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ɄŮɟɑɚɖɣɖ  

ȼ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ŬűɞɟɎ Űɞɜ ˊɟɧŰɡˊɞ ɝɖɟɧ əɞɜɘɞɟŰɞˊɞɘɖŰɐ Űɞɡ ȺɀɄ. Ƀ 
ɞɟɘɕɧɜŰɘɞɠ ŬɡŰɧɠ ŭŬəŰɡɚɘɧɛɡɚɞɠ ɛŮɚŮŰɐɗɖəŮ əŬɘ əŬŰŬůəŮɡɎůŰɖəŮ Ŭˊɧ Űɞɜ ə. ɀŬəɟɐ əŬɘ Űɖɜ 
əŬ. ūɞɨɜŰɖ ɛŮ ůŰɧɢɞ Űɖɜ ˊɟŬəŰɘəɐ əɞɜɘɞˊɞɑɖůɖ ɓɘɞɛɖɢŬɜɘəɩɜ ɞɟɡəŰɩɜ əŬɘ 
ůɡůůɤɛŬŰɤɛɎŰɤɜ ɔɘŬ ɓɘɞɛɖɢŬɜɘəɏɠ ɢɟɐůŮɘɠ. ɆŰɖɜ ŮɟɔŬůɑŬ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ŬˊɞŰɨˊɤůɖ 
3D ůŰɞ Solidworks Űɞɡ ɡˊɎɟɢɞɜŰɞɠ ɛɨɚɞɡ ɛŬɕɑ ɛŮ Űɞ ůɨůŰɖɛŬ əɑɜɖůɖɠ əŬɘ Űɖ ɓɎůɖ Űɞɡɠ. ɆŮ 
ŭŮɨŰŮɟɖ űɎůɖ ůɢŮŭɘɎůŰɖəŮ ɢɘŰɩɜɘɞ, Űɞ ɞˊɞɑɞ ˊɟɞŰŮɑɜŮŰŬɘ ɔɘŬ Űɖɜ ɣɨɝɖ Űɞɡ ɛɨɚɞɡ. ȺˊɏəŰŬůɖ 
Űɞɡ ɢɘŰɤɜɑɞɡ ŬˊɞŰŮɚŮɑ ɏɜŬ ůɨůŰɖɛŬ ɣɨɝɖɠ ɜŮɟɞɨ, Űɞ ɞˊɞɑɞ ůɢŮŭɘɎůŰɖəŮ ůŰɞ Solidworks. 
ɄɏɟŬɜ Űɤɜ ůɢŮŭɘŬůŰɘəɩɜ əɞɛɛŬŰɘɩɜ, Űɞ Ŭˊɚɧ ɢɘŰɩɜɘɞ ́ ɞɡ ŮɛˊŮɟɘɏɢŮɘ ɜŮɟɧ ɤɠ ɣɡəŰɘəɧ ɟŮɡůŰɧ 
ŮɘůɎɢɗɖəŮ ůŰɞ Ansys ɔɘŬ Ů́ɟŬɘŰɏɟɤ ŬɜɎɚɡůɖ. ȷűɞɨ ŭɖɛɘɞɡɟɔɐůŬɛŮ ˊɟɞůŮəŰɘəɎ Űɞ Mesh Űɤɜ 
ɧɔəɤɜ, ůɡɜŮɢɑůŬɛŮ ůŰɞ Setup, ɧˊɞɡ ŬɟɢɘəɞˊɞɘɐɗɖəŬɜ ŰŬ domains əŬɘ ɞɟɑůŰɖəŬɜ ɞɘ 
əŬŰŬůŰɎůŮɘɠ ůŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ. ȼ ɇransient ȷnalysis ˊɞɡ ɏɔɘɜŮ ŬɜŬűɏɟŮŰŬɘ ůŮ ŰɟŮɘɠ 
ŭɘŬűɞɟŮŰɘəɞɨɠ ɟɡɗɛɞɨɠ ɟɞɐɠ ɜŮɟɞɨ. ɆŰɞ Űɏɚɞɠ ůɡɚɚɏɢɗɖəŬɜ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ əŬɘ 
ůɢɞɚɘɎůŰɖəŬɜ. ɄŬɟɎɚɚɖɚŬ ˊɟɞŰŮɑɜɞɜŰŬɘ əŬɘ ɗɏɛŬŰŬ ɔɘŬ ɛŮɚɚɞɜŰɘəɐ ɏɟŮɡɜŬ.  
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Abstract 

The present master thesis concerns the horizontal dry pulverizer of NTUA. This ring mill was 
designed and built by Mr. Makris and Mrs. Founti with the aim of practical pulverization of 
industrial minerals and agglomerates for industrial uses. In this thesis, a 3D imprint of the 
existing mill was made in Solidworks. In second phase, a heat shield was designed, which is 
recommended for cooling the mill. The extension of the heat shield is a water cooling system 
designed by Solidworks. In addition to the design pieces, the simple heat shield containing 
water as a coolant was introduced in Ansys for further analysis. After carefully creating the 
Mesh of the volumes, we proceeded to Setup, where the domains were initialized and the 
states in each case were defined. The Transient Analysis performed refers to three different 
water flow rates. In the end the results were collected and commented. At the same time, 
topics for future research are proposed.   
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ȺɡɢŬɟɘůŰɑŮɠ  

ȼ ŬˊɧűŬůɖ ɛɞɡ ɜŬ Ůəˊɞɜɐůɤ Űɞ ɛŮŰŬˊŰɡɢɘŬəɧ ˊɟɧɔɟŬɛɛŬ ůˊɞɡŭɩɜ ůŰŬ ɆɡůŰɐɛŬŰŬ 
ȷɡŰɞɛŬŰɘůɛɞɨ Űɞɡ Ⱥɗɜɘəɞɨ ɀŮŰůɧɓɘɞɡ ŬˊɞŭŮɑɢɗɖəŮ ˊŬɟŬˊɎɜɤ Ŭˊɧ ɞɟɗɐ. ɆɑɔɞɡɟŬ 
ŬˊɞŰɏɚŮůŮ ɛɘŬ ˊɞɚɨ ůɤůŰɐ əɑɜɖůɖ ɧɢɘ ɛɧɜɞ Ŭˊɧ Ɏˊɞɣɖ əŬŰɎɟŰɘůɖɠ ɔɜɩůŮɤɜ, ŬɚɚɎ əɘ Ŭˊɧ 
Űɖɜ Ɏˊɞɣɖ Űɖɠ ůɡɜŮɢɞɨɠ ŮˊŬɔɟɨˊɜɖůɖɠ Űɞɡ ɛɡŬɚɞɨ, Űɖɠ ɗɏɚɖůɖɠ ɜŬ ˊŮŰɡɢŬɑɜŮɘɠ ˊɎɜŰŬ Űɞ 
əŬɚɨŰŮɟɞ ůŮ ɞˊɞɘɞɜŭɐˊɞŰŮ ŰɞɛɏŬ. ȼ Ůəˊɧɜɖůɖ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ɛɞɡ ŮɟɔŬůɑŬɠ ůɡɜɏɓŬɚŮ 
ŬˊɞűŬůɑůŰɖəŬ ˊɟɞɠ Űɖɜ əŬŰŮɨɗɡɜůɖ ŬɡŰɐ, əŬɗɩɠ Űɞ ˊɞɚɨ ŮɜŭɘŬűɏɟɞɜ əŬɘ ˊɞɚɨˊɚŮɡɟɞ 
ŬɜŰɘəŮɑɛŮɜɞ ˊɞɡ ŬűɞɟɞɨůŮ əŬɘ ɖ əŬɗɞŭɐɔɖůɖ ˊɞɡ ɏɚŬɓŬ Ŭˊɧ Űɞɜ ŮˊɘɓɚɏˊɞɜŰŬ ȷɜŬˊɚɖɟɤŰɐ 
əŬɗɖɔɖŰɐ ə. ȸŬůɑɚŮɘɞ ɆˊɘŰɎ, ɛɞɡ ɛŮŰɏűŮɟŬɜ ˊŮɟɘůůɧŰŮɟɖ ɧɟŮɝɖ ɔɘŬ ŭɖɛɘɞɡɟɔɘəɐ ɏɟŮɡɜŬ əŬɘ 
ůəɏɣɖ. ȱŰŬɜ ɞɨŰɤɠ ɐ Ɏɚɚɤɠ ɛŮɔɎɚɖ ɛɞɡ Űɘɛɐ ɜŬ ůɡɜŮɟɔŬůŰɩ ɛŮ Űɞɜ ə. ɆˊɘŰɎ, ɛŮ Űɞɜ ɞˊɞɑɞ 
ŬˊɞűŬůɑůŬɛŮ ɜŬ Ŭůɢɞɚɖɗɩ ɛŮ ɏɜŬ ˊɟɧŰɡˊɞ ˊɟɧŰɕŮəŰ Űɞɡ ŮɟɔŬůŰɖɟɑɞɡ ɆŰɞɘɢŮɑɤɜ ɀɖɢŬɜɩɜ. 
ɆŮ ŬɡŰɧ, Űɞ ůɖɛŮɑɞ ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɖɜ əŬ. ūɞɨɜŰɖ, ɖ ɞˊɞɑŬ ɛɞɡ ɏŭɤůŮ ŭɡůŮɨɟŮŰŬ 
ˊɟŬəŰɘəɎ Ŭˊɧ ůɡɜɏŭɟɘŬ əŬɘ ɓɘɓɚɘɞɔɟŬűɑŬ ˊɞɡ ŬűɞɟɞɨůŬɜ Űɞɜ ŭŬəŰɡɚɘɧɛɡɚɞ, əŬɘ Űɞɜ ə. ȻŬɜɜɐ 
ɔɘŬ Űɖɜ ŭɘŭŬəŰɞɟɘəɐ Űɞɡ ŭɘŬŰɟɘɓɐ.  

ɄɎɜɤ Ŭˊɧ ɧɚŬ ɗɏɚɤ ɜŬ ˊɤ ɏɜŬ ɛŮɔɎɚɞ ŮɡɢŬɟɘůŰɩ ůŰɞɡɠ ɔɞɜŮɑɠ ɛɞɡ, Űɖɜ ŬŭŮɟűɐ ɛɞɡ, Űɞ 
Ŭɔɧɟɘ ɛɞɡ əŬɘ Űɘɠ űɑɚŮɠ ɛɞɡ ɔɘŬ Űɖ ŭɘŬɟəɐ ůŰɐɟɘɝɖ əŬɘ ŬɔɎˊɖ Űɞɡɠ. 

ɇɏɚɞɠ, ɗɏɚɤ ɜŬ ŮɡɢŬɟɘůŰɐůɤ ɧɚŬ ŰŬ ˊŬɘŭɑŬ Ŭˊɧ Űɞ ŮɟɔŬůŰɐɟɘɞ ɆŰɞɘɢŮɑɤɜ ɀɖɢŬɜɩɜ əŬɘ 
ɘŭɘŬɑŰŮɟŬ Űɞɡɠ Ɉˊɞɣɐűɘɞɡɠ ȹɘŭɎəŰɞɟŮɠ ɉɟɐůŰɞ ȸŬəɞɡűŰůɐ əŬɘ ȷɜŭɟɏŬ ɀŬɡɟɑŭɖ-ɇɞɡɟɔɏɚɖ 
ɔɘŬ Űɖɜ ŬɚɚɖɚɞɓɞɐɗŮɘŬ əŬɘ Űɘɠ ůɢɏůŮɘɠ űɘɚɑŬɠ ˊɞɡ ŬɜŬˊŰɨɝŬɛŮ. 
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ȾŮűɎɚŬɘɞ 1 

1.1 ȺɘůŬɔɤɔɐ  

ʆŬ ɞɟɡəŰɎ əŬɘ ŰŬ ɛɏŰŬɚɚŬ ŮɑɜŬɘ ɓŬůɘəɎ ůɡůŰŬŰɘəɎ ɔɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ Űɖɠ Ŭɜɗɟɩˊɘɜɖɠ əɞɘɜɤɜɑŬɠ. 

ȼ ŬɜɎɔəɖ Ůˊɘɓɑɤůɖɠ ŭɑŭŬɝŮ ůŰɞɡɠ ˊɟɞɥůŰɞɟɘəɞɨɠ ɄŬɚŬɘɞɚɘɗɘəɞɨɠ ɎɜŰɟŮɠ Űɖ ɢɟɐůɖ ɚɑɗɤɜ ɤɠ 
ŮɟɔŬɚŮɑɤɜ ɐŭɖ Ŭˊɧ 20.000 ɢɟɧɜɘŬ ˊɟɘɜ. ȼ ŬɜŬəɎɚɡɣɖ Űɤɜ ɞɟɡəŰɩɜ, ɖ ŮɝŮɟŮɨɜɖůɐ Űɞɡɠ əŬɘ ɖ 
ɢɟɐůɖ Űɞɡɠ ɏɔɘɜŬɜ ˊɞɚɚɏɠ űɞɟɏɠ ɛŮ Űɖɜ ɏɚŮɡůɖ Űɞɡ ˊɞɚɘŰɘůɛɞɨ əŬɘ ůɡɜŮɢɑɕŮŰŬɘ ůɐɛŮɟŬ. 

ȰɜŬ ŬˊɧɗŮɛŬ ɞɟɡəŰɩɜ (mineral deposit) ŮɑɜŬɘ ˊɞɚɨ ɛɘəɟɧ ůŮ ɛɏɔŮɗɞɠ ůŮ ůɨɔəɟɘůɖ ɛŮ Űɞɜ 
ŰŮɟɎůŰɘɞ űɚɞɘɧ Űɖɠ ũɖɠ. ɇŬ ŭɘɎűɞɟŬ ŬˊɞɗɏɛŬŰŬ (deposits) əɞɜŰɎ ůŰɖɜ ŮˊɘűɎɜŮɘŬ ɏɢɞɡɜ 
ŬɜŬəŬɚɡűɗŮɑ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɤɜ Ŭɘɩɜɤɜ, ŮɝɞɟɨůůɞɜŰŬɘ əŬɘ ŮɝɎɔɞɜŰŬɘ ɛɏŰŬɚɚŬ. Ƀɘ 
ɛŮɚɚɞɜŰɘəɏɠ ŬɜŬɕɖŰɐůŮɘɠ ůŰɞɢŮɨɞɡɜ ůŮ űɡůɘəɞɨɠ əɟɡɛɛɏɜɞɡɠ Űɨˊɞɡɠ, ɞɘ ɞˊɞɑɞɘ ɛ́ ɞɟŮɑ 
ůˊɎɜɘŬ ɜŬ ŮɛűŬɜɑɕɞɜŰŬɘ ůŬɜ ŮˊɘűŬɜŮɘŬəɎ ůɖɛɎŭɘŬ (weathered outcrop) əŬɘ ɜŬ ŮɑɜŬɘ 
əŬɚɡɛɛɏɜɞɘ Ŭˊɧ ɢɩɛŬ. ȼ ɜɏŬ ŬɡŰɐ ŬɜŬəɎɚɡɣɖ ŭŮɜ ɗŬ ŮɑɜŬɘ Ůɨəɞɚɖ. ŪŬ ŬˊŬɘŰɐůŮɘ 
ɡˊŮɟůɨɔɢɟɞɜŮɠ ŰŮɢɜɘəɏɠ ŮɝŮɟŮɨɜɖůɖɠ, ŮəˊŬɘŭŮɡɛɏɜɞ Ŭɜɗɟɩˊɘɜɞ ŭɡɜŬɛɘəɧ, ŮˊɘůŰɖɛɞɜɘəɐ 
ɔɜɩůɖ, ŮˊŬɟəɐ ŮɛˊŮɘɟɑŬ, ɡɣɖɚɧ ŮˊɑˊŮŭɞ ŮˊŮɝŮɟɔŬůɑŬɠ ŭŮŭɞɛɏɜɤɜ əŬɘ ŭŮɝɘɧŰɖŰŬ ŮɟɛɖɜŮɑŬɠ. 
ȼ ůɡɜɞɚɘəɐ ŭɘŬŭɘəŬůɑŬ ɗŬ ŮˊɘŰŮɡɢɗŮɑ ɓɐɛŬ ˊɟɞɠ ɓɐɛŬ ůŮ ɛɘŬ ŭɡɜŬɛɘəɐ əŬɘ ɚɞɔɘəɐ ŬəɞɚɞɡɗɑŬ 
(Haldar, 2013). 

1.2 Ƀɟɘůɛɞɑ 

1.2.1 ɃɟɡəŰɎ əŬɘ ɓɟɎɢɞɘ  

ɇɞ ɞɟɡəŰɧ (mineral) ŮɑɜŬɘ ɛɘŬ ɞɛɞɘɞɔŮɜɐɠ ŬɜɧɟɔŬɜɖ ɞɡůɑŬ ˊɞɡ ŮɛűŬɜɑɕŮŰŬɘ űɡůɘəɎ, ůɡɜɐɗɤɠ 
ůŮ əɟɡůŰŬɚɚɘəɐ ɛɞɟűɐ ɛŮ ůɡɔəŮəɟɘɛɏɜɖ ɢɖɛɘəɐ ůɨɜɗŮůɖ. ȺɑɜŬɘ ɔŮɜɘəɎ ůŮ ůŰŮɟŮɐ ɛɞɟűɐ, ɛŮ 
ŮɝŬɘɟɏůŮɘɠ Űɞɜ ɡŭɟɎɟɔɡɟɞ, Űɞ űɡůɘəɧ ɜŮɟɧ əŬɘ ŰŬ ɞɟɡəŰɎ əŬɨůɘɛŬ. ɇŬ əɞɘɜɎ ɞɟɡəŰɎ ˊɞɡ 
ůɢɖɛŬŰɑɕɞɡɜ ˊŮŰɟɩɛŬŰŬ (rock-forming minerals (RFM)) ŮɑɜŬɘ ɞ ɢŬɚŬɕɑŬɠ (SiO2), Űɞ orthoclase 
feldspar (KAlSi3O8), Űɞ plagioclase feldspar (CaNaAlSi3O8), ɞ ŬɚɓɑŰɖɠ (NaAlSi3O8) əŬɘ ɖ ɞɛɎŭŬ 
ɛŬɟɛŬɟɡɔɑŬɠ, ɧˊɤɠ ɞ ɛɞůɢɞɓɑŰɖɠ (H2KAL3 (SiO4)3) əŬɘ ɞ ɓɘɞŰɑŰɖɠ (H2K(MgFe)3Al (SiO4)3). ɇŬ 
əɞɘɜɎ ɞɟɡəŰɎ ˊɞɡ ůɢɖɛŬŰɑɕɞɡɜ ɛŮŰŬɚɚŮɨɛŬŰŬ ŮɑɜŬɘ ɞ ŬɘɛŬŰɑŰɖɠ (Fe2O3), ɖ əŬůůɘɟɑŰɖ (SnO2), ɞ 
ɢŬɚəɞˊɡɟɑŰɖɠ (CuFeS2), ɞ ůűŬɚŮɟɑŰɖɠ (ZnS), ɖ ɔŬɚɏɜŬ (PbS), ɞ ɓŬɟɨŰɖɠ (BaSO4 2H2O), ɞ 
ɔɨɣɞɠ (CaSO4) əŬɘ ɞ ŬˊŬŰɑŰɖɠ (Ca5(PO4)3 (F,Cl,OH)), ɛŮŰŬɝɨ Ɏɚɚɤɜ. 

Ƀ ɓɟɎɢɞɠ (rock) ŮɑɜŬɘ ɏɜŬ ůɨɜɞɚɞ ɞɟɡəŰɞɨ ɐ ɞɟɡəŰɩɜ ˊɞɡ ůɢɖɛŬŰɑɕɞɜŰŬɘ ɡˊɧ Űɖ űɡůɘəɐ 
ŭɘŬŭɘəŬůɑŬ Űɖɠ ˊɡɟɘŰɘəɐɠ, ɘɕɖɛŬŰɞɔŮɜɞɨɠ əŬɘ ɛŮŰŬɛɞɟűɘəɐɠ ˊɟɞɏɚŮɡůɖɠ. Ƀɘ ůɡɜɖɗɘůɛɏɜɞɘ 
ɓɟɎɢɞɘ ŮɑɜŬɘ ɞ ɓŬůɎɚŰɖɠ, ɞ ɔɟŬɜɑŰɖɠ, ɞ ɢŬɚŬɕɑŰɖɠ, ɞ ɣŬɛɛɑŰɖɠ, ɞ ŬůɓŮůŰɧɚɘɗɞɠ, Űɞ ɛɎɟɛŬɟɞ 
əŬɘ ɞ ɛɘəŰɧɠ ůɢɘůŰɧɚɘɗɞɠ (Haldar, 2013). 

1.2.2 ɀŮŰŬɚɚŮɨɛŬŰŬ 

ɆŰɞ ˊŬɟŮɚɗɧɜ, ɖ ɚɏɝɖ ɛŮŰɎɚɚŮɡɛŬ (ore) ˊŮɟɘɞɟɘɕɧŰŬɜ ŬˊɞəɚŮɘůŰɘəɎ ůŮ űɡůɘəɎ ɡɚɘəɎ Ŭˊɧ ŰŬ 
ɞˊɞɑŬ ɏɜŬɠ ɐ ˊŮɟɘůůɧŰŮɟɞɘ Űɨˊɞɘ ɛŮŰɎɚɚɤɜ ɗŬ ɛˊɞɟɞɨůŬɜ ɜŬ ŮɝɞɟɨůůɞɜŰŬɘ əŬɘ ɜŬ ŮɝɎɔɞɜŰŬɘ 
ɛŮ əɏɟŭɞɠ. ɇŬ ɞɘəɞɜɞɛɘəɎ əɞɘŰɎůɛŬŰŬ (economic deposits) ˊɞɡ ˊŮɟɘɚŬɛɓɎɜɞɡɜ ɓɘɞɛɖɢŬɜɘəɎ 
ɞɟɡəŰɎ, ˊŮŰɟɩɛŬŰŬ, ɢɨŭɖɜ ɡɚɘəɎ, ˊɞɚɨŰɘɛɞɡɠ ɚɑɗɞɡɠ əŬɘ ɞɟɡəŰɎ əŬɨůɘɛŬ ŮɝŬɘɟɏɗɖəŬɜ Ŭˊɧ Űɞ 
ɛŮŰɎɚɚŮɡɛŬ. ȼ ɘŭɏŬ ŬɡŰɐ ɏɢŮɘ ɡˊɞůŰŮɑ ɟɘɕɘəɏɠ ŬɚɚŬɔɏɠ ɛŮ Űɖɜ ˊɎɟɞŭɞ Űɤɜ ŮŰɩɜ. ɇɞ ȲŭɟɡɛŬ 
Ⱥɝɧɟɡɝɖɠ əŬɘ ɀŮŰŬɚɚɞɡɟɔɑŬɠ Űɞɡ ȼɜɤɛɏɜɞɡ ȸŬůɘɚŮɑɞɡ, ɞɟɑɕŮɘ ůɐɛŮɟŬ Űɞ ɛŮŰɎɚɚŮɡɛŬ ɤɠ çŰɞ 
ůŰŮɟŮɧ űɡůɘəɧ ɞɟɡəŰɧ ůɨɜɞɚɞ ɞɘəɞɜɞɛɘəɞɨ ŮɜŭɘŬűɏɟɞɜŰɞɠ Ŭˊɧ Űɞ ɞˊɞɑɞ ɏɜŬ ɐ ˊŮɟɘůůɧŰŮɟŬ 
ˊɞɚɨŰɘɛŬ ůɡůŰŬŰɘəɎ ɛˊɞɟɞɨɜ ɜŬ ŬɜŬəŰɖɗɞɨɜ ɛŮ ŮˊŮɝŮɟɔŬůɑŬè. ɋɠ Ůə ŰɞɨŰɞɡ, Űɞ ɛŮŰɎɚɚŮɡɛŬ 
əŬɘ ɖ ůɡɜŭŮŭŮɛɏɜɖ ɛɎɕŬ Űɞɡ ɛŮŰŬɚɚŮɨɛŬŰɞɠ ůŮ ɞɟɡɢŮɑɞ ɐ əŬŰɎɚɚɖɚɞ ɔɘŬ Ůɝɧɟɡɝɖ (orebody) 
ˊŮɟɘɚŬɛɓɎɜɞɡɜ ɛŮŰŬɚɚɘəɎ əɞɘŰɎůɛŬŰŬ, ŮɡɔŮɜɐ ɛɏŰŬɚɚŬ, ɓɘɞɛɖɢŬɜɘəɎ ɞɟɡəŰɎ, ˊŮŰɟɩɛŬŰŬ, 
ɢɨŭɖɜ ɐ ŬŭɟŬɜɐ ɡɚɘəɎ, ɢŬɚɑəɘ, Ɏɛɛɞ, ˊɞɚɨŰɘɛɞɡɠ ɚɑɗɞɡɠ, űɡůɘəɧ ɜŮɟɧ, ˊɞɚɡɛŮŰŬɚɚɘəɎ ɞɕɑŭɘŬ 
əŬɘ ɞɟɡəŰɎ əŬɨůɘɛŬ Ŭˊɧ Űɖɜ ɝɖɟɎ əŬɘ Űɞɜ ˊɡɗɛɏɜŬ Űɞɡ ɤəŮŬɜɞɨ. ȳɚŬ ŰŬ ɛŮŰŬɚɚŮɨɛŬŰŬ ŮɑɜŬɘ 
ɞɟɡəŰɎ ɐ ŰŬ ŬŭɟŬɜɐ Űɞɡɠ, ŬɚɚɎ Űɞ ŬɜŰɑɗŮŰɞ ŭŮɜ ɘůɢɨŮɘ. ɇŬ ɛŮŰŬɚɚŮɨɛŬŰŬ ɛˊɞɟɞɨɜ ɜŬ 
ŰŬɝɘɜɞɛɖɗɞɨɜ ˊŮɟŬɘŰɏɟɤ ɤɠ (ɄɑɜŬəŬɠ 1.1) (Haldar, 2013): 
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ɇɨˊɞɠ ɀŮŰɎɚɚŮɡɛŬ 

Metallic Native-Pt, -Au, -Ag, -Cu, chalcopyrite, 
sphalerite, galena, hematite, magnetite, 
pyrite, pyrrho-tite, bauxite 

Noble Gold, silver, platinum, palladium. 

Industrial Quartz, garnet, phosphate, asbestos, barite 

Gemstones Amethyst, aquamarine, diamond, emerald, 
garnet, opal, ruby, sapphire, topaz, zircon. 

Rock Granite, marble, limestone, rock salt. 

Bulk/aggregate Sand, gravel 

Mineral fuel Coal, crude oil, gas. 

Strategic Uraninite, pitchblende, thorianite, 
wolframite. 

Life essential Natural water. 

Rare earth Lanthanum (La), cerium (Ce), neodyminum 
(Nd), promethium (Pm). 

Ocean Poly-metallic nodules, coral, common salt, 
potassium. 

1.2.3 ȾɞɘŰɎůɛŬŰŬ ɛŮŰŬɚɚŮɨɛŬŰɞɠ 

ɇɞ əɞɑŰŬůɛŬ ɛŮŰŬɚɚŮɨɛŬŰɞɠ (ore deposits) ŮɑɜŬɘ ɛɘŬ űɡůɘəɐ ůɡɔəɏɜŰɟɤůɖ Ůɜɧɠ ɐ 
ˊŮɟɘůůɞŰɏɟɤɜ ɛŮŰŬɚɚɘəɩɜ, ɛɖ ɛŮŰŬɚɚɘəɩɜ əŬɘ ůɡɜŭɡŬůɛɧɠ ɞɟɡəŰɩɜ ŮɜŰɧɠ Űɞɡ ɝŮɜɘůŰɐ (host 
rock). ȰɢŮɘ ɏɜŬ ɞɟɘůɛɏɜɞ ŰɟɘůŭɘɎůŰŬŰɞ ůɢɐɛŬ / ɛɏɔŮɗɞɠ ɓɎůŮɘ ɞɘəɞɜɞɛɘəɩɜ əɟɘŰɖɟɑɤɜ ɛŮ 
ˊŮˊŮɟŬůɛɏɜɖ ˊɞůɧŰɖŰŬ (Űɧɜɞɘ) əŬɘ ɛɏůɖ ˊɞɘɧŰɖŰŬ (% ɓŬɗɛɧɠ). ɇɞ ůɢɐɛŬ ˊɞɘəɑɚɚŮɘ ŬɜɎɚɞɔŬ 
ɛŮ Űɖɜ ˊŮɟɑˊɚɞəɖ űɨůɖ Űɞɡ əɞɘŰɎůɛŬŰɞɠ əŬɘ ɛˊɞɟŮɑ ɜŬ ŮɛűŬɜɑɕŮŰŬɘ ɛŮ ůŰɟɩůŮɘɠ (layered), ɛŮ 
ŭɘɎŭɞůɖ (disseminated), ɛŮ űɚɏɓŮɠ (veined), ŭɘˊɚɤɛɏɜɞ (folded) əŬɘ ˊŬɟŬɛɞɟűɤɛɏɜɞ 
(deformed). ɀˊɞɟŮɑ ɜŬ ŭɘŬűŬɑɜŮŰŬɘ ůŰɖɜ ŮˊɘűɎɜŮɘŬ ɐ ɜŬ ɓɟɑůəŮŰŬɘ əɎŰɤ Ŭˊɧ ˊŮŰɟɩŭŮɘɠ 
Ɏɔɞɜɞɡɠ ɚɧűɞɡɠ, ɔŮɤɟɔɘəɎ ŮŭɎűɖ, Ɏɛɛɞ, ˊɞŰɎɛɘŬ əŬɘ ŭɎůɖ (ȺɘəɧɜŬ 1).  
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ȺɘəɧɜŬ 1 ɃɟɡəŰɎ ŬˊɞɗɏɛŬŰŬ ɛŮ ůɢɖɛŬŰɘəɧ ůɢɐɛŬ əŬɘ ůŰɡɚ: (ȷ) ɡˊɞ-ɞɟɘɕɧɜŰɘɞ ůɩɛŬ ɚɘɔɜɑŰɖ əɎŰɤ Ŭˊɧ əɎɚɡɣɖ 
ɔŮɤɟɔɑŬɠ / Ɏɛɛɞɡ ůŰɞ Barsingsar, (B) ŰŮɟɎůŰɘɞ ůɩɛŬ Zn-Pb-Ag ŮəŰŮɗŮɘɛɏɜɞ ůŰɖɜ ŮˊɘűɎɜŮɘŬ ůŰɞ Rampura- 

Agucha, (C) ˊŮɟɑˊɚɞəŬ ŭɘˊɚɤɛɏɜɞ Pb-Cu əŬŰɎɗŮůɖ ůŰɞ Agnigundal, (D) ūŬəɞɑ En echelon Zn-Pb əɎŰɤ Ŭˊɧ 
ɚɞűɩŭŮɠ ɏŭŬűɞɠ ůŰɞ Zawar, (E) ɀɞɜŬŭɘəɐ ɡˊɞɔɟŬűɐ gossans Ŭˊɧ əŬŰɎɗŮůɖ ɗŮɘɞɨɢɞɡ ůŰɞ Rajpura-Dariba, (F) 

Ⱦɟɡűɐ əŬŰɎɗŮůɖ ɗŮɘɞɨɢɞɡ əɎŰɤ Ŭˊɧ ˊŮŰɟɩŭŮɠ Ɏɔɞɜɞ ɢŬɚŬɕɑŰɖ ůŰɞ Sindesar Khurd, ȽɜŭɑŬ. 

ȹŮɜ ɡˊɎɟɢŮɘ ˊɟɞŰɘɛɖůɘŬəɐ ɔŮɤɔɟŬűɘəɐ ɗɏůɖ Űɤɜ əɞɘŰŬůɛɎŰɤɜ ɛŮŰŬɚɚŮɨɛŬŰɞɠ əŬɘ ɛˊɞɟŮɑ ɜŬ 
ɓɟɑůəɞɜŰŬɘ ůŮ ŬˊɞɛŬəɟɡůɛɏɜɞ ɛɏɟɞɠ ɐ əɎŰɤ Ŭˊɧ ɛɘŬ ́ ɡəɜɞəŬŰɞɘəɖɛɏɜɖ ́ ɧɚɖ. ɇŬ əɞɘŰɎůɛŬŰŬ 
ɛŮŰŬɚɚŮɨɛŬŰɞɠ, ɤɠ ŮəɛŮŰŬɚɚŮɨůɘɛɞ ɛɖ ŬɜŬɜŮɩůɘɛɞ ˊŮɟɘɞɡůɘŬəɧ ůŰɞɘɢŮɑɞ, ˊɟɏˊŮɘ ɜŬ 
ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŭɑəŬɘŬ, ɩůŰŮ ɜŬ ŮɑɜŬɘ ŭɘŬɗɏůɘɛŬ ɔɘŬ Űɘɠ ɛŮɚɚɞɜŰɘəɏɠ ɔŮɜɘɏɠ (Haldar, 2013). 

1.2.4 ȾɨɟɘŬ ˊɟɞɥɧɜŰŬ, ůɡɜŭŮŭŮɛɏɜŬ ˊɟɞɥɧɜŰŬ əŬɘ ɘɢɜɞůŰɞɘɢŮɑŬ 

ɇɞ əɨɟɘɞ ˊɟɞɥɧɜ (prime commodity) ŮɑɜŬɘ Űɞ əɨɟɘɞ ɞɟɡəŰɧ ɛŮŰŬɚɚŮɨɛŬŰɞɠ ˊɞɡ ŬɜŬəŰɎŰŬɘ 
Ŭˊɧ ŰŬ ɞɟɡɢŮɑŬ. ɇŬ ůɡɜŭŮŭŮɛɏɜŬ ˊɟɞɥɧɜŰŬ (associated commodities) ŮɑɜŬɘ ŰŬ 
ůɡɜŭŮŭŮɛɏɜŬ ɞɟɡəŰɎ ˊɞɡ ŬɜŬəŰɩɜŰŬɘ ɤɠ ɡˊɞˊɟɞɥɧɜŰŬ ɛŬɕɑ ɛŮ Űɞ əɨɟɘɞ ɞɟɡəŰɧ. ȳɚŬ ŰŬ 
əɞɘŰɎůɛŬŰŬ ɛŮŰŬɚɚŮɨɛŬŰɞɠ ˊŮɟɘɏɢɞɡɜ ɏɜŬɜ Ŭɟɘɗɛɧ ˊɞɚɨŰɘɛɤɜ ɘɢɜɞůŰɞɘɢŮɑɤɜ (trace 
elements) ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ ŬɜŬəŰɖɗɞɨɜ əŬŰɎ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ Űɞɡ ɛŮŰŬɚɚŮɨɛŬŰɞɠ. ɇɞ əɨɟɘɞ 
ˊɟɞɥɧɜ Ůɜɧɠ ɞɟɡɢŮɑɞɡ ɣŮɡŭɎɟɔɡɟɞɡ-ɛɧɚɡɓŭɞɡ-ɢŬɚəɞɨ-Ŭɟɔɨɟɞɡ ŮɑɜŬɘ ɞ ɣŮɡŭɎɟɔɡɟɞɠ, Ůɜɩ ŰŬ 
ůɡɜŭŮŭŮɛɏɜŬ ˊɟɞɥɧɜŰŬ ŮɑɜŬɘ  ɞ ɛɧɚɡɓŭɞɠ əŬɘ ɞ ɢŬɚəɧɠ. ɇŬ ŬɜŬɛŮɜɧɛŮɜŬ ɘɢɜɞůŰɞɘɢŮɑŬ 
ˊɟɞůŰɘɗɏɛŮɜɖɠ ŬɝɑŬɠ ŮɑɜŬɘ  Űɞ əɎŭɛɘɞ, Űɞ Ŭůɐɛɘ, Űɞ əɞɓɎɚŰɘɞ əŬɘ ɞ ɢɟɡůɧɠ. ȼ ŬɝɑŬ ɧɚɤɜ Űɤɜ 
əɨɟɘɤɜ əŬɘ Űɤɜ ŭŮɡŰŮɟŮɡɧɜŰɤɜ ˊɟɞɥɧɜŰɤɜ əŬɘ ɘɢɜɞůŰɞɘɢŮɑɤɜ ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɖ ůɡɚɚɞɔɘəɎ 
ɔɘŬ Űɖɜ ŬˊɞŰɑɛɖůɖ Űɞɡ ɛŮŰŬɚɚŮɨɛŬŰɞɠ / ɞɟɡɢŮɑɞɡ. 
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1.2.5 Protore 

ɇɞ "Protore" ŮɑɜŬɘ ɛɘŬ Ŭɚɚɞɘɤɛɏɜɖ ɛɎɕŬ ɓɟɎɢɞɡ ɐ ɏɜŬ ˊɟɤŰŬɟɢɘəɧ əɞɑŰŬůɛŬ ɞɟɡəŰɩɜ ɛŮ ɛɖ 
ɞɘəɞɜɞɛɘəɐ ůɡɔəɏɜŰɟɤůɖ ɞɟɡəŰɩɜ (uneconomic concentration of minerals). ɀˊɞɟŮɑ ɜŬ 
ŮɛˊɚɞɡŰɘůŰŮɑ ˊŮɟŬɘŰɏɟɤ ɛŮ űɡůɘəɏɠ ŭɘŮɟɔŬůɑŮɠ ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ ɛŮŰŬɚɚŮɨɛŬŰɞɠ. ɄɟɧəŮɘŰŬɘ 
ɔɘŬ ɡˊɞɚŮɘɛɛŬŰɘəɎ əɞɘŰɎůɛŬŰŬ ɢŬɛɖɚɞɨ ɓŬɗɛɞɨ ́ ɞɡ ůɢɖɛŬŰɑɕɞɜŰŬɘ Ŭˊɧ Űɘɠ əŬɘɟɘəɏɠ ůɡɜɗɐəŮɠ, 
Űɖɜ ɞɝŮɑŭɤůɖ, Űɖɜ ŮɝɎŰɛɘůɖ (leaching) əŬɘ ˊŬɟɧɛɞɘŮɠ ŰɏŰɞɘŮɠ ŬɚɚŬɔɏɠ. ɇɞ protore ɛˊɞɟŮɑ ɜŬ 
ɛŮŰŬŰɟŬˊŮɑ ůŮ əɞɑŰŬůɛŬ ɛŮ ɞɘəɞɜɞɛɘəɧ ŮɜŭɘŬűɏɟɞɜ ɛŮ ˊɟɞɖɔɛɏɜɖ ŰŮɢɜɞɚɞɔɑŬ ɐ / əŬɘ Ŭɨɝɖůɖ 
Űɖɠ Űɘɛɐɠ. ɀˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ əŬɞɚɑɜɖ, ůɑŭɖɟɞ əŬɘ ɜɘəɏɚɘɞ ɚɧɔɤ ŮˊŬɟəɞɨɠ 
ŮɛˊɚɞɡŰɘůɛɞɨ Űɤɜ ŬɜŰɑůŰɞɘɢɤɜ ɛŮŰɎɚɚɤɜ. 

1.2.6 ɆŰŮɑɟŬ ɃɟɡəŰɎ əŬɘ ɇɏɚɛŬŰŬ  

ɇŬ əɞɘŰɎůɛŬŰŬ ɛŮŰŬɚɚŮɨɛŬŰɞɠ ůˊɎɜɘŬ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ 100% ŬɜɧɟɔŬɜŬ ɎɚŬŰŬ 
ɛŮŰŬɚɚŮɨɛŬŰɞɠ (ore-bearing minerals), ŬɚɚɎ ůɡɜɐɗɤɠ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ RFM əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ 
Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ŬɜɞɟɔŬɜɞˊɞɑɖůɖɠ. ȷɡŰɎ ŰŬ ůɡɜŭŮɧɛŮɜŬ ɞɟɡəŰɎ ɐ ˊŮŰɟɩɛŬŰŬ, ˊɞɡ ŭŮɜ ɏɢɞɡɜ 
əŬɛɑŬ ɐ ɚɘɔɧŰŮɟɞ ůɖɛŬɜŰɘəɐ Ůɛˊɞɟɘəɐ ŬɝɑŬ, ɞɜɞɛɎɕɞɜŰŬɘ ůŰŮɑɟŬ ɞɟɡəŰɎ1 2 (gangue 
minerals). ȰɜŬɠ əŬŰɎɚɞɔɞɠ ůŰŮɑɟɤɜ ɞɟɡəŰɩɜ ŮɑɜŬɘ: 

Quartz SiO2 

Barite BaSO4 

Calcite CaCO3 

Clay minerals All types 

Dolomite CaMg(CO3)2 

Feldspar All types 

Garnet All types 

Gypsum CaSO42H2O 

Mica All types 

Pyrite FeS 

Pyrrhotite FenS(n+1) 

ɇŬ ŰɏɚɛŬŰŬ (tailings) ɐ Ŭɚɚɘɩɠ ŬˊɞɟɟɑɛɛŬŰŬ, ɞɟɑɕɞɜŰŬɘ ɤɠ ŰŬ ŬˊɧɓɚɖŰŬ Űɖɠ ŮˊŮɝŮɟɔŬůɑŬɠ 
Űɞɡ ɛŮŰŬɚɚŮɨɛŬŰɞɠ, Ŭˊɧ Űɖɜ ŬˊɞɛɎəɟɡɜůɖ Űɤɜ ɞɘəɞɜɞɛɘəɐɠ ůɖɛŬůɑŬɠ ůɡůŰŬŰɘəɩɜ 
(ɇɟɘŬɜŰŬűɡɚɚɑŭɖɠ, 2015). ȷɡŰɎ ɛˊɞɟŮɑ ɜŬ ɓɟɑůəɞɜŰŬɘ ůŮ ůŰŮɟŮɐ ɐ ɡɔɟɐ ɛɞɟűɐ (ˊɞɚűɧɠ). Ƀɘ 
ˊɞɚűɞɑ ˊɟɞɏɟɢɞɜŰŬɘ Ŭ́ ɧ Űɘɠ ŮɟɔɞůŰŬůɘŬəɏɠ ɛɞɜɎŭŮɠ ŮɛˊɚɞɡŰɘůɛɞɨ əŬɘ ɡŭɟɞɛŮŰŬɚɚɞɡɟɔɑŬɠ, 
əɡɟɑɤɠ əŬŰɎ Űɘɠ ŭɘŮɟɔŬůɑŮɠ ŮˊɑˊɚŮɡůɖɠ, əŬɘ Ůəɢɨɚɘůɖɠ Űɤɜ ɛŮŰŬɚɚŮɡɛɎŰɤɜ 

1.2.7 ȺˊɘɓɚŬɓŮɑɠ ɞɡůɑŮɠ (Deleterious Substances) 

ɇŬ ɛŮŰŬɚɚɘəɎ ɞɟɡəŰɎ ɛŮŰŬɚɚŮɨɛŬŰɞɠ ůɡɜŭɏɞɜŰŬɘ ˊŮɟɘůŰŬůɘŬəɎ ɛŮ ŬɜŮˊɘɗɨɛɖŰŮɠ ɞɡůɑŮɠ ˊɞɡ 
Ůˊɘűɏɟɞɡɜ Ůˊɘˊɚɏɞɜ əɧůŰɞɠ ŮˊŮɝŮɟɔŬůɑŬɠ əŬɘ əɎˊɞɘɞ ˊɏɜŬɚŰɘ ůŰɞ ŰŮɚɘəɧ ˊɟɞɥɧɜ. ɇɏŰɞɘŬ 

 
1 https://en.wikipedia.org/wiki/Gangue 
2 
https://el.wikipedia.org/wiki/%CE%9A%CE%BF%CE%B9%CF%84%CE%B1%CF%83%CE%BC%CE
%B1%CF%84%CE%BF%CE%BB%CE%BF%CE%B3%CE%AF%CE%B1 
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ˊŬɟŬŭŮɑɔɛŬŰŬ ŮɑɜŬɘ Űɞ ŬɟůŮɜɘəɧ ůŮ ůɡɛˊɨəɜɤɛŬ ɜɘəŮɚɑɞɡ əŬɘ ɢŬɚəɞɨ, ɞ ɡŭɟɎɟɔɡɟɞɠ ůŮ 
ůɡɛˊɨəɜɤɛŬ ɣŮɡŭŬɟɔɨɟɞɡ, ɞ űɩůűɞɟɞɠ ůŮ ůɡɛˊɨəɜɤɛŬ ůɘŭɐɟɞɡ, ɞ ŬůɓŮůŰɑŰɖɠ ůŮ 
ůɡɛˊɨəɜɤɛŬ ɞɡɟŬɜɑɞɡ əŬɘ, ůŰɖ ɓɘɞɛɖɢŬɜɑŬ ɔɡŬɚɘɞɨ, ɖ ɏəˊɚɡůɖ ɞɝɏɞɠ ɔɘŬ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ 
Ɏɛɛɞɡ ɢŬɚŬɕɑŬ ɛŮ ŮˊɑůŰɟɤůɖ ɚɘɛɞɜɑŰɖ (limonite-coated quartz sand). ȾŬŰɎ Űɞɜ ŮɛˊɚɞɡŰɘůɛɧ 
ˊɞɡ ŬˊɞŰŮɚŮɑ Űɞ ˊɟɩŰɞ ůŰɎŭɘɞ Űɖɠ ŮɝŬɔɤɔɘəɐɠ ɛŮŰŬɚɚɞɡɟɔɑŬɠ ɏɜŬ Ůɝɞɟɡɔɛɏɜɞ ɛŮŰɎɚɚŮɡɛŬ 
ŭɘŬɢɤɟɑɕŮŰŬɘ, ɛŮ űɡůɘəɞɢɖɛɘəɏɠ ɛŮɗɧŭɞɡɠ, ůŮ ɞɟɡəŰɎ ɛŮ ɞɘəɞɜɞɛɘəɧ ŮɜŭɘŬűɏɟɞɜ 
(ůɡɛˊɨəɜɤɛŬ) əŬɘ ůŮ ˊɟɞɥɧɜŰŬ ɛŮ ɛɘəɟɧ ɐ əŬɜɏɜŬ ɞɘəɞɜɞɛɘəɧ ŮɜŭɘŬűɏɟɞɜ (ŬˊɧɟɟɘɛɛŬ) ( 
(orykta.gr), (ȸɘəɘˊŬɑŭŮɘŬ)). 

