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Ƀɘ ŬˊɧɣŮɘɠ əŬɘ ŰŬ ůɡɛˊŮɟɎůɛŬŰŬ ˊɞɡ ŭɘŬŰɡˊɩɜɞɜŰŬɘ ůŮ ŬɡŰɐ Űɖ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ 

ŮəűɟɎɕɞɡɜ Űɞɜ ůɡɔɔɟŬűɏŬ əŬɘ ŭŮɜ ˊɟɏˊŮɘ ɜŬ ŮɟɛɖɜŮɡŰŮɑ ɧŰɘ ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ Űɘɠ ŮˊɑůɖɛŮɠ 

ɗɏůŮɘɠ Űɞɡ ɄŬɜŮˊɘůŰɖɛɑɞɡ ɄŬŰɟɩɜ. 
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Ʉɟɧɚɞɔɞɠ 

ȼ ůɖɛŮɟɘɜɐ ˊɞůɧŰɖŰŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ (ůŰŬ ŬɟɢŮɑŬ ɐ ůŰɘɠ ɓɎůŮɘɠ ŭŮŭɞɛɏɜɤɜ) ŬɡɝɎɜŮŰŬɘ 

ůɡɜŮɢɩɠ ɛŮ ɏɜŬɜ ŮəˊɚɖəŰɘəɧ ɟɡɗɛɧ Ůɜɩ ŰŬɡŰɧɢɟɞɜŬ ŬˊŬɘŰŮɑŰŬɘ ˊɘɞ ŮɝŮɘŭɘəŮɡɛɏɜɖ ŬɜɎɚɡůɖ 

Űɖɠ ˊɚɖɟɞűɞɟɑŬɠ, ɖ ɄɞɚɡŭɘɎůŰŬŰɖ ȷɜɎɚɡůɖ ȹŮŭɞɛɏɜɤɜ. ɀŮ Űɖɜ ŮűŬɟɛɞɔɐ Űɤɜ ɡˊɞɚɞɔɘůŰɩɜ 

ůɡůŰɖɛɎŰɤɜ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ŬˊɞŭɞŰɘəɏɠ ůŰŬŰɘůŰɘəɏɠ ŰŮɢɜɘəɏɠ ɩůŰŮ ɜŬ ŮˊŮɝŮɟɔɎɕɞɜŰŬɘ 

ŬˊɞŰŮɚŮůɛŬŰɘəɎ ɛŮɔɎɚŮɠ ˊɞůɧŰɖŰŮɠ ŭŮŭɞɛɏɜɤɜ, ŮɝɎɔɞɜŰŬɠ ɢɟɐůɘɛɖ ˊɚɖɟɞűɞɟɑŬ.  

ɄŮɟɑɚɖɣɖ 

ȷɟɢɘəɎ, ůŰɞ ˊɟɩŰɞ ɛɏɟɞɠ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ ɛŮɚŮŰɩɜŰŬɘ ɞɘ ˊɞɚɡŭɘɎůŰŬŰŮɠ 

ůŰŬŰɘůŰɘəɏɠ ŰŮɢɜɘəɏɠ Űɖɠ ȹɘŬɢɤɟɘůŰɘəɐɠ ȷɜɎɚɡůɖɠ əŬɘ Űɖɠ ɇŬɝɘɜɧɛɖůɖɠ ŭŮŭɞɛɏɜɤɜ, ɛŮ 

ůəɞˊɧ Űɞ ŭɘŬɢɤɟɘůɛɧ ŭɘŬűɞɟŮŰɘəɩɜ ɞɛɎŭɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ əŬɘ Űɖ əŬŰɎŰŬɝɖ ɜɏɤɜ 

ŬɜŰɘəŮɘɛɏɜɤɜ ůŮ ˊɟɞəŬɗɞɟɘůɛɏɜɞ ůɨɜɞɚɞ ɞɛɎŭɤɜ ɛŮ Űɖ ɢɟɐůɖ Ůɜɧɠ əŬɜɧɜŬ, ŬɜŰɑůŰɞɘɢŬ. ȼ 

ŭɘŬŭɘəŬůɑŬ əŬŰŬůəŮɡɐɠ əŬɘ Ŭɝɘɞɚɧɔɖůɖɠ Űɤɜ əŬɜɧɜɤɜ ɇŬɝɘɜɧɛɖůɖɠ ɓŬůɑɕŮŰŬɘ ůŰɖ 

əŬɜɞɜɘəɧŰɖŰŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ. Ⱥɜɩ ɞ ůɢɖɛŬŰɘůɛɧɠ Űɤɜ ɔɟŬɛɛɘəɩɜ ůɡɜŬɟŰɐůŮɤɜ Fisher ɔɘŬ 

Űɞ ŭɘŬɢɤɟɘůɛɧ Űɤɜ ŭŮŭɞɛɏɜɤɜ, ɡˊɞɗɏŰŮɘ ɑůɞɡɠ ˊɑɜŬəŮɠ ŭɘŬůˊɞɟɎɠ. ɆŰɖ ůɡɜɏɢŮɘŬ ˊŬɟŬŰɑɗŮŰŬɘ 

ˊŬɟɎŭŮɘɔɛŬ ŮűŬɟɛɞɔɐɠ Űɤɜ ŭɨɞ ˊŬɟŬˊɎɜɤ ůŰŬŰɘůŰɘəɩɜ ŰŮɢɜɘəɩɜ ɛɏůɤ Űɞɡ ůŰŬŰɘůŰɘəɞɨ 

ˊŬəɏŰɞɡ SPSS.  

ɆŰɞ ŭŮɨŰŮɟɞ ɛɏɟɞɠ, ŮɝŮŰɎɕŮŰŬɘ ɖ ŭɘŮɟŮɡɜɖŰɘəɐ ŰŮɢɜɘəɐ Űɖɠ ɃɛŬŭɞˊɞɑɖůɖɠ ŭŮŭɞɛɏɜɤɜ, ɧˊɞɡ 

ůŰɞɢŮɨŮɘ ůŰɖɜ ɞɟɔɎɜɤůɖ Űɤɜ Űɘɛɩɜ Űɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ ůŮ ůɡůŰɎŭŮɠ. ȰŰůɘ ɩůŰŮ ɜŬ 

ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɖ ɛɏɔɘůŰɖ ɞɛɞɘɧŰɖŰŬ ɛŮŰŬɝɨ Űɤɜ ˊŬɟŬŰɖɟɐůŮɤɜ ɛɏůŬ ůŮ əɎɗŮ ɞɛɎŭŬ əŬɘ ɖ 

ɛɏɔɘůŰɖ ŬɜɞɛɞɘɧŰɖŰŬ ɛŮŰŬɝɨ Űɤɜ ůɡůŰɎŭɤɜ, ɧˊɞɡ ŬɟɢɘəɎ ɗŮɤɟɞɨɜŰŬɘ ɎɔɜɤůŰŮɠ ůŮ ŬɜŰɑɗŮůɖ 

ɛŮ Űɖ ȹɘŬɢɤɟɘůŰɘəɐɠ ȷɜɎɚɡůɖ əŬɘ Űɖɠ ɇŬɝɘɜɧɛɖůɖ ɧˊɞɡ ɗŮɤɟɞɨɜŰŬɘ ɔɜɤůŰɏɠ. Ƀ ˊɘɞ 

ŭɖɛɞűɘɚɐɠ Űɟɧˊɞɠ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ɞɛɞɘɧŰɖŰŬɠ ŮɑɜŬɘ ɖ ŬˊɧůŰŬůɖ, ɧɛɤɠ ɖ ŮűŬɟɛɞɔɐ 

Űɤɜ Ŭɚɔɞɟɑɗɛɤɜ ůɡůŰŬŭɞˊɞɑɖůɖɠ ŮɑɜŬɘ ˊɘɞ ŬˊɞŭɞŰɘəɞɑ ɔɘŬ Űɖɜ ɞɛŬŭɞˊɞɑɖůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ. 

ɇɏɚɞɠ, Ůűɧůɞɜ ɞɘ Ŭɚɔɧɟɘɗɛɞɘ ɞɛŬŭɞˊɞɑɖůɖɠ ɢɤɟɘůŰɞɨɜ ůŮ ŭɡɞ əŬŰɖɔɞɟɑŮɠ ŮˊɘŭɘɩəŮŰŬɘ ɖ 

ůɨɔəɟɘůɖ ɛŮŰŬɝɨ Űɞɡɠ, ɤɠ ˊɟɞɠ Űɖɜ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ Űɞɡɠ, ɛŮ Űɖ ɢɟɐůɖ Űɞɡ ůŰŬŰɘůŰɘəɞɨ 

ˊŬəɏŰɞɡ SPSS. 

 

ȿɏɝŮɘɠ əɚŮɘŭɘɎ: ȹɘŬɢɤɟɘůɛɧɠ, ɇŬɝɘɜɧɛɖůɖ, ȾŬɜɧɜŮɠ ȾŬŰɎŰŬɝɖɠ, ɟɡɗɛɧɠ ůűɎɚɛŬŰɞɠ, 

ɆɡɜɎɟŰɖůɖ Fisher, ŬˊɧůŰŬůɖ, ȷɚɔɧɟɘɗɛɞɘ ɃɛŬŭɞˊɞɑɖůɖɠ, ȽŮɟŬɟɢɘəɞɑ Ŭɚɔɧɟɘɗɛɞɘ, 

ȹɘŬɛŮɟɘůŰɘəɞɑ ȷɚɔɧɟɘɗɛɞɘ. 
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Ūɏɚɤ ɜŬ ŮɡɢŬɟɘůŰɐůɤ ɧɚɖ Űɖɜ ɞɘəɞɔɏɜŮɘŬ ɛɞɡ ɔɘŬ Űɖɜ ɖɗɘəɐ ɡˊɞůŰɐɟɘɝɖ Űɖɠ əŬɘ Űɞ 

ɛɞɜŬŭɘəɧ ɛɞɡ ȷɜŰɟɏŬ ˊɞɡ ɐŰŬɜ ůɡɜŮɢɩɠ ŭɑˊɚŬ ɛɞɡ ɛŮ ˊɞɚɨŰɘɛŮɠ ůɡɛɓɞɡɚɏɠ ŬɚɚɎ əɡɟɑɤɠ ɔɘŬ 

Űɖɜ ŬŰŮɚŮɑɤŰɖ ɗŮŰɘəɐ Űɞɡ ůəɏɣɖ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Ůəˊɧɜɖůɖɠ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ɛɞɡ 

ŮɟɔŬůɑŬɠ! 
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1. ȹȽȷɉɋɅȽɆɀɃɆ & ɇȷɂȽɁɃɀȼɆȼ ȹȺȹɃɀȺɁɋɁ (Discrimination & Classification) 

1.1. Ƀɟɘůɛɞɑ 

Ƀ ȹɘŬɢɤɟɘůɛɧɠ əŬɘ ɖ ɇŬɝɘɜɧɛɖůɖ ŮɑɜŬɘ ˊɞɚɡŭɘɎůŰŬŰŮɠ ŬɜŬɚɡŰɘəɏɠ ŰŮɢɜɘəɏɠ, ɧˊɞɡ ɖ ɛŮɜ 

ŭɘŬɢɤɟɘůŰɘəɐ ŬɜɎɚɡůɖ ŬůɢɞɚŮɑŰŬɘ ɛŮ Űɞ ŭɘŬɢɤɟɘůɛɧ ŭɘŬűɞɟŮŰɘəɩɜ ɞɛɎŭɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ 

(ˊŬɟŬŰɖɟɐůŮɤɜ ɐ Ŭɚɚɘɩɠ ůŰɘɔɛɘɧŰɡˊɤɜ), Ůɜɩ ɖ ɇŬɝɘɜɧɛɖůɖ ŮɑɜŬɘ ɖ ŭɘŬŭɘəŬůɑŬ ɛŮ Űɖɜ ɞˊɞɑŬ 

ɔɑɜŮŰŬɘ ɖ əŬŰɎŰŬɝɖ ɜɏɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ ůŮ ˊɟɞəŬɗɞɟɘůɛɏɜɞ ůɨɜɞɚɞ ɞɛɎŭɤɜ ɛŮ Űɖ ɢɟɐůɖ Ůɜɧɠ 

əŬɜɧɜŬ. 

Ⱥɜ ůɡɜŮɢŮɑŬ, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ůŰɧɢɞɘ Űɤɜ ˊŬɟŬˊɎɜɤ ŰŮɢɜɘəɩɜ, ŬɟɢɘəɎ ɔɘŬ Űɖɜ 

ȹɘŬɢɤɟɘůŰɘəɐ ȷɜɎɚɡůɖ əŬɘ ɛŮŰɏˊŮɘŰŬ ɔɘŬ Űɖɜ ɇŬɝɘɜɧɛɖůɖ. 

¶ ȼ ˊŮɟɘɔɟŬűɐ Űɤɜ ŭɘŬűɞɟŮŰɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ Ŭˊɧ ɏɜŬ ůɨɜɞɚɞ 

ɔɜɤůŰɩɜ ɞɛɎŭɤɜ (ɐ ˊɚɖɗɡůɛɩɜ) ɛŮ ŬɚɔŮɓɟɘəɧ ɐ ɔɟŬűɘəɧ Űɟɧˊɞ,  ɩůŰŮ ɜŬ ˊɟɞəɨˊŰŮɘ 

ɏɜŬɠ ŮɡŭɘɎəɟɘŰɞɠ ŭɘŬɢɤɟɘůɛɧɠ Űɤɜ Űɘɛɩɜ Űɤɜ ˊŬɟŬŰɖɟɐůŮɤɜ Űɤɜ ŭɘŬűɞɟŮŰɘəɩɜ 

ɞɛɎŭɤɜ. 

¶ Ƀ ůɢɖɛŬŰɘůɛɧɠ Ůɜɧɠ ɓɏɚŰɘůŰɞɡ əŬɜɧɜŬ ɞ ɞˊɞɑɞɠ ɗŬ ˊɟɞɓɚɏˊŮɘ əŬɘ ɗŬ əŬŰŬŰɎůůŮɘ 

ůɤůŰɎ ɧůɞ Űɞ ŭɡɜŬŰɧɜ ˊŮɟɘůůɧŰŮɟŬ ŬɜŰɘəŮɑɛŮɜŬ ůŮ ˊɟɞəŬɗɞɟɘůɛɏɜŮɠ ɞɛɎŭŮɠ.  

 

ɄŬɟŬŰɐɟɖůɖ 

ȼ ŭɘŬɢɤɟɘůŰɘəɐ ůɡɜɎɟŰɖůɖ ɧɛɤɠ əɎˊɞɘŮɠ űɞɟɏɠ ŮɝɡˊɖɟŮŰŮɑ ɟɧɚɞ ŰŬɝɘɜɞɛɖŰɐ ˊŬɟŬŰɖɟɐůŮɤɜ 

ůŮ ɔɜɤůŰɏɠ ɞɛɎŭŮɠ əŬɘ ŬɜŰɑůŰɟɞűŬ ɞɘ əŬɜɧɜŮɠ əŬŰɎŰŬɝɖɠ ɛˊɞɟŮɑ ɜŬ ˊɟɞůŭɘɞɟɑɕɞɡɜ ɛɘŬ 

ŭɘŬɢɤɟɘůŰɘəɐ ŭɘŬŭɘəŬůɑŬ. 

ȯɟŬ ůŰɖ ˊɟɎɝɖ ɞɘ ŭɨɞ ˊɞɚɡŭɘɎůŰŬŰŮɠ ŬɜŬɚɡŰɘəɏɠ ŰŮɢɜɘəɏɠ əɎˊɞɘŮɠ űɞɟɏɠ ŰŬɡŰɑɕɞɜŰŬɘ ɔɘŬŰɑ ɞɘ 

ůŰɧɢɞɘ Űɞɡɠ ůɡɔɢɏɞɜŰŬɘ əŬɘ ůɡɜŮˊɩɠ əŬɗɑůŰŬŰŬɘ ŭɨůəɞɚɖ ɖ ŭɘɎəɟɘůɖ ɛŮŰŬɝɨ Űɞɡɠ. 

ɆŮ ŬɡŰɐ Űɖ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ɔɑɜŮŰŬɘ ŭɘɎəɟɘůɖ Űɤɜ ŭɨɞ ŬɡŰɩɜ ŰŮɢɜɘəɩɜ, ȹɘŬɢɤɟɘůŰɘəɐɠ 

ȷɜɎɚɡůɖɠ əŬɘ ɇŬɝɘɜɧɛɖůɖɠ, əŬɘ ɛŮɚŮŰɩɜŰŬɘ ɝŮɢɤɟɘůŰɎ. 
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1.1.1.  ȺűŬɟɛɞɔɏɠ 

Ƀɘ ɏɜɜɞɘŮɠ Űɖɠ ȹɘŬɢɤɟɘůŰɘəɐɠ ȷɜɎɚɡůɖɠ əŬɘ Űɖɠ ɇŬɝɘɜɧɛɖůɖɠ ɔɑɜɞɜŰŬɘ ˊɘɞ əŬŰŬɜɞɖŰɏɠ ɛŮ 

Űɖɜ ˊŮɟɘɔɟŬűɐ ˊŬɟŬŭŮɘɔɛɎŰɤɜ Űɤɜ ŮűŬɟɛɞɔɩɜ Űɞɡɠ. 

ȷɟɢɘəɎ, ŬɜŬűɏɟŮŰŬɘ ɏɜŬ ˊŬɟɎŭŮɘɔɛŬ ŮűŬɟɛɞɔɐɠ Űɖɠ ȹɘŬɢɤɟɘůŰɘəɐɠ ȷɜɎɚɡůɖɠ. 

¶ ɆŰɞ ɢɩɟɞ Űɞɡ Marketing ɕɖŰŮɑŰŬɘ ɞ ŭɘŬɢɤɟɘůɛɧɠ ŮˊɘŰɡɢɖɛɏɜɤɜ əŬɘ ŬˊɞŰɡɢɖɛɏɜɤɜ 

Ŭɔɞɟɩɜ ɐ ŭɘŬűɖɛɘůŰɘəɩɜ ŮəůŰɟŬŰŮɘɩɜ. ɆŰɖɜ ˊɟɩŰɖ ˊŮɟɑˊŰɤůɖ ɛɘŬ ŮŰŬɘɟŮɑŬ 

ŬˊɞűŬůɑɕŮɘ Ŭɜ ɗŬ ɛˊŮɘ ůŮ ɛɘŬ ŬɔɞɟɎ ɐ ɧɢɘ, Ůɜɩ ůŰɖɜ ŭŮɨŰŮɟɖ ˊŮɟɑˊŰɤůɖ ˊɞɘŬ 

ŭɘŬűɖɛɘůŰɘəɐ ŮəůŰɟŬŰŮɑŬ ŰŬɘɟɘɎɕŮɘ ůŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ. 

 

ɆŰɖ ůɡɜɏɢŮɘŬ ŬɜŬűɏɟɞɜŰŬɘ ůɡůŰɐɛŬŰŬ ŰŬɝɘɜɧɛɖůɖɠ ŰŬ ɞˊɞɑŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ Ŭˊɧ ˊɞɚɚɏɠ 

ŮŰŬɘɟŮɑŮɠ Űɞɡ ɘŭɘɤŰɘəɞɨ əŬɘ Űɞɡ ŭɖɛɧůɘɞɡ ŰɞɛɏŬ ɛŮ ůəɞˊɧ Űɖɜ ɏɔəɟɘůɖ ŭŬɜŮɑɤɜ əŬɘ 

ˊɘůŰɤŰɘəɩɜ əŬɟŰɩɜ, Űɖɜ ɘŬŰɟɘəɐ ŭɘɎɔɜɤůɖ, Űɖɜ ŬɜɑɢɜŮɡůɖ ɚŬɗɩɜ ůŮ ɓɘɞɛɖɢŬɜɘəɏɠ ŮűŬɟɛɞɔɏɠ 

ə.Ŭ. ȾɎˊɞɘŬ Ŭˊɧ ŬɡŰɎ ŰŬ ˊŬɟŬŭŮɑɔɛŬŰŬ ˊɘɞ əŬɚɎ ɞɟɘůɛɏɜŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ˊŬɟŬəɎŰɤ. 

¶ ɇɞ ɢɟɖɛŬŰɞɞɘəɞɜɞɛɘəɧ ŰɛɐɛŬ Űɤɜ ŰɟŬˊŮɕɩɜ ŮɜŭɘŬűɏɟŮŰŬɘ ɜŬ ŮɜŰɞˊɑůŮɘ çȾȷȿɃɈɆè 

əŬɘ çȾȷȾɃɈɆè ˊŮɚɎŰŮɠ ˊɟɘɜ Űɖ ɢɞɟɐɔɖůɖ Ůɜɧɠ ŭŬɜŮɑɞɡ ɐ ɛɘŬɠ ˊɘůŰɤŰɘəɐɠ əɎɟŰŬɠ. 

ɋɠ çȾȷȿɃȽè ˊŮɚɎŰŮɠ ɗŮɤɟɞɨɜŰŬɘ ŬɡŰɞɑ ˊɞɡ ˊɚɖɟɩɜɞɡɜ əŬɜɞɜɘəɎ Űɘɠ ŭɧůŮɘɠ Űɞɡɠ əŬɘ 

ɤɠ çȾȷȾɃȽè ˊŮɚɎŰŮɠ ŬɡŰɞɑ ˊɞɡ ŭŮɜ ˊɚɖɟɩɜɞɡɜ. ȯɟŬ ŬˊŬɘŰŮɑŰŬɘ ɖ ŬɜɎɔəɖ 

ŭɖɛɘɞɡɟɔɑŬɠ əŬɜɧɜɤɜ, ɩůŰŮ ɜŬ əŬŰŬŰɎůůŮɘ əɎɗŮ əŬɘɜɞɨɟɔɘɞ ˊŮɚɎŰɖ ůŮ ɛɘŬ Ŭˊɧ Űɘɠ 

ŭɨɞ əŬŰɖɔɞɟɑŮɠ əŬɘ Ůɜ ůɡɜŮɢŮɑŬ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɏɔəɟɘůɖ ɐ ɛɖ ɏɔəɟɘůɖ Űɞɡ 

ŭŬɜŮɑɞɡ ɛŮ ɧɟɞɡɠ ůɨɛűɤɜɞɡɠ ŬɜɎɚɞɔŬ ɛŮ Űɞ ŮˊɑˊŮŭɞ əɘɜŭɨɜɞɡ ˊɞɡ ɏɢŮɘ ŭɘŬɔɜɩůŮɘ ɔɘŬ 

Űɞ ɜɏɞ ˊŮɚɎŰɖ. 

¶ ɆŰɖɜ ȽŬŰɟɘəɐ ůɡɜɐɗɤɠ Űɞ ŮɜŭɘŬűɏɟɞɜ ŮɑɜŬɘ ɖ ŭɘɎɔɜɤůɖ Űɖɠ ŬůɗɏɜŮɘŬɠ əɎˊɞɘɞɡ ŬůɗŮɜɐ 

ɛŮ ɓɎůɖ ŰŬ ůɡɛˊŰɩɛŬŰŬ Űɞɡ. ȹŮŭɞɛɏɜɞɡ ˊɤɠ ɔɘŬ əɎɗŮ ŬůɗɏɜŮɘŬ ŮɑɜŬɘ ɔɜɤůŰɎ ŰŬ 

ůɡɛˊŰɩɛŬŰŬ Űɖɠ, ŮˊɘŭɘɩəŮŰŬɘ ɖ əŬŰŬůəŮɡɐ Ůɜɧɠ əŬɜɧɜŬ ˊɞɡ ɜŬ əɎɜŮɘ ŭɘɎɔɜɤůɖ ɔɘŬ 

əɎɗŮ əŬɘɜɞɨɟɔɘɞ ŬůɗŮɜɐ ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ ŰŬ ůɡɛˊŰɩɛŬŰŬ Űɞɡ. 

 

ɇŬ ́ŬɟŬŭŮɑɔɛŬŰŬ ˊɟɞűŬɜɩɠ ŭŮɜ ŮɝŬɜŰɚɞɨɜŰŬɘ ůŮ ŬɡŰɎ ˊɞɡ ɛɧɚɘɠ ŬɜŬűɏɟɗɖəŬɜ ŬɚɚɎ 

ŭŮɑɢɜɞɡɜ Űɖɜ ˊɞɘəɘɚɑŬ ŮűŬɟɛɞɔɩɜ Űɤɜ ˊɞɚɡŭɘɎůŰŬŰɤɜ ŰŮɢɜɘəɩɜ. ȾŬŰɎ Űɖɜ ŬɜŬɚɡŰɘəɐ 

ˊŮɟɘɔɟŬűɐ Űɤɜ ŭɨɞ ˊŬɟŬˊɎɜɤ ˊŬɟŬŭŮɘɔɛɎŰɤɜ ˊŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ ɖ əŬŰɎŰŬɝɖ ɔɑɜŮŰŬɘ ŮɑŰŮ ůŮ 

ŭɨɞ ɞɛɎŭŮɠ (ˊŬɟɎŭŮɘɔɛŬ ŰɟɎˊŮɕŬɠ) ŮɑŰŮ ůŮ ˊŮɟɘůůɧŰŮɟŮɠ ɞɛɎŭŮɠ (ˊŬɟŬŭŮɑɔɛŬŰŬ ɘŬŰɟɘəɐɠ 

ŭɘɎɔɜɤůɖɠ).  
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1.2. ɇȷɂȽɁɃɀȼɆȼ ȹȺȹɃɀȺɁɋɁ ũȽȷ ȹɈɃ ɄȿȼŪɈɆɀɃɈɆ  

(ȾŬɜɧɜŮɠ əŬŰɎŰŬɝɖɠ ŭɡɞ ˊɚɖɗɡůɛɩɜ/ɞɛɎŭɤɜ) 

ȷɟɢɘəɎ ˊŮɟɘɔɟɎűŮŰŬɘ ɖ ˊɘɞ Ŭˊɚɐ ˊŮɟɑˊŰɤůɖ ŰŬɝɘɜɧɛɖůɖɠ ˊŬɟŬŰɖɟɐůŮɤɜ ůŮ ŭɨɞ ɞɛɎŭŮɠ, ɛŮ 

ůəɞˊɧ Űɞɜ ůɢɖɛŬŰɘůɛɧ Ůɜɧɠ ɓɏɚŰɘůŰɞɡ əŬɜɧɜŬ ˊɞɡ ɗŬ əŬŰŬŰɎůůŮɘ əɎɗŮ əŬɘɜɞɨɟɔɘɞ 

ŬɜŰɘəŮɑɛŮɜɞ ůŮ ɛɘŬ Ŭˊɧ Űɘɠ ŭɨɞ əŬŰɖɔɞɟɑŮɠ ɐ ɞɛɎŭŮɠ. 

1.2.1.  ȺɘůŬɔɤɔɐ 

Ƀɘ əŬɜɧɜŮɠ əŬŰɎŰŬɝɖɠ ůɡɜɐɗɤɠ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ Ŭˊɧ ŰŬ ŭŮŭɞɛɏɜŬ ˊɞɡ ɡˊɎɟɢɞɡɜ ůŰɖ ŭɘɎɗŮůɐ 

ɛŬɠ. ȼ əɎɗŮ ˊɞɚɡŭɘɎůŰŬŰɖ ˊŬɟŬŰɐɟɖůɖ ɛˊɞɟŮɑ ɜŬ ˊɎɟŮɘ Űɖ ɛɞɟűɐ ŭɘŬɜɨůɛŬŰɞɠ

1 2' , ,... px x x xè ø=ê ú, ŭɘɎůŰŬůɖɠ 1px , ɧˊɞɡ 
1 2, ,... px x x ɞɘ Űɘɛɏɠ Űɤɜ p ŰɡɢŬɑɤɜ ɛŮŰŬɓɚɖŰɩɜ. Ƀɘ 

Űɘɛɏɠ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɤɜ ŰɡɢŬɑɤɜ ɛŮŰŬɓɚɖŰɩɜ Űɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ ˊɞɡ ůɡɚɚɏɢɗɖəŬɜ 

ɝŮɢɤɟɘůŰɎ Ŭˊɧ Űɘɠ ŭɨɞ ɞɛɎŭŮɠ ŮɝŮŰɎɕɞɜŰŬɘ ɔɘŬ ŭɘŬűɞɟɏɠ ɏŰůɘ ɩůŰŮ ɜŬ əŬŰŬůəŮɡŬůŰŮɑ ɞ 

əŬɜɧɜŬɠ ŰŬɝɘɜɧɛɖůɖɠ.  

Ƀɘ ɞɛɎŭŮɠ ,ɞɘ ɞˊɞɑŮɠ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ əŬɘ ɤɠ ˊɚɖɗɡůɛɞɑ ůɡɛɓɞɚɑɕɞɜŰŬɘ ůɡɜɐɗɤɠ ɤɠ ˊ1 əŬɘ ˊ2,  

ˊŮɟɘɔɟɎűɞɜŰŬɘ Ŭˊɧ Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ ůɡɜŬɟŰɐůŮɘɠ ˊɡəɜɧŰɖŰŬɠ ˊɘɗŬɜɧŰɖŰŬɠ ()1f x  əŬɘ ()2f x . 

ɇɞ ůɨɜɞɚɞ ɧɚɤɜ Űɤɜ ˊŬɟŬŰɖɟɐůŮɤɜ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɤɠ ŭŮɘɔɛŬŰɘəɧɠ ɢɩɟɞɠ, ɧˊɞɡ 

ůɡɛɓɞɚɑɕŮŰŬɘ ɛŮ Űɞ ɔɟɎɛɛŬ ɋ, ŭɘŬɘɟŮɑŰŬɘ Ŭˊɧ Űɞ əŬɜɧɜŬ əŬŰɎŰŬɝɖɠ ůŮ ŭɨɞ ˊŮɟɘɞɢɏɠ 1R  əŬɘ 

2R ŰɏŰɞɘŮɠ ɩůŰŮ Ŭɜ ɛɘŬ ˊŬɟŬŰɐɟɖůɖ ŬɜɐəŮɘ ůŰɖ ˊŮɟɘɞɢɐ 1R  ŰɧŰŮ əŬŰŬŰɎůůŮŰŬɘ ůŰɞɜ 

ˊɚɖɗɡůɛɧ ˊ1 əŬɘ ɞɛɞɑɤɠ Ŭɜ ŬɜɐəŮɘ ůŰɖ ˊŮɟɘɞɢɐ 2R ŰɧŰŮ ɖ ˊŬɟŬŰɐɟɖůɖ əŬŰŬŰɎůůŮŰŬɘ ůŰɞɜ 

ˊɚɖɗɡůɛɧ ˊ2. ȹŮŭɞɛɏɜɞɡ ˊɤɠ əɎɗŮ ŬɜŰɘəŮɑɛŮɜɞ ˊɟɏˊŮɘ ɜŬ ˊɟɞůŭɘɞɟɘůŰŮɑ ůŮ ɏɜŬɜ ɛɧɜɞ Ŭˊɧ 

Űɞɡɠ ŭɨɞ ˊɚɖɗɡůɛɞɨɠ, ɞɘ ˊŮɟɘɞɢɏɠ 1R  əŬɘ 2R  ɗŬ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ŬɛɞɘɓŬɑɤɠ ŬˊɞəɚŮɘɧɛŮɜŮɠ, 

ɛŮ ɎɚɚŬ ɚɧɔɘŬ ɝɏɜŮɠ ɛŮŰŬɝɨ Űɞɡɠ. Ⱥˊɞɛɏɜɤɠ ɘůɢɨŮɘ ɖ ůɢɏůɖ 2 1R R= -W. 

ɄŬɟɞɡůɘɎɕɞɜŰŬɘ əɎˊɞɘŬ ˊŬɟŬŭŮɑɔɛŬŰŬ ŰŬɝɘɜɧɛɖůɖɠ ŭɨɞ ˊɚɖɗɡůɛɩɜ. 

 

            Ʉɚɖɗɡůɛɞɑ 1́ əŬɘ 2́                                                  ɀŮŰŬɓɚɖŰɏɠ ɉ 

1. ȷɔɞɟŬůŰɏɠ ɐ ɛɖ Ůɜɧɠ ɜɏɞɡ ˊɟɞɥɧɜ       ŮɘůɧŭɖɛŬ, ɛɏɔŮɗɞɠ ɞɘəɞɔɏɜŮɘŬɠ ,ˊɞůɧ ˊɟɞɖɔɞɨɛŮɜɤɜ Ŭɔɞɟɩɜ 

2. ȾŬɚɞɑ əŬɘ ɛɖ ɢŮɘɟɘůŰɏɠ ˊɘůŰɤŰɘəɩɜ əŬɟŰɩɜ         ŮɘůɧŭɖɛŬ, ɖɚɘəɑŬ, Ŭɟɘɗɛɧɠ əŬɟŰɩɜ 
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1.2.2.  ɄɟɞɓɚɐɛŬŰŬ ɇŬɝɘɜɧɛɖůɖɠ 

ȸɏɓŬɘŬ, ŭŮɜ ŮɑɜŬɘ ˊɎɜŰŬ ŮűɘəŰɐ ɖ ŮɨɟŮůɖ Űɞɡ ˊɚɖɗɡůɛɞɨ ůŰɞɜ ɞˊɞɑɞ ŬɜɐəŮɘ ɖ ˊŬɟŬŰɐɟɖůɖ 

ˊɞɡ ŮˊɘŭɘɩəŮŰŬɘ ɜŬ ˊɟɞůŭɘɞɟɘůŰŮɑ əŬɘ ŬɡŰɧ ŮˊɘɓŮɓŬɘɩɜŮŰŬɘ Ŭˊɧ ŰŬ ˊŬɟŬəɎŰɤ ˊŬɟŬŭŮɑɔɛŬŰŬ. 

¶ Ⱥɚɚɘˊɐ ɔɜɩůɖ Űɖɠ ɛŮɚɚɞɜŰɘəɐɠ əŬŰɎůŰŬůɖɠ 

(ɄŬɟɎŭŮɘɔɛŬ) 

Ƀɘ ɡˊɎɚɚɖɚɞɘ ɛɘŬɠ ɘŬŰɟɘəɐɠ ůɢɞɚɐɠ Ůˊɘɗɡɛɞɨɜ ɜŬ ŰŬɝɘɜɞɛɐůɞɡɜ Űɞɡɠ ˊɟɤŰɞŮŰŮɑɠ űɞɘŰɖŰɏɠ ůŮ 

ŭɨɞ əŬŰɖɔɞɟɑŮɠ, ŮɑŰŮ ɧŰɘ ɛˊɞɟɞɨɜ ɜŬ ŬˊɞűɞɘŰɐůɞɡɜ ŮɑŰŮ ɧŰɘ ŭŮɜ ɛˊɞɟɞɨɜ ɜŬ ŬˊɞűɞɘŰɐůɞɡɜ. 

ȷɡŰɧ ɧɛɤɠ ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ɛŮ ɓɎůɖ Űɘɠ ɓŬɗɛɞɚɞɔɑŮɠ Űɤɜ ŰŮůŰ, ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ 

ŮɟɔŬůŰɖɟɑɤɜ ɐ əŬɘ Ɏɚɚɤɜ Űɟɧˊɤɜ Ŭɝɘɞɚɧɔɖůɖɠ Űɤɜ űɞɘŰɖŰɩɜ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ űɞɑŰɖůɖɠ 

Űɞɡɠ ɛɏůŬ ůŰɞ əɞɚɏɔɘɞ. ɃˊɧŰŮ, ɞ Ŭəɟɘɓɐɠ ŭɘŬɢɤɟɘůɛɧɠ Űɤɜ űɞɘŰɖŰɩɜ ɗŬ ɛˊɞɟɏůŮɘ ɜŬ 

ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɛŮŰɎ Ŭˊɧ ɛŮɟɘəɎ ɢɟɧɜɘŬ ŮəˊŬɑŭŮɡůɖɠ. 

¶ ɇɏɚŮɘŬ ɐ Ŭəɟɘɓɐ ˊɚɖɟɞűɧɟɖůɖ ŬˊŬɘŰŮɑ əŬŰŬůŰɟɞűɐ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ 

(ɄŬɟɎŭŮɘɔɛŬ) 

ȷŭɡɜŬɛɑŬ ŰŬɝɘɜɧɛɖůɖɠ Űɤɜ ɛˊŬŰŬɟɘɩɜ ɤɠ ˊɟɞɠ Űɞ ɢɟɧɜɞ ɕɤɐɠ Űɞɡɠ ŬɚɚɎ əŬɘ ɤɠ ˊɟɞɠ Űɖɜ 

ˊɞɘɧŰɖŰŬ Űɞɡ ˊɟɞɥɧɜŰɞɠ, Ŭɜ ŭɖɚŬŭɐ ŮɑɜŬɘ əŬɚɧ ɐ ɢŬɚŬůɛɏɜɞ, ɔɘŬŰɑ ŬɡŰɧ ŬˊŬɘŰŮɑ Űɖɜ ɢɟɐůɖ 

Űɞɡɠ. 

¶ ɀɖ ŭɘŬɗɏůɘɛɖ ɐ Ŭəɟɘɓɐ ˊɚɖɟɞűɞɟɑŬ 

(ɄŬɟɎŭŮɘɔɛŬ) 

ȷɠ ɡˊɞŰŮɗŮɑ ɧŰɘ ɡˊɎɟɢɞɡɜ əɎˊɞɘŬ ůɡɔəŮəɟɘɛɏɜŬ ŬɜɡˊɧɔɟŬűŬ papers ŰŬ ɞˊɞɑŬ ɏɢɞɡɜ ɔɟŬűŰŮɑ 

Ŭˊɧ ŭɨɞ ɔɜɤůŰɞɨɠ əŬɗɖɔɖŰɏɠ ɄŬɜŮˊɘůŰɖɛɑɞɡ. Ɇəɞˊɧɠ ŮɑɜŬɘ ɜŬ əŬɗɞɟɘůŰŮɑ ˊɞɘɞɠ Ŭˊɧ Űɞɡɠ ŭɨɞ 

əŬɗɖɔɖŰɏɠ ɏɔɟŬɣŮ ŰŬ ŬɜɡˊɧɔɟŬűŬ papers. ɆŬűɩɠ ŭŮɜ ɛˊɞɟɞɨɜ ɜŬ ŮɟɤŰɖɗɞɨɜ ɞɘ ɑŭɘɞɘ ɞɘ 

əŬɗɖɔɖŰɏɠ, ɞˊɧŰŮ ɖ ŰŬɝɘɜɧɛɖůɖ Űɤɜ papers ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ Ŭˊɧ Űɖ ůɡɢɜɧŰɖŰŬ Űɤɜ ɚɏɝŮɤɜ ɐ 

Ŭˊɧ ŰŬ ɛɐəɖ Űɤɜ ˊɟɞŰɎůŮɤɜ. 

