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ɘɅɉɆɉȾɉ-ȾɀɉɐɃɇɃɒɀɌɅȻɚ ɉɑɀɈɅȻ ɊɉɒȽ ȻɈɍɋɉɊɉȾɀɈɈɖɐ 

ɆȻɈȿɓȻɏɍɉȽ əȾɉ-ȽɉɌɍɉɅȻ ɍɉɇɌɅɉɄ ɉȼɆȻɌɍɃ 

 
ȼ ɫɬɚɬɶɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɦɧɨɝɨɥɟɬɧɢɯ ɷɤɨɥɨɝɨ-ɝɟɨɯɢɦɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 

ɚɧɬɪɨɩɨɝɟɧɧɵɯ ɥɚɧɞɲɚɮɬɨɜ ɸɝɨ-ɜɨɫɬɨɤɚ Ɍɨɦɫɤɨɣ ɨɛɥɚɫɬɢ. ȼɵɹɜɥɟɧɨ, ɱɬɨ ɫɟɪɵɟ ɥɟɫɧɵɟ ɩɨɱɜɵ 
ɢ ɞɟɥɸɜɢɣ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɫɪɟɞɧɟɣ ɢ ɩɨɜɵɲɟɧɧɨɣ ɫɬɟɩɟɧɶɸ ɛɭɮɟɪɧɨɫɬɢ, ɨɛɥɚɞɚɸɬ ɡɧɚɱɢ-
ɬɟɥɶɧɵɦɢ ɜɨɡɦɨɠɧɨɫɬɹɦɢ ɩɨ ɞɟɡɚɤɬɢɜɚɰɢɢ ɩɨɫɬɭɩɚɸɳɢɯ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ. ɉɨɥɭɱɟɧɧɵɟ ɦɚ-
ɬɟɪɢɚɥɵ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɨɰɟɧɤɢ ɷɤɨɥɨɝɨ-ɝɟɨɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɩɨɱɜɟɧɧɨɝɨ 
ɩɨɤɪɨɜɚ ɩɪɢɪɨɞɧɵɯ ɢ ɚɧɬɪɨɩɨɝɟɧɧɵɯ ɥɚɧɞɲɚɮɬɨɜ ɩɨɞɡɨɧɵ ɸɠɧɨɣ ɬɚɣɝɢ Ɂɚɩɚɞɧɨ-ɋɢɛɢɪɫɤɨɣ 
ɪɚɜɧɢɧɵ. 

Ʉɥɸɱɟвыɟ ɫɥɨвɚ: ɛɭɮɟɪɧɨɫɬɶ, ɫɟɪɵɟ ɥɟɫɧɵɟ ɩɨɱɜɵ, ɬɹɠɟɥɵɟ ɦɟɬɚɥɥɵ, Ɍɨɦɫɤɚɹ ɨɛɥɚɫɬɶ. 
 

Z.N. Kvasnikova, N.S. Evseeva 
 

THE ECOLOGICAL AND GEOCHEMICAL ASSESSMENT OF THE ANTHROPOGENIC LANDSCAPE 

SOILS IN THE SOUTH-EAST OF THE TOMSK REGION 

 

TСО rОsЮlЭs ШП ЭСО mКЧв вОКrs’ОМШlШРТМКl КЧН РОШМСОmТМКl rОsОКrМС ШП ЭСО КЧЭСrШpШРОЧТМ lКЧd-
scapes in the south-east of the Tomsk region are presented in the article. It is revealed that the gray forest 
soils and the deluviumare characterized by the medium and high degree of the buffering capacity and pos-
sess significant opportunities on the decontamination of the received heavy metals. The received results 
can be used to assess the ecological and geochemical soil cover condition of the natural and anthropo-
genic landscapes of the southern taiga subzone in the West Siberian Plain. 

Key words: buffering capacity, gray forest soils, heavy metals, Tomsk region. 
 

 

Ƚɝɠɟɠɨɣɠ. ȼ ɫɨɜɪɟɦɟɧɧɨɦ ɦɢɪɟ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɜɫɟɜɨɡɪɚɫɬɚɸɳɟɝɨ ɩɨɬɨɤɚ ɡɚɝɪɹɡɧɢɬɟɥɟɣ, ɩɨ-
ɫɬɭɩɚɸɳɢɯ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ, ɩɪɨɢɫɯɨɞɢɬ ɢɡɦɟɧɟɧɢɟ ɛɢɨɝɟɨɯɢɦɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ ɥɚɧɞɲɚɮɬɨɜ. 
ɉɨɱɜɚ – ɨɞɢɧ ɢɡ  ɤɨɦɩɨɧɟɧɬɨɜ ɥɚɧɞɲɚɮɬɚ, ɫɩɨɫɨɛɧɵɯ ɫɧɢɠɚɬɶ ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɩɨɫɥɟɞɫɬɜɢɹ ɚɧɬɪɨ-
ɩɨɝɟɧɧɨɝɨ ɡɚɝɪɹɡɧɟɧɢɹ. ɂɦɟɧɧɨ ɩɨɱɜɟɧɧɵɣ ɩɨɤɪɨɜ, ɜ ɤɨɬɨɪɨɦ ɩɟɪɟɫɟɤɚɸɬɫɹ ɜɫɟ ɩɨɬɨɤɢ ɜɟɳɟɫɬɜɚ ɢ 
ɷɧɟɪɝɢɢ, ɜ ɤɨɧɟɱɧɨɦ ɢɬɨɝɟ ɩɪɢɧɢɦɚɟɬ ɧɚ ɫɟɛɹ ɜɫɟ ɞɚɜɥɟɧɢɟ ɨɬɯɨɞɨɜ ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɢ ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ ɱɟɥɨɜɟɤɚ, ɜɵɩɨɥɧɹɹ ɜɚɠɧɟɣɲɭɸ ɪɨɥɶ ɩɪɢɪɨɞɧɨɝɨ ɛɭɮɟɪɚ ɢ ɞɟɬɨɤɫɢɤɚɧɬɚ. ȼ 
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ɨɬɥɢɱɢɟ ɨɬ ɜɨɡɞɭɲɧɨɣ ɢ ɜɨɞɧɨɣ ɫɪɟɞɵ, ɨɛɥɚɞɚɸɳɢɯ ɜɵɫɨɤɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ ɤ ɪɚɫɫɟɢɜɚɧɢɸ ɡɚɝɪɹɡ-
ɧɢɬɟɥɟɣ, ɜ ɩɨɱɜɟɧɧɨɦ ɩɨɤɪɨɜɟ ɦɢɝɪɚɰɢɹ ɜɟɳɟɫɬɜ ɢɞɟɬ ɦɟɞɥɟɧɧɟɟ ɢ ɱɚɫɬɨ ɨɧ ɹɜɥɹɟɬɫɹ ɫɭɛɫɬɪɚɬɨɦ, 
ɜ ɤɨɬɨɪɨɦ ɩɪɨɢɫɯɨɞɢɬ ɞɟɩɨɧɢɪɨɜɚɧɢɟ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ.  