1.3 ɀɖɢŬɜɘəɐ ˊɟɞˊŬɟŬůəŮɡɐ 

ȷűɞɨ Űɞ ɛŮŰɎɚɚŮɡɛŬ ŮɝɞɟɡɢɗŮɑ, ɗŬ ˊɟɏˊŮɘ ɜŬ ˊŮɟɎůŮɘ Ŭˊɧ ɞɟɘůɛɏɜŬ ŭɘŬŭɞɢɘəɎ ůŰɎŭɘŬ ɔɘŬ ɜŬ 
ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɖ ŰŮɚɘəɐ ŬɜɎəŰɖůɖ Űɤɜ ŮˊɘɗɡɛɖŰɩɜ ɛŮŰɎɚɚɤɜ, ŭɖɚŬŭɐ Űɤɜ əŬɗŬɟɩɜ 
ɛŮŰɎɚɚɤɜ ɐ ůɡɛˊɡəɜɤɛɎŰɤɜ. Ʉɟɘɜ Ŭˊɧ Űɖɜ ŮűŬɟɛɞɔɐ Űɞɡ űɡůɘəɞɢɖɛɘəɞɨ ŭɘŬɢɤɟɘůɛɞɨ Űɤɜ 
ɞɟɡəŰɩɜ, Űɞ ɛŮŰɎɚɚŮɡɛŬ ˊɟɏˊŮɘ ɜŬ əŬŰŬŰɛɖɗŮɑ (ŮɚɎŰŰɤůɖ ɛŮɔɏɗɞɡɠ ŰŮɛŬɢɑɤɜ Űɞɡ Ŭɟɢɘəɞɨ 
ɡɚɘəɞɨ) əŬɘ ɜŬ ŬˊŮɚŮɡɗŮɟɤɗɞɨɜ (ŬˊɞŭɏůɛŮɡůɖ ɐ Ŭˊɞɢɤɟɘůɛɧɠ) ŰŬ ɛŮŰŬɚɚɞűɧɟŬ ɐ ɎɚɚŬ 
ɢɟɐůɘɛŬ ɞɟɡəŰɎ Ŭˊɧ Űɖ ɛɎɕŬ Űɞɡ ůŰŮɑɟɞɡ. ȼ ŭɘŮɟɔŬůɑŬ Űɖɠ əŬŰɎŰɛɖůɖɠ ůɡɜɐɗɤɠ 
ŬˊɞəŬɚŮɑŰŬɘ ɛɖɢŬɜɘəɐ ˊɟɞˊŬɟŬůəŮɡɐ  ɐ ɛɖɢŬɜɘəɐ ŮɚɎŰŰɤůɖ ɛŮɔɏɗɞɡɠ (ˊɟɞŮŰɞɘɛŬůɑŬ Űɞɡ 
ɛŮŰŬɚɚŮɨɛŬŰɞɠ), Ůɜɩ ɖ ŭɘŮɟɔŬůɑŬ Űɞɡ ŭɘŬɢɤɟɘůɛɞɨ Űɤɜ ŬˊɞŭŮůɛŮɡɛɏɜɤɜ ɞɟɡəŰɩɜ ŬˊɞŰŮɚŮɑ 
Űɞɜ əŬɗŬɡŰɧ ŮɛˊɚɞɡŰɘůɛɧ ( (Weiss, 1985), (Wills, 1988)).  

ɃɡůɘŬůŰɘəɎ, ůəɞˊɧɠ Űɖɠ ɛɖɢŬɜɘəɐɠ ˊɟɞˊŬɟŬůəŮɡɐɠ ŮɑɜŬɘ ɖ ŮɚɎŰŰɤůɖ Űɞɡ ɛŮɔɏɗɞɡɠ Űɤɜ 
ŰŮɛŬɢɑɤɜ Űɞɡ ŮɝɞɟɡůůɧɛŮɜɞɡ ɛŮŰŬɚɚŮɨɛŬŰɞɠ, ɏŰůɘ Űɧůɞ ɩůŰŮ ŰŬ ɞɟɡəŰɎ ɛŮ ɞɘəɞɜɞɛɘəɧ 
ŮɜŭɘŬűɏɟɞɜ ɜŬ ŬˊŮɚŮɡɗŮɟɤɗɞɨɜ Ŭˊɧ Űɖɜ ɛɎɕŬ Űɤɜ ůŰŮɑɟɤɜ əŬɘ ɜŬ ŮɑɜŬɘ ˊɘɞ Ůɨəɞɚɞɠ ɞ 
ŭɘŬɢɤɟɘůɛɧɠ Űɞɡɠ. ȰɜŬɠ ŭŮɨŰŮɟɞɠ ɚɧɔɞɠ ɔɘŬ Űɖ ɛɖɢŬɜɘəɐ ˊɟɞˊŬɟŬůəŮɡɐ Űɤɜ ɛŮŰŬɚɚŮɡɛɎŰɤɜ 
ŮɑɜŬɘ ɧŰɘ ɞɘ ˊɡɟɞɛŮŰŬɚɚɞɡɟɔɘəɏɠ ɐ ɡŭɟɞɛŮŰŬɚɚɞɡɟɔɘəɏɠ ŭɘŮɟɔŬůɑŮɠ ůɡɢɜɎ ŬˊŬɘŰɞɨɜ ŰŬ 
ɛŮŰŬɚɚŮɨɛŬŰŬ (ɐ ŰŬ ůɡɛˊɡəɜɩɛŬŰŬ ɛŮŰŬɚɚŮɡɛɎŰɤɜ) ɜŬ ɏɢɞɡɜ ɞɟɘůɛɏɜɖ əɞəəɞɛŮŰɟɑŬ 
(ŮɚɎɢɘůŰɞ ɛɏɔŮɗɞɠ ŰŮɛŬɢɑɤɜ), ɞˊɧŰŮ ŮűŬɟɛɧɕɞɜŰŬɘ əŬŰɎɚɚɖɚŮɠ ɛɏɗɞŭɞɘ ɛɞɟűɞˊɞɑɖůɖɠ (ˊ.ɢ. 
ůɡůůɤɛɎŰɤůɖ) Űɤɜ ŰŮɛŬɢɑɤɜ Űɞɡ ůɡɛˊɡəɜɩɛŬŰɞɠ ( (ȸɘəɘˊŬɑŭŮɘŬ), (orykta.gr)).  

 

ȺɘəɧɜŬ 2 ȹɘŮɟɔŬůɑŮɠ ɛɖɢŬɜɘəɐɠ ˊɟɞˊŬɟŬůəŮɡɐɠ, ŮɛˊɚɞɡŰɘůɛɞɨ əŬɘ ɛŮŰŬɚɚɞɡɟɔɘəɐɠ əŬŰŮɟɔŬůɑŬɠ ɛŮŰŬɚɚŮɨɛŬŰɞɠ 
(ɇůŬəŬɚɎəɖɠ, 2018) 

Ƀɘ ŭɘŮɟɔŬůɑŮɠ Űɖɠ ɛɖɢŬɜɘəɐɠ ˊɟɞˊŬɟŬůəŮɡɐɠ ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɖɜ ɗɟŬɨůɖ, 
Űɖɜ ɚŮɘɞŰɟɑɓɖůɖ əŬɘ Űɖɜ ŰŬɝɘɜɧɛɖůɖ əŬŰɎ ɛɏɔŮɗɞɠ (ȺɘəɧɜŬ 2). ɆŰɖ ůɡɜɏɢŮɘŬ, ůŰŬ ˊɟɞɥɧɜŰŬ 
Űɖɠ əŬŰɎŰɛɖůɖɠ ŭɘŮɝɎɔŮŰŬɘ ɞ əɡɟɑɤɠ ŮɛˊɚɞɡŰɘůɛɧɠ (ŭɘŬɢɤɟɘůɛɧɠ ɢɟɐůɘɛɞɡ ůɡůŰŬŰɘəɞɨ əŬɘ 
ůŰŮɑɟɞɡ) ɛŮ űɡůɘəɞɢɖɛɘəɏɠ ɛŮɗɧŭɞɡɠ ŭɖɚ. ɓŬɟɡŰɞɛŮŰɟɘəɧɠ ŭɘŬɢɤɟɘůɛɧɠ, ɖɚŮəŰɟɞůŰŬŰɘəɧɠ 
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ŭɘŬɢɤɟɘůɛɧɠ, ɛŬɔɜɖŰɘəɧɠ ŭɘŬɢɤɟɘůɛɧɠ, ŮˊɑˊɚŮɡůɖ, ɞˊŰɘəɧɠ ŭɘŬɢɤɟɘůɛɧɠ əŬɘ ˊŬɚŬɘɧŰŮɟŬ 
Ŭəɧɛɖ ɢŮɘɟɞŭɘŬɚɞɔɐ ɛŮ ɞˊŰɘəɧ ŭɘŬɢɤɟɘůɛɧ əŬɘ əŬŰɧˊɘɜ ŬəɞɚɞɡɗŮɑ ɖ ɛŮŰŬɚɚɞɡɟɔɘəɐ əŬŰŮɟɔŬůɑŬ 
ɛŮ Űɖɜ ɢɖɛɘəɐ ŮɝŬɔɤɔɐ ɢɟɐůɘɛɞɡ ůŰɞɘɢŮɑɞɡ Ŭˊɧ Űɞ ɞɟɡəŰɧ (orykta.gr). 

1.3.1 ŪɟŬɨůɖ 

ɇɞ ˊɟɩŰɞ ůŰɎŭɘɞ Űɖɠ ɛɖɢŬɜɘəɐɠ ˊɟɞˊŬɟŬůəŮɡɐɠ ŬˊɞŰŮɚŮɑ ɖ ɗɟŬɨůɖ əŬɘ ɛɎɚɘůŰŬ ɖ 
ˊɟɤŰɞɔŮɜɐɠ ɗɟŬɨůɖ, əŬŰɎ Űɖɜ ɞˊɞɑŬ ɔɑɜŮŰŬɘ ɛɘŬ ˊɟɩŰɖ ŮɚɎŰŰɤůɖ Űɞɡ ɛŮɔɏɗɞɡɠ Űɤɜ əɧəəɤɜ 
Űɖɠ ŰɟɞűɞŭɞůɑŬɠ ůŰɞ ŰŮɚɘəɧ ŮˊɘɗɡɛɖŰɧ ɛɏɔŮɗɞɠ. ɇŬ ɛŮɔɎɚŬ ŰŮɛɎɢɘŬ Űɞɡ ɛŮŰŬɚɚŮɨɛŬŰɞɠ 
ɗɟɡɛɛŬŰɑɕɞɜŰŬɘ ůŮ ŰŮɛɎɢɘŬ ɛŮɔɏɗɞɡɠ Ŭˊɧ 0,5 ɏɤɠ 20 mm ůŮ ɛŮɔɎɚɞɡɠ ɗɟŬɡůŰɐɟŮɠ (ȺɘəɧɜŬ 
3). ȼ ɗɟŬɨůɖ ŬɡŰɐ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůŮ ɏɜŬ ɐ ˊɞɚɚɎ ůŰɎŭɘŬ (ˊɟɤŰɞɔŮɜɐɠ, ŭŮɡŰŮɟɞɔŮɜɐɠ, 
ŰɟɘŰɞɔŮɜɐɠ ɗɟŬɨůɖ) əŬɘ ɛˊɞɟŮɑ ɜŬ ɢŬɟŬəŰɖɟɘůŰŮɑ ɤɠ Ŭˊɚɐ, ˊɞɚɚŬˊɚɐ əŬɘ 
ŮˊŬɜŬɚŬɛɓŬɜɧɛŮɜɖ Ŭˊɚɐ. ȷˊɚɐ ɞɜɞɛɎɕŮŰŬɘ ɖ ɗɟŬɨůɖ ˊɞɡ ˊɟɞəŬɚŮɑŰŬɘ Ŭˊɧ ɏɜŬ ůɨůŰɖɛŬ 
ŮɝɤŰŮɟɘəɩɜ ŭɡɜɎɛŮɤɜ, Űɞ ɞˊɞɑɞ ŮɜŮɟɔŮɑ ɛɑŬ űɞɟɎ ˊɎɜɤ ůŰɞ ŰŮɛɎɢɘɞ əŬɘ ŬˊɞɛŬəɟɨɜŮŰŬɘ 
Ŭɛɏůɤɠ ɛɧɚɘɠ ŬɟɢɑůŮɘ ɖ ɗɟŬɨůɖ. ɄɞɚɚŬˊɚɐ əŬɚŮɑŰŬɘ ɖ ɗɟŬɨůɖ ɧŰŬɜ ɖ ˊŬɟŬˊɎɜɤ ŭɘŬŭɘəŬůɑŬ 
ŮűŬɟɛɧɕŮŰŬɘ ˊɎɜɤ ůŰɞ ɑŭɘɞ ŰŮɛɎɢɘɞ ˊŮɟɘůůɧŰŮɟŮɠ Ŭˊɧ ɛɑŬ űɞɟɏɠ, Ůɜɩ Ů́ ŬɜŬɚŬɛɓŬɜɧɛŮɜɖ 
Ŭˊɚɐ ɗɟŬɨůɖ ɞɜɞɛɎɕɞɡɛŮ Űɖɜ ˊɞɚɚŬˊɚɐ ɗɟŬɨůɖ ɢɞɜŭɟɞɛŮɟɞɨɠ ɡɚɘəɞɨ ɛŮ ůɢŮŰɘəɎ ɛɘəɟɧ 
ɚɧɔɞ əŬŰɎŰɛɖůɖɠ, ɧŰŬɜ ŬɡŰɐ ˊŬɟɞɡůɘɎɕŮɘ əŬŰŬɜɞɛɐ ɛŮɔɏɗɞɡɠ ŰŮɛŬɢɑɤɜ ˊɟɞɥɧɜŰɞɠ ůŮ 
çɗɟŬɨůɛŬŰŬè əŬɘ çɡˊɧɚɚŮɘɛŬè. ȷəɧɛŬ, ɖ ɗɟŬɨůɖ ɔɑɜŮŰŬɘ ůŮ ŬɜɞɘəŰɎ ɐ ůŮ əɚŮɘůŰɎ 
əɡəɚɩɛŬŰŬ ɛŮ ŮɜŭɘɎɛŮůɖ ŰŬɝɘɜɧɛɖůɖ (əɞůəɑɜɘůɛŬ) Űɞɡ ɗɟɡɛɛŬŰɘůɛɏɜɞɡ ɡɚɘəɞɨ əŬɘ ɞɘ 
ɗɟŬɡůŰɐɟŮɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ɔɡɟɞůəɞˊɘəɞɑ, əɤɜɘəɞɑ, ůɘŬɔɞɜɤŰɞɑ, 
ˊŮɟɘůŰɟɞűɘəɞɑïəɟɞɡůŰɘəɞɑ, ə.Ɏ.  

 

ȺɘəɧɜŬ 3 ȾŬŰɎŰɛɖůɖ (ŮɚɎŰŰɤůɖ ɛŮɔɏɗɞɡɠ ŰŮɛŬɢɑɤɜ) əŬɘ ˊɟɞɥɧɜŰŬ əŬŰɎŰɛɖůɖɠ (orykta.gr) 

ȼ ɗɟŬɨůɖ ɛˊɞɟŮɑ ɜŬ ˊɟɞəɚɖɗŮɑ Ŭˊɧ ŰŬ ˊŬɟŬəɎŰɤ Ůɑŭɖ ŭɡɜɎɛŮɤɜ (ɆŰŬɛˊɞɚɘɎŭɖɠ, 2008):  

1. Ūɚɑɣɖ: Ƀɘ ɗɚɘˊŰɘəɏɠ ŭɡɜɎɛŮɘɠ ˊɟɞəŬɚɞɨɜŰŬɘ Ŭˊɧ Űɖ ůɡɛˊɑŮůɖ Ůɜɧɠ ŰŮɛŬɢɘŭɑɞɡ ɛŮŰŬɝɨ 
ŭɨɞ ŮˊɘűŬɜŮɘɩɜ.  

2. Ⱦɟɞɨůɖ: Ƀɘ əɟɞɡůŰɘəɏɠ ŭɡɜɎɛŮɘɠ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɖɜ ˊɟɧůəɟɞɡůɖ Ůɜɧɠ ŰŮɛŬɢɘŭɑɞɡ 
ůŮ əɘɜɞɨɛŮɜɖ ŮˊɘűɎɜŮɘŬ ɐ ŬɜŰɘůŰɟɧűɤɠ.  

3. ɇɟɘɓɐ: Ƀɘ ŭɡɜɎɛŮɘɠ Űɖɠ Űɟɘɓɐɠ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɖɜ ŬɜŰɑɗŮŰɖ əɑɜɖůɖ, ŭɨɞ ˊŬɟɎɚɚɖɚɤɜ 
əɘɜɞɨɛŮɜɤɜ ŮˊɘűŬɜŮɘɩɜ.  

4. ȹɘɎŰɛɖůɖ: ȼ ŭɘɎŰɛɖůɖ ŬűɞɟɎ ɛɘŬ ŮűŮɚəɡůŰɘəɐ ŭɨɜŬɛɖ, ˊɞɡ ŭɟŬ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ 
ŰŮɛŬɢɑɞɡ. 

1.3.2 ȿŮɘɞŰɟɑɓɖůɖ 

ȼ ɚŮɘɞŰɟɑɓɖůɖ ɏˊŮŰŬɘ Űɖɠ ɗɟŬɨůɖɠ əŬɘ ɏɢŮɘ ɤɠ ůəɞˊɧ Űɞ ɛɏɔŮɗɞɠ Űɤɜ ŰŮɛŬɢɑɤɜ ˊɞɡ ɗŬ 
ˊɟɞəɨɣɞɡɜ Ŭˊɧ ŬɡŰɐ ɜŬ əɡɛŬɑɜŮŰŬɘ Ŭˊɧ 300 ɏɤɠ 10 ɛm. ȼ ɚŮɘɞŰɟɑɓɖůɖ ɔɑɜŮŰŬɘ Ůɜ ɝɖɟɩ ɐ Ůɜ 
ɡɔɟɩ (ůŮ ˊɞɚűɧ) ɛɏůŬ ůŮ ˊŮɟɘůŰɟŮűɧɛŮɜɞɡɠ ɛɨɚɞɡɠ ůɢɐɛŬŰɞɠ əɡɚɘɜŭɟɘəɞɨ ŰɡɛˊɎɜɞɡ. 
ȷɜŬɚɧɔɤɠ Űɞɡ ɛɏůɞɡ ɚŮɘɞŰɟɑɓɖůɖɠ ˊɞɡ ˊŮɟɘɏɢɞɡɜ, ɞɘ ɛɨɚɞɘ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ůűŬɘɟɧɛɡɚɞɘ (ɛŮ 
ɛɏůɞ ɗɟŬɨůɖɠ Űɤɜ ŰŮɛŬɢɑɤɜ ɢŬɚɨɓŭɘɜŮɠ ůűŬɑɟŮɠ), ɟŬɓŭɧɛɡɚɞɘ (ɛŮ ɛɏůɞ ɗɟŬɨůɖɠ 
ɢŬɚɨɓŭɘɜŮɠ ɟɎɓŭɞɡɠ) ɐ ŬɡŰɞɔŮɜŮɑɠ ɛɨɚɞɘ ɛŮ ɛɏůɞ ɗɟŬɨůɖɠ Űɞ ɑŭɘɞ Űɞ ɛŮŰɎɚɚŮɡɛŬ, ŭɘŮɟɔŬůɑŬ 
ɖ ɞˊɞɑŬ ˊɞɚɚɏɠ űɞɟɏɠ ŮɜɘůɢɨŮŰŬɘ ɛŮ ˊɟɞůɗɐəɖ ɢŬɚɨɓŭɘɜɤɜ ůűŬɘɟɩɜ ɐ ŰŮɢɜɖŰɩɜ ůűŬɘɟɩɜ 
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(ˊ.ɢ. ˊɞɟůŮɚɎɜɖɠ ɐ ŬůɓŮůŰɞɚɘɗɘəɏɠ əɟɞəɎɚŮɠ). Ƀɘ ŭɡɜɎɛŮɘɠ ˊɞɡ ˊɟɞəŬɚɞɨɜ Űɖ ɗɟŬɨůɖ ůŰɞɡɠ 
ɛɨɚɞɡɠ ŮɑɜŬɘ ɖ əɟɞɨůɖ, ɖ ůɡɛˊɑŮůɖ, ɖ Űɟɘɓɐ, ɖ ŬˊɧɝŮůɖ ɛŬɕɑ ɛŮ Űɖ ŭɡɜŬɛɘəɐ ŮɜɏɟɔŮɘŬ 
(ɓŬɟɨŰɖŰŬ) ůŰɞɡɠ ŬɡŰɞɔŮɜŮɑɠ ɛɨɚɞɡɠ. ɆɐɛŮɟŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ Ůˊɑůɖɠ əŬɘ ɛɨɚɞɘ ŬˊɧɝŮůɖɠ 
(attrition mills) ɐ əŬŰŬəɧɟɡűɞɘ ɛɨɚɞɘ ˊŮɟɘůŰɟŮűɧɛŮɜɤɜ əɡɚɘɜŭɟɘəɩɜ Űɟɞɢɩɜ ɔɘŬ ɝɖɟɐ 
ɚŮɘɞŰɟɑɓɖůɖ-ɎɚŮůɖ (əɚɑɜəŮɟ ŰůɘɛɏɜŰɞɡ) (orykta.gr).  

Ⱥˊɑůɖɠ, ɞɘ ɛɖɢŬɜɘůɛɞɑ ŮɚɎŰŰɤůɖɠ Űɞɡ ɛŮɔɏɗɞɡɠ əŬŰɎ Űɖ ɗɟŬɨůɖ əŬɘ Űɖ ɚŮɘɞŰɟɑɓɖůɖ ŮɑɜŬɘ 
ŭɘŬűɞɟŮŰɘəɞɑ. ȼ ɓŬůɘəɐ ŭɘŬűɞɟɎ Űɞɡɠ ɏɔəŮɘŰŬɘ ůŰɘɠ ŭɘŮɟɔŬůɑŮɠ ɗɟŬɨůɖɠ, ɧˊɞɡ ɞɘ ŭɡɜɎɛŮɘɠ ˊɞɡ 
ŮɜŮɟɔɞɨɜ ɔɘŬ Űɖɜ ŮɚɎŰŰɤůɖ Űɞɡ ɛŮɔɏɗɞɡɠ Űɞɡ ŰŮɛŬɢɘŭɑɞɡ ŮɑɜŬɘ əɡɟɑɤɠ ɗɚɑɣɖɠ əŬɘ əɟɞɨůɖɠ əŬɘ 
ɚɘɔɧŰŮɟɞ Űɟɘɓɐɠ, Ůɜɩ ůŰɖ ɚŮɘɞŰɟɑɓɖůɖ ŮɑɜŬɘ əɡɟɑɤɠ ŬɡŰɏɠ Űɖɠ Űɟɘɓɐɠ ( (Deniz, 2013), 
(ɆŰŬɛˊɞɚɘɎŭɖɠ, 2008)). 

ɇŬ ůŰɎŭɘŬ ŮɚɎŰŰɤůɖɠ Űɞɡ ɛŮɔɏɗɞɡɠ ŭɘŬɢɤɟɑɕɞɜŰŬɘ ůŮ űɎůɖɠ, ɞɘ ɞˊɞɑŮɠ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ 
ŬɜŬɚɡŰɘəɎ ůŰɞɜ ɄɑɜŬəŬ (ɇůŬəŬɚɎəɖɠ, 2018): 

ɄɑɜŬəŬɠ 1 ɆŰɎŭɘŬ ȾŬŰɎŰɛɖůɖɠ (ɇůŬəŬɚɎəɖɠ, 2018) 

ɆɇȷȹȽȷ ūȷɆȺȽɆ 

ɀȺũȺŪɃɆ ɇȺɀȷɉȽɋɁ (mm) 
ɇɈɄɃɆ 

ɀȼɉȷɁȼɀȷɇɃɆ 
ɇɅɃūɃȹɃɆȽȷ ɄɅɃɌɃɁ 

ŪɅȷɈɆȼ 

ɄɟɤŰɞɔŮɜɐɠ 1200-200 300-60 

ŪɟŬɡůŰɐɟŬɠ 
ůɘŬɔɧɜɤɜ, 

ũɡɟɞůəɞˊɘəɧɠ, 
ȾɟɞɡůŰɘəɧɠ 

ȹŮɡŰŮɟɞɔŮɜɐɠ 250-90 80-25 
Ⱦɤɜɘəɧɠ ɗɟŬɡůŰɐɟŬɠ, 

ȾɟɞɡůŰɘəɧɠ, 
Ɇűɡɟɧɛɡɚɞɠ 

ɇɟɘŰɞɔŮɜɐɠ 100-30 30-8 

ȾɟɞɡůŰɘəɧɠ, 
Ɇűɡɟɧɛɡɚɞɠ, 
ŪɟŬɡůŰɐɟŬɠ 
Ⱦɡɚɑɜŭɟɤɜ 

ȿȺȽɃɇɅȽȸȼɆȼ 

ɉɞɜŭɟɞɛŮɟɐɠ Ò25 (Ò300) 1-0.5 
ɅŬɓŭɧɛɡɚɞɠ, 

ȷɡŰɞɔŮɜɐɠ ɚŮɘɞŰɟɘɓɏŬɠ 

ȿŮˊŰɞɛŮɟɐɠ Ò15 (Ò300) 0.5-0.07 
ɆűŬɘɟɧɛɡɚɞɠ, 

ȷɡŰɞɔŮɜɐɠ ɚŮɘɞŰɟɘɓɏŬɠ 

ȯɚŮůɖ Ò10 Ò0.04 
ɆűŬɘɟɧɛɡɚɞɠ, ɀɨɚɞɠ 
ˊŮɟɘűŮɟɧɛŮɜɤɜ 
Űɟɞɢɩɜ 

ɆŰɞ ŮˊɧɛŮɜɞ əŮűɎɚŬɘɞ ɔɑɜŮŰŬɘ ŬɜŬɚɡŰɘəɐ ˊŬɟɞɡůɑŬůɖ Űɤɜ ɛɨɚɤɜ ɗɟŬɨůɖɠ əŬɗɩɠ əŬɘ ɖ 
ˊŮɟɘɔɟŬűɐ Űɞɡ ŮɝŮŰŬɕɧɛŮɜɞɡ ɞɟɘɕɧɜŰɘɞɡ əɞɜɘɞɟŰɞˊɞɘɖŰɐ Űɞɡ ȺɀɄ. 

1.3.3 ɇŬɝɘɜɧɛɖůɖ əŬŰɎ ɛɏɔŮɗɞɠ 

ɀŮŰɎ Ŭˊɧ Űɞ ůŰɎŭɘɞ Űɖɠ ɚŮɘɞŰɟɑɓɖůɖɠ, ůɡɜɐɗɤɠ ́ ɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɏɜŬ ůŰɎŭɘɞ ŰŬɝɘɜɧɛɖůɖɠ, Űɞ 
ɞ́ ɞɑɞ ŬűɞɟɎ Űɞ ɛɏɔŮɗɞɠ Űɤɜ ŰŮɛŬɢɑɤɜ. ȼ ŰŬɝɘɜɧɛɖůɖ Űɞɡ ˊɘɞ ɚŮˊŰɧəɞəəɞɡ ɚŮɘɞŰɟɘɓɖɛɏɜɞɡ 
ɡɚɘəɞɨ ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ɛŮ ŭɘɎűɞɟŬ ɛɏůŬ, ɧˊɤɠ ŰŬ əɧůəɘɜŬ (ŭɞɜɞɨɛŮɜŬ, ˊŮɟɘůŰɟɞűɘəɎ, ə.Ɏ.), 
Űɞɡɠ əɞɢɚɘɤŰɞɨɠ ɡŭɟɞŰŬɝɘɜɞɛɖŰɏɠ ɐ Űɞɡɠ əɡəɚɩɜŮɠ (ɡŭɟɞəɡəɚɩɜŮɠ, ŬŮɟɞəɡəɚɩɜŮɠ). ɀɎɚɘůŰŬ, 
Űɞ ŰŬɝɘɜɞɛɖɛɏɜɞ ɛŮŰɎɚɚŮɡɛŬ ůɡɢɜɎ ɡˊɧəŮɘŰŬɘ əŬɘ ůŮ ɏəˊɚɡůɖ, ɞɨŰɤɠ ɩůŰŮ ɜŬ əŬɗŬɟɘůŰŮɑ Ŭˊɧ 
ŮɜŬˊɞɗɏůŮɘɠ ɡˊŮɟɓɞɚɘəɎ ɚŮˊŰɧəɞəəɤɜ ɡɚɘəɩɜ (ɘɚɨɠ) ˊɞɡ Ŭɚɚɞɘɩɜɞɡɜ Űɘɠ ŮˊɘűŬɜŮɘŬəɏɠ 
ɘŭɘɧŰɖŰŮɠ Űɤɜ əɧəəɤɜ Űɞɡ ɛŮŰŬɚɚŮɨɛŬŰɞɠ. (ȸɘəɘˊŬɑŭŮɘŬ)  
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ȾŮűɎɚŬɘɞ 2 

2.1 ȺˊŮɝŮɟɔŬůɑŬ ɃɟɡəŰɩɜ  

ȼ çȺˊŮɝŮɟɔŬůɑŬ ɃɟɡəŰɩɜè (Mineral Processing), ɖ ɞˊɞɑŬ ŮɛűŬɜɑɕŮŰŬɘ əŬɘ ɛŮ Űɘɠ Ŭɔɔɚɘəɏɠ 
ɞɟɞɚɞɔɑŮɠ ñMineral Benefication3ò, ñMineral Engineeringò, ñMineral Dressingò ɐ ñOre Dressingò, 
əŬɘ ɏɢŮɘ ɞɟɘůŰŮɑ ɤɠ ɖ ŮˊɘůŰɐɛɖ əŬɘ ɖ Űɏɢɜɖ Űɞɡ ŭɘŬɢɤɟɘůɛɞɨ ˊɞɚɨŰɘɛɤɜ ɛŮŰŬɚɚɘəɩɜ əŬɘ ɛɖ 
ɛŮŰŬɚɚɘəɩɜ ɞɟɡəŰɩɜ Ŭˊɧ ŬůɐɛŬɜŰŬ ůŰŮɑɟŬ ɞɟɡəŰɎ. ȼ ŭɟŬůŰɖɟɘɧŰɖŰŬ ɛŮŰɎ Űɖɜ Ůɝɧɟɡɝɖ 
ˊŮɟɘɚŬɛɓɎɜŮɘ Űɞɜ ŮɛˊɚɞɡŰɘůɛɧ Űɤɜ ɞɟɡəŰɩɜ (mineral benefication) əŬɘ Űɖɜ ŮɝɞɟɡəŰɘəɐ 
ɛŮŰŬɚɚɞɡɟɔɑŬ (extractive metallurgy). Ƀ Űɟɧˊɞɠ Űɤɜ ɚŮɘŰɞɡɟɔɘɩɜ ́ ŮɟɜɎ Ŭˊɧ Űɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ 
Ŭ ɞ́ŭɏůɛŮɡůɖɠ (liberation) əŬɘ Űɞɡ ŭɘŬɢɤɟɘůɛɞɨ Űɤɜ ɞɟɡəŰɩɜ ůŮ ˊɞɚɨŰɘɛŬ ˊɟɞɥɧɜŰŬ əŬɘ 
ɎɢɟɖůŰŬ ŬˊɧɓɚɖŰŬ ɤɠ ŬˊɞɟɟɑɛɛŬŰŬ. ȷɡŰɧ ɔɑɜŮŰŬɘ ɛŮ Űɖɜ Ŭɝɘɞˊɞɑɖůɖ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ 
ŭɘŬűɞɟɩɜ ůŰɘɠ űɡůɘəɏɠ əŬɘ ɢɖɛɘəɏɠ ɘŭɘɧŰɖŰŮɠ ŭɘŬűɞɟŮŰɘəɩɜ ɞɟɡəŰɩɜ əŬɘ ŮűŬɟɛɧɕɞɜŰŬɠ 
ˊɞɘəɘɚɑŬ ŰŮɢɜɘəɩɜ. ɄŮɟɘɔɟɎűŮŰŬɘ, ɛɎɚɘůŰŬ, ɤɠ ɖ ŮˊŮɝŮɟɔŬůɑŬ ˊɟɞůŰɘɗɏɛŮɜɖɠ ŬɝɑŬɠ Űɤɜ 
ˊɟɩŰɤɜ ɡɚɩɜ (ɛŮŰɎɚɚŮɡɛŬ ROM) ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ŮɛˊɞɟŮɨůɘɛɤɜ ŮɜŭɘɎɛŮůɤɜ ˊɟɞɥɧɜŰɤɜ 
(ůɡɛˊɨəɜɤɛŬ ɢŬɚəɞɨ ï copper concentrate) ɐ ŰŮɚɘəɩɜ ˊɟɞɥɧɜŰɤɜ (ˊɡɟɘŰɘəɐ Ɏɛɛɞɠ ï silica 
sand) ˊɞɡ ˊŮɟɘɏɢɞɡɜ ˊŮɟɘůůɧŰŮɟŬ Ŭˊɧ ɏɜŬ ˊɞɚɨŰɘɛŬ ɛɏŰŬɚɚŬ əŬɘ ŭɘŬɢɤɟɘůɛɧ Űɤɜ ůŰŮɑɟɤɜ 
(ɡˊɧɚŮɘɛɛŬ (tailing)). ɇŬ ůŰɞɘɢŮɑŬ ROM ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ŰŬ ŬəɧɚɞɡɗŬ: 

i. Ƀɘəɞŭɞɛɘəɏɠ əŬɘ ŭɘŬəɞůɛɖŰɘəɏɠ ˊɏŰɟŮɠ ɧˊɤɠ ɔɟŬɜɑŰɖɠ, ɛɎɟɛŬɟɞ, ŬůɓŮůŰɧɚɘɗɞɠ, 
ii. ȸɘɞɛɖɢŬɜɘəɎ ɞɟɡəŰɎ ɧˊɤɠ ŬůɓŮůŰɑŰɖɠ, űɗɞɟɑŰɖɠ, ŬˊŬŰɑŰɖɠ, ŭɘŬɛɎɜŰɘŬ əŬɘ ˊɞɚɨŰɘɛɞɘ 

ɚɑɗɞɘ, ɓŬɟɨŰɖɠ, ɓɞɚɚŬůŰɞɜɑŰɖɠ, ɓɤɝɑŰɖɠ, 
iii. ɀŮŰŬɚɚɞűɧɟŬ ɞɟɡəŰɎ (metalliferous minerals) ɧˊɤɠ ɢŬɚəɞˊɡɟɑŰɖɠ, ůűŬɚŮɟɑŰɖɠ, 

ɔŬɚɏɜŬ, ɓɤɝɑŰɖɠ, ŬɘɛŬŰɑŰɖɠ əŬɘ 
iv. ɄɞɚɨŰɘɛŬ ɛɏŰŬɚɚŬ ɧˊɤɠ ɢɟɡůɧɠ, Ŭůɐɛɘ, ˊɚŬŰɑɜŬ, ˊŬɚɚɎŭɘɞ ůŮ űɡůɘəɐ ɛɞɟűɐ. 

ȼ ŭɘŬŭɘəŬůɑŬ ŭŮɜ ˊɟɏˊŮɘ, ůŮ əŬɛɑŬ ˊŮɟɑˊŰɤůɖ əŬɘ Ŭəɧɛɖ əŬɘ ůŮ ɞˊɞɘɞŭɐˊɞŰŮ ŮɜŭɘɎɛŮůɞ 
ůŰɎŭɘɞ, ɜŬ ɛŮŰŬɓɎɚŮɘ Űɖ űɡůɘəɐ əŬɘ ɢɖɛɘəɐ ŰŬɡŰɧŰɖŰŬ Űɤɜ ɛɖŰɟɘəɩɜ ɞɟɡəŰɩɜ ɔɘŬ Űɖɜ 
ŮˊŬəɧɚɞɡɗɖ ŮˊŮɝŮɟɔŬůɑŬ (Űɐɝɖ). ɇɞ ɛŮŰŬɚɚɞűɧɟɞ ůɡɛˊɨəɜɤɛŬ ɡűɑůŰŬŰŬɘ ˊŮɟŬɘŰɏɟɤ 
ŮˊŮɝŮɟɔŬůɑŬ ɛŮ ŮɝɞɟɡəŰɘəɐ ɛŮŰŬɚɚɞɡɟɔɑŬ, ŮɑŰŮ ɈŭɟɞɛŮŰŬɚɚɞɡɟɔɑŬ ŮɑŰŮ ɄɡɟɞɛŮŰŬɚɚɞɡɟɔɑŬ əŬɘ 
ȼɚŮəŰɟɞɛŮŰŬɚɚɞɡɟɔɑŬ ɔɘŬ Ůəɢɨɚɘůɖ ɛŮŰɎɚɚɤɜ ůŰɖɜ ˊɘɞ Ŭɔɜɐ ɛɞɟűɐ. 

ȼ ŮˊŮɝŮɟɔŬůɑŬ ɞɟɡəŰɩɜ ˊŮɟɘɚŬɛɓɎɜŮɘ ŰɏůůŮɟɘɠ əɨɟɘɞɡɠ Űɨˊɞɡɠ ŭɟŬůŰɖɟɘɞŰɐŰɤɜ (Haldar, 
2013): 

1. çȾŬŰɎŰɛɖůɖè (comminution), çŬɞ́ŭɏůɛŮɡůɖè (liberation) əŬɘ / ɐ çɛŮɑɤůɖ ɛŮɔɏɗɞɡɠ 
ůɤɛŬŰɘŭɑɤɜè (particle size reduction), 

2. çŰŬɝɘɜɧɛɖůɖ (sizing) əŬɘ ŭɘŬɢɤɟɘůɛɧɠè ůɤɛŬŰɘŭɑɤɜ ɛŮ ŭɘŬɚɞɔɐ (screening) ɐ 
əŬŰɖɔɞɟɘɞˊɞɑɖůɖ (classification), 

3. çůɡɔəɏɜŰɟɤůɖè (concentration) ŬɝɘɞˊɞɘɩɜŰŬɠ Űɘɠ űɡůɘəɏɠ əŬɘ ŮˊɘűŬɜŮɘŬəɏɠ ɢɖɛɘəɏɠ 
ɘŭɘɧŰɖŰŮɠ əŬɘ 

4. çŬűɡŭɎŰɤůɖè (dewatering) ɐ çŭɘŬɢɤɟɘůɛɧɠ ůŰŮɟŮɩɜ-ɡɔɟɩɜè (solid-liquid 
separation). 

ȼ çŬ́ ɞŭɏůɛŮɡůɖè (liberation) ŮɑɜŬɘ ɖ Ŭ Ů́ɚŮɡɗɏɟɤůɖ ˊɞɚɨŰɘɛɤɜ ɞɟɡəŰɩɜ ɛŮŰŬɝɨ Űɤɜ ɑŭɘɤɜ 
əŬɘ Ŭˊɧ ŰŬ ůŰŮɑɟŬ ɞɟɡəŰɎ ůŰɞ ˊɘɞ ɢɞɜŰɟɧ ˊɘɗŬɜɧ ɛɏɔŮɗɞɠ ůɤɛŬŰɘŭɑɤɜ. ɇɞ ɓɏɚŰɘůŰɞ ɛɏɔŮɗɞɠ 
ůɤɛŬŰɘŭɑɤɜ ɔɘŬ əŬɚɨŰŮɟɖ Ŭ ɞ́ŭɏůɛŮɡůɖ ůˊɎɜɘŬ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɚɧɔɤ Űɖɠ ́ ɞɚɡˊɚɞəɧŰɖŰŬɠ Űɤɜ 
ůɡɜŭɡŬůɛɏɜɤɜ űɡůɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ. ȳŰŬɜ ŰŬ ˊɞɚɨŰɘɛŬ ɛɏŰŬɚɚŬ əŬɘ ŰŬ ůŰŮɑɟŬ ɞɟɡəŰɎ 
ŬɚɚɖɚɞůɡɜŭɏɞɜŰŬɘ ůŮ ɏɜŬ ůɤɛŬŰɑŭɘɞ, ŮɑɜŬɘ ɔɜɤůŰɧ ɤɠ çɛɏŰɟɘŬè (middling). ȼ çɇŬɝɘɜɧɛɖůɖè 
(Sizing) ŮɑɜŬɘ ɞ ŭɘŬɢɤɟɘůɛɧɠ Űɤɜ ůɤɛŬŰɘŭɑɤɜ ŬɜɎɚɞɔŬ ɛŮ Űɞ ɛɏɔŮɗɧɠ Űɞɡɠ. ȼ çɆɡɔəɏɜŰɟɤůɖè 
(Concentration) ŮɑɜŬɘ ɞ ŭɘŬɢɤɟɘůɛɧɠ Űɤɜ ɞɟɡəŰɩɜ ůŮ ŭɨɞ ɐ ˊŮɟɘůůɧŰŮɟŬ ˊɟɞɥɧɜŰŬ, ɧˊɤɠ 
ˊɞɚɨŰɘɛŬ ɛɏŰŬɚɚŬ ůŮ ůɡɛˊɡəɜɩɛŬŰŬ, ůŰŮɑɟŬ ɞɟɡəŰɎ ůŰŬ ɡˊɞɚŮɑɛɛŬŰŬ əŬɘ əɚŮɘŭɤɛɏɜŬ 
ůɤɛŬŰɑŭɘŬ ůŰɖ ɛɏůɖ. ɇŬ ɛŮůŬɑŬ əɚɎůɛŬŰŬ ŮɑɜŬɘ ůɤůŰɎ ŰɞˊɞɗŮŰɖɛɏɜŬ ůɤɛŬŰɑŭɘŬ əŬɘ ůɡɢɜɎ 
ůɡɜŭɏɞɜŰŬɘ ŮɑŰŮ ɛŮ ůɡɛˊɨəɜɤɛŬ ŮɑŰŮ ɛŮ ɡˊɞɚŮɑɛɛŬŰŬ. ȼ çȷűɡŭɎŰɤůɖè (Dewatering), 
ůŰŬŭɘŬəɎ, ˊŬɟɎɔŮɘ ůɢŮŰɘəɎ ɝɖɟɧ ůɡɛˊɨəɜɤɛŬ ůŰɖɜ ŮˊɘɗɡɛɖŰɐ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ɡɔɟŬůɑŬɠ. ȼ 

 
3 https://en.wikipedia.org/wiki/Beneficiation 
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ɛŮɑɤůɖ Űɖɠ ɡɔɟŬůɑŬɠ ɛŮɘɩɜŮɘ Űɞ əɧůŰɞɠ ŬˊɞůŰɞɚɐɠ ɛŮɔɎɚɤɜ ŬˊɞůŰɎůŮɤɜ əŬɘ ŬˊɞŰɟɏˊŮɘ Űɞɡɠ 
əɘɜŭɨɜɞɡɠ əŬŰɎ Űɖ ɛŮŰŬűɞɟɎ. 

ȼ ŰŮɢɜɘəɐ ɤűɏɚŮɘŬɠ ɞɟɡəŰɩɜ (Mineral beneficiation technique) ˊɟɞůŬɜŬŰɞɚɑɕŮŰŬɘ ůŰɖ 
ŭɘŬŰɐɟɖůɖ Űɖɠ ɛɎɕŬɠ (ɘůɞɟɟɞˊɑŬ ɡɚɘəɞɨ - material balance) əŬɘ ŭɏɢŮŰŬɘ Űɞɜ əŬɚɨŰŮɟɞ ŭɡɜŬŰɧ 
ɓŬɗɛɧ ůɡɛˊɡəɜɩɛŬŰɞɠ ɛŮ Űɖɜ ɡɣɖɚɧŰŮɟɖ ŭɡɜŬŰɐ Ŭˊɧŭɞůɖ ŬɜɎəŰɖůɖɠ əɎɗŮ ɞɟɡəŰɞɨ 
(ɘůɞɟɟɞˊɑŬ ɞɟɡəŰɩɜ - mineral balance). 

2.2 ȷˊɞŭɏůɛŮɡůɖ 

ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ əŬɘ ůŰɞ ˊɟɩŰɞ əŮűɎɚŬɘɞ, ŰŬ ŬˊɞɗɏɛŬŰŬ Űɤɜ ɞɟɡəŰɩɜ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ 
ɛŮŰŬɚɚŮɨɛŬŰŬ əŬɘ ůŰŮɑɟŬ ɞɟɡəŰɎ ˊɞɡ ůɡɜŭɏɞɜŰŬɘ ůŰŮɜɎ ůŬɜ ɏɜŬ ˊŮɟɑˊɚɞəɞ ɛɤůŬɥəɧ. ɇŬ 
ɞɟɡəŰɎ ůɡɜŬɟɛɞɚɞɔɞɨɜŰŬɘ ůŮ ŭɘɎűɞɟŮɠ ŬɜŬɚɞɔɑŮɠ ɛŮ ɛɞɟűɏɠ ˊɞɡ əɡɛŬɑɜɞɜŰŬɘ ɛŮŰŬɝɨ ˊɞɚɨ 
ɚŮˊŰɞɨ ɏɤɠ ŮɝŬɘɟŮŰɘəɎ ɢɞɜŭɟɞŮɘŭɞɨɠ ɛŮɔɏɗɞɡɠ əɧəəɤɜ ˊɞɡ ŬˊŮɘəɞɜɑɕɞɡɜ ůŰɟɩůŮɘɠ, űɚɏɓŮɠ, 
ɢɞɟŭɏɠ, ɏɤɠ ˊɞɚɨˊɚɞəɖ ŭɞɛɐ. 

