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ȼɜɟɞɟɧɢɟ 

ȼɨ ɜɫɟɯ ɚɷɪɨɛɧɵɯ ɨɪɝɚɧɢɡɦɚɯ ɜ ɩɪɨɰɟɫɫɟ ɢɯ ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ 

ɩɨɫɬɨɹɧɧɨ ɨɛɪɚɡɭɸɬɫɹ ɚɤɬɢɜɧɵɟ ɮɨɪɦɵ ɤɢɫɥɨɪɨɞɚ (ȺɎɄ), ɤɨɬɨɪɵɟ, ɤɚɤ ɫɬɚɥɨ 

ɢɡɜɟɫɬɧɨ ɜ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ, ɹɜɥɹɸɬɫɹ ɦɟɬɚɛɨɥɢɬɚɦɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɦɢ 

ɩɪɨɬɟɤɚɧɢɟ ɦɧɨɝɢɯ ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ. ɇɨ, ɧɟ ɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ 

ɫɜɨɛɨɞɧɨɪɚɞɢɤɚɥɶɧɨɟ ɨɤɢɫɥɟɧɢɟ ɧɟɩɪɟɪɵɜɧɨ ɩɪɨɢɫɯɨɞɢɬ ɜɨ ɜɫɟɯ ɨɪɝɚɧɚɯ ɢ 

ɬɤɚɧɹɯ, ɨɧɨ ɧɟ ɩɪɢɜɨɞɢɬ ɤ ɩɨɜɪɟɠɞɟɧɢɹɦ, ɬɚɤ ɤɚɤ ɞɥɹ ɤɚɠɞɨɣ ɛɢɨɥɨɝɢɱɟɫɤɨɣ 

ɫɬɪɭɤɬɭɪɵ ɯɚɪɚɤɬɟɪɧɨ ɩɨɞɞɟɪɠɚɧɢɟ ɨɤɢɫɥɢɬɟɥɶɧɵɯ ɪɟɚɤɰɢɣ ɧɚ 

ɫɬɚɰɢɨɧɚɪɧɨɦ ɭɪɨɜɧɟ. ɗɬɚ ɫɬɚɰɢɨɧɚɪɧɨɫɬɶ ɞɨɫɬɢɝɚɟɬɫɹ ɡɚ ɫɱɟɬ 

ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ ɫɢɫɬɟɦɵ (ȺɈɋ).  

Ȼɚɥɚɧɫ ɦɟɠɞɭ ɩɪɨɰɟɫɫɚɦɢ ɨɛɪɚɡɨɜɚɧɢɹ ȺɎɄ, ɢ ɪɟɚɤɰɢɹɦɢ 

ɚɧɬɢɨɤɫɢɞɚɧɬɨɜ ɹɜɥɹɟɬɫɹ ɜɚɠɧɨɣ ɝɨɦɟɨɫɬɚɬɢɱɟɫɤɨɣ ɤɨɧɫɬɚɧɬɨɣ. ɇɚɪɭɲɟɧɢɟ 

ɫɛɚɥɚɧɫɢɪɨɜɚɧɧɨɫɬɢ ɜ ɫɢɫɬɟɦɚɯ ɝɟɧɟɪɚɰɢɢ ɫɜɨɛɨɞɧɵɯ ɪɚɞɢɤɚɥɨɜ ȺɈɋ 

ɩɪɢɜɨɞɢɬ ɤ ɪɚɡɜɢɬɢɸ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɫɬɪɟɫɫɚ, ɹɜɥɹɸɳɟɝɨɫɹ ɬɢɩɨɜɨɣ 

ɩɚɬɨɥɨɝɢɱɟɫɤɨɣ ɪɟɚɤɰɢɟɣ ɨɪɝɚɧɢɡɦɚ. ɉɨɜɵɲɟɧɢɟ ɪɚɞɢɤɚɥɨɨɛɪɚɡɨɜɚɧɢɹ, 

ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ, ɡɚ ɫɱɟɬ ɝɢɩɟɪɩɪɨɞɭɤɰɢɢ ȺɎɄ, ɢ ɫɧɢɠɟɧɢɹ 

ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ ɡɚɳɢɬɵ ɨɛɧɚɪɭɠɟɧɨ ɩɪɢ ɪɚɡɜɢɬɢɢ ɦɧɨɝɢɯ ɡɚɛɨɥɟɜɚɧɢɹɯ 

 Ⱥɧɬɢɨɤɫɢɞɚɧɬɵ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɫɩɨɫɨɛɧɨɫɬɶɸ ɜ ɦɚɥɵɯ ɤɨɥɢɱɟɫɬɜɚɯ 

ɪɚɡɧɵɦɢ ɩɭɬɹɦɢ ɧɟɣɬɪɚɥɢɡɨɜɚɬɶ ɫɜɨɛɨɞɧɵɟ ɪɚɞɢɤɚɥɵ. Ⱥɧɬɢɨɤɫɢɞɚɧɬ ɦɨɠɟɬ 

ɛɵɬɶ ɨɩɪɟɞɟɥɟɧ ɤɚɤ ɦɨɥɟɤɭɥɚ, ɤɨɬɨɪɚɹ ɡɚɳɢɳɚɟɬ ɛɢɨɥɨɝɢɱɟɫɤɭɸ ɦɢɲɟɧɶ ɨɬ 

ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɪɚɡɪɭɲɟɧɢɹ. 

ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɧɚɛɥɸɞɚɟɬɫɹ ɜɵɫɨɤɢɣ ɢɧɬɟɪɟɫ ɤ ɫɜɹɡɢ 

ɚɧɬɢɨɤɫɢɞɚɧɬɨɜ (ȺɈ), ɤɨɬɨɪɵɟ ɨɬɪɚɠɚɸɬ ɚɧɬɢɨɤɫɢɞɚɧɬɧɵɣ ɫɬɚɬɭɫ ɨɪɝɚɧɢɡɦɚ 

ɱɟɥɨɜɟɤɚ, ɢ ɪɚɡɥɢɱɧɵɦɢ ɬɢɩɚɦɢ ɩɚɬɨɥɨɝɢɣ. Ʉɚɤ ɩɪɚɜɢɥɨ, ȺɈ ɹɜɥɹɸɬɫɹ 

ɛɢɨɦɚɪɤɟɪɚɦɢ, ɫɜɹɡɚɧɧɵɟ ɫ ɪɚɡɜɢɬɢɟɦ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɫɬɪɟɫɫɚ. ɋɨɞɟɪɠɚɧɢɟ 

ɚɧɬɢɨɤɫɢɞɚɧɬɨɜ ɜ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɚɯ, ɜɤɥɸɱɚɹ ɦɟɬɚɛɨɥɢɬɵ, 

ɩɨɡɜɨɥɹɟɬ ɨɰɟɧɢɜɚɬɶ ɬɟɱɟɧɢɟ ɡɚɛɨɥɟɜɚɧɢɹ, ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 

ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɥɟɱɟɧɢɹ, ɚ ɬɚɤɠɟ ɧɟɫɟɬ ɩɪɨɝɧɨɫɬɢɱɟɫɤɭɸ ɮɭɧɤɰɢɸ. ȼ 

ɤɚɱɟɫɬɜɟ ɦɚɪɤɟɪɨɜ ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɝɨ ɫɬɚɬɭɫɚ ɨɫɧɨɜɧɵɦɢ ȺɈ, ɹɜɥɹɸɬɫɹ 



ɚɫɤɨɪɛɢɧɨɜɚɹ ɤɢɫɥɨɬɚ ɢɥɢ ɫɨɨɬɧɨɲɟɧɢɟ ɢɯ ɨɤɢɫɥɟɧɧɵɯ ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɧɵɯ 

ɮɨɪɦ ɢ ɦɨɱɟɜɚɹ ɤɢɫɥɨɬɚ.  

ɐɟɥɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɡɚɤɥɸɱɚɥɚɫɶ ɜ ɨɰɟɧɤɟ ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɝɨ 

ɩɨɬɟɧɰɢɚɥɚ ɤɪɨɜɢ ɭ ɡɞɨɪɨɜɵɯ ɥɸɞɟɣ ɢ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɩɚɬɨɥɨɝɢɹɯ.  

ȼ ɡɚɞɚɱɢ ɪɚɛɨɬɵ ɜɯɨɞɢɥɨ: 

1) ɢɡɭɱɢɬɶ ɫɨɞɟɪɠɚɧɢɹ ɦɨɱɟɜɨɣ ɤɢɫɥɨɬɵ (ɆɄ), ɚɫɤɨɪɛɢɧɨɜɨɣ ɤɢɫɥɨɬɵ 

(ȺɄ)  ɢ ɟё ɨɤɢɫɥɟɧɧɵɯ ɮɨɪɦ – ɞɟɝɢɞɪɨɚɫɤɨɪɛɢɧɨɜɨɣ (ȾȺɄ)  ɢ 

ɞɢɤɟɬɨɝɭɥɨɧɨɜɨɣ  ɤɢɫɥɨɬ  (ȾɄȽɄ) ɜ ɷɪɢɬɪɨɰɢɬɚɯ ɢ ɩɥɚɡɦɟ ɤɪɨɜɢ ɤɨɧɬɪɨɥɶɧɨɣ 

ɝɪɭɩɩɵ ɥɸɞɟɣ. 

2) ɢɫɫɥɟɞɨɜɚɬɶ ɫɨɞɟɪɠɚɧɢɟ ɧɟɮɟɪɦɟɧɬɚɬɢɜɧɵɯ ɚɧɬɢɨɤɫɢɞɚɧɬɨɜ - ɆɄ, 

ȺɄ, ȾȺɄ ɢ ȾȺɄȽɄ ɜ ɩɥɚɡɦɟ ɢ ɷɪɢɬɪɨɰɢɬɚɯ ɛɨɥɶɧɵɯ ɷɯɢɧɨɤɨɤɤɨɡɨɦ, ɪɚɤɨɦ 

ɠɟɥɭɞɤɚ ɢ ɞɢɮɮɭɡɧɨ ɬɨɤɫɢɱɟɫɤɢɦ ɡɨɛɨɦ. 

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɧɚ ɛɚɡɟ ɤɚɮɟɞɪɵ ɦɟɞɢɰɢɧɫɤɨɣ ɛɢɨɥɨɝɢɢ ɂɧɫɬɢɬɭɬɚ 

ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɛɢɨɥɨɝɢɢ ɢ ɛɢɨɬɟɯɧɨɥɨɝɢɢ ɋɢɛɢɪɫɤɨɝɨ ɮɟɞɟɪɚɥɶɧɨɝɨ 

ɭɧɢɜɟɪɫɢɬɟɬɚ, ɥɚɛɨɪɚɬɨɪɢɢ   ɤɥɢɧɢɱɟɫɤɨɣ ɩɚɬɨɮɢɡɢɨɥɨɝɢɢ ɢ ɚɥɥɟɪɝɨɥɨɝɢɢ, 

ɥɚɛɨɪɚɬɨɪɢɢ ɦɨɥɟɤɭɥɹɪɧɨ-ɤɥɟɬɨɱɧɨɣ ɮɢɡɢɨɥɨɝɢɢ ɢ ɩɚɬɨɥɨɝɢɢ Ʉɪɚɫɧɨɹɪɫɤɨɝɨ 

ɧɚɭɱɧɨɝɨ ɰɟɧɬɪɚ ɋɈ ɊȺɇ «ɇɂɂ ɦɟɞɢɰɢɧɫɤɢɯ ɩɪɨɛɥɟɦ ɋɟɜɟɪɚ»  ɢ ɹɜɥɹɟɬɫɹ 

ɱɚɫɬɶɸ ɤɨɦɩɥɟɤɫɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɨɫɬɨɹɧɢɹ ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ ɫɢɫɬɟɦɵ ɩɪɢ 

ɪɚɡɥɢɱɧɵɯ ɩɚɬɨɥɨɝɢɹɯ. 

 

 

 

 

 
 

 

 

 

 



1 О˄ˊˑ˓ ˎˋ˕ˈ˓˃˕˖˓˞ 

 

1.1 Ⱥɤɬɢɜɧɵɟ ɮɨɪɦɵ ɤɢɫɥɨɪɨɞɚ  ɢ ɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ 

Ⱥɤɬɢɜɧɵɟ ɮɨɪɦɵ ɤɢɫɥɨɪɨɞɚ (ȺɎɄ) — ɷɬɨ, ɫ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɨɣ ɬɨɱɤɢ 

ɡɪɟɧɢɹ, ɩɪɟɠɞɟ ɜɫɟɝɨ ɫɜɨɛɨɞɧɵɟ ɪɚɞɢɤɚɥɵ, ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɧɚ ɜɧɟɲɧɟɣ 

ɷɥɟɤɬɪɨɧɧɨɣ ɨɛɨɥɨɱɤɟ ɧɟ ɫɩɚɪɟɧɧɵɣ ɷɥɟɤɬɪɨɧ. ȺɎɄ ɝɟɧɟɪɢɪɭɸɬɫɹ ɜɨ ɜɫɟɯ 

ɱɚɫɬɹɯ ɤɥɟɬɤɢ. 95–98 % ɜɞɵɯɚɟɦɨɝɨ Ɉ2 ɪɚɫɯɨɞɭɟɬɫɹ ɧɚ ɜɵɪɚɛɨɬɤɭ ɷɧɟɪɝɢɢ ɢ 

ɨɤɢɫɥɢɬɟɥɶɧɵɣ ɦɟɬɚɛɨɥɢɡɦ ɫɭɛɫɬɪɚɬɨɜ, 2–5 % Ɉ2 ɩɟɪɟɯɨɞɢɬ ɜ ɚɤɬɢɜɧɵɟ 

ɮɨɪɦɵ ɤɢɫɥɨɪɨɞɚ. ȼ ɬɤɚɧɹɯ ɨɪɝɚɧɢɡɦɚ ɤɢɫɥɨɪɨɞ  ɨɛɵɱɧɨ ɧɟ ɜɫɬɭɩɚɟɬ ɜ 

ɧɟɮɟɪɦɟɧɬɚɬɢɜɧɵɟ ɪɟɚɤɰɢɢ, ɚ ɧɚɯɨɞɢɬɫɹ ɜ ɜɢɞɟ ȺɎɄ. 

ȼɚɠɧɟɣɲɢɦɢ ȺɎɄ ɫɱɢɬɚɸɬɫɹ: ɫɭɩɟɪɨɤɫɢɞɧɵɣ ɪɚɞɢɤɚɥ O2
•- ,  ɫɢɧɝ- 

ɥɟɬɧɵɣ ɤɢɫɥɨɪɨɞ 1Ɉ2, ɝɢɞɪɨɤɫɢɥɶɧɵɣ •Ɉɇ ɢ ɩɟɪɨɤɫɢɞɧɵɣ HO•
2 ɪɚɞɢɤɚɥɵ, 

ɩɟɪɟɤɢɫɶ ɜɨɞɨɪɨɞɚ ɇ2Ɉ2, ɩɟɪɨɤɫɢɞɧɵɣ ɢɨɧ HO2
− , ɝɢɩɨɯɥɨɪɢɬ ɇɈɋl. ɉɪɢ 

ɫɧɢɠɟɧɢɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɚɧɬɢɨɤɫɢɞɚɧɬɧɵɯ ɫɢɫɬɟɦ ɨɪɝɚɧɢɡɦɚ ȺɎɄ ɦɨɝɭɬ 

ɨɤɚɡɵɜɚɬɶ ɩɨɜɪɟɠɞɚɸɳɟɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɤɥɟɬɤɢ ɢ ɜɵɡɵɜɚɬɶ ɪɚɡɥɢɱɧɵɟ 

ɡɚɛɨɥɟɜɚɧɢɹ. 

ȺɎɄ ɝɟɧɟɪɢɪɭɸɬɫɹ ɜ ɯɨɞɟ ɪɚɡɥɢɱɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜ ɨɪɝɚɧɢɡɦɟ. 

ɋɢɧɝɥɟɬɧɵɣ ɤɢɫɥɨɪɨɞ (1Ɉ2) ɨɛɪɚɡɭɟɬɫɹ ɢ ɜ ɪɟɚɤɰɢɹɯ ɮɨɬɨɨɤɢɫɥɟɧɢɹ ɜ 

ɩɪɢɫɭɬɫɬɜɢɢ ɮɨɬɨɫɟɧɫɢɛɢɥɢɡɚɬɨɪɨɜ: ɮɥɚɜɢɧɵ, ɝɟɦɚɬɨɩɨɪɮɢɪɢɧ ɢ ɞɪ., ɚ 

ɬɚɤɠɟ ɩɪɢ ɞɢɫɦɭɬɚɰɢɢ ɫɭɩɟɪɨɤɫɢɞɧɵɯ ɪɚɞɢɤɚɥɨɜ. 1Ɉ2 ɚɝɪɟɫɫɢɜɟɧ ɜ 

ɨɬɧɨɲɟɧɢɢ ɛɢɨɫɭɛɫɬɪɚɬɨɜ, ɜ ɨɫɨɛɟɧɧɨɫɬɢ ɦɨɥɟɤɭɥ ɫ ɞɜɨɣɧɨɣ ɫɜɹɡɶɸ; 

ɤɨɧɟɱɧɵɦ ɢɬɨɝɨɦ ɬɚɤɢɯ ɪɟɚɤɰɢɣ ɨɛɵɱɧɨ ɹɜɥɹɟɬɫɹ ɨɛɪɚɡɨɜɚɧɢɟ 

ɝɢɞɪɨɩɟɪɟɤɢɫɟɣ ɨɪɝɚɧɢɱɟɫɤɢɯ ɦɨɥɟɤɭɥ ɜ ɩɪɨɰɟɫɫɚɯ ɩɟɪɟɤɢɫɧɨɝɨ ɨɤɢɫɥɟɧɢɹ 

ɧɟɧɚɫɵɳɟɧɧɵɯ ɥɢɩɢɞɨɜ ɜ ɛɢɨɦɟɦɛɪɚɧɚɯ. 

