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ȼȼȿȾȿɇɂȿ 

 

ɀɟɥɟɡɨ ɹɜɥɹɟɬɫɹ ɜɚɠɧɵɦ ɷɥɟɦɟɧɬɨɦ ɜ ɨɪɝɚɧɢɡɦɟ ɱɟɥɨɜɟɤɚ, ɨɧɨ 

ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɪɹɞɚ ɮɭɧɤɰɢɣ: ɜɯɨɞɢɬ ɜ ɫɨɫɬɚɜ ɛɟɥɤɨɜ 

(ɝɟɦɨɝɥɨɛɢɧ, ɦɢɨɝɥɨɛɢɧ, ɢ ɞɪ.), ɭɱɚɫɬɜɭɟɬ ɜ ɩɪɨɰɟɫɫɚɯ ɷɧɟɪɝɨɨɛɦɟɧɚ. ɀɟɥɟɡɨ 

ɚɤɬɢɜɢɡɢɪɭɟɬ ɩɪɨɰɟɫɫ ɮɚɝɨɰɢɬɨɡɚ, ɬɟɦ ɫɚɦɵɦ ɡɚɳɢɳɚɹ ɨɪɝɚɧɢɡɦ ɨɬ 

ɛɨɥɟɡɧɟɬɜɨɪɧɵɯ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ. 

Ʉɨɧɰɟɧɬɪɚɰɢɹ ɠɟɥɟɡɚ ɜ ɨɪɝɚɧɢɡɦɟ ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɧɚ ɩɨɫɬɨɹɧɧɨɦ ɭɪɨɜɧɟ. 

Ɉɬɤɥɨɧɟɧɢɟ ɨɬ ɞɚɧɧɨɝɨ ɩɨɤɚɡɚɬɟɥɹ ɩɪɢɜɨɞɢɬ ɤ ɪɚɡɜɢɬɢɸ ɪɚɡɥɢɱɧɵɯ 

ɩɚɬɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ.  

Ȼɨɥɶɲɨɟ ɡɧɚɱɟɧɢɟ ɜ ɦɟɬɚɛɨɥɢɡɦɟ ɠɟɥɟɡɚ ɢɦɟɟɬ ɰɟɪɭɥɨɩɥɚɡɦɢɧ. Ɉɛɥɚɞɚɹ 

ɮɟɪɨɨɤɫɢɞɚɡɧɨɣ ɚɤɬɢɜɧɨɫɬɶɸ, ɨɧ ɨɤɢɫɥɹɟɬ ɠɟɥɟɡɨ ɞɨ 3-ɯ ɜɚɥɟɧɬɧɨɝɨ ɫɨɫɬɨɹɧɢɹ, 

ɬɟɦ ɫɚɦɵɦ ɩɟɪɟɜɨɞɹ ɠɟɥɟɡɨ ɜ ɞɨɫɬɭɩɧɭɸ ɞɥɹ ɛɟɥɤɨɜ (ɮɟɪɪɢɬɢɧɚ, 

ɬɪɚɧɫɮɟɪɪɢɧɚ) ɮɨɪɦɭ. Ȼɥɚɝɨɞɚɪɹ ɷɬɨɦɭ ɠɟɥɟɡɨ ɧɟ ɜɨɜɥɟɤɚɟɬɫɹ ɜ ɩɪɨɰɟɫɫɵ 

ɩɟɪɟɤɢɫɧɨɝɨ ɨɤɢɫɥɟɧɢɹ ɥɢɩɢɞɨɜ, ɢ ɭɪɨɜɟɧɶ ȺɎɄ ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɜ ɧɨɪɦɚɥɶɧɨɦ 

ɫɨɫɬɨɹɧɢɢ. 

ȼ ɫɜɹɡɢ ɫɨ ɜɫɟɦ ɜɵɲɟɫɤɚɡɚɧɧɵɦ ɢɡɭɱɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɠɟɥɟɡɚ ɢ 

ɰɟɪɭɥɨɩɥɚɡɦɢɧɚ ɜ ɩɥɚɡɦɟ ɤɪɨɜɢ ɩɪɢ ɩɚɬɨɥɨɝɢɱɟɫɤɢɯ ɫɨɫɬɨɹɧɢɹɯ ɹɜɥɹɟɬɫɹ 

ɚɤɬɭɚɥɶɧɵɦ. 

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɢɥɨɫɶ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɠɟɥɟɡɚ ɢ 

ɰɟɪɭɥɨɩɥɚɡɦɢɧɚ ɭ ɡɞɨɪɨɜɵɯ ɥɸɞɟɣ ɢ ɩɪɢ ɬɚɤɢɯ ɩɚɬɨɥɨɝɢɹɯ, ɤɚɤ ɪɚɤ ɠɟɥɭɞɤɚ ɢ 

ɞɢɮɮɭɡɧɨ ɬɨɤɫɢɱɟɫɤɢɣ ɡɨɛ (ȾɌɁ). 

ɂɫɯɨɞɹ ɢɡ ɰɟɥɢ, ɛɵɥɢ ɩɨɫɬɚɜɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

1. ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɭɪɨɜɟɧɶ ɩɥɚɡɦɟɧɧɨɝɨ ɠɟɥɟɡɚ ɢ ɰɟɪɭɥɨɩɥɚɡɦɢɧɚ ɭ 

ɡɞɨɪɨɜɵɯ ɥɸɞɟɣ 

2. ɂɫɫɥɟɞɨɜɚɬɶ ɫɨɞɟɪɠɚɧɢɟ ɠɟɥɟɡɚ ɜ ɩɥɚɡɦɟ ɤɪɨɜɢ ɭ ɛɨɥɶɧɵɯ ȾɌɁ ɢ ɪɚɤɨɦ 

ɠɟɥɭɞɤɚ 

3. ɂɫɫɥɟɞɨɜɚɬɶ ɭɪɨɜɟɧɶ ɰɟɪɭɥɨɩɥɚɡɦɢɧɚ ɜ ɩɥɚɡɦɟ ɤɪɨɜɢ ɭ ɛɨɥɶɧɵɯ ȾɌɁ ɢ 

ɪɚɤɨɦ ɠɟɥɭɞɤɚ. 
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Ⱦɚɧɧɚɹ ɪɚɛɨɬɚ ɹɜɥɹɟɬɫɹ ɱɚɫɬɶɸ ɤɨɦɩɥɟɤɫɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɢɡɭɱɟɧɢɸ 

ɦɟɯɚɧɢɡɦɨɜ ɪɚɡɜɢɬɢɹ ɨɤɫɢɞɚɬɢɜɧɨɝɨ ɫɬɪɟɫɫɚ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɩɚɬɨɥɨɝɢɹɯ. Ɋɚɛɨɬɚ 

ɜɵɩɨɥɧɟɧɚ ɧɚ ɛɚɡɟ ɤɚɮɟɞɪɵ ɦɟɞɢɰɢɧɫɤɨɣ ɛɢɨɥɨɝɢɢ ɂɧɫɬɢɬɭɬɚ 

ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɛɢɨɥɨɝɢɢ ɢ ɛɢɨɬɟɯɧɨɥɨɝɢɢ ɋɢɛɢɪɫɤɨɝɨ ɮɟɞɟɪɚɥɶɧɨɝɨ 

ɭɧɢɜɟɪɫɢɬɟɬɚ, ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫ ɥɚɛɨɪɚɬɨɪɢɟɣ ɤɥɢɧɢɱɟɫɤɨɣ 

ɩɚɬɨɮɢɡɢɨɥɨɝɢɢ ɢ ɚɥɥɟɪɝɨɥɨɝɢɢ, ɥɚɛɨɪɚɬɨɪɢɟɣ ɦɨɥɟɤɭɥɹɪɧɨ-ɤɥɟɬɨɱɧɨɣ 

ɮɢɡɢɨɥɨɝɢɢ ɢ ɩɚɬɨɥɨɝɢɢ Ʉɪɚɫɧɨɹɪɫɤɨɝɨ ɧɚɭɱɧɨɝɨ ɰɟɧɬɪɚ ɋɈ ɊȺɇ «ɇɂɂ 

ɦɟɞɢɰɢɧɫɤɢɯ ɩɪɨɛɥɟɦ ɋɟɜɟɪɚ». 
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1 Ɉɛɡɨɪ ɥɢɬɟɪɚɬɭɪɵ 

1.1 ɋɨɞɟɪɠɚɧɢɟ ɢ ɮɨɪɦɵ ɠɟɥɟɡɚ ɜ ɨɪɝɚɧɢɡɦɟ 

 

ɀɟɥɟɡɨ ɜ ɨɪɝɚɧɢɡɦɟ ɱɟɥɨɜɟɤ ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɜɢɞɟ ɤɥɟɬɨɱɧɨɝɨ, 

ɜɧɟɤɥɟɬɨɱɧɨɝɨ ɠɟɥɟɡɚ, ɢ ɠɟɥɟɡɚ ɡɚɩɚɫɨɜ. ȼ ɧɨɪɦɟ ɫɪɟɞɧɟɟ ɤɨɥɢɱɟɫɬɜɨ ɠɟɥɟɡɚ ɜ 

ɨɪɝɚɧɢɡɦɟ ɫɨɫɬɚɜɥɹɟɬ 4 – 4,5 ɝ. 

Ʉɥɟɬɨɱɧɨɟ ɠɟɥɟɡɨ. ɀɟɥɟɡɨ, ɜɯɨɞɹɳɟɟ ɜ ɫɨɫɬɚɜ ɧɟɤɨɬɨɪɵɯ ɛɟɥɤɨɜ ɬɚɤɢɯ 

ɤɚɤ ɝɟɦɨɝɥɨɛɢɧ ɢ ɦɢɨɝɥɨɛɢɧ. ɋɨɫɬɚɜɥɹɟɬ ɡɧɚɱɢɬɟɥɶɧɭɸ ɱɚɫɬɶ ɨɬ ɨɛɳɟɝɨ 

ɤɨɥɢɱɟɫɬɜɚ ɠɟɥɟɡɚ ɜ ɨɪɝɚɧɢɡɦɟ, ɭɱɚɫɬɜɭɟɬ ɜɨ ɜɧɭɬɪɟɧɧɟɦ ɨɛɦɟɧɟ ɠɟɥɟɡɚ.  

ȼɧɟɤɥɟɬɨɱɧɨɟ ɠɟɥɟɡɨ. ɗɬɨ ɫɜɨɛɨɞɧɨɟ ɠɟɥɟɡɨ ɩɥɚɡɦɵ ɤɪɨɜɢ, ɚ ɬɚɤɠɟ 

ɪɚɡɥɢɱɧɵɟ ɫɵɜɨɪɨɬɨɱɧɵɟ ɛɟɥɤɢ, ɨɛɥɚɞɚɸɳɢɟ ɫɩɨɫɨɛɧɨɫɬɶɸ ɫɜɹɡɵɜɚɬɶ ɢ 

ɬɪɚɧɫɩɨɪɬɢɪɨɜɚɬɶ ɠɟɥɟɡɨ ɩɨ ɨɪɝɚɧɢɡɦɭ. ɇɚɩɪɢɦɟɪ, ɬɪɚɧɫɮɟɪɪɢɧ, ɥɚɤɬɨɮɟɪɪɢɧ.   

ɀɟɥɟɡɨ ɡɚɩɚɫɨɜ. ȼ ɨɪɝɚɧɢɡɦɟ ɩɪɟɞɫɬɚɜɥɟɧɨ ɞɜɭɦɹ ɛɟɥɤɚɦɢ – ɮɟɪɪɢɬɢɧɨɦ 

ɢ ɝɟɦɨɫɢɞɟɪɢɧɨɦ. Ⱦɚɧɧɨɟ ɠɟɥɟɡɨ ɜɤɥɸɱɚɟɬɫɹ ɜ ɨɛɦɟɧɧɵɟ ɩɪɨɰɟɫɫɵ ɩɪɢ 

ɧɟɞɨɫɬɚɬɨɱɧɨɫɬɢ ɤɥɟɬɨɱɧɨɝɨ ɠɟɥɟɡɚ. Ɉɫɧɨɜɧɵɦɢ ɦɟɫɬɚɦɢ ɞɟɩɨɧɢɪɨɜɚɧɢɹ 

ɹɜɥɹɸɬɫɹ: ɩɟɱɟɧɶ, ɫɟɥɟɡёɧɤɚ ɢ ɦɵɲɰɵ. 

ɀɟɥɟɡɨ ɩɨɫɬɭɩɚɟɬ ɜ ɨɪɝɚɧɢɡɦ ɫ ɩɢɳɟɣ. ȼ ɩɢɳɟɜɵɯ ɩɪɨɞɭɤɬɚɯ ɫɨɞɟɪɠɢɬɫɹ 

2 ɬɢɩɚ ɠɟɥɟɡɚ — ɝɟɦɨɜɨɟ (ɤɪɚɫɧɨɟ ɦɹɫɨ) ɢ ɧɟɝɟɦɨɜɨɟ ɢɥɢ ɢɨɧɢɡɢɪɨɜɚɧɧɨɟ 

(ɨɜɨɳɢ, ɮɪɭɤɬɵ, ɡɟɪɧɨɜɵɟ ɤɭɥɶɬɭɪɵ) 

Ƚɟɦɨɜɨɟ ɠɟɥɟɡɨ (ɤɥɟɬɨɱɧɨɟ): ɋɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 75% ɨɬ ɨɛɳɟɝɨ ɤɨɥɢɱɟɫɬɜɚ 

ɠɟɥɟɡɚ ɜ ɨɪɝɚɧɢɡɦɟ. ȼɫɚɫɵɜɚɧɢɟ ɝɟɦɨɜɨɝɨ ɠɟɥɟɡɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɛɵɫɬɪɟɟ 

ɢɨɧɧɨɝɨ. Ɉɧɨ ɩɨɩɚɞɚɟɬ ɜ ɠɟɥɭɞɨɤ ɜ ɤɨɦɩɥɟɤɫɟ ɫ ɩɨɪɮɢɪɢɧɨɦ ɜ ɝɟɦɨɝɥɨɛɢɧɟ ɢ 

ɦɢɨɝɥɨɛɢɧɟ. Ɍɚɤɨɣ ɤɨɦɩɥɟɤɫ «Fe + ɩɨɪɮɢɪɢɧ» ɜɫɚɫɵɜɚɟɬɫɹ ɧɟɪɚɫɳɟɩɥɟɧɧɵɦ ɢ 

ɪɚɫɳɟɩɥɹɟɬɫɹ ɥɢɲɶ ɜ ɤɥɟɬɤɚɯ ɷɩɢɬɟɥɢɹ. 

ɇɟɝɟɦɨɜɨɟ ɠɟɥɟɡɨ: ɉɪɟɞɫɬɚɜɥɟɧɨ ɫɜɨɛɨɞɧɵɦɢ ɢɨɧɚɦ ɠɟɥɟɡɚ ɜ 2-ɯ ɢ 3-ɯ 

ɜɚɥɟɧɬɧɨɣ ɮɨɪɦɟ. ȼɫɚɫɵɜɚɧɢɟ ɧɟɝɟɦɨɜɨɝɨ ɠɟɥɟɡɚ ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ ɨɪɝɚɧɢɡɦɨɦ 

ɤɨɧɤɪɟɬɧɨɝɨ ɱɟɥɨɜɟɤɚ: ɛɨɥɶɲɟ ɧɟɝɟɦɨɜɨɝɨ ɠɟɥɟɡɚ ɜɫɚɫɵɜɚɟɬɫɹ ɩɪɢ 

ɧɟɞɨɫɬɚɬɨɱɧɨɫɬɢ ɠɟɥɟɡɚ; ɦɟɧɶɲɟ – ɩɪɢ ɧɚɫɵɳɟɧɢɢ ɨɪɝɚɧɢɡɦɚ ɠɟɥɟɡɨɦ. 
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ȼɢɬɚɦɢɧ ɋ ɬɚɤ ɠɟ ɭɱɚɫɬɜɭɟɬ ɜ ɩɪɨɰɟɫɫɟ ɜɫɚɫɵɜɚɧɢɹ ɠɟɥɟɡɚ. əɜɥɹɹɫɶ 

ɨɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɫɢɥɶɧɵɯ ɫɬɢɦɭɥɹɬɨɪɨɜ ɜɫɚɫɵɜɚɧɢɹ ɨɧ ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬ 

ɠɟɥɟɡɨ ɢɡ 3-ɯ ɜɚɥɟɧɬɧɨɣ ɮɨɪɦɵ ɞɨ 2-ɯ ɜɚɥɟɧɬɧɨɣ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɨ 20% ɠɟɥɟɡɚ ɦɵ ɩɨɥɭɱɚɟɦ ɢɡ ɦɹɫɧɨɣ ɩɢɳɢ, ɬɨɝɞɚ ɤɚɤ ɢɡ 

ɪɚɫɬɢɬɟɥɶɧɨɣ - ɬɨɥɶɤɨ ɨɤɨɥɨ 6%. 

ȼ ɫɵɜɨɪɨɬɤɟ ɤɪɨɜɢ ɠɟɥɟɡɨ ɨɛɧɚɪɭɠɢɜɚɟɬɫɹ ɜ ɤɨɦɩɥɟɤɫɟ ɫ ɛɟɥɤɨɦ, ɟɝɨ 

ɫɜɹɡɵɜɚɸɳɢɦ ɢ ɬɪɚɧɫɩɨɪɬɢɪɭɸɳɢɦ – ɬɪɚɧɫɮɟɪɪɢɧɨɦ. Ɉɛɵɱɧɨ ɩɨɜɨɞɨɦ ɞɥɹ 

ɪɚɫɱɟɬɚ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɵɜɨɪɨɬɨɱɧɨɝɨ ɠɟɥɟɡɚ ɫɥɭɠɢɬ ɧɢɡɤɢɣ ɭɪɨɜɟɧɶ 

ɝɟɦɨɝɥɨɛɢɧɚ, ɤɨɬɨɪɵɣ, ɤɚɤ ɢɡɜɟɫɬɧɨ, ɜɯɨɞɢɬ ɜ ɱɢɫɥɨ ɝɥɚɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 

ɨɛɳɟɝɨ ɚɧɚɥɢɡɚ ɤɪɨɜɢ. 

ȼ ɧɨɪɦɟ ɠɟɥɟɡɨ ɜ ɩɥɚɡɦɟ ɤɪɨɜɢ ɫɨɞɟɪɠɢɬɫɹ ɜ ɩɪɟɞɟɥɚɯ ɨɬ 8,8 – 28 

ɦɤɦɨɥɶ/ɥ.  

ɉɨɜɵɲɟɧɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɠɟɥɟɡɚ ɜ ɛɢɨɯɢɦɢɱɟɫɤɨɦ ɚɧɚɥɢɡɟ ɤɪɨɜɢ, ɪɨɜɧɨ, 

ɤɚɤ ɢ ɟɝɨ ɧɟɞɨɫɬɚɬɨɤ, ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛ ɨɩɪɟɞɟɥɟɧɧɵɯ ɩɚɬɨɥɨɝɢɱɟɫɤɢɯ 

ɫɨɫɬɨɹɧɢɹɯ ɨɪɝɚɧɢɡɦɚ. 

 

1.2 ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɛɟɥɤɨɜ, ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɦɟɬɚɛɨɥɢɡɦɟ ɠɟɥɟɡɚ 

 

Ɍɪɚɧɫɮɟɪɪɢɧ 

Ɍɪɟɧɫɮɟɪɪɢɧ ɨɬɧɨɫɢɬɫɹ ɤ ɛɟɥɤɚɦ ɨɫɬɪɨɣ ɮɚɡɵ, ɬ.ɟ. ɩɪɢ ɜɨɫɩɚɥɢɬɟɥɶɧɵɯ 

ɪɟɚɤɰɢɹɯ ɭɪɨɜɟɧɶ ɞɚɧɧɨɝɨ ɛɟɥɤɚ ɢɡɦɟɧɹɟɬɫɹ. 

əɜɥɹɹɫɶ ɫɩɟɰɢɮɢɱɟɫɤɢɦ ɬɪɚɧɫɩɨɪɬɧɵɦ ɛɟɥɤɨɦ ɩɥɚɡɦɵ, ɨɧ ɨɫɭɳɟɫɬɜɥɹɟɬ 

ɫɜɹɡɵɜɚɧɢɟ ɢ ɩɟɪɟɧɨɫ ɬɪɟɯɜɚɥɟɧɬɧɨɟ ɠɟɥɟɡɨ ɩɨ ɨɪɝɚɧɢɡɦɭ. ɋɨɫɬɨɢɬ ɢɡ 

ɨɞɢɧɨɱɧɨɝɨ ɫɩɥɟɬɟɧɧɨɝɨ ɩɨɥɢɩɟɩɬɢɞɚ (679 ɚɦɢɧɨɤɢɫɥɨɬ) ɫ 19 ɛɢɫɭɥɶɮɢɞɧɵɦɢ 

ɦɨɫɬɢɤɚɦɢ [20]. ȼ ɦɨɥɟɤɭɥɟ ɬɪɚɧɫɮɟɪɪɢɧɚ ɟɫɬɶ 2 ɭɱɚɫɬɤɚ ɞɥɹ ɫɜɹɡɵɜɚɧɢɹ Fe3+:  

1. Ʉɢɫɥɨɬɨɭɫɬɨɣɱɢɜɵɣ ɭɱɚɫɬɨɤ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɧɚ ɋ-ɤɨɧɰɟ. 