ȰɜŬ ɛŮɛɞɜɤɛɏɜɞ ɞɟɡəŰɧ ɛˊɞɟŮɑ ɜŬ ŮɛűŬɜɘůŰŮɑ ɤɠ ɏɜŰŬɝɖ ůŮ Ɏɚɚɞɜ Űɨˊɞ əŬɘ ůɡɢɜɎ ɛŮ 
ŬɚɚɖɚɞůɡɜŭŮɧɛŮɜŬ ɧɟɘŬ. ɀɏɢɟɘ əŬɘ ŮəŰɧɠ ŮɎɜ ŰŬ ɛŮɛɞɜɤɛɏɜŬ ɞɟɡəŰɎ Ŭ ɞ́ŭŮůɛŮɡŰɞɨɜ ŮɜŰŮɚɩɠ 
Űɞ ɏɜŬ Ŭˊɧ Űɞ Ɏɚɚɞ, ɖ ŭɘŬŭɘəŬůɑŬ ůɡɔəɏɜŰɟɤůɖɠ Űɤɜ ɞɟɡəŰɩɜ ˊɚɞɨůɘɤɜ ůŮ ŬɝɑŬ ŭŮɜ ɛˊɞɟŮɑ 
ɜŬ ɔɑɜŮɘ ŬɜŰɘɚɖˊŰɐ. ȷɡŰɧ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ Űɖɜ ŬˊɞŭɏůɛŮɡůɖ (ɛŮɑɤůɖ ɛŮɔɏɗɞɡɠ ůɤɛŬŰɑŭɘɞɡ). 
ɇɞ ɛɏɔŮɗɞɠ Űɤɜ ůɤɛŬŰɘŭɑɤɜ Űɞɡ  ɛŮŰŬɚɚŮɨɛŬŰɞɠ ɛŮɘɩɜŮŰŬɘ ůŰŬŭɘŬəɎ ůŰɞ ɓɏɚŰɘůŰɞ əɚɎůɛŬ ɔɘŬ 
ŭɘŬɢɤɟɘůɛɧ ɛŮ ɛɘŬ ɛɏɗɞŭɞ əŬŰɎɚɚɖɚɖ ɔɘŬ Űɘɠ űɡůɘəɞɢɖɛɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɤɜ ɞɟɡəŰɩɜ. ȼ Ŭɟɢɘəɐ 
ŭɘŬŭɘəŬůɑŬ ŬˊɞŭɏůɛŮɡůɖɠ ɝŮəɘɜɎ əŬŰɎ Űɖɜ ŮˊɘɢŮɑɟɖůɖ Űɖɠ Ůɝɧɟɡɝɖɠ ɛɏůɤ Ůˊɑ Űɧˊɞɡ 
ŬɜŬŰɑɜŬɝɖɠ ůɩɛŬŰɞɠ Űɞɡ ɞɟɡəŰɞɨ, ˊɞɡ ɏɢŮɘ ŬɜŰɚɖɗŮɑ Ŭˊɧ ŮəůəŬűŮɑɠ (excavators) ɐ ɝɨůŰɟŮɠ 
(scrapers) əŬɘ ɛŮŰŬəɘɜɖɗŮɑ ůŰɖɜ Ŭˊɞɗɐəɖ Űɤɜ ɛŮŰŬɚɚŮɡɛɎŰɤɜ ɤɠ ROM. ɇɞ ɛɏɔŮɗɞɠ Űɞɡ 
ɗɟŬɨůɛŬŰɞɠ ůŮ ŬɡŰɧ Űɞ ůŰɎŭɘɞ ŮɑɜŬɘ ŮŰŮɟɞɔŮɜɏɠ əŬɘ ˊɞɘəɑɚɚŮɘ ɞˊɞɡŭɐˊɞŰŮ ɛŮŰŬɝɨ 1,50 ɛ. əŬɘ 
ɚŮˊŰɧəɞəəɞ. Ƀɘ ɛŮɔɎɚɞɘ ɞɔəɧɚɘɗɞɘ ɛŮɘɩɜɞɜŰŬɘ ɛŮ Űɖ ɓɞɐɗŮɘŬ ɗɟŬɡůŰɐɟŬ ɓɟɎɢɞɡ (rock breaker) 
ůŰɖɜ Ŭɡɚɐ ɛŮŰŬɚɚŮɡɛɎŰɤɜ (ore dump yard) əŬɘ ɛŮ ŮˊɘŰɧˊɘɞ ɗɟŬɡůŰɐɟŬ (onsite crusher). ȼ 
ŬˊɧɚɡŰɖ ɛŮɑɤůɖ ɛŮɔɏɗɞɡɠ ůŮ ɛɘŬ ŭɘŬŭɞɢɘəɐ ŬəɞɚɞɡɗɑŬ ůɨɜɗɚɘɣɖɠ (crushing), ɎɚŮůɖɠ 
(grinding) əŬɘ əɞɜɘɞˊɞɑɖůɖɠ (pulverizing) ŬˊɞŰŮɚŮɑ ŬɜŬˊɧůˊŬůŰɞ ɛɏɟɞɠ Űɖɠ ŮˊŮɝŮɟɔŬůɑŬɠ 
ŮɔəŬŰɎůŰŬůɖɠ. Ƀɘ ɛŮɛɞɜɤɛɏɜɞɘ əɧəəɞɘ ɞɟɡəŰɩɜ Ŭ ɞ́ŭŮůɛŮɨɞɜŰŬɘ ůŰɞɜ ɡɣɖɚɧŰŮɟɞ ɓŬɗɛɧ əŬɘ 
ŮɑɜŬɘ ɏŰɞɘɛɞɘ ɔɘŬ ŮˊɑˊɚŮɡůɖ Ŭűɟɞɨ ɐ ɞˊɞɘŮůŭɐˊɞŰŮ əŬŰɎɚɚɖɚŮɠ ŰŮɢɜɘəɏɠ ɤűɏɚŮɘŬɠ. 

2.2.1 ŪɟŬɡůŰɐɟŮɠ  

ȼ ɗɟŬɨůɖ (crushing) ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ ůɡɛˊɑŮůɖ (compression) Űɞɡ ɛŮŰŬɚɚŮɨɛŬŰɞɠ ɏɜŬɜŰɘ 
ɎəŬɛˊŰɖɠ ŮˊɘűɎɜŮɘŬɠ ɐ ɛŮ ˊɟɧůəɟɞɡůɖ (impact) ůŰɖɜ ŮˊɘűɎɜŮɘŬ ůŮ ɎəŬɛˊŰŬ ˊŮɟɘɞɟɘůɛɏɜɖ 
ŭɘŬŭɟɞɛɐ əɑɜɖůɖɠ. ȼ ɗɟŬɨůɖ ŮɑɜŬɘ ůɡɜɐɗɤɠ ɛɘŬ ɝɖɟɐ ŭɘŬŭɘəŬůɑŬ əŬɘ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůŮ 
ɛŮŰɎɚɚŮɡɛŬ ROM ŭɘŬŭɞɢɘəɎ ůŮ ŭɨɞ ɐ ŰɟɑŬ ůŰɎŭɘŬ, ŭɖɚŬŭɐ ɛŮ (Ŭ) ˊɟɤŰɞɔŮɜɐ, (ɓ) 
ŭŮɡŰŮɟŮɨɞɜŰŬ əŬɘ (ɔ) ŰɟɘŰɞɔŮɜɐ ɗɟŬɡůŰɐɟŬ. 

(Ŭ) ɄɟɤŰɞɔŮɜŮɑɠ ɗɟŬɡůŰɐɟŮɠ 

Ƀɘ ˊɟɤŰɞɔŮɜŮɑɠ ɗɟŬɡůŰɐɟŮɠ (primary crushers) ŮɑɜŬɘ ŬɜɗŮəŰɘəɎ ɛɖɢŬɜɐɛŬŰŬ ɓŬɟɏɤɠ Űɨˊɞɡ 
ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖ ůɡɜŰɟɘɓɐ ɛŮŰŬɚɚŮɨɛŬŰɞɠ ROM ŭɘŬɛɏŰɟɞɡ 1,5ɛ. ȷɡŰɎ ŰŬ 
ɛŮŰŬɚɚŮɨɛŬŰŬ ɛŮɔɎɚɞɡ ɛŮɔɏɗɞɡɠ ɛŮɘɩɜɞɜŰŬɘ ůŰɞ Ŭɟɢɘəɧ ůŰɎŭɘɞ ɗɟŬɨůɖɠ ɔɘŬ ŭɘɎůŰŬůɖ 
ˊɟɞɥɧɜŰɞɠ Ůɝɧŭɞɡ 10-20 cm. Ƀɘ ůɡɜɖɗɘůɛɏɜɞɘ ˊɟɤŰŬɟɢɘəɞɑ ɗɟŬɡůŰɐɟŮɠ ŮɑɜŬɘ Űɨˊɞɡ 
ɗɟŬɡůŰɐɟŬ ůɘŬɔɧɜɤɜ (Jaw crusher) əŬɘ ɔɡɟɞůəɞˊɘəɞɨ ɗɟŬɡůŰɐɟŬ (Gyratory crusher). 

O ɗɟŬɡůŰɐɟŬɠ ůɘŬɔɧɜɤɜ (ȺɘəɧɜŬ 4) ɛŮɘɩɜŮɘ Űɞ ɛɏɔŮɗɞɠ Űɤɜ ɛŮɔɎɚɤɜ ˊŮŰɟɤɛɎŰɤɜ 
ɟɑɢɜɞɜŰɎɠ ŰŬ ůŰɞ ůŰɧɛɘɧ Űɞɡ ůŮ ůɢɐɛŬ "V" ůŰɖɜ əɞɟɡűɐ Űɞɡ ɗŬɚɎɛɞɡ Űɞɡ ɗɟŬɡůŰɐɟŬ (crushing 
chamber). ɇɞ ůŰɧɛɘɞ ŬɡŰɧ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɛŮŰŬɝɨ ɛɘŬɠ ůŰŬɗŮɟɐɠ ɎəŬɛˊŰɖɠ ůɘŬɔɧɜŬɠ (fixed jaw) 
əŬɘ ɛɘŬɠ ˊŮɟɘůŰɟŮűɧɛŮɜɖɠ ŬɘɤɟɞɨɛŮɜɖɠ ůɘŬɔɧɜŬɠ (moving jaw) ůŮ ɞɝŮɑŬ ɔɤɜɑŬ ɛŮŰŬɝɨ Űɞɡɠ. ȼ 
ůɡɛˊɑŮůɖ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ́ ɘɏɕɞɜŰŬɠ Űɞ ɓɟɎɢɞ ́ Ɏɜɤ ůŰɖ ůŰŬɗŮɟɐ ́ ɚɎəŬ ůŰɞɜ ɗɎɚŬɛɞ ɗɟŬɨůɖɠ, 
ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 5. ɇɞ ɎɜɞɘɔɛŬ ůŰɞ əɎŰɤ ɛɏɟɞɠ Űɤɜ ˊɚŬəɩɜ Űɖɠ ůɘŬɔɧɜŬɠ ɛˊɞɟŮɑ 
ɜŬ ɟɡɗɛɘůŰŮɑ ůŰɞ ŮˊɘɗɡɛɖŰɧ ɎɜɞɘɔɛŬ ɔɘŬ Űɞ ɛɏɔŮɗɞɠ Űɞɡ ˊɟɞɥɧɜŰɞɠ. ɇŬ ɓɟɎɢɘŬ ˊŬɟŬɛɏɜɞɡɜ 
ɛŮŰŬɝɨ Űɤɜ ůɘŬɔɧɜɤɜ ɏɤɠ ɧŰɞɡ ŮɑɜŬɘ ŬɟəŮŰɎ ɛɘəɟɎ ɩůŰŮ ɜŬ ŬˊŮɚŮɡɗŮɟɤɗɞɨɜ ɛɏůɤ ŬɡŰɞɨ Űɞɡ 
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əŮɜɞɨ ɔɘŬ ˊŮɟŬɘŰɏɟɤ ɛŮɑɤůɖ ɛŮɔɏɗɞɡɠ ŰɟɞűɞŭɞŰɩɜŰŬɠ Űɞɜ ŭŮɡŰŮɟŮɨɞɜŰŬ ɗɟŬɡůŰɐɟŬ 
(secondary crusher). 

 

 

ȺɘəɧɜŬ 4 ŪɟŬɡůŰɐɟŬɠ ůɘŬɔɧɜɤɜ (ɇůŬəŬɚɎəɖɠ, 2018) 

 

ȺɘəɧɜŬ 5 ȷɟɢɐ Űɞɡ ɗɟŬɡůŰɐɟŬ ůɘŬɔɧɜɤɜ ˊɞɡ ŭŮɑɢɜŮɘ Űɖ ŭɘŬŭɟɞɛɐ Űɞɡ ɎɚŮɡɟɞɡ Űɟɞűɑɛɞɡ ˊɟɞɠ Űɞ 
əŬŰŬəŮɟɛŬŰɘůɛɏɜɞ ˊɟɞɥɧɜ ˊɞɡ ůɡɜɗɚɑɓŮŰŬɘ ɡˊɧ ɡɣɖɚɐ ˊɑŮůɖ ůŰŬɗŮɟɩɜ əŬɘ əɘɜɞɨɛŮɜɤɜ ůɘŬɔɧɜɤɜ. (Haldar, 2013) 

Ƀ Űɨˊɞɠ Űɞɡ ɗɟŬɡůŰɐɟŬ ůɘŬɔɧɜɤɜ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖɜ ŰɟɞűɞŭɞůɑŬ Ůɘůɧŭɞɡ (input feed) əŬɘ Űɞ 
ɛɏɔŮɗɞɠ Űɞɡ ˊɟɞɥɧɜŰɞɠ Ůɝɧŭɞɡ, Űɖ ŭɨɜŬɛɖ ɓɟɎɢɞɡ / ɛŮŰŬɚɚŮɨɛŬŰɞɠ, Űɞɜ ɧɔəɞ ɚŮɘŰɞɡɟɔɑŬɠ, Űɞ 
əɧůŰɞɠ əŬɘ ɎɚɚŮɠ ůɢŮŰɘəɏɠ ˊŬɟŬɛɏŰɟɞɡɠ. Ƀɘ ˊɟɤŰɞɔŮɜŮɑɠ ɗɟŬɡůŰɐɟŮɠ ůɘŬɔɧɜɤɜ ɓŬɟɏɤɠ 
Űɨˊɞɡ ŮɔəŬɗɑůŰŬɜŰŬɘ ůŰɞ ɡˊɧɔŮɘɞ ɔɘŬ ɞɛɞɘɧɛɞɟűɖ ɛŮɑɤůɖ ɛŮɔɏɗɞɡɠ ˊɟɘɜ Ŭˊɧ Űɖ ɛŮŰŬűɞɟɎ 
Űɞɡ ɛŮŰŬɚɚŮɨɛŬŰɞɠ ůŰɞ əɨɟɘɞ əŮɜŰɟɘəɧ ůɨůŰɖɛŬ Ŭɜɨɣɤůɖɠ. Ƀɘ ɗɟŬɡůŰɐɟŮɠ ůɘŬɔɧɜɤɜ ɛŮůŬɑŬɠ 
ɢɟɐůɖɠ ŮɑɜŬɘ ɢɟɐůɘɛɞɘ ůŮ ɡˊɧɔŮɘŬ ɞɟɡɢŮɑŬ ɛŮ ɢŬɛɖɚɐ ˊŬɟŬɔɤɔɐ (ȺɘəɧɜŬ 6) əŬɘ ůŰɞ 
ŮɟɔɞůŰɎůɘɞ ŮˊŮɝŮɟɔŬůɑŬɠ. ɀɘəɟɞɑ ɗɟŬɡůŰɐɟŮɠ ůɘŬɔɧɜɤɜ ŮɔəŬɗɑůŰŬɜŰŬɘ ůŰɞ ŮɟɔŬůŰɐɟɘɞ ɔɘŬ 
Űɖɜ ˊɟɞŮŰɞɘɛŬůɑŬ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɩɜ ŭŮɘɔɛɎŰɤɜ ɔɘŬ ɢɖɛɘəɐ ŬɜɎɚɡůɖ. 



22 
 

 

ȺɘəɧɜŬ 6 ɀŮůŬɑɞɡ ɛŮɔɏɗɞɡɠ ɗɟŬɡůŰɐɟŬɠ ůɘŬɔɧɜɤɜ ůŮ ɚŮɘŰɞɡɟɔɑŬ ůŮ ɡˊɧɔŮɘɞ ɞɟɡɢŮɑɞ ɔɘŬ ůɨɜɗɚɘɣɖ ɛŮŰŬɚɚŮɨɛŬŰɞɠ 
ROM ˊɟɘɜ ɛŮŰŬűŮɟɗŮɑ ůŰɖɜ ŮˊɘűɎɜŮɘŬ ůŰɞ Zawarmala Űɖɠ ȽɜŭɑŬɠ. (Haldar, 2013) 

Ƀɘ ˊŮɟɘůŰɟɞűɘəɞɑ ɗɟŬɡůŰɐɟŮɠ ŬˊɞŰŮɚɞɨɜŰŬɘ ɞɡůɘŬůŰɘəɎ Ŭ ɧ́ ɏɜŬ ɛŬəɟɨ əɤɜɘəɧ ůŰɞɘɢŮɑɞ 
ɗɟŬɨůɖɠ Ŭˊɧ ůəɚɖɟɧ ŬŰůɎɚɘ ˊɞɡ ŬɘɤɟŮɑŰŬɘ Ŭˊɧ Űɖɜ əɞɟɡűɐ. ɄŮɟɘůŰɟɏűŮŰŬɘ ůŮ əɤɜɘəɐ 
ŭɘŬŭɟɞɛɐ ɛɏůŬ ůŰɞɜ ůŰɟɞɔɔɡɚɧ ůəɚɖɟɧ ůŰŬɗŮɟɧ ɗɎɚŬɛɞ ůɨɜɗɚɘɣɖɠ (crushing chamber) 
(ȺɘəɧɜŬ 7). ȼ ɛɏɔɘůŰɖ ŭɟɎůɖ ůɨɜɗɚɘɣɖɠ ŭɖɛɘɞɡɟɔŮɑŰŬɘ əɚŮɑɜɞɜŰŬɠ Űɞ ŭɘɎəŮɜɞ ɛŮŰŬɝɨ Űɖɠ 
ůəɚɖɟɐɠ ŮˊɘűɎɜŮɘŬɠ ůɨɜɗɚɘɣɖɠ ˊɞɡ ůɡɜŭɏŮŰŬɘ ɛŮ Űɞɜ ɎɝɞɜŬ əŬɘ Űɤɜ əɞɑɚɤɜ ůŰŬɗŮɟɩɜ 
ŮˊŮɜŭɨůŮɤɜ ˊɞɡ ŮɑɜŬɘ ŰɞˊɞɗŮŰɖɛɏɜŮɠ ůŰɞ əɨɟɘɞ ˊɚŬɑůɘɞ Űɞɡ ɗɟŬɡůŰɐɟŬ. ɇɞ əŮɜɧ ŬɜɞɑɔŮɘ əŬɘ 
əɚŮɑɜŮɘ ɛŮ ɏɜŬɜ ɏəəŮɜŰɟɞ ŭɑůəɞ ůŰɞ əɎŰɤ ɛɏɟɞɠ Űɞɡ ɎɝɞɜŬ ˊɞɡ ˊɟɞəŬɚŮɑ Űɖɜ ˊŮɟɘůŰɟɞűɐ Űɞɡ 
əŮɜŰɟɘəɞɨ əŬŰŬəɧɟɡűɞɡ ɎɝɞɜŬ. 

 

ȺɘəɧɜŬ 7 ȷɟɢɐ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ɔɡɟɞůəɞˊɘəɞɨ ɗɟŬɡůŰɐɟŬ ɔɘŬ Űɖ ɗɟŬɨůɖ Űɞɡ Ɏəɟɞɡ ɛŮŰŬɚɚŮɨɛŬŰɞɠ ˊɞɡ ˊɘɏɕŮŰŬɘ 

ɛŮŰŬɝɨ ůŰŬɗŮɟɐɠ ůɘŬɔɧɜŬɠ əŬɘ ˊŮɟɘůŰɟŮűɧɛŮɜɖɠ əɤɜɘəɐɠ əŮűŬɚɐɠ (Grewal, 2010) 

(ɓ) ȹŮɡŰŮɟɞɔŮɜŮɑɠ ɗɟŬɡůŰɐɟŮɠ 

Ƀ ŭŮɡŰŮɟŮɨɤɜ ɗɟŬɡůŰɐɟŬɠ (secondary crusher) ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ əɡɟɑɤɠ ɔɘŬ Űɖɜ ŬɜŬɛɧɟűɤůɖ 
Űɞɡ ˊɟɞɥɧɜŰɞɠ Űɞɡ ˊɟɤŰɞɔŮɜɞɨɠ ɗɟŬɡůŰɐɟŬ. ɇɞ ɗɟɡɛɛŬŰɘůɛɏɜɞ ɡɚɘəɧ ŭɘŬɛɏŰɟɞɡ ˊŮɟɑˊɞɡ 15 
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Ůə., ˊɞɡ ɚŬɛɓɎɜŮŰŬɘ Ŭˊɧ Űɖɜ ŬˊɞɗɐəŮɡůɖ Űɞɡ ɛŮŰŬɚɚŮɨɛŬŰɞɠ, ŭɘŬŰɑɗŮŰŬɘ ɤɠ Űɞ ŰŮɚɘəɧ ˊɟɞɥɧɜ 
ɗɟŬɨůɖɠ. ɇɞ ɛɏɔŮɗɞɠ ŮɑɜŬɘ ůɡɜɐɗɤɠ ɛŮŰŬɝɨ 0,5 əŬɘ 2 Ůə. ůŮ ŭɘɎɛŮŰɟɞ ɏŰůɘ ɩůŰŮ ɜŬ ŮɑɜŬɘ 
əŬŰɎɚɚɖɚɞ ɔɘŬ ɎɚŮůɖ (grinding). Ƀɘ ŭŮɡŰŮɟŮɨɞɜŰŮɠ ɗɟŬɡůŰɐɟŮɠ ŮɑɜŬɘ ůɢŮŰɘəɎ ŮɚŬűɟɨŰŮɟɞɘ ůŮ 
ɓɎɟɞɠ əŬɘ ɛɘəɟɧŰŮɟɞɘ ůŮ ɛɏɔŮɗɞɠ. ȿŮɘŰɞɡɟɔɞɨɜ ɔŮɜɘəɎ ɛŮ ɝɖɟɐ ŰɟɞűɞŭɞůɑŬ ɢɤɟɑɠ ɓɚŬɓŮɟɎ 
ůŰɞɘɢŮɑŬ ɧˊɤɠ ɛŮŰŬɚɚɘəɎ ɗɟŬɨůɛŬŰŬ, ɝɨɚɞ, ˊɖɚɧ ə.ɚˊ. ˊɞɡ ŭɘŬɢɤɟɑɕɞɜŰŬɘ əŬŰɎ Űɖɜ Ŭɟɢɘəɐ 
ůɨɜɗɚɘɣɖ. Ƀɘ ůɡɜɖɗɘůɛɏɜɞɘ ŭŮɡŰŮɟŮɨɞɜŰŮɠ ɗɟŬɡůŰɐɟŮɠ ŮɑɜŬɘ Űɨˊɞɡ əɤɜɘəɧɠ (cone crusher), 
əɡɚɘɜŭɟɘəɧɠ (roll crusher) əŬɘ ˊŮɟɘůŰɟɞűɘəɧɠ-əɟɞɡůŰɘəɧɠ (impact crusher). 

Ƀ əɤɜɘəɧɠ ɗɟŬɡůŰɐɟŬɠ (ȺɘəɧɜŬ 8) ŮɑɜŬɘ ˊɞɚɨ Ŭ́ɟɧɛɞɘɞɠ ɛŮ Űɞɜ ˊŮɟɘůŰɟɞűɘəɧ, ŮəŰɧɠ Űɞɡ ɧŰɘ 
ɏɢŮɘ ˊɞɚɨ ɛɘəɟɧŰŮɟɞ ɎɝɞɜŬ ɛŮ ŮˊɘűɎɜŮɘŬ ɗɟŬɨůɖɠ ɛŮɔŬɚɨŰŮɟɖɠ ŭɘŬɛɏŰɟɞɡ ůŮ ůɢɏůɖ ɛŮ Űɖɜ 
əɎɗŮŰɖ ŭɘɎůŰŬůɐ Űɞɡ. Ƀ ɎɝɞɜŬɠ Űɞɡ ŭŮɜ ŬɜŬɟŰɎŰŬɘ ɧˊɤɠ ůŰɞɜ ˊŮɟɘůŰɟɞűɘəɧ ɗɟŬɡůŰɐɟŬ, Ůɜɩ 
ɖ ŮəəŮɜŰɟɘəɐ əɑɜɖůɖ Űɞɡ ŮůɤŰŮɟɘəɞɨ əɩɜɞɡ ůɨɜɗɚɘɣɖɠ ŮɑɜŬɘ ˊŬɟɧɛɞɘŬ ɛŮ ŬɡŰɐ Űɞɡ 
ˊŮɟɘůŰɟɞűɘəɞɨ. ȰɜŬɠ əɤɜɘəɧɠ ɗɟŬɡůŰɐɟŬɠ ɛˊɞɟŮɑ ɛɎɚɘůŰŬ ɜŬ ɚŮɘŰɞɡɟɔɐůŮɘ ɤɠ ŰɟɘŰɞɔŮɜɐɠ 
ɗɟŬɡůŰɐɟŬɠ, ɧŰŬɜ ŮɔəŬŰŬůŰŬɗŮɑ ůŮ ůŰŮɜɧ əɨəɚɤɛŬ ɛŮŰŬɝɨ Űɞɡ ŭŮɡŰŮɟŮɨɞɜŰɞɠ ɗɟŬɡůŰɐɟŬ əŬɘ 
Űɞɡ ůűŬɘɟɧɛɡɚɞɡ ɔɘŬ ɜŬ ůɡɜɗɚɑɣŮɘ ɞˊɞɘɞŭɐˊɞŰŮ ɡɚɘəɧ ɡˊŮɟɢŮɑɚɘůɖɠ Űɞɡ ŭɞɜɖŰɘəɞɨ Ůɚɏɔɢɞɡ. 

 

ȺɘəɧɜŬ 8 ɆɢɖɛŬŰɘəɧ ŭɘɎɔɟŬɛɛŬ ˊɞɡ ŬˊŮɘəɞɜɑɕŮɘ ŰŬ ɓŬůɘəɎ ůŰɞɘɢŮɑŬ əŬɘ Űɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ əɤɜɘəɞɨ ɗɟŬɡůŰɐɟŬ 
(Haldar, 2013)  

Ƀɘ ɗɟŬɡůŰɐɟŮɠ ɛɞɜɞɨ əɡɚɑɜŭɟɞɡ (single-roll crushers) ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ɏɜŬ ɕŮɨɔɞɠ 
ɞɟɘɕɧɜŰɘɤɜ əɡɚɘɜŭɟɘəɩɜ ŮɚŬŰɖɟɑɤɜ Ŭˊɧ ɛŬɔɔɎɜɘɞ (ȺɘəɧɜŬ 9) ˊɞɡ ˊŮɟɘůŰɟɏűɞɜŰŬɘ ůŮ ŬɜŰɑɗŮŰŮɠ 
əŬŰŮɡɗɨɜůŮɘɠ. ɇɞ ɡɚɘəɧ ŰɟɞűɞŭɞůɑŬɠ ˊɞɡ ˊɏűŰŮɘ ˊɘɏɕŮŰŬɘ əŬɘ ůɡɜɗɚɑɓŮŰŬɘ ɛŮŰŬɝɨ Űɤɜ 
əɡɚɑɜŭɟɤɜ. ɇɞ ŰŮɚɘəɧ ˊɟɞɥɧɜ ŭɘɏɟɢŮŰŬɘ Ŭˊɧ Űɞ ůɖɛŮɑɞ Ůəəɏɜɤůɖɠ. ȷɡŰɧɠ ɞ Űɨˊɞɠ ɗɟŬɡůŰɐɟŬ 
ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŮ ŭŮɡŰŮɟŮɨɞɡůŬ ɐ ŰɟɘŰɞɔŮɜɐ ŮűŬɟɛɞɔɐ ůɨɜɗɚɘɣɖɠ. Ƀɘ ŬɜɩŰŮɟɞɘ 
əɡɚɘɜŭɟɘəɞɑ ɗɟŬɡůŰɐɟŮɠ (advance roll crushers) ɏɢɞɡɜ ůɢŮŭɘŬůŰŮɑ ɛŮ ɏɜŬɜ ́ ŮɟɘůŰɟŮűɧɛŮɜɞ 
əɨɚɘɜŭɟɞ ˊɞɡ ˊŮɟɘůŰɟɏűŮŰŬɘ ˊɟɞɠ ɛɘŬ ˊɚɎəŬ ůŰŮɟɏɤůɖɠ ɐ əɡɚɑɜŭɟɞɡɠ ɛŮ ŭɘŬűɞɟŮŰɘəɐ 
ŭɘɎɛŮŰɟɞ (multiple-roll crushers) əŬɘ ŰŬɢɨŰɖŰŬ. Ƀɘ ɗɟŬɡůŰɐɟŮɠ ŬɡŰɞɑ ɓŮɚŰɘɩɜɞɡɜ Űɖɜ 
Ŭ ɞ́ŭɏůɛŮɡůɖ Űɤɜ ɞɟɡəŰɩɜ ůŰɞ ɗɟɡɛɛŬŰɘůɛɏɜɞ ˊɟɞɥɧɜ. Ƀɘ ɗɟŬɡůŰɐɟŮɠ əɡɚɑɜŭɟɞɡ 
ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ˊɞɚɨ ůɡɢɜɎ ůŮ ŬůɓŮůŰɧɚɘɗɞ, ɎɜɗɟŬəŬ, űɤůűɞɟɘəɧ ɎɚŬɠ, əɘɛɤɚɑŬ əŬɘ ɎɚɚŬ 
ŮɨɗɟŬɡůŰŬ ɛŬɚŬəɎ ɛŮŰŬɚɚŮɨɛŬŰŬ. 
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ȺɘəɧɜŬ 9 Ⱥɜɜɞɘɞɚɞɔɘəɧ ŭɘɎɔɟŬɛɛŬ ˊɞɡ ŬˊŮɘəɞɜɑɕŮɘ ŰŬ ɓŬůɘəɎ ůŰɞɘɢŮɑŬ Űɞɡ əɡɚɘɜŭɟɘəɞɨ ɗɟŬɡůŰɐɟŬ (Haldar, 2013) 

Ƀɘ ˊŮɟɘůŰɟɞűɘəɞɑ-əɟɞɡůŰɘəɞɑ ɗɟŬɡůŰɐɟŮɠ (impact crushers) (ȺɘəɧɜŬ 10) ɢɟɖůɘɛɞˊɞɘɞɨɜ 
əɟɞɨůɖ ɡɣɖɚɐɠ ŰŬɢɨŰɖŰŬɠ ɐ ɏɜŰɞɜŬ ɢŰɡˊɐɛŬŰŬ ůŰɖɜ ŮɚŮɨɗŮɟɖ ŰɟɞűɞŭɞůɑŬ ˊŰɩůɖɠ ŬɜŰɑ ɔɘŬ 
ůɡɛˊɑŮůɖ ɐ Űɟɘɓɐ. ɉɟɖůɘɛɞˊɞɘɞɨɜ ŬɟɗɟɤŰɎ ɐ ůŰŬɗŮɟɎ ůűɡɟɘɎ ɓŬɟɏɤɜ ɛŮŰɎɚɚɤɜ 
(ůűɡɟɧɛɡɚɞɠ (hammer mill)) ɐ ɟɎɓŭɞɡɠ ˊɞɡ ůɡɜŭɏɞɜŰŬɘ ɛŮ Űɘɠ ɎəɟŮɠ Űɤɜ ɞɟɘɕɧɜŰɘɤɜ 
ˊŮɟɘůŰɟŮűɧɛŮɜɤɜ ŭɑůəɤɜ. ɇŬ ůűɡɟɘɎ, ɞɘ ɟɎɓŭɞɘ əŬɘ ɞɘ ŭɑůəɞɘ ŮɑɜŬɘ əŬŰŬůəŮɡŬůɛɏɜɞɘ Ŭˊɧ 
ɢɎɚɡɓŬ ɛŬɔɔŬɜɑɞɡ ɐ ɢɡŰɞůɑŭɖɟɞ ˊɞɡ ˊŮɟɘɏɢŮɘ əŬɟɓɑŭɘɞ ɢɟɤɛɑɞɡ. ɇŬ ůűɡɟɘɎ ŮˊŬɜŮɘɚɖɛɛɏɜŬ 
ɢŰɡˊɞɨɜ Űɞ ɡɚɘəɧ ˊɞɡ ɗɟɡɛɛŬŰɑɕŮŰŬɘ ůŮ ɛɘŬ ŰɟŬɢɘɎ ůŰŮɟŮɐ ŮˊɘűɎɜŮɘŬ Űɞɡ ɗŬɚɎɛɞɡ ɗɟŬɨůɖɠ 
ˊɞɡ ůˊɎɕŮɘ Űɞ ůɤɛŬŰɑŭɘɞ ůŮ ɞɛɞɘɧɛɞɟűɞ ɛɏɔŮɗɞɠ. ɇŬ ŰŮɚɘəɎ ɚŮˊŰɎ ɟ́ɞɥɧɜŰŬ ˊɏűŰɞɡɜ ɛɏůɤ 
Űɖɠ ˊɨɚɖɠ Ůəəɏɜɤůɖɠ (discharge gate), Ůɜɩ ŰŬ ɡˊŮɟɛŮɔɏɗɖ ůɤɛŬŰɑŭɘŬ ůŬɟɩɜɞɜŰŬɘ ɔɘŬ ɏɜŬɜ 
Ɏɚɚɞ əɨəɚɞ ůɨɜɗɚɘɣɖɠ ɏɤɠ ɧŰɞɡ ŮɑɜŬɘ ŬɟəŮŰɎ ɚŮˊŰɎ ɔɘŬ ɜŬ ˊɏůɞɡɜ ɛɏůŬ Ŭˊɧ Űɖɜ ˊɨɚɖ 
Ůəəɏɜɤůɖɠ. Ƀɘ ˊŮɟɘůŰɟɞűɘəɞɑ-əɟɞɡůŰɘəɞɑ ɗɟŬɡůŰɐɟŮɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ Ůɡɟɏɤɠ ůŰɖ 
ɓɘɞɛɖɢŬɜɑŬ ɚŬŰɞɛŮɑɤɜ ɔɘŬ Űůɘˊ ŭɟɧɛɤɜ4 əŬɘ əŰɘɟɑɤɜ. ȷɡŰɞɑ ɞɘ ɗɟŬɡůŰɐɟŮɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ 
ůɡɜɐɗɤɠ ůŮ ŭŮɡŰŮɟɞɔŮɜɐ ɐ ŰɟɘŰɞɔŮɜɐ ɗɟŬɨůɖ. 

 

ȺɘəɧɜŬ 10 ɆɢɖɛŬŰɘəɧ ŭɘɎɔɟŬɛɛŬ ˊɞɡ ŭŮɑɢɜŮɘ ŰŬ ɓŬůɘəɎ ůŰɞɘɢŮɑŬ əŬɘ Űɖ ɚŮɘŰɞɡɟɔɑŬ Ůɜɧɠ ɗɟŬɡůŰɐɟŬ əɟɞɨůɖɠ 
(Haldar, 2013) 

(ɔ) ɇɟɘŰɞɔŮɜŮɑɠ ɗɟŬɡůŰɐɟŮɠ (Tertiary Crushers) 

 
4 https://en.wikipedia.org/wiki/Chipseal 
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ȺɎɜ ɖ ɛŮɑɤůɖ Űɞɡ ɛŮɔɏɗɞɡɠ Űɤɜ ůɤɛŬŰɘŭɑɤɜ Űɞɡ ɛŮŰŬɚɚŮɨɛŬŰɞɠ ŭŮɜ ɞɚɞəɚɖɟɤɗŮɑ ɛŮŰɎ Űɖ 
ŭŮɡŰŮɟŮɨɞɡůŬ ůɨɜɗɚɘɣɖ ɚɧɔɤ ɡˊŮɟɓɞɚɘəɎ ůəɚɖɟɞɨ ɛŮŰŬɚɚŮɨɛŬŰɞɠ ɐ ůŮ Ůɘŭɘəɏɠ ˊŮɟɘˊŰɩůŮɘɠ, 
ɧˊɞɡ ŮɑɜŬɘ ůɖɛŬɜŰɘəɧ ɜŬ ŮɚŬɢɘůŰɞˊɞɘɖɗɞɨɜ ŰŬ ˊɟɧůŰɘɛŬ, ůɡɜɘůŰɎŰŬɘ ɖ ŰɟɘŰɞɓɎɗɛɘŬ 
ŮˊŬɜŬɢɟɖůɘɛɞˊɞɑɖůɖ (tertiary recrushing) ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŭŮɡŰŮɟŮɨɞɜŰŮɠ ɗɟŬɡůŰɐɟŮɠ ůŮ 
ůŰŮɜɧ əɨəɚɤɛŬ. ȼ ɡˊŮɟɢŮɑɚɘůɖ Űɞɡ ŭŮɡŰŮɟŮɨɞɜŰɞɠ ɗɟŬɡůŰɐɟŬ ůɡɚɚɏɔŮŰŬɘ ůŮ əɎŭɞ əŬɘ 
ɛŮŰŬűɏɟŮŰŬɘ ůŰɞɜ ŰɟɘŰɞɔŮɜɐ ɗɟŬɡůŰɐɟŬ ɛɏůɤ ɛŮŰŬűɞɟɘəɐɠ ŰŬɘɜɑŬɠ ůŮ ůŰŮɜɧ əɨəɚɤɛŬ. 

 

ȺɘəɧɜŬ 1 ȹɘɎɔɟŬɛɛŬ ɟɞɐɠ ŬɜɞɘɢŰɞɨ əɡəɚɩɛŬŰɞɠ ŭŮɡŰŮɟɞɓɎɗɛɘɞɡ əŬɘ əɚŮɘůŰɞɨ əɡəɚɩɛŬŰɞɠ ŰɟɘŰɞɓɎɗɛɘɞɡ 

ɗɟŬɡůŰɐɟŬ (Michaud, 911metallurgist, 2015) 

2.2.2 ɀɨɚɞɘ ɚŮɘɞŰɟɑɓɖůɖɠ-ɎɚŮůɖɠ  

ɆŮ ˊɞɚɚɏɠ ɓɘɞɛɖɢŬɜɑŮɠ Űɞ ŰŮɚɘəɧ ˊɟɞɥɧɜ ɐ ɖ ˊɟɩŰɖ ɨɚɖ ůŮ əɎˊɞɘɞ ůŰɎŭɘɞ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ 
ˊŬɟŬůəŮɡɐɠ, ŮɑɜŬɘ ůŮ ɛɞɟűɐ ůəɧɜɖɠ əŬɘ əŬŰɎ ůɡɜɏˊŮɘŬ ɖ ŰŬɢŮɑŬ əŬɘ űɗɖɜɐ ˊɟɞŮŰɞɘɛŬůɑŬ Űɤɜ 
əɞɜɘɞˊɞɘɖɛɏɜɤɜ ɡɚɘəɩɜ ŮɑɜŬɘ ɗɏɛŬ ůɖɛŬɜŰɘəɐɠ ɞɘəɞɜɞɛɘəɐɠ ůɖɛŬůɑŬɠ (Michaud, Grinding Mills 
ï Common Types, 2016).  

ɆŮ ɞɟɘůɛɏɜŮɠ ˊŮɟɘˊŰɩůŮɘɠ Űɞ ɡɚɘəɧ ɛŮ ɛɞɟűɐ ˊŮˊɎɚɖɠ ɛˊɞɟŮɑ ɜŬ ˊŬɟŬůəŮɡŬůŰŮɑ ɎɛŮůŬ, 
ɧˊɤɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ɛŮ əŬɗɑɕɖůɖ Ŭˊɧ ŭɘɎɚɡɛŬ (precipitation from solution), ɛɘŬ ŭɘŬŭɘəŬůɑŬ 
ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ˊŬɟŬůəŮɡɐ ɞɟɘůɛɏɜɤɜ Űɨˊɤɜ ɢɟɤɛɎŰɤɜ əŬɘ űŬɟɛɎəɤɜ, ɐ ɛŮ 
Űɖɜ ɝɐɟŬɜůɖ ɡˊɧ əŮɜɧ Ůɜɧɠ ɚŮˊŰɞɨ ůˊɟɏɡ Űɞɡ ɡɚɘəɞɨ (vacuum drying of a fine spray of the 
material), ɛɘŬ ŭɘŬŭɘəŬůɑŬ ɖ ɞˊɞɑŬ ɡɘɞɗŮŰŮɑŰŬɘ Ůɡɟɏɤɠ ɔɘŬ Űɖɜ ˊŬɟŬůəŮɡɐ ůəɧɜɖɠ ɔɎɚŬəŰɞɠ, 
ŭɘŬɚɡŰɩɜ ŮəɢɡɚɘůɛɎŰɤɜ əŬűɏ əŬɘ ˊŬɟɧɛɞɘɤɜ ˊɟɞɥɧɜŰɤɜ. ɇɏŰɞɘŮɠ ŭɘŮɟɔŬůɑŮɠ ŮɑɜŬɘ, ɤůŰɧůɞ, 
ˊŮɟɘɞɟɘůɛɏɜɖɠ ŮűŬɟɛɞɔɐɠ əŬɘ ůŰɞɜ, əŬŰɎ ˊɞɚɨ, ɛŮɔŬɚɨŰŮɟɞ Ŭɟɘɗɛɧ ɓɘɞɛɖɢŬɜɘəɩɜ 
ŮűŬɟɛɞɔɩɜ, ŰŬ əɞɜɘɞˊɞɘɖɛɏɜŬ ɡɚɘəɎ ˊŬɟŬůəŮɡɎɕɞɜŰŬɘ ɛŮ Űɖ ɛŮɑɤůɖ (reduction), ůŮ əɎˊɞɘŬ 
ɛɞɟűɐ ɛɨɚɞɡ (mill), Űɞɡ ɛŮɔɏɗɞɡɠ əɧəəɤɜ Űɞɡ ɡɚɘəɞɨ ˊɞɡ ɏɢŮɘ Ŭɟɢɘəɧ ɛɏɔŮɗɞɠ ɛŮɔŬɚɨŰŮɟɞ 
Ŭˊɧ ŬɡŰɧ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ůŰɞ ŰŮɚɘəɧ ˊɟɞɥɧɜ. ȷɡŰɏɠ ɞɘ ŭɘŬŭɘəŬůɑŮɠ ɔɘŬ Űɖ ɛŮɑɤůɖ Űɞɡ ɛŮɔɏɗɞɡɠ 
Űɤɜ ůɤɛŬŰɘŭɑɤɜ Ůɜɧɠ əɞəəɩŭɞɡɠ ɡɚɘəɞɨ ŮɑɜŬɘ ɔɜɤůŰɏɠ ɤɠ çəɞɜɘɞɟŰɞˊɞɑɖůɖè (milling) ɐ 
çɎɚŮůɖè (grinding) əŬɘ űŬɑɜŮŰŬɘ ɧŰɘ ŬɡŰɎ ŰŬ ɞɜɧɛŬŰŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŮɜŬɚɚŬəŰɘəɎ, ŭŮɜ 
ɡˊɎɟɢŮɘ ŬˊɞŭŮəŰɐ ŰŮɢɜɘəɐ ŭɘŬűɞɟɞˊɞɑɖůɖ ɛŮŰŬɝɨ Űɤɜ ŭɨɞ (Michaud, Grinding Mills ï 
Common Types, 2016). 

ȼ ɎɚŮůɖ ůɡɜɐɗɤɠ ŮəŰŮɚŮɑŰŬɘ ůŮ ˊŮɟɘůŰɟŮűɧɛŮɜŬ əɡɚɘɜŭɟɘəɎ ŭɞɢŮɑŬ Ŭˊɧ ɢɎɚɡɓŬ ɓŬɟɏɤɠ 
Űɨˊɞɡ ŮɑŰŮ ůŮ ɝɖɟɐ ɛɞɟűɐ ŮɑŰŮ ɤɠ ŮɜŬɘɩɟɖɛŬ ůŰɞ ɜŮɟɧ. ɇŬ ɢŬɚŬɟɎ ˊɟɞɥɧɜŰŬ Űɞɡ ɗɟŬɡůŰɐɟŬ 
ˊɏűŰɞɡɜ ŮɚŮɨɗŮɟŬ ɛɏůŬ ůŰɞɜ ˊŮɟɘůŰɟŮűɧɛŮɜɞ ɛɨɚɞ ˊŬɟɞɡůɑŬ ŬɜŬŭŮɡɧɛŮɜɞɡ ɛɏůɞɡ ɎɚŮůɖɠ. 
ȼ ɎɚŮůɖ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ Ŭˊɧ ŭɘɎűɞɟɞɡɠ ɛɖɢŬɜɘůɛɞɨɠ, ɧˊɤɠ ɞ ůɡɜŭɡŬůɛɧɠ ˊɟɧůəɟɞɡůɖɠ 
ɐ ůɡɛˊɑŮůɖɠ ɚɧɔɤ ŭɡɜɎɛŮɤɜ ˊɞɡ ŬůəɞɨɜŰŬɘ ůɢŮŭɧɜ əŬɜɞɜɘəɎ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɤɜ 
ůɤɛŬŰɘŭɑɤɜ, ůˊɎůɘɛɞ ɚɧɔɤ ɔɤɜɘŬəɩɜ ŭɡɜɎɛŮɤɜ əŬɘ Űɟɘɓɐɠ ɚɧɔɤ ŭɡɜɎɛŮɤɜ ˊɞɡ ŭɟɞɡɜ 
ˊŬɟɎɚɚɖɚŬ ˊɟɞɠ Űɘɠ ŮˊɘűɎɜŮɘŮɠ. ȼ ɎɚŮůɖ ɛɏůŬ ůŮ ɏɜŬɜ ɛɨɚɞ ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ Űɞ ɛɏɔŮɗɞɠ, 
Űɖɜ ˊɞůɧŰɖŰŬ, Űɞɜ Űɨˊɞ əɑɜɖůɖɠ əŬɘ Űɞ ŭɘɎůŰɖɛŬ ɛŮŰŬɝɨ Űɤɜ ɛŮɛɞɜɤɛɏɜɤɜ əɞɛɛŬŰɘɩɜ Űɞɡ 
ɛɏůɞɡ ŮɜŰɧɠ Űɞɡ ɛɨɚɞɡ. Ƀɘ ˊɟɤŰŬɟɢɘəɏɠ ŭɘŬűɞɟɏɠ ɛŮŰŬɝɨ ŬɡŰɩɜ Űɤɜ ɛɨɚɤɜ ŮɑɜŬɘ ůŰɖɜ 
ŬɜŬɚɞɔɑŬ ŭɘŬɛɏŰɟɞɡ ˊɟɞɠ Űɞ ɛɐəɞɠ Űɞɡ əɡɚɑɜŭɟɞɡ əŬɘ ůŰɞɜ Űɨˊɞ Űɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɞɡ 
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ɛɏůɞɡ ɎɚŮůɖɠ. ɇŬ ɛɏůŬ ɎɚŮůɖɠ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ɢŬɚɨɓŭɘɜŮɠ ɛˊɎɚŮɠ, ɢŬɚɨɓŭɘɜŮɠ ɟɎɓŭɞɘ, 
ůəɚɖɟɎ ɓɟɎɢɘŬ ɐ Űɞ ɑŭɘɞ Űɞ ɛŮŰɎɚɚŮɡɛŬ əŬɘ ɏŰůɘ ɞ ɛɨɚɞɠ ŰŬɝɘɜɞɛŮɑŰŬɘ ŬɜɎɚɞɔŬ. Ƀ ɛɨɚɞɠ ɎɚŮůɖɠ 
ɛŮɘɩɜŮɘ ŰŬ ůɤɛŬŰɑŭɘŬ ŰɟɞűɞŭɞůɑŬɠ 5-20 mm ůŰɞ ɓɏɚŰɘůŰɞ Ŭ ɞ́ŭŮůɛŮɡɛɏɜɞ ɛɏɔŮɗɞɠ ɛŮŰŬɝɨ 40 
əŬɘ 300 mm, ɧˊɤɠ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ ɤűɏɚŮɘŬ (Haldar, 2013). 

