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ɄŮɟɑɚɖɣɖ 
 

 

ɇŬ ŭɘŬɔɟɎɛɛŬŰŬ EWMA əŬɘ CUSUM ɏɢɞɡɜ ɓɟŮɘ ŮəŰŮɜŮɑɠ ŮűŬɟɛɞɔɏɠ ůŰɖ 

ɓɘɞɛɖɢŬɜɑŬ, əŬɗɩɠ ŬɜŰŬˊɞəɟɑɜɞɜŰŬɘ əŬɚɨŰŮɟŬ Ŭˊɧ ɧŰɘ ŰŬ əɚŬůɘəɎ ŭɘŬɔɟɎɛɛŬŰŬ 

Shewhart ůŰɖɜ ŬɜɑɢɜŮɡůɖ ɛɘəɟɩɜ əŬɘ ɛŮůŬɑɤɜ ŭɘŬŭɞɢɘəɩɜ ŬɚɚŬɔɩɜ ůŰɖɜ ˊɞɘɧŰɖŰŬ. 

ȼ ŮɡŬɘůɗɖůɑŬ ŬɡŰɩɜ Űɤɜ ůɢŮŭɑɤɜ Ůɚɏɔɢɞɡ ˊɞɘɧŰɖŰŬɠ ɛˊɞɟŮɑ ɜŬ ŬɡɝɖɗŮɑ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŭɘɎűɞɟŬ ŮɟɔŬɚŮɑŬ əŬɘ ˊŬɟŬɚɚŬɔɏɠ Űɞɡ ɓŬůɘəɞɨ ŭɘŬɔɟɎɛɛŬŰɞɠ, 

ɧˊɤɠ ɖ ŰŮɢɜɘəɐ Fast Initial Response (FIR ï ɔɟɐɔɞɟɖ Ŭɟɢɘəɐ Ŭˊɧəɟɘůɖ) əŬɘ ɖ 

ŮűŬɟɛɞɔɐ ŭɘŬűɧɟɤɜ ŰŮɢɜɘəɩɜ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ. ɆŮ ŬɡŰɐ Űɖ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ, 

ŬɜŬɚɨɞɜŰŬɘ ɞɘ ɓŬůɘəɧŰŮɟŮɠ ŮˊŮəŰɎůŮɘɠ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ EWMA, Űɞ ɛŬɗɖɛŬŰɘəɧ 

Űɞɡɠ ɡˊɧɓŬɗɟɞ, ɔɑɜŮŰŬɘ ůɨɔəɟɘůɖ Űɖɠ Ŭˊɧŭɞůɐɠ Űɞɡɠ ɛŮ Űɖ ɓɞɐɗŮɘŬ ɡˊɞɚɞɔɘůŰɘəɩɜ 

ŮɟɔŬɚŮɑɤɜ əŬɘ Űɏɚɞɠ, ɔɑɜŮŰŬɘ ŮűŬɟɛɞɔɐ Űɘɠ ŮəɎůŰɞŰŮ ŰŮɢɜɘəɐɠ ůŮ əɎˊɞɘɞ ˊŬɟɎŭŮɘɔɛŬ. 

ɄŬɟɎɚɚɖɚŬ, ɛŮɚŮŰɩɜŰŬɘ ɞɘ Űɟɧˊɞɘ ɓŮɚŰɑɤůɖɠ ɞɟɘůɛɏɜɤɜ ŰŮɢɜɘəɩɜ Ŭˊɧ ŬɡŰɏɠ.  

ɆŰɞ ȾŮűɎɚŬɘɞ 8, ˊɟɞŰŮɑɜŮŰŬɘ ɏɜŬ ɜɏɞ ŭɘɎɔɟŬɛɛŬ, Űɞ ɞˊɞɑɞ ˊŬɟɞɡůɘɎɕŮɘ ˊɞɚɨ 

əŬɚɨŰŮɟɖ ŬɜɘɢɜŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ Ŭˊɧ ɞˊɞɘɞŭɐˊɞŰŮ Ɏɚɚɞ ɏɢŮɘ ˊɟɞŰŬɗŮɑ ɏɤɠ ůɐɛŮɟŬ 

ůŰɖ ŭɘŮɗɜɐ ɓɘɓɚɘɞɔɟŬűɑŬ. ɇɞ ɡˊɧɣɖ ŭɘɎɔɟŬɛɛŬ ůŰɖɟɑɕŮŰŬɘ ůŰɖ ɛɏɗɞŭɞ EWMA əŬɘ 

ůɡɜŭɡɎɕŮɘ ŭɨɞ ɡˊɎɟɢɞɡůŮɠ ŰŮɢɜɘəɏɠ, Űɖɜ MFIR, ůŮ ɛɘŬ ˊŬɟŬɚɚŬɔɐ Űɖɠ əŬɘ Űɖɜ 

ŰŮɢɜɘəɐ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ ODRSS. ɆŰɞ ɡˊɧɣɖ əŮűɎɚŬɘɞ ˊŬɟɞɡůɘɎɕŮŰŬɘ əŬɘ ɛɘŬ 

ŮɜŬɚɚŬəŰɘəɐ ˊɟɧŰŬůɖ ˊɞɡ ɓŮɚŰɘɩɜŮɘ Űɞ ɡˊɧɣɖ ŭɘɎɔɟŬɛɛŬ, əŬŰŬɚɐɔɞɜŰŬɠ ůŮ ɏɜŬ 

ŭɘɎɔɟŬɛɛŬ Ůɚɏɔɢɞɡ, Űɞ New MFIR ODRSS EWMA. 

 ɆŰɞ ȾŮűɎɚŬɘɞ 9, ɔɑɜŮŰŬɘ ɛɘŬ ůɨɔəɟɘůɖ ɧɚɤɜ Űɤɜ ŰŮɢɜɘəɩɜ ˊɞɡ 

ˊŬɟɞɡůɘɎůŰɖəŬɜ ůŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ. 

ȼ ůɨɔəɟɘůɖ Űɖɠ Ŭˊɧŭɞůɖɠ Űɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ ɔɑɜŮŰŬɘ ɛŮ ɓɎůɖ Űɞ ɛɏůɞ ɛɐəɞɠ 

ɟɞɐɠ Űɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ əŬɘ ůɡɔəŮəɟɘɛɏɜŬ Űɖɠ Űɘɛɏɠ ὃὙὒ əŬɘ ὃὙὒ. 

 

 

 

ȿɏɝŮɘɠ ï əɚŮɘŭɘɎ: ůŰŬŰɘůŰɘəɧɠ ɏɚŮɔɢɞɠ ˊɞɘɧŰɖŰŬɠ, ŭɘŬɔɟɎɛɛŬŰŬ Ůɚɏɔɢɞɡ, average run 

length, CUSUM, FIR, EWMA, Head Start, Modified EWMA, MFIR EWMA, 

CSEWMA, ὢ Ὓ EWMA, RSS, MRSS, MDRSS, DMRSS, ODRSS EWMA. 



vi 



vii 

Abstract 
 

The EWMA and CUSUM charts have found extensive applications in the 

industry as they respond better than Shewhart classic charts in detecting small and 

medium successive changes in quality. 

The sensitivity of these quality control schemes can be increased using 

various tools and variations of the classic chart EWMA, such as technique Fast 

Initial Response (FIR) and the application of various sampling techniques. In this 

master thesis, we analyze the main extensions of the EWMA diagram, their 

mathematical background, compare their performance with the help of 

computational tools and finally apply each technique to an example. 

At the same time, ways to improve some of these techniques are being 

studied. Ƚn Chapter 8, a new chart is proposed, showing much better detection ability 

than any other that has so far been proposed in the international literature. This 

diagram is based on the EWMA method and combines two existing techniques, the 

MFIR, in a variation and the ODRSS sampling technique. This chapter also presents 

an alternative proposal that improves furtherther this chart, resulting in a control 

chart, the New MFIR ODRSS EWMA. 

Finally, in Chapter 9, a comparison is made of all techniques that have been 

presented in this master thesis. 

Comparison of chart performance is based on the average Run Length of the 

charts, namely ὃὙὒ and ὃὙὒ. 

 

 

 

 

 

 

 

Key ï words: statistical quality control, control charts, average run length, CUSUM, 

FIR, EWMA, Head Start, Modified EWMA, MFIR EWMA, CSEWMA, ὢ Ὓ EWMA, 
RSS, MRSS, MDRSS, DMRSS, ODRSS EWMA.  
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ȺɡɢŬɟɘůŰɑŮɠ 
 

     ŪŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɞɜ ə. ɉɟɐůŰɞ Ⱦɞɡəɞɡɓɑɜɞ, ȾŬɗɖɔɖŰɐ Űɞɡ Ⱥ.ɀ.Ʉ. əŬɘ 

ŮˊɘɓɚɏˊɞɜŰŬ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ɛɞɡ ŭɘŬŰɟɘɓɐɠ ɔɘŬ Űɖɜ ŬŭɘɎəɞˊɖ ɡˊɞůŰɐɟɘɝɖ əŬɘ Űɖɜ 

əŬɗɞŭɐɔɖůɐ Űɞɡ əŬɗô ɧɚɖ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ Ůɜ ɚɧɔɤ ŮɟɔŬůɑŬɠ. 

     ŪŬ ɐɗŮɚŬ Ůˊɑůɖɠ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɖɜ ɡˊɞɣɐűɘŬ ŭɘŭɎəŰɞɟŬ ȷɔɔŮɚɘəɐ ȿɎˊˊŬ ɔɘŬ 

Űɞɜ ɢɟɧɜɞ əŬɘ Űɖɜ ɡˊɞůŰɐɟɘɝɖ ˊɞɡ ɛɞɡ ˊɟɧůűŮɟŮ ɛɏɢɟɘ əŬɘ Űɞ ˊɏɟŬɠ Űɖɠ 

ŭɘˊɚɤɛŬŰɘəɐɠ ɛɞɡ ŮɟɔŬůɑŬɠ.  

     ɇɏɚɞɠ, ɘŭɘŬɘŰɏɟɤɠ ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɞɜ ˊɞɚɨ əŬɚɧ ɛɞɡ űɑɚɞ ȸŬůɑɚŮɘɞ 

ȷɚŮɓɘɕɎəɞ ɔɘŬ Űɖ ůɖɛŬɜŰɘəɐ ɓɞɐɗŮɘɎ Űɞɡ ůŰɖ ŭɘɧɟɗɤůɖ ůɡɜŰŬəŰɩɜ ɚŬɗɩɜ Űɖɠ 

ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ.
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ȿɑůŰŬ ɆɡɜŰɞɛɞɔɟŬűɘɩɜ 
 

AEQL ɾʷˋʹ ʆʶˍˊʰʴ˖˄ʽˁʺ ɳˉʽˉ˂ʷˇ˄ ɮˉ˗˂ʶʽʰ Average Extra Quadratic Loss 

ARARL ɾʷˋˇˌ ɽˈʴˇˌ ˍˇˎ ARL Average Ratio of ARL 

ARL ɾʷˋˇ ɾʺˁˇˌ ʄˇʺˌ Average Run Length 

 

ARLratio ʆˇ ˁ˂ʱˋ˃ʰ ʵˏˇ ARLs, ̄ ˇˎ 

˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍʹ ˋˏʴˁˊʽˋʹ ʵˏˇ 

˃ʶʻˈʵ˖˄ ʺ ˍʶ˔˄ʽˁ˗˄ 

Average Run Length ratio 

CL ɼʶ˄ˍˊʽˁʺ ʴˊʰ˃˃ʺ Center Line 

CSEWMA ʅˎ˄ʵˎʰˋˍʽˁˈ ɲʽʱʴˊʰ˃˃ʰ Shewhart ς 

EWMA 

Combined Shewhart EWMA 

CUSUM ʅˎˋˋ˖ˊʶˎ˃ʷ˄ʰ ɮʻˊˇʽˋˍʽˁʱ 

ɲʽʰʴˊʱ˃˃ʰˍʰ ɳ˂ʷʴ˔ˇˎ 

Cumulative Sum (Control 

Charts) 

DMRSS ɲʶʽʴ˃ʰˍˇ˂ʹ˕ʾʰ ˃  ʁɻ ʽˉ˂ʺ ʆʰ˅ʽ˄ˈ˃ʹˋʹ 

ʰˊ˔ʽˁʱ ˃  ʁ̡ ʱˋʹ ̱  ́ɻ ʽʱ˃ʶˋˇ 

Double Median Ranked Set 

Sampling 

EWMA ɲʽʰʴˊʱ˃˃ʰˍʰ ɳ˂ʷʴ˔ˇˎ ˃ʶ ɼʽ˄ʹˍˇˏˌ 

ɾʷˋˇˎˌ ˁʰʽ ɳˁʻʶˍʽˁʱ ɰʱˊʹ 

Exponentially Weighted 

Moving Average (Control 

Charts) 

FIR ɱˊʺʴˇˊʹ ɮ́ ˔ʽˁʺ ɮ̄ ˈˁˊʽˋʹ Fast Initial Response 

HS ɮˊ˔ʽˁʺ ʆʽ˃ʺ Head Start 

LCL ɼʱˍ˖ ʂˊʽˇ ɳ˂ ʷʴ˔ˇˎ Lower Control Limit 

LSL ɼʱˍ˖ ʂˊʽʰ ʃˊˇʵʽʰʴˊʰ˒˗˄ Lower Specification Limits 

MDRL ɲʽʱ˃ʶˋˇˌ ɾʺˁˇˎˌ ʄˇʺˌ Median Run Length 

MDRSS ɲʶʽʴ˃ʰˍˇ˂ʹ˕ʾʰ ˃  ʁɻ ʽˉ˂ʺ ʆʰ˅ʽ˄ˈ˃ʹˋʹ 

ʰˊ˔ʽˁʱ ˃  ʁ̱  ́˃ ʷʻˇʵˇ RSS ̀ ˍʹ ̀ ˍʹ 

ˋˎ˄ʷ˔ʶʽʰ ˃  ʁ̡ ʱˋʹ ̱  ́ɻ ʽʱ˃ʶˋˇ  

Median Double Ranked Set 

Sampling 

MFIR ʆˊˇˉˇˉˇʽʹ˃ʷ˄ˇ ɲʽʱʴˊʰ˃˃ʰ ɱˊʺʴˇˊʹˌ 

ɮˊ˔ʽˁʺˌ ɮˉˈˁˊʽˋʹˌ όʶ˄˄ˇʶʾˍʰʽ ˍˇ 

ʵʽʱʴˊʰ˃˃ʰ ˍˇˎ рˇˎ ɼʶ˒ʰ˂ʰʾˇˎύ 

Modified Fast Initial Response 
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MRSS ɲʶʽʴ˃ʰˍˇ˂ʹ˕ʾʰ ˃  ʁʆʰ˅ʽ˄ˈ˃ʹˋʹ ˃ ʶ 

ʲɦ ˋʹ ˍʹ ʵʽʱ˃ʶˋˇ 

Median Double Ranked Set 

Sampling 

NMFIR ɿʷˇ ʆˊˇˉˇˉˇʽʹ˃ʷ˄ˇ ɲʽʱʴˊʰ˃˃ʰ 

ɱˊʺʴˇˊʹˌ ɮˊ˔ʽˁʺˌ ɮˉˈˁˊʽˋʹˌ ˉˇˎ 

ˁʱ˄ʶʽ ˔ˊʺˋʹ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ὒ  

New Modified Fast Initial 

Response 

NMFIR ς ODRSS ʅˎ˄ʵˎʰˋˍʽˁˈ ɲʽʱʴˊʰ˃˃ʰ ˉˇˎ ˁʱ˄ʶʽ 

˔ˊʺˋʹ ˍˇˎ NMFIR ˁ ʰʽ ˍˇˎ ODRSS 

New Modified Fast Initial 

Response ς Ordered Double 

Ranked Set Sampling 

ODRSS ɲʶʽʴ˃ʰˍˇ˂ʹ˕ʾʰ ˃ʶ ʵʽˉ˂ʺ ˍʰ˅ʽ˄ˈ˃ʹˋʹ 

˃ʶ ʲʱˋʹ ˍʹ ˃ʷʻˇʵˇ RSS ˁ ʰʽ ˍʶ˂ʽˁʺ 

ʵʽʱˍʰ˅ʹ ˍ˖˄ ʵʶʽʴ˃ʱˍ˖˄ 

Ordered Double Ranked Set 

Sampling 

PCI ɲʶʾˁˍʹˌ ʅˏ ʴˁˊʽˋʹˌ ɮ̄ ˇʵˈˋʶ˖˄ Performance Comparison 

Index  

RL ɾʺˁˇˌ ʄ̌ ʺˌ Run Length 

RSS ɲʶʽʴ˃ʰˍˇ˂ʹ˕ʾʰ ˃ʶ ʆʰ˅ʽ˄ˇ˃ʹ˃ʷ˄ʶˌ 

ʁ˃ʱʵʶˌ 

Ranked Set Sampling 

SDRL ʆˎˉʽˁʺ ɮˉˈˁ˂ʽˋʹ ˍˇˎ ɾʺˁˇˎˌ ʄˇʺˌ Standard Deviation of the Run 

Length 

SPC (ʅɳɲύ ʅˍʰˍʽˋˍʽˁˈˌ ɴ˂ʶʴ˔ˇˌ ɲʽʶˊʴʰˋʽ˗˄ Statistical Process Control 

SRS ɮˉ˂ʺ ʆˎ˔ʰʾʰ ɲʶʽʴ˃ʰˍˇ˂ʹ˕ʾʰ Simple Random Sampling 

USL ɯ˄˖ ʂˊʽʰ ʃˊˇʵʽʰʴˊʰ˒˗˄ Upper Specification Limits 

UCL ɯ˄˖ ʂˊʽˇ ɳ˂ ʷʴ˔ˇˎ Upper Control Limit 
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ȾȺūȷȿȷȽɃ 1ɞ  

ȺɘůŬɔɤɔɐ 

1.1 Ʉɟɧɚɞɔɞɠ 

ɇŬ ŭɘŬɔɟɎɛɛŬŰŬ Ůɚɏɔɢɞɡ ŮɑɜŬɘ ˊŬɜɑůɢɡɟŬ ŮɟɔŬɚŮɑŬ Űɞɡ ɆŰŬŰɘůŰɘəɞɨ Ⱥɚɏɔɢɞɡ 

ȹɘŮɟɔŬůɘɩɜ (Statistical Process Control óôSPCôô). ɉɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŮəŰŮɜɩɠ ůŮ 

ŭɘŬŭɘəŬůɑŮɠ, ɧˊɤɠ ɖ ɛɏŰɟɖůɖ Űɖɠ ˊɞɘɧŰɖŰŬɠ, ɖ əŬŰɎŰɛɖůɖ ůɐɛŬŰɞɠ əŬɘ ɖ 

ˊŬɟŬəɞɚɞɨɗɖůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ ˊɚɞɐɔɖůɖɠ. ȺɑɜŬɘ ˊɞɚɨ ɢɟɐůɘɛŬ ůŰɞɜ əŬɗɞɟɘůɛɧ 

Űɖɠ Ůɘŭɘəɐɠ ŬɘŰɑŬɠ ˊɟɧəɚɖůɖɠ Űɤɜ ŭɘŬəɡɛɎɜůŮɤɜ, ɏŰůɘ ɩůŰŮ ɜŬ ɚɖűɗɞɨɜ ŮɔəŬɑɟɤɠ 

ɛɏŰɟŬ ɔɘŬ Űɖɜ ŮɝɎɚŮɘɣɐ Űɞɡɠ.  

ȰɜŬ Ŭˊɧ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ Ůɚɏɔɢɞɡ ŮɑɜŬɘ ŮəŮɑɜɞ Űɨˊɞɡ Shewhart, Űɞ ɞˊɞɑɞ ɛˊɞɟŮɑ ɜŬ 

ŬɜɘɢɜŮɨůŮɘ əɡɟɑɤɠ ɛŮɔɎɚŮɠ ɛŮŰŬŰɞˊɑůŮɘɠ. ȹɨɞ ŮɜŬɚɚŬəŰɘəɏɠ ɚɨůŮɘɠ ůŰŬ ŭɘŬɔɟɎɛɛŬŰŬ 

Shewhart ŮɑɜŬɘ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ CUSUM (Cumulative Sum) əŬɘ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ 

EWMA (Exponetial Weighted Moving Average) ŮəɗŮŰɘəɩɜ ɓŬɟɩɜ ɛŮ əɘɜɖŰɞɨɠ 

ɛɏůɞɡɠ, ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ ŮɘŭɘəɎ ůɢŮŭɘŬůɛɏɜŬ ɔɘŬ ɜŬ ŬɜɘɢɜŮɨɞɡɜ ɛɘəɟɏɠ əŬɘ ɛŮůŬɑŮɠ 

ɡűɘůŰɎɛŮɜŮɠ ŬɚɚŬɔɏɠ ůŰɖɜ ˊɞɘɧŰɖŰŬ. 

1.2 ȽůŰɞɟɘəɐ ȷɜŬŭɟɞɛɐ 

Ƀ əɨɟɘɞɠ ůŰɧɢɞɠ Űɞɡ SPC ŮɑɜŬɘ ɜŬ ŬɜɘɢɜŮɨůŮɘ Űɘɠ ŬůɡɜɐɗɘůŰŮɠ ɛŮŰŬɓɞɚɏɠ ůŰɘɠ 

ˊŬɟŬɛɏŰɟɞɡɠ Űɤɜ ŭɘŮɟɔŬůɘɩɜ ˊŬɟŬɔɤɔɐɠ ɧůɞ Űɞ ŭɡɜŬŰɧɜ ɜɤɟɑŰŮɟŬ. ȼ ɏɜɜɞɘŬ Ůɜɧɠ 

ŭɘŬɔɟɎɛɛŬŰɞɠ Ůɚɏɔɢɞɡ ˊɟɞŰɎɗɖəŮ ɔɘŬ ˊɟɩŰɖ űɞɟɎ Ŭˊɧ Űɞɜ Walter A. Shewhart Űɞ 

1924. ȷɡŰɎ ŰŬ ůɡůŰɐɛŬŰŬ Ůɚɏɔɢɞɡ ɞŭɐɔɖůŬɜ ůŰɖɜ ŮɘůŬɔɤɔɐ Űɞɡ ůɨɔɢɟɞɜɞɡ 

ɆŰŬŰɘůŰɘəɞɨ Ⱥɚɏɔɢɞɡ ɄɞɘɧŰɖŰŬɠ. ɀŮɟɘəɏɠ Ŭˊɧ Űɘɠ ˊɟɞɖɔɛɏɜŮɠ ŰŮɢɜɘəɏɠ ůŰŬŰɘůŰɘəɐɠ 

ˊŬɟŬəɞɚɞɨɗɖůɖɠ ŭɘŬŭɘəŬůɘɩɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůɐɛŮɟŬ ŮɑɜŬɘ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ 

ȺəɗŮŰɘəɩɜ ȸŬɟɩɜ ɛŮ ȾɘɜɖŰɞɨɠ ɀɏůɞɡɠ (EWMA) əŬɘ ɆɡůůɤɟŮɡɛɏɜɤɜ ȷɗɟɞɘůŰɘəɩɜ 

ȹɘŬɔɟŬɛɛɎŰɤɜ (Cumulative Sum).  

Ƀ Roberts (1959) ŮɘůɐɔŬɔŮ Űɞ ŭɘɎɔɟŬɛɛŬ EWMA ɔɘŬ ˊŬɟŬəɞɚɞɨɗɖůɖ Űɞɡ 

ɛɏůɞɡ ɛɘŬɠ ŭɘŮɟɔŬůɑŬɠ. ɇɞ ŭɘɎɔɟŬɛɛŬ CUSUM ˊɟɞŰɎɗɖəŮ Ŭˊɧ Űɞɜ Page (1954). 

ȾŬɘ ŰŬ ŭɨɞ ŭɘŬɔɟɎɛɛŬŰŬ ŮɑɜŬɘ ˊŮɟɘůůɧŰŮɟɞ ŮɡŬɑůɗɖŰŬ ůŰɖɜ ŬɜɑɢɜŮɡůɖ ɛɘəɟɩɜ 

ɛŮŰŬŰɞˊɑůŮɤɜ ůŰɞ ɛɏůɞ Űɖɠ ŭɘŮɟɔŬůɑŬɠ Ŭ ốɧŰɘ Űɞ ŭɘɎɔɟŬɛɛŬ Shewhart. ũɘŬ ŬɡŰɧ Űɞ 

ɚɧɔɞ, ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ EWMA əŬɘ CUSUM ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ Ůɡɟɏɤɠ ůŰɘɠ ɢɖɛɘəɏɠ 

əŬɘ ɛŮŰŬˊɞɘɖŰɘəɏɠ ɓɘɞɛɖɢŬɜɑŮɠ, ɧˊɞɡ ɛɘəɟɏɠ ŭɘŬŰŬɟŬɢɏɠ ůŰɖ ŭɘŬŭɘəŬůɑŬ Ůˊɘůɨɟɞɡɜ 
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ůɞɓŬɟɏɠ ɞɘəɞɜɞɛɘəɏɠ əɡɟɩůŮɘɠ Montgomery (2013). ȰɜŬ ɛŮɘɞɜɏəŰɖɛŬ əŬɘ Űɤɜ ŭɨɞ 

ŭɘŬɔɟŬɛɛɎŰɤɜ EWMA əŬɘ CUSUM ŮɑɜŬɘ ɧŰɘ ŬɡŰɎ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ ɏɢɞɡɜ 

ŬůɡɛˊŰɤŰɘəɎ ɧɟɘŬ Ůɚɏɔɢɞɡ əŬɘ ŮɑɜŬɘ ɚɘɔɧŰŮɟɞ ŮɡŬɑůɗɖŰŬ ůŰɖɜ ŬɜŬɔɜɩɟɘůɖ 

ˊɟɞɓɚɖɛɎŰɤɜ ˊɞɡ ŮɛűŬɜɑɕɞɜŰŬɘ əŬŰɎ Űɖɜ ɏɜŬɟɝɖ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ 

ˊŬɟŬəɞɚɞɨɗɖůɖɠ. ũɘŬ ɜŬ ŮˊŬɡɝɖɗŮɑ ɖ ŮɡŬɘůɗɖůɑŬ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ CUSUM 

ŬˊɏɜŬɜŰɘ ůŮ ˊɟɞɓɚɐɛŬŰŬ əŬŰɎ Űɖɜ ɏɜŬɟɝɖ, ɞɘ Lucas əŬɘ Crosier (1982) ˊɟɧŰŮɘɜŬɜ 

ɏɜŬ ŮɟɔŬɚŮɑɞ ɔɟɐɔɞɟɖɠ Ŭˊɧəɟɘůɖɠ ï Fast Initial Response (FIR) ɔɘŬ Űɞ ŭɘɎɔɟŬɛɛŬ 

CUSUM ɔɘŬ ɜŬ ŬɜŬəŰɐůɞɡɜ Űɖɜ Ŭˊɧŭɞůɖ Űɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ ɔɘŬ Ŭɟɢɘəɏɠ 

ɛŮŰŬŰɞˊɑůŮɘɠ. 

ȷɡŰɧ Űɞ ŮɟɔŬɚŮɑɞ ŮˊŬɡɝɎɜŮɘ Űɖɜ Ŭˊɧŭɞůɖ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ CUSUM ŮɘŭɘəɎ 

əŬŰɎ Űɖɜ Ůəəɑɜɖůɖ ɐ ɛŮŰɎ Űɖɜ ŮˊŬɜŮəəɑɜɖůɖ ɛŮŰɎ Ŭˊɧ ɏɜŬ ůɐɛŬ Ůɘŭɞˊɞɑɖůɖɠ ŮəŰɧɠ 

Ůɚɏɔɢɞɡ ˊɞɡ ŭɑɜŮŰŬɘ Ŭˊɧ Űɞ ŭɘɎɔɟŬɛɛŬ CUSUM.  ȷɟɔɧŰŮɟŬ, ɞɘ Lucas əŬɘ Saccucci 

(1990) ŮűɎɟɛɞůŬɜ ŬɟəŮŰɏɠ ŮˊŬɡɝɐůŮɘɠ ůŰɞ ůɢɏŭɘɞ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ EWMA. 

ȸŮɚŰɑɤůŬɜ Űɖɜ Ŭˊɧŭɞůɖ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ EWMA ɔɘŬ ˊɟɞɓɚɐɛŬŰŬ ŮɛűŬɜɘɕɧɛŮɜŬ 

ůŰɖɜ Ůəəɑɜɖůɖ ˊŬɟŬəɞɚɞɨɗɖůɖɠ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖɜ ŰŮɢɜɘəɐ ɔɟɐɔɞɟɖɠ Ŭɟɢɘəɐɠ 

Ŭˊɧəɟɘůɖɠ FIR.  Ƀɘ Rhoads et al. (1996) ŮɘůɐɔŬɔŬɜ Űɖ ɢɟɐůɖ ŭɨɞ ɛɞɜɧˊɚŮɡɟɤɜ 

ŭɘŬɔɟŬɛɛɎŰɤɜ EWMA, ŰŬ ɞˊɞɑŬ ɓŬůɘɕɧŰŬɜ ůŮ ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜŬ ɧɟɘŬ ɛŮ ɛɑŬ 

ɛɖ ɛɖŭŮɜɘəɐ Űɘɛɐ Ůəəɑɜɖůɖɠ. ȰŭŮɘɝŬɜ ɧŰɘ ŬɡŰɧɠ ɞ ůɡɜŭɡŬůɛɧɠ Űɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ 

EWMA ŮˊɘŰɟɏˊŮɘ ɛɑŬ ɔɟɐɔɞɟɖ Ŭˊɧəɟɘůɖ ůŰɖɜ ŬɜɑɢɜŮɡůɖ ˊɟɞɓɚɖɛɎŰɤɜ ˊɞɡ 

ɓɔɎɕɞɡɜ Űɖɜ ŭɘŮɟɔŬůɑŬ ŮəŰɧɠ Ůɚɏɔɢɞɡ əŬŰɎ Űɖɜ Ůəəɑɜɖůɖ Ŭəɧɛɖ.  

Ƀ Steiner (1999) ŮˊɏəŰŮɘɜŮ Űɖ ŭɞɡɚŮɘɎ Űɞɡɠ əŬɘ ˊɟɧŰŮɘɜŮ ɏɜŬ Ŭˊɚɧ ŭɘɎɔɟŬɛɛŬ 

EWMA, Űɞ ɞˊɞɑɞ ɓŬůɑɕŮŰŬɘ ůŮ ɛɑŬ FIR ɟɨɗɛɘůɖ. ȼ ɟɨɗɛɘůɖ FIR ůŰŮɜŮɨŮɘ ˊŮɟŬɘŰɏɟɤ 

ŰŬ ɧɟɘŬ Ůɚɏɔɢɞɡ ŮɘŭɘəɎ əŬŰɎ Űɖɜ Ůəəɑɜɖůɖ əŬɘ ŬɡɝɎɜŮɘ Űɖɜ ŬɜɘɢɜŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ Űɞɡ 

ŭɘŬɔɟɎɛɛŬŰɞɠ EWMA ɔɘŬ ˊɟɩɘɛŮɠ ŬɚɚŬɔɏɠ ůŰɞ ɛɏůɞ Űɖɠ ŭɘŮɟɔŬůɑŬɠ. ũɘŬ 

ˊŮɟɘůůɧŰŮɟŮɠ ɚŮˊŰɞɛɏɟŮɘŮɠ ůɢŮŰɘəɎ ɛŮ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ Ůɚɏɔɢɞɡ ˊɞɡ ɓŬůɑɕɞɜŰŬɘ ůŮ 

ŮɟɔŬɚŮɑŬ FIR, ɛˊɞɟŮɑ əɎˊɞɘɞɠ ɜŬ ŬɜŬŰɟɏɝŮɘ ůŰɞɡɠ Knoth (2005)  əŬɘ Chiou (2009)  

əŬɘ ůŰɘɠ ˊŬɟŬˊɞɛˊɏɠ Űɞɡɠ.  

ɇɘɠ ŰŮɚŮɡŰŬɑŮɠ ŭŮəŬŮŰɑŮɠ, ɏɢɞɡɜ ɡˊɎɟɝŮɘ ůɖɛŬɜŰɘəɏɠ ŮɝŮɚɑɝŮɘɠ əŬɘ ɓŮɚŰɘɩůŮɘɠ 

ůŰŬ ůɢɏŭɘŬ Űɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ EWMA əŬɘ CUSUM, əŬɗɩɠ ɖ ŮˊɏəŰŬůɖ Űɖɠ 

ɘəŬɜɧŰɖŰŬɠ Űɖɠ ŭɞɛɐɠ ůɢŮŭɑŬůɐɠ Űɞɡɠ ŮɑɜŬɘ ˊɎɜŰŬ ŮˊɘɗɡɛɖŰɐ əŬɘ ɛˊɞɟŮɑ ɜŬ ŮˊɘŰŮɡɗŮɑ 

ɛŮ ŭɘɎűɞɟɞɡɠ Űɟɧˊɞɡɠ. ũɘŬ ˊŮɟɘůůɧŰŮɟŮɠ ɚŮˊŰɞɛɏɟŮɘŮɠ, ɛˊɞɟŮɑ əɎˊɞɘɞɠ ɜŬ 

ŬɜŬŰɟɏɝŮɘ ůŰɞɡɠ Hawkin əŬɘ Olwell (1998) , Capizzi əŬɘ Masarotto (2003), Jiang et 
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al. (2008), Sheu et al. (2012), Abbasi et al. (2012), Abbasi əŬɘ Miller (2012),  Abbas 

et al. (2012a,b), Haq (2012) əŬɘ ůŰɘɠ ˊŬɟŬˊɞɛˊɏɠ Űɞɡɠ. 

Ƀɘ Khoo et al. (2016) ŮˊɏəŰŮɘɜŬɜ Űɖ ŭɞɡɚŮɘɎ Űɞɡ Abbas et al. (2011) 

ˊɟɞŰŮɑɜɞɜŰŬɠ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ ὃὙὒ, percentile ὃὙὒ əŬɘ ὛὈὙὒ ůŰŬ ŭɘŬɔɟɎɛɛŬŰŬ 

EWMA, ɛŮ Űɖ ɢɟɐůɖ ɛŬɟəɞɓɘŬɜɐɠ ŬɚɡůɑŭŬɠ. 

Ƀɘ ˊŮɟɘůůɧŰŮɟŮɠ Ŭ ɧ́ Űɘɠ ɓŮɚŰɘɩůŮɘɠ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ EWMA ůŰɖ ŭɘŮɗɜɐ 

ɓɘɓɚɘɞɔɟŬűɑŬ ɓŬůɑɕɞɜŰŬɘ ůŰɖɜ ɡˊɧɗŮůɖ ɧŰɘ ŰŬ ŭŮɑɔɛŬŰŬ ɚŬɛɓɎɜɞɜŰŬɘ Ŭˊɧ ɛɘŬ 

ŭɘŬŭɘəŬůɑŬ ɛŮ Űɖɜ ŰŮɢɜɘəɐ Űɖɠ ȷˊɚɐɠ ɇɡɢŬɑŬɠ ȹŮɘɔɛŬŰɞɚɖɣɑŬɠ, (Simple Random 

Sampling ï SRS). ȼ ɡˊɧɣɖ ŰŮɢɜɘəɐ ŮɑɜŬɘ ɚɘɔɧŰŮɟɞ ŬˊɞŰŮɚŮůɛŬŰɘəɐ ůŰɖɜ ŮəŰɑɛɖůɖ 

Űɞɡ ˊɚɖɗɡůɛɘŬəɞɨ ɛɏůɞɡ Ŭˊɧ ɧŰɘ ɛŮ Űɖɜ ŰŮɢɜɘəɐ Ranked Set Sampling (RSS). ȼ 

ŰŮɚŮɡŰŬɑŬ ˊɟɞŰɎɗɖəŮ ɔɘŬ ˊɟɩŰɖ űɞɟɎ Ŭˊɧ Űɞɜ McIntyre (1952) əŬɘ ŬɝɘɞˊɞɘŮɑ Űɖɜ 

Ůˊɘˊɚɏɞɜ ˊɚɖɟɞűɞɟɑŬ ˊɞɡ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɖɜ ŰŬɝɘɜɧɛɖůɖ Űɤɜ ŭŮɘɔɛɎŰɤɜ ˊɟɘɜ Űɖɜ 

ˊɟŬɔɛŬŰɘəɐ ɛɏŰɟɖůɖ, ɔŮɔɞɜɧɠ ˊɞɡ ɓŮɚŰɘɩɜŮɘ ůɖɛŬɜŰɘəɎ Űɖɜ ŮəŰɑɛɖůɖ Űɞɡ ɛɏůɞɡ əŬɘ 

ɛŮɘɩɜŮɘ Űɖ ŭɘŬůˊɞɟɎ Űɖɠ ŮəŰɑɛɖůɖɠ. 

Ƀɘ Abujiya et al. (2013) ŮűɎɟɛɞůŬɜ ůŰŬ ŭɘŬɔɟɎɛɛŬŰŬ EWMA ŰŮɢɜɘəɏɠ 

ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ ůɢŮŭɧɜ Ŭ ɧ́ ɧɚɞ Űɞ Ůɨɟɞɠ Űɤɜ ɔɜɤůŰɩɜ ŰŮɢɜɘəɩɜ ůŰŬ ŭɘŬɔɟɎɛɛŬŰŬ 

EWMA, ɧˊɤɠ RSS, median RSS (MRSS), double MRSS (DMRSS), median double 

RSS (MDRSS). ɆɡɛˊɚɖɟɤɛŬŰɘəɎ ɞɘ Haq et al. (2015) ˊɟɧŰŮɘɜŬɜ Űɖɜ ŮűŬɟɛɞɔɐ Űɖɠ 

ŰŮɢɜɘəɐɠ Ordered double RSS (ODRSS) ůŰŬ ŭɘŬɔɟɎɛɛŬŰŬ EWMA əŬɘ ŬɜɏɚɡůŬɜ Űɖɜ 

ˊŮɟɑˊŰɤůɖ Űɖɠ ɛɖ ůɤůŰɐɠ ŰŬɝɘɜɧɛɖůɖɠ Űɤɜ ŭŮɘɔɛɎŰɤɜ Ordered Imperfect Double 

RSS (OIDRSS) ůŰŬ ŭɘŬɔɟɎɛɛŬŰŬ EWMA, ŬˊɞŭŮɘəɜɨɞɜŰŬɠ ɧŰɘ ɏɢɞɡɜ əŬɚɨŰŮɟɖ 

Ŭˊɧŭɞůɖ Ŭˊɧ ŰŬ ŬˊɚɎ ŭɘŬɔɟɎɛɛŬŰŬ EWMA. 

ɇɏɚɞɠ, Ŭˊɧ Űɞ 2016 ɞ ŭɘŮɗɜɐɠ ɞɟɔŬɜɘůɛɧɠ ISO ŰɡˊɞˊɞɑɖůŮ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ 

EWMA ɛŮ Űɖɜ ɏəŭɞůɖ Űɞɡ ˊɟɧŰɡˊɞɡ ISO 7870-6:2016 ůɡɜɞɣɑɕɞɜŰŬɠ ŮəŮɑ Űɖ ɓŬůɘəɐ 

ŭɞɛɐ Űɤɜ ɡˊɧɣɖ ůŰŬŰɘůŰɘəɩɜ ŭɘŬɔɟŬɛɛɎŰɤɜ. 

1.3 ȺɘůŬɔɤɔɐ ůŰŬ ȹɘŬɔɟɎɛɛŬŰŬ Ⱥɚɏɔɢɞɡ 

Ƀɘ ŭɘŬŭɘəŬůɑŮɠ ˊŬɟŬɔɤɔɐɠ ɏɢɞɡɜ ŭɘŬəɡɛɎɜůŮɘɠ ůŰŬ ˊɟɞɥɧɜŰŬ Űɞɡɠ. ȷɡŰɏɠ ɞɘ 

ŭɘŬəɡɛɎɜůŮɘɠ əŬŰŬŰɎůůɞɜŰŬɘ ůŮ ŭɨɞ əŬŰɖɔɞɟɑŮɠ: ůŰɘɠ ŭɘŬəɡɛɎɜůŮɘɠ ˊɞɡ Ůəˊɞɟɟɏɞɡɜ 

Ŭˊɧ ůɡɜɐɗŮɘɠ ŬɘŰɑŮɠ əŬɘ ůŮ ŮəŮɑɜŮɠ ˊɞɡ Ůəˊɞɟɟɏɞɡɜ Ŭˊɧ Űɖɜ ɑŭɘŬ Űɖɜ Ŭˊɧŭɞůɖ Űɖɠ 

ŭɘŮɟɔŬůɑŬɠ. ȺɎɜ ɡˊɎɟɢɞɡɜ ɛɧɜɞɜ əɞɘɜɐɠ ŬɘŰɑŬɠ ŭɘŬəɡɛɎɜůŮɘɠ ůŮ ɛɑŬ ŭɘŮɟɔŬůɑŬ, ŰɧŰŮ 

ŭŮɜ ɡˊɎɟɢŮɘ ŬɜɎɔəɖ ɜŬ ŬɜŬɕɖŰɖɗɞɨɜ ŬɘŰɑŮɠ ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ Űɖɜ Ŭˊɧŭɞůɖ əŬɘ ɖ 

ŭɘŮɟɔŬůɑŬ ɚɏɔŮŰŬɘ ɧŰɘ ɓɟɑůəŮŰŬɘ ɡˊɧ ůŰŬŰɘůŰɘəɧ ɏɚŮɔɢɞ ɐ Ŭɚɚɘɩɠ ŮɜŰɧɠ Ůɚɏɔɢɞɡ. 
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ȷɚɚɘɩɠ, ɓɟɑůəŮŰŬɘ ŮəŰɧɠ Ůɚɏɔɢɞɡ. Ƀɘ əɞɘɜɐɠ ŬɘŰɑŬɠ ŭɘŬəɡɛɎɜůŮɘɠ ɐ Ŭɚɚɘɩɠ ɞ 

çɡˊɞɓɧůəɤɜ ɗɧɟɡɓɞɠè ɞűŮɑɚɞɜŰŬɘ ůŮ ɛɘəɟɏɠ əŬɘ ɛɖ ŬˊɞűŮɡəŰɏŮɠ ŬɘŰɑŮɠ, Ůɜɩ ɖ Ɏɚɚɖ 

ŭɘŬəɨɛŬɜůɖ ɞűŮɑɚŮŰŬɘ ˊɎɜŰŬ ůŮ ŬɘŰɑŮɠ ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ Űɖɜ Ŭˊɧŭɞůɖ, əŬɘ ˊɟɏˊŮɘ ɜŬ 

Űɘɠ ŮɟŮɡɜɐůɞɡɛŮ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ Űɘɠ ŮɝŬɚŮɑɣɞɡɛŮ. ɇɞ SPC ˊŮɟɘɏɢŮɘ ɛŮɟɘəɎ 

ˊŬɜɑůɢɡɟŬ ŮɟɔŬɚŮɑŬ ˊɞɡ ɛŬɠ ɓɞɖɗɞɨɜ ɜŬ ŭɘŬəɟɑɜɞɡɛŮ ɛŮŰŬɝɨ Űɤɜ ŭɨɞ ŬɘŰɘɩɜ əŬɘ ɜŬ 

Űɘɠ ˊɟɞůŭɘɞɟɑůɞɡɛŮ. ȹɨɞ Ŭˊɧ ŬɡŰɎ ɞɜɞɛɎɕɞɜŰŬɘ ɧɟɘŬ Ůɚɏɔɢɞɡ əŬɘ ŰɞˊɞɗŮŰɞɨɜŰŬɘ (ɐ 

ŮəŰɘɛɩɜŰŬɘ) ůɡɜɐɗɤɠ ůŰɞ ůɡɜ ɐ ɛŮɑɞɜ ŰɟŮɘɠ űɞɟɏɠ Űɖɜ Űɡˊɘəɐ Ŭˊɧəɚɘůɖ Űɞɡ 

ůŰŬŰɘůŰɘəɞɨ ˊɞɡ ŬɜŬˊŬɟɑůŰŬŰŬɘ ˊɎɜɤ əŬɘ əɎŰɤ ɛɘŬɠ ŰɟɑŰɖɠ ɔɟŬɛɛɐɠ, ˊɞɡ 

ŰɞˊɞɗŮŰŮɑŰŬɘ ůŰɞ ɛɏůɞ Űɞɡ ůŰŬŰɘůŰɘəɞɨ əŬɘ ɞɜɞɛɎɕŮŰŬɘ əŮɜŰɟɘəɐ ɔɟŬɛɛɐ (Central 

Line ï ╒╛). ɀɑŬ ɔɟŬűɘəɐ ŬɜŬˊŬɟɎůŰŬůɖ Ůɜɧɠ Űɡˊɘəɞɨ ŭɘŬɔɟɎɛɛŬŰɞɠ Ůɚɏɔɢɞɡ 

ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ ɆɢɐɛŬ 1.1, Űɞ ɞˊɞɑɞ ˊŮɟɘɏɢŮɘ ŭŮɘɔɛŬŰɘəɞɨɠ Ŭɟɘɗɛɞɨɠ (ˊɞɡ 

ˊɎɟɗɖəŬɜ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ ɛɏŰɟɖůɖɠ) ůŮ ɏɜŬ ɞɟɘɕɧɜŰɘɞ ɎɝɞɜŬ əŬɘ ɛŮɟɘəɎ ˊɞɘɞŰɘəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ (ɐ ɏɜŬ ŭŮɑɔɛŬ ůŰŬŰɘůŰɘəɐɠ ŬɡŰɩɜ) ůŰɞɜ əŬŰŬəɧɟɡűɞ ɎɝɞɜŬ. 

ȼ əŮɜŰɟɘəɐ ɘŭɏŬ ŮɑɜŬɘ ɜŬ əŬŰŬůəŮɡɎůɤ ɏɜŬ ŭɘɎɔɟŬɛɛŬ, Űɞ ɚŮɔɧɛŮɜɞ ȹɘɎɔɟŬɛɛŬ 

Ⱥɚɏɔɢɞɡ (Control Chart) ɔɘŬ ɜŬ ŮɚɏɔɝɞɡɛŮ Ŭɜ ɖ ˊŬɟŬɔɤɔɐ ŮɑɜŬɘ ŮɜŰɧɠ ɐ ŮəŰɧɠ 

Ůɚɏɔɢɞɡ. 

 

ɆɢɐɛŬ 1.1: ũɟŬűɘəɐ ŬˊŮɘəɧɜɘůɖ ŭɘŬɔɟɎɛɛŬŰɞɠ Ůɚɏɔɢɞɡ 

 

ȷəɧɛɖ əŬɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɧɚŬ ŰŬ ůɖɛŮɑŬ ɓɟɑůəɞɜŰŬɘ ŮɜŰɧɠ Űɤɜ ɞɟɑɤɜ 

Ůɚɏɔɢɞɡ ŬɚɚɎ ůɡɛˊŮɟɘűɏɟɞɜŰŬɘ ɛŮ ɏɜŬ ůɡůŰɖɛŬŰɘəɧ ɐ ɛɖ ŰɡɢŬɑɞ Űɟɧˊɞ, ŰɧŰŮ əŬɘ 

ŬɡŰɧ ŬˊɞŰŮɚŮɑ ɏɜŭŮɘɝɖ ɧŰɘ ɖ ŭɘŮɟɔŬůɑŬ ŮɑɜŬɘ ŮəŰɧɠ Ůɚɏɔɢɞɡ. Ƀɘ ɓŬůɘəɧŰŮɟŮɠ ɛɞɟűɏɠ 

ˊɟɞŰɨˊɤɜ ɐ ɛɞŰɑɓɤɜ (patterns) ɛɖ ŰɡɢŬɑɞɡ Űɟɧˊɞɡ ůɡɛˊŮɟɘűɞɟɎɠ ɛɑŬɠ 

ɢɟɞɜɞůŮɘɟɎɠ ůɖɛŮɑɤɜ ŮɑɜŬɘ ŰŬ ˊɟɧŰɡˊŬ əɨəɚɤɜ (cycles), ŰŬ ɛɘəŰɎ ˊɟɧŰɡˊŬ 
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(mixtures), ŰŬ ˊɟɧŰɡˊŬ ŬɚɛɎŰɤɜ (shifts in the process level), ŰŬ ˊɟɧŰɡˊŬ ŰɎůŮɤɜ 

(trends) əŬɘ ŰŬ ˊɟɧŰɡˊŬ ɏɚɚŮɘɣɖɠ ɛŮŰŬɓɚɖŰɧŰɖŰŬɠ (stratification). 

ɆŮ ˊɞɚɚɏɠ ˊŮɟɘˊŰɩůŮɘɠ ɔɘŬ ɜŬ əɎɜɞɡɛŮ ˊŮɟɘůůɧŰŮɟɞ ŮɡŬɑůɗɖŰɞ ɏɜŬ ŭɘɎɔɟŬɛɛŬ 

Ůɚɏɔɢɞɡ ɤɠ ˊɟɞɠ Űɖɜ ɘəŬɜɧŰɖŰŬ ɜŬ ŬɜɘɢɜŮɨŮɘ ˊɘɞ ɔɟɐɔɞɟŬ ŮəŰɧɠ Ůɚɏɔɢɞɡ ŭɘŮɟɔŬůɑŮɠ, 

ŮəŰɧɠ Ŭˊɧ Űɖɜ ůɢŮŭɑŬůɖ Űɤɜ ɞɟɑɤɜ Ůɚɏɔɢɞɡ, ůɢŮŭɘɎɕɞɡɛŮ Ůˊɑůɖɠ əŬɘ 

ˊɟɞŮɘŭɞˊɞɘɖŰɘəɎ ɧɟɘŬ (warning limits) ŮůɤŰŮɟɘəɎ Űɤɜ ɞɟɑɤɜ Ůɚɏɔɢɞɡ, ɧˊɤɠ 

ŭŮɑɢɜŮɘ Űɞ ˊŬɟŬəɎŰɤ ůɢɐɛŬ (ɖ ůɢŮŭɑŬůɖ Űɤɜ ˊɟɞŮɘŭɞˊɞɘɖŰɘəɩɜ ɞɟɑɤɜ Ůɚɏɔɢɞɡ 

ˊɟɞɦˊɞɗɏŰŮɘ Űɖɜ ŬɜɎˊŰɡɝɖ ŭɘŬɔɟŬɛɛɎŰɤɜ Ůɚɏɔɢɞɡ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞ ɛɞɜŰɏɚɞ 

Űɤɜ ɞɟɑɤɜ σ„), Montgomery (2013). 

 

ɆɢɐɛŬ 1.2: ɄɟɞŮɘŭɞˊɞɘɖŰɘəɎ ɧɟɘŬ Ůɚɏɔɢɞɡ əŬɘ ɕɩɜŮɠ ȷ, ȸ əŬɘ C 

 

ɇŬ ˊɟɞŮɘŭɞˊɞɘɖŰɘəɎ ɧɟɘŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɛŬɕɑ ɛŮ ɞɟɘůɛɏɜɞɡɠ ñəŬɜɧɜŮɠò ˊɞɡ 

ˊŮɟɘɔɟɎűɞɡɜ Űɖɜ ŮɛűɎɜɘůɖ Ůɘŭɘəɩɜ ɛɞŰɑɓɤɜ ůŮ ɏɜŬ ŭɘɎɔɟŬɛɛŬ Ůɚɏɔɢɞɡ. ɆŰɖɜ 

ˊŮɟɑˊŰɤůɖ ˊɞɡ ŮɛűŬɜɘůŰŮɑ Űɞ ɛɞŰɑɓɞ ˊɞɡ ˊŮɟɘɔɟɎűŮɘ ɞ əŬɜɧɜŬɠ, ŰɧŰŮ ɗŮɤɟɞɨɛŮ ɧŰɘ 

ɖ ŭɘŮɟɔŬůɑŬ ŮɑɜŬɘ ŮəŰɧɠ Ůɚɏɔɢɞɡ ɢɤɟɑɠ ŬˊŬɟŬɑŰɖŰŬ ɜŬ ɏɢɞɡɛŮ əɎˊɞɘɞ ůɖɛŮɑɞ ŮəŰɧɠ 

Űɤɜ ɞɟɑɤɜ Ůɚɏɔɢɞɡ. Ƀɘ ůɖɛŬɜŰɘəɧŰŮɟɞɘ əŬɜɧɜŮɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ 

ŮɡŬɘůɗɖŰɞˊɞɑɖůɖ Ůɜɧɠ ŭɘŬɔɟɎɛɛŬŰɞɠ Ůɚɏɔɢɞɡ Montgomery (2013) ŮɑɜŬɘ ɞɘ 

Ŭəɧɚɞɡɗɞɘ: 
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ɄɑɜŬəŬɠ 1.1: ɆɖɛŬɜŰɘəɧŰŮɟɞɘ əŬɜɧɜŮɠ ŮɡŬɘůɗɖŰɞˊɞɑɖůɖɠ ŭɘŬɔɟŬɛɛɎŰɤɜ Ůɚɏɔɢɞɡ 

ȷ/ȷ ȾŬɜɧɜŬɠ 

1. ȰɜŬ ɐ ˊŮɟɘůůɧŰŮɟŬ ůɖɛŮɑŬ ŮəŰɧɠ Űɤɜ ɞɟɑɤɜ Ůɚɏɔɢɞɡ. 

2. ȹɨɞ Ŭˊɧ ŰɟɑŬ ůɡɜŮɢɧɛŮɜŬ ůɖɛŮɑŬ ůŮ ɛɑŬ Ŭˊɧ Űɘɠ ȻɩɜŮɠ ȷ. 

3. ɇɏůůŮɟŬ Ŭˊɧ ˊɏɜŰŮ ůɡɜŮɢɧɛŮɜŬ ůɖɛŮɑŬ ˊɏɟŬɜ Űɖɠ Ȼɩɜɖɠ C. 

4. ɃəŰɩ ůɡɜŮɢɧɛŮɜŬ ůɖɛŮɑŬ ůŰɖɜ ɑŭɘŬ ɛŮɟɘɎ (ŮˊɎɜɤ ɐ əɎŰɤ) Űɖɠ əŮɜŰɟɘəɐɠ ɔɟŬɛɛɐɠ. 

5. Ȱɝɘ ůɡɜŮɢɧɛŮɜŬ ůɖɛŮɑŬ ůŮ ŬɨɝɞɡůŬ ɐ űɗɑɜɞɡůŬ ŭɘɎŰŬɝɖ. 

6. ȹŮəŬˊɏɜŰŮ ůɡɜŮɢɧɛŮɜŬ ůɖɛŮɑŬ ůŰɖɜ ɞɚɘəɐ Ȼɩɜɖ C. 

7. ȹŮəŬŰɏůůŮɟŬ ůɡɜŮɢɧɛŮɜŬ ůɖɛŮɑŬ ůŮ ŮɜŬɚɚŬůůɧɛŮɜɖ ɛɞɟűɐ ñˊɎɜɤ-əɎŰɤò. 

8. ɃəŰɩ ůɡɜŮɢɧɛŮɜŬ ůɖɛŮɑŬ ŮəŰɧɠ Űɖɠ ɞɚɘəɐɠ Ȼɩɜɖɠ C. 

9. ɃˊɞɘŬŭɐˊɞŰŮ ŬůɡɜɐɗɘůŰɖ ɐ ɛɖ ŰɡɢŬɑŬ ŬəɞɚɞɡɗɑŬ ůɖɛŮɑɤɜ. 

10. ȰɜŬ ɐ ˊŮɟɘůůɧŰŮɟŬ ůɖɛŮɑŬ əɞɜŰɎ ůŰŬ ˊɟɞŮɘŭɞˊɞɘɖŰɘəɎ ɧɟɘŬ ɐ ŰŬ ɧɟɘŬ Ůɚɏɔɢɞɡ. 

 

1.3.1 ȹɘɎůŰɖɛŬ ȺɛˊɘůŰɞůɨɜɖɠ ï ȳɟɘŬ Ⱥɚɏɔɢɞɡ 

ȷˊɧ Űɞ ɆɢɐɛŬ 1.1, ɛˊɞɟɞɨɛŮ ɜŬ ŭɞɨɛŮ ɧŰɘ ɏɜŬ ŭɘɎɔɟŬɛɛŬ Ůɚɏɔɢɞɡ ɏɢŮɘ 

əɡɟɑɤɠ ŰɟŮɘɠ ˊŬɟŬɛɏŰɟɞɡɠ: Űɞ əɎŰɤ ɧɟɘɞ, (Low Control Limit ï ὒὅὒ), Űɖɜ əŮɜŰɟɘəɐ 

ɔɟŬɛɛɐ ὅὒ əŬɘ Űɞ Ɏɜɤ ɧɟɘɞ (Upper Control Limit ï Ὗὅὒ). ɇŬ ὒὅὒ əŬɘ Ὗὅὒ ŮˊɘɚɏɔɞɜŰŬɘ 

ɏŰůɘ ɩůŰŮ ůɢŮŭɧɜ ɧɚŬ ŰŬ ůɖɛŮɑŬ ɜŬ ˊɏűŰɞɡɜ ɛŮŰŬɝɨ ŬɡŰɩɜ Űɤɜ ůɖɛŮɑɤɜ, Ůűɧůɞɜ ɖ 

ŭɘŬŭɘəŬůɑŬ ŮɑɜŬɘ ŮɜŰɧɠ Ůɚɏɔɢɞɡ. 

ɈˊɞɗɏŰɞɜŰŬɠ ɧŰɘ ɖ ůŰŬŰɘůŰɘəɐ ůɡɜɎɟŰɖůɖ ˊɞɡ ɛŬɠ ŮɜŭɘŬűɏɟŮɘ ŮɑɜŬɘ əŬɜɞɜɘəɎ 

əŬŰŬɜŮɛɖɛɏɜɖ ɛŮ ɔɜɤůŰɧ ɛɏůɞ ɐ ɛŮ Űɘɛɐ ůŰɧɢɞ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ‘ əŬɘ ɔɜɤůŰɐ Űɡˊɘəɐ 

Ŭˊɧəɚɘůɖ „, ŰɧŰŮ ŰŬ ὅὒ, ὒὅὒ əŬɘ Ὗὅὒ ɔɘŬ ŭɑˊɚŮɡɟɞ ŭɘɎɔɟŬɛɛŬ Ůɚɏɔɢɞɡ Shewhart ὢ 

ůɢɖɛŬŰɑɕɞɜŰŬɘ ɤɠ: 

ὒὅὒ‘ ὒ
„

Ѝὲ
 ȟ   ὅὒ ‘ ȟ   Ὗὅὒ‘ ὒ

„

Ѝὲ
           ρȢρ 

 

ɆŰɖɜ Ůɝɑůɤůɖ (1.1), ɛŮ ὲ ůɡɛɓɞɚɑɕɞɡɛŮ Űɞ ɛɏɔŮɗɞɠ ŭŮɑɔɛŬŰɞɠ, Ůɜɩ Űɞ ὒ 

ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɞ ůɡɜŰŮɚŮůŰɐ Űɞɡ ɞɟɑɞɡ Ůɚɏɔɢɞɡ, ŭɖɚŬŭɐ əŬɗɞɟɑɕŮɘ Űɞ Ůɨɟɞɠ Űɞɡ 

ŭɘŬůŰɐɛŬŰɞɠ ŮɛˊɘůŰɞůɨɜɖɠ ɛŮŰŬɝɨ Űɤɜ ɞɟɑɤɜ ὒὅὒ əŬɘ Ὗὅὒ. ȺɑɜŬɘ ɚɞɔɘəɧ ɧŰɘ ůŰɖɜ 

ˊŮɟɑˊŰɤůɖ ˊɞɡ ɖ ŭɘŮɟɔŬůɑŬ ŮɑɜŬɘ ŮɜŰɧɠ Ůɚɏɔɢɞɡ ɗɏɚɞɡɛŮ ɜŬ ůɡɛˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ 

ɧůɞ Űɞ ŭɡɜŬŰɧɜ ˊŮɟɘůůɧŰŮɟŮɠ Űɘɛɏɠ ɛŮŰŬɝɨ Űɞɡ ὒὅὒ əŬɘ Ὗὅὒ. ɆɡɔəŮəɟɘɛɏɜŬ, 
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ŮˊɘɚɏɔɞɜŰŬɘ ɛŮ ɓɎůɖ Űɞ ȺˊɘɗɡɛɖŰɧ ȺˊɑˊŮŭɞ ɐ ȸŬɗɛɧ ȺɛˊɘůŰɞůɨɜɖɠ, ρ ‌, ɏŰůɘ 

ɩůŰŮ: 

ὖὒὅὒᾀ Ὗὅὒ ρ ὥ           ρȢς 

 

ȷˊɧ Űɖɜ ˊŬɟŬˊɎɜɤ ůɢɏůɖ (1.2) ɛˊɞɟɞɨɛŮ ɜŬ ɡˊɞɚɞɔɑůɞɡɛŮ ŰŬ ὒὅὒ əŬɘ Ὗὅὒ, 

ɏŰůɘ ɩůŰŮ ɏɜŬ ˊɟɞəŬɗɞɟɘůɛɏɜɞ ˊɞůɞůŰɧ Űɤɜ ŭɡɜŬŰɩɜ Űɘɛɩɜ, ůɡɜɐɗɤɠ 95% əŬɘ 

99%, ɜŬ ɓɟɑůəɞɜŰŬɘ ɛŮŰŬɝɨ Űɤɜ ὒὅὒ əŬɘ Ὗὅὒ. ɆɡɜŮˊɩɠ, ůɡɜɐɗŮɘɠ Űɘɛɏɠ ɔɘŬ Űɖɜ 

ˊŬɟŬˊɎɜɤ ˊɘɗŬɜɧŰɖŰŬ ŮɑɜŬɘ ŬɜŰɑůŰɞɘɢŬ ‌ πȢππςχ əŬɘ ‌ πȢππυ.  

