
_____________________________________________________________________________________________________________ 

 - 1 - 

 

ȺŪɁȽȾɃ ɀȺɇɆɃȸȽɃ ɄɃȿɈɇȺɉɁȺȽɃ 

ɆɉɃȿȼ ɀȼɉȷɁȽȾɋɁ ɀȺɇȷȿȿȺȽɋɁ ï ɀȺɇȷȿȿɃɈɅũɋɁ 

ɇɃɀȺȷɆ ɀȺɇȷȿȿɃɈɅũȽȷɆ ȾȷȽ ɇȺɉɁɃȿɃũȽȷɆ ɈȿȽȾɋɁ  

 

 

ɈɄɃȿɃũȽɆɀɃɆ, ɆɉȺȹȽȷɆɀɃɆ ȾȷȽ ɇȺɉɁȽȾɃ-ɃȽȾɃɁɃɀȽȾȼ 

ȷɁȷȿɈɆȼ ȺɅũɃɆɇȷɆȽɃɈ ȺɀɄȿɃɈɇȽɆɀɃɈ 

 ɀȽȾɇɃɈ ŪȺȽɃɈɉɃɈ ɀȺɇȷȿȿȺɈɀȷɇɃɆ  

 

ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 

ɀˊɏəŬɠ ȾɤɜůŰŬɜŰɑɜɞɠ 

 

 

Ⱥˊɘɓɚɏˊɤɜ: ɇůŬəŬɚɎəɖɠ ȾɤɜůŰŬɜŰɑɜɞɠ   

                    ȾŬɗɖɔɖŰɐɠ 

 

 

ȺɔəɟɑɗɖəŮ Ŭˊɧ Űɖɜ ŰɟɘɛŮɚɐ ŮˊɘŰɟɞˊɐ ůŰɘɠ é../é../éé..  

 

ɇůŬəŬɚɎəɖɠ ȾɤɜůŰŬɜŰɑɜɞɠ, ȾŬɗɖɔɖŰɐɠ,       éééééééé (ɈˊɞɔɟŬűɐ)  

 

ȷɜŬůŰŬůɎəɖɠ ũŮɩɟɔɘɞɠ, ȾŬɗɖɔɖŰɐɠ,             éééééééé (ɈˊɞɔɟŬűɐ)  

 

ɂŮɜɑŭɖɠ ȯɜɗɘɛɞɠ, Ⱥˊɘə. ȾŬɗɖɔɖŰɐɠ,               éééééééé (ɈˊɞɔɟŬűɐ)  

 

 

 

 

ȷŪȼɁȷ, 2011 



_____________________________________________________________________________________________________________ 

 - 2 - 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Copyright É ɀˊɏəŬɠ ȾɤɜůŰŬɜŰɑɜɞɠ, 2011 

ɀŮ ŮˊɘűɨɚŬɝɖ əɎɗŮ ŭɘəŬɘɩɛŬŰɞɠ. All  rights reserved. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



_____________________________________________________________________________________________________________ 

 - 3 - 

 

 

 

 

 

 

 

 

 

                 ɆŰɖ ɀɖŰɏɟŬ ɛɞɡ 

                                                                                                   əŬɘ ůŰɞɜ ɄŬŰɏɟŬ ɛɞɡ... 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



_____________________________________________________________________________________________________________ 

 - 4 - 

 

 

ɄɅɃȿɃũɃɆ 

 

 

 

ȼ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ŮəˊɞɜɐɗɖəŮ əŬŰɎ Űɞ ŬəŬŭɖɛŬɥəɧ ɏŰɞɠ 2010-2011 ůŰɞɜ 

ɇɞɛɏŬ ɀŮŰŬɚɚɞɡɟɔɑŬɠ əŬɘ ɇŮɢɜɞɚɞɔɑŬɠ Ɉɚɘəɩɜ Űɖɠ Ɇɢɞɚɐɠ ɀɖɢŬɜɘəɩɜ ɀŮŰŬɚɚŮɑɤɜ ï 

ɀŮŰŬɚɚɞɡɟɔɩɜ Űɞɡ Ⱥɗɜɘəɞɨ ɀŮŰůɧɓɘɞɡ ɄɞɚɡŰŮɢɜŮɑɞɡ. 

 

ȷɜŬűɏɟŮŰŬɘ ůŰɖɜ ˊɟɞəŬŰŬɟəŰɘəɐ ɛŮɚɏŰɖ ŮɟɔɞůŰŬůɑɞɡ ŮɛˊɚɞɡŰɘůɛɞɨ ɛŮ ŭɘŬűɞɟɘəɐ 

ŮˊɑˊɚŮɡůɖ ɛɘəŰɞɨ ɗŮɘɞɨɢɞɡ ɛŮŰŬɚɚŮɨɛŬŰɞɠ ũŬɚɖɜɑŰɖ(PbS) ï ɆűŬɚŮɟɑŰɖ(ZnS). 

 

ŪŮɤɟɩ ɢɟɏɞɠ ɛɞɡ ɜŬ ŮɡɢŬɟɘůŰɐůɤ ɗŮɟɛɎ Űɞɜ ȾŬɗɖɔɖŰɐ Űɞɡ ɇɞɛɏŬ ɀŮŰŬɚɚɞɡɟɔɑŬɠ əŬɘ 

ɇŮɢɜɞɚɞɔɑŬɠ Ɉɚɘəɩɜ əŬɘ ȹɘŮɡɗɡɜŰɐ Űɞɡ ȺɟɔŬůŰɖɟɑɞɡ ȺɛˊɚɞɡŰɘůɛɞɨ Űɤɜ ɀŮŰŬɚɚŮɡɛɎŰɤɜ 

ə. Ⱦ.ɇůŬəŬɚɎəɖ, əŬŰôŬɟɢɐɜ ɔɘŬ Űɖɜ ŮɛˊɘůŰɞůɨɜɖ ˊɞɡ ɛɞɡ ɏŭŮɘɝŮ ŬɜŬɗɏŰɞɜŰɎɠ ɛɞɡ Űɖ 

ɛŮɚɏŰɖ ŬɡŰɐ, əŬɘ Ůˊɘˊɚɏɞɜ ɔɘŬ Űɖɜ ŬɛɏɟɘůŰɖ ɓɞɐɗŮɘɎ Űɞɡ əŬŰɎ Űɖɜ Ůəˊɧɜɖůɐ Űɖɠ. 

 

ȺɡɢŬɟɘůŰɩ Ůˊɑůɖɠ, Űɞɡɠ ə.ə. ũ.ȷɜŬůŰŬůɎəɖ, ȾŬɗɖɔɖŰɐ əŬɘ ȯɜ.ɂŮɜɑŭɖ, Ⱥˊɘə. ȾŬɗɖɔɖŰɐ 

əŬɗɩɠ əŬɘ Űɞɜ ə. ȷ.Ȼ.ūɟŬɔəɑůəɞ, ɃɛɧŰɘɛɞ ȾŬɗɖɔɖŰɐ ɔɘŬ Űɖ ɓɞɐɗŮɘŬ ˊɞɡ ɛɞɡ ˊɟɞůɏűŮɟŬɜ. 

 

Ⱥˊɘɗɡɛɩ, Űɏɚɞɠ ɜŬ ŮɡɢŬɟɘůŰɐůɤ ɘŭɘŬɘŰɏɟɤɠ Űɞɜ ə. ȷɢ.ũɎŰůɘɞ, ɀɖɢ.ɀŮŰ.-ɀŮŰ. əŬɘ 

ɈŮ́ɨɗɡɜɞ ɄŬɟŬɔɤɔɐɠ Űɞɡ ȺɟɔɞůŰŬůɑɞɡ ȺɛˊɚɞɡŰɘůɛɞɨ Űɖɠ ŮŰŬɘɟŮɑŬɠ çȺɚɚɖɜɘəɧɠ ɉɟɡůɧɠ 

ȷ.Ⱥ.è ůŰɞ ɆŰɟŬŰɩɜɘ ɉŬɚəɘŭɘəɐɠ, ɔɘŬ Űɖɜ ˊɞɚɨŰɘɛɖ ɓɞɐɗŮɘŬ Űɞɡ.   

 

 

 

 ȷɗɐɜŬ, 2011 

                                                                                               ɀˊɏəŬɠ ȾɤɜůŰŬɜŰɑɜɞɠ  

 

 

 

 

 



_____________________________________________________________________________________________________________ 

 - 5 - 

 

 

 

ɄȺɅȽȿȼɊȼ 

 

ȼ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ŬűɞɟɎ ůŰɞɜ ɡˊɞɚɞɔɘůɛɧ, Űɞɜ ůɢŮŭɘŬůɛɧ əŬɘ Űɖɜ ŰŮɢɜɘəɞ-

ɞɘəɞɜɞɛɘəɐ ŬɜɎɚɡůɖ Ůɜɧɠ ŮɟɔɞůŰŬůɑɞɡ ŮɛˊɚɞɡŰɘůɛɞɨ ɛɘəŰɞɨ ɗŮɘɞɨɢɞɡ ɛŮŰŬɚɚŮɨɛŬŰɞɠ 

ũŬɚɖɜɑŰɖ ï ɆűŬɚŮɟɑŰɖ (PbS ï ZnS) ɛŮ Űɖɜ ɛɏɗɞŭɞ Űɖɠ ŭɘŬűɞɟɘəɐɠ ŮˊɑˊɚŮɡůɖɠ. ɇɞ ˊɟɞɠ 

ŮˊŮɝŮɟɔŬůɑŬ ɛŮŰɎɚɚŮɡɛŬ ɏɢŮɘ ˊŮɟɘŮəŰɘəɧŰɖŰŮɠ 6,0% ůŮ Pb əŬɘ 2,78% ůŮ Zn. ɆɨɛűɤɜŬ ɛŮ 

Űɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ əŬɘ ɛŮ ɓɎůɖ ŰŬ ŭŮŭɞɛɏɜŬ Űɖɠ ɛŮɚɏŰɖɠ, ˊɟɞəɨˊŰŮɘ ɧŰɘ ɔɘŬ əɎɗŮ 100 t 

ɛŮŰŬɚɚŮɨɛŬŰɞɠ ˊɞɡ ŮˊŮɝŮɟɔɎɕɞɜŰŬɘ, ˊŬɟɎɔɞɜŰŬɘ 10,625 t ůɡɛˊɡəɜɩɛŬŰɞɠ PbS, 3,268 t 

ůɡɛˊɡəɜɩɛŬŰɞɠ ZnS əŬɘ 86,09 t ŬˊɞɟɟɑɛɛŬŰɞɠ. ȼ ŰɟɞűɞŭɞůɑŬ Űɞɡ ŮɟɔɞůŰŬůɑɞɡ ŬɜɏɟɢŮŰŬɘ 

ůŮ 50 t/h. Ƀ ůɢŮŭɘŬůɛɧɠ Űɞɡ ŮɟɔɞůŰŬůɑɞɡ ɏɔɘɜŮ ɛŮ ɓɎůɖ Űɖ ɔŮɜɘəɐ ˊŮɟɑˊŰɤůɖ Ůˊɘəɚɘɜɞɨɠ 

ŮŭɎűɞɡɠ əŬɘ ɧɢɘ ɓɎůɖ ůɡɔəŮəɟɘɛɏɜɞɡ ŰɞˊɞɔɟŬűɘəɞɨ ɢɎɟŰɖ. ȰˊŮɘŰŬ Ŭˊɧ ɞɘəɞɜɞɛɘəɐ 

ŬɜɎɚɡůɖ Űɞɡ ɧɚɞɡ ɏɟɔɞɡ, ɡˊɞɚɞɔɑůɗɖəŮ ˊɤɠ ɖ ŮˊɘɢŮɑɟɖůɖ ɗŬ ɏɢŮɘ ŮŰɐůɘŬ əɏɟŭɖ ˊɎɜɤ Ŭˊɧ 

6,5 ŮəŬŰɞɛɛɨɟɘŬ ú əŬɘ Űɞ ɞɘəɞɜɞɛɘəɧ ˊŮɟɘɗɩɟɘɞ Űɖɠ ŮəɛŮŰɎɚɚŮɡůɖɠ ɗŬ ŮɑɜŬɘ ˊŮɟɑˊɞɡ 35%. 

ɆɡɜŮˊɩɠ, ɧɚɞ Űɞ ɏɟɔɞ ɗŬ ɚŮɘŰɞɡɟɔŮɑ ŬˊɞŰŮɚŮůɛŬŰɘəɎ əŬɘ ɗŬ ŬˊɞűɏɟŮɘ ɞɘəɞɜɞɛɘəɎ ɞűɏɚɖ. 
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SUMMARY  

 

The present diploma thesis deals with the calculation, design and technical-economic 

analysis of a Galena - Sphalerite (PbS ï ZnS) ore processing plant by the method of the 

differential flotation. The mean concentrations of the processed ore are 6.0% Pb and 2.78% 

Zn. According to the calculations and the data of the study, for every 100 t of ore 

processed 10,625 t PbS concentrate and 3,268 t ZnS concentrate are produced, while 

86,09t of tailings are co-produced. The plant capacity is 50t/h of mixed sulfide ore. The 

designing process of the plant was made on the basis of the general case of sloping ground 

and not on a specific topography map. After the economic analysis of the whole project, it 

was estimated that the company would have annual earnings of over 6.5 million ú and the 

financial margin of the holding will be about 35%. Therefore, the entire project is expected 

to be efficient and will bring economic benefits to the investment group. 
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1. ȺȽɆȷũɋũȼ 

 

1.1 ȷɁɇȽȾȺȽɀȺɁɃ ɇȼɆ ȹȽɄȿɋɀȷɇȽȾȼɆ ȺɅũȷɆȽȷɆ 

ȷɜŰɘəŮɑɛŮɜɞ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɞ ɡˊɞɚɞɔɘůɛɧɠ, ɞ ůɢŮŭɘŬůɛɧɠ əŬɘ 

ɖ ŰŮɢɜɘəɞ-ɞɘəɞɜɞɛɘəɐ ŬɜɎɚɡůɖ ŮɟɔɞůŰŬůɑɞɡ ŮɛˊɚɞɡŰɘůɛɞɨ ɛɘəŰɞɨ ɗŮɘɞɨɢɞɡ 

ɛŮŰŬɚɚŮɨɛŬŰɞɠ ɔŬɚɖɜɑŰɖ-ůűŬɚŮɟɑŰɖ (PbS-ZnS) ɛŮ Űɖ ɛɏɗɞŭɞ Űɖɠ ŭɘŬűɞɟɘəɐɠ ŮˊɑˊɚŮɡůɖɠ. 

 

1.2 ȹȺȹɃɀȺɁȷ 

Ƀɘ ˊŮɟɘŮəŰɘəɧŰɖŰŮɠ Űɖɠ ŰɟɞűɞŭɞůɑŬɠ ŮɑɜŬɘ 6,0% ůŮ Pb əŬɘ 2,78% ůŮ Zn. ɇɞ ůɡɛˊɨəɜɤɛŬ 

Űɞɡ ɔŬɚɖɜɑŰɖ ˊɞɡ ˊɟɞəɨˊŰŮɘ ɏɢŮɘ ˊŮɟɘŮəŰɘəɧŰɖŰŮɠ 48% ůŮ Pb əŬɘ 1,09% ůŮ Zn, Ůɜɩ Űɞ 

ůɡɛˊɨəɜɤɛŬ Űɞɡ ůűŬɚŮɟɑŰɖ ˊɞɡ ŬəɞɚɞɡɗŮɑ ˊŮɟɘɏɢŮɘ 55,06% Zn əŬɘ 1,36% Pb. ȼ 

ŬɜɎəŰɖůɖ ůŮ Pb ŮɑɜŬɘ 85% əŬɘ ɞɘ ˊŮɟɘŮəŰɘəɧŰɖŰŮɠ ůŮ Pb əŬɘ Zn ůŰɞ ŬˊɧɟɟɘɛɛŬ ŮɑɜŬɘ ɑŭɘŮɠ. 

Ⱥˊɑůɖɠ, ɡˊɎɟɢɞɡɜ ŰŬ ˊŬɟŬəɎŰɤ ŭŮŭɞɛɏɜŬ: 

1.ȷˊɞŭɏůɛŮɡůɖ ɛŮŰŬɚɚŮɨɛŬŰɞɠ: 70 mesh 

2.ɉɟɧɜɞɠ ˊɟɞɞŭɞˊɞɑɖůɖɠ 6 min əŬɘ ɢɟɧɜɞɠ ŮˊɑˊɚŮɡůɖɠ 10 min ɔɘŬ ɔŬɚɖɜɑŰɖ əŬɘ 8 min ɔɘŬ 

ůűŬɚŮɟɑŰɖ 

3.ɄɡəɜɧŰɖŰŬ ˊɞɚűɞɨ 25% ə.ɓ. ůŰŮɟŮɎ əŬɘ ůŰɘɠ ŭɨɞ ŮˊɘˊɚŮɨůŮɘɠ 

4.ɀɏɗɞŭɞɠ ŭɘŬɢɤɟɘůɛɞɨ: ɉɞɜŭɟɞŮɘŭɐɠ əŬɘ əŬɗŬɟɧɠ ŭɘŬɢɤɟɘůɛɧɠ 

5.ɄɡəɜɧŰɖŰŬ ɡˊŮɟɢŮɑɚɘůɖɠ ɡŭɟɞŰŬɝɘɜɞɛɖŰɐ 30% 

6.ɄɡəɜɧŰɖŰŬ ŮɝŬɔɤɔɐɠ ůűŬɘɟɧɛɡɚɞɡ 50% 

7.ɄɡəɜɧŰɖŰŬ Ŭˊɞəɏɜɤůɖɠ ɡŭɟɞŰŬɝɘɜɞɛɖŰɐ 83% 

8.ɇŬɢɨŰɖŰŮɠ əŬŰŬɓɨɗɘůɖɠ ůɡɛˊɡəɜɩɛŬŰɞɠ (ɛŮ ŬɟŬɑɤůɖ) 4:1=4,93 mm/min , 3:1=3,57 

mm/min , 2:1=1,62 mm/min  

9.ɇŮɚɘəɐ ŬɟŬɑɤůɖ ˊɡəɜɤŰɩɜ 1:1 

10.ȹɡɜŬɛɘəɧŰɖŰŬ ŮˊɘűɎɜŮɘŬɠ ŭɘɐɗɖůɖɠ 0,237 t/m
2
*h ɔɘŬ ɔŬɚɖɜɑŰɖ əŬɘ 0,257 t/m

2
*h ɔɘŬ 

ůűŬɚŮɟɑŰɖ 

11.ɄŬɟɞɢɐ ŰɟɞűɞŭɞůɑŬɠ ɛŮŰŬɚɚŮɨɛŬŰɞɠ ůŰɞ ŮɟɔɞůŰɎůɘɞ: 50 t/h 

12.Ƀ ŬˊɞɟɟɘɛɛŬŰɘəɧɠ ˊɞɚűɧɠ(ŰɏɚɛŬ) ŬˊɞŰɑɗŮŰŬɘ ůŮ ˊŬɟŬəŮɑɛŮɜɞ űɟɎɔɛŬ. 

13.ɇɞ ɛŮŰɎɚɚŮɡɛŬ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ ɡˊŬɑɗɟɘŬ ŮəɛŮŰɎɚɚŮɡůɖ əŬɘ ɏɢŮɘ əŬŰŬɜɞɛɐ Rosin-

Rammler. ɇɞ 80% Űɞɡ ɡɚɘəɞɨ ɏɢŮɘ ɛɏɔŮɗɞɠ -50 cm əŬɘ ůɡɜŰŮɚŮůŰɐ ɞɛɞɘɞɛɞɟűɑŬɠ n=1,2. 

14.ɇɞ 60% Űɞɡ ɜŮɟɞɨ ŮˊɘůŰɟɏűŮɘ ůŰɞ ŮɟɔɞůŰɎůɘɞ. 
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1.3 ɄȺɅȽȺɉɃɀȺɁɃ ȺɅũȷɆȽȷɆ  

ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ: 

1.ɇɞ ŭɘɎɔɟŬɛɛŬ ɟɞɐɠ Űɞɡ ŮɟɔɞůŰŬůɑɞɡ 

2.Ƀ ɡˊɞɚɞɔɘůɛɧɠ əŬɘ ɖ Ůˊɘɚɞɔɐ Űɤɜ ɛɖɢŬɜɖɛɎŰɤɜ 

3.Ƀ ůɢŮŭɘŬůɛɧɠ Űɖɠ ɔŮɜɘəɐɠ ŭɘɎŰŬɝɖɠ Űɞɡ ŮɟɔɞůŰŬůɑɞɡ 

4.ȼ ɞɘəɞɜɞɛɘəɐ ŬɜɎɚɡůɖ Űɞɡ ɧɚɞɡ ɏɟɔɞɡ 

 

ȼ ɛɞɟűɞɚɞɔɑŬ Űɞɡ ŮŭɎűɞɡɠ ůŰɖ ɗɏůɖ Űɞɡ ŮɟɔɞůŰŬůɑɞɡ ŭɘŬɛɞɟűɩɗɖəŮ ɛŮ ɓɎůɖ Űɘɠ 

ɘŭŬɜɘəɏɠ ůɡɜɗɐəŮɠ əŬŰŬůəŮɡɐɠ Ůɜɧɠ ŰɏŰɞɘɞɡ ŮɟɔɞůŰŬůɑɞɡ əŬɘ ŭŮɜ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ 

ůɡɔəŮəɟɘɛɏɜɞ ŰɞˊɞɔɟŬűɘəɧ ŬɜɎɔɚɡűɞ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ɡɚɞˊɞɑɖůɖɠ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ 

ůɢŮŭɑɞɡ ɗŬ ˊɟɏˊŮɘ ɜŬ ŮˊɘɚŮɔŮɑ ɏŭŬűɞɠ ˊɞɡ ɜŬ ˊɟɞůŬɟɛɧɕŮŰŬɘ ŮɨəɞɚŬ ůŮ ŬɡŰɧ. 
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ȾȺūȷȿȷȽɃ 2 

ɄȺɅȽ ɀɃȿɈȸȹɃɈ, ɊȺɈȹȷɅũɈɅɃɈ 

ȾȷȽ ȺɄȽɄȿȺɈɆȼɆ 
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2. ɄȺɅȽ ɀɃȿɈȸȹɃɈ, ɊȺɈȹȷɅũɈɅɃɈ ȾȷȽ ȺɄȽɄȿȺɈɆȼɆ 

 

 

2.1 ɀɃȿɈȸȹɃɆ 

ɇɞ ɢɖɛɘəɧ ůŰɞɘɢŮɑɞ ɀɧɚɡɓŭɞɠ ŮɑɜŬɘ ɏɜŬ ɛɏŰŬɚɚɞ ɛŮ ŬŰɞɛɘəɧ Ŭɟɘɗɛɧ 82 əŬɘ ŬŰɞɛɘəɧ ɓɎɟɞɠ 

207,2. ȰɢŮɘ ɗŮɟɛɞəɟŬůɑŬ Űɐɝɖɠ 327,5 ÁC əŬɘ ɗŮɟɛɞəɟŬůɑŬ ɓɟŬůɛɞɨ 1740 ÁC. ɇɞ ɢɖɛɘəɧ 

Űɞɡ ůɨɛɓɞɚɞ ŮɑɜŬɘ Pb. 

Ƀ ɛɧɚɡɓŭɞɠ Ůűɧůɞɜ ŮəŰŮɗŮɑ ůŰɖɜ űɨůɖ əŬɘ ɏɟɗŮɘ ůŮ ŮˊŬűɐ ɛŮ Űɞɜ Ɏɜɗɟɤˊɞ, ɛˊɞɟŮɑ ɜŬ 

ˊɟɞəŬɚɏůŮɘ ɓɚɎɓŮɠ ůŮ ɜŮűɟɎ, ůɡəɩŰɘ, ŬɑɛŬ, ŭŮɟɛŬŰɑŰɘŭŮɠ - ŬɚɚŮɟɔɑŮɠ, ɓɚɎɓɖ ůŮ ˊɜŮɨɛɞɜŮɠ 

- ɛɧɜɘɛŬ ŬɜŬˊɜŮɡůŰɘəɎ ˊɟɞɓɚɐɛŬŰŬ əŬɘ əŬɟəɘɜɞɔŮɜɏůŮɘɠ. ũɘ' ŬɡŰɧ ŰŬ ɡɚɘəɎ ŰŬ ɞˊɞɑŬ 

ˊŮɟɘɏɢɞɡɜ ɛɧɚɡɓŭɞ, ɧˊɤɠ ɞɘ ɖɚŮəŰɟɘəɏɠ əŬɘ ɖɚŮəŰɟɞɜɘəɏɠ ůɡůəŮɡɏɠ, ŮˊɘɓɎɚɚŮŰŬɘ ɜŬ 

ŬɜŬəɡəɚɩɜɞɜŰŬɘ. 

ȳŰŬɜ əɧɓŮŰŬɘ ɏɢŮɘ əɡŬɜɧɚŮɡəɞ ɢɟɩɛŬ, ŬɚɚɎ ŮɝŬůɗŮɜŮɑ ůŮ ɔəɟɘ ɧŰŬɜ ɓɟɑůəŮŰŬɘ ůŰɞɜ ŬɏɟŬ 

əŬɘ ůŮ ɔɡŬɚɘůŰŮɟɧ Ŭůɖɛɑ ɧŰŬɜ ɓɟɑůəŮŰŬɘ ůŮ ɡɔɟɧ. 

Ƀ ɛɧɚɡɓŭɞɠ ɐŰŬɜ ɔɜɤůŰɧɠ Ŭˊɧ Űɖɜ ŬɟɢŬɘɧŰɖŰŬ. 

Ʉɘɜ. 2.1 ūɡůɘəɏɠ ɘŭɘɧŰɖŰŮɠ əŬɘ ůŰŬɗŮɟɏɠ Űɞɡ Pb 

ūɡůɘəɐ əŬŰɎůŰŬůɖ ůŰŮɟŮɧ əɚˊ. 

ɆɢŮŰɘəɐ ŬŰɞɛɘəɐ ɛɎɕŬ (Ar) 207,2 (g/mol) 

ɆɖɛŮɑɞ Űɐɝɖɠ 327 ÁC (ÁF) (K) 

ɆɖɛŮɑɞ ɓɟŬůɛɞɨ 1.740 ÁC (ÁF) (K) 

ɄɡəɜɧŰɖŰŬ 11,34 g/mL 

ȼɚŮəŰɟŬɟɜɖŰɘəɧŰɖŰŬ (Pauling) 2,33 

ȺɜɏɟɔŮɘŮɠ ɘɞɜɘůɛɞɨ 1ɖ: 715,6 kJ/mol 

  2ɖ: 1.450,5 kJ/mol 

3ɖ: 3.081,5 kJ/mol 

ȷŰɞɛɘəɐ ŬəŰɑɜŬ 1,81 

Ƀɛɞɘɞˊɞɚɘəɐ ŬəŰɑɜŬ 1,47 

http://el.wikipedia.org/wiki/%CE%A7%CE%B7%CE%BC%CE%B9%CE%BA%CE%AC_%CF%83%CF%84%CE%BF%CE%B9%CF%87%CE%B5%CE%AF%CE%B1
http://el.wikipedia.org/wiki/%CE%9C%CE%AD%CF%84%CE%B1%CE%BB%CE%BB%CE%B1
http://el.wikipedia.org/wiki/%CE%91%CF%84%CE%BF%CE%BC%CE%B9%CE%BA%CF%8C%CF%82_%CE%B1%CF%81%CE%B9%CE%B8%CE%BC%CF%8C%CF%82
http://el.wikipedia.org/wiki/%CE%91%CF%84%CE%BF%CE%BC%CE%B9%CE%BA%CF%8C_%CE%B2%CE%AC%CF%81%CE%BF%CF%82
http://el.wikipedia.org/wiki/%CE%98%CE%B5%CF%81%CE%BC%CE%BF%CE%BA%CF%81%CE%B1%CF%83%CE%AF%CE%B1_%CF%84%CE%AE%CE%BE%CE%B7%CF%82
http://el.wikipedia.org/wiki/%CE%98%CE%B5%CF%81%CE%BC%CE%BF%CE%BA%CF%81%CE%B1%CF%83%CE%AF%CE%B1_%CE%B2%CF%81%CE%B1%CF%83%CE%BC%CE%BF%CF%8D
http://el.wikipedia.org/wiki/%CE%91%CE%BD%CE%B1%CE%BA%CF%8D%CE%BA%CE%BB%CF%89%CF%83%CE%B7
http://el.wikipedia.org/wiki/%CE%A3%CF%87%CE%B5%CF%84%CE%B9%CE%BA%CE%AE_%CE%B1%CF%84%CE%BF%CE%BC%CE%B9%CE%BA%CE%AE_%CE%BC%CE%AC%CE%B6%CE%B1
http://el.wikipedia.org/wiki/%CE%A3%CE%B7%CE%BC%CE%B5%CE%AF%CE%BF_%CF%84%CE%AE%CE%BE%CE%B7%CF%82
http://el.wikipedia.org/wiki/%CE%A3%CE%B7%CE%BC%CE%B5%CE%AF%CE%BF_%CE%B2%CF%81%CE%B1%CF%83%CE%BC%CE%BF%CF%8D
http://el.wikipedia.org/wiki/%CE%A0%CF%85%CE%BA%CE%BD%CF%8C%CF%84%CE%B7%CF%84%CE%B1
http://el.wikipedia.org/wiki/%CE%97%CE%BB%CE%B5%CE%BA%CF%84%CF%81%CE%B1%CF%81%CE%BD%CE%B7%CF%84%CE%B9%CE%BA%CF%8C%CF%84%CE%B7%CF%84%CE%B1
http://el.wikipedia.org/wiki/%CE%95%CE%BD%CE%AD%CF%81%CE%B3%CE%B5%CE%B9%CE%B1_%CE%B9%CE%BF%CE%BD%CE%B9%CF%83%CE%BC%CE%BF%CF%8D
http://el.wikipedia.org/w/index.php?title=%CE%91%CF%84%CE%BF%CE%BC%CE%B9%CE%BA%CE%AE_%CE%B1%CE%BA%CF%84%CE%AF%CE%BD%CE%B1&action=edit&redlink=1
http://el.wikipedia.org/w/index.php?title=%CE%9F%CE%BC%CE%BF%CE%B9%CE%BF%CF%80%CE%BF%CE%BB%CE%B9%CE%BA%CE%AE_%CE%B1%CE%BA%CF%84%CE%AF%CE%BD%CE%B1&action=edit&redlink=1
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Ƀ ɛɧɚɡɓŭɞɠ ŮɝɎɔŮŰŬɘ Ŭˊɧ Űɞ ɔŬɚɖɜɑŰɖ. ɉɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŮ ɛɞɜɩůŮɘɠ, ůŰɘɠ ɛˊŬŰŬɟɑŮɠ 

ŬɡŰɞəɘɜɐŰɤɜ ůŰɞɜ ɖɚŮəŰɟɘəɧ əŬɘ ɖɚŮəŰɟɞɜɘəɧ Ůɝɞˊɚɘůɛɧ əŬɘ ůŮ ŭɘɎűɞɟŬ əɟɎɛŬŰŬ. 