Ƀɘ ɚɧɔɞɘ ɔɘŬ Űɖɜ ɎɚŮůɖ ɓɘɞɛɖɢŬɜɘəɩɜ ɡɚɘəɩɜ ŮɑɜŬɘ ˊɞɚɡɎɟɘɗɛɞɘ, ŬɚɚɎ ɞɘ əɨɟɘɞɘ ɚɧɔɞɘ ɛˊɞɟɞɨɜ 
ɜŬ ůɡɜɞɣɘůŰɞɨɜ ůŰɘɠ ŬəɧɚɞɡɗŮɠ ŮˊɘəŮűŬɚɑŭŮɠ (Michaud, Grinding Mills ï Common Types, 
2016): 

ü ȼ Ŭ ɞ́ŭɏůɛŮɡůɖ Ůɜɧɠ ɞɘəɞɜɞɛɘəɎ ůɖɛŬɜŰɘəɞɨ ɡɚɘəɞɨ Ŭˊɧ ŰŬ ɛɖ ŬˊŬɘŰɞɨɛŮɜŬ ůɡůŰŬŰɘəɎ 
Ůɜɧɠ ɛŮɑɔɛŬŰɞɠ. 

ü ȼ ɏəɗŮůɖ ɛɘŬɠ ɛŮɔɎɚɖɠ ŮˊɘűɎɜŮɘŬɠ ŬɜɎ ɛɞɜɎŭŬ ɛɎɕŬɠ ɡɚɘəɞɨ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ 
ŭɘŮɡəɞɚɡɜɗŮɑ əɎˊɞɘŬ ɢɖɛɘəɐ ŭɘŬŭɘəŬůɑŬ. 

ü ȼ ɛŮɑɤůɖ Űɞɡ ɡɚɘəɞɨ ůŰɖɜ ŮˊɘɗɡɛɖŰɐ ɛɞɟűɐ Űɞɡ ŰŮɚɘəɞɨ ˊɟɞɥɧɜŰɞɠ. 
ü ȼ ɘəŬɜɞˊɞɑɖůɖ Űɤɜ ŬˊŬɘŰɐůŮɤɜ Űɖɠ ŬɔɞɟɎɠ. 

ɄŬɟŬŭŮɑɔɛŬŰŬ Űɤɜ ŭɨɞ ˊɟɩŰɤɜ ŮˊɘəŮűŬɚɑŭɤɜ ŮɛűŬɜɑɕɞɜŰŬɘ ůŰɖɜ ŮˊŮɝŮɟɔŬůɑŬ ɞɟɡəŰɩɜ 
(mineral dressing) (Wikipedia, 2021), ɧˊɞɡ ɖ ɛŮɑɤůɖ Űɞɡ ɛŮɔɏɗɞɡɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ 
Ŭ ɞ́ŭɏůɛŮɡůɖ Űɞɡ ŮˊɘɗɡɛɖŰɞɨ ɛŮŰŬɚɚŮɨɛŬŰɞɠ Ŭˊɧ Űɞ ɛɖ ŮˊɘɗɡɛɖŰɧ ɡɚɘəɧ (gangue) əŬɘ Ůˊɑůɖɠ 
ɔɘŬ Űɖ ɛŮɑɤůɖ Űɞɡ ɛŮŰŬɚɚŮɨɛŬŰɞɠ ůŮ ɛɘŬ ɛɞɟűɐ, ůŰɖɜ ɞˊɞɑŬ ́ ŬɟɞɡůɘɎɕŮɘ ɛɘŬ ɛŮɔɎɚɖ ŮˊɘűɎɜŮɘŬ 
ůŰŬ ŬɜŰɘŭɟŬůŰɐɟɘŬ ŭɘɐɗɡůɖɠ (leaching reagents). 

ɆŰɖɜ ŰɟɑŰɖ ŮˊɘəŮűŬɚɑŭŬ ɛˊɞɟɞɨɜ ɜŬ ŰŬɝɘɜɞɛɖɗɞɨɜ ˊɞɚɚɎ űɎɟɛŬəŬ əŬɘ űŬɟɛŬəŮɡŰɘəɎ 
ˊɟɞɥɧɜŰŬ, ŰɟɧűɘɛŬ, ɚɘˊɎůɛŬŰŬ, ŮɜŰɞɛɞəŰɧɜŬ ə.ɚˊ. ȼ ŰɏŰŬɟŰɖ ŮˊɘəŮűŬɚɑŭŬ ŬɜŬűɏɟŮŰŬɘ əɘ ŬɡŰɐ 
ůŰɖ ɛŮɑɤůɖ Űɞɡ ɛŮɔɏɗɞɡɠ Űɤɜ ɛŮŰŬɚɚŮɡɛɎŰɤɜ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ, ɧɛɤɠ, ŬɡŰɐ, ŰŬ ɡɚɘəɎ 
ɛŮɘɩɜɞɜŰŬɘ ůŮ ůɤɛŬŰɑŭɘŬ ɛɏŰɟɘɞɡ ɛŮɔɏɗɞɡɠ ɔɘŬ ŮɡəɞɚɑŬ ůŰɞ ɢŮɘɟɘůɛɧ, Űɖɜ ŬˊɞɗɐəŮɡůɖ əŬɘ Űɖ 
űɧɟŰɤůɖ ůŮ űɞɟŰɖɔɎ əŬɘ ůŰŬ ŬɛˊɎɟɘŬ ˊɚɞɑɤɜ. 

 

ȺɘəɧɜŬ 11 ȸɘɞɛɖɢŬɜɘəɧɠ ɀɨɚɞɠ ȯɚŮůɖɠ (Michaud, Grinding Mills ï Common Types, 2016) 

ȼ ˊɞůɧŰɖŰŬ ˊɞɨŭɟŬɠ ˊɞɡ ɗŬ ɡˊɞɓɚɖɗŮɑ ůŮ ŰɏŰɞɘŮɠ ŭɘŬŭɘəŬůɑŮɠ ɛŮɑɤůɖɠ ɛŮɔɏɗɞɡɠ ˊɞɘəɑɚɚŮɘ 
Ůɡɟɏɤɠ ŬɜɎɚɞɔŬ ɛŮ Űɘɠ ɓɘɞɛɖɢŬɜɑŮɠ ˊɞɡ ŮɛˊɚɏəɞɜŰŬɘ, ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ůŰɘɠ űŬɟɛŬəŮɡŰɘəɏɠ 
ɓɘɞɛɖɢŬɜɑŮɠ ɞɘ ˊɞůɧŰɖŰŮɠ ˊɞɡ ŮɛˊɚɏəɞɜŰŬɘ ŮŰɖůɑɤɠ ɛˊɞɟɞɨɜ ɜŬ ɛŮŰɟɖɗɞɨɜ ůŮ ɚɑɔɞɡɠ Űɧɜɞɡɠ 
ɐ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ɞɟɘůɛɏɜɤɜ űŬɟɛɎəɤɜ, ˊɘɗŬɜɩɠ ɛŮɟɘəɎ əɘɚɎ. ȿŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ ɧŰɘ ůŰɖ 
ɓɘɞɛɖɢŬɜɑŬ ŰůɘɛɏɜŰɞɡ ɞɘ ůɢŮŰɘəɏɠ ˊɞůɧŰɖŰŮɠ ŬɜɏɟɢɞɜŰŬɘ ůŮ ŭŮəɎŭŮɠ ŮəŬŰɞɛɛɨɟɘŬ Űɧɜɞɡɠ.  ȼ 
ŮŰɐůɘŬ ˊŬɟŬɔɤɔɘəɐ ŭɡɜŬɛɘəɧŰɖŰŬ Űɤɜ Ůɚɚɖɜɘəɩɜ ŮɟɔɞůŰŬůɑɤɜ ˊŬɟŬɔɤɔɐɠ ŰůɘɛɏɜŰɞɡ 
ŬɜɏɟɢŮŰŬɘ ůŮ 16 ŮəŬŰ. Űɧɜɞɡɠ ˊŮɟɑˊɞɡ (orykta.gr, n.d.).  
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ȺɘəɧɜŬ 12 ȺŰɐůɘŬ ˊŬɟŬɔɤɔɘəɐ ɘəŬɜɧŰɖŰŬ Ůɚɚɖɜɘəɐɠ ŰůɘɛŮɜŰɞɓɘɞɛɖɢŬɜɑŬɠ (http://www.hcia.gr/el/statistical-
elements/production/) 

ũɘŬ Űɖɜ ˊŬɟŬůəŮɡɐ ɛɘəɟɩɜ ˊɞůɞŰɐŰɤɜ ˊɞɨŭɟŬɠ ŭɘŬŰɑɗŮɜŰŬɘ ˊɞɚɚɞɑ Űɨˊɞɘ ɛɨɚɤɜ, ŬɚɚɎ, 
ˊŬɟɧɚŬ ŬɡŰɎ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɞ ůűŬɘɟɧɛɡɚɞɠ (ball mill). ɋůŰɧůɞ, ɔɘŬ Űɖ ɎɚŮůɖ ɛŮɔŬɚɨŰŮɟɤɜ 
ˊɞůɞŰɐŰɤɜ ɡɚɘəɞɨ, o ůűŬɘɟɧɛɡɚɞɠ (ball mill), ɞ ɛɨɚɞɠ ůɤɚɐɜŬɠ (tube mill) (Michaud, Tube 
Mills, 2016) ɐ ɞ ɛɨɚɞɠ ɟɎɓŭɤɜ (rod mill) ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůɢŮŭɧɜ ŬˊɞəɚŮɘůŰɘəɎ, əŬɗɩɠ ŬɡŰɞɑ 
ŮɑɜŬɘ ɞɘ ɛɧɜɞɘ Űɨˊɞɘ ɛɨɚɤɜ ˊɞɡ ŭɘŬɗɏŰɞɡɜ ɘəŬɜɧŰɖŰŬ Ŭˊɧŭɞůɖɠ (throughput capacity) Űɞɡ 
ŬˊŬɘŰɞɨɛŮɜɞɡ ɛŮɔɏɗɞɡɠ. ȰŰůɘ, ŮɝɖɔŮɑŰŬɘ Űɞ ŮɝŬɘɟŮŰɘəɎ Ůɡɟɨ űɎůɛŬ ŮűŬɟɛɞɔɩɜ, əŬɘ ɖ ɛŮɔɎɚɖ 
ɓɘɞɛɖɢŬɜɘəɐ ůɖɛŬůɑŬ Űɤɜ əɞɜɘɞɟŰɞˊɞɘɖŰɩɜ. Ƀɘ ŭɡɞ ŬɡŰɞɑ ɚɧɔɞɘ ŬˊɞŰŮɚɞɨɜ əŬɘ Űɖɜ ŬɘŰɘɞɚɧɔɖůɖ 
Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ. 

Ƀɘ ˊɘɞ ůɡɜɐɗŮɘɠ, ɚɞɘˊɧɜ, Űɨˊɞɘ ɛɨɚɤɜ ɎɚŮůɖɠ űŬɑɜŮŰŬɘ ɜŬ ŮɑɜŬɘ: 

ü ɆűŬɘɟɧɛɡɚɞɠ (Ball Mills). 
ü ɀɨɚɞɘ ůɤɚɐɜɤɜ (Tube Mills). 
ü ɀɨɚɞɘ ɟɎɓŭɤɜ (Rod Mills). 
ü ɀɨɚɞɘ ɛŮ ɓɧŰůŬɚŬ (Pebble Mills) (Michaud, Pebble Mill Grinding, 2016) 
ü ȷɡŰɞɔŮɜɐɠ ɀɨɚɞɠ (Autogenous mill) 
ü ȼɛɘ-ŬɡŰɞɔŮɜɐɠ ɀɨɚɞɠ (Semi-autogenous mill) 

ɆűŬɘɟɧɛɡɚɞɠ (Ball Mill): O ɧɟɞɠ çůűŬɘɟɧɛɡɚɞɠè ŮűŬɟɛɧɕŮŰŬɘ ůɡɜɐɗɤɠ ůŮ ɏɜŬ əɡɚɘɜŭɟɘəɧ 
ŭɞɢŮɑɞ, ůŰɞ ɞˊɞɑɞ ŰŬ ɛɏůŬ ɎɚŮůɖɠ ŮɑɜŬɘ ůɩɛŬŰŬ ůűŬɘɟɘəɐɠ ɛɞɟűɐɠ (çůűŬɑɟŮɠè (balls)) Ŭˊɧ 
ɢɎɚɡɓŬ ɡɣɖɚɐɠ ˊŮɟɘŮəŰɘəɧŰɖŰŬɠ ůŮ ɎɜɗɟŬəŬ ɐ ɢɡŰɞůɘŭɐɟɞɡ. ɇɞ ɛɏɔŮɗɞɠ ůɤɛŬŰɘŭɑɤɜ Űɖɠ 
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ŰɟɞűɞŭɞůɑŬɠ ůɡɜɐɗɤɠ ŭŮɜ ɡˊŮɟɓŬɑɜŮɘ ŰŬ 20-25 mm. ȼ ɎɚŮůɖ ˊɟɞəŬɚŮɑŰŬɘ Ŭˊɧ Űɘɠ ɛˊɎɚŮɠ 
ˊɞɡ əɘɜɞɨɜŰŬɘ ˊɟɞɠ ŰŬ ˊɎɜɤ ůŰɖɜ ˊɚŮɡɟɎ Űɞɡ ɛɨɚɞɡ ɛŮ ŰɏŰɞɘɞ Űɟɧˊɞ ɩůŰŮ ɜŬ 
ŬˊŮɚŮɡɗŮɟɩɜɞɜŰŬɘ əŬɘ ɜŬ ˊɏűŰɞɡɜ ůŰɞ ůɖɛŮɑɞ ɧˊɞɡ ˊɟɞůəɟɞɨɞɡɜ ŰŬ ůɤɛŬŰɑŭɘŬ 
ɛŮŰŬɚɚŮɨɛŬŰɞɠ ůŰɖɜ ˊɑůɤ ˊŮɟɘɞɢɐ Űɞɡ ˊɞɚŰɞɨ. Ƀɘ ůűŬɘɟɧɛɡɚɞɘ ɚŮɘŰɞɡɟɔɞɨɜ ɛŮ ɡɣɖɚɐ 
ŰŬɢɨŰɖŰŬ, ɏŰůɘ ɩůŰŮ ɞɘ ɛˊɎɚŮɠ ɜŬ ɛˊɞɟɞɨɜ ɜŬ ɟɑɢɜɞɜŰŬɘ ˊɟɞɠ ŰŬ ˊɎɜɤ əŬɘ ɜŬ ŮˊɘůŰɟɏűɞɡɜ 
ůŰɞɜ Ɏɚɚɞ Űɞɑɢɞ ɛŮ Ŭɡɝɖɛɏɜɖ ŰŬɢɨŰɖŰŬ ɢŰɡˊɐɛŬŰɞɠ Űɤɜ ůɤɛŬŰɘŭɑɤɜ ɛŮŰŬɚɚŮɨɛŬŰɞɠ. ȺɑɜŬɘ 
əŬŰɎɚɚɖɚɞɘ ɔɘŬ ɚŮˊŰɧŰŮɟɖ ɎɚŮůɖ ůəɚɖɟɞɨɠ əŬɘ ɢɞɜŭɟɞŮɘŭɞɨɠ ́ ɟɞɥɧɜŰɞɠ Ůɘůɧŭɞɡ (feed) əŬɘ ́ ɘɞ 
ɘŭŬɜɘəɞɑ ɔɘŬ ɎɚŮůɖ ɓŬůɘəɩɜ ɛŮŰɎɚɚɤɜ, űɤůűɞɟɘəɩɜ əŬɘ ɚŮɘŰɞɡɟɔɞɨɜ ůŮ ůŰŮɜɧ əɨəɚɤɛŬ ɛŮ ŰŬ 
əŮɚɘɎ ŮˊɑˊɚŮɡůɖɠ (Haldar, 2013). 

 

ȺɘəɧɜŬ 13 ȺɝɤŰŮɟɘəɧ, ŮůɤŰŮɟɘəɧ əŬɘ ɛɏůŬ ɎɚŮůɖɠ ůűŬɘɟɧɛɡɚɞɡ (Mining Mill Operator Training, n.d.) 

ɇɞ ɛɐəɞɠ Ůɜɧɠ ůűŬɘɟɧɛɡɚɞɡ ŮɑɜŬɘ Űɖɠ ɑŭɘŬɠ ŰɎɝɖɠ ɛŮ Űɖ ŭɘɎɛŮŰɟɞ Űɞɡ ůɩɛŬŰɞɠ Űɞɡ ɛɨɚɞɡ. ũɘŬ 
ˊŬɟɎŭŮɘɔɛŬ, Űɞ ɛɐəɞɠ Űɞɡɠ ŮɑɜŬɘ ɛɑŬ ɏɤɠ ŰɟŮɘɠ űɞɟɏɠ ɖ ŭɘɎɛŮŰɟɞɠ Űɞɡ ɛɨɚɞɡ (Michaud, 
Grinding Mills ï Common Types, 2016). ɇɡˊɘəɎ ɖ ŬɜŬɚɞɔɑŬ Űɞɡ ɛɐəɞɠ Űɞɡ əŮɚɨűɞɡɠ ˊɟɞɠ Űɖ 
ŭɘɎɛŮŰɟɞ Űɞɡ ŮɑɜŬɘ ɛɘɎɛɘůɖ (1,5) ˊɟɞɠ ɏɜŬ (1) əŬɘ ɛɘəɟɧŰŮɟɖ (Haldar, 2013). ȳŰŬɜ ɞ ɚɧɔɞɠ Űɞɡ 
ɛɐəɞɡɠ Űɞɡ ŰɡɛˊɎɜɞɡ ˊɟɞɠ Űɖ ŭɘɎɛŮŰɟɧ Űɞɡ əɡɛŬɑɜŮŰŬɘ ɛŮŰŬɝɨ 3 əŬɘ 5, ŰɧŰŮ ŬɜŬűŮɟɧɛŬůŰŮ ůŮ 
ɏɜŬ ŭɘŬűɞɟŮŰɘəɧ Űɨˊɞ ɛɨɚɞɡ, Űɞɜ ɛɨɚɞ ůɤɚɐɜŬ (tube mill) ˊɞɡ ŬɜŬűɏɟŮŰŬɘ ˊŬɟŬəɎŰɤ 
(https://www.youtube.com/watch?v=aVQ9B3LtCPk ).  

ɈˊɎɟɢŮɘ ŬəɧɛŬ ɛɘŬ əŬŰɖɔɞɟɘɞˊɞɑɖůɖ Űɖɠ ɎɚŮůɖɠ Űɞɡ Ůɜ ɚɧɔɞ Űɨˊɞɡ ɛɨɚɞɡ ŬɜŬɚɧɔɤɠ ɛŮ Űɞ 
ɛɏɔŮɗɞɠ Űɤɜ ůɤɛŬŰɘŭɑɤɜ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɖɜ ɎɚŮůɖ, ɧˊɤɠ ŬɜŬűɏɟɞɜŰŬɘ ˊŬɟŬəɎŰɤ 
(Michaud, Grinding Mills ï Common Types, 2016):  

Á Coarse Grind ɧŰŬɜ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɞɜ ůűŬɘɟɧɛɡɚɞ ɛŮɔɎɚŬ ɛŮɔɏɗɖ ůɤɛŬŰɘŭɑɤɜ 
(large particle sizes), əŬɘ 

Á Fine Grind ɧŰŬɜ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɞɜ ůűŬɘɟɧɛɡɚɞ ɛɘəɟɎ ɛŮɔɏɗɖ ůɤɛŬŰɘŭɑɤɜ (small 
particle sizes). 

ɀɨɚɞɠ ůɤɚɐɜŬɠ (Tube Mill): Ƀ çɛɨɚɞɠ ůɤɚɐɜŬɠè ŮɑɜŬɘ ɏɜŬɠ ɛɨɚɞɠ ůŰɞɜ ɞˊɞɑɞ ŰŬ ůɩɛŬŰŬ 
ɎɚŮůɖɠ ŮɑɜŬɘ ůűŬɘɟɘəɎ, ŬɚɚɎ Űɞ ɛɐəɞɠ Űɞɡ ůɩɛŬŰɞɠ Űɞɡ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɞ ůŮ ŬɜŬɚɞɔɑŬ ɛŮ Űɖ 
ŭɘɎɛŮŰɟɞ Ŭˊɧ ɧŰɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ ůűŬɘɟɧɛɡɚɞɡ. ɆŰɖɜ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ ɞ ɚɧɔɞɠ ɛɐəɞɡɠ 
ˊɟɞɠ ŭɘɎɛŮŰɟɞ ŮɑɜŬɘ ůɡɢɜɎ Űɖɠ ŰɎɝɖɠ Űɞɡ ŭɏəŬ (10) ˊɟɞɠ ɏɜŬ (1).  

ɅŬɓŭɧɛɡɚɞɠ (Rod Mill): Ƀ çɟŬɓŭɧɛɡɚɞɠè ŮɑɜŬɘ ɏɜŬ ɛŬəɟɨ əɡɚɘɜŭɟɘəɧ ŭɞɢŮɑɞ, ˊŬɟɧɛɞɘɞ ɛŮ 
Űɞɜ ůűŬɘɟɧɛɡɚɞ, ůŰɞɜ ɞˊɞɑɞ ɧɛɤɠ Űɞ ɛɏůɞ ɗɟŬɨůɖɠ ŮɑɜŬɘ ɢŬɚɨɓŭɘɜŮɠ ɟɎɓŭɞɘ ŬɜŰɑ ɔɘŬ ůűŬɑɟŮɠ. 
ɇɞ ɛɐəɞɠ Űɞɡ əŮɚɨűɞɡɠ əɡɛŬɑɜŮŰŬɘ Ŭˊɧ 1,5 ɏɤɠ 2,5 űɞɟɏɠ ɛŮɔŬɚɨŰŮɟɞ Ŭˊɧ Űɖ ŭɘɎɛŮŰɟɞ Űɞɡ. 
ɇɞ ˊŮɟɘůŰɟŮűɧɛŮɜɞ ŰɨɛˊŬɜɞ ˊɟɞəŬɚŮɑ Űɟɘɓɐ əŬɘ űɗɞɟɎ ɛŮŰŬɝɨ Űɤɜ ɢŬɚɨɓŭɘɜɤɜ ɟɎɓŭɤɜ əŬɘ 
Űɤɜ ůɤɛŬŰɘŭɑɤɜ Űɞɡ ɛŮŰŬɚɚŮɨɛŬŰɞɠ. ȾŬɗɩɠ ɞ ɛɨɚɞɠ ˊŮɟɘůŰɟɏűŮŰŬɘ, ɞɘ ɟɎɓŭɞɘ əɘɜɞɨɜŰŬɘ 
ɛŮŰŬɝɨ Űɞɡɠ ůŮ ůɢŮŰɘəɎ ́ ŬɟɎɚɚɖɚɞ Űɟɧˊɞ əŬɘ ŬɡŰɧ ŬˊɞŰɟɏˊŮɘ Űɖɜ ɡˊŮɟɓɞɚɘəɐ ɎɚŮůɖ ɛŬɚŬəɩɜ 
ůɤɛŬŰɘŭɑɤɜ. ȼ Ŭˊɧɟɟɘɣɖ Űɞɡ ˊɟɞɥɧɜŰɞɠ ɔɑɜŮŰŬɘ ŮɑŰŮ ɛɏůɤ əŮɜŰɟɘəɞɨ (center peripheral) ɐ 
ɔɤɜɘŬəɞɨ ˊŮɟɘűŮɟŮɘŬəɞɨ (end peripheral) Űɨˊɞɡ ɐ ɡˊŮɟɢŮɑɚɘůɖɠ (overflow) (ȺɘəɧɜŬ 14). Ƀɘ 
ɟŬɓŭɧɛɡɚɞɘ ɛˊɞɟɞɨɜ ɜŬ ˊɎɟɞɡɜ ůɤɛŬŰɑŭɘŬ Ůɘůɧŭɞɡ Űɧůɞ ɢɞɜŭɟɞŮɘŭɐ ɧůɞ 50 mm ɔɘŬ ɜŬ 
ˊŬɟɎɔɞɡɜ Űɧůɞ ɚŮˊŰɧəɞəəɞ ɧůɞ 300 ɛm. Ƀɘ ɟŬɓŭɧɛɡɚɞɘ ŮɑɜŬɘ əŬŰɎɚɚɖɚɞɘ ɔɘŬ Űɖɜ 
ˊɟɞŮŰɞɘɛŬůɑŬ Űɖɠ ŰɟɞűɞŭɞůɑŬɠ ůŮ ɓŬɟɡŰɘəɐ əŬɘ ɛŬɔɜɖŰɘəɐ ůɡɔəɏɜŰɟɤůɖ. 

https://www.youtube.com/watch?v=aVQ9B3LtCPk
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ȺɘəɧɜŬ 14 ɅŬɓŭɧɛɡɚɞɘ ůŮ ɚŮɘŰɞɡɟɔɑŬ (Mining Mill Operator Training, n.d.) 

 

ȺɘəɧɜŬ 15 ȹɘɎɔɟŬɛɛŬ Űɨˊɤɜ ɟŬɓŭɧɛɡɚɤɜ (Mining Mill Operator Training, ɢ.ɢ.) 

Ƀ ůɡɔəŮəɟɘɛɏɜɞɠ Űɨˊɞɠ ɛɨɚɞɡ əŬŰŬŰɎůůŮŰŬɘ ɛɎɚɘůŰŬ ůŰɞɡɠ ŭŮɡŰŮɟɞɔŮɜŮɑɠ ɛɨɚɞɡɠ (secondary 
mills), Ŭűɞɨ ÌŰɟɞűɞŭɞŰŮɑŰŬɘÌ Ŭˊɧ Ɏɚɚɞɡɠ əɞɜɘɞɟŰɞˊɞɘɖŰɏɠ (grinders). 
(https://www.youtube.com/watch?v=aVQ9B3LtCPk). Ƀɘ ˊɟɤŰɞɔŮɜŮɑɠ ɛɨɚɞɘ (primary mills) 
ÌŰɟɞűɞŭɞŰɞɨɜŰŬɘÌ Ŭˊɧ ɗɟŬɡůŰɐɟŮɠ (crushers), ɧˊɤɠ ŮɑɜŬɘ ɏɜŬɠ ɗɟŬɡůŰɐɟŬɠ ůɘŬɔɧɜɤɜ.  

ɀɨɚɞɠ ɛŮ ɓɧŰůŬɚŬ (Pebble Mill): Ƀ çɛɨɚɞɠ ɛŮ ɓɧŰůŬɚŬè ŮɑɜŬɘ Űɞ ɧɜɞɛŬ ˊɞɡ ůɢŮŰɑɕŮŰŬɘ ɛŮ 
ɏɜŬɜ ɛɨɚɞ, ůŰɞɜ ɞˊɞɑɞ ŰŬ ůɩɛŬŰŬ ɎɚŮůɖɠ ŮɑɜŬɘ űɡůɘəɎ ɓɧŰůŬɚŬ ɐ ˊɘɗŬɜɩɠ əŮɟŬɛɘəɎ ůɩɛŬŰŬ.  
Ƀ Űɨˊɞɠ ŬɡŰɞɨ Űɞɡ ɛɨɚɞɡ ŮɑɜŬɘ ˊŬɟɧɛɞɘɞɠ ɛŮ Űɞɜ ůűŬɘɟɧɛɡɚɞ, ɧˊɤɠ əŬɘ ɞɘ ɔŮɜɘəɏɠ ŬɜŬɚɞɔɑŮɠ 
Űɞɡ. ȷɜ ŬɜŰɘəŬŰŬůŰɐůɞɡɛŮ Űɘɠ ɢŬɚɨɓŭɘɜŮɠ ɛˊɎɚŮɠ ɛŮ ůəɚɖɟɎ ɓɧŰůŬɚŬ, ŰɧŰŮ ɏɢɞɡɛŮ ɏɜŬɜ ɛɨɚɞ 
ɛŮ ɓɧŰůŬɚŬ.   

ɄɟɏˊŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ɖ ŭɘŬűɞɟɞˊɞɑɖůɖ ɛŮŰŬɝɨ Űɞɡ ůűŬɘɟɧɛɡɚɞɡ əŬɘ Űɞɡ ɛɨɚɞɡ ůɤɚɐɜŬ 
ˊɟɞəɨˊŰŮɘ ɛɧɜɞ Ŭˊɧ Űɘɠ ŭɘŬűɞɟŮŰɘəɏɠ ŬɜŬɚɞɔɑŮɠ ɛɐəɞɡɠ ˊɟɞɠ ŭɘɎɛŮŰɟɞ ˊɞɡ ŮɛˊɚɏəɞɜŰŬɘ əŬɘ 
ɧɢɘ Ŭˊɧ ɞˊɞɘŬŭɐˊɞŰŮ ŭɘŬűɞɟɎ ůŰɘɠ ɗŮɛŮɚɘɩŭŮɘɠ Ŭɟɢɏɠ. Ƀ ɟŬɓŭɧɛɡɚɞɠ, ɤůŰɧůɞ, ŭɘŬűɏɟŮɘ 
əŬŰŬɟɢɐɜ ůŰɞ ɧŰɘ ŰŬ ůɩɛŬŰŬ ɎɚŮůɖɠ ŮɑɜŬɘ ɟɎɓŭɞɘ ŬɜŰɑ ůűŬɘɟɩɜ, Ůɜɩ ɞ ɛɨɚɞɠ ɛŮ ɓɧŰůŬɚŬ ŮɑɜŬɘ 
ɛɨɚɞɠ ůűŬɘɟɩɜ, ůŰɞɜ ɞˊɞɑɞ ŰŬ ůɩɛŬŰŬ ɎɚŮůɖɠ ŮɑɜŬɘ Ŭˊɧ űɡůɘəɐ ˊɏŰɟŬ ɐ Ŭˊɧ əŮɟŬɛɘəɧ ɡɚɘəɧ. 

https://www.youtube.com/watch?v=aVQ9B3LtCPk


30 
 

ȷɡŰɞɔŮɜɐɠ ɛɨɚɞɠ: Ƀɘ ŬɡŰɞɔŮɜŮɑɠ ɛɨɚɞɘ (AG) əɞɜɘɞɟŰɞˊɞɘɞɨɜ ɚɧɔɤ Űɖɠ ŬɡŰɧ-ɎɚŮůɖɠ (self 
grinding) Űɞɡ ɛŮŰɎɚɚɞɡ ɢɤɟɑɠ əŬɜɏɜŬ ˊɟɧůɗŮŰɞ ɛɏůɞ ɗɟŬɨůɖɠ. ɇɞ ŰɨɛˊŬɜɞ ŮɑɜŬɘ ŰɡˊɘəɎ 
ɛŮɔɎɚɖɠ ŭɘŬɛɏŰɟɞɡ ɤɠ ˊɟɞɠ Űɞ ɛɐəɞɠ Űɞɡ, ɔŮɜɘəɎ, ůŮ ŬɜŬɚɞɔɑŬ ŭɨɞ (2) ɐ ŭɡɧɛɘůɖ (2,5) ˊɟɞɠ 
ɏɜŬ (1). ɇɞ ˊŮɟɘůŰɟŮűɧɛŮɜɞ ŰɨɛˊŬɜɞ ɟɑɢɜŮɘ ɛŮɔŬɚɨŰŮɟŬ ůɤɛŬŰɑŭɘŬ ɛŮŰŬɚɚŮɨɛŬŰɞɠ ůŮ ɛɘŬ 
ŭɘŬŭɞɢɘəɐ əɑɜɖůɖ ˊɞɡ ˊɟɞəŬɚŮɑ ɗɟŬɨůɖ əɟɞɨůɖɠ ɛŮɔŬɚɨŰŮɟɖɠ əŬɘ ůɡɛˊɘŮůŰɘəɐɠ ɎɚŮůɖɠ 
ˊŮɟɘůůɧŰŮɟɞ ɚŮˊŰɧəɞəəɞɡ ɛŮɔɏɗɞɡɠ. ȿŮɘŰɞɡɟɔŮɑ Ůˊɑůɖɠ əŬɘ ɛŮ ɢŬɛɖɚɧŰŮɟɞ əɧůŰɞɠ. Ƀɘ AG 
ůɡɢɜɎ ŮɜůɤɛŬŰɩɜɞɜŰŬɘ ůŮ ɛŮɔɎɚŮɠ ŮɟɔŬůɑŮɠ ŮˊŮɝŮɟɔŬůɑŬɠ ɞɟɡəŰɩɜ. ɋůŰɧůɞ, ŮɎɜ ɖ 
ůəɚɖɟɧŰɖŰŬ əŬɘ ɖ ɚŮɘŬɜŰɘəɧŰɖŰŬ (abrasiveness) Űɞɡ ɛŮŰŬɚɚŮɨɛŬŰɞɠ ́ ɞɘəɑɚɚŮɘ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ, 
ŰɧŰŮ ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ ůŮ ŬůɡɜŮˊɐ Ŭˊɧŭɞůɖ ɎɚŮůɖɠ. 

ȼɛɘ-ŬɡŰɞɔŮɜɐɠ ɛɨɚɞɠ: Ƀɘ ɖɛɘ-ŬɡŰɞɔŮɜŮɑɠ ɛɨɚɞɘ (SAG) ŮɑɜŬɘ ɞɡůɘŬůŰɘəɎ ˊŬɟŬɚɚŬɔɐ Űɤɜ AG 
ɛŮ ˊɟɞůɗɐəɖ ɢŬɚɨɓŭɘɜɤɜ ůűŬɘɟɩɜ ɛŬɕɑ ɛŮ ŰŬ űɡůɘəɎ ɛɏůŬ ɎɚŮůɖɠ ŭɘɞɟɗɩɜɞɜŰŬɠ Űɞ 
ˊɟɧɓɚɖɛŬ Űɖɠ ŬůɡɜɏˊŮɘŬɠ ůŰɖɜ ɎɚŮůɖ. ȼ ůɡɜɞɚɘəɐ ˊɞůɧŰɖŰŬ ůűŬɘɟɩɜ ůŮ ŬɡŰɞɨɠ Űɞɡɠ 
ɛɨɚɞɡɠ əɡɛŬɑɜŮŰŬɘ ɛŮŰŬɝɨ 5 əŬɘ 15% Űɞɡ ɧɔəɞɡ. ɄɞɚɚɎ Ŭˊɧ ŰŬ ůɖɛŮɟɘɜɎ ŮɟɔɞůŰɎůɘŬ 
ŮɔəŬɗɘůŰɞɨɜ ɛɨɚɞɡɠ SAG ɤɠ əɨɟɘŮɠ ɐ ˊɟɩŰŮɠ űɎůŮɘɠ ɎɚŮůɖɠ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ 
ůűŬɘɟɧɛɡɚɞɡɠ, əɎŰɘ ˊɞɡ ɛŮɘɩɜŮɘ Űɞ əɧůŰɞɠ Űɤɜ ɛɏůɤɜ əŬɘ Űɖɜ ŬɜŰɘəŬŰɎůŰŬůɖ Űɤɜ ɟɎɓŭɤɜ. 
ɇɞ əɧůŰɞɠ ůɡɜŰɐɟɖůɖɠ ŮɑɜŬɘ ɔŮɜɘəɎ ɢŬɛɖɚɧ. Ƀɘ ɛɨɚɞɘ SAG ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ əɡɟɑɤɠ ůŰɘɠ 
ɓɘɞɛɖɢŬɜɑŮɠ ɢɟɡůɞɨ, ɢŬɚəɞɨ, ˊɚŬŰɑɜŬɠ, ɛɞɚɨɓŭɞɡ, ɣŮɡŭŬɟɔɨɟɞɡ, Ŭɟɔɨɟɞɡ, ŬɚɞɡɛɑɜŬɠ əŬɘ 
ɜɘəŮɚɑɞɡ. 

Ƀɘ Űɨˊɞɘ ɛɨɚɤɜ ˊɞɡ ůɡɜŬɜŰɩɜŰŬɘ ůɡɜɐɗɤɠ ɛˊɞɟɞɨɜ ɜŬ ŰŬɝɘɜɞɛɖɗɞɨɜ ˊŮɟŬɘŰɏɟɤ ůɨɛűɤɜŬ 
ɛŮ Űɖ ɛɏɗɞŭɞ ŰɟɞűɞŭɞůɑŬɠ Űɖɠ ́ ɟɩŰɖɠ ɨɚɖɠ əŬɘ Űɖɜ ŬˊɞɛɎəɟɡɜůɖ Űɞɡ ŰŮɚɘəɞɨ ́ ɟɞɥɧɜŰɞɠ Ŭˊɧ 
Űɞɜ ɛɨɚɞ. ȷɡŰɏɠ ɞɘ əŬŰɖɔɞɟɑŮɠ ŮɑɜŬɘ (Michaud, Grinding Mills ï Common Types, 2016): 

a) ɀɨɚɞɘ ˊŬɟŰɑŭŬɠ (Batch Mills). 
b) ɀɨɚɞɘ Ůəəɏɜɤůɖɠ əɘɔəɚɘŭɩɛŬŰɞɠ (Grate Discharge Mills). 
c) ɀɨɚɞɘ ɡˊŮɟɢŮɑɚɘůɖɠ Ɏəɟɞɡ (Trunnion Overflow Mills). 
d) ɀɨɚɞɘ ˊŮɟɘűŮɟŮɘŬəɐɠ Ůəəɏɜɤůɖɠ (Peripheral Discharge Mills). 

Ƀɘ Ŭɟɢɏɠ ŬɡŰɩɜ Űɤɜ ɛɨɚɤɜ ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 16.  

 

ȺɘəɧɜŬ 16 Ƀɘ Ŭɟɢɏɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɤɜ ɛɨɚɤɜ (Michaud, Grinding Mills ï Common Types, 2016) 

ɀɨɚɞɠ ˊŬɟŰɑŭŬɠ (Batch Mill): ȳˊɤɠ ɡˊɞŭɖɚɩɜŮɘ Űɞ ɧɜɞɛŬ, ůŰɞɡɠ ɛɨɚɞɡɠ ˊŬɟŰɑŭŬɠ Űɞ 
űɞɟŰɑɞ Űɖɠ ˊɞɨŭɟŬɠ ˊɞɡ ˊɟɧəŮɘŰŬɘ ɜŬ ŬɚŮůɗŮɑ űɞɟŰɩɜŮŰŬɘ ůŰɞɜ ɛɨɚɞ ůŮ ˊŬɟŰɑŭŬ əŬɘ, Ŭűɞɨ 
ɞɚɞəɚɖɟɤɗŮɑ ɖ ŭɘŬŭɘəŬůɑŬ ɎɚŮůɖɠ, ŬűŬɘɟŮɑŰŬɘ ůŮ ́ ŬɟŰɑŭŬ. ȺɑɜŬɘ ůŬűɏɠ ɧŰɘ ɏɜŬɠ ŰɏŰɞɘɞɠ Űɟɧˊɞɠ 
ɚŮɘŰɞɡɟɔɑŬɠ ɛˊɞɟŮɑ ɜŬ ŮűŬɟɛɞůŰŮɑ ɛɧɜɞ ůŮ ɛɨɚɞɡɠ ɛɘəɟɞɨ ɐ ɛɏŰɟɘɞɡ ɛŮɔɏɗɞɡɠ. ũɘŬ 
ˊŬɟɎŭŮɘɔɛŬ, ůŮ ɛɨɚɞɡɠ ɛŮ ŭɘɎɛŮŰɟɞ ɏɤɠ ˊŮɟɑˊɞɡ 7 ˊɧŭɘŬ ɛŮ ɛɐəɞɠ ˊŮɟɑˊɞɡ 7 ˊɧŭɘŬ. 
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ɆŰɞɡɠ ŰɟŮɘɠ Ɏɚɚɞɡɠ Űɨˊɞɡɠ ɛɨɚɞɡ ɡˊɎɟɢŮɘ ůɡɜŮɢɐɠ ́ Ŭɟɞɢɐ əŬɘ ŬűŬɑɟŮůɖ Űɖɠ ́ ɞɨŭɟŬɠ. ȷɡŰɏɠ 
ɞɘ ɛɏɗɞŭɞɘ ŮűŬɟɛɧɕɞɜŰŬɘ ůŮ ɛɨɚɞɡɠ ɛŮɔŬɚɨŰŮɟɤɜ ɛŮɔŮɗɩɜ. 

ɀɨɚɞɠ Ůəəɏɜɤůɖɠ əɘɔəɚɘŭɩɛŬŰɞɠ (Grate Discharge Mill): ɆŰɞɜ ɛɨɚɞ Ůəəɏɜɤůɖɠ 
əɘɔəɚɘŭɩɛŬŰɞɠ, ɏɜŬ ŭɘɎűɟŬɔɛŬ ɛŮ Űɖ ɛɞɟűɐ ɛɘŬɠ ůɢɎɟŬɠ (grating) ˊŮɟɘɞɟɑɕŮɘ Űɞ űɞɟŰɑɞ 
ůűŬɘɟɩɜ ůŰɞ ɏɜŬ Ɏəɟɞ Űɞɡ ɛɨɚɞɡ əŬɘ ɞ ɢɩɟɞɠ ɛŮŰŬɝɨ Űɞɡ ŭɘŬűɟɎɔɛŬŰɞɠ əŬɘ Űɞɡ Ɏɚɚɞɡ Ɏəɟɞɡ 
Űɞɡ ɛɨɚɞɡ ůŰŮɔɎɕŮɘ ɛɘŬ ůɏůɞɡɚŬ (scoop) ɔɘŬ Űɖɜ ŬűŬɑɟŮůɖ Űɞɡ ŬɚŮůɛɏɜɞ ɡɚɘəɧ. ȼ ˊɟɩŰɖ ɨɚɖ 
ŰɟɞűɞŭɞŰŮɑŰŬɘ ɛɏůɤ əɞɑɚɞɡ ůŰɟɞɔɔɡɚɞɨ Ɏəɟɞɡ (hollow trunnion) ůŰɖɜ Ůɑůɞŭɞ Űɞɡ ɛɨɚɞɡ əŬɘ 
əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ɎɚŮůɖ ĂŭɘŬůɢɑɕŮɘñ Űɞ űɞɟŰɑɞ Űɤɜ ůűŬɘɟɩɜ, ɛŮŰɎ Űɞ ɞˊɞɑɞ ́ ŮɟɜɎ ɛɏůŬ Ŭˊɧ 
Űɞ əɘɔəɚɑŭɤɛŬ, ˊŬɟŬɚŬɛɓɎɜŮŰŬɘ əŬɘ ŬűŬɘɟŮɑŰŬɘ ɛŮ Űɖ ůɏůɞɡɚŬ ŮəűɧɟŰɘůɖɠ ɐ ŮəəŮɜɩɜŮŰŬɘ ɛɏůɤ 
ˊŮɟɘűŮɟŮɘŬəɩɜ ɗɡɟɩɜ (peripherical ports). ɆŮ ŬɡŰɧ Űɞ ́ ɚŬɑůɘɞ, ŮɑɜŬɘ ůɖɛŬɜŰɘəɧ ɜŬ ŬɜŬűɏɟɞɡɛŮ 
ɧŰɘ ɛŮɟɘəɏɠ űɞɟɏɠ Ƀɘ ůɏůɞɡɚŮɠ ŬɜŬűɏɟɞɜŰŬɘ ɤɠ çŬɜɡɣɤŰɘəɎè (lifters) ůŰɖ ɓɘɓɚɘɞɔɟŬűɑŬ. 

ɀɨɚɞɠ ɡˊŮɟɢŮɑɚɘůɖɠ Ɏəɟɞɡ (Trunnion Overflow Mills): ɆŰɞɜ ɛɨɚɞ ɡˊŮɟɢŮɑɚɘůɖɠ Ɏəɟɞɡ, ɖ 
ˊɟɩŰɖ ɨɚɖ ŰɟɞűɞŭɞŰŮɑŰŬɘ ɛɏůɤ Ůɜɧɠ əɞɑɚɞɡ ůŰɟɞɔɔɡɚɞɨ Ɏəɟɞɡ ůŰɞ ɏɜŬ Ɏəɟɞ Űɞɡ ɛɨɚɞɡ əŬɘ 
ůŰɞ Ɏɚɚɞ Ɏəɟɞ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ĂɡˊŮɟɢŮɑɚɘůɖñ Űɞɡ ŬɚŮůɛɏɜɞɡ ˊɟɞɥɧɜŰɞɠ. ɆŮ ŬɡŰɐɜ Űɖɜ 
ˊŮɟɑˊŰɤůɖ, Ůˊɞɛɏɜɤɠ, ɖ ůɏůɞɡɚŬ əɘɔəɚɘŭɩɛŬŰɞɠ əŬɘ ŮəűɧɟŰɤůɖɠ ŮɝŬɚŮɑűŮŰŬɘ.  