Ɇɢɝɪɚɰɢɹ ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ ɜ ɩɪɟɞɟɥɚɯ ɩɨɱɜɟɧɧɨɝɨ ɩɪɨɮɢɥɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɜɟɫɶɦɚ 
ɫɥɨɠɧɵɟ ɦɧɨɝɨɫɬɨɪɨɧɧɢɟ ɩɪɨɰɟɫɫɵ. Ɉɛɪɚɡɨɜɚɜɲɢɟɫɹ ɩɪɢ ɷɬɨɦ ɫɨɟɞɢɧɟɧɢɹ ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ 
ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɪɚɡɧɨɣ ɝɟɨɯɢɦɢɱɟɫɤɨɣ ɩɨɞɜɢɠɧɨɫɬɶɸ ɢ ɨɛɭɫɥɨɜɥɢɜɚɸɬ ɬɟ ɚɤɤɭɦɭɥɹɬɢɜɧɨ-
ɦɢɝɪɚɰɢɨɧɧɵɟ ɩɪɨɰɟɫɫɵ ɷɥɟɦɟɧɬɨɜ ɩɨɱɜ, ɤɨɬɨɪɵɟ ɩɪɢɜɨɞɹɬ ɤ ɡɚɤɪɟɩɥɟɧɢɸ ɢɥɢ ɜɵɧɨɫɭ ɢɯ ɡɚ ɩɪɟ-
ɞɟɥɵ ɩɨɱɜɟɧɧɨɝɨ ɩɪɨɮɢɥɹ. ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ ɩɨɞɜɢɠɧɨɫɬɶ ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ ɡɚɜɢɫɢɬ ɨɬ ɢɯ ɮɨɪ-
ɦɵ ɧɚɯɨɠɞɟɧɢɹ ɜ ɩɨɱɜɚɯ, ɥɚɧɞɲɚɮɬɧɨ-ɝɟɨɯɢɦɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɪɟɝɢɨɧɚ ɢ ɨɫɨɛɟɧɧɨɫɬɟɣ ɚɧɬɪɨɩɨɝɟɧ-
ɧɨɣ ɧɚɝɪɭɡɤɢ.  

ɇɟɦɚɥɨɜɚɠɧɭɸ ɪɨɥɶ ɧɚ ɯɚɪɚɤɬɟɪ ɦɢɝɪɚɰɢɢ ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɬɹɠɟɥɵɯ 
ɦɟɬɚɥɥɨɜ, ɨɤɚɡɵɜɚɸɬ ɫɜɨɣɫɬɜɚ ɩɨɱɜɵ: ɦɟɯɚɧɢɱɟɫɤɢɣ ɢ ɦɢɧɟɪɚɥɶɧɵɣ ɫɨɫɬɚɜ, ɨɛɨɝɚɳɟɧɧɨɫɬɶ ɟɟ ɨɪ-
ɝɚɧɢɱɟɫɤɢɦ ɜɟɳɟɫɬɜɨɦ, ɧɚɩɪɚɜɥɟɧɢɟ ɢ ɝɥɭɛɢɧɚ ɩɪɨɰɟɫɫɚ ɩɨɱɜɨɨɛɪɚɡɨɜɚɧɢɹ, ɝɢɞɪɨɝɟɧɧɚɹ ɦɢɝɪɚɰɢɹ 
ɢ ɚɤɤɭɦɭɥɹɰɢɹ ɫɨɥɟɣ ɢ ɬ.ɞ. ɋɩɨɫɨɛɧɨɫɬɶ ɩɨɱɜ ɢɧɚɤɬɢɜɢɪɨɜɚɬɶ ɩɨɫɬɭɩɚɸɳɢɟ ɬɹɠɟɥɵɟ ɦɟɬɚɥɥɵ, ɩɟ-
ɪɟɜɨɞɢɬɶ ɢɯ ɜ ɫɨɟɞɢɧɟɧɢɹ, ɦɚɥɨɞɨɫɬɭɩɧɵɟ ɞɥɹ ɪɚɫɬɟɧɢɣ, ɹɜɥɹɟɬɫɹ ɜɚɠɧɵɦ ɩɨɤɚɡɚɬɟɥɟɦ ɭɫɬɨɣɱɢ-
ɜɨɫɬɢ ɥɚɧɞɲɚɮɬɨɜ ɜ ɰɟɥɨɦ ɢ ɧɚɡɵɜɚɟɬɫɹ ɛɭɮɟɪɧɨɫɬɶɸ Д1Ж. ɑɟɦ ɜɵɲɟ ɛɭɮɟɪɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɩɨɱ-
ɜɵ, ɬɟɦ ɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɷɥɟɦɟɧɬɨɜ ɨɧɚ ɜ ɫɨɫɬɨɹɧɢɢ ɩɟɪɟɜɨɞɢɬɶ ɜ ɫɥɚɛɨɦɢɝɪɢɪɭɸɳɢɟ ɫɨɟɞɢ-
ɧɟɧɢɹ.  

ɑɠɦɷ ɣɬɬɦɠɟɩɝɛɨɣɤ. Ɉɰɟɧɤɚ ɛɭɮɟɪɧɨɫɬɢ ɩɨɱɜ ɢ ɞɟɥɸɜɢɹ ɧɚ ɩɚɲɧɟ ɸɝɨ-ɜɨɫɬɨɤɚ Ɍɨɦɫɤɨɣ ɨɛ-
ɥɚɫɬɢ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɬɹɠɟɥɵɦ ɦɟɬɚɥɥɚɦ, ɩɨɫɤɨɥɶɤɭ ɡɧɚɧɢɟ ɛɭɮɟɪɧɨɫɬɢ ɩɨɱɜ ɫɩɨɫɨɛɫɬɜɭɟɬ ɛɨɥɟɟ 
ɨɛɴɟɤɬɢɜɧɨɣ ɨɰɟɧɤɟ ɫɨɜɪɟɦɟɧɧɨɝɨ ɷɤɨɥɨɝɨ-ɝɟɨɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɩɨɱɜɟɧɧɨɝɨ ɩɨɤɪɨɜɚ ɩɪɢɪɨɞ-
ɧɵɯ ɢ ɚɧɬɪɨɩɨɝɟɧɧɵɯ ɥɚɧɞɲɚɮɬɨɜ.  

ɉɜɵɠɥɭɶ ɣ ɧɠɭɩɟɶ ɣɬɬɦɠɟɩɝɛɨɣɤ. ɉɚɲɧɹ ɜ ɩɪɟɞɟɥɚɯ ɸɠɧɨɣ ɬɚɣɝɢ ɢ ɩɨɞɡɨɧɵ ɦɟɥɤɨɥɢɫɬ-
ɜɟɧɧɵɯ ɥɟɫɨɜ Ɍɨɦɶ-əɣɫɤɨɝɨ ɦɟɠɞɭɪɟɱɶɹ ɧɚ ɸɝɨ-ɜɨɫɬɨɤɟ Ɍɨɦɫɤɨɣ ɨɛɥɚɫɬɢ. ȼ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɨɟ 
ɩɪɨɢɡɜɨɞɫɬɜɨ ɡɞɟɫɶ ɜɨɜɥɟɱɟɧɵ ɜ ɨɫɧɨɜɧɨɦ ɫɟɪɵɟ ɥɟɫɧɵɟ, ɬɟɦɧɨ-ɫɟɪɵɟ ɥɟɫɧɵɟ ɢ ɫɜɟɬɥɨ-ɫɟɪɵɟ 
ɥɟɫɧɵɟ ɩɨɱɜɵ (ɪɢɫ. 1, ɛ).  
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6 – ɞɨɪɨɝɢ; 7 – ɤɥɸɱɟɜɨɣ ɭɱɚɫɬɨɤ; 8 – ɨɜɪɚɝ; 9 – ɫɭɮɮɨɡɢɨɧɧɨ-ɩɪɨɫɚɞɨɱɧɚɹ ɡɚɩɚɞɢɧɚ Д2Ж;  
ɛ – ɫɯɟɦɚ ɫɬɪɨɟɧɢɹ ɩɨɱɜɟɧɧɨɝɨ ɩɨɤɪɨɜɚ Ɍɨɦɶ-əɣɫɤɨɝɨ ɦɟɠɞɭɪɟɱɶɹ ɩɨɱɜɵ: Ʌ1, 

