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ɂɪɤɭɬɫɤɨɝɨ 

 ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ 

 ɭɧɢɜɟɪɫɢɬɟɬɚ 

ɍȾɄ (550.47+550.424.6)(571.17) 
Ɂɚɝɪɹɡɧɟɧɢɟ ɪɬɭɬɶɸ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ  
ɩɨɫɥɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɇɨɜɨ-ɍɪɫɤɨɝɨ ɡɨɥɨɬɨɪɭɞɧɨɝɨ 
ɦɟɫɬɨɪɨɠɞɟɧɢɹ (Ʉɟɦɟɪɨɜɫɤɚɹ ɨɛɥɚɫɬɶ) 
Ɇ. Ⱥ. Ƚɭɫɬɚɣɬɢɫ, ɂ. ɇ. Ɇɹɝɤɚɹ,  Ȼ. Ʌ. ɓɟɪɛɨɜ, ȿ. ȼ. Ʌɚɡɚɪɟɜɚ 

ɂɧɫɬɢɬɭɬ ɝɟɨɥɨɝɢɢ ɢ ɦɢɧɟɪɚɥɨɝɢɢ ɋɈ ɊȺɇ 

Ⱥɧɧɨɬɚɰɢɹ. ɇɨɜɨ-ɍɪɫɤɨɟ ɦɟɫɬɨɪɨɠɞɟɧɢɟ ɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɢɯ ɡɨɥɨɬɨɫɨɞɟɪɠɚɳɢɯ 
ɦɟɞɧɨ-ɰɢɧɤɨɜɵɯ ɫɟɪɧɨ-ɤɨɥɱɟɞɚɧɧɵɯ ɪɭɞ ɪɚɡɪɚɛɚɬɵɜɚɥɨɫɶ ɜ 30-ɯ ɝɝ. XX ɜ. ɜ ɩɨɫ. 
ɍɪɫɤ. ȼ ɫɤɥɚɞɢɪɨɜɚɧɧɵɯ ɨɬɯɨɞɚɯ ɍɪɫɤɨɝɨ ɯɜɨɫɬɨɯɪɚɧɢɥɢɳɚ ɫɨɞɟɪɠɚɧɢɟ HР ɛɵɥɨ 
ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɨɟ (ɜ ɩɟɪɜɢɱɧɵɯ ɨɤɨɥɨ 100, ɜ ɨɤɢɫɥɟɧɧɵɯ – 20–30 ɦɤɝ/ɝ), ɱɬɨ 
ɨɛɟɫɩɟɱɢɥɨ ɟɟ ɩɨɜɵɲɟɧɧɵɣ ɦɟɫɬɧɵɣ ɮɨɧ. ɋɚɦɨ ɜɟɳɟɫɬɜɨ ɨɬɯɨɞɨɜ ɛɵɥɨ ɪɚɡɧɟɫɟɧɨ ɢ 
ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɨɤɪɵɜɚɟɬ ɥɨɝ, ɨɛɪɚɡɭɹ ɜ ɩɥɚɧɟ ɤɨɦɩɚɤɬɧɵɣ ɤɨɧɭɫ ɫɧɟɫɟɧɧɨɝɨ 
ɜɟɳɟɫɬɜɚ. Ɂɚɛɨɥɨɱɟɧɧɚɹ ɬɟɪɪɢɬɨɪɢɹ ɥɨɝɚ ɧɢɠɟ ɯɜɨɫɬɨɯɪɚɧɢɥɢɳɚ ɜɩɥɨɬɶ ɞɨ ɪ. ɍɪ 
ɩɨɤɪɵɬɚ ɫɧɟɫɟɧɧɵɦ ɦɚɬɟɪɢɚɥɨɦ ɨɬɯɨɞɨɜ, ɨɛɪɚɡɨɜɚɜ ɬɟɦ ɫɚɦɵɦ ɩɨɬɨɤ ɪɚɫɫɟɹɧɢɹ. 

Ɋɚɫɩɨɥɨɠɟɧɢɟ ɯɜɨɫɬɨɯɪɚɧɢɥɢɳɚ ɦɟɠɞɭ ɠɢɥɵɦɢ ɤɜɚɪɬɚɥɚɦɢ ɩɨɫɟɥɤɚ ɫɬɚɜɢɬ ɚɤɬɭ-
ɚɥɶɧɭɸ ɩɪɨɛɥɟɦɭ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɢ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɷɥɟɦɟɧɬɚ ɩɨ ɬɪɨɮɢɱɟɫɤɢɦ ɰɟ-
ɩɹɦ: ɜɨɞɚ – ɪɵɛɚ, ɩɨɱɜɵ – ɪɚɫɬɟɧɢɹ – ɝɪɢɛɵ ɢ ɬ. ɞ. ɍɫɬɚɧɨɜɥɟɧɨ ɬɪɨɟɤɪɚɬɧɨɟ ɩɪɟ-
ɜɵɲɟɧɢɟ ɉȾɄ ɩɨ ɪɬɭɬɢ ɜ ɤɨɥɨɞɟɡɧɵɯ ɜɨɞɚɯ ɜɛɥɢɡɢ ɯɜɨɫɬɨɯɪɚɧɢɥɢɳɚ. Ⱦɥɹ ɨɩɪɟɞɟ-
ɥɟɧɢɹ ɯɢɦɢɱɟɫɤɢɯ ɮɨɪɦ ɪɬɭɬɢ ɜ ɪɚɫɬɟɧɢɹɯ ɢ ɫɭɛɫɬɪɚɬɟ ɩɪɢɦɟɧɟɧ ɪɚɡɪɚɛɨɬɚɧɧɵɣ 
ɚɜɬɨɪɚɦɢ ɝɢɛɪɢɞɧɵɣ ɦɟɬɨɞ, ɫɨɱɟɬɚɸɳɢɣ ɬɟɪɦɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɫ ɚɬɨɦɧɨ-

ɚɛɫɨɪɛɰɢɨɧɧɵɦ ɞɟɬɟɤɬɢɪɨɜɚɧɢɟɦ, ɜ ɨɫɧɨɜɟ ɤɨɬɨɪɨɝɨ ɥɟɠɢɬ ɪɚɡɥɢɱɢɟ ɜ ɬɟɦɩɟɪɚɬɭ-
ɪɚɯ ɢɫɩɚɪɟɧɢɹ ɞɥɹ ɫɨɟɞɢɧɟɧɢɣ ɪɬɭɬɢ. ɂɡɭɱɟɧɵ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɮɨɪɦ 
ɧɚɯɨɠɞɟɧɢɹ ɪɬɭɬɢ (HРБ2, CH3HРɏ ɢ HРS, ɝɞɟ X – Cl

-
, SO4

2) ɜ ɫɢɫɬɟɦɟ ɩɨɱɜɚ – ɪɚɫɬɟɧɢɟ 

ɫ ɜɵɫɨɤɢɦɢ ɫɨɞɟɪɠɚɧɢɹɦɢ HР. ɍɫɬɚɧɨɜɥɟɧɵ ɩɨɜɵɲɟɧɧɵɟ ɫɨɞɟɪɠɚɧɢɹ ɢ ɮɨɪɦɵ ɧɚɯɨɠ-
ɞɟɧɢɹ ɪɬɭɬɢ ɜ ɪɵɛɟ. ɉɪɟɜɵɲɟɧɢɟ ɡɧɚɱɟɧɢɣ ɉȾɄ ɜ ɝɪɢɛɚɯ ɨɬɦɟɱɟɧɨ ɜ ɨɛɪɚɡɰɚɯ, ɨɬɨ-
ɛɪɚɧɧɵɯ ɧɚ ɨɬɯɨɞɚɯ ɢ ɧɚ ɭɞɚɥɟɧɢɢ. Ɇɚɤɫɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ (ɜ 400 ɪɚɡ) ɡɚɮɢɤɫɢɪɨ-
ɜɚɧɵ ɜ ɫɜɢɧɭɲɤɚɯ, ɨɬɨɛɪɚɧɧɵɯ ɜ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ ɛɥɢɡɨɫɬɢ ɨɬ ɨɬɜɚɥɨɜ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɡɚɝɪɹɡɧɟɧɢɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɯɢɦɢɱɟɫɤɢɟ ɮɨɪɦɵ ɪɬɭɬɢ, 
ɫɭɥɶɮɢɞɧɵɟ ɯɜɨɫɬɨɯɪɚɧɢɥɢɳɚ. 