ɀɨɚɞɘ ́ ŮɟɘűŮɟŮɘŬəɐɠ Ůəəɏɜɤůɖɠ (Peripheral Discharge Mills): ɀɘŬ ́ ŬɟŬɚɚŬɔɐ Űɞɡ ɛɨɚɞɡ 
Ůəəɏɜɤůɖɠ əɘɔəɚɘŭɩɛŬŰɞɠ űŬɑɜŮŰŬɘ ůŰɞ Ɇɢ. 1.4d, ůŰɖɜ ɞˊɞɑŬ ɖ ůɏůɞɡɚŬ Ůəəɏɜɤůɖɠ 
ŮɝŬɚŮɑűŮŰŬɘ ɛŮ Űɖɜ ˊŬɟɞɢɐ ˊŮɟɘűŮɟŮɘŬəɩɜ ɗɡɟɑŭɤɜ Ůəəɏɜɤůɖɠ, ɛŮ əŬŰɎɚɚɖɚɖ əɞɡəɞɨɚŬ 
"ůəɧɜɖɠ", ůŰɞ Ɏəɟɞ Ůɝɧŭɞɡ Űɞɡ ɛɨɚɞɡ. 

ɀɨɚɞɘ ȷɜŮɛɞɔŮɜɜɐŰɟɘŮɠ (Air-Swept Mills): ɆŰɘɠ əŬŰɖɔɞɟɑŮɠ Űɤɜ ɛɨɚɤɜ ˊɞɡ ŬˊŬɟɘɗɛɞɨɜŰŬɘ 
ˊŬɟŬˊɎɜɤ ɡˊɎɟɢɞɡɜ ŭɘɎűɞɟŮɠ ˊŬɟŬɚɚŬɔɏɠ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ɡˊɎɟɢɞɡɜ ɛɨɚɞɘ ůŰɞɡɠ 
ɞˊɞɑɞɡɠ Űɞ əɏɚɡűɞɠ (shell) ɢɤɟɑɕŮŰŬɘ ůŮ ɏɜŬɜ Ŭɟɘɗɛɧ ɗŬɚɎɛɤɜ (chambers) ɛŮ ŭɘɎŰɟɖŰŬ 
ŭɘŬűɟɎɔɛŬŰŬ əŬɘ ɖ ɛɏůɖ ŭɘɎɛŮŰɟɞɠ Űɤɜ ůűŬɘɟɩɜ ůŰɞɡɠ ŭɘɎűɞɟɞɡɠ ɗŬɚɎɛɞɡɠ ɛŮɘɩɜŮŰŬɘ ˊɟɞɠ 
Űɞ Ɏəɟɞ Ůəɟɞɐɠ Űɞɡ ɛɨɚɞɡ. ɀɘŬ ŰɏŰɞɘŬ ŭɘɎŰŬɝɖ űŬɑɜŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 17. Ƀ ɚɧɔɞɠ ɔɘŬ ŬɡŰɐɜ Űɖɜ 
əŬŰŬɜɞɛɐ Űɞɡ ɛŮɔɏɗɞɡɠ Űɤɜ ůűŬɘɟɩɜ ŮɑɜŬɘ ɧŰɘ, ɔɘŬ ɓɏɚŰɘůŰŮɠ ůɡɜɗɐəŮɠ ɎɚŮůɖɠ, ɖ ŬɜŬɚɞɔɑŬ Űɖɠ 
ŭɘŬɛɏŰɟɞɡ Űɖɠ ůűŬɑɟŬɠ ˊɟɞɠ Űɖ ŭɘɎɛŮŰɟɞ Űɤɜ ůɤɛŬŰɘŭɑɤɜ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ˊŮɟɑˊɞɡ ůŰŬɗŮɟɐ. 
ȾŬŰɎ ůɡɜɏˊŮɘŬ, ɗŬ ˊɟɏˊŮɘ ɜŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɛɘəɟɧŰŮɟŮɠ ɛˊɎɚŮɠ ɔɘŬ ŰŬ ɛŮŰŬɔŮɜɏůŰŮɟŬ 
ůŰɎŭɘŬ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ɎɚŮůɖɠ, ɧˊɞɡ ɖ ˊɞɨŭɟŬ ŮɑɜŬɘ ɚŮˊŰɧŰŮɟɖ (finer), əŬɘ ɛŮ Űɖɜ ɡɘɞɗɏŰɖůɖ 
Ůɜɧɠ Ŭɟɘɗɛɞɨ ɗŬɚɎɛɤɜ ůŮ əŬɗɏɜŬɜ Ŭˊɧ Űɞɡɠ ɞˊɞɑɞɡɠ ɖ ɛɏůɖ ŭɘɎɛŮŰɟɞɠ Űɖɠ ůűŬɑɟŬɠ 
ŮˊɘɚɏɔŮŰŬɘ əŬŰɎɚɚɖɚŬ ɔɑɜŮŰŬɘ ɛɘŬ ́ ɟɞůɏɔɔɘůɖ ˊɟɞɠ Űɖɜ ŮˊɘɗɡɛɖŰɐ ůŰŬɗŮɟɧŰɖŰŬ ůŰɖɜ ŬɜŬɚɞɔɑŬ 
Űɞɡ ɛŮɔɏɗɞɡɠ Űɖɠ ɛˊɎɚŬɠ ˊɟɞɠ Űɞ ɛɏɔŮɗɞɠ Űɤɜ ůɤɛŬŰɘŭɑɤɜ. 

 

ȺɘəɧɜŬ 17 ɀɨɚɞɠ Ɇɤɚɖɜɩɜ Űɟɘɩɜ ŭɘŬɛŮɟɘůɛɎŰɤɜ (Michaud, Grinding Mills ï Common Types, 2016) 

ɆŮ ŬɡŰɧ Űɞ ůɖɛŮɑɞ ŮɑɜŬɘ ůɖɛŬɜŰɘəɧ ɜŬ ŬɜŬűŮɟɗŮɑ ɏɜŬɠ ɛɨɚɞɠ, ůŰɞɜ ɞˊɞɑɞ ɞ ŭɘŬɢɤɟɘůɛɧɠ Űɤɜ 
ůűŬɘɟɩɜ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ ɛɘŬ ɏɝɡˊɜɖ ɛɏɗɞŭɞ. ȺɘŭɘəɎ, əŬɗɩɠ ɞ ɛɨɚɞɠ űɏɟŮɘ ɏɜŬ ɝŮɢɤɟɘůŰɧ 
ɧɜɞɛŬ, ˊŬɟɧɚɞ ˊɞɡ ŭŮɜ ŮɛˊɚɏəɞɜŰŬɘ Ŭɟɢɏɠ ˊɞɡ Űɞɜ ŰɞˊɞɗŮŰɞɨɜ ŮəŰɧɠ Űɖɠ ŰŬɝɘɜɧɛɖůɖɠ ˊɞɡ 
ŭɧɗɖəŮ ˊɟɞɖɔɞɡɛɏɜɤɠ. 

Ƀ ɛɨɚɞɠ Hardinge (ȺɘəɧɜŬ 18) ɢɟɖůɘɛɞˊɞɘŮɑ ůűŬɑɟŮɠ ɤɠ ́ ŬɟɎɔɞɜŰŬ ɎɚŮůɖɠ (grinding agent), 
ŬɚɚɎ Űɞ ůɩɛŬ ɏɢŮɘ əɡɚɘɜŭɟɘəɐ əɤɜɘəɐ ɛɞɟűɐ əŬɘ ůɡɜɐɗɤɠ ɏɢŮɘ ŬɜŬɚɞɔɑŬ ɛɐəɞɡɠ ˊɟɞɠ 
ŭɘɎɛŮŰɟɞ ŮɜŭɘɎɛŮůɖ ɛŮŰŬɝɨ ŮəŮɑɜɤɜ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɞɜ ɛɨɚɞ ůűŬɘɟɩɜ əŬɘ Űɞɜ ɛɨɚɞ 
ůɤɚɐɜɤɜ. Ƀ ɚɧɔɞɠ ɔɘŬ ŬɡŰɐ Űɖ ɛɞɟűɐ əŬŰŬůəŮɡɐɠ ŮɑɜŬɘ ɧŰɘ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ 
Űɞɡ ɛɨɚɞɡ, ɞɘ ɛŮɔŬɚɨŰŮɟŮɠ ɛˊɎɚŮɠ ůɡůůɤɟŮɨɞɜŰŬɘ ůŰɞ ɛŮɔɎɚɞ Ɏəɟɞ Űɞɡ əɩɜɞɡ əŬɘ ɞɘ 
ɛɘəɟɧŰŮɟŮɠ ɛˊɎɚŮɠ ůŰɞ ɛɘəɟɧ Ɏəɟɞ. ūɡůɘəɎ, ɡˊɎɟɢŮɘ ůɡɜŮɢɐɠ ŭɘŬɓɎɗɛɘůɖ ɛŮɔɏɗɞɡɠ əŬŰɎ 
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ɛɐəɞɠ Űɞɡ əɩɜɞɡ. ȺɎɜ ŰɧŰŮ ɖ ˊɟɩŰɖ ɨɚɖ ŰɟɞűɞŭɞŰŮɑŰŬɘ ůŰɞ ɛŮɔɎɚɞ Ɏəɟɞ Űɞɡ ɛɨɚɞɡ əŬɘ Űɞ 
ŬɚŮůɛɏɜɞ ́ ɟɞɥɧɜ ŬűŬɘɟŮɑŰŬɘ Ŭˊɧ Űɞ ɛɘəɟɧŰŮɟɞ Ɏəɟɞ, ɖ ́ ɞɨŭɟŬ, əŬŰɎ Űɖɜ Ůɝɏɚɘɝɐ Űɖɠ ɛɏůɤ Űɞɡ 
ɛɨɚɞɡ, ŬɚɏɗŮŰŬɘ Ŭˊɧ ́ ɟɞɞŭŮɡŰɘəɎ ɛɘəɟɏɠ ɛˊɎɚŮɠ əŬɘ əŬŰɎ ůɡɜɏˊŮɘŬ Űɞ ɗŮɤɟɖŰɘəɧ ɘŭŬɜɘəɧ ɛɘŬɠ 
ůŰŬɗŮɟɐɠ ŬɜŬɚɞɔɑŬɠ ɛŮŰŬɝɨ Űɞɡ ɛɏɔŮɗɞɠ Űɖɠ ůűŬɑɟŬɠ əŬɘ Űɞɡ ɛŮɔɏɗɞɡɠ Űɤɜ ůɤɛŬŰɘŭɑɤɜ əŬŰɎ 
Űɖ ɎɚŮůɖ ŮˊɘŰɡɔɢɎɜŮŰŬɘ, ůŮ əɎˊɞɘɞ ɓŬɗɛɧ. 

 

ȺɘəɧɜŬ 18 Ƀ ɛɨɚɞɠ Hardinge (Conical Ball Mills Benefits & Advantages: Hardinge, 2015) 

Ƀ Űɨˊɞɠ ɛɨɚɞɡ ůűŬɘɟɩɜ ˊɞɡ ŬˊŮɘəɞɜɑɕŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 19, ŮɜůɤɛŬŰɩɜŮɘ ɛɘŬ ˊŮɟɘűŮɟŮɘŬəɐ 
ŮəűɧɟŰɘůɖ ɛɏůɤ ɔɟŬɛɛɘəɩɜ əɞůəɑɜɤɜ (line screens) ˊɞɡ ŮˊŮɜŭɨɞɡɜ Űɞ əɡɚɘɜŭɟɘəɧ ŰɛɐɛŬ Űɞɡ 
ɛɨɚɞɡ. Ƀɘ ɓŬɟɘɏɠ ŭɘɎŰɟɖŰŮɠ ˊɚɎəŮɠ (perforated plates) ˊɟɞůŰŬŰŮɨɞɡɜ ŰŬ əɧůəɘɜŬ (screens) 
Ŭˊɧ ɕɖɛɘɏɠ əŬɘ ɚŮɘŰɞɡɟɔɞɨɜ ɤɠ Ůˊɏɜŭɡůɖ ɔɘŬ Űɖɜ ŬɜŬŰɟɞˊɐ. ɀŮɟɘəɏɠ űɞɟɏɠ Ůˊɑůɖɠ Űɞ ɚŮˊŰɧ 
əɧůəɘɜɞ (fine screen) ˊɟɞůŰŬŰŮɨŮŰŬɘ ˊŮɟŬɘŰɏɟɤ Ŭˊɧ ɢɞɜŭɟɞŮɘŭŮɑɠ əɧůəɘɜŬ (coarse screens) 
ŰɞˊɞɗŮŰɖɛɏɜŬ ŬˊŮɡɗŮɑŬɠ ɛɏůŬ ůŮ ŬɡŰɧ. ȷɡŰɧɠ ɞ Űɨˊɞɠ ɛɨɚɞɡ, ɞ ɞˊɞɑɞɠ ŮɑɜŬɘ ůɡɢɜɎ ɔɜɤůŰɧɠ 
ɤɠ ɛɨɚɞɠ Krupp, ˊŬɟɞɡůɘɎɕŮɘ ŮɜŭɘŬűɏɟɞɜ Ŭűɞɨ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ ɏɜŬɜ ˊɞɚɨ ˊɟɩɘɛɞ Űɨˊɞ 
ɛɨɚɞɡ ɞ ɞˊɞɑɞɠ, ɛŮ ŰɟɞˊɞˊɞɘɐůŮɘɠ, ŭɘŬŰɖɟŮɑ Űɖ ŭɖɛɞŰɘəɧŰɖŰɎ Űɞɡ. Ƀ ɛɨɚɞɠ Krupp ŮɑɜŬɘ 
ɘŭɘŬɑŰŮɟŬ əŬŰɎɚɚɖɚɞɠ ɔɘŬ Űɖ ɎɚŮůɖ ɛŬɚŬəɩɜ ɡɚɘəɩɜ, Ŭűɞɨ ɞ ɟɡɗɛɧɠ űɗɞɟɎɠ Űɤɜ ŭɘɎŰɟɖŰɤɜ 
ŮˊŮɜŭɨůŮɤɜ ŭŮɜ ŮɑɜŬɘ ɡˊŮɟɓɞɚɘəɧɠ.  

 

ȺɘəɧɜŬ 19 Ƀ ɛɨɚɞɠ Krupp (Michaud, Grinding Mills ï Common Types, 2016) 

ȰɜŬɠ Ŭəɧɛɖ ŮɜŭɘŬűɏɟɞɜ ɛɨɚɞɠ ˊŬɟɞɡůɘɎůŰɖəŮ Ŭˊɧ Űɞɜ (Takahashi, 2019). Ƀ ɑŭɘɞɠ ɛŬɕɑ ɛŮ 
Ɏɚɚɞɡɠ ŮɟŮɡɜɖŰɏɠ ůŮ ˊɟɞɖɔɞɨɛŮɜɖ ɏɟŮɡɜŬ Űɞɡɠ ( (Takahashi, Ito, Enda, Ito, & Kobayashi, 
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2010), (Takahashi, Ito, Enda, Ito, & Kobayashi, Research and Development of the Vibration 
Mill Using Cog-Ring Mediums for Improvement in Efficiency of Lignocellulosic Biomass 
Pulverization, 2012)) ŮɑɢŬɜ ŬɜŬˊŰɨɝŮɘ ɏɜŬɜ ŭɞɜɞɨɛŮɜɞ ɛɨɚɞ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑ ɛɏůŬ 
ɞŭɞɜŰɤŰɩɜ ŭŬəŰɡɚɑɤɜ (cog-ring) əŬɘ ɞɜɞɛɎɕŮŰŬɘ ɛɨɚɞɠ ŭɘŬŭɞɢɘəɩɜ ŭŬɢŰɡɚɑɤɜ (tandem-ring 
mill). Ƀɘ ŮɟŮɡɜɖŰɏɠ ŮɑɢŬɜ ŬɜŰɘəŬŰŬůŰɐůŮɘ Űɘɠ ůűŬɑɟŮɠ ɛŮ ɞŭɞɜŰɤŰɞɨɠ ŭŬəŰɡɚɑɞɡɠ ůŮ ɏɜŬɜ 
ůɡɛɓŬŰɘəɧ ŭɞɜɞɨɛŮɜɞ ɛɨɚɞ ɔɘŬ ɜŬ ŮˊɘŰŮɡɢɗŮɑ əɞɜɘɞˊɞɑɖůɖ ɡɣɖɚɐɠ ́ ɟɧůəɟɞɡůɖɠ ɛŮ ɘəŬɜɧŰɖŰŬ 
əɞɜɘɞˊɞɑɖůɖɠ sub-kilogram scale ɛŮ ůəɞˊɧ Űɖɜ ŬˊɞŰŮɚŮůɛŬŰɘəɐ ˊɟɞŮˊŮɝŮɟɔŬůɑŬ 
ɚɘɔɜɞəɡŰŰŬɟɘɜɘəɐɠ ɓɘɞɛɎɕŬɠ. ȼ Ŭˊɧŭɞůɖ Űɖɠ əɞɜɘɞˊɞɑɖůɖɠ ŬɡɝɐɗɖəŮ ɛŮ Űɖɜ ŬˊɞɗɐəŮɡůɖ Űɖɠ 
ˊɞɨŭɟŬɠ ɛɏůŬ ůŰɞɡɠ ŭŬəŰɡɚɑɞɡɠ əŬɘ Űɖɜ ˊŬɟɞɢɐ Űɞɡ ɔɘŬ əɞɜɘɞˊɞɑɖůɖ. Ƀ ɛɨɚɞɠ ŭɘŬŭɞɢɘəɩɜ 
ŭŬɢŰɡɚɑɤɜ ɛŮɑɤůŮ Űɞ ɢɟɧɜɞ əɞɜɘɞˊɞɑɖůɖɠ əŬŰɎ ɏɜŬ ˊɏɛˊŰɞ ɔɘŬ ɜŬ ŮˊɘŰɨɢŮɘ ˊŬɟɧɛɞɘŬ 
ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ ůŬəɢŬɟɞˊɞɑɖůɖɠ (Takahashi, Ito, Enda, Ito, & Kobayashi, Research and 
development of the vibration mill using cog-disk mediums for lignocellulosic biomass 
pulverization, 2010) ɛŮ ŬɡŰɐ Ůɜɧɠ ůɡɛɓŬŰɘəɞɨ ɛɨɚɞɡ ŭɧɜɖůɖɠ ɛŮ ůűŬɘɟɑŭɘŬ (Ito, et al., 2007). 
ɆŰɖɜ ɏɟŮɡɜŬ Űɞɡ ɞ (Takahashi T. , 2019) ůɨɔəɟɘɜŮ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ əɞɜɘɞˊɞɑɖůɖɠ ɘŬˊɤɜɘəɞɨ 
əɏŭɟɞɡ ůŮ ŰɟŮɘɠ ɛɨɚɞɡɠ (HV30, TR3000 əŬɘ HV70). 

 
ȺɘəɧɜŬ 20 Ƀɘ ɛɨɚɞɘ tandem-ring əŬɘ Űɞ ŮůɤŰŮɟɘəɧ Űɞɡɠ (Takahashi T. , 2019) 

Ƀ ɑŭɘɞɠ ɛɨɚɞɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɛɎɚɘůŰŬ əŬɘ ůŰɖɜ ɏɟŮɡɜŬ Űɤɜ (Fu, et al., 2018). Ƀ ůŰɧɢɞɠ 
ŬɡŰɐɠ Űɖɠ ɏɟŮɡɜŬɠ ɐŰŬɜ ɜŬ ŭɘŮɟŮɡɜɐůŮɘ Űɖ ůəɞˊɘɛɧŰɖŰŬ ŭɘŮɟɔŬůɘɩɜ ˊɘɚɞŰɘəɐɠ əɚɑɛŬəŬɠ ɔɘŬ 
ɛɖɢŬɜɘəɏɠ ˊɟɞŮˊŮɝŮɟɔŬůɑŮɠ ɤɠ ůŰɟŬŰɖɔɘəɐ əɞɜɘɞˊɞɑɖůɖɠ ɔɘŬ Űɞɜ ɛɘəɟɞɜɘůɛɧ Űɖɠ ɝɡɚɩŭɞɡɠ 
ɓɘɞɛɎɕŬɠ ůŮ ɡˊɞůŰɟɩɛŬŰŬ ɡɣɖɚɐɠ ɡŭɟɧɚɡůɖɠ. ȹɘŬűɞɟŮŰɘəɞɑ ɛɖɢŬɜɘůɛɞɑ əŬɘ ˊɘɞ 
ůɡɔəŮəɟɘɛɏɜŬ ɏɜŬɠ ůűɡɟɧɛɡɚɞɠ, ɏɜŬɠ ́ ŮɟɘůŰɟɞűɘəɧɠ-əɟɞɡůŰɘəɧɠ ɛɨɚɞɠ əŬɘ ɛɨɚɞɠ ŭɘŬŭɞɢɘəɩɜ 
ŭŬɢŰɡɚɑɤɜ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ ɜŬ ŭɘŬůˊɎůɞɡɜ Űɘɠ ɚɘɔɜɞəɡŰŰŬɟɘɜɘəɏɠ ŭɞɛɏɠ əŬɘ ɜŬ ɛŮɘɩůɞɡɜ 
Űɞ ɛɏɔŮɗɞɠ Űɤɜ ůɤɛŬŰɘŭɑɤɜ ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ŮɛűɎɜɘůɖ ŭɘŬűɞɟŮŰɘəɩɜ Ůɘ́ˊɏŭɤɜ 
əŬŰŬɜɎɚɤůɖɠ ŮɜɏɟɔŮɘŬɠ. 
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3 Ƀ ˊɟɧŰɡˊɞɠ ɝɖɟɧɠ əɞɜɘɞɟŰɞˊɞɘɖŰɐɠ Űɞɡ ȺɀɄ 

3.1 ũŮɜɘəɎ 

Ƀ ˊɟɤŰɧŰɡˊɞɠ ɝɖɟɧɠ əɞɜɘɞˊɞɘɖŰɐɠ ŬɜŬˊŰɨɢɗɖəŮ əŬɘ əŬŰŬůəŮɡɎůŰɖəŮ ůŰɞ Ⱥɗɜɘəɧ ɀŮŰůɧɓɘɞ 
ɄɞɚɡŰŮɢɜŮɑɞ (ɀŬəɟɐɠ & ūɞɨɜŰɖ, 1994), ɛŮ ůŰɧɢɞ Űɖɜ ˊɟŬəŰɘəɐ əɞɜɘɞˊɞɑɖůɖ ɓɘɞɛɖɢŬɜɘəɩɜ 
ɞɟɡəŰɩɜ əŬɘ ůɡůůɤɛŬŰɤɛɎŰɤɜ ɔɘŬ ɓɘɞɛɖɢŬɜɘəɏɠ ɢɟɐůŮɘɠ. ȺɑɜŬɘ  əŬŰɎɚɚɖɚɞɠ ɔɘŬ ɓɘɞɛɖɢŬɜɘəɏɠ 
ŮűŬɟɛɞɔɏɠ (ɓɘɞɛɖɢŬɜɘəɐ ˊŬɟŬɔɤɔɐ ɚŮˊŰɩɜ əɧɜŮɤɜ, ŰŬ ɞˊɞɑŬ ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ 
ɤɠ ɡɚɘəɎ ˊɚɖɟɩůŮɤɠ ɐ ŮˊɘəɎɚɡɣɖɠ, ˊ.ɢ. ůŰɞ ɢŬɟŰɑ, ůŰɖ ɓŬűɐ, ůŰɞɜ ɔɨɣɞ, ůŰɖ űŬɟɛŬəŮɡŰɘəɐ 
ɓɘɞɛɖɢŬɜɑŬ) əŬɘ ŭɞəɘɛɏɠ Ŭˊɧŭɞůɖɠ. ɄɟɞůűɏɟŮɘ ůɖɛŬɜŰɘəɎ ˊɚŮɞɜŮəŰɐɛŬŰŬ ůŮ ůɨɔəɟɘůɖ ɛŮ Űɘɠ 
əɞɘɜɩɠ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜŮɠ ŭɘŮɟɔŬůɑŮɠ əɞɜɘɞɟŰɞˊɞɑɖůɖɠ (comminution processes), ŮɘŭɘəɎ ɔɘŬ 
ɚŮˊŰɐ əŬɘ ɡˊɏɟɚŮˊŰɖ ɎɚŮůɖ (milling) ɞɟɡəŰɩɜ ɛŮ Űɞ ɢŬɟŬəŰɖɟɘůŰɘəɧ Űɖɠ ɡɣɖɚɐɠ 
ůɡɔəɏɜŰɟɤůɖɠ ɘůɢɨɞɠ, Ůɜɩ ůŮ ɛɑŬ ɓɘɞɛɖɢŬɜɘəɐ ŮɔəŬŰɎůŰŬůɖ ˊɟɞɞɟɑɕŮŰŬɘ ɔɘŬ ŮɔəŬŰɎůŰŬůɖ 
ůŰɞ ŰŮɚŮɡŰŬɑɞ ůŰɎŭɘɞ Űɞɡ əɡəɚɩɛŬŰɞɠ ɎɚŮůɖɠ.   

ȼ ˊɟɤŰɞŰɡˊɑŬ Űɞɡ ɏɔəŮɘŰŬɘ əɡɟɑɤɠ ůŰɞ ɧŰɘ ŮˊɘŰɟɏˊŮɘ Űɖɜ ɛŮŰŬɓɞɚɐ Űɖɠ ŬɜŬɚɞɔɑŬɠ Űɤɜ ɞɟɗɩɜ 
əŬɘ ŭɘŬŰɛɖŰɘəɩɜ ŭɡɜɎɛŮɤɜ ˊɞɡ ŮˊŮɜŮɟɔɞɨɜ ůŮ ɏɜŬ ůɤɛŬŰɑŭɘɞ ɛɏůɤ ɛŮŰŬɓɞɚɐɠ ůɢŮŭɘŬůŰɘəɐɠ 
ˊŬɟŬɛɏŰɟɞɡ. Ƀ ɚɧɔɞɠ ɟɡɗɛɑɕŮŰŬɘ ůɨɛűɤɜŬ ɛŮ Űɘɠ ɛɖɢŬɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɞɡ ɡɚɘəɞɨ. ɆŰɖɜ 
ˊŮɟɑˊŰɤůɐ ɛŬɠ, ɖ ŬɜŬɚɞɔɑŬ ŬɡŰɐ ɏɢŮɘ ɟɡɗɛɘůŰŮɑ (Makris & Founti, 1996) ůŰɞɜ ɛɨɚɞ Űɞɡ 
Ⱥɗɜɘəɞɨ ɀŮŰůɧɓɘɞɡ ɄɞɚɡŰŮɢɜŮɑɞɡ ůŰɘɠ ɛɖɢŬɜɘəɏɠ ŬˊŬɘŰɐůŮɘɠ Űɞɡ ˊɟɞɠ əɞɜɘɞˊɞɑɖůɖ ɡɚɘəɞɨ. 
ȷɜŰɑ Ůɜɧɠ ɛɧɜɞ əɡɚɑɜŭɟɞɡ ɐ ůűŬɘɟɩɜ, ɞ əɞɜɘɞˊɞɘɖŰɐɠ ɢɟɖůɘɛɞˊɞɘŮɑ ŭɘɎűɞɟɞɡɠ ŭŬəŰɡɚɘɞŮɘŭŮɑɠ 
ŭŬəŰɡɚɑɞɡɠ, ŮˊɘŰɟɏˊɞɜŰŬɠ ɏŰůɘ Űɖɜ əŬɚɨŰŮɟɖ ɚŮɑŬɜůɖ Űɤɜ ɚŮˊŰɧŰŮɟɤɜ əɚŬůɛɎŰɤɜ Űɞɡ Ŭɟɢɘəɞɨ 
ɡɚɘəɞɨ. ɇɞ ɡɚɘəɧ ŬɚɏɗŮŰŬɘ ɛɏůɤ Űɖɠ ůɡɜŭɡŬůɛɏɜɖɠ ŭɟɎůɖɠ əŬɜɞɜɘəɩɜ əŬɘ ŭɘŬŰɛɖŰɘəɩɜ 
ŭɡɜɎɛŮɤɜ ˊɞɡ ŬůəɞɨɜŰŬɘ ůŰŬ ůɤɛŬŰɑŭɘŬ Űɞɡ ɡɚɘəɞɨ əɡɟɑɤɠ Ŭˊɧ ŰŬ ɛŮŰŬɚɚɘəɎ ɛɏɟɖ Űɞɡ 
əɞɜɘɞˊɞɘɖŰɐ (ůŰɞɘɢŮɑŬ ɎɚŮůɖɠ) əŬɘ Ůɜ ɛɏɟŮɘ Ŭˊɧ ŰŬ ɔŮɘŰɞɜɘəɎ ůɤɛŬŰɑŭɘŬ. ȿɧɔɤ Űɖɠ əŬŰŬůəŮɡɐɠ 
Űɞɡ ŰŬ ůŰɞɘɢŮɑŬ ɎɚŮůɖɠ ˊɟɞůŬɟɛɧɕɞɜŰŬɘ ŬɡŰɧɛŬŰŬ ůŰɞ ɛɏɔŮɗɞɠ Űɤɜ əɧəəɤɜ Űɞɡ ɡɚɘəɞɨ.  

3.2 ɄŮɟɘɔɟŬűɐ əŬɘ Ŭɟɢɏɠ ɚŮɘŰɞɡɟɔɑŬɠ 

 

ȺɘəɧɜŬ 21 ɇŬ ɛɏɟɖ ˊɞɡ ŬˊŬɟŰɑɕɞɡɜ Űɞ ŭŬəŰɡɚɘɧɛɡɚɞ  

Ƀ ˊɟɧŰɡˊɞɠ ɛɨɚɞɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ Űɞɜ əɨɚɘɜŭɟɞ ɐ əɏɚɡűɞɠ (1) ˊɞɡ ŬˊɞŰŮɚŮɑ Űɞ əɨɟɘɞ ůɩɛŬ 
Űɞɡ əŬɘ ɞ ɎɝɞɜŬɠ Űɞɡ əŮɚɨűɞɡɠ ŮɑɜŬɘ ɞɟɘɕɧɜŰɘɞɠ. ȼ ɞɟɘɕɧɜŰɘɎ Űɞɡ ŭɘɎŰŬɝɖ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ 
Űɖɜ ɞɛŬɚɐ əŬŰŬɜɞɛɐ Űɞɡ ɓɎɟɞɡɠ Űɤɜ ŭŬəŰɡɚɑɤɜ ůŰɘɠ ɟɎɓŭɞɡɠ. ɀɏůŬ ůŰɞɜ əɨɚɘɜŭɟɞ, ɏɜŬ 
ɞɟɗɞɔɤɜɘəɧ ɛŮŰŬɚɚɘəɧ ˊɚŬɑůɘɞ ŮɑɜŬɘ ŰɞˊɞɗŮŰɖɛɏɜɞ əŬŰɎ ɛɐəɞɠ Űɞɡ ɎɝɞɜŬ Űɞɡ əɡɚɑɜŭɟɞɡ əŬɘ 
ŮɑɜŬɘ ˊɟɞůŬɟŰɖɛɏɜɞ ůŰɞɜ əɨɟɘɞ ɎɝɞɜŬ (4). Ƀ əɨɟɘɞɠ ɎɝɞɜŬɠ ɛˊɞɟŮɑ ɜŬ ˊŮɟɘůŰɟɏűŮŰŬɘ ɔɨɟɤ 
Ŭˊɧ Űɞɜ əɨɟɘɞ ɎɝɞɜŬ ɛŮ Űɖ ɓɞɐɗŮɘŬ Ůɜɧɠ ɖɚŮəŰɟɞəɘɜɖŰɐɟŬ ŮɑŰŮ ɛɏůɤ ůɡůŰɐɛŬŰɞɠ ɛŮŰɎŭɞůɖɠ 
əɑɜɖůɖɠ (ɘɛŬɜŰɞəɑɜɖůɖ, Ŭɚɡůɞəɑɜɖůɖ əɚˊ) ŮɑŰŮ ŬˊŮɡɗŮɑŬɠ. ɇɞ ůŰɟɞűŮɑɞ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŭɨɞ 
ɓɟŬɢɑɞɜŮɠ (2) ůŰɞɡɠ ɞˊɞɑɞɡɠ ůŰŮɟŮɩɜɞɜŰŬɘ 2 ɟɎɓŭɞɘ (5) əɡəɚɘəɐɠ ŭɘŬŰɞɛɐɠ. ɆŮ əɎɗŮ ɟɎɓŭɞ 
ŮɑɜŬɘ ˊŮɟŬůɛɏɜɞɠ ɏɜŬɠ Ŭɟɘɗɛɧɠ ɛŮŰŬɚɚɘəɩɜ ŭŬəŰɡɚɘɞŮɘŭɩɜ ŭŬəŰɡɚɑɤɜ (3). ȾɎɗŮ ŭŬəŰɨɚɘɞɠ 
ŮˊɘŰɟɏˊŮŰŬɘ ɜŬ əɘɜŮɑŰŬɘ ŮɚŮɨɗŮɟŬ əŬŰɎ ɛɐəɞɠ əŬɘ ɔɨɟɤ Ŭˊɧ əɎɗŮ ɟɎɓŭɞ (ŬəŰɘɜɘəɐ ɛŮŰŬəɑɜɖůɖ). 
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ɇɞ ɛɐəɞɠ Űɖɠ ɟɎɓŭɞɡ ŮɑɜŬɘ əŬŰɎ ɛŮɟɘəɎ ɢɘɚɘɞůŰɎ ɛŮɔŬɚɨŰŮɟɞ ɩůŰŮ ɜŬ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɖ 
ŬɜŮɝɎɟŰɖŰɖ əɑɜɖůɖ Űɞɡ əɎɗŮ ŭŬəŰɡɚɑɞɡ ůŮ ůɢɏůɖ ɛŮ Űɞɡɠ ɔŮɘŰɞɜɘəɞɨɠ Űɞɡ. ɇɏɚɞɠ ɡˊɎɟɢɞɡɜ 
ŭɨɞ ˊɚŮɡɟɘəɎ əŬɚɨɛɛŬŰŬ (əŬɗɟɏˊŰŮɠ) ŮəŬŰɏɟɤɗŮɜ Űɞɡ əŮɚɨűɞɡɠ ŰŬ ɞˊɞɑŬ ůŰŮɔŬɜɞˊɞɘɞɨɜ Űɞ 
ɛɨɚɞ əŬɘ ˊɎɜɤ ůŰŬ ɞˊɞɑŬ ŮŭɟɎɕŮŰŬɘ ɞ əɨɟɘɞɠ ɎɝɞɜŬɠ.  

ȼ ɨˊŬɟɝɖ Űɤɜ ŭŬəŰɡɚɑɤɜ ɛŮ Űɖ ŭɡɜŬŰɧŰɖŰŬ ŬɜŮɝɎɟŰɖŰɖɠ ŬəŰɘɜɘəɐɠ əɑɜɖůɖɠ ˊŬɟɞɡůɘɎɕŮɘ 
ˊɚŮɞɜɏəŰɖɛŬ ɏɜŬɜŰɘ Űɖɠ ɟɎɓŭɞɡ, əŬɗɩɠ ˊɟɞůŬɟɛɧɕɞɜŰŬɘ ŰŬ ůŰɞɘɢŮɑŬ ɎɚŮůɖɠ ůŰɖɜ 
əɞəəɞɛŮŰɟɑŬ Űɖɠ ˊɟɩŰɖɠ ɨɚɖɠ ŮˊɘŰɟɏˊɞɜŰŬɠ Űɖɜ ɎɚŮůɖ ɧɚɤɜ Űɤɜ əɞəəɞɛŮŰɟɘəɩɜ əɚŬůɛɎŰɤɜ, 
ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɖɜ ŮɘəɧɜŬ ˊŬɟŬəɎŰɤ. ȷɜ ɞ ɛɨɚɞɠ ɏűŮɟŮ ɏɜŬ ůŰɞɘɢŮɑɞ ɎɚŮůɖɠ, ɗŬ 
ɗɟɡɛɛŬŰɑɕɞɜŰŬɜ ɛɧɜɞ ŰŬ ɛŮɔŬɚɨŰŮɟŬ Ŭˊɧ ŰŬ əɚɎůɛŬŰŬ Űɖɠ ˊɟɩŰɖɠ ɨɚɖɠ, ŬˊɞŰɟɏˊɞɜŰŬɠ ɛŮ 
Űɞɜ Űɟɧˊɞ ŬɡŰɧ Űɞ ɗɟɡɛɛŬŰɘůɛɧ Űɤɜ ɚŮˊŰɧŰŮɟɤɜ əɚŬůɛɎŰɤɜ. ȼ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ ˊɟŬəŰɘəɎ 
ŬɜŰɘůŰɞɘɢŮɑ ůŮ ɏɜŬ ŭŬəŰɨɚɘɞ. ȼ ɨˊŬɟɝɖ ˊɞɚɚɩɜ ŭŬəŰɡɚɑɤɜ, ŮˊɘŰɟɏˊŮɘ Űɖɜ ˊɟɞůŬɟɛɞɔɐ Űɞɡɠ 
ůŮ ɧɚɞ Űɞ űɎůɛŬ əɞəəɞɛŮŰɟɑŬɠ Űɖɠ ́ ɟɩŰɖɠ ɨɚɖɠ ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɞɜ ŰŬɡŰɧɢɟɞɜɞ ɗɟɡɛɛŬŰɘůɛɧ 
Űɞɡɠ. 

 

ȺɘəɧɜŬ 22 ɄɟɞůŬɟɛɞɔɐ Űɤɜ ŭŬəŰɡɚɑɤɜ ůŰŬ əɞəəɞɛŮŰɟɘəɎ əɚɎůɛŬŰŬ Űɖɠ ˊɟɩŰɖɠ ɨɚɖɠ 

Ƀɘ ŭŬəŰɨɚɘɞɘ, ɧˊɤɠ ŬɜŬűɏɟɗɖəŮ, ɛˊɞɟɞɨɜ ɜŬ əɘɜɖɗɞɨɜ ŮɚŮɨɗŮɟŬ əŬŰɎ Űɞɜ ɎɝɞɜŬ əŬɘ Űɖɜ 
ŬəŰɑɜŬ. ȾŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ˊŮɟɘůŰɟɞűɐɠ Űɞɡ ˊɚŬɘůɑɞɡ, ɞɘ ŭŬəŰɨɚɘɞɘ ɚɧɔɤ Űɖɠ űɡɔɧəŮɜŰɟɖɠ 
ŭɨɜŬɛɖɠ ˊɘɏɕɞɡɜ Űɖɜ ŮůɤŰŮɟɘəɐ ŮˊɘűɎɜŮɘŬ Űɞɡ əɡɚɑɜŭɟɞɡ Űɞɡ ɛɨɚɞɡ Ůɜɩ ŰŬɡŰɧɢɟɞɜŬ 
ŬɜŬˊŰɨůůɞɜŰŬɘ ŭɡɜɎɛŮɘɠ Űɟɘɓɐɠ ŬɜɎɛŮůŬ ůŰɞɡɠ ŭŬəŰɡɚɑɞɡɠ əŬɘ Űɖɜ ŮůɤŰŮɟɘəɐ ŮˊɘűɎɜŮɘŬ Űɞɡ 
əɡɚɑɜŭɟɞɡ. Ɉˊɧ ŬɡŰɏɠ Űɘɠ ůɡɜɗɐəŮɠ, ɞɘ ŭŬəŰɨɚɘɞɘ ˊŮɟɘůŰɟɏűɞɜŰŬɘ ŮɚŮɨɗŮɟŬ ɔɨɟɤ Ŭˊɧ Űɞɜ 
ɎɝɞɜŬ ůɡɛɛŮŰɟɑŬɠ Űɞɡɠ əŬɘ ŰŬɡŰɧɢɟɞɜŬ ɞɚɘůɗŬɑɜɞɡɜ əŬŰɎ ɛɐəɞɠ Űɤɜ ɓɟŬɢɘɧɜɤɜ Űɞɡ ˊɚŬɘůɑɞɡ 
əŬɘ əɡɚɑɞɜŰŬɘ ůŰɖɜ ŮůɤŰŮɟɘəɐ ŮˊɘűɎɜŮɘŬ Űɞɡ ɛɨɚɞɡ. Ƀɘ ŭŬəŰɨɚɘɞɘ əɡɟɑɤɠ ɞɚɘůɗŬɑɜɞɡɜ ˊɎɜɤ 
ůŰɞ ůŰɟɩɛŬ Űɞɡ ɡɚɘəɞɨ ˊŬɟɎ əɡɚɑɞɜŰŬɘ. ɇɞ ɡɚɘəɧ əɞɜɘɞˊɞɘŮɑŰŬɘ ůŰɞ ŭɘɎəŮɜɞ ŬɜɎɛŮůŬ ůŰɖɜ 
ŮůɤŰŮɟɘəɐ ŮˊɘűɎɜŮɘŬ Űɞɡ ɛɨɚɞɡ əŬɘ Űɞɡɠ ŭŬəŰɡɚɑɞɡɠ. Ⱥˊɞɛɏɜɤɠ, Űɞ ɡɚɘəɧ ɓɟɑůəŮŰŬɘ ɡˊɧ Űɖɜ 
ŮˊɑŭɟŬůɖ ɞɟɗɩɜ əŬɘ ŭɘŬŰɛɖŰɘəɩɜ ŭɡɜɎɛŮɤɜ ůɡɜŭɡɎɕɞɜŰŬɠ ɗɟŬɨůɖ ɛŮ ŮəŰɟɘɓɐ. 