ȼ ɩɪɨɰɟɫɫɟ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɷɥɟɤɬɪɨɧɚ ɤ ɦɨɥɟɤɭɥɟ Ɉ2 ɨɛɪɚɡɭɸɬɫɹ ɫɭ- 

ɩɟɪɨɤɫɢɞɧɵɣ ɚɧɢɨɧ-ɪɚɞɢɤɚɥ  O2
•– ɢ ɝɢɞɪɨɩɟɪɟɤɢɫɧɵɣ ɪɚɞɢɤɚɥ HO2

• ; ɨɛɚ ɨɧɢ 

ɩɨɪɨɠɞɚɸɬ ɪɹɞ ɞɪɭɝɢɯ ȺɎɄ. Ɉɫɧɨɜɧɨɟ ɤɨɥɢɱɟɫɬɜɨ O2
•– ɨɛɪɚɡɭɟɬɫɹ ɜ 

ɦɢɬɨɯɨɧɞɪɢɹɯ, ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭɸɬ 85–99 % ɩɨɬɪɟɛɥɹɟɦɨɝɨ Ɉ2.   Ƚɟɧɟɪɚɰɢɹ 

O2
•- ɩɪɨɢɫɯɨɞɢɬ ɜ ɞɵɯɚɬɟɥɶɧɨɣ ɰɟɩɢ ɢ ɦɢɤɪɨɫɨɦɚɯ ɩɪɢ ɫɥɭɱɚɣɧɵɯ ɫɛɨɹɯ ɜ 

ɰɟɩɢ ɩɟɪɟɧɨɫɚ ɷɥɟɤɬɪɨɧɨɜ, ɨɫɨɛɟɧɧɨ ɩɪɢ ɧɟɞɨɫɬɚɬɤɟ Ɉ2. ɗɬɢ ɪɚɞɢɤɚɥɵ 



ɢɝɪɚɸɬ ɬɚɤɠɟ ɜɚɠɧɭɸ ɪɨɥɶ ɜ ɡɚɳɢɬɧɵɯ ɧɟɫɩɟɰɢɮɢɱɟɫɤɢɯ ɢɦɦɭɧɧɵɯ 

ɦɟɯɚɧɢɡɦɚɯ ɨɪɝɚɧɢɡɦɚ ɩɪɢ ɢɧɮɟɤɰɢɨɧɧɵɯ ɢ ɞɪɭɝɢɯ ɜɨɫɩɚɥɢɬɟɥɶɧɵɯ 

ɩɪɨɰɟɫɫɚɯ. Ɉɫɧɨɜɧɵɦɢ ɢɫɬɨɱɧɢɤɚɦɢ O2
•- ɹɜɥɹɸɬɫɹ ɮɟɪɦɟɧɬɧɵɟ ɫɢɫɬɟɦɵ: 

NADɊH-ɨɤɫɢɞɚɡɚ ɮɚɝɨɰɢɬɢɪɭɸɳɢɯ ɤɥɟɬɨɤ, ɤɫɚɧɬɢɧɨɤɫɢɞɚɡɚ, 

ɦɢɬɨɯɨɧɞɪɢɚɥɶɧɚɹ ɰɢɬɨɯɪɨɦ ɫ-ɨɤɫɢɞɚɡɚ ɢ ɦɢɤɪɨɫɨɦɚɥɶɧɵɟ ɦɨɧɨ- 

ɨɤɫɢɝɟɧɚɡɵ. 

Ƚɢɞɪɨɩɟɪɟɤɢɫɧɵɣ ɪɚɞɢɤɚɥ HO2
•- ɪɟɚɝɢɪɭɟɬ ɫ ɥɢɧɨɥɟɜɨɣ, ɥɢɧɨɥɟɧɨɜɨɣ, 

ɚɪɚɯɢɞɨɧɨɜɨɣ ɤɢɫɥɨɬɚɦɢ, ɨɤɢɫɥɹɹ ɢɯ ɞɨ ɝɢɞɪɨɩɟɪɟɤɢɫɟɣ. Ɉɛɪɚɡɨɜɚɧɢɸ HO2
• 

ɪɚɞɢɤɚɥɚ ɫɩɨɫɨɛɫɬɜɭɟɬ ɡɚɤɢɫɥɟɧɢɟ ɫɪɟɞɵ, ɨɧ ɬɚɤɠɟ ɫɜɨɛɨɞɧɨ ɩɪɨɧɢɤɚɟɬ ɱɟɪɟɡ 

ɛɢɨɦɟɦɛɪɚɧɵ, ɬɚɤ ɤɚɤ ɧɟ ɧɟɫɟɬ ɡɚɪɹɞɚ. Ƚɢɞɪɨɩɟɪɟɤɢɫɢ ɥɢɩɢɞɨɜ ɹɜɥɹɸɬɫɹ 

ɚɤɬɢɜɧɵɦɢ ɫɨɟɞɢɧɟɧɢɹɦɢ ɢ ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ ɛɢɨɥɨɝɢɱɟɫɤɨɣ 

ɚɝɪɟɫɫɢɜɧɨɫɬɶɸ. Ⱦɥɹ ɩɪɨɬɟɤɚɧɢɹ ɰɟɩɧɨɝɨ ɨɤɢɫɥɟɧɢɹ ɥɢɩɢɞɨɜ ɜ 

ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɦɟɦɛɪɚɧɚɯ ɧɟɨɛɯɨɞɢɦɵ ɩɟɪɟɯɨɞɧɵɟ ɦɟɬɚɥɥɵ, ɜ ɱɚɫɬɧɨɫɬɢ, 

ɢɨɧɵ ɠɟɥɟɡɚ. 

Ɍɚɛɥɢɰɚ 1 –  ȺɎɄ – ɫɬɪɭɤɬɭɪɚ, ɢɫɬɨɱɧɢɤɢ ɨɛɪɚɡɨɜɚɧɢɹ, ɛɢɨɥɨɝɢɱɟɫɤɚɹ ɪɨɥɶ 

ɇɚɡɜɚɧɢɟ ɋɬɪɭɤɬɭɪɚ Ɉɛɪɚɡɭɟɬɫɹ Ȼɢɨɥɨɝɢɱɟɫɤɚɹ 
ɪɨɥɶ 

ɉɟɪɜɢɱɧɵɟ ɪɚɞɢɤɚɥɵ 
ɋɭɩɟɪɨɤɫɢɞ OO- ɇȺȾɎɇ-ɨɤɫɢɞɚɡɚ Ⱥɧɬɢɦɢɤɪɨɛɧɚɹ 

ɡɚɳɢɬɚ 
ɇɢɬɪɨɤɫɢɞ NO NO-ɫɢɧɬɚɡɚ Ɏɚɤɬɨɪ 

ɪɚɫɫɥɚɛɥɟɧɢɹ 
ɫɨɫɭɞɨɜ 

ɍɛɢɯɢɧɨɥ Q Ⱦɵɯɚɬɟɥɶɧɚɹ ɰɟɩɶ 
ɦɢɬɨɯɨɧɞɪɢɣ 

ɉɟɪɟɧɨɫɱɢɤ       
ɷɥɟɤɬɪɨɧɨɜ 

Ɇɨɥɟɤɭɥɵ, ɨɛɪɚɡɭɸɳɢɟ ɫɜɨɛɨɞɧɵɟ ɪɚɞɢɤɚɥɵ 
ɉɟɪɟɤɢɫɶ ɜɨɞɨɪɨɞɚ HOOH ɋɭɩɟɪɨɤɫɢɞɞɢɫɦɭɬɚɡɚ, 

ɨɤɫɢɞɚɡɵ 
ɋɭɛɫɬɪɚɬ  

ɦɢɟɥɨɩɟɪɨɤɫɢɞɚɡɵ 
Ƚɢɞɪɨɩɟɪɟɤɢɫɢ 
ɥɢɩɢɞɨɜ 

LOOH ɐɢɤɥɨɨɤɫɢɝɟɧɚɡɚ Ɏɚɤɬɨɪ  
ɪɚɫɫɥɚɛɥɟɧɢɹ 

ɫɨɫɭɞɨɜ 
ȼɬɨɪɢɱɧɵɟ ɪɚɞɢɤɚɥɵ 

ɇɚɡɜɚɧɢɟ ɋɬɪɭɤɬɭɪɚ Ɉɛɪɚɡɭɟɬɫɹ ɜ ɪɟɚɤɰɢɢ 
Ɋɚɞɢɤɚɥ 
ɝɢɞɪɨɤɫɢɥɚ 

•OH Fe2+ + HOOH → Fe3+ + HO– + OH  
Fe2+ + ClO– → Fe3+ + Cl– + OH 

Ʌɢɩɢɞɧɵɟ 
ɪɚɞɢɤɚɥɵ 

LO• 
L• 

LOO• 

Fe2+ + LOOH → Fe3+ + HO– + LO· 

 LO·+ LH → LH + L· 
L·+ O2 → LOO· 

 



Ⱦɢɫɦɭɬɚɰɢɹ – O2 ɚɧɢɨɧ-ɪɚɞɢɤɚɥɨɜ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɭɩɟɪɨɤɫɢɞɞɢɫɦɭ- 

ɬɚɡɵ (ɋɈȾ) ɜ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɬɤɚɧɹɯ ɜɟɞɟɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɩɟɪɟɤɢɫɢ ɜɨɞɨ- 

ɪɨɞɚ ɇ2Ɉ2, ɫɩɨɫɨɛɧɨɣ ɥɟɝɤɨ ɩɪɨɧɢɤɚɬɶ ɱɟɪɟɡ ɦɟɦɛɪɚɧɵ ɤɥɟɬɨɤ. ɇ2Ɉ2 ɨɛ- 

ɧɚɪɭɠɢɜɚɟɬɫɹ ɩɪɢ ɮɚɝɨɰɢɬɨɡɟ, ɩɪɢ ɪɚɛɨɬɟ ɦɢɬɨɯɨɧɞɪɢɣ ɢ ɦɢɤɪɨɫɨɦ. ȼ 

ɩɪɢɫɭɬɫɬɜɢɢ ɢɨɧɨɜ ɩɟɪɟɯɨɞɧɵɯ ɦɟɬɚɥɥɨɜ (Fe2+) ɩɟɪɟɤɢɫɶ ɜɨɞɨɪɨɞɚ ɨɛɪɚɡɭɟɬ 

ɜɵɫɨɤɨ ɚɤɬɢɜɧɵɣ ɝɢɞɪɨɤɫɢɥɶɧɵɣ ɪɚɞɢɤɚɥ (•Ɉɇ), ɨɛɥɚɞɚɸɳɢɣ ɧɚɢɛɨɥɶɲɟɣ 

ɰɢɬɨɬɨɤɫɢɱɧɨɫɬɶɸ ɫɪɟɞɢ ȺɎɄ. ɗɬɨ ɨɩɪɟɞɟɥɹɟɬ ɟɝɨ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ 

ɦɟɫɬɧɨɟ ɞɟɣɫɬɜɢɟ. ɉɪɢ ɷɬɨɦ ɝɥɚɜɧɵɦɢ ɜɢɞɚɦɢ ɩɨɜɪɟɠɞɟɧɢɣ ɛɢɨɦɨɥɟɤɭɥ 

ɹɜɥɹɸɬɫɹ: ɨɬɪɵɜ ɚɬɨɦɚ ɜɨɞɨɪɨɞɚ (ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɩɨɜɪɟɠɞɚɟɬɫɹ 

ɮɨɫɮɚɬɢɞɢɥɯɨɥɢɧ — ɤɨɦɩɨɧɟɧɬ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɦɟɦɛɪɚɧ, ɚ ɬɚɤɠɟ ɫɚɯɚɪɚ ɜ 

ɫɨɫɬɚɜɟ ɧɭɤɥɟɨɡɢɞɨɜ ȾɇɄ); ɩɪɢɫɨɟɞɢɧɟɧɢɟ ɤ ɦɨɥɟɤɭɥɚɦ ɩɨ ɞɜɨɣɧɵɦ ɫɜɹɡɹɦ 

(ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ ɩɭɪɢɧɚɦɢ ɢ ɩɢɪɢɦɢɞɢɧɚɦɢ ȾɇɄ ɢ ɊɇɄ), ɩɟɪɟɧɨɫ 

ɷɥɟɤɬɪɨɧɨɜ ɬɚɤɠɟ ɹɜɥɹɟɬɫɹ ɜɚɠɧɵɦ ɜ ɩɨɜɪɟɠɞɚɸɳɟɦ ɞɟɣɫɬɜɢɢ •Ɉɇ.[10] 

 

1.2 Кɥɟɬɨɱɧɚɹ ɚɧɬɢɨɤɫɢɞɚɧɬɧɚɹ ɫɢɫɬɟɦɚ ɢ ȺɈɋ ɩɥɚɡɦɵ 

ɤɪɨɜɢ            

ɉɪɢ ɞɟɣɫɬɜɢɢ ɪɚɡɧɵɯ ɷɧɞɨɝɟɧɧɵɯ ɢ ɷɤɡɨɝɟɧɧɵɯ ɮɚɤɬɨɪɨɜ, ɤɨɬɨɪɵɟ 

ɹɜɥɹɸɬɫɹ ɩɪɢɱɢɧɨɣ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɫɬɪɟɫɫɚ, ɛɚɥɚɧɫ ɦɟɠɞɭ ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ 

ɫɢɫɬɟɦɨɣ ɢ ɚɤɬɢɜɧɵɦɢ ɮɨɪɦɚɦɢ ɤɢɫɥɨɪɨɞɚ ɜ ɤɥɟɬɤɚɯ ɦɨɠɟɬ ɧɚɪɭɲɚɬɶɫɹ ɥɢɛɨ 

ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɧɢɠɟɧɢɹ ɭɪɨɜɧɹ ɚɧɬɢɨɤɫɢɞɚɧɬɨɜ, ɥɢɛɨ ɜɫɥɟɞɫɬɜɢɟ 

ɝɢɩɟɪɩɪɨɞɭɤɰɢɢ ɚɤɬɢɜɧɵɯ ɮɨɪɦ ɤɢɫɥɨɪɨɞɚ. Ɍɚɤɨɟ ɫɨɫɬɨɹɧɢɟ ɧɚɪɭɲɟɧɧɨɝɨ 

ɨɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɝɨ ɫɬɚɬɭɫɚ ɤɥɟɬɨɤ, ɤɨɝɞɚ ɚɤɬɢɜɧɵɟ ɮɨɪɦɵ 

ɤɢɫɥɨɪɨɞɚ ɧɟ ɦɨɝɭɬ ɛɵɬɶ ɧɟɣɬɪɚɥɢɡɨɜɚɧɵ ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ ɫɢɫɬɟɦɨɣ, 

ɧɚɡɵɜɚɟɬɫɹ ɨɤɢɫɥɢɬɟɥɶɧɵɦ ɫɬɪɟɫɫɨɦ. 

ɉɪɨɞɭɤɰɢɹ ɚɤɬɢɜɧɵɯ ɮɨɪɦ ɤɢɫɥɨɪɨɞɚ ɜ ɤɥɟɬɤɚɯ ɦɨɠɟɬ ɭɜɟɥɢɱɢɜɚɬɶɫɹ ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɞɟɣɫɬɜɢɹ ɧɚ ɧɢɯ ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɯ (ɝɨɪɦɨɧɨɜ, ɰɢɬɨɤɢɧɨɜ, ɞɪ.) ɢ 

ɧɟɮɢɡɢɨɥɨɝɢɱɟɫɤɢɯ ɫɬɢɦɭɥɨɜ (ɢɨɧɢɡɢɪɭɸɳɟɝɨ ɢɡɥɭɱɟɧɢɹ, ɤɫɟɧɨɛɢɨɬɢɤɨɜ ɢ 

ɬ.ɞ.)  [2]. 

 Ʉɥɟɬɨɱɧɚɹ ɚɧɬɢɨɤɫɢɞɚɧɬɧɚɹ ɫɢɫɬɟɦɚ ɜɤɥɸɱɚɟɬ ɲɢɪɨɤɢɣ ɤɥɚɫɫ 

ɫɨɟɞɢɧɟɧɢɣ, ɫɧɢɠɚɸɳɢɯ ɚɤɬɢɜɧɨɫɬɶ ɪɚɞɢɤɚɥɶɧɵɯ ɨɤɢɫɥɢɬɟɥɶɧɵɯ ɩɪɨɰɟɫɫɨɜ.  



ȿё ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɣ ɤɨɦɩɨɧɟɧɬ ɨɛɟɫɩɟɱɢɜɚɟɬ ɪɚɜɧɨɜɟɫɢɟ ɦɟɠɞɭ ɬɪɚɧɫɩɨɪɬɨɦ 

ɤɢɫɥɨɪɨɞɚ ɤ ɤɥɟɬɤɚɦ ɢ ɩɪɨɰɟɫɫɚɦɢ ɩɨ ɟɝɨ ɛɟɡɨɩɚɫɧɨɣ ɭɬɢɥɢɡɚɰɢɢ.   

ȺɈɋ ɦɨɠɧɨ ɭɫɥɨɜɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɫɩɟɰɢɮɢɱɟɫɤɭɸ ɢ ɧɟɫɩɟɰɢɮɢɱɟɫɤɭɸ. 

ɋɩɟɰɢɮɢɱɟɫɤɚɹ ɚɧɬɢɨɤɫɢɞɚɧɬɧɚɹ ɫɢɫɬɟɦɚ ɧɚɩɪɚɜɥɟɧɚ ɧɚ ɪɚɡɪɭɲɟɧɢɟ ȺɎɄ ɢ 

ɩɪɨɞɭɤɬɨɜ ɢɯ ɞɚɥɶɧɟɣɲɢɯ ɩɪɟɜɪɚɳɟɧɢɣ. Ⱦɟɣɫɬɜɢɟ ɧɟɫɩɟɰɢɮɢɱɟɫɤɨɣ ȺɈɋ 

ɫɜɹɡɚɧɨ ɫ ɩɪɟɞɨɬɜɪɚɳɟɧɢɟɦ ɭɫɥɨɜɢɣ ɢ ɜɨɡɦɨɠɧɨɫɬɟɣ ɭɬɟɱɤɢ ɷɥɟɤɬɪɨɧɨɜ ɢ 

ɝɟɧɟɪɚɰɢɢ ȺɎɄ ɜ ɯɨɞɟ ɨɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɪɟɚɤɰɢɣ. 

Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɣ ɡɚɳɢɬɵ ɨɬ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɫɬɪɟɫɫɚ 

ɤɥɟɬɤɢ ɢɦɟɸɬ ɯɨɪɨɲɨ ɪɚɡɜɢɬɭɸ ɚɧɬɢɨɤɫɢɞɚɧɬɧɭɸ ɫɢɫɬɟɦɭ, ɤɨɬɨɪɚɹ 

ɫɨɞɟɪɠɢɬ ɪɚɡɧɵɟ ɧɢɡɤɨ- ɢ ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɟ ɫɨɟɞɢɧɟɧɢɹ, ɫɩɨɫɨɛɧɵɟ 

“ɩɟɪɟɯɜɚɬɵɜɚɬɶ” ɫɜɨɛɨɞɧɵɟ ɪɚɞɢɤɚɥɵ ɢɥɢ ɧɟɣɬɪɚɥɢɡɨɜɚɬɶ ɢɫɬɨɱɧɢɤ ɢɯ 

ɜɨɡɧɢɤɧɨɜɟɧɢɹ. ȼɚɠɧɭɸ ɪɨɥɶ ɜ ɪɟɚɥɢɡɚɰɢɢ ȺɈȺ in vivo ɩɪɢɧɚɞɥɟɠɢɬ 

ɩɟɱɟɧɢ; ɜ ɝɟɩɚɬɨɰɢɬɚɯ ɢ ɤɥɟɬɤɚɯ ɪɵɯɥɨɣ ɫɨɟɞɢɧɢɬɟɥɶɧɨɣ ɬɤɚɧɢ (ɦɚɤɪɨɮɚɝɚɯ 

Ʉɭɩɮɟɪɚ) ɩɪɨɢɫɯɨɞɹɬ ɩɪɨɰɟɫɫɵ ɦɟɬɚɛɨɥɢɡɦɚ, ɩɪɢ ɤɨɬɨɪɵɯ ɨɛɪɚɡɭɸɬɫɹ ɢ 

ɩɨɫɬɭɩɚɸɬ ɜ ɤɪɨɜɶ ɷɧɞɨɝɟɧɧɵɟ ɢɧɚɤɬɢɜɚɬɨɪɵ ȺɎɄ, ɜɤɥɸɱɚɹ ɦɨɱɟɜɭɸ 

ɤɢɫɥɨɬɭ, ɛɢɥɢɪɭɛɢɧ, ɛɢɥɢɜɟɪɞɢɧ ɢ ɚɥɶɛɭɦɢɧ.  

