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ɉɟɱɚɬɚɟɬɫɹ ɩɪɢ ɩɨɞɞɟɪɠɤɟ Ɇɢɧɢɫɬɟɪɫɬɜɚ ɤɭɥɶɬɭɪɵ 

Ɋɟɫɩɭɛɥɢɤɢ Ɍɚɬɚɪɫɬɚɧ, Ⱥɞɦɢɧɢɫɬɪɚɰɢɢ ɝɨɪɨɞɚ ɇɚɛɟɪɟɠɧɵɟ ɑɟɥɧɵ, 
ɇɚɛɟɪɟɠɧɨɱɟɥɧɢɧɫɤɨɝɨ ɢɧɫɬɢɬɭɬɚ (ɮɢɥɢɚɥɚ) Ʉɚɡɚɧɫɤɨɝɨ 

(ɉɪɢɜɨɥɠɫɤɨɝɨ) ɮɟɞɟɪɚɥɶɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ, ɇɚɛɟɪɟɠɧɨɱɟɥɧɢɧɫɤɨɝɨ Ɋɭɫɫɤɨɝɨ 
ɨɛɳɟɫɬɜɚ, ɂɫɬɨɪɢɤɨ-ɤɪɚɟɜɟɞɱɟɫɤɨɝɨ ɤɥɭɛɚ «ɇɢɠɧɹɹ Ʉɚɦɚ» ɢɦɟɧɢ ȼ.ȼ. ȿɪɦɚɤɨɜɚ, ɇɚɛɟ-

ɪɟɠɧɨɱɟɥɧɢɧɫɤɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ 

ɩɟɞɚɝɨɝɢɱɟɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ, ɂɦɩɟɪɚɬɨɪɫɤɨɝɨ ɉɪɚɜɨɫɥɚɜɧɨɝɨ 

ɉɚɥɟɫɬɢɧɫɤɨɝɨ Ɉɛɳɟɫɬɜɚ 

 

ɇɚɭɱɧɵɟ ɪɟɞɚɤɬɨɪɵ: 
ɞɨɤɬɨɪ ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɧɚɭɤ, ɩɪɨɮɟɫɫɨɪ Ⱥ.ɇ. Ɇɚɤɚɪɨɜ; 
ɤɚɧɞɢɞɚɬ ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɧɚɭɤ, ɞɨɰɟɧɬ ȿ.ȼ.Ɇɚɤɫɸɬɢɧɚ;  

ɩɪɟɞɫɟɞɚɬɟɥɶ ɢɫɬɨɪɢɤɨ-ɤɪɚɟɜɟɞɱɟɫɤɨɝɨ ɤɥɭɛɚ «ɇɢɠɧɹɹ Ʉɚɦɚ» 

ɢɦ. ȼ.ȼ. ȿɪɦɚɤɨɜɚ Ⱥ.ɇ. Ɋɹɛɨɜ 

 
 

ȿ
72 

ȿɪɦɚɤɨɜɫɤɢɟ ɱɬɟɧɢɹ ɜ ɧɚɛɟɪɟɠɧɵɯ ɱɟɥɧɚɯ. Ʉɭɥɶɬɭɪɧɨ-

ɢɫɬɨɪɢɱɟɫɤɚɹ ɢ ɫɨɰɢɚɥɶɧɨ-ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɞɢɧɚɦɢɤɚ ɪɟɝɢɨɧɨɜ. 
ȼɵɡɨɜɵ ɢ ɜɨɡɦɨɠɧɨɫɬɢ: ɫɛ. ɞɨɤɥɚɞɨɜ II Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɧɚɭɱɧɨ-

ɩɪɚɤɬɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ (ɇɚɛɟɪɟɠɧɵɟ ɑɟɥɧɵ, қ5 ɫɟɧɬɹɛɪɹ қ0қ0 ɝ.) 
/ ɩɨɞ ɪɟɞ. Ⱥ.ɇ. Ɇɚɤɚɪɨɜɚ, ȿ.ȼ. Ɇɚɤɫɸɬɢɧɨɣ, Ⱥ.ɇ. Ɋɹɛɨɜɚ. – Ʉɚɡɚɧɶ: 
ɂɡɞ-ɜɨ Ʉɚɡɚɧ. ɭɧ-ɬɚ, қ0қ0 ‒ 595 ɫ. 

 

ɋɛɨɪɧɢɤ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɪɚɛɨɬɵ ɭɱɚɫɬɧɢɤɨɜ ɤɨɧɮɟɪɟɧɰɢɢ, ɩɨɡɜɨɥɹɸɳɢɟ 
ɧɚɦ ɫɨɩɪɢɤɨɫɧɭɬɶɫɹ ɧɟ ɬɨɥɶɤɨ ɫ ɝɥɭɛɨɱɚɣɲɢɦ, ɢɧɬɟɪɟɫɧɟɣɲɢɦ ɢɫɬɨɪɢɤɨ- 

ɤɭɥɶɬɭɪɧɵɦ ɧɚɫɥɟɞɢɟɦ ɧɚɲɟɝɨ ɪɟɝɢɨɧɚ, ɧɨ ɢ ɪɚɫɫɦɨɬɪɟɬɶ ɚɫɩɟɤɬɵ ɟɝɨ ɫɨɰɢ-
ɚɥɶɧɨ- ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ, ɫɨɰɢɨɤɭɥɶɬɭɪɧɨɝɨ ɪɚɡɜɢɬɢɹ, ɚɫɩɟɤɬɵ ɩɪɚɜɨɡɚɳɢɬɧɨɣ 
ɞɟɹɬɟɥɶɧɨɫɬɢ, ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ 
ɜ ɷɤɨɧɨɦɢɤɟ, ɩɪɢɪɨɞɨɨɯɪɚɧɧɵɯ ɩɪɨɛɥɟɦ ɉɪɢɤɚɦɫɤɨɝɨ ɪɟɝɢɨɧɚ Ɋɟɫɩɭɛɥɢɤɢ 
Ɍɚɬɚɪɫɬɚɧ. ɍɱɚɫɬɧɢɤɚɦɢ ɤɨɧɮɟɪɟɧɰɢɢ ɛɵɥɢ ɭɱɟɧɵɟ ɢ ɫɩɟɰɢɚɥɢɫɬɵ ɜɭɡɨɜ ɢ 
ɧɚɭɱɧɵɯ ɰɟɧɬɪɨɜ Ɋɨɫɫɢɢ ɢ ɡɚɪɭɛɟɠɧɵɯ ɫɬɪɚɧ, ɭɱɢɬɟɥɹ ɢ ɤɪɚɟɜɟɞɵ, ɦɭɡɟɣɧɵɟ 
ɪɚɛɨɬɧɢɤɢ, ɨɛɳɟɫɬɜɟɧɧɵɟ ɞɟɹɬɟɥɢ, ɚ ɬɚɤɠɟ ɩɪɟɞɫɬɚɜɢɬɟɥɢ ɨɛɳɟɫɬɜɟɧɧɨɫɬɢ, 
ɫɬɭɞɟɧɬɵ ɜɭɡɨɜ ɢ ɭɱɚɳɢɟɫɹ ɲɤɨɥ ɢ ɝɢɦɧɚɡɢɣ. 

