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ȺɇɇɈɌȺɐɂə 
 

Ⱦɢɩɥɨɦɧɵɣ ɩɪɨɟɤɬ ɫɨɫɬɨɢɬ ɢɡ ɡɚɞɚɧɢɹ, ɜɜɟɞɟɧɢɹ, 5 ɝɥɚɜ, ɡɚɤɥɸɱɟɧɢɹ, 
ɫɩɢɫɤɚ ɢɫɩɨɥɶɡɨɜɚɧɧɨɣ ɥɢɬɟɪɚɬɭɪɵ. Ɋɚɛɨɬɚ ɢɡɥɨɠɟɧɚ ɧɚ 40 ɫɬɪɚɧɢɰɚɯ 
ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɧɚɛɨɪɚ. ɋɩɢɫɨɤ ɢɫɩɨɥɶɡɭɟɦɨɣ ɥɢɬɟɪɚɬɭɪɵ ɫɨɞɟɪɠɢɬ 19 
ɧɚɢɦɟɧɨɜɚɧɢɣ. 

ɐɟɥɶɸ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɬɟɯɧɨɥɨɝɢɢ ɷɥɟɤɬɪɨɥɢɡɚ ɫɟɪɟɛɪɚ. ȼ ɪɚɛɨɬɟ 
ɩɪɢɜɟɞɟɧɵ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɪɟɞɩɪɢɹɬɢɹ, ɫɵɪɶɟɜɚɹ ɛɚɡɚ, ɩɨɬɪɟɛɧɨɫɬɶ ɜ 
ɷɧɟɪɝɨɪɟɫɫɭɪɫɚɯ, ɜɵɛɨɪ ɢ ɨɛɨɫɧɨɜɚɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɫɯɟɦɵ. ȼ ɪɚɛɨɬɟ ɬɚɤɠɟ 
ɪɚɫɫɦɨɬɪɟɧɵ ɪɚɡɞɟɥɵ, ɤɚɫɚɸɳɢɟɫɹ ɨɯɪɚɧɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɢ 
ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ. 
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ANNOTATION 
 
Diploma project consists of tasks, introduction, 5 chapters, conclusion, list of 

references. The work is presented on 40 pages of computer set. The list of used 
literature contains 19 titles. 

The aim is to develop the technology of electrolysis of silver. The paper 
presents the characteristics of the enterprise, the raw material base, the need for 
energy resources, the choice and justification of the technological scheme. This work 
also addresses topics relating to environmental protection and economic performance. 
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ȺɇɇɈɌȺɐɂə 
 
Ⱦɢɩɥɨɦɞɵқ ɠɨɛɚ ɬɚɩɫɵɪɦɚɞɚɧ, ɤіɪіɫɩɟɞɟɧ, 5 ɬɚɪɚɭɞɚɧ, қɨɪɵɬɵɧɞɵɞɚɧ, 

ɩɚɣɞɚɥɚɧɵɥғɚɧ әɞɟɛɢɟɬɬɟɪ ɬіɡіɦіɧɟɧ ɬұɪɚɞɵ. ɀұɦɵɫ ɤɨɦɩɶɸɬɟɪɥіɤ ɬɟɪɭɞің 40 
ɛɟɬɬɟɪіɧɞɟ ɠɚɡɵɥғɚɧ. ɉɚɣɞɚɥɚɧɵɥғɚɧ әɞɟɛɢɟɬɬɟɪ ɬіɡіɦі 19 ɚɬɚɭɞɚɧ ɬұɪɚɞɵ. 

Ɇɚқɫɚɬɵ-ɤүɦіɫ ɷɥɟɤɬɪɨɥɢɡ ɬɟɯɧɨɥɨɝɢɹɫɵɧ ɠɚɫɚɭ. ɀұɦɵɫɬɚ ɤәɫіɩɨɪɵɧɧɵң 
ɫɢɩɚɬɬɚɦɚɫɵ, ɲɢɤіɡɚɬ ɛɚɡɚɫɵ, ɷɧɟɪɝɨɪɟɫɭɪɫɬɚɪғɚ қɚɠɟɬɬіɥіɤ, Ɍɟɯɧɨɥɨɝɢɹɥɵқ 
ɫұɥɛɚɧɵ ɬɚңɞɚɭ ɠәɧɟ ɧɟɝіɡɞɟɭ ɤɟɥɬіɪіɥɝɟɧ. ɀұɦɵɫɬɚ қɨɪɲɚғɚɧ ɨɪɬɚɧɵ қɨɪғɚɭғɚ 
қɚɬɵɫɬɵ ɛөɥіɦɞɟɪ ɦɟɧ ɷɤɨɧɨɦɢɤɚɥɵқ ɤөɪɫɟɬɤіɲɬɟɪ қɚɪɚɥɞɵ. 
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ȼȼȿȾȿɇɂȿ 

 

ɋɪɟɞɧɟɟ ɤɨɥɢɱɟɫɬɜɨ ɫɟɪɟɛɪɚ ɜ ɡɟɦɧɨɣ ɤɨɪɟ ɫɨɫɬɚɜɥɹɟɬ 7∙10-6%. Ɍɚɤɚɹ 
ɜɵɫɨɤɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɦɟɬɚɥɥɨɜ ɯɚɪɚɤɬɟɪɧɚ ɞɥɹ ɩɨɫɬɦɚɝɦɚɬɢɱɟɫɤɨɝɨ ɜɜɟɞɟɧɢɹ. 
Ɂɞɟɫɶ ɫɟɪɟɛɪɨ ɫɨɞɟɪɠɢɬɫɹ ɜ ɡɨɥɨɬɟ, ɦɟɞɢ, ɫɜɢɧɰɟ ɢ ɰɢɧɤɟ. Ʉɨɷɮɮɢɰɢɟɧɬ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɟɪɟɛɪɚ ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 1000. ȼ ɫɟɪɟɛɪɟ ɨɤɨɥɨ 60 ɢɡɜɟɫɬɧɵɯ 
ɦɢɧɟɪɚɥɨɜ. Ɉɫɧɨɜɧɵɦɢ ɢɡ ɧɢɯ ɹɜɥɹɸɬɫɹ ɫɟɪɟɛɪɨ Ag (ɫɨɫɬɨɹɳɟɟ ɢɡ ɡɨɥɨɬɚ, 
ɦɟɞɢ, ɜɢɫɦɭɬɚ, ɫɨɪɝɨ, ɪɬɭɬɢ), AgS Ag, Agiramine Ag3SbS3 ɢ Ag3AsS3. 10% 
ɫɟɪɟɛɪɚ ɩɪɟɞɧɚɡɧɚɱɟɧɨ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɫɟɪɟɛɪɚ ɢ ɫɟɪɟɛɪɚ, 20% ɞɥɹ ɫɟɪɟɛɪɚ ɢ 
ɫɩɥɚɜɨɜ ɫɟɪɟɛɪɚ, 70 ɞɥɹ ɷɥɟɤɬɪɨɬɟɯɧɢɤɢ, ɷɥɟɤɬɪɨɧɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, 
ɪɚɤɟɬɨɫɬɪɨɟɧɢɹ ɢ ɚɜɢɚɫɬɪɨɟɧɢɹ, ɩɪɨɢɡɜɨɞɫɬɜɚ ɯɢɦɢɤɚɬɨɜ ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ, 
ɮɨɬɨɝɪɚɮɢɢ ɢ ɤɢɧɨɢɧɞɭɫɬɪɢɢ, ɮɚɪɮɨɪɚ ɢ ɤɟɪɚɦɢɤɢ. , ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɦɟɞɢɰɢɧɟ. 

ɋɟɪɟɛɪɨ ɜ ɨɫɧɨɜɧɨɦ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ 
(ɫɨɩɭɬɫɬɜɭɸɳɢɯ) ɫɜɢɧɰɨɜɨ-ɰɢɧɤɨɜɵɯ ɢ ɦɟɞɨɩɨɞɨɛɧɵɯ ɢɡɜɟɫɬɧɹɤɨɜɵɯ ɪɭɞ, 
ɤɨɬɨɪɨɟ ɞɨɥɠɧɨ ɛɵɬɶ ɧɟ ɦɟɧɟɟ 10 ɝ/ɬ. Ɇɢɧɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɫɟɪɟɛɪɚ ɜ 
ɡɨɥɨɬɵɯ ɢɥɢ ɫɟɪɟɛɪɹɧɵɯ ɪɭɞɚɯ ɫɨɫɬɚɜɥɹɟɬ 100 ɝ/ɬ, ɚ ɧɚ ɨɬɞɟɥɶɧɵɯ 
ɦɟɫɬɨɪɨɠɞɟɧɢɹɯ ɫɟɪɟɛɪɚ - 400 ɝ/ɬ. 

Ɋɚɡɜɟɞɚɧɧɵɟ ɡɚɩɚɫɵ ɫɟɪɟɛɪɚ ɡɚ ɪɭɛɟɠɨɦ ɫɨɫɬɚɜɥɹɸɬ ɨɤɨɥɨ 360 ɬɵɫɹɱ 
ɬɨɧɧ, ɚ ɨɛɳɢɟ ɡɚɩɚɫɵ - ɨɤɨɥɨ 500 ɬɵɫɹɱ ɬɨɧɧ. Ɉɫɧɨɜɧɵɟ ɡɚɩɚɫɵ ɫɨɫɪɟɞɨɬɨɱɟɧɵ 
ɜ Ɇɟɤɫɢɤɟ, Ʉɚɧɚɞɟ, ɉɟɪɭ ɢ Ⱥɜɫɬɪɚɥɢɢ. Ɉɤɨɥɨ 90% ɡɚɩɚɫɨɜ ɦɟɬɚɥɥɚ ɧɚɯɨɞɹɬɫɹ 
ɧɚ ɦɟɫɬɨɪɨɠɞɟɧɢɢ. Ɋɚɡɜɟɞɚɧɧɵɟ ɡɚɩɚɫɵ ɫɟɪɟɛɪɚ ɧɚ ɤɪɭɩɧɵɯ ɦɟɫɬɨɪɨɠɞɟɧɢɹɯ 
ɩɪɟɜɵɲɚɸɬ 1 ɬɵɫɹɱɭ ɬɨɧɧ, ɜ ɫɪɟɞɧɟɦ - ɨɬ 100 ɞɨ 1 ɬɵɫɹɱɢ ɬɨɧɧ, ɧɚ ɧɟɛɨɥɶɲɢɯ 
ɦɟɫɬɨɪɨɠɞɟɧɢɹɯ ɞɨ 100 ɬɨɧɧ. Ƚɨɞ ɩɪɨɢɡɜɨɞɫɬɜɚ ɫɟɪɟɛɪɚ (ɛɟɡ ɋɇȽ) ɫɨɫɬɚɜɥɹɟɬ 
7400 ɬɨɧɧ, ɱɬɨ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ 45 ɫɬɪɚɧɚɯ. Ɉɤɨɥɨ 70% ɢɡ ɧɢɯ ɨɛɪɚɛɚɬɵɜɚɸɬɫɹ 
ɰɜɟɬɧɵɦɢ ɦɟɬɚɥɥɚɦɢ, 10-15% - ɫ ɦɟɫɬɨɪɨɠɞɟɧɢɣ ɡɨɥɨɬɚ ɢ ɫɟɪɟɛɪɚ, ɚ ɨɫɬɚɥɶɧɵɟ 
ɫ ɦɟɫɬɨɪɨɠɞɟɧɢɣ ɫɟɪɟɛɪɚ. 

Ɉɫɧɨɜɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɤɚɡɚɯɫɬɚɧɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɜ ɛɥɢɠɚɣɲɟɟ 
ɜɪɟɦɹ ɹɜɥɹɟɬɫɹ ɤɨɦɩɥɟɤɫɧɚɹ ɩɟɪɟɪɚɛɨɬɤɚ ɤɨɧɰɟɧɬɪɚɬɨɜ ɷɬɨɝɨ ɜɢɞɚ 
ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɢ ɜɵɜɨɡ ɫɟɪɟɛɪɚ. 

ɉɪɨɢɡɜɨɞɫɬɜɨ ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɵɯ, ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɯ ɧɚ ɷɤɫɩɨɪɬ 
ɬɨɜɚɪɨɜ, ɪɚɛɨɬ ɢ ɭɫɥɭɝ ɜ ɛɥɢɠɚɣɲɟɟ ɜɪɟɦɹ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ 
ɩɪɢɨɪɢɬɟɬɨɜ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɢɧɞɭɫɬɪɢɚɥɶɧɨ-ɢɧɧɨɜɚɰɢɨɧɧɨɣ ɩɨɥɢɬɢɤɢ 
Ʉɚɡɚɯɫɬɚɧɚ. ȼ ɷɬɢɯ ɭɫɥɨɜɢɹɯ ɨɫɨɛɨɟ ɜɧɢɦɚɧɢɟ ɭɞɟɥɹɟɬɫɹ ɧɟɨɛɯɨɞɢɦɨɫɬɢ 
ɪɚɡɜɢɬɢɹ ɝɨɪɧɨɞɨɛɵɜɚɸɳɟɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. Ɂɞɟɫɶ ɫɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ 
ɨɬɪɚɫɥɢ ɧɟɬ ɤɨɦɩɥɟɤɫɨɜ ɫ ɩɨɥɧɵɦ ɰɢɤɥɨɦ ɩɪɨɢɡɜɨɞɫɬɜɚ ɨɬ ɞɨɛɵɱɢ ɞɨ 
ɩɪɨɢɡɜɨɞɫɬɜɚ. ɇɟ ɫɟɤɪɟɬ, ɱɬɨ ɜɫɟ ɦɟɬɚɥɥɵ ɢ ɦɟɬɚɥɥɨɩɪɨɞɭɤɰɢɹ, ɤɨɬɨɪɵɟ 
ɩɪɨɢɡɜɨɞɹɬɫɹ ɜ ɧɚɲɟɣ ɫɬɪɚɧɟ, ɛɭɞɭɬ ɷɤɫɩɨɪɬɢɪɨɜɚɬɶɫɹ, ɚ ɩɪɨɞɭɤɰɢɹ ɫ ɜɵɫɨɤɨɣ 
ɫɬɟɩɟɧɶɸ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚɯɨɞɢɬɫɹ ɡɚ ɪɭɛɟɠɨɦ. 

ɌɈɈ «Ɍɚɭ-Ʉɟɧ Ⱥɥɬɵɧ» ɛɵɥɨ ɫɨɡɞɚɧɨ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɜɵɲɟɭɤɚɡɚɧɧɨɣ 
ɩɪɨɝɪɚɦɦɵ, ɤɨɬɨɪɚɹ ɫɩɟɰɢɚɥɢɡɢɪɭɟɬɫɹ ɧɚ ɪɚɡɪɚɛɨɬɤɟ, ɩɪɨɢɡɜɨɞɫɬɜɟ ɢ ɨɛɪɚɛɨɬɤɟ 
ɞɪɚɝɨɰɟɧɧɵɯ ɦɟɬɚɥɥɨɜ. ɌɈɈ «Ɍɚɭ-Ʉɟɧ Ⱥɥɬɵɧ» ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜɥɚɞɟɟɬ 
ɧɚɡɟɦɧɵɦɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɦɢ ɨɛɴɟɤɬɚɦɢ. 

Ɋɟɚɥɢɡɚɰɢɹ ɩɪɨɟɤɬɚ ɧɚɩɪɚɜɥɟɧɚ ɧɚ ɫɨɡɞɚɧɢɟɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɝɨ 
ɩɪɨɢɡɜɨɞɫɬɜɚ, ɤɨɬɨɪɨɟ ɨɛɟɫɩɟɱɢɬ ɩɪɨɢɡɜɨɞɫɬɜɨ ɪɚɮɢɧɢɪɨɜɚɧɢɹ ɡɚ ɩɟɪɢɨɞ 2012 - 
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2013 ɝɨɞɨɜ ɩɪɢ ɝɨɞɨɜɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ, ɩɨɫɬɟɩɟɧɧɨɟ ɭɜɟɥɢɱɟɧɢɟ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɞɨ 75 ɬɨɧɧ, ɚɮɮɢɧɚɠ ɧɟ ɦɟɧɟɟ 25 ɬɨɧɧ ɚɮɮɢɧɢɪɨɜɚɧɧɨɝɨ ɡɨɥɨɬɚ. 
ɋɵɪɶɟ ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɜ ɤɚɱɟɫɬɜɟ ɧɟɧɚɫɵɳɟɧɧɨɝɨ ɲɥɚɦɚ, ɩɪɨɞɭɤɬɨɜ 
ɪɚɮɢɧɢɪɨɜɚɧɢɹ ɞɪɚɝɨɰɟɧɧɵɯ ɦɟɬɚɥɥɨɜ, ɤɚɬɨɞɧɨɝɨ ɢ ɲɥɚɤɨɜɨɝɨ ɡɨɥɨɬɚ, ɫɩɥɚɜɚ 
Ⱦɨɪɟ, ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɨɬɯɨɞɨɜ, ɸɜɟɥɢɪɧɵɯ ɢ ɪɚɞɢɨɨɬɯɨɞɨɜ, ɚ ɬɚɤɠɟ ɲɥɚɦɨɜ 
ɷɥɟɤɬɪɨɥɢɡɧɨɣ ɦɟɞɢ. ȼ ɪɚɦɤɚɯ ɩɪɨɟɤɬɚ ɛɭɞɟɬ ɫɨɡɞɚɧɚ ɥɚɛɨɪɚɬɨɪɢɹ ɨɬɛɨɪɚ ɩɪɨɛ 
ɢ ɚɧɚɥɢɡɚ ɞɪɚɝɨɰɟɧɧɵɯ ɦɟɬɚɥɥɨɜ, ɫɟɪɬɢɮɢɰɢɪɨɜɚɧɧɚɹ ɩɨ ɦɟɠɞɭɧɚɪɨɞɧɵɦ 
ɫɬɚɧɞɚɪɬɚɦ. 

ɉɪɨɢɡɜɨɞɫɬɜɨ ɩɨ ɩɟɪɟɪɚɛɨɬɤɟ ɡɚɤɚɧɱɢɜɚɟɬɫɹ ɫɬɚɧɞɚɪɬɧɵɦɢ ɫɩɥɚɜɚɦɢ 
ɡɨɥɨɬɚ ɢ ɫɟɪɟɛɪɚ, ɚ ɬɚɤɠɟ ɢɡɦɟɪɟɧɢɟɦ ɫɥɢɬɤɨɜ ɢ ɝɪɚɧɭɥɢɪɨɜɚɧɧɵɯ ɩɪɨɞɭɤɬɨɜ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɬɚɧɞɚɪɬɚɦɢ Ʌɨɧɞɨɧɫɤɨɣ ɚɫɫɨɰɢɚɰɢɢ ɞɪɚɝɨɰɟɧɧɵɯ ɦɟɬɚɥɥɨɜ. 
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1 Ɉɛɳɟɟ ɩɨяɫɧɢɬɟɥɶɧɚя ɡɚɩɢɫɤɚ 

 

1.1 ɋɵɪɶɟɜɚя ɛɚɡɚ, ɨɩɢɫɚɧɢɟ ɫɵɪɶя 

 
Ɉɬɞɟɥɟɧɢɟ ɫɟɪɟɛɪɚ ɢ ɟɝɨ ɱɢɫɬɨɬɚ ɨɫɭɳɟɫɬɜɥɹɸɬɫɹ ɫ ɩɨɦɨɳɶɸ 

ɪɚɮɢɧɢɪɨɜɚɧɢɹ. ɂɡɜɟɫɬɧɨ ɧɟɫɤɨɥɶɤɨ ɫɩɨɫɨɛɨɜ ɚɮɮɢɧɚɠɚ. ɉɪɨɰɟɫɫ 
ɯɥɨɪɢɪɨɜɚɧɢɹ ɢ ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɚɹ ɨɱɢɫɬɤɚ ɲɢɪɨɤɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɵ. 

Ɋɚɮɢɧɢɪɨɜɚɧɢɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɚ ɚɮɮɢɧɚɠɧɵɯ ɡɚɜɨɞɚɯ. Ɂɞɟɫɶ 
ɩɨɫɬɭɩɚɸɳɟɟ ɫɵɪɶɟ ɨɬɥɢɱɚɟɬɫɹ ɪɚɡɧɨɨɛɪɚɡɢɟɦ. Ɉɫɧɨɜɧɚɹ ɦɚɫɫɚ - ɷɬɨ ɡɨɥɨɬɨɣ 
ɫɩɥɚɜ, ɩɨɥɭɱɟɧɧɵɣ ɩɪɢ ɜɵɩɥɚɜɤɟ ɰɢɧɤɨɜɨɝɨ ɲɥɚɦɚ, ɱɟɪɧɨɝɨ ɡɨɥɨɬɚ ɩɨɫɥɟ 
ɢɫɩɚɪɟɧɢɹ ɚɦɚɥɶɝɚɦ, ɡɨɥɨɬɚ, ɫɦɟɲɚɧɧɨɝɨ ɫ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɦɢ ɩɨɱɜɚɦɢ, ɢ 
ɪɭɞɧɨɝɨ ɤɨɧɰɟɧɬɪɚɬɚ, ɤɚɬɨɞɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɢɡ ɪɟɝɟɧɟɪɚɬɨɪɨɜ ɬɢɨɦɨɱɟɜɢɧɵ, ɜ 
ɱɟɪɧɨɦ ɡɨɥɨɬɟ. ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɷɬɢɯ ɦɚɬɟɪɢɚɥɨɜ ɫɥɨɠɟɧ. ɉɨɦɢɦɨ ɡɨɥɨɬɚ ɢ 
ɫɟɪɟɛɪɚ ɨɧɢ ɫɨɞɟɪɠɚɬ ɦɟɞɶ, ɫɜɢɧɟɰ, ɪɬɭɬɶ, ɦɵɲɶɹɤ, ɫɭɪɶɦɭ, ɨɥɨɜɨ, ɜɢɫɦɭɬ ɢ 
ɞɪɭɝɢɟ ɷɥɟɦɟɧɬɵ. Ʉɨɥɢɱɟɫɬɜɨ ɢɧɝɪɟɞɢɟɧɬɨɜ ɞɨ 200 ɢ ɛɨɥɟɟ. 

ɋɟɪɟɛɪɨ ɜ ɨɫɧɨɜɧɨɦ ɩɨɫɬɭɩɚɟɬ ɫ ɡɚɜɨɞɨɜ ɰɜɟɬɧɨɣ ɦɟɬɚɥɥɭɪɝɢɢ ɜ ɜɢɞɟ 
ɫɟɪɟɛɪɹɧɨ-ɡɨɥɨɬɵɯ ɫɩɥɚɜɨɜ (ɞɨ-ɦɟɬɚɥɥ), ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɨɱɢɫɬɤɢ 
ɱɟɪɧɨɝɨ ɫɜɢɧɰɚ ɢ ɩɟɪɟɪɚɛɨɬɤɢ ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɝɨ ɦɟɞɧɨɝɨ ɲɥɚɦɚ. 

ɗɬɢ ɫɩɥɚɜɵ ɨɛɵɱɧɨ ɫɨɞɟɪɠɚɬ ɨɬ 97 ɞɨ 99 % ɫɟɪɟɛɪɚ ɢ ɡɨɥɨɬɚ. 
ɉɨɦɢɦɨ ɷɬɢɯ ɜɢɞɨɜ ɫɵɪɶɹ, ɧɚ ɚɮɮɢɧɚɠɧɵɟ ɡɚɜɨɞɵ ɩɨɫɬɭɩɚɸɬ ɪɚɡɥɢɱɧɵɟ 
ɫɩɥɚɜɵ, ɛɵɬɨɜɵɟ ɢ ɬɟɯɧɢɱɟɫɤɢɟ ɨɬɯɨɞɵ, ɦɨɧɟɬɵ ɢ ɬ. ɞ.  

ȼ ɧɟɤɨɬɨɪɵɯ ɜɢɞɚɯ ɫɵɪɶɹ ɦɨɠɧɨ ɜɫɬɪɟɬɢɬɶ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ 
ɩɥɚɬɢɧɨɜɵɯ ɦɟɬɚɥɥɨɜ [1]. 

ɋɨɞɟɪɠɚɧɢɟ ɧɟɤɨɬɨɪɵɯ ɨɱɢɳɟɧɧɵɯ ɩɪɨɞɭɤɬɨɜ ɩɨɤɚɡɚɧɨ ɜ ɬɚɛɥɢɰɟ 1.1. 
ɗɬɨ ɜɥɢɹɟɬ ɧɚ ɩɟɪɟɪɚɛɨɬɤɭ ɦɚɬɟɪɢɚɥɨɜ ɜ ɩɟɱɢ ɞɨ ɭɫɪɟɞɧɟɧɢɹ ɢ ɢɫɩɵɬɚɧɢɹ 
ɨɬɞɟɥɶɧɵɯ ɜɢɞɨɜ ɫɵɪɶɹ. ɉɪɨɢɡɜɨɞɢɬɫɹ ɜ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɢɧɞɭɤɰɢɨɧɧɵɯ ɩɟɱɚɯ ɜ 
ɝɪɚɮɢɬɨɜɵɯ ɥɨɬɤɚɯ. ɀɢɞɤɢɣ ɦɟɬɚɥɥ ɨɬɩɪɚɜɥɹɟɬɫɹ ɜ ɮɨɪɦɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ 
ɮɨɪɦɵ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɚɧɨɞɨɜ, ɤɨɬɨɪɵɟ ɜɩɨɫɥɟɞɫɬɜɢɢ ɧɚɩɪɚɜɥɹɸɬɫɹ ɜ ɤɨɪɨɛɤɭ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɪɚɡɞɟɥɟɧɢɹ / ɷɥɟɤɬɪɨɥɢɡɚ ɫɟɪɟɛɪɚ. 

ɉɟɪɟɞ ɡɚɩɨɥɧɟɧɢɟɦ ɠɢɞɤɢɦɢ ɦɟɬɚɥɥɚɦɢ ɦɟɬɚɥɥ ɨɛɪɚɛɚɬɵɜɚɟɬɫɹ ɫ 
ɩɨɦɨɳɶɸ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɫɩɟɰɢɚɥɶɧɨɣ ɭɬɢɥɢɡɚɰɢɢ (ɦɢɧɟɪɚɥɢɡɚɰɢɹ, ɝɪɚɮɢɬ, 
ɮɭɦɢɝɚɰɢɹ ɫɠɢɠɟɧɧɨɝɨ ɧɟɮɬɹɧɨɝɨ ɝɚɡɚ), ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɥɟɝɤɨɟ ɭɞɚɥɟɧɢɟ 
ɚɧɨɞɚ ɢɡ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɨɜ. Ⱥɧɨɞ ɨɯɥɚɠɞɚɸɬ, ɨɱɢɳɚɸɬ ɠɟɥɟɡɧɨɣ ɳɟɬɤɨɣ, 
ɫɭɲɚɬ ɢ ɨɬɩɪɚɜɥɹɸɬ ɧɚ ɛɥɨɤ ɭɩɪɚɜɥɟɧɢɹ. ɇɚ ɤɪɭɩɧɵɯ ɚɮɮɢɧɚɠɧɵɯ ɡɚɜɨɞɚɯ 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɟɱɢ ɦɨɳɧɨɫɬɶɸ ɞɨ 100 ɤȼɬ, ɦɨɳɧɨɫɬɶɸ ɞɨ 280 ɤɝ. 

ɑɬɨɛɵ ɭɦɟɧɶɲɢɬɶ ɩɨɬɟɪɢ ɞɪɚɝɨɰɟɧɧɵɯ ɦɟɬɚɥɥɨɜ ɢɡ-ɡɚ ɭɥɟɬɭɱɢɜɚɧɢɹ, 
ɩɥɚɜɥɟɧɢɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨɞ ɫɥɨɟɦ ɲɥɚɤɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɨɞɵ ɢ ɛɭɬɚɧɚ 
(1,5-3 % ɨɬ ɦɚɫɫɵ ɡɚɝɪɭɠɟɧɧɨɝɨ ɦɟɬɚɥɥɚ). Ⱦɥɹ ɷɬɨɝɨ ɩɪɟɞɨɬɜɪɚɳɚɸɬ ɩɟɪɟɝɪɟɜ 
ɦɟɬɚɥɥɚ. Ɂɨɥɨɬɨ - ɫɟɪɟɛɪɹɧɵɟ ɫɩɥɚɜɵ ɩɥɚɜɹɬɫɹ ɩɪɢ 1150 - 1200 ° ɋ, ɚ ɫɟɪɟɛɪɨ - 
ɩɪɢ 1040 - 1060 ° ɋ. 