ŪŮɤɟŮɑŰŬɘ Ŭɝɘɧɚɞɔɞ ˊɟɞůŰŬŰŮɡŰɘəɧ ŬˊɏɜŬɜŰɘ ůŰɖ ɟŬŭɘŮɜɏɟɔŮɘŬ. ȿɧɔɤ Űɖɠ ŬɜɗŮəŰɘəɧŰɖŰɎɠ 

Űɞɡ ůŰɖ ŭɘɎɓɟɤůɖ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ŮəŰŮɜɩɠ ůŰɖɜ ɞɘəɞŭɧɛɖůɖ əŰɘɟɑɤɜ. ȼ əŬŰŬɜɎɚɤůɖ Űɞɡ 

ɛɞɚɨɓŭɞɡ ůŰɘɠ ŭɘɎűɞɟŮɠ ɓɘɞɛɖɢŬɜɘəɏɠ Űɞɡ ɢɟɐůŮɘɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ ˊŬɟŬəɎŰɤ 

ɔɟɎűɖɛŬ. 

Ʉɘɜ. 2.2 ȸɘɞɛɖɢŬɜɘəɐ əŬŰŬɜɎɚɤůɖ Pb 

 

Ƀ ɛɧɚɡɓŭɞɠ ˊŬɟɎɔŮŰŬɘ əɡɟɑɤɠ ůŮ ɢɩɟŮɠ Űɖɠ ȷůɑŬɠ, əŬɘ , ůŮ ɛɘəɟɧŰŮɟŬ ˊɞůɞůŰɎ, ůŰɖɜ 

ȷɛŮɟɘəɐ əŬɘ ůŰɖɜ Ⱥɡɟɩˊɖ. ȼ ˊŬɟŬɔɤɔɐ Űɞɡ Űɞ 2007 ɏűŰŬůŮ Űɞɡɠ 8.084.900 t. ȼ 

ˊŬɟŬɔɤɔɐ Űɞɡ ɛɞɚɨɓŭɞɡ ŬɜɎ ɐˊŮɘɟɞ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ ˊŬɟŬəɎŰɤ ɔɟɎűɖɛŬ. 

 

Ʉɘɜ. 2.3 ɄŬɔəɧůɛɘŬ ˊŬɟŬɔɤɔɐ Pb 

 

http://el.wikipedia.org/wiki/%CE%93%CE%B1%CE%BB%CE%B7%CE%BD%CE%AF%CF%84%CE%B7%CF%82
http://el.wikipedia.org/wiki/%CE%A1%CE%B1%CE%B4%CE%B9%CE%B5%CE%BD%CE%AD%CF%81%CE%B3%CE%B5%CE%B9%CE%B1
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Ⱥɘə.2.1 ɇɖɔɛɏɜɞɠ ɀɧɚɡɓŭɞɠ 
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2.2 ɊȺɈȹȷɅũɈɅɃɆ 

ɇɞ ɢɖɛɘəɧ ůŰɞɘɢŮɑɞ ɊŮɡŭɎɟɔɡɟɞɠ ŮɑɜŬɘ ɏɜŬ ɛɏŰŬɚɚɞ ɛŮ ŬŰɞɛɘəɧ Ŭɟɘɗɛɧ 30 əŬɘ ŬŰɞɛɘəɧ 

ɓɎɟɞɠ 65,38 . ȰɢŮɘ ɗŮɟɛɞəɟŬůɑŬ Űɐɝɖɠ 419,58 ÁC əŬɘ ɗŮɟɛɞəɟŬůɑŬ ɓɟŬůɛɞɨ 907 ÁC. ɇɞ 

ůɨɛɓɞɚɧ Űɞɡ ŮɑɜŬɘ Zn. ȺɑɜŬɘ ɔɜɤůŰɧɠ Ůˊɑůɖɠ əŬɘ ɤɠ Űůɑɔəɞɠ, Ŭˊɧ Űɞ ɔŮɟɛŬɜɘəɧ zink 

(ŬɔɔɚɘəɎ zinc, ɘŰŬɚɘəɎ zinco). 

Ƀ ɣŮɡŭɎɟɔɡɟɞɠ, ŮɑɜŬɘ ɏɜŬ ɔŬɚŬɕɤˊɧ-Ɏůˊɟɞ, ɚŬɛˊŮɟɧ, ŭɘŬɛŬɔɜɖŰɘəɧ ɛɏŰŬɚɚɞ, Ŭɜ əŬɘ ɞɘ 

ˊŮɟɘůůɧŰŮɟɞɘ əɞɘɜɞɑ Ůɛˊɞɟɘəɞɑ ɓŬɗɛɞɑ Űɞɡ ɛŮŰɎɚɚɞɡ ɏɢɞɡɜ ɏɜŬ ɗŬɛˊɧ ŬˊɞŰɏɚŮůɛŬ. ȺɑɜŬɘ 

əɎˊɤɠ ɚɘɔɧŰŮɟɞ ˊɡəɜɧ Ŭˊɧ Űɞ ůɑŭɖɟɞ əŬɘ ɏɢŮɘ ŮɝŬɔɤɜɘəɐ ŭɞɛɐ əɟɡůŰɎɚɚɞɡ. 

Ƀ ɛŮŰŬɚɚɘəɧɠ ɣŮɡŭɎɟɔɡɟɞɠ ŮɑɜŬɘ ůəɚɖɟɧɠ əŬɘ ŮɨɗɟŬɡůŰɞɠ ůŰɘɠ ˊŮɟɘůůɧŰŮɟŮɠ 

ɗŮɟɛɞəɟŬůɑŮɠ ŬɚɚɎ ɔɑɜŮŰŬɘ ŮɚŬŰɧɠ ɛŮŰŬɝɨ 100 əŬɘ 150 ÁC. ȯɜɤ Űɤɜ 210 ÁC, Űɞ ɛɏŰŬɚɚɞ 

ɔɑɜŮŰŬɘ ŮɨɗɟŬɡůŰɞ ˊɎɚɘ əŬɘ ɛˊɞɟŮɑ ɜŬ əŬŰŬůŰɟŬűŮɑ ɛŮ ɏɜŬ ɢŰɨˊɖɛŬ. Ƀ ɣŮɡŭɎɟɔɡɟɞɠ ŮɑɜŬɘ 

ɏɜŬɠ əŬɚɧɠ Ŭɔɤɔɧɠ Űɞɡ ɖɚŮəŰɟɘůɛɞɨ. ũɘŬ ɛɏŰŬɚɚɞ, ɞ ɣŮɡŭɎɟɔɡɟɞɠ ɏɢŮɘ ůɢŮŰɘəɎ ɢŬɛɖɚɧ 

ůɖɛŮɑɞ Űɐɝɖɠ (~420 ÁC) əŬɘ ɓɟŬůɛɞɨ (~900 ÁC). ɇɞ ůɖɛŮɑɞ Űɐɝɖɠ Űɞɡ ŮɑɜŬɘ Űɞ ɢŬɛɖɚɧŰŮɟɞ 

ɧɚɤɜ Űɤɜ ůŰɞɘɢŮɑɤɜ ɛŮŰɎˊŰɤůɖɠ ŮəŰɧɠ Ŭˊɧ Űɞɜ ɡŭɟɎɟɔɡɟɞ əŬɘ Űɞ əɎŭɛɘɞ. 

ɄɞɚɚɎ əɟɎɛŬŰŬ ˊŮɟɘɏɢɞɡɜ ɣŮɡŭɎɟɔɡɟɞ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɞɡ Űɞɡ ɞɟŮɑɢŬɚəɞɡ, ɏɜŬ 

əɟɎɛŬ ɣŮɡŭɎɟɔɡɟɞɡ əŬɘ ɢŬɚəɞɨ. ȯɚɚŬ ɛɏŰŬɚɚŬ ˊɞɡ ŮɑɜŬɘ ɔɜɤůŰɧ ɧŰɘ ůɢɖɛŬŰɑɕɞɡɜ 

əɟɎɛŬŰŬ ɛŮ Űɞɜ ɣŮɡŭɎɟɔɡɟɞ ŮɑɜŬɘ Űɞ Ŭɟɔɑɚɘɞ, Űɞ ŬɜŰɘɛɧɜɘɞ, Űɞ ɓɘůɛɞɨɗɘɞ, ɞ ɢɟɡůɧɠ, ɞ 

ůɑŭɖɟɞɠ, ɞ ɛɧɚɡɓŭɞɠ, ɞ ɡŭɟɎɟɔɡɟɞɠ, ɞ Ɏɟɔɡɟɞɠ, ɞ əŬůůɑŰŮɟɞɠ, Űɞ ɛŬɔɜɐůɘɞ, Űɞ əɞɓɎɚŰɘɞ, 

Űɞ ɜɘəɏɚɘɞ, Űɞ ŰŮɚɚɞɨɟɘɞ əŬɘ Űɞ ɜɎŰɟɘɞ. Ⱥɜɩ ɞɨŰŮ ɞ ɣŮɡŭɎɟɔɡɟɞɠ ɞɨŰŮ Űɞ ɕɘɟəɧɜɘɞ ŭŮɜ 

ŮɑɜŬɘ ůɘŭɖɟɞɛŬɔɜɖŰɘəɎ ɛɏŰŬɚɚŬ, Űɞ əɟɎɛŬ Űɞɡɠ ZrZn2 ˊŬɟɞɡůɘɎɕŮɘ ůɘŭɖɟɞɛŬɔɜɖŰɘůɛɧ 

əɎŰɤ Ŭˊɧ 35 Kelvin (
o
Ⱦ). 

Ƀ ɣŮɡŭɎɟɔɡɟɞɠ ůɡɜɐɗɤɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɤɠ ŬɜŰɘŭɘŬɓɟɤŰɘəɧɠ ˊŬɟɎɔɞɜŰŬɠ. ȼ ŮˊɘəɎɚɡɣɖ 

ɛŮ ɣŮɡŭɎɟɔɡɟɞ, ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɞ ůɑŭɖɟɞ ɐ Űɞ ɢɎɚɡɓŬ ɔɘŬ ɜŬ ˊɟɞůŰŬŰŮɨůŮɘ ŰŬ 

ɛɏŰŬɚɚŬ Ŭˊɧ Űɖ ŭɘɎɓɟɤůɖ, ŮɑɜŬɘ ɖ ˊɘɞ ɔɜɤůŰɐ ɛɞɟűɐ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɞ ɣŮɡŭɎɟɔɡɟɞɠ 

əŬŰɎ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ. ɇɞ 2006 ůŰɘɠ ȼɜɤɛɏɜŮɠ ɄɞɚɘŰŮɑŮɠ, Űɞ 56% (773 kt) Űɞɡ ɛŮŰŬɚɚɘəɞɨ 

ɣŮɡŭɎɟɔɡɟɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ ŬɡŰɞɨ Űɞɡ Ůɑŭɞɡɠ Űɖɜ ŮˊɘəɎɚɡɣɖ, Ůɜɩ ˊŬɔəɞůɛɑɤɠ Űɞ 

47% ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ ŬɡŰɧɜ Űɞ ɚɧɔɞ. Ƀ ɣŮɡŭɎɟɔɡɟɞɠ, ɏɢɞɜŰŬɠ ůŰŬɗŮɟɧ ɖɚŮəŰɟɞŭɘŬəɧ 

ŭɡɜŬɛɘəɧ ( ī0,76 V), ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɤɠ ɡɚɘəɧ Ŭɜɧŭɤɜ ɔɘŬ Űɘɠ ɛˊŬŰŬɟɑŮɠ. (Űɞ ɚɑɗɘɞ ˊɞɡ 

ŮɑɜŬɘ ˊŮɟɘůůɧŰŮɟɞ ŭɟŬůŰɘəɧ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɘɠ Ŭɜɧŭɞɡɠ ůŰɘɠ ɛˊŬŰŬɟɑŮɠ ɚɘɗɑɞɡ). Ƀ 

əɞɜɘɞˊɞɘɖɛɏɜɞɠ ɣŮɡŭɎɟɔɡɟɞɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ əŬŰɎ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ ůŰɘɠ ŬɚəŬɚɘəɏɠ 

ɛˊŬŰŬɟɑŮɠ əŬɘ ŰŬ űɨɚɚŬ Űɞɡ ɛŮŰŬɚɚɘəɞɨ ɣŮɡŭŬɟɔɨɟɞɡ ŭɘŬɛɞɟűɩɜɞɡɜ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ ɔɘŬ 

http://el.wikipedia.org/wiki/%CE%A7%CE%B7%CE%BC%CE%B9%CE%BA%CE%AC_%CF%83%CF%84%CE%BF%CE%B9%CF%87%CE%B5%CE%AF%CE%B1
http://el.wikipedia.org/wiki/%CE%9C%CE%AD%CF%84%CE%B1%CE%BB%CE%BB%CE%B1
http://el.wikipedia.org/wiki/%CE%91%CF%84%CE%BF%CE%BC%CE%B9%CE%BA%CF%8C%CF%82_%CE%B1%CF%81%CE%B9%CE%B8%CE%BC%CF%8C%CF%82
http://el.wikipedia.org/wiki/%CE%91%CF%84%CE%BF%CE%BC%CE%B9%CE%BA%CF%8C_%CE%B2%CE%AC%CF%81%CE%BF%CF%82
http://el.wikipedia.org/wiki/%CE%91%CF%84%CE%BF%CE%BC%CE%B9%CE%BA%CF%8C_%CE%B2%CE%AC%CF%81%CE%BF%CF%82
http://el.wikipedia.org/wiki/%CE%98%CE%B5%CF%81%CE%BC%CE%BF%CE%BA%CF%81%CE%B1%CF%83%CE%AF%CE%B1_%CF%84%CE%AE%CE%BE%CE%B7%CF%82
http://el.wikipedia.org/wiki/%CE%98%CE%B5%CF%81%CE%BC%CE%BF%CE%BA%CF%81%CE%B1%CF%83%CE%AF%CE%B1_%CE%B2%CF%81%CE%B1%CF%83%CE%BC%CE%BF%CF%8D
http://el.wikipedia.org/wiki/%CE%A3%CE%AF%CE%B4%CE%B7%CF%81%CE%BF%CF%82
http://el.wikipedia.org/wiki/%CE%9A%CF%81%CF%8D%CF%83%CF%84%CE%B1%CE%BB%CE%BB%CE%BF%CF%82
http://el.wikipedia.org/wiki/%CE%97%CE%BB%CE%B5%CE%BA%CF%84%CF%81%CE%B9%CF%83%CE%BC%CF%8C%CF%82
http://el.wikipedia.org/wiki/%CE%A5%CE%B4%CF%81%CE%AC%CF%81%CE%B3%CF%85%CF%81%CE%BF%CF%82
http://el.wikipedia.org/wiki/%CE%9A%CE%AC%CE%B4%CE%BC%CE%B9%CE%BF
http://el.wikipedia.org/wiki/%CE%9F%CF%81%CE%B5%CE%AF%CF%87%CE%B1%CE%BB%CE%BA%CE%BF%CF%82
http://el.wikipedia.org/wiki/%CE%9A%CF%81%CE%AC%CE%BC%CE%B1
http://el.wikipedia.org/wiki/%CE%A7%CE%B1%CE%BB%CE%BA%CF%8C%CF%82
http://el.wikipedia.org/wiki/%CE%91%CF%81%CE%B3%CE%AF%CE%BB%CE%B9%CE%BF
http://el.wikipedia.org/wiki/%CE%91%CE%BD%CF%84%CE%B9%CE%BC%CF%8C%CE%BD%CE%B9%CE%BF
http://el.wikipedia.org/wiki/%CE%92%CE%B9%CF%83%CE%BC%CE%BF%CF%8D%CE%B8%CE%B9%CE%BF
http://el.wikipedia.org/wiki/%CE%A7%CF%81%CF%85%CF%83%CF%8C%CF%82
http://el.wikipedia.org/wiki/%CE%A3%CE%AF%CE%B4%CE%B7%CF%81%CE%BF%CF%82
http://el.wikipedia.org/wiki/%CE%9C%CF%8C%CE%BB%CF%85%CE%B2%CE%B4%CE%BF%CF%82
http://el.wikipedia.org/wiki/%CE%A5%CE%B4%CF%81%CE%AC%CF%81%CE%B3%CF%85%CF%81%CE%BF%CF%82
http://el.wikipedia.org/wiki/%CE%86%CF%81%CE%B3%CF%85%CF%81%CE%BF%CF%82
http://el.wikipedia.org/wiki/%CE%9A%CE%B1%CF%83%CF%83%CE%AF%CF%84%CE%B5%CF%81%CE%BF%CF%82
http://el.wikipedia.org/wiki/%CE%9C%CE%B1%CE%B3%CE%BD%CE%AE%CF%83%CE%B9%CE%BF
http://el.wikipedia.org/wiki/%CE%9A%CE%BF%CE%B2%CE%AC%CE%BB%CF%84%CE%B9%CE%BF
http://el.wikipedia.org/wiki/%CE%9D%CE%B9%CE%BA%CE%AD%CE%BB%CE%B9%CE%BF
http://el.wikipedia.org/wiki/%CE%A4%CE%B5%CE%BB%CE%BB%CE%BF%CF%8D%CF%81%CE%B9%CE%BF
http://el.wikipedia.org/wiki/%CE%9D%CE%AC%CF%84%CF%81%CE%B9%CE%BF
http://el.wikipedia.org/wiki/%CE%96%CE%B9%CF%81%CE%BA%CF%8C%CE%BD%CE%B9%CE%BF
http://el.wikipedia.org/wiki/%CE%A7%CE%AC%CE%BB%CF%85%CE%B2%CE%B1%CF%82
http://el.wikipedia.org/wiki/%CE%9B%CE%AF%CE%B8%CE%B9%CE%BF
http://el.wikipedia.org/w/index.php?title=%CE%91%CE%BB%CE%BA%CE%B1%CE%BB%CE%B9%CE%BA%CE%AE_%CE%BC%CF%80%CE%B1%CF%84%CE%B1%CF%81%CE%AF%CE%B1&action=edit&redlink=1
http://el.wikipedia.org/w/index.php?title=%CE%91%CE%BB%CE%BA%CE%B1%CE%BB%CE%B9%CE%BA%CE%AE_%CE%BC%CF%80%CE%B1%CF%84%CE%B1%CF%81%CE%AF%CE%B1&action=edit&redlink=1


_____________________________________________________________________________________________________________ 

 - 18 - 

Űɖɜ Ɏɜɞŭɞ əŬɘ ɚŮɘŰɞɡɟɔɞɨɜ ɤɠ Ɏɜɞŭɞɘ ůŰɘɠ ɛˊŬŰŬɟɑŮɠ ɣŮɡŭŬɟɔɨɟɞɡ-ɎɜɗɟŬəŬ. ȰɜŬ əɟɎɛŬ 

ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Ůɡɟɏɤɠ əŬɘ ˊŮɟɘɏɢŮɘ ɣŮɡŭɎɟɔɡɟɞ ŮɑɜŬɘ ɞ ɞɟŮɑɢŬɚəɞɠ, ůŰɞɜ ɞˊɞɑɞ ɞ 

ɢŬɚəɧɠ ŬɜŬɛɘɔɜɨŮŰŬɘ ɛŮ ɏɜŬ ˊɞůɞůŰɧ ɛŮŰŬɝɨ 3% əŬɘ 45% ɣŮɡŭŬɟɔɨɟɞɡ, ŬɜɎɚɞɔŬ ɛŮ Űɞɜ 

Űɨˊɞ Űɞɡ ɞɟŮɑɢŬɚəɞɡ. Ƀ ɞɟŮɑɢŬɚəɞɠ ŮɑɜŬɘ ɔŮɜɘəɎ ˊɘɞ ɧɚəɘɛɞɠ əŬɘ ɘůɢɡɟɧŰŮɟɞɠ Ŭˊɧ Űɞ 

ɢŬɚəɧ əŬɘ ɏɢŮɘ ŬɜɩŰŮɟɖ ŬɜŰɑůŰŬůɖ ůŰɖ ŭɘɎɓɟɤůɖ. ȷɡŰɏɠ ɞɘ ɘŭɘɧŰɖŰŮɠ Űɞɜ əŬɗɘůŰɞɨɜ 

ɢɟɐůɘɛɞ ůŰɞɜ Ůɝɞˊɚɘůɛɧ ŮˊɘəɞɘɜɤɜɑŬɠ, Űɞ ɡɚɘəɧ ɛɏɟɞɠ Űɞɡ ɡˊɞɚɞɔɘůŰɐ (hardware) , ŰŬ 

ɛɞɡůɘəɎ ɧɟɔŬɜŬ, əŬɘ Űɘɠ ɓŬɚɓɑŭŮɠ ɜŮɟɞɨ. ȼ əŬŰŬɜɎɚɤůɖ Űɞɡ ɣŮɡŭŬɟɔɨɟɞɡ ůŰɘɠ ŭɘɎűɞɟŮɠ 

ɓɘɞɛɖɢŬɜɘəɏɠ Űɞɡ ɢɟɐůŮɘɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ ˊŬɟŬəɎŰɤ ɔɟɎűɖɛŬ. 

 

 

 

Ʉɘɜ. 2.4 ȸɘɞɛɖɢŬɜɘəɐ əŬŰŬɜɎɚɤůɖ Zn 

 

 

Ƀ ɣŮɡŭɎɟɔɡɟɞɠ ˊŬɟɎɔŮŰŬɘ əɡɟɑɤɠ ůŮ ɢɩɟŮɠ Űɖɠ ȷůɑŬɠ, əŬɘ , ůŮ ɛɘəɟɧŰŮɟŬ ˊɞůɞůŰɎ, ůŰɖɜ 

ȷɛŮɟɘəɐ əŬɘ ůŰɖɜ Ⱥɡɟɩˊɖ. ȼ ˊŬɟŬɔɤɔɐ Űɞɡ Űɞ 2007 ɏűŰŬůŮ Űɞɡɠ 11.336.500 t. ȼ 

ˊŬɟŬɔɤɔɐ Űɞɡ ɛɞɚɨɓŭɞɡ ŬɜɎ ɐˊŮɘɟɞ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ ˊŬɟŬəɎŰɤ ɔɟɎűɖɛŬ. 

 

 

 

http://el.wikipedia.org/wiki/%CE%86%CE%BD%CE%B8%CF%81%CE%B1%CE%BA%CE%B1%CF%82
http://el.wikipedia.org/wiki/%CE%9F%CF%81%CE%B5%CE%AF%CF%87%CE%B1%CE%BB%CE%BA%CE%BF%CF%82
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Ʉɘɜ. 2.5 ɄŬɔəɧůɛɘŬ ˊŬɟŬɔɤɔɐ Zn 
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Ⱥɘə.2.2 ɊŮɡŭɎɟɔɡɟɞɠ 
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2.3 ȾɃȽɇȷɆɀȷɇɃȿɃũȽȾȷ ɆɇɃȽɉȺȽȷ ɀɃȿɈȸȹɃɈ ȾȷȽ ɊȺɈȹȷɅũɈɅɃɈ 

2.3.1 ũȺɁȽȾȷ 

ɇŬ ɛɏŰŬɚɚŬ Pb əŬɘ Zn ɏɢɞɡɜ ɛŮɔɎɚɖ ɢɖɛɘəɎ ůɡɔɔɏɜŮɘŬ ɛŮ Űɞ S əŬɘ ɤɠ Ůə ŰɞɨŰɞɡ ŬˊŬɜŰɞɨɜ 

ɤɠ ɗŮɘɞɨɢŮɠ ŮɜɩůŮɘɠ ɛŬɕɑ ɛŮ ɎɚɚŮɠ ɗŮɘɞɨɢŮɠ ŮɜɩůŮɘɠ Űɞɡ Fe əŬɘ Űɞɡ Cu. ɇɞ əŬŰɩŰŮɟɞ ɧɟɘɞ 

ŮəɛŮŰɎɚɚŮɡůɖɠ ŮɑɜŬɘ 3% Pb, 6% Zn ɐ Pb+Zn>6%. ȽŭɘŬɑŰŮɟŬ ɓɚŬɓŮɟɎ ůŰɞɘɢŮɑŬ ɔɘŬ Űɞ 

ɛŮŰɎɚɚŮɡɛŬ Pb ŮɑɜŬɘ Űɞ Sb(<1%), As(<0,1%) əŬɘ Űɞ Bi(<0,05%). ɇɞ ɛŮŰɎɚɚŮɡɛŬ Zn 

ˊɟɏˊŮɘ ɜŬ ˊŮɟɘɏɢŮɘ Bi<0,01%, As,Sb<0,2% əŬɘ F<0,1%.  

ȺəŰɧɠ Ŭˊɧ Űɘɠ ɗŮɘɞɨɢŮɠ ŮɜɩůŮɘɠ Űɞɡ Fe əŬɘ Űɞɡ Cu, ɛŬɕɑ ɛŮ ŰŬ ɛŮŰŬɚɚŮɨɛŬŰŬ Pb-Zn 

ŬˊŬɜŰɞɨɜ əŬɘ ɗŮɘɞɨɢŮɠ ŮɜɩůŮɘɠ Ag, Sb, As, Cd, Ga, Ge, Au, Se ɧˊɤɠ ɧɚŬ əŬɘ ŰŬ ůɨɜŭɟɞɛŬ 

ɞɟɡəŰɎ, ɔɨɣɞɠ, ůɘŭɘɟɑŰɖɠ, űɗɞɟɑŰɖɠ, ɓŬɟɨŰɖɠ əŬɘ ɢŬɚŬɕɑŬɠ. 

ȾŬŰɎ Űɖ ɢɖɛɘəɐ ŬˊɞůɎɟɗɟɤůɖ, ɞ Pb ɛɏɜŮɘ ůŰɖ ɕɩɜɖ ɞɝŮɑŭɤůɖɠ, ŭɘɧŰɘ ŰŬ ŬɜɗɟŬəɘəɎ əŬɘ 

ɗŮɘɘəɎ Űɞɡ ɞɟɡəŰɎ (PbSO4 əŬɘ PbCO3) ŮɑɜŬɘ ŭɡůŭɘɎɚɡŰŬ, ɞˊɧŰŮ ŭɖɛɘɞɡɟɔɞɨɜ ɏɜŬ 

ˊɟɞůŰŬŰŮɡŰɘəɧ əɎɚɡɛɛŬ, ɏɜŬɜŰɘ Űɖɠ ŭɘɎɓɟɤůɖɠ, ɔɘŬ Űɞ ɛŮŰɎɚɚŮɡɛŬ. Ƀ Zn, Ůɜ ɛɏɟŮɘ 

ɛŮŰŬŰɟɏˊŮŰŬɘ ůŮ ZnCO3 əŬɘ ɖɛɘɛɞɟűɑŰɖ əŬɘ ˊŬɟŬɛɏɜŮɘ ɛŬɕɑ ɛŮ Űɞɜ ɔəŬɘŰɑŰɖ ůŰɖ ɕɩɜɖ 

ɞɝŮɑŭɤůɖɠ, ɤɠ çəŬɚŬɛɑɜŬè əŬɘ Ůɜ ɛɏɟŮɘ ɛŮŰŬŰɟɏˊŮŰŬɘ ůŮ ŮɡŭɘɎɚɡŰɞ ZnSO4 əŬɘ 

ɛŮŰŬɜŬůŰŮɨŮɘ ɓŬɗɨŰŮɟŬ.  