Ɇɚɬɟɪɢɚɥɵ ɦɟɠɞɭɧɚɪɨɞɧɨɣ ɤɨɧɮɟɪɟɧɰɢɢ ɩɪɟɞɫɬɚɜɥɹɸɬ ɢɧɬɟɪɟɫ ɞɥɹ ɩɪɟ-
ɩɨɞɚɜɚɬɟɥɟɣ, ɧɚɭɱɧɵɯ ɪɚɛɨɬɧɢɤɨɜ, ɫɬɭɞɟɧɬɨɜ, ɢɧɬɟɪɟɫɭɸɳɢɯɫɹ ɜɨɩɪɨɫɚɦɢ 
ɢɫɬɨɪɢɢ, ɤɭɥɶɬɭɪɧɨɝɨ ɧɚɫɥɟɞɢɹ, ɫɨɰɢɚɥɶɧɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɪɚɡɜɢɬɢɹ, ɩɪɚɜɨ-
ɡɚɳɢɬɧɨɣ, ɩɪɢɪɨɞɨɨɯɪɚɧɧɨɣ  ɞɟɹɬɟɥɶɧɨɫɬɢ, ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɪɟ-
ɝɢɨɧɚ. 
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Ʉɚɥɢɦɭɥɥɢɧ Ɋ.ɂ.,  

ɦɚɝɢɫɬɪɚɧɬ, 
Ɇɚɜɪɢɧ Ƚ.ȼ.,  
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ɇɚɛɟɪɟɠɧɨɱɟɥɧɢɧɫɤɢɣ ɢɧɫɬɢɬɭɬ  
ɎȽȺɈɍ ȼɈ «Ʉɚɡɚɧɫɤɢɣ (ɉɪɢɜɨɥɠɫɤɢɣ) ɮɟɞɟɪɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ» 
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ɒɅɂɎɈȼȺɅɖɇɈȽɈ ȼ ȼɈȾɇɕȿ ɋɊȿȾɕ 

 

Ⱥɧɧɨɬɚɰɢɹ: ɨɬɯɨɞɵ IV ɤɥɚɫɫɚ ɨɩɚɫɧɨɫɬɢ ɲɥɚɦɵ ɲɥɢɮɨɜɚɥɶɧɵɟ ɫɨɞɟɪ-
ɠɚɬ ɬɹɠɟɥɵɟ ɦɟɬɚɥɥɵ ɜ ɩɨɞɜɢɠɧɨɣ ɮɨɪɦɟ, ɱɬɨ ɩɪɨɹɜɥɹɟɬɫɹ ɜ ɬɪɚɧɫɮɟɪɟ 
ɌɆ ɜ ɜɨɞɧɭɸ ɮɚɡɭ. Ɉɫɨɛɟɧɧɨ ɢɧɬɟɧɫɢɜɧɨ ɷɦɢɫɫɢɹ ɌɆ ɩɪɨɢɫɯɨɞɢɬ ɜ ɚɰɟɬɚɬɧɨ-

ɚɦɦɨɧɢɣɧɵɣ ɛɭɮɟɪɧɵɣ ɪɚɫɬɜɨɪ, ɱɬɨ ɜ ɟɫɬɟɫɬɜɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɨɡɧɚɱɚɟɬ ɜɵɫɨ-
ɤɭɸ ɜɟɪɨɹɬɧɨɫɬɶ ɡɚɝɪɹɡɧɟɧɢɹ ɩɪɢɪɨɞɧɵɯ ɜɨɞɧɵɯ ɨɛɴɟɤɬɨɜ ɞɨ ɷɤɫɬɪɟɦɚɥɶɧɨ 
ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ ɬɹɠɟɥɵɦɢ ɦɟɬɚɥɥɚɦɢ ɩɪɢ ɪɚɡɦɟɳɟɧɢɢ ɲɥɚɦɨɜ ɧɚ ɧɟɨɛɭ-
ɫɬɪɨɟɧɧɵɯ ɩɨɥɢɝɨɧɚɯ.  

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɨɬɯɨɞɵ, ɲɥɚɦ ɲɥɢɮɨɜɚɥɶɧɵɣ, ɬɹɠɟɥɵɟ ɦɟɬɚɥɥɵ, ɜɨɞ-
ɧɚɹ ɜɵɬɹɠɤɚ, ɚɰɟɬɚɬɧɨ-ɚɦɦɨɧɢɣɧɚɹ ɜɵɬɹɠɤɚ, ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɧɰɟɧɬɪɚɰɢɢ, 
ɩɟɪɟɪɚɛɨɬɤɚ, ɷɦɢɫɫɢɹ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚ ɬɟɪɪɢɬɨɪɢɢ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɮɭɧɤ-
ɰɢɨɧɢɪɭɸɬ ɪɚɡɥɢɱɧɵɟ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɜ ɤɨɬɨɪɵɯ ɨɛɪɚɡɭɟɬɫɹ ɜɟɥɢɤɨɟ 
ɪɚɡɧɨɨɛɪɚɡɢɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɨɬɯɨɞɨɜ. Ȼɨɥɶɲɚɹ ɱɚɫɬɶ ɬɚɤɢɯ ɨɬɯɨɞɨɜ 
ɫɤɥɚɞɢɪɭɟɬɫɹ ɢ ɥɢɲɶ ɧɟɛɨɥɶɲɚɹ ɱɚɫɬɶ ɩɟɪɟɪɚɛɚɬɵɜɚɟɬɫɹ. ɋɤɥɚɞɢɪɭɟ-
ɦɵɟ ɨɬɯɨɞɵ ɡɚɯɥɚɦɥɹɸɬ ɨɛɲɢɪɧɵɟ ɬɟɪɪɢɬɨɪɢɢ ɢ ɡɚɝɪɹɡɧɹɸɬ ɨɤɪɭɠɚ-
ɸɳɭɸ ɫɪɟɞɭ, ɭɯɭɞɲɚɹ ɦɟɫɬɚ ɨɛɢɬɚɧɢɹ ɱɟɥɨɜɟɤɚ, ɚ ɬɚɤɠɟ  ɠɢɜɨɬɧɨɝɨ ɢ 
ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɦɢɪɚ. 

