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ɂɪɤɭɬɫɤɨɝɨ 

 ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ 

 ɭɧɢɜɟɪɫɢɬɟɬɚ 

ɍȾɄ 551.351:552 (282.256) 
ȼɟɳɟɫɬɜɟɧɧɵɣ ɫɨɫɬɚɜ ɞɨɧɧɵɯ ɨɬɥɨɠɟɧɢɣ  
ɜ ɩɪɢɛɪɟɠɧɨɣ ɡɨɧɟ ɂɪɤɭɬɫɤɨɝɨ ɜɨɞɨɯɪɚɧɢɥɢɳɚ 
Ƚ. Ⱥ. Ʉɚɪɧɚɭɯɨɜɚ  
ɂɧɫɬɢɬɭɬ ɡɟɦɧɨɣ ɤɨɪɵ ɋɈ ɊȺɇ 

Ⱥɧɧɨɬɚɰɢɹ. ɇɚ ɨɫɧɨɜɟ ɩɨɥɭɱɟɧɧɵɯ ɚɜɬɨɪɨɦ ɜ 1981–2015 ɝɝ. ɦɚɬɟɪɢɚɥɨɜ ɤɨɦɩɥɟɤɫ-
ɧɵɯ ɩɨɥɟɜɵɯ ɢ ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɂɪɤɭɬɫɤɨɝɨ ɜɨɞɨɯɪɚɧɢɥɢɳɚ – ɝɨɥɨɜɧɨ-
ɝɨ ɜ ɤɚɫɤɚɞɟ ɚɧɝɚɪɫɤɢɯ ɜɨɞɨɯɪɚɧɢɥɢɳ – ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɡɚ ɝɪɚɧɭɥɨɦɟɬ-
ɪɢɱɟɫɤɨɝɨ, ɦɢɧɟɪɚɥɨɝɢɱɟɫɤɨɝɨ ɢ ɝɟɨɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɨɜ ɞɨɧɧɵɯ ɨɬɥɨɠɟ-
ɧɢɣ ɩɪɢɛɪɟɠɧɨɣ ɡɨɧɵ ɢ ɢɫɯɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɩɪɨɞɭɤɬɚɦɢ ɚɛɪɚɡɢɢ 
ɛɟɪɟɝɨɜ ɷɬɨɝɨ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɜɨɞɨɟɦɚ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢɛɪɟɠɧɚɹ ɡɨɧɚ ɜɨɞɨɯɪɚ-
ɧɢɥɢɳɚ ɚɤɬɢɜɧɨ ɩɟɪɟɯɜɚɬɵɜɚɟɬ ɛɨɥɶɲɭɸ ɱɚɫɬɶ ɚɛɪɚɡɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɹɜɥɹɹɫɶ 
ɫɟɞɢɦɟɧɬɚɰɢɨɧɧɨɣ ɥɨɜɭɲɤɨɣ. Ʌɢɬɨɥɨɝɢɱɟɫɤɢɟ ɬɢɩɵ ɞɨɧɧɵɯ ɨɬɥɨɠɟɧɢɣ ɢ ɢɯ ɜɟɳɟ-
ɫɬɜɟɧɧɵɣ ɫɨɫɬɚɜ ɪɚɫɩɪɟɞɟɥɹɸɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɥɢɬɨɞɢɧɚɦɢɱɟɫɤɢɦɢ ɨɛɫɬɚɧɨɜɤɚ-
ɦɢ ɢ ɫɨɫɬɚɜɨɦ ɦɚɬɟɪɢɚɥɚ, ɫɥɚɝɚɸɳɟɝɨ ɚɛɪɚɡɢɨɧɧɵɟ ɛɟɪɟɝɚ ɜɨɞɨɟɦɚ. Ɉɫɧɨɜɧɵɦɢ 
ɩɨɪɨɞɚɦɢ, ɫɥɚɝɚɸɳɢɦɢ ɚɛɪɚɡɢɨɧɧɵɟ ɛɟɪɟɝɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ, ɹɜɥɹɸɬɫɹ ɩɟɫɱɚɧɢɤɢ 
ɸɪɵ ɢ ɱɟɬɜɟɪɬɢɱɧɵɟ ɞɟɥɸɜɢɚɥɶɧɵɟ ɫɭɝɥɢɧɤɢ. ɉɨ ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɨɦɭ ɫɨɫɬɚɜɭ 
ɨɫɚɞɤɢ ɨɬɦɟɥɟɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɟɫɤɚɦɢ, ɤɪɭɩɧɵɦɢ ɚɥɟɜɪɢɬɚɦɢ, ɦɟɥɤɨɚɥɟɜɪɢɬɨɜɵɦɢ 
ɢɥɚɦɢ. ȼ ɩɪɟɞɟɥɚɯ ɩɪɢɛɪɟɠɧɨɣ ɡɨɧɵ ɩɪɨɢɫɯɨɞɢɬ ɞɢɮɮɟɪɟɧɰɢɚɰɢɹ ɨɫɚɞɨɱɧɨɝɨ ɦɚ-
ɬɟɪɢɚɥɚ ɫ ɜɵɩɚɞɟɧɢɟɦ ɢ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɨɩɪɟɞɟɥɟɧɧɵɯ ɝɪɭɩɩ ɦɢɧɟɪɚɥɨɜ ɢ ɷɥɟɦɟɧ-
ɬɨɜ, ɹɜɥɹɸɳɢɯɫɹ ɢɧɞɢɤɚɬɨɪɚɦɢ ɩɪɨɰɟɫɫɚ ɨɫɚɞɤɨɧɚɤɨɩɥɟɧɢɹ. ȼ ɦɢɧɟɪɚɥɶɧɨɦ ɫɨɫɬɚ-
ɜɟ ɜɨ ɜɫɟɯ ɬɢɩɚɯ ɞɨɧɧɵɯ ɨɬɥɨɠɟɧɢɣ ɥɢɞɢɪɭɟɬ ɥɟɝɤɚɹ ɮɪɚɤɰɢɹ, ɫɨɫɬɚɜɥɹɹ ɨɬ 99,1 ɞɨ 
99,7 % ɜ ɤɚɠɞɨɦ ɨɛɪɚɡɰɟ. ȼɟɞɭɳɢɦɢ ɦɢɧɟɪɚɥɚɦɢ ɜ ɷɬɨɣ ɮɪɚɤɰɢɢ, ɜɧɟ ɡɚɜɢɫɢɦɨɫɬɢ 
ɨɬ ɫɨɫɬɚɜɚ ɩɢɬɚɸɳɟɝɨ ɦɚɬɟɪɢɚɥɚ, ɹɜɥɹɸɬɫɹ ɤɜɚɪɰ, ɩɥɚɝɢɨɤɥɚɡɵ, ɤɚɥɢɲɩɚɬɵ. ɉɪɢ 
ɚɛɪɚɡɢɢ ɛɟɪɟɝɨɜ, ɫɥɨɠɟɧɧɵɯ ɩɟɫɱɚɧɢɤɚɦɢ, ɜ ɬɹɠɟɥɨɣ ɮɪɚɤɰɢɢ ɞɨɧɧɵɯ ɨɫɚɞɤɨɜ ɨɬ-
ɦɟɱɚɟɬɫɹ ɩɪɟɨɛɥɚɞɚɧɢɟ ɪɨɝɨɜɨɣ ɨɛɦɚɧɤɢ ɢ ɝɪɚɧɚɬɚ, ɚ ɩɪɢ ɚɛɪɚɡɢɢ ɫɭɝɥɢɧɤɨɜ – ɪɨɝɨ-
ɜɨɣ ɨɛɦɚɧɤɢ ɢ ɷɩɢɞɨɬɚ. ɉɪɢɛɪɟɠɧɚɹ ɡɨɧɚ ɹɜɥɹɟɬɫɹ ɬɪɚɧɡɢɬɧɨɣ ɞɥɹ ɨɤɫɢɞɨɜ ɠɟɥɟɡɚ ɢ 
ɞɥɹ ɛɨɥɶɲɢɧɫɬɜɚ ɦɢɤɪɨɷɥɟɦɟɧɬɨɜ. ɂɡ ɦɢɤɪɨɷɥɟɦɟɧɬɨɜ ɛɨɥɟɟ ɚɤɬɢɜɧɨɟ ɧɚɤɨɩɥɟɧɢɟ 
V, Cr, ɋɨ ɧɚɛɥɸɞɚɟɬɫɹ ɜ ɩɟɫɤɚɯ ɢ ɤɪɭɩɧɵɯ ɚɥɟɜɪɢɬɚɯ. ɉɪɢ ɷɬɨɦ ɧɚ ɭɱɚɫɬɤɚɯ ɚɛɪɚɡɢɢ 
ɩɟɫɱɚɧɢɤɨɜ ɜ ɨɫɚɞɤɚɯ ɥɢɞɢɪɭɸɬ V, Cr, ɧɚ ɭɱɚɫɬɤɚɯ ɪɚɡɦɵɜɚ ɫɭɝɥɢɧɤɨɜ – ɋɨ. Ʌɭɱ-
ɲɢɦɢ ɤɨɧɰɟɧɬɪɚɬɨɪɚɦɢ ɨɤɫɢɞɨɜ ɹɜɥɹɸɬɫɹ ɤɪɭɩɧɵɟ ɚɥɟɜɪɢɬɵ. ȼ ɞɨɧɧɵɯ ɨɫɚɞɤɚɯ 
ɩɪɢɛɪɟɠɧɵɯ ɨɬɦɟɥɟɣ ɨɬɦɟɱɚɟɬɫɹ ɡɚɦɟɬɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɪɚɫɫɟɹɧɧɵɯ ɷɥɟɦɟɧɬɨɜ, 
ɫɜɹɡɚɧɧɵɯ ɫ ɨɛɥɨɦɨɱɧɵɦɢ ɪɭɞɧɵɦɢ ɢ ɚɤɰɟɫɫɨɪɧɵɦɢ ɦɢɧɟɪɚɥɚɦɢ ɬɹɠɟɥɨɣ ɮɪɚɤɰɢɢ 
(Zr, В, Nb), ɚ ɬɚɤɠɟ ɫ ɦɢɧɟɪɚɥɚɦɢ ɥɟɝɤɨɣ ɮɪɚɤɰɢɢ (Sr, Rb, Ga). 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɜɨɞɨɯɪɚɧɢɥɢɳɟ, ɩɪɢɛɪɟɠɧɚɹ ɡɨɧɚ, ɨɫɚɞɤɨɧɚɤɨɩɥɟɧɢɟ, ɜɟɳɟ-
ɫɬɜɟɧɧɵɣ ɫɨɫɬɚɜ. 

ȼɜɟɞɟɧɢɟ 
Ɉɫɧɨɜɵ ɫɨɜɪɟɦɟɧɧɵɯ ɩɪɟɞɫɬɚɜɥɟɧɢɣ ɨ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɯɢɦɢɱɟɫɤɢɯ ɷɥɟ-

ɦɟɧɬɨɜ ɜ ɞɨɧɧɵɯ ɨɫɚɞɤɚɯ ɲɟɥɶɮɚ ɤɪɚɟɜɵɯ ɢ ɜɧɭɬɪɢɤɨɧɬɢɧɟɧɬɚɥɶɧɵɯ ɦɨɪɟɣ 
ɡɚɥɨɠɟɧɵ ɇ. Ɇ. ɋɬɪɚɯɨɜɵɦ Д15–17Ж. ɉɨɫɥɟɞɭɸɳɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɢɮɮɟ-
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ɪɟɧɰɢɚɰɢɢ ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ ɜ ɨɫɚɞɤɚɯ ɩɪɢɛɪɟɠɧɨɣ ɡɨɧɵ ɦɨɪɟɣ ɛɵɥɢ 
ɨɬɪɚɠɟɧɵ ɜ ɪɚɛɨɬɚɯ Д3; 6; 12; 18–20Ж. ɋɥɚɛɨ ɢɫɫɥɟɞɨɜɚɧɧɨɣ ɜ ɷɬɨɦ ɩɥɚɧɟ 
ɨɫɬɚɟɬɫɹ ɩɪɢɛɪɟɠɧɚɹ ɡɨɧɚ ɤɪɭɩɧɟɣɲɢɯ ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɜɨɞɨɟɦɨɜ, ɜ ɤɨɬɨɪɵɯ 
ɜɫɟ ɩɪɨɰɟɫɫɵ ɩɪɨɢɫɯɨɞɹɬ ɧɚ ɧɚɲɢɯ ɝɥɚɡɚɯ ɢ ɡɧɚɱɢɬɟɥɶɧɨ ɛɵɫɬɪɟɟ, ɱɟɦ ɜ 
ɩɪɢɪɨɞɧɵɯ ɜɨɞɨɟɦɚɯ Д4; 5Ж. ɉɪɢɛɪɟɠɧɚɹ ɡɨɧɚ, ɜɤɥɸɱɚɸɳɚɹ ɛɟɪɟɝ ɢ ɩɪɢ-
ɛɪɟɠɧɭɸ ɨɬɦɟɥɶ, ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɞɢɧɚɦɢɱɧɨɣ ɨɛɥɚɫɬɶɸ ɜɨɞɨɯɪɚɧɢɥɢɳ, 
ɝɞɟ ɩɪɢɛɪɟɠɧɚɹ ɨɬɦɟɥɶ ɜɨɡɧɢɤɚɟɬ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɡɦɵɜɚ ɛɟɪɟɝɨɜ ɩɨɞ ɞɟɣ-
ɫɬɜɢɟɦ ɜɟɬɪɨɜɵɯ ɜɨɥɧ ɢ ɚɤɤɭɦɭɥɹɰɢɢ ɚɛɪɚɡɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. Ⱦɚɧɧɚɹ ɡɨɧɚ 
ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɚɤɬɢɜɧɵɦ ɩɨɫɬɭɩɥɟɧɢɟɦ ɫ ɫɭɲɢ ɨɫɚɞɨɱɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɢɧ-
ɬɟɧɫɢɜɧɵɦ ɩɪɨɰɟɫɫɨɦ ɟɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɢ ɞɢɮɮɟɪɟɧɰɢɚɰɢɢ ɩɨ ɝɪɚɧɭɥɨɦɟɬ-
ɪɢɱɟɫɤɨɦɭ, ɦɢɧɟɪɚɥɨɝɢɱɟɫɤɨɦɭ ɢ ɝɟɨɯɢɦɢɱɟɫɤɨɦɭ ɫɨɫɬɚɜɚɦ.  