ȺˊɘɚɏɔɞɜŰŬɠ Űɖɜ Űɘɛɐ ŬɡŰɞɨ Űɞɡ ˊɞůɞůŰɞɨ ˊɟɞəŬɗɞɟɑɕɞɡɛŮ ɎɛŮůŬ Űɞ 

ˊɞůɞůŰɧ Űɤɜ ůɖɛŮɑɤɜ Űɖɠ əŬŰŬɜɞɛɐɠ ˊɞɡ ŬűɐɜɞɡɛŮ ŮəŰɧɠ Űɤɜ ŬˊɞŭŮəŰɩɜ Űɘɛɩɜ 

əŬɘ ɏɛɛŮůŬ: 

 

 Ŭ. ɇɞ ɛɏɔɘůŰɞ ŬˊɞŭŮəŰɧ ˊɞůɞůŰɧ ˊɞɡ ɛŬɠ ɞŭɖɔŮɑ ůŮ ɆűɎɚɛŬ ɇɨˊɞɡ Ƚ, 

əŬɘ ůɡɜŮˊɩɠ Űɞ ɟɡɗɛɧ ŮůűŬɚɛɏɜɞɡ ůɐɛŬŰɞɠ, ŭɖɚŬŭɐ Űɞ əɎɗŮ ˊɧůŮɠ ɛŮŰɟɐůŮɘɠ 

ŬɜŬɛɏɜɞɡɛŮ ɜŬ ˊɎɟɞɡɛŮ ůɐɛŬ ŮəŰɧɠ, Ůɜɩ ɖ ŭɘŬŭɘəŬůɑŬ ŮɑɜŬɘ ŮɜŰɧɠ Ůɚɏɔɢɞɡ. Ƀ 

ɟɡɗɛɧɠ ŬɡŰɧɠ ɞɜɞɛɎɕŮŰŬɘ əŬɘ ɀɏůɞ ɀɐəɞɠ Ʌɞɐɠ ɔɘŬ Űɖɜ ŮɜŰɧɠ Ůɚɏɔɢɞɡ əŬŰɎůŰŬůɖ 

əŬɘ ůɡɛɓɞɚɑɕŮŰŬɘ ɛŮ ═╡╛. 

 ɓ. ɇɖɜ ŰŬɢɨŰɖŰŬ ŬɜɘɢɜŮɡŰɘəɐɠ ɘəŬɜɧŰɖŰŬɠ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ, ŭɖɚŬŭɐ Űɞ 

ˊɧůɞ ɔɟɐɔɞɟŬ ɗŬ ŬɜɘɢɜŮɡŰŮɑ ɏɜŬ ůɐɛŬ ŮəŰɧɠ, ɧŰŬɜ ɖ ŭɘŬŭɘəŬůɑŬ ɓɟɑůəŮŰŬɘ 

ˊɟŬɔɛŬŰɘəɎ ŮəŰɧɠ Ůɚɏɔɢɞɡ, ˊɞɡ əŬɗɞɟɑɕŮŰŬɘ Ŭˊɧ Űɞ ἋἠἘ, ˊɞɡ ɞɜɞɛɎɕŮŰŬɘ ɀɏůɞ 

ɀɐəɞɠ Ʌɞɐɠ ɔɘŬ Űɖɜ ŮəŰɧɠ Ůɚɏɔɢɞɡ əŬŰɎůŰŬůɖ, Űɞ ɞˊɞɑɞ ŬɜŬɚɨŮŰŬɘ ůŰɖɜ 

ˊŬɟɎɔɟŬűɞ. 

ũɑɜŮŰŬɘ űŬɜŮɟɧ ɧŰɘ Ŭɜ ŰŬ ɧɟɘŬ ŮˊɘɚŮɔɞɨɜ ɛŮ ŰɏŰɞɘɞ Űɟɧˊɞ, ɏŰůɘ ɩůŰŮ ɖ ɛŮŰŬɝɨ 

Űɞɡɠ ˊŮɟɘɞɢɐ ɜŬ ŮɑɜŬɘ ŬɟəŮŰɎ ɛɘəɟɐ, Űɞ ŭɘɎɔɟŬɛɛɎ ɛŬɠ ɗŬ ŭɑɜŮɘ ůɐɛŬ çȺəŰɧɠè ˊɞɚɨ 

ůɡɢɜɎ, Ůɜɩ Ŭɜ ŰŬ ɧɟɘŬ ŮɑɜŬɘ ˊɞɚɨ ɛŮɔɎɚŬ, Űɞ ŭɘɎɔɟŬɛɛɎ ɛŬɠ ɗŬ ŬɟɔŮɑ ɜŬ ŭɧůŮɘ ůɐɛŬ 

ŮəŰɧɠ əŬɘ ɗŬ ɏɢŮɘ ˊɞɚɨ ɛɘəɟɐ ŬɜɘɢɜŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ.  

 

1.4 ɇɨˊɞɘ ɆűŬɚɛɎŰɤɜ ůŰŬ ȹɘŬɔɟɎɛɛŬ Ⱥɚɏɔɢɞɡ 

ȾŬŰɎ Űɞɜ ŭŮɘɔɛŬŰɞɚɖˊŰɘəɧ ɏɚŮɔɢɞ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ˊɞɘɧŰɖŰŬɠ ɛɘŬɠ ˊŬɟŬɔɤɔɐɠ 

ŮɑɜŬɘ ŭɡɜŬŰɧɜ ɜŬ ŭɘŬˊɟɎɝɞɡɛŮ ŭɨɞ (2) Ůɑŭɖ ŮůűŬɚɛɏɜɤɜ ŮəŰɘɛɐůŮɤɜ.  
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ȰůŰɤ ɧŰɘ Ŭ́ɑɟɜɞɡɛŮ ɛɘəɟɎ ŭŮɑɔɛŬŰŬ əŬɘ Ŭɜ ɞɘ Űɘɛɏɠ ɓɟɑůəɞɜŰŬɘ ŮɜŰɧɠ ˊɟɞŭɘŬɔɟŬűɩɜ, 

Ŭűɐɜɤ Űɖɜ ˊŬɟŬɔɤɔɐ ɜŬ ŰɟɏɝŮɘ. ȷɜ ˊɎŮɘ əɎŰɘ ůŰɟŬɓɎ Űɖ ůŰŬɛŬŰɎɛŮ. ɇŬ ŭɡɜŬŰɎ 

ŬˊɞŰŮɚɏůɛŬŰŬ Űɞɡ ɡˊɧɣɖ Ůɚɏɔɢɞɡ ɛˊɞɟɞɨɛŮ ɜŬ ŰŬ ůɡɜɞɣɑůɞɡɛŮ ůŰɞɜ ˊŬɟŬəɎŰɤ 

ɄɑɜŬəŬ 1.2. 

 

ɄɑɜŬəŬɠ 1. 2: ȹɡɜŬŰɞɑ ɆɡɜŭɡŬůɛɞɑ ȿɐɣɖɠ ŬˊɧűŬůɖɠ ï ȾŬŰɎůŰŬůɖɠ ȹɘŬŭɘəŬůɑŬɠ 

ȷˊɧűŬůɖ ɔɘŬ Űɖɜ 
ˊŬɟŬɔɤɔɐ 

ɄɟŬɔɛŬŰɘəɐ əŬŰɎůŰŬůɖ ůŰŬŰɘůŰɘəɐɠ ŭɘŬŭɘəŬůɑŬɠ 

ȺɜŰɧɠ Ⱥɚɏɔɢɞɡ ȺəŰɧɠ Ⱥɚɏɔɢɞɡ 

ɆɡɜŮɢɑɕɤ Űɖɜ ˊŬɟŬɔɤɔɐ Ƀɟɗɐ ŬˊɧűŬůɖ ɆűɎɚɛŬ ɇɨˊɞɡ II. 
ɄɘɗŬɜɧŰɖŰŬ ɓ 

ɆŰŬɛŬŰɎɤ Űɖɜ ˊŬɟŬɔɤɔɐ ɆűɎɚɛŬ ɇɨˊɞɡ Ƚ 
ɄɘɗŬɜɧŰɖŰŬ Ŭ 

Ƀɟɗɐ ŬˊɧűŬůɖ. 
ɄɘɗŬɜɧŰɖŰŬ ɔ.  

ȹɨɜŬɛɖ ɐ ɘůɢɨɠ Űɞɡ 
ůŰŬŰɘůŰɘəɞɨ Ůɚɏɔɢɞɡ 

 

1.4.1 ɆűɎɚɛŬ ˊɟɩŰɞɡ Ůɑŭɞɡɠ 

 ɃɜɞɛɎɕŮŰŬɘ Űɞ ůűɎɚɛŬ ˊɞɡ əɎɜɞɡɛŮ, ɧŰŬɜ ůŰŬɛŬŰɎɛŮ Űɖɜ ˊŬɟŬɔɤɔɐ, Ůɜɩ 

ŭŮɜ ˊɟɏˊŮɘ, ŭɖɚŬŭɐ ɧŰŬɜ ɖ ŭɘŬŭɘəŬůɑŬ ŰɟɏɢŮɘ əŬɚɎ. ɇɖɜ ˊɘɗŬɜɧŰɖŰŬ ɜŬ əɎɜɞɡɛŮ 

ůűɎɚɛŬ Űɞɡ ˊɟɩŰɞɡ Ůɑŭɞɡɠ Űɖ ůɡɛɓɞɚɑɕɞɡɛŮ ɤɠ Ůɝɐɠ: 

 

‌ ὖ„†‌‘‌†ʗ‘‐ †–’ “‌”‌‎ʘ“‐―      ρȢσ”“ ’‐‏ ‫‎ʙȟ‐’ʡ 

 

 ȼ ˊɘɗŬɜɧŰɖŰŬ ♪ ɞɜɞɛɎɕŮŰŬɘ əŬɘ ŮˊɑˊŮŭɞ ůɖɛŬɜŰɘəɧŰɖŰŬɠ əŬɘ űŬɜŮɟɩɜŮɘ ɧŰɘ 

Űɞ ŮɜŭŮɢɧɛŮɜɞ Űɞ ŭɘɎɔɟŬɛɛŬ Ůɚɏɔɢɞɡ ɜŬ ɛŬɠ ˊɚɖɟɞűɞɟɐůŮɘ ŮůűŬɚɛɏɜŬ (ŭɖɚŬŭɐ ɧŰɘ 

ˊɟɏˊŮɘ ɜŬ ůŰŬɛŬŰɐůɞɡɛŮ Űɖɜ ˊŬɟŬɔɤɔɐ, Ůɜɩ ɖ ŭɘŬŭɘəŬůɑŬ ɓɟɑůəŮŰŬɘ ŮɜŰɧɠ Ůɚɏɔɢɞɡ) 

ɛˊɞɟŮɑ ɜŬ ůɡɛɓŮɑ Ŭ űɞɟɏɠ ůŰɘɠ ŮəŬŰɧ.  

1.4.2 ɆűɎɚɛŬ ŭŮɨŰŮɟɞɡ Ůɑŭɞɡɠ 

 ɃɜɞɛɎɕŮŰŬɘ Űɞ ůűɎɚɛŬ ˊɞɡ əɎɜɞɡɛŮ, ɧŰŬɜ ůɡɜŮɢɑɕɞɡɛŮ Űɖɜ ˊŬɟŬɔɤɔɐ, 

əŬɗɩɠ Űɞ ŭɘɎɔɟŬɛɛŬ Ůɚɏɔɢɞɡ ŭŮɜ ŬɜɑɢɜŮɡůŮ Ŭəɧɛɖ əɎˊɞɘɞ ůɐɛŬ ŮəŰɧɠ, Ůɜɩ ŭŮɜ 

ˊɟɏˊŮɘ, ŭɖɚŬŭɐ Ůɜɩ ɖ ŭɘŬŭɘəŬůɑŬ ŮɑɜŬɘ ˊɟŬɔɛŬŰɘəɎ ŮəŰɧɠ Ůɚɏɔɢɞɡ. ɇɖɜ ˊɘɗŬɜɧŰɖŰŬ 

ɜŬ əɎɜɞɡɛŮ ůűɎɚɛŬ ŭŮɨŰŮɟɞɡ Ůɑŭɞɡɠ Űɖ ůɡɛɓɞɚɑɕɞɡɛŮ ɤɠ Ůɝɐɠ:  
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‍ ὖ„‡’‐…ʚ‒‛‡‘‐ †–’ “‌”‌‎ʘ“‐―        ρȢτ”“ ’‐‏ ‫‎ʙȟ‐’ʡ 

 

 ȹɖɚŬŭɐ ɖ ˊɘɗŬɜɧŰɖŰŬ ‍ ŮɑɜŬɘ ɞ əɑɜŭɡɜɞɠ ɜŬ ůɡɜŮɢɑůɞɡɛŮ Űɖɜ ˊŬɟŬɔɤɔɐ, Ůɜɩ 

ˊɟɏˊŮɘ ɜŬ Űɖɜ ŭɘŬəɧɣɞɡɛŮ. ȾŬɘ ůŰɘɠ ŭɨɞ ˊŬɟŬˊɎɜɤ ˊŮɟɘˊŰɩůŮɘɠ ˊŬɑɟɜɞɡɛŮ 

ɚŬɜɗŬůɛɏɜɖ ŬˊɧűŬůɖ. 

1.4.3 Ƚůɢɨɠ ɆŰŬŰɘůŰɘəɞɨ Ⱥɚɏɔɢɞɡ 

 ȺəŰɧɠ Ŭˊɧ Űɘɠ ˊŬɟŬˊɎɜɤ ˊɘɗŬɜɧŰɖŰŮɠ ‌ əŬɘ ‍ ɛˊɞɟɞɨɛŮ ɜŬ ɡˊɞɚɞɔɑůɞɡɛŮ 

əŬɘ Űɖɜ ˊɘɗŬɜɧŰɖŰŬ ɜŬ ůŰŬɛŬŰɐůɞɡɛŮ Űɖɜ ˊŬɟŬɔɤɔɐ, ɧŰŬɜ ŬɡŰɐ ˊɟɎɔɛŬŰɘ ɓɟɑůəŮŰŬɘ 

ŮəŰɧɠ Ůɚɏɔɢɞɡ. ȼ ˊɘɗŬɜɧŰɖŰŬ ŬɡŰɐ ɞɜɞɛɎɕŮŰŬɘ ŭɨɜŬɛɖ ɐ ɘůɢɨɠ Űɞɡ ůŰŬŰɘůŰɘəɞɨ 

Ůɚɏɔɢɞɡ. ȼ ŭɨɜŬɛɖ Űɞɡ ůŰŬŰɘůŰɘəɞɨ Ůɚɏɔɢɞɡ ůɡɛɓɞɚɑɕŮŰŬɘ ɤɠ Ůɝɐɠ: 

 

‎ ρ ‍ ὖ„†‌‘‌†ʗ‘‐ †–’ “‌”‌‎ʝ†― ‐ʚ’‌― ‐‖†ʝ‟       ρȢυ―‏‫‎ʙȟ 

 

ȳůɞ ˊɘɞ ɛŮɔɎɚɖ ŮɑɜŬɘ ɖ Űɘɛɐ Űɖɠ ɘůɢɨɞɠ Űɞɡ Ůɚɏɔɢɞɡ, Űɧůɞ ˊɘɞ ůɤůŰɐ ɗŬ ŮɑɜŬɘ ɖ 

ŬˊɧűŬůɐ ɛŬɠ. ɆŰɞɜ ɏɚŮɔɢɞ ůŰŬŰɘůŰɘəɩɜ ɡˊɞɗɏůŮɤɜ ŮˊɘŭɘɩəŮŰŬɘ ɖ ůɢŮŰɘəɐ 

ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɞɡ ‌ əŬɘ ɖ ůɢŮŰɘəɐ ɛŮɔɘůŰɞˊɞɑɖůɖ Űɖɠ ŭɨɜŬɛɖɠ ‎. 

 

1.5 ȺɟɔŬɚŮɑŬ ɀɏŰɟɖůɖɠ ȷˊɧŭɞůɖɠ ȹɘŬɔɟŬɛɛɎŰɤɜ Ⱥɚɏɔɢɞɡ 

ɀŮŰɎ Űɖ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ ȹɘŬɔɟɎɛɛŬŰɞɠ Ⱥɚɏɔɢɞɡ ɓŬůɘəɧ ɛɏɚɖɛŬ ŮɑɜŬɘ ɜŬ 

ŬˊɞəŰɐůɞɡɛŮ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɛɏŰɟɖůɖɠ Űɖɠ Ŭˊɧŭɞůɐɠ Űɞɡ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ əŬŰŬůŰŮɑ 

ŮűɘəŰɐ ɖ ůɨɔəɟɘůɐ Űɞɡ ɛŮ ŭɘŬɔɟɎɛɛŬŰŬ Ɏɚɚɖɠ ůɢŮŭɑŬůɖɠ. ȺɟɔŬɚŮɑŬ ˊɞɡ ɛŬɠ 

ɓɞɖɗɎɜŮ ůŮ ŬɡŰɐ Űɖ ɛɏŰɟɖůɖ ŮɑɜŬɘ ŰŬ ὃὙὒ, ὓὈὙὒ, ὛὈὙὒ, ὃὙὃὙὒȟὖὅὍ əŬɘ ὃὉὗὒ, 

ɄɞůɞůŰɘŬɑŬ ɆɖɛŮɑŬ ɀɐəɞɡɠ Ʌɞɐɠ ὃὙὒ ὗόὥὲὸὭὰὩί, ɡˊɧ ůɡɜɗɐəɖ ὃὙὒ ὗόὥὲὸὭὰὩί  

ˊɞɡ ɗŬ ŬɜŬɚɨůɞɡɛŮ ˊŬɟŬəɎŰɤ. 

1.5.1 ɀɏůɞ ɀɐəɞɠ Ʌɞɐɠ (ARL) 

ȷˊɧ Űɖɜ ˊɘɗŬɜɧŰɖŰŬ, ɏůŰɤ ♪, ɜŬ ɓɟŮɗŮɑ ɏɜŬ ůɖɛŮɑɞ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ 

Ůɚɏɔɢɞɡ ŮəŰɧɠ Űɤɜ ɞɟɑɤɜ Ůɚɏɔɢɞɡ ˊɞɡ ŬɜŬɚɨɗɖəŮ ůŰɖɜ ˊŬɟɎɔɟŬűɞ 1.2.1 
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ɡˊɞɚɞɔɑɕɞɡɛŮ Űɞ ɛɏůɞ ɛɐəɞɠ ɟɞɐɠ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ (ɐ ɛɏůɞ ɛɐəɞɠ ŭɘŬŭɟɞɛɐɠ) Űɞɡ 

ŭɘŬɔɟɎɛɛŬŰɞɠ, ŭɖɚŬŭɐ Űɞ ŮɜŰɧɠ Ůɚɏɔɢɞɡ ═╡╛ (in-control Average Run Length), Ŭˊɧ 

Űɖɜ ˊŬɟŬəɎŰɤ ůɢɏůɖ: 

ὃὙὒ
ρ

ὥ
      ρȢφ 

 

ɆɖɛŮɑɤůɖ: 

 

ȷɜ ɖ ŰɡɢŬɑŬ ɛŮŰŬɓɚɖŰɐ   ŬəɞɚɞɡɗŮɑ Űɖ ɔŮɤɛŮŰɟɘəɐ əŬŰŬɜɞɛɐ ɛŮ ˊɘɗŬɜɧŰɖŰŬ 

ŮˊɘŰɡɢɑŬɠ ὴ (ůɡɛɓ. ὢͯ Ὃὴ ) , ŭɖɚŬŭɐ: 

 

ὖὢ ὼ ὴρ ὴ  ȟὼ ρȟςȟσȟȣ   ρȢχ 

 

ŰɧŰŮ: 

Ὁὢ
ρ

ὴ
   ȟ ὠὢ

ρ ὴ

ὴ
       ρȢψ 

 

ȺɑɜŬɘ ˊɟɞűŬɜɏɠ ɧŰɘ Űɞ ὃὙὒ ŭɖɚɩɜŮɘ Űɞɜ ŬɜŬɛŮɜɧɛŮɜɞ Ŭɟɘɗɛɧ Űɤɜ ůɖɛŮɑɤɜ 

(ŭŮɘɔɛɎŰɤɜ) ˊɞɡ ˊɟɏˊŮɘ ɜŬ ůɢŮŭɘŬůŰɞɨɜ ůŮ ɏɜŬ ŭɘɎɔɟŬɛɛŬ Ůɚɏɔɢɞɡ ɔɘŬ ɜŬ 

ŮɛűŬɜɘůŰŮɑ ɏɜŬ ůɖɛŮɑɞ ŮəŰɧɠ Űɤɜ ɞɟɑɤɜ Ůɚɏɔɢɞɡ, Ŭűɞɨ Űɞ ɛɐəɞɠ ɟɞɐɠ ɐ ŭɘŬŭɟɞɛɐɠ 

(run length) ŬəɞɚɞɡɗŮɑ Űɖɜ əŬŰŬɜɞɛɐ Ὃὴ. 

 

ũɘŬ ɛɘŬ ŭɘŮɟɔŬůɑŬ ˊɞɡ ɓɟɑůəŮŰŬɘ ŮɜŰɧɠ Ůɚɏɔɢɞɡ əŬɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɞɨɛŮ σ„ ɧɟɘŬ Ůɚɏɔɢɞɡ ɛŮ əŬɜɞɜɘəɐ əŬŰŬɜɞɛɐ ɔɘŬ Űɖɜ ŬˊŮɘəɞɜɘɕɧɛŮɜɖ 

ůŰŬŰɘůŰɘəɐ ůɡɜɎɟŰɖůɖ ὡ, ɏɢɞɡɛŮ ɧŰɘ Űɞ ŮɜŰɧɠ Ůɚɏɔɢɞɡ ɛɏůɞ ɛɐəɞɠ ɟɞɐɠ ὃὙὒ (in-

control average run length) ŮɑɜŬɘ ɑůɞ ɛŮ: 

 

ὃὙὒ
ρ

ὥ

ρ

πȢππςχ
σχπ 

 

ɄɟɞűŬɜɩɠ ůŰɖɜ ˊɟɎɝɖ ɗɏɚɞɡɛŮ ɜŬ ɏɢɞɡɛŮ ɛŮɔɎɚɞ ὃὙὒ. 
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ũɘŬ ɛɘŬ ŭɘŮɟɔŬůɑŬ ˊɞɡ ɓɟɑůəŮŰŬɘ ŮəŰɧɠ Ůɚɏɔɢɞɡ ɚɧɔɤ ɛŮŰŬŰɧˊɘůɖɠ Űɞɡ ɛɏůɞɡ 

Ůˊɘˊɏŭɞɡ Űɖɠ ŭɘŮɟɔŬůɑŬɠ, Űɞ ŮəŰɧɠ Ůɚɏɔɢɞɡ ɛɏůɞ ɛɐəɞɠ ɟɞɐɠ ὃὙὒ (out-of-control 

average run length) ŮɑɜŬɘ ɑůɞ ɛŮ: 

ὃὙὒ
ρ

ρ ‍
      ρȢω 

 

ũɘŬ Űɞ ɚɧɔɞ ɧŰɘ ɖ ˊɘɗŬɜɧŰɖŰŬ ɜŬ ɓɟŮɗŮɑ ůŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ɏɜŬ ůɖɛŮɑɞ Űɞɡ 

ŭɘŬɔɟɎɛɛŬŰɞɠ Ůɚɏɔɢɞɡ ŮɜŰɧɠ Űɤɜ ɞɟɑɤɜ Ůɚɏɔɢɞɡ ŮɑɜŬɘ ɑůɞ ɛŮ ɓ, ɞˊɧŰŮ ɓɟɑůəŮŰŬɘ 

ŮəŰɧɠ Űɤɜ ɞɟɑɤɜ Ůɚɏɔɢɞɡ ŮɑɜŬɘ ɑůɖ ɛŮ ˊɘɗŬɜɧŰɖŰŬ ρ ‍ , Ⱦɘɧɢɞɠ (1993), ȾŮűɎɚŬɘɞ 

22. 

 

ɄɟɞűŬɜɩɠ ůŰɖɜ ˊɟɎɝɖ ɗɏɚɞɡɛŮ ɜŬ ɏɢɞɡɛŮ ɛɘəɟɧ ὃὙὒ , Ŭűɞɨ Űɞ ὃὙὒ ŭɖɚɩɜŮɘ Űɞ 

ŬɜŬɛŮɜɧɛŮɜɞ Ŭɟɘɗɛɧ ŭŮɘɔɛɎŰɤɜ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ɚɖűɗɞɨɜ ɔɘŬ ɜŬ ŮɜŰɞˊɘůŰŮɑ ɖ 

ɛŮŰŬŰɧˊɘůɖ ůŰɞ ɛɏůɞ ŮˊɑˊŮŭɞ Űɖɠ ŭɘŮɟɔŬůɑŬɠ Ŭˊɧ Űɖ ůŰɘɔɛɐ ˊɞɡ ɗŬ ůɡɛɓŮɑ ŬɡŰɐ ɖ 

ɛŮŰŬŰɧˊɘůɖ. 

 

ȼ Ůɘŭɘəɐ ˊŮɟɑˊŰɤůɖ Űɞɡ Űɟɧˊɞɡ ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ ὃὙὒ ɔɘŬ ɛɑŬ ŬəɞɚɞɡɗɑŬ EWMA 

ŬɜŬɚɨŮŰŬɘ ůŰɞ ȾŮűɎɚŬɘɞ 3.3, əŬɗɩɠ ɗŬ ˊɟɏˊŮɘ ˊɟɩŰŬ ɜŬ ɞɟɘůŰŮɑ Űɞ Ůɜ ɚɧɔɤ 

ŭɘɎɔɟŬɛɛŬ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ɜŬ ŬɜŬɚɡɗŮɑ Űɞ ὃὙὒ Űɞɡ ůŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ. 

 

ɄŬɟɎ Űɖɜ ŭɖɛɞŰɘəɧŰɖŰɎ Űɞɡ, Űɞ ɛɏůɞ ɛɐəɞɠ ɟɞɐɠ ὃὙὒ ɏɢŮɘ ŭŮɢɗŮɑ ɏɜŰɞɜɖ 

ŬɛűɘůɓɐŰɖůɖ, əŬɗɩɠ Űɞ ὃὙὒ ˊɞɡ ˊŬɟŬŰɖɟŮɑŰŬɘ ůŰɖɜ ˊɟɎɝɖ, ŭɘŬűɏɟŮɘ ůɡɜɐɗɤɠ 

ŬɟəŮŰɎ Ŭˊɧ Űɞ çɗŮɤɟɖŰɘəɧè ὃὙὒ ɚɧɔɤ Űɖɠ ŬůɡɛɛŮŰɟɑŬɠ ˊɞɡ ŮɛűŬɜɑɕŮɘ ɖ əŬŰŬɜɞɛɐ 

Űɞɡ ɛɐəɞɡɠ ɟɞɐɠ ɛŮ ŬˊɞŰɏɚŮůɛŬ ɖ ɛɏůɖ Űɘɛɐ Űɞɡ ɜŬ ɛɖɜ ɛˊɞɟŮɑ ɜŬ ɗŮɤɟɖɗŮɑ ɤɠ 

ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɧ ɛɏŰɟɞ əŮɜŰɟɘəɐɠ ŰɎůɖɠ Űɖɠ əŬŰŬɜɞɛɐɠ, ɘŭɘŬɑŰŮɟŬ ɔɘŬ ɛɘəɟɏɠ Űɘɛɏɠ 

Űɞɡ ὴ , Barnard (1959) əŬɘ Bissell (1969).  

1.5.2 ɇɡˊɘəɐ Ŭˊɧəɚɘůɖ Űɞɡ ɀɐəɞɡɠ Ʌɞɐɠ 

ɄɏɟŬɜ Ŭˊɧ Űɞ ὃὙὒ, ɖ Ŭˊɧŭɞůɖ Ůɜɧɠ ŭɘŬɔɟɎɛɛŬŰɞɠ Ůɚɏɔɢɞɡ ŮəűɟɎɕŮŰŬɘ əŬɘ 

ŭɘŬɛɏůɞɡ Űɖɠ Űɡˊɘəɐɠ Ŭˊɧəɚɘůɖɠ Űɞɡ ɛɐəɞɡɠ ɟɞɐɠ (standard deviation of run 
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length - ὛὈὙὒ) ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůɡɢɜɎ ůŬɜ ɏɜŬɠ ůɡɛˊɚɖɟɤɛŬŰɘəɧɠ ŭŮɑəŰɖɠ 

ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬɠ Űɖɠ ŭɘŮɟɔŬůɑŬɠ əŬɘ ɡˊɞɚɞɔɑɕŮŰŬɘ ɤɠ Ůɝɐɠ: 

 

ὛὈὙὒ ὠὥὶὙὒ       ρȢρπ 

 

1.5.3 ȹɘɎɛŮůɞɠ ɀɐəɞɡɠ Ʌɞɐɠ 

ȼ ŭɘɎɛŮůɞɠ Űɞɡ ɛɐəɞɡɠ ɟɞɐɠ (median run length - ὓὈὙὒ) ŮɑɜŬɘ ɞ ŭɘɎɛŮůɞɠ 

Ŭɟɘɗɛɧɠ ŭŮɘɔɛŬŰɘəɩɜ ůɖɛŮɑɤɜ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ůɢŮŭɘŬůŰɞɨɜ ůŰɞ ŭɘɎɔɟŬɛɛŬ ˊɟɘɜ 

ŮɛűŬɜɘůŰŮɑ ɏɜŬ ŮəŰɧɠ Ůɚɏɔɢɞɡ ůɐɛŬ, ŭɖɚŬŭɐ 

 

ὓὈὙὒάὩὨὭὥὲὙὒ     ρȢρρ 

1.5.4 ɀɏůɖ ɇŮŰɟŬɔɤɜɘəɐ Ůˊɘˊɚɏɞɜ ŬˊɩɚŮɘŬ 

ȼ ɛɏůɖ ŰŮŰɟŬɔɤɜɘəɐ Ůˊɘˊɚɏɞɜ ŬˊɩɚŮɘŬ (average extra quadratic loss - 

ὃὉὗὒ) ŬˊɞŰŮɚŮɑ ɏɜŬ ůɡɜɞɚɘəɧ ɛɏŰɟɞ Ŭˊɧŭɞůɖɠ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ Ůɚɏɔɢɞɡ ˊɎɜɤ ůŮ 

ɧɚŮɠ Űɘɠ ɛŮŰŬŰɞˊɑůŮɘɠ Űɖɠ Űɡˊɘəɐɠ Ŭˊɧəɚɘůɖɠ Űɖɠ ŭɘŮɟɔŬůɑŬɠ. ȼ ὃὉὗὒ ɞɟɑɕŮŰŬɘ ɤɠ ɞ 

ůŰŬɗɛɘůɛɏɜɞɠ ɛɏůɞɠ ὃὙὒ ˊɎɜɤ ůŮ ɏɜŬ Ůɨɟɞɠ ɛŮŰŬŰɞˊɑůŮɤɜ ‏ ‏ ‏   ůŰɖɜ 

Űɡˊɘəɐ Ŭˊɧəɚɘůɖ Űɖɠ ŭɘŮɟɔŬůɑŬɠ. Ƀɘ ˊɞůɧŰɖŰŮɠ ‏  əŬɘ ‏  ŮɑɜŬɘ ŰŬ Ɏɜɤ əŬɘ əɎŰɤ 

ɧɟɘŬ Űɤɜ ɛŮŰŬŰɞˊɑůŮɤɜ, ŬɜŰɑůŰɞɘɢŬ. ȰŰůɘ, ɖ ὃὉὗὒ ɛŮŰɟɎŮɘ Űɖɜ ůɡɜɞɚɘəɐ 

ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ Ůɚɏɔɢɞɡ ůŮ ɏɜŬ Ůɨɟɞɠ ɛŮŰŬŰɞˊɑůŮɤɜ ˊŬɟɎ 

ůŮ ɏɜŬ ůɡɔəŮəɟɘɛɏɜɞ Ůɨɟɞɠ ůɖɛŮɑɤɜ ɛŮŰŬŰɧˊɘůɖɠ. ɇɞ Ůɜ ɚɧɔɤ ɛɏŰɟɞ ɡˊɞɚɞɔɑɕŮŰŬɘ 

Ŭˊɧ Űɖɜ ůɢɏůɖ: 

  

ὃὉὗὒ
ρ

‏  ‏
‏Ὠ‏ὃὙὒ‏

 

    ρȢρς 

 

ɧˊɞɡ  ὃὙὒ‏ ŮɑɜŬɘ ɖ Űɘɛɐ ὃὙὒ Ůɜɧɠ ůɡɔəŮəɟɘɛɏɜɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ ůŰɖɜ ɛŮŰŬŰɧˊɘůɖ 

 ȳůɞ ˊɘɞ ɛɘəɟɐ ŮɑɜŬɘ ɖ Űɘɛɐ ὃὉὗὒ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ Ůɚɏɔɢɞɡ, Űɧůɞ əŬɚɨŰŮɟɖ ŮɑɜŬɘ .‏

ɖ ůɡɜɞɚɘəɐ ůŰŬŰɘůŰɘəɐ Ŭˊɧŭɞůɖ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ (Reynolds and Stoumbos, 2006).  
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1.5.5 ɀɏůɞɠ ȿɧɔɞɠ Űɞɡ ARL 

Ƀ ɛɏůɞɠ ɚɧɔɞɠ Űɞɡ ═╡╛ (average ratio of ὃὙὒ - ὃὙὃὙὒ) ŮɑɜŬɘ ɛɑŬ Ůɝɑůɤůɖ 

ɞɚɞəɚɖɟɩɛŬŰɞɠ ˊɞɡ ɛŮŰɟɎŮɘ Űɖɜ ůɡɜɞɚɘəɐ Ŭˊɧŭɞůɖ Ůɜɧɠ ŭɘŬɔɟɎɛɛŬŰɞɠ Ůɚɏɔɢɞɡ ůŮ 

ɏɜŬ Ůɡɟɨ űɎůɛŬ ɛŮŰŬŰɞˊɑůŮɤɜ Ŭˊɧ  ‏  ɏɤɠ  ‏ , əŬɘ ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɖɜ 

ůɢɏůɖ, Wu et al.(2008): 

 

ὃὙὃὙὒ
ρ

‏  ‏

ὃὙὒ‏

ὃὙὒ‏
Ὠ‏

 

    ρȢρσ 

 

ɧˊɞɡ  ‏  əŬɘ ‏  ŮɑɜŬɘ ɞɘ ŮɚɎɢɘůŰŮɠ əŬɘ ɞɘ ɛɏɔɘůŰŮɠ ɛŮŰŬŰɞˊɑůŮɘɠ, ŬɜŰɑůŰɞɘɢŬ, ůŰɖɜ 

Űɡˊɘəɐ Ŭˊɧəɚɘůɖ Űɖɠ ŭɘŮɟɔŬůɑŬɠ əŬɘ ὃὙὒ‏ əŬɘ ὃὙὒ‏  ŮɑɜŬɘ ɞɘ Űɘɛɏɠ ὃὙὒ 

Ůɜɧɠ ůɡɔəŮəɟɘɛɏɜɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ Ůɚɏɔɢɞɡ əŬɘ Ůɜɧɠ ŭɘŬɔɟɎɛɛŬŰɞɠ ůɖɛŮɑɞɡ 

ŬɜŬűɞɟɎɠ (benchmark control chart) ůŰɖɜ ɛŮŰŬŰɧˊɘůɖ ‏, ŬɜŰɑůŰɞɘɢŬ. ɇɞ ŭɘɎɔɟŬɛɛŬ 

Ůɚɏɔɢɞɡ ŬɜŬűɞɟɎɠ ŮɑɜŬɘ ŮəŮɑɜɞ ɛŮ Űɞ ɛɘəɟɧŰŮɟɞ ŮəŰɧɠ Ůɚɏɔɢɞɡ ὃὙὒ. 

1.5.6 ȹŮɑəŰɖɠ Ɇɨɔəɟɘůɖɠ ȷˊɧŭɞůɖɠ  

Ƀ ŭŮɑəŰɖɠ ůɨɔəɟɘůɖɠ Ŭˊɧŭɞůɖɠ (performance comparison index ï ὖὅὍ) 

ŮɑɜŬɘ Űɞ ˊɞůɞůŰɧ Űɖɠ ὃὉὗὒ Ůɜɧɠ ůɡɔəŮəɟɘɛɏɜɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ Ůɚɏɔɢɞɡ ɛŮ Űɖɜ ὃὉὗὒ 

Ůɜɧɠ ŭɘŬɔɟɎɛɛŬŰɞɠ ůɖɛŮɑɞɡ ŬɜŬűɞɟɎɠ (Ou et al, 2012) əŬɘ ɞɟɑɕŮŰŬɘ Ŭˊɧ Űɖɜ ůɢɏůɖ: 

 

ὖὅὍ
ὃὉὗὒ

ὃὉὗὒ
    ρȢρτ 

 

ȰɜŬ ŭɘɎɔɟŬɛɛŬ Ůɚɏɔɢɞɡ ɛŮ ŮɚɎɢɘůŰɞ ὃὙὃὙὒ ŭɑɜŮɘ ɛɘəɟɧŰŮɟŮɠ Űɘɛɏɠ ὃὉὗὒ əŬɘ ὖὅὍ əŬɘ 

ŮɑɜŬɘ ˊɘɞ ŬˊɞŰŮɚŮůɛŬŰɘəɧ ůŰɖɜ ŬɜɑɢɜŮɡůɖ ŬɚɚŬɔɩɜ ůŰɖɜ ŭɘŮɟɔŬůɑŬ. 

1.5.7 Quantile RL cɔ ï ɄɞůɞůŰɘŬɑɞ ɆɖɛŮɑɞ ɀɐəɞɡɠ Ʌɞɐɠ ɀɖŭŮɜɘəɐɠ 

ȾŬŰɎůŰŬůɖɠ 

ȰůŰɤ ‌ ρππ‎, (π ‎ ρ), Űɞ ˊɞůɞůŰɘŬɑɞ ůɖɛŮɑɞ Űɞɡ ɛɐəɞɡɠ ɟɞɐɠ 

ɛɖŭŮɜɘəɐɠ əŬŰɎůŰŬůɖɠ ɛˊɞɟŮɑ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ ɤɠ ɖ Űɘɛɐ ὧ , ɖ ɞˊɞɑŬ ɘəŬɜɞˊɞɘŮɑ Űɘɠ 

ŬɜɘůɧŰɖŰŮɠ, Gan (1993): 
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ὧ ÉÎÆ Ὥ ρȡὖ Ὑὒ Ὥ ‎      ρȢρυ 

 

ὖὙὙὒ ὧ ρ ‎   ρȢρφ  ὖὙὙὒ ὧ ‎  ρȢρχ 

 

1.5.8 Ɉˊɧ ůɡɜɗɐəɖ ɄɞůɞůŰɘŬɑɞ ɆɖɛŮɑɞ RL ɆŰŬɗŮɟɐɠ ȾŬŰɎůŰŬůɖɠ Da,Ű 

ȺɑɜŬɘ Űɞ ˊɞůɞůŰɘŬɑɞ ůɖɛŮɑɞ ˊɞɡ ɘůɢɨŮɘ ɡˊɧ Űɖɜ ˊɟɞɦˊɧɗŮůɖ ɧŰɘ ɏɢɞɡɛŮ 

űɗɎůŮɘ ɛɏɢɟɘ Űɖ ɢɟɞɜɘəɐ ůŰɘɔɛɐ † əŬɘ Űɞ ŭɘɎɔɟŬɛɛŬ ŭŮɜ ɏŭɤůŮ ůɐɛŬ ŮəŰɧɠ: 

 

Ὀȟ ÉÎÆ Ὥ ρȡὖὔ † ρ Ὥȿ ́ † ὥ    ρȢρψ 

 

1.5.9 ɄɞůɞůŰɘŬɑɞ ɆɖɛŮɑɞ ɀɐəɞɡɠ Ʌɞɐɠ ɆŰŬɗŮɟɐɠ ȾŬŰɎůŰŬůɖɠ  

 

Ὀ ÌÉÍ
ᴼ
Ὀȟ     ρȢρω 

 

ɀŮ ɓɎůɖ Űɞɡɠ ˊŬɟŬˊɎɜɤ ɞɟɘůɛɞɨɠ Űɞ ˊɞůɞůŰɘŬɑɞ ůɖɛŮɑɞ ɛɖŭŮɜɘəɐɠ əŬŰɎůŰŬůɖɠ 

1  ŮɑɜŬɘ ɑůɞ ɛŮ Űɞ Ὀȟ ɔɘŬ əɎɗŮ ‏ πȢ ɈˊŮɜɗɡɛɑɕŮŰŬɘ ɧŰɘ ɧŰŬɜ ‏ π
 
ᵾ † Њ. ɇɞ 

ůɢɐɛŬ 1.3 ŬˊŮɘəɞɜɑɕŮɘ ɔɘŬ ‌ᶰπȢρȟπȢςȟȣȟπȢχ  əŬɘ ůɖɛŮɑɞ ŬɚɚŬɔɐɠ ρ † υπ. 
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ɆɢɐɛŬ 1.3: Ɉˊɧ ůɡɜɗɐəɖ ŬɜŬɛŮɜɧɛŮɜɖ əŬɗɡůŰɏɟɖůɖ $ əŬɘ ɡˊɧ ůɡɜɗɐəɖ 

ˊɞůɞůŰɘŬɑŬ əŬɗɡůŰɏɟɖůɖ $ȟ ɔɘŬ ŭɘŬɔɟɎɛɛŬ (‗ πȢρ) ɛŮ ůŰŬɗŮɟɎ ɧɟɘŬ (ὧ σ) əŬɘ 

ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜŬ ɧɟɘŬ (ὧ σȢππυυ ɑŭɘɞ ŮɜŰɧɠ Ůɚɏɔɢɞɡ ARL) əŬɘ ɛɑŬ 

ɛŮŰŬŰɧˊɘůɖ Űɖɠ ŰɎɝɖɠ Űɞɡ ‏ ρ. 

 

 

1.6 ȺɘůŬɔɤɔɐ ůŰŬ ȹɘŬɔɟɎɛɛŬ Ⱥɚɏɔɢɞɡ CUSUM əŬɘ EWMA 

ɆŰŬ ŭɘŬɔɟɎɛɛŬŰŬ Ůɚɏɔɢɞɡ Shewhart, ˊɞɡ ŬɜŬűŮɟɗɐəŬɛŮ ˊŬɟŬˊɎɜɤ, 

ŬˊɞűŬůɑɕɞɡɛŮ ɔɘŬ Űɞ əŬŰɎ ˊɧůɞ ɖ ŭɘŮɟɔŬůɑŬ ŮɑɜŬɘ ůŰŬɗŮɟɐ ɛŮ ɓɎůɖ ɛɧɜɞ Űɘɠ ˊɘɞ 

ˊɟɧůűŬŰŮɠ ˊɚɖɟɞűɞɟɑŮɠ, ŮəŰɧɠ əŬɘ Ŭɜ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ůɡɛˊɚɖɟɤɛŬŰɘəɞɑ 

əŬɜɧɜŮɠ. ȷɜŰɑɗŮŰŬ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ CUSUM əŬɘ ŰŬ ŭɘŬɔɟɎɛɛŬ Ůɚɏɔɢɞɡ EWMA 

ɓŬůɑɕɞɜŰŬɘ ɛŮ ŭɘŬűɞɟŮŰɘəɞɨɠ Űɟɧˊɞɡɠ ůŰɘɠ ˊɟɞɔŮɜɏůŰŮɟŮɠ ˊŬɟŬŰɖɟɐůŮɘɠ ɛŬɕɑ ɛŮ Űɘɠ 

ŰɟɏɢɞɡůŮɠ.  

 

ȿɧɔɤ ŬɡŰɞɨ Űɞɡ ɢŬɟŬəŰɖɟɘůŰɘəɞɨ, ŰŬ ˊɟɞŬɜŬűŮɟɗɏɜŰŬ ŭɘŬɔɟɎɛɛŬŰŬ ŮɑɜŬɘ ˊɘɞ 

ŬˊɞŰŮɚŮůɛŬŰɘəɎ ɔɘŬ Űɖɜ ŬɜɑɢɜŮɡůɖ ɛɘəɟɩɜ əŬɘ ɛɏŰɟɘɤɜ ɛŮŰŬŰɞˊɑůŮɤɜ. ɆŮ ŬɡŰɐ Űɖ 

ŭɘˊɚɤɛŬŰɘəɐ ŬɜŬɚɨɞɜŰŬɘ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ Ůɚɏɔɢɞɡ EWMA. ɋɠ Ůə ŰɞɨŰɞɡ, ɖ ůɡɕɐŰɖůɐ 

ɛŬɠ ɗŬ ŮˊɘəŮɜŰɟɤɗŮɑ ůŰŬ ŰŮɚŮɡŰŬɑŬ. ɋůŰɧůɞ, ˊɟɘɜ ˊɟɞɢɤɟɐůɞɡɛŮ ůŰɖ ɚŮˊŰɞɛŮɟɐ 

ŬɜɎɚɡůɖ Űɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ EWMA ɗŬ ŬɜŬűŮɟɗɞɨɛŮ ŮˊɘɔɟŬɛɛŬŰɘəɎ ůŰŬ 

ŭɘŬɔɟɎɛɛŬŰŬ CUSUM. 
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ȾȺūȷȿȷȽɃ 2ɞ 

ȹɘɎɔɟŬɛɛŬ Ⱥɚɏɔɢɞɡ ɆɤɟŮɡŰɘəɞɨ ȷɗɟɞɑůɛŬŰɞɠ CUSUM 

2.1 ȺɘůŬɔɤɔɐ 

ɆŰɞ ɆŰŬŰɘůŰɘəɧ ȰɚŮɔɢɞ ɄɞɘɧŰɖŰŬɠ, Űɞ ŭɘɎɔɟŬɛɛŬ CUSUM  

ˊɟɤŰɞˊŬɟɞɡůɘɎůŰɖəŮ Ŭˊɧ Űɞɜ E.S.Page Űɞɡ ɄŬɜŮˊɘůŰɖɛɑɞɡ Űɞɡ Cambridge Űɞ 

1954 əŬɘ ŰɡˊɘəɎ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɖɜ ˊŬɟŬəɞɚɞɨɗɖůɖ əŬɘ ŬɜɑɢɜŮɡůɖ ɛɘəɟɩɜ 

ɛŮŰŬŰɞˊɑůŮɤɜ Űɖɠ ŰɎɝɖɠ Űɞɡ πȢυ„ - ρ„ Ůɜɧɠ ɢŬɟŬəŰɖɟɘůŰɘəɞɨ ˊɞɘɧŰɖŰŬɠ ‘. ɀɘŬ 

ůɖɛŬɜŰɘəɐ ŭɘŬűɞɟɎ ůŰɖ ůɢŮŭɑŬůɐ Űɞɡ ůŮ ůɢɏůɖ ɛŮ Űɞ ŭɘɎɔɟŬɛɛŬ Shewhart ɏɔəŮɘŰŬɘ 

ůŰɞ ɔŮɔɞɜɧɠ ɧŰɘ Űɞ ŰŮɚŮɡŰŬɑɞ ɚŬɛɓɎɜŮɘ ɡˊɧɣɖ əɎɗŮ űɞɟɎ ɛɧɜɞ ɛɑŬ ˊŬɟŬŰɐɟɖůɖ, 

Ůɜɩ Űɞ ŭɘɎɔɟŬɛɛŬ CUSUM ɚŬɛɓɎɜŮɘ ɡˊɧɣɖ Űɖɜ ŬəɞɚɞɡɗɑŬ Űɤɜ ůɖɛŮɑɤɜ ɐ Űɤɜ 

ˊŬɟŬŰɖɟɐůŮɤɜ. 

 

ȺˊɘɢŮɘɟɩɜŰŬɠ ůɡɜɞˊŰɘəɎ ɜŬ ˊŮɟɘɔɟɎɣɞɡɛŮ Űɞ ŭɘɎɔɟŬɛɛŬ CUSUM ɗŬ ɛˊɞɟɞɨůŬɛŮ 

ɜŬ ˊɞɨɛŮ ɧŰɘ ŮɑɜŬɘ ɛɘŬ ŰŮɢɜɘəɐ ŭɘŬŭɞɢɘəɐɠ Ɏɗɟɞɘůɖɠ Űɖɠ ŬˊɧůŰŬůɖɠ Űɖɠ əɎɗŮ 

ˊŬɟŬŰɐɟɖůɖɠ Ŭˊɧ ɛɘŬ Űɘɛɐ ůŰɧɢɞ. H Ůɜ ɚɧɔɤ Ɏɗɟɞɘůɖ ŬɡŰɩɜ Űɤɜ ŭɘŬűɞɟɩɜ 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛŮ ŭɘŬűɞɟŮŰɘəɐ ɓŬɟɨŰɖŰŬ ɔɘŬ əɎɗŮ ˊŬɟŬŰɐɟɖůɖ əŬɘ ŮɑɜŬɘ ůɡɜŮɢɩɠ 

ɛŮɘɞɨɛŮɜɖ ɔɘŬ Űɘɠ ˊŬɚŬɘɧŰŮɟŮɠ ˊŬɟŬŰɖɟɐůŮɘɠ, ɛŮ Űɖ ɢɟɐůɖ ɛɘŬɠ ůŰŬɗŮɟɎɠ 

ŮɝɞɛɎɚɡɜůɖɠ.  

 

2.2 ȾŮɜŰɟɘəɐ ȽŭɏŬ ȹɘŬɔɟŬɛɛɎŰɤɜ CUSUM  

ɈˊɞɗɏŰɞɡɛŮ ɧŰɘ ɏɢɞɡɛŮ ɛɘŬ əŬɜɞɜɘəɐ ŭɘŬŭɘəŬůɑŬ ´‘ȟ„ . ɇɞ ŭɘɎɔɟŬɛɛŬ 

Shewhart ŭɨɜŬŰŬɘ ɜŬ ŬɜɘɢɜŮɨůŮɘ ɛŮɔɎɚŮɠ ɛŮŰŬɓɞɚɏɠ Űɖɠ ŰɎɝɖɠ Űɞɡ σ„. ȰůŰɤ ɧŰɘ 

ɚŬɛɓɎɜɞɡɛŮ N (individual) ɛŮɛɞɜɤɛɏɜŮɠ ˊŬɟŬŰɖɟɐůŮɘɠ, ŭɖɚŬŭɐ ɛɐəɞɡɠ ɏɜŬ. ȷɡŰɏɠ 

ɞɘ ˊŬɟŬŰɖɟɐůŮɘɠ ɗŬ ɛˊɞɟɞɨůŬɜ ɜŬ ŮɑɜŬɘ əŬɘ ŭŮɑɔɛŬŰŬ. 

ὼȟὼȟȣȟὼ 

ɃɟɑɕɞɡɛŮ ˊɧůɞ ŬˊɏɢŮɘ ɖ əɎɗŮ ˊŬɟŬŰɐɟɖůɖ Ŭˊɧ Űɖɜ Űɘɛɐ ůŰɧɢɞɡ ˊɞɡ ŮɑɜŬɘ Űɞ ‘. 

Ã ὼ ‘ 
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ȷɜ ɞɘ ˊŬɟŬˊɎɜɤ ŭɘŬűɞɟɏɠ ŮɑɜŬɘ ɛɘəɟɏɠ, ŭŮɜ ɗŬ ŬɜŰɘɚŬɛɓŬɜɧɛŬůŰŮ ŰɑˊɞŰŮ. ȷɜ, ɧɛɤɠ, 

Űɘɠ ɛɘəɟɏɠ ŭɘŬűɞɟɏɠ Űɘɠ ŬɗɟɞɑůɞɡɛŮ, ŰɧŰŮ Ŭɜ ɡˊɎɟɢŮɘ ɛŮŰŬŰɧˊɘůɖ, ɗŬ ˊɎɟɞɡɛŮ əɎŰɘ 

ˊɞɚɨ ɛŮɔŬɚɨŰŮɟɞ. ɃˊɧŰŮ: 

Ã ὼ ‘ 

Ã ὼ ‘ ὼ ‘ 

 

 

 

 

 

ɧˊɞɡ 

 

 

 

 

ȳŰŬɜ ɖ ŭɘŬŭɘəŬůɑŬ ŮɑɜŬɘ ŮɜŰɧɠ Ůɚɏɔɢɞɡ, ŰɧŰŮ ŬɡŰɧ ŮɑɜŬɘ ůŬɜ ɏɜŬɠ ŰɡɢŬɑɞɠ ˊŮɟɑˊŬŰɞɠ 

ɔɨɟɤ Ŭˊɧ Űɖ ɛɏůɖ Űɘɛɐ. 

 

ȷɜ ɛŮŰŬŰɞˊɘůŰŮɑ ɞ ɛɏůɞɠ, Ŭɠ ˊɞɨɛŮ ŬɡɝɖɗŮɑ (ɐ ŮɚŬŰŰɤɗŮɑ), ŬɡŰɧ ɗŬ ŬɟɢɑůŮɘ ɜŬ 

ŬɡɝɎɜŮɘ (ɐ ŬɜŰɑůŰɞɘɢŬ ɜŬ ɛŮɘɩɜŮŰŬɘ), ɞˊɧŰŮ ɗŬ ŭŮɑɢɜŮɘ ɛɑŬ ŰɎůɖ. 

 

ȰɜŬ ɛŮɘɞɜɏəŰɖɛŬ ŮɑɜŬɘ ɧŰɘ ɧŰŬɜ əɎɜɞɡɛŮ Űɖ ŭɘɧɟɗɤůɖ, ɔɘŬ ɜŬ ŮˊŬɜɏɚɗŮɘ ɖ ŭɘŮɟɔŬůɑŬ 

ŮɜŰɧɠ Ůɚɏɔɢɞɡ ˊŮɟɜɎɜŮ ɞɟɘůɛɏɜŮɠ ɢɟɞɜɘəɏɠ ˊŮɟɑɞŭɞɘ, ɢɟŮɘɎɕŮŰŬɘ ɜŬ ɏɟɗɞɡɜ ɛŮɟɘəɎ 

ůɖɛŮɑŬ ŬɟɜɖŰɘəɎ ɔɘŬ ɜŬ ɘůɞűŬɟɘůŰŮɑ. 

 

Ⱥˊɑůɖɠ, ɛˊɞɟŮɑ ɜŬ ɏɢɤ ˊɞɚɨ ɛŮɔɎɚŮɠ ŭɘŬűɞɟɏɠ, ŬɚɚɎ ɜŬ ŮɑɜŬɘ ɎɚɚŮɠ ɗŮŰɘəɏɠ, ɎɚɚŮɠ 

ŬɟɜɖŰɘəɏɠ əŬɘ ɜŬ ŬɚɚɖɚɞŬɜŬɘɟɞɨɜŰŬɘ, ɞˊɧŰŮ Űɞ Ůɜ ɚɧɔɤ ŭɘɎɔɟŬɛɛŬ ŭŮɜ ɛˊɞɟŮɑ ɜŬ Űɞ 

ŮɜŰɞˊɑůŮɘ. ɆɡɜŮˊɩɠ, Űɞ CUSUM ŬɜɘɢɜŮɨŮɘ ɛɧɜɞɜ ůɡůŰɖɛŬŰɘəɏɠ ɛŮŰŬŰɞˊɑůŮɘɠ. 

 

ɄŬɟŬəɎŰɤ ɗŬ ŭɞɗŮɑ ɏɜŬ ˊŬɟɎŭŮɘɔɛŬ ɧˊɞɡ ɗŬ ɔɑɜŮɘ əŬŰŬɜɞɖŰɐ ɖ ɢɟɖůɘɛɧŰɖŰŬ Űɞɡ 

ŭɘŬɔɟɎɛɛŬŰɞɠ CUSUM əŬɘ ɖ ŬŭɡɜŬɛɑŬ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ Shewhart ɜŬ ŬɜɘɢɜŮɨůŮɘ 

ɛɘəɟɏɠ əŬɘ ŭɘŬŭɞɢɘəɏɠ ɛŮŰŬŰɞˊɑůŮɘɠ. 

 

 

 

Ã ὼ ‘   ςȢρ 

Ã ὼ ‘ ὧ   ςȢς  Ὥᶅȟρ Ὥ ά  əŬɘ ɛŮ ὧ π ςȢσ 
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2.3 ɄŬɟɎŭŮɘɔɛŬ 

ɄŬɟŬəɎŰɤ ɗŬ ɛŮɚŮŰɐůɞɡɛŮ Űɞ ˊɟɧɓɚɖɛŬ ˊɞɡ ˊɟɤŰɞˊŬɟɞɡůɑŬůŮ ɞ 

Montgomery (2013): 

ɄɑɜŬəŬɠ 2.1: ȹŮŭɞɛɏɜŬ 

Ὥ ὢ Ὥ ὢ Ὥ ὢ  

1 9.45 11 9.03 21 10.90 

2 7.99 12 11.47 22 9.33 

3 9.29 13 10.51 23 12.29 

4 11.66 14 9.40 24 11.50 

5 12.16 15 10.08 25 10.60 

6 10.18 16 9.37 26 11.08 

7 8.04 17 10.62 27 10.38 

8 11.46 18 10.31 28 11.62 

9 9.20 19 8.52 29 11.31 

10 10.34 20 10.84 30 10.52 

 

ɇŬ ŭŮŭɞɛɏɜŬ ŬɡŰɎ ŮɑɜŬɘ ˊɟɞůɞɛɞɘɤɛɏɜŬ, ɩůŰŮ ɞɘ ˊɟɩŰŮɠ 20 ˊŬɟŬŰɖɟɐůŮɘɠ ɜŬ 

ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɖɜ əŬɜɞɜɘəɐ əŬŰŬɜɞɛɐ ´ρπȟρ, Ůɜɩ ůŰɘɠ ŰŮɚŮɡŰŬɑŮɠ 10 ɏɢŮɘ 

ɛŮŰŬəɘɜɖɗŮɑ ɞ ɛɏůɞɠ əŬŰɎ ρ„, ŭɖɚŬŭɐ ŰŬ ŭŮŭɞɛɏɜŬ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɖɜ əŬŰŬɜɞɛɐ 

´ρρȟρ.  

ȷɜ ŬˊŮɘəɞɜɑůɞɡɛŮ Űɞ ůŰŬŰɘůŰɘəɧ Űɞɡ ŭɘɎɔɟŬɛɛŬŰɞɠ Shewhart, ŭɖɚŬŭɐ əɎɜɞɡɛŮ ɏɜŬ 

ὼӶ  ɏɚŮɔɢɞ ɔɘŬ ɜŬ ŮɚɏɔɝɞɡɛŮ Ŭɜ ɖ ŭɘŮɟɔŬůɑŬ ŮɑɜŬɘ ŮɜŰɧɠ Ůɚɏɔɢɞɡ, ŰɧŰŮ ɗŬ ˊɎɟɞɡɛŮ Űɞ 

Ŭəɧɚɞɡɗɞ ŭɘɎɔɟŬɛɛŬ, Űɞ ɞˊɞɑɞ ɧˊɤɠ ŮɑɜŬɘ ŮɛűŬɜɏɠ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ˊɘɎůŮɘ Űɖ 

ɛŮŰŬɓɞɚɐ. 

