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ȺɈɉȷɅȽɆɇȽȺɆ 

ũɘŬ Űɖ ŭɘŮəˊŮɟŬɑɤůɖ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ, ˊɞɡ ŮəˊɞɜɐɗɖəŮ ůŰɞ 

Ⱥȿ.Ⱦ.Ⱥ.ɀȺ. ȷȺ., ůɡɜɏɓŬɚɚŬɜ ɛɑŬ ɞɛɎŭŬ Ŭɜɗɟɩˊɤɜ Űɞɡɠ ɞˊɞɑɞɡɠ ɞűŮɑɚɤ ɜŬ ŮɡɢŬɟɘůŰɐůɤ.  

ȷɟɢɘəɎ ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɞɜ Ůˊɑəɞɡɟɞ əŬɗɖɔɖŰɐ Ⱥ.ɀ.Ʉ. əɞ. Ɇ. ɄŬˊŬŮɡɗɡɛɑɞɡ, 

ŮˊɘɓɚɏˊɞɜŰŬ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ɛɞɡ ŮɟɔŬůɑŬɠ, Űɧůɞ ɔɘŬ Űɖɜ ŮɡəŬɘɟɑŬ ˊɞɡ ɛɞɡ ɏŭɤůŮ ɜŬ 

Ůəˊɞɜɐůɤ Űɖ ŭɘˊɚɤɛŬŰɘəɐ ɛɞɡ ŮɟɔŬůɑŬ ůŰɞ Ⱥȿ.Ⱦ.Ⱥ.ɀȺ. ȷ.Ⱥ., ɧůɞ əŬɘ ɔɘŬ Űɖɜ ɡˊɞůŰɐɟɘɝɖ Űɞɡ 

əŬɗôɧɚɖ Űɖ ŭɘɎɟəŮɘŬ. 

ȺɡɢŬɟɘůŰɩ ɗŮɟɛɎ Űɖ ŭɘɞɑɖəɖůɖ Űɞɡ Ⱥȿ.ȾȺ.ɀȺ ȷ.Ⱥ, Űɞɜ ɔŮɜɘəɧ ŭɘŮɡɗɡɜŰɐ əɞ. Ⱦ. 

ȹŬɜɘɖɚɑŭɖ ˊɞɡ ɛŮ űɘɚɞɝɏɜɖůŮ ůŮ ɧɚɖ Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ Ůəˊɧɜɖůɖɠ Űɖɠ ȹȺ əŬɘ ɛɞɡ ŮˊɏŰɟŮɣŮ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɐůɤ Űɞɜ Ůɝɞˊɚɘůɛɧ Űɖɠ ŮŰŬɘɟŮɑŬɠ.  

ũɘŬ Űɖ ŭɘɎɗŮůɖ Űɤɜ ŭŮɘɔɛɎŰɤɜ ŮɡɢŬɟɘůŰɩ Űɞɜ əɧ. ȹ.ɆˊŬɗɐ ˊɟɞɥůŰɎɛŮɜɞ Űɞɡ ŮɟɔŬůŰɖɟɑɞɡ 

ɛŮŰŬɚɚɞɡɟɔɑŬɠ Űɖɠ Ⱥȿ.ȸ.ȷȿ ȷ.Ⱥ. 

Ⱥˊɑůɖɠ ŬˊŮɡɗɨɜɤ Űɘɠ ŮɡɢŬɟɘůŰɑŮɠ ɛɞɡ Űɞɜ ȹɟ. ȷ. ȸŬɕŭɘɟɓŬɜɑŭɖ, ɡˊŮɨɗɡɜɞ Űɞɡ 

ŮɟɔŬůŰɖɟɑɞɡ ɀŮŰŬɚɚɞɔɟŬűɑŬɠ əŬɘ ȼɚŮəŰɟɞɜɘəɐɠ ɀɘəɟɞůəɞˊɑŬɠ Űɞɡ Ⱥȿ.ȾȺ.ɀȺ ȷ.Ⱥ. ɔɘŬ Űɖɜ 

əŬɗɞŭɐɔɖůɐ Űɞɡ, Űɞɜ ɢɟɧɜɞ ˊɞɡ ŭɘɏɗŮůŮ, əŬɘ Űɘɠ əŬɑɟɘŮɠ ˊŬɟŬŰɖɟɐůŮɘɠ Űɞɡ. 

ũɘŬ Űɖɜ ɞɛŬɚɐ ŭɘŮɝŬɔɤɔɐ Űɤɜ ˊŮɘɟŬɛɎŰɤɜ ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɖɜ ɡˊɞɣɐűɘŬ 

ȹɘŭɎəŰɤɟ əŬ. ɄŬˊŬŭɞˊɞɨɚɞɡ Ɇ., əɞ. ȷ. Ʌɑəɞɡ əŬɘ əɞ. ũ. ɄŬɜŰŬɕɧˊɞɡɚɞ. ȽŭɘŬɑŰŮɟŬ, ŮɡɢŬɟɘůŰɩ 

Űɞɜ ɡˊɞɣɐűɘɞ ȹɘŭɎəŰɞɟŬ ə.ȷɜŬɔɜɩůŰɖ ɇɞɡɚűŬŰɕɐ ɞ ɞˊɞɑɞɠ ŬɜŰŬˊɞəɟɑɗɖəŮ ɎɛŮůŬ əɘ 

ŬˊɞŰŮɚŮůɛŬŰɘəɎ ɧŰŬɜ ɢɟŮɘɎůŰɖəŬ Űɖ ɓɞɐɗŮɘɎ Űɞɡ. 

ŪŮɟɛɎ ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɞɜ ɡˊɞɣɐűɘɞ ȹɘŭɎəŰɞɟŬ əɞ. Ⱥ. ũŬɓŬɚɎ ɔɘŬ Űɖɜ ɡˊɞɛɞɜɐ 

əŬɘ Űɖ ůŰɐɟɘɝɐ Űɞɡ. ȺɡɢŬɟɘůŰɩ Ůˊɑůɖɠ, Űɖɜ ɡˊɞɣɐűɘŬ ȹɘŭɎəŰɞɟŬ ə. Ⱥ. ɀˊɞɡɕɞɨɜɖ ɔɘŬ Űɘɠ ŮɨůŰɞɢŮɠ 

ˊŬɟŬŰɖɟɐůŮɘɠ Űɖɠ, ɔɘŬ Űɖɜ ɓŮɚŰɑɤůɖ Űɖɠ ůɡɔɔɟŬűɐɠ Űɖɠ ȹȺ. 

ȼ ɞɚɞəɚɐɟɤůɖ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ ŭŮɜ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ŮɑɢŮ ŮˊɘŰŮɡɢɗŮɑ ɢɤɟɑɠ Űɖ 

ůɡɜŮɟɔŬůɑŬ Űɤɜ ůɡɛűɞɘŰɖŰɩɜ ɛɞɡ ȷɗɖɜɎ K., ɄŬɨɚɞ Ⱦ, ȾŬɚɚɘɧˊɖ ũ., ȸŬůɑɚɖ Ⱦ., ȽˊˊɞəɟɎŰɖ Ɇ. 

əŬɘ ɄŬɨɚɞ Ɇ. ɇɞɡɠ ŮɡɢŬɟɘůŰɩ ɔɘŬ Űɖɜ ɡˊɞůŰɐɟɘɝɖ, Űɖɜ ɡˊɞɛɞɜɐ əŬɘ Űɘɠ ŮɨůŰɞɢŮɠ ˊŬɟŬŰɖɟɐůŮɘɠ 

Űɞɡɠ. 

ɇɏɚɞɠ ŮɡɢŬɟɘůŰɩ ɧɚɞɡɠ Űɞɡɠ Ŭɜɗɟɩˊɞɡɠ ˊɞɡ ɛŮ ůŰɐɟɘɝŬɜ ůôɧɚɖ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ȹȺ 

ŬɚɚɎ əŬɘ Űɤɜ űɞɘŰɖŰɘəɩɜ ɛɞɡ ɢɟɧɜɤɜ. 
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ɄȺɅȽȿȼɊȼ 

ȼ ́ŬɟɞɨůŬ ŮɟɔŬůɑŬ ɛŮɚŮŰɎ Űɖɜ Ůɝɏɚɘɝɖ Űɞɡ əɟɡůŰŬɚɚɞɔɟŬűɘəɞɨ ɘůŰɞɨ űɨɚɚɤɜ ɗŮɟɛɐɠ 

əŬɘ ɣɡɢɟɐɠ ɏɚŬůɖɠ Ŭɚɞɡɛɘɜɑɞɡ ȷȷ3003, ˊɟɞŮɟɢɧɛŮɜŬ Ŭˊɧ ŭɨɞ ŭɘŬűɞɟŮŰɘəɏɠ ɛŮɗɧŭɞɡɠ 

ɢɨŰŮɡůɖɠ, Űɖɜ ůɡɜŮɢɐ (Twin Roll Casting) əŬɘ Űɖɜ ɖɛɘůɡɜŮɢɐ (Direct Casting). ɆɡɔəŮəɟɘɛɏɜŬ, 

ŮɝŮŰɎůŰɖəŬɜ ŭŮɑɔɛŬŰŬ ˊɟɞŮɟɢɧɛŮɜŬ Ŭˊɧ TRC, űɨɚɚŬ ɗŮɟɛɐɠ ɏɚŬůɖɠ, əŬɗɩɠ əŬɘ űɨɚɚŬ ɣɡɢɟɐɠ 

ɏɚŬůɖɠ Űɤɜ ŭɨɞ ɛŮɗɧŭɤɜ ɢɨŰŮɡůɖɠ. ɇŬ űɨɚɚŬ ɣɡɢɟɐɠ ɏɚŬůɖɠ ɡˊɞɓɚɐɗɖəŬɜ ůŮ ɗŮɟɛɘəɐ 

əŬŰŮɟɔŬůɑŬ ůŰɞɡɠ 450oC, 500oC əŬɘ 550oC ɔɘŬ 5 ɚŮˊŰɎ. ɆŰɧɢɞɠ Űɖɠ ɛŮɚɏŰɖɠ ŮɑɜŬɘ ɖ Ŭɝɘɞɚɧɔɖůɖ 

əŬɘ ɖ ůɨɔəɟɘůɖ Űɖɠ ůɡɛˊŮɟɘűɞɟɎɠ ŭɘŬɛɧɟűɤůɖɠ Űɤɜ űɨɚɚɤɜ ůŮ ɓŬɗɘɎ əɞɑɚŬɜůɖ, ɏˊŮɘŰŬ Ŭˊɧ 

ɣɡɢɟɐ ɏɚŬůɖ əɘ ŬɜɧˊŰɖůɖ. 

ȷˊɧ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ˊɟɞɏəɡɣŬɜ, ŰŬ ŭŮɑɔɛŬŰŬ Űɤɜ ŭɘŬűɞɟŮŰɘəɩɜ ɛŮɗɧŭɤɜ 

ɢɨŰŮɡůɖɠ, ůɡɔəɟɑɗɖəŬɜ ɤɠ ˊɟɞɠ Űɖ ɛɞɟűɞɚɞɔɑŬ Űɤɜ əɧəəɤɜ,Űɖɜ ŬɜɘůɞŰɟɞˊɑŬ əŬɘ Űɞɜ 

əɟɡůŰŬɚɚɞɔɟŬűɘəɧ ɘůŰɧ. 

ɄŬɟŬŰɖɟɐɗɖəŬɜ ůɖɛŬɜŰɘəɏɠ ŭɘŬűɞɟɏɠ ůŰɖ ɛɞɟűɞɚɞɔɑŬ əŬɘ Űɞ ɛɏɔŮɗɞɠ Űɤɜ əɧəəɤɜ ůŮ 

ɧɚŮɠ Űɘɠ ŮɝŮŰŬɕɧɛŮɜŮɠ əŬŰŬůŰɎůŮɘɠ. Ƀɘ ŭɞəɘɛɏɠ ŮűŮɚəɡůɛɞɨ əŬɘ ɓŬɗɘɎɠ əɞɑɚŬɜůɖɠ ŭɘŮɝɐɢɗɖůŬɜ 

ůŮ űɨɚɚŬ ɣɡɢɟɐɠ ɏɚŬůɖɠ TRC əŬɘ DC, ˊɟɘɜ əŬɘ ɛŮŰɎ Ŭˊɧ ɗŮɟɛɘəɐ əŬŰŮɟɔŬůɑŬ. ȼ ŬɜɘůɞŰɟɞˊɑŬ 

Űɤɜ űɨɚɚɤɜ ɓŮɚŰɘɩɗɖəŮ ůɖɛŬɜŰɘəɎ ɛŮŰɎ Űɖɜ ŬɜɧˊŰɖůɖ. 

ȷˊɧ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɞɡ əɟɡůŰŬɚɚɞɔɟŬűɘəɞɨ ɘůŰɞɨ Űɞ ŬɜɞˊŰɖɛɏɜɞ ŭŮɑɔɛŬ DC 

ˊŬɟɞɡůɑŬůŮ ɏɜŬ ɘůɞɟɟɞˊɖɛɏɜɞ ůɡɜŭɡŬůɛɧ ůɡůŰŬŰɘəɞɨ əɨɓɞɡ əŬɘ Ɏɚɚɤɜ ůɡůŰŬŰɘəɩɜ Űɞɡ 

əɟɡůŰŬɚɚɞɔɟŬűɘəɞɨ ɘůŰɞɨ. Ⱥˊɞɛɏɜɤɠ ŮɛűɎɜɘůŮ əŬɚɨŰŮɟɖ ůɡɛˊŮɟɘűɞɟɎ ŭɘŬɛɧɟűɤůɖɠ Ŭˊɧ Űɞ 

ŭŮɑɔɛŬ TRC. 
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ABSTRACT 

This study explores the evolution of texture in sheets of aluminum alloy AA3003 

produced by two casting technologies, Twin Roll Casting and Direct Chill Casting. More 

specifically, strips produced by TRC and hot rolling processes were examined, as well as cold 

rolled sheets of the two casting methods. The cold rolled sheets were heat treated at 450oC,500oC 

and 550oC for 5 minutes. The aim of this study was to evaluate and compare the different 

formability behavior, of cold rolled and annealed sheets from these casting processes. 

From the results obtained, the samples of the different casting methods were compared by 

grain size and morphology, anisotropy and crystallographic texture. 

Significant differences in the grain structure and size were observed in all the tested 

specimens. Tensile, and earing cup tests were conducted on the TRC and DC cold rolled sheets 

before and after heat treatment. The mechanical isotropy of both TRC and DC sheets was 

significantly improved after annealing. 

Electron backscatter diffraction (EBSD) technique was used for texture evaluation. The 

annealed DC sample presented a balanced mixture of cube and other texture components 

exhibiting less anisotropy and therefore exhibited better formability behavior than TRC sample. 
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ȺȽɆȷũɋũȼ 

ȾŬŰɎ Űɖɜ ɏɚŬůɖ Ůɜɧɠ ˊɞɚɡəɟɡůŰŬɚɚɘəɞɨ ɡɚɘəɞɨ, ɞɘ əɧəəɞɘ ŬˊɞəŰɞɨɜ ůŮ ɛŮɔŬɚɨŰŮɟɞ ɐ 

ɛɘəɟɧŰŮɟɞ ɓŬɗɛɧ, ŬɜɎɚɞɔŬ ɛŮ Űɞ ˊɞůɞůŰɧ ɡˊɞɓɘɓŬůɛɞɨ, əɞɘɜɧ ˊɟɞůŬɜŬŰɞɚɘůɛɧ 

(əɟɡůŰŬɚɚɞɔɟŬűɘəɧɠ ɘůŰɧɠ) (1). ɆŰɖɜ ȺɘəɧɜŬ 1a ɞɘ əɧəəɞɘ ŮɑɜŬɘ ŰɡɢŬɑŬ əŬŰŬɜŮɛɖɛɏɜɞɘ 

ŬˊɞŭɑŭɞɜŰŬɠ ŰɡɢŬɑɞ ɘůŰɧ (random texture) Ůɜɩ ɞɘ əɧəəɞɘ Űɖɠ ȺɘəɧɜŬɠ 1b ˊŬɟɞɡůɘɎɕɞɡɜ ɏɜŬɜ 

ˊɟɞŰɘɛɖŰɏɞ ˊɟɞůŬɜŬŰɞɚɘůɛɧ ŬˊɞŭɑŭɞɜŰŬɠ əɟɡůŰŬɚɚɞɔɟŬűɘəɧ ɘůŰɧ (2). 

ȳŰŬɜ Űɞ ɛɏŰŬɚɚɞ ˊŬɟɞɡůɘɎɕŮɘ ɘůŰɧ, ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɤɠ ŬɜɘůɧŰɟɞˊɞ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ 

ŬɜŬˊŰɨůůɞɜŰŬɘ ŭɘŬűɞɟŮŰɘəɏɠ ɘŭɘɧŰɖŰŮɠ ůŰɘɠ ŭɘɎűɞɟŮɠ ŮɝŮŰŬɕɧɛŮɜŮɠ ŭɘŮɡɗɨɜůŮɘɠ, ˊɎɜɤ ůŰɞ 

ŮˊɑˊŮŭɞ Űɞɡ ŮɚɎůÕŬŰɞɠ ȼ ŬɜɘůɞŰɟɞˊɑŬ ŬůəŮɑ ůɖɛŬɜŰɘəɧŰŬŰɖ ŮˊɑŭɟŬůɖ ůŰɘɠ əŬŰŮɟɔŬůɑŮɠ 

ŭɘŬɛɧɟűɤůɖɠ Űɞɡ ŮɚɎůɛŬŰɞɠ (3) (4) (5). 

ɉŬɟŬəŰɖɟɘůŰɘəɐ ŬůŰɞɢɑŬ ŮɝŬɘŰɑŬɠ Űɞɡ ˊɟɞŰɘɛɖŰɏɞɡ ˊɟɞůŬɜŬŰɞɚɘůɛɞɨ Űɤɜ əɧəəɤɜ, ŮɑɜŬɘ 

ɖ ŮɛűɎɜɘůɖ Űɤɜ əɡɛŬŰɞŮɘŭɩɜ Ɏəɟɤɜ, (earing) əŬŰɎ Űɖ ɓŬɗɘɎ əɞɑɚŬɜůɖ. ũɘŬ ɜŬ ŮɝɞɛŬɚɡɜɗɞɨɜ ŰŬ 

ŬɜɞɛɞɘɧɛɞɟűŬ ɎəɟŬ (ɚɞɓɞɑ) ŬˊŬɘŰŮɑŰŬɘ Ůˊɘˊɚɏɞɜ ŮˊŮɝŮɟɔŬůɑŬ əŬɘ ůɡɜŮˊɩɠ ŬɡɝɎɜŮŰŬɘ Űɞ ˊɟɞɠ 

Ŭˊɧɟɟɘɣɖɜ ɡɚɘəɧ. ȼ ˊɟɧɓɚŮɣɖ Űɞɡ ůɢɖɛŬŰɘůɛɞɨ ɚɞɓɩɜ ůŮ ŭɘŬŭɘəŬůɑŬ ɓŬɗɘɎɠ əɞɑɚŬɜůɖɠ 

ŮˊɘŰɟɏˊŮɘ Űɖɜ Űɟɞˊɞˊɞɑɖůɖ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ, ɖ ɞˊɞɑŬ ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ ůŮ ŰŮɚɘəɧ ˊɟɞɥɧɜ ɢɤɟɑɠ 

ŮɚŬŰŰɩɛŬŰŬ, ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɧůɞ Űɖɜ Ůɝɞɘəɞɜɧɛɖůɖ ɢɟɧɜɞɡ ɧůɞ əŬɘ ɢɟɖɛɎŰɤɜ (6) (7) (8) (9). 

ũɘŬ ŰŬ əɟɎɛŬŰŬ Ŭɚɞɡɛɘɜɑɞɡ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŰɖɜ ŬɜŬəɟɡůŰŬɚɚɤɛɏɜɖ Űɞɡɠ əŬŰɎůŰŬůɖ 

(Ƀ-temper) ɞ Ŭɟɘɗɛɧɠ Űɤɜ ɚɞɓɩɜ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ˊɟɞəɨɣŮɘ ŮɑɜŬɘ 4, əŬɘ ɓɟɑůəɞɜŰŬɘ ɡˊɧ Űɘɠ ɔɤɜɑŮɠ 

0ɞ əŬɘ 90ɞ (0/360ɞ, 90ɞ, 180ɞ, 270ɞ) ůŮ ůɢɏůɖ ɛŮ Űɖ ŭɘŮɨɗɡɜůɖ Űɖɠ ɏɚŬůɖɠ. ȷɜŰɘɗɏŰɤɠ, ůŮ 

ŮɚɎůɛŬŰŬ ˊɟɞəɨˊŰɞɡɜ ɚɞɓɞɑ ůŮ ɗɏůŮɘɠ Ñ 45ɞ (45ɞ, 135ɞ, 225ɞ əŬɘ 315ɞ). ȼ əŬŰŬɜɧɖůɖ Űɖɠ 

ȺɘəɧɜŬ 1: a) ɇɡɢŬɑɞɠ ˊɟɞůŬɜŬŰɞɚɘůɛɧɠ (Random Texture) əŬɘ b) ɄɟɞŰɘɛɖŰɏɞɠ ȾɟɡůŰŬɚɚɞɔɟŬűɘəɧɠ 

ɄɟɞůŬɜŬŰɞɚɘůɛɧɠ (texture) (2)  
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Ůɝɏɚɘɝɖɠ Űɖɠ ɛɘəɟɞŭɞɛɐɠ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɧůɞ Űɖɠ ɗŮɟɛɐɠ ɧůɞ əŬɘ Űɖɠ ɣɡɢɟɐɠ ɏɚŬůɖɠ ŮɑɜŬɘ 

əɟɑůɘɛɖ ɔɘŬ Űɖɜ ɛŮɑɤůɖ Űɞɡ çearingè (9) (10) (11). 

ȰɢŮɘ ŭɘŬˊɘůŰɤɗŮɑ ˊɤɠ ɖ ŮɝɎɚŮɘɣɖ Űɤɜ əɡɛŬŰɞŮɘŭɩɜ Ɏəɟɤɜ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ Űɞɜ 

ůɡɜŭɡŬůɛɧ ůɡůŰŬŰɘəɩɜ əɟɡůŰŬɚɚɞɔɟŬűɘəɞɨ ɘůŰɞɨ ŬɜŬəɟɡůŰɎɚɚɤůɖɠ (Recrystallization 

components) əŬɘ ɏɚŬůɖɠ Rolling components), əŬɗɩɠ ŬɜŰɘůŰŬɗɛɑɕɞɜŰŬɘ ɞɘ ɚɞɓɞɑ Űɤɜ 0Á/90Á əŬɘ 

Ñ 45Á, ŬɜŰɑůŰɞɘɢŬ. ȰŰůɘ, ˊɞɚɚɞɑ ŮɟŮɡɜɖŰɏɠ ɏɢɞɡɜ ɛŮɚŮŰɐůŮɘ ŭɘɎűɞɟŮɠ ˊŬɟŬɛɏŰɟɞɡɠ, 

ˊɟŬɔɛŬŰɞˊɞɘɩɜŰŬɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ɗŮɟɛɘəɏɠ əŬŰŮɟɔŬůɑŮɠ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɞ 

əŬŰɎɚɚɖɚɞɠ ŬɡŰɧɠ ůɡɜŭɡŬůɛɧɠ Űɤɜ əɟɡůŰŬɚɚɞɔɟŬűɘəɩɜ ɘůŰɩɜ (12) (13) (14). 

Ƀ Martins ə.Ɏ. (15) ůŰɖɜ ɏɟŮɡɜɎ Űɞɡɠ ç Texture Analysis of Cold Rolled and Annealed 

Aluminum Alloy Produced by Twin-roll Casting è ɛŮɚɏŰɖůŬɜ Űɞɜ ɘůŰɧ əɟɎɛŬŰɞɠ AA3003 

ˊɟɞŮɟɢɧɛŮɜɞ Ŭˊɧ ůɡɜŮɢɐ ɛɏɗɞŭɞ ɢɨŰŮɡůɖɠ (Twin-Roll Casting). ȰˊŮɘŰŬ Ŭˊɧ ɞɛɞɔŮɜɞˊɞɑɖůɖ, 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɣɡɢɟɐ ɏɚŬůɖ ɛŮ ɛŮɑɤůɖ Űɞɡ ˊɎɢɞɡɠ əŬŰɎ 67% əŬɘ 91%, əŬɘ ŬɜɧˊŰɖůɖ. 

ȾŬŰɏɚɖɝŬɜ ˊɤɠ ɞ ůɡɜŭɡŬůɛɧɠ ɘůŰɩɜ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ Űɞɜ ɡɣɖɚɧŰŮɟɞ ɡˊɞɓɘɓŬůɛɧ. 

ȺɜŭɘŬűɏɟɞɜ ˊŬɟɞɡůɘɎɕŮɘ ɖ ɏɟŮɡɜŬ Űɤɜ Mahmudi əŬɘ Alaiha (12) ɧˊɞɡ ɛŮɚɏŰɖůŬɜ Űɖɜ 

ŮˊɑŭɟŬůɖ ŭɘŬűɧɟɤɜ ˊŬɟŬɛɏŰɟɤɜ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ɗŮɟɛɞɛɖɢŬɜɘəɐɠ ŮˊŮɝŮɟɔŬůɑŬɠ űɨɚɚɤɜ 

Ŭɚɞɡɛɘɜɑɞɡ AA3003. ȹɘŬˊɘůŰɩɗɖəŮ ˊɤɠ ɞ ůɡɜŭɡŬůɛɧɠ Űɤɜ ɘůŰɩɜ ŮˊɘŰŮɨɢɗɖəŮ ůŰɘɠ Ůɝɐɠ 3 

ˊŮɘɟŬɛŬŰɘəɏɠ ŭɘŬŭɘəŬůɑŮɠ: 

1. Ɋɡɢɟɐ ɏɚŬůɖ (94% ɡˊɞɓɘɓŬůɛɧɠ) əŬɘ ŬɜɧˊŰɖůɖ ůŮ ɡɣɖɚɐ ɗŮɟɛɞəɟŬůɑŬ (540ɞC)  

2. Ɋɡɢɟɐ ɏɚŬůɖ (80%), ŮɜŭɘɎɛŮůɖ ŬɜɧˊŰɖůɖ (480ɞC), ɣɡɢɟɐ ɏɚŬůɖ (50%) əŬɘ 

ŰŮɚɘəɐ ŬɜɧˊŰɖůɖ 

3. ɃɛɞɔŮɜɞˊɞɑɖůɖ-ɣɡɢɟɐ ɏɚŬůɖ (90%) -ȷɜɧˊŰɖůɖ (480ɞC). 

ɆŰɖ ɛŮɚɏŰɖ Űɞɡ Ⱥngler  (16) ɛŮɚŮŰɩɜŰŬɘ əŬɘ ůɡɔəɟɑɜɞɜŰŬɘ 2 ŮɚɎůɛŬŰŬ ɛŮ ŭɘŬűɞɟŮŰɘəɐ 

ůəɚɖɟɧŰɖŰŬ, ɔɘŬ Űɖ ɢɟɐůɖ Űɞɡɠ ůŰɖ ɓɘɞɛɖɢŬɜɑŬ ůɡůəŮɡŬůɑŬɠ. ȾɟɎɛŬ Ŭɚɞɡɛɘɜɑɞɡ ȷȷ3105 

ɡɣɖɚɐɠ ŬɜŰɞɢɐɠ ɛŮ ɢŬɛɖɚɧ ˊɞůɞůŰɧ ɚɞɓɩɜ ˊŬɟɎɔŮŰŬɘ ɛŮ ɞɛɞɔŮɜɞˊɞɑɖůɖ əŬɘ ɏɜŰɞɜɖ ɣɡɢɟɐ 

ɏɚŬůɖ Ůɜɩ ůŮ ɡɚɘəɧ ɛŮ ɛŮůŬɑŬ ŬɜŰɞɢɐ Űɞ ɢŬɛɖɚɧ ˊɞůɞůŰɧ ɚɞɓɩɜ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ ɣɡɢɟɐ ɏɚŬůɖ 

əŬɘ ŮɜŭɘɎɛŮůɖ ŬɜɧˊŰɖůɖ ˊɟɘɜ Űɖɜ ŰŮɚɘəɐ ɏɚŬůɖ. ȾŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ŮɜŭɘɎɛŮůɖɠ ŬɜɧˊŰɖůɖɠ, 

Űɞ ɡɚɘəɧ ŬɜŬəɟɡůŰŬɚɚɩɜŮŰŬɘ, ŬɜŬˊŰɨůůɞɜŰŬɠ ɛɘŬ ɚŮˊŰɧəɞəəɖ, ŮɚŬűɟɩɠ Ůˊɘɛɐəɖ ŭɞɛɐ. 