ɐɟɥɶ ɞɚɧɧɨɣ ɫɬɚɬɶɢ – ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɨɫɨɛɟɧɧɨɫɬɢ ɞɢɮɮɟɪɟɧɰɢɚɰɢɢ 
ɜɟɳɟɫɬɜɟɧɧɨɝɨ ɫɨɫɬɚɜɚ ɞɨɧɧɵɯ ɨɬɥɨɠɟɧɢɣ ɜ ɩɪɢɛɪɟɠɧɨɣ ɡɨɧɟ ɂɪɤɭɬɫɤɨɝɨ 
ɜɨɞɨɯɪɚɧɢɥɢɳɚ – ɝɨɥɨɜɧɨɝɨ ɜ ɤɚɫɤɚɞɟ ɚɧɝɚɪɫɤɢɯ ɜɨɞɨɯɪɚɧɢɥɢɳ. 

Ɇɟɬɨɞɵ ɢ ɨɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ 
Ɉɫɧɨɜɧɵɦɢ ɦɟɬɨɞɚɦɢ ɢɡɭɱɟɧɢɹ ɜɟɳɟɫɬɜɟɧɧɨɝɨ ɫɨɫɬɚɜɚ ɞɨɧɧɵɯ ɨɬɥɨ-

ɠɟɧɢɣ ɜ ɩɪɢɛɪɟɠɧɨɣ ɡɨɧɟ ɂɪɤɭɬɫɤɨɝɨ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɹɜɥɹɥɢɫɶ ɤɨɦɩɥɟɤɫ-
ɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɜɤɥɸɱɚɸɳɢɟ ɧɚɬɭɪɧɵɟ ɧɚɛɥɸɞɟɧɢɹ, ɥɚɛɨɪɚɬɨɪɧɨ-

ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ, ɦɟɬɨɞɵ ɪɚɫɱɟɬɚ. ɇɚɬɭɪɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɟɞɫɬɚɜ-
ɥɟɧɵ ɦɚɬɟɪɢɚɥɚɦɢ, ɩɨɥɭɱɟɧɧɵɦɢ ɚɜɬɨɪɨɦ ɩɪɢ ɷɤɫɩɟɞɢɰɢɨɧɧɵɯ ɪɚɛɨɬɚɯ. 
ɑɚɫɬɢɱɧɨ ɢɫɩɨɥɶɡɨɜɚɧɵ ɦɚɬɟɪɢɚɥɵ ɤɨɥɥɟɝ ɩɨ ɂɁɄ ɋɈ ɊȺɇ ɢ ɞɚɧɧɵɟ ɝɢɞ-
ɪɨɦɟɬɟɨɪɨɥɨɝɢɱɟɫɤɨɣ ɫɟɬɢ ɂɪɤɭɬɫɤɨɝɨ ɍȽɆɋ. ɗɤɫɩɟɞɢɰɢɨɧɧɵɟ ɢɫɫɥɟɞɨɜɚ-
ɧɢɹ ɜɤɥɸɱɚɥɢ ɨɬɛɨɪ ɨɛɪɚɡɰɨɜ ɞɨɧɧɵɯ ɨɬɥɨɠɟɧɢɣ ɩɨ ɫɟɦɢ ɩɪɨɮɢɥɹɦ, ɩɪɢɜɹ-
ɡɚɧɧɵɦ ɤ ɭɱɚɫɬɤɚɦ ɧɚɛɥɸɞɟɧɢɣ ɡɚ ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɛɟɪɟɝɨɜ ɜɨɞɨɯɪɚɧɢɥɢɳɚ. 
Ɉɬɛɨɪ ɨɛɪɚɡɰɨɜ ɞɨɧɧɵɯ ɨɬɥɨɠɟɧɢɣ ɩɪɨɜɨɞɢɥɫɹ ɝɪɭɧɬɨɨɬɛɨɪɧɨɣ ɬɪɭɛɤɨɣ, 
ɝɪɭɧɬɨɨɬɛɨɪɧɢɤɚɦɢ ɪɚɡɥɢɱɧɵɯ ɦɨɞɢɮɢɤɚɰɢɣ ɫ ɛɨɪɬɚ ɷɤɫɩɟɞɢɰɢɨɧɧɨɝɨ ɤɨ-
ɪɚɛɥɹ ɢɥɢ ɥɨɞɤɢ. ɉɨɫɥɟ ɩɨɞɴɟɦɚ ɬɪɭɛɤɢ ɢɥɢ ɝɪɭɧɬɨɨɬɛɨɪɧɢɤɚ ɤɨɥɨɧɤɚ ɞɨɧ-
ɧɵɯ ɨɬɥɨɠɟɧɢɣ ɩɟɪɟɦɟɳɚɥɚɫɶ ɧɚ ɩɨɥɢɷɬɢɥɟɧɨɜɭɸ ɩɥɟɧɤɭ, ɢ ɩɪɨɜɨɞɢɥɨɫɶ 
ɩɨɞɪɨɛɧɨɟ ɩɨɫɥɨɣɧɨɟ ɨɩɢɫɚɧɢɟ ɬɟɤɫɬɭɪɵ, ɫɬɪɭɤɬɭɪɵ, ɰɜɟɬɚ, ɤɨɧɫɢɫɬɟɧɰɢɢ 
ɨɫɚɞɤɨɜ ɢ ɢɡɦɟɪɟɧɢɟ ɢɯ ɦɨɳɧɨɫɬɢ. Ɂɚɬɟɦ ɨɛɪɚɡɟɰ ɭɩɚɤɨɜɵɜɚɥɫɹ ɜ ɩɨɥɢɷɬɢ-
ɥɟɧɨɜɵɣ ɩɚɤɟɬ ɞɥɹ ɞɚɥɶɧɟɣɲɟɣ ɨɛɪɚɛɨɬɤɢ ɜ ɫɬɚɰɢɨɧɚɪɧɵɯ ɭɫɥɨɜɢɹɯ. 

Ƚɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɢɣ, ɦɢɧɟɪɚɥɨɝɢɱɟɫɤɢɣ ɢ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜɵ ɞɨɧɧɵɯ 
ɨɬɥɨɠɟɧɢɣ ɢ ɩɨɪɨɞ ɛɟɪɟɝɨɜɵɯ ɭɫɬɭɩɨɜ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɫ ɩɨɦɨɳɶɸ ɥɚɛɨ-
ɪɚɬɨɪɧɵɯ ɦɟɬɨɞɨɜ. Ɇɟɬɨɞɢɤɚ ɨɩɪɟɞɟɥɟɧɢɹ ɜɤɥɸɱɚɥɚ ɦɟɬɨɞɵ ɩɨɞɝɨɬɨɜɤɢ 
ɨɛɪɚɡɰɨɜ ɤ ɚɧɚɥɢɡɭ ɢ ɫɨɛɫɬɜɟɧɧɨ ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ. ɉɨɞɝɨɬɨɜɤɚ ɨɛɪɚɡ-
ɰɨɜ ɫɨɫɬɨɹɥɚ ɜ ɜɵɫɭɲɢɜɚɧɢɢ ɞɨ ɜɨɡɞɭɲɧɨ-ɫɭɯɨɝɨ ɫɨɫɬɨɹɧɢɹ, ɤɜɚɪɬɨɜɚɧɢɢ, 
ɨɬɛɨɪɟ ɧɚɜɟɫɨɤ ɢ ɞɟɡɚɝɪɟɝɚɰɢɢ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɨɝɨ ɫɨ-
ɫɬɚɜɚ ɛɵɥ ɩɪɨɜɟɞɟɧ ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɦɟɬɨɞɚɦɢ, ɜɤɥɸɱɚɸɳɢɦɢ 
ɫɢɬɨɜɨɣ, ɋɚɛɚɧɢɧɚ, ɩɢɩɟɬɨɱɧɵɣ ɢ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɣ, ɪɟɤɨɦɟɧɞɨɜɚɧɧɵɟ ɜ 
ɦɟɬɨɞɢɤɚɯ ɩɨ ɥɚɛɨɪɚɬɨɪɧɵɦ ɢɫɫɥɟɞɨɜɚɧɢɹɦ ɝɨɪɧɵɯ ɩɨɪɨɞ Д7; 9Ж. Ɉɩɪɟɞɟɥɟ-
ɧɢɟ ɦɢɧɟɪɚɥɨɝɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɨɛɪɚɡɰɨɜ ɫɨɫɬɨɹɥɨ ɜ ɩɪɨɫɦɨɬɪɟ ɩɨɞ ɦɢɤɪɨ-
ɫɤɨɩɨɦ ɱɚɫɬɢɰ ɚɥɟɜɪɢɬɨɜɨɣ ɪɚɡɦɟɪɧɨɫɬɢ ɩɨɫɥɟ ɢɯ ɨɬɦɭɱɢɜɚɧɢɹ ɢ ɨɛɪɚɛɨɬɤɢ 
ɛɪɨɦɨɮɨɪɦɨɦ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɢɦɦɟɪɫɢɨɧɧɵɯ ɩɪɟɩɚɪɚɬɨɜ. Ⱦɟɥɟɧɢɟ ɦɚɬɟ-
ɪɢɚɥɚ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɧɚ ɦɢɧɟɪɚɥɨɝɢɱɟɫɤɢɣ ɚɧɚɥɢɡ, ɧɚ ɬɹɠɟɥɭɸ ɢ ɥɟɝɤɭɸ 
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ɮɪɚɤɰɢɢ ɩɪɨɜɨɞɢɥɨɫɶ ɩɭɬɟɦ ɨɛɪɚɛɨɬɤɢ ɟɝɨ ɬɹɠɟɥɵɦɢ ɠɢɞɤɨɫɬɹɦɢ. ɂɦɦɟɪ-
ɫɢɨɧɧɵɣ ɦɟɬɨɞ ɩɨɡɜɨɥɢɥ ɨɞɧɨɜɪɟɦɟɧɧɨ ɫ ɩɨɤɚɡɚɬɟɥɟɦ ɩɪɟɥɨɦɥɟɧɢɹ ɦɢɧɟɪɚ-
ɥɨɜ ɨɩɪɟɞɟɥɹɬɶ ɨɤɪɚɫɤɭ ɢ ɮɨɪɦɭ ɡɟɪɟɧ. Ⱦɥɹ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɜ ɤɚɠɞɨɦ ɨɛɪɚɡɰɟ 
ɢɫɫɥɟɞɨɜɚɥɢɫɶ ɛɨɥɟɟ 300 ɡɟɪɟɧ. ɉɨɫɥɟ ɨɩɪɟɞɟɥɟɧɢɹ ɦɢɧɟɪɚɥɶɧɨɝɨ ɫɨɫɬɚɜɚ 
ɩɪɨɢɡɜɨɞɢɥɫɹ ɩɨɞɫɱɟɬ ɤɨɥɢɱɟɫɬɜɚ ɪɚɡɥɢɱɧɵɯ ɦɢɧɟɪɚɥɨɜ ɤɚɤ ɜ ɥɟɝɤɨɣ, ɬɚɤ ɢ 
ɜ ɬɹɠɟɥɨɣ ɮɪɚɤɰɢɹɯ. Ɉɩɪɟɞɟɥɟɧɢɟ ɝɥɢɧɢɫɬɵɯ ɦɢɧɟɪɚɥɨɜ ɬɨɧɤɨɞɢɫɩɟɪɫɧɨɣ 
ɫɨɫɬɚɜɥɹɸɳɟɣ ɨɛɪɚɡɰɨɜ ɞɨɧɧɵɯ ɨɬɥɨɠɟɧɢɣ ɜɵɩɨɥɧɟɧɨ ɤɨɥɢɱɟɫɬɜɟɧɧɵɦ 
ɪɟɧɬɝɟɧɨɮɚɡɨɜɵɦ ɚɧɚɥɢɡɨɦ ɧɚ ɞɢɮɪɚɤɬɨɦɟɬɪɟ «ȾɊɈɇ-3.0» (ɢɡɥɭɱɟɧɢɟ – ɋЮ 
Ʉa, NТ – ɮɢɥɶɬɪ. ɇɚɩɪɹɠɟɧɢɟ V = 25 ФV, ɬɨɤ ɧɚ ɬɪɭɛɤɟ I = 20 ЦA). ɉɪɢ ɢɡɭ-
ɱɟɧɢɢ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɞɨɧɧɵɯ ɨɬɥɨɠɟɧɢɣ ɢ ɩɨɪɨɞ ɛɟɪɟɝɨɜɨɣ ɡɨɧɵ ɜɨ-
ɞɨɯɪɚɧɢɥɢɳ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɦɟɬɨɞɵ ɬɪɚɞɢɰɢɨɧɧɨɝɨ ɩɨɥɧɨɝɨ ɯɢɦɢɱɟɫɤɨɝɨ 
ɚɧɚɥɢɡɚ ɢ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɵɟ ɦɟɬɨɞɵ, ɜ ɬɨɦ ɱɢɫɥɟ ɦɟɬɨɞ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ 
ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɪɟɧɬɝɟɧɨɮɥɭɨɪɟɫɰɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ (ɊɎȺ), ɨɫɧɨɜɧɵɦ ɩɪɟ-
ɢɦɭɳɟɫɬɜɨɦ ɤɨɬɨɪɨɝɨ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɫɨɞɟɪɠɚɧɢɣ ɦɚɤɪɨ- ɢ ɦɢɤɪɨ-
ɷɥɟɦɟɧɬɨɜ ɜ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɪɚɡɰɚɯ ɛɟɡ ɢɯ ɪɚɡɪɭɲɟɧɢɹ. Ʉɨɧɰɟɧɬɪɚɰɢɢ ɩɨɪɨ-
ɞɨɨɛɪɚɡɭɸɳɢɯ ɨɤɫɢɞɨɜ CКO, TТO2, MЧO, FО2O3 (ɨɛɳɟɟ) ɢ ɦɢɤɪɨɷɥɟɦɟɧɬɨɜ, 
ɜ ɱɢɫɥɨ ɤɨɬɨɪɵɯ ɜɯɨɞɹɬ V, CЫ, CШ, NТ, CЮ, ГЧ, PЛ, AЬ, SЧ, RЛ, SЫ, В, ГЫ, NЛ, 
ɨɩɪɟɞɟɥɹɥɢɫɶ ɜ ɨɛɪɚɡɰɚɯ ɞɢɫɩɟɪɫɧɵɯ ɨɫɚɞɤɨɜ ɧɚ ɷɧɟɪɝɨɞɢɫɩɟɪɫɢɨɧɧɨɦ 
ɫɩɟɤɬɪɨɦɟɬɪɟ. ɂɫɩɨɥɶɡɭɟɦɵɟ ɭɫɥɨɜɢɹ ɜɨɡɛɭɠɞɟɧɢɹ ɫɩɟɤɬɪɚ: ɪɟɧɬɝɟɧɨɜɫɤɚɹ 
ɬɪɭɛɤɚ М MШ-ɚɧɨɞɨɦ (ɜɵɫɨɤɨɜɨɥɶɬɧɵɣ ɢɫɬɨɱɧɢɤ ɩɢɬɚɧɢɹ «ȼɂɉ 75–70 Ɇ»), 
ɩɨɬɟɧɰɢɚɥ 55 ɤȼ, ɫɢɥɚ ɬɨɤɚ 20 ɦȺ, ɷɤɫɩɨɡɢɰɢɹ 1000 ɫ. ɂɫɩɨɥɶɡɨɜɚɥɢɫɶ ɥɢ-
ɧɢɢ Ʉ-ɫɟɪɢɢ ɫɩɟɤɬɪɚ ɤɚɤ ɧɚɢɛɨɥɟɟ ɢɧɬɟɧɫɢɜɧɵɟ, ɢɫɤɥɸɱɟɧɢɟ ɫɨɫɬɚɜɥɹɟɬ 
ɫɜɢɧɟɰ, ɟɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɨɢɡɜɨɞɢɥɢɫɶ ɩɨ ɥɢɧɢɢ L1. ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɮɨɧɚ 
ɨɰɟɧɢɜɚɥɚɫɶ ɞɥɹ ɭɱɚɫɬɤɚ ɫɩɟɤɬɪɚ ɫ ɢɧɬɟɪɜɚɥɨɦ ɷɧɟɪɝɢɣ 20,5–21,5 ɤɷȼ. Ɉɛɪɚ-
ɛɨɬɤɚ ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ ɩɢɤɨɜ ɩɪɨɢɡɜɟɞɟɧɚ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ AБIL. 
Ɉɩɪɟɞɟɥɹɟɦɵɟ ɫɨɞɟɪɠɚɧɢɹ ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ ɫɨɫɬɚɜɥɹɸɬ ɡɧɚɱɟɧɢɹ ɨɬ 
ɧɟɫɤɨɥɶɤɢɯ ЩЩЦ (ЩЩЦ = 0,0001 %) ɞɨ 100 %. 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɢɯ ɨɛɫɭɠɞɟɧɢɟ 
ɍɫɥɨɜɢɹɦɢ, ɨɩɪɟɞɟɥɹɸɳɢɦɢ ɩɪɨɰɟɫɫɵ ɨɫɚɞɤɨɨɛɪɚɡɨɜɚɧɢɹ ɢ ɥɢɬɨɥɨɝɢ-