ɇŬ əɞɘŰɎůɛŬŰŬ Pb-ZnÑAgÑAu ŭɘŬəɟɑɜɞɜŰŬɘ ůŰɞɡɠ ˊŬɟŬəɎŰɤ Űɨˊɞɡɠ: 

1.ɇɨˊɞɠ Kuroko 

2.ūɘɚɞɝŮɜɞɨɛŮɜŬ ůŮ ɘɕɐɛŬŰŬ, ɛŮŰŬɚɚŮɨɛŬŰŬ (Sediment hosted deposits) 

3.Skarns 

4.ɄɞɚɡɛŮŰŬɚɚɘəɐɠ ŬɜŰɘəŬŰɎůŰŬůɖɠ (Polymetallic replacement deposits) 

5.ɄɞɚɡɛŮŰŬɚɚɘəɏɠ űɚɏɓŮɠ (Polymetallic vein type) 
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2.3.2 ȾɃȽɇȷɆɀȷɇȷ Pb-Zn ɇȼɆ ȺȿȿȷȹȷɆ 

ɇŬ əɞɘŰɎůɛŬŰŬ Pb-Zn Űɖɠ ȺɚɚɎŭŬɠ ŮɑɜŬɘ ȷ: çɡŭɟɞɗŮɟɛɘəɎ ˊɞɚɡɛŮŰŬɚɚɘəɎè (űɚŮɓɘəɎ əŬɘ 

ŬɜŰɘəŬŰɎůŰŬůɖɠ), ȸ: çŮˊɘɗŮɟɛɘəɎè əŬɘ ũ: çŰɨˊɞɡ Kurokoè. ɇŬ ˊɟɩŰŬ ŬˊŬɜŰɞɨɜ ŮɑŰŮ ɡˊɧ 

ɛɞɟűɐ ɢŬɚŬɕɘŬəɩɜ-ŬˊɚɘŰɘəɩɜ űɚŮɓɩɜ, ɞɘ ɞˊɞɑŮɠ ŮɡɟɑůəɞɜŰŬɘ ůŰɖɜ ŮˊŬűɐ Űɤɜ ɔɜŮɡůɑɤɜ ɛŮ 

ŰŬ ɛɎɟɛŬɟŬ, ŮɑŰŮ ɤɠ ŬɜŰɘəŬŰŬůŰɎůŮɘɠ ɛɏůŬ ůŰŬ ɛɎɟɛŬɟŬ. ɋɠ ɟɡɗɛɘůŰɘəɞɑ ˊŬɟɎɔɞɜŰŮɠ ɔɘŬ 

Űɖ ŭɖɛɘɞɡɟɔɑŬ ŬɡŰɩɜ Űɤɜ əɞɘŰŬůɛɎŰɤɜ ɏŭɟŬůŬɜ ŬűôŮɜɧɠ ɛŮɜ ɞ ŰŮəŰɞɜɘəɧɠ(ŭɖɛɘɞɡɟɔɑŬ 

ɟɖɔɛɎŰɤɜ) əŬɘ ŬűôŮŰɏɟɞɡ ɞ ˊŮŰɟɞɚɞɔɘəɧɠ (ɨˊŬɟɝɖ əŬŰɎɚɚɖɚɤɜ ɔɘŬ ŬɜŰɘəŬŰɎůŰŬůɖ 

ˊŮŰɟɤɛɎŰɤɜ, ɧˊɤɠ ŰŬ ŬɜɗɟŬəɘəɎ). 

ɇŬ ɛŮɔŬɚɨŰŮɟŬ əɞɘŰɎůɛŬŰŬ Űɞɡ Űɨˊɞɡ çˊɞɚɡɛŮŰŬɚɚɘəɎ űɚŮɓɘəɎ-ŬɜŰɘəŬŰɎůŰŬůɖɠè 

ŮɡɟɑůəɞɜŰŬɘ ůŰɖ ɢŮɟůɧɜɖůɞ Űɖɠ ȾŬůůɎɜŭɟŬɠ ůŰɖ ɉŬɚəɘŭɘəɐ. ɄɟɧəŮɘŰŬɘ ɔɘŬ ŰŬ 

əɞɘŰɎůɛŬŰŬ çɀɎɜŰŮɛ-ȿɎəəɞɠè, çɀŬɨɟŮɠ ɄɏŰɟŮɠè əŬɘ çɃɚɡɛˊɘɎŭŬè. Ƚŭɑɞɡ Űɨˊɞɡ ŮɑɜŬɘ 

əŬɘ ŰŬ əɞɘŰɎůɛŬŰŬ PBG Űɞɡ ȿŬɡɟɑɞɡ əŬɘ Űɖɠ ŪɎůɞɡ. 

ȷ1: ȾɞɑŰŬůɛŬ çɀɎɜŰŮɛ ȿɎəəɞɠè: ɀŮůɞɗŮɟɛɘəɧ əɞɑŰŬůɛŬ ɛŮ əɨɟɘŬ ɞɟɡəŰɎ PBG Ñ 

ɓɞɡɟɜɞŰɑŰɖɠ, ɔŮɤɢɟɞɜɑŰɖɠ, ɓɞɡɚŬɜɕŮɟɜɑŰɖɠ. ɆɡɜɞŭɎ ɞɟɡəŰɎ: ɢŬɚŬɕɑŬɠ, ŬůɓŮůŰɑŰɖɠ, 

ɟɞŭɞɢɟɤůɑŰɖɠ. ɇɞ əɞɑŰŬůɛŬ ˊŮɟɘɏɢŮɘ Ůˊɑůɖɠ Au əŬɘ Ag. 

ȷ2: ȾɞɑŰŬůɛŬ çɀŬɨɟŮɠ ɄɏŰɟŮɠè: ɀŮŰŬɚɚɞűɞɟɑŬ PBG. ɆŰɞɡɠ ŬɜɩŰŮɟɞɡɠ ɞɟɑɕɞɜŰŮɠ 

ŬɜŮɡɟɑůəŮŰŬɘ Mn-ɞɨɢɞɠ ɛŮŰŬɚɚɞűɞɟɑŬ. 

ȷ3: ȾɞɑŰŬůɛŬ çɃɚɡɛˊɘɎŭŬɠè: ȳɛɞɘɞ ɛŮ Űɞ əɞɑŰŬůɛŬ çɀɎɜŰŮɛ ȿɎəəɞɠè. 

ȷ4: ȾɞɑŰŬůɛŬ ŪɎůɞɡ: ūɚɏɓŮɠ əŬɘ ɗɨɚŬəŮɠ ŬɜŰɘəŬŰɎůŰŬůɖɠ, ɡŭɟɞɗŮɟɛɘəɐɠ ˊɟɞɏɚŮɡůɖɠ. 

ȾɨɟɘŬ ɞɟɡəŰɎ: ɆɛɘɗůɞɜɑŰɖɠ, ɖɛɘɛɞɟűɑŰɖɠ, ɡŭɟɞɕɘɔəɑŰɖɠ, ůűŬɚŮɟɑŰɖɠ-ɓɞɡɟŰůɑŰɖɠ, 

ɔŬɚɖɜɑŰɖɠ, əŮɟɞɡůɑŰɖɠ, ɓŬɟɨŰɖɠ əŬɘ ŬɔɔɚŮůɑŰɖɠ. 

ȷ5: ɆŰɞ ȿŬɨɟɘɞ ɖ ɛŮŰŬɚɚɞűɞɟɑŬ Pb-Zn ŬəɞɚɞɡɗŮɑ əɡɟɑɤɠ Űɖɜ ŮˊŬűɐ Űɖɠ əŬŰɩŰŮɟɖɠ 

ŮɜɧŰɖŰŬɠ(əŬŰɩŰŮɟɞ ɛɎɟɛŬɟɞ-ůɢɘůŰɧɚɘɗɞɠ ȾŬɘůŬɟɘŬɜɐɠ-ŬɜɩŰŮɟɞ ɛɎɟɛŬɟɞ). ɇɞ əɞɑŰŬůɛŬ 

ŮɑɜŬɘ ɡŭɟɞɗŮɟɛɘəɧ ˊɞɚɡɛŮŰŬɚɚɘəɧ (űɚŮɓɘəɧ-ŬɜŰɘəŬŰɎůŰŬůɖɠ) əŬɘ ŮɡɟɑůəŮŰŬɘ ůŮ ɔŮɜŮŰɘəɐ 

ůɨɜŭŮůɖ ɛŮ Űɞ ɔɟŬɜɞŭɘɞɟɑŰɖ Űɖɠ ɄɚɎəŬɠ ȿŬɡɟŮɤŰɘəɐɠ. Ƀ ɔŬɚɖɜɑŰɖɠ ŮɑɜŬɘ ˊɚɞɨůɘɞɠ ůŮ Ag. 

ȸ: ɆŰɖɜ Ⱦɑɟəɖ ȷɚŮɝŬɜŭɟɞɨˊɞɚɖɠ ŬˊŬɜŰɞɨɜ ŰŬ ŮˊɘɗŮɟɛɘəɎ əɞɘŰɎůɛŬŰŬ Pb-Zn çȷɛˊŮɟŰɑɜè, 

çȾɘɜɔə ȯɟɗɞɡɟè əŬɘ çȯɔɘɞɠ ūɑɚɘˊˊɞɠè. ɇɞ ɛŮŰɎɚɚŮɡɛŬ ŬˊŬɜŰɎ ɤɠ stockworks ůŮ 

ɖűŬɘůŰɑŰŮɠ əŬɘ ˊŮɟɘɓɎɚɚɞɜŰŬ ɘɕɐɛŬŰŬ. 
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ũ: ɆŰɞɡɠ ɀɞɚɎɞɡɠ ȿŬəɤɜɑŬɠ ŮɜŰɞˊɑůŰɖəŮ ˊɞɚɡɛŮŰŬɚɚɘəɧ əɞɑŰŬůɛŬ Űɨˊɞɡ Kuroko ɛŮ Pb-

Zn-Ag. ɇŬ ŬˊɞɗɏɛŬŰŬ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ůŮ 2,5*10
6
 Űɧɜɞɡɠ, ɛŮ ŭɡɜŬŰɐ ŮŰɐůɘŬ ˊŬɟŬɔɤɔɐ 

300.000 Űɧɜɞɡɠ ɛŮŰɎɚɚŮɡɛŬ, ɘəŬɜɎ ɜŬ ŰɟɞűɞŭɞŰɐůɞɡɜ ɛɞɜɎŭŬ Zn əŬŰɎ 50%. ɇɞ əɞɑŰŬůɛŬ 

ŮɡɟɑůəŮŰŬɘ ůŰŬ ůŰɟɩɛŬŰŬ çɇɡɟɞɨè, ˊɞɡ ŬˊɞŰŮɚɞɨɜ Űɖ ɓɎůɖ Űɖɠ ŮɜɧŰɖŰŬɠ çɇɟɘˊɧɚŮɤɠè.        

 

 

       

 

Ⱥɘə.2.3 ȾɞɑŰŬůɛŬ çɀɎɜŰŮɛ ȿɎəəɞɠè 
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Ⱥɘə.2.4 ȾɞɑŰŬůɛŬ çɃɚɡɛˊɘɎŭŬè 

 

Ⱥɘə.2.5 ȾɞɑŰŬůɛŬ ȿŬɡɟɑɞɡ 
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2.4 ȺɄȽɄȿȺɈɆȼ 

 

2.4.1 ũȺɁȽȾȷ 

 

ȼ ŮˊɑˊɚŮɡůɖ Ŭűɟɞɨ ŮɑɜŬɘ ɛɘŬ ŭɘŬŭɘəŬůɑŬ ɔɘŬ Űɞɜ ŮəɚŮəŰɘəɧ ŭɘŬɢɤɟɘůɛɧ ɡŭɟɧűɞɓɞɡ ɡɚɘəɞɨ 

Ŭ́ ɧ ɡŭɟɧűɘɚɞ. ȼ ɛɏɗɞŭɞɠ ŬɡŰɐ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŮ ˊɞɚɚɏɠ ɓɘɞɛɖɢŬɜɘəɏɠ ŮɔəŬŰŬůŰɎůŮɘɠ 

ŮˊŮɝŮɟɔŬůɑŬɠ ɛŮŰŬɚɚŮɡɛɎŰɤɜ.  ȽůŰɞɟɘəɎ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ ˊɟɩŰɖ űɞɟɎ ůŰɖɜ 

ŮɝɞɟɡəŰɘəɐ ɓɘɞɛɖɢŬɜɑŬ. Ƀ William Haynes Űɞ 1869 ˊɐɟŮ ŭɑˊɚɤɛŬ ŮɡɟŮůɘŰŮɢɜɑŬɠ ɔɘŬ ɛɑŬ 

ŭɘŬŭɘəŬůɑŬ ŭɘŬɢɤɟɘůɛɞɨ ůɞɡɚűɘŭɑɤɜ Ŭˊɧ ůŰŮɑɟŬ ˊŮŰɟɩɛŬŰŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑ ɏɚŬɘŬ əŬɘ 

Űɖɜ ɞɜɧɛŬůŮ  ɛŮɘəŰɐ ŮˊɑˊɚŮɡůɖ (bulk-oil flotation). 

 

ȼ ˊɟɩŰɖ ŮˊɘŰɡɢɖɛɏɜɖ Ůɛˊɞɟɘəɐ ŮűŬɟɛɞɔɐ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ŮˊɑˊɚŮɡůɖɠ ɗŮɘɞɨɢɤɜ ɞɟɡəŰɩɜ 

əŬɗɘŮɟɩɗɖəŮ Ŭˊɧ Űɞɜ Frank Elmore, ɞ ɞˊɞɑɞɠ ŮɟɔɎůŰɖəŮ ɔɘŬ Űɖɜ ŬɜɎˊŰɡɝɐ Űɖɠ ɛŮ Űɞɜ 

ŬŭŮɚűɧ Űɞɡ, Stanley əŬɘ Űɖɜ ŮűɎɟɛɞůŬɜ ůŰɞ ɘŭɘɧəŰɖŰɞ ɞɟɡɢŮɑɞ ɢŬɚəɞɨ ůŰɞ Glasdir 

Llanellyd Űɖɠ ȸɧɟŮɘŬɠ ɃɡŬɚɑŬɠ, ɧˊɞɡ Űɞ 1897 əŬŰŬůəŮɨŬůŬɜ Űɖɜ ˊɟɩŰɖ ɓɘɞɛɖɢŬɜɘəɐ 

ŮɔəŬŰɎůŰŬůɖ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨůŮ Űɖ ŭɘŮɟɔŬůɑŬ Űɖɠ ŮˊɑˊɚŮɡůɖɠ ɔɘŬ Űɞɜ ŮɛˊɚɞɡŰɘůɛɧ Űɞɡ 

ɛŮŰŬɚɚŮɨɛŬŰɞɠ. ȼ ŭɘŬŭɘəŬůɑŬ ŭŮɜ ɐŰŬɜ ŮˊɑˊɚŮɡůɖ Ŭűɟɞɨ, ŬɚɚɎ ɢɟɖůɘɛɞˊɞɘɞɨůŮ ɏɚŬɘŬ ɔɘŬ 

Űɖ ůɡůůɤɛɎŰɤůɖ Űɤɜ ɚŮˊŰɞɛŮɟɩɜ ůɞɡɚűɘŭɑɤɜ əŬɘ Űɖɜ ˊŬɟŬɚŬɓɐ Űɞɡɠ ůŰɖɜ ŮˊɘűɎɜŮɘŬ. ȼ 

ɛɏɗɞŭɞɠ əŬŰɞɢɡɟɩɗɖəŮ ɛŮ ŭɑˊɚɤɛŬ ŮɡɟŮůɘŰŮɢɜɑŬɠ Űɞ 1898, ɖ ŭŮ ˊŮɟɘɔɟŬűɐ Űɖɠ 

ŭɘŬŭɘəŬůɑŬɠ ŭɖɛɞůɘŮɨɗɖəŮ Űɞ 1903 ůŰɞ ˊŮɟɘɞŭɘəɧ çEngineering and Mining 

Journalè. ɀɏɢɟɘ ŮəŮɑɜɖ Űɖ ůŰɘɔɛɐ ŮɑɢŮ ŭɘŬˊɘůŰɤɗŮɑ ɖ ůɖɛŬůɑŬ Űɤɜ űɡůŬɚɑŭɤɜ ŬɏɟŬ ůŰɖɜ 

ɡˊɞɓɞɐɗɖůɖ Űɞɡ ŮɚŬɑɞɡ ɔɘŬ ɜŬ ˊŬɟŬůɨɟɞɜŰŬɘ ŰŬ ŰŮɛŬɢɑŭɘŬ Űɤɜ ɡŭɟɧűɞɓɤɜ ɞɟɡəŰɩɜ ůŰɖɜ 

ŮˊɘűɎɜŮɘŬ. Ƀɘ Elmore ŮɑɢŬɜ ůɡůŰɐůŮɘ ɛɘŬ ŮŰŬɘɟŮɑŬ ɔɜɤůŰɐ ɤɠ Ore Concentration Syndicate 

Ltd. ɔɘŬ Űɖɜ ˊɟɞɩɗɖůɖ Űɖɠ Ůɛˊɞɟɘəɐɠ ŮəɛŮŰɎɚɚŮɡůɖɠ Űɖɠ ŭɘŮɟɔŬůɑŬɠ ůŮ ɧɚɞ Űɞɜ əɧůɛɞ.  

 

ȼ ůɨɔɢɟɞɜɖ ŭɘŬŭɘəŬůɑŬ ŮˊɑˊɚŮɡůɖɠ Ŭűɟɞɨ ŮűŮɡɟɏɗɖəŮ ůŰɘɠ Ŭɟɢɏɠ Űɞɡ 1900 ůŰɖɜ 

ȷɡůŰɟŬɚɑŬ Ŭˊɧ Űɞɜ C.V. Potter əŬɘ ˊŮɟɑˊɞɡ Űɖɜ ɑŭɘŬ ˊŮɟɑɞŭɞ, ŬɜŮɝɎɟŰɖŰŬ, Ŭˊɧ Űɞɜ G.D. 

Delprat. ȹɖɚŬŭɐ, ɖ Ůɝɏɚɘɝɖ Űɖɠ ɛŮɗɧŭɞɡ ŮɑɢŮ ɔɑɜŮɘ ůɢŮŭɧɜ ŰŬɡŰɧɢɟɞɜŬ əŬɘ Ŭɚɚɞɨ, əɡɟɑɤɠ 

ůŰɖɜ ȷɡůŰɟŬɚɑŬ Ŭˊɧ Űɖɜ Minerals SepŬration Ltd., ɖ ɞˊɞɑŬ ŮűɎɟɛɞůŮ ůŰɞ ɛŮŰŬɚɚŮɑɞ 

Broken Hill, ɧˊɞɡ ɞ Delprat ɐŰŬɜ ɔŮɜɘəɧɠ ŭɘŮɡɗɡɜŰɐɠ, Űɖ ɛɏɗɞŭɞ Delprat process.  

 

ȷɟɢɘəɎ, ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ űɡůɘəɐɠ ˊɟɞɏɚŮɡůɖɠ ɢɖɛɘəɏɠ ɞɡůɑŮɠ, ɧˊɤɠ ŰŬ ɚɘˊŬɟɎ ɞɝɏŬ əŬɘ 

ŰŬ ɏɚŬɘŬ ɤɠ ŬɜŰɘŭɟŬůŰɐɟɘŬ ŮˊɑˊɚŮɡůɖɠ ůŮ ɛŮɔɎɚɖ ˊɞůɧŰɖŰŬ ɔɘŬ ɜŬ Űɖɜ Ŭɨɝɖůɖ Űɖɠ 

ɡŭɟɞűɞɓɑŬɠ Űɤɜ ɢɟɐůɘɛɤɜ ɞɟɡəŰɩɜ. ȷˊɧ ŰɧŰŮ, ɖ ŭɘŬŭɘəŬůɑŬ ɏɢŮɘ ˊɟɞůŬɟɛɞůŰŮɑ əŬɘ 

http://translate.googleusercontent.com/translate_c?hl=el&sl=en&u=http://en.wikipedia.org/wiki/Gangue&prev=/search%3Fq%3DFROTH%2BFLOTATION%26hl%3Del%26prmd%3Divnsb&rurl=translate.google.gr&twu=1&usg=ALkJrhhQDuR4UOVLv7xKhX35pIrY2rqC-g
http://translate.googleusercontent.com/translate_c?hl=el&sl=en&u=http://en.wikipedia.org/wiki/Fatty_acid&prev=/search%3Fq%3DFROTH%2BFLOTATION%26hl%3Del%26prmd%3Divnsb&rurl=translate.google.gr&twu=1&usg=ALkJrhj8kZDtgf1VEKDLBhLhm_5N1VAIvQ
http://translate.googleusercontent.com/translate_c?hl=el&sl=en&u=http://en.wikipedia.org/wiki/Reagent&prev=/search%3Fq%3DFROTH%2BFLOTATION%26hl%3Del%26prmd%3Divnsb&rurl=translate.google.gr&twu=1&usg=ALkJrhi9fvYPhQZibt-ATsYOIs9t-I06Vw
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ŮűŬɟɛɧɕŮŰŬɘ ůŮ ɛɘŬ ɛŮɔɎɚɖ ˊɞɘəɘɚɑŬ ɞɟɡəŰɩɜ ˊɟɞɠ ŭɘŬɢɤɟɘůɛɧ, əŬɘ ˊɚɏɞɜ ɜɏɞɘ ůɡɚɚɏəŰŮɠ, 

ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ əŬɘ ŮˊɘűŬɜŮɘɞŭɟŬůŰɘəɩɜ ůɡɜɗŮŰɘəɩɜ ŮɜɩůŮɤɜ, ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ 

ůŮ ŭɘɎűɞɟŮɠ ŮűŬɟɛɞɔɏɠ. ɆŰɖ ŭŮəŬŮŰɑŬ Űɞɡ 1960 ɖ ŰŮɢɜɘəɐ ŮˊɑˊɚŮɡůɖɠ Ŭűɟɞɨ 

ˊɟɞůŬɟɛɧůŰɖəŮ əŬɘ ŮűŬɟɛɧůŰɖəŮ əŬɘ ůŰɖɜ ŬɜŬəɨəɚɤůɖ ɢŬɟŰɘɞɨ. 

 

ɆŰɖ ɛŮŰŬɚɚŮɡŰɘəɐ ɓɘɞɛɖɢŬɜɑŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɞ ŭɘŬɢɤɟɘůɛɧ  ɢɟɐůɘɛɤɜ 

ɞɟɡəŰɩɜ  Ŭˊɧ  ůŰŮɑɟŬ ˊŮŰɟɩɛŬŰŬ , ŮəɛŮŰŬɚɚŮɡɧɛŮɜɞɘ Űɘɠ ŭɘŬűɞɟɏɠ ɡŭɟɞűɞɓɑŬɠ ˊɞɡ 

ˊŬɟɞɡůɑŬ əŬŰɎɚɚɖɚɤɜ ŬɜŰɘŭɟŬůŰɖɟɑɤɜ ŮˊɘŭŮɘəɜɨɞɡɜ ŰŬ ŭɘɎűɞɟŬ ɞɟɡəŰɎ. Ƀɘ ŭɘŬűɞɟɏɠ 

ɡŭɟɞűɞɓɑŬɠ ɛŮŰŬɝɨ ɢɟɐůɘɛɤɜ ɞɟɡəŰɩɜ əŬɘ ůŰŮɑɟɤɜ ŮˊŬɡɝɎɜɞɜŰŬɘ ɛŮ Űɖ ɢɟɐůɖ 

Űɤɜ ŮˊɘűŬɜŮɘɞŭɟŬůŰɘəɩɜ ɞɡůɘɩɜ əŬɘ Ɏɚɚɤɜ ŬɜŰɘŭɟŬůŰɖɟɑɤɜ. ȼ ŮəɚŮəŰɘəɐ ŭɘŬɚɞɔɐ Űɤɜ 

ɛŮŰɎɚɚɤɜ əŬɗɘůŰɎ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ ɛɘəŰɩɜ ɛŮŰŬɚɚŮɡɛɎŰɤɜ ŮűɘəŰɐ əŬɘ ɞɘəɞɜɞɛɘəɎ 

ůɡɛűɏɟɞɡůŬ. ȼ ŭɘŬŭɘəŬůɑŬ Űɖɠ ŮˊɑˊɚŮɡůɖɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɞɜ ŭɘŬɢɤɟɘůɛɧ ɛŮɔɎɚɞɡ 

űɎůɛŬŰɞɠ Ŭˊɧ ůɞɡɚűɘŭɑɤɜ, ŬɜɗɟŬəɘəɩɜ ŬɚɎŰɤɜ Űɤɜ ɛŮŰɎɚɚɤɜ əŬɘ ɞɝŮɘŭɑɤɜ. Ⱥˊɑůɖɠ, 

űɤůűɞɟɘəɎ ɎɚŬŰŬ əŬɘ ɎɜɗɟŬəŮɠ  ŮˊŮɝŮɟɔɎɕɞɜŰŬɘ ɛŮ Űɖ ɛɏɗɞŭɞ Űɖɠ ŮˊɑˊɚŮɡůɖɠ. ȼ 

ŮˊɑˊɚŮɡůɖ ŬɟɢɑɕŮɘ ɛŮ ŮɚɎŰŰɤůɖ ɛŮɔɏɗɞɡɠ (ŭɖɚŬŭɐ ɗɟŬɨůɖ əŬɘ ɚŮɘɞŰɟɑɓɖůɖ) Űɞɡ ɡɚɘəɞɨ, 

ɔɘŬ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ŬˊɞŭɏůɛŮɡůɖ əŬɘ ɜŬ ŬɡɝɖɗŮɑ ɖ Ůɘŭɘəɐ ŮˊɘűɎɜŮɘŬ Űɞɡ ɛŮŰŬɚɚŮɨɛŬŰɞɠ ˊɞɡ 

ŮɝŬůűŬɚɑɕŮɘ űɞɟŰɘůɛɏɜŮɠ ŮˊɘűɎɜŮɘŮɠ ɞɟɡəŰɩɜ ɔɘŬ Űɖɜ ˊŮɟŬɘŰɏɟɤ 

ŮˊŮɝŮɟɔŬůɑŬ. ɇɞ ɚŮˊŰɞɛŮɟɏɠ ɛŮŰɎɚɚŮɡɛŬ  ŬɜŬɛŮɘɔɜɨŮŰŬɘ ɛŮ ɜŮɟɧ ɔɘŬ ɜŬ ůɢɖɛŬŰɑůŮɘ 

ˊɞɚűɧ. Ɇɡɜɐɗɤɠ, Űɞ ŮˊɘɗɡɛɖŰɧ ɢɟɐůɘɛɞ ɞɟɡəŰɧ əŬɗɑůŰŬŰŬɘ ɡŭɟɧűɞɓɞ ɛŮ Űɖɜ ˊɟɞůɗɐəɖ 

ɛɘŬɠ ŮˊɘűŬɜŮɘɞŭɟŬůŰɘəɐɠ ɞɡůɑŬɠ ɐ Ůɜɧɠ ɢɖɛɘəɞɨ ůɡɚɚɏəŰɖ, Ůɜɩ Űɞ ůŰŮɑɟɞ ŮɛűŬɜɑɕŮɘ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ ɡŭɟɞűɘɚɑŬɠ. ȼ ůɡɔəŮəɟɘɛɏɜɖ ɢɖɛɘəɐ ɞɡůɑŬ (ůɡɚɚɏəŰɖɠ) ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ 

ˊɟɞɠ ŮˊŮɝŮɟɔŬůɑŬ ɞɟɡəŰɧ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, Űɞ Pine Oil ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɞɜ ŮɛˊɚɞɡŰɘůɛɧ 

ɢŬɚəɞɨɢɤɜ ɞɟɡəŰɩɜ. Ƀ ˊɞɚűɧɠ ŰɟɞűɞŭɞŰŮɑŰŬɘ, ɏˊŮɘŰŬ, ůŮ ɡŭŬŰɘəɧ ˊŮɟɘɓɎɚɚɞɜ ɛŮ 

ŰŬɡŰɧɢɟɞɜɖ ˊŬɟŬɔɤɔɐ ɛɏůɤ ŬɜŬŭŮɡŰɐɟŬ űɡůŬɚɑŭɤɜ ŬɏɟŬ. Ƀɘ ɡŭɟɧűɞɓɞɘ əɧəəɞɘ Űɤɜ 

ɞɟɡəŰɩɜ ˊɟɞůəɞɚɚɩɜŰŬɘ ůŰɘɠ űɡůŬɚɑŭŮɠ ŬɏɟŬ, ˊɞɡ Ůˊɘˊɚɏɞɡɜ əŬɘ ůɡɔəŮɜŰɟɩɜɞɜŰŬɘ ůŰɖɜ 

ŮˊɘűɎɜŮɘŬ, ůɢɖɛŬŰɑɕɞɜŰŬɠ ɏɜŬ ůŰɟɩɛŬ Ŭűɟɞɨ. Ƀ Ŭűɟɧɠ ŬˊɞɛŬəɟɨɜŮŰŬɘ əŬɘ Űɞ 

ůɡɛˊɨəɜɤɛŬ Ůɜ ůɡɜŮɢŮɑŬ əŬɗŬɟɑɕŮŰŬɘ. 

 

ȼ ŮˊɑˊɚŮɡůɖ ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ůŮ ɞɟɗɞɔɩɜɘŮɠ ɐ əɡɚɘɜŭɟɘəɏɠ əɡɣɏɚŮɠ, ůŮ ůŰɐɚŮɠ ŮˊɑˊɚŮɡůɖɠ, 

ůŮ ůɨɔɢɟɞɜŮɠ əɡɣɏɚŮɠ Űɨˊɞɡ Jameson ɐ ůŮ əɡɣɏɚŮɠ ŬˊɞɛŮɚɎɜɤůɖɠ (deinking flotation 

cells) ɧŰŬɜ ˊɟɧəŮɘŰŬɘ ɔɘŬ ŮˊŮɝŮɟɔŬůɑŬ ɢŬɟŰɘɞɨ. 