Ƀ Shi ə.Ɏ. (17), ɛŮ Űɖɜ ɛŮɚɏŰɖ Ůɜɧɠ ɛɞɜŰɏɚɞɡ ˊɟɞůɞɛɞɑɤůɖɠ, əŬŰɏɚɖɝŬɜ ůŰɞ 

ůɡɛˊɏɟŬůɛŬ ɧŰɘ ɖ Ŭɟɢɘəɐ ɡűɐ əŬɘ ɖ ɢɤɟɘəɐ əŬŰŬɜɞɛɐ Űɤɜ əɧəəɤɜ ŮɑɜŬɘ ɞɘ əɡɟɘɧŰŮɟɞɘ 

ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ əŬɗɞɟɑɕɞɡɜ Űɞ ůɢɖɛŬŰɘůɛɧ Űɤɜ ɚɞɓɩɜ. Ⱥˊɘˊɚɏɞɜ ɔɘŬ Űɞ əɟɎɛŬ ȷȷ3104-ȼ19, 

ŭɘŬˊɑůŰɤůŬɜ ɧŰɘ ɞɘ əɡɛŬŰɞŮɘŭɐɠ ɎəɟŮɠ ɝŮəɘɜɞɨɜ ůŮ ˊɞɚɨ ɢŬɛɖɚɏɠ əŬŰŬˊɞɜɐůŮɘɠ əŬŰɎ Űɖ 
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ŭɘɎɟəŮɘŬ Űɖɠ ɓŬɗɘɎɠ əɞɑɚŬɜůɖɠ əŬɘ ŮɜŰŮɑɜɞɜŰŬɘ ɛŮ Űɖɜ ŬɡɝŬɜɧɛŮɜɖ əŬŰŬˊɧɜɖůɖ. ɇɏɚɞɠ, ɞ 

Ŭɟɘɗɛɧɠ Űɤɜ ɚɞɓɩɜ ˊɞɡ ɗŬ ŭɘŬɛɞɟűɤɗŮɑ (4, 6, ɐ 8 ɚɞɓɞɑ) ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ ˊɞůɞůŰɧ Űɞɡ 

ɡˊɞɓɘɓŬůɛɞɨ. 

ɆŰɖ ŭɖɛɞůɑŮɡůɖ çTexture evolution of continuous cast and direct chill cast AA3003 

aluminum alloys during cold rollingè ůɡɔəɟɑɜŮŰŬɘ ɖ ɛɘəɟɞŭɞɛɐ əŬɘ ɖ Ůɝɏɚɘɝɖ Űɞɡ 

əɟɡůŰŬɚɚɞɔɟŬűɘəɞɨ ɘůŰɞɨ, ŭɨɞ ŭɘŬűɞɟŮŰɘəɩɜ ɛŮɗɧŭɤɜ ɢɨŰŮɡůɖɠ. ȰˊŮɘŰŬ Ŭˊɧ ɗŮɟɛɘəɐ 

əŬŰŮɟɔŬůɑŬ Űɞ ɡɚɘəɧ ɡˊɞɓɚɐɗɖəŮ ůŮ ɡˊɞɓɘɓŬůɛɞɨɠ ˊɎɢɞɡɠ Ůɩɠ 90%. ȷɜŬűɏɟŮŰŬɘ ˊɤɠ ůŰɖɜ 

ůɡɜŮɢɐ ɢɨŰŮɡůɖ(Continuous Casting (TRC)), Űɞ ɡɚɘəɧ ˊŬɟɞɡůɘɎɕŮɘ ˊɘɞ Ůˊɘɛɖəɡɛɏɜɞɡɠ əɧəəɞɡɠ 

ůŮ ůɨɔəɟɘůɖ ɛŮ Űɖɜ ɖɛɘůɡɜŮɢɐ(Direct Casting, DC) əŬɘ ɖ ɗŮɟɛɞəɟŬůɑŬ ŬɜŬəɟɡůŰɎɚɚɤůɐɠ Űɞɡɠ 

ŮɑɜŬɘ ŭɘŬűɞɟŮŰɘəɐ ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ˊŬɟɞɡůɘɎɕɞɡɜ ŭɘŬűɞɟɎ ůŰɞɜ əɟɡůŰŬɚɚɞɔɟŬűɘəɧ Űɞɡɠ ɘůŰɧ 

(18).  

Ƀ Mehdi Salari (19) ůŰɖɜ ɏɟŮɡɜɎ Űɞɡ, ɛŮɚŮŰɎ Űɖɜ ŮˊɑŭɟŬůɖ Űɖɠ ŰŮɚɘəɐɠ ɗŮɟɛɞəɟŬůɑŬɠ 

ɗŮɟɛɐɠ ɏɚŬůɖɠ (Finish Rolling Texture) ůŰɖɜ ɛɘəɟɞŭɞɛɐ, ůŰɞɜ ŬɜŬˊŰɡůůɧɛŮɜɞ 

əɟɡůŰŬɚɚɞɔɟŬűɘəɧ ɘůŰɧ əŬɘ ůŰɘɠ ɛɖɢŬɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ űɨɚɚɞɡ Ŭɚɞɡɛɘɜɑɞɡ AA3004. ȰɜŬ 

ɡɣɖɚɧŰŮɟɞ FRT, ɞŭɐɔɖůŮ ůŮ ŬɜŬəɟɡůŰɎɚɚɤůɖ əŬɘ ɛŮɔɏɗɡɜůɖ Űɞɡ əɧəəɞɡ ɛŮŰɎ Ŭˊɧ ɗŮɟɛɐ 

ɏɚŬůɖ, ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ŬɜɎˊŰɡɝɖ ɘůŰɞɨ ŬɜŬəɟɡůŰɎɚɚɤůɖɠ. ȰˊŮɘŰŬ Ŭˊɧ ŬɜɧˊŰɖůɖ Űɖɠ 

ɗŮɟɛɐɠ ŰŬɘɜɑŬɠ (hot band), Űɞ ˊɞůɞůŰɧ Űɞɡ ɘůŰɞɨ ŬɜŬəɟɡůŰɎɚɚɤůɖɠ ŬɡɝɐɗɖəŮ ůŰɞ ŭŮɑɔɛŬ ɛŮ 

ɡɣɖɚɐ FRT. ȷɡŰɧ ŮɑɢŮ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ɘůɞɟɟɞˊɑŬ Űɤɜ ůɡůŰŬŰɘəɩɜ Űɞɡ əɟɡůŰŬɚɚɞɔɟŬűɘəɞɨ 

ɘůŰɞɨ, ɛŮŰɎ Űɞ ŮˊɧɛŮɜɞ ůŰɎŭɘɞ Űɖɠ ɣɡɢɟɐ ɏɚŬůɖ. 

ɇɏɚɞɠ, ůŰɖ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ Űɞɡ Ʉ. ɆŰŬɗɧˊɞɡɚɞɡ (20) ɔɑɜŮŰŬɘ ɛŮɚɏŰɖ Űɖɠ ŮˊɑŭɟŬůɖɠ 

ɗŮɟɛɘəɩɜ əŬŰŮɟɔŬůɘɩɜ ɞɛɞɔŮɜɞˊɞɑɖůɖɠ, Űɧůɞ ůŰɖ ɛɘəɟɞŭɞɛɐ ɧůɞ əŬɘ ůŰɞɜ ɘůŰɧ ůŮ əɟɎɛŬ 

Ŭɚɞɡɛɘɜɑɞɡ ȷȷ3003 ɛŮ ŭɘŬűɞɟŮŰɘəɧ ˊɎɢɞɠ (5,5mm əŬɘ 8mm). ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ɛŮɚɏŰɖɠ 

Űɞɡ ŮɑɢŬɜ ˊɞɚɨ ɛŮɔɎɚɞ ŮɜŭɘŬűɏɟɞɜ əŬɗɩɠ ŭɘŬˊɑůŰɤůŮ ɧŰɘ ŰŬ ˊɞůɞůŰɎ ɘůŰɞɨ ɏɚŬůɖɠ əŬɘ 

ŬɜŬəɟɡůŰɎɚɚɤůɖɠ ɏɢɞɡɜ ɛŮɔɎɚɖ ŭɘŬűɞɟɎ ɛŮŰŬɝɨ əɏɜŰɟɞɡ əŬɘ ŮˊɘűɎɜŮɘŬɠ ůŰŬ ˊŮɟɘůůɧŰŮɟŬ 

ŭŮɑɔɛŬŰŬ. ɆɡɛˊɏɟŬɜŮ Ůˊɑůɖɠ, ɧŰɘ ɏˊŮɘŰŬ Ŭˊɧ ɞɛɞɔŮɜɞˊɞɑɖůɖ ůŰɞɡɠ 610ɞC ŰŬ ŭɨɞ ŮɚɎůɛŬŰŬ ɛŮ 

ŭɘŬűɞɟŮŰɘəɧ ˊɎɢɞɠ ˊŬɟɞɡůɘɎɕɞɡɜ ŰŬ ɛɘəɟɧŰŮɟŬ ˊɞůɞůŰɎ ɘůŰɞɨ ɏɚŬůɖɠ əŬɘ ŬɜŬəɟɡůŰɎɚɚɤůɖɠ 

ůŮ ůɢɏůɖ ɛŮ ŰŬ ɡˊɧɚɞɘˊŬ ŭɞəɑɛɘŬ əŬɗɘůŰɩɜŰŬɠ ŰŬ ˊɘɞ ɘůɧŰɟɞˊŬ. 

ȹŮŭɞɛɏɜɞɡ ɧŰɘ ɖ ɛɘəɟɞŭɞɛɐ əŬɘ ɖ Ůɝɏɚɘɝɖ Űɞɡ əɟɡůŰŬɚɚɞɔɟŬűɘəɞɨ ɘůŰɞɨ ɏɢɞɡɜ ɘůɢɡɟɐ 

ŮˊɑŭɟŬůɖ ůŰɘɠ ɛɖɢŬɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ əŬɘ ůŰɖɜ ɘəŬɜɧŰɖŰŬ ɛɞɟűɞˊɞɑɖůɖɠ ŰŮɚɘəɩɜ ˊɟɞɥɧɜŰɤɜ, ɖ 

ɛŮɚɏŰɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ŭɨɞ ŭɘŬűɞɟŮŰɘəɩɜ ɛŮɗɧŭɤɜ ɢɨŰŮɡůɖɠ (DC & CC), ɏɢŮɘ Űɧůɞ 

ŮˊɘůŰɖɛɞɜɘəɐ ɧůɞ əŬɘ ŰŮɢɜɘəɐ ůɖɛŬůɑŬ. 
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ɆŰɧɢɞɠ ɚɞɘˊɧɜ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ, ŮɑɜŬɘ ɖ ɛŮɚɏŰɖ əŬɘ ɖ ůɨɔəɟɘůɖ Űɖɠ Ůɝɏɚɘɝɖɠ Űɞɡ 

əɟɡůŰŬɚɚɞɔɟŬűɘəɞɨ ɘůŰɞɨ, ůŮ űɨɚɚŬ əɟɎɛŬŰɞɠ Ŭɚɞɡɛɘɜɑɞɡ ȷȷ3003, ˊɟɞŮɟɢɧɛŮɜŬ Ŭˊɧ ŭɨɞ 

ŭɘŬűɞɟŮŰɘəɏɠ ɛŮɗɧŭɞɡɠ ɢɨŰŮɡůɖɠ. ũɑɜŮŰŬɘ ˊɟɞůˊɎɗŮɘŬ ůɡůɢɏŰɘůɖɠ Űɞɡ ŬɜŬˊŰɡůůɧɛŮɜɞɡ 

əɟɡůŰŬɚɚɞɔɟŬűɘəɞɨ ɘůŰɞɨ ɛŮ Űɖɜ ŮˊɘŭŮəŰɘəɧŰɖŰŬ ŭɘŬɛɧɟűɤůɐɠ Űɞɡɠ.  

ɆɡɔəŮəɟɘɛɏɜŬ, ɛŮɚŮŰɐɗɖəŬɜ ŭŮɑɔɛŬŰŬ ɗŮɟɛɐɠ əŬɘ ɣɡɢɟɐɠ ɏɚŬůɖɠ Űɤɜ ŭɨɞ ɛŮɗɧŭɤɜ 

ɢɨŰŮɡůɖɠ əŬɘ ŬɝɘɞɚɞɔɐɗɖəŬɜ ˊŮɟŬɘŰɏɟɤ ɛŮ ɗŮɟɛɘəɐ əŬŰŮɟɔŬůɑŬ ŬɜɧˊŰɖůɖɠ. 

ɄɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɛŮŰɟɐůŮɘɠ Űɖɠ ŬɜɘůɞŰɟɞˊɑŬɠ, ɛɏůɤ ŭɞəɘɛɩɜ ŮűŮɚəɡůɛɞɨ ůŰŬ űɨɚɚŬ 

ɣɡɢɟɐɠ ɏɚŬůɖɠ əŬɘ ŬɜɧˊŰɖůɖɠ. ɇŬ ŭŮɑɔɛŬŰŬ ŬɝɘɞɚɞɔɐɗɖəŬɜ ɤɠ ˊɟɞɠ Űɖ ŭɘŬɛɞɟűɤůɘɛɧŰɖŰɎ Űɞɡɠ 

ɛɏůɤ ŭɞəɘɛɐɠ ɓŬɗɘɎɠ əɞɑɚŬɜůɖɠ (cup testing). ɆŰɖ ůɡɜɏɢŮɘŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɖ ɛɘəɟɞůəɞˊɑŬ 

ɔɘŬ ɜŬ ŮɝŮŰŬůŰɞɨɜ ɞɘ ŭɘŬűɞɟɏɠ ůŰɖ ɛɞɟűɞɚɞɔɑŬ Űɤɜ əɧəəɤɜ. ɄɟɞəŮɘɛɏɜɞɡ ɜŬ ɔɑɜŮɘ ɖ ůɨɜŭŮůɖ 

Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ, Űɤɜ ŭɞəɘɛɩɜ ŮűŮɚəɡůɛɞɨ əŬɘ ɓŬɗɘɎɠ əɞɑɚŬɜůɖɠ, ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɖ 

ŰŮɢɜɘəɐ ɄŮɟɑɗɚŬůɖɠ ɃˊɘůɗɞůəŮŭŬɕɧɛŮɜɤɜ ȼɚŮəŰɟɞɜɑɤɜ (EBSD).                         .
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ȾȺūȷȿȷȽɃ 1: ɇɃ ȷȿɃɈɀȽɁȽɃ ȾȷȽ ɇȷ ȾɅȷɀȷɇȷ ɇɃɈ 

1.1 ȸŬůɘəɎ ɆŰɞɘɢŮɑŬ 

ɇɞ Ŭɚɞɡɛɑɜɘɞ ŮɑɜŬɘ ŮɚŬűɟɨ, ɧɚəɘɛɞ ɛɏŰŬɚɚɞ, ɛŮ ˊɞɚɨ əŬɚɐ ɗŮɟɛɘəɐ əŬɘ ɖɚŮəŰɟɘəɐ 

ŬɔɤɔɘɛɧŰɖŰŬ. ȼ ˊɡəɜɧŰɖŰɎ Űɞɡ ŮɑɜŬɘ ɢŬɛɖɚɐ (2,7 g/cm3), ˊŮɟɑˊɞɡ Űɞ ɏɜŬ ŰɟɑŰɞ Űɖɠ ˊɡəɜɧŰɖŰŬɠ Űɞɡ 

ůɘŭɐɟɞɡ (7,8 g/cm3). ɇɞ əŬɗŬɟɧ Ŭɚɞɡɛɑɜɘɞ ŮɑɜŬɘ ŬɟəŮŰɎ ɛŬɚŬəɧ əŬɘ ɧɚəɘɛɞ. ȾɟɡůŰŬɚɚɩɜŮŰŬɘ ůŰɞ 

əɡɓɘəɧ ŮŭɟɞəŮɜŰɟɤɛɏɜɞ əɟɡůŰŬɚɚɘəɧ ˊɚɏɔɛŬ (FCC) əŬɘ ŰɐəŮŰŬɘ ůŰɞɡɠ 661ÁC. 

ȰɜŬ ɓŬůɘəɧ ˊɚŮɞɜɏəŰɖɛŬ Űɞɡ Ŭɚɞɡɛɘɜɑɞɡ ŮɑɜŬɘ ɖ ŬɜɗŮəŰɘəɧŰɖŰɎ Űɞɡ ůŰɖɜ ɞɝŮɑŭɤůɖ. ȷɡŰɧ 

ɞűŮɑɚŮŰŬɘ ůŰɖ ɛŮɔɎɚɖ ɢɖɛɘəɐ ůɡɔɔɏɜŮɘŬ ɛŮ Űɞ ɞɝɡɔɧɜɞ, ɛŮ ŬˊɞŰɏɚŮůɛŬ əŬŰɎ Űɘɠ ŭɘŮɟɔŬůɑŮɠ ɞɝŮɑŭɤůɖɠ 

ɜŬ ůɢɖɛŬŰɑɕŮŰŬɘ ɏɜŬ ɚŮˊŰɧ, ŮˊɘűŬɜŮɘŬəɧ ůŰɟɩɛŬ ɞɝŮɘŭɑɞɡ Űɞɡ Ŭɟɔɘɚɑɞɡ (Al 2O3). Ƀ ůɢɖɛŬŰɘůɛɧɠ ŬɡŰɞɨ 

Űɞɡ ůŰɟɩɛŬŰɞɠ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ůɖɛŬɜŰɘəɧɠ, əŬɗɩɠ ŮɑɜŬɘ ŬŭɘŬˊɏɟŬŰɞ Ŭˊɧ Űɞ ɞɝɡɔɧɜɞ əŬɘ ˊɟɞůűɏɟŮɘ 

ůŰɞ ɛɏŰŬɚɚɞ ůɖɛŬɜŰɘəɐ ŬɜŰɘɞɝŮɘŭɤŰɘəɐ ˊɟɞůŰŬůɑŬ (21). 

Ƀɘ əɡɟɘɧŰŮɟŮɠ əɟŬɛŬŰɘəɏɠ ˊɟɞůɗɐəŮɠ Űɞɡ Ŭɚɞɡɛɘɜɑɞɡ ŮɑɜŬɘ ɞ ɢŬɚəɧɠ (Cu), Űɞ ɛŬɔɔɎɜɘɞ (Mn), 

Űɞ ɛŬɔɜɐůɘɞ (Mg), ɞ ůɑŭɖɟɞɠ (Fe), Űɞ ˊɡɟɑŰɘɞ (Si) əŬɘ ɞ ɣŮɡŭɎɟɔɡɟɞɠ (Zn). ȾɨɟɘŮɠ ɛɘəɟɞˊɟɞůɛɑɝŮɘɠ 

ůɘŭɐɟɞɡ (Fe) əŬɘ ˊɡɟɘŰɑɞɡ (Si) ɛˊɞɟɞɨɜ ɜŬ ɓɟɑůəɞɜŰŬɘ ůô ŬɡŰɧ ůŮ ˊŮɟɘɞɟɘůɛɏɜɞ űɡůɘəɎ ɓŬɗɛɧ. 

ȳˊɤɠ Űɞ əŬɗŬɟɧ Ŭɚɞɡɛɑɜɘɞ, ɏŰůɘ əŬɘ ŰŬ əɟɎɛŬŰɎ Űɞɡ ɏɢɞɡɜ ɢŬɛɖɚɐ ˊɡəɜɧŰɖŰŬ, əŬɚɐ ɗŮɟɛɘəɐ 

əŬɘ ɖɚŮəŰɟɘəɐ ŬɔɤɔɘɛɧŰɖŰŬ əŬɘ ɡɣɖɚɐ ŬɜŰɞɢɐ ůŮ ŭɘɎɓɟɤůɖ. Ƀɘ ɛɞɜŬŭɘəɞɑ ůɡɜŭɡŬůɛɞɑ ɘŭɘɞŰɐŰɤɜ Űɞɡ 

Ŭɚɞɡɛɘɜɑɞɡ əŬɘ Űɤɜ əɟŬɛɎŰɤɜ Űɞɡ ŰŬ əŬɗɘůŰɞɨɜ Ŭˊɧ ŰŬ ˊɘɞ ɞɘəɞɜɞɛɘəɎ əŬɘ ŮɚəɡůŰɘəɎ ɛɏŰŬɚɚŬ ɔɘŬ 

ɛɑŬ ˊɚɖɗɩɟŬ ŮűŬɟɛɞɔɩɜ, Ŭˊɧ ɛŬɚŬəɧ, ˊɞɚɨ ŮɨˊɚŬůŰɞ űɨɚɚɞ ˊŮɟɘŰɡɚɑɔɛŬŰɞɠ Ůɩɠ Űɘɠ ˊɘɞ ŬˊŬɘŰɖŰɘəɏɠ 

ŮűŬɟɛɞɔɏɠ ɛɖɢŬɜɘəɐɠ (22). 

ɇŬ əɟɎɛŬŰŬ Ŭɚɞɡɛɘɜɑɞɡ əŬŰɖɔɞɟɞˊɞɘɞɨɜŰŬɘ ůŮ əɟɎɛŬŰŬ ŭɘŬɛɧɟűɤůɖɠ əŬɘ ɢɡŰɎ əɟɎɛŬŰŬ. ũɘŬ 

Űɖɜ ɞɜɞɛŬŰɞɚɞɔɑŬ Űɤɜ əɟŬɛɎŰɤɜ ŭɘŬɛɧɟűɤůɖɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɏɜŬɠ ŰŮŰɟŬɣɐűɘɞɠ əɤŭɘəɧɠ. Ƀ ˊɟɩŰɞɠ 

Ŭɟɘɗɛɧɠ ɡˊɞŭɖɚɩɜŮɘ Űɞɜ Űɨˊɞ əɟɎɛŬŰɞɠ ůɨɛűɤɜŬ ɛŮ ŰŬ əɡɟɑŬɟɢŬ əɟŬɛŬŰɘəɎ ůŰɞɘɢŮɑŬ. Ƀ ŭŮɨŰŮɟɞɠ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ ɜŬ ŭɖɚɩůŮɘ ŰɟɞˊɞˊɞɘɐůŮɘɠ Űɤɜ ɞɟɑɤɜ ˊŮɟɘŮəŰɘəɞŰɐŰɤɜ Űɤɜ ŬəŬɗŬɟůɘɩɜ (21). ɇŬ 

əɟɎɛŬŰŬ ŭɘŬɛɧɟűɤůɖɠ ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɘɠ Ůɝɐɠ 9 əŬŰɖɔɞɟɑŮɠ: 

¶ 1xxx ȾŬɗŬɟɧ Al (Al  >99,00%) 

¶ 2xxx ȾɟɎɛŬŰŬ Al -Cu 

¶ 3xxx ȾɟɎɛŬŰŬ Al -Mn 

¶ 4xxx ȾɟɎɛŬŰŬ Al -Si 

¶ 5xxx ȾɟɎɛŬŰŬ Al -Mg 
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¶ 6xxx ȾɟɎɛŬŰŬ Al -Mg-Si 

¶ 7xxx ȾɟɎɛŬŰŬ Al -Zn 

¶ 8xxx ȾɟɎɛŬŰŬ Al -Sn ɛŮ ɎɚɚŬ ůŰɞɘɢŮɑŬ 

¶ 9xxx ȾɟɎɛŬŰŬ Al ɛŮ ɎɚɚŬ ůŰɞɘɢŮɑŬ 

ɈˊɞŭɘŬɘɟɞɨɜŰŬɘ ˊŮɟŬɘŰɏɟɤ ůŮ əɟɎɛŬŰŬ ŮˊɘŭŮəŰɘəɎ ůŮ ɗŮɟɛɘəɐ əŬŰŮɟɔŬůɑŬ əŬɘ ůŮ əɟɎɛŬŰŬ ˊɞɡ 

ŭŮɜ ŮɑɜŬɘ ŮˊɘŭŮəŰɘəɎ ůŮ ɗŮɟɛɘəɐ əŬŰŮɟɔŬůɑŬ (22) (23).. 

1.2. ȾɟɎɛŬŰŬ ɛɖ ŮˊɘŭŮəŰɘəɎ ůŮ ɗŮɟɛɘəɐ əŬŰŮɟɔŬůɑŬ  

ȼ əŬŰɖɔɞɟɑŬ ŬɡŰɐ ŬűɞɟɎ əɟɎɛŬŰŬ Űɤɜ ůŮɘɟɩɜ 1xxx, 3xxx, 4xxx əŬɘ 5xxx. Ƀɘ ůŮɘɟɏɠ ŬɡŰɏɠ 

ɏɢɞɡɜ ˊɞɚɨ ɢŬɛɖɚɏɠ ˊɟɞůɗɐəŮɠ əɟŬɛŬŰɘəɩɜ ůŰɞɘɢŮɑɤɜ, ɧˊɤɠ Űɞ ɛŬɔɔɎɜɘɞ (ůŮɘɟɎ 3xxx), Űɞ ˊɡɟɑŰɘɞ 

(ůŮɘɟɎ 4xxx) əŬɘ Űɞ ɛŬɔɜɐůɘɞ (ůŮɘɟɎ 5xxx), ɔɘô ŬɡŰɧ Űɞ ɚɧɔɞ ŭŮɜ ɡűɑůŰŬɜŰŬɘ ůəɚɐɟɤůɖ ɛŮ ɗŮɟɛɘəɐ 

əŬŰŮɟɔŬůɑŬ. ȼ Ŭɨɝɖůɖ Űɖɠ ŬɜŰɞɢɐɠ Űɤɜ əɟŬɛɎŰɤɜ ŬɡŰɩɜ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛɏůɤ ɛɖɢŬɜɘůɛɩɜ 

ůəɚɐɟɤůɖɠ, ɧˊɤɠ ɖ ŮɜŭɞŰɟɎɢɡɜůɖ (work hardening), ɖ ůəɚɐɟɤůɖ ɛŮ ůŰŮɟŮɧ ŭɘɎɚɡɛŬ əŬɘ ůəɚɐɟɤůɖ 

ŭɘŬůˊɞɟɎɠ (dispersoid precipitates) (22). 

1.3. ɆŮɘɟɎ 3xxx 

ȼ ůŮɘɟɎ 3xxx ŬɜɐəŮɘ, ůŰɖɜ əŬŰɖɔɞɟɑŬ Űɤɜ ŭɘŬɛɞɟűɩůɘɛɤɜ əɟŬɛɎŰɤɜ, ɛɖ ŮˊɘŭŮəŰɘəɩɜ ůŮ 

ɗŮɟɛɘəɏɠ əŬŰŮɟɔŬůɑŮɠ. Ȱɢɞɡɜ ɡɣɖɚɐ ɘəŬɜɧŰɖŰŬ ŭɘŬɛɧɟűɤůɖɠ, ůɡɔəɞɚɚɖůɘɛɧŰɖŰŬɠ əŬɘ ŮɝŬɘɟŮŰɘəɐ 

ŬɜŰɞɢɐ ůŰɖ ŭɘɎɓɟɤůɖ. Ƀɘ əɨɟɘŮɠ əɟŬɛŬŰɘəɏɠ ˊɟɞůɗɐəŮɠ Űɖɠ ůŮɘɟɎɠ ŮɑɜŬɘ Űɞ ɛŬɔɔɎɜɘɞ ŬɚɚɎ əŬɘ ɞ 

ůɡɜŭɡŬůɛɧɠ ɛŬɔɔŬɜɑɞɡ-ɛŬɔɜɖůɑɞɡ. ȼ ŬɜŰɞɢɐ Űɞɡɠ ɛˊɞɟŮɑ ɜŬ ŬɡɝɖɗŮɑ ůɖɛŬɜŰɘəɎ ɛɏůɤ 

ŮɜŭɞŰɟɎɢɡɜůɖɠ (H-temper). ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ɛŮ ɣɡɢɟɐ ɏɚŬůɖ, ɖ ŰŮɚɘəɐ ŬɜŰɞɢɐ ůŮ ŮűŮɚəɡůɛɧ Űɞɡ 

əɟɎɛŬŰɞɠ 3003 ŬɡɝɎɜŮŰŬɘ Ŭˊɧ 110 ɀɅŬ (ůŮ əŬŰɎůŰŬůɖ ŬɜɧˊŰɖůɖɠ, Ƀ-temper) ůŮ 200 MPa (ȼ-18 

temper). ȷɜŰɑůŰɞɘɢŬ ɖ ŰŮɚɘəɐ ŬɜŰɞɢɐ ůŮ ŭɞəɘɛɐ ŮűŮɚəɡůɛɞɨ Űɞɡ əɟɎɛŬŰɞɠ 3004 ŬɡɝɎɜŮŰŬɘ Ŭˊɧ ~179 

MPa (Ƀ-temper) ůŮ ~283 MPa (H-38 temper) (21). 

ɇɞ əɟɎɛŬ 3003 ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŮ ɢɖɛɘəɧ Ůɝɞˊɚɘůɛɧ, ůɡɛˊɘŮůŰɏɠ, ŮɜŬɚɚɎəŰŮɠ ɗŮɟɛɧŰɖŰŬɠ, 

əŰɘɟɘŬəɏɠ ɡˊɞŭɞɛɏɠ əŬɘ ůŮ ɛŬɔŮɘɟɘəɎ ůəŮɨɖ. ɇŬ ůɩɛŬŰŬ Űɤɜ əɞɡŰɘɩɜ ŬɜŬɣɡəŰɘəɞɨ əŬŰŬůəŮɡɎɕɞɜŰŬɘ 

Ŭˊɧ əɟɎɛŬŰŬ Ŭɚɞɡɛɘɜɑɞɡ 3004 ɐ 3104 ɐ 3105 (ȼ-19 ɐ ȼ-16 ), ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ ŰŬ ˊɘɞ Ůɡɟɏɤɠ 

ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜŬ əɟɎɛŬŰŬ Ŭɚɞɡɛɘɜɑɞɡ ůŮɘɟɎɠ 3xxx, ŮɝŬɘŰɑŬɠ Űɖɠ ɘəŬɜɧŰɖŰɎɠ Űɞɡɠ ɜŬ 

ŭɘŬɛɞɟűɩɜɞɜŰŬɘ ɛŮ ŮɡəɞɚɑŬ. ɇɏɚɞɠ, ɞɘ ŮɜŬɚɚɎəŰŮɠ ɗŮɟɛɧŰɖŰŬɠ ɣɡɔŮɑɞɡ Űɤɜ ŬɡŰɞəɘɜɐŰɤɜ 

əŬŰŬůəŮɡɎɕɞɜŰŬɘ Ŭˊɧ Űɞ əɟɎɛŬ 3002 (25) (26). 
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ȺɘəɧɜŬ 2: ȹɘɛŮɟɏɠ ȹɘɎɔɟŬɛɛŬ Al-Mn (24). 