ɆɨɛűɤɜŬ ɛŮ ŰŬ ˊŬɟŬˊɎɜɤ, ɔɑɜŮŰŬɘ ůŬűɏɠ ɧŰɘ ɖ ɛɏɗɞŭɞɠ ŰŬɝɘɜɧɛɖůɖɠ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ˊŬɟɏɢŮɘ 

ɏɜŬ əŬɜɧɜŬ əŬŰɎŰŬɝɖɠ ɢɤɟɑɠ əɎˊɞɘɞ ůűɎɚɛŬ (ŬɜɎɗŮůɖɠ). ȷɡŰɧ ɞűŮɑɚŮŰŬɘ ůŰɖ ɛɖ əŬɗŬɟɐ 

ŭɘɎəɟɘůɖ ŬɜɎɛŮůŬ ůŰŬ ˊŬɟŬŰɖɟɞɨɛŮɜŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ əɎɗŮ ˊɚɖɗɡůɛɞɨ, ɚɧɔɤ 

ŮˊɘəɎɚɡɣɖɠ Űɤɜ ɞɛɎŭɤɜ. ȹɖɚŬŭɐ ŮɑɜŬɘ ˊɘɗŬɜɧ ɜŬ ŰŬɝɘɜɞɛɖɗŮɑ ɚŬɜɗŬůɛɏɜŬ ɛɘŬ ˊŬɟŬŰɐɟɖůɖ 

ůŰɞ ˊɚɖɗɡůɛɧ 1́ Ůɜɩ ůŰɖ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ ŬɜɐəŮɘ ůŰɞ ˊɚɖɗɡůɛɧ 2́ ɐ ŬɜŰɑůŰɞɘɢŬ ɛɘŬ 

ˊŬɟŬŰɐɟɖůɖ ɜŬ ŰɞˊɞɗŮŰɖɗŮɑ ůŰɞ ˊɚɖɗɡůɛɧ 2́ ŭŮŭɞɛɏɜɞɡ ˊɤɠ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɞ ˊɚɖɗɡůɛɧ 

1́ . 
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ɆɡɜŮˊɩɠ, ɗŬ ˊɟɏˊŮɘ ɜŬ əŬŰŬůəŮɡŬůŰŮɑ ɏɜŬɠ əŬɜɧɜŬɠ əŬŰɎŰŬɝɖɠ ɞ ɞˊɞɑɞɠ ɜŬ ŮɚŬɢɘůŰɞˊɞɘŮɑ 

Űɖɜ ˊɘɗŬɜɧŰɖŰŬ Űɤɜ ɚŬɜɗŬůɛɏɜɤɜ ŰŬɝɘɜɞɛɐůŮɤɜ. 

1.2.3.      ȾȷɁɃɁȺɆ ɇȷɂȽɁɃɀȼɆȼɆ 

1.2.3.1. ȾŬɜɧɜŬɠ ɀɏɔɘůŰɖɠ ɄɘɗŬɜɞűɎɜŮɘŬɠ 

Ƀ əŬɜɧɜŬɠ Űɖɠ ɛɏɔɘůŰɖɠ ˊɘɗŬɜɞűɎɜŮɘŬɠ ŬˊɞŰŮɚŮɑ Űɞ ˊɘɞ Ŭˊɚɧ əŬɜɧɜŬ əŬŰɎŰŬɝɖɠ 

ŬɜŰɘəŮɘɛɏɜɤɜ əŬɘ ůŰɖɟɑɕŮŰŬɘ ůŰɖɜ ɘŭɏŬ Űɖɠ ˊɘɗŬɜɞűɎɜŮɘŬɠ ɔɘŬŰɑ əŬŰŬŰɎůůŮɘ əɎɗŮ 

ɞ́ɚɡɛŮŰŬɓɚɖŰɐ ˊŬɟŬŰɐɟɖůɖ ůŰɞ ˊɚɖɗɡůɛɧ Ŭˊɧ Űɞɜ ɞˊɞɑɞ ŮɑɜŬɘ ˊɘɞ ˊɘɗŬɜɧ ɜŬ ˊɟɞɏɚɗŮɘ. 

ȳˊɞɡ()1f x  əŬɘ()2f x ɞɘ ˊɞɚɡŭɘɎůŰŬŰŮɠ ůɡɜŬɟŰɐůŮɘɠ ˊɡəɜɧŰɖŰŬɠ ˊɘɗŬɜɧŰɖŰŬɠ ɐ Ŭɚɚɘɩɠ 

ˊɘɗŬɜɞűɎɜŮɘŮɠ Űɤɜ ˊɚɖɗɡůɛɩɜ ˊ1 əŬɘ ˊ2 ŬɜŰɑůŰɞɘɢŬ. ȰůŰɤ ox  ɖ əŬɘɜɞɨɟɔɘŬ ˊɞɚɡɛŮŰŬɓɚɖŰɐ 

ˊŬɟŬŰɐɟɖůɖ ɛŮ ɛɞɟűɐ ŭɘŬɜɨůɛŬŰɞɠ. 

Ƀ əŬɜɧɜŬɠ Űɖɠ ɛɏɔɘůŰɖɠ ˊɘɗŬɜɞűɎɜŮɘŬɠ ɔɑɜŮŰŬɘ ɤɠ Ůɝɐɠ: 

¶ ȷɜ  1 2( ) ( )o of x f x²  ŰɧŰŮ ɖ ˊŬɟŬŰɐɟɖůɖ ox  əŬŰŬŰɎůůŮŰŬɘ ůŰɞ ˊɚɖɗɡůɛɧ 1́.        (1-1) 

¶ ȷɜ 1 2( ) ( )o of x f x<  ŰɧŰŮ ɖ ˊŬɟŬŰɐɟɖůɖ ox  əŬŰŬŰɎůůŮŰŬɘ ůŰɞ ˊɚɖɗɡůɛɧ 2́.               (1-2) 

 

ɆŰɖ ˊŮɟɑˊŰɤůɖ Űɤɜ ŭɨɞ ˊɚɖɗɡůɛɩɜ ɞ əŬɜɧɜŬɠ ŬɡŰɧɠ ɞɟɑɕŮɘ Űɘɠ ˊŮɟɘɞɢɏɠ 1R   əŬɘ 2R  

ůɨɛűɤɜŬ ɛŮ Űɘɠ ůɢɏůŮɘɠ (1-3), (1-4)  ŬɜŰɑůŰɞɘɢŬ. 

ũɘŬ Űɖɜ ˊŮɟɘɞɢɐ 1R  ɘůɢɨŮɘ:        1

2

( )
1

( )

f x

f x
²                                                                            (1-3) 

Ⱥɜɩ ɔɘŬ Űɖɜ ˊŮɟɘɞɢɐ 2R ɘůɢɨŮɘ: 1

2

( )
1

( )

f x

f x
<                                                                                          (1-4)  

 

1.2.3.2. ȾŬɜɧɜŬɠ Űɞɡ Bayes 

Ƀ əŬɜɧɜŬɠ Űɞɡ Bayes, ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɞ əŬɜɧɜŬ Űɖɠ ɛɏɔɘůŰɖɠ ˊɘɗŬɜɞűɎɜŮɘŬɠ, ɚŬɛɓɎɜŮɘ 

ɡˊɧɣɖ Űɞɡ Űɖ ˊɘɗŬɜɧŰɖŰŬ ɜŬ ˊŬɟɗŮɑ ˊŬɟŬŰɐɟɖůɖ Ŭˊɧ əɎɗŮ ˊɚɖɗɡůɛɧ. ȹɖɚŬŭɐ ɚŬɛɓɎɜŮɘ 

ɡˊɧɣɖ Űɞɡ Űɞ ŭɘŬűɞɟŮŰɘəɧ ɛɏɔŮɗɞɠ Űɤɜ ŭɨɞ ˊɚɖɗɡůɛɩɜ, Űɞ ɞˊɞɑɞ ɗŮɤɟŮɑŰɞ ŬˊŬɟŬɑŰɖŰɞ ɔɘŬ 

Űɞ ůɢɖɛŬŰɘůɛɧ ɓɏɚŰɘůŰɖɠ ŰŬɝɘɜɧɛɖůɖɠ. 

ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ɛŮ Űɖ ɢɟɐůɖ Űɞɡ əŬɜɧɜŬ Bayes ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɓɏɚŰɘůŰɖ Ŭˊɧŭɞůɖ 

ɔɘŬŰɑ ɛŮ ŬɡŰɐ Űɖ ɛɏɗɞŭɞ ŮɚŬɢɘůŰɞˊɞɘŮɑŰŬɘ ɖ ůɡɜɞɚɘəɐ ˊɘɗŬɜɧŰɖŰŬ ɚɎɜɗŬůɛɏɜɖɠ əŬŰɎŰŬɝɖɠ. 
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ȰůŰɤ p1 ŮɑɜŬɘ ɖ Ůə Űɤɜ ˊɟɞŰɏɟɤɜ ˊɘɗŬɜɧŰɖŰŬ Űɞɡ ˊɚɖɗɡůɛɞɨ ˊ1 əŬɘ p2 ŮɑɜŬɘ ɖ Ůə Űɤɜ 

ˊɟɞŰɏɟɤɜ ˊɘɗŬɜɧŰɖŰŬ Űɞɡ ˊɚɖɗɡůɛɞɨ 2́, ɞɘ ɞˊɞɑŮɠ ɘəŬɜɞˊɞɘɞɨɜ Űɖ ůɢɏůɖ  p1 + p2=1
 
.  

Ƀ əŬɜɧɜŬɠ Űɞɡ ȸayes ɢɟɖůɘɛɞˊɞɘŮɑ ɔɘŬ Űɖɜ əŬŰɎŰŬɝɖ Űɤɜ ˊŬɟŬŰɖɟɐůŮɤɜ Űɖɜ Ůə Űɤɜ ɡůŰɏɟɤɜ 

ˊɘɗŬɜɧŰɖŰŬ. Ƀɘ Űɨˊɞɘ Űɤɜ Ůə Űɤɜ ɡůŰɏɟɤɜ ˊɘɗŬɜɞŰɐŰɤɜ ŮɑɜŬɘ ɞɘ ˊŬɟŬəɎŰɤ: 

¶ 
( )

( ) ( )
1 11 1 1

1

1 1 2 2 1 1 2 2

( )( , ) ( )
( )

( ) ( ) ( ) ( ) ( )

P x PP x f x p
P x

P x P x P P x P f x p f x p

p pp
p

p p p p
= = =

+ +
             (1-5)        

¶ 

  

2 2
2 1

1 1 2 2

( )
( ) 1 ( )

( ) ( )

f x p
P x P x

f x p f x p
p p= - =

+
                                                             (1-6) 

                                  

 

ɆɖɛŮɑɤůɖ: 

ɇɞ ɔɘɜɧɛŮɜɞ Űɖɠ ˊɘɗŬɜɞűɎɜŮɘŬɠ əŬɘ Űɖɠ Ůə Űɤɜ ˊɟɞŰɏɟɤɜ ˊɘɗŬɜɧŰɖŰŬɠ ŮɑɜŬɘ ŬɡŰɧ ˊɞɡ 

əŬɗɞɟɑɕŮɘ Űɖ Űɘɛɐ Űɖɠ Ůə Űɤɜ ɡůŰɏɟɤɜ ˊɘɗŬɜɧŰɖŰŬɠ. Ƀ ˊŬɟɎɔɞɜŰŬɠ ()P x  ɛˊɞɟŮɑ ɜŬ ɗŮɤɟɖɗŮɑ 

ˊŮɟɘůůɧŰŮɟɞ ɤɠ ɏɜŬɠ ˊŬɟɎɔɞɜŰŬɠ əŬɜɞɜɘəɞˊɞɑɖůɖɠ ˊɞɡ ŮɔɔɡɎŰŬɘ ɧŰɘ Űɞ ɎɗɟɞɘůɛŬ Űɤɜ Ůə Űɤɜ 

ɡůŰɏɟɤɜ ˊɘɗŬɜɞŰɐŰɤɜ ɗŬ ɘůɞɨŰŬɘ ɛŮ Űɖ ɛɞɜɎŭŬ.  

ȰůŰɤ ox  ɖ əŬɘɜɞɨɟɔɘŬ ˊŬɟŬŰɐɟɖůɖ ɖ ɞˊɞɑŬ əŬŰŬŰɎůůŮŰŬɘ ůŰɞɜ ˊɚɖɗɡůɛɧ ɛŮ Űɖ ɛŮɔŬɚɨŰŮɟɖ 

Ůə Űɤɜ ɡůŰɏɟɤɜ ˊɘɗŬɜɧŰɖŰŬ. ȹɖɚŬŭɐ ɞ əŬɜɧɜŬɠ ɏɢŮɘ Űɖ ɛɞɟűɐ:  

¶ ȷɜ 1 2( ) ( )o oP x P xp p>  ŰɧŰŮ əŬŰɏŰŬɝŮ Űɞ ox  ůŰɞɜ ˊɚɖɗɡůɛɧ 1́.                           (1-7)
 
 

¶ ȷɚɚɘɩɠ Ŭɜ 1 2( ) ( )o oP x P xp p<  ŰɧŰŮ əŬŰɏŰŬɝŮ Űɞ ox  ůŰɞɜ ˊɚɖɗɡůɛɧ 2́.              (1-8)
 
  

 

ȳɛɤɠ,  1 2( ) ( )o oP x P xp p> Ý   1 1 2 2

1 1 2 2 1 1 2 2

( ) ( )

( ) ( ) ( ) ( )

o o

o o o o

f x p f x p

f x p f x p f x p f x p
> Ý

+ +
 

              1 1 2 2( ) ( )o op f x p f x> Ý 1 2

2 1

( )

( )

o

o

f x p

f x p
>  

ɃˊɧŰŮ, ůŰɖ ˊŮɟɑˊŰɤůɖ Űɤɜ ŭɨɞ ˊɚɖɗɡůɛɩɜ ɞ əŬɜɧɜŬɠ Űɞɡ Bayes ɞɟɑɕŮɘ Űɘɠ ˊŮɟɘɞɢɏɠ R1 əŬɘ  

R2 ůɨɛűɤɜŬ ɛŮ Űɘɠ ŬəɧɚɞɡɗŮɠ ůɢɏůŮɘɠ:   

1 2
1

2 1

( )
:

( )

f x p
R

f x p
>   əŬɘ 1 2

2

2 1

( )
:

( )

f x p
R

f x p
<                                                                       (1-9),(1-10) 
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1.2.3.3.  ȺɚŬɢɘůŰɞˊɞɑɖůɖ Űɖɠ Ɇɡɜɞɚɘəɐɠ ɄɘɗŬɜɧŰɖŰŬɠ ȿŬɜɗŬůɛɏɜɖɠ ȾŬŰɎŰŬɝɖɠ 

(Ƀɟɘůɛɞɑ) 

1.2.3.3.1. ȹŮůɛŮɡɛɏɜŮɠ ɄɘɗŬɜɧŰɖŰŮɠ 

ȼ ŭŮůɛŮɡɛɏɜɖ ˊɘɗŬɜɧŰɖŰŬ P(2/1), Űɖɠ əŬŰɎŰŬɝɖɠ ɛɘŬɠ ˊŬɟŬŰɐɟɖůɖɠ ůŰɞɜ ˊɚɖɗɡůɛɧ ˊ2 Ůɜɩ 

ůŰɖ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɞɜ ˊɚɖɗɡůɛɧ ˊ1, ŮɑɜŬɘ Űɞ ɞɚɞəɚɐɟɤɛŬ Űɖɠ ůɡɜɎɟŰɖůɖɠ 

ˊɡəɜɧŰɖŰŬɠ ˊɘɗŬɜɧŰɖŰŬɠ ˊɞɡ ůɡɛɓɞɚɑɕŮɘ Űɞɜ ɧɔəɞ Űɖɠ ˊɎɜɤ ůŰɖ ˊŮɟɘɞɢɐ R2 əŬɘ ŭɑɜŮŰŬɘ Ŭˊɧ 

Űɞ Űɨˊɞ (1-11): 

( ) ( )
2

2 1 12 \1 \ ( )
R

P P x R f x dxp= Í =ñ                                                                                   (1-11) 

Ƀɛɞɑɤɠ, ɖ ŭŮůɛŮɡɛɏɜɖ ˊɘɗŬɜɧŰɖŰŬ P(1/2), Űɖɠ əŬŰɎŰŬɝɖɠ ɛɘŬɠ ˊŬɟŬŰɐɟɖůɖɠ ůŰɞ ˊɚɖɗɡůɛɧ 

1́ Ůɜɩ ůŰɖ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɞ ˊɚɖɗɡůɛɧ ˊ2, ŮɑɜŬɘ Űɞ ɞɚɞəɚɐɟɤɛŬ Űɖɠ  

ůɡɜɎɟŰɖůɖɠ ˊɡəɜɧŰɖŰŬɠ ˊɘɗŬɜɧŰɖŰŬɠ ˊɞɡ ůɡɛɓɞɚɑɕŮɘ Űɞɜ ɧɔəɞ Űɖɠ ˊɎɜɤ ůŰɖ ˊŮɟɘɞɢɐ R1 əŬɘ 

ŭɑɜŮŰŬɘ Ŭˊɧ Űɞ Űɨˊɞ (1-12): 

  ( ) ( )
1

1 2 21\ 2 \ ( )
R

P P x R f x dxp= Í =ñ                                                                                 (1-12) 

Ƀɘ ŭŮůɛŮɡɛɏɜŮɠ ˊɘɗŬɜɧŰɖŰŮɠ P(1/2), P(2/1) ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ůŰɞ ˊŬɟŬəɎŰɤ ůɢɐɛŬ ɔɘŬ 

ůɡɔəŮəɟɘɛɏɜŮɠ ůɡɜŬɟŰɐůŮɘɠ ˊɡəɜɧŰɖŰŬɠ ˊɘɗŬɜɧŰɖŰŬ ()1f x , ()2f x
 
ůŰɖɜ ɛɞɜɞŭɘɎůŰŬŰɖ 

ˊŮɟɑˊŰɤůɖ (p=1).  

ɆɢɐɛŬ 1.1 H ŬˊŮɘəɧɜɘůɖ Űɤɜ ŭŮůɛŮɡɛɏɜɤɜ ˊɘɗŬɜɞŰɐŰɤɜ P(1/2) əŬɘ P(2/1) 
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Ⱥˊɘˊɚɏɞɜ, ɖ ŭŮůɛŮɡɛɏɜɖ ˊɘɗŬɜɧŰɖŰŬ əŬŰɎŰŬɝɖɠ ɛɘŬɠ ˊŬɟŬŰɐɟɖůɖɠ ůŰɞ ˊɚɖɗɡůɛɧ ˊ1 ɧŰŬɜ ůŰɖ 

ˊɟŬɔɛŬŰɘəɧŰɖŰŬ ŬɜɐəŮɘ ůŰɞ ˊɚɖɗɡůɛɧ ˊ1 ŮɑɜŬɘ: 

( ) ( ) ()
1

1 1 11\1 \
R

P P x R f x dxp= Í =ñ                                                                                 (1-13)

 

 

Ⱥɜɩ ɖ ŭŮůɛŮɡɛɏɜɖ ˊɘɗŬɜɧŰɖŰŬ əŬŰɎŰŬɝɖɠ ɛɘŬɠ ˊŬɟŬŰɐɟɖůɖɠ ůŰɞ ˊɚɖɗɡůɛɧ ˊ2 ɧŰŬɜ ůŰɖ 

ˊɟŬɔɛŬŰɘəɧŰɖŰŬ ŬɜɐəŮɘ ůŰɞ ˊɚɖɗɡůɛɧ ˊ2 ŮɑɜŬɘ: 

 ( ) ( ) ()
2

2 2 22 \ 2 \
R

P P x R f x dxp= Í =ñ                                                                             (1-14)

 

 

1.2.3.3.2.     Ƀɘ Ɇɡɜɞɚɘəɏɠ ɄɘɗŬɜɧŰɖŰŮɠ 

Ƀɘ ůɡɜɞɚɘəɏɠ ˊɘɗŬɜɧŰɖŰŮɠ ůɤůŰɐɠ əŬŰɎŰŬɝɖɠ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɞ ɔɘɜɧɛŮɜɞ Űɤɜ Ůə Űɤɜ 

ˊɟɞŰɏɟɤɜ ˊɘɗŬɜɞŰɐŰɤɜ p1 əŬɘ p2 ɛŮ Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ ŭŮůɛŮɡɛɏɜŮɠ ˊɘɗŬɜɧŰɖŰŮɠ əŬŰɎŰŬɝɖɠ 

P(1\1), P(2\2). Ƀɛɞɑɤɠ, ɞɘ ůɡɜɞɚɘəɏɠ ˊɘɗŬɜɧŰɖŰŮɠ ɚŬɜɗŬůɛɏɜɖɠ əŬŰɎŰŬɝɖɠ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ 

Űɞ ɔɘɜɧɛŮɜɞ Űɤɜ Ůə Űɤɜ ˊɟɞŰɏɟɤɜ ˊɘɗŬɜɞŰɐŰɤɜ p1 əŬɘ p2 ɛŮ Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ ŭŮůɛŮɡɛɏɜŮɠ 

ˊɘɗŬɜɧŰɖŰŮɠ əŬŰɎŰŬɝɖɠ P(2\1), P(1\2). 

1. P (ůɤůŰɎ əŬŰŬŰɎůůŮŰŬɘ ůŰɞ ˊ1) = P (ɖ ˊŬɟŬŰɐɟɖůɖ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɞ ˊ1 əŬɘ ůɤůŰɎ 

əŬŰŬŰɎůůŮŰŬɘ ůŰɞ ˊ1) = ( )( ) ( )1 1 1 1\ 1\1P x R P P pp pÍ =  

2. P (ɚŬɜɗŬůɛɏɜŬ əŬŰŬŰɎůůŮŰŬɘ ůŰɞ ˊ1) = P (ɖ ˊŬɟŬŰɐɟɖůɖ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɞ ˊ2 əŬɘ 

ɚŬɜɗŬůɛɏɜŬ əŬŰŬŰɎůůŮŰŬɘ ůŰɞ ˊ1) = ( )( ) ( )1 2 2 2\ 1\ 2P x R P P pp pÍ =                             (1-15)   

3. P (ůɤůŰɎ əŬŰŬŰɎůůŮŰŬɘ ůŰɞ ˊ2) = ( )22 \ 2P p  

4. P (ɚŬɜɗŬůɛɏɜŬ əŬŰŬŰɎůůŮŰŬɘ ůŰɞ ˊ2) = ( )12 \1P p                                                                   (1-16)    

ɈˊɎɟɢɞɡɜ ˊŮɟɘˊŰɩůŮɘɠ ɧˊɞɡ ɞɘ əŬɜɧɜŮɠ əŬŰɎŰŬɝɖɠ ŭɨɞ ˊɚɖɗɡůɛɩɜ əŬŰŬŰɎůůɞɡɜ Űɘɠ 

ˊŬɟŬŰɖɟɐůŮɘɠ ŬɜɎɚɞɔŬ ɛŮ Űɘɠ ˊɘɗŬɜɧŰɖŰŮɠ ɚŬɜɗŬůɛɏɜɖɠ əŬŰɎŰŬɝɖɠ. Ɇəɞˊɧɠ ŮɑɜŬɘ ɖ 

ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɖɠ ůɡɜɞɚɘəɐɠ ˊɘɗŬɜɧŰɖŰŬɠ ɚŬɜɗŬůɛɏɜɤɜ əŬŰŬŰɎɝŮɤɜ ɧˊɞɡ ůɡɛɓɞɚɑɕŮŰŬɘ ɛŮ 

ɇPM əŬɘ ɞɟɑɕŮŰŬɘ ɤɠ Ůɝɐɠ: 

( ) ( ) () ()
2 1

1 2 1 1 2 22 \1 1\ 2
R R

TPM p P p P p f x dx p f x dx= + = +ñ ñ                                              (1-17) 
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ü ȷˊɧ Űɖɜ ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɖɠ ůɡɜɞɚɘəɐɠ ˊɘɗŬɜɧŰɖŰŬɠ ɚŬɜɗŬůɛɏɜɖɠ əŬŰɎŰŬɝɖɠ, ɇPM 

ˊɟɞəɨˊŰŮɘ ɞ əŬɜɧɜŬɠ əŬŰɎŰŬɝɖɠ Bayes. 

ȷˊɧŭŮɘɝɖ (Űɖɠ ˊŬɟŬˊɎɜɤ ˊɟɧŰŬůɖɠ) 

ȼ ůɡɜɞɚɘəɐ ˊɘɗŬɜɧŰɖŰŬ ɚŬɜɗŬůɛɏɜɤɜ əŬŰŬŰɎɝŮɤɜ ˊɞɡ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ ůɢɏůɖ (1-17) ŮɑɜŬɘ ɖ 

Ůɝɐɠ: 

( ) ( ) () ()
2 1

1 2 1 1 2 22 \1 1\ 2
R R

TPM p P p P p f x dx p f x dx= + = +ñ ñ   

ȺˊŮɘŭɐ ɘůɢɨŮɘ ɖ ůɢɏůɖ 1 2R RW= Ç  ŰɧŰŮ ɖ ůɡɜɞɚɘəɐ ˊɘɗŬɜɧŰɖŰŬ ŮɑɜŬɘ: 

() () ()

() ()

1 2

2 1

1 1 1

1 1

1

1

R R

R R

f x dx f x dx f x dx

f x dx f x dx

W

= = + Ý

= -

ñ ñ ñ

ñ ñ
 

ȷɜ ŬɜŰɘəŬŰŬůŰŬɗŮɑ Űɞ ɞɚɞəɚɐɟɤɛŬ Űɖɠ ()1f x  ůŰɞ Űɨˊɞ TPM Ŭˊɧ Űɖ ˊŬɟŬˊɎɜɤ ůɢɏůɖ 

ˊɟɞəɨˊŰŮɘ:  

() ()
1 1

1 1 2 21
R R

TPM p f x dx p f x dx
è ø

= - +é ù
é ùê ú
ñ ñ  

() ()
1 1

1 1 1 2 2

R R

p p f x dx p f x dx= - +ñ ñ  

() ()
1

1 2 2 1 1

R

p p f x p f x dx= + -è øê úñ  

ȺˊŮɘŭɐ ɧɛɤɠ ɞɘ Ůə Űɤɜ ˊɟɞŰɏɟɤɜ ˊɘɗŬɜɧŰɖŰŮɠ p1 əŬɘ p2 Ůˊɘˊɚɏɞɜ ɞɘ ůɡɜŬɟŰɐůŮɘɠ ˊɡəɜɧŰɖŰŬɠ 

ˊɘɗŬɜɧŰɖŰŬɠ ()1f x əŬɘ ()2f x
 
ŮɑɜŬɘ ɛɖ ŬɟɜɖŰɘəɏɠ ˊɞůɧŰɖŰŮɠ Űɞ TPM ŮɚŬɢɘůŰɞˊɞɘŮɑŰŬɘ ŮɎɜ Űɞ 

ˊŬɟŬˊɎɜɤ ɞɚɞəɚɐɟɤɛŬ ɔɑɜŮɘ ɛɘəɟɧŰŮɟɞ ɐ ɑůɞ Űɞɡ ɛɖŭŮɜɧɠ. ȹɖɚŬŭɐ: 

() ()
1

2 2 1 1 0
R

p f x p f x dx- ¢ Ýè øê úñ () ()2 2 1 1 0p f x p f x- ¢ Ý 

() ()2 2 1 1p f x p f x¢ Ý 
()

()
1 2

2 1

f x p

f x p
²
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1.2.3.4.  ȺɚŬɢɘůŰɞˊɞɑɖůɖ Űɞɡ ȾɧůŰɞɡɠ ȿŬɜɗŬůɛɏɜɖɠ ȾŬŰɎŰŬɝɖɠ 

(ȺɘůŬɔɤɔɐ ɔɘŬ Űɖ ˊɟɞůɗɐəɖ Űɞɡ əɧůŰɞɡɠ) 

ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ ˊɟɞɖɔɞɡɛɏɜɤɠ ɏɜŬɠ əŬɜɧɜŬɠ əŬŰɎŰŬɝɖɠ ŮɜŭɏɢŮŰŬɘ ɜŬ əŬŰŬŰɎɝŮɘ 

ɚŬɜɗŬůɛɏɜŬ ɛŮɟɘəɏɠ ˊŬɟŬŰɖɟɐůŮɘɠ ɛɏůŬ ůŰɞɡɠ ŭɨɞ ˊɚɖɗɡůɛɞɨɠ. ɆŮ ŬɡŰɐ ɚɞɘˊɧɜ Űɖ 

ˊŮɟɑˊŰɤůɖ ŮɜŭɏɢŮŰŬɘ ɖ əŬŰɎŰŬɝɖ ɛɘŬɠ ˊŬɟŬŰɐɟɖůɖɠ ˊ1 
ůŰɞ ˊɚɖɗɡůɛɧ ˊ2 

ɜŬ ˊŬɟɘůŰɎɜŮɘ ɏɜŬ 

ˊɘɞ ůɞɓŬɟɧ ůűɎɚɛŬ Ŭˊɧ ɧŰɘ ɖ əŬŰɎŰŬɝɖ ɛɘŬɠ ˊŬɟŬŰɐɟɖůɖɠ ˊ2 
ůŰɞ ˊɚɖɗɡůɛɧ ˊ1. Ⱥˊɞɛɏɜɤɠ, 

ɏɜŬɠ ɓɏɚŰɘůŰɞɠ əŬɜɧɜŬɠ əŬŰɎŰŬɝɖɠ ɗŬ ˊɟɏˊŮɘ ɜŬ ɚŬɛɓɎɜŮɘ ɡˊɧɣɖ Űɞɡ ŰŬ əɧůŰɖ ˊɞɡ 

ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɘɠ ɚŬɜɗŬůɛɏɜŮɠ əŬŰŬŰɎɝŮɘɠ. 

ɄŬɟŬŰɐɟɖůɖ  

ȳŰŬɜ ɞɘ əŬɜɧɜŮɠ əŬŰɎŰŬɝɖɠ ůɢɖɛŬŰɑɕɞɜŰŬɘ ɛɧɜɞ ɛŮ ɓɎůɖ Űɘɠ ɚŬɜɗŬůɛɏɜŮɠ ˊɘɗŬɜɧŰɖŰŮɠ 

əŬŰɎŰŬɝɖɠ ɢɤɟɑɠ ɜŬ ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɖ ŰŬ əɧůŰɖ ɚŬɜɗŬůɛɏɜɖɠ əŬŰɎŰŬɝɖɠ ŰɧŰŮ ŮɑɜŬɘ ˊɞɚɨ 

ˊɘɗŬɜɧ ɜŬ ŭɖɛɘɞɡɟɔɖɗɞɨɜ ˊɟɞɓɚɐɛŬŰŬ ůŰɖ ŰŬɝɘɜɧɛɖůɖ . ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, Ŭəɧɛɖ əŬɘ ɛɘŬ 

ɛɘəɟɐ űŬɘɜɞɛŮɜɘəɎ ŭŮůɛŮɡɛɏɜɖ ˊɘɗŬɜɧŰɖŰŬ ɧˊɤɠ P(2\1)=0.07 ɑůɤɠ ɜŬ ŮɑɜŬɘ ŬɟəŮŰɎ ɛŮɔɎɚɖ 

ɏɜŬ Űɞ əɧůŰɞɠ Űɖɠ ɚŬɜɗŬůɛɏɜɖɠ ŰŬɝɘɜɧɛɖůɖɠ ůŰɞ ˊɚɖɗɡůɛɧ ˊ2 (Ůɜɩ ŬɜɐəŮɘ ůŰɞ ˊɚɖɗɡůɛɧ ˊ1) 

ŮɑɜŬɘ ŬɟəŮŰɎ ɡɣɖɚɧ.  

ɆŰɞ ˊɑɜŬəŬ 1.1 əŬɗɞɟɑɕɞɜŰŬɘ ŰŬ əɧůŰɖ Űɤɜ ɚŬɜɗŬůɛɏɜɤɜ əŬŰŬŰɎɝŮɤɜ: 

                                                 ȾŬŰŬŰɎůůŮŰŬɘ ɤɠ:  

                                                           

 

                      

ɄɟŬɔɛŬŰɘəɧɠ ˊɚɖɗɡůɛɧɠ: 

 

                                                 

ɄŬɟŬŰɖɟɐůŮɘɠ Űɞɡ ˊɑɜŬəŬ 1.1  

Ƀ ˊɑɜŬəŬɠ əɧůŰɞɡɠ ŮɑɜŬɘ ɏɜŬɠ ŰŮŰɟŬɔɤɜɘəɧɠ ˊɑɜŬəŬɠ (nxn) ,ɧˊɞɡ Űɞ n ůɡɛɓɞɚɑɕŮɘ Űɞ ůɨɜɞɚɞ 

Űɤɜ ˊɚɖɗɡůɛɩɜ əŬɘ ůŰɖ ůɡɔəŮəɟɘɛɏɜɖ ˊŮɟɑˊŰɤůɖ ŮˊŮɘŭɐ Űɞ n=2 ɞ ˊɑɜŬəŬɠ ŮɑɜŬɘ (2x2). ɆŰɖ 

əɨɟɘŬ ŭɘŬɔɩɜɘɞ Űɞɡ ˊɑɜŬəŬ Űɞ əɧůŰɞɠ ŮɑɜŬɘ ɛɖŭɏɜ ɔɘŬŰɑ ˊɟɧəŮɘŰŬɘ ɔɘŬ ůɤůŰɐ əŬŰɎŰŬɝɖ Ůɜɩ Űɞ 

c(1\2) ůɡɛɓɞɚɑɕŮɘ Űɞ əɧůŰɞɠ Űɖɠ ɚŬɜɗŬůɛɏɜɖɠ ŰŬɝɘɜɧɛɖůɖɠ ůŰɞ ˊɚɖɗɡůɛɧ ˊ1 Ůɜɩ ůŰɖ 

ɄɑɜŬəŬɠ 1.1    

 1́
 

2́
 

1́
 

0 c (2\1) 

2́
 

c (1\2) 0 
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ˊɟŬɔɛŬŰɘəɧŰɖŰŬ ŬɜɐəŮɘ ůŰɞ ˊɚɖɗɡůɛɧ ˊ2. ȷɜŰɑůŰɞɘɢŬ, Űɞ c(2\1) ůɡɛɓɞɚɑɕŮɘ Űɞ əɧůŰɞɠ Űɖɠ 

ɚŬɜɗŬůɛɏɜɖɠ ŰŬɝɘɜɧɛɖůɖɠ ůŰɞ ˊɚɖɗɡůɛɧ ˊ2 ůŰɖ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ ŬɜɐəŮɘ ůŰɞ ˊɚɖɗɡůɛɧ ˊ1.  

ɆŰɖ ˊŮɟɑˊŰɤůɖ Űɤɜ ŭɨɞ ˊɚɖɗɡůɛɩɜ Űɞ ɛɏůɞ ɐ ŬɜŬɛŮɜɧɛŮɜɞ əɧůŰɞɠ ɚŬɜɗŬůɛɏɜɖɠ 

ŰŬɝɘɜɧɛɖůɖɠ Űɞɡ əŬɜɧɜŬ əŬŰɎŰŬɝɖɠ, Űɞ ɞˊɞɑɞ ůɡɛɓɞɚɑɕŮŰŬɘ ɤɠ ECM, ɞɟɑɕŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ: 

( )( ) ( )( )1 22 \1 2 \1 1\ 2 1\ 2ECM c P p c P p= +                                                                             (1-18) 

ɆɖɛŮɑɤůɖ: ȰɜŬɠ əŬɜɧɜŬɠ əŬŰɎŰŬɝɖɠ ˊɟɏˊŮɘ ɜŬ ɏɢŮɘ ɧůɞ Űɞ ŭɡɜŬŰɧɜ ɛɘəɟɧŰŮɟɞ ECM. 

ɃˊɧŰŮ, ˊɟɞəɨˊŰŮɘ Űɞ ˊŬɟŬəɎŰɤ ɗŮɩɟɖɛŬ ɤɠ ɔŮɜɑəŮɡůɖ Űɞɡ əŬɜɧɜŬ Bayes (ˊɟɞůɗɐəɖ 

əɧůŰɞɡɠ) ɛŮ Űɞ ŮɚɎɢɘůŰɞ ŬɜŬɛŮɜɧɛŮɜɞ əɧůŰɞɠ ɚŬɜɗŬůɛɏɜɖɠ ŰŬɝɘɜɧɛɖůɖɠ. 