   Ɂɚ ɫɬɚɛɢɥɶɧɨɫɬɶ ɩɪɨɨɤɫɢɞɚɧɬɧɨ-ɚɧɬɢɨɤɫɞɚɧɬɧɨɝɨ ɪɚɜɧɨɜɟɫɢɹ 

ɠɢɞɤɨɫɬɧɵɯ ɫɪɟɞ ɨɪɝɚɧɢɡɦɚ ɨɬɜɟɬɫɬɜɟɧɧɵ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɟ ȺɈ- 

ɫɢɫɬɟɦɵ, ɚɤɬɢɜɧɨɫɬɶ ɤɨɬɨɪɵɯ ɜɩɨɥɧɟ ɩɪɢɟɦɥɟɦɨ ɨɰɟɧɢɜɚɬɶ ɩɨ ȺɈȺ ɩɥɚɡɦɵ 

ɤɪɨɜɢ. 

Ɂɚɳɢɬɚ ɮɟɪɦɟɧɬɨɜ ɢ ɛɟɥɤɨɜ, ɜ ɱɚɫɬɧɨɫɬɢ ɥɢɩɨɩɪɨɬɟɢɧɨɜ, 

ɩɪɢɫɭɬɫɬɜɭɸɳɢɯ ɜ ɩɥɚɡɦɟ ɤɪɨɜɢ, ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜɧɟɤɥɟɬɨɱɧɨɣ ȺɈɋ. ɗɬɚ 

ɚɧɬɢɨɤɫɢɞɚɧɬɧɚɹ ɫɢɫɬɟɦɚ, ɤɚɤ ɢ ɤɥɟɬɨɱɧɚɹ, ɜɤɥɸɱɚɟɬ ɚɧɬɢɨɤɫɢɞɚɧɬɧɵɟ 

ɮɟɪɦɟɧɬɵ ɢ ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɟ ɛɢɨɚɧɬɢɨɤɫɢɞɚɧɬɵ. ȼɧɟɤɥɟɬɨɱɧɚɹ ȺɈɋ 

ɩɪɢɫɭɬɫɬɜɭɟɬ ɧɟ ɬɨɥɶɤɨ ɜ ɩɥɚɡɦɟ ɤɪɨɜɢ, ɧɨ ɢ ɜ ɦɟɠɤɥɟɬɨɱɧɨɣ, 

ɫɩɢɧɧɨɦɨɡɝɨɜɨɣ, ɫɢɧɨɜɢɚɥɶɧɨɣ ɠɢɞɤɨɫɬɹɯ ɢ ɥɢɦɮɟ. 

 Ⱦɟɣɫɬɜɢɟ ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɚɧɬɢɨɤɫɢɞɚɧɬɨɜ ɧɚɩɪɚɜɥɟɧɨ ɧɚ  ɡɚɳɢɬɭ 

ɛɟɥɤɨɜ, ɧɭɤɥɟɢɧɨɜɵɯ ɤɢɫɥɨɬ, ɩɨɥɢɫɚɯɚɪɢɞɨɜ, ɚ ɬɚɤɠɟ ɛɢɨɦɟɦɛɪɚɧ ɨɬ 

ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɪɚɡɪɭɲɟɧɢɹ ɩɪɢ ɫɜɨɛɨɞɧɨɪɚɞɢɤɚɥɶɧɵɯ ɩɪɨɰɟɫɫɚɯ. ȼɚɠɧɨɟ 

ɡɧɚɱɟɧɢɟ ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɟ ȺɈ ɩɪɢɨɛɪɟɬɚɸɬ ɜ ɭɫɥɨɜɢɹɯ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ 

http://belki.com.ua/antioxidanti-svobodnie-radikali.html


ɫɬɪɟɫɫɚ, ɤɨɝɞɚ ɮɟɪɦɟɧɬɚɬɢɜɧɚɹ ȺɈɋ ɨɤɚɡɵɜɚɟɬɫɹ ɦɟɧɟɟ ɷɮɮɟɤɬɢɜɧɨɣ ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫ ɢɯ ɡɚɳɢɬɧɵɦ ɞɟɣɫɬɜɢɟɦ. Ʉ ɧɢɦ  ɨɬɧɨɫɹɬ ɠɢɪɨɪɚɫɬɜɨɪɢɦɵɟ 

(ɬɨɤɨɮɟɪɨɥɵ,  ɤɚɪɨɬɢɧɨɢɞɵ, ɭɛɢɯɢɧɨɧɵ)  ɢ ɜɨɞɨɪɚɫɬɜɨɪɢɦɵɟ (ɚɫɤɨɪɛɢɧɨɜɚɹ 

ɤɢɫɥɨɬɚ, ɝɥɭɬɚɬɢɨɧ, ɬɢɨɪɟɞɨɤɫɢɧ, ɛɢɥɢɪɭɛɢɧ, ɭɪɚɬɵ). Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ȺɈ 

ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ.1. 

 

 

Ɋɢɫɭɧɨɤ 1 -  Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɚɧɬɢɨɤɫɢɞɚɧɬɨɜ [11] 

  

ȼɟɳɟɫɬɜɨ ɦɨɠɟɬ ɫɱɢɬɚɬɶɫɹ ɩɨɥɟɡɧɵɦ ɚɧɬɢɨɤɫɢɞɚɧɬɨɦ, ɟɫɥɢ ɜɵɩɨɥɧɟɧɵ 

ɫɥɟɞɭɸɳɢɟ ɭɫɥɨɜɢɹ: ɜɨɡɦɨɠɧɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɷɬɨɝɨ ɜɟɳɟɫɬɜɚ ɫ 

ɛɢɨɥɨɝɢɱɟɫɤɢ ɡɧɚɱɢɦɵɦɢ ɨɤɫɢɞɚɧɬɚɦɢ  ɢ ɪɚɞɢɤɚɥɚɦɢ, ɩɪɨɞɭɤɬ ɷɬɨɝɨ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɛɟɡɜɪɟɞɧɵɣ, ɞɚɧɧɨɟ ɜɟɳɟɫɬɜɨ ɩɪɢɫɭɬɫɬɜɭɟɬ ɜ ɞɨɫɬɚɬɨɱɧɨ 

ɜɵɫɨɤɢɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɤɨɥɢɱɟɫɬɜɟɧɧɨ ɜɵɫɨɤɭɸ ɫɤɨɪɨɫɬɶ 

ɪɟɚɤɰɢɢ. 

 ɋɨɫɬɚɜ ɛɟɥɤɨɜɵɯ ɚɧɬɢɨɤɫɢɞɚɧɬɨɜ ɜ ɩɥɚɡɦɟ ɤɪɨɜɢ ɪɚɡɧɨɨɛɪɚɡɟɧ. Ɍɚɤ, ɤ 

ȺɈɋ ɩɥɚɡɦɵ ɤɪɨɜɢ ɨɬɧɨɫɹɬɫɹ ɷɤɫɬɪɚɰɟɥɥɸɥɹɪɧɚɹ ɋɈȾ, ɤɚɬɚɥɚɡɚ ɢ ȽɉɈ, 

ɚɥɶɛɭɦɢɧɵ, ɰɟɪɭɥɨɩɥɚɡɦɢɧ, ɬɪɚɧɫɮɟɪɪɢɧ, ɥɚɤɬɨɮɟɪɪɢɧ, ɮɟɪɪɢɬɢɧ, 

ɝɚɩɬɨɝɥɨɛɢɧ ɢ ɝɟɦɨɩɟɤɫɢɧ (ɛɟɥɨɤ, ɫɜɹɡɵɜɚɸɳɢɣ ɝɟɦɨɝɥɨɛɢɧ), ɱɚɫɬɶ ɢɡ ɧɢɯ 
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ɩɪɨɹɜɥɹɸɬ ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ.  Ⱥɧɬɢɨɤɫɢɞɚɧɬɧɚɹ ɚɤɬɢɜɧɨɫɬɶ ɩɥɚɡɦɵ 

ɤɪɨɜɢ ɡɚɜɢɫɢɬ ɫɨɫɬɨɹɧɢɹ ɡɞɨɪɨɜɶɹ, ɫɬɪɟɫɫɚ, ɩɢɬɚɧɢɹ, ɜɨɡɪɚɫɬɚ, ɤɥɢɦɚɬɢɱɟɫɤɢɯ 

ɭɫɥɨɜɢɣ ɩɪɨɠɢɜɚɧɢɹ ɢ ɞɪɭɝɢɯ ɮɚɤɬɨɪɨɜ. Ⱦɨɤɚɡɚɧɨ, ɱɬɨ  ɜ ɭɫɥɨɜɢɹɯ ɨɫɬɪɨɝɨ 

ɫɬɪɟɫɫɚ ɧɚɛɥɸɞɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟ ȺɈ ɜ ɩɥɚɡɦɟ ɤɪɨɜɢ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɩɪɢ 

ɞɥɢɬɟɥɶɧɨɦ ɫɬɪɟɫɫɟ ȺɈȺ ɨɪɝɚɧɢɡɦɚ ɫɧɢɠɚɟɬɫɹ.  

Ʉ ɜɧɟɤɥɟɬɨɱɧɨɣ ɧɟɮɟɪɦɟɧɬɚɬɢɜɧɨɣ ȺɈɋ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɨɬɧɨɫɹɬ 

ɭɪɚɬɵ ɢ ɛɢɥɢɪɭɛɢɧ – ɦɟɬɚɛɨɥɢɬɵ, ɨɛɪɚɡɭɸɳɢɟɫɹ ɩɪɢ ɪɚɫɳɟɩɥɟɧɢɢ 

ɩɭɪɢɧɨɜɵɯ ɧɭɤɥɟɨɬɢɞɨɜ ɢ ɝɟɦɚ, ɚ ɬɚɤɠɟ ɜɢɬɚɦɢɧɵ ɋ, ȿ ɢ Ⱥ, ɩɨɫɬɭɩɚɸɳɢɟ ɜ 

ɨɪɝɚɧɢɡɦ ɫ ɩɢɳɟɣ. 

Ʉɨɦɩɨɧɟɧɬɵ ȺɈɋ ɪɚɛɨɬɚɸɬ ɜ ɤɨɦɩɥɟɤɫɟ: ɮɟɪɦɟɧɬɚɬɢɜɧɚɹ ȺɈɋ 

ɨɫɭɳɟɫɬɜɥɹɟɬ ɨɛɟɡɜɪɟɠɢɜɚɧɢɟ Ɉ2
•- ɢ ɇ2Ɉ2 ɢɧɝɢɛɢɬɨɪɵ ɨɪɝɚɧɢɱɟɫɤɢɯ 

ɪɚɞɢɤɚɥɨɜ ɬɚɤɠɟ ɭɱɚɫɬɜɭɸɬ ɜ ɰɟɩɨɱɤɟ ɜɡɚɢɦɨɩɪɟɜɪɚɳɟɧɢɣ, ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɤɨɬɨɪɵɯ ɨɛɪɚɡɭɟɬɫɹ ɦɟɧɟɟ ɚɤɬɢɜɧɚɹ ɮɨɪɦɚ ɪɚɞɢɤɚɥɚ.  

ROO  (ɬɨɤɨɮɟɪɨɥ)  (ɚɫɤɨɪɛɚɬ)  (ɭɪɚɬ)  

ɋɱɢɬɚɸɬ, ɱɬɨ ɝɥɚɜɧɵɦɢ ɡɚɳɢɬɧɵɦɢ ɫɢɫɬɟɦɚɦɢ ɜ ɩɥɚɡɦɟ ɤɪɨɜɢ 

ɹɜɥɹɸɬɫɹ ɚɧɬɢɨɤɫɢɞɚɧɬɧɵɟ ɛɟɥɤɢ. Ɉɧɢ ɫɜɹɡɵɜɚɸɬ ɢɨɧɵ ɦɟɬɚɥɥɨɜ 

ɩɟɪɟɦɟɧɧɨɣ ɜɚɥɟɧɬɧɨɫɬɢ ɜ ɮɨɪɦɵ, ɤɨɬɨɪɵɟ ɧɟ ɦɨɝɭɬ ɫɬɢɦɭɥɢɪɨɜɚɬɶ 

ɫɜɨɛɨɞɧɨɪɚɞɢɤɚɥɶɧɵɟ ɪɟɚɤɰɢɢ. ɇɚɩɪɢɦɟɪ, ɰɟɪɭɥɨɩɥɚɡɦɢɧ ɢɧɝɢɛɢɪɭɟɬ Fe2+-

ɡɚɜɢɫɢɦɨɟ ɉɈɅ ɢ ɨɛɪɚɡɨɜɚɧɢɟ Ɉɇ ɢɡ ɇ2Ɉ2. ɐɟɪɭɥɨɩɥɚɡɦɢɧ – ɨɫɧɨɜɧɨɣ 

ɚɧɬɢɨɤɫɢɞɚɧɬ ɩɥɚɡɦɵ ɤɪɨɜɢ, ɩɨɫɤɨɥɶɤɭ ɧɟɫɩɟɰɢɮɢɱɟɫɤɢ ɫɜɡɵɜɚɹ Cu2+, ɨɧ 

ɬɨɪɦɨɡɢɬ ɬɚɤɠɟ Cu2+-ɫɬɢɦɭɥɢɪɭɟɦɨɟ ɨɛɪɚɡɨɜɚɧɢɟ ȺɎɄ.   

Ȼɟɥɤɢ ɩɥɚɡɦɵ ɤɪɨɜɢ ɦɨɝɭɬ ɢɧɚɤɬɢɜɢɪɨɜɚɬɶ ɚɤɬɢɜɧɵɟ ɮɨɪɦɵ ɤɢɫɥɨɪɨɞɚ, 

ɚ ɬɚɤɠɟ ɫɜɹɡɵɜɚɬɶ ɢɨɧɵ ɩɟɪɟɦɟɧɧɨɣ ɜɚɥɟɧɬɧɨɫɬɢ, ɢɧɢɰɢɢɪɭɸɳɢɟ 

ɨɛɪɚɡɨɜɚɧɢɟ ɚɤɬɢɜɧɵɯ ɮɨɪɦ ɤɢɫɥɨɪɨɞɚ, ɨɫɭɳɟɫɬɜɥɹɹ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɡɚɳɢɬɭ 

ɧɚ ɭɪɨɜɧɟ ɷɪɢɬɪɨɰɢɬɨɜ, ɩɪɟɞɨɬɜɪɚɳɚɹ ɢɯ ɝɟɦɨɥɢɡ ɜ ɪɟɡɭɥɶɬɚɬɟ ɚɤɬɢɜɚɰɢɢ 

ɩɟɪɟɤɢɫɧɨɝɨ ɨɤɢɫɥɟɧɢɹ ɥɢɩɢɞɨɜ. 

 

 

 

 



 

1.2.1 Хɚɪɚɤɬɟɪɢɫɬɢɤɚ ɛɢɨɚɧɬɢɨɤɫɢɞɚɧɬɨɜ ɩɥɚɡɦɵ ɤɪɨɜɢ 

Ⱥɫɤɨɪɛɢɧɨɜɚɹ ɢ ɦɨɱɟɜɚɹ ɤɢɫɥɨɬɵ – ɷɬɨ ɞɜɚ ɜɚɠɧɵɯ ɚɧɬɢɨɤɫɢɞɚɧɬɚ, 

ɫɨɞɟɪɠɚɳɢɟɫɹ ɜ ɨɪɝɚɧɢɡɦɟ ɜ ɜɵɫɨɤɢɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ.  

Ɇɨɱɟɜɚɹ ɤɢɫɥɨɬɚ ɹɜɥɹɟɬɫɹ ɤɨɧɟɱɧɵɦ ɩɪɨɞɭɤɬɨɦ ɤɚɬɚɛɨɥɢɡɦɚ ɩɭɪɢɧɨɜ ɢ 

ɨɛɪɚɡɭɟɬɫɹ ɜ ɜɵɫɨɤɢɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɢɡ-ɡɚ ɨɬɫɭɬɫɬɜɢɹ ɮɟɪɦɟɧɬɚ ɭɪɢɤɚɡɵ, 

ɤɨɬɨɪɚɹ ɭ ɩɪɨɱɢɯ ɦɥɟɤɨɩɢɬɚɸɳɢɯ ɨɤɢɫɥɹɟɬ ɦɨɱɟɜɭɸ ɤɢɫɥɨɬɭ ɞɨ ɚɥɥɚɧɬɨɢɧɚ 

(ɛɨɥɟɟ ɪɚɫɬɜɨɪɢɦɨɝɨ ɫɨɟɞɢɧɟɧɢɹ).  

Ɇɨɱɟɜɚɹ ɤɢɫɥɨɬɚ ɦɨɠɟɬ ɞɟɣɫɬɜɨɜɚɬɶ ɤɚɤ ɚɧɬɢɨɤɫɢɞɚɧɬ ɡɚ ɫɱɟɬ 

ɫɜɹɡɵɜɚɧɢɹ ɩɟɪɟɯɨɞɧɵɯ ɦɟɬɚɥɥɨɜ, ɬɚɤɢɯ ɤɚɤ ɠɟɥɟɡɨ ɢ, ɧɟɫɨɦɧɟɧɧɨ, ɹɜɥɹɟɬɫɹ 

ɥɭɱɲɢɦ ɚɧɬɢɨɤɫɢɞɚɧɬɨɦ ɢ ɜ ɦɟɧɶɲɟɣ ɫɬɟɩɟɧɢ ɩɪɨɨɤɫɢɞɚɧɬɨɦ.  

Ȼɢɨɫɢɧɬɟɡ ɦɨɱɟɜɨɣ ɤɢɫɥɨɬɵ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 4. ɉɭɪɢɧɵ 

ɨɛɪɚɡɭɸɬɫɹ ɜ ɩɪɨɰɟɫɫɟ ɦɟɬɚɛɨɥɢɡɦɚ ɩɢɳɟɜɵɯ ɢ ɷɧɞɨɝɟɧɧɵɯ ɧɭɤɥɟɢɧɨɜɵɯ 

ɤɢɫɥɨɬ ɢ, ɜ ɤɨɧɰɟ ɤɨɧɰɨɜ, ɞɟɝɪɚɞɢɪɭɸɬ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɮɟɪɦɟɧɬɚ 

ɤɫɚɧɬɢɧɨɤɫɢɞɚɡɵ ɞɨ ɦɨɱɟɜɨɣ ɤɢɫɥɨɬɵ. 