1.4. ȼ ŮˊɑŭɟŬůɖ əɟŬɛŬŰɘəɩɜ ůŰɞɘɢŮɑɤɜ ůŰɘɠ ɘŭɘɧŰɖŰŮɠ əɟŬɛɎŰɤɜ Ŭɚɞɡɛɘɜɑɞɡ 

ůŮɘɟɎɠ 3xxx 

Ƀɘ əɨɟɘŮɠ əɟŬɛŬŰɘəɏɠ ˊɟɞůɗɐəŮɠ Űɤɜ əɟŬɛɎŰɤɜ Ŭɚɞɡɛɘɜɑɞɡ ůŮɘɟɎɠ 3xxx ŮɑɜŬɘ Űɞ ɛŬɔɔɎɜɘɞ 

(Mn), Űɞ ɛŬɔɜɐůɘɞ (Mg), ɞ ůɑŭɖɟɞɠ (Fe) əŬɘ Űɞ ˊɡɟɑŰɘɞ (Si). ɇŬ ˊŬɟŬˊɎɜɤ əɟŬɛŬŰɘəɎ ůŰɞɘɢŮɑŬ ɏɢɞɡɜ 

Űɘɠ Ůɝɐɠ ŮˊɘŭɟɎůŮɘɠ: 

 

ɀŬɔɔɎɜɘɞ: ɇɞ ɛŬɔɔɎɜɘɞ ŬˊɞŰŮɚŮɑ əɞɘɜɐ ˊɟɞůɗɐəɖ ůŮ əɟɎɛŬŰŬ Ŭɚɞɡɛɘɜɑɞɡ. ȸŮɚŰɘɩɜŮɘ Űɖɜ 

ŬɜŰɞɢɐ, Űɧůɞ ɛɏůɤ ůəɚɐɟɤůɖɠ ɛŮ ůŰŮɟŮɧ ŭɘɎɚɡɛŬ ɧůɞ əŬɘ ɛŮ Űɖ ůəɚɐɟɤůɖ ɛŮ ɚŮˊŰɞɛŮɟɐ ůɤɛŬŰɑŭɘŬ. 

Ƀɘ Soo Woo Nam əŬɘ Duck Hee Lee (27) ŭɘŮɟŮɨɜɖůŬɜ Űɖɜ ŮˊɑŭɟŬůɖ Űɞɡ Mn ůŰɖ ɛɖɢŬɜɘəɐ 

ůɡɛˊŮɟɘűɞɟɎ Űɤɜ əɟŬɛɎŰɤɜ Ŭɚɞɡɛɘɜɑɞɡ. ȹɘŬˊɑůŰɤůŬɜ ˊɤɠ ɧŰŬɜ ɖ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ɛŬɔɔŬɜɑɞɡ 

ŬɡɝɎɜŮŰŬɘ ˊɎɜɤ Ŭˊɧ 0,5% ə.ɓ., ŬɡɝɎɜŮŰŬɘ Űɧůɞ Űɞ ɧɟɘɞ ŭɘŬɟɟɞɐɠ ɧůɞ əŬɘ ɖ ɛɏɔɘůŰɖ ŬɜŰɞɢɐ ůŮ 

ŮűŮɚəɡůɛɧ (Ultimate Tensile Strength) ɢɤɟɑɠ ɜŬ ŮˊɖɟŮɎɕŮŰŬɘ ɖ ɞɚəɘɛɧŰɖŰŬ. Ⱥˊɘˊɚɏɞɜ ɖ ˊɟɞůɗɐəɖ 

ɛŬɔɔŬɜɑɞɡ ůŰŬ əɟɎɛŬŰŬ Ŭɚɞɡɛɘɜɑɞɡ ɏɢŮɘ Űɖɜ ɘəŬɜɧŰɖŰŬ ɜŬ ŬɡɝɎɜŮɘ Űɖɜ ŬɜŰɞɢɐ ůŮ ɞɚɘɔɧəɡəɚɖ əɧˊɤůɖ 

(low cycle fatigue) əŬɘ ŬɡɝɎɜŮŰŬɘ ɖ ŬɜŰɞɢɐ ůŰɖ ŭɘɎɓɟɤůɖ. ɇɏɚɞɠ, ɓŮɚŰɘɩɜŮɘ Űɖɜ ɞɚəɘɛɧŰɖŰŬ Űɤɜ 

əɟŬɛɎŰɤɜ Ŭɚɞɡɛɘɜɑɞɡ ˊɞɡ ˊŮɟɘɏɢɞɡɜ ůɑŭɖɟɞ əŬɘ ˊɡɟɑŰɘɞ ɚɧɔɤ Űɟɞˊɞˊɞɑɖůɖɠ Űɤɜ ŮɜŭɞɛŮŰŬɚɚɘəɩɜ 

ŮɔəɚŮɘůɛɎŰɤɜ Al5FeSi Ŭˊɧ ˊɚŬəɑŭɘŬ ůŮ əɡɓɘəɐ ɛɞɟűɐ Al15(Mn,Fe)3Si2. 

ɀŬɔɜɐůɘɞ: ɋɠ əɟŬɛŬŰɘəɐ ˊɟɞůɗɐəɖ Űɞ ɛŬɔɜɐůɘɞ ˊŬɟɏɢŮɘ ɞɡůɘŬůŰɘəɐ Ŭɨɝɖůɖ Űɖɠ ŬɜŰɞɢɐɠ ɛŮ 

ɛɖɢŬɜɘůɛɧ ůəɚɐɟɤůɖɠ ůŰŮɟŮɞɨ ŭɘŬɚɨɛŬŰɞɠ əŬɘ ɓŮɚŰɑɤůɖ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ŮɜŭɞŰɟɎɢɡɜůɖɠ Űɞɡ 
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ȺɘəɧɜŬ 4: ȹɘɛŮɟɏɠ ȹɘɎɔɟŬɛɛŬ Al-Fe (29) 

Ŭɚɞɡɛɘɜɑɞɡ. Ⱥˊɘˊɚɏɞɜ, ˊŬɟɏɢŮɘ əŬɚɐ ŬɜŰɞɢɐ ůŰɖ ŭɘɎɓɟɤůɖ, əŬɘ ůɡɛɓɎɚɚŮɘ ůŰɖɜ ůɡɔəɞɚɚɖůɘɛɧŰɖŰŬ. 

ɇɞ ˊɡɟɑŰɘɞ ŮɜɩɜŮŰŬɘ ɛŮ Űɞ ɛŬɔɜɐůɘɞ ɔɘŬ ɜŬ ůɢɖɛŬŰɑůŮɘ Űɖ űɎůɖ Mg2Si ˊɞɡ ˊɟɞůŭɑŭŮɘ ůɖɛŬɜŰɘəɐ 

Ŭɨɝɖůɖ Űɖɠ ŬɜŰɞɢɐɠ. 

Ɇɑŭɖɟɞɠ: Ƀ ůɑŭɖɟɞɠ ɏɢŮɘ ˊɞɚɨ ɢŬɛɖɚɐ ŭɘŬɚɡŰɧŰɖŰŬ ůŰɞ Ŭɚɞɡɛɑɜɘɞ, ɧˊɤɠ űŬɑɜŮŰŬɘ əŬɘ ůŰɞ 

ŭɘɛŮɟɏɠ ŭɘɎɔɟŬɛɛŬ, Űɖɠ ȺɘəɧɜŬɠ 3, ɛŮ Űɖ ɛɏɔɘůŰɖ ŭɘŬɚɡŰɧŰɖŰɎ Űɞɡ ɜŬ ŮɑɜŬɘ ůŮ ˊɞůɞůŰɧ 0,04%. ɆŰŬ 

ˊŮɟɘůůɧŰŮɟŬ əɟɎɛŬŰŬ Ŭɚɞɡɛɘɜɑɞɡ ŬˊɞŰŮɚŮɑ ŬəŬɗŬɟůɑŬ. ȷɡɝɎɜŮɘ Űɖɜ ŬɜŰɞɢɐ ɚɧɔɤ Űɞɡ ůɢɖɛŬŰɘůɛɞɨ 

ŮɜŭɞɛŮŰŬɚɚɘəɩɜ (FeAl3, FeMnAl6, a-AlFeSi) ɧɛɤɠ ɏɢŮɘ ŬɟɜɖŰɘəɐ ŮˊɑŭɟŬůɖ ůŰɖɜ ɞɚəɘɛɧŰɖŰŬ (28). 

ɄɡɟɑŰɘɞ: ɇɞ Si ɏɢŮɘ ɛɏɔɘůŰɖ ŭɘŬɚɡŰɧŰɖŰŬ ůŰɞ Ŭɚɞɡɛɑɜɘɞ ˊŮɟɑˊɞɡ 1,5%, ůŰɞɡɠ 570 oC (ȺɘəɧɜŬ 

2). ɇɞ ˊɡɟɑŰɘɞ ɛŮɘɩɜŮɘ Űɞ ůɖɛŮɑɞ ŰɐɝŮɤɠ əŬɘ ɓŮɚŰɘɩɜŮɘ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɢɨŰŮɡůɖɠ, ŬɡɝɎɜɞɜŰŬɠ Űɖɜ 

ŮɡɢɡŰɧŰɖŰŬ Űɞɡ Ŭɚɞɡɛɘɜɑɞɡ. ɆŰŬ əɟɎɛŬŰŬ Ŭɚɞɡɛɘɜɑɞɡ ůŮɘɟɎɠ 3xxx ůɢɖɛŬŰɑɕŮŰŬɘ ɖ ŮɜŭɞɛŮŰŬɚɚɘəɐ 

űɎůɖ Űɨˊɞɡ Ŭ-Al(Mn,Fe)Si.  

 

1.5. ɀɖɢŬɜɘůɛɞɑ Ɇəɚɐɟɤůɖɠ 

1.5.1. Ɇəɚɐɟɤůɖ ɛɏůɤ ůŰŮɟŮɞɨ ŭɘŬɚɨɛŬŰɞɠ 

ɀɘŬ ŰŮɢɜɘəɐ ůəɚɐɟɤůɖɠ Űɤɜ ɛŮŰɎɚɚɤɜ ŮɑɜŬɘ ɖ əɟŬɛŬŰɘəɐ ˊɟɞůɗɐəɖ ˊɟɞůɛŮɑɝŮɤɜ, ɞɘ ɞˊɞɑŮɠ 

ŮɘůɏɟɢɞɜŰŬɘ ůŰɞ ůŰŮɟŮɧ ŭɘɎɚɡɛŬ ŮɑŰŮ ɛŮ ŬɜŰɘəŬŰɎůŰŬůɖ ŮɑŰŮ ɛŮ ˊŬɟŮɛɓɞɚɐ. ȼ ŬɜŰɞɢɐ Űɞɡ ɡɚɘəɞɨ 

ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖ ŭɡɜŬŰɧŰɖŰŬ Űɤɜ ŭɘŬŰŬɟŬɢɩɜ ɜŬ ŭɘŬŭɞɗɞɨɜ, ŮɜŰɧɠ Űɞɡ əɟɡůŰŬɚɚɘəɞɨ ˊɚɏɔɛŬŰɞɠ. 

ȳŰŬɜ ɚɞɘˊɧɜ ŮɘůŬɢɗɞɨɜ ɎŰɞɛŬ ŬɜŰɘəŬŰɎůŰŬůɖɠ ɐ ˊŬɟŮɛɓɞɚɐɠ, ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ŰɎůŮɘɠ, ɔɑɜŮŰŬɘ 

ȺɘəɧɜŬ 3: ȹɘɛŮɟɏɠ ȹɘɎɔɟŬɛɛŬ Al-Si (23) 
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ˊŬɟŬɛɧɟűɤůɖ Űɞɡ ˊɚɏɔɛŬŰɞɠ əŬɘ ɖ əɑɜɖůɖ Űɤɜ ŭɘŬŰŬɟŬɢɩɜ ŭɡůɢŮɟŬɑɜŮŰŬɘ ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖɜ 

Ŭɨɝɖůɖ Űɖɠ ŬɜŰɞɢɐɠ Űɞɡ ɡɚɘəɞɨ (20). 

ɆŰŮɟŮɧ ŭɘɎɚɡɛŬ ŬɜŰɘəŬŰɎůŰŬůɖɠ ˊɟɞəɨˊŰŮɘ (substitutional solid solution) ɧŰŬɜ ɏɜŬ Ɏɚɚɞ ɎŰɞɛɞ 

ŬɜŰɘəŬɗɘůŰɎ ɏɜŬ ɎŰɞɛɞ Ŭˊɧ Űɞ ˊɚɏɔɛŬ Űɖɠ ɛɖŰɟɘəɐɠ űɎůɖɠ. ɇŬ ůŰɞɘɢŮɑŬ ˊɞɡ ɡˊŮɘůɏɟɢɞɜŰŬɘ ůŰɞɜ 

ůɢɖɛŬŰɘůɛɧ Ůɜɧɠ ůŰŮɟŮɞɨ ŭɘŬɚɨɛŬŰɞɠ ŬɜŰɘəŬŰɎůŰŬůɖɠ ˊɚɖɟɞɨɜ ɞɟɘůɛɏɜɞɡɠ əŬɜɧɜŮɠ, ˊɞɡ 

ŮɝŬůűŬɚɑɕɞɡɜ ůŰŬɗŮɟɧŰɖŰŬ ůŰɞ ůŰŮɟŮɧ ŭɘɎɚɡɛŬ. ȷɡŰɞɑ ŮɑɜŬɘ ɞɘ əŬɜɧɜŮɠ Hume-Rothery ˊɞɡ Ŭűɞɟɞɨɜ 

Űɖɜ ˊɚɐɟɖ ůŰŮɟŮɎ ŭɘŬɚɡŰɧŰɖŰŬ: 

¶ ȼ ŭɘŬűɞɟɎ ɛŮŰŬɝɨ Űɤɜ ɛŮɔŮɗɩɜ Űɤɜ ŬŰɧɛɤɜ ɜŬ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɖ Űɞɡ 15% 

¶ ɁŬ ɏɢɞɡɜ ɛɘəɟɐ ŭɘŬűɞɟɎ ɖɚŮəŰɟŬɟɜɖŰɘəɧŰɖŰŬɠ 

¶ ɁŬ ɏɢɞɡɜ Űɖɜ ɑŭɘŬ əɟɡůŰŬɚɚɘəɐ ŭɞɛɐ  

¶ ɁŬ ɏɢɞɡɜ Űɞ ɑŭɘɞ ůɗɏɜɞɠ (1) 

 

ɆŰŮɟŮɧ ŭɘɎɚɡɛŬ ˊŬɟŮɛɓɞɚɐɠ (interstitial solid solution) ˊɟɞəɨˊŰŮɘ Ŭɜ ŰŬ ɎŰɞɛŬ B 

űɘɚɞɝŮɜɖɗɞɨɜ ůŰɞɜ ŮɚŮɨɗŮɟɞ-ŭɘŬɗɏůɘɛɞ ɢɩɟɞ Űɖɠ əɟɡůŰŬɚɚɘəɐɠ ŭɞɛɐɠ Űɞɡ A, ůŮ ɗɏůŮɘɠ ˊŬɟŮɛɓɞɚɐɠ 

ɛŮŰŬɝɨ Űɤɜ ŬŰɧɛɤɜ A. ɄŬɟŬŭŮɑɔɛŬŰŬ ŰɏŰɞɘɤɜ ŭɘŬɚɡɛɎŰɤɜ ŮɑɜŬɘ ɞ űŮɟɟɑŰɖɠ əŬɘ ɤůŰŮɜɑŰɖɠ, ˊɞɡ ŮɑɜŬɘ 

ůŰŮɟŮɎ ŭɘŬɚɨɛŬŰŬ Fe-C ůŰɞɡɠ ɢɎɚɡɓŮɠ. ɆŰŬ ŭɘŬɚɨɛŬŰŬ ŬɡŰɎ ɞ ɎɜɗɟŬəŬɠ əŬŰŬɚŬɛɓɎɜŮɘ ɗɏůŮɘɠ 

ˊŬɟŮɛɓɞɚɐɠ ůŰɞ əɟɡůŰŬɚɚɘəɧ ˊɚɏɔɛŬ Űɞɡ ůɘŭɐɟɞɡ (24). 

ȺɘəɧɜŬ 6: ɆŰŮɟŮɎ ȹɘŬɚɨɛŬŰŬ 

ȷɜŰɘəŬŰɎůŰŬůɖɠ (24) 

ȺɘəɧɜŬ 5: ɆŰŮɟŮɎ ȹɘŬɚɨɛŬŰŬ 

ɄŬɟŮɛɓɞɚɐɠ (24) 
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1.5.2. ȺɜŭɞŰɟɎɢɡɜůɖ 

ȼ ŮɜŭɞŰɟɎɢɡɜůɖ ŮɑɜŬɘ ɛɏɗɞŭɞɠ Ŭɨɝɖůɖɠ Űɖɠ ŬɜŰɞɢɐɠ əŬɘ Űɖɠ ůəɚɖɟɧŰɖŰŬɠ Ůɜɧɠ ɛŮŰŬɚɚɘəɞɨ 

ɡɚɘəɞɨ . ȷɡŰɧ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ ˊɚŬůŰɘəɐ ˊŬɟŬɛɧɟűɤůɖ, ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖɜ Ŭɨɝɖůɖ Űɞɡ Ŭɟɘɗɛɞɨ Űɤɜ 

ŭɘŬŰŬɟŬɢɩɜ ŮɜŰɧɠ Űɞɡ ˊɚɏɔɛŬŰɞɠ. 

Ƀɘ ŭɘŬŰŬɟŬɢɏɠ ůɢɖɛŬŰɑɕɞɜŰŬɘ ůŰŬ ɧɟɘŬ Űɤɜ əɧəəɤɜ, ůŰɘɠ ŮɚŮɨɗŮɟŮɠ ŮˊɘűɎɜŮɘŮɠ əŬɘ ůŰɖ 

ŭɘŮˊɘűɎɜŮɘŬ ɛŮŰŬɝɨ Űɞɡ ɛɖŰɟɘəɞɨ ˊɚɏɔɛŬŰɞɠ əŬɘ Űɤɜ ůɤɛŬŰɘŭɑɤɜ. ũɘŬ ɜŬ ŮˊɏɚɗŮɘ ɖ ˊɚŬůŰɘəɐ 

ˊŬɟŬɛɧɟűɤůɖ əŬɘ əŬŰôŮˊɏəŰŬůɘɜ ɞ ůɢɖɛŬŰɘůɛɧɠ Űɤɜ ŭɘŬŰŬɟŬɢɩɜ, ŬˊŬɘŰŮɑŰŬɘ ŮűŬɟɛɞɔɐ ŰɎůɖɠ 

ɛŮɔŬɚɨŰŮɟɖɠ Ŭˊɧ Űo ɧɟɘɞ ŭɘŬɟɟɞɐɠ. ȾŬŰɎ Űɖɜ ˊŬɟŬɛɧɟűɤůɖ Űɞɡ ɡɚɘəɞɨ, ɞɘ ŭɘŬŰŬɟŬɢɏɠ ɞɚɘůɗŬɑɜɞɡɜ, 

ŰɏɛɜɞɜŰŬɘ, ŬɚɚɖɚŮˊɘŭɟɞɨɜ ɛŮŰŬɝɨ Űɞɡɠ əŬɘ ůɡůůɤɟŮɨɞɜŰŬɘ ůŮ ɞɟɘůɛɏɜŬ ůɖɛŮɑŬ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ 

ŮɛˊɞŭɑɕŮɘ ɖ ɛɑŬ Űɖɜ əɑɜɖůɖ Űɖɠ Ɏɚɚɖɠ. ɀŮ Űɖɜ Ŭɨɝɖůɖ Űɖɠ ˊɡəɜɧŰɖŰŬɠ Űɤɜ ŭɘŬŰŬɟŬɢɩɜ, Űɖɜ ŬɚɚŬɔɐ 

Űɖɠ əŬŰŬɜɞɛɐɠ Űɞɡɠ əŬɘ Űɖɜ ˊŬɟŮɛˊɧŭɘůɖ Űɖɠ əɑɜɖůɐɠ Űɞɡɠ, ŬɡɝɎɜŮŰŬɘ ɖ ŬɜŰɞɢɐ Űɞɡ ɡɚɘəɞɨ (31). 

1.5.3. Ɇəɚɐɟɤůɖ ɛŮ ɚŮˊŰɞɛŮɟɐ ůɤɛŬŰɑŭɘŬ (Ɇəɚɐɟɤůɖ ŭɘŬůˊɞɟɎɠ) 

ȼ ŬɜŰɞɢɐ əŬɘ ɖ ůəɚɖɟɧŰɖŰŬ ůŮ ɞɟɘůɛɏɜŬ əɟɎɛŬŰŬ ɛˊɞɟŮɑ ɜŬ Ůɜɘůɢɡɗɞɨɜ Ŭˊɧ Űɖɜ ˊŬɟɞɡůɑŬ 

ŮɝŬɘɟŮŰɘəɎ ɚŮˊŰɞɛŮɟɩɜ əŬɘ ɞɛɞɘɧɛɞɟűŬ ŭɘŬůəɞɟˊɘůɛɏɜɤɜ ůɤɛŬŰɘŭɑɤɜ ůŰɖɜ ɛɐŰɟŬ. ȷɡŰɎ Ůɛˊɞŭɑɕɞɡɜ 

Űɖɜ əɑɜɖůɖ Űɤɜ ŭɘŬŰŬɟŬɢɩɜ, əŬɘ ŬɡɝɎɜɞɡɜ Űɖɜ ŬɜŰɞɢɐ Űɞɡ ɡɚɘəɞɨ. 

ȼ Muggerud əŬɘ Ɏɚɚɞɘ (32) ɛŮɚɏŰɖůŬɜ Űɖɜ ŮˊɑŭɟŬůɖ Űɤɜ əɟŬɛŬŰɘəɩɜ ůŰɞɘɢŮɑɤɜ ɛŬɔɔŬɜɑɞɡ 

(Mn) əŬɘ ˊɡɟɘŰɑɞɡ (Si) ůŮ ůɢɏůɖ ɛŮ Űɖɜ əŬŰŬəɟɐɛɜɘůɖ ɚŮˊŰɞɛŮɟɩɜ ůɤɛŬŰɘŭɑɤɜ ůŮ əɟɎɛŬŰŬ 

Ŭɚɞɡɛɘɜɑɞɡ ȷȷ3xxx əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ ŬɜɧˊŰɖůɖɠ. ȼ ˊɘɞ ɏɜŰɞɜɖ ŮˊɑŭɟŬůɖ ůəɚɐɟɤůɖɠ ŭɘŬůˊɞɟɎɠ 

ŮˊɘŰŮɨɢɗɖəŮ ůŰɞ əɟɎɛŬ ˊɞɡ ˊŮɟɘŮɑɢŮ Űɖɜ ɡɣɖɚɧŰŮɟɖ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ Mn əŬɘ Si. ȾŬŰɏɚɖɝŬɜ ɚɞɘˊɧɜ 

ůŰɞ ůɡɛˊɏɟŬůɛŬ ɧŰɘ ɛŮ Űɖɜ Ŭɨɝɖůɖ Űɤɜ ůŰɞɘɢŮɑɤɜ ŬɡŰɩɜ, Űɖɜ əŬŰɎɚɚɖɚɖ ɗŮɟɛɞəɟŬůɑŬ ŬɚɚɎ əŬɘ Űɞɜ 

əŬŰɎɚɚɖɚɞ ɢɟɧɜɞ ŬɜɧˊŰɖůɖɠ ŬɡɝɎɜŮŰŬɘ ɖ ˊɡəɜɧŰɖŰŬ əŬɘ Űɞ əɚɎůɛŬ ɧɔəɞɡ Űɤɜ ɚŮˊŰɞɛŮɟɩɜ 

ůɤɛŬŰɘŭɑɤɜ. 
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ȾȺūȷȿȷȽɃ 2: ȾɅɈɆɇȷȿȿɃũɅȷūȽȷ ȷȿɃɈɀȽɁȽɃɈ & 

ȾɅɈɆɇȷȿȿɃũɅȷūȽȾɃɆ ȽɆɇɃɆ 

2.1. ȾɟɡůŰŬɚɚɞɔɟŬűɑŬ Ŭɚɞɡɛɘɜɑɞɡ  

ȼ əɟɡůŰŬɚɚɘəɐ ŭɞɛɐ Űɞɡ Ŭɚɞɡɛɘɜɑɞɡ ŮɑɜŬɘ ɖ ŮŭɟɞəŮɜŰɟɤɛɏɜɖ əɡɓɘəɐ ŭɞɛɐ (FCC). OəŰɩ 

ɎŰɞɛŬ ŮɑɜŬɘ ŭɘŬŰŮŰŬɔɛɏɜŬ ůŰɘɠ əɞɟɡűɏɠ Űɖɠ əɡɓɘəɐɠ əɡɣŮɚɑŭŬɠ əŬɘ ɏɝɘ ɎŰɞɛŬ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ůŰŬ 

əɏɜŰɟŬ Űɤɜ Ůŭɟɩɜ Űɞɡ əɨɓɞɡ (ȺɘəɧɜŬ 6). ɃɟɘůɛɏɜŬ ɓŬůɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ŮŭɟɞəŮɜŰɟɤɛɏɜɞɡ 

əɡɓɘəɞɨ ůɡůŰɐɛŬŰɞɠ ŮɑɜŬɘ ŰŬ Ůɝɐɠ: 

I. Ƀ Ŭɟɘɗɛɧɠ Űɤɜ ŬŰɧɛɤɜ ůŰɞ ůŰɞɘɢŮɘɩŭŮɠ əɨŰŰŬɟɞ (Ű) ŮɑɜŬɘ 4. ȷɡŰɧ ˊɟɞəɨˊŰŮɘ, Ŭɜ 

ɚɖűɗŮɑ ɡˊɧɣɖ ɧŰɘ ŰŬ ɞɢŰɩ ɎŰɞɛŬ Űɖɠ əɞɟɡűɐɠ Űɞɡ əɨɓɞɡ Ŭɜɐəɞɡɜ əŬŰɎ Űɞ 1/8 ůŰɞ 

ůŰɞɘɢŮɘɩŭŮɠ əɨŰŰŬɟɞ (8*1/8) əŬɘ ŰŬ ɏɝɘ ɎŰɞɛŬ Űɤɜ əɏɜŰɟɤɜ Űɤɜ Ůŭɟɩɜ Ŭɜɐəɞɡɜ əŬŰɎ 

Űɞ 1/2 ůŰɞ ůŰɞɘɢŮɘɩŭŮɠ əɨŰŰŬɟɞ (6*1/2).  

II. Ƀ Ŭɟɘɗɛɧɠ ŬŰɞɛɘəɐɠ ˊɚɐɟɤůɖɠ (Atomic Packing Factor-APF) ŮɑɜŬɘ ɑůɞɠ ɛŮ 0,74. ȼ 

ŭɞÕɐ FCC ŮɑɜŬɘ ÕɘŬ Ŭˊɧ Űɘɠ ŭɡɞ ˊɡəɜɧŰŮɟŮɠ ŭɘŬŰɎɝŮɘɠ ŬŰɧÕɤɜ ůŰɞ ɢɩɟɞ (33). 

ȺɘəɧɜŬ 7: (Ŭ) ɆŰɞɘɢŮɘɩŭŮɠ əɨŰŰŬɟɞ FCC, (ɓ) ȾɚŮɘůŰɧ əɨŰŰŬɟɞ FCC, (ɔ) Ɇɢɏůɖ ɛŮŰŬɝɨ Űɖɠ ˊɚŮɡɟɎɠ Ŭ 

Űɞɡ əɨɓɞɡ əŬɘ Űɖɠ ŬŰɞɛɘəɐ ŬəŰɑɜŬɠ r (23) 
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ȺɘəɧɜŬ 9 ȷ) ɇɡɢŬɑɞɠ əɟɡůŰŬɚɚɞɔɟŬűɘəɧɠ ɘůŰɧɠ: ɘůɧŰɟɞˊɞ (ȸ) ɘůɢɡɟɧɠ 

əɟɡůŰŬɚɚɞɔɟŬűɘəɧɠ ɘůŰɧɠ: ŬɜɘůɞŰɟɞˊɑŬ (38) 

 

 

TŬ ˊɡəɜɎ ŮˊɑˊŮŭŬ əŬɘ ɞɘ ˊɡəɜɏɠ ŭɘŮɡɗɨɜůŮɘɠ Űɖɠ əɟɡůŰŬɚɚɘəɐɠ ŭɞɛɐɠ ɏɢɞɡɜ ůɖɛŬɜŰɘəɐ 

ŮˊɑŭɟŬůɖ ůŰɖɜ ˊɚŬůŰɘəɐ ˊŬɟŬɛɧɟűɤůɖ Űɤɜ ɛŮŰɎɚɚɤɜ, ŭɘɧŰɘ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɞɚɑůɗɖůɖ 

əɟɡůŰŬɚɚɘəɩɜ ŬŰŮɚŮɘɩɜ ˊɎɜɤ ůŮ ŬɡŰɎ. ɇŬ ɛɏŰŬɚɚŬ Űɞɡ ŮŭɟɞəŮɜŰɟɤɛɏɜɞɡ ůɡůŰɐɛŬŰɞɠ (FCC) 

ŬˊɞəɟɑɜɞɜŰŬɘ əŬɚɨŰŮɟŬ ůŰɘɠ əŬŰŮɟɔŬůɑŮɠ ŭɘŬɛɧɟűɤůɖɠ (34). ȷɡŰɧ ůɡɛɓŬɑɜŮɘ ŭɘɧŰɘ ŰŬ ˊɡəɜɧŰŮɟŬ 

ůŮ ɎŰɞɛŬ ŮˊɑˊŮŭŬ Ŭɜɐəɞɡɜ ůŰɖɜ ɞɘəɞɔɏɜŮɘŬ ŰŮůůɎɟɤɜ Ůˊɘˊɏŭɤɜ ɛŮ ŭŮɑəŰŮɠ Miller {111}, əŬɘ ɞɘ 

ˊɡəɜɧŰŮɟŮɠ ůŮ ɎŰɞɛŬ ŭɘŮɡɗɨɜůŮɘɠ Ŭɜɐəɞɡɜ ůŰɖɜ ɞɘəɞɔɏɜŮɘŬ Űɟɘɩɜ ŭɘŮɡɗɨɜůŮɤɜ ɛŮ ŭŮɑəŰŮɠ Miller 

<110>. 

