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Ɋɚɫɲɢɪɟɧɢɟ ɯɨɡɹɣɫɬɜɟɧɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ ɱɟɥɨɜɟɤɚ ɜɟɞɺɬ ɤ 

ɧɟɭɤɥɨɧɧɨɦɭ ɪɨɫɬɭ ɱɢɫɥɚ ɜɟɳɟɫɬɜ, ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɨɞɧɭɸ ɢ ɩɨɱɜɟɧɧɭɸ 

ɫɪɟɞɭ. Ɉɬɯɨɞɵ ɱɟɥɨɜɟɱɟɫɤɨɣ ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ, ɩɨɩɚɞɚɹ ɜ ɚɬɦɨɫɮɟɪɭ, ɜɨɞɭ 

ɢ ɩɨɱɜɭ, ɦɨɝɭɬ ɥɢɛɨ ɩɪɟɞɫɬɚɜɥɹɬɶ ɭɝɪɨɡɭ ɞɥɹ ɠɢɡɧɢ ɠɢɜɵɯ ɨɪɝɚɧɢɡɦɨɜ 

(ɩɟɫɬɢɰɢɞɵ, ɬɹɠɟɥɵɟ ɦɟɬɚɥɥɵ), ɥɢɛɨ ɹɜɥɹɬɶɫɹ ɧɟɨɛɯɨɞɢɦɵɦɢ ɞɥɹ ɢɯ 

ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ ɚɧɬɪɨɩɨɝɟɧɧɵɟ 

ɤɨɦɩɨɧɟɧɬɵ ɜɵɡɵɜɚɸɬ ɛɨɥɟɟ ɢɥɢ ɦɟɧɟɟ ɫɢɥɶɧɨɟ ɡɚɝɪɹɡɧɟɧɢɟ ɛɢɨɥɨɝɢɱɟɫɤɢɯ 

ɫɢɫɬɟɦ, ɤɨɬɨɪɵɟ ɥɢɛɨ ɩɪɢɫɩɨɫɚɛɥɢɜɚɸɬɫɹ ɤ ɧɨɜɵɦ ɭɫɥɨɜɢɹɦ, ɜɵɞɟɪɠɢɜɚɸɬ 

ɢɯ, ɥɢɛɨ ɨɛɪɟɱɟɧɵ ɧɚ ɜɵɦɢɪɚɧɢɟ [1]. 

ɇɨɪɦɚɬɢɜɵ ɢ ɫɬɚɧɞɚɪɬɵ, ɪɟɝɥɚɦɟɧɬɢɪɭɸɳɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɨɬɞɟɥɶɧɵɯ 

ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɢɥɢ ɫɢɥɭ ɜɨɡɞɟɣɫɬɜɢɣ, ɧɟ ɜɫɟɝɞɚ ɫɩɨɫɨɛɧɵ ɚɞɟɤɜɚɬɧɨ 

ɨɰɟɧɢɬɶ ɫɨɫɬɨɹɧɢɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ ɰɟɥɨɦ. Ɇɧɨɝɢɟ ɚɧɬɪɨɩɨɝɟɧɧɵɟ 

ɮɚɤɬɨɪɵ ɦɨɝɭɬ ɞɟɣɫɬɜɨɜɚɬɶ ɚɞɞɢɬɢɜɧɨ. ȼ ɬɚɤɨɣ ɫɢɬɭɚɰɢɢ ɧɚɢɛɨɥɟɟ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɣ ɢ ɢɧɮɨɪɦɚɬɢɜɧɨɣ ɨɤɚɡɵɜɚɟɬɫɹ ɪɟɚɤɰɢɹ ɛɢɨɥɨɝɢɱɟɫɤɢɯ 

ɨɛɴɟɤɬɨɜ [2]. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜɟɞɟɬɫɹ ɩɨɢɫɤ ɧɨɜɵɯ ɬɟɫɬ-ɨɛɴɟɤɬɨɜ ɞɥɹ 

ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɪɟɫɫ-ɬɟɫɬɨɜ ɧɚ ɬɨɤɫɢɱɧɨɫɬɶ ɜɨɞɵ, ɜɵɬɹɠɟɤ ɢɡ ɩɨɱɜɵ ɢ 

ɩɨɱɜɟɧɧɵɯ ɫɭɫɩɟɧɡɢɣ. 