Ɍɚɤ, ɲɥɢɮɨɜɚɥɶɧɵɟ ɲɥɚɦɵ ɢ ɨɬɯɨɞɵ ɥɢɬɟɣɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɦɚɲɢɧɨɫɬɪɨɢɬɟɥɶɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ ɉɪɢɤɚɦɫɤɨɝɨ ɪɟɝɢɨɧɚ Ɋɟɫɩɭɛɥɢɤɢ 
Ɍɚɬɚɪɫɬɚɧ ɧɟ ɢɦɟɸɬ ɨɬɪɚɛɨɬɚɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɢɯ ɩɪɢɦɟɧɟɧɢɹ ɜ ɤɚɱɟ-
ɫɬɜɟ ɜɬɨɪɢɱɧɵɯ ɦɚɬɟɪɢɚɥɶɧɵɯ ɪɟɫɭɪɫɨɜ, ɯɨɬɹ ɬɨɥɶɤɨ ɲɥɢɮɨɜɚɥɶɧɵɯ 
ɲɥɚɦɨɜ ɡɞɟɫɶ ɨɛɪɚɡɭɟɬɫɹ ɟɠɟɝɨɞɧɨ ɛɨɥɟɟ ɬɵɫɹɱɢ ɬɨɧɧ. 

ɒɥɚɦ ɲɥɢɮɨɜɚɥɶɧɵɣ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɫɨɫɬɚɜɥɹɸɳɢɟ ɢɧɝɪɟ-
ɞɢɟɧɬɵ, ɱɚɫɬɶ ɢɡ ɤɨɬɨɪɵɯ ɨɛɥɚɞɚɟɬ ɩɨɥɟɡɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ. ɗɤɨɧɨɦɢ-
ɱɟɫɤɚɹ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɶ ɫɟɩɚɪɚɰɢɢ ɲɥɚɦɨɜ ɲɥɢɮɨɜɚɥɶɧɨɝɨ ɩɪɨɢɡɜɨɞ-
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ɫɬɜɚ ɨɱɟɜɢɞɧɚ: ɬɨɧɧɚ ɭɥɶɬɪɚɞɢɫɩɟɪɫɧɨɝɨ ɦɟɬɚɥɥɚ ɫɬɨɢɬ ɨɬ 60 ɞɨ қ50 
ɬɵɫ. ɪɭɛ., ɬɨɧɧɚ ɚɛɪɚɡɢɜɚ  ɜ ɩɪɟɞɟɥɚɯ Ққ-33 ɬɵɫ. ɪɭɛ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 
ɭɬɢɥɢɡɚɰɢɹ ɲɥɢɮɨɜɚɥɶɧɨɝɨ ɲɥɚɦɚ ɦɨɠɟɬ ɛɵɬɶ ɞɥɹ ɩɪɟɞɩɪɢɹɬɢɹ ɨɤɭ-
ɩɚɟɦɵɦ ɦɟɪɨɩɪɢɹɬɢɟɦ. ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɡɚɫɥɭɠɢɜɚɟɬ ɜɧɢɦɚɧɢɹ ɩɪɢ-
ɦɟɧɟɧɢɟ ɲɥɚɦɚ ɜ ɤɚɱɟɫɬɜɟ ɞɨɛɚɜɤɢ ɤ ɫɬɪɨɢɬɟɥɶɧɵɦ ɦɚɬɟɪɢɚɥɚɦ ɛɟɡ 
ɪɚɡɞɟɥɟɧɢɹ ɧɚ ɤɨɦɩɨɧɟɧɬɵ. ɉɪɢɪɨɞɨɨɯɪɚɧɧɵɦ ɨɛɨɫɧɨɜɚɧɢɟɦ ɬɚɤɨɝɨ 
ɩɪɢɦɟɧɟɧɢɹ ɲɥɚɦɚ ɦɨɝɭɬ ɛɵɬɶ ɪɟɡɭɥɶɬɚɬɵ ɢɡɭɱɟɧɢɹ ɷɦɢɫɫɢɢ ɬɹɠɟɥɵɯ 
ɦɟɬɚɥɥɨɜ ɜ ɜɨɞɭ ɢ/ɢɥɢ ɚɰɟɬɚɬɧɨ-ɚɦɦɨɧɢɣɧɵɣ ɛɭɮɟɪɧɵɣ ɪɚɫɬɜɨɪ.  

Ɉɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɹɜɥɹɸɬɫɹ ɲɥɚɦ ɲɥɢ-
ɮɨɜɚɥɶɧɵɣ ɤɚɤ ɩɨɬɟɧɰɢɚɥɶɧɚɹ ɞɨɛɚɜɤɚ ɤ ɫɬɪɨɢɬɟɥɶɧɵɦ ɦɚɬɟɪɢɚɥɚɦ. 
ɉɪɟɞɦɟɬ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɷɦɢɫɫɢɹ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ ɢɡ ɲɥɚɦɚ ɲɥɢɮɨ-
ɜɚɥɶɧɨɝɨ ɜ ɜɨɞɧɭɸ ɮɚɡɭ, ɤɚɤ ɜ ɫɪɟɞɭ ɬɪɚɧɫɮɟɪɚ ɡɚɝɪɹɡɧɹɸɳɢɯ ɢɧɝɪɟ-
ɞɢɟɧɬɨɜ ɜ ɨɛɴɟɤɬɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. 