Ɉɧɚ ɹɜɥɹɟɬɫɹ ɫɥɚɛɨ ɤɢɫɥɨɬɨɣ (pKa1=5.4 ɢ pKa2= 9,8) ɢ ɩɪɢ 

ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɯ ɡɧɚɱɟɧɢɹɯ ɪɇ ɫɭɳɟɫɬɜɭɟɬ ɜ ɤɚɱɟɫɬɜɟ ɚɧɢɨɧɚ – ɞɢɝɢɞɪɨɭɪɚɬɚ 

ɧɚɬɪɢɹ, ɪɚɫɩɪɟɞɟɥɟɧɧɨɝɨ ɜɨ ɜɧɟɤɥɟɬɨɱɧɨɣ ɠɢɞɤɨɫɬɢ. Ɇɨɱɟɜɚɹ ɤɢɫɥɨɬɚ 

ɪɚɫɬɜɨɪɢɦɚ ɜ ɜɨɞɟ. ɍ ɥɸɞɟɣ ɧɟɬ ɮɟɪɦɟɧɬɨɜ, ɫɩɨɫɨɛɧɵɯ ɤ ɞɚɥɶɧɟɣɲɟɦɭ 

ɨɤɢɫɥɟɧɢɸ ɦɨɱɟɜɨɣ ɤɢɫɥɨɬɵ, ɢ ɨɧɚ ɭɞɚɥɹɬɫɹ ɢɡ ɩɥɚɡɦɵ ɡɚ ɫɱɟɬ ɤɥɭɛɨɱɤɨɜɨɣ 

ɮɢɥɶɬɪɚɰɢɢ. 

Ʉɨɧɰɟɧɬɪɚɰɢɹ ɦɨɱɟɜɨɣ ɤɢɫɥɨɬɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɨɱɟɬɚɧɢɟɦ ɫɤɨɪɨɫɬɢ 

ɦɟɬɚɛɨɥɢɡɦɚ ɩɭɪɢɧɨɜ (ɤɚɤ ɷɧɞɨɝɟɧɧɵɯ, ɬɚɤ ɢ ɷɤɡɨɝɟɧɧɵɯ) ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ 

ɩɨɱɟɱɧɨɝɨ ɨɱɢɳɟɧɢɹ. 

ɉɪɢ ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɯ ɡɧɚɱɟɧɢɹɯ ɪɇ ɦɨɱɟɜɚɹ ɤɢɫɥɨɬɚ ɩɪɢɫɭɬɫɬɜɭɟɬ ɜ 

ɮɨɪɦɟ ɦɨɧɨɜɚɥɟɧɬɧɨɝɨ ɭɪɚɬ-ɚɧɢɨɧɚ. ɂɦɟɧɧɨ ɜ ɬɚɤɨɣ ɮɨɪɦɟ ɫɭɳɟɫɬɜɨɜɚɧɢɹ 

ɦɨɱɟɜɨɣ ɤɢɫɥɨɬɵ ɜɚɠɧɨ ɟɟ ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɝɨ ɞɟɣɫɬɜɢɟ.  ȼɤɥɚɞ ɦɨɱɟɜɨɣ 

ɤɢɫɥɨɬɵ ɜ ɚɧɬɢɨɤɫɢɞɚɧɬɧɭɸ ɩɥɚɡɦɚɬɢɱɟɫɤɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɜ  ɨɬɧɨɲɟɧɢɢ 

ɩɟɪɟɤɢɫɟɣ ɫɨɫɬɚɜɥɹɟɬ 30-65%, ɚ ɝɢɞɪɨɩɟɪɟɤɢɫɟɣ 10-15% [9]. 

 



 

 

Ɋɢɫɭɧɨɤ 2 – Ɇɟɬɚɛɨɥɢɱɟɫɤɢɣ ɩɭɬɶ ɨɛɪɚɡɨɜɚɧɢɹ ɦɨɱɟɜɨɣ ɤɢɫɥɨɬɵ [9] 

 Ⱥɫɤɨɪɛɢɧɨɜɚɹ ɤɢɫɥɨɬɚ ɨɬɧɨɫɢɬɫɹ ɤ ɨɫɧɨɜɧɵɦ  ɜɨɞɨɪɚɫɬɜɨɪɢɦɵɦ 

ɚɧɬɢɨɤɫɢɞɚɧɬɚɦ. Ɉɧɚ  ɹɜɥɹɟɬɫɹ ɩɪɨɢɡɜɨɞɧɵɦ ɦɨɧɨɫɚɯɚɪɢɞɚ L-ɪɹɞɚ. ɗɬɨ 

ɫɬɪɨɟɧɢɟ ɩɨɞɬɜɟɪɠɞɟɧɨ ɫɢɧɬɟɡɚɦɢ, ɜ ɤɨɬɨɪɵɯ ɢɫɯɨɞɧɵɦɢ ɜɟɳɟɫɬɜɚɦɢ 

ɹɜɥɹɸɬɫɹ L-ɫɨɪɛɨɡɚ (ɧɚɢɛɨɥɟɟ ɞɨɫɬɭɩɧɚ) ɢɥɢ L-ɝɭɥɨɡɚ, ɩɪɟɜɪɚɳɚɸɳɢɟɫɹ ɜ 2-

ɤɟɬɨ-ɖ-ɝɭɥɨ-ɧɨɜɭɸ ɤɢɫɥɨɬɭ—ɤɥɸɱɟɜɨɣ ɩɨɥɭɩɪɨɞɭɤɬ ɜ ɫɢɧɬɟɡɟ ɚɫɤɨɪɛɢɧɨɜɨɣ 

ɤɢɫɥɨɬɵ. Ɉɧɚ  ɢɦɟɟɬ ɞɜɚ ɚɫɢɦɦɟɬɪɢɱɟɫɤɢɯ ɚɬɨɦɚ ɭɝɥɟɪɨɞɚ ɜ ɩɨɥɨɠɟɧɢɹɯ 4 ɢ 

5 ɢ ɨɛɪɚɡɭɟɬ ɱɟɬɵɪɟ ɨɩɬɢɱɟɫɤɢɯ ɢɡɨɦɟɪɚ ɢ ɞɜɚ ɪɚɰɟɦɚɬɚ: 

 

 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 3 – Ɉɩɬɢɱɟɫɤɢɟ ɢɡɨɦɟɪɵ ɚɫɤɨɪɛɢɧɨɜɨɣ ɤɢɫɥɨɬɵ [24] 

1a — L-ɚɫɤɨɪɛɢɧɨɜɚɹ ɤɢɫɥɨɬɚ;2a — L-ɢɡɨɚɫɤɨɪɛɢɧɨɜɚɹ ɤɢɫɥɨɬɚ; 1b — D-ɢɡɨɚɫɤɨɪɛɢɧɨɜɚɹ 

ɤɢɫɥɨɬɚ; 2b — D-ɚɫɤɨɪɛɢɧɨɜɚɹ ɤɢɫɥɨɬɚ 



 

Ȼɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɨɣ ɹɜɥɹɟɬɫɹ L-(+)ɮɨɪɦɚ. D-(-) ɮɨɪɦɚ ɹɜɥɹɟɬɫɹ 

ɚɧɬɢɜɢɬɚɦɢɧɨɦ ɢ ɧɟ ɫɭɳɟɫɬɜɭɟɬ ɜ ɩɪɢɪɨɞɟ. ɉɪɢɧɹɬɨɟ ɫɬɪɨɟɧɢɟ ɚɫɤɨɪɛɢɧɨɜɨɣ 

ɤɢɫɥɨɬɵ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɵɦ ɚɧɚɥɢɡɨɦ. Ɇɨɥɟɤɭɥɹɪɧɚɹ 

ɦɨɞɟɥɶ, ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɷɬɢɦ ɦɟɬɨɞɨɦ, ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɜɫɟ ɚɬɨɦɵ ɭɝɥɟɪɨɞɚ ɢ 

ɤɢɫɥɨɪɨɞɚ ɰɢɤɥɚ ɥɟɠɚɬ ɜ ɨɞɧɨɣ ɩɥɨɫɤɨɫɬɢ, ɤɪɨɦɟ ɋ4, ɥɟɠɚɳɟɝɨ ɜɧɟ ɟё. 

Ⱥɫɤɨɪɛɢɧɨɜɚɹ ɤɢɫɥɨɬɚ ɨɱɟɧɶ ɥɟɝɤɨ ɨɤɢɫɥɹɟɬɫɹ ɢ ɨɛɥɚɞɚɟɬ ɫɢɥɶɧɨɣ 

ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ. ɉɪɨɰɟɫɫ ɨɤɢɫɥɟɧɢɹ ɚɫɤɨɪɛɢɧɨɜɨɣ ɤɢɫɥɨɬɵ 

ɩɪɨɬɟɤɚɟɬ ɫɥɨɠɧɨ, ɧɚɱɚɥɶɧɨɣ ɫɬɚɞɢɟɣ ɟɝɨ ɹɜɥɹɟɬɫɹ ɨɛɪɚɡɨɜɚɧɢɟ ɬ.ɧ. 

ɞɟɝɢɞɪɨɚɫɤɨɪɛɢɧɨɜɨɣ ɤɢɫɥɨɬɵ (ȾȺɄ)  ɩɨɞ ɜɥɢɹɧɢɟɦ ɤɢɫɥɨɪɨɞɚ ɢɥɢ ɞɪɭɝɢɯ 

ɨɤɢɫɥɢɬɟɥɟɣ. ɇɚɥɢɱɢɟ ɜ ɚɫɤɨɪɛɢɧɨɜɨɣ ɤɢɫɥɨɬɟ ɞɜɭɯ ɫɨɩɪɹɠёɧɧɵɯ ɞɜɨɣɧɵɯ 

ɫɜɹɡɟɣ ɨɛɭɫɥɨɜɥɢɜɚɟɬ ɟɟ ɫɩɨɫɨɛɧɨɫɬɶ ɤ ɨɛɪɚɬɢɦɨɦɭ ɨɤɢɫɥɟɧɢɸ. ȼ ɩɪɨɰɟɫɫɟ 

ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɢ ɝɢɞɪɨɥɢɬɢɱɟɫɤɨɝɨ ɪɚɫɳɟɩɥɟɧɢɹ ɞɟɝɢɞɪɨɚɫɤɨɪɛɢɧɨɜɚɹ 

ɤɢɫɥɨɬɚ, ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ 2,3-ɞɢɤɟɬɨ-L-ɝɭɥɨɧɨɜɭɸ ɤɢɫɥɨɬɭ (ȾɄȽɄ). ɋ 

ɩɨɦɨɳɶɸ ɫɭɥɶɮɝɢɞɪɢɥɶɧɨɣ ɝɪɭɩɩɵ ɝɥɭɬɚɬɢɨɧɚ ɞɟɝɢɞɪɨɚɫɤɨɪɛɢɧɨɜɚɹ 

ɤɢɫɥɨɬɚ ɥɟɝɤɨ ɪɟɝɟɧɟɪɢɪɭɟɬɫɹ ɨɛɪɚɬɧɨ ɜ ɚɫɤɨɪɛɢɧɨɜɭɸ ɤɢɫɥɨɬɭ (ɪɢɫ. 6). 

  
 

Ɋɢɫɭɧɨɤ 4 -  Ɉɤɢɫɥɟɧɢɟ ɚɫɤɨɪɛɢɧɨɜɨɣ ɤɢɫɥɨɬɵ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ȾȺɄ ɂ 

ȾɄȽɄ [24] 

Ɉɛɟ ɮɨɪɦɵ, ȾȺɄ ɢ ȺɄ ɨɛɥɚɞɚɸɬ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ. 

Ʉɨɧɰɟɧɬɪɚɰɢɹ ɚɫɤɨɪɛɢɧɨɜɨɣ ɤɢɫɥɨɬɵ ɜ ɤɪɨɜɢ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 4,87 – 11,75 

ɦɝ/ɥ ɨɛɟɫɩɟɱɢɜɚɟɬ ɧɨɪɦɚɥɶɧɨɟ ɩɪɨɬɟɤɚɧɢɟ ɦɧɨɝɢɯ ɛɢɨɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ ɜ 

ɨɪɝɚɧɢɡɦɟ. Ɉɧɚ ɭɱɚɫɬɜɭɟɬ ɜ ɪɟɚɤɰɢɹɯ ɝɢɞɪɨɤɫɢɥɢɪɨɜɚɧɢɹ  ɩɪɨɥɢɧɚ ɢ ɥɢɡɢɧɚ 



ɩɪɢ ɫɢɧɬɟɡɟ ɤɨɥɥɚɝɟɧɚ, ɬɚɤɠɟ ɚɫɤɨɪɛɢɧɨɜɚɹ ɤɢɫɥɨɬɚ ɹɜɥɹɟɬɫɹ ɩɟɪɟɧɨɫɱɢɤɨɦ 

ɜɨɞɨɪɨɞɚ ɜ ɩɪɨɰɟɫɫɟ ɞɵɯɚɧɢɹ. ȼ ɨɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɩɪɨɰɟɫɫɚɯ 

ɬɚɤɢɯ ɤɚɤ ɜ ɫɢɫɬɟɦɟ ɦɟɬɝɟɦɨɝɥɨɛɢɧ – ɝɟɦɨɝɥɨɛɢɧ, ɢɝɪɚɟɬ ɜɟɞɭɳɭɸ ɪɨɥɶ. 

ɉɪɢɫɭɬɫɬɜɢɟ ɚɫɤɨɪɛɢɧɨɜɨɣ ɤɢɫɥɨɬɵ ɜ ɷɪɢɬɪɨɰɢɬɚɯ ɨɤɚɡɵɜɚɟɬ ɡɚɳɢɬɧɨɟ 

ɞɟɣɫɬɜɢɟ ɧɚ ɝɟɦɨɝɥɨɛɢɧ, ɩɪɟɩɹɬɫɬɜɭɹ ɟɝɨ ɨɤɢɫɥɟɧɢɸ. Ⱥɫɤɨɪɛɢɧɨɜɚɹ ɤɢɫɥɨɬɚ 

ɫɩɨɫɨɛɧɚ ɜɨɫɫɬɚɧɚɜɥɢɜɚɬɶ ɦɟɬɝɟɦɨɝɥɨɛɢɧ, ɫɚɦɚ ɨɤɢɫɥɹɹɫɶ ɜ ȾȺɄ. Ɉɛɪɚɬɧɨɟ 

ɩɪɟɜɪɚɳɟɧɢɟ  ɩɪɨɢɫɯɨɞɢɬ ɡɚ ɫɱɟɬ ɝɥɭɬɚɬɢɨɧɚ [24]. 

 ɉɪɨɹɜɥɟɧɢɟ ɚɧɬɢ- ɢ ɩɪɨɨɤɫɢɞɚɧɬɧɵɯ ɫɜɨɣɫɬɜ ȺɄ ɡɚɜɢɫɢɬ ɬɚɤɠɟ ɨɬ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɭɛɫɬɪɚɬɚ ɢ ɭɫɥɨɜɢɣ ɩɪɨɬɟɤɚɧɢɹ ɪɟɚɤɰɢɣ; ɬɚɤɚɹ ɟɟ 

ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɩɥɚɫɬɢɱɧɨɫɬɶ ɜɚɠɧɚ ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɜ ɛɢɨɥɨɝɢɱɟɫɤɢɯ 

ɫɢɫɬɟɦɚɯ ɨɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɝɨ ɝɨɦɟɨɫɬɚɡɚ. ȼ ɤɚɱɟɫɬɜɟ 

ɫɬɚɛɢɥɢɡɚɬɨɪɚ ȺɄ ɜɵɫɬɭɩɚɟɬ ɦɨɱɟɜɚɹ ɤɢɫɥɨɬɚ, ɤɨɬɨɪɚɹ ɢɧɝɢɛɢɪɭɟɬ ɪɚɞɢɤɚɥɵ 

ɚɫɤɨɪɛɚɬɚ ɢ ɩɪɟɞɨɬɜɪɚɳɚɟɬ ɟɝɨ ɨɤɢɫɥɟɧɢɟ Fe [25]. 

ɗɬɨɬ ɜɚɠɧɵɣ ɪɚɫɬɜɨɪɢɦɵɣ ɚɧɬɢɨɤɫɢɞɚɧɬ ɜ ɨɪɝɚɧɢɡɦɟ ɱɟɥɨɜɟɤɚ ɧɟ 

ɫɢɧɬɟɡɢɪɭɟɬɫɹ, ɚ ɩɨɫɬɭɩɚɟɬ ɫ ɩɢɳɟɣ. Ɉɬɦɟɱɟɧɨ, ɱɬɨ ɞɥɹ ɩɨɫɬɭɩɥɟɧɢɹ 

ɜɢɬɚɦɢɧɚ C ɜ ɤɥɟɬɤɢ ɨɪɝɚɧɢɡɦɚ ɜɚɠɟɧ ɩɟɪɟɯɨɞ ȺɄ ɜ ȾȺɄ [26]. ɉɨɫɬɨɹɧɧɨɟ 

ɩɨɩɨɥɧɟɧɢɟ ɷɪɢɬɪɨɰɢɬɨɜ ɚɫɤɨɪɛɢɧɨɜɨɣ ɤɢɫɥɨɬɨɣ ɩɪɨɢɫɯɨɞɢɬ ɡɚ ɫɱɟɬ 

ɩɨɫɬɭɩɥɟɧɢɹ ȾȺɄ ɢɡ ɩɥɚɡɦɵ, ɫ ɩɨɦɨɳɶɸ ɫɩɟɰɢɚɥɶɧɨɝɨ ɩɟɪɟɧɨɫɱɢɤɚ Glut1, 

ɨɫɭɳɟɫɬɜɥɹɸɳɢɣ ɬɪɚɧɫɩɨɪɬ ɝɥɸɤɨɡɵ [26, 27]. ɉɨɝɥɨɳɟɧɢɟ ɚɫɤɨɪɛɢɧɨɜɨɣ 

ɤɢɫɥɨɬɵ ɷɪɢɬɪɨɰɢɬɚɦɢ ɩɪɨɢɫɯɨɞɢɬ ɨɱɟɧɶ ɦɟɞɥɟɧɧɨ (ɪɢɫ. 7) [30]. ɇɚɩɪɨɬɢɜ, ɭ 

ɛɨɥɶɲɢɧɫɬɜɚ ɹɞɟɪɧɵɯ ɤɥɟɬɨɤ ɢɦɟɟɬɫɹ ɡɚɜɢɫɢɦɵɣ ɨɬ ɧɚɬɪɢɹ ɢ ɷɧɟɪɝɢɢ 

ɬɪɚɧɫɩɨɪɬɟɪ ɫ ɜɵɫɨɤɢɦ ɫɪɨɞɫɬɜɨɦ ɤ ɚɫɤɨɪɛɚɬɭ (SVCT2), ɤɨɬɨɪɵɣ 

ɩɨɞɞɟɪɠɢɜɚɟɬ ɧɢɡɤɢɟ ɦɢɥɥɢɦɨɥɹɪɧɵɟ ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɟ ɤɨɧɰɟɧɬɪɚɰɢɢ 

ɜɢɬɚɦɢɧɚ [28, 29, 41].  