ɂɡ-ɡɚ ɜɵɞɟɥɟɧɢɹ ɩɨɝɥɨɳɟɧɧɨɝɨ ɤɢɫɥɨɪɨɞɚ ɪɚɫɩɥɚɜɥɹɟɦɨɟ ɩɨɞ ɫɥɨɟɦ 
ɞɪɟɜɟɫɧɨ-ɭɝɨɥɶɧɵɯ ɩɥɚɫɬɨɜ ɨɛɪɚɡɭɸɳɟɟɫɹ ɜɵɫɨɤɨɬɪɟɛɭɟɦɨɟ ɫɟɪɟɛɪɨ, ɫɤɥɨɧɧɨ ɤ 
ɪɚɫɩɵɥɟɧɢɸ ɩɪɢ ɡɚɬɜɟɪɞɟɜɚɧɢɢ ɜ ɚɬɦɨɫɮɟɪɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ. 
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Ɍɚɛɥɢɰɚ 1.1 − ɋɨɫɬɚɜ ɫɵɪɶɹ ɚɮɮɢɧɚɠɧɨɝɨ ɡɚɜɨɞɚ 
 

Ɇɚɬɟɪɢɚɥɵ 
ɋɨɞɟɪɠɚɧɢɟ 

Au Ag Pt Pd 
ɉɪɨɢɡɜɨɞɫɬɜɨ ɫɩɥɚɜɨɜ ɡɨɥɨɬɨ-
ɰɢɧɤɨɜɵɯ ɨɬɯɨɞɨɜ  
Ⱥɦɚɥɶɝɚɦɵ ɩɨɫɥɟ ɩɨɥɭɱɟɧɢɹ 
ɱɟɪɧɨɝɨ ɡɨɥɨɬɚ 
ɒɥɢɯɬɨɜɨɟ ɡɨɥɨɬɨ 
Ʉɚɬɨɞɧɨɟ ɱɟɪɧɨɟ ɡɨɥɨɬɨ  
ɋɩɥɚɜɵ ɫɜɢɧɰɨɜɵɯ ɡɚɜɨɞɨɜ 
ɋɩɥɚɜɵ ɦɟɞɧɵɯ ɷɥɟɤɬɪɨɥɢɬɧɵɯ 
ɲɥɚɦɨɜ 
Ʌɨɦɵ, ɦɨɧɟɬɵ 

700 – 900 
 
700 – 900 
 
750 – 950 
750 – 900 
1 – 35 
10 – 100 
 
0,1 – 1 

50 – 250 
 
50 – 250 
 
10 – 250 
10 – 150 
950 – 995 
850 – 950 
 
500 – 850 

– 
 
– 
 
– 
– 
0 – 0,01 
0 – 1,5 
 
– 

-– 
 
– 
 
– 
– 
0 – 0,1 
0 – 3 
 
– 

 
ɋɩɥɚɜɵ ɡɨɥɨɬɚ ɢ ɫɟɪɟɛɪɚ, ɩɨɫɬɭɩɚɸɳɢɟ ɧɚ ɚɮɮɢɧɚɠ, ɫɨɞɟɪɠɚɬ ɰɢɧɤ, 

ɫɜɢɧɟɰ, ɦɟɞɶ ɢ ɞɪɭɝɢɟ ɩɪɢɦɟɫɢ, ɚ ɬɚɤɠɟ ɦɟɬɚɥɥɵ ɩɥɚɬɢɧɨɜɨɣ ɝɪɭɩɩɵ, ɤɨɬɨɪɵɟ 
ɩɨɞɜɟɪɠɟɧɵ ɥɢɤɜɚɰɢɢ, ɱɬɨ ɡɚɬɪɭɞɧɹɟɬɢɯ ɨɩɪɨɛɨɜɚɧɢɟ. ɑɬɨɛɵ ɢɡɛɟɠɚɬɶ 
ɜɨɡɦɨɠɧɵɯ ɨɲɢɛɨɤ, ɨɛɪɚɡɰɵ ɦɟɬɚɥɥɚ ɨɬɛɢɪɚɸɬɫɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɢɡ ɩɟɱɢ, ɝɞɟ 
ɪɚɫɩɥɚɜ ɯɨɪɨɲɨ ɫɦɟɲɢɜɚɟɬɫɹ ɩɪɢ ɬɨɤɟ ɜɵɫɨɤɨɣ ɱɚɫɬɨɬɵ. ȼɡɹɬɭɸ ɩɪɨɛɭ 
ɩɟɪɟɥɢɜɚɸɬ ɜ ɫɥɢɬɤɢ ɜ ɜɢɞɟ ɬɨɧɤɨɣ ɨɬɥɢɜɤɢ. 

Ȼɵɫɬɪɨɟ ɨɯɥɚɠɞɟɧɢɟ ɬɚɤɨɝɨ ɨɬɥɢɜɤɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɞɨɫɬɚɬɨɱɧɭɸ 
ɨɞɧɨɪɨɞɧɨɫɬɶ ɫɩɥɚɜɚ. ɉɪɨɛɵ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɚɧɚɥɢɡɚ, ɛɟɪɭɬ ɜ ɜɢɞɟ ɫɬɪɭɠɤɢ 
ɢɥɢ ɨɩɢɥɨɤ. Ɋɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɡɚ ɧɟɨɛɯɨɞɢɦɵ ɞɥɹ ɬɨɱɧɨɣ ɪɟɝɢɫɬɪɚɰɢɢ 
ɤɨɥɢɱɟɫɬɜɚ ɞɪɚɝɨɰɟɧɧɵɯ ɦɟɬɚɥɥɨɜ, ɩɨɫɬɭɩɢɜɲɢɯ ɧɚ ɚɮɮɢɧɚɠ ɢ ɪɚɫɱɟɬɨɜ ɫ 
ɩɨɫɬɚɜɳɢɤɚɦɢ [3]. 

 
 
1.2 ȼɵɛɨɪ ɢ ɨɛɨɫɧɨɜɚɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɫɯɟɦɵ 
 

ɇɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɥɢɬɟɪɚɬɭɪɵ ɦɨɝɭɬ ɛɵɬɶ 
ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɫɥɟɞɭɸɳɢɟ ɬɟɯɧɨɥɨɝɢɢ, ɩɨ ɤɨɬɨɪɵɦ ɩɪɨɢɡɜɨɞɢɬɫɹ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɩɟɪɟɪɚɛɨɬɤɚ ɫɵɪɶɹ: 

- ɩɪɨɰɟɫɫ Ɇɢɥɥɟɪɚ; 
- ɤɢɫɥɨɬɧɵɣ ɦɟɬɨɞ; 
- ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɣ ɦɟɬɨɞ.  
ɉɥɚɧɢɪɭɟɬɫɹ ɩɟɪɟɪɚɛɨɬɤɚ ɩɨɫɬɭɩɚɸɳɟɝɨ ɡɨɥɨɬɨɫɨɞɟɪɠɚɳɟɝɨ ɫɵɪɶɹ ɩɨ 

ɬɪɟɦ ɫɯɟɦɚɦ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ: 
- ɩɟɪɜɢɱɧɵɣ ɩɪɨɞɭɤɬ ɜɵɫɨɤɨɣ ɩɪɨɛɵ (ɦɚɫɫɨɜɚɹ ɞɨɥɹ ɫɟɪɟɛɪɚ ɧɟ ɛɨɥɟɟ 10 

%) ɨɛɪɚɛɚɬɵɜɚɟɬ ɩɨ ɤɢɫɥɨɬɧɨɣ ɫɯɟɦɟ ɩɨɫɥɟ ɩɪɢɟɦɨɱɧɨɣ ɩɥɚɜɤɢ. Ɉɧ ɜɤɥɸɱɚɟɬ 
ɝɪɚɧɭɥɹɰɢɸ ɢɫɯɨɞɧɨɝɨ ɫɩɥɚɜɚ, ɜɵɳɟɥɚɱɢɜɚɧɢɟ ɩɨɥɭɱɟɧɧɵɯ ɝɪɚɧɭɥ ɫ ɰɚɪɫɤɨɣ 
ɜɨɞɤɨɣ, ɮɢɥɶɬɪɚɰɢɸ, ɨɫɚɠɞɟɧɢɟ ɡɨɥɨɬɚ ɫɟɪɨɫɨɞɟɪɠɚɳɢɦ ɪɟɚɝɟɧɬɨɦ ɢɡ 
ɪɚɫɬɜɨɪɚ. Ⱦɥɹ ɷɥɟɤɬɪɨɥɢɡɚ ɡɨɥɨɬɚ ɢɡ ɨɫɚɠɞɟɧɧɨɝɨ ɡɨɥɨɬɚ ɡɚɥɢɜɚɟɬɫɹ ɚɧɨɞ. 

ɉɟɪɜɢɱɧɵɣ ɩɪɨɞɭɤɬ ɧɢɡɤɨɣ ɩɪɨɛɵ (ɦɚɫɫɨɜɚɹ ɞɨɥɹ ɫɟɪɟɛɪɚ 10 – 50 %) 
ɨɛɪɚɛɚɬɵɜɚɸɬ ɦɟɬɨɞɨɦ ɩɢɪɨɯɥɨɪɢɪɨɜɚɧɢɹ (ɩɪɨɰɟɫɫ Ɇɢɥɥɟɪɚ). ɂɡ ɩɨɥɭɱɟɧɧɨɝɨ 
ɫɩɥɚɜɚ ɡɨɥɨɬɚ ɡɚɥɢɜɚɸɬ ɚɧɨɞɵ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɷɥɟɤɬɪɨɥɢɡɚ ɡɨɥɨɬɚ. 
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ɋ ɢɡɜɥɟɱɟɧɢɟɦ ɤɚɬɨɞɧɨɝɨ ɡɨɥɨɬɚ ɢ ɥɢɬɶɟɦ ɫɥɢɬɤɨɜ ɪɚɡɦɟɪɨɦ ɧɟ ɦɟɧɟɟ 
99,99 % ɩɪɨɢɡɜɨɞɢɬɫɹ ɡɚɤɥɸɱɢɬɟɥɶɧɵɣ ɷɥɟɤɬɪɨɥɢɡ ɡɨɥɨɬɚ [4]. 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɭɤɚɡɚɧɧɵɦɢ ɩɪɢɱɢɧɚɦɢ ɞɚɧɧɨɟ ɩɪɟɞɩɪɢɹɬɢɟ 
ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɪɚɡɪɚɛɨɬɱɢɤɨɦ ɌɗɈ ɤɚɤ ɨɛɴɟɤɬ ɫɪɚɜɧɟɧɢɹ. 

Ʉɪɚɬɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɪɨɰɟɫɫɚ Ɇɢɥɥɟɪɚ. ɉɢɪɨɯɥɨɪɢɪɨɜɚɧɢɟ (ɩɪɨɰɟɫɫ 
Ɇɢɥɥɟɪɚ) ɨɫɧɨɜɚɧɨ ɧɚ ɛɨɥɟɟ ɥɟɝɤɨɦ ɨɤɢɫɥɟɧɢɢ ɝɚɡɨɨɛɪɚɡɧɵɦ ɯɥɨɪɨɦ, ɱɟɦ 
ɞɪɚɝɨɰɟɧɧɵɟ ɦɟɬɚɥɥɵ ɢ ɦɟɬɚɥɥɵ ɫɟɪɟɛɪɚ, ɡɨɥɨɬɨ ɢ ɩɥɚɬɢɧɨɜɨɣ ɝɪɭɩɩɵ. 
Ɂɧɚɱɟɧɢɟ ɦɟɬɨɞɢɤɢ ɫɨɫɬɨɢɬ ɜ ɩɪɨɞɭɜɤɟ ɡɨɥɨɬɨɫɨɞɟɪɠɚɳɢɯ ɫɩɥɚɜɨɜ ɯɥɨɪɨɦ [5]. 

ɐɜɟɬɧɵɟ ɦɟɬɚɥɥɵ ɢ ɪɚɫɩɥɚɜɥɟɧɧɵɟ ɯɥɨɪɢɞɵ ɫɟɪɟɛɪɚ ɧɟ ɪɚɫɬɜɨɪɹɸɬɫɹ ɜ 
ɦɟɬɚɥɥɟ, ɢɡ-ɡɚ ɢɯ ɧɢɡɤɨɣ ɩɥɨɬɧɨɫɬɢ ɨɧɢ ɩɥɚɜɚɸɬ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ. ɇɟɤɨɬɨɪɵɟ 
ɯɥɨɪɢɞɵ ɰɜɟɬɧɵɯ ɦɟɬɚɥɥɨɜ ɨɬɥɟɬɚɸɬ. Ɏɥɸɫɵ ɡɚɝɪɭɠɚɸɬɫɹ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 
ɲɥɚɤɚ: ɪɬɭɬɶ, ɤɜɚɪɰ, ɯɥɨɪɢɞ ɧɚɬɪɢɹ ɢ ɬ. ɩ. 

ɉɪɨɰɟɫɫ ɩɪɨɜɨɞɹɬ ɜ ɢɧɞɭɤɰɢɨɧɧɵɯ ɷɥɟɤɬɪɨɩɟɱɚɯ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1150 
0ɋ. ɋɧɚɱɚɥɚ ɯɥɨɪɢɪɭɟɬɫɹ ɠɟɥɟɡɨ, ɰɢɧɤ, ɫɜɢɧɟɰ. ɏɥɨɪɢɞɵ ɠɟɥɟɡɚ ɢ ɰɢɧɤɚ 
ɩɪɨɯɨɞɹɬ ɜ ɝɚɡɨɜɭɸ ɮɚɡɭ ɢɡ-ɡɚ ɧɢɡɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɤɢɩɟɧɢɹ. ɑɚɫɬɶ ɯɥɨɪɢɞɚ 
ɫɜɢɧɰɚ ɭɥɟɬɭɱɢɜɚɟɬɫɹ, ɜɬɨɪɚɹ ɱɚɫɬɶ ɜɫɩɥɵɜɚɟɬ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɪɚɫɩɥɚɜɚ [6]. 

Ɍɟɦɩɟɪɚɬɭɪɚ ɤɢɩɟɧɢɹ ɯɥɨɪɢɞɨɜ ɫɟɪɟɛɪɚ (AgCl) ɢ ɦɟɞɢ (CuCl) ɜɵɲɟ 
ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɰɟɫɫɚ, ɩɨɷɬɨɦɭ ɨɛɪɚɡɭɟɬ ɫɥɨɣ ɪɚɫɩɥɚɜɥɟɧɧɵɯ 
ɯɥɨɪɢɞɨɜ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɫɩɥɚɜɚ. 

ɉɥɚɜɥɟɧɵɟ ɯɥɨɪɢɞɵ ɢ ɲɥɚɤɢ ɩɟɪɢɨɞɢɱɟɫɤɢ ɭɞɚɥɹɸɬ ɢ ɡɚɝɪɭɠɚɸɬ ɧɨɜɵɟ 
ɞɨɡɵ ɮɥɸɫɚ. ɉɨɞɚɱɚ ɯɥɨɪɚ ɨɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɩɪɢ ɩɨɹɜɥɟɧɢɢ ɠɟɥɬɵɯ ɩɹɬɟɧ 
ɡɨɥɨɬɚ ɜ ɯɥɨɪɨɨɬɜɨɞɧɵɯ ɬɪɭɛɤɚɯ ɢ ɩɨɹɜɥɟɧɢɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɫɩɥɚɜɚ ɯɥɨɪɢɞɚ 
ɡɨɥɨɬɚ ɤɪɚɫɧɨ – ɛɭɪɨɜɨɝɨ ɰɜɟɬɚ [7]. 

ɉɨ ɨɤɨɧɱɚɧɢɢ ɯɥɨɪɢɪɨɜɚɧɢɹ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɬɚɥɥɚ ɭɞɚɥɹɸɬ ɨɫɬɚɬɤɢ 
ɯɥɨɪɢɞɨɜ ɢ ɲɥɚɬɚɪɚ, ɡɚɦɟɧɹɸɬ ɚɮɮɢɧɢɪɨɜɚɧɧɨɟ ɡɨɥɨɬɨ ɧɚ ɦɢɤɫɟɪ ɢ ɡɚɥɢɜɚɸɬ 
ɫɥɢɬɤɢ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɡɨɥɨɬɚ ɞɨ ~ 99,5 – 99,6 %. 

ɋɦɟɫɶ ɯɥɨɪɢɞɨɜ ɢ ɲɥɚɤɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɜ ɪɟɡɭɥɶɬɚɬɟ ɯɥɨɪɢɪɨɜɚɧɢɹ 
ɫɩɥɚɜɚ, ɫɨɞɟɪɠɢɬ ɜ ɧɟɦ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɫɦɟɲɚɧɧɵɯ ɡɨɥɨɬɵɯ ɤɨɥɥɟɤɬɨɪɨɜ. 
Ⱦɥɹ ɢɡɜɥɟɱɟɧɢɹ ɡɨɥɨɬɚ ɫɦɟɫɶ ɩɟɪɟɩɥɚɜɥɹɟɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ~ 1100 0ɋ. 

ɉɥɚɜɥɟɧɢɟ ɪɚɡɞɟɥɹɟɬɫɹ ɧɚ ɫɥɨɣ ɲɥɚɤɚ ɢ ɫɥɨɢ ɯɥɨɪɢɞɨɜ. ɇɚ ɩɨɜɟɪɯɧɨɫɬɶ 
ɪɚɫɩɥɚɜɚ ɡɚɝɪɭɠɚɟɬɫɹ ɫɨɞɚ (ɤɚɪɛɨɧɚɬ ɧɚɬɪɢɹ) ɫ ɦɟɧɶɲɟɣ ɞɨɡɨɣ. Ɉɤɢɫɥɢɬɟɥɶɧɨɟ 
ɫɟɪɟɛɪɨ, ɩɨɩɚɞɚɹ ɧɚ ɞɧɨ ɬɢɝɟɥɹ ɜ ɜɢɞɟ ɤɚɩɟɥɶ, ɩɪɢɬɹɝɢɜɚɟɬ (ɤɨɥɥɟɤɬɢɪɭɟɬ) 
ɛɨɥɶɲɭɸ ɱɚɫɬɶ ɡɨɥɨɬɚ ɜ ɫɨɫɬɚɜɟ ɯɥɨɪɢɞɨɜ. ɉɨɥɭɱɟɧɧɨɟ ɫɟɪɟɛɪɨ-ɫɩɥɚɜ ɡɨɥɨɬɚ 
ɜɧɨɜɶ ɩɨɫɬɭɩɚɟɬ ɧɚ ɯɥɨɪɢɪɨɜɚɧɢɟ ɜɦɟɫɬɟ ɫ ɧɨɜɨɣ ɞɨɡɨɣ ɫɩɥɚɜɚ [8]. 

ɏɥɨɪɢɞɵ, ɨɫɜɨɛɨɠɞɟɧɧɵɟ ɢɡ ɡɨɥɨɬɚ, ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɫɵɪɶɹ ɞɥɹ 
ɩɨɥɭɱɟɧɢɹ ɫɟɪɟɛɪɚ. ȼ ɢɯ ɫɨɫɬɚɜɟ ɫɨɞɟɪɠɢɬɫɹ ɞɨ ~ 70 % ɯɥɨɪɢɞɚ ɫɟɪɟɛɪɚ, 
ɨɫɬɚɥɶɧɵɟ – ɦɟɞɶ, ɧɚɬɪɢɹ, ɯɥɨɪɢɞɵ ɫɜɢɧɰɚ. Ɉɛɪɚɛɨɬɤɚ ɯɥɨɪɢɞɨɜ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɪɚɡɥɢɱɧɵɦɢ ɦɟɬɨɞɚɦɢ. 

ɉɪɟɢɦɭɳɟɫɬɜɨɦ ɚɮɮɢɧɚɠɚ ɩɢɪɨɯɥɨɪɢɡɚɰɢɟɣ ɹɜɥɹɟɬɫɹ ɩɟɪɟɪɚɛɨɬɤɚ ɫɵɪɶɹ 
ɫ ɧɢɡɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɡɨɥɨɬɚ ɢ ɜɨɡɦɨɠɧɨɫɬɶ ɞɨɜɟɞɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɡɨɥɨɬɚ ɞɨ ~ 
99,5 – 99,6 % ɜ ɬɟɱɟɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɱɚɫɨɜ. 

ɇɟɞɨɫɬɚɬɤɢ ɚɥɶɬɟɪɧɚɬɢɜɧɨɣ ɬɟɯɧɨɥɨɝɢɢ " ɩɪɨɰɟɫɫ Ɇɢɥɥɟɪɚ» : 
- ɡɧɚɱɢɬɟɥɶɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɨɱɢɫɬɤɭ ɨɛɪɚɛɨɬɚɧɧɨɝɨ ɜɨɡɞɭɯɚ ɜ 

ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɦ ɦɟɬɨɞɟ ɫɭɳɟɫɬɜɟɧɧɨ ɧɟ ɨɛɪɚɡɭɸɬɫɹ ɷɤɨɥɨɝɢɱɟɫɤɢ      



14 

 

ɜɪɟɞɧɵɟ ɜɟɳɟɫɬɜɚ; 
 - ɢɡ ɯɥɨɪɢɞɧɵɯ ɲɥɚɤɨɜ ɫɟɪɟɛɪɨ ɧɟɨɛɯɨɞɢɦɨ ɨɤɢɫɥɹɬɶ ɢ ɞɚɥɟɟ ɨɱɢɳɚɬɶ 

ɦɟɬɨɞɨɦ ɷɥɟɤɬɪɨɥɢɡɚ ɞɨ ɫɬɟɩɟɧɢ ɱɢɫɬɨɝɨ ɫɟɪɟɛɪɚ. ɉɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɪɚɡɞɟɥɟɧɢɟ 
ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɷɥɟɤɬɪɨɥɢɡɟ ɢɡ ɪɚɫɱɟɬɚ 99,99% ɱɢɫɬɨɝɨ ɫɟɪɟɛɪɚ ɡɚ ɨɞɢɧ ɪɚɡ ɢ ɧɚ 
ɨɞɧɨɣ ɫɬɚɞɢɢ; ɉɪɨɰɟɫɫ Ɇɢɥɥɟɪɚ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɡɨɥɨɬɨɟ ɱɢɫɬɨɟ ɡɨɥɨɬɨ 90-
95 %. 

 - ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɬɟɯɧɨɥɨɝɢɹ Ɇɢɥɥɟɪɚ ɡɚɦɟɧɹɟɬ ɬɨɥɶɤɨ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɟ 
ɪɚɡɞɟɥɟɧɢɟ, ɢ ɨɧɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɷɤɨɥɨɝɢɱɟɫɤɢɣ ɜɪɟɞ ɞɥɹ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. 

ɉɪɟɢɦɭɳɟɫɬɜɚ ɦɟɬɨɞɚ Ɇɢɥɥɟɪɚ: ɨɱɟɧɶ ɧɢɡɤɢɟ ɡɚɬɪɚɬɵ-ɨɞɧɚɤɨ, ɟɫɥɢ 
ɬɨɥɶɤɨ ɧɟ ɬɪɟɛɭɟɬɫɹ ɫɨɛɥɸɞɟɧɢɹ ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɯ ɷɤɨɥɨɝɢɱɟɫɤɢɯ 
ɩɨɤɚɡɚɬɟɥɟɣ, ɜ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ ɷɬɨɬ ɦɟɬɨɞ ɛɭɞɟɬ ɨɱɟɧɶ ɞɨɪɨɝɢɦ [9]. 

ɉɨɫɤɨɥɶɤɭ ɩɪɚɜɢɥɚ, ɤɚɫɚɸɳɢɟɫɹ ɫɨɛɥɸɞɟɧɢɹ ɩɪɢɤɚɡɨɜ ɩɨ ɨɯɪɚɧɟ 
ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɢ ɡɞɨɪɨɜɶɹ ɱɟɥɨɜɟɤɚ ɜ Ɋɟɫɩɭɛɥɢɤɟ Ʉɚɡɚɯɫɬɚɧ ɢɦɟɸɬ 
ɸɪɢɞɢɱɟɫɤɭɸ ɫɢɥɭ, ɩɪɢɦɟɧɟɧɢɟ ɦɟɬɨɞɚ Ɇɢɥɥɟɪɚ ɬɪɟɛɭɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ 
ɮɢɧɚɧɫɨɜɵɯ ɜɥɨɠɟɧɢɣ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɤɨɧɤɭɪɟɧɬɧɵɯ ɦɟɬɨɞɨɜ (ɦɟɬɨɞ Ɇɢɥɥɟɪɚ ɢ ɦɟɬɨɞ «ɰɚɪɫɤɨɣ 
ɜɨɞɤɢ») ɱɢɫɬɨɟ ɡɨɥɨɬɨ ɧɟ ɢɡɵɦɚɟɬɫɹ. ɗɬɢ ɦɟɬɨɞɵ ɬɪɟɛɭɸɬ ɡɚɤɥɸɱɢɬɟɥɶɧɨɝɨ 
ɷɥɟɤɬɪɨɥɢɡɚ ɡɨɥɨɬɚ, ɩɪɢ ɷɬɨɦ ɢɦ ɧɟɨɛɯɨɞɢɦ ɪɟɚɤɬɨɪ ɞɥɹ ɭɦɟɧɶɲɟɧɢɹ ɯɥɨɪɢɞɚ 
ɫɟɪɟɛɪɚ, ɬ. ɟ. ɨɛɚ ɦɟɬɨɞɚ ɡɚɦɟɧɹɸɬ ɬɨɥɶɤɨ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɚɮɮɢɧɚɠɢɪɨɜɚɧɢɟ, 
ɨɞɧɚɤɨ ɢɯ ɝɥɚɜɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɹɜɥɹɟɬɫɹ ɬɪɟɛɨɜɚɧɢɟ ɛɨɥɟɟ ɤɪɭɩɧɵɯ ɦɟɪ ɩɨ 
ɨɯɪɚɧɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. 

Ɋɚɫɱɟɬ ɡɚɬɪɚɬ ɧɚ ɢɧɜɟɫɬɢɰɢɢ ɜ ɦɚɥɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɭɸ (25 ɬ ɱɢɫɬɨɝɨ 
ɡɨɥɨɬɚ ɜ ɝɨɞ) ɭɫɬɚɧɨɜɤɭ ɧɟɜɨɡɦɨɠɧɨ, ɬɚɤ ɤɚɤ ɩɪɢɦɟɧɟɧɢɟ ɦɟɬɨɞɚ Ɇɢɥɥɟɪɚ 
ɜɵɝɨɞɧɨ ɬɨɥɶɤɨ ɩɪɢ ɩɨɥɭɱɟɧɢɢ ɛɨɥɟɟ ɱɢɫɬɨɝɨ ɡɨɥɨɬɚ ɜ 100 ɬ/ɝɨɞ. 

ɉɪɢɦɟɧɟɧɢɟ ɦɟɬɨɞɚ ɚɮɮɢɧɚɠɚ» ɰɚɪɫɤɨɣ ɜɨɞɤɨɣ " ɜɵɝɨɞɧɨ ɩɪɢ ɧɚɥɢɱɢɢ 
ɛɨɥɟɟ 20 % ɩɥɚɬɢɧɵ ɢ ɩɚɥɥɚɞɢɹ, ɚ ɩɥɚɧɢɪɭɟɦɨɟ ɫɵɪɶɟ ɧɟ ɫɨɞɟɪɠɢɬ ɬɚɤɨɝɨ 
ɫɨɞɟɪɠɚɧɢɹ [10]. 

Ʉɪɚɬɤɨɟ ɨɩɢɫɚɧɢɟ ɤɢɫɥɨɬɧɨɝɨ ɦɟɬɨɞɚ ɚɮɮɢɧɚɠɚ. Ʉɢɫɥɨɬɧɵɣ ɦɟɬɨɞ 
ɚɮɮɢɧɚɠɚ ɨɫɧɨɜɚɧ ɧɚ ɨɛɪɚɛɨɬɤɟ ɫɩɥɚɜɨɜ ɞɪɚɝɨɰɟɧɧɵɯ ɦɟɬɚɥɥɨɜ ɪɚɡɥɢɱɧɵɦɢ 
ɤɢɫɥɨɬɚɦɢ. ɉɪɢ ɷɬɨɦ ɨɞɢɧ ɛɥɚɝɨɪɨɞɧɵɯ ɦɟɬɚɥɥɨɜ ɢɡ ɩɪɢɦɟɫɟɣ ɩɟɪɟɯɨɞɢɬ ɜ 
ɪɚɫɬɜɨɪ, ɚ ɜɬɨɪɨɣ ɨɫɬɚɟɬɫɹ ɜ ɧɟɪɚɫɬɜɨɪɢɦɵɯ ɨɬɯɨɞɚɯ. 

ɋɩɨɫɨɛ ɨɱɢɫɬɤɢ ɚɡɨɬɧɨɣ ɤɢɫɥɨɬɨɣ (HNO3) ɨɫɧɨɜɚɧ ɧɚ ɢɧɟɪɬɧɨɫɬɢ ɡɨɥɨɬɚ ɤ 
ɞɟɣɫɬɜɢɸ ɚɡɨɬɧɨɣ ɤɢɫɥɨɬɵ. Ⱦɥɹ ɩɨɥɧɨɝɨ ɪɚɡɞɟɥɟɧɢɹ ɦɟɬɚɥɥɨɜ ɧɟɨɛɯɨɞɢɦɨ, 
ɱɬɨɛɵ ɫɨɞɟɪɠɚɧɢɟ ɫɟɪɟɛɪɚ ɜ ɫɩɥɚɜɟ ɜ 2 – 3 ɪɚɡɚ ɩɪɟɜɵɲɚɥɨ ɫɨɞɟɪɠɚɧɢɟ ɡɨɥɨɬɚ. 
ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɞɚɧɧɨɝɨ ɭɫɥɨɜɢɹ ɨɛɪɚɛɨɬɤɚ ɫɩɥɚɜɚ ɝɨɪɹɱɟɣ ɚɡɨɬɧɨɣ ɤɢɫɥɨɬɨɣ ɜ 
ɝɪɚɧɭɥɢɪɨɜɚɧɧɵɟ ɢɥɢ ɪɚɡɥɢɬɵɟ ɜ ɬɨɧɤɢɟ ɩɥɚɫɬɢɧɵ ɩɨɡɜɨɥɹɟɬ ɩɟɪɟɯɨɞɢɬɶ 
ɫɟɪɟɛɪɨ ɢ ɫɦɟɫɢ ɜ ɪɚɫɬɜɨɪ, ɚ ɡɨɥɨɬɨ ɨɫɬɚɟɬɫɹ ɜ ɨɫɚɞɤɟ [11].  Ⱦɥɹ ɩɨɥɧɨɝɨ 
ɭɞɚɥɟɧɢɹ ɩɪɢɦɟɫɟɣ ɧɚɫɬɨɣɤɚ ɫɧɨɜɚ ɤɢɩɹɬɢɬɫɹ ɜ ɱɢɫɬɨɣ ɤɢɫɥɨɬɧɨɣ ɞɨɡɟ. Ɋɚɫɬɜɨɪ 
ɡɚɥɢɜɚɸɬ (ɮɢɥɶɬɪɭɸɬ). ɑɟɪɧɨ – ɛɭɪɨɜɨɣ ɨɫɚɞɨɤ ɩɨɥɭɱɟɧɧɨɝɨ ɡɨɥɨɬɚ 
ɨɩɨɥɚɫɤɢɜɚɸɬ, ɩɪɨɫɭɲɢɜɚɸɬ ɢ ɩɟɪɟɥɢɜɚɸɬ ɜ ɫɥɢɬɤɢ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɡɨɥɨɬɚ ɞɨ ~ 
99,8 %. ɋɟɪɟɛɪɨ, ɩɟɪɟɲɟɞɲɟɟ ɜ ɪɚɫɬɜɨɪ, ɨɬɫɬɚɢɜɚɸɬ ɜ ɜɢɞɟ ɯɥɨɪɢɞɚ, ɨɤɢɫɥɹɸɬ 
ɦɟɬɚɥɥ ɠɟɥɟɡɨɦ ɢɥɢ ɨɰɢɧɤɨɦ ɢ ɩɟɪɟɩɥɚɜɥɹɸɬ ɜ ɫɥɢɬɤɢ. 