ɉɨɤɚɡɚɬɟɥɟɦ ɨɛɴɟɦɨɜ ɷɦɢɫɫɢɢ ɌɆ ɹɜɥɹɸɬɫɹ ɢɯ ɦɚɫɫɨɜɚɹ ɤɨɧɰɟɧ-
ɬɪɚɰɢɹ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɜɵɬɹɠɤɚɯ ɲɥɚɦɚ, ɤɨɬɨɪɭɸ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ 
ɨɩɪɟɞɟɥɹɥɢ ɦɟɬɨɞɨɦ ɚɬɨɦɧɨ-ɷɦɢɫɫɢɨɧɧɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɧɚ ɨɩɬɢɤɨ-

ɫɩɟɤɬɪɚɥɶɧɨɦ ɩɪɢɛɨɪɟ ɫ ɢɧɞɭɤɬɢɜɧɨ-ɫɜɹɡɚɧɧɨɣ ɩɥɚɡɦɨɣ Agilent 720 

ДҚЖ. ȼɨɞɧɵɟ ɢ ɚɰɟɬɚɬɧɨ-ɚɦɦɨɧɢɣɧɵɟ ɜɵɬɹɠɤɢ ɝɨɬɨɜɢɥɢ ɜɫɬɪɹɯɢɜɚɧɢɟɦ 
ɫ ɩɨɦɨɳɶɸ ɩɟɪɟɦɟɲɢɜɚɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ ɅȺȻ-ɉɍ-02 ɜ ɬɟɱɟɧɢɟ 30 
ɦɢɧɭɬ ɫ ɫɭɫɩɟɧɡɢɢ, ɨɛɪɚɡɨɜɚɧɧɨɣ 5 ɝ ɲɥɚɦɚ ɢ Қ00 ɦɥ ɜɨɞɧɨɣ ɮɚɡɵ.  

ȼ ɜɨɞɧɵɯ ɜɵɬɹɠɤɚɯ ɨɩɪɟɞɟɥɹɥɢ ɦɚɫɫɨɜɭɸ ɤɨɧɰɟɧɬɪɚɰɢɸ қ5 ɦɟ-
ɬɚɥɥɨɜ, ɫɪɟɞɢ ɤɨɬɨɪɵɯ ɱɚɫɬɶ – ɥɟɝɤɢɟ ɦɟɬɚɥɥɵ (Be, Mg, Ca, Ti), ɧɟɦɟ-
ɬɚɥɥɵ ɢ ɦɟɬɚɥɥɨɢɞɵ (B, Si, Sb, Se, Sb) ɢ ɬɹɠɟɥɵɟ ɦɟɬɚɥɥɵ, ɤɨɬɨɪɵɯ ɩɨ 
ɩɟɪɟɱɧɸ ɛɨɥɶɲɢɧɫɬɜɨ. ȼɫɟ ɩɟɪɟɱɢɫɥɟɧɧɵɟ ɷɥɟɦɟɧɬɵ ɨɛɨɡɧɚɱɢɥɢ ɜ 
ɞɚɧɧɨɣ ɪɚɛɨɬɤɟ ɤɚɤ ɌɆ. 

ɗɦɢɫɫɢɢ ɌɆ ɢɡ ɲɥɚɦɚ ɜ ɜɨɞɭ (ɜɨɞɧɚɹ ɜɵɬɹɠɤɚ – ȼȼ) ɢ ɜ ɚɰɟɬɚɬ-
ɧɨ-ɚɦɦɨɧɢɣɧɭɸ ɜɵɬɹɠɤɭ (ȺȺ) ɨɬɥɢɱɚɸɬɫɹ ɤɚɤ ɤɚɱɟɫɬɜɟɧɧɨ, ɬɚɤ ɢ ɤɨ-
ɥɢɱɟɫɬɜɟɧɧɨ (ɪɢɫ.Қ ɢ қ). ɉɟɪɟɱɧɢ ɩɹɬɢ ɩɪɢɨɪɢɬɟɬɧɵɯ ɌɆ ɩɨ ɦɚɫɫɨɜɨɣ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɞɥɹ ɷɬɢɯ ɞɜɭɯ ɫɪɟɞ ɞɚɥɟɤɨ ɧɟ ɨɞɢɧɚɤɨɜɵ. Ɍɚɤ, ɜ ɜɨɞɧɭɸ 
ɜɵɬɹɠɤɭ ɢɡ ɲɥɚɦɚ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɩɟɪɟɯɨɞɹɬ ɋɚ ɢ ȼ (ɩɨɱɬɢ 80% ɨɬ 
ɜɫɟɯ ɌɆ), ɚ ɜ ȺȺ ɜɵɬɹɠɤɟ ɛɨɥɟɟ 80% ɩɪɢɯɨɞɢɬɫɹ ɧɚ d-ɷɥɟɦɟɧɬ Fe.   

Ɍɪɚɧɫɮɟɪ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ ɢɡ ɒɒ ɜ ɜɨɞɧɭɸ ɮɚɡɭ ɤɨɥɢɱɟɫɬɜɟɧ-
ɧɨ ɜɨɡɪɚɫɬɚɟɬ (ɫɭɦɦɚɪɧɨ ɩɨɱɬɢ ɜ 800 ɪɚɡ), ɟɫɥɢ ɜɦɟɫɬɨ ɞɢɫɬɢɥɥɢɪɨɜɚɧ-
ɧɨɣ ɜɨɞɵ ɞɥɹ ɜɫɬɪɹɯɢɜɚɧɢɹ ɫɭɫɩɟɧɡɢɢ ɜɡɹɬɶ ɚɦɦɨɧɢɣɧɨ-ɚɰɟɬɚɬɧɵɣ 
(ȺȺ) ɛɭɮɟɪɧɵɣ ɪɚɫɬɜɨɪ (ɬɚɛɥ.Қ, ɫɬɨɥɛɟɰ 4).  