 

ɆɢɐɛŬ 2.1: ȹɘɎɔɟŬɛɛŬ Ⱥɚɏɔɢɞɡ Shewhart ɐ   ŭɘɎɔɟŬɛɛŬ 
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ȷɜŰɑɗŮŰŬ, ŬɝɘɞˊɞɘɩɜŰŬɠ Űɖɜ ˊŬɟŬˊɎɜɤ ůɢɏůɖ (2.1) ˊŬɑɟɜɞɡɛŮ Űɞ Ŭəɧɚɞɡɗɞ 

ɔɟɎűɖɛŬ. 

 

ɆɢɐɛŬ 2.2: ɄɞɘɞŰɘəɐ ŬɜŬˊŬɟɎůŰŬůɖ Űɖɠ Ůɝɑůɤůɖɠ (2.1) 

 

ȷˊɧ Űɞ ˊŬɟŬˊɎɜɤ ɔɟɎűɖɛŬ ˊɚɖɟɞűɞɨɛŬůŰŮ ɧŰɘ ɡˊɎɟɢŮɘ ɛɘŬ ŰɎůɖ Ŭɨɝɖůɖɠ Űɖɠ 

ɛɏůɖɠ Űɘɛɐɠ. ɋůŰɧůɞ, Űɞ ŭɘɎɔɟŬɛɛŬ ŮɑɜŬɘ ˊɞɘɞŰɘəɧ əŬɘ ŭŮɑɢɜŮɘ ŬˊɚɎ ŰɎůɖ, ŭŮɜ 

ˊŮɟɘɏɢŮɘ əɎŰɤ əŬɘ ˊɎɜɤ ɧɟɘŬ. ɇŬ ɧɟɘŬ ɛŬɠ ŰŬ ŭɑɜŮɘ Űɞ ŮˊɧɛŮɜɞ ŭɘɎɔɟŬɛɛŬ, Űɞ 

ɚŮɔɧɛŮɜɞ Tabular CUSUM. 

 

2.4 Tabular CUSUM 

ɇɞ Tabular CUSUM ɞɟɑɕŮŰŬɘ Ŭˊɧ Űɘɠ ŬəɧɚɞɡɗŮɠ ůɢɏůŮɘɠ: 

ὧ ÍÁØ πȟὼ ‘ Ὼ ὧ  ςȢτ  ὧ ÍÁØ πȟ‘ Ὼ ὼ ὧ  ςȢυ 

 

◒ⱬⱵⱤⱥʘⱱ ♆ⱤⱧʘⱱȡ ὧ ὧ π  ςȢφ 

ɧˊɞɡ:  

ȼ ůŰŬɗŮɟɎ Ὼ ɚɏɔŮŰŬɘ Űɘɛɐ ŬɜŬűɞɟɎɠ (reference value) əŬɘ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ: 

Ὼ Ὧ„
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ς
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¶ ɇɞ ‏ ŮɑɜŬɘ Űɞ ɛɏɔŮɗɞɠ Űɖɠ ɛŮŰŬŰɧˊɘůɖɠ ˊɞɡ ɗɏɚɞɡɛŮ ŮəűɟŬůɛɏɜɞ ůŮ 

ɛɞɜɎŭŮɠ Űɡˊɘəɩɜ ŬˊɞəɚɑůŮɤɜ əŬɘ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ: 

‏
ȿ‘ ‘ȿ

ς
   ςȢψ 

 

¶ ȼ ůŰŬɗŮɟɎ Ὄ ɚɏɔŮŰŬɘ ŭɘɎůŰɖɛŬ ŬˊɧűŬůɖɠ (decision interval), əŬɗɞɟɑɕŮɘ Űɞ 

Ɏɜɤ əŬɘ əɎŰɤ ɧɟɘɞ əŬɘ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ: 

ῷ Ὤ„   ςȢω 

Ɇɡɜɐɗɤɠ ŮˊɘɚɏɔŮŰŬɘ: 

ῷ υ„  ςȢρπ 

Ⱥˊɞɛɏɜɤɠ, ɔɘŬ „ ρ, ŰɧŰŮ Űɞ əɎŰɤ ɧɟɘɞ ɗŬ ŮɑɜŬɘ  Űɞ -5 əŬ Űɞ ˊɎɜɤ ɧɟɘɞ Űɞ +5. 

 

2.5 ȸɏɚŰɘůŰɖ Ⱥˊɘɚɞɔɐ Űɤɜ ☺ əŬɘ ◘ 

ȼ Ůˊɘɚɞɔɐ Űɤɜ Ὼ əŬɘ Ὄ ɔɑɜŮŰŬɘ ɛŮ ŰɏŰɞɘɞ Űɟɧˊɞ, ɩůŰŮ ɜŬ ŮˊɘŰɡɔɢɎɜŮŰŬɘ əŬɚɧ ὃὙὒ, 

Űɞ ɞˊɞɑɞ Űɞ ɡˊɞɚɞɔɑɕɞɡɛŮ ɛŮ ˊŮɑɟŬɛŬ, ˊɟɞůɞɛɞɘɩůŮɘɠ əŰɚ. ɆŰɖ ŭɘŮɗɜɐ ɓɘɓɚɘɞɔɟŬűɑŬ 

ɡˊɎɟɢɞɡɜ ˊɑɜŬəŮɠ, ɔɘŬ Űɖ ɓɏɚŰɘůŰɖ Ůˊɘɚɞɔɐ Űɤɜ Ὼ əŬɘ Ὄ, ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ɛŮŰŬŰɧˊɘůɖ 

ˊɞɡ ŮˊɘɗɡɛɞɨɛŮ ɜŬ ŬɜɘɢɜŮɨɞɡɛŮ əŬɘ ŭŮɜ ŬˊɞŰŮɚŮɑ ŬɜŰɘəŮɑɛŮɜɞ ŬɡŰɐɠ Űɖɠ ŮɟɔŬůɑŬɠ. 

ȺɜŭŮɘəŰɘəɎ ŬɜŬűɏɟŮŰŬɘ ɧŰɘ ɔɘŬ Űɞ ˊŬɟɎŭŮɘɔɛɎ ɛŬɠ ɖ ɛŮŰŬŰɧˊɘůɖ ɐŰŬɜ ‏ ρ əŬɘ „

ρ. ɃˊɧŰŮ: 

Ὼ
‏

ς
„
„

ς

ρ

ς
 

ȰůŰɤ ‖  əŬɘ Ὤ τ  ʙ υ ɏɢɞɡɛŮ ˊɞɚɨ əŬɚɐ Ŭˊɧŭɞůɖ ůŰɞ ὃὙὒ: 

ũɘŬ Ὤ τȟὃὙὒ ρφψ 

ũɘŬ Ὤ υȟὃὙὒ τφυ 

ũɘŬ Ὤ τȟχχȟὃὙὒ σχπ 

ȺˊɘɚɏɔɞɜŰŬɠ Ὧ  əŬɘ Ὤ υ əŬɘ əɎɜɞɜŰŬɠ ŮűŬɟɛɞɔɐ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ Tabular 

CUSUM   

Ὼ ‖„

 

Ὼ
ρ

ς
„
ρ

ς
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ˊŬɑɟɜɞɡɛŮ Űɞ Ŭəɧɚɞɡɗɞ ɔɟɎűɖɛŬ: 

 

ɆɢɐɛŬ 2.3: ȹɘɎɔɟŬɛɛŬ Tabular CUSUM ɔɘŬ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ ɄɑɜŬəŬ 2.1 

 

ȷˊɧ ŰŬ ˊŬɟŬˊɎɜɤ űŬɑɜŮŰŬɘ ɧŰɘ Űɘɛɐ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ ˊɏɜŰŮ (5) ŮɛűŬɜɑɕŮŰŬɘ ůŰɞ 

ŭŮɑɔɛŬ 29 əŬɘ 30. ɆɡɜŮˊɩɠ, Űɞ ŭɘɎɔɟŬɛɛŬ Tabular CUSUM ŮɜŰɧˊɘůŮ Űɖ ɛŮŰŬŰɧˊɘůɖ 

Űɞɡ ɛɏůɞɡ, Ůɜɩ Űɞ   ŭɘɎɔɟŬɛɛŬ ŭŮɜ ŰŬ əŬŰɎűŮɟŮ. 

2.6 ɇɡˊɞˊɞɘɖɛɏɜɞ ȹɘɎɔɟŬɛɛŬ CUSUM 

ȷɜ ˊɎɚɘ ŮˊɘɗɡɛɞɨɛŮ ɜŬ ŭɖɛɘɞɡɟɔɐůɞɡɛŮ ɏɜŬ ŭɘɎɔɟŬɛɛŬ Ŭəɧɛɖ ˊɘɞ ŬɜɗŮəŰɘəɧ 

ˊɞɡ ɜŬ ɛɖɜ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ „, ŰɧŰŮ ɞɟɑɕɞɡɛŮ ŰŬ ŭɘɎɔɟŬɛɛŬ CUSUM ɛŮ Űɞɜ 

Ŭəɧɚɞɡɗɞ Űɟɧˊɞ, Montgomery (2005): 

ὣ
ὼ ‘

„
     ͯ´πȟρ    ςȢρρ  ὧ ÍÁØπȟὣ Ὧ ὧ      ςȢρς 

   

ὧ ÍÁØπȟὯ ὣ ὧ   ςȢρσ  ὧ ὧ π         ςȢρτ 

 

 

ɇɞ ɡˊɧɣɖ Űɡˊɞˊɞɘɖɛɏɜɞ ŭɘɎɔɟŬɛɛŬ Tabular CUSUM ɛŬɠ ŮˊɘŰɟɏˊŮɘ ɜŬ əɎɜɞɡɛŮ Űɞ 

ŭɘɎɔɟŬɛɛŬ ɔɘŬ Űɞɜ ɏɚŮɔɢɞ Űɖɠ ŭɘŬůˊɞɟɎɠ ï ɛŮŰŬɓɚɖŰɧŰɖŰŬɠ. 

 

Ⱥŭɩ ůŰɞ ˊŬɟɎŭŮɘɔɛŬ ŮɑɜŬɘ: 
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Ὼ ‖„ Ὼ ‖ 

 

2.7 SCALE CUSUM ï ȹɘɎɔɟŬɛɛŬ ɀŮŰŬɓɚɖŰɧŰɖŰŬɠ 

ɇɞ ŭɘɎɔɟŬɛɛŬ ɔɘŬ Űɞɜ ɏɚŮɔɢɞ Űɖɠ ŭɘŬůˊɞɟɎɠ ï ɛŮŰŬɓɚɖŰɧŰɖŰŬɠ ɞɟɑɕŮŰŬɘ Ŭˊɧ 

Űɘɠ ŬəɧɚɞɡɗŮɠ ůɢɏůŮɘɠ, Hawkins (1981): 

 

ὺ
ὣ πȟψςς

πȟστω
 ͯ´πȟρ   ςȢρυ 

 ὣ
ὼ ‘

„
     ͯ´πȟρ          ςȢρφ 

 

 

Ƀɘ ˊɞůɧŰɖŰŮɠ ὺ ŮɑɜŬɘ ŮɡŬɑůɗɖŰŮɠ ˊŮɟɘůůɧŰŮɟɞ ůŮ ŬɚɚŬɔɏɠ Űɖɠ ŭɘŬůˊɞɟɎɠ ɛɘŬɠ 

ŭɘŮɟɔŬůɑŬɠ ˊŬɟɎ ůŮ ɛŮŰŬŰɞˊɑůŮɘɠ Űɞɡ ɛɏůɞɡ, Ⱦɞɡəɞɡɓɑɜɞɠ (2017). ȷəɞɚɞɡɗɞɨɜ Űɖɜ 

Űɡˊɞˊɞɘɖɛɏɜɖ əŬɜɞɜɘəɐ əŬŰŬɜɞɛɐ ´πȟρ ɞˊɧŰŮ ŰŬ ŭɨɞ ɛɞɜɧˊɚŮɡɟŬ Scale Cusums 

ŮɑɜŬɘ:  

 

Ὓ ÍÁØπȟὠ Ὧ Ὓ       ςȢρχ  Ὓ ÍÁØπȟὯ ὠ Ὓ    ςȢρψ 

 

ɛŮ Ŭɟɢɘəɏɠ ɇɘɛɏɠ: 

Ὓ Ὓ π     ςȢρω 

 

ȼ ŮűŬɟɛɞɔɐ Űɞɡ ɡˊɧɣɖ ŭɘŬɔɟɎɛɛŬŰɞɠ ɔɘŬ Űɞ ˊŬɟɎŭŮɘɔɛɎ ɛŬɠ ŭɑɜŮɘ Űɞ Ŭəɧɚɞɡɗɞ 

ɔɟɎűɖɛŬ. ũɘŬ ˊŮɟɘůůɧŰŮɟŮɠ ˊɚɖɟɞűɞɟɑŮɠ ɛˊɞɟŮɑ əŬɜŮɑɠ ɜŬ ŬɜŬŰɟɏɝŮɘ ůŰɞ ɓɘɓɚɑɞ Űɞɡ 

Ⱦɞɡəɞɡɓɑɜɞɡ (2017), ůŰɞ ȾŮűɎɚŬɘɞ 4.5. 

 

ɆŰɞ ɆɢɐɛŬ 2.4 ˊŬɟŬŰɖɟɞɨɛŮ ɧŰɘ ůŮ ɧɚŮɠ Űɘɠ ˊŮɟɘɧŭɞɡɠ, ŰŬ ŬɗɟɞɑůɛŬŰŬ Ὓ  əŬɘ Ὓ  

ŭŮɜ ɝŮˊŮɟɜɞɨɜ Űɖɜ Űɘɛɐ Űɞɡ ŭɘŬůŰɐɛŬŰɞɠ ŬˊɧűŬůɖɠ ( υȢ ɆɡɛˊŮɟŬɑɜɞɡɛŮ ɏŰůɘ ɧŰɘ 

ɖ ŭɘŮɟɔŬůɑŬ ŮɑɜŬɘ ɡˊɧ ɏɚŮɔɢɞ ɧůɞɜ ŬűɞɟɎ Űɖ ɛŮŰŬɓɚɖŰɧŰɖŰŬ. 
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ɆɢɐɛŬ 2.4: ȹɘɎɔɟŬɛɛŬ Scale CUSUM ɔɘŬ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ ɄɑɜŬəŬ 2.1 

 

 

2.8 Fast Initial Response (FIR) CUSUM 

2.8.1 ȾŮɜŰɟɘəɐ ɘŭɏŬ  

 ŪɏɚɞɡɛŮ, ɧŰŬɜ ŮɑɜŬɘ ŮəŰɧɠ Ůɚɏɔɢɞɡ ɖ ŭɘŮɟɔŬůɑŬ, ɜŬ Űɞ ŬɜɘɢɜŮɨɞɡɛŮ ˊɞɚɨ 

ɔɟɐɔɞɟŬ əŬŰɎ Űɖɜ ɏɜŬɟɝɖ. ȷɡŰɧ ŮˊɘɓɎɚɚŮŰŬɘ ˊɞɚɚɏɠ űɞɟɏɠ ɛŮŰɎ Űɖɜ ŭɘŬəɞˊɐ ɛɘŬɠ 

ŭɘŮɟɔŬůɑŬɠ əŬɘ Űɖɜ ŮˊŬɜŮəəɑɜɖůɐ Űɖɠ ɛŮŰɎ Ŭˊɧ əɎˊɞɘŬ ɟɨɗɛɘůɖ. 

2.8.2 ɄɟɧŰŬůɖ  

ɁŬ ŬɚɚɎɝɞɡɛŮ ŰŬ ὧȟὧ əŬɘ ɜŬ ɞɟɑůɞɡɛŮ ɜŬ ŮɑɜŬɘ . ɀŮ Űɞɜ Űɟɧˊɞ ŬɡŰɧ 

ɓŮɚŰɘɩɜɞɡɛŮ Űɞ ὃὙὒ əŬɘ ɛŮɘɩɜɞɡɛŮ Űɞ ὃὙὒ. ɆɡɜŮˊɩɠ, ɧŰŬɜ ɚɏɛŮ FIR CUSUM 

ŮɜɜɞɞɨɛŮ ɜŬ ˊɎɟɞɡɛŮ: 
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2.8.3 ɄŬɟɎŭŮɘɔɛŬ 1   

ŪŮɤɟɞɨɛŮ Űɞ Ŭəɧɚɞɡɗɞ ˊŬɟɎŭŮɘɔɛŬ ɔɘŬ Űɖɜ əŬɚɨŰŮɟɖ ˊŮɟɘɔɟŬűɐ Űɞɡ 

Tabular CUSUM. ȰůŰɤ, ɏɢɞɡɛŮ ŰŬ ŬəɧɚɞɡɗŬ ŭŮŭɞɛɏɜŬ əŬɘ ‘ ρππȟ‖ σȟῷ

ρς. ȺˊŮɘŭɐ ŰŬ ŭŮŭɞɛɏɜŬ ŮɑɜŬɘ ɚɑɔŬ, ˊŬɑɟɜɞɡɛŮ Ὄ ŬɟəŮŰɎ ɛŮɔɎɚɞ.  

 

ɄɑɜŬəŬɠ 2.2: ȹŮŭɞɛɏɜŬ 

Ὥ ὢ ὧ  ὔὭ ὧ   ὔὭ 

1 102 5 1 1 1 

2 97 0 0 1 2 

3 104 1 1 0 0 

4 93 0 0 4 1 

5 100 0 0 1 2 

6 105 2 1 0 0 

7 96 0 0 1 1 

8 98 0 0 0 0 

9 105 2 1 0 0 

10 99 0 0 0 0 

 

Ƀɘ ˊɞůɧŰɖŰŮɠ ὔὭ əŬɘ ὔὭ ŬˊŬɟɘɗɛɞɨɜ Űɞ ˊɚɐɗɞɠ Űɤɜ ŭɘŬŭɞɢɘəɩɜ ŭŮɘɔɛɎŰɤɜ Ŭˊɧ 

ŰɧŰŮ ˊɞɡ ŰŬ ὧ  əŬɘ ὧ  ɡˊɐɟɝŬɜ ɛŮɔŬɚɨŰŮɟŬ Űɞɡ ɛɖŭŮɜɧɠ.  

 

  

ɆɢɐɛŬ 2.5: ȹɘɎɔɟŬɛɛŬ Tabular CUSUM ɛŮ ˊɟɤŰɞˊɞɗɏŰɖůɖ ɔɘŬ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ 

ɄɑɜŬəŬ 2.2 

 

ȹɖɚŬŭɐ Ŭɜ əɎɜɞɡɛŮ Ŭɟɢɘəɞˊɞɑɖůɖ ɔɘŬ ὧ ὧ φ, ŭɖɚŬŭɐ ˊɎɟɞɡɛŮ Űɞ Tabular 

CUSUM ɛŮ ˊɟɤŰɞˊɞɗɏŰɖůɖ Űɘɛɐɠ ɐ ɛŮ ɎɚɚŬ ɚɧɔɘŬ ŭɖɛɘɞɡɟɔɐůɞɡɛŮ Űɞ FIR CUSUM, 

ŭɘŬˊɘůŰɩɜɞɡɛŮ ɧŰɘ ɖ ŭɘŬŭɘəŬůɑŬ ŮɑɜŬɘ ŮɜŰɧɠ Ůɚɏɔɢɞɡ. ɆŰɞ ɑŭɘɞ ůɡɛˊɏɟŬůɛŬ 

əŬŰŬɚɐɔɞɡɛŮ əŬɘ ɔɘŬ ὧ ὧ π, ŭɖɚŬŭɐ Ŭɜ ́ɎɟɞɡɛŮ Űɞ Ŭˊɚɧ Tabular CUSUM. 
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2.8.4 ɄŬɟɎŭŮɘɔɛŬ 2 

ɆŰɞ ˊŬɟɎŭŮɘɔɛŬ ŬɡŰɧ ɞ ɛɏůɞɠ ɏɢŮɘ ɛŮŰŬəɘɜɖɗŮɑ Ŭˊɧ Űɞ 100 ůŰɞ 105, ‏ . 

ȷˊɎɜŰɖůɖ 

ɄɑɜŬəŬɠ 2.3: ȹŮŭɞɛɏɜŬ 

Ὥ ὢ ὧ  Ni+ ci- Ni- UCL LCL 

1 107 10 1 -4 1 12 -12 

2 102 9 2 0 0 12 -12 

3 109 15 3 0 0 12 -12 

4 98 10 4 0 0 12 -12 

5 105 12 5 0 0 12 -12 

6 110 19 6 0 0 12 -12 

7 101 17 7 0 0 12 -12 

8 103 17 8 0 0 12 -12 

9 110 24 9 0 0 12 -12 

10 104 25 10 0 0 12 -12 

 

 

ɆɢɐɛŬ 2.6: ȹɘɎɔɟŬɛɛŬ FIR CUSUM ɛŮ əŬɘ ɢɤɟɑɠ ˊɟɤŰɞˊɞɗɏŰɖůɖ Űɘɛɐɠ  ɔɘŬ ŰŬ 

ŭŮŭɞɛɏɜŬ Űɞɡ ɄɑɜŬəŬ 2.3 

 

ɆɡɛˊɏɟŬůɛŬ: ȼ ŭɘŬŭɘəŬůɑŬ ŮɜŰɞˊɑɕŮŰŬɘ ɜŬ ŮɑɜŬɘ ŮəŰɧɠ Ŭˊɧ Űɖɜ 3ɖ ˊŬɟŬŰɐɟɖůɖ, 

əŬɗɩɠ Ὄ ρς Ὗὅὒ. Ⱥˊɞɛɏɜɤɠ, ɖ ŭɘŬŭɘəŬůɑŬ ŮɑɜŬɘ ŮəŰɧɠ Ůɚɏɔɢɞɡ, ɔŮɔɞɜɧɠ ˊɞɡ Űɞ 

ˊɚɖɟɞűɞɟɖɗɐəŬɛŮ Ŭɛɏůɤɠ Ŭˊɧ Űɖ ɛɏɗɞŭɞ. 

 

ȷɜ əɎɜɞɡɛŮ Űɞ ɑŭɘɞ əŬɘ ɔɘŬ Ŭˊɚɧ Tabular CUSUM, ŭɖɚŬŭɐ ɧɢɘ FIR, ŰɧŰŮ ɧˊɤɠ 

űŬɑɜŮŰŬɘ ˊŬɟŬəɎŰɤ ŭɘŬˊɘůŰɩɜɞɡɛŮ ɧŰɘ ɖ ŭɘŬŭɘəŬůɑŬ ŮɜŰɞˊɑɕŮŰŬɘ ɜŬ ŮɑɜŬɘ ŮəŰɧɠ Ŭˊɧ 

Űɖɜ 6ɖ ˊŬɟŬŰɐɟɖůɖ. 
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ɆɢɐɛŬ 2.7: ȹɘɎɔɟŬɛɛŬ FIR CUSUM ɔɘŬ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ ɄɑɜŬəŬ 2.3 

 

ɄɏɟŬ Ŭˊɧ Űɞ ŭɘɎɔɟŬɛɛŬ CUSUM, Űɞ ɞˊɞɑɞ ŭɨɜŬŰŬɘ ɜŬ ŬɜɘɢɜŮɨŮɘ ɛɘəɟɏɠ əŬɘ ɛŮůŬɑŮɠ 

ɛŮŰŬŰɞˊɑůŮɘɠ, ɛɘŬ Ŭəɧɛɖ əŬɚɐ ŮɜŬɚɚŬəŰɘəɐ ɚɨůɖ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ Shewhart ɛŮ 

ˊŬɟɧɛɞɘŮɠ ŭɡɜŬŰɧŰŮɠ ŮɑɜŬɘ Űɞ ŭɘɎɔɟŬɛɛŬ EWMA, Űɞ ɞˊɞɑɞ ɗŬ ɛŬɠ ŬˊŬůɢɞɚɐůŮɘ ůŰŬ 

ŮˊɧɛŮɜŬ əŮűɎɚŬɘŬ. 
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ȾȺūȷȿȷȽɃ 3ɞ 
ȿŮˊŰɞɛŮɟɐɠ ˊŬɟɞɡůɑŬůɖ Űɞɡ ȹɘŬɔɟɎɛɛŬŰɞɠ Ⱥɚɏɔɢɞɡ EWMA 

 

3.1 ɇɞ ɆŰŬŰɘůŰɘəɧ EWMA 

ɇɞ ůŰŬŰɘůŰɘəɧ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ EWMA, ɞɟɑɕŮŰŬɘ Ŭˊɧ Űɖɜ ˊŬɟŬəɎŰɤ ůɢɏůɖ, 

ůɨɛűɤɜŬ ɛŮ Űɞɜ Roberts (1959), ɞ ɞˊɞɑɞɠ ɏŭɤůŮ ˊɟɩŰɞɠ Űɞɜ ɞɟɘůɛɧ:  

 

ὤ ‗ὢ ρ ‗ὤ            σȢρ 

 
ɧˊɞɡ: 

 
ρ

ὲ
ὢ          σȢς 

 
ŮɑɜŬɘ ɖ ŰɟɏɢɞɡůŬ ˊɚɖɟɞűɞɟɑŬ, ŭɖɚŬŭɐ ɖ ɛɏůɖ Űɘɛɐ Űɤɜ Ŭˊɚɩɜ ŰɡɢŬɑɤɜ ŭŮɘɔɛɎŰɤɜ 

(Simple Random Samples), ὤ  ŮɑɜŬɘ ɖ ˊɟɞɔŮɜɏůŰŮɟɖ ˊɚɖɟɞűɞɟɑŬ əŬɘ ‗ ŮɑɜŬɘ ɖ 

ůŰŬɗŮɟɎ ŮɝɞɛɎɚɡɜůɖɠ. ȿɏɔŮŰŬɘ Ŭɚɚɘɩɠ əŬɘ ůɡɜŰŮɚŮůŰɐɠ ȸŬɟɨŰɖŰŬɠ (Weighting 

Factor) əŬɘ ˊŬɑɟɜŮɘ Űɘɛɏɠ ɛŮŰŬɝɨ 0 əŬɘ 1 (ˊ.ɢ. π ‗ ρ).  

 

ɇŬ ὢ  ŮɑɜŬɘ ɞɘ ŬɜŮɝɎɟŰɖŰŮɠ ˊŬɟŬŰɖɟɐůŮɘɠ, ŰŬ ŭŮɑɔɛŬŰŬ ŭɖɚŬŭɐ ˊɞɡ ˊŬɑɟɜɞɡɛŮ, 

ɏɢɞɡɜ ɛŮɔɏɗɞɠ ὲ əŬɘ ŮɑɜŬɘ ά ůŰɞ ˊɚɐɗɞɠ. ŪŮɤɟɞɨɛŮ ɧŰɘ Ŭəɞɚɞɡɗɞɨɜ Űɖɜ əŬɜɞɜɘəɐ 

əŬŰŬɜɞɛɐ . ‘ ȟ . Ƀ ɛɏůɞɠ Űɞɡ i ï ɘɞůŰɞɨ ŭŮɑɔɛŬŰɞɠ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ (3.2). 

 

ɄŬɟŬŰɖɟɞɨɛŮ ɧŰɘ ɖ ŰɟɏɢɞɡůŬ Űɘɛɐ Űɞɡ ůŰŬŰɘůŰɘəɞɨ ŮɑɜŬɘ ŮɑɜŬɘ ɏɜŬɠ ɔɟŬɛɛɘəɧɠ 

ůɡɜŭɡŬůɛɧɠ Űɖɠ ˊɟɞɖɔɞɨɛŮɜɖɠ Űɘɛɐɠ Űɞɡ ůŰŬŰɘůŰɘəɞɨ əŬɘ Űɖɠ ɛŮŰɟɞɨɛŮɜɖɠ 

ˊɚɖɟɞűɞɟɑŬɠ. ȳŰŬɜ Űɞ ‗ ŮɑɜŬɘ ɛŮɔɎɚɞ ŭɑɜŮɘ ɓŬɟɨŰɖŰŬ ůŰɘɠ ˊɟɧůűŬŰŮɠ ˊŬɟŬŰɖɟɐůŮɘɠ, 

Ůɜɩ ɛɘəɟɐ Űɘɛɐ Űɞɡ ‗ ŭɑɜŮɘ ɓɎɟɞɠ ůŰɘɠ ˊŬɚŬɘɧŰŮɟŮɠ. ɆɡɜŮˊɩɠ, ɞ Űɨˊɞɠ (3.1) ŮɑɜŬɘ 

ɏɜŬɠ ŬɜŬŭɟɞɛɘəɧɠ Űɨˊɞɠ, əŬɘ ŬɡŰɧɠ ɞ ɛɏůɞɠ ŮɑɜŬɘ ɏɜŬɠ ůŰŬɗɛɘůɛɏɜɞɠ ůɡɜŭɡŬůɛɧɠ 

Űɖɠ ŰɟɏɢɞɡůŬɠ əŬɘ Űɖɠ ˊɟɩŰŮɟɖɠ ˊɚɖɟɞűɞɟɑŬɠ. 

 

ɋɠ ŬɜŬŭɟɞɛɘəɧɠ Űɨˊɞɠ, ɖ ůɢɏůɖ (3.1) ɛˊɞɟŮɑ ɜŬ ŬɜŬˊŰɡɢɗŮɑ ŬɜŰɘəŬɗɘůŰɩɜŰŬɠ əɎɗŮ 

űɞɟɎ Űɖɜ Űɘɛɐ Űɞɡ ᾀ ůŰɞ ŭŮɨŰŮɟɞ ɛɏɚɞɠ Űɖɠ Ůɝɑůɤůɖɠ, əŬŰŬɚɐɔɤɜŰŬɠ ůŰɖɜ Ŭəɧɚɞɡɗɖ 

ŮɜŬɚɚŬəŰɘəɐ ɛɞɟűɐ Űɞɡ ůŰŬŰɘůŰɘəɞɨ EWMA, Űɖ ůɢɏůɖ (3.3): 
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ῶ ‗ὢ ρ ‗ὤ ‗ὢ ρ ‗ ‗ὢ ρ ‗ὤ  

ὤ ‗ὢ ‗ρ ‗ὢ ρ ‗ ὤ Ễ 

 

ῶ ‗ ρ ‗   ρ ‗ὤ        σȢσ 

 

ɇŬ ɓɎɟɖ ‗ρ ‗  ŮɚŬŰŰɩɜɞɜŰŬɘ ŮəɗŮŰɘəɎ, əŬɗɩɠ ɞɘ ˊŬɟŬŰɖɟɐůŮɘɠ Űɞɡ ŭŮɑɔɛŬŰɞɠ 

ɔɑɜɞɜŰŬɘ ɚɘɔɧŰŮɟɞ ˊɟɧůűŬŰŮɠ. ɇɞ ‗ ŮɑɜŬɘ ɖ ˊŬɟɎɛŮŰɟɞɠ Ůɜɧɠ ŭɘŬɔɟɎɛɛŬŰɞɠ Űɨˊɞɡ 

EWMA, ɖ ɞˊɞɑŬ Űɞ əɎɜŮɘ ɜŬ ŮɑɜŬɘ ɖ ɔŮɜɘəɞˊɞɑɖůɖ Űɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ Shewhart (ɔɘŬ 

‗ ρ, Űɞ ŭɘɎɔɟŬɛɛŬ Űɨˊɞɡ EWMA ɔɑɜŮŰŬɘ ɘůɞŭɨɜŬɛɞ ɛŮ Űɞ ŭɘɎɔɟŬɛɛŬ Űɨˊɞɡ 

Shewhart). ȺɑɜŬɘ ɖ ˊŬɟɎɛŮŰɟɞɠ ŮɡŬɘůɗɖůɑŬɠ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ EWMA əŬɘ ɔɘŬ 

ɛɘəɟɧŰŮɟŮɠ Űɘɛɏɠ Űɞɡ ‗, ŬɡŰɎ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ ɔɑɜɞɜŰŬɘ ˊŮɟɘůůɧŰŮɟɞ ŮɡŬɑůɗɖŰŬ ɔɘŬ 

ɛɘəɟɏɠ ɛŮŰŬŰɞˊɑůŮɘɠ. ȼ Ŭɟɢɘəɐ Űɘɛɐ ɔɘŬ Űɘɠ ˊɟɞɔŮɜɏůŰŮɟŮɠ ˊŬɟŬŰɖɟɐůŮɘɠ, ŭɖɚŬŭɐ ɖ 

ὤ, ŮəɚŬɛɓɎɜŮŰŬɘ ɑůɖ ɛŮ Űɞ ůŰɧɢɞ Űɖɠ Űɘɛɐɠ Űɞɡ ɛɏůɞɡ ‘. ɆɡɜŮˊɩɠ, ɖ ůɢɏůɖ (3.3) 

ɛˊɞɟŮɑ ɜŬ ɔɟŬűŰŮɑ ɤɠ: 

 

ῶ ‗ ρ ‗   ρ ‗‘        σȢτ 

 
ɀŮ ɓɎůɖ Űɖɜ ŬɜɤŰɏɟɤ ůɢɏůɖ ɛˊɞɟɞɨɛŮ ɜŬ ŮəŰɘɛɐůɞɡɛŮ Űɞ ɛɏůɞ əŬɘ Űɖ ŭɘŬůˊɞɟɎ 

Űɞɡ ůŰŬŰɘůŰɘəɞɨ. ȰɢɞɡɛŮ, ɚɞɘˊɧɜ, 

 

Ὁὤ ‗ ρ ‗ὮὉ ὭὮ ρ ‗Ὥ‘π      σȢυ

Ὥρ

Ὦπ

 

 
 
ȺɎɜ ŭŮɜ ŭɘŬɗɏŰɞɡɛŮ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɞ ůŰɧɢɞ Űɖɠ Űɘɛɐɠ Űɞɡ ɛɏůɞɡ, ŰɧŰŮ ɛˊɞɟŮɑ ɜŬ 

ŮəŰɘɛɖɗŮɑ Ŭˊɧ Űɞ ɛɏůɞ Űɤɜ ˊɟɞɔŮɜɏůŰŮɟɤɜ ŭŮŭɞɛɏɜɤɜ. ɈˊɞɗɏŰɞɜŰŬɠ ɧŰɘ ŰŬ  ôs 

ŮɑɜŬɘ ŬɜŮɝɎɟŰɖŰŮɠ ŰɡɢŬɑŮɠ ɛŮŰŬɓɚɖŰɏɠ ɛŮ ɛɏůɞ ‘ əŬɘ ŭɘŬůˊɞɟɎ  , ɧˊɞɡ n ŮɑɜŬɘ 

ɛɏɔŮɗɞɠ ŭŮɑɔɛŬŰɞɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ əɎɗŮ űɞɟɎ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ ὢ, 
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ŰɧŰŮ ɞɘ (3.5) əŬɘ (3.6), ůɨɛűɤɜŬ ɛŮ Űɖɜ ˊŬɟŬəɎŰɤ ŬˊɧŭŮɘɝɖ əŬŰŬɚɐɔɞɡɜ ůŰɘɠ ůɢɏůŮɘɠ 

(3.7) əŬɘ (3.8): 

Ὁὤ ‘π‗ρ ρ ‗ ρ ‗ς Ễ ρ ‗Ὥρ ρ ‗Ὥ 

ῲ‐ʙ‖―”†‐‘‫
“”ʝ‛‏‛‟

 

 

Ὁὤ ‘ ‗
ρ ρ ‗Ὥ

ρ ρ ‗
ρ ‗Ὥ ‘π 

 
əŬɘ ŬɜŰɑůŰɞɘɢŬ ɔɘŬ Űɖ ŭɘŬůˊɞɟɎ, ɗŮɤɟɩɜŰŬɠ ɧŰɘ ɖ ŭɘŬəɨɛŬɜůɖ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ŮɑɜŬɘ 

ůŰŬɗŮɟɐ əŬɘ ɧŰɘ ɞɘ ˊŬɟŬŰɖɟɐůŮɘɠ ŮɑɜŬɘ ŬɜŮɝɎɟŰɖŰŮɠ ɛŮŰŬɝɨ Űɞɡɠ, ˊŬɑɟɜɞɡɛŮ: 

 

ὠὥὶὭὥὲὧὩῶ ὠὥὶ‗ ρ ‗Ὦ ὭὮ

Ὥρ

Ὦπ

ὠὥὶρ ‗Ὥ‘
π

 

ςὅέὺ‗ ρ ‗   ȟρ ‗‘  

 

ὠὥὶὭὥὲὧὩῶ ὠὥὶ‗ ρ ‗   ‗ὠὥὶ ρ ‗  
 
ᵼ 

 

ὠὥὶὭὥὲὧὩῶ ‗ ρ ‗ ὠὥὶ     σȢφ 

 
σȢφ

 
ᵾὠὥὶὭὥὲὧὩῶ

‗ ρz ὠὥὶ  ρ ‗ ὠzὥὶ  ρ ‗

ὠzὥὶ  Ễ ρ ‗ ὠzὥὶ   

Ễ

 
 

ὠὥὶὭὥὲὧὩῶ
„

ὲ
‗
ρ ρ ‗ ρ ‗

ρ ρ ‗
 

 

ὠὥὶὭὥὲὧὩῶ
„

ὲ
‗

ρ ρ ‗

ρ ‗ ς‗ ρ
 

ὠὥὶὭὥὲὧὩῶ
„

ὲ

‗

ς ‗
ρ ρ ‗   
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ὓὩὥὲὤ ‘  σȢχ 
 

ὠὥὶὭὥὲὧὩὤ
„

ὲ

‗

ς ‗
 ρ ρ ‗     σȢψ 

     

ɧˊɞɡ  ŮɑɜŬɘ ɖ ŭɘŬəɨɛŬɜůɖ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ, ɖ ɞˊɞɑŬ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ɔɜɤůŰɐ  ɐ 

ˊɟɏˊŮɘ ɜŬ ŮəŰɘɛɖɗŮɑ Ŭˊɧ ŰŬ ŬɟɢɘəɎ, ŮɜŰɧɠ Ůɚɏɔɢɞɡ, ŭŮɑɔɛŬŰŬ Űɖɠ ŭɘŮɟɔŬůɑŬɠ.  

  

ȷɜ ɗŮɤɟɐůɞɡɛŮ ɧŰɘ ɞɘ ŬɜɤŰɏɟɤ ɡˊɞɗɏůŮɘɠ ŭŮɜ ɘůɢɨɞɡɜ əŬɘ ɗɏɚɞɡɛŮ Űɖɜ Ŭəɟɘɓɐ 

ůɢɏůɖ ˊɞɡ ˊɟɞůŭɘɞɟɑɕŮɘ Űɖ ŭɘŬəɨɛŬɜůɖ, ŰɧŰŮ ɔɘŬ ŬɡŰɐɜ ˊɚɖɟɞűɞɟɞɨɛŬůŰŮ Ŭˊɧ Űɞɡɠ 

Vermaat et al. (2008) ɧŰɘ ɘůɞɨŰŬɘ ɛŮ Űɖɜ əɎŰɤɗɘ ůɢɏůɖ:  

 

ὠὥὶὤ
‗

ς ‗

„

ὲ
ρ ρ ‗ ς ”Ὧ ρ ‗ ρ ρ ‗     σȢψ‍ 

 
ɋůŰɧůɞ, ɔɘŬ ɚɧɔɞɡɠ ŮɡəɞɚɑŬɠ əŬɘ Ŭˊɞűɡɔɐɠ ˊɞɚɨˊɚɞəɤɜ ɡˊɞɚɞɔɘůɛɩɜ, ůŰɖɜ 

ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ŭŮɜ ɗŬ ɛŬɠ ŬˊŬůɢɞɚɐůŮɘ ɞ ŬɜɤŰɏɟɤ Űɨˊɞɠ. 

 

ɄŬɟŬŰɖɟɞɨɛŮ ɧŰɘ ɖ ŭɘŬůˊɞɟɎ Űɞɡ ůŰŬŰɘəɞɨ Ůɚɏɔɢɞɡ EWMA ὤ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞɜ 

Ŭɟɘɗɛɧ ŭŮɑɔɛŬŰɞɠ ɐ Ŭɚɚɘɩɠ Űɞɜ ɢɟɧɜɞ ὸ. ȷɡŰɧ ŮɑɜŬɘ ŬɜŬɛŮɜɧɛŮɜɞ, əŬɗɩɠ Űɞ ˊɚɐɗɞɠ 

Űɤɜ ˊŬɟŬŰɖɟɐůŮɤɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖɜ ŮɝŬɔɤɔɐ Űɞɡ ůŰŬŰɘůŰɘəɞɨ 

Ůɚɏɔɢɞɡ EWMA əɡɛŬɑɜŮŰŬɘ ɛŮ Űɞ ɢɟɧɜɞ əŬɘ ɖ Ůˊɘɟɟɞɐ Űɖɠ Ŭɟɢɘəɐɠ ůŰŬɗŮɟɐɠ Űɘɛɐɠ 

ᾀ ůɘɔɎ ůɘɔɎ ɛŮɘɩɜŮŰŬɘ. 

 

ɇŬ ɧɟɘŬ Ůɚɏɔɢɞɡ ɔɘŬ ɏɜŬ ŭɘɎɔɟŬɛɛŬ Ůɚɏɔɢɞɡ EWMA ɡˊɞɚɞɔɑɕɞɜŰŬɘ ŰɡˊɘəɎ ɛŮ ɓɎůɖ 

ŰŬ ɧɟɘŬ ὒ „ ɧɟɘŬ, ɧˊɞɡ ὒ ŮɑɜŬɘ ůɡɜɐɗɤɠ ɑůɞ ɛŮ Űɞ 3, ɧˊɤɠ əŬɘ ůŰɖ ůɢŮŭɑŬůɖ Űɤɜ 

ɞɟɑɤɜ Ůɚɏɔɢɞɡ Űɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ Shewhart. 

 

ɇŬ ŭɘŬɔɟɎɛɛŬŰŬ Űɨˊɞɡ EWMA Ŭˊɞŭɑŭɞɡɜ əŬɚɨŰŮɟŬ Ŭˊɧ ɧŰɘ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ Űɨˊɞɡ 

Shewhart ɔɘŬ ɛɘəɟɏɠ əŬɘ ɛŮůŬɑŮɠ ɛŮŰŬŰɞˊɑůŮɘɠ ˊɞɡ ɡˊɎɟɢɞɡɜ ůŰɖ ŭɘŬŭɘəŬůɑŬ. 

ɆɡɜŮɢɑɕɞɡɛŮ ɛŮ Űɖɜ ˊŮɟɑˊŰɤůɖ ɔɜɤůŰɐɠ ˊŬɟŬɛɏŰɟɞɡ.  
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3.2 ȾɚŬůɘəɧ ȹɘɎɔɟŬɛɛŬ EWMA 

ȷűɞɨ ɞɟɑůŬɛŮ Űɖɜ əŬŰŬɜɞɛɐ Űɞɡ ůŰŬŰɘůŰɘəɞɨ EWMA, ɛˊɞɟɞɨɛŮ ˊɚɏɞɜ ɜŬ 

ˊɟɞɓɞɨɛŮ ůŰɖɜ əŬŰŬůəŮɡɐ Űɞɡ ȹɘŬɔɟɎɛɛŬŰɞɠ Ⱥɚɏɔɢɞɡ. ɆɡɔəŮəɟɘɛɏɜŬ, ɖ əŮɜŰɟɘəɐ 

ɔɟŬɛɛɐ əŬɘ Űɞ Ɏɜɤ əŬɘ əɎŰɤ ɧɟɘɞ ŭɑɜɞɜŰŬɘ Ŭˊɧ Űɘɠ ŬəɧɚɞɡɗŮɠ ůɢɏůŮɘɠ: 

 

ὒὅὒ‘ ὒ„
‗

ς ‗ὲ
 ρ ρ ‗  σȢω 

 

ὅὒ ‘   σȢρπ 

 

Ὗὅὒ‘ ὒ„
‗

ς ‗ὲ
 ρ ρ ‗     σȢρρ 

 
ɇɞ ὒ əŬɗɞɟɑɕŮɘ Űɞ Ůɨɟɞɠ Űɤɜ ɞɟɑɤɜ Ůɚɏɔɢɞɡ əŬɘ ɖ Űɘɛɐ Űɞɡ ŮˊɘɚɏɔŮŰŬɘ, ůɨɛűɤɜŬ ɛŮ 

Űɖɜ Ůˊɘɚɞɔɐ Űɖɠ ůŰŬɗŮɟɎɠ ŮɝɞɛɎɚɡɜůɖɠ ‗ əŬɘ Űɖɜ ˊɟɞəŬɗɞɟɘůɛɏɜɖ Űɘɛɐ ὃὙὒ. ɇŬ 

ɧɟɘŬ ˊɞɡ ŬɜŬűɏɟɗɖəŬɜ ůŰɘɠ ŮɝɘůɩůŮɘɠ (3.9) əŬɘ (3.11) ɞɜɞɛɎɕɞɜŰŬɘ ɢɟɞɜɘəɎ 

ɛŮŰŬɓŬɚɚɧɛŮɜŬ ɧɟɘŬ Űɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ EWMA. ũɘŬ ɛŮɔɎɚŮɠ Űɘɛɏɠ Űɞɡ Ὥ, ŬɡŰɎ ŰŬ 

ɧɟɘŬ ůɡɔəɚɑɜɞɡɜ ůŰŬ ŬəɧɚɞɡɗŬ ůŰŬɗŮɟɎ ɧɟɘŬ: 

 

ὒὅὒ‘ ὒ„
‗

ς ‗ὲ
  σȢρς  ὅὒ ‘   σȢρσ  Ὗὅὒ‘ ὒ„

‗

ς ‗ὲ
    σȢρτ 

 

ɆɡɜŮˊɩɠ, ɞ ˊŬɟɎɔɞɜŰŬɠ ρ ρ ‗  ůŰɘɠ ŮɝɘůɩůŮɘɠ (3.9) əŬɘ (3.11) ŰŮɑɜŮɘ ůŰɞ 1, 

əŬɗɩɠ Űɞ ˊɚɐɗɞɠ Űɤɜ ŭŮɘɔɛɎŰɤɜ ɔɑɜŮŰŬɘ ɛŮɔŬɚɨŰŮɟɞ əŬɘ ŰŮɚɘəɎ ŰŬ ɢɟɞɜɘəɎ 

ɛŮŰŬɓŬɚɚɧɛŮɜŬ ɧɟɘŬ ɔɑɜɞɜŰŬɘ ůŰŬɗŮɟɎ. Ƀ ɟɡɗɛɧɠ ůɨɔəɚɘůɖɠ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ ‗ ɛŮ 

Űɖ ůɨɔəɚɘůɖ ɜŬ ɔɑɜŮŰŬɘ ˊɘɞ Ŭɟɔɐ ɔɘŬ ɛɘəɟɏɠ Űɘɛɏɠ Űɞɡ ‗. 

 

ȷɜ ŮűŬɟɛɧůɞɡɛŮ Űɞ əɚŬůɘəɧ ŭɘɎɔɟŬɛɛŬ EWMA, ŭɖɚŬŭɐ Űɘɠ ůɢɏůŮɘɠ (3.12), (3.13) 

əŬɘ (3.14), ɔɘŬ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ ɄɑɜŬəŬ 2.1, ŮˊɘɚɏɔɞɜŰŬɠ Űɞ ‗ πȢρτ əŬɘ ὒ

ςȢχψτφτρ ˊɞɡ ŬɜŰɘůŰɞɘɢɞɨɜ ůŰɘɠ ɓɏɚŰɘůŰŮɠ Űɘɛɏɠ ɔɘŬ ŰŬ ʇȟὒ ɔɘŬ ŬɜɑɢɜŮɡůɖ 

ɛŮŰŬŰɧˊɘůɖɠ ‏ ρ, ˊŬɑɟɜɞɡɛŮ Űɞ Ŭəɧɚɞɡɗɞ ŭɘɎɔɟŬɛɛŬ, Űɞ ɞˊɞɑɞ ŮɜŰɞˊɑɕŮɘ ɧŰɘ ɖ 
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ŭɘŬŭɘəŬůɑŬ ŮɑɜŬɘ ŮəŰɧɠ Ůɚɏɔɢɞɡ ůŰɖɜ 29ɖ ˊŬɟŬŰɐɟɖůɖ. Ƀ Űɟɧˊɞɠ ˊɟɞůŭɘɞɟɘůɛɞɨ 

Űɤɜ ɓɏɚŰɘůŰɤɜ Űɘɛɩɜ ŬɜŬɚɨŮŰŬɘ ůŰɖɜ ŮɜɧŰɖŰŬ. 

 

 

ɆɢɐɛŬ 3.1: ȹɘɎɔɟŬɛɛŬ Ůɚɏɔɢɞɡ EWMA ɛŮ ŬůɡɛˊŰɤŰɘəɎ ɧɟɘŬ ɔɘŬ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ 

ɄɑɜŬəŬ 2.1   

 
ȼ ˊŬɟŬˊɎɜɤ ůɡɛˊŮɟɘűɞɟɎ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ ůɡɛűɤɜŮɑ ɛŮ Űɖɜ ŬɜŰɑůŰɞɘɢɖ 

ɗŮɤɟɖŰɘəɎ ŬɜŬɛŮɜɧɛŮɜɖ. ȳˊɤɠ űŬɑɜŮŰŬɘ ůŰŬ ˊŬɟŬəɎŰɤ ŬˊɞŰŮɚɏůɛŬŰŬ ɔɘŬ ɜŬ ŭɞɗŮɑ 

ůɐɛŬ ŮəŰɧɠ ůŰɖɜ 29ɖ ˊŬɟŬŰɐɟɖůɖ, ɗŬ ˊɟɏˊŮɘ ɖ ɛŮŰŬŰɧˊɘůɖ ɜŬ ɏɢŮɘ ɝŮəɘɜɐůŮɘ Űɞ 

ŬɟɔɧŰŮɟɞ ɛŮŰɎ Űɖ ɢɟɞɜɘəɐ ůŰɘɔɛɐ ςω ωȢσχρρωȢφσωO ŭɖɚŬŭɐ ɛŮŰɎ Űɖɜ 20ɖ 

ˊŬɟŬŰɐɟɖůɖ, ɔŮɔɞɜɧɠ ˊɞɡ ůɡɛɓŬɑɜŮɘ, əŬɗɩɠ ůŰɖɜ 20ɖ ˊŬɟŬŰɐɟɖůɖ ŮɛűŬɜɑɕŮŰŬɘ ɖ 

ˊɟɩŰɖ ɛŮŰŬŰɧˊɘůɖ ˊɟɞɠ Űɖɜ əŬŰŮɨɗɡɜůɖ ˊɞɡ ŰŮɚɘəɎ ŬɜɘɢɜŮɨŮŰŬɘ ɖ ɛŮŰŬŰɧˊɘůɖ. 

 
> library(spc);  
> xewma.arl(l=0.14,c=2.784641,mu=1,sided="two",limits="fix",r=80,q=30) ;  
 [1] 9.575347 9.520164 9.477735 9.445894 9.422843 9.406595 9.395317  9.3
87553 9.382232 9.378593 9.376107 9.374410 9.373252 9.372462  
[15] 9.371923 9.371555 9.371303 9.371132 9.371015 9.370935 9.370881 9.3
70844 9.370818 9.370801 9.370789 9.370781 9.370776 9.370772  
[29] 9.370769 9.370768  

 

3.3 ȹɘɎɔɟŬɛɛŬ EWMA ɛŮ ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜŬ ɧɟɘŬ 

ɆŰɖ ůɡɜɏɢŮɘŬ ŮűŬɟɛɧɕɞɡɛŮ Űɞ əɚŬůůɘəɧ ŭɘɎɔɟŬɛɛŬ EWMA ɛŮ ɢɟɞɜɘəɎ 

ɛŮŰŬɓŬɚɚɧɛŮɜŬ ɧɟɘŬ, ŭɖɚŬŭɐ Űɘɠ ůɢɏůŮɘɠ (3.9), (3.10) əŬɘ (3.11) ɔɘŬ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ 
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ˊŬɟŬŭŮɑɔɛŬŰɞɠ Űɖɠ ˊŬɟŬɔɟɎűɞɡ 2.2. ȷəɞɚɞɡɗɞɨɛŮ Űɖɜ ɑŭɘŬ ɛŮɗɞŭɞɚɞɔɑŬ ɛŮ ŬɡŰɐ 

ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ůŰŬ ŬůɡɛˊŰɤŰɘəɎ ɧɟɘŬ, ɡ́ ɞɚɞɔɑɕɞɡɛŮ ŰŬ ɕŮɨɔɖ Űɘɛɩɜ Űɤɜ ‗ 

əŬɘ ὒ ˊɞɡ ŭɑɜɞɡɜ ὃὙὒ σχπ əŬɘ ŮˊɘɚɏɔɞɡɛŮ Űɞ əŬŰɎɚɚɖɚɞ ɕŮɨɔɞɠ Űɘɛɩɜ ɔɘŬ ŰŬ ‗ əŬɘ 

ὒ ɔɘŬ ŬɜɑɢɜŮɡůɖ ɛŮŰŬŰɧˊɘůɖɠ ‏ ρ. ɀŮ Űɞɜ Űɟɧˊɞ ŬɡŰɧ ɓɟɑůəɞɡɛŮ ‗ πȢρτ əŬɘ ὒ

ςȢχωςψψσ. 

ɀŮ Űɖɜ ɓɏɚŰɘůŰɖ Ůˊɘɚɞɔɐ ˊŬɟŬɛɏŰɟɤɜ ŭɖɛɘɞɡɟɔɞɨɛŮ Űɞ ŭɘɎɔɟŬɛɛŬ Űɞɡ ɆɢɐɛŬŰɞɠ 

3.2, Ŭˊɧ ɧˊɞɡ ŭɘŬˊɘůŰɩɜɞɡɛŮ ɧŰɘ Űɞ ŭɘɎɔɟŬɛɛŬ ɛŮ ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜŬ ɧɟɘŬ ɏɢŮɘ 

ˊŬɟŬˊɚɐůɘŬ Ŭˊɧŭɞůɖ ɛŮ ŮəŮɑɜɖ Űɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ ŬůɡɛˊŰɤŰɘəɩɜ ɞɟɑɤɜ ɔɘŬ Űɞ 

ˊŬɟɎŭŮɘɔɛɎ ɛŬɠ, əŬɗɩɠ ŮɜŰɞˊɑɕŮɘ Űɖɜ ɛŮŰŬŰɧˊɘůɖ ůŰɖɜ 29ɖ ˊŬɟŬŰɐɟɖůɖ. 

 

 

ɆɢɐɛŬ 3.2: ȹɘɎɔɟŬɛɛŬ Ůɚɏɔɢɞɡ EWMA ɛŮ ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜŬ ɧɟɘŬ ɔɘŬ ŰŬ 

ŭŮŭɞɛɏɜŬ Űɞɡ ɄɑɜŬəŬ 2.1   

 
ȼ ˊŬɟŬˊɎɜɤ ůɡɛˊŮɟɘűɞɟɎ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ ůɡɛűɤɜŮɑ ɛŮ Űɖɜ ŬɜŰɑůŰɞɘɢɖ 

ɗŮɤɟɖŰɘəɎ ŬɜŬɛŮɜɧɛŮɜɖ. ȳˊɤɠ űŬɑɜŮŰŬɘ ůŰŬ ˊŬɟŬəɎŰɤ ŬˊɞŰŮɚɏůɛŬŰŬ ɔɘŬ ɜŬ ŭɞɗŮɑ 

ůɐɛŬ ŮəŰɧɠ ůŰɖɜ 29ɖ ˊŬɟŬŰɐɟɖůɖ, ɗŬ ˊɟɏˊŮɘ ɖ ɛŮŰŬŰɧˊɘůɖ ɜŬ ɏɢŮɘ ɝŮəɘɜɐůŮɘ Űɞ 

ŬɟɔɧŰŮɟɞ ɛŮŰɎ Űɖ ɢɟɞɜɘəɐ ůŰɘɔɛɐ ςω ωȢσυψρωȢφτςO ŭɖɚŬŭɐ əŬɘ ˊɎɚɘ ɛŮŰɎ Űɖɜ 

20ɖ ˊŬɟŬŰɐɟɖůɖ, ɔŮɔɞɜɧɠ ˊɞɡ ůɡɛɓŬɑɜŮɘ, əŬɗɩɠ ůŰɖɜ 20ɖ ˊŬɟŬŰɐɟɖůɖ ŮɛűŬɜɑɕŮŰŬɘ 

ɖ ˊɟɩŰɖ ɛŮŰŬŰɧˊɘůɖ ˊɟɞɠ Űɖɜ əŬŰŮɨɗɡɜůɖ ˊɞɡ ŰŮɚɘəɎ ŬɜɘɢɜŮɨŮŰŬɘ ɖ ɛŮŰŬŰɧˊɘůɖ. 
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> for (i in 1:30){print(c(i,round(xewma.arl(l=0.14,c=2.782883,mu=1,side
d="two",limits="vacl",r=80,q=i),digits=3)))}  

 

 
ȼ ˊŬɟŬˊɎɜɤ ɧɛɤɠ ŬɜɎɚɡůɖ ŭŮɜ ŬɜŬŭŮɘəɜɨŮɘ Űɖɜ ɡˊŮɟɞɢɐ Űɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ ɛŮ 

ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜŬ ɧɟɘŬ ɏɜŬɜŰɘ Űɤɜ ŮəŮɑɜɤɜ ɛŮ ŬůɡɛˊŰɤŰɘəɎ ɧɟɘŬ, əŬɗɩɠ 

űŬɑɜŮŰŬɘ ůŰɖɜ ˊɟɎɝɖ ɧŰɘ ɖ Ŭˊɧŭɞůɖ Űɤɜ ŭɨɞ ŭɘŬɔɟŬɛɛɎŰɤɜ ɜŬ ŮɑɜŬɘ ɑůɖ.  

 

ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ ɗŬ ŬɜŬɚɡɗŮɑ ɚɑɔɞ ˊŮɟŬɘŰɏɟɤ ɖ ˊŮɟɑˊŰɤůɖ Űɤɜ ɢɟɞɜɘəɎ 

ɛŮŰŬɓŬɚɚɧɛŮɜɤɜ ɞɟɑɤɜ. ɄŬɟŬŰɖɟɩɜŰŬɠ, Űɞɜ ˊŬɟŬˊɎɜɤ ɄɑɜŬəŬ ɕŮɡɔɩɜ Űɤɜ 

ˊŬɟŬɛɏŰɟɤɜ ŭɘŬˊɘůŰɩɜɞɡɛŮ ɧŰɘ ɔɘŬ ɛɘəɟɏɠ Űɘɛɏɠ Űɞɡ ‗ əŬɘ ὒ Űɞ ὃὙὒ ɔɑɜŮŰŬɘ 

ɛɘəɟɧŰŮɟɞ. ȰŰůɘ, ɧˊɤɠ ɗŬ ŮɝɖɔɖɗŮɑ əŬɘ ůŮ ŮˊɧɛŮɜɖ ŮɜɧŰɖŰŬ, ŮˊɘɚɏɔɞɜŰŬɠ ˊɞɚɨ ɛɘəɟɐ 

Űɘɛɐ ɔɘŬ Űɞ ‗, ɏůŰɤ ‗ πȢππππψ əŬɘ ɡˊɞɚɞɔɑɕɞɜŰŬɠ Űɞ ŬɜŰɑůŰɞɘɢɞ ὒ ρȢςυφψπσ, (Ƀɘ 

Űɘɛɏɠ ɡˊɞɚɞɔɑůŰɖəŬɜ ɔɘŬ 270 əɧɛɓɞɡɠ ŰŮŰɟŬɔɤɜɘůɛɞɨ) ŮɑɜŬɘ ŭɡɜŬŰɧɜ ɜŬ ˊŮŰɨɢɞɡɛŮ 

ˊɞɚɨ ɛɘəɟɧŰŮɟɞ ὃὙὒ. ũɘŬ ŬɡŰɏɠ Űɘɠ Űɘɛɏɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ɡˊɞɚɞɔɑůŰɖəŮ  Űɞ ὃὙὒ

ςȢφ, ɔŮɔɞɜɧɠ ˊɞɡ ŮˊɘɓŮɓŬɘɩɜŮŰŬɘ əŬɘ Ŭˊɧ Űɞ ŭɘɎɔɟŬɛɛŬ Űɞɡ ɆɢɐɛŬŰɞɠ 3.3, ɧˊɞɡ 

űŬɑɜŮŰŬɘ ɧŰɘ ŬˊɞəŰɞɨɛŮ əŬɚɨŰŮɟɖ ŬɜɘɢɜŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ ůŰɞ ŭɘɎɔɟŬɛɛɎ ɛŬɠ əŬŰɎ Űɘɠ 

ˊɟɩŰŮɠ ˊŬɟŬŰɖɟɐůŮɘɠ, Ŭűɞɨ ɖ ɛŮŰŬŰɧˊɘůɖ ɑůɖ ɛŮ ɏɜŬ (1), ŮɜŰɧˊɘɕŮŰŬɘ ůŰɖɜ 28ɖ 

ˊŬɟŬŰɐɟɖůɖ, ɧˊɤɠ Ůˊɑůɖɠ, Űɞ ŭɘɎɔɟŬɛɛŬ ŮɜŰɞˊɑɕŮɘ əŬɘ Űɘɠ ŬəɟŬɑŮɠ Űɘɛɏɠ ůŰɖɜ 2ɖ əŬɘ 

3ɖ ˊŬɟŬŰɐɟɖůɖ. 