ɱɟɫɤɢɣ ɫɨɫɬɚɜ ɞɨɧɧɵɯ ɨɫɚɞɤɨɜ ɜ ɩɪɢɛɪɟɠɧɨɣ ɡɨɧɟ ɂɪɤɭɬɫɤɨɝɨ ɜɨɞɨɯɪɚɧɢ-
ɥɢɳɚ, ɹɜɥɹɸɬɫɹ ɫɨɫɬɚɜ ɩɨɪɨɞ, ɫɥɚɝɚɸɳɢɯ ɛɟɪɟɝɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ, ɢ ɝɢɞɪɨ-
ɞɢɧɚɦɢɤɚ ɷɬɨɝɨ ɜɨɞɨɟɦɚ.  

ɂɫɬɨɱɧɢɤɢ ɨɫɚɞɨɱɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. Ɉɫɧɨɜɧɵɦ ɢɫɬɨɱɧɢɤɨɦ ɨɫɚɞɨɱɧɨɝɨ 
ɦɚɬɟɪɢɚɥɚ ɜ ɩɪɢɛɪɟɠɧɨɣ ɡɨɧɟ ɂɪɤɭɬɫɤɨɝɨ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɹɜɥɹɸɬɫɹ ɟɝɨ ɚɛ-
ɪɚɡɢɨɧɧɵɟ ɛɟɪɟɝɚ, ɫɨɫɬɚɜɥɹɸɳɢɟ 55 % ɨɛɳɟɣ ɩɪɨɬɹɠɟɧɧɨɫɬɢ ɛɟɪɟɝɨɜɨɣ ɥɢ-
ɧɢɢ. Ⱥɛɪɚɡɢɨɧɧɵɟ ɛɟɪɟɝɚ ɮɨɪɦɢɪɭɸɬɫɹ ɜ ɨɬɥɨɠɟɧɢɹɯ ɸɪɫɤɨɝɨ ɢ ɱɟɬɜɟɪɬɢɱ-
ɧɨɝɨ ɜɨɡɪɚɫɬɚ. ɉɨ ɞɚɧɧɵɦ, ɩɪɢɜɟɞɟɧɧɵɦ ɜ ɪɚɛɨɬɚɯ Д10; 13;14Ж, ɩɪɨɬɹɠɟɧ-
ɧɨɫɬɶ ɚɛɪɚɡɢɨɧɧɵɯ ɛɟɪɟɝɨɜ, ɫɥɨɠɟɧɧɵɯ ɩɟɫɱɚɧɢɤɚɦɢ ɸɪɵ, – ɨɤɨɥɨ 60 ɤɦ ɢ 
ɛɨɥɟɟ 90 ɤɦ – ɫɥɨɠɟɧɧɵɯ ɱɟɬɜɟɪɬɢɱɧɵɦɢ ɫɭɩɟɫɹɦɢ ɢ ɫɭɝɥɢɧɤɚɦɢ.  

ɉɨ ɥɟɜɨɛɟɪɟɠɶɸ ɜ ɫɪɟɞɧɟɣ ɢ ɩɪɢɩɥɨɬɢɧɧɨɣ ɱɚɫɬɹɯ ɂɪɤɭɬɫɤɨɝɨ ɜɨɞɨ-
ɯɪɚɧɢɥɢɳɚ ɩɟɫɱɚɧɢɤɢ, ɡɚɧɢɦɚɸɳɢɟ 55–75 % ɪɚɡɪɟɡɚ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɪɢɫɚ-
ɹɧɫɤɨɣ ɢ ɱɟɪɟɦɯɨɜɫɤɨɣ ɫɜɢɬɚɦɢ ɸɪɵ, ɧɚɢɛɨɥɟɟ ɚɤɬɢɜɧɵɣ ɪɚɡɦɵɜ ɤɨɬɨɪɵɯ 
ɧɚɛɥɸɞɚɟɬɫɹ ɦɟɠɞɭ Ɇɟɥɶɧɢɱɧɨɣ ɉɚɞɶɸ ɢ ɡɚɥɢɜɨɦ Ʉɭɪɦɚ. Ʌɢɧɟɣɧɚɹ ɜɟɥɢ-
ɱɢɧɚ ɨɬɫɬɭɩɚɧɢɹ ɛɪɨɜɤɢ ɛɟɪɟɝɨɜɨɝɨ ɭɫɬɭɩɚ ɩɪɢ ɪɚɡɦɵɜɟ ɸɪɫɤɢɯ ɩɟɫɱɚɧɢɤɨɜ, 
ɩɨ ɞɚɧɧɵɦ ɪɚɛɨɬɵ Д8Ж, ɫɨɫɬɚɜɥɹɟɬ ɡɚ ɝɨɞ 0,1–0,5 ɦ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɚɛɪɚɡɢɨɧ-
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ɧɵɯ ɩɪɨɰɟɫɫɨɜ ɧɚ ɩɨɫɬɪɨɟɧɢɟ ɩɪɢɛɪɟɠɧɨɣ ɨɬɦɟɥɢ ɢɞɟɬ ɛɨɥɶɲɚɹ ɱɚɫɬɶ ɦɚɬɟ-
ɪɢɚɥɚ ɪɚɡɦɵɜɚ ɩɟɫɱɚɧɢɤɨɜ – ɟɠɟɝɨɞɧɨ ɩɪɢɦɟɪɧɨ 18 ɬɵɫ. ɦ3

.  

ɘɪɫɤɢɟ ɩɟɫɱɚɧɢɤɢ ɹɜɥɹɸɬɫɹ ɩɨɥɟɜɨɲɩɚɬɨɜɨ-ɤɜɚɪɰɟɜɵɦɢ ɢ ɤɜɚɪɰ-

ɩɨɥɟɜɨɲɩɚɬɨɜɵɦɢ ɫɪɟɞɧɟɡɟɪɧɢɫɬɵɦɢ ɫ ɤɚɪɛɨɧɚɬɧɨ-ɝɥɢɧɢɫɬɵɦ ɢɥɢ ɝɥɢɧɢ-
ɫɬɨ-ɫɥɸɞɢɫɬɵɦ ɰɟɦɟɧɬɨɦ. Ʉɨɧɰɟɧɬɪɚɰɢɹ ɰɟɦɟɧɬɚ ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ 13–28 %, 
ɜ ɟɝɨ ɫɨɫɬɚɜɟ ɝɥɢɧɢɫɬɵɟ ɦɢɧɟɪɚɥɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɤɚɨɥɢɧɢɬɨɦ, ɫɦɟɤɬɢɬɨɦ ɢ 
ɢɥɥɢɬɨɦ Д21Ж. ɋɨɞɟɪɠɚɧɢɟ ɤɜɚɪɰɚ ɜ ɥɟɝɤɨɣ ɮɪɚɤɰɢɢ ɦɨɠɟɬ ɢɡɦɟɧɹɬɶɫɹ ɨɬ 
16,0 ɞɨ 63,2 %, ɩɥɚɝɢɨɤɥɚɡɨɜ – ɨɬ 8,4 ɞɨ 55,2 %, ɤɚɥɢɲɩɚɬɨɜ – ɨɬ 2,0 ɞɨ 
24,4 %. Ʉɨɥɢɱɟɫɬɜɨ ɫɥɸɞɢɫɬɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɫɨɫɬɨɹɳɟɝɨ ɩɨ ɛɨɥɶɲɟɣ ɱɚɫɬɢ ɢɡ 
ɝɢɞɪɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɢ ɯɥɨɪɢɬɢɡɢɪɨɜɚɧɧɨɝɨ ɛɢɨɬɢɬɚ, ɜɚɪɶɢɪɭɟɬ ɜ ɩɪɟɞɟɥɚɯ 
8,4–61,6 %. ȼɟɞɭɳɢɦɢ ɦɢɧɟɪɚɥɚɦɢ ɬɹɠɟɥɨɣ ɮɪɚɤɰɢɢ ɹɜɥɹɸɬɫɹ ɝɪɚɧɚɬɵ 
(18,1–88,1 %), ɷɩɢɞɨɬ (1,0–34,4 %), ɪɭɞɧɵɟ (0,4–38,7 %), ɩɪɢɫɭɬɫɬɜɭɸɬ ɫɮɟɧ 
(2,3–10,4 %) ɢ ɥɟɣɤɨɤɫɟɧ (2,4–11,6 %) Д1Ж.  

ɉɨ ɧɚɲɢɦ ɞɚɧɧɵɦ, ɸɪɫɤɢɟ ɩɟɫɱɚɧɢɤɢ ɨɬɥɢɱɚɸɬɫɹ ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢ-
ɟɦ ɤɪɟɦɧɟɡɟɦɚ (88,20 %), ɤɨɥɢɱɟɫɬɜɨ ɝɥɢɧɨɡɟɦɚ ɫɨɫɬɚɜɥɹɟɬ ɜ ɫɪɟɞɧɟɦ 
11,32 %, ɨɤɢɫɟɣ ɠɟɥɟɡɚ – 5,23 %, ɤɚɥɶɰɢɹ – 2,18 %, ɦɚɝɧɢɹ – 0,82 %, ɦɚɪɝɚɧ-
ɰɚ – 0,75 %, ɬɢɬɚɧɚ – 0,26 %. Ʉɨɧɰɟɧɬɪɚɰɢɢ ɦɢɤɪɨɷɥɟɦɟɧɬɨɜ ɜ ɩɟɫɱɚɧɢɤɚɯ 
ɧɟɜɟɥɢɤɢ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɯɚɪɚɤɬɟɪɧɵɦ ɞɥɹ ɞɚɧɧɨɝɨ ɬɢɩɚ ɩɨɪɨɞ. Ɋɚɡɛɪɨɫ ɫɨ-
ɞɟɪɠɚɧɢɣ ɜ ɪɹɞɭ Co-Ni-Cr-Zn-V ɧɚɯɨɞɢɬɫɹ ɜ ɢɧɬɟɪɜɚɥɟ 37–55 ppm, ɢɥɢ 37–

40–50–55–55 ppm ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
Ȼɟɪɟɝɚ, ɫɥɨɠɟɧɧɵɟ ɱɟɬɜɟɪɬɢɱɧɵɦɢ ɨɬɥɨɠɟɧɢɹɦɢ ɚɥɥɸɜɢɚɥɶɧɨɝɨ ɢ ɞɟ-