 

 

 

http://translate.googleusercontent.com/translate_c?hl=el&sl=en&u=http://en.wikipedia.org/wiki/Surfactants&prev=/search%3Fq%3DFROTH%2BFLOTATION%26hl%3Del%26prmd%3Divnsb&rurl=translate.google.gr&twu=1&usg=ALkJrhgg8x42U_SIo5qhWE764l32YMuAxw
http://translate.googleusercontent.com/translate_c?hl=el&sl=en&u=http://en.wikipedia.org/wiki/Minerals&prev=/search%3Fq%3DFROTH%2BFLOTATION%26hl%3Del%26prmd%3Divnsb&rurl=translate.google.gr&twu=1&usg=ALkJrhicfKTBjaqS0WeOkqAckHeyWPpyXg
http://translate.googleusercontent.com/translate_c?hl=el&sl=en&u=http://en.wikipedia.org/wiki/Gangue&prev=/search%3Fq%3DFROTH%2BFLOTATION%26hl%3Del%26prmd%3Divnsb&rurl=translate.google.gr&twu=1&usg=ALkJrhhQDuR4UOVLv7xKhX35pIrY2rqC-g
http://translate.googleusercontent.com/translate_c?hl=el&sl=en&u=http://en.wikipedia.org/wiki/Hydrophobicity&prev=/search%3Fq%3DFROTH%2BFLOTATION%26hl%3Del%26prmd%3Divnsb&rurl=translate.google.gr&twu=1&usg=ALkJrhhy84gMqlQdHQAmiPcuU3FzuKL38A
http://translate.googleusercontent.com/translate_c?hl=el&sl=en&u=http://en.wikipedia.org/wiki/Surfactants&prev=/search%3Fq%3DFROTH%2BFLOTATION%26hl%3Del%26prmd%3Divnsb&rurl=translate.google.gr&twu=1&usg=ALkJrhgg8x42U_SIo5qhWE764l32YMuAxw
http://translate.googleusercontent.com/translate_c?hl=el&sl=en&u=http://en.wikipedia.org/wiki/Sulfide&prev=/search%3Fq%3DFROTH%2BFLOTATION%26hl%3Del%26prmd%3Divnsb&rurl=translate.google.gr&twu=1&usg=ALkJrhg175LFgy4_-as0sREjWI-Km6mOVg
http://translate.googleusercontent.com/translate_c?hl=el&sl=en&u=http://en.wikipedia.org/wiki/Carbonate&prev=/search%3Fq%3DFROTH%2BFLOTATION%26hl%3Del%26prmd%3Divnsb&rurl=translate.google.gr&twu=1&usg=ALkJrhhyaJYoT8FSpzM-DakG_p7WHCmZLw
http://translate.googleusercontent.com/translate_c?hl=el&sl=en&u=http://en.wikipedia.org/wiki/Ore&prev=/search%3Fq%3DFROTH%2BFLOTATION%26hl%3Del%26prmd%3Divnsb&rurl=translate.google.gr&twu=1&usg=ALkJrhgIVjD6YocYObWRnZCO3ttSOOr-1Q
http://translate.googleusercontent.com/translate_c?hl=el&sl=en&u=http://en.wikipedia.org/wiki/Hydrophobic&prev=/search%3Fq%3DFROTH%2BFLOTATION%26hl%3Del%26prmd%3Divnsb&rurl=translate.google.gr&twu=1&usg=ALkJrhgLSgGpSoh1yLnRZNcAZG11HKJFDw
http://translate.googleusercontent.com/translate_c?hl=el&sl=en&u=http://en.wikipedia.org/wiki/Surfactant&prev=/search%3Fq%3DFROTH%2BFLOTATION%26hl%3Del%26prmd%3Divnsb&rurl=translate.google.gr&twu=1&usg=ALkJrhg_FC7QccxsHdIteQwg8B78anKwag
http://translate.googleusercontent.com/translate_c?hl=el&sl=en&u=http://en.wikipedia.org/wiki/Copper&prev=/search%3Fq%3DFROTH%2BFLOTATION%26hl%3Del%26prmd%3Divnsb&rurl=translate.google.gr&twu=1&usg=ALkJrhiXJvmauyzMxow6UM9vlFnRy0sq1Q
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ɇŬ ́ŬɟŬəɎŰɤ ůŰɎŭɘŬ ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ, ɛŮŰɎ Űɖ ɗɟŬɡůɖ əŬɘ Űɖɜ ɚŮɘɞŰɟɑɓɘůɖ: 

 

1. Ʉɟɞůɗɐəɖ ŬɜŰɘŭɟŬůŰɖɟɑɞɡ ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ ɡŭɟɧűɞɓɖɠ ŮˊɘűɎɜŮɘŬɠ ůŰŬ ŮˊɘɗɡɛɖŰɎ 

ɛɧɟɘŬ 

2. ɆɡɔəɏɜŰɟɤůɖ əŬɘ  ɛŮŰŬűɞɟɎ Űɤɜ ŰŮɛŬɢɘŭɑɤɜ ˊɟɞɠ ŰŬ ˊɎɜɤ Ŭˊɧ Űɘɠ űɡůŬɚɑŭŮɠ ůŮ ŮˊŬűɐ 

ɛŮ Űɞɜ ŬɏɟŬ ɐ ɎɕɤŰɞ 

3. ɆɡɔəɟɧŰɖůɖ Ůɜɧɠ ůŰŬɗŮɟɞɨ Ŭűɟɞɨ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ əɡɣɏɚɖɠ ŮˊɑˊɚŮɡůɖɠ 

4. Ɇɡɚɞɔɐ Űɞɡ űɞɟŰɘůɛɏɜɞɡ Ŭűɟɞɨ  

 

ɆŰɞɜ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ, ŬɜɎ əŬŰɖɔɞɟɑŬ ŭɟɎůɖɠ, ŰŬ ŭɘɎűɞɟŬ ɢɖɛɘəɎ 

ŬɜŰɘŭɟŬůŰɐɟɘŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɖɜ ŮˊɑˊɚŮɡůɖ Ŭűɟɞɨ. 

 

Ʉɘɜ. 2.6 ȷɜŰɘŭɟŬůŰɐɟɘŬ ŮˊɑˊɚŮɡůɖɠ 

ɆɡɚɚɏəŰŮɠ ȷűɟɘůŰɘəɎ ɅɡɗɛɘůŰɏɠ pH 

Potassium amyl xanthate (PAX) Pine Oil Lime (CaO) 

Potassium isobutyl xanthate (PIBX) ȷɚəɞɧɚŮɠ  Na2CO3 

Potassium ethyl xanthate (KEX) ɄɞɚɡɔɚɡəɧɚŮɠ NaOH 

Sodium isobutyl xanthate (SIBX) Polyoxyparafins H2SO4 

Sodium isopropyl xanthate (SIPX) ȾɟŮůɧɚɖ ( ɝɡɚŮɜɧɚɖ ) HCl 

Sodium ethyl xanthate (SEX)   

Thiocarbamates     

Xanthogen Formates     

Thionocarbamates     

Thiocarbanilide     

 

 

 

 

 

http://en.wikipedia.org/wiki/Xanthate
http://en.wikipedia.org/w/index.php?title=Potassium_amyl_xanthate&action=edit&redlink=1
http://translate.googleusercontent.com/translate_c?hl=el&sl=en&u=http://en.wikipedia.org/wiki/Pine_oil&prev=/search%3Fq%3DFROTH%2BFLOTATION%26hl%3Del%26prmd%3Divnsb&rurl=translate.google.gr&twu=1&usg=ALkJrhhuEbYBnMmzqQnJ8oEUdPnQAsu_YQ
http://translate.googleusercontent.com/translate_c?hl=el&sl=en&u=http://en.wikipedia.org/wiki/Calcium_oxide&prev=/search%3Fq%3DFROTH%2BFLOTATION%26hl%3Del%26prmd%3Divnsb&rurl=translate.google.gr&twu=1&usg=ALkJrhgCu2dRpA5cEAXgOqfkbp-zcRjUAA
http://en.wikipedia.org/w/index.php?title=Potassium_isobutyl_xanthate&action=edit&redlink=1
http://translate.googleusercontent.com/translate_c?hl=el&sl=en&u=http://en.wikipedia.org/wiki/Alcohol&prev=/search%3Fq%3DFROTH%2BFLOTATION%26hl%3Del%26prmd%3Divnsb&rurl=translate.google.gr&twu=1&usg=ALkJrhjir1Aa1VNo8KoI_ZKG2rxC5X6pjA
http://en.wikipedia.org/w/index.php?title=Potassium_ethyl_xanthate&action=edit&redlink=1
http://translate.googleusercontent.com/translate_c?hl=el&sl=en&u=http://en.wikipedia.org/w/index.php%3Ftitle%3DPolyglycol%26action%3Dedit%26redlink%3D1&prev=/search%3Fq%3DFROTH%2BFLOTATION%26hl%3Del%26prmd%3Divnsb&rurl=translate.google.gr&twu=1&usg=ALkJrhgTajizgF-1CEF6mJEAA50HYHSbRA
http://en.wikipedia.org/w/index.php?title=Sodium_isobutyl_xanthate&action=edit&redlink=1
http://translate.googleusercontent.com/translate_c?hl=el&sl=en&u=http://en.wikipedia.org/w/index.php%3Ftitle%3DPolyoxyparafin%26action%3Dedit%26redlink%3D1&prev=/search%3Fq%3DFROTH%2BFLOTATION%26hl%3Del%26prmd%3Divnsb&rurl=translate.google.gr&twu=1&usg=ALkJrhglzhMFGZHaDikOzXK6D-QGXnau1A
http://en.wikipedia.org/w/index.php?title=Sodium_isopropyl_xanthate&action=edit&redlink=1
http://en.wikipedia.org/wiki/Sodium_ethyl_xanthate
http://en.wikipedia.org/wiki/Thiocarbamate
http://en.wikipedia.org/w/index.php?title=Xanthogen_Formate&action=edit&redlink=1
http://en.wikipedia.org/w/index.php?title=Thionocarbamate&action=edit&redlink=1
http://en.wikipedia.org/wiki/Thiocarbanilide
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2.4.2 ȺɄȽɄȿȺɈɆȼ ɀȽȾɇɃɈ ŪȺȽOYɉɃɈ ɀȺɇ/ɇɃɆ PbS ï ZnS 

ȼ ɓɘɞɛɖɢŬɜɘəɐ ˊɟŬəŰɘəɐ ɏɢŮɘ ŭŮɑɝŮɘ ɧŰɘ ɖ ŮˊɑˊɚŮɡůɖ Ůɜɧɠ ɛɘəŰɞɨ ɗŮɘɞɨɢɞɡ ɛŮŰŬɚɚŮɨɛŬŰɞɠ 

ũŬɚɖɜɑŰɖ ï ɆűŬɚŮɟɑŰɖ (PbS ï ZnS) ŭɨɜŬŰŬɘ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ, ɓŬůɘəɎ, ɛŮ ŭɨɞ 

ɛŮɗɧŭɞɡɠ. ȼ ˊɟɩŰɖ ɛɏɗɞŭɞɠ, ɖ ŭɘŬűɞɟɘəɐ ŮˊɑˊɚŮɡůɖ, ˊɟɞɓɚɏˊŮɘ ŭɨɞ ůŰɎŭɘŬ ŮˊɑˊɚŮɡůɖɠ. 

ȷɟɢɘəɎ, ůŰɞ ˊɟɩŰɞ ůŰɎŭɘɞ, ŮˊɘˊɚɏŮɘ ɞ ũŬɚɖɜɑŰɖɠ Ůɜɩ əŬŰŬəɎɗŮŰŬɘ ɞ ɆűŬɚŮɟɑŰɖɠ əŬɘ Űɞ 

ŬˊɧɟɟɘɛŬ. Ⱥɜ ůɡɜŮɢŮɑŬ, ůŰɞ ŭŮɨŰŮɟɞ ůŰɎŭɘɞ, ŮˊɘˊɚɏŮɘ ɞ ɆűŬɚŮɟɑŰɖɠ əŬɘ , Ůˊɑůɖɠ, 

ɚŬɛɓɎɜŮŰŬɘ əŬɘ Űɞ ɞɚɘəɧ ŰɏɚɛŬ Űɞɡ ŮɟɔɞůŰŬůɑɞɡ. ȼ ŮˊɑˊɚŮɡůɖ Űɧůɞ Űɞɡ ũŬɚɖɜɑŰɖ, ɧůɞ əŬɘ 

Űɞɡ ůűŬɚŮɟɑŰɖ ɔɑɜŮŰŬɘ ůŮ ŭɨɞ ŰɞɡɚɎɢɘůŰɞɜ ůŰɎŭɘŬ. ȿŬɛɓɎɜŮɘ, ŭɖɚŬŭɐ, ɢɩɟŬ ɢɞɜŭɟɞŮɘŭɐɠ, 

əŬɗŬɟɧɠ əŬɘ, ŮɎɜ əɟɘɗŮɑ ŬɜŬɔəŬɑɞ, əŬɗŬɟɘůŰɘəɧɠ ŭɘŬɢɤɟɘůɛɧɠ. ɄŬɟŬəɎŰɤ ŬˊŮɘəɞɜɑɕŮŰŬɘ 

ɏɜŬ Ŭˊɚɞˊɞɘɖɛɏɜɞ ŭɘɎɔɟŬɛɛŬ ɟɞɖɠ Űɖɠ ɛŮɗɧŭɞɡ ŬɡŰɐɠ. 

 

Ⱥɘə. 2.6 ȹɘŬűɞɟɘəɐ ŮˊɑˊɚŮɡůɖ ɛɘəŰɞɨ ɗŮɘɞɨɢɞɡ ɛŮŰ/Űɞɠ PbS ïZnS 

 

ȺɜŬɚɚŬəŰɘəɎ, ɖ ŮˊɑˊɚŮɡůɖ Ůɜɧɠ ŰɏŰɞɘɞɡ Ůɑŭɞɡɠ ɛŮŰŬɚɚŮɨɛŬŰɞɠ ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ɛŮ ɢɟɐůɖ 

Űɖɠ ɚŮɔɧɛŮɜɖɠ bulk ŮˊɑˊɚŮɡůɖɠ. ȾŬŰɎ Űɖ ɛɏɗɞŭɞ ŬɡŰɐ, ŬɟɢɘəɎ Ůˊɘˊɚɏɞɡɜ Űɧůɞ ɞ 

ũŬɚɖɜɑŰɖɠ, ɧůɞ əŬɘ ɞ ɆűŬɚŮɟɑŰɖɠ əŬɘ əŬŰŬəɎɗɞɜŰŬɘ ŰŬ ɛɖ ɢɟɐůɘɛŬ ɞɟɡəŰɎ Űɞɡ 

ɛŮŰŬɚɚɏɡɛŬŰɞɠ, əŬɘ ɚŬɛɓɎɜŮŰŬɘ, ŭɖɚŬŭɐ, ŮɝôŬɟɢɐɠ Űɞ ɞɚɘəɧ ŰɏɚɛŬ Űɞɡ ŮɟɔɞůŰŬůɑɞɡ. ɆŰɖ 

ůɡɜɏɢŮɘŬ, ůŮ ŭŮɨŰŮɟɞ əɨəɚɤɛŬ ŮˊɑˊɚŮɡůɖɠ, ŭɘŬɢɤɟɑɕɞɜŰŬɘ ũŬɚɖɜɑŰɖɠ əŬɘ ɆűŬɚŮɟŰɑŰɖɠ əŬɘ 
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ɚŬɛɓɎɜɞɜŰŬɘ ŰŬ ŭɨɞ ůɡɛˊɡəɜɩɛŬŰŬ. ɄŬɟŬəɎŰɤ ŬˊŮɘəɞɜɑɕŮŰŬɘ ɏɜŬ Ŭˊɚɞˊɞɘɖɛɏɜɞ 

ŭɘɎɔɟŬɛɛŬ ɟɞɖɠ Űɖɠ ɛŮɗɧŭɞɡ ŬɡŰɐɠ. 

 

Ⱥɘə. 2.7 Bulk ŮˊɑˊɚŮɡůɖ ɛɘəŰɞɨ ɗŮɘɞɨɢɞɡ ɛŮŰ/Űɞɠ PbS ïZnS 

 

ɆŰɞ ɡˊɧ ɛŮɚɏŰɖ ŮɟɔɞůŰɎůɘɞ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ ˊɟɞŰɘɛɐɗɖəŮ ɖ ɛɏɗɞŭɞɠ 

Űɖɠ ŭɘŬűɞɟɘəɐɠ ŮˊɑˊɚŮɡůɖɠ ŭɘɧŰɘ ůŰɖɜ bulk ŮˊɑˊɚŮɡůɖ, Ŭɜ əŬɘ ŬɟəŮŰɎ ŬˊɞŭɞŰɘəɐ, 

ˊŬɟŬŰɖɟŮɑŰŬɘ Űɞ űŬɘɜɧɛŮɜɞ Űɖɠ ůɢŮŰɘəɎ ɡɣɖɚɐɠ ˊŮɟɘŮəŰɘəɧŰɖŰŬɠ PbS ůŰɞ ůɡɛˊɨəɜɤɛŬ 

ZnS əŬɘ ŬɜŰɑůŰɟɞűŬ, ɔŮɔɞɜɧɠ ˊɞɡ ŭŮɜ ŮɑɜŬɘ ɗŮɛɘŰɧ.  
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ȾȺūȷȿȷȽɃ 3 

ȷɅɉȽȾɃȽ ɈɄɃȿɃũȽɆɀɃȽ 
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3. ȷɅɉȽȾɃȽ ɈɄɃȿɃũȽɆɀɃȽ 

 

 

 

 

3.1 ȽɆɃȻɈũȽȷ ȸȷɅɋɁ ȾȷȽ ɄȺɅȽȺȾɇȽȾɃɇȼɇɋɁ 

 

ȼ ŰɟɞűɞŭɞůɑŬ Űɞɡ ŮɟɔɞůŰŬůɑɞɡ ŮɑɜŬɘ 50 t/h ɛɘəŰɧ ɗŮɘɞɨɢɞ ɛŮŰɎɚɚŮɡɛŬ ũŬɚɖɜɑŰɖ(PbS)-

ɆűŬɚŮɟɑŰɖ(ZnS) ɛŮ ˊŮɟɘŮəŰɘəɧŰɖŰŬ 6,0% ůŮ Pb əŬɘ 2,78% ůŮ Zn. ȺɑɜŬɘ, Ůˊɑůɖɠ, ɔɜɤůŰɧ 

ɧŰɘ Űɞ ůɡɛˊɨəɜɤɛŬ Űɞɡ PbS ˊɞɡ ˊɟɞəɨˊŰŮɘ ɏɢŮɘ ˊŮɟɘŮəŰɘəɧŰɖŰŮɠ 48% ůŮ Pb əŬɘ 1,09% ůŮ 

Zn, Ůɜɩ, Űɞ ůɡɛˊɨəɜɤɛŬ Űɞɡ ZnS ɏɢŮɘ ˊŮɟɘŮəŰɘəɧŰɖŰŮɠ 55,06% ůŮ Zn əŬɘ 1,36% ůŮ Pb. 

Ⱥűôɧůɞɜ ɖ ŬɜɎəŰɖůɖ ůŮ Pb ŮɑɜŬɘ 85% (əɨəɚɤɛŬ PbS) əŬɘ ɞɘ ˊŮɟɘŮəŰɘəɧŰɖŰŮɠ Űɞɡ 

ŬˊɞɟɟɑɛɛŬŰɞɠ ůŮ Pb əŬɘ Zn ŮɑɜŬɘ ɑŭɘŮɠ ɡˊɞɚɞɔɑɕɞɡɛŮ: 

 

RPb = 85% , ɎɟŬ, (CPb*48)/(50*6) = 0,85 

Ĕ CPb = 5,312 t/h 

 

ũɘŬ Űɞ əɨəɚɤɛŬ PbS ɘůɢɨŮɘ: 

F = CPb + T + CZn 

F* fPb = CPb*cPb + T* tPb + CZn*cPb­Zn 

Ĕ 50*6 = 5,312*48 + T*tPb + CZn*1,36 

Ĕ 45 = T*tPb + CZn*1,36        (1) 

 

ũɘŬ Űɞ əɨəɚɤɛŬ ZnS ɘůɢɨŮɘ: 

F*fZn = CPb*cZn­Pb + T* tZn + CZn*cZn 

Ĕ 50*2,78 = 5,312*1,09 + T*tZn + CZn*55,06 

Ĕ  133,2 = T*tZn + CZn*55,06       (2) 

 

ȷűŬɘɟɩɜŰŬɠ Űɖɜ ůɢɏůɖ (1) Ŭˊɧ Űɖɜ ůɢɏůɖ (2), əŬɘ Ůűôɧůɞɜ tZn= tPb, ˊɟɞəɨˊŰŮɘ: 

CZn = 1,634 t/h 

 

Ⱥˊɑůɖɠ, ɡˊɞɚɞɔɑɕɞɡɛŮ: 

tZn= tPb=0,99% 
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ȼ ŬɜɎəŰɖůɖ ůŮ Zn ɡˊɞɚɞɔɑɕŮŰŬɘ: 

RZn = (CZn*55,06)/(50*2,78) =  

       = (1,634*55,06)/(50*2,78) = 

       = 0,6473 ɐ å65% 

 

ɆɡɜŮˊɩɠ, Ŭˊɧ Űɞɡɠ ˊŬɟŬˊɎɜɤ ɡˊɞɚɞɔɘůɛɞɨɠ əŬɘ ɛŮ ɓɎůɖ ŰŬ ŭŮŭɞɛɏɜŬ Űɖɠ ɛŮɚɏŰɖɠ, 

ˊɟɞəɨˊŰŮɘ ɧŰɘ ɔɘŬ əɎɗŮ 100 t ɛŮŰŬɚɚŮɨɛŬŰɞɠ ˊɞɡ ŮˊŮɝŮɟɔɎɕɞɜŰŬɘ, ˊŬɟɎɔɞɜŰŬɘ 10,625 t 

ůɡɛˊɡəɜɩɛŬŰɞɠ PbS, 3,268 t ůɡɛˊɡəɜɩɛŬŰɞɠ ZnS əŬɘ 86,09 t ŬˊɞɟɟɑɛɛŬŰɞɠ.  
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3.2 ȾɃȾȾɃɀȺɇɅȽȾȼ ȷɁȷȿɈɆȼ ɇɃɈ ɈȿȽȾɃɈ 

 

ȺɑɜŬɘ ɔɜɤůŰɧ ˊɤɠ Űɞ ŮɟɔɞůŰɎůɘɞ ŰɟɞűɞŭɞŰŮɑŰŬɘ ɛŮ ɡɚɘəɧ ˊɞɡ ˊŮɟɘɏɢŮɘ əŬŰɎ 80% ŰŮɛɎɢɘŬ -

500 mm. 

ɀŮŰɎ Űɖɜ ˊɟɤŰɞɔŮɜɐ ɗɟŬɨůɖ ůŰɞ ůɘŬɔɞɜɤŰɧ ɗɟŬɡůŰɐɟŬ ɛŮ ɚɧɔɞ əŬŰɎŰɛɖůɖɠ 4:1,  Űɞ 

ɡɚɘəɧ ɗŬ ɏɢŮɘ əŬŰŬɜɞɛɐ Rosin-Rammler ɛŮ  n=1,2 əŬɘ ɛɏɔŮɗɞɠ -125 mm əŬŰɎ 80%.  

Ⱥɜ ůɡɜŮɢŮɑŬ, Űɞ ɡɚɘəɧ ɡˊɧəŮɘŰŬɘ ŭŮɡŰŮɟɞɔŮɜɐ ɗɟŬɨůɖ ůŮ əɤɜɘəɧ ɗɟŬɡůŰɐɟŬ ɛŮ ɚɧɔɞ 

əŬŰɎŰɛɖůɖɠ 5:1. ɇɞ ɡɚɘəɧ ˊɞɡ ˊɟɞəɨˊŰŮɘ ɏɢŮɘ əŬŰŬɜɞɛɐ Rosin-Rammler ɛŮ  n=1,2 əŬɘ 

ɛɏɔŮɗɞɠ -25 mm əŬŰɎ 80%. 

ɇɏɚɞɠ, Űɞ ɡɚɘəɧ ɚŮɘɞŰɟɘɓŮɑŰŬɘ ůŮ əɨəɚɤɛŬ ɟŬɓŭɧɛɡɚɞɡ-ůűŬɘɟɧɛɡɚɞɡ ɛɏɢɟɘ ɜŬ ŬˊɞəŰɐůŮɘ 

ɛɏɔŮɗɞɠ -12,5 mm. 

 

ɄŬɟŬəɎŰɤ, ˊŬɟŬŰɑɗŮŰŬɘ Űɞ ŭɘɎɔɟŬɛɛŬ Rosin-Rammler. 

ȷɜŬɚɡŰɘəɎ: 

ȼ ŮɡɗŮɑŬ 1 ŬɜŬűɏɟŮŰŬɘ ůŰɞ ɡɚɘəɧ ɧˊɤɠ ŬɡŰɧ ŰɟɞűɞŭɞŰŮɑ Űɞ ŮɟɔɞůŰɎůɘɞ. 

ȼ ŮɡɗŮɑŬ 2 ŬɜŬűɏɟŮŰŬɘ ůŰɞ ɡɚɘəɧ ˊɞɡ ˊɟɞɐɚɗŮ Ŭˊɧ Űɖɜ ˊɟɤŰɞɔŮɜɐ ɗɟŬɨůɖ. 

ȼ ŮɡɗŮɑŬ 3 ŬɜŬűɏɟŮŰŬɘ ůŰɞ ɡɚɘəɧ ˊɞɡ ˊɟɞɐɚɗŮ Ŭˊɧ Űɖɜ ŭŮɡŰŮɟɞɔŮɜɐ ɗɟŬɨůɖ. 

ȼ ŮɡɗŮɑŬ 4 ŬɜŬűɏɟŮŰŬɘ ůŰɞ ɡɚɘəɧ ˊɞɡ ˊɟɞɐɚɗŮ Ŭˊɧ Űɖɜ ɚŮɘɞŰɟɑɓɘůɖ. 
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Ʉɘɜ. 3.1 ȹɘɎɔɟŬɛɛŬ Rosin-Rammler 
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ȾȺūȷȿȷȽɃ 4 

ɇȺȿȽȾɃ ȹȽȷũɅȷɀɀȷ ɅɃȼɆ 
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4. ɇȺȿȽȾɃ ȹȽȷũɅȷɀɀȷ ɅɃȼɆ 

 

 

4.1 ɇȺȿȽȾɃ ȹȽȷũɅȷɀɀȷ ɅɃȼɆ 

ɀŮ ɓɎůɖ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ˊɟɞɠ ŮˊŮɝŮɟɔŬůɑŬ ɛŮŰŬɚɚŮɨɛŬŰɞɠ əŬɘ Űɖɜ ŮɛˊŮɘɟɑŬ ˊɞɡ 

ŬˊɞəŰɐɗɖəŮ ůŰɞ ůŰɎŭɘɞ Űɖɠ ŮɟŮɡɜɖŰɘəɐɠ ŮɟɔŬůɑŬɠ (ɄɟŬəŰɘəɐ ȯůəɖůɖ ȽȽ, 2009) 

ŮəˊɞɜɐɗɖəŮ Űɞ ŭɘɎɔɟŬɛɛŬ ɟɞɐɠ Űɞɡ ŮɟɔɞůŰŬůɑɞɡ ˊɞɡ ˊŬɟŬŰɑɗŮŰŬɘ (Ⱥɘə. 4.2). 

 

ȷɜŬɚɡŰɘəɎ ɖ ˊŮɟɘɔɟŬűɐ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ ɟɞɐɠ ůŰɖɜ ŰŮɚɘəɐ əŬɘ ˊɟɞŰŮɘɜɧɛŮɜɖ ɛɞɟűɐ Űɞɡ 

ɏɢŮɘ ɤɠ Ůɝɐɠ: 

 

ɇɞ ɛŮɘəŰɧ ɗŮɘɞɨɢɞ ɛŮŰɎɚɚŮɡɛŬ, ɧˊɤɠ ɏɟɢŮŰŬɘ Ŭˊɧ Űɞ ɛŮŰŬɚɚŮɑɞ (-500 mm) ɛŮ ɓɎɟɞɠ 50 t/h, 

ŮəűɞɟŰɩɜŮŰŬɘ ůŰɖɜ ˊɟɩŰɖ Ŭˊɞɗɐəɖ ɛŮŰŬɚɚŮɨɛŬŰɞɠ. ȷˊɧ ŮəŮɑ ˊŬɟŬɚŬɛɓɎɜŮŰŬɘ ɛŮ Űɞ 

ŭɞɜɞɨɛŮɜɞ ŰɟɞűɞŭɧŰɖ. Ƀɘ ŰɟɞűɞŭɧŰŮɠ ŬɡŰɞɑ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ɛɑŬ ůəɎűɖ ɖ ɞˊɞɑŬ ŮɑɜŬɘ 

ŬɜŬɟŰɖɛɏɜɖ əɎŰɤ Ŭˊɧ Űɖ ɢɞɎɜɖ ɟɞɐɠ Űɞɡ ɛŮŰŬɚɚŮɨɛŬŰɞɠ. ȼ ůəɎűɖ ŭɞɜŮɑŰŬɘ ɛŮ 

ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɎ ˊɖɜɑŬ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŰɞ əɎŰɤ ɛɏɟɞɠ Űɖɠ. ɀŮ Űɖ ŭɧɜɖůɖ Űɞ ɡɚɘəɧ ɟɏŮɘ 

ŬˊɟɧůəɞˊŰŬ əŬɘ ůɡɜŮɢɩɠ ˊɟɞɠ Űɞ ɗɟŬɡůŰɐɟŬ ůɘŬɔɧɜɤɜ. ȼ ˊŬɟɞɢɐ ɟɡɗɛɑɕŮŰŬɘ ɛŮ 

ɟŮɞůŰɎŰɖ. 

 

ɇɞ ɡɚɘəɧ ŰɟɞűɞŭɞŰŮɑ ɗɟŬɡůŰɐɟŬ ůɘŬɔɧɜɤɜ, ɔɘŬ Űɞɜ ɞˊɞɑɞ ɞ ɚɧɔɞɠ əŬŰɎŰɛɖůɖɠ ŮɑɜŬɘ 4:1. Ƀ 

ɗɟŬɡůŰɐɟŬɠ ŬɡŰɧɠ ɗŮɤɟŮɑŰŬɘ ɞ əŬŰŬɚɚɖɚɧŰŮɟɞɠ ɔɘŬ ˊɟɤŰɞɔŮɜɐ ɗɟŬɨůɖ ŭɘɧŰɘ ɟɡɗɛɑɕŮŰŬɘ 

ŮɨəɞɚŬ əŬɘ ŮɑɜŬɘ Ŭˊɚɧɠ ůŰɖ ɚŮɘŰɞɡɟɔɑŬ. Ⱥˊɑůɖɠ, ŮˊɘɓɚɏˊŮŰŬɘ əŬɚɨŰŮɟŬ ɔɘŬŰɑ ŬˊŬɘŰŮɑ ɛɘəɟɧ 

ɨɣɞɠ ŮɔəŬŰɎůŰŬůɖɠ əŬɘ ůɡɜŰɖɟŮɑŰŬɘ ŮɡəɞɚɧŰŮɟŬ. 

