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ɊȿɎȿɊȺɌ 

Ɇɚɝɢɫɬɟɪɫɤɚɹ ɞɢɫɫɟɪɬɚɰɢɹ ɩɨ ɬɟɦɟ «Ⱦɢɫɛɚɥɚɧɫ ɩɪɨɨɤɫɢɞɚɧɬɧɨɣ  ɢ 

ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ ɫɢɫɬɟɦ ɤɪɨɜɢ ɭ ɛɨɥɶɧɵɯ ɪɚɤɨɦ ɩɨɱɤɢ» ɫɨɞɟɪɠɢɬ 51 ɫɬɪɚɧɢɰ 

ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 2 ɢɥɥɸɫɬɪɚɰɢɸ, 13 ɬɚɛɥɢɰ, 55 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ 

ɢɫɬɨɱɧɢɤɨɜ. 

ȺɇɌɂɈɄɋɂȾȺɇɌɇȺə ɋɂɋɌȿɆȺ, ɉɊɈɈɄɋɂȾȺɇɌɕ, ȽɅɍɌȺɌɂɈɇ, 

ȽɅɍɌȺɌɂɈɇ-ɁȺȼɂɋɂɆɕȿ ɎȿɊɆȿɇɌɕ, ɋɍɉȿɊɈɄɋɂȾȾɂɋɆɍɌȺɁȺ, 

ɐȿɊɍɅɈɉɅȺɁɆɂɇ, ɆɈɑȿȼȺə ɄɂɋɅɈɌȺ, ɉɈɑȿɑɇɈ-ɄɅȿɌɈɑɇɕɃ ɊȺɄ. 

Ɉɛɴɟɤɬ: ɤɪɨɜɶ  ɭɫɥɨɜɧɨ ɡɞɨɪɨɜɵɯ ɞɨɧɨɪɨɜ, ɛɟɡ ɞɢɚɝɧɨɫɬɢɪɨɜɚɧɧɨɝɨ 

ɨɩɭɯɨɥɟɜɨɝɨ ɩɪɨɰɟɫɫɚ ɢ ɜɵɪɚɠɟɧɧɨɣ ɫɨɦɚɬɢɱɟɫɤɨɣ ɩɚɬɨɥɨɝɢɢ ɢ ɛɨɥɶɧɵɯ ɪɚɤɨɦ 

ɩɨɱɤɢ. 

ɐɟɥɶ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɨɰɟɧɢɬɶ ɫɨɫɬɨɹɧɢɟ ɩɪɨɨɤɫɢɞɚɧɬɧɨɣ ɢ 

ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ ɫɢɫɬɟɦ ɜ ɤɪɨɜɢ ɛɨɥɶɧɵɯ ɩɨɱɟɱɧɨ-ɤɥɟɬɨɱɧɵɦ ɪɚɤɨɦ. 

Ɂɚɞɚɱɢ: 

1. Ɉɩɪɟɞɟɥɢɬɶ ɭɪɨɜɟɧɶ ɩɪɨɨɤɫɢɞɚɧɬɨɜ: ɞɢɟɧɨɜɵɯ ɤɨɧɶɸɝɚɧɬɨɜ ɢ  

ɦɚɥɨɧɨɜɨɝɨ ɞɢɚɥɶɞɟɝɢɞɚ ɜ ɤɪɨɜɢ ɛɨɥɶɧɵɯ ɪɚɤɨɦ ɩɨɱɤɢ.  

2. ɂɫɫɥɟɞɨɜɚɬɶ ɫɨɫɬɨɹɧɢɟ ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ ɫɢɫɬɟɦɵ ɤɪɨɜɢ ɛɨɥɶɧɵɯ 

ɪɚɤɨɦ ɩɨɱɤɢ. 

3. Ɉɰɟɧɢɬɶ ɫɨɫɬɨɹɧɢɟ ɩɪɨ- ɢ ɚɧɬɢɨɤɫɢɞɚɬɧɨɣ ɫɢɫɬɟɦ ɤɪɨɜɢ ɛɨɥɶɧɵɯ ɩɨɫɥɟ 

ɧɟɮɪɟɤɬɨɦɢɢ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɨ ɜɵɹɜɥɟɧɨ, ɱɬɨ ɜ ɨɪɝɚɧɢɡɦɟ 

ɭ ɛɨɥɶɧɵɯ ɩɨɱɟɱɧɨ-ɤɥɟɬɨɱɧɵɦ ɪɚɤɨɦ ɧɚɛɥɸɞɚɟɬɫɹ ɞɢɫɛɚɥɚɧɫ ɩɪɨɨɤɫɢɞɚɧɬɧɨɣ ɢ 

ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ ɫɢɫɬɟɦɵ , ɤɨɬɨɪɵɣ ɨɛɭɫɥɨɜɥɟɧ, ɤɚɤ ɝɢɩɟɪɩɪɨɞɭɤɰɢɟɣ 

ɚɤɬɢɜɧɵɯ ɮɨɪɦ ɤɢɫɥɨɪɨɞɚ, ɬɚɤ ɢ ɧɟɞɨɫɬɚɬɨɱɧɨ ɷɮɮɟɤɬɢɜɧɵɦ 

ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟɦ ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ ɫɢɫɬɟɦɵ. ȼ ɷɪɢɬɪɨɰɢɬɚɯ 

ɩɪɟɜɚɥɢɪɭɸɳɢɦ ɩɪɨɞɭɤɬɨɦ ɉɈɅ ɫɥɭɠɚɬ ɞɢɟɧɨɜɵɟ ɤɨɧɴɸɝɚɬɵ, ɜ ɩɥɚɡɦɟ ɤɪɨɜɢ 

– ɦɚɥɨɧɨɜɵɣ ɞɢɚɥɶɞɟɝɢɞ. 
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ȼȼȿȾȿɇɂȿ 

 

ȼɨ ɜɫɟɯ ɚɷɪɨɛɧɵɯ ɨɪɝɚɧɢɡɦɚɯ ɜ ɩɪɨɰɟɫɫɟ ɢɯ ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ 

ɩɨɫɬɨɹɧɧɨ ɨɛɪɚɡɭɸɬɫɹ ɚɤɬɢɜɧɵɟ ɮɨɪɦɵ ɤɢɫɥɨɪɨɞɚ (ȺɎɄ), ɤɨɬɨɪɵɟ, ɹɜɥɹɸɬɫɹ 

ɦɟɬɚɛɨɥɢɬɚɦɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɦɢ ɩɪɨɬɟɤɚɧɢɟ ɦɧɨɝɢɯ ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɯ 

ɩɪɨɰɟɫɫɨɜ. ɇɨ, ɧɟɫɦɨɬɪɹ 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 ɷɮɮɟɤɬɢɜɧɨɣ ɪɚɛɨɬɵ ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ 

ɫɢɫɬɟɦɵ (ȺɈɋ).  

ȼ ɨɪɝɚɧɢɡɦɟ ɱɟɥɨɜɟɤɚ ɫɭɳɟɫɬɜɭɟɬ ɛɚɥɚɧɫ ɦɟɠɞɭ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ 

ɫɜɨɛɨɞɧɨɪɚɞɢɤɚɥɶɧɨɝɨ ɨɤɢɫɥɟɧɢɹ ɢ ɚɤɬɢɜɧɨɫɬɶɸ ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ ɡɚɳɢɬɵ. 

ɇɚɪɭɲɟɧɢɟ ɛɚɥɚɧɫɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɨɜɵɲɟɧɢɹ ɭɪɨɜɧɹ ɨɤɢɫɥɢɬɟɥɶɧɵɯ ɩɪɨɰɟɫɫɨɜ, 

ɥɢɛɨ ɧɟɞɨɫɬɚɬɨɱɧɨ ɷɮɮɟɤɬɢɜɧɨɝɨ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ 

ɡɚɳɢɬɵ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɧɚɥɢɱɢɢ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɫɬɪɟɫɫɚ, ɹɜɥɹɸɳɟɝɨɫɹ 

ɨɞɧɢɦ ɢɡ ɩɚɬɨɝɟɧɟɬɢɱɟɫɤɢɯ ɦɟɯɚɧɢɡɦɨɜ, ɩɪɢɜɨɞɹɳɢɯ ɤ ɪɚɡɜɢɬɢɸ, ɬɚɤ 

ɧɚɡɵɜɚɟɦɵɯ ɫɜɨɛɨɞɧɨɪɚɞɢɤɚɥɶɧɵɯ ɩɚɬɨɥɨɝɢɣ, ɤ ɱɢɫɥɭ ɤɨɬɨɪɵɯ ɨɬɧɨɫɹɬɫɹ ɢ 

ɨɧɤɨɥɨɝɢɱɟɫɤɢɟ ɡɚɛɨɥɟɜɚɧɢɹ. Ɋɨɫɬ ɨɩɭɯɨɥɢ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɢɡɦɟɧɟɧɢɟɦ 

ɩɨɤɚɡɚɬɟɥɟɣ ɚɧɬɢɨɤɢɫɥɢɬɟɥɶɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɢ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɫɬɪɟɫɫɚ ɜ 

ɨɩɭɯɨɥɢ, ɱɬɨ ɨɬɪɚɠɚɟɬɫɹ ɧɚ ɫɨɫɬɨɹɧɢɢ ɨɪɝɚɧɨɜ ɢ ɬɤɚɧɟɣ ɨɪɝɚɧɢɡɦɚ ɜ ɰɟɥɨɦ. 

ɐɟɥɶ ɞɚɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɨɰɟɧɢɬɶ ɫɨɫɬɨɹɧɢɟ ɩɪɨɨɤɫɢɞɚɧɬɧɨɣ ɢ 

ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ ɫɢɫɬɟɦ ɤɪɨɜɢ ɭ ɛɨɥɶɧɵɯ ɪɚɤɨɦ ɩɨɱɤɢ. 

ɂɫɯɨɞɹ ɢɡ ɰɟɥɢ, ɫɮɨɪɦɭɥɢɪɨɜɚɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

1. Ɉɩɪɟɞɟɥɢɬɶ ɭɪɨɜɟɧɶ ɩɪɨɨɤɫɢɞɚɧɬɨɜ: ɞɢɟɧɨɜɵɯ ɤɨɧɶɸɝɚɧɬɨɜ ɢ  

ɦɚɥɨɧɨɜɨɝɨ ɞɢɚɥɶɞɟɝɢɞɚ ɜ ɤɪɨɜɢ ɛɨɥɶɧɵɯ ɪɚɤɨɦ ɩɨɱɤɢ.  

2. ɂɫɫɥɟɞɨɜɚɬɶ ɫɨɫɬɨɹɧɢɟ ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ ɫɢɫɬɟɦɵ ɤɪɨɜɢ ɛɨɥɶɧɵɯ 

ɪɚɤɨɦ ɩɨɱɤɢ. 

3. Ɉɰɟɧɢɬɶ ɫɨɫɬɨɹɧɢɟ ɩɪɨ- ɢ ɚɧɬɢɨɤɫɢɞɚɬɧɨɣ ɫɢɫɬɟɦ ɤɪɨɜɢ ɛɨɥɶɧɵɯ ɩɨɫɥɟ 

ɧɟɮɪɷɤɬɨɦɢɢ. 
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Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɧɚ ɛɚɡɟ ɤɚɮɟɞɪɵ ɦɟɞɢɰɢɧɫɤɨɣ ɛɢɨɥɨɝɢɢ ɂɧɫɬɢɬɭɬɚ 

ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɛɢɨɥɨɝɢɢ ɢ ɛɢɨɬɟɯɧɨɥɨɝɢɢ ɋɢɛɢɪɫɤɨɝɨ ɮɟɞɟɪɚɥɶɧɨɝɨ 

ɭɧɢɜɟɪɫɢɬɟɬɚ, ɥɚɛɨɪɚɬɨɪɢɹ ɤɥɢɧɢɱɟɫɤɨɣ ɩɚɬɨɮɢɡɢɨɥɨɝɢɢ ɢ ɚɥɥɟɪɝɨɥɨɝɢɢ 

Ʉɪɚɫɧɨɹɪɫɤɨɝɨ ɧɚɭɱɧɨɝɨ ɰɟɧɬɪɚ ɋɈ ɊȺɇ «ɇɂɂ ɦɟɞɢɰɢɧɫɤɢɯ ɩɪɨɛɥɟɦ ɋɟɜɟɪɚ» 

ɢ ɹɜɥɹɟɬɫɹ ɱɚɫɬɶɸ ɤɨɦɩɥɟɤɫɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɢɡɭɱɟɧɢɸ ɦɟɯɚɧɢɡɦɨɜ 

ɪɚɡɜɢɬɢɹ ɨɤɫɢɞɚɬɢɜɧɨɝɨ ɫɬɪɟɫɫɚ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɩɚɬɨɥɨɝɢɹɯ. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 6 

1 Ɉɛɡɨɪ ɥɢɬɟɪɚɬɭɪɵ 

 

1.1 ɉɨɱɟɱɧɨ-ɤɥɟɬɨɱɧɵɣ ɪɚɤ: ɷɬɢɨɥɨɝɢɹ ɢ ɩɚɬɨɝɟɧɟɡ 
 

ɉɨɱɟɱɧɨ-ɤɥɟɬɨɱɧɵɣ ɪɚɤ (ɉɄɊ) ɫɨɫɬɚɜɥɹɟɬ 2–3% ɜɫɟɯ ɷɩɢɬɟɥɢɚɥɶɧɵɯ 

ɨɩɭɯɨɥɟɣ ɫ ɫɚɦɵɦ ɜɵɫɨɤɢɦ ɭɪɨɜɧɟɦ ɡɚɛɨɥɟɜɚɟɦɨɫɬɢ ɜ ɡɚɩɚɞɧɵɯ ɫɬɪɚɧɚɯ, 

ɟɠɟɝɨɞɧɵɣ ɩɪɢɪɨɫɬ ɫɨɫɬɚɜɥɹɟɬ 1,5–5,9% [1, 2]. 

ɑɚɫɬɨɬɚ ɡɚɛɨɥɟɜɚɟɦɨɫɬɢ ɫɪɟɞɢ ɦɭɠɱɢɧ ɜ 1,5 - 2 ɪɚɡɚ ɜɵɲɟ, ɱɟɦ ɫɪɟɞɢ 

ɠɟɧɫɤɨɝɨ ɧɚɫɟɥɟɧɢɹ. ɉɢɤ ɡɚɛɨɥɟɜɚɟɦɨɫɬɢ ɩɪɢɯɨɞɢɬɫɹ ɧɚ ɜɨɡɪɚɫɬɧɨɣ 

ɩɪɨɦɟɠɭɬɨɤ 60–70 ɥɟɬ [3]. 

Ʉ ɷɬɢɨɥɨɝɢɱɟɫɤɢɦ ɮɚɤɬɨɪɚɦ ɨɬɧɨɫɹɬɫɹ ɬɚɤɢɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɠɢɡɧɢ ɤɚɤ:  

● Ʉɭɪɟɧɢɟ – ɜ ɪɹɞɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɤɚɡɚɧɨ ɜɨɡɪɚɫɬɚɧɢɟ ɪɢɫɤɚ ɧɚ 30–

60% ɭ ɤɭɪɹɳɢɯ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɧɟɤɭɪɹɳɢɦɢ.  

● Ɉɠɢɪɟɧɢɟ ɭɜɟɥɢɱɢɜɚɟɬ ɱɚɫɬɨɬɭ ɡɚɛɨɥɟɜɚɟɦɨɫɬɢ ɪɚɤɨɦ ɩɨɱɤɢ ɧɚ 

20%.  

● Ⱥɪɬɟɪɢɚɥɶɧɚɹ ɝɢɩɟɪɬɟɧɡɢɹ ɭɜɟɥɢɱɢɜɚɟɬ ɪɢɫɤ ɪɚɡɜɢɬɢɹ ɡɚɛɨɥɟɜɚɧɢɹ 

ɧɚ 20%.  

● Ʌɟɤɚɪɫɬɜɟɧɧɵɟ ɩɪɟɩɚɪɚɬɵ – ɞɥɢɬɟɥɶɧɨɟ ɩɪɢɦɟɧɟɧɢɟ ɦɨɱɟɝɨɧɧɵɯ 

ɩɪɟɩɚɪɚɬɨɜ ɭɜɟɥɢɱɢɜɚɟɬ ɪɢɫɤ ɪɚɡɜɢɬɢɹ ɪɚɤɚ ɩɨɱɤɢ ɧɚ 30% ɢ ɛɨɥɟɟ. 

ɇɚɥɢɱɢɟ ɪɚɤɚ ɩɨɱɤɢ ɜ ɚɧɚɦɧɟɡɟ ɭ ɪɨɞɫɬɜɟɧɧɢɤɨɜ ɩɟɪɜɨɣ ɫɬɟɩɟɧɢ ɬɚɤɠɟ 

ɩɨɜɵɲɚɟɬ ɪɢɫɤ ɉɄɊ [1, 4].  

Ɍɚɤɠɟ ɜ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ, ɜ ɫɜɹɡɢ ɫ ɜɨɡɪɨɫɲɢɦ ɢɧɬɟɪɟɫɨɦ ɤ ɚɤɬɢɜɧɵɦ 

ɮɨɪɦɚɦ ɤɢɫɥɨɪɨɞɚ, ɤ ɮɚɤɬɨɪɚɦ ɪɢɫɤɚ ɨɬɧɨɫɹɬ ɩɟɪɟɤɢɫɧɨɟ ɨɤɢɫɥɟɧɢɟ ɥɢɩɢɞɨɜ. ȼ 

ɨɛɵɱɧɨɦ ɫɨɫɬɨɹɧɢɢ ɩɪɨɞɭɤɬɵ ɩɟɪɟɤɢɫɧɨɝɨ ɨɤɢɫɥɟɧɢɹ ɥɢɩɢɞɨɜ (ɞɚɥɟɟ – ɉɈɅ) 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɨɪɝɚɧɢɡɦɟ ɞɥɹ ɫɢɧɬɟɡɚ ɪɚɡɥɢɱɧɵɯ ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ 

ɜɟɳɟɫɬɜ – ɩɪɨɫɬɚɝɥɚɧɞɢɧɨɜ, ɬɪɨɦɛɨɤɫɚɧɨɜ, ɫɬɟɪɨɢɞɧɵɯ ɝɨɪɦɨɧɨɜ ɢ ɬ.ɞ. Ɉɞɧɚɤɨ 

ɩɪɢ ɪɚɡɜɢɬɢɢ ɩɚɬɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɛɚɥɚɧɫ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɪɚɫɯɨɞɨɜɚɧɢɹ 

ɩɟɪɟɤɢɫɟɣ ɦɨɠɟɬ ɧɚɪɭɲɚɬɶɫɹ, ɦɟɬɚɛɨɥɢɬɵ ɧɚɤɚɩɥɢɜɚɸɬɫɹ ɜ ɬɤɚɧɹɯ ɢ 

ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɠɢɞɤɨɫɬɹɯ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɫɟɪɶɟɡɧɵɦ ɧɚɪɭɲɟɧɢɹɦ. 
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ɉɨɩɚɞɚɹ ɜ ɩɨɱɤɭ ɫ ɤɪɨɜɨɬɨɤɨɦ, ɚɤɬɢɜɧɵɟ ɮɨɪɦɵ ɤɢɫɥɨɪɨɞɚ ɩɨɞɜɟɪɝɚɸɬɫɹ 

ɨɛɟɡɜɪɟɠɢɜɚɧɢɸ ɫ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɵɦ ɜɨɜɥɟɱɟɧɢɟɦ ɜ ɷɬɨɬ ɩɪɨɰɟɫɫ 

ɫɭɩɟɪɨɤɫɢɞɞɢɫɦɭɬɚɡɵ (ɞɚɥɟɟ – ɋɈȾ) ɢ ɝɥɭɬɚɬɢɨɧɨɜɨɝɨ ɡɜɟɧɚ ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ 

ɫɢɫɬɟɦɵ (ɞɚɥɟɟ – ȺɈɋ). ɂ ɬɨɥɶɤɨ ɝɢɞɪɨɤɫɢɥɶɧɵɣ ɪɚɞɢɤɚɥ ɢɧɚɤɬɢɜɢɪɭɟɬɫɹ 

ɜɫɬɪɨɟɧɧɵɦɢ ɜ ɦɟɦɛɪɚɧɭ ɚɧɬɢɨɤɫɢɞɚɧɬɚɦɢ - ɬɨɤɨɮɟɪɨɥɨɦ,  ɪɟɬɢɧɚɥɟɦ, 

ɭɛɢɯɢɧɨɧɨɦ ɢ ɞɪ.  

Ʉɚɤ ɩɨɤɚɡɵɜɚɸɬ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɧɚɢɛɨɥɟɟ ɱɭɜɫɬɜɢɬɟɥɶɧɵ ɤ ɞɟɣɫɬɜɢɸ 

ɫɜɨɛɨɞɧɵɯ ɪɚɞɢɤɚɥɨɜ ɨɤɚɡɚɥɢɫɶ ɷɧɞɨɬɟɥɢɚɥɶɧɵɟ, ɦɟɡɚɧɝɢɚɥɶɧɵɟ, ɤɥɟɬɤɢ  

ɝɥɨɦɟɪɭɥɹɪɧɨɣ ɛɚɡɚɥɶɧɨɣ ɦɟɦɛɪɚɧɵ. 

ɉɨɱɟɱɧɨ-ɤɥɟɬɨɱɧɵɣ ɪɚɤ – ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɣ ɜɚɪɢɚɧɬ ɪɚɤɚ 

ɩɨɱɤɢ ɭ ɜɡɪɨɫɥɵɯ, ɜɫɬɪɟɱɚɟɬɫɹ ɩɪɢɦɟɪɧɨ ɜ 85% ɫɥɭɱɚɟɜ. Ɋɚɡɜɢɜɚɟɬɫɹ ɨɧ ɢɡ 

ɩɪɨɤɫɢɦɚɥɶɧɵɯ ɩɨɱɟɱɧɵɯ ɤɚɧɚɥɶɰɟɜ, ɤɨɬɨɪɵɟ ɨɛɪɚɡɭɸɬ ɮɢɥɶɬɪɚɰɢɨɧɧɭɸ 

ɫɢɫɬɟɦɭ ɩɨɱɟɤ.  

ɉɨɱɟɱɧɨ-ɤɥɟɬɨɱɧɵɣ ɪɚɤ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ ɤɥɟɬɨɤ, ɢɡ ɤɨɬɨɪɵɯ ɨɧ 

ɨɛɪɚɡɭɟɬɫɹ, ɩɨɞɪɚɡɞɟɥɹɟɬɫɹ ɧɚ ɪɚɡɥɢɱɧɵɟ ɝɢɫɬɨɥɨɝɢɱɟɫɤɢɟ ɜɚɪɢɚɧɬɵ.  

ɋɜɟɬɥɨɤɥɟɬɨɱɧɵɣ ɩɨɱɟɱɧɨ-ɤɥɟɬɨɱɧɵɣ ɪɚɤ – ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɣ 

ɜɚɪɢɚɧɬ ɪɚɤɚ ɩɨɱɤɢ (70–85%). ɍɱɢɬɵɜɚɹ ɝɢɫɬɨɥɨɝɢɱɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ, 

ɫɭɳɟɫɬɜɭɟɬ ɲɤɚɥɚ ɨɰɟɧɤɢ ɫɬɟɩɟɧɢ ɡɥɨɤɚɱɟɫɬɜɟɧɧɨɫɬɢ ɨɩɭɯɨɥɢ, ɤɨɬɨɪɚɹ 

ɩɨɡɜɨɥɹɟɬ ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɜɟɪɨɹɬɧɨɫɬɶ ɩɪɨɝɪɟɫɫɢɪɨɜɚɧɢɹ ɫ ɪɚɡɜɢɬɢɟɦ 

ɦɟɬɚɫɬɚɡɨɜ ɢɥɢ ɪɟɰɢɞɢɜɚ [5]. 

ɉɚɩɢɥɥɹɪɧɵɣ ɩɨɱɟɱɧɨ-ɤɥɟɬɨɱɧɵɣ ɪɚɤ – ɜɫɬɪɟɱɚɟɬɫɹ ɜ 10–15% ɫɥɭɱɚɟɜ. 

ȼɵɞɟɥɹɸɬ 1-ɣ ɢ 2-ɣ ɬɢɩɵ, ɪɚɡɥɢɱɚɸɳɢɟɫɹ ɦɟɠɞɭ ɫɨɛɨɣ ɩɪɨɝɧɨɡɨɦ ɬɟɱɟɧɢɹ 

ɡɚɛɨɥɟɜɚɧɢɹ.  

Ɋɚɤ ɫɨɛɢɪɚɬɟɥɶɧɵɯ ɬɪɭɛɨɱɟɤ Ȼɟɥɥɢɧɢ/ɦɟɞɭɥɥɹɪɧɵɣ ɩɨɱɟɱɧɨ-ɤɥɟɬɨɱɧɵɣ 

ɪɚɤ: ɪɟɞɤɢɟ ɢ ɨɱɟɧɶ ɚɝɪɟɫɫɢɜɧɵɟ ɜɚɪɢɚɧɬɵ ɨɩɭɯɨɥɢ ɩɨɱɤɢ. Ɉɫɨɛɟɧɧɨɫɬɶɸ ɷɬɨɝɨ 

ɝɢɫɬɨɥɨɝɢɱɟɫɤɨɝɨ ɜɚɪɢɚɧɬɚ ɨɩɭɯɨɥɢ ɹɜɥɹɟɬɫɹ ɟɝɨ ɫɜɹɡɶ ɫ ɫɟɪɩɨɜɢɞɧɨ-ɤɥɟɬɨɱɧɨɣ 

ɚɧɟɦɢɟɣ. Ʉɚɤ ɩɪɚɜɢɥɨ, ɭɱɢɬɵɜɚɹ ɬɚɤɭɸ ɜɡɚɢɦɨɫɜɹɡɶ, ɦɟɞɭɥɥɹɪɧɚɹ ɤɚɪɰɢɧɨɦɚ 

ɦɨɠɟɬ ɪɚɡɜɢɬɶɫɹ ɭ ɦɨɥɨɞɵɯ ɥɸɞɟɣ 20–30 ɥɟɬ [2, 6].  
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ɏɪɨɦɨɮɨɛɧɵɣ ɩɨɱɟɱɧɨ-ɤɥɟɬɨɱɧɵɣ ɪɚɤ – ɨɫɧɨɜɧɵɦ ɨɬɥɢɱɢɟɦ ɞɚɧɧɨɝɨ 

ɝɢɫɬɨɥɨɝɢɱɟɫɤɨɝɨ ɜɚɪɢɚɧɬɚ ɹɜɥɹɟɬɫɹ ɛɥɚɝɨɩɪɢɹɬɧɵɣ ɩɪɨɝɧɨɡ ɥɨɤɚɥɢɡɨɜɚɧɧɵɯ 

ɮɨɪɦ ɢ ɧɢɡɤɢɣ ɩɨɬɟɧɰɢɚɥ ɨɛɪɚɡɨɜɚɧɢɹ ɦɟɬɚɫɬɚɡɨɜ. 

ɇɚ ɪɚɧɧɢɯ ɫɬɚɞɢɹɯ ɪɚɤ ɩɨɱɤɢ ɩɪɨɬɟɤɚɟɬ ɛɟɫɫɢɦɩɬɨɦɧɨ. Ʉɥɢɧɢɱɟɫɤɢɟ 

ɫɢɦɩɬɨɦɵ ɪɚɤɚ ɩɨɱɤɢ, ɬɚɤɢɟ, ɤɚɤ ɝɟɦɚɬɭɪɢɹ, ɩɚɥɶɩɢɪɭɟɦɚɹ ɨɩɭɯɨɥɶ, ɛɨɥɢ ɜ 

ɩɨɹɫɧɢɱɧɨɣ ɨɛɥɚɫɬɢ, ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜɫɬɪɟɱɚɸɬɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɪɟɞɤɨ. 

Ȼɟɫɫɢɦɩɬɨɦɧɨ ɩɪɨɬɟɤɚɸɳɢɟ ɨɩɭɯɨɥɢ ɩɨɱɤɢ ɱɚɳɟ ɜɫɟɝɨ ɜɵɹɜɥɹɸɬ ɫɥɭɱɚɣɧɨ ɩɪɢ 

ɍɁɂ ɢ/ɢɥɢ ɄɌ. ɇɚɢɛɨɥɟɟ ɱɚɫɬɨ ɢɡɦɟɧɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɥɚɛɨɪɚɬɨɪɧɵɟ ɬɟɫɬɵ[7].  

Ʉ ɩɪɢɡɧɚɤɚɦ, ɤɨɫɜɟɧɧɨ ɭɤɚɡɵɜɚɸɳɢɦ ɧɚ ɜɨɡɦɨɠɧɵɣ ɪɚɤ ɩɨɱɤɢ, 

ɨɬɧɨɫɹɬɫɹ:  

● Ʉɪɨɜɶ ɜ ɦɨɱɟ  

● ɇɚɥɢɱɢɟ ɩɪɢɩɭɯɥɨɫɬɢ ɜ ɩɨɹɫɧɢɱɧɨɣ ɨɛɥɚɫɬɢ, ɜɵɹɜɥɹɟɦɨɣ 

ɩɚɥɶɩɚɰɢɟɣ  

● ɍɯɭɞɲɟɧɢɟ ɨɛɳɟɝɨ ɫɨɫɬɨɹɧɢɹ, ɫɥɚɛɨɫɬɶ, ɩɨɬɟɪɹ ɚɩɩɟɬɢɬɚ, 

ɩɨɯɭɞɚɧɢɟ  

● Ȼɟɫɩɪɢɱɢɧɧɨɟ ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɬɟɥɚ  

● Ⱥɧɟɦɢɹ  

● ɍɜɟɥɢɱɟɧɢɟ ɚɪɬɟɪɢɚɥɶɧɨɝɨ ɞɚɜɥɟɧɢɹ  

● Ȼɨɥɟɡɧɟɧɧɨɫɬɶ ɜ ɨɛɥɚɫɬɢ ɩɨɱɤɢ  

● ȼɚɪɢɤɨɰɟɥɟ (ɜɚɪɢɤɨɡɧɨɟ ɪɚɫɲɢɪɟɧɢɟ ɜɟɧ ɫɟɦɟɧɧɨɝɨ ɤɚɧɚɬɢɤɚ) 
 

1.2 Ⱥɤɬɢɜɧɵɟ ɮɨɪɦɵ ɤɢɫɥɨɪɨɞɚ ɢ ɢɫɬɨɱɧɢɤɢ ɢɯ ɨɛɪɚɡɨɜɚɧɢɹ 
 

Ⱥɤɬɢɜɧɵɟ ɮɨɪɦɵ ɤɢɫɥɨɪɨɞɚ (ȺɎɄ) ɨɛɪɚɡɭɸɬɫɹ ɜ ɤɥɟɬɤɟ ɜ ɩɪɨɰɟɫɫɟ 

ɪɚɡɥɢɱɧɵɯ ɨɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɪɟɚɤɰɢɣ. ɋɜɨɛɨɞɧɵɟ ɪɚɞɢɤɚɥɵ 

ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ ɪɟɚɤɰɢɨɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ ɢ ɥɟɝɤɨ ɩɟɪɟɯɨɞɹɬ ɢɡ ɨɞɧɨɣ 

ɮɨɪɦɵ ɜ ɞɪɭɝɭɸ, ɨɤɢɫɥɹɹ ɩɪɢ ɷɬɨɦ ɪɚɡɥɢɱɧɵɟ ɦɨɥɟɤɭɥɵ. Ʉɨɧɰɟɧɬɪɚɰɢɹ ȺɎɄ ɜ 

ɤɥɟɬɤɟ ɨɱɟɧɶ ɦɚɥɚ. ȼɵɫɨɤɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ȺɎɄ ɜ ɤɥɟɬɤɟ – ɩɪɢɡɧɚɤ 

ɨɤɫɢɞɚɬɢɜɧɨɝɨ ɫɬɪɟɫɫɚ ɢ ɩɪɢɱɢɧɚ ɝɢɛɟɥɢ ɤɥɟɬɨɤ. ɉɨɫɥɟɞɫɬɜɢɹ ɨɤɫɢɞɚɬɢɜɧɨɝɨ 
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ɫɬɪɟɫɫɚ, ɨɛɭɫɥɨɜɥɟɧɧɨɝɨ ȺɎɄ, ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ ɩɟɪɟɤɢɫɧɨɟ ɨɤɢɫɥɟɧɢɟ ɥɢɩɢɞɨɜ 

ɤɥɟɬɨɱɧɵɯ ɦɟɦɛɪɚɧ, ɪɚɡɪɵɜ ɧɢɬɟɣ ȾɇɄ, ɨɤɢɫɥɟɧɢɟ ɛɟɥɤɨɜ[8,14]. 

