɧɢɹ ɥɢɩɢɞɨɜ. ɋɨɫɬɨɹɧɢɟ ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ ɡɚɳɢɬɧɨɣ 

ɫɢɫɬɟɦɵ ɨɰɟɧɢɜɚɥɨɫɶ ɩɨ  ɚɤɬɢɜɧɨɫɬɢ ɞɜɭɯ ɮɟɪɦɟɧɬɨɜ, ɪɚɛɨɬɚɸɳɢɯ ɤɚɤ 

ɫɢɧɟɪɝɢɫɬɵ, ɫɭɩɟɪɨɤɫɢɞɞɢɫɦɭɬɚɡɟ ɢ ɤɚɬɚɥɚɡɟ. 

ȼ ɢɫɫɥɟɞɨɜɚɧɢɢ ɩɪɢɧɹɥɢ ɭɱɚɫɬɢɟ ɛɨɥɶɧɵɟ ɤɨɥɨɪɟɤɬɚɥɶɧɦ ɪɚɤɨɦ, 

ɞɢɚɝɧɨɡ ɤɨɬɨɪɵɯ ɭɫɬɚɧɚɜɥɢɜɚɥɫɹ ɜɪɚɱɚɦɢ Ʉɪɚɫɧɨɹɪɫɤɨɝɨ ɤɪɚɟɜɨɝɨ 

ɤɥɢɧɢɱɟɫɤɨɝɨ ɨɧɤɨɥɨɝɢɱɟɫɤɨɝɨ ɞɢɫɩɚɧɫɟɪɚ ɢɦ. Ⱥ. ɂ. Ʉɪɵɠɚɧɨɜɫɤɨɝɨ. ȼɫɟɝɨ ɜ 

ɪɚɛɨɬɟ ɛɵɥɨ ɨɛɫɥɟɞɨɜɚɧɨ 25 ɱɟɥɨɜɟɤ ɛɨɥɶɧɵɯ ɛɟɡ ɞɟɥɟɧɢɹ ɩɨ ɫɬɟɩɟɧɢ 

ɜɵɪɚɠɟɧɧɨɫɬɢ ɩɚɬɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ.  

ȼ ɷɪɢɬɪɨɰɢɬɚɯ ɛɨɥɶɧɵɯ ɤɨɥɨɪɟɤɬɚɥɶɧɵɦ ɪɚɤɨɦ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ 

ɩɨɤɚɡɚɬɟɥɢ ɩɪɨɨɤɫɢɞɚɧɬɧɨɣ ɢ ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ ɫɢɫɬɟɦ ɞɨ ɥɟɱɟɧɢɹ, ɩɪɢ 

ɩɨɫɬɭɩɥɟɧɢɢ ɩɚɰɢɟɧɬɚ ɜ ɨɧɤɨɞɢɫɩɚɧɫɟɪ, ɡɚɬɟɦ ɭ ɷɬɢɯ ɠɟ ɩɚɰɢɟɧɬɨɜ  ɩɨɫɥɟ 

ɩɪɨɜɟɞɟɧɢɹ ɯɢɪɭɪɝɢɱɟɫɤɨɝɨ ɭɞɚɥɟɧɢɹ ɨɩɭɯɨɥɢ, ɱɟɪɟɡ 6-7 ɞɧɟɣ. 

ȼ ɬɚɛɥ. 5 ɢ 6 ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɨɞɟɪɠɚɧɢɹ 

ɦɚɥɨɧɨɜɨɝɨ ɞɢɚɥɶɞɟɝɢɞɚ, ɚ ɬɚɤɠɟ ɚɤɬɢɜɧɨɫɬɢ ɋɈȾ ɢ ɤɚɬɚɥɚɡɵ ɜ ɷɪɢɬɪɨɰɢɬɚɯ 

ɛɨɥɶɧɵɯ ɤɨɥɨɪɟɤɬɚɥɶɧɵɦ ɪɚɤɨɦ ɞɨ ɥɟɱɟɧɢɹ, ɩɨɫɥɟ ɭɞɚɥɟɧɢɹ ɨɩɭɯɨɥɢ ɢ 

ɤɨɧɬɪɨɥɶɧɨɣ ɝɪɭɩɩɟ, ɫɨɫɬɨɹɳɟɣ ɢɡ 25 ɭɫɥɨɜɧɨ ɡɞɨɪɨɜɵɯ ɥɸɞɟɣ. 
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Ɍɚɛɥɢɰɚ 5 – ɋɨɞɟɪɠɚɧɢɟ ɦɚɥɨɧɨɜɨɝɨ ɞɢɚɥɶɞɟɝɢɞɚ ɢ ɚɤɬɢɜɧɨɫɬɶ 