 

Ƀ ɗɟŬɡůŰɐɟŬɠ ůɘŬɔɧɜɤɜ Ŭˊɚɐɠ ŮɜɏɟɔŮɘŬɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɏɜŬ ɘůɢɡɟɧ ˊɚŬɑůɘɞ Ŭˊɧ ɢɎɚɡɓŬ 

ɐ ɢɡŰɞůɑŭɖɟɞ, ɛɏůŬ ůŰɞ ɞˊɞɑɞ ɓɟɑůəŮŰŬɘ ɛɑŬ ŬəɑɜɖŰɖ əŬɘ ɛɑŬ ˊŮɟɘɞŭɘəɎ əɘɜɞɨɛŮɜɖ ůɘŬɔɧɜŬ 

ɛɏůɤ ŮəəɏɜŰɟɞɡ. ɇɞ əɎŰɤ ɛɏɟɞɠ Űɖɠ ůɘŬɔɧɜŬɠ ůŰɖɟɑɕŮŰŬɘ ůŮ ɓɟŬɢɑɞɜŬ ŬůűŬɚŮɑŬɠ əŬɘ ůŮ 

ɡˊɞɛɧɢɚɘɞ. ɆŰɞɡɠ ůɘŬɔɞɜɤŰɞɨɠ ɗɟŬɡůŰɐɟŮɠ ŭɘˊɚɐɠ ŮɜɏɟɔŮɘŬɠ ɛɑŬ əɘɜɖŰɐ ůɘŬɔɧɜŬ əɘɜŮɑŰŬɘ 

ɔɨɟɤ Ŭˊɧ ɎɝɞɜŬ, Ůɜɩ ɖ ˊŮɟɘɞŭɘəɐ əɑɜɖůɖ ŭɑɜŮŰŬɘ Ŭˊɧ ŬɜŮɝɎɟŰɖŰɞ ˊŮɟɘůŰɟŮűɧɛŮɜɞ 

ɏəəŮɜŰɟɞ. 

 

ȼ əŬŰɎŰɛɖůɖ ŭɘŮɜŮɟɔŮɑŰŬɘ ɛŮ ŭɡɜɎɛŮɘɠ ɗɚɑɣɖɠ ɐ Űɟɘɓɐɠ, Ůɜɩ ɏɜŬɠ ɛŮɔɎɚɞɠ ůűɧɜŭɡɚɞɠ 

ŮɝŬůűŬɚɑɕŮɘ ůŰŬɗŮɟɐ ɟɞˊɐ ůŰɟɏɣɖɠ əŬɘ ɞɛŬɚɐ ɚŮɘŰɞɡɟɔɑŬ ɧŰŬɜ ŮɛűŬɜɑɕŮŰŬɘ ɖ ŬɜŰɑůŰŬůɖ 

əŬŰɎŰɛɖůɖɠ Űɞɡ ŰŮɛŬɢɑɞɡ. 



_____________________________________________________________________________________________________________ 

 - 37 - 

ɇŬ ˊɟɞɠ ɗɟŬɨůɖ ŰŮɛɎɢɘŬ ŮɛˊɚɏəɞɜŰŬɘ  ɛŮŰŬɝɨ ůŰŬɗŮɟɐɠ əŬɘ əɘɜɞɨɛŮɜɖɠ ůɘŬɔɧɜŬɠ əŬɘ 

ɗɟŬɨɞɜŰŬɘ ˊɞɚɚɏɠ űɞɟɏɠ ɛɏɢɟɘ ɜŬ Ůɝɏɚɗɞɡɜ Ŭˊɧ Űɞ ɎɜɞɘɔɛŬ Ůɝɧŭɞɡ Űɞɡ ˊɟɞɥɧɜŰɞɠ. ɇɞ 

ɛɏɔŮɗɞɠ Űɤɜ ŰŮɛŬɢɘŭɑɤɜ ˊɞɡ ŮɝɏɟɢɞɜŰŬɘ Ŭˊɧ Űɞ ɗɟŬɡůŰɐɟŬ ŮɑɜŬɘ əŬŰɎ 80% -125 mm. 

 

ɆŰɖ ůɡɜɏɢŮɘŬ, Űɞ ɡɚɘəɧ ɞŭɖɔŮɑŰŬɘ ůŰɞɜ əɤɜɘəɧ ɗɟŬɡůŰɐɟŬ ɛŮ ɚɧɔɞ əŬŰɎŰɛɖůɖɠ 5:1, ɧˊɞɡ 

ɡűɑůŰŬŰŬɘ ŭŮɡŰŮɟɞɔŮɜɐ ɗɟŬɨůɖ. Ƀ əɤɜɘəɧɠ ɗɟŬɡůŰɐɟŬɠ ŮɑɜŬɘ Űɞ əŬŰŮɝɞɢɐɜ ɛɖɢɎɜɖɛŬ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ  ůŮ əɡəɚɩɛŬŰŬ ŭŮɡŰŮɟɞɔŮɜɞɨɠ ɗɟŬɨůɖɠ.  

 

ɇɞ ˊɟɞɥɧɜ Űɞɡ ɗɟŬɡůŰɐɟŬ ŰɟɞűɞŭɞŰŮɑ, ɛŮ Űɖ ɓɞɐɗŮɘŬ ɛŮŰŬűɞɟɘəɐɠ ŰŬɘɜɑŬɠ, ŭɞɜɞɨɛŮɜɞ 

əɧůəɘɜɞ, ɛŮɔɏɗɞɡɠ ɞˊɩɜ 30 mm. ɇŬ əɧůəɘɜŬ ŬɡŰɎ ŮɑɜŬɘ ɛŬəɟɧůŰŮɜŬ əŬɘ ˊɟɞŰɘɛɩɜŰŬɘ Ŭˊɧ 

ŰŬ űŬɟŭɘɎ ɔɘŬŰɑ ŰɟɞűɞŭɞŰɞɨɜŰŬɘ əŬɚɨŰŮɟŬ (Űɞ əŬŰɎůŰɟɤɛŬ əŬɚɨˊŰŮŰŬɘ ɔɟɐɔɞɟŬ) əŬɘ 

ˊŮŰɡɢŬɑɜɞɡɜ ɡɣɖɚɧŰŮɟɖ Ŭˊɧŭɞůɖ (ɚɘɔɧŰŮɟɞ ɡˊɞɛɏɔŮɗɞɠ ůŰɞ ɡˊɧůŰɟɤɛŬ). Ⱥˊɑůɖɠ, ŰŬ 

ŭɞɜɞɨɛŮɜŬ əɧůəɘɜŬ ˊɟɞŰɘɛɩɜŰŬɘ ɚɧɔɤ Űɖɠ ɛɖɢŬɜɞɚɞɔɘəɐɠ Űɞɡɠ ŬˊɚɧŰɖŰŬɠ əŬɘ Űɖɠ 

ɛŮɔɎɚɖɠ Űɞɡɠ Ŭˊɧŭɞůɖɠ.   

  

ɇɞ ɡˊŮɟɛɏɔŮɗɞɠ Űɞɡ əɞůəɑɜɞɡ ŮˊɘůŰɟɏűŮɘ ůŰɞ ɗɟŬɡůŰɐɟŬ, ɛŮ Űɖ ɓɞɐɗŮɘŬ ɛŮŰŬűɞɟɘəɐɠ 

ŰŬɘɜɑŬɠ, ɧˊɞɡ ɡűɑůŰŬŰŬɘ ɗɟŬɨůɖ ɛŬɕɑ ɛŮ Űɖɜ Ŭɟɢɘəɐ ŰɟɞűɞŭɞůɑŬ. ȿŮɘŰɞɡɟɔŮɑ, ŭɖɚŬŭɐ, ɏɜŬ 

əɚŮɘůŰɧ əɨəɚɤɛŬ ŭŮɡŰŮɟɞɔŮɜɞɨɠ ɗɟŬɨůɖɠ. 

 

ɇɞ ɡɚɘəɧ ˊɞɡ ˊŮɟɜɎ Ŭˊɧ Űɞ əɧůəɘɜɞ (-30 mm) ɞŭɖɔŮɑŰŬɘ ɛɏůɤ ɛŮŰŬűɞɟɘəɐɠ ŰŬɘɜɑŬɠ ůŰɖ 

ŭŮɨŰŮɟɖ Ŭˊɞɗɐəɖ ɛŮŰŬɚɚŮɨɛŬŰɞɠ. ȼ ɛŮŰŬűɞɟɘəɐ ŰŬɘɜɑŬ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɛɑŬ Ůˊɘɛɐəɖ 

ɛŮŰŬɚɚɘəɐ əŬŰŬůəŮɡɐ ɖ ɞˊɞɑŬ űɏɟŮɘ ŭɨɞ ŬəɟŬɑŬ ŰɨɛˊŬɜŬ əŬɘ ɟɎɞɡɚŬ əŬŰɎ əŬɜɞɜɘəɎ 

ŭɘŬůŰɐɛŬŰŬ ůŰɞ ˊɎɜɤ əŬɘ ůŰɞ əɎŰɤ ɛɏɟɞɠ Űɖɠ. ũɨɟɤ Ŭˊɧ Űɞ ůɨůŰɖɛŬ Űɤɜ ŰɡɛˊɎɜɤɜ əŬɘ 

Űɤɜ ɟŬɞɨɚɤɜ ŰɞˊɞɗŮŰŮɑŰŬɘ ůɡɜŮɢɐɠ ŮɚŬůŰɘəɐ ŰŬɘɜɑŬ ɖ ɞˊɞɑŬ əɘɜŮɑŰŬɘ Ŭˊɧ Űɞ əɘɜɖŰɐɟɘɞ 

ŰɨɛˊŬɜɞ əŬɘ ŬˊɞŰŮɚŮɑ Űɞ ɛɏůɞ ɛŮŰŬűɞɟɎɠ. ȼ ɛŮŰŬűɞɟɘəɐ ŰŬɘɜɑŬ ŬˊɞŰŮɚŮɑ Űɞ əɨɟɘɞ ɛɏůɞ 

ɛŮŰŬűɞɟɎɠ ůŮ ɏɜŬ ŮɟɔɞůŰɎůɘɞ ŮɛˊɚɞɡŰɘůɛɞɨ, ŮɑɜŬɘ ɧɛɤɠ ŬəŬŰɎɚɚɖɚɖ ɔɘŬ ŭɘŬəɑɜɖůɖ 

ɝɖɟɩɜ ɚŮˊŰɞɛŮɟɩɜ ɡɚɘəɩɜ ɐ ˊɞɚűɩɜ. 

 

ȷˊɧ Űɖɜ Ŭˊɞɗɐəɖ Űɞ ɡɚɘəɧ ŰɟɞűɞŭɞŰŮɑŰŬɘ ůŰɞ əɨəɚɤɛŬ ɚŮɘɞŰɟɑɓɖůɖɠ. ɇɞ əɨəɚɤɛŬ 

ɚŮɘɞŰɟɑɓɖůɖɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɏɜŬ ɟŬɓŭɧɛɡɚɞ, ŭɨɞ ůűŬɘɟɧɛɡɚɞɡɠ əŬɘ ŭɨɞ əɞɢɚɘɞűɧɟɞɡɠ 

ɡŭɟɞŰŬɝɘɜɞɛɖŰɏɠ əŬɘ ɏɢŮɘ ůŬɜ ůəɞˊɧ Űɖɜ Ůɝôɞɚɞəɚɐɟɞɡ əŬŰɎŰɛɖůɖ Űɞɡ ɡɚɘəɞɨ ůŰɞ 

ŮˊɘɗɡɛɖŰɧ ɛɏɔŮɗɞɠ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŮɝŮŰɎɕŮŰŬɘ Űɞ ɛɏɔŮɗɞɠ ŬɡŰɧ ŮɑɜŬɘ -0,212 mm. 
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ɉɟɖůɘɛɞˊɞɘŮɑŰŬɘ, ɚɞɘˊɧɜ, ŭɞɜɞɨɛŮɜɞɠ ŰɟɞűɞŭɧŰɖɠ ˊɞɡ ŭɘɞɢŮŰŮɨŮɘ Űɞ ɡɚɘəɧ ůŰɞ ɟŬɓŭɧɛɡɚɞ. 

Ƀ ɟŬɓŭɧɛɡɚɞɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɏɜŬɜ Ůˊɘɛɐəɖ əɨɚɘɜŭɟɞ ˊɞɡ ˊŮɟɘůŰɟɏűŮŰŬɘ ɔɨɟɤ Ŭˊɧ Űɞɜ 

ɎɝɞɜŬ Űɞɡ. ɀɏůŬ ůŰɞɜ əɨɚɘɜŭɟɞ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ɛŮŰŬɚɚɘəɏɠ ɟɎɓŭɞɘ ɞɘ ɞˊɞɑŮɠ ŬˊɞŰŮɚɞɨɜ ŰŬ 

ɛɏůŬ əŬŰɎŰɛɖůɖɠ. Ƀ əɨɚɘɜŭɟɞɠ ɏɢŮɘ ŮɜůɤɛŬŰɤɛɏɜɞɡɠ ůŰɘɠ ɓɎůŮɘɠ Űɞɡ ŭɨɞ ɞɛɧəŮɜŰɟɞɡɠ 

Ŭɔɤɔɞɨɠ ɞɘ ɞˊɞɑɞɘ ŮŭɟɎɕɞɜŰŬɘ ˊɎɜɤ ůŮ ɘůɢɡɟɞɨɠ ŰɟɘɓŮɑɠ əɡɚɑůŮɤɠ. ȷˊɧ Űɞɜ ɏɜŬ Ŭɔɤɔɧ 

ŭɘŮɜŮɟɔŮɑŰŬɘ ɖ ŰɟɞűɞŭɞůɑŬ, Ůɜɩ Ŭˊɧ Űɞɜ Ɏɚɚɞ ŮɝɏɟɢŮŰŬɘ Űɞ ɚŮɘɞŰɟɘɓɖɛɏɜɞ ɡɚɘəɧ. 

 

ȼ ɚŮɘɞŰɟɑɓɖůɖ ŭɘŮɜŮɟɔŮɑŰŬɘ Ŭˊɧ Űɖɜ əɟɞɨůɖ, ůɡɛˊɑŮůɖ əŬɘ Űɟɘɓɐ Űɤɜ ɟɎɓŭɤɜ ɛŮ Űɞ ɡɚɘəɧ 

əŬɘ ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ůŮ ɡɔɟɧ(ɛŮ ˊɟɞůɗɐəɖ ɜŮɟɞɨ) ɐ ɝɖɟɧ ˊŮɟɘɓɎɚɚɞɜ. Ƀ ɟŬɓŭɧɛɡɚɞɠ ŮɑɜŬɘ 

ŮˊɘŭŮəŰɘəɧɠ ůŮ ɛŮŰŬɓɞɚɏɠ Űɖɠ ŰɟɞűɞŭɞůɑŬɠ. 

 

ɆŰɞ ɟŬɓŭɧɛɡɚɞ Űɞ ɡɚɘəɧ ɡűɑůŰŬŰŬɘ ɚŮɘɞŰɟɑɓɖůɖ, ɛŮ ˊɡəɜɧŰɖŰŬ ůŮ ůŰŮɟɎ əŬŰɎ ɓɎɟɞɠ 52%. 

ɇɞ ɚŮɘɞŰɟɘɓɖɛɏɜɞ ɡɚɘəɧ ɞŭɖɔŮɑŰŬɘ ůŮ ŭɨɞ ůűŬɘɟɧɛɡɚɞɡɠ ˊɞɡ ɚŮɘŰɞɡɟɔɞɨɜ ˊŬɟɎɚɚɖɚŬ. 

 

ɇɞ ůɢɐɛŬ Űɞɡ ůűŬɘɟɧɛɡɚɞɡ ŮɑɜŬɘ əɡɚɘɜŭɟɘəɧ, ŬɚɚɎ ůɡɜɐɗɤɠ ɛɘəɟɧŰŮɟɞɡ ɛɐəɞɡɠ Ŭˊɧ 

ŮəŮɑɜɞ Űɞɡ ɟŬɓŭɧɛɡɚɞɡ. ɇŬ ɡˊɧɚɞɘˊŬ ŰŮɢɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ŮɑɜŬɘ ˊŬɟɧɛɞɘŬ ɛŮ Űɞɡ 

ɟŬɓŭɧɛɡɚɞɡ. ȼ ŮɝŬɔɤɔɐ Űɞɡ ɚŮɘɞŰɟɘɓɖɛɏɜɞɡ ɡɚɘəɞɨ Ŭˊɧ Űɞ ůűŬɘɟɧɛɡɚɞ ɔɑɜŮŰŬɘ ɛɏůɤ 

ɡˊŮɟɢŮɑɚɘůɖɠ. ȺˊŮɘŭɐ ɞɘ ůűŬɑɟŮɠ ɏɢɞɡɜ ɛŮɔŬɚɨŰŮɟɖ ŮɚŮɨɗŮɟɖ ŮˊɘűɎɜŮɘŬ Ŭˊɧ Űɘɠ ɟɎɓŭɞɡɠ 

əŬɘ ŰŬ ˊɟɞɠ ɚŮɘɞŰɟɑɓɖůɖ ŰŮɛɎɢɘŬ ˊŬɟŮɛˊɞŭɑɕɞɜŰŬɘ ɚɘɔɧŰŮɟɞ əŬŰɎ Űɖɜ əŬŰɎŰɛɖůɖ Ŭˊɧ ŰŬ 

ɛŮɔŬɚɨŰŮɟŬ ŰŮɛɎɢɘŬ, ɞɘ ůűŬɘɟɧɛɡɚɞɘ ŮˊɘŰɡɔɢɎɜɞɡɜ ɛŮɔŬɚɨŰŮɟɞ ɚɧɔɞ əŬŰɎŰɛɖůɖɠ əŬɘ 

ɛŮɔŬɚɨŰŮɟɖ ˊŬɟŬɔɤɔɐ ɚŮˊŰɞɛŮɟɩɜ ŰŮɛŬɢɘŭɑɤɜ. 

 

ȼ əŬŰɎŰɛɖůɖ ŮˊɘŰɡɔɢɎɜŮŰŬɘ Ŭˊɧ Űɖɜ əŬŰŬɟɟŬəŰɩŭɖ ˊŰɩůɖ Űɤɜ ůűŬɘɟɩɜ ˊɎɜɤ ůŰŬ 

ŰŮɛɎɢɘŬ(əɟɞɨůɖ) əŬɘ Ŭˊɧ Űɖɜ Űɟɘɓɐ ɛŮŰŬɝɨ ůűŬɘɟɩɜ-ŰŮɛŬɢɘŭɑɤɜ əŬɘ Űɖɠ ɗɤɟɎəɘůɖɠ Űɞɡ 

ɛɨɚɞɡ. ɇɞ ɛɏɔŮɗɞɠ Űɤɜ ůűŬɘɟɩɜ ŮɑɜŬɘ ŬɜɎɚɞɔɞ Űɞɡ ɛŮɔɏɗɞɡɠ Űɤɜ ŰŮɛŬɢɑɤɜ Űɖɠ 

ŰɟɞűɞŭɞůɑŬɠ.  

 

Ƀɘ ůűŬɘɟɧɛɡɚɞɘ, ɧˊɤɠ əŬɘ ɞɘ ɟŬɓŭɧɛɡɚɞɘ, ɚŮɘŰɞɡɟɔɞɨɜ ŮɑŰŮ ůŮ ɡɔɟɧ, ŮɑŰŮ ůŮ ɝɖɟɧ 

ˊŮɟɘɓɎɚɚɞɜ. ɇɞ űɞɟŰɑɞ Űɤɜ ůűŬɘɟɩɜ əŬŰŬɚŬɛɓɎɜŮɘ ůɡɜɐɗɤɠ Űɞ 40-50% Űɞɡ ɧɔəɞɡ Űɞɡ 

ɛɨɚɞɡ (Űɞ ɑŭɘɞ ɘůɢɨŮɘ əŬɘ ɔɘŬ Űɞɡɠ ɟŬɓŭɧɛɡɚɞɡɠ). ɇɞ ɚŮɘɞŰɟɘɓɖɛɏɜɞ ɡɚɘəɧ ɞŭɖɔŮɑŰŬɘ ůŮ 

ŭɨɞ əɞɢɚɘɞűɧɟɞɡɠ ɡŭɟɞŰŬɝɘɜɞɛɖŰɏɠ ˊɞɡ ɚŮɘŰɞɡɟɔɞɨɜ ˊŬɟɎɚɚɖɚŬ. 
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Ƀ əɞɢɚɘɞűɧɟɞɠ ɡŭɟɞŰŬɝɘɜɞɛɖŰɐɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɛɑŬ Ůˊɘɛɐəɖ ůəɎűɖ ˊŮɟɑˊɞɡ 

ɖɛɘəɡəɚɘəɐɠ ŭɘŬŰɞɛɐɠ, ɖ ɞˊɞɑŬ űɏɟŮɘ ɛɏůŬ Űɖɠ ɏɜŬɜ əɞɢɚɑŬ. ȼ ůəɎűɖ ŰɞˊɞɗŮŰŮɑŰŬɘ ɡˊɧ 

əɚɑůɖ, ɖ ɞˊɞɑŬ ɟɡɗɛɑɕŮɘ əŬɘ Űɖɜ ŮˊɘűɎɜŮɘŬ ɡˊŮɟɢŮɑɚɘůɖɠ əŬɘ ŰɟɞűɞŭɞŰŮɑŰŬɘ ˊŮɟɑˊɞɡ ůŰɞ 

ˊɑůɤ ɛɏɟɞɠ Űɖɠ ŮˊɘűɎɜŮɘŬɠ ɡˊŮɟɢŮɑɚɘůɖɠ. 

 

Ƀ ˊɞɚűɧɠ ŮɘůɏɟɢŮŰŬɘ ůŰɖ ůəɎűɖ əŬɘ ŰŬɝɘɜɞɛŮɑŰŬɘ əŬŰɎ ɛŮɔɏɗɖ. ɇŬ ɛŮɔŬɚɨŰŮɟŬ  ŰŮɛɎɢɘŬ 

əŬŰŬɓɡɗɑɕɞɜŰŬɘ, Ůɜɩ ŰŬ ɛɘəɟɧŰŮɟŬ ˊŬɟŬůɨɟɞɜŰŬɘ Ŭˊɧ Űɞ ɟŮɨɛŬ ɡˊŮɟɢŮɑɚɘůɖɠ əŬɘ Ůəɟɏɞɡɜ 

Ŭˊɧ Űɞɜ ɡŭɟɞŰŬɝɘɜɞɛɖŰɐ. ɇŬ əŬŰŬɓɡɗɘůɛɏɜŬ ŰŮɛɎɢɘŬ ˊŬɟŬɚŬɛɓɎɜɞɜŰŬɘ Ŭˊɧ ŰŬ 

ˊŮɟɘůŰɟŮűɧɛŮɜŬ ˊŰŮɟɨɔɘŬ, ŰŬ ɞˊɞɑŬ ůɢɖɛŬŰɑɕɞɡɜ ŭɘɎŰŬɝɖ ɛɞɟűɐɠ əɞɢɚɑŬ. ɀŮŰɎ,  

ɤɗɞɨɜŰŬɘ ůɡɜŮɢɩɠ ˊɟɞɠ ŰŬ ˊɎɜɤ, ŮɝɏɟɢɞɜŰŬɘ Ŭˊɧ Űɞ ɜŮɟɧ, ɡűɑůŰŬɜŰŬɘ ɛŮɟɘəɐ ŬűɡŭɎŰɤůɖ 

əŬɘ ůŰɖɜ Ŭˊɞəɏɜɤůɖ ˊŬɟŬɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧ Űɖ ɛɞɟűɐ Ŭɛɛɩŭɞɡɠ ɡɚɘəɞɨ. 

 

ɇɞ ɛɏɔŮɗɞɠ Űɞɡ əɞɢɚɘɞűɧɟɞɡ ɡŭɟɞŰŬɝɘɜɞɛɖŰɐ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ Űɖ ŭɘɎɛŮŰɟɞ Űɞɡ 

Ű́Ůɟɡɔɑɞɡ Űɖɠ ůˊŮɑɟŬɠ əŬɘ ɞ Űɨˊɞɠ Űɞɡ Ŭˊɧ Űɞ ɨɣɞɠ Űɖɠ ɚŮəɎɜɖɠ ɡˊŮɟɢŮɑɚɘůɖɠ əŬɘ Űɖ 

ŭɘŬˊɚɎŰɡɜůɖ. ɇɞ ŮˊɘɗɡɛɖŰɧ ɛɏɔŮɗɞɠ ŰŬɝɘɜɧɛɖůɖɠ Űɖɠ ŰɟɞűɞŭɞůɑŬɠ əŬɗɞɟɑɕŮŰŬɘ Ŭˊɧ Űɖɜ 

ˊɞůɧŰɖŰŬ Űɞɡ ŮɘůŮɟɢɧɛŮɜɞɡ ˊɞɚűɞɨ, Űɞ ˊɞůɞůŰɧ ůŰŮɟŮɩɜ ŰŮɛŬɢɑɤɜ əŬɘ Űɖɜ əɚɑůɖ Űɞɡ 

ɡŭɟɞŰŬɝɘɜɞɛɖŰɐ. 

 

ȼ Ŭˊɞəɏɜɤůɖ Űɤɜ ɡŭɟɞŰŬɝɘɜɞɛɖŰɩɜ ŬɜŬəɡəɚɩɜŮŰŬɘ ůŰɞɡɠ ůűŬɘɟɧɛɡɚɞɡɠ ɔɘŬ ŮˊŬɜŬ-

ɚŮɘɞŰɟɑɓɖůɖ. ȹɖɛɘɞɡɟɔŮɑŰŬɘ, ŭɖɚŬŭɐ, ɏɜŬ əɚŮɘůŰɧ əɨəɚɤɛŬ ɚŮɘɞŰɟɑɓɖůɖɠ. 

 

Ƀɘ ˊŬɟŬˊɎɜɤ ŭɘŮɟɔŬůɑŮɠ ɛŮɑɤůɖɠ Űɞɡ ɛŮɔɏɗɞɡɠ Űɞɡ ɡɚɘəɞɨ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰŮɠ Ŭűɞɨ ɖ 

ɛɏɗɞŭɞɠ ŮɛˊɚɞɡŰɘůɛɞɨ ˊɞɡ ŮűŬɟɛɧɕŮŰŬɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ ɛɘəŰɞɨ ɗŮɘɞɨɢɞɡ 

ɛŮŰŬɚɚŮɨɛŬŰɞɠ ŮɑɜŬɘ ɖ ŭɘŬűɞɟɘəɐ ŮˊɑˊɚŮɡůɖ, ɖ ɞˊɞɑŬ ŬˊŬɘŰŮɑ ɛɘəɟɧ ɛɏɔŮɗɞɠ ŰŮɛŬɢɘŭɑɤɜ. 

 

ȼ ɡˊŮɟɢŮɑɚɘůɖ Űɞɡ ɡŭɟɞŰŬɝɘɜɞɛɖŰɐ ɛŮ ɡɚɘəɧ ɛŮɔɏɗɞɡɠ -0,212 mm əŬɘ ˊɡəɜɧŰɖŰŬ 30% ůŮ 

ůŰŮɟŮɎ əŬŰŬɚɐɔŮɘ ůŮ ŭŮɝŬɛŮɜɐ ɧˊoɡ əŬɘ ŬɟŬɘɩɜŮŰŬɘ ɛɏɢɟɘ ɖ ˊɡəɜɧŰɖŰŬ ɜŬ ɔɑɜŮɘ 25% ůŮ 

ůŰŮɟŮɎ. Ⱥɜ ůɡɜŮɢŮɑŬ, ɞ ˊɞɚűɧɠ ɞŭɖɔŮɑŰŬɘ ůŰɞɜ ˊɟɞɞŭɞˊɞɘɖŰɐ Űɞɡ ɔŬɚɖɜɑŰɖ. 