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[9]. 

Ⱥɤɬɢɜɧɵɟ ɮɨɪɦɵ ɤɢɫɥɨɪɨɞɚ ɜɨɡɧɢɤɚɸɬ ɧɟ ɬɨɥɶɤɨ ɫɩɨɧɬɚɧɧɨ, ɧɨ ɢ 

ɮɟɪɦɟɧɬɚɬɢɜɧɨ (ɇȺȾɎɇ-ɨɤɫɢɞɚɡɚ ɞɵɯɚɬɟɥɶɧɨɝɨ ɜɡɪɵɜɚ ɜ ɩɥɚɡɦɚɬɢɱɟɫɤɨɣ 

ɦɟɦɛɪɚɧɟ ɢ ɤɫɚɧɬɢɧɨɤɫɢɞɚɡɚ ɜ ɝɢɚɥɨɩɥɚɡɦɟ). 

ȺɎɄ ɝɟɧɟɪɢɪɭɸɬɫɹ ɜɨ ɜɫɟɯ ɱɚɫɬɹɯ ɤɥɟɬɤɢ. ɇɚɢɛɨɥɶɲɢɣ ɜɤɥɚɞ ɜɧɨɫɢɬ 

ɞɵɯɚɬɟɥɶɧɚɹ ɰɟɩɶ ɦɢɬɨɯɨɧɞɪɢɣ [11].  

Ɇɢɬɨɯɨɧɞɪɢɚɥɶɧɚɹ ɪɟɫɩɢɪɚɬɨɪɧɚɹ ɰɟɩɶ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ ɢɫɬɨɱɧɢɤɨɦ 

ɫɭɩɟɪɨɤɫɢɞɧɨɝɨ ɚɧɢɨɧ-ɪɚɞɢɤɚɥɚ, ɤɨɬɨɪɵɣ ɫɩɨɫɨɛɟɧ ɛɵɫɬɪɨ ɞɢɫɦɭɬɢɪɨɜɚɬɶ ɜ 

ɞɪɭɝɢɟ ɮɨɪɦɵ ɫɜɨɛɨɞɧɵɯ ɪɚɞɢɤɚɥɨɜ (ɪɢɫ. 1). ȼɧɭɬɪɟɧɧɹɹ ɦɢɬɨɯɨɧɞɪɢɚɥɶɧɚɹ 

ɦɟɦɛɪɚɧɚ ɫɨɞɟɪɠɢɬ ɪɹɞ ɮɟɪɦɟɧɬɧɵɯ ɤɨɦɩɥɟɤɫɨɜ, ɭɬɟɱɤɚ ɷɥɟɤɬɪɨɧɨɜ ɢɡ ɤɨɬɨɪɵɯ 

ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɫɭɩɟɪɨɤɫɢɞɧɨɝɨ ɚɧɢɨɧ-ɪɚɞɢɤɚɥɚ. 

 

 

Ɋɢɫɭɧɨɤ 1 – Ƚɟɧɟɪɚɰɢɹ ȺɎɄ ɜ ɞɵɯɚɬɟɥɶɧɨɣ ɰɟɩɢ [11] 
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Ɋɟɫɩɢɪɚɬɨɪɧɵɣ ɜɡɪɵɜ - ɩɪɨɰɟɫɫ, ɩɨɫɪɟɞɫɬɜɨɦ ɤɨɬɨɪɨɝɨ ɮɚɝɨɰɢɬɚɪɧɵɟ 

ɤɥɟɬɤɢ ɜɵɩɨɥɧɹɸɬ ɫɜɨɸ ɝɥɚɜɧɭɸ ɮɭɧɤɰɢɸ – ɮɚɝɨɰɢɬɨɡ, ɜɨ ɜɪɟɦɹ ɤɨɬɨɪɨɝɨ 

ɩɪɨɢɫɯɨɞɢɬ ɚɤɬɢɜɚɰɢɹ ɇȺȾɎɇ-ɨɤɫɢɞɚɡɵ ɢ ɜɵɞɟɥɟɧɢɹ ɫɭɩɟɪɨɤɫɢɞɧɨɝɨ ɚɧɢɨɧ-

ɪɚɞɢɤɚɥɚ ɜɨ ɜɧɟɤɥɟɬɨɱɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ ɢɥɢ ɮɚɝɨɫɨɦɵ [10,12].  

ɋɭɳɟɫɬɜɭɟɬ ɪɹɞ ɪɚɡɥɢɱɧɵɯ ɮɟɪɦɟɧɬɨɜ, ɪɚɛɨɬɚ ɤɨɬɨɪɵɯ ɩɪɢɜɨɞɢɬ ɤ 

ɨɛɪɚɡɨɜɚɧɢɸ ɫɜɨɛɨɞɧɵɯ ɪɚɞɢɤɚɥɨɜ, ɤ ɧɢɦ ɨɬɧɨɫɹɬ: ɥɢɩɨɨɤɫɢɝɟɧɚɡɵ, 

ɦɢɟɥɨɩɟɪɨɤɫɢɞɚɡɵ, NO-ɫɢɧɬɚɡɵ ɢ ɦɧɨɝɢɟ ɞɪɭɝɢɟ. 

 Ʌɢɩɨɨɤɫɢɝɟɧɚɡɵ ɹɜɥɹɸɬɫɹ ɮɟɪɦɟɧɬɚɦɢ, ɫɨɞɟɪɠɚɳɢɦɢ ɧɟɝɟɦɨɜɨɟ ɠɟɥɟɡɨ, 

ɤɚɬɚɥɢɡɢɪɭɸɳɢɟ ɞɢɨɤɫɢɝɟɧɚɰɢɸ ɩɨɥɢɟɧɨɜɵɯ ɠɢɪɧɵɯ ɤɢɫɥɨɬ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ 

ɨɛɪɚɡɨɜɚɧɢɸ ɝɢɞɪɨɩɟɪɟɤɢɫɟɣ. 

Ɇɢɟɥɨɩɟɪɨɤɫɢɞɚɡɚ – ɮɟɪɦɟɧɬ, ɥɨɤɚɥɢɡɨɜɚɧɧɵɣ ɜ ɥɢɡɨɫɨɦɚɯ ɧɟɣɬɪɨɮɢɥɨɜ, 

ɦɚɤɪɨɮɚɝɨɜ ɢ ɦɨɧɨɰɢɬɨɜ. ɗɬɨɬ ɮɟɪɦɟɧɬ ɯɥɨɪɢɪɭɟɬ H2O2 ɞɨ ɜɵɫɨɤɨɪɟɚɤɬɢɜɧɨɝɨ 

HOCl. ɉɨɫɥɟɞɧɢɣ ɪɟɚɝɢɪɭɟɬ ɫ H2O2 ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɫɢɧɝɥɟɬɧɨɝɨ ɤɢɫɥɨɪɨɞɚ ɢ 

ɯɥɨɪɢɞ-ɢɨɧɚ. ɋɢɧɝɥɟɧɬɧɵɣ ɤɢɫɥɨɪɨɞ, ɫɚɦ ɩɨ ɫɟɛɟ, ɧɟ ɹɜɥɹɟɬɫɹ ɫɜɨɛɨɞɧɵɦ 

ɪɚɞɢɤɚɥɨɦ, ɧɨ ɨɛɥɚɞɚɟɬ ɫɜɨɣɫɬɜɚɦɢ, ɚɧɚɥɨɝɢɱɧɵɦɢ ȺɎɄ, ɛɥɚɝɨɞɚɪɹ ɫɜɨɟɣ 

ɷɥɟɤɬɪɨɧɧɨɣ ɫɬɪɭɤɬɭɪɟ[13,9]. 

ɋɢɧɬɚɡɵ ɨɤɫɢɞɚ ɚɡɨɬɚ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɝɟɦɫɨɞɟɪɠɚɳɢɟ 

ɦɨɧɨɨɤɫɢɝɟɧɚɡɵ, ɤɨɬɨɪɵɟ ɝɟɧɟɪɢɪɭɸɬ NO•.  NO-ɫɢɧɬɚɡɵ ɤɚɬɚɥɢɡɢɪɭɸɬ 

ɨɤɢɫɥɟɧɢɟ L-ɚɪɝɢɧɢɧɚ ɞɨ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ N-ɝɢɞɪɨɤɫɢ-L-ɚɪɝɢɧɢɧ ɫ 

ɩɨɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɜɚɧɢɟɦ L-ɰɢɬɪɭɥɥɢɧɚ ɢ · NO•. Ɉɤɫɢɞ ɚɡɨɬɚ ɹɜɥɹɟɬɫɹ 

ɫɥɚɛɵɦ ɨɤɢɫɥɢɬɟɥɟɦ, ɧɨ ɩɪɢ ɫɨɱɟɬɚɧɢɢ ɫ O2· ɩɟɪɟɯɨɞɢɬ ɜ ɜɵɫɨɤɨɚɤɬɢɜɧɵɣ 

ɫɜɨɛɨɞɧɵɣ ɪɚɞɢɤɚɥ – OONO. Ɉɤɫɢɞ ɚɡɨɬɚ ɢ OONO, ɜɡɚɢɦɨɞɟɣɫɬɜɭɹ ɦɟɠɞɭ 

ɫɨɛɨɣ, ɝɟɧɟɪɢɪɭɸɬ ɨɱɟɧɶ ɫɬɚɛɢɥɶɧɵɟ ɧɢɬɪɢɬ ɢ ɧɢɬɪɚɬ ɢɨɧɵ, ɤɨɬɨɪɵɟ 

ɧɚɤɚɩɥɢɜɚɸɬɫɹ ɜ ɤɥɟɬɤɚɯ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɜɵɫɨɤɨɪɟɚɤɬɢɜɧɵɯ 

ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɬɚɤɢɯ ɤɚɤ · NO2, N2O3 ɢɥɢ · NO. ɗɬɢ ɩɪɨɞɭɤɬɵ 

ɜɵɡɵɜɚɸɬ ɧɢɬɪɨɜɚɧɢɟ ɢ ɧɢɬɪɨɡɢɥɢɪɨɜɚɧɢɟ ɜɚɠɧɵɯ ɛɢɨɥɨɝɢɱɟɫɤɢɯ 

ɦɚɤɪɨɦɨɥɟɤɭɥ – ȾɇɄ, ɊɇɄ, ɛɟɥɤɨɜ ɢ ɥɢɩɢɞɨɜ, ɬɟɦ ɫɚɦɵɦ ɧɚɪɭɲɚɹ ɢɯ ɮɭɧɤɰɢɸ 

[14].  

ɂɨɧɵ ɩɟɪɟɯɨɞɧɵɯ ɦɟɬɚɥɥɨɜ, ɬɚɤɢɟ ɤɚɤ ɠɟɥɟɡɨ Fe2+ ɢ ɦɟɞɶ Cu+  ɫɩɨɫɨɛɧɵ 

ɜɫɬɭɩɚɬɶ ɜ ɪɟɚɤɰɢɸ Ɏɟɧɬɨɧɚ, ɤɨɬɨɪɚɹ ɝɟɧɟɪɢɪɭɟɬ ɝɢɞɪɨɤɫɢɥɶɧɵɣ ɪɚɞɢɤɚɥ ɢɡ 



 

 11 

H2O2 ɩɪɢ ɨɤɢɫɥɟɧɢɢ ɞɨ Fe3+ ɢ Cu2+ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ȼɫɬɭɩɚɹ ɜ ɪɟɚɤɰɢɢ 

ɩɟɪɟɤɢɫɧɨɝɨ ɨɤɢɫɥɟɧɢɹ ɥɢɩɢɞɨɜ ɦɟɬɚɥɥɵ, ɭɫɤɨɪɹɸɬ ɨɤɢɫɥɟɧɢɟ ɛɢɨɥɨɝɢɱɟɫɤɢɯ 

ɦɚɤɪɨɦɨɥɟɤɭɥ [10,15]. 

Ⱦɨɥɝɨɟ ɜɪɟɦɹ ɫɱɢɬɚɥɢ, ɱɬɨ ȺɎɄ ɹɜɥɹɸɬɫɹ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɬɨɤɫɢɱɧɵɦɢ 

ɦɟɬɚɛɨɥɢɬɚɦɢ, ɱɬɨ ɬɪɟɛɭɟɬ ɧɚɥɢɱɢɹ ɜ ɤɥɟɬɤɟ ɦɨɳɧɨɣ ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ ɫɢɫɬɟɦɵ 

ɞɥɹ ɛɨɪɶɛɵ ɫ ɧɢɦɢ. ɉɨ ɦɟɪɟ ɢɡɭɱɟɧɢɹ ɢɯ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɪɨɥɢ ɫɬɚɥɨ ɹɫɧɨ, ɱɬɨ 

ȺɎɄ ɧɟ ɜɫɟɝɞɚ ɩɚɝɭɛɧɨ ɜɥɢɹɸɬ ɧɚ ɤɥɟɬɤɭ. ȺɎɄ ɦɨɝɭɬ ɩɪɢɧɢɦɚɬɶ ɭɱɚɫɬɢɟ ɜ 

ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɚɯ ɤɥɟɬɤɢ - ɭɱɚɫɬɜɭɸɬ ɜ ɩɪɨɰɟɫɫɚɯ ɮɚɝɨɰɢɬɨɡɚ, 

ɧɟɨɛɯɨɞɢɦɵ ɞɥɹ ɫɢɧɬɟɡɚ ɪɹɞɚ ɫɨɟɞɢɧɟɧɢɣ, ɜɵɩɨɥɧɹɸɬ ɦɟɫɫɟɧɞɠɟɪɧɵɟ 

ɮɭɧɤɰɢɢ. 

 

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 ɋɭɩɟɪɨɤɫɢɞɞɢɫɦɭɬɚ
ɡɚ, ɨɤɫɢɞɚɡɵ 

ɋɭɛɫɬɪɚɬ  
ɦɢɟɥɨɩɟɪɨɤɫɢɞɚɡɵ 

Ƚɢɞɪɨɩɟɪɟɤɢɫɢ 
ɥɢɩɢɞɨɜ 

LOOH ɐɢɤɥɨɨɤɫɢɝɟɧɚɡɚ Ɏɚɤɬɨɪ  
Ɋɚɫɫɥɚɛɥɟɧɢɹ 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· 
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1.3 Ɉɤɢɫɥɢɬɟɥɶɧɚɹ ɦɨɞɢɮɢɤɚɰɢɹ ɛɟɥɤɨɜ 
 

ȼ ɨɪɝɚɧɢɡɦɟ ɱɟɥɨɜɟɤɚ ɨɤɢɫɥɟɧɢɟ ɛɟɥɤɨɜ ɦɨɠɟɬ ɩɪɨɢɫɯɨɞɢɬɶ 

ɮɟɪɦɟɧɬɚɬɢɜɧɨ ɢ ɧɟɮɟɪɦɟɧɬɚɬɢɜɧɨ. ɂ ɟɫɥɢ ɮɟɪɦɟɧɬɚɬɢɜɧɨɟ ɨɤɢɫɥɟɧɢɟ ɹɜɥɹɟɬɫɹ 

ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɮɭɧɤɰɢɟɣ ɦɧɨɝɢɯ ɮɟɪɦɟɧɬɨɜ ɢ ɡɚɱɚɫɬɭɸ ɫɥɭɠɢɬ ɱɚɫɬɶɸ 

ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɧɚɲɟɝɨ ɨɪɝɚɧɢɡɦɚ, ɬɨ ɧɟɮɟɪɦɟɧɬɚɬɢɜɧɨɟ – 

ɜɵɡɵɜɚɟɬ ɧɟɠɟɥɚɬɟɥɶɧɵɟ ɷɮɮɟɤɬɵ, ɩɪɢɜɨɞɹɳɢɟ ɤ ɪɚɡɥɢɱɧɵɦ ɩɚɬɨɥɨɝɢɹɦ[16]. 

Ɉɫɧɨɜɧɵɦɢ ɮɚɤɬɨɪɚɦɢ, ɜɥɟɤɭɳɢɦɢ ɡɚ ɫɨɛɨɣ ɨɤɢɫɥɢɬɟɥɶɧɭɸ 

ɦɨɞɢɮɢɤɚɰɢɸ ɛɟɥɤɨɜ (ɈɆȻ), ɹɜɥɹɸɬɫɹ ȺɎɄ. Ⱥɦɢɧɨɤɢɫɥɨɬɵ ɢ ɫɨɫɬɨɹɳɢɟ ɢɡ 

ɧɢɯ ɛɟɥɤɨɜɵɟ ɦɚɤɪɨɦɨɥɟɤɭɥɵ, ɩɨɞɜɟɪɠɟɧɵ ɨɤɢɫɥɢɬɟɥɶɧɨɦɭ ɞɟɣɫɬɜɢɸ 

ɫɜɨɛɨɞɧɵɯ ɪɚɞɢɤɚɥɨɜ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɪɚɡɥɢɱɧɵɦ ɜɚɪɢɚɧɬɚɦ ɢɡɦɟɧɟɧɢɹ ɢɯ 

ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ: ɦɨɞɢɮɢɤɚɰɢɢ ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ ɨɫɬɚɬɤɨɜ, 

ɨɛɪɚɡɨɜɚɧɢɸ ɤɚɪɛɨɧɢɥɶɧɵɯ ɝɪɭɩɩ, ɮɨɪɦɢɪɨɜɚɧɢɸ ɛɟɥɨɤ-ɛɟɥɤɨɜɵɯ ɫɲɢɜɨɤ ɢ S-

S-ɦɨɫɬɢɤɨɜ[19].  

ȼ ɭɫɥɨɜɢɹɯ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɫɬɪɟɫɫɚ ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ ɈɆȻ ɩɨɞɜɟɪɝɚɸɬɫɹ 

ɬɚɤɢɟ ɚɦɢɧɨɤɢɫɥɨɬɵ, ɤɚɤ ɚɪɝɢɧɢɧ, ɥɢɡɢɧ, ɩɪɨɥɢɧ. ɂɡɦɟɧɟɧɢɹ, ɢɧɞɭɰɢɪɭɟɦɵɟ 

ȺɎɄ ɜ ɛɟɥɤɚɯ, ɡɚɬɪɚɝɢɜɚɸɬ ɧɟ ɬɨɥɶɤɨ ɩɟɪɜɢɱɧɭɸ ɫɬɪɭɤɬɭɪɭ, ɧɨ ɢ ɫɩɨɫɨɛɧɵ 

ɢɡɦɟɧɹɬɶ ɜɬɨɪɢɱɧɭɸ ɢ ɬɪɟɬɢɱɧɭɸ ɫɬɪɭɤɬɭɪɭ ɛɟɥɤɨɜ, ɱɬɨ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ 

ɧɚɪɭɲɟɧɢɟɦ ɫɬɪɭɤɬɭɪɵ ɛɟɥɤɨɜɨɣ ɝɥɨɛɭɥɵ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɤɪɭɩɧɵɯ ɛɟɥɤɨɜɵɯ 

ɚɝɪɟɝɚɬɨɜ ɡɚ ɫɱɟɬ ɦɟɠɦɨɥɟɤɭɥɹɪɧɵɯ ɫɜɹɡɟɣ, ɜ ɫɜɹɡɢ ɫ ɱɟɦ ɞɚɧɧɵɟ ɛɟɥɤɢ ɛɨɥɟɟ 

ɩɨɞɜɟɪɠɟɧɵ ɩɪɨɬɟɨɥɢɡɭ ɢ ɤɨɧɮɨɪɦɚɰɢɨɧɧɵɦ ɢɡɦɟɧɟɧɢɹɦ. Ʉ ɧɚɢɛɨɥɟɟ 

ɩɨɞɜɟɪɠɟɧɧɵɦ ɈɆȻ ɨɬɧɨɫɹɬ ɩɪɨɬɟɢɧɵ, ɧɚɫɵɳɟɧɧɵɟ ɬɢɨɥɨɜɵɦɢ ɝɪɭɩɩɚɦɢ. 

ɋɥɟɞɫɬɜɢɟɦ ɈɆȻ ɹɜɥɹɟɬɫɹ ɢɧɚɤɬɢɜɚɰɢɹ ɪɚɡɥɢɱɧɵɯ ɮɟɪɦɟɧɬɨɜ[17,19].  

ɇɚɢɛɨɥɟɟ ɥɟɝɤɨ ɩɨɞɜɟɪɠɟɧɵ ɨɤɢɫɥɟɧɢɸ ȺɎɄ ɫɭɥɶɮɝɢɞɪɢɥɶɧɵɟ ɝɪɭɩɩɵ ɜ 

ɰɢɫɬɟɢɧɟ ɢ ɦɟɬɢɨɧɢɧɟ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɫɭɥɶɮɨɧɨɜɵɯ ɢ ɞɢɫɭɥɶɮɢɞɧɵɯ ɝɪɭɩɩ. 

Ⱦɚɧɧɵɣ ɜɢɞ ɨɤɢɫɥɟɧɢɹ ɱɚɫɬɢɱɧɨ ɨɛɪɚɬɢɦ ɡɚ ɫɱɟɬ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɣ ɮɭɧɤɰɢɢ 

ɝɥɭɬɚɬɢɨɧɚ. 

Ȼɨɥɶɲɢɧɫɬɜɨ ɨɤɢɫɥɢɬɟɥɶɧɨ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɛɟɥɤɨɜ ɧɟ 

ɜɨɫɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɮɟɪɦɟɧɬɚɬɢɜɧɨɣ ɪɟɩɚɪɚɰɢɢ ɢ ɭɞɚɥɹɸɬɫɹ ɢɡ 



 

 13 

ɤɥɟɬɤɢ ɬɨɥɶɤɨ ɡɚ ɫɱɟɬ ɩɪɨɬɟɨɥɢɡɚ. ɇɚɪɭɲɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 

ɜɧɭɬɪɢɤɥɟɬɨɱɧɨɝɨ ɩɪɨɬɟɨɥɢɡɚ ɢɥɢ ɫɧɢɠɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɚɩɨɩɬɨɡɚ 

ɢɡɦɟɧɟɧɧɵɯ ɤɥɟɬɨɤ ɹɜɥɹɟɬɫɹ ɩɪɢɱɢɧɨɣ ɦɧɨɝɢɯ ɩɚɬɨɥɨɝɢɱɟɫɤɢɯ 

ɫɨɫɬɨɹɧɢɣ[18,20].  Ʉɚɪɛɨɧɢɥɶɧɵɟ ɝɪɭɩɩɵ ɢ ɝɢɞɪɨɩɟɪɟɤɢɫɢ, ɨɛɪɚɡɭɸɳɢɟɫɹ ɩɪɢ 

ɨɤɢɫɥɟɧɢɢ ɛɟɥɤɨɜ, ɦɨɝɭɬ ɫɥɭɠɢɬɶ ɩɨɤɚɡɚɬɟɥɹɦɢ ɫɜɨɛɨɞɧɨɪɚɞɢɤɚɥɶɧɨɝɨ 

ɨɤɢɫɥɟɧɢɹ. 

1.4 ɉɟɪɟɤɢɫɧɨɟ ɨɤɢɫɥɟɧɢɟ ɥɢɩɢɞɨɜ 
 

Ʌɢɩɢɞɵ ɹɜɥɹɸɬɫɹ ɨɫɧɨɜɧɵɦ ɤɨɦɩɨɧɟɧɬɨɦ ɤɥɟɬɨɱɧɵɯ ɦɟɦɛɪɚɧ ɢ 

ɡɚɱɚɫɬɭɸ ɥɟɝɤɨ ɩɨɞɜɟɪɝɚɸɬɫɹ ɨɤɢɫɥɟɧɢɸ. Ɉɫɨɛɟɧɧɨ ɱɭɜɫɬɜɢɬɟɥɶɧɵ ɤ 

ɩɟɪɟɤɢɫɧɨɦɭ ɨɤɢɫɥɟɧɢɸ ɩɨɥɢɧɟɧɚɫɵɳɟɧɧɵɟ ɠɢɪɧɵɟ ɤɢɫɥɨɬɵ – ɤɢɫɥɨɬɵ ɫ 

ɛɨɥɶɲɢɦ ɱɢɫɥɨɦ ɧɟɧɚɫɵɳɟɧɧɵɯ ɫɜɹɡɟɣ ɜ ɢɯ ɭɝɥɟɪɨɞɧɨɣ ɰɟɩɨɱɤɟ[22].  

ɉɟɪɟɤɢɫɧɨɟ ɨɤɢɫɥɟɧɢɟ ɥɢɩɢɞɨɜ (ɉɈɅ) – ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ, 

ɩɨɫɬɨɹɧɧɨ ɩɪɨɬɟɤɚɸɳɢɣ ɜ ɠɢɜɵɯ ɤɥɟɬɤɚɯ. Ɉɞɧɚɤɨ ɢɡɛɵɬɨɱɧɨɟ ɤɨɥɢɱɟɫɬɜɨ 

ȺɎɄ ɡɚɩɭɫɤɚɸɬ ɤɚɫɤɚɞ ɪɟɚɤɰɢɣ, ɩɪɢɜɨɞɹɳɢɣ ɤ ɞɟɫɬɚɛɢɥɢɡɚɰɢɢ ɢ ɧɚɪɭɲɟɧɢɸ 

ɛɚɪɶɟɪɧɵɯ ɮɭɧɤɰɢɣ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɦɟɦɛɪɚɧ[24].  

ɉɈɅ – ɦɧɨɝɨɫɬɚɞɢɣɧɵɣ ɩɪɨɰɟɫɫ, ɤɨɬɨɪɵɣ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɢɧɢɰɢɚɰɢɸ, 

ɪɚɡɜɢɬɢɟ ɢ ɨɛɪɵɜ ɰɟɩɢ (ɪɢɫ. 2). ɉɟɪɟɤɢɫɧɨɟ ɨɤɢɫɥɟɧɢɟ ɥɢɩɢɞɨɜ ɧɚɱɢɧɚɟɬɫɹ ɫ 

ɜɧɟɞɪɟɧɢɹ ɫɜɨɛɨɞɧɨɝɨ ɪɚɞɢɤɚɥɚ ɜ ɥɢɩɢɞɧɵɣ ɫɥɨɣ (ɢɧɢɰɢɚɰɢɹ), ɤɨɬɨɪɵɣ 

ɨɤɢɫɥɹɟɬ ɠɢɪɧɵɟ ɤɢɫɥɨɬɵ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɥɢɩɢɞɧɨɝɨ ɪɚɞɢɤɚɥɚ, ɤɨɬɨɪɵɣ, ɜ 

ɫɜɨɸ ɨɱɟɪɟɞɶ, ɜɫɬɭɩɚɟɬ ɜ ɪɟɚɤɰɢɸ ɫ ɦɨɥɟɤɭɥɹɪɧɵɦ ɤɢɫɥɨɪɨɞɨɦ, ɪɚɫɬɜɨɪɟɧɧɵɦ 

ɜ ɫɪɟɞɟ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɛɪɚɡɭɟɬɫɹ ɧɨɜɵɣ ɫɜɨɛɨɞɧɵɣ ɪɚɞɢɤɚɥ[21]. ɗɬɨɬ 

ɪɚɞɢɤɚɥ ɚɬɚɤɭɟɬ ɫɥɟɞɭɸɳɢɣ ɥɢɩɢɞ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɝɢɞɪɨɩɟɪɟɤɢɫɢ ɥɢɩɢɞɚ ɢ 

ɧɨɜɨɝɨ ɪɚɞɢɤɚɥɚ. ɉɪɨɰɟɫɫ ɩɪɨɞɨɥɠɚɟɬɫɹ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɧɟ ɩɪɨɢɡɨɣɞɟɬ ɨɛɪɵɜ 

ɰɟɩɢ, ɜ ɤɨɬɨɪɨɦ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɭɱɚɫɬɢɟ ɩɪɢɧɢɦɚɟɬ ɚɧɬɢɨɤɫɢɞɚɧɬɧɚɹ 

ɫɢɫɬɟɦɚ. ɇɚɢɛɨɥɟɟ ɜɚɠɧɵɦ ɚɧɬɢɨɤɫɢɞɚɧɬɨɦ ɹɜɥɹɟɬɫɹ ɜɢɬɚɦɢɧ ȿ, ɩɨɫɤɨɥɶɤɭ 

ɹɜɥɹɟɬɫɹ ɠɢɪɨɪɚɫɬɜɨɪɢɦɵɦ ɜɢɬɚɦɢɧɨɦ, ɨɛɥɚɞɚɟɬ ɝɢɞɪɨɮɨɛɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɢ 

ɫɩɨɫɨɛɟɧ ɧɚɤɚɩɥɢɜɚɬɶɫɹ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɟɦɭ ɛɵɫɬɪɨ ɢ ɷɮɮɟɤɬɢɜɧɨ ɪɟɚɝɢɪɨɜɚɬɶ ɫ 

ɥɢɩɢɞɧɵɦɢ ɝɢɞɪɨɩɟɪɟɤɢɫɹɦɢ, ɱɟɦ ɩɨɫɥɟɞɧɢɟ ɫ ɫɨɫɟɞɧɢɦɢ ɠɢɪɧɵɦɢ ɤɢɫɥɨɬɚɦ 

[21,25]. 
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ɉɟɪɟɤɢɫɧɨɟ ɨɤɢɫɥɟɧɢɟ ɥɢɩɢɞɨɜ ɩɪɢɜɨɞɢɬ ɤ ɩɨɥɢɤɨɧɞɟɧɫɚɰɢɢ-

ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɥɢɩɢɞɨɜ, ɚ ɬɚɤɠɟ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɜɬɨɪɢɱɧɵɯ ɫɨɟɞɢɧɟɧɢɣ – 

ɚɥɶɞɟɝɢɞɨɜ, ɫɪɟɞɢ ɤɨɬɨɪɵɯ ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ ɜɵɞɟɥɹɸɬ ɰɢɬɨɬɨɤɫɢɱɧɵɣ 

ɦɚɥɨɧɨɜɵɣ ɞɢɚɥɶɞɟɝɢɞ (ɆȾȺ) ɢ ɞɢɟɧɨɜɵɟ ɤɨɧɴɸɝɚɬɵ (ȾɄ). ɗɬɢ ɫɨɟɞɢɧɟɧɢɹ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɦɚɪɤɟɪɨɜ ɜ ɚɧɚɥɢɡɟ ɩɟɪɟɤɢɫɧɨɝɨ ɨɤɢɫɥɟɧɢɹ 

ɥɢɩɢɞɨɜ[23]. 