 Ⱥɫɤɨɪɛɢɧɨɜɚɹ ɤɢɫɥɨɬɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɨɪɝɚɧɢɡɦɨɦ ɞɥɹ ɛɢɨɯɢɦɢɱɟɫɤɢɯ 

ɨɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɜɫɬɭɩɚɟɬ ɜɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ 

ɫɭɩɟɪɨɤɫɢɞ-ɚɧɢɨɧɨɦ, ɫɢɧɝɥɟɬɧɵɦ ɤɢɫɥɨɪɨɞɨɦ, ɝɢɞɪɨɤɫɢɥɶɧɵɦ ɢ ɩɟɪɟɤɢɫɧɵɦ 

ɪɚɞɢɤɚɥɚɦɢ [24]. 

 



 

Ɋɢɫɭɧɨɤ 5 -  ȼɨɫɫɬɚɧɨɜɥɟɧɢɟ ɷɪɢɬɪɨɰɢɬɚɦɢ ȾȺɄ  ɜ ȺɄ. ȽɆɎ = 

ɝɟɤɫɨɡɨɦɨɧɨɮɨɫɮɚɬɧɵɣ ɩɭɬɶ [30] 

  

ȼɚɠɧɟɣɲɚɹ ɪɨɥɶ ȺɄ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɨɞɞɟɪɠɚɧɢɢ ɢ ɫɬɚɛɢɥɢɡɚɰɢɢ 

ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ ɡɚɳɢɬɵ ɷɪɢɬɪɨɰɢɬɨɜ. Ɂɚɳɢɬɚ ɨɬ ɩɨɜɪɟɠɞɟɧɢɹ ɨɤɢɫɥɢɬɟɥɹ ɜ 

ɦɟɦɛɪɚɧɟ ɩɥɚɡɦɵ ɷɪɢɬɪɨɰɢɬɨɜ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɩɪɨɮɢɥɚɤɬɢɤɭ ɢ ɨɬɦɟɧɭ 

ɩɟɪɟɤɢɫɧɨɝɨ ɨɤɢɫɥɟɧɢɹ ɧɟɧɚɫɵɳɟɧɧɵɯ ɠɢɪɧɵɯ ɤɢɫɥɨɬ ɜ ɥɢɩɢɞɧɨɦ ɛɢɫɥɨɟ.  

Ⱥɫɤɨɪɛɚɬ ɧɟ ɜɥɢɹɟɬ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ɩɟɪɟɤɢɫɧɨɟ ɨɤɢɫɥɟɧɢɟ ɥɢɩɢɞɨɜ 

ɦɟɦɛɪɚɧ, ɧɨ ɨɧ ɦɨɠɟɬ ɜɵɩɨɥɧɹɬɶ ɷɬɭ ɮɭɧɤɰɢɸ ɤɨɫɜɟɧɧɨ, ɫɧɢɠɚɹ 

ɬɨɤɨɮɟɪɨɤɫɢɥɶɧɵɣ ɫɜɨɛɨɞɧɵɣ ɪɚɞɢɤɚɥ ɜ ɥɢɩɢɞɧɨɦ ɛɢɫɥɨɟ [25]. 

 

1.2 Ɋɚɤ ɠɟɥɭɞɤɚ  

Ɋɚɤ ɠɟɥɭɞɤɚ — ɡɥɨɤɚɱɟɫɬɜɟɧɧɚɹ ɨɩɭɯɨɥɶ, ɩɪɨɢɫɯɨɞɹɳɚɹ 

ɢɡ ɷɩɢɬɟɥɢɹ ɫɥɢɡɢɫɬɨɣ ɨɛɨɥɨɱɤɢ ɠɟɥɭɞɤɚ. əɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ 

ɪɚɫɩɪɨɫɬɪɚɧёɧɧɵɯ ɨɧɤɨɥɨɝɢɱɟɫɤɢɯ ɡɚɛɨɥɟɜɚɧɢɣ. Ɇɨɠɟɬ ɪɚɡɜɢɜɚɬɶɫɹ ɜ ɥɸɛɨɦ 

ɨɬɞɟɥɟ ɠɟɥɭɞɤɚ ɢ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɧɚ ɞɪɭɝɢɟ ɨɪɝɚɧɵ, 

ɨɫɨɛɟɧɧɨ ɩɢɳɟɜɨɞ, ɥёɝɤɢɟ ɢ ɩɟɱɟɧɶ [15].  

Ʌɟɱɟɧɢɟ ɪɚɤɚ ɯɢɦɢɨɬɟɪɚɩɟɜɬɢɱɟɫɤɢɦɢ ɫɪɟɞɫɬɜɚɦɢ ɢ ɥɭɱɟɜɨɣ ɬɟɪɚɩɢɟɣ 

ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɡɚɜɢɫɢɬ ɨɬ ɝɟɧɟɪɚɰɢɢ ȺɎɄ, ɤɨɬɨɪɵɟ ɧɟɨɛɯɨɞɢɦɵ  

ɞɥɹ  ɭɧɢɱɬɨɠɟɧɢɹ ɡɥɨɤɚɱɟɫɬɜɟɧɧɵɯ ɤɥɟɬɨɤ ɩɭɬɟɦ ɢɧɞɭɤɰɢɢ ɚɩɨɩɬɨɡɚ. ɇɨ 

https://ru.wikipedia.org/wiki/%D0%97%D0%BB%D0%BE%D0%BA%D0%B0%D1%87%D0%B5%D1%81%D1%82%D0%B2%D0%B5%D0%BD%D0%BD%D0%B0%D1%8F_%D0%BE%D0%BF%D1%83%D1%85%D0%BE%D0%BB%D1%8C
https://ru.wikipedia.org/wiki/%D0%AD%D0%BF%D0%B8%D1%82%D0%B5%D0%BB%D0%B8%D0%B9
https://ru.wikipedia.org/wiki/%D0%A1%D0%BB%D0%B8%D0%B7%D0%B8%D1%81%D1%82%D0%B0%D1%8F_%D0%BE%D0%B1%D0%BE%D0%BB%D0%BE%D1%87%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%96%D0%B5%D0%BB%D1%83%D0%B4%D0%BE%D0%BA
https://ru.wikipedia.org/wiki/%D0%96%D0%B5%D0%BB%D1%83%D0%B4%D0%BE%D0%BA
https://ru.wikipedia.org/wiki/%D0%9F%D0%B8%D1%89%D0%B5%D0%B2%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%9B%D1%91%D0%B3%D0%BA%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%9F%D0%B5%D1%87%D0%B5%D0%BD%D1%8C


ɧɟɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɟ ɝɟɧɟɪɢɪɨɜɚɧɢɟ ȺɎɄ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɟɪɶɟɡɧɭɸ ɩɪɨɛɥɟɦɭ 

ɞɥɹ ɝɨɦɟɨɫɬɚɡɚ ɢ ɜɵɡɵɜɚɟɬ ɩɨɜɪɟɠɞɟɧɢɟ ɬɤɚɧɟɣ. ȼ ɬɨ ɜɪɟɦɹ ɤɚɤ ɩɪɢɪɨɞɧɵɟ 

ɚɧɬɢɨɤɫɢɞɚɧɬɧɵɟ ɩɭɬɢ ɦɨɝɭɬ ɨɝɪɚɧɢɱɢɜɚɬɶ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɟ ɷɮɮɟɤɬɵ ȺɎɄ. 

ȺɎɄ ɩɪɨɢɡɜɨɞɹɬɫɹ ɜ ɨɬɜɟɬ ɧɚ ɭɥɶɬɪɚɮɢɨɥɟɬɨɜɨɟ (ɍɎ) ɢɡɥɭɱɟɧɢɟ, 

ɤɭɪɟɧɢɟ ɫɢɝɚɪɟɬ, ɩɨɬɪɟɛɥɟɧɢɟ ɚɥɤɨɝɨɥɹ, ɩɪɢɟɦ ɧɟɫɬɟɪɨɢɞɧɵɯ 

ɩɪɨɬɢɜɨɜɨɫɩɚɥɢɬɟɥɶɧɵɯ ɩɪɟɩɚɪɚɬɨɜ ɢ ɦɧɨɝɢɟ ɞɪɭɝɢɟ ɷɤɡɨɝɟɧɧɵɟ ɜɟɳɟɫɬɜɚ. 

ɂɧɮɟɤɰɢɢ, ɢɲɟɦɢɹ-ɪɟɩɟɪɮɭɡɢɹ  ɢ ɪɚɡɥɢɱɧɵɟ ɜɨɫɩɚɥɢɬɟɥɶɧɵɟ ɩɪɨɰɟɫɫɵ 

ɬɚɤɠɟ ɩɪɢɜɨɞɹɬ ɤ ɩɨɜɵɲɟɧɧɵɦ ɭɪɨɜɧɹɦ ȺɎɄ. ɇɚɪɭɲɟɧɢɟ ɧɨɪɦɚɥɶɧɨɝɨ 

ɤɥɟɬɨɱɧɨɝɨ ɝɨɦɟɨɫɬɚɡɚ ɫ ɩɨɦɨɳɶɸ ɨɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɣ 

ɫɢɝɧɚɥɢɡɚɰɢɢ ɫɩɨɫɨɛɫɬɜɭɟɬ ɪɚɡɜɢɬɢɸ ɡɚɛɨɥɟɜɚɧɢɹ ɩɪɚɤɬɢɱɟɫɤɢ ɜ ɤɚɠɞɨɦ 

ɨɪɝɚɧɟ, ɜɤɥɸɱɚɹ ɪɚɡɜɢɬɢɟ ɪɚɤɚ (ɪɢɫ.8). 

ɀɟɥɭɞɨɱɧɨ-ɤɢɲɟɱɧɵɣ ɬɪɚɤɬ (ɀɄɌ) ɹɜɥɹɟɬɫɹ ɤɥɸɱɟɜɵɦ ɢɫɬɨɱɧɢɤɨɦ 

ȺɎɄ. ɇɟɫɦɨɬɪɹ ɧɚ ɡɚɳɢɬɧɵɣ ɛɚɪɶɟɪ, ɨɛɟɫɩɟɱɢɜɚɟɦɵɣ ɷɩɢɬɟɥɢɚɥɶɧɵɦ ɫɥɨɟɦ, 

ɩɨɩɚɞɚɸɳɢɟ ɜ ɨɪɝɚɧɢɡɦ ɜɟɳɟɫɬɜɚ ɢ ɩɚɬɨɝɟɧɧɵɟ ɦɢɤɪɨɨɪɝɚɧɢɡɦɵ ɦɨɝɭɬ 

ɜɵɡɵɜɚɬɶ ɜɨɫɩɚɥɟɧɢɟ, ɚɤɬɢɜɢɪɭɹ ɷɩɢɬɟɥɢɣ, ɩɨɥɢɦɨɪɮɨɹɞɟɪɧɵɟ ɧɟɣɬɪɨɮɢɥɵ 

ɢ ɦɚɤɪɨɮɚɝɢ, ɤɨɬɨɪɵɟ ɜ ɞɚɥɶɧɟɣɲɟɦ ɫɩɨɫɨɛɫɬɜɭɸɬ ɨɤɢɫɥɢɬɟɥɶɧɨɦɭ ɫɬɪɟɫɫɭ. 

Ɋɚɡɥɢɱɧɵɟ ɩɚɬɨɥɨɝɢɱɟɫɤɢɟ ɫɨɫɬɨɹɧɢɹ ɠɟɥɭɞɨɱɧɨ-ɤɢɲɟɱɧɨɝɨ ɬɪɚɤɬɚ, ɜɤɥɸɱɚɹ 

ɝɚɫɬɪɨɞɭɨɞɟɧɚɥɶɧɵɟ ɹɡɜɵ, ɡɥɨɤɚɱɟɫɬɜɟɧɧɵɟ ɧɨɜɨɨɛɪɚɡɨɜɚɧɢɹ ɠɟɥɭɞɨɱɧɨ-

ɤɢɲɟɱɧɨɝɨ ɬɪɚɤɬɚ ɢ ɜɨɫɩɚɥɢɬɟɥɶɧɵɟ ɡɚɛɨɥɟɜɚɧɢɹ ɤɢɲɟɱɧɢɤɚ (ȼɁɄ), ɱɚɫɬɢɱɧɨ 

ɜɨɡɧɢɤɚɸɬ ɜ ɪɟɡɭɥɶɬɚɬɟ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɫɬɪɟɫɫɚ. 

ȼɧɭɬɪɢɤɥɟɬɨɱɧɵɟ ɤɨɦɩɚɪɬɦɟɧɬɵ, ɜɤɥɸɱɚɹ ɦɢɬɨɯɨɧɞɪɢɢ, 

ɷɧɞɨɩɥɚɡɦɚɬɢɱɟɫɤɢɣ ɪɟɬɢɤɭɥɭɦ, ɩɟɪɨɤɫɢɫɨɦɵ, ɹɞɪɚ, ɰɢɬɨɡɨɥɶ, 

ɩɥɚɡɦɚɬɢɱɟɫɤɢɟ ɦɟɦɛɪɚɧɵ ɢ ɞɚɠɟ ɜɧɟɤɥɟɬɨɱɧɵɟ ɩɪɨɫɬɪɚɧɫɬɜɚ, ɫɩɨɫɨɛɧɵ 

ɝɟɧɟɪɢɪɨɜɚɬɶ ȺɎɄ. Ɇɢɬɨɯɨɧɞɪɢɚɥɶɧɚɹ ɰɟɩɶ ɩɟɪɟɧɨɫɚ ɷɥɟɤɬɪɨɧɨɜ ɹɜɥɹɟɬɫɹ 

ɨɫɧɨɜɧɵɦ ɢɫɬɨɱɧɢɤɨɦ ȺɎɄ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɤɥɟɬɨɤ ɦɥɟɤɨɩɢɬɚɸɳɢɯ. 

Ɏɟɪɦɟɧɬɚɦɢ, ɤɨɬɨɪɵɟ ɤɚɬɚɥɢɡɢɪɭɸɬ ȺɎɄ-ɝɟɧɟɪɢɪɭɸɳɢɟ ɯɢɦɢɱɟɫɤɢɟ 

ɪɟɚɤɰɢɢ, ɹɜɥɹɸɬɫɹ ɩɟɪɨɤɫɢɞɚɡɵ, NADPH-ɨɤɫɢɞɚɡɚ, NADPH-ɨɤɫɢɞɚɡɧɵɟ 

ɢɡɨɮɨɪɦɵ, ɤɫɚɧɬɢɧɨɤɫɢɞɚɡɚ, ɥɢɩɨɤɫɢɝɟɧɚɡɵ, ɝɥɸɤɨɡɨɨɤɫɢɞɚɡɚ, 

ɦɢɟɥɨɩɟɪɨɤɫɢɞɚɡɚ , NO- ɫɢɧɬɚɡɚ ɢ ɰɢɤɥɨɨɤɫɢɝɟɧɚɡɵ. 

 



 

Ɋɢɫɭɧɨɤ 6 -  ɋɯɟɦɚɬɢɱɟɫɤɢɣ ɝɪɚɮɢɤ, ɩɨɤɚɡɵɜɚɸɳɢɣ ɢɧɞɭɤɰɢɸ 

ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɫɬɪɟɫɫɚ ɢ ɟɝɨ ɩɚɬɨɥɨɝɢɱɟɫɤɢɯ ɷɮɮɟɤɬɨɜ. Ɉɤɢɫɥɢɬɟɥɶɧɵɣ 

ɫɬɪɟɫɫ ɩɨɜɪɟɠɞɚɟɬ ɜɧɭɬɪɟɧɧɢɟ ɨɪɝɚɧɵ, ɜɵɡɵɜɚɹ ɩɨɜɪɟɠɞɟɧɢɟ ɫɥɢɡɢɫɬɨɣ 

ɨɛɨɥɨɱɤɢ [26]. 

 

Helicobacter pylori — ɧɚɢɛɨɥɟɟ ɩɨɫɬɨɹɧɧɵɣ ɮɚɤɬɨɪ ɪɢɫɤɚ ɪɚɤɚ ɠɟɥɭɞɤɚ. 

Ⱦɨɤɚɡɚɧɨ, ɱɬɨ ɢɧɮɟɤɰɢɹ Helicobacter pylori ɹɜɥɹɟɬɫɹ ɫɚɦɵɦ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɮɚɤɬɨɪɨɦ ɪɢɫɤɚ ɪɚɤɚ ɧɟɤɚɪɞɢɚɥɶɧɨɝɨ ɨɬɞɟɥɚ ɠɟɥɭɞɤɚ ɭ 

ɱɟɥɨɜɟɤɚ [18]. ȼ ɬɨ ɠɟ ɜɪɟɦɹ, ɤɚɪɞɢɚɥɶɧɨɣ (ɩɪɨɤɫɢɦɚɥɶɧɵɣ) ɪɚɤ ɠɟɥɭɞɤɚ ɫ 

ɢɧɮɟɤɰɢɟɣ H. pylori ɧɟ ɫɜɹɡɚɧ [19]. 

Ɋɢɫɤ ɪɚɤɚ ɠɟɥɭɞɤɚ ɡɚɜɢɫɢɬ ɨɬ ɮɚɤɬɨɪɨɜ ɜɢɪɭɥɟɧɬɧɨɫɬɢ ɛɚɤɬɟɪɢɣ ɢ ɨɬ 

ɝɟɧɟɬɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ ɩɚɰɢɟɧɬɚ, ɨɞɧɚɤɨ ɪɟɤɨɦɟɧɞɚɰɢɢ ɜ ɨɬɧɨɲɟɧɢɢ 

ɤɨɧɤɪɟɬɧɵɯ ɦɚɪɤɟɪɨɜ ɜɢɪɭɥɟɧɬɧɨɫɬɢ ɢɥɢ ɦɚɪɤɟɪɨɜ ɞɥɹ ɝɟɧɟɬɢɱɟɫɤɢɯ 

ɢɫɫɥɟɞɨɜɚɧɢɣ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɜ ɤɥɢɧɢɱɟɫɤɨɣ ɩɪɚɤɬɢɤɟ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ 

ɨɬɫɭɬɫɬɜɭɸɬ [18]. 

 



1.3 Дɢɮɭɡɧɵɣ ɬɨɤɫɢɱɟɫɤɢɣ ɡɨɛ  

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɞɢɮɮɭɡɧɵɣ ɬɨɤɫɢɱɟɫɤɢɣ ɡɨɛ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɤɚɤ 

ɧɚɫɥɟɞɫɬɜɟɧɧɨɟ ɚɭɬɨɢɦɦɭɧɧɨɟ ɡɚɛɨɥɟɜɚɧɢɟ, ɤɨɬɨɪɨɟ ɩɟɪɟɞɚёɬɫɹ 

ɦɧɨɝɨɮɚɤɬɨɪɧɵɦ ɩɭɬёɦ. Ɏɚɤɬɨɪɵ, ɩɪɨɜɨɰɢɪɭɸɳɢɟ ɪɚɡɜɢɬɢɟ ɡɚɛɨɥɟɜɚɧɢɹ: 

ɩɫɢɯɢɱɟɫɤɢɟ ɬɪɚɜɦɵ, ɢɧɮɟɤɰɢɨɧɧɨ-ɜɨɫɩɚɥɢɬɟɥɶɧɵɟ ɡɚɛɨɥɟɜɚɧɢɹ, ɱɟɪɟɩɧɨ-

ɦɨɡɝɨɜɵɟ ɬɪɚɜɦɵ, ɡɚɛɨɥɟɜɚɧɢɹ ɧɨɫɨɝɥɨɬɤɢ. Ⱦɚɧɧɨɟ ɡɚɛɨɥɟɜɚɧɢɟ ɨɛɭɫɥɨɜɥɟɧɨ 

ɢɡɛɵɬɨɱɧɨɣ ɫɟɤɪɟɰɢɟɣ ɬɢɪɟɨɢɞɧɵɯ ɝɨɪɦɨɧɨɜ ɞɢɮɮɭɡɧɨɣ ɬɤɚɧɶɸ 

ɳɢɬɨɜɢɞɧɨɣ ɠɟɥɟɡɵ, ɤɨɬɨɪɨɟ ɩɪɢɜɨɞɢɬ ɤ ɨɬɪɚɜɥɟɧɢɸ ɷɬɢɦɢ ɝɨɪɦɨɧɚɦɢ – 

ɬɢɪɟɨɬɨɤɫɢɤɨɡɭ. 