ȼɜɟɞɟɧɢɟ 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɫɨɟɞɢɧɟɧɢɹ ɪɬɭɬɢ ɤɪɚɣɧɟ ɬɨɤɫɢɱɧɵ ɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɩɪɢɪɨɞɟ ɛɨɥɶɲɢɦ ɪɚɡɧɨɨɛɪɚɡɢɟɦ ɯɢɦɢɱɟɫɤɢɯ ɮɨɪɦ. ɇɚɢɛɨɥɟɟ ɨɩɚɫɧɵ ɞɥɹ 
ɧɚɫɟɥɟɧɢɹ ɟɟ ɨɪɝɚɧɢɱɟɫɤɢɟ ɩɪɨɢɡɜɨɞɧɵɟ, ɧɚɤɚɩɥɢɜɚɸɳɢɟɫɹ ɜ ɧɟɤɨɬɨɪɵɯ 
ɨɛɴɟɤɬɚɯ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ ɞɨɜɨɥɶɧɨ ɫɭɳɟɫɬɜɟɧɧɵɯ ɤɨɥɢɱɟɫɬɜɚɯ ɢ ɩɨɩɚ-
ɞɚɸɳɢɟ ɜ ɩɢɳɟɜɵɟ ɰɟɩɢ ɱɟɥɨɜɟɤɚ ɫ ɜɨɞɨɣ ɢ ɩɢɳɟɣ. ɉɪɢɦɟɪɨɦ ɦɨɝɭɬ ɫɥɭ-
ɠɢɬɶ ɦɚɫɫɨɜɵɟ ɨɬɪɚɜɥɟɧɢɹ ɧɚɫɟɥɟɧɢɹ əɩɨɧɢɢ (ɛɨɥɟɡɧɶ Ɇɢɧɚɦɚɬɚ) ɪɬɭɬɶɸ ɜ 
1943–1970-ɯ ɝɝ. ɢɡ-ɡɚ ɫɥɢɜɚ ɡɚɜɨɞɨɦ «Ɍɢɫɫɨ» ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɫɬɨɱɧɵɯ 
ɜɨɞ, ɡɚɝɪɹɡɧɟɧɧɵɯ ɫɨɥɹɦɢ ɦɟɬɢɥɪɬɭɬɢ Д5Ж.  
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Ɉɞɧɢɦ ɢɡ ɫɟɪɶɟɡɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɡɚɝɪɹɡɧɟɧɢɹ ɪɬɭɬɶɸ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟ-
ɞɵ ɹɜɥɹɸɬɫɹ ɫɤɥɚɞɢɪɨɜɚɧɧɵɟ ɨɬɯɨɞɵ ɨɛɨɝɚɬɢɬɟɥɶɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɫɨ-
ɞɟɪɠɚɳɢɟ ɪɬɭɬɶ. ȼ ɩɪɟɞɟɥɚɯ ɝɨɪɧɨɝɨ ɨɛɪɚɦɥɟɧɢɹ Ʉɭɡɛɚɫɫɚ ɷɤɫɩɥɭɚɬɢɪɭɸɬɫɹ 
ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɠɟɥɟɡɧɵɯ ɪɭɞ, ɤɨɪɟɧɧɨɝɨ ɢ ɪɨɫɫɵɩɧɨɝɨ ɡɨɥɨɬɚ, ɰɢɧɤɚ ɢ ɞɪɭ-
ɝɢɯ ɩɨɥɟɡɧɵɯ ɢɫɤɨɩɚɟɦɵɯ. Ɉɩɚɫɧɨɫɬɶ ɞɥɹ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɩɪɟɞɫɬɚɜɥɹɸɬ 

ɢ ɨɬɜɚɥɵ ɡɨɥɨɬɨɪɭɞɧɵɯ ɦɟɫɬɨɪɨɠɞɟɧɢɣ, ɩɨɫɤɨɥɶɤɭ ɞɨ ɧɟɞɚɜɧɟɝɨ ɜɪɟɦɟɧɢ 
ɩɨɜɫɟɦɟɫɬɧɨ ɞɥɹ ɢɡɜɥɟɱɟɧɢɹ ɡɨɥɨɬɚ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɚɦɚɥɶɝɚɦɚɰɢɹ ɪɬɭɬɶɸ 
Д7Ж. ȼ ɪɭɞɚɯ, ɨɬɯɨɞɵ ɤɨɬɨɪɵɯ ɫɤɥɚɞɢɪɨɜɚɧɵ ɜ ɍɪɫɤɨɦ ɯɜɨɫɬɨɯɪɚɧɢɥɢɳɟ 
(Ʉɟɦɟɪɨɜɫɤɚɹ ɨɛɥɚɫɬɶ), ɫɨɞɟɪɠɚɧɢɟ HР ɛɵɥɨ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɨɟ (ɜ ɩɟɪɜɢɱ-
ɧɵɯ – ɨɤɨɥɨ 100, ɜ ɨɤɢɫɥɟɧɧɵɯ – 20–30 ɦɤɝ/ɝ), ɱɬɨ ɨɛɟɫɩɟɱɢɥɨ ɟɟ ɩɨɜɵɲɟɧ-
ɧɵɣ ɦɟɫɬɧɵɣ ɮɨɧ ɜ ɨɛɴɟɤɬɚɯ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɧɟ ɬɨɥɶɤɨ ɜɨɤɪɭɝ ɯɜɨɫɬɨ-
ɯɪɚɧɢɥɢɳɚ, ɧɨ ɢ ɧɚ ɭɞɚɥɟɧɢɢ ɨɬ ɧɟɝɨ Д6Ж. ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɨ ɨɰɟ-
ɧɢɬɶ ɫɨɞɟɪɠɚɧɢɟ ɮɨɪɦ ɪɬɭɬɢ (HРS, HРБ2 ɢ CH3HРБ, ɝɞɟ X – Cl

-
, SO4

2-) ɜ ɫɢ-
ɫɬɟɦɟ ɫɭɛɫɬɪɚɬ – ɤɨɪɧɢ ɪɚɫɬɟɧɢɣ – ɧɚɞɡɟɦɧɵɟ ɱɚɫɬɢ ɪɚɫɬɟɧɢɹ, ɧɚ ɢɫɫɥɟ-
ɞɭɟɦɨɣ ɬɟɪɪɢɬɨɪɢɢ; ɭɫɬɚɧɨɜɢɬɶ ɮɨɪɦɵ ɧɚɯɨɠɞɟɧɢɹ HР ɜ ɝɪɢɛɚɯ ɢ ɪɵɛɟ; 
ɨɩɪɟɞɟɥɢɬɶ ɫɨɞɟɪɠɚɧɢɹ ɷɥɟɦɟɧɬɚ ɜ ɩɢɬɶɟɜɵɯ ɜɨɞɚɯ ɩɨɫɟɥɤɚ, ɨɫɨɛɟɧɧɨ ɜ ɤɨ-
ɥɨɞɰɚɯ ɜɛɥɢɡɢ ɫɤɥɚɞɢɪɨɜɚɧɧɵɯ ɨɬɯɨɞɨɜ. 