 

 

Ɋɢɫɭɧɨɤ 2 – ɉɟɪɟɤɢɫɧɨɟ ɨɤɢɫɥɟɧɢɟ ɥɢɩɢɞɨɜ [21] 

Ʉ ɩɟɪɜɢɱɧɵɦ ɩɪɨɞɭɤɬɚɦ ɩɟɪɟɤɢɫɧɨɝɨ ɨɤɢɫɥɟɧɢɹ ɥɢɩɢɞɨɜ, ɨɬɧɨɫɹɬɫɹ 

ɞɢɟɧɨɜɵɟ ɝɢɞɪɨɩɟɪɨɤɫɢɞɵ, ɨɧɢ ɹɜɥɹɸɬɫɹ ɨɱɟɧɶ ɧɟɫɬɚɛɢɥɶɧɵɦɢ ɦɨɥɟɤɭɥɚɦɢ ɢ 

ɦɨɝɭɬ, ɩɨɞɜɟɪɝɚɹɫɶ ɜɬɨɪɢɱɧɵɦ ɪɟɚɤɰɢɹɦ, ɩɪɢɜɨɞɢɬɶ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɷɩɨɤɫɢɞɨɜ, 

ɚɥɶɞɟɝɢɞɨɜ, ɤɟɬɨɧɨɜ, ɫɩɢɪɬɨɜ ɢ ɤɚɪɛɨɤɫɢɥɶɧɵɯ ɤɢɫɥɨɬ, ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ 

ɜɵɫɨɤɨɬɨɤɫɢɱɧɵɦɢ ɜɟɳɟɫɬɜɚɦɢ ɞɥɹ ɨɪɝɚɧɢɡɦɚ[26,23]. 

Ɇɚɥɨɧɨɜɵɣ ɞɢɚɥɶɞɟɝɢɞ ɨɛɪɚɡɭɟɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɟɪɟɤɢɫɧɨɝɨ ɨɤɢɫɥɟɧɢɹ 

ɠɢɪɧɵɯ ɤɢɫɥɨɬ, ɫɨɞɟɪɠɚɳɢɯ ɬɪɢ ɢɥɢ ɛɨɥɟɟ ɞɜɨɣɧɵɯ ɫɜɹɡɟɣ (ɥɢɧɨɥɟɧɨɜɚɹ ɢ 

ɚɪɚɯɢɞɨɧɨɜɚɹ ɤɢɫɥɨɬɵ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ).  ɆȾȺ ɦɨɠɟɬ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ 

ɩɟɪɟɤɪɟɫɬɧɨɦɭ ɫɜɹɡɵɜɚɧɢɸ ɢ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɤɨɦɩɨɧɟɧɬɨɜ ɦɟɦɛɪɚɧ, ɩɨɜɪɟɠɞɚɹ 

ɢɯ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɧɚɪɭɲɟɧɢɸ ɫɜɨɣɫɬɜ ɢ ɮɭɧɤɰɢɣ, ɬɚɤɢɯ ɤɚɤ ɬɟɤɭɱɟɫɬɶ, ɢɨɧɧɵɣ 
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ɬɪɚɧɫɩɨɪɬ, ɮɟɪɦɟɧɬɚɬɢɜɧɚɹ ɢ ɪɟɰɟɩɬɨɪɧɚɹ ɚɤɬɢɜɧɨɫɬɢ, ɚɝɝɪɟɝɢɪɭɸɳɚɹ 

ɫɩɨɫɨɛɧɨɫɬɶ ɞɟɬɟɪɦɢɧɚɧɬɨɜ ɤɥɟɬɨɱɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɞɪ[25].  

ȼ ɩɥɚɡɦɟ ɤɪɨɜɢ ɚɤɬɢɜɧɵɟ ɮɨɪɦɵ ɤɢɫɥɨɪɨɞɚ ɜɵɡɵɜɚɸɬ ɨɤɢɫɥɢɬɟɥɶɧɭɸ 

ɦɨɞɢɮɢɤɚɰɢɸ ɥɢɩɨɩɪɨɬɟɢɧɨɜ ɧɢɡɤɨɣ ɩɥɨɬɧɨɫɬɢ (Ʌɉɇɉ), ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ, 

ɩɨɫɥɟɞɧɢɟ ɫɬɚɧɨɜɹɬɫɹ ɬɨɤɫɢɱɧɵɦɢ ɢ ɷɮɮɟɤɬɢɜɧɨ ɡɚɯɜɚɬɵɜɚɸɬɫɹ ɦɚɤɪɨɮɚɝɚɦɢ. 

Ɉɤɢɫɥɢɬɟɥɶɧɚɹ ɦɨɞɢɮɢɤɚɰɢɹ Ʌɉɇɉ ɩɪɨɹɜɥɹɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɩɪɨɢɫɯɨɞɢɬ 

ɞɟɝɪɚɞɚɰɢɹ ɩɨɥɢɧɟɧɚɫɵɳɟɧɧɵɯ ɠɢɪɧɵɯ ɤɢɫɥɨɬ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɤɨɪɨɬɤɢɯ 

ɪɟɚɤɰɢɨɧɧɨ-ɫɩɨɫɨɛɧɵɯ ɮɪɚɝɦɟɧɬɨɜ, ɤɨɬɨɪɵɟ ɫɜɹɡɵɜɚɸɬɫɹ ɫ ɚɩɨɥɢɩɪɨɬɟɢɧɨɦ ȼ. 

ɂ ɬɟɦ ɧɟ ɦɟɧɟɟ, ɜ ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ ɧɟɤɢɣ ɭɪɨɜɟɧɶ ɩɪɨɞɭɤɬɨɜ 

ɉɈɅ ɩɨɫɬɨɹɧɧɨ ɩɪɢɫɭɬɫɬɜɭɟɬ ɜ ɤɥɟɬɤɚɯ, ɬɚɤ ɤɚɤ ɩɪɨɞɭɤɬɵ ɩɟɪɟɤɢɫɧɨɝɨ 

ɨɤɢɫɥɟɧɢɹ ɥɢɩɢɞɨɜ ɹɜɥɹɸɬɫɹ ɨɛɹɡɚɬɟɥɶɧɵɦ ɫɬɪɭɤɬɭɪɧɵɦ ɷɥɟɦɟɧɬɨɦ ɤɥɟɬɨɱɧɵɯ 

ɦɟɦɛɪɚɧ. ɉɪɨɞɭɤɬɵ ɉɈɅ ɨɤɚɡɵɜɚɸɬ ɜɥɢɹɧɢɟ ɧɚ ɮɚɡɨɜɨɟ ɫɨɫɬɨɹɧɢɟ ɥɢɩɢɞɧɨɝɨ 

ɛɢɫɥɨɹ, ɭɫɢɥɢɜɚɸɬ ɝɢɞɪɚɬɚɰɢɸ ɩɨɜɟɪɯɧɨɫɬɢ ɤɥɟɬɤɢ, ɦɨɞɢɮɢɰɢɪɭɸɬ 

ɩɪɨɜɨɞɢɦɨɫɬɶ ɦɟɦɛɪɚɧɵ ɞɥɹ ɢɨɧɨɜ ɢ ɦɚɥɵɯ ɦɨɥɟɤɭɥ ɢ ɞɪ[26]. 

 

1.5 Ⱥɧɬɢɨɤɫɢɞɚɧɬɧɚɹ ɫɢɫɬɟɦɚ 
Ɂɚɳɢɬɭ ɨɬ ɚɝɪɟɫɫɢɜɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɤɢɫɥɨɪɨɞɚ ɢ ɟɝɨ ɩɪɨɢɡɜɨɞɧɵɯ 

ɨɛɟɫɩɟɱɢɜɚɟɬ ɚɧɬɢɨɤɫɢɞɚɧɬɧɚɹ ɫɢɫɬɟɦɚ (ȺɈɋ), ɤɨɬɨɪɚɹ ɨɛɟɫɩɟɱɢɜɚɟɬ 

ɫɜɹɡɵɜɚɧɢɟ ɢ ɦɨɞɢɮɢɤɚɰɢɸ ɪɚɞɢɤɚɥɨɜ.  

Ⱥɧɬɢɨɤɫɢɞɚɧɬɵ – ɷɬɨ ɦɨɥɟɤɭɥɵ, ɡɚɳɢɳɚɸɳɢɟ ɛɢɨɥɨɝɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ ɨɬ 

ɧɟɝɚɬɢɜɧɵɯ ɷɮɮɟɤɬɨɜ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɪɚɡɜɢɜɚɬɶɫɹ ɩɪɢ ɨɤɢɫɥɢɬɟɥɶɧɨɦ 

ɫɬɪɟɫɫɟ[27].  

ȼ ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ ɫɢɫɬɟɦɟ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɧɟɫɤɨɥɶɤɨ ɡɜɟɧɶɟɜ:  

1. Ɏɟɪɦɟɧɬɵ-ɩɟɪɟɯɜɚɬɱɢɤɢ, ɤ ɧɢɦ ɨɬɧɨɫɹɬɫɹ, ɫɭɩɟɪɨɤɫɢɞɞɢɫɦɭɬɚɡɚ 

(ɞɢɫɦɭɬɢɪɭɸɳɚɹ O2
•- ɞɨ ɇ2Ɉ2) ɤɚɬɚɥɚɡɚ ɢ ɝɥɭɬɚɬɢɨɧɩɟɪɨɤɫɢɞɚɡɚ 

(ɤɨɧɜɟɪɬɢɪɭɸɳɢɟ ɇ2Ɉ2 ɜ ɇ2Ɉ). Ƚɥɭɬɚɬɢɨɧɩɟɪɨɤɫɢɞɚɡɚ ɜɦɟɫɬɟ ɫ ɝɥɭɬɚɬɢɨɧ-

Sɬɪɚɧɫɮɟɪɚɡɨɣ ɭɱɚɫɬɜɭɟɬ ɜ ɞɟɬɨɤɫɢɮɢɤɚɰɢɢ ɝɢɞɪɨɩɟɪɨɤɫɢɞɨɜ ɠɢɪɧɵɯ ɤɢɫɥɨɬ; 

2. Ƚɢɞɪɨɮɢɥɶɧɵɟ ɫɤɚɜɟɧɞɠɟɪɵ ɪɚɞɢɤɚɥɨɜ - ɜɨɫɫɬɚɧɨɜɥɟɧɧɵɣ 

ɝɥɭɬɚɬɢɨɧ (GSɇ), ɚɫɤɨɪɛɚɬ, ɭɪɚɬ, ɬɢɨɥɵ (ɰɢɫɬɟɢɧ, ɷɪɝɨɬɢɨɧɟɢɧ); 
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3. Ʌɢɩɨɮɢɥɶɧɵɟ ɩɟɪɟɯɜɚɬɱɢɤɢ ɪɚɞɢɤɚɥɨɜ - ɬɨɤɨɮɟɪɨɥɵ, ɮɥɚɜɨɧɨɢɞɵ, 

ɤɚɪɨɬɢɧɨɢɞɵ, ɭɛɢɯɢɧɨɧɵ, ɛɢɥɢɪɭɛɢɧ; 

4. Ɏɟɪɦɟɧɬɵ, ɨɫɭɳɟɫɬɜɥɹɸɳɢɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɨɤɢɫɥɟɧɧɵɯ 

ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɛɢɨɚɧɬɢɨɤɫɢɞɚɧɬɨɜ (ɝɥɭɬɚɬɢɨɧɪɟɞɭɤɬɚɡɚ) ɢɥɢ 

ɭɱɚɫɬɜɭɸɳɢɟ ɜ ɩɨɞɞɟɪɠɚɧɢɢ ɜ ɮɭɧɤɰɢɨɧɚɥɶɧɨ ɚɤɬɢɜɧɨɦ ɫɨɫɬɨɹɧɢɢ ɛɟɥɤɨɜɵɯ 

ɬɢɨɥɨɜ (ɬɢɨɪɟɞɨɤɫɢɧɪɟɞɭɤɬɚɡɚ);  

5. Ɏɟɪɦɟɧɬɵ, ɭɱɚɫɬɜɭɸɳɢɟ ɜ ɩɨɞɞɟɪɠɚɧɢɢ ɜɧɭɬɪɢɤɥɟɬɨɱɧɨɝɨ 

ɫɬɚɰɢɨɧɚɪɧɨɝɨ ɭɪɨɜɧɹ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɷɤɜɢɜɚɥɟɧɬɨɜ (ɝɥɸɤɨɡɨ-6- 

ɮɨɫɮɚɬɞɟɝɢɞɪɨɝɟɧɚɡɚ, ɤɚɬɚɥɢɡɢɪɭɸɳɚɹ ɨɛɪɚɡɨɜɚɧɢɟ NADPH ɜ 

ɩɟɧɬɨɡɨɮɨɫɮɚɬɧɨɦ ɩɭɬɢ ɨɤɢɫɥɟɧɢɹ ɝɥɸɤɨɡɵ); 

6. Ⱥɧɬɢɨɤɫɢɞɚɧɬɧɵɟ ɛɟɥɤɢ (ɰɟɪɭɥɨɩɥɚɡɦɢɧ, ɚɥɶɛɭɦɢɧ, ɮɟɪɪɢɬɢɧ, 

ɬɪɚɧɫɮɟɪɪɢɧ, ɥɚɤɬɨɮɟɪɪɢɧ ɢ ɞɪ.), ɭɱɚɫɬɜɭɸɳɢɟ ɜ ɯɪɚɧɟɧɢɢ, ɬɪɚɧɫɩɨɪɬɟ ɢɥɢ 

ɨɛɟɡɜɪɟɠɢɜɚɧɢɢ ɢɨɧɨɜ ɦɟɬɚɥɥɨɜ ɩɟɪɟɦɟɧɧɨɣ ɜɚɥɟɧɬɧɨɫɬɢ.  

Ⱥɧɬɢɨɤɫɢɞɚɧɬɧɭɸ ɫɢɫɬɟɦɭ ɨɪɝɚɧɢɡɦɚ ɱɟɥɨɜɟɤɚ ɦɨɠɧɨ ɭɫɥɨɜɧɨ ɪɚɡɞɟɥɢɬɶ 

ɧɚ: ɮɟɪɦɟɧɬɚɬɢɜɧɭɸ ɚɧɬɢɨɤɫɢɞɚɧɬɧɭɸ ɫɢɫɬɟɦɭ ɢ ɧɟɮɟɪɦɟɧɬɚɬɢɜɧɭɸ ȺɈɋ. ȼ 

ɤɚɱɟɫɬɜɟ ɧɟɮɟɪɦɟɧɬɚɬɢɜɧɨɣ ȺɈɋ ɦɨɝɭɬ ɜɵɫɬɭɩɚɬɶ: ɠɢɪɨɪɚɫɬɜɨɪɢɦɵɟ 

ɚɧɬɢɨɤɫɢɞɚɧɬɵ (ɜɢɬɚɦɢɧ ȿ, ȕ-ɤɚɪɨɬɢɧ, ɭɛɢɯɢɧɨɧɵ), ɜɨɞɨɪɚɫɬɜɨɪɢɦɵɟ 

(ɚɫɤɨɪɛɚɬ, ɪɭɬɢɧ, ɝɥɭɬɚɬɢɨɧ). Ƚɢɞɪɨɮɨɛɧɵɟ ɚɧɬɢɨɤɫɢɞɚɧɬɵ ɥɨɤɚɥɢɡɨɜɚɧɵ ɜ 

ɛɢɨɦɟɦɛɪɚɧɧɚɯ, ɝɢɞɪɨɮɢɥɶɧɵɟ - ɜ ɰɢɬɨɡɨɥɟ ɤɥɟɬɤɢ. 

Ɏɟɪɦɟɧɬɚɬɢɜɧɚɹ ȺɈɋ ɜɤɥɸɱɚɟɬ: ɫɭɩɟɪɨɤɫɢɞɞɢɫɦɭɬɚɡɭ, ɤɚɬɚɥɢɡɢɪɭɸɳɭɸ 

ɪɟɚɤɰɢɸ ɞɢɫɦɭɬɚɰɢɢ O2ˉ ɜ ɇ2Ɉ2, ɤɚɬɚɥɚɡɭ, ɪɚɡɥɚɝɚɸɳɟɣ ɇ2Ɉ2, 

ɝɥɭɬɚɬɢɨɧɩɟɪɨɤɫɢɞɚɡɭ (GPO), ɝɥɭɬɚɬɢɨɧ-S-ɬɪɚɧɫɮɟɪɚɡɭ (GSɌ), ɝɥɸɤɨɡɨ-6-

ɮɨɫɮɚɬɞɟɝɢɞɪɨɝɟɧɚɡɭ, ɝɥɭɬɚɬɢɨɧɪɟɞɭɤɬɚɡɭ, ɝɥɭɬɚɬɢɨɧɡɚɜɢɫɢɦɵɟ ɮɟɪɦɟɧɬɵ 

ɭɞɚɥɹɸɬ ɨɪɝɚɧɢɱɟɫɤɢɟ ɩɟɪɟɤɢɫɢ [28]. 

 

1.5.1 Ɏɟɪɦɟɧɬɚɬɢɜɧɨɟ ɡɜɟɧɨ ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ ɫɢɫɬɟɦɵ 
 

Ɉɬ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɫɬɪɟɫɫɚ ɤɥɟɬɤɢ ɡɚɳɢɳɟɧɵ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɦɢ 

ɦɟɠɞɭ ɫɨɛɨɣ ɚɧɬɢɨɤɫɢɞɚɧɬɚɦɢ. ɋɭɩɟɪɨɤɫɢɞ, ɜɵɫɜɨɛɨɠɞɚɟɦɵɣ ɩɪɢ 

ɨɤɢɫɥɢɬɟɥɶɧɨɦ ɮɨɫɮɨɪɢɥɢɪɨɜɚɧɢɢ, ɫɧɚɱɚɥɚ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɩɟɪɨɤɫɢɞ ɜɨɞɨɪɨɞɚ, 
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ɚ ɡɚɬɟɦ ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɜɨɞɵ. ɗɬɨɬ ɩɭɬɶ ɞɟɬɨɤɫɢɤɚɰɢɢ 

ɹɜɥɹɟɬɫɹ ɪɟɡɭɥɶɬɚɬɨɦ ɪɚɛɨɬɵ ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ ɮɟɪɦɟɧɬɨɜ [30]. 

ɋɭɩɟɪɨɤɫɢɞɞɢɫɦɭɬɚɡɚ (ɋɈȾ ɄɎ 1.15.1.1) – ɷɬɨ ɤɥɚɫɫ ɛɥɢɡɤɨɪɨɞɫɬɜɟɧɧɵɯ 

ɦɟɬɚɥɥɨɮɟɪɦɟɧɬɨɜ, ɤɨɬɨɪɵɟ ɤɚɬɚɥɢɡɢɪɭɸɬ ɞɢɫɦɭɬɚɰɢɸ ɫɭɩɟɪɨɤɫɢɞɧɨɝɨ ɚɧɢɨɧ-

ɪɚɞɢɤɚɥɚ ɧɚ ɤɢɫɥɨɪɨɞ ɢ ɩɟɪɟɤɢɫɶ ɜɨɞɨɪɨɞɚ. Ɏɟɪɦɟɧɬɵ ɋɈȾ ɩɪɢɫɭɬɫɬɜɭɸɬ 

ɩɨɱɬɢ ɜɨ ɜɫɟɯ ɚɷɪɨɛɧɵɯ ɤɥɟɬɤɚɯ ɢ ɜɨ ɜɧɟɤɥɟɬɨɱɧɵɯ ɠɢɞɤɨɫɬɹɯ.  ɍ ɱɟɥɨɜɟɤɚ 

ɩɪɢɫɭɬɫɬɜɭɸɬ ɬɪɢ ɮɨɪɦɵ ɫɭɩɟɪɨɤɫɢɞɞɢɫɦɭɬɚɡɵ. ɋɈȾ 1 (ɫɨɞɟɪɠɢɬ ɜ ɚɤɬɢɜɧɨɦ 

ɰɟɧɬɪɟ ɮɟɪɦɟɧɬɚ ɢɨɧɵ ɬɚɤɢɯ ɦɟɬɚɥɥɨɜ ɤɚɤ Zn ɢ Cu) ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ 

ɢɞɟɧɬɢɱɧɵɯ ɫɭɛɴɟɞɢɧɢɰ ɫ ɦɨɥɟɤɭɥɹɪɧɵɦ ɜɟɫɨɦ 16300 Ⱦɚ. Ʉɚɠɞɚɹ ɫɭɛɴɟɞɢɧɢɰɚ 

ɫɨɞɟɪɠɢɬ ɩɨ ɨɞɧɨɦɭ ɢɨɧɭ ɦɟɞɢ ɢ ɰɢɧɤɚ, ɢɦɟɟɬ ɜɧɭɬɪɢ ɰɟɩɢ ɞɢɫɭɥɶɮɢɞɧɵɣ 

ɦɨɫɬɢɤ, ɨɞɧɭ ɫɭɥɶɮɝɢɞɪɢɥɶɧɭɸ ɝɪɭɩɩɭ ɢ ɚɰɟɬɢɥɢɪɨɜɚɧɧɭɸ ɤɨɧɰɟɜɭɸ 

ɚɦɢɧɨɝɪɭɩɩɭ, ɧɚɯɨɞɢɬɫɹ ɜ ɰɢɬɨɩɥɚɡɦɟ. ɋɈȾ 2 (ɜ ɚɤɬɢɜɧɨɦ ɰɟɧɬɪɟ Mn) ɜ 

ɦɢɬɨɯɨɧɞɪɢɹɯ. ɋɈȾ 3 (ɷɤɫɬɪɚɰɟɥɥɸɥɹɪɧɚɹ ɮɨɪɦɚ ɫɭɩɟɪɨɤɫɢɞɞɢɫɦɭɬɚɡɵ) 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɝɥɢɤɨɩɪɨɬɟɢɞ, ɫɨɫɬɨɹɳɢɣ ɢɯ ɞɜɭɯ ɞɢɦɟɪɨɜ, ɫɨɟɞɢɧɟɧɧɵɯ 

ɞɢɫɭɥɶɮɢɞɧɵɦ ɦɨɫɬɢɤɨɦ. Ʉɚɠɞɚɹ ɢɡ 4-ɯ ɫɭɛɴɟɞɢɧɢɰ ɢɦɟɟɬ ɦɨɥɟɤɭɥɹɪɧɭɸ 

ɦɚɫɫɭ ɨɤɨɥɨ 30 ɤȾɚ, ɫɨɞɟɪɠɢɬ ɢɨɧɵ ɦɟɞɢ ɢ ɰɢɧɤɚ ɢ ɹɜɥɹɟɬɫɹ ɜɧɟɤɥɟɬɨɱɧɵɦ 

ɮɟɪɦɟɧɬɨɦ [31,35].  

Ɋɟɡɭɥɶɬɚɬɨɦ ɞɟɹɬɟɥɶɧɨɫɬɢ ɋɈȾ ɹɜɥɹɟɬɫɹ ɢɧɬɟɧɫɢɮɢɤɚɰɢɹ ɨɛɪɚɡɨɜɚɧɢɹ 

ɇ2Ɉ2, ɢ ɛɟɡ ɨɛɟɡɜɪɟɠɢɜɚɧɢɹ ɞɚɧɧɨɝɨ ɜɟɳɟɫɬɜɚ, ɢɦɟɥɨ ɛɵ ɦɟɫɬɨ ɭɫɢɥɟɧɢɟ 

ɨɤɢɫɥɢɬɟɥɶɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜ ɤɥɟɬɤɚɯ. ɉɨɬɨɦɭ ɜ ɨɪɝɚɧɢɡɦɟ, ɫɪɚɡɭ ɡɚ ɞɢɫɦɭɬɚɰɢɟɣ 

ɫɭɩɟɪɨɤɫɢɞɧɨɝɨ ɪɚɞɢɤɚɥɚ, ɢɞёɬ ɭɞɚɥɟɧɢɟ ɩɟɪɟɤɢɫɢ ɜɨɞɨɪɨɞɚ, ɡɚ ɫɱɟɬ ɪɚɛɨɬɵ 

ɮɟɪɦɟɧɬɚ ɤɚɬɚɥɚɡɵ[32]. 

Ʉɚɬɚɥɚɡɚ (ɄɎ 1.11.1.6) – ɮɟɪɦɟɧɬ ɫɨɫɬɨɹɳɢɣ ɢɡ ɱɟɬɵɪɟɯ ɢɞɟɧɬɢɱɧɵɯ 

ɫɭɛɴɟɞɢɧɢɰ, ɤɚɠɞɚɹ ɢɡ ɤɨɬɨɪɵɯ ɫɨɞɟɪɠɢɬ ɜ ɤɚɱɟɫɬɜɟ ɤɨɮɚɤɬɨɪɚ 

ɠɟɥɟɡɨɩɨɪɮɢɪɢɧɨɜɵɣ ɤɨɦɩɥɟɤɫ. Ʌɨɤɚɥɢɡɨɜɚɧɚ ɤɚɬɚɥɚɡɚ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɜ 

ɩɟɪɨɤɫɢɫɨɦɚɯ ɤɥɟɬɨɤ. Ɉɧɚ ɜɵɩɨɥɧɹɟɬ ɮɭɧɤɰɢɸ ɤɚɬɚɥɢɡɚɬɨɪɚ ɪɚɡɥɨɠɟɧɢɹ 

ɩɟɪɟɤɢɫɢ ɜɨɞɨɪɨɞɚ ɞɨ ɜɨɞɵ ɢ ɤɢɫɥɨɪɨɞɚ.  Ȼɨɥɶɲɚɹ ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ 

ɮɟɪɦɟɧɬɚ ɩɪɟɩɹɬɫɬɜɭɟɬ ɟɝɨ ɩɪɨɧɢɤɧɨɜɟɧɢɸ ɱɟɪɟɡ ɤɥɟɬɨɱɧɭɸ ɦɟɦɛɪɚɧɭ. 

ɉɟɪɟɤɢɫɶ ɜɨɞɨɪɨɞɚ ɹɜɥɹɟɬɫɹ ɜɪɟɞɧɵɦ ɩɨɛɨɱɧɵɦ ɩɪɨɞɭɤɬɨɦ ɦɧɨɝɢɯ 

https://ru.wikipedia.org/wiki/%D0%A8%D0%B8%D1%84%D1%80_%D0%9A%D0%A4
https://enzyme.expasy.org/EC/1.15.1.1
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ɧɨɪɦɚɥɶɧɵɯ ɦɟɬɚɛɨɥɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ: ɱɬɨɛɵ ɩɪɟɞɨɬɜɪɚɬɢɬɶ ɩɨɜɪɟɠɞɟɧɢɟ, 

ɨɧɚ ɞɨɥɠɧɚ ɛɵɬɶ ɛɵɫɬɪɨ ɨɛɟɡɜɪɟɠɟɧɚ [30,33].  

Ɋɚɡɥɨɠɟɧɢɟ ɇ2Ɉ2 ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɬɚɤɠɟ ɮɟɪɦɟɧɬɚɬɢɜɧɵɦ ɪɟɞɨɤɫ-ɰɢɤɥɨɦ, 

ɤɨɬɨɪɵɣ ɫɨɫɬɨɢɬ ɢɡ ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɝɨ ɝɥɭɬɚɬɢɨɧɚ, ɝɥɭɬɚɬɢɨɧɩɟɪɨɤɫɢɞɚɡɵ ɢ 

ɝɥɭɬɚɬɢɨɧɪɟɞɭɤɬɚɡɵ. Ɉɞɧɚɤɨ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɤɚɬɚɥɚɡɵ, ɝɥɭɬɚɬɢɨɧɨɜɵɣ ɰɢɤɥ 

ɫɩɨɫɨɛɟɧ ɪɚɛɨɬɚɬɶ ɩɪɢ ɧɢɡɤɢɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɩɟɪɟɤɢɫɢ. 

Ƚɥɭɬɚɬɢɨɧɩɟɪɨɤɫɢɞɚɡɚ (ɄɎ 1.11.1.9) ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɮɟɪɦɟɧɬ, 

ɫɨɞɟɪɠɚɳɢɣ ɱɟɬɵɪɟ ɫɟɥɟɧ-ɤɨɮɚɤɬɨɪɚ, ɤɨɬɨɪɵɟ ɤɚɬɚɥɢɡɢɪɭɸɬ ɪɚɫɳɟɩɥɟɧɢɟ 

ɩɟɪɟɤɢɫɢ ɜɨɞɨɪɨɞɚ ɢ ɨɪɝɚɧɢɱɟɫɤɢɯ ɝɢɞɪɨɩɟɪɨɤɫɢɞɨɜ. ɍ ɠɢɜɨɬɧɵɯ ɢɦɟɟɬɫɹ, ɩɨ 

ɦɟɧɶɲɟɣ ɦɟɪɟ, ɲɟɫɬɶ ɪɚɡɧɵɯ ɢɡɨɮɨɪɦ ɝɥɭɬɚɬɢɨɧɩɟɪɨɤɫɢɞɚɡɵ. 

Ƚɥɭɬɚɬɢɨɧɩɟɪɨɤɫɢɞɚɡɚ 1 ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɣ ɢ ɷɮɮɟɤɬɢɜɧɨ 

ɨɛɟɡɜɪɟɠɢɜɚɟɬ ɩɟɪɟɤɢɫɢ ɜɨɞɨɪɨɞɚ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɝɥɭɬɚɬɢɨɧɩɟɪɨɤɫɢɞɚɡɚ 4 

ɧɚɢɛɨɥɟɟ ɚɤɬɢɜɧɚ ɫ ɝɢɞɪɨɩɟɪɨɤɫɢɞɚɦɢ ɥɢɩɢɞɨɜ. Ƚɥɭɬɚɬɢɨɧ-S-ɬɪɚɧɫɮɟɪɚɡɵ 

ɩɪɨɹɜɥɹɸɬ ɜɵɫɨɤɭɸ ɚɤɬɢɜɧɨɫɬɶ ɫ ɩɟɪɨɤɫɢɞɚɦɢ ɥɢɩɢɞɨɜ. Ʌɨɤɚɥɢɡɨɜɚɧɵ ɞɚɧɧɵɟ 

ɮɟɪɦɟɧɬɵ ɜɨ ɜɫɟɯ ɤɥɟɬɤɚɯ ɨɪɝɚɧɢɡɦɚ, ɨɞɧɚɤɨ ɧɚɢɛɨɥɶɲɭɸ ɚɤɬɢɜɧɨɫɬɶ 

ɩɪɨɹɜɥɹɸɬ ɜ ɝɟɩɚɬɨɰɢɬɚɯ. Ɉɫɧɨɜɧɚɹ ɮɭɧɤɰɢɹ GST – ɡɚɳɢɬɚ ɤɥɟɬɨɤ ɨɬ 

ɤɫɟɧɨɛɢɨɬɢɤɨɜ ɢ ɩɪɨɞɭɤɬɨɜ ɉɈɅ ɩɨɫɪɟɞɫɬɜɨɦ ɢɯ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ, 

ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɤ ɫɭɛɫɬɪɚɬɭ ɦɨɥɟɤɭɥɵ ɝɥɭɬɚɬɢɨɧɚ ɢɥɢ ɧɭɤɥɟɨɮɢɥɶɧɨɝɨ 

ɡɚɦɟɳɟɧɢɹ ɝɢɞɪɨɮɨɛɧɵɯ ɝɪɭɩɩ [29].                         