Ʌ2, Ʌ3 – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɫɜɟɬɥɨ-ɫɟɪɵɟ, ɫɟɪɵɟ ɢ ɬɟɦɧɨ-ɫɟɪɵɟ Д3Ж; 
– ɩɨɥɨɠɟɧɢɟ Ʌɭɱɚɧɨɜɫɤɨɝɨ ɤɥɸɱɟɜɨɝɨ ɭɱɚɫɬɤɚ ɧɚ ɬɟɪɪɢɬɨɪɢɢ Ɍɨɦɶ-əɣɫɤɨɝɨ ɦɟɠɞɭɪɟɱɶɹ 
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Ʌɚɧɞɲɚɮɬɵ ɢɫɫɥɟɞɭɟɦɨɝɨ ɭɱɚɫɬɤɚ ɜɯɨɞɹɬ ɜ ɡɨɧɭ ɧɚɢɛɨɥɶɲɟɣ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɩɪɨɞɭɤɬɢɜɧɨɫɬɢ 
ɧɚ ɬɟɪɪɢɬɨɪɢɢ Ɍɨɦɫɤɨɣ ɨɛɥɚɫɬɢ ɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɢɧɬɟɧɫɢɜɧɨɝɨ ɚɧɬɪɨɩɨɝɟɧɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɩɪɟɬɟɪ-
ɩɟɥɢ ɡɧɚɱɢɬɟɥɶɧɵɟ ɢɡɦɟɧɟɧɢɹ: ɩɥɨɳɚɞɶ ɚɧɬɪɨɩɨɝɟɧɧɵɯ ɥɚɧɞɲɚɮɬɨɜ ɧɚ Ɍɨɦɶ-əɣɫɤɨɦ ɦɟɠɞɭɪɟɱɶɟ 
ɫɨɫɬɚɜɥɹɟɬ ɛɨɥɟɟ 43 %, ɫɪɟɞɢ ɤɨɬɨɪɵɯ ɧɚɢɛɨɥɶɲɢɟ ɩɥɨɳɚɞɢ ɡɚɧɹɬɵ ɩɚɲɧɹɦɢ ɫ ɩɨɫɟɜɚɦɢ ɡɟɪɧɨ-
ɜɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɤɭɥɶɬɭɪ ɢ ɩɨɫɚɞɤɚɦɢ ɨɜɨɳɟɣ Д4Ж. 

ɇɚ ɩɚɲɧɹɯ ɚɝɪɨɬɟɯɧɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɩɨɱɜ ɩɪɨɜɨɞɢɬɫɹ ɦɧɨɝɨɤɪɚɬɧɨ ɜ ɬɟɱɟɧɢɟ ɜɟɝɟɬɚɰɢɨɧɧɨ-
ɝɨ ɩɟɪɢɨɞɚ ɢ ɜɤɥɸɱɚɟɬ ɜɫɩɚɲɤɭ, ɛɨɪɨɧɨɜɚɧɢɟ, ɫɟɜ, ɤɭɥɶɬɢɜɚɰɢɸ, ɜɧɟɫɟɧɢɟ ɫɪɟɞɫɬɜ ɯɢɦɢɡɚɰɢɢ. ɉɪɢ 
ɨɛɪɚɛɨɬɤɟ ɩɪɨɢɫɯɨɞɢɬ ɦɟɯɚɧɢɱɟɫɤɢɣ ɢɡɧɨɫ ɨɪɭɞɢɣ ɜ ɩɪɨɰɟɫɫɟ ɤɨɧɬɚɤɬɚ ɫ ɩɨɱɜɨɣ. Ʉɪɨɦɟ ɬɨɝɨ, ɜɫɹ 
ɩɨɜɟɪɯɧɨɫɬɶ ɩɨɱɜ ɢɫɩɵɬɵɜɚɟɬ ɜɨɡɞɟɣɫɬɜɢɟ ɜɵɛɪɨɫɨɜ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ. ɗɬɢ ɜɢɞɵ ɜɨɡɞɟɣɫɬɜɢɹ 
ɫɩɨɫɨɛɧɵ ɩɨɫɬɚɜɥɹɬɶ ɜ ɩɨɱɜɭ ɦɧɨɝɢɟ ɯɢɦɢɱɟɫɤɢɟ ɷɥɟɦɟɧɬɵ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɬɹɠɟɥɵɟ ɦɟɬɚɥɥɵ Д5Ж.  

 ɋ ɰɟɥɶɸ ɢɡɭɱɟɧɢɹ ɷɤɨɥɨɝɨ-ɝɟɨɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɩɪɢɪɨɞɧɵɯ ɢ ɚɧɬɪɨɩɨɝɟɧɧɵɯ ɥɚɧɞɲɚɮ-
ɬɨɜ ɸɝɨ-ɜɨɫɬɨɤɚ Ɍɨɦɫɤɨɣ ɨɛɥɚɫɬɢ ɧɚɦɢ ɩɪɨɜɨɞɢɥɢɫɶ ɟɠɟɝɨɞɧɵɟ ɫɧɟɝɨɫɴɟɦɤɢ ɜ ɦɢɤɪɨɦɚɫɲɬɚɛɟ (ɡɚ-
ɦɟɪɵ ɬɨɥɳɢɧɵ ɫɧɟɝɚ ɱɟɪɟɡ 10 ɦ), ɧɚɛɥɸɞɟɧɢɹ ɡɚ ɫɧɟɝɨɬɚɹɧɢɟɦ, ɨɛɦɟɪ ɫɬɪɭɣɱɚɬɵɯ ɪɚɡɦɵɜɨɜ, ɨɬɛɨɪ 
ɩɪɨɛ ɩɨɱɜ, ɞɟɥɸɜɢɹ, ɜɨɞɵ ɧɚ ɪɚɡɥɢɱɧɵɟ ɜɢɞɵ ɚɧɚɥɢɡɨɜ (ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɢɣ, ɫɨɞɟɪɠɚɧɢɟ ɝɭɦɭɫɚ, 
ɤɨɧɰɟɧɬɪɚɰɢɸ ɷɥɟɦɟɧɬɨɜ ɩɢɬɚɧɢɹ – ɚɡɨɬɚ, ɮɨɫɮɨɪɚ, ɦɢɤɪɨɷɥɟɦɟɧɬɨɜ ɢ ɞɪ.). ɉɪɨɜɨɞɢɥɢɫɶ ɬɚɤɠɟ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɨɞɧɨ-ɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɩɨɱɜ, ɛɵɥɢ ɫɨɫɬɚɜɥɟɧɵ ɩɨɱɜɟɧɧɨ-ɝɟɨɦɨɪɮɨɥɨɝɢɱɟɫɤɢɟ 
ɩɪɨɮɢɥɢ ɢ ɞɟɬɚɥɶɧɵɟ ɩɨɱɜɟɧɧɨ-ɷɪɨɡɢɨɧɧɵɟ ɤɚɪɬɵ ɧɚ ɤɥɸɱɟɜɵɟ ɭɱɚɫɬɤɢ, ɚ ɬɚɤɠɟ ɤɪɭɩɧɨɦɚɫɲɬɚɛ-
ɧɵɟ ɢ ɫɪɟɞɧɟɦɚɫɲɬɚɛɧɵɟ ɬɟɦɚɬɢɱɟɫɤɢɟ ɤɚɪɬɵ ɧɚ ɬɟɪɪɢɬɨɪɢɸ ɪɹɞɚ ɪɚɣɨɧɨɜ. ɇɚɛɥɸɞɟɧɢɹ ɧɚ ɤɥɸ-
ɱɚɯ ɞɨɩɨɥɧɹɸɬɫɹ ɦɚɪɲɪɭɬɧɵɦɢ ɨɛɫɥɟɞɨɜɚɧɢɹɦɢ ɩɚɲɧɢ ɧɚ Ɍɨɦɶ-əɣɫɤɨɦ, əɹ-Ʉɢɣɫɤɨɦ, Ɉɛɶ-
Ɍɨɦɫɤɨɦ, Ɉɛɶ-ɑɭɥɵɦɫɤɨɦ ɢ Ɉɛɶ-ɒɟɝɚɪɫɤɨɦ ɦɟɠɞɭɪɟɱɶɹɯ. 