2.2. ȾɟɡůŰŬɚɚɞɔɟŬűɘəɧɠ ȽůŰɧɠ 

ȳŰŬɜ ůŮ ɏɜŬ ɡɚɘəɧ ɡˊɎɟɢŮɘ ɏɜŬɠ ˊɟɞŰɘɛɖŰɏɞɠ (ɛɖ ŰɡɢŬɑɞɠ) əɟɡůŰŬɚɚɞɔɟŬűɘəɧɠ 

ˊɟɞůŬɜŬŰɞɚɘůɛɧɠ Űɤɜ əɧəəɤɜ, ɚɏɔŮŰŬɘ ɧŰɘ ŬɡŰɧ Űɞ ɡɚɘəɧ ŮɛűŬɜɑɕŮɘ əɟɡůŰŬɚɚɞɔɟŬűɘəɧ ɘůŰɧ. 

ȰɜŬ ɡɚɘəɧ ɛˊɞɟŮɑ ɜŬ ˊŬɟɞɡůɘɎůŮɘ ŬŭɨɜŬɛɞ, ɛɏŰɟɘɞ ɐ ɘůɢɡɟɧ əɟɡůŰŬɚɚɞɔɟŬűɘəɧ ɘůŰɧ. Ƀ ɓŬɗɛɧɠ 

ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ ˊɞůɞůŰɧ Űɤɜ əɧəəɤɜ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɡɜ Űɞɜ ˊɟɞŰɘɛɩɛŮɜɞ ˊɟɞůŬɜŬŰɞɚɘůɛɧ 

(35) (36) (37). 

  

 

 

 

ȺɘəɧɜŬ 8: Ŭ) EˊɑˊŮŭŬ ɛɏɔɘůŰɖɠ ˊɡəɜɧŰɖŰŬɠ əŬɘ ɓ) ȹɘŮɡɗɨɜůŮɘɠ ɛɏɔɘůŰɖɠ 

ˊɡəɜɧŰɖŰŬɠ ůŰɞ ůɨůŰɖɛŬ FCC (34) 
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ɇŬ ˊŮɟɘůůɧŰŮɟŬ ˊɞɚɡəɟɡůŰŬɚɚɘəɎ ɡɚɘəɎ ˊŬɟɞɡůɘɎɕɞɡɜ ɘůŰɧ ˊŬɟŬɛɧɟűɤůɖɠ 

(deformation texture) əŬŰɎ Űɖ ŭɘŬɛɧɟűɤůɐ Űɞɡɠ. ɋůŰɧůɞ, ɞ ɘůŰɧɠ ɛˊɞɟŮɑ ɜŬ ˊɟɞəɨɣŮɘ əŬŰɎ Űɖ 

ŭɘɎɟəŮɘŬ Űɖɠ ůŰŮɟŮɞˊɞɑɖůɖɠ, Űɖɠ ŬɜŬəɟɡůŰɎɚɚɤůɖɠ əŬɘ əŬŰɎ Űɞɜ ŬɚɚɞŰɟɞˊɘəɧ ɛŮŰŬůɢɖɛŬŰɘůɛɧ 

ɐ Űɞ ɛŮŰŬůɢɖɛŬŰɘůɛɧ űɎůŮɤɜ. 

Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, əŬŰɎ Űɖ ŭɘŬɛɧɟűɤůɖ Ůɜɧɠ əɟɎɛŬŰɞɠ ɛŮ ˊɚŬůŰɘəɐ ˊŬɟŬɛɧɟűɤůɖ, ɞɘ 

əɧəəɞɘ ˊŬɟŬɛɞɟűɩɜɞɜŰŬɘ əŬɘ ŬˊɞəŰɞɨɜ əɞɘɜɧ əɟɡůŰŬɚɚɞɔɟŬűɘəɧ ˊɟɞůŬɜŬŰɞɚɘůɛɧ. ȼ 

ˊŬɟŬɛɧɟűɤůɖ ˊɟɞəŬɚŮɑ Ůˊɑůɖɠ Ůˊɘɛɐəɡɜůɖ Űɤɜ əɧəəɤɜ ˊɟɞɠ ɛɘŬ ŭɘŮɨɗɡɜůɖ, ŬɜŮɝɎɟŰɖŰŬ Ŭˊɧ 

Űɞɜ əɟɡůŰŬɚɚɞɔɟŬűɘəɧ ˊɟɞůŬɜŬŰɞɚɘůɛɧ. ɄɟɧəŮɘŰŬɘ ɔɘŬ ɘůŰɧ Ŭˊɧ ŮɜŭɞŰɟɎɢɡɜůɖ. 

ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ ůŰɘɠ ˊŮɟɘˊŰɩůŮɘɠ Űɖɠ ůŰŮɟŮɞˊɞɑɖůɖɠ, ŬɜŬəɟɡůŰɎɚɚɤůɖɠ, ŬɚɚɞŰɟɞˊɘəɩɜ 

ɛŮŰŬůɢɖɛŬŰɘůɛɩɜ ɐ ɛŮŰŬůɢɖɛŬŰɘůɛɩɜ űɎůŮɤɜ, ŭŮɜ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɘůŰɧɠ ŬɚɚɎ ŰɟɞˊɞˊɞɘŮɑŰŬɘ 

ŬɡŰɧɠ ˊɞɡ ˊɟɞɦˊɐɟɢŮ (4). 

Ƀ ɘůŰɧɠ ɏɚŬůɖɠ əŬɘ ŬɜŬəɟɡůŰɎɚɚɤůɖɠ ŬɜŬˊŬɟɑůŰŬŰŬɘ ɤɠ {hkl} <uvw>, ˊɞɡ ůɖɛŬɑɜŮɘ ɧŰɘ 

ɞɘ ˊŮɟɘůůɧŰŮɟɞɘ əɧəəɞɘ ůŰɞ űɨɚɚɞ ŮɑɜŬɘ ŰɏŰɞɘɞɘ ɩůŰŮ ŰŬ ŮˊɑˊŮŭɎ Űɞɡɠ {hkl} ɜŬ ŮɑɜŬɘ ůɢŮŭɧɜ 

ˊŬɟɎɚɚɖɚŬ ˊɟɞɠ Űɞ ŮˊɑˊŮŭɞ Űɖɠ ɏɚŬůɖɠ (Rolling Direction) əŬɘ ɞɘ ŭɘŮɡɗɨɜůŮɘɠ <uvw> Űɤɜ 

əɧəəɤɜ ŮɑɜŬɘ ůɢŮŭɧɜ ˊŬɟɎɚɚɖɚŮɠ ˊɟɞɠ Űɖɜ ŭɘŮɨɗɡɜůɖ ɏɚŬůɖɠ (39). 

ɇŬ ˊɞɚɡəɟɡůŰŬɚɚɘəɎ ɡɚɘəɎ ɧˊɤɠ ŮɑɜŬɘ ŰŬ əɟɎɛŬŰŬ Ŭɚɞɡɛɘɜɑɞɡ ŮɛűŬɜɑɕɞɜŰŬɘ 

ɛŬəɟɞůəɞˊɘəɎ ɘůɧŰɟɞˊŬ, ɛɞɚɞɜɧŰɘ ɛŮɛɞɜɤɛɏɜŬ ɞɘ əɧəəɞɘ ɏɢɞɡɜ ŭɘŬűɞɟŮŰɘəɞɨɠ 

ˊɟɞůŬɜŬŰɞɚɘůɛɞɨɠ əŬɘ ůɡɛˊŮɟɘűɏɟɞɜŰŬɘ ŬɜɘůɧŰɟɞˊŬ. ɆŰŬ ŭɘɎűɞɟŬ ůŰɎŭɘŬ Űɞɡ əɨəɚɞɡ 

ˊŬɟŬɔɤɔɐɠ-ŮˊŮɝŮɟɔŬůɑŬɠ Űɞɡ ɛŮŰɎɚɚɞɡ, ɖ ɛɘəɟɞŭɞɛɐ ɡűɑůŰŬŰŬɘ ŬɚɚŬɔɏɠ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ ůŰɖ 

ŭɘɎɟəŮɘŬ Űɖɠ ɏɚŬůɖɠ ɞɘ əɧəəɞɘ ˊŬɟŬɛɞɟűɩɜɞɜŰŬɘ əŬɘ ŮˊɘɛɖəɨɜɞɜŰŬɘ ůŮ ɛɑŬ ɐ ˊŮɟɘůůɧŰŮɟŮɠ 

ŭɘŮɡɗɨɜůŮɘɠ əŬɘ əŬɗɘůŰɞɨɜ Űɞ ɡɚɘəɧ ŬɜɘůɧŰɟɞˊɞ (39) (40). ɄɟɞəɨˊŰŮɘ ɚɞɘˊɧɜ, ɧŰɘ ɞ 

əɟɡůŰŬɚɚɞɔɟŬűɘəɧɠ ɘůŰɧɠ ŭŮɜ ɗŬ ɛŬɠ ŮɜŭɘɏűŮɟŮ Ŭɜ ŭŮɜ ůɢŮŰɘɕɧŰŬɜ ɎɛŮůŬ ɛŮ Űɖɜ ˊŬɟŬŰɖɟɞɨɛŮɜɖ 

ŬɜɘůɞŰɟɞˊɑŬ ůŰɘɠ űɡůɘəɏɠ əŬɘ əɡɟɑɤɠ ůŰɘɠ ɛɖɢŬɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɞɡ ɛŮŰɎɚɚɞɡ (4). 

2.3. ȾɟɡůŰŬɚɚɞɔɟŬűɘəɧɠ ɘůŰɧɠ ůŮ əɟɎɛŬŰŬ FCC 

Ƀɘ ɛɖɢŬɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɤɜ ŮɚŬůɛɎŰɤɜ, ɧˊɤɠ ɖ ŬɜɘůɞŰɟɞˊɑŬ əŬɘ ɖ ŭɘŬɛɞɟűɤůɘɛɧŰɖŰŬ, 

ɛˊɞɟɞɨɜ ɜŬ ɓŮɚŰɘɤɗɞɨɜ ɛŮ əŬŰɎɚɚɖɚɞ ɏɚŮɔɢɞ Űɞɡ əɟɡůŰŬɚɚɞɔɟŬűɘəɞɨ ɘůŰɞɨ. ɆŮ ŮɚɎůɛŬŰŬ ˊɞɡ 

ɏɢɞɡɜ ɡˊɞůŰŮɑ ɣɡɢɟɐ ɏɚŬůɖ ɞ əɟɡůŰŬɚɚɞɔɟŬűɘəɧɠ ɘůŰɧɠ ŭɘŬəɟɑɜŮŰŬɘ ůŮ ɘůŰɧ ɏɚŬůɖɠ əŬɘ ɘůŰɧ 

ŬɜŬəɟɡůŰɎɚɚɤůɖɠ. Ƀɘ əɧəəɞɘ ůŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ŮˊɘŭŮɘəɜɨɞɡɜ ɞɟɘůɛɏɜɞɡɠ ˊɟɞŰɘɛɩɛŮɜɞɡɠ 

ˊɟɞůŬɜŬŰɞɚɘůɛɞɨɠ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɖɜ ˊŮɟɘůŰɟɞűɐ Űɞɡɠ (rotation) əŬŰɎ Űɖɜ ŭɘŬŭɘəŬůɑŬ 

ŭɘŬɛɧɟűɤůɐɠ Űɞɡɠ. 
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ȼ ŬɜŬəɟɡůŰɎɚɚɤůɖ Űɤɜ ɣɡɢɟɎ ŮɚŬůɛɏɜɤɜ ɡɚɘəɩɜ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ ɗŮɟɛɘəɐ əŬŰŮɟɔŬůɑŬ 

ůŮ ɗŮɟɛɞəɟŬůɑŮɠ 30%-40% Űɞɡ ůɖɛŮɑɞɡ ŰɐɝŮɤɠ. ȾŬŰɎ Űɖɜ ŬɜŬəɟɡůŰɎɚɚɤůɖ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ 

ˊɡɟɐɜŮɠ əɟɡůŰɎɚɚɤůɖɠ, ɞɘ ɞˊɞɑɞɘ ɛŮɔŬɚɩɜɞɡɜ ůŮ ɓɎɟɞɠ Űɤɜ əɟɡůŰɎɚɚɤɜ Űɖɠ Ŭɟɢɘəɐɠ ŭɞɛɐɠ, 

əŬŰŬɜŬɚɩɜɞɜŰŬɠ Űɖɜ ŬˊɞɗɖəŮɡɛɏɜɖ ŮɜɏɟɔŮɘŬ ˊɚŬůŰɘəɐɠ ˊŬɟŬɛɧɟűɤůɖɠ. Ƀɘ ˊɡɟɐɜŮɠ ŬɡŰɞɑ 

ŬɜŬˊŰɨůůɞɜŰŬɘ, ŬɜŰɘəŬɗɘůŰɩɜŰŬɠ Űɞɡɠ əɧəəɞɡɠ Űɖɠ Ŭɟɢɘəɐɠ ŭɞɛɐɠ ɛŮ ɜɏɞɡɠ ŬˊŬɟŬɛɧɟűɤŰɞɡɠ 

əɧəəɞɡɠ ɞɘ ɞˊɞɑɞɘ ŭŮɜ ˊŬɟɞɡůɘɎɕɞɡɜ ůɡɔəŮəɟɘɛɏɜɞ ˊɟɞůŬɜŬŰɞɚɘůɛɧ. Ƀɘ ˊŬɟɎɔɞɜŰŮɠ, ˊɞɡ 

ˊŬɑɕɞɡɜ ůɖɛŬɜŰɘəɧ ɟɧɚɞ ůŰɖ ŭɘŮɟɔŬůɑŬ Űɖɠ ŬɜŬəɟɡůŰɎɚɚɤůɖɠ, ŮɑɜŬɘ ɖ ɗŮɟɛɞəɟŬůɑŬ, ɞ ɢɟɧɜɞɠ, 

ɞɘ ŬəŬɗŬɟůɑŮɠ əŬɘ ɖ ˊɞůɧŰɖŰŬ Űɖɠ ŬˊɞɗɖəŮɡɛɏɜɖɠ ŮɜɏɟɔŮɘŬɠ Űɞɡ ɛŮŰɎɚɚɞɡ. ɆɡɜŮˊɩɠ, ɖ 

ŬɜŬəɟɡůŰɎɚɚɤůɖ ŭɖɛɘɞɡɟɔŮɑ ŬɚɚŬɔɐ ůŰɖɜ əŬŰŬɜɞɛɐ Űɤɜ əɟɡůŰŬɚɚɞɔɟŬűɘəɩɜ 

ˊɟɞůŬɜŬŰɞɚɘůɛɩɜ əŬɘ əŬŰɎ ůɡɜɏˊŮɘŬ, ŬɚɚɎɕŮɘ ɞ əɟɡůŰŬɚɚɞɔɟŬűɘəɧɠ ɘůŰɧɠ. 

ȹŮŭɞɛɏɜɞɡ ɧŰɘ ɖ ůɡůɢɏŰɘůɖ ɛŮŰŬɝɨ Űɞɡ əɟɡůŰŬɚɚɞɔɟŬűɘəɞɨ ɘůŰɞɨ Űɤɜ ɛɖɢŬɜɘəɩɜ 

ɘŭɘɞŰɐŰɤɜ ŭŮɜ ŮɑɜŬɘ Űɧůɞ Ŭˊɚɐ, ŭŮɜ ŮɑɜŬɘ Ůɨəɞɚɞ ɜŬ ɓɟŮɗŮɑ o Ŭəɟɘɓɐɠ ůɡɜŭɡůɛɧɠ Űɤɜ ɘůŰɩɜ (4). 
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ȾȺūȷȿȷȽɃ 3: ɀȺŪɃȹɃȽ ɉɈɇȺɈɆȼɆ ȷȿɃɈɀȽɁȽɃɈ 

3.1. ɉɨŰŮɡůɖ ůŮ ɄɚɑɜɗɤɛŬ (Direct Casting) 

ȼ ɛɏɗɞŭɞɠ ɢɨŰŮɡůɖɠ ůŮ ˊɚɑɜɗɤɛŬ ɝŮəɘɜɎ ɛŮ Űɖɜ ɏɔɢɡůɖ Űɖɔɛɏɜɞɡ ɛŮŰɎɚɚɞɡ ůŮ ɏɜŬ 

ɡŭɟɧɣɡəŰɞ əŬɚɞɨˊɘ Űɞ ɞˊɞɑɞ ŬɟɢɘəɎ ˊŬɟŬɛɏɜŮɘ əɚŮɘůŰɧ ɛŮ Űɖ ɢɟɐůɖ ɣŮɡŭɞˊɡɗɛɏɜŬ. O 

ɣŮɡŭɞˊɡɗɛɏɜŬɠ ˊɞɡ ɡˊɞůŰɖɟɑɕŮɘ Űɖɜ ˊɚɎəŬ əŬŰɎ Űɖ ɢɨŰŮɡůɖ, űɟɎɕŮɘ Űɞ əɎŰɤ ɛɏɟɞɠ Űɤɜ 

əŬɚɞɡˊɘɩɜ, ˊɟɘɜ Űɖɜ Ůəəɑɜɖůɖ Űɖɠ ɢɨŰŮɡůɖɠ, əŬɘ ŮˊɘŰɟɏˊŮɘ ɜŬ ɝŮəɘɜɐůŮɘ ɖ ůŰŮɟŮɞˊɞɑɖůɖ əŬŰɎ Űɞ 

ɝŮəɑɜɖɛŬ Űɖɠ ɢɨŰŮɡůɖɠ. ɀɧɚɘɠ Űɞ ɛɏŰŬɚɚɞ űŰɎůŮɘ ůŮ ɏɜŬ əŬɗɞɟɘůɛɏɜɞ ɨɣɞɠ, ɞ ɣŮɡŭɞˊɡɗɛɏɜŬɠ 

ɢŬɛɖɚɩɜŮɘ ɛŮ ɏɜŬ ůŰŬɗŮɟɧ ɟɡɗɛɧ ɘůɞŭɨɜŬɛɞ ɛŮ Űɖ ɟɞɐ Űɞɡ Űɖɔɛɏɜɞɡ ɛŮŰɎɚɚɞɡ. 

Ⱥɜɩ Űɞ ŮɝɤŰŮɟɘəɧ ŰɛɐɛŬ Űɞɡ ˊɚɘɜɗɩɛŬŰɞɠ ůŰŮɟŮɞˊɞɘŮɑŰŬɘ ˊɟɩŰɞ, ɚɧɔɤ Űɖɠ ɟɞɐɠ 

ɗŮɟɛɧŰɖŰŬɠ ɛɏůɤ Űɞɡ ɡŭɟɧɣɡəŰɞɡ əŬɚɞɡˊɘɞɨ (ˊɟɤŰŮɨɞɡůŬ ɣɨɝɖ) ŮůɤŰŮɟɘəɎ Űɞ ɛɏŰŬɚɚɞ 

ɓɟɑůəŮŰŬɘ ůŮ ɖɛɘůŰŮɟŮɐ/ɡɔɟɐ əŬŰɎůŰŬůɖ. ȼ ɎɛŮůɖ ůŰŮɟŮɞˊɞɑɖůɖ ɚɞɘˊɧɜ ɞɚɧəɚɖɟɞɡ Űɞɡ 

ˊɚɘɜɗɩɛŬŰɞɠ ůŮ ɗŮɟɛɞəɟŬůɑŬ əɎŰɤ Ŭˊɧ Űɖ ɗŮɟɛɞəɟŬůɑŬ ůŰŮɟŮɞˊɞɑɖůɖɠ (solidus) Űɞɡ əɟɎɛŬŰɞɠ, 

ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ ŬˊŮɡɗŮɑŬɠ ɣɨɝɖ, ɛŮ Űɖ ɢɟɐůɖ ˊɘŭɎəɤɜ ɜŮɟɞɨ (ȺɘəɧɜŬ 10). ȼ ɟɞɐ Űɞɡ ɜŮɟɞɨ 

ŮɑɜŬɘ ŬɟɢɘəɎ Ŭɡɝɖɛɏɜɖ, ŬɚɚɎ ůŰŬɗŮɟɞˊɞɘŮɑŰŬɘ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ɢɨŰŮɡůɖɠ. 

 

ȼ ŰŬɢɨŰɖŰŬ ɢɨŰŮɡůɖɠ ŭɘŬűɏɟŮɘ ŬɜɎɚɞɔŬ ɛŮ Űɞ ɛɏɔŮɗɞɠ Űɞɡ ˊŬɟŬɔɧɛŮɜɞɡ ˊɚɘɜɗɩɛŬŰɞɠ 

əŬɘ Űɞɜ Űɨˊɞ Űɞɡ əɟɎɛŬŰɞɠ (ůɡɜɐɗɤɠ 1-3 mm/s). Ƀ ɟɡɗɛɧɠ Ŭˊɧɣɡɝɖɠ ˊɞɘəɑɚɚŮɘ ůŮ ůɢɏůɖ ɛŮ ŰŬ 

ŰɞɘɢɩɛŬŰŬ Űɞɡ əŬɚɞɡˊɘɞɨ əŬɘ ŮɑɜŬɘ ˊŮɟɑˊɞɡ 0,5ÁC/s ůŰɞ əɏɜŰɟɞ Űɞɡ ˊɚɘɜɗɩɛŬŰɞɠ əŬɘ ˊŮɟɑˊɞɡ 

ůŰɞɡɠ 20ÁC/s əɞɜŰɎ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ˊɚɘɜɗɩɛŬŰɞɠ. ȼ ɗŮɟɛɞəɟŬůɑŬ ɢɡŰŮɨůŮɤɠ Űɤɜ əɟŬɛɎŰɤɜ 

ȺɘəɧɜŬ 10: ɉɨŰŮɡůɖ ůŮ ˊɚɑɜɗɤɛŬ (Direct Chill Casting) (41) 

 



22 

 

Ŭɚɞɡɛɘɜɑɞɡ ŮɑɜŬɘ ˊŮɟɑˊɞɡ 690-725ÁC (32) əŬɘ Űɞ ˊɎɢɞɠ Űɞɡ ˊŬɟŬɔɧɛŮɜɞɡ ˊɚɘɜɗɩɛŬŰɞɠ ŮɑɜŬɘ 

600mm. 

ũɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ŮɚŬůɛɎŰɞɠ ˊɟɞɠ ɓŬɗɘɎ əɞɑɚŬɜůɖ ɏˊŮɘŰŬ Ŭˊɧ Űɖ ɢɨŰŮɡůɖ ŮˊɘŰɡɔɢɎɜŮŰŬɘ 

ŬɟɢɘəɎ ɛŮ ɗŮɟɛɐ əɘ ɏˊŮɘŰŬ ɛŮ ɣɡɢɟɐ ɏɚŬůɖ ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɖɜ ŮɘəɧɜŬ 9.  

Ʉɟɘɜ Űɖ ɗŮɟɛɐ ɏɚŬůɖ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɞɛɞɔŮɜɞˊɞɑɖůɖ Űɤɜ ˊɚɘɜɗɤɛɎŰɤɜ ůŮ ɗŮɟɛɞəɟŬůɑŮɠ 

450ɞC ɛŮ 600ɞC. ȼ ɛŮɑɤůɖ Űɞɡ ˊɎɢɞɡɠ Űɞɡ Ŭɟɢɘəɞɨ ɡɚɘəɞɨ ɔɑɜŮŰŬɘ ɛŮ ůɡɜŮɢɐ Űɟɧˊɞ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ůɡůŰɞɘɢɑŬ ŮɚɎůŰɟɤɜ ɛŮ ůɡɜŮɢɩɠ ɛŮɘɞɨɛŮɜɖ ŭɘŬŰɞɛɐ ŬɜɎ ɡˊɞɓɘɓŬůɛɧ. ȼ 

ɗŮɟɛɐɠ ɏɚŬůɖɠ ɔɑɜŮŰŬɘ ůŮ ɗŮɟɛɞəɟŬůɑŬ ɑůɖ ɛŮ Űɞ 60% Űɞɡ ůɖɛŮɑɞɡ Űɐɝɖɠ Ůɜɩ ɖ ɣɡɢɟɐ ɏɚŬůɖ 

(ɊȺ) ůŮ ɗŮɟɛɞəɟŬůɑŬ ŭɤɛŬŰɑɞɡ (45). 

3.2. ɆɡɜŮɢɐɠ ɉɨŰŮɡůɖ (Twin Roll Casting -TRC) 

ȼ ůɡɜŮɢɐɠ ɢɨŰŮɡůɖ (Twin Roll Casting - TRC) ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖɜ ɢɨŰŮɡůɖ Űɖɔɛɏɜɞɡ 

Ŭɚɞɡɛɘɜɑɞɡ ŬɜɎɛŮůŬ ůŮ ŭɨɞ ɡŭɟɧɣɡəŰɞɡɠ ˊŮɟɘůŰɟŮűɧɛŮɜɞɡɠ əɡɚɑɜŭɟɞɡɠ. ɇɞ Űɖɔɛɏɜɞ ɛɏŰŬɚɚɞ 

ɏɟɢŮŰŬɘ əŬɘ ˊŬɟŬɛɏɜŮɘ ůŮ ŮˊŬűɐ ɛŮ Űɞɡɠ ɡŭɟɧɣɡəŰɞɡɠ əɡɚɑɜŭɟɞɡɠ ɏɤɠ ɧŰɞɡ ůŰŮɟŮɞˊɞɘɖɗŮɑ. 

Ⱥˊɘˊɚɏɞɜ, ɞɘ ˊŮɟɘůŰɟŮűɧɛŮɜɞɘ ŬɡŰɞɑ əɨɚɘɜŭɟɞɘ ɏɢɞɡɜ ůɢŮŭɘŬůŰŮɑ ɩůŰŮ Űɞ ɡɚɘəɧ ŰŬɡŰɧɢɟɞɜŬ ɛŮ 

Űɖ ůŰŮɟŮɞˊɞɑɖůɖ ɜŬ ɡűɑůŰŬŰŬɘ ɗŮɟɛɐ ɏɚŬůɖ (EɘəɧɜŬ 12). ũɑɜŮŰŬɘ ɚɞɘˊɧɜ ŬɜŰɘɚɖˊŰɧ ɧŰɘ ɛŮ Űɖɜ 

ɛɏɗɞŭɞ TRC ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɢɨŰŮɡůɖ, ůŰŮɟŮɞˊɞɑɖůɖ əŬɘ ɗŮɟɛɐ ɏɚŬůɖ, ůŮ ɏɜŬ ɛɧɜɞ ɓɐɛŬ 

ˊŬɟɎɔɞɜŰŬɠ űɨɚɚɞ ɗŮɟɛɐɠ ɏɚŬůɖɠ ŬˊŮɡɗŮɑŬɠ Ŭˊɧ Űɞ ŰɐɔɛŬ. ȼ ɛɏɗɞŭɞɠ TRC ˊŬɟɏɢŮɘ ɏɜŬ ůɢŮŰɘəɎ 

ɡɣɖɚɧ ɟɡɗɛɧ ůŰŮɟŮɞˊɞɑɖůɖɠ (ˊŮɟɑˊɞɡ 225ɞC/s), Ůɜɩ Űɞ ˊɎɢɞɠ əɡɛŬɑɜŮŰŬɘ ɛŮŰŬɝɨ 10 əŬɘ 0,5 

mm. 

ɆŰŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ TRC ůɡɔəŬŰŬɚɚɏɔɞɜŰŬɘ ɖ ɛŮɑɤůɖ Űɞɡ əɧůŰɞɡɠ ɚɧɔɤ 

Űɖɠ Ŭˊɚɞˊɞɘɖɛɏɜɖɠ ŭɘŬŭɘəŬůɑŬɠ, ɖ ɢŬɛɖɚɐ əŬŰŬɜɎɚɤůɖ ŮɜɏɟɔŮɘŬɠ əŬɘ Ŭˊɧɟɟɘɣɖɠ ůŮ ůɨɔəɟɘůɖ 

ɛŮ Űɖ ůɡɛɓŬŰɘəɐ ɛɏɗɞŭɞ ɢɨŰŮɡůɖɠ ůŮ ˊɚɑɜɗɤɛŬ (DC). ȿɧɔɤ, Űɤɜ ˊɚŮɞɜŮəŰɖɛɎŰɤɜ ˊɞɡ 

ˊɟɞůűɏɟŮɘ ɖ ŭɘŬŭɘəŬůɑŬ ɢɨŰŮɡůɖɠ Twin Roll Casting, ɏɢŮɘ ɔɑɜŮɘ Ůɡɟɏɤɠ ŭɖɛɞűɘɚɐɠ ůŰɖ 

ɓɘɞɛɖɢŬɜɑŬ Ŭɚɞɡɛɘɜɑɞɡ. 