ɗɧɡɢɦɵ ȺɈɋ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɜɵɫɨɤɨɣ ɢɡɛɢɪɚɬɟɥɶɧɨɫɬɶɸ ɞɟɣɫɬɜɢɹ, 

ɧɚɩɪɚɜɥɟɧɧɨɝɨ ɩɪɨɬɢɜ ɨɩɪɟɞɟɥɟɧɧɵɯ ɪɚɞɢɤɚɥɨɜ. Ɍɚɤɢɟ ɫɢɫɬɟɦɵ ɩɪɚɤɬɢɱɟɫɤɢ 

ɜɫɟɝɞɚ ɜɵɩɨɥɧɹɸɬ ɫɜɨɸ ɮɭɧɤɰɢɸ ɜɧɭɬɪɢ ɤɥɟɬɨɤ, ɬɚɤ ɤɚɤ ɛɨɥɶɲɚɹ 

ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ ɮɟɪɦɟɧɬɨɜ ɩɪɟɩɹɬɫɬɜɭɟɬ ɢɯ ɜɵɯɨɞɭ ɢɡ ɤɥɟɬɨɤ[34]. 

ɉɨɦɢɦɨ ɤɥɟɬɨɱɧɵɯ ɫɢɫɬɟɦ, ɫɭɳɟɫɬɜɭɸɬ ɩɥɚɡɦɟɧɧɵɟ ɚɧɬɢɨɤɫɢɞɚɧɬɵ, 

ɫɪɟɞɢ ɤɨɬɨɪɵɯ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɟ ɜɟɳɟɫɬɜɚ: ɚɥɶɛɭɦɢɧ, 

ɬɪɚɧɫɮɟɪɢɧ, ɮɟɪɪɢɬɢɧ, ɰɟɪɭɥɨɩɥɚɡɦɢɧ ɢ ɞɪ.  

ɐɟɪɭɥɨɩɥɚɡɦɢ (ɐɉ) — ɦɟɞɶɫɨɞɟɪɠɚɳɚɹ ɨɤɫɢɞɚɡɚ (ɄɎ.1.16.3.1), 

ɨɬɧɨɫɹɳɚɹɫɹ ɤ α-2-ɝɥɨɛɭɥɢɧɨɜɨɣ ɮɪɚɤɰɢɢ ɩɥɚɡɦɵ ɤɪɨɜɢ ɱɟɥɨɜɟɤɚ. ɋɨɫɬɨɢɬ ɐɉ 

ɢɡ ɟɞɢɧɢɱɧɨɣ ɩɨɥɢɩɟɩɬɢɞɧɨɣ ɰɟɩɢ, ɤɨɬɨɪɚɹ ɜɤɥɸɱɚɟɬ 1046 ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ 

ɨɫɬɚɬɤɨɜ. Ɇɨɥɟɤɭɥɚ ɫɨɞɟɪɠɢɬ 6 ɞɨɦɟɧɨɜ, ɨɛɪɚɡɭɸɳɢɯ ɬɪɢɝɨɧɚɥɶɧɭɸ 
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ɫɬɪɭɤɬɭɪɭ, ɢ 6 ɢɨɧɨɜ Cu [37,39]. ɂɨɧɵ ɦɟɞɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ 

ɦɟɞɶɫɨɞɟɪɠɚɳɢɯ ɨɤɫɢɞɚɡɚɯ, ɞɟɥɹɬ ɧɚ ɬɪɢ ɬɢɩɚ [41]: 

T1 Cu-ɢɨɧ ɦɟɞɢ ɩɟɪɜɨɝɨ ɬɢɩɚ – ɢɦɟɟɬ ɩɢɤ ɨɩɬɢɱɟɫɤɨɝɨ ɩɨɝɥɨɳɟɧɢɹ ɩɪɢ 

610ɧɦ ɢ ɨɩɪɟɞɟɥɹɟɬ ɢɧɬɟɧɫɢɜɧɵɣ ɝɨɥɭɛɨɣ ɰɜɟɬ ɮɟɪɦɟɧɬɨɜ ɞɚɧɧɨɝɨ ɤɥɚɫɫɚ. ȼ 

ɤɚɱɟɫɬɜɟ ɥɢɝɚɧɞɨɜ ɢɨɧɚ Cu ɜɵɹɜɥɟɧɵ 2 ɨɫɬɚɬɤɚ His, ɨɞɢɧ Cys ɢ ɨɞɢɧ Met 

T2 Cu-ɢɨɧ (ɬɚɤ ɧɚɡɵɜɚɟɦɵɯ «ɧɟ ɫɢɧɢɯ») ɢɨɧ Cu ɤɨɨɪɞɢɧɢɪɨɜɚɧ ɞɜɭɦɹ 

ɨɫɬɚɬɤɚɦɢ His ɢ ɝɢɞɪɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɨɣ ɢɥɢ ɦɨɥɟɤɭɥɨɣ ɜɨɞɵ. 

T3 Cu-ɢɨɧ (ɛɢɹɞɟɪɧɵɟ) ɫɨɞɟɪɠɢɬ ɞɜɚ ɚɧɬɢɮɟɪɪɨɦɚɝɧɢɬɧɨ ɫɩɚɪɟɧɧɵɯ 

ɢɨɧɚ Cu2+, ɤɚɠɞɵɣ ɢɡ ɤɨɬɨɪɵɯ ɫɜɹɡɚɧ ɬɪɟɦɹ ɨɫɬɚɬɤɚɦɢ His, ɚ ɦɟɠɞɭ ɷɬɢɦɢ 

ɢɨɧɚɦɢ ɧɚɯɨɞɢɬɫɹ ɥɢɛɨ OH- ɝɪɭɩɩɚ, ɥɢɛɨ ɦɨɥɟɤɭɥɚ O2. 

ɐɉ, ɩɨɞɨɛɧɨ ɞɪɭɝɢɦ ɦɟɞɶɫɨɞɟɪɠɚɳɢɦ ɛɟɥɤɚɦ, ɫɩɨɫɨɛɟɧ ɭɱɚɫɬɜɨɜɚɬɶ ɜ 

ɨɤɢɫɥɢɬɟɥɶɧɨ – ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɪɟɚɤɰɢɹɯ, ɩɪɢɱɟɦ ɜ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ 

ɜɚɠɧɟɣɲɟɣ ɮɢɡɢɨɥɨɝɢɱɟɫɤɨɣ ɮɭɧɤɰɢɟɣ ɐɉ ɫɱɢɬɚɟɬɫɹ ɢɦɟɧɧɨ ɚɧɬɢɨɤɫɢɞɚɧɬɧɚɹ 

ɮɭɧɤɰɢɹ. Ɉɧ ɫɩɨɫɨɛɟɧ «ɩɟɪɟɯɜɚɬɵɜɚɬɶ» ɫɜɨɛɨɞɧɵɟ ɫɭɩɟɪɨɤɫɢɞɧɵɟ ɪɚɞɢɤɚɥɵ, 

ɢɧɝɢɛɢɪɭɟɬ ɚɤɬɢɜɢɪɨɜɚɧɧɵɟ ɩɪɨɰɟɫɫɵ ɩɟɪɟɤɢɫɧɨɝɨ ɨɤɢɫɥɟɧɢɹ ɥɢɩɢɞɨɜ, ɬɚɤɠɟ 

ɩɪɟɞɨɬɜɪɚɳɚɟɬ ɨɤɢɫɥɟɧɢɟ ɥɢɩɢɞɨɜ ɤɥɟɬɨɱɧɵɯ ɦɟɦɛɪɚɧ [36,38,39]. 

Ⱥɧɬɢɨɤɫɢɞɚɧɬɧɨɟ ɞɟɣɫɬɜɢɟ ɰɟɪɭɥɨɩɥɚɡɦɢɧɚ, ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɷɬɢɦ 

ɛɟɥɤɨɦ, ɤɚɤ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ, ɬɚɤ ɢ ɜ ɤɨɦɩɥɟɤɫɟ ɫ ɠɟɥɟɡɨɩɪɨɬɟɢɧɚɦɢ. ȼ ɩɟɪɜɨɦ 

ɫɥɭɱɚɟ ɞɟɣɫɬɜɢɟ ɐɉ ɧɚɩɪɚɜɥɟɧɨ ɧɚ ɧɟɣɬɪɚɥɢɡɚɰɢɸ ɫɭɩɟɪɨɤɫɢɞɧɨɝɨ ɚɧɢɨɧ-

ɪɚɞɢɤɚɥɚ; ɜɨ ɜɬɨɪɨɦ – ɧɚ ɩɪɢɱɢɧɭ ɨɛɪɚɡɨɜɚɧɢɹ ȺɎɄ, ɬɨ ɟɫɬɶ ɧɚ ɢɨɧɵ ɦɟɬɚɥɥɨɜ 

ɩɟɪɟɦɟɧɧɨɣ ɜɚɥɟɧɬɧɨɫɬɢ [40,42]. 

 

1.5.2 ɇɟɮɟɪɦɟɧɬɚɬɢɜɧɨɟ ɡɜɟɧɨ ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ ɫɢɫɬɟɦɵ 
 

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 ɚɥɚɧɬɨɢɧɚ 

(ɛɨɥɟɟ ɪɚɫɬɜɨɪɢɦɨɝɨ ɫɨɟɞɢɧɟɧɢɹ).  
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Ɇɨɱɟɜɚɹ ɤɢɫɥɨɬɚ ɦɨɠɟɬ ɞɟɣɫɬɜɨɜɚɬɶ ɤɚɤ ɚɧɬɢɨɤɫɢɞɚɧɬ ɡɚ ɫɱɟɬ ɫɜɹɡɵɜɚɧɢɹ 

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

ɚɧɬɢɨɤɫɢɞɚɧɬɨɦ ɢ ɝɨɪɚɡɞɨ ɯɭɞɲɢɦ ɩɪɨɨɤɫɢɞɚɧɬɨɦ [50].  

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. 

ȼɨɫɫɬɚɧɨɜɥɟɧɧɵɣ ɝɥɭɬɚɬɢɨɧ (GSH) – ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɣ ɬɢɨɥ, 

ɩɪɟɨɛɥɚɞɚɸɳɢɣ (90–95 %) ɜɨ ɦɧɨɝɢɯ ɪɚɫɬɢɬɟɥɶɧɵɯ, ɦɢɤɪɨɛɧɵɯ ɢ ɜɨ ɜɫɟɯ 

ɠɢɜɨɬɧɵɯ ɤɥɟɬɤɚɯ, ɜ ɤɨɬɨɪɵɯ ɟɝɨ ɦɨɥɹɪɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ (1–10 ɦɆ) ɜɵɲɟ, ɱɟɦ 

ɤɨɧɰɟɧɬɪɚɰɢɹ ɛɨɥɶɲɢɧɫɬɜɚ ɨɪɝɚɧɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ. ȿɝɨ ɩɪɹɦɚɹ ɮɭɧɤɰɢɹ – 

ɨɛɟɡɜɪɟɠɢɜɚɧɢɟ ɫɜɨɛɨɞɧɵɯ ɪɚɞɢɤɚɥɨɜ. əɜɥɹɟɬɫɹ ɬɪɢɩɟɩɬɢɞɨɦ (L-ɝɚɦɦɚ-

ɝɥɭɬɚɦɢɥ-L-ɰɢɫɬɟɢɧɢɥɝɥɢɰɢɧ), ɛɢɨɫɢɧɬɟɡ ɢ ɤɚɬɚɛɨɥɢɡɦ ɤɨɬɨɪɨɝɨ ɨɩɢɫɵɜɚɸɬɫɹ 

ɬɚɤ ɧɚɡɵɜɚɟɦɵɦ ɝɥɭɬɚɦɢɥɶɧɵɦ ɰɢɤɥɨɦ.  

Ƚɥɭɬɚɬɢoɧ ɜ ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɣ ɮɨɪɦɟ, ɦɨɠɟɬ ɮɭɧɤɰɢɨɧɢɪɨɜɚɬɶ ɤɚɤ 

ɚɧɬɢɨɤɫɢɞɚɧɬ ɦɧɨɝɢɦɢ ɫɩɨɫɨɛɚɦɢ: ɯɢɦɢɱɟɫɤɢ ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɬɶ ɫ ɫɢɧɝɥɟɬɧɵɦ 

ɤɢɫɥɨɪɨɞɨɦ, ɫɭɩɟɪɨɤɫɢɞɨɦ ɢ ɪɚɞɢɤɚɥɚɦɢ ɝɢɞɪɨɤɫɢɥɚ ɢɥɢ ɧɚ ɩɪɹɦɭɸ ɪɚɡɪɭɲɚɬɶ 

ɫɜɨɛɨɞɧɵɟ ɪɚɞɢɤɚɥɵ; ɫɬɚɛɢɥɢɡɢɪɨɜɚɬɶ ɦɟɦɛɪɚɧɧɭɸ ɫɬɪɭɤɬɭɪɭ ɩɟɪɟɦɟɳɟɧɢɟɦ 

ɚɰɢɥɩɟɪɨɤɫɢɞɨɜ, ɨɛɪɚɡɭɸɳɢɯɫɹ ɩɭɬɟɦ ɩɟɪɟɤɢɫɧɨɝɨ ɨɤɢɫɥɟɧɢɹ ɥɢɩɢɞɨɜ (ɉɈɅ). 

GSH ɹɜɥɹɟɬɫɹ ɤɨɮɟɪɦɟɧɬɨɦ ɪɹɞɚ ɮɟɪɦɟɧɬɨɜ, ɚɤɬɢɜɧɨɫɬɶ ɤɨɬɨɪɵɯ ɨɫɧɨɜɚɧɚ ɧɚ 

ɢɡɦɟɧɟɧɢɢ ɪɟɞɨɤɫ-ɩɨɬɟɧɰɢɚɥɚ ɝɥɭɬɚɬɢɨɧɚ. Ⱥɤɬɢɜɧɨɫɬɶ ɝɥɭɬɚɬɢɨɧɩɟɪɨɤɫɢɞɚɡɵ 

(GPɈ) ɢ ɫɤɨɪɨɫɬɶ ɭɬɢɥɢɡɚɰɢɢ ɩɟɪɟɤɢɫɢ ɜɨɞɨɪɨɞɚ ɧɚɩɪɹɦɭɸ ɡɚɜɢɫɹɬ ɨɬ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɝɨ ɝɥɭɬɚɬɢɨɧɚ ɜ ɤɥɟɬɤɟ. Ʉɨɧɴɸɝɢɪɨɜɚɧɢɟ 

ɤɫɟɧɨɛɢɨɬɢɤɨɜ ɢ ɭɞɚɥɟɧɢɟ ɩɟɪɨɤɫɢɞɨɜ ɥɢɩɢɞɨɜ ɤɥɟɬɨɱɧɵɯ ɦɟɦɛɪɚɧ, 

ɨɫɭɳɟɫɬɜɥɹɟɦɨɟ ɝɥɭɬɚɬɢɨɧ S-ɬɪɚɧɫɮɟɪɚɡɨɣ, ɧɟ ɩɪɨɢɫɯɨɞɢɬ ɛɟɡ GSH [47]. 

Ƚɥɚɜɧɵɣ ɨɪɝɚɧ ɫɢɧɬɟɡɚ ɝɥɭɬɚɬɢɨɧɚ ɭ ɦɥɟɤɨɩɢɬɚɸɳɢɯ – ɩɟɱɟɧɶ, ɤɨɬɨɪɚɹ 

ɨɛɟɫɩɟɱɢɜɚɟɬ ɨɤɨɥɨ 90 % ɜɫɟɝɨ ɰɢɪɤɭɥɢɪɭɸɳɟɝɨ ɝɥɭɬɚɬɢɨɧɚ ɩɪɢ 

ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ. ɍɪɨɜɟɧɶ ɝɥɭɬɚɬɢɨɧɚ ɜ ɩɟɱɟɧɢ ɭɦɟɧɶɲɚɟɬɫɹ 
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ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɜ 2 ɪɚɡɚ ɩɪɢ ɝɨɥɨɞɚɧɢɢ ɢ ɛɵɫɬɪɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɨɫɥɟ ɟɞɵ. 

ɉɨɫɬɭɩɥɟɧɢɟ ɝɥɭɬɚɬɢɨɧɚ ɢɡ ɩɟɱɟɧɢ ɜ ɩɥɚɡɦɭ ɤɪɨɜɢ ɢ ɠɟɥɱɶ ɫɬɢɦɭɥɢɪɭɟɬɫɹ 

ɧɟɤɨɬɨɪɵɦɢ ɝɨɪɦɨɧɚɦɢ, ɜ ɱɚɫɬɧɨɫɬɢ ɝɥɸɤɚɝɨɧɨɦ ɢ ɜɚɡɨɩɪɟɫɫɢɧɨɦ. 

ɍɬɢɥɢɡɢɪɭɟɬɫɹ ɝɥɭɬɚɬɢɨɧ ɩɥɚɡɦɵ ɬɤɚɧɹɦɢ ɨɪɝɚɧɢɡɦɚ ɩɭɬɟɦ ɬɪɚɧɫɩɨɪɬɚ ɱɟɪɟɡ 

ɤɥɟɬɨɱɧɵɟ ɦɟɦɛɪɚɧɵ ɢ ɪɟɫɢɧɬɟɡɚ ɜɧɭɬɪɢ ɤɥɟɬɤɢ ɩɨɫɪɟɞɫɬɜɨɦ ɝɥɭɬɚɦɢɥɶɧɨɝɨ 

ɰɢɤɥɚ [46,48]. 

Ɍɨɤɨɮɟɪɨɥɵ, ɨɫɧɨɜɧɵɟ ɮɨɪɦɵ ɜɢɬɚɦɢɧɚ ȿ, ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɝɪɭɩɩɭ 

ɠɢɪɨɪɚɫɬɜɨɪɢɦɵɯ ɮɟɧɨɥɶɧɵɯ ɫɨɟɞɢɧɟɧɢɣ. Ʉɚɠɞɵɣ ɬɨɤɨɮɟɪɨɥ ɫɨɫɬɨɢɬ ɢɡ 

ɯɪɨɦɚɧɨɥɶɧɨɝɨ ɤɨɥɶɰɚ ɢ 16-ɭɝɥɟɪɨɞɧɨɣ ɮɢɬɢɥɶɧɨɣ ɰɟɩɢ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɤɨɥɢɱɟɫɬɜɚ ɢ ɩɨɥɨɠɟɧɢɹ ɦɟɬɢɥɶɧɵɯ ɝɪɭɩɩ ɜ ɯɪɨɦɚɧɨɥɶɧɨɦ ɤɨɥɶɰɟ ɬɨɤɨɮɟɪɨɥɵ 

ɨɛɨɡɧɚɱɚɸɬɫɹ ɤɚɤ α, ȕ, δ ɢ Ȗ. ȼɫɟ ɬɨɤɨɮɟɪɨɥɵ ɹɜɥɹɸɬɫɹ ɫɢɥɶɧɵɦɢ 

ɚɧɬɢɨɤɫɢɞɚɧɬɚɦɢ, ɨɞɧɚɤɨ δ-T ɢ Ȗ-T ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵ ɞɥɹ ɭɥɚɜɥɢɜɚɧɢɹ 

ɚɤɬɢɜɧɵɯ ɮɨɪɦ ɚɡɨɬɚ, ɱɟɦ α-T. Ɉɫɧɨɜɧɵɦɢ ɞɢɟɬɢɱɟɫɤɢɦɢ ɢɫɬɨɱɧɢɤɚɦɢ 

ɬɨɤɨɮɟɪɨɥɨɜ ɹɜɥɹɸɬɫɹ ɪɚɫɬɢɬɟɥɶɧɵɟ ɦɚɫɥɚ, ɬɚɤɢɟ ɤɚɤ ɤɭɤɭɪɭɡɧɨɟ, ɫɨɟɜɨɟ, 

ɤɭɧɠɭɬɧɨɟ, ɯɥɨɩɤɨɜɨɟ [43,45]. 

ɂɡ-ɡɚ ɢɯ ɫɢɥɶɧɵɯ ɚɧɬɢɨɤɫɢɞɚɧɬɧɵɯ ɫɜɨɣɫɬɜ, ɬɨɤɨɮɟɪɨɥɵ ɩɨɡɜɨɥɹɸɬ 

ɫɧɢɡɢɬɶ ɪɢɫɤ ɪɚɡɜɢɬɢɹ ɪɚɤɚ. α-T ɫɱɢɬɚɟɬɫɹ ɤɥɚɫɫɢɱɟɫɤɢɦ ɜɢɬɚɦɢɧɨɦ ȿ, 

ɩɨɫɤɨɥɶɤɭ ɨɧ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɨɣ ɮɨɪɦɨɣ ɬɨɤɨɮɟɪɨɥɨɜ, ɨɛɧɚɪɭɠɢɜɚɟɦɵɯ ɜ 

ɤɪɨɜɢ ɢ ɬɤɚɧɹɯ, ɩɨɷɬɨɦɭ α-T ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɦɨɣ ɮɨɪɦɨɣ 

ɬɨɤɨɮɟɪɨɥɨɜ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɩɪɨɮɢɥɚɤɬɢɤɟ ɪɚɤɚ. 

ȼɢɬɚɦɢɧ ɋ ɹɜɥɹɟɬɫɹ ɜɚɠɧɵɦ ɦɢɤɪɨɷɥɟɦɟɧɬɨɦ, ɤɨɬɨɪɵɣ ɢɝɪɚɟɬ ɜɚɠɧɭɸ 

ɪɨɥɶ ɜ ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɚɯ ɜ ɨɪɝɚɧɢɡɦɟ ɱɟɥɨɜɟɤɚ. ȼ 

ɨɬɥɢɱɢɟ ɨɬ ɛɨɥɶɲɢɧɫɬɜɚ ɦɥɟɤɨɩɢɬɚɸɳɢɯ, ɭ ɥɸɞɟɣ ɨɬɫɭɬɫɬɜɭɟɬ ɫɩɨɫɨɛɧɨɫɬɶ 

ɜɵɪɚɛɚɬɵɜɚɬɶ ɷɧɞɨɝɟɧɧɵɣ ɜɢɬɚɦɢɧ ɋ ɢɡ-ɡɚ ɦɭɬɚɰɢɢ ɜ ɝɟɧɟ GULO, ɢ ɩɨɷɬɨɦɭ 

ɨɧɢ ɩɨɥɧɨɫɬɶɸ ɡɚɜɢɫɹɬ ɨɬ ɪɚɰɢɨɧɚ ɩɢɬɚɧɢɹ [44].  

Ȼɢɨɥɨɝɢɱɟɫɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɜɢɬɚɦɢɧɚ ɋ ɡɚɜɢɫɢɬ ɨɬ ɟɝɨ ɨɤɢɫɥɢɬɟɥɶɧɨ-

ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ, ɢ ɨɧ ɞɟɣɫɬɜɭɟɬ ɤɚɤ ɤɨɮɚɤɬɨɪ ɜɨ ɦɧɨɝɢɯ 

ɮɟɪɦɟɧɬɚɬɢɜɧɵɯ ɪɟɚɤɰɢɹɯ. Ⱥɫɤɨɪɛɢɧɨɜɚɹ ɤɢɫɥɨɬɚ ɹɜɥɹɟɬɫɹ ɝɢɞɪɨɮɢɥɶɧɵɦ 

ɫɨɟɞɢɧɟɧɢɟɦ, ɬɨ ɟɫɬɶ ɪɚɛɨɬɚɟɬ ɜ ɜɨɞɧɨɣ ɫɪɟɞɟ. ɗɬɨ ɦɨɳɧɵɣ 

ɜɨɫɫɬɚɧɚɜɥɢɜɚɸɳɢɣ ɚɝɟɧɬ, ɫɩɨɫɨɛɧɵɣ ɛɵɫɬɪɨ ɧɟɣɬɪɚɥɢɡɨɜɚɬɶ ɪɚɡɥɢɱɧɵɟ 
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ɨɤɫɢɞɚɧɬɵ. ɉɪɢ ɫɪɚɜɧɟɧɢɢ ɫ ɞɪɭɝɢɦɢ ɜɨɞɨɪɚɫɬɜɨɪɢɦɵɦɢ ɚɧɬɢɨɤɫɢɞɚɧɬɚɦɢ 

ɜɢɬɚɦɢɧ C ɩɪɨɹɜɥɹɟɬ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨɟ ɡɚɳɢɬɧɨɟ ɞɟɣɫɬɜɢɟ ɩɪɨɬɢɜ 

ɩɟɪɟɤɢɫɧɨɝɨ ɨɤɢɫɥɟɧɢɹ ɥɢɩɢɞɨɜ ɜ ɩɥɚɡɦɟ [49].   

ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɢɡɛɵɬɨɱɧɵɟ ɤɨɥɢɱɟɫɬɜɚ ɜɢɬɚɦɢɧɚ C (≈1 ɦɆ ɢ ɛɨɥɟɟ) 

ɦɨɝɭɬ ɩɪɨɹɜɥɹɬɶ ɩɪɨɨɤɫɢɞɚɧɬɧɵɟ ɫɜɨɣɫɬɜɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɦɟɬɚɥɥɨɜ ɫ 

ɩɟɪɟɦɟɧɧɨɣ ɜɚɥɟɧɬɧɨɫɬɶɸ ɩɭɬɟɦ ɝɟɧɟɪɢɪɨɜɚɧɢɹ ɚɤɬɢɜɢɪɨɜɚɧɧɵɯ ɤɢɫɥɨɪɨɞɧɵɯ 

ɪɚɞɢɤɚɥɨɜ ɜɨ ɜɪɟɦɹ ɮɚɡɵ ɩɪɨɞɨɥɠɟɧɢɹ ɰɟɩɧɨɣ ɪɟɚɤɰɢɢ ɉɈɅ. 
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2 Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 

 

2.1 Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ 
 

Ɉɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɥɭɠɢɥɚ ɤɪɨɜɶ  50 ɦɭɠɱɢɧ ɢ ɠɟɧɳɢɧ ɫ ɩɨɱɟɱɧɨ-

ɤɥɟɬɨɱɧɵɦ ɪɚɤɨɦ. Ʉɪɨɜɶ ɭ ɛɨɥɶɧɵɯ ɡɚɛɢɪɚɥɚɫɶ ɞɨ ɢ ɩɨɫɥɟ ɥɟɱɟɧɢɹ. Ʉɨɧɬɪɨɥɟɦ 

ɫɥɭɠɢɥɢ ɩɨɤɚɡɚɬɟɥɢ ɤɪɨɜɢ 34 ɭɫɥɨɜɧɨ ɡɞɨɪɨɜɵɯ ɞɨɧɨɪɨɜ, ɛɟɡ 

ɞɢɚɝɧɨɫɬɢɪɨɜɚɧɧɨɝɨ ɨɩɭɯɨɥɟɜɨɝɨ ɩɪɨɰɟɫɫɚ ɢ ɜɵɪɚɠɟɧɧɨɣ ɫɨɦɚɬɢɱɟɫɤɨɣ 

ɩɚɬɨɥɨɝɢɢ. Ɉɬ ɤɚɠɞɨɝɨ ɩɚɰɢɟɧɬɚ ɛɵɥɨ ɩɨɥɭɱɟɧɨ ɩɨɞɩɢɫɚɧɧɨɟ ɢɧɮɨɪɦɚɬɢɜɧɨɟ 

ɫɨɝɥɚɫɢɟ ɧɚ ɭɱɚɫɬɢɟ ɜ ɢɫɫɥɟɞɨɜɚɧɢɟ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɨɞɨɛɪɟɧɨ Ʌɨɤɚɥɶɧɵɦɢ 

ɷɬɢɱɟɫɤɢɦɢ ɤɨɦɢɬɟɬɚɦɢ: ɎȽȻɍ «ɇɂɂ ɦɟɞɢɰɢɧɫɤɢɯ ɩɪɨɛɥɟɦ ɋɟɜɟɪɚ» ɋɈ ɊȺɇ 

ɢ ɄȽȻɍɁ «Ʉɪɚɫɧɨɹɪɫɤɢɣ ɤɪɚɟɜɨɣ ɤɥɢɧɢɱɟɫɤɢɣ ɨɧɤɨɥɨɝɢɱɟɫɤɢɣ ɞɢɫɩɚɧɫɟɪ 

ɢɦɟɧɢ Ⱥ.ɂ. Ʉɪɵɠɚɧɨɜɫɤɨɝɨ».     

Ʉɪɨɜɶ ɡɚɛɢɪɚɥɚɫɶ ɢɡ ɥɨɤɬɟɜɨɣ ɜɟɧɵ ɧɚɬɨɳɚɤ ɜ ɜɚɤɭɬɟɣɧɟɪɵ ɫ ɝɟɩɚɪɢɧɨɦ. 

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

ɨɬɛɢɪɚɥɢ ɢ ɫɨɯɪɚɧɹɥɢ ɞɨ ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ -200ɋ. 

 

2.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɦɚɥɨɧɨɜɨɝɨ ɞɢɚɥɶɞɟɝɢɞɚ 
 

ɉɪɢɧɰɢɩ ɦɟɬɨɞɚ. ȼ ɥɢɩɢɞɧɵɯ ɫɢɫɬɟɦɚɯ ɜ ɪɟɡɭɥɶɬɚɬɟ ɉɈɅ ɨɛɪɚɡɭɟɬɫɹ 

ɦɚɥɨɧɨɜɵɣ ɞɢɚɥɶɞɟɝɢɞ (ɆȾȺ), ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɤɨɬɨɪɨɝɨ ɫ 2-ɬɢɨɛɚɪɛɢɬɭɪɨɜɨɣ 

ɤɢɫɥɨɬɨɣ (ɌȻК) ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɯɪɨɦɨɝɟɧɚ ɫ ɦɚɤɫɢɦɭɦɨɦ ɩɨɝɥɨɳɟɧɢɹ 

ɜ ɤɪɚɫɧɨɣ ɨɛɥɚɫɬɢ ɜɢɞɢɦɨɝɨ ɫɩɟɤɬɪɚ ɩɪɢ ɞɥɢɧɟ ɜɨɥɧɵ 532 ɧɦ. 

Ɋɟɚɤɬɢɜɵ: 

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

2. 30%-ɧɵɣ  ɪɚɫɬɜɨɪ ɬɪɢɯɥɨɪɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ (ɌХɍ), 

3. 0,1Ɇ ɪɚɫɬɜɨɪ ɞɢɧɚɬɪɢɟɜɨɣ ɫɨɥɢ ɷɬɢɥɟɧɞɢɚɦɢɧɬɟɬɪɚɚɰɢɬɚɬɚ (ЭȾɌȺ), 

0,05 ɧ ɪɚɫɬɜɨɪ NaOH, 

4. 1%-ɧɵɣ  ɪɚɫɬɜɨɪ 2-ɬɢɨɛɚɪɛɢɬɭɪɨɜɨɣ ɤɢɫɥɨɬɵ (ɌȻɄ), ɩɪɢɝɨɬɨɜɥɟɧɧɵɣ 

ɧɚ 0,05 ɧ ɪɚɫɬɜɨɪɟ NaOH. 
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Хɨɞ ɨɩɪɟɞɟɥɟɧɢɹ 

ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɩɪɨɛ ɢ ɩɥɚɧ ɞɟɣɫɬɜɢɣ ɩɪɢ ɩɨɞɝɨɬɨɜɤɟ 

ɩɪɨɛ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɦɚɥɨɧɨɜɨɝɨ ɞɢɚɥɶɞɟɝɢɞɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 

ɬɚɛɥ.2. 