 

 

ɆɢɐɛŬ 3.3: ȹɘɎɔɟŬɛɛŬ Ůɚɏɔɢɞɡ EWMA ɛŮ ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜŬ ɧɟɘŬ ɔɘŬ ŰŬ 

ŭŮŭɞɛɏɜŬ Űɞɡ ɄɑɜŬəŬ 2.1 
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ɋůŰɧůɞ, ŬɡŰɐ ɖ ɡˊŮɟɞɢɐ Űɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ ɛŮ ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜŬ ɧɟɘŬ 

ɏɔəŮɘŰŬɘ ɛɧɜɞɜ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɖ ɛŮŰŬŰɧˊɘůɖ ŮɜŰɧˊɘɕŮŰŬɘ əɞɜŰɎ ůŰɖɜ ɏɜŬɟɝɖ 

ɛɏŰɟɖůɖɠ. ȳůɞ ŬɡɝɎɜŮŰŬɘ Űɞ ˊɚɐɗɞɠ Űɤɜ ŭŮɘɔɛŬŰɞɚɖɣɘɩɜ ɖ ŬɜɘɢɜŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ 

ɛŮɘɩɜŮŰŬɘ əŬɘ ŰŮɑɜŮɘ ɜŬ ɔɑɜŮɘ ɑůɖ ɛŮ ŮəŮɑɜɖ Űɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ ɛŮ ŬůɡɛˊŰɤŰɘəɎ ɧɟɘŬ 

ɔɘŬ Űɘɠ Űɘɛɏɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ˊɞɡ ŮˊɘɚɏɝŬɛŮ. ȳɛɤɠ, ŮɑŭŬɛŮ ɧŰɘ ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ 

Űɤɜ ŬůɡɛˊŰɤŰɘəɩɜ ɞɟɑɤɜ ɖ ɓɏɚŰɘůŰɖ Űɘɛɐ ɔɘŬ ŬɜɑɢɜŮɡůɖ ɛŮŰŬŰɧˊɘůɖ ɑůɖɠ ɛŮ 1, ŮɑɜŬɘ 

ɔɘŬ ‗ πȢρτ əŬɘ ɧůɞ Űɞ ‗ ɛŮɘɩɜŮŰŬɘ Űɧůɞ ŬɡɝɎɜŮŰŬɘ Űɞ ὃὙὒ. ũɘŬ ŬɡŰɧ Űɞ ɚɧɔɞ 

ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ ɧŰɘ ɖ ɛŮŰŬŰɧˊɘůɖ ůɡɜɏɓɖ ŬɟɔɧŰŮɟŬ ůŰɖɜ 20ɖ ˊŬɟŬŰɐɟɖůɖ 

əŬŰŬɚɐɝŬɛŮ ˊŬɟŬˊɎɜɤ, ɤɠ ɓɏɚŰɘůŰɖ Ůˊɘɚɞɔɐ ˊŬɟŬɛɏŰɟɤɜ ůŰŬ ‗ πȢρτ əŬɘ ὒ

ςȢχωςψψσ. 

ȷɡŰɐ ɖ Ůˊɘɚɞɔɐ ŮˊɘɓŮɓŬɘɩɜŮŰŬɘ əŬɘ Ŭˊɧ Űɞɡɠ ˊŬɟŬəɎŰɤ ɡˊɞɚɞɔɘůɛɞɨɠ, Ŭˊɧ ɧˊɞɡ 

űŬɑɜŮŰŬɘ ɧŰɘ ɖ Ůˊɘɚɞɔɐ ˊɞɡ əɎɜŬɛŮ ɔɘŬ Űɘɠ ˊŬɟŬɛɏŰɟɞɡɠ ‗ əŬɘ ὒ ŮɑɜŬɘ ɖ ɓɏɚŰɘůŰɖ ɔɘŬ 

ŬɜɑɢɜŮɡůɖ ɛŮŰŬŰɧˊɘůɖɠ ɑůɖɠ ɛŮ ‏ ρ əŬɘ ŮɛűɎɜɘůɖ Űɖɠ ɛŮŰŬŰɧˊɘůɖɠ ɛŮŰɎ Űɖɜ 19ɖ 

ˊŬɟŬŰɐɟɖůɖ. 

 
ɄɑɜŬəŬɠ 3. 1: Ⱥˊɘɚɞɔɐ ɓɏɚŰɘůŰɞɨ ůɡɜŭɡŬůɛɞɨ ‗ȟὒ ɔɘŬ ὃὙὒ σχπ, ɔɘŬ ŬɜɑɢɜŮɡůɖ 

ɛŮŰŬŰɧˊɘůɖɠ ɑůɖɠ ɛŮ ‏ ρ əŬɘ ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɞɡ ὃὙὒ    

‗ ὒ ὃὙὒ 0.25 0.5 0.75 1 1.25 1.5 1.75 2 2.25 

0. 01 2.017113 370 60.82 24.55 14.86 10.60 8.24 6.75 5.74 5.00 4.44 
0. 02 2.233469 370 64.35 25.47 15.31 10.88 8.44 6.91 5.86 5.10 4.53 

0. 03 2.363788 370 67.02 25.62 15.22 10.76 8.33 6.81 5.77 5.02 4.46 

0. 04 2.454496 370 69.80 25.69 15.02 10.55 8.13 6.64 5.62 4.89 4.34 

0. 05 2.522615 370 72.76 25.81 14.82 10.32 7.92 6.45 5.45 4.74 4.20 

0. 06 2.576279 370 75.87 26.03 14.65 10.11 7.73 6.27 5.29 4.59 4.07 

0. 07 2.619982 370 79.08 26.35 14.54 9.93 7.55 6.11 5.14 4.46 3.95 
0. 08 2.656451 370 82.35 26.76 14.47 9.78 7.39 5.96 5.01 4.34 3.84 

0. 09 2.687456 370 85.64 27.25 14.45 9.66 7.25 5.83 4.89 4.22 3.73 

0. 1 2.714208 370 88.95 27.81 14.47 9.57 7.14 5.71 4.78 4.12 3.64 

0. 11 2.737568 370 92.25 28.43 14.53 9.50 7.04 5.61 4.68 4.04 3.56 

0. 12 2.758167 370 95.54 29.10 14.62 9.45 6.96 5.52 4.60 3.96 3.48 

0. 13 2.776483 370 98.80 29.81 14.74 9.42 6.89 5.45 4.52 3.88 3.42 
0. 14 2.792883 370 102.03 30.57 14.88 9.41 6.84 5.38 4.46 3.82 3.35 

0. 15 2.807657 370 105.23 31.37 15.05 9.42 6.80 5.33 4.40 3.76 3.30 

0. 16 2.821035 370 108.39 32.19 15.24 9.44 6.76 5.28 4.34 3.71 3.25 

0. 17 2.833205 370 111.52 33.05 15.45 9.47 6.74 5.24 4.30 3.66 3.20 

 
ɆɡɜŮˊɩɠ, ɔɘŬ Űɖɜ Ŭˊɞűɡɔɐ ŬɡŰɞɨ Űɞɡ ůűɎɚɛŬŰɞɠ, ůɡɜɐɗɤɠ ůŰɖ ŭɘŮɗɜɐ 

ɓɘɓɚɘɞɔɟŬűɑŬ ɔɘŬ Űɞ ɡˊɧɣɖ ɗɏɛŬ ůɡůŰɐɜŮŰŬɘ ɜŬ ŮˊɘɚɏɔɞɜŰŬɘ ɤɠ ɓɏɚŰɘůŰŮɠ Űɘɛɏɠ, 
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Ŭəɧɛɖ əŬɘ ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜɤɜ ɞɟɑɤɜ, ŮəŮɑɜŮɠ ˊɞɡ 

ɏɢɞɡɜ ‗ ˊɞɡ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɞ Űɞ ɓɏɚŰɘůŰɞ ɕŮɨɔɞɠ Űɤɜ ŬůɡɛˊŰɤŰɘəɩɜ ɞɟɑɤɜ əŬɘ ὒ 

, ŰɏŰɞɘɞ ɩůŰŮ ɜŬ ˊɎɟɞɡɛŮ ὃὙὒ σχπ, ɗŮɤɟɩɜŰŬɠ ɧŰɘ ɖ ɛŮŰŬŰɧˊɘůɖ ůɡɛɓŬɑɜŮɘ ůŰɖɜ 

ɏɜŬɟɝɖ ɛɏŰɟɖůɖɠ. (ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɞɡ ˊŬɟŬˊɎɜɤ ˊɑɜŬəŬ Ŭűɞɟɞɨɜ ή ρω, 

ŭɖɚŬŭɐ ɧŰɘ ɛɏɢɟɘ Űɖ 19ɖ ˊŬɟŬŰɐɟɖůɖ ɖ ŭɘŮɟɔŬůɑŬ ɓɟɘůəɧŰŬɜ ŮɜŰɧɠ Ůɚɏɔɢɞɡ). 

3.3.1 ɄŬɟɎŭŮɘɔɛŬ ȹɘŬɔɟɎɛɛŬŰɞɠ EWMA ɛŮ ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜŬ ɧɟɘŬ 

ũɘŬ ɜŬ əŬŰŬůŰŮɑ ŮűɘəŰɐ ɖ əŬɚɨŰŮɟɖ ŬˊŮɘəɧɜɘůɖ əŬɘ ŮˊŮɝɐɔɖůɖ Űɖɠ ŮˊɑŭɟŬůɖɠ 

Űɤɜ ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜɤɜ ɞɟɑɤɜ ɗŬ ɛŮɚŮŰɐůɞɡɛŮ Ŭəɧɛɖ ɏɜŬ ˊŬɟɎŭŮɘɔɛŬ, ˊɞɡ 

ŮɑɜŬɘ ŮəŮɑɜɞ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Ŭˊɧ Űɞɡɠ Lucas əŬɘ Crosier (1982), ɔɘŬ Ɏɚɚɖ 

ˊŮɟɑˊŰɤůɖ, ŭɖɚŬŭɐ ɔɘŬ ɜŬ űŬɜŮɑ ɖ ŮˊɑŭɟŬůɖ Űɖɠ ɇŮɢɜɘəɐɠ FIR ůŮ ɏɜŬ ŭɘɎɔɟŬɛɛŬ 

CUSUM. ɆŮ ŬɡŰɧ Űɞ ˊŬɟɎŭŮɘɔɛŬ ɗŬ űŬɜŮɑ ɖ ɡˊŮɟɞɢɐ Űɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ ɛŮ ɢɟɞɜɘəɎ 

ɛŮŰŬɓŬɚɚɧɛŮɜŬ ɧɟɘŬ ɏɜŬɜŰɘ Űɤɜ ŬɜŰɑůŰɞɘɢɤɜ ɛŮ ŬůɡɛˊŰɤŰɘəɎ ɧɟɘŬ. ɄɟɞűŬɜɩɠ Űɞ 

ˊŬɟɎŭŮɘɔɛŬ ɗŬ ŮűŬɟɛɞůŰŮɑ ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ EWMA. ũɘŬ Űɞ 

ˊŬɟɎŭŮɘɔɛŬ, ɡˊɞɗɏŰɞɡɛŮ ɧŰɘ: 

 

‘ πȟ„ ρ əŬɘ ὒ σ 

 
ɇŬ ŬəŬŰɏɟɔŬůŰŬ ŭŮŭɞɛɏɜŬ ŭɑɜɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 3.2 ɛŮ Űɞ ὼӶ əŬɘ ŬɜŬˊŬɟɘůŰɎ ɛɑŬ 

ˊɟɤŰɞŮɛűŬɜɘɕɧɛŮɜɖ ŮəŰɧɠ Ůɚɏɔɢɞɡ əŬŰɎůŰŬůɖ. Ƀ ˊɑɜŬəŬɠ ŭɑɜŮɘ Ůˊɑůɖɠ Űɘɠ Űɘɛɏɠ Űɞɡ 

ůŰŬŰɘůŰɘəɞɨ ˊɞɡ ŮɝɎɔɞɜŰŬɘ Ŭˊɧ Űɖɜ (3.1), ɛŮ ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜŬ ɧɟɘŬ Ůɚɏɔɢɞɡ 

ˊɞɡ ŮɝɎɔɞɜŰŬɘ Ŭˊɧ Űɘɠ (3.9), (3.10) əŬɘ (3.11) əŬɘ ‗ πȟρ . 

 
ɄɑɜŬəŬɠ 3.2: ȷˊɚɧ ˊŬɟɎŭŮɘɔɛŬ EWMA ɔɘŬ ‗ πȢρ 

Sample number ●◄ ◑◄ ╤╒╛◄ 

0 - 0 0 

1 0.8 0.08 0.30 

2 1.9 0.26 0.40 

3 1.4 0.38 0.47 

4 2.0 0.54 0.52 

5 1.1 0.59 0.56 

6 0.7 0.61 0.58 

7 2.6 0.80 0.60 

8 0.5 0.77 0.62 

9 1.2 0.82 0.63 
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ɇɞ ɆɢɐɛŬ 3.3 ŭŮɑɢɜŮɘ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ EWMA ɔɘŬ ŭɘɎűɞɟŮɠ Űɘɛɏɠ Űɞɡ ‗. ɇɞ Ɏɜɤ 

ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜɞ ɧɟɘɞ Ὗὅὒὸ ŬɜŬˊŬɟɑůŰŬŰŬɘ ůŬɜ əɧəəɘɜɖ ŭɘŬəŮəəɞɛɏɜɖ 

ɔɟŬɛɛɐ, Ůɜɩ Űɞ ŬůɡɛˊŰɤŰɘəɧ ɧɟɘɞ Ὗὅὒ ŬɜŬˊŬɟɑůŰŬŰŬɘ ůŬɜ ɛɞɓ ŭɘŬəŮəɞɛɛɏɜɖ 

ɔɟŬɛɛɐ. Ⱥˊɑůɖɠ, ɔɘŬ ɚɧɔɞɡɠ ŭɘŮɡəɧɚɡɜůɖɠ ůŰɖɜ ŬɜŬˊŬɟɎůŰŬůɖ ůŰɞ ɡˊɧɣɖ ůɢɐɛŬ 

ŬɜŬˊŬɟɑůŰŬɜŰŬɘ ɛɧɜɞ ŰŬ Ɏɜɤ ɧɟɘŬ. ȾŬɜɞɜɘəɎ űŬɑɜɞɜŰŬɘ Űɧůɞ Űɞ Ɏɜɤ ɧůɞ əŬɘ Űɞ əɎŰɤ 

ɧɟɘɞ.  

 

ɇɞ ˊɚɐɗɞɠ Űɤɜ ˊŬɟŬŰɖɟɐůŮɤɜ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ůɐɛŬŰɞɠ, ɧŰŬɜ ɖ 

ŭɘŬŭɘəŬůɑŬ ɓɟɑůəŮŰŬɘ ŮəŰɧɠ Ůɚɏɔɢɞɡ, ůŰɞ Ůɝɐɠ ɗŬ ŬɜŬűɏɟŮŰŬɘ ůɐɛŬ ŮəŰɧɠ, ŮɝŬɟŰɎŰŬɘ 

Űɧůɞ Ŭˊɧ Űɖɜ Űɘɛɐ Űɞɡ ‗, ɧůɞ əŬɘ Ŭˊɧ Űɖ ɢɟɐůɖ ɐ ɧɢɘ Űɤɜ ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜɤɜ 

ɞɟɑɤɜ.  

 

ȳŰŬɜ Űɞ ‗ ɘůɞɨŰŬɘ ɛŮ πȢπυ, πȢρ ɐ πȢςυ Űɞ ŭɘɎɔɟŬɛɛŬ EWMA ɛŮ ɢɟɞɜɘəɎ 

ɛŮŰŬɓŬɚɚɧɛŮɜŬ ɧɟɘŬ ŭɑɜŮɘ ůɐɛŬ ɛŮŰɎ Ŭˊɧ ɛɧɜɞ 4 ˊŬɟŬŰɖɟɐůŮɘɠ, Ůɜɩ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŰŬ ŬůɡɛˊŰɤŰɘəɎ ɧɟɘŬ Űɞ ůɐɛŬ ŮəŰɧɠ ŭŮɜ ɗŬ ŭɞɗŮɑ ˊɟɘɜ Űɖɜ ɏɓŭɞɛɖ 

ˊŬɟŬŰɐɟɖůɖ ɔɘŬ ‗ πȢρ əŬɘ ‗ πȢςυ ɐ Űɖɜ ɏɜŬŰɖ ˊŬɟŬŰɐɟɖůɖ ɔɘŬ ‗ πȢπυ.  

 

ȳŰŬɜ ‗ πȢυ ŰŬ ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜŬ ɧɟɘŬ ůɡɔəɚɑɜɞɡɜ ɔɟɐɔɞɟŬ ůŰɖɜ 

ŬůɡɛˊŰɤŰɘəɐ Űɘɛɐ əŬɘ ɏŰůɘ ɏɢŮɘ ɛɘəɟɐ ŮˊɑŭɟŬůɖ. ȳŰŬɜ ‗ πȢυ ŭɑɜŮŰŬɘ ůɐɛŬ ŮəŰɧɠ, 

ɛŮŰɎ Ŭˊɧ ŮˊŰɎ ˊŬɟŬŰɖɟɐůŮɘɠ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŮɑŰŮ Űɞ Ὗὅὒὸ ŮɑŰŮ Űɞ Ὗὅὒ ɤɠ ɧɟɘɞ 

Ůɚɏɔɢɞɡ. 

 
ȳˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 3.4, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŰŬ ŬůɡɛˊŰɤŰɘəɎ ɧɟɘŬ Ŭˊɧ ɧŰɘ ŰŬ 

ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜŬ əɎɜŮɘ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ ɚɘɔɧŰŮɟɞ ŮɡŬɑůɗɖŰŬ ůŮ ɛŮŰŬŰɞˊɑůŮɘɠ 

Űɖɠ ŭɘŮɟɔŬůɑŬɠ əŬŰɎ Űɘɠ ˊɟɩŰŮɠ ˊŬɟŬŰɖɟɐůŮɘɠ. ȷɡŰɧ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ŮɑɜŬɘ 

ůɖɛŬɜŰɘəɧ ˊɟɧɓɚɖɛŬ ŮɎɜ ůɡɛɓŮɑ ɛŮɔɎɚɖ ɛŮŰŬŰɧˊɘůɖ ŬɟəŮŰɎ ˊɟɧɤɟŬ, ɐ ŮɎɜ ɛŮŰɎ 

Ŭˊɧ ůɐɛŬ ŮəŰɧɠ Ůɚɏɔɢɞɡ ŭŮɜ ŮˊŬɜŮəəɘɜɐůŮɘ əŬɜɞɜɘəɎ ɖ ŭɘŬŭɘəŬůɑŬ. 
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ɆɢɐɛŬ 3.4: ȹɘŬɔɟɎɛɛŬŰŬ EWMA ɛŮ ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜŬ ɧɟɘŬ ɔɘŬ ŭɘɎűɞɟŮɠ 

Űɘɛɏɠ Űɖɠ ůŰŬɗŮɟɎɠ ŮɝɞɛɎɚɡɜůɖɠ ‗ 

 
 

3.4 Ɉˊɞɚɞɔɘůɛɧɠ ═╡╛ ɔɘŬ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ EWMA 

ȰɢɞɜŰŬɠ ɞɟɑůŮɘ ŬɜɤŰɏɟɤ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ EWMA ůŰɖ ůɡɜɏɢŮɘŬ ɗŬ ˊɟɞɓɞɨɛŮ 

ůŰɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ ὃὙὒ ɔɘŬ Űɖɜ Ůɘŭɘəɐ ˊŮɟɑˊŰɤůɖ Űɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ EWMA. 

ɆɡɔəŮəɟɘɛɏɜŬ, ˊŬɟŬəɎŰɤ ŬɜŬɚɨɞɜŰŬɘ ŰɟŮɘɠ (3) ɓŬůɘəɞɑ Űɟɧˊɞɘ ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ 

ὃὙὒ , ɞ ɏɜŬɠ ɛŮ Űɖ ɛɏɗɞŭɞ ɞɚɞəɚɖɟɤŰɘəɩɜ ŮɝɘůɩůŮɤɜ, ɞ ŭŮɨŰŮɟɞɠ ɛŮ Űɖ ɛɏɗɞɗɞ 

Űɖɠ ɛŬɟəɞɓɘŬɜɐɠ ŬɚɡůɑŭŬɠ əŬɘ ɞ Ɏɚɚɞɠ ɛŮ Űɖ ɛɏɗɞŭɞ ɀonte-Carlo, ɧˊɞɡ 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůɡɔəɟɘŰɘəɐ ˊŬɟɎɗŮůɖ (collocation).  

 

ȰůŰɤ ŰŬ ὒὅὒ əŬɘ Ὗὅὒ ŮɑɜŬɘ ŭɨɞ ůŰŬɗŮɟɏɠ ˊɞɡ ɘəŬɜɞˊɞɘɞɨɜ Űɖ ůɢɏůɖ: 
 

ὒὅὒ‘ Ὗὅὒ   σȢρυ 

ȰůŰɤ,  
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Ὢ ὸ əŬɘ Ὂ ὸ      (3.16) 

 
ŮɑɜŬɘ ɖ ůɡɜɎɟŰɖůɖ ˊɡəɜɧŰɖŰŬɠ ˊɘɗŬɜɧŰɖŰŬɠ (probability density function ï p.d.f.) əŬɘ 

ɖ ŬɗɟɞɘůŰɘəɐ ůɡɜɎɟŰɖůɖ ˊɡəɜɧŰɖŰŬɠ ˊɘɗŬɜɧŰɖŰŬɠ (cumulative density function ï 

c.d.f) Űɤɜ ŰɡɢŬɑɤɜ ɛŮŰŬɓɚɖŰɩɜ ὝȟȣȢȟὝȟȣ . ũɘŬ Űɞ ɚɧɔɞ ɧŰɘ ɞɘ ŰɡɢŬɑŮɠ ɛŮŰŬɓɚɖŰɏɠ 

ὝȟȣȢȟὝȟȣ  ɗŮɤɟɞɨɜŰŬɘ ŬɜŮɝɎɟŰɖŰŮɠ, Űɞ ůűɎɚɛŬ Űɨˊɞɡ ɔɘŬ Űɖɜ ŬəɞɡɚɞɡɗɑŬ  

ὝȟȣȟὝȟȣ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ: 

 

‍  ὴ ὝώὴὩ ὍὍ Ὡὶὶέὶ  
Ὗὅὒ ‘ Ὧ„

„

Ѝὲ

ὒὅὒ‘ Ὧ„
„

Ѝὲ

  σȢρχ 

 

‍  
Ὗὅὒ‘
„

Ѝὲ

 
ὒὅὒ‘
„

Ѝὲ

   σȢρψ 

 

ɆɡɜŮˊɩɠ Űɞ ὃὙὒ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ ˊŬɟŬəɎŰɤ ůɢɏůɖ: 
 

ὃὙὒ
ρ

ρ ‍

ρ

ρ  
Ὗὅὒ‘
„

Ѝὲ

 
ὒὅὒ‘
„

Ѝὲ

     σȢρω 

 

ὃὙὒ
ρ

Ὂ ὒὅὒρ ὊὟὅὒ
                σȢςπ 

 
 
ȰůŰɤ, !2,ώ ŮɑɜŬɘ Űɞ ɛɏůɞ ɛɐəɞɠ ɟɞɐɠ ɔɘŬ ɛɘŬ ŬəɞɚɞɡɗɑŬ EWMA ὣȟȣȢȟὣȟȣ 

ɡˊɞɗɏŰɞɜŰŬɠ ɧŰɘ ὣ ώ əŬɘ ɏůŰɤ: 

 
 
 
 
ɇɞ ɔŮɔɞɜɧɠ ɧŰɘ ɞɘ ŰɡɢŬɑŮɠ ɛŮŰŬɓɚɖŰɏɠ ὣȟȣȟὣȟȣȢ ŭŮɜ ŮɑɜŬɘ ŬɜŮɝɎɟŰɖŰŮɠ ŮɛˊɞŭɑɕŮɘ Űɖ 

ɢɟɐůɖ Űɖɠ (3.20) ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ὃὙὒ ώ. ɈˊɎɟɢɞɡɜ ŰɟŮɘɠ (3) əɨɟɘŮɠ 

ˊɟɞůŮɔɔɑůŮɘɠ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ὃὙὒ.  

 

ὃὙὒ ὃὙὒ ‘         σȢςρ 
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3.4.1  1ɞɠ ɇɟɧˊɞɠ Ɉˊɞɚɞɔɘůɛɞɨ ï ɀɏɗɞŭɞɠ Ⱥˊɑɚɡůɖɠ ɆɡůŰɐɛŬŰɞɠ 

ȺɝɘůɩůŮɤɜ 

ȼ ˊɟɩŰɖ ˊɟɞůɏɔɔɘůɖ ůŰɖɟɑɕŮŰŬɘ ůŰɞ ɔŮɔɞɜɧɠ ɧŰɘ Űɞ ὃὙὒ ώ ˊɟɏˊŮɘ ɜŬ 

ɘəŬɜɞˊɞɘŮɑ Űɖɜ Ŭəɧɚɞɡɗɖ Ůɝɑůɤůɖ: 

 
 
 
 
 
ȷɡŰɐ ɖ Ůɝɑůɤůɖ ŮɑɜŬɘ ɛɘŬ Ůɝɑůɤůɖ Fredholm ŭŮɨŰŮɟɞɡ Ůɑŭɞɡɠ, ŭɖɚŬŭɐ: 

 
 
 
 
 
 
ɧ́ ɞɡ Ὤώȟᾀ əŬɘ Ὣώ ŮɑɜŬɘ ŭɨɞ ɔɜɤůŰɏɠ ůɡɜŬɟŰɐůŮɘɠ əŬɘ ɧˊɞɡ Ὢᾀ ŮɑɜŬɘ ɛɘŬ 

ɎɔɜɤůŰɖ ůɡɜɎɟŰɖůɖ, ɖ ɞˊɞɑŬ ɘəŬɜɞˊɞɘŮɑ Űɖɜ ˊŬɟŬˊɎɜɤ Ůɝɑůɤůɖ. ɆŰɖɜ ˊŮɟɑˊŰɤůɐ 

ɛŬɠ, ɏɢɞɡɛŮ Ὣώ ρ, Ὤώȟᾀ Ὢ  əŬɘ Ὢώ ὃὙὒ ώ. ȼ ŬɟɘɗɛɖŰɘəɐ 

ŮəŰɑɛɖůɖ Űɖɠ Ůɝɑůɤůɖɠ Fredholm ɔɘŬ Űɞ ŭŮɨŰŮɟɞ Ůɑŭɞɠ ůɡɜɑůŰŬŰŬɘ ůŰɖɜ ˊɟɞůɏɔɔɘůɖ 

Űɞɡ ŰŮɚŮůŰɐ Űɖɠ ɞɚɞəɚɐɟɤůɖɠ ɛŮ ɏɜŬ ůŰŬɗɛɘůɛɏɜɞ ɎɗɟɞɘůɛŬ: 

 
 
 
 
 
 
 
ɧˊɞɡ ᾀȟᾀȟȣȟᾀ əŬɘ ύȟύȟȣȟύ  ŮɑɜŬɘ, ŬɜŰɑůŰɞɘɢŬ, ɞɘ ŰŮŰɛɖɛɏɜŮɠ əŬɘ ŰŬ ɓɎɟɖ Űɖɠ 

ɛŮɗɧŭɞɡ ŰŮŰɟŬɔɩɜɤɜ ůŰɞ ᾀȟᾀ , ɏŰůɘ ɩůŰŮ, ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ᾀ, ɖ n-ɘɞůŰɐ ŰŮŰɛɖɛɏɜɖ 

ůŰɖɜ ɞˊɞɑŬ ŬɜŰɘůŰɞɘɢɐ Űɞ ύ , n-ɘɞůŰɧ ŰŮŰɟŬɔɤɜɘəɧ ůɖɛŮɑɞ Űɖɠ ɀŮɗɧŭɞɡ Gauss-

Legendre quadrature. ȺɎɜ ŮűŬɟɛɧůɞɡɛŮ Űɖɜ (3.24) ɔɘŬ ŰŬ ώ ᾀȟᾀȟȣȟᾀ ɏɢɞɡɛŮ: 

 

      ὃὙὒ ώ ρ
ρ

‗
Ὢz
ᾀ ρ ‗ώ

‗
ὃὙὒ ᾀὨᾀ  σȢςς 

      Ὢώ Ὣώ Ὤώȟᾀ ὪzᾀὨᾀ    σȢςσ 

      Ὢώ Ὣώ ύὬώȟᾀὪᾀ    σȢςτ 
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ɧˊɞɡ Ὢ ὪᾀȟὫ Ὣᾀ  əŬɘ Ὤȟ Ὤᾀȟᾀ. ȷɡŰɧ Űɞ ůŮŰ ŮɝɘůɩůŮɤɜ ɛˊɞɟŮɑ ɜŬ 

ɔɟŬűŰŮɑ ůŮ ɏɜŬ ˊɑɜŬəŬ: 

 
 
 
 
 
 
 
 
 
ɐ ɛŮ ɏɜŬ ˊɘɞ ůɡɛˊŬɔɐ Űɟɧˊɞ: 

 
 
 

 
ɇɞ ŬˊɞŰɏɚŮůɛŬ ɧˊɤɠ űŬɑɜŮŰŬɘ ˊŬɟŬˊɎɜɤ ŮɑɜŬɘ ɏɜŬɠ ˊɑɜŬəŬɠ ˊɞɡ ŬɜŰɘůŰɞɘɢŮɑ ůŰɞ 

ὃὙὒ ɛŮ Ůəəɑɜɖůɖ Ŭˊɧ Űɖɜ ŬɜŰɑůŰɞɘɢɖ n əŬŰɎůŰŬůɖ Ůəəɑɜɖůɖɠ. 

3.4.2  2ɞɠ ɇɟɧˊɞɠ Ɉˊɞɚɞɔɘůɛɞɨ ï ɀɏɗɞŭɞɠ Waldman (1986) ï Gan (1995) 

ȰɜŬɠ ˊŬɟŬˊɚɐůɘɞɠ Űɟɧˊɞɠ ɡˊɞɚɞɔɘůɛɞɨ, ŮɑɜŬɘ ɞ Ŭəɧɚɞɡɗɞɠ. ȰůŰɤ, 0Ȣ ɖ 

ˊɘɗŬɜɧŰɖŰŬ Űɤɜ ůŮɘɟɩɜ ɛŬɠ ɔɘŬ ůŰŬɗŮɟɏɠ ˊŬɟŬɛɏŰɟɞɡɠ ‘ȟ„ȟᾀ .  

ɇɧŰŮ ɔɘŬ əɎɗŮ Ὦɴ ὔ: ɖ ˊɘɗŬɜɧŰɖŰŬ ɜŬ ɝŮˊŮɟŬůŰŮɑ ŬɡŰɧ Űɞ ůɖɛŮɑɞ ŮɑɜŬɘ 

ὖὒ Ὦ. ɆɡɜŮˊɩɠ, Űɞ ɛɏůɞ ɛɐəɞɠ ɟɞɐɠ ɗŬ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ ˊŬɟŬəɎŰɤ ůɢɏůɖ:  

Ὁὒ ὖὒ Ὦ   σȢςω 

 
ɉɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖɜ ŬɜɤŰɏɟɤ ůɢɏůɖ əŬɘ ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ Űɖ ůɡɛˊŮɟɘűɞɟɎ 

Űɖɠ ɔŮɤɛŮŰɟɘəɐɠ ɞɡɟɎɠ Űɖɠ əŬŰŬɜɞɛɐɠ Űɞɡ L (Waldmann (1986), Gan (1995), Knoth 

(1998) əŬɘ Madsen əŬɘ Conn (1973)) ɛŬɠ ŮˊɘŰɟɏˊŮɘ ɜŬ ŮɔəŬɗɘŭɟɨůɞɡɛŮ ŰŬ ŬəɧɚɞɡɗŬ 

ɧɟɘŬ ɔɘŬ Űɞ ὃὙὒ:  

ừ
Ử
Ừ

Ử
ứ
Ὢ Ὣ ύὬȟὪ ύὬȟὪ Ễ ύὬȟὪ

Ὢ Ὣ ύὬȟὪ ύὬȟὪ Ễ ύὬȟὪ
ȣ
ȣ

Ὢ Ὣ ύὬȟὪ ύὬȟὪ Ễ ύὬȟὪ

       σȢςυ 

ở

Ở
Ở
ờ

Ὢ
Ὢ
Ȣ
Ȣ
Ȣ
ὪỢ

ỡ
ỡ
Ỡ
ḙ

ở

ỞỞ
ờ

Ὣ
Ὣ
Ȣ
Ȣ
Ȣ
ὫỢ

ỡỡ
Ỡ

ở

Ở
Ở
ờ

Ὣ ύὬȟ ύὬȟ Ễ ύὬȟ
Ὣ ύὬȟ ύὬȟ Ễ ύὬȟ

Ȣ
Ȣ
Ȣ

Ὣ ύὬȟ ύὬȟ Ễ ύὬȟỢ

ỡ
ỡ
Ỡ

ở

Ở
Ở
ờ

Ὢ
Ὢ
Ȣ
Ȣ
Ȣ
ὪỢ

ỡ
ỡ
Ỡ
    σȢςφ 

Ὢ Ὣ ╗Ὢ   σȢςχ  ὃὙὒ Ὢ Ὅ Ὄ Ὣ   σȢςψ 
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ὃὙὒ ὖὒ Ὦ
ὖὒ ὐ

ρ ά
       σȢσπ 

 

ȼ Ůˊɘɚɞɔɐ Űɞɡ ůɖɛŮɑɞɡ J ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖɜ ŬˊɧůŰŬůɖ ɛŮŰŬɝɨ Űɤɜ ɞɟɑɤɜ ὃὙὒ əŬɘ 

ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ŮɑɜŬɘ ɛɘəɟɧ ɔɘŬ ɐŭɖ ɛɘəɟɏɠ ŬˊɞůŰɎůŮɘɠ. Ƀɘ ůŰŬɗŮɟɏɠ ά  

əŬɗɞɟɑůŰɖəŬɜ Ŭˊɧ Űɞɡɠ Waldman (1986) əŬɘ Gan (1995), ɞɘ ɞˊɞɑŮɠ ŮɑɜŬɘ ɑůŮɠ ɛŮ Űɞ 

sup əŬɘ Űɞ inf Űɞɡ əɚɎůɛŬŰɞɠ 
Ƞ

Ƞ
. ɆɡɜŮˊɩɠ: 

 

ά ÓÕÐ
ὖὒ ὮȠᾀ

ὖὒ Ὦ ρȠᾀ
    σȢσρ 

 
ά ÉÎÆ

ὖὒ ὮȠᾀ

ὖὒ Ὦ ρȠᾀ
    σȢσς 

 

ˊɎɜɤ ůŰɘɠ ŮˊɘŰɟŮˊŰɏɠ Űɘɛɏɠ Űɤɜ Űɘɛɩɜ Ůəəɑɜɖůɖɠ ᾀ. ȷɡŰɏɠ ɞɘ Űɘɛɏɠ ůɡɔəɚɑɜɞɡɜ 

ɔɟɐɔɞɟŬ ůŮ ɏɜŬ əɞɘɜɧ ɧɟɘɞ, Űɞ ɞˊɞɑɞ ɛɞɘɎɕŮɘ ɛŮ Űɖɜ ɘŭɘɞŰɘɛɐ ɔɘŬ Űɞ ɛŮɔŬɚɨŰŮɟɖɠ Űɘɛɐɠ 

joint transition kernel. Ƀɘ Waldmann (1986) əŬɘ ŬɟɔɧŰŮɟŬ ɞ Gan (1995) 

ɢɟɖůɘɛɞˊɞɑɖůŬɜ əŬɜɧɜŮɠ ŰŮŰɟŬɔɤɜɘůɛɞɨ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɡˊɞɚɞɔɑůɞɡɜ ŬɟɘɗɛɖŰɘəɎ 

Űɘɠ Űɘɛɏɠ Űɞɡ ὖὒ ὮȟὮ ρȟςȟȣȟὐ ɛŮ Űɞɜ Ŭəɧɚɞɡɗɞ ŮˊŬɜŬɚɖˊŰɘəɧ əŬɜɧɜŬ ɔɘŬ ŰŬ 

ŬˊɚɎ ŭɘŬɔɟɎɛɛŬŰŬ Ůɚɏɔɢɞɡ: 

 

ὖὒ ρ ᾀ Ὢᾀ ȟᾀ
 
ᶻ

 
ᶻ

Ὠᾀ    σȢσσ 

 

ὖὒ Ὦᾀ ὖὒ Ὦ ρ ᾀὪ ᾀ
 ȟᾀ

 
ᶻ

 
ᶻ

Ὠᾀ      σȢστ 

 

 ɧ́ ɞɡ, Űɞ ὪȢ ŭɖɚɩɜŮɘ Űɞɜ ŬɜŰɑůŰɞɘɢɞ ˊɡɟɐɜŬ ɛŮŰɎɓŬůɖɠ, ɞ ɞˊɞɑɞɠ ŮɑɜŬɘ ɑůɞɠ ɛŮ: 

 

Ὢ ᾀ
 ȟᾀ

ρ

‗
 
ᾀ ρ ‗ᾀ 

‗
    σȢσυ 

 
ɔɘŬ Űɞ ŭɘɎɔɟŬɛɛŬ ɛɏůɞɡ, Űɞ  Ȣ ŭɖɚɩɜŮɘ Űɖɜ p.d.f. Űɖɠ əŬɜɞɜɘəɎ əŬŰŬɜŮɛɖɛɏɜɖɠ 

ɛŮŰŬɓɚɖŰɐɠ ɔɘŬ ɛɏůɞ ‘ əŬɘ ŭɘŬůˊɞɟɎ „ . ȰŰůɘ, əŬŰɎűŮɟŮ ɜŬ ɡˊɞɚɞɔɑůŮɘ 

ˊɟɞůŮɔɔɘůŰɘəɎ ŰŬ ɞɚɞəɚɖɟɩɛŬŰŬ ůŰɖɜ ŮˊŬɜŬɚɖˊŰɘəɐ ŭɘŬŭɘəŬůɑŬ ὖὒ Ὦ ɛŮ ŰŬ 
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Gauss-Legendre quadratures ɛŮ ɛɘəɟɞɨɠ Ŭɟɘɗɛɞɨɠ ɔɘŬ ɜŬ ŮˊɘɓŮɓŬɘɤɗŮɑ ɛɘŬ əŬɚɐ 

ˊɟɞůɏɔɔɘůɖ.  

 
ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ ɔɘŬ Űɞ ŭɘɎɔɟŬɛɛŬ ɛɏůɞɡ ŮűŬɟɛɧɕŮŰŬɘ ɖ ɛɏɗɞŭɞɠ ŰŮŰɟŬɔɤɜɘůɛɞɨ 

Gauss Legendre, ɖ ɞˊɞɑŬ Ůŭɩ ŮɑɜŬɘ ˊŬɜɑůɢɡɟɖ. ȰŰůɘ, ˊŬɑɟɜɞɡɛŮ Űɘɠ ᾀ ɟɑɕŮɠ Gauss 

Legendre əŬɘ ŰŬ ɓɎɟɖ ύ ůŰɞ ŭɘɎůŰɖɛŬ ɞɚɞəɚɐɟɤůɖɠ ὧȟὧ, ɏŰůɘ ɩůŰŮ: 

 

ὖὒ Ὦᾀ ύὖὒ Ὦ ρ ᾀὪᾀȟᾀȟ   ὶ ρȟςȟȣȟὔ   σȢσφ 

 
ȼ ˊŬɟŬˊɎɜɤ ůɢɏůɖ ɛŬɠ ˊŬɟɏɢŮɘ ɛɘŬ ŬɟɘɗɛɖŰɘəɐ Űɘɛɐ ɔɘŬ Űɖɜ ŮˊŬɜŬɚɖˊŰɘəɐ 

ŭɘŬŭɘəŬůɑŬ ὖὒ Ὦ. ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ Űɞ ᾀ ŮɑɜŬɘ ɞ s-ɘɞůŰɧɠ əɧɛɓɞɠ ŰŮŰɟŬɔɤɜɘůɛɞɨ. 

 

ɆɡɜŮˊɩɠ, ŰŮɚɘəɎ Űɞ ɛɏůɞ ɛɐəɞɠ ɟɞɐɠ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ Ŭəɧɚɞɡɗɖ ůɢɏůɖ: 

 

ὃὙὒ
ὃὙὒ ὃὙὒ

ς
 
 
ᵾ 

 

ὃὙὒ ὖὒ Ὦ

╙
ρ

ς‗
ύὖὒ ▒ ρ ᾀ 

ᾀ ρ ‗ᾀ

‗

ς ά╙ ά╙

ρ ά╙ ρ ά╙
  σȢσχ 

 

ɇɞ ὐ Űɞɡ ŬɜɤŰɏɟɤ Űɨˊɞɡ ŮˊɘɚɏɔŮŰŬɘ ɏŰůɘ ɩůŰŮ ŰŬ ά  əŬɘ ά  ɜŬ ŭɘŬűɏɟɞɡɜ əŬŰɎ 

ɚɘɔɧŰŮɟɞ Ŭˊɧ ρπ.  

 

ȼ Ůɜ ɚɧɔɤ ɛɏɗɞŭɞɠ ŮɑɜŬɘ ŬɡŰɐ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ůŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ 

ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ ὃὙὒ əŬɘ Űɖ ůɨɔəɟɘůɖ Űɤɜ ŭɘŬűɧɟɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ EWMA. 

Ƀ əɩŭɘəŬɠ ˊɞɡ ɔɟɎűŰɖəŮ ŭɑɜŮŰŬɘ ůŰɖɜ ȺɜɧŰɖŰŬ ȸ ůŰɞ ɄŬɟɎɟŰɖɛŬ. 

3.4.3 3ɞɠ ɇɟɧˊɞɠ Ɉˊɞɚɞɔɘůɛɞɨ ï ɀɏɗɞŭɞɠ ɀŬɟəɞɓɘŬɜɐɠ ŬɚɡůɑŭŬɠ (Steiner) 

ɆŰɖ ůɡɜɏɢŮɘŬ ŮɝɎɔŮŰŬɘ ɖ ˊɟɞůɏɔɔɘůɖ Űɖɠ ŬɜŬɛŮɜɧɛŮɜɖɠ Űɘɛɐɠ Űɞɡ ɛɐəɞɡɠ 

ɟɞɐɠ ɔɘŬ Űɖɜ əŬŰŬɜɞɛɐ Űɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ EWMA ɛŮ ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜŬ ɧɟɘŬ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖ ɛɏɗɞŭɞ Űɖɠ ɛŬɟəɞɓɘŬɜɐɠ ŬɚɡůɑŭŬɠ. 
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ȼ ŭɘŬŭɘəŬůɑŬ Űɖɠ ɚɨůɖɠ ɢɟɖůɘɛɞˊɞɘŮɑ ɛɖ ɞɛɞɔŮɜɐ ɛŬɟəɞɓɘŬɜɐ ŬɚɡůɑŭŬ ɛŮ g 

ŭɘŬəɟɘŰɏɠ əŬŰŬůŰɎůŮɘɠ.  

ɆŰɖ ɚɨůɖ ɞ ɢɩɟɞɠ əŬŰŬůŰɎůŮɤɜ ɛŮŰŬɝɨ Űɤɜ ɞɟɑɤɜ Ůɚɏɔɢɞɡ ɢɤɟɑɕŮŰŬɘ ůŮ Ὣ ρ 

ɝŮɢɤɟɘůŰɏɠ ŭɘŬəɟɘŰɏɠ əŬŰŬůŰɎůŮɘɠ, əŬɘ ɖ ŮəŰɧɠ Ůɚɏɔɢɞɡ əŬŰɎůŰŬůɖ ŬɜŰɘůŰɞɘɢŮɑ ůŰɖɜ 

g-ɘɞůŰɐ əŬŰɎůŰŬůɖ. 

 

ɆɢɐɛŬ 3.4: ɇɞ ŭɘɎůŰɖɛŬ ɛŮŰŬɝɨ Űɤɜ ὒὅὒ əŬɘ Ὗὅὒ ɢɤɟɑɕŮŰŬɘ ůŮ Ὣ ρ əŬŰŬůŰɎůŮɘɠ 
ˊɚɎŰɞɡɠ ύ, ɝŮəɘɜɩɜŰŬɠ Ŭˊɧ Űɞ əɎŰɤ ɧɟɘɞ əŬɘ ˊɟɞůɗɏŰɞɜŰŬɠ əɎɗŮ űɞɟɎ ύ. 

 
Ƀɘ ŭɘŬűɞɟŮŰɘəɏɠ əŬŰŬůŰɎůŮɘɠ ɞɟɑɕɞɜŰŬɘ ɤɠ: 
 

ί ίȟίȟȣȟί ὒὅὒύȟὒὅὒςύȟȣȟὟὅὒςύȟὟὅὒύ     σȢσψ    

 
ɧˊɞɡ ύ ὟὅὒὒὅὒȾὫ  əŬɘ Ὗὅὒ əŬɘ ὒὅὒ ŮɑɜŬɘ ŰŬ ŬůɡɛˊŰɤŰɘəɎ ɧɟɘŬ ˊɞɡ ŭɑɜɞɜŰŬɘ 

Ŭˊɧ Űɘɠ ŮɝɘůɩůŮɘɠ (3.12) əŬɘ (3.14). ȾŬɗɩɠ Űɞ Ὣ ŬɡɝɎɜŮŰŬɘ ɖ ˊɟɞůɏɔɔɘůɖ ɓŮɚŰɘɩɜŮŰŬɘ. 

 

ɈˊɞɗɏŰɞɡɛŮ ɧŰɘ ɞ ˊɑɜŬəŬɠ ɛŮŰŬɓŬŰɘəɐɠ ˊɘɗŬɜɧŰɖŰŬɠ ɔɘŬ ɢɟɞɜɘəɐ ˊŮɟɑɞŭɞ ὸ ŭɑɜŮŰŬɘ 

Ŭˊɧ Űɖɜ Ŭəɧɚɞɡɗɖ ůɢɏůɖ: 

 

ὖ

ụ
Ụ
Ụ
ợ
ὸὖ
ὸὖ
ể
ὸὖ

  

ὸὖ
ȣ
 
ȣ

  

ȣ
 
 
 

  

ὸὖ

ὸὖ

ể
ὸὖ Ứ
ủ
ủ
Ủ

Ὑ
πȟȣȟπȟ

  
Ὅ Ὑ

        σȢσω 

 

ɧˊɞɡ Ό ŮɑɜŬɘ ɏɜŬɠ ˊɑɜŬəŬɠ Ὣ ὼ Ὣȟ  ŮɑɜŬɘ ɏɜŬɠ ˊɑɜŬəŬɠ ůŰɐɚɖ, Ὣ ὼ ρ, ɞɡůɘŬůŰɘəɎ 

ŭɘɎɜɡůɛŬ ɛŮ ɧɚŬ ŰŬ ůŰɞɘɢŮɑŬ ɛɞɜɎŭŬ, əŬɘ  ὸὖ  ɘůɞɨŰŬɘ ɛŮ Űɖɜ ˊɘɗŬɜɧŰɖŰŬ ɛŮŰɎɓŬůɖɠ 

Ŭˊɧ Űɖɜ əŬŰɎůŰŬůɖ ί ůŰɖɜ əŬŰɎůŰŬůɖ ί ɔɘŬ ˊŮɟɑɞŭɞ ɢɟɧɜɞɡ ὸ. ȼ ŰŮɚŮɡŰŬɑŬ ɔɟŬɛɛɐ 
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əŬɘ ůŰɐɚɖ ŬɜŰɘůŰɞɘɢɞɨɜ ůŰɖɜ ŬˊɞɟɟɞűɖŰɘəɐ əŬŰɎůŰŬůɖ ˊɞɡ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ ɏɜŬ 

ůɐɛŬ ŮəŰɧɠ Ůɚɏɔɢɞɡ.   

 

Ƀ ɑ́ɜŬəŬɠ Ὑ ɘůɞɨŰŬɘ ɛŮ Űɞɜ ˊɑɜŬəŬ Űɖɠ ˊɘɗŬɜɧŰɖŰŬɠ ɛŮŰɎɓŬůɖɠ ɛŮ ɔɟŬɛɛɐ əŬɘ 

ůŰɐɚɖ ˊɞɡ ŬɜŰɘůŰɞɘɢŮɑ ůŰɖɜ ŬˊɞɟɟɞűɖŰɘəɐ əŬŰɎůŰŬůɖ ˊɞɡ ŭɘŬɔɟɎűŮŰŬɘ.  

 

Ƀ Ὑ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ Űɖɜ ŮɝŬɔɤɔɐ Űɤɜ ɘŭɘɞŰɐŰɤɜ Űɞɡ ɛɐəɞɡɠ ɟɞɐɠ Űɤɜ 

ŭɘŬɔɟŬɛɛɎŰɤɜ EWMA ɛŮ ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜŬ ɧɟɘŬ. 

 

ũɘŬ Űɞ ɚɧɔɞ ɧŰɘ ŰŬ ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜŬ ɧɟɘŬ (3.9) əŬɘ (3.11) ˊɟɞůŮɔɔɑɕɞɡɜ Űɘɠ 

ůŰŬɗŮɟɏɠ Űɘɛɏɠ (3.12) əŬɘ (3.14), ɞɘ əŬŰŬůŰɎůŮɘɠ ˊɘɗŬɜɧŰɖŰŬɠ ὸὴ  ůɡɔəɚɑɜɞɡɜ ůŰɘɠ 

ˊɘɗŬɜɧŰɖŰŮɠ Њὴ  əŬɘ ɞ ˊɑɜŬəŬɠ Ὑ ůɡɔəɚɑɜŮɘ ůŰɞɜ ɄɑɜŬəŬ ɛŮŰɎɓŬůɖɠ ůŮ ɎˊŮɘɟɞ 

ɢɟɧɜɞ Ὑ  , əŬɗɩɠ ὸO Њ . Ƀɘ Űɘɛɏɠ ɔɘŬ ŰŬ Њὴ  ɛˊɞɟɞɨɜ ɜŬ əŬɗɞɟɘůŰɞɨɜ əɎɜɞɜŰŬɠ 

ɛŮɟɘəɏɠ ɡˊɞɗɏůŮɘɠ ɔɘŬ Űɖ ŭɘŬŭɘəŬůɑŬ. ɈˊɞɗɏŰɞɜŰŬɠ ɏɜŬ əŬɜɞɜɘəɧ ɛɞɜŰɏɚɞ ɛŮ 

ὢ ὔͯ‘ȟ„  əŬɘ ŭŮŭɞɛɏɜɖɠ Űɖɠ ŰɟɏɢɞɡůŬɠ Űɘɛɐɠ EWMA, ɖ əŬŰŬɜɞɛɐ Űɖɠ 

ɛŮɚɚɧɜŰɘəɐɠ Űɘɛɐɠ Űɞɡ ᾀ  ŮɑɜŬɘ ὔ‗‘ ρ ‗ᾀȟ‗„ . ȰŰůɘ, ɞɘ ˊɘɗŬɜɧŰɖŰŮɠ 

ɛŮŰɎɓŬůɖɠ ůŮ ɎˊŮɘɟɞ ɢɟɧɜɞ ŮɑɜŬɘ: 

 

 ὴ 0Òί
ύ

ς
ᾀ ί

ύ

ς
ȟ‎―‌  Ὦ ρȟςȟȣȟὫ ρ     σȢτπ 

əŬɘ 

 ὴ 0Òᾀ ί
ύ

ς
0Òᾀ ί

ύ

ς
              σȢτρ 

 

 

ɧˊɞɡ ᾀͯὔ‗‘ ρ ‗ίȟ‗„ . ȷɡŰɏɠ ɞɘ Űɘɛɏɠ ɛˊɞɟɞɨɜ ŮɨəɞɚŬ ɜŬ ɡˊɞɚɞɔɘůŰɞɨɜ 

ɔɘŬ Űɞɜ əŬɗɞɟɘůɛɧ Űɤɜ ὖ  əŬɘ Ὑ . 

 

Ƀɘ ɢɟɞɜɘəɎ ŮɝŬɟŰɖɛɏɜɞɘ ˊɑɜŬəŮɠ ɛŮŰɎɓŬůɖɠ Ὑ ɛˊɞɟɞɨɜ ɜŬ əŬɗɞɟɘůŰɞɨɜ Ŭˊɧ Űɞ Ὑ  

ŬɚɚɎɕɞɜŰŬɠ Űɘɠ ˊɘɗŬɜɧŰɖŰŮɠ ɛŮŰɎɓŬůɖɠ, ɞɘ ɞˊɞɑŮɠ ɞŭɖɔɞɨɜ ůŮ ɏɜŬ ˊɟɩɘɛɞ ůɐɛŬ. Ƀɘ 

ˊɘɗŬɜɧŰɖŰŮɠ ɛŮŰɎɓŬůɖɠ Ŭˊɧ Ŭɟɢɘəɏɠ Űɘɛɏɠ (ɔɟŬɛɛɏɠ), ɞɘ ɞˊɞɑŮɠ ɓɟɑůəɞɜŰŬɘ ŮəŰɧɠ 

Űɤɜ ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜɤɜ ɞɟɑɤɜ ˊɟɞɠ Űɘɠ ŰŮɚɘəɏɠ Űɘɛɏɠ (ůŰɐɚŮɠ), ɞɘ ɞˊɞɑŮɠ 

ɞŭɖɔɞɨɜ ůŮ ŮəŰɧɠ Ůɚɏɔɢɞɡ ůɐɛŬŰŬ ɗɏŰɞɜŰŬɘ ɑůŮɠ ɛŮ ɛɖŭɏɜ. 
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ũɘŬ əɎɗŮ Űɘɛɐ Űɞɡ ὸ, ɞɘ əŬŰɎɚɚɖɚŮɠ ɔɟŬɛɛɏɠ əŬɘ ůŰɐɚŮɠ ŰŬɡŰɞˊɞɘɞɨɜŰŬɘ, ůɡɔəɟɑɜɞɜŰŬɠ 

ŰŬ ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜŬ ɧɟɘŬ ɛŮ Űɘɠ əŬŰŬůŰɎůŮɘɠ Ŭˊɧ Űɞ ɢɩɟɞ əŬŰŬůŰɎůŮɤɜ.  

 

ɀŮ ɎɚɚŬ ɚɧɔɘŬ, ɔɘŬ ɜŬ əŬɗɞɟɑůɞɡɛŮ Űɞ Ὑ ɞɘ ˊɟɩŰŮɠ Ὢὸ əŬɘ ŰŮɚŮɡŰŬɑŮɠ Ὢὸ 

ɔɟŬɛɛɏɠ əŬɘ ůŰɐɚŮɠ Űɞɡ Ὑ  ɗɏŰɞɜŰŬɘ ůŮ ɛɖŭŮɜɘəɎ ŭɘŬɜɨůɛŬŰŬ, ɧˊɞɡ Ὢὸ ɘůɞɨŰŬɘ ɛŮ 

Űɞ ɛŮɔŬɚɨŰŮɟɞ ŬəɏɟŬɘɞ ɔɘŬ Űɞɜ ɞˊɞɑɞ ɘůɢɨŮɘ: 

 

Ó
ύ

ς
ὒὅὒὸ    σȢτς 

 

əŬɘ Ὢὸ ŮɑɜŬɘ ɞ ɛɘəɟɧŰŮɟɞɠ ŬəɏɟŬɘɞɠ ɔɘŬ Űɞɜ ɞˊɞɑɞ ɘůɢɨŮɘ: 

  

Ó
ύ

ς
Ὗὅὒὸ    σȢτσ 

 

ɆŮ ɛɑŬ ˊɟɞůˊɎɗŮɘŬ ɜŬ ŬˊɞŭɞɗŮɑ ɛŮ ůɡɜɏˊŮɘŬ Űɘɛɐ ůŰɞ ɛɐəɞɠ ɟɞɐɠ ɛɘəɟɧŰŮɟɖ Ŭˊɧ 

Űɖɜ ˊɟŬɔɛŬŰɘəɐ Űɘɛɐ, ɞˊɞɘŬŭɐˊɞŰŮ ˊɘɗŬɜɧŰɖŰŬ ɛŮŰɎɓŬůɖɠ, ɖ ɞˊɞɑŬ ŮˊɖɟŮɎɕŮŰŬɘ 

ˊɎɟŬ ˊɞɚɨ Ŭˊɧ Űɖ ɛŮŰŬɓɞɚɐ Űɞɡ ɞɟɑɞɡ Ůɚɏɔɢɞɡ ŰɑɗŮŰŬɘ ůŰɞ ɛɖŭɏɜ.   

 
ɀɑŬ əŬŰɎůŰŬůɖ ί ŮˊɖɟŮɎɕŮŰŬɘ ŮɎɜ Űɞ ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜɞ ɧɟɘɞ ŮɑɜŬɘ ŮɑŰŮ əɞɜŰɎ 

ůŰɞ ɛɖŭɏɜ Ŭˊɧ ɧŰɘ Űɞ ί ɐ ŮɜŰɧɠ  Űɞɡ ί . 

ɉɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŬɡŰɐ Űɖ ŭɘŬŭɘəŬůɑŬ ɛˊɞɟɞɨɛŮ ɜŬ ŮəŰɘɛɐůɞɡɛŮ Űɞɡɠ ὙȟὙ əŰɚ. 

ȾŬɗɞɟɑɕɞɜŰŬɠ Űɞ ŬɜŬɛŮɜɧɛŮɜɞ ɛɐəɞɠ ɟɞɐɠ əŬɘ Űɖ ŭɘŬəɨɛŬɜůɖ Űɞɡ ɛɐəɞɡɠ ɟɞɐɠ 

ɛˊɞɟɞɨɛŮ ŰɩɟŬ ɜŬ ˊɟɞɢɤɟɐůɞɡɛŮ ůŰɖ ɢɟɐůɖ Űɤɜ ˊɘɜɎəɤɜ Ὑ . ŪɏŰɞɜŰŬɠ ɛŮ Ὑὒ Űɞ 

ɛɐəɞɠ ɟɞɐɠ Űɞɡ EWMA, ɏɢɞɡɛŮ: 

 

0Ò2, Ô Ὅ Ὑ      σȢττ 

 
əŬɘ 

0ÒὙὒ ὸ Ὑ Ὑ    ȟ   ɾʅɻ Ô ρ       σȢτυ 

 
ȰŰůɘ,  
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ὉὙὒ ὸὖὶὙὒ ὸ Ὑ         σȢτφ 

 
Ƀɛɞɑɤɠ, ɖ ŭɘŬəɨɛŬɜůɖ Űɞɡ ɛɐəɞɡɠ ɟɞɐɠ ŮɑɜŬɘ: 

 

ὠὥὶὙὒ Ὅ ςὸ ρ Ὑ                  σȢτχ 

 

 

ȷɡŰɏɠ ɞɘ ŮəűɟɎůŮɘɠ ŮɑɜŬɘ Ὣὼρ ŭɘŬɜɨůɛŬŰŬ, ŰŬ ɞˊɞɑŬ ŭɑɜɞɡɜ Űɞ ɛɏůɞ ɛɐəɞɠ ɟɞɐɠ əŬɘ 

Űɖ ŭɘŬůˊɞɟɎ Ŭˊɧ ɞˊɞɘŬŭɐˊɞŰŮ Ŭɟɢɘəɐ Űɘɛɐ ɐ əŬŰɎůŰŬůɖ Ó . 

 

Ƀɘ Űɘɛɏɠ ˊɞɡ ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ ɏɜŬɟɝɖ ɛŮ ᾀ ὢ ɓɟɑůəɞɜŰŬɘ ŮɨəɞɚŬ. ɈˊɞɗɏŰɞɜŰŬɠ ɧŰɘ 

ŰŬ ɧɟɘŬ Ůɚɏɔɢɞɡ ŮɑɜŬɘ ůɡɛɛŮŰɟɘəɎ ɔɨɟɤ Ŭˊɧ Űɞ ɉ ɖ ŬɜŰɑůŰɞɘɢɖ əŬŰɎůŰŬůɖ ŮɑɜŬɘ ÓȾ . 