ɉɪɢ ɫɩɨɫɨɛɟ ɨɱɢɫɬɤɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ 
(H2SO4) ɫɨɞɟɪɠɚɧɢɟ ɫɟɪɟɛɪɚ ɜ ɢɫɯɨɞɧɨɦ ɫɩɥɚɜɟ ɞɨɥɠɧɨ ɛɵɬɶ ɜ ɬɪɢ ɪɚɡɚ ɜɵɲɟ 
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ɡɨɥɨɬɚ, ɧɟ ɛɨɥɟɟ 7,5 % ɦɟɞɢ, ɧɟ ɛɨɥɟɟ 0,25 % ɫɜɢɧɰɚ. ɋɩɥɚɜ, ɝɪɚɧɭɥɢɪɨɜɚɧɧɵɣ 
ɢɥɢ ɡɚɥɢɬɵɣ ɜ ɬɨɧɤɢɟ ɩɥɚɫɬɢɧɵ, ɩɨɝɪɭɠɚɸɬ ɜ ɟɦɤɨɫɬɶ ɢ ɡɚɥɢɜɚɸɬ 
ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɫɟɪɧɨɣ ɤɢɫɥɨɬɨɣ. 

ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ ɫɦɟɫɢ ɫɟɪɟɛɪɚ, ɦɟɞɢ ɢ ɞɪɭɝɢɯ ɦɟɬɚɥɥɨɜ ɩɪɨɧɢɤɚɸɬ ɜ 
ɪɚɫɬɜɨɪ, ɡɨɥɨɬɨ ɨɫɬɚɟɬɫɹ ɜ ɧɟɪɚɫɬɜɨɪɢɦɵɯ ɨɬɯɨɞɚɯ. Ⱦɥɹ ɡɚɤɥɸɱɢɬɟɥɶɧɨɣ 
ɨɱɢɫɬɤɢ ɡɨɥɨɬɢɫɬɨɝɨ ɨɫɚɞɤɚ ɨɛɪɚɛɚɬɵɜɚɸɬ ɧɨɜɨɣ ɞɨɡɨɣ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ 
ɤɢɫɥɨɬɵ [12]. ɉɨɥɭɱɟɧɧɵɣ ɡɨɥɨɬɨɣ ɨɫɚɞɨɤ ɨɩɨɥɚɫɤɢɜɚɸɬ, ɩɪɨɫɭɲɢɜɚɸɬ ɢ 
ɡɚɥɢɜɚɸɬ ɨɬɥɢɜɤɢ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɡɨɥɨɬɚ ɞɨ ~ 99,6 – 99,9 %. 

ɋɩɨɫɨɛ ɚɮɮɢɧɚɠɚ ɰɚɪɫɤɨɣ ɜɨɞɤɨɣ (ɦɟɬɚɥɥɨɜ – ɪɚɫɬɜɨɪɹɟɬ ɡɨɥɨɬɨ) 
ɩɪɢɦɟɧɹɟɬɫɹ ɤ ɫɩɥɚɜɚɦ, ɫɨɞɟɪɠɚɳɢɦ ɦɟɧɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɫɟɪɟɛɪɚ. 
ȼɵɳɟɥɚɱɢɜɚɸɳɢɣ ɪɚɫɬɜɨɪ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɦɟɫɶ 3-ɯ ɨɛɴɟɦɧɵɯ ɱɚɫɬɟɣ 
ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɵ ɢ 1-ɯ ɨɛɴɟɦɧɵɯ ɱɚɫɬɟɣ 
ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɚɡɨɬɧɨɣ ɤɢɫɥɨɬɵ [13]. Ƚɪɚɧɭɥɢɪɨɜɚɧɧɵɣ 
ɡɨɥɨɬɨɫɨɞɟɪɠɚɳɢɣ ɫɩɥɚɜ ɜɵɳɟɥɚɱɢɜɚɟɬɫɹ ɩɪɢ ɧɚɝɪɟɜɟ ɰɚɪɫɤɨɣ ɩɢɯɬɵ. ȼ 
ɪɟɡɭɥɶɬɚɬɟ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɪɚɫɬɜɨɪɚ ɜɵɞɟɥɹɟɬɫɹ ɞɜɚ ɚɤɬɢɜɧɵɯ ɜɟɳɟɫɬɜɚ: ɯɥɨɪ ɢ 
ɧɢɬɪɨɡɢɥɯɥɨɪɢɞ, ɤɨɬɨɪɵɟ ɫɩɨɫɨɛɧɵ ɪɚɫɬɜɨɪɢɬɶ ɡɨɥɨɬɨ: 

 
HNO3 + 3HCl = NOCl + Cl2+ 2H2O; (1.1) 

Au + NOCl + Cl2= AuCl3 + NO. (1.2) 
 
Ʉ ɯɥɨɪɢɞɭ ɡɨɥɨɬɚ ɞɨɛɚɜɥɹɟɬ ɫɨɥɹɧɭɸ ɤɢɫɥɨɬɭ (HCl) ɢ ɨɛɪɚɡɭɟɬɫɹ 

ɡɨɥɨɬɢɫɬɨɜɨɞɨɪɨɞɧɚɹ ɤɢɫɥɨɬɚ: 
 

AuCl3 + HCl = H(AuCl4). (1.3) 
 
Ɂɨɥɨɬɨɫɨɞɟɪɠɚɳɢɣ ɪɚɫɬɜɨɪ ɫɥɢɜɚɸɬ, ɜɵɫɭɲɢɜɚɸɬ ɢ ɩɪɨɩɚɪɢɜɚɸɬ 

ɚɡɨɬɧɭɸ ɤɢɫɥɨɬɭ ɞɥɹ ɭɞɚɥɟɧɢɹ. ɋɨɥɢ ɪɚɫɬɜɨɪɹɸɬ ɜ ɜɨɞɟ, ɮɢɥɶɬɪɭɸɬ 
ɩɨɥɭɱɟɧɧɵɣ ɪɚɫɬɜɨɪ ɢ ɨɫɚɠɞɚɸɬ ɦɟɬɚɥɥ ɡɨɥɨɬɨɦ ɫ ɩɨɦɨɳɶɸ ɜɨɫɫɬɚɧɨɜɢɬɟɥɟɣ. 
ɉɨɫɥɟ ɨɩɨɥɚɫɤɢɜɚɧɢɹ ɢ ɩɪɨɫɭɲɢɜɚɧɢɹ ɜɥɢɜɚɸɬɫɹ ɨɬɥɢɜɤɢ ɫ ɫɨɞɟɪɠɚɧɢɟɦ 
ɡɨɥɨɬɚ ɞɨ ~99,8-99,9 % [14]. ɋɟɪɟɛɪɨ ɩɨɥɭɱɚɸɬ ɢɡ ɨɫɚɞɤɚ ɯɥɨɪɢɞɚ ɫɟɪɟɛɪɚ. 

ɋɥɚɛɵɟ ɫɬɨɪɨɧɵ ɦɟɬɨɞɚ «ɰɚɪɫɤɚɹ ɜɨɞɤɚ» : 
ɚ) ɫɩɥɚɜ ɞɨɥɠɟɧ ɪɚɡɞɟɥɹɬɶɫɹ ɧɚ ɦɟɥɤɢɟ ɱɚɫɬɢ: 
- ɦɟɬɨɞɨɦ ɝɪɚɧɭɥɹɰɢɢ; 
- ɦɟɬɨɞɨɦ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɞɪɨɛɥɟɧɢɹ (ɮɪɟɡɟɪɨɜɤɢ); 
- ɦɟɬɨɞɨɦ ɜɚɤɭɭɦɧɨɝɨ ɪɚɫɩɵɥɟɧɢɹ. 
ɛ) ɜɵɫɨɤɨɟ ɫɨɞɟɪɠɚɧɢɟ ɫɟɪɟɛɪɚ ɛɨɥɟɟ 5 % ɹɜɥɹɟɬɫɹ ɩɪɢɱɢɧɨɣ ɛɨɥɟɟ 

ɞɥɢɬɟɥɶɧɨɣ ɪɟɚɤɰɢɢ, ɬɚɤ ɤɚɤ ɯɥɨɪɢɞ ɫɟɪɟɛɪɚ ɩɚɫɫɢɜɢɪɭɟɬ ɩɨɜɟɪɯɧɨɫɬɶ 
ɦɚɬɟɪɢɚɥɚ. 

ɜ) ɞɥɹ ɨɱɢɫɬɤɢ ɨɛɪɚɛɨɬɚɧɧɨɝɨ ɜɨɡɞɭɯɚ ɢ ɜɨɞɵ ɧɟɨɛɯɨɞɢɦɵ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɤɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ, ɬɚɤ ɤɚɤ ɪɚɛɨɬɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɯ ɤɢɫɥɨɬ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɫɠɢɠɟɧɧɵɦɢ 
ɤɢɫɥɨɬɚɦɢ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ. 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɚɡɪɚɛɨɬɱɢɤ ɞɚɧɧɨɝɨ ɌɗɈ ɪɟɤɨɦɟɧɞɭɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɣ ɦɟɬɨɞ, ɤɨɬɨɪɵɣ ɨɩɢɫɵɜɚɟɬ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɜ 
ɫɥɟɞɭɸɳɟɦ ɩɭɧɤɬɟ. 

Ʉɪɚɬɤɨɟ ɨɩɢɫɚɧɢɟ ɜɵɛɪɚɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ, ɜɵɩɨɥɧɟɧɢɟ ɬɪɟɛɨɜɚɧɢɣ ɤ 
ɨɫɧɨɜɧɨɦɭ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦɭ ɨɛɨɪɭɞɨɜɚɧɢɸ, ɜɵɩɨɥɧɟɧɢɟ ɤɨɬɨɪɨɝɨ 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɬɟɯɧɨɥɨɝɢɱɟɫɤɭɸ ɢ ɷɤɨɥɨɝɢɱɟɫɤɭɸ ɛɟɡɨɩɚɫɧɨɫɬɶ ɚɮɮɢɧɚɠɧɨɝɨ 
ɡɚɜɨɞɚ. Ɉɛɨɫɧɨɜɚɧɢɟ ɜɵɛɨɪɚ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫ ɞɚɧɧɵɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɪɵɧɤɚ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɭɤɚɡɚɧɢɟɦ ɢɫɬɨɱɧɢɤɨɜ ɟɝɨ ɩɪɢɨɛɪɟɬɟɧɢɹ. 

ɗɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɟ ɪɚɮɢɧɢɪɨɜɚɧɢɟ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɫɨɜɟɪɲɟɧɧɵɦ 
ɦɟɬɨɞɨɦ ɨɱɢɫɬɤɢ, ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɹɟɬ ɭɞɚɥɹɬɶ ɦɟɬɚɥɥɵ ɜɵɫɨɤɨɣ ɱɢɫɬɨɬɵ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜɫɟɯ ɰɟɧɧɵɯ ɢɧɝɪɟɞɢɟɧɬɨɜ, ɜɯɨɞɹɳɢɯ ɜ ɫɨɫɬɚɜ 
ɪɚɮɢɧɢɪɨɜɚɧɧɨɝɨ ɫɩɥɚɜɚ [15]. 

ɗɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɟ ɪɚɮɢɧɢɪɨɜɚɧɢɟ ɫɟɪɟɛɪɚ ɧɟ ɜɵɡɵɜɚɟɬ ɡɧɚɱɢɬɟɥɶɧɨɝɨ 
ɡɚɝɪɹɡɧɟɧɢɹ ɜɨɡɞɭɯɚ, ɢ ɩɪɢ ɪɚɮɢɧɢɪɨɜɚɧɢɢ ɫ ɩɨɦɨɳɶɸ «ɰɚɪɫɤɨɣ ɜɨɞɤɢ» 
ɪɚɫɯɨɞɭɟɬɫɹ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɨɬɯɨɞɨɜ. Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɢ ɪɚɮɢɧɢɪɨɜɚɧɢɢ ɫ 
ɩɨɦɨɳɶɸ «ɰɚɪɫɤɨɣ ɜɨɞɤɢ» ɫɟɪɟɛɪɨ ɨɫɚɠɞɚɟɬɫɹ ɜ ɜɢɞɟ ɯɥɨɪɢɞɚ ɫɟɪɟɛɪɚ AgCl ɢ 
ɬɪɟɛɭɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɨɱɢɫɬɤɢ. 

ɉɪɟɢɦɭɳɟɫɬɜɨɦ ɦɟɬɨɞɚ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɪɚɡɛɚɜɥɟɧɧɵɯ ɤɢɫɥɨɬ. ȼ 
ɫɥɭɱɚɟ ɨɬɤɥɸɱɟɧɢɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɯɢɦɢɱɟɫɤɚɹ ɪɟɚɤɰɢɹ ɧɟ ɩɪɨɜɨɞɢɬɫɹ. Ɋɟɚɤɬɨɪ 
ɡɞɟɫɶ ɧɟ ɦɨɠɟɬ ɪɚɛɨɬɚɬɶ «ɛɨɥɶɲɟ», ɫɪɚɜɧɢɜɚɹ ɫ ɱɢɫɬɵɦɢ ɯɢɦɢɱɟɫɤɢɦɢ 
ɦɟɬɨɞɚɦɢ. 

Ȼɨɥɶɲɚɹ ɱɚɫɬɶ ɩɪɨɦɵɜɨɱɧɨɣ ɜɨɞɵ ɡɚɦɟɧɹɟɬ ɩɨɬɟɪɢ ɨɬ ɢɫɩɚɪɟɧɢɹ 
ɷɥɟɤɬɪɨɥɢɬɧɨɣ ɜɨɞɵ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɭɫɬɨɣɱɢɜɵɣ ɭɪɨɜɟɧɶ 
ɷɥɟɤɬɪɨɥɢɬɚ. 

Ɇɟɬɚɥɥɵ ɩɥɚɬɢɧɨɜɨɣ ɝɪɭɩɩɵ, ɫɨɞɟɪɠɚɳɢɟɫɹ ɜ ɨɫɚɞɤɟ, ɭɱɢɬɵɜɚɸɬɫɹ ɤɚɤ 
ɧɟɨɱɢɳɟɧɧɚɹ ɫɦɟɫɶ ɩɨ ɫɨɞɟɪɠɚɧɢɸ. 

ȼ ɞɨɫɬɚɬɨɱɧɨɦ ɤɨɥɢɱɟɫɬɜɟ (2 ɤɝ ɩɥɚɬɢɧɵ ɢ/ɢɥɢ ɩɚɥɚɞɢɹ ɜ ɧɟɞɟɥɸ) ɨɧɢ 
ɜɵɞɟɥɹɸɬɫɹ ɦɧɨɝɨɤɪɚɬɧɵɦ ɨɫɚɠɞɟɧɢɟɦ ɢ ɨɱɢɳɚɸɬɫɹ. Ⱦɥɹ ɨɛɪɚɛɨɬɚɧɧɨɝɨ 
ɪɚɫɬɜɨɪɚ ɢ ɨɛɪɚɛɨɬɚɧɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɩɪɨɰɟɫɫɟ ɚɮɮɢɧɚɠɚ ɦɟɬɚɥɥɨɜ ɩɥɚɬɢɧɨɜɨɣ 
ɝɪɭɩɩɵ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɨɬɞɟɥɶɧɵɟ ɨɩɬɢɦɚɥɶɧɵɟ ɲɚɝɢ ɩɨ ɨɱɢɫɬɤɟ. 

ɉɪɢ ɫɨɛɥɸɞɟɧɢɢ ɜɫɟɯ ɢɧɫɬɪɭɤɰɢɣ ɩɨ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɨɛɫɥɭɠɢɜɚɧɢɸ 
ɨɛɨɪɭɞɨɜɚɧɢɹ, ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɪɚɛɨɬ ɧɟ 
ɜɨɡɧɢɤɚɟɬ, ɬɚɤ ɤɚɤ ɢɫɩɨɥɶɡɭɸɬɫɹ ɬɨɥɶɤɨ ɤɨɪɪɨɡɢɨɧɧɨɫɬɨɣɤɢɟ ɦɚɬɟɪɢɚɥɵ [16]. 

Ɇɢɧɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɤɢɫɥɨɫɨɞɟɪɠɚɳɢɯ ɫɬɨɱɧɵɯ ɜɨɞ ɧɟɣɬɪɚɥɢɡɭɟɬɫɹ 
ɩɭɬɟɦ ɫɦɟɲɢɜɚɧɢɹ ɳɟɥɨɱɶɸ (NaOH)ɜ ɧɟɣɬɪɚɥɢɡɚɰɢɨɧɧɨɦ ɭɫɬɪɨɣɫɬɜɟ. 

 

 

1.3 Хɚɪɚɤɬɟɪɢɫɬɢɤɚ ɨɫɧɨɜɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ 

 

Эɥɟɤɬɪɨɥɢɬɢɱɟɫɤɚя ɨɱɢɫɬɤɚ ɫɟɪɟɛɪɚ. Ɇɟɬɨɞɵ ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɝɨ 
ɪɚɮɢɧɢɪɨɜɚɧɢɹ ɹɜɥɹɸɬɫɹ ɜɵɫɨɤɨɪɚɡɜɢɬɵɦɢ ɢ ɩɨɡɜɨɥɹɸɬ ɩɨɥɭɱɚɬɶ ɦɟɬɚɥɥɵ 
ɜɵɫɨɤɨɣ ɱɢɫɬɨɬɵ ɫ ɤɨɦɩɥɟɤɫɧɵɦ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜɫɟɯ ɰɟɧɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ, 
ɜɯɨɞɹɳɢɯ ɜ ɪɚɮɢɧɢɪɨɜɚɧɧɵɣ ɦɟɬɚɥɥ. ȼ ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɣ ɨɱɢɫɬɤɟ ɫɟɪɟɛɪɚ ɜ 
ɤɚɱɟɫɬɜɟ ɪɚɫɬɜɨɪɢɬɟɥɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɩɥɚɜ ɫɟɪɟɛɪɚ, ɤɨɬɨɪɵɣ ɨɱɢɳɚɟɬɫɹ ɤɚɤ 
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ɚɧɨɞ. ɗɥɟɤɬɪɨɥɢɬ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɜɨɞɧɵɣ ɪɚɫɬɜɨɪ ɚɡɨɬɢɫɬɨɝɨ ɫɟɪɟɛɪɚ ɫ 
ɧɟɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɚɡɨɬɧɨɣ ɤɢɫɥɨɬɵ. ɋɯɟɦɚɬɢɱɧɨ ɦɨɠɧɨ ɩɨɤɚɡɚɬɶ ɩɪɨɰɟɫɫ 
ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

Ag(ɤɚɬɨɞ) | AgNO3, HNO3, ɇ2O, ɩɪɢɦɟɫɢ | Ag ɫ ɩɪɢɦɟɫɹɦɢ (ɚɧɨɞ). 
ȼɨ ɜɪɟɦɹ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɝɨ ɪɚɫɬɜɨɪɟɧɢɹ ɚɧɨɞɚ ɫɟɪɟɛɪɨ ɩɟɪɟɯɨɞɢɬ ɜ 

ɪɚɫɬɜɨɪ: 
 

Ag → Ag++ ɟ,; (φ0 Ag/Ag = + 0,799 ȼ). (1.4) 
 
ȼ ɲɥɚɦ ɩɨɫɬɭɩɚɟɬ ɫɦɟɫɶ, ɩɨɬɟɧɰɢɚɥ ɤɨɬɨɪɨɣ ɷɥɟɤɬɪɢɱɟɫɤɢɣ 

ɩɨɥɨɠɢɬɟɥɶɧɵɣ (ɡɨɥɨɬɨ, ɩɥɚɬɢɧɚ, ɩɚɥɥɚɞɢɣ). ȼɵɞɟɥɟɧɢɟ ɤɢɫɥɨɪɨɞɚ ɜ ɚɧɨɞɟ ɧɟ 
ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ, ɬɚɤ ɤɚɤ ɧɨɪɦɚɥɶɧɵɣ ɩɨɬɟɧɰɢɚɥ ɤɢɫɥɨɪɨɞɚ ɜ 
ɤɢɫɥɨɪɨɞɧɨɦ ɪɚɫɬɜɨɪɟ ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɩɨɥɨɠɢɬɟɥɶɧɵɦ, ɱɟɦ ɩɨɬɟɧɰɢɚɥ ɫɟɪɟɛɪɚ: 

 
2H2O → 4H++ O2 + 4ɟ; φ0  = + 1,23ȼ. (1.5) 

 
ɉɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɨɬɟɧɰɢɚɥɨɦ ɫɟɪɟɛɪɚ ɛɨɥɶɲɢɧɫɬɜɨ ɷɥɟɤɬɪɢɱɟɫɤɢ 

ɚɤɬɢɜɧɵɯ ɫɨɟɞɢɧɟɧɢɣ (ɦɟɞɶ, ɫɜɢɧɟɰ, ɜɢɫɦɭɬ, ɰɢɧɤ, ɠɟɥɟɡɨ ɢ ɬ. Ⱦ.) ɩɟɪɟɯɨɞɹɬ ɜ 
ɪɚɫɬɜɨɪ. Ɉɫɧɨɜɧɵɦ ɩɪɨɰɟɫɫɨɦ ɜ ɤɚɬɨɞɟ ɹɜɥɹɟɬɫɹ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɢɨɧɨɜ ɫɟɪɟɛɪɚ: 

 
Ag++ e → Ag. (1.6) 

ɋɟɪɟɛɪɨ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɦɟɬɚɥɥɨɜ. ɋɤɨɪɨɫɬɶ 
ɪɚɡɪɹɞɤɢ ɢɨɧɨɜ ɫɟɪɟɛɪɚ ɨɱɟɧɶ ɜɵɫɨɤɚ. ɉɨɷɬɨɦɭ ɞɚɠɟ ɩɪɢ ɜɵɫɨɤɨɣ ɩɥɨɬɧɨɫɬɢ 
ɬɨɤɚ ɪɚɡɪɹɞɤɚ ɜ ɤɚɬɨɞɟ ɛɨɥɶɲɟɣ ɱɚɫɬɢ ɩɪɢɦɟɫɟɣ ɡɧɚɱɢɬɟɥɶɧɨ ɧɟɜɨɡɦɨɠɧɚ. 
ɇɚɩɪɢɦɟɪ, ɜɵɞɟɥɟɧɢɟ ɜɨɞɨɪɨɞɚ ɜ ɤɚɬɨɞɟ: 

 
2ɇ+ + 2ɟ → ɇ2, φ0 = 0, (1.7) 

 
ɬɟɨɪɟɬɢɱɟɫɤɢ ɬɨɥɶɤɨ ɩɪɢ ɧɢɡɤɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɟɪɟɛɪɚ ɜ ɷɥɟɤɬɪɨɥɢɬɟ, ɧɨ 
ɩɪɚɤɬɢɱɟɫɤɢ ɧɢɤɨɝɞɚ ɧɟ ɪɟɚɥɢɡɭɟɬɫɹ. 

ȼ ɤɚɱɟɫɬɜɟ ɢɫɤɥɸɱɟɧɢɹ ɦɨɠɧɨ ɭɩɨɦɹɧɭɬɶ ɢɨɧɵ NO3, ɧɟɤɨɬɨɪɵɟ ɢɡ 
ɤɨɬɨɪɵɯ ɜɨɫɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɞɨ ɤɚɬɨɞɚ: 

 
NO3 + 2ɇ+ +e → NO2 + ɇ2O; (1.8) 

NO3 + 4ɇ+ + Ɂɟ → NO + 2ɇ2O; (1.9) 
2NO3 + 10ɇ+ + 8ɟ → N2O + 5ɇ2O. (1.10) 

 
ɑɟɦ ɜɵɲɟ ɤɢɫɥɨɬɧɨɫɬɶ ɷɥɟɤɬɪɨɥɢɬɚ, ɬɟɦ ɛɨɥɶɲɟ ɩɨɬɟɧɰɢɚɥ ɢ ɫɤɨɪɨɫɬɶ 

ɷɬɢɯ ɪɟɚɤɰɢɣ. Ɉɞɧɚɤɨ ɩɪɢ ɧɨɪɦɚɥɶɧɨɦ ɩɪɨɬɟɤɚɧɢɢ ɩɪɨɰɟɫɫɚ ɫɤɨɪɨɫɬɶ 
ɪɚɡɪɹɞɢɪɨɜɚɧɢɹ ɚɧɢɨɧɨɜ NO3 ɨɫɬɚɟɬɫɹ ɧɢɡɤɨɣ, ɢ ɫɧɢɠɟɧɢɟ ɤɚɬɨɞɧɨɝɨ ɜɵɯɨɞɚ ɩɨ 
ɬɨɤɭ, ɨɛɭɫɥɨɜɥɟɧɧɨɟ ɩɪɨɬɟɤɚɧɢɟɦ ɷɬɢɯ ɩɪɨɰɟɫɫɨɜ, ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟ ɜɟɥɢɤɚ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɫɧɨɜɧɵɦ ɤɚɬɨɞɧɵɦ ɩɪɨɰɟɫɫɨɦ ɹɜɥɹɟɬɫɹ ɨɤɢɫɥɟɧɢɟ ɤɚɬɢɨɧɨɜ 
ɫɟɪɟɛɪɚ [17]. 
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ȼ ɫɨɫɬɚɜ ɷɥɟɤɬɪɨɥɢɬɚ, ɩɪɢɦɟɧɹɟɦɨɝɨ ɩɪɢ ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɣ ɨɱɢɫɬɤɟ 
ɫɟɪɟɛɪɚ, ɜɯɨɞɢɬ ɩɨɫɬɨɹɧɧɨ ɫɜɨɛɨɞɧɚɹ ɚɡɨɬɧɚɹ ɤɢɫɥɨɬɚ. Ɉɧɚ ɭɜɟɥɢɱɢɜɚɟɬ 
ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɷɥɟɤɬɪɨɥɢɬɚ, ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɫɧɢɠɚɟɬ ɩɨɬɟɪɢ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɛɨɥɟɟ ɜɵɫɨɤɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɚɡɨɬɧɨɣ ɤɢɫɥɨɬɵ 
ɧɟɷɮɮɟɤɬɢɜɧɚ, ɬɚɤ ɤɚɤ ɩɪɢ ɷɬɨɦ ɭɫɤɨɪɹɟɬɫɹ ɩɪɨɰɟɫɫ ɯɢɦɢɱɟɫɤɨɝɨ ɪɚɫɬɜɨɪɟɧɢɹ 
ɤɚɬɨɞɧɨɝɨ ɫɟɪɟɛɪɚ ɢ ɧɚɱɢɧɚɸɬ ɪɚɡɜɢɜɚɬɶɫɹ ɩɪɨɰɟɫɫɵ ɤɚɬɨɞɧɨɝɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ 
ɚɧɢɨɧɨɜ NO3. 

ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɤɚɬɨɞɚ ɩɨ ɬɨɤɭ, ɭɜɟɥɢɱɟɧɢɸ ɪɚɫɯɨɞɚ ɚɡɨɬɧɨɣ 
ɤɢɫɥɨɬɵ, ɭɯɭɞɲɟɧɢɸ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ ɜ ɪɟɡɭɥɶɬɚɬɟ ɡɚɝɪɹɡɧɟɧɢɹ ɚɬɦɨɫɮɟɪɵ ɰɟɯɚ 
ɫ ɜɵɞɟɥɹɟɦɵɦɢ ɨɤɫɢɞɚɦɢ ɚɡɨɬɚ. ȼ ɜɵɫɨɤɢɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɚɡɨɬɧɨɣ ɤɢɫɥɨɬɵ 
ɩɪɨɢɫɯɨɞɢɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɩɟɪɟɯɨɞɚ ɩɚɥɥɚɞɢɹ ɢ ɩɥɚɬɢɧɵ ɜ ɪɚɫɬɜɨɪ, ɚ 
ɬɚɤɠɟ ɢɯ ɨɫɚɞɤɚ ɜɦɟɫɬɟ ɫ ɫɟɪɟɛɪɨɦ ɧɚ ɤɚɬɨɞ. ɋ ɭɱɟɬɨɦ ɷɬɨɝɨ, ɤɨɧɰɟɧɬɪɚɰɢɹ 
ɚɡɨɬɧɨɣ ɤɢɫɥɨɬɵ ɜ ɷɥɟɤɬɪɨɥɢɬɟ ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɜ ɩɪɟɞɟɥɚɯ ɨɬ 10 ɞɨ 20 ɝ/ɥ. 
ɂɧɨɝɞɚ ɜ ɫɨɫɬɚɜ ɷɥɟɤɬɪɨɥɢɬɚ ɜɜɨɞɹɬ ɚɡɨɬɧɨɤɢɫɥɵɣ ɤɚɥɢɣ (ɞɨ 15 ɝ/ɥ) ɞɥɹ 
ɩɨɜɵɲɟɧɢɹ ɟɝɨ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ. 