Ɉɩɪɨɛɨɜɚɧɢɟ ɢ ɩɨɞɝɨɬɨɜɤɚ ɩɪɨɛ ɞɥɹ ɚɧɚɥɢɡɚ ɨɫɭɳɟɫɬɜɥɹɥɢɫɶ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɜɟɞɨɦɫɬɜɟɧ-
ɧɵɦɢ ɪɭɤɨɜɨɞɫɬɜɚɦɢ, ɢɧɫɬɪɭɤɰɢɹɦɢ ɢ ȽɈɋɌɚɦɢ Д6, 7Ж. Ɉɬɛɨɪ ɩɨɱɜɟɧɧɵɯ ɩɪɨɛ ɧɚ ɤɥɸɱɟɜɵɯ ɭɱɚɫɬɤɚɯ 
(ɩɥɚɤɨɪɧɵɟ ɢ ɫɤɥɨɧɨɜɵɟ ɭɱɚɫɬɤɢ ɩɚɲɧɢ) ɩɪɨɜɨɞɢɥɫɹ ɜ ɨɞɧɨ ɢ ɬɨ ɠɟ ɜɪɟɦɹ ɝɨɞɚ – ɜɟɫɧɨɣ (ɚɩɪɟɥɶ–
ɦɚɣ 1998–2013 ɝɝ.) – ɩɨɝɨɪɢɡɨɧɬɧɨ ɢ ɩɭɧɤɬɢɪɧɨ-ɛɨɪɨɡɞɨɜɵɦ ɦɟɬɨɞɨɦ. Ɉɛɳɟɟ ɫɨɞɟɪɠɚɧɢɟ ɦɢɤɪɨ-
ɷɥɟɦɟɧɬɨɜ ɜ ɩɨɱɜɚɯ, ɞɟɥɸɜɢɚɥɶɧɵɯ ɨɬɥɨɠɟɧɢɹɯ ɨɩɪɟɞɟɥɹɥɨɫɶ ɤɨɥɢɱɟɫɬɜɟɧɧɵɦ ɫɩɟɤɬɪɚɥɶɧɵɦ ɚɧɚ-
ɥɢɡɨɦ ɜ ɐɟɧɬɪɟ ɤɨɥɥɟɤɬɢɜɧɨɝɨ ɩɨɥɶɡɨɜɚɧɢɹ «Ⱥɧɚɥɢɬɢɱɟɫɤɢɣ ɰɟɧɬɪ ɝɟɨɯɢɦɢɢ ɩɪɢɪɨɞɧɵɯ ɫɢɫɬɟɦ» 
Ɍɨɦɫɤɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ. 

ɇɚɢɛɨɥɟɟ ɞɟɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɧɚ Ʌɭɱɚɧɨɜɫɤɨɦ ɤɥɸɱɟɜɨɦ ɭɱɚɫɬɤɟ, ɪɚɫɩɨ-
ɥɨɠɟɧɧɨɦ ɜ 20 ɤɦ ɤ ɸɝɨ-ɜɨɫɬɨɤɭ ɨɬ Ɍɨɦɫɤɚ (ɪɢɫ. 1, ɚ). ɍɱɚɫɬɨɤ ɩɥɨɳɚɞɶɸ ɛɨɥɟɟ 50 ɝɚ ɡɚɧɢɦɚɟɬ ɱɚɫɬɶ 
Ɍɨɦɶ-Ȼɚɫɚɧɞɚɣɫɤɨɣ ɦɟɠɞɭɪɟɱɧɨɣ ɪɚɜɧɢɧɵ (ɪɢɫ. 1, ɛ). Ɋɟɥɶɟɮ ɬɟɪɪɢɬɨɪɢɢ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɱɟɪɟɞɨ-
ɜɚɧɢɟɦ ɛɚɥɨɤ, ɪɚɫɩɚɯɚɧɧɵɯ ɥɨɠɛɢɧ ɢ ɜɨɞɨɪɚɡɞɟɥɨɜ ɦɟɠɞɭ ɧɢɦɢ. Ⱥɛɫɨɥɸɬɧɵɟ ɜɵɫɨɬɵ ɜ ɩɪɟɞɟɥɚɯ 
ɭɱɚɫɬɤɚ ɫɨɫɬɚɜɥɹɸɬ 125–160 ɦ, ɚ ɨɬɧɨɫɢɬɟɥɶɧɵɟ ɤɨɥɟɛɥɸɬɫɹ ɨɬ ɩɟɪɜɵɯ ɞɟɫɹɬɤɨɜ ɫɚɧɬɢɦɟɬɪɨɜ ɞɨ 
35–40 ɦ. ɋɪɟɞɧɢɟ ɭɝɥɵ ɧɚɤɥɨɧɚ ɡɟɦɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢɡɦɟɧɹɸɬɫɹ ɨɬ 0–3 ɞɨ 5–90. Ɇɢɤɪɨɪɟɥɶɟɮ 
ɫɤɥɨɧɨɜ ɪɚɡɥɢɱɟɧ. ɇɚɢɛɨɥɟɟ ɫɥɨɠɟɧ ɦɢɤɪɨɪɟɥɶɟɮ ɩɚɯɨɬɧɵɯ ɭɝɨɞɢɣ ɧɚ ɫɤɥɨɧɟ ɸɠɧɨɣ ɷɤɫɩɨɡɢɰɢɢ, 
ɝɞɟ ɧɚ ɩɥɨɳɚɞɢ ɨɤɨɥɨ 13,3 ɝɚ ɯɨɪɨɲɨ ɜɵɪɚɠɟɧɵ ɪɚɫɩɚɯɢɜɚɟɦɚɹ ɥɨɠɛɢɧɚ, ɞɥɢɧɨɣ 250 ɦ ɢ ɝɥɭɛɢɧɨɣ 
ɞɨ 3–5 ɦ ɜ ɭɫɬɶɟ; ɫɭɮɮɨɡɢɨɧɧɨ-ɩɪɨɫɚɞɨɱɧɵɟ ɞɟɩɪɟɫɫɢɢ ɞɨ 45–60 ɦ ɜ ɩɨɩɟɪɟɱɧɢɤɚɯ ɢ ɞɨ 2–3 ɦ ɝɥɭ-
ɛɢɧɨɣ (ɪɢɫ. 1, ɚ). Ʉɪɭɬɢɡɧɚ ɫɤɥɨɧɨɜ ɸɠɧɨɣ ɷɤɫɩɨɡɢɰɢɢ ɢɡɦɟɧɹɟɬɫɹ ɜ ɲɢɪɨɤɢɯ ɩɪɟɞɟɥɚɯ  ɨɬ 0 ɞɨ 200. 
ɉɨɱɜɟɧɧɵɣ ɩɨɤɪɨɜ ɜ ɩɪɟɞɟɥɚɯ Ʌɭɱɚɧɨɜɫɤɨɝɨ ɤɥɸɱɟɜɨɝɨ ɭɱɚɫɬɤɚ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɨɫɧɨɜɧɨɦ ɫɟɪɵɦɢ 
ɥɟɫɧɵɦɢ ɩɨɱɜɚɦɢ ɧɚ ɨɡɟɪɧɨ-ɚɥɥɸɜɢɚɥɶɧɵɯ ɫɭɝɥɢɧɢɫɬɨ-ɝɥɢɧɢɫɬɵɯ ɨɬɥɨɠɟɧɢɹɯ ɪɚɧɧɟ-
ɫɪɟɞɧɟɧɟɨɩɥɟɣɫɬɨɰɟɧɨɜɨɝɨ ɜɨɡɪɚɫɬɚ. 