Ɉɛɴɟɤɬɵ ɢ ɦɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɇɨɜɨ-ɍɪɫɤɨɟ ɦɟɫɬɨɪɨɠɞɟɧɢɟ, ɫɚɦɨɟ ɤɪɭɩɧɨɟ ɫɪɟɞɢ ɍɪɫɤɨɣ ɝɪɭɩɩɵ 

ɤɨɥɱɟɞɚɧɧɵɯ ɦɟɞɧɨ-ɰɢɧɤɨɜɵɯ ɩɪɨɹɜɥɟɧɢɣ, ɪɚɫɩɨɥɨɠɟɧɨ ɜ Ʉɟɦɟɪɨɜɫɤɨɣ ɨɛ-
ɥɚɫɬɢ ɧɚ ɝɪɚɧɢɰɟ ɫ Ⱥɥɬɚɣɫɤɢɦ ɤɪɚɟɦ ɢ ɇɨɜɨɫɢɛɢɪɫɤɨɣ ɨɛɥɚɫɬɶɸ. Ɇɟɫɬɨ-
ɪɨɠɞɟɧɢɟ ɛɵɥɨ ɨɬɤɪɵɬɨ ɢ ɫɬɚɥɨ ɪɚɡɪɚɛɚɬɵɜɚɬɶɫɹ ɜ ɧɚɱɚɥɟ 40-ɯ ɝɝ. XX ɜ. Д11; 
16Ж. ɏɜɨɫɬɨɯɪɚɧɢɥɢɳɟ ɫɮɨɪɦɢɪɨɜɚɧɨ ɢɡ ɨɬɯɨɞɨɜ ɰɢɚɧɢɪɨɜɚɧɢɹ ɤɚɤ ɩɟɪɜɢɱ-
ɧɵɯ ɫɭɥɶɮɢɞɧɵɯ ɪɭɞ, ɬɚɤ ɢ ɪɭɞ ɡɨɧɵ ɨɤɢɫɥɟɧɢɹ. Ɋɚɧɟɟ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, 
ɱɬɨ ɜ ɨɬɯɨɞɚɯ ɩɟɪɜɢɱɧɵɯ ɪɭɞ ɩɪɟɨɛɥɚɞɚɸɬ ɛɚɪɢɬ, ɩɢɪɢɬ, ɤɜɚɪɰ. ȼ ɩɢɪɢɬɟ 
ɫɨɯɪɚɧɢɥɢɫɶ ɜɤɥɸɱɟɧɢɹ ɞɪɭɝɢɯ ɪɭɞɧɵɯ ɦɢɧɟɪɚɥɨɜ: ɝɚɥɟɧɢɬɚ, ɯɚɥɶɤɨɩɢɪɢɬɚ, 
ɛɨɪɧɢɬɚ, ɚɪɫɟɧɨɩɢɪɢɬɚ, ɫɮɚɥɟɪɢɬɚ, ɛɥɟɤɥɵɯ ɪɭɞ, ɚɥɬɚɢɬɚ, ɠɟɮɮɪɭɚɢɬɚ ɢ 
ɬɟɥɥɭɪɢɞɚ ɪɬɭɬɢ. ȼ ɛɚɪɢɬɟ ɨɛɧɚɪɭɠɟɧɵ ɜɤɥɸɱɟɧɢɹ ɧɚɭɦɚɧɧɢɬɚ ɢ ɫɟɥɟɧɢɞɚ 
HР ɫɨ ɡɧɚɱɢɬɟɥɶɧɨɣ ɩɪɢɦɟɫɶɸ AР ɢ S. Ɉɬɯɨɞɵ ɪɭɞ ɡɨɧɵ ɨɤɢɫɥɟɧɢɹ ɩɪɟɞ-
ɫɬɚɜɥɟɧɵ ɩɢɪɢɬɨɦ, ɛɚɪɢɬɨɦ, ɤɜɚɪɰɟɦ, ɧɨ ɞɨɥɹ ɩɟɪɜɵɯ ɞɜɭɯ ɦɟɧɶɲɟ, ɱɟɦ ɜ 

ɨɬɯɨɞɚɯ ɩɟɪɜɢɱɧɵɯ ɪɭɞ. Ɍɚɤɠɟ ɜ ɷɬɨɦ ɬɢɩɟ ɜɟɳɟɫɬɜɚ ɪɟɡɤɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ 
ɤɨɥɢɱɟɫɬɜɨ ɹɪɨɡɢɬɚ; ɩɨɹɜɥɹɟɬɫɹ ɝɢɩɫ ɢ ɝɟɬɢɬ; ɭɫɬɚɧɨɜɥɟɧɵ ɚɥɸɦɨɫɢɥɢɤɚɬɵ: 
ɦɭɫɤɨɜɢɬ, ɚɥɶɛɢɬ, ɧɟɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɯɥɨɪɢɬɚ ɢ ɫɥɟɞɵ ɦɢɤɪɨɤɥɢɧɚ Д7Ж. 
ɉɨ ɥɨɝɭ, ɝɞɟ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɯɜɨɫɬɨɯɪɚɧɢɥɢɳɟ, ɩɪɨɬɟɤɚɟɬ ɟɫɬɟɫɬɜɟɧɧɵɣ ɪɭ-
ɱɟɣ, ɜɨɞɵ ɤɨɬɨɪɨɝɨ ɜ ɩɪɨɰɟɫɫɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɫɭɥɶɮɢɞɧɵɦ ɜɟɳɟɫɬɜɨɦ 
ɩɨɞɤɢɫɥɹɸɬɫɹ ɞɨ ЩH = 2, ɚ ɫɨɫɬɚɜ ɦɟɧɹɟɬɫɹ ɫ Ca-Mg-HCO3 ɞɨ Fe-Al-SO4. ɋɨ-
ɞɟɪɠɚɧɢɟ ɪɬɭɬɢ ɜ ɪɚɫɬɜɨɪɟ ɞɪɟɧɚɠɧɨɝɨ ɪɭɱɶɹ ɫɨɫɬɚɜɥɹɟɬ ɨɬ 4 ɞɨ 47 ɦɤɝ/ɝ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɟɡɨɧɚ Д17Ж. Ɉɬɯɨɞɵ ɧɟ ɡɚɤɪɟɩɥɟɧɵ ɢ ɧɚ ɩɪɨɬɹɠɟɧɢɢ 80 ɥɟɬ 
ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɯɜɨɫɬɨɯɪɚɧɢɥɢɳɚ ɪɚɡɦɵɜɚɥɢɫɶ ɞɨɠɞɟɜɵɦɢ ɢ ɩɚɜɨɞɤɨɜɵɦɢ 
ɜɨɞɚɦɢ. Ɂɚɛɨɥɨɱɟɧɧɚɹ ɬɟɪɪɢɬɨɪɢɹ ɥɨɝɚ, ɪɚɫɩɨɥɨɠɟɧɧɚɹ ɧɢɠɟ ɯɪɚɧɢɥɢɳɚ 
ɜɩɥɨɬɶ ɞɨ ɪ. ɍɪ (ɩɪɢɬɨɤ ɪ. ɂɧɹ), ɩɨɤɪɵɬɚ ɫɧɟɫɟɧɧɵɦ ɜɟɳɟɫɬɜɨɦ ɨɬɯɨɞɨɜ. ȿɟ 

ɪɚɫɬɢɬɟɥɶɧɨɫɬɶ ɭɧɢɱɬɨɠɟɧɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɨɡɞɟɣɫɬɜɢɹ ɤɢɫɥɵɯ ɞɪɟɧɚɠɧɵɯ 
ɪɚɫɬɜɨɪɨɜ. ɋɧɟɫɟɧɧɨɟ ɜɟɳɟɫɬɜɨ ɩɟɪɟɤɪɵɜɚɟɬ ɬɨɪɮ, ɩɪɢɱɟɦ ɧɚɞ ɦɚɬɟɪɢɚɥɨɦ 
ɨɬɯɨɞɨɜ ɟɳɟ ɫɨɯɪɚɧɢɥɢɫɶ ɛɨɥɨɬɧɵɟ ɤɨɱɤɢ Д10Ж. Ɋɚɫɩɨɥɨɠɟɧɢɟ ɯɜɨɫɬɨɯɪɚɧɢ-



Ɇ. Ⱥ. ȽɍɋɌȺɃɌɂɋ, ɂ. ɇ.  ɆəȽɄȺə ɂ ȾɊ. 
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ɥɢɳɚ ɦɟɠɞɭ ɠɢɥɵɦɢ ɤɜɚɪɬɚɥɚɦɢ ɩɨɫɟɥɤɚ ɩɨɡɜɨɥɹɟɬ ɬɚɤɠɟ ɨɰɟɧɢɬɶ ɪɚɫɩɪɨ-
ɫɬɪɚɧɟɧɢɟ HР ɩɨ ɬɪɨɮɢɱɟɫɤɢɦ ɰɟɩɹɦ: ɜɨɞɚ – ɪɵɛɚ, ɩɨɱɜɵ – ɪɚɫɬɟɧɢɹ – ɝɪɢ-
ɛɵ ɢ ɬ. ɞ. (ɪɢɫ. 1). 