Ɂɚɛɨɥɟɜɚɧɢɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɨ ɫɪɟɞɢ ɠɟɧɳɢɧ, ɱɚɳɟ ɜɫɟɝɨ ɨɧɨ 

ɪɚɡɜɢɜɚɟɬɫɹ ɜ ɫɪɟɞɧɟɦ ɜɨɡɪɚɫɬɟ ɦɟɠɞɭ 30 ɢ 50 ɝɨɞɚɦɢ, ɧɨ ɧɟ ɪɟɞɤɨ 

ɜɫɬɪɟɱɚɟɬɫɹ ɢ ɭ ɩɨɞɪɨɫɬɤɨɜ. ɋɭɳɟɫɬɜɭɟɬ ɫɟɦɟɣɧɚɹ ɩɪɟɞɪɚɫɩɨɥɨɠɟɧɧɨɫɬɶ, ɱɬɨ 

ɩɪɢɜɟɥɨ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ ɤ ɩɪɟɞɩɨɥɨɠɟɧɢɸ, ɱɬɨ ɜ ɪɚɡɜɢɬɢɢ ɛɨɥɟɡɧɢ ɦɨɠɟɬ 

ɢɝɪɚɬɶ ɝɟɧɟɬɢɱɟɫɤɢɣ ɤɨɦɩɨɧɟɧɬ. ɇɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɧɟ ɧɚɣɞɟɧɨ ɧɢɤɚɤɨɝɨ 

ɟɞɢɧɨɝɨ ɞɥɹ ɜɫɟɯ ɛɨɥɶɧɵɯ ɞɢɮɮɭɡɧɵɦ ɬɨɤɫɢɱɟɫɤɢɦ ɡɨɛɨɦ ɝɟɧɟɬɢɱɟɫɤɨɝɨ 

ɞɟɮɟɤɬɚ, ɤɨɬɨɪɵɣ ɛɵ ɭɤɚɡɵɜɚɥ ɧɚ ɦɨɧɨɝɟɧɟɬɢɱɟɫɤɭɸ ɩɪɢɪɨɞɭ ɛɨɥɟɡɧɢ. 

ɉɪɟɞɩɨɥɨɠɢɬɟɥɶɧɨ ɜ ɪɚɡɜɢɬɢɢ ɛɨɥɟɡɧɢ ɢɝɪɚɟɬ ɪɨɥɶ ɫɥɨɠɧɵɣ ɤɨɦɩɥɟɤɫ 

ɧɟɫɤɨɥɶɤɢɯ ɝɟɧɨɜ ɜ ɫɨɱɟɬɚɧɢɢ ɫ ɟɳё ɧɟ ɜɵɹɜɥɟɧɧɵɦɢ ɮɚɤɬɨɪɚɦɢ ɜɧɟɲɧɟɣ 

ɫɪɟɞɵ [22].  

ȼɵɹɫɧɟɧɢɟ ɪɨɥɢ ɢɦɦɭɧɧɨɣ ɫɢɫɬɟɦɵ ɢ ɜ ɱɚɫɬɧɨɫɬɢ ɥɢɦɮɨɰɢɬɨɜ ɜ 

ɪɚɡɜɢɬɢɢ ȾɌɁ ɩɨɡɜɨɥɢɥɨ ɨɛɴɹɫɧɢɬɶ ɯɚɪɚɤɬɟɪɧɭɸ ɞɥɹ ɷɬɨɝɨ ɡɚɛɨɥɟɜɚɧɢɹ 

ɥɢɦɮɨɩɪɨɥɢɮɟɪɚɰɢɸ ɜ ɜɢɞɟ ɥɢɦɮɨɰɢɬɨɡɚ, ɥɢɦɮɚɞɟɧɨɩɚɬɢɢ, ɭɜɟɥɢɱɟɧɢɹ 

ɫɟɥɟɡɟɧɤɢ, ɚ ɜ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɢ ɬɢɦɭɫɚ, ɚ ɬɚɤɠɟ ɧɚɥɢɱɢɟ 

ɚɫɫɨɰɢɢɪɨɜɚɧɧɨɣ ɚɭɬɨɢɦɦɭɧɧɨɣ ɩɚɬɨɥɨɝɢɢ. 

Ʉɚɤ ɛɵɥɨ ɫɤɚɡɚɧɨ ɜɵɲɟ, ɢɡɛɵɬɨɱɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɢɪɟɨɢɞɧɵɯ ɝɨɪɦɨɧɨɜ 

ɜɵɡɵɜɚɟɬ ɪɚɡɜɢɬɢɟ ɫɢɧɞɪɨɦɚ ɬɢɪɟɨɬɨɤɫɢɤɨɡɚ. Ʉɥɸɱɟɜɨɟ ɡɧɚɱɟɧɢɟ ɜ ɩɚ- 

ɬɨɝɟɧɟɡɟ ɷɬɨɝɨ ɫɢɧɞɪɨɦɚ ɢɦɟɟɬ ɫɩɨɫɨɛɧɨɫɬɶ ɬɢɪɟɨɢɞɧɵɯ ɝɨɪɦɨɧɨɜ 

ɩɨɬɟɧɰɢɪɨɜɚɬɶ ɚɤɬɢɜɧɨɫɬɶ ɫɢɦɩɚɬɢɱɟɫɤɨɣ ɧɟɪɜɧɨɣ ɫɢɫɬɟɦɵ, ɱɬɨ ɨɛɭɫɥɨɜɥɟɧɨ 

ɩɨɜɵɲɟɧɢɟɦ ɩɥɨɬɧɨɫɬɢ ɚɞɪɟɧɨɪɟɰɟɩɬɨɪɨɜ ɜ ɤɥɟɬɤɚɯ ɢ ɜɨɡɪɚɫɬɚɧɢɟɦ ɢɯ ɱɭɜ- 

ɫɬɜɢɬɟɥɶɧɨɫɬɢ ɤ ɤɚɬɟɯɨɥɚɦɢɧɚɦ – ɦɟɞɢɚɬɨɪɚɦ ɫɢɦɩɚɬɨɚɞɪɟɧɚɥɨɜɨɣ ɫɢɫɬɟɦɵ. 



ɋɢɦɩɚɬɨɦɢɦɟɬɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɬɢɪɟɨɢɞɧɵɯ ɝɨɪɦɨɧɨɜ ɩɨɜɵɲɚɟɬ 

ɮɭɧɤɰɢɨɧɚɥɶɧɭɸ ɚɤɬɢɜɧɨɫɬɶ ɜɫɟɯ ɨɪɝɚɧɨɜ ɢ ɫɢɫɬɟɦ ɨɪɝɚɧɢɡɦɚ: 

ɚɤɬɢɜɢɡɢɪɭɸɬɫɹ ɩɪɨɰɟɫɫɵ ɧɟɪɜɧɨɣ ɜɨɡɛɭɞɢɦɨɫɬɢ ɢ ɩɪɨɜɨɞɢɦɨɫɬɢ, ɭɱɚɳɚɟɬɫɹ 

ɱɚɫɬɨɬɚ ɞɵɯɚɧɢɹ, ɫɟɪɞɟɱɧɵɯ ɫɨɤɪɚɳɟɧɢɣ, ɜɨɡɪɚɫɬɚɟɬ ɚɪɬɟɪɢɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ, 

ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɨɱɟɱɧɚɹ ɮɢɥɶɬɪɚɰɢɢ ɢ ɬ.ɞ. Ʉɚɬɟɯɨɥɚɦɢɧɵ ɢɦɟɸɬ ɤɨɪɨɬɤɢɣ 

ɩɟɪɢɨɞ ɩɨɥɭɜɵɜɟɞɟɧɢɹ, ɞɨɥɝɨɜɪɟɦɟɧɧɨɟ ɫɢɦɩɚɬɨɦɢɦɟɬɢɱɟɫɤɨɟ ɞɟɣɫɬɜɢɟ ɬɢ- 

ɪɟɨɢɞɧɵɯ ɝɨɪɦɨɧɨɜ ɫɜɹɡɵɜɚɸɬ ɫ ɢɯ ɷɮɮɟɤɬɚɦɢ ɧɚ ɝɟɧɧɨɦ ɭɪɨɜɧɟ. Ƚɨɪɦɨɧɵ 

ɳɢɬɨɜɢɞɧɨɣ ɠɟɥɟɡɵ ɢɧɞɭɰɢɪɭɸɬ ɷɤɫɩɪɟɫɫɢɸ ɝɟɧɨɜ, ɪɟɝɭɥɢɪɭɸɳɢɯ 

ɚɤɬɢɜɧɨɫɬɶ ɤɚɬɟɯɨɥɚɦɢɧɨɛɪɚɡɭɸɳɢɯ ɮɟɪɦɟɧɬɨɜ, ɚ ɬɚɤɠɟ ɫɜɹɡɵɜɚɸɬɫɹ ɫ ɹɞɟɪ- 

ɧɵɦɢ ɪɟɰɟɩɬɨɪɚɦɢ ɜ ɤɥɟɬɤɟ, ɫɬɢɦɭɥɢɪɭɹ ɦɟɬɚɛɨɥɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ ɜ 

ɦɢɬɨɯɨɧɞɪɢɹɯ [23]. 

 

1.4 Эɯɢɧɨɤɨɤɤɨɡ ɩɟɱɟɧɢ 

ɗɯɢɧɨɤɨɤɤɨɡ — ɝɟɥɶɦɢɧɬɨɡ ɢɡ ɝɪɭɩɩɵ ɰɟɫɬɨɞɨɡɨɜ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣɫɹ 

ɨɛɪɚɡɨɜɚɧɢɟɦ ɜ ɩɟɱɟɧɢ ɩɚɪɚɡɢɬɚɪɧɵɯ ɤɢɫɬ. ȼɨɡɛɭɞɢɬɟɥɟɦ ɹɜɥɹɟɬɫɹ 

ɥɢɱɢɧɨɱɧɚɹ ɫɬɚɞɢɹ ɷɯɢɧɨɤɨɤɤɚ Echinococcus granulosus . ɉɨɥɨɜɨɡɪɟɥɚɹ ɮɨɪɦɚ 

ɢɦɟɟɬ ɞɥɢɧɭ 2—7 ɦɦ. ɂɦɟɟɬ ɝɨɥɨɜɤɭ ɫ 4 ɩɪɢɫɨɫɤɚɦɢ ɢ ɞɜɨɣɧɭɸ ɤɨɪɨɧɭ ɢɡ 

35—40 ɤɪɸɱɶɟɜ, ɲɟɣɤɭ ɢ 2—6 ɱɥɟɧɢɤɨɜ. Ʌɢɱɢɧɨɱɧɚɹ ɫɬɚɞɢɹ, ɪɚɫɬɭɳɚɹ, 

ɪɚɡɜɢɜɚɸɳɚɹɫɹ ɢ ɠɢɜɭɳɚɹ ɜ ɨɪɝɚɧɢɡɦɟ ɱɟɥɨɜɟɤɚ ɞɟɫɹɬɤɢ ɥɟɬ, ɩɪɟɞɫɬɚɜɥɟɧɚ 

ɤɢɫɬɨɣ ɤɪɭɝɥɨɣ ɢɥɢ ɨɜɚɥɶɧɨɣ ɮɨɪɦɵ, ɡɚɩɨɥɧɟɧɧɨɣ ɠɢɞɤɨɫɬɶɸ. ɀɢɜɨɬɧɵɟ 

(ɬɚɤɢɟ ɤɚɤ ɨɜɰɵ ɢɥɢ ɤɨɪɨɜɵ) ɡɚɪɚɠɚɸɬɫɹ, ɩɨɟɞɚɹ ɬɪɚɜɭ, ɜ ɤɨɬɨɪɨɣ ɦɨɝɭɬ 

ɨɤɚɡɚɬɶɫɹ ɹɣɰɚ ɷɯɢɧɨɤɨɤɤɚ. Ɂɚɬɟɦ, ɟɫɥɢ ɫɨɛɚɤɚ ɫɴɟɞɚɟɬ ɦɹɫɨ ɡɚɪɚɠёɧɧɨɝɨ 

ɠɢɜɨɬɧɨɝɨ, ɜɧɭɬɪɢ ɧɟё ɪɚɡɜɢɜɚɟɬɫɹ ɰɟɩɟɧɶ, ɹɣɰɚ ɤɨɬɨɪɨɝɨ ɩɨɩɚɞɚɸɬ ɜ 

ɩɨɫɥɟɞɫɬɜɢɢ ɧɚ ɬɪɚɜɭ ɢɥɢ ɠɟ ɨɫɬɚɸɬɫɹ ɧɚ ɲɟɪɫɬɢ. 

ɗɯɢɧɨɤɨɤɤɨɡ ɱɚɳɟ ɜɵɹɜɥɹɟɬɫɹ ɭ ɥɢɰ ɫɪɟɞɧɟɝɨ ɜɨɡɪɚɫɬɚ. Ȼɨɥɟɡɧɶ ɜ 

ɧɟɨɫɥɨɠɧɟɧɧɵɯ ɫɥɭɱɚɹɯ ɩɪɨɬɟɤɚɟɬ ɝɨɞɚɦɢ ɢ ɦɨɠɟɬ ɛɵɬɶ ɜɵɹɜɥɟɧɚ ɫɥɭɱɚɣɧɨ. 

ɗɬɨ ɡɚɛɨɥɟɜɚɧɢɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɨ ɜɨ ɦɧɨɝɢɯ ɪɟɝɢɨɧɚɯ ɦɢɪɚ: Ⱥɜɫɬɪɚɥɢɢ, 

Ⱥɦɟɪɢɤɟ, ɬɚɤ ɠɟ ɪɟɝɢɫɬɪɢɪɭɟɬɫɹ ɧɚ Ʉɚɜɤɚɡɟ, ɜ Ʉɪɵɦɭ, Ʉɚɡɚɯɫɬɚɧɟ ɢ ɜ 

Ɂɚɩɚɞɧɨɣ ɋɢɛɢɪɢ [31]. 



ȼ ɤɪɨɜɢ ɨɛɵɱɧɨ ɨɛɧɚɪɭɠɢɜɚɟɬɫɹ ɷɨɡɢɧɨɮɢɥɢɹ. ȼ ɰɟɪɟɛɪɨɫɩɢɧɚɥɶɧɨɣ 

ɠɢɞɤɨɫɬɢ ɨɛɧɚɪɭɠɢɜɚɟɬɫɹ ɧɟɛɨɥɶɲɨɣ ɩɥɟɨɰɢɬɨɡ ɫ ɧɚɥɢɱɢɟɦ ɷɨɡɢɧɨɮɢɥɨɜ, 

ɧɟɛɨɥɶɲɨɟ ɩɨɜɵɲɟɧɢɟ ɭɪɨɜɧɹ ɛɟɥɤɚ, ɢɧɨɝɞɚ — ɨɬɞɟɥɶɧɵɟ ɱɚɫɬɢ ɩɭɡɵɪɹ, 

ɹɧɬɚɪɧɚɹ ɤɢɫɥɨɬɚ, ɩɥɟɨɰɢɬɨɡ ɜ ɷɬɨɣ ɠɢɞɤɨɫɬɢ ɦɨɠɟɬ ɢ ɨɬɫɭɬɫɬɜɨɜɚɬɶ. 

ɗɯɢɧɨɤɨɤɤɨɡ ɩɟɱɟɧɢ ɜɫɬɪɟɱɚɟɬɫɹ ɱɚɫɬɨ (50—70 % ɫɥɭɱɚɹɯ ɷɯɢɧɨɤɤɨɡɚ). 

Ɉɧɤɨɫɮɟɪɵ ɢɡ ɤɢɲɟɱɧɨɣ ɫɬɟɧɤɢɦ ɫ ɤɪɨɜɨɬɨɤɨɦ ɩɨɪɬɚɥɶɧɨɣ ɫɢɫɬɟɦɵ 

ɡɚɧɨɫɹɬɫɹ ɜ ɩɟɱɟɧɶ, ɝɞɟ ɛɨɥɶɲɢɧɫɬɜɨ ɨɫɟɞɚɟɬ ɜ ɦɟɥɤɢɯ ɤɚɩɢɥɥɹɪɚɯ. 

ɗɯɢɧɨɤɨɤɤɨɜɵɟ ɤɢɫɬɵ ɦɟɞɥɟɧɧɨ ɩɪɨɝɪɟɫɫɢɜɧɨ ɪɚɫɬɭɬ ɢ ɩɪɨɪɵɜɚɸɬɫɹ ɜ 

ɩɚɪɟɧɯɢɦɭ ɩɟɱɟɧɢ, ɠёɥɱɧɵɟ ɩɪɨɬɨɤɢ ɢɥɢ ɫɜɨɛɨɞɧɭɸ ɛɪɸɲɧɭɸ ɩɨɥɨɫɬɶ. 