ȼ ɩɪɟɞɟɥɚɯ ɩɚɲɧɢ ɧɚ ɢɫɫɥɟɞɭɟɦɨɦ ɭɱɚɫɬɤɟ ɜɨ ɜɪɟɦɹ ɫɧɟɝɨɬɚɹɧɢɹ, ɥɢɜɧɟɣ ɧɚ ɫɤɥɨɧɚɯ ɤɪɭɱɟ 
0ɨ,30' ɪɚɡɜɢɜɚɟɬɫɹ ɷɪɨɡɢɹ ɩɨɱɜ, ɫɨɝɥɚɫɧɨ ɋɇɢɉ-95 [8], ɨɬ ɫɥɚɛɨɣ (0–2 ɦ3/ɝɚ) ɞɨ ɨɱɟɧɶ ɫɢɥɶɧɨɣ (ɛɨ-
ɥɟɟ 10–15 ɦ3/ɝɚ ɝɨɞ). ȼ ɪɟɡɭɥɶɬɚɬɟ ɷɪɨɡɢɢ ɩɪɨɢɫɯɨɞɢɬ ɩɟɪɟɦɟɳɟɧɢɟ ɡɧɚɱɢɬɟɥɶɧɵɯ ɨɛɴɟɦɨɜ ɩɨɱ-
ɜɟɧɧɵɯ ɱɚɫɬɢɰ ɜɧɢɡ ɩɨ ɫɤɥɨɧɚɦ. ɑɚɫɬɶ ɞɟɥɸɜɢɹ ɨɬɤɥɚɞɵɜɚɟɬɫɹ ɧɚ ɭɱɚɫɬɤɚɯ ɫɤɥɨɧɨɜ ɩɚɲɧɢ ɫ ɦɟɧɶ-
ɲɟɣ ɤɪɭɬɢɡɧɨɣ ɢ ɨɛɪɚɡɭɸɬɫɹ «ɩɨɥɹ ɚɤɤɭɦɭɥɹɰɢɢ» ɞɟɥɸɜɢɹ. ɉɥɨɳɚɞɶ ɢɯ ɜ ɨɬɞɟɥɶɧɵɟ ɝɨɞɵ ɞɨɫɬɢɝɚ-
ɟɬ 1600 ɦ2, ɚ ɦɨɳɧɨɫɬɶ ɞɟɥɸɜɢɹ – ɞɨ 10–15 ɫɦ (ɪɢɫ. 2).  

ȼ ɧɢɠɧɟɣ ɱɚɫɬɢ ɫɤɥɨɧɨɜ ɤɨɧɭɫɵ ɜɵɧɨɫɚ ɨɛɪɚɡɭɸɬ ɦɟɫɬɚɦɢ ɞɟɥɸɜɢɚɥɶɧɵɟ ɲɥɟɣɮɵ. ɑɚɫɬɶ 
ɞɟɥɸɜɢɹ ɩɨɫɬɭɩɚɟɬ ɧɚ ɞɧɢɳɚ ɥɨɠɛɢɧ ɢ ɫɭɮɮɨɡɢɨɧɧɨ-ɩɪɨɫɚɞɨɱɧɵɯ ɞɟɩɪɟɫɫɢɣ, ɱɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ 
ɮɨɪɦɢɪɨɜɚɧɢɸ «ɧɚɦɵɬɵɯ» ɩɨɱɜ. ȼɫɥɟɞɫɬɜɢɟ ɜɵɲɟɨɩɢɫɚɧɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɞɟɥɸɜɢɹ ɧɚ ɩɚɲɧɟ 
ɧɚɦɢ ɨɬɛɢɪɚɥɢɫɶ ɩɪɨɛɵ ɩɨɱɜ ɢ ɞɟɥɸɜɢɹ. Ȼɭɮɟɪɧɨɫɬɶ ɩɨɱɜ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɬɹɠɟɥɵɦ ɦɟɬɚɥɥɚɦ 
ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɡɚɜɢɫɢɬ ɨɬ ɫɬɟɩɟɧɢ ɝɭɦɭɫɢɪɨɜɚɧɧɨɫɬɢ, ɤɚɪɛɨɧɚɬɧɨɫɬɢ, ɫɨɞɟɪɠɚɧɢɹ ɬɨɧɤɨ-
ɞɢɫɩɟɪɫɧɨɣ ɮɪɚɤɰɢɢ, ɟɦɤɨɫɬɢ ɤɚɬɢɨɧɧɨɝɨ ɨɛɦɟɧɚ ɢ ɞɪ. Ʉ ɱɢɫɥɭ ɨɫɧɨɜɧɵɯ ɮɚɤɬɨɪɨɜ, ɨɩɪɟɞɟɥɹɸɳɢɯ 
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ɜɟɥɢɱɢɧɭ ɛɭɮɟɪɧɨɫɬɢ, ɨɬɧɨɫɢɬɫɹ ɬɚɤɠɟ ɳɟɥɨɱɧɨ-ɤɢɫɥɨɬɧɚɹ ɪɟɚɤɰɢɹ (pH) ɫɪɟɞɵ, ɬɨɥɶɤɨ ɤɨɪɪɟɥɹɰɢɹ 
ɦɟɠɞɭ ɜɟɥɢɱɢɧɚɦɢ ɪɇ ɢ ɛɭɮɟɪɧɨɫɬɢ  ɨɛɪɚɬɧɚɹ Д9Ж. 

 

 
 

Ɋɢɫ. 2. Ⱦɟɥɸɜɢɣ ɧɚ ɩɚɲɧɟ Ʌɭɱɚɧɨɜɫɤɨɝɨ ɤɥɸɱɟɜɨɝɨ ɭɱɚɫɬɤɚ (2014 ɝ.) 
 
ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɞɥɹ ɢɡɭɱɟɧɢɹ ɛɭɮɟɪɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɩɨɱɜ ɢ ɞɟɥɸɜɢɚɥɶɧɵɯ ɨɬɥɨɠɟɧɢɣ ɩɨ 

ɨɬɧɨɲɟɧɢɸ ɤ ɬɹɠɟɥɵɦ ɦɟɬɚɥɥɚɦ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɪɟɤɨɦɟɧɞɚɰɢɢ ɨɰɟɧɤɢ ɛɭɮɟɪɧɨɫɬɢ, ɪɚɡɪɚɛɨ-
ɬɚɧɧɵɟ ȼ.Ȼ. ɂɥɶɢɧɵɦ Д1Ж. ȼ ɩɪɟɞɥɨɠɟɧɧɨɣ ɢɦ ɨɰɟɧɨɱɧɨɣ ɲɤɚɥɟ ɩɨ ɤɚɠɞɨɦɭ ɢɡ 4 ɤɪɢɬɟɪɢɟɜ ɧɚɦɢ 
ɨɩɪɟɞɟɥɟɧɵ ɪɚɧɝɢ, ɤɚɠɞɨɦɭ ɢɡ ɤɨɬɨɪɵɯ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɛɚɥɥ. Ɉɩɪɟɞɟɥɟɧɢɟ ɩɨɥɭɬɨɪɧɵɯ ɨɤɫɢɞɨɜ ɧɟ 
ɩɪɨɜɨɞɢɥɨɫɶ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɦɟɬɨɞɢɤɨɣ ȼ.Ȼ. ɂɥɶɢɧɚ ɢɯ ɫɨɞɟɪɠɚɧɢɟ ɜ ɩɨɱɜɚɯ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɪɚɜ-
ɧɟɧɨ ɤ ɜɚɥɨɜɨɦɭ ɤɨɥɢɱɟɫɬɜɭ Fe2O3 [9]. Ⱦɚɧɧɵɟ ɨ ɫɨɞɟɪɠɚɧɢɢ Fe2O3 ɜ ɩɨɱɜɚɯ ɢɫɫɥɟɞɭɟɦɨɝɨ ɪɚɣɨɧɚ 
ɧɚɦɢ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɢɡ ɨɩɭɛɥɢɤɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ Д10, 11Ж.  

ɋɠɢɮɦɷɭɛɭɶ ɣɬɬɦɠɟɩɝɛɨɣɤ ɣ ɣɰ ɩɜɬɮɡɟɠɨɣɠ. ɋ ɭɱɟɬɨɦ ɜɫɟɯ ɞɨɩɨɥɧɟɧɢɣ ɛɵɥ ɪɚɫɫɱɢɬɚɧ 
ɛɚɥɥ ɛɭɮɟɪɧɨɫɬɢ ɞɥɹ ɫɟɪɵɯ ɥɟɫɧɵɯ ɩɨɱɜ ɢ ɞɟɥɸɜɢɚɥɶɧɵɯ ɨɬɥɨɠɟɧɢɣ ɚɝɪɨɥɚɧɞɲɚɮɬɨɜ Ʌɭɱɚɧɨɜ-
ɫɤɨɝɨ ɤɥɸɱɟɜɨɝɨ ɭɱɚɫɬɤɚ ɡɚ ɩɟɪɢɨɞ ɫ 2003 ɩɨ 2013 ɝ. (ɬɚɛɥ. 1).  