ȼ ɚɧɨɞɚɯ, ɤɪɨɦɟ ɫɟɪɟɛɪɚ, ɜ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɫɟɣ ɩɨɫɬɨɹɧɧɨ ɧɚɯɨɞɹɬɫɹ 
ɡɨɥɨɬɨ, ɦɟɬɚɥɥɵ ɩɥɚɬɢɧɨɜɨɣ ɝɪɭɩɩɵ ɢ ɧɟɞɨɪɨɞɧɵɟ ɦɟɬɚɥɥɵ – ɦɟɞɶ, ɫɜɢɧɟɰ, 
ɜɢɫɦɭɬ, ɰɢɧɤ, ɠɟɥɟɡɨ ɢ ɬ. ɞ. ɛ. ɜɫɬɪɟɱɚɟɬɫɹ. ɉɪɢ ɨɛɪɚɛɨɬɤɟ ɷɥɟɤɬɪɨɥɢɬɧɵɯ 
ɦɟɞɧɵɯ ɲɥɚɦɨɜ ɜ ɫɩɥɚɜɚɯ ɫɟɪɟɛɪɢɫɬɨ-ɡɨɥɨɬɚ ɜɫɬɪɟɱɚɸɬɫɹ ɫɟɥɟɧ ɢ ɬɟɥɥɭɪ. 
ɋɨɞɟɪɠɚɧɢɟ ɭɤɚɡɚɧɧɵɯ ɩɪɢɦɟɫɟɣ ɢ ɩɨɪɹɞɨɤ ɢɯ ɩɪɢ ɷɥɟɤɬɪɨɥɢɡɟ ɨɩɪɟɞɟɥɹɸɬɫɹ 
ɭɫɥɨɜɢɹɦɢ ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɣ ɨɱɢɫɬɤɢ ɫɟɪɟɛɪɚ. 

ȼ ɚɧɨɞɧɨɦ ɦɟɬɚɥɥɟ ɤɨɥɢɱɟɫɬɜɨ ɞɨ 20 % ɡɨɥɨɬɚ ɧɟ ɧɚɪɭɲɚɟɬ ɯɨɞɚ 
ɷɥɟɤɬɪɨɥɢɡɚ. Ɉɛɥɚɞɚɹ ɛɨɥɟɟ ɩɨɥɨɠɢɬɟɥɶɧɵɦ, ɧɨɪɦɚɥɶɧɵɦ ɩɨɬɟɧɰɢɚɥɨɦ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɫɟɪɟɛɪɨɦ, ɡɨɥɨɬɨ ɧɟ ɪɚɫɬɜɨɪɹɟɬɫɹ ɜ ɚɧɨɞɟ ɢ ɩɟɪɟɯɨɞɢɬ ɜ ɲɥɚɦ. ɉɪɢ 
ɛɨɥɟɟ ɱɟɦ ɧɚ 20 % ɡɨɥɨɬɨɟ, ɚɧɨɞɧɨɟ ɩɚɫɫɢɜɢɪɨɜɚɧɢɟ ɢ ɨɛɪɚɡɭɟɬ ɧɚ ɟɝɨ 
ɩɨɜɟɪɯɧɨɫɬɢ ɩɥɨɬɧɭɸ ɨɛɨɥɨɱɤɭ, ɜɵɡɵɜɚɹ ɩɨɛɨɱɧɵɟ ɪɟɚɤɰɢɢ ɧɚ ɷɥɟɤɬɪɨɞɚɯ. 

ɇɨɪɦɚɥɶɧɵɣ ɩɨɬɟɧɰɢɚɥ ɩɚɥɥɚɞɢɹ  φ0
Ɋd/Ɋd2+ = + 0,987 [18]. Ɉɱɟɧɶ ɛɥɢɡɤɨ ɤ 

ɋɟɪɟɛɪɹɧɨɦɭ ɩɨɬɟɧɰɢɚɥɭ. ɉɨɷɬɨɦɭ ɱɚɫɬɶ ɩɚɥɥɚɞɢɹ ɪɚɫɬɜɨɪɹɟɬɫɹ ɜ ɚɧɨɞɟ, ɢ 
ɩɨɫɥɟ ɧɚɤɨɩɥɟɧɢɹ ɜ ɷɥɟɤɬɪɨɥɢɬɟ ɨɧ ɨɫɟɞɚɟɬ ɧɚ ɤɚɬɨɞ ɜɦɟɫɬɟ ɫ ɫɟɪɟɛɪɨɦ. Ⱦɥɹ 
ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɷɬɨɝɨ, ɟɫɥɢ ɜ ɚɧɨɞɧɨɦ ɦɟɬɚɥɥɟ ɫɨɞɟɪɠɢɬɫɹ ɩɚɥɥɚɞɢɣ, 
ɷɥɟɤɬɪɨɥɢɡ ɩɪɨɜɨɞɹɬ ɩɪɢ ɦɢɧɢɦɚɥɶɧɨɣ ɤɢɫɥɨɬɧɨɫɬɢ ɷɥɟɤɬɪɨɥɢɬɚ ɢ 
ɭɦɟɧɶɲɟɧɧɨɣ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ (300-400 Ⱥ/ɦ2) ɢ ɬɳɚɬɟɥɶɧɨ ɫɥɟɞɹɬ ɡɚ 
ɫɨɞɟɪɠɚɧɢɟɦ ɩɚɥɥɚɞɢɹ ɧɟ ɛɨɥɟɟ 0,1-0,2 ɝ/ɥ, ɫɨɞɟɪɠɚɧɢɟɦ ɷɥɟɤɬɪɨɥɢɬɚ. 

ȼ ɫɥɭɱɚɟ ɪɚɫɬɜɨɪɟɧɢɹ ɚɧɨɞɚ, ɩɥɚɬɢɧɚ, ɩɚɥɥɚɞɢɣɨɨɛɪɚɡɧɚɹ, ɜ ɨɫɧɨɜɧɨɦ 
ɩɪɨɧɢɤɚɟɬ ɜ ɲɥɚɦ. Ɉɞɧɚɤɨ ɟɝɨ ɧɟɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɧɢɤɚɟɬ ɜ ɷɥɟɤɬɪɨɥɢɬ. 
ɉɨɫɤɨɥɶɤɭ ɟɝɨ ɩɨɬɟɧɰɢɚɥ (+1,2 ȼ) ɛɨɥɟɟ ɩɨɥɨɠɢɬɟɥɶɧɵɣ, ɱɟɦ ɩɨɬɟɧɰɢɚɥ 
ɫɟɪɟɛɪɚ, ɨɧ ɨɫɟɞɚɟɬ ɧɚ ɤɚɬɨɞɟ ɩɟɪɜɵɦ. ɉɨɷɬɨɦɭ, ɟɫɥɢ ɜ ɚɧɨɞɚɯ ɜɫɬɪɟɱɚɟɬɫɹ 
ɩɥɚɬɢɧɚ, ɬɨ, ɤɚɤ ɢ ɜ ɫɥɭɱɚɟ ɩɚɥɥɚɞɢɹ, ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ ɫɨɞɟɪɠɚɧɢɟ ɷɥɟɤɬɪɨɥɢɬɚ. 
Ɇɚɤɫɢɦɚɥɶɧɚɹ ɜɟɥɢɱɢɧɚ ɩɥɚɬɢɧɵ ɜ ɧɟɣ ɫɨɫɬɚɜɥɹɟɬ 0,025 ɝ/ɥ. 

ɂɡ ɜɫɟɯ ɛɥɚɝɨɪɨɞɧɵɯ ɦɟɬɚɥɥɨɜ ɜ ɚɧɨɞɧɨɦ ɦɟɬɚɥɥɟ, ɤɚɤ ɩɪɚɜɢɥɨ, 
ɩɪɟɨɛɥɚɞɚɟɬ ɦɟɞɶ, ɟɝɨ ɧɨɪɦɚɥɶɧɵɣ ɩɨɬɟɧɰɢɚɥ + 0,337 ȼ. ɉɨɷɬɨɦɭ ɨɧ ɥɟɝɤɨ 
ɪɚɫɬɜɨɪɹɟɬɫɹ ɜ ɚɧɨɞɟ ɢ ɧɟ ɨɫɟɞɚɟɬ ɧɚ ɤɚɬɨɞ ɫ ɧɟɛɨɥɶɲɢɦɢ ɤɨɧɰɟɧɬɪɚɰɢɹɦɢ. Ɍɟɦ 
ɧɟ ɦɟɧɟɟ, ɜ ɷɥɟɤɬɪɨɥɢɬɟ ɜɫɬɪɟɱɚ ɦɟɞɢ ɜ ɦɚɫɲɬɚɛɧɨɦ ɨɛɴɟɦɟ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ 
ɪɹɞɭ ɧɟɝɚɬɢɜɧɵɯ ɹɜɥɟɧɢɣ. 
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ɉɪɢ ɩɟɪɟɯɨɞɟ ɬɨɤɚ ɱɟɪɟɡ ɗɥɟɤɬɪɨɥɢɬ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɚ ɡɚɪɹɞɨɜ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɢɨɧɚɦɢ ɦɟɞɢ ɢ ɢɨɧɚɦɢ ɫɟɪɟɛɪɚ. Ɉɞɧɚɤɨ ɩɨɫɤɨɥɶɤɭ ɢɨɧɵ 
ɫɟɪɟɛɪɚ ɭɱɚɫɬɜɭɸɬ ɜ ɤɚɬɨɞɧɨɦ ɩɪɨɰɟɫɫɟ, ɚ ɢɨɧɵ ɦɟɞɢ ɧɟ ɪɚɡɪɹɞɹɬɫɹ ɜ ɤɚɬɨɞɟ ɢ 
ɫɨɛɢɪɚɸɬɫɹ ɜ ɨɤɨɥɨ ɤɚɬɨɞɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ, ɤɨɧɰɟɧɬɪɚɰɢɹ ɢɨɧɨɜ ɫɟɪɟɛɪɚ ɜ 
ɤɚɬɨɞɟ ɦɨɠɟɬ ɛɵɬɶ ɨɱɟɧɶ ɧɢɡɤɨɣ, ɚ ɤɨɧɰɟɧɬɪɚɰɢɹ ɢɨɧɨɜ ɦɟɞɢ ɦɨɠɟɬ ɛɵɬɶ ɛɨɥɟɟ 
ɜɵɫɨɤɨɣ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɛɴɟɦɨɦ ɷɥɟɤɬɪɨɥɢɬɚ. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɫɥɟɞɫɬɜɢɟ ɩɨɧɢɠɟɧɢɹ ɩɨɬɟɧɰɢɚɥɨɜ ɪɚɡɪɹɠɟɧɢɹ ɢɨɧɨɜ 
ɫɟɪɟɛɪɚ ɢ ɩɨɜɵɲɟɧɢɹ ɩɨɬɟɧɰɢɚɥɚ ɪɚɡɪɹɠɟɧɢɹ ɢɨɧɨɜ ɦɟɞɢ ɩɪɢ ɤɚɬɨɞɧɨɦ ɫɥɨɟ 
ɷɥɟɤɬɪɨɥɢɬɚ ɦɨɝɭɬ ɜɨɡɧɢɤɧɭɬɶ ɭɫɥɨɜɢɹ, ɩɪɢ ɤɨɬɨɪɵɯ ɩɪɨɢɫɯɨɞɢɬ ɧɚɱɚɥɨ 
ɫɨɜɦɟɫɬɧɨɝɨ ɨɫɟɞɚɧɢɹ ɷɬɢɯ ɦɟɬɚɥɥɨɜ ɜ ɤɚɬɨɞɟ. ȼɨɡɦɨɠɧɨɫɬɶ ɫɨɜɦɟɫɬɧɨɝɨ 
ɨɫɟɞɚɧɢɹ ɫɟɪɟɛɪɚ ɢ ɦɟɞɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ ɢ 
ɧɟɞɨɫɬɚɬɨɱɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɷɥɟɤɬɪɨɥɢɬɚ. 

Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɩɪɟɞɨɬɜɪɚɬɢɬɶ ɷɬɨ ɹɜɥɟɧɢɟ, ɜ ɷɥɟɤɬɪɨɥɢɬɟ ɫɢɥɶɧɨ ɫɥɟɞɹɬ 
ɡɚ ɫɨɞɟɪɠɚɧɢɟɦ ɦɟɞɢ [19]. ɉɪɟɞɟɥɶɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɦɟɞɢ ɫɱɢɬɚɟɬɫɹ 100 ɝ/ɥ; 
ɩɪɢ ɷɬɨɦ ɤɨɧɰɟɧɬɪɚɰɢɹ ɫɟɪɟɛɪɚ ɞɨɥɠɧɚ ɛɵɬɶ ɧɟ ɧɢɠɟ 110 – 120 ɝ/ɥ. ȼ ɫɪɟɞɧɟɦ ɜ 
ɫɨɫɬɚɜɟ ɪɚɛɨɱɟɝɨ ɷɥɟɤɬɪɨɥɢɬɚ ɫɨɞɟɪɠɢɬɫɹ 30-60 ɝ/ɥ ɋɢ. ɗɥɟɤɬɪɨɥɢɬɢɱɟɫɤɚɹ 
ɨɱɢɫɬɤɚ ɫɩɥɚɜɨɜ ɫɟɪɟɛɪɚ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɛɨɥɟɟ 7,5% ɋu ɷɤɨɧɨɦɢɱɟɫɤɢ 
ɧɟɰɟɥɟɫɨɨɛɪɚɡɧɚ, ɬɚɤ ɤɚɤ ɢɡ-ɡɚ ɛɵɫɬɪɨɝɨ ɧɚɤɨɩɥɟɧɢɹ ɦɟɞɢ ɜ ɩɪɟɞɟɥɚɯ 
ɞɨɩɭɫɬɢɦɵɯ ɩɪɟɞɟɥɨɜ ɬɪɟɛɭɟɬɫɹ ɱɚɫɬɚɹ ɡɚɦɟɧɚ ɷɥɟɤɬɪɨɥɢɬɚ. 

ɋɜɢɧɟɰ ɢ ɜɢɫɦɭɬ, ɜɫɬɪɟɱɚɸɳɢɟɫɹ ɜ ɚɧɨɞɧɨɦ ɦɟɬɚɥɥɟ, ɩɪɨɯɨɞɹɬ ɜ 
ɷɥɟɤɬɪɨɥɢɬ, ɨɞɧɚɤɨ ɜ ɩɨɫɥɟɞɭɸɳɟɦ ɜɫɥɟɞɫɬɜɢɟ ɝɢɞɪɨɥɢɡɚ ɱɚɫɬɶ ɩɨɩɚɞɚɟɬ ɜ 
ɲɥɚɦ (ɜɢɫɦɭɬ ɜ ɜɢɞɟ ɝɢɞɪɨɤɫɢɞɚ, ɚ ɫɜɢɧɟɰ ɜ ɜɢɞɟ ɩɟɪɨɤɫɢɞɚ). 

ȼɢɫɦɭɬ ɢ ɫɜɢɧɟɰ, ɫɟɪɟɛɪɢɫɬɵɟ ɤɪɢɫɬɚɥɥɵ, ɩɨɩɚɞɚɸɳɢɟ ɧɚ ɤɚɬɨɞɧɵɟ 
ɨɬɯɨɞɵ, ɥɟɝɤɨ ɭɞɚɥɹɸɬɫɹ ɩɪɢ ɩɪɨɦɵɜɚɧɢɢ ɫɥɚɛɨɣ ɚɡɨɬɧɨɣ ɤɢɫɥɨɬɨɣ, ɢ ɩɨɷɬɨɦɭ 
ɜ ɚɧɨɞɟ ɧɟ ɜɵɡɵɜɚɟɬ ɡɚɬɪɭɞɧɟɧɢɣ. ɀɟɥɟɡɨ ɢ ɰɢɧɤ, ɫɨɞɟɪɠɚɳɢɟ ɦɟɧɶɲɟɟ 
ɤɨɥɢɱɟɫɬɜɨ ɜ ɚɧɨɞɟ, ɩɪɨɧɢɤɚɸɬ ɜ ɪɚɫɬɜɨɪ ɢɡ ɡɚ ɫɜɨɢɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ 
ɨɬɪɢɰɚɬɟɥɶɧɵɯ ɩɨɬɟɧɰɢɚɥɨɜ (–0,44 ɢ −0,76 ȼ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜ ɠɟɥɟɡɟ ɢ ɰɢɧɤɟ) 
ɢ ɭɫɬɪɚɧɹɸɬɫɹ ɩɪɢ ɡɚɦɟɧɟ ɢ ɪɟɝɟɧɟɪɚɰɢɢ ɷɥɟɤɬɪɨɥɢɬɚ 

ɋɟɥɟɧ, ɜɫɬɪɟɱɚɟɬɫɹ ɜ ɚɧɨɞɚɯ, ɪɚɫɬɜɨɪɹɹɫɶ ɜ ɚɧɨɞɚɯ, ɞɚɥɟɟ ɩɨɫɬɭɩɚɟɬ ɢɡ 
ɩɨɥɧɨɝɨ ɪɚɫɬɜɨɪɚ ɜ ɲɥɚɦ ɜ ɜɢɞɟ Ag2SeO4 ɢ ɧɟ ɨɤɚɡɵɜɚɟɬ ɚɞɟɤɜɚɬɧɨɝɨ ɜɥɢɹɧɢɹ 
ɧɚ ɩɪɨɰɟɫɫ ɷɥɟɤɬɪɨɥɢɡɚ. ɉɪɢ ɩɥɚɜɤɟ ɤɚɬɨɞɧɨɝɨ ɨɫɚɞɤɚ ɩɨɩɚɜɲɢɣ ɜ ɧɟɝɨ ɜ 
ɚɛɫɨɥɸɬɧɨɦ ɦɟɧɶɲɟɦ ɤɨɥɢɱɟɫɬɜɟ ɫɟɥɟɧ ɩɨɥɧɨɫɬɶɸ ɫɝɨɪɚɟɬ. 

ȼ ɷɥɟɤɬɪɨɥɢɡɟ ɫɟɪɟɛɪɚ ɨɱɟɧɶ ɜɪɟɞɧɨɣ ɫɦɟɫɶɸ ɹɜɥɹɟɬɫɹ ɬɟɥɥɭɪ. ȿɫɥɢ ɜ 
ɚɧɨɞɧɨɦ ɦɟɬɚɥɥɟ ɫɨɞɟɪɠɚɧɢɟ ɜɵɲɟ 0,2 %, ɬɨ ɧɚɪɭɲɚɟɬɫɹ ɩɪɨɰɟɫɫ 
ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɣ ɨɱɢɫɬɤɢ ɫɟɪɟɛɪɚ. ɉɪɢ ɪɚɫɬɜɨɪɟɧɢɢ ɚɧɨɞɚ, ɜ ɤɨɬɨɪɨɦ ɬɟɥɥɭɪ 
ɜɫɬɪɟɱɚɟɬɫɹ ɜ ɜɢɞɟ Ag2Te ɫɟɪɟɛɪɢɫɬɨɝɨ ɬɟɥɥɭɪɢɞɚ, ɦɨɝɭɬ ɩɪɨɢɫɯɨɞɢɬɶ 
ɫɥɟɞɭɸɳɢɟ ɩɪɨɰɟɫɫɵ: 

 
Ag2Te – 2ɟ → Ɍɟ + 2Ag+; (1.11) 

Ag2Te + 3H2O – 6ɟ→ ɌɟɈɡ + 2Ag++ 6ɇ+; (1.12) 
Ag2Te + 4ɇ2O – 8e →TeO4 + 2Ag+ + 8H+. (1.13) 

 
ȼ ɷɥɟɤɬɪɨɥɢɬɟ ɤɨɧɰɟɧɬɪɚɰɢɹ ɬɟɥɥɭɪɚ ɧɢɡɤɚɹ, ɬɚɤ ɤɚɤ ɷɬɨ ɬɪɭɞɧɨ 

ɪɚɫɬɜɨɪɢɦɵɟ ɫɨɟɞɢɧɟɧɢɹ ɫ ɫɟɪɟɛɪɨɦ Ag2TeO3 ɢ ɩɨɩɚɞɚɸɬ ɜ ɲɥɚɦ. ɑɚɫɬɶ 
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ɬɟɥɥɭɪɚ ɧɚɯɨɞɢɬɫɹ ɤɚɤ ɷɥɟɦɟɧɬ ɜ ɲɥɚɦɟ. ɉɪɢ ɩɨɹɜɥɟɧɢɢ ɜ ɚɧɨɞɧɨɦ ɦɟɬɚɥɥɟ 
ɛɨɥɟɟ 0,2 % ɩɪɨɰɟɫɫ ɷɥɟɤɬɪɨɥɢɡɚ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɜɵɞɟɥɟɧɢɟɦ ɨɤɫɢɞɚ ɚɡɨɬɚ ɢ 
ɨɛɪɚɡɨɜɚɧɢɟɦ ɫɟɪɨ-ɩɨɪɢɫɬɵɯ ɨɫɚɞɤɨɜ. ɉɨɫɥɟɞɧɢɟ ɨɛɪɚɡɭɸɬɫɹ ɜ ɷɥɟɤɬɪɨɥɢɬɟ 
ɩɪɢ ɧɚɥɢɱɢɢ ɫɨɞɟɪɠɚɧɢɹ 16-30 ɦɝ/ɥ. ɉɨɷɬɨɦɭ ɩɪɢ ɩɪɟɞɵɞɭɳɢɯ ɨɩɟɪɚɰɢɹɯ 
ɧɟɨɛɯɨɞɢɦɨ ɩɨɥɧɨɫɬɶɸ ɭɞɚɥɹɬɶ ɬɟɥɥɭɪ ɤɚɤ ɦɨɠɧɨ ɫɤɨɪɟɟ.Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ 
ɧɨɪɦɚɥɶɧɨɝɨ ɩɪɨɰɟɫɫɚ ɩɨɥɭɱɟɧɢɹ ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɨɝɨ ɤɚɬɨɞɚ ɫɟɪɟɛɪɚ ɢ 
ɷɥɟɤɬɪɨɥɢɡɚ ɤɨɥɢɱɟɫɬɜɨ ɩɪɢɦɟɫɟɣ ɜ ɚɧɨɞɧɨɦ ɦɟɬɚɥɥɟ ɞɨɥɠɧɨ ɛɵɬɶ ɧɟ ɜɵɲɟ 
ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɡɧɚɱɟɧɢɣ. Ɉɩɵɬɨɦ ɪɚɛɨɬɵ ɚɮɮɢɧɚɠɧɵɯ ɡɚɜɨɞɨɜ ɭɫɬɚɧɨɜɥɟɧɨ, 
ɱɬɨ ɜ ɚɧɨɞɚɯ ɫɨɞɟɪɠɚɧɢɟ ɫɟɪɟɛɪɚ ɞɨɥɠɧɨ ɛɵɬɶ ɧɟ ɦɟɧɟɟ 750 ɩɪɨɛ, ɡɨɥɨɬɚ ɦɟɧɟɟ 
200 ɩɪɨɛ ɢ ɥɢɝɚɬɭɪɵ ɛɨɥɟɟ 75 ɩɪɨɛ. Ʉɨɥɢɱɟɫɬɜɨ ɬɟɥɥɭɪɚ ɞɨɥɠɧɨ ɛɵɬɶ ɧɟ ɛɨɥɟɟ 
ɞɜɭɯ ɩɪɨɛ. 

ɗɥɟɤɬɪɨɥɢɡɧɵɟ ɜɚɧɧɵ, ɤɚɤ ɩɪɚɜɢɥɨ ɫɞɟɥɚɧɵ ɢɡ ɩɨɥɢɜɢɧɢɥɯɥɨɪɢɞɚ ɢɥɢ 
ɜɢɧɢɩɥɚɫɬɨɜɵɯ, ɚ ɬɚɤɠɟ  ɢɡ ɞɟɪɟɜɚ, ɮɢɛɟɪɝɥɚɫ ɢ ɞɪɭɝɢɯ, ɨɝɨɪɨɠɟɧɵ ɤɚɪɤɚɫɨɦ 
ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɮɨɪɦɵ. ȼɦɟɫɬɢɦɨɫɬɶ ɨɞɧɨɣ ɜɚɧɧɵ ɨɛɵɱɧɨ ɫɨɫɬɚɜɥɹɟɬ 600-1200 
ɥ. ɇɚ ɚɧɨɞɧɭɸ ɲɬɚɧɝɭ ɩɨɞɜɟɲɢɜɚɸɬ ɫɪɚɡɭ ɞɨ ɜɨɫɶɦɢ ɚɧɨɞɨɜ. Ʉɚɬɨɞ ɨɛɵɱɧɨ 
ɞɟɥɚɸɬ ɩɨ ɜɫɟɣ ɲɢɪɢɧɟ ɜɚɧɧɵ ɢɥɢ ɩɨ ɨɞɧɨɦɭ ɦɟɠɞɭ ɚɧɨɞɚɦɢ. ȼ ɤɚɱɟɫɬɜɟ 
ɤɚɬɨɞɨɜ ɢɫɩɨɥɶɡɭɸɬ ɬɨɧɤɢɣ ɥɢɫɬ ɢɡ ɤɨɪɪɨɡɢɨɧɧɨɫɬɨɣɤɨɣ ɫɬɚɥɢ, ɬɢɬɚɧɚ, 
ɚɥɸɦɢɧɢɹ ɢɥɢ ɫɟɪɟɛɪɚ. 

ɉɪɢ ɷɥɟɤɬɪɨɥɢɡɟ ɫɢɥɨɜɵɟ ɰɟɩɢ ɪɚɫɩɪɟɞɟɥɹɸɬɫɹ ɧɟɪɚɜɧɨɦɟɪɧɨ ɫ 
ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɜ ɧɢɠɧɟɣ ɱɚɫɬɢ ɷɥɟɤɬɪɨɞɨɜ. ɉɨɷɬɨɦɭ ɧɢɠɧɹɹ ɱɚɫɬɶ ɚɧɨɞɨɜ 
ɪɚɫɬɜɨɪɹɟɬɫɹ ɛɵɫɬɪɟɟ, ɱɟɦ ɜɟɪɯɧɹɹ. Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɩɪɟɞɨɬɜɪɚɬɢɬɶ ɷɬɨ, ɢɧɨɝɞɚ 
ɪɚɡɥɢɜɚɸɬ ɧɢɠɧɸɸ ɱɚɫɬɶ ɚɧɨɞɨɜ ɛɨɥɟɟ ɝɭɫɬɨ. Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɯɨɪɨɲɨ 
ɫɜɹɡɚɬɶɫɹ ɫ ɬɨɤɨɜɟɞɭɳɢɦɢ ɲɢɧɚɦɢ ɢ ɭɦɟɧɶɲɢɬɶ ɜɵɛɪɨɫ ɚɧɨɞɧɵɯ ɨɬɯɨɞɨɜ, 
ɭɞɨɛɧɟɟ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɥɨɫɤɢɟ ɚɧɨɞɵ, ɪɚɡɥɢɬɵɟ ɜɦɟɫɬɟ ɫ ɭɲɚɦɢ, ɞɥɹ 
ɩɨɞɜɟɲɢɜɚɧɢɹ ɜ ɜɚɧɧɭ. Ⱥɧɨɞɵ ɦɚɫɫɨɣ ɞɨ 15 ɤɝ ɪɚɫɫɱɢɬɚɧɵ ɧɚ ɪɚɫɬɜɨɪɟɧɢɟ ɜ 
ɬɟɱɟɧɢɟ 4 – 5 ɫɭɬɨɤ. 

ȼɟɞɟɬ ɩɪɨɰɟɫɫ ɷɥɟɤɬɪɨɥɢɡɚ ɤɪɭɝɥɨɫɭɬɨɱɧɨ. ɋɟɪɟɛɪɨ ɨɫɟɞɚɟɬ ɜ ɤɚɬɨɞɟ ɜ 
ɜɢɞɟ ɤɪɭɩɧɨɝɨ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɨɫɚɞɤɚ, ɩɥɨɬɧɨ ɧɟ ɩɪɢɤɪɟɩɥɟɧɧɨɝɨ ɤ ɤɚɬɨɞɭ. 
Ʉɪɢɫɬɚɥɥɵ ɫɟɪɟɛɪɚ ɪɚɫɬɭɬ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɚɧɨɞɚ, ɫɬɪɟɦɹɫɶ ɤ ɡɚɦɵɤɚɧɢɸ 
ɷɥɟɤɬɪɨɞɨɜ. ɉɨɷɬɨɦɭ ɜ ɜɚɧɧɟ ɭɫɬɚɧɨɜɥɟɧ ɫɤɪɟɛɨɤ, ɤɨɬɨɪɵɣ ɭɩɪɚɜɥɹɟɬɫɹ 
ɷɥɟɤɬɪɨɦɨɬɨɪɨɦ ɢ ɧɟ ɞɨɩɭɫɤɚɟɬ ɨɛɪɚɡɨɜɚɧɢɹ ɜ ɤɚɬɨɞɧɨɦ ɡɧɚɱɟɧɢɢ ɱɢɫɬɵɯ 
ɫɟɪɟɛɪɹɧɵɯ ɬɨɱɟɤ, ɬɚɤ ɤɚɤ ɨɧ ɦɨɠɟɬ ɜɵɡɜɚɬɶ ɤɨɪɨɬɤɨɟ ɡɚɦɵɤɚɧɢɟ ɜ ɜɚɧɧɟ. 