2. Ʉɢɫɥɨɬɨɥɚɛɢɥɶɧɵɣ ɭɱɚɫɬɨɤ ɧɚ N-ɤɨɧɰɟ ɦɨɥɟɤɭɥɵ ɛɟɥɤɚ, ɛɨɥɟɟ 

ɧɚɝɪɭɠɟɧɧɵɣ ɠɟɥɟɡɨɦ. 
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Ɍɪɚɧɫɮɟɪɪɢɧ ɦɨɠɟɬ ɩɪɢɫɭɬɫɬɜɨɜɚɬɶ ɜ ɩɥɚɡɦɟ ɤɪɨɜɢ ɱɟɥɨɜɟɤɚ ɜ ɱɟɬɵɪɟɯ 

ɮɨɪɦɚɯ: ɚɩɨɬɪɚɧɫɮɟɪɪɢɧ – ɥɢɲɟɧ ɠɟɥɟɡɚ, ɞɜɟ ɦɨɧɨɮɟɪɪɢɮɨɪɦɵ (ɫɨɞɟɪɠɚɬ 

ɠɟɥɟɡɨ ɜ ɨɞɧɨɦ ɢɡ ɞɜɭɯ ɜɨɡɦɨɠɧɵɯ ɭɱɚɫɬɤɨɜ ɫɜɹɡɵɜɚɧɢɹ) ɢ 

ɞɢɮɟɪɪɢɬɪɚɧɫɮɟɪɪɢɧ ɤɨɬɨɪɵɣ ɫɨɞɟɪɠɢɬ ɠɟɥɟɡɨ ɫɪɚɡɭ ɧɚ ɞɜɭɯ ɭɱɚɫɬɤɚɯ 

ɫɜɹɡɵɜɚɧɢɹ. Ɍɚɤ ɤɚɤ ɬɪɚɧɫɮɟɪɪɢɧ ɨɛɥɚɞɚɟɬ ɛɨɥɶɲɢɦ ɫɪɨɞɫɬɜɨɦ ɤ Fe3+ ɱɟɦ ɤ 

Fe2+, ɬɨ ɩɪɟɠɞɟ ɱɟɦ ɜɤɥɸɱɢɬɶ ɠɟɥɟɡɨ ɜ ɫɨɫɬɚɜ ɬɪɚɧɫɮɟɪɪɢɧɚ, ɩɪɨɢɫɯɨɞɢɬ ɟɝɨ 

ɨɤɢɫɥɟɧɢɟ. ȼɵɫɜɨɛɨɠɞɟɧɢɟ ɠɟɥɟɡɚ ɢɡ ɬɪɚɧɫɮɟɪɪɢɧɚ ɬɪɟɛɭɟɬ ɩɪɢɫɭɬɫɬɜɢɹ 

ɚɧɢɨɧɨɜ (ɜ ɨɫɧɨɜɧɨɦ ɇɋɈ3
- ɢ ɇ2ɊɈ4

-), ɤɨɬɨɪɵɟ ɫɜɹɡɵɜɚɸɬɫɹ ɫɨ ɫɩɟɰɢɚɥɶɧɵɦɢ 

ɭɱɚɫɬɤɚɦɢ ɦɨɥɟɤɭɥɵ [12]. 

Ƚɥɚɜɧɚɹ ɪɨɥɶ ɬɪɚɧɫɮɟɪɪɢɧɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɞɨɫɬɚɜɤɟ ɬɪɟɯɜɚɥɟɧɬɧɨɝɨ 

ɠɟɥɟɡɚ ɜ ɦɟɫɬɚ ɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ, ȼ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɷɬɨ ɤɨɫɬɧɵɣ ɦɨɡɝ, ɝɞɟ ɜ 

ɦɢɬɨɯɨɧɞɪɢɹɯ ɷɪɢɬɪɨɢɞɧɵɯ ɤɥɟɬɨɤ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɢɧɬɟɡ ɝɟɦɚ, ɚ ɜ 

ɦɢɟɥɨɢɞɧɵɯ ɤɥɟɬɤɚɯ, ɤɪɨɦɟ ɬɨɝɨ, ɫɢɧɬɟɡɢɪɭɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ 

ɥɚɤɬɨɮɟɪɪɢɧɚ. Ɍɚɤɠɟ ɬɪɚɧɫɮɟɪɪɢɧ ɭɱɚɫɬɜɭɟɬ ɜ ɨɛɪɚɬɧɨɦ ɬɪɚɧɫɩɨɪɬɟ ɠɟɥɟɡɚ ɢɡ 

ɬɤɚɧɟɜɵɯ ɞɟɩɨ ɦɚɤɪɨɮɚɝɨɜ (ɜ ɤɨɬɨɪɵɯ ɩɪɨɢɫɯɨɞɢɬ ɪɟɭɬɢɥɢɡɚɰɢɹ ɠɟɥɟɡɚ ɢɡ 

ɪɚɡɪɭɲɚɸɳɢɯɫɹ ɷɪɢɬɪɨɰɢɬɨɜ), ɤ ɤɨɫɬɧɨɦɭ ɦɨɡɝɭ.  

Ȼɢɨɥɨɝɢɱɟɫɤɚɹ ɪɨɥɶ ɬɪɚɧɫɮɟɪɪɢɧɚ ɫɨɫɬɨɢɬ ɧɟ ɬɨɥɶɤɨ ɜ ɫɜɹɡɵɜɚɧɢɢ ɢ 

ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɟ ɠɟɥɟɡɚ, ɧɨ ɢ ɜ ɭɫɢɥɟɧɧɨɦ ɧɚɤɨɩɥɟɧɢɢ ɟɝɨ ɜ ɫɥɭɱɚɟ ɢɡɛɵɬɤɚ 

ɩɨɫɥɟɞɧɟɝɨ. 

Ɉɫɧɨɜɧɵɦ ɦɟɫɬɨɦ ɫɢɧɬɟɡɚ ɬɪɚɧɫɮɟɪɪɢɧɚ ɹɜɥɹɟɬɫɹ ɩɟɱɟɧɶ. Ɉɞɧɚɤɨ 

ɷɤɫɩɪɟɫɫɢɹ ɬɪɚɧɫɮɟɪɪɢɧɚ ɨɛɧɚɪɭɠɟɧɚ ɢ ɜ ɞɪɭɝɢɯ ɬɤɚɧɹɯ – ɦɢɨɤɚɪɞɟ, ɝɨɥɨɜɧɨɦ 

ɦɨɡɝɟ. ɋɢɧɬɟɡ ɬɪɚɧɫɮɟɪɪɢɧɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜɫɟɦɢ ɤɥɟɬɤɚɦɢ, ɧɨ ɜ ɧɚɢɛɨɥɶɲɟɦ 

ɤɨɥɢɱɟɫɬɜɟ – ɝɟɩɚɬɨɰɢɬɚɦɢ, ɷɧɬɟɪɨɰɢɬɚɦɢ ɢ ɤɥɟɬɤɚɦɢ ɤɨɫɬɧɨɝɨ ɦɨɡɝɚ. 

Ɍɚɤ ɤɚɤ ɬɪɚɧɫɮɟɪɪɢɧ ɹɜɥɹɟɬɫɹ ɩɟɪɟɧɨɫɱɢɤɨɦ ɠɟɥɟɡɚ, ɟɝɨ ɪɚɫɫɦɚɬɪɢɜɚɸɬ 

ɤɚɤ ɨɞɢɧ ɢɡ ɮɚɤɬɨɪɨɜ ɧɟɫɩɟɰɢɮɢɱɟɫɤɨɣ ɪɟɡɢɫɬɟɧɬɧɨɫɬɢ ɨɪɝɚɧɢɡɦɚ: ɞɨɤɚɡɚɧɨ, 

ɱɬɨ ɩɪɢ ɢɧɮɟɤɰɢɹɯ ɢ ɪɚɡɥɢɱɧɨɝɨ ɪɨɞɚ ɢɦɦɭɧɧɵɯ ɩɪɨɰɟɫɫɚɯ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ 

ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦ ɤɥɟɬɨɱɧɨɝɨ ɢ ɝɭɦɨɪɚɥɶɧɨɝɨ ɢɦɦɭɧɢɬɟɬɚ ɢ, ɩɪɟɠɞɟ 

ɜɫɟɝɨ, ɮɚɝɨɰɢɬɢɪɭɸɳɢɯ ɦɚɤɪɨɮɚɝɨɜ, ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɟɧɧɨɟ ɤɨɥɢɱɟɫɬɜɨ 

ɠɟɥɟɡɚ. 
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Ɏɟɪɪɢɬɢɧ 

ȼɧɭɬɪɢɤɥɟɬɨɱɧɵɣ ɛɟɥɨɤ, ɫɨɯɪɚɧɹɸɳɢɣ ɠɟɥɟɡɨ ɜ ɪɚɫɬɜɨɪɢɦɨɣ, 

ɧɟɬɨɤɫɢɱɧɨɣ ɢ ɞɨɫɬɭɩɧɨɣ ɮɨɪɦɟ – ɜ ɜɢɞɟ ɬɪɟɯɜɚɥɟɧɬɧɨɝɨ ɠɟɥɟɡɚ. Ɏɟɪɪɢɬɢɧ 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɮɟɪɭ, ɩɨɫɬɪɨɟɧɧɭɸ ɢɡ 24 ɰɟɩɟɣ ɫ ɜɧɭɬɪɟɧɧɟɣ ɩɨɥɨɫɬɶɸ, ɜ 

ɤɨɬɨɪɨɣ ɪɚɫɩɨɥɨɠɟɧ ɠɟɥɟɡɢɫɬɵɣ ɝɢɞɪɨɮɨɫɮɚɬ. ȼ ɫɨɫɬɚɜ ɫɮɟɪɵ ɜɯɨɞɹɬ ɰɟɩɢ 

ɞɜɭɯ ɬɢɩɨɜ: Ⱥɩɨɮɟɪɪɢɬɢɧ L ɢ Ⱥɩɨɮɟɪɪɢɬɢɧ H. ɀɟɥɟɡɨ ɫɨɫɬɚɜɥɹɟɬ 1/5 ɦɨɥɟɤɭɥɵ 

ɮɟɪɪɢɬɢɧɚ. ɋɵɜɨɪɨɬɨɱɧɵɣ ɮɟɪɪɢɬɢɧ ɹɜɥɹɟɬɫɹ ɨɫɬɪɨɮɚɡɨɜɵɦ ɪɟɚɤɬɚɧɬɨɦ [20]. 

Ɏɟɪɪɢɬɢɧɨɜɚɹ ɮɨɪɦɚ ɯɪɚɧɟɧɢɹ ɠɟɥɟɡɚ ɨɛɟɫɩɟɱɢɜɚɟɬ, ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ, 

ɦɨɛɢɥɢɡɚɰɢɸ ɠɟɥɟɡɚ ɞɥɹ ɫɢɧɬɟɡɚ ɝɟɦɨɝɥɨɛɢɧɚ, ɞɪɭɝɢɯ ɝɟɦɨɫɨɞɟɪɠɚɳɢɯ ɢ 

ɧɟɝɟɦɨɜɵɯ ɠɟɥɟɡɨɫɨɞɟɪɠɚɳɢɯ ɫɨɟɞɢɧɟɧɢɣ. 

ɋɢɧɬɟɡɢɪɭɟɬɫɹ ɮɟɪɪɢɬɢɧ ɤɥɟɬɤɚɦɢ ɩɟɱɟɧɢ, ɫɟɥɟɡɟɧɤɢ, ɤɨɫɬɧɨɝɨ ɦɨɡɝɚ, 

ɬɨɧɤɨɝɨ ɤɢɲɟɱɧɢɤɚ, ɩɨɞɠɟɥɭɞɨɱɧɨɣ ɠɟɥɟɡɵ, ɩɨɱɟɤ, ɥɟɝɤɢɯ, ɳɢɬɨɜɢɞɧɨɣ 

ɠɟɥɟɡɵ, ɩɥɚɰɟɧɬɵ, ɚ ɬɚɤɠɟ ɥɟɣɤɨɰɢɬɚɦɢ. ɋɢɧɬɟɡɢɪɨɜɚɧɧɵɣ ɜ ɪɚɡɥɢɱɧɵɯ 

ɨɪɝɚɧɚɯ ɮɟɪɪɢɬɢɧ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɮɭɧɤɰɢɣ ɷɬɢɯ ɨɪɝɚɧɨɜ, ɨɞɧɚɤɨ 

ɜ ɧɟɛɨɥɶɲɢɯ ɤɨɥɢɱɟɫɬɜɚɯ ɨɧ ɩɨɫɬɭɩɚɟɬ ɢ ɜ ɩɥɚɡɦɭ ɤɪɨɜɢ. ȼ ɤɥɢɧɢɱɟɫɤɨɣ 

ɩɪɚɤɬɢɤɟ ɭɪɨɜɟɧɶ ɮɟɪɪɢɬɢɧɚ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɤɚɤ ɩɨɤɚɡɚɬɟɥɶ ɡɚɩɚɫɨɜ ɠɟɥɟɡɚ ɜ 

ɨɪɝɚɧɢɡɦɟ. 

Ɏɟɪɪɢɬɢɧ ɫɢɧɬɟɡɢɪɭɟɦɵɣ ɜ ɭɫɥɨɜɢɹɯ ɜɨɫɩɚɥɢɬɟɥɶɧɨɝɨ ɩɪɨɰɟɫɫɚ, 

ɫɨɞɟɪɠɢɬ ɦɟɧɶɲɟ ɠɟɥɟɡɚ, ɱɟɦ ɮɟɪɪɢɬɢɧ ɧɨɪɦɚɥɶɧɵɣ. ɋɧɢɠɟɧɢɟ ɭɪɨɜɧɹ 

ɫɵɜɨɪɨɬɨɱɧɨɝɨ ɮɟɪɪɢɬɢɧɚ ɧɚɛɥɸɞɚɟɬɫɹ ɩɨɫɥɟ ɮɢɡɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ, ɱɬɨ 

ɨɛɴɹɫɧɹɟɬɫɹ ɭɫɢɥɟɧɢɟɦ ɩɨɬɪɟɛɥɟɧɢɹ ɤɢɫɥɨɪɨɞɚ ɦɵɲɰɚɦɢ. 

ɂɡ ɮɟɪɪɢɬɢɧɨɜɨɣ ɮɨɪɦɵ ɠɟɥɟɡɨ ɫɩɨɫɨɛɧɨ ɚɤɬɢɜɧɨ ɦɨɛɢɥɢɡɨɜɚɬɶɫɹ. ɉɪɢ 

ɧɚɪɚɫɬɚɸɳɟɦ ɞɟɮɢɰɢɬɟ ɠɟɥɟɡɚ ɤɨɥɢɱɟɫɬɜɨ ɝɪɚɧɭɥ ɮɟɪɪɢɬɢɧɚ ɜ ɤɥɟɬɤɚɯ 

ɭɦɟɧɶɲɚɟɬɫɹ ɜɩɥɨɬɶ ɞɨ ɩɨɥɧɨɝɨ ɟɝɨ ɢɫɱɟɡɧɨɜɟɧɢɹ. ȼ ɫɥɭɱɚɟ ɢɡɛɵɬɤɚ ɠɟɥɟɡɚ ɜ 

ɨɪɝɚɧɢɡɦɟ ɮɟɪɪɢɬɢɧ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɝɟɦɨɫɢɞɟɪɢɧ. 

ȼ ɨɪɝɚɧɢɡɦɟ ɫɭɳɟɫɬɜɭɟɬ ɦɧɨɝɨ ɝɟɬɟɪɨɝɟɧɧɵɯ ɢɡɨɮɨɪɦ ɮɟɪɪɢɬɢɧɚ, ɤɚɠɞɚɹ 

ɢɡ ɤɨɬɨɪɵɯ ɨɪɝɚɧɨɫɩɟɰɢɮɢɱɧɚ ɩɨ ɦɨɥɟɤɭɥɹɪɧɨɣ ɫɬɪɭɤɬɭɪɟ, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ 

ɜɵɩɨɥɧɟɧɢɟ ɢɦɢ ɫɩɟɰɢɮɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ [13]. 

Ɉɫɧɨɜɧɭɸ ɠɟɥɟɡɨɞɟɩɨɧɢɪɭɸɳɭɸ ɮɭɧɤɰɢɸ ɜ ɨɪɝɚɧɢɡɦɟ ɜɵɩɨɥɧɹɟɬ 

ɮɟɪɪɢɬɢɧ ɩɟɱɟɧɢ. Ɏɟɪɪɢɬɢɧ ɫɥɢɡɢɫɬɨɣ ɨɛɨɥɨɱɤɢ ɬɨɧɤɨɝɨ ɤɢɲɟɱɧɢɤɚ ɨɬɜɟɱɚɟɬ 
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ɡɚ ɩɟɪɟɧɨɫ ɠɟɥɟɡɚ, ɜɫɨɫɚɜɲɟɝɨɫɹ ɜ ɷɧɬɟɪɨɰɢɬɵ, ɤ ɬɪɚɧɫɮɟɪɪɢɧɭ ɩɥɚɡɦɵ. 

Ɏɟɪɪɢɬɢɧ ɫɢɫɬɟɦɵ ɮɚɝɨɰɢɬɢɪɭɸɳɢɯ ɦɚɤɪɨɮɚɝɨɜ ɚɛɫɨɪɛɢɪɭɟɬ ɠɟɥɟɡɨ, 

ɜɵɫɜɨɛɨɠɞɚɸɳɟɟɫɹ ɩɨɫɥɟ ɞɟɫɬɪɭɤɰɢɢ ɷɪɢɬɪɨɰɢɬɨɜ ɢ ɠɟɥɟɡɨɫɨɞɟɪɠɚɳɢɯ 

ɫɬɪɭɤɬɭɪ, ɞɥɹ ɩɪɨɰɟɫɫɨɜ ɟɝɨ ɪɟɭɬɢɥɢɡɚɰɢɢ. Ɏɟɪɪɢɬɢɧ ɷɪɢɬɪɨɢɞɧɵɯ ɤɥɟɬɨɤ-

ɩɪɟɞɲɟɫɬɜɟɧɧɢɰ ɨɛɟɫɩɟɱɢɜɚɟɬ ɚɞɟɤɜɚɬɧɨɟ ɩɨɫɬɭɩɥɟɧɢɟ ɠɟɥɟɡɚ ɞɥɹ ɧɭɠɞ 

ɝɟɦɨɩɨɷɡɚ, ɚ ɮɟɪɪɢɬɢɧ ɫɟɥɟɡɟɧɤɢ ɜɵɩɨɥɧɹɟɬ ɞɟɩɨɧɢɪɭɸɳɭɸ ɪɨɥɶ ɢ 

ɨɛɟɫɩɟɱɢɜɚɟɬ «ɨɬɞɚɱɭ» ɠɟɥɟɡɚ ɬɪɚɧɫɮɟɪɪɢɧɭ ɩɥɚɡɦɵ. 

Ƚɟɦɨɝɥɨɛɢɧ 

Ƚɟɦɨɝɥɨɛɢɧ ɹɜɥɹɟɬɫɹ ɫɥɨɠɧɵɦ ɛɟɥɤɨɦ ɤɥɚɫɫɚ ɯɪɨɦɨɩɪɨɬɟɢɧɨɜ ɢ 

ɜɵɩɨɥɧɹɟɬ ɜ ɨɪɝɚɧɢɡɦɟ ɪɹɞ ɜɚɠɧɵɯ ɮɭɧɤɰɢɣ – ɬɪɚɧɫɩɨɪɬ ɤɢɫɥɨɪɨɞɚ ɢ 

ɭɝɥɟɤɢɫɥɨɝɨ ɝɚɡɚ, ɫɜɹɡɵɜɚɟɬ ɬɨɤɫɢɱɟɫɤɢɟ ɩɪɨɞɭɤɬɵ ɨɛɦɟɧɚ – ɰɢɚɧɢɞɵ, ɨɤɫɢɞɵ 

ɭɝɥɟɪɨɞɚ, ɩɨɞɞɟɪɠɢɜɚɟɬ ɩɨɫɬɨɹɧɫɬɜɨ pH ɫɪɟɞɵ, ɜɯɨɞɹ ɜ ɫɨɫɬɚɜ ɝɟɦɨɝɥɨɛɢɧɨɜɨɣ 

ɛɭɮɟɪɧɨɣ ɫɢɫɬɟɦɵ. 