ɫɭɩɟɪɨɤɫɢɞɞɢɫɦɭɬɚɡɵ ɢ ɤɚɬɚɥɚɡɵ ɭ ɛɨɥɶɧɵɯ ɤɨɥɨɪɟɤɬɚɥɶɧɵɦ ɪɚɤɨɦ ɞɨ 

ɨɩɟɪɚɰɢɢ 

 

ɂɫɫɥɟɞɭɟɦɵɟ ɩɨɤɚɡɚɬɟɥɢ Ʉɨɧɬɪɨɥɶ, n =25 Ⱦɨ ɨɩɟɪɚɰɢɢ 
ɆȾȺ, ɦɤɦɨɥɶ/ɝ Hb, 
n=24 

4,20 ±  0,30 17,51± 9,25* 

ɋɈȾ,ɭɫɥ.ɟɞ/ɦɢɧ*ɝ Hb, 
n=17 

1541 ± 69 1967 ±  241 

Ʉɚɬɚɥɚɡɚ,ɦɤɦɨɥɶ/ɦɢɧ*ɝHb, 
n=25 

293 ± 17 236 ± 61  

 

ɉɪɢɦɟɱɚɧɢɟ: ɞɨɫɬɨɜɟɪɧɨ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɤɨɧɬɪɨɥɸ -  * ɪ < 0,05 

 

ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɬɨɦ, ɱɬɨ ɤɚɤ ɞɨ, ɬɚɤ ɢ ɩɨɫɥɟ 

ɨɩɟɪɚɰɢɢ ɜ ɷɪɢɬɪɨɰɢɬɚɯ ɩɚɰɢɟɧɬɨɜ ɫ ɄɊɊ ɫɭɳɟɫɬɜɟɧɧɨ ɩɨɜɵɲɟɧ ɭɪɨɜɟɧɶ 

ɆȾȺ. (ɧɚ 317% ɞɨ ɥɟɱɟɧɢɹ ɢ ɧɚ 368% ɩɨɫɥɟ ɥɟɱɟɧɢɹ) ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɤɨɧɬɪɨɥɟɦ. Ɋɟɡɭɥɶɬɚɬɵ ɹɜɥɹɸɬɫɹ ɞɨɫɬɨɜɟɪɧɵɦɢ ( ɪ < 0,05). 

ɆȾȺ ɹɜɥɹɟɬɫɹ ɜɵɫɨɤɨɪɟɚɤɰɢɨɧɧɵɦ ɫɨɟɞɢɧɟɧɢɟɦ, ɫɩɨɫɨɛɧɵɦ ɢɡɦɟɧɹɬɶ 

ɫɬɪɭɤɬɭɪɭ ɛɢɨɦɚɤɪɨɦɨɥɟɤɭɥ, ɬɚɤɢɯ ɤɚɤ ɥɢɩɢɞɵ, ɛɟɥɤɢ, ɭɝɥɟɜɨɞɵ ɢ 

ɧɭɤɥɟɢɧɨɜɵɟ ɤɢɫɥɨɬɵ, ɬɟɦ ɫɚɦɵɦ ɧɚɪɭɲɚɹ ɢɯ ɛɢɨɥɨɝɢɱɟɫɤɢɟ ɮɭɧɤɰɢɢ [15].  

ɋɬɚɰɢɨɧɚɪɧɵɣ ɭɪɨɜɟɧɶ ɦɚɥɨɧɨɜɨɝɨ ɞɢɚɥɶɞɟɝɢɞɚ ɢ ɞɪɭɝɢɯ ɩɪɨɞɭɤɬɨɜ 

ɥɢɩɨɩɟɪɨɤɫɢɞɚɰɢɢ ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɡɚ ɫɱɟɬ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ 

ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ ɡɚɳɢɬɧɨɣ ɫɢɫɬɟɦɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɮɟɪɦɟɧɬɚɦɢ ɢ 

ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɦɢ ɚɧɬɢɨɤɫɢɞɚɧɬɚɦɢ.  