Ʉɚɠɞɚɹ ɜɚɧɧɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɡɥɢɜɨɱɧɨɦ ɜɢɞɟ ɢ ɢɦɟɟɬ ɞɧɨ, ɩɨɫɬɭɩɚɸɳɟɟ 
ɧɚ ɩɟɪɜɵɣ ɫɥɢɜɧɵɣ ɤɥɚɩɚɧ, ɫɨɟɞɢɧɟɧɧɵɣ ɫ ɤɨɧɬɟɣɧɟɪɨɦ 30 ɥ ɢɡ ɧɟɪɠɚɜɟɸɳɟɣ 
ɫɬɚɥɢ ɧɚ ɜɯɨɞɟ, ɫɨ ɜɬɨɪɵɦ ɫɥɢɜɧɵɦ ɤɥɚɩɚɧɨɦ ɧɚ ɜɵɯɨɞɟ. ɇɚ ɜɯɨɞɟ ɤɥɚɩɚɧ 
ɧɚɯɨɞɢɬɫɹ ɩɨɞ ɞɧɨɦ ɜɚɧɧɵ ɜ ɜɢɞɟ ɜɨɪɨɧɤɢ ɢ ɨɫɬɚɟɬɫɹ ɨɬɤɪɵɬɵɦ ɩɪɢ ɪɚɛɨɬɟ 
ɨɛɨɪɭɞɨɜɚɧɢɹ, ɚ ɤɥɚɩɚɧ ɧɚ ɜɵɯɨɞɟ ɡɚɤɪɵɬ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɫɟ ɫɟɪɟɛɪɹɧɵɟ 
ɩɨɤɪɵɬɢɹ ɩɪɢɤɪɟɩɥɟɧɧɵɟ ɤ ɤɚɬɨɞɭ, ɩɨɝɪɭɠɚɸɬɫɹ ɢ ɩɨɩɚɞɚɸɬ ɜ ɤɨɧɬɟɣɧɟɪ ɢɡ 
ɧɟɪɠɚɜɟɸɳɟɣ ɫɬɚɥɢ ɜɦɟɫɬɢɦɨɫɬɶɸ 30 ɥ ɩɨɞ ɜɚɧɧɨɣ. 

ɉɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɫɛɪɨɫɚ ɫɟɪɟɛɪɚ ɨɩɟɪɚɬɨɪɭ ɧɟɨɛɯɨɞɢɦɨ ɡɚɤɪɵɬɶ 
ɜɯɨɞɧɨɣ ɤɥɚɩɚɧ, ɪɚɫɩɨɥɨɠɟɧɧɵɣ ɜɛɥɢɡɢ ɜɨɪɨɧɤɢ, ɭɫɬɚɧɨɜɢɬɶ ɮɢɥɶɬɪ ɛɚɤɧɟɪ, 
ɜɤɥɸɱɢɬɶ ɨɬɫɚɫɵɜɚɸɳɭɸ ɬɪɭɛɭ, ɨɬɤɪɵɬɶ ɜɵɯɨɞɧɨɣ ɤɥɚɩɚɧ ɧɢɠɟ ɢ ɱɟɪɟɡ ɬɪɢ 
ɫɟɤɭɧɞɵ ɩɟɪɟɯɨɞɢɬɶ ɧɚ ɮɢɥɶɬɪ ɞɥɹ ɜɫɟɯ ɱɢɫɬɵɯ ɫɟɪɟɛɪɢɫɬɵɯ ɨɩɨɥɚɫɤɢɜɚɧɢɣ. 
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Ⱦɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɡɚɝɪɹɡɧɟɧɢɹ ɤɚɬɨɞɧɨɝɨ ɫɟɪɟɛɪɚ ɚɧɨɞɧɵɦɢ ɲɥɚɦɚɦɢ 
ɚɧɨɞɵ ɩɨɦɟɳɚɸɬ ɜ ɯɥɨɪɜɢɧɢɥ, ɬɟɪɢɥɟɧ ɢɥɢ ɞɪɭɝɢɟ ɤɚɪɦɚɧɵ. ɉɪɢ ɪɚɫɬɜɨɪɟɧɢɢ 
ɚɧɨɞɚ ɲɥɚɦ ɫɨɛɢɪɚɟɬɫɹ ɜ ɤɚɪɦɚɧɟ, ɩɟɪɢɨɞɢɱɟɫɤɢ ɜɵɜɨɞɢɬɫɹ. Ⱦɪɚɝɨɰɟɧɧɵɟ 
ɦɟɬɚɥɥɵ ɢ ɨɬɯɨɞɵ, ɫɨɞɟɪɠɚɳɢɟ 20% ɚɧɨɞɧɨɝɨ ɡɨɥɨɬɚ, ɚ ɬɚɤɠɟ ɜɫɟ ɩɥɚɬɢɧɨɢɞɵ ɢ 
ɧɟɞɨɪɨɞɧɵɟ ɦɟɬɚɥɥɵ (ɤɪɨɦɟ ɫɟɪɟɛɪɚ), ɨɛɪɚɡɭɸɳɢɟ ɢɫɯɨɞɧɵɣ ɚɧɨɞ ɫɩɥɚɜ, 
ɨɫɟɞɚɸɬ ɧɚ ɞɧɨ ɤɨɪɡɢɧɵ, ɫɧɚɛɠɟɧɧɵɟ ɮɢɥɶɬɪɨɜɚɥɶɧɨɣ ɬɤɚɧɶɸ. ɉɨɫɥɟ ɩɪɨɩɢɬɤɢ 
ɢɡ ɤɨɪɡɢɧ ɲɥɚɦɚ ɢ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɨɬɯɨɞɨɜ ɨɧɢ ɩɨɞɜɟɪɝɚɸɬɫɹ ɩɪɨɦɵɜɤɟ ɜ 
ɮɢɥɶɬɪɚɯ Ȼɚɤɧɟɪɚ, ɩɨɫɥɟ ɱɟɝɨ ɲɥɚɦ / ɦɟɬɚɥɥ ɧɟɣɬɪɚɥɢɡɭɟɬɫɹ (ɪɇ 7) ɢ 
ɧɚɩɪɚɜɥɹɸɬ ɨɛɪɚɡɰɵ ɨɬɯɨɞɨɜ/ɦɟɬɚɥɥɨɜ ɞɥɹ ɩɟɪɟɩɥɚɜɤɢ ɢ ɤɨɧɬɪɨɥɹ ɩɪɨɛ ɜ ɰɟɯ 
ɩɟɪɜɢɱɧɨɣ ɩɥɚɜɤɢ. 

ɉɨɫɥɟ ɩɪɨɜɟɪɤɢ ɩɪɨɛɵ ɨɬɥɢɜɨɤ, ɩɨɥɭɱɟɧɧɵɯ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɥɚɜɤɢ 
ɲɥɚɦɚ/ɦɟɬɚɥɥɚ, ɧɟɨɛɯɨɞɢɦɨ ɭɫɬɚɧɨɜɢɬɶ ɩɪɨɛɭ ɡɨɥɨɬɚ ɞɥɹ ɜɤɥɸɱɟɧɢɹ ɜ ɫɩɥɚɜ ɜ 
ɨɛɴɟɦɟ ɧɟ ɦɟɧɟɟ 92 %. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɬɯɨɞɵ ɝɨɬɨɜɹɬɫɹ ɤ ɩɪɨɢɡɜɨɞɫɬɜɭ 
ɡɨɥɨɬɵɯ ɚɧɨɞɨɜ ɢ ɧɚɩɪɚɜɥɹɸɬɫɹ ɜ ɰɟɯ ɷɥɟɤɬɪɨɥɢɡɚ ɡɨɥɨɬɚ. Ⱥɧɨɞɵ, 
ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ ɞɥɹ ɷɥɟɤɬɪɨɥɢɡɚ ɡɨɥɨɬɚ, ɜɵɪɚɛɚɬɵɜɚɸɬɫɹ ɧɚ ɨɫɧɨɜɟ 
ɲɥɚɦɚ/ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɨɬɯɨɞɨɜ, ɩɨɫɬɭɩɚɸɳɢɯ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ 
ɫɟɩɚɪɚɰɢɢ ɫ ɦɢɧɢɦɚɥɶɧɨɣ ɩɪɨɛɨɣ ɡɨɥɨɬɚ 92 %, ɚ ɨɫɬɚɥɶɧɵɟ 8 % ɦɨɝɭɬ ɫɨɫɬɨɹɬɶ 
ɢɡ ɦɟɬɚɥɥɨɜ ɩɥɚɬɢɧɵ, ɧɚɩɪɢɦɟɪ, ɫɟɪɟɛɪɚ ɢɥɢ ɞɪɭɝɢɯ ɰɜɟɬɧɵɯ ɦɟɬɚɥɥɨɜ. Ɋɚɡɦɟɪ 
ɚɧɨɞɨɜ ɫɨɫɬɚɜɥɹɟɬ 200 ɯ 300 ɦɦ, ɬɨɥɳɢɧɚ ɨɬ 5 ɞɨ 10 ɦɦ. 

Ʉɚɠɞɚɹ ɷɥɟɤɬɪɨɥɢɡɧɚɹ ɜɚɧɧɚ ɢɦɟɟɬ ɟɦɤɨɫɬɶ 100 ɥɢɬɪɨɜ ɢ ɬɢɬɚɧɨɜɨɟ 
ɫɜɹɡɭɸɳɟɟ, ɤɚɠɞɵɣ ɢɡ ɤɨɬɨɪɵɯ ɢɦɟɟɬ ɚɧɨɞɵ, ɤɚɠɞɵɣ ɢɡ ɤɨɬɨɪɵɯ ɫɨɞɟɪɠɢɬ 
ɤɚɬɨɞɵ ɢ 7 ɚɧɨɞɨɜ. ɉɨɫɤɨɥɶɤɭ ɧɟɢɡɜɟɫɬɧɨ, ɤɚɤɢɟ ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɞɨɛɚɜɤɢ 
ɫɨɫɬɚɜɥɹɸɬ ɨɤɨɥɨ 8 %, ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɛɵɬɶ ɝɨɬɨɜɵɦ ɤ ɥɸɛɨɣ ɫɢɬɭɚɰɢɢ, 
ɨɛɨɪɭɞɨɜɚɧɢɟ ɚɞɚɩɬɢɪɨɜɚɧɨ ɤ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɦ ɟɞɢɧɢɰɚɦ ɢ ɨɫɧɚɳɟɧɨ 
ɫɥɟɞɭɸɳɢɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ: 

- ɚɧɨɞɧɚɹ ɜɫɬɚɜɤɚ, ɨɫɧɚɳɟɧɧɚɹ ɪɚɦ Ɋɪ ɢ ɦɟɲɤɨɦ ɢɡ ɮɢɥɶɬɪɨɜɚɥɶɧɨɣ 
ɬɤɚɧɢ; 

- ɫɢɫɬɟɦɚ ɰɢɪɤɭɥɹɰɢɢ ɪɚɫɬɜɨɪɚ ɷɥɟɤɬɪɨɥɢɬɚ ɫ ɧɚɫɨɫɨɦ ɫ ɦɚɝɧɢɬɧɵɦ 
ɩɪɢɜɨɞɨɦ ɢ 5 ɦɢɤɪɨɧɧɵɦ ɮɢɥɶɬɪɨɦ; 

- ɧɚɝɪɟɜ ɷɥɟɤɬɪɨɥɢɬɚ ɩɪɢ ɩɨɦɨɳɢ ɪɟɡɢɫɬɨɪɚ ɢɡ ɛɨɪɫɢɥɢɤɚɬɧɨɝɨ ɫɬɟɤɥɚ ɞɨ 
ɬɟɦɩɟɪɚɬɭɪɵ 65 °C; 

- ȼɵɩɪɹɦɢɬɟɥɶ ɨɬ 10 ȼɨɥɶɬ ɞɨ 2000 Ⱥɦɩɟɪ ɦɨɠɟɬ ɜɵɞɟɪɠɢɜɚɬɶ ɧɚɝɪɭɡɤɭ 
25 Ⱥɦɩɟɪ ɯ ɞɦ/ɤɜ. Ɋɚɛɨɱɢɣ ɪɚɫɬɜɨɪ (ɷɥɟɤɬɪɨɥɢɬ) 80 ɝ/ɥ ɪɚɫɬɜɨɪɨɦ AuCL3 ɜ 
ɪɚɡɦɟɪɟ 10 % HCL ɨɛɪɚɡɭɟɬɫɹ [23]. 

Ʉɚɠɞɚɹ ɪɚɛɨɱɚɹ ɟɞɢɧɢɰɚ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɷɥɟɤɬɪɨɥɢɡɧɵɯ ɜɚɧɧ, ɤɨɬɨɪɵɟ 
ɩɨɡɜɨɥɹɸɬ ɜɵɩɨɥɧɹɬɶ 92 % ɷɥɟɤɬɪɨɥɢɡɚ ɡɨɥɨɬɚ ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ. 
ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɷɥɟɤɬɪɨɥɢɬɚ ɢɡ ɞɪɭɝɨɝɨ ɪɚɫɬɜɨɪɚ ɢɥɢ ɨɞɧɨɜɪɟɦɟɧɧɨɟ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɷɥɟɤɬɪɨɥɢɡɚ. Ɇɨɧɨɛɥɨɱɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɨɛɨɪɭɞɨɜɚɧɚ ɩɟɪɟɞɧɢɦ 
ɨɬɜɟɪɫɬɢɟɦ ɫ ɜɵɬɹɠɧɵɦɢ ɤɨɠɭɯɚɦɢ ɢ ɡɚɳɢɬɧɵɦɢ ɫɬɟɤɥɚɦɢ, ɨɬɤɪɵɜɚɸɳɢɦɢɫɹ 
ɩɨ ɜɟɪɬɢɤɚɥɢ, ɫɧɚɛɠɟɧɧɵɦɢ ɬɹɠɟɫɬɶɸ. Ɂɨɥɨɬɵɟ ɷɥɟɤɬɪɨɥɢɡɧɵɟ ɜɚɧɧɵ ɞɥɹ 
ɪɚɛɨɬɵ 24 ɱɚɫɚ ɨɛɨɪɭɞɨɜɚɧɵ ɧɟɨɛɯɨɞɢɦɵɦɢ ɫɬɚɧɞɚɪɬɚɦɢ ɩɨ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɱɬɨ 
ɜ ɫɥɭɱɚɟ ɨɬɫɭɬɫɬɜɢɹ ɨɩɟɪɚɬɨɪɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɟɝɨ ɪɚɛɨɬɭ ɜ ɧɨɱɧɨɟ ɜɪɟɦɹ: 

- ɬɟɯɧɢɱɟɫɤɨɟ ɜɨɞɨɯɪɚɧɢɥɢɳɟ ɭɫɬɚɧɨɜɥɟɧɨ ɜ ɝɥɚɜɧɨɣ ɱɚɫɬɢ ɦɚɲɢɧɵ ɢ 
ɩɨɞɤɥɸɱɟɧɨ ɤ ɦɟɯɚɧɢɱɟɫɤɨɦɭ ɞɚɬɱɢɤɭ ɭɪɨɜɧɹ (ɜɧɭɬɪɢ ɜɚɧɧɵ), ɤɨɬɨɪɨɟ ɫɥɟɞɢɬ 
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ɡɚ ɞɨɫɬɚɬɨɱɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɜɨɞɵ, ɱɬɨɛɵ ɧɟ ɢɫɩɚɪɢɬɶɫɹ ɜ ɧɨɱɧɨɟ ɜɪɟɦɹ 
(ɜɵɫɨɤɚɹ ɪɚɛɨɱɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜɚɧɧɵ).); 

- ɤɪɨɦɟ ɬɨɝɨ, ɧɚ ɛɨɤɨɜɨɣ ɫɬɨɪɨɧɟ ɤɚɠɞɨɣ ɜɚɧɧɵ ɭɫɬɚɧɨɜɥɟɧɚ 
ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɧɚɪɭɠɧɚɹ ɫɢɝɧɚɥɢɡɚɰɢɹ, ɤɨɬɨɪɚɹ ɤɨɧɬɪɨɥɢɪɭɟɬ ɩɟɪɟɝɪɟɜ 
ɷɥɟɤɬɪɨɥɢɬɚ. ȿɫɥɢ ɭɪɨɜɟɧɶ ɜɚɧɧɵ ɨɩɭɫɤɚɟɬɫɹ ɧɢɠɟ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɬɨɱɤɢ, 
ɞɚɬɱɢɤ ɨɬɤɥɸɱɚɟɬ ɷɥɟɤɬɪɢɱɟɫɤɭɸ ɰɟɩɶ ɢ ɜɚɧɧɚ ɡɚɤɪɵɜɚɟɬɫɹ. 

Ʉɚɠɞɵɣ ɛɥɨɤ, ɫɨɫɬɨɹɳɢɣ ɢɡ ɞɜɭɯ ɜɚɧɧ, ɨɫɧɚɳɟɧ ɫɢɫɬɟɦɨɣ ɩɪɨɦɵɜɤɢ 
ɤɢɩɹɱɟɧɨɣ ɦɢɧɟɪɚɥɢɡɨɜɚɧɧɨɣ ɜɨɞɨɣ (ɞɥɹ ɩɨɜɬɨɪɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫ ɰɟɥɶɸ 
ɡɚɩɨɥɧɟɧɢɹ ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɣ ɜɚɧɧɵ) ɢ ɫɢɫɬɟɦɨɣ ɪɟɰɢɪɤɭɥɹɰɢɨɧɧɨɝɨ 
ɨɩɨɥɚɫɤɢɜɚɧɢɹ ɦɢɧɟɪɚɥɢɡɨɜɚɧɧɨɣ ɜɨɞɨɣ ɫ ɩɪɨɯɨɠɞɟɧɢɟɦ ɢɡ ɯɟɥɚɬɨɜɨɣ ɫɦɨɥɵ 
A 510 ɩɭɬɟɦ ɢɨɧɨɨɛɦɟɧɧɨɣ ɞɥɹ ɩɨɥɧɨɝɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɡɨɥɨɬɚ ɜ ɪɚɫɬɜɨɪɟ. 
ɗɬɨɬ ɜɢɞ ɫɦɨɥɵ ɚɞɫɨɪɛɢɪɭɟɬ ɨɤɨɥɨ 60 ɝ ɞɪɚɝɨɰɟɧɧɵɯ ɦɟɬɚɥɥɨɜ ɧɚ ɤɚɠɞɵɣ ɥɢɬɪ. 

A 510 ɜ ɤɨɧɰɟ ɰɢɪɤɭɥɹɰɢɢ, ɜɵɩɨɥɧɟɧɧɨɣ ɯɟɥɚɬɧɨɣ ɫɦɨɥɨɣ, ɪɚɫɬɜɨɪ ɩɟɪɟɞ 
ɩɪɨɯɨɠɞɟɧɢɟɦ ɩɨ ɩɨɞɡɟɦɧɨɦɭ ɬɪɭɛɨɩɪɨɜɨɞɭ ɞɨ ɩɨɫɥɟɞɧɟɝɨ ɮɢɥɶɬɪɚ, ɩɪɢ 
ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɪɨɯɨɞɢɬ ɤɨɧɬɪɨɥɶ ɰɢɧɤɨɜɵɦ ɩɨɪɨɲɤɨɦ ɞɥɹ ɜɵɹɜɥɟɧɢɹ ɫɥɟɞɨɜ 
ɡɨɥɨɬɚ. 

Ʉɚɬɨɞ ɢɡɝɨɬɨɜɥɟɧ ɢɡ ɬɢɬɚɧɚ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɷɥɟɤɬɪɨɥɢɬɧɨɟ ɡɨɥɨɬɨ ɨɫɟɞɚɟɬ 
ɧɚ ɧɟɝɨ. Ⱦɥɹ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɫɥɚɧɰɟɜɨɝɨ ɡɨɥɨɬɚ ɧɚ ɤɚɬɨɞ ɧɟɨɛɯɨɞɢɦɨ ɫɧɢɦɚɬɶ 
ɤɚɬɨɞ ɢɡ ɜɚɧɧɵ ɷɥɟɤɬɪɨɥɢɡɚ, ɩɨɝɪɭɠɚɬɶ ɜ ɤɢɩɹɱɟɧɭɸ ɦɢɧɟɪɚɥɢɡɨɜɚɧɧɭɸ ɜɨɞɭ ɢ 
ɨɬɞɟɥɢɬɶ ɱɢɫɬɵɟ ɤɪɢɫɬɚɥɥɵ ɡɨɥɨɬɚ ɢɡ ɬɢɬɚɧɨɜɨɣ ɩɥɚɫɬɢɧɵ. ɉɨɫɥɟ ɷɬɨɝɨ 
ɧɟɨɛɯɨɞɢɦɨ ɫɪɚɡɭ ɭɫɬɚɧɨɜɢɬɶ ɩɥɚɫɬɢɧɭ/ɤɚɬɨɞ ɧɚ ɦɟɫɬɟ. ɗɬɭ ɩɪɨɰɟɞɭɪɭ 
ɧɟɨɛɯɨɞɢɦɨ ɫɞɟɥɚɬɶ ɫɨ ɜɫɟɦɢ ɤɚɬɨɞɚɦɢ. ɉɨɫɥɟ ɨɩɨɥɚɫɤɢɜɚɧɢɹ ɤɢɩɹɱɟɧɨɣ 
ɦɢɧɟɪɚɥɢɡɨɜɚɧɧɨɣ ɜɨɞɨɣ ɱɢɫɬɵɟ ɤɪɢɫɬɚɥɥɵ ɡɨɥɨɬɚ ɫɥɟɞɭɟɬ ɩɨɜɬɨɪɧɨ ɩɪɨɦɵɬɶ ɢ 
ɨɫɬɚɜɥɹɬɶ ɧɚ ɧɟɫɤɨɥɶɤɨ ɦɢɧɭɬ ɜ ɞɟ ɦɢɧɟɪɚɥɢɡɨɜɚɧɧɨɣ ɜɨɞɟ ɜ ɫɬɚɬɢɱɟɫɤɨɣ ɜɚɧɧɟ, 
ɚ ɡɚɬɟɦ ɜ ɞɟ ɦɢɧɟɪɚɥɢɡɨɜɚɧɧɨɣ ɜɨɞɟ ɫɢɫɬɟɦɵ ɰɢɪɤɭɥɹɰɢɢ ɯɟɥɚɬɚ Ⱥ 510 ɜ ɫɦɨɥɟ. 

ɉɪɨɢɡɜɨɞɫɬɜɨ ɦɢɧɟɪɚɥɢɡɨɜɚɧɧɨɣ ɜɨɞɵ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɨɛɨɪɭɞɨɜɚɧɢɟɦ 
ɢɨɧɨɨɛɦɟɧɧɵɯ ɫɦɨɥ, ɨɛɨɪɭɞɨɜɚɧɧɵɦ ɚɧɢɨɧɧɵɦɢ ɢ ɤɚɬɢɨɧɧɵɦɢ ɤɨɥɨɧɤɚɦɢ ɫ 
ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɨɣ ɨɛɪɚɬɧɨɣ ɩɪɨɦɵɜɤɢ ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɫɦɨɥɵ, 
ɫɢɫɬɟɦɨɣ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɩɨɞɚɱɢ ɪɟɚɤɬɢɜɨɜ ɟɞɤɨɣ ɫɨɞɵ ɢ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɵ. ȼɫɟ 
ɠɟɥɨɛɚ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɫɦɨɥ, ɧɟɨɛɯɨɞɢɦɵɟ ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɦɢɧɟɪɚɥɢɡɨɜɚɧɧɨɣ 
ɜɨɞɨɩɪɨɧɢɰɚɟɦɨɫɬɢ 100/130 (ɦɢɤɪɨɫɢɦɟɧɫ), ɜ ɤɨɧɰɟ (ɨɤɨɥɨ 2000 ɥ) 
ɧɚɩɪɚɜɥɹɸɬɫɹ ɜ ɩɨɞɡɟɦɧɵɣ ɬɪɭɛɨɩɪɨɜɨɞ, ɜɵɯɨɞɹɳɢɣ ɜ ɨɛɳɢɣ ɮɢɥɶɬɪ. 

ȼɫɟ ɟɞɢɧɢɰɵ ɷɥɟɤɬɪɨɥɢɡɚ ɡɨɥɨɬɚ (ɞɜɟ ɪɚɛɨɱɢɟ ɜɚɧɧɵ ɜ ɰɟɩɢ) ɨɛɨɪɭɞɨɜɚɧɵ 
ɜɵɬɹɠɧɨɣ ɬɪɭɛɨɣ, ɫɨɟɞɢɧɟɧɧɨɣ ɫ ɤɨɥɥɟɤɬɨɪɨɦ, ɩɨɞɤɥɸɱɟɧɧɵɦ ɤ ɫɥɨɠɧɨɦɭ 
ɩɚɪɨɜɨɦɭ ɮɢɥɶɬɪɭ ɢɡ ɞɜɭɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɪɢɫɨɟɞɢɧɟɧɧɵɯ ɤɨɥɨɧɧ. 

Ʉɚɠɞɚɹ ɤɨɥɨɧɧɚ ɫɨɫɬɨɢɬ ɢɡ ɨɫɧɨɜɚɧɢɹ ɞɢɚɦɟɬɪɨɦ 1600 ɦɦ ɢ ɜɵɫɨɬɨɣ 1200 
ɦɦ, ɬɚɤ ɤɚɤ ɩɪɢ ɰɢɪɤɭɥɹɰɢɢ 2400 ɥ ɳɟɥɨɱɧɨɝɨ ɪɚɫɬɜɨɪɚ Ph 10/11. ɉɚɪ HCL 
ɧɟɣɬɪɚɥɢɡɭɟɬɫɹ ɜ ɨɛɳɟɦ ɜɢɞɟ ɜɨ ɜɪɟɦɹ ɫɨɟɞɢɧɟɧɢɹ ɜ ɬɟɱɟɧɢɟ 11 ɫɟɤɭɧɞ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɟɣɫɬɜɭɸɳɢɦ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɨɦ. 

ɓɟɥɨɱɶ ɜ ɜɢɞɟ ɪɚɫɬɜɨɪɚ ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ ɚɜɬɨɦɚɬɢɱɟɫɤɢ – ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 
ɫ ɩɨɦɨɳɶɸ ɦɟɬɪɨɜ, ɝɞɟ ɭɫɬɚɧɨɜɥɟɧɵ ɷɥɟɤɬɪɨɞɵ, ɫ ɩɨɦɨɳɶɸ ɦɨɧɨɬүɬіɤɲɟɥі 
ɩɨɪɨɝ ɫɪɚɛɚɬɵɜɚɧɢɹ ɪɇ . Ɋɟɚɤɬɢɜɧɚɹ ɟɞɤɚɹ ɫɨɞɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɠɢɞɤɨɦ ɜɢɞɟ 33 
%. ɐɢɪɤɭɥɹɰɢɨɧɧɵɣ ɪɚɫɬɜɨɪ ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɬɟɱɟɧɢɟ ɧɟɞɟɥɢ ɢ ɫɥɢɜɚɟɬɫɹ ɜ 
ɩɨɞɡɟɦɧɵɣ ɬɪɭɛɨɩɪɨɜɨɞ, ɜɵɯɨɞɹɳɢɣ ɜ ɤɨɧɟɱɧɵɣ ɮɢɥɶɬɪ. 
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Ʉɚɤ ɜɢɞɧɨ, ɧɚ ɤɚɬɨɞɟ ɨɫɟɞɚɟɬ ɬɨɥɶɤɨ ɫɟɪɟɛɪɨ, ɚ ɧɚ ɚɧɨɞɟ ɪɚɫɬɜɨɪɹɟɬɫɹ 
ɫɟɪɟɛɪɨ ɢ ɫɦɟɫɢ, ɤɚɬɨɞ ɩɨ ɬɨɤɭ ɡɧɚɱɢɬɟɥɶɧɨ ɜɵɲɟ ɚɧɨɞɚ. ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ 
ɩɨɫɬɟɩɟɧɧɨɦɭ ɫɧɢɠɟɧɢɸ ɷɥɟɤɬɪɨɥɢɬɚ ɫɟɪɟɛɪɨɦ ɜ ɩɪɨɰɟɫɫɟ ɷɥɟɤɬɪɨɥɢɡɚ ɢ 
ɨɛɨɝɚɳɟɧɢɸ ɩɪɢɦɟɫɹɦɢ. 