Ɇɨɥɟɤɭɥɚ ɝɟɦɨɝɥɨɛɢɧɚ ɫɨɫɬɨɢɬ ɢɡ 4 ɫɭɛɴɟɞɢɧɢɰ, ɤɚɠɞɚɹ ɢɡ ɤɨɬɨɪɵɯ 

ɫɨɞɟɪɠɢɬ ɝɟɦ ɢ ɩɨɥɢɩɟɩɬɢɞɧɭɸ ɰɟɩɶ. Ƚɟɦ – ɧɟɛɟɥɤɨɜɚɹ ɱɚɫɬɶ ɦɨɥɟɤɭɥɵ 

ɝɟɦɨɝɥɨɛɢɧɚ – ɹɜɥɹɟɬɫɹ ɤɨɦɩɥɟɤɫɧɵɦ ɫɨɟɞɢɧɟɧɢɟɦ ɩɢɝɦɟɧɬɚ ɩɪɨɬɨɩɨɪɮɢɪɢɧɚ 

(4 ɩɢɪɪɨɥɶɧɵɯ ɤɨɥɶɰɚ ɫɜɹɡɚɧɧɵɯ ɦɟɬɢɧɨɜɵɦɢ ɦɨɫɬɢɤɚɦɢ) ɫ ɢɨɧɨɦ 

ɞɜɭɯɜɚɥɟɧɬɧɨɝɨ ɠɟɥɟɡɚ. ȼɬɨɪɨɣ ɤɨɦɩɨɧɟɧɬ ɝɟɦɨɝɥɨɛɢɧɚ ɩɪɟɞɫɬɚɜɥɟɧ ɛɟɥɤɨɦ 

ɝɥɨɛɢɧɨɦ. ɂɦɟɧɧɨ ɨɧ ɨɫɭɳɟɫɬɜɥɹɟɬ ɬɪɚɧɫɩɨɪɬ ɤɢɫɥɨɪɨɞɚ ɢɡ ɥɟɝɤɢɯ ɜ ɬɤɚɧɢ ɢ 

ɭɝɥɟɤɢɫɥɨɝɨ ɝɚɡɚ ɜ ɥɟɝɤɢɟ [17]. 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɠɟɥɟɡɨ ɥɟɝɤɨ ɜɫɬɭɩɚɟɬ ɜ ɫɜɹɡɶ ɫ ɤɢɫɥɨɪɨɞɨɦ, ɢ ɯɨɬɹ 

ɤɢɫɥɨɪɨɞ ɹɜɥɹɟɬɫɹ ɨɤɢɫɥɢɬɟɥɟɦ, ɩɪɢ ɟɝɨ ɫɨɟɞɢɧɟɧɢɢ ɫ ɠɟɥɟɡɨɦ ɨɤɢɫɥɟɧɢɹ ɧɟ 

ɧɚɛɥɸɞɚɟɬɫɹ. ɂɨɧ ɠɟɥɟɡɚ ɥɢɲɶ «ɫɨɩɪɨɜɨɠɞɚɟɬ» ɦɨɥɟɤɭɥɭ ɤɢɫɥɨɪɨɞɚ ɤ ɦɟɫɬɭ 

ɨɤɢɫɥɟɧɢɹ, ɜ ɤɨɬɨɪɨɦ ɢ «ɨɫɜɨɛɨɠɞɚɟɬ» ɤɢɫɥɨɪɨɞ ɞɥɹ ɟɝɨ ɞɟɣɫɬɜɢɬɟɥɶɧɨɝɨ 

ɨɤɢɫɥɟɧɢɹ. 

ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ ɝɟɦɨɝɥɨɛɢɧ ɜɵɩɨɥɧɹɟɬ ɢ ɞɪɭɝɭɸ ɧɟ ɦɟɧɟɟ ɜɚɠɧɭɸ 

ɮɭɧɤɰɢɸ – «ɜɵɜɨɞɢɬ» ɫ ɦɟɫɬɚ ɨɤɢɫɥɟɧɢɹ ɭɝɥɟɤɢɫɥɵɣ ɝɚɡ. ɂ ɟɫɥɢ ɜ ɤɥɟɬɤɭ 

ɤɢɫɥɨɪɨɞ ɜɜɨɞɢɬɫɹ ɝɟɦɨɦ, ɬɨ ɭɝɥɟɤɢɫɥɵɣ ɝɚɡ ɜɵɜɨɞɢɬɫɹ ɝɥɨɛɢɧɨɦ. ɂɧɬɟɪɟɫɧɨ, 

ɱɬɨ ɢɦɟɧɧɨ ɫɨɟɞɢɧɟɧɢɟ ɠɟɥɟɡɚ ɫ ɤɢɫɥɨɪɨɞɨɦ ɨɛɟɫɩɟɱɢɜɚɟɬ ɤɪɚɫɧɵɣ ɰɜɟɬ ɤɪɨɜɢ. 
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Ⱦɨɤɚɡɚɧɨ, ɱɬɨ ɧɟ ɜɟɫɶ ɤɢɫɥɨɪɨɞ, ɞɨɫɬɚɜɥɟɧɧɵɣ ɝɟɦɨɝɥɨɛɢɧɨɦ, 

ɪɚɫɯɨɞɭɟɬɫɹ ɫɪɚɡɭ: ɨɪɝɚɧɢɡɦ ɱɚɫɬɢɱɧɨ ɨɫɬɚɜɥɹɟɬ ɟɝɨ «ɩɪɨ ɡɚɩɚɫ» ɜ ɦɵɲɰɚɯ. ȼ 

ɫɢɬɭɚɰɢɹɯ, ɬɪɟɛɭɸɳɢɯ ɡɧɚɱɢɬɟɥɶɧɨɣ ɦɵɲɟɱɧɨɣ ɪɚɛɨɬɵ, ɜɨɡɧɢɤɚɟɬ 

ɮɢɡɢɨɥɨɝɢɱɟɫɤɚɹ ɩɨɬɪɟɛɧɨɫɬɶ ɜ ɛɨɥɶɲɢɯ ɤɨɥɢɱɟɫɬɜɚɯ ɤɢɫɥɨɪɨɞɚ, 

ɩɪɟɜɵɲɚɸɳɢɯ ɩɨɫɬɭɩɚɸɳɢɟ ɫ ɤɪɨɜɶɸ. ȼɨɬ ɬɭɬ ɨɪɝɚɧɢɡɦ ɢ «ɜɫɩɨɦɢɧɚɟɬ» ɨ 

ɦɵɲɟɱɧɵɯ ɡɚɩɚɫɚɯ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɦɢɨɝɥɨɛɢɧɨɦ – ɩɢɝɦɟɧɬɧɵɦ ɩɪɨɬɟɢɞɨɦ 

ɦɵɲɟɱɧɨɣ ɬɤɚɧɢ, ɜ ɫɨɫɬɚɜ ɤɨɬɨɪɨɝɨ ɜɯɨɞɹɬ ɬɚɤɠɟ ɝɟɦ ɢ ɝɥɨɛɢɧ. 

Ƚɟɩɫɢɞɢɧ ɢ ɝɟɦɨɫɢɞɟɪɢɧ 

Ƚɟɩɫɢɞɢɧ – ɩɨɥɢɩɟɩɬɢɞ, ɫɢɧɬɟɡɢɪɭɟɦɵ ɩɟɱɟɧɶɸ. ɋɨɫɬɨɢɬ ɢɡ 25 ɨɫɬɚɬɤɨɜ 

ɚɦɢɧɨɤɢɫɥɨɬ, ɫɨɟɞɢɧɟɧɧɵɯ 4 ɞɢɫɭɥɶɮɢɞɧɵɦɢ ɦɨɫɬɢɤɚɦɢ. ȿɝɨ ɮɭɧɤɰɢɟɣ 

ɹɜɥɹɟɬɫɹ ɪɟɝɭɥɹɰɢɹ ɩɨɝɥɨɳɟɧɢɹ ɠɟɥɟɡɚ ɤɢɲɟɱɧɢɤɨɦ, ɚ ɬɚɤɠɟ ɨɧ ɭɱɚɫɬɜɭɟɬ ɜ 

ɪɟɝɭɥɹɰɢɢ ɩɥɚɰɟɧɬɚɪɧɨɝɨ ɢ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɠɟɥɟɡɚ. Ƚɟɩɫɢɞɢɧ ɨɝɪɚɧɢɱɢɜɚɟɬ 

ɚɞɫɨɪɛɰɢɸ ɠɟɥɟɡɚ ɤɢɲɟɱɧɢɤɨɦ ɢ ɭɫɢɥɢɜɚɟɬ ɡɚɞɟɪɠɤɭ ɠɟɥɟɡɚ ɜ 

ɪɟɬɢɤɭɥɨɷɧɞɨɬɟɥɢɚɥɶɧɨɣ ɫɢɫɬɟɦɟ. Ƚɟɩɫɢɞɢɧ ɫɬɚɧɨɜɢɬɫɹ ɢɡɛɵɬɨɱɧɵɦ ɩɪɢ 

ɩɟɪɟɝɪɭɡɤɟ ɠɟɥɟɡɨɦ ɢ ɫɧɢɠɟɧ ɩɪɢ ɟɝɨ ɞɟɮɢɰɢɬɟ [31]. 

Ƚɟɦɨɫɢɞɟɪɢɧ – ɠɟɥɟɡɨɫɨɞɟɪɠɚɳɢɣ ɩɢɝɦɟɧɬ, ɬɟɦɧɨ-ɠɟɥɬɨɝɨ ɰɜɟɬɚ, 

ɨɛɪɚɡɭɸɳɢɣɫɹ ɜɧɭɬɪɢ ɤɥɟɬɨɤ ɩɨɫɥɟ ɪɚɫɩɚɞɚ ɷɪɢɬɪɨɰɢɬɨɜ. Ɉɧ ɩɪɟɞɫɬɚɜɥɹɟɬ 

ɫɨɛɨɣ ɤɨɥɥɨɢɞɧɭɸ ɝɢɞɪɨɨɤɢɫɶ ɠɟɥɟɡɚ, ɫɜɹɡɚɧɧɭɸ ɫ ɛɟɥɤɚɦɢ, ɢ ɥɢɩɢɞɚɦɢ. 

Ʉɥɟɬɤɢ, ɜ ɤɨɬɨɪɵɯ ɨɛɪɚɡɭɟɬɫɹ ɝɟɦɨɫɢɞɟɪɢɧ, ɧɚɡɵɜɚɸɬɫɹ ɫɢɞɟɪɨɛɥɚɫɬɚɦɢ. ȼ ɢɯ 

ɫɢɞɟɪɨɫɨɦɚɯ ɩɪɨɢɫɯɨɞɢɬ ɫɢɧɬɟɡ ɝɪɚɧɭɥ ɝɟɦɨɫɢɞɟɪɢɧɚ. Ƚɟɦɨɫɢɞɟɪɢɧ 

ɫɨɞɟɪɠɢɬɫɹ ɜ ɦɚɤɪɨɮɚɝɚɯ ɫɟɥɟɡёɧɤɢ, ɩɟɱɟɧɢ ɢ ɤɨɫɬɧɨɝɨ ɦɨɡɝɚ. əɜɥɹɟɬɫɹ ɨɞɧɨɣ 

ɢɡ ɮɨɪɦ ɯɪɚɧɟɧɢɹ ɠɟɥɟɡɚ ɜ ɨɪɝɚɧɢɡɦɟ. 

 

1.3 Ɇɟɬɚɛɨɥɢɡɦ ɠɟɥɟɡɚ ɜ ɨɪɝɚɧɢɡɦɟ 

 

ɀɟɥɟɡɨ ɩɨɫɬɭɩɚɟɬ ɜ ɨɪɝɚɧɢɡɦ ɜ ɨɫɧɨɜɧɨɦ ɢɡ ɩɢɳɟɜɵɯ ɩɪɨɞɭɤɬɨɜ, ɜ 

ɤɨɬɨɪɵɯ, ɤɚɤ ɢɡɜɟɫɬɧɨ, ɫɨɞɟɪɠɢɬɫɹ 2 ɬɢɩɚ ɠɟɥɟɡɚ — ɝɟɦɨɜɨɟ, ɤɨɬɨɪɨɟ ɜɯɨɞɢɬ ɜ 

ɫɨɫɬɚɜ ɝɟɦɨɝɥɨɛɢɧɚ ɢ ɫɨɞɟɪɠɢɬɫɹ ɜ ɤɪɚɫɧɨɦ ɦɹɫɟ ɢ ɧɟɝɟɦɨɜɨɟ ɢɥɢ 

ɢɨɧɢɡɢɪɨɜɚɧɧɨɟ ɫɨɞɟɪɠɚɳɟɟɫɹ ɜ ɨɜɨɳɚɯ, ɮɪɭɤɬɚɯ ɢ ɡɟɪɧɨɜɵɯ ɤɭɥɶɬɭɪɚɯ. 
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Ƚɟɦɨɜɨɟ ɠɟɥɟɡɨ ɥɟɝɤɨ ɜɫɚɫɵɜɚɟɬɫɹ ɫɥɢɡɢɫɬɨɣ ɨɛɨɥɨɱɤɨɣ ɬɨɧɤɨɝɨ 

ɤɢɲɟɱɧɢɤɚ ɤɚɤ ɠɟɥɟɡɨɩɨɪɮɢɪɢɧɨɜɵɣ ɤɨɦɩɥɟɤɫ ɫ ɩɨɦɨɳɶɸ ɫɩɟɰɢɚɥɶɧɵɯ 

ɪɟɰɟɩɬɨɪɨɜ. ɇɟɝɟɦɨɜɨɟ ɠɟɥɟɡɨ ɫɨɞɟɪɠɢɬɫɹ ɜ ɨɫɧɨɜɧɨɦ ɜ ɮɨɪɦɟ Fɟ3+, ɧɨ ɥɭɱɲɟ 

ɜɫɚɫɵɜɚɟɬɫɹ ɜ ɞɜɭɯɜɚɥɟɧɬɧɨɣ ɮɨɪɦɟ Fɟ2+.  

Ɍɪɟɯɜɚɥɟɧɬɧɨɟ ɠɟɥɟɡɨ (Fe3+) ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɧɚ ɚɩɢɤɚɥɶɧɨɣ ɫɬɨɪɨɧɟ 

ɦɟɦɛɪɚɧɵ ɮɟɪɪɨɪɟɞɭɤɬɚɡɨɣ DcytB (ɞɭɨɞɟɧɚɥɶɧɵɣ ɰɢɬɨɯɪɨɦ b). ɂɨɧɵ 

ɞɜɭɯɜɚɥɟɧɬɧɨɝɨ ɠɟɥɟɡɚ ɬɪɚɧɫɩɨɪɬɢɪɭɸɬɫɹ ɱɟɪɟɡ ɦɟɦɛɪɚɧɭ ɫɩɟɰɢɚɥɶɧɵɦ 

ɬɪɚɧɫɩɨɪɬɟɪɨɦ ɞɥɹ ɢɨɧɨɜ ɞɜɭɯɜɚɥɟɧɬɧɵɯ ɦɟɬɚɥɥɨɜ – DMT-1. ɉɪɢ ɧɢɡɤɢɯ 

ɡɚɩɚɫɚɯ ɠɟɥɟɡɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɠɟɥɟɡɨ ɪɟɝɭɥɹɬɨɪɧɵɯ ɷɥɟɦɟɧɬɨɜ IRP ɫ IRE 

ɫɬɢɦɭɥɢɪɭɟɬ ɷɤɫɩɪɟɫɫɢɸ ɬɪɚɧɫɮɟɪɪɢɧɨɜɨɝɨ ɪɟɰɟɩɬɨɪɚ (TrfR) ɢ, 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɜɫɚɫɵɜɚɧɢɟ ɠɟɥɟɡɚ. ɇɚɩɪɨɬɢɜ, ɩɪɢ ɜɵɫɨɤɢɯ ɡɚɩɚɫɚɯ ɠɟɥɟɡɚ IRP 

ɧɟ ɫɜɹɡɵɜɚɟɬɫɹ ɫ IRȿ, ɢɡ-ɡɚ ɱɟɝɨ ɫɢɧɬɟɡɚ TrfR ɧɟ ɩɪɨɢɫɯɨɞɢɬ ɢ ɠɟɥɟɡɨ ɧɟ ɦɨɠɟɬ 

ɩɨɩɚɫɬɶ ɜ ɤɥɟɬɤɭ [6]. 

ȼ ɧɨɪɦɟ ɠɟɥɟɡɨ ɜ ɤɥɟɬɤɟ ɫɨɯɪɚɧɹɟɬɫɹ ɜ ɮɨɪɦɟ ɮɟɪɪɢɬɢɧɚ ɢɥɢ 

ɬɪɚɧɫɩɨɪɬɢɪɭɟɬɫɹ ɱɟɪɟɡ ɛɚɡɨɥɚɬɟɪɚɥɶɧɭɸ ɦɟɦɛɪɚɧɭ ɬɪɚɧɫɩɨɪɬɟɪɨɦ ɠɟɥɟɡɚ 

ɮɟɪɪɨɩɨɪɬɢɧɨɦ (IREG1), ɫ ɤɨɬɨɪɵɦ ɫɜɹɡɚɧ ɝɟɮɟɫɬɢɧ. ɗɤɫɩɨɪɬɢɪɭɟɦɨɟ ɠɟɥɟɡɨ 

ɜɧɨɜɶ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɬɪɟɯɜɚɥɟɧɬɧɨɟ ɦɟɦɛɪɚɧɧɨɣ ɨɤɫɢɞɚɡɨɣ ɝɟɮɟɫɬɢɧɨɦ ɢ 

ɫɜɹɡɵɜɚɟɬɫɹ ɫ ɬɪɚɧɫɮɟɪɪɢɧɨɦ ɞɥɹ ɞɨɫɬɚɜɤɢ ɜ ɬɤɚɧɢ [3]. 

ȿɫɥɢ ɠɟ ɨɪɝɚɧɢɡɦ ɩɟɪɟɝɪɭɠɟɧ ɠɟɥɟɡɨɦ, ɬɨ ɧɚɛɥɸɞɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟ 

ɫɢɧɬɟɡɚ ɝɟɩɫɢɞɢɧɚ. ɑɟɦ ɨɧ ɚɤɬɢɜɧɟɟ, ɬɟɦ ɦɟɧɶɲɟ ɜɫɚɫɵɜɚɟɬɫɹ ɠɟɥɟɡɚ ɜ 

ɤɢɲɟɱɧɢɤɟ ɢ ɬɪɚɧɫɩɨɪɬɢɪɭɟɬɫɹ ɢɡ ɦɚɤɪɨɮɚɝɚɥɶɧɨɝɨ ɞɟɩɨ ɜ ɩɥɚɡɦɭ, ɬ.ɟ. 

ɝɟɩɫɢɞɢɧ ɛɥɨɤɢɪɭɟɬ ɜɫɚɫɵɜɚɧɢɟ ɢ ɜɵɯɨɞ ɠɟɥɟɡɚ ɢɡ ɞɟɩɨ [23]. 

ɉɨɫɥɟ ɡɚɯɜɚɬɚ ɠɟɥɟɡɚ ɬɪɚɧɫɮɟɪɪɢɧɨɦ ɨɛɪɚɡɭɹ ɤɨɦɩɥɟɤɫ ɬɪɚɧɫɮɟɪɪɢɧ-

ɠɟɥɟɡɨ, ɤɨɬɨɪɵɣ ɩɨɫɬɭɩɚɟɬ ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ ɜ ɤɨɫɬɧɵɣ ɦɨɡɝ, ɝɞɟ ɢɫɩɨɥɶɡɭɟɬɫɹ 

ɞɥɹ ɷɪɢɬɪɨɩɨɷɡɚ, ɧɟɛɨɥɶɲɚɹ ɱɚɫɬɶ — ɜ ɞɟɩɨ (ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɜ ɩɟɱɟɧɶ) ɢ ɟɳɟ 

ɦɟɧɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɚɫɫɢɦɢɥɢɪɭɟɬɫɹ ɬɤɚɧɹɦɢ ɞɥɹ ɨɛɪɚɡɨɜɚɧɢɹ ɦɢɨɝɥɨɛɢɧɚ, 

ɧɟɤɨɬɨɪɵɯ ɮɟɪɦɟɧɬɨɜ ɬɤɚɧɟɜɨɝɨ ɞɵɯɚɧɢɹ, ɧɟɫɬɨɣɤɢɯ ɤɨɦɩɥɟɤɫɨɜ ɠɟɥɟɡɚ ɫ 

ɚɦɢɧɨɤɢɫɥɨɬɚɦɢ ɢ ɛɟɥɤɚɦɢ.  