  

Ƀɘ (3.46) əŬɘ (3.47) ŭɑɜɞɡɜ Űɘɠ ɟɞˊɏɠ Űɞɡ ɛɐəɞɡɠ ɟɞɐɠ ůŮ ɛɞɟűɐ ɎˊŮɘɟɤɜ 

ŬɗɟɞɘůɛɎŰɤɜ ŰŬ ɞˊɞɑŬ ůɡɔəɚɑɜɞɡɜ ɔɘŬ ɛŮɔɎɚŮɠ Űɘɛɏɠ Űɞɡ ὸ. ȷɡŰɏɠ ɞɘ ŮəűɟɎůŮɘɠ 

ɛˊɞɟɞɨɜ ɜŬ Ŭˊɚɞˊɞɘɖɗɞɨɜ ůŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ, əŬɗɩɠ ŰŬ ɧɟɘŬ Ůɚɏɔɢɞɡ 

ůɡɔəɚɑɜɞɡɜ ŬůɡɛˊŰɤŰɘəɎ, əŬɘ ɏŰůɘ ɞɘ ˊɑɜŬəŮɠ ˊɘɗŬɜɞŰɐŰɤɜ ɛŮŰɎɓŬůɖɠ Ὑ Ůˊɑůɖɠ 

ůɡɔəɚɑɜɞɡɜ ůŰɞ Ὑ  , əŬɗɩɠ Űɞ t ŬɡɝɎɜŮŰŬɘ. ȷɜŰɘəŬɗɘůŰɩɜŰŬɠ ɧɚɞɡɠ Űɞɡɠ Ὑ ˊɑɜŬəŮɠ 

ɔɘŬ ɛŮɔɎɚŮɠ Űɘɛɏɠ Űɞɡ ὸ ɛŮ Ὑ  , ŰŬ ɎˊŮɘɟŬ ŬɗɟɞɑůɛŬŰŬ (3.46) əŬɘ (3.47) ɛˊɞɟɞɨɜ ɜŬ 

ɔɟŬűŰɞɨɜ ɤɠ Ŭəɞɚɞɨɗɤɠ: 

 

ὉὙὒ Ὑ ρ Ὑ Ὅ Ὑ     σȢτψ 

 

 

ὠὥὶὙὒ ρ ςὸ ρ Ὑ ςὸ ρ Ὑ ρ Ὑ   

 

ς Ὑ Ὑ ρ Ὑ               σȢτω 
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ɧˊɞɡ Űɞ ὸ  ɘůɞɨŰŬɘ ɛŮ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ɢɟɞɜɘəɩɜ ˊŮɟɘɧŭɤɜ, ɔɘŬ Űɘɠ ɞˊɞɑŮɠ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŭɘŬűɞɟŮŰɘəɞɑ ˊɑɜŬəŮɠ ˊɘɗŬɜɧŰɖŰŬɠ ɛŮŰɎɓŬůɖɠ. ũɘŬ Űɞɡɠ 

ɡˊɞɚɞɔɘůɛɞɨɠ, Űɞ ὸ  ŮˊɘɚɏɢɗɖəŮ ɛŮ ɓɎůɖ ŰŬ ‗ əŬɘ Ὣ, ɏŰůɘ ɩůŰŮ ɞ ˊɑɜŬəŬɠ Ὑ   

ɜŬ ŮɑɜŬɘ ŭɨůəɞɚŬ ŭɘŬɢɤɟɑůɘɛɞɠ Ŭˊɧ Űɞɜ Ὑ . ɀŮ ŬɡŰɧ Űɞɜ Űɟɧˊɞ ŬɡɝɎɜɞɜŰŬɠ Űɞ ὸ  

ˊŮɟŬɘŰɏɟɤ ŭŮɜ ɗŬ ɏɢɞɡɛŮ əŬɛɑŬ ŮˊɑŭɟŬůɖ ůŰɖɜ ŬəɟɑɓŮɘŬ Űɖɠ ɚɨůɖɠ. ȼ ŮɚɎɢɘůŰɖ Űɘɛɐ 

ɔɘŬ Űɞ ὸ  ŮɝɎɔŮŰŬɘ ɛŮ ɓɎůɖ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ŮɎɜ ŰŬ ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜŬ ɧɟɘŬ ůŰɞ 

ɢɟɧɜɞ ὸ  ŭɘŬűɏɟɞɡɜ Ŭˊɧ ŰŬ ŬůɡɛˊŰɤŰɘəɎ ɧɟɘŬ əŬŰɎ ɚɘɔɧŰŮɟɞ Ŭˊɧ ύȾς , ŰɧŰŮ ɞ 

ˊɑɜŬəŬɠ Ὑ  ŮɑɜŬɘ ɞ ɑŭɘɞɠ ɛŮ Űɞɜ Ὑ  . ȿɨɜɞɜŰŬɠ Űɘɠ ŬɜɘůɩůŮɘɠ  

 

ὟὅὒὟὅὒὸ
ύ

ς
    σȢυπ ȾŬɘ ,#,,#,Ô

ύ

ς
    σȢυρ 

 
ɔɘŬ Űɖɜ ŮɚɎɢɘůŰɖ Űɘɛɐ Űɞɡ t ŭɑɜŮɘ Űɞ ὸ  ɤɠ Űɖ ɛɘəɟɧŰŮɟɖ ŬəɏɟŬɘŬ Űɘɛɐ ˊɞɡ ŮɑɜŬɘ 

ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ: 

 

ὸ ÌÏÇở

ờ
ρςὲύς ‗„

‗
ὲς ‗

ύ

σφ‗„

Ợ

Ỡ

ςÌÏÇρ ‗
    σȢυς 

 
 
ũɘŬ ɡˊɞɚɞɔɘůŰɘəɐ ŮˊɎɟəŮɘŬ əŬɘ ŬəɟɑɓŮɘŬ, ŰŬ ὉὙὒ əŬɘ ὠὥὶὙὒ əŬɗɞɟɑɕɞɜŰŬɘ ɛŮ 

ɢɟɐůɖ ɔəŬɞɡůɘŬɜɐɠ Ŭˊɚɞˊɞɑɖůɖɠ ˊŬɟɎ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞɜ ŬɜŰɑůŰɟɞűɞ ˊɑɜŬəŬ 

ɧˊɤɠ ˊɟɞŰŮɑɜŮŰŬɘ Ŭˊɧ Űɘɠ (3.48) əŬɘ (3.49). 

 

ũŮɜɘəɎ, əŬɗɩɠ Űɞ g ŬɡɝɎɜŮŰŬɘ ɞɘ Űɘɛɏɠ Űɤɜ ὉὙὒ əŬɘ ὠὥὶὙὒ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ 

Űɘɠ (3.48) əŬɘ (3.49), ŬɡɝɎɜɞɜŰŬɘ əŬɘ ˊɟɞůŮɔɔɑɕɞɡɜ ˊŮɟɘůůɧŰŮɟɞ Űɘɠ ˊɟŬɔɛŬŰɘəɏɠ 

Űɘɛɏɠ. Ƀɘ Űɘɛɏɠ ŬɡɝɎɜɞɜŰŬɘ, ŭɘɧŰɘ ɖ ŭɘŬŭɘəŬůɑŬ ůɡɜŮɢɩɠ ɡˊɞŮəŰɘɛɎ Űɞ ˊɟŬɔɛŬŰɘəɧ 

ɛɐəɞɠ ɟɞɐɠ. ɇɞ ɛɐəɞɠ ɟɞɐɠ ɡˊɞŮəŰɘɛɎŰŬɘ ɔɘŬ ŭɨɞ ɚɧɔɞɡɠ. ɄɟɩŰɞɜ, ŰŬ 

ŬˊɞɟɟɞűɞɨɜŰŬ ɧɟɘŬ ɔɘŬ Űɞ 2  ŮɑɜŬɘ ůŰŮɜɧŰŮɟŬ Ŭˊɧ ɧŰɘ ŰŬ ɧɟɘŬ Ůɚɏɔɢɞɡ, əŬɗɩɠ 

ɗɏŰɞɜŰŬɘ ůŮ ὒὅὒ  əŬɘ Ὗὅὒ  əŬɘ ŭŮɨŰŮɟɞɜ ɔɘŬ Űɞ Ὑ ɞɘ ŬˊɞɟɟɞűɞɨɜŰŮɠ 

ˊɘɗŬɜɧŰɖŰŮɠ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ůɡɜŰɖɟɖŰɘəɎ, əŬɗɩɠ ɧɚŮɠ ɞɘ əŬŰŬůŰɎůŮɘɠ, Ŭəɧɛɖ əŬɘ ɞɘ 

ˊŮɟɘɗɩɟɘŮɠ ˊɞɡ ŮˊɖɟŮɎɕɞɜŰŬɘ Ŭˊɧ ŰŬ ɧɟɘŬ Ůɚɏɔɢɞɡ ɡˊɞɗɏŰɞɡɛŮ ɧŰɘ ɞŭɖɔɞɨɜ ůŮ 

Ŭˊɞɟɟɧűɖůɖ. 
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ɇɞ ˊɚŮɞɜɏəŰɖɛŬ Űɖɠ ůɡɜŮɢɧɛŮɜɖɠ ɡˊɞŮəŰɘɛɐůɖɠ Űɞɡ ɛɐəɞɡɠ ɟɞɐɠ Űɞɡ EWMA ŮɑɜŬɘ 

ɧŰɘ ɛˊɞɟɞɨɛŮ ɜŬ ɢɟɖůɘɛɞˊɞɘɐůɞɡɛŮ Űɞ ɟɡɗɛɧ Ŭɨɝɖůɖɠ ɔɘŬ ɜŬ ŮəŰɘɛɐůɞɡɛŮ Űɘɠ 

ˊɟŬɔɛŬŰɘəɏɠ Űɘɛɏɠ. Ƀɘ Űɘɛɏɠ ˊɞɡ űŬɑɜɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 3.2 ůɡɛˊɑˊŰɞɡɜ ɛŮ Űɘɠ Űɘɛɏɠ 

ˊɞɡ ɡˊɞɚɧɔɘůŮ ɞ Steiner (1999) ůŰɞɡɠ ɄɑɜŬəŮɠ ȷ1, ȷ2 əŬɘ ȷ3 əŬɘ ŮɝɎɔɞɜŰŬɘ 

ŮəŰɘɛɩɜŰŬɠ Űɖɜ ˊɟŬɔɛŬŰɘəɐ Űɘɛɐ ὉὙὒ  ůŰɖɟɘɕɧɛŮɜɞɘ ůŰɞ ɛɞɜŰɏɚɞ ὉὙὒ

ὉὙὒ ὅȾὫ ˊɞɡ ˊŬɟɎɔŮŰŬɘ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɔɘŬ Ὣ

υπȟρππ əŬɘ 150. ȼ ŮˊɘɓŮɓŬɑɤůɖ ŬɡŰɐɠ Űɖɠ ˊɟɞůɏɔɔɘůɖɠ ɔɑɜŮŰŬɘ ůɡɔəɟɑɜɞɜŰŬɠ ŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ ɛŮ Űɖ ɛɏɗɞŭɞ Knoth(2007).  

3.4.4 Ɇɨɔəɟɘůɖ ɀŮɗɧŭɤɜ ï ɆɡɛˊŮɟɎůɛŬŰŬ 

ȼ ůɨɔəɟɘůɖ Űɤɜ ɛŮɗɧŭɤɜ 2 əŬɘ 3 ŮˊɘɢŮɘɟŮɑŰŬɘ ůŰɞɡɠ ɄɑɜŬəŮɠ 3.2, 3.3 əŬɘ 3.4. 

ɆŰɖɜ 3ɖ ůŰɐɚɖ ůɖɛŮɘɩɜŮŰŬɘ ɖ Ŭˊɧəɚɘůɖ Űɤɜ ŭɨɞ ɛŮɗɧŭɤɜ. ȿŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ ɧŰɘ 

ɖ ɛɏɗɞŭɞɠ Űɞɡ Knoth ɡˊɞɚɞɔɑɕŮɘ Űɖɜ ˊɟŬɔɛŬŰɘəɐ Űɘɛɐ ɛŮ ɛɑŬ Ŭˊɧəɚɘůɖ Űɖɠ ŰɎɝɖɠ Űɞɡ 

ρπ ŮəɚŬɛɓɎɜŮŰŬɘ ˊɟɞůŮɔɔɘůŰɘəɎ ɑůɖ ɛŮ Űɖɜ ˊɟŬɔɛŬŰɘəɐ Űɘɛɐ. ɆɡɜŮˊɩɠ, ɖ 

Ŭˊɧəɚɘůɖ ɘůɞɨŰŬɘ əŬŰɎ ˊɟɞůɏɔɔɘůɖ ɛŮ Űɞ Űɡˊɘəɧ ůűɎɚɛŬ Űɖɠ ɛŮɗɧŭɞɡ. 

 
ȷˊɧ Űɖɜ ɛŮɚɏŰɖ Űɤɜ ɄɘɜɎəɤɜ 3.2, 3.3 əŬɘ 3.4. ŭɘŬˊɘůŰɩɜɞɡɛŮ ɧŰɘ Űɞ ůűɎɚɛŬ Űɖɠ 

ɛŮɗɧŭɞɡ Steiner ŮɑɜŬɘ ɛɘəɟɧŰŮɟɞ Ŭˊɧ 1% ɔɘŬ ɛɘəɟɏɠ ɛŮŰŬŰɞˊɑůŮɘɠ əŬɘ ŬɡɝɎɜŮŰŬɘ ůŰɞ 

30% ɔɘŬ ɛŮŰŬŰɞˊɑůŮɘɠ Űɖɠ ŰɎɝɖɠ Űɤɜ ŭɨɞ (2) ɛɞɜɎŭɤɜ Űɡˊɘəɐɠ Ŭˊɧəɚɘůɖɠ, Űɞ ɞˊɞɑɞ 

ŮɑɜŬɘ ˊɞɚɨ ɛŮɔɎɚɞ ˊɞůɞůŰɧ. ɆŰɖ ŭɖɛɞůɑŮɡůɐ Űɞɡ ɞ Steiner (1999) ŬɜŬűɏɟŮɘ ɧŰɘ Űɞ 

ůűɎɚɛŬ ɔɘŬ ɛŮɔɎɚŮɠ ɛŮŰŬŰɞˊɑůŮɘɠ ŮɑɜŬɘ Űɖɠ ŰɎɝɖɠ Űɞɡ 10%, ɔŮɔɞɜɧɠ ˊɞɡ ŭŮɜ ŮɑɜŬɘ 

Ŭɚɖɗɏɠ, əŬɗɩɠ Űɞ ůɤůŰɧ ˊɞůɞůŰɧ ˊɟɞůŮɔɔɑɕŮɘ Űɞ 30% ɔɘŬ ɛŮŰŬŰɧˊɘůɖ ŭɨɞ 

ˊɞůɞůŰɘŬɑɤɜ ɛɞɜɎŭɤɜ.  

 

ɀŮ ˊŬɟŬŰɐɟɖůɖ ŭɘŬˊɘůŰɩɜɞɡɛŮ ɧŰɘ ɛɘəɟɏɠ Űɘɛɏɠ Űɞɡ ‗ əŬɘ ὒ ɖ Ŭˊɧəɚɘůɖ ŮɚŬŰɩɜŮŰŬɘ, 

Ůɜɩ ŬɜŰɑůŰɞɘɢŬ ŬɡɝɎɜŮŰŬɘ ɔɘŬ ɛŮɔɎɚŮɠ Űɘɛɏɠ Űɤɜ ŭɨɞ (2) ɡˊɧɣɖ ˊŬɟŬɛɏŰɟɤɜ.  

 

ũɘŬ ˊɞɚɨ ɛŮɔɎɚŮɠ ɛŮŰŬŰɞˊɑůŮɘɠ, ɞɘ Űɘɛɏɠ ůŰɞɜ ˊɑɜŬəŬ ˊɘɗŬɜɞŰɐŰɤɜ ɛŮŰɎɓŬůɖɠ Ὑ 

ɔɑɜɞɜŰŬɘ ɛɘəɟɧŰŮɟŮɠ əŬɘ ɞɘ ɡˊɞɚɞɔɘůɛɞɑ ˊɞɡ ŬˊŬɘŰɞɨɜŰŬɘ ɔɘŬ ɜŬ ŮɝŬɢɗŮɑ Űɞ ὉὙὒ 

ɔɑɜɞɜŰŬɘ ˊɘɞ ŮˊɘɟɟŮˊŮɑɠ ˊɟɞɠ ůűɎɚɛŬ ůŰɟɞɔɔɡɚɞˊɞɑɖůɖɠ. ɆŬɜ ůɡɜɏˊŮɘŬ, ɔɘŬ 

ɛŮɔɎɚŮɠ ɛŮŰŬŰɞˊɑůŮɘɠ, ɖ ŮəŰɑɛɖůɖ Űɞɡ ὉὙὒ ɑůɤɠ ŭŮɜ ɗŬ ŬɡɝɎɜŮŰŬɘ ɛŮ Űɖɜ Ŭɨɝɖůɖ 

Űɞɡ Ὣ. ȺɎɜ ůɡɛɓŮɑ ŬɡŰɧ, ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ Űɞ ɛŮɔŬɚɨŰŮɟɞ ὉὙὒ ˊɞɡ ŮɝɐɢɗŮɘ, ůŬɜ 
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ɛɑŬ ŮəŰɑɛɖůɖ ɔɘŬ Űɞ ˊɟŬɔɛŬŰɘəɧ ὉὙὒ  əŬɘ ɖ ŮəŰɑɛɖůɖ ɑůɤɠ ˊŬɟɞɡůɘɎůŮɘ ɏɜŬ 

ůűɎɚɛŬ Űɖɠ ŰɎɝɖɠ Űɞɡ 10%. ȰɜŬ ˊŬɟɧɛɞɘɞ ˊɟɧɓɚɖɛŬ ŬɜŬűɏɟɗɖəŮ əŬɘ Ŭˊɧ Űɞɡɠ 

Lucas əŬɘ Crosier (1982). ɋůŰɧůɞ, ůŰɖɜ ˊŮɟɑˊŰɤůɐ ɛŬɠ, ɔɘŬ ɚɧɔɞɡɠ ůɨɔəɟɘůɖɠ, ŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ ŮˊŬɟəɞɨɜ. 

 

ȷˊɧ Űɞɡɠ ɄɑɜŬəŮɠ 3.2, 3.3, 3.4 əŬɘ 3.5 Ŭ́ɟŬŰɖɟɞɨɛŮ ɧŰɘ ůŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ ɛŮ 

ŮɝŬɑɟŮůɖ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ ɔɘŬ ‗ πȢς ɖ ŰŮɚɘəɐ Ŭˊɧəɚɘůɖ ŮɑɜŬɘ ˊŮɟɑˊɞɡ ɑůɖ ɛŮ Űɖ 

ɛɞɜɎŭŬ. ɆŮ ɛɘŬ ˊɟɞůˊɎɗŮɘŬ ɜŬ ɓŮɚŰɩůɞɡɛŮ Űɞɜ ŬɜɤŰɏɟɤ əɩŭɘŬ Ŭɜ ŬɜŰɑ ɔɘŬ ɓɐɛŬ 

50 ɓɎɚɞɡɛŮ 100 əŬɘ ůŰɞ ŰŮɚɘəɧ ὃὙὒ ˊɟɞůɗɏŰɞɡɛŮ 1, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ 

ˊɟɞůɞɛɞɘɩůɞɡɛŮ Űɞ ůűɎɚɛŬ, ˊŬɑɟɜɞɡɛŮ ŰŬ ŬəɧɚɞɡɗŬ ɓŮɚŰɘɤɛɏɜŬ ŬˊɞŰŮɚɏůɛŬŰŬ. 

ɄŬɟŬŰɖɟɞɨɛŮ ɧŰɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɓŮɚŰɘɩɜɞɜŰŬɘ ůŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ əŬɘ Űɞ ůűɎɚɛŬ 

əŬŰŬɚɐɔŮɘ ɜŬ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɞ Ŭˊɧ 1%o. ȼ ɑŭɘŬ ŭɞɡɚŮɘɎ ɏɔɘɜŮ ˊŬɟŬəɎŰɤ əŬɘ ɔɘŬ ɓɐɛŬ 

40, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŭɘŮɟŮɨɜɖɗŮɑ ɖ ůɡɛˊŮɟɘűɞɟɎ Űɖɠ ɛŮɗɧŭɞɡ. 

 

Ⱥˊɑůɖɠ, Ŭˊɧ Űɖ ůɨɔəɟɘůɖ Űɤɜ ɛŮɗɧŭɤɜ ŭɘŬˊɘůŰɩɗɖəŮ ɧŰɘ ɞ Ŭɚɔɧɟɘɗɛɞɠ Űɞɡ Steiner 

ɞŭɖɔŮɑ ůŮ ɛŮɔɎɚɞɡɠ ɡˊɞɚɞɔɘůŰɘəɞɨɠ ɢɟɧɜɞɡɠ ɔɘŬ Űɘɛɏɠ Űɞɡ ‗ əɎŰɤ Űɞɡ πȢς. ɆɡɜŮˊɩɠ, 

ŮɛűŬɜɑɕŮɘ ɛŮɔɎɚɖ ŭɡůɢɏɟŮɘŬ ɖ ɢɟɖůɘɛɞˊɞɑɖůɐ Űɞɡ ůŰɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ 

ˊɟŬɔɛŬŰɘəɞɨ ɢɟɧɜɞɡ, ɧˊɞɡ ŮɑɜŬɘ ŮˊɘɗɡɛɖŰɐ ɖ ŰŬɢɨŰɖŰŬ.  

 

ɇɞ ˊŬɟŬəɎŰɤ  ŭɘɎɔɟŬɛɛŬ, ɧˊɤɠ ˊɟɞŬɜŬűɏɟɗɖəŮ ŬűɞɟɎ Űɖ ůɡɜŭɡŬůŰɘəɐ 

ˊŮɟɑˊŰɤůɖ Ὁὡὓὃ   Ὓ əŬɘ ˊɎɟɗɖəŮ ŬɡŰɞɨůɘɞ Ŭˊɧ Űɖɜ ŬɜŰɑůŰɞɘɢɖ ŭɖɛɞůɑŮɡůɖ 

Űɞɡ Knoth(2007). ũɘô ŬɡŰɧ Űɞ ɚɧɔɞ Űɞ ὃὙὒ ˊŬɟɞɡůɘɎɕŮɘ əŬɘ ɛŮɔɎɚɖ ŭɘŬůˊɞɟɎ ɔɘŬ 

ɛɘəɟɏɠ ŬɚɚŬɔɏɠ ůŰɖ ŭɘɎůŰŬůɖ Űɞɡ .́ ɇɞ ŬɜŰɑůŰɞɘɢɞ ŭɘɎɔɟŬɛɛŬ ˊɞɡ ŬűɞɟɎ ɛɧɜɞɜ Űɞ 

ůŰŬŰɘůŰɘəɧ ɔɘŬ Űɞ ŭɘɎɔɟŬɛɛŬ EWMA ɛŮ ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜŬ ɧɟɘŬ, ɡˊɞɚɞɔɑůŰɖəŮ 

ɛŮ Űɖ ɓɞɐɗŮɘŬ Űɞɡ əɩŭɘəŬ Űɞɡ ɄŬɟŬɟŰɐɛŬŰɞɠ 8, ŬűɞɟɎ Űɖɜ ˊŬɟŬəɞɚɞɨɗɖůɖ Űɞɡ 

ɛɏůɞɡ əŬɘ Űɖɠ ŭɘŬůˊɞɟɎɠ ŰŬɡŰɧɢɟɞɜŬ əŬɜɞɜɘəɎ əŬŰŬɜŮɛɖɛɏɜɤɜ ŭŮŭɞɛɏɜɤɜ. ȼ 

ˊɟŬɔɛŬŰɘəɐ Űɘɛɐ ŮɑɜŬɘ 252.3 əŬɘ ɞɘ Űɘɛɏɠ ŮɝɞɛɎɚɡɜůɖɠ ‗ πȢρστ əŬɘ ‗ πȢρ , ȳˊɞɡ 

S=Simpson rule, M1=ȷɚɡůɑŭŬ Markov (ɛŮ Űɞɜ əŬɜɧɜŬ Űɞɡ ɀɏůɞɡ ůɖɛŮɑɞɡ), ɀ2 = 

ȷɚɡůɑŭŬ Markov (ɀŮ Ůˊɑɚɡůɖ ŮɝɘůɩůŮɤɜ Sylvester) əŬɘ C= ɆɡɔəɟɘŰɘəɐ ɄŬɟɎɗŮůɖ. 

əŬɘ ŭɑɜŮŰŬɘ ˊŬɟŬəɎŰɤ: 
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ɆɢɐɛŬ 3.5: ȹɘɎɔɟŬɛɛŬ ȷəɟɑɓŮɘŬɠ ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ ὃὙὒ ɛŮ Űɘɠ ŭɘɎűɞɟŮɠ ɛŮɗɧŭɞɡɠ 

ɔɘŬ Űɖɜ ŮɜŰɧɠ Ůɚɏɔɢɞɡ ˊŮɟɑˊŰɤůɖ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ ὢ Ὓ EWMA 

 

 

 
 

ɆɢɐɛŬ 3.6: ȷəɟɑɓŮɘŬ ɡˊɞɚɞɔɘůɛɞɨ ὃὙὒ ɔɘŬ ŭɘɎűɞɟŮɠ ɛŮɗɧŭɞɡɠ  

ůŮ ůɢɏůɖ ɛŮ Űɞɡɠ əɧɛɓɞɡɠ ŰŮŰɟŬɔɤɜɘůɛɞɨ 
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ȷˊɧ Űɞ ŬɜɤŰɏɟɤ ůɢɐɛŬ ŭɘŬˊɘůŰɩɜɞɡɛŮ ɧŰɘ ɔɘŬ ɛɘəɟɏɠ Űɘɛɏɠ Űɖɠ ŭɘɎůŰŬůɖɠ Űɞɡ 

ˊɑɜŬəŬ ŰŮŰɟŬɔɤɜɘůɛɞɨ ὔ, Űɞ ὃὙὒ ˊŬɟɞɡůɘɎɕŮɘ ɛŮɔɎɚɖ ŭɘŬůˊɞɟɎ. ɄŬɟŬŰɖɟɩɜŰŬɠ 

Űɘɠ Űɘɛɏɠ Űɤɜ Űɟɘɩɜ ɛŮɗɧŭɤɜ (Ŭˊɧ Űɞɡɠ ɄɑɜŬəŮɠ əŬɘ ɧɢɘ Űɧůɞ Ŭˊɧ Űɞ ůɢɐɛŬ ɧˊɞɡ 

ŭŮɜ ŬˊɞŰɡˊɩɜŮŰŬɘ) ˊŬɟŬŰɖɟɞɨɛŮ ɧŰɘ ɔɘŬ ´ ςρ Űɞ ὃὙὒ ˊŬɟŬɛɏɜŮɘ ůŰŬɗŮɟɧ ɔɘŬ ŰŬ 

ˊɟɩŰŬ ŭɨɞ (2) ɣɖűɑŬ ɛŮŰɎ Űɖɜ ɡˊɞŭɘŬůŰɞɚɐ. ȷɜɎɚɞɔŬ ůɡɛˊŮɟɎůɛŬŰŬ ŬɜŬűɏɟɞɜŰŬɘ 

əŬɘ Ŭˊɧ Űɞɜ Knoth (2007), o ɞˊɞɑɞɠ ŬɜŬɚɨŮɘ Űɖɜ ˊŮɟɑˊŰɤůɖ ůɡɜŭɘŬůŰɘəɞɨ 

ŭɘŬɔɟɎɛɛŬŰɞɠ  Ὁὡὓὃ   Ὓ, ɧˊɞɡ ŬɜŬűɏɟŮŰŬɘ ɧŰɘ ɔɘŬ ´ ςσ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŰŬ 

ŭɘŬűɧɟɤɜ ɛŮɗɧŭɤɜ ůɡɔəɚɑɜɞɡɜ ůŰɖɜ ŰŮɚɘəɐ Űɘɛɐ Űɞɡ ὃὙὒ. 

  

ɆŰɖ ůɨɜŮɢŮɘŬ ŮɝŮŰɎůŰɖəŮ ɖ ŮˊɑŭɟŬůɖ Űɞɡ ˊɚɐɗɞɡɠ ŰŮŰɟŬɔɤɜɘůɛɞɨ ůŮ ůɢɏůɖ ɛŮ Űɖɜ 

ŬəɟɑɓŮɘŬ Űɖɠ ɚɨůɖɠ ɔɘŬ ŭɘŬűɞɟŮŰɘəɏɠ Űɘɛɏɠ Űɖɠ ůŰŬɗŮɟɎɠ ŮɝɞɛɎɚɡɜůɖɠ ‗. ȷˊɧ Űɞ 

ɆɢɐɛŬ 3.6 ůɡɛˊŮɟŬɑɜɞɡɛŮ ɧŰɘ ɧůɞ Űɞ ‗ ɔɑɜŮŰŬɘ ɛɘəɟɧŰŮɟɞ, Űɧůɞ ɖ ŭɘŬůˊɞɟɎ Űɞɡ ὃὙὒ 

ɔɑɜŮŰŬɘ ɛŮɔŬɚɡŰŮɟɖ əŬɘ ŬˊŬɘŰŮɑŰŬɘ ɛŮɔŬɚɨŰŮɟɞ ὔ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŮɝŬůűŬɚɘůŰŮɑ 

ůɤůŰɐ ˊɟɞůɏɔɔɔɘůɖ. 

 

 

ɆɢɐɛŬ 3.7: ȷəɟɑɓŮɘŬ ɡˊɞɚɞɔɘůɛɞɨ ὃὙὒ ůŮ ůɢɏůɖ ɛŮ Űɞɡɠ əɧɛɓɞɡɠ ŰŮŰɟŬɔɤɜɘůɛɞɨ 

ɔɘŬ ŭɘɎűɞɟŮɠ Űɘɛɏɠ Űɖɠ ůŰŬɗŮɟɎɠ ŮɝɞɛɎɚɡɜůɖɠ ‗. ɇŬ ŬɜɤŰɏɟɤ ŬˊɞŰŮɚɏůɛŬŰŬ 

ɡˊɞɚɞɔɑůŰɖəŬɜ ɔɘŬ ὒ σ əŬɘ Ŭűɞɟɞɨɜ Űɖ ɛɏɗɞŭɞ Knoth 
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ɄɑɜŬəŬɠ 3.3: Ɇɨɔəɟɘůɖ ɀŮɗɧŭɤɜ Steiner (1999) ï ɀŬɟəɞɓɘŬɜɐ ȷɚɡůɑŭŬɠ əŬɘ  

Knoth (2007) ï ɆɡɛˊŮɟɘűɞɟɎ ɃɡɟɎɠ ȾŬŰŬɜɞɛɐɠ  

EWMA ɛŮ ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜŬ ɧɟɘŬ 

Ɇɨɔəɟɘůɖ ɀŮɗɧŭɤɜ 

 Steiner Knoth 

ȷ
ˊ
ɧ
ə
ɚ
ɘ
ů
ɖ

 Steiner Knoth 

ȷ
ˊ
ɧ
ə
ɚ
ɘ
ů
ɖ

 Steiner Knoth 

ȷ
ˊ
ɧ
ə
ɚ
ɘ
ů
ɖ

 

ⱦ 0.2 0.2 0.3 0.3 0.2 0.2 

     L 
ȹ 

3 3 3 3 2.7 2.7 

0.00 553.19 5 554.48 8 
1.29 

460 . 193  462 . 572  
2.38 

231 . 386 232 .627  
1.24 

0.1 407.73 3 409.01 7 
1.28 

371 . 379 373 .568  
2.19 

182 . 813  184 .041  
1.23 

0.25 159.377  160.61 8 
1.24 

175 .283  177 .079  
1.80 

84.424  85.614  
1.19 

0.5 41.534  42.712  
1.18 

50.706  52. 196 
1.49 

26.674  27.815  
1.14 

1 8.751  9.857  
1.11 

9.793  11.090  
1.30 

6.662  7.734  
1.07 

2 1.93 8 2.917  
0.98 

1.829  2.967  
1.14 

1.528  2. 497  
0.97 

 

 

 

ɄɑɜŬəŬɠ 3.4: Ɇɨɔəɟɘůɖ ɀŮɗɧŭɤɜ Steiner (1999) ï ɀŬɟəɞɓɘŬɜɐ ȷɚɡůɑŭŬɠ əŬɘ  

Knoth (2007) ï ɆɡɛˊŮɟɘűɞɟɎ ɃɡɟɎɠ ȾŬŰŬɜɞɛɐɠ  

EWMA ɛŮ ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜŬ ɧɟɘŬ 

Ɇɨɔəɟɘůɖ ɀŮɗɧŭɤɜ 

 Steiner Knoth 

ȷ
ˊ
ɧ
ə
ɚ
ɘ
ů
ɖ

 Steiner Knoth 

ȷ
ˊ
ɧ
ə
ɚ
ɘ
ů
ɖ

 Steiner Knoth 

ȷ
ˊ
ɧ
ə
ɚ
ɘ
ů
ɖ

 

ⱦ 0.4 0.4 0.5 0.5 0.9 0.9 

     L 
ȹ 

3 3 3 3 3 3 

0.00 417 . 100  419 . 302  2.20 395 . 647  396 . 256  0.61 369 . 864  370 . 903  1.04 

0.1 354 . 348  356 . 436  2.09 347 . 783  348 . 439  0.66 348 . 835  349 . 867  1.03 

0.25 190 . 687  192 . 500  1.81 206 . 935  207 . 708  0.77 266 . 317  267 . 327  1.01 

0.5 61. 325  62. 877  1.55 73. 930  74. 821  0.89 135 . 530  136 . 514  0.98 

1 11. 579  12. 921  1.34 14. 469  15. 417  0.95 34. 306  35. 281  0.98 

2 1. 931  3. 065  1.13 2. 3096  3. 225  0.92 4. 170  5. 153  0.98 
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ɄɑɜŬəŬɠ 3.5: Ɇɨɔəɟɘůɖ ɀŮɗɧŭɤɜ Steiner (1999) ï ɀŬɟəɞɓɘŬɜɐ ȷɚɡůɑŭŬɠ əŬɘ  

Knoth (2007) ï ɆɡɛˊŮɟɘűɞɟɎ ɃɡɟɎɠ ȾŬŰŬɜɞɛɐɠ  

EWMA ɛŮ ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜŬ ɧɟɘŬ 

Ɇɨɔəɟɘůɖ ɀŮɗɧŭɤɜ 

 Steiner Knoth 

ȷ
ˊ
ɧ
ə
ɚ
ɘ
ů
ɖ

 Steiner Knoth 

ȷ
ˊ
ɧ
ə
ɚ
ɘ
ů
ɖ

 Steiner Knoth 

ȷ
ˊ
ɧ
ə
ɚ
ɘ
ů
ɖ

 

ⱦ 0.35 0.35 0.34 0.34 0.19 0.19 

     L 
♯ 

3 3 3 3 3 3 

0.00 436.570  437.366  0.80 440.317  441.739  1.42 569.818  569.140  -0.68 

0.1 362.641  363.474  0.83 363.870  365.215  1.34 414.515  414.296  -0.22 

0.25 183.937  184.846  0.91 182.120  183.304  1.18 158.381  158.839  0.46 

0.5 56.423  57.385  0.96 55.252  56.323  1.07 41.061  41.834  0.77 

1 10.961  11.928  0.97 10.733  11.748  1.02 8.913  9.766  0.85 

2 2.071  3.010  0.94 1.997  3.000  1.00 2.058  2.914  0.86 

 
 
 
ɄɑɜŬəŬɠ 3.6: Ɇɨɔəɟɘůɖ ɄɟɞŰŮɘɜɧɛŮɜɖɠ Űɟɞˊɞˊɞɑɖůɖɠ ɀŮɗɧŭɞɡ Steiner, ɀŮɗɧŭɞɡ 

Steiner (1999) əŬɘ Knoth(2007)  

 ɇɟɞˊɞˊ. 

Steiner 

g=40, 80, 

120 

ɀɏɗɞŭɞɠ 

Steiner 

 

g=50, 100, 

150 

ɀɏɗɞŭɞɠ 
Knoth 
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ɖ
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ɟ
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ˊ
ɧ
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ɇɟɞˊɞˊ. 

Steiner 
g=100, 

200,300 

ɀɏɗɞŭɞɠ 

Steiner 

 

g=50, 

100, 150 

Knoth 

ȷ
ˊ
ɧ
ə
ɚ
ɘ
ů
ɖ

 

ȷ
ˊ
ɧ
ə
ɚ
ɘ
ů
ɖ
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ˊ
ɧ
 

ɇ
ɟ
ɞ
ɞ
ˊ
ɞ
ˊ
ɞ
ɘ
ɖ
ɛ
ɏ
ɜ
ɞ
 

S
te

in
e
r 

ⱦ 0.15 0.15 0.15 0.2 0.2 0.2 

     L 
ȹ 

3 3 3 3 3 3 

0.00 647.635  647.481  647.04  
-0.60 

-0.44 
554.55  553.2  554 . 49 1.29 -0.07 

0.1 440.866  440.446  440.46
2 

-0.40 0.02 
409.08  407 . 73 409 . 01 1.28 -0.07 

0.25 151.502  150.690  151.28
2 

-0.22 0.59 
160.68  159.38  160 . 62 1.24 -0.06 

0.5 38.607  37.637  38.474  -0.13 0.84 
42.76  41.53  42.71  1.18 -0.05 

1 9.479  8.496  9.468  -0.01 0.97 
9.89  8.75  9.86  1.11 -0.03 

2 2.788  1.957  2.906  0.12 0.95 
2.90  1.94  2.92  0.98 0.02 
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3.4.5 Ɉˊɞɚɞɔɘůɛɧɠ Űɞɡ ůűɎɚɛŬŰɞɠ Űɖɠ ɀŮɗɧŭɞɡ Steiner 

ɆŰɞ ůɖɛŮɑɞ ŬɡŰɧ ɗŬ ɐŰŬɜ ɘŭŬɜɘəɧ ɜŬ ɛˊɞɟɞɨůŬɛŮ ɜŬ ŮəŰɘɛɐůɞɡɛŮ Űɞ ůűɎɚɛŬ 

əŬɘ ɜŬ ́ɟɞůɗɏŰŬɛŮ ɛɑŬ ɛɘəɟɐ ŭɘɧɟɗɤůɖ ůŰɞɜ Ŭɚɔɧɟɘɗɛɞ. ɂŮəɘɜɩɜŰŬɠ ɚɞɘˊɧɜ Űɖɜ 

ˊɟɞůˊɎɗŮɘŬ ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ ůűɎɚɛŬŰɞɠ ŬɜŰɘɚŬɛɓŬɜɧɛŬůŰŮ, ɧŰɘ Űɞ ůűɎɚɛŬ 

ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖ ůɡɜŮɢɧɛŮɜɖ ɡˊɞŮəŰɑɛɖůɖ Űɤɜ ɞɟɑɤɜ Ůɚɏɔɢɞɡ, əŬɗɩɠ Ŭˊɧ Űɖɜ ɑŭɘŬ 

Űɖ ůɢŮŭɑŬůɖ Űɖɠ ɛŮɗɧŭɞɡ ŰŬ ŭɘŬůŰɐɛŬŰŬ ὒὅὒ ȟὛρ  əŬɘ Ὓ ȟὟὅὒ  ŭŮɜ 

ůɡɛˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ůŰɘɠ ˊɘɗŬɜɏɠ ŮɜŰɧɠ Ůɚɏɔɢɞɡ əŬŰŬůŰɎůŮɘɠ əŬɘ ˊɟɞůɛŮŰɟɩɜŰŬɘ 

ůŬɜ ɜŬ Ŭűɞɟɞɨɜ Űɘɛɏɠ ŮəŰɧɠ Ůɚɏɔɢɞɡ, ɔŮɔɞɜɧɠ ˊɞɡ ŮɑɜŬɘ ɚɎɗɞɠ. ɆɡɜŮˊɩɠ, ɖ 

ˊɞůɧŰɖŰŬ ˊɞɡ ɚŮɑˊŮɘ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɞ ŮɓŭŬŭɧ ˊɞɡ ˊŮɟɘəɚŮɑŮŰŬɘ ɛŮŰŬɝɨ Űɤɜ ɞɟɑɤɜ 

Ůɚɏɔɢɞɡ əŬɘ Űɤɜ ŬəɟɘŬɜɩɜ Űɘɛɩɜ Űɤɜ əŬŰŬůŰɎůŮɤɜ, ůɨɛűɤɜŬ ɛŮ Űɞ ˊŬɟŬəɎŰɤ 

ůɢɐɛŬ. 

 

ɆɢɐɛŬ 3.8: ȺɓŭŬŭɧɜ ˊɞɡ ŭŮɜ ˊɟɞůɛŮŰɟɎŰŬɘ ůŰɞɜ ŰŮɚɘəɧ ɡˊɞɚɞɔɘůɛɧ Űɞɡ ὃὙὒ ɛŮ 

Űɖ ɛɏɗɞŭɞ Steiner 

 

ȷɜ ɡˊɞɚɞɔɑůɞɡɛŮ Űɞ Űɘ ˊŬɟŬɚɐˊŮŰŬɘ əŬɘ ŭŮɜ ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɖɜ ŰŮɚŮɡŰŬɑŬ 

əŬŰɎůŰŬůɖ ɏɤɠ ŰŬ ˊɟŬɔɛŬŰɘəɎ ɧɟɘŬ Ůɚɏɔɢɞɡ, ůɨɛűɤɜŬ ɛŮ Űɞɜ əɩŭɘəŬ Űɞɡ 

ɄŬɟŬɟŰɐɛŬŰɞɠ əŬɘ ŰɟɏɝɞɡɛŮ ˊɎɚɘ Űɞɜ əɩŭɘəŬ ˊŬɑɟɜɞɡɛŮ ŰŬ ˊŬɟŬəɎŰɤ 

ŬˊɞŰŮɚɏůɛŬŰŬ Ŭ ɧ́ ŰŬ ɞˊɞɑŬ űŬɑɜŮŰŬɘ ɧŰɘ ˊŬɟɎ Űɖɜ ŮɜůɤɛɎŰɤůɖ Űɞɡ ůűɎɚɛŬŰɞɠ 

ɓŮɚŰɘɩɜŮɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ, ɤůŰɧůɞ ŭŮɜ ŮɝŬɚŮɑűŮɘ ŰŮɚŮɑɤɠ Űɞ ůűɎɚɛŬ. ɆɡɜŮˊɩɠ, ɗŬ 

ŬɟəŮůŰɞɨɛŮ ůŰɖɜ ŬɜɤŰɏɟɤ ˊɟɞŰŮɘɜɧɛŮɜɖ ŭɘɧɟɗɤůɖ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɢɟŮɘŬůŰŮɑ 

ɜŬ ŮűŬɟɛɞůŰŮɑ ůŰɖ ůɡɜɏɢŮɘŬ ɖ ɡˊɧɣɖ ɛɏɗɞŭɞɠ. 
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3.5 ȽŭɘɧŰɖŰŮɠ ═╡╛ ŭɘŬɔɟŬɛɛɎŰɤɜ EWMA 

ȷűɞɨ ˊŬɟɞɡůɘɎůŰɖəŮ ɞ Űɟɧˊɞɠ ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ ὃὙὒ, ůŰɖ ůɡɜɏɢŮɘŬ ɗŬ 

ŬůɢɞɚɖɗɞɨɛŮ ɛŮ Űɘɠ ɘŭɘɧŰɖŰŮɠ ˊɞɡ ˊŬɟɞɡůɘɎɕŮɘ Űɞ ὃὙὒ ɔɘŬ Űɘɠ ŭɘɎűɞɟŮɠ Űɘɛɏɠ 

ˊŬɟŬɛɏŰɟɤɜ. 

 

ȳˊɤɠ əŬɘ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ Shewhart ὢ, Űɞ ŭɘɎɔɟŬɛɛŬ EWMA ɓŬůɑɕŮŰŬɘ ůŰɖɜ 

əŬɜɞɜɘəɧŰɖŰŬ Űɤɜ ˊɞɘɞŰɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ˊɞɡ ɛŮɚŮŰɩɜŰŬɘ, ŬɚɚɎ ŭŮɜ ŮɑɜŬɘ ˊɞɚɨ 

ŮɡŬɑůɗɖŰɞ ůŰɖɜ ɡˊɧɗŮůɖ əŬɜɞɜɘəɧŰɖŰŬɠ, ɔŮɔɞɜɧɠ ˊɞɡ Űɞ əɎɜŮɘ ɏɜŬ ŬɜɗŮəŰɘəɧ 

ŭɘɎɔɟŬɛɛŬ Ůɚɏɔɢɞɡ ɔɘŬ ˊɞɘɞŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ, ŰŬ ɞˊɞɑŬ ŭŮɜ ŮɑɜŬɘ əŬɜɞɜɘəɎ 

əŬŰŬɛŮɛɖɛɏɜŬ, Montgomery (2013). Ƀɘ Lucas əŬɘ Saccucci (1990) ́ ŬɟɞɡůɑŬůŬɜ ɛɑŬ 

ɛɏɗɞŭɞ ɔɘŬ Űɖ ɛŮɚɏŰɖ Űɖɠ əŬŰŬɜɞɛɐɠ Űɞɡ ɛɐəɞɡɠ ɟɞɐɠ Űɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ EWMA. 

ɄŬɟŮɑɢŬɜ ɛɘŬ ɞɚɞəɚɖɟɤɛɏɜɖ ɛŮɚɏŰɖ Űɞɡ ὃὙὒ ɔɘŬ əɚŬůůɘəɎ ŭɘŬɔɟɎɛɛŬŰŬ EWMA ɛŮ 

ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜŬ ɧɟɘŬ, ɛŮ ŭɘŬűɞɟŮŰɘəɞɨɠ ůɡɜŭɡŬůɛɞɨɠ Űɤɜ ὒ əŬɘ ‗, ŰŬ ɞˊɞɑŬ 

ŭɑɜɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 3.6 ɔɘŬ əɎˊɞɘŮɠ ŮɡŬɑůɗɖŰŮɠ Ůˊɘɚɞɔɏɠ Űɤɜ ‏, ‗ əŬɘ ὒ ɔɘŬ ὃὙὒ

υππȟ ɧˊɞɡ Űɞ ‏ ŭŮɑɢɜŮɘ Űɞ ɛɏɔŮɗɞɠ Űɖɠ ɛŮŰŬŰɧˊɘůɖɠ ůŮ 
Ѝ

 ɛɞɜɎŭŮɠ. 

 
ɄɑɜŬəŬɠ 3.7: ɇɘɛɏɠ ὃὙὒ ɔɘŬ Űɞ əɚŬůůɘəɧ ůɢɏŭɘɞ EWMA ɛŮ !2, υππ 

 ‗ πȢρ ‗ πȢςυ ‗ πȢυ ‗ πȢχυ 

ȹ ὒ ςȢψρτ ὒ ςȢωωψ ὒ σȢπχρ ὒ σȢπψχ 

0 499.58 499.836 499.906 500 

0.25 106.491 170 255 321 

0.5 31.3 48.2 88.8 140 

0.75 15.9 20.1 35.9 62.5 

1 10.3 11.1 17.5 30.6 

1.5 6.09 5.46 6.53 9.90 

2 4.36 3.61 3.63 4.54 

 
ȷˊɧ Űɘɠ ŬɜɤŰɏɟɤ Űɘɛɏɠ ŭɘŬˊɘůŰɩɜɞɡɛŮ ɧŰɘ ɔɘŬ ɛŮŰŬŰɧˊɘůɖ ‏ ρȢυ ŮɑɜŬɘ əŬɚɨŰŮɟŬ ɜŬ 

ɏɢɞɡɛŮ ‗ πȢςυ əŬɘ ɧɢɘ ‗ πȢρ. ȷɜŰɑůŰɞɘɢŬ ɔɘŬ ‏ ρ ŮɑɜŬɘ əŬɚɨŰŮɟŬ ɜŬ ɏɢɞɡɛŮ ‗

πȢρ, ůɡɔəɟɘɜɧɛŮɜɞ ɛŮ Űɘɠ ɡˊɧɚɞɘˊŮɠ Űɘɛɏɠ ‗ πȢςυ ɐ ‗ πȢυ ɐ ‗ πȢχυ. 

 
Ƀɘ ŬɜɤŰɏɟɤ Űɘɛɏɠ ŮˊɘɓŮɓŬɘɩɗɖəŬɜ ɛŮ Űɞɜ əɩŭɘəŬ ˊɞɡ ŭɑɜŮŰŬɘ ůŰɞ ɄŬɟɎɟŰɖɛŬ əŬɘ 

ŬəɞɚɞɡɗŮɑ Űɖ ɛŮɗɞŭɞɚɞɔɑŬ ˊɞɡ ŬɜŬˊŰɨɢɗɖəŮ ůŰɖɜ ˊɟɞɖɔɞɨɛŮɜɖ ȺɜɧŰɖŰŬ. 
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ɆŰɖ ůɡɜɏɢŮɘŬ ŬɡŰɐɠ Űɖɠ ˊŬɟɎɔɟŬűɞɡ, ůɡɔəɟɑɜɞɜŰŬɘ ɞɘ ɘŭɘɧŰɖŰŮɠ Űɞɡ ɛɐəɞɡɠ ɟɞɐɠ 

Űɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ EWMA ɛŮ ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜŬ ɧɟɘŬ ɛŮ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ 

EWMA ɛŮ ŬůɡɛˊŰɤŰɘəɎ ɧɟɘŬ. 

 

ȳˊɤɠ ɗŬ űŬɜŮɑ ůŰɖ ůɡɜɏɢŮɘŬ, ɔɘŬ ɧůɞ ɖ ŭɘŬŭɘəŬůɑŬ ɓɟɑůəŮŰŬɘ ŮɜŰɧɠ Ůɚɏɔɢɞɡ, ŰŬ 

ARLs Űɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ ɛŮ ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜɤɜ ɞɟɑɤɜ ŮɑɜŬɘ ůɢŮŭɧɜ ɑŭɘŬ ɛŮ ŰŬ 

ARLs Űɤɜ ˊŬɟŬŭɞůɘŬəɩɜ ŭɘŬɔɟŬɛɛɎŰɤɜ EWMA ɛŮ ŬůɡɛˊŰɤŰɘəɎ ɧɟɘŬ. ɋůŰɧůɞ, 

ɧŰŬɜ Űɞ ŮˊɑˊŮŭɞ Űɖɠ Ŭɟɢɘəɐɠ ŭɘŬŭɘəŬůɑŬɠ ŮɑɜŬɘ ŮəŰɧɠ Ůɚɏɔɢɞɡ, ŰŬ ARLs Űɤɜ ŭɨɞ 

ŭɘŬɔɟŬɛɛɎŰɤɜ ŮɜŭɏɢŮŰŬɘ ɜŬ ŭɘŬűɏɟɞɡɜ ůɖɛŬɜŰɘəɎ ŬɜŬɚɧɔɤɠ Űɖɠ Űɘɛɐɠ ŮɝɞɛɎɚɡɜůɖɠ 

‗ Űɞɡ EWMA. 

 

ȺɑɜŬɘ ůɖɛŬɜŰɘəɧ ɜŬ ˊɞůɞŰɘəɞˊɞɘɖɗŮɑ ɖ ŮˊɑŭɟŬůɖ Űɤɜ ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜɤɜ 

ɞɟɑɤɜ, əŬɗɩɠ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ EWMA ůɡɢɜɎ ůɢŮŭɘɎɕɞɜŰŬɘ ɜŬ ŭɑɜɞɡɜ ɛɏůɞ ɛɐəɞɠ 

ɟɞɐɠ (ARLs), ŭɖɚŬŭɐ ůɐɛŬ ŮəŰɧɠ, əɎŰɤ Ŭˊɧ ůɡɔəŮəɟɘɛɏɜŮɠ ůɡɜɗɐəŮɠ. ũɘŬ ɏɜŬ 

ŭɘɎɔɟŬɛɛŬ EWMA ɞɘ ˊŬɟɎɛŮŰɟɞɘ ůɢŮŭɑŬůɖɠ ˊŮɟɘɚŬɛɓɎɜɞɡɜ ŰŬ ‗ əŬɘ ὒ. 

 

ɋůŰɧůɞ, ɔɘŬ Űɞ ɚɧɔɞ ɧŰɘ ŰŬ ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜŬ ɧɟɘŬ ůɡɔəɚɑɜɞɡɜ ůŰɘɠ ůŰŬɗŮɟɏɠ 

ŬůɡɛˊŰɤŰɘəɏɠ Űɘɛɏɠ, əŬɗɩɠ ɞ ɢɟɧɜɞɠ ŬɡɝɎɜŮŰŬɘ, ɔɘŬ ɛŮŰŬŰɞˊɑůŮɘɠ ɞɘ ɞˊɞɑŮɠ 

ůɡɛɓŬɑɜɞɡɜ ŬɟɔɧŰŮɟŬ ůŰɞ ɢɟɧɜɞ ŰŬ ŭɨɞ ŭɘŬɔɟɎɛɛŬŰŬ ɏɢɞɡɜ ˊŬɟɧɛɞɘŮɠ ɘŭɘɧŰɖŰŮɠ 

ɛɐəɞɡɠ ɟɞɐɠ. ɆŬɜ ŬˊɞŰɏɚŮůɛŬ, ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ Ůɚɏɔɢɞɡ EWMA ɛŮ ɢɟɞɜɘəɎ 

ɛŮŰŬɓŬɚɚɧɛŮɜŬ ɧɟɘŬ Ůɚɏɔɢɞɡ ɛˊɞɟɞɨɜ ɜŬ ůɢŮŭɘŬůŰɞɨɜ ɛŮ Űɞɜ ɑŭɘɞ Űɟɧˊɞ, ɧˊɤɠ əŬɘ 

ŰŬ ŬůɡɛˊŰɤŰɘəɎ ɧɟɘŬ Űɤɜ EWMA. ũɘŬ ˊŮɟɘůůɧŰŮɟŮɠ ˊɚɖɟɞűɞɟɑŮɠ ɛˊɞɟɞɨɛŮ ɜŬ 

ŬɜŬŰɟɏɝɞɡɛŮ ůŰɞɜ Crowder (1987). 

 

Ƀɘ ɘŭɘɧŰɖŰŮɠ Űɤɜ ɛɖəɩɜ ɟɞɐɠ Űɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ Ůɚɏɔɢɞɡ EWMA ɛŮ ŬůɡɛˊŰɤŰɘəɎ 

ɧɟɘŬ əŬɗɞɟɑůŰɖəŬɜ Ŭˊɧ Űɞɜ Crowder (1987) ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɛɑŬ ɞɚɞəɚɖɟɤŰɘəɐ 

Ůɝɑůɤůɖ. 

 

ȹɡůŰɡɢɩɠ, ŬɡŰɐ ɖ ˊɟɞůɏɔɔɘůɖ Űɖɠ ɚɨůɖɠ ɛŮ ɞɚɞəɚɖɟɤŰɘəɐ Ůɝɑůɤůɖ ŭŮɜ ɛˊɞɟŮɑ ɜŬ 

ŮűŬɟɛɞůŰŮɑ ɔɘŬ ŭɘŬɔɟɎɛɛŬŰŬ EWMA ɛŮ ɢɟɧɜɘəŬ ɛŮŰŬɓŬɚɚɧɛŮɜŬ ɧɟɘŬ.   

 

ɋůŰɧůɞ, ɞɘ ɘŭɘɧŰɖŰŮɠ Űɤɜ ɛɖəɩɜ ɟɞɐɠ Űɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ EWMA ɛŮ ɢɟɞɜɘəɎ 

ɛŮŰŬɓŬɚɚɧɛŮɜŬ ɧɟɘŬ ɛˊɞɟɞɨɜ ɜŬ ˊɟɞůŮɔɔɘůŰɞɨɜ ɛŮ ɢɟɐůɖ ɛɖ ɞɛɞɔŮɜɞɨɠ ŭɘŬəɟɘŰɐɠ 
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ŬɚɡůɑŭŬɠ Markov. ɉɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɛɑŬ ɛŬɟəɞɓɘŬɜɐ ŬɚɡůɑŭŬ ɞ ɢɩɟɞɠ ŮűɘəŰɩɜ 

əŬŰŬůŰɎůŮɤɜ ˊɟɞůŮɔɔɑɕŮŰŬɘ ɛɏůɤ ŭɘŬəɟɘŰɞˊɞɑɖůɖɠ əŬɘ Űɖɜ ˊɘɗŬɜɧŰɖŰŬ ɛŮŰɎɓŬůɖɠ 

Ŭˊɧ ɞˊɞɘŬŭɐˊɞŰŮ əŬŰɎůŰŬůɖ ůŮ ɞˊɞɘŬŭɐˊɞŰŮ Ɏɚɚɖ ɔɘŬ əɎɗŮ ɢɟɞɜɘəɐ ˊŮɟɑɞŭɞ ˊɞɡ 

əŬɗɞɟɑɕŮŰŬɘ. 

 

ɉɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɛŮɔɎɚɞ ˊɚɐɗɞɠ ŭɘŬəɟɘŰɩɜ əŬŰŬůŰɎůŮɤɜ ɖ ˊɟɞůɏɔɔɘůɖ Űɤɜ 

ɘŭɘɞŰɐŰɤɜ Űɞɡ ɛɐəɞɡɠ ɟɞɐɠ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ˊŮɟɘůůɧŰŮɟɞ Ŭəɟɘɓɐɠ. ɀɘŬ ɚŮˊŰɞɛŮɟɐɠ 

Ůɝɐɔɖůɖ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ Ůˊɑɚɡůɖɠ ŭɧɗɖəŮ ůŰɖɜ ˊɟɞɖɔɞɨɛŮɜɖ ȺɜɧŰɖŰŬ. 

  

ȼ ŮˊɑŭɟŬůɖ Űɤɜ ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜɤɜ ɞɟɑɤɜ ŬˊŮɘəɞɜɑɕŮŰŬɘ ůŰɞ ɆɢɐɛŬ 3.9. ɇŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ ŮɝɐɢɗɖůŬɜ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ὒ σ ůŬɜ ůŰŬɗŮɟɧ ɧɟɘɞ Ůɚɏɔɢɞɡ, 

ɧˊɤɠ Ůˊɑůɖɠ əŬɘ, ɢɤɟɑɠ ŬˊɩɚŮɘŬ Űɖɠ ɔŮɜɘəɧŰɖŰŬɠ, ɡˊɞɗɏŰɤɜŰŬɠ ɔɘŬ Űɖɜ ŮɜŰɧɠ 

Ůɚɏɔɢɞɡ əŬŰɎůŰŬůɖ ɛɏůɞ ɛɖŭɏɜ əŬɘ Űɡˊɘəɐ Ŭˊɧəɚɘůɖ ɛɞɜɎŭŬ. ɆŰɞ ɆɢɐɛŬ 3.9, ɞ 

ɞɟɘɕɧɜŰɘɞɠ ɎɝɞɜŬɠ ŭɑɜŮɘ Űɖɜ ɛŮŰŬŰɧˊɘůɖ Űɞɡ ˊɟŬɔɛŬŰɘəɞɨ ɛɏůɞɡ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ˊɞɡ 

ˊŬɟŬŰɖɟŮɑŰŬɘ ůŰɖɜ Ŭɟɢɐ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ əŬɘ ŮəűɟɎɕŮŰŬɘ ůŮ „ ɛɞɜɎŭŮɠ, ɞɡůɘŬůŰɘəɎ 

ŭɖɚŬŭɐ Űɖɜ Űɡˊɘəɐ Ŭˊɧəɚɘůɖ Űɞɡ ŭŮɘɔɛŬŰɘəɞɨ ɛɏůɞɡ. ɇɞ ŬˊɞŰɏɚŮůɛŬ ŭɑɜŮŰŬɘ ɛɧɜɞɜ 

ɔɘŬ ɗŮŰɘəɏɠ ɛŮŰŬŰɞˊɑůŮɘɠ, ŬɚɚɎ ɔɘŬ Űɞ ɚɧɔɞ ɧŰɘ Űɞ ˊɟɧɓɚɖɛŬ ŮɑɜŬɘ ůɡɛɛŮŰɟɘəɧ Űɞ ɑŭɘɞ 

ɛɞŰɑɓɞ ˊŬɟŬŰɖɟŮɑŰŬɘ əŬɘ ɔɘŬ ŬɟɜɖŰɘəɏɠ ɛŮŰŬŰɞˊɑůŮɘɠ. 