ŪȺɋɅȼɀȷ 1 

Ƀɘ ŬɜɘůɧŰɖŰŮɠ (1-19), (1-20) ɞɟɑɕɞɡɜ Űɘɠ ɓɏɚŰɘůŰŮɠ ˊŮɟɘɞɢɏɠ R1 əŬɘ R2  ɛŮ ŰɏŰɞɘɞ Űɟɧˊɞ ɏŰůɘ 

ɩůŰŮ ɜŬ ŮˊɘŰɡɔɢɎɜŮŰŬɘ Űɞ ŮɚɎɢɘůŰɞ ŬɜŬɛŮɜɧɛŮɜɞ əɧůŰɞɠ ECM : 

¶ ũɘŬ Űɖ ˊŮɟɘɞɢɐ 1RɘůɢɨŮɘ:

 

()

()

( )

( )
1 2

2 1

1\ 2

2 \1

f x c p

f x c p
²                                                       (1-19) 

         

 

¶ ũɘŬ Űɖ ˊŮɟɘɞɢɐ 2R ɘůɢɨŮɘ:

 

()

()

( )

( )
1 2

2 1

1\ 2

2 \1

f x c p

f x c p
<                                                       (1-20)  

ȷɄɃȹȺȽɂȼ 

ũɜɤɟɑɕɞɡɛŮ ɧŰɘ:  

1 2ECM ECM ECM= + Ý 

( )( ) ( )( )1 22 \1 2 \1 1\ 2 1\ 2ECM c P p c P p= +  

ȳɛɤɠ :

 

( ) ( )
2

2 1 11\ 2 \ ( )
R

P P x R f x dxp= Í =ñ
 

              ( ) ( )
1

1 2 22 \1 \ ( )
R

P P x R f x dxp= Í =ñ  

ȯɟŬ ɖ ˊŬɟŬˊɎɜɤ ůɢɏůɖ ɔɑɜŮŰŬɘ: ( ) ( )
2 1

1 1 2 22 \1 ( ) 1\ 2 ( )
R R

ECM c f x dx p c f x dx p
å õ å õ

= +æ ö æ ö
æ ö æ ö
ç ÷ ç ÷
ñ ñ  
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ȺˊŮɘŭɐ ɘůɢɨŮɘ ɖ ůɢɏůɖ 1 2R RW= Ç  ŰɧŰŮ ɖ ůɡɜɞɚɘəɐ ˊɘɗŬɜɧŰɖŰŬ ŮɑɜŬɘ:  

() () ()

() ()

1 2

2 1

1 1 1

1 1

1

1

R R

R R

f x dx f x dx f x dx

f x dx f x dx

W

= = + Ý

= -

ñ ñ ñ

ñ ñ
 

ȷɜ ŬɜŰɘəŬŰŬůŰŬɗŮɑ Űɞ ɞɚɞəɚɐɟɤɛŬ Űɖɠ ()1f x  ůŰɞ Űɨˊɞ ECM Ŭˊɧ Űɖ ˊŬɟŬˊɎɜɤ ůɢɏůɖ 

ˊɟɞəɨˊŰŮɘ:  

( ) () ( ) ()
1 1

1 1 2 22 \1 1 1\ 2
R R

ECM c p f x dx c p f x dx
è ø

= - +é ù
é ùê ú
ñ ñ  

( ) ( ) () ( ) ()
1 1

1 1 1 2 22 \1 2 \1 1\ 2
R R

c p c p f x dx c p f x dx= - +ñ ñ  

( ) ( ) () ( ) ()
1 1

1 1 1 2 22 \1 2 \1 1\ 2
R R

c p c p f x dx c p f x dx= - +ñ ñ  

( ) ( ) () ( ) ()
1

1 2 2 1 12 \1 1\ 2 2 \1
R

c p c p f x c p f x dx= + -è øê úñ  

ȳɛɤɠ, ɞɘ Ůə Űɤɜ ˊɟɞŰɏɟɤɜ ˊɘɗŬɜɧŰɖŰŮɠ  p1 , p2  Ůˊɘˊɚɏɞɜ ŰŬ əɧůŰɖ c(1\2), c(2\1) ŮɑɜŬɘ  ɛɖ 

ŬɟɜɖŰɘəɏɠ ˊɞůɧŰɖŰŮɠ. Ⱥˊɑůɖɠ, ɞɘ ůɡɜŬɟŰɐůŮɘɠ ˊɡəɜɧŰɖŰŬɠ ˊɘɗŬɜɧŰɖŰŬɠ ()1f x  , ()2f x
 
ŮɑɜŬɘ 

ɗŮŰɘəɏɠ ɐ ɛɖŭŮɜɘəɏɠ ɔɘŬ əɎɗŮ Űɘɛɐ Űɞɡ ŭɘŬɜɨůɛŬŰɞɠ x  ɎɟŬ əŬɘ ɞɘ ɛɞɜŬŭɘəɏɠ ˊɞůɧŰɖŰŮɠ ůŰɞ 

ECM  ́ ɞɡ ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ Űɞ x . 

ɆɡɜŮˊɩɠ Űɞ ECM ŮɚŬɢɘůŰɞˊɞɘŮɑŰŬɘ Ŭɜ ɖ ˊŮɟɘɞɢɐ ˊɎɟŮɘ ŮəŮɑɜŮɠ Űɘɠ Űɘɛɏɠ Űɞɡ ŭɘŬɜɨůɛŬŰɞɠ x  

ɔɘŬ Űɘɠ ɞˊɞɑŮɠ Űɞ ˊŬɟŬˊɎɜɤ ɞɚɞəɚɐɟɤɛŬ ɔɑɜŮɘ ɛɘəɟɧŰŮɟɞ ɐ ɑůɞ Űɞɡ ɛɖŭŮɜɧɠ. ȹɖɚŬŭɐ: 

( ) () ( ) ()
1

2 2 1 11\ 2 2 \1 0
R

c p f x c p f x dx- ¢è øê úñ  

( ) () ( ) ()2 2 1 11\ 2 2 \1 0c p f x c p f xÝ - ¢ 

( ) () ( ) ()2 2 1 11\ 2 2 \1c p f x c p f xÝ ¢  

()

()

( )

( )
1 2

2 1

1\ 2

2 \1

f x c p

f x c p
Ý ²
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ɄŬɟŬŰɖɟɐůŮɘɠ Űɞɡ ŪŮɤɟɐɛŬŰɞɠ 

ȷˊɧ Űɞ ɗŮɩɟɖɛŬ ˊɟɞəɨˊŰŮɘ ɧŰɘ Űɞ ɓɏɚŰɘůŰɞ ŬɜŬɛŮɜɧɛŮɜɞ əɧůŰɞɠ, ECM, (ɐ ŬɜŰɑůŰɞɘɢŬ ɞɘ 

ɓɏɚŰɘůŰŮɠ ˊŮɟɘɞɢɏɠ) ŬˊŬɘŰŮɑ Űɞ ůɢɖɛŬŰɘůɛɧ Űɞɡ ɚɧɔɞɡ Űɤɜ ůɡɜŬɟŰɐůŮɤɜ ˊɡəɜɧŰɖŰŬɠ 

ˊɘɗŬɜɧŰɖŰŬɠ ɧˊɞɡ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ Ŭˊɧ Űɖ əŬɘɜɞɨɟɔɘŬ ˊŬɟŬŰɐɟɖůɖ ox , Űɞ ɚɧɔɞ Űɤɜ əɞůŰɩɜ 

əŬɘ Űɞ ɚɧɔɞ Űɤɜ Ůə Űɤɜ ˊɟɞŰɏɟɤɜ ˊɘɗŬɜɞŰɐŰɤɜ. ȼ ŮɛűɎɜɘůɖ Űɤɜ ɚɧɔɤɜ ůŰɞ ɗŮɩɟɖɛŬ ɔɘŬ Űɞɜ 

ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ɓɏɚŰɘůŰɤɜ ˊŮɟɘɞɢɩɜ əŬŰɎŰŬɝɖɠ ŮɑɜŬɘ ůɖɛŬɜŰɘəɧɠ ɚɧɔɤ ŮɡəɞɚɑŬɠ 

ɡˊɞɚɞɔɘůɛɞɨ ůŮ ůɢɏůɖ ɛŮ ŰŬ ɝŮɢɤɟɘůŰɎ ɛɏɟɖ/ůɡɜɘůŰɩůŮɠ Űɞɡ ɚɧɔɞɡ. 

Ⱥɘŭɘəɏɠ ɄŮɟɘˊŰɩůŮɘɠ Űɞɡ ŪŮɤɟɐɛŬŰɞɠ 

(Ŭ)  ȷɜ 2

1

1
p

p
=  (ȹɖɚŬŭɐ ɑůŮɠ ɞɘ Ůə Űɤɜ ˊɟɞŰɏɟɤɜ ˊɘɗŬɜɧŰɖŰŮɠ.) 

      ɇɧŰŮ 
()

()

( )

( )
1

1

2

1\ 2
: ,

2 \1

f x c
R

f x c
²    

()

()

( )

( )
1

2

2

1\ 2
:

2 \1

f x c
R

f x c
<  

(ɓ)  ȷɜ 
( )

( )

1\ 2
1

2 \1

c

c
=  (ȹɖɚŬŭɐ ɑůŬ əɧůŰɖ ɚŬɜɗŬůɛɏɜɖɠ əŬŰɎŰŬɝɖɠ.) 

     ɇɧŰŮ 
()

()
1 2

1

2 1

: ,
f x p

R
f x p

²             
()

()
1 2

2

2 1

:
f x p

R
f x p

<  

(ɔ)  ȷɜ 
( )

( )
2

1

1\ 2

2 \1

cp

p c
=  (ȹɖɚŬŭɐ ɑůŮɠ ɞɘ Ůə Űɤɜ ˊɟɞŰɏɟɤɜ ˊɘɗŬɜɧŰɖŰŮɠ & ɑůŬ əɧůŰɖ) 

     ɇɧŰŮ 
()

()
1

1

2

: 1,
f x

R
f x

²                 
()

()
1

2

2

: 1
f x

R
f x

<  

ɆɢɧɚɘŬ Űɤɜ Ⱥɘŭɘəɩɜ ɄŮɟɘˊŰɩůŮɤɜ 

(Ŭ) ȳŰŬɜ ɞɘ Ůə Űɤɜ ˊɟɞŰɏɟɤɜ ˊɘɗŬɜɧŰɖŰŮɠ ŮɑɜŬɘ ɎɔɜɤůŰŮɠ, ŬɡŰɏɠ ɚŬɛɓɎɜɞɜŰŬɘ ɜŬ ŮɑɜŬɘ ɑůŮɠ 

əŬɘ ŰɧŰŮ ɞ əŬɜɧɜŬɠ əŬŰɎŰŬɝɖɠ ˊŮɟɘɚŬɛɓɎɜŮɘ ůɨɔəɟɘůɖ Űɞɡ ɚɧɔɞɡ Űɤɜ ůɡɜŬɟŰɐůŮɤɜ  

ˊɡəɜɧŰɖŰŬɠ ˊɘɗŬɜɧŰɖŰŬɠ Űɤɜ ˊɚɖɗɡůɛɩɜ ɛŮ Űɞ ɚɧɔɞ Űɤɜ ɚŬɜɗŬůɛɏɜɤɜ əɞůŰɩɜ əŬŰɎŰŬɝɖɠ. 

(ɓ) ȳŰŬɜ ɞ ɚɧɔɞɠ Űɤɜ əɞůŰɩɜ Űɤɜ ɚŬɜɗŬůɛɏɜɤɜ əŬŰŬŰɎɝŮɤɜ ŮɑɜŬɘ ɎɔɜɤůŰɞɠ, ŬɡŰɧɠ  

ɚŬɛɓɎɜŮŰŬɘ ɜŬ ŮɑɜŬɘ ɖ ɛɞɜɎŭŬ əŬɘ ŰɧŰŮ ɞ ɚɧɔɞɠ Űɤɜ  ůɡɜŬɟŰɐůŮɤɜ  ˊɡəɜɧŰɖŰŬɠ ˊɘɗŬɜɧŰɖŰŬɠ 
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Űɤɜ ˊɚɖɗɡůɛɩɜ ůɡɔəɟɑɜŮŰŬɘ ɛŮ Űɞ ɚɧɔɞ Űɤɜ Ůə Űɤɜ ˊɟɞŰɏɟɤɜ ˊɘɗŬɜɞŰɐŰɤɜ. ɃˊɧŰŮ ůŮ ŬɡŰɐɜ 

Űɖ ˊŮɟɑˊŰɤůɖ ɞ əŬɜɧɜŬɠ əŬŰɎŰŬɝɖɠ ˊŬɑɟɜŮɘ Űɖ ɛɞɟűɐ Űɞɡ əŬɜɧɜŬ əŬŰɎŰŬɝɖɠ Bayes. 

(ɔ) ȳŰŬɜ ɞ ɚɧɔɞɠ Űɤɜ əɞůŰɩɜ Űɤɜ ɚŬɜɗŬůɛɏɜɤɜ əŬŰŬŰɎɝŮɤɜ əŬɘ Ůˊɑůɖɠ ɞ ɚɧɔɞɠ Űɤɜ Ůə Űɤɜ 

ˊɟɞŰɏɟɤɜ ˊɘɗŬɜɞŰɐŰɤɜ ŮɑɜŬɘ ɖ ɛɞɜɎŭŬ ɐ ɞ ɏɜŬɠ ɚɧɔɞɠ ŮɑɜŬɘ ŬɜŰɑůŰɟɞűɞɠ Űɞɡ Ɏɚɚɞɡ ŰɧŰŮ ɞɘ 

ˊŮɟɘɞɢɏɠ ɓɏɚŰɘůŰɖɠ əŬŰɎŰŬɝɖɠ əŬɗɞɟɑɕɞɜŰŬɘ Ŭˊɧ Űɖ ůɨɔəɟɘůɖ Űɤɜ Űɘɛɩɜ Űɤɜ ůɡɜŬɟŰɐůŮɤɜ 

ˊɡəɜɧŰɖŰŬɠ ˊɘɗŬɜɧŰɖŰŬɠ. ɄŬɟŬŰɖɟŮɑŰŬɘ ɚɞɘˊɧɜ ɧŰɘ ɞ əŬɜɧɜŬɠ Űɖɠ Ůɘŭɘəɐɠ ˊŮɟɑˊŰɤůɖɠ (ɔ)  

ŰŬɡŰɑɕŮŰŬɘ ɛŮ Űɞɜ Ŭˊɚɧ əŬɜɧɜŬ əŬŰɎŰŬɝɖɠ Űɖɠ ˊɘɗŬɜɞűɎɜŮɘŬɠ. 

ũŮɜɘəɎ ůɢɧɚɘŬ: Ƀɘ əŬɜɧɜŮɠ əŬŰɎŰŬɝɖɠ ˊɞɡ ˊŬɟɞɡůɘɎůŰɖəŬɜ ŮɛűŬɜɑɕɞɡɜ ɛɘŬ əɚɘɛɎəɤůɖ ɧůɞ 

ŬɜŬűɞɟɎ Űɞ Űɘ ɚŬɛɓɎɜɞɡɛŮ ɡˊɧɣɖ ɛŬɠ ɔɘŬ ɜŬ əŬŰŬŰɎɝɞɡɛŮ Űɘɠ ˊŬɟŬŰɖɟɐůŮɘɠ. Ƀ əŬɜɧɜŬɠ Űɖɠ 

ˊɘɗŬɜɞűɎɜŮɘŬɠ ŮɑɜŬɘ ɞ ˊɘɞ Ŭˊɚɧɠ ɔɘŬŰɑ ůŰɖɟɑɕŮŰŬɘ ɛɧɜɞ ůŰɞ Űɘ űŬɑɜŮŰŬɘ ˊɘɞ ˊɘɗŬɜɧ ɜŬ ůɡɛɓŮɑ. 

ɆŰɖ ůɡɜɏɢŮɘŬ, ɞ əŬɜɧɜŬɠ Űɞɡ Bayes ɚŬɛɓɎɜŮɘ ɡˊɧɣɖ Űɞɡ ɛŬɕɑ ɛŮ Űɘɠ ˊɘɗŬɜɞűɎɜŮɘŮɠ Űɤɜ 

ˊɚɖɗɡůɛɩɜ əŬɘ Űɘɠ Ůə Űɤɜ ˊɟɞŰɏɟɤɜ ˊɘɗŬɜɧŰɖŰŮɠ əɎɗŮ ɞɛɎŭŬɠ, Ůɜɩ ɞ ŰŮɚŮɡŰŬɑɞɠ əŬɜɧɜŬɠ 

ɗŮɤɟŮɑŰɞ ɛɘŬ ɔŮɜɘəŮɡɛɏɜɖ ɛɞɟűɐ Űɞɡ əŬɜɧɜŬ Bayes ŭɘɧŰɘ ɡˊɞɚɞɔɑɕŮŰŬɘ əŬɘ Űɞ əɧůŰɞɠ 

ɚŬɜɗŬůɛɏɜɖɠ əŬŰɎŰŬɝɖɠ. 

ɆɡɜŮˊɩɠ, ɧɚŬ ŰŬ əɟɘŰɐɟɘŬ ŮɑɜŬɘ Űɖɠ ɛɞɟűɐɠ   
()

()
1

2

f x
c

f x
>    ɧˊɞɡ c ŮɑɜŬɘ ɛɘŬ ůŰŬɗŮɟɎ ɖ ɞˊɞɑŬ 

ŭɘŬűɞɟɞˊɞɘŮɑŰŬɘ ŬɜɎɚɞɔŬ ɛŮ Űɞ əŬɜɧɜŬ əŬŰɎŰŬɝɖɠ. 

1.3.   ɇȷɂȽɁɃɀȼɆȼ ȹɈɃ ɄȿȼŪɈɆɀɋɁ ȾȷɁɃɁȽȾȼɆ ȾȷɇȷɁɃɀȼɆ 

1.3.1. ȺɘůŬɔɤɔɐ 

ɆŮ ŬɡŰɐɜ Űɖɜ ŮɜɧŰɖŰŬ ɗŬ əŬŰŬůəŮɡŬůŰŮɑ (ůɡɜɎɟŰɖůɖ ɐ əŬɜɧɜŬɠ) ŰŬɝɘɜɧɛɖůɖɠ ɡˊɞɗɏŰɞɜŰŬɠ 

əŬɜɞɜɘəɧŰɖŰŬ Űɤɜ ˊɚɖɗɡůɛɩɜ. ȼ ˊɞɚɡŭɘɎůŰŬŰɖ əŬɜɞɜɘəɐ əŬŰŬɜɞɛɐ ŮɑɜŬɘ ɖ ˊɘɞ ůɡɢɜɐ 

Ůˊɘɚɞɔɐ ɔɘŬ Űɖ əŬŰŬɜɞɛɐ Űɤɜ ŭŮŭɞɛɏɜɤɜ ɛɏůŬ ůŮ əɎɗŮ ɞɛɎŭŬ ɔɘŬŰɑ ɡˊŮɟɘůɢɨŮɘ ůŰɖɜ 

ŮűŬɟɛɞɔɐ Űɤɜ ůŰŬŰɘůŰɘəɩɜ ɛŮɗɧŭɤɜ ɚɧɔɤ Űɖɠ ŬˊɚɧŰɖŰŬɠ əŬɘ Űɖɠ ŮɨɚɞɔŬ ɡɣɖɚɐɠ 

ŬˊɞŭɞŰɘəɧŰɖŰŬɠ Űɞɡɠ ɛɏůŬ Ŭˊɧ ɛɘŬ ɛŮɔɎɚɖ ˊɞɘəɘɚɑŬ ˊɚɖɗɡůɛɘŬəɩɜ ɛɞɜŰɏɚɤɜ. ȰůŰɤ ɧŰɘ ɛŮ

'

1 2, ,... p
è øC = C C Cê úůɡɛɓɞɚɑɕŮŰŬɘ Űɞ ůɨɜɞɚɞ Űɤɜ ŰɡɢŬɑɤɜ ɛŮŰŬɓɚɖŰɩɜ əŬɘ ɛŮ

1 2' , ,..., px x x xè ø=ê úůɡɛɓɞɚɑɕŮŰŬɘ ɖ ŰɡɢŬɑŬ ˊɞɚɡŭɘɎůŰŬŰɖ ˊŬɟŬŰɐɟɖůɖ. ɇɧŰŮ ůŰɖ ˊŮɟɑˊŰɤůɖ 

Űɤɜ ŭɨɞ ˊɚɖɗɡůɛɩɜ ɘůɢɨŮɘ: 

ũɘŬ Űɞɜ ˊɚɖɗɡůɛɧ ˊ1: 
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 ɧˊɞɡ ɞɘ ˊŬɟɎɛŮŰɟɞɘ 1m əŬɘ Ɇ1 ˊɟɞůŭɘɞɟɑɕɞɡɜ Űɖɜ əŬɜɞɜɘəɐ ůɡɜɎɟŰɖůɖ ˊɡəɜɧŰɖŰŬɠ 

ˊɘɗŬɜɧŰɖŰŬɠ 1( )f x . 

ȷɜŰɑůŰɞɘɢŬ, ɔɘŬ Űɞɜ ˊɚɖɗɡůɛɧ ˊ2: 

 

ȳˊɞɡ ɞɘ ˊŬɟɎɛŮŰɟɞɘ2m  əŬɘ Ɇ2 ˊɟɞůŭɘɞɟɑɕɞɡɜ Űɖɜ əŬɜɞɜɘəɐ ůɡɜɎɟŰɖůɖ ˊɡəɜɧŰɖŰŬɠ 

ˊɘɗŬɜɧŰɖŰŬɠ 2( )f x . 

ɇŬ 1m əŬɘ 2m  ŮɑɜŬɘ ŰŬ ŭɘŬɜɨůɛŬŰŬ ɛɏůɤɜ (ŭɘɎůŰŬůɖɠ px1) əŬɘ ŮɑɜŬɘ Űɖɠ ɛɞɟűɐɠ: 

ũɘŬ Űɞ ˊɚɖɗɡůɛɧ ˊ1 :      ()

( )

( )

( )

111

2
12

1

1

......... ...

p p

m

mm

m

è øèE C ø
é ùé ù

E C é ùé ù
=E C = =é ùé ù

é ùé ù
é ùé ùE C

ê úê ú

   

Ⱥɜɩ ɔɘŬ Űɞ ˊɚɖɗɡůɛɧ ˊ2: ()

( )

( )

( )

21
1

2 22

2

2

.........
...

p
p

m

m
m

m

è øèE C ø
é ùé ù
é ùE Cé ù
é ù=E C = =é ù
é ùé ù
é ùé ùE C é ùê úê ú

 

Ⱥˊɘˊɚɏɞɜ, Ɇ1 əŬɘ Ɇ2 ŮɑɜŬɘ ˊɑɜŬəŮɠ ůɡɜŭɘŬůˊɞɟɎɠ ŭɘŬůŰɎůŮɤɜ pxp ɔɘŬ Űɞɡɠ ˊɚɖɗɡůɛɞɨɠ ˊ1 əŬɘ 

2́ ŬɜŰɑůŰɞɘɢŬ Űɖɠ ˊŬɟŬəɎŰɤ ɛɞɟűɐɠ: 

()

1 2 1 1

1 2 2 2

1 2

( ) ( , ) .... ( , )

( , ) ( ) .... ( , )
, 1,2

.... ....

( , ) ( , ) .... ( )

p

p

i

p p p

Var Cov Cov

Cov Var Cov
Cov i

Cov Cov Var

C C C C Cè ø
é ù

C C C C C
é ùS = C = =è øê úé ù
é ù

C C C C Cé ùê ú

 

ȼ Ůɘŭɘəɐ ˊŮɟɑˊŰɤůɖ Űɤɜ ɑůɤɜ ˊɘɜɎəɤɜ ůɡɜŭɘŬəɨɛŬɜůɖɠ ɞŭɖɔŮɑ ůŮ ɛɘŬ ɘŭɘŬɑŰŮɟŬ Ŭˊɚɐ 

ɔɟŬɛɛɘəɐ ůŰŬŰɘůŰɘəɐ  ŰŬɝɘɜɧɛɖůɖɠ. 

1.3.2.     1ɖ ɄŮɟɑˊŰɤůɖ: Ɇ1=Ɇ2=Ɇ 

ɆŰɖ ˊɟɩŰɖ ˊŮɟɑˊŰɤůɖ ɔɑɜŮŰŬɘ ɖ ɡˊɧɗŮůɖ ɧŰɘ ɞɘ ŭɨɞ ˊɚɖɗɡůɛɞɑ ɏɢɞɡɜ ɑůɞɡɠ ˊɑɜŬəŮɠ 

ŭɘŬůˊɞɟɎɠ, ŭɖɚŬŭɐ Ɇ1=Ɇ2=Ɇ əŬɘ Ůˊɘˊɚɏɞɜ ɧŰɘ ɞɘ ˊɚɖɗɡůɛɘŬəɏɠ ˊŬɟɎɛŮŰɟɞɘ 1m, 2m  əŬɘ Ɇ 
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ŮɑɜŬɘ ɔɜɤůŰɏɠ. Ƀɘ ˊɞɚɡŭɘɎůŰŬŰɞɘ ˊɚɖɗɡůɛɞɑ ˊ1 əŬɘ ˊ2 ˊŮɟɘɔɟɎűɞɜŰŬɘ Ŭˊɧ Űɘɠ ˊŬɟŬəɎŰɤ 

əŬɜɞɜɘəɏɠ ůɡɜŬɟŰɐůŮɘɠ ˊɡəɜɧŰɖŰŬɠ ˊɘɗŬɜɧŰɖŰŬɠ. 

ũɘŬ Űɞ ˊɚɖɗɡůɛɧ ˊ1 ɖ əŬɜɞɜɘəɐ ů.ˊ.ˊ. ŭɑɜŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ (1-21): 

 

( )
( ) ( )

'
1

1 1 11

22

1 1
( ) exp

2
2

p
f x x xm m

p

-è ø
= - - S -é ù

ê úS

                                                           (1-21) 

Ⱥɜɩ ɔɘŬ Űɞ ˊɚɖɗɡůɛɧ ˊ2  ɖ əŬɜɞɜɘəɐ ů.ˊ.ˊ. ŭɑɜŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ (1-22): 

( )
( ) ( )

'
1

2 2 21

22

1 1
( ) exp

2
2

p
f x x xm m

p

-è ø
= - - S -é ù

ê úS

                                                           (1-22) 

ɄŬɟŬŰɐɟɖůɖ: ȼ ˊɞůɧŰɖŰŬ ( ) ( )
'

11
, 1,2

2
i ix x im m-- - S - = ɞɟɑɕŮɘ ɏɜŬ ŰŮŰɟŬɔɤɜɘəɧ ɛɏŰɟɞ 

ŬˊɧůŰŬůɖɠ Űɖɠ ˊŬɟŬŰɐɟɖůɖɠ x  Ŭˊɧ Űɞ ɛɏůɞimŰɞɡ ˊɚɖɗɡůɛɞɨ ip, ɔɜɤůŰɐ ɤɠ ŬˊɧůŰŬůɖ 

Mahalanobis ( ) ( )
'

1x xm m-- S -. 

Ɇəɞˊɧɠ ŮɑɜŬɘ ɜŬ əŬŰŬůəŮɡŬůŰŮɑ ɏɜŬɠ əŬɜɧɜŬɠ əŬŰɎŰŬɝɖɠ ˊɞɡ ɜŬ ŮɚŬɢɘůŰɞˊɞɘŮɑ Űɞ 

ŬɜŬɛŮɜɧɛŮɜɞ ůűɎɚɛŬ ɚŬɜɗŬůɛɏɜɖɠ əŬŰɎŰŬɝɖɠ, ECM. Ƀɘ ˊŬɟŬəɎŰɤ ŬɜɘůɧŰɖŰŮɠ ɞɟɑɕɞɡɜ Űɘɠ 

ɓɏɚŰɘůŰŮɠ ˊŮɟɘɞɢɏɠ R1 əŬɘ R2 ůɨɛűɤɜŬ ɛŮ Űɞ ɗŮɩɟɖɛŬ 1, ɛŮ ŰɏŰɞɘɞ Űɟɧˊɞ ɏŰůɘ ɩůŰŮ ɜŬ 

ŮˊɘŰɡɔɢɎɜŮŰŬɘ Űɞ ŮɚɎɢɘůŰɞ ɛɏůɞ əɧůŰɞɠ. 

ũɘŬ Űɖ ˊŮɟɘɞɢɐ R1 ɘůɢɨŮɘ ɖ ůɢɏůɖ: 
()

()

( )

( )
1 2

2 1

1\ 2

2 \1

f x c p

f x c p
²                                                      (1-19)  

ũɘŬ Űɖ ˊŮɟɘɞɢɐ R2 ɘůɢɨŮɘ ɖ ůɢɏůɖ: 
()

()

( )

( )
1 2

2 1

1\ 2

2 \1

f x c p

f x c p
<                                                      (1-20) 

ȷɜ ɞɘ ˊŬɟŬˊɎɜɤ ůɡɜŬɟŰɐůŮɘɠ ˊɡəɜɧŰɖŰŬɠ ˊɘɗŬɜɧŰɖŰŬɠ ŬɜŰɘəŬŰŬůŰŬɗɞɨɜ Ŭˊɧ Űɖ əŬɜɞɜɘəɐ 

Űɞɡɠ ɛɞɟűɐ ˊɞɡ ŭɑɜɞɜŰŬɘ Ŭˊɧ Űɞɡɠ Űɨˊɞɡɠ (1-21) əŬɘ (1-22) ŰɧŰŮ ˊɟɞəɨˊŰŮɘ ɖ Ůɝɐɠ ůɢɏůɖ (1-

23): 

( ) ( ) ( ) ( )
' '

1 1 2
1 1 2 2

1

1 1 (1/ 2)
exp

2 2 (2 /1)

pc
x x x x

c p
m m m m- -è ø

- - S - + - S - ²é ù
ê ú

                             (1-23)                                            

ɆŰɖ ůɡɜɏɢŮɘŬ ůɢɖɛŬŰɑɕɞɜŰŬɘ ɞɘ ˊŮɟɘɞɢɏɠ əŬŰɎŰŬɝɖɠ ɔɘŬ Űɞɡɠ ˊɚɖɗɡůɛɞɨɠ ˊ1 əŬɘ ˊ2 Ŭˊɧ Űɞɡɠ 

Ŭəɧɚɞɡɗɞɡɠ Űɨˊɞɡɠ. 
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( ) ( ) ( ) ( )
' '

1 1 2
1 1 1 2 2

1

1 1 (1/ 2)
:exp

2 2 (2 /1)

pc
R x x x x

c p
m m m m- -è ø

- - S - + - S - ²é ù
ê ú

 

( ) ( ) ( ) ( )
' '

1 1 2
2 1 1 2 2

1

1 1 (1/ 2)
:exp

2 2 (2 /1)

pc
R x x x x

c p
m m m m- -è ø

- - S - + - S - <é ù
ê ú

 

ȹɞɗɏɜŰɞɠ Űɤɜ ˊŮɟɘɞɢɩɜ R1 əŬɘ R2 ɛˊɞɟŮɑ ɜŬ əŬŰŬůəŮɡŬůŰŮɑ ɞ Ŭəɧɚɞɡɗɞɠ əŬɜɧɜŬɠ əŬŰɎŰŬɝɖɠ. 

ŪȺɋɅȼɀȷ 2 

ȰůŰɤ ɞɘ ˊɚɖɗɡůɛɞɑ ˊ1 əŬɘ ˊ2 ɞɘ ɞˊɞɑɞɘ ˊŮɟɘɔɟɎűɞɜŰŬɘ Ŭˊɧ Űɘɠ ů.ˊ.ˊ Űɤɜ Űɨˊɤɜ (1-21) əŬɘ 

(1.22) ŰɧŰŮ ɞ əŬɜɧɜŬɠ əŬŰɎŰŬɝɖɠ ˊɞɡ ŮɚŬɢɘůŰɞˊɞɘŮɑ Űɞ ECM ŭɑɜŮŰŬɘ Ŭˊɧ Űɘɠ ůɢɏůŮɘɠ (1-24)& 

(1-25): 

¶ ȷɜ    ( ) ( ) ( )
' '

1 1 2
1 2 1 2 1 2

1

1 (1/ 2)
ln

2 (2 /1)
o

pc
x

c p
m m m m m m- - è ø
- S - - S + ²é ù

ê ú
                     (1-24) 

ŰɧŰŮ əŬŰɏŰŬɝŮ Űɖ ˊŬɟŬŰɐɟɖůɖ ox ůŰɞ ˊɚɖɗɡůɛɧ ˊ1. 

¶ ȷɚɚɘɩɠ, Ŭɜ ( ) ( ) ( )
' '

1 1 2
1 2 1 2 1 2

1

1 (1/ 2)
ln

2 (2 /1)
o

pc
x

c p
m m m m m m- - è ø
- S - - S + <é ù

ê ú
              (1-25) 

ŰɧŰŮ əŬŰɏŰŬɝŮ Űɖ ˊŬɟŬŰɐɟɖůɖ ox  ůŰɞ ˊɚɖɗɡůɛɧ ˊ2. 

ȷɄɃȹȺȽɂȼ 

ɀɘŬ ˊŬɟŬŰɐɟɖůɖ əŬŰŬŰɎůůŮŰŬɘ ůŰɖ ˊŮɟɘɞɢɐ R1 Ŭɜ: 

     ( ) ( ) ( ) ( )
' '

1 1 2
1 1 2 2

1

1 1 (1/ 2)
exp

2 2 (2 /1)

pc
x x x x

c p
m m m m- -è ø

- - S - + - S - ²é ù
ê ú

 

( ) ( ) ( ) ( )
' '

1 1 2
1 1 2 2

1

1 1 (1/ 2)
ln exp ln

2 2 (2 /1)

pc
x x x x

c p
m m m m- - å õå õè ø

Ý - - S - + - S - ²æ öæ öé ù
ê úç ÷ ç ÷

 

( ) ( ) ( ) ( )
' '

1 1 2
1 1 2 2

1

1 1 (1/ 2)
ln

2 2 (2 /1)

pc
x x x x

c p
m m m m- - å õ

Ý- - S - + - S - ²æ ö
ç ÷

 

ȳɛɤɠ Űɞ ˊɟɩŰɞ ɛɏɚɞɠ Űɖɠ ˊŬɟŬˊɎɜɤ Ŭɜɑůɤůɖɠ ɛŮŰɎ Ŭˊɧ Űɖɜ Ŭəɧɚɞɡɗɖ ŭɘŬŭɘəŬůɑŬ ˊɟɎɝŮɤɜ: 

( ) ( ) ( ) ( )
' '

1 1

1 1 2 2

1 1

2 2
x x x xm m m m- -- - S - + - S - = 
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( ) ( ) ( ) ( )
' ' ' '

1 1 1 1

1 1 1 2 2 2

1 1 1 1

2 2 2 2
x x x x x xm m m m m m- - - -- - S + - S + - S - - S = 

( ) ( ) ( ) ( )
' ' ' '

1 1 1

1 2 1 1 2 2

1 1 1

2 2 2
x x x x xm m m m m m- - -è ø- - + - S + - S - - S =

é ùê ú
 

( )
'

1 ' 1 ' 1 ' 1 ' 1

1 2 1 1 1 2 2 2

1 1 1 1 1

2 2 2 2 2
x x xm m m m m m m m- - - - -- S + S - S - S + S = 

( ) ( ) ( ) ( )
' '

1 ' 1 1

1 2 1 2 1 2 1 2

1 1 1

2 2 2
x xm m m m m m m m- - -- S + S - - - S + = 

( ) ( ) ( ) ( )
' ' '

1 1 1

1 2 1 2 1 2 1 2

1 1 1

2 2 2
x xm m m m m m m m- - -- S + - S - - S + = 

ȾŬŰŬɚɐɔŮɘ ůŰɖ ɛɞɟűɐ (1-26): 

( ) ( ) ( )
' '

1 1

1 2 1 2 1 2

1

2
xm m m m m m- -- S - - S +.                                                                         (1-26) 

ȯɟŬ ˊɟɞəɨˊŰŮɘ ɖ ɘůɧŰɖŰŬ:  

( ) ( ) ( ) ( )( ) ( ) ( )
' ' ' '

1 1 1 1

1 1 2 2 1 2 1 2 1 2

1 1 1

2 2 2
x x x x xm m m m m m m m m m- - - -- - S - + - S - = - S - - S + 

ɃˊɧŰŮ, ɞɘ ɓɏɚŰɘůŰŮɠ ˊŮɟɘɞɢɏɠ R1 əŬɘ R2 ŭɑɜɞɜŰŬɘ Ŭˊɧ Űɘɠ ˊŬɟŬəɎŰɤ ůɢɏůŮɘɠ: 

( ) ( ) ( )
' '

1 1 2
1 1 2 1 2 1 2

1

1 (1/ 2)
: ln

2 (2 /1)

pc
R x

c p
m m m m m m- - å õ
- S - - S + ²æ ö

ç ÷                                                 

(1-27) 

( ) ( ) ( )
' '

1 1 2
2 1 2 1 2 1 2

1

1 (1/ 2)
: ln

2 (2 /1)

pc
R x

c p
m m m m m m- - å õ
- S - - S + <æ ö

ç ÷
.                                               (1-28) 

ɆŰɖ ˊɟɎɝɖ ɧɛɤɠ ɞɘ ˊɚɖɗɡůɛɘŬəɏɠ ˊŬɟɎɛŮŰɟɞɘ 1m, 2m  əŬɘ Ɇ ŮɑɜŬɘ ɎɔɜɤůŰŮɠ ɔɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ 

ŮəŰɘɛɞɨɜŰŬɘ Ŭˊɧ Űɘɠ ŭŮɘɔɛŬŰɘəɏɠ ˊɞůɧŰɖŰŮɠ. ȰůŰɤ, ɏɜŬ ŭŮɑɔɛŬ n1 ˊŬɟŬŰɖɟɐůŮɤɜ ɔɘŬ Űɞ 

ˊɚɖɗɡůɛɧ ˊ1 əŬɘ ɏɜŬ ŭŮɑɔɛŬ n2 ˊŬɟŬŰɖɟɐůŮɤɜ ɔɘŬ Űɞ ˊɚɖɗɡůɛɧ ˊ2. Ƀɘ ŬɜŰɑůŰɞɘɢɞɘ ˊɑɜŬəŮɠ 

ŭŮŭɞɛɏɜɤɜ ɔɘŬ Űɞ ŭɘɎɜɡůɛŬ '

1 2, ,..., px x x xè ø=ê ú,ŭɘɎůŰŬůɖɠ px1, ŮɑɜŬɘ: 

ũɘŬ Űɞ ˊɚɖɗɡůɛɧ ˊ1:  
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( )

1

1

11

1

111 121 131 1 1

112 122 132 1 2

1 11 12 13 1

11 12 13 1

, , ,...,

, , ,...,
, , ,...,

....