Ⱦɟɩɨɧɢɪɨɜɚɧɢɟ ɠɟɥɟɡɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɮɟɪɪɢɬɢɧɨɦ. ȼ ɫɥɭɱɚɟ ɢɡɛɵɬɤɚ 

ɠɟɥɟɡɚ ɜ ɨɪɝɚɧɢɡɦɟ ɮɟɪɪɢɬɢɧ ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɜ ɝɟɦɨɫɢɞɟɪɢɧ. Ɉɫɧɨɜɧɭɸ 
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ɠɟɥɟɡɨɞɟɩɨɧɢɪɭɸɳɭɸ ɮɭɧɤɰɢɸ ɜɵɩɨɥɧɹɟɬ ɮɟɪɪɢɬɢɧ ɩɟɱɟɧɢ, ɬɨɝɞɚ ɤɚɤ ɜ 

ɫɥɢɡɢɫɬɨɣ ɨɛɨɥɨɱɤɟ ɬɨɧɤɨɝɨ ɤɢɲɟɱɧɢɤɚ ɨɧ ɨɬɜɟɱɚɟɬ ɡɚ ɩɟɪɟɧɨɫ ɠɟɥɟɡɚ, 

ɚɛɫɨɪɛɢɪɨɜɚɧɧɨɝɨ ɷɧɬɟɪɨɰɢɬɚɦɢ ɤ ɬɪɚɧɫɮɟɪɪɢɧɭ ɩɥɚɡɦɵ ɤɪɨɜɢ. Ɏɟɪɪɢɬɢɧ 

ɫɢɫɬɟɦɵ ɮɚɝɨɰɢɬɢɪɭɸɳɢɯ ɦɚɤɪɨɮɚɝɨɜ ɚɛɫɨɪɛɢɪɭɟɬ ɠɟɥɟɡɨ, ɤɨɬɨɪɨɟ 

ɜɵɫɜɨɛɨɠɞɚɟɬɫɹ ɩɨɫɥɟ ɞɟɫɬɪɭɤɰɢɢ ɷɧɬɟɪɨɰɢɬɨɜ, ɞɥɹ ɟɝɨ ɪɟɭɬɢɥɢɡɚɰɢɢ. 

Ʉɨɦɩɥɟɤɫ Fe2+-Tf cɜɹɡɵɜɚɟɬɫɹ ɫ ɪɟɰɟɩɬɨɪɨɦ ɬɪɧɚɫɮɟɪɪɢɧɚ ɧɚ ɦɟɦɛɪɚɧɟ 

ɷɪɢɬɪɨɢɞɧɨɝɨ ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɚ. Ɍɪɚɧɫɩɨɪɬ ɠɟɥɟɡɚ ɜ ɷɪɢɬɪɨɢɞɧɵɟ 

ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɢ ɜɤɥɸɱɚɟɬ ɷɧɞɨɰɢɬɨɡ ɬɪɚɧɫɮɟɪɪɢɧɚ ɢ ɡɚɬɟɦ ɫ ɩɨɦɨɳɶɸ ɬɚɤɨɝɨ 

ɬɪɚɧɫɩɨɪɬɟɪɚ ɤɚɤ DMT1 – ɠɟɥɟɡɨ ɩɨɫɬɭɩɚɟɬ ɜ ɦɢɬɨɯɨɧɞɪɢɢ, ɝɞɟ ɩɪɨɢɫɯɨɞɢɬ 

ɫɢɧɬɟɡ ɝɟɦɚ. 

ɉɨɞɚɜɥɹɸɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɮɭɧɤɰɢɨɧɢɪɭɸɳɟɝɨ ɠɟɥɟɡɚ ɩɨɹɜɥɹɟɬɫɹ ɧɟ ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɩɨɫɬɨɹɧɧɨ ɨɫɭɳɟɫɬɜɥɹɟɦɨɣ ɜ ɤɢɲɟɱɧɢɤɟ ɚɛɫɨɪɛɰɢɢ, ɚ ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɪɟɭɬɢɥɢɡɚɰɢɢ ɭɠɟ ɢɦɟɸɳɟɝɨɫɹ ɜ ɨɪɝɚɧɢɡɦɟ ɠɟɥɟɡɚ. ɋɚɦɵɦ ɜɚɠɧɵɦ 

ɢɫɬɨɱɧɢɤɨɦ ɪɟɭɬɢɥɢɡɢɪɭɟɦɨɝɨ ɠɟɥɟɡɚ ɹɜɥɹɸɬɫɹ ɤɥɟɬɤɢ ɷɪɢɬɪɨɢɞɧɨɝɨ ɪɹɞɚ, 

ɫɨɞɟɪɠɚɳɢɟ ɝɟɦɨɝɥɨɛɢɧ. ɑɟɪɟɡ 100-120 ɞɧɟɣ ɰɢɪɤɭɥɹɰɢɢ «ɫɨɫɬɚɪɢɜɲɢɟɫɹ» 

ɷɪɢɬɪɨɰɢɬɵ ɩɨɝɥɨɳɚɸɬ ɪɟɬɢɤɭɥɨɷɧɞɨɬɟɥɢɚɥɶɧɵɟ ɦɚɤɪɨɮɚɝɢ, ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ 

ɫɟɥɟɡɟɧɤɢ. ɇɟɤɨɬɨɪɨɟ ɤɨɥɢɱɟɫɬɜɨ ɠɟɥɟɡɚ ɦɨɠɟɬ ɨɫɬɚɜɚɬɶɫɹ ɜ ɦɚɤɪɨɮɚɝɚɯ ɜ ɜɢɞɟ 

ɮɟɪɪɢɬɢɧɚ ɢɥɢ ɝɟɦɨɫɢɞɟɪɢɧɚ, ɧɨ ɛɨɥɶɲɚɹ ɟɝɨ ɱɚɫɬɶ ɜɵɫɜɨɛɨɠɞɚɟɬɫɹ ɜ ɩɥɚɡɦɭ 

ɤɪɨɜɢ, ɝɞɟ ɩɪɢɫɨɟɞɢɧɹɟɬɫɹ ɤ ɬɪɚɧɫɮɟɪɪɢɧɭ, ɡɚɜɟɪɲɚɹ ɩɪɨɰɟɫɫ ɪɟɭɬɢɥɢɡɚɰɢɢ 

[46]. 

 

1.4 ɐɟɪɭɥɨɩɥɚɡɦɢɧ – ɜɚɠɧɟɣɲɢɣ ɚɧɬɢɨɤɫɢɞɚɧɬ ɩɥɚɡɦɵ ɤɪɨɜɢ 

 

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

ɨɬɧɨɫɹɳɚɹɫɹ ɤα-2-ɝɥɨɛɭɥɢɧɨɜɨɣ ɮɪɚɤɰɢɢ ɩɥɚɡɦɵ ɤɪɨɜɢ ɱɟɥɨɜɟɤɚ, – ɜɩɟɪɜɵɟ 

ɨɩɢɫɚɧ ɜ 1944 ɝ. ɢ ɜɵɞɟɥɟ ɜ ɱɢɫɬɨɦ ɜɢɞɟ ɜ 1951 ɝ. [5]. 

ɐɉ – ɟɞɢɧɢɱɧɚɹ ɩɨɥɢɩɟɩɬɢɞɧɚɹ ɰɟɩɶ, 1046 ɚɦɢɧɨɤɢɫɥɨɬɧɵɯ ɨɫɬɚɬɤɨɜ, 

ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɣ ɛɟɥɨɤ ɫ Mr = 132 ɤȾɚ. Ɇɨɥɟɤɭɥɚ ɫɨɞɟɪɠɢɬ 6 ɞɨɦɟɧɨɜ, 

ɨɛɪɚɡɭɸɳɢɯ ɬɪɢɝɨɧɚɥɶɧɭɸ ɫɬɪɭɤɬɭɪɭ, ɢ 6 ɢɨɧɨɜ Cu [32, 35]. ɉɨ ɫɬɪɭɤɬɭɪɧɨɦɭ 

ɫɯɨɞɫɬɜɭ ɞɨɦɟɧɵ ɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɞɜɟ ɝɪɭɩɩɵ: ɧɟɱɟɬɧɵɟ ɞɨɦɟɧɵ 1,3 ɢ 5 ɢ 
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ɱɟɬɧɵɟ ɞɨɦɟɧɵ4 ɢ 6. ɂɨɧɵ ɦɟɞɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ ɦɟɞɶɫɨɞɟɪɠɚɳɢɯ 

ɨɤɫɢɞɚɡɚɯ, ɞɟɥɹɬ ɧɚ ɬɪɢ ɬɢɩɚ: 

T1Cu-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 

T2Cu-ɢɨɧ (ɬɚɤ ɧɚɡɵɜɚɟɦɵɯ «ɧɟ ɫɢɧɢɯ») ɢɨɧ Cu ɤɨɨɪɞɢɧɢɪɨɜɚɧ ɞɜɭɦɹ 

ɨɫɬɚɬɤɚɦɢ His ɢ ɝɢɞɪɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɨɣ ɢɥɢ ɦɨɥɟɤɭɥɨɣ ɜɨɞɵ. 

T3Cu-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. 

ɍɝɥɟɜɨɞɧɵɣ ɤɨɦɩɨɧɟɧɬ ɐɉ, ɧɚ ɞɨɥɸ ɤɨɬɨɪɨɝɨ ɩɪɢɯɨɞɢɬɫɹ 2–8% ɦɚɫɫɵ 

ɦɨɥɟɤɭɥɵ, ɩɪɟɞɫɬɚɜɥɟɧ ɞɟɜɹɬɶɸ ɨɥɢɝɨɫɚɯɚɪɢɞɧɵɦɢ ɰɟɩɹɦɢ, ɫɨɞɟɪɠɚɳɢɦɢ 

ɝɥɸɤɨɡɚɦɢɧ, ɥɚɤɬɨɡɭ, ɦɚɥɶɬɨɡɭ, ɮɭɤɨɡɭ ɢ ɫɢɚɥɨɜɵɟ ɤɢɫɥɨɬɵ. ɍɝɥɟɜɨɞɵ ɜ 

ɦɨɥɟɤɭɥɟ ɐɉ ɧɚɯɨɞɹɬɫɹ ɜ ɫɥɟɞɭɸɳɢɯ ɤɨɥɢɱɟɫɬɜɚɯ: ɝɥɸɤɨɡɚɦɢɧ 15.7–19.2%, 

ɦɚɧɧɨɡɚ – 14.2%, ɝɚɥɚɤɬɨɡɚ – 12.3%, ɮɭɤɨɡɚ – 1.6%, ɫɢɚɥɨɜɵɟ ɤɢɫɥɨɬɵ – 8.6% 

[7]. 

ɐɟɪɭɥɨɩɥɚɡɦɢɧ ɫɢɧɬɟɡɢɪɭɟɬɫɹ ɜ ɩɟɱɟɧɢ ɝɟɩɚɬɨɰɢɬɚɦɢ ɧɚ 

ɦɟɦɛɪɚɧɨɫɜɹɡɚɧɧɵɯ ɩɨɥɢɫɨɦɚɯ ɜ ɜɢɞɟ ɩɪɨɫɬɨɣ ɩɨɥɢɩɟɩɬɢɞɧɨɣ ɰɟɩɢ. ɍ 

ɜɡɪɨɫɥɵɯ ɐɉ ɟɳɟ ɦɨɠɟɬ ɜɵɪɚɛɚɬɵɜɚɬɶɫɹ ɜ ɦɨɧɨɰɢɬɚɯ, ɫɢɧɬɟɡ ɢɧɞɭɰɢɪɭɟɬɫɹ 

ɝɚɦɦɚ-ɢɧɬɟɪɮɟɪɨɧɨɦ [2].  

ɐɉ, ɩɨɞɨɛɧɨ ɞɪɭɝɢɦ ɦɟɞɶɫɨɞɟɪɠɚɳɢɦ ɛɟɥɤɚɦ, ɫɩɨɫɨɛɟɧ ɭɱɚɫɬɜɨɜɚɬɶ ɜ 

ɨɤɢɫɥɢɬɟɥɶɧɨ – ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɪɟɚɤɰɢɹɯ, ɩɪɢɱɟɦ ɜ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ 

ɜɚɠɧɟɣɲɟɣ ɮɢɡɢɨɥɨɝɢɱɟɫɤɨɣ ɮɭɧɤɰɢɟɣ ɐɉ ɫɱɢɬɚɟɬɫɹ ɢɦɟɧɧɨ ɚɧɬɢɨɤɫɢɞɚɧɬɧɚɹ 

ɮɭɧɤɰɢɹ. 

ɋɪɟɞɢ ɦɧɨɝɨɨɛɪɚɡɧɵɯ ɮɭɧɤɰɢɣ ɐɉ ɫɥɟɞɭɟɬ ɜɵɞɟɥɢɬɶ ɪɹɞ ɧɚɢɛɨɥɟɟ 

ɫɭɳɟɫɬɜɟɧɧɵɯ: ɐɉ ɹɜɥɹɟɬɫɹ ɦɟɞɧɨɣ ɨɤɫɢɞɚɡɨɣ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɣ ɩɨɞɞɟɪɠɚɧɢɟ 

ɭɪɨɜɧɹ ɦɟɞɢ ɜ ɬɤɚɧɹɯ; ɮɟɪɪɨɨɤɫɢɞɚɡɨɣ, ɦɨɛɢɥɢɡɭɸɳɟɣ ɫɵɜɨɪɨɬɨɱɧɨɟ ɠɟɥɟɡɨ 

ɞɥɹ ɤɪɨɜɟɬɜɨɪɟɧɢɹ; ɨɞɧɢɦ ɢɡ ɝɥɢɤɨɩɪɨɬɟɢɧɨɜ “ɨɫɬɪɨɣ ɮɚɡɵ”, ɷɧɞɨɝɟɧɧɵɦ 

ɦɨɞɭɥɹɬɨɪɨɦ ɜɨɫɩɚɥɢɬɟɥɶɧɨɝɨ ɨɬɜɟɬɚ; ɨɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɡɧɚɱɢɦɵɯ 

ɮɟɪɦɟɧɬɧɵɯ ɚɧɬɢɨɤɫɢɞɚɧɬɨɜ ɫɵɜɨɪɨɬɤɢ ɤɪɨɜɢ [9]. 
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Ɍɪɚɧɫɩɨɪɬ ɦɟɞɢ - ɐɉ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɞɞɟɪɠɚɧɢɟ ɟё ɭɪɨɜɧɹ ɜ ɬɤɚɧɹɯ, 

ɨɫɨɛɟɧɧɨ ɜ ɩɟɱɟɧɢ, ɫɩɨɫɨɛɫɬɜɭɹ ɫɩɟɰɢɮɢɱɟɫɤɨɦɭ ɩɟɪɟɧɨɫɭ ɢɨɧɨɜ ɦɟɞɢ ɨɬ 

ɩɟɱɟɧɢ ɤ ɤɥɟɬɤɚɦ ɞɪɭɝɢɯ ɬɤɚɧɹɯ. Ɍɟɦ ɫɚɦɵɦ ɩɨɞɞɟɪɠɢɜɚɹ ɝɨɦɟɨɫɬɚɡ ɦɟɞɢ, ɬɚɤ 

ɠɟ ɫɩɨɫɨɛɫɬɜɭɟɬ ɧɨɪɦɚɥɶɧɨɦɭ ɜɧɭɬɪɢɤɥɟɬɨɱɧɨɦɭ ɬɪɚɧɫɩɨɪɬɭ ɦɟɞɢ. 

Ɏɟɪɪɨɤɫɢɞɚɡɧɚɹ ɮɭɧɤɰɢɹ ɐɉ – ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɦɨɛɢɥɢɡɚɰɢɢ 

ɫɵɜɨɪɨɬɨɱɧɨɝɨ ɠɟɥɟɡɚ ɞɥɹ ɤɪɨɜɟɬɜɨɪɟɧɢɹ. ɗɬɚ ɮɭɧɤɰɢɢ ɡɚɜɢɫɢɬ ɨɬ 

ɨɫɨɛɟɧɧɨɫɬɟɣ ɫɨɫɬɨɹɧɢɹ ɫɬɪɭɤɬɭɪɵ ɦɨɥɟɤɭɥɵ ɐɉ ɢ ɢɡɦɟɧɹɟɬɫɹ ɜɫɥɟɞɫɬɜɢɟ 

ɢɡɦɟɧɟɧɢɹ ɚɤɬɢɜɧɵɯ ɰɟɧɬɪɨɜ.  

ȼ ɩɥɚɡɦɟ ɤɪɨɜɢ ɱɟɥɨɜɟɤɚ ɐɉ ɨɤɢɫɥɹɟɬ ɞɜɭɯɜɚɥɟɧɬɧɨɟ ɠɟɥɟɡɨ ɞɨ 

ɬɪɟɯɜɚɥɟɧɬɧɨɝɨ. Ɉɛɪɚɡɭɸɳɟɟɫɹ ɬɪɟɯɜɚɥɟɧɬɧɨɟ ɠɟɥɟɡɨ ɜɫɬɪɚɢɜɚɟɬɫɹ ɜ ɦɨɥɟɤɭɥɭ 

ɚɩɨɬɪɚɧɫɮɟɪɪɢɧɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɮɟɪɪɨɨɤɫɢɞɚɡɧɚɹ ɚɤɬɢɜɧɨɫɬɶ ɨɛɟɫɩɟɱɢɜɚɟɬ 

ɧɚɫɵɳɟɧɢɟ ɬɪɚɧɫɮɟɪɪɢɧɚ ɠɟɥɟɡɨɦ, ɤɨɬɨɪɵɣ ɬɪɚɧɫɩɨɪɬɢɪɭɟɬ ɠɟɥɟɡɨ ɜ ɤɨɫɬɧɵɣ 

ɦɨɡɝ, ɝɞɟ ɩɪɨɢɫɯɨɞɢɬ ɫɢɧɬɟɡ ɝɟɦɚ. ɐɉ ɭɫɢɥɢɜɚɟɬ ɫɜɹɡɵɜɚɧɢɟ ɢɨɧɨɜ ɠɟɥɟɡɚ ɫ 

ɬɪɚɧɫɮɟɪɪɢɧɨɦ, ɚ ɩɪɢ ɟɝɨ ɢɡɛɵɬɤɟ ɜ ɫɵɜɨɪɨɬɤɟ ɢ ɫ ɮɟɪɪɢɬɢɧɨɦ, ɩɪɢɧɢɦɚɹ ɬɟɦ 

ɫɚɦɵɦ ɭɱɚɫɬɢɟ ɜ ɭɬɢɥɢɡɚɰɢɢ ɠɟɥɟɡɚ, ɐɉ ɫɩɨɫɨɛɫɬɜɭɟɬ ɤɪɨɜɟɬɜɨɪɟɧɢɸ. 

ɐɉ ɫɩɨɫɨɛɟɧ «ɩɟɪɟɯɜɚɬɵɜɚɬɶ» ɫɜɨɛɨɞɧɵɟ ɫɭɩɟɪɨɤɫɢɞɧɵɟ ɪɚɞɢɤɚɥɵ. Ɉɧ 

ɢɧɝɢɛɢɪɭɟɬ ɚɤɬɢɜɢɪɨɜɚɧɧɵɟ ɩɪɨɰɟɫɫɵ ɩɟɪɟɤɢɫɧɨɝɨ ɨɤɢɫɥɟɧɢɹ ɥɢɩɢɞɨɜ, ɬɚɤɠɟ 

ɩɪɟɞɨɬɜɪɚɳɚɟɬ ɨɤɢɫɥɟɧɢɟ ɥɢɩɢɞɨɜ ɤɥɟɬɨɱɧɵɯ ɦɟɦɛɪɚɧ. 

ɐɉ ɢɝɪɚɟɬ ɪɨɥɶ ɢɧɝɢɛɢɬɨɪɚ ɧɚ ɪɹɞɟ ɷɬɚɩɨɜ ɨɛɪɚɡɨɜɚɧɢɹ ɚɤɬɢɜɢɪɨɜɚɧɧɵɯ 

ɤɢɫɥɨɪɨɞɧɵɯ ɦɟɬɚɛɨɥɢɬɨɜ, ɩɪɢɧɢɦɚɹ ɭɱɚɫɬɢɟ ɜ ɭɞɚɥɟɧɢɢ ɬɨɤɫɢɱɧɵɯ ɫɜɨɛɨɞɧɵɯ 

ɪɚɞɢɤɚɥɨɜ ɫɭɩɟɪɨɤɫɢɞɚɧɢɨɧɚ; ɢɧɝɢɛɢɪɭɹ ɨɛɪɚɡɨɜɚɧɢɟ ɫɬɚɛɢɥɶɧɨɣ ɩɟɪɟɤɢɫɢ 

ɜɨɞɨɪɨɞɚ, ɧɟ ɢɧɚɤɬɢɜɢɪɭɟɦɨɣ ɨɫɧɨɜɧɵɦ ɤɥɟɬɨɱɧɵɦ ɚɧɬɢɨɤɫɢɞɚɧɬɧɵɦ 

ɮɟɪɦɟɧɬɨɦ – ɫɭɩɟɪɨɤɫɢɞɞɢɫɦɭɬɚɡɨɣ [44]. 