 
Ɍɚɛɥɢɰɚ 1  

ɉɱɠɨɥɛ ɜɮɯɠɫɨɩɬɭɣ ɪɩɲɝ ɣ ɟɠɦɹɝɣɺ ɛɞɫɩɦɛɨɟɳɛɯɭɩɝ Ɇɮɲɛɨɩɝɬɥɩɞɩ ɥɦɹɲɠɝɩɞɩ ɮɲɛɬɭɥɛ  
ɪɩ ɩɭɨɩɳɠɨɣɹ ɥ ɭɺɡɠɦɶɧ ɧɠɭɛɦɦɛɧ (2003–2013 ɞɞ.) 

 

Ɉɛɴɟɤɬ 

ɋɜɨɣɫɬɜɚ ɩɨɱɜɵ, ɨɩɪɟɞɟɥɹɸɳɢɟ                  
ɟɟ ɛɭɮɟɪɧɨɫɬɶ ɋɭɦɦɚ 

ɛɚɥɥɨɜ 
ɋɬɟɩɟɧɶ 

ɛɭɮɟɪɧɨɫɬɢ Ɏɢɡ. 
ɝɥɢɧɚ, % 

Ƚɭɦɭɫ, 
% 

ɪɇ 
Fe2O3, 

% 

ɋɟɪɚɹ ɥɟɫɧɚɹ ɩɨɱɜɚ 
ɩɚɲɧɢ, 0-20 ɫɦ 

44,3 
(10) 

6,1 
(6,5) 

5,9 
(5/12,5)* 

3,9 
(5,5) 

27/34,5 
ɋɪɟɞɧɹɹ/ 

ɩɨɜɵɲɟɧɧɚɹ 

Ⱦɟɥɸɜɢɣ 
50,2 
(15) 

5,9 
(5) 

6,3 
(7,5/10) 

4,1 
(7) 

4,5 /37 
ɉɨɜɵɲɟɧɧɚɹ/ 
ɩɨɜɵɲɟɧɧɚɹ 

*Ʉɨɥɢɱɟɫɬɜɨ ɛɚɥɥɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɡɚ ɫɱɟɬ ɞɨɥɟɜɨɝɨ ɭɱɚɫɬɢɹ ɫɜɨɣɫɬɜɚ ɩɨɱɜɵ; ɜ ɡɧɚɦɟɧɚɬɟɥɟ ɞɥɹ 
ɷɥɟɦɟɧɬɨɜ, ɩɨɞɜɢɠɧɵɯ ɜ ɳɟɥɨɱɧɨɣ ɫɪɟɞɟ. 
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ɋɨɞɟɪɠɚɧɢɟ ɮɢɡɢɱɟɫɤɨɣ ɝɥɢɧɵ (< 0,01 ɦɦ), ɫɩɨɫɨɛɧɨɣ ɫɨɪɛɢɪɨɜɚɬɶ ɬɹɠɟɥɵɟ ɦɟɬɚɥɥɵ ɢ  ɫɧɢ-
ɠɚɬɶ ɢɯ ɮɢɡɢɨɥɨɝɢɱɟɫɤɭɸ ɞɨɫɬɭɩɧɨɫɬɶ ɪɚɫɬɟɧɢɹɦ, ɜ ɩɨɱɜɚɯ ɢ ɞɟɥɸɜɢɚɥɶɧɵɯ ɨɬɥɨɠɟɧɢɹɯ ɤɥɸɱɟɜɨɝɨ 
ɭɱɚɫɬɤɚ ɜɵɫɨɤɨɟ ɢ ɫɨɫɬɚɜɥɹɟɬ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 51,6–60 ɢ 35,2–65,6 %. ɍɪɨɜɟɧɶ ɤɨɧɰɟɧɬɪɚɰɢɢ ɝɭɦɭɫɚ 
ɜ ɜɟɪɯɧɟɦ ɝɨɪɢɡɨɧɬɟ ɩɨɱɜ ɜɚɪɶɢɪɭɟɬ ɨɬ 3,3 ɞɨ 6,5 % ɢ ɜ ɫɪɟɞɧɟɦ ɫɨɫɬɚɜɥɹɟɬ 6,1 %, ɚ ɜ ɞɟɥɸɜɢɚɥɶ-
ɧɵɯ ɨɬɥɨɠɟɧɢɹɯ  5,9 % (ɨɬ 1,4 ɞɨ 6,2 %). 

ɉɨɱɜɵ ɢ ɞɟɥɸɜɢɚɥɶɧɵɟ ɨɬɥɨɠɟɧɢɹ, ɧɚɯɨɞɹɳɢɟɫɹ ɧɚ ɸɠɧɨɦ ɫɤɥɨɧɟ ɩɚɲɧɢ ɢɫɫɥɟɞɭɟɦɨɝɨ ɭɱɚ-
ɫɬɤɚ, ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɫɥɚɛɨɤɢɫɥɨɣ ɢ ɧɟɣɬɪɚɥɶɧɨɣ ɪɟɚɤɰɢɟɣ ɩɨɱɜɟɧɧɨɝɨ ɪɚɫɬɜɨɪɚ – ɨɬ 5,8 ɞɨ 6,8. 
Ⱦɟɣɫɬɜɢɟ ɤɢɫɥɨɬɧɨɫɬɢ ɩɨɱɜ ɧɚ ɩɨɞɜɢɠɧɨɫɬɶ ɬɹɠɟɥɵɯ  ɦɟɬɚɥɥɨɜ ɧɟɨɞɧɨɡɧɚɱɧɨ. Ȼɨɥɶɲɢɧɫɬɜɨ ɬɹɠɟ-
ɥɵɯ ɦɟɬɚɥɥɨɜ ɩɨɞɜɢɠɧɨ ɜ ɤɢɫɥɨɣ ɫɪɟɞɟ: ɩɪɢ ɧɟɣɬɪɚɥɢɡɚɰɢɢ ɪɚɫɬɜɨɪɨɜ ɫɬɪɨɧɰɢɣ, ɦɟɞɶ, ɰɢɧɤ, ɤɚɞ-
ɦɢɣ, ɤɨɛɚɥɶɬ ɢ ɞɪɭɝɢɟ ɬɹɠɟɥɵɟ ɦɟɬɚɥɥɵ ɨɛɪɚɡɭɸɬ ɧɟɪɚɫɬɜɨɪɢɦɵɟ ɫɨɟɞɢɧɟɧɢɹ ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 
ɞɨɫɬɭɩɧɨɫɬɶ ɢɯ ɪɚɫɬɟɧɢɹɦɢ ɫɧɢɠɚɟɬɫɹ. Ʉɪɨɦɟ ɬɨɝɨ, ɢɦɟɟɬɫɹ ɪɹɞ ɦɟɬɚɥɥɨɜ, ɩɨɞɜɢɠɧɨɫɬɶ ɤɨɬɨɪɵɯ 
ɩɪɢ ɧɟɣɬɪɚɥɢɡɚɰɢɢ ɩɨɱɜɵ ɜɨɡɪɚɫɬɚɟɬ. Ʉ ɧɢɦ ɨɬɧɨɫɹɬɫɹ ɦɨɥɢɛɞɟɧ ɢ ɯɪɨɦ, ɤɨɬɨɪɵɟ ɫɩɨɫɨɛɧɵ ɜ ɫɥɚ-
ɛɨɤɢɫɥɨɣ ɢ ɳɟɥɨɱɧɨɣ ɫɪɟɞɟ ɨɛɪɚɡɨɜɵɜɚɬɶ ɪɚɫɬɜɨɪɢɦɵɟ ɫɨɥɢ Д12Ж. 