, , ,...,

pxn

n

n

n

p p p n p

x x x x

x x x x
x x x x

x x x x

è ø
é ù
é ùè øC = =ê úé ù
é ù
é ùê ú

 ,ŭɘɎůŰŬůɖɠ (pxn1)             (1-29) 

ȳˊɞɡ Űɞ 11x ůɡɛɓɞɚɑɕŮɘ Űɞ ˊɟɩŰɞ ŭɘɎɜɡůɛŬ ůŰɐɚɖɠ Űɞɡ ˊɑɜŬəŬ ŭŮŭɞɛɏɜɤɜ Űɞɡ ˊɚɖɗɡůɛɞɨ ˊ1 

əŬɘ ŮəűɟɎɕŮɘ Űɖ ˊɟɩŰɖ ˊɞɚɡɛŮŰŬɓɚɖŰɐ ˊŬɟŬŰɐɟɖůɖ ŭɘɎůŰŬůɖɠ p, ɞɛɞɑɤɠ Űɞ 12x  ůɡɛɓɞɚɑɕŮɘ 

Űɖ ŭŮɨŰŮɟɖ ˊɞɚɡŭɘɎůŰŬŰɖ ˊŬɟŬŰɐɟɖůɖ ŭɘɎůŰŬůɖɠ p Űɞɡ ˊɚɖɗɡůɛɞɨ ˊ1 ə.ɞ.ə. 

ũɘŬ Űɞ ˊɚɖɗɡůɛɧ ˊ2: 

( )

2

2

22

2

211 221 231 2 1

212 222 232 2 2

2 21 22 23 2

21 22 23 2

, , ,...,

, , ,...,
, , ,...,

....

, , ,...,

pxn

n

n

n

p p p n p

x x x x

x x x x
x x x x

x x x x

è ø
é ù
é ùè øC = =ê úé ù
é ù
é ùê ú

,ŭɘɎůŰŬůɖɠ (pxn2)          (1-30) 

ȳˊɞɡ Űɞ 21x ůɡɛɓɞɚɑɕŮɘ Űɞ ˊɟɩŰɞ ŭɘɎɜɡůɛŬ ůŰɐɚɖɠ Űɞɡ ˊɑɜŬəŬ ŭŮŭɞɛɏɜɤɜ Űɞɡ ˊɚɖɗɡůɛɞɨ ˊ2 

əŬɘ ŮəűɟɎɕŮɘ Űɖ ˊɟɩŰɖ ˊɞɚɡŭɘɎůŰŬŰɖ ˊŬɟŬŰɐɟɖůɖ ŭɘɎůŰŬůɖɠ p, ɞɛɞɑɤɠ Űɞ 22x  ůɡɛɓɞɚɑɕŮɘ Űɞ 

Űɖ ŭŮɨŰŮɟɖ ˊɞɚɡŭɘɎůŰŬŰɖ ˊŬɟŬŰɐɟɖůɖ Űɞɡ ˊɚɖɗɡůɛɞɨ ˊ2 ə.ɞ.ə. 

Ⱥˊɘˊɚɏɞɜ, ɗŬ ˊɟɏˊŮɘ ɜŬ ɘůɢɨŮɘ ɖ ůɢɏůɖ 1 2 2n n p+ - ² , ŭɖɚŬŭɐ Űɞ ɎɗɟɞɘůɛŬ Űɤɜ 

ˊŬɟŬŰɖɟɐůŮɤɜ Űɞɡ ˊɚɖɗɡůɛɞɨ ˊ1 əŬɘ Űɞɡ ˊɚɖɗɡůɛɞɨ ˊ2 ɛŮɘɤɛɏɜɞ əŬŰɎ ŭɨɞ ɛɞɜɎŭŮɠ ɗŬ 

ˊɟɏˊŮɘ ɜŬ ɘůɞɨŰŬɘ ɐ ɜŬ ɡˊŮɟɓŬɑɜŮɘ Űɞ ůɨɜɞɚɞ Űɤɜ ɛŮŰŬɓɚɖŰɩɜ. 

Ƀɘ ˊɚɖɗɡůɛɘŬəɞɑ ɛɏůɞɘ 1m əŬɘ 2m  ŮəŰɘɛɞɨɜŰŬɘ Ŭˊɧ Űɘɠ ŭŮɘɔɛŬŰɘəɏɠ ɛɏůŮɠ Űɘɛɏɠ 1x  əŬɘ 2x  

ŬɜŰɑůŰɞɘɢŬ, ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ ŭɘŬɜɨůɛŬŰŬ ɛɏůɤɜ Űɘɛɩɜ ŭɘŬůŰɎůŮɤɜ px1 əŬɘ ɞɟɑɕɞɜŰŬɘ ɤɠ: 

1

1

1

1

11

1

11

1212

11 1

1 11 1

1

1

1

1 1

....
....

n

j

j

n

np
j

jij

i j

p
n

pj

j

x

x

xx
x x

n n

x

x

=

=

= =

=

è ø
é ù
é ùè ø
é ùé ù
é ùé ù= = =é ùé ù
é ùé ù
é ùé ùê ú
é ù
é ù
ê ú

ä

ä
ää

ä
   

 əŬɘ    

2

2

2

2

21

1

21

2222

12 2

1 12 2

2

2

1

1 1

....
....

n

j

j

n

np
j

jij

i j

p
n

pj

j

x

x

xx
x x

n n

x

x

=

=

= =

=

è ø
é ù
é ùè ø
é ùé ù
é ùé ù= = =é ùé ù
é ùé ù
é ùé ùê ú
é ù
é ù
ê ú

ä

ä
ää
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ȷəɧɛŬ, ɞɘ ˊɑɜŬəŮɠ ůɡɜŭɘŬůˊɞɟɎɠ Ɇ1 əŬɘ Ɇ2 ŮəŰɘɛɞɨɜŰŬɘ Ŭˊɧ Űɞɡɠ ŭŮɘɔɛŬŰɘəɞɨɠ ˊɑɜŬəŮɠ 

ůɡɜŭɘŬůˊɞɟɎɠ S1 əŬɘ S2 ŬɜŰɑůŰɞɘɢŬ, ɞɘ ɞˊɞɑɞɘ ŮɑɜŬɘ ˊɑɜŬəŮɠ ŭɘŬůŰɎůŮɤɜ pxp əŬɘ ɞɟɑɕɞɜŰŬɘ ɤɠ 

Ůɝɐɠ:  

( )( )
1 '

1 1 1 1 1

1 11

1

1

np

ij i ij i

i j

S x x x x
n = =

= - -
-
ää   əŬɘ  ( )( )

2 '

2 2 2 2 2

1 12

1

1

np

ij i ij i

i j

S x x x x
n = =

= - -
-
ää  

ȺˊŮɘŭɐ ɧɛɤɠ ɞɘ ˊɚɖɗɡůɛɞɑ ˊ1 əŬɘ ˊ2 ɏɢɞɡɜ Űɞɜ ɑŭɘɞ ˊɑɜŬəŬ ˊɚɖɗɡůɛɘŬəɐɠ ŭɘŬůˊɞɟɎɠ Ɇ1=Ɇ2=Ɇ 

ŬˊŬɘŰŮɑŰŬɘ ɞ ůɡɜŭɡŬůɛɧɠ əŬɘ Űɤɜ ŭɨɞ ŭŮɘɔɛŬŰɘəɩɜ ˊɘɜɎəɤɜ ŭɘŬůˊɞɟɎɠ S1 əŬɘ S2, ŭɑɜɞɜŰŬɠ 

Ůˊɘˊɚɏɞɜ Űɖɜ ŬɜŰɑůŰɞɘɢɖ ɓŬɟɨŰɖŰŬ ůŮ əɎɗŮ ɛɑŬ Ŭˊɧ Űɘɠ ŭŮɘɔɛŬŰɘəɏɠ ŭɘŬůˊɞɟɏɠ ŬɜɎɚɞɔŬ ɛŮ Űɞ 

ɛɏɔŮɗɞɠ Űɞɡɠ. ɃˊɧŰŮ ɖ ůŰŬɗɛɘůɛɏɜɖ ŭɘŬůˊɞɟɎ ŭɑɜŮŰŬɘ Ŭˊɧ Űɞɜ Űɨˊɞ (1-31): 

( )( ) ( )( )

( ) ( )1 1 2 21 2
1 2

1 2 1 2 1 2

1 11 1

1 1 1 1 2
pooled

n S n Sn n
S S S

n n n n n n

- + -- -
= + =

- + - - + - + -
                     

     (1-31) 

ɆɖɛŮɑɤůɖ: Ƀ ůŰŬɗɛɘůɛɏɜɞɠ ɛɏůɞɠ ɐ ůŰŬɗɛɘəɐ ŮəŰɘɛɐŰɟɘŬ Sp Űɖɠ əɞɘɜɐɠ ŭɘŬůˊɞɟɎɠ Ɇ ŮɑɜŬɘ 

ŬɛŮɟɧɚɖˊŰɖ ŮəŰɘɛɐŰɟɘŬ Űɞɡ Ɇ. 

ȯɟŬ Ŭɜ ůŰɞ ŪŮɩɟɖɛŬ 2 ŬɜŰɘəŬŰŬůŰŬɗɞɨɜ ɞɘ ˊɚɖɗɡůɛɘŬəɏɠ ˊɞůɧŰɖŰŮɠ (1m, 2m ,Ɇ) ɛŮ Űɘɠ 

ŬɜŰɑůŰɞɘɢŮɠ ŭŮɘɔɛŬŰɘəɏɠ Űɞɡɠ ŮəŰɘɛɐŰɟɘŮɠ (1x , 2x ,SP) ŰɧŰŮ ˊɟɞəɨˊŰŮɘ: 

(ŮəŰɘɛɩɛŮɜɞ ŬɜŬɛŮɜɧɛŮɜɞ ŮɚɎɢɘůŰɞ əɧůŰɞɠ) 

¶ ȷɜ ( ) ( ) ( )
' '1 1 2

1 2 1 2 1 2

1

1 (1/ 2)
ln

2 (2 /1)
pooled o pooled

pc
x x S x x x S x x

c p

- - è ø
- - - + ²é ù

ê ú
             (1-32)              

ŰɧŰŮ əŬŰɏŰŬɝŮ Űɖ ˊŬɟŬŰɐɟɖůɖ ox ůŰɞ ˊɚɖɗɡůɛɧ ˊ1.                                                           

¶ ȷɚɚɘɩɠ Ŭɜ ( ) ( ) ( )
' '1 1 2

1 2 1 2 1 2

1

1 (1/ 2)
ln

2 (2 /1)
pooled o pooled

pc
x x S x x x S x x

c p

- - è ø
- - - + <é ù

ê ú
     (1-33)   

ŰɧŰŮ əŬŰɏŰŬɝŮ Űɖ ˊŬɟŬŰɐɟɖůɖ ox  ůŰɞ ˊɚɖɗɡůɛɧ ˊ2. 

 

ɃˊɧŰŮ ɞɘ ɓɏɚŰɘůŰŮɠ ˊŮɟɘɞɢɏɠ R1 əŬɘ R2 ˊɟɞůŭɘɞɟɑɕɞɜŰŬɘ Ŭˊɧ Űɘɠ ůɢɏůŮɘɠ (1-34) əŬɘ (1-35), 

ŬɜŰɑůŰɞɘɢŬ: 

( ) ( ) ( )
' '1 1 2

1 1 2 1 2 1 2

1

1 (1/ 2)Ĕ: ln
2 (2 /1)

pooled pooled

pc
R x x S x x x S x x

c p

- - è ø
- - - + ²é ù

ê ú
                                     (1-34) 
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( ) ( ) ( )
' '1 1 2

2 1 2 1 2 1 2

1

1 (1/ 2)Ĕ: ln
2 (2 /1)

pooled pooled

pc
R x x S x x x S x x

c p

- - è ø
- - - + <é ù

ê ú
                                  (1-35) 

ɄŬɟŬŰɐɟɖůɖ: ȷɜ ůŰɘɠ ŬɜɘůɧŰɖŰŮɠ (1-34) əŬɘ (1-35)  ɡˊɞŰŮɗŮɑ ɧŰɘ 2

1

(1/ 2)

(2 /1)

pc

c p

è ø
é ù
ê ú

=1 ŰɧŰŮ 

ln1 0= , ɞˊɧŰŮ ŰɟɞˊɞˊɞɘŮɑŰŬɘ ɖ ɛɞɟűɐ Űɞɡ əŬɜɧɜŬ, ɧˊɤɠ űŬɑɜŮŰŬɘ Ŭˊɧ Űɖ ˊŬɟŬəɎŰɤ 

ŭɘŬŭɘəŬůɑŬ: 

( ) ( ) ( )
' '1 1

1 2 1 2 1 2

1
0

2
pooled o pooledx x S x x x S x x- -- - - + ² Ý 

( ) ( ) ( )
' '1 1

1 2 1 2 1 2

1

2
pooled o pooledx x S x x x S x x- -- ² - + Ý 

( ) ( ) ( )
' ' '1 1 1

1 2 1 2 1 1 2 2

1 1

2 2
pooled o pooled pooledx x S x x x S x x x S x- - -- ² - + - Ý 

ȷɜ ɧˊɞɡ ( )
' 1

1 2
Ĕ'pooledx x S-- =  ŰɧŰŮ ɖ ˊŬɟŬˊɎɜɤ ůɢɏůɖ ɔɑɜŮŰŬɘ: 

' '

1 2

1 1Ĕ'
2 2

ox l x l x² + Ý 

( )1 2

1Ĕ Ĕ Ĕ' ' '
2

ox x x² + Ý 

ȷɜ ɧˊɞɡ Ĕ' ox y= , 1 1
Ĕ'x y=  əŬɘ 2 2

Ĕ'x y=  ŰɧŰŮ: 

( )1 2

1

2
y y y² +  

ɃˊɧŰŮ Ŭɜ ɘůɢɨŮɘ ɧŰɘ    ( ) 1

1 2
Ĕ' 'pooledy x x S x x-= - =                                                         (1-36) 

əŬɘ ( )1 2

1

2
y y m+ =                                                                                                              (1-37) 

ɇɧŰŮ ɞ əŬɜɧɜŬɠ ˊŬɑɟɜŮɘ Űɖ ŰŮɚɘəɐ Űɞɡ ɛɞɟűɐ: 

¶ ȷɜ y m²  ŰɧŰŮ əŬŰɏŰŬɝŮ Űɖ ˊŬɟŬŰɐɟɖůɖ ox  ůŰɞ ˊɚɖɗɡůɛɧ ˊ1. 

¶ ȷɚɚɘɩɠ Ŭɜ y m<  ŰɧŰŮ əŬŰɏŰŬɝŮ Űɖ ˊŬɟŬŰɐɟɖůɖ ox  ůŰɞ ˊɚɖɗɡůɛɧ ˊ2. 
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ȺɟɛɖɜŮɑŬ Űɞɡ ˊŬɟŬˊɎɜɤ əŬɜɧɜŬ 

ɆŰɖ ˊŮɟɑˊŰɤůɖ Űɤɜ ŭɨɞ əŬɜɞɜɘəɩɜ ˊɚɖɗɡůɛɩɜ, ɞ ˊŬɟŬˊɎɜɤ əŬɜɧɜŬɠ (1-32)&(1-33) 

ɗŮɤɟŮɑŰŬɘ ŮəŰɘɛɖŰɐɠ Űɞɡ (ɓɏɚŰɘůŰɞɡ) əŬɜɧɜŬ əŬŰɎŰŬɝɖɠ (1-24)&(1-25) Űɖɠ ˊŬɟŬŰɐɟɖůɖɠ ox  

ůŰɞ ˊɚɖɗɡůɛɧ ɛŮ Űɞ ŮɚɎɢɘůŰɞ ŭɡɜŬŰɧ ŬɜŬɛŮɜɧɛŮɜɞ əɧůŰɞɠ ŭɘɧŰɘ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ 

ŭŮɘɔɛŬŰɘəɏɠ ˊŬɟɎɛŮŰɟɞɘ ɔɘŬ Űɖɜ ŮəŰɑɛɖůɖ Űɤɜ ˊɚɖɗɡůɛɘŬəɩɜ ˊɞůɞŰɐŰɤɜ, ɞɘ ɞˊɞɑŮɠ 

ɗŮɤɟɞɨɜŰŬɘ ɎɔɜɤůŰŮɠ. ɇɞ ɗŮɩɟɖɛŬ ɔɘŬ Űɞ ŮəŰɘɛɩɛŮɜɞ ŬɜŬɛŮɜɧɛŮɜɞ əɧůŰɞɠ Űɖɠ 

ˊɞɚɡɛŮŰŬɓɚɖŰɐɠox ɛˊɞɟŮɑ ɜŬ ɢŬɟŬəŰɖɟɘůŰŮɑ ɘůɞŭɨɜŬɛɞ ɛŮ Űɖ ŭɖɛɘɞɡɟɔɑŬ ŭɨɞ 

ɛɞɜɞŭɘɎůŰŬŰɤɜ əŬɜɞɜɘəɩɜ ˊɚɖɗɡůɛɩɜ ˊ1 əŬɘ ˊ2, ŭɖɚŬŭɐ ɛŮ Űɖ ŭɖɛɘɞɡɟɔɑŬ ɛɘŬɠ əŬɘɜɞɨɟɔɘŬɠ 

ɛɞɜɞŭɘɎůŰŬŰɖɠ ɛŮŰŬɓɚɖŰɐɠ y. ȼ ɜɏŬ ɛŮŰŬɓɚɖŰɐ y əŬŰŬůəŮɡɎɕŮŰŬɘ Ŭˊɧ ɏɜŬ əŬŰɎɚɚɖɚɞ 

ɔɟŬɛɛɘəɧ ůɡɜŭɡŬůɛɧ Űɤɜ ˊŬɟŬŰɖɟɐůŮɤɜ Űɤɜ ŭɨɞ ˊɚɖɗɡůɛɩɜ ɐ ɛŮ ɎɚɚŬ ɚɧɔɘŬ ɗŮɤɟŮɑŰŬɘ 

ɏɜŬɠ ɔɟŬɛɛɘəɧɠ ɛŮŰŬůɢɖɛŬŰɘůɛɧɠ,Ĕ'y x= ,Űɖɠ ˊɞɚɡŭɘɎůŰŬŰɖɠ ɛŮŰŬɓɚɖŰɐɠx. Ⱥɜ ůɡɜŮɢŮɑŬ 

ŬɜŬŰɑɗŮŰŬɘ ɖ ˊŬɟŬŰɐɟɖůɖ ox ůŰɞ ˊɚɖɗɡůɛɧ ˊɘ ɐ ˊ2 ŬɜɎɚɞɔŬ ɛŮ Űɖ ɗɏůɖ Űɖɠ ůɢɏůɖɠ (1-36). 

ȹɖɚŬŭɐ Ŭɜ ɖ ɛŮŰŬɓɚɖŰɐ y ɓɟɑůəŮŰŬɘ ŭŮɝɘɎ ( )y m² Ŭˊɧ Űɞ ɛɏůɞ Űɤɜ ŭɨɞ ɛɞɜɞŭɘɎůŰŬŰɤɜ 

ɛɏůɤɜ 1y  əŬɘ 2y ŰɧŰŮ əŬŰŬŰɎůůŮŰŬɘ ůŰɞ ˊɚɖɗɡůɛɧ ˊɘ, Ŭɚɚɘɩɠ Ŭɜ ɓɟɑůəŮŰŬɘ ŬɟɘůŰŮɟɎ 

( )y m<  ŰɧŰŮ əŬŰŬŰɎůůŮŰŬɘ ůŰɞ ˊɚɖɗɡůɛɧ ˊ2. 

1.3.3. 2
ɖ
 ɄŮɟɑˊŰɤůɖ: 1 2S ¸S  

ɆŰɖ ŭŮɨŰŮɟɖ ˊŮɟɑˊŰɤůɖ ɞɘ ˊɑɜŬəŮɠ ŭɘŬůˊɞɟɎɠ Ɇ1 əŬɘ Ɇ2 ŮɑɜŬɘ ŭɘŬűɞɟŮŰɘəɞɑ ɛŮŰŬɝɨ Űɞɡɠ 

ůɡɜŮˊɩɠ ˊɟɞəɨˊŰɞɡɜ əŬɘ ˊɘɞ ůɨɜɗŮŰɞɘ əŬɜɧɜŮɠ ŰŬɝɘɜɧɛɖůɖɠ ůŮ ůɢɏůɖ ɛŮ Űɖ ˊɟɩŰɖ 

ˊŮɟɑˊŰɤůɖ, ɧˊɞɡ ɞɘ ˊɑɜŬəŮɠ ŭɘŬůˊɞɟɎɠ Ɇ1 əŬɘ Ɇ2 ŮɑɜŬɘ ɑůɞɘ. ȹɖɚŬŭɐ ɖ əɞɘɜɐ ŭɘŬůˊɞɟɎ Ɇ 

ŬɜŰɘəŬɗɑůŰŬŰŬɘ ůŰɘɠ ˊɞɚɡŭɘɎůŰŬŰŮɠ əŬɜɞɜɘəɏɠ ůɡɜŬɟŰɐůŮɘɠ ˊɡəɜɧŰɖŰŬɠ ˊɘɗŬɜɧŰɖŰŬɠ Ŭˊɧ Űɞɡɠ 

ˊɑɜŬəŮɠ ŭɘŬůˊɞɟɎɠ Ɇ1 əŬɘ Ɇ2 Űɤɜ ˊɚɖɗɡůɛɩɜ ɘ́ əŬɘ ˊ2 ŬɜŰɑůŰɞɘɢŬ. ɃˊɧŰŮ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɞ 

ɚɧɔɞɠ Űɤɜ əŬɜɞɜɘəɩɜ ů.ˊ.ˊ.

 

()

()
1

2

f x

f x
 ůŰɞɜ ɞˊɞɑɞ ŭŮɜ ŬˊɚɞˊɞɘŮɑŰŬɘ ɞ ɧɟɞɠ 

1

2
iS , ůŮ ŬɜŰɑɗŮůɖ ɛŮ 

Űɖ ˊɟɩŰɖ ˊŮɟɑˊŰɤůɖ, Ůˊɘˊɚɏɞɜ ůɢɖɛŬŰɑɕŮŰŬɘ ɛɘŬ ŰŮŰɟŬɔɤɜɘəɐ ɛɞɟűɐ ůŰɞɡɠ ŮəɗɏŰŮɠ Űɤɜ 

ůɡɜŬɟŰɐůŮɤɜ()1f x , ()2f x ɞɘ ɞˊɞɑŮɠ ɧɛɤɠ ŭŮɜ ɛˊɞɟɞɨɜ ɜŬ ůɡɜŭɡŬůŰɞɨɜ ɛŮ ŰɏŰɞɘɞ Űɟɧˊɞ 

ɩůŰŮ Űɞ ŬˊɞŰɏɚŮůɛŬ ɜŬ ŮɑɜŬɘ ůŮ Ŭˊɚɐ ɛɞɟűɐ ɧˊɤɠ ɖ ůɢɏůɖ (1-36) ˊɞɡ ůɢɖɛŬŰɑɕŮŰŬɘ ɔɘŬ Űɖ 

ˊɟɩŰɖ ˊŮɟɑˊŰɤůɖ ɧˊɞɡ ɞɘ ˊɑɜŬəŮɠ ŭɘŬůˊɞɟɎɠ ŮɑɜŬɘ ɑůɞɘ.  

Ɇəɞˊɧɠ ŮɑɜŬɘ ɖ əŬŰŬůəŮɡɐ Ůɜɧɠ əŬɜɧɜŬ əŬŰɎŰŬɝɖɠ ɛŮ Űɞ ŮɚɎɢɘůŰɞ ŭɡɜŬŰɧ ɛɏůɞ ɐ 

ŬɜŬɛŮɜɧɛŮɜɞ əɧůŰɞɠ ɚŬɜɗŬůɛɏɜɖɠ ŰŬɝɘɜɧɛɖůɖɠ. 
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ŪȺɋɅȼɀȷ 3 

ȰůŰɤ ˊ1 əŬɘ ˊ2 ɞɘ ˊɚɖɗɡůɛɞɑ, ɞɘ ɞˊɞɑɞɘ ˊŮɟɘɔɟɎűɞɜŰŬɘ Ŭˊɧ Űɘɠ əŬɜɞɜɘəɏɠ ůɡɜŬɟŰɐůŮɘɠ 

ˊɡəɜɧŰɖŰŬɠ ˊɘɗŬɜɧŰɖŰŬɠ (()1f x
 
əŬɘ ()2f x ŬɜŰɑůŰɞɘɢŬ) ɛŮ ŭɘŬɜɨůɛŬŰŬ ɛɏůɖɠ Űɘɛɐɠ əŬɘ 

ˊɑɜŬəŮɠ ŭɘŬůˊɞɟɎɠ 1m, Ɇ1 əŬɘ 2m, Ɇ2  ŬɜŰɑůŰɞɘɢŬ.  

ɇɧŰŮ ˊɟɞəɨˊŰŮɘ ɞ ŰŮŰɟŬɔɤɜɘəɧɠ əŬɜɧɜŬɠ əŬŰɎŰŬɝɖɠ: 

¶ ȷɜ  ( ) ( )
( )

( )
' 1 1 ' 1 ' 1 2

1 2 1 1 2 2

1

1\ 21
ln

2 2 \1
o o o

c p
x x x k

c p
m m- - - -

å õ
- S -S + S - S - ²æ öæ ö

ç ÷
                   (1-38) 

      ŰɧŰŮ əŬŰɏŰŬɝŮ Űɖ ˊŬɟŬŰɐɟɖůɖ ox  ůŰɞ ˊɚɖɗɡůɛɧ ˊ1. 

¶ ȷɚɚɘɩɠ, Ŭɜ ( ) ( )
( )

( )
' 1 1 ' 1 ' 1 2

1 2 1 1 2 2

1

1\ 21
ln

2 2 \1
o o o

c p
x x x k

c p
m m- - - -

å õ
- S -S + S - S - <æ öæ ö

ç ÷
      (1-39) 

ŰɧŰŮ əŬŰɏŰŬɝŮ Űɖ ˊŬɟŬŰɐɟɖůɖ ox  ůŰɞ ˊɚɖɗɡůɛɧ ˊ2. 

ȳˊɞɡ:    ( )1 ' 1 ' 1

1 1 1 2 2 2

2

1
ln

2
k m m m m- -

å õS
= + S - Sæ öæ öSç ÷

                                                           (1-40) 

ȷɄɃȹȺȽɂȼ 

()

()

( )

( )
1 2

2 1

1\ 2

2 \1

f x c p

f x c p
²  

( )
( ) ( )

( )
( ) ( )

'
1

1 1 11

22
1 2

'
1 1

2 2 21

22
2

1 1
exp

2
2 (1/ 2)

1 1 (2 /1)
exp

2
2

p

p

x x

pc

c p
x x

m m

p

m m

p

-

-

è ø
- - S -é ù
ê úS

Ý ²
è ø
- - S -é ù
ê úS

 

( ) ( )

( ) ( )

'
1

2 1 1 1

2

'
1 1

1 2 2 2

1
exp

(1/ 2)2

1 (2 /1)
exp

2

x x
pc

c p
x x

m m

m m

-

-

è ø
S - - S -é ù

ê úÝ ²
è ø

S - - S -é ù
ê ú

 

( ) ( )

( ) ( )

'
1

1 1 1
1 2

'
1 2 1

2 2 2

1
exp

(1/ 2)2

1 (2 /1)
exp

2

x x
pc

c p
x x

m m

m m

-

-

è ø
- - S -é ùå õSê úÝ ²æ öæ öSè øç ÷- - S -é ù
ê ú
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( ) ( ) ( ) ( )
' '

11 1 2
1 1 1 2 2 2

2 1

1 1 (1/ 2)
exp

2 2 (2 /1)

pc
x x x x

c p
m m m m- -

å õSè ø
Ý - - S - + - S - ²æ öé ùæ öSê úç ÷

 

( ) ( ) ( ) ( )
' '

11 1 2
1 1 1 2 2 2

2 1

1 1 (1/ 2)
ln ln

2 2 (2 /1)

pc
x x x x

c p
m m m m- -

å õS å õ
Ý- - S - + - S - ² +æ ö æ öæ öS ç ÷ç ÷

 

' 1 ' 1 ' 1 ' 1 ' 1 ' 1

1 1 1 1 1 1 1 1 2 2 2

1' 1 ' 1 2
2 2 2 2 2

2 1

1 1 1 1 1 1

2 2 2 2 2 2

1 1 (1/ 2)
ln ln

2 2 (2 /1)

x x x x x x x

pc
x

c p

m m m m m

m m m

- - - - - -

- -

Ý- S + S + S - S + S - S

å õS å õ
- S + S ² +æ ö æ öæ öS ç ÷ç ÷

 

1' 1 ' 1 ' 1 ' 1 ' 1 ' 1 2
1 1 1 1 1 1 2 2 2 2 2 2

2 1

1 1 1 1 (1/ 2)
ln ln

2 2 2 2 (2 /1)

pc
x x x x x x

c p
m m m m m m- - - - - -

å õS å õ
Ý- S + S - S + S - S + S ² +æ ö æ öæ öS ç ÷ç ÷

 

( ) ( ) ( ) 1' 1 1 ' 1 ' 1 ' 1 ' 1 2
1 2 1 1 2 2 1 1 1 2 2 2

2 1

1 1 (1/ 2)
ln ln

2 2 (2 /1)

pc
x x x

c p
m m m m m m- - - - - -

å õS å õ
Ý- S -S + S - S - S - S - ²æ ö æ öæ öS ç ÷ç ÷

( ) ( )' 1 1 ' 1 ' 1 2
1 2 1 1 2 2

1

1 (1/ 2)
ln

2 (2 /1)

pc
x x x k

c p
m m- - - - å õ

Ý- S -S + S - S - ²æ ö
ç ÷

 

ȳˊɞɡ: ( )1 ' 1 ' 1

1 1 1 2 2 2

2

1
ln

2
k m m m m- -

å õS
= + S - Sæ öæ öSç ÷  

ɃˊɧŰŮ ɞɘ ɓɏɚŰɘůŰŮɠ ˊŮɟɘɞɢɏɠ R1 əŬɘ R2 ˊɟɞůŭɘɞɟɑɕɞɜŰŬɘ Ŭˊɧ Űɘɠ ůɢɏůŮɘɠ (1-41) əŬɘ (1-

42),ŬɜŰɑůŰɞɘɢŬ:

 

( ) ( )
( )

( )
' 1 1 ' 1 ' 1 2

1 1 2 1 1 2 2

1

1\ 21
: ln

2 2 \1

c p
R x x x k

c p
m m- - - -

å õ
- S -S + S - S - ²æ öæ ö

ç ÷
                                   (1-41) 

( ) ( )
( )

( )
' 1 1 ' 1 ' 1 2

2 1 2 1 1 2 2

1

1\ 21
: ln

2 2 \1

c p
R x x x k

c p
m m- - - -

å õ
- S -S + S - S - <æ öæ ö

ç ÷
                                   (1-42) 

ɄŬɟŬŰɐɟɖůɖ 

Ƀɘ ˊŮɟɘɞɢɏɠ ŰŬɝɘɜɧɛɖůɖɠ ɞɟɑɕɞɜŰŬɘ Ŭˊɧ ŰŮŰɟŬɔɤɜɘəɏɠ ɛɞɟűɏɠ Űɞɡ ŭɘŬɜɨůɛŬŰɞɠx . ɆŰɖ 

ˊŮɟɑˊŰɤůɖ ɧˊɞɡ Ɇ1 = Ɇ2 ɖ ŰŮŰɟŬɔɤɜɘəɐ ɛɞɟűɐ ( )' 1 1

1 2

1

2
x x- -- S -S  ŮɝŬűŬɜɑɕŮŰŬɘ əŬɘ ɞɘ 

ˊŮɟɘɞɢɏɠ ɞɟɑɕɞɜŰŬɘ Ŭˊɧ Űɘɠ ůɢɏůŮɘɠ (1-24)-(1-25). 
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ɆŰɖ ˊɟɎɝɖ ɧɛɤɠ ɞ əŬɜɧɜŬɠ Űɞɡ ŪŮɤɟɐɛŬŰɞɠ 3 ɔɑɜŮŰŬɘ ŮűŬɟɛɧůɘɛɞɠ Ŭɜ ŬɜŰɘəŬŰŬůŰŬɗɞɨɜ ɞɘ 

ɎɔɜɤůŰŮɠ ˊɚɖɗɡůɛɘŬəɏɠ ˊŬɟɎɛŮŰɟɞɘ 1m, 2m, Ɇ1 əŬɘ Ɇ2 Ŭˊɧ Űɘɠ ŭŮɘɔɛŬŰɘəɏɠ ˊŬɟŬɛɏŰɟɞɡɠ 

1 2 1, ,x x S əŬɘ 2S ŬɜŰɑůŰɞɘɢŬ. ȹɖɚŬŭɐ ɘůɢɨŮɘ: 

 

ɇŮŰɟŬɔɤɜɘəɧɠ əŬɜɧɜŬɠ əŬŰɎŰŬɝɖɠ 

(ɔɘŬ əŬɜɞɜɘəɞɨɠ ˊɚɖɗɡůɛɞɨɠ ɛŮ Ɏɜɘůɞɡɠ ˊɑɜŬəŮɠ ŭɘŬůˊɞɟɎɠ) 

¶ ȷɜ ( ) ( )
( )

( )
' 1 1 ' 1 ' 1 2

1 2 1 1 2 2

1

1\ 21
ln

2 2 \1
o o o

c p
x S S x x S x S x k

c p

- - - -
å õ

- - + - - ²æ öæ ö
ç ÷

                      (1-43) 

ŰɧŰŮ əŬŰɏŰŬɝŮ Űɖ ˊŬɟŬŰɐɟɖůɖ xo ůŰɞ ˊɚɖɗɡůɛɧ ˊ1. 

¶ ȷɜ ( ) ( )
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                      (1-44) 

ŰɧŰŮ əŬŰɏŰŬɝŮ Űɖ ˊŬɟŬŰɐɟɖůɖ ox  ůŰɞ ˊɚɖɗɡůɛɧ ˊ2. 

ɄŬɟŬŰɐɟɖůɖ (ɇŮŰɟŬɔɤɜɘəɞɨ ȾŬɜɧɜŬ ȾŬŰɎŰŬɝɖɠ) 

ȼ ŰŬɝɘɜɧɛɖůɖ ɛŮ Űɖɜ ŮűŬɟɛɞɔɐ Űɤɜ ŰŮŰɟŬɔɤɜɘəɩɜ əŬɜɧɜɤɜ əŬŰɎŰŬɝɖɠ ɔɑɜŮŰŬɘ ŬəɧɛŬ ˊɘɞ 

ůɨɜɗŮŰɖ ůŮ ˊŮɟɘůůɧŰŮɟŮɠ Ŭˊɧ ŭɨɞ ŭɘŬůŰɎůŮɘɠ əŬɘ ůɡɛɓŬɑɜŮɘ əɡɟɑɤɠ ɧŰŬɜ ɞɘ ˊŬɟŬŰɖɟɐůŮɘɠ ŭŮɜ 

Ŭəɞɚɞɡɗɞɨɜ Űɖɜ ˊɞɚɡŭɘɎůŰŬŰɖ əŬɜɞɜɘəɐ əŬŰŬɜɞɛɐ. ɃˊɧŰŮ, Űɞ ɓŬůɘəɧ ɛŮɘɞɜɏəŰɖɛŬ Űɞɡ 

ŰŮŰɟŬɔɤɜɘəɞɨ əŬɜɧɜŬ ŮɑɜŬɘ ɧŰɘ ŭŮɜ ŮűŬɟɛɧɕŮŰŬɘ ůɤůŰɎ ůŮ ɛɖ əŬɜɞɜɘəɎ ŭŮŭɞɛɏɜŬ ɛŮ 

ŬˊɞŰɏɚŮůɛŬ Űɞ ůɢɖɛŬŰɘůɛɧ ɛŮɔɎɚɞɡ ɟɡɗɛɞɨ ůűɎɚɛŬŰɞɠ. 

1.4.   ȷɂȽɃȿɃũȼɆȼ ɆɈɁȷɅɇȼɆȺɋɁ ȾȷɇȷɇȷɂȼɆ ũȽȷ ȹɈɃ ȾȷɁɃɁȽȾɃɈɆ  

ɄȿȼŪɈɆɀɃɈɆ 

1.4.1. ȺɘůŬɔɤɔɐ 

ȷűɞɨ ɚɞɘˊɧɜ əŬŰŬůəŮɡɎůŰɖəŬɜ ɞɘ ůɡɜŬɟŰɐůŮɘɠ əŬŰɎŰŬɝɖɠ ŬˊŬɟŬɑŰɖŰɖ əɟɑɜŮŰŬɘ ɖ 

Ŭɝɘɞɚɧɔɖůɖ Űɞɡɠ, ŭɘɧŰɘ ɛŮ Űɞɜ Űɟɧˊɞ ŬɡŰɧ ŮɚɏɔɢŮŰŬɘ əŬŰɎ ˊɧůɞ ɞɘ əŬɘɜɞɨɟɔɘŮɠ ˊŬɟŬŰɖɟɐůŮɘɠ 

əŬŰŬŰɎůůɞɜŰŬɘ ůɤůŰɎ ůŰɞɡɠ ˊɚɖɗɡůɛɞɨɠ ˊ1 əŬɘ ˊ2. 