ɉɨɜɨɞɨɦ ɤ ɷɬɨɦɭ ɫɬɚɧɨɜɢɬɫɹ, ɜɨ-ɩɟɪɜɵɯ, ɛɨɥɶɲɨɟ ɱɢɫɥɨ 

ɩɨɬɟɧɰɢɚɥɶɧɵɯ ɡɚɝɪɹɡɧɢɬɟɥɟɣ, ɞɥɹ ɦɧɨɝɢɯ ɢɡ ɤɨɬɨɪɵɯ ɧɟ ɪɚɡɪɚɛɨɬɚɧɵ 

ɦɟɬɨɞɢɤɢ ɨɩɪɟɞɟɥɟɧɢɹ ɢɯ ɜ ɩɪɢɪɨɞɧɵɯ ɨɛɪɚɡɰɚɯ. ȼɨ-ɜɬɨɪɵɯ, ɧɟɤɨɪɪɟɤɬɧɨɫɬɶ 

ɨɰɟɧɨɤ ɨɛɳɟɣ ɬɨɤɫɢɱɧɨɫɬɢ ɧɚ ɨɫɧɨɜɚɧɢɢ ɞɚɧɧɵɯ ɬɨɥɶɤɨ ɯɢɦɢɱɟɫɤɨɝɨ 

ɚɧɚɥɢɡɚ, ɩɨɫɤɨɥɶɤɭ ɨɧɢ ɧɟ ɭɱɢɬɵɜɚɸɬ ɜɨɡɦɨɠɧɨɝɨ ɤɨɦɩɥɟɤɫɧɨɝɨ ɞɟɣɫɬɜɢɹ 

ɡɚɝɪɹɡɧɢɬɟɥɟɣ ɢ ɩɪɨɞɭɤɬɨɜ ɢɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, ɢɧɨɝɞɚ ɛɨɥɟɟ ɬɨɤɫɢɱɧɵɯ, 

ɧɟɠɟɥɢ ɢɫɯɨɞɧɵɟ ɜɟɳɟɫɬɜɚ [3]. 

ɉɪɢ ɛɢɨɬɟɫɬɢɪɨɜɚɧɢɢ ɬɨɤɫɢɱɧɨɫɬɢ ɦɭɬɧɵɯ ɫɪɟɞ, ɬɚɤɢɯ ɤɚɤ ɫɬɨɱɧɵɟ 

ɜɨɞɵ ɢ ɩɨɱɜɟɧɧɵɟ ɫɭɫɩɟɧɡɢɢ, ɩɪɢɦɟɧɟɧɢɟ ɜ ɤɚɱɟɫɬɜɟ ɬɟɫɬ-ɨɛɴɟɤɬɨɜ 

ɨɞɧɨɤɥɟɬɨɱɧɵɯ ɨɪɝɚɧɢɡɦɨɜ ɢ ɧɢɡɲɢɯ ɪɚɤɨɨɛɪɚɡɧɵɯ ɜɫɬɪɟɱɚɟɬ ɡɧɚɱɢɬɟɥɶɧɵɟ 
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ɬɪɭɞɧɨɫɬɢ ɜ ɩɪɨɰɟɞɭɪɟ ɩɨɞɫɱɟɬɚ ɷɬɢɯ ɦɚɥɵɯ ɩɨ ɪɚɡɦɟɪɚɦ ɬɟɫɬ-ɨɪɝɚɧɢɡɦɨɜ. 

ɉɨɷɬɨɦɭ ɧɟɨɛɯɨɞɢɦ ɨɪɝɚɧɢɡɦ, ɤɨɬɨɪɵɣ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɤɨɧɬɚɤɬɢɪɭɟɬ ɫ 

ɬɟɫɬɢɪɭɟɦɨɣ ɫɪɟɞɨɣ, ɚ ɨɰɟɧɤɚ ɜɨɡɞɟɣɫɬɜɢɹ ɬɨɤɫɢɤɚɧɬɨɜ ɧɚ ɧɟɝɨ ɧɟ ɡɚɜɢɫɟɥɚ 

ɛɵ ɨɬ ɨɩɬɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɫɚɦɨɣ ɩɪɨɛɵ. 