ȺɘəɧɜŬ 11: ɄŬɟŬɔɤɔɘəɐ ŭɘŬŭɘəŬůɑŬ ŮɚɎůɛŬŰɞɠ ˊɟɞɠ ŭɘŬɛɧɟűɤůɖ (42) 
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ȳˊɤɠ ˊɟɞŬɜŬűɏɟɗɖəŮ, əŬŰɎ Űɖ ɛɏɗɞŭɞ TRC ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůŰŮɟŮɞˊɞɑɖůɖ əŬɘ ɗŮɟɛɐ 

ɏɚŬůɖ ŰŬɡŰɧɢɟɞɜŬ. ɆŮ ɞɟɘůɛɏɜŮɠ ɧɛɤɠ ˊŮɟɘˊŰɩůŮɘɠ ɖ ůŰŮɟŮɞˊɞɑɖůɖ ɛˊɞɟŮɑ ɜŬ ɛɖɜ ɏɢŮɘ 

ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ Ůɝôɞɚɞəɚɐɟɞɡ ɛŮ ŬˊɞŰɏɚŮůɛŬ əɎˊɞɘŬ ɡɔɟɐ űɎůɖ ɜŬ ˊŮɟɎůŮɘ ŮɜŰɧɠ Űɖɠ 

ɛɘəɟɞŭɞɛɐɠ ˊɟɞɎɔɞɜŰŬɠ Űɞɜ ůɢɖɛŬŰɘůɛɧ ŮɚŬŰŰɤɛɎŰɤɜ ɧˊɤɠ ɞɘ ɔɟŬɛɛɏɠ ɗŮɟɛɧŰɖŰŬɠ (hot lines). 

Ⱥˊɘˊɚɏɞɜ, ɏɜŬ ůɖɛŬɜŰɘəɧ ɛŮɘɞɜɏəŰɖɛŬ Űɤɜ ˊɟɞɥɧɜŰɤɜ ˊɞɡ ˊŬɟɎɔɞɜŰŬɘ ɛŮ Űɖ ɛɏɗɞŭɞ ŬɡŰɐ ŮɑɜŬɘ 

ɖ ŮɛűɎɜɘůɖ ɢɖɛɘəɞɨ ŭɘŬűɞɟɘůɛɞɨ ůŰɞ əɏɜŰɟɞ (Central line Segregation). ȼ ɗŮɟɛɐ ɏɚŬůɖ, 

ɚɞɘˊɧɜ, Űɖɠ TRC ŮɑɜŬɘ ɏɜŬ əɟɑůɘɛɞ ůɖɛŮɑɞ ɔɘŬ ɜŬ əŬŰŬɜɞɖɗŮɑ ɖ ɛɘəɟɞŭɞɛɐ əŬɘ ɞɘ ɘŭɘɧŰɖŰŮɠ Űɞɡ 

ˊŬɟŬɔɧɛŮɜɞɡ ŮɚɎůɛŬŰɞɠ. ɄŬɟɎ ŰŬ ůɖɛŬɜŰɘəɎ Űɖɠ ˊɚŮɞɜŮəŰɐɛŬŰŬ, ɖ ɛɏɗɞŭɞɠ ɇRC, ˊŮɟɘɞɟɑɕŮŰŬɘ 

ůŰɖɜ ˊŬɟŬɔɤɔɐ ůɡɔəŮəɟɘɛɏɜɤɜ əɟŬɛɎŰɤɜ Ŭɚɞɡɛɘɜɑɞɡ (5) (42) (43). 

 

3.3. ȹɘŬűɞɟɏɠ ɖɛɘůɡɜŮɢɞɨɠ əŬɘ ůɡɜŮɢɞɨɠ ɢɨŰŮɡůɖɠ ɤɠ ˊɟɞɠ Űɖ ɛɘəɟɞŭɞɛɐ 

ȼ M. Sl¨mov¨ əŬɘ Ɏɚɚɞɘ (46), ŮɟŮɨɜɖůŬɜ Űɘɠ ŭɘŬűɞɟɏɠ ɤɠ ˊɟɞɠ Űɖ ɛɘəɟɞŭɞɛɐ ŬɚɚɎ əŬɘ 

Űɞɜ əɟɡůŰŬɚɚɞɔɟŬűɘəɧ ɘůŰɧ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɘɠ ŭɨɞ ŭɘŬűɞɟŮŰɘəɏɠ ɛŮɗɧŭɞɡɠ ɢɨŰŮɡůɖɠ. 

ȺɝŮŰɎůŰɖəŬɜ ŭŮɑɔɛŬŰŬ ŭɨɞ ŭɘŬűɞɟŮŰɘəɩɜ əɟŬɛɎŰɤɜ Ŭɚɞɡɛɘɜɑɞɡ ůŮɘɟɎɠ 5xxx, ɏˊŮɘŰŬ Ŭˊɧ ɣɡɢɟɐ 

ɏɚŬůɖ. ȿɧɔɤ Űɞɡ ɡɣɖɚɞɨ ɟɡɗɛɞɨ ɣɨɝɖɠ əŬɘ ůŰŮɟŮɞˊɞɑɖůɖɠ ˊɞɡ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ůŰɖ ɢɨŰŮɡůɖ 

TRC, ɖ ɛɘəɟɞŭɞɛɐ Űɤɜ ɢɡŰɩɜ ŬɡŰɐɠ Űɖɠ ɛŮɗɧŭɞɡ ŭɘŬűɏɟŮɘ ůɖɛŬɜŰɘəɎ Ŭˊɧ ŮəŮɑɜɖ Űɤɜ ɢɡŰɩɜ 

DC. ɇŬ ˊŬɟŬɔɧɛŮɜŬ əɟɎɛŬŰŬ Űɖɠ ɛŮɗɧŭɞɡ TRC ŮɛűŬɜɑɕɞɡɜ ɡɣɖɚɐ ůɡɔəɏɜŰɟɤůɖ əɟŬɛŬŰɘəɩɜ 

ůŰɞɘɢŮɑɤɜ ůŮ ůŰŮɟŮɧ ŭɘɎɚɡɛŬ, ˊɟɤŰɞɔŮɜŮɑɠ ŮɜŭɞɛŮŰŬɚɚɘəɏɠ ŮɜɩůŮɘɠ əŬɘ ŮəɚŮˊŰɡůɛɏɜɞɡɠ 

ȺɘəɧɜŬ 12: ɀɏɗɞŭɞɠ TRC (44) 
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ȺɘəɧɜŬ 13: Ɉɣɖɚɐ ɆɡɔəɏɜŰɟɤůɖ ɚŮˊŰɞɛŮɟɩɜ ůɤɛŬŰɘŭɑɤɜ ɛŮ Űɖ ɛɏɗɞŭɞ ɢɨŰŮɡůɖɠ TRC 

(ŬɟɘůŰŮɟɎ) ůŮ ůɨɔəɟɘůɖ ɛŮ Űɖɜ ɛɏɗɞŭɞ DC (ŭŮɝɘɎ). ȾɟɎɛŬ Ŭɚɞɡɛɘɜɑɞɡ ȷȷ5052 (46). 

əɧəəɞɡɠ. Ⱥˊɘˊɚɏɞɜ, ůŰŬ ŭŮɑɔɛŬŰŬ ˊɞɡ ŮɝŮŰɎůŰɖəŬɜ ɏˊŮɘŰŬ Ŭˊɧ TRC ˊŬɟŬŰɖɟɐɗɖəŮ ɞ ɢɖɛɘəɧɠ 

ŭɘŬűɞɟɘůɛɧɠ ůŰɞ əɏɜŰɟɞ. 

 

 

 

ȷɝɑɕŮɘ ɜŬ ŮˊɘůɖɛŬɜɗŮɑ ɖ ŭɘŬűɞɟɎ ɤɠ ˊɟɞɠ Űɞ ůɢɐɛŬ Űɤɜ əɧəəɤɜ. ɆŰɖ ɛɏɗɞŭɞ TRC ɞɘ 

əɧəəɞɘ ŮɛűŬɜɑɕɞɜŰŬɘ ɚɘɔɧŰŮɟɞ ɞɛɞɘɧɛɞɟűɞɘ ůŮ ůɨɔəɟɘůɖ ɛŮ Űɖɜ DC, ɔŮɔɞɜɧɠ ˊɞɡ ɞűŮɑɚŮŰŬɘ ůŰɞɜ 

ɡɣɖɚɧŰŮɟɞ ɡˊɞɓɘɓŬůɛɧ Űɞɡ ˊɎɢɞɡɠ əŬŰɎ Űɖɜ ɣɡɢɟɐ ɏɚŬůɖ ůŰɖ ɛɏɗɞŭɞ DC.  

 

 

 

 

 

ɇ

Ŭ 

ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ŬɜɎɚɡůɖɠ EBSD ɏŭŮɘɝŬɜ ɧŰɘ ŰŬ ŭŮɑɔɛŬŰŬ ˊɞɡ ˊŬɟɐɢɗɖůŬɜ Ŭˊɧ ɢɨŰŮɡůɖ DC 

ˊŬɟɞɡůɑŬůŬɜ ɘůɢɡɟɧŰŮɟɞ ɘůŰɧ ŬɜŬəɟɡůŰɎɚɚɤůɖɠ Ŭˊɧ ŰŬ ŭŮɑɔɛŬŰŬ ɢɨŰŮɡůɖɠ TRC. ɀɘŬ Ůɝɐɔɖůɖ 

ŬɡŰɞɨ Űɞɡ ŬˊɞŰŮɚɏůɛŬŰɞɠ ŮɑɜŬɘ ɖ ɡɣɖɚɐ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ ůɑŭɖɟɞ ůŮ ůŰŮɟŮɧ ŭɘɎɚɡɛŬ. ȳŰŬɜ ɞ 

ůɑŭɖɟɞɠ ɓɟɑůəŮŰŬɘ ůŮ ůŰŮɟŮɧ ŭɘɎɚɡɛŬ ŮɜɘůɢɨŮɘ Űɞɜ ɘůŰɧ ɏɚŬůɖɠ Ůɘɠ ɓɎɟɞɠ Űɞɡ əɡɓɘəɞɨ ɘůŰɞɨ. 

ȼ ɛŮɚɏŰɖ Űɞɡɠ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ůɖɛŬɜŰɘəɐ ŭɘɧŰɘ ɞɘ ŭɘŬűɞɟɏɠ ůŰɖɜ ɛɘəɟɞŭɞɛɐ əŬɘ ůŰɞɜ 

əɟɡůŰŬɚɚɞɔɟŬűɘəɧ ɘůŰɧ ˊɞɡ ˊŬɟɎɔɞɜŰŬɘ Ŭˊɧ əɟɎɛŬŰŬ TRC əŬɘ DC ɏɢɞɡɜ ɛŮɔɎɚɖ ŮˊɑŭɟŬůɖ ůŰɘɠ 

ɛɖɢŬɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɞɡ űɨɚɚɞɡ ŬɚɚɎ əŬɘ ůŰɖ ŭɡɜŬŰɧŰɖŰŬ ŭɘŬɛɧɟűɤůɖɠ Űɞɡɠ (47). 

ȺɘəɧɜŬ 14: ɀɘəɟɞŭɞɛɐ TRC-as cast (ŬɟɘůŰŮɟɎ) ȷȷ5182, əŬɘ DC-as cast (ŭŮɝɘɎ) (46). 
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3.4. ȸŬɗɘɎ ȾɞɑɚŬɜůɖ  

ȼ ɓŬɗɘɎ əɞɑɚŬɜůɖ ŬˊɞŰŮɚŮɑ ŭɘŬŭɘəŬůɑŬ ŭɘŬɛɧɟűɤůɖɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɖ 

ɓɘɞɛɖɢŬɜɑŬ ůɡůəŮɡŬůɑŬɠ (ŬɚɞɡɛɘɜɏɜɘŬ əɞɡŰɎəɘŬ ŬɜŬɣɡəŰɘəɩɜ), ɞɘəɘŬəɩɜ ůɡůəŮɡɩɜ, ŬəɧɛŬ əŬɘ 

ůŰɖɜ ŬɡŰɞəɘɜɖŰɞɓɘɞɛɖɢŬɜɑŬ, ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ŮɝŬɟŰɖɛɎŰɤɜ ůŮ əŬŰɎɚɚɖɚɞ ůɢɐɛŬ. 

KŬɗɖɛŮɟɘɜɎ, əŬŰŬůəŮɡɎɕɞɜŰŬɘ ŬɛɏŰɟɖŰŬ ŬɜŰɘəŮɑɛŮɜŬ ɛŮ ŬɡŰɐ Űɖɜ ŰŮɢɜɘəɐ Ŭˊɧ ŮɚɎůɛŬŰŬ 

ɛŬɚŬəɞɨ əŬɘ ŬɜɞɝŮɑŭɤŰɞɡ ɢɎɚɡɓŬ, ɢɎɚɡɓŬ EDD, ɢŬɚəɧ, Ŭɚɞɡɛɑɜɘɞ, ɞɟŮɑɢŬɚəɞ əŬɘ ŰɘŰɎɜɘɞ. 

ȾŬŰɎ Űɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ ɓŬɗɘɎɠ əɞɑɚŬɜůɖɠ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɖ ŭɘŬÕɧɟűɤůɖ Ůɜɧɠ ŮˊɑˊŮŭɞɡ 

ŮɚɎůÕŬŰɞɠ ɛɏůɤ ˊɚŬůŰɘəɐɠ ˊŬɟŬɛɧɟűɤůɖɠ ůŮ əɞɑɚɞ ŰŮÕɎɢɘɞ (əɡɎɗɘɞ) ɧˊɞɡ ɞ ɧɔəɞɠ əŬɘ ɖ ɛɎɕŬ 

Űɞɡ ɛŮŰɎɚɚɞɡ ŭɘŬŰɖɟɞɨɜŰŬɘ. ȺˊɘŰɡɔɢɎɜŮŰŬɘ ÕŮ Űɖ ɓɞɐɗŮɘŬ ůɡůŰɐÕŬŰɞɠ ŮÕɓɧɚɞɡ/ÕɐŰɟŬɠ, ÕŮ ɐ 

ɢɤɟɑɠ Űɖ ɢɟɐůɖ ŭŬəŰɡɚɑɞɡ ůɡɔəɟɎŰɖůɖɠ (48). ɇɞ ɏɚŬůɛŬ ŰɞˊɞɗŮŰŮɑŰŬɘ ɛŮŰŬɝɨ ɛɐŰɟŬɠ əŬɘ 

ůɡɔəɟŬŰɖŰɐ əŬɘ ŮˊɘɓɎɚɚŮŰŬɘ əŬŰɎɚɚɖɚɖ ˊɑŮůɖ ɔɘŬ ɜŬ ˊŬɟŬɛɞɟűɤɗŮɑ Űɞ ɡɚɘəɧ ůŮ əɞɑɚɞ ůɢɐɛŬ. 

ũɘŬ Űɖɜ ɓŬɗɘɎ əɞɑɚŬɜůɖ Ůɜɧɠ ŮɚɎůɛŬŰɞɠ ůɡɢɜɎ ŬˊŬɘŰɞɨɜŰŬɘ ŭɘŬŭɞɢɘəɏɠ əɞɘɚɎɜůŮɘɠ ɞɘ ɞˊɞɑŮɠ 

ɞɜɞɛɎɕɞɜŰŬɘ ŬɜŬəɞɘɚɎɜůŮɘɠ. 

ɆŰɖɜ ˊŬɟŬəɎŰɤ ŮɘəɧɜŬ (ȺɘəɧɜŬ 15) ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɖ ůŰɞɘɢŮɘɩŭɖɠ ŭɘɎŰŬɝɖ ɓŬɗɘɎɠ 

əɞɑɚŬɜůɖɠ, ɧˊɞɡ ŭɘŬəɟɑɜɞɜŰŬɘ Űɞ ɏɚŬůɛŬ ˊɟɞɠ ŭɘŬɛɧɟűɤůɖ, Űɞ ɏɛɓɞɚɞ əŬɘ ɖ ɛɐŰɟŬ. 

ȼ ɓŬɗɘɎ əɞɑɚŬɜůɖ ŬˊŬɘŰŮɑ Űɖ ɟɞɐ Űɞɡ űɨɚɚɞɡ ŮɜŰɧɠ Űɨˊɞɡ Ůɩɠ ɧŰɞɡ ɞɘ ŭɡɜɎɛŮɘɠ ˊɞɡ Űɞ 

ůɡɔəɟŬŰɞɨɜ, ŮɑɜŬɘ ɘəŬɜɏɠ ɢɤɟɑɠ ɜŬ ɕŬɟɩůŮɘ. ȼ əɟɑůɘɛɖ ɘŭɘɧŰɖŰŬ Űɞɡ ɡɚɘəɞɨ ˊɞɡ ŮɚɏɔɢŮɘ Űɖɜ 

ɘəŬɜɧŰɖŰŬ ɓŬɗɘɎɠ əɞɑɚŬɜůɖɠ, ŮɑɜŬɘ ɖ Űɘɛɐ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ R. ȼ ˊŬɟɎɛŮŰɟɞɠ R, ŮɑɜŬɘ ɞ ɚɧɔɞɠ 
Ὡύ

Ὡὸ
, 

ȺɘəɧɜŬ 15: ȹɘɎŰŬɝɖ ȸŬɗɘɎɠ ȾɞɑɚŬɜůɖɠ (48) 
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ŭɖɚŬŭɐ ɖ Ŭɚɖɗɐɠ ˊŬɟŬɛɧɟűɤůɖ əŬŰɎ ˊɎɢɞɠ ˊɟɞɠ Űɖɜ Ŭɚɖɗɐ ˊŬɟŬɛɧɟűɤůɖ əŬŰɎ ˊɎɢɞɠ Űɞɡ 

űɨɚɚɞɡ ˊɞɡ ɏɢŮɘ ɡˊɞůŰŮɑ ŮűŮɚəɡůɛɧ. 

Ƀɘ ɘŭɘɧŰɖŰŮɠ ůŰɞ ŮˊɑˊŮŭɞ Űɞɡ ŮɚɎůɛŬŰɞɠ ŭɘŬűɏɟɞɡɜ ůŮ ŭɘŬűɞɟŮŰɘəɏɠ ŭɘŮɡɗɨɜůŮɘɠ əŬɘ 

ůɡɢɜɎ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ ɜŬ ɛŮŰɟɖɗŮɑ Űɞ Ὑ  ˊŬɟɎɚɚɖɚŬ, əɎɗŮŰŬ əŬɘ ůŮ ɔɤɜɑŬ 45ɞ ůŮ ůɢɏůɖ ɛŮ Űɖ 

ŭɘŮɨɗɡɜůɖ Űɖɠ ɏɚŬůɖɠ (Rolling Direction). ȼ ŭɘŬəɨɛŬɜůɖ ůŰɖɜ Űɘɛɐ R ůŰɞ ŮˊɑˊŮŭɞ Űɞɡ 

ŮɚɎůɛŬŰɞɠ ɛˊɞɟŮɑ ɜŬ ɗŮɤɟɖɗŮɑ ůŬɜ ɛɏŰɟɖůɖ Űɖɠ ŮˊɑˊŮŭɖɠ ŬɜɘůɞŰɟɞˊɑŬɠ. 

ȷɡŰɏɠ ɞɘ ŭɨɞ ˊŬɟɎɛŮŰɟɞɘ R əŬɘ ȹR, ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŬɜ ŮɨəɞɚŮɠ ɛŮŰɟɐůŮɘɠ Űɖɠ 

ˊɚŬůŰɘəɐɠ ŬɜɘůɞŰɟɞˊɑŬɠ ůŰŬ űɨɚɚŬ. ȳůɞ ɛŮɔŬɚɨŰŮɟɖ ɖ Űɘɛɐ Űɞɡ R , Űɧůɞ ˊɘɞ ŮɨəɞɚŬ ɡˊɧəŮɘŰŬɘ 

Űɞ ɡɚɘəɧ ůŮ ɓŬɗɘɎ əɞɑɚŬɜůɖ. ɆŮ ŰŮɢɜɘəɏɠ ŭɘŬɛɧɟűɤůɖɠ ɡɚɘəɞɨ ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɖ əŬɘ ɞɘ ŭɨɞ 

ŬɡŰɏɠ ˊŬɟɎɛŮŰɟɞɘ (51). 

ȷəɞɚɞɨɗɤɠ, ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ əŬɗɑůŰŬɜŰŬɘ ůɖɛŬɜŰɘəɞɑ ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ Űɖɠ ɓŬɗɘɎɠ 

əɞɑɚŬɜůɖɠ ŮɑɜŬɘ ɖ ůɨůŰŬůɖ ɧˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɖ ŮɚɎɢɘůŰɖ ˊɞůɧŰɖŰŬ ŮɔəɚŮɘůɛɎŰɤɜ (ŬəŬɗŬɟůɑŮɠ), ɖ 

ɛɘəɟɞŭɞɛɐ (ɛɏɔŮɗɞɠ əŬɘ ŭɞɛɐ əɧəəɤɜ), ɖ ŬɜɘůɞŰɟɞˊɑŬ (Űɘɛɏɠ R), ɞ ɏɚŮɔɢɞɠ Űɖɠ ɟɞɐɠ Űɞɡ ɡɚɘəɞɨ, 

ɞɘ ɛɖɢŬɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ (ŭɖɚ. ɞɚəɘɛɧŰɖŰŬ) , ɖ ŭɘŬɛɞɟűɤůɘɛɧŰɖŰŬ Űɞɡ ɡɚɘəɞɨ əŬɗɩɠ əŬɘ ɞɘ 

ɛŮŰŬɓɚɖŰɏɠ Űɞɡ ůɢŮŭɘŬůɛɞɨ ɧˊɤɠ ɖ ŭɘɎɛŮŰɟɞɠ Űɖɠ ɛɐŰɟŬɠ əŬɘ Űɖɠ ŭɘɎŰɟɖůɖɠ (49). 

ȼ ɓŬɗɘɎ əɞɑɚŬɜůɖ ŬˊɞŰŮɚŮɑ ɏɜŬɜ ůɨɜɗŮŰɞ ɛɖɢŬɜɘůɛɧ əŬɗɩɠ Űɞ ɏɚŬůɛŬ ɡűɑůŰŬŰŬɘ 

ŭɘŬűɞɟŮŰɘəɐ ŰɎůɖ ůŰɞ ŰɞɑɢɤɛŬ əŬɘ ůŰɖ űɚɎɜŰɕŬ. Ƀɘ ŰɎůŮɘɠ ŮɑɜŬɘ əɡɟɑɤɠ ŮűŮɚəɡůŰɘəɏɠ ůŮ ɧɚɞ Űɞ 

ŰɞɑɢɤɛŬ ŮəŰɧɠ Ŭˊɧ Űɖ űɚɎɜŰɕŬ ɧˊɞɡ ŬůəŮɑŰŬɘ ɗɚɘˊŰɘəɐ ŰɎůɖ (ůr əŬɘ ůt ŬəŰɘɜɘəɏɠ əŬɘ 

ŮűŬˊŰɞɛŮɜɘəɏɠ ŰɎůŮɘɠ, ŬɜŰɑůŰɞɘɢŬ). 

ȺɘəɧɜŬ 16: ȻɩɜŮɠ ŰɎůŮɤɜ əŬŰɎ Űɖɜ ȸŬɗɘɎ ȾɞɑɚŬɜůɖ (5) ȺɘəɧɜŬ 17: ŪɚɘˊŰɘəɏɠ əŬɘ 

ŮűŮɚəɡůŰɘəɏɠ ŰɎůŮɘɠ (50) 
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3.4.1. ȹɖɛɘɞɡɟɔɑŬ əɡɛŬŰɞŮɘŭɩɜ Ɏəɟɤɜ (earing) 

ȾŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ɗŮɟɛɞɛɖɢŬɜɘəɐɠ ŮˊŮɝŮɟɔŬůɑŬɠ űɨɚɚɤɜ Ŭɚɞɡɛɘɜɑɞɡ, Űɞ ɡɚɘəɧ 

ɡˊɞɓɎɚɚŮŰŬɘ ůŮ ˊŬɟŬɛɧɟűɤůɖ əŬɘ ŰŬɡŰɧɢɟɞɜŬ ŮəŰŮɑɗŮŰŬɘ ůŮ ɏɜŬ Ůɡɟɨ űɎůɛŬ ɗŮɟɛɞəɟŬůɘɩɜ ůŮ 

ŭɘŬűɞɟŮŰɘəɞɨɠ ɢɟɧɜɞɡɠ. ȾŬŰŬɚɐɔŮɘ ɏŰůɘ ůŮ ŮɜŬɚɚŬůůɧɛŮɜɞɡɠ əɨəɚɞɡɠ ˊŬɟŬɛɧɟűɤůɖɠ əŬɘ 

ŬɜŬəɟɡůŰɎɚɚɤůɖɠ (46). 

ȰɜŬɠ ˊɟŬɔɛŬŰɘəɎ ŰɡɢŬɑɞɠ ˊɟɞůŬɜŬŰɞɚɘůɛɧɠ Űɤɜ əɟɡůŰɎɚɚɤɜ ŮɑɜŬɘ ůˊɎɜɘɞɠ, ɔɘŬŰɑ əŬŰɎ 

Űɖ ɓɘɞɛɖɢŬɜɘəɐ ˊŬɟŬɔɤɔɐ ɞɘ əɧəəɞɘ Űɞɡ ɛŮŰɎɚɚɞɡ ŮɡɗɡɔɟŬɛɛɑɕɞɜŰŬɘ ɏŰůɘ ɩůŰŮ ɞɘ ŭɘŮɡɗɨɜůŮɘɠ 

Űɞɡ, ɜŬ ɏɢɞɡɜ ɞɛɞɘɧɛɞɟűɖ əŬŰŬɜɞɛɐ ɛɏůŬ ůŰɞ ɢɩɟɞ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɖ ɛɘəɟɞɔɟŬűɘəɐ ɛɞɟűɐ ɜŬ 

ˊŬɟɞɡůɘɎɕŮɘ ɘůŰɧ. ȺˊŮɘŭɐ ŭŮ, ŰŬ ˊŮɟɘůůɧŰŮɟŬ ˊɞɚɡəɟɡůŰŬɚɚɘəɎ ɛɏŰŬɚɚŬ ˊɟɞŰɘɛɞɨɜ ɛɘŬ 

ɞɟɘůɛɏɜɖ ŭɘŮɨɗɡɜůɖ ˊɟɞůŬɜŬŰɞɚɘůɛɞɨ, ɏɢɞɡɜ Űɖɜ ŰɎůɖ ɜŬ ŮɛűŬɜɑɕɞɡɜ ŬɜɘůɞŰɟɞˊɑŬ ˊɞɡ 

ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞɜ ɓŬɗɛɧ ŮɡɗɡɔɟɎɛɛɘůɖɠ Űɤɜ əɧəəɤɜ (3).  

ȳŰŬɜ ůŰɞ ɡɚɘəɧ ɚɞɘˊɧɜ ˊŬɟŬŰɖɟŮɑŰŬɘ ɘůŰɧɠ, ŬɜŬˊŰɨůůɞɜŰŬɘ ŭɘŬűɞɟŮŰɘəɏɠ ɘŭɘɧŰɖŰŮɠ ůŰɘɠ 

ŭɘɎűɞɟŮɠ ŮɝŮŰŬɕɧɛŮɜŮɠ ŭɘŮɡɗɨɜůŮɘɠ ˊɎɜɤ ůŰɞ ŮˊɑˊŮŭɞ Űɞɡ ŮɚɎůÕŬŰɞɠ. ȼ ŬɜɘůɞŰɟɞˊɑŬ ŬɡŰɐ Űɤɜ 

ɘŭɘɞŰɐŰɤɜ ɞɜɞɛɎɕŮŰŬɘ ŮˊɑˊŮŭɖ ŬɜɘůɞŰɟɞˊɑŬ (planar anisotropy) əŬɘ ŮɝŬɘŰɑŬɠ ŬɡŰɐɠ, ˊŬɟŬŰɖɟŮɑŰŬɘ 

Űɞ űŬɘɜɧɛŮɜɞ çearingè ůŰɖ ŭɘŬŭɘəŬůɑŬ ɓŬɗɘɎɠ əɞɑɚŬɜůɖɠ. 

ũɘŬ Űɖɜ ɛŮɚɏŰɖ Űɖɠ ŮˊɑˊŮŭɖɠ ŬɜɘůɞŰɟɞˊɑŬɠ, ɞɟɑɕŮŰŬɘ ɛɑŬ əŬŰŮɨɗɡɜůɖ ŬɜŬűɞɟɎɠ, ůɡɜɐɗɤɠ 

ɖ əŬŰŮɨɗɡɜůɖ Űɖɠ ɏɚŬůɖɠ (Rolling Direction) əŬɘ ŭɨɞ ɎɚɚŮɠ ŬɜŰɑůŰɞɘɢŮɠ ŭɘŮɡɗɨɜůŮɘɠ (Normal 

Direction & Transverse Direction), ɞɘ 45ɞ əŬɘ 90ɞ ůŮ ůɢɏůɖ ɛŮ Űɖɜ ŭɘŮɨɗɡɜůɖ Űɖɠ ɏɚŬůɖɠ. ȼ 

ŮˊɑˊŮŭɖ ŬɜɘůɞŰɟɞˊɑŬ æR, ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ: ɝ2Ѐ
Ὑπ ςὙτυὙωπ

ς
. 