Ɍɚɛɥɢɰɚ 2 – ɉɨɪɹɞɨɤ ɜɧɟɫɟɧɢɹ ɪɟɚɝɟɧɬɨɜ ɜ ɩɪɨɛɭ (ɦɥ) 
Ɋɟɚɝɟɧɬ Ɉɩɵɬɧɚɹ ɩɪɨɛɚ Ʉɨɧɬɪɨɥɶɧɚɹ ɩɪɨɛɚ 

Ɏɢɡɢɨɥɨɝɢɱɟɫɤɢɣ ɪɚɫɬɜɨɪ 0,8 0,8 
Ⱦɢɫɬɢɥɥɢɪɨɜɚɧɧɚɹ ɜɨɞɚ - 0,2 
ɉɥɚɡɦɚ ɤɪɨɜɢ (ɭɩɚɤɨɜɚɧɧɵɟ 
ɷɪɢɬɪɨɰɢɬɵ) 

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 
ɋɨɞɟɪɠɢɦɨɟ ɩɪɨɛɢɪɨɤ ɩɟɪɟɦɟɲɢɜɚɥɢ ɢ ɫɬɚɜɢɥɢ ɜ ɤɢɩɹɳɭɸ ɜɨɞɹɧɭɸ ɛɚɧɸ 

ɧɚ 15 ɦɢɧ. Ɂɚɬɟɦ ɩɪɨɛɢɪɤɢ ɨɯɥɚɠɞɚɥɢ ɞɨ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ 
 

ɂɡɦɟɪɹɥɢ ɩɨɝɥɨɳɟɧɢɟ ɨɩɵɬɧɨɣ ɩɪɨɛɵ ɩɪɨɬɢɜ ɤɨɧɬɪɨɥɶɧɨɣ ɧɚ 

ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɟ ɩɪɢ 532 ɧɦ ɜ ɤɸɜɟɬɚɯ ɫ ɬɨɥɳɢɧɨɣ ɫɥɨɹ 1 ɫɦ.  

Ɋɚɫɱɟɬɵ: 

 Ɋɚɫɱɟɬ ɫɨɞɟɪɠɚɧɢɹ ɆȾȺ ɩɪɨɜɨɞɢɥɢ ɫ ɭɱɟɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬɚ ɦɨɥɹɪɧɨɣ 

ɷɤɫɬɢɧɤɰɢɢ ɨɛɪɚɡɨɜɚɜɲɟɝɨɫɹ ɯɪɨɦɨɝɟɧɚ, ɪɚɜɧɨɝɨ 1,56·105 Ɇ-1ɫɦ-1 ɢ ɜɵɪɚɠɚɥɢ ɜ 

ɦɤɦɨɥɶ/ɥ ɩɥɚɡɦɵ, ɥɢɛɨ ɜ ɦɤɦɨɥɶ/ɝ Hb, ɟɫɥɢ ɷɬɨ ɷɪɢɬɪɨɰɢɬɵ. 
 

, ɝɞɟ    

ɋ – ɫɨɞɟɪɠɚɧɢɟ ɆȾȺ, ɦɤɦɨɥɶ/ɥ ɩɥɚɡɦɵ (ɝ Hb);  

D532 – ɨɩɬɢɱɟɫɤɚɹ ɩɥɨɬɧɨɫɬɶ ɩɪɢ ɞɥɢɧɟ ɜɨɥɧɵ 532 ɧɦ;  

Vɪ.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);  

Vɩɪ. – ɨɛɴɟɦ ɫɭɩɟɪɧɚɬɚɧɬɚ, ɢɫɩɨɥɶɡɭɟɦɵɣ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ 

ɆȾȺ (1 ɦɥ); 

d – ɞɥɢɧɚ ɨɩɬɢɱɟɫɤɨɝɨ ɩɭɬɢ ɤɸɜɟɬɵ (1 ɫɦ).  
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1000/Hb – ɤɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɫɱɟɬɚ ɧɚ ɝ Hb, ɩɪɢ ɪɚɫɱёɬɟ ɧɚ ɥ ɩɥɚɡɦɵ ɧɟ 

ɢɫɩɨɥɶɡɭɟɬɫɹ.  
 

2.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɞɢɟɧɨɜɵɯ ɤɨɧɴɸɝɚɬɨɜ 
 

ɉɪɢɧɰɢɩ ɦɟɬɨɞɚ. ȼɫɥɟɞɫɬɜɢɟ π-π ɩɟɪɟɯɨɞɨɜ ɫɩɟɤɬɪɵ ɤɨɧɴɸɝɢɪɨɜɚɧɧɵɯ 

ɝɢɞɪɨɩɟɪɟɤɢɫɟɣ ɩɨɥɢɧɟɧɚɫɵɳɟɧɧɵɯ ɠɢɪɧɵɯ ɤɢɫɥɨɬ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ 

ɢɧɬɟɧɫɢɜɧɵɦ ɩɨɝɥɨɳɟɧɢɟɦ ɜ ɭɥɶɬɪɚɮɢɨɥɟɬɨɜɨɣ ɨɛɥɚɫɬɢ ɫɩɟɤɬɪɚ ɫ ɦɚɤɫɢɦɭɦɨɦ 

ɩɪɢ 232–234 ɧɦ. 

Ɋɟɚɤɬɢɜɵ 

1. Ƚɟɩɬɚɧ-ɢɡɨɩɪɨɩɚɧɨɥɶɧɚɹ ɫɦɟɫɶ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1:1. 

2. 0,74 %-ɧɵɣ ɜɨɞɧɵɣ ɪɚɫɬɜɨɪɚ KCl. 

ɏɨɞ ɨɩɪɟɞɟɥɟɧɢɹ: 

Ɉɰɟɧɤɭ ɫɨɞɟɪɠɚɧɢɹ ɞɢɟɧɨɜɵɯ ɤɨɧɴɸɝɚɬɨɜ ɩɪɨɜɨɞɹɬ ɜ ɷɤɫɬɪɚɤɬɚɯ 

ɷɪɢɬɪɨɰɢɬɨɜ, ɝɨɦɨɝɟɧɚɬɚɯ ɬɤɚɧɢ ɢ ɩɥɚɡɦɟ ɤɪɨɜɢ. Ⱦɥɹ ɷɬɨɝɨ ɥɢɩɢɞɵ 

ɷɤɫɬɪɝɢɪɭɸɬ ɫɬɨɤɪɚɬɧɵɦ ɢɡɛɵɬɤɨɦ ɫɦɟɫɢ ɪɚɫɬɜɨɪɢɬɟɥɟɣ. ȼ ɝɨɦɨɝɟɧɢɡɚɬɨɪ 

ɜɧɨɫɹɬ 0,1 ɦɥ ɭɩɚɤɨɜɚɧɧɵɯ ɷɪɢɬɪɨɰɢɬɨɜ, ɞɨɛɚɜɥɹɸɬ 5 ɦɥ ɢɡɨɩɪɨɩɢɥɨɜɨɝɨ 

ɫɩɢɪɬɚ ɢ ɬɳɚɬɟɥɶɧɨ ɪɚɫɬɢɪɚɸɬ ɞɨ ɩɨɥɭɱɟɧɢɹ ɝɨɦɨɝɟɧɧɨɣ ɫɭɫɩɟɧɡɢɢ. 

ɋɨɞɟɪɠɢɦɨɟ ɝɨɦɨɝɟɧɢɡɚɬɨɪɚ ɤɨɥɢɱɟɫɬɜɟɧɧɨ ɩɟɪɟɧɨɫɹɬ ɜ ɦɟɪɧɭɸ 

ɰɟɧɬɪɢɮɭɠɧɭɸ ɩɪɨɛɢɪɤɭ, ɜ ɤɨɬɨɪɭɸ ɡɚɬɟɦ ɞɨɛɚɜɥɹɸɬ 5 ɦɥ ɝɟɩɬɚɧɚ. 

ɗɤɫɬɪɚɤɬ ɰɟɧɬɪɢɮɭɝɢɪɭɸɬ ɜ ɬɟɱɟɧɢɟ 10 ɦɢɧɭɬ ɩɪɢ ɩɪɢ 1700 g. 

ɇɚɞɨɫɚɞɨɱɧɭɸ ɮɪɚɤɰɢɸ ɩɟɪɟɧɨɫɹɬ ɜ ɝɪɚɞɭɢɪɨɜɚɧɧɭɸ ɩɪɨɛɢɪɤɭ ɢ 

ɞɨɛɚɜɥɹɸɬ 1/5 ɨɛɴɟɦɚ ɪɚɫɬɜɨɪɚ KCl ɞɥɹ ɨɬɦɵɜɤɢ ɥɢɩɢɞɧɨɝɨ ɷɤɫɬɪɚɤɬɚ ɨɬ 

ɧɟɥɢɩɢɞɧɵɯ ɩɪɢɦɟɫɟɣ. ɉɨɫɥɟ ɬɳɚɬɟɥɶɧɨɝɨ ɜɫɬɪɹɯɢɜɚɧɢɹ ɨɛɪɚɡɨɜɚɜɲɚɹɫɹ 

ɷɦɭɥɶɫɢɹ ɪɚɫɫɥɚɢɜɚɟɬɫɹ ɧɚ ɞɜɟ ɩɪɨɡɪɚɱɧɵɟ ɮɚɡɵ. ȼ ɝɟɩɬɚɧɨɜɨɦ ɷɤɫɬɪɚɤɬɟ 

(ɜɟɪɯɧɹɹ ɮɚɡɚ) ɢɡɦɟɪɹɸɬ ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɢɱɟɫɤɢ ɫɨɞɟɪɠɚɧɢɟ ɫɨɩɪɹɠɟɧɧɵɯ 

ɞɢɟɧɨɜ ɜ ɤɸɜɟɬɟ ɫ ɞɥɢɧɨɣ ɨɩɬɢɱɟɫɤɨɝɨ ɩɭɬɢ 1,0 ɫɦ ɩɪɨɬɢɜ ɝɟɩɬɚɧɚ. Ɋɚɫɱɟɬ 

ɤɨɥɢɱɟɫɬɜɚ ȾɄ ɩɪɨɢɡɜɨɞɹɬ ɫ ɭɱɟɬɨɦ ɦɨɥɹɪɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɷɤɫɬɢɧɤɰɢɢ 

27000 Ɇ–1 *ɫɦ–1 ɢ ɜɵɪɚɠɚɥɢ ɜ ɦɢɤɪɨɦɨɥɹɯ ɧɚ 1 ɝɪɚɦɦ Hb, ɧɚ 1 ɝɪɚɦɦ ɛɟɥɤɚ ɢɥɢ 

ɧɚ 1 ɥ ɩɥɚɡɦɵ ɤɪɨɜɢ. 
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2.4 Ɉɩɪɟɞɟɥɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɫɭɩɟɪɨɤɫɢɞɞɢɫɦɭɬɚɡɵ 
 

ɉɪɢɧɰɢɩ ɦɟɬɨɞɚ. Ɉɩɪɟɞɟɥɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɋɈȾ ɨɫɧɨɜɚɧɨ ɧɚ 

ɢɧɝɢɛɢɪɨɜɚɧɢɢ ɪɟɚɤɰɢɢ ɚɭɬɨɤɢɫɥɟɧɢɹ ɚɞɪɟɧɚɥɢɧɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɋɈȾ ɜ 

ɳɟɥɨɱɧɨɣ ɫɪɟɞɟ ɜɫɥɟɞɫɬɜɢɟ ɞɢɫɦɭɬɚɰɢɢ ɫɭɩɟɪɨɤɫɢɞɧɵɯ ɚɧɢɨɧ-ɪɚɞɢɤɚɥɨɜ, 

ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɩɪɨɞɭɤɬɨɦ ɨɞɧɨɝɨ ɢɡ ɷɬɚɩɨɜ. 

Ɋɟɚɤɬɢɜɵ: 

1. ɗɬɚɧɨɥ-ɯɥɨɪɨɮɨɪɦɧɚɹ ɫɦɟɫɶ (2:1). 

2. 0,2 Ɇ ɛɢɤɚɪɛɨɧɚɬɧɵɣ ɛɭɮɟɪ, ɪɇ 11. ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɛɢɤɚɪɛɨɧɚɬɧɨɝɨ 

ɛɭɮɟɪɚ: 2,12 ɝ Na2CO3, 0,168 ɝ NaHCO3,  0,074 ɝ, ɗȾɌȺ, ɪɚɫɬɜɨɪɢɬɶ ɜ 

ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɟ (ɞɨɜɟɫɬɢ ɞɨ ɨɬɦɟɬɤɢ 200 ɦɥ); pH ɞɨɜɨɞɢɥɢ ɞɨ ɧɭɠɧɨɝɨ 

ɡɧɚɱɟɧɢɹ ɞɨɛɚɜɥɟɧɢɟɦ NaOH (ɤɨɧɰ). 

3. 5,46 ɦɆ ɪɚɫɬɜɨɪ ɚɞɪɟɧɚɥɢɧɚ (0,1% ɚɩɬɟɱɧɵɣ ɪɚɫɬɜɨɪ). 

Хɨɞ ɨɩɪɟɞɟɥɟɧɢɹ 

ȼ ɩɪɨɛɢɪɤɭ ɜɧɨɫɢɥɢɬ 50 ɦɤɥ ɩɥɚɡɦɵ (ɷɪɢɬɪɨɰɢɬɨɜ) ɢ 450 ɦɤɥ 

ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɵ, ɨɯɥɚɠɞɟɧɧɨɣ ɞɨ 0°ɋ. Ⱦɨɛɚɜɥɹɥɢ 250 ɦɤɥ ɷɬɚɧɨɥ-

ɯɥɨɪɨɮɨɪɦɧɨɣ ɫɦɟɫɢ, ɭɫɬɪɚɧɹɸɳɟɣ ɦɟɲɚɸɳɟɟ ɜɥɢɹɧɢɟ Hb. Ⱦɚɥɟɟ 

ɩɟɪɟɦɟɲɢɜɚɥɢ ɩɪɨɛɵ ɢ ɨɫɬɚɜɥɹɥɢ ɢɧɤɭɛɢɪɨɜɚɬɶɫɹ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 

10 ɦɢɧ. ɉɨɥɭɱɟɧɧɭɸ ɫɭɫɩɟɧɡɢɸ ɩɟɪɟɦɟɲɢɜɚɥɢ ɢ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ 10 ɦɢɧ ɩɪɢ 

6000g. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɋɈȾ ɢɫɩɨɥɶɡɨɜɚɥɢ ɫɭɩɟɪɧɚɬɚɧɬ. 

Ƚɨɬɨɜɢɥɢ ɤɨɧɬɪɨɥɶɧɭɸ ɢ ɨɩɵɬɧɵɟ ɩɪɨɛɵ ɩɨ ɫɯɟɦɟ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɜ 

ɬɚɛɥ. 3. 

Ɍɚɛɥɢɰɚ 3 – ɉɨɪɹɞɨɤ ɜɧɟɫɟɧɢɹ ɪɟɚɝɟɧɬɨɜ ɜ ɩɪɨɛɭ, (ɦɥ) 

Ɋɟɚɝɟɧɬ Ʉɨɧɬɪɨɥɶ Ɉɩɵɬ 

Ȼɢɤɚɪɛɨɧɚɬɧɵɣ ɛɭɮɟɪ 3 3 

Ⱦɢɫɬɢɥɥɢɪɨɜɚɧɧɚɹ ɜɨɞɚ 0,05 - 

ɋɭɩɟɪɧɚɬɚɧɬ - 0,05 

Ɋɚɫɬɜɨɪ ɚɞɪɟɧɚɥɢɧɚ 0,15 0,15 

Ɋɚɫɬɜɨɪ ɚɞɪɟɧɚɥɢɧɚ ɞɨɛɚɜɥɹɥɢ ɜ ɩɪɨɛɭ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ 
ɩɟɪɟɞ ɢɡɦɟɪɟɧɢɟɦ ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ 
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ɂɡɦɟɧɟɧɢɟ ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɪɟɝɢɫɬɪɢɪɨɜɚɥɢ ɜ ɬɟɱɟɧɢɟ 3-ɯ ɦɢɧɭɬ 

ɤɚɠɞɵɟ 30 ɫɟɤɭɧɞ ɩɪɢ ɞɥɢɧɟ ɜɨɥɧɵ – 347 ɧɦ ɜ ɤɸɜɟɬɟ ɫ ɬɨɥɳɢɧɨɣ ɫɥɨɹ 1,0 ɫɦ. 

Ⱦɥɹ ɪɚɫɱɟɬɚ ɚɤɬɢɜɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɥɢ ɩɨɤɚɡɚɬɟɥɢ ɜɟɥɢɱɢɧɵ ɩɨɝɥɨɳɟɧɢɹ 

ɤɨɧɬɪɨɥɶɧɨɣ ɢ ɨɩɵɬɧɨɣ ɩɪɨɛ. Ⱥɤɬɢɜɧɨɫɬɶ ɋɈȾ ɜɵɪɚɠɚɸɬ ɜ ɭɫɥ. ɟɞ.* ɦɢɧ/ɥ, 

ɥɢɛɨ ɜ ɭɫɥ. ɟɞ.* ɦɢɧ/ɝ Hb. 

 

(Ex-Eo/Ex) * 100%/50 – ɟɞɢɧɢɰɚ ɚɤɬɢɜɧɨɫɬɢ, 50%  ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɪɟɚɤɰɢɢ 

ɨɤɢɫɥɟɧɢɹ ɚɞɪɟɧɚɥɢɧɚ;  

V – ɨɛɳɢɣ ɨɛɴɟɦ ɢɧɤɭɛɚɰɢɨɧɧɨɣ ɩɪɨɛɵ (3,2 ɦɥ);  

F – ɮɚɤɬɨɪ ɪɚɡɜɟɞɟɧɢɹ (15); v – ɨɛɴɟɦ ɫɭɩɟɪɧɚɬɚɧɬɚ, ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɞɥɹ 

ɨɩɪɟɞɟɥɟɧɢɹ ɚɤɬɢɜɧɨɫɬɢ ɋɈȾ (0,05 ɦɥ);  

d – ɞɥɢɧɚ ɨɩɬɢɱɟɫɤɨɝɨ ɩɭɬɢ ɤɸɜɟɬɵ (1,0 ɫɦ).  

1000/Hb – ɤɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɫɱɟɬɚ ɧɚ ɝ Hb, ɧɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɢ ɪɚɫɱёɬɟ 

ɧɚ ɥ ɩɥɚɡɦɵ. 

2.5 Ɉɩɪɟɞɟɥɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɤɚɬɚɥɚɡɵ 
 

ɉɪɢɧɰɢɩ ɦɟɬɨɞɚ. Ⱥɤɬɢɜɧɨɫɬɶ ɤɚɬɚɥɚɡɵ ɨɩɪɟɞɟɥɹɥɢ 

ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ Ɇɟɬɨɞ ɨɫɧɨɜɚɧ ɧɚ ɫɩɨɫɨɛɧɨɫɬɢ ɩɟɪɟɤɢɫɢ 

ɜɨɞɨɪɨɞɚ ɨɛɪɚɡɨɜɵɜɚɬɶ ɫɬɨɣɤɢɣ ɨɤɪɚɲɟɧɧɵɣ ɤɨɦɩɥɟɤɫ ɫ ɫɨɥɹɦɢ ɦɨɥɢɛɞɟɧɚ.  

ɏɨɞ ɨɩɪɟɞɟɥɟɧɢɹ: Ʉ 25 ɦɤɥ ɝɟɦɨɥɢɡɚɬɚ ɷɪɢɬɪɨɰɢɬɨɜ, ɩɥɚɡɦɵ ɤɪɨɜɢ ɢ 

ɩɟɪɢɤɚɪɞɢɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ ɩɪɢɥɢɜɚɥɢ 2 ɦɥ 0,03%-ɧɨɣ ɩɟɪɟɤɢɫɢ ɜɨɞɨɪɨɞɚ ɢ 

ɢɧɤɭɛɢɪɨɜɚɥɢ 7 ɦɢɧ ɧɚ ɜɨɞɹɧɨɣ ɛɚɧɟ ɩɪɢ +37 °C. Ɋɟɚɤɰɢɸ ɨɫɬɚɧɚɜɥɢɜɚɥɢ 

ɞɨɛɚɜɥɟɧɢɟɦ 1 ɦɥ 4%-ɧɨɝɨ ɦɨɥɢɛɞɚɬɚ ɚɦɦɨɧɢɹ. ɋɦɟɫɶ ɢɧɤɭɛɢɪɨɜɚɥɢ 5 ɦɢɧ ɩɪɢ 

ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɞɥɹ ɪɚɡɜɢɬɢɹ ɨɤɪɚɫɤɢ. ɂɡɦɟɪɹɥɢ ɨɩɬɢɱɟɫɤɭɸ ɩɥɨɬɧɨɫɬɶ 

ɩɪɨɛ ɧɚ ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɟ ɩɪɢ ɞɥɢɧɟ ɜɨɥɧɵ 410 ɧɦ ɩɪɨɬɢɜ ɤɨɧɬɪɨɥɹ, ɜ ɤɨɬɨɪɵɣ 

ɦɨɥɢɛɞɚɬ ɚɦɦɨɧɢɹ ɞɨɛɚɜɥɹɥɢ ɞɨ ɩɟɪɜɨɣ ɢɧɤɭɛɚɰɢɢ.  

Ɋɚɫɱɟɬ ɭɞɟɥɶɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɮɟɪɦɟɧɬɚ ɨɫɭɳɟɫɬɜɥɹɥɢ ɩɨ ɮɨɪɦɭɥɟ:  

, ɝɞɟ  
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Eɤ – ɨɩɬɢɱɟɫɤɚɹ ɩɥɨɬɧɨɫɬɶ ɤɨɧɬɪɨɥɶɧɨɣ ɩɪɨɛɵ;  

ȿɨɩ – ɨɩɬɢɱɟɫɤɚɹ ɩɥɨɬɧɨɫɬɶ ɨɩɵɬɧɨɣ ɩɪɨɛɵ;  

Vɩɪɨɛɵ – ɨɛɴɟɦ ɩɪɨɛɵ;  

ε0 - ɤɨɷɮɮɢɰɢɟɧɬ ɦɢɥɥɢɦɨɥɹɪɧɨɣ ɷɤɫɬɢɧɤɰɢɢ ɤɨɦɩɥɟɤɫɚ ɩɟɪɟɤɢɫɢ 

ɜɨɞɨɪɨɞɚ ɫ ɦɨɥɢɛɞɚɬɨɦ ɚɦɦɨɧɢɹ (2,22 ɦɆ-1 *ɫɦ-1 );  

l – ɞɥɢɧɚ ɨɩɬɢɱɟɫɤɨɝɨ ɩɭɬɢ;  

t – ɜɪɟɦɹ ɢɧɤɭɛɚɰɢɢ;  

Vsub – ɨɛɴɟɦ ɜɧɨɫɢɦɨɝɨ ɛɢɨɫɭɛɫɬɪɚɬɚ;  

ɋ – ɤɨɧɰɟɧɬɪɚɰɢɹ ɨɛɳɟɝɨ ɛɟɥɤɚ (ɢɥɢ ɝɟɦɨɝɥɨɛɢɧɚ).  

Ⱥɤɬɢɜɧɨɫɬɶ ɤɚɬɚɥɚɡɵ ɜ ɷɪɢɬɪɨɰɢɬɚɯ ɜɵɪɚɠɚɥɢ ɜ ɦɦɨɥɶ/ɦɢɧ*ɝ Hb.  

 

2.6 Ɉɩɪɟɞɟɥɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɝɨ ɝɥɭɬɚɬɢɨɧɚ 
 

ɉɪɢɧɰɢɩ ɦɟɬɨɞɚ. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɝɨ ɝɥɭɬɚɬɢɨɧɚ ɫ 5',5'-

ɞɢɬɢɨ-ɛɢɫ-2-ɧɢɬɪɨɛɟɧɡɨɣɧɨɣ ɤɢɫɥɨɬɨɣ (ȾɌɇȻɄ), ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɨɤɪɚɲɟɧɧɨɝɨ 

ɜ ɠɟɥɬɵɣ ɰɜɟɬ ɬɢɨɧɢɬɪɨɮɟɧɢɥɶɧɨɝɨ ɚɧɢɨɧɚ (ɌɇɎȺ). 

Ɋɟɚɤɬɢɜɵ: 

1. Ɉɫɚɠɞɚɸɳɢɣ ɪɚɫɬɜɨɪ (1,67 ɝ ɥɟɞɹɧɨɣ ɨɪɬɨɮɨɫɮɨɪɧɨɣ ɤɢɫɥɨɬɵ; 0,2 

ɝ ɗȾɌȺ ɢ 30 ɝ ɯɥɨɪɢɫɬɨɝɨ ɧɚɬɪɢɹ ɪɚɫɬɜɨɪɹɸɬ ɜ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɟ ɢ 

ɞɨɜɨɞɹɬ ɞɨ ɦɟɬɤɢ 100 ɦɥ); 

2. Ɏɨɫɮɚɬɧɵɣ ɛɭɮɟɪ (0,3 Ɇ Na2HPO4); 

3. 1 % ɪɚɫɬɜɨɪ ɰɢɬɪɚɬɚ ɧɚɬɪɢɹ 

4. 0,02 % ɪɚɫɬɜɨɪ 5',5'-ɞɢɬɢɨ-ɛɢɫ-2-ɧɢɬɪɨɛɟɧɡɨɣɧɨɣ ɤɢɫɥɨɬɨɣ 

(ȾɌɇȻɄ), ɩɪɢɝɨɬɨɜɥɟɧɧɵɣ ɧɚ 1 % ɪɚɫɬɜɨɪɟ ɰɢɬɪɚɬɚ ɧɚɬɪɢɹ. 

Хɨɞ ɨɩɪɟɞɟɥɟɧɢɹ 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɝɨɬɨɜɢɥɢ ɝɟɦɨɥɢɡɚɬ ɞɨɛɚɜɥɟɧɢɟɦ 0,1 ɦɥ ɨɬɦɵɬɵɯ ɨɬ 

ɩɥɚɡɦɵ ɢ ɭɩɚɤɨɜɚɧɧɵɯ ɷɪɢɬɪɨɰɢɬɨɜ ɤ 0,9 ɦɥ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɵ, 

ɨɯɥɚɠɞɟɧɧɨɣ ɞɨ 00ɋ.  Ⱦɥɹ ɨɫɚɠɞɟɧɢɹ ɛɟɥɤɨɜ ɤ ɝɟɦɨɥɢɡɚɬɭ (ɩɥɚɡɦɟ) ɞɨɛɚɜɥɹɥɢ 

1,5 ɦɥ ɨɫɚɠɞɚɸɳɟɝɨ ɪɚɫɬɜɨɪɚ. ɉɪɨɛɵ ɬɳɚɬɟɥɶɧɨ ɩɟɪɟɦɟɲɢɜɚɥɢ ɢ ɩɨɫɥɟ 20-
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ɦɢɧɭɬɧɨɝɨ ɫɬɨɹɧɢɹ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɮɢɥɶɬɪɨɜɚɥɢ ɱɟɪɟɡ 

ɤɪɭɩɧɨɩɨɪɢɫɬɵɣ ɮɢɥɶɬɪ. Ɏɢɥɶɬɪɚɬ ɞɨɥɠɟɧ ɛɵɬɶ ɩɪɨɡɪɚɱɧɵɦ ɢ ɛɟɫɰɜɟɬɧɵɦ. 

ȼ ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɢɱɟɫɤɭɸ ɤɸɜɟɬɭ ɫ ɬɨɥɳɢɧɨɣ ɫɥɨɹ 1,0 ɫɦ ɩɨɦɟɳɚɥɢ 0,5 

ɦɥ ɮɢɥɶɬɪɚɬɚ, ɞɨɛɚɜɥɹɥɢ 2,0 ɦɥ ɮɨɫɮɚɬɧɨɝɨ ɛɭɮɟɪɚ. ɉɨɫɤɨɥɶɤɭ ɪɚɫɬɜɨɪ ȾɌɇȻɄ 

ɢɦɟɟɬ ɫɥɚɛɨ-ɠɟɥɬɭɸ ɨɤɪɚɫɤɭ, ɩɚɪɚɥɥɟɥɶɧɨ ɫ ɨɩɵɬɧɨɣ ɩɪɨɛɨɣ ɝɨɬɨɜɢɥɢ 

ɤɨɧɬɪɨɥɶɧɭɸ, ɫɨɞɟɪɠɚɳɭɸ ɜɦɟɫɬɨ ɮɢɥɶɬɪɚɬɚ ɨɫɚɠɞɚɸɳɢɣ ɪɚɫɬɜɨɪ, 

ɪɚɡɜɟɞɟɧɧɵɣ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɨɣ ɜ ɨɬɧɨɲɟɧɢɢ 2:5. ɉɪɨɛɵ 

ɮɨɬɨɦɟɬɪɢɪɨɜɚɥɢ ɞɨ ɢ ɩɨɫɥɟ ɞɨɛɚɜɥɟɧɢɹ ȾɌɇȻɄ. Ɂɚɬɟɦ ɜ ɤɨɧɬɪɨɥɶɧɭɸ ɢ 

ɨɩɵɬɧɭɸ ɩɪɨɛɵ ɜɧɨɫɢɥɢ ɩɨ 0,25 ɦɥ ɪɚɫɬɜɨɪɚ ȾɌɇȻɄ. ɋɪɚɡɭ ɠɟ ɩɨɫɥɟ 

ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɞɨɥɠɧɚ ɩɨɹɜɢɬɶɫɹ ɠɟɥɬɚɹ ɨɤɪɚɫɤɚ ɢɡ-ɡɚ ɨɛɪɚɡɨɜɚɧɢɹ 

ɞɢɫɭɥɶɮɢɞɚ ɝɥɭɬɚɬɢɨɧɚ ɫ ȾɌɇȻɄ. ɉɪɨɛɵ ɮɨɬɨɦɟɬɪɢɪɨɜɚɥɢ ɩɪɢ ɞɥɢɧɟ ɜɨɥɧɵ 

412 ɧɦ ɜ ɤɸɜɟɬɟ ɫ ɬɨɥɳɢɧɨɣ ɫɥɨɹ 1,0 ɫɦ ɩɪɨɬɢɜ ɜɨɡɞɭɯɚ [24]. 