Ⱦɜɚ ɜɚɠɧɟɣɲɢɯ ɮɟɪɦɟɧɬɚ ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ ɫɢɫɬɟɦɵ ɷɪɢɬɪɨɰɢɬɨɜ – 

ɋɈȾ ɢ ɤɚɬɚɥɚɡɚ, ɭɫɬɪɚɧɹɸɬ ɩɟɪɜɵɟ, ɨɛɪɚɡɭɸɳɢɟɫɹ ɩɪɢ ɨɞɧɨ- ɢ 

ɞɜɭɯɷɥɟɤɬɪɨɧɧɨɦ ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ Ɉ2 ɟɝɨ ɚɤɬɢɜɧɵɟ ɮɨɪɦɵ, ɫɭɩɟɪɨɤɫɢɞɧɵɣ 

ɚɧɢɨɧ-ɪɚɞɢɤɚɥ ɢ ɩɟɪɨɤɫɢɞ ɜɨɞɨɪɨɞɚ. Ɍɚɧɞɟɦ ɷɬɢɯ ɮɟɪɦɟɧɬɨɜ ɩɪɟɞɨɯɪɚɧɹɟɬ ɨɬ 

ɩɨɜɪɟɠɞɚɸɳɟɝɨ ɞɟɣɫɬɜɢɹ ȺɎɄ ɨɫɧɨɜɧɨɣ ɛɟɥɨɤ ɷɪɢɬɪɨɰɢɬɨɜ, ɝɟɦɨɝɥɨɛɢɧ, ɚ 
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ɬɚɤɠɟ ɮɟɪɦɟɧɬɵ ɝɥɢɤɨɥɢɡɚ, ɩɟɧɬɨɡɨɮɨɫɮɚɬɧɨɝɨ ɩɭɬɢ ɨɤɢɫɥɟɧɢɹ ɝɥɸɤɨɡɵ, 

ɦɟɦɛɪɚɧɨɫɜɹɡɚɧɧɵɟ ɮɟɪɦɟɧɬɵ. 

 Ɍɚɛɥɢɰɚ 6 – ɋɨɞɟɪɠɚɧɢɟ ɦɚɥɨɧɨɜɨɝɨ ɞɢɚɥɶɞɟɝɢɞɚ ɢ ɚɤɬɢɜɧɨɫɬɶ 

ɫɭɩɟɪɨɤɫɢɞɞɢɫɦɭɬɚɡɵ ɢ ɤɚɬɚɥɚɡɵ ɭ ɛɨɥɶɧɵɯ ɤɨɥɨɪɟɤɬɚɥɶɧɵɦ ɪɚɤɨɦ ɩɨɫɥɟ 

ɨɩɟɪɚɰɢɢ 

 

ɂɫɫɥɟɞɭɟɦɵɟ ɩɨɤɚɡɚɬɟɥɢ Ʉɨɧɬɪɨɥɶ, n =25 ɉɨɫɥɟ ɨɩɟɪɚɰɢɢ 
ɆȾȺ, ɦɤɦɨɥɶ/ɝ Hb, 
n=24 

4,20 ±  0,30 
19, 97 ± 6,82* 

ɋɈȾ, ɭɫɥ.ɟɞ/ɦɢɧ*ɝ Hb,  
n=17 

1541 ± 69 
1765  ±  183 

Ʉɚɬɚɥɚɡɚ, ɦɤɦɨɥɶ/ɦɢɧ*ɝHb,  
n=25 

293 ± 17 
246 ± 49 
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ɍ ɛɨɥɶɧɵɯ ɤɨɥɨɪɟɤɬɚɥɶɧɵɦ ɪɚɤɨɦ ɚɤɬɢɜɧɨɫɬɶ ɫɭɩɟɪɨɤɫɢɞɞɢɫɦɭɬɚɡɵ 

ɢɦɟɟɬ ɬɟɧɞɟɧɰɢɸ ɤ ɩɨɜɵɲɟɧɢɸ ɞɨ ɢ ɩɨɫɥɟ ɨɩɟɪɚɰɢɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɜ ɤɨɧɬɪɨɥɶɧɨɣ ɝɪɭɩɩɟ. Ɍɚɤ, ɚɤɬɢɜɧɨɫɬɶ 

ɋɈȾ ɩɨɜɵɲɟɧɚ ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɢ ɧɟɞɨɫɬɨɜɟɪɧɨ ɧɚ 28% ɞɨ ɥɟɱɟɧɢɹ ɢ ɧɚ 15% 

ɩɨɫɥɟ ɨɩɟɪɚɰɢɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ ɡɞɨɪɨɜɵɦɢ ɥɸɞɶɦɢ. 

ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɋɈȾ ɩɪɨɹɜɥɹɟɬ ɬɨɥɶɤɨ ɬɟɧɞɟɧɰɢɸ ɤ ɩɨɜɵɲɟɧɢɸ 

ɚɤɬɢɜɧɨɫɬɢ ɜ ɷɪɢɬɪɨɰɢɬɚɯ  ɛɨɥɶɧɵɯ ɤɨɥɨɪɟɤɬɚɥɶɧɵɦ ɪɚɤɨɦ, ɩɨɩɪɨɛɭɟɦ 

ɪɚɡɨɛɪɚɬɶɫɹ ɜ ɷɬɢɯ ɪɟɡɭɥɶɬɚɬɚɯ. Ɉɬɫɭɬɫɬɜɢɟ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɞɨ ɢ ɩɨɫɥɟ 

ɨɩɟɪɚɰɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɨɧɬɪɨɥɹ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ 

ɨɛɴɹɫɧɹɟɬɫɹ  ɧɟ ɬɨɥɶɤɨ ɧɟɛɨɥɶɲɨɣ ɜɵɛɨɪɤɨɣ (17 ɩɚɰɢɟɧɬɨɜ ɫ ɄɊɊ), ɧɨ ɢ ɬɟɦ, 

ɱɬɨ ɜ ɞɜɭɯ ɝɪɭɩɩɚɯ ɨɛɫɥɟɞɨɜɚɧɧɵɯ ɟɫɬɶ ɛɨɥɶɧɵɟ ɫ ɪɚɡɥɢɱɧɨɣ ɫɬɟɩɟɧɶɸ 

ɜɵɪɚɠɟɧɧɨɫɬɢ ɩɚɬɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ, ɤɨɬɨɪɵɟ ɫɭɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱɚɸɬɫɹ 

ɩɨ ɚɤɬɢɜɧɨɫɬɢ ɫɭɩɟɪɨɤɫɢɞɪɟɞɭɤɬɚɡɵ.  

ȼɦɟɫɬɟ ɫ ɬɟɦ ɚɧɚɥɢɡɢɪɭɹ ɩɚɪɚɥɥɟɥɶɧɨ ɭɪɨɜɟɧɶ ɦɚɥɨɧɨɜɨɝɨ ɞɢɚɥɶɞɟɝɢɞɚ 

ɢ ɚɤɬɢɜɧɨɫɬɶ ɋɈȾ  ɭ ɛɨɥɶɧɵɯ ɤɨɥɨɪɟɤɬɚɥɶɧɵɦ ɪɚɤɨɦ ɞɨ ɢ ɩɨɫɥɟ ɨɩɟɪɚɰɢɢ, 

ɩɪɨɫɥɟɠɢɜɚɟɬɫɹ ɨɞɢɧɚɤɨɜɚɹ ɬɟɧɞɟɧɰɢɹ – ɧɚ ɮɨɧɟ ɩɨɜɵɲɟɧɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ 
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ɆȾȺ, ɤɨɫɜɟɧɧɨɝɨ ɩɨɤɚɡɚɬɟɥɹ ɭɜɟɥɢɱɟɧɢɹ ɩɪɨɞɭɤɰɢɢ ȺɎɄ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ 

ɫɭɩɟɪɨɤɫɢɞɧɨɝɨ ɚɧɢɨɧ-ɪɚɞɢɤɚɥɚ,  ɨɬɦɟɱɚɟɬɫɹ ɪɨɫɬ ɚɤɬɢɜɧɨɫɬɢ ɮɟɪɦɟɧɬɚ, ɞɥɹ 

ɤɨɬɨɪɨɝɨ O2
•-  ɫɥɭɠɢɬ ɫɭɛɫɬɪɚɬɨɦ. 