 

ȺɘəɧɜŬ 23 . ȹŬəŰɨɚɘɞɠ əŬŰɎ Űɖ ɚŮɘŰɞɡɟɔɑŬ. ūŬɑɜŮŰŬɘ ˊŬɟŬůŰŬŰɘəɎ Űɞ ɡɚɘəɧ ˊɞɡ ŬɚɏɗŮŰŬɘ ŬɜɎɛŮůŬ ůŰɞ ŭŬəŰɨɚɘɞ əŬɘ 

Űɞ əɏɚɡűɞɠ 
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3.3 ɄɚŮɞɜŮəŰɐɛŬŰŬ əŬɘ ɉŬɟŬəŰɖɟɘůŰɘəɎ 

Ƀ ɛɨɚɞɠ ˊŬɟɞɡůɘɎɕŮɘ ŬɝɘɧɚɞɔŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ ůɡɔəɟɘɜɧɛŮɜɞɠ ɛŮ Űɘɠ ůɡɜɐɗŮɘɠ ɛɖɢŬɜɏɠ 
ɎɚŮůɖɠ ɘŭɘŬɑŰŮɟŬ ůŰɖɜ ɚŮˊŰɐ əŬɘ ɡˊɏɟɚŮˊŰɖ ɎɚŮůɖ ɓɘɞɛɖɢŬɜɘəɩɜ ɞɟɡəŰɩɜ. ȼ ́ ɟɤŰɞˊɞɟɑŬ Űɞɡ 
ɛɨɚɞɡ ɏɔəŮɘŰŬɘ əɡɟɑɤɠ ůŰɖ ŭɡɜŬŰɧŰɖŰŬ ɛŮŰŬɓɞɚɐɠ Űɞɡ ɚɧɔɞɡ Űɤɜ ŭɡɜɎɛŮɤɜ ůɡɛˊɑŮůɖɠ ˊɟɞɠ 
Űɘɠ ŭɘŬŰɛɖŰɘəɏɠ ŭɡɜɎɛŮɘɠ ˊɞɡ ŬůəɞɨɜŰŬɘ əŬŰɎ Űɖɜ əɞɜɘɞˊɞɑɖůɖ. Ƀ ɚɧɔɞɠ ɟɡɗɛɑɕŮŰŬɘ ůɨɛűɤɜŬ 
ɛŮ Űɘɠ ɛɖɢŬɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɞɡ ɡɚɘəɞɨ. ȼ ɢɟɐůɖ ŭŬəŰɡɚɑɤɜ ɏɜŬɜŰɘ ɟɎɓŭɞɡ, ŮˊɘŰɟɏˊŮɘ Űɖɜ 
əŬɚɨŰŮɟɖ ɎɚŮůɖ Űɤɜ ɚŮˊŰɧŰŮɟɤɜ əɚŬůɛɎŰɤɜ Űɞɡ Ŭɟɢɘəɞɨ ɡɚɘəɞɨ. ȰɜŬ Ɏɚɚɞ ˊɚŮɞɜɏəŰɖɛŬ Űɞɡ 
ůɡɔəŮəɟɘɛɏɜɞɡ ɛɨɚɞɡ ŮɑɜŬɘ Űɞ ɛɘəɟɧ əɧůŰɞɠ əŬŰŬůəŮɡɐɠ, Űɞ ɞˊɞɑɞ ɞűŮɑɚŮŰŬɘ ůŰɞ ɛɘəɟɧ əɧůŰɞɠ 
Űɤɜ ɡɚɘəɩɜ ˊɞɡ ŬˊŬɘŰɞɨɜŰŬɘ ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ Űɞɡ, ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ ŰɡˊɘəɎ ɡɚɘəɎ Ůɛˊɞɟɑɞɡ, 
əŬɗɩɠ Ůˊɑůɖɠ əŬɘ ůŰɖɜ ɏɚɚŮɘɣɖ ˊŮɟɑˊɚɞəɤɜ ɛɖɢŬɜɞɡɟɔɘəɩɜ əŬŰŮɟɔŬůɘɩɜ Űɤɜ ŭɘŬűɧɟɤɜ 
ŮɝŬɟŰɖɛɎŰɤɜ Űɞɡ. ɇŬ ŭɘɎűɞɟŬ ɛɏɟɖ Űɞɡ ɛɨɚɞɡ əŬŰŬůəŮɡɎɕɞɜŰŬɘ Ŭˊɧ ŰŬ Ůɝɐɠ ɡɚɘəɎ:  

Ⱦɨɚɘɜŭɟɞɠ (əɏɚɡűɞɠ):   ɢŬɚɡɓŭɞůɤɚɐɜŬ  

ȹŬəŰɨɚɘɞɘ:    ɢŬɚɡɓŭɞůɤɚɐɜŬ  

ɅɎɓŭɞɘ:     ɎɝɞɜŬɠ  

ɄɚŬɑůɘɞ:     ɏɚŬůɛŬ  

Ƀɘ əɡɟɘɧŰŮɟŮɠ ɛɖɢŬɜɞɡɟɔɘəɏɠ əŬŰŮɟɔŬůɑŮɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ Űɤɜ 
ɛŮɟɩɜ Űɞɡ ɛɨɚɞɡ ŮɑɜŬɘ ɖ əɞˊɐ ɛŮ ˊɟɘɧɜɘ ɔɘŬ Űɞɜ ŰŮɛŬɢɘůɛɧ Űɖɠ ɟɎɓŭɞɡ əŬɘ Űɖɜ əŬŰŬůəŮɡɐ Űɤɜ 
ŭŬəŰɡɚɑɤɜ əŬɘ ɖ ŰɧɟɜŮɡůɖ ɔɘŬ Űɖɜ əŬŰŮɟɔŬůɑŬ Űɞɡ əŮɚɨűɞɡɠ, Űɞɡ ɎɝɞɜŬ əŬɘ Űɤɜ ɟɎɓŭɤɜ. ȾŬŰô 
ŬɡŰɐɜ Űɖɜ ɏɜɜɞɘŬ, ɞ ɛɨɚɞɠ ˊŬɟɞɡůɘɎɕŮɘ ɛɘəɟɧ əɧůŰɞɠ əŬŰŬůəŮɡɐɠ əŬɘ ůɡɜŰɐɟɖůɖɠ. ȳůɞɜ 
ŬűɞɟɎ Űɖ űɗɞɟɎ, ˊŬɟɞɡůɘɎɕŮŰŬɘ Ŭɡɝɖɛɏɜɖ ůŰɘɠ ŮˊɘűɎɜŮɘŮɠ Űɤɜ ɟɎɓŭɤɜ ˊɞɡ ŮűɎˊŰɞɜŰŬɘ ɛŮ 
Űɞɡɠ ŭŬəŰɡɚɑɞɡɠ. ȷɡŰɧ ɏɢŮɘ ůŬɜ ŬˊɞŰɏɚŮůɛŬ Űɖ ɟɨˊŬɜůɖ Űɞɡ ˊɟɞɥɧɜŰɞɠ ɛŮ ůɑŭɖɟɞ əŬɘ ɞɝŮɑŭɘŬ 
Űɞɡ ůɘŭɐɟɞɡ. ȷɡŰɧ ŭŮɜ ŮɑɜŬɘ ŮˊɘɗɡɛɖŰɧ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ Űɞ ˊŬɟŬɔɧɛŮɜɞ ɡɚɘəɧ 
ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŮ əɎˊɞɘŬ əɟɑůɘɛɖ ŮűŬɟɛɞɔɐ ˊ.ɢ. űŬɟɛŬəɞˊɞɘɑŬ, ɧˊɞɡ ŰŬ ˊɞůɞůŰɎ ůɘŭɐɟɞɡ 
ŮɚɏɔɢɞɜŰŬɘ ŬɡůŰɖɟɎ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ ŬɜɗɟŬəɘəɞɨ ŬůɓŮůŰɑɞɡ (CaCO3) ˊɞɡ 
ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɖɜ ˊŬɟŬůəŮɡɐ Ŭůˊɘɟɑɜɖɠ Űɞ ˊɞůɞůŰɧ Űɞɡ ůɘŭɐɟɞɡ ŭŮɜ ŮˊɘŰɟɏˊŮŰŬɘ ɜŬ 
ɡˊŮɟɓŬɑɜŮɘ ŰŬ 200 ppm ůɨɛűɤɜŬ ɛŮ Űɘɠ ˊɟɞŭɘŬɔɟŬűɏɠ ˊɞɡ ɗɏŰŮɘ ɖ ŮɡɟɤˊŬɥəɐ űŬɟɛŬəɞˊɞɘɑŬ 
əŬɘ Űɞ 0.05% ɔɘŬ Űɖɜ ŬɛŮɟɘəɎɜɘəɖ űŬɟɛŬəɞˊɞɘɑŬ (Bolger, 1995) 

ȰɜŬ ŬəɧɛŬ ́ ɚŮɞɜɏəŰɖɛŬ Űɞɡ ́ ŬɟɧɜŰɞɠ ɛɨɚɞɡ ŮɑɜŬɘ ɖ ɛŮɔɎɚɖ ůɡɔəɏɜŰɟɤůɖ ɘůɢɨɞɠ ́ ɞɡ ɛˊɞɟŮɑ 
ɜŬ ŮˊɘŰɨɢŮɘ. ɆŰɞɜ ŬɜŬűŮɟɧɛŮɜɞ ɛɨɚɞ, ɧɔəɞɡ ~ 60 L, ɛŮŰɟɐɗɖəŮ ɛɏɔɘůŰɖ ɘůɢɨɠ 14 kW ˊɞɡ 
ŬɜŰɘůŰɞɘɢŮɑ ůŮ ɞɔəɞɛŮŰɟɘəɐ ˊɡəɜɧŰɖŰŬ ɘůɢɨɞɠ 245 kW/m3 . Ƀɘ ůɡɜɐɗŮɘɠ Űɘɛɏɠ ɛɖɢŬɜɘəɐɠ ɘůɢɨɞɠ 
ŮɑɜŬɘ 8 kW ɐŰɞɘ 140 kW/m3 . ɄŬɟɧɛɞɘŮɠ Űɘɛɏɠ ɏɢɞɡɜ ɛŮŰɟɖɗŮɑ əŬɘ ůŮ ɛɘəɟɧŰŮɟɞɡ ɛŮɔɏɗɞɡɠ 
ŭŬəŰɡɚɘɧɛɡɚɞɡɠ. ȰɜŬɠ ůűŬɘɟɧɛɡɚɞɠ, ˊŬɟŬŭŮɑɔɛŬŰɞɠ ɢɎɟɘɜ, ɑŭɘɞɡ ɛŮɔɏɗɞɡɠ əŬŰŬɜŬɚɩɜŮɘ 
ɛɖɢŬɜɘəɐ ɘůɢɨ Űɖɠ ŰɎɝɖɠ Űɤɜ 200 W ˊɞɡ ŬɜŰɘůŰɞɘɢŮɑ ůŮ 3.5 kW/m3 . ȷɡŰɧ ˊɟŬəŰɘəɎ ůɖɛŬɑɜŮɘ 
ɧŰɘ ɞ ŭŬəŰɡɚɘɧɛɡɚɞɠ ɛˊɞɟŮɑ ɜŬ ˊŬɟɎɔŮɘ ˊɞɚɚŬˊɚɎůɘɞ ˊɟɞɥɧɜ Ŭˊɧ ɧŰɘ ɏɜŬɠ ůűŬɘɟɧɛɡɚɞɠ ɑŭɘɞɡ 
ɧɔəɞɡ. ȷˊɧ ůɡɔəɟɑůŮɘɠ ˊɞɡ ɏɢɞɡɜ ɔɑɜŮɘ ŮəŰɘɛɎŰŬɘ ɧŰɘ ɞ ŭŬəŰɡɚɘɧɛɡɚɞɠ ɏɢŮɘ ɛɏɢɟɘ 50 űɞɟɏɠ 
ɛŮɔŬɚɨŰŮɟɖ ˊŬɟŬɔɤɔɐ Ŭˊɧ ɏɜŬ ůűŬɘɟɧɛɡɚɞ Űɞɡ ɑŭɘɞɡ ɧɔəɞɡ ɛŮ ŬɜɎɚɞɔɖ ɧɛɤɠ əŬŰŬɜɎɚɤůɖ 
ŮɜɏɟɔŮɘŬɠ. 

Ƀɘ əɨɟɘŮɠ ŭɘŬůŰɎůŮɘɠ Űɞɡ ŭŬəŰɡɚɘɧɛɡɚɞɡ, ɞɘ ɞˊɞɑŮɠ Űɞɜ ɢŬɟŬəŰɖɟɑɕɞɡɜ, ŮɑɜŬɘ ɞɘ Ůɝɐɠ: 

¶ ŭɘɎɛŮŰɟɞɠ əŮɚɨűɞɡɠ 

¶ ŭɘɎɛŮŰɟɞɘ ŭŬəŰɡɚɑɤɜ (ŮůɤŰŮɟɘəɏɠ əŬɘ ŮɝɤŰŮɟɘəɏɠ)  

¶ ɛɐəɞɠ ŭŬəŰɡɚɑɤɜ (ůɡɜɞɚɘəɧ)  

ȷ́ ɧ Űɘɠ ˊŬɟŬˊɎɜɤ ŭɘŬůŰɎůŮɘɠ ˊɟɞəɨˊŰɞɡɜ ŰŬ Ůɝɐɠ ɛŮɔɏɗɖ:  

¶ ɧɔəɞɠ ɛɨɚɞɡ  

¶ ŮˊɘűɎɜŮɘŬ ɛɨɚɞɡ  

ȼ ŮˊɘűɎɜŮɘŬ Űɞɡ ɛɨɚɞɡ ŮɑɜŬɘ ɖ ŮˊɘűɎɜŮɘŬ ˊɞɡ ůŬɟɩɜɞɡɜ ɞɘ ŭŬəŰɨɚɘɞɘ. Ƀ əɨɚɘɜŭɟɞɠ ɏɢŮɘ 
ɛŮɔŬɚɨŰŮɟɞ ɛɐəɞɠ Ŭˊɧ Űɞɡɠ ŭŬəŰɡɚɑɞɡɠ. ɇɞ ˊɞůɞůŰɧ Űɞɡ ɧɔəɞɡ Űɞɡ ɛɨɚɞɡ ˊɞɡ ŬɜŰɘůŰɞɘɢŮɑ 
ůŰɞɡɠ ŭŬəŰɡɚɑɞɡɠ əŬɘ ůŰɞɜ ɞˊɞɑɞ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɖ ɎɚŮůɖ ŮɑɜŬɘ 85%. 
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3.4 Ⱦɑɜɖůɖ ɛɨɚɞɡ 

ȼ ŮɡɢŮɟɏůŰŮɟɖ əɘɜɖŰɐɟɘŬ ɛɖɢŬɜɐ Űɞɡ ɛɨɚɞɡ ŮɑɜŬɘ ɞ ɖɚŮəŰɟɘəɧɠ əɘɜɖŰɐɟŬɠ Ŭɜ əŬɘ ŭɨɜŬŰŬɘ ɜŬ 
ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ əŬɘ əɘɜɖŰɐɟɘŮɠ ɛɖɢŬɜɏɠ Ɏɚɚɤɜ Űɨˊɤɜ ˊ.ɢ. ŮůɤŰŮɟɘəɐɠ əŬɨůɖɠ. 
ȺɟɔŬůŰɖɟɘŬəɎ ɏɢɞɡɜ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɛŮ ɛŮɔɎɚɖ ŮˊɘŰɡɢɑŬ ŰɟɘűŬůɘəɞɑ əɘɜɖŰɐɟŮɠ 
ɓɟŬɢɡəɡəɚɤɛɏɜɞɡ ŭɟɞɛɏŬ, ɞɘ ɞˊɞɑɞɘ ůɡɜŮɟɔɎɕɞɜŰŬɘ ɛŮ ɛŮŰŬŰɟɞˊŮɑɠ ůɡɢɜɧŰɖŰŬɠ (frequency 
inverters) ɔɘŬ ɏɚŮɔɢɞ Űɖɠ ŰŬɢɨŰɖŰŬɠ ˊŮɟɘůŰɟɞűɐɠ Űɞɡ ɛɨɚɞɡ. ȼ ůɨɕŮɡɝɖ ɛŮ Űɞɜ əɘɜɖŰɐɟŬ 
ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ŮɑŰŮ ŬˊŮɡɗŮɑŬɠ ůŰɞɜ ɎɝɞɜŬ Űɞɡ ɛɨɚɞɡ, ŮɑŰŮ ɛɏůɤ ŭɘɎŰŬɝɖɠ ɛŮŰɎŭɞůɖɠ əɑɜɖůɖɠ, 
ɧˊɤɠ ɘɛŬɜŰɞəɑɜɖůɖ ɐ ɔɟŬɜŬɕɞəɑɜɖůɖ. ȼ ŭŮɨŰŮɟɖ ˊŮɟɑˊŰɤůɖ ˊɟɞŰɘɛɎŰŬɘ ůŰɖɜ ˊɟɎɝɖ əŬɗɩɠ 
ŮˊɘŰɟɏˊŮɘ ŮəɛŮŰɎɚɚŮɡůɖ Űɖɠ ɟɞˊɐɠ Űɞɡ ɖɚŮəŰɟɘəɞɨ əɘɜɖŰɐɟŬ ɖ ɞˊɞɑŬ ́ ŬɟɞɡůɘɎɕŮŰŬɘ ůŮ ɡɣɖɚɏɠ 
ůŰɟɞűɏɠ. ɀŮ Űɞɜ Űɟɧˊɞ ŬɡŰɧ ɔɑɜŮŰŬɘ ŮˊɘŰɡɢɐɠ ůɡɜŭɡŬůɛɧɠ Űɤɜ ůɖɛŮɑɤɜ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ɛɨɚɞɡ 
əŬɘ Űɞɡ əɘɜɖŰɐɟŬ. ȼ ŬˊŮɡɗŮɑŬɠ ɕŮɨɝɖ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ŮɟɔŬůŰɖɟɘŬəɎ ɔɘŬ Űɖɜ ˊɟɞůŬɟɛɞɔɐ 
ŬɘůɗɖŰɐɟŬ ɟɞˊɐɠ (ɟɞˊɧɛŮŰɟɞɡ) ŬɜɎɛŮůŬ ůŰɞɡɠ ɎɝɞɜŮɠ Űɞɡ ɛɨɚɞɡ əŬɘ Űɞɡ əɘɜɖŰɐɟŬ ɔɘŬ Űɖ 
ɛɏŰɟɖůɖ Űɖɠ ɛɖɢŬɜɘəɐɠ ɘůɢɨɞɠ ˊɞɡ ŬˊɞɟɟɞűɎ ɞ ɛɨɚɞɠ ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ. Ⱥˊɑůɖɠ, 
ɞ əɘɜɖŰɐɟŬɠ Ůɘ́ɚɏɔŮŰŬɘ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɖ ůɢɏůɖ ɛŮŰɎŭɞůɖɠ ɩůŰŮ ɜŬ ŮˊŬɟəŮɑ ɖ ɟɞˊɐ Űɞɡ 
ůŰɘɠ ŮˊɘɗɡɛɖŰɏɠ ŰŬɢɨŰɖŰŮɠ ɚŮɘŰɞɡɟɔɑŬɠ. 

 

ȺɘəɧɜŬ 24 ȷˊŮɡɗŮɑŬɠ ůɨɕŮɡɝɖ Űɞɡ ɛɨɚɞɡ ɛŮ Űɞɜ əɘɜɖŰɐɟŬ. ūŬɑɜŮŰŬɘ Űɞ ɟɞˊɧɛŮŰɟɞ ɔɘŬ Űɖ ɛɏŰɟɖůɖ ɘůɢɨɞɠ 

3.5 ȯɚŮůɖ űɞɟŰɑɞɡ  

ȷɜ əŬɘ ɞ ɛɨɚɞɠ ɛˊɞɟŮɑ ɜŬ ŬɚɏůŮɘ ɛŮ ŭɨɞ Űɟɧˊɞɡɠ ɛŮ ɎɚŮůɖ əŬɗɞɟɘůɛɏɜɖɠ ˊɞůɧŰɖŰŬɠ ˊɟɩŰɖɠ 
ɨɚɖɠ (batch) ɔɘŬ ˊɟɞəŬɗɞɟɘůɛɏɜɞ ɢɟɧɜɞ əŬɘ ɎɚŮůɖ ɛŮ ůɡɜŮɢɐ ɟɞɐ Űɖɠ ˊɟɩŰɖɠ ɨɚɖɠ ɛɏůŬ Ŭˊɧ 
Űɞ ɛɨɚɞ ŮˊɘɚɏɢɗɖəŮ ɖ ŭŮɨŰŮɟɖ ˊŮɟɑˊŰɤůɖ. ũɘŬ Űɖɜ ˊɟŬɔɛŬŰɞˊɞɑɖůɖ ɎɚŮůɖɠ ůɡɜŮɢɞɨɠ ɟɞɐɠ, 
ɖ ɟ́ɩŰɖ ɨɚɖ ŮɘůɏɟɢŮŰŬɘ ɛɏůɤ əŬŰɎɚɚɖɚɖɠ ɢɞɎɜɖɠ ŰɟɞűɞŭɞůɑŬɠ ɖ ɞˊɞɑŬ ɓɟɑůəŮŰŬɘ ůŰɞ ŮˊɎɜɤ 
ɛɏɟɞɠ Űɞɡ Ůɜɧɠ ˊɚŮɡɟɘəɞɨ əŬˊŬəɘɞɨ. ȼ ŰɟɞűɞŭɞůɑŬ ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ˊ.ɢ. ɛɏůɤ ɛŮŰŬűɞɟɘəɞɨ 
əɞɢɚɑŬ ɖ ɏɝɞŭɞɠ Űɞɡ ɞˊɞɑɞɡ ŮɑɜŬɘ ˊɟɞůŬɟɛɞůɛɏɜɖ ůŰɞɜ əŬɗɟɏˊŰɖ Űɞɡ ɛɨɚɞɡ. ɇɞ ɡɚɘəɧ 
ŬɚɏɗŮŰŬɘ əŬɘ ŰŬɡŰɧɢɟɞɜŬ ˊɘŮɕɧɛŮɜɞ Ŭˊɧ Űɞɡɠ ŭŬəŰɡɚɑɞɡɠ ɤɗŮɑŰŬɘ ˊɟɞɠ Űɖɜ Ɏɚɚɖ ˊɚŮɡɟɎ Űɞɡ 
ɛɨɚɞɡ ůŰɞ əŬˊɎəɘ Űɖɠ ɞˊɞɑŬɠ ůŰɞ əɎŰɤ ɛɏɟɞɠ ɡˊɎɟɢŮɘ ɖ ŬɜŰɑůŰɞɘɢɖ ɢɞɎɜɖ ŮɝŬɔɤɔɐɠ Ŭˊɧ Űɖɜ 
ɞˊɞɑŬ ˊŬɟŬɚŬɛɓɎɜŮŰŬɘ Űɞ ˊɟɞɥɧɜ.  

Ƀ ɞɟɘɕɧɜŰɘɞɠ ŭŬəŰɡɚɘɧɛɡɚɞɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɛŮ ɛŮɔɎɚɖ Ůɘ́ŰɡɢɑŬ ɔɘŬ ɎɚŮůɖ ɝɖɟɩɜ ɡɚɘəɩɜ. ȰɢŮɘ 
ɓɟŮɗŮɑ ˊŮɘɟŬɛŬŰɘəɎ ɧŰɘ ŭŮɜ ɏɢŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ŬɚɏůŮɘ ɡɚɘəɎ ůŮ ɡŭŬɟɐ ɛɞɟűɐ (ŮɜŬɘɩɟɖɛŬ). 
ɇŬ ůɡɔəŮəɟɘɛɏɜŬ ˊŮɘɟɎɛŬŰŬ ɏɔɘɜŬɜ ɛŮ ɛŮɑɔɛŬ ŬɜɗɟŬəɘəɞɨ ŬůɓŮůŰɑɞɡ əŬɘ ɜŮɟɞɨ ůŮ ŭɘɎűɞɟŮɠ 
ŬɜŬɚɞɔɑŮɠ ůŮ batch. ɇɞ ɛŮɑɔɛŬ ɚɧɔɤ Űɤɜ űɡɔɧəŮɜŰɟɤɜ ŭɡɜɎɛŮɤɜ ŮɝɤɗŮɑŰŬɘ ˊɟɞɠ Űɞɡɠ 
əŬɗɟɏˊŰŮɠ ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ɛɖɜ ŬɚɏɗŮŰŬɘ. 

3.6 ɄŮɘɟŬɛŬŰɘəɎ ȹŮŭɞɛɏɜŬ 

ɆŰɖɜ ŭɘŭŬəŰɞɟɘəɐ ŭɘŬŰɟɘɓɐ Űɞɡ (ȻŬɜɜɐɠ, 2008) ɔɘŬ Űɖɜ ŭɘŮɟŮɨɜɖůɖ Űɖɠ əŬŰŬɜɞɛɐɠ Űɖɠ 
ɛɖɢŬɜɘəɐɠ ɘůɢɨɞɠ ɔɘŬ ůɡɜŮɢɐ ɎɚŮůɖ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɛŮŰɟɐůŮɘɠ Űɖɠ ŮɜɏɟɔŮɘŬɠ ɗŮɟɛɧŰɖŰŬɠ 
Űɤɜ Ůˊɘɛɏɟɞɡɠ ůŰɞɘɢŮɑɤɜ Űɞɡ ɛɨɚɞɡ əɡɟɑɤɠ ɛŮ Űɖ ɛɏɗɞŭɞ Űɖɠ ɡˊɏɟɡɗɟɖɠ ɗŮɟɛɞɔɟŬűɑŬɠ. ũɘŬ 
Űɞ ůəɞˊɧ ŬɡŰɧ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɗŮɟɛɞɔɟŬűɘəɐ əɎɛŮɟŬ, ɛŮ Űɖɜ ɞˊɞɑŬ ɏɔɘɜŬɜ ɞɘ ɛŮŰɟɐůŮɘɠ 
ɗŮɟɛɞəɟŬůɑŬɠ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ɛɨɚɞɡ. ũɘŬ Űɖɜ ɞɟɗɧŰɖŰŬ ɛɎɚɘůŰŬ Űɤɜ Űɘɛɩɜ Űɖɠ 
ɗŮɟɛɞəɟŬůɑŬɠ ˊɞɡ ɛŮŰɟɎŮɘ ɖ əɎɛŮɟŬ ɐŰŬɜ ŬˊŬɟŬɑŰɖŰɞɠ ɞ ˊɟɞůŭɘɞɟɘůɛɧɠ Űɞɡ ůɡɜŰŮɚŮůŰɐ 
Ůəˊɞɛˊɐɠ Ů Űɖɠ ŮˊɘűɎɜŮɘŬɠ əŬɗɩɠ ˊŬɑɕŮɘ ůɖɛŬɜŰɘəɧ ɟɧɚɞ ůŰɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ 
ɗŮɟɛɞəɟŬůɑŬɠ. ɆŰɖɜ ȺɘəɧɜŬ 25 ˊŬɟɘůŰɎɜŮŰŬɘ ɖ ůɢɖɛŬŰɘəɐ ŭɘɎŰŬɝɖ Űɖɠ ˊŮɘɟŬɛŬŰɘəɐɠ 
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ŮɔəŬŰɎůŰŬůɖɠ. ȼ ɔɤɜɑŬ ˊŬɟŬŰɐɟɖůɖɠ ůŮ ůɡɔəŮəɟɘɛɏɜɞ ůɖɛŮɑɞ ŮɑɜŬɘ ɖ ɔɤɜɑŬ ˊɞɡ ˊŮɟɘɏɢŮŰŬɘ 
ŬɜɎɛŮůŬ ůŰɖɜ əɎɗŮŰɖ ůŰɖɜ ŮˊɘűɎɜŮɘŬ ˊɞɡ ŭɘɏɟɢŮŰŬɘ Ŭˊɧ Űɞ ůɖɛŮɑɞ əŬɘ Űɖɜ ŮɡɗŮɑŬ 
ˊŬɟŬŰɐɟɖůɖɠ Ŭˊɧ Űɖɜ əɎɛŮɟŬ ůŰɞ ŮɝŮŰŬɕɧɛŮɜɞ ůɖɛŮɑɞ. ɆŰɖɜ ȺɘəɧɜŬ 25 ůɡɛɓɞɚɑɕŮŰŬɘ ɛŮ ɤ. 

 

ȺɘəɧɜŬ 25 ɆɢɖɛŬŰɘəɐ ŭɘɎŰŬɝɖ Űɖɠ ˊŮɘɟŬɛŬŰɘəɐɠ ŮɔəŬŰɎůŰŬůɖɠ. ūŬɑɜŮŰŬɘ ɖ ˊŮɟɘɞɢɐ ɛɏŰɟɖůɖɠ ˊɎɜɤ ůŰɖɜ ŮˊɘűɎɜŮɘŬ 
Űɞɡ ɛɨɚɞɡ əŬɗɩɠ əŬɘ ɖ ɔɤɜɑŬ ˊŬɟŬŰɐɟɖůɖɠ 

ȼ Űɘɛɐ Űɖɠ ɔɤɜɑŬɠ ˊŬɟŬŰɐɟɖůɖɠ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖɜ ŬˊɧůŰŬůɖ Űɖɠ əɎɛŮɟŬɠ Ŭˊɧ Űɞ əɏɜŰɟɞ Űɞɡ 
ɛɨɚɞɡ L, Űɖɜ ŬəŰɑɜŬ Űɖɠ ŮɝɤŰŮɟɘəɐɠ ŮˊɘűɎɜŮɘŬɠ R əŬɘ Űɖ ɔɤɜɑŬ ű ˊɞɡ ŬɜŰɘůŰɞɘɢŮɑ ůŰɞ 
ˊŬɟŬŰɖɟɞɨɛŮɜɞ ůɖɛŮɑɞ. Ƀ Űɨˊɞɠ ˊɞɡ ŭɑɜŮɘ Űɖɜ Űɘɛɐ Űɖɠ ɤ ŮɑɜŬɘ: 

 ÓÉÎ
ὒ ίὭὲ•

ὒ  Ὑ ς Ὑ ὒ ὧέί•
 

ɆŰɖɜ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ, ɖ Űɘɛɐ Űɖɠ ɤ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɖ Ŭˊɧ ŬɡŰɐɜ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖɜ Ůɝ. (28) 
Ŭűɞɨ ɞ űŬəɧɠ Űɖɠ əɎɛŮɟŬɠ ŭŮɜ ŮɑɜŬɘ ůɖɛŮɑɞ. ɆŰŬ ˊŮɘɟɎɛŬŰŬ ɞɘ Űɘɛɏɠ Űɖɠ ɔɤɜɑŬɠ ű ŮˊɘɚɏɔɞɜŰŬɘ 
ŰɏŰɞɘŮɠ ɩůŰŮ ɖ ɔɤɜɑŬ ˊɟɧůˊŰɤůɖɠ ɜŬ əɡɛŬɑɜŮŰŬɘ ůŰɘɠ Ñ15Á. 

ũɘŬ Űɖ ŭɘŮɟŮɨɜɖůɖ, ɚɞɘˊɧɜ, Űɖɠ əŬŰŬɜɞɛɐɠ ɛɖɢŬɜɘəɐɠ ɘůɢɨɞɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɞ 
ŭŬəŰɡɚɘɧɛɡɚɞɠ ɛŮ Űɘɠ Ůɝɐɠ ůɡɜɗɐəŮɠ: 

 

Ɉɚɘəɧ Ƀɚɘɓɑɜɖɠ - 0,75mm 

ũɤɜɘŬəɐ ŰŬɢɨŰɖŰŬ 800RPM 

ɇɟɞűɞŭɞůɑŬ 30kg/h 

ȷˊɧůŰŬůɖ ɛɨɚɞɡ -əɎɛŮɟŬɠ 2m 

ȷɟɢɘəɐ ɗŮɟɛɞəɟŬůɑŬ 30oC 

ɇŮɚɘəɐ ɗŮɟɛɞəɟŬůɑŬ 62oC 

ȹɘɎɟəŮɘŬ 270s (4.5min) 

ɄɑɜŬəŬɠ  1 ɄŮɘɟŬɛŬŰɘəɏɠ ůɡɜɗɐəŮɠ ůɡɜŮɢɞɨɠ ɎɚŮůɖɠ 

ɆŰɖɜ ȺɘəɧɜŬ 26 ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ əŬŰŬɜɞɛɐ ɗŮɟɛɞəɟŬůɘɩɜ əŬŰɎ ɛɐəɞɠ Űɞɡ ɛɨɚɞɡ ůɡɜŬɟŰɐůŮɘ 
Űɞɡ ɢɟɧɜɞɡ. Ƀ ɎɝɞɜŬɠ Űɤɜ ŰŮŰŬɔɛɏɜɤɜ ŮɑɜŬɘ ɖ ɗŮɟɛɞəɟŬůɑŬ ůŮ ÁC. ȼ ɢɟɞɜɘəɐ ŭɘŬűɞɟɎ əɎɗŮ 
əŬɛˊɨɚɖɠ Ŭˊɧ Űɖɜ ŮˊɧɛŮɜɖ ŮɑɜŬɘ 30 s. ȷˊɧ Űɖɜ əŬŰŬɜɞɛɐ Űɤɜ ɗŮɟɛɞəɟŬůɘɩɜ ɔɑɜŮŰŬɘ ɎɛŮůŬ 
ŬɜŰɘɚɖˊŰɧ ɧŰɘ ɖ əŬŰŬɜɞɛɐ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ŭŮɜ ŮɑɜŬɘ ɞɛɞɘɧɛɞɟűɖ əŬŰɎ ɛɐəɞɠ Űɞɡ ɛɨɚɞɡ 
ɧˊɤɠ ůɡɛɓŬɑɜŮɘ ůŰɖɜ ɎɚŮůɖ batch. ɇŬ ůɖɛŮɑŬ (+) ůŰɘɠ əŬɛˊɨɚŮɠ Űɤɜ ɗŮɟɛɞəɟŬůɘɩɜ 
ŬɜŰɘůŰɞɘɢɞɨɜ ůŰɖ ɛɏɔɘůŰɖ ɗŮɟɛɞəɟŬůɑŬ, ɖ ɞˊɞɑŬ ŮɛűŬɜɑɕŮŰŬɘ ˊŮɟɑˊɞɡ ůŰɞ 1/3 Űɞɡ ɛɨɚɞɡ Ŭˊɧ 
Űɖɜ Ůɑůɞŭɞ. ȹŮŭɞɛɏɜɞɡ ɧŰɘ ɖ ŮɡɗɡɔɟɎɛɛɘůɖ Űɞɡ ůŰɟɞűŮɑɞɡ ůŮ ůɢɏůɖ ɛŮ Űɞɜ ɎɝɞɜŬ Űɞɡ 
əŮɚɨűɞɡɠ ŮɑɜŬɘ ɛɏůŬ ůŰŬ ˊɟɞɓɚŮˊɧɛŮɜŬ ɧɟɘŬ, ɖ ŬɜɞɛɞɘɞɛɞɟűɑŬ Űɖɠ əŬŰŬɜɞɛɐɠ Űɖɠ 
ɗŮɟɛɞəɟŬůɑŬɠ ɞűŮɑɚŮŰŬɘ ŬˊɞəɚŮɘůŰɘəɎ ůŰɞ űŬɘɜɧɛŮɜɞ Űɖɠ ɎɚŮůɖɠ. ɆŰɖɜ ȺɘəɧɜŬ 26 
ˊŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ ɖ ɗŮɟɛɞəɟŬůɑŬ ůŰɖɜ Ůɑůɞŭɞ ŮɑɜŬɘ ɢŬɛɖɚɐ əŬɗɩɠ ɖ ˊɟɩŰɖ ɨɚɖ ˊɞɡ ŮɘůɏɟɢŮŰŬɘ 
ůŮ ɗŮɟɛɞəɟŬůɑŬ ˊŮɟɘɓɎɚɚɞɜŰɞɠ ɣɨɢŮɘ ŰɞˊɘəɎ Űɞ əɏɚɡűɞɠ Űɞɡ ɛɨɚɞɡ. ȺɝŮŰɎɕɞɜŰŬɠ ˊɟɞůŮəŰɘəɎ 
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Űɘɠ əŬɛˊɨɚŮɠ ˊŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ Űɞ ůɖɛŮɑɞ ɛɏɔɘůŰɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ɛŮŰŬəɘɜŮɑŰŬɘ ˊɟɞɠ ŰŬ 
ŬɟɘůŰŮɟɎ. ȷɡŰɧ ɞűŮɑɚŮŰŬɘ ůŰɖɜ Ŭɔɤɔɐ Űɖɠ ɗŮɟɛɧŰɖŰŬɠ ůŰɞ ɛŮŰŬɚɚɘəɧ əɏɚɡűɞɠ.  

ȷˊɧ ŰŬ ́ ŬɟŬˊɎɜɤ ŮɝɎɔŮŰŬɘ Űɞ ůɡɛˊɏɟŬůɛŬ ɧŰɘ Űɞ ŬɟɢɘəɎ ɢɞɜŭɟɧəɞəəɞ ɡɚɘəɧ ŬɜɗɑůŰŬŰŬɘ ůŰɖɜ 
əɑɜɖůɖ Űɤɜ ŭŬəŰɡɚɑɤɜ ˊɟɞəŬɚɩɜŰŬɠ Űɖ ɛɏɔɘůŰɖ ˊŬɟŬɔɤɔɐ ɗŮɟɛɧŰɖŰŬɠ. ɆŰɖ ůɡɜɏɢŮɘŬ Űɞ 
ɚŮˊŰɞŬɚŮůɛɏɜɞ ɡɚɘəɧ ŭɟŬ ɤɠ ɚɘˊŬɜŰɘəɧ ŬɜɎɛŮůŬ ůŰɞɡɠ ŭŬəŰɡɚɑɞɡɠ əŬɘ Űɞ əɏɚɡűɞɠ ɧˊɤɠ 
ŬɜŬűɏɟŮŰŬɘ əŬɘ ůŰɖ ɓɘɓɚɘɞɔɟŬűɑŬ (Beke, 1964). Ƀɘ ɛɘəɟɞɑ əɧəəɞɘ Ŭˊɞůɓɏɜɞɡɜ ɛŮ ůɡɛˊŮɟɘűɞɟɎ 
ůˊɧɔɔɞɡ Űɘɠ ŭɡɜɎɛŮɘɠ Ŭˊɧ Űɞɡɠ ŭŬəŰɡɚɑɞɡɠ ŬˊɞŰɟɏˊɞɜŰŬɠ Űɖɜ ɎɚŮůɖ Űɤɜ ɛŮɔŬɚɨŰŮɟɤɜ 
əɧəəɤɜ ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖ ɛŮɑɤůɖ Űɖɠ ŬɚŮůŰɘəɧŰɖŰŬɠ. ɆŮ ůɡɜŭɡŬůɛɧ ɛŮ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Ŭˊɧ 
Űɘɠ ˊŮɘɟŬɛŬŰɘəɏɠ ŭɞəɘɛɏɠ ɛŮŰŬɓɞɚɐɠ ɛɐəɞɡɠ ˊɟɞəɨˊŰŮɘ Űɞ ůɡɛˊɏɟŬůɛŬ ɧŰɘ ɞ ɛɨɚɞɠ ɛŮ Űɖɜ 
ˊŬɟɞɨůŬ ŭɘɎŰŬɝɖ ɞɚɞəɚɖɟɩɜŮɘ Űɖɜ ɎɚŮůɖ Űɞɡ ɡɚɘəɞɨ ˊɟɘɜ Űɖ ɛɏůɖ Űɞɡ ɛɨɚɞɡ. ȷɡŰɧ ŭŮ 
ůɖɛŬɑɜŮɘ ɧŰɘ ɖ ɎɚŮůɖ ůŰŬɛŬŰɎŮɘ ŬɚɚɎ ɧŰɘ ɞ ɟɡɗɛɧɠ ɗɟŬɨůɖɠ ɛŮɘɩɜŮŰŬɘ. ɇŬ ˊŬɟŬˊɎɜɤ 
ŬˊɞŰŮɚɏůɛŬŰŬ ɛˊɞɟɞɨɜ ɜŬ ɚɖűɗɞɨɜ ɡˊɧɣɖ əŬŰɎ Űɞ ůɢŮŭɘŬůɛɧ Űɞɡ ɛɐəɞɡɠ Űɞɡ ɛɨɚɞɡ ɔɘŬ Űɖɜ 
ŮɨɟŮůɖ Űɞɡ ɓɏɚŰɘůŰɞɡ ɛɐəɞɡɠ ɎɚŮůɖɠ. 

 

ȺɘəɧɜŬ 26 ȾŬŰŬɜɞɛɐ ɗŮɟɛɞəɟŬůɘɩɜ əŬŰɎ ɛɐəɞɠ Űɞɡ ɛɨɚɞɡ ůɡɜŬɟŰɐůŮɘ Űɞɡ ɢɟɧɜɞɡ 

3.7 ȷɜɎɚɡůɖ ŭŮŭɞɛɏɜɤɜ 

Ƀɘ ɛɏɔɘůŰŮɠ ɗŮɟɛɞəɟŬůɑŮɠ ˊɞɡ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 26 ɓɟɏɗɖəŬɜ əŬɘ ůɡɜɞɣɑůŰɖəŬɜ 
ůŰɞɜ ɄɑɜŬəŬ 2 əŬɘ ŬˊɞŰɡˊɩɗɖəŬɜ ůŮ ŭɘɎɔɟŬɛɛŬ ůɡɜŬɟŰɐůŮɘ Űɞɡ ɢɟɧɜɞɡ ůŰɖɜ ȺɘəɧɜŬ 27. 

ɉɟɧɜɞɠ (s) ŪŮɟɛɞəɟŬůɑŬ (ɞC) 

0 30 

30 33 

60 38 

90 42 

120 47 

150 50 

180 54 

210 57 

240 59 

270 62 

ɄɑɜŬəŬɠ  2 ɀɏɔɘůŰŮɠ ŪŮɟɛɞəɟŬůɑŮɠ ůŰɖɜ ȺɘəɧɜŬɠ 26 

Ⱥɑůɞŭɞɠ 
ɡɚɘəɞɨ ˊɟɞɠ 
ɎɚŮůɖ 

Ȱɝɞŭɞɠ 
ˊɟɞɥɧɜŰɞɠ 
ɎɚŮůɖɠ 
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ȺɘəɧɜŬ 27 ɀɏɔɘůŰŮɠ ˊŮɘɟŬɛŬŰɘəɏɠ ɗŮɟɛɞəɟŬůɑŮɠ 

ɄɏɟŬɜ Űɤɜ ɛɏɔɘůŰɤɜ ɗŮɟɛɞəɟŬůɘɩɜ ˊɞɡ ˊŬɟŬŰɖɟɐɗɖəŬɜ əŬŰɎ Űɖɜ ˊŮɘɟŬɛŬŰɘəɐ ŭɘŬŭɘəŬůɑŬ 
ɏɔɘɜŮ ɣɖűɘɞˊɞɑɖůɖ Űɤɜ ɗŮɟɛɞəɟŬůɘɩɜ ůŮ 19 ůɖɛŮɑŬ əŬŰɎ Űɞ ɛɐəɞɠ Űɞɡ ɛɨɚɞɡ ůŰɘɠ ŬɜŰɑůŰɞɘɢŮɠ 
ɢɟɞɜɘəɏɠ ůŰɘɔɛɏɠ, ŭɖɚŬŭɐ ɛŮŰɎ Ŭˊɧ 30s, 60s, 90s, əŰɚ. ɄŬɟŬŭŮɑɔɛŬŰɞɠ ɢɎɟɘɜ, ɞɘ ɗŮɟɛɞəɟŬůɑŮɠ 
Űɖ ɢɟɞɜɘəɐ ůŰɘɔɛɐ 240s ˊɞɡ ŮɛűŬɜɑɕɞɜŰŬɘ ůŰɞ ŭɘɎɔɟŬɛɛŬ ɛŮ əɧəəɘɜŬ bullets ˊŬɟɞɡůɘɎɕɞɜŰŬɘ 
ˊŬɟŬəɎŰɤ əŬɘ ɞɘ Űɘɛɏɠ ŬɡŰɩɜ ɏɢɞɡɜ əŬŰŬɢɤɟɖɗŮɑ ůŰɞɜ ɄɑɜŬəŬ 3.  

 

ȺɘəɧɜŬ 28 Ƀɘ ɗŮɟɛɞəɟŬůɑŮɠ Űɖ ɢɟɞɜɘəɐ ůŰɘɔɛɐ 240s 

ɀɐəɞɠ (mm) ŪŮɟɛɞəɟŬůɑŬ(ɞC) 

550 38,44 

518,0586 49,06 

486,4215 52,98 

454,7843 55,19 

422,8429 56,59 

390,9015 57,03 

358,9602 58,17 

327,323 58,48 

295,3816 58,86 

263,4403 59,49 

231,8031 59,49 

199,8617 59,11 

167,9204 58,48 

136,2832 57,79 

104,3418 56,65 

72,40044 54,06 

40,76327 50,90 

8,821903 47,99 

1,14E-13 46,85 

ɄɑɜŬəŬɠ  3 Ƀɘ ɗŮɟɛɞəɟŬůɑŮɠ əŬŰɎ ɛɐəɞɠ Űɞɡ 
əŮɚɨűɞɡɠ Űɖ ɢɟɞɜɘəɐ ůŰɘɔɛɐ 240s
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ɄŬɟŬəɎŰɤ ŮɛűŬɜɑɕɞɜŰŬɘ əɘ ɎɚɚŬ ŭɘŬɔɟɎɛɛŬŰŬ ˊɞɡ Ŭűɞɟɞɨɜ Űɞ ɗŮɟɛɞəɟŬůɘŬəɧ ˊɟɞűɑɚ əŬŰɎ 
ɛɐəɞɠ Űɞɡ əŮɚɨűɞɡɠ.  

 

ȺɘəɧɜŬ 29 ɀŮŰŬɓɞɚɐ ɗŮɟɛɞəɟŬůɑŬɠ 19 ůɖɛŮɑɤɜ ůŰɞ ɛɐəɞɠ Űɞɡ ɛɨɚɞɡ (3 ɎɝɞɜŮɠ) 

 

ȺɘəɧɜŬ 30 ɀŮŰŬɓɞɚɐ ɗŮɟɛɞəɟŬůɑŬɠ 19 ůɖɛŮɑɤɜ ůŰɞ ɛɐəɞɠ Űɞɡ ɛɨɚɞɡ 

ɀɎɚɘůŰŬ Ŭˊɧ Űɞ ˊŬɟŬˊɎɜɤ ɔɟɎűɖɛŬ ɗŮɤɟɩɜŰŬɠ ɔɟŬɛɛɘəɐ ˊŬɟŮɛɓɞɚɐ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ 
ůŰɞ ɢɟɧɜɞ ˊɟɞɏəɡɣŬɜ ɞɘ Ůɝɐɠ ůɡɜŬɟŰɐůŮɘɠ Űɤɜ 19 ůɖɛŮɑɤɜ Űɞɡ ɛɐəɞɡɠ Űɞɡ əŮɚɨűɞɡɠ. Ƀɘ 
ůɡɜŬɟŰɐůŮɘɠ ŬɡŰɏɠ ˊɟɞůŰɏɗɖəŬɜ ůŰɖ ůɡɜɏɢŮɘŬ Űɖɠ ŮɟɔŬůɑŬɠ ůŰɖɜ ŬɜɎɚɡůɖ Űɞɡ ɢɘŰɤɜɑɞɡ ůŰɞ 
Ansys.  
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ȷ/ȷ ɆɡɜŬɟŰɐůŮɘɠ  

1 y = 1,3799x + 26,788 

2 y = 2,4674x + 24,386 

3 y = 2,9107x + 23,926 

4 y = 3,2349x + 23,471 

5 y = 3,4123x + 23,323 

6 y = 3,492x + 23,201 

7 y = 3,6372x + 22,889 

8 y = 3,7093x + 22,847 

9 y = 3,7825x + 22,628 

10 y = 3,8687x + 22,426 

11 y = 3,8897x + 22,253 

12 y = 3,8993x + 22,03 

13 y = 3,8748x + 21,924 

14 y = 3,7679x + 21,76 

15 y = 3,6112x + 21,629 

16 y = 3,3069x + 21,785 

17 y = 2,9705x + 22,308 

18 y = 2,5789x + 22,679 

19 y = 2,4685x + 22,666 

ɄɑɜŬəŬɠ  4  ɆɡɜŬɟŰɐůŮɘɠ Űɖɠ ɛŮŰŬɓɞɚɐɠ 
ɗŮɟɛɞəɟŬůɑŬɠ  Űɤɜ ůɖɛŮɑɤɜ ˊɎɜɤ ůŰɞ əɏɚɡűɞɠ  
ɗŮɤɟɩɜŰŬɠ ɔɟŬɛɛɘəɐ ˊŬɟŮɛɓɞɚɐ 
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4 ɇɟɘůŭɘɎůŰŬŰɖ ŬˊɞŰɨˊɤůɖ ůŰɞ Solidworks 

4.1 3D-Ŭ ɞ́Űɨˊɤůɖ Űɞɡ ɛɨɚɞɡ 

ũɘŬ Űɖɜ ŬˊɞŰɨˊɤůɖ Űɖɠ Ŭəɟɘɓɐɠ əŬŰɎůŰŬůɖɠ Űɞɡ ɛɨɚɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ ůɢŮŭɘŬůŰɘəɧ 
ˊɟɧɔɟŬɛɛŬ Solidworks 2021. ȿɧɔɤ ŬɡŰɞɨ ɢɟŮɘɎůŰɖəŮ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗɞɨɜ Ŭəɟɘɓɐɠ 
ɛŮŰɟɐůŮɘɠ, əŬɗɩɠ əŬɘ ŬˊɞůɡɜŬɟɛɞɚɧɔɖůɖ Űɤɜ ɛŮɟɩɜ Űɞɡ ŭŬəŰɡɚɘɧɛɡɚɞɡ. ɆŰɘɠ ˊŬɟŬəɎŰɤ 
ŮɘəɧɜŮɠ űŬɑɜɞɜŰŬɘ ŰŬ ŭɘɎűɞɟŬ Assemblies əŬɘ ŰŬ Parts ůŰɞ Solidworks Ŭˊɧ ŭɘɎűɞɟŮɠ ɞˊŰɘəɏɠ 
ɔɤɜɑŮɠ. 

 

ȺɘəɧɜŬ 31 3D-ŬˊŮɘəɧɜɘůɖ Űɞɡ ůɡɜɞɚɘəɞɨ Assembly ɛŮ Űɞɜ ɛɨɚɞ, Űɞɜ əɘɜɖŰɐɟŬ əŬɘ Űɖ ɓɎůɖ. ūŬɑɜŮŰŬɘ ɖ Ůɑůɞŭɞɠ Űɞɡ 
ɡɚɘəɞɨ ˊɟɞɠ ɎɚŮůɖ. 