ɥɸɜɢɚɥɶɧɨɝɨ ɝɟɧɟɡɢɫɚ, ɩɨ ɩɪɚɜɨɛɟɪɟɠɶɸ ɜ ɫɪɟɞɧɟɣ ɢ ɩɪɢɩɥɨɬɢɧɧɨɣ ɱɚɫɬɹɯ 
ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɫɨɫɬɚɜɥɹɸɬ 92 ɤɦ, ɬ. ɟ. ɩɪɢɦɟɪɧɨ 21 % ɨɬ ɨɛɳɟɣ ɩɪɨɬɹɠɟɧ-
ɧɨɫɬɢ ɛɟɪɟɝɨɜɨɣ ɥɢɧɢɢ. Ⱥɥɥɸɜɢɚɥɶɧɵɟ ɨɬɥɨɠɟɧɢɹ ɜɤɥɸɱɚɸɬ ɜ ɨɫɧɨɜɧɨɦ 
ɩɨɣɦɟɧɧɵɟ ɮɚɰɢɢ, ɜ ɫɨɫɬɚɜɟ ɤɨɬɨɪɵɯ ɩɪɟɨɛɥɚɞɚɸɬ ɫɭɝɥɢɧɤɢ ɢ ɫɭɩɟɫɢ. ɉɨ 

ɩɥɨɳɚɞɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɜɟɞɭɳɟɟ ɩɨɥɨɠɟɧɢɟ ɫɪɟɞɢ ɪɵɯɥɵɯ ɱɟɬɜɟɪɬɢɱɧɵɯ 
ɨɬɥɨɠɟɧɢɣ ɜ ɛɟɪɟɝɨɜɨɣ ɡɨɧɟ ɡɚɧɢɦɚɸɬ ɞɟɥɸɜɢɚɥɶɧɵɟ ɪɚɡɧɨɫɬɢ. Ⱦɟɥɸɜɢɚɥɶ-
ɧɵɟ ɨɬɥɨɠɟɧɢɹ ɛɟɪɟɝɨɜɨɣ ɡɨɧɵ ɂɪɤɭɬɫɤɨɝɨ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɨɫɧɨɜɧɨɦ ɥɟɫɫɨɜɢɞɧɵɦɢ ɫɭɝɥɢɧɤɚɦɢ, ɦɨɳɧɨɫɬɶ ɤɨɬɨɪɵɯ ɢɡɦɟɧɹɟɬɫɹ ɨɬ 1 ɞɨ 
20 ɦ Д11Ж. Ʌɢɧɟɣɧɚɹ ɜɟɥɢɱɢɧɚ ɪɚɡɦɵɜɚ ɱɟɬɜɟɪɬɢɱɧɵɯ ɨɬɥɨɠɟɧɢɣ ɫɨɫɬɚɜɥɹ-
ɟɬ 0,4–3,5 ɦ/ɝɨɞ, ɢ ɦɚɤɫɢɦɚɥɶɧɵɣ ɢɯ ɪɚɡɦɵɜ ɩɪɨɢɫɯɨɞɢɬ ɦɟɠɞɭ ɩɨɫ. ɉɚɬɪɨ-
ɧɵ ɢ ɩɥɨɬɢɧɨɣ ɂɪɤɭɬɫɤɨɣ Ƚɗɋ Д10Ж. ɇɚɲɢ ɪɚɫɱɟɬɵ ɩɨ ɞɚɧɧɵɦ ɦɧɨɝɨɥɟɬɧɢɯ 
ɧɚɛɥɸɞɟɧɢɣ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɟɠɟɝɨɞɧɨ ɧɚ ɮɨɪɦɢɪɨɜɚɧɢɟ ɨɬɦɟɥɢ ɢɞɟɬ ɛɨɥɟɟ 
110 ɬɵɫ. ɦ3

 ɚɛɪɚɡɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ.  
ȼ ɱɟɬɜɟɪɬɢɱɧɵɯ ɞɟɥɸɜɢɚɥɶɧɵɯ ɫɭɝɥɢɧɤɚɯ ɜɟɞɭɳɢɦ ɦɢɧɟɪɚɥɨɦ ɥɟɝɤɨɣ 

ɮɪɚɤɰɢɢ ɹɜɥɹɟɬɫɹ ɤɜɚɪɰ (60,2 %), ɡɧɚɱɢɬɟɥɶɧɨ ɫɨɞɟɪɠɚɧɢɟ ɩɨɥɟɜɵɯ ɲɩɚɬɨɜ 
(30,1 %) ɢ ɨɛɥɨɦɤɨɜ ɩɨɪɨɞ (2,2 %). Ɉɫɧɨɜɧɭɸ ɦɚɫɫɭ (7,5 %) ɝɥɢɧɢɫɬɨɣ 
ɮɪɚɤɰɢɢ ɫɨɫɬɚɜɥɹɸɬ ɝɢɞɪɨɫɥɸɞɚ ɢ ɤɚɨɥɢɧɢɬ. Ɉɬɦɟɱɚɟɬɫɹ ɧɟɛɨɥɶɲɚɹ ɩɪɢ-
ɦɟɫɶ ɝɥɚɭɤɨɧɢɬɚ, ɯɥɨɪɢɬɚ, ɨɩɚɥɚ. ȼ ɫɨɫɬɚɜɟ ɬɹɠɟɥɨɣ ɮɪɚɤɰɢɢ ɨɫɧɨɜɧɵɦɢ 
ɦɢɧɟɪɚɥɚɦɢ ɫɥɭɠɚɬ ɪɨɝɨɜɚɹ ɨɛɦɚɧɤɚ (50,1 %), ɷɩɢɞɨɬ (19,5 %) ɢ ɪɭɞɧɵɟ 
(16,1 %) ɦɢɧɟɪɚɥɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɦɚɝɧɟɬɢɬɨɦ ɢ ɢɥɶɦɟɧɢɬɨɦ. ɉɨɫɬɨɹɧɧɨ 
ɩɪɢɫɭɬɫɬɜɭɸɬ ɝɪɚɧɚɬɵ (5,1 %), ɰɢɪɤɨɧ (1,0 %), ɩɢɪɨɤɫɟɧɵ (0,7 %), ɬɢɬɚɧɨ-
ɫɨɞɟɪɠɚɳɢɟ ɫɮɟɧ ɢ ɪɭɬɢɥ, ɬɭɪɦɚɥɢɧ, ɛɭɪɵɟ ɝɢɞɪɨɨɤɢɫɥɵ. ȼ ɯɢɦɢɱɟɫɤɨɦ 
ɫɨɫɬɚɜɟ ɞɟɥɸɜɢɚɥɶɧɵɯ ɫɭɝɥɢɧɤɨɜ ɜɟɞɭɳɢɦɢ ɫɨɟɞɢɧɟɧɢɹɦɢ ɹɜɥɹɸɬɫɹ 
ɤɪɟɦɧɟɡɟɦ (62,78 %), ɝɥɢɧɨɡɟɦ (15,79 %), ɚ ɬɚɤɠɟ ɨɤɢɫɢ ɠɟɥɟɡɚ (7,30 %), 
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ɦɚɝɧɢɹ (3,06 %), ɤɚɥɶɰɢɹ (2,64 %), ɬɢɬɚɧɚ (1,01 %). ɋɭɝɥɢɧɤɢ ɫɪɚɜɧɢɬɟɥɶɧɨ 
ɨɛɨɝɚɳɟɧɵ ɪɚɫɫɟɹɧɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ. Ʌɢɞɢɪɭɸɬ ɫɬɪɨɧɰɢɣ (265 ppm) ɢ ɰɢɪ-
ɤɨɧɢɣ (260 ppm), ɪɭɛɢɞɢɹ ɫɨɞɟɪɠɢɬɫɹ 83 ppm, ɜ ɧɟɛɨɥɶɲɢɯ ɤɨɥɢɱɟɫɬɜɚɯ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɭɪɚɧ, ɧɢɨɛɢɣ, ɦɵɲɶɹɤ (30, 15, 15 ppm ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ).  

Ƚɢɞɪɨɞɢɧɚɦɢɤɚ ɢ ɨɫɚɞɤɨɧɚɤɨɩɥɟɧɢɟ. ɇɚɩɪɚɜɥɟɧɧɨɫɬɶ ɩɪɨɰɟɫɫɚ ɫɬɚɧɨɜ-
ɥɟɧɢɹ ɜɟɳɟɫɬɜɟɧɧɨɝɨ ɫɨɫɬɚɜɚ ɞɨɧɧɵɯ ɨɬɥɨɠɟɧɢɣ ɜ ɩɪɢɛɪɟɠɧɨɣ ɡɨɧɟ ɨɩɪɟ-
ɞɟɥɹɸɬ ɩɪɨɢɫɯɨɞɹɳɢɟ ɜ ɜɨɞɨɟɦɟ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ: ɤɨɥɟɛɚɧɢɹ 
ɭɪɨɜɧɹ ɜɨɞɵ, ɜɨɥɧɨɜɵɟ ɩɪɨɰɟɫɫɵ, ɬɟɱɟɧɢɹ. Ʉɨɥɟɛɚɧɢɹ ɭɪɨɜɧɹ ɜɨɞɵ ɜ ɜɨɞɨ-
ɯɪɚɧɢɥɢɳɟ ɨɩɪɟɞɟɥɹɸɬɫɹ ɝɨɞɨɜɵɦ ɯɨɞɨɦ ɭɪɨɜɧɹ ɧɚ ɨɡɟɪɟ Ȼɚɣɤɚɥ, ɪɟɠɢɦɨɦ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɂɪɤɭɬɫɤɨɣ Ƚɗɋ, ɫɬɟɩɟɧɶɸ ɧɚɩɨɥɧɟɧɢɹ ɧɢɠɟɥɟɠɚɳɢɯ ɜɨɞɨ-
ɯɪɚɧɢɥɢɳ Ⱥɧɝɚɪɫɤɨɝɨ ɤɚɫɤɚɞɚ – Ȼɪɚɬɫɤɨɝɨ, ɍɫɬɶ-ɂɥɢɦɫɤɨɝɨ, Ȼɨɝɭɱɚɧɫɤɨɝɨ. 
Ƚɨɞɨɜɨɣ ɯɨɞ ɭɪɨɜɧɹ ɜɨɞɵ ɜ ɜɨɞɨɯɪɚɧɢɥɢɳɟ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɩɥɚɜɧɵɦ ɩɨ-
ɜɵɲɟɧɢɟɦ ɜ ɜɟɫɟɧɧɟ-ɥɟɬɧɢɣ ɩɟɪɢɨɞ (ɦɚɣ – ɚɜɝɭɫɬ) ɞɨ ɨɬɦɟɬɨɤ, ɛɥɢɡɤɢɯ ɤ 
ɧɨɪɦɚɥɶɧɨɦɭ ɩɨɞɩɨɪɧɨɦɭ ɭɪɨɜɧɸ (ɇɉɍ). ɋɬɨɹɧɢɟ ɭɪɨɜɧɹ ɧɚ ɨɬɦɟɬɤɚɯ, 
ɛɥɢɡɤɢɯ ɤ ɇɉɍ, ɧɚɛɥɸɞɚɟɬɫɹ ɜ ɫɟɧɬɹɛɪɟ-ɨɤɬɹɛɪɟ, ɤɨɝɞɚ ɩɪɨɢɫɯɨɞɢɬ ɦɚɤɫɢ-
ɦɚɥɶɧɨɟ ɧɚɩɨɥɧɟɧɢɟ ɜɨɞɨɯɪɚɧɢɥɢɳɚ, ɢ ɞɥɢɬɫɹ ɜ ɫɪɟɞɧɟɦ 9 ɫɭɬ. Ɂɚɬɟɦ ɫɥɟɞɭ-
ɟɬ ɨɫɟɧɧɟ-ɡɢɦɧɹɹ ɫɪɚɛɨɬɤɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɫ ɩɨɧɢɠɟɧɢɟɦ ɭɪɨɜɧɹ ɞɨ ɦɢɧɢ-
ɦɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ, ɩɪɢɯɨɞɹɳɢɯɫɹ ɧɚ ɚɩɪɟɥɶ-ɦɚɣ. ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɫɪɚ-
ɛɨɬɤɢ ɫɨɫɬɚɜɥɹɟɬ 90–221 ɫɭɬ. Ɇɢɧɢɦɚɥɶɧɵɟ ɜɟɫɟɧɧɢɟ ɭɪɨɜɧɢ ɞɥɹɬɫɹ ɜ ɫɪɟɞ-
ɧɟɦ 36 ɫɭɬ. Д2Ж. ɏɚɪɚɤɬɟɪɧɨɣ ɞɥɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɹɜɥɹɟɬɫɹ ɦɧɨɝɨɥɟɬɧɹɹ ɰɢɤɥɢɱ-
ɧɨɫɬɶ ɤɨɥɟɛɚɧɢɹ ɭɪɨɜɧɹ ɜɨɞɵ ɫ ɱɟɪɟɞɨɜɚɧɢɟɦ ɦɚɤɫɢɦɭɦɨɜ ɢ ɦɢɧɢɦɭɦɨɜ, ɫɜɹɡɚɧ-
ɧɵɯ ɫ ɧɟɪɚɜɟɧɫɬɜɨɦ ɩɪɢɬɨɤɚ ɢɡ ɨɡ. Ȼɚɣɤɚɥ ɢ ɫɬɨɤɨɦ ɱɟɪɟɡ ɂɪɤɭɬɫɤɭɸ Ƚɗɋ. 