1.4.1.1. ɇɟɧˊɞɘ Ŭɝɘɞɚɧɔɖůɖɠ 

1.4.1.1.1. Ʌɡɗɛɧɠ ůűɎɚɛŬŰɞɠ 

ȰɜŬɠ ůɖɛŬɜŰɘəɧɠ Űɟɧˊɞɠ Ŭɝɘɞɚɧɔɖůɖɠ Űɤɜ ůɡɜŬɟŰɐůŮɤɜ əŬŰɎŰŬɝɖɠ ŮɑɜŬɘ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɞɡ 

ɟɡɗɛɞɨ ůűɎɚɛŬŰɞɠ. 
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1.4.1.1.1.1. 1
ɖ 
ɄŮɟɑˊŰɤůɖ 

ȳŰŬɜ ɞɘ ˊɚɖɗɡůɛɞɑ ˊ1 əŬɘ ˊ2 ŮɑɜŬɘ ɔɜɤůŰɞɑ əŬɘ əŬŰɎ ůɡɜɏˊŮɘŬ ŮɑɜŬɘ ɔɜɤůŰɏɠ ɞɘ ŬɜŰɑůŰɞɘɢŮɠ 

ůɡɜŬɟŰɐůŮɘɠ ˊɡəɜɧŰɖŰŬɠ ˊɘɗŬɜɧŰɖŰŬɠ ŰɧŰŮ ɛˊɞɟŮɑ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ ɖ ůɡɜɞɚɘəɐ ˊɘɗŬɜɧŰɖŰŬ 

ɚŬɜɗŬůɛɏɜɖɠ əŬŰɎŰŬɝɖɠ (TPM). ȼ ŮɚɎɢɘůŰɖ Űɘɛɐ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ˊɎɟŮɘ ɖ ůɡɜɞɚɘəɐ 

ˊɘɗŬɜɧŰɖŰŬ ɚŬɜɗŬůɛɏɜɖɠ əŬŰɎŰŬɝɖɠ (TPM) ŬˊɞŰŮɚŮɑ Űɞ ɓɏɚŰɘůŰɞ ɟɡɗɛɧ ůűɎɚɛŬŰɞɠ 

(optimum error rate), ůɡɛɓɞɚɑɕŮŰŬɘ ɛŮ OER əŬɘ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ (1-45): 

  

() ()
2 1

1 1 2 2min min
R R

OER TPM p f x dx p f x dx
ë ûî î

= = +ì ü
î îí ý
ñ ñ                                                            (1-45) 

ȳˊɞɡ ɞɘ ɓɏɚŰɘůŰŮɠ ˊŮɟɘɞɢɏɠ R1 əŬɘ R2 ˊɟɞůŭɘɞɟɑɕɞɜŰŬɘ Ŭˊɧ Űɘɠ ůɢɏůŮɘɠ (1-27)&(1-28), 

ŬɜŰɑůŰɞɘɢŬ. 

1.4.1.1.1.2. 2
ɖ 
ɄŮɟɑˊŰɤůɖ 

ȳŰŬɜ ɞɘ ˊɚɖɗɡůɛɞɑ ˊ1 əŬɘ ˊ2 ŮɑɜŬɘ ɎɔɜɤůŰɞɘ ŰɧŰŮ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŭŮɘɔɛŬŰɘəɏɠ ˊɞůɧŰɖŰŮɠ 

,ɔɘŬ ɜŬ ŮəŰɘɛɐůɞɡɜ Űɘɠ ˊɚɖɗɡůɛɘŬəɏɠ ˊŬɟŬɛɏŰɟɞɡɠ, ɞˊɧŰŮ ůɢɖɛŬŰɑɕɞɜŰŬɘ ɞɘ ŭŮɘɔɛŬŰɘəɏɠ 

ůɡɜŬɟŰɐůŮɘɠ əŬŰɎŰŬɝɖɠ. ȷɡŰɏɠ ɞɘ ůɡɜŬɟŰɐůŮɘɠ ŬɝɘɞɚɞɔɞɨɜŰŬɘ Ŭˊɧ Űɞ ˊɟŬɔɛŬŰɘəɧ ɟɡɗɛɧ 

ůűɎɚɛŬŰɞɠ (actual error rate) ɧˊɞɡ ůɡɛɓɞɚɑɕŮŰŬɘ ɛŮ AER əŬɘ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ (1-46): 

() ()
2 1

1 2 21
Ĕ ĔR R

AER p f x dx p f x dx= +ñ ñ                                                                    (1-46) 

ȳˊɞɡ 1
ĔR  əŬɘ 2

ĔR  ůɡɛɓɞɚɑɕɞɡɜ ˊŮɟɘɞɢɏɠ ɓɏɚŰɘůŰɖɠ əŬŰɎŰŬɝɖɠ ɞɘ ɞˊɞɑŮɠ əŬɗɞɟɑɕɞɜŰŬɘ Ŭˊɧ ŰŬ 

ŭɨɞ ŭŮɑɔɛŬŰŬ ɛŮɔɏɗɞɡɠ n1 əŬɘ n2 ɛŮ ŰŬ ŬɜŰɑůŰɞɘɢŬ ŭŮɘɔɛŬŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɔɘŬ ɜŬ 

ŮəŰɘɛɖɗɞɨɜ ɞɘ ˊɚɖɗɡůɛɘŬəɏɠ ˊŬɟɎɛŮŰɟɞɘ Űɤɜ ˊɚɖɗɡůɛɩɜ ˊ1 əŬɘ ˊ2. ɃˊɧŰŮ: 
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1.4.1.1.1.3. 3
ɖ 
ɄŮɟɑˊŰɤůɖ 

ɆŰɖ ˊɟɎɝɖ ɧɛɤɠ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ ɞ ˊɟŬɔɛŬŰɘəɧɠ ɟɡɗɛɧɠ ůűɎɚɛŬŰɞɠ, ɧˊɤɠ əŬɘ ɞ 

ɓɏɚŰɘůŰɞɠ ɟɡɗɛɧɠ ůűɎɚɛŬŰɞɠ, ŭɘɧŰɘ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɘɠ ɎɔɜɤůŰŮɠ ůɡɜŬɟŰɐůŮɘɠ ˊɡəɜɧŰɖŰŬɠ 
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ˊɘɗŬɜɧŰɖŰŬɠ  f1(x)
 
əŬɘ  f2(x). ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɏɜŬ Ɏɚɚɞ ɛɏŰɟɞ Ŭɝɘɞɚɧɔɖůɖɠ 

ˊɞɡ ŭŮɜ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ ɛɞɟűɐ Űɤɜ Ŭɟɢɘəɩɜ ˊɚɖɗɡůɛɩɜ (ŭɖɚŬŭɐ Ŭˊɧ Űɘɠ ˊɚɖɗɡůɛɘŬəɏɠ 

ůɡɜŬɟŰɐůŮɘɠ ˊɡəɜɧŰɖŰŬɠ ˊɘɗŬɜɧŰɖŰŬɠ). ȷɡŰɧ Űɞ ɛɏŰɟɞ ɞɜɞɛɎɕŮŰŬɘ űŬɘɜɞɛŮɜɘəɧɠ ɟɡɗɛɧɠ 

ůűɎɚɛŬŰɞɠ (apparent error rate), ůɡɛɓɞɚɑɕŮŰŬɘ ɛŮ APER əŬɘ ɞɟɑɕŮŰŬɘ Ŭˊɧ Űɞ əɚɎůɛŬ Űɤɜ 

ˊŬɟŬŰɖɟɐůŮɤɜ ˊɞɡ ɚŬɜɗŬůɛɏɜŬ ŰŬɝɘɜɞɛɞɨɜŰŬɘ ůɨɛűɤɜŬ ɛŮ Űɖ ŭŮɘɔɛŬŰɘəɐ ůɡɜɎɟŰɖůɖ 

əŬŰɎŰŬɝɖɠ ˊɟɞɠ Űɞ ůɨɜɞɚɞ Űɤɜ ˊŬɟŬŰɖɟɐůŮɤɜ Űɞɡ ŮəˊŬɘŭŮɡɧɛŮɜɞɡ ŭŮɑɔɛŬŰɞɠ. Ƀ 

űŬɘɜɞɛŮɜɘəɧɠ ɟɡɗɛɧɠ ůűɎɚɛŬŰɞɠ ɛˊɞɟŮɑ ŮɨəɞɚŬ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ Ŭˊɧ Űɞ ˊɑɜŬəŬ ůɨɔɢɡůɖɠ 

(confusion matrix), ɧˊɞɡ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ɖ ůɢɏůɖ Űɤɜ ˊɟŬɔɛŬŰɘəɩɜ əŬɘ ˊɟɞɓɚŮˊɧɛŮɜɤɜ 

ˊŬɟŬŰɖɟɐůŮɤɜ Űɤɜ ˊɚɖɗɡůɛɩɜ. 

ɃˊɧŰŮ ɔɘŬ n1 ˊŬɟŬŰɖɟɐůŮɘɠ Űɞɡ ˊɚɖɗɡůɛɞɨ ˊ1 əŬɘ n2 ˊŬɟŬŰɖɟɐůŮɘɠ Űɞɡ ˊɚɖɗɡůɛɞɨ ˊ2 ɞ 

ˊɑɜŬəŬɠ ůɨɔɢɡůɖɠ ɏɢŮɘ Űɖ ˊŬɟŬəɎŰɤ ɛɞɟűɐ: 

                                                  ɄɑɜŬəŬɠ 1.2                      ɄɟɞɓɚŮˊɧɛŮɜɞɘ ˊɚɖɗɡůɛɞɑ: 

                                                       

ɄɟŬɔɛŬŰɘəɞɑ ˊɚɖɗɡůɛɞɑ: 

 

 

                                                

 

n1  = ɞ Ŭɟɘɗɛɧɠ ˊŬɟŬŰɖɟɐůŮɤɜ Űɞɡ ˊɚɖɗɡůɛɞɨ ˊ1 

n2   =  ɞ Ŭɟɘɗɛɧɠ ˊŬɟŬŰɖɟɐůŮɤɜ Űɞɡ ˊɚɖɗɡůɛɞɨ ˊ2 

n1c = ɞ Ŭɟɘɗɛɧɠ Űɤɜ 1́  ́ ŬɟŬŰɖɟɐůŮɤɜ ˊɞɡ ůɤůŰɎ əŬŰŬŰɎůůɞɜŰŬɘ ůŰɞ ˊɚɖɗɡůɛɞɨ ˊ1 

n1ɀ = ɞ Ŭɟɘɗɛɧɠ Űɤɜ 1́  ˊŬɟŬŰɖɟɐůŮɤɜ ˊɞɡ ɚŬɜɗŬůɛɏɜŬ əŬŰŬŰɎůůɞɜŰŬɘ ůŰɞ ˊɚɖɗɡůɛɞɨ ˊ2 

n2c  = ɞ Ŭɟɘɗɛɧɠ Űɤɜ ˊ2  ˊŬɟŬŰɖɟɐůŮɤɜ ˊɞɡ ůɤůŰɎ əŬŰŬŰɎůůɞɜŰŬɘ ůŰɞ ˊɚɖɗɡůɛɞɨ ˊ2 

n2ɀ   = ɞ Ŭɟɘɗɛɧɠ Űɤɜ 2́  ˊŬɟŬŰɖɟɐůŮɤɜ ˊɞɡ ɚŬɜɗŬůɛɏɜŬ əŬŰŬŰɎůůɞɜŰŬɘ ůŰɞ ˊɚɖɗɡůɛɞɨ ˊ1 

 

Ƀ űŬɘɜɞɛŮɜɘəɧɠ ɟɡɗɛɧɠ ůűɎɚɛŬŰɞɠ ůɡɛɓɞɚɑɕŮɘ Űɞ ˊɞůɞůŰɧ Űɤɜ ɚŬɜɗŬůɛɏɜɤɜ ŰŬɝɘɜɞɛɐůŮɤɜ 

Űɞɡ ŭŮɑɔɛŬŰɞɠ əŬɘ ɞɟɑɕŮŰŬɘ ɤɠ Ůɝɐɠ:  

1 2

1 2

M Mn n
APER

n n

+
=

+
                                                                                                             (1-47) 

              1́              2́  

      ́ 1             n1c      n1M= n1- n1c       n1 

      ́ 2       n2M= n2- n2c             n2c       n2 
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ɄŬɟŬŰɐɟɖůɖ (Űɞɡ ˊɑɜŬəŬ ůɨɔɢɡůɖɠ) 

Ƀ ˊɑɜŬəŬɠ ůɨɔɢɡůɖɠ ŮˊɘŭŮɘəɜɨŮɘ Űɖɜ ŬəɟɑɓŮɘŬ Űɖɠ ɚɨůɖɠ ůŮ ɏɜŬ ˊɟɧɓɚɖɛŬ ŰŬɝɘɜɧɛɖůɖɠ. ɀŮ 

ŭŮŭɞɛɏɜŮɠ m-ɞɛɎŭŮɠ ɛɘŬ ɛɐŰɟŬ ůɨɔɢɡůɖɠ ŮɑɜŬɘ ɏɜŬɠ mxm ́ ɑɜŬəŬɠ, ɧˊɞɡ ɞɘ əŬɚɨŰŮɟŮɠ ɚɨůŮɘɠ 

ɗŬ ɏɢɞɡɜ ɛɧɜɞ ɛɖŭŮɜɘəɏɠ Űɘɛɏɠ ɏɝɤ Ŭˊɧ Űɖ əɨɟɘŬ ŭɘŬɔɩɜɘɞ. 

Ɇɢɧɚɘɞ (Űɞɡ űŬɘɜɞɛŮɜɘəɞɨ ɟɡɗɛɞɨ ůűɎɚɛŬŰɞɠ) 

Ƀ APER ŮɑɜŬɘ ŮɨəɞɚŬ ɡˊɞɚɞɔɑůɘɛɞɠ ŬɚɚɎ ɔɘŬ ɜŬ ŭɩůŮɘ əŬɚɎ ŬˊɞŰŮɚɏůɛŬŰŬ ŬˊŬɘŰŮɑ ŬɟəŮŰɎ 

ɛŮɔɎɚŬ ŭŮɘɔɛŬŰɘəɎ ɛŮɔɏɗɖ n1 əŬɘ n2 Ŭɚɚɘɩɠ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ŮəŰɘɛɐůŮɘ ůɤůŰɎ Űɞ AER. ȷɡŰɧ 

ůɡɛɓŬɑɜŮɘ ɔɘŬŰɑ ŰŬ ŭŮŭɞɛɏɜŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖ əŬŰŬůəŮɡɐ Űɖɠ ůɡɜɎɟŰɖůɖɠ 

əŬŰɎŰŬɝɖɠ ŮɑɜŬɘ ŰŬ ɑŭɘŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ əŬɘ ɔɘŬ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɖɠ. 

1.4.1.1.1.4. 4
ɖ 
ɄŮɟɑˊŰɤůɖ 

ɀɘŬ Ɏɚɚɖ ɛɏɗɞŭɞɠ Ŭɝɘɞɚɧɔɖůɖɠ Űɖɠ ůɡɜɎɟŰɖůɖɠ əŬŰɎŰŬɝɖɠ ˊɞɡ ŮűŬɟɛɧɕŮŰŬɘ ŮɑɜŬɘ ɞ 

ɢɤɟɘůɛɧɠ Űɞɡ Ŭɟɢɘəɞɨ ŭŮɑɔɛŬŰɞɠ ůŮ ŭɨɞ ɛɏɟɖ, Űɞ ŭŮɑɔɛŬ ŮəˊŬɑŭŮɡůɖɠ/ŮəˊŬɘŭŮɡɧɛŮɜɞ ŭŮɑɔɛŬ 

(training sample) əŬɘ Űɞ ŭŮɑɔɛŬ Ůˊɘəɨɟɤůɖɠ ɐ Ůɚɏɔɢɞɡ (validation or test sample). ɇɞ ŭŮɑɔɛŬ 

ŮəˊŬɑŭŮɡůɖɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ Űɖɠ ůɡɜɎɟŰɖůɖɠ Ůɜɩ Űɞ ŭŮɑɔɛŬ Ůˊɘəɨɟɤůɖɠ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ ŬɡŰɐɠ. ɆŮ ŬɡŰɐ Űɖ ɛɏɗɞŭɞ ɞ ɟɡɗɛɧɠ ůűɎɚɛŬŰɞɠ 

əŬɗɞɟɑɕŮŰŬɘ Ŭˊɧ Űɖɜ ŬɜŬɚɞɔɑŬ Űɤɜ ɚŬɜɗŬůɛɏɜɤɜ əŬŰŬŰɎɝŮɤɜ ůŰɞ ŭŮɑɔɛŬ Ůˊɘəɨɟɤůɖɠ ɐ 

Ůɚɏɔɢɞɡ. 

ɄŬɟɧɚɞ ˊɞɡ ɛŮ Űɖ ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ ɡˊŮɟɜɘəɎŰŮ Űɞ ˊɟɧɓɚɖɛŬ ˊɞɡ ˊŬɟŬŰɖɟŮɑŰŬɘ ůŰɘɠ 

ˊɟɞɖɔɞɨɛŮɜŮɠ ɛŮɗɧŭɞɡɠ ɛŮ Űɖ ɢɟɖůɘɛɞˊɞɑɖůɖ ŭɘŬűɞɟŮŰɘəɩɜ ŭŮŭɞɛɏɜɤɜ ɔɘŬ Űɖ əŬŰŬůəŮɡɐ 

əŬɘ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɖɠ ůɡɜɎɟŰɖůɖɠ əŬŰɎŰŬɝɖɠ, ŮɛűŬɜɑɕɞɜŰŬɘ ůŮ ŬɡŰɐ Űɖ ɛŮɗɞŭɞɚɞɔɑŬ ŭɨɞ 

ůɖɛŬɜŰɘəɎ ɛŮɘɞɜŮəŰɐɛŬŰŬ. 

1
ɞ
 ɛŮɘɞɜɏəŰɖɛŬ: ȷˊŬɘŰŮɑ ɛŮɔɎɚŬ ŭŮɑɔɛŬŰŬ. 

2
ɞ
 ɛŮɘɞɜɏəŰɖɛŬ: ȼ ůɡɜɎɟŰɖůɖ ˊɞɡ ŬɝɘɞɚɞɔŮɑŰŬɘ ŭŮɜ ŮɑɜŬɘ ɖ ůɡɜɎɟŰɖůɖ əŬŰɎŰŬɝɖɠ ŭɘɧŰɘ ŭŮɜ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɧɚŬ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ Ŭɟɢɘəɞɨ ŭŮɑɔɛŬŰɞɠ ɔɘŬ Űɖ əŬŰŬůəŮɡɐ Űɖɠ ůɡɜɎɟŰɖůɖɠ 

əŬŰɎŰŬɝɖɠ ŬɚɚɎ ɛɧɜɞ Űɞ ŭŮɑɔɛŬ ŮəˊŬɑŭŮɡůɖɠ əŬɘ ŬɡŰɧ ɏɢŮɘ ůŬɜ ŬˊɞŰɏɚŮůɛŬ Űɖ ˊɘɗŬɜɐ 

ŬˊɩɚŮɘŬ ŬˊŬɟŬɑŰɖŰɖɠ/ɢɟɐůɘɛɖɠ ˊɚɖɟɞűɞɟɑŬɠ. 

1.4.1.1.2.  Ƀ ȷɚɔɧɟɘɗɛɞɠ Űɖɠ Lanchenbruchôs ñholdoutò ŭɘŬŭɘəŬůɑŬɠ 

ɀɘŬ Ɏɚɚɖ ˊɟɞůɏɔɔɘůɖ ɔɘŬ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɖɠ ůɡɜɎɟŰɖůɖɠ əŬŰɎŰŬɝɖɠ ŮɑɜŬɘ ɞ Ŭɚɔɧɟɘɗɛɞɠ Űɖɠ 

Lanchenbruchôs ñholdoutò ŭɘŬŭɘəŬůɑŬɠ ɐ Ŭɚɚɘɩɠ ůŰŬɡɟɤŰɐ Ůˊɘəɨɟɤůɖ (cross-validation). 

ȷəɞɚɞɡɗŮɑ ɖ ˊŮɟɘɔɟŬűɐ Űɖɠ ɛŮɗɧŭɞɡ (Ŭɚɔɧɟɘɗɛɞɡ): 
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1
o
 ȸɐɛŬ: ɂŮəɘɜɎ ɖ ŭɘŬŭɘəŬůɑŬ ɛŮ Űɘɠ ˊŬɟŬŰɖɟɐůŮɘɠ Űɞɡ ˊ1 ˊɚɖɗɡůɛɞɨ. ȷűɞɨ ɚɞɘˊɧɜ 

ˊŬɟŬɚŮɑˊŮŰŬɘ ɛɘŬ ˊŬɟŬŰɐɟɖůɖ Űɞɡ ˊɚɖɗɡůɛɞɨ ˊ1 əŬŰŬůəŮɡɎɕŮŰŬɘ ɖ ůɡɜɎɟŰɖůɖ əŬŰɎŰŬɝɖɠ 

ůŰɖɟɘɕɧɛŮɜɖ ůŰɘɠ ɡˊɧɚɞɘˊŮɠ ˊŬɟŬŰɖɟɐůŮɘɠ Űɞɡ ˊ1, 1́-1, əŬɘ ůŰɘɠ ˊŬɟŬŰɖɟɐůŮɘɠ Űɞɡ 

ˊɚɖɗɡůɛɞɨ ˊ2. 

2
o
 ȸɐɛŬ:  ɇŬɝɘɜɧɛɖůɖ Űɖɠ ñholdoutò ˊŬɟŬŰɐɟɖůɖɠ ŮűŬɟɛɧɕɞɜŰŬɠ Űɖ ůɡɜɎɟŰɖůɖ ˊɞɡ 

əŬŰŬůəŮɡɎůŰɖəŮ ůŰɞ ɓɐɛŬ1. 

3
o
 ȸɐɛŬ:   ȺˊŬɜɎɚɖɣɖ Űɤɜ ɓɖɛɎŰɤɜ 1 əŬɘ 2 ɛɏɢɟɘ ɧɚŮɠ ɞɘ ˊŬɟŬŰɖɟɐůŮɘɠ Űɞɡ ˊɚɖɗɡůɛɞɨ ˊ1 

ɜŬ əŬŰŬŰŬɢɗɞɨɜ. ȰůŰɤ n1M
(H) 
ɞ Ŭɟɘɗɛɧɠ Űɤɜ holdout ˊŬɟŬŰɖɟɐůŮɤɜ ɧˊɞɡ Ŭɜɐəɞɡɜ ůŰɞ 

ˊɚɖɗɡůɛɧ ˊ1 əŬɘ ɚŬɜɗŬůɛɏɜŬ əŬŰŬŰɎůůɞɜŰŬɘ ůŰɞ ˊɚɖɗɡůɛɧ ˊ2. 

4
o
 ȸɐɛŬ:    ȺˊŬɜɎɚɖɣɖ Űɤɜ ɓɖɛɎŰɤɜ 1,2 əŬɘ 3 ɛɏɢɟɘ ɧɚŮɠ ɞɘ ˊŬɟŬŰɖɟɐůŮɘɠ Űɞɡ ˊɚɖɗɡůɛɞɨ 

2́ ɜŬ əŬŰŬŰŬɢɗɞɨɜ. ȰůŰɤ n2M
(H) 
ɞ Ŭɟɘɗɛɧɠ Űɤɜ holdout ˊŬɟŬŰɖɟɐůŮɤɜ ɧˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ 

Űɞ ˊɚɖɗɡůɛɧ ˊ2  əŬɘ  ɚŬɜɗŬůɛɏɜŬ əŬŰŬŰɎůůɞɜŰŬɘ ůŰɞ ˊɚɖɗɡůɛɧ ˊ1. 

Ƀɘ ŮəŰɘɛɐůŮɘɠ Űɤɜ ŭŮůɛŮɡɛɏɜɤɜ ˊɘɗŬɜɞŰɐŰɤɜ ɚŬɜɗŬůɛɏɜɖɠ əŬŰɎŰŬɝɖɠ, P(2\1) əŬɘ P(1\2),  

ůɡɛɓɞɚɑɕɞɜŰŬɘ ɛŮĔ(2 \1)P  əŬɘ Ĕ(1\ 2)P ŬɜŰɑůŰɞɘɢŬ əŬɘ ɞɟɑɕɞɜŰŬɘ ɤɠ Ůɝɐɠ:  

( )

1

1

Ĕ(2 \1)

H

Mn
P

n
=                                                                                                                       (1-48) 

( )

2

2

Ĕ(1\ 2)

H

Mn
P

n
=                                                                                                                      (1-49) 

Ⱥˊɘˊɚɏɞɜ, Űɞ ůɡɜɞɚɘəɧ ˊɞůɞůŰɧ ɚŬɜɗŬůɛɏɜɖɠ əŬŰɎŰŬɝɖɠ, 

( ) ( )

1 2

1 2

H H

M Mn n

n n

+

+
, ŮɑɜŬɘ ɛɘŬ ŬɛŮɟɧɚɖˊŰɖ 

ŮəŰɑɛɖůɖ Űɞɡ ŬɜŬɛŮɜɞɛɏɜɞɡ/ɛɏůɞɡ ˊɟŬɔɛŬŰɘəɞɨ ɟɡɗɛɞɨ ůűɎɚɛŬŰɞɠ, Ⱥ(AER): 

( ) ( )

1 2

1 2

Ĕ( )

H H

M Mn n
E AER

n n

+
=

+
                                                                                                           (1-50) 

ɆɢɧɚɘŬ 

1. Ƀ Ŭɚɔɧɟɘɗɛɞɠ Űɖɠ Lanchenbruchôs ñholdoutò ŭɘŬŭɘəŬůɑŬɠ ɐ Ŭɚɚɘɩɠ ůŰŬɡɟɤŰɐ Ůˊɘəɨɟɤůɖ 

(cross-validation) ŮɑɜŬɘ ɡˊɞɚɞɔɘůŰɘəɎ ŮűŬɟɛɧůɘɛɞɠ/ŮűɘəŰɧɠ ɧŰŬɜ ɛˊɞɟŮɑ ɜŬ ůɡɜŭɡŬůŰŮɑ ɛŮ 

ɔɟŬɛɛɘəɏɠ ůŰŬŰɘůŰɘəɏɠ ůɡɜŬɟŰɐůŮɘɠ əŬŰɎŰŬɝɖɠ Űɖɠ ɛɞɟűɐɠ (1-23)-(1-26).  
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2. ɀɘŬ əŬɚɐ/Ŭəɟɘɓɐ ŰŬɝɘɜɧɛɖůɖ, ŭɖɚŬŭɐ ɢŬɛɖɚɧɠ ɟɡɗɛɧɠ ůűɎɚɛŬŰɞɠ, ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ 

ŭɘŬɢɤɟɘůɛɧ Űɤɜ ˊɚɖɗɡůɛɩɜ. ȳůɞ ɚɞɘˊɧɜ ˊɘɞ ŬˊɞɛŬəɟɡůɛɏɜɞɘ ɞɘ ˊɚɖɗɡůɛɞɑ Űɧůɞ əŬɚɨŰŮɟɞɠ 

ŭɘŬɢɤɟɘůɛɧɠ ŮˊɘŰɡɔɢɎɜŮŰŬɘ əŬɘ ɎɟŬ əŬɚɨŰŮɟɞɠ əŬɜɧɜŬɠ əŬŰɎŰŬɝɖɠ.   

1.5.  ȹȽȷɉɋɅȽɆɇȽȾȼ ɆɈɁȷɅɇȼɆȼ FISHER 

Ƀ ŭɘŬɢɤɟɘůŰɘəɧɠ əŬɜɧɜŬɠ Űɞɡ Fisher ɓŬůɑɕŮŰŬɘ ůŰɖ ɛŮɑɤůɖ Űɖɠ ŭɘŬůŰŬŰɘəɧŰɖŰŬɠ Űɞɡ ɢɩɟɞɡ 

Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɤɜ ŭŮŭɞɛɏɜɤɜ ɛŮ ůəɞˊɧ Űɞ ůɢɖɛŬŰɘůɛɧ Ůɜɧɠ ˊɘɞ ŮɨɢɟɖůŰɞɡ əŬɘ 

ŬˊɞŭɞŰɘəɞɨ ůɡůŰɐɛŬŰɞɠ ůɡɜŰŮŰŬɔɛɏɜɤɜ ɔɘŬ Űɖ ˊŮɟŮŰŬɑɟɤ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ. 

ȺˊɘŭɘɩəŮŰŬɘ ɛŮɑɤůɖ Űɖɠ ŭɘŬůŰŬŰɘəɧŰɖŰŬɠ Ŭˊɧ Űɘɠ p-ŭɘŬůŰɎůŮɘɠ Űɞɡ Ŭɟɢɘəɞɨ ɢɩɟɞɡ ůŮ ɛɑŬ 

ŭɘɎůŰŬůɖ (ɧŰŬɜ Űɞ ˊɚɐɗɞɠ Űɤɜ ɞɛɎŭɤɜ ŮɑɜŬɘ ŭɨɞ) ɛŮ Űɖ ˊɟɞɓɞɚɐ Űɤɜ ŭŮŭɞɛɏɜɤɜ Űɤɜ p-

ŭɘŬůŰɎůŮɤɜ ŮˊɎɜɤ ůŮ ɛɘŬ ɔɟŬɛɛɐ, ɖ ɞˊɞɑŬ ůɢɖɛŬŰɑɕŮŰŬɘ Ŭˊɧ ɏɜŬ ɔɟŬɛɛɘəɧ ůɡɜŭɡŬůɛɧ Űɤɜ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɞɡ ŭɘŬɜɨůɛŬŰɞɠ x. ȼ ɛŮŰŬŰɟɞˊɐ/ɛŮŰŬůɢɖɛŬŰɘůɛɧɠ Űɞɡ ˊɞɚɡŭɘɎůŰŬŰɞɡ 

ŭɘŬɜɨůɛŬŰɞɠ x  ůŮ ɛɞɜɞŭɘɎůŰŬŰɖ ɛŮŰŬɓɚɖŰɐ y ɔɑɜŮŰŬɘ ɛɏůɤ ɛɘŬɠ ɔɟŬɛɛɘəɐɠ ůŰŬŰɘůŰɘəɐɠ 

ůɡɜɎɟŰɖůɖɠ ˊɞɡ ɞɜɞɛɎɕŮŰŬɘ ŭɘŬɢɤɟɘůŰɐ ůɡɜɎɟŰɖůɖ Fisher əŬɘ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ (1-51): 

( ) 1

1 2
Ĕ' 'pooledy x x S x x-= - =                                                                                                           (1-51) 

ȼ ˊŬɟŬˊɎɜɤ ŭɘŬŭɘəŬůɑŬ ŬˊŮɘəɞɜɑɕŮŰŬɘ ůŰɞ ůɢɐɛŬ 1.2, ɧˊɞɡ ɞ Ŭɟɢɘəɧɠ ŭɘŭɘɎůŰŬŰɞɠ ɢɩɟɞɠ Űɤɜ 

ŭŮŭɞɛɏɜɤɜ Űɤɜ ŭɨɞ ˊɚɖɗɡůɛɩɜ ˊ1 əŬɘ 2́ ɛŮŰŬůɢɖɛŬŰɑɕŮŰŬɘ ůŮ ɛɞɜɞŭɘɎůŰŬŰɞɠ ɢɩɟɞɠ ɛɏůɤ 

Űɖɠ ŭɘŬɢɤɟɘůŰɘəɐɠ ůɡɜɎɟŰɖůɖɠ (1-51). Ⱥˊɘˊɚɏɞɜ, ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ˊɟɞɓɞɚɐ Űɤɜ Ŭɟɢɘəɩɜ 

ˊŬɟŬŰɖɟɐůŮɤɜ ˊɎɜɤ ůŰɖ ȹɘŬɢɤɟɘůŰɐ ɆɡɜɎɟŰɖůɖ Fisher (1-51) ɛŮ ůɡɜŰŮɚŮůŰɐ ŭɘŮɨɗɡɜůɖɠ, 

Ĕ'  , ɞ ɞˊɞɑɞɠ ˊɞɘəɑɚŮɘ ɛɏɢɟɘ ɜŬ ŮɜŰɞˊɘůŰŮɑ ɞ əŬɚɨŰŮɟɞɠ ŭɘŬɢɤɟɘůɛɧɠ Űɤɜ ˊɟɞɓŬɚɚɞɛɏɜɤɜ 

ŭŮŭɞɛɏɜɤɜ. 

 

ɆɢɐɛŬ 1.2 Ʉɟɞɓɞɚɐ Űɤɜ Ŭɟɢɘəɩɜ ˊŬɟŬŰɖɟɐůŮɤɜ ůŰɖ ȹɘŬɢɤɟɘůŰɘəɐ ɆɡɜɎɟŰɖůɖ Fisher Ĕ'y x=  
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Ⱥˊɘˊɚɏɞɜ, ɖ ˊɟɞůɏɔɔɘůɖ Fisher ŭŮɜ ɡˊɞɗɏŰŮɘ ɧŰɘ ɞɘ ˊɚɖɗɡůɛɞɑ Ŭɜɐəɞɡɜ ůŰɖ əŬɜɞɜɘəɐ 

əŬŰŬɜɞɛɐ, ɡˊɞɗɏŰŮɘ ɧɛɤɠ ɧŰɘ ɞɘ ˊɑɜŬəŮɠ ůɡɜŭɘŬəɨɛŬɜůɖɠ Űɤɜ ŭɨɞ ˊɚɖɗɡůɛɩɜ ŮɑɜŬɘ ɑůɞɘ. 

ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ Ŭɜ ɞɘ Ŭɟɢɘəɏɠ əŬŰŬɜɞɛɏɠ ŮɑɜŬɘ ˊɞɚɨɛɞɟűŮɠ əŬɘ ŮˊɘəŬɚɡˊŰɧɛŮɜŮɠ 

Ŭəɧɛɖ əŬɘ ɞ əŬɚɨŰŮɟɞɠ ůɡɜŰŮɚŮůŰɐɠ ŭɘŮɨɗɡɜůɖɠ Űɖɠ ůɡɜɎɟŰɖůɖɠ, Ĕ' , ŮɑɜŬɘ ˊɘɗŬɜɧ ɜŬ ɛɖɜ 

ˊŬɟɏɢŮɘ ŮˊŬɟəɐ ŭɘŬɢɩɟɘůɖ ɞˊɧŰŮ ɖ ɛɏɗɞŭɞɠ ŬɡŰɐ ɗŬ ˊŬɟɏɢŮɘ ɛɘəɟɐ ɢɟɖůɘɛɧŰɖŰŬ.   

Ɇəɞˊɧɠ ŮɑɜŬɘ ɜŬ ɓɟŮɗŮɑ ɞ əŬŰɎɚɚɖɚɞɠ ůɡɜŰŮɚŮůŰɐɠ ŭɘŮɨɗɡɜůɖɠ Űɖɠ ůɡɜɎɟŰɖůɖɠ ŭɘŬɢɤɟɘůɛɞɨ, 

Ĕ' , ɩůŰŮ ŰŬ ˊɟɞɓŬɚɚɧɛŮɜŬ ŭŮŭɞɛɏɜŬ ɜŬ ŮɑɜŬɘ əŬɚɎ ɢɤɟɘůɛɏɜŬ. ȹɖɚŬŭɐ ɞɘ ˊɟɞɓŬɚɚɧɛŮɜɞɘ 

ɛɏůɞɘ Űɤɜ ŭɨɞ ˊɚɖɗɡůɛɩɜ ɗŬ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ɧůɞ Űɞ ŭɡɜŬŰɧɜ ˊɘɞ ŬˊɞɛŬəɟɡůɛɏɜɞɘ ɏŰůɘ ɩůŰŮ 

ɜŬ ŮˊɘŰɡɔɢɎɜŮŰŬɘ Ŭəɟɘɓɐɠ ŭɘŬɢɤɟɘůɛɧɠ. ȺˊɘŭɘɩəŮŰŬɘ ɖ ŮɨɟŮůɖ Űɞɡ əŬɚɨŰŮɟɞɡ ůɡɜŰŮɚŮůŰɐ 

ŭɘŮɨɗɡɜůɖɠ. ũɘŬ Űɞ ůəɞˊɧ ŬɡŰɧ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɤɠ ɛɏŰɟɞ ŭɘŬɢɤɟɘůɛɞɨ (ɛŮŰŬɝɨ) Űɤɜ 

ˊɟɞɓŬɚɚɧɛŮɜɤɜ ˊŬɟŬŰɖɟɐůŮɤɜ ɖ ŬˊɧůŰŬůɖ Űɤɜ ɛɏůɤɜ Űɘɛɩɜ Űɤɜ ˊŬɟŬŰɖɟɐůŮɤɜ ůŮ 

ŬˊɧɚɡŰɖ Űɘɛɐ ŭɘŬɘɟɞɨɛŮɜɖ Ŭˊɧ Űɖ əɞɘɜɐ Űɡˊɘəɐ Ŭˊɧəɚɘůɖ ɏŰůɘ ɩůŰŮ ɜŬ ŬˊŬɚɚŬɔŮɑ Ŭˊɧ Űɘɠ 

ɛɞɜɎŭŮɠ ɛɏŰɟɖůɖɠ. 

ɆŰɞ ůɢɐɛŬ 1.3 ˊɞɡ ŬəɞɚɞɡɗŮɑ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ˊɟɞɓɞɚɐ Űɤɜ ŭŮɘɔɛɎŰɤɜ ŭɨɞ ˊɚɖɗɡůɛɩɜ 

ˊɎɜɤ ůŮ ŭɨɞ ŭɘŬűɞɟŮŰɘəɏɠ ɔɟŬɛɛɏɠ, ŭɘŬűɞɟŮŰɘəɎ ŭɘŬɜɨůɛŬŰŬ ůɡɜŰŮɚŮůŰɩɜ Ĕ'  Űɞɡ 

ŭɘŬɜɨůɛŬŰɞɠ x .  ɄŬɟŬŰɖɟŮɑŰŬɘ ɚɞɘˊɧɜ ůŰɞ ŭŮɝɘɧ ɔɟɎűɖɛŬ əŬɚɨŰŮɟɞɠ ŭɘŬɢɤɟɘůɛɧɠ ɛŮŰŬɝɨ 

Űɤɜ ɛŬɨɟɤɜ əŬɘ əɧəəɘɜɤɜ ˊɟɞɓŬɚɚɧɛŮɜɤɜ ůɖɛŮɑɤɜ. 