ɂɦɟɧɧɨ ɩɨɷɬɨɦɭ ɜ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɪɚɫɬɢɬɟɥɶɧɵɟ ɛɢɨɢɧɞɢɤɚɬɨɪɵ 

ɩɪɢɜɥɟɤɚɸɬ ɤ ɫɟɛɟ ɜɫɟ ɛɨɥɶɲɟ ɜɧɢɦɚɧɢɹ. Ɉ ɫɨɞɟɪɠɚɧɢɢ ɜ ɬɟɫɬɢɪɭɟɦɨɣ ɫɪɟɞɟ 

ɬɹɠɺɥɵɯ ɦɟɬɚɥɥɨɜ ɢ ɞɪɭɝɢɯ ɡɚɝɪɹɡɧɢɬɟɥɟɣ ɦɨɠɧɨ ɫɭɞɢɬɶ ɩɨ ɨɬɜɟɬɭ ɬɟɫɬ-

ɨɪɝɚɧɢɡɦɚ, ɧɚɩɪɢɦɟɪ, ɩɨ ɢɡɦɟɧɟɧɢɸ ɫɤɨɪɨɫɬɢ ɪɨɫɬɚ ɢ ɭɜɟɥɢɱɟɧɢɸ ɛɢɨɦɚɫɫɵ, 

ɩɨ ɢɡɦɟɧɟɧɢɸ ɨɤɪɚɫɤɢ ɥɢɫɬɶɟɜ ɢ ɬ.ɞ. [3]. 

Ɋɟɲɟɧɢɟɦ ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɵ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɪɹɫɤɢ ɦɚɥɨɣ 

ɤɚɤ ɬɟɫɬ-ɨɪɝɚɧɢɡɦɚ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɪɹɫɤɢ ɞɥɹ ɛɢɨɬɟɫɬɢɪɨɜɚɧɢɹ ɩɨɡɜɨɥɹɟɬ 

ɪɚɛɨɬɚɬɶ ɫ ɦɭɬɧɵɦɢ ɩɪɨɛɚɦɢ, ɬɚɤɢɟ ɤɚɤ ɩɨɱɜɟɧɧɵɟ ɫɭɫɩɟɧɡɢɢ, ɨɛɟɫɩɟɱɢɜɚɹ 

ɛɨɥɶɲɭɸ ɞɨɫɬɭɩɧɨɫɬɶ ɡɚɝɪɹɡɧɢɬɟɥɟɣ ɞɥɹ ɬɟɫɬ-ɨɪɝɚɧɢɡɦɚ. Ɍɨɤɫɢɱɧɨɫɬɶ ɦɨɠɧɨ 

ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɫɬɟɩɟɧɢ ɨɬɪɚɫɬɚɧɢɹ ɤɨɪɧɟɣ, ɤɨɬɨɪɵɟ ɧɚɯɨɞɹɬɫɹ ɜ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɦ ɤɨɧɬɚɤɬɟ ɫ ɩɨɱɜɨɣ, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɧɚɢɛɨɥɟɟ ɩɨɥɧɨɟ 

ɭɫɬɚɧɨɜɥɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ ɧɟɣ. Ⱦɚɧɚɹ ɬɟɫɬ-ɮɭɧɤɰɢɹ 

ɩɨɡɜɨɥɹɟɬ ɜ ɤɨɪɨɬɤɢɟ ɫɪɨɤɢ ɢ ɫ ɜɵɫɨɤɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ ɩɨɥɭɱɢɬɶ 

ɤɨɥɢɱɟɫɬɜɟɧɧɭɸ ɨɰɟɧɤɭ ɞɟɣɫɬɜɢɹ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɧɚ ɪɹɫɤɭ [4]. 