Ⱥɧɚɥɢɡ ɬɚɛɥ. 1 ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɨɱɜɵ ɢɫɫɥɟɞɭɟɦɨɝɨ ɭɱɚɫɬɤɚ ɨɛɥɚɞɚɸɬ ɫɪɟɞɧɟɣ ɫɬɟɩɟɧɶɸ 
ɛɭɮɟɪɧɨɫɬɢ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɷɥɟɦɟɧɬɚɦ, ɩɨɞɜɢɠɧɵɦ ɜ ɤɢɫɥɨɣ ɫɪɟɞɟ, ɢ ɩɨɜɵɲɟɧɧɨɣ ɫɬɟɩɟɧɶɸ ɩɨ 
ɨɬɧɨɲɟɧɢɸ ɤ ɷɥɟɦɟɧɬɚɦ, ɩɨɞɜɢɠɧɵɦ ɜ ɳɟɥɨɱɧɨɣ ɫɪɟɞɟ. ɗɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɜɵɫɨ-
ɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɬɨɧɤɨɞɢɫɩɟɪɫɧɵɯ ɱɚɫɬɢɰ. Ⱦɨɥɹ ɭɱɚɫɬɢɹ ɮɢɡɢɱɟɫɤɨɣ ɝɥɢɧɵ ɜ ɮɨɪɦɢɪɨɜɚɧɢɢ ɛɭ-
ɮɟɪɧɨɫɬɢ ɩɨɱɜ ɢ ɞɟɥɸɜɢɹ ɩɪɟɜɵɲɚɟɬ 1/3.  

ɉɨ ɨɬɧɨɲɟɧɢɸ ɤ ɷɥɟɦɟɧɬɚɦ, ɩɨɞɜɢɠɧɵɦ ɜ ɤɢɫɥɨɣ ɫɪɟɞɟ, ɞɨɥɹ ɭɱɚɫɬɢɹ ɨɫɬɚɥɶɧɵɯ ɫɜɨɣɫɬɜ 
ɩɨɱɜɵ, ɞɟɥɸɜɢɹ (ɝɭɦɭɫɚ, pH, ɩɨɥɭɬɨɪɧɵɯ ɨɤɫɢɞɨɜ) ɩɪɢɦɟɪɧɨ ɨɞɢɧɚɤɨɜɚ ɢ ɤɨɥɟɛɥɟɬɫɹ ɜ ɩɪɟɞɟɥɚɯ ɨɬ 
14,5 ɞɨ 24,1 %. ɉɨ ɨɬɧɨɲɟɧɢɸ ɤ ɷɥɟɦɟɧɬɚɦ, ɩɨɞɜɢɠɧɵɦ ɜ ɳɟɥɨɱɧɨɣ ɫɪɟɞɟ, ɜɟɞɭɳɚɹ ɪɨɥɶ ɜ ɮɨɪɦɢ-
ɪɨɜɚɧɢɢ ɛɭɮɟɪɧɨɫɬɢ ɩɨɱɜ  ɩɪɢɧɚɞɥɟɠɢɬ ɫɥɚɛɨɤɢɫɥɨɣ ɪɟɚɤɰɢɢ ɫɪɟɞɵ (36,1 %), ɜ ɦɟɧɶɲɟɣ ɫɬɟɩɟɧɢ –
ɝɭɦɭɫɚ ɢ ɩɨɥɭɬɨɪɧɵɯ ɨɤɫɢɞɨɜ (ɬɚɛɥ. 2). 

 
Ɍɚɛɥɢɰɚ 2 

ȿɩɦɺ ɮɲɛɬɭɣɺ ɥɩɧɪɩɨɠɨɭɩɝ ɪɩɲɝɶ ɣ ɟɠɦɹɝɣɺ, ɩɪɫɠɟɠɦɺɹɴɛɺ ɣɰ ɜɮɯɠɫɨɩɬɭɷ ɪɩ ɩɭɨɩɳɠɨɣɹ  
ɥ ɭɺɡɠɦɶɧ ɧɠɭɛɦɦɛɧ, % 

 

Ɉɛɴɟɤɬ Ɏɢɡ. ɝɥɢɧɚ Ƚɭɦɭɫ ɪɇ Fe2O3 
ɉɨɞɜɢɠɧɨɫɬɶ                   

ɷɥɟɦɟɧɬɚ 

ɋɟɪɚɹ ɥɟɫɧɚɹ 
ɩɨɱɜɚ ɩɚɲɧɢ, 
0-20 ɫɦ 

37,0 24,1 18,5 20,4 ȼ ɤɢɫɥɨɣ ɫɪɟɞɟ 

29,0 18,8 36,1 15,9 ȼ ɳɟɥɨɱɧɨɣ ɫɪɟɞɟ 

Ⱦɟɥɸɜɢɣ 
43,5 14,5 21,7 20,3 ȼ ɤɢɫɥɨɣ ɫɪɟɞɟ 
40,5 13,5 27,1 18,9 ȼ ɳɟɥɨɱɧɨɣ ɫɪɟɞɟ 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɨ ɫɪɟɞɧɟɫɬɚɬɢɱɟɫɤɢɦ ɯɚɪɚɤɬɟɪɢ-

ɫɬɢɤɚɦ ɫɟɪɵɟ ɩɨɱɜɵ ɢ ɞɟɥɸɜɢɚɥɶɧɵɟ ɨɬɥɨɠɟɧɢɹ ɢɫɫɥɟɞɭɟɦɨɝɨ ɭɱɚɫɬɤɚ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɫɪɟɞɧɟɣ 
(27 ɛɚɥɥɨɜ) ɢ ɩɨɜɵɲɟɧɧɨɣ (34,5–37 ɛɚɥɥɨɜ) ɛɭɮɟɪɧɨɫɬɶɸ ɢ ɨɛɥɚɞɚɸɬ ɡɧɚɱɢɬɟɥɶɧɵɦɢ ɜɨɡɦɨɠɧɨ-
ɫɬɹɦɢ ɩɨ ɢɧɚɤɬɢɜɚɰɢɢ ɩɨɫɬɭɩɚɸɳɢɯ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ. Ɉɞɧɚɤɨ ɛɭɮɟɪɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɩɨɱɜ ɩɨ ɨɬ-
ɧɨɲɟɧɢɸ ɤ ɬɹɠɟɥɵɦ ɦɟɬɚɥɥɚɦ ɧɟ ɛɟɡɝɪɚɧɢɱɧɚ. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɧɚ ɜɨɞɧɨ-ɮɢɡɢɱɟɫɤɢɟ ɢ ɛɢɨɥɨ-
ɝɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɨɱɜ ɫɭɳɟɫɬɜɟɧɧɵɣ ɨɬɩɟɱɚɬɨɤ ɧɚɤɥɚɞɵɜɚɸɬ ɫɤɥɨɧɨɜɵɟ ɷɪɨɡɢɨɧɧɵɟ ɩɪɨɰɟɫɫɵ, ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɤɨɬɨɪɵɯ ɫɦɵɜ ɢ ɩɟɪɟɨɬɥɨɠɟɧɢɟ ɩɨɱɜɟɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ (ɞɟɥɸɜɢɹ) ɩɪɢɜɨɞɢɬ ɤ ɢɡɦɟɧɟɧɢɸ 
ɫɩɨɫɨɛɧɨɫɬɢ ɩɨɱɜɟɧɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɩɨɝɥɨɳɚɬɶ ɢ ɩɪɨɱɧɨ ɭɞɟɪɠɢɜɚɬɶ ɬɹɠɟɥɵɟ ɦɟɬɚɥɥɵ, ɨɝɪɚɧɢɱɢɜɚɹ 
ɢɯ ɦɢɝɪɚɰɢɸ ɜ ɥɚɧɞɲɚɮɬɟ. Ⱦɟɥɸɜɢɚɥɶɧɵɟ ɩɪɨɰɟɫɫɵ ɩɪɢ ɷɬɨɦ ɢɝɪɚɸɬ ɧɟɨɞɧɨɡɧɚɱɧɭɸ ɪɨɥɶ. 