 

 

Ɋɢɫ. 1. ɋɯɟɦɚ ɨɬɛɨɪɚ ɩɪɨɛ ɜ ɪɚɣɨɧɟ ɍɪɫɤɨɝɨ ɯɜɨɫɬɨɯɪɚɧɢɥɢɳɚ.  
Ʉɪɭɝɚɦɢ ɨɛɨɡɧɚɱɟɧɵ ɭɱɚɫɬɤɢ ɨɩɪɨɛɨɜɚɧɢɹ: 1 – ɧɚ ɭɞɚɥɟɧɢɢ ɨɬ ɯɜɨɫɬɨɯɪɚɧɢɥɢɳɚ; 

2 – ɭɱɚɫɬɨɤ ɤɚɪɶɟɪɚ; 3 – ɭɱɚɫɬɨɤ ɫɪɟɞɧɟɣ ɱɚɫɬɢ ɩɨɬɨɤɚ ɪɚɫɫɟɹɧɢɹ ɯɜɨɫɬɨɯɪɚɧɢɥɢɳɚ; 
4 – ɭɱɚɫɬɨɤ, ɪɚɫɩɨɥɨɠɟɧɧɵɣ ɜ ɦɟɫɬɟ ɜɩɚɞɟɧɢɹ ɞɪɟɧɚɠɧɨɝɨ ɪɭɱɶɹ ɜ ɪ. ɍɪ; 5 – ɪ. ɍɪ  

ɜ 5 ɤɦ ɩɨ ɬɟɱɟɧɢɸ ɧɢɠɟ ɦɟɫɬɚ ɜɩɚɞɟɧɢɹ ɞɪɟɧɚɠɧɨɝɨ ɪɭɱɶɹ 

 

Ɋɚɫɬɟɧɢɹ ɨɩɪɨɛɨɜɚɥɢɫɶ ɤɚɤ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɯɜɨɫɬɨɯɪɚɧɢɥɢɳɚ, ɬɚɤ ɢ ɧɚ 
ɭɞɚɥɟɧɢɢ ɨɬ ɧɟɝɨ (ɫɦ. ɪɢɫ. 1). Ⱦɥɹ ɷɬɨɣ ɰɟɥɢ ɛɵɥɢ ɨɬɨɛɪɚɧɵ ɩɪɟɨɛɥɚɞɚɸɳɢɟ 
ɜɢɞɵ ɩɪɢɛɪɟɠɧɵɯ ɪɚɫɬɟɧɢɣ – ɤɚɦɵɲ ɥɟɫɧɨɣ (Spirpus sylvaticus S.) ɢ ɤɚɦɵɲ 
ɦɨɪɫɤɨɣ (Spirpus maritimus L.) Д15Ж. Ɋɚɫɬɟɧɢɹ ɛɵɥɢ ɨɬɦɵɬɵ ɜ ɱɢɫɬɨɣ, ɩɨɬɨɦ 
ɜ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɟ ɢ ɪɚɡɞɟɥɟɧɵ ɧɚ ɧɚɞɡɟɦɧɭɸ ɢ ɤɨɪɧɟɜɭɸ ɱɚɫɬɢ. Ⱦɚ-
ɥɟɟ ɪɚɫɬɟɧɢɹ ɢ ɫɭɛɫɬɪɚɬ, ɜ ɤɨɬɨɪɨɦ ɨɧɢ ɩɪɨɢɡɪɚɫɬɚɥɢ, ɜɵɫɭɲɟɧɵ ɞɨ ɜɨɡ-
ɞɭɲɧɨ-ɫɭɯɨɝɨ ɫɨɫɬɨɹɧɢɹ.  

Ⱦɥɹ ɢɡɭɱɟɧɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɯɢɦɢɱɟɫɤɢɯ ɮɨɪɦ ɪɬɭɬɢ ɜ ɪɚɫɬɟɧɢɹɯ ɢ 
ɫɭɛɫɬɪɚɬɟ ɩɪɢɦɟɧɟɧ ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɚɜɬɨɪɚɦɢ ɝɢɛɪɢɞɧɵɣ ɦɟɬɨɞ, ɫɨɱɟɬɚɸ-
ɳɢɣ ɬɟɪɦɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɫ ɚɬɨɦɧɨ-ɚɛɫɨɪɛɰɢɨɧɧɵɦ ɞɟɬɟɤɬɢɪɨɜɚɧɢɟɦ, ɜ ɨɫ-
ɧɨɜɟ ɤɨɬɨɪɨɝɨ ɥɟɠɢɬ ɪɚɡɥɢɱɢɟ ɜ ɬɟɦɩɟɪɚɬɭɪɚɯ ɢɫɩɚɪɟɧɢɹ ɞɥɹ ɫɨɟɞɢɧɟɧɢɣ 
ɪɬɭɬɢ Д18Ж. ȼ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɥɢ ɚɧɚɥɢɡɚɬɨɪ ɪɬɭɬɢ (ɊȺ-915+,«Ʌɸɦɷɤɫ») ɫ 
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ɩɢɪɨɥɢɬɢɱɟɫɤɨɣ ɩɪɢɫɬɚɜɤɨɣ Ɋɉ-91ɋ. ȼɫɟ ɚɧɚɥɢɡɵ ɛɵɥɢ ɜɵɩɨɥɧɟɧɵ ɧɚ ɛɚɡɟ 
ɐɟɧɬɪɚ ɤɨɥɥɟɤɬɢɜɧɨɝɨ ɩɨɥɶɡɨɜɚɧɢɹ «Ɇɧɨɝɨɷɥɟɦɟɧɬɧɵɟ ɢ ɢɡɨɬɨɩɧɵɟ ɢɫɫɥɟ-
ɞɨɜɚɧɢɹ» ɂȽɆ ɋɈ ɊȺɇ, ɝ. ɇɨɜɨɫɢɛɢɪɫɤ. 

Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ 

ɇɚ ɪɚɫɫɬɨɹɧɢɢ 50–250 ɦ ɨɬ ɫɤɥɚɞɢɪɨɜɚɧɧɵɯ ɨɬɯɨɞɨɜ ɪɚɫɩɨɥɨɠɟɧɵ ɠɢ-
ɥɵɟ ɤɜɚɪɬɚɥɵ, ɧɚɫɟɥɟɧɢɟ ɤɨɬɨɪɵɯ ɢɫɩɨɥɶɡɭɟɬ ɬɨɥɶɤɨ ɤɨɥɨɞɟɡɧɵɟ ɢ ɪɨɞɧɢɤɨ-
ɜɵɟ ɜɨɞɵ, ɩɨɫɤɨɥɶɤɭ ɰɟɧɬɪɚɥɶɧɨɟ ɜɨɞɨɫɧɚɛɠɟɧɢɟ ɜ ɞɚɧɧɨɦ ɪɚɣɨɧɟ ɩɨɫɟɥɤɚ 
ɨɬɫɭɬɫɬɜɭɟɬ (ɫɦ. ɪɢɫ. 1). ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɤɨɥɨɞɟɡɧɵɟ ɢ 
ɪɨɞɧɢɤɨɜɵɟ ɜɨɞɵ (W-17 ɢ W-18) ɧɟ ɩɪɢɝɨɞɧɵ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɤɚɱɟɫɬɜɟ 
ɩɢɬɶɟɜɨɣ ɜɨɞɵ – ɉȾɄ ɩɨ ɫɨɞɟɪɠɚɧɢɸ HР ɩɪɟɜɵɲɟɧ ɜ 3 ɪɚɡɚ (ɬɚɛɥ. 1). Ɍɚɤɠɟ 
ɨɬɦɟɱɟɧɨ ɩɪɟɜɵɲɟɧɢɟ ɠɟɫɬɤɨɫɬɢ ɜ ɩɪɨɛɟ W-18 ɜ 1,6 ɪɚɡɚ. Ɇɢɧɟɪɚɥɢɡɚɰɢɹ ɢɫ-
ɫɥɟɞɭɟɦɵɯ ɤɨɥɨɞɟɡɧɵɯ ɜɨɞ ɧɟ ɩɪɟɜɵɲɚɥɚ ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɯ ɡɧɚɱɟɧɢɣ.  