 

1.5 Ɋɨɥɶ ɠɟɥɟɡɚ ɜ ɪɚɡɜɢɬɢɢ ɫɜɨɛɨɞɧɨɪɚɞɢɤɚɥɶɧɵɯ ɩɚɬɨɥɨɝɢɣ 

 

Ⱥɤɬɢɜɧɵɟ ɮɨɪɦɵ ɤɢɫɥɨɪɨɞɚ (ȺɎɄ), ɤɚɤ ɫɬɚɥɨ ɩɨɧɹɬɧɨ ɜ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ, 

ɫɨɫɬɚɜɥɹɸɬ ɨɬɞɟɥɶɧɭɸ ɫɢɫɬɟɦɭ ɜ ɨɪɝɚɧɢɡɦɟ, ɭɱɚɫɬɜɭɸɳɭɸ ɤɚɤ ɜ ɪɹɞɟ 

ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ, ɬɚɤ ɢ ɜɨ ɦɧɨɝɢɯ ɩɚɬɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɚɯ. 
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ȼ ɯɨɞɟ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɫɬɚɪɟɧɢɹ ɨɪɝɚɧɢɡɦɚ ɢɡɦɟɧɹɸɬɫɹ ɪɚɡɥɢɱɧɵɟ 

ɷɥɟɦɟɧɬɵ ɫɢɫɬɟɦɵ ȺɎɄ; ɢɡɦɟɧɹɟɬɫɹ ɫɨɫɬɨɹɧɢɟ ɫɢɫɬɟɦɵ ȺɎɄ ɢ ɜ ɯɨɞɟ 

ɪɚɡɥɢɱɧɵɯ ɩɚɬɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ [10, 21]. 

ȺɎɄ — ɷɬɨ, ɫ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ, ɩɪɟɠɞɟ ɜɫɟɝɨ ɫɜɨɛɨɞɧɵɟ 

ɪɚɞɢɤɚɥɵ, ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɧɚ ɜɧɟɲɧɟɣ ɷɥɟɤɬɪɨɧɧɨɣ ɨɛɨɥɨɱɤɟ ɧɟɫɩɚɪɟɧɧɵɣ 

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 [8, 11]. 

ȼɚɠɧɟɣɲɢɦɢ ȺɎɄ ɫɱɢɬɚɸɬɫɹ: ɫɭɩɟɪɨɤɫɢɞɧɵɣ ɪɚɞɢɤɚɥ •O2, 

ɝɢɞɪɨɤɫɢɥɶɧɵɣ •Ɉɇ ɢ ɩɟɪɨɤɫɢɞɧɵɣ •HO2 ɪɚɞɢɤɚɥɵ, ɩɟɪɟɤɢɫɶ ɜɨɞɨɪɨɞɚ ɇ2Ɉ2, 

ɩɟɪɨɤɫɢɞɧɵɣ ɢɨɧ HO2
−[14]. 

ɀɟɥɟɡɨ ɤɚɤ ɩɟɪɟɯɨɞɧɵɣ ɦɟɬɚɥɥ ɭɱɚɫɬɜɭɟɬ ɜ ɨɛɪɚɡɨɜɚɧɢɢ ɜɬɨɪɢɱɧɵɯ 

ɪɚɞɢɤɚɥɨɜ ȺɎɄ. ɉɟɪɟɤɢɫɶ ɜɨɞɨɪɨɞɚ ɇ2Ɉ2, ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɢɨɧɨɜ Fe2+ ɨɛɪɚɡɭɟɬ 

ɜɵɫɨɤɨ ɚɤɬɢɜɧɵɣ ɝɢɞɪɨɤɫɢɥɶɧɵɣ ɪɚɞɢɤɚɥ (•Ɉɇ), ɨɛɥɚɞɚɸɳɢɣ ɧɚɢɛɨɥɶɲɟɣ 

ɰɢɬɨɬɨɤɫɢɱɧɨɫɬɶɸ ɫɪɟɞɢ ȺɎɄ. Ɋɚɞɢɤɚɥɵ ɝɢɞɪɨɤɫɢɥɚ ɨɛɪɚɡɭɸɬɫɹ ɬɚɤɠɟ ɩɪɢ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɢɨɧɨɜ ɠɟɥɟɡɚ (Fe2+) ɫ ɝɢɩɨɯɥɨɪɢɬɨɦ. 

Ɋɟɚɤɰɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɟɪɟɤɢɫɢ ɜɨɞɨɪɨɞɚ ɫ ɠɟɥɟɡɨɦ ɧɨɫɢɬ ɧɚɡɜɚɧɢɟ 

ɪɟɚɤɰɢɢ Ɏɟɧɬɨɧɚ: Fe2+ + H2O2 → Fe3+ + OH• + OH−. 

 

1.6 Ⱦɢɮɮɭɡɧɵɣ ɬɨɤɫɢɱɟɫɤɢɣ ɡɨɛ 

 

Ⱦɢɮɮɭɡɧɵɣ ɬɨɤɫɢɱɟɫɤɢɣ ɡɨɛ (ȾɌɁ) – ɡɚɛɨɥɟɜɚɧɢɟ ɳɢɬɨɜɢɞɧɨɣ ɠɟɥɟɡɵ, 

ɫɜɹɡɚɧɧɨɟ ɫ ɢɡɛɵɬɨɱɧɨɣ ɫɟɤɪɟɰɢɟɣ ɬɢɪɟɨɢɞɧɵɯ ɝɨɪɦɨɧɨɜ. Ƚɢɩɟɪɮɭɧɤɰɢɹ 

ɳɢɬɨɜɢɞɧɨɣ ɠɟɥɟɡɵ ɨɛɭɫɥɨɜɥɟɧɚ ɜɨɡɞɟɣɫɬɜɢɟɦ ɧɚ ɧɟɟ ɨɫɨɛɵɯ ɚɧɬɢɬɟɥ, 

ɨɛɥɚɞɚɸɳɢɯ ɬɢɪɟɨɫɬɢɦɭɥɢɪɭɸɳɢɦ ɞɟɣɫɬɜɢɟɦ [43]. 

Ⱦɢɮɮɭɡɧɵɣ ɬɨɤɫɢɱɟɫɤɢɣ ɡɨɛ ɱɚɳɟ ɜɫɬɪɟɱɚɟɬɫɹ ɭ ɠɟɧɳɢɧ, ɨɞɧɚɤɨ ɭ 

ɦɭɠɱɢɧ ɷɬɨ ɡɚɛɨɥɟɜɚɧɢɟ ɱɚɳɟ ɫɨɱɟɬɚɟɬɫɹ ɫ ɨɮɬɚɥɶɦɨɩɚɬɢɟɣ ɢɥɢ ɩɪɟɬɢɛɢɚɥɶɧɨɣ 

ɦɢɤɫɟɞɟɦɨɣ. Ɉɮɬɚɥɶɦɨɩɚɬɢɹ ɢ ɩɪɟɬɢɛɢɚɥɶɧɚɹ ɦɢɤɫɟɞɟɦɚ ɜɫɬɪɟɱɚɸɬɫɹ ɧɟ ɛɨɥɟɟ 

ɱɟɦ ɭ 5% ɥɢɰ ɫ ɞɢɮɮɭɡɧɵɦ ɬɨɤɫɢɱɟɫɤɢɦ ɡɨɛɨɦ. 
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ȾɌɁ – ɚɭɬɨɢɦɦɭɧɧɨɟ ɡɚɛɨɥɟɜɚɧɢɟ, ɪɚɡɜɢɜɚɟɬɫɹ ɭ ɥɢɰ ɫ ɧɚɫɥɟɞɫɬɜɟɧɧɨɣ 

ɩɪɟɞɪɚɫɩɨɥɨɠɟɧɧɨɫɬɶɸ. ȼ ɪɚɡɜɢɬɢɢ ɬɢɪɟɨɬɨɤɫɢɱɟɫɤɨɝɨ ɡɨɛɚ ɝɥɚɜɧɭɸ ɪɨɥɶ 

ɢɝɪɚɸɬ ɧɚɪɭɲɟɧɢɹ ɫɨ ɫɬɨɪɨɧɵ ɢɦɦɭɧɧɨɣ ɫɢɫɬɟɦɵ. ɉɨɜɪɟɠɞɚɸɳɢɣ ɮɚɤɬɨɪ 

ɢɡɦɟɧɹɟɬ ɫɬɪɭɤɬɭɪɭ ɢ ɫɜɨɣɫɬɜɚ T ɢ B – ɥɢɦɮɨɰɢɬɨɜ – ɤɥɟɬɨɤ, ɭɱɚɫɬɜɭɸɳɢɯ 

ɨɛɪɚɡɨɜɚɧɢɢ ɫɩɟɰɢɮɢɱɟɫɤɢɯ ɚɧɬɢɬɟɥ. ȼ ɧɨɪɦɟ ɚɧɬɢɬɟɥɚ ɛɨɪɸɬɫɹ ɪɚɡɥɢɱɧɵɦɢ ɫ 

ɢɧɮɟɤɰɢɨɧɧɵɦɢ ɚɝɟɧɬɚɦɢ, ɢɧɨɪɨɞɧɵɦɢ ɬɟɥɚɦɢ, ɩɪɨɧɢɤɲɢɦɢ ɜ ɨɪɝɚɧɢɡɦ [38, 

40].  

ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ, ɫɬɪɭɤɬɭɪɧɨ ɢɡɦɟɧёɧɧɵɟ ɚɧɬɢɬɟɥɚ ɧɨɫɹɬ ɧɚɡɜɚɧɢɟ 

ɚɭɬɨɚɧɬɢɬɟɥ, ɢ ɧɚɩɪɚɜɥɟɧɵ ɩɪɨɬɢɜ ɳɢɬɨɜɢɞɧɨɣ ɠɟɥɟɡɵ. Ʉɪɨɦɟ ɬɨɝɨ, ɷɬɢ 

ɚɧɬɢɬɟɥɚ ɨɛɥɚɞɚɸɬ ɫɬɢɦɭɥɢɪɭɸɳɢɦ ɫɜɨɣɫɬɜɨɦ ɧɚ ɪɨɫɬ ɫɚɦɨɣ ɠɟɥɟɡɵ, ɢ 

ɜɵɪɚɛɨɬɤɭ ɟɸ ɝɨɪɦɨɧɨɜ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɭɱɚɟɬɫɹ, ɱɬɨ ɠɟɥɟɡɚ ɩɨɫɬɟɩɟɧɧɨ 

ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜ ɪɚɡɦɟɪɟ, ɚ ɜ ɨɪɝɚɧɢɡɦɟ ɩɨɫɬɨɹɧɧɨ ɩɪɢɫɭɬɫɬɜɭɟɬ ɩɨɜɵɲɟɧɧɨɟ 

ɤɨɥɢɱɟɫɬɜɨ ɬɢɪɟɨɢɞɧɵɯ ɝɨɪɦɨɧɨɜ, ɬɢɪɨɤɫɢɧɚ ɢ ɬɪɢɣɨɞɬɢɪɨɧɢɧɚ. 

Ɋɟɡɤɢɣ ɪɨɫɬ ɜɵɞɟɥɟɧɢɹ ɬɢɪɟɨɢɞɧɵɯ ɝɨɪɦɨɧɨɜ ɜɵɡɵɜɚɟɬ ɧɚɪɭɲɟɧɢɹ 

ɨɛɦɟɧɚ ɜɟɳɟɫɬɜ: 

• ɇɚɪɭɲɟɧɢɹ ɫɨ ɫɬɨɪɨɧɵ ɭɝɥɟɜɨɞɧɨɝɨ ɨɛɦɟɧɚ ɩɪɨɹɜɥɹɸɬɫɹ ɜ ɜɢɞɟ 

ɩɨɜɵɲɟɧɧɨɝɨ ɪɚɫɳɟɩɥɟɧɢɹ ɝɥɸɤɨɡɵ ɜ ɬɤɚɧɹɯ, ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɛɨɥɶɲɨɝɨ 

ɤɨɥɢɱɟɫɬɜɚ ɷɧɟɪɝɢɢ. ɉɪɢ ɢɫɬɨɳɟɧɢɢ ɬɤɚɧɟɜɨɣ ɝɥɸɤɨɡɵ ɨɪɝɚɧɢɡɦ ɢɳɟɬ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɢɫɬɨɱɧɢɤɢ ɩɢɬɚɧɢɹ, ɢ ɧɚɯɨɞɢɬ ɢɯ ɜ ɜɢɞɟ ɝɥɢɤɨɝɟɧɚ (ɭɝɥɟɜɨɞ, 

ɤɨɬɨɪɵɣ ɨɬɤɥɚɞɵɜɚɟɬɫɹ ɜ ɩɟɱɟɧɢ, ɦɵɲɰɚɯ ɜ ɜɢɞɟ ɡɚɩɚɫɨɜ ɷɧɟɪɝɢɢ). 

• ɉɨɜɵɲɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɠɢɪɨɜɵɯ ɡɚɩɚɫɨɜ. Ʌɢɩɢɞɵ (ɠɢɪɵ) 

ɧɚɤɚɩɥɢɜɚɸɬ ɜ ɫɟɛɟ ɧɟɫɪɚɜɧɟɧɧɨ ɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɷɧɟɪɝɢɢ, ɱɟɦ ɭɝɥɟɜɨɞɵ. 

• ɍɫɢɥɢɜɚɟɬɫɹ ɩɪɨɰɟɫɫ ɪɚɫɩɚɞɚ ɛɟɥɤɨɜ ɞɨ ɚɦɢɧɨɤɢɫɥɨɬ, ɬɚɤɠɟ ɫ 

ɨɫɜɨɛɨɠɞɟɧɢɟɦ ɷɧɟɪɝɢɢ ɢ ɬɟɩɥɚ. ɉɪɢ ɷɬɨɦ ɩɨɜɵɲɚɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ ɚɡɨɬɚ ɜ 

ɦɨɱɟ. 

ȼɫɟ ɭɤɚɡɚɧɧɵɟ ɩɪɨɰɟɫɫɵ ɜɟɞɭɬ ɤ ɢɫɬɨɳɟɧɢɸ ɨɪɝɚɧɢɡɦɚ. ɇɚɪɹɞɭ ɫ 

ɧɨɪɦɚɥɶɧɵɦ ɢɥɢ ɩɨɜɵɲɟɧɧɵɦ ɚɩɩɟɬɢɬɨɦ ɨɬɦɟɱɚɟɬɫɹ:  

• ɋɧɢɠɟɧɢɟ ɦɚɫɫɵ ɬɟɥɚ 

• ɉɨɹɜɥɟɧɢɟ ɦɵɲɟɱɧɨɣ ɫɥɚɛɨɫɬɢ 

• Ɋɚɡɜɢɬɢɟ ɩɚɬɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɜ ɨɪɝɚɧɚɯ ɢ ɫɢɫɬɟɦɚɯ 
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Ɍɚɤ ɠɟ ɞɢɮɮɭɡɧɵɣ ɬɨɤɫɢɱɟɫɤɢɣ ɡɨɛ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ 

ɢɡɦɟɧɟɧɢɹɦɢ ɫɟɪɞɟɱɧɨ-ɫɨɫɭɞɢɫɬɨɣ ɢ ɧɟɪɜɧɨɣ ɫɢɫɬɟɦ [15, 19]. 

 

1.7 Ɋɚɤ ɠɟɥɭɞɤɚ 

 

Ɋɚɤ ɠɟɥɭɞɤɚ — ɷɬɨ ɨɩɭɯɨɥɶ ɡɥɨɤɚɱɟɫɬɜɟɧɧɨɝɨ ɯɚɪɚɤɬɟɪɚ, ɤɨɬɨɪɚɹ 

ɨɛɪɚɡɭɟɬɫɹ ɢɡ ɤɥɟɬɨɤ ɷɩɢɬɟɥɢɹ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɫɥɢɡɢɫɬɨɣ ɨɛɨɥɨɱɤɢ. ɗɬɨ 

ɡɚɛɨɥɟɜɚɧɢɟ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧёɧɧɵɯ ɨɧɤɨɥɨɝɢɱɟɫɤɢɯ 

ɡɚɛɨɥɟɜɚɧɢɣ ɜ ɦɢɪɟ.  ɋɪɟɞɢ ɜɫɟɯ ɡɥɨɤɚɱɟɫɬɜɟɧɧɵɯ ɨɛɪɚɡɨɜɚɧɢɣ ɜɬɨɪɨɟ ɦɟɫɬɨ 

ɫɦɟɪɬɟɣ ɨɬ ɪɚɤɚ ɡɚɧɢɦɚɟɬ ɢɦɟɧɧɨ ɪɚɤ ɠɟɥɭɞɤɚ. ȿɠɟɝɨɞɧɨ ɜ ɦɢɪɟ ɪɟɝɢɫɬɪɢɪɭɟɬɫɹ 

ɨɤɨɥɨ 1 ɦɥɧ ɧɨɜɵɯ ɫɥɭɱɚɟɜ ɢ ɛɨɥɟɟ 700 ɬɵɫɹɱ ɫɦɟɪɬɟɣ ɨɬ ɷɬɨɝɨ ɡɚɛɨɥɟɜɚɧɢɹ [16, 

28, 47]. 

ȼɨɡɧɢɤɧɨɜɟɧɢɸ ɪɚɤɚ ɠɟɥɭɞɤɚ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɩɪɟɞɲɟɫɬɜɭɸɬ 

ɬɚɤɢɟ ɯɪɨɧɢɱɟɫɤɢɟ ɡɚɛɨɥɟɜɚɧɢɹ ɤɚɤ ɩɨɥɢɩɨɡ, ɹɡɜɚ ɠɟɥɭɞɤɚ, ɚɬɪɨɮɢɱɟɫɤɢɣ 

ɯɪɨɧɢɱɟɫɤɢɣ ɝɚɫɬɪɢɬ, ɩɟɪɧɢɰɢɨɡɧɚɹ ɚɧɟɦɢɹ. ɉɢɬɚɧɢɟ, ɤɚɤ ɢ ɨɛɪɚɡ ɠɢɡɧɢ 

ɱɟɥɨɜɟɤɚ ɬɚɤ ɠɟ ɢɝɪɚɟɬ ɧɟɦɚɥɨɜɚɠɧɭɸ ɪɨɥɶ, ɨɩɭɯɨɥɶ ɜɨɡɧɢɤɚɟɬ ɩɪɢ 

ɧɟɪɟɝɭɥɹɪɧɨɦ ɩɢɬɚɧɢɢ, ɭɩɨɬɪɟɛɥɟɧɢɢ ɝɪɭɛɨɣ, ɱɪɟɡɦɟɪɧɨ ɝɨɪɹɱɟɣ ɢ ɨɫɬɪɨɣ 

ɩɢɳɢ, ɤɨɩɱɟɧɵɯ ɩɪɨɞɭɤɬɨɜ, ɤɪɟɩɤɢɯ ɫɩɢɪɬɧɵɯ ɧɚɩɢɬɤɨɜ, ɤɭɪɟɧɢɢ [33]. Ɉɞɧɚɤɨ 

ɥɸɞɢ, ɩɢɬɚɸɳɢɟɫɹ ɮɪɭɤɬɚɦɢ, ɨɜɨɳɚɦɢ, ɛɨɛɨɜɵɦɢ ɢ ɤɢɫɥɨɦɨɥɨɱɧɵɦɢ 

ɩɪɨɞɭɤɬɚɦɢ, ɝɨɪɚɡɞɨ ɦɟɧɶɲɟ ɩɨɞɜɟɪɠɟɧɵ ɪɢɫɤɭ ɞɚɧɧɨɝɨ ɡɚɛɨɥɟɜɚɧɢɹ. 

ɇɢɡɤɚɹ ɨɛɟɫɩɟɱɟɧɧɨɫɬɶ ɨɪɝɚɧɢɡɦɚ ɜɢɬɚɦɢɧɨɦ ɋ, ɧɟɞɨɫɬɚɬɨɱɧɨɟ 

ɩɨɬɪɟɛɥɟɧɢɟ ɮɪɭɤɬɨɜ ɢ ɨɜɨɳɟɣ, ɛɨɝɚɬɵɯ ɚɫɤɨɪɛɢɧɨɜɨɣ ɤɢɫɥɨɬɨɣ ɢ 

ɚɫɤɨɪɛɚɬɚɦɢ, ɫɩɨɫɨɛɫɬɜɭɟɬ ɢɧɮɢɰɢɪɨɜɚɧɢɸ Helicobacterpylori ɤɨɬɨɪɚɹ ɜ 

ɩɨɫɥɟɞɫɬɜɢɢ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɪɚɡɜɢɬɢɸ ɪɚɤɚ [26, 27, 29]. Ɉɩɭɯɨɥɟɜɵɟ ɤɥɟɬɤɢ 

ɫɢɧɬɟɡɢɪɭɸɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɤɨɥɥɚɝɟɧɚɡ ɢ ɫɬɪɨɦɟɥɢɡɢɧɚ, ɚ ɬɚɤɠɟ 

ɚɤɬɢɜɚɬɨɪɚ ɩɥɚɡɦɢɧɨɝɟɧɚ, ɱɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɪɚɡɪɵɯɥɟɧɢɸ ɦɟɠɤɥɟɬɨɱɧɨɝɨ 

ɦɚɬɪɢɤɫɚ, ɧɚɪɭɲɟɧɢɸ ɰɢɬɨɚɪɯɢɬɟɤɬɨɧɢɤɢ ɤɥɟɬɨɤ ɢ ɜɵɫɜɨɛɨɠɞɟɧɢɸ ɢɯ ɞɥɹ 

ɦɟɬɚɫɬɚɡɢɪɨɜɚɧɢɹ. ɍɧɢɤɚɥɶɧɚɹ ɪɨɥɶ ɜɢɬɚɦɢɧɚ ɋ ɡɚɤɥɸɱɚɟɬɫɹ ɢ ɜ ɬɨɦ, ɱɬɨ 

ɜɢɬɚɦɢɧ ɋ ɩɪɢɧɢɦɚɟɬ ɭɱɚɫɬɢɟ ɜ ɫɢɧɬɟɡɟ ɤɨɥɥɚɝɟɧɚ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɡɚɦɟɞɥɹɹ 

ɦɟɬɚɫɬɚɡɢɪɨɜɚɧɢɟ.  
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ȼɚɠɧɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɧɚ ɪɚɧɧɢɯ ɫɬɚɞɢɹɯ ɡɚɛɨɥɟɜɚɧɢɟ ɩɪɨɬɟɤɚɟɬ 

ɛɟɫɫɢɦɩɬɨɦɧɨ. Ɉɫɧɨɜɧɵɦ ɦɟɬɨɞɨɦ ɞɢɚɝɧɨɫɬɢɤɢ ɪɚɤɚ ɠɟɥɭɞɤɚ ɹɜɥɹɟɬɫɹ 

ɮɢɛɪɨɝɚɫɬɪɨɫɤɨɩɢɹ, ɤɨɬɨɪɭɸ ɧɭɠɧɨ ɜɵɩɨɥɧɹɬɶ ɜɫɟɦ ɛɨɥɶɧɵɦ ɫ ɩɨɞɨɡɪɟɧɢɟɦ ɧɚ 

ɞɚɧɧɨɟ ɡɚɛɨɥɟɜɚɧɢɟ [4, 24]. 