ɗɥɟɤɬɪɨɥɢɬ ɢɡ ɨɛɪɚɛɨɬɤɢ ɡɚɦɟɧɹɟɬ ɧɨɜɵɦɢ ɢ ɜɵɜɨɞɢɬ. ɉɪɢ ɜɵɛɨɪɟ 
ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ ɭɱɢɬɵɜɚɸɬ ɭɫɥɨɜɢɹ ɩɨɥɭɱɟɧɢɹ ɱɢɫɬɨɝɨ ɤɚɬɨɞɧɨɝɨ ɨɫɚɞɤɚ. ɉɪɢ 
ɜɵɫɨɤɨɣ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ ɢɡ-ɡɚ ɜɵɫɨɤɨɣ ɚɧɨɞɧɨɣ ɩɨɥɹɪɢɡɚɰɢɢ ɩɟɪɟɯɨɞ ɦɟɬɚɥɥɚ 
ɩɥɚɬɢɧɵ ɜ ɪɚɫɬɜɨɪ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɭɫɢɥɢɜɚɟɬɫɹ ɢɯ ɨɫɟɞɚɧɢɟ ɜ ɤɚɬɨɞɟ. ȼ 
ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɹɪɢɡɚɰɢɢ ɤɚɬɨɞɚ ɨɞɧɨɜɪɟɦɟɧɧɨ ɧɚ ɧɟɣ ɦɨɝɭɬ ɫɨɡɞɚɜɚɬɶɫɹ ɭɫɥɨɜɢɹ 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɦɟɞɢ ɢ ɬɟɥɥɭɪɚ. ɇɚ ɩɪɚɤɬɢɤɟ ɩɪɨɰɟɫɫ ɩɪɨɜɨɞɹɬ ɫ ɩɥɨɬɧɨɫɬɶɸ 
ɬɨɤɚ 200-600 Ⱥ/ɦ2, ɩɪɢ ɷɬɨɦ, ɱɟɦ ɩɪɢ ɡɚɝɪɹɡɧɟɧɢɹɯ ɚɧɨɞɨɜ, ɬɟɦ ɦɟɧɶɲɟ 
ɩɥɨɬɧɨɫɬɶ ɩɪɢɦɟɧɹɟɦɨɝɨ ɬɨɤɚ. Ɍɟɦɩɟɪɚɬɭɪɚ ɷɥɟɤɬɪɨɥɢɬɚ ɫɨɫɬɚɜɥɹɟɬ 30-50 °ɋ ɡɚ 
ɫɱɟɬ ɬɟɩɥɚ, ɜɵɞɟɥɹɟɦɨɝɨ ɩɪɢ ɬɨɤɟ. 

ɉɪɢ ɧɨɪɦɚɥɶɧɨɦ ɞɜɢɠɟɧɢɢ ɩɪɨɰɟɫɫɚ ɜɵɯɨɞ ɤɚɬɨɞɚ ɩɨ ɬɨɤɭ ɫɨɫɬɚɜɥɹɟɬ 95-
97 %, ɧɚɩɪɹɠɟɧɢɟ ɜɚɧɧɨɣ ɫɨɫɬɚɜɥɹɟɬ 1-3,4 ȼ. Ɋɚɫɯɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ 1 ɤɝ 
ɚɮɮɢɧɢɪɨɜɚɧɧɨɝɨ ɫɟɪɟɛɪɚ ɫɨɫɬɚɜɥɹɟɬ 0,3 – 0,6 ɤȼɬ∙ɱ. ɋɟɪɟɛɪɨ, ɜɵɜɟɞɟɧɧɨɟ ɢɡ 
ɜɚɧɧɵ, ɩɨɨɱɟɪɟɞɧɨ ɨɩɨɥɚɫɤɢɜɚɸɬ ɪɚɡɛɚɜɥɟɧɧɨɣ ɚɡɨɬɧɨɣ ɤɢɫɥɨɬɨɣ ɢ ɝɨɪɹɱɟɣ 
ɜɨɞɨɣ, ɩɪɟɫɟɤɚɸɬ ɞɥɹ ɭɞɚɥɟɧɢɹ ɜɥɚɝɢ ɢ ɪɚɫɩɥɚɜɥɹɸɬ ɜ ɨɬɥɢɜɤɢ ɜ ɩɟɱɚɯ ɫ 
ɜɵɫɨɤɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɱɚɫɬɨɬɨɣ. ɉɨɫɥɟ ɩɟɪɟɩɥɚɜɤɢ ɱɢɫɬɨɬɚ ɤɚɬɨɞɧɨɝɨ ɫɟɪɟɛɪɚ 
ɫɨɫɬɚɜɥɹɟɬ 99,97-99,99 ɩɪɨɛ. 

ɉɨɫɥɟ ɨɤɨɧɱɚɧɢɹ ɩɪɨɰɟɫɫɚ ɷɥɟɤɬɪɨɥɢɡɚ ɜɫɟ ɫɦɵɜɵ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ 
ɱɢɫɬɤɢ ɫɟɪɟɛɪɚ ɢ ɩɪɨɦɵɜɤɢ ɲɥɚɦɚ ɢ ɦɟɬɚɥɥɨɜ, ɚ ɬɚɤɠɟ ɟɠɟɞɧɟɜɧɵɟ ɧɟɛɨɥɶɲɢɟ 
ɫɛɪɨɫɵ ɷɥɟɤɬɪɨɥɢɬɧɨɝɨ ɪɚɫɬɜɨɪɚ, ɫɦɵɜɵ ɜ ɤɨɧɬɟɣɧɟɪ ɢɡ ɧɟɪɠɚɜɟɸɳɟɣ ɫɬɚɥɢ 
ɟɦɤɨɫɬɶɸ 30 ɥ ɫ ɱɢɫɬɵɦ ɫɟɪɟɛɪɨɦ ɧɚɩɪɚɜɥɹɸɬɫɹ ɜ ɰɟɦɟɧɬɚɬɨɪ ɞɥɹ ɨɤɢɫɥɟɧɢɹ 
ɫɟɪɟɛɪɚ ɢɡ ɪɚɫɬɜɨɪɚ ɷɥɟɤɬɪɨɥɢɬɚ. 

ɐɟɦɟɧɬɚɰɢɹ ɜɫɟɯ ɠɢɞɤɢɯ ɨɬɯɨɞɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɭɬɟɦ ɩɨɝɪɭɠɟɧɢɹ 
ɜɪɚɳɚɸɳɟɝɨɫɹ ɛɚɪɚɛɚɧɚ ɩɪɨɜɨɞɚɦɢ ɢ ɩɥɚɫɬɢɧɚɦɢ ɢɡ ɦɟɞɢ, ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɞɥɹ 
ɰɟɦɟɧɬɚɰɢɢ ɜɧɭɬɪɢ ɜɚɧɧɵ. ȼɪɚɳɚɸɳɢɣɫɹ ɛɚɪɚɛɚɧ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɬɟɱɟɧɢɟ 8/10 
ɱ (ɨɛɵɱɧɨ ɷɬɚ ɨɩɟɪɚɰɢɹ ɜɵɩɨɥɧɹɟɬɫɹ ɧɨɱɶɸ). 

ɉɨ ɢɫɬɟɱɟɧɢɢ ɜɪɟɦɟɧɢ ɰɟɦɟɧɬɚɰɢɢ ɛɚɪɚɛɚɧ ɨɫɬɚɧɚɜɥɢɜɚɟɬɫɹ, ɢ ɮɢɥɶɬɪ 
Ȼɚɤɧɟɪɚ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɩɨɞ ɫɥɢɜɧɵɦ ɤɥɚɩɚɧɨɦ. ȼɫɟ ɠɢɞɤɨɟ ɜɟɳɟɫɬɜɨ 
ɮɢɥɶɬɪɭɟɬɫɹ ɢ ɩɨɞɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɦɟɦɛɪɚɧɧɨɝɨ ɧɚɫɨɫɚ ɱɟɪɟɡ ɩɨɞɡɟɦɧɵɟ 
ɫɥɢɜɧɵɟ ɬɪɭɛɨɩɪɨɜɨɞɵ, ɩɨɞɜɨɞɹɳɢɟ ɧɚɤɨɩɢɬɟɥɶɧɭɸ ɜɚɧɧɭ, ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɧɚ 
ɩɨɫɥɟɞɧɟɦ ɧɟɣɬɪɚɥɢɡɚɰɢɨɧɧɨɦ ɨɛɨɪɭɞɨɜɚɧɢɢ. ɉɨɥɭɱɟɧɧɚɹ ɫɟɪɟɛɪɢɫɬɚɹ ɩɵɥɶ 
ɩɪɨɦɵɜɚɟɬɫɹ ɞɨ ɭɪɨɜɧɹ ɪɇ 7 ɢ ɧɚɩɪɚɜɥɹɟɬɫɹ ɜ ɰɟɯ ɪɨɡɥɢɜɚ «ɫɵɪɨɣ» ɞɥɹ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɧɨɜɵɯ ɚɧɨɞɨɜ ɜ ɝɨɬɨɜɨɦ ɤ ɜɵɩɥɚɜɤɟ ɜɢɞɟ . 
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2 Ƚɟɧɟɪɚɥɶɧɵɣ ɩɥɚɧ ɢ ɬɪɚɧɫɩɨɪɬ 

 

2.1 Ʉɪɚɬɤɚя ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɬɪɨɢɬɟɥɶɧɨɣ ɩɥɨɳɚɞɤɢ 

 
Ʉɚɤ ɦɟɫɬɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɚɮɮɢɧɚɠɧɨɝɨ ɡɚɜɨɞɚ ɝ. Ⱥɫɬɚɧɚ ɉɪɢɧɹɬɚ 

ɩɪɨɦɵɲɥɟɧɧɚɹ ɩɥɨɳɚɞɤɚ "ɂɧɞɭɫɬɪɢɚɥɶɧɨɝɨ ɩɚɪɤɚ". ɉɪɟɢɦɭɳɟɫɬɜɨ Ⱥɫɬɚɧɵ – 
ɷɬɨ, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɬɪɚɧɫɩɨɪɬɧɵɣ ɭɡɟɥ Ʉɚɡɚɯɫɬɚɧɚ, ɡɧɚɱɢɬɟɥɶɧɨ ɭɩɪɨɳɟɧɵ 
ɩɟɪɟɜɨɡɤɢ ɫɵɪɶɹ ɢ ɫɩɥɚɜɨɜ ɢɡ Ⱥɫɬɚɧɵ, ɩɪɢ ɷɬɨɦ – ɛɥɢɡɨɫɬɶ ɨɫɧɨɜɧɵɯ ɪɟɝɢɨɧɨɜ 
ɩɨɥɭɱɟɧɢɹ ɡɨɥɨɬɚ-ɜɚɠɧɟɣɲɢɣ ɮɚɤɬɨɪ.  

ɋɪɟɞɢ ɩɪɨɱɢɯ ɩɪɟɢɦɭɳɟɫɬɜ Ⱥɫɚɬɚɧɵ:  
- ɨɬɥɢɱɧɚɹ ɢɧɮɪɚɫɬɪɭɤɬɭɪɚ, ɩɨɡɜɨɥɹɸɳɚɹ ɨɛɟɫɩɟɱɢɬɶ ɬɪɟɛɨɜɚɧɢɹ 

ɛɟɡɨɩɚɫɧɨɫɬɢ;  
- ɨɬɫɭɬɫɬɜɢɟ ɫɟɣɫɦɢɱɟɫɤɢɯ ɪɢɫɤɨɜ; 
- ɜɨɡɦɨɠɧɨɫɬɶ ɨɩɟɪɚɬɢɜɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɦɟɫɬɧɵɦɢ ɢ ɰɟɧɬɪɚɥɶɧɵɦɢ 

ɭɱɪɟɠɞɟɧɢɹɦɢ; ɪɚɫɩɨɥɨɠɟɧɢɟ ɜ ɨɞɧɨɦ ɰɟɧɬɪɟ ɫ ɭɩɪɚɜɥɹɸɳɢɦɢ ɤɨɦɩɚɧɢɹɦɢ, 
ɩɨɡɜɨɥɹɸɳɟɟ ɩɨɜɵɫɢɬɶ ɤɨɧɬɪɨɥɶ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɞɟɹɬɟɥɶɧɨɫɬɢ ɡɚɜɨɞɚ, 
ɨɛɟɫɩɟɱɢɬɶ ɟɝɨ ɜɵɫɨɤɨɤɜɚɥɢɮɢɰɢɪɨɜɚɧɧɵɦɢ ɪɭɤɨɜɨɞɹɳɢɦɢ ɢ ɬɟɯɧɢɱɟɫɤɢɦɢ 
ɫɩɟɰɢɚɥɢɫɬɚɦɢ;  

- ɧɚɛɥɸɞɚɟɬɫɹ ɧɟɩɪɟɪɵɜɧɨɟ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟ ɢ ɬɟɩɥɨɫɧɚɛɠɟɧɢɟ. 
 

 

2.2 Хɚɪɚɤɬɟɪɢɫɬɢɤɚ ɪɟɥɶɟɮɚ ɦɟɫɬɧɨɫɬɢ 

 
Ɇɟɫɬɨɪɨɠɞɟɧɢɟ ɨɬɧɨɫɢɬɫɹ ɤ ɨɛɥɚɫɬɢ ɐɟɧɬɪɚɥɶɧɨ – Ʉɚɡɚɯɫɬɚɧɫɤɨɣ 

ɩɪɟɞɝɨɪɧɨɣ ɨɛɥɚɫɬɢ, ɤɨɬɨɪɚɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɩɥɨɫɤɨɫɬɶɸ ɫ ɧɚɤɥɨɧɧɵɦɢ 
ɝɨɪɢɡɨɧɬɚɥɶɧɵɦɢ ɫɤɥɨɧɚɦɢ, ɩɪɨɟɦɚɦɢ ɢ ɲɢɪɨɤɢɦɢ ɫɬɟɩɹɦɢ. Ⱥɛɫɨɥɸɬɧɵɟ 
ɬɨɱɤɢ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɷɬɨɦ ɪɚɣɨɧɟ ɧɚɯɨɞɹɬɫɹ ɨɬ 216 ɞɨ 262 ɦ, ɧɚ ɩɥɨɳɚɞɢ 
ɦɟɫɬɨɪɨɠɞɟɧɢɹ – ɨɬ 226,5 ɞɨ 235,0 ɦ.  

ɇɚɫɵɩɧɚɹ ɩɨɱɜɚ (ɝɥɢɧɚ, ɫɭɩɟɫɱɚɧɚɹ, ɤɪɭɩɧɵɣ ɩɟɫɨɤ). ɇɚ ɧɟɤɨɬɨɪɵɯ 
ɡɟɦɥɹɯ ɜɫɬɪɟɱɚɟɬɫɹ ɩɨɱɜɟɧɧɨ – ɪɚɫɬɢɬɟɥɶɧɵɣ ɫɥɨɣ (ɱɟɪɧɨ-ɝɧɢɥɵɟ ɝɥɢɧɵ) ɫ 
ɧɟɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ, ɦɨɳɧɨɫɬɶɸ 0,3 ɦ.  

Ɉɫɧɨɜɧɨɣ ɜɯɨɞ ɧɚ ɩɥɨɳɚɞɤɭ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɸɝɨ – ɜɨɫɬɨɱɧɨɣ ɫɬɨɪɨɧɵ.  
Ⱦɥɹ ɪɚɣɨɧɚ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ, ɧɟɨɛɯɨɞɢɦɚɹ 

ɞɥɹ ɪɚɫɱɟɬɚ ɜ ɡɢɦɧɢɣ ɩɟɪɢɨɞ, ɜɵɝɥɹɞɢɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
– ɞɥɹ ɛɨɥɶɲɢɯ ɨɝɪɚɠɞɚɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ-ɦɢɧɭɫ 330ɋ; 
- ɞɥɹ ɥɟɝɤɨɝɨ-ɦɢɧɭɫ 270ɋ. 
ɉɪɢ ɪɚɫɱɟɬɟ ɨɩɨɪ ɥɢɱɧɨɫɬɢ ɡɞɚɧɢɹ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ ȺȻɎ ɭɱɬɟɧɵ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɜɨɡɞɟɣɫɬɜɢɹ, ɜɨɡɧɢɤɚɸɳɢɟ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɜɡɪɵɜɧɵɯ ɪɚɛɨɬ 
ɜ ɤɚɪɶɟɪɟ. 
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2.3 ɋɨɫɬɚɜ ɝɟɧɟɪɚɥɶɧɨɝɨ ɩɥɚɧɚ, ɜɫɟ ɡɞɚɧɢя ɢ ɫɨɨɪɭɠɟɧɢя, ɩɟɪɟɱɟɧɶ ɢɯ 
ɩɥɨɳɚɞɟɣ 

 

Ɉɫɧɨɜɧɨɟ ɡɞɚɧɢɟ. Ɂɞɚɧɢɟ ɫɩɪɨɟɤɬɢɪɨɜɚɧɨ ɢɡ ɛɥɨɤ-ɦɨɞɭɥɹ ɡɚɜɨɞɫɤɨɝɨ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɫ ɩɥɚɧɢɪɨɜɨɱɧɵɦ ɪɚɡɦɟɪɨɦ 48,0 ɯ 96,0 ɢ ɜɵɫɨɬɨɣ ɞɨ ɧɢɠɧɟɣ 
ɬɨɱɤɢ ɧɟɫɭɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ 9,0 ɦ. Ɂɞɚɧɢɟ ɫɨɫɬɨɢɬ ɢɡ ɨɞɧɨɷɬɚɠɧɨɝɨ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɰɟɯɚ ɢ ɞɜɭɯɷɬɚɠɧɨɝɨ ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɨ-ɛɵɬɨɜɨɝɨ ɛɥɨɤɚ 
ɜɵɫɨɬɨɣ 3,95 ɦ. Ɉɫɧɨɜɧɨɣ ɤɚɪɤɚɫ ɡɞɚɧɢɹ ɜɵɩɨɥɧɟɧ ɧɚ ɨɫɧɨɜɟ ɪɚɦɧɵɯ 
ɤɨɧɫɬɪɭɤɰɢɣ. Ɋɚɦɵ ɢɡɝɨɬɨɜɥɟɧɵ ɢɡ ɥɟɝɤɢɯ ɦɟɬɚɥɥɨɤɨɧɫɬɪɭɤɰɢɣ ɫ ɤɪɭɬɢɡɧɨɣ 
ɨɛɟ ɫɬɨɪɨɧɵ ɫ ɲɚɝɨɦ 12,0 ɦ, ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɞɥɢɧɵ 6,0 ɦ. Ɏɭɧɞɚɦɟɧɬɵ 
ɨɛɨɪɭɞɨɜɚɧɢɹ-ɦɨɧɨɥɢɬɧɵɟ ɠɟɥɟɡɨɛɟɬɨɧɧɵɟ ɩɥɢɬɵ. Ȼɟɬɨɧɧɵɟ ɦɚɱɬɵ ɢ 
ɪɨɫɬɜɟɪɬɵ ɡɚɦɨɪɚɠɢɜɚɸɬɫɹ ɫɭɥɶɮɚɬɨɫɬɨɣɤɢɦ ɰɟɦɟɧɬɨɦ. ɉɨɤɪɵɬɢɟ ɢɡɝɨɬɨɜɥɟɧɨ 
ɢɡ ɦɨɧɨɥɢɬɧɨɝɨ ɠɟɥɟɡɨɛɟɬɨɧɚ.  

ɇɚɫɨɫɧɚя ɫɬɚɧɰɢя ɜɨɞɨɫɧɚɛɠɟɧɢя. Ɉɞɧɨɷɬɚɠɧɨɟ ɦɨɞɭɥɶɧɨɟ ɡɞɚɧɢɟ 
ɩɥɚɧɢɪɨɜɨɱɧɵɦ ɪɚɡɦɟɪɨɦ 6,0-15,0 ɦ ɜɵɫɨɬɨɣ 3,8 ɦ ɞɨ ɧɢɠɧɟɣ ɬɨɱɤɢ ɧɟɫɭɳɟɣ 
ɤɨɧɫɬɪɭɤɰɢɢ. Ɉɫɧɨɜɧɨɣ ɤɚɪɤɚɫ ɡɞɚɧɢɹ ɦɟɬɚɥɥɢɱɟɫɤɢɣ. Ɏɭɧɞɚɦɟɧɬɵ 
ɦɨɧɨɥɢɬɧɵɟ ɠɟɥɟɡɨɛɟɬɨɧɧɵɟ.  

ɋɬɟɧɨɜɵɟ ɢ ɤɪɨɜɟɥɶɧɵɟ ɨɝɪɚɠɞɟɧɢɹ ɜɵɩɨɥɧɟɧɵ ɢɡ ɬɪɟɯɫɥɨɣɧɵɯ ɩɚɧɟɥɟɣ 
ɬɢɩɚ "ɋɷɧɞɜɢɱ". ɍɤɥɨɧ ɩɚɥɚɬɤɢ ɫɨɫɬɚɜɥɹɟɬ 10%. Ɂɞɚɧɢɟ ɨɬɚɩɥɢɜɚɟɬɫɹ ɢ 
ɨɛɨɪɭɞɨɜɚɧɨ ɦɨɧɨɪɟɥɶɫɨɦ. 

 
 
2.4 Ɉɫɧɨɜɧɵɟ ɩɥɚɧɨɜɵɟ ɪɟɲɟɧɢя  
 
ȼ ɝɨɪɨɞɟ ɧɚɯɨɞɢɬɫɹ ɜɟɬɟɪ, ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɣ ɧɚ ɸɝɨ – ɜɨɫɬɨɤ. ɉɨɷɬɨɦɭ 

ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɜɪɟɞɧɵɯ ɩɪɢɦɟɫɟɣ ɧɟ ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɧɚ ɝɨɪɨɞ, ɩɪɢɦɟɫɢ 
ɩɨɫɬɭɩɚɸɬ ɡɚ ɩɪɟɞɟɥɵ ɝɨɪɨɞɚ.  

ȼɨɤɪɭɝ ɡɚɜɨɞɚ ɜɵɫɚɠɟɧɵ ɡɟɥɟɧɵɟ ɧɚɫɚɠɞɟɧɢɹ. ȼɨɡɜɟɞɟɧɢɟ ɠɢɥɨɝɨ 
ɦɚɫɫɢɜɚ ɜ ɷɬɨɣ ɡɨɧɟ ɧɟ ɞɨɩɭɫɤɚɟɬɫɹ. ȼɨɤɪɭɝ ɡɚɜɨɞɚ ɢɦɟɸɬɫɹ ɡɟɥɟɧɵɟ ɝɚɡɨɧɵ. 
Ɋɚɫɫɬɨɹɧɢɟ ɩɪɨɯɨɞɢɬ ɩɨɫɬɨɹɧɧɨɟ ɪɚɫɫɟɹɧɢɟ ɩɭɬɟɣ. ȼɫɟ ɝɪɹɡɟɜɵɟ ɨɬɯɨɞɵ 
ɧɚɩɪɚɜɥɹɸɬɫɹ ɜ ɤɚɧɚɥɢɡɚɰɢɸ.  

Ⱥɮɮɢɧɚɠ ɩɪɨɢɡɜɨɞɫɬɜɚ ɞɪɚɝɨɰɟɧɧɵɯ ɦɟɬɚɥɥɨɜ-ɷɤɨɥɨɝɢɱɟɫɤɢ ɱɢɫɬɨɟ 
ɩɪɨɢɡɜɨɞɫɬɜɨ. ɗɬɨ ɨɫɧɨɜɧɵɟ ɤɚɱɟɫɬɜɚ ɩɪɨɢɡɜɨɞɫɬɜɚ. 

 
 
2.5 ȼɧɭɬɪɟɧɧɢɣ ɢ ɧɚɪɭɠɧɵɣ ɡɚɜɨɞɫɤɨɣ ɬɪɚɧɫɩɨɪɬ 

 
Ɍɟɪɪɢɬɨɪɢɹ ɞɟɣɫɬɜɭɸɳɟɝɨ ɩɪɟɞɩɪɢɹɬɢɹ ɨɛɨɪɭɞɨɜɚɧɚ ɚɫɮɚɥɶɬɢɪɨɜɚɧɧɵɦɢ 

ɚɜɬɨɦɨɛɢɥɶɧɵɦɢ ɞɨɪɨɝɚɦɢ. Ⱦɥɹ ɧɟɝɚɛɚɪɢɬɧɵɯ, ɛɨɥɶɲɢɯ ɝɪɭɡɨɩɨɞɴɟɦɧɵɯ 
ɦɚɲɢɧ ɢ ɝɭɫɟɧɢɱɧɨɣ ɬɟɯɧɢɤɢ ɜ ɫɟɜɟɪɧɨɣ ɱɚɫɬɢ ɫɬɪɨɢɬɟɥɶɧɨɣ ɩɥɨɳɚɞɤɢ ɢɦɟɟɬɫɹ 
ɨɛɴɟɡɞɧɚɹ ɞɨɪɨɝɚ. ɋɟɬɶ ɚɜɬɨɞɨɪɨɝ ɩɪɢɧɹɬɚ ɩɨ ɨɛɯɨɞɧɨɣ ɫɯɟɦɟ. ɒɢɪɢɧɚ 
ɩɪɨɟɡɠɟɣ ɱɚɫɬɢ ɚɜɬɨɞɨɪɨɝ ɩɪɢɧɹɬɚ 6,0 ɦ. 

ɋ ɭɱɟɬɨɦ ɷɬɨɝɨ ɩɪɢɧɹɬɨ ɬɢɩ ɞɨɪɨɠɧɵɯ ɩɨɤɪɵɬɢɣ ɫɥɟɞɭɸɳɟɝɨ ɬɢɩɚ 
ɤɨɧɫɬɪɭɤɰɢɢ ɬɢɩɚ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ ɢ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɞɜɢɠɟɧɢɹ: 
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 ɞɥɹ ɜɧɟɫɟɧɢɹ ɜ ɪɟɟɫɬɪ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɬɨɜɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɟɣ, ɭɱɚɫɬɢɹ ɜ 
ɬɟɧɞɟɪɚɯ ɢ ɤɨɧɤɭɪɫɚɯ ɩɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɦ ɡɚɤɭɩɤɚɦ 9228– 97* – 5 ɫɦ; 

– ɚɫɮɚɥɶɬɨɛɟɬɨɧ ɤɪɭɩɧɨɡɟɪɧɢɫɬɵɣ ɬɢɩ Ȼ, ɆІІ – 5 ɫɦ; 
- ɳɟɛɟɧɶ Ɇ1000 ɮɪɚɤɰɢɹ 40-70, ȽɈɋɌ8267-97-8 ɫɦ. 
- ɩɟɫɨɤ ȽɈɋɌ 8736– 93* – 25 ɫɦ. 
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3 Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɪɟɲɟɧɢя 

 
3.1 Ɋɚɫɱɟɬ ɦɚɬɟɪɢɚɥɶɧɨɝɨ ɛɚɥɚɧɫɚ  
 
ɇɚ ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɟ ɪɚɮɢɧɢɪɨɜɚɧɢɟ ɫɟɪɟɛɪɚ ɩɨɫɬɭɩɚɟɬ 8 ɚɧɨɞɨɜ ɧɚ 

ɨɞɧɭ ɜɚɧɧɭ ɫɥɟɞɭɸɳɟɝɨ ɫɨɫɬɚɜɚ: 68 % Ag; 20 % Au; 0,15 % Te; 5,2 % Cu; 0,6 % 
Bi; 0,02 % Pb; 1,5 % Zn; 1,4 % Fe; 0,3 % As; 0,33 % Se; 2,5 % ɩɪɨɱɢɟ. ȼɟɫ 8 
ɚɧɨɞɨɜ ɫɨɫɬɚɜɥɹɟɬ 120 ɤɝ. Ⱦɚɥɟɟ ɧɚɯɨɞɢɦ ɦɚɫɫɭ ɜɫɟɯ ɷɥɟɦɟɧɬɨɜ ɩɨ ɩɪɨɩɨɪɰɢɢ: 

 

Ag = 
120  ·168

100
 = 81,6 ɤɝ; 

Au = 
120  ·20

100
 = 24 ɤɝ; 

Te =  
120 ·0,15

100
 = 0,18 ɤɝ; 

Cu =  
120 ·5,2

100
 = 6,24 ɤɝ; 

Bi = 
120  ·5,2

100
 = 0,72 ɤɝ; 

Pb =  
120 ·0,02

100
=0,024 ɤɝ; 

Zn = 
120  ·1,5

100
 = 1,8 ɤɝ; 

Fe = 
120  ·1,4

100
 = 1,68 ɤɝ; 

As = 
120  ·0,3

100
 = 0,36 ɤɝ; 

Se = 
120  ·0,33

100
 = 0,396 ɤɝ; 

ɉɪɨɱɢɟ = 120  ·2,5

100
 = 3 ɤɝ. 

 
Ⱦɥɹ ɜɵɩɨɥɧɟɧɢɹ ɪɚɫɱɟɬɚ ɡɚɞɚɟɦɫɹ ɩɨ ɩɪɚɤɬɢɱɟɫɤɢɦ ɞɚɧɧɵɦ ɪɚɛɨɬɵ 

ɡɚɜɨɞɨɜ ɫɥɟɞɭɸɳɢɦɢ ɩɪɢɦɟɪɧɵɦɢ ɜɟɥɢɱɢɧɚɦɢ. 
ȼɵɯɨɞ ɚɧɨɞɧɨɝɨ ɫɤɪɚɩɚ 15 %. 
 

Ag = 
81,6 ·10,2

68
 = 12,24 ɤɝ; 

Au = 
24 ·3

20
 = 3,6 ɤɝ; 

Te = 
0,18 ·0,0225

0,15
 = 0,027 ɤɝ; 

Cu = 
6,24 ·0,78

5,2
 = 0,936 ɤɝ; 

Bi = 
0,72 ·0,09

0,6
 = 0,108 ɤɝ; 

Pb = 
0,24 ·0,003

0,02
 = 0,0036 ɤɝ; 
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Zn = 
1,8 ·0,225

1,5
 = 0,27 ɤɝ; 

Fe = 
1,68 ·0,21

1,4
 = 0,252 ɤɝ; 

As = 
0,36 ·0,045

0,3
 = 0,054 ɤɝ; 

Se = 
0,396 ·0,0495

0,33
 = 0,0594 ɤɝ; 

ɉɪɨɱɢɟ = 
3 ·0,375

2,5
 = 0,45 ɤɝ. 