 



550 

 

 
ɩɪɢɨɪɢɬɟɬɧɵɯ ɷɥɟɦɟɧɬɨɜ ɲɥɚɦɚ ɨɬ 
ɫɭɦɦɚɪɧɨɣ ɦɚɫɫɨɜɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜ 
ɞɟɢɨɧɢɡɢɪɨɜɚɧɧɨɣ ɜɨɞɟ ɡɚɝɪɹɡɧɹɸɳɢɯ 
ɜɟɳɟɫɬɜ ɜ ɩɟɪɟɫɱɟɬɟ ɧɚ ɷɥɟɦɟɧɬɵ 

ɩɪɢɨɪɢɬɟɬɧɵɯ ɷɥɟɦɟɧɬɨɜ ɲɥɚɦɚ ɨɬ 
ɫɭɦɦɚɪɧɨɣ ɦɚɫɫɨɜɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜ 
ȺȺ (ɛɭɮɟɪɧɨɦ) ɪɚɫɬɜɨɪɟ ɡɚɝɪɹɡɧɹɸɳɢɯ 
ɜɟɳɟɫɬɜ ɜ ɩɟɪɟɫɱɟɬɟ ɧɚ ɷɥɟɦɟɧɬɵ. 

Ɍɚɤ, ɜɟɥɢɱɢɧɵ Σnɋɗ (ɫɭɦɦɚ ɤɨɧɰɟɧɬɪɚɰɢɣ ɜɫɟɯ ɷɥɟɦɟɧɬɨɜ), Σkɋɗ
 

(ɫɭɦɦɚ ɤɨɧɰɟɧɬɪɚɰɢɣ ɷɥɟɦɟɧɬɨɜ ɫ ɩɪɟɜɵɲɟɧɢɟɦ ɧɢɠɧɟɝɨ ɩɪɟɞɟɥɚ ɨɛ-
ɧɚɪɭɠɟɧɢɹ ɇɉɈ ɧɚ Ɉɋɉ-ɂɋɉ Agilent 7қ0), Σ6ɋɗ (ɫɭɦɦɚ ɤɨɧɰɟɧɬɪɚɰɢɣ 
ɲɟɫɬɢ ɩɪɢɨɪɢɬɟɬɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɬɨ ɟɫɬɶ ɫ ɧɚɢɛɨɥɶɲɟɣ ɦɚɫɫɨɜɨɣ ɤɨɧ-
ɰɟɧɬɪɚɰɢɟɣ ɌɆ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɜɵɬɹɠɤɟ) ɭɜɟɥɢɱɢɥɢɫɶ ɫ 4,0 ɦɝ/ɞɦ3 

ɜ ɜɨɞɧɨɣ ɜɵɬɹɠɤɟ ɞɨ ɩɪɢɦɟɪɧɨ 3Қ00 ɦɝ/ɞɦ3 ɜ ɚɰɟɬɚɬɧɨ-ɚɦɦɨɧɢɣɧɨɣ 
ɜɵɬɹɠɤɟ. Ⱦɚɧɧɨɟ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ, ɜɟɪɨɹɬɧɨ, ɨɛɭɫɥɨɜɥɢɜɚɟɬɫɹ ɤɨɦɩɥɟɤ-
ɫɨɨɛɪɚɡɭɸɳɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ ɚɰɟɬɚɬɚ ɚɦɦɨɧɢɹ ɩɨ ɨɬ-
ɧɨɲɟɧɢɸ ɤ ɫɨɟɞɢɧɟɧɢɹɦ, ɩɪɟɠɞɟ ɜɫɟɝɨ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ ДқЖ, ɢ ɨɬɪɚ-
ɠɚɟɬɫɹ ɧɚ ɪɹɞɚɯ ɩɪɢɨɪɢɬɟɬɧɨɫɬɢ ɢ ɞɨɥɟɣ ɨɬ ɦɚɫɫɨɜɨɝɨ ɜɤɥɚɞɚ ɌɆ ɜ 
ɦɢɧɟɪɚɥɢɡɚɰɢɸ ɮɢɥɶɬɪɚɬɨɜ ɫɭɫɩɟɧɡɢɣ ɩɨɪɨɲɤɚ  

Ʉɨɷɮɮɢɰɢɟɧɬɵ ɤɨɧɰɟɧɬɪɚɰɢɢ ɷɥɟɦɟɧɬɨɜ (ɨɬɧɨɫɢɬɟɥɶɧɨ  ɩɪɟɞɟɥɶ-
ɧɨ ɞɨɩɭɫɬɢɦɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɌɆ ɜ ɜɨɞɟ ɜɨɞɧɵɯ ɨɛɴɟɤɬɨɜ ɯɨɡɹɣɫɬɜɟɧ-
ɧɨ-ɩɢɬɶɟɜɨɝɨ ɢ  ɤɭɥɶɬɭɪɧɨ-ɛɵɬɨɜɨɝɨ ɜɨɞɨɩɨɥɶɡɨɜɚɧɢɹ Д3Ж ɢ ɜɨɞɵ ɜɨɞ-
ɧɵɯ ɨɛɴɟɤɬɨɜ ɪɵɛɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ Д4Ж ɜ ɜɨɞɧɨɣ Kȼȼ

ɉȼ ɢ 
K

ȼȼ
Ɋɏ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ) ɢ ɚɰɟɬɚɬɧɨ-ɚɦɦɨɧɢɣɧɨɣ (KȺȺ

ɉȼ ɢ KȺȺ
Ɋɏ) ɜɵ-

ɬɹɠɤɚɯ Д5,ɫ.Қ00Ж ɲɥɚɦɚ ɲɥɢɮɨɜɚɥɶɧɨɝɨ, ɫɭɦɦɚ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɤɨɧ-
ɰɟɧɬɪɚɰɢɢ  ɜɫɟɯ ɷɥɟɦɟɧɬɨɜ ɞɥɹ ɜɨɞɧɨɣ ɜɵɬɹɠɤɢ (Σn