 

ɇŬ Ůɜ ɚɧɔɤ ŬˊɞŰŮɚɏůɛŬŰŬ Űɞɡ ὃὙὒ ɔɘŬ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ EWMA, Űɧůɞ ɔɘŬ ŰŬ 

ŭɘŬɔɟɎɛɛŬŰŬ ɛŮ ŬůɡɛˊŰɤŰɘəɎ ɧɟɘŬ, ɧůɞ əŬɘ ɔɘŬ ŮəŮɑɜŬ ɛŮ ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜŬ, 

ɡˊɞɚɞɔɑůŰɖəŬɜ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖ ɛŮɗɞŭɞɚɞɔɑŬ ˊɞɡ ˊŮɟɘɔɟɎűŮŰŬɘ ůŰɖɜ 

ˊɟɞɖɔɞɨɛŮɜɖ ȺɜɧŰɖŰŬ. ȼ ɞˊŰɘəɞˊɞɑɖůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ɏɔɘɜŮ ɛŮ Űɞ MS Excel 

2013 ɔɘŬ əŬɚɨŰŮɟɖ ŬˊŮɘəɧɜɘůɖ. Ⱥˊɑůɖɠ, ůŰɞɜ ɄɑɜŬəŬ 3.7 ˊŬɟŬəɎŰɤ ůɡɜɞɣɑɕɞɜŰŬɘ 

ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɔɘŬ ɛɑŬ Ŭˊɧ Űɘɠ ɡˊɧɣɖ ŰɏůůŮɟɘɠ ˊŮɟɘˊŰɩůŮɘɠ, ŭɖɚŬŭɐ ɔɘŬ ‗ πȢρ.  

 

ɆŰɞ ɆɢɐɛŬ 3.9 űŬɑɜŮŰŬɘ ɧŰɘ ɖ ŮˊɑŭɟŬůɖ Űɖɠ ɢɟɐůɖɠ ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜŬ ɧɟɘŬ 

Ůɚɏɔɢɞɡ ɔɘŬ Űɞ ὃὙὒ Űɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ EWMA ŮɑɜŬɘ ɞɡůɘŬůŰɘəɐ, ɧŰŬɜ ɖ ŭɘŬŭɘəŬůɑŬ 

ŭŮɜ ŮɑɜŬɘ ŬɟɢɘəɎ ŮɜŰɧɠ Ůɚɏɔɢɞɡ, ŮɘŭɘəɎ ɧŰŬɜ Űɞ ‗ ŮɑɜŬɘ ɛɘəɟɧ. ɇŬ ŭɘŬɔɟɎɛɛŬŰŬ Űɞɡ 

ůɢɐɛŬŰɞɠ ɢɟɖůɘɛɞˊɞɘɞɨɜ Űɖɜ Ůˊɘɚɞɔɐ Űɞɡ MS Excel 2013 ɔɘŬ Űɞ ɚɞɔɎɟɘɗɛɞ Űɞɡ ὃὙὒ 

ůŰɖɜ əɚɑɛŬəŬ Űɤɜ Űɘɛɩɜ, ɔɘŬ Űɖɜ ɓŮɚŰɑɤůɖ Űɖɠ ɞˊŰɘəɐɠ ůɨɔəɟɘůɖɠ. 
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ɄɑɜŬəŬɠ 3.8: ɇɘɛɏɠ ὃὙὒ ɔɘŬ ‗ πȢρ, πȢςυ əŬɘ πȢυȟ əŬɘ ɛŮ ὒ σ ɔɘŬ ɢɟɞɜɘəɎ 

ɛŮŰŬɓŬɚɚɧɛŮɜŬ əŬɘ ůŰŬɗŮɟɎ ŬůɡɛˊŰɤŰɘəɎ ɧɟɘŬ, ɧˊɞɡ ŭ=ɛŮŰŬŰɧˊɘůɖ Űɞɡ ɛɏůɞɡ 

Űɖɠ ŭɘŮɟɔŬůɑŬɠ, ὪὭὼ = ɆŰŬɗ. ï ȷůɡɛˊ. ɧɟɘŬ, ὺὥὧὰ=ɉɟɞɜ. ɀŮŰŬɓŬɚɚ. ɧɟɘŬ. 

‗ 0.1 0.25 0.5 

L 3 3 3 

 ὪὭὼ ὺὥὧὰ ὪὭὼ ὺὥὧὰ ὪὭὼ ὺὥὧὰ ‏

0 825.91 363.25 502.90 498.98 397.46 396.26 

0.25 129.88 44.68 171.10   169.08 208.54 207.71 

0.5 29.57 8.15 48.45 47.30 75.35 74.82 

0.75 12.8 3.05 20.16 19.30 31.46 31.07 

1 7.65 1.76 11.15   10.40 15.74 15.42 

1.25 5.39 1.32 7.39   6.68 9.22 8.93 

1.5 4.17 1.14 5.47   4.77 6.11 5.85 

1.75 3.41 1.06 4.34   3.66 4.45 4.2 

2 2.91 1.03 3.62 2.94 3.47 3.23 

 

  

  

ɆɢɐɛŬ 3.9: ȷˊŮɘəɧɜɘůɖ Űɤɜ ARLs Űɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ EWMA ɛŮ ɢɟɞɜɘəɎ 

ɛŮŰŬɓŬɚɚɧɛŮɜŬ əŬɘ ŬůɡɛˊŰɤŰɘəɎ ɧɟɘŬ Ůɚɏɔɢɞɡ 

 
ȷˊɧ Űɞɜ ɄɑɜŬəŬ 3.7 ŭɘŬˊɘůŰɩɜɞɡɛŮ ɧŰɘ ɔɘŬ ɛɘəɟɏɠ Űɘɛɏɠ Űɞɡ ‗, ŭɖɚŬŭɐ ɔɘŬ ‗ πȢρ, 

ŰŬ ŭɨɞ ŭɘŬɔɟɎɛɛŬŰŬ ˊŬɟɞɡůɘɎɕɞɡɜ ůɖɛŬɜŰɘəɐ ŭɘŬűɞɟɎ ůŰɖɜ ŬɜɘɢɜŮɡŰɘəɐ Űɞɡɠ 

ɘəŬɜɧŰɖŰŬ, əŬɗɩɠ ɔɘŬ ɛŮŰŬŰɧˊɘůɖ 0.75 „ ɛɞɜɎŭŮɠ Űɞɡ ɛɏůɞɡ, Űɞ ŭɘɎɔɟŬɛɛŬ ɛŮ 



 

оΦл ɲʽʰʴˊʱ˃˃ʰˍʰ ɳ˂ʷʴ˔ˇˎ EWMA ʅʶ˂ʾʵʰ 90 

 

ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜŬ ɧɟɘŬ ŮɜŰɞˊɑɕŮɘ Űɖɜ ɛŮŰŬŰɧˊɘůɖ, ɛŮŰɎ Ŭˊɧ 3.05 

ˊŬɟŬŰɖɟɐůŮɘɠ, Ůɜɩ ŮəŮɑɜɞ ɛŮ ŰŬ ŬůɡɛˊŰɤŰɘəɎ ɧɟɘŬ ŭɑɜŮɘ ůɐɛŬ ŮəŰɧɠ ɛŮŰɎ Ŭˊɧ 12.8 

ˊŬɟŬŰɖɟɐůŮɘɠ. 

 

ȼ ɡˊɧɣɖ ŭɘŬűɞɟɎ Űɤɜ ŭɨɞ ŭɘŬɔɟɎɛɛŬŰɤɜ ŮɚŬŰŰɩɜŮŰŬɘ ɔɘŬ Űɞ ‗ πȢςυ, əŬɗɩɠ ɔɘŬ 

Űɖɜ ɑŭɘŬ ɛŮŰŬŰɧˊɘůɖ Űɞɡ ɛɏůɞɡ, ŭɖɚŬŭɐ ɔɘŬ 0.75 „ ɛɞɜɎŭŮɠ ɖ ŭɘŬűɞɟɎ Űɖɠ 

ŬɜɘɢɜŮɡŰɘəɐɠ ɘəŬɜɧŰɖŰŬɠ Űɤɜ ŭɨɞ ŭɘŬɔɟŬɛɛɎŰɤɜ ɔɑɜŮŰŬɘ ɛɘəɟɧŰŮɟɖ Ŭˊɧ Űɖ ɛɞɜɎŭŬ, 

Ůɜɩ ɔɘŬ ‗ πȢυ ɞɘ Űɘɛɏɠ Űɤɜ ŭɨɞ ὃὙὒ ŰŮɑɜɞɡɜ ɜŬ ŰŬɡŰɘůŰɞɨɜ, əŬɗɩɠ ɖ ŭɘŬűɞɟɎ Űɞɡɠ 

ɔɑɜŮŰŬɘ ɛɘəɟɧŰŮɟɖ Ŭˊɞ 0.39.  

 

ɆɖɛŮɑɞ ŮɜŭɘŬűɏɟɞɜŰɞɠ ŮɑɜŬɘ Ůˊɑůɖɠ ɜŬ ŮɝŮŰŬůŰŮɑ ˊɤɠ ɖ ŭɘŬůˊɞɟɎ Űɤɜ ɛɖəɩɜ ɟɞɐɠ 

Űɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ EWMA ŬɚɚɎɕŮɘ ɧŰŬɜ ɡɘɞɗŮŰɞɨɜŰŬɘ ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜŬ ɧɟɘŬ.  

ȼ ŭɘŬůˊɞɟɎ Űɞɡ ɛɐəɞɡɠ ɟɞɐɠ ɛˊɞɟŮɑ ɜŬ əŬɗɞɟɘůŰŮɑ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɘɠ ŮɝɘůɩůŮɘɠ 

(3.47) əŬɘ (3.49). ɇŬ ɆɢɐɛŬŰŬ 3.10 əŬɘ 3.11 ŬˊŮɘəɞɜɑɕɞɡɜ Űɖɜ ́ɘɗŬɜɧŰɖŰŬ ɜŬ 

ŬɜɘɢɜŮɡŰŮɑ ɛŮŰŬŰɧˊɘůɖ ůɡɜŬɟŰɐůŮɘ Űɞɡ ɛɐəɞɡɠ ɟɞɐɠ Űɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ EWMA ɛŮ 

ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜŬ ɧɟɘŬ əŬɘ ŬůɡɛˊŰɤŰɘəɎ ɧɟɘŬ, ɧŰŬɜ ɖ Ŭɟɢɘəɐ ŭɘŬŭɘəŬůɑŬ 

ɓɟɑůəŮŰŬɘ ŮɜŰɧɠ Ůɚɏɔɢɞɡ əŬɘ ɧŰŬɜ ɛŮŰŬŰɞˊɑɕŮŰŬɘ əŬŰɎ ɛɑŬ „ ɛɞɜɎŭŬ ŬɜŰɑůŰɞɘɢŬ. ɇŬ 

ŭŮŭɞɛɏɜŬ ɡˊɞɚɞɔɑůŰɖəŬɜ ɛŮ Űɖ ɓɞɐɗŮɘŬ Űɖɠ ɛŮɗɧŭɞɡ ɛŬɟəɞɓɘŬɜɐɠ ȷɚɡůɑŭŬɠ Űɞɡ 

Steiner ˊɞɡ ˊŮɟɘɔɟɎűɖəŮ ůŰɖɜ ȺɜɧŰɖŰŬ 3.3.3 ɔɘŬ ɓɐɛŬ Ὣ σππ (300, 600, 900). ũɘŬ 

ɚɧɔɞɡɠ ɡˊɞɚɞɔɘůŰɘəɐɠ ŮˊɎɟəŮɘŬɠ ŭŮɜ ŬɡɝɐɗɖəŮ ˊŮɟŬɘŰɏɟɤ Űɞ ɓɐɛŬ. ũɘŬ ŬɡŰɧ Űɞ 

ɚɧɔɞ űŬɑɜŮŰŬɘ ɧŰɘ ɖ ˊɘɗŬɜɧŰɖŰŬ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜɤɜ 

ɞɟɑɤɜ ˊŬɟɞɡůɘɎɕŮɘ ɛɘəɟɏɠ ŬɡɝɞɛŮɘɩůŮɘɠ. ɋůŰɧůɞ, ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ ŮˊŬɟəɞɨɜ ɔɘŬ Űɞ 

ůəɞˊɧ ˊɞɡ ŰŬ ɗɏɚɞɡɛŮ, əŬɗɩɠ ůŰɧɢɞɠ ɛŬɠ ŮɑɜŬɘ ɜŬ ŬˊŮɘəɞɜɑůɞɡɛŮ Űɖɜ ŰɎůɖ Űɤɜ 

Űɘɛɩɜ Űɖɠ ɄɘɗŬɜɧŰɖŰŬɠ ůŮ ůɡɜɎɟŰɖůɖ Űɞɡ ɀɏůɞɡ ɀɐəɞɡɠ Ʌɞɐɠ. 

  
ɇɞ ɆɢɐɛŬ 3.10 ŭŮɑɢɜŮɘ ɛɘŬ Ŭɟɢɘəɐ Ɏɜɞŭɞ ůŰɖɜ ˊɘɗŬɜɧŰɖŰŬ ɜŬ ŬɜɘɢɜŮɡŰŮɑ ɛŮŰŬŰɧˊɘůɖ 

ɔɘŬ ɛɘəɟɏɠ Űɘɛɏɠ ɛɏůɞɡ ɛɐəɞɡɠ ɟɞɐɠ, ɔɘŬ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ EWMA ɛŮ ɢɟɞɜɘəɎ 

ɛŮŰŬɓŬɚɚɧɛŮɜŬ ɧɟɘŬ, ɛŮ Űɘɠ ŭɨɞ ˊɘɗŬɜɧŰɖŰŮɠ ɜŬ ůɡɔəɚɑɜɞɡɜ ɔɘŬ ɛŮɔɎɚŬ ɛɐəɖ ɟɞɐɠ. 

ɆɡɔəɟɑɜɞɜŰŬɠ ŰŬ ɔɟŬűɐɛŬŰŬ Űɞɡ ɆɢɐɛŬŰɞɠ 3.10 ŭɘŬˊɘůŰɩɜɞɡɛŮ Űɞ ɛɏɔŮɗɞɠ Űɖɠ 

Ŭɟɢɘəɐɠ Ŭɜɧŭɞɡ ůŰɖɜ ˊɘɗŬɜɧŰɖŰŬ Űɞɡ ɛɐəɞɡɠ ɟɞɐɠ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ ὒ, ɛŮ ŰŬ 

ɛɘəɟɧŰŮɟŬ ὒ ɜŬ ɞŭɖɔɞɨɜ ůŮ ɞɝɨŰŮɟŮɠ ï ɛŮɔŬɚɨŰŮɟŮɠ Ŭɜɧŭɞɡɠ.  
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ɆɢɐɛŬ 3.10: ȷˊŮɘəɧɜɘůɖ Űɖɠ ɄɘɗŬɜɧŰɖŰŬɠ ɛŮ Űɖɜ ɞˊɞɑŬ ůɡɛɛŮŰɏɢŮɘ ɖ əɎɗŮ 

ˊŬɟŬŰɐɟɖůɖ ůŰɖ ŭɘŬɛɧɟűɤůɖ Űɞɡ ɀɐəɞɡɠ Ʌɞɐɠ Űɞɡ ȹɘŬɔɟɎɛɛŬŰɞɠ EWMA ɛŮ 

ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜŬ əŬɘ ŬůɡɛˊɤŰɘəɎ ɧɟɘŬ, ɧŰŬɜ ɖ ŭɘŮɟɔŬůɑŬ ŮɑɜŬɘ Ůɚɏɔɢɞɡ  

‘ ‘ πȟ„ ρ, ɓɐɛŬ Ὣ σππ (ŭɖɚŬŭɐ ˊŬɑɟɜŮɘ Űɘɛɏɠ 300, 600 əŬɘ 900) 

əŬŰŬůŰɎůŮɘɠ Űɖɠ ɛŬɟəɞɓɘŬɜɐɠ  

 

ȷɜŰɑůŰɞɘɢŬ ɞɘ Űɘɛɏɠ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ ‗, ŭŮɜ ŮˊɖɟŮɎɕɞɡɜ Űɖɜ ɞɝɨŰɖŰŬ Űɖɠ Ŭɟɢɘəɐɠ 

Ɏɜɞŭɞɡ, ŬɚɚɎ Űɖɜ ŰŬɢɨŰɖŰŬ ůɨɔəɚɘůɖɠ Űɤɜ ˊɘɗŬɜɞŰɐŰɤɜ Űɤɜ ŭɨɞ ˊŮɟɘˊŰɩůŮɤɜ. 

ɆɡɔəŮəɟɘɛɏɜŬ, ŰŬ ɛŮɔŬɚɨŰŮɟŬ ‗, (‗ πȢςυ) Ɏ́ɜɤ ɔɟŬűɐɛŬŰŬ Űɞɡ ɆɢɐɛŬŰɞɠ 3.10, 

ɞŭɖɔɞɨɜ ůŮ ŰŬɢɨŰŮɟɖ ůɨɔəɚɘůɖ, Ůɜɩ ŰŬ ɛɘəɟɧŰŮɟŬ ‗, (‗ πȢρυ) əɎŰɤ ɔɟŬűɐɛŬŰŬ 

Űɞɡ ɑŭɘɞɡ ůɢɐɛŬŰɞɠ, ɞŭɖɔɞɨɜ ůŮ ˊɘɞ Ŭɟɔɐ ůɨɔəɚɘůɖ. 

 

ȷɡŰɐ ɖ ɛŮɔɎɚɖ ˊɘɗŬɜɧŰɖŰŬ ɔɘŬ ɛɘəɟɏɠ Űɘɛɏɠ Űɞɡ ɛɐəɞɡɠ ɟɞɐɠ ŮɑɜŬɘ ŬɜŮˊɘɗɨɛɖŰɖ, 

əŬɗɩɠ ɖ Ŭɟɢɘəɐ əŬŰɎůŰŬůɖ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ɓɟɑůəŮŰŬɘ ŮɜŰɧɠ Ůɚɏɔɢɞɡ, əŬɘ ɗŬ 

ŮˊɘɗɡɛɞɨůŬɛŮ Űɞ ɛɐəɞɠ ɟɞɐɠ ɜŬ ŮɑɜŬɘ ˊɞɚɨ ɛŮɔɎɚɞ. ɋůŰɧůɞ, ɔɘŬ Űɞ ɚɧɔɞ ɧŰɘ ɞɘ 

ˊɘɗŬɜɧŰɖŰŮɠ ˊɞɡ ŮɛˊɚɏəɞɜŰŬɘ ˊŬɟŬɛɏɜɞɡɜ ˊɞɚɨ ɛɘəɟɏɠ, ŬɡŰɐ ɖ Ɏɜɞŭɞɠ ɏɢŮɘ ůɢŮŰɘəɎ 

ɛɘəɟɐ ŮˊɑŭɟŬůɖ ůŰɞ ὃὙὒ.  

 

ɆŰɞ ůɢɐɛŬ 3.11, ŬɜŰɑɗŮŰŬ, Űɞ əɡɟɑɤɠ ɛɏɟɞɠ Űɖɠ ˊɡəɜɧŰɖŰŬɠ ˊɘɗŬɜɧŰɖŰŬɠ Űɤɜ ŭɨɞ 

ˊŮɟɘˊŰɩůŮɤɜ ŭɘŬűɏɟɞɡɜ ŮɚŬűɟɩɠ, əŬɘ Űɞ ὃὙὒ ˊɞɡ ŬɜŰɘůŰɞɘɢŮɑ ůŮ ɢɟɞɜɘəɎ 
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ɛŮŰŬɓŬɚɚɧɛŮɜŬ ɧɟɘŬ ɗŬ ŮɑɜŬɘ ɞɡůɘŬůŰɘəɎ ɛɘəɟɧŰŮɟɞ. ūɡůɘəɎ, ɗŮɤɟɩɜŰŬɠ ɧŰɘ ɛɑŬ 

ŭɘŬŭɘəŬůɑŬ ŮɑɜŬɘ ŮəŰɧɠ Ůɚɏɔɢɞɡ Ŭˊɧ Űɖɜ Ŭɟɢɐ ŮɑɜŬɘ ŮˊɘɗɡɛɖŰɧ ɏɜŬ ɛɘəɟɧ ARL. 

 

ȼ ůɨɔəɟɘůɖ Űɤɜ ɔɟŬűɖɛɎŰɤɜ ɔɘŬ ŰŬ ɛɐəɖ ɟɞɐɠ ˊɞɡ űŬɑɜɞɜŰŬɘ ůŰɞ ɆɢɐɛŬŰŬ 3.10 əŬɘ 

3.11 ɛŮ ŰŬ ɧɛɞɘŬ ɔɟŬűɐɛŬŰŬ ɔɘŬ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ CUSUM əŬɘ FIR CUSUM Űɤɜ 

Lucas əŬɘ Crosier (1982) əŬɘ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ FIR-EWMA Űɤɜ Lucas əŬɘ Saccucci 

(1990) ŭŮɑɢɜŮɘ ɧŰɘ ɖ ŮˊɑŭɟŬůɖ Űɤɜ ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜɤɜ ɞɟɑɤɜ ŮɑɜŬɘ ˊŬɟɧɛɞɘŬ 

ɛŮ ŮəŮɑɜɖ ˊɞɡ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ Űɞ ŮɟɔŬɚŮɑɞ FIR. 

 

ȼ ŮˊɑŭɟŬůɖ Űɤɜ ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜɤɜ ɞɟɑɤɜ ŮɛűŬɜɑɕŮŰŬɘ ɜŬ ŮɑɜŬɘ ɚɘɔɧŰŮɟɞ 

ɏɜŰɞɜɖ Ŭˊɧ ɧŰɘ ůŰŬ ŭɘŬɔɟɎɛɛŬŰŬ FIR-CUSUM, ɔŮɔɞɜɧɠ ˊɞɡ ůɖɛŬɑɜŮɘ ɧŰɘ ɏɜŬ 

ˊŮɟŬɘŰɏɟɤ ůŰɏɜŮɛŬ Űɤɜ ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜɤɜ ɞɟɑɤɜ ɔɘŬ Űɘɠ ɛɘəɟɏɠ Űɘɛɏɠ Űɞɡ 

ɢɟɧɜɞɡ ὸ ɑůɤɠ ɜŬ ŮɑɜŬɘ ˊŮɟɘůůɧŰŮɟɞ əŬŰɎɚɚɖɚɞ ůŮ ˊŮɟɘˊŰɩůŮɘɠ ɧˊɞɡ ŰŬ 

ˊɟɞɓɚɐɛŬŰŬ ˊɞɘɧŰɖŰŬɠ ŮɛűŬɜɑɕɞɜŰŬɘ əɞɜŰɎ ůŰɖɜ ɏɜŬɟɝɖ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ. 

 

 

ɆɢɐɛŬ 3.11: ȷˊŮɘəɧɜɘůɖ Űɖɠ ɄɘɗŬɜɧŰɖŰŬɠ ɛŮ Űɖɜ ɞˊɞɑŬ ůɡɛɛŮŰɏɢŮɘ ɖ əɎɗŮ 

ˊŬɟŬŰɐɟɖůɖ ůŰɖ ŭɘŬɛɧɟűɤůɖ Űɞɡ ɀɐəɞɡɠ Ʌɞɐɠ Űɞɡ ȹɘŬɔɟɎɛɛŬŰɞɠ EWMA ɛŮ 

ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜŬ əŬɘ ŬůɡɛˊɤŰɘəɎ ɧɟɘŬ, ɧŰŬɜ ɏɢɞɡɛŮ Ŭɟɢɘəɐ ɛŮŰŬŰɧˊɘůɖ Űɞɡ 

ɛɏůɞɡ əŬŰɎ ɛɑŬ ɛɞɜɎŭŬ Űɡˊɘəɐɠ Ŭˊɧəɚɘůɖɠ, ŭɖɚŬŭɐ ɔɘŬ ŮəŰɧɠ Ůɚɏɔɢɞɡ ŭɘŮɟɔŬůɑŬ  
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ɇɞ ŮɟɩŰɖɛŬ ˊɞɡ ŰɑɗŮŰŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ŮɑɜŬɘ ˊɞɘɞɠ ŮɑɜŬɘ ɞ ɓɏɚŰɘůŰɞɠ ůɡɜŭɡŬůɛɧɠ Űɤɜ 

ˊŬɟŬɛɏŰɟɤɜ ‗ əŬɘ ὒ əŬɘ ɛŮ Űɘ əɟɘŰɐɟɘŬ ɔɑɜŮŰŬɘ ɖ Ůˊɘɚɞɔɐ Űɤɜ Űɘɛɩɜ Űɞɡɠ.  

 

3.6 Ⱥˊɘɚɞɔɐ Űɤɜ ɓɏɚŰɘůŰɤɜ Űɘɛɩɜ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ⱦ əŬɘ ╛ 

ȷˊɧ ŰŬ ŬɜɤŰɏɟɤ ɔɑɜŮŰŬɘ ůŬűɏɠ ɧŰɘ ɛŮ Űɖɜ Ůˊɘɚɞɔɐ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ‗ əŬɘ ὒ 

ŮˊɖɟŮɎɕɞɡɛŮ Űɞ ɀɏůɞ ɀɐəɞɠ Ʌɞɐɠ, Űɧůɞ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɖ ŭɘŬŭɘəŬůɑŬ 

ɓɟɑůəŮŰŬɘ ŮɜŰɧɠ Ůɚɏɔɢɞɡ (ὃὙὒ), ɧůɞ əŬɘ ůŰɖɜ ŮəŰɧɠ Ůɚɏɔɢɞɡ ˊŮɟɑˊŰɤůɖ (ὃὙὒ), 

ɧŰŬɜ ŬɜɘɢɜŮɨŮŰŬɘ əɎˊɞɘŬ ɛŮŰŬŰɧˊɘůɖ.  

 
ɆŰɖ ůɡɜɏɢŮɘŬ ɛŮ Űɖ ɓɞɐɗŮɘŬ Űɞɡ əɩŭɘəŬ Űɖɠ ȺɜɧŰɖŰŬɠ ȸ Űɞɡ ɄŬɟŬɟŰɐɛŬŰɞɠ 

ɓɟɑůəɞɡɛŮ Űɞɡɠ ůɡɜŭɡŬůɛɞɨɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ‗ əŬɘ ὒ, ˊɞɡ ŭɑɜɞɡɜ Űɞ ŮˊɘɗɡɛɖŰɧ 

ὃὙὒ. ɆŰɖɜ ˊŮɟɑˊŰɤůɐ ɛŬɠ ɞɘ Űɘɛɏɠ ˊɞɡ ŮˊɘɚɏɢɗɖəŬɜ ɔɘŬ Űɞ ὃὙὒ ŮɑɜŬɘ Űɞ 370 əŬɘ Űɞ 

500, ɛɘɛɞɨɛŮɜɞɘ Űɞ ŬɜŰɑůŰɞɘɢɞ ɛɏůɞ ɛɐəɞɠ ɟɞɐɠ ˊɞɡ ůɡɜŬɜŰɎŰŬɘ ůŰŬ əɚŬůůɘəɎ 

ŭɘŬɔɟɎɛɛŬŰŬ ɧˊɞɡ Űɞ ɆűɎɚɛŬ ɇɨˊɞɡ Ƚ ŮɑɜŬɘ 0.0027 əŬɘ 0.002 ŬɜŰɑůŰɞɘɢŬ. ɀŮ Űɞɜ 

Űɟɧˊɞ ŬɡŰɧ əŬŰŬɟŰɑůŰɖəŬɜ ɞɘ ɄɑɜŬəŮɠ Űɖɠ ȺɜɧŰɖŰŬɠ 8.4, ˊɞɡ Ŭűɞɟɞɨɜ ůŰŬ 

ŬůɡɛˊŰɤŰɘəɎ ɧɟɘŬ əŬɘ ůŰŬ ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜŬ ɧɟɘŬ əŬɘ ŭɖɛɘɞɡɟɔɐɗɖəŬɜ ŰŬ 

ˊŬɟŬəɎŰɤ ɆɢɐɛŬŰŬ 3.12, 3.13, 3.14 əŬɘ 3.15.  

 
ȷˊɧ Űɖ ůɨɔəɟɘůɖ Űɤɜ ɆɢɖɛɎŰɤɜ ŭɘŬˊɘůŰɩɜɞɡɛŮ ɧŰɘ ɡˊɎɟɢŮɘ ůɖɛŬɜŰɘəɐ ŭɘŬűɞɟɎ 

ɛŮŰŬɝɨ Űɖɠ ˊŮɟɑˊŰɤůɖɠ Űɤɜ ŬůɡɛˊŰɤŰɘəɩɜ ɞɟɑɤɜ əŬɘ Űɤɜ ɢɟɞɜɘəɎ 

ɛŮŰŬɓŬɚɚɧɛŮɜɤɜ. ɆɡɔəŮəɟɘɛɏɜŬ, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰŬ ɔɟŬűɐɛŬŰŬ Űɞɡ ɆɢɐɛŬŰɞɠ 3.12, 

ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ŬůɡɛˊŰɤŰɘəɩɜ ɞɟɑɤɜ, əŬɗɩɠ ŬɡɝɎɜŮŰŬɘ Űɞ ɚ, ɝŮəɘɜɩɜŰŬɠ Ŭˊɧ 

Űɘɛɏɠ əɞɜŰɎ ůŰɞ ɛɖŭɏɜ, Űɞ ὃὙὒ ɛŮɘɩɜŮŰŬɘ, ˊŬɟɞɡůɘɎɕɞɜŰŬɠ ɛŮŰɎ Ŭˊɧ ɚɑɔɞ ŮɚɎɢɘůŰɞ 

ɔɘŬ əɎˊɞɘŬ Űɘɛɐ Űɞɡ ‗, əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ɛŮ Űɖɜ Ŭɨɝɖůɖ Űɞɡ ‗, ŬɡɝɎɜŮŰŬɘ Űɞ ὃὙὒ. 

ȷɡŰɐ ɖ ŮɚɎɢɘůŰɖ Űɘɛɐ Űɞɡ ‗ ŬˊɞŰŮɚŮɑ əŬɘ Űɖɜ ɓɏɚŰɘůŰɖ Ůˊɘɚɞɔɐ, ɔɘŬ ŮɝŬůűɎɚɘůɖ Űɖɠ 

ŬɜɘɢɜŮɡŰɘəɐɠ ɘəŬɜɧŰɖŰŬɠ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɧɠ ɛŬɠ ɔɘŬ ůɡɔəŮəɟɘɛɏɜɖ ɛŮŰŬŰɧˊɘůɖ. 
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ɆɢɐɛŬ 3.12: ȹɘŬɔɟɎɛɛŬŰŬ ɀɏůɞɡ ɀɐəɞɡɠ Ʌɞɐɠ ůŮ ůɢɏůɖ Űɖɜ ɄŬɟɎɛŮŰɟɞ 

ȺɝɞɛɎɚɡɜůɖɠ ‗, ɔɘŬ ŭɘɎűɞɟŮɠ ɛŮŰŬŰɞˊɑůŮɘɠ, ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ŬůɡɛˊŰɤŰɘəɩɜ 

ɞɟɑɤɜ əŬɘ ɛŮ ὃὙὒ σχπ 

 

 

ɆɢɐɛŬ 3.13: ȹɘŬɔɟɎɛɛŬŰŬ ɀɏůɞɡ ɀɐəɞɡɠ Ʌɞɐɠ ůŮ ůɢɏůɖ Űɖɜ ɄŬɟɎɛŮŰɟɞ 

ȺɝɞɛɎɚɡɜůɖɠ ‗, ɔɘŬ ŭɘɎűɞɟŮɠ ɛŮŰŬŰɞˊɑůŮɘɠ, ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ɢɟɞɜɘəɎ 

ɛŮŰŬɓŬɚɚɧɛŮɜɤɜ ɞɟɑɤɜ əŬɘ ɛŮ ὃὙὒ σχπ 
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ɆɢɐɛŬ 3.14: ȹɘŬɔɟɎɛɛŬŰŬ ɀɏůɞɡ ɀɐəɞɡɠ Ʌɞɐɠ ůŮ ůɢɏůɖ Űɖɜ ɄŬɟɎɛŮŰɟɞ 

ȺɝɞɛɎɚɡɜůɖɠ ‗, ɔɘŬ ŭɘɎűɞɟŮɠ ɛŮŰŬŰɞˊɑůŮɘɠ, ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ɢɟɞɜɘəɎ 

ɛŮŰŬɓŬɚɚɧɛŮɜɤɜ ɞɟɑɤɜ əŬɘ ɛŮ ὃὙὒ υππ 

 
 

 

ɆɢɐɛŬ 3.15: ȹɘŬɔɟɎɛɛŬŰŬ ɀɏůɞɡ ɀɐəɞɡɠ Ʌɞɐɠ ůŮ ůɢɏůɖ Űɞ ɛɏɔŮɗɞɠ Űɖɠ 

ɛŮŰŬŰɧˊɘůɖɠ, ɔɘŬ ŭɘɎűɞɟŮɠ Űɘɛɏɠ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ ‗, ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ 

ŬůɡɛˊŰɤŰɘəɩɜ ɞɟɑɤɜ əŬɘ ɛŮ ὃὙὒ σχπ 

 
ȷɜŰɑɗŮŰŬ, ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜɤɜ ɞɟɑɤɜ, ɧˊɤɠ űŬɑɜŮŰŬɘ 

ůŰŬ ɆɢɐɛŬŰŬ 3.13 əŬɘ 3.14, ɔɘŬ ɧůɞ Űɞ ‗ ɛŮɘɩɜŮŰŬɘ, Űɧůɞ ɛŮɘɩɜŮŰŬɘ Űɞ ὃὙὒ. 

ɆɡɜŮˊɩɠ, ɔɘŬ Űɖɜ ŮɨɟŮůɖ Űɖɠ ɓɏɚŰɘůŰɖɠ Űɘɛɐɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ŬɟəŮɑ ɜŬ ɛŮɘɩůɞɡɛŮ, 

Űɧůɞ ˊɞɚɨ Űɞ ‗, ɩůŰŮ ɜŬ ˊɎɟɞɡɛŮ Űɞ ŮˊɘɗɡɛɖŰɧ ὃὙὒ.  
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ɆŮ ɛɘŬ ˊɟɞůˊɎɗŮɘŬ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ ɖ Űɘɛɐ Űɞɡ ‗ ́ ɞɡ ɛŬɠ ŮɝŬůűŬɚɑɕŮɘ Űɞɜ ˊŮɟɘɞɟɘůɛɧ 

Űɞɡ ůűɎɚɛŬŰɞɠ Űɨˊɞɡ ȽȽ, ůŰɞ ŮˊɑˊŮŭɞ Űɞɡ 50%, ɐ Ŭɚɚɘɩɠ ˊɞɡ ɞŭɖɔŮɑ ůŮ !2, ς, 

ɡˊɞɚɞɔɑůŰɖəŬɜ ŰŬ ɕŮɨɔɖ Űɘɛɩɜ Űɞɡ ɄɑɜŬəŬ 3.9, Űɖɠ ˊŬɟŬɛɏŰɟɞɡ ŮɝɞɛɎɚɡɜůɖɠ ‗ əŬɘ 

Űɞɡ Ůɨɟɞɡɠ ɞɟɑɤɜ ὒ, ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ Űɞ ŮˊɘɗɡɛɖŰɧ ɆűɎɚɛŬ ɇɨˊɞɡ Ƚ ŮɑɜŬɘ 

5%, ɐ Ŭɚɚɘɩɠ Űɞ ὃὙὒ σχπ. ȳˊɤɠ ŬɜŬɚɨɗɖəŮ ůŰɖɜ ȺɜɧŰɖŰŬ 3.3.4, əŬɗɩɠ 

ɛŮɘɩɜŮŰŬɘ ɖ Űɘɛɐ Űɞɡ ‗, ŬɡɝɎɜŮŰŬɘ ɖ ŭɘŬůˊɞɟɎ Űɤɜ Űɘɛɩɜ Űɞɡ ὃὙὒ ɔɘŬ ɛɘəɟɏɠ Űɘɛɏɠ əŬɘ 

ɛɘəɟɏɠ ŬɚɚŬɔɏɠ Űɤɜ əɧɛɓɤɜ ŰŮŰɟŬɔɤɜɘůɛɞ əŬɘ Űɞ ὃὙὒ ůɡɔəɚɑɜŮɘ ï ůŰŬɗŮɟɞˊɞɘŮɑŰŬɘ 

ůŰɖɜ ŰŮɚɘəɐ Űɞɡ Űɘɛɐ ɔɘŬ ɛŮɔŬɚɨŰŮɟɞ ˊɚɐɗɞɠ Űɤɜ əɧɛɓɤɜ ŰŮŰɟŬɔɤɜɘůɛɞɨ.  

 

ȿŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ ŬɡŰɐ Űɖ ůɡɛˊŮɟɘűɞɟɎ Űɞɡ ὃὙὒ ůŮ ůɡɜɎɟŰɖůɖ Űɞɡ ‗ əŬɘ Űɤɜ 

əɧɛɓɤɜ ŰŮŰɟŬɔɤɜɘůɛɞɨ, Ŭɜ ŮˊɘɢŮɘɟɐůɞɡɛŮ ɛɑŬ ɓɞɡŰɘɎ ůŮ ˊɞɚɨ ɢŬɛɖɚɏɠ Űɘɛɏɠ Űɞɡ ‗, 

ˊɟɏˊŮɘ ɜŬ ŮɝŬůűŬɚɑɕɞɡɛŮ ɧŰɘ Űɞ ὃὙὒ ˊŬɟŬɛɏɜŮɘ ůŰŬɗŮɟɧ ɔɘŬ ŰɞɡɚɎɢɘůŰɞɜ ŭɨɞ 

ŭɘŬűɞɟŮŰɘəɏɠ Űɘɛɏɠ Űɤɜ əɧɛɓɤɜ ŰŮŰɟŬɔɤɜɘůɛɞɨ. ũɘŬ Űɘɠ Űɘɛɏɠ ˊŬɟŬəɎŰɤ 

ŭɘŬˊɘůŰɩɗɖəŮ ɧŰɘ ɖ Űɘɛɐ Űɞɡ ὃὙὒ ůŰŬɗŮɟɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɘɛɏɠ ˊɎɜɤ Ŭˊɧ 250 əɞɛɓɞɡɠ. 

ũɘŬ ɚɧɔɞɡɠ ŬɝɘɞˊɘůŰɑŬɠ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ŮˊɘɚɏɢɗɖəŮ Ŭəɧɛɖ ɛŮɔŬɚɨŰŮɟɖ ŬəɟɑɓŮɘŬ 

ɛŮ 270 əɧɛɓɞɡɠ ŰŮŰɟŬɔɤɜɘůɛɞɨ ŬˊɞəɞɛɑɕɞɜŰŬɠ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ űŬɑɜɞɜŰŬɘ 

ůŰɞɜ ɄɑɜŬəŬ 3.9. ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ əɎɗŮ ɕŮɨɔɞɡɠ Űɘɛɩɜ, 

ŬˊŬɘŰŮɑŰŬɘ ˊɞɚɨ ɛŮɔɎɚɞɠ ɡˊɞɚɞɔɘůŰɘəɧɠ ɢɟɧɜɞɠ, ŮɜŭŮɘəŰɘəɎ ŬɜŬűɏɟŮŰŬɘ ɧŰɘ ɔɘŬ ‗

πȢππππρ ŬˊŬɘŰŮɑŰŬɘ ɢɟɧɜɞɠ ˊɞɚɨ ɛŮɔŬɚɨŰŮɟɞɠ Ŭˊɧ 3 ɩɟŮɠ ɛŮ ɏɜŬ ɛɏůɞ ɡˊɞɚɞɔɘůŰɐ. 

ũɘȭŬɡŰɧ əŬɘ ɔɘŬ Űɞ ůəɞˊɧ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŭŮɜ ŮˊɘɢŮɘɟɐɗɖəŮ ˊŮɟŬɘŰɏɟɤ 

ŭɘŮɟŮɨɜɖůɖ Űɖɠ ɓɏɚŰɘůŰɖɠ Ůˊɘɚɞɔɐɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ, ɛŮ Ŭəɧɛɖ ɛŮɔŬɚɨŰŮɟɖ ɛŮɑɤůɖ 

Űɖɠ Űɘɛɐɠ Űɞɡ ‗. 

 

ɆɖɛŮɘɩɜŮŰŬɘ ɤůŰɧůɞ ɧŰɘ ɔɘŬ ɚɧɔɞɡɠ ŮɟŮɡɜɖŰɘəɞɨɠ ɑůɤɠ ɜŬ ŬɝɑɕŮɘ Űɞɜ əɧˊɞ ɔɘŬ 

ŭɘŮɟŮɨɜɖůɖ Űɖɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɖɠ Űɘɛɐɠ Űɞɡ ὃὙὒ ɔɘŬ ˊŮɟŬɘŰɏɟɤ ɛŮɑɤůɖ Űɞɡ ‗. 

 
ɄɑɜŬəŬɠ 3.9: ȻŮɨɔɖ Űɘɛɩɜ ˊŬɟŬɛɏŰɟɤɜ ɔɘŬ ὃὙὒ σχπ 

‗ ὒ ὃὙὒ ὃὙὒ ɹ ʽʰ ˃ʶˍʰˍˈˉʽˋʹ ‏ ρ ˁˈ˃ʲˇʽ ʅ˒ʱ˂˃ʰ ʆˏˉˇˎ ɹɹ 

0.0004 1.404533 370 2. 957128  270 0.661834 

0.0003 1. 37677  370 2. 888783  270 0.653833 

0.0002 1. 34213  370 2. 805338  270 0.643537 

0.0001 1. 292947  370 2.690323 270 0.628297 

0.00009 1. 286393  370 2. 675301  270 0.62621 

0.00008 1.2745237 370 2. 574740  270 0.611611 
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ȰɜŬ ŭŮɨŰŮɟɞ ůɡɛˊɏɟŬůɛŬ ˊɞɡ ˊɟɞəɨˊŰŮɘ ŮɑɜŬɘ ɧŰɘ ůŰŬ ŭɘŬɔɟɎɛɛŬŰŬ ɛŮ 

ŬůɡɛˊŰɤŰɘəɎ ɧɟɘŬ Űɞ ɆűɎɚɛŬ ɇɨˊɞɡ ȽȽ ˊŬɟŬɛɏɜŮɘ ˊɞɚɨ ɛŮɔɎɚɞ, əŬɗɩɠ ɖ 

ŬɜɘɢɜŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ Ŭəɧɛɖ əŬɘ ɔɘŬ ɛŮɔɎɚŮɠ ɛŮŰŬŰɞˊɑůŮɘɠ ˊŬɟŬɛɏɜŮɘ ůŮ ɡɣɖɚɏɠ 

Űɘɛɏɠ Űɞɡ ὃὙὒ, ɛŮɔŬɚɨŰŮɟŮɠ Űɞɡ 2.8. ȷɜŰɑɗŮŰŬ, ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ɢɟɞɜɘəɎ 

ɛŮŰŬɓŬɚɚɧɛŮɜɤɜ ɞɟɑɤɜ ŮɑɜŬɘ ŮűɘəŰɧ ɛŮ əŬŰɎɚɚɖɚɖ Ůˊɘɚɞɔɐ ˊɞɚɨ ɛɘəɟɞɨ ‗ Űɖɠ ŰɎɝɖɠ 

Űɞɡ 0.00008 ɜŬ ŮˊɘŰŮɡɢɗŮɑ ŬɜɘɢɜŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ ɔɘŬ ɛŮŰŬŰɧˊɘůɖ ‏ ρ Űɖɠ ŰɎɝɖɠ Űɞɡ 

ὃὙὒ ςȢυχυ  ɛŮ ́ɞɚɨ ɛɘəɟɧ ɆűɎɚɛŬ ɇɨˊɞɡ ȽȽ, ɑůɞ ɛŮ 0.611 ɧˊɤɠ űŬɑɜŮŰŬɘ Ŭˊɧ ŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ Űɞɡ ɄɑɜŬəŬ 3.9. 

 

  

ɆɢɐɛŬ 3.16: ȹɘŬɔɟɎɛɛŬŰŬ ɄŬɟŬɛɏŰɟɞɡ ὒ ůɡɜŬɟŰɐůŮɘ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ 

ŮɝɞɛɎɚɡɜůɖɠ ‗,ɔɘŬ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜɤɜ ɞɟɑɤɜ əŬɘ 

ŬůɡɛˊŰɤŰɘəɩɜ ɔɘŬ ὃὙὒ σχπ əŬɘ ὃὙὒ υππ 

 
 
ɇɏɚɞɠ, ůɨɛűɤɜŬ ɛŮ Űɞ ɆɢɐɛŬ 3.16 ŬɜŬűɞɟɘəɎ ɛŮ Űɖ ůɢɏůɖ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ὒ əŬɘ 

‗, ɘůɢɨŮɘ ɧŰɘ ɔɘŬ ɛɘəɟɏɠ Űɘɛɏɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ɞɘ Űɘɛɏɠ Űɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ ɛŮ ɢɟɞɜɘəɎ 

ɛŮŰŬɓŬɚɚɧɛŮɜŬ ɧɟɘŬ ˊŬɟɞɡůɘɎɕɞɡɜ ɛɘŬ ɛɘəɟɐ Ŭˊɧəɚɘůɖ, Ŭˊɧ Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ Űɘɛɏɠ 

ɛŮ ŬůɡɛˊŰɤŰɘəɎ ɧɟɘŬ, Ůɜɩ ɛŮŰɎ Űɖɜ Űɘɛɐ Űɞɡ ‗ ˊŮɟɑˊɞɡ 0.2 ɛŮ 0.3 ɞɘ ŭɨɞ Űɘɛɏɠ Űɤɜ 

ὒ, ůɡɔəɚɑɜɞɡɜ ůŰɞ ɑŭɘɞ ŮˊɑˊŮŭɞ. 
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3.6.1 ȷɚɔɧɟɘɗɛɞɠ ɔɘŬ ȷůɡɛˊŰɤŰɘəɎ ȳɟɘŬ 

 ȿŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ ŰŬ ŬɜɤŰɏɟɤ, ˊɚɏɞɜ ɛˊɞɟɞɨɛŮ ɜŬ ůɡɜɞɣɑůɞɡɛŮ ŰŬ 

ɓɐɛŬŰŬ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ŬəɞɚɞɡɗɞɨɜŰŬɘ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡ ɓɏɚŰɘůŰɞɡ ɕŮɨɔɞɡɠ 

ˊŬɟŬɛɏŰɟɤɜ ‗ əŬɘ ὒ ůŰɞɜ Ŭəɧɚɞɡɗɞ Ŭɚɔɧɟɘɗɛɞ: 

 
 Ŭ. ȾŬɗɞɟɘůɛɧɠ Űɞɡ ɛɏɔɘůŰɞɡ ŮˊɘŰɟŮˊŰɞɨ ɆűɎɚɛŬŰɞɠ ɇɨˊɞɡ Ƚ (Ŭ). 

ɆɡɜɐɗŮɘɠ Űɘɛɐ ŮɑɜŬɘ ‌ πȢππςχ. 

 ɓ. ɈˊɞɚɞɔɑɕɞɡɛŮ Űɞ ŮˊɘɗɡɛɖŰɧ ὃὙὒ ɔɘŬ Űɞ ŬɜɤŰɏɟɤ ůűɎɚɛŬ, Ŭˊɧ Űɖ 

ůɢɏůɖ !2, . ȷɜŰɑůŰɞɘɢŬ ɔɘŬ Űɖɜ ˊŬɟŬˊɎɜɤ Űɘɛɐ Űɞɡ Ŭ, ůɡɜɐɗɖɠ Űɘɛɐ ɔɘŬ Űɞ ὃὙὒ 

ŮɑɜŬɘ ὃὙὒ σχπ.   

 ɔ. ȾŬɗɞɟɘůɛɧɠ Űɞɡ ŮˊɘɗɡɛɖŰɞɨ ɛŮɔɏɗɞɡɠ ɛŮŰŬŰɧˊɘůɖɠ ŭ ́ɞɡ ɗɏɚɞɡɛŮ 

ɜŬ ŬɜɘɢɜŮɨŮɘ Űɞ ŭɘɎɔɟŬɛɛɎ ɛŬɠ. 

 ŭ. Ɉˊɞɚɞɔɘůɛɧɠ Űɤɜ ɕŮɡɔɩɜ Űɘɛɩɜ, ‗ əŬɘ ὒ, ˊɞɡ ŭɑɜŮɘ Űɞ ŮˊɘɗɡɛɖŰɧ 

ὃὙὒ. 

 Ů. ũɘŬ Űɖɜ ŮˊɘɗɡɛɖŰɧ ɛɏɔŮɗɞɠ ɛŮŰŬŰɧˊɘůɖɠ ‏ ˊɞɡ ɗɏɚɞɡɛŮ ɜŬ ŬɜɘɢɜŮɨŮɘ 

Űɞ ŭɘɎɔɟŬɛɛɎ ɛŬɠ, ɡ́ ɞɚɞɔɘůɛɧɠ Űɞɡ ὃὙὒ ɔɘŬ əɎɗŮ ŭɡɜŬŰɧ ɕŮɨɔɞɠ Űɘɛɩɜ ‗ əŬɘ ὒ, 

ˊɞɡ ˊɐɟŬɛŮ Ŭˊɧ Űɞ ɓɐɛŬ ‏. 

 ůŰ. Ⱥˊɘɚɞɔɐ Űɞɡ ɕŮɨɔɞɡɠ Űɘɛɩɜ ˊɞɡ ŭɑɜŮɘ ɛɘəɟɧŰŮɟɞ ὃὙὒ ɔɘŬ Űɖɜ 

ŮˊɘɚŮɔɛɏɜɖ ɛŮŰŬŰɧˊɘůɖ. 

3.6.2 ȷɚɔɧɟɘɗɛɞɠ ɔɘŬ ɉɟɞɜɘəɎ ɀŮŰŬɓŬɚɚɧɛŮɜŬ ȳɟɘŬ 

ȷɜŰɑůŰɞɘɢŬ ɛŮ ŰŬ ŬůɡɛˊŰɤŰɘəɎ ɧɟɘŬ, ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ɢɟɞɜɘəɎ 

ɛŮŰŬɓŬɚɚɧɛŮɜɤɜ ɞɟɑɤɜ, ŰŬ ɓɐɛŬŰŬ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ŬəɞɚɞɡɗɞɨɜŰŬɘ ɔɘŬ Űɞɜ 

ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡ ɓɏɚŰɘůŰɞɡ ɕŮɨɔɞɡɠ ˊŬɟŬɛɏŰɟɤɜ ‗ əŬɘ ὒ űŬɑɜɞɜŰŬ ůŰɞɜ ˊŬɟŬəɎŰɤ 

ůŰɞɜ Ŭɚɔɧɟɘɗɛɞ: 

 
 Ŭ. ȾŬɗɞɟɘůɛɧɠ Űɞɡ ɛɏɔɘůŰɞɡ ŮˊɘŰɟŮˊŰɞɨ ɆűɎɚɛŬŰɞɠ ɇɨˊɞɡ Ƚ (Ŭ) əŬɘ 

ɇɨˊɞɡ ȽȽ (ɓ). Ɇɡɜɐɗɖɠ Űɘɛɐ ɔɘŬ Űɞ Ŭ ŮɑɜŬɘ ‌ πȢππςχ. ȷɜŰɑůŰɞɘɢŬ ˊɟɞŰŮɘɜɧɛŮɜɖ Űɘɛɐ 

ɔɘŬ Űɞ ‍ πȢφφφφ. 

 ɓ. ɈˊɞɚɞɔɑɕɞɡɛŮ Űɞ ŮˊɘɗɡɛɖŰɧ ὃὙὒ ɔɘŬ Űɞ ŬɜɤŰɏɟɤ ůűɎɚɛŬ, Ŭˊɧ Űɖ 

ůɢɏůɖ !2, .  
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 ɔ. ȾŬɗɞɟɘůɛɧɠ Űɞɡ ŮˊɘɗɡɛɖŰɞɨ ɛŮɔɏɗɞɡɠ ɛŮŰŬŰɧˊɘůɖɠ ‏ ˊɞɡ ɗɏɚɞɡɛŮ 

ɜŬ ŬɜɘɢɜŮɨŮɘ Űɞ ŭɘɎɔɟŬɛɛɎ ɛŬɠ. 

 ŭ. Ɉˊɞɚɞɔɘůɛɧɠ Űɤɜ ɕŮɡɔɩɜ Űɘɛɩɜ, ‗ əŬɘ ὒ, ˊɞɡ ŭɑɜŮɘ Űɞ ŮˊɘɗɡɛɖŰɧ 

ὃὙὒ. 

 Ů. ũɘŬ Űɖɜ ŮˊɘɗɡɛɖŰɧ ɛɏɔŮɗɞɠ ɛŮŰŬŰɧˊɘůɖɠ ‏ ˊɞɡ ɗɏɚɞɡɛŮ ɜŬ ŬɜɘɢɜŮɨŮɘ 

Űɞ ŭɘɎɔɟŬɛɛɎ ɛŬɠ, ɡˊɞɚɞɔɘůɛɧɠ Űɞɡ ὃὙὒ ɔɘŬ əɎɗŮ ŭɡɜŬŰɧ ɕŮɨɔɞɠ Űɘɛɩɜ ‗ əŬɘ ὒ, 

ˊɞɡ ˊɐɟŬɛŮ Ŭˊɧ Űɞ ɓɐɛŬ ‏. 

 ůŰ. Ⱥˊɘɚɞɔɐ Űɞɡ ɕŮɨɔɞɡɠ Űɘɛɩɜ ˊɞɡ ŭɑɜŮɘ Űɞ ŮˊɘɗɡɛɖŰɧ ὃὙὒ ρȢπυςφσ 

ɔɘŬ Űɖɜ ŮˊɘɚŮɔɛɏɜɖ ɛŮŰŬŰɧˊɘůɖ - ůŰɧɢɞ. 

 
ɈˊŮɜɗɡɛɑɕŮŰŬɘ ɧŰɘ ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɐ ɛŬɠ ŰŬ ɆűɎɚɛŬŰŬ ɇɨˊɞɡ Ƚ əŬɘ ȽȽ ŬɜŬɚɨɞɜŰŬɘ 

ůŰɞɜ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ: 

 
 

ɄɑɜŬəŬɠ 3.10: ȹɡɜŬŰɞɑ ɆɡɜŭɡŬůɛɞɑ ȺɜŭŮɢɞɛɏɜɤɜ ï ɇŮɚɘəɐɠ ȺɜɏɟɔŮɘŬɠ 

ŭ ὤ Ὗὅὒ ȿȿ ὤ ὒὅὒ 

ȺɜɏɟɔŮɘŬ ˊɞɡ 
ˊɟɎŰŰɤ ɛŮ ɓɎůɖ 
Űɞ ŬˊɞŰɏɚŮůɛŬ 
Űɞɡ ůŰŬŰɘůŰɘəɞɨ 

ɄɟɎɝŬɛŮ ȾŬɚɩɠ; 
(ɄɚɖɟɞűɞɟɑŬ ˊɞɡ 
ɚŬɛɓɎɜŮŰŬɘ Ŭˊɧ Űɖ 

ůɨɔəɟɘůɖ Űɞɡ ‘ ɛŮ Űɞ 

‘ Ⱥ
ɑ
ŭ
ɞ
ɠ
 

Ɇ
ű
Ɏ
ɚ
ɛ
Ŭ
Ű
ɞ
ɠ

 

0 ɁȷȽĄ ɆɐɛŬ ŮəŰɧɠ ɆŰŬɛŬŰɎɤ Űɖɜ 
ˊŬɟŬɔɤɔɐ 

ȳɢɘ, ŭɘɧŰɘ ɖ ŭɘŬŭɘəŬůɑŬ 
ŮɑɜŬɘ ŮɜŰɧɠ 

ɆűɎɚɛŬ 
ɇɨˊɞɡ Ƚ 

0 ɃɉȽ Ą ɆɐɛŬ ŮɜŰɧɠ ɆɡɜŮɢɑɕɤ ɁŬɘ  

1 ɁȷȽ Ą ɆɐɛŬ ŮəŰɧɠ ɆŰŬɛŬŰɎɤ ɁŬɘ  

1 ɃɉȽ Ą ɆɐɛŬ ŮɜŰɧɠ ɆɡɜŮɢɑɕɤ Űɖɜ 
ˊŬɟŬɔɤɔɐ 

ȳɢɘ, ŭɘɧŰɘ ɖ ŭɘŬŭɘəŬůɑŬ 
ŮɑɜŬɘ ŮəŰɧɠ 

ɆűɎɚɛŬ 
ɇɨˊɞɡ ȽȽ 

  

ɆɡɜŮˊɩɠ, Űɞ ůűɎɚɛŬ Űɨˊɞɡ Ƚ ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɖɜ ˊɘɗŬɜɧŰɖŰŬ: 

 ὥ ὖὤὸ Ὗὅὒὸ Ǫὤὸ ὒὅὒὸ ȟ   ‘‐ ὤͯ ὔ‘ȟ„        σȢυσ  

ὸɴ ρȟЊ  

 

əŬɘ Űɞ ůűɎɚɛŬ Űɨˊɞɡ ȽȽ ɡˊɞɚɞɔɑɕŮŰŬɘ ɡˊɞɚɞɔɑɕɞɜŰŬɠ Űɖɜ ˊɘɗŬɜɧŰɖŰŬ Űɞ:  

‍ ὖὒὅὒὤ Ὗὅὒ ρ ὖὤὸ Ὗὅὒὸ Ǫὤὸ ὒὅὒὸȟ   ‘‐ ὤͯ ὔ‘ȟ„  

 

‍ ρ
ρ

ὃὙὒ
ȟ   ‘‐ ὤͯ ὔ‘ȟ„      σȢυτ  
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ȾȺūȷȿȷȽɃ 4ɞ 

ɀɏɗɞŭɞɠ ũɟɐɔɞɟɖɠ ȷɟɢɘəɐɠ ȷˊɧəɟɘůɖɠ 
Fast Initial Response (FIR) EWMA 

  

4.1 ȹɘŬɔɟɎɛɛŬŰŬ Ⱥɚɏɔɢɞɡ FIR ï EWMA 

ɇŬ ŭɘŬɔɟɎɛɛŬŰŬ EWMA ɛŮ ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜŬ ɧɟɘŬ ˊŬɟɞɡůɘɎůŰɖəŬɜ 

ůŰo ˊɟɞɖɔɞɨɛŮɜɞ əŮűɎɚŬɘɞ ɜŬ ɏɢɞɡɜ ɘŭɘɧŰɖŰŮɠ ɧɛɞɘŮɠ ɛŮ Űɖ ɔŮɜɘəɐ űɘɚɞůɞűɑŬ Űɤɜ 

ŮɟɔŬɚŮɑɤɜ ɔɟɐɔɞɟɖɠ Ŭˊɧəɟɘůɖɠ, ɧŰŬɜ ůɡɔəɟɑɜɞɜŰŬɘ ɛŮ ŬůɡɛˊŰɤŰɘəɎ ŭɘŬɔɟɎɛɛŬŰŬ 

EWMA. ɋůŰɧůɞ, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜŬ ɧɟɘŬ ŭŮɜ ŮɑɜŬɘ Űɞ ɑŭɘɞ, 

ɧˊɤɠ ɛŮ Űɞ ŮɟɔŬɚŮɑɞ Fast Initial Response (FIR) ɔɘŬ ŰŬ CUSUMs, əŬɗɩɠ ɖ ɟɨɗɛɘůɖ 

Űɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ Ůɚɏɔɢɞɡ ŭɘɞɟɗɩɜŮɘ ɛɧɜɞɜ ŰŬ ɧɟɘŬ Ůɚɏɔɢɞɡ, ɏŰůɘ ɩůŰŮ ɜŬ ɚɎɓɞɡɜ 

ɡˊɧɣɖ Űɖ ɢɟɞɜɘəɎ ŮɝŬɟŰɩɛŮɜɖ űɨůɖ Űɖɠ ůŰŬŰɘůŰɘəɐɠ ůɡɜɎɟŰɖůɖɠ EWMA ˊɞɡ 

ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ (3.5).  