ɇɚɩɪɨɬɢɜ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɋɈȾ, ɚɤɬɢɜɧɨɫɬɶ ɤɚɬɚɥɚɡɵ ɢɦɟɟɬ ɬɟɧɞɟɧɰɢɸ ɤ 

ɫɧɢɠɟɧɢɸ: ɧɚ 19% ɞɨ ɥɟɱɟɧɢɹ ɢ 16% ɩɨɫɥɟ  ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɩɨɤɚɡɚɬɟɥɟɦ ɭ ɡɞɨɪɨɜɵɯ ɥɸɞɟɣ.  

ɉɨɫɥɟ ɭɞɚɥɟɧɢɹ ɨɩɭɯɨɥɢ ɩɚɰɢɟɧɬɚɦ ɛɵɥɚ ɧɚɡɧɚɱɟɧɚ ɯɢɦɢɨɬɟɪɚɩɢɹ. ȼ 

ɬɚɛɥɢɰɟ 7 ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɫɨɞɟɪɠɚɧɢɹ ɦɚɥɨɧɨɜɨɝɨ ɞɢɚɥɶɞɟɝɢɞɚ ɢ 

ɚɤɬɢɜɧɨɫɬɢ ɚɧɬɢɨɤɫɢɞɚɧɬɧɵɯ ɮɟɪɦɟɧɬɨɜ ɩɨɫɥɟ ɯɢɦɢɨɬɟɪɚɩɢɢ. ɏɢɦɢɨɬɟɪɚɩɢɹ 

ɧɭɠɧɚ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɭɛɢɬɶ ɰɢɪɤɭɥɢɪɭɸɳɢɟ ɜ ɤɪɨɜɟɧɨɫɧɨɦ ɪɭɫɥɟ 

ɡɥɨɤɚɱɟɫɬɜɟɧɧɵɟ ɤɥɟɬɤɢ, ɱɚɫɬɶ ɤɨɬɨɪɵɯ ɩɨɥɨɠɢɬ ɧɚɱɚɥɨ ɦɟɬɚɫɬɚɡɚɦ. ɉɪɢ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɦ ɪɚɤɟ ɢɧɵɯ ɜɚɪɢɚɧɬɨɜ ɫɩɚɫɟɧɢɹ, ɤɪɨɦɟ ɯɢɦɢɨɬɟɪɚɩɢɢ, ɧɟ 

ɫɭɳɟɫɬɜɭɟɬ. 

 

Ɍɚɛɥɢɰɚ 7 -  ɋɨɞɟɪɠɚɧɢɟ ɦɚɥɨɧɨɜɨɝɨ ɞɢɚɥɶɞɟɝɢɞɚ ɢ ɚɤɬɢɜɧɨɫɬɶ 

ɫɭɩɟɪɨɤɫɢɞɞɢɫɦɭɬɚɡɵ ɢ ɤɚɬɚɥɚɡɵ ɭ ɛɨɥɶɧɵɯ ɤɨɥɨɪɟɤɬɚɥɶɧɵɦ ɪɚɤɨɦ ɩɨɫɥɟ 

ɯɢɦɢɨɬɟɪɚɩɢɢ. 

 

ɂɫɫɥɟɞɭɟɦɵɟ ɩɨɤɚɡɚɬɟɥɢ Ʉɨɧɬɪɨɥɶ, n =25 Ɉɩɟɪɚɰɢɹ + 
ɯɢɦɢɨɬɟɪɚɩɢɹ 

ɆȾȺ, ɦɤɦɨɥɶ/ɝ Hb, 
n=24 

4,20 ±  0,30 
29, 41 ± 9,37* 

ɋɈȾ, ɭɫɥ.ɟɞ/ɦɢɧ*ɝ Hb,  
n=17 

1541 ± 69 
3392 ± 320* 

Ʉɚɬɚɥɚɡɚ, ɦɤɦɨɥɶ/ɦɢɧ*ɝHb,  
n=25 

293 ± 17 
250 ± 53 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɵ ɦɨɠɟɦ ɨɬɦɟɬɢɬɶ ɞɨɫɬɨɜɟɪɧɨɟ ɭɜɟɥɢɱɟɧɢɟ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɦɚɥɨɧɨɜɨɝɨ ɞɢɚɥɶɞɟɝɢɞɚ ɜ 6 ɪɚɡ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɭɫɥɨɜɧɨ 
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ɡɞɨɪɨɜɵɦɢ ɥɸɞɶɦɢ. Ʉɪɨɦɟ ɷɬɨɝɨ, ɞɨɫɬɨɜɟɪɧɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɚɤɬɢɜɧɨɫɬɶ 