Ɍɚɤ ɠɟ ɜɚɠɧɵɣ ɮɚɤɬɨɪ — ɷɬɨ ɝɟɧɟɬɢɱɟɫɤɚɹ ɩɪɟɞɪɚɫɩɨɥɨɠɟɧɧɨɫɬɶ, 

ɞɨɤɚɡɚɧɨ ɱɬɨ ɥɸɞɢ, ɢɦɟɸɳɢɟ ɫɪɟɞɢ ɛɥɢɡɤɢɯ ɪɨɞɫɬɜɟɧɧɢɤɨɜ ɨɧɤɨɛɨɥɶɧɵɯ, 

ɛɨɥɟɟ ɩɨɞɜɟɪɠɟɧɵ ɪɢɫɤɭ. Ⱦɥɹ ɪɨɞɫɬɜɟɧɧɢɤɨɜ ɪɢɫɤ ɡɚɛɨɥɟɬɶ ɩɨɫɬɟɩɟɧɧɨ 

ɜɨɡɪɚɫɬɚɟɬ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɧɟ ɬɨɥɶɤɨ ɨɬ ɜɨɡɪɚɫɬɚ ɩɪɨɹɜɥɟɧɢɹ ɭ ɧɢɯ 

ɡɥɨɤɚɱɟɫɬɜɟɧɧɨɝɨ ɧɨɜɨɨɛɪɚɡɨɜɚɧɢɹ ɢ ɱɢɫɥɚ ɩɨɪɚɠɟɧɧɵɯ ɱɥɟɧɨɜ ɫɟɦɶɢ, ɧɨ ɢ ɨɬ 

ɬɹɠɟɫɬɢ ɤɥɢɧɢɱɟɫɤɨɝɨ ɬɟɱɟɧɢɹ ɡɚɛɨɥɟɜɚɧɢɹ. 

Ⱥɧɟɦɢɹ ɜɫɬɪɟɱɚɟɬɫɹ ɛɨɥɟɟ ɱɟɦ ɭ ɬɪɟɬɢ ɛɨɥɶɧɵɯ ɡɥɨɤɚɱɟɫɬɜɟɧɧɵɦɢ 

ɨɩɭɯɨɥɹɦɢ [34, 45]. ȿɫɬɶ 3 ɩɪɢɱɢɧɵ ɪɚɡɜɢɬɢɹ ɚɧɟɦɢɢ ɭ ɛɨɥɶɧɵɯ: ɤɪɨɜɨɩɨɬɟɪɢ, 

ɫɧɢɠɟɧɢɟ ɨɛɪɚɡɨɜɚɧɢɹ ɷɪɢɬɪɨɰɢɬɨɜ, ɭɫɢɥɟɧɧɨɟ ɪɚɡɪɭɲɟɧɢɟ ɷɪɢɬɪɨɰɢɬɨɜ [1, 16, 

22]. ɏɢɦɢɨɬɟɪɚɩɢɹ ɨɤɚɡɵɜɚɟɬ ɩɨɞɚɜɥɹɸɳɟɟ ɞɟɣɫɬɜɢɟ ɧɚ ɩɪɨɰɟɫɫ 

ɤɪɨɜɟɬɜɨɪɟɧɢɹ. Ɍɚɤ ɠɟ ɨɞɧɨɣ ɢɡ ɩɪɢɱɢɧ ɚɧɟɦɢɢ ɦɨɠɟɬ ɹɜɥɹɬɶɫɹ ɞɟɮɢɰɢɬ 

ɜɢɬɚɦɢɧɚ ȼ12 ɤɨɬɨɪɵɣ ɜɨɡɧɢɤɚɟɬ ɜ ɫɥɭɱɚɟ ɧɟɩɪɚɜɢɥɶɧɨɝɨ ɩɢɬɚɧɢɹ ɢɥɢ ɠɟ ɧɚ 

ɮɨɧɟ ɧɚɪɭɲɟɧɢɹ ɜɫɚɫɵɜɚɧɢɹ ɜ ɫɜɹɡɢ ɫ ɢɡɦɟɧɟɧɢɟɦ ɫɥɢɡɢɫɬɨɣ ɨɛɨɥɨɱɤɢ 

ɤɢɲɟɱɧɢɤɚ. ɉɪɢ ɞɟɮɢɰɢɬɟ ɜɢɬɚɦɢɧɚ ȼ12 ɜ ɤɨɫɬɧɨɦ ɦɨɡɝɟ ɩɨɹɜɥɹɸɬɫɹ ɛɨɥɶɲɢɟ 

ɹɞɪɨɫɨɞɟɪɠɚɳɢɟ ɷɪɢɬɪɨɢɞɧɵɟ ɤɥɟɬɤɢ — ɦɟɝɚɥɨɛɥɚɫɬɵ, ɤɨɬɨɪɵɟ ɨɛɪɚɡɭɸɬ ɫ 

ɡɚɦɟɞɥɟɧɧɨɣ ɫɤɨɪɨɫɬɶɸ ɛɨɥɶɲɢɟ ɷɪɢɬɪɨɰɢɬɵ — ɦɟɝɚɥɨɰɢɬɵ ɫ ɪɟɡɤɨ 

ɭɤɨɪɨɱɟɧɧɵɦ ɩɟɪɢɨɞɨɦ ɠɢɡɧɢ. Ɂɚɦɟɞɥɟɧɢɟ ɩɨɫɬɭɩɥɟɧɢɹ ɷɪɢɬɪɨɰɢɬɨɜ ɜ ɤɪɨɜɶ ɢ 

ɛɵɫɬɪɨɟ ɢɯ ɪɚɡɪɭɲɟɧɢɟ ɜɟɞɟɬ ɤ ɚɧɟɦɢɢ [18]. 
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2. Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 

2.1 Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɣ 

 

Ɉɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɥɭɠɢɥɚ ɤɪɨɜɶ ɝɪɭɩɩɵ ɡɞɨɪɨɜɵɯ ɥɸɞɟɣ ɢ ɥɸɞɟɣ, 

ɫ ɬɚɤɢɦɢ ɩɚɬɨɥɨɝɢɹɦɢ ɤɚɤ ɪɚɤ ɠɟɥɭɞɤɚ ɢ ȾɌɁ, ɡɚɛɪɚɧɧɚɹ ɧɚɬɨɳɚɤ ɢɡ ɥɨɤɬɟɜɨɣ 

ɜɟɧɵ ɜ ɜɚɤɭɬɟɣɧɟɪɵ ɫ ɝɟɩɚɪɢɧɨɦ ɜ ɤɚɱɟɫɬɜɟ ɚɧɬɢɤɨɚɝɭɥɹɧɬɚ. 

 ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɬɚɤɢɯ ɚɧɬɢɤɨɚɝɭɥɹɧɬɨɜ ɤɚɤ ɰɢɬɪɚɬ, ɨɤɫɚɥɚɬ, ɗȾɌȺ 

ɧɟɞɨɩɭɫɬɢɦɨ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɠɟɥɟɡɚ.  

Ƚɟɩɚɪɢɧɢɡɢɪɨɜɚɧɧɭɸ ɤɪɨɜɶ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɥɢ 20 ɦɢɧ ɩɪɢ 3000 ɨɛ/ɦɢɧ. 

ɉɨɫɥɟ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɹ ɨɫɬɨɪɨɠɧɨ ɨɬɛɢɪɚɥɢ ɩɥɚɡɦɭ ɢ ɫɨɯɪɚɧɹɥɢ ɞɨ 

ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ. ɉɥɚɡɦɭ ɫɥɟɞɭɟɬ ɯɪɚɧɢɬɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɧɟ ɜɵɲɟ -

20ɨɋ. 

 

2.2 Ɉɩɪɟɞɟɥɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɠɟɥɟɡɚ 

 

ɋɨɞɟɪɠɚɧɢɟ ɠɟɥɟɡɚ ɨɩɪɟɞɟɥɹɥɢ ɢɫɩɨɥɶɡɭɹ ɧɚɛɨɪ «ɀɟɥɟɡɨ ȼɢɬɚɥ» ɮɢɪɦɵ 

ɈȺɈ «ȼɢɬɚɥ Ⱦɟɜɟɥɨɩɦɟɧɬ Ʉɨɪɩɨɪɷɣɲɧ», Ɋɨɫɫɢɹ, ɝ. ɋɚɧɤɬ – ɉɟɬɟɪɛɭɪɝ. 

ɉɪɢɧɰɢɩ ɦɟɬɨɞɚ: ȼ ɤɢɫɥɨɣ ɫɪɟɞɟ ɛɟɥɤɨɜɵɟ ɤɨɦɩɥɟɤɫɵ, ɫɜɹɡɵɜɚɸɳɢɟ 

ɠɟɥɟɡɨ, ɞɢɫɫɨɰɢɢɪɭɸɬ, ɢ ɠɟɥɟɡɨ ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɞɨ Fe2+. ɂɨɧ ɞɜɭɯɡɚɪɹɞɧɨɝɨ 

ɠɟɥɟɡɚ ɫɜɹɡɵɜɚɟɬɫɹ ɫ ɯɪɨɦɨɝɟɧɨɦ, ɨɛɪɚɡɭɹ ɨɤɪɚɲɟɧɧɵɣ ɤɨɦɩɥɟɤɫ, 

ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɨɬɨɪɨɝɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɤɨɧɰɟɧɬɪɚɰɢɢ ɠɟɥɟɡɚ ɜ ɨɛɪɚɡɰɟ ɢ 

ɢɡɦɟɪɹɟɬɫɹ ɮɨɬɨɦɟɬɪɢɱɟɫɤɢ. Ʉɨɦɩɥɟɤɫɵ ɯɪɨɦɨɝɟɧɚ ɫ ɢɨɧɚɦɢ ɰɢɧɤɚ ɢ ɦɟɞɢ 

ɦɚɫɤɢɪɭɸɬɫɹ, ɨɛɪɚɡɭɹ ɧɟ ɨɤɪɚɲɢɜɚɟɦɵɟ ɤɨɦɩɥɟɤɫɵ ɫ ɯɟɥɚɬɨɪɨɦ, ɱɬɨ 

ɨɛɟɫɩɟɱɢɜɚɟɬ ɛɨɥɟɟ ɬɨɱɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɠɟɥɟɡɚ, ɫɜɨɛɨɞɧɨɟ ɨɬ 

ɢɧɬɟɪɮɟɪɟɧɰɢɢ.  

Ɋɟɚɤɬɢɜɵ: 

1. Ɋɟɚɝɟɧɬ №1: Ƚɭɚɧɢɞɢɧ ɝɢɞɪɨɯɥɨɪɢɞ – 2,5 ɦɨɥɶ/ɥ.; Nitro-PAPS – 3,6 

ɦɨɥɶ/ɥ.; Ⱦɟɬɟɪɝɟɧɬɵ; ɋɬɚɛɢɥɢɡɚɬɨɪɵ. 

2. Ɋɟɚɝɟɧɬ №2: ɏɟɥɚɬɨɪ – 40 ɦɦɨɥɶ/ɥ.; Ⱥɰɟɬɚɬɧɵɣ ɛɭɮɟɪ – 30 ɦɦɨɥɶ/ɥ. 
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3. Ɋɟɚɝɟɧɬ №3 – Ʉɚɥɢɛɪɚɬɨɪ: ɠɟɥɟɡɨ – 30 ɦɤɦɨɥɶ/ɥ. 

4. Ɋɚɛɨɱɢɣ ɪɚɫɬɜɨɪ: Ⱦɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɪɚɛɨɱɟɝɨ ɪɚɫɬɜɨɪɚ ɧɟɨɛɯɨɞɢɦɨ 

ɫɦɟɲɚɬɶ ɪɟɚɝɟɧɬ №1 ɢ ɪɟɚɝɟɧɬ №2 ɜ ɩɪɨɩɨɪɰɢɢ 19:1. Ɋɚɛɨɱɢɣ ɪɟɚɝɟɧɬ 

ɫɬɚɛɢɥɟɧ ɧɟ ɦɟɧɟɟ 8 ɱɚɫɨɜ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɯɪɚɧɟɧɢɹ 18-25°ɋ. 

ɏɪɚɧɢɬɫɹ ɜ ɩɥɨɬɧɨ ɡɚɤɪɵɬɨɣ ɬɟɦɧɨɣ ɫɤɥɹɧɤɟ. 

Пɪɢɦɟɱɚɧɢɟ: ɫɪɨɤ ɝɨɞɧɨɫɬɢ ɧɚɛɨɪɚ – 12 ɦɟɫɹɰɟɦ ɩɪɢ 18-25°С.Сɪɨɤ 

ɝɨɞɧɨɫɬɢ ɜɫɤɪɵɬɨɝɨ ɪɟɚɝɟɧɬɚ № 3 – 1 ɦɟɫɹɰ ɩɪɢ 18-25°С. 

ɏɨɞ ɪɚɛɨɬɵ: 

Ƚɨɬɨɜɢɥɢ 3 ɩɪɨɛɵ, ɩɪɨɩɢɫɶ ɤɨɬɨɪɵɯ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ №1. 

Ɍɚɛɥɢɰɚ 1 – ɋɨɫɬɚɜ ɨɩɵɬɧɨɣ, ɤɚɥɢɛɪɨɜɨɱɧɨɣ ɢ ɯɨɥɨɫɬɨɣ ɩɪɨɛ 

 Ɉɩɵɬɧɚɹ 
ɩɪɨɛɚ 

Ʉɚɥɢɛɪɨɜɨɱɧɚɹ 
ɩɪɨɛɚ 

ɏɨɥɨɫɬɚɹ 
ɩɪɨɛɚ 

Ɉɛɪɚɡɟɰ 0,10 ɦɥ - - 
Ⱦɟɢɨɧɢɡɢɪɨɜɚɧɧɚɹ 
ɜɨɞɚ 

- - 0,10 ɦɥ 

Ɋɚɛɨɱɢɣ ɪɟɚɝɟɧɬ 2,0 ɦɥ 2,0 ɦɥ 2,0 ɦɥ 
Ɋɟɚɝɟɧɬ № 3 - 0,10 ɦɥ - 

 

ɉɪɨɛɵ ɩɟɪɟɦɟɲɢɜɚɸɬ ɢ ɢɧɤɭɛɢɪɭɸɬ ɬɨɱɧɨ 10 ɦɢɧ ɩɪɢ ɤɨɦɧɚɬɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɟ (18-25°ɋ). 

Ɏɨɬɨɦɟɬɪɢɪɭɸɬ ɩɪɨɬɢɜ ɯɨɥɨɫɬɨɣ ɩɪɨɛɵ ɩɪɢ ɞɥɢɧɟ ɜɨɥɧɵ – 578ɧɦ. 

Ɉɤɪɚɫɤɚ ɫɬɚɛɢɥɶɧɚ ɜ ɬɟɱɟɧɢɟ 15 ɦɢɧ. 

Ɋɚɫɱɟɬɵ: 

Ɋɚɫɱɟɬɵ ɤɨɧɰɟɧɬɪɚɰɢɢ ɠɟɥɟɡɚ ɨɫɭɳɟɫɬɜɥɹɸɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ:                        , ɝɞɟ  

Ⱥɨɩ – ɨɩɬɢɱɟɫɤɚɹ ɩɥɨɬɧɨɫɬɶ ɨɩɵɬɧɨɣ ɩɪɨɛɵ; 

Ⱥɤɚɥ – ɨɩɬɢɱɟɫɤɚɹ ɩɥɨɬɧɨɫɬɶ ɤɚɥɢɛɪɨɜɨɱɧɨɣ ɩɪɨɛɵ; 

30 ɦɤɦɨɥɶ/ɥ – ɤɨɧɰɟɧɬɪɚɰɢɹ ɠɟɥɟɡɚ ɜ ɤɚɥɢɛɪɚɬɨɪɟ. 

Пɪɢɦɟɱɚɧɢɟ: ɬɚɤ ɤɚɤ ɨɫɧɨɜɧɵɦ ɢɫɬɨɱɧɢɤɨɦ ɨɲɢɛɨɤ ɜ ɞɚɧɧɨɦ ɦɟɬɨɞɟ 

ɹɜɥɹɟɬɫɹ ɡɚɝɪɹɡɧɟɧɢɟ ɩɨɫɭɞɵ ɢ ɤɸɜɟɬ, ɫɬɟɤɥɹɧɧɭɸ ɩɨɫɭɞɭ ɧɟɨɛɯɨɞɢɦɨ ɦɵɬɶ 4 
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ɦɨɥɶ/ɥ ɪɚɫɬɜɨɪɨɦ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɵ, ɢ ɨɩɨɥɚɫɤɢɜɚɬɶ ɛɢɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ 

(ɞɟɢɨɧɢɡɨɜɚɧɧɨɣ) ɜɨɞɨɣ. 

 

2.3 Ɉɩɪɟɞɟɥɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɰɟɪɭɥɨɩɥɚɡɦɢɧɚ 

 

ɉɪɢɧɰɢɩ ɦɟɬɨɞɚ: ɨɫɧɨɜɚɧ ɧɚ ɨɤɢɫɥɟɧɢɢ ɪ-ɮɟɧɢɥɟɧɞɢɚɦɢɧɚ ɩɪɢ ɭɱɚɫɬɢɢ 

ɰɟɪɭɥɨɩɥɚɡɦɢɧɚ (ɐɉ). 

Ɋɟɚɤɬɢɜɵ: 

1. 0,4 Ɇ ɚɰɟɬɚɬɧɵɣ ɛɭɮɟɪ (pH 5,5), ɩɪɢɝɨɬɨɜɥɟɧɧɵɣ ɩɭɬɟɦ ɫɦɟɲɢɜɚɧɢɹ 

ɪɚɫɬɜɨɪɨɜ 1 ɢ 2 (ɜ ɫɨɨɬɧɨɲɟɧɢɢ 9:1). 1-ɣ ɪɚɫɬɜɨɪ – 55,44 ɚɰɟɬɚɬɚ ɧɚɬɪɢɹ 

ɩɨɦɟɳɚɥɢ ɜ ɦɟɪɧɭɸ ɤɨɥɛɭ ɧɚ 1 ɥ ɢ ɞɨɜɨɞɢɥɢ ɞɨ ɦɟɬɤɢ.  2-ɣ ɪɚɫɬɜɨɪ – 22,6 ɦɥ 

ɥɟɞɹɧɨɣ ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ ɪɚɫɬɜɨɪɹɥɢ ɢ ɞɨɜɨɞɢɥɢ ɞɨ ɦɟɬɤɢ 1 ɥ 

ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɨɣ.  

2. 1,3%-ɧɵɣ ɪɚɫɬɜɨɪ ɮɬɨɪɢɫɬɨɝɨ ɧɚɬɪɢɹ.  

3. 0,5%-ɧɵɣ ɪɚɫɬɜɨɪ ɫɨɥɹɧɨɤɢɫɥɨɝɨ ɪ-ɮɟɧɢɥɟɧɞɢɚɦɢɧɚ. 

ɏɨɞ ɨɩɪɟɞɟɥɟɧɢɹ. 