 

 

 

 

 

 

 

 

 

ȺɘəɧɜŬ 18: ȺˊɑˊŮŭɖ ŬɜɘůɞŰɟɞˊɑŬ űɨɚɚɞɡ (planar anisotropy) (51) 
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ȺɘəɧɜŬ 20: ɇɘɛɐ Ȼ (50) 

ȳůɞ ÕŮɔŬɚɨŰŮɟɞɠ ŮɑɜŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ æR, Űɧůɞ ŮɜŰɞɜɧŰŮɟɞɠ ŮɑɜŬɘ ɞ ůɢɖÕŬŰɘůÕɧɠ 

çearsè. ȷɜŰɑůŰɞɘɢŬ, ŮɎɜ ɞ ůɡɜŰŮɚŮůŰɐɠ ȹR ŮɑɜŬɘ ɑůɞɠ ɛŮ Űɞ 0, ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ɡɚɘəɞɨ ůŮ 

ɧɚŮɠ Űɘɠ ŮˊɑˊŮŭŮɠ əŬŰŮɡɗɨɜůŮɘɠ ŮɑɜŬɘ ɑŭɘŬ əɘ ɏŰůɘ ŭŮɜ ɗŬ ŭɖɛɘɞɡɟɔɖɗɞɨɜ ɞɘ ɚɞɓɞɑ. 

ɇɞ çearingè ˊɟɧəŮɘŰŬɘ ɞɡůɘŬůŰɘəɎ ɔɘŬ Űɖɜ Ŭɜɞɛɞɘɧɛɞɟűɖ əŬŰŬɜɞɛɐ ɡɚɘəɞɨ ůŰɖɜ 

ˊŮɟɘűɏɟŮɘŬ Űɤɜ əɡŬɗɘɩɜ ɧˊɞɡ ůɢɖɛŬŰɑɕɞɜŰŬɘ əɞɟɡűɏɠ əŬɘ əɞɘɚɎŭŮɠ ɡɚɘəɞɨ ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɖɜ 

EɘəɧɜŬ 19 (36) (41). 

 

ũɘŬ ɛɘŬ ˊɞůɞŰɘəɐ ŮəŰɑɛɖůɖ ůɡɢɜɎ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ɖ ɛɏůɖ Űɘɛɐ Ȼ, ɖ ɞˊɞɑŬ ɞɟɑɕŮŰŬɘ ɤɠ:  

 

 

 

 

Ƀɘ Űɘɛɏɠ çearsè əŬɘ çtroughsè ŬɜŰɘůŰɞɘɢɞɨɜ ůŰɘɠ 

ɛɏůŮɠ Űɘɛɏɠ ɧɚɤɜ Űɤɜ ɚɞɓɩɜ əŬɘ ɧɚɤɜ Űɤɜ əɞɘɚɎŭɤɜ Ůɜɧɠ 

əɡŬɗɑɞɡ. 

ɀŮ Űɖɜ ŮɛűɎɜɘůɖ ɞəŰɩ ɐ ɏɝɘ ɚɞɓɩɜ ɢɟɐůɘɛɖ ŮɑɜŬɘ ɖ 

Űɘɛɐ ȹȻ ˊɞɡ ɞɟɑɕŮŰŬɘ ɤɠ: 

 

ɈɚɘəɎ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɡɜ Űɘɛɏɠ Z <5% əŬɘ ȹZ> 0% ŮɑɜŬɘ ŮˊɘŭŮəŰɘəɎ ɔɘŬ ŭɘŬɛɧɟűɤůɖ. 

ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ɞ Raebe ə.Ɏ. ŭɘŮɝɐɔŬɔŬɜ ɛŮɚɏŰɖ ɔɘŬ Űɖ ůɡɛˊŮɟɘűɞɟɎ Űɞɡ ɢɎɚɡɓŬ ɤɠ 

ȺɘəɧɜŬ 19: çEaringè ůŮ əɡɎɗɘɞ ɓŬɗɘɎɠ əɞɑɚŬɜůɖɠ (49) 



29 

 

ˊɟɞɠ Űɖ ɓŬɗɘɎ əɞɑɚŬɜůɖ. ȼ ɛŮɚɏŰɖ Űɞɡɠ ŬˊɞəɎɚɡɣŮ ɧŰɘ ɞ ŬɡɝŬɜɧɛŮɜɞɠ Ŭɟɘɗɛɧɠ Űɤɜ ɚɞɓɩɜ 

ɛŮɘɩɜŮɘ Űɞ ŬˊɧɚɡŰɞ ɨɣɞɠ Űɞɡɠ (61). 

ȼ ŬůŰɞɢɑŬ çearingè ŬˊŬɘŰŮɑ Ůˊɘˊɚɏɞɜ ŭɘŬŭɘəŬůɑŮɠ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ Űɞɡ ůɤůŰɞɨ əŬɘ 

ɞɛɞɘɧɛɞɟűɞɡ ɨɣɞɡɠ Űɞɡ əɡŬɗɑɞɡ. ȺəŰɧɠ Ŭˊɧ Űɖɜ ŬűŬɑɟŮůɖ Ůˊɘˊɚɏɞɜ ɡɚɘəɞɨ Ŭˊɧ Űɖɜ əɞɟɡűɐ, 

ɛˊɞɟŮɑ ɜŬ ˊɟɞəŬɚɏůŮɘ Ůɛˊɚɞəɏɠ əŬŰɎ Űɖ ŭɘŬŭɘəŬůɑŬ ˊŬɟŬɔɤɔɐɠ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ɛŮɘɩɜŮŰŬɘ 

Űɧůɞ ɞ ɢɟɧɜɞɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ɛɖɢŬɜɐɛŬŰɞɠ ŬɚɚɎ əŬɘ ɖ ˊŬɟŬɔɤɔɘəɧŰɖŰŬ. 
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ȾȺūȷȿȷȽɃ 4: ɄȺȽɅȷɀȷɇȽȾȼ ȹȽȷȹȽȾȷɆȽȷ 

ȼ ́ŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ɛŮɚŮŰɎ Űɖɜ Ůɝɏɚɘɝɖ Űɞɡ əɟɡůŰŬɚɚɞɔɟŬűɘəɞɨ ɘůŰɞɨ ůŮ 

ŭŮɑɔɛŬŰŬ Ŭɚɞɡɛɘɜɑɞɡ ȷȷ3003 əŬɘ Űɖɜ ŮˊɘŭŮəŰɘəɧŰɖŰŬ ŭɘŬɛɧɟűɤůɐɠ Űɞɡɠ ůŮ ɓŬɗɘɎ əɞɑɚŬɜůɖ. ɇŬ 

ŭŮɑɔɛŬŰŬ ˊɞɡ ˊŬɟŮɚɐűɗɖůŬɜ əŬɘ Űɞ ŭɘɎɔɟŬɛɛŬ ɟɞɐɠ Űɖɠ ˊŮɘɟŬɛŬŰɘəɐɠ ŭɘŬŭɘəŬůɑŬɠ űŬɑɜŮŰŬɘ 

ˊŬɟŬəɎŰɤ: 

 

 

 

 

 

 

 

 

ɆɢɐɛŬ 1: ɆŰɞ ŭɘɎɔɟŬɛɛŬ ůɖɛŮɘɩɜɞɜŰŬɘ ŰŬ ɚɖűɗɏɜŰŬ ŭŮɑɔɛŬŰŬ ɚɖűɗɏɜŰŬ ŭŮɑɔɛŬŰŬ (61). 

ȷˊɧ Űɘɠ ŭɨɞ ɛŮɗɧŭɞɡɠ ɢɨŰŮɡůɖɠ, ˊŬɟŮɚɐűɗɖůŬɜ ŭŮɑɔɛŬŰŬ Ŭˊɧ ŰŬ ůŰɎŭɘŬ 1 əŬɘ 2. ɆŰɖ 

ůɡɜɏɢŮɘŬ ŰŬ űɨɚɚŬ ɣɡɢɟɐɠ ɏɚŬůɖɠ ɡˊɞɓɚɐɗɖəŬɜ ůŮ ɗŮɟɛɘəɐ əŬŰŮɟɔŬůɑŬ ŬɜɧˊŰɖůɖɠ ůŮ 

ɗŮɟɛɞəɟŬůɑŮɠ 450ɞC, 500ɞC əŬɘ 550ɞC ɛŮ ɢɟɧɜɞ ˊŬɟŬɛɞɜɐɠ 5 ɚŮˊŰɎ ŬɜɎ ɗŮɟɛɞəɟŬůɑŬ. 

Twin Roll Casting -

Continuous Casting  

Direct Casting: 

Semicontinuous Casting  
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ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ ɔɘŬ Űɖ ůɨɔəɟɘůɖ Űɤɜ ŭŮɘɔɛɎŰɤɜ, ɤɠ ɗŮɟɛɐɠ ɏɚŬůɖɠ ŭŮɑɔɛŬ Űɖɠ ɛŮɗɧŭɞɡ TRC 

ɗŮɤɟŮɑŰŬɘ Űɞ as-cast, əŬɗɩɠ ɧˊɤɠ ɏɢŮɘ ŬɜŬűŮɟɗŮɑ ůŰɖ ɛɏɗɞŭɞ ŬɡŰɐ ůɡɜŭɡɎɕŮŰŬɘ ɔɟɐɔɞɟɖ 

ůŰŮɟŮɞˊɞɑɖůɖ əŬɘ ɏɚŬůɖ ůŮ ɏɜŬ ɛɧɜɞ ɓɐɛŬ. 

ɄɑɜŬəŬɠ 1: ɄɎɢɞɠ ȹŮɘɔɛɎŰɤɜ 

TRC As-cast: 6,3mm Cold Rolled: 0,34mm 

DC Hot Rolled: 5,1 mm Cold Rolled: 0,8mm 

 

4.1. ȹŮɘɔɛŬŰɞɚɖɣɑŬ 

ɇŬ ŭŮɑɔɛŬŰŬ ˊɞɡ ɛŮɚŮŰɐɗɖəŬɜ ˊɟɞɏəɡɣŬɜ Ŭˊɧ Űɖɜ əɞˊɐ ˊɚŬəɩɜ əŬɘ űɨɚɚɤɜ Ŭɚɞɡɛɘɜɑɞɡ 

Ŭˊɧ ɗŮɟɛɐ əŬɘ ɣɡɢɟɐ ɏɚŬůɖ. ȼ əɞˊɐ Űɤɜ ŭŮɘɔɛɎŰɤɜ ɗŮɟɛɐɠ ɏɚŬůɖɠ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ůŮ 

ŭɘůəɞŰɧɛɞ ɚɧɔɤ Űɞɡ ˊɎɢɞɡɠ Űɞɡɠ (6,3mm əŬɘ 5,1 mm), Ůɜɩ Űɤɜ ɚŮˊŰɩɜ ŭŮɘɔɛɎŰɤɜ (0,34mm əŬɘ 

0,8 mm) ɏɔɘɜŮ ɛŮ ɣŬɚɑŭɘ. 

ɄɑɜŬəŬɠ 2: ɇɡˊɘəɐ ɢɖɛɘəɐ ůɨůŰŬůɖ əɟɎɛŬŰɞɠ Ŭɚɞɡɛɘɜɑɞɡ ȷȷ3003 (wt%) 

 

4.2. ȺɔəɘɓɤŰɘůɛɧɠ ȹŮɘɔɛɎŰɤɜ 

ȰˊŮɘŰŬ Ŭˊɧ Űɖɜ əɞˊɐ, ŰŬ ŭŮɑɔɛŬŰŬ ŮɔəɘɓɤŰɑůŰɖəŬɜ ˊŬɟɎɚɚɖɚŬ ɛŮ Űɖ űɞɟɎ Űɖɠ ɏɚŬůɖɠ. 

ɄɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɣɡɢɟɧɠ ŮɔəɘɓɤŰɘůɛɧɠ ɛɏůɤ Űɞɡ ɞˊɞɑɞɡ ůŰŮɟŮɞˊɞɘŮɑŰŬɘ ɖ ɟɖŰɑɜɖ ɔɨɟɤ Ŭˊɧ Űɞ 

ŭŮɑɔɛŬ, ŬűɐɜɞɜŰŬɠ ŬəɎɚɡˊŰɖ Űɖɜ ˊɟɞɠ ŮɝɏŰŬůɖ ŮˊɘűɎɜŮɘŬ. ȼ ŬɜŬɚɞɔɑŬ ŬɜɎɛɘɝɖɠ Űɖɠ ɟɖŰɑɜɖɠ 

Struers EpoFix Resin əŬɘ Űɞɡ ůəɚɖɟɡɜŰɐ Struers EpoFix Hardener ɐŰŬɜ 100ml/12ml. 

4.3. ȿŮɑŬɜůɖ əŬɘ ɆŰɑɚɓɤůɖ Űɤɜ ȹɞəɘɛɑɤɜ 

ɀŮŰɎ Űɞɜ ŮɔəɘɓɤŰɘůɛɧ ɏɚŬɓŮ ɛɏɟɞɠ ɖ ɚŮɑŬɜůɖ, ɖ ɞˊɞɑŬ ŬˊɞůəɞˊŮɑ ůŰɖ ɛŮɑɤůɖ Űɖɠ 

ŮˊɘűŬɜŮɘŬəɐɠ ŰɟŬɢɨŰɖŰŬɠ Űɤɜ ŭɞəɘɛɑɤɜ, ɩůŰŮ ɜŬ ŮɑɜŬɘ ŭɡɜŬŰɐ ɖ ŬˊɞəɎɚɡɣɖ Űɖɠ ɛɘəɟɞŭɞɛɐɠ 

Űɞɡɠ, ɔɘŬ ˊŬɟŬŰɐɟɖůɖ ůŰɞ ɞˊŰɘəɧ əŬɘ ɖɚŮəŰɟɞɜɘəɧ ɛɘəɟɞůəɧˊɘɞ. 

ȷȷ3003 

Al  Cu Fe Mn  Si Zn Res. 

96.8ï99% 0.05ï0.20% 0.70% 

max 

1.0-1.2 % 0.6 % max 0.1 % 0.15% 
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ȼ ɚŮɑŬɜůɖ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ůŮ ŬɡŰɧɛŬŰɞ ˊŮɟɘůŰɟŮűɧɛŮɜɞ ŭɑůəɞ Struers Tegramin-30, 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɚŮɘŬɜŰɘəɎ ɢŬɟŰɘɎ Ŭˊɧ əŬɟɓɑŭɘɞ Űɞɡ ˊɡɟɘŰɑɞɡ (SiC), ŰŬ ɞˊɞɑŬ ŰɞˊɞɗŮŰɐɗɖəŬɜ 

ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ŭɑůəɞɡ. ɇŬ ɚŮɘŬɜŰɘəɎ ɢŬɟŰɘɎ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ɏɜŬɜ Ŭɟɘɗɛɧ (grit), ɞ 

ɞˊɞɑɞɠ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɞɡɠ əɧəəɞɡɠ Űɞɡ SiC ŬɜɎ ŰŮŰɟŬɔɤɜɘəɐ ɑɜŰůŬ. ȳůɞ ɛŮɔŬɚɨŰŮɟɞɠ ŮɑɜŬɘ ɞ 

Ŭɟɘɗɛɧɠ ŬɡŰɧɠ, Űɧůɞ ˊŮɟɘůůɧŰŮɟɞɘ əŬɘ ɛɘəɟɧŰŮɟɞɘ ŮɑɜŬɘ ɞɘ əɧəəɞɘ, əɘ ɎɟŬ Űɧůɞ ɚɘɔɧŰŮɟɞ ŰɟŬɢɘɎ 

ŮɑɜŬɘ ɖ ŮˊɘűɎɜŮɘŬ. ȼ ɚŮɑŬɜůɖ ɏɔɘɜŮ ˊŬɟɞɡůɑŬ ɜŮɟɞɨ. ɉɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŭɘŬŭɞɢɘəɎ, ɢŬɟŰɘɎ 

ɚŮɑŬɜůɖɠ 80, 220, 500 əŬɘ 1200 grit ɔɘŬ 2 ɚŮˊŰɎ Űɞ əŬɗɏɜŬ. H ŬɚɚŬɔɐ Űɞɡ ɚŮɘŬɜŰɘəɞɨ ɢŬɟŰɘɞɨ 

ɏɢŮɘ ɤɠ ůəɞˊɧ ɜŬ ŬˊŬɚŮɑűɞɜŰŬɘ ɞɘ ɔɟŬɛɛɏɠ Ŭˊɧ Űɞ ˊɟɞɖɔɞɨɛŮɜɞ ůŰɎŭɘɞ. 

ȺˊɧɛŮɜɞ ůŰɎŭɘɞ ɛŮŰɎ Űɖɜ ɚŮɑŬɜůɖ, ŮɑɜŬɘ ɖ ůŰɑɚɓɤůɖ. ɆŰɧɢɞɠ Űɖɠ ůŰɑɚɓɤůɖɠ ŮɑɜŬɘ ɜŬ 

ŬˊɞɛŬəɟɡɜɗɞɨɜ ɧɚŮɠ ɞɘ ɔɟŬɛɛɏɠ ɚŮɑŬɜůɖɠ ˊɟɞəŮɘɛɏɜɞɡ ɖ ŮˊɘűɎɜŮɘŬ Űɤɜ ŭɞəɘɛɑɤɜ ɜŬ ɔɑɜŮɘ ɚŮɑŬ 

əŬɘ ůŰɘɚˊɜɐ. ɉɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ˊŬɜɘɎ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɖ ɢɟɐůɖ ŬŭŬɛŬɜŰɧˊŬůŰŬɠ Struers 

DiaPro Mol B3 (3ɛm), Struers DiaPro NapR1 (1ɛm) əŬɘ ŰŬ ŬɘɤɟɐɛŬŰŬ ˊɡɟɘŰɑŬɠ Struers OP-U & 

OPS NonDry (0,01ɛm). ȼ ŭɘɎɟəŮɘŬ əɎɗŮ ůŰŬŭɑɞɡ ůŰɑɚɓɤůɖɠ ŭɘɐɟəɖůŮ ~6 ɚŮˊŰɎ. 

ȷɜɎɛŮůŬ ůŮ əɎɗŮ ůŰŬŭɑɞ ɚŮɑŬɜůɖɠ əŬɘ ůŰɑɚɓɤůɖɠ ŰŬ ŭɞəɑɛɘŬ ɝŮˊɚɏɜɞɜŰŬɜ ɛŮ ɜŮɟɧ, 

ɏˊŮɘŰŬ ɛŮ Ŭɚəɞɧɚɖ, ůŰɏɔɜɤɛŬ ɛŮ ˊŮˊɘŮůɛɏɜɞ ŬɏɟŬ əŬɘ ɏɚŮɔɢɞɠ Űɤɜ ŮˊɘűŬɜŮɘɩɜ. 

4.4. ɉɖɛɘəɐ əŬɘ ȼɚŮəŰɟɞɢɖɛɘəɐ Ʉɟɞůɓɞɚɐ 

ȼ ɢɖɛɘəɐ ˊɟɞůɓɞɚɐ ŭɘŮɝɎɢɗɖəŮ ɛŮ Űɖ ɟɑɣɖ ůŰŬɔɧɜɤɜ ɡŭɟɞűɗɞɟɑɞɡ (HF 0,5%) ůŰɖɜ 

ŮˊɘűɎɜŮɘŬ Űɤɜ ŭɞəɘɛɑɤɜ, ɔɘŬ 80 sec ɛŮ ůŰɧɢɞ Űɖɜ ŬˊɞəɎɚɡɣɖ ɞɟɘůɛɏɜɤɜ ɛɘəɟɞɔɟŬűɘəɩɜ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ɧˊɤɠ ŮɜŭɞɛŮŰŬɚɚɘəɏɠ űɎůŮɘɠ, ɔɘŬ Űɖɜ ˊŬɟŬŰɐɟɖůɐ Űɞɡɠ ůŰɞ ɞˊŰɘəɧ əŬɘ 

ɖɚŮəŰɟɞɜɘəɧ ɛɘəɟɞůəɧˊɘɞ.  

ȾŬŰɎ Űɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ Ŭɜɞŭɑɤůɖɠ, Űɞ ŭɞəɑɛɘɞ ŬˊɞŰŮɚɞɨůŮ Űɖɜ Ɏɜɞŭɞ Ůɜɩ Űɖɜ əɎɗɞŭɞ 

ŬˊɞŰŮɚɞɨůŮ ɛɘŬ ˊɚɎəŬ ɛɞɚɨɓŭɞɡ. ȼ Ŭɜɞŭɑɤůɖ ɏɔɘɜŮ ɛɏůɤ Űɖɠ ŮɛɓɎˊŰɘůɖɠ Űɤɜ ŭɞəɘɛɑɤɜ ůŮ 

ŬɜŰɘŭɟŬůŰɐɟɘɞ Barkerôs (4,5cc ŰŮŰɟŬűɗɞɟɘɞɓɞɟɘəɧ ɞɝɨ-ȼȸF4), ɔɘŬ 95 ŭŮɡŰŮɟɞɚɏˊŰŬ. ȼ ůɡůəŮɡɐ 

ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɖɜ Ŭɜɞŭɑɤůɖ Űɤɜ ŭɞəɘɛɑɤɜ ɐŰŬɜ ɖ Struers LectroPolï5. ȷɛɏůɤɠ ɛŮŰɎ 

Űɖ ɢɖɛɘəɐ əŬɘ Űɖɜ ɖɚŮəŰɟɞɢɖɛɘəɐ ˊɟɞůɓɞɚɐ, ŰŬ ŭɞəɑɛɘŬ əŬɗŬɟɑɕɞɜŰŬɜ ˊɟɞůŮəŰɘəɎ əŬɘ 

ůŰŮɔɜɩɜɞɜŰŬɜ ɛŮ ɟŮɨɛŬ ˊŮˊɘŮůɛɏɜɞɡ ŬɏɟŬ. 

4.5. ŪŮɟɛɘəɐ ȾŬŰŮɟɔŬůɑŬ ȷɜɧˊŰɖůɖɠ 

ȼ ŬɜŬəɟɡůŰɎɚɚɤůɖ ˊŬɟŬɛɞɟűɤɛɏɜɤɜ űɨɚɚɤɜ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ Űɖɜ ˊɡɟɐɜɤůɖ əŬɘ 

ŬɜɎˊŰɡɝɖ ɜɏɤɜ ɛɖ ˊŬɟŬɛɞɟűɤɛɏɜɤɜ əɟɡůŰɎɚɚɤɜ ɆɡɜŮˊɩɠ, ɖ ŬɜŬəɟɡůŰɎɚɚɤůɖ ˊɟɞəŬɚŮɑ 

ŬɚɚŬɔɏɠ ůŰɖɜ əŬŰŬɜɞɛɐ Űɤɜ əɟɡůŰŬɚɚɞɔɟŬűɘəɩɜ ˊɟɞůŬɜŬŰɞɚɘůɛɩɜ əŬɘ əŬŰɎ ůɡɜɏˊŮɘŬ, Űɞɜ 
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əɟɡůŰŬɚɚɞɔɟŬűɘəɧ ɘůŰɧ Ůɜɧɠ ŭŮŭɞɛɏɜɞɡ ŭŮɑɔɛŬŰɞɠ. ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ 

ŬɜɧˊŰɖůɖ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŬɝɘɞɚɞɔɖɗŮɑ ɖ ůɡɛˊŮɟɘűɞɟɎ Űɤɜ űɨɚɚɤɜ Ŭɚɞɡɛɘɜɑɞɡ ůŰɖɜ ŭɞəɘɛɐ 

ɓŬɗɘɎɠ əɞɑɚŬɜůɖɠ əŬɘ ɜŬ ɛŮɚŮŰɖɗŮɑ ɖ Ůɝɏɚɘɝɖ Űɞɡ ɘůŰɞɨ (51). 

ɆɡɔəŮəɟɘɛɏɜŬ, ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ űɨɚɚŬ ɣɡɢɟɐɠ ɏɚŬůɖɠ Űɤɜ ŭɨɞ ɛŮɗɧŭɤɜ ɢɨŰŮɡůɖɠ, 

ˊɎɢɞɡɠ 0,34mm əŬɘ 0,8mm, ɔɘŬ ŬɜɧˊŰɖůɖ ůŮ ɗŮɟɛɞəɟŬůɑŮɠ 450ɞC, 500ɞ əŬɘ 550ɞC. ȾɎɗŮ 

ɗŮɟɛɘəɐ əŬŰŮɟɔŬůɑŬ ŭɘɐɟəɖůŮ 5 ɚŮˊŰɎ ůŰɖɜ ŮˊɘɗɡɛɖŰɐ ɗŮɟɛɞəɟŬůɑŬ, Ůɜɩ ɖ ɣɨɝɖ Űɤɜ ŭŮɘɔɛɎŰɤɜ 

ɏɔɘɜŮ ůŮ ɗŮɟɛɞəɟŬůɑŬ ˊŮɟɘɓɎɚɚɞɜŰɞɠ (air quenching). 

 



35 

 

ȾȺūȷȿȷȽɃ 5: ɄȷɅȷŪȺɆȼ ȷɄɃɇȺȿȺɆɀȷɇɋɁ 

5.1. ɀŮŰŬɚɚɞɔɟŬűɘəɐ ȺɝɏŰŬůɖ 

ȼ ɞˊŰɘəɐ ɛɘəɟɞůəɞˊɑŬ ŬɜŬəɚɩɛŮɜɞɡ űɤŰɧɠ ŬˊɞŰŮɚŮɑ ŬəɧɛŬ əŬɘ ůɐɛŮɟŬ Ŭˊɧ Űɘɠ ˊɘɞ 

ůɖɛŬɜŰɘəɏɠ ɛŮɗɧŭɞɡɠ ɛŮɚɏŰɖɠ Űɖɠ ɛɘəɟɞŭɞɛɐɠ ɛŮŰɎɚɚɤɜ əŬɘ əɟŬɛɎŰɤɜ, ŰŬ ɞˊɞɑŬ ɏɢɞɡɜ ɡˊɞůŰŮɑ 

ůŰɑɚɓɤůɖ əŬɘ ˊɟɞůɓɞɚɐ. 

ɇɞ ɛɘəɟɞůəɧˊɘɞ ŬˊɞŰŮɚŮɑŰŬɘ ȰɜŬ ůɨůŰɖɛŬ əŬŰɎɚɚɖɚŬ ŭɘŮɡɗŮŰɖɛɏɜɤɜ űŬəɩɜ, ɛɏůɤ Űɞɡ 

ɞˊɞɑɞɡ ɞ ˊŬɟŬŰɖɟɖŰɐɠ ɓɚɏˊŮɘ ɏɜŬ ɛŮɔŮɜɗɡɛɏɜɞ Ůɑŭɤɚɞ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ ˊɞɡ ɗɏɚŮɘ ɜŬ ɛŮɚŮŰɐůŮɘ. 

ɇɞ űɤɠ ˊŬɟɎɔŮŰŬɘ Ŭˊɧ ɛɘŬ űɤŰŮɘɜɐ ˊɖɔɐ (ɚɡɢɜɑŬ) əŬɘ ŮůŰɘɎɕŮŰŬɘ ůŰɞ ɨɣɞɠ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ ɛŮ 

Űɖ ɓɞɐɗŮɘŬ Ůɜɧɠ ůɡɛˊɡəɜɤŰɐ űŬəɞɨ (53) (54). 

 ȷɝɑɕŮɘ ɜŬ ŬɜŬűŮɟɗŮɑ ɧŰɘ , ɧůɞ ˊɘɞ ɛŮɔɎɚŮɠ ɛŮɔŮɗɨɜůŮɘɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ Űɧůɞ ˊɘɞ 

ŭɨůəɞɚɞ ŮɑɜŬɘ ɜŬ ŮůŰɘɎůŮɘ ɞ ɢɟɐůŰɖɠ. Ɇɡɜɐɗɤɠ, ŭŮ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɛŮɔŮɗɨɜůŮɘɠ ˊɞɚɨ 

ɛŮɔŬɚɨŰŮɟŮɠ Ŭˊɧ 1000x ɔɘŬ ˊŬɟŬŰɐɟɖůɖ ɛŮ ɞˊŰɘəɧ ɛɘəɟɞůəɧˊɘɞ, ŬɚɚɎ Űɞ ŭɞəɑɛɘɞ ŮɝŮŰɎɕŮŰŬɘ ɛŮ 

ɖɚŮŰɟɞɜɘəɧ ɛɘəɟɞůəɧˊɘɞ ɛŮ Űɞ ɞˊɞɑɞ ɛˊɞɟɞɨɜ ɜŬ ŮˊɘŰŮɡɢɗɞɨɜ ˊɞɚɨ ɛŮɔŬɚɨŰŮɟŮɠ ɛŮɔŮɗɨɜůŮɘɠ 

(56).  

ɆŰɖɜ ŮɟɔŬůɑŬ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ŮɝɏŰŬůɖ ɛŮ ɞˊŰɘəɐ ɛɘəɟɞůəɞˊɑŬ ɔɘŬ Űɖɜ ˊŬɟŬŰɐɟɖůɖ 

əŬɘ Űɖ ůɨɔəɟɘůɖ Űɖɠ ɛɞɟűɞɚɞɔɑŬ Űɤɜ əɧəəɤɜ, ɨůŰŮɟŬ Ŭˊɧ ˊɟɞůɓɞɚɐ ɛŮ ŭɘɎɚɡɛŬ Barkers, ɛŮ 

ɢɟɐůɖ ˊɞɚɤŰɐ əŬɘ ŬɜŬɚɡŰɐ. ȷɡŰɧ ɏɔɘɜŮ ɛŮ ŬɜɎůŰɟɞűɞ ɞˊŰɘəɧ ɛɘəɟɞůəɧˊɘɞ Nikon Epiphot 300 

Ůɝɞˊɚɘůɛɏɜɞ ɛŮ ɣɖűɘŬəɐ űɤŰɞɔɟŬűɘəɐ ɛɖɢŬɜɐ. ɇɞ ɚɞɔɘůɛɘəɧ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɖɜ 

ŬɜɎɚɡůɖ Űɤɜ űɤŰɞɔɟŬűɘɩɜ ŮɑɜŬɘ Űɞ Image Analysis Pro. 