 

ɆɢɐɛŬ 1.3 ȹɨɞ ŭɘŬűɞɟŮŰɘəɏɠ ˊɟɞɓɞɚɏɠ Űɞɡ ɑŭɘɞɡ ŭŮɑɔɛŬŰɞɠ 

 ȰůŰɤ ɧŰɘ ɞɘ ˊɟɞɓŬɚɚɧɛŮɜŮɠ ˊŬɟŬŰɖɟɐůŮɘɠ ɔɘŬ Űɞ ˊɚɖɗɡůɛɧ ˊ1 ŮɑɜŬɘ 
111 12 1, ,..., ny y y  Ůɜɩ ɔɘŬ 

Űɞ ˊɚɖɗɡůɛɧ ˊ2 ŮɑɜŬɘ 
221 22 2, ,..., ny y y . ɃˊɧŰŮ ɖ ŬˊɧůŰŬůɖ D ŭɑɜŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ (1-52): 
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1 2

y

y y
D separation

s

-
= = ,                                                                                                                     (1-52)  

ȳˊɞɡ ɛŮ 

( ) ( )
1 22 2

1 1 2 2

1 12

1 2 2

n n

j j

j j

y

y y y y

s
n n

= =

- + -

=
+ -

ä ä
                                                                                    (1-53) 

ůɡɛɓɞɚɑɕŮŰŬɘ ɖ ůɡɜŭɡŬůɛɏɜɖ əɞɘɜɐ  ŮəŰɑɛɖůɖ Űɤɜ ůɡɜŭɘŬəɡɛɎůŮɤɜ Űɤɜ ŭɨɞ ˊɚɖɗɡůɛɩɜ. 

Ɇəɞˊɧɠ ŮɑɜŬɘ ɖ ŮɨɟŮůɖ Űɖɠ ɔɟŬɛɛɘəɐɠ ůɡɜɎɟŰɖůɖɠ Ĕ'y x=  əŬɘ ˊɘɞ ůɡɔəŮəɟɘɛɏɜŬ Űɞɡ 

ŭɘŬɜɨůɛŬŰɞɠ '  ˊɞɡ ɛŮɔɘůŰɞˊɞɘŮɑ Űɖɜ əŬɜɞɜɘəɞˊɞɘɖɛɏɜɖ ŰŮŰɟŬɔɤɜɘəɐ ŬˊɧůŰŬůɖ ɛŮŰŬɝɨ Űɤɜ 

ŭɨɞ ɞɛɎŭɤɜ. 

ŪȺɋɅȼɀȷ 4 

ȼ ŬˊɧůŰŬůɖ D
2  
ɛŮɔɘůŰɞˊɞɘŮɑŰŬɘ ɔɘŬ ( ) ( )

'2 1

1 2 1 2pooledD x x S x x-= - - . 

ȷɄɃȹȺȽɂȼ 

ȼ ŬˊɧůŰŬůɖ D ŭɑɜŮŰŬɘ Ŭˊɧ Űɞ Űɨˊɞ: 

( ) ( ) ( )
2 22 2 ' ' '

1 2 1 21 2 1 2 1 22 2 2 2

2 2 2 '

y y y y pooled

l x l x l x xy y y y y y
D D D D D

s s s s l S l

è ø- -- - - ê ú= Ý = Ý = Ý = Ý =  

ȷˊɧ Űɖɜ ŬɜɘůɧŰɖŰŬ Cauchy-Schwarz əɎɗŮ ŭɘɎɜɡůɛŬ a  əŬɘ b  ŭɘɎůŰŬůɖɠ px1 ɘůɢɨŮɘ ɧŰɘ : 

( ) ( )( )
2

' ' 'ab a a bb¢  

Ⱥűɧůɞɜ ɞ ˊɑɜŬəŬɠ ůɡɜŭɘŬəɡɛɎɜůŮɤɜ ŮɑɜŬɘ ɗŮŰɘəɎ ɞɟɘůɛɏɜɞɠ: 

1

2
Pa S l=  əŬɘ ( )

1

2
1 2Pb S x x

-

= -  ɧˊɞɡ: 
p pooledS S=  

ȯɟŬ ɖ ˊɟɞɖɔɞɨɛŮɜɖ ŬɜɘůɧŰɖŰŬ ɔɑɜŮŰŬɘ: 

       

( ) ( ) ( )

2
' ' '

1 1 1 1 1 1

2 2 2 2 2 2
1 2 1 2 1 2p p p p p pS l S x x S l S l S x x S x x

- - -è ø è øè øå õ å õ å õ å õ å õ
é ù é ùé ù- ¢ ¢ - -æ ö æ ö æ ö æ ö æ ö
é ù é ùé ùç ÷ ç ÷ ç ÷ ç ÷ ç ÷ê ú ê úê ú 
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( ) ( ) ( )
2

1 1 1 1 1 1
'' '2 2 2 2 2 2

1 2 1 2 1 2p p p p p pl S S x x l S S l x x S S x x
- - -è ø è øè ø

Ý - ¢ - -é ù é ùé ù
ê ú ê úê ú

 

 

( ) ( ) ( )
2 '' ' 1

1 2 1 2 1 2p pl x x l S l x x S x x-è øè ø è øÝ - ¢ - -ê ú ê úê ú
 

 

( ) ( ) ( )
'2 ' 1'

1 2 1 21 2

' '

p p

p p

l S l x x S x xl x x

l S l l S l

-è øè ø - -è ø- ê úê ú ê ú
Ý ¢  

( )
( ) ( )

2
'

'1 2 1

1 2 1 2' p

p

l x x
x x S x x

l S l

-
è ø-ê úè øÝ ¢ - -

ê ú
 

( ) ( )
'2 1

1 2 1 2pD x x S x x-Ý ¢ - -  

Ⱥˊɞɛɏɜɤɠ, Űɞ əɟɘŰɐɟɘɞ ɐ ɖ ŬˊɧůŰŬůɖ D
2
 ɛŮɔɘůŰɞˊɞɘŮɑŰŬɘ ɔɘŬ ( ) ( )

'2 1

1 2 1 2pD x x S x x-= - - , 

ɧˊɞɡ ůɡɛɓɞɚɑɕŮɘ Űɖ ŭŮɘɔɛŬŰɘəɐ ŰŮŰɟŬɔɤɜɘəɐ ŬˊɧůŰŬůɖ Űɤɜ ŭɨɞ ɛɏůɤɜ Űɤɜ Ŭɟɢɘəɩɜ 

ˊɚɖɗɡůɛɩɜ ˊ1 əŬɘ 2́. Ⱥˊɘˊɚɏɞɜ, ɔɘŬ ŬɡŰɐ Űɖ Űɘɛɐ ɏɢɞɡɛŮ Űɖ ɛɏɔɘůŰɖ ŬˊɧůŰŬůɖ ɛŮŰŬɝɨ Űɤɜ 

ɛɏůɤɜ Űɤɜ ŭɨɞ ˊɚɖɗɡůɛɩɜ əŬɘ əŬŰɎ ůɡɜɏˊŮɘŬ Űɞ əŬɚɨŰŮɟɞ ŭɘŬɢɤɟɘůɛɧ.

 

 

ȼ ŭɘŬɢɤɟɘůŰɘəɐ ůɡɜɎɟŰɖůɖ Fisher ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ əŬɘ ɤɠ əŬɜɧɜŬɠ ŰŬɝɘɜɧɛɖůɖɠ 

Ŭűɞɨ ɧɛɤɠ ˊɟɩŰŬ ɞɟɘůŰŮɑ ɖ əɟɑůɘɛɖ Űɘɛɐ m ɖ ɞˊɞɑŬ ŮɑɜŬɘ ɖ ɛɏůɖ Űɘɛɐ Űɤɜ 1y
 
əŬɘ 2y . 

ȹɖɚŬŭɐ: 

( ) ( ) ( )1'' '
1 2 1 21 21 2 1 2

2 2 2 2

px x S x xl x xy y l x l x
m

-- +++ +
= = = =  

ȰŰůɘ ɞ əŬɜɧɜŬɠ əŬŰɎŰŬɝɖɠ ɓŬůɘůɛɏɜɞɠ ůŰɖ ŭɘŬɢɤɟɘůŰɘəɐ ůɡɜɎɟŰɖůɖ ,ɖ ɞˊɞɑŬ ŭɖɛɘɞɡɟɔɐɗɖəŮ 

ɛŮ Űɖɜ ɡˊɧɗŮůɖ Űɖɠ əɞɘɜɐɠ ŭɘŬůˊɞɟɎɠ, ɏɢŮɘ Űɖɜ Ŭəɧɚɞɡɗɖ ɛɞɟűɐ: 

¶ ȷɜ ɘůɢɨŮɘ ɧŰɘ ( ) ( )1 1

1 1 1 2 1 2

1Ĕ( ) ' '
2

o pooled pooledy x x S x l x m x x S x x- -= - = ² = - +  

           ɐ oy m²  ŰɧŰŮ əŬŰɏŰŬɝŮ Űɖ əŬɘɜɞɨɟɔɘŬ ˊŬɟŬŰɐɟɖůɖ ox ůŰɞ ˊɚɖɗɡůɛɧ ˊ1. 
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¶ ȷɚɚɘɩɠ, Ŭɜ ɘůɢɨŮɘ ɖ ůɢɏůɖ oy m<  ŰɧŰŮ əŬŰɏŰŬɝŮ Űɖ əŬɘɜɞɨɟɔɘŬ ˊŬɟŬŰɐɟɖůɖ xo ůŰɞ 

ˊɚɖɗɡůɛɧ ˊ2. 

 

ɄŬɟŬŰɖɟɐůŮɘɠ: 

1) ɆŰɖ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɞɘ Ůə Űɤɜ ˊɟɞŰɏɟɤɜ ˊɘɗŬɜɧŰɖŰŮɠ əŬɘ ŰŬ əɧůŰɖ ŮɑɜŬɘ ɑůŬ ŰɧŰŮ ɞ 

ŭɘŬɢɤɟɘůŰɘəɧɠ əŬɜɧɜŬɠ Űɞɡ Fisher ŰŬɡŰɑɕŮŰŬɘ ɛŮ Űɞ əŬɜɧɜŬ əŬŰɎŰŬɝɖɠ (1-23) ɛŮ Űɞ ŮɚɎɢɘůŰɞ 

əɧůŰɞɠ ɚŬɜɗŬůɛɏɜɖɠ ŰŬɝɘɜɧɛɖůɖɠ ŭɨɞ əŬɜɞɜɘəɩɜ ˊɚɖɗɡůɛɩɜ, ˊŬɟɧɚɞ ɞɘ ŭɨɞ ŬɡŰɞɑ əŬɜɧɜŮɠ 

ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ ŭɘŬűɞɟŮŰɘəɐ ɚɞɔɘəɐ. 

2) ɇɞ əɟɘŰɐɟɘɞ ɐ ɖ ŬˊɧůŰŬůɖ D
2
 ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɞɜ ɏɚŮɔɢɞ Űɤɜ ˊɚɖɗɡůɛɘŬəɩɜ ɛɏůɤɜ ɛ1 

ɛ2, ŭɖɚŬŭɐ əŬŰɎ ˊɧůɞ ŭɘŬűɏɟɞɡɜ ɞɘ ŭɡɞ ŬɡŰɞɑ ˊɚɖɗɡůɛɘŬəɞɑ ɛɏůɞɘ ɛŮŰŬɝɨ Űɞɡɠ. ɆɡɜŮˊɩɠ, 

ɏɜŬɠ ɏɚŮɔɢɞɠ ɔɘŬ Űɘɠ ŭɘŬűɞɟɏɠ Űɤɜ ɛɏůɤɜ ɛˊɞɟŮɑ ɜŬ ŬˊŮɘəɞɜɘůŰŮɑ ɤɠ ɏɚŮɔɢɞɠ ɔɘŬ Űɖɜ 

ůˊɞɡŭŬɘɧŰɖŰŬ Űɞɡ ŭɘŬɢɤɟɘůɛɞɨ ɖ ɞˊɞɑŬ ŮˊɘŰŮɨɢɗɖəŮ. ȷɜ ɡˊɞŰŮɗŮɑ ɧŰɘ ɞɘ ŭɨɞ ˊɚɖɗɡůɛɞɑ 

Ŭəɞɚɞɡɗɞɨɜ Űɖ əŬɜɞɜɘəɐ əŬŰŬɜɞɛɐ ŰɧŰŮ ɏɜŬɠ ɏɚŮɔɢɞɠ Űɖɠ ɛɞɟűɐɠ H0: ɛ1=ɛ2 ɏɜŬɜŰɘ Űɖɠ H

1 2m m¸  ɛˊɞɟŮɑ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ. ȷɜ ɖ ɡˊɧɗŮůɖ H0 ŬˊɞɟɟɘűɗŮɑ ŰɧŰŮ ɞ ŭɘŬɢɤɟɘůɛɧɠ 

ŬɜɎɛŮůŬ ůŰɞɡɠ ˊɚɖɗɡůɛɞɨɠ ˊ1 əŬɘ ˊ2 ŮɑɜŬɘ ůɖɛŬɜŰɘəɧɠ. 

3) ȰɜŬɠ əŬɚɧɠ ŭɘŬɢɤɟɘůɛɧɠ ŭŮɜ ůɡɜŮˊɎɔŮŰŬɘ ŬˊŬɟŬɑŰɖŰŬ əŬɘ ɛɘŬ Ŭəɟɘɓɐ/ůɤůŰɐ ŰŬɝɘɜɧɛɖůɖ. 

ȳɛɤɠ Ŭɜ ɞ ůɢɖɛŬŰɘůɛɧɠ Ůɜɧɠ ŭɘŬɢɤɟɘůɛɞɨ ŭŮɜ ŮɑɜŬɘ ůɖɛŬɜŰɘəɧɠ, ŰɧŰŮ ɛˊɞɟŮɑ ɜŬ ɗŮɤɟɖɗŮɑ 

Ɏůəɞˊɖ ɖ ŬɜŬɕɐŰɖůɖ Ůɜɧɠ əŬɚɞɨ əŬɜɧɜŬ ŰŬɝɘɜɧɛɖůɖɠ. Ⱥˊɑůɖɠ, ɛˊɞɟŮɑ ɜŬ ˊɟɞůŭɘɞɟɘůŰŮɑ ɛɘŬ 

Ŭ́ ɞŰŮɚŮůɛŬŰɘəɐ ŭɘŬŭɘəŬůɑŬ ŰŬɝɘɜɧɛɖůɖɠ ŬɜŮɝɎɟŰɖŰŬ Ŭˊɧ ɏɜŬ ŭɘŬɢɤɟɘůɛɧ. 

1.6. ɇȷɂȽɁɃɀȼɆȼ ɄȷɅȷɇȼɅȼɆȺɋɁ ũȽȷ ɄȺɅȽɆɆɃɇȺɅɃɈɆ ȷɄɃ ȹɈɃ 

ɄȿȼŪɈɆɀɃɈɆ (g>2)  

1.6.1.  ȾŬɜɧɜŮɠ əŬŰɎŰŬɝɖɠ ɔɘŬ g>2 ɞɛɎŭŮɠ 

ɆŰɖ ɗŮɤɟɑŬ, ɖ ɔŮɜɑəŮɡůɖ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ Űɖɠ ŰŬɝɘɜɧɛɖůɖɠ ɔɘŬ ˊŮɟɘůůɧŰŮɟɞɡɠ Ŭˊɧ ŭɨɞ 

ˊɚɖɗɡůɛɞɨɠ ŮɑɜŬɘ Ŭˊɚɐ, ɧɛɤɠ ůŰɖ ˊɟɎɝɖ ɗŮɤɟɞɨɜŰŬɘ ɎɔɜɤůŰŮɠ ɞɘ ˊŮɟɘůůɧŰŮɟŮɠ ɘŭɘɧŰɖŰŮɠ 

Űɤɜ ůɡɜŬɟŰɐůŮɤɜ ŰŬɝɘɜɧɛɖůɖɠ ɔɘŬ ˊŮɟɘůůɧŰŮɟɞɡɠ Ŭˊɧ ŭɨɞ ˊɚɖɗɡůɛɞɨɠ. Ⱥˊɘˊɚɏɞɜ, ŭŮɜ ɏɢɞɡɜ 

ˊɚɐɟɤɠ ŭɘŮɟŮɡɜɖɗŮɑ ɞɘ ɟɡɗɛɞɑ ůűɎɚɛŬŰɞɠ ɔɘŬ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ ŬɡŰɩɜ Űɤɜ ůɡɜŬɟŰɐůŮɤɜ 

əŬŰɎŰŬɝɖɠ. 

Ⱥűɧůɞɜ ɏɔɘɜŮ ˊɟɞɖɔɞɡɛɏɜɤɠ ɖ ˊŮɟɘɔɟŬűɐ Űɤɜ əŬɜɧɜɤɜ əŬŰɎŰŬɝɖɠ ɔɘŬ ŭɨɞ ˊɚɖɗɡůɛɞɨɠ, ůŮ 

ŬɡŰɐ Űɖɜ ŮɜɧŰɖŰŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ɔŮɜɑəŮɡůɖ Űɖɠ ŰŬɝɘɜɧɛɖůɖɠ ɔɘŬ ˊŮɟɘůůɧŰŮɟɞɡɠ Ŭˊɧ ŭɨɞ 

ˊɚɖɗɡůɛɞɨɠ. ɃˊɧŰŮ ŬɜŬűɏɟɞɜŰŬɘ ɞɘ ŬɜŰɑůŰɞɘɢŮɠ ůɢɏůŮɘɠ ɔɘŬ Űɞɡɠ g>2 ˊɚɖɗɡůɛɞɨɠ ˊɞɡ 

ŬˊŬɘŰɞɨɜŰŬɘ ɔɘŬ Űɞ ůɢɖɛŬŰɘůɛɧ Űɞɡ əŬɜɧɜŬ Űɞɡ ŬɜŬɛŮɜɧɛŮɜɞɡ əɧůŰɞɡɠ ɚŬɜɗŬůɛɏɜɖɠ 
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əŬŰɎŰŬɝɖɠ ( ECM ), Űɞɡ əŬɜɧɜŬ Űɖɠ ůɡɜɞɚɘəɐɠ ˊɘɗŬɜɧŰɖŰŬɠ ɚŬɜɗŬůɛɏɜɖɠ əŬŰɎŰŬɝɖɠ əŬɘ Űɞɡ 

əŬɜɧɜŬ Űɞɡ Bayes. 

Ƀɘ ůɡɛɓɞɚɘůɛɞɑ ɔɘŬ Űɞɡɠ g>2 ˊɚɖɗɡůɛɞɨɠ ŮɑɜŬɘ ɞɘ Ůɝɐɠ: 

( )if x : ɖ ůɡɜɎɟŰɖůɖ ˊɡəɜɧŰɖŰŬɠ ˊɘɗŬɜɧŰɖŰŬɠ Űɞɡ ˊɚɖɗɡůɛɞɨ ˊi , i=1,2,é,g 

pi : ɖ Ůə Űɤɜ ˊɟɞŰɏɟɤɜ ˊɘɗŬɜɧŰɖŰŬ Űɞɡ ˊɚɖɗɡůɛɞɨ ˊi , i=1,2,é,g 

c(k\i): Űɞ əɧůŰɞɠ əŬŰɎŰŬɝɖɠ Ůɜɧɠ ŬɜŰɘəŮɘɛɏɜɞɡ ůŰɞ ˊɚɖɗɡůɛɧ ˊə Ůɜɩ ůŰɖ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ 

ŬɜɐəŮɘ ůŰɞ ˊɚɖɗɡůɛɧ ˊi. 

Ɇɢɧɚɘɞ: ɇɞ əɧůŰɞɠ əŬŰɎŰŬɝɖɠ Ůɜɧɠ ŬɜŰɘəŮɘɛɏɜɞɡ ůŰɞ ˊɚɖɗɡůɛɧ ˊi Ůɜɩ ůŰɖ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ 

ŬɜɐəŮɘ ůŰɞ ˊɚɖɗɡůɛɧ ˊi ŮɑɜŬɘ c(i\i)=0. 

Ri : ɖ ˊŮɟɘɞɢɐ ůŰɖɜ ɞˊɞɑŬ əŬŰŬŰɎůůɞɜŰŬɘ ɞɘ ˊŬɟŬŰɖɟɐůŮɘɠ ˊɞɡ Ŭɜɐəɞɡɜ ůŰɞ ˊɚɖɗɡůɛɧ ˊi ,  

i=1,2,é,g 

( \ ) ( )

k

i

R

P k i f x dx=ñ : ɖ ŭŮůɛŮɡɛɏɜɖ ˊɘɗŬɜɧŰɖŰŬ əŬŰɎŰŬɝɖɠ Ůɜɧɠ ŬɜŰɘəŮɘɛɏɜɞɡ ůŰɞ ˊɚɖɗɡůɛɧ ˊə 

Ůɜɩ ůŰɖ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ ŬɜɐəŮɘ ůŰɞ ˊɚɖɗɡůɛɧ ˊi. 

ɆɖɛŮɑɤůɖ: ( ) ( )
1

\ 1 \
g

k
k i

P i i P k i
=
¸

= -ä ɔɘŬ , 1,2,...k i g=  

1.6.1.1. ȺɚŬɢɘůŰɞˊɞɑɖůɖ Űɞɡ Ɇɡɜɞɚɘəɞɨ ȾɧůŰɞɡɠ ȿŬɜɗŬůɛɏɜɖɠ ȾŬŰɎŰŬɝɖɠ 

(ȹɘŬŭɘəŬůɑŬ əŬŰŬůəŮɡɐɠ Űɞɡ ůɡɜɞɚɘəɞɨ əɧůŰɞɡɠ ɚŬɜɗŬůɛɏɜɖɠ əŬŰɎŰŬɝɖɠ) 

ȷɟɢɘəɎ, ɞɟɑɕŮŰŬɘ Űɞ ŭŮůɛŮɡɛɏɜɞ ŬɜŬɛŮɜɧɛŮɜɞ əɧůŰɞɠ Űɖɠ ɚŬɜɗŬůɛɏɜɖɠ əŬŰɎŰŬɝɖɠ Ůɜɧɠ 

ŬɜŰɘəŮɘɛɏɜɞɡ ˊɞɡ ŬɜɐəŮɘ ůŰɞ ˊɚɖɗɡůɛɧ ˊ1 Ůɜɩ əŬŰŬŰɎůůŮŰŬɘ ůŰɞ ˊɚɖɗɡůɛɧ ˊ2 , ɐ ůŰɞ 

ˊɚɖɗɡůɛɧ ˊ3 ,é, ɐ ůŰɞ ˊɚɖɗɡůɛɧ ˊg . 

ȰůŰɤ :  (1) (1\1) (1\1) (2 \1) (2 \1) ... ( \1) ( \1)ECM P c P c P g c g= + + + Ý 

ȷűɞɨ ɧɛɤɠ ɘůɢɨŮɘ ɧŰɘ (1\1) 0 (1\1) (1\1) 0c P c= Ý = ŰɧŰŮ ɖ ˊŬɟŬˊɎɜɤ ůɢɏůɖ ɔɑɜŮŰŬɘ: 

(1) (2 \1) (2 \1) ... ( \1) ( \1)ECM P c P g c g= + + Ý 

2

(1) ( \1) ( \1)
g

k

ECM P k c k
=

=ä  
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Ⱥɜ ůɡɜŮɢŮɑŬ, Űɞ ŭŮůɛŮɡɛɏɜɞ ŬɜŬɛŮɜɧɛŮɜɞ əɧůŰɞɠ ECM (1) ˊɞɚɚŬˊɚŬůɘɎɕŮŰŬɘ ɛŮ Űɖ Ůə Űɤɜ 

ˊɟɞŰɏɟɤɜ ˊɘɗŬɜɧŰɖŰŬ Űɞɡ ˊɚɖɗɡůɛɞɨ ˊ1, p1. Ƀɛɞɑɤɠ, ůɢɖɛŬŰɑɕɞɜŰŬɘ əŬɘ ŰŬ ɡˊɧɚɞɘˊŬ 

ŬɜŬɛŮɜɧɛŮɜŬ əɧůŰɖ  ECM (2), ECM (3),é, ECM (g) əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ˊɞɚɚŬˊɚŬůɘɎɕŮŰŬɘ Űɞ 

əŬɗɏɜŬ Ŭˊɧ ŬɡŰɎ ɛŮ Űɖɜ ŬɜŰɑůŰɞɘɢɖ Ůə Űɤɜ ˊɟɞŰɏɟɤɜ ˊɘɗŬɜɧŰɖŰŬ Űɞɡ əŬɘ Ůűɧůɞɜ ˊɟɞůŰŮɗɞɨɜ 

ɧɚŬ ɛŬɕɑ ůɢɖɛŬŰɑɕŮŰŬɘ Űɞ ůɡɜɞɚɘəɧ ŬɜŬɛŮɜɧɛŮɜɞ əɧůŰɞɠ ɚŬɜɗŬůɛɏɜɖɠ əŬŰɎŰŬɝɖɠ ECM, Űɞ 

ɞˊɞɑɞ ŭɑɜŮŰŬɘ Ŭˊɧ Űɞ ˊŬɟŬəɎŰɤ Űɨˊɞ: 

() () ()1 2

1

1 2

2 1 1
2

1 1

1 2 ...

( \1) ( \1) ( \ 2) ( \ 2) ... ( \ ) ( \ )

( \ ) ( \ )

g

g g g

g

k k k
k

g g

i

i k
k i

ECM p ECM p ECM p ECM g

p P k c k p P k c k p P k g c k g

p P k i c k i

-

= = =
¸

= =
¸

= + + +

å õ
å õ å õæ ö= + + +æ ö æ öæ öç ÷ ç ÷æ ö

ç ÷

å õ
æ ö=
æ ö
æ ö
ç ÷

ä ä ä

ä ä

             (1-54) 

ɃˊɧŰŮ ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ Űɖɠ ɓɏɚŰɘůŰɖɠ ŰŬɝɘɜɧɛɖůɖɠ ŬˊŬɘŰŮɑŰŬɘ ɞ əŬŰɎɚɚɖɚɞɠ ˊɟɞůŭɘɞɟɘůɛɧɠ 

Űɤɜ ˊŮɟɘɞɢɩɜ R1,R2,é,Rg ɏŰůɘ ɩůŰŮ ɜŬ ŮɚŬɢɘůŰɞˊɞɘŮɑŰŬɘ Űɞ ůɡɜɞɚɘəɧ əɧůŰɞɠ ɚŬɜɗŬůɛɏɜɖɠ 

əŬŰɎŰŬɝɖɠ (1-44). 

ŪȺɋɅȼɀȷ 5 

Ƀɘ ˊŮɟɘɞɢɏɠ ŰŬɝɘɜɧɛɖůɖɠ ˊɞɡ ŮɚŬɢɘůŰɞˊɞɘɞɨɜ Űɞ ECM  ŮɑɜŬɘ:                                             

ȾŬŰɏŰŬɝŮ Űɖɜ ˊɞɚɡŭɘɎůŰŬŰɖ ˊŬɟŬŰɐɟɖůɖ x  ůŰɞ ˊɚɖɗɡůɛɧ ˊk , ɧˊɞɡ k=1,2,3,é,g, ɔɘŬ Űɞɜ 

ɞˊɞɑɞ ɘůɢɨŮɘ ɖ ɛɘəɟɧŰŮɟɖ ůɢɏůɖ ()( )
1

\
g

i i

i
i k

p f x c k i
=
¸

ä .                                                                      (1-55) 

1.6.1.2. ȺɚŬɢɘůŰɞˊɞɑɖůɖ Űɖɠ Ɇɡɜɞɚɘəɐɠ ɄɘɗŬɜɧŰɖŰŬɠ ȿŬɜɗŬůɛɏɜɖɠ ȾŬŰɎŰŬɝɖɠ 

ɆŰɖ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŰŬ əɧůŰɖ ɚŬɜɗŬůɛɏɜɖɠ əŬŰɎŰŬɝɖɠ ŮɑɜŬɘ ɑůŬ ŰɧŰŮ ɞ əŬɜɧɜŬɠ Űɖɠ ŮɚɎɢɘůŰɖɠ 

ůɡɜɞɚɘəɐɠ ˊɘɗŬɜɧŰɖŰŬɠ ɚŬɜɗŬůɛɏɜɖɠ əŬŰɎŰŬɝɖɠ ,TPM,  ŮɑɜŬɘ ɑŭɘɞɠ ɛŮ Űɞ əŬɜɧɜŬ ŮɚɎɢɘůŰɞɡ 

ŬɜŬɛŮɜɧɛŮɜɞɡ əɧůŰɞɡɠ ɚŬɜɗŬůɛɏɜɖɠ əŬŰɎŰŬɝɖɠ ,ECM. ɇŬ əɧůŰɖ ɚŬɜɗŬůɛɏɜɖɠ əŬŰɎŰŬɝɖɠ 

ɗŮɤɟɞɨɜŰŬɘ ɑůŬ ɛŮ Űɖ ɛɞɜɎŭŬ, ɢɤɟɑɠ ŬˊɩɚŮɘŬ Űɖɠ ɔŮɜɘəɧŰɖŰŬɠ. Ƀ ɘůɢɡɟɘůɛɧɠ Űɞɡ ɗŮɤɟɐɛŬŰɞɠ 

5 ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖ ŬɜɎɗŮůɖ Űɖɠ ˊɞɚɡŭɘɎůŰŬŰɖɠ ˊŬɟŬŰɐɟɖůɖɠ x  ůŰɞ ˊɚɖɗɡůɛɧ ˊk , 

k=1,2,3,ég, ɛŮ Űɖ ɛɘəɟɧŰŮɟɖ ůɡɜɞɚɘəɐ ˊɘɗŬɜɧŰɖŰŬ ɚŬɜɗŬůɛɏɜɖɠ əŬŰɎŰŬɝɖɠ:  

()
1

g

i i

i
i k

p f x
=
¸

ä                                                                                                                                                     (1-56) 
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ȷɡŰɧ ůɡɛɓŬɑɜŮɘ ɧŰŬɜ ɞ ˊŬɟŬɚŮɘˊɧɛŮɜɞɠ ɧɟɞɠ k k ( )p f x  ŮɑɜŬɘ ɞ ɛŮɔŬɚɨŰŮɟɞɠ ɧɟɞɠ.  

ɆɡɜŮˊɩɠ, ɞ əŬɜɧɜŬɠ əŬŰɎŰŬɝɖɠ ɛŮ Űɖɜ ŮɚɎɢɘůŰɖ ůɡɜɞɚɘəɐ ˊɘɗŬɜɧŰɖŰŬ ɚŬɜɗŬůɛɏɜɖɠ 

əŬŰɎŰŬɝɖɠ ɏɢŮɘ Űɖɜ Ůɝɐɠ ɛɞɟűɐ: 

¶ ȷɜ ɘůɢɨŮɘ () ()k k i ip f x p f x>  ɔɘŬ i k" ¸                                                                             (1-57) 

ŰɧŰŮ əŬŰɏŰŬɝŮ Űɖ ˊɞɚɡŭɘɎůŰŬŰɖ ˊŬɟŬŰɐɟɖůɖ x  ůŰɞ ˊɚɖɗɡůɛɧ ˊk. 

ɐ ɘůɞŭɨɜŬɛŬ 

¶ ȷɜ ln ( ) ln ( )k k i ip f x p f x>  ɔɘŬ i k" ¸                                                                                   (1-58) 

ŰɧŰŮ əŬŰɏŰŬɝŮ Űɖ ˊɞɚɡŭɘɎůŰŬŰɖ ˊŬɟŬŰɐɟɖůɖ x  ůŰɞ ˊɚɖɗɡůɛɧ ˊk. 

1.6.1.3.  ȾŬɜɧɜŬɠ Űɞɡ Bayes 

Ƀ əŬɜɧɜŬɠ Űɞɡ Bayes əŬŰŬŰɎůůŮɘ Űɖ ˊŬɟŬŰɐɟɖůɖ ůŰɞ ˊɚɖɗɡůɛɧ ˊɞɡ ɏɢŮɘ Űɖ ɛŮɔŬɚɨŰŮɟɖ Ůə 

Űɤɜ ɡůŰɏɟɤɜ ˊɘɗŬɜɧŰɖŰŬ,k( \ ),P xp  əŬɘ ŮɑɜŬɘ ɘůɞŭɨɜŬɛɞɠ ɛŮ Űɞ ˊŬɟŬˊɎɜɤ əŬɜɧɜŬ əŬŰɎŰŬɝɖɠ 

(1-59) ɛŮ Űɖɜ ŮɚɎɢɘůŰɖ ůɡɜɞɚɘəɐ ˊɘɗŬɜɧŰɖŰŬ ɚŬɜɗŬůɛɏɜɖɠ əŬŰɎŰŬɝɖɠ. 

ȳˊɞɡ ɖ ˊŬɟŬəɎŰɤ Ůə Űɤɜ ɡůŰɏɟɤɜ ˊɘɗŬɜɧŰɖŰŬ ŬˊɞŰŮɚŮɑ Űɖ ɔŮɜɑəŮɡůɖ Űɞɡ Űɨˊɞɡ (1-3),(1-4)  

əŬɘ ŭɑɜŮŰŬɘ Ŭˊɧ Űɞ ˊŬɟŬəɎŰɤ Űɨˊɞ: 

( )
( )

()

( )( )

( )( ) ( )( )1 1

, \
\

\ ... \

k k k

k

k k

P x P x P
P x

P x P x P P x P

p p p
p

p p p p
= =

+ +
 

( )

( ) ( )1 1

\

\ ... \

k k

k k

P x p

P x p P x p

p

p p
=

+ +
                                                                                                          (1-59)

()

()
1

k k

g

i i

i

p f x

p f x
=

=

ä
 

1.6.2.  ɇŬɝɘɜɧɛɖůɖ (g>2) ȾŬɜɞɜɘəɩɜ Ʉɚɖɗɡůɛɩɜ 

ɀɘŬ ůɖɛŬɜŰɘəɐ Ůɘŭɘəɐ ˊŮɟɑˊŰɤůɖ ŮɑɜŬɘ ɞɘ ˊɞɚɡŭɘɎůŰŬŰŮɠ ˊŬɟŬŰɖɟɐůŮɘɠ ɜŬ Ŭəɞɚɞɡɗɞɨɜ Űɖ 

əŬɜɞɜɘəɐ ˊɞɚɡŭɘɎůŰŬŰɖ əŬŰŬɜɞɛɐ, ŰɧŰŮ ɖ ůɡɜɎɟŰɖůɖ ˊɡəɜɧŰɖŰŬɠ ˊɘɗŬɜɧŰɖŰŬɠ ŮɑɜŬɘ Űɖɠ 

ɛɞɟűɐɠ: 

() ( ) ( )
'

1

1
2 2

1 1
exp , 1,2,3,...,

2
2

i i i ip

i

f x x x i gm m

p

-è ø
= - - S - =é ù

ê ú
S

                         (1-60) 
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ȳˊɞɡ Űɞ ɛi ůɡɛɓɞɚɑɕŮɘ Űɞ ŭɘɎɜɡůɛŬ ɛɏůɞɡ (ŭɘɎůŰŬůɖɠ px1) əŬɘ Űɞ Ɇi ůɡɛɓɞɚɑɕŮɘ Űɞ ˊɑɜŬəŬ 

ůɡɜŭɘŬůˊɞɟɎɠ (ŭɘɎůŰŬůɖɠ pxp).  

1.6.2.1. ȯɜɘůɞɘ ɄɑɜŬəŮɠ ȹɘŬůˊɞɟɎɠ Ɇi 

ȰůŰɤ ɧŰɘ ɖ ůɡɜɎɟŰɖůɖ ˊɡəɜɧŰɖŰŬɠ ˊɘɗŬɜɧŰɖŰŬɠ ɏɢŮɘ Űɖ əŬɜɞɜɘəɐ ɛɞɟűɐ, Ůˊɘˊɚɏɞɜ ŰŬ əɧůŰɖ 

ɚŬɜɗŬůɛɏɜɖɠ əŬŰɎŰŬɝɖɠ ŮɑɜŬɘ ɑůŬ ɛŮŰŬɝɨ Űɞɡɠ ŰɧŰŮ ɞ əŬɜɧɜŬɠ əŬŰɎŰŬɝɖɠ ɛŮ Űɖɜ ŮɚɎɢɘůŰɖ 

ůɡɜɞɚɘəɐ ˊɘɗŬɜɧŰɖŰŬ ŮɑɜŬɘ Űɖɠ Ŭəɧɚɞɡɗɖɠ ɛɞɟűɐɠ. 

Ƀ əŬɜɧɜŬɠ əŬŰɎŰŬɝɖɠ ɛŮ Űɞ ŮɚɎɢɘůŰɞ ECM əŬɘ ŰŬ ɑůŬ əɧůŰɖ ɚŬɜɗŬůɛɏɜɖɠ ŰŬɝɘɜɧɛɖůɖɠ 

ŮɑɜŬɘ: 

ȷɜ () ()ln lnk k i ip f x p f x>  ɔɘŬ əɎɗŮ, 1,2,...,i k i g¸ =  ŰɧŰŮ əŬŰɏŰŬɝŮ ŰɞxůŰɞ ˊɚɖɗɡůɛɧ 

ḱ. 

ɀŮ Űɖɜ ŬɜŰɘəŬŰɎůŰŬůɖ Űɖɠ əŬɜɞɜɘəɐɠ ů.ˊ.ˊ. ˊŬɑɟɜŮɘ Űɖɜ Ůɝɐɠ ɛɞɟűɐ: 

¶ ȷɜ 

() () ( ) ( )
'

1

1
2 2

1 1
ln ln ln ln ln exp

2
2

k k k k k i i ip

i

p f x p f x p x xm m

p

-

è ø
å õé ù

= + = + - - S -æ öé ùç ÷
Sé ùê ú   

() ( ) ( ) ()
'

11 1
ln ln ln 2 ln max ln

2 2 2
k k k i i i i i i

i

p
p f x p x x p f xp m m-Ý = - - S - - S - =

    
(1-61)  

           ɧˊɞɡ 1,...,i g=    Ůˊɘˊɚɏɞɜ i ķ  ŰɧŰŮ əŬŰɏŰŬɝŮ Űɞ x  ůŰɞ ˊɚɖɗɡůɛɧ ˊk. 

ȳɛɤɠ ɞ ůŰŬɗŮɟɧɠ ɧɟɞɠ ln 2
2

p
p- ɛˊɞɟŮɑ ɜŬ ŬɔɜɞɖɗŮɑ Ŭˊɧ Űɖ (1-61) ŭɘɧŰɘ ŮɑɜŬɘ ɑŭɘɞɠ ɔɘŬ ɧɚɞɡɠ 

Űɞɡɠ ˊɚɖɗɡůɛɞɨɠ ,i ip"  ɧˊɞɡ 1,2,3,...,i g= . 