Ɍɚɛɥɢɰɚ 1 

ɋɨɞɟɪɠɚɧɢɟ ɪɬɭɬɢ ɜ ɪɨɞɧɢɤɨɜɨɣ ɢ ɤɨɥɨɞɟɡɧɨɣ ɜɨɞɟ ɜ ɡɨɧɟ ɜɥɢɹɧɢɹ 

 ɍɪɫɤɨɝɨ ɯɜɨɫɬɨɯɪɚɧɢɥɢɳɚ 

№ ɩɪɨɛɵ 
HР, 

ɦɤɝ/ɞɦ3 

ɀɟɫɬɤɨɫɬɶ, 
ɦɝ/ɷɤɜ 

Ɇɢɧɟɪɚɥɢɡɚɰɢɹ, 
ɦɝ/ɞɦ3 

W-12 0,12 5 330 

W-15 < 0,02 ɧ. ɨ. ɧ. ɨ. 
W-17 1,33 10 600 

W-18 1,55 17 980 

W-20 0,13 ɧ. ɨ. ɧ. ɨ. 

ɉȾɄ Д14] 0,50 7–10 1000–1500 

ɉɪɢɦɟɱɚɧɢɟ: ɧ. ɨ. – ɧɟ ɨɩɪɟɞɟɥɹɥɢ. 

 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɪɚɫɬɟɧɢɹ ɥɟɝɤɨ ɩɨɝɥɨɳɚɸɬ HР ɤɨɪɧɟɜɨɣ ɫɢɫɬɟɦɨɣ ɢɡ ɩɢ-
ɬɚɸɳɢɯ ɪɚɫɬɜɨɪɨɜ. Ɍɚɤɠɟ ɢɡɜɟɫɬɧɚ ɨɫɨɛɟɧɧɨɫɬɶ ɪɚɫɬɟɧɢɣ, ɩɪɨɢɡɪɚɫɬɚɸɳɢɯ 
ɧɚ ɡɚɝɪɹɡɧɟɧɧɵɯ ɬɟɪɪɢɬɨɪɢɹɯ, ɧɚɤɚɩɥɢɜɚɬɶ ɝɨɪɚɡɞɨ ɛɨɥɶɲɟ HР, ɱɟɦ ɜ ɧɨɪ-
ɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ. Ɉɞɧɚɤɨ ɞɥɹ ɦɧɨɝɢɯ ɪɚɫɬɟɧɢɣ, ɞɚɠɟ ɜ ɭɫɥɨɜɢɹɯ ɫɢɥɶɧɨɝɨ 
ɪɬɭɬɧɨɝɨ ɡɚɝɪɹɡɧɟɧɢɹ, ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɩɨɬɪɟɛɥɟɧɢɟ ɪɬɭɬɢ ɨɝɪɚɧɢɱɟɧɨ Д8Ж, ɢ 
ɷɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɧɚɲɢɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ. 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɪɬɭɬɶ ɜ ɧɚɞɡɟɦɧɵɯ ɱɚɫɬɹɯ ɪɚɫɬɟɧɢɣ ɧɚɯɨɞɢɬɫɹ ɜ ɦɟ-
ɬɢɥɢɪɨɜɚɧɧɨɣ ɮɨɪɦɟ (0,6–2,8 ɦɤɝ/ɝ) (ɪɢɫ. 2). ȼ ɤɨɪɧɹɯ ɪɚɫɬɟɧɢɣ ɧɚ ɭɞɚɥɟɧɢɢ 
ɨɬ ɯɜɨɫɬɨɯɪɚɧɢɥɢɳɚ HР ɬɚɤɠɟ ɧɚɯɨɞɢɬɫɹ ɜ ɦɟɬɢɥɢɪɨɜɚɧɧɨɣ ɮɨɪɦɟ. ȼ ɫɪɟɞ-
ɧɟɦ ɟɟ ɫɨɞɟɪɠɚɧɢɟ ɫɨɫɬɚɜɥɹɟɬ 0,96 ɦɤɝ/ɝ. ȼ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ ɛɥɢɡɨɫɬɢ ɨɬ 
ɯɜɨɫɬɨɯɪɚɧɢɥɢɳɚ HР ɜ ɤɨɪɧɹɯ ɪɚɫɬɟɧɢɣ ɩɪɢɫɭɬɫɬɜɭɟɬ ɜ ɨɤɢɫɥɟɧɧɨɣ (HgX2), 
ɦɟɬɢɥɢɪɨɜɚɧɧɨɣ (CH3HРБ) ɮɨɪɦɟ ɢ ɜ ɜɢɞɟ HРS. Ɇɟɬɢɥɢɪɨɜɚɧɧɚɹ ɮɨɪɦɚ ɹɜ-
ɧɨ ɩɪɟɨɛɥɚɞɚɟɬ (ɞɨ 10 ɦɤɝ/ɝ). ɉɪɢɫɭɬɫɬɜɢɟ ɧɟɨɪɝɚɧɢɱɟɫɤɨɣ ɪɬɭɬɢ ɨɛɴɹɫɧɹɟɬ-
ɫɹ ɧɚɥɢɱɢɟɦ ɱɚɫɬɢɰ ɩɨɱɜɵ ɧɚ ɤɨɪɧɹɯ, ɤɨɬɨɪɵɟ ɦɨɝɥɢ ɛɵɬɶ ɧɟ ɞɨ ɤɨɧɰɚ ɫɦɵɬɵ.  

ȼ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɧɵɯ ɨɛɪɚɡɰɚɯ ɩɨɱɜɵ/ɫɭɛɫɬɪɚɬɚɯ ɬɚɤɠɟ ɩɪɢɫɭɬɫɬɜɭ-
ɸɬ ɜɫɟ ɜɵɲɟɭɩɨɦɹɧɭɬɵɟ ɮɨɪɦɵ, ɨɞɧɚɤɨ ɫɨɨɬɧɨɲɟɧɢɟ ɢɯ ɫɢɥɶɧɨ ɨɬɥɢɱɚɟɬɫɹ. 
ȼ ɩɨɱɜɚɯ, ɨɬɨɛɪɚɧɧɵɯ ɧɚ ɛɟɪɟɝɭ ɡɚɬɨɩɥɟɧɧɨɝɨ ɤɚɪɶɟɪɚ, ɝɞɟ ɪɚɧɟɟ ɞɨɛɵɜɚ-
ɥɢɫɶ ɪɭɞɵ, ɩɪɟɨɛɥɚɞɚɸɬ ɨɤɢɫɥɟɧɧɚɹ ɮɨɪɦɚ (21 ɦɤɝ/ɝ) ɢ ɫɭɥɶɮɢɞ ɪɬɭɬɢ 
(12 ɦɤɝ/ɝ), ɚ ɜ ɩɪɨɛɟ, ɨɬɨɛɪɚɧɧɨɣ ɜ ɩɨɬɨɤɟ ɪɚɫɫɟɹɧɢɹ ɯɜɨɫɬɨɯɪɚɧɢɥɢɳɚ, ɩɪɟ-



Ɇ. Ⱥ. ȽɍɋɌȺɃɌɂɋ, ɂ. ɇ.  ɆəȽɄȺə ɂ ȾɊ. 