Kɉȼ = Σn
K

ȼȼ
ɉȼ, 

Σn
K

ȺȺ
ɉȼ) ɢ ɚɦɦɨɧɢɣɧɨ-ɚɰɟɬɚɬɧɨɣ ɜɵɬɹɠɤɢ (Σn

KɊɏ = Σn
K

ȼȼ
Ɋɏ, Σn

K
ȺȺ

Ɋɏ), 

ɫɭɦɦɚ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɤɨɧɰɟɧɬɪɚɰɢɢ ɷɥɟɦɟɧɬɨɜ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɛɨɥɶɲɟ 
ɇɉɈ ɞɥɹ ɜɨɞɧɨɣ (Σk

Kɉȼ = Σk
K

ȼȼ
ɉȼ, Σk

K
ȺȺ

ɉȼ) ɢ  ɚɦɦɨɧɢɣɧɨ-ɚɰɟɬɚɬɧɨɣ 
ɜɵɬɹɠɟɤ (Σk

KɊɏ = Σk
K

ȼȼ
Ɋɏ, Σk

K
ȺȺ

Ɋɏ), ɫɭɦɦɚ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɤɨɧɰɟɧɬɪɚ-
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ɰɢɢ ɲɟɫɬɢ ɩɪɢɨɪɢɬɟɬɧɵɯ ɷɥɟɦɟɧɬɨɜ ɞɥɹ ɜɨɞɧɨɣ (Σ6
Kɉȼ = Σ6

K
ȼȼ

ɉȼ, 

Σ6
K

ȺȺ
ɉȼ) ɢ  ɚɦɦɨɧɢɣɧɨ-ɚɰɟɬɚɬɧɨɣ ɜɵɬɹɠɟɤ   (Σ6

KɊɏ = Σ6
K

ȼȼ
Ɋɏ, 

Σ6
K

ȺȺ
Ɋɏ). 

Ɍɚɛɥɢɰɚ 1 

№ 

ɩ.ɩ. ɌɆ 

Kɉȼ (ɌɆ) KɊɏ (ɌɆ) 

ɜɨɞɧɵɟ 
ɜɵɬɹɠɤɢ 

Kȼȼ/ɉȼ 

ȺȺ 

ɜɵɬɹɠɤɢ 

KȺȺ/ɉȼ 

ɜɨɞɧɵɟ 
ɜɵɬɹɠɤɢ 

Kȼȼ/Ɋɏ 

ȺȺ 

ɜɵɬɹɠɤɢ 

KȺȺ/Ɋɏ 

1 2 3 4 5 6 

Ɇɚɫɫɚ ɧɚɜɟɫɤɢ ɧɚ ɨɛɴɟɦ ɜɵɬɹɠɤɢ 

5 ɝ ɜҚ00 ɦɥ 

ɜɨɞɵ 

5 ɝ ɜ Қ00 ɦɥ 

ȺȺ ɛɭɮɟɪɚ 

5 ɝ ɜҚ00 ɦɥ 

ɜɨɞɵ 

5 ɝ ɜ Қ00 ɦɥ 

ȺȺ ɛɭɮɟɪɚ 

1 Al 0,0088 19,1 0,044 95,7 

2 Ba < ɇɉɈ ɚ) 0,034 < ɇɉɈ ɚ) 0,13 

3 Be < ɇɉɈ ɚ) < ɇɉɈ ɚ) < ɇɉɈ ɚ) < ɇɉɈ ɚ) 

4 Cd < ɇɉɈ ɚ) 33,7 < ɇɉɈ ɚ) 6,75 

5 Co < ɇɉɈ ɚ) < ɇɉɈ ɚ) < ɇɉɈ ɚ) < ɇɉɈ ɚ) 

6 Cr < ɇɉɈ ɚ) 1382 < ɇɉɈ ɚ) 3454 

7 Cu < ɇɉɈ ɚ) 0,16 < ɇɉɈ ɚ) 150,5 

8 Fe 0,518 8641 3,110 51846 

9 Mn 0,056 1258 0,562 12576 

10 Mo < ɇɉɈ ɚ) 1,98 < ɇɉɈ ɚ) 490 

11 Ni < ɇɉɈ ɚ) 76,4 < ɇɉɈ ɚ) 764 

12 Pb < ɇɉɈ ɚ) 50,5 < ɇɉɈ ɚ) 84,1 

13 Sb < ɇɉɈ ɚ) 16,8 < ɇɉɈ ɚ) 168 

 

ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥ. 1 
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№ 

ɩ.ɩ. ɌɆ 

Kɉȼ (ɌɆ) KɊɏ (ɌɆ) 

ɜɨɞɧɵɟ 
ɜɵɬɹɠɤɢ 

Kȼȼ/ɉȼ 

ȺȺ 

ɜɵɬɹɠɤɢ 

KȺȺ/ɉȼ 

ɜɨɞɧɵɟ 
ɜɵɬɹɠɤɢ 

Kȼȼ/Ɋɏ 

ȺȺ 

ɜɵɬɹɠɤɢ 

KȺȺ/Ɋɏ 

1 2 3 4 5 6 

14 Se < ɇɉɈ ɚ) 7,3 < ɇɉɈ ɚ) 36,6 

15 Si 0,0047 2,3 - - 

16 Sr 0,0022 0,16 0,038 2,83 

17 Ti < ɇɉɈ ɚ) < ɇɉɈ ɚ) < ɇɉɈ ɚ) < ɇɉɈ ɚ) 

18 V < ɇɉɈ ɚ) < ɇɉɈ ɚ) < ɇɉɈ ɚ) < ɇɉɈ ɚ) 

19 Zn 0,0046 3,39 0,455 340 

20 Ca 0,593 75,0 0,012 1,46 

21 B 3,02 10,4 3,020 10,4 

22 Mg 0,0038 0,07 0,005 0,071 

23 Ag < ɇɉɈ ɚ) < ɇɉɈ ɚ) - - 

24 Tl < ɇɉɈ ɚ) < ɇɉɈ ɚ) - - 

25 As < ɇɉɈ ɚ) < ɇɉɈ ɚ) < ɇɉɈ ɚ) < ɇɉɈ ɚ) 

ΣnKɉȼ  ɢɥɢ ΣnKɊɏ 4,8 11579 9,9 70027 

ΣkKɉȼ ɢɥɢ ΣkKɊɏ (˃ɇɉɈ) 4,2 11578 7,2 70026 

Σ6Kɉȼ ɢɥɢ Σ6KɊɏ 4,2 11483 7,2 69470 

ɉɪɢɦɟɱɚɧɢɟ: ɚ)ɦɟɧɶɲɟ ɧɢɠɧɟɝɨ ɩɪɟɞɟɥɚ ɨɛɧɚɪɭɠɟɧɢɹ ɧɚ Ɉɋɉ-ɂɋɉ Agilent 720 [1]. 