ȼ ɤɨɧɬɪɨɥɶɧɭɸ ɢ ɨɩɵɬɧɭɸ ɩɪɨɛɵ ɜɧɨɫɢɥɢ ɩɨ 0,1 ɦɥ ɩɥɚɡɦɵ ɢ 8 ɦɥ 

ɚɰɟɬɚɬɧɨɝɨ ɛɭɮɟɪɚ. ȼ ɤɨɧɬɪɨɥɶɧɭɸ ɩɪɨɛɢɪɤɭ ɞɨɛɚɜɥɹɥɢ 2 ɦɥ ɪɚɫɬɜɨɪɚ 

ɮɬɨɪɢɫɬɨɝɨ ɧɚɬɪɢɹ (ɞɥɹ ɢɧɚɤɬɢɜɚɰɢɢ ɮɟɪɦɟɧɬɚɬɢɜɧɨɣ ɚɤɬɢɜɧɨɫɬɢ 

ɰɟɪɭɥɨɩɥɚɡɦɢɧɚ). Ɂɚɬɟɦ ɜ ɩɪɨɛɢɪɤɢ ɜɧɨɫɢɥɢ ɩɨ 1 ɦɥ ɪɚɫɬɜɨɪɚ ɫɨɥɹɧɨɤɢɫɥɨɝɨ ɩ-

ɮɟɧɢɥɟɧɞɢɚɦɢɧɚ. ɉɪɨɛɢɪɤɢ ɜɫɬɪɹɯɢɜɚɥɢ ɢ ɩɨɦɟɳɚɥɢ ɜ ɬɟɪɦɨɫɬɚɬ, ɢɧɤɭɛɢɪɭɹ ɜ 

ɬɟɱɟɧɢɟ ɱɚɫɚ. ɉɨɫɥɟ ɢɧɤɭɛɚɰɢɢ ɜɨ ɜɫɟ ɩɪɨɛɢɪɤɢ, ɤɪɨɦɟ ɤɨɧɬɪɨɥɶɧɨɣ, ɞɨɛɚɜɥɹɥɢ 

ɩɨ 2 ɦɥ ɪɚɫɬɜɨɪɚ ɮɬɨɪɢɫɬɨɝɨ ɧɚɬɪɢɹ. ɋɨɞɟɪɠɢɦɨɟ ɩɪɨɛɢɪɨɤ ɩɟɪɟɦɟɲɢɜɚɥɢ, 

ɡɚɬɟɦ ɩɪɨɛɢɪɤɢ ɩɟɪɟɧɨɫɢɥɢ ɜ ɯɨɥɨɞɢɥɶɧɢɤ ɧɚ 30 ɦɢɧɭɬ. ɉɪɨɛɵ 

ɤɨɥɨɪɢɦɟɬɪɢɪɨɜɚɥɢ ɩɪɨɬɢɜ ɤɨɧɬɪɨɥɹ ɜ ɤɸɜɟɬɚɯ ɫ ɬɨɥɳɟɧɧɨɣ 1,0 ɫɦ ɩɪɢ ɞɥɢɧɟ 

ɜɨɥɧɵ 530 ɧɦ.  

Ɋɚɫɱɟɬɵ. 

ɝɞɟɥɦɝDЦП /875
 

D – ɡɧɚɱɟɧɢɟ ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ;  
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875 – ɤɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɫɱɟɬɚ. 

 

2.4 ɋɬɚɬɢɫɬɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɞɚɧɧɵɯ 

 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɩɚɤɟɬɟ ɷɥɟɤɬɪɨɧɧɵɯ ɬɚɛɥɢɰ MSExcelɛɵɥɚ 

ɫɮɨɪɦɢɪɨɜɚɧɚ ɛɚɡɚ ɞɚɧɧɵɯ. ȼ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɧɵ ɫɬɚɧɞɚɪɬɧɵɟ 

ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ ɩɪɢɟɦɵ ɩɨɞɫɱɟɬɚ ɫɪɟɞɧɟɝɨ ɡɧɚɱɟɧɢɹ, ɤɜɚɞɪɚɬɢɱɧɨɝɨ ɨɬɤɥɨɧɟɧɢɹ 

ɢ ɨɬɤɥɨɧɟɧɢɹ ɨɬ ɫɪɟɞɧɟɝɨ ɫ ɩɨɦɨɳɶɸ ɩɚɤɟɬɚ ɩɪɢɤɥɚɞɧɵɯ ɩɪɨɝɪɚɦɦ Statistica 

7.0. Ⱦɨɫɬɨɜɟɪɧɨɫɬɶ ɪɚɡɥɢɱɢɣ ɦɟɠɞɭ ɩɨɤɚɡɚɬɟɥɹɦɢ ɧɟɡɚɜɢɫɢɦɵɯ ɜɵɛɨɪɨɤ 

ɨɰɟɧɢɜɚɥɢ ɩɨt-ɤɪɢɬɟɪɢɸ ɋɬɶɸɞɟɧɬɚ. 
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3. Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɂɡ ɬɟɤɫɬɚ ȼɄɊ ɢɡɴɹɬɵ ɪɟɡɭɥɶɬɚɬɵ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ, 

ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɩɨɬɟɧɰɢɚɥɶɧɭɸ ɤɨɦɦɟɪɱɟɫɤɭɸ ɧɚɭɱɧɭɸ ɰɟɧɧɨɫɬɶ ɜ ɫɢɥɭ 

ɧɟɢɡɜɟɫɬɧɨɫɬɢ ɢɯ ɬɪɟɬɶɢɦ ɥɢɰɚɦ. 

 

  



23 
 

ɋɉɂɋɈɄ ɂɋɉɈɅɖɁɈȼȺɇɇɕɏ ɂɋɌɈɑɇɂɄɈȼ 

 

1. Ⱥɛɞɭɪɚɯɦɚɧɨɜ, Ⱦ. Ɍ. ɀɟɥɟɡɨɞɟɮɢɰɢɬɧɚɹ ɚɧɟɦɢɹ ɩɪɢ ɡɚɛɨɥɟɜɚɧɢɹɯ 

ɠɟɥɭɞɱɧɨ - ɤɢɲɟɱɧɨɝɨ ɬɪɚɤɬɚ / Ⱦ. Ɍ. Ⱥɛɞɭɪɚɯɦɚɧɨɜ  // Ɏɚɪɦɚɬɟɤɚ. – 2012. – 

№13. – ɋ. 9–14. 

2. Ȼɟɥɨɜɚ, ɋ.ȼ. ɐɟɪɭɥɨɩɥɚɡɦɢɧ – ɫɬɪɭɤɬɭɪɚ, ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɢ 

ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɫɜɨɣɫɬɜɚ / ɋ.ȼ. Ȼɟɥɨɜɚ, ȿ.ȼ.  Ʉɪɹɤɢɧɚ // ɍɫɩɟɯɢ ɫɨɜɪɟɦɟɧɧɨɣ 

ɛɢɨɥɨɝɢɢ. –2010. – Ɍ.130, № 2. – ɋ.180–189. 

3. Ȼɟɥɨɜɨɥ, Ⱥ. ɇ. Ɉɬ ɦɟɬɚɛɨɥɢɡɦɚ ɠɟɥɟɡɚ – ɤ ɜɨɩɪɨɫɚɦ 

ɮɚɪɦɚɤɨɥɨɝɢɱɟɫɤɨɣ ɤɨɪɪɟɤɰɢɢ ɟɝɨ ɞɟɮɢɰɢɬɚ / Ⱥ. ɇ. Ȼɟɥɨɜɨɥ, ɂ. ɂ. Ʉɧɹɡɶɤɨɜɚ // 

Ʌɢɤɢ ɍɤɪɚɢɧɵ. – 2015. – № 4. – ɋ. 46–51. 

4. Ȼɨɧɞɚɪɶ, Ƚ. ȼ. Ɋɚɤ ɠɟɥɭɞɤɚ: ɉɪɨɮɢɥɚɤɬɢɤɚ, ɞɢɚɝɧɨɫɬɢɤɚ ɢ ɥɟɱɟɧɢɟ 

ɧɚ ɫɨɜɪɟɦɟɧɧɨɦ ɷɬɚɩɟ / Ƚ. ȼ. Ȼɨɧɞɚɪɶ [ɢ ɞɪ.] //Ɉɧɤɨɥɨɝɢɹ. –2006. – Ɍ. 8, № 2. – 

ɋ. 171-175. 

5. ȼɚɜɢɥɨɜɚ, Ɍ.ɉ. Ɋɨɥɶ ɰɟɪɭɥɨɩɥɚɡɦɢɧɚ ɩɪɢ ɪɚɡɜɢɬɢɢ ɧɟɨɩɥɚɫɬɢɱɟɫɤɢɯ 

ɩɪɨɰɟɫɫɨɜ / Ɍ.ɉ. ȼɚɜɢɥɨɜɚ ɢ [ɞɪ.] // Ȼɢɨɦɟɞɢɰɢɧɫɤɚɹ ɯɢɦɢɹ. –  2005. –  Ɍ. 51, 

ɜɵɩ. 3. –  ɋ. 263–275. 

6. ȼɚɬɭɬɢɧ, ɇ. Ɍ. Ɋɨɥɶ ɠɟɥɟɡɚ ɜ ɨɪɝɚɧɢɡɦɟ ɱɟɥɨɜɟɤɚ / ɇ. Ɍ. ȼɚɬɭɬɢɧ [ɢ 

ɞɪ.]. // ȼɟɫɬɧɢɤ ɏɚɪɶɤɨɜɫɤɨɝɨ ɧɚɰɢɨɧɚɥɶɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ ɢɦɟɧɢ ȼ.ɇ. 

Ʉɚɪɚɡɢɧɚ. – 2012. - № 1024. – ɋ. 74–75. 

7. ȼɚɳɟɧɤɨ, ȼ. ɂ. ɐɟɪɭɥɨɩɥɚɡɦɢɧ – ɨɬ ɦɟɬɚɛɨɥɢɬɚ ɞɨ ɥɟɤɚɪɫɬɜɟɧɧɨɝɨ 

ɫɪɟɞɫɬɜɚ / ȼ. ɂ. ȼɚɳɟɧɤɨ, Ɍ. ɇ. ȼɚɳɟɧɤɨ // ɉɫɢɯɨɮɚɪɦɚɤɨɥɨɝɢɹ ɢ 

ɛɢɨɥɨɝɢɱɟɫɤɚɹ ɧɚɪɤɨɥɨɝɢɹ. – 2006. – Ɍ. 6, № 3. – ɋ. 1254–1269. 

8. ȼɥɚɞɢɦɢɪɨɜ ɘ. Ⱥ. ɋɜɨɛɨɞɧɵɟ ɪɚɞɢɤɚɥɵ ɜ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɫɢɫɬɟɦɚɯ 

/ ɘ. Ⱥ. ȼɥɚɞɢɦɢɪɨɜ // ɋɨɪɨɫɨɜɫɤɢɣ ɨɛɪɚɡɨɜɚɬɟɥɶɧɵɣ ɠɭɪɧɚɥ. – 2000. – Ɍ. 6, № 

12. – ɋ. 13–19. 

9. Ƚɨɪɨɲɢɧɫɤɚɹ, ɂ. Ⱥ. ɂɡɭɱɟɧɢɟ ɛɟɥɤɨɜ ɨɫɬɪɨɣ ɮɚɡɵ ɩɪɢ ɥɟɱɟɧɢɢ 

ɛɨɥɶɧɵɯ ɦɵɲɟɱɧɨ–ɧɟɢɧɜɚɡɢɜɧɵɦ ɪɚɤɨɦ ɦɨɱɟɜɨɝɨ ɩɭɡɵɪɹ / ɂ. Ⱥ. 



24 
 

Ƚɨɪɨɲɢɧɫɤɚɹ[ɢ ɞɪ.] // Ɇɟɞɢɰɢɧɫɤɢɣ ɜɟɫɬɧɢɤ ɫɟɜɟɪɧɨɝɨ ɤɚɜɤɚɡɚ. – 2016.  – Ɍ. 11, 

№ 4. – ɋ. 521–523. 

10. Ƚɪɢɜɟɧɧɢɤɨɜɚ, ȼ. Ƚ. Ƚɟɧɟɪɚɰɢɹ ɚɤɬɢɜɧɵɯ ɮɨɪɦ ɤɢɫɥɨɪɨɞɚ 

ɦɢɬɨɯɨɧɞɪɢɹɦɢ / ȼ. Ƚ. Ƚɪɢɜɟɧɧɢɤɨɜɚ, Ⱥ. Ⱦ. ȼɢɧɨɝɪɚɞɨɜ // ɍɫɩɟɯɢ 

ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɯɢɦɢɢ. – 2013. – Ɍ. 53, № 4. – ɋ. 245–296. 

11. Ʉɭɥɢɧɫɤɢɣ, ȼ. ɂ. Ⱥɤɬɢɜɧɵɟ ɮɨɪɦɵ ɤɢɫɥɨɪɨɞɚ ɢ ɨɤɫɢɞɚɬɢɜɧɚɹ 

ɦɨɞɢɮɢɤɚɰɢɹ ɦɚɤɪɨɦɨɥɟɤɭɥ: ɩɨɥɶɡɚ, ɜɪɟɞ ɢ ɡɚɳɢɬɚ / ȼ. ɂ. Ʉɭɥɢɧɫɤɢɣ // 

ɋɨɪɨɫɨɜɫɤɢɣ ɨɛɪɚɡɨɜɚɬɟɥɶɧɵɣ ɠɭɪɧɚɥ. – 1999. – № 1. – ɋ. 2–7.ȼ 

12. Ⱦɚɧɢɥɨɜɚ, Ʌ. Ⱥ. ɋɩɪɚɜɨɱɧɢɤ ɩɨ ɥɚɛɨɪɚɬɨɪɧɵɦ ɦɟɬɨɞɚɦ 

ɢɫɫɥɟɞɨɜɚɧɢɹ/ Ʌ. Ⱥ. Ⱦɚɧɢɥɨɜɚ. – ɋɉɛ: ɉɢɬɟɪ, 2003. – 736 ɫ. 

13. Ⱦɚɬɢ, Ɏ. Ȼɟɥɤɢ: ɥɚɛɨɪɚɬɨɪɧɵɟ ɬɟɫɬɵ ɢ ɤɥɢɧɢɱɟɫɤɨɟ ɩɪɢɦɟɧɟɧɢɟ/ Ɏ. 

Ⱦɚɬɢ, ɗ. Ɇɟɬɰɦɚɧɧ. – Ɇɨɫɤɜɚ: Ʌɚɛɨɪɚ, 2007. – 560 ɫ. 

14. Ⱦɨɧɰɨɜ ȼ. ɂ. Ⱥɤɬɢɜɧɵɟ ɮɨɪɦɵ ɤɢɫɥɨɪɨɞɚ ɤɚɤ ɫɢɫɬɟɦɚ: ɡɧɚɱɟɧɢɟ ɜ 

ɮɢɡɢɨɥɨɝɢɢ, ɩɚɬɨɥɨɝɢɢ ɢ ɟɫɬɟɫɬɜɟɧɧɨɦ ɫɬɚɪɟɧɢɢ / ȼ. ɂ. Ⱦɨɧɰɨɜ [ɢ ɞɪ.] // Ɍɪɭɞɵ 

ɢɧɫɬɢɬɭɬɚ ɫɢɫɬɟɦɧɨɝɨ ɚɧɚɥɢɡɚ ɪɨɫɫɢɣɫɤɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ. – 2006. – Ɍ. 19. – ɋ. 

50–69. 

15. Ɇɚɤɚɪɨɜ, ɂ. ȼ. ɋɨɜɪɟɦɟɧɧɵɟ ɬɟɧɞɟɧɰɢɢ ɢ ɧɚɲ ɨɩɵɬ ɥɟɱɟɧɢɹ 

ɞɢɮɮɭɡɧɨɝɨ ɬɨɤɫɢɱɟɫɤɨɝɨ ɡɨɛɚ / ɂ. ȼ. Ɇɚɤɚɪɨɜ, Ɋ. Ⱥ. Ƚɚɥɤɢɧ, Ɇ. Ɇ. Ⱥɧɞɪɟɟɜ // 

ȼɟɫɬɧɢɤ ɘɍɪȽɍ. – 2010. – №24. – ɋ. 54-56.  

16. Ɇɨɢɫɟɟɜ, ɋ. ȼ. Ⱥɧɟɦɢɹ ɩɪɢ ɨɧɤɨɥɨɝɢɱɟɫɤɢɯ ɡɚɛɨɥɟɜɚɧɢɹɯ / ɋ. ȼ. 

Ɇɨɢɫɟɟɜ // Ɉɧɤɨɥɨɝɢɹ. ɀɭɪɧɚɥ ɢɦ. ɉ. Ⱥ. Ƚɟɪɰɢɧɚ. –2012. – №1. 

17. Ɇɭɫɢɥ, ə. ɋɨɜɪɟɦɟɧɧɚ ɛɢɨɯɢɦɢɹ ɜ ɫɯɟɦɚɯ / ə. Ɇɭɫɢɥ, Ɉ. ɇɨɜɚɤɨɜɚ, 

Ʉ. Ʉɭɧɰ. – Ɇɨɫɤɜɚ: Ɇɢɪ, 1981. – ɋ.96–67. 

18. ɇɚɞɟɣ, ȿ. ȼ. Ⱦɟɮɢɰɢɬ ɠɟɥɟɡɚ. Ƚɪɭɩɩɵ ɪɢɫɤɚ ɜ ɨɛɳɟɣ ɤɥɢɧɢɱɟɫɤɨɣ 

ɩɪɚɤɬɢɤɟ / ȿ. ȼ. ɇɚɞɟɣ, Ƚ. ɂ. ɇɟɱɚɟɜɚ // Ʌɟɱɚɳɢɣ ɜɪɚɱ. – 2014. – №7. 

19. ɇɚɞɨɥɶɧɢɤ, Ʌ. ɂ. ɋɬɪɟɫɫ ɢ ɳɢɬɨɜɢɞɧɚɹ ɠɟɥɟɡɚ / Ʌ. ɂ. ɇɚɞɨɥɶɧɢɤ // 

Ȼɢɨɦɟɞɢɰɢɧɫɤɚɹ ɯɢɦɢɹ. – 2010. – Ɍ. 56, №4. – ɋ. 443-456. 

20. ɇɚɡɚɪɨɜ, ɉ. Ƚ. Ɋɟɚɤɬɚɧɬɵ ɨɫɬɪɨɣ ɮɚɡɵ ɜɨɫɩɚɥɟɧɢɹ/ ɉ. Ƚ. ɇɚɡɚɪɨɜ. – 

ɋɉɛ: ɇɚɭɤɚ, 2001. – 423 ɫ. 



25 
 

21. ɉɨɠɢɥɨɜɚ, ȿ. ȼ. Ⱥɤɬɢɜɧɵɟ ɮɨɪɦɵ ɤɢɫɥɨɪɨɞɚ ɜ ɮɢɡɢɨɥɨɝɢɢ ɢ 

ɩɚɬɨɥɨɝɢɢ ɤɥɟɬɤɢ / ȿ. ȼ. ɉɨɠɢɥɨɜɚ, ȼ. ȿ. ɇɨɜɢɤɨɜ, Ɉ. ɋ. Ʌɟɜɱɟɧɤɨɜɚ// ȼɟɫɬɧɢɤ 

ɋɦɨɥɟɧɫɤɨɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɦɟɞɢɰɢɧɫɤɨɣ ɚɤɚɞɟɦɢɢ. – 2015. – Ɍ. 14, № 2. – ɋ. 

13–22. 

22. ɋɬɭɤɥɨɜ, ɇ. ɂ. Ʌɟɱɟɧɢɟ ɠɟɥɟɡɨɞɟɮɢɰɢɬɧɨɣ ɚɧɟɦɢɢ. ɑɬɨ ɜɚɠɧɟɟ, 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢɥɢ ɩɟɪɟɧɨɫɢɦɨɫɬɶ? ɋɭɳɟɫɬɜɭɟɬ ɥɢ ɨɩɬɢɦɚɥɶɧɨɟ ɪɟɲɟɧɢɟ? / ɂ. 

ɇ. ɋɬɭɤɥɨɜ, ȿ. ɇ. ɋɟɦɟɧɨɜɚ // ɠɭɪɧɚɥ ɦɟɠɞɭɧɚɪɨɞɧɨɣ ɦɟɞɢɰɢɧɵ. – 2013. –

№1(2). – ɋ. 47–55. 

23. ɐɜɟɬɚɟɜɚ, ɇ. ȼ. Ɉɫɧɨɜɵ ɪɟɝɭɥɹɰɢɢ ɨɛɦɟɧɚ ɠɟɥɟɡɚ/ ɇ. ȼ. ɐɜɟɬɚɟɜɚ, 

Ⱥ. Ⱥ. Ʌɟɜɢɧɚ, ɘ. ɂ. Ɇɚɦɭɤɨɜɚ// Ʉɥɢɧɢɱɟɫɤɚɹ ɨɧɤɨɝɟɦɚɬɨɥɨɝɢɹ. – 2010. – Ɍ. 3, 

№3. – ɋ. 278–282. 

24. ɒɚɧɚɡɚɪɨɜ, ɇ. Ⱥ. Ɋɚɤ ɠɟɥɭɞɤɚ. ɗɩɢɞɟɦɢɨɥɨɝɢɱɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ 

ɧɚ ɫɨɜɪɟɦɟɧɧɨɦ ɷɬɚɩɟ / ɇ. Ⱥ. ɒɚɧɚɡɚɪɨɜ [ɢ ɞɪ.] // ɋɨɜɪɟɦɟɧɧɵɟ ɩɪɨɛɥɟɦɵ 

ɧɚɭɤɢ ɢ ɨɛɪɚɡɨɜɚɧɢɹ. – 2014. – №4. 