 

 

 

 

 

 

 

 

ȺɘəɧɜŬ 21: ɃˊŰɘəɧ ɀɘəɟɞůəɧˊɘɞ (56) 
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5.1.1.  ȹɞəɑɛɘŬ TRC  

As-cast (6,3 mm) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ȺɘəɧɜŬ 22: ɃˊŰɘəɏɠ ɛɘəɟɞɔɟŬűɑŮɠ ŭŮɑɔɛŬŰɞɠ TRC ˊɎɢɞɡɠ 6,3 mm ˊɟɞůɓŮɓɚɖɛɏɜɞ ɛŮ ŬɜŰɘŭɟŬůŰɐɟɘɞ 

Barkerôs. 

RD 

Ŭ 

ɓɓ 
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ȹŮɑɔɛŬ ɊɡɢɟɐɠȰɚŬůɖɠ (0,34 mm) 

 

 

 

 

 

 

 

 

 

 

 ȺɘəɧɜŬ 23: ɃˊŰɘəɐ ɛɘəɟɞɔɟŬűɑŮɠ Űɖɠ ɛɘəɟɞŭɞɛɐɠ ɨůŰŮɟŬ Ŭˊɧ ˊɟɞůɓɞɚɐ ɛŮ ŬɜŰɘŭɟŬůŰɐɟɘɞ 

Barkerôs. 

 

ȹŮɑɔɛŬŰŬ ŪŮɟɛɘəɐɠ ȾŬŰŮɟɔŬůɑŬɠ ȷɜɧˊŰɖůɖɠ (0,34mm) 

 

 

 

 

 

 

 

 

Ŭ:450ɞC 

Ŭ 
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ȺɘəɧɜŬ 24: ɃˊŰɘəɏɠ ɛɘəɟɞɔɟŬűɑŮɠ ɧˊɞɡ űŬɑɜɞɜŰŬɘ ɞɘ əɧəəɞɘ Űɞɡ ɡɚɘəɞɨ ůŰɘɠ ŰɟŮɘɠ ŭɘɎűɞɟŮŰɘəɏɠ 

ɗŮɟɛɞəɟŬůɑŮɠ ŬɜɧˊŰɖůɖɠ(Ŭ:450ɞC, ɓ:500ɞC əŬɘ ɔ:550oC). 

 

ɔ:550ɞC 

ɓ:500ɞC 
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ɆŰɖɜ ȺɘəɧɜŬ 22 űŬɑɜŮŰŬɘ ɖ ɛɘəɟɞŭɞɛɐ Űɞɡ ŭŮɑɔɛŬŰɞɠ ˊɟɞŮɟɢɧɛŮɜɞ Ŭˊɧ Űɖ ůɡɜŮɢɐ ɛɏɗɞŭɞ 

ɢɨŰŮɡůɖɠ. ɀŮ Űɖɜ ɖɚŮəŰɟɞɚɡŰɘəɐ ˊɟɞůɓɞɚɐ ŬˊɞəŬɚɨˊŰŮŰŬɘ ɖ ɛɞɟűɞɚɞɔɑŬ Űɤɜ əɧəəɤɜ. ȾɞɜŰɎ 

ůŰɞ əɏɜŰɟɞ (ȺɘəɧɜŬ 22Ŭ), ɞɘ əɧəəɞɘ ŮɑɜŬɘ ˊŬɢɨŰŮɟɞɘ əŬɘ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ ŮˊɘɛɐəŮɘɠ. ȷɜŰɑɗŮŰŬ, ɞɘ 

əɧəəɞɘ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ı Ŭˊɧ Űɞ əɏɜŰɟɞ Űɞɡ ŭŮɑɔɛŬŰɞɠ (ȺɘəɧɜŬ 23ɓ), ŮɛűŬɜɑɕɞɜŰŬɘ ˊɘɞ 

ˊŬɟŬɛɞɟűɤɛɏɜɞɘ. 

ɆŰɖɜ ȺɘəɧɜŬ 23 ŭɑɜŮŰŬɘ ɖ ɛɘəɟɞŭɞɛɐ Űɞɡ ŭŮɑɔɛŬŰɞɠ ɣɡɢɟɐɠ ɏɚŬůɖɠ, ůŰɖɜ ɞˊɞɑŬ ɞɘ əɧəəɞɘ 

Űɞɡ ɡɚɘəɞɨ ŮɑɜŬɘ ˊŬɟŬɛɞɟűɤɛɏɜɞɘ əŬɘ ˊŬɟŬŰɖɟŮɑŰŬɘ ɖ əŬŰŮɡɗɡɜŰɘəɧŰɖŰŬ Űɤɜ əɧəəɤɜ ˊɟɞɠ Űɖ 

űɞɟɎ Űɖɠ ɏɚŬůɖɠ.  

ɆŰɖɜ ȺɘəɧɜŬ 24 Ŭ, ɓ, ɔ űŬɑɜŮŰŬɘ ɖ ɛɘəɟɞŭɞɛɐ Űɤɜ ŬɜɞˊŰɖɛɏɜɤɜ ŭŮɘɔɛɎŰɤɜ ůŮ 

ɗŮɟɛɞəɟŬůɑŮɠ 450ɞC, 500ɞC əŬɘ 550ɞC ɧˊɞɡ ˊŬɟɏɛŮɘɜŬɜ ɔɘŬ ˊɏɜŰŮ ɚŮˊŰɎ. ɆɡɔəɟɘŰɘəɎ, ůŰɘɠ ŰɟŮɘɠ 

ɗŮɟɛɞəɟŬůɑŮɠ ˊɞɡ ŮˊɘɚɏɢŰɖəŬɜ ŭŮɜ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůɖɛŬɜŰɘəɏɠ ŭɘŬűɞɟɏɠ. ɆŮ ɧɚŮɠ Űɘɠ 

ˊŮɟɘˊŰɩůŮɘɠ ŭɘŬəɟɑɜɞɜŰŬɘ ɞɘ ŬɜŬəɟɡůŰŬɚɚɤɛɏɜɞɘ əɧəəɞɘ əŬɘ ɖ əŬŰŮɨɗɡɜůɖ Űɖɠ ɏɚŬůɖɠ 

ŮɝŬəɞɚɞɡɗŮɑ ɜŬ ŮɑɜŬɘ ŮɛűŬɜɐɠ. 
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5.1.2. ȹɞəɑɛɘŬ DC 

ȹŮɑɔɛŬ ŪŮɟɛɐɠ ȰɚŬůɖɠ (5,1 mm) 

ȺɘəɧɜŬ 25:ɃˊŰɘəɐ ɛɘəɟɞɔɟŬűɑŬ ŭŮɑɔɛŬŰɞɠ DC ˊɎɢɞɡɠ 5,1 mm ́ ɟɞůɓŮɓɚɖɛɏɜɞ ɛŮ ŬɜŰɘŭɟŬůŰɐɟɘɞ 

Barkerôs. 

ȹŮɑɔɛŬ Ɋɡɢɟɐɠ ȰɚŬůɖɠ (0,8mm)  

 

 

 

 

 

 

 

 

ȺɘəɧɜŬ 26: ɃˊŰɘəɐ ɛɘəɟɞɔɟŬűɑŬ ŭŮɑɔɛŬŰɞɠ DC ˊɎɢɞɡɠ 0,8 mm ˊɟɞůɓŮɓɚɖɛɏɜɞ ɛŮ 

ŬɜŰɘŭɟŬůŰɐɟɘɞ Barkerôs. 
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ŪŮɟɛɘəɐ ȾŬŰŮɟɔŬůɑŬ ȷɜɧˊŰɖůɖɠ (Barkerôs) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ɻȡτυπʋC 

ɼȡυππʋC 
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ȺɘəɧɜŬ 27: ɃˊŰɘəɏɠ ɛɘəɟɞɔɟŬűɑŮɠ ɧˊɞɡ űŬɑɜŮŰŬɘ ɖ ɛɘəɟɞŭɟɞɛɐ Űɤɜ ŭŮɘɔɛɎŰɤɜ DC 0,8 mm, ɏˊŮɘŰŬ Ŭˊɧ 

ɗŮɟɛɘəɐ əŬŰŮɟɔŬůɑŬ 450 ɞC (Ŭ), 500 ɞC (ɓ) əŬɘ 550ɞC (ɔ) ɔɘŬ ˊɏɜŰŮ ɚŮˊŰɎ. ɇŬ ŭŮɑɔɛŬŰŬ ɏɢɞɡɜ ˊɟɞůɓɚɖɗŮɑ 

ɛŮ Barkerôs. 

 

ɆŰɘɠ ȺɘəɧɜŮɠ 25 əŬɘ 26 ŭɑɜŮŰŬɘ ɖ ɛɘəɟɞŭɞɛɐ Űɤɜ ɗŮɟɛɎ əŬɘ ɣɡɢɟɎ ŮɚŬůɛɏɜɤɜ ŭŮɘɔɛɎŰɤɜ. 

ɆŰɘɠ ŭɨɞ ŬɡŰɏɠ ˊŮɟɘˊŰɩůŮɘɠ ɖ ˊŬɟŬɛɧɟűɤůɖ Űɞɡ ɡɚɘəɞɨ ŮɑɜŬɘ ɛŮɔɎɚɖ əŬɗɩɠ ɏɢŮɘ ˊŮɟɎůŮɘ Ŭˊɧ 

ŭɘŬŭɞɢɘəɎ ˊŮɟɎůɛŬŰŬ (ˊɎůŬ) ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŮˊɘŰŮɡɢɗŮɑ Űɞ ŮˊɘɗɡɛɖŰɞ ˊɎɢɞɠ. Ƀɘ əɧəəɞɘ ɏɢɞɡɜ 

ˊɟɞůŬɜŬŰɞɚɘůŰŮɑ ůɨɛűɤɜŬ ɛŮ Űɖ űɞɟɎ Űɖɠ ɏɚŬůɖɠ. 

ɆŰɖɜ ȺɘəɧɜŬ 27 űŬɑɜŮŰŬɘ ɖ ɛɘəɟɞŭɞɛɐ Űɤɜ ŬɜɞˊŰɖɛɏɜɤɜ ŭŮɘɔɛɎŰɤɜ ůŮ ɗŮɟɛɞəɟŬůɑŮɠ 

450ɞC, 500ɞC əŬɘ 550ɞC ůŰɘɠ ɞˊɞɑŮɠ ˊŬɟɏɛŮɘɜŬɜ ɔɘŬ ˊɏɜŰŮ ɚŮˊŰɎ. ɆɡɔəɟɘŰɘəɎ, ůŰɘɠ ŰɟŮɘɠ 

ɗŮɟɛɞəɟŬůɑŮɠ ˊɞɡ ŮˊɘɚɏɢŰɖəŬɜ ŭŮɜ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůɖɛŬɜŰɘəɏɠ ŭɘŬűɞɟɏɠ. ɆŮ ɧɚŮɠ Űɘɠ 

ˊŮɟɘˊŰɩůŮɘɠ ŭɘŬəɟɑɜɞɜŰŬɘ ɞɘ ŬɜŬəɟɡůŰŬɚɚɤɛɏɜɞɘ əɧəəɞɘ əŬɘ ɖ ŭɘŮɨɗɡɜůɖ Űɖɠ ɏɚŬůɖɠ ŭŮɜ ŮɑɜŬɘ 

ˊɚɏɞɜ ŮɛűŬɜɐɠ. 

 

 

ɾȡυυπʋC 
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5.2. ȷˊɞŰŮɚɏůɛŬŰŬ ȹɞəɘɛɐɠ ȺűŮɚəɡůɛɞɨ 

ȼ ŭɞəɘɛɐ ŮűŮɚəɡůɛɞɨ ŮɑɜŬɘ ɛɘŬ ɗŮɛŮɚɘɩŭɖɠ ˊŮɘɟŬɛŬŰɘəɐ ŭɘŬŭɘəŬůɑŬ ɔɘŬ Űɞɜ 

ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ɛɖɢŬɜɘəɩɜ ɘŭɘɞŰɐŰɤɜ ůŮ ɏɜŬ ɡɚɘəɧ. ɆŰɖ ŭɘɎɟəŮɘŬ ŬɡŰɞɨ, ɏɜŬ ŭŮɑɔɛŬ 

ɡˊɞɓɎɚɚŮŰŬɘ ůŮ ŮɚŮɔɢɧɛŮɜɖ ŰɎůɖ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ Űɞ ɧɟɘɞ ŭɘŬɟɟɞɐɠ, ɛɏɢɟɘ ɜŬ ŬůŰɞɢɐůŮɘ. Ƀɘ 

ɘŭɘɧŰɖŰŮɠ ˊɞɡ ɛŮŰɟɩɜŰŬɘ ŬˊŮɡɗŮɑŬɠ ŮɑɜŬɘ ɖ ŰŮɚɘəɐ ŬɜŰɞɢɐ ůŮ ŮűŮɚəɡůɛɧ (UTS - Ultimate Tensile 

Strength), ɖ ŬɜŰɞɢɐ ůŰɖ ɗɟŬɨůɖ ŬɚɚɎ əŬɘ ɖ ɛɏɔɘůŰɖ Ůˊɘɛɐəɡɜůɖ. ȷˊɧ ŬɡŰɏɠ Űɘɠ ɛŮŰɟɐůŮɘɠ 

ɛˊɞɟɞɨɜ Ůˊɑůɖɠ ɜŬ ˊɟɞůŭɘɞɟɘůŰɞɨɜ ɞɘ ŬəɧɚɞɡɗŮɠ ɘŭɘɧŰɖŰŮɠ: ůɡɜŰŮɚŮůŰɐɠ Young, ŬɜŬɚɞɔɑŬ 

Poisson, Űɞ ɧɟɘɞ ŭɘŬɟɟɞɐɠ əŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ŮɜŭɞŰɟɎɢɡɜůɖɠ (n). 

ɇŬ ŭŮɑɔɛŬŰŬ əɧˊɖəŬɜ ůŮ 0ɞ , 45ɞ əŬɘ 90ɞ ůŮ ůɢɏůɖ ɛŮ Űɖ űɞɟɎ Űɖɠ ɏɚŬůɖɠ ɧˊɤɠ 

űŬɑɜŮŰŬɘ ůŰɖɜ ŮɘəɧɜŬ 31, ɔɘŬ Űɞɜ ɏɚŮɔɢɞ Űɖɠ ŬɜɘůɞŰɟɞˊɑŬɠ. ɆŰɖ ůɡɜɏɢŮɘŬ ˊɏɟŬůŬɜ Ŭˊɧ ˊɟɏůŬ 

ɏŰůɘ ɩůŰŮ ɜŬ ŭɘŬɛɞɟűɤɗɞɨɜ ůŰŬ əŬŰɎɚɚɖɚŬ ůɢɐɛŬŰŬ (dog bone) ɔɘŬ Űɞ ɛɖɢɎɜɖɛŬ ŮűŮɚəɡůɛɞɨ 

(ȺɘəɧɜŬ 28). ɆɡɜɞɚɘəɎ, ɏɔɘɜŬɜ ŭɨɞ ŭɞəɘɛɏɠ, Ůɜɩ ɧˊɞɡ ˊŬɟŬŰɖɟɞɨɜŰŬɜ ŬˊɞəɚɑůŮɘɠ ɛŮŰŬɝɨ Űɤɜ 

ŭɨɞ ɛŮŰɟɐůŮɤɜ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɛɑŬ ŰɟɑŰɖ. 

Ƀɘ ŭɞəɘɛɏɠ ŮűŮɚəɡůɛɞɨ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ůɨɛűɤɜŬ ɛŮ Űɞ ˊɟɧŰɡˊɞ EN ISO 

6892-1, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɛɖɢŬɜɐ ɖɚŮəŰɟɞɛɖɢŬɜɘəɐɠ ŭɞəɘɛɐɠ Instron 5567. 

 

 

 

 

ȺɘəɧɜŬ 28: ɄɚɎɜɞ əɎŰɞɣɖɠ əɞˊɐɠ Űɤɜ ŭŮɘɔɛɎŰɤɜ Ŭˊɧ űɨɚɚɞ 

Ŭɚɞɡɛɘɜɑɞɡ (60) 

https://en.wikipedia.org/wiki/Ultimate_tensile_strength
https://en.wikipedia.org/wiki/Ultimate_tensile_strength
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ɆɢɐɛŬ 2: ɆŰŬ ɘůŰɞɔɟɎɛɛŬŰŬ ŭɑɜŮŰŬɘ ɖ ɀɏɔɘůŰɖ ȺűŮɚəɡůŰɘəɐ ȷɜŰɞɢɐ- UTS (MPa), ȳɟɘɞ ȹɘŬɟɟɞɐɠ-Rp0,2 

(MPa) əŬɘ ɖ Ⱥˊɘɛɐəɡɜůɖ-Ag (%) Űɞɡ TRC, ůŮ ůɢɏůɖ ɛŮ Űɘɠ ŰɏůůŮɟɘɠ əŬŰŬůŰɎůŮɘɠ Űɤɜ ŭŮɘɔɛɎŰɤɜ,ɣɡɢɟɐ ɏɚŬůɖ 

əŬɘ ŬɜɧˊŰɖůɖ ůŮ ɗŮɟɛɞəɟŬůɑŮɠ 450ɞC, 500ɞC əŬɘ 550ɞC. 

ɄŬɟŬəɎŰɤ ˊŬɟŬŰɑɗŮŰŬɘ ɞ ɛɏůɞɠ ɧɟɞɠ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ɛŮ Űɖ ɛɞɟűɐ ɘůŰɞɔɟŬɛɛɎŰɤɜ: 
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ɆɢɐɛŬ 3: ɆŰŬ ɘůŰɞɔɟɎɛɛŬŰŬ ŭɑɜŮŰŬɘ ɖ ɀɏɔɘůŰɖ ȺűŮɚəɡůŰɘəɐ ȷɜŰɞɢɐ- UTS (MPa), ȳɟɘɞ ȹɘŬɟɟɞɐɠ-Rp0,2 (MPa) 

əŬɘ ɖ Ⱥˊɘɛɐəɡɜůɖ-Ag (%) Űɞɡ DC, ůŮ ůɢɏůɖ ɛŮ Űɘɠ ŰɏůůŮɟɘɠ əŬŰŬůŰɎůŮɘɠ Űɤɜ ŭŮɘɔɛɎŰɤɜ,ɣɡɢɟɐ ɏɚŬůɖ, əŬɘ 

ŬɜɧˊŰɖůɖ ůŮ ɗŮɟɛɞəɟŬůɑŮɠ 450ɞC, 500ɞC əŬɘ 550ɞC. 
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ɆŰŬ ˊŬɟŬˊɎɜɤ ɘůŰɞɔɟɎɛɛŬŰŬ ˊŬɟŬŰɑɗŮɜŰŬɘ ˊɚɖɟɞűɞɟɑŮɠ ůɢŮŰɘəɎ ɛŮ Űɘɠ ɛɖɢŬɜɘəɏɠ 

ɘŭɘɧŰɖŰŮɠ Űɧůɞ Űɤɜ ɣɡɢɟɩɜ ŮɚŬůɛɎŰɤɜ ɧůɞ əŬɘ ŮəŮɑɜɤɜ ˊɞɡ ɡˊɞɓɚɐɗɖəŬɜ ɗŮɟɛɘəɐ əŬŰŮɟɔŬůɑŬ. 

ɋɠ ˊɟɞɠ Űɖ ɛɏɔɘůŰɖ ŮűŮɚəɡůŰɘəɐ ŬɜŰɞɢɐ (Ultimate Tensile Strength- UTS) ŰŬ ɣɡɢɟɎ 

ŮɚŬůɛɏɜŬ ŭŮɑɔɛŬŰŬ ɏɢɞɡɜ ůɢŮŭɧɜ Űɖ ŭɘˊɚɎůɘŬ Űɘɛɐ. ɆŰɖ ɛŮɚɏŰɖ Űɖɠ ɖ Najib ə.Ɏ. ŬɜŬűɏɟŮɘ ɧŰɘ 

ɧůɞ ŬɡɝɎɜŮŰŬɘ ɖ ɔɤɜɑŬ Ŭ ůŮ ůɢɏůɖ ɛŮ Űɖ űɞɟɎ Űɖɠ ɏɚŬůɖɠ Űɧůɞ ŬɡɝɎɜŮŰŬɘ Űɞ UTS (60). ȼ 

ˊŬɟŬŰɐɟɖůɖ ŬɡŰɐ ŮɛűŬɜɑɕŮŰŬɘ əŬɘ ůŰɖɜ ˊɟɞəŮɘɛɏɜɖ ˊŮɟɑˊŰɤůɖ əŬɗɩɠ ɖ ɛŮɔŬɚɨŰŮɟɖ Űɘɛɐ ůŰŬ 

ŭŮɑɔɛŬŰŬ ɣɡɢɟɐɠ ɏɚŬůɖɠ ŮɛűŬɜɑɕŮŰŬɘ əɎɗŮŰŬ, ŭɖɚŬŭɐ ůŰɘɠ 90ɞ. ȷɜŰɘɗɏŰɤɠ, ůŰɘɠ 0ɞ (ˊŬɟɎɚɚɖɚŬ) 

ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ɢŬɛɖɚɧŰŮɟɖ Űɘɛɐ. ɇɞ ɧɟɘɞ ŭɘŬɟɟɞɐɠ ɏɢŮɘ Űɖɜ ŰɎůɖ ɜŬ ɛŮɘɩɜŮŰŬɘ ɧůɞ ŬɡɝɎɜŮŰŬɘ 

ɖ ɔɤɜɑŬ Ŭ. Ⱥˊɘˊɚɏɞɜ, ɚɧɔɤ ŮɜŭɞŰɟɎɢɡɜůɖɠ ŮɑɢŬɜ ˊɞɚɨ ɢŬɛɖɚɐ Ůˊɘɛɐəɡɜůɖ. 

ɀŮ Űɘɠ ɗŮɟɛɘəɏɠ əŬŰŮɟɔŬůɑŮɠ, ŬɜŬɛŮɜɧɛŮɜɖ ɐŰŬɜ ɖ Ŭɨɝɖůɖ Űɖɠ ɞɚəɘɛɧŰɖŰŬɠ ŬɚɚɎ əŬɘ ɖ 

ɛŮɑɤůɖ Űɞɡ ɞɟɑɞɡ ŭɘŬɟɟɞɐɠ əŬɘ Űɖɠ ɛɏɔɘůŰɖɠ ŮűŮɚəɡůŰɘəɐɠ ŬɜŰɞɢɐɠ. ȷɡŰɧ ɞűŮɑɚŮŰŬɘ ůŰɖɜ 

ŬɜŬəɟɡůŰɎɚɚɤůɖɠ əŬŰɎ Űɖɜ ŬɜɧˊŰɖůɖ əŬɗɩɠ ůɢɖɛŬŰɑɕɞɜŰŬɘ ɜɏɞɘ əɧəəɞɘ ŬˊŬɚɚŬɔɛɏɜɞɘ Ŭˊɧ 

ŭɘŬŰŬɟŬɢɏɠ. ȷɡŰɐ ɖ ŬɚɚŬɔɐ ůŰɖ ɛɘəɟɞŭɞɛɐ ŮŬɜŬűɏɟŮɘ Űɞ ɛɏŰŬɚɚɞ ůŰɖɜ əŬŰɎůŰŬůɖ ˊɟɘɜ Űɖɜ 

ɣɡɢɟɐ ɏɚŬůɖ, ɛŮ ɛɘəɟɧŰŮɟɖ ŬɜŰɞɢɐ əŬɘ Ŭɡɝɖɛɏɜɖ ɞɚəɘɛɧŰɖŰŬ. ȼ ŭɘŬűɞɟɎ Űɤɜ Űɘɛɩɜ ůŰɘɠ ŰɟŮɘɠ 

ŭɘŮɡɗɨɜůŮɘɠ ɛŮɘɩɗɖəŮ əŬɘ ůŰɘɠ ŭɨɞ ˊŮɟɘˊŰɩůŮɘɠ. ɇŬ ŭŮɑɔɛŬŰŬ Ŭˊɧ DC əŬɘ TRC ŭŮɜ ŮɛűŬɜɑɕɞɡɜ 

ɛŮŰŬɝɨ Űɞɡɠ əɎˊɞɘŬ ůɖɛŬɜŰɘəɐ ŭɘŬűɞɟɎ ůŰɘɠ ŰɟŮɘɠ ɗŮɟɛɞəɟŬůɑŮɠ ˊɞɡ ŮˊɘɚɏɢŰɖəŬɜ. ɋůŰɧůɞ 

ŬɝɑɕŮɘ ɜŬ ŮˊɘůɖɛŬɜɗŮɑ ɧŰɘ ůŰŬ TRC ŭŮɑɔɛŬŰŬ ɞɘ Űɘɛɏɠ UTS əŬɘ YS ŮɑɜŬɘ ɡɣɖɚɧŰŮɟŮɠ ůŰɘɠ 45ɞ. 

ɆɡɔəɟɘŰɘəɎ, ŰŬ ŬɜɞˊŰɖɛɏɜŬ TRC ŭŮɑɔɛŬŰŬ, ŮɛűŬɜɑɕɞɡɜ ɡɣɖɚɧŰŮɟɞ UTS əŬɘ ɢŬɛɖɚɧŰŮɟɞ 

Ag (%) ůŮ ůɢɏůɖ ɛŮ ŰŬ DC. 
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5.3. ȷˊɞŰŮɚɏůɛŬŰŬ ȹɞəɘɛɐɠ ȸŬɗɘɎɠ ȾɞɑɚŬɜůɖɠ (Cup Test) 

ȼ ŭɞəɘɛɐ ɓŬɗɘɎɠ əɞɑɚŬɜůɖɠ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ůŰɞɜ ɄɞɘɞŰɘəɧ ȰɚŮɔɢɞ Űɖɠ Ⱥȿȸȷȿ ȷ.Ⱥ.. 

ũɘŬ əɎɗŮ ŭŮɑɔɛŬ ɏɔɘɜŬɜ ŭɨɞ ŭɞəɘɛɏɠ ɛŮ ůŰɧɢɞɠ Űɖ ɛɏŰɟɖůɖ Űɞɡ Ȼ%. 

ɄɑɜŬəŬɠ 2: ɀŮŰɟɐůŮɘɠ Űɤɜ Ȼ% ůŰŬ ˊŬɟŬɔɧɛŮɜŬ əɡɎɗɘŬ. 