 
Ɍɚɛɥɢɰɚ 3.1 – ɋɨɫɬɚɜ ɚɧɨɞɚ ɛɟɡ ɫɤɪɚɩɚ 
 

Ag Au Te Cu Bi Pb Zn Fe As Se ɉɪɨɱɢɟ 
69,36 20,4 1,153 5,304 0,614 0,0204 1,53 1,428 0,306 0,3366 2,55 

 
ɉɪɚɤɬɢɱɟɫɤɢ ɜɫɟ ɩɪɢɦɟɫɢ, ɧɚɯɨɞɹɳɢɟɫɹ ɜ ɚɧɨɞɟ ɩɟɪɟɯɨɞɹɬ ɜ ɪɚɫɬɜɨɪ, 

ɩɨɬɨɦɭ ɱɬɨ, ɛɨɥɟɟ ɷɥɟɤɬɪɨɨɬɪɢɰɚɬɟɥɶɧɵ, ɱɟɦ ɫɟɪɟɛɪɨ. ɉɟɪɟɯɨɞɢɬ ɜ ɪɚɫɬɜɨɪ (% 
ɨɬ ɜɟɫɚ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɚɧɨɞɚ): 100 % Ag, Zn,Fe, 82,5 % Cu.  

ȼ ɲɥɚɦ ɩɟɪɟɯɨɞɢɬ: 100 % Au, Te, Bi, Pb, As, Se, ɩɪɨɱɢɟ. ȼ ɲɥɚɦɟ 
ɫɨɞɟɪɠɢɬɫɹ 13 % ɦɟɞɢ; 0,6 % ɫɟɪɟɛɪɚ.  

Au ɢɦɟɹ ɫɬɚɧɞɚɪɬɧɵɣ ɩɨɬɟɧɰɢɚɥ, ɛɨɥɟɟ ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɫɟɪɟɛɪɨɦ, ɡɨɥɨɬɨ ɧɟ ɪɚɫɬɜɨɪɹɟɬɫɹ ɧɚ ɚɧɨɞɟ ɢ ɩɟɪɟɯɨɞɢɬ ɜ ɲɥɚɦ. Te ɩɟɪɟɯɨɞɢɬ ɜ 
ɲɥɚɦ ɜɢɞɟ ɬɟɥɥɭɪɢɞɚ ɦɟɞɢ (Cu2Te).    

ɉɪɢɫɭɬɫɬɜɭɸɳɢɟ ɜ ɚɧɨɞɧɨɦ ɦɟɬɚɥɥɟ ɜɢɫɦɭɬ, ɩɥɚɬɢɧɚ, ɦɵɲɶɹɤ, ɩɟɪɟɯɨɞɹɬ 
ɜ ɷɥɟɤɬɪɨɥɢɬ, ɧɨ ɡɚɬɟɦ ɜɫɥɟɞɫɬɜɢɟ ɝɢɞɪɨɥɢɡɚ ɱɚɫɬɢɱɧɨ ɜɵɩɚɞɚɸɬ ɜ ɲɥɚɦ. 

ɉɪɢɫɭɬɫɬɜɭɸɳɢɣ ɜ ɚɧɨɞɚɯ ɫɟɥɟɧ, ɪɚɫɬɜɨɪɹɹɫɶ ɧɚ ɚɧɨɞɟ, ɜ ɞɚɥɶɧɟɣɲɟɦ 
ɩɨɱɬɢ ɩɨɥɧɨɫɬɶɸ ɜɵɩɚɞɚɟɬ ɢɡ ɪɚɫɬɜɨɪɚ ɜ ɲɥɚɦ ɜ ɜɢɞɟ Ag2SeO4. 

ɇɚɯɨɞɢɦ ɜɟɫ ɫɟɪɟɛɪɚ ɩɟɪɟɲɟɞɲɢɣ ɜ ɲɥɚɦ: 
 

Ag (Ag2SeO4) = 
216  ·0,3366

79
 = 0,92 ɤɝ. 

 
ɂɡ 100 % Ag (% ɨɬ ɜɟɫɚ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɚɧɨɞɚ) ɩɨ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɦ 

ɞɚɧɧɵɦ ɜɵɯɨɞ ɩɨ ɬɨɤɭ ɫɨɫɬɚɜɥɹɟɬ 97 %. 
 

Ag = 
68,44 ·97

100
 = 66,38 ɤɝ. 

 
ɉɪɟɧɟɛɪɟɝɚɟɦ ɜ ɪɚɫɱɟɬɟ ɫɨɞɟɪɠɚɧɢɟɦ ɩɪɢɦɟɫɟɣ ɧɚ ɤɚɬɨɞɟ ɢ ɫɱɢɬɚɟɦ ɟɝɨ 

ɧɚ 100 % ɢɡ ɫɟɪɟɛɪɚ. ɇɚ ɨɫɧɨɜɟ ɩɪɢɜɟɞɟɧɧɵɯ ɞɚɧɧɵɯ ɧɟɬɪɭɞɧɨ ɫɨɫɬɚɜɢɬɶ 
ɦɚɬɟɪɢɚɥɶɧɵɣ ɛɚɥɚɧɫ ɷɥɟɤɬɪɨɥɢɡɚ (ɬɚɛɥɢɰɚ 3.2). 
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Ɍɚɛɥɢɰɚ 3.2 – Ɇɚɬɟɪɢɚɥɶɧɵɣ ɛɚɥɚɧɫ ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɝɨ ɪɚɮɢɧɢɪɨɜɚɧɢɹ 
ɫɟɪɟɛɪɚ 

 

ɉɨɫɬɭɩɢɥɨ  Ⱥɧɨɞɵ  ɋɤɪɚɩ  ɒɥɚɦ  ɗɥɟɤɬɪɨɥɢɬ  ɇɚ ɤɚɬɨɞɟ ɂɬɨɝɨ  
Ag % 68 10,2 0,76 1,71 55,3 68 

ɤɝ 81,6 12,24 0,92 2,06 66,38 81,6 
Au % 20 3 17  –   –  20 

ɤɝ 24 3,6 20,4  –   –  24 

Te % 0,15 0,0225 0,1275  –   –  0,15 

ɤɝ 0,18 0,027 0,153  –   –  0,18 

Cu % 5,2 0,78 0,1275 4,2925  –  5,2 

ɤɝ 6,24 0,936 0,153 5,151  –  6,24 
Bi % 0,6 0,09 0,51  –   –  0,6 

ɤɝ 0,72 0,108 0,612  –   –  0,72 
Pb % 0,02 0,003 0,017  –   –  0,02 

ɤɝ 0,024 0,0036 0,0204  –   –  0,024 

Zn % 1,5 0,225  –  1,275  –  1,5 

ɤɝ 1,8 0,27  –  1,53  –  1,8 
Fe % 1,4 0,21  –  1,19  –  1,4 

ɤɝ 1,68 0,252  –  1,428  –  1,68 
As % 0,3 0,045 0,255  –   –  0,3 

ɤɝ 0,36 0,054 0,306  –   –  0,36 
Se % 0,33 0,0495 0,2805  –   –  0,33 

ɤɝ 0,396 0,0594 0,3366  –   –  0,396 
ɉɪɨɱɢɟ % 2,5 0,375 2,125  –   –  2,5 

ɤɝ 3 0,45 2,55  –   –  3 
ɂɬɨɝɨ % 100 15 21,2 8,47 55,3 100 

ɤɝ 120 18 25,451 10,169 66,38 120 
 

 
3.2 Ɋɚɫɱɟɬ ɨɫɧɨɜɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɝɨ 

ɪɚɮɢɧɢɪɨɜɚɧɢя 

 
Ɉɫɧɨɜɧɵɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɝɨ ɪɚɮɢɧɢɪɨɜɚɧɢɹ ɫɟɪɟɛɪɚ 

ɹɜɥɹɸɬɫɹ: 
ɉɥɨɬɧɨɫɬɶ ɬɨɤɚ. ɉɥɨɬɧɨɫɬɶ ɬɨɤɚ – ɨɩɪɟɞɟɥɹɟɬɫɹ ɨɬɧɨɲɟɧɢɟɦ ɫɢɥɵ ɬɨɤɚ 

ɧɚ ɩɥɨɳɚɞɶ ɤɚɬɨɞɚ ɩɨ ɮɨɪɦɭɥɟ: 
 

J = 
𝐼𝑆. (3.1) 

 
ɝɞɟ I – ɫɢɥɚ ɬɨɤɚ; 
      S – ɩɥɨɳɚɞɶ ɤɚɬɨɞɚ. 

ȼ ɩɪɨɰɟɫɫɟ ɷɥɟɤɬɪɨɥɢɡɚ ɩɥɨɬɧɨɫɬɶ ɬɨɤɚ ɩɨ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɦ ɞɚɧɧɵɦ ɜ 
ɫɪɟɞɧɟɦ ɢɡɦɟɧɹɥɨɫɶ ɜ ɢɧɬɟɪɜɚɥɟ 240 – 280 Ⱥ/ɦ2. ȼ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɦ ɩɪɨɟɤɬɟ 
ɫɥɟɞɭɟɬ ɫɱɢɬɚɬɶ ɨɩɬɢɦɚɥɶɧɨɣ ɜɟɥɢɱɢɧɨɣ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ 260 Ⱥ/ɦ2.  
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Вɵɯɨɞ ɩɨ ɬɨɤɭ. ȼɵɯɨɞ ɩɨ ɬɨɤɭ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɤɚɤ ɨɬɧɨɲɟɧɢɟ ɦɚɫɫɵ ɩɪɢ 
ɮɚɤɬɢɱɟɫɤɨɦ ɦɚɫɫɨɩɟɪɟɧɨɫɟ Mf ɤ ɬɟɨɪɟɬɢɱɟɫɤɨɦɭ ɦɚɫɫɨɩɟɪɟɧɨɫɭ Mt, 
ɪɚɫɫɱɢɬɚɧɧɨɦɭ ɩɨ 1 – ɦɭ ɡɚɤɨɧɭ Ɏɚɪɚɞɟɹ: 

 

ȼ = Mf

Mt
 · 100 %; (3.2) 

Mt = 
μ ·𝑄𝑛  ·݁ ·ܰɚ

 = 
μ ·𝐼 ·𝑡𝑛  ·𝐹  = 

107,868 ·570 ·107,5

1 ·96500
 = 68,43. (3.3) 

 
ɝɞɟ e – ɷɥɟɦɟɧɬɚɪɧɵɣ ɡɚɪɹɞ; 
       n – ɡɚɪɹɞ ɢɨɧɚ ɜ ɟɞɢɧɢɰɚɯ e (ɢɨɧɵ ɫɟɪɟɛɪɚ ɜ ɪɚɫɬɜɨɪɟ ɧɢɬɪɚɬɚ ɫɟɪɟɛɪɚ 
ɢɦɟɸɬ ɡɚɪɹɞ n = +1); 
      μ – ɦɨɥɹɪɧɚɹ ɦɚɫɫɚ (ɞɥɹ ɫɟɪɟɛɪɚ μ = 107,868 ɝ/ɦɨɥɶ); 
      N – ɱɢɫɥɨ Ⱥɜɨɝɚɞɪɨ; 
      F = eNA ≈ 96500 Ʉɥ – ɱɢɫɥɨ Ɏɚɪɚɞɟɹ. 

ɉɨɞɫɬɚɜɥɹɹ ɩɨɥɭɱɟɧɧɵɟ ɮɨɪɦɭɥɵ ɜ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɜɵɯɨɞɚ ɩɨ ɬɨɤɭ, 
ɩɨɥɭɱɢɦ: 

 

ȼ = ܯ݂ܯ𝑡  · 100 % = 
݂ܯ  ·𝑛  ·𝐹

μ ·𝐼 ·𝑡  · 100 % = 
66,38

68,43
 · 100 % = 97 %. (3.4) 

 
ɂɡ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɜ ɩɪɨɰɟɫɫɟ ɷɥɟɤɬɪɨɥɢɡɚ ɜɵɯɨɞ ɩɨ ɬɨɤɭ ɪɚɜɟɧ 

97 % 
Ɋɚɫɯɨɞ ɷɧɟɪɝɢɢ, ɡɚɬɪɚɱɢɜɚɟɦɨɣ ɧɚ ɷɥɟɤɬɪɨɥɢɡ, ɪɚɜɟɧ: 
 

W = iUtɤɜɬ · ɱ, (3.5) 
 

ɝɞɟ i – ɫɢɥɚ ɬɨɤɚ ɜ ɰɟɩɢ; 
     U – ɧɚɩɪɹɠɟɧɢɟ ɜ ɰɟɩɢ; 
        t – ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɷɥɟɤɬɪɨɥɢɡɚ, ɱɚɫ. 

 
W = iUt = 570  · 2  · 107,5 = 122550 ɤɜɬ ·ɱ. 

 
ɇɚɩɪɹɠɟɧɢɟ ɧɚ ɜɚɧɧɟ ɪɚɜɧɨ: 
 

U= e + ∆ɟ + ρܮ
S
i + Σri, ɜ. (3.6) 

 
ɝɞɟ ɟ – ɪɚɡɧɨɫɬɶ ɚɧɨɞɧɨɝɨ ɢ ɤɚɬɨɞɧɨɝɨ ɩɨɬɟɧɰɢɚɥɨɜ (ɧɚɩɪɹɠɟɧɢɟ ɪɚɡɥɨɠɟɧɢɹ); 
       ∆ɟ – ɚɧɨɞɧɚɹ ɢ ɤɚɬɨɞɧɚɹ ɩɨɥɹɪɢɡɚɰɢɹ;  
       ρ – ɭɞɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɪɚɫɬɜɨɪɚ; 
      L – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɷɥɟɤɬɪɨɞɚɦɢ; 
      S – ɨɛɳɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɤɚɬɨɞɨɜ ɜ ɜɚɧɧɟ, ɦ2; 
      r – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɨɧɬɚɤɬɨɜ ɢ ɲɢɧɨɩɪɨɜɨɞɨɜ ɧɚ ɜɚɧɧɟ, Ɉɦ.  

ȼ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɦ ɩɪɨɟɤɬɟ ɫɥɟɞɭɟɬ ɫɱɢɬɚɬɶ ɨɩɬɢɦɚɥɶɧɨɣ ɜɟɥɢɱɢɧɨɣ 
ɧɚɩɪɹɠɟɧɢɹ 2 ɜ.  
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ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ wɩɨɥɭɱɚɟɦ, ɩɪɢɜɨɞɹ ɪɚɫɯɨɞ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɤ ɟɞɢɧɢɰɟ ɜɟɫɚ ɩɨɥɭɱɟɧɧɨɝɨ ɦɟɬɚɥɥɚ w/p, ɝɞɟ 

 

Ɋ = iq ŋtN

1000  
 ɤɝ. (3.7) 

 
ɉɨɞɫɬɚɜɥɹɹ ɜ ɜɵɪɚɠɟɧɢɹ (3.5) U ɢɡ ɪɚɜɟɧɫɬɜɚ (3.6) ɢ ɞɟɥɹ ɧɚ ɭɪɚɜɧɟɧɢɟ 

(3.7) ɢ ɡɚɦɟɧɹɹ i = DS, ɩɨɥɭɱɚɟɦ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɭɞɟɥɶɧɨɝɨ ɪɚɫɯɨɞɚ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 

 

w = 
U

qŋ
 = 

1

qŋ 
(e + ∆ɟ + ρLD + ΣrDS)103 ɤɜɬ  ·ɱ.  (3.8) 

 
Ɍɟɨɪɟɬɢɱɟɫɤɢ ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɟ ɪɚɮɢɧɢɪɨɜɚɧɢɟ ɦɟɬɚɥɥɨɜ, ɩɪɢ 

ɛɟɫɤɨɧɟɱɧɨ ɦɚɥɵɯ ɩɥɨɬɧɨɫɬɹɯ ɬɨɤɚ ɢ ɨɛɪɚɬɢɦɵɯ ɡɧɚɱɟɧɢɹɯ ɩɨɬɟɧɰɢɚɥɨɜ 
ɞɨɥɠɧɨ ɩɪɨɯɨɞɢɬɶ ɛɟɡ ɡɚɬɪɚɬɵ ɷɧɟɪɝɢɢ, ɬɚɤ ɤɚɤ ɚɧɨɞɧɵɣ ɩɨɬɟɧɰɢɚɥ ɪɚɜɟɧ 
ɤɚɬɨɞɧɨɦɭ, ɨɫɬɚɥɶɧɵɟ ɠɟ ɫɥɚɝɚɟɦɵɟ ɩɪɢ ɛɟɫɤɨɧɟɱɧɨ ɦɚɥɵɯ ɩɥɨɬɧɨɫɬɹɯ ɬɨɤɚ 
ɪɚɜɧɵ ɧɭɥɸ. 

Ɉɞɧɚɤɨ ɚɧɨɞɧɚɹ ɢ ɤɚɬɨɞɧɚɹ ɩɨɥɹɪɢɡɚɰɢɹ, ɚ ɬɚɤɠɟ ɞɪɭɝɢɟ ɫɥɚɝɚɟɦɵɟ 
ɢɦɟɸɬ ɤɨɧɟɱɧɵɟ ɡɧɚɱɟɧɢɹ, ɪɚɫɬɭɳɢɟ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ. ɂɡ 
ɜɵɪɚɠɟɧɢɹ ɜɢɞɧɨ, ɱɬɨ ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɩɨɜɵɲɚɟɬɫɹ ɫ ɪɨɫɬɨɦ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɪɚɫɬɜɨɪɚ ɢ ɨɫɬɚɥɶɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɢ ɩɚɞɚɟɬ ɫ ɭɜɟɥɢɱɟɧɢɟɦ 
ɜɵɯɨɞɚ ɩɨ ɬɨɤɭ. 

ȼ ɬɚɛɥɢɰɟ 3.3 ɩɪɢɜɟɞɟɧ ɛɚɥɚɧɫ ɧɚɩɪɹɠɟɧɢɹ ɜɚɧɧɵ ɪɚɮɢɧɢɪɨɜɚɧɢɹ 
ɫɟɪɟɛɪɚ, ɪɚɛɨɬɚɸɳɟɣ ɩɪɢ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ 260 Ⱥ/ɦ2.  

 
Ɍɚɛɥɢɰɚ 3.3 – ɉɟɪɟɩɚɞɵ ɧɚɩɪɹɠɟɧɢɹ ɜ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɰɟɩɢ ɜɚɧɧɵ ɞɥɹ 

ɪɚɮɢɧɢɪɨɜɚɧɢɹ ɫɟɪɟɛɪɚ 
 

ɋɨɫɬɚɜɥɹɸɳɢɟ ɧɚɩɪɹɠɟɧɢɟ 
 

ɉɚɞɟɧɢɟ ɧɚɩɪɹɠɟɧɢɟ 
ɜ % ɨɬ ɨɛɳɟɝɨ ɩɚɞɟɧɢɹ 

ɧɚɩɪɹɠɟɧɢɹ 
ɉɚɞɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɜ ɷɥɟɤɬɪɨɥɢɬɟ 
Ⱥɧɨɞɧɚɹ ɩɨɥɹɪɢɡɚɰɢɹ 
Ʉɚɬɨɞɧɚɹ ɩɨɥɹɪɢɡɚɰɢɹ 
ɉɚɞɟɧɢɟ ɧɚɩɪɹɠɟɧɢɣ ɜ ɤɨɧɬɚɤɬɚɯ ɢ ɩɪɨɜɨɞɧɢɤɚɯ ɩɟɪɜɨɝɨ ɪɨɞɚ     

0,236 
0,03 
0,051 
0,069 

61,14 
7,77 
13,22 
17,87 

ɂɬɨɝɨ 0,386 100 
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4 Ɉɯɪɚɧɚ ɬɪɭɞɚ 

 
4.1 Аɧɚɥɢɡ ɨɩɚɫɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɚɤɬɨɪɨɜ 

 
Ⱥɧɚɥɢɡ ɪɚɡɥɢɱɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɞɟɤɥɚɪɢɪɭɟɦɨɝɨ ɨɛɴɟɤɬɚ 

ɩɨɡɜɨɥɢɥ ɜɵɹɜɢɬɶ ɫɥɟɞɭɸɳɢɟ ɨɩɚɫɧɵɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɮɚɤɬɨɪɵ:  
ɨɩɚɫɧɵɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ: 
– ɩɪɨɢɡɜɨɞɫɬɜɨ ɪɚɫɩɥɚɜɨɜ ɞɪɚɝɨɰɟɧɧɵɯ ɦɟɬɚɥɥɨɜ; 
– ɩɨɥɭɱɟɧɢɟ ɤɢɫɥɨɪɨɞɚ ɢ ɚɡɨɬɚ; 
– ɩɨɞɴɟɦ ɢ ɩɟɪɟɦɟɳɟɧɢɟ ɝɪɭɡɨɜ; 
– ɷɧɟɪɝɨɨɛɟɫɩɟɱɟɧɢɟ. 
ɨɩɚɫɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ: 
– ɩɥɚɜɢɥɶɧɵɟ ɩɟɱɢ (ɢɧɞɭɤɰɢɨɧɧɵɟ, ɬɨɧɧɟɥɶɧɵɟ); 
– ɫɬɚɰɢɨɧɚɪɧɨ ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɝɪɭɡɨɩɨɞɴɟɦɧɵɟ ɦɟɯɚɧɢɡɦɵ; 
– ɤɢɫɥɨɪɨɞɧɵɟ ɢ ɝɚɡɨɜɵɟ ɛɚɥɥɨɧɵ; 
– ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ ɜɫɟɯ ɬɢɩɨɜ;  
ɨɩɚɫɧɵɟ ɜɟщɟɫɬɜɚ: 
– ɝɨɪɸɱɢɟ ɜɟɳɟɫɬɜɚ: ɩɪɨɩɚɧ, ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɨɟ ɦɚɫɥɨ, ɞɢɡɟɥɶɧɨɟ 

ɬɨɩɥɢɜɨ; 
– ɬɨɤɫɢɱɧɵɟ ɜɟɳɟɫɬɜɚ: ɤɢɫɥɨɬɵ, ɳɟɥɨɱɶ; 
– ɨɤɢɫɥɹɸɳɢɟ ɜɟɳɟɫɬɜɚ: ɤɢɫɥɨɪɨɞ, ɚɡɨɬɧɚɹ ɤɢɫɥɨɬɚ; 
– ɩɪɟɤɭɪɫɨɪɵ: ɫɟɪɧɚɹ ɤɢɫɥɨɬɚ, ɫɨɥɹɧɚɹ ɤɢɫɥɨɬɚ. 
 
 
4.2 ȼɟɧɬɢɥяɰɢя 

 
ɉɪɨɢɡɜɨɞɫɬɜɟɧɧɵɣ ɤɨɪɩɭɫ. Ɍɟɯɧɢɱɟɫɤɢɟ ɪɟɲɟɧɢɹ ɩɨ ɜɟɧɬɢɥɹɰɢɢ 

ɚɮɮɢɧɚɠɧɨɝɨ ɡɚɜɨɞɚ ɢ ɥɚɛɨɪɚɬɨɪɢɢ ɩɪɢɧɹɬɵ ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɱɚɫɬɢ ɩɪɨɟɤɬɚ. 
Ⱦɥɹ ɚɮɮɢɧɚɠɧɵɯ ɭɫɬɚɧɨɜɨɤ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɫɢɫɬɟɦɚ ɨɬɜɨɞɚ 

ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɜɨɡɞɭɯɚ (~ 65 ɜɵɯɨɞɨɜ), ɤɨɬɨɪɵɣ ɨɱɢɳɚɟɬɫɹ ɜ 
ɜɨɡɞɭɯɨɨɱɢɫɬɢɬɟɥɟ ɧɚ 16000 ɦ3/ɱ. 

ɍɫɬɚɧɨɜɤɚ ɩɨ ɚɛɫɨɪɛɰɢɢ ɝɚɡɨɜ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɤɨɦɛɢɧɚɰɢɸ 
ɫɤɪɭɛɛɟɪɚ ɢ ɧɚɫɚɞɨɱɧɨɣ ɤɨɥɨɧɧɵ ɫ ɟɦɤɨɫɬɶɸ ɫ ɰɢɪɤɭɥɢɪɭɸɳɟɣ ɠɢɞɤɨɫɬɶɸ. 

ɉɪɨɦɵɜɨɱɧɚɹ ɜɨɞɚ ɩɪɨɬɟɤɚɟɬ ɫɜɟɪɯɭ ɜɧɢɡ, ɩɪɨɬɢɜɨɬɨɤɨɦ ɤ ɩɨɞɥɟɠɚɳɟɣ 
ɩɪɨɦɵɜɤɟ ɝɚɡɭ. ȼɵɯɥɨɩɧɵɟ ɝɚɡɵ ɩɪɨɯɨɞɹɬ ɜ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɤɨɥɨɧɧɵ ɱɟɪɟɡ 
ɤɚɩɥɟɨɬɞɟɥɢɬɟɥɶ, ɤɨɬɨɪɵɣ ɜɨɡɜɪɚɳɚɟɬ ɡɚɯɜɚɱɟɧɧɵɟ ɝɚɡɨɦ ɤɚɩɥɢ ɠɢɞɤɨɫɬɢ ɜ 
ɫɢɫɬɟɦɭ ɰɢɪɤɭɥɹɰɢɢ. ȼ ɤɚɱɟɫɬɜɟ ɩɪɨɦɵɜɨɱɧɨɣ ɠɢɞɤɨɫɬɢ ɢɫɩɨɥɶɡɭɟɬɫɹ 4% 
ɧɚɬɪɢɟɜɚɹ ɳɟɥɨɱɶ. 

Ɉɱɢɫɬɤɟ ɩɨɞɥɟɠɚɬ ɩɚɪɵ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɵ, ɜɨɡɧɢɤɚɸɳɢɟ ɩɪɢ ɷɥɟɤɬɪɨɥɢɡɟ 
ɡɨɥɨɬɚ, ɨɬɪɚɛɨɬɚɧɧɵɣ ɜɨɡɞɭɯ ɢɡ ɭɫɬɚɧɨɜɤɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɫɟɩɚɪɚɰɢɢ, 
ɨɬɪɚɛɨɬɚɧɧɵɣ ɜɨɡɞɭɯ  ɥɚɛɨɪɚɬɨɪɢɢ.  

ȼ ɥɢɬɟɣɧɨɦ ɰɟɯɟ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɫɢɫɬɟɦɚ ɜɵɜɨɞɚ ɨɬɪɚɛɨɬɚɧɧɨɝɨ 
ɜɨɡɞɭɯɚ, ɫɨɫɬɨɹɳɚɹ ɢɡ 9 ɜɵɬɹɠɟɤ, ɨɛɴɟɞɢɧɟɧɧɵɯ ɜɨɡɞɭɯɨɜɨɞɨɦ Ø 315 ɢ 
ɜɵɬɹɠɧɨɝɨ ɜɟɧɬɢɥɹɬɨɪɚ ɛɟɡ ɮɢɥɶɬɪɚ. 
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Аɞɦɢɧɢɫɬɪɚɬɢɜɧɨ – ɛɵɬɨɜɨɣ ɛɥɨɤ. Ɉɫɧɨɜɧɵɟ ɜɪɟɞɧɨɫɬɢ – ɬɟɩɥɨ ɢ ɜɥɚɝɚ 
ɨɬ ɥɸɞɟɣ ɢ ɩɪɢɝɨɬɨɜɥɟɧɧɨɣ ɝɨɪɹɱɟɣ ɩɢɳɢ. 

ȼɟɧɬɢɥɹɰɢɹ ɨɛɳɟ ɨɛɦɟɧɧɚɹ, ɩɪɢɬɨɱɧɨ – ɜɵɬɹɠɧɚɹ ɫ ɦɟɯɚɧɢɱɟɫɤɢɦ 
ɩɨɛɭɠɞɟɧɢɟɦ.  

ȼɨɡɞɭɯɨɨɛɦɟɧ ɨɩɪɟɞɟɥɟɧ ɩɨ ɤɪɚɬɧɨɫɬɢ ɢ ɢɡ ɭɫɥɨɜɢɹ ɚɫɫɢɦɢɥɹɰɢɢ ɬɟɩɥɨ ɢ 
ɜɥɚɝɨ ɢɡɛɵɬɤɨɜ ɢ ɨɪɝɚɧɢɡɨɜɚɧ ɩɨ ɫɯɟɦɟ «ɫɜɟɪɯɭ – ɜɜɟɪɯ».   

ɍɞɚɥɹɟɦɵɣ ɜɨɡɞɭɯ ɜ ɩɨɥɧɨɦ ɨɛɴɟɦɟ ɜɨɡɦɟɳɚɟɬɫɹ ɩɪɢɬɨɱɧɵɦ, 
ɩɨɞɚɜɚɟɦɵɦ ɜ ɜɟɪɯɧɸɸ ɡɨɧɭ ɱɟɪɟɡ ɪɟɝɭɥɢɪɭɟɦɵɟ ɠɚɥɸɡɢɣɧɵɟ ɪɟɲɟɬɤɢ. 

ȼ ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɵɯ ɩɨɦɟɳɟɧɢɹɯ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɭɫɬɚɧɨɜɤɚ ɫɩɥɢɬ – 
ɤɨɧɞɢɰɢɨɧɟɪɨɜ, ɜ ɫɟɪɜɟɪɧɨɦ ɩɨɦɟɳɟɧɢɢ ɩɪɟɰɢɡɢɨɧɧɵɯ ɤɨɧɞɢɰɢɨɧɟɪɨɜ 
(ɪɚɛɨɱɢɯ ɢ ɪɟɡɟɪɜɧɵɯ).  