ɋɨɞɟɪɠɚɧɢɟ ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɝɨ ɝɥɭɬɚɬɢɨɧɚ ɪɚɫɫɱɢɬɵɜɚɥɢ ɩɨ ɮɨɪɦɭɥɟ:  

C=( E2-E)/113600*F*138*1000Hb, ɝɞɟ                                                            

ɋ - ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɝɨ ɝɥɭɬɚɬɢɨɧɚ ɜ ɦɤɦɨɥɶ/ɝ Hb;  

ȿ1 - ɨɩɬɢɱɟɫɤɚɹ ɩɥɨɬɧɨɫɬɶ ɨɩɵɬɧɨɣ ɩɪɨɛɵ ɞɨ ɞɨɛɚɜɥɟɧɢɹ ȾɌɇȻК;  

ȿ2 - ɨɩɬɢɱɟɫɤɚɹ ɩɥɨɬɧɨɫɬɶ ɨɩɵɬɧɨɣ ɩɪɨɛɵ ɩɨɫɥɟ ɞɨɛɚɜɥɟɧɢɹ ȾɌɇȻК; 

138 - ɪɚɡɜɟɞɟɧɢɟ ɷɪɢɬɪɨɰɢɬɨɜ ɜ ɪɟɚɤɰɢɨɧɧɨɣ ɩɪɨɛɟ;  

1000 - ɤɨɷɮɮɢɰɢɟɧɬ ɞɥɹ ɩɟɪɟɫɱɟɬɚ ɤɨɧɰɟɧɬɪɚɰɢɢ ɝɥɭɬɚɬɢɨɧɚ ɨɬ 

ɦɨɥɹɪɧɨɣ ɤ ɦɢɥɥɢɦɨɥɹɪɧɨɣ;  

F - ɨɬɧɨɲɟɧɢɟ ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɤɨɧɬɪɨɥɶɧɨɣ ɩɪɨɛɵ ɞɨ ɞɨɛɚɜɥɟɧɢɹ 

ȾɌɇȻК (ȿ1) ɢ ɩɨɫɥɟ ɞɨɛɚɜɥɟɧɢɹ (ȿ2). 

2.7 Ɇɟɬɨɞɢɤɚ ɨɩɪɟɞɟɥɟɧɢɹ ɚɤɬɢɜɧɨɫɬɢ ɝɥɭɬɚɬɢɨɧ- S-ɬɪɚɧɫɮɟɪɚɡɵ 
 

ɉɪɢɧɰɢɩ ɦɟɬɨɞɚ. Ⱥɤɬɢɜɧɨɫɬɶ ɝɥɭɬɚɬɢɨɧ-S-ɬɚɧɫɮɟɪɚɡɵ ɨɩɪɟɞɟɥɹɥɢ ɩɨ 

ɫɤɨɪɨɫɬɢ ɨɛɪɚɡɨɜɚɧɢɹ ɝɥɭɬɚɬɢɨɧ-S-ɤɨɧɴɸɝɚɧɬɨɜ ɦɟɠɞɭ GSH ɢ 1-ɯɥɨɪ-2,4-

ɞɢɧɢɬɪɨɛɟɧɡɨɥɨɦ (ɏȾɇȻ). 

Ɋɟɚɤɬɢɜɵ: 

1. 0,1 Ɇ ɤɚɥɢɣ-ɮɨɫɮɚɬɧɵɣ ɛɭɮɟɪ, ɪɇ = 6,5 

2. 0,015 Ɇ ɪɚɫɬɜɨɪ GSH 
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3. Ⱥɛɫɨɥɸɬɧɵɣ ɦɟɬɚɧɨɥ 

4. 0,015 Ɇ ɪɚɫɬɜɨɪ ɏȾɇȻ, ɩɪɢɝɨɬɨɜɥɟɧɧɵɣ ɧɚ ɚɛɫɨɥɸɬɧɨɦ ɦɟɬɚɧɨɥɟ 

Хɨɞ ɨɩɪɟɞɟɥɟɧɢɹ 

Ɉɬɦɵɬɵɟ ɢ ɭɩɚɤɨɜɚɧɧɵɟ ɷɪɢɬɪɨɰɢɬɵ ɝɟɦɨɥɢɡɢɪɭɸɬ ɨɯɥɚɠɞɟɧɧɨɣ ɞɨ 0ɨɋ 

ɜɨɞɨɣ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1:20. ȼ ɤɸɜɟɬɭ ɫ ɞɥɢɧɨɣ ɨɩɬɢɱɟɫɤɨɝɨ ɩɭɬɢ 1 ɫɦ 

ɩɨɦɟɳɚɸɬ 2,5 ɦɥ ɤɚɥɢɣ-ɮɨɫɮɚɬɧɨɝɨ ɛɭɮɟɪɚ, ɪɇ=6,5. Ⱦɨɛɚɜɥɹɸɬ 0,2 ɦɥ 

ɪɚɫɬɜɨɪɚ ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɝɨ ɝɥɭɬɚɬɢɨɧɚ ɢ 0,1 ɦɥ ɝɟɦɨɥɢɡɚɬɚ ɢɥɢ ɩɥɚɡɦɵ. 

Ɋɟɚɤɰɢɸ ɢɧɢɰɢɢɪɭɸɬ ɜɧɟɫɟɧɢɟɦ ɜ ɤɸɜɟɬɭ 0,2 ɦɥ ɪɚɫɬɜɨɪɚ ɏȾɇȻ. 

ɉɟɪɟɦɟɲɢɜɚɸɬ ɢ ɡɚɧɭɥɹɸɬ ɩɪɢɛɨɪ. Ɋɟɝɢɫɬɪɚɰɢɸ ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ 

ɩɪɨɜɨɞɹɬ ɜ ɬɟɱɟɧɢɟ 3 ɦɢɧɭɬ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 25 ɨɋ ɢ ɞɥɢɧɟ ɜɨɥɧɵ 340 ɧɦ. 

Ⱥɤɬɢɜɧɨɫɬɶ ɮɟɪɦɟɧɬɚ ɪɚɫɫɱɢɬɵɜɚɸɬ, ɢɫɩɨɥɶɡɭɹ ɤɨɷɮɮɢɰɢɟɧɬ ɦɢɥɥɢɦɨɥɹɪɧɨɣ 

ɷɤɫɬɢɧɰɢɢ ɞɥɹ GS-ɏȾɇȻ, ɪɚɜɧɵɣ 9,6 ɦɆ-1 * ɫɦ-1, ɢ ɜɵɪɚɠɚɸɬ ɜ ɦɢɤɪɨɦɨɥɥɹɯ 

ɨɛɪɚɡɭɸɳɢɯɫɹ ɝɥɭɬɚɬɢɨɧ-S-ɤɨɧɴɸɝɚɧɬɨɜ ɜ ɦɢɧɭɬɭ ɧɚ ɝɪɚɦɦ Hb. 

2.8 Ɇɟɬɨɞɢɤɚ ɨɩɪɟɞɟɥɟɧɢɹ ɚɤɬɢɜɧɨɫɬɢ ɝɥɭɬɚɬɢɨɧɩɟɪɨɤɫɢɞɚɡɵ 
 

Ƚɥɭɬɚɬɢɨɧɩɟɪɨɤɫɢɞɚɡɚ (GPO) ɤɚɬɚɥɢɡɢɪɭɟɬ ɪɟɚɤɰɢɸ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 

ɝɥɭɬɚɬɢɨɧɚ ɫ ɝɢɞɪɨɩɟɪɟɤɢɫɶɸ ɬɪɟɬ-ɛɭɬɢɥɚ (ȽɉɌȻ). 

ɉɪɢɧɰɢɩ ɦɟɬɨɞɚ. Ⱥɤɬɢɜɧɨɫɬɶ ɮɟɪɦɟɧɬɚ ɨɰɟɧɢɜɚɥɢ ɩɨ ɢɡɦɟɧɟɧɢɸ 

ɫɨɞɟɪɠɚɧɢɹ GSH ɜ ɩɪɨɛɚɯ ɞɨ ɢ ɩɨɫɥɟ ɢɧɤɭɛɚɰɢɢ ɫ ɦɨɞɟɥɶɧɵɦ ɫɭɛɫɬɪɚɬɨɦ ɜ 

ɯɨɞɟ ɰɜɟɬɧɨɣ ɪɟɚɤɰɢɢ ɫ ȾɌɇȻɄ. 

Ɋɟɚɤɬɢɜɵ: 

1. 0,1 Ɇ ɬɪɢɫ-HCl ɛɭɮɟɪ ɫ 0,01%-ɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɗȾɌȺ, ɪɇ=8,5 

2. ɋɥɨɠɧɵɣ ɛɭɮɟɪ (78 ɦɝ ɚɡɢɞɚ ɧɚɬɪɢɹ, 100 ɦɝ ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɝɨ 

ɝɥɭɬɚɬɢɨɧɚ ɪɚɫɬɜɨɪɹɸɬ ɜ 100 ɦɥ 0,1 Ɇ ɬɪɢɫ-HCl ɛɭɮɟɪɚ ɫ 0,01%-ɧɵɦ 

ɫɨɞɟɪɠɚɧɢɟɦ ɗȾɌȺ ɪɇ=8,5) 

3. 0,14 %-ɧɵɣ ɪɚɫɬɜɨɪ ȽɉɌȻ 

4. 20 %-ɧɵɣ Ɍɏɍ 

5. Ⱥɛɫɨɥɸɬɧɵɣ ɦɟɬɚɧɨɥ 

6. 0,4%-ɧɵɣ ɪɚɫɬɜɨɪ ȾɌɇȻɄ, ɩɪɢɝɨɬɨɜɥɟɧɧɵɣ ɧɚ ɚɛɫɨɥɸɬɧɨɦ 

ɦɟɬɚɧɨɥɟ 
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Хɨɞ ɨɩɪɟɞɟɥɟɧɢɹ 

Ɉɬɦɵɬɵɟ ɢ ɭɩɚɤɨɜɚɧɧɵɟ ɷɪɢɬɪɨɰɢɬɵ ɝɟɦɨɥɢɡɢɪɭɸɬ ɨɯɥɚɠɞɟɧɧɨɣ ɞɨ 0 ɨɋ 

ɜɨɞɨɣ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1:200. 0,2 ɦɥ ɝɟɦɨɥɢɡɚɬɚ ɢɥɢ ɩɥɚɡɦɵ ɫɦɟɲɢɜɚɸɬ ɫ 0,73 ɦɥ 

ɫɥɨɠɧɨɝɨ ɛɭɮɟɪɚ ɢ ɬɟɪɦɨɫɬɚɬɢɪɭɸɬ 10 ɦɢɧɭɬ ɩɪɢ 37ɨɋ. Ɋɟɚɤɰɢɸ ɢɧɢɰɢɢɪɭɸɬ 

ɜɧɟɫɟɧɢɟɦ ɜ ɪɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ 0,07 ɦɥ ɪɚɫɬɜɨɪɚ ȽɉɌȻ ɱɟɪɟɡ 5 ɦɢɧɭɬ 

ɢɧɤɭɛɚɰɢɢ ɪɟɚɤɰɢɸ ɨɫɬɚɧɚɜɥɢɜɚɸɬ ɞɨɛɚɜɥɟɧɢɟɦ 0,2 ɦɥ ɪɚɫɬɜɨɪɚ Ɍɏɍ. ȼ 

ɤɨɧɬɪɨɥɶɧɵɟ ɩɪɨɛɵ ɪɚɫɬɜɨɪ ȽɉɌȻ ɜɧɨɫɹɬ ɩɨɫɥɟ ɨɫɚɠɞɟɧɢɹ ɛɟɥɤɚ Ɍɏɍ. 

ɉɨɥɭɱɟɧɧɵɟ ɩɪɨɛɵ ɰɟɧɬɪɢɮɭɝɢɪɭɸɬ ɩɪɢ 1700g ɜ ɬɟɱɟɧɢɟ 10 ɦɢɧɭɬ. 

ɋɭɩɟɪɧɚɬɚɧɬ ɢɫɩɨɥɶɡɭɸɬ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɝɨ 

ɝɥɭɬɚɬɢɨɧɚ. Ⱦɥɹ ɷɬɨɝɨ ɤ 0,1 ɦɥ ɫɭɩɟɪɧɚɬɚɧɬɚ ɞɨɛɚɜɥɹɸɬ 2,65 ɦɥ 0,1 Ɇ ɬɪɢɫ-HCl 

ɛɭɮɟɪɚ ɢ 0,025 ɦɥ ɪɚɫɬɜɨɪɚ ȾɌɇȻɄ. ɉɨɫɥɟ ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɩɪɨɛɵ 

ɮɨɬɨɦɟɬɪɢɪɭɸɬ ɧɚ ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɟ ɩɪɢ ɞɥɢɧɟ ɜɨɥɧɵ 412 ɧɦ ɜ ɤɸɜɟɬɟ ɫ 

ɞɥɢɧɨɣ ɨɩɬɢɱɟɫɤɨɝɨ ɩɭɬɢ 1 ɫɦ ɩɪɨɬɢɜ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɵ. Ⱥɤɬɢɜɧɨɫɬɶ 

ɮɟɪɦɟɧɬɚ ɜ ɷɪɢɬɪɨɰɢɬɚɯ ɜɵɪɚɠɚɸɬ ɜ ɦɢɤɪɨɦɨɥɹɯ GSH, ɨɤɢɫɥɟɧɧɨɝɨ ɡɚ 1 ɦɢɧɭɬ 

ɧɚ ɝɪɚɦɦ Hb, ɢɫɩɨɥɶɡɭɹ ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɥɹɪɧɨɣ ɷɤɫɬɢɧɰɢɢ (13600 Ɇ-1 * ɫɦ -1) 

ɨɤɪɚɲɟɧɧɨɝɨ ɚɧɢɨɧɚ, ɨɛɪɚɡɭɸɳɟɝɨɫɹ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɝɥɭɬɚɬɢɨɧɚ ɫ ȾɌɇȻɄ. 

2.9 ɋɬɚɬɢɫɬɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɪɟɡɭɥɶɬɚɬɨɜ 
 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɚ ɫɮɨɪɦɢɪɨɜɚɧɚ ɛɚɡɚ ɞɚɧɧɵɯ, ɧɚ ɨɫɧɨɜɟ 

ɤɨɬɨɪɨɣ ɩɪɨɢɡɜɨɞɢɥɫɹ ɫɬɚɬɢɫɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ. Ⱦɥɹ ɜɫɟɯ ɞɚɧɧɵɯ ɛɵɥɢ 

ɪɚɫɫɱɢɬɚɧɵ ɦɟɞɢɚɧɚ ɢ U-ɤɪɢɬɟɪɢɣ Ɇɚɧɧɚ — ɍɢɬɧɢ ɫ ɩɨɦɨɳɶɸ ɩɚɤɟɬɚ 

ɩɪɢɤɥɚɞɧɵɯ ɩɪɨɝɪɚɦɦ Statistica 7.0.  
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3 Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ 

 

Ɉɧɤɨɥɨɝɢɱɟɫɤɢɟ ɡɚɛɨɥɟɜɚɧɢɹ ɹɜɥɹɸɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɩɪɨɛɥɟɦɨɣ ɜɨ ɜɫɟɦ 

ɦɢɪɟ, ɚ ɨɩɭɯɨɥɢ ɩɨɱɤɢ ɡɚɧɢɦɚɸɬ ɫɟɞɶɦɨɟ ɦɟɫɬɨ ɩɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɸ ɫɪɟɞɢ 

ɪɚɤɨɜɵɯ ɡɚɛɨɥɟɜɚɧɢɣ. Ɉɤɢɫɥɢɬɟɥɶɧɵɣ ɫɬɪɟɫɫ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɞɢɫɛɚɥɚɧɫ 

ɦɟɠɞɭ ɜɵɪɚɛɨɬɤɨɣ ɚɤɬɢɜɧɵɯ ɮɨɪɦ ɤɢɫɥɨɪɨɞɚ ɢ ɫɩɨɫɨɛɧɨɫɬɶɸ ɛɢɨɥɨɝɢɱɟɫɤɨɣ 

ɫɢɫɬɟɦɵ ɥɟɝɤɨ ɞɟɬɨɤɫɢɰɢɪɨɜɚɬɶ ɚɤɬɢɜɧɵɟ ɩɪɨɦɟɠɭɬɨɱɧɵɟ ɩɪɨɞɭɤɬɵ. 

Ɉɤɢɫɥɢɬɟɥɶɧɵɣ ɫɬɪɟɫɫ ɧɟ ɬɨɥɶɤɨ ɜɵɡɵɜɚɟɬ ɩɪɹɦɨɟ ɢ ɧɟɨɛɪɚɬɢɦɨɟ 

ɨɤɢɫɥɢɬɟɥɶɧɨɟ ɩɨɜɪɟɠɞɟɧɢɟ ɦɚɤɪɨɦɨɥɟɤɭɥ, ɧɨ ɬɚɤɠɟ ɧɚɪɭɲɚɟɬ ɤɥɸɱɟɜɵɟ 

ɪɟɞɨɤɫ-ɡɚɜɢɫɢɦɵɟ ɫɢɝɧɚɥɶɧɵɟ ɩɪɨɰɟɫɫɵ. ɂɫɯɨɞɹ ɢɡ ɜɵɲɟ ɫɤɚɡɚɧɧɨɝɨ, ɨɱɟɧɶ 

ɜɚɠɧɵɦ ɹɜɥɹɟɬɫɹ ɢɡɭɱɟɧɢɟ ɫɨɫɬɨɹɧɢɹ ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ ɫɢɫɬɟɦɵ ɨɪɝɚɧɢɡɦɚ. 

 

3.1 ɉɟɪɟɤɢɫɧɨɟ ɨɤɢɫɥɟɧɢɟ ɥɢɩɢɞɨɜ ɢ ɫɨɫɬɨɹɧɢɟ ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ ɫɢɫɬɟɦɵ 
ɜ ɷɪɢɬɪɨɰɢɬɚɯ ɛɨɥɶɧɵɯ ɪɚɤɨɦ ɩɨɱɤɢ 
 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɩɪɨɞɭɤɬɨɜ ɩɟɪɟɤɢɫɧɨɝɨ ɨɤɢɫɥɟɧɢɹ ɥɢɩɢɞɨɜ ɢ 

ɚɤɬɢɜɧɨɫɬɢ ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ ɫɢɫɬɟɦɵ ɹɜɥɹɸɬɫɹ ɞɨɜɨɥɶɧɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ 

ɫɩɨɫɨɛɨɦ ɨɰɟɧɤɢ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɫɬɪɟɫɫɚ ɨɪɝɚɧɢɡɦɚ. 

ȼ ɷɪɢɬɪɨɰɢɬɚɯ ɨɛɴɟɤɬɨɦ ɜɨɡɞɟɣɫɬɜɢɹ ȺɎɄ ɫɥɭɠɚɬ ɩɨɥɢɟɧɨɜɵɟ ɠɢɪɧɵɟ 

ɤɢɫɥɨɬɵ, ɜɯɨɞɹɳɢɟ ɫ ɫɨɫɬɚɜ ɮɨɫɮɨɥɢɩɢɞɨɜ ɩɥɚɡɦɚɬɢɱɟɫɤɨɣ ɦɟɦɛɪɚɧɵ, ɚ ɬɚɤɠɟ 

ɪɚɡɧɨɨɛɪɚɡɧɵɟ ɛɟɥɤɢ, ɜ ɬɨɦ ɱɢɫɥɟ ɝɟɦɨɝɥɨɛɢɧ. ɍ ɛɨɥɶɧɵɯ ɉɄɊ ɜ ɷɪɢɬɪɨɰɢɬɚɯ 

ɨɬɦɟɱɚɟɬɫɹ ɩɨɜɵɲɟɧɧɨɟ ɧɚ 82% ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɨɧɬɪɨɥɶɧɨɣ ɜɟɥɢɱɢɧɵ 

ɫɨɞɟɪɠɚɧɢɟ ɩɟɪɜɢɱɧɵɯ ɩɪɨɞɭɤɬɨɜ ɉɈɅ – ɞɢɟɧɨɜɵɯ ɤɨɧɴɸɝɚɬɨɜ (ɬɚɛɥ. 4). ɱɬɨ 

ɭɤɚɡɵɜɚɟɬ ɧɚ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɜɵɪɚɛɨɬɤɢ ɚɤɬɢɜɧɵɯ ɮɨɪɦ ɤɢɫɥɨɪɨɞɚ ɢ 

ɢɧɬɟɧɫɢɮɢɤɚɰɢɸ ɨɤɢɫɥɢɬɟɥɶɧɵɯ ɩɪɨɰɟɫɫɨɜ ɂɡɜɟɫɬɧɨ, ɱɬɨ ɡɚɩɭɫɤɚɸɬɫɹ 

ɩɪɨɰɟɫɫɵ ɥɢɩɨɩɟɪɨɤɫɢɞɚɰɢɢ ɦɟɦɛɪɚɧɧɵɯ ɥɢɩɢɞɨɜ ɜ ɪɟɡɭɥɶɬɚɬɟ ɢɯ ɚɬɚɤɢ  

ɫɭɩɟɪɨɤɫɢɞɧɵɦ ɚɧɢɨɧ-ɪɚɞɢɤɚɥɨɦ, ɇ2Ɉ2 ɢ ɨɫɨɛɟɧɧɨ ɝɢɞɪɨɤɫɢɥɶɧɵɦ ɪɚɞɢɤɚɥɨɦ. 

ɋɨɞɟɪɠɚɧɢɟ ɜɬɨɪɢɱɧɨɝɨ ɩɪɨɞɭɤɬɚ ɉɈɅ – ɦɚɥɨɧɨɜɨɝɨ ɞɢɚɥɶɞɟɝɢɞɚ 

ɞɨɫɬɨɜɟɪɧɨ ɫɧɢɠɟɧɨ  ɧɚ 25%ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɨɧɬɪɨɥɶɧɨɝɨ ɩɨɤɚɡɚɬɟɥɹ (ɬɚɛɥ. 4). 
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Ɍɚɛɥɢɰɚ  4 – ɋɨɞɟɪɠɚɧɢɟ ɩɪɨɞɭɤɬɨɜ ɩɟɪɟɤɢɫɧɨɝɨ ɨɤɢɫɥɟɧɢɹ ɥɢɩɢɞɨɜ ɜ 

ɷɪɢɬɪɨɰɢɬɚɯ ɛɨɥɶɧɵɯ ɪɚɤɨɦ ɩɨɱɤɢ 

ɂɫɫɥɟɞɭɟɦɵɟ 

ɩɨɤɚɡɚɬɟɥɢ 

Ʉɨɧɬɪɨɥɶ 

(n = 34) 

Ȼɨɥɶɧɵɟ ɉɄɊ 

(n = 50) 

Meɞɢɚɧɚ, 

25-75 ‰ 

Meɞɢɚɧɚ, 

25-75 ‰ 

ȾɄ, ɦɤɦɨɥɶ/ɝ Hb 0,83 

0,70 – 1,48 

1,51* 

0,84 – 3,05 

ɆȾȺ, ɦɤɦɨɥɶ/ɝ Hb 4,14 

3,49 – 5,03 

3,08* 

2,54 – 3,76 

ɉɪɢɦɟɱɚɧɢɟ: ɜ ɷɬɨɣ ɬɚɛɥɢɰɟ ɢ ɬɚɛɥɢɰɚɯ 2, 3 * –  ɞɨɫɬɨɜɟɪɧɨ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɤɨɧɬɪɨɥɟɦ ( ɪ < 0,05). 

 

ɇɚ ɧɚɲ ɜɡɝɥɹɞ ɛɨɥɟɟ ɧɢɡɤɢɣ ɭɪɨɜɟɧɶ ɆȾȺ ɜ ɷɪɢɬɪɨɰɢɬɚɯ ɭ ɛɨɥɶɧɵɯ 

ɪɚɤɨɦ ɩɨɱɤɢ ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɦɨɠɟɬ ɫɜɢɞɟɬɟɥɶɫɬɜɨɜɚɬɶ ɜ ɩɨɥɶɡɭ ɜɚɠɧɨɫɬɢ 

ɤɨɦɩɟɧɫɚɬɨɪɧɨɝɨ ɩɨɜɵɲɟɧɢɹ ɚɤɬɢɜɧɨɫɬɢ ɋɈȾ ɢ ɤɚɬɚɥɚɡɵ (ɬɚɛɥ. 5), ɚ ɬɚɤɠɟ  

ɚɤɬɢɜɚɰɢɢ ɝɥɭɬɚɬɢɨɧ-S-ɬɪɚɧɫɮɟɪɚɡɵ, ɮɟɪɦɟɧɬɚ, ɞɥɹ ɤɨɬɨɪɨɝɨ ɦɚɥɨɧɨɜɵɣ 

ɞɢɚɥɶɞɟɝɢɞ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɫɭɛɫɬɪɚɬɨɜ (ɬɚɛɥ 6). ɇɟɥɶɡɹ ɢɫɤɥɸɱɢɬɶ ɢ ɬɨɝɨ, 

ɱɬɨ ɛɨɥɟɟ ɧɢɡɤɢɣ ɭɪɨɜɟɧɶ ɆȾȺ ɜ ɷɪɢɬɪɨɰɢɬɚɯ ɭ ɛɨɥɶɧɵɯ ɉɄɊ – ɫɥɟɞɫɬɜɢɟ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɱɚɫɬɢ ɷɬɨɝɨ ɩɪɨɞɭɤɬɚ ɉɈɅ ɫ ɛɟɥɤɨɜɵɦɢ ɢ ɧɟɛɟɥɤɨɜɵɦɢ 

ɤɨɦɩɨɧɟɧɬɚɦɢ ɤɥɟɬɤɢ, ɫɨɞɟɪɠɚɳɢɦɢ ɫɜɨɛɨɞɧɵɟ NH2-ɝɪɭɩɩɵ ɫ ɨɛɪɚɡɨɜɚɧɢɟ, ɬɚɤ 

ɧɚɡɵɜɚɟɦɵɯ ɒɢɮɮɨɜɵɯ ɨɫɧɨɜɚɧɢɣ (ɫɜɹɡɚɧɧɨɝɨ ɆȾȺ). ɗɬɨɬ ɚɞɞɭɤɬ ɆȾȺ, 

ɨɫɚɠɞɚɟɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɛɨɩɨɞɝɨɬɨɜɤɢ ɨɩɵɬɧɵɯ ɩɪɨɛ ɬɪɢɯɥɨɪɭɤɫɭɫɧɨɣ 

ɤɢɫɥɨɬɨɣ ɢ ɧɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɪɟɚɤɰɢɢ ɫ 2-ɬɢɨɛɚɪɛɢɬɭɪɨɜɨɣ ɤɢɫɥɨɬɨɣ. 

ɗɪɢɬɪɨɰɢɬɵ – ɤɥɟɬɤɢ ɤɪɚɫɧɨɣ ɤɪɨɜɢ, ɮɭɧɤɰɢɨɧɢɪɭɸɳɢɟ ɜ ɭɫɥɨɜɢɹɯ 

ɜɵɫɨɤɢɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɤɢɫɥɨɪɨɞɚ ɜ ɫɢɥɭ ɜɵɩɨɥɧɹɟɦɨɣ ɢɦɢ ɮɭɧɤɰɢɢ 

ɬɪɚɧɫɩɨɪɬɚ Ɉ2  ɢɡ ɥɟɝɤɢɯ ɤ ɬɤɚɧɹɦ ɢ ɋɈ2 ɜ ɨɛɪɚɬɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ, ɱɬɨ 

ɩɪɟɞɩɨɥɚɝɚɟɬ ɩɨɫɬɨɹɧɧɨɟ ɨɛɪɚɡɨɜɚɧɢɟ ɚɤɬɢɜɧɵɯ ɮɨɪɦ ɤɢɫɥɨɪɨɞɚ. ɉɨɫɬɨɹɧɧɵɣ 

ɢɫɬɨɱɧɢɤ ɚɤɬɢɜɧɵɯ ɮɨɪɦ ɤɢɫɥɨɪɨɞɚ ɜ ɷɪɢɬɪɨɰɢɬɚɯ – ɧɟɮɟɪɦɟɧɬɚɬɢɜɧɨɟ 
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ɨɤɢɫɥɟɧɢɟ ɝɟɦɨɝɥɨɛɢɧɚ ɜ ɦɟɬɝɟɦɨɝɥɨɛɢɧ, ɚ ɬɚɤɠɟ ɪɟɚɤɰɢɢ, ɢɞɭɳɢɟ ɫ ɇȺȾ(Ɋ) ɢ 

ɮɥɚɜɢɧɨɜɵɦɢ ɤɨɮɚɤɬɨɪɚɦɢ.  

Ɉɛɪɚɡɭɸɳɢɟɫɹ ɚɤɬɢɜɧɵɟ ɮɨɪɦɵ ɤɢɫɥɨɪɨɞɚ ɡɚɩɭɫɤɚɸɬ ɪɟɚɤɰɢɢ ɋɊɈ, 

ɤɨɬɨɪɵɟ ɩɪɢɜɨɞɹɬ ɤ ɧɚɪɭɲɟɧɢɸ ɫɬɪɭɤɬɭɪɵ ɥɢɩɢɞɨɜ, ɛɟɥɤɨɜ, ɭɝɥɟɜɨɞɨɜ ɢ ɞɪ. 

ɨɪɝɚɧɢɱɟɫɤɢɯ ɦɨɥɟɤɭɥ ɢ ɹɜɥɹɸɬɫɹ ɩɪɢɱɢɧɨɣ ɫɬɚɪɟɧɢɹ ɢ ɝɟɦɨɥɢɡɚ ɷɪɢɬɪɨɰɢɬɚ. 

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɜ ɷɪɢɬɪɨɰɢɬɚɯ ɢɦɟɟɬɫɹ ɦɨɳɧɚɹ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɚɹ ȺɈɋ, 

ɜɤɥɸɱɚɸɳɚɹ ɮɟɪɦɟɧɬɵ, ɭɫɬɪɚɧɹɸɳɢɟ ȺɎɄ, ɩɪɨɞɭɤɬɵ ɩɟɪɟɤɢɫɧɨɝɨ ɨɤɢɫɥɟɧɢɹ 

ɥɢɩɢɞɨɜ, ɚ ɬɚɤɠɟ ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɟ ɚɧɬɢɨɤɫɢɞɚɧɬɵ, ɜɵɩɨɥɧɹɸɳɢɟ ɪɨɥɶ 

«ɩɟɪɟɯɜɚɬɱɢɤɨɜ» ɫɜɨɛɨɞɧɵɯ ɪɚɞɢɤɚɥɨɜ. ɋɭɩɟɪɨɤɫɢɞɞɢɫɦɭɬɚɡɚ (ɋɈȾ1) ɢ 

ɤɚɬɚɥɚɡɚ ɨɛɪɚɡɭɸɬ ɬɚɧɞɟɦ ɮɟɪɦɟɧɬɨɜ, ɨɛɟɡɜɪɟɠɢɜɚɸɳɢɯ ɧɚ ɧɚɱɚɥɶɧɵɯ ɷɬɚɩɚɯ 

ɡɚɪɨɠɞɟɧɢɹ ɬɚɤɢɟ ɚɤɬɢɜɧɵɟ ɮɨɪɦɵ ɤɢɫɥɨɪɨɞɚ, ɤɚɤ ɫɭɩɟɪɨɤɫɢɞɧɵɣ ɚɧɢɨɧ-

ɪɚɞɢɤɚɥ ɢ ɩɟɪɨɤɫɢɞ ɜɨɞɨɪɨɞɚ – ɩɪɨɞɭɤɬ ɪɟɚɤɰɢɢ, ɤɚɬɚɥɢɡɢɪɭɟɦɨɣ ɋɈȾ. 