ɂɡɜɟɫɬɢɹ ɂɪɤɭɬɫɤɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ  
2016. Ɍ. 18. ɋɟɪɢɹ «ɇɚɭɤɢ ɨ Ɂɟɦɥɟ». ɋ. 14–24 
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ɨɛɥɚɞɚɟɬ ɦɟɬɢɥɢɪɨɜɚɧɧɚɹ ɮɨɪɦɚ (7,3 ɦɤɝ/ɝ). ɋɨɞɟɪɠɚɧɢɟ HР ɜ ɫɭɛɫɬɪɚɬɟ ɜ 
ɡɨɧɟ ɜɥɢɹɧɢɹ ɯɜɨɫɬɨɯɪɚɧɢɥɢɳɚ ɩɪɟɜɵɲɚɟɬ ɉȾɄ (2,1 ɦɤɝ/ɝ) Д2Ж: ɧɚ ɛɟɪɟɝɭ 
ɡɚɬɨɩɥɟɧɧɨɝɨ ɤɚɪɶɟɪɚ ɜ 17 ɪɚɡ, ɜ ɩɨɬɨɤɟ ɪɚɫɫɟɹɧɢɹ – ɜ 8 ɪɚɡ, ɜ ɦɟɫɬɟ ɜɩɚɞɟ-
ɧɢɹ ɞɪɟɧɚɠɧɨɝɨ ɪɭɱɶɹ – 1,8 ɪɚɡɚ. ȼɚɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɫɨɞɟɪɠɚɧɢɟ HР ɜ ɪɚɫ-
ɬɟɧɢɹɯ, ɨɬɨɛɪɚɧɧɵɯ ɜ ɤɚɪɶɟɪɟ, ɧɢɠɟ, ɱɟɦ ɜ ɩɨɬɨɤɟ ɪɚɫɫɟɹɧɢɹ, ɚ ɤɨɧɰɟɧɬɪɚ-
ɰɢɹ ɪɬɭɬɢ ɜ ɫɭɛɫɬɪɚɬɟ ɩɨɬɨɤɚ ɪɚɫɫɟɹɧɢɹ ɜ 3 ɪɚɡɚ ɦɟɧɶɲɟ, ɱɟɦ ɜ ɤɚɪɶɟɪɟ. Ɇɚɤ-

ɫɢɦɚɥɶɧɵɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɬɭɬɢ ɜ ɪɚɫ-
ɬɟɧɢɹɯ ɭɫɬɚɧɨɜɥɟɧɵ ɜ ɩɨɬɨɤɟ ɪɚɫɫɟɹ-
ɧɢɹ ɨɬɯɨɞɨɜ ɨɛɨɝɚɳɟɧɢɹ (2,8 ɦɤɝ/ɝ – 

ɧɚɞɡɟɦɧɚɹ ɱɚɫɬɶ ɢ 26 ɦɤɝ/ɝ – ɤɨɪɧɢ), 
ɜ ɫɭɛɫɬɪɚɬɟ, ɨɬɨɛɪɚɧɧɨɦ ɧɚ ɛɟɪɟɝɭ 
ɤɚɪɶɟɪɚ, (37 ɦɤɝ/ɝ). Ɉɞɧɚɤɨ ɫɨɞɟɪɠɚ-
ɧɢɹ HР ɜ ɪɚɫɬɟɧɢɹɯ ɢɡ ɤɚɪɶɟɪɚ ɡɧɚɱɢ-
ɬɟɥɶɧɨ ɦɟɧɶɲɟ (0,6 ɦɤɝ/ɝ – ɧɚɞɡɟɦ-
ɧɚɹ ɱɚɫɬɶ ɢ 5,2 ɦɤɝ/ɝ – ɤɨɪɧɢ), ɱɟɦ ɧɚ 
ɨɬɜɚɥɚɯ. ȼɟɪɨɹɬɧɨ, ɨɩɪɟɞɟɥɹɸɳɢɦ 
ɮɚɤɬɨɪɨɦ ɫɥɭɠɢɬ ɧɟ ɫɨɞɟɪɠɚɧɢɟ 
ɷɥɟɦɟɧɬɚ ɜ ɫɭɛɫɬɪɚɬɟ, ɚ ɟɝɨ ɞɨɫɬɭɩ-
ɧɨɫɬɶ ɞɥɹ ɪɚɫɬɟɧɢɹ, ɜɨɡɦɨɠɧɨ, ɭɪɨ-
ɜɟɧɶ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜ ɪɚɫɬɜɨɪɟ. 

 
 

Ɋɢɫ. 2. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɮɨɪɦ 
ɧɚɯɨɠɞɟɧɢɹ HР ɢ ɤɨɷɮɮɢɰɢɟɧɬɵ ɛɢɨɥɨ-
ɝɢɱɟɫɤɨɝɨ ɧɚɤɨɩɥɟɧɢɹ ɜ ɫɢɫɬɟɦɟ «ɫɭɛ-
ɫɬɪɚɬ – ɤɨɪɧɢ ɪɚɫɬɟɧɢɹ – ɧɚɞɡɟɦɧɵɟ ɱɚ-
ɫɬɢ ɪɚɫɬɟɧɢɹ» ɧɚ ɭɞɚɥɟɧɢɢ ɢ ɜɨɤɪɭɝ ɍɪ-
ɫɤɨɝɨ ɯɜɨɫɬɨɯɪɚɧɢɥɢɳɚ: ɏ - SO4, Cl ɢ ɞɪ.  

ɉɪɢɦɟɱɚɧɢɟ: ɫ 1 ɩɨ 5 ɩɨ ɨɫɢ ɏ ɨɛɨ-
ɡɧɚɱɟɧɵ ɭɱɚɫɬɤɢ ɨɩɪɨɛɨɜɚɧɢɹ, ɰɢɮɪɵ 
ɧɚɞ ɫɬɨɥɛɢɤɚɦɢ – ɤɨɷɮɮɢɰɢɟɧɬɵ ɛɢɨɥɨ-
ɝɢɱɟɫɤɨɝɨ ɧɚɤɨɩɥɟɧɢɹ. 

 

 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɢ ɜɵɱɢɫɥɟɧɵ ɤɨɷɮɮɢɰɢɟɧɬɵ ɛɢɨɥɨ-
ɝɢɱɟɫɤɨɝɨ ɧɚɤɨɩɥɟɧɢɹ (ɄȻɇ) ɪɬɭɬɢ ɪɚɫɬɟɧɢɹɦɢ. ɄȻɇ – ɨɬɧɨɲɟɧɢɟ ɫɨɞɟɪɠɚ-
ɧɢɹ ɷɥɟɦɟɧɬɚ ɜ ɪɚɫɬɟɧɢɢ (ɧɚɞɡɟɦɧɚɹ ɱɚɫɬɶ / ɤɨɪɧɢ) ɤ ɟɝɨ ɫɨɞɟɪɠɚɧɢɸ ɜ ɫɭɛ-
ɫɬɪɚɬɟ. Ⱦɥɹ ɬɟɪɪɢɬɨɪɢɣ, ɭɞɚɥɟɧɧɵɯ ɨɬ ɯɜɨɫɬɨɯɪɚɧɢɥɢɳɚ (ɭɱɚɫɬɤɢ 1 ɢ 5), HР 

ɚɤɤɭɦɭɥɢɪɭɟɬɫɹ ɧɚɞɡɟɦɧɵɦɢ ɱɚɫɬɹɦɢ ɪɚɫɬɟɧɢɣ ɢ ɤɨɪɧɹɦɢ ɢɡ ɫɭɛɫɬɪɚɬɚ ɨɞɢ-
ɧɚɤɨɜɨ (ɄȻɇ – 0,6–0,7). ȼ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ ɛɥɢɡɨɫɬɢ ɨɬ ɯɜɨɫɬɨɯɪɚɧɢɥɢɳɚ 
ɚɤɤɭɦɭɥɹɰɢɹ HР ɧɚɞɡɟɦɧɵɦɢ ɱɚɫɬɹɦɢ ɪɚɫɬɟɧɢɣ ɡɧɚɱɢɬɟɥɶɧɨ ɧɢɠɟ (ɄȻɇ – 

0,01–0,4). Ɉɞɧɚɤɨ ɜ ɤɨɪɧɹɯ ɪɚɫɬɟɧɢɣ, ɨɬɨɛɪɚɧɧɵɯ ɧɚ ɞɚɧɧɨɣ ɬɟɪɪɢɬɨɪɢɢ, 
ɩɪɨɢɫɯɨɞɢɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɧɚɤɨɩɥɟɧɢɟ HР (ɄȻɇ – 0,1–1,5). 