ɉɥɚɧ ɜɟɧɬɢɥɹɰɢɢ ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɨ – ɛɵɬɨɜɨɝɨ ɛɥɨɤɚ ɫɦ. ɱɟɪɬɟɠ 1510 – 1 
– Ɉȼ ɥ.1.  

ɇɚɫɨɫɧɚя ɫɬɚɧɰɢя ɜɨɞɨɫɧɚɛɠɟɧɢя. Ɉɫɧɨɜɧɵɟ ɜɪɟɞɧɨɫɬɢ – 
ɬɟɩɥɨɜɵɞɟɥɟɧɢɹ ɨɬ ɷɥɟɤɬɪɨɧɚɝɪɟɜɚɬɟɥɟɣ ɧɚɫɨɫɨɜ. ɉɪɨɟɤɬɨɦ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ 
ɟɫɬɟɫɬɜɟɧɧɚɹ ɩɪɢɬɨɱɧɨ – ɜɵɬɹɠɧɚɹ ɜɟɧɬɢɥɹɰɢɹ: ɜɵɬɹɠɤɚ ɟɫɬɟɫɬɜɟɧɧɚɹ 
ɞɟɮɥɟɤɬɨɪɚɦɢ, ɩɪɢɬɨɤ ɧɟɨɪɝɚɧɢɡɨɜɚɧɧɵɣ ɱɟɪɟɡ ɨɬɤɪɵɜɚɸɳɢɟɫɹ ɮɪɚɦɭɝɢ ɨɤɨɧ 
ɢ ɧɟ ɩɥɨɬɧɨɫɬɢ ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ. ɇɚ ɫɥɭɱɚɣ ɫɪɚɛɚɬɵɜɚɧɢɹ 
ɚɜɚɪɢɣɧɨɝɨ ɞɢɡɟɥɶ – ɝɟɧɟɪɚɬɨɪɚ ɜ ɩɨɦɟɳɟɧɢɢ Ⱦɗɋ ɭɫɬɚɧɨɜɥɟɧɨ 
ɜɨɡɞɭɯɨɩɪɢɟɦɧɨɟ ɭɫɬɪɨɣɫɬɜɨ, ɨɬɤɪɵɜɚɟɦɨɟ ɜɪɭɱɧɭɸ. 

Ɍɪɭɛɨɩɪɨɜɨɞɵ ɝɚɡɨɜɵɯɥɨɩɚ ɜɧɭɬɪɢ ɩɨɦɟɳɟɧɢɹ ɢ ɫɧɚɪɭɠɢ ɜ ɦɟɫɬɟ 
ɩɪɨɤɥɚɞɤɢ ɜɞɨɥɶ ɫɬɟɧɵ ɢɡɨɥɢɪɭɸɬɫɹ ɦɚɬɚɦɢ ɢɡ ɫɬɟɤɥɹɧɧɨɝɨ ɲɬɚɩɟɥɶɧɨɝɨ 
ɜɨɥɨɤɧɚ ɫ ɩɨɤɪɵɬɢɟɦ ɫɬɚɥɶɸ ɬɨɧɤɨɥɢɫɬɨɜɨɣ ɨɰɢɧɤɨɜɚɧɧɨɣ. 

ɉɪɨɯɨɞɧɚя. Ɉɫɧɨɜɧɚɹ ɜɪɟɞɧɨɫɬɶ – ɬɟɩɥɨ ɢ ɜɥɚɝɚ ɨɬ ɥɸɞɟɣ. ȼɟɧɬɢɥɹɰɢɹ 
ɟɫɬɟɫɬɜɟɧɧɚɹ, ɩɪɢɬɨɱɧɨ – ɜɵɬɹɠɧɚɹ. ȼɵɬɹɠɤɚ – ɞɟɮɥɟɤɬɨɪɨɦ, ɩɪɢɬɨɤ – 
ɧɟɨɪɝɚɧɢɡɨɜɚɧɧɵɦ ɩɭɬɟɦ. 

 
 
4.3 Ɉɯɪɚɧɚ ɜɨɞɨɟɦɨɜ ɢ ɩɨɱɜ ɨɬ ɡɚɝɪяɡɧɟɧɢя ɫɬɨɱɧɵɦɢ ɜɨɞɚɦɢ  

 
ȼɫɟ ɫɬɨɱɧɵɟ ɨɬɯɨɞɵ ɫɬɟɤɚɸɬ ɩɨ ɬɪɭɛɨɩɪɨɜɨɞɭ ɜ ɜɚɧɧɭ ɞɥɹ ɫɛɨɪɚ, 

ɤɨɬɨɪɚɹ ɧɚɯɨɞɢɬɫɹ ɩɨɞ ɩɨɥɨɦ ɜ ɬɟɯɧɢɱɟɫɤɨɣ ɤɚɦɟɪɟ ɨɱɢɫɬɤɢ ɜɨɞɵ. 
ȼɫɟ ɫɬɨɱɧɵɟ ɜɨɞɵ, ɫɬɟɤɚɸɳɢɟ ɜ ɜɚɧɧɭ ɞɥɹ ɫɛɨɪɚ, ɢɡɵɦɚɸɬɫɹ ɢ 

ɩɟɪɟɞɚɸɬɫɹ ɜ ɜɚɧɧɭ ɜɵɪɚɜɧɢɜɚɧɢɹ, ɱɟɪɟɡ ɧɚɫɨɫ ɨɬ ɩɪɢɜɨɞɧɨɣ ɦɟɦɛɪɚɧɵ ɞɨ 
ɞɚɬɱɢɤɚ ɭɪɨɜɧɹ ɫ ɬɪɟɦɹ ɫɟɧɫɨɪɚɦɢ. 

ɂɡ ɜɚɧɧɵ ɜɵɪɚɜɧɢɜɚɧɢɹ, ɤɨɧɬɪɨɥɢɪɭɟɦɨɣ ɳɭɩɨɦ ɭɪɨɜɧɹ ɫ ɬɪɟɦɹ 
ɞɚɬɱɢɤɚɦɢ, ɫɬɨɱɧɵɟ ɜɨɞɵ ɫɥɢɜɚɸɬɫɹ ɜ ɜɚɧɧɭ ɩɪɨɢɡɜɨɞɫɬɜɚ ɝɢɞɪɨɤɫɢɞɨɜ, 
ɩɨɫɥɟ ɱɟɝɨ, ɩɨɫɪɟɞɫɬɜɨɦ ɞɪɭɝɨɝɨ ɤɨɧɬɪɨɥɹ ɭɪɨɜɧɹ, ɨɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɩɨɬɨɤ 
ɫɬɨɱɧɵɯ ɜɨɞ ɢ ɨɞɧɨɜɪɟɦɟɧɧɨ ɚɤɬɢɜɢɡɢɪɭɟɬɫɹ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɩɟɪɟɦɟɲɢɜɚɬɟɥɶ 
ɢ ɫɱɢɬɵɜɚɧɢɟ ɡɧɚɱɟɧɢɣ pH ɫɬɨɱɧɵɯ ɜɨɞ. 

ɗɥɟɤɬɪɨɞ ɞɚɬɱɢɤɚ ɫɱɢɬɵɜɚɧɢɹ pH ɢɦɟɟɬ ɞɜɚ ɩɨɪɨɝɚ ɜɜɟɞɟɧɢɹ 
ɤɢɫɥɨɬɵ/ɳɟɥɨɱɢ, ɩɨɷɬɨɦɭ ɟɫɥɢ ɜ ɤɚɱɟɫɬɜɟ ɪɚɫɬɜɨɪɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɳɟɥɨɱɶ, 
ɦɨɠɟɬ ɩɨɬɪɟɛɨɜɚɬɶɫɹ ɜɜɟɞɟɧɢɟ ɪɟɚɤɬɢɜɧɨɣ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ (H2SɈ4 ɪɚɫɬɜɨɪ 15 
%), ɢɥɢ ɟɫɥɢ ɜ ɤɚɱɟɫɬɜɟ ɪɚɫɬɜɨɪɚ ɜɡɹɬɚ ɤɢɫɥɨɬɚ, ɩɨɬɪɟɛɭɟɬɫɹ ɠɢɞɤɚɹ 
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ɤɚɭɫɬɢɱɟɫɤɚɹ ɫɨɞɚ (NaOH ɪɚɫɬɜɨɪ 33 %). Ⱦɥɹ ɧɟɟ ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɜɚɧɧɚ 
ɤɚɭɫɬɢɱɟɫɤɨɣ ɫɨɞɵ. 

ɉɟɪɟɦɟɳɟɧɢɟ ɜɫɟɯ ɪɟɚɤɬɢɜɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɢ ɩɨɦɨɳɢ 
ɞɨɡɢɪɭɸɳɟɝɨ ɦɟɦɛɪɚɧɧɨɝɨ ɧɚɫɨɫɚ. 

ɉɨɫɥɟ ɤɨɪɪɟɤɬɢɪɨɜɚɧɢɹ ɭɪɨɜɧɹ pH ɩɪɨɢɫɯɨɞɢɬ ɨɛɪɚɡɨɜɚɧɢɟ 
ɝɢɞɪɨɤɫɢɞɨɜ ɩɪɢɫɭɬɫɬɜɭɸɳɢɯ ɦɟɬɚɥɥɨɜ, ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜ ɤɚɱɟɫɬɜɟ 
ɪɟɚɤɬɢɜɚ ɫɭɥɶɮɚɬɚ ɚɥɸɦɢɧɢɹ (AL2(SO4)3) Ɏɥɨɤɭɥɹɰɢɹ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ 
ɩɨɦɨɳɢ ɩɪɢɪɨɞɧɨɝɨ ɮɥɨɤɭɥɹɧɬɚ; ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɮɥɨɤɭɥɹɧɬ ȺɊ 
1122 ɜ ɤɨɥɢɱɟɫɬɜɟ ɨɤɨɥɨ 5 ɝ ɧɚ 1000 ɥ ɜɨɞɵ, ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜ ɜɨɞɟ ɧɚ 10  %, 
ɤɨɬɨɪɵɣ ɬɚɤɠɟ ɞɨɥɠɟɧ ɛɵɬɶ ɞɨɛɚɜɥɟɧ ɜ ɭɫɬɚɧɨɜɥɟɧɧɨɟ ɜɪɟɦɹ. 

Ɋɚɫɬɜɨɪ ɩɨɫɥɟ ɞɨɛɚɜɥɟɧɢɹ ɧɟɨɛɯɨɞɢɦɵɯ ɪɟɚɝɟɧɬɨɜ ɩɨɦɟɳɚɟɬɫɹ ɜ 
ɩɟɪɟɦɟɲɢɜɚɬɟɥɶ ɦɢɧɢɦɭɦ ɧɚ 30 ɦɢɧ. 

ɉɨ ɢɫɬɟɱɟɧɢɢ 30 ɦɢɧ ɬɚɣɦɟɪ, ɭɫɬɚɧɨɜɥɟɧɧɵɣ ɧɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɚɧɟɥɢ 
ɭɩɪɚɜɥɟɧɢɹ (ɩɨɞ ɧɚɡɜɚɧɢɟɦ «ɮɢɥɶɬɪɚɰɢɹ»), ɜɨɡɞɟɣɫɬɜɭɟɬ ɧɚ ɧɚɫɨɫ ɞɚɜɥɟɧɢɹ 
ɮɢɥɶɬɪɚ, ɛɥɚɝɨɞɚɪɹ ɱɟɦɭ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɨɛɳɚɹ ɮɢɥɶɬɪɚɰɢɹ 
ɧɟɣɬɪɚɥɢɡɨɜɚɧɧɵɯ ɢ ɮɥɨɤɤɭɥɢɪɭɸɳɢɯ ɜɨɞ. 

ɉɨɫɥɟ ɫɥɢɜɚ ɱɢɫɬɨɣ ɜɨɞɵ ɨɛɨɪɭɞɨɜɚɧɢɟ ɢɦɟɟɬ ɜ ɤɚɱɟɫɬɜɟ ɩɪɨɞɭɤɬɚ 
ɨɬɯɨɞɵ, ɤɨɬɨɪɵɟ ɫɨɞɟɪɠɚɬ 25 % ɧɢɡɤɨɩɪɨɛɧɵɯ ɦɟɬɚɥɥɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɫɟɩɚɪɚɰɢɢ, ɦɵɬɶɹ ɩɨɥɨɜ, ɢɧɫɬɪɭɦɟɧɬɨɜ, ɞɭɲɚ ɢ 
ɫɥɢɜɚ ɜ ɩɪɨɰɟɫɫɟ ɷɥɟɤɬɪɨɥɢɡɚ ɡɨɥɨɬɚ. 

ȼ ɨɬɯɨɞɚɯ ɩɪɢɫɭɬɫɬɜɭɸɬ ɜɫɟ ɦɟɬɚɥɥɵ ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɫɟɪɟɛɪɚ ɢ ɡɨɥɨɬɚ, 
ɬɚɤɠɟ ɫɭɳɟɫɬɜɭɟɬ ɜɟɪɨɹɬɧɨɫɬɶ ɨɛɧɚɪɭɠɟɧɢɹ ɫɥɟɞɨɜ ɢɥɢ ɡɧɚɱɢɬɟɥɶɧɨɝɨ 
ɤɨɥɢɱɟɫɬɜɚ ɞɪɭɝɢɯ ɞɪɚɝɨɰɟɧɧɵɯ ɦɟɬɚɥɥɨɜ, ɩɨɷɬɨɦɭ ɨɬɯɨɞɵ ɞɨɥɠɧɵ 
ɩɟɪɟɪɚɛɚɬɵɜɚɬɶɫɹ ɫ ɨɫɨɛɨɣ ɬɳɚɬɟɥɶɧɨɫɬɶɸ, ɚ ɢɦɟɧɧɨ: 

– ɲɥɚɦ ɞɨɥɠɟɧ ɯɪɚɧɢɬɶɫɹ ɜ ɡɚɳɢɳɟɧɧɨɦ ɦɟɫɬɟ. 
– ɲɥɚɦ ɞɨɥɠɟɧ ɩɨɞɜɟɪɝɚɬɶɫɹ ɩɟɪɢɨɞɢɱɟɫɤɨɦɭ ɚɧɚɥɢɡɭ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɱɬɨɛɵ ɩɪɢ ɧɚɥɢɱɢɢ ɤɨɥɢɱɟɫɬɜɚ ɢɧɬɟɪɟɫɭɸɳɢɯ ɦɟɬɚɥɥɨɜ ɞɥɹ ɜɨɡɦɨɠɧɨɝɨ 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɢɯ ɦɨɠɧɨ ɛɵɥɨ ɨɬɞɟɥɢɬɶ ɨɬ ɞɪɭɝɢɯ ɧɟɧɭɠɧɵɯ ɦɟɬɚɥɥɨɜ ɢ 
ɨɬɩɪɚɜɢɬɶ ɧɚ ɞɪɭɝɢɟ ɩɪɟɞɩɪɢɹɬɢɹ ɞɥɹ ɨɤɨɧɱɚɬɟɥɶɧɨɣ ɨɛɪɚɛɨɬɤɢ. 
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5 ɗɤɨɧɨɦɢɱɟɫɤɚя ɱɚɫɬɶ 

 
5.1 ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥя ɪɚɫɱɟɬɨɜ 

 
Ⱥɮɮɢɧɚɠɧɵɣ ɡɚɜɨɞ ɩɟɪɟɪɚɛɚɬɵɜɚɟɬ ɫɩɥɚɜ ɞɨɪɟ ɢɡ ɦɟɫɬɨɪɨɠɞɟɧɢɣ 

Ʉɚɡɚɯɫɬɚɧɚ. ȼ ɝɨɞ ɩɟɪɟɪɚɛɚɬɵɜɚɟɬɫɹ ɨɤɨɥɨ 100 ɬɨɧɧ ɫɵɪɶɹ. ɋɨɝɥɚɫɧɨ 
ɦɚɬɟɪɢɚɥɶɧɨɦɭ ɛɚɥɚɧɫɭ ɩɪɢ ɩɟɪɟɪɚɛɨɬɤɟ ɬɚɤɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɫɵɪɶɹ ɨɛɪɚɡɭɟɬɫɹ 
50 ɬɨɧɧ ɚɮɮɢɧɢɪɨɜɚɧɧɨɝɨ ɫɟɪɟɛɪɚ. ɉɨ ɭɫɥɨɜɢɹɦ ɞɨɝɨɜɨɪɚ ɫ 
ɧɟɞɪɨɩɨɥɶɡɨɜɚɬɟɥɹɦɢ ɩɨɫɬɚɜɳɢɤɚɦɢ ɡɚɜɨɞ ɪɚɛɨɬɚɟɬ ɩɨ ɫɯɟɦɟ ɞɚɜɚɥɶɱɟɫɤɨɝɨ 
ɫɵɪɶɹ ɢ ɩɨɥɭɱɚɟɬ ɞɨɯɨɞ ɡɚ ɩɟɪɟɪɚɛɨɬɤɭ 1,0 % ɨɬ ɪɵɧɨɱɧɨɣ ɫɬɨɢɦɨɫɬɢ 
ɚɮɮɢɧɢɪɨɜɚɧɧɨɝɨ ɫɟɪɟɛɪɚ.  

ȼ ɬɚɛɥɢɰɟ 5.1 ɰɟɧɚ ɟɞ. ɜ ɬɟɧɝɟ ɜɡɹɬɚ ɢɡ ɪɚɫɱɟɬɚ 1 % ɨɬ ɪɵɧɨɱɧɨɣ 
ɫɬɨɢɦɨɫɬɢ ɫɵɪɶɹ ɡɚ ɩɟɪɟɪɚɛɨɬɤɭ ɞɚɜɚɥɶɱɟɫɤɨɣ ɩɪɨɞɭɤɰɢɣ, ɱɬɨ ɫɨɫɬɚɜɥɹɟɬ 
ɨɫɧɨɜɧɭɸ ɜɵɪɭɱɤɭ ɡɚɜɨɞɚ. 

 
Ɍɚɛɥɢɰɚ 5.1 – Ɉɫɧɨɜɧɵɟ ɬɟɯɧɢɤɨ – ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ 

ɚɮɮɢɧɚɠɧɨɝɨ ɡɚɜɨɞɚ 

 

ȼ ɢɬɨɝɟ ɛɚɥɚɧɫɨɜɚɹ ɩɪɢɛɵɥɶ ɫɨɫɬɚɜɢɥɨ 1822270,8 ɬɵɫ. ɬɟɧɝɟ, ɤɨɬɨɪɚɹ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 
Ȼɉ = ɋɌɉ – ΣɁ = 2201521,7 – 379250,9 = 1822270,8 ɬɵɫ. ɬɟɧɝɟ. (5.1) 

   
ɝɞɟ ɋɌɉ – ɝɨɞɨɜɨɣ ɫɬɨɢɦɨɫɬɶ ɬɨɜɚɪɧɨɣ ɩɪɨɞɭɤɰɢɢ; 

ɇɚɢɦɟɧɨɜɚɧɢɟ ȿɞɢɧɢɰɚ 
ɢɡɦɟɪɟɧɢɹ 

Ɂɧɚɱɟɧɢɟ 

Ɇɨɳɧɨɫɬɶ ɢɥɢ ɝɨɞɨɜɨɣ ɨɛɴɟɦ 

Ⱥɮɮɢɧɚɠɧɨɝɨ ɫɟɪɟɛɪɚ ɬɪ. ɭɧɰ. 1607538 
ɂɬɨɝɨ:  2411304 
ɋɬɨɢɦɨɫɬɶ ɬɨɜɚɪɧɨɣ ɩɪɨɞɭɤɰɢɢ 

ɚɮɮɢɧɚɠɧɨɝɨ ɫɟɪɟɛɪɚ -«- 64300 
ɂɬɨɝɨ:  2201521,7 
Ɉɛɳɚɹ ɫɭɦɦɚ ɟɠɟɝɨɞɧɨ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɡɚɬɪɚɬ 
(ɫɟɛɟɫɬɨɢɦɨɫɬɶ) 

 
ɬɵɫ. ɬɟɧɝɟ 

 
379250,9 

Ʉɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ 

ɡɞɚɧɢɹ ɢ ɫɨɨɪɭɠɟɧɢɹ ɬɵɫ. ɬɟɧɝɟ 1772472 
ɨɛɨɪɭɞɨɜɚɧɢɟ ɬɵɫ. ɬɟɧɝɟ 3846028 

ɩɪɨɱɢɟ ɡɚɬɪɚɬɵ (ɫɬɪ.-ɦɨɧɬ. ɪɚɛɨɬɵ) ɬɵɫ. ɬɟɧɝɟ 1055739 
ɂɬɨɝɨ  6674239 

Ȼɚɥɚɧɫɨɜɚɹ ɩɪɢɛɵɥɶ ɬɵɫ. ɬɟɧɝɟ 1822270,8 
Ʉɨɪɩɨɪɚɬɢɜɧɵɣ ɩɨɞɨɯɨɞɧɵɣ ɧɚɥɨɝ 20 %  364454,2 
ɑɢɫɬɚɹ ɩɪɢɛɵɥɶ ɬɵɫ. ɬɟɧɝɟ 1457816,6 
Ɋɟɧɬɚɛɟɥɶɧɨɫɬɶ  % 21,8 
ɋɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ ɥɟɬ 4,6 
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      ΣɁ – ɝɨɞɨɜɚɹ ɫɭɦɦɚ ɡɚɬɪɚɬ ɩɪɟɞɩɪɢɹɬɢɹ. 
ɑɢɫɬɚɹ ɩɪɢɛɵɥɶ ɨɩɪɟɞɟɥɹɟɬɫɹ: 
 
Ȼɑ = Ȼɉ ɯ   ɇɄɉɇ = 1822270,8 – 364454,2 = 1457816,6 ɬɵɫ. ɬɟɧɝɟ. (5.2) 
 

ɝɞɟ Ȼɉ – ɛɚɥɚɧɫɨɜɚɹ ɩɪɢɛɵɥɶ; 
      ɇɄɉɇ – ɤɨɪɩɨɪɚɬɢɜɧɵɣ ɩɨɞɯɨɞɧɵɣ ɧɚɥɨɝ. 

Ɉɩɪɟɞɟɥɹɟɦ ɤɨɪɩɨɪɚɬɢɜɧɵɣ ɩɨɞɨɯɨɞɧɵɣ ɧɚɥɨɝ: 
 

ɇɄɉɇ = Ȼɉ  · 0,2 = 1822270,8  · 0,2 = 364454,2 ɬɵɫ. ɬɟɧɝɟ. (5.3) 
 
ɉɨɥɭɱɟɧɧɵɣ ɪɟɡɭɥɶɬɚɬ ɩɨɞɫɬɚɜɥɹɟɦ ɜ ɮɨɪɦɭɥɭ ɱɢɫɬɨɝɨ ɩɪɢɛɵɥɹ. 
Ɋɟɧɬɚɛɟɥɶɧɨɫɬɶ ɨɩɪɟɞɟɥɹɟɬɫɹ: 
 

Ɋ = Ȼɑ/ΣɄɉ  · 100 = 
1457816 ,6

6674239
 ·  100 = 21,8. (5.4) 

 
ɝɞɟ Ȼɑ – ɱɢɫɬɚɹ ɛɚɥɚɧɫɨɜɚɹ ɩɪɢɛɵɥɶ; 
      ΣɄɉ – ɫɭɦɦɚɪɧɵɣ ɪɚɫɯɨɞ ɧɚ ɤɚɩɢɬɚɥɶɧɨɟ ɜɥɨɠɟɧɢɟ. 

ɋɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ ɡɚɜɨɞɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
 

ɋɈ = ΣɄɉ/Ȼɑ = 
6674239

1457816 ,6
 = 3,6 ɝɨɞɚ. (5.5) 

 
ɝɞɟ ΣɄɉ – ɫɭɦɦɚɪɧɵɣ ɪɚɫɯɨɞ ɧɚ ɤɚɩɢɬɚɥɶɧɨɟ ɜɥɨɠɟɧɢɟ; 
       Ȼɑ – ɱɢɫɬɚɹ ɛɚɥɚɧɫɨɜɚɹ ɩɪɢɛɵɥɶ. 
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ɁАɄɅɘЧȿɇɂȿ 

 

Ⱥɧɚɥɢɡ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɥɢɬɟɪɚɬɭɪɵ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɞɥɹ ɩɨɥɭɱɟɧɢɹ 
ɡɨɥɨɬɚ ɜ Ɋɟɫɩɭɛɥɢɤɟ Ʉɚɡɚɯɫɬɚɧ ɯɚɪɚɤɬɟɪɧɵ ɩɪɟɨɛɥɚɞɚɧɢɟ ɦɚɥɵɯ ɢ ɫɪɟɞɧɢɯ 
ɦɟɫɬɨɪɨɠɞɟɧɢɣ, ɧɢɡɤɨɟ ɤɚɱɟɫɬɜɨ ɦɟɬɚɥɥɚ ɜ ɪɭɞɟ, ɚ ɬɚɤɠɟ ɜɫɬɪɟɱɚ ɡɧɚɱɢɬɟɥɶɧɨɣ 
ɞɨɥɢ ɬɪɭɞɧɨɨɛɨɝɚɬɢɦɨɣ ɪɭɞɵ. Ɉɫɨɛɟɧɧɨɫɬɶ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ 
ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɡɨɥɨɬɚ ɜɵɹɜɥɟɧɵ ɜɨ ɜɫɟɯ ɡɧɚɱɢɬɟɥɶɧɵɯ ɨɛɥɚɫɬɹɯ ɪɟɫɩɭɛɥɢɤɢ, 
ɨɞɧɚɤɨ ɛɨɥɶɲɢɧɫɬɜɨ ɢɡ ɧɢɯ ɧɟ ɨɛɪɚɛɚɬɵɜɚɸɬɫɹ ɢɡ-ɡɚ ɧɟɛɨɥɶɲɢɯ ɨɛɴɟɦɨɜ. 

ȼ ɞɚɧɧɨɣ ɞɢɩɥɨɦɧɨɣ ɩɪɨɟɤɬɟ ɩɪɟɞɭɫɦɨɬɪɟɧ ɷɥɟɤɬɪɨɥɢɡ ɫɟɪɟɛɪɚ. 
Ɉɫɨɛɟɧɧɨɫɬɶɸ ɩɨɥɭɱɟɧɢɹ ɫɟɪɟɛɪɚ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɦ ɷɥɟɤɬɪɨɥɢɡɨɦ ɹɜɥɹɟɬɫɹ 
ɚɮɮɢɧɢɪɨɜɚɧɧɨɟ ɫɟɪɟɛɪɨ. ɗɬɨɬ ɦɟɬɨɞ ɩɟɪɟɪɚɛɨɬɤɢ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɨɝɨ ɫɵɪɶɹ 
ɹɜɥɹɟɬɫɹ ɷɤɨɥɨɝɢɱɟɫɤɢ ɛɟɡɨɩɚɫɧɵɦ. 

ɉɪɨɜɟɞɟɧɵ ɪɚɫɱɟɬɵ ɦɚɬɟɪɢɚɥɶɧɨɝɨ ɛɚɥɚɧɫɚ ɷɥɟɤɬɪɨɥɢɡɚ ɫɟɪɟɛɪɚ. 
Ɉɩɢɫɚɧɵ ɨɫɧɨɜɧɵɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɩɪɨɰɟɫɫɚ. Ɉɩɪɟɞɟɥɟɧɵ 
ɨɫɧɨɜɧɵɟ ɬɟɯɧɢɤɨ – ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɷɥɟɤɬɪɨɥɢɡɚ. 

ɉɨ ɞɢɩɥɨɦɧɨɦɭ ɩɪɨɟɤɬɭ "ɩɪɨɟɤɬ ɰɟɯɚ ɷɥɟɤɬɪɨɥɢɡɚ ɫɟɪɟɛɪɚ ɜ ɭɫɥɨɜɢɹɯ 
ɌɈɈ" Ɍɚɭ – ɤɟɧ Ⱥɥɬɵɧ" ɪɚɫɫɱɢɬɚɧɚ ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɱɚɫɬɶ, ɤɨɬɨɪɚɹ ɨɬɪɚɠɚɟɬ 
ɜɵɫɨɤɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɛɨɬɵ ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ ɰɟɯɚ. Ɋɟɧɬɚɛɟɥɶɧɨɫɬɶ 
ɫɨɫɬɚɜɥɹɟɬ 21,8 %, ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ 3,6 ɝɨɞɚ. ɉɪɢɦɟɪɧɨ ɝɨɞɨɜɚɹ ɩɪɢɛɵɥɶ 
ɩɪɟɞɩɪɢɹɬɢɹ ɫɨɫɬɚɜɥɹɟɬ 1457816,6 ɬɵɫ.ɬɟɧɝɟ. Ⱥ ɫ ɭɱɟɬɨɦ ɰɟɧ, ɭɱɚɫɬɨɤ 
ɨɪɝɚɧɢɡɚɰɢɢ ɝɨɬɨɜɨɣ ɩɪɨɞɭɤɰɢɢ ɷɤɨɧɨɦɢɱɟɫɤɢ ɨɩɪɚɜɞɚɧ. 

Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɜɥɢɹɧɢɹ ɜɪɟɞɧɵɯ ɮɚɤɬɨɪɨɜ ɜ ɪɚɛɨɬɟ 
ɨɛɫɥɭɠɢɜɚɸɳɟɝɨ ɩɟɪɫɨɧɚɥɚ. ɉɪɢɜɟɞɟɧɵ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ. 
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