 

ɲɥɢɮɨɜɚɥɶɧɨɝɨ ɲɥɚɦɚ. ɉɨ ɦɚɫɫɨɜɨɦɭ ɤɨɥɢɱɟɫɬɜɭ ɷɦɢɫɫɢɹ ɠɟɥɟɡɚ ɜ ȺȺ 
ɜɵɬɹɠɤɭ ɛɨɥɟɟ ɱɟɦ ɜ ɩɹɬɶ ɪɚɡ ɩɪɟɜɨɫɯɨɞɢɬ ɬɪɚɧɫɮɟɪ ɢɡ ɲɥɚɦɚ ɜɫɟɯ 
ɞɪɭɝɢɯ ɷɥɟɦɟɧɬɨɜ. ȼ ȺȺ ɜɵɬɹɠɤɟ ɡɚɦɟɬɧɨ ɩɪɨɹɜɢɥɢɫɶ d-ɷɥɟɦɟɧɬɵ Mn, 

Cr ɢ Ni, ɢɡ ɤɨɬɨɪɵɯ Cr ɢ Ni ɢ ɧɟ ɨɛɧɚɪɭɠɢɜɚɥɢɫɶ ɜ ɜɨɞɧɨɣ ɜɵɬɹɠɤɟ 
ɦɟɬɨɞɨɦ ɚɬɨɦɧɨ-ɷɦɢɫɫɢɨɧɧɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɢ.  
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Ɋɢɫ. 3. ɉɪɢɨɪɢɬɟɬɧɨɫɬɶ ɩɨ ɜɟɥɢɱɢɧɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɤɨɧɰɟɧɬɪɚɰɢɢ 
(K

ȼȼ
Ɋɏ) ɜ ɜɨɞɧɨɣ  ɜɵɬɹɠɤɟ ɒɒ  ɜɨɫɶɦɢ  ɷɥɟɦɟɧɬɨɜ ɫ ɧɚɢɛɨɥɶɲɢɦ 

ɡɧɚɱɟɧɢɟɦ ɜɟɥɢɱɢɧɵ  Kȼȼ
Ɋɏ. 

 

 

 

 

 

 

 

Ɋɢɫ. 4. ɉɪɢɨɪɢɬɟɬɧɨɫɬɶ ɩɨ ɤɨɷɮɮɢɰɢɟɧɬɭ ɤɨɧɰɟɧɬɪɚɰɢɢ 
(K

ȺȺ
Ɋɏ) ɜ ɚɦɦɨɧɢɣɧɨ-ɚɰɟɬɚɬɧɨɣ  ɜɵɬɹɠɤɟ ɒɒ  ɲɟɫɬɧɚɞɰɚɬɢ  

ɷɥɟɦɟɧɬɨɜ ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɡɧɚɱɟɧɢɹ ɜɟɥɢɱɢɧɵ  KȺȺ
Ɋɏ. 

 

ɇɚ ɪɢɫɭɧɤɚɯ 3 ɢ 4 ɩɪɢɜɟɞɟɧɵ ɞɢɚɝɪɚɦɦɵ ɩɪɢɨɪɢɬɟɬɧɨɫɬɢ ɌɆ ɩɨ 
ɜɟɥɢɱɢɧɟ KɊɏ  ɜ ȼȼ ɢ ȺȺ ɜɵɬɹɠɤɚɯ.  ȿɫɥɢ ɜ ɜɨɞɧɨɣ ɜɵɬɹɠɤɟ ɧɨɪɦɚɬɢɜ 
ɉȾɄɪɯ ɩɪɟɜɵɲɚɟɬɫɹ ɜɫɟɝɨ ɞɥɹ ɞɜɭɯ ɷɥɟɦɟɧɬɨɜ – ɠɟɥɟɡɚ ɢ ɛɨɪɚ, ɬɨ ɞɥɹ 
ȺȺ ɜɵɬɹɠɤɢ – ɞɥɹ Қ7 ɷɥɟɦɟɧɬɨɜ. ɉɪɢɱɟɦ ɞɥɹ ɲɟɫɬɢ ɩɪɢɨɪɢɬɟɬɧɵɯ 
ɷɥɟɦɟɧɬɨɜ (Fe, Mn, Cr, Ni, Mo ɢ Zn) ɉȾɄɪɯ ɜ ɫɭɦɦɟ ɩɪɟɜɵɲɚɟɬɫɹ ɩɨ-
ɱɬɢ ɜ 70 ɬɵɫ.ɪɚɡ (ɬɚɛɥ.Қ). Ⱥɰɟɬɚɬɧɨ-ɚɦɦɨɧɢɣɧɚɹ ɜɵɬɹɠɤɚ, ɬɚɤɢɦ ɨɛɪɚ-
ɡɨɦ, ɜɫɥɟɞɫɬɜɢɟ ɛɨɥɟɟ ɡɧɚɱɢɦɨɣ ɷɦɢɫɫɢɢ ɌɆ ɡɧɚɱɢɬɟɥɶɧɨ ɜ ɛɨɥɶɲɟɣ 
ɫɬɟɩɟɧɢ ɡɚɝɪɹɡɧɹɟɬɫɹ ɲɥɚɦɨɦ ɲɥɢɮɨɜɚɥɶɧɵɦ. Ⱥ ɷɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɩɨɱ-
ɜɟɧɧɵɟ ɮɢɥɶɬɪɚɰɢɨɧɧɵɟ ɜɨɞɵ ɢ ɩɨɜɟɪɯɧɨɫɬɧɵɟ ɜɨɞɵ, ɫɨɞɟɪɠɚɳɢɟ  
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ɤɨɦɩɨɧɟɧɬɵ, ɫɩɨɫɨɛɫɬɜɭɸɳɢɟ ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɸ ɫ ɭɱɚɫɬɢɟɦ ɌɆ 
ɲɥɚɦɚ, ɦɨɝɭɬ ɜɵɦɵɜɚɬɶ ɢɡ ɲɥɚɦɚ ɲɥɢɮɨɜɚɥɶɧɨɝɨ ɢɧɝɪɟɞɢɟɧɬɵ ɜ ɤɨ-
ɥɢɱɟɫɬɜɚɯ, ɨɛɭɫɥɨɜɥɢɜɚɸɳɢɯ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɡɚɝɪɹɡɧɟɧɢɹ ɨɛɴɟɤɬɨɜ 
ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ.  