 ɃˊɧŰŮ ɞɟɑɕŮŰŬɘ ɤɠ ŰŮŰɟŬɔɤɜɘəɐ ŭɘŬɢɤɟɘůŰɘəɐ ůɡɜɎɟŰɖůɖ/ůəɞɟ ɔɘŬ Űɞɜ i ˊɚɖɗɡůɛɧ ɖ 

ˊŬɟŬəɎŰɤ ˊɞůɧŰɖŰŬ ɛŮ Űɖ ůɢɏůɖ (1-62): 

() () ( ) ( )
'

11 1
ln ln ln , 1,2,...,

2 2

Q

i k k k i i i id x p f x p x x i gm m-= = - S - - S - =                      (1-62) 

ɆɡɜŮˊɩɠ, ɞ əŬɜɧɜŬɠ əŬŰɎŰŬɝɖɠ ɛŮ Űɖɜ ŮɚɎɢɘůŰɖ ůɡɜɞɚɘəɐ ˊɘɗŬɜɧŰɖŰŬ ɚŬɜɗŬůɛɏɜɖɠ 

əŬŰɎŰŬɝɖɠ Űɤɜ əŬɜɞɜɘəɩɜ ˊɚɖɗɡůɛɩɜ ɔɘŬ Ŭɜɧɛɞɘɞɡɠ ˊɑɜŬəŮɠ ůɡɜŭɘŬůˊɞɟɎɠ ŮɑɜŬɘ ɞ Ůɝɐɠ: 
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¶ ȷɜ Űɞ ŰŮŰɟŬɔɤɜɘəɧ ůəɞɟ/ ůɡɜɎɟŰɖůɖ ()Q

kd x  ŮɑɜŬɘ Űɞ/ɖ ɛŮɔŬɚɨŰŮɟɞ/ɖ Ŭˊɧ ŰŬ 

() () ()1 2, ,...,Q Q Q

gd x d x d x  ŰɧŰŮ əŬŰɏŰŬɝŮ Űɖ ˊɞɚɡŭɘɎůŰŬŰɖ ˊŬɟŬŰɐɟɖůɖ x  ůŰɞ 

ˊɚɖɗɡůɛɧ ˊk.                                                                                                                                                                 (1-63)            

ȳˊɞɡ Űɞ ()Q

id x  ŭɑɜŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ  (1-62).      

ɆɢɧɚɘŬ 

1. ɇɞ ŰŮŰɟŬɔɤɜɘəɧ ůəɧɟ/ůɡɜɎɟŰɖůɖ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖ ɔŮɜɘəŮɡɛɏɜɖ ŭɘŬůˊɞɟɎiS,Űɖɜ Ůə Űɤɜ 

ˊɟɞŰɏɟɤɜ ˊɘɗŬɜɧŰɖŰŬ pi əŬɘ Űɖ ŰŮŰɟŬɔɤɜɘəɐ ŬˊɧůŰŬůɖ Űɞɡx  Ŭˊɧ Űɞ ˊɚɖɗɡůɛɘŬəɧ ɛɏůɞ ɛi. 

ɃˊɧŰŮ ɔɘŬ ɜŬ ŰŬɝɘɜɞɛɖɗŮɑ ɛɘŬ ˊŬɟŬŰɐɟɖůɖ ŬˊŬɘŰŮɑŰŬɘ ɜŬ ɡˊɞɚɞɔɘůŰɞɨɜ ɞɘ g ˊŬɟŬˊɎɜɤ 

ˊɞůɧŰɖŰŮɠ əŬɘ Ůɜ ůɡɜŮɢŮɑŬ ɜŬ ůɡɔəɟɘɗɞɨɜ ɛŮŰŬɝɨ Űɞɡɠ ɏŰůɘ ɩůŰŮ ɜŬ ŮɜŰɞˊɘůŰŮɑ ɖ ɛŮɔŬɚɨŰŮɟɖ 

ˊɞůɧŰɖŰŬ əŬɘ ɖ ˊɞɚɡŭɘɎůŰŬŰɖ ˊŬɟŬŰɐɟɖůɖ ɜŬ əŬŰŬɜŮɛɖɗŮɑ ůŰɞ ˊɚɖɗɡůɛɧ ŬɡŰɧ. 

2. ɆŰɖ ˊɟɎɝɖ ɞɘ ˊɚɖɗɡůɛɘŬəɏɠ ˊŬɟɎɛŮŰɟɞɘ, im əŬɘ Ɇi ŮɑɜŬɘ ɎɔɜɤůŰŮɠ ɔɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ 

ŮəŰɘɛɞɨɜŰŬɘ Ŭˊɧ Űɘɠ ŭŮɘɔɛŬŰɘəɏɠ ˊɞůɧŰɖŰŮɠ , ix  əŬɘ Si  ŬɜŰɑůŰɞɘɢŬ. Ⱥˊɑůɖɠ ɛŮ ni ůɡɛɓɞɚɑɕŮŰŬɘ 

Űɞ ɛɏɔŮɗɞɠ Űɞɡ ŭŮɑɔɛŬŰɞɠ Űɞɡ i ˊɚɖɗɡůɛɞɨ. 

1 1

1 inp

i ij

i ji

x x
n = =

= ää (ŭɘɎůŰŬůɖɠ px1)   əŬɘ  ( )( )
'

1 1

1

1

inp

i ij i ij i

i ji

S x x x x
n = =

= - -
-
ää  (ŭɘɎůŰŬůɖɠ pxp) 

ɇɧŰŮ ɖ ŮəŰɑɛɖůɖ Űɞɡ ŰŮŰɟŬɔɤɜɘəɞɨ ŭɘŬɢɤɟɘůŰɘəɞɨ ůəɞɟ/ůɡɜɎɟŰɖůɖɠ ŮɑɜŬɘ : 

() ( ) ( )
' 11 1Ĕ ln ln , 1,2,...,

2 2

Q

i i i i i id x S x x S x x p i g-=- - - - + =                                            (1-64) 

ɄɟɞəɨˊŰŮɘ ɚɞɘˊɧɜ ɞ Ŭəɧɚɞɡɗɞɠ əŬɜɧɜŬɠ əŬŰɎŰŬɝɖɠ ɛŮ Űɖɜ ŮɚɎɢɘůŰɖ ůɡɜɞɚɘəɐ ˊɘɗŬɜɧŰɖŰŬ 

ɚŬɜɗŬůɛɏɜɖɠ əŬŰɎŰŬɝɖɠ Űɤɜ g-əŬɜɞɜɘəɩɜ ˊɚɖɗɡůɛɩɜ ɔɘŬ Ŭɜɧɛɞɘɞɡɠ ˊɑɜŬəŮɠ ŭɘŬůˊɞɟɎɠ: 
 
 

¶ ȷɜ Űɞ ŰŮŰɟŬɔɤɜɘəɧ ůəɞɟ ()ĔQ
kd x  ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɞ Ŭˊɧ ɧɚŬ ŰŬ ɡˊɧɚɞɘˊŬ ŰŮŰɟŬɔɤɜɘəɎ 

ůəɞɟ () () ()1 2
Ĕ Ĕ Ĕ, ,...,Q Q Q

gd x d x d x  ŰɧŰŮ əŬŰɏŰŬɝŮ Űɖ ˊɞɚɡŭɘɎůŰŬŰɖ ˊŬɟŬŰɐɟɖůɖ x  ůŰɞ 

ˊɚɖɗɡůɛɧ ˊk.                                                                                                                                                                 (1-65) 

ȳˊɞɡ Űɞ ()ĔQ
id x  ŭɑɜŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ  (1-64).             
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1.6.2.2. Ƚůɞɘ ɄɑɜŬəŮɠ ȹɘŬůˊɞɟɎɠ Ɇ=Ɇi, " i=1,2,ég  

ɆŮ ŬɡŰɐ Űɖ ˊŮɟɑˊŰɤůɖ, Űɤɜ ɑůɤɜ ˊɘɜɎəɤɜ ůɡɜŭɘŬůˊɞɟɎɠ, ɖ ŭɘŬɢɤɟɘůŰɘəɐ ŰŮŰɟŬɔɤɜɘəɐ 

ůɡɜɎɟŰɖůɖ (1-52) ɔɑɜŮŰŬɘ: 

() ( ) ( )
'

11 1
ln ln

2 2

Q

i i i id x x x pm m-=- S - - S - +, 1,2,...,i g=  

() ( ) ( )
' '

1 11 1 1
ln ln

2 2 2

Q

i i i i id x x x x pm m m- -Ý =- S - - S + - S + 

() ' 1 ' 1 ' 1 ' 11 1 1 1 1
ln ln

2 2 2 2 2

Q

i i i i i id x x x x x pm m m m- - - -Ý =- S - S + S + S - S + 

() ' 1 ' 1 ' 1 ' 11 1 1 1 1
ln ln

2 2 2 2 2

Q

i i i i i id x x x x x pm m m m- - - -Ý =- S - S + S + S - S + 

() ' 1 ' 1 ' 11 1 1
ln ln

2 2 2

Q

i i i i id x x x x pm m m- - -Ý =- S - S + S - S + 

ȺˊŮɘŭɐ ůŰɖ ˊŬɟŬˊɎɜɤ ůɢɏůɖ ɞɘ ŭɨɞ ˊɟɩŰɞɘ ɧɟɞɘ ŮɑɜŬɘ ůŰŬɗŮɟɞɑ ɧɟɞɘ ɔɘŬ ɧɚŮɠ Űɘɠ 

ŭɘŬɢɤɟɘůŰɘəɏɠ ŰŮŰɟŬɔɤɜɘəɏɠ ůɡɜŬɟŰɐůŮɘɠ ɛˊɞɟɞɨɜ ɜŬ Ŭɔɜɞɖɗɞɨɜ. Ƀ́ ɧŰŮ, ɖ ɡˊɞɚŮɘˊɧɛŮɜɖ 

ˊɞůɧŰɖŰŬ ' 1 ' 11
ln

2
i i i ix pm m m- -S - S +  ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɛɘŬ ůŰŬɗŮɟɎ' 11

ln
2

i i ipm m-- S +  əŬɘ Ŭˊɧ 

ɏɜŬ ɔɟŬɛɛɘəɧ ůɡɜŭɡŬůɛɧ Űɞɡ ŭɘŬɜɨůɛŬŰɞɠ x , ' 1

i xm -S .  

ɆɡɜŮˊɩɠ, ɞɟɑɕŮŰŬɘ ɖ ɔɟŬɛɛɘəɐ ŭɘŬɢɤɟɘůŰɘəɐ ůɡɜɎɟŰɖůɖ (1-66): 

() ' 1 ' 11
ln , 1,2,...,

2
i i i i id x x p i gm m m- -= S - S + =                                                                   (1-66)                                                                   

ȼ ŮəŰɑɛɖůɖ Űɞɡ ɔɟŬɛɛɘəɞɨ ŭɘŬɢɤɟɘůŰɘəɞɨ ůəɞɟ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ (1-67): 

() ' 1 ' 11Ĕ ln , 1,2,...,
2

i i pooled i pooled id x x S x x S x p i g- -= - + =                                                                          (1-67)                                                                     

ɧˊɞɡ 
( ) ( ) ( )1 1 2 2

1 2

1 1 ... 1

...

g g

pooled

g

n S n S n S
S

n n n g

- + - + + -
=

+ + + -
 

ɃˊɧŰŮ ɞ əŬɜɧɜŬɠ Űɖɠ ŮɚɎɢɘůŰɖɠ ůɡɜɞɚɘəɐɠ ˊɘɗŬɜɧŰɖŰŬɠ Űɤɜ əŬɜɞɜɘəɩɜ ˊɚɖɗɡůɛɩɜ ɔɘŬ ɑůɞɡɠ 

ˊɑɜŬəŮɠ ůɡɜŭɘŬůˊɞɟɎɠ ɔɑɜŮŰŬɘ: 
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¶ ȷɜ Űɞ ɔɟŬɛɛɘəɧ ŭɘŬɢɤɟɘůŰɘəɧ ůəɞɟ ()ĔQ
kd x  ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɞ Ŭˊɧ ɧɚŬ ŰŬ ɡˊɧɚɞɘˊŬ 

ɔɟŬɛɛɘəɎ ůəɞɟ() () ()1 2
Ĕ Ĕ Ĕ, ,...,Q Q Q

gd x d x d x  ŰɧŰŮ əŬŰɏŰŬɝŮ Űɖ ˊɞɚɡŭɘɎůŰŬŰɖ ˊŬɟŬŰɐɟɖůɖ

x  ůŰɞ ˊɚɖɗɡůɛɧ ˊk.                                                                                                (1-68)                                                  

ȳˊɞɡ Űɞ Ĕ( )id x  ŭɑɜŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ (1-67).    

 

ɄŬɟŬŰɐɟɖůɖ 

ȰɜŬɠ ɘůɞŭɨɜŬɛɞɠ ŰŬɝɘɜɞɛɖŰɐɠ Űɖɠ ůɢɏůɖɠ (1.66) ɛˊɞɟŮɑ ɜŬ ůɢɖɛŬŰɘůŰŮɑ ŮɎɜ ŬűŬɘɟɏůɞɡɛŮ 

Ŭˊɧ Űɞ ŰŮŰɟŬɔɤɜɘəɧ Űɖɠ ůɢɏůɖɠ (1.62) Űɞ ůŰŬɗŮɟɧ ɧɟɞ 
1

ln
2
- S. ɇɧŰŮ ɖ ˊɞɚɡŭɘɎůŰŬŰɖ 

ˊŬɟŬŰɐɟɖůɖ x  əŬŰŬŰɎůůŮŰŬɘ ůŰɞ ˊɚɖɗɡůɛɧ ˊi ɔɘŬ Űɞɜ ɞˊɞɑɞ ɖ ˊɞůɧŰɖŰŬ ()21
ln

2
i iD x p- +     

ŮɑɜŬɘ ɖ ɛŮɔŬɚɨŰŮɟɖ. ȳˊɞɡ ()( ) ( )2 1'i i pooled iD x x x S x x-= - - ɖ ŰŮŰɟŬɔɤɜɘəɐ ŬˊɧůŰŬůɖ Űɞɡ x  

Ŭˊɧ Űɞ ŭŮɘɔɛŬŰɘəɧ ɛɏůɞ ix  

                                                                               

1.7. ȹȽȷɉɋɅȽɆɇȽȾȼ ȷɁȷȿɈɆȼ FISHER ɔɘŬ g-ˊɚɖɗɡůɛɞɨɠ. 

ȼ ŭɘŬɢɤɟɘůŰɘəɐ ɛɏɗɞŭɞɠ Űɞɡ Fisher ɔɘŬ ŭɨɞ ˊɚɖɗɡůɛɞɨɠ ŮˊŮəŰŮɑɜŮŰŬɘ əŬɘ ɔɘŬ ˊŮɟɘůůɧŰŮɟɞɡɠ 

Ŭˊɧ ŭɨɞ ˊɚɖɗɡůɛɞɨɠ, ɞˊɧŰŮ ˊɟɞəɨˊŰŮɘ ɖ ɔŮɜɑəŮɡůɖ Űɖɠ ŭɘŬɢɤɟɘůŰɘəɐɠ ŬɜɎɚɡůɖɠ  Fisher ɔɘŬ 

g-ˊɚɖɗɡůɛɞɨɠ. ȼ ˊɟɞůɏɔɔɘůɖ Űɞɡ Fisher ɏɢŮɘ ůŬ əɨɟɘɞ ůəɞˊɧ Űɞɜ ŭɘŬɢɤɟɘůɛɧ Űɤɜ g-

ˊɚɖɗɡůɛɩɜ, ɞ ɞˊɞɑɞɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ ɞˊŰɘəɞˊɞɘɐůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ Űɤɜ ˊɚɖɗɡůɛɩɜ ɐ 

ɔɘŬ ɔɟŬűɘəɞɨɠ ŭɘŬɢɤɟɘůŰɘəɞɨɠ ůəɞˊɞɨɠ.  

ȷəɞɚɞɡɗŮɑ ɖ ˊŮɟɘɔɟŬűɐ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ɡɚɞˊɞɑɖůɖɠ Űɖɠ ɛŮɗɧŭɞɡ Fisher. 

1
ɞ 
ȸɐɛŬ 

ȼ ŮɨɟŮůɖ əŬŰɎɚɚɖɚɤɜ ɔɟŬɛɛɘəɩɜ ůɡɜŭɡŬůɛɩɜ Űɤɜ Ŭɟɢɘəɩɜ ɛŮŰŬɓɚɖŰɩɜ ɛŮ ůəɞˊɧ Űɞ  

ůɢɖɛŬŰɘůɛɧ əŬɚɨŰŮɟɖɠ ŬɜŬˊŬɟɎůŰŬůɖɠ Űɤɜ g-ˊɚɖɗɡůɛɩɜ ůŮ ɏɜŬ əŬɘɜɞɨɟɔɘɞ ůɨůŰɖɛŬ 

ůɡɜŰŮŰŬɔɛɏɜɤɜ ɢŬɛɖɚɧŰŮɟɖɠ ŭɘůŰŬəŰɘəɧŰɖŰŬɠ. ɀŮ Űɖ ŰŮɢɜɘəɐ ɛŮɑɤůɖɠ Űɖɠ ŭɘɎůŰŬůɖɠ Űɞɡ 

ɜɏɞɡ ůɡůŰɐɛŬŰɞɠ ɡˊɎɟɢŮɘ ɛŮɜ ŬˊɩɚŮɘŬ Űɖɠ Ŭɟɢɘəɐɠ ˊɚɖɟɞűɞɟɑŬɠ ŬɚɚɎ əŬɘ əɏɟŭɞɠ ůŮ ɢɩɟɞ 

əŬɘ ɢɟɧɜɞ əŬɗɩɠ ɛˊɞɟŮɑ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɞˊŰɘəɞˊɞɘɐůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ Ůˊɘˊɚɏɞɜ 

ɔɟɖɔɞɟɧŰŮɟɖ ŬˊɞɗɐəŮɡůɖ əŬɘ ŮˊŮɝŮɟɔŬůɑŬ ůɡɜŮˊɩɠ ŬˊɞŭɞŰɘəɧŰŮɟɖ ɛɏɗɞŭɞɠ ŭɘŬɢɤɟɘůŰɘəɐɠ 

ŬɜɎɚɡůɖɠ ŭŮŭɞɛɏɜɤɜ. 
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2
 ɞ
 ȸɐɛŬ 

ȼ ůɢŮŭɑŬůɖ ůŮ əŬɟŰŮůɘŬɜɏɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɤɜ Űɘɛɩɜ Űɤɜ ŭŮɘɔɛŬŰɘəɩɜ ˊŬɟŬŰɖɟɐůŮɤɜ Űɤɜ 

ŭɘŬɢɤɟɘůŰɩɜ ɡˊɞŭŮɘəɜɨŮɘ/ŬɜɘɢɜŮɨŮɘ Űɘɠ ŬəɟŬɑŮɠ Űɘɛɏɠ ɐ ɎɚɚŮɠ ŬɜɤɛŬɚɑŮɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ. 

3
 ɞ
 ȸɐɛŬ 

ɆɢŮŭɘŬůɛɧɠ Űɤɜ ɛɏůɤɜ Űɤɜ ɜɏɤɜ ɛŮŰŬɓɚɖŰɩɜ ˊɞɡ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ ɤɠ ŭɘŬɢɤɟɘůŰɏɠ ɛŮ ůəɞˊɧ 

Űɖɜ ŮɟɛɖɜŮɑŬ ůɢɏůŮɤɜ ŬɜɎɛŮůŬ ůŰŬ ŭŮŭɞɛɏɜŬ ŬɚɚɎ əŬɘ Űɖɜ ˊŬɟŬŰɐɟɖůɖ ˊɘɗŬɜɩɜ 

ɞɛŬŭɞˊɞɘɐůŮɤɜ Űɤɜ ˊɚɖɗɡůɛɩɜ. 

ɆŰɖ ŭɘŬɢɤɟɘůŰɘəɐ ŬɜɎɚɡůɖ Fisher ŭŮɜ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ ɡˊɧɗŮůɖ Űɖɠ əŬɜɞɜɘəɧŰɖŰŬɠ Űɤɜ 

ˊɚɖɗɡůɛɩɜ ɧɛɤɠ ŬˊŬɘŰŮɑŰŬɘ ɖ ɡˊɧɗŮůɖ Űɖɠ ɘůɧŰɖŰŬɠ Űɤɜ ˊɚɖɗɡůɛɘŬəɩɜ ˊɘɜɎəɤɜ 

ůɡɜŭɘŬůˊɞɟɎɠ, ŭɖɚŬŭɐ 
1 2 ... gS =S = =S =S ŭɘɎůŰŬůɖɠ pxp. 

ũɘŬ Űɘɠ Ŭɟɢɘəɏɠ ŰɡɢŬɑŮɠ  ɛŮŰŬɓɚɖŰɏɠ { }1 2' , ... PC = C C CɘůɢɨŮɘ: 

ȰůŰɤ ɧŰɘ ɛŮ im ůɡɛɓɞɚɑɕŮŰŬɘ ɞ ˊɚɖɗɡůɛɘŬəɧɠ ɛɏůɞɠ Űɞɡ í ˊɚɖɗɡůɛɞɨ ɔɘŬ i=1,2,3é.g əŬɘ 

ɛŮ můɡɛɓɞɚɑɕŮŰŬɘ ɖ ůɡɜɞɚɘəɐ/ɞɚɘəɐ ɛɏůɖ Űɘɛɐ Űɤɜ ˊɚɖɗɡůɛɩɜ Űɤɜ Ŭɟɢɘəɩɜ ɛŮŰŬɓɚɖŰɩɜ 

əŬɘ ŭɑɜɞɜŰŬɘ Ŭˊɧ Űɞɡɠ Ůɝɐɠ Űɨˊɞɡɠ: 

 
1

1 iN

i ij

jiN
m

=

= Cä  əŬɘ 
1

1 g

i

ig
m m

=

= ä                                                                              (1-69), (1-70)   

Ⱥˊɘˊɚɏɞɜ, ɛŮ ȸɞ ůɡɛɓɞɚɑɕŮŰŬɘ Űɞ ɎɗɟɞɘůɛŬ Űɤɜ ŰŮŰɟŬɔɤɜɘəɩɜ ŬˊɞůŰɎůŮɤɜ Űɤɜ 

ˊɚɖɗɡůɛɘŬəɩɜ ɛɏůɤɜ Űɤɜ g-ˊɚɖɗɡůɛɩɜ Ŭˊɧ Űɞ ůɡɜɞɚɘəɧ ˊɚɖɗɡůɛɘŬəɧ ɛɏůɞ ɧɚɤɜ Űɤɜ 

ˊɚɖɗɡůɛɩɜ əŬɘ ŭɑɜŮŰŬɘ Ŭˊɧ Űɞ Űɨˊɞ (ɐ ˊɑɜŬəŬ) (1-71) : 

( )( )
1

'
g

o i i

i

B m m m m
=

= - -ä                                                                                                    (1-71) 

Ƀɘ əŬɘɜɞɨɟɔɘŮɠ ɛŮŰŬɓɚɖŰɏɠ { }1 2' , ,..., ,sY Y Y Y s p= < ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɘɠ Ŭɟɢɘəɏɠ 

{ }1 2' , ... PC = C C CůɨɛűɤɜŬ ɛŮ Űɞ ɔɟŬɛɛɘəɧ ɛŮŰŬůɢɖɛŬŰɘůɛɧ (1-72): 

'Y= C                                                                                                                                                      (1-72) 

ȼ ɛɏůɖ Űɘɛɐ Űɞɡ Ɉ  ɔɘŬ Űɞɜ ˊɚɖɗɡůɛɧ í  ŮɑɜŬɘ: 

() ( ) ()' ' ' iE Y E E m= C = C =                                                                                       
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ȼ ŭɘŬůˊɞɟɎ ɔɘŬ ɧɚɞɡɠ Űɞɡɠ ˊɚɖɗɡůɛɞɨɠ ŮɑɜŬɘ: 

() ( ) ()' ' 'Var Y Var Var= C = C = S                                                                            

Ⱥˊɑůɖɠ, ɖ ɞɚɘəɐ ɛɏůɖ Űɘɛɐ ɔɘŬ Űɘɠ ɜɏŮɠ ɛŮŰŬɓɚɖŰɏɠ { }1 2, ,..., ,sY Y Y Y s p= <ŮɑɜŬɘ: 

1 1 1

1 1 1
' ' '

g g g

Y iY i i

i i ig g g
m m m m m

= = =

å õ
= = = =æ ö

ç ÷
ä ä ä                                                                (1-73) 

ȷəɟɘɓɐɠ ŭɘŬɢɤɟɘůɛɧɠ ɛŮŰŬɝɨ Űɤɜ ˊɚɖɗɡůɛɩɜ ůɖɛŬɑɜŮɘ ɧŰɘ ɞɘ ˊɚɖɗɡůɛɘŬəɞɑ ɛɏůɞɘ ɗŬ ˊɟɏˊŮɘ 

ɜŬ ŮɑɜŬɘ ɧůɞ Űɞ ŭɡɜŬŰɧɜ ˊɘɞ ŬˊɞɛŬəɟɡůɛɏɜɞɘ ůŮ ůɢɏůɖ ɛŮ Űɖɜ ɞɚɘəɐ ɛɏůɖ Űɘɛɐ Űɤɜ 

ˊɚɖɗɡůɛɩɜ. ɃˊɧŰŮ ɖ ŮɨɟŮůɖ Űɞɡ əŬɚɨŰŮɟɞɡ ŭɘŬɢɤɟɘůɛɞɨ (ŭɖɚŬŭɐ ŮɨɟŮůɖ Űɞɡ əŬŰɎɚɚɖɚɞɡ 

 ́ ɞɡ ɛŮɔɘůŰɞˊɞɘŮɑ Űɞ ˊŬɟŬəɎŰɤ ɚɧɔɞ) Űɤɜ g-ˊɚɖɗɡůɛɩɜ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ Űɖ ɛŮɔɘůŰɞˊɞɑɖůɖ 

Űɞɡ ɚɧɔɞɡ Űɖɠ ůɢɏůɖɠ (1-74) , ɞ ɞˊɞɑɞɠ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɤɠ ŭɘŬɢɤɟɘůŰɘəɧ ɛɏŰɟɞ. 

( ) ( ) ( )( )
2 2

11 1

2

' '' '
'

' ' '

gg g

i iiY Y i
ii i

Y

o

m m m mm m m m

s

== =

å õ
- -- - æ ö

Bç ÷= = =
S S S

ää ä
                       (1-74) 

Ƀ ɚɧɔɞɠ ŬɡŰɧɠ ŬˊɞŰŮɚŮɑ ɏɜŬ ɛɏŰɟɞ ɛŮŰŬɓɚɖŰɧŰɖŰŬɠ ŬɜɎɛŮůŬ ůŰɞɡɠ ˊɚɖɗɡůɛɞɨɠ Űɤɜ Ɉ Űɘɛɩɜ 

ůŮ ůɢɏůɖ ɛŮ Űɖ əɞɘɜɐ ɛŮŰŬɓɚɖŰɧŰɖŰŬ Űɤɜ ɞɛɎŭɤɜ. 

ɆŰɖ ˊɟɎɝɖ ɧɛɤɠ ɞɘ ˊɚɖɗɡůɛɘŬəɏɠ ˊɞůɧŰɖŰŮɠ im əŬɘ Ɇ ŮɑɜŬɘ ɎɔɜɤůŰŮɠ, ɔɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ 

ŮəŰɘɛɞɨɜŰŬɘ Ŭˊɧ Űɘɠ ŭŮɘɔɛŬŰɘəɏɠ ˊŬɟŬɛɏŰɟɞɡɠ ix
 
əŬɘ 

pooledS  ŬɜŰɑůŰɞɘɢŬ. ȰůŰɤ ɧŰɘ ɔɘŬ əɎɗŮ 

ˊɚɖɗɡůɛɧ í  ŬɜŰɘůŰɞɘɢŮɑ ɏɜŬ ŭŮɑɔɛŬ ɛŮɔɏɗɞɡɠ ni  ɛŮ i=1,2,ég. ȼ ŭŮɘɔɛŬŰɘəɐ ɛɏůɖ Űɘɛɐ ɔɘŬ Űɞɜ 

ˊɚɖɗɡůɛɧ í  ŮɑɜŬɘ: 

1

1 in

i ij

ji

x x
n =

= ä                                                                                                                         (1-75) 

ȼ ɞɚɘəɐ ŭŮɘɔɛŬŰɘəɐ ɛɏůɖ Űɘɛɐ ,ŭɘɎůŰŬůɖɠ px1, Űɤɜ ˊɚɖɗɡůɛɩɜ Űɤɜ Ŭɟɢɘəɩɜ ɛŮŰŬɓɚɖŰɩɜ 

{ }1 2, ... PC= C C CŮɑɜŬɘ: 

1 11

1 1

ingg

iji i
i ji

g g

i i

i i

xn x

x

n n

= ==

= =

= =

äää

ä ä
                                                                                                        (1-76) 
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Ƀ ˊɚɖɗɡůɛɘŬəɧɠ ˊɑɜŬəŬɠ ȸɞ ŮəŰɘɛɎŰŬɘ Ŭˊɧ Űɞ ŭŮɘɔɛŬŰɘəɧ ˊɑɜŬəŬ: 

( )( )
1

Ĕ '
g

o i i

i

x x x x
=

B = - -ä                                                                                                     (1-77) 

 

Ƀɘ ˊɚɖɗɡůɛɞɑ ˊi , ɧˊɞɡ i=1,2é.g ɏɢɞɡɜ Űɞɜ ɑŭɘɞ ˊɑɜŬəŬ ˊɚɖɗɡůɛɘŬəɐɠ ŭɘŬůˊɞɟɎɠ ŭɖɚŬŭɐ 

1 2 ... gS =S = =S =SɞˊɧŰŮ ŬˊŬɘŰŮɑŰŬɘ ɞ ůɡɜŭɡŬůɛɧɠ Űɤɜ ŭŮɘɔɛŬŰɘəɩɜ ŭɘŬůˊɞɟɩɜ 

1 2, ,...., gS S SɩůŰŮ ɜŬ əŬŰŬůəŮɡŬůŰŮɑ ɖ ůŰŬɗɛɘůɛɏɜɖ əɞɘɜɐ ŭŮɘɔɛŬŰɘəɐ ŭɘŬůˊɞɟɎ Spooled ɖ ɞˊɞɑŬ 

ŮɑɜŬɘ ŬɛŮɟɧɚɖˊŰɖ ŮəŰɘɛɐŰɟɘŬ Űɖɠ əɞɘɜɐɠ ˊɚɖɗɡůɛɘŬəɐɠ ŭɘŬůˊɞɟɎɠ Ɇ. 
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i
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ȷɜ ( )( )
1 1

'
ing

ij i ij i

i j

W x x x x
= =

= - -ää                                                                                                            (1-78) 

ŰɧŰŮ  
1 2 ...

pooled

g

W
S

n n n g
=
+ + + -

 

( ) ( )1 2

1

... 1
g

g pooled i i

i

W n n n g S n S
=

Ý = + + + - = -ä  

ɆɡɜŮˊɩɠ, ɞ ˊɑɜŬəŬɠ W ŮɑɜŬɘ ɛɘŬ ŮəŰɑɛɖůɖ Űɞɡ əɞɘɜɞɨ ˊɑɜŬəŬ ˊɚɖɗɡůɛɘŬəɐɠ ŭɘŬůˊɞɟɎɠ Ɇ. 

ȯɟŬ ɖ ŮəŰɑɛɖůɖ Űɞɡ ɚɧɔɞɡ (1-74) ˊɞɡ ůɡɛɓɞɚɑɕŮɘ ɏɜŬ ɛɏŰɟɞ ɛŮŰŬɓɚɖŰɧŰɖŰŬɠ ŮɑɜŬɘ ɖ Ůɝɐɠ: 

Ĕ Ĕ'

Ĕ Ĕ' pooledS

oB   ɘůɞŭɨɜŬɛŬ ɞ ɚɧɔɞɠ ɛˊɞɟŮɑ ɜŬ ůɡɛɓɞɚɘůŰŮɑ ɤɠ 
Ĕ Ĕ'

Ĕ Ĕ'W

oB  
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Ⱥˊɞɛɏɜɤɠ, Űɞ ŭɘɎɜɡůɛŬ Ĕ́ ɞɡ ɛŮɔɘůŰɞˊɞɘŮɑ Űɞ ɚɧɔɞ 
Ĕ Ĕ'

Ĕ Ĕ' pooledS

oB  Ůˊɘˊɚɏɞɜ ɛŮɔɘůŰɞˊɞɘŮɑ əŬɘ Űɞ 

əɚɎůɛŬ 
Ĕ Ĕ'

Ĕ Ĕ'W

oB . ɇɞ ɓɏɚŰɘůŰɞ ŭɘɎɜɡůɛŬĔ(ŭɖɚŬŭɐ Űɞ ŭɘɎɜɡůɛŬ Ĕ ˊɞɡ ɛŮɔɘůŰɞˊɞɘŮɑ Űɖ ůɡɜɗɐəɖ 

Ĕ Ĕ'

Ĕ Ĕ'W

oB ) ɛˊɞɟŮɑ ɜŬ ɢŬɟŬəŰɖɟɘůŰŮɑ ɤɠ ɘŭɘɞŭɘɎɜɡůɛŬ, Ĕ
ie  Űɞɡ ˊɑɜŬəŬ 1W o

-B . 

1.7.1.  Ƀɘ ȹŮɘɔɛŬŰɘəɞɑ ũɟŬɛɛɘəɞɑ ȹɘŬɢɤɟɘůŰɏɠ Űɞɡ Fisher 

 

ŪȺɋɅȼɀȷ 6 

ȰůŰɤ ɧŰɘ 
1 2
Ĕ Ĕ Ĕ, ,..., 0gl l l> ŮɑɜŬɘ ɞɘ ɛɖ ɛɖŭŮɜɘəɏɠ ɘŭɘɞŰɘɛɏɠ Űɞɡ ˊɑɜŬəŬ 1W o

-Bɧˊɞɡ Űɞ s 

ɘəŬɜɞˊɞɘŮɑ Űɖ ůɢɏůɖ ( )min 1,s g p¢ -  ŰɧŰŮ ŰŬ  1 2
Ĕ Ĕ Ĕ, ,..., se e e ŮɑɜŬɘ ŰŬ ŬɜŰɑůŰɞɘɢŬ 

ɘŭɘɞŭɘŬɜɨůɛŬŰŬ ɏŰůɘ ɩůŰŮ ɜŬ ɘůɢɨŮɘ Ĕ Ĕ' 1poolede S e= . ɇɧŰŮ Űɞ ŭɘɎɜɡůɛŬ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ  Ĕ ˊɞɡ 

ɛŮɔɘůŰɞˊɞɘŮɑ Űɞ ɚɧɔɞ: 

( )( )

( )( )

1

1 1

Ĕ Ĕ' 'Ĕ Ĕ'

Ĕ Ĕ' Ĕ Ĕ' '
i

g

i i

i

ng

ij i ij i

i j

x x x x

W
x x x x

o =

= =

- -
B
=

- -

ä

ää
                                                                                                   (1-79) 

ŭɑɜŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ 1 1
Ĕ Ĕe=  əŬɘ ɞ ɔɟŬɛɛɘəɧɠ ůɡɜŭɡŬůɛɧɠ ˊɞɡ ůɢɖɛŬŰɑɕŮŰŬɘ 1

Ĕ' xəŬɚŮɑŰŬɘ 

ˊɟɩŰɞɠ ŭŮɘɔɛŬŰɘəɧɠ ŭɘŬɢɤɟɘůŰɐɠ. ȼ Ůˊɘɚɞɔɐ 2 2
Ĕ Ĕe=  ˊŬɟɎɔŮɘ Űɞ ŭŮɨŰŮɟɞ ŭŮɘɔɛŬŰɘəɧ 

ŭɘŬɢɤɟɘůŰɐ 2
Ĕ' x  ɡˊɧ Űɖɜ ɡˊɧɗŮůɖ ( )1 2

Ĕ Ĕ' , ' 0Cov x x = . ɆɡɜŮɢɑɕɞɜŰŬɠ, Űɞ 
' 'Ĕ Ĕ
k kx e x=  ŮɑɜŬɘ ɞ 

ə-ɞůŰɧɠ ŭŮɘɔɛŬŰɘəɧɠ ŭɘŬɢɤɟɘůŰɐɠ ɛŮ i k<  ɡˊɧ Űɖɜ ɡˊɧɗŮůɖ ( )Ĕ Ĕ' , ' 0,k iCov x x i k= <. 

Ⱥˊɘˊɚɏɞɜ ɘůɢɨŮɘ ɧŰɘ ɖ ŭɘŬůˊɞɟɎ Űɞɡ əɎɗŮ ŭɘŬɢɤɟɘůŰɐ ɘůɞɨŰŬɘ ɛŮ Űɖ ɛɞɜɎŭŬ, 

( )' 1, 1,2,...iVar x i s= = . 