 
ȳˊɤɠ ůɡɕɖŰɐɗɖəŮ ůŰɖɜ ŮɘůŬɔɤɔɐ, ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ ŭɑˊɚŮɡɟɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ 

EWMA, ŰŬ ɞˊɞɑŬ ɜŬ ŬɜŰɘŭɟɞɨɜ ɔɟɐɔɞɟŬ, ɞɘ Lucas əŬɘ Saccucci (1990) ˊɟɧŰŮɘɜŬɜ Űɖ 

ɢɟɐůɖ ŭɨɞ ɛɞɜɧˊɚŮɡɟɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ EWMA ɛŮ Ŭɟɢɘəɐ əŬŰɎůŰŬůɖ ŭɘŬűɞɟŮŰɘəɐ 

Ŭˊɧ Űɞ ɛɖŭɏɜ. Ƀɘ Rhoads et a. (1996) ɡɘɞɗɏŰɖůŬɜ Űɖɜ ˊɟɞůɏɔɔɘůɖ Űɤɜ Lucas əŬɘ 

Saccucci (1990) ŮˊɘŰɟɏˊɞɜŰŬɠ əɎɗŮ ɛɞɜɧˊɚŮɡɟɞ ŭɘɎɔɟŬɛɛŬ ɜŬ ɏɢŮɘ ɢɟɞɜɘəɎ 

ɛŮŰŬɓŬɚɚɧɛŮɜŬ ɧɟɘŬ. 

  

ȾŬɘ ɞɘ ŭɨɞ ŬɡŰɏɠ ɛɏɗɞŭɞɘ ɏɢɞɡɜ Űɞ ŮˊɘɗɡɛɖŰɧ ŬˊɞŰɏɚŮůɛŬ ŭɖɛɘɞɡɟɔɩɜŰŬɠ 

ŭɘɎɔɟŬɛɛŬ ˊŮɟɘůůɧŰŮɟɞ ŮɡŬɑůɗɖŰɞ ůŮ ˊɟɤŰɞŮɛűŬɜɘɕɧɛŮɜŬ ˊɟɞɓɚɐɛŬŰŬ, ŬɚɚɎ ŮɑɜŬɘ 

ɛɎɚɚɞɜ Ɏəɞɛɣɖ ɖ ŰŬɡŰɧɢɟɞɜɖ ɢɟɐůɖ ŭɨɞ ŭɘŬɔɟŬɛɛɎŰɤɜ EWMA ɔɘŬ Űɖɜ 

ɞɚɞəɚɐɟɤůɖ Űɞɡ ɏɟɔɞɡ ˊɞɡ ˊɟɞɔŮɜɏůŰŮɟŬ ɐŰŬɜ ŮűɘəŰɧ ɛŮ ɏɜŬ ɛɧɜɞ ŭɘɎɔɟŬɛɛŬ. 

 

O Steiner (1999) ˊɟɧŰŮɘɜŮ ɛɘŬ ŭɘŬűɞɟŮŰɘəɐ ˊɟɞůɏɔɔɘůɖ, ɖ ɞˊɞɑŬ ŭɘŬŰɖɟŮɑ Űɖɜ 

ŬˊɚɧŰɖŰŬ Ůɜɧɠ Ŭˊɚɞɨ ŭɘŬɔɟɎɛɛŬŰɞɠ Ůɚɏɔɢɞɡ. ũɘŬ ɜŬ ŮűŬɟɛɧůŮɘ Űɞ ŮɟɔŬɚŮɑɞ FIR ůŰŬ 

ŭɘŬɔɟɎɛɛŬŰŬ EWMA ɛŮ ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜŬ ɧɟɘŬ, ŰŬ ɧɟɘŬ Ůɚɏɔɢɞɡ ůŰŮɜŮɨɞɡɜ 

ˊŮɟŬɘŰɏɟɤ ɔɘŬ Űɘɠ ˊɟɩŰŮɠ ɛɞɜɎŭŮɠ Űɞɡ ŭŮɑɔɛŬŰɞɠ.  
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ȷɡŰɐ ɖ ˊɟɞůɏɔɔɘůɖ ŮɨəɞɚŬ ɡɚɞˊɞɘŮɑŰŬɘ, əŬɗɩɠ ŰŬ ɧɟɘŬ Ůɚɏɔɢɞɡ ŮɑɜŬɘ ɐŭɖ ɢɟɞɜɘəɎ 

ɛŮŰŬɓŬɚɚɧɛŮɜŬ. ȾŬɗɩɠ ŰŬ ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜŬ ɧɟɘŬ Ůɚɏɔɢɞɡ ˊɚɖůɘɎɕɞɡɜ 

ŮəɗŮŰɘəɎ ŰŬ ŬůɡɛˊŰɤŰɘəɎ ɧɟɘŬ ŮɑɜŬɘ Ůɨɚɞɔɞ ɜŬ ɢɟɖůɘɛɞˊɞɘɐůɞɡɛŮ ɟɨɗɛɘůɖ ɔɘŬ 

ŮəɗŮŰɘəɐ ɛŮɑɤůɖ ɔɘŬ Űɞ ˊŮɟŬɘŰɏɟɤ ůŰɏɜŮɛŬ Űɤɜ ɞɟɑɤɜ. ȰůŰɤ: 

 

ὊὍὙ ρ ρ Ὢ          τȢρ 

 

ɀŮ ŬɡŰɐ Űɖ ɟɨɗɛɘůɖ Űɞ ŮɟɔŬɚŮɑɞ FIR əŬɗɘůŰɎ ŰŬ ɧɟɘŬ Ůɚɏɔɢɞɡ ɔɘŬ Űɞ ˊɟɩŰɞ ŭŮɑɔɛŬ 

(t = 1) ɏɜŬ əɚɎůɛŬ Űɖɠ Ŭɟɢɘəɐɠ ŬˊɧůŰŬůɖɠ Ŭˊɧ Űɞ ůɖɛŮɑɞ Ůəəɑɜɖůɖɠ. 

 

ȼ ŮˊɑŭɟŬůɖ Űɖɠ ɢɟɐůɖɠ Űɞɡ ŮɟɔŬɚŮɑɞɡ FIR ŮɚŬŰŰɩɜŮŰŬɘ ɛŮ Űɞ ɢɟɧɜɞ ɔɘŬ ɜŬ 

ŭɘŬůűŬɚɑůɞɡɛŮ ɧŰɘ ɞɘ ɘŭɘɧŰɖŰŮɠ Űɞɡ ɛŮɔɎɚɞɡ ɛɐəɞɡɠ ɟɞɐɠ Űɞɡ EWMA ɗŬ 

ˊŬɟŬɛŮɑɜɞɡɜ ŬɛŮŰɎɓɚɖŰŮɠ. ɀɑŬ Ůɨɚɞɔɖ ɟɨɗɛɘůɖ ɗŬ ɐŰŬɜ ɜŬ ɞɟɑůɞɡɛŮ Űɖɜ 

ˊŬɟɎɛŮŰɟɞ ɟɨɗɛɘůɖɠ Ŭ ɏŰůɘ ɩůŰŮ ɖ ŮˊɑŭɟŬůɖ FIR ɜŬ ɏɢŮɘ ɛɘəɟɐ ŮˊɑŭɟŬůɖ ɛŮŰɎ Űɖɜ 

ˊŬɟŬŰɐɟɖůɖ 20 əŬɘ ɖ ˊŬɟɎůŰŬůɖ ὊὍὙ  ůŰɖɜ ˊŬɟŬŰɐɟɖůɖ 20 ɜŬ ŮɑɜŬɘ 0.99. ŪŬ 

ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ŮˊŬɟəɏɠ ɔɘŬ ɜŬ ŬɜɘɢɜŮɨŮɘ ŰŬ ˊɟɞɓɚɐɛŬŰŬ ˊɞɘɧŰɖŰŬɠ ůŰɖɜ Ŭɟɢɐ. ȷɡŰɐ 

ɖ ɘŭɏŬ ůɖɛŬɑɜŮɘ ɧŰɘ ɗŬ ˊɟɏˊŮɘ ɜŬ ɞɟɘůŰŮɑ: 

 

τȢρ
Ȣ
πȢωω ρ ρ Ὢ

 
ᵾρπ ρ Ὢ

 ʚ
 

 

ς ρ ρωὥὰέὫρ Ὢ 
 
ᵾ 

 

‌

ς
ÌÏÇρ Ὢ

ρ

ρω
        τȢς 

 

ũɘŬ Űɞ ˊŬɟɎŭŮɘɔɛŬ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Ὢ πȢυ ŭɑɜŮɘ ‌ πȢσ. ɉɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŬɡŰɧɜ 

Űɞɜ ˊŬɟɎɔɞɜŰŬ ɟɨɗɛɘůɖɠ Űɖɠ ůɢɏůɖɠ (4.2) əŬɘ Űɘɠ ůɢɏůŮɘɠ (3.9) əŬɘ (3.11), ŰɧŰŮ ŰŬ 

ɧɟɘŬ Ůɚɏɔɢɞɡ FIR-EWMA ŮɑɜŬɘ: 

 

‘ ὒ„ ρ ρ Ὢ
‗ρ ρ ‗

ς ‗ὲ
        τȢσ 

 

ɇŬ ɧɟɘŬ Ůɚɏɔɢɞɡ ˊɞɡ ŭɑɜɞɜŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ (4.3) ŮɑɜŬɘ ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜŬ, ɏŰůɘ 

ɞɘ ɘŭɘɧŰɖŰŮɠ Űɞɡ ɛɐəɞɡɠ ɟɞɐɠ Űɞɡ ˊɟɞŰŮɘɜɧɛŮɜɞɡ FIR ï EWMA ɛˊɞɟɞɨɜ Ůˊɑůɖɠ ɜŬ 
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əŬɗɞɟɘůŰɞɨɜ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŮɑŰŮ Űɖ ɛŮɗɞŭɞɚɞɔɑŬ ɛɖ ɞɛɞɔŮɜɞɨɠ ɛŬɟəɞɓɘŬɜɐɠ 

ŬɚɡůɑŭŬɠ ˊɞɡ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɖɜ ŮɜɧŰɖŰŬ 3 ŮɑŰŮ ɛŮ Űɖ ɢɟɐůɖ Űɤɜ ɞɟɑɤɜ ůɨɔəɚɘůɖɠ 

Űɞɡ ɛɐəɞɡɠ ɟɞɐɠ. 

  

  

 

ɆɢɐɛŬ 4.1: ȹɘŬɔɟɎɛɛŬŰŬ EWMA ɛŮ ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜŬ ɧɟɘŬ ůŮ ůɢɏůɖ ɛŮ 

ɧɟɘŬ FIR ɔɘŬ Űɞ ɄŬɟɎŭŮɘɔɛŬ Űɞɡ ɄɑɜŬəŬ 3.1 

 
 
ɆŰɞ ɆɢɐɛŬ 4.1 ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ŮˊɑŭɟŬůɖ Űɖɠ ɢɟɐůɖɠ Űɤɜ ɞɟɑɤɜ Űɖɠ ůɢɏůɖɠ (4.3) 

ɛŮ Ὢ πȢυȟὥ πȢσ ɔɘŬ Űɞ ɄŬɟɎŭŮɘɔɛŬ Űɞɡ ɄɑɜŬəŬ 3.1 Űɞɡ ȾŮűŬɚŬɑɞɡ 3, ɧˊɞɡ 

ŬɜŬɚɨŮŰŬɘ ˊɚɐɟɤɠ Űɞ ˊɚŮɞɜɏəŰɖɛŬ Űɞɡ ŮˊɘˊɟɧůɗŮŰɞɡ ůŰŮɜɏɛŬŰɞɠ Űɤɜ ɞɟɑɤɜ 

Ůɚɏɔɢɞɡ ɔɘŬ Űɖɜ ŬɜɑɢɜŮɡůɖ ˊɟɞɓɚɖɛɎŰɤɜ ˊɞɘɧŰɖŰŬɠ əŬŰɎ Űɖɜ ɏɜŬɟɝɖ ɛɘŬɠ 

ŭɘŬŭɘəŬůɑŬɠ.  

 

ũɘŬ ɧɚŮɠ Űɘɠ ŭɘŬűɞɟŮŰɘəɏɠ Űɘɛɏɠ Űɞɡ ‗ Űɞ ŭɘɎɔɟŬɛɛŬ FIR ï EWMA ŭɑɜŮɘ ůɐɛŬ ůŮ ɚɑɔŮɠ 

ɛɧɚɘɠ ˊŬɟŬŰɖɟɐůŮɘɠ. ȷɡŰɐ ɖ ɞɡůɘŬůŰɘəɐ ɓŮɚŰɑɤůɖ Ůˊɑ Űɞɡ ɛɐəɞɡɠ ɟɞɐɠ ŬˊɞəŰɐɗɖəŮ 

ɛŮ ɛɧɜɞ ŰŬ ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜŬ ɧɟɘŬ, ŮɘŭɘəɎ ɔɘŬ ɛŮɔɎɚŮɠ Űɘɛɏɠ Űɞɡ ‗. 

 

ȷɡŰɧ Űɞ ˊɚŮɞɜɏəŰɖɛŬ Űɖɠ ɓŮɚŰɑɤůɖɠ Űɖɠ ŬɜɘɢɜŮɡŰɘəɐɠ ɘəŬɜɧŰɖŰŬɠ ɛŮɘɩɜŮŰŬɘ, ŮɎɜ ɖ 

ɛŮŰŬŰɧˊɘůɖ Űɞɡ ɛɏůɞɡ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ŭŮɜ ůɡɛɓŮɑ əɞɜŰɎ ůŰɖɜ ɏɜŬɟɝɖ əŬŰŬɔɟŬűɐɠ. 
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ɇɧŰŮ Űɞ ŭɘɎɔɟŬɛɛŬ FIRïEWMA ɗŬ ɏɢŮɘ ɛŬəɟɨŰŮɟŬ ARLs Ŭˊɧ ɧŰɘ ŰŬ ˊŬɟŬŭɞůɘŬəɎ 

ŭɘŬɔɟɎɛɛŬŰŬ EWMA. ȷɡŰɧ ůɡɛɓŬɑɜŮɘ, ŭɘɧŰɘ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ FIRïEWMA ŬˊŬɘŰɞɨɜ 

ɛŮɔŬɚɨŰŮɟŮɠ Űɘɛɏɠ ɔɘŬ Űɞ ɧɟɘɞ Ůɚɏɔɢɞɡ ὒ Ŭˊɧ ɧŰɘ ŰŬ ˊŬɟŬŭɞůɘŬəɎ ŭɘŬɔɟɎɛɛŬŰŬ 

EWMA, ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ !2, σχπ. ȷɡŰɧ ŮˊɘɓŮɓŬɘɩɜŮŰŬɘ Ŭˊɧ ŰŬ ˊŬɟŬəɎŰɤ 

ŬˊɞŰŮɚɏůɛŬŰŬ, ɧˊɞɡ əŬŰŬɟɢɐɜ ɛŮ Űɖ ɓɞɐɗŮɘŬ Űɤɜ ɓŬůɘəɩɜ ŮɜŰɞɚɩɜ Űɞɡ ˊŬəɏŰɞɡ 

SPC Űɞɡ Knoth (2017) (xewma.arl əŬɘ xewma.crit), ɡˊɞɚɞɔɑɕɞɡɛŮ Űɖɜ Űɘɛɐ Űɞɡ ὒ, 

ɩůŰŮ ɜŬ ɏɢɞɡɛŮ ὃὙὒ σχπ, Űɧůɞ ɔɘŬ Űɖɜ ˊŮɟɑŰˊɤůɖ Űɤɜ ȹɘŬɔɟŬɛɛɎŰɤɜ Steiner, 

ɧůɞ əŬɘ ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜɤɜ ɞɟɑɤɜ. ȷˊɧ ŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ űŬɑɜŮŰŬɘ ɖ ɛŮɔŬɚɨŰŮɟɖ Űɘɛɐ Űɞɡ ὒ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ 

ŭɘŬɔɟŬɛɛɎŰɤɜ Steiner (ὒ ςȢψψψππψςȢχωςψψσ). 

 
#######################################################################
###### ##########  ǃǹǭǢǯǤ ǰǵǪ ǧǭǜǯǦǩǵǪ ǰǦǩǺǪ ǰǬǱ L,  ##### ############ ## 
################ ǺǯǰǢ ǠǦǞ Ǩ=0.14 ǪǞ ǚǳǬǱǩǢ ARL0=370  ##### ############ ## 
#######################################################################  

> xewma.crit(l=0.14,370,sided="two",limits="Steiner",r=50)  

       c  

2.888008  

> xewma.crit(l=0.14,370,sided="two",limits="vacl",r=50)  

       c  

2.792883  

 
ɆŰɖ ůɡɜɏɢŮɘŬ ŮˊɘɓŮɓŬɘɩɜɞɡɛŮ ɧŰɘ ŬɡŰɏɠ Űɘɠ Űɘɛɏɠ Űɤɜ ‗ əŬɘ ὒ ɏɢɞɡɛŮ ὃὙὒ σχπ. 

 
#######################################################################
######  ǃÙǦǟǢǟǞǜǵǯǤ ǸǰǦ ǰǬ ARL0=370, ǠǦǞ ǰǦǮ ǞǪǵǰǚǭǵ ǰǦǩǚǮ ǰǬǱ L########  
#######################################################################  
> xewma.arl(l=0.14,c=2.792883,mu=0,sided="two",limits="vacl",r=50)  
[1] 369.9998  
> xewma.arl(l=0.14,c=2.888008,mu=0,sided="two",limits="Steiner",r=50)  
[1] 369.9995  

 
ɆŰɖ ůɡɜɏɢŮɘŬ ɡˊɞɚɞɔɑɕɞɡɛŮ Űɞ ὃὙὒ ɔɘŬ ɛŮŰŬŰɧˊɘůɖ ‏ ρ, Ŭˊɧ ɧˊɞɡ űŬɑɜŮŰŬɘ ɧŰɘ 

ɔɘŬ ɛŮŰŬŰɧˊɘůɖ ůŰɞ ɛɏůɞ ˊɞɡ ɡˊɎɟɢŮɘ Ŭˊɧ Űɖɜ ɏɜŬɟɝɖ ɛɏŰɟɖůɖɠ Űɞ ŭɘɎɔɟŬɛɛŬ FIR-

EWMA ɛŮ Űɖɜ ŰŮɢɜɘəɐ FIR Űɞɡ Steiner (1999) ɏɢŮɘ ˊɞɚɨ ɛɘəɟɧŰŮɟɖ Űɘɛɐ ὃὙὒ, ŭɖɚŬŭɐ 

əŬɚɨŰŮɟɖ ŬɜɘɢɜŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ Ŭˊɧ Űɖɜ ŬɜŰɑůŰɞɘɢɖ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ ɛŮ ɢɟɞɜɘəɎ 

ɛŮŰŬɓŬɚɚɧɛŮɜŬ ɧɟɘŬ. 
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#######################################################################
###### ######### ƿǪǦǳǪǢǱǰǦǧǛ ǇǧǞǪǸǰǤǰǞ ǠǦǞ ǩǢǰǞǰǸÙǦǯǤ ǡ=1 ######## ######  
#######################################################################   
> xewma.arl(l=0.14,c=2.792883,mu=1,sided ="two",limits="vacl",r=50)  
[1] 8.100764  
> xewma.arl(l=0.14,c=2.888008,mu=1,sided="two",limits="Steiner",r=50)  
[1] 4.609751  

 
ɇɏɚɞɠ, ɔɜɤɟɑɕɞɜŰŬɠ ɧŰɘ ɖ ɛŮŰŬŰɧˊɘůɖ ůŰɞ ɛɏůɞ ůɡɛɓŬɑɜŮɘ ɛŮŰɎ Űɖɜ 20ɖ ́ ŬɟŬŰɐɟɖůɖ, 

ɡˊɞɚɞɔɑɕɞɡɛŮ ŰŬ ɜɏŬ ὃὙὒ, ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ ŬɡŰɧ Űɞ ŭŮŭɞɛɏɜɞ. ȷˊɧ ŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ ŭɘŬˊɘůŰɩɜɞɡɛŮ ɧŰɘ Űɞ ŭɘɎɔɟŬɛɛŬ FIR-EWMA ŮɛűŬɜɑɕŮɘ ɢŮɘɟɧŰŮɟɖ 

ŬɜɘɢɜŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ, ŭɖɚŬŭɐ ɛŮɔŬɚɨŰŮɟɞ ὃὙὒ, əŬɗɩɠ ὃὙὒρ ωȢτρ, Ůɜɩ 

ὃὙὒρ ωȢωσ. 

 
########################### ############################################
###### ƿǪǦǳǪǢǱǰǦǧǛ ǇǧǞǪǸǰǤǰǞ ǠǦǞ ǩǢǰǞǰǸÙǦǯǤ ǡ=1 ǧǞǦ ǨǞǩǟǙǪǬǪǰǞǮ   ##### 
###### ǱÙǸǴǤ ǸǰǦ Ǥ ǩǢǰǞǰǸÙǦǯǤ ǰǬǱ ǩǚǯǬǱ ǯǱǩǟǞǜǪǢǦ ǯǰǤǪ 20Ǥ ǯǰǦǠǩǛ ##### 
#######################################################################   
> xewma.arl(l=0.14,c=2.792883,mu=1,sided="two",limits="vacl",r=50,q=20)  
[1] 9.414313  
> xewma.arl(l=0.14,c=2.888008,mu=1,sided="two",limits="Steiner",r=50,q=
20)  
[1] 9.925329  

 
ɆŰɞ ɆɢɐɛŬ 4.2 ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ŮűŬɟɛɞɔɐ Űɖɠ ůɢɏůɖɠ (4.3) ɛŮ Ὢ πȢυ, ‗ πȢρτ əŬɘ 

L=2.888008, Űɘɛɏɠ ˊɞɡ ŬɜŰɘůŰɞɘɢɞɨɜ ůŰɖɜ ɓɏɚŰɘůŰɖ Ůˊɘɚɞɔɐ ˊŬɟŬɛɏŰɟɤɜ, ɔɘŬ 

ŬɜɑɢɜŮɡůɖ ɛŮŰŬŰɧˊɘůɖɠ ‏ ρ əŬɘ ὃὙὒ σχπ, ɧˊɤɠ ŮɑŭŬɛŮ ˊŬɟŬˊɎɜɤ. ȼ 

ŮűŬɟɛɞɔɐ ɔɑɜŮŰŬɘ ɔɘŬ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ ɄŬɟŬŭŮɑɔɛŬŰɞɠ 2.2 Űɞɡ ȾŮűŬɚŬɑɞɡ 2.  

 

ɆŰɞ ɡˊɧɣɖ ůɢɐɛŬ ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ˊɚɐɟɤɠ, Űɧůɞ Űɞ ˊɚŮɞɜɏəŰɖɛŬ, ɧůɞ əŬɘ Űɞ 

ɛŮɘɤɜɏəŰɖɛŬ Űɖɠ ɛŮɗɧŭɞɡ. ɆɡɔəŮəɟɘɛɏɜŬ, ɖ ɛŮŰŬŰɧˊɘůɖ, əŬŰɎ 2.1 ɛɞɜɎŭŮɠ ůŰɞ ɛɏůɞ 

ůŰɖ 2ɖ ˊŬɟŬŰɐɟɖůɖ, ŬɜɘɢɜŮɨŮŰŬɘ Ŭɛɏůɤɠ, əŬɗɩɠ Űɞ ŭɘɎɔɟŬɛɛŬ ŭɑɜŮɘ ůɐɛŬ ŮəŰɧɠ 

Ŭɛɏůɤɠ. ɆŰɖ ůɡɜɏɢŮɘŬ ɖ ŭɘŬŭɘəŬůɑŬ ŮɑɜŬɘ ŮɜŰɧɠ Ůɚɏɔɢɞɡ ɏɤɠ Űɖɜ 19ɖ ˊŬɟŬŰɐɟɖůɖ. ȼ 

ɛŮŰŬŰɧˊɘůɖ ůŰɞ ɛɏůɞ ˊɞɡ ůɡɛɓŬɑɜŮɘ Ŭˊɧ Űɖɜ 20ɖ ˊŬɟŬŰɐɟɖůɖ əŬɘ ɛŮŰɎ, ɔɑɜŮŰŬɘ 

ŬɜŰɘɚɖˊŰɐ, ɛŮŰɎ Ŭˊɧ 9.9253 ˊŬɟŬŰɖɟɐůŮɘɠ, ŭɖɚŬŭɐ ůŰɖɜ 29ɖ ˊŬɟŬŰɐɟɖůɖ, Ůɜɩ ɖ 

ŬɜŰɑůŰɞɘɢɖ ŬɜɘɢɜŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ Űɤɜ Ŭˊɚɩɜ ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜɤɜ, ɧˊɤɠ 

ŮɑŭŬɛŮ ˊŬɟŬˊɎɜɤ, ŮɑɜŬɘ ŮɚŬűɟɩɠ əŬɚɨŰŮɟɖ, ŭɖɚŬŭɐ 9.41 ˊŬɟŬŰɖɟɐůŮɘɠ. 
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ɆɢɐɛŬ 4.2: ȹɘŬɔɟɎɛɛŬŰŬ EWMA ɛŮ ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜŬ ɧɟɘŬ ůŮ ůɢɏůɖ ɛŮ 

ɧɟɘŬ FIR ɔɘŬ Űɞ ˊŬɟɎŭŮɘɔɛŬ Űɖɠ ɄŬɟŬɔɟɎűɞɡ 2.2 

 
 

4.1.1 Ⱥˊɘɚɞɔɐ ɓɏɚŰɘůŰɖɠ Űɘɛɐɠ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ █ 

 
ɄɟɞəŮɘɛɏɜɞɡ ɜŬ ŮɝŮɟŮɡɜɖɗŮɑ ɖ ŮˊɑŭɟŬůɖ Űɤɜ ŭɘŬűɧɟɤɜ Ůˊɘˊɏŭɤɜ Űɞɡ FIR, 

ůŰɞɜ ɄɑɜŬəŬ 4.1 əŬɘ 4.2 ŭɑɜɞɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɞɡ ὃὙὒ ɔɘŬ ŭɘŬűɞɟŮŰɘəɏɠ Űɘɛɏɠ 

Űɞɡ Ὢ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɟɞɏəɡɣŬɜ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖ ɛɏɗɞŭɞ Űɞɡ Knoth ˊɞɡ 

ˊŮɟɘɔɟɎűŮŰŬɘ ůŰɞ ȾŮűɎɚŬɘɞ 3, ŮɜůɤɛŬŰɩɜŰŬɠ ůŰŬ ɧɟɘŬ Űɞɜ ɧɟɞ FIR, ŭɖɚŬŭɐ Űɖ 

ůɢɏůɖ 4.1.  

 
ɄɑɜŬəŬɠ 4.1: ȷˊɞŰŮɚɏůɛŬŰŬ ὃὙὒ ɔɘŬ ŭɘŬűɞɟŮŰɘəɎ əɚɎůɛŬŰŬ FIR 

   ‗ πȢςυ ὒ σ    
‘

„Ӷ
 Ὢ πȢτ Ὢ πȢτχσρφ Ὢ πȢυ Ὢ πȢφ Ὢ πȢχ Ὢ πȢψ Ὢ ρ 

0.00 324.359 370.002 384.404 427.695 457.004  475.998  498.977  

0.25 103.117 118.453 123.396 138.721 149.756  157.501  169.077  

0.50 24.543 28.647 30.036 34.642 38.390  41.417  47.303  

0.75 8.420 9.951 10.497 12.434 14.196  15.788  19.297  

1.00 4.078 4.815 5.090 6.119 7.137  8.129  10.400  

1.50 1.861 2.123 2.228 2.650 3.117  3.616  4.773  

2.00 1.309 1.426 1.476  1.688 1.944  2.237  2.937  

3.00 1.038 1.061 1.072  1.125 1.204  1.312  1.617  

4.00 1.003 1.005 1.006  1.014 1.029  1.056  1.163  
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ȷˊɧ ŬɡŰɎ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ űŬɑɜŮŰŬɘ ɧŰɘ ɔɘŬ ɜŬ ɏɢɞɡɛŮ ɏɜŬ ɞɡůɘŬůŰɘəɧ ɧűŮɚɞɠ Ŭˊɧ 

Űɞ ŮɟɔŬɚŮɑɞ FIR, ɗŬ ˊɟɏˊŮɘ Űɞ Ὢ ɜŬ ŮɑɜŬɘ ůɢŮŰɘəɎ ɛɘəɟɧ. Ƀ Steiner (1999) ŮˊɏɚŮɝŮ 

Űɖɜ Űɘɛɐ ůŰɞ 0.5. ɉɟɖůɘɛɞˊɞɘɩɜŰŬɠ Ὢ πȢυ ŬɜŰɘůŰɞɘɢŮɑ ůŮ ˊɟɞůŬɟɛɞɔɐ Űɤɜ ɢɟɞɜɘəɎ 

ɛŮŰŬɓŬɚɚɧɛŮɜɤɜ ɞɟɑɤɜ ůŰɞ ɛɘůɧ Űɖɠ Ŭɟɢɘəɐɠ ˊŮɟɘɧŭɞɡ, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 

4.1, ŭɖɚŬŭɐ ɛŮ Űɖɜ Ůˊɘɚɞɔɐ ŬɡŰɐ ɛɘɛɞɨɛŬůŰŮ Űɞ 50% ˊɟɞɓɎŭɘůɛŬ ɏɜŬɟɝɖɠ, ˊɞɡ 

ŰɡˊɘəɎ ˊɟɞŰŮɑɜŮŰŬɘ Ŭˊɧ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ FIR CUSUM. ȳˊɤɠ űŬɑɜŮŰŬɘ ˊŬɟŬəɎŰɤ 

Ŭˊɧ Űɞɡɠ ɄɑɜŬəŮɠ 4.1 əŬɘ 4.2 ɖ ɓɏɚŰɘůŰɖ Ůˊɘɚɞɔɐ Űɞɡ f, ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖɜ Ůˊɘɚɞɔɐ 

Űɘɛɩɜ ɔɘŬ ŰŬ ‗ əŬɘ ὒ. ȺűŬɟɛɧɕɞɜŰŬɠ Űɖɜ ɑŭɘŬ ˊɟŬəŰɘəɐ ɛŮ ŮəŮɑɜɖ ˊɞɡ ŮűŬɟɛɧůŬɛŮ 

ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ˊɟɞɖɔɞɨɛŮɜɤɜ əŮűŬɚŬɑɤɜ, ɗŮɤɟɞɨɛŮ ɧŰɘ Űɞ ŮˊɘɗɡɛɖŰɧ 

ὃὙὒ σχπ, ŰɧŰŮ ɔɘŬ Űɞ ɕŮɨɔɞɠ ‗ πȢςυȟὒ σ ɖ ɓɏɚŰɘůŰɖ Ůˊɘɚɞɔɐ Űɞɡ ŮɑɜŬɘ ɖ Ὢ

πȢτχσρφ, Ůɜɩ ɔɘŬ Űɞ ɕŮɨɔɞɠ ‗ πȢρ, ὒ σ, ɖ ɓɏɚŰɘůŰɖ Űɘɛɐ ŮɑɜŬɘ Ὢ πȢςυςυ. 

 

ɆɢɐɛŬ 4.3: ȹɘŬɔɟɎɛɛŬŰŬ EWMA ɛŮ ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜŬ ɧɟɘŬ  

ůŮ ůɢɏůɖ ɛŮ ɧɟɘŬ FIR ɔɘŬ Űɞ ˊŬɟɎŭŮɘɔɛŬ Űɖɠ ɄŬɟŬɔɟɎűɞɡ 2.2 
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ɄɑɜŬəŬɠ 4.2: ȷˊɞŰŮɚɏůɛŬŰŬ ὃὙὒ ɔɘŬ ŭɘŬűɞɟŮŰɘəɎ əɚɎůɛŬŰŬ FIR 

   ‗ πȢρπ ὒ σ    

‘

„Ӷ
 Ὢ πȢςυςυ Ὢ πȢτ Ὢ πȢυ Ὢ πȢφ Ὢ πȢχ Ὢ πȢψ Ὢ ρ 

0.00 370.0053  564.280  659.298  726.048  770.084  797.806  828.626  

0.25 59.610  91.369  107.406  119.09  127.188  132.638  140.245  

0.50 13.212  20.335  24.228  27.312  29.681  31.486  34.761  

0.75 5.250  8.005  9.678  11.144  12.398  13.468  15.644  

1.00 2.846  4.198  5.117  6.004  6.836  7.609  9.250  

1.50 1.475  1.916  2.283  2.694  3.136  3.595  4.614  

2.00 1.148  1.320  1.489  1.701  1.954  2.238  2.903  

3.00 1.013  1.038  1.072  1.126  1.205  1.312  1.614  

4.00 1.001  1.003  1.006  1.014  1.029  1.056  1.162  

 

ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ůŰɞɡɠ ɄɑɜŬəŮɠ 4.1 əŬɘ 4.2 ŭŮɑɢɜɞɡɜ ɧŰɘ Űɞ ˊɟɞŰŮɘɜɧɛŮɜɞ FIR-

EWMA ŮɑɜŬɘ əŬɚɨŰŮɟɞ Ŭˊɧ Űɘɠ ˊɟɞɔŮɜɏůŰŮɟŮɠ ˊɟɞůŮɔɔɑůŮɘɠ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ɛŮ ‗

πȢςυȟ Ὢ πȢτχσρφ əŬɘ ɛɏůɖ ɛŮŰŬŰɧˊɘůɖ ɛɑŬ ɛɞɜɎŭŬ Űɡˊɘəɐɠ Ŭˊɧəɚɘůɖɠ, Űɞ 

ˊɟɞŰŮɘɜɧɛŮɜɞ ŭɘɎɔɟŬɛɛŬ FIR-EWMA ŮɜŰɞˊɑɕŮɘ Űɖ ɛŮŰŬŰɧˊɘůɖ ůŮ 4.815 

ˊŬɟŬŰɖɟɐůŮɘɠ. ȷɜŰɑůŰɞɘɢŬ, ɛŮ ‗ πȢρ, ɛɏůɖ ɛŮŰŬŰɧˊɘůɖ ɛɑŬ ɛɞɜɎŭŬ Űɡˊɘəɐɠ 

Ŭˊɧəɚɘůɖɠ əŬɘ Ὢ πȢςυςυ, Űɞ ˊɟɞŰŮɘɜɧɛŮɜɞ ŭɘɎɔɟŬɛɛŬ FIR-EWMA ŬˊŬɘŰŮɑ ɛɧɜɞ 

2.846 ˊŬɟŬŰɖɟɐůŮɘɠ ɔɘŬ ɜŬ ŭɩůŮɘ ůɐɛŬ ŮəŰɧɠ. ȹɖɚŬŭɐ ɔɘŬ ɛɘəɟɧŰŮɟɞ ‗ əŬɘ Ὢ 

ˊŮŰɡɢŬɑɜɞɡɛŮ ɛɘəɟɧŰŮɟɞ ὃὙὒ. Ⱥˊɑůɖɠ, Ŭˊɧ Űɖ ůɨɔəɟɘůɖ Űɤɜ ůŰɖɚɩɜ Űɤɜ ŭɨɞ Űɤɜ 

ˊɘɜɎəɤɜ ˊɞɡ Ŭűɞɟɞɨɜ ůŰŬ Ὢ πȢτχσρφ əŬɘ Ὢ πȢςυςυ, ŭɘŬˊɘůŰɩɜɞɡɛŮ ɧŰɘ ɖ 

ɛŮɑɤůɖ Űɤɜ ŮəŰɧɠ Ůɚɏɔɢɞɡ ARLs ŮɛűŬɜɑɕŮŰŬɘ ɜŬ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɖ, ɧŰŬɜ Űɞ ‗ ŮɑɜŬɘ 

ɛɘəɟɧŰŮɟɞ. 

 
ɆŰɖ ůɡɜɏɢŮɘŬ ůŰɖɜ ˊɟɞůˊɎɗŮɘŬ ɜŬ ɓɟŮɗŮɑ ɞ ɓɏɚŰɘůŰɞɠ ůɡɜŭɡŬůɛɧɠ ‗, ὒ əŬɘ Ὢ əŬɘ ɞ 

Űɟɧˊɞɠ ŬɚɚɖɚŮˊɑŭɟŬůɐɠ, ɡˊɞɚɞɔɑɕɞɜŰŬɘ ŰŬ ARLs ˊɞɡ Ŭűɞɟɞɨɜ ŭɘɎűɞɟɞɡɠ 

ůɡɜŭɡŬůɛɞɨɠ Űɤɜ Űɟɘɩɜ ˊŬɟŬɛɏŰɟɤɜ ˊŬɑɟɜɞɜŰŬɠ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɞɡ ɄɑɜŬəŬ 4.3. 
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ɄɑɜŬəŬɠ 4.3: ȷˊɞŰŮɚɏůɛŬŰŬ ὃὙὒ ɔɘŬ ŭɘŬűɞɟŮŰɘəɎ əɚɎůɛŬŰŬ FIR 

‘

„Ӷ
 ‗ πȢππρ ‗ πȢπρ ‗ πȢπρ ‗ πȢπρ 

ὒ 1.660853  ὒ ςȢρ ὒ ςȢρωσσπς ὒ ςȢυ 
Ὢ πȢυτσ Ὢ πȢφωχυτ Ὢ πȢυ f=0.20392 

ή ρ ή ςπ ή ρ ή ςπ ή ρ ή ςπ ή ρ ή ςπ 

0.00 370.082  -  370.002  -  370.002  -  369.997  -  

1.00 2.21 8 2.61 1 3.686  6.646  3.010  6.956  1.952  8.006  

2.01  -  1.407  3.372  1.241  3.5  1.078  3.925  

 
 

 

ɆɢɐɛŬ 4.4: ȹɘŬɔɟɎɛɛŬŰŬ EWMA ɛŮ ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜŬ ɧɟɘŬ ůŮ ůɢɏůɖ ɛŮ 

ɧɟɘŬ FIR ɔɘŬ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ ɄɑɜŬəŬ 2.1 ɔɘŬ ŭɘɎűɞɟŮɠ Űɘɛɏɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ 

 
 
ȷˊɧ Űɞɜ ɄɑɜŬəŬ 4.3 ŭɘŬˊɘůŰɩɜɞɡɛŮ ɧŰɘ ŬɡɝɎɜɞɜŰŬɠ Űɖɜ ˊŬɟɎɛŮŰɟɞ ὒ əŬɘ ŬɜŰɑůŰɞɘɢŬ 

ɛŮɘɩɜɞɜŰŬɠ Űɖɜ ˊŬɟɎɛŮŰɟɞ Ὢ ɛˊɞɟɞɨɛŮ ɜŬ ŭɘŬŰɖɟɐůɞɡɛŮ ůŰŬɗŮɟɧ ὃὙὒ, ɜŬ 

ˊŮŰɨɢɞɡɛŮ Űɖɜ ŮˊɘɗɡɛɖŰɐ Űɘɛɐ ɔɘŬ Űɞ ὃὙὒ əŬɘ ɜŬ ˊŮŰɨɢɞɡɛŮ ɛɘəɟɧŰŮɟɞ !2, 

ɛŮɘɩɜɞɜŰŬɠ Űɖɜ Űɘɛɐ Űɞɡ Ὢ. ȾŬɗɩɠ ɧɛɤɠ ɛŮɘɩɜŮŰŬɘ Űɞ !2,, Ŭɜ ɖ ɛŮŰŬŰɧˊɘůɖ ŭŮɜ 

ůɡɛɓŮɑ əɞɜŰɎ ůŰɖɜ ɏɜŬɟɝɖ, ɧˊɤɠ ůŰɞ ˊŬɟɎŭŮɘɔɛŬ ɧˊɞɡ ɖ ɛŮŰŬŰɧˊɘůɖ ɝŮəɘɜɎŮɘ Űɖ 

ɢɟɞɜɘəɐ ůŰɘɔɛɐ ˊɞɡ ŮɑɜŬɘ Űɞ ή ςπ, ŰɧŰŮ ŬɡɝɎɜŮŰŬɘ Űɞ !2, ȿ Ƞ ςπ   

 

ȺˊɘˊɟɧůɗŮŰŬ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ EWMA ɛŮ ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜŬ ɧɟɘŬ ˊŬɟɏɢɞɡɜ 

ŭɑˊɚŮɡɟɖ ˊɟɞůŰŬůɑŬ ɔɘŬ ˊɟɤŰɞŮɛűŬɜɘɕɧɛŮɜŬ ˊɟɞɓɚɐɛŬŰŬ ˊɞɘɧŰɖŰŬɠ ŭɘŬɛɏůɞɡ 
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ɛɧɜɞ Ůɜɧɠ ŭɘŬɔɟɎɛɛŬŰɞɠ Ůɚɏɔɢɞɡ. ȷɡŰɧ ŮɑɜŬɘ ɏɜŬ Ŭəɧɛɖ ůɖɛŬɜŰɘəɧ ˊɚŮɞɜɏəŰɖɛŬ 

Ŭˊɧ Űɖɜ Ɏˊɞɣɖ Űɖɠ ŮűŬɟɛɞɔɐɠ. 

 
 

4.2 FIR ɛŮ ˊɟɤŰɞˊɞɗɏŰɖůɖ Űɘɛɐɠ Ůəəɑɜɖůɖɠ 

ɀɘɛɞɨɛŮɜɞɘ Űɖ ɛɏɗɞŭɞ ŮɡŬɘůɗɖŰɞˊɞɑɖůɖɠ Űɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ CUSUM ɛŮ 

ˊɟɤŰɞˊɞɗɏŰɖůɖ ɛɘŬɠ Űɘɛɐɠ Ůəəɑɜɖůɖɠ (HEAD START (HS)), ŬɜŰɑůŰɞɘɢɖ ŰŮɢɜɘəɐ 

ɛˊɞɟɞɨɛŮ ɜŬ ŮűŬɟɛɧůɞɡɛŮ əŬɘ ůŰŬ ŭɘŬɔɟɎɛɛŬŰŬ EWMA. 

 

ȰŰůɘ, ɚɞɘˊɧɜ, Ŭɜ ůŰɖ ůɢɏůɖ (3.3) ŬɜŰɑ ɜŬ ɗŮɤɟɐůɞɡɛŮ ɧŰɘ ὤ ‘, ɗɏůɞɡɛŮ ὤ

‘ Ὤί, ɧˊɞɡ hs ɖ ŮˊɘɗɡɛɖŰɐ Űɘɛɐ Ůəəɑɜɖůɖɠ - ˊɟɞɓŬŭɑůɛŬŰɞɠ, ŰɧŰŮ ɖ (3.3) ɔɑɜŮŰŬɘ: 

ῶ ‗ ρ ‗   ρ ‗ὤ        σȢσ 

ῶ  ‗ ρ ‗   ρ ‗ ‘ Ὤί
 
ᵾ 

ῶ  ὤ ʚ ρ ‗Ὤί        τȢτ 

 
 
ȳˊɤɠ űŬɑɜŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ ůŰɖɜ ɞˊɞɑŬ əŬŰŬɚɐɝŬɛŮ, ɖ ˊɟɤŰɞˊɞɗɏŰɖůɖ Űɘɛɐɠ, 

űɏɟɜŮɘ Űɘɠ ˊɟɩŰŮɠ ˊŬɟŬŰɖɟɐůŮɘɠ ˊɘɞ əɞɜŰɎ ůŰŬ ɧɟɘŬ Ůɚɏɔɢɞɡ, ŭɘɧŰɘ ůŰɖɜ ˊɞůɧŰɖŰŬ 

ˊɞɡ ŮɑɢŬɛŮ ˊɟɘɜ ὤ ʚ , ˊɟɞůŰɑɗŮŰŬɘ ɖ ˊɞůɧŰɖŰŬ ρ ‗Ὤί (ɔɘŬ ɗŮŰɘəŮɠ 

ɛŮŰŬŰɞˊɑůŮɘɠ. ȷɜŰɑůŰɞɘɢŬ ŮűŬɟɛɧɕɞɡɛŮ ï hs ɔɘŬ ŬɟɜɖŰɘəɏɠ ɛŮŰŬŰɞˊɑůŮɘɠ). 

ȾŬɗɩɠ ˊɟɞɢɤɟɎɛŮ ůŮ ŭŮɘɔɛŬŰɞɚɖɣɑŮɠ ɐ Ŭɚɚɘɩɠ əŬɗɩɠ ŬɡɝɎɜŮŰŬɘ Űɞ i, ɖ 

ˊɞůɧŰɖŰŬ ρ ‗Ὤί ůɡɜŮɢɩɠ ɛŮɘɩɜŮŰŬɘ. Ⱥˊɞɛɏɜɤɠ, ɖ ŮˊɑŭɟŬůɖ Űɞɡ Head 

Start ɔɑɜŮŰŬɘ ɞɚɞɏɜŬ əŬɘ ɛɘəɟɧŰŮɟɖ. ũɘŬ ɜŬ ɔɑɜŮɘ ŬɜŰɘɚɖˊŰɧ ŬɡŰɧ, ůŰɞɜ 

ˊŬɟŬəɎŰɤ ɄɑɜŬəŬ, ɡˊɞɚɞɔɑůŰɖəŬɜ ɞɘ ˊɟɩŰŮɠ 30 ˊŬɟŬŰɖɟɐůŮɘɠ ɔɘŬ ‗ πȢρτ. 

ȷˊɧ Űɖɜ ɛŮɚɏŰɖ Űɞɡ ɄɑɜŬəŬ 4.4 ŭɘŬˊɘůŰɩɜɞɡɛŮ ɧŰɘ ɖ Űɘɛɐ Űɞɡ Head Start 

űɗɎɜŮɘ ůŰɞ 1% Űɖɠ Ŭɟɢɘəɐɠ Űɘɛɐɠ Űɞɡ, ŭɖɚŬŭɐ ůŰɞ 0,01 ɛŮŰɎ Ŭˊɧ ˊŮɟɑˊɞɡ 30 

ˊŬɟŬŰɖɟɐůŮɘɠ. 
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‖‌—ʡ‟ Ὥ ᴻ O ρ ‗Ὤί  Ȣ     τȢυ 

 

ɄɑɜŬəŬɠ 4.4: Ɉˊɞɚɞɔɘůɛɧɠ Űɖɠ Űɘɛɐɠ Űɖɠ ˊɞůɧŰɖŰŬɠρ ‗, əŬɗɩɠ Űɞ Ὥ 

ŬɡɝɎɜŮɘ 

 

 

ɆɡɜŮˊɩɠ, ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɖ ŭɘŬŭɘəŬůɑŬ ŮɑɜŬɘ ŮəŰɧɠ Ůɚɏɔɢɞɡ Ŭˊɧ Űɖɜ ɏɜŬɟɝɖ 

ɛŮŰɟɐůŮɤɜ, ŰɧŰŮ ɛŮ Űɖɜ ɡˊɧɣɖ ŰŮɢɜɘəɐ ɗŬ ŮˊɘŰŬɢɡɜɗŮɑ ɖ ŮɛűɎɜɘůɖ Űɞɡ ůɐɛŬŰɞɠ 

ŮəŰɧɠ. 

 

ɄŬɟŬŰɖɟɞɨɛŮ Ůˊɑůɖɠ, ɧŰɘ ɛŮ ɛŮɑɤůɖ Űɖɠ Űɘɛɐɠ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ ‗, ɖ ˊɞůɧŰɖŰŬ 

ρ ‗  ŬɡɝɎɜŮŰŬɘ. ɆɡɜŮˊɩɠ, ɔɘŬ ɛɘəɟɧŰŮɟŮɠ Űɘɛɏɠ Űɞɡ ‗ ɖ Ŭɟɢɘəɐ ŮˊɑŭɟŬůɖ Űɞɡ 

Head Start ɔɑɜŮŰŬɘ ɛŮɔŬɚɨŰŮɟɖ. ȾŬɗɩɠ ɧɛɤɠ, ŬɡɝɎɜŮŰŬɘ ɖ Ŭɟɢɘəɐ Űɘɛɐ Űɞɡ Head Start 

ŬˊŬɘŰɞɨɜŰŬɘ ˊŮɟɘůůɧŰŮɟŮɠ ŭŮɘɔɛŬŰɞɚɖɣɑŮɠ ɔɘŬ ɜŬ ɛŮɘɤɗŮɑ ɖ ŮˊɑŭɟŬůɐ Űɞɡ ůŰɞ 1%. 

ȰŰůɘ, ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ɔɘŬ ‗ πȢπρ ŬˊŬɘŰɞɨɜŰŬɘ 458 ˊŬɟŬŰɖɟɐůŮɘɠ ɔɘŬ ɜŬ űɗɎůŮɘ ɖ 

ŮˊɑŭɟŬůɖ Head Start ůŮ ˊɞůɞůŰɧ 1% Űɖɠ Ŭɟɢɘəɐɠ Űɘɛɐɠ Űɞɡ. 

 

ɆɡɜŮˊɩɠ, Űɞ ‗ ŮˊɖɟŮɎɕŮɘ Űɖ ŭɘɎɟəŮɘŬ ŮˊɑŭɟŬůɖɠ Űɞɡ Head Start. ɇɞ ɡˊɧɣɖ 

ůɡɛˊɏɟŬůɛŬ ůɡɜɞɣɑɕŮŰŬɘ ůŰɖɜ əɎŰɤɗɘ ɚɞɔɘəɐ ůɢɏůɖ (4.6). 

 

‗ Ȣ O ρ ‗ Ὤί ᴻ O ῳ―ʗ”‖‐―‌ ῴ“ʚ‏”‌„–‟ ὌὩὥὨ Ὓὸὥὶὸ ᴻ    τȢφ 

 
ɆɈɀɄȺɅȷɆɀȷ: ȼ ŰŮɢɜɘəɐ ŬɡŰɐ ɛŮ ˊɟɤŰɞˊɞɗɏŰɖůɖ Űɘɛɐɠ Ůəəɑɜɖůɖɠ ŭɘŬűɞɟŮŰɘəɐɠ 

Űɖɠ Űɘɛɐɠ ůŰɧɢɞɡ, ŭŮɜ ŮɜŭŮɑəɜɡŰŬɘ ɜŬ ŮűŬɟɛɧɕŮŰŬɘ ůŮ ˊŮɟɘˊŰɩůŮɘɠ ˊɞɡ Űɞ ‗ ŮɑɜŬɘ 

ɲʶʾʴ˃ʰ ρ ‗  ɲʶʾʴ˃ʰ ρ ‗  ɲʶʾʴ˃ʰ ρ ‗  

1 0.86 11 0.190319 21 0.042118 

2 0.7396 12 0.163675 22 0.036221 

3 0.636056 13 0.14076 23 0.03115 

4 0.547008 14 0.121054 24 0.026789 

5 0.470427 15 0.104106 25 0.023039 

6 0.404567 16 0.089531 26 0.019813 

7 0.347928 17 0.076997 27 0.01704 

8 0.299218 18 0.066217 28 0.014654 

9 0.257327 19 0.056947 29 0.012602 

10 0.221302 20 0.048974 30 0.010838 
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ůɢŮŰɘəɎ ɛɘəɟɧ, əŬɗɩɠ Ŭɜ ŮűŬɟɛɞůŰŮɑ ŮˊɖɟŮɎɕŮɘ Űɞ ůŰŬŰɘůŰɘəɧ ɔɘŬ ˊɞɚɚɏɠ 

ˊŬɟŬŰɖɟɐůŮɘɠ əŬɘ ɢɎɜŮŰŬɘ ɖ ɏɜɜɞɘŬ Űɖɠ ɔɟɐɔɞɟɖɠ Ŭɟɢɘəɐɠ Ŭˊɧəɟɘůɖɠ. 

4.2.1 Ⱥˊɘɚɞɔɐ Űɞɡ HS 

ɀɘŬ ɚɞɔɘəɐ Űɘɛɐ Űɞɡ HEAD START (hs) ŮɑɜŬɘ ɖ ŰɞˊɞɗɏŰɖůɐ Űɞɡ ůŰɞ ɛɘůɧ Űɖɠ 

ŬˊɧůŰŬůɖɠ ɛŮŰŬɝɨ Űɖɠ əŮɜŰɟɘəɐɠ ɔɟŬɛɛɐɠ əŬɘ Űɞɡ ŬɜɩŰŮɟɞɡ ɞɟɑɞɡ (əŬŰɩŰŮɟɞɡ 

ɞɟɑɞɡ ɔɘŬ ŬɟɜɖŰɘəɏɠ ɛŮŰŬŰɞˊɑůŮɘɠ) Ůɚɏɔɢɞɡ ɔɘŬ Űɖɜ ˊɟɩŰɖ ŭŮɘɔɛŬŰɞɚɖɣɑŬ ˊɞɡ ŰŬ ɧɟɘŬ 

ŮɑɜŬɘ ůŰŮɜɧŰŮɟŬ, Lucas əŬɘ Saccuci (1990). ȹɖɚŬŭɐ: 

 

ŪŮŰɘəɐ Űɘɛɐ 
ˊɟɞɓŬŭɑůɛŬŰɞɠ 

 ȷɟɜɖŰɘəɐ Űɘɛɐ 
ˊɟɞɓŬŭɑůɛŬŰɞɠ 

Ὤί
Ὗὅὒρ ‘

ς
 

 
Ὤί

ὒὅὒρ ‘

ς
 

 
ɄɟɞűŬɜɩɠ, ɖ ɗŮŰɘəɐ Űɘɛɐ ˊɟɞɓŬŭɑůɛŬŰɞɠ ŮˊɘŰŬɢɨɜŮɘ Űɞ ůɐɛŬ ŮəŰɧɠ ɔɘŬ Űɖɜ 

ˊŮɟɑˊŰɤůɖ ˊɞɡ ɖ ɛŮŰŬŰɧˊɘůɖ Űɞɡ ɛɏůɞɡ ɔɑɜŮŰŬɘ ˊɟɞɠ ɛŮɔŬɚɨŰŮɟŮɠ Űɘɛɏɠ. ȷɜŰɑůŰɞɘɢŬ 

ɔɘŬ ɔɟɐɔɞɟɖ ŬɜɑɢɜŮɡůɖ Űɖɠ ŬɟɜɖŰɘəɐɠ ɛŮŰŬŰɧˊɘůɖɠ ɛˊɞɟŮɑ ɜŬ ŮűŬɟɛɞůŰŮɑ ɖ ŬɟɜɖŰɘəɐ 

Űɘɛɐ ˊɟɞɓŬŭɑůɛŬŰɞɠ. 

 

ȼ Ůˊɘɚɞɔɐ Űɖɠ Űɘɛɐɠ Űɞɡ hs, ɔɑɜŮŰŬɘ ɛŮ ɔɜɩɛɞɜŬ Űɞ ŭɘɎɔɟŬɛɛŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɛŮ, 

əŬɗɩɠ ˊɟɏˊŮɘ ɜŬ ɚɖűɗŮɑ ɡˊɧɣɖ ɞ Űɟɧˊɞɠ Űɖɠ ɢɟɞɜɘəɐɠ ɛŮŰŬɓɞɚɐɠ Űɤɜ ɞɟɑɤɜ 

Ůɚɏɔɢɞɡ əŬɘ ɜŬ ɡˊɞɚɞɔɘůŰɞɨɜ ůɤůŰɎ Űɞ Ὗὅὒρ əŬɘ ὒὅὒρ. ȰŰůɘ, ɚɞɘˊɧɜ, ɞɘ 

ˊɟɞŰŮɘɜɧɛŮɜŮɠ Űɘɛɏɠ ɔɘŬ Űɞ hs ŬɜŬɚɨɞɜŰŬɘ ˊŬɟŬəɎŰɤ ŬɜɎ ˊŮɟɑˊŰɤůɖ, ŭɖɚŬŭɐ ɔɘŬ 

ŬůɡɛˊŰɤŰɘəɎ, ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜŬ ɧɟɘŬ əŬɘ ŭɘŬɔɟɎɛɛŬŰŬ FIR STEINER, 

ůɨɛűɤɜŬ ɛŮ Űɞ Knoth (2005). Ʉɟɘɜ ˊɟɞɢɤɟɐůɞɡɛŮ ůŰɘɠ Ůɜ ɚɧɔɤ ˊŮɟɘˊŰɩůŮɘɠ, 

ɗɏŰɞɡɛŮ Űɘɠ ŬəɧɚɞɡɗŮɠ ˊɞůɧŰɖŰŮɠ: 

 

ὧᶻ ὒ
ς

ς ‗
   τȢχ 

 

ὰ ρ ρ ‗      τȢψ 

 

ῶ ‗ ρ ‗   ρ ‗‘ ρ ‗ὤ   τȢω 
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4.2.2 FIR ɛŮ HS ůŮ ȹɘŬɔɟɎɛɛŬŰŬ EWMA ɛŮ ɆŰŬɗŮɟɎ ȳɟɘŬ Ⱥɚɏɔɢɞɡ 

ɆŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ɘůɢɨŮɘ ɖ ůɡɜɗɐəɖ Űɖɠ ůɢɏůɖɠ (4.10).  

 

ὪὭὶȡÍÁØȿὤ ‘ȿȟὤ ‘ ὧᶻ   τȢρπ 

 
Ƀɘ Lucas əŬɘ Saccucci (1990) ˊɟɧŰŮɘɜŬɜ Űɖɜ əɎŰɤɗɘ Űɘɛɐ ˊɟɞɓŬŭɑůɛŬŰɞɠ ɔɘŬ Űɖɜ 

ˊŮɟɑˊŰɤůɖ Űɤɜ Ůɜ ɚɧɔɤ ŭɘŬɔɟŬɛɛɎŰɤɜ:  

 

Ὤί ὤ ὤ
ὧᶻ

ς

ὒ

ς

ς

ς ‗
   τȢρρ 

 
ȺűŬɟɛɧɕɞɜŰŬɠ Űɘɠ ůɢɏůŮɘɠ (4.10) əŬɘ (4.11) ɔɘŬ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ ˊŬɟŬŭŮɑɔɛŬŰɞɠ 2.2 

ˊŬɑɟɜɞɡɛŮ ŰŬ əɎŰɤɗɘ ŭɘɎɔɟŬɛɛŬŰŬ. ɇɞ ŬɟɘůŰŮɟɧ ɔɟɎűɖɛŬ ŬűɞɟɎ ůŰɖɜ ˊŮɟɑˊŰɤůɖ 

ɗŮŰɘəɐɠ Űɘɛɐɠ ˊɟɞɓŬŭɑůɛŬŰɞɠ ῶ  əŬɘ Űɞ ŭŮɝɑ ɔɟɎűɖɛŬ ŬűɞɟɎ ůŰɖɜ ˊŮɟɑˊŰɤůɖ 

ŬɟɜɖŰɘəɐɠ Űɘɛɐɠ ˊɟɞɓŬŭɑůɛŬŰɞɠ ὤ. ɀŮ ɛˊɟɞɜŰɧ ɔɟŬɛɛɐ ŬɜŬˊŬɟɑůŰŬŰŬɘ ŬɜŰɑůŰɞɘɢŬ 

ɖ ŮˊɑŭɟŬůɖ Űɞɡ HS, Ŭˊɧ Űɖɜ ɞˊɞɑŬ űŬɑɜŮŰŬɘ ɧŰɘ ɖ ŮˊɑŭɟŬůɖ Űɞɡ Űɞɡ HS ŮɑɜŬɘ 

ůɖɛŬɜŰɘəɐ ɛɧɜɞɜ əŬŰɎ Űɘɠ ˊɟɩŰŮɠ ˊŬɟŬŰɖɟɐůŮɘɠ əŬɘ ůɡɜŮɢɩɠ ɛŮɘɩɜŮŰŬɘ, ɧůɞ 

ŬɡɝɎɜɞɜŰŬɘ ɞɘ ŭŮɘɔɛŬŰɞɚɖɣɑŮɠ. 

  

ɆɢɐɛŬ 4.5: ȹɘŬɔɟɎɛɛŬŰŬ EWMA ɛŮ ŬůɡɛˊŰɤŰɘəɎ ɧɟɘŬ ɔɘŬ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ 

ɄɑɜŬəŬ 2.1 ɛŮ ˊɟɤŰɞˊɞɗɏŰɖůɖ Űɘɛɐɠ Ὤί πȢσωφρφ 

 
ȷˊɧ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ ŭɘŬˊɘůŰɩɜɞɡɛŮ ɧŰɘ ůŰɖɜ ɡˊɧɣɖ ˊŮɟɑˊŰɤůɖ Űɤɜ 

ŬůɡɛˊŰɤŰɘəɩɜ ɞɟɑɤɜ ɖ ɢɟɐůɖ Head Start, ɑůɞɡ ɛŮ Űɖ ůɢɏůɖ (4.11) ŭŮɜ ɓŮɚŰɘɩɜŮɘ 

ůŰɞɜ ŮˊɘɗɡɛɖŰɧ ɓŬɗɛɧ Űɖɜ ŬɜɘɢɜŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ, əŬɗɩɠ ŭŮɜ 

ŮɜŰɞˊɑɕŮɘ Űɖɜ ɛŮŰŬŰɧˊɘůɖ Űɞɡ ɛɏůɞɡ ůŰɖɜ 2ɖ əŬɘ 3ɖ ˊŬɟŬŰɐɟɖůɖ.  
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4.2.3 FIR ɛŮ HS ůŮ ȹɘŬɔɟɎɛɛŬŰŬ EWMA ɛŮ ɉɟɞɜɘəɎ ɀŮŰŬɓŬɚɚɧɛŮɜŬ ȳɟɘŬ 

Ⱥɚɏɔɢɞɡ 

ɆŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ɘůɢɨŮɘ ɖ ůɡɜɗɐəɖ Űɖɠ ůɢɏůɖɠ (4.12).  