 

Ƀ ˊɟɞɞŭɞˊɞɘɖŰɐɠ ŬˊɞŰŮɚŮɑ ɏɜŬ ɛɖɢɎɜɖɛŬ ŬɜɎŭŮɡůɖɠ ɛɏůŬ ůŰɞ ɞˊɞɑɞ Űɞ ɡɚɘəɧ 

ˊɟɞŮŰɞɘɛɎɕŮŰŬɘ ɔɘŬ Űɖɜ ŮˊɑˊɚŮɡůɖ ˊɞɡ ɗŬ ŬəɞɚɞɡɗɐůŮɘ. ɆŰɞɜ ˊɟɞɞŭɞˊɞɘɖŰɐ ˊɟɞůŰɑɗŮɜŰŬɘ 

ŰŬ ŬˊŬɟŬɑŰɖŰŬ ŬɜŰɘŭɟŬůŰɐɟɘŬ ɔɘŬ Űɖɜ ŮˊɑˊɚŮɡůɖ 
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ɇŬ ŬɜŰɘŭɟŬůŰɐɟɘŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ, ɞ ŭɟɎůɖ Űɞɡ əŬɗŮɜɧɠ əŬɘ Űɞ ůɖɛŮɑɞ ůŰɞ ɞˊɞɑɞ 

ˊɟɞůŰɑɗŮɜŰŬɘ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞɜ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ: 

 

Ʉɘɜ. 4.1 ɉɖɛɘəɎ ŬɜŰɘŭɟŬůŰɐɟɘŬ 

ȷɁɇȽȹɅȷɆɇȼɅȽɃ ȹɅȷɆȼ ɆȼɀȺȽɃ 

ɄɅɃɆŪȼȾȼɆ 

Dow-Froth 250 ȷűɟɘůɛɧɠ ŮɜŰɧɠ Űɤɜ 

əɡɣŮɚɩɜ 

ɆŮ ɧɚŮɠ Űɘɠ əɡɣɏɚŮɠ, ɧŰŬɜ 

əɟɑɜŮŰŬɘ ŬˊŬɟŬɑŰɖŰɞ 

ŪŮɘɥəɧɠ ɉŬɚəɧɠ 

(CuSO4.5H2O) 

ȺɜŮɟɔɞˊɞɑɖůɖ Űɖɠ 

ŬɜŰɑŭɟŬůɖɠ ZnS ɛŮ ŰŬ 

ɝŬɜɗɞɔɞɜɘəɎ (ɂŬɜɗɎŰɖ ) 

ȾɨəɚɤɛŬ ŮˊɑˊɚŮɡůɖɠ 

ZnS 

ɈŭɟɎůɓŮůŰɞɠ (Ca(OH)2) ȷɨɝɖůɖ pH Ⱦɡɟɑɤɠ ůŰɞ əɨəɚɤɛŬ 

ZnS 

ȾɡŬɜɘɞɨɢɞ ɁɎŰɟɘɞ 

(NaCN) 

ȾŬŰŬɓɨɗɘůɖ ZnS ɆŰɞ əɨəɚɤɛŬ PbS 

ɂŬɜɗɎŰɖ (ɘůoˊɟɞˊɡɚɘəɧ 

ɝŬɜɗɞɔɞɜɘəɧ ɎɚŬɠ Űɞɡ 

Na) [(CH3)2CHOCSSNa] 

ɆɡɚɚɏəŰɖɠ 

(SIPX) 

ȾŬɘ ůŰŬ ŭɨɞ əɡəɚɩɛŬŰŬ 

 

 

 

Ⱥɘə. 4.1 ɀɧɟɘɞ Dow-Froth 250 
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Ⱥɘə. 4.2 ɀɧɟɘɞ CuSO4.5H2O 

 

 

Ⱥɘə. 4.3 ɀɧɟɘɞ Ca(OH)2 
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Ⱥɘə. 4.4 ɀɧɟɘɞ NaCN 

 

 

Ⱥɘə. 4.5 ɀɧɟɘɞ ůɡɚɚɏəŰɖ (CH3)2CHOCSSNa ɐ SIPX 

 

 

 

Ƀ ˊɟɞɞŭɞˊɞɘɖɛɏɜɞɠ ˊɞɚűɧɠ ɞŭɖɔŮɑŰŬɘ ůŰɘɠ əɡɣɏɚŮɠ ŮˊɑˊɚŮɡůɖɠ, ŬɟɢɘəɎ ůŰɞ əɨəɚɤɛŬ 

ɢɞɜŭɟɞŮɘŭɞɨɠ ŭɘŬɢɤɟɘůɛɞɨ Űɞɡ ɔŬɚɖɜɑŰɖ. ȺəŮɑ, ŭɖɛɘɞɡɟɔŮɑŰŬɘ Ŭűɟɧɠ ɛŮ ɛɖɢŬɜɘəɐ 

ŬɜɎŭŮɡůɖ Űɞɡ ˊɞɚűɞɨ əŬɘ ɛŮ Űɖɜ ˊɟɞůɗɐəɖ ŬűɟɘůŰɘəɩɜ. 
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ũŮɜɘəɎ, əŬŰɎ Űɖɜ ŮˊɑˊɚŮɡůɖ ŰŬ ŰŮɛŬɢɑŭɘŬ Űɞɡ ɛŮŰŬɚɚŮɨɛŬŰɞɠ ˊɞɡ ŬˊɏəŰɖůŬɜ ɡŭɟɧűɞɓɖ 

ŮˊɘűɎɜŮɘŬ ɐ ŮˊɘˊɚŮɡůɘɛɧŰɖŰŬ, ɧŰŬɜ ɏɟɗɞɡɜ ůŮ ŮˊŬűɐ ɛŮ Űɘɠ ŬɜŮɟɢɧɛŮɜŮɠ űɡůŬɚɑŭŮɠ 

ˊɟɞůəɞɚɚɩɜŰŬɘ ůŮ ŬɡŰɏɠ əŬɘ, ɛŮŰŬűŮɟɧɛŮɜŬ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ɜŮɟɞɨ, ŭɘŬɢɤɟɑɕɞɜŰŬɘ Ŭˊɧ 

ŰŬ ɡˊɧɚɞɘˊŬ. ɆŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ɜŮɟɞɨ ůɢɖɛŬŰɑɕɞɡɜ ɏɜŬ ůŰɟɩɛŬ Ŭűɟɞɨ űɞɟŰɘůɛɏɜɞ ɛŮ 

ŰŮɛŬɢɑŭɘŬ, Űɞ ɞˊɞɑɞ ŬˊɞɛŬəɟɨɜŮŰŬɘ ɛŮ ŰŮɢɜɘəɎ ɛɏůŬ (ˊŮɟɘůŰɟŮűɧɛŮɜɖ ˊŰŮɟɤŰɐ). Ƀ Ŭűɟɧɠ 

ɛŮ ŰŬ ŰŮɛŬɢɑŭɘŬ (ůɡɛˊɨəɜɤɛŬ) ɡˊŮɟɢŮɘɚɑɕŮɘ Ŭˊɧ Űɘɠ əɡɣɏɚŮɠ əŬɘ ůɡɚɚɏɔŮŰŬɘ ɛɏůŬ ůŮ 

ɚɞɨəɘŬ. ȷˊɧ ŮəŮɑ ɛŮŰŬűɏɟŮŰŬɘ ɛŮ ůɤɚɐɜŮɠ ɐ ŬɜŰɚɑŮɠ. 

 

 

ɆŰɘɠ əɡɣɏɚŮɠ ɢɞɜŭɟɞŮɘŭɞɨɠ ŭɘŬɢɤɟɘůɛɞɨ Űɞɡ ɔŬɚɖɜɑŰɖ ŬˊɞɛŬəɟɨɜŮŰŬɘ ɛŮ Űɞɜ Ŭűɟɧ ɏɜŬ 

ˊɞůɞůŰɧ Űɞɡ ɔŬɚɖɜɑŰɖ. ȾɟɑɗɖəŮ ůəɧˊɘɛɞ ɜŬ ŬəɞɚɞɡɗɐůŮɘ əŬɘ ˊŮɟŬɘŰɏɟɤ ŭɘŬɢɤɟɘůɛɧɠ 

(əŬɗŬɟɧɠ) ůŮ ɝŮɢɤɟɘůŰɧ əɨəɚɤɛŬ ŮˊɑˊɚŮɡůɖɠ ɩůŰŮ Űɞ ŰŮɚɘəɧ ˊɟɞɥɧɜ ɜŬ ŮɑɜŬɘ ɡɣɖɚɧŰŮɟɖɠ 

əŬɗŬɟɧŰɖŰŬɠ. Ⱥˊɞɛɏɜɤɠ, ɞ Ŭűɟɧɠ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɞ ɢɞɜŭɟɞŮɘŭɐ ŭɘŬɢɤɟɘůɛɧ ɞŭɖɔŮɑŰŬɘ 

ůŰɘɠ əɡɣɏɚŮɠ Űɞɡ əŬɗŬɟɞɨ ŭɘŬɢɤɟɘůɛɞɨ. 

 

ɇɞ ŬˊɧɟɟɘɛɛŬ Űɞɡ ɢɞɜŭɟɞŮɘŭɞɨɠ ŭɘŬɢɤɟɘůɛɞɨ Űɞɡ ɔŬɚɖɜɑŰɖ ɞŭɖɔŮɑŰŬɘ ůŰɞɜ ˊɟɞɞŭɞˊɞɘɖŰɐ 

Űɞɡ ůűŬɚŮɟɑŰɖ. ȺəŮɑ, ˊɟɞůŰɑɗŮɜŰŬɘ ŰŬ ŬˊŬɟŬɑŰɖŰŬ ŬɜŰɘŭɟŬůŰɐɟɘŬ əŬɘ Űɞ ɡɚɘəɧ 

ˊɟɞŮŰɞɘɛɎɕŮŰŬɘ ɔɘŬ Űɖɜ ŮˊɑˊɚŮɡůɖ Űɞɡ ůűŬɚŮɟɑŰɖ ˊɞɡ ŬəɞɚɞɡɗŮɑ. Ⱥˊɘˊɚɏɞɜ, Űɞ ŬˊɧɟɟɘɛŬ 

Űɞɡ əŬɗŬɟɞɨ ŭɘŬɢɤɟɘůɛɞɨ ŮˊŬɜŬəɡəɚɞűɞɟŮɑ əŬɘ ŰɟɞűɞŭɞŰŮɑŰŬɘ ůŰɘɠ əɡɣɏɚŮɠ 

ɢɞɜŭɟɞŮɘŭɞɨɠ ŭɘŬɢɤɟɘůɛɞɨ.  

 

ȼ ŮˊɑˊɚŮɡůɖ Űɞɡ ůűŬɚŮɟɑŰɖ ɔɑɜŮŰŬɘ, ɧˊɤɠ əŬɘ Űɞɡ ɔŬɚɖɜɑŰɖ, ůŮ ŭɨɞ ůŰɎŭɘŬ (ɢɞɜŭɟɞŮɘŭɐɠ 

əŬɘ əŬɗŬɟɧɠ ŭɘŬɢɤɟɘůɛɧɠ) ɔɘŬ ɜŬ ŮˊɘŰŮɡɢɗŮɑ əŬɚɨŰŮɟɞ ŰŮɚɘəɧ ˊɟɞɥɧɜ. 

 

ɇɞ ůɡɛˊɨəɜɤɛŬ Ŭˊɧ Űɞɜ əŬɗŬɟɧ ŭɘŬɢɤɟɘůɛɧ Űɞɡ ɔŬɚɖɜɑŰɖ əŬɘ Űɞ ůɡɛˊɨəɜɤɛŬ Ŭˊɧ Űɞɜ 

əŬɗŬɟɧ ŭɘŬɢɤɟɘůɛɧ Űɞɡ ůűŬɚŮɟɑŰɖ ɞŭɖɔɞɨɜŰŬɘ ůŮ ˊɡəɜɤŰɏɠ. Ƀ ˊɡəɜɤŰɐɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 

ɛɑŬ əɡɚɘɜŭɟɘəɐ ŭŮɝŬɛŮɜɐ ɛŮɔɎɚɖɠ ŭɘŬɛɏŰɟɞɡ əŬŰŬůəŮɡŬůɛɏɜɖ Ŭˊɧ ɞˊɚɘůɛɏɜɞ ůəɡɟɧŭŮɛŬ. 

Ƀ ˊɡɗɛɏɜŬɠ Űɖɠ ŭŮɝŬɛŮɜɐɠ ůɢɖɛŬŰɑɕŮɘ ŬɓŬɗɐ əɩɜɞ, Ůɜɩ Űɞ ɢŮɑɚɞɠ űɏɟŮɘ ˊŮɟɘűŮɟŮɘŬəɧ 

ɞɢŮŰɧ ɚɐɣɖɠ Űɖɠ ɡˊŮɟɢŮɑɚɘůɖɠ. ȼ ŰɟɞűɞŭɞůɑŬ Űɞɡ ˊɞɚűɞɨ ɔɑɜŮŰŬɘ ůŰɞ əɏɜŰɟɞ Űɖɠ 

ŭŮɝŬɛŮɜɐɠ. ɇŬ ůŰŮɟŮɎ ŰŮɛŬɢɑŭɘŬ əŬŰŬɓɡɗɑɕɞɜŰŬɘ əŬɘ ůɢɖɛŬŰɑɕɞɡɜ ůŰɞɜ ˊɡɗɛɏɜŬ ˊɡəɜɧ 

ˊɞɚűɧ, Ůɜɩ Ŭˊɧ Űɖɜ ɡˊŮɟɢŮɑɚɘůɖ ŮəɟɏŮɘ ɜŮɟɧ ˊɞɡ ŮˊɘůŰɟɏűŮɘ ůŰɞ ŮɟɔɞůŰɎůɘɞ. 

ɀŮŰɎ Űɖɜ ˊɨəɜɤůɖ ɞ ˊɞɚűɧɠ ɏɢŮɘ ˊɡəɜɧŰɖŰŬ ůŮ ůŰŮɟŮɎ ˊŮɟɑˊɞɡ 50%. ȷəɞɚɞɡɗŮɑ 

ˊŮɟŬɘŰɏɟɤ ŬűɡŭɎŰɤůɖ ůŮ ŭɘůəɞűɧɟɞ ŭɘɖɗɖŰɐɟŬ, ɧˊɞɡ Űɞ ɡɚɘəɧ ɛŮŰŬűɏɟŮŰŬɘ Ŭˊɧ Űɞɜ 

ˊɡəɜɤŰɐ ɛŮ ŬɜŰɚɑŬ ŭɘŬűɟɎɔɛŬŰɞɠ. 
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ũɘŬ Űɖ ŭɘɐɗɖůɖ, ɧˊɤɠ ŬɜŬűɏɟɗɖəŮ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ŭɘůəɞűɧɟɞɠ ŭɘɖɗɖŰɐɟŬɠ. ȷˊɞŰŮɚŮɑŰŬɘ 

Ŭˊɧ ŭɑůəɞɡɠ ɞɘ ɞˊɞɑɞɘ ˊŮɟɘůŰɟɏűɞɜŰŬɘ ɛɏůŬ ůŮ ɛɑŬ ůəɎűɖ. ȼ ŮɝɤŰŮɟɘəɐ ŮˊɘűɎɜŮɘŬ Űɞɡ 

əɎɗŮ ŭɑůəɞɡ ŮɑɜŬɘ ŭɘɎŰɟɖŰɖ əŬɘ əŬɚɨˊŰŮŰŬɘ Ŭˊɧ ɨűŬůɛŬ ŭɘɖɗɐůŮɤɠ. ȾŬŰɎ Űɖɜ ˊŮɟɘůŰɟɞűɐ 

Űɞɡ ŭɑůəɞɡ, ůŰɞ ɓɡɗɘůɛɏɜɞ ɛɏůŬ ůŰɞɜ ˊɞɚűɧ ŰɛɐɛŬ ŭɘŮɜŮɟɔŮɑŰŬɘ ŬɜŬɟɟɧűɖůɖ, Ůˊɘəɧɚɚɖůɖ 

Űɤɜ ŰŮɛŬɢɘŭɑɤɜ ůŰɞ ɨűŬůɛŬ əŬɘ ůɢɖɛŬŰɘůɛɧɠ Ůɜɧɠ ůŰɟɩɛŬŰɞɠ Ŭˊɧ ŬɡŰɎ. ɇɞ ůŰɟɩɛŬ 

ŰŮɛŬɢɘŭɑɤɜ ŬˊɞɛŬəɟɨɜŮŰŬɘ ɛŮ ŬˊɧɝŮůɖ Ŭˊɧ Űɞ ɨűŬůɛŬ ɧŰŬɜ Űɞ ŰɛɐɛŬ ŬɡŰɧ Űɞɡ ŭɑůəɞɡ 

ɓɟɑůəŮŰŬɘ ŮəŰɧɠ ˊɞɚűɞɨ. ɇɞ ɜŮɟɧ ŮˊɘůŰɟɏűŮɘ ůŰɞ ŮɟɔɞůŰɎůɘɞ. 

 

ȷˊɧ Űɞɡɠ ŭɘůəɞűɧɟɞɡɠ ŭɘɖɗɖŰɐɟŮɠ ŰŬ ůɡɛˊɡəɜɩɛŬŰŬ ɔŬɚɖɜɑŰɖ əŬɘ ůűŬɚŮɟɑŰɖ ɞŭɖɔɞɨɜŰŬɘ 

ůŰɘɠ ŬɜŰɑůŰɞɘɢŮɠ ˊɚŬŰŮɑŮɠ ŬˊɞɗɐəŮɡůɖɠ ɛɏɢɟɘ Űɖɜ ŰŮɚɘəɐ Űɞɡɠ ŭɘɎɗŮůɖ.   

 

ɇɞ ŰŮɚɘəɧ ŬˊɧɟɟɘɛɛŬ(ŰɏɚɛŬ) Űɖɠ ŮˊɑˊɚŮɡůɖɠ ɞŭɖɔŮɑŰŬɘ ůŮ ŭɨɞ ˊɡəɜɤŰɏɠ ˊɞɡ ɚŮɘŰɞɡɟɔɞɨɜ 

ˊŬɟɎɚɚɖɚŬ. ɀŮŰɎ Űɖɜ ˊɨəɜɤůɐ Űɞɡ Űɞ ŰŮɚɘəɧ ŬˊɧɟɟɘɛɛŬ ɞŭɖɔŮɑŰŬɘ ɛŮ űɞɟŰɖɔɎ 

ŬɡŰɞəɑɜɖŰŬ ůŮ űɟɎɔɛŬ ŬˊɧɗŮůɖɠ. ɆŰɖɜ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɞɡ űɟɎɔɛŬŰɞɠ 

ŭŮɜ ɐŰŬɜ ŭɡɜŬŰɧɠ Ůűôɧůɞɜ ŭŮɜ ŮɑɜŬɘ ɔɜɤůŰɐ ɖ ɛɞɟűɞɚɞɔɑŬ Űɞɡ ŮŭɎűɞɡɠ Űɖɠ ˊŮɟɘɞɢɐɠ. 

ũŮɜɘəɎ, ůŰɖɜ əŬŰŬůəŮɡɐ Ůɜɧɠ űɟɎɔɛŬŰɞɠ ˊɟɏˊŮɘ ɜŬ ɚɖűɗŮɑ ɛɏɟɘɛɜŬ ɩůŰŮ ɖ ɢɤɟɖŰɘəɧŰɖŰŬ 

Űɞɡ ɜŬ əŬɚɨˊŰŮɘ Űɞ ŮɟɔɞůŰɎůɘɞ ɔɘŬ ŬɟəŮŰɧ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ.  

 

ɄŬɟŬəɎŰɤ ŬˊŮɘəɞɜɑɕŮŰŬɘ Űɞ ŭɘɎɔɟŬɛɛŬ ɟɞɐɠ Űɞɡ ɡˊɧ ɛŮɚɏŰɖ ŮɟɔɞůŰŬůɑɞɡ, Űɞ ɞˊɞɑɞ 

əŬŰŬůəŮɡɎůŰɖəŮ ɛŮ ɢɟɐůɖ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ MODSIMÈ v.3.6.14 . 
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ȾȺūȷȿȷȽɃ 5 

ɈɄɃȿɃũȽɆɀɃɆ ɀȼɉȷɁȼɀȷɇɋɁ 

ȺɅũɃɆɇȷɆȽɃɈ 
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5. ɈɄɃȿɃũȽɆɀɃɆ ɀȼɉȷɁȼɀȷɇɋɁ ȺɅũɃɆɇȷɆȽɃɈ 

 

ȷˊɧ Űɞ ŭɘɎɔɟŬɛɛŬ ɟɞɐɠ, Űɖɜ ŬˊŬɑŰɖůɖ Űɖɠ ŭɡɜŬɛɘəɧŰɖŰŬɠ Űɞɡ ŮɟɔɞůŰŬůɑɞɡ ɔɘŬ 

ŮɛˊɚɞɡŰɘůɛɧ 1.200 Űɧɜɤɜ ɛŮŰŬɚɚŮɨɛŬŰɞɠ Űɖɜ ɖɛɏɟŬ əŬɘ Űɖɜ ˊɟɞɦˊɧɗŮůɖ ɧŰɘ Űɞ 

ŮɟɔɞůŰɎůɘɞ ɗŬ ɚŮɘŰɞɡɟɔŮɑ ůŮ ŰɟŮɘɠ ɓɎɟŭɘŮɠ, ɡˊɞɚɞɔɑůŰɖəŬɜ ŰŬ ŭɘɎűɞɟŬ əɡəɚɩɛŬŰŬ 

ɗɟŬɨůɖɠ, əɞůəɑɜɘůɖɠ, ɚŮɘɞŰɟɑɓɖůɖɠ əŬɘ ŮɛˊɚɞɡŰɘůɛɞɨ. 

ȷˊɧ Űɞ ŭɘɎɔɟŬɛɛŬ ɟɞɐɠ əŬɘ ŰŬ ŬɜŬűŮɟɧɛŮɜŬ ůŰɞɘɢŮɑŬ ɡˊɞɚɞɔɑůŰɖəŬɜ ŰŬ ɛɖɢŬɜɐɛŬŰŬ 

ŮɛˊɚɞɡŰɘůɛɞɨ. Ƀ ɡˊɞɚɞɔɘůɛɧɠ ɏɔɘɜŮ Ŭˊɧ ŬɜŰɑůŰɞɘɢɞɡɠ ˊɑɜŬəŮɠ Űɤɜ əŬŰŬůəŮɡŬůŰɩɜ ɐ Ŭˊɧ 

ŬˊôŮɡɗŮɑŬɠ ɡˊɞɚɞɔɘůɛɧ. 
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5.1 ɈɄɃȿɃũȽɆɀɃɆ ȷɄɃŪȼȾɋɁ 

 

5.1.1 ɄɅɋɇȼ ȷɄɃŪȼȾȼ 

ɆŰɖɜ Ŭˊɞɗɐəɖ ŬɡŰɐ ŬˊɞɗɖəŮɨŮŰŬɘ Űɞ ɛŮŰɎɚɚŮɡɛŬ ˊɞɡ ŰɟɞűɞŭɞŰŮɑ Űɞ əɨəɚɤɛŬ 

ˊɟɤŰɞɔŮɜɞɨɠ ɗɟŬɨůɖɠ. ȼ Ŭˊɞɗɐəɖ ŬɡŰɐ ɗŬ ˊɟɏˊŮɘ ɜŬ əŬɚɨˊŰŮɘ Űɘɠ ŬɜɎɔəŮɠ ˊŬɟŬɔɤɔɐɠ ɔɘŬ 

ŰɞɡɚɎɢɘůŰɞɜ 4 h ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ŮɟɔɞůŰŬůɑɞɡ. Ⱥűôɧůɞɜ ɖ ŰɟɞűɞŭɞůɑŬ Űɞɡ ŮɟɔɞůŰŬůɑɞɡ 

ŮɑɜŬɘ 50 t/h əŬɘ Űɞ űŬɘɜɧɛŮɜɞ Ůɘŭɘəɧ ɓɎɟɞɠ Űɞɡ ɛŮŰŬɚɚŮɨɛŬŰɞɠ ŮɑɜŬɘ ˊŮɟɑˊɞɡ 2 t/m
3
, ɞ 

ɧɔəɞɠ Űɖɠ Ŭˊɞɗɐəɖɠ ɗŬ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ 4*50/2=100 m
3
. Ƀ ɧɔəɞɠ Űɖɠ Ŭˊɞɗɐəɖɠ 

ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ Űɞɜ ɧɔəɞ Űɞɡ ˊŬɟŬɚɚɖɚŮˊɘˊɏŭɞɡ əŬɘ Űɞɜ ɧɔəɞ Űɖɠ ˊɡɟŬɛɑŭŬɠ. ɇɞ ɨɣɞɠ 

Űɞɡ ˊŬɟŬɚɚɖɚŮˊɘˊɏŭɞɡ ŮɑɜŬɘ 5m, Űɞ ˊɚɎŰɞɠ Űɞɡ 4 m əŬɘ Űɞ ɛɐəɞɠ Űɞɡ Ůˊɑůɖɠ 4m. ȯɟŬ, ɞ 

ɧɔəɞɠ Űɞɡ ŮɑɜŬɘ V1=4*4*5=80 m
3
. Ƀ ɧɔəɞɠ Űɖɠ ˊɡɟŬɛɑŭŬɠ ŮɑɜŬɘ V2=4*4*4*(1/3)=21,3 m

3
, 

ɧˊɞɡ Űɞ ɨɣɞɠ Űɖɠ ŮɑɜŬɘ 4m. ɆɡɜŮˊɩɠ, ůɡɜɞɚɘəɎ ɞ ɧɔəɞɠ Űɖɠ Ŭˊɞɗɐəɖɠ ŮɑɜŬɘ 

V=V1+V2=101,3 m
3
. ɇɞ ɎɜɞɘɔɛŬ Űɖɠ ŰɟɞűɞŭɞůɑŬɠ ŮɑɜŬɘ 750*750 mm Ŭűɞɨ Űɞ ɛŮɔŬɚɨŰŮɟɞ 

əɞɛɛɎŰɘ ɛŮŰŬɚɚŮɨɛŬŰɞɠ ŮɑɜŬɘ 500 mm. 

 

5.1.2 ȹȺɈɇȺɅȼ ȷɄɃŪȼȾȼ 

ȼ Ŭˊɞɗɐəɖ ŬɡŰɐ ŭɏɢŮŰŬɘ Űɞ ŰŬɝɘɜɞɛɖɛɏɜɞ ɛŮŰɎɚɚŮɡɛŬ Ŭˊɧ Űɞ əɧůəɘɜɞ əŬɘ Űɞ ŬˊɞɗɖəŮɨŮɘ 

ɔɘŬ Űɘɠ ŬɜɎɔəŮɠ Űɞɡ əɡəɚɩɛŬŰɞɠ ɚŮɘɞŰɟɑɓɖůɖɠ. ȼ ŭŮɨŰŮɟɖ Ŭˊɞɗɐəɖ ɗŬ ŮɑɜŬɘ ˊŬɜɞɛɞɘɧŰɡˊɖ 

ɛŮ Űɖɜ ˊɟɩŰɖ, ŭɖɚŬŭɐ ɗŬ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɏɜŬ ˊŬɟŬɚɚɖɚŮˊɑˊŮŭɞ 4*4*5 əŬɘ ɛɑŬ ˊɡɟŬɛɑŭŬ 

4*4 ɛŮ ɨɣɞɠ 4 m əŬɘ ɞ ɧɔəɞɠ Űɖɠ ɗŬ ŮɑɜŬɘ 101,3 m
3
.  

 

5.1.3 ȷɄɃŪȼȾȺɆ ɆɈɀɄɈȾɁɋɀȷɇɋɁ 

ɇŬ ůɡɛˊɡəɜɩɛŬŰŬ ɗŬ ŬˊɞɗɖəŮɨɞɜŰŬɘ ɛɏɢɟɘ Űɖɜ ŰŮɚɘəɐ Űɞɡɠ ŭɘɎɗŮůɖ ůŮ ůŰŮɔŬůɛɏɜŮɠ 

ˊɚŬŰŮɑŮɠ ˊɚɖůɑɞɜ Űɞɡ ŮɟɔɞůŰŬůɑɞɡ. Ƀɘ ˊɚŬŰŮɑŮɠ ŬɡŰɏɠ ɗŬ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ŮɨəɞɚŬ 

ˊɟɞůɓɎůɘɛŮɠ Ŭˊɧ űɞɟŰɖɔɎ ŬɡŰɞəɑɜɖŰŬ.   
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5.2 ɈɄɃȿɃũȽɆɀɃɆ ȹɃɁɃɈɀȺɁɋɁ ɇɅɃūɃȹɃɇɋɁ 

 

ɆŰɞ ŮɟɔɞůŰɎůɘɞ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŭɨɞ ŭɞɜɞɨɛŮɜɞɘ ŰɟɞűɞŭɧŰŮɠ, ɞ ɏɜŬɠ ůŰɖɜ ˊɟɩŰɖ əŬɘ ɞ 

Ɏɚɚɞɠ ůŰɖɜ ŭŮɨŰŮɟɖ Ŭˊɞɗɐəɖ ɛŮŰŬɚɚŮɨɛŬŰɞɠ.         

ȼ ́Ŭɟɞɢɐ Űɖɠ ŰɟɞűɞŭɞůɑŬɠ Űɞɡɠ ŮɑɜŬɘ 50t/h:2t/m
3
=25 m

3
/h. ɇɞ ɎɜɞɘɔɛŬ Űɖɠ ɢɞɎɜɖɠ ˊɟɏˊŮɘ 

ɜŬ ŮɑɜŬɘ ŰɞɡɚɎɢɘůŰɞɜ ŰɟɘˊɚɎůɘɞ Ŭˊɧ Űɞ ɛŮɔŬɚɨŰŮɟɞ ɛɏɔŮɗɞɠ əɞɛɛŬŰɘɞɨ ɔɘŬ ɚɧɔɞɡɠ 

ŬůűŬɚŮɑŬɠ. ũɘŬ Űɞɜ ˊɟɩŰɞ Űɞ ɎɜɞɘɔɛŬ Űɖɠ ɢɞɎɜɖɠ ŮɑɜŬɘ 3*500=1.500 mm. 

ȺˊɘɚɏɔŮŰŬɘ (Ŭˊɧ Ʉɘɜ. 5.1) ŭɞɜɞɨɛŮɜɞɠ ŰɟɞűɞŭɧŰɖɠ ɛŮ ŰŬ Ůɝɐɠ ɢŬɟŬəŰɖɟɘůŰɘəɎ: 

ɇɨˊɞɠ ɛŬɔɜɖŰɘəɞɨ ˊŮŭɑɞɡ: TS50/24U 

ɄŬɟɞɢɐ: 37 m
3
/h 

ɄɚɎŰɞɠ ˊɖɜɑɞɡ: 320 mm 

ȺˊɘűɎɜŮɘŬ ˊɖɜɑɞɡ: 4 dm
2 

 

 

 

 

 

 

Ⱥɘə. 5.1 ȹɞɜɞɨɛŮɜɞɠ ŰɟɞűɞŭɧŰɖɠ 
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Ʉɘɜ. 5.1 ɇŮɢɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ŭɞɜɞɨɛŮɜɤɜ ŰɟɞűɞŭɞŰɩɜ 
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5.3 ɈɄɃȿɃũȽɆɀɃɆ ŪɅȷɈɆɇȼɅȷ  ɆȽȷũɃɁɋɁ 

 

Ƀ ɗɟŬɡůŰɐɟŬɠ ůɘŬɔɧɜɤɜ ŰɟɞűɞŭɞŰŮɑŰŬɘ ɛŮ 50 t/h ɡɚɘəɧ ɛŮɔɏɗɞɡɠ -500 mm. ȾŬŰɎ Űɖɜ 

ɏɝɞŭɞ Ŭˊɧ Űɞɜ ɗɟŬɡůŰɐɟŬ Űɞ ɡɚɘəɧ ˊɟɏˊŮɘ ɜŬ ɏɢŮɘ ɛɏɔŮɗɞɠ -125 mm. 