1. ȼ ɪɟɡɭɥɶɬɚɬɟ ɫɦɵɜɚ ɩɨɱɜɟɧɧɵɯ ɱɚɫɬɢɰ ɫ ɩɥɚɤɨɪɨɜ ɢ ɫɤɥɨɧɨɜ ɩɚɲɧɢ ɝɨɪɢɡɨɧɬɵ Ⱥ1Ⱥ2 ɢ Ⱥ2ȼ 
ɩɪɢɛɥɢɡɢɥɢɫɶ ɤ ɩɨɜɟɪɯɧɨɫɬɢ, ɚ ɡɚɱɚɫɬɭɸ ɰɟɥɢɤɨɦ ɜɯɨɞɹɬ ɜ ɩɚɯɨɬɧɵɣ ɫɥɨɣ. ȼ ɫɟɪɵɯ ɥɟɫɧɵɯ ɩɨɱɜɚɯ 
ɢɫɫɥɟɞɭɟɦɨɝɨ ɪɚɣɨɧɚ ɧɚɛɥɸɞɚɟɬɫɹ ɫɧɢɠɟɧɢɟ ɩɨ ɩɨɱɜɟɧɧɨɦɭ ɩɪɨɮɢɥɸ ɫɨɞɟɪɠɚɧɢɹ ɝɭɦɭɫɚ ɢ ɤɨɥɢ-
ɱɟɫɬɜɚ ɝɥɢɧɢɫɬɵɯ ɱɚɫɬɢɰ Д10, 11, 13Ж, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɜɨɡɦɨɠɧɨ ɭɦɟɧɶɲɟɧɢɟ ɫɬɟɩɟɧɢ ɛɭɮɟɪɧɨɫɬɢ. 

2. ȿɠɟɝɨɞɧɨ ɡɚ ɢɫɫɥɟɞɭɟɦɵɣ ɩɟɪɢɨɞ (2003–2013 ɝɝ.) ɜ ɞɟɥɸɜɢɚɥɶɧɵɯ ɨɬɥɨɠɟɧɢɹɯ (ɤɨɧɭɫɵ ɜɵ-
ɧɨɫɚ, ɲɥɟɣɮɵ) Ʌɭɱɚɧɨɜɫɤɨɝɨ ɤɥɸɱɟɜɨɝɨ ɭɱɚɫɬɤɚ ɨɬɦɟɱɚɥɨɫɶ ɩɨɜɵɲɟɧɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɬɹɠɟɥɵɯ ɦɟ-
ɬɚɥɥɨɜ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɜɟɪɯɧɢɦɢ ɝɨɪɢɡɨɧɬɚɦɢ ɩɨɱɜ ɩɥɚɤɨɪɨɜ ɩɚɲɧɢ (ɪɢɫ. 3). 
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Ɋɢɫ. 3. ɋɨɞɟɪɠɚɧɢɟ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ ɜ ɩɨɱɜɚɯ ɩɥɚɤɨɪɨɜ (0–20 ɫɦ)  

ɢ ɞɟɥɸɜɢɢ Ʌɭɱɚɧɨɜɫɤɨɝɨ ɤɥɸɱɟɜɨɝɨ ɭɱɚɫɬɤɚ (2003–2013 ɝɝ.) 
 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɞɟɩɪɟɫɫɢɹɯ, ɧɚ ɞɧɢɳɚɯ ɥɨɠɛɢɧ ɩɚɲɧɢ ɫɨ ɜɪɟɦɟɧɟɦ ɜ ɧɚɦɵɬɵɯ ɩɨɱɜɚɯ ɦɨɝɭɬ 

ɧɚɤɚɩɥɢɜɚɬɶɫɹ ɬɹɠɟɥɵɟ ɦɟɬɚɥɥɵ ɜ ɩɨɜɵɲɟɧɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɨɬɧɨɫɢɬɟɥɶɧɨ ɪɟɝɢɨɧɚɥɶɧɨɝɨ ɮɨɧɚ. 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɫɪɟɞɧɟɦ ɜɚɥɨɜɨɟ ɫɨɞɟɪɠɚɧɢɟ ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ ɤɥɚɫ-
ɫɨɜ ɨɩɚɫɧɨɫɬɢ (Zn, Pb, Cu, Cr) ɧɢɠɟ ɨɪɢɟɧɬɢɪɨɜɨɱɧɨ ɞɨɩɭɫɬɢɦɵɯ ɢ ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɯ ɤɨɧɰɟɧ-
ɬɪɚɰɢɣ (ɈȾɄ ɢ ɉȾɄ) ɞɥɹ ɩɨɱɜ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɚɝɪɨɩɪɨɢɡɜɨɞɫɬɜɟ (ɬɚɛɥ. 3), ɢ ɧɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɨɩɚɫ-
ɧɨɫɬɢ ɨɤɪɭɠɚɸɳɟɣ ɩɪɢɪɨɞɟ. 

 
Ɍɚɛɥɢɰɚ 3 

 Ɍɩɟɠɫɡɛɨɣɠ ɰɣɧɣɲɠɬɥɣɰ ɸɦɠɧɠɨɭɩɝ ɝ ɪɩɲɝɛɰ ɪɛɳɨɣ ɣ ɟɠɦɹɝɣɣ  
Ɇɮɲɛɨɩɝɬɥɩɞɩ ɥɦɹɲɠɝɩɞɩ ɮɲɛɬɭɥɛ (2003–2013 ɞɞ.) 

 

 
ɗɥɟɦɟɧɬ 

ɉɨɱɜɚ, ɦɝ/ɤɝ ɜ ɫɥɨɟ 
0-20 ɫɦ, Ч=35 

Ⱦɟɥɸɜɢɚɥɶɧɵɟ ɨɬɥɨɠɟɧɢɹ, 
n= 36, ɦɝ/ɤɝ ɈȾɄ  

[14, 15] 
m min/max m min/max 

Pb 19 7/42 20,5 8/36 32 

Cu 26 3/50 32,3 8/93 132 

Sn 3,8 2/14 2,7 2/4 - 

Mn 607,4 230/1020 916 380/2500 1500 

Ba 278 200/320 316 210/500 - 

Co 12 10/18 12 10/18 - 

V 59 18/155 75 14/180 150 

Sr 217 200/300 238 200/450 - 

Cr 46 19/107 52 14/108 - 

Ni 38 9/78 38 8/85 80 

Zr 254 72/743 216 67/580 - 

Zn 42 30/60 54 30/53 220 

ɉɪɢɦɟɱɚɧɢɟ. m – ɫɪɟɞɧɟɟ ɫɨɞɟɪɠɚɧɢɟ ɷɥɟɦɟɧɬɨɜ; n – ɱɢɫɥɨ ɩɪɨɛ. 
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ȼ ɪɚɦɤɚɯ ɦɧɨɝɨɥɟɬɧɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɧɚɦɢ ɩɨɥɭɱɟɧɵ ɦɚɬɟɪɢɚɥɵ, ɩɨɡɜɨɥɹɸɳɢɟ ɨɰɟɧɢɬɶ ɛɭ-
ɮɟɪɧɨɫɬɶ ɫɟɪɵɯ ɥɟɫɧɵɯ ɩɨɱɜ ɧɚ ɩɚɲɧɟ Ʌɭɱɚɧɨɜɫɤɨɝɨ ɤɥɸɱɟɜɨɝɨ ɭɱɚɫɬɤɚ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɬɹɠɟɥɵɦ 
ɦɟɬɚɥɥɚɦ. ɗɬɢ ɞɚɧɧɵɟ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɨɰɟɧɤɢ ɷɤɨɥɨɝɨ-ɝɟɨɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ 
ɩɨɱɜɟɧɧɨɝɨ ɩɨɤɪɨɜɚ ɩɪɢɪɨɞɧɵɯ ɢ ɚɧɬɪɨɩɨɝɟɧɧɵɯ ɥɚɧɞɲɚɮɬɨɜ ɸɝɨ-ɜɨɫɬɨɤɚ Ɍɨɦɫɤɨɣ ɨɛɥɚɫɬɢ. 
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