ɫɭɩɟɪɨɤɫɢɞɞɢɫɦɭɬɚɡɵ ɧɚ 120 % ɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɤɨɧɬɪɨɥɶɧɨɣ ɝɪɭɩɩɨɣ. 

Ⱥɧɚɥɢɡɢɪɭɹ ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢ ɫɨɩɨɫɬɚɜɢɜ ɢɯ ɫ ɞɚɧɧɵɦɢ 

ɩɚɪɚɥɥɟɥɶɧɨ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɨ ɫɨɫɬɨɹɧɢɢ ɝɥɭɬɚɬɢɨɧɨɜɨɝɨ ɡɜɟɧɚ 

ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ ɫɢɫɬɟɦɵ [40],  ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɭ ɩɚɰɢɟɧɬɨɜ 

ɤɚɤ ɞɨ, ɬɚɤ ɢ ɩɨɫɥɟ ɨɩɟɪɚɬɢɜɧɨɝɨ ɜɦɟɲɚɬɟɥɶɫɬɜɚ ɢ ɯɢɦɢɨɬɟɪɚɩɢɢ ɜ 

ɷɪɢɬɪɨɰɢɬɚɯ  ɩɪɟɜɚɥɢɪɭɸɬ ɩɪɨɨɤɫɢɞɚɧɬɧɵɟ ɩɪɨɰɟɫɫɵ ɧɚɞ 

ɚɧɬɢɨɤɫɢɞɚɧɬɧɵɦɢ.  
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Зɚɤɥɸɱɟɧɢɟ 

1. ɍ ɛɨɥɶɧɵɯ ɤɨɥɨɪɟɤɬɚɥɶɧɵɦ ɪɚɤɨɦ ɜ ɷɪɢɬɪɨɰɢɬɚɯ ɫɭɳɟɫɬɜɟɧɧɨ ɢ 

ɞɨɫɬɨɜɟɪɧɨ ɩɨɜɵɲɟɧ ɭɪɨɜɟɧɶ ɩɟɪɟɤɢɫɧɨɝɨ ɨɤɢɫɥɟɧɢɹ ɥɢɩɢɞɨɜ, ɤɚɤ ɞɨ 

ɥɟɱɟɧɢɹ, ɬɚɤ ɢ ɩɨɫɥɟ ɨɩɟɪɚɰɢɢ ɢ ɯɢɦɢɨɬɟɪɚɩɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɨɧɬɪɨɥɶɧɨɝɨ 

ɩɨɤɚɡɚɬɟɥɹ. ɇɚɢɛɨɥɟɟ ɡɧɚɱɢɦɨɟ  ɫɨɞɟɪɠɚɧɢɟ ɦɚɥɨɧɨɜɨɝɨ ɞɢɚɥɶɞɟɝɢɞɚ 

ɜɵɹɜɥɟɧɨ ɭ ɩɚɰɢɟɧɬɨɜ ɩɨɫɥɟ ɯɢɦɢɨɬɟɪɚɩɢɢ.  

2. ȼ ɷɪɢɬɪɨɰɢɬɚɯ ɩɚɰɢɟɧɬɨɜ ɩɨɫɥɟ ɨɩɟɪɚɰɢɢ ɢ ɤɭɪɫɚ ɯɢɦɢɨɬɟɪɚɩɢɢ 

ɞɨɫɬɨɜɟɪɧɨ ɭɜɟɥɢɱɢɥɚɫɶ ɚɤɬɢɜɧɨɫɬɶ ɫɭɩɟɪɨɤɫɢɞɞɢɫɦɭɬɚɡɵ ɩɨ  ɫɪɚɜɧɟɧɢɸ ɫ 

ɤɨɧɬɪɨɥɟɦ.  
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