Ⱥɤɬɢɜɧɨɫɬɶ ɋɈȾ ɢ ɤɚɬɚɥɚɡɵ ɜ ɷɪɢɬɪɨɰɢɬɚɯ ɛɨɥɶɧɵɯ ɪɚɤɨɦ ɩɨɱɤɢ 

ɞɨɫɬɨɜɟɪɧɨ ɭɜɟɥɢɱɟɧɚ ɧɚ  49% ɢ 20%  ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɤɨɧɬɪɨɥɶɧɵɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ (ɬɚɛɥ. 5).  

 

Ɍɚɛɥɢɰɚ 5 – Ⱥɤɬɢɜɧɨɫɬɶ ɫɭɩɟɪɨɤɫɢɞɞɢɫɦɭɬɚɡɵ ɢ ɤɚɬɚɥɚɡɵ ɜ ɷɪɢɬɪɨɰɢɬɚɯ  

ɛɨɥɶɧɵɯ ɉɄɊ 

ɂɫɫɥɟɞɭɟɦɵɟ 

ɩɨɤɚɡɚɬɟɥɢ 

Ʉɨɧɬɪɨɥɶ 

(n = 34) 

Ȼɨɥɶɧɵɟ ɉɄɊ 

(n = 50) 

Meɞɢɚɧɚ, 

25-75 ‰ 

Meɞɢɚɧɚ, 

25-75 ‰ 

ɋOȾ, 

ɟɞ/ɦɢɧ*ɝ Hb 

1508 

1248 - 1632 

2250* 

1910 - 2590 

Ʉɚɬɚɥɚɡɚ, 

ɦɦɨɥɶ/ɦɢɧ ɝ Hb 

175 

144 - 103 

210*  

190 - 234 

 

Ȼɨɥɟɟ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɚɤɬɢɜɧɨɫɬɢ ɋɈȾ ɢ ɤɚɬɚɥɚɡɵ ɦɨɠɟɬ ɛɵɬɶ 

ɫɥɟɞɫɬɜɢɟɦ ɞɜɭɯ ɦɟɯɚɧɢɡɦɨɜ: ɥɢɛɨ ɨɧ ɹɜɥɹɟɬɫɹ ɪɟɡɭɥɶɬɚɬɨɦ ɭɫɤɨɪɟɧɧɨɝɨ 

ɫɢɧɬɟɡɚ ɚɧɬɢɨɤɫɢɞɚɧɬɧɵɯ ɮɟɪɦɟɧɬɨɜ ɜ ɨɬɜɟɬ ɧɚ ɨɤɢɫɥɢɬɟɥɶɧɵɣ ɫɬɪɟɫɫ ɭ 
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ɛɨɥɶɧɵɯ ɉɄɊ, ɥɢɛɨ ɷɬɨ ɢɡɦɟɧɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɮɟɪɦɟɧɬɨɜ ɤɚɤɢɦɢ-ɬɨ 

ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɦɢ ɮɚɤɬɨɪɚɦɢ. ɉɨɫɤɨɥɶɤɭ ɷɪɢɬɪɨɰɢɬɵ – ɜɵɫɨɤɨ 

ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɧɵɟ ɤɥɟɬɤɢ, ɭɬɪɚɬɢɜɲɢɟ ɹɞɪɨ ɢ  ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɟ ɨɪɝɚɧɟɥɥɵ, 

ɫɢɧɬɟɡ ɧɨɜɵɯ ɦɨɥɟɤɭɥ ɮɟɪɦɟɧɬɨɜ ɜ ɧɢɯ ɧɟɜɨɡɦɨɠɟɧ. Ɉɫɬɚɸɬɫɹ 

ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɟ ɮɚɤɬɨɪɵ, ɤ ɤɨɬɨɪɵɦ, ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ,  ɨɬɧɨɫɹɬɫɹ ɫɭɛɫɬɪɚɬɵ 

– Ɉ2
•-

  ɢ ɇ2Ɉ2, ɩɨɜɵɲɟɧɧɵɣ ɭɪɨɜɟɧɶ ɤɨɬɨɪɵɯ ɨɬɦɟɱɚɟɬɫɹ ɭ ɛɨɥɶɧɵɯ ɉɄɊ. 

ɇɚɪɹɞɭ ɫ ɢɫɫɥɟɞɨɜɚɧɢɟɦ ɚɤɬɢɜɧɨɫɬɢ ɋɈȾ ɢ ɤɚɬɚɥɚɡɵ, ɜ ɷɪɢɬɪɨɰɢɬɚɯ 

ɛɨɥɶɧɵɯ ɪɚɤɨɦ ɩɨɱɤɢ ɨɰɟɧɢɜɚɥɨɫɶ ɫɨɫɬɨɹɧɢɟ ɝɥɭɬɚɬɢɨɧɨɜɨɣ ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ 

ɫɢɫɬɟɦɵ, ɨɬɜɟɱɚɸɳɟɣ ɡɚ ɩɨɞɞɟɪɠɚɧɢɟ ɪɟɞɨɤɫ-ɝɨɦɟɨɫɬɚɡɚ ɷɬɢɯ ɤɥɟɬɨɤ ɤɪɨɜɢ. 

Ɋɟɡɭɥɶɬɚɬɵ ɢɡɭɱɟɧɢɹ ɚɧɬɨɤɫɢɞɚɧɬɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɞɚɧɧɨɣ ɫɢɫɬɟɦɵ ɩɪɢɜɟɞɟɧɵ ɜ 

ɬɚɛɥ.6. 

ɍ ɛɨɥɶɧɵɯ ɉɄɊ ɜ ɷɪɢɬɪɨɰɢɬɚɯ ɧɟ ɧɚɣɞɟɧɨ ɞɨɫɬɨɜɟɪɧɵɯ ɨɬɥɢɱɢɣ ɜ 

ɫɨɞɟɪɠɚɧɢɢ ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɝɨ ɝɥɭɬɚɬɢɨɧɚ ɢ ɚɤɬɢɜɧɨɫɬɢ ɝɥɭɬɚɬɢɨɧɩɟɪɨɤɫɢɞɚɡɵ 

ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɜ ɝɪɭɩɩɟ ɡɞɨɪɨɜɵɯ ɥɸɞɟɣ. 

Ⱥɤɬɢɜɧɨɫɬɶ ɝɥɭɬɚɬɢɨɧ-S-ɬɪɚɧɫɮɟɪɚɡɵ ɞɨɫɬɨɜɟɪɧɨ ɩɨɜɵɲɟɧɚ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɤɨɧɬɪɨɥɹ ɧɚ  50%.  

Ɍɚɛɥɢɰɚ 6 – ɋɨɞɟɪɠɚɧɢɟ GSH ɢ ɚɤɬɢɜɧɨɫɬɶ ɝɥɭɬɚɬɢɨɧɡɚɜɢɫɢɦɵɯ 

ɮɟɪɦɟɧɬɨɜ ɜ ɷɪɢɬɪɨɰɢɬɚɯ ɛɨɥɶɧɵɯ ɪɚɤɨɦ ɩɨɱɤɢ 

ɂɫɫɥɟɞɭɟɦɵɟ 

ɩɨɤɚɡɚɬɟɥɢ 

Ʉɨɧɬɪɨɥɶ 

(n = 34) 

Ȼɨɥɶɧɵɟ ɉɄɊ 

(n = 50) 

Meɞɢɚɧɚ, 

25-75 ‰ 

Meɞɢɚɧɚ, 

25-75 ‰ 

GSH, 

ɦɤɦɨɥɶ /ɝ Hb 

4,32 

2,22 - 6,05 

5,22 

3,63 - 6,51 

GPO,  

ɦɤɦɨɥɶ / ɦɢɧ *ɝ Hb  

73,96 

53,76 - 102,08 

72,54 

57,49 - 119,11 

GST,  

ɦɦɨɥɶ/ɦɢɧ *ɝ Hb 

4,44 

3,55 - 5,68 

6,65* 

4,78 - 7,94 
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Ƚɥɭɬɚɬɢɨɧ ɭɱɚɫɬɜɭɟɬ ɜɨ ɜɫɟɯ ɬɪɟɯ ɥɢɧɢɹɯ ɡɚɳɢɬɵ ɷɪɢɬɪɨɰɢɬɨɜ ɨɬ 

ɨɤɫɢɞɚɬɢɜɧɨɝɨ ɫɬɪɟɫɫɚ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɧɨɫɢɬ ɨɫɧɨɜɧɨɣ ɜɤɥɚɞ ɜ 

ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ ɫɢɫɬɟɦɵ ɷɬɢɯ ɤɥɟɬɨɤ. Ƚɥɭɬɚɬɢɨɧ, 

ɝɥɭɬɚɬɢɨɧɩɟɪɨɤɫɢɞɚɡɚ, ɝɥɭɬɚɬɢɨɧ-S-ɬɪɚɧɫɮɟɪɚɡɚ, ɝɥɭɬɚɬɢɨɧɪɟɞɭɤɬɚɡɚ ɢ NȺDPɇ 

ɨɛɪɚɡɭɸɬ ɝɥɭɬɚɬɢɨɧɨɜɭɸ ɫɢɫɬɟɦɭ, ɜ ɤɨɬɨɪɨɣ ɝɥɭɬɚɬɢɨɧɪɟɞɭɤɬɚɡɚ ɢ NȺDPɇ 

ɧɟɨɛɯɨɞɢɦɵ ɞɥɹ ɪɟɰɢɤɥɢɡɚɰɢɢ ɨɤɢɫɥɟɧɧɨɝɨ ɝɥɭɬɚɬɢɨɧɚ ɜ GSH.  

ȼɨɫɫɬɚɧɨɜɥɟɧɢɟ ɫ ɩɨɦɨɳɶɸ ɝɥɭɬɚɬɢɨɧɩɟɪɨɤɫɢɞɚɡɵ ɢ ɝɥɭɬɚɬɢɨɧ-S-

ɬɪɚɧɫɮɟɪɚɡɵ ɝɢɞɪɨɩɟɪɨɤɫɢɞɨɜ ɩɪɟɞɭɩɪɟɠɞɚɟɬ ɩɪɨɝɪɟɫɫɢɪɨɜɚɧɢɟ ɩɟɪɨɤɫɢɞɚɰɢɢ 

ɢ ɩɨɹɜɥɟɧɢɟ ɟɟ ɜɬɨɪɢɱɧɵɯ ɦɟɬɚɛɨɥɢɬɨɜ. ȼ ɨɛɟɡɜɪɟɠɢɜɚɧɢɢ ɜɬɨɪɢɱɧɵɯ 

ɩɪɨɞɭɤɬɨɜ ɩɟɪɨɤɫɢɞɚɰɢɢ ɢ ɞɪɭɝɢɯ ɨɤɢɫɥɟɧɧɵɯ ɜɟɳɟɫɬɜ, ɝɥɚɜɧɭɸ ɪɨɥɶ ɢɝɪɚɸɬ 

ɝɥɭɬɚɬɢɨɧ-S-ɬɪɚɧɫɮɟɪɚɡɵ. Ɉɧɢ ɤɨɧɴɸɝɢɪɭɸɬ ɫ ɝɥɭɬɚɬɢɨɧɨɦ ɝɥɚɜɧɵɟ ɢ 

ɧɚɢɛɨɥɟɟ ɬɨɤɫɢɱɧɵɟ ɩɪɨɞɭɤɬɵ ɩɟɪɟɤɢɫɧɨɝɨ ɨɤɢɫɥɟɧɢɹ ɥɢɩɢɞɨɜ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɝɥɭɬɚɬɢɨɧɨɜɚɹ ɚɧɬɢɩɟɪɨɤɫɢɞɚɡɧɚɹ ɫɢɫɬɟɦɚ ɷɮɮɟɤɬɢɜɧɨ 

ɡɚɳɢɳɚɟɬ ɤɥɟɬɤɢ ɨɬ ɨɤɫɢɞɚɬɢɜɧɨɝɨ ɫɬɪɟɫɫɚ, ɢ ɨɛɵɱɧɨ ɬɨɥɶɤɨ ɩɪɢ ɟɟ 

ɧɟɞɨɫɬɚɬɨɱɧɨɫɬɢ ɢɥɢ ɢɫɬɨɳɟɧɢɢ ɜɨɡɧɢɤɚɸɬ ɫɟɪɶɟɡɧɵɟ ɩɨɪɚɠɟɧɢɹ. Ɋɚɡɭɦɟɟɬɫɹ, 

ɱɬɨ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɨɩɚɫɧɨɫɬɢ ɪɚɡɜɢɬɢɹ ɰɟɥɨɝɨ ɪɹɞɚ ɯɪɨɧɢɱɟɫɤɢɯ 

ɧɟɢɧɮɟɤɰɢɨɧɧɵɯ ɛɨɥɟɡɧɟɣ, ɨɛɴɟɞɢɧɹɟɦɵɯ ɜ ɝɪɭɩɩɭ ɫɜɨɛɨɞɧɨɪɚɞɢɤɚɥɶɧɨɣ 

ɩɚɬɨɥɨɝɢɢ, ɧɭɠɧɨ ɫɬɪɟɦɢɬɶɫɹ ɢɡɛɟɝɚɬɶ ɧɟ ɬɨɥɶɤɨ ɢɫɬɨɳɟɧɢɹ ɝɥɭɬɚɬɢɨɧɚ, ɚ ɜɫɟɝɨ 

ɩɭɥɚ ɛɢɨɚɧɬɢɨɤɫɢɞɚɧɬɨɜ, ɮɭɧɤɰɢɨɧɢɪɭɸɳɢɯ ɜ ɫɨɫɬɚɜɟ ɮɢɡɢɨɥɨɝɢɱɟɫɤɨɣ 

ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ ɫɢɫɬɟɦɵ ɨɪɝɚɧɢɡɦɚ. 

3.2 Ɉɰɟɧɤɚ ɫɜɨɛɨɞɧɨ-ɪɚɞɢɤɚɥɶɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜ ɷɪɢɬɪɨɰɢɬɚɯ ɛɨɥɶɧɵɯ 
ɪɚɤɨɦ ɩɨɱɤɢ ɞɨ ɢ ɩɨɫɥɟ ɥɟɱɟɧɢɹ 

 

ɉɚɰɢɟɧɬɚɦ ɫ ɩɨɱɟɱɧɨ-ɤɥɟɬɨɱɧɵɦ ɪɚɤɨɦ ɩɨɫɥɟ ɩɨɫɬɭɩɥɟɧɢɹ ɜ ɞɢɫɩɚɧɫɟɪ 

ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ ɨɩɟɪɚɰɢɹ ɩɨ ɭɞɚɥɟɧɢɹ ɨɪɝɚɧɚ, ɩɨɜɪɟɠɞɟɧɧɨɝɨ ɨɩɭɯɨɥɶɸ 

(ɧɟɮɪɷɤɬɨɦɢɹ). ȼ ɬɚɛɥɢɰɟ 7, 8 ɢ 9 ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɡɚ 

ɩɪɨɨɤɫɢɞɚɧɬɧɨɣ ɢ ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ ɫɢɫɬɟɦ ɜ ɷɪɢɬɪɨɰɢɬɚɯ ɞɨ ɢ ɩɨɫɥɟ 

ɨɩɟɪɚɬɢɜɧɨɝɨ ɜɦɟɲɚɬɟɥɶɫɬɜɚ. 
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ɋɨɞɟɪɠɚɧɢɟ ɩɪɨɞɭɤɬɨɜ ɩɟɪɟɤɢɫɧɨɝɨ ɨɤɢɫɥɟɧɢɹ ɥɢɩɢɞɨɜ – ȾɄ ɢ ɆȾȺ 

ɞɨɫɬɨɜɟɪɧɨ ɩɪɟɜɵɲɚɟɬ ɞɨɨɩɟɪɚɰɢɨɧɧɵɣ ɭɪɨɜɟɧɶ ɧɚ 291% ɢ 50% 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɨɧɬɪɨɥɹ (ɬɚɛɥ. 7). 

 

Ɍɚɛɥɢɰɚ 7 – ɋɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɫɨɞɟɪɠɚɧɢɹ ɩɪɨɞɭɤɬɨɜ ɩɟɪɟɤɢɫɧɨɝɨ 

ɨɤɢɫɥɟɧɢɹ ɥɢɩɢɞɨɜ ɜ ɷɪɢɬɪɨɰɢɬɚɯ ɛɨɥɶɧɵɯ ɪɚɤɨɦ ɩɨɱɤɢ ɞɨ ɢ ɩɨɫɥɟ ɥɟɱɟɧɢɹ 

ɂɫɫɥɟɞɭɟɦɵɟ 
ɩɨɤɚɡɚɬɟɥɢ 

Ⱦɨ ɨɩɟɪɚɰɢɢ 
(n = 50) 

ɉɨɫɥɟ ɨɩɟɪɚɰɢɢ, 
(n = 50) 

Meɞɢɚɧɚ, 25-75 ‰ Meɞɢɚɧɚ, 25-75 ‰ 

ȾɄ, ɦɤɦɨɥɶ/ɝ Hb 1,51 
0,84 – 3,05 

5,91** 
2,36 – 7,58 

ɆȾȺ, ɦɤɦɨɥɶ/ ɝ Hb 3,08 
2,54 – 3,76 

4,63** 
4,97 – 6,01 

 

ɉɪɢɦɟɱɚɧɢɟ: ɜ ɷɬɨɣ ɬɚɛɥɢɰɟ ɢ ɬɚɛɥɢɰɚɯ 8, 9 ** – ɞɨɫɬɨɜɟɪɧɨ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɭ ɛɨɥɶɧɵɯ ɞɨ ɨɩɟɪɚɰɢɢ (ɪ < 0,05). 

 

Ⱥɤɬɢɜɧɨɫɬɶ ɋɈȾ ɢ ɤɚɬɚɥɚɡɵ (ɬɚɛɥ. 8) ɞɨɫɬɨɜɟɪɧɨ ɧɟ ɨɬɥɢɱɚɟɬɫɹ ɨɬ 

ɩɨɤɚɡɚɬɟɥɟɣ ɜ ɷɪɢɬɪɨɰɢɬɚɯ ɩɚɰɢɟɧɬɨɜ ɞɨ ɨɩɟɪɚɰɢɢ, ɧɨ ɩɪɨɫɥɟɠɢɜɚɟɬɫɹ 

ɬɟɧɞɟɧɰɢɹ ɤ ɩɨɜɵɲɟɧɢɸ ɢɯ ɚɤɬɢɜɧɨɫɬɢ. ȼ ɩɨɫɥɟɨɩɟɪɚɰɢɨɧɧɵɣ ɩɟɪɢɨɞ 

ɚɤɬɢɜɧɨɫɬɶ, ɤɚɤ ɋɈȾ, ɬɚɤ ɢ ɤɚɬɚɥɚɡɵ ɞɨɫɬɨɜɟɪɧɨ ɩɪɟɜɵɲɚɟɬ ɤɨɧɬɪɨɥɶɧɵɟ 

ɩɨɤɚɡɚɬɟɥɢ (ɬɚɛɥ. 5). 

Ɍɚɛɥɢɰɚ 8 – ɋɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɚɤɬɢɜɧɨɫɬɢ ɫɭɩɟɪɨɤɫɢɞɞɢɫɦɭɬɚɡɵ ɢ 

ɤɚɬɚɥɚɡɵ ɜ ɷɪɢɬɪɨɰɢɬɚɯ  ɛɨɥɶɧɵɯ ɪɚɤɨɦ ɩɨɱɤɢ ɞɨ ɢ ɩɨɫɥɟ ɥɟɱɟɧɢɹ 

ɂɫɫɥɟɞɭɟɦɵɟ 

ɩɨɤɚɡɚɬɟɥɢ 

Ⱦɨ ɨɩɟɪɚɰɢɢ 

(n = 50) 

ɉɨɫɥɟ ɨɩɟɪɚɰɢɢ, 

(n = 50) 

Meɞɢɚɧɚ, 25-75 ‰ Meɞɢɚɧɚ, 25-75 ‰ 

ɋOȾ, 

ɟɞ/ɦɢɧ*ɝ Hb 

2250 

1910 – 2590 

2310 

1770 – 2890 

Ʉɚɬɚɥɚɡɚ, 

ɦɦɨɥɶ/ɦɢɧ ɝ Hb 

210  

190 – 234 

229 

134 – 409 
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ɋɨɞɟɪɠɚɧɢɟ ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɝɨ ɝɥɭɬɚɬɢɨɧɚ ɢ ɚɤɬɢɜɧɨɫɬɶ GPO ɜ 

ɷɪɢɬɪɨɰɢɬɚɯ ɩɨɫɥɟ ɨɩɟɪɚɰɢɢ ɞɨɫɬɨɜɟɪɧɨ ɫɧɢɠɟɧɵ ɧɚ 47% ɢ 27% ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɞɨɨɩɟɪɚɰɢɨɧɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ (ɬɚɛɥ.9) ɢ ɧɚ 35% ɢ 28% ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɤɨɧɬɪɨɥɟɦ (ɬɚɛɥ. 6). ɇɚɩɪɨɬɢɜ, ɚɤɬɢɜɧɨɫɬɶ ɝɥɭɬɚɬɢɨɧ-S-ɬɪɚɧɫɮɟɪɚɡɵ ɧɚ 7-ɟ 

ɫɭɬɤɢ ɩɨɫɥɟ ɨɩɟɪɚɬɢɜɧɨɝɨ ɜɦɟɲɚɬɟɥɶɫɬɜɚ ɞɨɫɬɨɜɟɪɧɨ ɩɨɜɵɲɟɧɚ ɧɚ 34% ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫ ɩɨɤɚɡɚɬɟɥɟɦ ɞɨ ɨɩɟɪɚɰɢɢ (ɬɚɛɥ.9) ɢ ɧɚ 101% ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɤɨɧɬɪɨɥɶɧɵɦ ɩɨɤɚɡɚɬɟɥɟɦ (ɬɚɛɥ. 6). 

Ɍɚɛɥɢɰɚ 9 – ɋɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɫɨɫɬɨɹɧɢɹ ɝɥɭɬɚɬɢɨɧɨɜɨɣ ɫɢɫɬɟɦɵ ɜ 

ɷɪɢɬɪɨɰɢɬɚɯ  ɛɨɥɶɧɵɯ ɪɚɤɨɦ ɩɨɱɤɢ ɞɨ ɢ ɩɨɫɥɟ ɥɟɱɟɧɢɹ 

ɂɫɫɥɟɞɭɟɦɵɟ 

ɩɨɤɚɡɚɬɟɥɢ 

Ⱦɨ ɨɩɟɪɚɰɢɢ 

(n = 50) 

ɉɨɫɥɟ ɨɩɟɪɚɰɢɢ, 

(n = 50) 

Meɞɢɚɧɚ, 25 – 75 ‰ Meɞɢɚɧɚ, 25 – 75 ‰ 

GSH, 

ɦɤɦɨɥɶ /ɝ Hb 

5,22 

3,63 - 6,51 

2,78** 

2,01 – 4,41 

GPO,  

ɦɤɦɨɥɶ / ɦɢɧ *ɝ Hb  

72,54 

57,49 - 119,11 

53,29** 

35,05 – 86,57 

GST,  

ɦɦɨɥɶ/ɦɢɧ *ɝ Hb 

6,65 

4,78 - 7,94 

8,92** 

5,68 – 10,36 

 

3.3 ɉɟɪɟɤɢɫɧɨɟ ɨɤɢɫɥɟɧɢɟ ɥɢɩɢɞɨɜ ɢ ɫɨɫɬɨɹɧɢɟ ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ 
ɫɢɫɬɟɦɵ ɜ ɩɥɚɡɦɟ ɤɪɨɜɢ ɛɨɥɶɧɵɯ ɪɚɤɨɦ ɩɨɱɤɢ 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɥɢɩɨɩɟɪɨɤɫɢɞɚɰɢɢ ɢ ɚɤɬɢɜɧɨɫɬɢ 

ȺɈɋ ɜ ɩɥɚɡɦɟ ɤɪɨɜɢ ɛɨɥɶɧɵɯ ɉɄɊ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 10. ȼ ɯɨɞɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɛɵɥɨ ɜɵɹɫɧɟɧɨ, ɱɬɨ ɫɨɞɟɪɠɚɧɢɟ ɩɟɪɜɢɱɧɵɯ ɩɪɨɞɭɤɬɨɜ ɉɈɅ – ɞɢɟɧɨɜɵɯ 

ɤɨɧɴɸɝɚɬɨɜ ɜ ɩɥɚɡɦɟ ɤɪɨɜɢ ɞɨɫɬɨɜɟɪɧɨ ɩɨɜɵɲɟɧɨ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɤɨɧɬɪɨɥɶɧɵɦ 

ɩɨɤɚɡɚɬɟɥɟɦ ɧɚ 84%.   

ȼ ɝɨɪɚɡɞɨ ɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ  ɩɪɨɢɫɯɨɞɢɥɨ ɩɨɜɵɲɟɧɢɟ ɭɪɨɜɧɹ ɦɚɥɨɧɨɜɨɝɨ  

ɞɢɚɥɶɞɟɝɢɞɚ – ɧɚ 202% ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɤɨɧɬɪɨɥɟɦ.  Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ 

ɝɨɜɨɪɢɬɶ ɨɛ ɢɧɬɟɧɫɢɜɧɨ ɩɪɨɬɟɤɚɸɳɟɦ ɩɟɪɟɤɢɫɧɨɦ ɨɤɢɫɥɟɧɢɢ ɥɢɩɢɞɨɜ, ɚ 
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ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɨ ɧɚɥɢɱɢɢ ɜɵɪɚɠɟɧɧɨɝɨ ɨɤɫɢɞɚɬɢɜɧɨɝɨ ɫɬɪɟɫɫɚ ɜ ɩɥɚɡɦɟ ɤɪɨɜɢ ɭ 

ɛɨɥɶɧɵɯ ɉɄɊ. 

Ɍɚɛɥɢɰɚ 10 – ɋɨɞɟɪɠɚɧɢɟ ɩɪɨɞɭɤɬɨɜ ɩɟɪɟɤɢɫɧɨɝɨ ɨɤɢɫɥɟɧɢɹ ɥɢɩɢɞɨɜ ɜ 

ɩɥɚɡɦɟ ɤɪɨɜɢ ɛɨɥɶɧɵɯ ɪɚɤɨɦ ɩɨɱɤɢ 

ɂɫɫɥɟɞɭɟɦɵɟ 

ɩɨɤɚɡɚɬɟɥɢ 

Ʉɨɧɬɪɨɥɶ 

(n = 34) 

Ȼɨɥɶɧɵɟ ɉɄɊ 

(n = 50) 

Meɞɢɚɧɚ, 25-75 ‰ Meɞɢɚɧɚ, 25-75 ‰ 

ȾɄ, ɦɤɦɨɥɶ/ɥ 0,38 

0,21 – 0,53 

0,70* 

0,58 – 1,28 

ɆȾȺ, ɦɤɦɨɥɶ/ɥ 0,98 

1,20 – 1,86 

2,96* 

2,09 – 3,79 

ɉɪɢɦɟɱɚɧɢɟ: ɡɞɟɫɶ ɢ ɜ ɬɚɛɥɢɰɟ 11, 12 * – ɞɨɫɬɨɜɟɪɧɨ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɤɨɧɬɪɨɥɶɧɵɦ 

ɩɨɤɚɡɚɬɟɥɹɦ ( ɪ < 0,05). 

 

ɉɨɞɬɜɟɪɠɞɟɧɢɟɦ ɭɫɢɥɟɧɢɹ ɫɜɨɛɨɞɧɨɪɚɞɢɤɚɥɶɧɵɯ ɩɪɨɰɟɫɫɨɜ ɭ ɛɨɥɶɧɵɯ 

ɪɚɤɨɦ ɩɨɱɤɢ ɫɥɭɠɚɬ ɞɚɧɧɵɟ ɯɟɦɢɥɸɦɢɧɟɫɰɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ ɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ 

ɫɨɫɬɨɹɧɢɹ ɧɟɣɬɪɨɮɢɥɶɧɵɯ ɝɪɚɧɭɥɨɰɢɬɨɜ, ɩɪɢɜɟɞɟɧɧɵɟ ɜ ɪɚɛɨɬɟ [51]. Ɉɧɢ 

ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɞɨɫɬɨɜɟɪɧɨɦ ɭɜɟɥɢɱɟɧɢɢ ɩɪɨɞɭɤɰɢɢ, ɤɚɤ ɩɟɪɜɢɱɧɨɣ 

ɚɤɬɢɜɧɨɣ ɮɨɪɦɵ ɤɢɫɥɨɪɨɞɚ – ɫɭɩɟɪɨɤɫɢɞɧɨɝɨ ɚɧɢɨɧ-ɪɚɞɢɤɚɥɚ, ɬɚɤ ɢ ɜɬɨɪɢɱɧɵɯ 

ȺɎɄ ɜ ɢɫɫɥɟɞɨɜɚɧɢɢ ɫ ɥɸɰɢɝɟɧɢɧɨɦ ɢ ɥɸɦɢɧɨɥɨɦ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  

Ƚɥɚɜɧɵɦɢ ɦɢɲɟɧɹɦɢ ɩɟɪɟɤɢɫɧɨɝɨ ɨɤɢɫɥɟɧɢɹ ɜ ɩɥɚɡɦɟ ɤɪɨɜɢ ɹɜɥɹɸɬɫɹ 

ɥɢɩɨɩɪɨɬɟɢɧɵ ɢ ɧɟɷɬɟɪɢɮɢɰɢɪɨɜɚɧɧɵɟ ɠɢɪɧɵɟ ɤɢɫɥɨɬɵ, ɩɨɦɢɦɨ ɷɬɨɝɨ 

ɩɟɪɨɤɫɢɞɚɰɢɢ ɦɨɝɭɬ ɩɨɞɜɟɪɝɚɬɶɫɹ ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ ɛɟɥɤɢ ɩɥɚɡɦɵ ɤɪɨɜɢ, ɱɬɨ 

ɨɬɪɢɰɚɬɟɥɶɧɨ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɢɯ ɮɭɧɤɰɢɹɯ. Ⱦɥɹ ɡɚɳɢɬɵ ɨɬ ȺɎɄ ɜ ɩɥɚɡɦɟ ɤɪɨɜɢ 

ɩɪɢɫɭɬɫɬɜɭɟɬ  ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɡɧɨɨɛɪɚɡɧɵɯ ɚɧɬɢɨɤɫɢɞɚɧɬɨɜ ɤɚɤ 

ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɯ, ɬɚɤ ɢ ɛɟɥɤɨɜɨɣ ɩɪɢɪɨɞɵ.  