ȺˊɘɚɏɔŮŰŬɘ (Ŭˊɧ Ʉɘɜ. 5.2) ɗɟŬɡůŰɐɟŬɠ ɛŮ ŰŬ Ůɝɐɠ ɢŬɟŬəŰɖɟɘůŰɘəɎ: 

ɇɨˊɞɠ: 8050 

ȸɎɟɞɠ: 12,3 t 

Ƚůɢɨɠ: 100ȼɅ=73,6 kW 

RPM: 280 

ɄŬɚɛɘəɐ əɑɜɖůɖ: 25,4 mm 

ȯɜɞɘɔɛŬ ŰɟɞűɞŭɞůɑŬɠ: 800*500 mm 

ȹɡɜŬɛɘəɧŰɖŰŬ (t/h) ůŰɖɜ əɚŮɘůŰɐ ɗɏůɖ Ŭˊɞəɏɜɤůɖɠ: 50-65 t/h 

 

 

 

Ⱥɘə. 5.2 ŪɟŬɡůŰɐɟŬɠ ůɘŬɔɧɜɤɜ 
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Ʉɘɜ 5.2 ɇŮɢɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɗɟŬɡůŰɐɟɤɜ ůɘŬɔɧɜɤɜ 
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5.4 ɈɄɃȿɃũȽɆɀɃɆ ȾȿȺȽɆɇɃɈ ȾɈȾȿɋɀȷɇɃɆ ȹȺɈɇȺɅɃũȺɁɃɈɆ 

ŪɅȷɈɆȼɆ  

 

ŪŬ ɡˊɞɚɞɔɘůŰŮɑ Űɞ əɡəɚɞűɞɟɞɨɜ űɞɟŰɑɞ Űɞɡ əɡəɚɩɛŬŰɞɠ. 

ɁɏŬ ŰɟɞűɞŭɞůɑŬ ɇ = 50 t/h  

ɇ ( ŰŮɚɘəɧ ˊɟɞɥɧɜ) = 50 t/h  

ɇɟɞűɞŭɞůɑŬ ɗɟŬɡůŰɐɟŬ = Ʉɟɞɥɧɜ ɗɟŬɡůŰɐɟŬ =(ɇ+Wg) ɛŮ ˊɞůɞůŰɧ ɡˊɞɛŮɔɏɗɞɡɠ u = 80% 

(-25 mm)  

E =90% (Ŭˊɧŭɞůɖ əɞůəɑɜɘůɖɠ)  

ȳɛɤɠ Ⱥ = ɇ/ [(ɇ+Wg)*u] = 0,9 (ŮˊŮɘŭɐ E =90%)  

ȯɟŬ, ɚɨɜɞɜŰŬɠ ɤɠ ˊɟɞɠ Wg ˊɟɞəɨˊŰŮɘ:  

Wg = 19,45 t/h (əɡəɚɞűɞɟɞɨɜ űɞɟŰɑɞ)  

ȷˊɧ ŬɡŰɧ ůɡɛˊŮɟŬɑɜŮŰŬɘ ɧŰɘ ɞ ɗɟŬɡůŰɐɟŬɠ (ɧˊɤɠ əŬɘ Űɞ əɧůəɘɜɞ) ŭɏɢɞɜŰŬɘ 50+19,45 = 

69,45 t/h  

ɄŬɟŬəɎŰɤ ŬˊŮɘəɞɜɑɕŮŰŬɘ Űɞ əɚŮɘůŰɧ əɨəɚɤɛŬ ɗɟŬɨůɖɠ-əɞůəɑɜɘůɖɠ. 

 

Ⱥɘə. 5.3 ȾɚŮɘůŰɧ əɨəɚɤɛŬ ɗɟŬɨůɖɠ-əɞůəɑɜɘůɖɠ 
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5.5 ɈɄɃȿɃũȽɆɀɃɆ ȹɃɁɃɈɀȺɁɃɈ ȾɃɆȾȽɁɃɈ 

 

ũɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ŮˊɘűɎɜŮɘŬɠ əɞůəɑɜɘůɖɠ, ɧŰŬɜ ɖ ŰɟɞűɞŭɞůɑŬ Űɞɡ əɞůəɑɜɞɡ ŮɑɜŬɘ 

ɇ (t/h) əŬɘ ˊŮɟɘɏɢŮɘ Ƀ (t/h) ɡˊŮɟɛɏɔŮɗɞɠ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ ˊŬɟŬəɎŰɤ Ůɝɑůɤůɖ, ˊɞɡ 

ˊŮɟɘɚŬɛɓɎɛŮɘ ůŰɞɜ ˊŬɟɞɜɞɛŬůŰɐ ŭɘɞɟɗɤŰɘəɞɨɠ ůɡɜŰŮɚŮůŰɏɠ ůŰɖɜ ˊŮɟɑˊŰɤůɖ çŮəŰɟɞˊɐɠè 

Ŭˊɧ ŭŮŭɞɛɏɜŮɠ ůɡɜɗɐəŮɠ əɞůəɑɜɘůɖɠ.  

S = (T ï O) / (A*B*C*D*F*H*J*M*W)  

 ȳˊɞɡ, S    ɖ ŮˊɘűɎɜŮɘŬ əɞůəɑɜɘůɖɠ 

            ȷ ˊŬɟɎɔɞɜŰŬɠ ˊɞɡ ŬɜŬűɏɟŮŰŬɘ ůŰɖɜ ɓŬůɘəɐ ŭɡɜŬɛɘəɧŰɖŰŬ Űɞɡ ŭŮŭɞɛɏɜɞɡ         

ŬɜɞɑɔɛŬŰɞɠ əɞůəɑɜɞɡ 

            ȸ   ˊŬɟɎɔɞɜŰŬɠ ˊɞɡ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɞ % ˊɞůɞůŰɧ ɡˊŮɟɛŮɔɏɗɞɡɠ ůŰɖɜ ŰɟɞűɞŭɞůɑŬ 

            C  ˊŬɟɎɔɞɜŰŬɠ ˊɞɡ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɞ % ˊɞůɞůŰɧ ɡˊɞɛŮɔɏɗɞɡɠ ɛɘůɞɨ ŬɜɞɑɔɛŬŰɞɠ 

ůŰɖɜ ŰɟɞűɞŭɞůɑŬ 

            D   ́ ŬɟɎɔɞɜŰŬɠ ˊɞɡ ɚŬɛɓɎɜŮŰŬɘ ɡˊôɧɣɘɜ ůŮ əɧůəɘɜŬ ˊɞɚɚŬˊɚɩɜ əŬŰŬůŰɟɤɛɎŰɤɜ 

            F    ́ ŬɟɎɔɞɜŰŬɠ ˊɞɡ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɞ űŬɘɜɧɛŮɜɞ Ůɘŭ.ɓɎɟɞɠ 

            ȼ   ˊŬɟɎɔɞɜŰŬɠ ˊɞɡ ɚŬɛɓɎɜŮŰŬɘ ɡˊôɧɣɘɜ ɧŰŬɜ ɖ ɓɟɞɢɑŭŬ Űɞɡ ˊɚɏɔɛŬŰɞɠ ŭŮɜ ŮɑɜŬɘ 

ŰŮŰɟŬɔɤɜɘəɞɨ ůɢɐɛŬŰɞɠ 

            J     ́ ŬɟɎɔɞɜŰŬɠ ˊɞɡ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɖɜ Ŭˊɧŭɞůɖ əɞůəɑɜɘůɖɠ 

           ɀ    ˊŬɟɎɔɞɜŰŬɠ ˊɞɡ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɞ ˊɞůɞůŰɧ ɡɔɟŬůɑŬɠ ůŰɖɜ ŰɟɞűɞŭɞůɑŬ    

           W    ́ ŬɟɎɔɞɜŰŬɠ ˊɞɡ ɚŬɛɓɎɜŮŰŬɘ ɡˊôɧɣɘɜ ɧŰŬɜ ɔɑɜŮŰŬɘ ɡɔɟɐ əɞůəɑɜɘůɖ 

 

ȺˊɘɚɏɔɞɜŰŬɠ Űɘɛɏɠ ɔɘŬ Űɞɡɠ ˊŬɟŬˊɎɜɤ ůɡɜŰŮɚŮůŰɏɠ ( Ŭˊɧ Ʉɘɜ. 5.4) , ɡˊɞɚɞɔɑɕɞɡɛŮ: 

S = 0,6 m
2
  

ũɘŬ ɚɧɔɞɡɠ ŬůűŬɚŮɑŬɠ, ɖ ˊŬɟŬˊɎɜɤ ɡˊɞɚɞɔɘůɗŮɑůŬ ŮˊɘűɎɜŮɘŬ ˊɟɞůŬɡɝɎɜŮŰŬɘ ůŰŬ 0,75 m
2
. 

ɆɡɜŮˊɩɠ, ŮˊɘɚɏɔŮŰŬɘ (Ŭˊɧ Ʉɘɜ. 5.5) ŭɞɜɞɨɛŮɜɞ əɧůəɘɜɞ 50*150, 1 əŬŰŬůŰɟɩɛŬŰɞɠ əŬɘ 

ɘůɢɨɞɠ 1,5 kW. 

 

Ⱥɘə. 5.4 ȹɞɜɞɨɛŮɜɞ əɧůəɘɜɞ 
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Ʉɘɜ. 5.3 ɆɢŮŭɘɎɔɟŬɛɛŬ ŮɨɟŮůɖɠ ɗŮɤɟɖŰɘəɐɠ ŭɡɜŬɛɘəɧŰɖŰŬɠ əɞůəɑɜɞɡ ůŮ t/sq.ft əŬɘ ůŮ 

ůɡɜɎɟŰɖůɖ ɛŮ Űɖɜ ɞˊɐ Űɞɡ ˊɚɏɔɛŬŰɞɠ 
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Ʉɘɜ. 5.4 ɆɡɜŰŮɚŮůŰɏɠ ŭɡɜŬɛɘəɧŰɖŰŬɠ ŭɞɜɞɨɛŮɜɤɜ əɞůəɑɜɤɜ 
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Ʉɘɜ. 5.5 ɇŮɢɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ŭɞɜɞɨɛŮɜɤɜ əɞůəɑɜɤɜ 
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5.6 ɈɄɃȿɃũȽɆɀɃɆ ȾɋɁȽȾɃɈ ŪɅȷɈɆɇȼɅȷ 

 

Ƀ əɤɜɘəɧɠ ɗɟŬɡůŰɐɟŬɠ ŰɟɞűɞŭɞŰŮɑŰŬɘ ɛŮ Űɞ əɡəɚɞűɞɟɞɨɜ űɞɟŰɑɞ Űɞɡ əɡəɚɩɛŬŰɞɠ, 

ŭɖɚŬŭɐ 69,45 t/h. ɇɞ ɡɚɘəɧ ŰɟɞűɞŭɞůɑŬɠ ɏɢŮɘ ɛɏɔŮɗɞɠ -125 mm əŬɘ ˊɟɏˊŮɘ əŬŰɎ Űɖɜ ɏɝɞŭɞ 

Űɞɡ ɜŬ ɏɢŮɘ -25 mm. 

ȺˊɘɚɏɔŮŰŬɘ (Ŭˊɧ Ʉɘɜ. 5.6) ɗɟŬɡůŰɐɟŬɠ ɛŮ ŰŬ Ůɝɐɠ ɢŬɟŬəŰɖɟɘůŰɘəɎ: 

ɀɏɔŮɗɞɠ ɗɟŬɡůŰɐɟŬ: 4 ı  ft (1295 mm) 

ɇɨˊɞɠ əɞɘɚɧŰɖŰŬɠ: ɉɞɜŭɟɧɠ 

ȺɚɎɢɘůŰɖ ɗɏůɖ Ŭˊɞəɏɜɤůɖɠ C: 8 mm 

ȯɜɞɘɔɛŬ ŰɟɞűɞŭɞůɑŬɠ ŮɚɎɢɘůŰɞ C: ȾɚŮɘůŰɐ ˊɚŮɡɟɎ: 70 mm, ȷɜɞɘəŰɐ ˊɚŮɡɟɎ: 102 mm 

ȹɡɜŬɛɘəɧŰɖŰŬ (t/h) ůŰɖ ɗɏůɖ Ŭˊɞəɏɜɤůɖɠ: 72,5(əŬɗŬɟɧ ŭɘŮɟɢɧɛŮɜɞ), 108,7(ŰɟɞűɞŭɞůɑŬ) 

Ƚůɢɨɠ: 170 HP=119 kW  

 

 

 

 

Ⱥɘə. 5.5 Ⱦɤɜɘəɧɠ ɗɟŬɡůŰɐɟŬɠ 
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Ʉɘɜ. 5.6 ɇŮɢɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ əɤɜɘəɩɜ ɗɟŬɡůŰɐɟɤɜ 
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5.7 ɈɄɃȿɃũȽɆɀɃɆ ɀȺɇȷūɃɅȽȾɋɁ ɇȷȽɁȽɋɁ 

 

ɆŰɞ ɡˊɧ ɛŮɚɏŰɖ ŮɟɔɞůŰɎůɘɞ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŰɟŮɘɠ ɛŮŰŬűɞɟɘəɏɠ ŰŬɘɜɑŮɠ: 

 

1. ȼ ŰŬɘɜɑŬ ˊɞɡ ɛŮŰŬűɏɟŮɘ Űɞ ɛŮŰɎɚɚŮɡɛŬ Ŭˊɧ Űɞɜ ɗɟŬɡůŰɐɟŬ ůŰɞ əɨəɚɤɛŬ 

ŭŮɡŰŮɟɞɔŮɜɞɨɠ ɗɟŬɨůɖɠ, ŭɖɚŬŭɐ ůŰɞ əɧůəɘɜɞ əŬɘ ůŰɞɜ əɤɜɘəɧ ɗɟŬɡůŰɐɟŬ. ũɘŬ 

ŰɟɞűɞŭɞůɑŬ 50 t/h əŬɘ űŬɘɜɧɛŮɜɞ Ůɘŭɘəɧ ɓɎɟɞɠ 2 t/m
3
 ˊɟɞəɨˊŰŮɘ ɧŰɘ ɖ ŰŬɘɜɑŬ ɗŬ ɏɢŮɘ 

ˊɚɎŰɞɠ 45 cm əŬɘ ɔɤɜɑŬ ˊŮɟɑˊɞɡ 15
ɞ
. Ⱥˊɑůɖɠ, ˊɟɞəɨˊŰŮɘ ɧŰɘ Űɞ ɛɐəɞɠ Űɞɡ ɟɎɞɡɚɞɡ ɗŬ 

ŮɑɜŬɘ 600 mm, Ůɜɩ Űɞ ˊɚɎŰɞɠ Űɖɠ əŬŰŬůəŮɡɐɠ ɗŬ ŮɑɜŬɘ 750 mm. 

ũɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ɘůɢɨɞɠ Űɖɠ ŰŬɘɜɑŬɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɞ Űɨˊɞɠ ˊɞɡ ŭɑɜŮɘ Űɖɜ ɘůɢɨ ɔɘŬ 

Ŭɜɞŭɘəɐ əɑɜɖůɖ, ŭɖɚŬŭɐ P=Pk+Po+Ph. ȳˊɞɡ: 

Pk=(9,8*f*M*V*L)/1.000         (Ƚůɢɨɠ ɔɘŬ Űɖɜ ɛŮŰŬəɑɜɖůɖ Űɖɠ ŰŬɘɜɑŬɠ ɧŰŬɜ ŮɑɜŬɘ əŮɜɐ) 

Po=(2,73*C*f*Q*L)/1.000             (Ƚůɢɨɠ ɔɘŬ ɞɟɘɕɧɜŰɘŬ ɛŮŰŬəɑɜɖůɖ ɛŮ ˊɚɐɟŮɠ űɞɟŰɑɞ) 

Ph=(2,73*Q*h)                                   (Ƚůɢɨɠ ɔɘŬ əŬŰŬəɧɟɡűɖ ɛŮŰŬəɑɜɖůɖ Űɞɡ űɞɟŰɑɞɡ) 

ȳˊɞɡ: 

M: ɛɎɕŬ əɘɜɞɨɛŮɜɤɜ ɛŮɟɩɜ (ɢɤɟɑɠ űɞɟŰɑɞ) ůŮ kg 

Q: ɖ ɛŮŰŬűŮɟɧɛŮɜɖ ˊɞůɧŰɖŰŬ (ˊɟŬɔɛŬŰɘəɐ ˊŬɟɞɢɐ) ůŮ kg 

C: ůɡɜŰŮɚŮůŰɐɠ ɛɐəɞɡɠ ɞ ɞˊɞɑɞɠ ɚŬɛɓɎɜŮŰŬɘ Ŭˊɧ ˊɑɜŬəŬ ůŮ ůɡɜɎɟŰɖůɖ ɛŮ Űɞ L 

f: ůɡɜŰŮɚŮůŰɐɠ Űɟɘɓɐɠ 

L: ɖ ɞɟɘɕɧɜŰɘŬ ŬˊɧůŰŬůɖ ɛŮŰŬűɞɟɎɠ ůŮ m 

h: Űɞ ɞɚɘəɧ əŬŰŬəɧɟɡűɞ ɨɣɞɠ ůŮ m 

V: ɖ ŰŬɢɨŰɖŰŬ Űɞɡ ɘɛɎɜŰŬ ůŮ m/s 

ɆɡɜŮˊɩɠ, ɔɘŬ ɛɐəɞɠ ŰŬɘɜɑŬɠ 10 m əŬɘ ˊɚɎŰɞɠ 45 cm ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɞ ŭɘɎɔɟŬɛɛŬ Pk  ɧŰɘ 

Pk=1 kW. Ⱥɜ ůɡɜŮɢŮɑŬ, ɔɘŬ ˊŬɟɞɢɐ 50 t/h əŬɘ Ŭɜɨɣɤůɖ 8m, Ŭˊɧ Űɞ ŭɘɎɔɟŬɛɛŬ Ph 

ɡˊɞɚɞɔɑɕŮŰŬɘ ɧŰɘ Ph=0,9 kW. ɇɏɚɞɠ, Ŭˊɧ Űɞɜ ˊɑɜŬəŬ Po ɓɟɑůəŮŰŬɘ ɧŰɘ Po=0,2 kW.  

ȷɡɝɎɜɞɜŰŬɠ Űɖɜ ɡˊɞɚɞɔɘɕɧɛŮɜɖ ɘůɢɨ əŬŰɎ 20% ɔɘŬ ɜŬ əŬɚɡűɗŮɑ ɖ ŮˊɘˊɟɧůɗŮŰɖ ɘůɢɨɠ ˊɞɡ 

ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ Űɖɜ Ůəəɑɜɖůɖ əŬɘ əŬŰɎ 50% ɔɘŬ ɚɧɔɞɡɠ ŬůűŬɚŮɑŬɠ ɡˊɞɚɞɔɑɕɞɡɛŮ: 

P1=1,2*1,5(1+0,9+0,2)=3,7  kW 
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2. ȼ ŰŬɘɜɑŬ ˊɞɡ ɛŮŰŬűɏɟŮɘ Űɞ ɡˊŮɟɛɏɔŮɗɞɠ Űɞɡ əɞůəɑɜɞɡ ůŰɖɜ ɛŮŰŬűɞɟɘəɐ ŰŬɘɜɑŬ 1 ɩůŰŮ 

ɜŬ ŮɜɤɗŮɑ ɛŮ Űɖɜ ŰɟɞűɞŭɞůɑŬ Űɞɡ əɤɜɘəɞɨ ɗɟŬɡůŰɐɟŬ. ȰɢŮɘ ɡˊɞɚɞɔɘůŰŮɑ ɧŰɘ Űɞ 

əɡəɚɞűɞɟɞɨɜ űɞɟŰɑɞ Űɞɡ əɚŮɘůŰɞɨ əɡəɚɩɛŬŰɞɠ ŭŮɡŰŮɟɞɔŮɜɞɨɠ ɗɟŬɨůɖɠ ŮɑɜŬɘ 46,4 t/h. ɇɞ 

űɞɟŰɑɞ ŬɡŰɧ ŬˊɞŰŮɚŮɑ Űɖɜ ŰɟɞűɞŭɞůɑŬ Űɖɠ ŰŬɘɜɑŬɠ 2. ũɘŬ űŬɘɜɧɛŮɜɞ Ůɘŭɘəɧ ɓɎɟɞɠ 2 t/m
3 
əŬɘ 

ŰɟɞűɞŭɞůɑŬ 46,4 t/h ˊɟɞəɨˊŰŮɘ ɧŰɘ Űɞ ˊɚɎŰɞɠ Űɖɠ ŰŬɘɜɑŬɠ ŮɑɜŬɘ 40 cm. ũɘŬ ɛɐəɞɠ ŰŬɘɜɑŬɠ 

5,5 m əŬɘ ˊɚɎŰɞɠ 40 cm Ŭˊɧ Űɞ ŭɘɎɔɟŬɛɛŬ Pk ɓɟɑůəŮŰŬɘ ɧŰɘ Pk=0,9 kW. ũɘŬ Ŭɜɨɣɤůɖ 3 m, 

Ŭˊɧ Űɞ ŭɘɎɔɟŬɛɛŬ Ph ɡˊɞɚɞɔɑɕŮŰŬɘ ɧŰɘ Ph=0,35 kW. Ⱥˊɑůɖɠ, Ŭˊɧ Űɞɜ ˊɑɜŬəŬ Po ɓɟɑůəɞɡɛŮ 

ɧŰɘ Po=0,2 kW. 

ɆɡɜŮˊɩɠ, P2=1,2*1,5*(0,9+0,35+0,2)=2,61 kW. 

 

3. ȼ ŰŬɘɜɑŬ ˊɞɡ ɛŮŰŬűɏɟŮɘ Űɞ ŰŬɝɘɜɞɛɖɛɏɜɞ ɡɚɘəɧ Ŭˊɧ Űɞ əɧůəɘɜɞ ůŰɖɜ Ŭˊɞɗɐəɖ Űɞɡ 

əɡəɚɩɛŬŰɞɠ ɚŮɘɞŰɟɑɓɘůɖɠ. ɇŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ŮɑɜŬɘ ɑŭɘŬ ɛŮ ŬɡŰɎ Űɖɠ ŰŬɘɜɑŬɠ 1. ȯɟŬ, 

P3=3,78 kW. 

 

Ƀɘ ŰɟŮɘɠ ŰŬɘɜɑŮɠ ɏɢɞɡɜ ůɡɜɞɚɘəɐ ɘůɢɨ P=P1+P2+P3=10,17 kW. 

 

 

 

 

 
Ⱥɘə. 5.6 ɀŮŰŬűɞɟɘəɏɠ ɇŬɘɜɑŮɠ 
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Ʉɘɜ 5.7 ɇŮɢɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɛŮŰŬűɞɟɘəɩɜ ŰŬɘɜɘɩɜ 
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Ʉɘɜ 5.8 ȹɘŬůŰɎůŮɘɠ ɔɘŬ ɟɎɞɡɚŬ ŮˊɑˊŮŭɤɜ ŰŬɘɜɘɩɜ 
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Ʉɘɜ. 5.9 ȹɘɎɔɟŬɛɛŬ ɔɘŬ Űɖɜ ŮɨɟŮůɖ Űɖɠ ɘůɢɨɞɠ əɘɜɖŰɐɟŬ ɛŮŰ. ŰŬɘɜɑŬɠ Ʌk ɢɤɟɑɠ űɞɟŰɑɞ 

ůɡɜŬɟŰɐůŮɘ  Űɞɡ ɛɐəɞɡɠ əŬɘ Űɞɡ ˊɚɎŰɞɡɠ Űɖɠ ŰŬɘɜɑŬɠ 
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Ʉɘɜ 5.10 ȹɘɎɔɟŬɛɛŬ ɔɘŬ Űɖɜ ŮɨɟŮůɖ Űɖɠ ɘůɢɨɞɠ əɘɜɖŰɐɟŬ ɛŮŰ. ŰŬɘɜɑŬɠ Ʌh ɔɘŬ Űɖɜ Ŭɜɨɣɤůɖ 

ůŮ ɨɣɞɠ h 

 

Ʉɘɜ. 5.11 Ƚůɢɨɠ ɞɟɘɕɧɜŰɘŬɠ ɛŮŰŬűɞɟɎɠ Ʌɞ űɞɟŰɑɞɡ ɛŮ ůɡɜ/Űɖ Űɟɘɓɐɠ 0,022 
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5.8 ɈɄɃȿɃũȽɆɀɃɆ ȾȿȺȽɆɇɃɈ ȾɈȾȿɋɀȷɇɃɆ ȿȺȽɃɇɅȽȸȽɆȼɆ 

 

ũɜɤɟɑɕɞɜŰŬɠ Űɖɜ ˊɡəɜɧŰɖŰŬ ɡˊŮɟɢŮɑɚɘůɖɠ Űɞɡ ɡŭɟɞŰŬɝɘɜɞɛɖŰɐ (30%), Űɖɜ ˊɡəɜɧŰɖŰŬ 

ŮɝŬɔɤɔɐɠ Űɞɡ ůűŬɘɟɧɛɡɚɞɡ (50%) əŬɘ Űɖɜ ˊɡəɜɧŰɖŰŬ Ŭˊɞəɏɜɤůɖɠ Űɞɡ ɡŭɟɞŰŬɝɘɜɞɛɖŰɐ 

(83%) ɛˊɞɟŮɑ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ ɞ ůɡɜŰŮɚŮůŰɐɠ əɡəɚɞűɞɟɞɨɜŰɞɠ űɞɟŰɑɞɡ ű Űɞɡ əɚŮɘůŰɞɨ 

əɡəɚɩɛŬŰɞɠ ɚŮɘɞŰɟɑɓɘůɖɠ: 

 ű = (Do-Dm)/(Dm-Ds)         ɧˊɞɡ: 

 

Do=(100-30)/30=2,33 

Dm=(100-50)/50=1 

Ds=(100-83)/83=0,205 

 

ɆɡɜŮˊɩɠ, ű = 1,67. 
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5.9 ɈɄɃȿɃũȽɆɀɃɆ ɅȷȸȹɃɀɈȿɃɈ 

 

ȹŮŭɞɛɏɜɖɠ Űɖɠ ŰɟɞűɞŭɞůɑŬɠ (50 t/h) əŬɘ Űɞɡ ŮˊɘɗɡɛɖŰɞɨ ɛŮɔɏɗɞɡɠ Űɞɡ ɡɚɘəɞɨ ɛŮŰɎ Űɖ 

ɚŮɘɞŰɟɑɓɖůɖ (12,5 mm) ŮˊɘɚɏɔŮŰŬɘ (Ŭˊɧ Ʉɘɜ. 5.12) ɟŬɓŭɧɛɡɚɞɠ ɛŮ ŰŬ Ůɝɐɠ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ: 

ɀɏɔŮɗɞɠ ɛɨɚɞɡ: 8*12 

RPM: 17,5 

Ƚůɢɨɠ: 400 HP ɐ 294,2 kW 

ȹɡɜŬɛɘəɧŰɖŰŬ: 62,3 t/h 

 

 

 

 

Ⱥɘə. 5.7 ɅŬɓŭɧɛɡɚɞɠ 
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Ʉɘɜ. 5.12 ɇŮɢɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɟŬɓŭɧɛɡɚɤɜ 

 

 

 

 

 

 

 

 

 

 

 



_____________________________________________________________________________________________________________ 

 - 69 - 

5.10 ɈɄɃȿɃũȽɆɀɃɆ ɆūȷȽɅɃɀɈȿɃɈ 

 

Ƀ ůɡɜŰŮɚŮůŰɐɠ əɡəɚɞűɞɟɞɨɜŰɞɠ űɞɟŰɑɞɡ, ɧˊɤɠ ɡˊɞɚɞɔɑůɗɖəŮ ˊŬɟŬˊɎɜɤ ŮɑɜŬɘ ű=2,248. 

ɆɡɜŮˊɩɠ, Űɞ əɡəɚɞűɞɟɞɨɜ űɞɟŰɑɞ Űɞɡ ůűŬɘɟɧɛɡɚɞɡ ɗŬ ŮɑɜŬɘ Ⱦ.ū.=1,67*50=83,5 t/h. ɇɞ 

űɞɟŰɑɞ Űɞɡ ɛɨɚɞɡ ɡˊɞɚɞɔɑɕŮŰŬɘ: 83,5+50=133,5 t/h.  

ȺˊɘɚɏɔŮŰŬɘ (Ŭˊɧ Ʉɘɜ. 5.13) ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ˊŬɟɎɚɚɖɚŬ ŭɨɞ ůűŬɘɟɧɛɡɚɞɘ 10ft*10ft 

ůɡɜɞɚɘəɐɠ ŭɡɜŬɛɘəɧŰɖŰŬɠ 3.100 t/24h ɔɘŬ ŰɟɞűɞŭɞůɑŬ -12,5 mm əŬɘ ˊɟɞɥɧɜ 65 mesh ˊɞɡ 

ɛˊɞɟŮɑ ɜŬ ůɡɔəɟɘɗŮɑ ɛŮ Űɖɜ ŰɟɞűɞŭɞůɑŬ   3.204 t/24h Ŭˊɧ -10mm ůŮ 70 mesh. ȼ ůɡɜɞɚɘəɐ 

ɘůɢɨɠ Űɤɜ ŭɨɞ ůűŬɘɟɧɛɡɚɤɜ ŮɑɜŬɘ 1.450 HP ɐ 1.067 kW. 