ȷɄɃȹȺȽɂȼ 

(ůəɞˊɧɠ ŮɑɜŬɘ ɖ ɛŮŰŬŰɟɞˊɐ Űɞɡ ˊŬɟŬˊɎɜɤ ˊɟɞɓɚɐɛŬŰɞɠ ɛŮɔɘůŰɞˊɞɑɖůɖɠ ůŮ ɏɜŬ ɔɜɤůŰɧ 

ˊɟɧɓɚɖɛŬ ɛŮɔɘůŰɞˊɞɑɖůɖɠ) 

ȼ űŬůɛŬŰɘəɐ ŬɜɎɚɡůɖ Űɞɡ ˊɑɜŬəŬ ŭɘŬůˊɞɟɎɠ ŮɑɜŬɘ 'P PS= L,ɧˊɞɡ ȿ ŮɑɜŬɘ ɞ ɗŮŰɘəɧɠ 

ŭɘŬɔɩɜɘɞɠ ˊɑɜŬəŬɠ ɘŭɘɞŰɘɛɩɜ əŬɘ P ŮɑɜŬɘ ɞ ɞɟɗɞɔɩɜɘɞɠ ˊɑɜŬəŬɠ Űɤɜ ɘŭɘɞŭɘŬɜɡůɛɎŰɤɜ. ȰůŰɤ 
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ɧŰɘ ɛŮ 

1

2L  ůɡɛɓɞɚɑɕɞɡɛŮ Űɖ ŰŮŰɟŬɔɤɜɘəɐ ɟɑɕŬ Űɞɡ ŭɘŬɔɩɜɘɞɡ ˊɑɜŬəŬ ɛŮ 
ilŰŬ ŭɘŬɔɩɜɘŬ 

ůŰɞɘɢŮɑŬ Űɞɡ. ȯɟŬ ɖ ŰŮŰɟŬɔɤɜɘəɐ ɟɑɕŬ Űɞɡ ˊɑɜŬəŬ Ɇ ɞɟɑɕŮŰŬɘ ɤɠ Ůɝɐɠ: 
1 1

2 2 'P PS = L  əŬɘ ɞ 

ŬɜŰɑůŰɟɞűɞɠ Űɞɡ ŮɑɜŬɘ 

1 1

2 2 'P P
- -

S = L  

ɆɡɜŮˊɩɠ ɘůɢɨɞɡɜ ɞɘ ˊŬɟŬəɎŰɤ ůɢɏůŮɘɠ: 

1 1

2 2 ,S S =S 
1 1 1 1

2 2 2 2,
- -

S S =I=S S   
1 1

12 2
- -

-S S =S 

ȷɜ 
1

2a=S  ŰɧŰŮ  

1 1

2 2' ' 'a a= S S = S 

1 1 1 1 1 1

2 2 2 2 2 2' ' 'a ao o o

- - - -

S B S = S S B S S = B 

ȯɟŬ Űɞ ˊɟɧɓɚɖɛŬ ɛŮɔɘůŰɞˊɞɑɖůɖɠ Űɞɡ 
'

'

oB

S
 ɛŮŰŬŰɟɏˊŮŰŬɘ ɘůɞŭɨɜŬɛŬ ůŰɖɜ ŮɨɟŮůɖ Űɞɡ 

ŭɘŬɜɨůɛŬŰɞɠ a  ˊɞɡ ɛŮɔɘůŰɞˊɞɘŮɑ Űɞ ɚɧɔɞ 

1 1

2 2'

'

a a

a a

o

- -

S B S
. ȷˊɞŭŮɘəɜɨŮŰŬɘ ɧŰɘ Űɞ ɛɏɔɘůŰɞ Űɞɡ 

ɚɧɔɞɡ ŮɑɜŬɘ ɚ1 , 

1 1

2 2

1

'
max

'

a a

a a

o l

- -

S B S
= , ɧˊɞɡ ɚ1 ŮɑɜŬɘ ɖ ɛŮɔŬɚɨŰŮɟɖ ɘŭɘɞŰɘɛɐ Űɞɡ ˊɑɜŬəŬ 

1 1

2 2
o

- -

S B SəŬɘ ɖ ɛŮɔɘůŰɞˊɞɑɖůɖ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɧŰŬɜ  1a e=  ˊɞɡ ŮɑɜŬɘ Űɞ əŬɜɞɜɘəɞˊɞɘɖɛɏɜɞ 

ɘŭɘɞŭɘɎɜɡůɛŬ ˊɞɡ ůɡɜŭɏŮŰŬɘ ɛŮ Űɖɜ ŬɜŰɑůŰɞɘɢɖ ɘŭɘɞŰɘɛɐ ɚ1. 

ȺˊŮɘŭɐ 

1 1

2 2
1 1 1 1e a e

-

= =S Ý =S  

ŰɧŰŮ ( )
1 1 1 1 1 1

' ' ' ' '2 2 2 2 2 2
1 1 1 1 1 1 1 1 1 1Var X e e e e e e

- - - -

= S = S SS = S S S S = = 

ȷɜ Űɞ 1a ê  ŰɧŰŮ ɛŮɔɘůŰɞˊɞɘŮɑŰŬɘ ɞ ˊŬɟŬˊɎɜɤ ɚɧɔɞɠ ɔɘŬ 2a e= ɧˊɞɡ ŮɑɜŬɘ Űɞ 

əŬɜɞɜɘəɞˊɞɘɖɛɏɜɞ ɘŭɘɞŭɘɎɜɡůɛŬ ˊɞɡ ŬɜŰɘůŰɞɘɢŮɑ ůŰɖɜ ɘŭɘɞŰɘɛɐ ɚ2. Ƀɛɞɑɤɠ: 

1 1

2 2
2 2 2 2e a e

-

= =S Ý =S   əŬɘ   
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( )
1 1

' ' ' ' '2 2
2 1 2 1 2 1 2 1, 0Cov x x e e e e

- -

= S = S SS = = Ŭűɞɨ 1e  Űɞ ŮɑɜŬɘ əɎɗŮŰɞ ůŰɞ 2e . 

( )' ' '

2 2 2 2 2 1Var x e e= S = = 

ȼ ɑŭɘŬ ŭɘŬŭɘəŬůɑŬ ůɡɜŮɢɑɕŮŰŬɘ əŬɘ ɔɘŬ Űɞɡɠ ɡˊɧɚɞɘˊɞɡɠ ŭɘŬɢɤɟɘůŰɏɠ.

 

 

1.7.2.   Ƀɘ ȹɘŬɢɤɟɘůŰɏɠ Fisher ůŰɖ ɇŬɝɘɜɧɛɖůɖ 

ɄŬɟɧɚɞ ˊɞɡ ɞɘ ŭɘŬɢɤɟɘůŰɏɠ Fisher ˊŬɟɎɔɞɜŰŬɘ əɡɟɑɤɠ ɔɘŬ ŭɘŬɢɤɟɘůŰɘəɞɨɠ ůəɞˊɞɨɠ, 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ əŬɘ ɔɘŬ əŬɜɧɜŮɠ ŰŬɝɘɜɧɛɖůɖɠ.  

Ƀ ŭɘŬɢɤɟɘůŰɐɠ Fisher ŮɑɜŬɘ Űɖɠ ɛɞɟűɐɠ: 'i i XU = , 1,2,....,i s=  ɧˊɞɡ s p¢   

ȯɟŬ Űɞ ůɨɜɞɚɞ Űɤɜ ŭɘŬɢɤɟɘůŰɩɜ ůɡɛɓɞɚɑɕŮŰŬɘ ɛŮ UŰɞ ɞˊɞɑɞ ɘůɞɨŰŬɘ ɛŮ: 

1

2

...

S

Uè ø
é ù
U
é ùU=
é ù
é ù
Uê ú

, ŭɘɎůŰŬůɖɠ sx1  

ɇɞ ůɨɜɞɚɞ Űɤɜ Ŭɟɢɘəɩɜ ɛŮŰŬɓɚɖŰɩɜ 
1 2' , ,., p

è øC = C C Cê ú ɏɢŮɘ ɛɏůɖ Űɘɛɐ 

1 2

' , ,...,
Pi iX iX iXm m m mè ø=ê ú ɔɘŬ əɎɗŮ ˊɚɖɗɡůɛɧ í  əŬɘ ɖ ɞɚɘəɐ ɛɏůɖ Űɘɛɐ ŭɑɜŮŰŬɘ Ŭˊɧ Űɞ Űɨˊɞ

1

1 g

i

ig
m m

=

= ä . 

ɆɡɜŮˊɩɠ ɖ ɛɏůɖ Űɘɛɐ ɔɘŬ Űɞ UŮɑɜŬɘ:

1

2

'

1

'

2

'

2

... ...

S

iiY

iY i

iY

iY i

mm

m m
m

m m

è øè ø
é ùé ù
é ùé ù

= =é ùé ù
é ùé ù
é ùé ùê úê ú

 ɔɘŬ Űɞ ˊɚɖɗɡůɛɧ í   

ȼ ɞɚɘəɐ ɛɏůɖ Űɘɛɐ ɔɘŬ Űɞ ŮɑɜŬɘ: 

'

1

'

2

'

...
Y

S

m

m
m

m

è ø
é ù
é ù
=é ù
é ù
é ù
ê ú
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ȾŬɘ ɖ ɞɚɘəɐ ŭɘŬůˊɞɟɎ ɔɘŬ Űɞ ůɨɜɞɚɞ Űɤɜ ˊɚɖɗɡůɛɩɜ ŮɑɜŬɘ ɞ ɛɞɜŬŭɘŬɑɞɠ ˊɑɜŬəŬ, ɧˊɞɡ ɞɘ 

ůɡɜɘůŰɩůŮɠ Űɞɡ ɏɢɞɡɜ ŭɘŬůˊɞɟɏɠ Űɘɠ ɛɞɜɎŭŮɠ əŬɘ ůɡɜŭɘŬůˊɞɟɏɠ ɛɖŭɏɜ ɎɟŬ:    

()Cov U =I 

ɃɟɑɕŮŰŬɘ ɖ ŰŮŰɟŬɔɤɜɘəɐ ŬˊɧůŰŬůɖ Űɞɡ yU=Ŭˊɧ Űɖ ɛɏůɖ Űɘɛɐ iYm : 

( ) ( )( )( ) ( )
2

1

1

' '
j

s

iY iY iY iY i

j

y y y y ym m m m m-

U

=

- I - = - - = -ä                                               (1-80) 

ȰɜŬɠ ˊɘɗŬɜɧɠ əŬɜɧɜŬɠ əŬŰɎŰŬɝɖɠ ɗŬ ɐŰŬɜ ɖ ŰɞˊɞɗɏŰɖůɖ/ŬɜɎɗŮůɖ Űɞɡ ŭɘŬɜɨůɛŬŰɞɠ y  ůŰɞ 

ˊɚɖɗɡůɛɧ ḱ ŮɎɜ ɖ ŰŮŰɟŬɔɤɜɘəɐ Űɞɡ ŬˊɧůŰŬůɖ Ŭˊɧ Űɞ iYm  ɛɏůɞ Űɞɡ ˊɚɖɗɡůɛɞɨ ḱ ŮɑɜŬɘ 

ɛɘəɟɧŰŮɟɖ Ŭˊɧ Űɖ ŰŮŰɟŬɔɤɜɘəɐ ŬˊɧůŰŬůɖ Űɞɡ ŭɘŬɜɨůɛŬŰɞɠ yŬˊɧ ŰɞiYm  ɔɘŬ əɎɗŮ i ķ. ȷɜ 

ɛɧɜɞ r Ŭˊɧ Űɞɡɠ s ŭɘŬɢɤɟɘůŰɏɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖ əŬŰɎŰŬɝɖ ŰɧŰŮ ɞ əŬɜɧɜŬɠ ɔɑɜŮŰŬɘ: 

ȾŬɜɧɜŬɠ əŬŰɎŰŬɝɖɠ 

¶ ȷɜ ɘůɢɨŮɘ ɧŰɘ  ( ) ( ) ( )
2 22

' '

1 1 1
j

r r r

j k j k j i

j j j

y x x i km m mU

= = =

è ø è ø- = - ¢ - " ¸
ê ú ê úä ä ä            (1-81) 

 ŰɧŰŮ əŬŰɏŰŬɝŮ Űɞ ŭɘɎɜɡůɛŬ x  ůŰɞ ˊɚɖɗɡůɛɧ ḱ. 

ɄŬɟŬŰɐɟɖůɖ 

ɇɞ s ůɡɛɓɞɚɑɕŮɘ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ŭɘŬɢɤɟɘůŰɩɜ əŬɘ ɘůɞŭɨɜŬɛŬ ŰŬɡŰɑɕŮŰŬɘ ɛŮ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ 

ɛɖ-ɛɖŭŮɜɘəɩɜ ɘŭɘɞŰɘɛɩɜ Űɞɡ ˊɑɜŬəŬ 1

o

-S Bɐ 

1 1

2 2
o

- -

S B SɔɘŬ Űɞɜ ɞˊɞɑɞ ɘůɢɨŮɘ ɞ Ŭəɧɚɞɡɗɞɠ 

ˊŮɟɘɞɟɘůɛɧɠ ( )min 1,s g p¢ -  ɞ ɞˊɞɑɞɠ əŬɗɞɟɑɕŮɘ Űɞ ˊɚɐɗɞɠ Űɤɜ ŭɘŬɢɤɟɘůŰɩɜ ɧˊɤɠ űŬɑɜŮŰŬɘ 

ůŰɞ ˊɑɜŬəŬ ɢɤɟɑɠ ɜŬ ɡˊɎɟɝŮɘ ŬˊɩɚŮɘŬ Űɖɠ ˊɚɖɟɞűɞɟɑŬɠ. 

ɄɑɜŬəŬɠ 1.3 ɀɏɔɘůŰɞɠ Ŭɟɘɗɛɧɠ Űɤɜ ŭɘŬɢɤɟɘůŰɩɜ 

 

ȷɟɘɗɛɧɠ Űɤɜ ɛŮŰŬɓɚɖŰɩɜ 

 

ȷɟɘɗɛɧɠ Űɤɜ ˊɚɖɗɡůɛɩɜ 
ɀɏɔɘůŰɞɠ Ŭɟɘɗɛɧɠ Űɤɜ 

ŭɘŬɢɤɟɘůŰɩɜ (Ɉ) 

p g=2 1 

p g=3 2 

p =2 g 2 
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 ɆŰɞ ŪŮɩɟɖɛŬ 6 ˊŬɟɞɡůɘɎɕŮŰŬɘ ɛɘŬ ůɖɛŬɜŰɘəɐ ůɢɏůɖ ŬɜɎɛŮůŬ ůŰɞ əŬɜɧɜŬ əŬŰɎŰŬɝɖɠ Űɞɡ 

Fisher əŬɘ ůŰɞ əŬɜɧɜŬ əŬŰɎŰŬɝɖɠ ɛŮ Űɖ ɢɟɐůɖ Űɞɡ ɔɟŬɛɛɘəɞɨ ŭɘŬɢɤɟɘůŰɘəɞɨ ůəɞɟ ɐ Űɖɠ 

ɔɟŬɛɛɘəɐɠ ŭɘŬɢɤɟɘůŰɘəɐɠ ůɡɜɎɟŰɖůɖɠ ɔɘŬ Űɖ ŰŬɝɘɜɧɛɖůɖ əŬɜɞɜɘəɩɜ ˊɚɖɗɡůɛɩɜ ɛŮ ɑůɞɡɠ 

ˊɑɜŬəŮɠ ůɡɜŭɘŬůˊɞɟɎɠ. 

ɇɞ ɔɟŬɛɛɘəɧ ŭɘŬɢɤɟɘůŰɘəɧ ůəɞɟ ŮɑɜŬɘ: 

() ' 1 ' 11
ln

2
i i i i id x x pm m m- -= S - S + 

ȷűŬɘɟɩ əŬɘ Ŭˊɧ ŰŬ ŭɨɞ ɛɏɚɖ Űɖɠ ɘůɧŰɖŰŬɠ Űɞɜ ŰŮŰɟŬɔɤɜɘəɧ ɧɟɞ 11
'

2
x x-S  ɞˊɧŰŮ: 

() 1 ' 1 ' 1 11 1 1
' ln '

2 2 2
i i i i id x x x x p x xm m m- - - -- S = S - S + - S Ý 

() ' 1 ' 1 ' 1 ' 1 ' 11 1 1 1 1
ln

2 2 2 2 2
i i i i i id x x x x x p x xm m m m- - - - -- S = S + S - S + - S Ý 

() ( ) ( )1 11 1
' ' ln

2 2
i i i id x x x x x pm m- -- S =- - S - + Ý

 

( ) ( ) ()1 1' 2 ' 2lni i i ix x d x x x pm m- -- S - =- + S +                                                                     (1-82) 

ŪȺɋɅȼɀȷ 7 

ȰůŰɤ 
'

j jy x=  ɧˊɞɡ 
1

2
j je

-

=S əŬɘ Űɞ 
je ŮɑɜŬɘ ɏɜŬ ɘŭɘɞŭɘɎɜɡůɛŬ Űɞɡ ˊɑɜŬəŬ 

1 1

2 2
o

- -

S B S. ɇɧŰŮ  

( ) ( ) ( ) ( ) ()
22

' 1 1

1 1

' 2 ' 2ln
j

p p

j iY j i i i i i

j j

y x x x d x x x pm m m m- -

= =

è ø- = - = - S - =- + S +
ê úä ä  

ȷɜ 
1 2 1... 0 ...s s pl l l l l+² ² ² > = = =, Űɞ ( )

2

1
j

p

j iY

j s

y m
= +

-ä ŮɑɜŬɘ ůŰŬɗŮɟɧ ɔɘŬ ɧɚɞɡɠ Űɞɡɠ 

ˊɚɖɗɡůɛɞɨɠ 1,2,....i g= , ɎɟŬ ɛɧɜɞ ɞɘ ˊɟɩŰɞɘ s ŭɘŬɢɤɟɘůŰɏɠ yj, ɐ Űɞ ( )
2

1
j

s

j iY

j

y m
=

-ä , 

1,2,....i g= ůɡɜŮɘůűɏɟŮɘ ůŰɖ əŬŰɎŰŬɝɖ. 

ȷɄɃȹȺȽɂȼ 
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ȼ ŰŮŰɟŬɔɤɜɘəɐ ŬˊɧůŰŬůɖ Űɞɡ x  Ŭˊɧ Űɞ ɛɏůɞ im ,( ) ( )1'i ix xm m-- S -, ɛˊɞɟŮɑ ɘůɞŭɨɜŬɛŬ ɜŬ 

ɔɟŬűŰŮɑ əŬɘ ɤɠ Ůɝɐɠ: 

( ) ( )( ) ( )( ) ( )
1 1 1 1

1 2 2 2 2' ' ' 'i i i i i ix x x x x xm m m m m m
- - - -

-- S - = - S S - = - S EE S - 

ȳˊɞɡ Űɞ Ⱥ ůɡɛɓɞɚɑɕŮɘ ɏɜŬɜ ɞɟɗɞɔɩɜɘɞ ŰŮŰɟŬɔɤɜɘəɧ ˊɑɜŬəŬ ɛŮ ůŰɐɚŮɠ ŰŬ ɘŭɘɞŭɘŬɜɨůɛŬŰŬ Űɞɡ 

ˊɑɜŬəŬ 

1 1

2 2
o

- -

S B S ,
1 2, ,..., pe e eè øE=ê ú,  ɔɘŬ Űɞɜ ɞˊɞɑɞ ɘůɢɨŮɘ ɖ ůɢɏůɖ ' 'EE =E E=I. 

 ȺˊŮɘŭɐ ɧɛɤɠ 

1 1

' '2 2
i i i ie e

- -

=S Ý = SŰɧŰŮ ɘůɢɨŮɘ: 

( )

( )

( )

( )

( )

( )

( )

1

' 2 '
1

1

1
'1 ' 2
22 2

'1

' 2

'
..........

i
i

i
i

i

p i

p i

e x x

xe x
x

x
e x

m m

mm
m

m
m

-

-
-

-

è ø
S - è øé ù -

é ùé ù
é ùé ù -S - é ùE S - = =é ù
é ùé ù
é ùé ù
é ù-é ùê úS -é ùê ú

 

ɃˊɧŰŮ ( ) ( ) ( )
1 1

2
'2 2

1

' '
p

i i j i

j

x x xm m m
- -

=

è ø- S EE S - = -ê úä  

ɆŰɖ ůɡɜɏɢŮɘŬ əɎɗŮ ŭɘɎɜɡůɛŬ 
1

2
j je

-

=S  ɧˊɞɡ j s>  ŮɑɜŬɘ ɘŭɘɞŭɘɎɜɡůɛŬ Űɞɡ ˊɑɜŬəŬ

1

2
o

-

S B 

ˊɞɡ ŬɜŰɘůŰɞɘɢŮɑ ůŮ ɛɖŭŮɜɘəɐ ɘŭɘɞŰɘɛɐ. ȷɡŰɎ ŰŬ  ɘŭɘɞŭɘŬɜɨůɛŬŰŬ j  ŮɑɜŬɘ əɎɗŮŰŬ ůŮ 

ɞˊɞɘɞŭɐˊɞŰŮ ŭɘɎɜɡůɛŬ im m-  ɎɟŬ ŮɑɜŬɘ əɎɗŮŰŬ  ůŰɞ 

( )( ) , 1,2,...k i k i i k gm m m m m m- - - = - " =. ȼ ůɡɜɗɐəɖ( )'0
j jj k i kY iYm m m m= - = -

ůɡɜŮˊɎɔŮŰŬɘ ɧŰɘ 
j jj kY j iYy ym m- = - ɏŰůɘ Űɞ ( )

2

1
j

p

j kY

j s

y m
= +

-ä ŮɑɜŬɘ ůŰŬɗŮɟɧ ɔɘŬ ɧɚŬ ŰŬ

1,2,....i g= . Ⱥˊɞɛɏɜɤɠ ɛɧɜɞ ɞɘ ˊɟɩŰɞɘ s ŭɘŬɢɤɟɘůŰɏɠ ɢɟŮɘɎɕɞɜŰŬɘ ɔɘŬ Űɖ ŰŬɝɘɜɧɛɖůɖ.   

ȳŰŬɜ ɞɘ ˊɚɖɗɡůɛɘŬəɞɑ ˊŬɟɎɛŮŰɟɞɘ ŮɑɜŬɘ ɎɔɜɤůŰɞɘ, ŬɡŰɞɑ ŮəŰɘɛɞɨɜŰŬɘ Ŭˊɧ Űɘɠ ŭŮɘɔɛŬŰɘəɏɠ 

ˊɞůɧŰɖŰŮɠ əŬɘ ɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ ŰŬɝɘɜɧɛɖůɖɠ Űɞɡ Fisher ɧˊɞɡ ɓŬůɑɕŮŰŬɘ ůŰɞɡɠ ŭŮɘɔɛŬŰɘəɞɨɠ 

ŭɘŬɢɤɟɘůŰɏɠ ŮɑɜŬɘ ɖ Ůɝɐɠ: 

ȺɎɜ ɘůɢɨŮɘ ɧŰɘ   ( ) ( ) ( )
2 22

' '

1 1 1

Ĕ ĔĔ
r r r

j kj j k j i

j j j

y y x x x x
= = =

è ø è ø- = - ¢ -
ê ú ê úä ä ä  ɔɘŬ əɎɗŮi ķ          (1-83)  
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ŰɧŰŮ əŬŰɏŰŬɝŮ Űɞ ŭɘɎɜɡůɛŬ x  ůŰɞ ˊɚɖɗɡůɛɧ ḱ. 

ɆɖɛŮɑɤůɖ:  

ȳŰŬɜ ɞɘ Ůə Űɤɜ ˊɟɞŰɏɟɤɜ ˊɘɗŬɜɧŰɖŰŮɠ ŮɑɜŬɘ ɑůŮɠ ɛŮ 1/g ŭɖɚŬŭɐ ɘůɢɨŮɘ

1 2 .... 1/gp p p g= = = = əŬɘ r s=  ŰɧŰŮ ɞ ˊŬɟŬˊɎɜɤ əŬɜɧɜŬɠ ŮɑɜŬɘ ɘůɞŭɨɜŬɛɞɠ ɛŮ Űɞɜ (1-58). 

Aɜ ɧɛɤɠ Űɞ ˊɚɐɗɞɠ Űɤɜ ŭɘŬɢɤɟɘůŰɩɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖ ŰŬɝɘɜɧɛɖůɖ ŮɑɜŬɘ r s<  

ŰɧŰŮ ɡˊɎɟɢŮɘ ŬˊɩɚŮɘŬ Űɖɠ ŰŮŰɟŬɔɤɜɘəɐɠ ŬˊɧůŰŬůɖɠ ɐ Űɞɡ ůəɞɟ( )
2

'

1

Ĕ
p

j i

j r

x x
= +

è ø-
ê úä  ɔɘŬ əɎɗŮ 

ˊɚɖɗɡůɛɧ í ɧˊɞɡ Űɞ( )
2

'

1

Ĕ
s

j i

j r

x x
= +

è ø-
ê úä ŮɑɜŬɘ Űɞ ŬˊŬɟŬɑŰɖŰɞ/ɢɟɐůɘɛɞ əɞɛɛɎŰɘ ɔɘŬ Űɖ 

ŰŬɝɘɜɧɛɖůɖ. 

ȼ ůɖɛŬɜŰɘəɧŰɖŰŬ Űɤɜ ˊɟɩŰɤɜ ŭɘŬɢɤɟɘůŰɩɜ ůŮ ůɢɏůɖ ɛŮ Űɞɡɠ ŰŮɚŮɡŰŬɑɞɡɠ ɔɑɜŮŰŬɘ ŮɛűŬɜɐɠ 

Ŭˊɧ Űɖ ůɡɛɓɞɚɐ Űɞɡɠ ůŰɖ ůɡɔəŮɜŰɟɤŰɘəɧŰɖŰŬ Űɤɜ ɛɏůɤɜ Űɤɜ ŭɘŬɢɤɟɘůŰɩɜ ɔɨɟɤ Ŭˊɧ ɏɜŬ 

əŮɜŰɟɞŮɘŭɐ ɧɚɤɜ Űɤɜ ˊɚɖɗɡůɛɩɜ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞ ˊŬɟŬəɎŰɤ ŬɟɘɗɛɖŰɘəɧ ŭɘŬɢɤɟɘůŰɘəɧ 

ɛɏŰɟɞ. 

( ) ( )2 1

1

'
g

s i i

i

m m m m-

=

D = - S -ä                                                                                                            (1-84) 

ȳˊɞɡ ɞ ɧɟɞɠ 
1

1 g

i

ig
m m

=

= ä ŮɑɜŬɘ ɞ əŮɜŰɟɞŮɘŭɐɠ əŬɘ ɖ ˊɞůɧŰɖŰŬ( ) ( )1'i im m m m-- S -

ůɡɛɓɞɚɑɕŮɘ Űɖ ŰŮŰɟŬɔɤɜɘəɐ ŬˊɧůŰŬůɖ Űɞɡ ˊɚɖɗɡůɛɘŬəɞɨ ɛɏůɞɡim Ŭˊɧ Űɞ əŮɜŰɟɞŮɘŭɐm. 

ȳɛɤɠ Űɞ ŭɘŬɢɤɟɘůŰɘəɧ ɛɏŰɟɞ ůɡɛɓɞɚɑɕŮŰŬɘ ɤɠ 
2

1 2 1 2... ...s p sl l l l l lD = + + + = + + + ɧˊɞɡ ŰŬ 

1 2 ... sl l l² ² ²ŮɑɜŬɘ ɞɘ ɛɖ ɛɖŭŮɜɘəɏɠ ɘŭɘɞŰɘɛɏɠ Űɞɡ 
1

o

-S Bɐ Űɞɡ 

1 1

2 2
o

- -

S B S əŬɘ ŰŬ 
1,...,s pl l+

ŮɑɜŬɘ ɞɘ ɛɖŭŮɜɘəɏɠ ɘŭɘɞŰɘɛɏɠ. 

ȷˊɧŭŮɘɝɖ  
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ȰůŰɤ

'

1

'

2

'

...

p

e

e
P

e

è ø
é ù
é ù
=é ù
é ù
é ùê ú

 ɞ ɞɟɗɞɔɩɜɘɞɠ ˊɑɜŬəŬɠ ŭɘɎůŰŬůɖɠ pxp ˊɞɡ ɏɢŮɘ ɤɠ ůŰɞɘɢŮɑŬ ŰŬ ɘŭɘɞŭɘŬɜɨůɛŬŰŬ 

Űɞɡ ˊɑɜŬəŬ 

1 1

2 2
o

- -

S B S, ŰŬ ɞˊɞɑŬ ŬɜŰɘůŰɞɘɢɞɨɜ ůŰɘɠ ŬɜŰɑůŰɞɘɢŮɠ ɘŭɘɞŰɘɛɏɠ Űɞɡ ˊɑɜŬəŬ.

 

 

ɇɞ ŭɘɎɜɡůɛŬ Űɤɜ ŭɘŬɢɤɟɘůŰɩɜ ŮɑɜŬɘ  
( )

1

' 2
1

1
1

1' 22 22

1

1

' 2

... ...
px

p

p

e xY

Y e x P x

Y

e x

Y

-

-
-

-

è ø
Sé ùè ø

é ùé ù
é ùSé ù= = = Sé ùé ù
é ùé ù
é ùé ùê ú
é ùSê ú

 

ȷəɧɛŬ 

1

2
iY iPm m

-

= S  əŬɘ 

1

2
Y Pm m

-

= S  

Ⱥˊɞɛɏɜɤɠ: 

( ) ( )
1 1

2 2' 'i iP Pm m m m
- -

= - S S - 

( ) ( )1'i im m m m-= - S - 

ɃˊɧŰŮ:  

( )( ) ( ) ( )2 1

1 1

' '
g g

s iY Y iY Y i i

i i

m m m m m m m m-

= =

D = - - = - S -ä ä  

ɉɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞ ŭɘŬɢɤɟɘůŰɐ Ɉ1: 

( ) ( )( )
1 1 1 1 1 1

2

1 1

'
g g

iY Y iY Y iY Y

i i

m m m m m m
= =

- = - -ä ä  

( ) ( )
1 1

' '2 2
1 1 1 1

1

'
g

i

e em m m m
- -

=

è øè ø
= S - S -é ùé ù
ê úê ú
ä  

( )( )
1 1

' 2 2
1 1 1 1

1

'
g

i

e em m m m
- -

=

= S - - Sä  
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( )( )
1 1

' 2 2
1 1 1 1

1

'
g

i

e em m m m
- -

=

= S - - Sä
1 1

' 2 2
1 1e eo

- -

= S B S 1l=  

Ƀɛɞɑɤɠ, ɔɘŬ Űɞ ŭɘŬɢɤɟɘůŰɐ Ɉ2 ɘůɢɨŮɘ: ( )
2 2

1 1
2

' 2 2
2 2 2

1

g

iY Y

i

e eom m l
- -

=

- = S B S =ä  

ȾŬɘ ɔɘŬ Űɞ ŭɘŬɢɤɟɘůŰɐ Ɉp ɘůɢɨŮɘ : ( )
1 1

2
' 2 2

1
p p

g

iY Y p p p

i

e eom m l
- -

=

- = S B S =ä  

ȯɟŬ  ( )( )2

1

'
g

s iY Y iY Y

i

m m m m
=

D = - -ä  

( ) ( ) ( )
1 1 2 2

22 2

1 1 1

...
p p

g g g

iY Y iY Y iY Y

i i i

m m m m m m
= = =

= - + - + + -ä ä ä  

1 1 1 1... ...p sl l l l l l= + + + = + + +  ɔɘŬŰɑ 
1 2 ... 0s s pl l l+ += = = = 

Ⱥˊɞɛɏɜɤɠ, Ŭɜ ɛɧɜɞ ɞɘ ˊɟɩŰɞɘ r ŭɘŬɢɤɟɘůŰɏɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖ ŰŬɝɘɜɧɛɖůɖ ŰɧŰŮ ɖ 

ůɡɜŮɘůűɞɟɎ Űɞɡɠ ůŰɞ 2

sD  ŮɑɜŬɘ1 2 ... rl l l+ + +. ȳˊɞɡ ɛŮ Űɞ ɚ1 ůɡɛɓɞɚɑɕŮŰŬɘ ɖ ůɡɜŮɘůűɞɟɎ 

Űɞɡ ˊɟɩŰɞɡ ŭɘŬɢɤɟɘůŰɐ ůŰɖ ŰŬɝɘɜɧɛɖůɖ, ɛŮ Űɞ ɚ2 ůɡɛɓɞɚɑɕŮŰŬɘ ɖ ůɡɜŮɘůűɞɟɎ Űɞɡ ŭŮɨŰŮɟɞɡ 

ŭɘŬɢɤɟɘůŰɐ ůŰɖ ŰŬɝɘɜɧɛɖůɖ əŬɘ ɖ ɑŭɘŬ ŭɘŬŭɘəŬůɑŬ ŮˊŬɜŬɚŬɛɓɎɜŮŰŬɘ ɛɏɢɟɘ Űɖɜ ɘŭɘɞŰɘɛɐ ɚr . ȷɜ 

ɔɘŬ Űɘɠ ŮˊɧɛŮɜŮɠ ɘŭɘɞŰɘɛɏɠ s-r Űɞ ɎɗɟɞɘůɛŬ Űɤɜ ɘŭɘɞŰɘɛɩɜ  1 2 ...r r sl l l+ ++ + +ŮɑɜŬɘ ˊɞɚɨ ɛɘůŮ 

ůɢɏůɖ ɛŮ Űɞ ɎɗɟɞɘůɛŬ1 2 ... rl l l+ + + ŰɧŰŮ ɛˊɞɟɞɨɜ ɜŬ Ŭɔɜɞɖɗɞɨɜ ɞɘ ŭɘŬɢɤɟɘůŰɏɠ 

, 1,....,iY i r s= +
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ɄŬɟɎŭŮɘɔɛŬ 1.1. 

ȺŰɐůɘŬ ɞɘəɞɜɞɛɘəɎ ŭŮŭɞɛɏɜŬ ůɡɚɚɏɢɗɖəŬɜ ůɡɜɞɚɘəɎ ɔɘŬ 46 ŮˊɘɢŮɘɟɐůŮɘɠ ˊŮɟɑˊɞɡ Űɞ ɑŭɘɞ 

ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ. ɀŮŰɎ Ŭˊɧ ŭɨɞ ɢɟɧɜɘŬ, 21 ŮˊɘɢŮɘɟɐůŮɤɜ ɢɟŮɞəɧˊɖůŬɜ Ůɜɩ ɞɘ ɡˊɧɚɞɘˊŮɠ 25 

ŮˊɘɢŮɘɟɐůŮɘɠ ɢŬɟŬəŰɖɟɑůŰɖəŬɜ ɤɠ ɡɔɘŮɑɠ ɔɘŬŰɑ ŭŮɜ ŮˊɖɟŮɎůŰɖəŬɜ Ŭˊɧ Űɖ əɟɑůɖ. ɇŬ 

ŭŮŭɞɛɏɜŬ/Űɘɛɏɠ Űɤɜ 4 ɛŮŰŬɓɚɖŰɩɜ (ɉ1=CF/TD, X2=NI/TA, X3=CA/CL, X4=CA/NS) 

űŬɑɜɞɜŰŬɘ ůŰɞ ˊɑɜŬəŬ 1.4. 

Ɇəɞˊɧɠ Űɞɡ ˊŬɟŬŭŮɑɔɛŬŰɞɠ ŮɑɜŬɘ ɖ ŮɨɟŮůɖ: 

1) ɇɤɜ ȹɘŬɢɤɟɘůŰɘəɩɜ ɆɡɜŬɟŰɐůŮɤɜ Fisher  

2) ɇɞɡ ȾŬɜɧɜŬ ȾŬŰɎŰŬɝɖɠ 

3) ȷɝɘɞɚɧɔɖůɖ Űɞɡ əŬɜɧɜŬ əŬŰɎŰŬɝɖɠ 

ȷəɞɚɞɡɗŮɑ ɞ ˊɑɜŬəŬɠ Űɤɜ Űɘɛɩɜ Űɤɜ ŰŮůůɎɟɤɜ ɛŮŰŬɓɚɖŰɩɜ ɧˊɞɡ ɖ ŮɝŬɟŰɖɛɏɜɖ ɛŮŰŬɓɚɖŰɐ 

firm ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɞɡɠ ŭɡɞ ˊɚɖɗɡůɛɞɨɠ ˊ1 əŬɘ 2́  ɛŮ Űɞɡɠ ůɡɛɓɞɚɘůɛɞɨɠ 1 əŬɘ 2 

ŬɜŰɑůŰɞɘɢŬ. Ⱥɜɩ ɞɘ ɛŮŰŬɓɚɖŰɏɠ ɉ1,ɉ2,ɉ3 əŬɘ ɉ4 ŮɑɜŬɘ ŬɜŮɝɎɟŰɖŰŮɠ ɛŮŰŬɝɨ Űɞɡɠ. 

ɄɑɜŬəŬɠ 1.4 Ƀɘ Űɘɛɏɠ Űɤɜ ŰŮůůɎɟɤɜ ɛŮŰŬɓɚɖŰɩɜ 

 

 

Ʉɟɘɜ ɧɛɤɠ ɝŮəɘɜɐůŮɘ ɖ ŭɘŬŭɘəŬůɑŬ ɔɘŬ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ Űɘɛɩɜ Űɤɜ ŰŮůůɎɟɤɜ ɛŮŰŬɓɚɖŰɩɜ 

ɉ1, ɉ2, ɉ3 əŬɘ ɉ4 ŬˊŬɟŬɑŰɖŰɞɠ ŮɑɜŬɘ ɞ ɏɚŮɔɢɞɠ Űɤɜ ˊɟɞɦˊɞɗɏůŮɤɜ ɡɚɞˊɞɑɖůɖɠ Űɖɠ 

ɇŬɝɘɜɧɛɖůɖɠ əŬɘ Űɖɠ ȹɘŬɢɤɟɘůŰɘəɐɠ ȷɜɎɚɡůɖɠ.  

Ŭ) ɇɖɠ əŬɜɞɜɘəɧŰɖŰŬɠ Űɤɜ ŬɜŮɝɎɟŰɖŰɤɜ ɛŮŰŬɓɚɖŰɩɜ (ɉ1, ɉ2, ɉ3 əŬɘ ɉ4). 

ɓ) ɇɖɠ ɞɛɞɘɞɔɏɜŮɘŬɠ Űɤɜ ˊɘɜɎəɤɜ ŭɘŬəɡɛɎɜůɖɠ-ůɡɜŭɘŬəɨɛŬɜůɖɠ. 

ũɘŬ Űɞɜ ɏɚŮɔɢɞ Űɖɠ əŬɜɞɜɘəɧŰɖŰŬɠ Űɤɜ əŬŰŬɜɞɛɩɜ Űɤɜ Űɘɛɩɜ Űɞɡ ůɡɜɧɚɞɡ Űɤɜ ŬɜŮɝɎɟŰɖŰɤɜ 

ɛŮŰŬɓɚɖŰɩɜ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɞ ɏɚŮɔɢɞɠ əŬɜɞɜɘəɧŰɖŰŬɠ ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ˊɑɜŬəŬ 1.5. 