ȹŮɑɔɛŬŰŬ ɄɎɢɞɠ 

(mm) 

Ȼ ȷ % Ȼ ȸ % Av: 

Ȼȷ+ȸ% 

ɀɞɑɟŮɠ 

TRC_CR 0,34 8,10 8,20 8,15 45ɞ 

TRC_An:450
o
C 0,34 2,88 2,90 2,89 45ɞ 

TRC_An:500
o
C 0,34 3,34 2,03 2,68 45ɞ 

TRC_An:550
o
C 0,34 2,96 3,11 3,03 45ɞ 

DC_CR 0,8 5,29 5,25 5,27 45ɞ 

DC_An:450
o
C 0,8 1,84 1,74 1,79 45ɞ 

DC_An:500
o
C 0,8 1,57 1,60 1,58 45ɞ 

DC_An:550
o
C 0,8 1,75 1,69 1,72 45ɞ 

 

ȺɘəɧɜŬ 29: ȾɡɎɗɘŬ ˊɟɞŮɟɢɧɛŮɜŬ Ŭˊɧ ɇRC ɢɨŰŮɡůɖ 

 

ȺɘəɧɜŬ 30: ȾɡɎɗɘŬ ˊɟɞŮɟɢɧɛŮɜŬ Ŭˊɧ DC ɢɨŰŮɡůɖ 
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ɄŬɟŬŰɖɟɞɨɜŰŬɘ ŭɘŬűɞɟɞˊɞɘɐůŮɘɠ ůŰɞ ˊɞůɞůŰɧ Űɤɜ ɚɞɓɩɜ Űɧůɞ ůŰŬ ɣɡɢɟɎ ɧůɞ əŬɘ ůŰɘɠ 

ŭɘɎűɞɟŮɠ ɗŮɟɛɞəɟŬůɑŮɠ. ȰˊŮɘŰŬ Ŭˊɧ Űɘɠ ɗŮɟɛɘəɏɠ əŬŰŮɟɔŬůɑŮɠ, ŭɘŬˊɘůŰɩɜŮŰŬɘ ˊɤɠ Űɞ Ȼ% 

ɓŮɚŰɘɩɜŮŰŬɘ ůɖɛŬɜŰɘəɎ, ˊɚɖɟɩɜŰŬɠ Űɖɜ ˊɟɞŭɘŬɔɟŬűɐ Űɞɡ earing Ȼ<5%. ɆŰɘɠ ŭɨɞ ŭɘŬűɞɟŮŰɘəɏɠ 

ɢɡŰŮɨůŮɘɠ ɢŬɛɖɚɧŰŮɟɞ earing əɘ ɎɟŬ ˊɘɞ ɘůɧŰɟɞˊɞ ɡɚɘəɧ, ŮɑɜŬɘ Űɞ ŭŮɑɔɛŬ ˊɞɡ ŬɜɞˊŰɐɗɖəŮ ůŰɞɡɠ 

500ɞ C. Ⱥˊɘˊɚɏɞɜ, ŰŬ ŭŮɑɔɛŬŰŬ ɛŮ ɛɘəɟɞŭɞɛɐ ˊɟɞŮɟɢɧɛŮɜɖ Ŭˊɧ ɖɛɘůɡɜŮɢɐ ɢɨŰŮɡůɖ ŮɛűŬɜɑɕɞɡɜ 

ɢŬɛɖɚɧŰŮɟŬ əŬɘ Ůˊɞɛɏɜɤɠ əŬɚɨŰŮɟŬ ˊɞůɞůŰɎ Ȼ%. ȾŬɗɩɠ ˊɟɧəŮɘŰŬɘ ɔɘŬ ɡɚɘəɎ ˊɟɞŮɟɢɧɛŮɜŬ Ŭˊɧ 

ɣɡɢɟɐ ɏɚŬůɖ ɖ ŮɛűɎɜɘůɖ Űɤɜ ɚɞɓɩɜ ůŰɘɠ 45ɞ ɐŰŬɜ ŬɜŬɛŮɜɧɛŮɜɖ əŬɗɩɠ ŭɘŬŰɖɟŮɑŰŬɘ ɞ 

əɟɡůŰŬɚɚɞɔɟŬűɘəɧɠ ɘůŰɧɠ Űɖɠ ɏɚŬůɖɠ ˊŬɟɎ Űɖɠ ŬɜŬəɟɡůŰɎɚɚɤůɖɠ. 
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5.4. ȷˊɞŰŮɚɏůɛŬŰŬ ŮɝɏŰŬůɖɠ ɛŮ ɄŮɟɑɗɚŬůɖ ɃˊɘůɗɞůəŮŭŬɕɧɛŮɜɤɜ 

ȼɚŮəŰɟɞɜɑɤɜ (EBSD) 

ȰˊŮɘŰŬ Ŭˊɧ Űɘɠ ŭɞəɘɛɏɠ ŮűŮɚəɡůɛɞɨ əŬɘ ɓŬɗɘɎɠ əɞɑɚŬɜůɖɠ, ˊŬɟŬŰɖɟɐɗɖəŮ ɧŰɘ ŭŮɜ 

ɡˊɐɟɢŬɜ ůɖɛŬɜŰɘəɏɠ ŭɘŬűɞɟɏɠ ůŰŬ ŭɞəɑɛɘŬ ˊɞɡ ɡˊɞɓɚɐɗɖəŬɜ ůŮ ŬɜɧˊŰɖůɖ. ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ 

ŮˊɘɚɏɢŰɖəŬɜ ɜŬ ɛŮɚŮŰɖɗɞɨɜ ɛŮ EBSD ŰŬ ŭŮɑɔɛŬŰŬ Űɤɜ ŭɨɞ ɛŮɗɧŭɤɜ ɢɨŰŮɡůɖɠ ˊɞɡ ɏŭɤůŬɜ Űɞ 

ɢŬɛɖɚɧŰŮɟɞ ˊɞůɞůŰɧ ɚɞɓɩɜ. ɆɡɜɞɚɘəɎ ɚɞɘˊɧɜ, ɛŮ Űɖ ɛɏɗɞŭɞ EBSD ɛŮɚŮŰɐɗɖəŬɜ ŰŬ ŭŮɑɔɛŬŰŬ 

ɗŮɟɛɐɠ, ɣɡɢɟɐɠ ɏɚŬůɖɠ əŬɘ ŬɜɧˊŰɖůɖɠ ůŰɞɡɠ 500ɞC. ũɘŬ ɜŬ ɛŮɚŮŰɖɗɞɨɜ ůŰɞ EBSD, 

ůŰɘɚɓɩɗɖəŬɜ ɖɚŮəŰɟɞɢɖɛɘəɎ ůŰɖ ůɡůəŮɡɐ Struers LectroPol-5. Ƀ ɖɚŮəŰɟɞɚɨŰɖɠ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɐŰŬɜ ɞ "Electrolyte A2 I" Űɖɠ Struers, ɖ ŰɎůɖ ɐŰŬɜ 39 V əŬɘ ɖ ŭɘɎɟəŮɘŬ Űɖɠ 

ɖɚŮəŰɟɞɢɖɛɘəɐɠ ůŰɑɚɓɤůɖɠ ŭɘɐɟəɖůŮ 15 ŭŮɡŰŮɟɧɚŮˊŰŬ. Ʉɟɘɜ Űɖɜ ɖɚŮəŰɟɞɢɖɛɘəɐ ůŰɑɚɓɤůɐ Űɞɡɠ 

ŰŬ ŭɞəɑɛɘŬ ɚŮɘɎɜɗɖəŬɜ ůŮ ɢŬɟŰɑ 500 grit. 

ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ŮɝɏŰŬůɖɠ ɛŮ EBSD ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɞɡɠ Ůɝɐɠ ɢɎɟŰŮɠ əŬɘ 

ŭɘŬɔɟɎɛɛŬŰŬ: 

¶ ɉɎɟŰɖɠ əŬɘ ŭɘŬɔɟɎɛɛŬŰŬ ŬɜŰɑůŰɟɞűɤɜ ˊɞɚɘəɩɜ ůɡɜŰŮŰŬɔɛɏɜɤɜ əŬɘ ˊɞɚɘəɩɜ 

ůɡɜŰŮŰŬɔɛɏɜɤɜ (Inverse Pole Figure, Pole Figure). ɇɞ ůɨůŰɖɛŬ ŬɜŬűɞɟɎɠ ɔɘŬ Űɞɡɠ ɢɎɟŰŮɠ 

IPF ŮɑɜŬɘ ɞ ˊɟɞůŬɜŬŰɞɚɘůɛɧɠ Űɞɡ əɟɡůŰɎɚɚɞɡ, Ůɜɩ Űɞ ůɨůŰɖɛŬ ŬɜŬűɞɟɎɠ ɔɘŬ Űɞɡɠ ɢɎɟŰŮɠ 

PF ŮɑɜŬɘ ɞ ˊɟɞůŬɜŬŰɞɚɘůɛɧɠ Űɞɡ ŭŮɑɔɛŬŰɞɠ. 

¶  ɉɎɟŰɖɠ ˊɟɞůŬɜŬŰɞɚɘůɛɞɨ əɟɡůŰɎɚɚɤɜ ɛŮ ɘůŰɧ ɏɚŬůɖɠ (Rolling Components 

Map): ɄŬɟɞɡůɘɎɕŮɘ Űɞɜ ɘůŰɧ ɏɚŬůɖɠ ɛŮ ɓɎůɖ Űɘɠ ˊŬɟŬɛɏŰɟɞɡɠ Űɞɡ EBSD. ɆɡɔəŮəɟɘɛɏɜŬ ůŮ 

ŬɡŰɧɜ Űɞɜ ɢɎɟŰɖ Űɞ ˊɞɟŰɞəŬɚɑ ɢɟɩɛŬ ŬɜŰɘůŰɞɘɢŮɑ ůŮ ˊɟɞůŬɜŬŰɞɚɘůɛɧ Cu: (121)[1ρ1], Űɞ 

ˊɟɎůɘɜɞ ůŮ S1:(241)[1ρ2], Űɞ ɛɤɓ ůŮ S2 :(231)[1 -24], Űɞ ɔŬɚɎɕɘɞ ůŮ Taylor (4 4 11)[11 

11 ψ], Űɞ əɑŰɟɘɜɞ ůŮ Brass: (110) [1ρ2]. 

¶ ɉɎɟŰɖɠ ˊɟɞůŬɜŬŰɞɚɘůɛɞɨ əɟɡůŰɎɚɚɤɜ ɛŮ ɘůŰɧ ŬɜŬəɟɡůŰɎɚɚɤůɖɠ 

(Recrystallization Component Map): ɄŬɟɞɡůɘɎɕŮɘ əɟɡůŰɎɚɚɞɡɠ ˊɞɡ ŬɜŰŬˊɞəɟɑɜɞɜŰŬɘ ůŮ 

ɘůŰɧ ŬɜŬəɟɡůŰɎɚɚɤůɖɠ. ɆɡɔəŮəɟɘɛɏɜŬ ůŮ ŬɡŰɧɜ Űɞɜ ɢɎɟŰɖ Űɞ əŬűɏ ɢɟɩɛŬ ŬɜŰɘůŰɞɘɢŮɑ ůŮ 

ˊɟɞůŬɜŬŰɞɚɘůɛɧ Cube :(001)[100], Űɞ ˊɟɎůɘɜɞ ůŮ ɪȡ ππρ ρρ1], Űɞ ɛŮ́ɕ ůŮ Q:(013)[3σ1] , 

Űɞ ɛɤɓ ůŮ R:(132)[4ς1]əŬɘ Űɞ əɧəəɘɜɞ ůŮ Goss (011) [100]  (58). 
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ɉɎɟŰŮɠ ŬɜŰɑůŰɟɞűɤɜ ˊɞɚɘəɩɜ ůɡɜŰŮŰŬɔɛɏɜɤɜ IPF (inverse pole figure) 

5.4.1. ȹɞəɑɛɘŬ TRC 

 

 

 

ȺɘəɧɜŬ 31: ɉɎɟŰŮɠ ŬɜŰɑůŰɟɞűɤɜ ˊɞɚɘəɩɜ ůɡɜŰŮŰŬɔɛɏɜɤɜ IPF (Inverse Pole Figure): ȷ) ȹŮɑɔɛŬ TRC 

HR(step:0,3ɛm), ȸ) ȹŮɑɔɛŬ TRCCR (step:0,3ɛm)& ũ) TRCAn:500
o
C 

(step:0,7ɛm). 

ȷ) ȸ) 

ũ) 



51 

 

 

ɉɎɟŰŮɠ ŬˊŮɘəɧɜɘůɖɠ ɘůŰɞɨ ɏɚŬůɖɠ əŬɘ ŬɜŬəɟɡůŰɎɚɚɤůɖɠ 

 

   

 

 

ȺɘəɧɜŬ 32: ɉɎɟŰŮɠ ŬˊŮɘəɧɜɘůɖɠ Űɤɜ ˊŮɟɘɞɢɩɜ ɛŮ ɘůŰɧ ɏɚŬůɖɠ əŬɘ ŬɜŬəɟɡůŰɎɚɚɤůɖɠ (ŮɘəɧɜŮɠ ȷ əŬɘ ȸ 

ŬɜŰɑůŰɞɘɢŬ) ůŰɞ ŭŮɑɔɛŬ as-cast TRC (step size: 0,3ɛm). 

A) 

ȸ) 
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ȺɘəɧɜŬ 33: ɉɎɟŰŮɠ ŬˊŮɘəɧɜɘůɖɠ Űɤɜ ˊŮɟɘɞɢɩɜ ɛŮ ɘůŰɧ ɏɚŬůɖɠ əŬɘ ŬɜŬəɟɡůŰɎɚɚɤůɖɠ (ŮɘəɧɜŮɠ ȷ əŬɘ ȸ, 

ŬɜŰɑůŰɞɘɢŬ) ůŰɞ ŭŮɑɔɛŬ TRCCR (step size: 0,3ɛm). 

A) 

B) 
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ȺɘəɧɜŬ 34: ɉɎɟŰŮɠ ŬˊŮɘəɧɜɘůɖɠ Űɤɜ ˊŮɟɘɞɢɩɜ ɛŮ ɘůŰɧ ɏɚŬůɖɠ əŬɘ ŬɜŬəɟɡůŰɎɚɚɤůɖɠ (ŮɘəɧɜŮɠ ȷ əŬɘ ȸ 

ŬɜŰɑůŰɞɘɢŬ) ůŰɞ ŭŮɑɔɛŬ TRCȷn:500
o
C(step size: 0,7ɛm). 

A) 

A) ȸ) ȸ) 
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ɄɑɜŬəŬɠ 3-5: ɄɞůɞůŰɎ ɏɚŬůɖɠ əŬɘ ŬɜŬəɟɡůŰɎɚɚɤůɖɠ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɘɠ ŮɘəɧɜŮɠ 30-32. 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ɄɑɜŬəŬɠ 3: TRCAC 

 

Rolling  

Component 

 

% 

 

Recrystallization 

Component 

 

% 

Cu 0,0 Cube 0,2 

S1 3,6 P 0,0 

S2 6,2 Q 3 

S3 3,6 R 7,9 

Taylor  0,1 Goss 0,4 

Brass 2,1   

SUM 15,6  11,5 

Random 72,9% 

ɄɑɜŬəŬɠ 4: TRCCR 

 

Rolling  

Component 

 

% 

 

Recrystallization 

Component 

 

% 

Cu 0,2 Cube 0,0 

S1 0,8 P 0,0 

S2 0,1 Q 0,0 

S3 1,4 R 0,4 

Taylor  0,6 Goss 0,0 

Brass 1,0   

SUM 4,1  0,4 

Random 95,5% 

ɄɑɜŬəŬɠ 5: TRCAn:500
o
C 

 

Rolling  

Component 

 

% 

 

Recrystallization 

Component 

 

% 

Cu 0,2 Cube 0,0 

S1 0,2 P 0,0 

S2 7,2 Q 0,0 

S3 13,0 R 7,4 

Taylor  0,0 Goss 0,0 

Brass 0,0   

SUM 20,6  7,4 

Random 72%  
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Ƀɘ ɢɎɟŰŮɠ ŬɜŰɑůŰɟɞűɤɜ ˊɞɚɘəɩɜ ůɡɜŰŮŰŬɔɛɏɜɤɜ (Inverse Pole Figure - IPF) 

ɢɟɖůɘɛɞˊɞɘɞɨɜ ŭɘŬűɞɟŮŰɘəɎ ɢɟɩɛŬŰŬ ɔɘŬ ɜŬ ˊŬɟɞɡůɘŬůŰŮɑ ɞ ŭɘŬűɞɟŮŰɘəɧɠ əɟɡůŰŬɚɚɞɔɟŬűɘəɧɠ 

ˊɟɞůŬɜŬŰɞɚɘůɛɧɠ Űɤɜ əɧəəɤɜ. ȷˊɧ Űɞ ɡˊɧɛɜɖɛŬ ɔɑɜŮŰŬɘ ŬɜŰɘɚɖˊŰɧ ɧŰɘ əɎɗŮ ɢɟɩɛŬ 

ŬɜŰɘˊɟɞůɤˊŮɨŮɘ ɏɜŬ ŭɘŬűɞɟŮŰɘəɧ əɟɡůŰŬɚɚɞɔɟŬűɘəɧ ŮˊɑˊŮŭɞ ˊɟɞůŬɜŬŰɞɚɘůɛɏɜɞ ˊŬɟɎɚɚɖɚŬ 

ůŰɞ ŮˊɑˊŮŭɞ Űɖɠ ɏɚŬůɖɠ. 

ɇɞ ŭŮɑɔɛŬ ˊŬɟŬɔɧɛŮɜɞ Ŭˊɧ ůɡɜŮɢɐ ɢɨŰŮɡůɖ (TRC) ŭŮɜ ˊŬɟɞɡůɘɎɕŮɘ ɏɜŰɞɜɖ 

ˊŬɟŬɛɧɟűɤůɖ ˊɟɞɠ Űɞ əɏɜŰɟɞ Űɞɡ ŭɞəɘɛɑɞɡ əŬɗɩɠ ɞ ɡˊɞɓɘɓŬůɛɧɠ ůŮ ŬɡŰɐ Űɖ ɛɏɗɞŭɞ ŮɑɜŬɘ 

ɢŬɛɖɚɧɠ (ȺɘəɧɜŬ 31ȷ). ɇɞ ɛɏɔŮɗɞɠ Űɞɡ əɧəəɞɡ ŮɑɜŬɘ 5,98ɛm. ȼ ŮˊɑŭɟŬůɖ Űɖɠ ɣɡɢɟɐɠ ɏɚŬůɖɠ 

ɤɠ ˊɟɞɠ Űɖɜ ˊŬɟŬɛɧɟűɤůɖ Űɤɜ əɧəəɤɜ ŮɑɜŬɘ ŮɛűŬɜɐɠ, ůɡɔəɟɘŰɘəɎ ɛŮ Űɖɜ as-cast əŬŰɎůŰŬůɖ 

(ȺɘəɧɜŬ 31ȸ). Ƀɘ əɧəəɞɘ ɏɢɞɡɜ ɡˊɞůŰŮɑ ɏɜŰɞɜɖ ˊŬɟŬɛɧɟűɤůɖ (ɛɏɔŮɗɞɠ əɧəəɞɡ 0,69 ɛmŮ) 

ɝŬɘŰɑŬɠ Űɞɡ ůɖɛŬɜŰɘəɞɨ ɡˊɞɓɘɓŬůɛɞɨ Űɞɡ ˊɎɢɞɡɠ (HR:6,3mmĄ CR:0,34mm~94,6%). ȰˊŮɘŰŬ 

Ŭˊɧ Űɖ ɗŮɟɛɘəɐ əŬŰŮɟɔŬůɑŬ ɞɘ əɧəəɞɘ Űɞɡ ŭŮɑɔɛŬŰɞɠ ɏɢɞɡɜ ŬɜŬəɟɡůŰŬɚɚɤɗŮɑ əŬɘ ɛŮɔŮɜɗɡɗŮɑ 

(ɛŮɔŮɗɞɠ əɧəəɞɡ: 13,55ɛm) ɧˊɤɠ űŬɑɜŮŰŬɘ Ůɜɩ ŭɘŬŰɖɟŮɑŰŬɘ ɖ əŬŰŮɡɗɡɜŰɘəɧŰɖŰŬ Űɤɜ əɧəəɤɜ 

(ȺɘəɧɜŬ 31ũ). 

Ƀɘ ɢɎɟŰŮɠ ŬˊŮɘəɧɜɘůɖɠ ɘůŰɩɜ ɏɚŬůɖɠ əŬɘ ŬɜŬəɟɡůŰɎɚɚɤůɖɠ ŭɑɜɞɡɜ ˊɚɖɟɞűɞɟɑŮɠ ůɢŮŰɘəɎ 

ɛŮ ŬɡŰɞɨɠ Űɞɡɠ Űɨˊɞɡɠ əɟɡůŰŬɚɚɞɔɟŬűɘəɩɜ ˊɟɞůŬɜŬŰɞɚɘůɛɩɜ. ɄŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ ůŰŬ ŭŮɑɔɛŬŰŬ 

ŬɜŬˊŰɨůůŮŰŬɘ ɏɜŬ ɛŮɑɔɛŬ əɟɡůŰŬɚɚɞɔɟŬűɘəɩɜ ůɡůŰŬŰɘəɩɜ, ŮɑŰŮ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ɗŮɟɛɐ ŮɑŰŮ 

Ŭˊɧ ɣɡɢɟɐ ɏɚŬůɖ. ɆŰɞ ůɡɜɞɚɧ Űɞɡɠ, ˊŬɟɞɡůɘɎɕɞɡɜ ɡɣɖɚɧŰŮɟɞ ˊɞůɞůŰɧ ɏɚŬůɖɠ, ɏɜŬɜŰɘ Űɖɠ 

ŬɜŬəɟɡůŰɎɚɚɤůɖɠ. ɇɞ ŭŮɑɔɛŬ ɗŮɟɛɐɠ ɏɚŬůɖɠ ŬɜŬˊŰɨůůŮɘ ůɖɛŬɜŰɘəɧ ˊɞůɞůŰɧ ɏɚŬůɖɠ ŬɚɚɎ əŬɘ 

ŬɜŬəɟɡůŰɎɚɚɤůɖɠ əɘ ŬɡŰɧ ŬˊɞŭɑŭŮŰŬɘ ůŰɞɜ Űɟɧˊɞ ˊŬɟŬɔɤɔɐɠ Ŭűɞɨ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɢɨŰŮɡůɖ, 

ůŰŮɟŮɞˊɞɑɖůɖ əŬɘ ɗŮɟɛɐ ɏɚŬůɖ, ůŮ ɏɜŬ ɛɧɜɞ ɓɐɛŬ. ȳůɞɜ ŬűɞɟɎ Űɞ ɗŮɟɛɘəɎ əŬŰŮɟɔŬůɛɏɜɞ 

ŭŮɑɔɛŬ ˊŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ ɏɢŮɘ ŬɡɝɖɗŮɑ Űɧůɞ Űɞ ˊɞůɞůŰɧ Űɞɡ ɘůŰɞɨ ɏɚŬůɖɠ ŬɚɚɎ əŬɘ 

ŬɜŬəɟɡůŰɎɚɚɤůɖɠ. ɀŮ Ɏůˊɟɞ ŬɜŰɘˊɟɞůɤˊŮɨŮŰŬɘ ɞ ŰɡɢŬɑɞɠ ˊɟɞůŬɜŬŰɞɚɘůɛɧɠ. 
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ȹɘŬɔɟɎɛɛŬŰŬ ŬɜŰɑůŰɟɞűɤɜ ˊɞɚɘəɩɜ ůɡɜŰŮŰŬɔɛɏɜɤɜ ȽPF 

(Inverse Pole Figure) 

 

 

 

 

ɄɑɜŬəŮɠ 4-7 :  

 

 

 

 

ȺɘəɧɜŬ 35:  ȹɘŬɔɟɎɛɛŬŰŬ ŬɜŰɑůŰɟɞűɤɜ ˊɞɚɘəɩɜ ůɡɜŰŮŰŬɔɛɏɜɤɜ IPF (inverse pole figure): ȷ) ȹŮɑɔɛŬ as-

cast TRC, ȸ)ȹŮɑɔɛŬ TRCCR, ũ) ȹŮɑɔɛŬ TRCAn:500
o
C 

 

 

 

 

 

ȷ) ȸ) 

ũ) 
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ȹɘŬɔɟɎɛɛŬŰŬ ˊɞɚɘəɩɜ ůɡɜŰŮŰŬɔɛɏɜɤɜ PF 

(Pole Figure) 

 

 

 

 

 

 

 

ȺɘəɧɜŬ 36: ȹɘŬɔɟɎɛɛŬŰŬ ˊɞɚɘəɩɜ ůɡɜŰŮŰŬɔɛɏɜɤɜ PF (pole figure): ȷ) TRC AC, ȸ) TRCCR & ũ) 

TRCAn:500
o
C 

 

A) 
ȸ) 

ũ) 
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ɆŰɞ ŮŭɟɞəŮɜŰɟɤɛɏɜɞ əɡɓɘəɧ ůɨůŰɖɛŬ ɞɘ əɞɟɡűɏɠ Űɞɡ Űɟɘɔɩɜɞɡ Űɤɜ IPF ŬɜŰɘůŰɞɘɢɞɨɜ 

ůŰɘɠ ŭɘŮɡɗɨɜůŮɘɠ [0 0 1], [1 0 1] əŬɘ [1 1 1]. Ⱥŭɩ, ŰŬ ɢɟɩɛŬŰŬ Űɞɡ ɡˊɞɛɜɐɛŬŰɞɠ ŭŮɑɢɜɞɡɜ Űɖɜ 

ɏɜŰŬůɖ ɛŮ Űɖɜ ɞˊɞɑŬ ɖ ŭŮŭɞɛɏɜɖ ŭɘŮɨɗɡɜůɖ ŮɛűŬɜɑɕŮŰŬɘ ŮɜŰɧɠ Űɞɡ ɡɚɘəɞɨ ɛŮ Űɞ əɧəəɘɜɞ əŬɘ Űɞ 

ˊɞɟŰɞəŬɚɑ ɜŬ ɡˊɞŭɖɚɩɜɞɡɜ Űɖɜ ɡɣɖɚɧŰŮɟɖ ůɡɢɜɧŰɖŰŬ Ůɜɩ Űɞ ɛˊɚŮ Űɖ ɢŬɛɖɚɧŰŮɟɖ.  

ɆŰŬ ŭɘŬɔɟɎɛɛŬŰŬ IPF ˊŬɟŬŰɖɟŮɑŰŬɘ ɖ ŰɎůɖ ˊɟɞůŬɜŬŰɞɚɘůɛɞɨ Űɤɜ əɧəəɤɜ ˊɟɞɠ Űɘɠ 

ŭɘŮɡɗɨɜůŮɘɠ [101] ɔɘŬ ŰŬ ŭŮɑɔɛŬŰŬ ɗŮɟɛɐɠ (ȺɘəɧɜŬ 35-ȷ) əŬɘ ɣɡɢɟɐɠ ɏɚŬůɖɠ (ȺɘəɧɜŬ 35-ȸ). 

ɄŬɟɞɡůɘɎɕɞɡɜ Ŭəɧɛɖ ɛɑŬ ɡɣɖɚɐɠ ůɡɢɜɧŰɖŰŬɠ ŭɘŮɨɗɡɜůɖ, Űɖ [101],ŬɚɚɎ əŬɘ Űɖ [326], 

ŬɜŰɑůŰɞɘɢŬ  ȰˊŮɘŰŬ Ŭˊɧ ɗŮɟɛɘəɐ əŬŰŮɟɔŬůɑŬ ɞɘ ɡɣɖɚɐɠ ɏɜŰŬůɖɠ ŭɘŮɡɗɨɜůŮɘɠ ŭŮɜ ŮɑɜŬɘ ˊɚɏɞɜ ɞɘ 

[101] əŬɘ ɖ [326] ŬɚɚɎ ɞɘ [335] əŬɘ [104]. 

Ƀɘ ɢɎɟŰŮɠ ˊɞɚɘəɩɜ ůɡɜŰŮŰŬɔɛɏɜɤɜ ɧˊɞɡ ˊɟɞɓɎɚɚŮŰŬɘ ɖ ɞɘəɞɔɏɜŮɘŬ Ůˊɘˊɏŭɤɜ {111} ŮɑɜŬɘ 

ɢŬɟŬəŰɖɟɘůŰɘəɞɑ Űɞɡ ŮŭɟɞəŮɜŰɟɤɛɏɜɞɡ əɡɓɘəɞɨ ůɡůŰɐɛŬŰɞɠ. ȼ əɤŭɘəɞˊɞɑɖůɖ Űɤɜ ɢɟɤɛɎŰɤɜ 

ŬəɞɚɞɡɗŮɑ Űɖɜ ɑŭɘŬ Ŭɟɢɐ ɛŮ Űɞɡɠ ɢɎɟŰŮɠ ŬɜŰɑůŰɟɞűɤɜ ˊɞɚɘəɩɜ ůɡɜŰŮŰŬɔɛɏɜɤɜ. ɀŮ ɗŮɟɛɎ 

ɢɟɩɛŬŰŬ (əɧəəɘɜɞ, ˊɞɟŰɞəŬɚɑ) ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ɞɘ ˊŮɟɘɞɢɏɠ ɧˊɞɡ ɖ ˊɡəɜɧŰɖŰŬ Űɤɜ əɧəəɤɜ ɛŮ 

ˊŬɟɧɛɞɘɞ ˊɟɞůŬɜŬŰɞɚɘůɛɧ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɖ. 

ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ɚŬɛɓɎɜɞɜŰŬɘ ůŰŬ ŭɘŬɔɟɎɛɛŬŰŬ PF ŮɑɜŬɘ ˊŬɟɧɛɞɘŬ ɛŮ ŬɡŰɎ Űɤɜ 

IPF. ɇɞ ŭŮɑɔɛŬ ɣɡɢɟɐɠ ɏɜŰŬůɖɠ ɚŬɛɓɎɜŮɘ Űɖɜ ɛɏɔɘůŰɖ ɏɜŰŬůɖ 11.1 Ůɜɩ Űɞ ŭŮɑɔɛŬ ˊɞɡ 

ɡˊɞɓɚɐɗɖəŮ ůŮ ŬɜɧˊŰɖůɖ 7.1. ɇɖɜ ɢŬɛɖɚɧŰŮɟɖ ɏɜŰŬůɖ ɚŬɛɓɎɜŮɘ Űɞ ŭŮɑɔɛŬ ɗŮɟɛɐɠ ɏɚŬůɖɠ. 

ɆɡɜŮˊɩɠ, ŰŬ ŭŮɑɔɛŬŰŬ ɣɡɢɟɐɠ əŬɘ ŬɜɧˊŰɖůɖɠ ɡˊɞŭŮɘəɜɨɞɡɜ ɏɜŬɜ ŮɜŰɞɜɧŰŮɟɞ əɟɡůŰŬɚɚɞɔɟŬűɘəɧ 

ɘůŰɧ. 
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ɉɎɟŰŮɠ ŬɜŰɑůŰɟɞűɤɜ ˊɞɚɘəɩɜ ůɡɜŰŮŰŬɔɛɏɜɤɜ IPF (inverse pole figure) 

5.4.2. ȹɞəɑɛɘŬ DC 

    

 

ȺɘəɧɜŬ 37: ɉɎɟŰŮɠ ŬɜŰɑůŰɟɞűɤɜ ˊɞɚɘəɩɜ ůɡɜŰŮŰŬɔɛɏɜɤɜ IPF (Inverse Pole Figure): ȷ) ȹŮɑɔɛŬ 

DCHR(step size: 0,3ɛm), ȸ) ȹŮɑɔɛŬ DCCR (step size: 0,3ɛm) & ũ) DCAn:500
o
C(step size: 0,7ɛm) 

 

 

A) B) 

ũ) 
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ɉɎɟŰŮɠ ŬˊŮɘəɧɜɘůɖɠ ɘůŰɞɨ ɏɚŬůɖɠ əŬɘ ŬɜŬəɟɡůŰɎɚɚɤůɖɠ 

 

 

 

 

 

ȷ) 

ȸ) 

ȺɘəɧɜŬ 38: ɉɎɟŰŮɠ ŬˊŮɘəɧɜɘůɖɠ Űɤɜ ˊŮɟɘɞɢɩɜ ɛŮ ɘůŰɧ ɏɚŬůɖɠ əŬɘ ŬɜŬəɟɡůŰɎɚɚɤůɖɠ (ŮɘəɧɜŮɠ ȷ əŬɘ ȸ, 

ŬɜŰɑůŰɞɘɢŬ) ůŰɞ ŭŮɑɔɛŬ DCHR ɏˊŮɘŰŬ Ŭˊɧ ɗŮɟɛɐ ɏɚŬůɖ (step size: 0,3ɛm). 
