 

 

 

 

 

Ⱥɘə. 5.8 ɆűŬɘɟɧɛɡɚɞɠ 
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Ʉɘɜ. 5.13 ɇŮɢɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ůűŬɘɟɧɛɡɚɤɜ 
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5.11 ɈɄɃȿɃũȽɆɀɃɆ ɈȹɅɃɇȷɂȽɁɃɀȼɇȼ 

 

Ƀ ɡŭɟɞŰŬɝɘɜɞɛɖŰɐɠ ŭɑɜŮɘ ůŰɖɜ ɡˊŮɟɢŮɑɚɘůɖ 50 t ɝɖɟɧ ɛŮŰɎɚɚŮɡɛŬ 0,212 mm, ɞ́ɧŰŮ Ŭˊɧ 

Űɞɜ ˊɑɜŬəŬ ŭɡɜŬɛɘəɧŰɖŰŬɠ ŮˊɘűɎɜŮɘŬɠ ůəɎűɖɠ ɡŭɟɞŰŬɝɘɜɞɛɖŰɐ ɚŬɛɓɎɜŮŰŬɘ ɖ ɖ Űɘɛɐ 0,237 

ˊŮɟɑˊɞɡ Ůɜɩ ɖ ɛɏůɖ ˊɡəɜɧŰɖŰŬ ůŮ ůŰŮɟŮɎ ŮɑɜŬɘ 28%. 

ɀŮ Űɘɠ ůɡɜɗɐəŮɠ ŬɡŰɏɠ ɖ ŮˊɘűɎɜŮɘŬ Űɞɡ ɡŭɟɞŰŬɝɘɜɞɛɖŰɐ ɗŬ ŮɑɜŬɘ: 

Ⱥ=50/0,237=210,9 sq.ft 

ɇɞ Ůɘŭɘəɧ ɓɎɟɞɠ Űɞɡ ɛŮŰŬɚɚŮɨɛŬŰɞɠ ŮɑɜŬɘ 3,2 , Űɞ ɞˊɞɑɞ ŮˊɘŭɟɎ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ 

ɡŭɟɞŰŬɝɘɜɞɛɖŰɐ. ȷˊɧ Űɞ ŭɘɎɔɟŬɛɛŬ ŮˊɑŭɟŬůɖɠ Űɞɡ Ůɘŭ.ɓɎɟɞɡɠ ůŰɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ 

ŮˊɘűɎɜŮɘŬɠ ůəɎűɖɠ Űɞɡ ɡŭɟɞŰŬɝɘɜɞɛɖŰɐ ɓɟɑůəŮŰŬɘ ɧŰɘ ɖ Űɘɛɐ 112% ˊŮɟɑˊɞɡ, ɎɟŬ, ɖ ŰŮɚɘəɐ 

ŬˊŬɘŰɞɨɛŮɜɖ ŮˊɘűɎɜŮɘŬ ŮɑɜŬɘ: 

Ⱥ=210,9/1,12=188,36 sq.ft=17,5 m
2
 

ȺˊɘɚɏɔɞɜŰŬɘ (Ŭˊɧ Ʉɘɜ. 5.16), ůɡɜŮˊɩɠ, ŭɨɞ ɡŭɟɞŰŬɝɘɜɞɛɖŰɏɠ ɛŮ ŰŬ Ůɝɐɠ ɢŬɟŬəŰɖɟɘůŰɘəɎ: 

ȹɘɎɛŮŰɟɞɠ ůˊŮɑɟŬɠ: 48ò  

ɇɨˊɞɠ ůəɎűɖɠ: 150ST 

Ɇɡɜɞɚɘəɐ ɘůɢɨɠ: 2*5 HP=10 ȼɅ=7,3 kW  

 

 

 

Ⱥɘə. 5.9 Ⱦɞɢɚɘɞűɧɟɞɠ ɡŭɟɞŰŬɝɘɜɞɛɖŰɐɠ 
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Ʉɘɜ. 5.14 ȹɡɜŬɛɘəɧŰɖŰŬ ŮˊɘűɎɜŮɘŬɠ ůəɎűɖɠ ɡŭɟɞŰŬɝɘɜɞɛɖŰɐ 

 

 

 

Ʉɘɜ. 5.15 ȺˊɑŭɟŬůɖ Űɞɡ Ůɘŭ.ɓɎɟɞɡɠ ůŰɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ŮˊɘűɎɜŮɘŬɠ ůəɎűɖɠ 

ɡŭɟɞŰŬɝɘɜɞɛɖŰɐ 

 

 

 

 

 

 

 

 

 

 



_____________________________________________________________________________________________________________ 

 - 73 - 

Ʉɘɜ. 5.16 ɇŮɢɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ əɞɢɚɘɞűɧɟɤɜ ɡŭɟɞŰŬɝɘɜɞɛɖŰɩɜ 
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5.12 ɈɄɃȿɃũȽɆɀɃɆ ɄɃȿūɃɈ ɆɇɃ ȾɈȾȿɋɀȷ ȺɄȽɄȿȺɈɆȼɆ 

 

ȼ ˊɡəɜɧŰɖŰŬ Űɞɡ ˊɞɚűɞɨ ůŰɖɜ ŮˊɑˊɚŮɡůɖ ŮɑɜŬɘ 25%. 

ȼ ˊɡəɜɧŰɖŰŬ ůŰɖɜ ɡˊŮɟɢŮɑɚɘůɖ Űɞɡ ɡŭɟɞŰŬɝɘɜɞɛɖŰɐ ŮɑɜŬɘ 28%. 

ȯɟŬ, ɖ ŬɟŬɑɤůɖ ɡˊɞɚɞɔɑɕŮŰŬɘ: 

D=(100-30)/30=2,33 

 

ɆɡɜŮˊɩɠ, Űɞ ɓɎɟɞɠ Űɞɡ ɡɔɟɞɨ ɗŬ ŮɑɜŬɘ: 2,33*50=116,5 t ɐ m
3
.  

 

Ƀ ˊɞɚűɧɠ ɛŮ ˊɡəɜɧŰɖŰŬ 25% ˊɟɏˊŮɘ ɜŬ ɏɢŮɘ ŬɟŬɑɤůɖ: 

D=(100-25)/25=3  

ȾŬɘ ɓɎɟɞɠ ɡɔɟɞɨ: 3*50=150 t ɐ m
3
. 

ɆɡɜŮˊɩɠ, ɗŬ ˊɟɞůŰɑɗŮɜŰŬɘ: 150-116,5=33,5 m
3
/h. 

ɇɞ ɓɎɟɞɠ Űɞɡ ˊɞɚűɞɨ 25% ɗŬ ŮɑɜŬɘ: 

50+150=200 t/h 

Ƀ ɧɔəɞɠ Űɞɡ ɗŬ ŮɑɜŬɘ: 

(50/3,2)+150=165,62 m
3
/h 

 

ɇɞ ɓɎɟɞɠ ɚɑŰɟɞɡ ˊɞɚűɞɨ ɡˊɞɚɞɔɑɕŮŰŬɘ: 

ȸ.ȿ.Ʉ.=100/(100-P*K)  ɧˊɞɡ: Ʌ=25% əŬɘ Ⱦ=(3,2-1)/3,2=0,687 

 

ȯɟŬ, ȸ.ȿ.Ʉ.=1,207 kg. 
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5.13 ɈɄɃȿɃũȽɆɀɃɆ ɄɅɃɃȹɃɄɃȽȼɇɋɁ 

 

 

5.13.1 ɈɄɃȿɃũȽɆɀɃɆ ɄɅɃɃȹɃɄɃȽȼɇȼ PbS 

 

ȼ ˊɟɞɞŭɞˊɞɑɖůɖ Űɞɡ ɛŮŰŬɚɚŮɨɛŬŰɞɠ ˊɟɘɜ Űɞ əɨəɚɤɛŬ əɡɣŮɚɩɜ Űɞɡ ɔŬɚɖɜɑŰɖ ŭɘŬɟəŮɑ 

ˊŮɟɑˊɞɡ 6min. ȼ ŰɟɞűɞŭɞůɑŬ Űɞɡ ˊɟɞɞŭɞˊɞɘɖŰɐ ŮɑɜŬɘ 50 t/h ɐ 1.200 t/24h. ȼ ˊɡəɜɧŰɖŰŬ 

ůŮ ůŰŮɟŮɎ ŮɑɜŬɘ 25%, ɎɟŬ ɓɟɑůəŮŰŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ c=0,075. Ƀ ɧɔəɞɠ Űɞɡ ˊɟɞɞŭɞˊɞɘɖŰɐ 

ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɞɜ Űɨˊɞ: 

V=T*t*c=1.200*6*0,075=540 cu.ft ɐ 15,3m
3
. 

ȺˊɘɚɏɔŮŰŬɘ (Ŭˊɧ Ʉɘɜ. 5.18 ), ůɡɜŮˊɩɠ, ˊɟɞɞŭɞˊɞɘɖŰɐɠ 9*9 ft* ft əŬɘ ɘůɢɨɞɠ 6 HP = 4,41 kW. 

 

5.13.2 ɈɄɃȿɃũȽɆɀɃɆ ɄɅɃɃȹɃɄɃȽȼɇȼ ZnS 

 

ȼ ˊɟɞɞŭɞˊɞɑɖůɖ Űɞɡ ɛŮŰŬɚɚŮɨɛŬŰɞɠ ˊɟɘɜ Űɞ əɨəɚɤɛŬ əɡɣŮɚɩɜ Űɞɡ ůűŬɚŮɟɑŰɖ ŭɘŬɟəŮɑ 

ˊŮɟɑˊɞɡ 6min. ȼ ŰɟɞűɞŭɞůɑŬ Űɞɡ ˊɟɞɞŭɞˊɞɘɖŰɐ ŮɑɜŬɘ 44,6875 t/h ɐ 1.072,5 t/24h. ȼ 

ˊɡəɜɧŰɖŰŬ ůŮ ůŰŮɟŮɎ ŮɑɜŬɘ 25%, ɎɟŬ ɓɟɑůəŮŰŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ c=0,075. Ƀ ɧɔəɞɠ Űɞɡ 

ˊɟɞɞŭɞˊɞɘɖŰɐ ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɞɜ Űɨˊɞ: 

V=T*t*c=1.072,5*6*0,075=482,625 cu.ft ɐ 13,67 m
3
. 

ȺˊɘɚɏɔŮŰŬɘ (Ŭˊɧ Ʉɘɜ. 5.18 ), ůɡɜŮˊɩɠ, ˊɟɞɞŭɞˊɞɘɖŰɐɠ 9*9 ft* ft əŬɘ ɘůɢɨɞɠ 6 HP = 4,41 kW. 

 

 

 

Ⱥɘə. 5.10 ɄɟɞɞŭɞˊɞɘɖŰɐɠ 
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Ʉɘɜ. 5.17 ɆɡɜŰŮɚŮůŰɐɠ c ůŮ ůɡɜɎɟŰɖůɖ ɛŮ Űɖɜ ˊɡəɜɧŰɖŰŬ Űɞɡ ˊɞɚűɞɨ 

 

 

Ʉɘɜ. 5.18 ɇŮɢɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ˊɟɞɞŭɞˊɞɘɖŰɩɜ 
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5.14 ɈɄɃȿɃũȽɆɀɃɆ ȾɈɊȺȿɋɁ ȺɄȽɄȿȺɈɆȼɆ 

 

ũɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ əɡɣŮɚɩɜ ŮˊɑˊɚŮɡůɖɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɞ Űɨˊɞɠ Űɞɡ Klassen: 

n=(Vm* t)/(Vk*K) 

ȳˊɞɡ, Vm = ɖ ˊɞůɧŰɖŰŬ ˊɞɚűɞɨ ůŮ m
3
/min 

            t = ɞ ɢɟɧɜɞɠ ŮˊɑˊɚŮɡůɖɠ ůŮ min 

           Vk = ɖ ɢɤɟɖŰɘəɧŰɖŰŬ Űɖɠ əɡɣɏɚɖɠ ůŮ m
3
 

            K = ůɡɜŰŮɚŮůŰɐɠ ɛŮ Űɘɛɏɠ 0,65-0,75 

            n = ɞ Ŭɟɘɗɛɧɠ Űɤɜ əɡɣŮɚɩɜ 

ɄɟɞŰɘɛɐɗɖəŮ ɞ Űɨˊɞɠ Űɞɡ Klassen ɏɜŬɜŰɘ Űɞɡ Rabone ŭɘɧŰɘ ɛŮ Űɞɜ ůɡɜŰŮɚŮůŰɐ Ⱦ ůŰɞɜ 

ˊŬɟɞɜɞɛŬůŰɐ əŬɘ ɛŮ Űɘɛɏɠ 0,65-0,75 ŬɡɝɎɜŮɘ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ əɡɣŮɚɩɜ ˊɟɞůŭɑŭɞɜŰŬɠ ůŰɞ 

əɨəɚɤɛŬ Ŭɡɝɖɛɏɜɖ ŬůűɎɚŮɘŬ əŬɘ ɘůɞɟɟɞˊɑŬ. 

Ⱥˊɑůɖɠ, ŮˊɘɚɏɢɗɖəŬɜ əɡɣɏɚŮɠ ɧɔəɞɡ 100 cu.ft ɐ 2,82 m
3
. ȼ ˊɞůɧŰɖŰŬ Űɞɡ ˊɞɚűɞɨ ŮɑɜŬɘ 

(165,62 m
3
/h)/(60 min)=2,76 m

3
/min. Ƀ ɢɟɧɜɞɠ ŮˊɑˊɚŮɡůɖɠ ŮɑɜŬɘ 10 min ɔɘŬ Űɞɜ ɔŬɚɖɜɑŰɖ 

əŬɘ 8min ɔɘŬ Űɞɜ ůűŬɚŮɟɑŰɖ. ũɘŬ Űɞɜ ůɡɜŰŮɚŮůŰɐ Ⱦ ŮˊɘɚɏɢɗɖəŮ ɖ Űɘɛɐ 0,7. 

ɆɡɜŮˊɩɠ, ɔɘŬ Űɞ əɨəɚɤɛŬ Űɞɡ ɔŬɚɖɜɑŰɖ ɡˊɞɚɞɔɑůŰɖəŮ: 

ɉɞɜŭɟɞŮɘŭɐɠ ŭɘŬɢɤɟɘůɛɧɠ: n1= (2,76*10)/(2,82*0,7)=13,98 ŭɖɚŬŭɐ 14 əɡɣɏɚŮɠ  

ȾŬɗŬɟɧɠ ŭɘŬɢɤɟɘůɛɧɠ: n2= n1/4=3,5 ŭɖɚŬŭɐ 4 əɡɣɏɚŮɠ. 

  

ɄŬɟɞɛɞɑɤɠ, ɔɘŬ Űɞ əɨəɚɤɛŬ Űɞɡ ůűŬɚŮɟɑŰɖ ɡˊɞɚɞɔɑůɗɖəŬɜ 12 əɡɣɏɚŮɠ ɢɞɜŭɟɞŮɘŭɞɨɠ 

ŭɘŬɢɤɟɘůɛɞɨ əŬɘ 3 əɡɣɏɚŮɠ əŬɗŬɟɞɨ ŭɘŬɢɤɟɘůɛɞɨ. 

 

ɆɡɜɞɚɘəɎ, ůŰɞ ŮɟɔɞůŰɎůɘɞ ɗŬ ɡˊɎɟɢɞɡɜ 33 əɡɣɏɚŮɠ ŮˊɑˊɚŮɡůɖɠ Űɤɜ 100 cu.ft ɖ əɎɗŮ ɛɑŬ. 

 

 

Ⱥɘə. 5.11 ȾɡɣɏɚŮɠ ŮˊɑˊɚŮɡůɖɠ 
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Ʉɘɜ. 5.19 ɇŮɢɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ əɡɣŮɚɩɜ ŮˊɑˊɚŮɡůɖɠ 

 

 

 

 

 

 

 

 

 

 

 

 

 



_____________________________________________________________________________________________________________ 

 - 79 - 

5.15 ɈɄɃȿɃũȽɆɀɃɆ ɄɈȾɁɋɇɋɁ 

 

5.15.1 ɄɈȾɁɋɇȼɆ ɆɈɀɄɈȾɁɋɀȷɇɃɆ PbS 

Ƀ ˊɞɚűɧɠ ˊɞɡ ŮɘůɏɟɢŮŰŬɘ ůŰɞɜ ˊɡəɜɤŰɐ ŬˊɞŰŮɚŮɑ Űɞ ůɡɛˊɨəɜɤɛŬ Űɖɠ ŮˊɑˊɚŮɡůɖɠ Űɞɡ PbS 

ˊɞɡ ˊɟɞɖɔɐɗɖəŮ. ȼ ˊɡəɜɧŰɖŰŬ Űɞɡ ůŮ ůŰŮɟŮɎ ŮɑɜŬɘ P1=25%, ɎɟŬ Ŭ Ŭɟɢɘəɐ ŬɟŬɑɤůɖ Űɞɡ 

ˊɞɚűɞɨ ŮɑɜŬɘ D1=(100-25)/25=3. Ƀ ˊɞɚűɧɠ ŮɝɏɟɢŮŰŬɘ Ŭˊɧ Űɞɜ ˊɡəɜɤŰɐ ɛŮ P2=50% ůŮ 

ůŰŮɟŮɎ, ɎɟŬ, ɖ ŰŮɚɘəɐ Űɞɡ ŬɟŬɑɤůɖ ŮɑɜŬɘ D2=(100-50)/50=1.  

ũɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ŭɘŬɛɏŰɟɞɡ Űɞɡ ˊɡəɜɤŰɐ ˊɞɡ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ Űɖɜ ˊɨəɜɤůɖ 

Űɞɡ ůɡɛˊɡəɜɩɛŬŰɞɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɞ Űɨˊɞɠ: 

A=(D1-D2)/V 

ȳˊɞɡ: A= ɖ ŮˊɘűɎɜŮɘŬ Űɞɡ ˊɡəɜɤŰɐ ůŮ m
2
 ɔɘŬ əɎɗŮ Űɧɜɞ ůŰŮɟŮɩɜ əŬɘ ɩɟŬ 

           V= ɖ ŰŬɢɨŰɖŰŬ əŬŰŬɓɨɗɘůɖɠ ůŮ m/h (ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŮɝŮŰɎɕŮŰŬɘ                                                          

3,57 mm/min ɐ 0,22 m/h) 

ȷˊɧ Űɖɜ ŮűŬɟɛɞɔɐ Űɞɡ Űɨˊɞɡ ɓɟɑůəŮŰŬɘ: A=(3-1)/0,22=9,1 m
2
/t*h 

ȼ ˊŬɟŬɔɤɔɐ ůɡɛˊɡəɜɩɛŬŰɞɠ PbS ŮɑɜŬɘ 5,3125 t/h, ɖ ŬˊŬɘŰɞɨɛŮɜɖ ɞɚɘəɐ ŮˊɘűɎɜŮɘŬ ŮɑɜŬɘ: 

Aɞɚ= 9,1 m
2
/t*h * 5,3125 t/h = 48,3m

2
 

ȼ ŮˊɘűɎɜŮɘŬ ŬɡŰɐ ůŰɟɞɔɔɡɚɞˊɞɘŮɑŰŬɘ ůŰŬ 50 m
2
 ɔɘŬ ɚɧɔɞɡɠ ŬůűŬɚŮɑŬɠ. 

ȼ ŭɘɎɛŮŰɟɞɠ Űɞɡ ˊɡəɜɤŰɐ ɡˊɞɚɞɔɑɕŮŰŬɘ: 

d= [(4*50) /3,14]
 İ

 = 7,98 ŭɖɚŬŭɐ ˊŮɟɑˊɞɡ 8 m. 

P=1 HP ɐ  0,74 kW 
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5.15.2 ɄɈȾɁɋɇȼɆ ɆɈɀɄɈȾɁɋɀȷɇɃɆ ZnS 

Ƀ ˊɞɚűɧɠ ˊɞɡ ŮɘůɏɟɢŮŰŬɘ ůŰɞɜ ˊɡəɜɤŰɐ ŬˊɞŰŮɚŮɑ Űɞ ůɡɛˊɨəɜɤɛŬ Űɖɠ ŮˊɑˊɚŮɡůɖɠ Űɞɡ ZnS 

ˊɞɡ ˊɟɞɖɔɐɗɖəŮ. ȼ ˊɡəɜɧŰɖŰŬ Űɞɡ ůŮ ůŰŮɟŮɎ ŮɑɜŬɘ P1=25%, ɎɟŬ Ŭ Ŭɟɢɘəɐ ŬɟŬɑɤůɖ Űɞɡ 

ˊɞɚűɞɨ ŮɑɜŬɘ D1=(100-25)/25=3. Ƀ ˊɞɚűɧɠ ŮɝɏɟɢŮŰŬɘ Ŭˊɧ Űɞɜ ˊɡəɜɤŰɐ ɛŮ P2=50% ůŮ 

ůŰŮɟŮɎ, ɎɟŬ, ɖ ŰŮɚɘəɐ Űɞɡ ŬɟŬɑɤůɖ ŮɑɜŬɘ D2=(100-50)/50=1.  

ũɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ŭɘŬɛɏŰɟɞɡ Űɞɡ ˊɡəɜɤŰɐ ˊɞɡ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ Űɖɜ ˊɨəɜɤůɖ 

Űɞɡ ůɡɛˊɡəɜɩɛŬŰɞɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɞ Űɨˊɞɠ: 

A=(D1-D2)/V 

ȳˊɞɡ: A= ɖ ŮˊɘűɎɜŮɘŬ Űɞɡ ˊɡəɜɤŰɐ ůŮ m
2
 ɔɘŬ əɎɗŮ Űɧɜɞ ůŰŮɟŮɩɜ əŬɘ ɩɟŬ 

           V= ɖ ŰŬɢɨŰɖŰŬ əŬŰŬɓɨɗɘůɖɠ ůŮ m/h (ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŮɝŮŰɎɕŮŰŬɘ                                                          

3,57 mm/min ɐ 0,22m/h) 

ȷˊɧ Űɖɜ ŮűŬɟɛɞɔɐ Űɞɡ Űɨˊɞɡ ɓɟɑůəŮŰŬɘ: A=(3-1)/0,22=9,1 m
2
/t*h 

ȼ ˊŬɟŬɔɤɔɐ ůɡɛˊɡəɜɩɛŬŰɞɠ ZnS ŮɑɜŬɘ 1,643 t/h. ɆɡɜŮˊɩɠ, ɡˊɞɚɞɔɑɕɞɡɛŮ: 

Aɞɚ= 9,1 m
2
/t*h * 1,64 t/h = 14,92 m

2 

ȼ ŮˊɘűɎɜŮɘŬ ŬɡŰɐ, ɔɘŬ ɚɧɔɞɡɠ ŬůűŬɚŮɑŬɠ, ŬɡɝɎɜŮŰŬɘ ůŰŬ 16 m
2
. ȼ ŭɘɎɛŮŰɟɞɠ Űɞɡ ˊɡəɜɤŰɐ 

ŬɡŰɞɨ ɡˊɞɚɞɔɑɕŮŰŬɘ: 

d= [(4*16)/3,14]
 İ

 = 4,51 m , ́ Ůɟɑˊɞɡ 5 m. 

P=0,75 HP ɐ  0,55 kW 

 

 

5.15.3 ɄɈȾɁɋɇȼɆ ɇȺȿɀȷɇɃɆ 

ɆŰɞɜ ˊɡəɜɤŰɐ ŬɡŰɧ ŮɘůɏɟɢŮŰŬɘ Űɞ ŰɏɚɛŬ Ŭˊɧ Űɖɜ ŮˊɑˊɚŮɡůɖ ˊɞɡ ˊɟɞɖɔɐɗɖəŮ. ȼ 

ŰɟɞűɞŭɞůɑŬ Űɞɡ ŮɑɜŬɘ 43,04 t/h. ȼ ɞɚɘəɐ ŮˊɘűɎɜŮɘŬ Űɞɡ ɡˊɞɚɞɔɑɕŮŰŬɘ: 

Aɞɚ= 9,1 m
2
/t*h * 43,04 t/h = 391,7 m

2 

ũɘŬ ɚɧɔɞɡɠ ŬůűŬɚŮɑŬɠ ŬɡɝɎɜɞɡɛŮ Űɖɜ ŮˊɘűɎɜŮɘŬ ŬɡŰɐ ůŰɞ 395 m
2
. ȹɘɎɛŮŰɟɞɠ Űɞɡ ˊɡəɜɤŰɐ 

ɡˊɞɚɞɔɑɕŮŰŬɘ: 

d= [(4*395)/3,14]
 İ

 = 22,4 m , ́ Ůɟɑˊɞɡ 23 m. 

ȾŬɗɩɠ, ɏɜŬɠ ˊɡəɜɤŰɐɠ ɛŮ Űɧůɞ ɛŮɔɎɚɖ ŭɘɎɛŮŰɟɞ ŭŮɜ ŮɑɜŬɘ ɞɨŰŮ Ůɨəɞɚɞɠ ůŰɖɜ əŬŰŬůəŮɡɐ 

Űɞɡ, ŬɚɚɎ ɞɨŰŮ əŬɘ ɘŭɘŬɑŰŮɟŬ ˊɟŬəŰɘəɧɠ ɔɘŬ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ŮɟɔɞůŰŬůɑɞɡ, Űɞ ŰɏɚɛŬ ɗŬ 

ˊɡəɜɩɜŮŰŬɘ ůŮ ŭɨɞ ˊɡəɜɤŰɏɠ Űɖɠ ɛɘůɐɠ ˊŮɟɑˊɞɡ ŭɘŬɛɏŰɟɞɡ Ŭˊɧ Űɖɜ ɡˊɞɚɞɔɘɕɧɛŮɜɖ, 

ŭɖɚŬŭɐ ˊŮɟɑˊɞɡ 12 m. 

P=2*1,5=3 HP ɐ 2,2 kW 
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Ⱥɘə. 5.12 ɄɡəɜɤŰɐɠ 
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5.16 ɈɄɃȿɃũȽɆɀɃɆ ȹȽȼŪȼɇȼɅɋɁ 

 

5.16.1 ȹȽȼŪȼɇȼɅȷɆ ɆɈɀɄɈȾɁɋɀȷɇɃɆ PbS 

Ƀ ŭɘɖɗɖŰɐɟŬɠ ŰɟɞűɞŭɞŰŮɑŰŬɘ ɛŮ ˊŮɟɑˊɞɡ 5 t/h ůɡɛˊɨəɜɤɛŬ ˊɞɡ ˊŮɟɘɏɢŮɘ 50% ɡɔɟŬůɑŬ. 

ɀŮŰɎ Űɖɜ ŭɘɐɗɖůɖ ɖ ɡɔɟŬůɑŬ ɗŬ ɏɢŮɘ ɛŮɘɤɗŮɑ ůŰɞ 8%. ȼ ŭɡɜŬɛɘəɧŰɖŰŬ Űɖɠ ŮˊɘűɎɜŮɘŬɠ 

ŭɘɐɗɖůɖɠ ŮɑɜŬɘ 0,237 t/m
2
*h. ɆɡɜŮˊɩɠ, ɔɘŬ Űɞɡɠ 120 t Űɞ 24 h ŬˊŬɘŰŮɑŰŬɘ ŮˊɘűɎɜŮɘŬ: 

A=(120 t/24 h)/0,53 t/sq.ft.24h=226,4 sq.ft ɐ 21,03 m
2
. 

ȺˊɘɚɏɔŮŰŬɘ (Ŭˊɧ Ʉɘɜ. 5.20 ) ŭɘɖɗɖŰɐɟŬɠ ɛŮ ŭɘɎɛŮŰɟɞ 6 ft ɐ 1,82 m, 5 ŭɑůəɞɡɠ əŬɘ ŮˊɘűɎɜŮɘŬ 

ŭɘɐɗɖůɖɠ 23,2 m
2
. ȼ ŬˊŬɘŰɞɨɛŮɜɖ ɘůɢɨɠ ŮɑɜŬɘ 1,5 HP ɐ 1,1 kW. 

 

 

5.16.2 ȹȽȼŪȼɇȼɅȷɆ ɆɈɀɄɈȾɁɋɀȷɇɃɆ ZnS 

Ƀ ŭɘɖɗɖŰɐɟŬɠ ŬɡŰɧɠ ŰɟɞűɞŭɞŰŮɑŰŬɘ ɛŮ  ˊŮɟɑˊɞɡ 1,5 t/h ůɡɛˊɨəɜɤɛŬ ɛŮ 50% ɡɔɟŬůɑŬ, ɖ 

ɞˊɞɑŬ ɗŬ ɛŮɘɤɗŮɑ ůŰɞ 8% ɛŮŰɎ Űɖɜ ŭɘɐɗɖůɖ. ȼ ŭɡɜŬɛɘəɧŰɖŰŬ Űɖɠ ŮˊɘűɎɜŮɘŬɠ ŭɘɐɗɖůɖɠ 

ŮɑɜŬɘ 0,257 t/m
2
*h. ɆɡɜŮˊɩɠ, ɔɘŬ Űɞɡɠ 36 t Űɞ 24h ŬˊŬɘŰŮɑŰŬɘ ŮˊɘűɎɜŮɘŬ: 

A=(36 t/24h)/0,57 t/sq.ft.24h=63,15 sq.ft ɐ 5,87 m
2
. 

ȺˊɘɚɏɔŮŰŬɘ (Ŭˊɧ Ʉɘɜ. 5.20 ) ŭɘɖɗɖŰɐɟŬɠ ɛŮ ŭɘɎɛŮŰɟɞ 4 ft ɐ 1,21 m, 3 ŭɑůəɞɡɠ əŬɘ ŮˊɘűɎɜŮɘŬ 

ŭɘɐɗɖůɖɠ 6,1 m
2
. ȼ ŬˊŬɘŰɞɨɛŮɜɖ ɘůɢɨɠ ŮɑɜŬɘ 0,75 HP ɐ 0,55 kW. 

 

Ⱥɘə. 5.13 ȹɘůəɞűɧɟɞɠ ŭɘɖɗɖŰɐɟŬɠ 
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