ȼɚɠɧɟɣɲɢɦɢ ɮɚɤɬɨɪɚɦɢ ɪɚɡɦɵɜɚ ɛɟɪɟɝɨɜ ɢ ɞɧɚ ɜɨɞɨɯɪɚɧɢɥɢɳ, ɩɟɪɟ-
ɧɨɫɚ ɦɚɬɟɪɢɚɥɚ ɪɚɡɦɵɜɚ ɢ ɞɢɮɮɟɪɟɧɰɢɚɰɢɢ ɟɝɨ ɩɨ ɜɟɳɟɫɬɜɟɧɧɨɦɭ ɫɨɫɬɚɜɭ 
ɹɜɥɹɸɬɫɹ ɪɚɡɥɢɱɧɵɟ ɜɨɥɧɨɜɵɟ ɩɪɨɰɟɫɫɵ. ɇɚ ɂɪɤɭɬɫɤɨɦ ɜɨɞɨɯɪɚɧɢɥɢɳɟ 
ɜɨɥɧɨɜɵɟ ɩɪɨɰɟɫɫɵ ɢɦɟɸɬ ɫɥɚɛɭɸ ɢ ɭɦɟɪɟɧɧɭɸ ɚɤɬɢɜɧɨɫɬɶ. ɉɨ ɩɥɨɳɚɞɢ 
ɜɨɥɧɟɧɢɟ ɦɨɠɟɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɧɚ ɜɫɸ ɚɤɜɚɬɨɪɢɸ ɜɨɞɨɯɪɚɧɢɥɢɳɚ, ɩɨ 
ɝɥɭɛɢɧɟ – ɬɨɥɶɤɨ ɧɚ ɜɟɪɯɧɸɸ ɱɚɫɬɶ ɬɨɥɳɢ ɜɨɞɵ. Ɇɟɥɤɨɜɨɞɧɨɫɬɶ ɢ ɢɡɪɟɡɚɧ-
ɧɨɫɬɶ ɛɟɪɟɝɨɜɨɣ ɥɢɧɢɢ ɬɪɚɧɫɮɨɪɦɢɪɭɸɬ ɜɨɥɧɵ ɢ ɝɚɫɹɬ ɢɯ ɷɧɟɪɝɢɸ. ɉɪɢ-
ɛɪɟɠɧɵɟ ɨɬɦɟɥɢ ɹɜɥɹɸɬɫɹ ɡɨɧɨɣ ɪɟɝɭɥɹɪɧɨɝɨ ɜɨɥɧɨɜɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ, ɤɨ-
ɝɞɚ ɜɨɡɦɨɠɧɨ ɦɚɫɫɨɜɨɟ ɩɟɪɟɦɟɳɟɧɢɟ ɨɛɥɨɦɨɱɧɵɯ ɱɚɫɬɢɰ ɪɚɡɥɢɱɧɨɣ ɤɪɭɩ-
ɧɨɫɬɢ ɞɨ ɝɥɭɛɢɧɵ ɜɨɥɧɨɜɨɣ ɛɚɡɵ ɢ ɢɯ ɚɤɤɭɦɭɥɹɰɢɢ. ɉɟɪɜɨɧɚɱɚɥɶɧɨɟ ɞɜɢ-
ɠɟɧɢɟ ɚɛɪɚɡɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɩɪɨɢɫɯɨɞɢɬ ɜ ɜɢɞɟ ɜɥɟɤɨɦɵɯ ɢ ɜɡɜɟɲɟɧɧɵɯ 
ɧɚɧɨɫɨɜ. ɋɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɩɟɪɟɦɟɳɟɧɢɹ ɤɪɭɩɧɨɡɟɪɧɢɫɬɵɯ ɩɟɫɱɚɧɵɯ ɧɚɧɨ-
ɫɨɜ ɫɨɫɬɚɜɥɹɟɬ 30–35 % ɫɤɨɪɨɫɬɢ ɬɟɱɟɧɢɹ, ɫɪɟɞɧɟɡɟɪɧɢɫɬɵɯ – 40–41 %, ɦɟɥ-
ɤɨɡɟɪɧɢɫɬɵɯ – ɨɤɨɥɨ 50 %. ɋɤɨɪɨɫɬɢ ɩɟɪɟɧɨɫɚ ɩɟɥɢɬɨɜɵɯ ɱɚɫɬɢɰ ɫɨɜɩɚɞɚɸɬ 
ɫɨ ɫɤɨɪɨɫɬɹɦɢ ɜɨɞɧɨɝɨ ɩɨɬɨɤɚ. ɉɪɢ ɩɟɪɟɦɟɳɟɧɢɢ ɱɚɫɬɢɰ ɩɟɫɱɚɧɨɣ ɪɚɡɦɟɪ-
ɧɨɫɬɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɧɚɛɥɸɞɚɟɬɫɹ ɢɯ ɞɢɮɮɟɪɟɧɰɢɚɰɢɹ ɩɨ ɩɥɨɬɧɨɫɬɢ. 

ɉɪɢ ɪɚɡɦɵɜɟ ɩɨɪɨɞ ɸɪɵ ɚɛɪɚɡɢɨɧɧɵɣ ɦɚɬɟɪɢɚɥ ɩɟɪɟɦɟɳɚɟɬɫɹ ɜ ɫɨɫɬɚ-
ɜɟ ɜɥɟɤɨɦɵɯ ɧɚɧɨɫɨɜ, ɮɨɪɦɢɪɭɸɬɫɹ ɭɡɤɢɟ ɨɬɦɟɥɢ ɩɟɫɱɚɧɨɝɨ ɫɨɫɬɚɜɚ, ɢɦɟ-
ɸɳɢɟ ɤɪɭɬɨɣ ɩɨɞɜɨɞɧɵɣ ɫɤɥɨɧ, ɧɚɡɵɜɚɟɦɵɣ ɬɚɤɠɟ ɫɜɚɥɨɦ ɝɥɭɛɢɧ, ɤɨɬɨɪɵɣ 
ɢɧɨɝɞɚ ɦɨɠɟɬ ɛɵɬɶ ɩɨɤɪɵɬ ɦɚɥɵɦ ɫɥɨɟɦ ɤɪɭɩɧɨɚɥɟɜɪɢɬɨɜɨɝɨ ɦɚɬɟɪɢɚɥɚ. 
ɉɪɢ ɚɛɪɚɡɢɢ ɫɭɝɥɢɧɤɨɜ ɢ ɫɭɩɟɫɟɣ ɨɛɪɚɡɭɸɬɫɹ ɨɬɦɟɥɢ ɲɢɪɢɧɨɣ ɨɬ 20 ɞɨ 
60 ɦ. ɉɪɢ ɷɬɨɦ ɧɚ ɨɬɦɟɥɢ ɱɟɬɤɨ ɜɵɞɟɥɹɸɬɫɹ ɞɜɟ ɩɨɞɡɨɧɵ – ɜɟɪɯɧɹɹ ɢ ɧɢɠ-
ɧɹɹ. ȼ ɜɟɪɯɧɟɣ ɩɨɞɡɨɧɟ ɨɬɥɚɝɚɸɬɫɹ ɛɨɥɟɟ ɤɪɭɩɧɨɡɟɪɧɢɫɬɵɟ ɤɪɭɩɧɵɟ ɚɥɟɜɪɢ-
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ɬɵ ɫ ɯɨɪɨɲɟɣ ɫɨɪɬɢɪɨɜɤɨɣ, ɜ ɩɨɥɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɤɨɬɨɪɵɯ ɜɫɬɪɟɱɚɸɬɫɹ 
ɩɹɬɧɚ, ɫɥɨɠɟɧɧɵɟ ɩɟɫɤɚɦɢ. ȼ ɧɢɠɧɟɣ ɩɨɞɡɨɧɟ ɚɤɤɭɦɭɥɢɪɭɸɬɫɹ ɤɪɭɩɧɨɚɥɟɜ-
ɪɢɬɨɜɵɟ ɧɚɧɨɫɵ ɛɨɥɟɟ ɦɟɥɤɨɡɟɪɧɢɫɬɵɟ, ɯɭɠɟ ɫɨɪɬɢɪɨɜɚɧɧɵɟ, ɱɟɦ ɜ ɜɟɪɯɧɟɣ 
ɩɨɞɡɨɧɟ. ɇɚ ɭɪɟɡɟ ɜ ɤɪɭɩɧɨɚɥɟɜɪɢɬɨɜɨɦ ɦɚɬɟɪɢɚɥɟ ɜɨɡɪɚɫɬɚɟɬ ɞɨɥɹ ɯɨɪɨ-
ɲɨ ɫɨɪɬɢɪɨɜɚɧɧɵɯ ɬɨɧɤɨɡɟɪɧɢɫɬɵɯ ɩɟɫɤɨɜ. ɇɚ ɩɨɞɜɨɞɧɨɦ ɠɟ ɫɤɥɨɧɟ ɨɬɦɟɥɢ 
ɚɤɤɭɦɭɥɢɪɭɸɬɫɹ ɦɟɥɤɨɚɥɟɜɪɢɬɨɜɵɟ ɢɥɵ. ɋɤɨɪɨɫɬɶ ɧɚɤɨɩɥɟɧɢɹ ɨɫɚɞɨɱɧɨɝɨ 
ɦɚɬɟɪɢɚɥɚ ɧɚ ɨɬɦɟɥɹɯ ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 2 ɫɦ/ɝɨɞ.  

ȿɠɟɝɨɞɧɚɹ ɫɪɚɛɨɬɤɚ ɭɪɨɜɧɹ ɜɨɞɵ ɜ ɜɨɞɨɯɪɚɧɢɥɢɳɟ ɩɪɢɜɨɞɢɬ ɤ ɨɫɭɲɟ-
ɧɢɸ ɨɬɦɟɥɟɣ. Ɉɱɟɪɟɞɧɨɟ ɠɟ ɩɨɜɵɲɟɧɢɟ ɭɪɨɜɧɹ ɜ ɩɟɪɢɨɞ ɥɟɬɧɟɝɨ ɧɚɩɨɥɧɟ-
ɧɢɹ ɜɵɡɵɜɚɟɬ ɪɚɡɦɵɜ ɜɟɪɯɧɟɝɨ ɚɤɬɢɜɧɨɝɨ 5–35-ɫɚɧɬɢɦɟɬɪɨɜɨɝɨ ɫɥɨɹ ɞɨɧɧɵɯ 
ɨɫɚɞɤɨɜ ɨɬɦɟɥɟɣ. ɑɚɫɬɶ ɦɚɬɟɪɢɚɥɚ ɜ ɫɨɫɬɚɜɟ ɜɡɜɟɫɟɣ ɜɵɧɨɫɢɬɫɹ ɡɚ ɩɪɟɞɟɥɵ 
ɨɬɦɟɥɟɣ, ɛɨɥɶɲɚɹ ɱɚɫɬɶ – ɧɚɪɚɳɢɜɚɟɬ ɲɢɪɢɧɭ ɨɬɦɟɥɢ ɞɨ ɝɥɭɛɢɧɵ 2 ɦ ɢ ɨɛ-
ɪɚɡɭɟɬ ɧɚ ɜɧɟɲɧɟɦ ɤɪɚɟ ɨɬɦɟɥɢ ɚɤɤɭɦɭɥɹɬɢɜɧɵɟ ɩɪɢɡɦɵ. 

Ƚɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɢ ɥɢɬɨɥɨɝɢɱɟɫɤɢɟ ɬɢɩɵ ɞɨɧɧɵɯ ɨɫɚɞɤɨɜ. 
ɉɨ ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɨɦɭ ɫɨɫɬɚɜɭ ɨɫɚɞɤɢ ɨɬɦɟɥɟɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɟɫɤɚɦɢ, 
ɤɪɭɩɧɵɦɢ ɚɥɟɜɪɢɬɚɦɢ, ɦɟɥɤɨɚɥɟɜɪɢɬɨɜɵɦɢ ɢɥɚɦɢ (ɪɢɫ. 1). Ɍɢɩ ɨɫɚɞɤɚ ɢ ɟɝɨ 
ɮɪɚɤɰɢɨɧɧɵɣ ɫɨɫɬɚɜ ɡɚɜɢɫɹɬ ɨɬ ɢɫɯɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɫɥɚɝɚɸɳɟɝɨ ɚɛɪɚɡɢ-
ɨɧɧɵɟ ɭɫɬɭɩɵ ɜ ɛɟɪɟɝɨɜɨɣ ɡɨɧɟ ɜɨɞɨɯɪɚɧɢɥɢɳɚ. ɉɨ ɪɚɡɦɟɪɭ ɡɟɪɟɧ ɩɟɫɤɢ ɨɬ-
ɦɟɥɟɣ ɹɜɥɹɸɬɫɹ ɫɪɟɞɧɟ- ɢ ɬɨɧɤɨɡɟɪɧɢɫɬɵɦɢ. ɋɪɟɞɢ ɧɢɯ ɧɚɢɛɨɥɟɟ ɬɨɧɤɨɡɟɪ-
ɧɢɫɬɵ ɢ ɯɨɪɨɲɨ ɫɨɪɬɢɪɨɜɚɧɵ ɩɟɫɤɢ, ɫɮɨɪɦɢɪɨɜɚɧɧɵɟ ɩɪɨɞɭɤɬɚɦɢ ɚɛɪɚɡɢɢ 
ɸɪɫɤɢɯ ɩɟɫɱɚɧɢɤɨɜ. Ɇɨɞɚɥɶɧɚɹ ɜɟɪɲɢɧɚ ɢɯ ɧɚɯɨɞɢɬɫɹ ɜɨ ɮɪɚɤɰɢɢ 0,25–

0,05 ɦɦ. ɉɨ ɦɟɞɢɚɧɧɨɦɭ ɞɢɚɦɟɬɪɭ ɩɟɫɤɢ ɩɪɢɛɥɢɠɟɧɵ ɤ ɤɪɭɩɧɵɦ ɚɥɟɜɪɢɬɚɦ, 
ɡɟɪɧɚ ɤɪɭɩɧɟɟ 0,25 ɦɦ ɦɚɥɨ ɜɫɬɪɟɱɚɟɦɵ, ɩɟɥɢɬɨɜɵɣ ɡɚɩɨɥɧɢɬɟɥɶ ɫɨɫɬɚɜɥɹɟɬ 
8,4 %. ɉɟɫɤɢ ɢɦɟɸɬ ɨɱɟɧɶ ɯɨɪɨɲɭɸ ɫɨɪɬɢɪɨɜɚɧɧɨɫɬɶ ɢ ɨɞɧɨɜɟɪɲɢɧɧɵɣ 
ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɢɣ ɩɪɨɮɢɥɶ. ȼ ɩɟɫɤɚɯ, ɮɨɪɦɢɪɭɸɳɢɯɫɹ ɩɪɢ ɪɚɡɦɵɜɟ ɱɟɬ-
ɜɟɪɬɢɱɧɵɯ ɨɬɥɨɠɟɧɢɣ, ɜ ɛɨɥɶɲɟɣ ɦɟɪɟ ɫɨɞɟɪɠɚɬɫɹ ɩɟɫɱɚɧɚɹ ɢ ɤɪɭɩɧɨɚɥɟɜ-
ɪɢɬɨɜɚɹ ɮɪɚɤɰɢɢ.  