Ɍɪɚɞɢɰɢɨɧɧɨ ɬɨɤɫɢɱɧɨɫɬɶ ɩɨɱɜɵ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɩɭɬɟɦ 

ɛɢɨɬɟɫɬɢɪɨɜɚɧɢɹ ɜɨɞɧɨɣ ɜɵɬɹɠɤɢ ɢɡ ɧɟɟ [5, 6, 7]. Ɉɞɧɚɤɨ ɷɬɢ ɦɟɬɨɞɵ ɧɟ 

ɩɨɡɜɨɥɹɸɬ ɢɡɜɥɟɱɶ ɜɫɟ ɬɨɤɫɢɱɟɫɤɢɟ ɜɟɳɟɫɬɜɚ, ɩɨɫɤɨɥɶɤɭ ɛɨɥɶɲɚɹ ɱɚɫɬɶ ɢɯ 

ɫɜɹɡɚɧɚ ɫɚɦɨɣ ɩɨɱɜɨɣ. ɍɜɟɥɢɱɢɬɶ ɢɡɜɥɟɤɚɟɦɨɫɬɶ ɡɚɝɪɹɡɧɢɬɟɥɟɣ ɢ ɩɨɜɵɫɢɬɶ 

ɛɢɨɞɨɫɬɭɩɧɨɫɬɶ ɬɨɤɫɢɤɚɧɬɨɜ ɜɨɡɦɨɠɧɨ ɱɟɪɟɡ ɨɛɟɫɩɟɱɟɧɢɟ ɩɪɹɦɨɝɨ ɤɨɧɬɚɤɬɚ 

ɬɟɫɬ-ɨɪɝɚɧɢɡɦɚ ɫ ɩɨɱɜɟɧɧɨɣ ɫɭɫɩɟɧɡɢɟɣ [8]. Ɉɞɧɢɦ ɢɡ ɮɚɤɬɨɪɨɜ, 

ɭɫɢɥɢɜɚɸɳɢɯ ɨɛɦɟɧ ɬɟɫɬ-ɨɪɝɚɧɢɡɦɚ ɫɨ ɫɪɟɞɨɣ, ɦɨɠɟɬ ɜɵɫɬɭɩɚɬɶ 

ɩɟɪɟɦɟɲɢɜɚɧɢɟ ɜɨɞɧɨɣ ɫɪɟɞɵ, ɫɨɞɟɪɠɚɳɟɣ ɪɚɫɬɜɨɪɺɧɧɵɟ ɢɫɫɥɟɞɭɟɦɵɟ 

ɜɟɳɟɫɬɜɚ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɰɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɥɨɫɶ ɢɡɭɱɟɧɢɟ ɜɥɢɹɧɢɹ 

ɭɫɥɨɜɢɣ ɜɪɚɳɟɧɢɹ ɧɚ ɨɬɪɚɫɬɚɧɢɟ ɤɨɪɧɟɣ ɪɹɫɤɢ ɦɚɥɨɣ ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ ɩɨɱɜɵ 

ɢ ɭɫɬɚɧɨɜɥɟɧɢɟ ɞɨɫɬɭɩɧɨɫɬɢ ɜ ɧɟɣ ɢɨɧɨɜ ɧɢɤɟɥɹ. 
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Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɛɵɥɢ ɩɨɫɬɚɜɥɟɧɵ ɡɚɞɚɱɢ: 

1. Cɪɚɜɧɢɬɶ ɪɨɫɬ ɤɨɪɧɟɣ ɪɹɫɤɢ ɦɚɥɨɣ ɜ ɭɫɥɨɜɢɹɯ ɜɪɚɳɟɧɢɹ ɢ 

ɧɟɩɨɞɜɢɠɧɨɦ ɩɨɥɨɠɟɧɢɢ ɮɥɚɤɨɧɨɜ ɫ ɩɪɨɛɚɦɢ ɩɨɱɜɵ. 

2. ȼɵɩɨɥɧɢɬɶ ɷɤɫɩɟɪɢɦɟɧɬɵ ɞɥɹ ɢɡɭɱɟɧɢɹ ɞɟɣɫɬɜɢɹ ɢɨɧɨɜ ɧɢɤɟɥɹ ɧɚ 

ɨɬɪɚɫɬɚɧɢɟ ɤɨɪɧɟɣ ɪɹɫɤɢ ɦɚɥɨɣ ɜ ɪɚɫɬɜɨɪɟ ɢ ɜ ɩɨɱɜɟɧɧɨɣ ɫɭɫɩɟɧɡɢɢ ɜ 

ɩɨɞɜɢɠɧɨɦ ɢ ɫɬɚɰɢɨɧɚɪɧɨɦ ɩɨɥɨɠɟɧɢɢ ɩɪɨɛ. 