Ʉɢɫɬɵ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɜ ɩɪɚɜɨɣ ɞɨɥɟ. ɇɚɢɛɨɥɟɟ ɪɚɧɧɢɣ ɫɢɦɩɬɨɦ: ɱɭɜɫɬɜɨ 

ɬɹɠɟɫɬɢ ɢ ɛɨɥɢ ɜ ɷɩɢɝɚɫɬɪɢɢ ɢ ɨɛɥɚɫɬɢ ɩɪɚɜɨɝɨ ɩɨɞɪɟɛɟɪɶɹ. ɇɚɝɧɨɟɧɢɟ 

ɩɭɡɵɪɹ ɩɪɢɜɨɞɢɬ ɤ ɪɚɡɜɢɬɢɸ ɤɥɢɧɢɱɟɫɤɨɣ ɤɚɪɬɢɧɵ ɚɛɫɰɟɫɫɚ ɩɟɱɟɧɢ. ɉɪɢ 

ɜɫɤɪɵɬɢɢ ɚɛɫɰɟɫɫɚ ɜɨɡɦɨɠɧɵ ɝɧɨɣɧɵɣ ɩɥɟɜɪɢɬ ɢɥɢ ɩɟɪɢɬɨɧɢɬ. ɉɪɨɪɵɜ 

ɚɛɫɰɟɫɫɚ ɜ ɠёɥɱɧɵɟ ɩɪɨɬɨɤɢ — ɩɪɢɱɢɧɚ ɝɧɨɣɧɨɝɨ ɯɨɥɚɧɝɢɬɚ. Ɋɚɡɪɵɜ 

ɧɟɢɧɮɢɰɢɪɨɜɚɧɧɨɝɨ ɩɭɡɵɪɹ ɫɨɩɪɨɜɨɠɞɚɟɬ ɤɨɦɩɥɟɤɫ ɚɥɥɟɪɝɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ, 

ɜɩɥɨɬɶ ɞɨ ɪɚɡɜɢɬɢɹ ɚɧɚɮɢɥɚɤɬɢɱɟɫɤɨɝɨ ɲɨɤɚ [32]. 
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2.1 Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ 



Ɉɛɴɟɤɬɨɦ  ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɥɭɠɢɥɢ ɷɪɢɬɪɨɰɢɬɵ ɢ  ɩɥɚɡɦɚ ɤɪɨɜɢ 22 

ɩɚɰɢɟɧɬɨɜ ɫ  ɞɢɮɮɭɡɧɵɦ ɬɨɤɫɢɱɟɫɤɢɦ ɡɨɛɨɦ (ȾɌɁ), ɞɨ ɥɟɤɚɪɫɬɜɟɧɧɨɣ 

ɬɟɪɚɩɢɢ. 19 – ɫ ɩɚɬɨɥɨɝɢɟɣ ɪɚɤ ɠɟɥɭɞɤɚ ɞɨ ɨɩɟɪɚɰɢɢ ɢ 30 ɩɚɰɢɟɧɬɨɜ ɫ 

ɷɯɢɧɨɤɨɤɤɨɡɨɦ (ɩɪɨɬɢɜɨɩɚɪɚɡɢɬɚɪɧɚɹ ɬɟɪɚɩɢɹ ɧɟ ɩɪɨɜɨɞɢɥɚɫɶ). Ʉɨɧɬɪɨɥɶɧɚɹ 

ɝɪɭɩɩɚ ɜɤɥɸɱɚɥɚ 48 ɭɫɥɨɜɧɨ ɡɞɨɪɨɜɵɯ ɱɟɥɨɜɟɤ. 

Ʉɪɨɜɶ ɡɚɛɢɪɚɥɚɫɶ ɢɡ ɥɨɤɬɟɜɨɣ ɜɟɧɵ ɧɚɬɨɳɚɤ ɜ ɜɚɤɭɬɟɣɧɟɪɵ ɫ 

ɝɟɩɚɪɢɧɨɦ ɜ ɥɚɛɨɪɚɬɨɪɢɢ ɤɥɟɬɨɱɧɨ-ɦɨɥɟɤɭɥɹɪɧɨɣ ɮɢɡɢɨɥɨɝɢɢ ɢ ɩɚɬɨɥɨɝɢɢ, 

ɥɚɛɨɪɚɬɨɪɢɢ ɤɥɢɧɢɱɟɫɤɨɣ ɩɚɤɬɨɮɢɡɢɨɥɨɝɢɢ ɢ ɚɥɥɟɪɝɨɥɨɝɢɢ ɎȽȻɇɍ «ɇɂɂ 

ɦɟɞɢɰɢɧɫɤɢɯ ɩɪɨɛɥɟɦ ɋɟɜɟɪɚ», ɤɥɢɧɢɱɟɫɤɨɣ ɥɚɛɨɪɚɬɨɪɢɢ Ʉɪɚɟɜɨɣ ɛɨɥɶɧɢɰɵ 

№1.  

Ʉɪɨɜɶ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ ɜ ɬɟɱɟɧɢɟ 15 ɦɢɧ ɩɪɢ 3000 ɨɛ/ɦɢɧ.  ɉɥɚɡɦɭ 

ɨɫɬɨɪɨɠɧɨ ɨɬɛɢɪɚɥɢ ɢ ɫɨɯɪɚɧɹɥɢ ɞɨ ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɟ -200ɋ. ɗɪɢɬɪɨɰɢɬɵ ɬɪɢɠɞɵ ɨɬɦɵɜɚɥɢ ɨɬ ɫɥɟɞɨɜ ɩɥɚɡɦɵ ɤɪɨɜɢ, 

ɫɭɫɩɟɧɞɢɪɭɹ ɫ  0,9%-ɧɵɦ ɪɚɫɬɜɨɪɨɦ NaCl ɢ ɰɟɧɬɪɢɮɭɝɢɪɭɹ ɩɪɢ  3000 ɨɛ/ɦɢɧ 

(ɬɟɦɩɟɪɚɬɭɪɚ 40ɋ) ɜ ɬɟɱɟɧɢɟ 10 ɦɢɧ. ɉɨɫɥɟɞɧɟɟ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɟ 

ɨɫɭɳɟɫɬɜɥɹɥɢ ɜ ɬɟɱɟɧɢɟ 20 ɦɢɧ ɞɥɹ ɛɨɥɟɟ ɩɥɨɬɧɨɣ ɭɩɚɤɨɜɤɢ ɷɪɢɬɪɨɰɢɬɨɜ.  

 

Ɍɚɛɥɢɰɚ 2 – ȼɨɡɪɚɫɬɧɵɟ ɤɚɬɟɝɨɪɢɢ ɤɨɧɬɪɨɥɶɧɨɣ ɝɪɭɩɩɵ ɥɸɞɟɣ  

 20-44 ɥɟɬ 44-60 ɥɟɬ 60-75 ɥɟɬ 75-90 ɥɟɬ 

 
ɨɛɫɥɟɞɭɟɦɵɟ 
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3 

  
 Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɜɨɡɪɚɫɬɚ ɫɨɝɥɚɫɧɨ ȼɈɁ ɨɬ 2015 ɝ: 25-44 ɥɟɬ – ɦɨɥɨɞɨɣ 

ɜɨɡɪɚɫɬ, 44-60 ɥɟɬ - ɫɪɟɞɧɢɣ ɜɨɡɪɚɫɬ, 60-75 ɥɟɬ – ɩɨɠɢɥɨɣ ɜɨɡɪɚɫɬ, 75-90 ɥɟɬ – 

ɫɬɚɪɱɟɫɤɢɣ ɜɨɡɪɚɫɬ. 

 

 

2.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɦɨɱɟɜɨɣ ɤɢɫɥɨɬɵ ɜ ɩɥɚɡɦɟ ɤɪɨɜɢ  



Ɇɨɱɟɜɭɸ ɤɢɫɥɨɬɭ ɨɩɪɟɞɟɥɹɥɢ ɫ ɩɨɦɨɳɶɸ ɫɩɟɰɢɚɥɶɧɨɝɨ ɧɚɛɨɪɚ 

ɪɟɚɝɟɧɬɨɜ «ȼɂɌȺɅ» ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɦɨɱɟɜɨɣ ɤɢɫɥɨɬɵ ɜ 

ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɠɢɞɤɨɫɬɹɯ ɷɧɡɢɦɚɬɢɱɟɫɤɢɦ ɤɨɥɨɪɢɦɟɬɪɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ.  

Пɪɢɧɰɢɩ ɦɟɬɨɞɚ. ɋɨɞɟɪɠɚɳɚɹɫɹ ɜ ɩɪɨɛɟ ɦɨɱɟɜɚɹ ɤɢɫɥɨɬɚ ɨɤɢɫɥɹɟɬɫɹ 

ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɮɟɪɦɟɧɬɚ ɭɪɢɤɚɡɵ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɩɟɪɟɤɢɫɢ ɜɨɞɨɪɨɞɚ. ȼ 

ɩɪɢɫɭɬɫɬɜɢɢ ɩɟɪɨɤɫɢɞɚɡɵ ɩɟɪɟɤɢɫɶ ɜɨɞɨɪɨɞɚ ɨɤɢɫɥɹɟɬ ɯɪɨɦɨɝɟɧɵ ɫ 

ɨɛɪɚɡɨɜɚɧɢɟ ɨɤɪɚɲɟɧɧɨɝɨ ɩɪɨɞɭɤɬɚ, ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɨɤɪɚɫɤɢ ɤɨɬɨɪɨɝɨ 

ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɤɨɧɰɟɧɬɪɚɰɢɢ ɦɨɱɟɜɨɣ ɤɢɫɥɨɬɵ ɜ ɩɪɨɛɟ. 

Ɋɟɚɤɬɢɜɵ:  

1. Ɋɟɚɝɟɧɬ №1- ɮɨɫɮɚɬ (150 ɦɦɨɥɶ/ɥ); 3,5-ɞɢɯɥɨɪɨ-2-ɮɟɧɨɥɫɭɥɶɮɨɧɚɬ 

(2,5ɦɦɨɥɶ/ɥ). 

2. Ɋɟɚɝɟɧɬ №2- 4-ɚɦɢɧɨɚɧɬɢɩɢɪɢɧ (0,25ɦɦɨɥɶ/ɥ); ɭɪɢɤɚɡɚ (300 ɟɞ/ɥ); 

ɚɫɤɨɪɛɚɬɨɤɫɢɞɚɡɚ (250ɟɞ/ɥ); ɩɟɪɨɤɫɢɞɚɡɚ (250 ɟɞ/ɥ). 

3. Ɋɚɛɨɱɢɣ ɪɟɚɝɟɧɬ. ɋɨɞɟɪɠɢɦɨɟ  ɮɥɚɤɨɧɚ ɫ Ɋɟɚɝɟɧɬɨɦ №2 ɚɤɤɭɪɚɬɧɨ 

ɩɟɪɟɦɟɲɢɜɚɥɢ ɢ ɪɚɫɬɜɨɪɹɥɢ ɜ ɛɭɮɟɪɧɨɦ ɪɚɫɬɜɨɪɟ Ɋɟɚɝɟɧɬɚ №1. Ⱦɥɹ 

ɩɨɥɭɱɟɧɢɹ ɨɩɬɢɦɚɥɶɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɛɨɱɢɣ ɪɟɚɝɟɧɬ ɜɵɞɟɪɠɢɜɚɥɢ ɩɪɢ 

ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 5-10 ɦɢɧ. 

4. Ʉɚɥɢɛɪɚɬɨɪ – ɦɨɱɟɜɚɹ ɤɢɫɥɨɬɚ (357 ɦɤɦɨɥɶ/ɥ). 

ɏɨɞ ɨɩɪɟɞɟɥɟɧɢɹ. 

ȼ ɨɩɵɬɧɭɸ, ɤɚɥɢɛɪɨɜɨɱɧɭɸ ɢ ɯɨɥɨɫɬɭɸ ɩɪɨɛɵ ɧɚɥɢɜɚɥɢ ɩɨ 2,0 ɦɥ  

ɪɚɛɨɱɟɝɨ ɪɟɚɝɟɧɬɚ. Ⱦɚɥɟɟ,  ɜ ɨɩɵɬɧɭɸ ɩɪɨɛɭ ɜɧɨɫɢɥɢ 0,05 ɦɥ ɩɥɚɡɦɵ ɤɪɨɜɢ. 

ȼ ɤɚɥɢɛɪɨɜɨɱɧɭɸ – 0,05 ɦɥ ɫɬɚɧɞɚɪɬɧɨɝɨ ɪɚɫɬɜɨɪɚ ɦɨɱɟɜɨɣ ɤɢɫɥɨɬɵ 

(ɤɚɥɢɛɪɚɬɨɪ),  ɜ ɯɨɥɨɫɬɭɸ  –  0,05 ɦɥ  ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɵ. 

ɉɪɨɛɵ ɬɳɚɬɟɥɶɧɨ ɩɟɪɟɦɟɲɢɜɚɥɢ ɢ ɢɧɤɭɛɢɪɨɜɚɥɢ 5 ɦɢɧɭɬ ɜ ɬɟɪɦɨɫɬɚɬɟ, 

ɥɢɛɨ 7 ɦɢɧɭɬ ɩɪɢ 25ºC. Ɉɩɬɢɱɟɫɤɭɸ ɩɥɨɬɧɨɫɬɶ ɨɩɵɬɧɨɣ ɢ ɤɚɥɢɛɪɨɜɨɱɧɨɣ 

ɩɪɨɛɵ ɢɡɦɟɪɹɥɢ ɩɪɨɬɢɜ ɯɨɥɨɫɬɨɣ ɩɪɨɛɵ  ɜ ɤɸɜɟɬɚɯ 1,0 ɫɦ ɩɪɢ ɞɥɢɧɟ ɜɨɥɧɵ 

520 ɧɦ. 

 

 

 



Ɋɚɫɱɟɬɧɚɹ ɮɨɪɦɭɥɚ: 

                 ɝɞɟɥɦɤɦɨɥь
E

E
C

ɤ

ɨɩ ,/357                                      ( 1)             

С – ɤɨɧɰɟɧɬɪɚɰɢɹ ɦɨɱɟɜɨɣ ɤɢɫɥɨɬɵ ɜ ɦɤɦɨɥɶ/ɥ; Eɨɩ – ɨɩɬɢɱɟɫɤɚɹ 

ɩɥɨɬɧɨɫɬɶ ɨɩɵɬɧɨɣ ɩɪɨɛɵ; Eɤ – ɨɩɬɢɱɟɫɤɚɹ ɩɥɨɬɧɨɫɬɶ ɤɚɥɢɛɪɚɬɨɪɚ; 357 

ɦɤɦɨɥɶ/ɥ – ɤɨɧɰɟɧɬɪɚɰɢɹ ɦɨɱɟɜɨɣ ɤɢɫɥɨɬɵ ɜ ɤɚɥɢɛɪɚɬɨɪɟ. 

  

2.3  Ɉɩɪɟɞɟɥɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɦɨɱɟɜɨɣ ɤɢɫɥɨɬɵ ɜ ɷɪɢɬɪɨɰɢɬɚɯ 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɦɨɱɟɜɨɣ ɤɢɫɥɨɬɵ ɜ ɷɪɢɬɪɨɰɢɬɚɯ  ɜ ɩɪɨɛɢɪɤɭ ɜɧɨɫɢɥɢ 

0,1 ɦɥ ɭɩɚɤɨɜɚɧɧɵɯ ɷɪɢɬɪɨɰɢɬɨɜ, 0,4 ɦɥ 0,9%-ɧɨɝɨ ɪɚɫɬɜɨɪɚ NaCl ɢ  0,5 ɦɥ 

5%-ɧɨɣ ɬɪɢɯɥɨɪɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ. ɉɪɨɛɭ ɚɤɤɭɪɚɬɧɨ ɩɟɪɟɦɟɲɢɜɚɥɢ, ɡɚɬɟɦ 

ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ ɜ ɬɟɱɟɧɢɟ 10 ɦɢɧ ɩɪɢ 3000 ɨɛ/ɦɢɧ. ɋɭɩɟɪɧɚɬɚɧɬ 

ɨɫɬɨɪɨɠɧɨ ɨɬɛɢɪɚɥɢ ɢ ɢɫɩɨɥɶɡɨɜɚɥɢ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɦɨɱɟɜɨɣ 

ɤɢɫɥɨɬɵ, ɞɚɥɟɟ ɫɥɟɞɭɹ ɦɟɬɨɞɢɤɟ,  ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɜ ɪɚɡɞɟɥɟ 2.2 

Ɋɚɫɱɟɬɧɚɹ ɮɨɪɦɭɥɚ: 

                       
ɝɞɟ

HbE

fCE
C

ɤ

ɤɨɩ ,





                                           (2) 

C – ɤɨɧɰɟɧɬɪɚɰɢɹ ɦɨɱɟɜɨɣ ɤɢɫɥɨɬɵ ɜ ɦɤɦɨɥɶ /ɝ Hb; Eɨɩ – ɨɩɬɢɱɟɫɤɚɹ 

ɩɥɨɬɧɨɫɬɶ ɨɩɵɬɧɨɣ ɩɪɨɛɵ; Cɤ – ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɚɥɢɛɪɚɬɨɪɚ; f – ɮɚɤɬɨɪ 

ɪɚɡɜɟɞɟɧɢɹ ɩɪɨɛɵ; Eɤ – ɨɩɬɢɱɟɫɤɚɹ ɩɥɨɬɧɨɫɬɶ ɤɚɥɢɛɪɚɬɨɪɚ;  Hb – 

ɝɟɦɨɝɥɨɛɢɧ (ɝ/ɥ). 

 

2.4  Ɉɩɪɟɞɟɥɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɚɫɤɨɪɛɢɧɨɜɨɣ ɤɢɫɥɨɬɵ ɜ 
ɷɪɢɬɪɨɰɢɬɚɯ ɢ ɩɥɚɡɦɟ ɤɪɨɜɢ 

Ⱦɥɹ ɤɨɥɢɱɟɫɬɜɟɧɧɵɯ ɨɩɪɟɞɟɥɟɧɢɣ ɚɫɤɨɪɛɢɧɨɜɨɣ (ȺɄ), 

ɞɟɝɢɞɪɨɚɫɤɨɪɛɢɧɨɜɨɣ (ȾȺɄ) ɢ ɞɢɤɟɬɨɝɭɥɨɧɨɜɨɣ ɤɢɫɥɨɬ (ȾɄȽɄ) 

ɢɫɩɨɥɶɡɨɜɚɥɢ ɦɟɬɨɞ J.H. Roe., ɋ.Ⱥ. Kuether (1943) ɜ ɦɨɞɢɮɢɤɚɰɢɢ ȼ.ȼ. 

ɋɨɤɨɥɨɜɫɤɨɝɨ ɫ ɫɨɚɜɬɨɪɫɬɜɟ [33]. 



Пɪɢɧɰɢɩ ɦɟɬɨɞɚ: ɨɩɪɟɞɟɥɟɧɢɟ ɨɫɧɨɜɚɧɨ ɧɚ ɨɛɪɚɡɨɜɚɧɢɢ ɨɤɪɚɲɟɧɧɵɯ ɜ 

ɤɪɚɫɧɵɣ ɰɜɟɬ ɚɡɚɡɨɧɨɜ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ȾȺɄ ɢ ȾɄȽɄ ɫ 2,4-

ɞɢɧɢɬɪɨɮɟɧɢɥɝɢɞɪɚɡɢɧɨɦ ɜ ɫɟɪɧɨɣ ɤɢɫɥɨɬɟ, ɢɫɩɨɥɶɡɭɟɦɨɟ ɞɥɹ 

ɮɨɬɨɦɟɬɪɢɱɟɫɤɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ. Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ ɫɭɦɦɵ ɜɫɟɯ ɤɢɫɥɨɬ ɢɯ 

ɨɤɢɫɥɹɸɬ 2,6-ɞɢɯɥɨɪɮɟɧɨɥɢɧɞɨɮɟɧɨɥɹɬɨɦ ɧɚɬɪɢɹ. ɋɨɞɟɪɠɚɧɢɟ ȺɄ 

ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɪɚɡɧɨɫɬɢ ɦɟɠɞɭ ɫɭɦɦɨɣ ɜɫɟɯ ɨɤɢɫɥɟɧɧɵɯ ɮɨɪɦ ɚɫɤɨɪɛɢɧɨɜɨɣ 

ɤɢɫɥɨɬɵ ɢ ɫɨɞɟɪɠɚɧɢɟɦ ȾȺɄ ɢ ȾɄȽɄ.  