ɋɨɝɥɚɫɧɨ ɪɟɤɨɦɟɧɞɚɰɢɹɦ «Ɋ 5қ.қ4.756-қ0ҚҚ» ɤɪɢɬɟɪɢɟɦ ɷɤɫɬɪɟ-
ɦɚɥɶɧɨ ɜɵɫɨɤɨɝɨ ɡɚɝɪɹɡɧɟɧɢɹ ɜɨɞɧɵɯ ɨɛɴɟɤɬɨɜ ɹɜɥɹɟɬɫɹ ɩɪɟɜɵɲɟɧɢɟ 
ɦɚɤɫɢɦɚɥɶɧɨ ɪɚɡɨɜɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɟɳɟɫɬɜ Қ-қ ɤɥɚɫɫɨɜ ɨɩɚɫɧɨɫɬɢ ɜ 5 
ɢ ɛɨɥɟɟ ɪɚɡ, ɚ ɞɥɹ ɜɟɳɟɫɬɜ 3-4 ɤɥɚɫɫɚ ɨɩɚɫɧɨɫɬɢ ɜ 50 ɢ ɛɨɥɟɟ ɪɚɡ Д6, 
ɫ.40Ж. Ʌɟɝɤɨ ɩɪɢɧɹɬɶ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ  ɞɚɧɧɵɦɢ ɬɚɛɥɢɰɵ Қ, ɱɬɨ ɜɨɞɧɵɣ 
ɨɛɴɟɤɬ ɫɨ ɫɜɨɣɫɬɜɚɦɢ ɩɨɞɨɛɧɵɦɢ ȺȺ ɛɭɮɟɪɧɨɦɭ ɪɚɫɬɜɨɪɭ ɦɨɠɟɬ ɜ 
ɟɫɬɟɫɬɜɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɨɬɜɟɱɚɬɶ ɫɬɨɥɶ ɜɵɫɨɤɨɦɭ ɭɪɨɜɧɸ ɡɚɝɪɹɡɧɟɧɢɹ 
ɲɥɚɦɨɦ ɲɥɢɮɨɜɚɥɶɧɵɦ. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨɲɥɚɦ ɲɥɢɮɨɜɚɥɶɧɵɣ ɹɜɥɹ-
ɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɟɟ ɨɩɚɫɧɵɦ ɞɥɹ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɨɬɯɨɞɨɦ, ɱɟɦ 
ɷɬɨ ɫɥɟɞɭɟɬ ɢɡ ɟɝɨ ɨɬɧɟɫɟɧɢɹ ɤ ɦɚɥɨ ɨɩɚɫɧɵɦ ɨɬɯɨɞɚɦ (IV ɤɥɚɫɫɚ ɨɩɚɫ-
ɧɨɫɬɢ) ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɎɄɄɈ Д7Ж. Ɉɬɫɸɞɚ ɫɥɟɞɭɟɬ ɤɪɚɣɧɹɹ ɧɟɠɟɥɚ-
ɬɟɥɶɧɨɫɬɶ ɪɚɡɦɟɳɟɧɢɹ ɲɥɚɦɚ ɲɥɢɮɨɜɚɥɶɧɨɝɨ ɧɚ ɧɟɨɛɭɫɬɪɨɟɧɧɵɯ ɩɨ-
ɥɢɝɨɧɚɯ, ɞɨɩɭɫɤɚɸɳɢɯ ɤɨɧɬɚɤɬ ɒɒ ɫ ɞɨɠɞɟɜɵɦɢ ɢ ɬɚɥɵɦɢ ɜɨɞɚɦɢ ɢ 
ɩɨɱɜɨɣ. 

ɇɚɢɥɭɱɲɢɦ ɜɚɪɢɚɧɬɨɦ ɪɟɲɟɧɢɹ ɩɪɨɛɥɟɦɵ ɡɚɝɪɹɡɧɟɧɢɹ ɨɤɪɭɠɚɸ-
ɳɟɣ ɫɪɟɞɵ ɲɥɚɦɨɦ ɲɥɢɮɨɜɚɥɶɧɵɦ ɹɜɥɹɟɬɫɹ ɨɛɟɡɜɪɟɠɢɜɚɧɢɟ ɩɨɫɪɟɞ-
ɫɬɜɨɦ ɢɡɜɥɟɱɟɧɢɹ ɩɪɢɨɪɢɬɟɬɧɵɯ ɌɆ (ɧɚɩɪɢɦɟɪ, ɜɫɬɪɹɯɢɜɚɧɢɟɦ ɜ ɚɦ-
ɦɨɧɢɣɧɨ-ɚɰɟɬɚɬɧɨɦ ɛɭɮɟɪɟ) ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɭɬɢɥɢɡɚɰɢɣ ɢɥɢ ɩɟɪɟɪɚ-
ɛɨɬɤɨɣ, ɧɚɩɪɢɦɟɪ ɜ ɞɨɛɚɜɤɢ ɤ ɰɟɦɟɧɬɧɵɦ ɫɬɪɨɢɬɟɥɶɧɵɦ ɦɚɬɟɪɢɚɥɚɦ. 

 

Ʌɢɬɟɪɚɬɭɪɚ 
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HEAVY METAL EMISSION OF GRINDING SLUDGE TO WATER 

MEDIA 

 

Annotation: waste of hazard class IV grinding slurries contain heavy metals in 

a mobile form, which is manifested in the transfer of TM to the water phase. ɌɆ 

emissions are particularly intense in the ammonium-acetate buffer solution, which in 

natural conditions means a high probability of contamination of natural water bod-

ies to an extremely high level by heavy metals when placing slurries on undeveloped 

landfills. 
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