Ɉɞɧɨɜɟɪɲɢɧɧɨɫɬɶ ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɨɝɨ ɩɪɨɮɢɥɹ ɫ ɦɚɤɫɢɦɭɦɨɦ ɜɨ 
ɮɪɚɤɰɢɢ 0,05–0,01 ɦɦ ɯɚɪɚɤɬɟɪɧɚ ɞɥɹ ɤɪɭɩɧɵɯ ɚɥɟɜɪɢɬɨɜ ɜɧɟ ɡɚɜɢɫɢɦɨɫɬɢ 
ɨɬ ɫɨɫɬɚɜɚ ɢɫɯɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. Ɉɬɥɢɱɢɹ ɫɭɳɟɫɬɜɭɸɬ ɜ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɩɨ 
ɮɪɚɤɰɢɹɦ. Ⱥɥɟɜɪɢɬɨɜɚɹ ɮɪɚɤɰɢɹ ɧɚɢɛɨɥɟɟ ɩɪɟɞɫɬɚɜɥɟɧɚ (80 %) ɜ ɤɪɭɩɧɵɯ 
ɚɥɟɜɪɢɬɚɯ ɧɚ ɭɱɚɫɬɤɚɯ ɪɚɡɦɵɜɚ ɫɭɝɥɢɧɤɨɜ. ɉɪɢ ɷɬɨɦ ɧɟɡɧɚɱɢɬɟɥɶɧɵ ɜ ɨɫɚɞ-
ɤɚɯ ɞɨɥɢ ɩɟɫɱɚɧɵɯ (13,7 %) ɢ ɩɟɥɢɬɨɜɵɯ (6,3 %) ɱɚɫɬɢɰ. ɇɚ ɭɱɚɫɬɤɚɯ ɪɚɡɦɵ-
ɜɚ ɩɟɫɱɚɧɢɤɨɜ ɚɥɟɜɪɢɬɨɜɚɹ ɮɪɚɤɰɢɹ ɡɧɚɱɢɦɨ ɜɵɪɚɠɟɧɚ ɜ ɤɪɭɩɧɵɯ ɚɥɟɜɪɢɬɚɯ 
ɬɨɥɶɤɨ ɜ ɩɪɟɞɟɥɚɯ ɩɨɞɜɨɞɧɨɝɨ ɫɤɥɨɧɚ ɨɬɦɟɥɟɣ (54,7 %), ɝɞɟ ɨɫɚɞɤɢ ɢɦɟɸɬ ɢ 
ɜɵɫɨɤɢɣ ɩɪɨɰɟɧɬ ɩɟɥɢɬɨɜɨɣ ɮɪɚɤɰɢɢ (18,6 %). Ɇɟɞɢɚɧɧɵɣ ɞɢɚɦɟɬɪ ɤɪɭɩ-
ɧɵɯ ɚɥɟɜɪɢɬɨɜ ɩɪɢɛɪɟɠɧɨɣ ɨɬɦɟɥɢ ɫɨɫɬɚɜɥɹɟɬ 0,033 ɦɦ, ɩɨɞɜɨɞɧɨɝɨ ɫɤɥɨ-
ɧɚ – 0,024 ɦɦ. 

Ɇɟɥɤɨɚɥɟɜɪɢɬɨɜɵɟ ɢɥɵ ɜɛɥɢɡɢ ɛɟɪɟɝɨɜ, ɫɥɨɠɟɧɧɵɯ ɪɚɡɦɵɜɚɟɦɵɦɢ 
ɩɟɫɱɚɧɢɤɚɦɢ, ɧɟ ɜɫɬɪɟɱɚɸɬɫɹ. ɇɚɤɚɩɥɢɜɚɬɶɫɹ ɨɧɢ ɦɨɝɭɬ ɜ ɩɪɢɛɪɟɠɧɨɣ ɡɨɧɟ 
ɬɨɥɶɤɨ ɧɚ ɭɱɚɫɬɤɚɯ ɪɚɡɦɵɜɚ ɱɟɬɜɟɪɬɢɱɧɵɯ ɨɬɥɨɠɟɧɢɣ. ȼɟɞɭɳɟɣ ɮɪɚɤɰɢɟɣ ɜ 
ɧɢɯ ɹɜɥɹɟɬɫɹ ɩɟɥɢɬɨɜɚɹ (36 %), ɜɵɫɨɤɨ ɤɨɥɢɱɟɫɬɜɨ ɱɚɫɬɢɰ ɬɨɧɤɨɩɟɫɱɚɧɨɣ 
ɮɪɚɤɰɢɢ (29,9 %).  

Ɇɢɧɟɪɚɥɨɝɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɞɨɧɧɵɯ ɨɫɚɞɤɨɜ. ȼ ɦɢɧɟɪɚɥɶɧɨɦ ɫɨɫɬɚɜɟ ɜɨ 
ɜɫɟɯ ɬɢɩɚɯ ɞɨɧɧɵɯ ɨɬɥɨɠɟɧɢɣ ɥɢɞɢɪɭɟɬ ɥɟɝɤɚɹ ɮɪɚɤɰɢɹ, ɫɨɫɬɚɜɥɹɹ ɨɬ 99,1 
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ɞɨ 99,7 % ɜ ɤɚɠɞɨɦ ɨɛɪɚɡɰɟ. Ɉɫɧɨɜɧɵɦɢ ɦɢɧɟɪɚɥɚɦɢ ɜɨ ɮɪɚɤɰɢɢ, ɜɧɟ ɡɚɜɢ-
ɫɢɦɨɫɬɢ ɨɬ ɫɨɫɬɚɜɚ ɩɢɬɚɸɳɟɝɨ ɦɚɬɟɪɢɚɥɚ, ɹɜɥɹɸɬɫɹ ɤɜɚɪɰ, ɩɥɚɝɢɨɤɥɚɡɵ, 
ɤɚɥɢɲɩɚɬɵ. Ɉɩɪɟɞɟɥɟɧɧɵɟ ɨɬɥɢɱɢɹ ɟɫɬɶ ɜ ɤɪɭɩɧɵɯ ɚɥɟɜɪɢɬɚɯ. Ɍɚɤ, ɤɪɭɩɧɵɟ 
ɚɥɟɜɪɢɬɵ, ɨɛɪɚɡɭɸɳɢɟɫɹ ɢɡ ɱɟɬɜɟɪɬɢɱɧɵɯ ɫɭɝɥɢɧɤɨɜ, ɢɦɟɸɬ ɜɵɫɨɤɨɟ ɫɨ-
ɞɟɪɠɚɧɢɟ ɩɥɚɝɢɨɤɥɚɡɨɜ (31,5 %), ɧɨ ɧɢɡɤɨɟ – ɫɥɸɞ (5,1 %) ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɤɪɭɩɧɵɦɢ ɚɥɟɜɪɢɬɚɦɢ, ɚɤɤɭɦɭɥɢɪɭɸɳɢɦɢɫɹ ɧɚ ɭɱɚɫɬɤɚɯ ɪɚɡɦɵɜɚ ɸɪɫɤɢɯ 
ɩɟɫɱɚɧɢɤɨɜ (ɪɢɫ. 2).  

Ɍɹɠɟɥɚɹ ɮɪɚɤɰɢɹ ɦɢɧɟɪɚɥɨɜ ɛɨɥɟɟ ɪɚɡɧɨɨɛɪɚɡɧɚ ɩɨ ɫɨɫɬɚɜɭ (ɪɢɫ. 3). 
Ɉɬɦɟɱɚɟɬɫɹ ɩɪɟɨɛɥɚɞɚɧɢɟ ɪɨɝɨɜɨɣ ɨɛɦɚɧɤɢ. Ɉɞɧɚɤɨ ɩɨ ɥɟɜɨɛɟɪɟɠɶɸ ɜɨɞɨ-
ɯɪɚɧɢɥɢɳɚ, ɝɞɟ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɵ ɚɛɪɚɡɢɨɧɧɵɟ ɛɟɪɟɝɚ, ɫɥɨɠɟɧɧɵɟ 
ɩɟɫɱɚɧɢɤɚɦɢ, ɧɚɪɚɜɧɟ ɫ ɪɨɝɨɜɨɣ ɨɛɦɚɧɤɨɣ ɜɟɞɭɳɢɦ ɦɢɧɟɪɚɥɨɦ ɹɜɥɹɟɬɫɹ 
ɝɪɚɧɚɬ, ɫɨɞɟɪɠɚɧɢɟ ɤɨɬɨɪɨɝɨ ɫɨɫɬɚɜɥɹɟɬ ɨɬ 26,7 ɜ ɩɟɫɤɚɯ ɞɨ 33,7 % ɜ ɤɪɭɩ-
ɧɵɯ ɚɥɟɜɪɢɬɚɯ. ɉɨ ɩɪɚɜɨɛɟɪɟɠɶɸ ɠɟ, ɫ ɟɝɨ ɩɪɟɨɛɥɚɞɚɧɢɟɦ ɚɛɪɚɡɢɢ ɛɟɪɟɝɨɜ 
ɜ ɨɬɥɨɠɟɧɢɹɯ ɱɟɬɜɟɪɬɢɱɧɨɝɨ ɜɨɡɪɚɫɬɚ, ɜ ɞɨɧɧɵɯ ɨɬɥɨɠɟɧɢɹɯ ɡɚ ɪɨɝɨɜɨɣ ɨɛ-
ɦɚɧɤɨɣ, ɤɨɥɢɱɟɫɬɜɨ ɤɨɬɨɪɨɣ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɟ, ɱɟɦ ɜ ɨɫɚɞɤɚɯ ɥɟɜɨɛɟɪɟ-
ɠɶɹ, ɫɥɟɞɭɟɬ ɷɩɢɞɨɬ, ɫɨɫɬɚɜɥɹɹ 22,8–24,8 %. Ʉɨɥɢɱɟɫɬɜɨ ɝɪɚɧɚɬɚ ɧɟ ɩɪɟɜɵ-
ɲɚɟɬ 11 %. Ɉɫɚɞɤɢ ɛɨɥɟɟ ɧɚɫɵɳɟɧɵ ɢɥɶɦɟɧɢɬɨɦ ɢ ɦɚɝɧɟɬɢɬɨɦ, ɫɮɟɧɨɦ.  

Ƚɟɨɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɞɨɧɧɵɯ ɨɫɚɞɤɨɜ. ɏɢɦɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɞɨɧɧɵɯ ɨɬ-
ɥɨɠɟɧɢɣ ɩɨɤɚɡɚɥ, ɱɬɨ ɫɨɞɟɪɠɚɧɢɟ ɜ ɧɢɯ ɨɤɫɢɞɨɜ ɧɟɜɟɥɢɤɨ (ɪɢɫ. 4). Ʉɨɧɰɟɧ-
ɬɪɚɰɢɹ ɨɤɫɢɞɚ ɠɟɥɟɡɚ (4,36–5,63 %) ɜ ɨɬɥɨɠɟɧɢɹɯ ɭɫɬɭɩɚɟɬ ɢɯ ɩɪɢɫɭɬɫɬɜɢɸ 
ɜ ɢɫɯɨɞɧɵɯ ɸɪɫɤɢɯ ɩɟɫɱɚɧɢɤɚɯ ɢ ɱɟɬɜɟɪɬɢɱɧɵɯ ɨɬɥɨɠɟɧɢɹɯ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, 
ɩɪɢɛɪɟɠɧɚɹ ɡɨɧɚ ɞɥɹ ɨɤɫɢɞɚ ɠɟɥɟɡɚ ɹɜɥɹɟɬɫɹ ɬɪɚɧɡɢɬɧɨɣ. Ʉɨɥɢɱɟɫɬɜɨ ɨɤɫɢ-
ɞɚ ɤɚɥɶɰɢɹ ɜ ɞɨɧɧɵɯ ɨɬɥɨɠɟɧɢɹɯ (2,61–3,75 %) ɩɪɚɤɬɢɱɟɫɤɢ ɬɨɠɞɟɫɬɜɟɧɧɨ 
ɢɯ ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɚɤ ɜ ɸɪɫɤɢɯ ɩɟɫɱɚɧɢɤɚɯ (2,18 %), ɬɚɤ ɢ ɜ ɱɟɬɜɟɪɬɢɱɧɵɯ 
ɨɬɥɨɠɟɧɢɹɯ (2,64 %). ȼ ɨɫɚɞɤɚɯ ɜ ɡɚɦɟɬɧɵɯ ɤɨɥɢɱɟɫɬɜɚɯ ɧɚɯɨɞɢɬɫɹ ɨɤɫɢɞ 
ɬɢɬɚɧɚ (0,91–1,04 %), ɩɪɟɜɵɲɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɤɨɬɨɪɨɝɨ ɧɚɞ ɢɫɯɨɞɧɵɦ ɫɨ-
ɞɟɪɠɚɧɢɟɦ ɮɢɤɫɢɪɭɟɬɫɹ ɬɨɥɶɤɨ ɧɚ ɭɱɚɫɬɤɚɯ, ɝɞɟ ɚɛɪɚɡɢɨɧɧɵɟ ɛɟɪɟɝɨɜɵɟ 
ɭɫɬɭɩɵ ɫɥɨɠɟɧɵ ɩɟɫɱɚɧɢɤɚɦɢ. ɇɚɢɛɨɥɟɟ ɧɚɫɵɳɟɧɵ MnO ɨɫɚɞɤɢ, ɮɨɪɦɢɪɭ-
ɸɳɢɟɫɹ ɩɪɢ ɪɚɡɪɭɲɟɧɢɢ ɱɟɬɜɟɪɬɢɱɧɵɯ ɨɬɥɨɠɟɧɢɣ. Ʌɭɱɲɢɦɢ ɤɨɧɰɟɧɬɪɚɬɨ-
ɪɚɦɢ ɨɤɫɢɞɨɜ ɫɪɟɞɢ ɞɨɧɧɵɯ ɨɫɚɞɤɨɜ ɹɜɥɹɸɬɫɹ ɤɪɭɩɧɵɟ ɚɥɟɜɪɢɬɵ.  