Ɉɫɨɛɭɸ ɨɩɚɫɧɨɫɬɶ ɜ ɷɤɨɥɨɝɢɱɟɫɤɨɦ ɨɬɧɨɲɟɧɢɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɩɨɫɨɛ-
ɧɨɫɬɶ ɫɴɟɞɨɛɧɵɯ ɝɪɢɛɨɜ ɤ ɝɢɩɟɪɚɤɤɭɦɭɥɹɰɢɢ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ ɜ ɪɚɣɨɧɚɯ 
ɩɪɨɦɵɲɥɟɧɧɵɯ ɜɵɛɪɨɫɨɜ, ɨɤɨɥɨ ɤɪɭɩɧɵɯ ɝɨɪɨɞɨɜ, ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɯ ɢ 
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ɲɨɫɫɟɣɧɵɯ ɦɚɝɢɫɬɪɚɥɟɣ. ɗɬɚ ɫɩɨɫɨɛɧɨɫɬɶ ɜɵɪɚɠɟɧɚ ɭ ɧɢɯ ɝɨɪɚɡɞɨ ɪɟɡɱɟ, 
ɱɟɦ ɭ ɜɵɫɲɢɯ ɪɚɫɬɟɧɢɣ ɢ ɞɪɭɝɢɯ ɨɪɝɚɧɢɡɦɨɜ Д3Ж, ɩɨɷɬɨɦɭ ɧɚɦɢ ɛɵɥɢ ɢɫɫɥɟ-
ɞɨɜɚɧɵ ɪɚɡɥɢɱɧɵɟ ɜɢɞɵ ɝɪɢɛɨɜ ɧɚ ɧɚɥɢɱɢɟ ɜ ɧɢɯ ɪɬɭɬɢ (ɬɚɛɥ. 2).  

Ɍɚɛɥɢɰɚ 2 

ɋɨɞɟɪɠɚɧɢɟ ɪɬɭɬɢ ɜ ɝɪɢɛɚɯ ɜ ɪɚɣɨɧɟ ɍɪɫɤɨɝɨ ɯɜɨɫɬɨɯɪɚɧɢɥɢɳɚ 

ȼɢɞ ɝɪɢɛɨɜ 
ɇɚ ɭɞɚɥɟɧɢɢ ɨɬ ɨɬɯɨɞɨɜ, 

ɤɝ/ɝ 
ɄȻɇ 

ɇɚ ɯɜɨɫɬɨɯɪɚɧɢɥɢɳɟ, 
ɦɤɝ/ɝ 

ɄȻɇ 

Ȼɟɥɵɟ 1,02 30 8,9 2 

ɋɵɪɨɟɠɤɢ 0,07 2,0 5,8 1,4 

ɋɜɢɧɭɲɤɢ 0,45 13,6 20 4,7 

ɉȾɄ Д13] 0,05 

 

ȼɚɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɤɨɧɰɟɧɬɪɚɰɢɹ HР ɜ ɝɪɢɛɚɯ ɩɪɟɜɵɲɚɟɬ ɡɧɚɱɟɧɢɹ 
ɉȾɄ ɤɚɤ ɧɚ ɭɞɚɥɟɧɢɢ ɨɬ ɨɬɯɨɞɨɜ, ɬɚɤ ɢ ɜ ɪɚɣɨɧɟ ɯɜɨɫɬɨɯɪɚɧɢɥɢɳɚ. Ɇɚɤɫɢ-
ɦɚɥɶɧɵɟ ɩɪɟɜɵɲɟɧɢɹ (ɜ 400 ɪɚɡ) ɡɚɮɢɤɫɢɪɨɜɚɧɵ ɜ ɫɜɢɧɭɲɤɚɯ, ɫɨɛɪɚɧɧɵɯ 
ɨɤɨɥɨ ɨɬɜɚɥɨɜ.  

ɂɫɯɨɞɹ ɢɡ ɞɚɧɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɧɚɤɨɩɥɟɧɢɹ, ɜ ɝɪɢ-
ɛɚɯ, ɨɬɨɛɪɚɧɧɵɯ ɧɚ ɭɞɚɥɟɧɢɢ ɨɬ ɨɬɜɚɥɨɜ, ɧɚɤɨɩɥɟɧɢɟ HР ɩɪɨɢɫɯɨɞɢɬ ɡɧɚɱɢ-
ɬɟɥɶɧɨ ɚɤɬɢɜɧɟɟ, ɱɟɦ ɧɚ ɨɬɜɚɥɚɯ. ȼɟɪɨɹɬɧɟɟ ɜɫɟɝɨ, ɧɚɤɨɩɥɟɧɢɟ ɪɬɭɬɢ ɜ ɝɪɢ-
ɛɚɯ ɢɞɟɬ ɩɨ ɬɚɤɨɦɭ ɠɟ ɦɟɯɚɧɢɡɦɭ, ɱɬɨ ɢ ɜ ɪɚɫɬɟɧɢɹɯ Д10Ж.  

Ⱦɥɹ ɪɵɛ, ɤɚɤ ɞɥɹ ɝɢɞɪɨɛɢɨɧɬɨɜ, ɬɨɤɫɢɱɧɨɫɬɶ ɫɨɟɞɢɧɟɧɢɣ ɪɬɭɬɢ ɡɚɜɢɫɢɬ 
ɨɬ ɢɯ ɜɢɞɨɜɨɣ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɢ ɭɫɥɨɜɢɣ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ Д9Ж. ȼ ɪɵɛɟ, 
ɤɨɬɨɪɚɹ ɛɵɥɚ ɩɨɣɦɚɧɚ ɜ ɜɨɞɨɟɦɚɯ ɧɟɩɨɞɚɥɟɤɭ ɨɬ ɨɬɜɚɥɨɜ, ɭɫɬɚɧɨɜɥɟɧɵ ɞɨ-
ɫɬɚɬɨɱɧɨ ɜɵɫɨɤɢɟ ɫɨɞɟɪɠɚɧɢɹ HР, ɧɨ ɫɨɝɥɚɫɧɨ ɋȺɇɉɢɇ 2.3.2.560-96 (0,6 ɢ 
0,3 ɦɤɝ/ɝ ɞɥɹ ɯɢɳɧɵɯ ɢ ɧɟɯɢɳɧɵɯ ɪɵɛ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ) ɧɟ ɩɪɟɜɵɲɚɸɬ ɩɪɟ-
ɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ. ɂɫɤɥɸɱɟɧɢɟ ɫɨɫɬɚɜɥɹɟɬ ɪɚɤ, ɫɨɞɟɪɠɚɧɢɟ 
ɪɬɭɬɢ ɜ ɤɨɬɨɪɨɦ ɩɪɟɜɵɲɚɟɬ ɉȾɄ (0,2 ɦɤɝ/ɝ) ɜ 4 ɪɚɡɚ. ȼɚɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɬɭɬɢ ɭ ɛɟɧɬɨɮɚɝɨɜ (ɤɚɪɚɫɶ) ɜɵɲɟ, ɱɟɦ ɭ ɢɯɬɢɨɮɚɝɨɜ (ɨɤɭɧɶ), 
ɩɨɫɤɨɥɶɤɭ ɩɪɨɢɫɯɨɞɢɬ ɧɚɤɨɩɥɟɧɢɟ ɪɬɭɬɢ ɜɜɟɪɯ ɩɨ ɬɪɨɮɢɱɟɫɤɨɣ ɰɟɩɨɱɤɟ ɢɡ-

ɡɚ ɬɨɝɨ, ɱɬɨ ɧɚɤɨɩɥɟɧɧɚɹ ɪɬɭɬɶ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɜɵɜɨɞɢɬɫɹ ɢɡ ɠɢɜɵɯ ɨɪɝɚ-
ɧɢɡɦɨɜ Д9Ж. Ɋɬɭɬɶ – ɷɬɨ ɷɥɟɦɟɧɬ, ɤɨɬɨɪɵɣ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɧɚɤɚɩɥɢ-
ɜɚɟɬɫɹ ɨɪɝɚɧɢɡɦɚɦɢ Д1Ж, ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɸɬ ɪɚɫɫɱɢɬɚɧɧɵɟ ɧɚɦɢ ɤɨɷɮɮɢɰɢɟɧ-
ɬɵ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ (ɬɚɛɥ. 3). 