3. Ɉɩɪɟɞɟɥɢɬɶ ɜɥɢɹɧɢɟ pH ɧɚ ɪɨɫɬɚ ɪɹɫɤɢ ɦɚɥɨɣ ɜ ɜɨɞɧɨɣ ɫɪɟɞɟ. 
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ɁȺɄɅɘɑȿɇɂȿ 
 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɩɪɨɞɟɥɚɧɧɨɣ ɪɚɛɨɬɵ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɫɥɟɞɭɸɳɢɟ 
ɜɵɜɨɞɵ: 

1. ɉɪɢ ɷɤɫɩɨɧɢɪɨɜɚɧɢɢ ɩɪɨɛɵ ɫ ɩɨɱɜɨɣ ɜ ɭɫɥɨɜɢɹɯ ɧɟɩɪɟɪɵɜɧɨɝɨ 

ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɜ ɭɫɬɪɨɣɫɬɜɚɯ ɍɗɊ-03 ɨɛɪɚɡɭɸɳɚɹɫɹ ɩɨɱɜɟɧɧɚɹ ɫɭɫɩɟɧɡɢɹ 

ɩɨɞɚɜɥɹɟɬ ɪɨɫɬ ɤɨɪɧɟɣ ɪɹɫɤɢ ɦɚɥɨɣ. ȼ ɷɬɢɯ ɭɫɥɨɜɢɹɯ ɡɚɬɪɭɞɧɢɬɟɥɶɧɨ 

ɭɫɬɚɧɨɜɢɬɶ ɫɬɟɩɟɧɶ ɬɨɤɫɢɱɟɫɤɨɝɨ ɞɟɣɫɬɜɢɹ ɫɨɞɟɪɠɚɳɢɯɫɹ ɜ ɩɨɱɜɟ 

ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɩɨ ɞɚɧɧɨɦɭ ɩɨɤɚɡɚɬɟɥɸ. 

2. ȼ ɧɟɩɨɞɜɢɠɧɨ ɫɬɨɹɳɢɯ ɩɪɨɛɚɯ ɫ ɩɨɱɜɨɣ ɤɨɪɧɢ ɪɹɫɤɢ ɦɚɥɨɣ ɪɚɫɬɭɬ 

ɯɨɪɨɲɨ, ɨɞɧɚɤɨ ɬɨɤɫɢɱɟɫɤɨɟ ɞɟɣɫɬɜɢɟ ɢɨɧɨɜ ɧɢɤɟɥɹ ɜ ɤɨɧɰɟɧɬɪɚɰɢɢ ɞɨ 20 

ɦɝ/ɥ ɧɟ ɩɪɨɹɜɥɹɟɬɫɹ. ȼ ɫɪɟɞɟ ɛɟɡ ɜɧɟɫɟɧɢɹ ɩɨɱɜɵ ɷɬɨɬ ɦɟɬɚɥɥ ɩɨɥɧɨɫɬɶɸ 

ɩɨɞɚɜɥɹɟɬ ɩɪɢɪɨɫɬ ɤɨɪɧɟɣ ɜ ɤɨɧɰɟɧɬɪɚɰɢɢ 0,2 ɦɝ/ɥ. 

3. Ɋɹɫɤɚ ɦɚɥɚɹ ɩɨ ɩɨɤɚɡɚɬɟɥɸ ɨɬɪɚɫɬɚɧɢɹ ɤɨɪɧɟɣ ɨɛɥɚɞɚɟɬ ɜɵɫɨɤɨɣ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ ɤ ɤɢɫɥɨɬɧɨɫɬɢ ɫɪɟɞɵ. ɉɪɢ ɪɇ ɧɢɠɟ 4 ɪɨɫɬ ɤɨɪɧɟɣ 

ɨɫɬɚɧɚɜɥɢɜɚɟɬɫɹ.   
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