25. Boz, A. The value of serum zinc, copper, ceruloplasmin levels in patients 

with gastrointestinal tract cancers / A. Boz [et.al] // Turk J Gastroenterol. – 2005. – № 

16. – P. 81 – 84. 

26. Cover, T. L. Diet, microbial virulence, and Helicobacter pyloriinduced 

gastric cancer / T. L. Cover, R. M. Peek // Gut Microbes. – 2013. – V. 4, № 6. – P. 

482–493.  

27. Dahlerup, J. F. Diagnosis and treatment of unexplained anemia with iron 

deficiency without overt bleeding / J. F. Dahlerup [et.al] // Danish medical journal. – 

2015. – № 62. – P. 1–13. 

28. Dionigi, P. Nutritional Assessment and Surgical Infections in Patients 

with GastricCancer or Peptic Ulcer / P. Dionigi [et.al] // Journal of parenteral and 

enteral nutrition. – 1982. – V. 6, № 2. – P. 128–133. 

29. El-Omar, E. M. Iron deficiency and Helicobacter pylori–induced gastric 

cancer: too little, too bad / E. M. El-Omar // The journal of clinical investigation. – 

2013. – V. 123, № 1. – P. 113–114. 



26 
 

30. Fonseca-Nunes, A. Body iron status and gastric cancer risk in the 

EURGAST study / A. Fonseca-Nunes [et.al] // International Journal of Cancer. – 

2015. – № 137. – P. 2904–2914. 

31. Ganz, T. Hepcidin, a key regulator of iron metabolism and mediator of 

anemia of inflammation / T. Ganz // Blood. – 2003. – V.102, №3. – Ɋ.  783–788. 

32. Gaware, V.Ceruloplasmin its role and significance: a review / V. Gaware 

[et.al] // International Journal of Biomedical Research. – 2010. – № 1. – P. 153-162. 

33. Ghosh, S. Epidemiologic evidence of gastric cancer prognosis: role of 

dietary factors / S. Ghosh [et.al] // International Journal of Research and 

Development in Pharmacy and Life Sciences. – 2015. – V. 4, № 4. – P. 1620–1624. 

34. Goddard, A. F. Guidelines for the management of iron deficiency 

anaemia / A. F. Goddard [et.al] // Guidelines. – 2011. – № 60. – P. 1309–1316. 

35. Hellman, N. E. Ceruloplasmin metabolism and function / N. E. Hellman, 

J. D. Gitlin // Annu. Rev. Nutr. – 2002. – № 22. – P. 439–458. 

36. Jakszyn, P. Dietary intake of heme iron and risk of gastric cancer in the 

European prospective investigation into cancer and nutrition study / P. Jakszyn [et.al] 

// International Journal of Cancer. – 2012. – № 130. – P. 2654–2663. 

37. Jin, L. Decreased serum ceruloplasmin levels characteristically aggravate 

nigral iron deposition in Parkinson’s disease / L. Jin [et.al] // BRAIN. – 2011. – № 

134. – P. 50–58.  

38. Khatawkar, A. V. Multi-nodular goiter: epidemiology, etiology, 

pathogenesis and pathology / A. V. khatawkar, S. M. Awati // International Archives 

of Integrated Medicine. – 2015. – V. 2, № 2. – P. 152–156.  

39. Knekt, P. Serum ceruloplasmin and the risk of cancer in Finland / P. 

Knekt [et.al] // Br. J. Cancer. – 1992. – № 65. – P. 292–296. 

40. Knobel, M. Etiopathology, clinical features, and treatment of diffuse and 

multinodular nontoxic goiters / M. Knobel // J Endocrinol Invest. – 2016. – № 39. P. 

357–373. 

41. Kondi-Pafiti, A. Immunohistochemical study of ceruloplasmin, 

lactoferrin and secretory component expression in neoplastic and non-neoplastic 



27 
 

thyroid gland diseases / A. Kondi-Pafiti [et.al] // Actaoncologica. – 2000. – V. 39, № 

6. P. 753–756.  

42. Koulaouzidis, A. Soluble Transferrin Receptors and Iron Deficiency, a 

Step beyond Ferritin. A Systematic Review / A. Koulaouzidis [et.al] // J 

Gastrointestin Liver Dis. – V. 18, № 3. – P. 345–352. 

43. Lewinski, A. The problem of goitre with particular consideration of 

goitre resulting from iodine deficiency (I): Classification, diagnostics and treatment / 

A. Lewinski [et.al] // Neuroendocrinology letters. – 2002. – № 23. – P. 351–355.  

44. Lopez-Avila, V. Ceruloplasmin levels in human sera from various 

diseases and their correlation with patient’s age and gender / V. Lopez-Avila, W. H. 

Robinson, K. Lokits // Health. – 2009. – V. 1, № 2. – P. 104–110. 

45. Panzuto, F. Large hiatal hernia in patients with iron deficiency anaemia: 

a prospective study on prevalence and treatment / F. Panzuti [et.al] // Aliment 

PharmacolTher. – 2004. – № 19. – P. 663–670. 

46. Patel, M. Ramavataram, D. V. S. S. Non transferrin bound iron: Nature, 

manifestations and analytical for estimation/ M. Patel, D. V. S. S. Ramavataram//   

Ind J ClinBiochem. – 2012. – V. 27, № 4. – P. 322–332. 

47. Piazuelo, M. B. Gastric cancer: Overview / M. B. Piazuelo, P. Correa // 

Colombia Medica. – 2013. – V. 44, № 3. – P. 192–201. 

48. Ponka, P. The transferrin receptor: role in health and disease / P. Ponka, 

C. N. Lok // The International Journal of Biochemistry & Cell Biology. – 1999. – № 

31. – P. 1111 – 1137.  

 

  



28 
 

ɉɊɂɅɈɀȿɇɂȿ Ⱥ 

 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɠɟɥɟɡɚ ɜ ɩɥɚɡɦɟ ɤɪɨɜɢ ɭ ɥɸɞɟɣ ɛɟɡ 

ɩɚɬɨɥɨɝɢɣ. 

ɇɨɦɟɪɨɛɪɚɡɰɚ Ɉɩɬɢɱɟɫɤɚɹɩɥɨɬɧɨɫɬɶ Ʉɨɧɰɟɧɬɪɚɰɢɹ 
(ɦɤɦɨɥɶ/ɥ) 

1 0,049 11,48 
2 0,191 37,05 
3 0,066 13,11 
4 0,058 11,52 
5 0,028 5,56 
6 0,088 16,1 
7 0,095 18,75 
8 0,040 7,9 
9 0,043 8,48 
10 0,101 18,47 
11 0,061 11,16 
12 0,05 10,7 
13 0,09 19,28 
14 0,080 17,14 
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ɉɊɂɅɈɀȿɇɂȿ Ȼ 

 

ɋɬɚɬɢɫɬɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɪɟɡɭɥɶɬɚɬɨɜ ɫɨɞɟɪɠɚɧɢɹ ɠɟɥɟɡɚ ɜ ɩɥɚɡɦɟ ɤɪɨɜɢ 

ɡɞɨɪɨɜɵɯ ɥɸɞɟɣ.  

  

Fe ixx    2ixx     
n

m



 

9,93 -5,13 26,27 8,20 ± 2,19 
38,72 23,66 559,72   
13,38 -1,68 2,82 
11,76 -3,30 10,90 
5,68 -9,38 88,03 
17,84 2,78 7,73 
19,26 4,20 17,63 
8,11 -6,95 48,30 
8,72 -6,34 40,22 
20,47 5,42 29,32 
12,36 -2,69 7,25 
10,14 -4,92 24,23 
18,24 3,19 10,15 
16,22 1,16 1,34 

06,15x    
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ɉɊɂɅɈɀȿɇɂȿ ȼ 

 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɰɟɪɭɥɨɩɥɚɡɦɢɧɚ ɜ ɩɥɚɡɦɟ ɤɪɨɜɢ ɭ 

ɥɸɞɟɣ ɛɟɡ ɩɚɬɨɥɨɝɢɣ. 

ɇɨɦɟɪ 
ɨɛɪɚɡɰɚ 

Ɉɩɬɢɱɟɫɤɚɹ 
ɩɥɨɬɧɨɫɬɶ 

Ʉɨɧɰɟɧɬɪɚɰɢɹ 
(ɦɝ/ɥ) 

1 0,319 279,2 
2 0,140 122,5 
3 0,072 63,0 
4 0,201 175,9 
5 0,093 81,4 
6 0,495 433,1 
7 0,235 205,6 
8 0,339 296,6 
9 0,307 268,6 
10 0,318 278,3 
11 0,277 242,4 
12 0,400 350,0 
13 0,253 221,4 
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ɉɊɂɅɈɀȿɇɂȿ Ƚ 

 

ɋɬɚɬɢɫɬɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɪɟɡɭɥɶɬɚɬɨɜ ɫɨɞɟɪɠɚɧɢɹ ɰɟɪɭɥɨɩɥɚɡɦɢɧɚ ɜ 

ɩɥɚɡɦɟ ɤɪɨɜɢ ɡɞɨɪɨɜɵɯ ɥɸɞɟɣ.  

  

ɐɉ ixx    2ixx     
n

m



 

279,2 -47,0 2213,3 104,7 29,0 
122,5 109,7 12024,0   
63,0 169,2 28613,0 
175,9 56,3 3164,5 
81,4 150,8 22726,7 
433,1 -200,9 40379,4 
205,6 26,6 705,1 
296,6 -64,4 4153,3 
268,6 -36,4 1328,3 
278,3 -46,1 2129,5 
242,4 -10,2 105,0 
350,0 -117,8 13887,7 
221,4 10,8 115,6 

15,232x    
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ɉɊɂɅɈɀȿɇɂȿ Ⱦ 

 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɠɟɥɟɡɚ ɜ ɩɥɚɡɦɟ ɤɪɨɜɢ ɭ ɥɸɞɟɣ 

ɛɨɥɶɧɵɯ ɞɢɮɮɭɡɧɨ ɬɨɤɫɢɱɟɫɤɢɦ ɡɨɛɨɦ. 

ɇɨɦɟɪ 
ɨɛɪɚɡɰɚ 

Ɉɩɬɢɱɟɫɤɚɹ 
ɩɥɨɬɧɨɫɬɶ 

Ʉɨɧɰɟɧɬɪɚɰɢɹ 
(ɦɤɦɨɥɶ/ɥ) 

1 0,04 8,11 
2 0,02 4,05 
3 0,065 13,18 
4 0,06 12,16 
5 0,025 5,07 
6 0,015 3,04 
7 0,018 3,65 
8 0,02 4,05 
9 0,01 2,03 
10 0,045 9,12 
11 0,055 11,15 
12 0,04 8,11 
13 0,01 2,03 
14 0,04 8,11 
15 0,03 6,08 
16 0,036 7,30 
17 0,071 14,39 
18 0,082 16,62 
19 0,098 19,86 
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ɉɊɂɅɈɀȿɇɂȿ ȿ 

 

ɋɬɚɬɢɫɬɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɪɟɡɭɥɶɬɚɬɨɜ ɫɨɞɟɪɠɚɧɢɹ ɠɟɥɟɡɚ ɜ ɩɥɚɡɦɟ ɤɪɨɜɢ 

ɛɨɥɶɧɵɯ ȾɌɁ. 

Fe ixx    2ixx     
n

m



 

8,11 -0,21 0,04 5,10 
 

±1,17 
 4,05 -4,26 18,21 

13,18 4,85 23,56 
12,16 3,84 14,75 
5,07 -3,25 10,58 
3,04 -5,28 27,88 
3,65 -4,67 21,83 
4,05 -4,26 18,21 
2,03 -6,29 39,62 
9,12 0,80 0,64 
11,15 2,82 7,99 
8,11 -0,21 0,04 
2,03 -6,29 39,62 
8,11 -0,21 0,04 
6,08 -2,24 5,01 
7,30 -1,02 1,04 
14,39 6,07 36,84 
16,62 8,30 68,89 
19,86 11,54 133,24 

32,8x    
 

  



34 
 

ɉɊɂɅɈɀȿɇɂȿ ɀ 

 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɠɟɥɟɡɚ ɜ ɩɥɚɡɦɟ ɤɪɨɜɢ ɭ ɥɸɞɟɣ ɫ 

ɪɚɤɨɦ ɠɟɥɭɞɤɚ. 

ɇɨɦɟɪ 
ɨɛɪɚɡɰɚ 

Ɉɩɬɢɱɟɫɤɚɹ 
ɩɥɨɬɧɨɫɬɶ 

Ʉɨɧɰɟɧɬɪɚɰɢɹ 
(ɦɤɦɨɥɶ/ɥ) 

1 0,02 4,05 
2 0,065 13,18 
3 0,06 12,16 
4 0,035 7,09 
5 0,04 8,11 
6 0,06 12,16 
7 0,03 6,08 
8 0,07 14,19 
9 0,05 10,14 
10 0,035 7,09 
11 0,035 7,09 
12 0,05 10,14 
13 0,11 22,30 

 
  



35 
 

ɉɊɂɅɈɀȿɇɂȿ Ɂ 
 

ɋɬɚɬɢɫɬɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɪɟɡɭɥɶɬɚɬɨɜ ɫɨɞɟɪɠɚɧɢɹ ɠɟɥɟɡɚ ɜ ɩɥɚɡɦɟ ɤɪɨɜɢ 

ɛɨɥɶɧɵɯ ɪɚɤɨɦ ɠɟɥɭɞɤɚ. 

Fe ixx    2ixx     
n

m



 

4,05 -6,24 38,90  4,71  
 

±1,31 
 
 

13,18 2,88 8,32 
12,16 1,87 3,50 
7,09 -3,20 10,22 
8,11 -2,18 4,77 
12,16 1,87 3,50 
6,08 -4,21 17,72 
14,19 3,90 15,20 
10,14 -0,16 0,02 
7,09 -3,20 10,22 
7,09 -3,20 10,22 
10,14 -0,16 0,02 
22,30 12,01 144,15 

29,10x    
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ɉɊɂɅɈɀȿɇɂȿ ɂ 
 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɰɟɪɭɥɨɩɥɚɡɦɢɧɚ ɜ ɩɥɚɡɦɟ ɤɪɨɜɢ ɭ 

ɥɸɞɟɣ ɫ ɞɢɮɮɭɡɧɨ ɬɨɤɫɢɱɟɫɤɢɦ ɡɨɛɨɦ. 

ɇɨɦɟɪ 
ɨɛɪɚɡɰɚ 

Ɉɩɬɢɱɟɫɤɚɹ 
ɩɥɨɬɧɨɫɬɶ 

Ʉɨɧɰɟɧɬɪɚɰɢɹ 
(ɦɝ/ɥ) 

1 0,72 631,75 
2 0,36 310,63 
3 0,28 243,25 
4 0,62 545,13 
5 0,39 341,25 
6 0,48 415,63 
7 0,12 105,00 
8 0,40 350,00 
9 0,17 150,50 
10 0,36 315,00 
11 0,34 297,50 
12 0,50 435,75 
13 0,48 416,50 
14 0,50 434,88 
15 0,44 387,63 
16 0,86 749,88 
17 0,55 478,63 
18 0,34 300,13 
19 0,55 483,88 
20 0,23 203,88 
21 0,17 147,00 
22 0,28 240,63 
23 0,34 300,13 
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ɉɊɂɅɈɀȿɇɂȿ Ʉ 
 

ɋɬɚɬɢɫɬɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɪɟɡɭɥɶɬɚɬɨɜ ɫɨɞɟɪɠɚɧɢɹ ɰɟɪɭɥɨɩɥɚɡɦɢɧɚ ɜ 

ɩɥɚɡɦɟ ɤɪɨɜɢ ɥɸɞɟɣ ɛɨɥɶɧɵɯ ȾɌɁ. 

ɐɉ ixx    2ixx     
n

m



 

631,75 271,55 73741,76 155,28 
 

±32,38 
 
 

310,63 -49,57 2457,25 
243,25 -116,95 13676,29 
545,13 184,93 34198,86 
341,25 -18,95 358,94 
415,63 55,43 3072,41 
105,00 -255,20 65124,82 
350,00 -10,20 103,95 
150,50 -209,70 43972,27 
315,00 -45,20 2042,65 
297,50 -62,70 3930,74 
435,75 75,55 5708,46 
416,50 56,30 3170,18 
434,88 74,68 5577,00 
387,63 27,43 752,37 
749,88 389,68 151849,99 
478,63 118,43 14025,51 
300,13 -60,07 3608,48 
483,88 123,68 15296,58 
203,88 -156,32 24436,15 
147,00 -213,20 45452,39 
240,63 -119,57 14297,14 
300,13 -60,07 3608,48 

20,360x    
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ɉɊɂɅɈɀȿɇɂȿ Ʌ 
 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɰɟɪɭɥɨɩɥɚɡɦɢɧɚ ɜ ɩɥɚɡɦɟ ɤɪɨɜɢ ɭ 

ɥɸɞɟɣ ɛɨɥɶɧɵɯ ɪɚɤɨɦ ɠɟɥɭɞɤɚ. 

ɇɨɦɟɪ 
ɨɛɪɚɡɰɚ 

Ɉɩɬɢɱɟɫɤɚɹ 
ɩɥɨɬɧɨɫɬɶ 

Ʉɨɧɰɟɧɬɪɚɰɢɹ 
(ɦɝ/ɥ) 

1 0,27 234,50 
2 0,64 563,50 
3 1,36 1187,38 
4 0,52 455,00 
5 1,41 1232,88 
6 0,94 821,63 
7 1,46 1274,00 
8 0,94 825,13 
9 0,35 301,88 
10 0,53 461,13 
11 0,31 271,25 
12 0,43 375,38 
13 0,34 296,63 
14 0,24 206,50 
15 0,18 159,25 
16 0,32 282,63 
17 0,35 306,25 
18 0,37 327,25 
19 1,06 927,50 
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ɉɊɂɅɈɀȿɇɂȿ Ɇ 
 

ɋɬɚɬɢɫɬɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɪɟɡɭɥɶɬɚɬɨɜ ɫɨɞɟɪɠɚɧɢɹ ɰɟɪɭɥɨɩɥɚɡɦɢɧɚ ɜ 

ɩɥɚɡɦɟ ɤɪɨɜɢ ɥɸɞɟɣ ɛɨɥɶɧɵɯ ɪɚɤɨɦ ɠɟɥɭɞɤɚ. 

ɐɉ ixx    2ixx     
n

m



 

234,50 -318,64 101530,28 371,96 
 

±85,33 
 
 

563,50 10,36 107,37 
1187,38 634,24 402256,37 
455,00 -98,14 9631,10 
1232,88 679,74 462042,17 
821,63 268,49 72085,18 
1274,00 720,86 519641,80 
825,13 271,99 73976,84 
301,88 -251,26 63133,17 
461,13 -92,01 8466,42 
271,25 -281,89 79460,93 
375,38 -177,76 31599,74 
296,63 -256,51 65799,00 
206,50 -346,64 120158,01 
159,25 -393,89 155147,88 
282,63 -270,51 73177,37 
306,25 -246,89 60953,76 
327,25 -225,89 51025,46 
927,50 374,36 140146,79 

14,553x    
 

 

 



Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 
ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

 
ɂɧɫɬɢɬɭɬ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɛɢɨɥɨɝɢɢ ɢ ɛɢɨɬɟɯɧɨɥɨɝɢɣ 

 

 

Ʉɚɮɟɞɪɚ Ɇɟɞɢɰɢɧɫɤɚɹ ɛɢɨɥɨɝɢɹ 
 

 
ɍɌȼȿɊɀȾȺЮ 
Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ 
______  ȿ. ɂ. Шɢɲɚɰɤɚɹ 
 

 « _____» ________ 20 ___ ɝ. 
 

 
 
 

ȻȺɄȺɅȺȼɊɋɄȺЯ ɊȺȻОɌȺ 
 

06.03.01 - Ȼɢɨɥɨɝɢɹ 
 

 
ɂɫɫɥɟɞɨɜɚɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɠɟɥɟɡɚ ɢ ɰɟɪɭɥɨɩɥɚɡɦɢɧɚ ɜ ɩɥɚɡɦɟ ɤɪɨɜɢ ɭ ɥɸɞɟɣ 

 

ɫ ɪɚɡɥɢɱɧɵɦɢ ɩɚɬɨɥɨɝɢɹɦɢ 
 
 
 
 
 
 
 

 
 
 
 
 

Ʉɪɚɫɧɨɹɪɫɤ 2017 

Ɋɭɤɨɜɨɞɢɬɟɥɶ                ɩɪɨɮ. ɞ.ɛ.ɧ. ɇ. Ɇ. Ɍɢɬɨɜɚ 
 ɩɨɞɩɢɫɶ, ɞɚɬɚ   

ɋɬɭɞɟɧɬ   Ⱥ. ɇ. ɉɭɬɹɬɢɧɚ 
 ɩɨɞɩɢɫɶ, ɞɚɬɚ   