 Ɋɟɚɤɬɢɜɵ: 

1. 5% - ɧɵɣ ɪɚɫɬɜɨɪ Ɍɏɍ. 

2. 85%- ɧɵɣ ɪɚɫɬɜɨɪ H2SO4. 

3. 0,9% - ɧɵɣ ɪɚɫɬɜɨɪ NaC.l   

4. 9 ɧ H2SO4 

5. 2%-ɧɵɣ ɪɚɫɬɜɨɪ 2,4-ɞɢɧɢɬɪɨɮɟɧɢɥɝɢɞɪɚɡɢɧɚ (2,4-ȾɎȽ) – ɜ ɤɨɬɨɪɵɣ 

ɜɯɨɞɢɬ 0,5 ɝ 2,4-ȾɎȽ,  0,0625 ɝ ɬɢɨɦɨɱɢɜɢɧɵ, ɧɚɜɟɫɤɢ ɪɚɫɬɜɨɪɢɬɶ ɜ 25 ɦɥ 9 

ɧ H2SO4. 

6. 0,001 ɧ ɪɚɫɬɜɨɪɚ 2,6-ȾɏɎɎɇ (2,6-ɞɢɯɥɨɪɮɟɧɨɥɢɧɞɨɮɟɧɨɥɹɬ ɧɚɬɪɢɹ 

ɢɥɢ ɤɪɚɫɤɚ Ɍɢɥɶɦɚɧɫɚ). 

7. ɋɬɚɧɞɚɪɬɧɵɣ ɪɚɫɬɜɨɪ ɚɫɤɨɪɛɢɧɨɜɨɣ ɤɢɫɥɨɬɵ. ɇɚɜɟɫɤɭ ɚɫɤɨɪɛɢɧɨɜɨɣ 

ɤɢɫɥɨɬɵ 200 ɦɝ ɪɚɫɬɜɨɪɹɸɬ ɜ 10 ɦɥ 5%-ɧɨɣ Ɍɏɍ (ɨɫɧɨɜɧɨɣ ɫɬɚɧɞɚɪɬɧɵɣ 

ɪɚɫɬɜɨɪ). Ⱦɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ  ɪɚɛɨɱɟɝɨ ɫɬɚɧɞɚɪɬɧɨɝɨ ɪɚɫɬɜɨɪɚ ɚɫɤɨɪɛɢɧɨɜɨɣ 

ɤɢɫɥɨɬɵ  (2 ɦɝ%-ɧɵɣ) ɤ 0,005 ɦɥ ɨɫɧɨɜɧɨɝɨ ɪɚɫɬɜɨɪɚ ɩɪɢɥɢɜɚɸɬ 4,995 ɦɥ  

5%-ɧɨɣ Ɍɏɍ. 

ɏɨɞ ɨɩɪɟɞɟɥɟɧɢɹ. 

ȼ ɞɜɟ ɩɪɨɛɢɪɤɢ ɜɧɨɫɢɥɢ  ɩɨ 0,25 ɦɥ ɭɩɚɤɨɜɚɧɧɵɯ ɢ ɨɬɦɵɬɵɯ ɨɬ ɩɥɚɡɦɵ  

ɷɪɢɬɪɨɰɢɬɨɜ / (0,25 ɦɥ ɩɥɚɡɦɵ), 0,75 ɦɥ 0,9%-ɧɨɝɨ NaCl  ɢ 1 ɦɥ 5%-ɧɨɣ Ɍɏɍ. 

ɋɨɞɟɪɠɢɦɨɟ ɩɪɨɛɢɪɨɤ ɩɟɪɟɦɟɲɢɜɚɥɢ, ɡɚɬɟɦ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ ɜ ɬɟɱɟɧɢɟ  10 

ɦɢɧ ɩɪɢ 3000 ɨɛ/ɦɢɧ.  Ⱦɚɥɟɟ,  ɜ ɞɜɟ  ɱɢɫɬɵɟ  ɩɪɨɛɢɪɤɢ ɜɧɨɫɢɥɢ ɩɨ 1 ɦɥ 

ɫɭɩɟɪɧɚɬɚɧɬɚ.  ȼ ɨɞɧɭ ɢɡ  ɩɪɨɛɢɪɨɤ ɫ ɫɭɩɟɪɧɚɬɚɧɬɨɦ ɩɨ ɤɚɩɥɹɦ ɞɨɛɚɜɥɹɥɢ  

0,001 ɧ  ɪɚɫɬɜɨɪ  2,6-ȾɏɎɎɇ ɞɨ ɩɨɹɜɥɟɧɢɹ ɫɥɚɛɨ-ɪɨɡɨɜɨɝɨ ɨɤɪɚɲɢɜɚɧɢɹ, 

ɭɫɬɨɣɱɢɜɨɝɨ ɜ ɬɟɱɟɧɢɟ 30 ɫ.  Ɂɚɬɟɦ  ɜ  ɤɚɠɞɭɸ ɩɪɨɛɢɪɤɭ ɜɧɨɫɢɥɢ ɩɨ 0,25 ɦɥ 



2%-ɧɨɝɨ ɪɚɫɬɜɨɪɚ 2,4-ȾɎȽ. ɉɪɨɛɵ ɢɧɤɭɛɢɪɨɜɚɥɢ ɜ ɬɟɱɟɧɢɟ 10 ɦɢɧ ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɟ 100°C. Ɂɚɬɟɦ ɩɨɦɟɳɚɥɢ ɩɪɨɛɢɪɤɢ ɜ ɥɟɞɹɧɭɸ ɛɚɧɸ ɢ  ɞɨɛɚɜɥɹɥɢ 

ɩɨ 1,25 ɦɥ 85%-ɧɨɝɨ ɪɚɫɬɜɨɪɚ H2SO4.  

ɉɚɪɚɥɥɟɥɶɧɨ ɨɩɵɬɧɵɦ ɩɪɨɛɚɦ ɝɨɬɨɜɢɥɢ ɯɨɥɨɫɬɭɸ ɩɪɨɛɭ: ɜ ɩɪɨɛɢɪɤɭ 

ɞɨɛɚɜɥɹɥɢ 1 ɦɥ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɵ, ɡɚɬɟɦ ɜɧɨɫɢɥɢ 0,25 ɦɥ ɪɚɫɬɜɨɪɚ 2,4-

ȾɎȽ ɢ 1,25 ɦɥ 85% ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ.  

 ɉɪɨɛɵ ɬɳɚɬɟɥɶɧɨ ɩɟɪɟɦɟɲɢɜɚɥɢ, ɢɧɤɭɛɢɪɨɜɚɥɢ 60 ɦɢɧ ɩɪɢ 18-25ɨɋ ɢ 

ɢɡɦɟɪɹɥɢ ɨɩɬɢɱɟɫɤɭɸ ɩɥɨɬɧɨɫɬɶ ɨɩɵɬɧɵɯ ɩɪɨɛ ɩɪɨɬɢɜ ɯɨɥɨɫɬɨɣ ɩɪɨɛɵ  ɩɪɢ 

ɞɥɢɧɟ ɜɨɥɧɵ 540 ɧɦ. 

 Ɉɤɪɚɫɤɚ ɫɬɚɛɢɥɶɧɚ ɧɟ ɦɟɧɟɟ 30 ɦɢɧ ɩɨɫɥɟ ɨɤɨɧɱɚɧɢɹ ɢɧɤɭɛɚɰɢɢ ɩɪɢ 

ɩɪɟɞɨɯɪɚɧɟɧɢɢ ɨɬ ɩɪɹɦɨɝɨ ɫɨɥɧɟɱɧɨɝɨ ɫɜɟɬɚ. 

 Ʉɨɧɰɟɧɬɪɚɰɢɸ ɤɢɫɥɨɬ ɪɚɫɫɱɢɬɵɜɚɥɢ ɩɨ ɮɨɪɦɭɥɚɦ (3) ɢ (4). ɋɧɚɱɚɥɚ 

ɧɚɯɨɞɥɢ ɤɨɧɰɟɧɬɪɚɰɢɸ ɜɫɟɯ ɤɢɫɥɨɬ, ɜɵɪɚɠɟɧɧɭɸ ɜ ɦɝ%, ɡɚɬɟɦ –  

ɤɨɧɰɟɧɬɪɚɰɢɸ ɨɤɢɫɥɟɧɧɵɯ ɮɨɪɦ ɚɫɤɨɪɛɚɬɚ ɜ ɦɝ% ɢ ɞɚɥɟɟ ɨɩɪɟɞɟɥɹɥɢ 

ɤɨɧɰɟɧɬɪɚɰɢɸ ȺɄ. 

              ɝɞɟ
E

E
C ,

2

2

1                                                         ( 3) 

 C – ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɢɫɥɨɬ, ɦɝ%; 2 – ɤɨɧɰɟɧɬɪɚɰɢɹ ɫɬɚɧɞɚɪɬɧɨɝɨ 

ɪɚɫɬɜɨɪɚ ɚɫɤɨɪɛɢɧɨɜɨɣ ɤɢɫɥɨɬɵ, ɦɝ%; E1- ɨɩɬɢɱɟɫɤɚɹ ɩɥɨɬɧɨɫɬɶ ɨɩɵɬɧɨɣ 

ɩɪɨɛɵ; E2 – ɨɩɬɢɱɟɫɤɚɹ ɩɥɨɬɧɨɫɬɶ ɫɬɚɧɞɚɪɬɧɨɝɨ ɪɚɫɬɜɨɪɚ ɚɫɤɨɪɛɚɬɚ.   

             ɝɞɟCС ɦɝ
ɥɦɤɦɨɥь ,

176
10000%

/


                             ( 4) 

    Cɦɤɦɨɥɶ/ɥ – ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɢɫɥɨɬ, ɦɤɦɨɥɶ/ɥ; Cɦɝ% - ɤɨɧɰɟɧɬɪɚɰɢɹ 

ɤɢɫɥɨɬ, ɦɝ%; 10000 – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɩɟɪɟɜɨɞ ɦɝ% ɜ ɝɪɚɦɦɵ ɢ 

ɨɛɴɟɦ ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɪɚɡɰɚ; 176 – ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ ɚɫɤɨɪɛɚɬɚ (ɝ/ɦɨɥɶ); 

Hb – ɤɨɧɰɟɧɬɪɚɰɢɹ ɝɟɦɨɝɥɨɛɢɧɚ (ɝ/ɥ). 

 
 

2.5  Ɉɩɪɟɞɟɥɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɝɟɦɨɝɥɨɛɢɧɚ  



 Пɪɢɧɰɢɩ ɦɟɬɨɞɚ: Ƚɟɦɨɝɥɨɛɢɧ (Hb) ɤɪɨɜɢ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫ 

ɠɟɥɟɡɨɫɢɧɟɪɨɞɢɫɬɵɦ ɤɚɥɢɟɦ ɨɤɢɫɥɹɟɬɫɹ ɜ Met-Hb, ɨɛɪɚɡɭɸɳɢɣ ɫ 

ɚɰɟɬɨɧɰɢɚɧɝɢɞɪɢɧɨɦ ɝɟɦɢɝɥɨɛɢɧɰɢɚɧɢɞ, ɨɩɬɢɱɟɫɤɚɹ ɩɥɨɬɧɨɫɬɶ ɤɨɬɨɪɨɝɨ ɩɪɢ 

540 ɧɦ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɤɨɧɰɟɧɬɪɚɰɢɢ Hb. 

Ɋɟɚɝɟɧɬɵ: 

1. Ɍɪɚɧɫɮɨɪɦɢɪɭɸɳɢɣ ɪɟɚɝɟɧɬ – ɫɭɯɚɹ ɫɦɟɫɶ ( ɧɚɬɪɢɣ ɭɝɥɟɤɢɫɥɵɣ, 1,0 ɝ; 

ɤɚɥɢɣ ɠɟɥɟɡɨɫɢɧɟɪɨɞɢɫɬɵɣ, 200 ɦɝ). 

2. Ⱥɰɟɬɨɧɰɢɚɧɝɢɞɪɢɧ 

3. Ʉɚɥɢɛɪɨɜɨɱɧɵɣ ɪɚɫɬɜɨɪ ɝɟɦɨɝɥɨɛɢɧɚ ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 120 ɝ/ɥ. 

  ɏɨɞ ɪɚɛɨɬɵ 

 Ƚɨɬɨɜɹɬ ɝɟɦɨɥɢɡɚɬ (ɭɩɚɤɨɜɚɧɧɵɟ ɷɪɢɬɪɨɰɢɬɵ ɪɚɡɜɨɞɹɬ ɨɯɥɚɠɞɟɧɧɨɣ 

ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɨɣ ɜ ɨɬɧɨɲɟɧɢɢ 1:2). Ɂɚɬɟɦ ɤ 5 ɦɥ 

ɬɪɚɧɫɮɨɪɦɢɪɭɸɳɟɝɨ ɪɚɫɬɜɨɪɚ ɞɨɛɚɜɥɹɸɬ 0,02 ɦɥ ɝɟɦɨɥɢɡɚɬɚ, ɯɨɪɨɲɨ 

ɩɟɪɟɦɟɲɚɬɶ. Ɉɩɪɟɞɟɥɟɧɢɟ ɩɪɨɜɨɞɹɬ ɩɪɢ 540 ɧɦ ɜ ɤɸɜɟɬɟ ɫ ɬɨɥɳɢɧɨɣ ɫɥɨɹ 1 

ɫɦ ɱɟɪɟɡ 10 ɦɢɧɭɬ ɩɪɨɬɢɜ ɬɪɚɧɫɮɨɪɦɢɪɭɸɳɟɝɨ ɪɚɫɬɜɨɪɚ. 

Ɋɚɫɱɟɬɧɚɹ ɮɨɪɦɭɥɚ:  

                

ɝɞɟ
D

D
ɥɝHb

k

o ,120)/( 
                                                                                                  ( 5) 

Hb – ɫɨɞɟɪɠɚɧɢɟ ɝɟɦɨɝɥɨɛɢɧɚ ɜ ɨɩɵɬɧɨɣ ɩɪɨɛɟ, ɝ/ɥ; D0- ɨɩɬɢɱɟɫɤɚɹ 
ɩɥɨɬɧɨɫɬɶ ɨɩɵɬɧɨɣ ɩɪɨɛɵ; Dk – ɨɩɬɢɱɟɫɤɚɹ ɩɥɨɬɧɨɫɬɶ ɤɚɥɢɛɪɨɜɨɱɧɨɣ ɩɪɨɛɵ; 
120 – ɫɨɞɟɪɠɚɧɢɟ ɝɟɦɨɝɥɨɛɢɧɚ ɜ ɤɚɥɢɛɪɨɜɨɱɧɨɦ ɪɚɫɬɜɨɪɟ, ɝ/ɥ. [34] 

2.6 ɋɬɚɬɢɫɬɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɪɟɡɭɥɶɬɚɬɨɜ  
 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɚ ɫɮɨɪɦɢɪɨɜɚɧɚ ɛɚɡɚ ɞɚɧɧɵɯ, ɧɚ 

ɨɫɧɨɜɟ ɤɨɬɨɪɨɣ ɩɪɨɢɡɜɨɞɢɥɫɹ ɫɬɚɬɢɫɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ. Ⱦɥɹ ɜɫɟɯ ɞɚɧɧɵɯ ɛɵɥɢ 

ɪɚɫɫɱɢɬɚɧɵ ɫɪɟɞɧɟɟ ɚɪɢɮɦɟɬɢɱɟɫɤɨɟ, ɤɜɚɞɪɚɬɢɱɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɢ ɨɬɤɥɨɧɟɧɢɟ 

ɨɬ ɫɪɟɞɧɟɝɨ ɫ ɩɨɦɨɳɶɸ ɩɚɤɟɬɚ ɩɪɢɤɥɚɞɧɵɯ ɩɪɨɝɪɚɦɦ Statistica 7.0. ɉɪɨɜɟɪɤɭ 

ɝɢɩɨɬɟɡɵ ɨ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɞɜɭɯ ɜɵɛɨɪɨɤ ɩɪɨɜɨɞɢɥɢ ɫ 

ɩɨɦɨɳɶɸ ɤɪɢɬɟɪɢɹ ɋɬɶɸɞɟɧɬɚ.  



3 ʟˈˊ˖ˎ˟˕˃˕˞ ˋ ˋх ˑ˄˔˖ˉˇˈːˋя 

 

ɂɡ ɬɟɤɫɬɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɢɡɴɹɬɵ ɪɟɡɭɥɶɬɚɬɵ 

ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ, ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɩɨɬɟɧɰɢɚɥɶɧɭɸ 

ɤɨɦɦɟɪɱɟɫɤɭɸ ɧɚɭɱɧɭɸ ɰɟɧɧɨɫɬɶ ɜ ɫɢɥɭ ɧɟɢɡɜɟɫɬɧɨɫɬɢ ɢɯ ɬɪɟɬɶɢɦ ɥɢɰɚɦ. 



ɋɩɢɫɨɤ ɫɨɤɪɚɳɟɧɢɣ 

ȺɄ – ɚɫɤɨɪɛɢɧɨɜɚɹ ɤɢɫɥɨɬɚ 

ȺɈ – ɚɧɬɢɨɤɫɢɞɚɧɬɵ 

ȺɈȺ – ɚɧɬɢɨɤɫɢɞɚɧɬɧɚɹ ɚɤɬɢɜɧɨɫɬɶ  

ȺɈɁ – ɚɧɬɢɨɤɫɢɞɚɧɬɧɚɹ ɡɚɳɢɬɚ 

ȺɈɋ – ɚɧɬɢɨɤɫɢɞɚɧɬɧɚɹ ɫɢɫɬɟɦɚ 

ȺɎɄ – ɚɤɬɢɜɧɵɟ ɮɨɪɦɵ ɤɢɫɥɨɪɨɞɚ 

ȽɉɈ – ɝɥɭɬɚɬɢɨɧɩɟɪɨɤɫɢɞɚɡɚ 

ȾȺɄ – ɞɟɝɢɞɪɨɚɫɤɨɪɛɢɧɨɜɚɹ ɤɢɫɥɨɬɚ 

ȾɄȽɄ – ɞɢɤɟɬɨɝɭɥɨɧɨɜɚɹ ɤɢɫɥɨɬɚ  

ȾɌɁ – ɞɢɮɮɭɡɧɵɣ ɬɨɤɫɢɱɟɫɤɢɣ ɡɨɛ 

ɆɄ – ɦɨɱɟɜɚɹ ɤɢɫɥɨɬɚ  

ɇɈ● – ɝɢɞɪɨɤɫɢɥɶɧɵɣ ɪɚɞɢɤɚɥ 

ɉɈɅ – ɩɟɪɟɤɢɫɧɨɟ ɨɤɢɫɥɟɧɢɟ ɥɢɩɢɞɨɜ 

ɋɈȾ  – ɫɭɩɟɪɨɤɫɢɞɧɵɣ  ɪɚɞɢɤɚɥ 
1Ɉ2

● – ɫɢɧɝɥɟɬɧɵɣ ɤɢɫɥɨɪɨɞ 

H2Ɉ2 – ɩɟɪɟɤɢɫɶ ɜɨɞɨɪɨɞɚ 
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