 

ȺɘəɧɜŬ 32 3D-ŬˊŮɘəɧɜɘůɖ Űɞɡ ůɡɜɞɚɘəɞɨ Assembly ɛŮ Űɞɜ ɛɨɚɞ, Űɞɜ əɘɜɖŰɐɟŬ əŬɘ Űɖ ɓɎůɖ. Ƀ ɛɨɚɞɠ ɓɟɑůəŮŰŬɘ ůŮ 
ŮɡɗɡɔɟɎɛɛɘůɖ ɛŮ Űɞɜ əɘɜɖŰɐɟŬ  
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ȺɘəɧɜŬ 33 3D-ŬˊŮɘəɧɜɘůɖ Űɞɡ ůɡɜɞɚɘəɞɨ Assembly ɛŮ Űɞɜ ɛɨɚɞ, Űɞɜ əɘɜɖŰɐɟŬ əŬɘ Űɖ ɓɎůɖ. ūŬɑɜŮŰŬɘ ɖ ɏɝɞŭɞɠ Űɞɡ 
ŬɚŮůɛɏɜɞɡ ˊɟɞɥɧɜŰɞɠ. 

 

ȺɘəɧɜŬ 34 Exploded-View Űɞɡ ůɡɜɞɚɘəɞɨ Assembly ɛŮ Űɞɜ ɛɨɚɞ, Űɞɜ əɘɜɖŰɐɟŬ əŬɘ Űɖ ɓɎůɖ 
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ȺɘəɧɜŬ 35 3D-ŬˊŮɘəɧɜɘůɖ Űɞɡ ɛɨɚɞɡ ɛŮ Űɖɜ Ůɑůɞŭɞ Űɞɡ ˊɟɞɥɧɜŰɞɠ ˊɟɞɠ ɎɚŮůɖ  

 

ȺɘəɧɜŬ 36 3D-ŬˊŮɘəɧɜɘůɖ Űɞɡ ɛɨɚɞɡ ɛŮ Űɖɜ ɏɝɞŭɞ Űɞɡ ŬɚŮůɛɏɜɞɡ ˊɟɞɥɧɜŰɞɠ  

 

ȺɘəɧɜŬ 37 3D-ŬˊŮɘəɧɜɘůɖ Űɞɡ ɛɨɚɞɡ ůŮ əɎɗŮŰɞ Selection View   
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ȺɘəɧɜŬ 38 3D-ŬˊŮɘəɧɜɘůɖ Űɞɡ ɛɨɚɞɡ ůŮ ɞɟɘɕɧɜŰɘɞ Selection View 

 

ȺɘəɧɜŬ 39 3D-ŬˊŮɘəɧɜɘůɖ Űɞɡ Assembly Űɞɡ əɧˊɚŮɟ 

 

ȺɘəɧɜŬ 40 3D-ŬˊŮɘəɧɜɘůɖ Űɞɡ Assembly Űɞɡ əɧˊɚŮɟ ůŮ Exploded-View 
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ȺɘəɧɜŬ 41 3D-ŬˊŮɘəɧɜɘůɖ Űɞɡ Assembly Űɞɡ ůŰɟɞűŮɑɞɡ 

 

ȺɘəɧɜŬ 42 3D-ŬˊŮɘəɧɜɘůɖ Űɞɡ Assembly Űɞɡ ůŰɟɞűŮɑɞɡ ůŮ Exploded-View 

4.2 3D-ůɢŮŭɑŬůɖ ɢɘŰɤɜɑɞɡ 

ȾŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ɎɚŮůɖɠ ɚɧɔɤ Űɤɜ ɡɣɖɚɩɜ ɗŮɟɛɞəɟŬůɘɩɜ ˊɞɡ ŬɜŬˊŰɨůůɞɜŰŬɘ ůŰɞ 
əɏɚɡűɞɠ, ŮɑɜŬɘ ůəɧˊɘɛɖ ɖ ɣɨɝɖ Űɞɡ ɛɨɚɞɡ ɔɘŬ Ŭˊɞɟɟɧűɖůɖ Űɖɠ ɗŮɟɛɧŰɖŰŬɠ ˊɞɡ ŮəɚɨŮŰŬɘ, 
ɘŭɘŬɑŰŮɟŬ ɧŰŬɜ ɞɘ ɘŭɘɧŰɖŰŮɠ Űɞɡ ɡɚɘəɞɨ ŮˊɖɟŮɎɕɞɜŰŬɘ Ŭˊɧ Űɘɠ ɡɣɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ. ȷɡŰɧ 
ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ɛŮ ɡŭɟɧɣɡɝɖ ɛɏůɤ ŰɞˊɞɗɏŰɖůɖɠ ɢɘŰɤɜɑɞɡ ɔɨɟɤ Ŭˊɧ Űɞ əɏɚɡűɞɠ əŬɘ ůŰɞɜ 
ŮɜŭɘɎɛŮůɞ ɢɩɟɞ ɜŬ əɡəɚɞűɞɟŮɑ ɜŮɟɧ. Ⱥˊɑůɖɠ ɖ ɢŬɛɖɚɧŰŮɟɖ ɗŮɟɛɞəɟŬůɑŬ ɛŮɘɩɜŮɘ Űɞ ɟɡɗɛɧ 
űɗɞɟɎɠ. ȰɜŬ ́ ŬɟɎŭŮɘɔɛŬ Űɞɡ ɛɨɚɞɡ ɛŮ ɢɘŰɩɜɘɞ ɔɘŬ ɡŭɟɧɣɡɝɖ ́ ɟɞŰŮɑɜŮŰŬɘ ůŰɖɜ ŮɟɔŬůɑŬ, ɧˊɞɡ 
Űɞ ɜŮɟɧ ɣɨɝɖɠ ŮɘůɏɟɢŮŰŬɘ Ŭˊɧ ˊɎɜɤ əŬɘ ŮɝɏɟɢŮŰŬɘ Ŭˊɧ əɎŰɤ. ȼ ůɢŮŭɑŬůɖ Űɞɡ ɢɘŰɤɜɑɞɡ 
ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ůŰɞ Solidworks 2021 əŬɘ űŬɑɜŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ  



48 
 

 

 

 

ȿɧɔɤ Űɤɜ ˊɞɚɚɩɜ Parts ˊɞɡ ɡˊɎɟɢɞɡɜ ůŰɞ Assembly Űɞɡ ɛɨɚɞɡ ɛŮ Űɞ ɢɘŰɩɜɘɞ ůɢŮŭɘɎůŰɖəŮ 
ɛɘŬ ˊɘɞ Ŭˊɚɐ ŬˊɞŰɨˊɤůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɔɘŬ ŮɘůŬɔɤɔɐ ůŰɞ Ansys. ȳˊɤɠ űŬɑɜŮŰŬɘ əŬɘ ůŰɘɠ 
ˊŬɟŬəɎŰɤ ŮɘəɧɜŮɠ, Űɞ ůɨůŰɖɛŬ ˊɟɞɠ ɛŮɚɏŰɖ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ Űɞ əɏɚɡűɞɠ Űɞɡ ɛɨɚɞɡ ɛŬɕɑ ɛŮ 
ŰŬ əŬˊɎəɘŬ Űɞɡ, Űɞ ɜŮɟɧ ˊɞɡ Űɞ ˊŮɟɘɓɎɚŮɘ əŬɘ Űɞ ɢɘŰɩɜɘɞ ɛŬɕɑ ɛŮ ŰŬ əŬˊɎəɘŬ Űɞɡ. ɇɞ ˊɎɢɞɠ Űɞɡ 
ɢɘŰɤɜɑɞɡ əŬɗɩɠ əŬɘ ɞ ɧɔəɞɠ Űɞɡ ɜŮɟɞɨ ůɢŮŭɘɎůŰɖəŬɜ ŰɡɢŬɑŬ əŬɘ ˊɟɞűŬɜɩɠ ɛŮŰɎ ŰŬ 
ŬˊɞŰŮɚɏůɛŬŰŬ ɛˊɞɟŮɑ ɜŬ ˊɟɞŰŬɗɞɨɜ ŬɚɚŬɔɏɠ.  

 

ȺɘəɧɜŬ 44 ɇɞ ɢɘŰɩɜɘɞ ˊɞɡ ɛŮɚŮŰɐɗɖəŮ 

ȺɘəɧɜŬ 43 ɄɟɞŰŮɘɜɧɛŮɜɞ ɢɘŰɩɜɘɞ ɔɘŬ ɡŭɟɧɣɡɝɖ Űɞɡ ɛɨɚɞɡ  
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ȺɘəɧɜŬ 45 ȾɎɗŮŰɞ Selection View Űɞɡ ɢɘŰɤɜɑɞɡ 

 

ȺɘəɧɜŬ 46 ɃɟɘɕɧɜŰɘɞ Selection View Űɞɡ ɢɘŰɤɜɑɞɡ 
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ȺɘəɧɜŬ 47 Exploded View Űɞɡ ɢɘŰɤɜɑɞɡ 

4.3 3D-ůɢŮŭɑŬůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɣɨɝɖɠ 

ɇɞ ˊŬɟŬˊɎɜɤ ˊɟɞŰŮɘɜɧɛŮɜɞ ɢɘŰɩɜɘɞ ŬˊɞŰŮɚŮɑ ɛɏɟɞɠ Ůɜɧɠ ůɡůŰɐɛŬŰɞɠ ɣɨɝɖɠ. ɇɞ ůɨůŰɖɛŬ 
ɣɨɝɖɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɏɜŬɜ ɣɨəŰɖ (chiller), ŭɨɞ ŬɜŰɚɑŮɠ əŬɘ ɏɜŬɜ ́ ɨɟɔɞ ɣɨɝɖɠ (Colling tower). 
ȿɧɔɤ ɛŮɚɚɞɜŰɘəɩɜ ůəɏɣŮɤɜ ɔɘŬ ɢɟɐůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ ŬɡŰɞɨ ɣɨɝɖɠ ůŮ ɛŮɔŬɚɨŰŮɟɞɡɠ 
ˊŬɟɧɛɞɘɞɡɠ ɛɨɚɞɡɠ ɔɘŬ ɓɘɞɛɖɢŬɜɘəɐ ɢɟɐůɖ ŮˊɘɚɏɢɗɖəŮ ɖ ɢɟɐůɖ Űɞɡ cooling tower. 

ũŮɜɘəɎ, ɞ ɣɨəŰɖɠ (chiller) ŮɑɜŬɘ ɏɜŬ ɛɖɢɎɜɖɛŬ ˊɞɡ ŬűŬɘɟŮɑ Űɖ ɗŮɟɛɧŰɖŰŬ Ŭˊɧ ɏɜŬ ɡɔɟɧ ɣɡəŰɘəɧ 
ɛɏůɞ ɛɏůɤ Űɤɜ əɨəɚɤɜ ɣɨɝɖɠ ůɡɛˊɑŮůɖɠ ŬŰɛɩɜ (vapor-compression circle), ˊɟɞůɟɧűɖůɖɠ 
ɣɨɝɖɠ (adsorption refrigeration circle) ɐ Ŭˊɞɟɟɧűɖůɖɠ ɣɨɝɖɠ (absorption refrigeration circle). 
ȷɡŰɧ Űɞ ɡɔɟɧ ɛˊɞɟŮɑ ůŰɖ ůɡɜɏɢŮɘŬ ɜŬ əɡəɚɞűɞɟɐůŮɘ ɛɏůɤ Ůɜɧɠ ŮɜŬɚɚɎəŰɖ ɗŮɟɛɧŰɖŰŬɠ (heat 
exchanger) ɔɘŬ Űɖɜ ɣɨɝɖ Űɞɡ Ůɝɞˊɚɘůɛɞɨ ɐ Ɏɚɚɖ ɟɞɐ ŭɘŮɟɔŬůɑŬɠ (ɧˊɤɠ ŬɏɟŬɠ ɐ ɜŮɟɧ). ɋɠ 
ŬˊŬɟŬɑŰɖŰɞ ɡˊɞˊɟɞɥɧɜ, ɖ ɣɨɝɖ ŭɖɛɘɞɡɟɔŮɑ çůˊŬŰɎɚɖ ɗŮɟɛɧŰɖŰŬɠè (waste heat) ˊɞɡ ˊɟɏˊŮɘ 
ɜŬ ɛŮŰŬűŮɟɗŮɑ ůŰɖɜ ŬŰɛɧůűŬɘɟŬ ɐ ɔɘŬ ɛŮɔŬɚɨŰŮɟɖ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ, ɜŬ ŬɜŬəŰɖɗŮɑ ɔɘŬ 
ůəɞˊɞɨɠ ɗɏɟɛŬɜůɖɠ (Wikipedia, 2021). Ƀɘ chillers ůɡɛˊɑŮůɖɠ ŬŰɛɩɜ ɛˊɞɟɞɨɜ ɜŬ 
ɢɟɖůɘɛɞˊɞɘɞɨɜ ɞˊɞɘɞɜŭɐˊɞŰŮ Ŭˊɧ ŭɘɎűɞɟɞɡɠ Űɨˊɞɡɠ ůɡɛˊɘŮůŰɩɜ (compressors). Ƀɘ ˊɘɞ 
ůɡɜɐɗŮɘɠ ůɐɛŮɟŬ ŮɑɜŬɘ ɞɘ ŮɟɛɖŰɘəɞɑ əɨɚɘɜŭɟɞɘ (hermetic scroll), ɞɘ ɖɛɘŮɟɛɖŰɘəɞɑ əɞɢɚɑŮɠ (semi-

hermetic screw) ɐ ɞɘ űɡɔɞəŮɜŰɟɘəɞɑ ůɡɛˊɘŮůŰɏɠ (centrifugal compressors). ȼ ˊɚŮɡɟɎ 
ůɡɛˊɨəɜɤůɖɠ Űɞɡ chiller ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ŮɑŰŮ ŬɏɟŬ ŮɑŰŮ ɛŮ ɜŮɟɧ. ȷəɧɛɖ əŬɘ ɧŰŬɜ ɣɨɢŮŰŬɘ ɛŮ 
ɡɔɟɧ, ɞ chiller ɣɨɢŮŰŬɘ ůɡɢɜɎ Ŭˊɧ ɏɜŬɜ ˊɨɟɔɞ ɣɨɝɖɠ ɛŮ ŮˊŬɔɤɔɐ ɐ ŮɝŬɜŬɔəŬůɛɏɜɞ ɟŮɨɛŬ. 
Ƀɘ chillers Ŭˊɞɟɟɧűɖůɖɠ əŬɘ ˊɟɞůɟɧűɖůɖɠ ŬˊŬɘŰɞɨɜ ɛɘŬ ˊɖɔɐ ɗŮɟɛɧŰɖŰŬɠ ɔɘŬ ɜŬ 
ɚŮɘŰɞɡɟɔɐůɞɡɜ ((Evans, 2017), (Thomas Publishing Company, 2021)). 

ɇɞ əɟɨɞ ɜŮɟɧ (chilled water) ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ɣɨɝɖ əŬɘ Űɖɜ ŬűɨɔɟŬɜůɖ Űɞɡ ŬɏɟŬ ůŮ 
Ůɛˊɞɟɘəɏɠ, ɓɘɞɛɖɢŬɜɘəɏɠ əŬɘ ŮɔəŬŰŬůŰɎůŮɘɠ ɘŭɟɡɛɎŰɤɜ ɛŮůŬɑɞɡ ɏɤɠ ɛŮɔɎɚɞɡ ɛŮɔɏɗɞɡɠ. Ƀɘ 
ɣɨəŰŮɠ ɜŮɟɞɨ ɐ ɡɔɟɩɜ (water or liquid chillers) ɛˊɞɟɞɨɜ ɜŬ ŮɑɜŬɘ ɡɔɟɧɣɡəŰɞɘ (liquid-cooled), 
ŬŮɟɧɣɡəŰɞɘ (air-cooled) ɐ ɣɡɢɧɛŮɜɞɘ Ŭˊɧ ŬŰɛɞɨɠ (evaporatively cooled). ɇŬ ůɡůŰɐɛŬŰŬ ɛŮ 
ɜŮɟɧ ɐ ɡɔɟɧɣɡəŰŬ ůɡůŰɐɛŬŰŬ ɛˊɞɟɞɨɜ ɜŬ ˊŬɟɏɢɞɡɜ ˊɚŮɞɜŮəŰɐɛŬŰŬ Ŭˊɧŭɞůɖɠ əŬɘ 
ˊŮɟɘɓŬɚɚɞɜŰɘəɩɜ ŮˊɘˊŰɩůŮɤɜ ůŮ ůɢɏůɖ ɛŮ ŰŬ ŬŮɟɧɣɡəŰŬ ůɡůŰɐɛŬŰŬ (Stanford, 2016). 
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ɇɞ ůɨůŰɖɛŬ chiller ŬˊŬɟŰɑɕŮŰŬɘ Ŭˊɧ 4 ŮɝŬɟŰɐɛŬŰŬ: 

1. Űɞɜ ŬˊɞůŰŬəŰɐɟŬ (evaporator), 

2. Űɞɜ ůɡɛ́ɘŮůŰɐ (compressor), 

3. Űɞɜ ůɡɛˊɡəɜɤŰɐ (condenser) əŬɘ  

4. Űɖɜ ɓŬɚɓɑŭŬ ŮəŰɧɜɤůɖɠ (expansion valve) 

 
1. ȷˊɞůŰŬəŰɐɟŬɠ: ɇɞ ɜŮɟɧ ˊɞɡ ŮɘůɏɟɢŮŰŬɘ ůŰɞɜ ŬˊɞůŰŬəŰɐɟŬ, ɞɡůɘŬůŰɘəɎ ˊɞɡ ɟɏŮɘ ůŰɘɠ 

ůɤɚɖɜɩůŮɘɠ Űɞɡ əŬɘ ŮəŮɑ əɟŬŰɎŰŬɘ ŮɜŰŮɚɩɠ Ŭˊɞɛɞɜɤɛɏɜɞ Ŭˊɧ Űɞ ɣɡəŰɘəɧ (refrigerant), 

ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɞ outlet Űɞɡ ɢɘŰɤɜɑɞɡ. ɇɞ ɜŮɟɧ ɛŮ Űɞ ɣɡəŰɘəɧ Űɞɡ ŬˊɞůŰŬəŰɐɟŬ ŭŮɜ 

ŬɜŬɛŮɘɔɜɨɞɜŰŬɘ əŬɗɧɚɞɡ, əŬɗɩɠ Űɞ ɜŮɟɧ ŭŮɜ ŮɝɏɟɢŮŰŬɘ əŬɗɧɚɞɡ Ŭˊɧ Űɘɠ ůɤɚɖɜɩůŮɘɠ. ɇɞ 

ɣɡəŰɘəɧ ŭɘɏɟɢŮŰŬɘ Űɤɜ ůɤɚɖɜɩůŮɤɜ, ŬˊɞɟɟɞűɎ Űɖɜ ŮɜɏɟɔŮɘŬ (ɗŮɟɛɧŰɖŰŬ) əŬɘ ɛŮŰŬűɏɟŮɘ 

Űɖɜ ɗŮɟɛɧŰɖŰŬ Ŭˊɧ ŰŬ ŰɞɘɢɩɛŬŰŬ Űɤɜ ůɤɚɖɜɩůŮɤɜ (tube walls) ůŰɞɜ ůɡɛˊɘŮůŰɐ. ȷűɞɨ 

ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ŬɡŰɐ ɖ ɛŮŰŬűɞɟɎ ŮɜɏɟɔŮɘŬɠ, Űɞ ɜŮɟɧ ɛŮ ɢŬɛɖɚɧŰŮɟɖ ɗŮɟɛɞəɟŬůɑŬ 

ɞŭŮɨŮɘ ˊɟɞɠ Űɖɜ Ůɑůɞŭɞ Űɞɡ ɢɘŰɤɜɑɞɡ. 

2. ɆɡɛˊɘŮůŰɐɠ: Ƀ ůɡɛˊɘŮůŰɐɠ ɓɟɑůəŮŰŬɘ ůɡɜɐɗɤɠ ˊɎɜɤ Ŭˊɧ Űɞɜ chiller əŬɘ ŬˊɞŰŮɚŮɑ Űɖɜ 

əɘɜɖŰɐɟɘŬ ŭɨɜŬɛɖ Űɞɡ ɣɡəŰɘəɞɨ ɡɔɟɞɨ. ɇɞ ɣɡəŰɘəɧ ɡɔɟɧ ŮɟɢɧɛŮɜɞ Ŭˊɧ Űɞɜ ŬˊɞůŰŬəŰɐɟŬ 

ˊŮɟɜɎ ůŰɞɜ ůɡɛˊɘŮůŰɐ. ȺəŮɑ, ɞ ůɡɛˊɘŮůŰɐɠ ŭɖɛɘɞɡɟɔŮɑ ůŰŬŰɘəɐ ˊɑŮůɖ əŬɘ ůˊɟɩɢɜŮɘ Űɞ 

ɣɡəŰɘəɧ ɡɔɟɧ ɛɏůŬ ůŰɞ əɨəɚɤɛŬ ɣɨɝɖɠ. ȹɑˊɚŬ ůŰɞɜ ůɡɛˊɘŮůŰɐ ɡˊɎɟɢŮɘ ɏɜŬɠ ɖɚŮəŰɟɘəɧɠ 

əɘɜɖŰɐɟŬɠ 

3. ɆɡɛˊɡəɜɤŰɐɠ: Űɞ ɣɡəŰɘəɧ ɡɔɟɧ Ŭűɞɨ ˊŮɟɎůŮɘ Ŭˊɧ Űɞɜ ůɡɛˊɘŮůŰɐ, ŮɘůɏɟɢŮŰŬɘ ůŰɞɜ 

ůɡɛˊɡəɜɤŰɐ. ɀɏůɤ Űɞɡ ɣɡəŰɘəɞɨ, Űɞ ɜŮɟɧ ůŰɘɠ ůɤɚɖɜɩůŮɘɠ Űɞɡ ůɡɛˊɡəɜɤŰɐ 

ˊɟɞůɚŬɛɓɎɜŮɘ ˊŮɟɘůůɧŰŮɟɖ ɗŮɟɛɧŰɖŰŬ əŬɘ ɞŭɖɔŮɑŰŬɘ ůŰɞɡɠ ˊɨɟɔɞɡɠ ɣɨɝɖɠ. ɄɎɚɘ Űɞ 

ɜŮɟɧ ůŰɘɠ ůɤɚɖɜɩůŮɘɠ əŬɘ Űɞ ɣɡəŰɘəɧ ŭŮɜ ɏɟɢɞɜŰŬɘ ůŮ ɎɛŮůɖ ŮˊŬűɐ. ɇɞ ɣɡəŰɘəɧ 

ŮɘůɏɟɢŮŰŬɘ ůŰɞɜ ůɡɛˊɡəɜɤŰɐ, ůɡɛˊɡəɜɩɜŮŰŬɘ əŬŰɎ ɛɐəɞɠ Űɤɜ ŰɞɘɢɤɛɎŰɤɜ Űɤɜ 

ůɤɚɐɜɤɜ əŬɘ ůɡɜŮɢɑɕŮɘ ɜŬ ɟɏŮɘ ɞɟɛɩɛŮɜɞ Ŭˊɧ Űɖ ůŰŬŰɘəɐ ˊɑŮůɖ ɛɏɢɟɘ ɜŬ űŰɎůŮɘ Űɖɜ 

ɓŬɚɓɑŭŬ ŮəŰɧɜɤůɖɠ. ɀɏůɤ Űɞɡ əɡəɚɩɛŬŰɞɠ Űɞɡ ůɡɛˊɡəɜɤŰɐ Űɞ ɜŮɟɧ ŮˊɘůŰɟɏűŮɘ ůŮ 

ɢŬɛɖɚɧŰŮɟɖ ɗŮɟɛɞəɟŬůɑŬ əŬɘ ůɡɜŮɢɑɕŮŰŬɘ ɖ ɑŭɘŬ ŭɘŬŭɘəŬůɑŬ.  

4. ȸŬɚɓɑŭŬ ŮəŰɧɜɤůɖɠ: ȼ ɓŬɚɓɑŭŬ ŮəŰɧɜɤůɖɠ ŬˊɚɎ ŭɘŬůŰɏɚɚŮɘ Űɞ ɣɡəŰɘəɧ ŭɑɜɞɜŰŬɠ Űɞɡ ɛɘŬ 

ɛŮɔŬɚɨŰŮɟɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ɚŬɛɓɎɜŮɘ ɗŮɟɛɞəɟŬůɑŬ ɧŰŬɜ ŮɘůɏɟɢŮŰŬɘ ůŰɞɜ ŬˊɞůŰŬəŰɐɟŬ.  

ɄɏɟŬɜ ŰɞɨŰɤɜ ɡˊɎɟɢŮɘ əŬɘ ɞ ˊɨɟɔɞɠ ɐ ɞɘ ˊɨɟɔɞɘ ɣɨɝɖɠ, ɞ Ŭɟɘɗɛɧɠ Űɤɜ ɞˊɞɑɤɜ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ 
Űɖ ɓɘɞɛɖɢŬɜɘəɐ ŮɔəŬŰɎůŰŬůɖ. ɇɞ ɜŮɟɧ Ŭˊɧ Űɞ ůɡɛˊɡəɜɤŰɐ ɤɗŮɑŰŬɘ ɛɏůɤ ŬɜŰɚɑŬɠ ůŰɞɜ ˊɨɟɔɞ 
ɣɨɝɖɠ, ɧˊɞɡ ɞ ŬɏɟŬɠ ˊŮɟɜɎ Ŭˊɧ ɏɜŬɜ ŬɜŮɛɘůŰɐɟŬ ɛɏůŬ əŬɘ ɞɡůɘŬůŰɘəɎ ŭɘŬɢɏŮɘ əŬɘ ŬˊɞɓɎɚŮɘ 
Űɖɜ ɗŮɟɛɧŰɖŰŬ. ȰŰůɘ Űɞ ɜŮɟɧ ŮˊɘůŰɟɏűŮɘ ůŮ ɢŬɛɖɚɧŰŮɟɖ ɗŮɟɛɞəɟŬůɑŬ ůŰɞɜ ůɡɛˊɡəɜɤŰɐ əŬɘ 
ŮɑɜŬɘ ɏŰɞɘɛɞ ɜŬ ˊɟɞůɚɎɓŮɘ ˊŮɟɘůůɧŰŮɟɖ ɗŮɟɛɧŰɖŰŬ Ŭˊɧ Űɞ ůɨůŰɖɛŬ Űɞɡ chiller. 

Ⱥˊɑůɖɠ ɡˊɎɟɢɞɡɜ ůŰɞ ůɨůŰɖɛŬ ŬɡŰɧ ŰɟɑŬ əɡəɚɩɛŬŰŬ: 

1. Űɞ əɨəɚɤɛŬ ɣɨɝɖɠ (refrigeration circuit/loop), 

2. o ɓɟɧɢɞɠ əɟɨɞɡ ɜŮɟɞɨ (chilled water loop) əŬɘ  

3. Űɞ əɨəɚɤɛŬ Űɞɡ ůɡɛˊɡəɜɤŰɐ (condenser circuit) 
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1. ȾɨəɚɤɛŬ ɣɨɝɖɠ (refrigeration circuit/loop) 

ɇɞ ɣɡəŰɘəɧ ɡɔɟɧ ˊŮɟɜɎ ɛɏůŬ Ŭˊɧ əɎɗŮ ŮɝɎɟŰɖɛŬ əŬɘ ɛŮŰŬűɏɟŮɘ Űɖɜ ɗŮɟɛɧŰɖŰŬ Ŭˊɧ Űɞɜ 
ŬˊɞůŰŬəŰɐɟŬ ůŰɞɜ ůɡɛˊɡəɜɤŰɐ əŬɘ ˊɎɚɘ ˊɑůɤ. ȷɡŰɧɠ ŮɑɜŬɘ ɏɜŬ ůɡɜŮɢɐɠ ɓɟɧɢɞɠ ˊɞɡ 
ŬˊɎɔŮɘ Űɖ ɗŮɟɛɧŰɖŰŬ Ŭˊɧ Űɞ ůɨůŰɖɛŬ Űɞɡ ɢɘŰɤɜɑɞɡ əŬɘ Űɖɜ ɛŮŰŬűɏɟŮɘ ůŰɞɜ ůɡɛˊɡəɜɤŰɐ, 
Ŭˊɧ ɧˊɞɡ ɛˊɞɟŮɑ ɜŬ ůŰŬɚŮɑ ůŰɞɡɠ ˊɨɟɔɞɡɠ ɣɨɝɖɠ (cooling towers). 
 

2. ȸɟɧɢɞɠ əɟɨɞɡ ɜŮɟɞɨ (chilled water loop) 

ȼ ɗŮɟɛɧŰɖŰŬ ˊɞɡ ůɡɚɚɏɔŮŰŬɘ Ŭˊɧ Űɞ ɢɘŰɩɜɘɞ ɛŮŰŬűɏɟŮŰŬɘ ůŰɞɜ chiller əŬɘ ˊɎɚɘ ˊɑůɤ ůŰɞ 
ɢɘŰɩɜɘɞ.  
 

3. ȾɨəɚɤɛŬ Űɞɡ ůɡɛˊɡəɜɤŰɐ (condenser circuit) 

ȼ ɗŮɟɛɧŰɖŰŬ ˊɞɡ ɛŮŰŬűɏɟŮŰŬɘ ůŰɞɡɠ ˊɨɟɔɞɡɠ ɣɨɝɖɠ əŬɘ ŮˊɘůŰɟɏűŮɘ ɔɘŬ ɜŬ ŬˊɎɔŮɘ 
ˊŮɟɘůůɧŰŮɟɖ ɗŮɟɛɧŰɖŰŬ.  

ɇɞ ˊɟɞŰŮɘɜɧɛŮɜɞ ůɨůŰɖɛŬ ɣɨɝɖɠ əŬɗɩɠ əŬɘ ŰŬ Ůˊɘɛɏɟɞɡɠ ɛɏɟɖ Űɞɡ űŬɑɜŮŰŬɘ ůŰɘɠ ˊŬɟŬəɎŰɤ 
ŮɘəɧɜŮɠ. 

 

ȺɘəɧɜŬ 48 3D-ŬˊŮɘəɧɜɘůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɣɨɝɖɠ Űɞɡ ɛɨɚɞɡ 
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ȺɘəɧɜŬ 49 3D-ŬˊŮɘəɧɜɘůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɣɨɝɖɠ Űɞɡ ɛɨɚɞɡ  

 

ȺɘəɧɜŬ 50 3D-ŬˊŮɘəɧɜɘůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɣɨɝɖɠ Űɞɡ ɛɨɚɞɡ 
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ȺɘəɧɜŬ 51 Ʉɘɞ əɞɜŰɘɜɐ ŮɛűɎɜɘůɖ Űɖɠ 3D-ŬˊŮɘəɧɜɘůɖɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɣɨɝɖɠ Űɞɡ ɛɨɚɞɡ 

 

ȺɘəɧɜŬ 52 Ƀ chiller Űɞɡ ůɡůŰɐɛŬŰɞɠ ɣɐɝɖɠ 

 

ȺɘəɧɜŬ 53 ȼ ŬɜŰɚɑŬ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɣɨɝɖɠ 
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ȺɘəɧɜŬ 54 Ƀ cooling tower Űɞɡ ůɡůŰɐɛŬŰɞɠ ɣɨɝɖɠ 
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5 ȷɜɎɚɡůɖ ɢɘŰɤɜɑɞɡ ůŰɞ Ansys  

5.1 Fluid Flow (CFX) 

ɇɞ Ansys CFX ŮɑɜŬɘ ɏɜŬ ˊɟɧɔɟŬɛɛŬ CFD (Computational Fluid Dynamics) ɡɣɖɚɐɠ Ŭˊɧŭɞůɖɠ 
ɔŮɜɘəɞɨ ůəɞˊɞɨ ˊɞɡ ŮűŬɟɛɧɕŮŰŬɘ ɔɘŬ Űɖɜ Ůˊɑɚɡůɖ ˊɟɞɓɚɖɛɎŰɤɜ ɟɞɐɠ ɟŮɡůŰɞɨ ɛŮɔɎɚɞɡ 
Ůɨɟɞɡɠ. ɆŰɖɜ əŬɟŭɘɎ Űɞɡ Ansys CFX ɓɟɑůəŮŰŬɘ ɖ ˊɟɞɖɔɛɏɜɖ ŰŮɢɜɞɚɞɔɑŬ Ůˊɑɚɡůɖɠ Űɞɡ, Űɞ 
əɚŮɘŭɑ ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ ŬɝɘɧˊɘůŰɤɜ əŬɘ Ŭəɟɘɓɩɜ ɚɨůŮɤɜ. Ƀ ůɨɔɢɟɞɜɞɠ, ŮɝŬɘɟŮŰɘəɎ 
ˊŬɟŬɚɚɖɚɘůɛɏɜɞɠ ɚɨŰɖɠ ŮɑɜŬɘ Űɞ ɗŮɛɏɚɘɞ ɔɘŬ ɛɘŬ Ɏűɗɞɜɖ Ůˊɘɚɞɔɐ űɡůɘəɩɜ ɛɞɜŰɏɚɤɜ ɔɘŬ Űɖɜ 
əŬŰŬɔɟŬűɐ ůɢŮŭɧɜ əɎɗŮ Ůɑŭɞɡɠ űŬɘɜɞɛɏɜɤɜ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖ ɟɞɐ ɟŮɡůŰɞɨ: ůŰɟɤŰɧ ɏɤɠ 
ŰɡɟɓɩŭŮɠ (ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɖɠ Űɖɠ ɛŮŰɎɓŬůɖɠ), ŬůɡɛˊɑŮůŰɞ ɏɤɠ ˊɚɐɟɤɠ ůɡɛˊɘŮůŰɧ, 
ɡˊɞɖɢɖŰɘəɧ ůŮ ɡˊŮɟɖɢɖŰɘəɧ, ɘůɞɗŮɟɛɘəɧ ɐ ɛŮ ɛŮŰŬűɞɟɎ ɗŮɟɛɧŰɖŰŬɠ ɛŮ ůɡɜŬɔɤɔɐ ɐ/əŬɘ 
ŬəŰɘɜɞɓɞɚɑŬ, ɛɖ ŬɜŰɘŭɟɩɜŰŬɠ ůŮ əŬɨůɖ, ůŰŬɗŮɟɏɠ ɐ/əŬɘ ˊŮɟɘůŰɟŮűɧɛŮɜŮɠ ůɡůəŮɡɏɠ, 
ɛŮɛɞɜɤɛɏɜŬ ɡɔɟɎ əŬɘ ɛŮɑɔɛŬŰŬ ɡɔɟɩɜ ůŮ ɛɑŬ ɐ ˊŮɟɘůůɧŰŮɟŮɠ űɎůŮɘɠ (ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ 
Űɤɜ ŮɚŮɨɗŮɟɤɜ ŮˊɘűŬɜŮɘɩɜ) əŬɘ ́ ɞɚɚɎ, ́ ɞɚɚɎ ɎɚɚŬ. Ƀ ɚɨŰɖɠ əŬɘ ŰŬ ́ ɞɚɚɎ űɡůɘəɎ Űɞɡ ɛɞɜŰɏɚŬ 
ŮɑɜŬɘ ůɡɜŭŮŭŮɛɏɜŬ ůŮ ɏɜŬ ůɨɔɢɟɞɜɞ, ŭɘŬɘůɗɖŰɘəɧ əŬɘ ŮɡɏɚɘəŰɞ ˊŮɟɘɓɎɚɚɞɜ GUI əŬɘ ɢɟɐůŰɖ, ɛŮ 
ŮəŰŮŰŬɛɏɜŮɠ ŭɡɜŬŰɧŰɖŰŮɠ ˊɟɞůŬɟɛɞɔɐɠ əŬɘ ŬɡŰɞɛŬŰɘůɛɞɨ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ session files, 
scripting əŬɘ ɛɘŬ ɘůɢɡɟɐ ɔɚɩůůŬ ɏəűɟŬůɖɠ. 

ȷɚɚɎ Űɞ Ansys CFX ŮɑɜŬɘ əɎŰɘ ˊŮɟɘůůɧŰŮɟɞ Ŭˊɧ çŬˊɚɩɠè ɏɜŬɠ ɘůɢɡɟɧɠ əɩŭɘəŬɠ CFD: ɛŮ Űɖɜ 
ŮɜůɤɛɎŰɤůɐ Űɞɡ ůŰɖɜ ˊɚŬŰűɧɟɛŬ Ansys Workbench, ɞɘ ɢɟɐůŰŮɠ ŮˊɤűŮɚɞɨɜŰŬɘ Ŭˊɧ 
ŬɜɩŰŮɟŮɠ ŬɛűɑŭɟɞɛŮɠ ůɡɜŭɏůŮɘɠ ůŮ ɧɚŬ ŰŬ ɛŮɔɎɚŬ ůɡůŰɐɛŬŰŬ CAD, ɘůɢɡɟɐ Űɟɞˊɞˊɞɑɖůɖ 
ɔŮɤɛŮŰɟɑŬɠ əŬɘ ŭɖɛɘɞɡɟɔɑŬ ɛŮ Űɞ Ansys DesignModeler, ˊɟɞɖɔɛɏɜŮɠ ŰŮɢɜɞɚɞɔɑŮɠ ˊɚɏɔɛŬŰɞɠ 
ůŰɞ Ansys Meshing əŬɘ Ůɨəɞɚɖ ɛŮŰŬűɞɟɎ ŭŮŭɞɛɏɜɤɜ əŬɘ ŬˊɞŰŮɚŮůɛɎŰɤɜ ɛŮ ɛŮŰŬűɞɟɎ əŬɘ 
ŬˊɧɗŮůɖ ɔɘŬ əɞɘɜɐ ɢɟɐůɖ ɛŮŰŬɝɨ ŮűŬɟɛɞɔɩɜ. Ⱥˊɘˊɚɏɞɜ, ɖ ůɨɜŭŮůɖ ɛŮ ˊɟɞɥɧɜŰŬ Ansys 
structural mechanics ŮˊɘŰɟɏˊŮɘ ůŰɞɡɠ ɢɟɐůŰŮɠ ɜŬ əŬŰŬɔɟɎűɞɡɜ Ŭəɧɛɖ əŬɘ ŰŬ ˊɘɞ ůɨɜɗŮŰŬ 
ˊɟɞɓɚɐɛŬŰŬ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ ŭɞɛɐɠ ɟŮɡůŰɞɨ (fluid-structure interaction - FSI), ůŰɞ ɑŭɘɞ 
ŮɨɢɟɖůŰɞ ˊŮɟɘɓɎɚɚɞɜ, ŮɝɞɘəɞɜɞɛɩɜŰŬɠ Űɖɜ ŬɜɎɔəɖ ŬɔɞɟɎɠ, ŭɘŬɢŮɑɟɘůɖɠ ɐ ŮəŰɏɚŮůɖɠ 
ȿɞɔɘůɛɘəɧ ɕŮɨɝɖɠ ŰɟɑŰɞɡ əŬŰŬůəŮɡŬůŰɐ. 

ȿɧɔɤ Űɤɜ ˊŬɟŬˊɎɜɤ ŮˊɘɚɏɢɗɖəŮ ůŰɖɜ ŮɟɔŬůɑŬ ɖ ŬɜɎɚɡůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ əɡɚɑɜŭɟɞɡ-
ɢɘŰɤɜɑɞɡ ɜŬ ɡɚɞˊɞɘɖɗŮɑ ɛŮ Űɞ Fluid Flow (CFX). ɇɞ ˊɟɧɔɟŬɛɛŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɐŰŬɜ Űɞ 
Ansys 2021 R1. 

5.2 Mesh 

ɆŰɞ Geometry əɎɜŬɛŮ ŮɘůŬɔɤɔɐ Űɖɠ ŮˊɘɗɡɛɖŰɐɠ ɔŮɤɛŮŰɟɑŬɠ (.igs). 

 

ȺɘəɧɜŬ 55 ȺɘůŬɔɤɔɐ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɛɨɚɞɡ-ɢɘŰɤɜɑɞɡ ůŰɞ Mesh 

ɆŰɞ Geometry ɏɢɞɡɛŮ ŮˊŰɎ (7) ɧɔəɞɡɠ, Ůə Űɤɜ ɞˊɞɑɤɜ Űɞ water_inlet_outlet ŮɑɜŬɘ ɟŮɡůŰɧ (fluid) 
əŬɘ ŰŬ ɡˊɧɚɞɘˊŬ ůŰŮɟŮɎ (solid) əŬɘ ɛɎɚɘůŰŬ Ŭˊɧ ɢɎɚɡɓŬ (steel). ɇŬ ůɩɛŬŰŬ ŬɡŰɎ ɓɟɑůəɞɜŰŬɘ 
ůŮ ŮˊŬűɐ Űɞ ɏɜŬ ɛŮ Űɞ Ɏɚɚɞ. Ⱥˊɞɛɏɜɤɠ ɞɟɑůŬɛŮ ŰŬ Connections. ɆŰɞ ɛɞɜŰɏɚɞ ɛŬɠ ɡˊɎɟɢɞɡɜ 
ŭɏəŬ ŮˊŬűɏɠ (Contacts). ɆŰɖɜ ˊŬɟŬəɎŰɤ ŮɘəɧɜŬ űŬɑɜɞɜŰŬɘ ŰŬ ůɩɛŬŰŬ ˊɞɡ ŮɑɜŬɘ ůɡɜŭŮŭŮɛɏɜŬ 



57 
 

(bonded) ůŰɖ ůŰɐɚɖ ɛŮ ŰŬ Contacts əŬɗɩɠ əŬɘ ɏɜŬ ˊŬɟɎŭŮɘɔɛŬ, ɧˊɞɡ ŭɨɞ (2) Faces Űɞɡ 
kylindros (contact body) ŮɑɜŬɘ bonded ɛŮ ŭɨɞ (2) Faces Űɞɡ water_inlet_outlet (target body).   

 

ȺɘəɧɜŬ 56 ɃɟɑɕɞɜŰŬɠ ŰŬ Connections ɛŮŰŬɝɨ Űɤɜ ɧɔəɤɜ 

ɆŰɞ Mesh ŮˊɘɚɏɝŬɛŮ ůŮ ˊɟɩŰɖ űɎůɖ ɧɚɞ Űɞ ůɩɛŬ (Body) əŬɘ Űɖ ɛɏɗɞŭɞ ñAutomatic Methodò 
ɛŮ Űɘɠ Default ɟɡɗɛɑůŮɘɠ. ɇɞ ŬˊɞŰɏɚŮůɛŬ űŬɑɜŮŰŬɘ ůŰɖɜ ˊŬɟŬəɎŰɤ ŮɘəɧɜŬ. 

 

ȺɘəɧɜŬ 57 ɇɞ Mesh Űɞɡ ůɡůŰɐɛŬŰɞɠ ɛŮ Automatic Method 

ɆŮ ŭŮɨŰŮɟɖ űɎůɖ ŬůɢɞɚɖɗɐəŬɛŮ ɛŮ Űɞɡɠ Ůˊɘɛɏɟɞɡɠ ɧɔəɞɡɠ.  

5.2.1 ɇɞ Mesh Űɞɡ ɜŮɟɞɨ 

ɄɟɩŰŬ ŬůɢɞɚɖɗɐəŬɛŮ ɛŮ Űɞɜ ɧɔəɞ Űɞɡ ɜŮɟɞɨ. ɆŰɖɜ Ůˊɘɚɞɔɐ Automatic Method ŮˊɘɚɏɝŬɛŮ 
Insert əŬɘ Inflation. ɆŰɞ Details of ñInflationò ï Inflation ůŰɞ Geometry ŮˊɘɚɏɝŬɛŮ ɤɠ Body ɧɚɞ 
Űɞɜ ɧɔəɞ ɜŮɟɞɨ əŬɘ ůŰɞ Boundary ŰŬ 6 Faces, ɞɡůɘŬůŰɘəɎ ɧɚŮɠ Űɘɠ ŮˊɘűɎɜŮɘŮɠ Űɞɡ ɟŮɡůŰɞɨ ˊɞɡ 
ɓɟɑůəɞɜŰŬɘ ůŮ ŮˊŬűɐ ɛŮ Űɞ ɢɘŰɩɜɘɞ. ɆŰɘɠ ŮˊɘűɎɜŮɘŮɠ ŬɡŰɏɠ ŭŮɜ ůɡɛˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ŬɡŰɏɠ ˊɞɡ 
ŮűɎˊŰɞɜŰŬɘ Űɤɜ əŬˊŬəɑɤɜ Űɞɡ ɢɘŰɤɜɑɞɡ, əŬɗɩɠ əŬɘ ɖ Ůɑůɞŭɞɠ (inlet) əŬɘ ɏɝɞŭɞɠ (outlet) Űɞɡ 
ɟŮɡůŰɞɨ. ȾŬŰɧˊɘɜ ůŰɞ Automatic Method Űɞɡ Mesh ŮˊɘɚɏɝŬɛŮ ůŰɞ Method ŬɜŰɑ ɔɘŬ Automatic 
Űɞ Tetrahedrons. ɄɏɟŬɜ ŰɞɨŰɞɡ ɛˊɞɟɞɨɛŮ ɜŬ ŮˊɘɚɏɝɞɡɛŮ Hex Dominant, Sweep, MultiZone 
Cartesian əŬɘ Layered Tetrahedrons. ɆŰɞ Inflation ůŰɞ Inflation Option ŮˊɘɚɏɝŬɛŮ First Layer 
Thickness Űɞ ɞˊɞɑɞ ɗŬ ɘůɞɨŰŬɘ ɛŮ 0,77mm ŬɜŰɑ ɔɘŬ Smooth Transition. Ƀɘ ɎɚɚŮɠ Ůˊɘɚɞɔɏɠ ˊɞɡ 
ɏɢɞɡɛŮ ŮɑɜŬɘ: Total Thickness, First əŬɘ Last Aspect Ratio. ɆŰɞ Patch Conforming Method 
ŮˊɘɚɏɝŬɛŮ Insert əŬɘ Sizing. ɋɠ Geometry ŮˊɘɚɏɝŬɛŮ ɧɚɞ Űɞɜ ɧɔəɞ Űɞɡ ɜŮɟɞɨ ˊɞɡ ɗŬ ˊɟɏˊŮɘ 
ɜŬ ɛŬɠ ŮɛűŬɜɘůŰŮɑ ɤɠ 1 Body əŬɘ ůŰɞ Element Size ŰɞˊɞɗŮŰɐůŬɛŮ Űɖɜ Űɘɛɐ 15mm.  
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ȺɘəɧɜŬ 58 To Mesh Űɞɡ ɜŮɟɞɨ 

Ƀ ɚɧɔɞɠ ˊɞɡ ŮˊɘɚɏɝŬɛŮ ɜŬ ŭɖɛɘɞɡɟɔɖɗɞɨɜ Layers ŮɑɜŬɘ ɖ Űɡɟɓɩŭɖɠ ɟɞɐ ˊɞɡ ŬɜŬˊŰɨůůŮŰŬɘ 
ůŰŬ ɞɟɘŬəɎ ŰɞɘɢɩɛŬŰŬ. ũŮɜɘəɎ, ɖ ɟɞɐ ɟŮɡůŰɞɨ ůŮ ɏɜŬɜ ůɤɚɐɜŬ ůɡɜŬɜŰɎ ŬɜŰɑůŰŬůɖ Űɟɘɓɐɠ 
ɚɧɔɤ Űɖɠ ŮůɤŰŮɟɘəɐɠ ŰɟŬɢɨŰɖŰŬɠ (e) Űɞɡ ŰɞɘɢɩɛŬŰɞɠ Űɞɡ ůɤɚɐɜŬ, ɖ ɞˊɞɑŬ ɛˊɞɟŮɑ ɜŬ 
ŭɖɛɘɞɡɟɔɐůŮɘ ŰɞˊɘəɎ ɟŮɨɛŬŰŬ ůŰɟɞɓɘɚɘůɛɞɨ ɛɏůŬ ůŰɞ ɟŮɡůŰɧ. ɆŮ ˊɟɩŰɖ űɎůɖ, ɖ ɟɞɐ ŮɑɜŬɘ 
ˊɞɚɨ ˊɟɞɓɚɏɣɘɛɖ. ɀŮŰɎ Ŭˊɧ əɎˊɞɘŬ ŬˊɧůŰŬůɖ, ɛɘəɟɏɠ ɢŬɞŰɘəɏɠ ŰŬɚŬɜŰɩůŮɘɠ Ŭɟɢɑɕɞɡɜ ɜŬ 
ŬɜŬˊŰɨůůɞɜŰŬɘ ůŰɞ ɞɟɘŬəɧ ůŰɟɩɛŬ əŬɘ ɖ ɟɞɐ ŬɟɢɑɕŮɘ ɜŬ ɛŮŰŬɓŬɑɜŮɘ ůŮ ŬɜŬŰŬɟɎɝŮɘɠ əŬɘ ŰŮɚɘəɎ 
ɔɑɜŮŰŬɘ ˊɚɐɟɤɠ Űɡɟɓɩŭɖɠ. ɆŰɞ ˊŬɟŬəɎŰɤ ůɢɐɛŬ űŬɑɜɞɜŰŬɘ ɞɘ ŭɘɎűɞɟŮɠ ˊŮɟɘɞɢɏɠ Űɖɠ ɟɞɐɠ, 
ɧŰŬɜ ɟŮɡůŰɧ ɟɏŮɘ ůŮ ŮˊɑˊŮŭɖ ˊɚɎəŬ. 