ɋɨɫɬɚɜ ɢɫɯɨɞɧɨɝɨ ɨɫɚɞɤɨɨɛɪɚɡɭɸɳɟɝɨ ɦɚɬɟɪɢɚɥɚ ɨɬɪɚɠɚɟɬɫɹ ɜ ɤɨɧɰɟɧ-
ɬɪɚɰɢɢ ɦɢɤɪɨɷɥɟɦɟɧɬɨɜ ɜ ɞɨɧɧɵɯ ɨɫɚɞɤɚɯ. Ɍɚɤ, ɧɢɡɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɫɨɞɟɪɠɚ-
ɧɢɹ ɷɥɟɦɟɧɬɨɜ ɜ ɩɟɫɱɚɧɢɤɚɯ ɞɚɸɬ ɧɟɜɵɫɨɤɢɟ ɢɯ ɡɧɚɱɟɧɢɹ ɜ ɦɚɬɟɪɢɚɥɟ, ɫɥɚ-
ɝɚɸɳɟɦ ɨɬɦɟɥɢ. ɉɟɪɢɨɞɢɱɟɫɤɨɟ ɜɨɥɧɨɜɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɨɬɦɟɥɶ ɫɩɨɫɨɛ-
ɫɬɜɭɟɬ ɭɫɬɨɣɱɢɜɨɦɭ ɧɚɤɨɩɥɟɧɢɸ ɜ ɩɟɫɤɚɯ ɬɨɥɶɤɨ Cr (ɞɨ 180 ppm), ɱɬɨ ɫɜɹɡɚ-
ɧɨ ɫ ɟɝɨ ɨɫɚɠɞɟɧɢɟɦ ɜ ɫɨɫɬɚɜɟ ɝɪɚɧɚɬɨɜɵɯ ɩɟɫɱɚɧɵɯ ɱɚɫɬɢɰ. Ɂɨɧɚ ɩɪɢɛɪɟɠ-
ɧɵɯ ɨɬɦɟɥɟɣ ɹɜɥɹɟɬɫɹ ɬɪɚɧɡɢɬɧɨɣ ɨɛɥɚɫɬɶɸ ɞɥɹ ɛɨɥɶɲɢɧɫɬɜɚ ɦɢɤɪɨɷɥɟɦɟɧ-
ɬɨɜ (ɪɢɫ. 5).  

ɉɨ ɥɟɜɨɛɟɪɟɠɶɸ ɫ ɨɬɦɟɥɢ ɜɵɧɨɫɹɬɫɹ Co, Pb, Ni, V, Mn, Ti, Zn, ɜɯɨɞɹ-
ɳɢɟ ɜ ɫɨɫɬɚɜ ɰɟɦɟɧɬɚ ɪɚɡɦɵɜɚɟɦɵɯ ɩɟɫɱɚɧɢɤɨɜ. ɇɚ ɩɨɞɜɨɞɧɨɦ ɫɤɥɨɧɟ ɨɬɦɟ-
ɥɢ ɜ ɤɪɭɩɧɵɯ ɚɥɟɜɪɢɬɚɯ ɜɨɡɦɨɠɧɨ ɧɚɤɨɩɥɟɧɢɟ ɲɢɪɨɤɨɝɨ ɫɩɟɤɬɪɚ ɷɥɟɦɟɧɬɨɜ, 
ɜɵɲɟ ɤɨɧɰɟɧɬɪɚɰɢɹ Zn (59 ppm), Ni (52 ppm), Cu (25 ppm) ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɨɫɚɞɤɚɦɢ ɫɚɦɨɣ ɨɬɦɟɥɢ.  
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Ɋɢɫ. 1. Ɏɪɚɤɰɢɨɧɧɵɣ ɫɨɫɬɚɜ (%) ɞɨɧɧɵɯ ɨɫɚɞɤɨɜ ɩɪɢɛɪɟɠɧɨɣ ɡɨɧɵ ɂɪɤɭɬɫɤɨ-

ɝɨ ɜɨɞɨɯɪɚɧɢɥɢɳɚ. 
ɍɫɥɨɜɧɵɟ ɨɛɨɡɧɚɱɟɧɢɹ: ɂɫɯɨɞɧɵɣ ɦɚɬɟɪɢɚɥ, ɫɥɚɝɚɸɳɢɣ ɚɛɪɚɡɢɨɧɧɵɟ ɛɟɪɟɝɨɜɵɟ ɭɫɬɭ-

ɩɵ: Ⱥ – ɸɪɫɤɢɟ ɩɟɫɱɚɧɢɤɢ, Ȼ – ɱɟɬɜɟɪɬɢɱɧɵɟ ɫɭɝɥɢɧɤɢ ɢ ɫɭɩɟɫɢ. Ʌɢɬɨɥɨɝɢɱɟɫɤɢɣ ɬɢɩ ɨɫɚɞɤɚ: 
I – ɩɟɫɤɢ, II – ɤɪɭɩɧɵɟ ɚɥɟɜɪɢɬɵ, III – ɦɟɥɤɨɚɥɟɜɪɢɬɨɜɵɟ ɢɥɵ. Ɏɪɚɤɰɢɢ: ɚ – ɩɟɥɢɬɨɜɚɹ, ɛ – 
ɚɥɟɜɪɢɬɨɜɚɹ, ɜ – ɩɟɫɱɚɧɚɹ 

   
Ɋɢɫ. 2. Ɇɢɧɟɪɚɥɨɝɢɱɟɫɤɢɣ ɫɨɫɬɚɜ (%) ɥɟɝɤɨɣ ɮɪɚɤɰɢɢ ɞɨɧɧɵɯ ɨɫɚɞɤɨɜ 

ɩɪɢɛɪɟɠɧɨɣ ɡɨɧɵ ɂɪɤɭɬɫɤɨɝɨ ɜɨɞɨɯɪɚɧɢɥɢɳɚ. 
ɍɫɥɨɜɧɵɟ ɨɛɨɡɧɚɱɟɧɢɹ: 1– ɤɜɚɪɰ; 2 – ɤɚɥɢɲɩɚɬɵ; 3 – ɩɥɚɝɢɨɤɥɚɡɵ; 4 – ɫɥɸɞɵ; 5 – ɨɛ-

ɥɨɦɤɢ, ɚɝɪɟɝɚɬɵ; 6 – ɭɝɥɟɮɢɰɢɪɨɜɚɧɧɵɟ ɪɚɫɬɢɬɟɥɶɧɵɟ ɨɫɬɚɬɤɢ. Ɉɫɬɚɥɶɧɵɟ ɭɫɥɨɜɧɵɟ ɨɛɨɡɧɚ-
ɱɟɧɢɹ ɫɦ. ɧɚ ɪɢɫ. 1 

   
Ɋɢɫ. 3. Ɇɢɧɟɪɚɥɨɝɢɱɟɫɤɢɣ ɫɨɫɬɚɜ (%) ɬɹɠɟɥɨɣ ɮɪɚɤɰɢɢ ɞɨɧɧɵɯ ɨɫɚɞɤɨɜ ɩɪɢ-

ɛɪɟɠɧɨɣ ɡɨɧɵ ɂɪɤɭɬɫɤɨɝɨ ɜɨɞɨɯɪɚɧɢɥɢɳɚ. 
ɍɫɥɨɜɧɵɟ ɨɛɨɡɧɚɱɟɧɢɹ: 1 – ɪɨɝɨɜɚɹ ɨɛɦɚɧɤɚ; 2 – ɷɩɢɞɨɬ; 3 – ɝɪɚɧɚɬ; 4 – ɪɭɞɧɵɟ; 5 – ɩɢ-

ɪɨɤɫɟɧɵ; 6 – ɰɢɪɤɨɧ; 7 – ɫɮɟɧ; 8 – ɩɪɨɱɢɟ. Ɉɫɬɚɥɶɧɵɟ ɭɫɥɨɜɧɵɟ ɨɛɨɡɧɚɱɟɧɢɹ ɫɦ. ɧɚ ɪɢɫ. 1 
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Ɋɢɫ. 4. ɋɨɞɟɪɠɚɧɢɟ ɨɤɫɢɞɨɜ (%) ɜ ɞɨɧɧɵɯ ɨɫɚɞɤɚɯ ɩɪɢɛɪɟɠɧɨɣ ɡɨɧɵ ɂɪɤɭɬ-

ɫɤɨɝɨ ɜɨɞɨɯɪɚɧɢɥɢɳɚ. 
ɍɫɥɨɜɧɵɟ ɨɛɨɡɧɚɱɟɧɢɹ: 1 – Fe2O3; 2 – CaO; 3 – TiO2; 4 – MnO. Ɉɫɬɚɥɶɧɵɟ ɭɫɥɨɜɧɵɟ ɨɛɨ-

ɡɧɚɱɟɧɢɹ ɫɦ. ɧɚ ɪɢɫ. 1 
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Ⱦɨɧɧɵɟ ɨɫɚɞɤɢ, ɮɨɪɦɢɪɭɸɳɢɟɫɹ ɩɨ ɩɪɚɜɨɛɟɪɟɠɶɸ ɧɚ ɭɱɚɫɬɤɚɯ ɪɚɡɦɵ-
ɜɚ ɱɟɬɜɟɪɬɢɱɧɵɯ ɫɭɝɥɢɧɤɨɜ, ɢɦɟɸɬ ɤɨɧɰɟɧɬɪɚɰɢɢ, ɡɧɚɱɢɬɟɥɶɧɨ ɧɢɠɟ ɢɯ ɫɨ-
ɞɟɪɠɚɧɢɹ ɜ ɢɫɯɨɞɧɨɦ ɦɚɬɟɪɢɚɥɟ, ɬ. ɟ. ɜ ɫɭɝɥɢɧɤɚɯ. Ɉɞɧɚɤɨ ɷɬɢ ɨɫɚɞɤɢ ɛɨɥɟɟ 
ɧɚɫɵɳɟɧɵ ɦɢɤɪɨɷɥɟɦɟɧɬɚɦɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɫɚɞɤɚɦɢ, ɨɛɪɚɡɭɸɳɢɦɢɫɹ ɢɡ 
ɩɟɫɱɚɧɢɤɨɜ. Ɍɚɤ, ɨɧɢ ɩɪɟɜɨɫɯɨɞɹɬ ɩɨ ɫɨɞɟɪɠɚɧɢɸ ɋɨ, ɫɨɫɬɚɜɥɹɸɳɢɣ ɜ ɩɟɫ-
ɤɚɯ 24 ppm ɢ 26 ppm ɜ ɤɪɭɩɧɵɯ ɚɥɟɜɪɢɬɚɯ, ɚ ɬɚɤɠɟ ɩɨ ɫɨɞɟɪɠɚɧɢɸ Ni, ɤɨɥɢ-
ɱɟɫɬɜɨ ɤɨɬɨɪɨɝɨ ɜ ɩɟɫɤɚɯ 62 ppm ɢ 64 ppm ɜ ɤɪɭɩɧɵɯ ɚɥɟɜɪɢɬɚɯ. Ʉɨɧɰɟɧɬɪɚ-
ɰɢɢ ɠɟ ɰɢɧɤɚ, ɫɜɢɧɰɚ, ɨɥɨɜɚ ɜ ɨɫɚɞɤɚɯ ɪɚɡɥɢɱɧɨɝɨ ɝɟɧɟɡɢɫɚ ɩɪɚɤɬɢɱɟɫɤɢ 
ɨɞɢɧɚɤɨɜɵ (ɫɦ. ɪɢɫ. 5). 

ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɦɟɯɚɧɢɱɟɫɤɚɹ ɞɢɮɮɟɪɟɧɰɢɚɰɢɹ ɦɚɬɟɪɢɚɥɚ 
ɜ ɩɪɢɛɪɟɠɧɨɣ ɡɨɧɟ ɩɪɨɹɜɥɹɟɬɫɹ ɢ ɜ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɪɚɫɫɟɹɧɧɵɯ ɷɥɟɦɟɧɬɨɜ 
(ɪɢɫ. 6). ȼ ɨɫɚɞɤɚɯ ɨɬɦɟɱɚɟɬɫɹ ɡɚɦɟɬɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɷɥɟɦɟɧɬɨɜ, ɫɜɹɡɚɧɧɵɯ 
ɫ ɨɛɥɨɦɨɱɧɵɦɢ ɪɭɞɧɵɦɢ ɢ ɚɤɰɟɫɫɨɪɧɵɦɢ ɦɢɧɟɪɚɥɚɦɢ ɬɹɠɟɥɨɣ ɮɪɚɤɰɢɢ 
(Zr, В, Nb), ɚ ɬɚɤɠɟ ɫ ɦɢɧɟɪɚɥɚɦɢ ɥɟɝɤɨɣ ɮɪɚɤɰɢɢ (Sr, Rb, Ga). Ⱦɥɹ ɰɢɪɤɨ-
ɧɢɹ ɢ ɫɬɪɨɧɰɢɹ ɯɚɪɚɤɬɟɪɧɨ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɨɜɵɲɟɧɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɜ ɨɫɚɞ-
ɤɚɯ. Ɉɧɢ ɫɥɚɛɨ ɭɱɚɫɬɜɭɸɬ ɜ ɜɨɞɧɨɣ ɦɢɝɪɚɰɢɢ, ɚɤɤɭɦɭɥɢɪɭɹɫɶ ɜ ɨɫɚɞɤɚɯ 
ɩɪɢɛɪɟɠɧɨɣ ɨɬɦɟɥɢ, ɤɨɬɨɪɵɟ ɧɚɤɚɩɥɢɜɚɸɬɫɹ ɛɥɢɠɟ ɤ ɛɟɪɟɝɨɜɨɦɭ ɭɫɬɭɩɭ. 
ɉɨ ɥɟɜɨɛɟɪɟɠɶɸ ɧɚ ɝɥɭɛɢɧɟ 0,5 ɦ ɜ ɨɫɚɞɤɚɯ ɩɟɫɱɚɧɨɝɨ ɫɨɫɬɚɜɚ ɢ ɩɨ ɩɪɚɜɨ-
ɛɟɪɟɠɶɸ ɧɚ ɝɥɭɛɢɧɟ ɞɨ 1 ɦ ɜ ɤɪɭɩɧɵɯ ɚɥɟɜɪɢɬɚɯ ɡɚɮɢɤɫɢɪɨɜɚɧɨ ɧɚɢɛɨɥɶɲɟɟ 
ɤɨɥɢɱɟɫɬɜɨ ɰɢɪɤɨɧɢɹ (490 ppm ɢ 410 ppm ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ) ɢ ɫɬɪɨɧɰɢɹ 
(310 ppm ɢ 290 ppm ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ).  