Ɉɞɧɢɦ ɢɡ ɚɧɬɢɨɤɫɢɞɚɧɬɧɵɯ ɮɟɪɦɟɧɬɨɜ ɜ ɩɥɚɡɦɟ ɤɪɨɜɢ ɫɥɭɠɢɬ ɐɉ, 

ɫɢɧɬɟɡɢɪɭɟɦɵɣ ɢ ɫɟɤɪɟɬɢɪɭɟɦɵɣ ɩɟɱɟɧɶɸ. ȿɝɨ ɚɧɬɢɨɤɫɢɞɚɧɬɧɵɟ ɫɜɨɣɫɬɜɚ 

ɨɛɭɫɥɨɜɥɟɧɵ, ɜ ɨɫɧɨɜɧɨɦ, ɮɟɪɪɨɤɫɢɞɚɡɧɨɣ ɚɤɬɢɜɧɨɫɬɶɸ. Ɉɤɢɫɥɹɹ 

ɞɜɭɯɜɚɥɟɧɬɧɨɟ ɠɟɥɟɡɨ  ɞɨ ɬɪɟɯɜɚɥɟɧɬɧɨɝɨ ɫɨɫɬɨɹɧɢɹ, ɬɟɦ ɫɚɦɵɦ, ɨɛɟɫɩɟɱɢɜɚɹ 
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ɟɝɨ ɫɜɹɡɵɜɚɧɢɟ ɫ ɬɪɚɧɫɮɟɪɪɢɧɨɦ, ɐɉ ɩɪɟɞɨɬɜɪɚɳɚɟɬ ɪɟɚɤɰɢɢ Ɏɟɧɬɨɧɚ ɢ 

Ƚɚɛɟɪɚ-ȼɟɣɫɚ, ɢɧɝɢɛɢɪɭɹ ɩɟɪɟɤɢɫɧɵɟ ɩɪɨɰɟɫɫɵ. ɉɨɜɵɲɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ 

ɞɚɧɧɨɝɨ ɮɟɪɦɟɧɬɚ ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢ ɥɸɛɨɦ ɜɨɫɩɚɥɢɬɟɥɶɧɨɦ ɡɚɛɨɥɟɜɚɧɢɢ, 

ɨɧɤɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɚɯ ɢ ɹɜɥɹɟɬɫɹ ɡɚɤɨɧɨɦɟɪɧɵɦ ɤɨɦɩɟɧɫɚɬɨɪɧɵɦ 

ɦɟɯɚɧɢɡɦɨɦ [52].  

ɍ ɛɨɥɶɧɵɯ ɪɚɤɨɦ ɩɨɱɤɢ ɭɪɨɜɟɧɶ ɐɉ ɞɨɫɬɨɜɟɪɧɨ ɩɨɜɵɲɟɧ ɧɚ 34,8% ɩɨ 

ɨɬɧɨɲɟɧɢɸ ɤ ɤɨɧɬɪɨɥɶɧɨɣ ɜɟɥɢɱɢɧɟ (ɬɚɛɥ. 11).  

Ɍɚɛɥɢɰɚ 11 – Ⱥɤɬɢɜɧɨɫɬɶ ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ ɫɢɫɬɟɦɵ ɜ ɩɥɚɡɦɟ ɤɪɨɜɢ 

ɛɨɥɶɧɵɯ ɉɄɊ 

ɂɫɫɥɟɞɭɟɦɵɟ 

ɩɨɤɚɡɚɬɟɥɢ 

Ʉɨɧɬɪɨɥɶ 

(n = 34) 

Ȼɨɥɶɧɵɟ ɉɄɊ 

(n = 50) 

Meɞɢɚɧɚ, 25-75 ‰ Meɞɢɚɧɚ, 25-75 ‰ 

ɐɟɪɭɥɨɩɥɚɡɦɢɧ, 

ɦɝ/ɥ 

204 

189 – 310 

275* 

260 – 315 

ɷɋOȾ, 

ɟɞ/ɦɢɧ*ɥ 

566 

540 – 726 

281* 

188 – 294 

Ʉɚɬɚɥɚɡɚ, 

ɦɤɦɨɥɶ/ɦɢɧ/ɥ 

198 

167 – 281 

610* 

503 – 718 

 

ɋɢɝɧɚɥɨɦ ɞɥɹ ɢɧɞɭɤɰɢɢ ɫɢɧɬɟɡɚ ɐɉ, ɹɜɥɹɟɬɫɹ ɩɨɜɵɲɟɧɢɟ ɂɅ-6. 

Ⱦɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɢɫɭɬɫɬɜɢɟ ɜ ɩɥɚɡɦɟ ɐɉ ɫɧɢɠɚɟɬ ɫɨɞɟɪɠɚɧɢɟ ɧɟɤɨɬɨɪɵɯ 

ɩɪɨɜɨɫɩɚɥɢɬɟɥɶɧɵɯ ɰɢɬɨɤɢɧɨɜ ɂɅ-1ȕ, TNFα, IFN ɢ ɂɅ-8 (ɤɪɨɦɟ ɂɅ-6), 

ɨɤɚɡɵɜɚɹ ɩɪɨɬɢɜɨɜɨɫɩɚɥɢɬɟɥɶɧɨɟ ɞɟɣɫɬɜɢɟ [53].  

Ⱥɤɬɢɜɧɨɫɬɶ ɋɈȾ ɭ ɛɨɥɶɧɵɯ ɉɄɊ (ɬɚɛɥ. 11) ɧɚɨɛɨɪɨɬ ɫɧɢɠɟɧɚ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɨɧɬɪɨɥɹ ɧɚ 50%. ɋɈȾ ɜ ɩɥɚɡɦɟ ɤɪɨɜɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɨɫɨɛɨɣ 

ɷɤɫɬɪɚɰɟɥɸɥɹɪɧɨɣ ɮɨɪɦɨɣ (ɷɋɈȾ), ɤɨɬɨɪɚɹ ɫɢɧɬɟɡɢɪɭɟɬɫɹ ɢ ɜɵɞɟɥɹɟɬɫɹ 

ɤɥɟɬɤɚɦɢ ɷɧɞɨɬɟɥɢɹ ɫɨɫɭɞɨɜ [54]. ɗɤɫɬɪɚɰɟɥɥɸɥɹɪɧɚɹ ɋɈȾ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɬɟɬɪɚɦɟɪ, ɫɨɫɬɨɹɳɢɣ ɢɡ ɞɜɭɯ ɞɢɦɟɪɨɜ, ɫɨɟɞɢɧɟɧɧɵɯ ɞɢɫɭɥɶɮɢɞɧɵɦɢ 

ɦɨɫɬɢɤɚɦɢ. Ʉɚɠɞɚɹ ɫɭɛɴɟɞɢɧɢɰɚ ɫɨɞɟɪɠɢɬ ɩɨ ɨɞɧɨɦɭ ɚɬɨɦɭ ɦɟɞɢ ɢ ɰɢɧɤɚ, 

ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ. Ɏɟɪɦɟɧɬ ɩɪɟɞɫɬɚɜɥɟɧ ɬɪɟɦɹ 
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ɮɪɚɤɰɢɹɦɢ Ⱥ, B ɢ ɋ, ɪɚɡɥɢɱɚɸɳɢɦɢɫɹ ɫɪɨɞɫɬɜɨɦ ɤ ɝɟɩɚɪɢɧɭ, ɝɟɩɚɪɚɧɫɭɥɶɮɚɬɭ 

ɢ ɤɨɥɥɚɝɟɧɭ 1 ɬɢɩɚ. ɇɚɢɛɨɥɶɲɟɣ ɚɮɮɢɧɧɨɫɬɶɸ ɤ ɷɤɫɬɪɚɰɟɥɥɸɥɹɪɧɨɦɭ 

ɦɚɬɪɢɤɫɭ ɨɛɥɚɞɚɟɬ ɮɪɚɤɰɢɹ ɋ, ɜ ɫɜɹɡɢ ɫ ɷɬɢɦ ɜ ɤɪɨɜɢ ɩɪɢɫɭɬɫɬɜɭɟɬ ɜ ɨɫɧɨɜɧɨɦ 

ɮɪɚɤɰɢɹ Ⱥ ɢ ɨɬɱɚɫɬɢ ȼ [55]. Ɏɨɪɦɚ, ɧɟ ɫɜɹɡɚɧɧɚɹ ɫ ɜɧɟɤɥɟɬɨɱɧɵɦ ɦɚɬɪɢɤɫɨɦ 

ɫɨɫɬɚɜɥɹɟɬ ɜɫɟɝɨ 10% ɨɬ ɨɛɳɟɝɨ ɤɨɥɢɱɟɫɬɜɚ ɮɟɪɦɟɧɬɚ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɨ 

ɢɡɦɟɧɟɧɢɸ ɚɤɬɢɜɧɨɫɬɢ ɞɚɧɧɨɝɨ ɮɟɪɦɟɧɬɚ ɜ ɩɥɚɡɦɟ ɤɪɨɜɢ ɬɪɭɞɧɨ ɫɭɞɢɬɶ ɨ 

ɜɟɥɢɱɢɧɟ ɟɝɨ ɫɢɧɬɟɡɚ. Ɇɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɫɧɢɠɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɋɈȾ ɜ 

ɩɥɚɡɦɟ ɩɪɨɢɫɯɨɞɢɬ ɤɚɤ ɡɚ ɫɱɟɬ ɫɧɢɠɟɧɢɹ ɞɨɥɢ ɫɜɨɛɨɞɧɨɣ ɮɨɪɦɵ, ɬɚɤ ɢ ɡɚ ɫɱɟɬ 

ɭɫɢɥɟɧɧɨɣ ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɦɨɞɢɮɢɤɚɰɢɟɣ ɮɟɪɦɟɧɬɚ ȺɎɄ. 

ȼ ɨɬɥɢɱɢɟ ɨɬ ɋɈȾ, ɚɤɬɢɜɧɨɫɬɶ ɤɚɬɚɥɚɡɵ ɫɭɳɟɫɬɜɟɧɧɨ ɩɨɜɵɲɟɧɚ ɭ 

ɛɨɥɶɧɵɯ ɉɄɊ ɧɚ 208% ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɨɧɬɪɨɥɶɧɨɣ ɜɟɥɢɱɢɧɵ (ɬɚɛɥ. 11). 

ɉɨɫɤɨɥɶɤɭ ɤɚɬɚɥɚɡɚ ɫɨɛɫɬɜɟɧɧɨɣ ɜɧɟɤɥɟɬɨɱɧɨɣ ɮɨɪɦɵ ɧɟ ɢɦɟɟɬ, ɩɨɜɵɲɟɧɧɚɹ 

ɚɤɬɢɜɧɨɫɬɶ ɞɚɧɧɨɝɨ ɮɟɪɦɟɧɬɚ ɜ ɩɥɚɡɦɟ ɤɪɨɜɢ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɨɛɭɫɥɨɜɥɟɧɚ 

ɜɵɲɟɞɲɟɣ ɢɡ ɤɥɟɬɨɤ ɜ ɪɟɡɭɥɶɬɚɬɟ ɢɯ ɩɨɜɪɟɠɞɟɧɢɹ ɢɥɢ ɪɚɡɪɭɲɟɧɢɹ ɤɚɬɚɥɚɡɨɣ. 

ɋɨɯɪɚɧɹɹ ɫɜɨɸ ɚɤɬɢɜɧɨɫɬɶ, ɤɚɬɚɥɚɡɚ ɦɨɠɟɬ ɜ ɢɡɜɟɫɬɧɨɣ ɫɬɟɩɟɧɢ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ 

ɤɨɦɩɟɧɫɚɰɢɢ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɫɬɪɟɫɫɚ ɜ ɩɥɚɡɦɟ ɤɪɨɜɢ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɩɥɚɡɦɟ ɤɪɨɜɢ ɭ ɛɨɥɶɧɵɯ ɉɄɊ ɞɨ ɩɪɨɜɟɞɟɧɢɹ ɨɩɟɪɚɰɢɢ 

ɢɧɬɟɧɫɢɜɧɨ ɩɪɨɬɟɤɚɸɬ ɩɪɨɰɟɫɫɵ ɩɟɪɟɤɢɫɧɨɝɨ ɨɤɢɫɥɟɧɢɹ ɥɢɩɢɞɨɜ, ɧɟ ɫɦɨɬɪɹ ɧɚ 

ɩɨɜɵɲɟɧɧɭɸ ɚɤɬɢɜɧɨɫɬɶ ɰɟɪɭɥɨɩɥɚɡɦɢɧɚ ɢ ɤɚɬɚɥɚɡɵ. ɉɨ-ɜɢɞɢɦɨɦɭ, ɨɫɧɨɜɧɨɣ 

ɜɤɥɚɞ ɜ ɪɚɡɜɢɬɢɟ ɩɪɨɰɟɫɫɨɜ ɉɈɅ, ɨɫɨɛɟɧɧɨ ɭɜɟɥɢɱɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɜɬɨɪɢɱɧɵɯ 

ɩɪɨɞɭɤɬɨɜ (ɆȾȺ) ɜɧɨɫɢɬ ɝɢɞɪɨɤɫɢɥɶɧɵɣ ɪɚɞɢɤɚɥ, ɢɡɛɵɬɨɱɧɨɟ ɨɛɪɚɡɨɜɚɧɢɟ 

ɤɨɬɨɪɨɝɨ ɦɨɠɧɨ ɩɪɟɞɩɨɥɚɝɚɬɶ ɜ ɪɟɚɤɰɢɹɯ ɧɟɮɟɪɦɟɧɬɚɬɢɜɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 

ɫɭɩɟɪɨɤɫɢɞɧɨɝɨ ɚɧɢɨɧ-ɪɚɞɢɤɚɥɚ ɢ ɩɟɪɨɤɫɢɞɚ ɜɨɞɨɪɨɞɚ ɫ ɢɨɧɚɦɢ ɠɟɥɟɡɚ ɜ ɞɜɭɯ- 

ɢ ɬɪɟɯɜɚɥɟɧɬɧɨɦ ɫɨɫɬɨɹɧɢɹɯ. 

 

3.4 Ɉɰɟɧɤɚ ɫɜɨɛɨɞɧɨ-ɪɚɞɢɤɚɥɶɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜ ɩɥɚɡɦɟ ɤɪɨɜɢ ɛɨɥɶɧɵɯ 
ɪɚɤɨɦ ɩɨɱɤɢ ɞɨ ɢ ɩɨɫɥɟ ɥɟɱɟɧɢɹ 

Ɋɟɡɭɥɶɬɚɬɵ ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɩɪɨɨɤɫɢɞɚɧɬɧɨɣ ɢ ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ 

ɫɢɫɬɟɦ ɜ ɷɪɢɬɪɨɰɢɬɚɯ ɛɨɥɶɧɵɯ ɩɨɱɟɱɧɨ-ɤɥɟɬɨɱɧɵɦ ɪɚɤɨɦ ɞɨ ɢ ɩɨɫɥɟ 

ɨɩɟɪɚɬɢɜɧɨɝɨ ɜɦɟɲɚɬɟɥɶɫɬɜɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 12 ɢ 13. 
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ɋɨɝɥɚɫɧɨ ɞɚɧɧɵɦ, ɩɪɢɜɟɞɟɧɧɵɦ ɜ ɬɚɛɥ.12, ɜ ɩɥɚɡɦɟ  ɤɪɨɜɢ ɩɚɰɢɟɧɬɨɜ ɫ 

ɉɄɊ ɩɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɨɩɟɪɚɰɢɢ ɭɪɨɜɟɧɶ ɩɪɨɞɭɤɬɨɜ ɩɟɪɟɤɢɫɧɨɝɨ ɨɤɢɫɥɟɧɢɹ 

ɥɢɩɢɞɨɜ ɞɨɫɬɨɜɟɪɧɨ ɩɨɜɵɲɟɧ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɨɤɚɡɚɬɟɥɟɣ ɞɨ ɨɩɟɪɚɬɢɜɧɨɝɨ 

ɜɦɟɲɚɬɟɥɶɫɬɜɚ. ɋɨɞɟɪɠɚɧɢɟ ȾɄ ɩɨɜɵɲɟɧɨ ɧɚ 78%, ɆȾȺ – ɧɚ 49%. 

Ɍɚɛɥɢɰɚ  12 – ɋɨɞɟɪɠɚɧɢɟ ɩɪɨɞɭɤɬɨɜ ɩɟɪɟɤɢɫɧɨɝɨ ɨɤɢɫɥɟɧɢɹ ɥɢɩɢɞɨɜ ɜ 

ɩɥɚɡɦɟ ɤɪɨɜɢ ɛɨɥɶɧɵɯ ɪɚɤɨɦ ɩɨɱɤɢ ɞɨ ɢ ɩɨɫɥɟ ɥɟɱɟɧɢɹ 

 

ɂɫɫɥɟɞɭɟɦɵɟ 

ɩɨɤɚɡɚɬɟɥɢ 

Ⱦɨ ɨɩɟɪɚɰɢɢ 

(n = 50) 

ɉɨɫɥɟ ɨɩɟɪɚɰɢɢ, 

(n = 50) 

Meɞɢɚɧɚ, 25-75 ‰ Meɞɢɚɧɚ, 25-75 ‰ 

ȾɄ, ɦɤɦɨɥɶ/ɥ 0,70 

0,58 – 1,28 

1,25*/** 

0,83 – 2,05 

ɆȾȺ, ɦɤɦɨɥɶ/ɥ 2,96 

2,09 – 3,79 

4.42*/** 

3,88 – 5,45 

ɉɪɢɦɟɱɚɧɢɟ: ɜ ɷɬɨɣ ɬɚɛɥɢɰɟ ɢ ɬɚɛɥɢɰɟ 13 ** – ɞɨɫɬɨɜɟɪɧɨ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɭ ɛɨɥɶɧɵɯ ɞɨ ɩɪɨɜɟɞɟɧɧɨɣ ɨɩɟɪɚɰɢɢ (ɪ < 0,05). 

Ɏɟɪɪɨɤɫɢɞɚɡɧɚɹ ɚɤɬɢɜɧɨɫɬɶ ɰɟɪɭɥɨɩɥɚɡɦɢɧɚ ɩɨɫɥɟ ɩɪɨɜɟɞɟɧɧɨɣ 

ɨɩɟɪɚɰɢɢ ɭɜɟɥɢɱɟɧɚ ɧɚ 74% ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɨɨɩɟɪɚɰɢɨɧɧɨɣ ɜɟɥɢɱɢɧɵ. 

Ⱥɤɬɢɜɧɨɫɬɶ ɜɧɟɤɥɟɬɨɱɧɨɣ ɋɈȾ ɢ ɤɚɬɚɥɚɡɵ ɫɧɢɠɟɧɚ ɧɚ 27% ɢ 34% 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɜɟɥɢɱɢɧɚɦɢ ɞɨ ɨɩɟɪɚɰɢɢ (ɬɚɛɥ. 13).   

 

Ɍɚɛɥɢɰɚ 13 – Ⱥɤɬɢɜɧɨɫɬɶ ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ ɫɢɫɬɟɦɵ ɩɥɚɡɦɵ ɤɪɨɜɢ 

ɛɨɥɶɧɵɯ ɪɚɤɨɦ ɩɨɱɤɢ ɞɨ ɨɩɟɪɚɰɢɢ ɢ ɩɨɫɥɟ ɧɟɮɪɷɤɬɨɦɢɢ 

ɂɫɫɥɟɞɭɟɦɵɟ 

ɩɨɤɚɡɚɬɟɥɢ 

Ⱦɨ ɨɩɟɪɚɰɢɢ 

(n = 50) 

ɉɨɫɥɟ ɨɩɟɪɚɰɢɢ, 

(n = 50) 

Meɞɢɚɧɚ, 25-

75 ‰ 

Meɞɢɚɧɚ, 25-

75 ‰ 

ɐɟɪɭɥɨɩɥɚɡɦɢɧ, 

ɦɝ/ɥ 

275* 

260 – 315 

480*/** 

Ɂ64 – 507 

ɷɋOȾ, ɟɞ/ɦɢɧ*ɥ 281* 206*/** 
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188 – 294 164 – 280 

Ʉɚɬɚɥɚɡɚ, 

ɦɤɦɨɥɶ/ɦɢɧ/ɥ 

610* 

503 – 718 

404*/** 

Ɂ94 – 477 

 

ȼ ɰɟɥɨɦ, ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɢɧɚɦɢɤɚ ɩɨɤɚɡɚɬɟɥɟɣ ȾɄ ɜ ɷɪɢɬɪɨɰɢɬɚɯ ɢ 

ɩɥɚɡɦɟ ɩɪɚɤɬɢɱɟɫɤɢ ɨɞɢɧɚɤɨɜɚ – ɩɨɜɵɲɟɧɧɵɣ ɭɪɨɜɟɧɶ ɞɢɟɧɨɜɵɯ ɤɨɧɴɸɝɚɬɨɜ 

ɨɬɦɟɱɚɟɬɫɹ ɭ ɛɨɥɶɧɵɯ ɉɄɊ, ɤɚɤ ɞɨ, ɬɚɤ ɢ ɩɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɧɟɮɪɷɤɬɨɦɢɢ ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫ ɤɨɧɬɪɨɥɟɦ. ɇɚɩɪɨɬɢɜ, ɢɡɦɟɧɟɧɢɹ ɩɨɤɚɡɚɬɟɥɟɣ ɆȾȺ ɜ ɷɪɢɬɪɨɰɢɬɚɯ  

ɢ ɩɥɚɡɦɟ ɤɪɨɜɢ ɢɦɟɸɬ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɣ ɯɚɪɚɤɬɟɪ – ɜ ɷɪɢɬɪɨɰɢɬɚɯ ɭɪɨɜɟɧɶ 

ɆȾȺ ɫɧɢɠɟɧ ɞɨ ɢ ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɟɧ ɩɨɫɥɟ ɨɩɟɪɚɰɢɢ, ɜ ɩɥɚɡɦɟ ɤɪɨɜɢ ɤɚɤ 

ɞɨ, ɬɚɤ ɢ ɩɨɫɥɟ ɨɩɟɪɚɬɢɜɧɨɝɨ ɜɦɟɲɚɬɟɥɶɫɬɜɚ ɨɬɦɟɱɚɟɬɫɹ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɆȾȺ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɨɧɬɪɨɥɹ. Ɍɚɤɚɹ ɪɚɡɧɢɰɚ ɦɟɠɞɭ ɷɪɢɬɪɨɰɢɬɚɦɢ ɢ ɩɥɚɡɦɨɣ ɤɪɨɜɢ ɜ 

ɭɪɨɜɧɟ ɦɚɥɨɧɨɜɨɝɨ ɞɢɚɥɶɞɟɝɢɞɚ ɦɨɠɟɬ ɛɵɬɶ ɫɥɟɞɫɬɜɢɟɦ ɟɝɨ ɩɨɫɬɭɩɥɟɧɢɹ ɜ 

ɩɥɚɡɦɭ ɤɪɨɜɢ ɢɡ ɩɨɜɪɟɠɞɟɧɧɵɯ ɢ ɪɚɡɪɭɲɟɧɧɵɯ ɜɫɥɟɞɫɬɜɢɟ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ 

ɫɬɪɟɫɫɚ ɷɪɢɬɪɨɰɢɬɨɜ, ɚ ɬɚɤɠɟ ɢɡ ɞɪɭɝɢɯ ɬɤɚɧɟɣ, ɩɨɫɤɨɥɶɤɭ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɆȾȺ 

ɫɩɨɫɨɛɟɧ ɩɪɨɯɨɞɢɬɶ ɱɟɪɟɡ ɩɥɚɡɦɚɬɢɱɟɫɤɢɟ ɦɟɦɛɪɚɧɵ [51].  

ɇɚɦɢ ɛɵɥ ɪɚɫɫɱɢɬɚɧ ɤɨɷɮɮɢɰɢɟɧɬ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɫɬɪɟɫɫɚ (ɄɈɋ) –

ɨɬɧɨɲɟɧɢɟ ɜɫɟɯ ɩɪɨɨɤɫɢɞɚɧɬɨɜ ɤ ɚɧɬɢɨɤɫɢɞɚɧɬɚɦ. ɄɈɋ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ (ɞɥɹ ɷɪɢɬɪɨɰɢɬɨɜ ɢ ɩɥɚɡɦɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ): 

 

   ɝɞɟ,   

ɨ – ɨɛɨɡɧɚɱɚɟɬɫɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɩɨɤɚɡɚɬɟɥɶ ɩɪɨ- ɢ ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ 

ɫɢɫɬɟɦɵ ɭ ɨɛɫɥɟɞɭɟɦɵɯ ɩɚɰɢɟɧɬɨɜ, ɤ – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɭ ɤɨɧɬɪɨɥɶɧɨɣ ɝɪɭɩɩɵ; 

ɄɈɋ = 1 – ɛɚɥɚɧɫ ɦɟɠɞɭ ɩɪɨ- ɢ ɚɧɬɢɨɤɫɢɞɚɧɬɚɦɢ; ɄɈɋ >1 – ɪɚɡɜɢɬɢɟ 

ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɫɬɪɟɫɫɚ, ɞɢɫɛɚɥɚɧɫ ɢɡ-ɡɚ ɩɪɟɜɚɥɢɪɨɜɚɧɢɹ ɩɪɨɨɤɫɢɞɚɧɬɧɵɯ 

ɩɪɨɰɟɫɫɨɜ; ɄɈɋ <1 – ɩɪɟɜɚɥɢɪɨɜɚɧɢɟ ɚɧɬɢɨɤɫɢɞɚɧɬɨɜ ɧɚɞ ɩɪɨɨɤɫɢɞɚɧɬɚɦɢ. 
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ȼ ɯɨɞɟ ɩɪɨɞɟɥɚɧɧɨɣ ɪɚɛɨɬɵ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɭ ɛɨɥɶɧɵɯ ɪɚɤɨɦ ɩɨɱɤɢ 

ɤɨɷɮɮɢɰɢɟɧɬ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɫɬɪɟɫɫɚ  ɜ ɩɥɚɡɦɟ ɢ ɷɪɢɬɪɨɰɢɬɚɯ ɤɪɨɜɢ ɞɨ ɥɟɱɟɧɢɹ 

ɢɦɟɸɬ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɣ ɯɚɪɚɤɬɟɪ. ȿɫɥɢ ɜ ɩɥɚɡɦɟ ɦɵ ɧɚɛɥɸɞɚɟɦ ɫɦɟɳɟɧɢɟ 

ɤɨɷɮɮɢɰɢɟɧɬɚ ɜ 2,7 ɪɚɡ ɜ ɫɬɨɪɨɧɭ ɩɪɨɨɤɫɢɞɚɧɬɨɜ, ɬɨ ɜ ɷɪɢɬɪɨɰɢɬɚɯ ɷɬɨɬ 

ɩɨɤɚɡɚɬɟɥɶ ɫɦɟɳɚɟɬɫɹ ɞɨ 0,4 ɜ ɫɬɨɪɨɧɭ ɚɧɬɢɨɤɫɢɞɚɧɬɨɜ. ɂɫɯɨɞɹ ɢɡ ɩɨɥɭɱɟɧɧɵɯ 

ɞɚɧɧɵɯ, ɦɵ ɜɢɞɢɦ, ɱɬɨ ɜ ɷɪɢɬɪɨɰɢɬɚɯ ɛɨɥɶɧɵɯ ɞɨ ɥɟɱɟɧɢɹ  ɧɚɛɥɸɞɚɟɬɫɹ 

ɡɧɚɱɢɬɟɥɶɧɨɟ ɩɪɟɜɚɥɢɪɨɜɚɧɢɟ ɚɧɬɢɨɤɫɢɞɚɧɬɨɜ ɡɚ ɫɱɟɬ ɭɜɟɥɢɱɟɧɢɹ ɚɤɬɢɜɧɨɫɬɢ 

ɋɈȾ, ȽɋɌ ɢ ɤɚɬɚɥɚɡɵ. ȼ ɬɨɠɟ ɜɪɟɦɹ ɜ ɩɥɚɡɦɟ ɚɤɬɢɜɧɨɫɬɶ ɩɪɨɨɤɫɢɞɚɧɬɨɜ 

ɝɨɪɚɡɞɨ ɜɵɲɟ, ɚ ɭɪɨɜɟɧɶ ɨɤɫɢɞɚɧɬɨɜ (ɜ ɱɚɫɬɧɨɫɬɢ ɋɈȾ) ɡɧɚɱɢɬɟɥɶɧɨ ɩɚɞɚɟɬ. 

ɉɪɢ ɷɬɨɦ ɩɨɫɥɟ ɧɟɮɪɷɤɬɨɦɢɢ ɱɬɨ ɜ ɷɪɢɬɪɨɰɢɬɚɯ, ɱɬɨ ɜ ɩɥɚɡɦɟ  

ɧɚɛɥɸɞɚɟɬɫɹ ɫɢɥɶɧɨɟ ɫɦɟɳɟɧɢɟ ɄɈɋ ɜ ɫɬɨɪɨɧɭ ɩɪɨɨɤɫɢɞɚɧɬɨɜ (4,88 ɢ 8,4 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ). ɗɬɨ ɝɨɜɨɪɢɬ ɨ ɬɨɦ, ɱɬɨ ɜ ɨɪɝɚɧɢɡɦɟ  ɜ ɩɨɫɥɟɨɩɟɪɚɰɢɨɧɧɵɣ 

ɩɟɪɢɨɞ ɭɫɢɥɢɜɚɟɬɫɹ ɜɵɪɚɛɨɬɤɚ ɩɪɨɨɤɫɢɞɚɧɬɨɜ ɢ ɩɪɨɢɫɯɨɞɢɬ ɫɧɢɠɟɧɢɟ 

ɚɤɬɢɜɧɨɫɬɢ ɮɟɪɦɟɧɬɨɜ ɢ ɭɪɨɜɧɹ ɚɧɬɢɨɤɫɢɞɚɧɬɨɜ ɤɚɤ ɜ ɩɥɚɡɦɟ ɤɪɨɜɢ ɬɚɤ ɢ ɜ 

ɷɪɢɬɪɨɰɢɬɚɯ. 
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ɁȺɄɅɘɑȿɇɂȿ 

 

 

1. ȼ ɷɪɢɬɪɨɰɢɬɚɯ ɢ ɩɥɚɡɦɟ ɤɪɨɜɢ ɛɨɥɶɧɵɯ ɩɨɱɟɱɧɨ-ɤɥɟɬɨɱɧɵɦ ɪɚɤɨɦ 

ɤɚɤ ɞɨ ɨɩɟɪɚɰɢɢ, ɬɚɤ ɢ ɩɨɫɥɟ ɧɟɮɪɷɤɬɨɦɢɢ ɢɧɬɟɧɫɢɜɧɨ ɩɪɨɬɟɤɚɸɬ ɩɪɨɰɟɫɫɵ 

ɩɟɪɟɤɢɫɧɨɝɨ ɨɤɢɫɥɟɧɢɹ ɥɢɩɢɞɨɜ.  

2. ȼ ɷɪɢɬɪɨɰɢɬɚɯ ɩɪɟɜɚɥɢɪɭɸɳɢɦ ɩɪɨɞɭɤɬɨɦ ɉɈɅ ɫɥɭɠɚɬ ɞɢɟɧɨɜɵɟ 

ɤɨɧɴɸɝɚɬɵ, ɜ ɩɥɚɡɦɟ ɤɪɨɜɢ – ɦɚɥɨɧɨɜɵɣ ɞɢɚɥɶɞɟɝɢɞ. 

3. Ⱦɢɫɛɚɥɚɧɫ ɩɪɨɨɤɫɢɞɚɧɬɧɨɣ ɢ ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ ɫɢɫɬɟɦɵ ɭ ɛɨɥɶɧɵɯ 

ɩɨɱɟɱɧɨ-ɤɥɟɬɨɱɧɵɦ ɪɚɤɨɦ ɨɛɭɫɥɨɜɥɟɧ, ɤɚɤ ɝɢɩɟɪɩɪɨɞɭɤɰɢɟɣ ɚɤɬɢɜɧɵɯ ɮɨɪɦ 

ɤɢɫɥɨɪɨɞɚ, ɬɚɤ ɢ ɧɟɞɨɫɬɚɬɨɱɧɨ ɷɮɮɟɤɬɢɜɧɵɦ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟɦ 

ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ ɫɢɫɬɟɦɵ.  
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