 

ȺɘəɧɜŬ 59 Ƀɘ ŰɟŮɘɠ űɎůŮɘɠ Űɖɠ ɟɞɐɠ ɟŮɡůŰɞɨ 

ȼ ɛŮŰɎɓŬůɖ ɛŮŰŬɝɨ ŬɡŰɩɜ Űɤɜ Űɟɘɩɜ ˊŮɟɘɞɢɩɜ ɛˊɞɟŮɑ ɜŬ ɞɟɘůŰŮɑ ɛŮ ɓɎůɖ Űɞɜ Ŭɟɘɗɛɧ 
Reynolds,   

ὙὩ ”όὒȾ‘ 

ɧˊɞɡ ɟ ŮɑɜŬɘ ɖ ˊɡəɜɧŰɖŰŬ Űɞɡ ɟŮɡůŰɞɨ, u ŮɑɜŬɘ ɖ ŰŬɢɨŰɖŰŬ, L ŮɑɜŬɘ Űɞ ɢŬɟŬəŰɖɟɘůŰɘəɧ ɛɐəɞɠ 
(ůŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ, ɖ ŬˊɧůŰŬůɖ Ŭˊɧ Űɞ ɛˊɟɞůŰɘɜɧ Ɏəɟɞ) əŬɘ ɛ ŮɑɜŬɘ Űɞ ŭɡɜŬɛɘəɧ ɘɝɩŭŮɠ 
Űɞɡ ɟŮɡůŰɞɨ.  

ɆŰɖ ůŰɟɤŰɐ ˊŮɟɘɞɢɐ, ɖ ɟɞɐ Űɞɡ ɟŮɡůŰɞɨ ɛˊɞɟŮɑ ɜŬ ˊɟɞɓɚŮűɗŮɑ ˊɚɐɟɤɠ ɛŮ Űɖɜ Ůˊɑɚɡůɖ Űɤɜ 
ŮɝɘůɩůŮɤɜ Navier-Stokes (COMSOL, 2017), ɖ ɞˊɞɑŬ ŭɑɜŮɘ Űɖɜ ŰŬɢɨŰɖŰŬ əŬɘ ŰŬ ˊŮŭɑŬ ˊɑŮůɖɠ. 
ȷɠ ɡˊɞɗɏůɞɡɛŮ ˊɟɩŰŬ ɧŰɘ Űɞ ˊŮŭɑɞ ŰŬɢɨŰɖŰŬɠ ŭŮɜ ɛŮŰŬɓɎɚɚŮŰŬɘ ɛŮ Űɞ ɢɟɧɜɞ. ȾŬɗɩɠ ɖ ɟɞɐ 
ŬɟɢɑɕŮɘ ɜŬ ɛŮŰŬɓŬɑɜŮɘ ůŰɖ Űɡɟɓɩŭɖ ˊŮɟɘɞɢɐ, ŮɛűŬɜɑɕɞɜŰŬɘ ŰŬɚŬɜŰɩůŮɘɠ ůŰɖ ɟɞɐ, ˊŬɟɎ Űɞ 
ɔŮɔɞɜɧɠ ɧŰɘ ɞ ɟɡɗɛɧɠ ɟɞɐɠ Ůɘůɧŭɞɡ ŭŮɜ ɛŮŰŬɓɎɚɚŮŰŬɘ ɛŮ Űɖɜ ˊɎɟɞŭɞ Űɞɡ ɢɟɧɜɞɡ. ȹŮɜ ŮɑɜŬɘ 
ˊɚɏɞɜ ŭɡɜŬŰɧ ɜŬ ɡˊɞɗɏůɞɡɛŮ ɧŰɘ ɖ ɟɞɐ ŮɑɜŬɘ ŬɛŮŰɎɓɚɖŰɖ ɛŮ Űɞ ɢɟɧɜɞ. ɆŮ ŬɡŰɐɜ Űɖɜ 
ˊŮɟɑˊŰɤůɖ, ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ ɜŬ ɚɡɗɞɨɜ ɞɘ ŮɝŬɟŰɩɛŮɜŮɠ Ŭˊɧ Űɞ ɢɟɧɜɞ ŮɝɘůɩůŮɘɠ Navier-
Stokes əŬɘ Űɞ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɞ ˊɚɏɔɛŬ ˊɟɏŮ́ɘ ɜŬ ŮɑɜŬɘ ŬɟəŮŰɎ ɚŮˊŰɧ ɔɘŬ ɜŬ ŮˊɘɚɨůŮɘ Űɞ 
ɛɏɔŮɗɞɠ Űɤɜ ɛɘəɟɧŰŮɟɤɜ ůŰɟɞɓɘɚɘůɛɩɜ ůŰɖ ɟɞɐ.  



59 
 

ȾŬɗɩɠ ɞ ɟɡɗɛɧɠ ɟɞɐɠ-əŬɘ Ůˊɞɛɏɜɤɠ əŬɘ ɞ Ŭɟɘɗɛɧɠ Reynolds-ŬɡɝɎɜŮŰŬɘ, Űɞ ˊŮŭɑɞ ɟɞɐɠ 
ŮɛűŬɜɑɕŮɘ ɛɘəɟɏɠ ůŰɟɞɓɘɚɩůŮɘɠ əŬɘ ɞɘ ɢɤɟɘəɏɠ əŬɘ ɢɟɞɜɘəɏɠ əɚɑɛŬəŮɠ Űɤɜ ŰŬɚŬɜŰɩůŮɤɜ ɔɑɜɞɜŰŬɘ 
Űɧůɞ ɛɘəɟɏɠ ˊɞɡ ŮɑɜŬɘ ɡˊɞɚɞɔɘůŰɘəɎ ŬŭɨɜŬŰɞ ɜŬ Ůˊɘɚɡɗɞɨɜ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɘɠ ŮɝɘůɩůŮɘɠ 
Navier-Stokes, ŰɞɡɚɎɢɘůŰɞɜ ɔɘŬ ˊɘɞ ˊɟŬəŰɘəɏɠ ˊŮɟɘˊŰɩůŮɘɠ. ɆŮ ŬɡŰɧ Űɞ əŬɗŮůŰɩɠ ɟɞɐɠ, 
ɛˊɞɟɞɨɛŮ ɜŬ ɢɟɖůɘɛɞˊɞɘɐůɞɡɛŮ ɛɘŬ ŭɘŬŰɨˊɤůɖ ɛŮ Reynolds-averaged Navier-Stokes 
(RANS), ɖ ɞˊɞɑŬ ɓŬůɑɕŮŰŬɘ ůŰɖɜ ˊŬɟŬŰɐɟɖůɖ ɧŰɘ Űɞ ˊŮŭɑɞ ɟɞɐɠ (u) ɛŮ Űɖɜ ˊɎɟɞŭɞ Űɞɡ ɢɟɧɜɞɡ 
ˊŮɟɘɏɢŮɘ ɛɘəɟɏɠ, Űɞˊɘəɏɠ ŰŬɚŬɜŰɩůŮɘɠ (u ') əŬɘ ɛˊɞɟŮɑ ɜŬ ŬɜŰɘɛŮŰɤˊɘůŰŮɑ ůŮ ɛɏůɞɠ ɧɟɞɠ ɢɟɧɜɞɡ 
(U). ũɘŬ ɛɞɜŰɏɚŬ ɛɑŬɠ əŬɘ ŭɨɞ ŮɝɘůɩůŮɤɜ, ŮɘůɎɔɞɜŰŬɘ ˊɟɧůɗŮŰŮɠ ŮɝɘůɩůŮɘɠ ɛŮŰŬűɞɟɎɠ ɔɘŬ 
ɛŮŰŬɓɚɖŰɏɠ ůŰɟɞɓɘɚɘůɛɞɨ, ɧˊɤɠ ɖ əɘɜɖŰɘəɐ ŮɜɏɟɔŮɘŬ ůŰɟɞɓɘɚɘůɛɞɨ (k ůŮ k-Ů əŬɘ k-ɤ). 

5.2.2 ɇɞ Mesh Űɞɡ əɡɚɑɜŭɟɞɡ 

ȷűɞɨ ɞɚɞəɚɖɟɩůŬɛŮ ɛŮ Űɞ Mesh Űɞɡ ɜŮɟɞɨ, ŬůɢɞɚɖɗɐəŬɛŮ ɛŮ Űɞ ɀesh Űɞɡ əɡɚɑɜŭɟɞɡ əŬɘ 
Űɤɜ əŬˊŬəɘɩɜ Űɞɡ. ɆŰɞ Mesh ŮˊɘɚɏɝŬɛŮ ŰŬ ŰɟɑŬ Bodies (kylindros, kapaki_kylindros, 
kapaki_kylindros[2]) əŬɘ ŭɘŬɚɏɝŬɛŮ ŬɟɢɘəɎ Automatic Method.  

 

ȺɘəɧɜŬ 60 ɇɞ Mesh Űɞɡ əɡɚɑɜŭɟɞɡ ɛŮ Automatic Method 

ɆŰɖ ůɡɜɏɢŮɘŬ ŮˊɘɚɏɝŬɛŮ Sizing Űɤɜ 3 ůɤɛɎŰɤɜ ɛŮ Element Size ɑůɞ ɛŮ 15mm.  

 

ȺɘəɧɜŬ 61 ɇɞ Mesh Űɞɡ əɡɚɑɜŭɟɞɡ ɛŮ Element Size 15mm 

5.2.3 ɇɞ Mesh Űɞɡ ɢɘŰɤɜɑɞɡ 

ȷűɞɨ ɞɚɞəɚɖɟɩůŬɛŮ ɛŮ Űɞ Mesh Űɞɡ əɡɚɑɜŭɟɞɡ əŬɘ Űɤɜ əŬˊŬəɘɩɜ Űɞɡ, ŬůɢɞɚɖɗɐəŬɛŮ ɛŮ Űɞ 
Mesh Űɞɡ ɢɘŰɤɜɑɞɡ əŬɘ Űɤɜ əŬˊŬəɘɩɜ Űɞɡ. ɆŰɞ Mesh ŮˊɘɚɏɝŬɛŮ ůŰɞ Geometry ŰŬ ŰɟɑŬ Bodies 
(xitonio, kapaki_xytoniou, kapaki_ xytoniou [2]) ˊŬŰɐůŬɛŮ Generate Mesh ɢɤɟɑɠ ɜŬ 
ŬɚɚɎɝɞɡɛŮ Űɞ Method Ŭˊɧ Automatic.  
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ȺɘəɧɜŬ 62 ɇɞ Mesh Űɞɡ ɢɘŰɤɜɑɞɡ ɛŮ Automatic Method 

ɆŰɞ Automatic Method ŮˊɘɚɏɝŬɛŮ Insert əŬɘ Sizing. ɆŰɞ Geometry ŮˊɘɚɏɝŬɛŮ ŰŬ 3 ůɩɛŬŰŬ, 
ɧˊɤɠ əŬɘ ˊŬɟŬˊɎɜɤ, əŬɘ ŬɚɚɎɕɞɡɛŮ Űɞ Element Size Ŭˊɧ Default (59,88 mm) ůŮ 20mm.  

 

ȺɘəɧɜŬ 63 ɇɞ Mesh Űɞɡ ɢɘŰɤɜɑɞɡ ɛŮ Element Size 20mm 

5.3 ŪŮɟɛɞəɟŬůɑŮɠ ůŰɞɡɠ əɧɛɓɞɡɠ 

ɆŰɞ ůɖɛŮɑɞ ŬɡŰɧ ůɨɟŬɛŮ Űɞ Mechanical Model ůŰɞ Project Schematic əŬɘ Ŭˊɧ Űɞ CFX 
ůɡɜŭɏɞɡɛŮ Űɞ Geometry ůŰɞ ɜɏɞ ɛŬɠ ůɨůŰɖɛŬ. ȷˊɧ Űɖɜ Ůˊɘɚɞɔɐ Model ˊɟŬɔɛŬŰɞˊɞɘɐůŬɛŮ 
ŮɝŬɔɤɔɐ Űɤɜ ůɡɜŰŮŰŬɔɛɏɜɤɜ Űɤɜ Nodes ůŰɞɡɠ ŰɟŮɘɠ ɎɝɞɜŮɠ, ɧˊɤɠ ŬɡŰɎ űŬɑɜɞɜŰŬɘ ůŰɖɜ 
ȺɘəɧɜŬ 64.  

 

ȺɘəɧɜŬ 64 ɇŬ Nodes Űɞɡ əɡɚɑɜŭɟɞɡ 

ɀŮ Űɖ ɓɞɐɗŮɘŬ Űɞɡ Excel əŬɘ ɛŮ ɓɎůɖ Űɞ ŭɘɎɔɟŬɛɛŬ Űɤɜ ɗŮɟɛɞəɟŬůɘɩɜ (ȺɘəɧɜŬ 26) 
ŭɖɛɘɞɡɟɔɐůŬɛŮ ŬɟɢŮɑŬ, ɧˊɤɠ ŬɜŬűɏɟŬɛŮ əŬɘ ůŰɖɜ ȺɜɧŰɖŰŬ 3.7, ůɨɛűɤɜŬ ɛŮ Űɞ 
ɗŮɟɛɞəɟŬůɘŬəɧ ˊɟɞűɑɚ Űɞɡ əŮɚɨűɞɡɠ əɎɗŮ ɢɟɞɜɘəɐ ůŰɘɔɛɐ. ɇŬ ŬɟɢŮɑŬ ŬɡŰɎ ŮɘůɐɢɗɖůŬɜ ůŬɜ 
Ŭɟɢɘəɞˊɞɑɖůɖ əɎɗŮ əŬŰɎůŰŬůɖɠ ůŰɞ Setup. ȺˊŮɘŭɐ ɏɢɞɡɛŮ ŮɜɜɏŬ ɔɟŬűɘəɏɠ ˊŬɟŬůŰɎůŮɘɠ ɞɘ 
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ɞˊɞɑŮɠ Ŭűɞɟɞɨɜ ɛŮɜ ůɡɜŮɢɧɛŮɜɖ ɎɚŮůɖ ŬɚɚɎ ŭɘŬŰɡˊɩɜɞɡɜ Űɖ ɛŮŰŬɓŬɚɚɧɛŮɜɖ ɗŮɟɛɞəɟŬůɑŬ 
əŬŰɎ ɛɐəɞɠ Űɞɡ əŮɚɨűɞɡɠ əɎɗŮ 30sec, ɏɢɞɡɛŮ ŮɜɜɏŬ ŭɘŬűɞɟŮŰɘəɎ ŬɟɢŮɑŬ. ũɘŬ Űɖɜ ŬɜɎɚɡůɐ ɛŬɠ 
ɢɟɖůɘɛɞˊɞɘɐůŬɛŮ ɔɘŬ Ŭɟɢɘəɞˊɞɑɖůɖ Űɘɠ ɗŮɟɛɞəɟŬůɑŮɠ Űɤɜ əɧɛɓɤɜ Ŭˊɧ Űɞ ŰŮɚŮɡŰŬɑɞ ŬɟɢŮɑɞ, 
əŬɗɩɠ ŬɡŰɧ ůɡɛˊŮɟɘɚŬɛɓɎɜŮɘ Űɘɠ ɡɣɖɚɧŰŮɟŮɠ ɗŮɟɛɞəɟŬůɑŮɠ ůɡɔəɟɘŰɘəɎ ɛŮ ŰŬ ɡˊɧɚɞɘˊŬ 
ŬɟɢŮɑŬ. ɄɏɟŬ Ŭˊɧ Űɞ ŬɟɢŮɑɞ ˊɞɡ ŭɘŬɗɏŰŮɘ ŬˊɞŰɡˊɤɛɏɜŮɠ Űɘɠ ɗŮɟɛɞəɟŬůɑŮɠ ɧɚɤɜ Űɤɜ əɧɛɓɤɜ, 
ŭɖɛɘɞɡɟɔɐůŬɛŮ əŬɘ Ůˊɘɛɏɟɞɡɠ ɝŮɢɤɟɘůŰɎ ŬɟɢŮɑŬ ɔɘŬ ɞɟɘůɛɏɜɞɡɠ əɧɛɓɞɡɠ ůŰɞ Ůɨɟɞɠ Űɞɡ 
ɛɐəɞɡɠ Űɞɡ əŮɚɨűɞɡɠ. ɄŬɟŬŭŮɑɔɛŬŰŬ ŬɡŰɩɜ űŬɑɜɞɜŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 65. ȼ ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ 
ɞɡůɘŬůŰɘəɎ ɏˊɟŮˊŮ ɜŬ ˊɟŬɔɛŬŰɤɗŮɑ ɚɧɔɤ Űɞɡ ŭɘŬűɞɟŮŰɘəɞɨ ɟɡɗɛɞɨ Ŭɨɝɖůɖɠ Űɖɠ 
ɗŮɟɛɞəɟŬůɑŬɠ əŬŰɎ Űɞ ɛɐəɞɠ Űɞɡ əɡɚɑɜŭɟɞɡ. ȳˊɤɠ ɛˊɞɟŮɑ ɜŬ ˊŬɟŬŰɖɟɐůŮɘ əŬɜŮɑɠ ɎɚɚɤůŰŮ 
(ɄɑɜŬəŬɠ 4), ɞ ɟɡɗɛɧɠ Ŭɨɝɖůɖɠ Űɤɜ ůɡɜŬɟŰɐůŮɤɜ 11 əŬɘ 12 ŮɑɜŬɘ ˊɘɞ ɡɣɖɚɧɠ ůɡɔəɟɘŰɘəɎ ɛŮ 
Űɘɠ ɚɞɘˊɏɠ ůɡɜŬɟŰɐůŮɘɠ. ȷɡŰɧ ɞűŮɑɚŮŰŬɘ ůŰɞ ɔŮɔɞɜɧɠ ɧŰɘ ɞɘ ůɡɜŬɟŰɐůŮɘɠ ŬɡŰɏɠ Ŭűɞɟɞɨɜ 
ůŰɞɘɢŮɑŬ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŰɞ 1/3 Ŭˊɧ Űɖɜ Ůɑůɞŭɞ Űɞɡ ˊɟɞɥɧɜŰɞɠ ˊɟɞɠ ɎɚŮůɖ, ɧˊɞɡ əŬɘ 
ˊŬɟŬŰɖɟɞɨɜŰŬɘ ɞɘ ɡɣɖɚɧŰŮɟŮɠ ɗŮɟɛɞəɟŬůɑŮɠ. 

  

 

[Name],,, 

cylidertemp92,,, 

[Spatial Fields],,, 

x,y,z, 

,,, 

[Data],,, 

x[mm],y[mm],z[mm],Temperature[C] 

504.17,-22.781,187.62,51.30 

504.17,-45.231,183.51,51.30 

504.17,-67.02,176.72,51.30 

504.17,-87.833,167.35,51.30 

504.17,-107.36,155.54,51.30 

504.17,-125.33,141.47,51.30 

504.17,-141.47,125.33,51.30 

504.17,-155.54,107.36,51.30 

504.17,-167.35,87.833,51.30 

504.17,-176.72,67.02,51.30 

504.17,-183.51,45.231,51.30 

504.17,-187.62,22.781,51.30 

504.17,-189,-3.39E-12,51.30 

504.17,-187.62,-22.781,51.30 

504.17,-183.51,-45.231,51.30 

504.17,-176.72,-67.02,51.30 

504.17,-167.35,-87.833,51.30 

504.17,-155.54,-107.36,51.30 

504.17,-141.47,-125.33,51.30 

504.17,-125.33,-141.47,51.30 

504.17,-107.36,-155.54,51.30 

[Name],,, 

cylidertemp93,,, 

[Spatial Fields],,, 

x,y,z, 

,,, 

[Data],,, 

x[mm],y[mm],z[mm],Temperature[C] 

481.25,-22.781,187.62,52.98 

481.25,-45.231,183.51,52.98 

481.25,-67.02,176.72,52.98 

481.25,-87.833,167.35,52.98 

481.25,-107.36,155.54,52.98 

481.25,-125.33,141.47,52.98 

481.25,-141.47,125.33,52.98 

481.25,-155.54,107.36,52.98 

481.25,-167.35,87.833,52.98 

481.25,-176.72,67.02,52.98 

481.25,-183.51,45.231,52.98 

481.25,-187.62,22.781,52.98 

481.25,-189,-3.32E-12,52.98 

481.25,-187.62,-22.781,52.98 

481.25,-183.51,-45.231,52.98 

481.25,-176.72,-67.02,52.98 

481.25,-167.35,-87.833,52.98 

481.25,-155.54,-107.36,52.98 

481.25,-141.47,-125.33,52.98 

481.25,-125.33,-141.47,52.98 

481.25,-107.36,-155.54,52.98 

ȺɘəɧɜŬ 65 ȷɟɢŮɑŬ ɛŮ Űɘɠ ɗŮɟɛɞəɟŬůɑŮɠ ůŰɞɡɠ əɧɛɓɞɡɠ 
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5.4 Setup 

5.4.1 Analysis Type 

ɆŰɞ Analysis Type ŮˊɘɚɏɝŬɛŮ Transient, əŬɗɩɠ ɏɢɞɡɛŮ ɛŮŰŬɓɞɚɐ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ Űɞɡ 
əŮɚɨűɞɡɠ ůŰɞ ɢɟɧɜɞ. ɋɠ Time Duration ɞɟɑůŰɖəŮ Űɞ Total Time 120s, ɤɠ Time Steps 1s əŬɘ 
ɤɠ Initial Time ɖ Ůˊɘɚɞɔɐ Automatic with value 0s.  

5.4.2 User Functions 

ȷˊɧ Űɖɜ Ůˊɘɚɞɔɐ Tools ůŰɞ Initialize Profile Data ɞɟɑůŬɛŮ Űɘɠ Ŭɟɢɘəɏɠ ɗŮɟɛɞəɟŬůɑŮɠ ůŰŬ Nodes 
Űɞɡ əŮɚɨűɞɡɠ, ůɨɛűɤɜŬ ɛŮ Űɞ ŬɟɢŮɑɞ (.csv) ˊɞɡ ŮɑɢŬɛŮ ŭɖɛɘɞɡɟɔɐůŮɘ. To ŬɟɢŮɑɞ ŬɡŰɧ 
ŮɛűŬɜɑɕŮŰŬɘ ɤɠ User Function. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŰɏɗɖəŬɜ ɞɟŬŰɎ əŬɘ ɏɢɞɡɛŮ Űɞ ŬˊɞŰɏɚŮůɛŬ 
Űɖɠ ȺɘəɧɜŬɠ 66.  

 

ȺɘəɧɜŬ 66 Ƀɘ ɗŮɟɛɞəɟŬůɑŮɠ Űɤɜ nodes Űɞɡ əŮɚɨűɞɡɠ 

ɄɏɟŬɜ, ɧɛɤɠ, ŬɡŰɞɨ Űɞɡ ŬɟɢŮɑɞɡ ɏˊɟŮˊŮ ɜŬ ˊɟɞůɗɏůɞɡɛŮ əŬɘ ŰŬ ɡˊɧɚɞɘˊŬ ŬɟɢŮɑŬ, ŰŬ ɞˊɞɑŬ 
ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɘɠ ɗŮɟɛɞəɟŬůɑŮɠ ůŮ ɞɟɘůɛɏɜŬ Nodes, ɧˊɤɠ ŬɡŰɎ űŬɑɜɞɜŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 65. 
ȰŰůɘ, ŭɖɛɘɞɡɟɔɐɗɖəŬɜ əɘ ɎɚɚŮɠ User Functions. 

 

ȺɘəɧɜŬ 67 User Functions 
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5.4.3 Expressions 

ɀŮ ɓɎůɖ ŰŬ User Functions ˊɞɡ ŭɖɛɘɞɡɟɔɐůŬɛŮ ˊŬɟŬˊɎɜɤ əŬɘ ɓɎůɖ Űɤɜ ůɡɜŬɟŰɐůŮɤɜ Űɤɜ 
ɛŮŰŬɓɞɚɩɜ ɗŮɟɛɞəɟŬůɘɩɜ (ɄɑɜŬəŬɠ 4), əŬŰŬűɏɟŬɛŮ ɜŬ ŭɖɛɘɞɡɟɔɐůɞɡɛŮ ŰŬ ˊŬɟŬəɎŰɤ 
Expressions. ɇŬ Expressions ŬɡŰɎ, ˊɏɟŬ Ŭˊɧ Űɞ Expression 21, Ŭűɞɟɞɨɜ Űɖɜ ɏəűɟŬůɖ Űɖɠ 
ɛŮŰŬɓɞɚɐ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ůŮ ɞɟɘůɛɏɜɞ Ůɨɟɞɠ əɧɛɓɤɜ ˊɎɜɤ ůŰɞɜ əɨɚɘɜŭɟɞ. 

 

ȺɘəɧɜŬ 68 Expressions 

ɇɞ Expression 21 ŮɑɜŬɘ ŬɡŰɧ ˊɞɡ ůɡɛˊŮɟɘɚŬɛɓɎɜŮɘ ɧɚŬ ŰŬ Ůˊɘɛɏɟɞɡɠ Expressions əŬɘ ɚɧɔɤ 
Űɖɠ ŭɖɛɘɞɡɟɔɑŬɠ ŬɡŰɞɨ əŬŰŬűɏɟŬɛŮ ɜŬ ɞɟɑůɞɡɛŮ Űɘɠ ůɡɜŬɟŰɐůŮɘɠ Űɤɜ ŭɘŬűɞɟŮŰɘəɩɜ 
ɛŮŰŬɓɞɚɩɜ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ůŰɞ əɏɚɡűɞɠ. ɀɎɚɘůŰŬ Űɞ Ansys ɛŬɠ ŭɑɜŮɘ Űɖɜ Ůˊɘɚɞɔɐ ɜŬ ŭɞɨɛŮ 
əŬɘ ůŮ Plot Űɖɜ ɏəűɟŬůɖ ŬɡŰɐ, ɧˊɤɠ əŬɘ Űɘɠ ˊɟɞɖɔɞɨɛŮɜŮɠ (ȺɘəɧɜŬ 70). 



64 
 

 

ȺɘəɧɜŬ 69 To Expression 21 

 

ȺɘəɧɜŬ 70 ɇɞ Plot Űɞɡ Expression 21 

5.4.4 Domains 

Domain ñkylindrosò 

ɆŰɖɜ əŬɟŰɏɚŬ Basic Settings ŮˊɘɚɏɝŬɛŮ ́ ɤɠ ɞ əɨɚɘɜŭɟɞɠ ŮɑɜŬɘ Solid Domain əŬɘ ɛɎɚɘůŰŬ Steel. 
Ⱥˊɑůɖɠ ŬˊɞŰŮɚŮɑ ɏɜŬɜ Stationary Domain. ɆŰɖɜ əŬɟŰɏɚŬ Solid Models ůŰɞ Heat Transfer 
ŮˊɘɚɏɝŬɛŮ ůŰɞ Option Thermal Energy əŬɘ ůŰɖɜ əŬɟŰɏɚŬ Initialization ŰůŮəɎɟŬɛŮ Űɞ Domain 
Initialization. ɆŰɞ Initial Conditions ŮˊɘɚɏɝŬɛŮ ůŰɞ Temperature Űɞ Option Automatic with Value 
əŬɘ Temperature ůɨɛűɤɜŬ ɛŮ Űo User Function ˊɞɡ ŮɛˊŮɟɘɏɢŮɘ ɧɚŬ ŰŬ Nodes.  

ɆŰɞ Boundary kylindros Default, ɞ ɞˊɞɑɞɠ ɏɢŮɘ ŭɖɛɘɞɡɟɔɖɗŮɑ Ŭˊɧ Űɞ Ansys, ɤɠ Basic Settings 
ɞɟɑůŬɛŮ Wall əŬɘ ůŰŬ Boundary Details ŮˊɘɚɏɝŬɛŮ Heat Transfer əŬɘ Temperature, Űɞ ɞˊɞɑɞ 
ɚŬɛɓɎɜŮɘ Űɘɠ Űɘɛɏɠ Ŭˊɧ Űɞ Expression 21. ɆŰɞ Boundary water kylindros Interface ŮˊɘɚɏɝŬɛŮ 
ůŰɞ Boundary Details Űɞ Conservative Interface Flux əŬɘ ůŰɞ Nonoverlap Conditions Űɞ Heat 

Transfer Coefficient ɛŮ Űɘɛɐ 13,14 ὡά ὑ  , ˊɞɡ ŬɜŰɘůŰɞɘɢŮɑ ůŰɞɜ ɢɎɚɡɓŬ. 
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ȺɘəɧɜŬ 71 Domain əɨɚɘɜŭɟɞɠ 

Domain ñwaterò 

ɄɟɧəŮɘŰŬɘ ɔɘŬ Fluid Domain əŬɘ ůŰɞ űɡůɘəɎ ůŰɞ Material ŮˊɘɚɏɝŬɛŮ Water. ɆŰɞ Morphology 
ŮˊɘɚɏɝŬɛŮ Continuous Fluid, ůŰɞ Reference Pressure 1atm əŬɘ ůŰɞ Domain Motion Stationary, 
Ŭűɞɨ ŭŮɜ ˊŮɟɘůŰɟɏűŮŰŬɘ. ɆŰɖɜ əŬɟŰɏɚŬ Fluid Models ŮˊɘɚɏɝŬɛŮ ůŰɞ Heat Transfer Űɞ Thermal 
Energy əŬɘ ůŰɞ Turbulence Űɖɜ Ůˊɘɚɞɔɐ k-Epsilon əŬɘ Wall Function Scalable. ȷəɧɛɖ ɤɠ 
Initialization ɞɟɑůŬɛŮ Űɖ ɗŮɟɛɞəɟŬůɑŬ 6ɞC.  

 

ȺɘəɧɜŬ 72 Domain ɜŮɟɞɨ 

ȹɖɛɘɞɡɟɔɐůŬɛŮ ŰŬ Boundaries inlet əŬɘ outlet. ɆŰɖɜ ˊɟɩŰɖ ˊŮɟɑˊŰɤůɖ ůŰɖɜ əŬɟŰɏɚŬ 
Boundary Details ɞɟɑůŬɛŮ ŰɟɑŬ ŭɘŬűɞɟŮŰɘəɎ Mass Flow Rates: 

i. 10 ὯὫί  

ii. 12,5 ὯὫί  

iii. 15 ὯὫί  

əŬɘ Heat Transfer ɛŮ Option Static Temperature ůŰɞɡɠ 6oC. 
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ȳůɞɜ ŬűɞɟɎ ŰŬ Mass Flow Rates, ɏɢŮɘ ɔɑɜŮɘ ɖ ́ ŬɟŬŭɞɢɐ ɨˊŬɟɝɖɠ ŬɜŰɚɑŬɠ ́ ɞɡ ́ ɟŬɔɛŬŰɞˊɞɘŮɑ 
ɓŮɓɘŬůɛɏɜɖ ɟɞɐ. ɄɏɟŬɜ ŬɡŰɞɨ Űɞ ůɨůŰɖɛŬ ŭɘŬɗɏŰŮɘ ɛŮɔɎɚŮɠ ůɤɚɖɜɩůŮɘɠ əŬɘ ɏɜŬ ŭɞɢŮɑɞ 
ŬŭɟɎɜŮɘŬɠ (ŭŮɝŬɛŮɜɐ ɜŮɟɞɨ).  

 

ȺɘəɧɜŬ 73 Boundary inlet 

ɆŰɖ ŭŮɨŰŮɟɖ ˊŮɟɑˊŰɤůɖ ŭɖɛɘɞɡɟɔɐůŬɛŮ Űɞ outlet. ɆŰɖɜ əŬɟŰɏɚŬ Boundary Details ɞɟɑůŬɛŮ ɧŰɘ 
ůŰɖɜ ɏɝɞŭɞ ɏɢɞɡɛŮ ɛɧɜɞ ɆŰŬŰɘəɐ ɄɑŮůɖ (Static Pressure) ɑůɖ ɛŮ 1 atm. 

 

ȺɘəɧɜŬ 74 Boundary outlet 

Domain ñxitonioò 

ȳˊɤɠ əŬɘ ɞ kylindros,Űɞ xitonio ŬˊɞŰŮɚŮɑ Solid Domain Ŭˊɧ Steel əŬɘ Stationary. ɆŰɖɜ əŬɟŰɏɚŬ 
Solid Models ůŰɞ Heat Transfer ŮˊɘɚɏɝŬɛŮ ůŰɞ Option Isothermal ɛŮ Solid Temperature 25ɞC, 
Ŭűɞɑ ɓɟɑůəŮŰŬɘ ůŮ ŮˊŬűɐ ɛŮ Űɞ ˊŮɟɘɓɎɚɚɞɜ.  
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ȺɘəɧɜŬ 75 Domain ɢɘŰɩɜɘɞ 

ȷűɞɨ ɞɚɞəɚɖɟɩůŬɛŮ ɛŮ ŰŬ Domains ɞɟɑůŬɛŮ ŰŬ Interfaces ɛŮŰŬɝɨ ŬɡŰɩɜ. ɃɟɑůŬɛŮ Űɞ water 
kylindros Interface ɛŮ Interface Type Fluid Solid.  

 

ȺɘəɧɜŬ 76 Domain Interface: water kylindros Interface 

ɃɟɑůŬɛŮ Űɞ water xitonio Interface ɛŮ Interface Type Fluid Solid.  

 

ȺɘəɧɜŬ 77 Domain Interface: water xitonio Interface 

5.5 Results 

ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŮɛűŬɜɑɕɞɜŰŬɘ ɛŮ Űɖ ɓɞɐɗŮɘŬ Űɞɡ Contour, Űɤɜ Planes əŬɘ Űɤɜ Streamlines 
əŬɘ Ŭűɞɟɞɨɜ ɗŮɟɛɞəɟŬůɑŬ, ˊɑŮůɖ əŬɘ ŰŬɢɨŰɖŰŬ. 
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5.5.1 ɀŮŰŬɓɞɚɐ ɗŮɟɛɞəɟŬůɑŬɠ əɡɚɑɜŭɟɞɡ 

ɇɖ ɢɟɞɜɘəɐ ůŰɘɔɛɐ 0s Űɖɠ ŬɜɎɚɡůɖɠ ɏɢɞɡɛŮ Űɞ ɑŭɘɞ ɗŮɟɛɞəɟŬůɘŬəɧ ˊɟɞűɑɚ ůŮ ɧɚŮɠ 
ˊŮɟɘˊŰɩůŮɘɠ.  

 

ȺɘəɧɜŬ 78 ŪŮɟɛɞəɟŬůɑŮɠ ůŰɞ əɏɚɡűɞɠ Űɞɡ ɛɨɚɞɡ Űɖ ɢɟɞɜɘəɐ ůŰɘɔɛɐ 0s 

 

ɇɖ ɢɟɞɜɘəɐ ůŰɘɔɛɐ 30s ɔɘŬ 10 ὯὫί , 12,5 ὯὫί  əŬɘ 15 ὯὫί . 

 

 

 

ɇɖ ɢɟɞɜɘəɐ ůŰɘɔɛɐ 60s ɔɘŬ 10 ὯὫί , 12,5 ὯὫί  əŬɘ 15 ὯὫί . 

 

ȺɘəɧɜŬ 79 ŪŮɟɛɞəɟŬůɑŮɠ əɡɚɑɜŭɟɞɡ ůŰŬ 30s ɔɘŬ 10 ὯὫί , 12,5 ὯὫί  əŬɘ 15 ὯὫί . 

 

ȺɘəɧɜŬ 80 ŪŮɟɛɞəɟŬůɑŮɠ əɡɚɑɜŭɟɞɡ ůŰŬ 60s ɔɘŬ 10 ὯὫί , 12,5 ὯὫί  əŬɘ 15 ὯὫί . 



69 
 

 

ɇɖ ɢɟɞɜɘəɐ ůŰɘɔɛɐ 90s ɔɘŬ 10 ὯὫί , 12,5 ὯὫί  əŬɘ 15 ὯὫί . 

 

 

 

ɇɖ ɢɟɞɜɘəɐ ůŰɘɔɛɐ 120s ɔɘŬ 10 ὯὫί , 12,5 ὯὫί  əŬɘ 15 ὯὫί . 

 

 

5.5.2 ɀŮŰŬɓɞɚɐ ɗŮɟɛɞəɟŬůɑŬɠ ɜŮɟɞɨ 

ɇɖ ɢɟɞɜɘəɐ ůŰɘɔɛɐ 0s Űɖɠ ŬɜɎɚɡůɖɠ ɏɢɞɡɛŮ Űɘɠ ɑŭɘŮɠ ɗŮɟɛɞəɟŬůɑŮɠ ůŮ ɧɚŮɠ ˊŮɟɘˊŰɩůŮɘɠ.  

 

ȺɘəɧɜŬ 83 ŪŮɟɛɞəɟŬůɑŮɠ ɜŮɟɞɨ Űɖ ɢɟɞɜɘəɐ ůŰɘɔɛɐ 0s 

ȺɘəɧɜŬ 81 ŪŮɟɛɞəɟŬůɑŮɠ əɡɚɑɜŭɟɞɡ ůŰŬ 60s ɔɘŬ 10 ὯὫί , 12,5 ὯὫί  əŬɘ 15 ὯὫί . 

ȺɘəɧɜŬ 82 ŪŮɟɛɞəɟŬůɑŮɠ əɡɚɑɜŭɟɞɡ ůŰŬ 120s ɔɘŬ 10 kgs^(-1), 12,5 kgs^(-1) əŬɘ 15 kgs^(-1). 
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ɇɖ ɢɟɞɜɘəɐ ůŰɘɔɛɐ 30s ɔɘŬ 10 ὯὫί , 12,5 ὯὫί  əŬɘ 15 ὯὫί . 

  

 

 

ɇɖ ɢɟɞɜɘəɐ ůŰɘɔɛɐ 60s ɔɘŬ 10 ὯὫί , 12,5 ὯὫί  əŬɘ 15 ὯὫί . 

 

 

 

ɇɖ ɢɟɞɜɘəɐ ůŰɘɔɛɐ 90s ɔɘŬ 10 ὯὫί , 12,5 ὯὫί  əŬɘ 15 ὯὫί . 

 

 

 

 

 

 

 

 

 

ȺɘəɧɜŬ 84 ŪŮɟɛɞəɟŬůɑŮɠ ɜŮɟɞɨ ůŰŬ 30s ɔɘŬ 10 kgs^(-1), 12,5 kgs^(-1) əŬɘ 15 kgs^(-1). 

ȺɘəɧɜŬ 85 ŪŮɟɛɞəɟŬůɑŮɠ ɜŮɟɞɨ ůŰŬ 60s ɔɘŬ 10 kgs^(-1), 12,5 kgs^(-1) əŬɘ 15 kgs^(-1). 

ȺɘəɧɜŬ 86 ŪŮɟɛɞəɟŬůɑŮɠ ɜŮɟɞɨ ůŰŬ 90s ɔɘŬ 10 kgs^(-1), 12,5 kgs^(-1) əŬɘ 15 kgs^(-1). 
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ɇɖ ɢɟɞɜɘəɐ ůŰɘɔɛɐ 120s ɔɘŬ 10 ὯὫί , 12,5 ὯὫί  əŬɘ 15 ὯὫί . 

 

 

5.5.3 ɀŮŰŬɓɞɚɐ ˊɑŮůɖɠ 

ɇɖ ɢɟɞɜɘəɐ ůŰɘɔɛɐ 0s Űɖɠ ŬɜɎɚɡůɖɠ ɏɢɞɡɛŮ Űɘɠ ɑŭɘŮɠ ˊɘɏůŮɘɠ ůŮ ɧɚŮɠ ˊŮɟɘˊŰɩůŮɘɠ.  

 

 

ɇɖ ɢɟɞɜɘəɐ ůŰɘɔɛɐ 30s ɔɘŬ 10 ὯὫί , 12,5 ὯὫί  əŬɘ 15 ὯὫί . 

 

 

 

 

 

ȺɘəɧɜŬ 87 ŪŮɟɛɞəɟŬůɑŮɠ ɜŮɟɞɨ ůŰŬ 30s ɔɘŬ 10 kgs^(-1), 12,5 kgs^(-1) əŬɘ 15 kgs^(-1). 

 

 

 

 

ȺɘəɧɜŬ 88 ɄɘɏůŮɘɠ ůŰŬ 30s ɔɘŬ 10 kgs^(-1), 12,5 kgs^(-1) əŬɘ 15 kgs^(-1). 
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ɇɖ ɢɟɞɜɘəɐ ůŰɘɔɛɐ 60s ɔɘŬ 10 ὯὫί , 12,5 ὯὫί  əŬɘ 15 ὯὫί . 

 

 

 

ɇɖ ɢɟɞɜɘəɐ ůŰɘɔɛɐ 90s ɔɘŬ 10 ὯὫί , 12,5 ὯὫί  əŬɘ 15 ὯὫί . 

 

 

 

ɇɖ ɢɟɞɜɘəɐ ůŰɘɔɛɐ 120s ɔɘŬ 10 ὯὫί , 12,5 ὯὫί  əŬɘ 15 ὯὫί . 

 

 

5.5.4 ɀŮŰŬɓɞɚɐ ŰŬɢɨŰɖŰŬɠ 

ɇɖ ɢɟɞɜɘəɐ ůŰɘɔɛɐ 30s ɔɘŬ 10 ὯὫί , 12,5 ὯὫί  əŬɘ 15 ὯὫί . 

ȺɘəɧɜŬ 89 ɄɘɏůŮɘɠ ůŰŬ 60s ɔɘŬ 10 kgs^(-1), 12,5 kgs^(-1) əŬɘ 15 kgs^(-1). 

ȺɘəɧɜŬ 90 ɄɘɏůŮɘɠ ůŰŬ 90s ɔɘŬ 10 kgs^(-1), 12,5 kgs^(-1) əŬɘ 15 kgs^(-1). 

ȺɘəɧɜŬ 91 ɄɘɏůŮɘɠ ůŰŬ 120s ɔɘŬ 10 kgs^(-1), 12,5 kgs^(-1) əŬɘ 15 kgs^(-1). 
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ɇɖ ɢɟɞɜɘəɐ ůŰɘɔɛɐ 60s ɔɘŬ 10 ὯὫί , 12,5 ὯὫί  əŬɘ 15 ὯὫί . 

 

 

 

ɇɖ ɢɟɞɜɘəɐ ůŰɘɔɛɐ 90s ɔɘŬ 10 ὯὫί , 12,5 ὯὫί  əŬɘ 15 ὯὫί . 

 

 

 

 

 

 

 

 

 

ȺɘəɧɜŬ 92 ɇŬɢɨŰɖŰŮɠ ůŰŬ 30s ɔɘŬ 10 kgs^(-1), 12,5 kgs^(-1) əŬɘ 15 kgs^(-1). 

ȺɘəɧɜŬ 93 ɇŬɢɨŰɖŰŮɠ ůŰŬ 60s ɔɘŬ 10 kgs^(-1), 12,5 kgs^(-1) əŬɘ 15 kgs^(-1). 

ȺɘəɧɜŬ 94 ɇŬɢɨŰɖŰŮɠ ůŰŬ 90s ɔɘŬ 10 kgs^(-1), 12,5 kgs^(-1) əŬɘ 15 kgs^(-1). 
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ɇɖ ɢɟɞɜɘəɐ ůŰɘɔɛɐ 120s ɔɘŬ 10 ὯὫί , 12,5 ὯὫί  əŬɘ 15 ὯὫί . 

 

 

 

  

ȺɘəɧɜŬ 95 ɇŬɢɨŰɖŰŮɠ ůŰŬ 120s ɔɘŬ 10 kgs^(-1), 12,5 kgs^(-1) əŬɘ 15 kgs^(-1). 