Ɍɚɤɢɟ ɷɥɟɦɟɧɬɵ, ɤɚɤ ɪɭɛɢɞɢɣ ɢ ɭɪɚɧ, ɢɦɟɸɬ ɢɡɦɟɧɱɢɜɵɟ ɫɨɞɟɪɠɚɧɢɹ. ɍ 
ɭɪɚɧɚ ɜɵɲɟ ɤɨɧɰɟɧɬɪɚɰɢɹ ɜ ɩɟɫɤɚɯ (30 ppm), ɚ ɭ ɪɭɛɢɞɢɹ – ɜ ɦɟɥɤɨɚɥɟɜɪɢ-
ɬɨɜɵɯ ɢɥɚɯ (72 ppm). ɇɢɨɛɢɣ ɜɵɧɨɫɢɬɫɹ ɢɡ ɩɟɫɤɨɜ ɢ ɧɟɫɤɨɥɶɤɨ ɚɤɬɢɜɧɟɟ 
ɤɨɧɰɟɧɬɪɢɪɭɟɬɫɹ ɜ ɤɪɭɩɧɵɯ ɚɥɟɜɪɢɬɚɯ ɢ ɦɟɥɤɨɚɥɟɜɪɢɬɨɜɵɯ ɢɥɚɯ. ȼ ɨɬɥɨɠɟ-
ɧɢɹɯ ɩɪɢɛɪɟɠɧɨɣ ɡɨɧɵ ɧɚɛɥɸɞɚɟɬɫɹ ɭɫɬɨɣɱɢɜɵɣ ɞɟɮɢɰɢɬ ɫɨɞɟɪɠɚɧɢɹ ɫɥɟ-
ɞɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ – Ga (11–12 ppm), Th (8–10 ppm), As (3–4,9 ppm). 

Ɂɚɤɥɸɱɟɧɢɟ 
Ɂɨɧɚ ɤɨɧɬɚɤɬɚ ɜɨɞɵ ɢ ɫɭɲɢ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɞɢɧɚɦɢɱɧɨɣ ɨɛɥɚɫɬɶɸ 

ɂɪɤɭɬɫɤɨɝɨ ɜɨɞɨɯɪɚɧɢɥɢɳɚ. Ɂɞɟɫɶ ɩɪɨɢɫɯɨɞɹɬ ɦɢɝɪɚɰɢɹ ɢ ɚɤɤɭɦɭɥɹɰɢɹ ɦɚ-
ɬɟɪɢɚɥɚ ɪɚɡɦɵɜɚ ɛɟɪɟɝɨɜ. ɉɪɢɛɪɟɠɧɚɹ ɡɨɧɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɚɤɬɢɜɧɨ ɩɟɪɟ-
ɯɜɚɬɵɜɚɟɬ ɛɨɥɶɲɭɸ ɱɚɫɬɶ ɚɛɪɚɡɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɫɬɚɧɨɜɹɫɶ ɞɥɹ ɧɟɝɨ ɫɟ-
ɞɢɦɟɧɬɚɰɢɨɧɧɨɣ ɥɨɜɭɲɤɨɣ. Ʌɢɬɨɥɨɝɢɱɟɫɤɢɟ ɬɢɩɵ ɞɨɧɧɵɯ ɨɬɥɨɠɟɧɢɣ ɩɪɢ-
ɛɪɟɠɧɨɣ ɡɨɧɵ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɢ ɢɯ ɜɟɳɟɫɬɜɟɧɧɵɣ ɫɨɫɬɚɜ ɪɚɫɩɪɟɞɟɥɹɸɬɫɹ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɥɢɬɨɞɢɧɚɦɢɱɟɫɤɢɦɢ ɨɛɫɬɚɧɨɜɤɚɦɢ ɢ ɫɨɫɬɚɜɨɦ ɦɚɬɟɪɢɚɥɚ, 
ɫɥɚɝɚɸɳɟɝɨ ɚɛɪɚɡɢɨɧɧɵɟ ɛɟɪɟɝɚ ɜɨɞɨɟɦɚ. ȼ ɩɪɟɞɟɥɚɯ ɩɪɢɛɪɟɠɧɨɣ ɡɨɧɵ 
ɩɪɨɢɫɯɨɞɢɬ ɞɢɮɮɟɪɟɧɰɢɚɰɢɹ ɨɫɚɞɨɱɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɫ ɜɵɩɚɞɟɧɢɟɦ ɢ ɤɨɧɰɟɧ-
ɬɪɚɰɢɟɣ ɨɩɪɟɞɟɥɟɧɧɵɯ ɝɪɭɩɩ ɦɢɧɟɪɚɥɨɜ ɢ ɷɥɟɦɟɧɬɨɜ, ɹɜɥɹɸɳɢɯɫɹ ɢɧɞɢɤɚ-
ɬɨɪɚɦɢ ɩɪɨɰɟɫɫɚ ɨɫɚɞɤɨɧɚɤɨɩɥɟɧɢɹ.  

ɉɪɢɛɪɟɠɧɚɹ ɨɬɦɟɥɶ ɫɥɭɠɢɬ ɦɟɫɬɨɦ ɢɧɬɟɧɫɢɜɧɨɝɨ ɨɛɨɝɚɳɟɧɢɹ ɞɨɧɧɵɯ 
ɨɫɚɞɤɨɜ ɤɜɚɪɰɟɦ ɢ ɩɥɚɝɢɨɤɥɚɡɚɦɢ, ɪɨɝɨɜɨɣ ɨɛɦɚɧɤɨɣ ɢ ɷɩɢɞɨɬɨɦ. ɋɨɞɟɪɠɚ-
ɧɢɟ ɨɤɫɢɞɨɜ ɜ ɨɫɚɞɤɚɯ ɧɟɜɟɥɢɤɨ, ɩɨɫɤɨɥɶɤɭ ɩɪɢɛɪɟɠɧɚɹ ɡɨɧɚ ɹɜɥɹɟɬɫɹ ɞɥɹ 
ɧɢɯ ɬɪɚɧɡɢɬɧɨɣ ɨɛɥɚɫɬɶɸ. Ʌɭɱɲɢɟ ɤɨɧɰɟɧɬɪɚɬɨɪɵ ɨɤɫɢɞɨɜ ɫɪɟɞɢ ɞɨɧɧɵɯ 
ɨɫɚɞɤɨɜ – ɤɪɭɩɧɵɟ ɚɥɟɜɪɢɬɵ. ɉɟɪɢɨɞɢɱɟɫɤɨɟ ɜɨɥɧɨɜɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɨɬ-
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ɦɟɥɶ ɫɩɨɫɨɛɫɬɜɭɟɬ ɭɫɬɨɣɱɢɜɨɦɭ ɧɚɤɨɩɥɟɧɢɸ ɜ ɨɫɚɞɤɚɯ ɯɪɨɦɚ, ɜɚɧɚɞɢɹ, ɰɢɧ-
ɤɚ, ɧɢɤɟɥɹ. Ɇɟɯɚɧɢɱɟɫɤɚɹ ɞɢɮɮɟɪɟɧɰɢɚɰɢɹ ɦɚɬɟɪɢɚɥɚ ɜ ɩɪɢɛɪɟɠɧɨɣ ɡɨɧɟ 
ɩɪɨɹɜɥɹɟɬɫɹ ɢ ɜ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɪɚɫɫɟɹɧɧɵɯ ɷɥɟɦɟɧɬɨɜ. ȼ ɨɫɚɞɤɚɯ ɨɬɦɟɱɚɟɬɫɹ 
ɡɚɦɟɬɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɷɥɟɦɟɧɬɨɜ, ɫɜɹɡɚɧɧɵɯ ɫ ɨɛɥɨɦɨɱɧɵɦɢ ɪɭɞɧɵɦɢ ɢ 
ɚɤɰɟɫɫɨɪɧɵɦɢ ɦɢɧɟɪɚɥɚɦɢ ɬɹɠɟɥɨɣ ɮɪɚɤɰɢɢ (ɰɢɪɤɨɧɢɣ, ɧɢɨɛɢɣ), ɚ ɬɚɤɠɟ ɫ 
ɦɢɧɟɪɚɥɚɦɢ ɥɟɝɤɨɣ ɮɪɚɤɰɢɢ (ɫɬɪɨɧɰɢɣ, ɪɭɛɢɞɢɣ, ɝɚɥɥɢɣ). ɐɢɪɤɨɧɢɣ ɢ 
ɫɬɪɨɧɰɢɣ, ɹɜɥɹɹɫɶ ɫɥɚɛɵɦɢ ɜɨɞɧɵɦɢ ɦɢɝɪɚɧɬɚɦɢ, ɚɤɤɭɦɭɥɢɪɭɸɬɫɹ ɜ ɨɫɚɞ-
ɤɚɯ ɧɟɞɚɥɟɤɨ ɨɬ ɛɟɪɟɝɨɜɨɝɨ ɭɫɬɭɩɚ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɵɩɨɥɧɟɧɨ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɊɎɎɂ ɜ ɪɚɦɤɚɯ 
ɧɚɭɱɧɨɝɨ ɩɪɨɟɤɬɚ № 14-05-00079-ɚ. 
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MКtОЫТКХ CШЦpШЬТtТШЧ ШП tСО BШttШЦ SОНТЦОЧt  
ТЧ tСО CШКЬtКХ ГШЧО ШП tСО IЫФЮtЬФ RОЬОЫЯШТЫ 
G. A. Karnaukhova  

IЧsЭТЭЮЭО ШП ЭСО EКrЭС’s CrЮsЭ SB RAS 

AЛЬtЫКМt. TСО ЫОЬЮХЭЬ ШП ЭСО КЧКХвЬТЬ ШП ЩКЫЭТМХО ЬТгО НТЬЭЫТЛЮЭТШЧ, ЦТЧОЫКХШРТМКХ КЧН РОo-

chemical composition of sediments of the coastal zone and the material presented prod-

ucts of coastal abrasion Irkutsk reservoir – СОКН ЭШ AЧРКЫК МКЬМКНО ЫОЬОЫЯШТЫЬ, ШЛЭКТЧОН ТЧ 
1981–2015 years by the author in conducting comprehensive field and laboratory stud-

ies. It is established that the coastal area of the reservoir is actively intercepts a large part 

of the abrasion material. Formation sediments and their material composition is in accord-

ance with lithodynamic situation and composition of the material composing the abrasion 

shores of the reservoir. The main rocks that form the abrasion of the shores reservoirs are 

ЬКЧНЬЭШЧОЬ ШП JЮЫКЬЬТМ КЧН QЮКЭОЫЧКЫв ЭКХЮЬ ХШКЦЬ. According to granulometric composi-

tion of precipitation from shallow they are represented by sКЧНЬ, ХКЫРО silts, fine silty 

muds. Within the coastal zone is the differentiation of sedimentary material with the depo-

sition and concentration of certain groups of minerals and elements that are indicators of 

the process of sedimentation. In the mineral composition in all types of bottom sediments 

ХОКНЬ ЭСО ХТРСЭ ПЫКМЭТШЧ, ЦКФТЧР ПЫШЦ ШП 99,1 ЭШ 99,7 % in each sample. The main minerals 

ТЧ ЭСО ПЫКМЭТШЧ, ЫОРКЫНХОЬЬ ШП ЭСО МШЦЩШЬТЭТШЧ ШП ЭСО ПООН ЦКЭОЫТКХ КЫО qЮКЫЭг, ЩХКРТШМХКЬО, 
qualispace. When abrasion of МШКЬЭЬ МШЦЩШЬОН ШП ЬКЧНЬЭШЧОЬ, ЭСО СОКЯв ПЫКМЭТШЧ ШП ЬОНi-

ЦОЧЭЬ ЦКЫФОН ЩЫОНШЦТЧКЧМО ШП СШЫЧЛХОЧНО КЧН РКЫЧОЭ, КЧН аСОЧ ОЫШЬТШЧ ШП ЭСО ХШКЦ – 

СШЫЧЛХОЧНО, КЧН ОЩТНШЭО. TСО МШКЬЭКХ КЫОК ТЬ К ЭЫКЧЬТЭ ПШЫ ЭСО ТЫШЧ ШбТНОЬ КЧН ЦШЬЭ ЭЫКМО 
elements. Of greater accuЦЮХКЭТШЧ ШП ЭЫКМО ОХОЦОЧЭЬ V, CЫ, CШ ШЛЬОЫЯОН ТЧ ЬКЧНЬ КЧН ЬТХЭЬ 
ХКЫРО. AЭ ЭСО ЬКЦО ЭТЦО ТЧ КЫОКЬ ШП КЛЫКЬТШЧ ЬКЧНЬЭШЧО ЬОНТЦОЧЭЬ ТЧ ХОКН V, CЫ, КЭ ЬТЭОЬ ШП 
erosion loam – Co. The best hubs oxides are the major siltstone. In the bottom sediments 



Ƚ. Ⱥ. ɄȺɊɇȺɍɏɈȼȺ 

ɂɡɜɟɫɬɢɹ ɂɪɤɭɬɫɤɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ  
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of the coaЬЭКХ ЬСКХХШаЬ, ЭСОЫО ТЬ К ЧШЭТМОКЛХО МШЧМОЧЭЫation of trace elements associated 

аТЭС НОЭЫТЭКХ ШЫО КЧН КММОЬЬШЫв ЦТЧОЫКХЬ ШП ЭСО СОКЯв ПЫКМЭТШЧ ШП ЭСО, КЬ аОХХ КЬ аТЭС ЭСО 
minerals of the light fraction. 

KОваШЫНЬ: ЫОЬОЫЯШТЫ, МШКЬЭКХ гШЧО, ЬОНТЦОЧЭКЭТШЧ, ЦКЭerial composition. 
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