Ɍɚɛɥɢɰɚ 3 

ɋɨɞɟɪɠɚɧɢɟ ɪɬɭɬɢ ɜ ɪɵɛɟ ɜ ɡɨɧɟ ɜɥɢɹɧɢɹ ɍɪɫɤɨɝɨ ɯɜɨɫɬɨɯɪɚɧɢɥɢɳɚ 

Ɇɟɫɬɨ 
ɨɬɛɨɪɚ 

ȼɢɞ 
CH3HР+, ɦɤɝ/ɝ  

(ɜ ɩɟɪɟɫɱɟɬɟ ɧɚ ɫɵɪɭɸ ɦɚɫɫɭ) 
Ʉɨɷɮɮɢɰɢɟɧɬ  

ɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɧɚɤɨɩɥɟɧɢɹ 

1 Ɉɤɭɧɶ 0,25 1,3 

1 Ʉɚɪɚɫɶ 0,16 8,0 

2 Ɉɤɭɧɶ 0,44 1,6 

2 Ɋɚɤ 0,83 3,0 

5 Ɉɤɭɧɶ 0,52 3,1 

ɉɪɢɦɟɱɚɧɢɟ: ɄȻɇ = ɋ (ɦɤɝ/ɝ) ɜ ɪɵɛɟ/ ɋ(ɦɤɝ/ɞɦ3) ɜ ɜɨɞɟ. 



Ɇ. Ⱥ. ȽɍɋɌȺɃɌɂɋ, ɂ. ɇ.  ɆəȽɄȺə ɂ ȾɊ. 

ɂɡɜɟɫɬɢɹ ɂɪɤɭɬɫɤɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ  
2016. Ɍ. 18. ɋɟɪɢɹ «ɇɚɭɤɢ ɨ Ɂɟɦɥɟ». ɋ. 14–24 
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Ɂɚɤɥɸɱɟɧɢɟ 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɪɬɭɬɶ ɢɡ ɫɤɥɚɞɢɪɨɜɚɧɧɵɯ ɨɬɯɨɞɨɜ ɩɨɩɚɞɚɟɬ ɜ ɩɨɞɡɟɦɧɵɟ ɜɨ-
ɞɵ, ɡɚɝɪɹɡɧɹɹ ɤɨɥɨɞɰɵ ɢ ɪɨɞɧɢɤɢ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɫɭɳɟɫɬɜɭɟɬ ɜɟɪɨɹɬɧɨɫɬɶ 
ɨɬɪɚɜɥɟɧɢɹ ɪɬɭɬɶɸ. ɀɢɬɟɥɹɦ ɩɨɫ. ɍɪɫɤ ɧɟ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɭɩɨɬɪɟɛɥɹɬɶ ɤɨɥɨɞɟɡ-
ɧɵɟ ɢ ɪɨɞɧɢɤɨɜɵɟ ɜɨɞɵ ɜ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ ɛɥɢɡɨɫɬɢ ɨɬ ɯɜɨɫɬɨɯɪɚɧɢɥɢɳɚ.  

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɨɛɧɚɪɭɠɟɧɧɚɹ ɜ ɪɵɛɟ ɪɬɭɬɶ ɧɚɯɨɞɢɬɫɹ ɜ ɦɟɬɢɥɢɪɨ-
ɜɚɧɧɨɣ ɮɨɪɦɟ, ɧɟɫɦɨɬɪɹ ɧɚ ɬɨ ɱɬɨ ɜ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɜɨɞɚɯ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ 
ɨɛɧɚɪɭɠɟɧɚ Д17Ж. ɋɥɟɞɭɟɬ ɨɝɪɚɧɢɱɢɬɶ ɢɥɢ ɡɚɩɪɟɬɢɬɶ ɭɩɨɬɪɟɛɥɟɧɢɟ ɪɵɛɵ ɜɨ 
ɢɡɛɟɠɚɧɢɟ ɧɚɧɟɫɟɧɢɹ ɜɪɟɞɚ ɡɞɨɪɨɜɶɸ.  

Ȼɟɡɭɫɥɨɜɧɨ, ɭɩɨɬɪɟɛɥɟɧɢɟ ɝɪɢɛɨɜ, ɩɪɨɢɡɪɚɫɬɚɸɳɢɯ ɤɚɤ ɜɛɥɢɡɢ ɨɬɜɚɥɨɜ, 
ɬɚɤ ɢ ɧɚ ɭɞɚɥɟɧɢɢ ɨɬ ɧɢɯ, ɤɪɚɣɧɟ ɨɩɚɫɧɨ ɞɥɹ ɱɟɥɨɜɟɱɟɫɤɨɝɨ ɨɪɝɚɧɢɡɦɚ, ɧɚ ɱɬɨ 
ɞɨɥɠɧɵ ɨɛɪɚɬɢɬɶ ɜɧɢɦɚɧɢɟ ɷɤɨɥɨɝɢɱɟɫɤɢɟ ɢ ɫɚɧɢɬɚɪɧɨ-ɝɢɝɢɟɧɢɱɟɫɤɢɟ ɫɥɭɠɛɵ 
Ʉɟɦɟɪɨɜɫɤɨɣ ɨɛɥɚɫɬɢ.  

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɢɪɨɜɚɧɢɢ ɩɪɨɝɪɚɦɦɵ (ɩɪɨɟɤɬ 
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EЧЯТЫoЧЦОЧЭКХ MОЫМЮЫв CoЧЭКЦТЧКЭТoЧ ТЧ PoЬЭ-EбpХТЭКЭТoЧ 
PОЫТoН (Novo-UЫЬФ GoХН DОpoЬТЭ, KОЦОЫoЯo RОРТoЧ) 
M. A. Gustaytis, I. N. Myagkaya, B. L. Scherbov, E. V. Lazareva 

Institute of Geology and Mineralogy SB RAS 

AЛЬЭЫКМЭ. New Ursk copper-zinc sulphide ores deposits were mined since 1930. Those 

ШЛРОМЭЬ КЫО МСКЫКМЭОЫТгОН Лв СТРС ЦОЫМЮЫв МШЧЭОЧЭ (ЩвЫТЭО ШЫОЬ – 100 µФР/Р, ШбТНation 

zone – 20–30 µФР/Р). TСО аКЬЭО ТЬ ЧШЭ ПТбОН; НЮЫТЧР ЭСО ОЧЭТЫО ЩОЫТШН ШП ЭСО ЭКТХТЧР’Ь ОбТЬt-

ence it is routinely diluЭОН Лв ЫКТЧаКЭОЫ КЧН ПХШШН аКЭОЫ. TСО ЫКЯТЧО’Ь ЬаКЦЩв ЭОЫЫitory 

ЛОХШа ЭСО ЭКТХТЧРЬ НШаЧ ЭШ ЭСО UЫ ЫТЯОЫ ТЬ МШЯОЫОН аТЭС ЭСО НОЫТЯОН аКЬЭО ЦКЭЭОЫ; ЭСО Кr-

ОК’Ь ЯОРОЭКЭТШЧ СКЬ ЛООЧ НОЬЭЫШвОН НЮО ЭШ ЭСО КМТН ЦТЧО НЫКТЧКРО ТЧПХЮОЧМО. TСО ХШМКЭТШЧ 
of the tailing pit between the residential quarters of the village poses an important problem 

ШП ЭСО ОХОЦОЧЭ’Ь ОбЩКЧЬТШЧ КЧН ЭЫКЧЬПШЫЦКЭТШЧ ТЧ ЭЫШЩСТМ МСКТЧЬ: аКЭОЫ – bottom sedi-

ments – fish, soil – mushrooms, etc. Distribution patterns of mercury speciation were 

studied in natural and tehnogenic systems with high element levels. HТРС ЦОЫМЮЫв МШЧЭОЧЭ 
was founded in well waters, fish, plants and mushrooms near the Ursk tailings. To deter-

mine mercury speciation the method of thermal analysis with atomic absorption spec-

trometry as detector was applied. A Lumex RA-915+ ЦОЫМЮЫв КЧКХвгОЫ (SЭ. Petersburg, 

RЮЬЬТК) ОqЮТЩЩОН аТЭС ЩвЫШХвЭТМ КЭЭКМСЦОЧЭ RP-91C was used. Distribution patterns of 

mercury speciation were studied in natural and tehnogenic systems with high element 

levels. HТРС ЦОЫМЮЫв МШЧЭОЧЭ аКЬ ПШЮЧНОН ТЧ аОХХ аaters, fish, plants and mushrooms near 

the Ursk tailings.  

KОваoЫНЬ: environmental pollution, species of mercury, tailings. 
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