 

Ὢὺὥὧὰȡ άὥὼ ȿὤȿȟȿὤȿ ὧᶻὰ  τȢρς 

 
ũɘŬ ŬɡŰɎ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ ɞɘ Rhoads et al. (1996) ˊɟɧŰŮɘɜŬɜ Űɖɜ Ŭəɧɚɞɡɗɖ Űɘɛɐ 

ˊɟɞɓŬŭɑůɛŬŰɞɠ: 

 

Ὤί ὤ ὤ ὰ
ὧᶻ

ς

ὒ

ς

ς

ς ‗
 ρ ρ ‗   τȢρσ 

 

ȺűŬɟɛɧɕɞɜŰŬɠ Űɘɠ ůɢɏůŮɘɠ (4.12) əŬɘ (4.13) ɔɘŬ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ ˊŬɟŬŭŮɑɔɛŬŰɞɠ 2.2 

ˊŬɑɟɜɞɡɛŮ ŰŬ əɎŰɤɗɘ ŭɘɎɔɟŬɛɛŬŰŬ. ɇɞ ŬɟɘůŰŮɟɧ ɔɟɎűɖɛŬ ŬűɞɟɎ ůŰɖɜ ˊŮɟɑˊŰɤůɖ 

ɗŮŰɘəɐɠ Űɘɛɐɠ ˊɟɞɓŬŭɑůɛŬŰɞɠ ῶ  əŬɘ Űɞ ŭŮɝɑ ɔɟɎűɖɛŬ ŬűɞɟɎ ůŰɖɜ ˊŮɟɑˊŰɤůɖ 

ŬɟɜɖŰɘəɐɠ Űɘɛɐɠ ˊɟɞɓŬŭɑůɛŬŰɞɠ ὤ. 

 

  

ɆɢɐɛŬ 4.6: ȹɘŬɔɟɎɛɛŬŰŬ EWMA ɛŮ ŬůɡɛˊŰɤŰɘəɎ ɧɟɘŬ ɔɘŬ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ 

ɄɑɜŬəŬ 2.1 

 
ɄŬɟŬŰɖɟɞɨɛŮ ɧŰɘ ɔɘŬ Űɞ ŭɘɎɔɟŬɛɛŬ ɛŮ ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜŬ ɧɟɘŬ ůŰɖɜ ˊŮɟɑˊŰɤůɖ 

ŬɟɜɖŰɘəɐɠ Űɘɛɐɠ ˊɟɞɓŬŭɑůɛŬŰɞɠ, ŭɑɜŮɘ ŭɨɞ (2) ˊɞɚɨ ɞɟɘŬəɏɠ Űɘɛɏɠ, ůŰɖɜ 2ɖ əŬɘ 3ɖ 

ˊŬɟŬŰɐɟɖůɖ. ɋůŰɧůɞ, ŭŮɜ əŬŰŬűɏɟɜŮɘ ɜŬ ŭɩůŮɘ Űɞ ŮˊɘɗɡɛɖŰɧ ůɐɛŬ ŮəŰɧɠ, ɛɘŬɠ əŬɘ 

ɖ ŭɘŬŭɘəŬůɑŬ ŮɑɜŬɘ ˊɟɎɔɛŬŰɘ ŮəŰɧɠ Ůɚɏɔɢɞɡ ůŰɘɠ ŬɜŰɑůŰɞɘɢŮɠ ˊŬɟŬŰɖɟɐůŮɘɠ. ȷɜŰɑɗŮŰŬ, 

Űɞ ůɐɛŬ ŮəŰɧɠ ŭɑɜŮŰŬɘ ůŰɖɜ 29ɖ ˊŬɟŬŰɐɟɖůɖ əŬɘ ůŰɘɠ ŭɨɞ ˊŮɟɘˊŰɩůŮɘɠ, ŭɖɚŬŭɐ Űɧůɞ 

ɔɘŬ ŬɟɜɖŰɘəɐ ɧůɞ əŬɘ ɗŮŰɘəɐ Űɘɛɐ ˊɟɞɓŬŭɑůɛŬŰɞɠ, ɔŮɔɞɜɧɠ ˊɞɡ ŮɑɜŬɘ ŬɜŬɛŮɜɧɛŮɜɞ, 

əŬɗɩɠ ůŰɖɜ 29ɖ ˊŬɟŬŰɐɟɖůɖ ɖ ŮˊɑŭɟŬůɖ Űɖɠ Űɘɛɐɠ ˊɟɞɓŬŭɑůɛŬŰɞɠ ɏɢŮɘ ůɢŮŭɧɜ 
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ɛɖŭŮɜɘůŰŮɑ əŬɘ Űɞ ŭɘɎɔɟŬɛɛŬ ɛŮ ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜŬ ɧɟɘŬ, ɞɨŰɤɠ ɐ Ɏɚɚɤɠ 

ŮɜŰɧˊɘɕŮ Űɖɜ ɛŮŰŬŰɧˊɘůɖ Űɞɡ ɛɏůɞɡ ůŰɖɜ 29ɖ ˊŬɟŬŰɐɟɖůɖ. Ƀɘ ɡˊɞɚɞɔɘůɛɞɑ ɏɔɘɜŬɜ 

ɔɘŬ ‗ πȢρτȟὒ ςȢχωςψψσ, Űɘɛɏɠ ˊɞɡ ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ ὃὙὒ σχπ.  

 

4.2.4 FIR ɛŮ HS ůŮ ȹɘŬɔɟɎɛɛŬŰŬ FIR STEINER EWMA 

ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ ɖ ŰŮɢɜɘəɐ Űɞɡ Steiner ŬˊɞŰŮɚŮɑ ŮɟɔŬɚŮɑɞ FIR əŬɘ ɤɠ Ůə ŰɞɨŰɞɡ 

ŭŮɜ ˊɟɞŰŮɑɜŮŰŬɘ ůŰɖ ɓɘɓɚɘɞɔɟŬűɑŬ ɖ ůɡɜŭɡŬůŰɘəɐ ɢɟɐůɖ Űɖɠ ŰŮɢɜɘəɐɠ 

ˊɟɤŰɞˊɞɗɏŰɖůɖɠ Űɘɛɐɠ ˊɟɞɓŬŭɑůɛŬŰɞɠ ůŮ ŭɘŬɔɟɎɛɛŬŰŬ Steiner, əŬɗɩɠ ɤɠ Ůˊɑ Űɤ 

ˊɚŮɑůŰɤ Űɞ ɑŭɘɞ ŬˊɞŰɏɚŮůɛŬ ŮɑɜŬɘ ŭɡɜŬŰɧɜ ŮˊɘŰŮɡɢɗŮɑ ɛŮ əŬŰɎɚɚɖɚɖ Ůˊɘɚɞɔɐ Űɤɜ 

ˊŬɟŬɛɏŰɟɤɜ. ɋůŰɧůɞ, ɔɘŬ ɚɧɔɞɡɠ ˊɚɖɟɧŰɖŰŬɠ ŬɜŬˊŰɨůůŮŰŬɘ ˊŬɟŬəɎŰɤ əŬɘ ŬɡŰɐ ɖ 

ˊŮɟɑˊŰɤůɖ, ɩůŰŮ ɜŬ ŮɝŮŰŬůŰŮɑ ɞ ɓŬɗɛɧɠ ůŰɞɜ ɞˊɞɑɞ ɓŮɚŰɘɩɜŮŰŬɘ ɖ ŬɜɘɢɜŮɡŰɘəɐ 

ɘəŬɜɧŰɖŰŬ Űɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ ɛŬɠ. 

 
ȼ ůɡɜɗɐəɖ ˊɞɡ ˊɟɏˊŮɘ Ŭɜ ɘəŬɜɞˊɞɘŮɑŰŬɘ ɔɘŬ ŰŬ ɡˊɧɣɖ ŭɘŬɔɟɎɛɛŬŰŬ, ůɨɛűɤɜŬ ɛŮ 

Űɞɜ Steiner (1999), űŬɑɜŮŰŬɘ ˊŬɟŬəɎŰɤ:  

 

ὪὥὨὮȡȿὤ ‘ȿ ὧᶻὰρ ρ Ὢ ȟ   Ὢ πȢυȟὥ πȢσ  τȢρτ 

 
ȺűŬɟɛɧɕɞɜŰŬɠ Head Start ůŰŬ ɡˊɧɣɖ ŭɘŬɔɟɎɛɛŬŰŬ əŬɘ ŬəɞɚɞɡɗɩɜŰŬɠ Űɖɜ ɑŭɘŬ 

ɚɞɔɘəɐ ɛŮ ŮəŮɑɜɖ ˊɞɡ ŬəɞɚɞɡɗɐůŬɛŮ ůŰŬ ŭɘŬɔɟɎɛɛŬŰŬ ɛŮ ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜŬ 

ɧɟɘŬ ɖ Űɘɛɐ ˊɟɞɓŬŭɑůɛŬŰɞɠ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ɖ Ŭəɧɚɞɡɗɖ: 

 

Ὤί ὤ ὤ ὰ
ὧᶻ

ς
ρ ρ Ὢ  

Ὤί
ὒ

ς
Ὢ

‗

ς ‗
 ρ ρ ‗   τȢρυ 

 
ȷɜ ŮűŬɟɛɧůɞɡɛŮ Űɘɠ ůɢɏůŮɘɠ (4.14) əŬɘ (4.15) ůŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ ˊŬɟŬŭŮɑɔɛŬŰɞɠ 

(2.2) ˊŬɑɟɜɞɡɛŮ Űɞ əɎŰɤɗɘ ůɢɐɛŬ, Ŭˊɧ ɧˊɞɡ ɓɚɏˊɞɡɛŮ ɧŰɘ ɖ ɛŮɔɎɚɖ ɛŮŰŬŰɧˊɘůɖ 

əŬŰɎ Űɖɜ 2ɖ əŬɘ 3ɖ ˊŬɟŬŰɐɟɖůɖ ŮɜŰɞˊɑɕŮŰŬɘ ɎɛŮůŬ Ŭˊɧ Űɞ ŭɘɎɔɟŬɛɛŬ. Ⱥˊɑůɖɠ, 

ˊŬɟŬŰɖɟɞɨɛŮ ɧŰɘ Űɞ ŭɘɎɔɟŬɛɛŬ ŭŮɜ ŭɨɜŬŰŬɘ ɜŬ ŮɜŰɞˊɑůŮɘ Űɖɜ ɛŮŰŬŰɧˊɘůɖ ůŰɞ ɛɏůɞ 

ɛŮŰɎ Űɖɜ 20ɖ ˊŬɟŬŰɐɟɖůɖ. 
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ɆɢɐɛŬ 4.7: ȹɘŬɔɟɎɛɛŬŰŬ EWMA Steiner ɛŮ Űɘɛɐ ˊɟɞɓŬŭɑůɛŬŰɞɠ ɔɘŬ ŰŬ ŭŮŭɞɛɏɜŬ 

Űɞɡ ɄɑɜŬəŬ 2.1 

 
ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŬɡŰɎ ŮˊɘɓŮɓŬɘɩɜɞɜŰŬɘ əŬɘ ɛŮ Űɞ ůŰŬŰɘůŰɘəɧ ˊŬəɏŰɞ SPC, Knoth 

(2017) Űɞɡ ɚɞɔɘůɛɘəɞɨ R, R Core Team (2017), ŰɟɏɢɞɜŰŬɠ Űɘɠ ŬəɧɚɞɡɗŮɠ ŮɜŰɞɚɏɠ, 

Ŭˊɧ ɧˊɞɡ ɓɚɏˊɞɡɛŮ ɧŰɘ ɓŮɚŰɘɩɜŮŰŬɘ ɖ ŬɜɘɢɜŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ ɔɘŬ 

ɛŮŰŬŰɧˊɘůɖ ˊɞɡ ůɡɛɓŬɑɜŮɘ əɞɜŰɎ ůŰɖɜ ɏɜŬɟɝɖ ɛŮŰɟɐůŮɤɜ, ŭɖɚŬŭɐ ɔɘŬ ‘ ςȢρ Űɞ 

ὃὙὒρȢπυ. ȷɜŰɑɗŮŰŬ ɢŮɘɟɞŰŮɟŮɨŮɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɖ ɛŮŰŬŰɧˊɘůɖ ůɡɛɓŬɑɜŮɘ 

ɛŮŰŬɔŮɜɏůŰŮɟŬ, ɧˊɤɠ ůŰɖɜ ˊŮɟɑˊŰɤůɐ ɛŬɠ ɔɘŬ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ ˊŬɟŬŭŮɑɔɛŬŰɞɠ 2.2, 

ůɡɛɓŬɑɜŮɘ ɛŮŰɎ Űɖɜ 20ɖ ˊŬɟŬŰɐɟɖůɖ. ɆŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ɔɘŬ άό ρ, Űɞ ὥὶὰ

ρπȢφυ. 

 
> xewma.crit(l=.14,370,sid e="two",limits="Steiner",hs=0.73687)  
       c  
3.006492  
> xewma.arl(l=.14,c=3.006492,mu=0,side="two",limits="Steiner",hs=0.7368
7)  
[1] 370.0002  
> xewma.arl(l=.14,c=3.006492,mu=1,side="two",limits="Steiner",hs=0.7368
7,q=20)  
[1] 10.64668  
> xewma.arl(l=.14,c=3.006492,mu=1,side="two",limits="Steiner",hs=0.7368
7)  
[1] 2.168092  
> xewma.arl(l=.14,c=3.006492,mu=2.1,side="two",limits="Steiner",hs=0.73
687)  
[1] 1.044932  
> xewma.arl(l=.14,c=3.006492,mu=2.29,side="two",limits="Steiner",hs=0.7
3687,q=23)  
[1] 3.53787  

 
ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ ůŰɞ ɡˊɧɣɖ ˊŬəɏŰɞ ɞɘ ɡˊɞɚɞɔɘůɛɞɑ ɔɑɜɞɜŰŬɘ ɛŮ Űɞɜ Ŭəɧɚɞɡɗɞ 

ɛŮŰŬůɢɖɛŬŰɘůɛɧ Űɞɡ Ὤίᶻ, ŭɖɚŬŭɐ Űɖɠ Űɘɛɐɠ ˊɞɡ ŮɘůɎɔɞɡɛŮ ɛŮ Űɞ ɢɏɟɘ, ɧˊɤɠ űŬɑɜŮŰŬɘ 

Ŭˊɧ Űɞ ŬɟɢŮɑɞ allspc.c Űɞɡ ˊŬəɏŰɞɡ spc Űɞɡ Knoth (2017). 
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Ὤίᶻ Ὤί
‗

ς ‗
 

 
ɆɡɜŮˊɩɠ, ɔɘŬ Űɞɜ Ŭəɟɘɓɐ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ˊɟŬɔɛŬŰɘəɐɠ Űɘɛɐɠ ˊɟɞɓŬŭɑůɛŬŰɞɠ hs 

ˊɟɏˊŮɘ ůŰɖɜ Űɘɛɐ ˊɞɡ ŮɘůɎɔɞɡɛŮ ɛŮ Űɞ ɢɏɟɘ ůŰɞɡɠ ˊŬɟŬəɎŰɤ Űɨˊɞɡɠ (Ὤίᶻ) ɜŬ 

ŮəŰŮɚɞɨɛŮ Űɖɜ Ŭəɧɚɞɡɗɖ ŭɘŬɑɟŮůɖ, ɔɘŬ ɜŬ ɓɟɞɨɛŮ Űɖɜ Űɘɛɐ hs ůŰɖɜ ɞˊɞɑŬ ŬɜŬűɏɟŮŰŬɘ 

Űɞ ˊɟɧɔɟŬɛɛŬ əŬɘ ɖ ɞˊɞɑŬ ŮɑɜŬ Űɞ ˊɟŬɔɛŬŰɘəɧ hs ɞ́ɡ ŭɑɜŮŰŬɘ Ŭˊɧ Űɞɜ Űɨˊɞ (4.15). 

 

Ὤί
Ὤίᶻ

‗
ς ‗

 

 
ɄɏɟŬɜ ɧɛɤɠ Ŭˊɧ Űɞɜ ɏɛɛŮůɞ ɡˊɞɚɞɔɘůɛɧ Űɞɡ hs ɛɏůɤ əɎˊɞɘɤɜ ůɢɏůŮɤɜ, ɡˊɎɟɢŮɘ 

ɖ ŭɡɜŬŰɧŰɖŰŬ, ɜŬ ɗɏůɞɡɛŮ ŬˊŮɡɗŮɑŬɠ Űɖɜ Űɘɛɐ Űɞɡ, ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ ɛɧɜɞɜ Űɞɜ 

ˊŮɟɘɞɟɘůɛɧ Űɖɠ Ŭɜɑůɤůɖɠ (4.10). 

 

Ὤί Ὗὅὒρ ‘  τȢρφ 

 
 
ũɘŬ ɜŬ ɔɑɜŮɘ ŬɜŰɘɚɖˊŰɐ ɖ ŮˊɑŭɟŬůɖ Űɖɠ ˊɟɞ-ŰɞˊɞɗɏŰɖůɖɠ Űɘɛɐɠ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ 

ˊŬɟŬəɎŰɤ ůŰɞɜ ɄɑɜŬəŬ 4.4, ɞɘ Űɘɛɏɠ Űɞɡ ὃὙὒ ɔɘŬ ŭɘɎűɞɟŮɠ Űɘɛɏɠ Ůəəɑɜɖůɖɠ (Ὤί πȢυȟ

Ὤί πȟχσφψχȟὬί ρ, Ὤί ρȢυ). Ƀɘ ɡˊɧɣɖ Űɘɛɏɠ ɡˊɞɚɞɔɑůŰɖəŬɜ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ 

Űɞ ˊŬəɏŰɞ ñSPCò Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ R. ɆŰɞɜ ɡˊɧɣɖ ˊɑɜŬəŬ ɔɑɜŮŰŬɘ ɛɘŬ ůɨɔəɟɘůɖ ɛŮ 

ŰŬ ŬˊɚɎ ŭɘŬɔɟɎɛɛŬŰŬ Steiner, ŭɖɚŬŭɐ ɢɤɟɑɠ head start (Ὤί π). ȼ ɞˊŰɘəɞˊɞɑɖůɖ 

Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 4.8, ɧˊɞɡ ŮűŬɟɛɧɕɞɜŰŬɘ ɞɘ ɓɏɚŰɘůŰŮɠ Űɘɛɏɠ 

ɔɘŬ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ ˊŬɟŬŭŮɑɔɛŬŰɞɠ 2.2, Ŭˊɧ ɧˊɞɡ ŮˊɘɓŮɓŬɘɩɜŮŰŬɘ ɧŰɘ  
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ɄɑɜŬəŬɠ 4.5: Ɉˊɞɚɞɔɘůɛɧɠ ὃὙὒ ɔɘŬ ŭɘɎűɞɟŮɠ Űɘɛɏɠ  

Űɤɜ ˊŬɟŬɛɏŰɟɤɜ əŬɘ Űɘɛɩɜ Ůəəɑɜɖůɖɠ. 

  ‗ πȢρ  ‗ πȢρσ 
  ή ρ ή ρ ή ςπ  ή ρ ή ρ ή ςπ 

Ὤίᶻ L ‘ π ‘ ρ ‘ ρ L ‘ π ‘ ρ ‘ ρ 
0 ςȢψρφφτψ 370 4.432  10.077 2.87304  370 4.570  9.931  

0.5 2.904413  370 2.368  10.523  2.934248  370 2.697  10.277  

0.73687 3.00371  370 1.765  11.075  3.004479  370 2.0716  10.703  

1 σȢρυρψωψ 370 1.360 11.959 3.111002  370 1.594  11.390  

1.5 σȢυςσςςρ 370 1.064 14.546 3.385447  370 1.156  13.425  

 

  ‗ πȢρτ  ‗ πȢρυ 
  ή ρ ή ρ ή ςπ  ή ρ ή ρ ή ςπ 

Ὤίᶻ L ‘ π ‘ ρ ‘ ρ L ‘ π ‘ ρ ‘ ρ 
0 2.888008  370 4.610  9.925  2.901543  370 4.648  9.938  

0.5 2.943 088  370 2.794  10.250  2.886858  370 2.887  10.243   

0.73687 3.006492  370 2.075  10.715  3.008921  370 2.262  10.616  

1 3.103034  370 1.674  11.289  3.09682  370 1.755  11.22  

1.5 3.353533  370 1.194  13.196  3.326324  370 1.236  13.017  

 

  ‗ πȢρφ  ‗ πȢρχ 
  ή ρ ή ρ ή ςπ  ή ρ ή ρ ή ςπ 

Ὤίᶻ L ‘ π ‘ ρ ‘ ρ L ‘ π ‘ ρ ‘ ρ 
0 2.913843  370 4.686  9.967  2.925074  370 4.723  10.01 0 

0.5 2.959171  370 2.975  10.256  2.966472  370 3.060  10.285  

0.73687 3.011614  370 2.334  10.536  3.014463  370 2.334  10.620  

1 3.091967  370 1.836  11.179  3.088182  370 1.917  11.162  

1.5 3.302935  370 1.282  12.880  3.282684  370 1.331  12.779  

 

  ‗ πȢρψ  ‗ πȢρω 
  ή ρ ή ρ ή ςπ  ή ρ ή ρ ή ςπ 

Ὤίᶻ L ‘ π ‘ ρ ‘ ρ L ‘ π ‘ ρ ‘ ρ 
0 2.93537  370 4.760  10.067  2.94484  370 4.797  10.137  

0,73687 3.017393  370 2.496  10.649  3.020348  370 2.615  10.694  

1 3.085239  370 1.998  11.167  3.082968  370 2.078  11.190  

1.5 3.265035  370 1.382  12.710  3.249565  370 1.437  12.667  

 

  ‗ πȢςπ  ‗ πȢςρ 
  ή ρ ή ρ ή ςπ  ή ρ ή ρ ή ςπ 

Ὤίᶻ L ‘ π ‘ ρ ‘ ρ L ‘ π ‘ ρ ‘ ρ 
0 2.95358  370 4.835  10.218  2.961669  370 4.873  10.310  

1 3.081235  370 2.159  11.230  3.079934  370 2.239  11.285  

1.5 3.235932  370 1.493  12.649  3.22386  370 1.552  12.652  
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ɆɢɐɛŬ 4.8: ȹɘŬɔɟɎɛɛŬŰŬ EWMA Steiner ɛŮ Űɘɛɐ ˊɟɞɓŬŭɑůɛŬŰɞɠ ɔɘŬ ŭɘɎűɞɟŮɠ 

Űɘɛɏɠ ˊŬɟŬɛɏŰɟɤɜ ɔɘŬ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ ɄɑɜŬəŬ 2.1 

 
ɆŰŬ ˊŬɟŬˊɎɜɤ ŭɘŬɔɟɎɛɛŬŰŬ ɓɚɏˊɞɡɛŮ ɧŰɘ ɖ ŮˊɑŭɟŬůɖ Űɞɡ Head Start ŮɑɜŬɘ 

ůɖɛŬɜŰɘəɐ əŬɘ ɓŮɚŰɘɩɜŮɘ Űɖɜ ŬɜɘɢɜŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ, ɔɘŬ 

ɛŮŰŬŰɞˊɑůŮɘɠ ˊɞɡ ůɡɛɓŬɑɜɞɡɜ əɞɜŰɎ ůŰɖɜ ɏɜŬɟɝɖ ɛŮŰɟɐůŮɤɜ, Ůɜɩ ŬɜŰɑɗŮŰŬ ɏɢŮɘ 

ɛɘəɟɐ ŮˊɑŭɟŬůɖ ůŰɖɜ ŬɜɘɢɜŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɖ ɛŮŰŬŰɧˊɘůɖ 

ůɡɛɓŮɑ ŬɟɔɧŰŮɟŬ ůŰɞ ɢɟɧɜɞ. 
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4.3 Tɟɞˊɞɘɖɛɏɜɞ FIR EWMA əŬŰɎ Haq et al (2014) 

ɄɏɟŬɜ ɧɛɤɠ Ŭˊɧ Űɘɠ ɓŬůɘəɏɠ ˊŬɟŬɚɚŬɔɏɠ ŰŮɢɜɘəɩɜ ɔɟɐɔɞɟɖɠ Ŭɟɢɘəɐɠ 

Ŭˊɧəɟɘůɖɠ ˊɞɡ ˊŬɟɞɡůɘɎůŰɖəŬɜ ˊŬɟŬˊɎɜɤ, ɡˊɎɟɢŮɘ ɛɑŬ Ŭəɧɛɖ ˊɞɡ ˊɟɞŰɎɗɖəŮ 

Ŭˊɧ Űɞɡɠ Haq et al. (2014) əŬɘ ɖ ɞˊɞɑŬ ˊŬɟɏɢŮɘ əŬɚɨŰŮɟŬ ŬˊɞŰŮɚɏůɛŬŰŬ. ȼ ɡˊɧɣɖ 

Űɟɞˊɞˊɞɑɖůɖ ůŰɖɟɑɕŮŰŬɘ ůŰɖɜ Ŭəɧɚɞɡɗɖ ůɢɏůɖ: 

 

ὓὊὍὙ ρ ρ Ὢ          τȢρχ 

 
ȷˊɧ Űɖ ůɢɏůɖ (4.17) ŮɝɎɔɞɜŰŬɘ əŬɘ ɞɘ ŬəɧɚɞɡɗŮɠ ůɢɏůŮɘɠ Űɤɜ ɞɟɑɤɜ Ůɚɏɔɢɞɡ: 

 

‘ ὒ„ ρ ρ Ὢ
‗ρ ρ ‗

ς ‗ὲ
        τȢρψ 

 
ȺűŬɟɛɧɕɞɜŰŬɠ Űɖ ůɢɏůɖ (4.18) ůŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ ˊŬɟŬŭŮɑɔɛŬŰɞɠ (2.2) ˊŬɑɟɜɞɡɛŮ 

Űo Ŭəɧɚɞɡɗo ŭɘɎɔɟŬɛɛŬ, ůŰɞ ɞˊɞɑɞ űŬɑɜŮŰŬɘ ɧŰɘ ɖ ˊɟɩɘɛɖ ɛŮŰŬŰɧˊɘůɖ ůŰɞ ɛɏůɞ əŬŰɎ 

2.1 ɛɞɜɎŭŮɠ ŬɜɘɢɜŮɨŮŰŬɘ Ŭɛɏůɤɠ, Ůɜɩ ɖ ɨůŰŮɟɖ ɛŮŰŬŰɧˊɘůɖ ɛŮŰɎ Ŭˊɧ 20 

ˊŬɟŬŰɖɟɐůŮɘɠ ŭŮɜ ŬɜɘɢɜŮɨŮŰŬɘ ɞɟɘŬəɎ. 

 

 

ɆɢɐɛŬ 4.9: ȹɘɎɔɟŬɛɛŬ MFIR EWMA ɔɘŬ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ ɄɑɜŬəŬ 2.1 
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ɇŬ Ůɜ ɚɧɔɤ ɔɟŬűɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ůɡɛűɤɜɞɨɜ ɛŮ ŰŬ ŬɜŰɑůŰɞɘɢŬ ɗŮɤɟɖŰɘəɎ 

ŬɜŬɛŮɜɧɛŮɜŬ, ŰŬ ɞˊɞɑŬ ɡˊɞɚɞɔɑůŰɖəŬɜ ɛŮ Űɖ ɓɞɐɗŮɘŬ Űɞɡ əɩŭɘəŬ Űɞɡ 

ˊŬɟŬɟŰɐɛŬŰɞɠ, ɔɘŬ ‗ πȢρτ , ὒ σȢπτυτχ, ή ςπȟ ɛŮ ŰŬ ɞˊɞɑŬ ŮˊɘŰɡɔɢɎɜŮŰŬɘ 

ὃὙὒ σχπ əŬɘ ὃὙὒȟ    Ȣ ρȢρςψψςω , Ůɜɩ ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ ŭŮɨŰŮɟɖɠ 

ɛŮŰŬŰɧˊɘůɖɠ əŬŰɎ 1 ɛŮŰɎ Űɖɜ 20ɖ ˊŬɟŬŰɐɟɖůɖ, ɖ ŬɜɘɢɜŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ ŮɑɜŬɘ ɑůɖ ɛŮ 

ὃὙὒȟ     Ǫ ρπȢψσωτ.  

 

ȷɜŰɑůŰɞɘɢŬ, ɔɘŬ ‗ πȢρȟὒ σȢτρρψυ ˊŬɑɟɜɞɡɛŮ: 

 

 ὃὙὒ σχπ , ὃὙὒ  Ȣ ρȢπςυπφσ əŬɘ ὃὙὒȟ     Ǫ ρσȢυφρχ. 

 

ũɘŬ ɜŬ ɛŮɚŮŰɖɗŮɑ ůɡɔəɟɘŰɘəɎ ɖ ŬɜɘɢɜŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ Űɤɜ ɡˊɧɣɖ ŭɘŬɔɟŬɛɛɎŰɤɜ 

ɡˊɞɚɞɔɑůŰɖəŬɜ ˊŬɟŬəɎŰɤ ɞɘ ŬɜŰɑůŰɞɘɢŮɠ Űɘɛɏɠ Űɞɡ ɛɏůɞɡ ɛɐəɞɡɠ ɟɞɐɠ ɔɘŬ Űɖɜ 

ˊɟɩɘɛɖ əŬɘ Űɖɜ ɨůŰŮɟɖ ɛŮŰŬŰɧˊɘůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ Űɞɡ ˊŬɟŬŭŮɑɔɛŬŰɞɠ 2.2, ɔɘŬ ‗

πȢρ əŬɘ ὒ σ. 

 

ὃὙὒ σχπ ȟὃὙὒ  Ȣ ρȢρρχτψρȟὃὙὒȟ     Ǫ ρπȢωρψυω 

 

ȷˊɧ Űɞɡɠ ŬɜɤŰɏɟɤ ɡˊɞɚɞɔɘůɛɞɨɠ ŭɘŬˊɘůŰɩɜɞɡɛŮ ɧŰɘ ɘůɢɨŮɘ əŬɘ ˊɎɚɘ ɞ əŬɜɧɜŬɠ: 

çŬɜŬűɞɟɘəɎ ɛŮ Űɖɜ ŬɜɘɢɜŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ ɧ,Űɘ əŮɟŭɑɕɞɡɛŮ əɞɜŰɎ ůŰɖɜ ɏɜŬɟɝɖ 

ɛŮŰɟɐůŮɤɜ, Űɞ ɢɎɜɞɡɛŮ ůŰɘɠ ɨůŰŮɟŮɠ ɛŮŰŬŰɞˊɑůŮɘɠè. ɆɡɔəŮəɟɘɛɏɜŬ, ˊŬɟŬŰɖɟɞɨɛŮ 

ɧŰɘ Űɞ ὃὙὒ ɔɘŬ Űɖɜ ˊɟɩɘɛɖ ɛŮŰŬŰɧˊɘůɖ ŮɑɜŬɘ əŬɚɨŰŮɟɞ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ MFIR 

ŰŮɢɜɘəɐɠ, Ůɜɩ Űɞ ὃὙὒ ɔɘŬ Űɖɜ ɛŮŰɏˊŮɘŰŬ ɛŮŰŬŰɧˊɘůɖ ɡůŰŮɟŮɑ ůɡɔəɟɖŰɘəɎ ɛŮ Űɖɜ Ŭˊɚɐ 

FIR EWMA ŰŮɢɜɘəɐ. 
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ȾȺūȷȿȷȽɃ 5ɞ 

ɄŮɟŬɘŰɏɟɤ ɓŮɚŰɑɤůɖ Űɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ EWMA 

5.1 ȺɘůŬɔɤɔɐ 

ȳˊɤɠ ŮɑŭŬɛŮ ůŰŬ ȾŮűɎɚŬɘŬ 3 əŬɘ 4, ɖ Ŭˊɧŭɞůɖ Űɤɜ əɚŬůɘəɩɜ ŭɘŬɔɟŬɛɛɎŰɤɜ 

EWMA ɓŮɚŰɘɩɜŮŰŬɘ ůɖɛŬɜŰɘəɎ, ɛŮ Űɖ ɢɟɐůɖ ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜɤɜ ɞɟɑɤɜ əŬɘ 

ɔŮɜɘəɧŰŮɟŬ ɛɏůɤ ŰŮɢɜɘəɩɜ FIR ˊɞɡ Ůˊɘűɏɟɞɡɜ ˊŮɟŬɘŰɏɟɤ ůŰɏɜŮɛŬ Űɤɜ ɞɟɑɤɜ. Ƀɘ 

ŰŮɢɜɘəɏɠ ŬɡŰɏɠ ɓŮɚŰɘɩɜɞɡɜ Űɖɜ Ŭˊɧŭɞůɖ Űɞɡ !2,, ŬɚɚɎ ɛŮ əɧůŰɞɠ Űɖ ɛŮɑɤůɖ Űɞɡ 

ὃὙὒ, Űɞ ɞˊɞɑɞ ŭŮɜ ůɡůŰɐɜŮŰŬɘ ˊɎɜŰŬ Ŭˊɧ Űɞɡɠ ŮˊŬɔɔŮɚɛŬŰɑŮɠ. ȷɡŰɐ ɖ ŰɎůɖ 

ɛŮɑɤůɖɠ Űɞɡ ὃὙὒ ɏɢŮɘ ɛɑŬ Ŭəɧɛɖ ɏɛɛŮůɖ ŬɟɜɖŰɘəɐ ůɡɜɏˊŮɘŬ. ɄɟɞəŮɘɛɏɜɞɡ ɜŬ 

ŭɘŬŰɖɟɐůɞɡɛŮ ůŰŬɗŮɟɧ Űɞ ὃὙὒ, ɞŭɖɔɞɨɛŬůŰŮ ůŮ ɛŮɑɤůɖ Űɖɠ ŬɜɘɢɜŮɡŰɘəɐɠ 

ɘəŬɜɧŰɖŰŬɠ, ŭɖɚŬŭɐ Űɞɡ ὃὙὒ ɧŰŬɜ ˊɟɧəŮɘŰŬɘ ɔɘŬ ɨůŰŮɟŮɠ ɛŮŰŬŰɞˊɑůŮɘɠ, ɧˊɤɠ 

ŬɜŬɚɨɗɖəŮ ůŰɞɡɠ ˊŬɟŬˊɎəɤ ˊɑɜŬəŮɠ əŬɘ ŭɘŬɔɟɎɛɛŬŰŬ Űɤɜ ȾŮűŬɚŬɑɤɜ 3 əŬɘ 4. 

ȹɖɚŬŭɐ ŰŬ ɧɟɘŬ ůŰŮɜŮɨɞɡɜ ůŰɘɠ ˊɟɩŰŮɠ ɛŮŰŬŰɞˊɑůŮɘɠ əŬɘ ˊɚŬŰɏɜɞɡɜ ůŰɘɠ ɨůŰŮɟŮɠ 

ɛŮŰŬŰɞˊɑůŮɘɠ. 

Ⱥˊɑůɖɠ, ɏɜŬ Ŭəɧɛɖ ɓŬůɘəɧ ɛŮɘɞɜɏəŰɖɛŬ Űɖɠ ɛŮɗɧŭɞɡ EWMA ŮɑɜŬɘ ɖ ŬŭɡɜŬɛɑŬ 

ɔɟɐɔɞɟɞɡ ŮɜŰɞˊɘůɛɞɨ ɛŮɔɎɚɤɜ əŬɘ ŬˊɧŰɞɛɤɜ ɛŮŰŬŰɞˊɑůŮɤɜ. ȼ ɡˊɧɣɖ ŬŭɡɜŬɛɑŬ 

ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɖ ɛŬɗɖɛŬŰɘəɐ ŭɞɛɐ ůɢŮŭɑŬůɖɠ Űɞɡ ůŰŬŰɘůŰɘəɞɨ EWMA, Űɞ ɞˊɞɑɞ 

ŭŮɜ ɛˊɞɟŮɑ ɜŬ ɚɎɓŮɘ ɡˊɧɣɖ Űɘɠ ŬɡŰɞůɡůɢŮŰɘɕɧɛŮɜŮɠ ˊŬɟŬŰɖɟɐůŮɘɠ. 

5.2 ɆŰŬŰɘůŰɘəɧ ɇɟɞˊɞˊɞɘɖɛɏɜɞɡ EWMA 

ɄɟɞəŮɘɛɏɜɞɡ ɜŬ ɝŮˊŮɟŬůŰŮɑ ŬɡŰɐ ɖ ŬŭɡɜŬɛɑŬ əŬɘ ɜŬ ŭɖɛɘɞɡɟɔɖɗŮɑ ɏɜŬ 

ŭɘɎɔɟŬɛɛŬ ˊɞɡ ɜŬ ŭɘŬŰɖɟŮɑ Űɞ ɓŬůɘəɧ ˊɚŮɞɜɏəŰɖɛŬ Űɖɠ ɛŮɗɧŭɞɡ EWMA, ŬɚɚɎ 

ŰŬɡŰɧɢɟɞɜŬ ɜŬ ŮɛűŬɜɑɕŮɘ ŮɡŬɘůɗɖůɑŬ əŬɘ ůŮ ɛŮɔɎɚŮɠ əŬɘ ŬˊɧŰɞɛŮɠ ŬɚɚŬɔɏɠ, ɞɘ Patel 

əŬɘ Divecha (2011) ˊɟɧŰŮɘɜŬɜ Űɖɜ ɡɘɞɗɏŰɖůɖ Űɞɡ Ŭəɧɚɞɡɗɞɡ ůŰŬŰɘůŰɘəɞɨ: 

ὤ ‗ὢ ρ ‗ὤ   ὢ           υȢρ 

 

ɧˊɞɡ Ὥ ρȟςȟȣ ŮɑɜŬɘ ɞ Ŭɨɝɤɜ Ŭɟɘɗɛɧɠ Űɤɜ ŭŮɘɔɛŬŰɞɚɖɣɘɩɜ, ‗ ŮɑɜŬɘ ɖ ůŰŬɗŮɟɎ 

ŮɝɞɛɎɚɡɜůɖɠ ɛŮ π ‗ ρ əŬɘ ɖ Űɘɛɐ Ůəəɑɜɖůɖɠ ŮɑɜŬɘ   ‘ ῶ. 

ȼ ůɢɏůɖ (5.1) ŮɑɜŬɘ ŬɜŬŭɟɞɛɘəɧɠ Űɨˊɞɠ. ɆɡɜŮˊɩɠ, ɛˊɞɟŮɑ ɜŬ ŬɜŬˊŰɡɢɗŮɑ 

ŬɜŰɘəŬɗɘůŰɩɜŰŬɠ əɎɗŮ űɞɟɎ Űɖɜ Űɘɛɐ Űɞɡ ῶ ůŰɞ ŭŮɨŰŮɟɞ ɛɏɚɞɠ Űɖɠ Ůɝɑůɤůɖɠ, 
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əŬŰŬɚɐɔɤɜŰŬɠ ůŰɖɜ Ŭəɧɚɞɡɗɖ ŮɜŬɚɚŬəŰɘəɐ ɛɞɟűɐ Űɞɡ ůŰŬŰɘůŰɘəɞɨ Űɞɡ 

ɇɟɞˊɞ́ɞɘɖɛɏɜɞɡ EWMA, Űɖ ůɢɏůɖ (5.2): 

ῶ ‗ὢ ρ ‗ὤ ΅  

‗ὢ ρ ‗ ‗ὢ ρ ‗ὤ ΅ ΅  

‗ὢ ‗ρ ‗ὢ ρ ‗ ὤ ρ ‗΅ ΅  

‗ὢ ‗ρ ‗ὢ ‗ρ ‗ ὢ ρ ‗ ρ ‗ ὤ ρ ‗ ΅

ρ ‗΅ ΅  

‗ ρ ‗   ρ ‗ὤ ρ ‗ ΅  

ɆɡɜŮˊɩɠ: 

ῶ ρ ‗ ‗  ΅ ρ ‗ὤ        υȢς 

 

ɧˊɞɡ ΅ ‏ ‏ , ŭɖɚŬŭɐ ɖ ŭɘŬűɞɟɎ ɛŮŰŬɝɨ Űɖɠ ŰŮɚŮɡŰŬɑŬɠ əŬɘ ˊɟɞ ŰŮɚŮɡŰŬɑŬɠ 

ɛŮŰŬŰɧˊɘůɖɠ əŬɘ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɞ ˊɧůɞ ŬˊɧŰɞɛŬ ŮɛűŬɜɑɕŮŰŬɘ ɖ ŬɚɚŬɔɐ ůŰɞ ɛɏůɞ.  

 

ɆɡɜŮˊɩɠ, əŬŰŬɚɐɔɞɡɛŮ ůŮ ůɢɏůɖ ŬɜɎɚɞɔɖ Űɖɠ (3.3), ɛŮ Űɞɜ Ůˊɘˊɚɏɞɜ ɧɟɞ ˊɞɡ 

ŬűɞɟɎ ůŰɖɜ ˊɞůɧŰɖŰŬ ɛɏŰɟɖůɖɠ Űɤɜ ŬˊɧŰɞɛɤɜ ŬɚɚŬɔɩɜ Űɞɡ ɛɏůɞɡ:  

ρ ‗ ΅  

ȷˊɧ Űɖ ůɢɏůɖ (5.2) ŭɘŬˊɘůŰɩɜɞɡɛŮ ɧŰɘ ɖ Űɘɛɐ Űɞɡ ůŰŬŰɘůŰɘəɞɨ ŮɑɜŬɘ ɖ ůɡɜɘůŰŬɛɏɜɖ 

(ɎɗɟɞɘůɛŬ) Űɤɜ ˊŬɟŬəɎŰɤ Űɟɘɩɜ ɧɟɤɜ: 

  

Ŭ. ɇɞɡ В ρ ‗ ‗  , ˊɞɡ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɘɠ ˊɟɞɔŮɜɏůŰŮɟŮɠ 

ˊŬɟŬŰɖɟɐůŮɘɠ. ȹɑɜŮɘ ɛŮɔŬɚɨŰŮɟɖ ɏɛűŬůɖ ůŰɘɠ ˊɟɧůűŬŰŮɠ ˊŬɟŬŰɖɟɐůŮɘɠ əŬɘ 

ůɡɜŮɢɩɠ ɛŮɘɞɨɛŮɜɖ ůɖɛŬůɑŬ ůŮ ˊɟɞɔŮɜɏůŰŮɟŮɠ ˊŬɟŬŰɖɟɐůŮɘɠ. 

 

ɓ. ɇɞɡ В ρ ‗ ΅ , ˊɞɡ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɖɜ ɛɏŰɟɖůɖ Űɤɜ 

ŬˊɧŰɞɛɤɜ ɛŮŰŬɓɞɚɩɜ, əŬɗɩɠ ɖ Űɘɛɐ Űɞɡ ŮɑɜŬɘ ůɖɛŬɜŰɘəɐ ɛɧɜɞɜ ɧŰŬɜ ˊŬɟŬŰɖɟɞɨɜŰŬɘ 
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ɛŮɔɎɚŮɠ ï ŬˊɧŰɞɛŮɠ ɛŮŰŬɓɞɚɏɠ. ȹɑɜŮɘ ɛŮɔŬɚɨŰŮɟɖ ɏɛűŬůɖ ůŰɘɠ ˊɟɧůűŬŰŮɠ 

ŬˊɧŰɞɛŮɠ ɛŮŰŬŰɞˊɑůŮɘɠ əŬɘ ůɡɜŮɢɩɠ ɛŮɘɞɨɛŮɜɖ ůɖɛŬůɑŬ ůŰɘɠ ˊɟɞɔŮɜɏůŰŮɟŮɠ. 

ɄŬɟŬŰɖɟɞɨɛŮ ɧŰɘ ɞɘ ŭɨɞ ˊŬɟŬˊɎɜɤ ɧɟɞɘ ɏɢɞɡɜ Űɞɜ ɑŭɘɞ ɟɡɗɛɧ ɛŮɑɤůɖɠ ɧůɞ 

ˊɟɞɢɤɟɎɛŮ ůŮ ŭŮɘɔɛŬŰɞɚɖɣɑŮɠ, Ůɜɩ Ŭɜ ɗŮɤɟɐůɞɡɛŮ ɧŰɘ ɛɧɜɞɜ ŬɡŰɞɑ əŬɗɞɟɑɕɞɡɜ 

Űɖɜ ŰŮɚɘəɐ Űɘɛɐ Űɞɡ ůŰŬŰɘůŰɘəɞɨ, ŰɧŰŮ Űɞ ˊɞůɞůŰɧ ˊɞɡ ůɡɛɛŮŰɏɢɞɡɜ ŮɑɜŬɘ ůŰŬɗŮɟɧ 

əŬɘ ɑůɞ ɛŮ  ɔɘŬ Űɞɜ 1ɞ əŬɘ  ɔɘŬ Űɞɜ 2ɞ. ȰŰůɘ, ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ɔɘŬ ‗ πȢςυ, ɞ 1ɞɠ 

ɧɟɞɠ ůɡɛɛŮŰɏɢŮɘ əŬŰɎ ςπϷ əŬɘ ɞ 2ɞɠ ɧɟɞɠ əŬŰɎ ψπϷ. 

 

ɔ. ɇɞɡ ρ ‗ὤ, ́ ɞɡ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɖɜ Ŭɟɢɘəɐ ɡˊɧɗŮůɖ ɧŰɘ ɞ ɛɏůɞɠ 

ŮɑɜŬɘ ɑůɞɠ ɛŮ Űɖɜ Űɘɛɐ ůŰɧɢɞ. ɄŬɟɞɡůɘɎɕŮɘ ůɡɜŮɢɩɠ ɛŮɘɞɨɛŮɜɖ Űɘɛɐ əŬɘ ůɡɜŮˊɩɠ 

ŬɜŰɑůŰɞɘɢŬ ůɡɜŮɢɩɠ ɛŮɘɞɨɛŮɜɖ ůɡɛɛŮŰɞɢɐ ůŰɞ ůŰŬŰɘůŰɘəɧ. ɄɟŬəŰɘəɎ ɔɘŬ ‗ πȢςυ, 

ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞɜ Ŭ́ɟŬəɎŰɤ ɄɑɜŬəŬ, ɛŮŰɎ Ŭˊɧ 16 ˊŬɟŬŰɖɟɐůŮɘɠ űɗɎɜŮɘ ůŮ 

ˊɞůɞůŰɧ 1% ˊŮɟɑˊɞɡ Űɖɠ Ŭɟɢɘəɐɠ Űɘɛɐɠ Űɞɡ.   

 

Ƀ 1ɞɠ əŬɘ 3ɞɠ ɧɟɞɠ ŬˊɞŰŮɚɞɨɜ ɛŬɕɑ Űɖɜ Űɘɛɐ Űɞɡ Ŭˊɚɞɨ ůŰŬŰɘůŰɘəɞɨ əŬɘ ŭŮɜ ɜɞŮɑŰŬɘ ɜŬ 

ŮəɚŬɛɓɎɜɞɜŰŬɘ ŭɘŬűɞɟŮŰɘəɎ, ɧˊɤɠ ɗŬ űŬɜŮɑ ůŰɖ ůɡɜɏɢŮɘŬ. Ƀ 1ɞɠ ɧɟɞɠ ɏɢŮɘ ůɡɜŮɢɩɠ 

ŬɡɝŬɜɧɛŮɜɖ Űɘɛɐ əŬɘ ɞ 3ɞɠ ůɡɜŮɢɩɠ ɛŮɘɞɨɛŮɜɖ Űɘɛɐ, ɩůŰŮ ůŰɖɜ ŮɜŰɧɠ Ůɚɏɔɢɞɡ 

ˊŮɟɑˊŰɤůɖ ɜŬ ŭɘŬŰɖɟŮɑŰŬɘ ůŰŬɗŮɟɧ Űɞ ůŰŬŰɘůŰɘəɧ. ɀɑŬ ɏɜŭŮɘɝɖ Űɞɡ Űɟɧˊɞɡ ɛŮ Űɞɜ 

ɞˊɞɑɞ ɛŮŰŬɓɎɚɚɞɜŰŬɘ ŭɑɜŮŰŬɘ ůŰŬ ɆɢɐɛŬŰŬ 5.1 əŬɘ 5.3. 

 

ũɘŬ ɜŬ ɔɑɜŮɘ ɖ ŬɜŰɘɚɖˊŰɐ ɖ ůɡɛˊŮɟɘűɞɟɎ Űɤɜ Űɟɘɩɜ ŬɡŰɩɜ ɧɟɤɜ, ůŰɞɜ ɄɑɜŬəŬ 5.1 

ɡˊɞɚɞɔɑůŰɖəŬɜ ɝŮɢɤɟɘůŰɎ ɞɘ ŰɟŮɘɠ ŬɡŰɞɑ ɧɟɞɘ ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ ˊŬɟŬŭŮɑɔɛŬŰɞɠ 

2.2 əŬɘ ŬɜŬˊŬɟɘůŰɎɗɖəŬɜ ɔɟŬűɘəɎ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ůŰɞ ˊŬɟŬəɎŰɤ ůɡɜŭɡŬůŰɘəɧ 

ŭɘɎɔɟŬɛɛŬ Űɞɡ ɆɢɐɛŬŰɞɠ 5.1. Ƀɘ ɡˊɞɚɞɔɘůɛɞɑ ɏɔɘɜŬɜ ɔɘŬ ‗ πȢςυ əŬɘ ὒ ρȢψσςωυ. 

 

ȷˊɧ Űɞ ŭɘɎɔɟŬɛɛŬ Űɞɡ ɆɢɐɛŬŰɞɠ 5.1 ŭɘŬˊɘůŰɩɜɞɡɛŮ ɧŰɘ ɖ Űɘɛɐ Űɞɡ ůŰŬŰɘůŰɘəɞɨ 

ŭɘŬɛɞɟűɩɜŮŰŬɘ əŬŰɎ əɨɟɘɞ ɚɧɔɞ Ŭˊɧ Űɖɜ Űɘɛɐ Űɞɡ 2ɞɡ ɀɏɟɞɡɠ, ˊɞɡ ɛŮŰɟɎŮɘ Űɘɠ 

ŬˊɧŰɞɛŮɠ ɛŮŰŬŰɞˊɑůŮɘɠ, (ˊɟŬəŰɘəɎ ɧˊɤɠ ŬɜŬűɏɟɗɖəŮ ˊŬɟŬˊɎɜɤ əŬŰɎ 80% ůŰɖɜ 

ˊɟɞəŮɘɛɏɜɖ ˊŮɟɑˊŰɤůɖ) ɧˊɤɠ Ůˊɑůɖɠ əŬɘ ɏɜŬ ɛɘəɟɧ ˊɞůɞůŰɧ (20%) Ŭˊɧ Űɞ 1ɞ 

ɀɏɟɞɠ, ˊɞɡ ɛŮŰɟɎŮɘ Űɘɠ ˊɟɞɔŮɜɏůŰŮɟŮɠ ˊŬɟŬŰɖɟɐůŮɘɠ. ɀŮŰɎ Űɖɜ 20ɖ ˊŬɟŬŰɐɟɖůɖ 

ˊŬɟŬŰɖɟŮɑŰŬɘ ɛɘŬ ŰɎůɖ Ŭɨɝɖůɖɠ Űɖɠ Űɘɛɐɠ Űɞɡ ůŰŬŰɘůŰɘəɞɨ, ɚɧɔɤ Űɖɠ ɛŮŰŬŰɧˊɘůɖɠ 

Űɞɡ ɛɏůɞɡ Űɞɡ ůŰŬŰɘůŰɘəɞɨ əŬŰɎ ɛɑŬ ɛɞɜɎŭŬ, Űɖ ɛŮŰŬŰɧˊɘůɖ ɛŬɠ Űɖ ŭɑɜŮɘ Űɞ Ŭˊɚɧ 

ɛɏɟɞɠ Űɞɡ EWMA (1ɞ əŬɘ 3ɞ ɛŬɕɑ). 
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ɄɑɜŬəŬɠ 5.1: ȷɜɎɚɡůɖ Űɞɡ ůŰŬŰɘůŰɘəɞɨ ῼὊὍὙ ὤ ůŰŬ ɛɏɟɖ Űɞɡ ɔɘŬ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ 

ɄŬɟŬŭŮɑɔɛŬŰɞɠ 2.2 

A/A ╧░ 
╩░  

(1o ɛɏɟɞɠ) 
ȷɟɢɘəɐ Ⱨ  
(3o ɛɏɟɞɠ) 

ȷˊɚɧ 
EWMA 

╩░ 
ŬˊɧŰɞɛŮɠ 
(2o ɛɏɟɞɠ) 

Modified 

╩░ 

  10 0  10 10   0 10 

1 9.45 2.363 7.500 9.863 -0.550 9.313 

2 7.99 3.769 5.625 9.394 -1.873 7.522 

3 9.29 6.183 4.219 10.402 -0.104 9.264 

4 11.66 6.777 3.164 9.941 2.292 12.233 

5 12.16 8.123 2.373 10.496 2.219 12.715 

6 10.18 8.637 1.780 10.417 -0.316 10.101 

7 8.04 8.488 1.335 9.823 -2.377 7.446 

8 11.46 9.231 1.001 10.232 1.637 11.869 

9 9.20 9.223 0.751 9.974 -1.032 8.942 

10 10.34 9.502 0.563 10.066 0.366 10.431 

11 9.03 9.384 0.422 9.807 -1.036 8.771 

12 11.47 9.906 0.317 10.222 1.663 11.886 

13 10.51 10.057 0.238 10.294 0.288 10.582 

14 9.40 9.893 0.178 10.071 -0.894 9.176 

15 10.08 9.939 0.134 10.073 0.009 10.082 

16 9.37 9.797 0.100 9.897 -0.703 9.194 

17 10.62 10.003 0.075 10.078 0.723 10.801 

18 10.31 10.080 0.056 10.136 0.232 10.368 

19 8.52 9.690 0.042 9.732 -1.616 8.116 

20 10.84 9.977 0.032 10.009 1.108 11.117 

21 10.90 10.208 0.024 10.232 0.891 11.123 

22 9.33 9.988 0.018 10.006 -0.902 9.105 

23 12.29 10.564 0.013 10.577 2.284 12.861 

24 11.50 10.798 0.010 10.808 0.923 11.731 

25 10.60 10.748 0.008 10.756 -0.208 10.548 

26 11.08 10.831 0.006 10.837 0.324 11.161 

27 10.38 10.718 0.004 10.723 -0.457 10.266 

28 11.62 10.944 0.003 10.947 0.897 11.844 

29 11.31 11.035 0.002 11.038 0.363 11.401 

30 10.52 10.907 0.002 10.908 -0.518 10.391 

 

ɇŬ ŬɜɤŰɏɟɤ ŬˊɞŰŮɚɏůɛŬŰŬ ŬɜŬˊŬɟŬůŰɎɗɖəŬɜ ɔɟŬűɘəɎ ůŰɞ Ŭəɧɚɞɡɗɞ ŭɘɎɔɟŬɛɛŬ.  
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ɆɢɐɛŬ 5.1: Ƀɘ ŰɟŮɘɠ ůɡɜɘůŰɩůŮɠ ï ɧɟɞɘ Űɞɡ ůŰŬŰɘůŰɘəɞɨ Űɞɡ Űɟɞˊɞˊɞɘɖɛɏɜɞɡ ὤ ɔɘŬ 

ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ ɄɑɜŬəŬ 2.1 

 

ɋůŰɧůɞ, ˊŬɟŬŰɖɟɞɨɛŮ ɛɘŬ ˊɟɞɓɚɖɛŬŰɘəɧŰɖŰŬ ůŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ ˊŬɟŬŭŮɑɔɛŬŰɞɠ 

2.2, əŬɗɩɠ ɞɘ ŬˊɧŰɞɛŮɠ ɛŮŰŬŰɞˊɑůŮɘɠ ŮɑɜŬɘ ŬɡŰɏɠ ˊɞɡ əŬŰɎ əɨɟɘɞ ɚɧɔɞ ɞŭɖɔoɨɜ ůŮ 

ɧɚŮɠ Űɘɠ ŭŮɘɔɛŬŰɞɚɖɣɑŮɠ ůŰɘɠ ŮəŰɧɠ Ůɚɏɔɢɞɡ Űɘɛɏɠ Űɞɡ ůŰŬŰɘůŰɘəɞɨ əŬɘ ŬɡŰɧ ŭŮɜ 

ɓɞɖɗɎŮɘ ůŰɖɜ ˊɚɐɟɖ əŬŰŬɜɞɐůɖ Űɤɜ ɘŭɘɞŰɐŰɤɜ Űɤɜ ɡˊɧɣɖ ŭɘŬɔɟŬɛɛɎŰɤɜ. 

ũɘŬ Űɖɜ əŬɚɨŰŮɟɖ əŬŰŬɜɧɖůɖ Űɞɡ Űɟɞˊɞˊɞɘɖɛɏɜɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ, ɗŮɤɟɞɨɛŮ ŰŬ 

ŭŮŭɞɛɏɜŬ Űɞɡ ɄɑɜŬəŬ 5.2. 

 

ɄɑɜŬəŬɠ 5.2: ȹŮŭɞɛɏɜŬ 

ȷ/ȷ ♣░ ȷ/ȷ ♣░ ȷ/ȷ ♣░ 

1 9.75 11 9.4 21 10.4 

2 9.95 12 10.4 22 10.6 

3 10.1 13 10.3 23 10.93 

4 9.85 14 10.1 24 10.7 

5 10.15 15 10 25 10.9 

6 10.25 16 10.1 26 11.2 

7 9.6 17 9.9 27 10.9 

8 9.7 18 10.14 28 11.6 

9 10.2 19 10.01 29 11.22 

10 10.11 20 9.99 30 11.55 
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ɆŰŬ ɡˊɧɣɖ ŭŮŭɞɛɏɜŬ ŭɘŬŰɖɟŮɑŰŬɘ ɖ ɑŭɘŬ ɚɞɔɘəɐ ɛŮ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ ˊŬɟŬŭŮɑɔɛŬŰɞɠ 

2.2. ɆŰɘɠ ˊɟɩŰŮɠ 20 ˊŬɟŬŰɖɟɐůŮɘɠ ɞ ɛɏůɞɠ Űɞɡ ůŰŬŰɘůŰɘəɞɨ ŭɘŬŰɖɟɐɗɖəŮ ůŰŬɗŮɟɧɠ. 

ɋůŰɧůɞ, əɟŬŰɐɗɖəŮ ŰŬɡŰɧɢɟɞɜŬ əŬɘ ɛɘəɟɐ ɖ ŭɘŬůˊɞɟɎ Űɤɜ Űɘɛɩɜ, ɩůŰŮ ɜŬ ɛɖɜ 

ɞŭɖɔɞɨɛŬůŰŮ ŬˊɞəɚŮɘůŰɘəɎ Ŭˊɧ Űɘɠ ŬˊɧŰɞɛŮɠ ɛŮŰŬŰɞˊɑůŮɘɠ Űɞɡ ɛɏůɞɡ ůŮ ůɐɛŬŰŬ 

ŮəŰɧɠ Ůɚɏɔɢɞɡ. ɀŮŰɎ Űɖɜ 20ɖ ˊŬɟŬŰɐɟɖůɖ ŬɟɢɑɕŮɘ ɖ ɛŮŰŬŰɧˊɘůɖ Űɞɡ ɛɏůɞɡ əŬŰɎ ɛɑŬ 

ɛɞɜɎŭŬ ɛɏɢɟɘ Űɖɜ 30ɖ ˊŬɟŬŰɐɟɖůɖ.  

 

ȺűŬɟɛɧɕɞɜŰŬɠ, ɚɞɘˊɧɜ, ůŰŬ ŬɜɤŰɏɟɤ ŭŮŭɞɛɏɜŬ Űɞ ůŰŬŰɘůŰɘəɧ Űɞɡ Űɟɞˊɞˊɞɘɖɛɏɜɞɡ 

ŭɘŬɔɟɎɛɛŬŰɞɠ, ˊŬɑɟɜɞɡɛŮ Űɞ Ŭəɧɚɞɡɗɞ ŭɘɎɔɟŬɛɛŬ. 

 

 

ɆɢɐɛŬ 5.2: ȺűŬɟɛɞɔɐ ɇɟɞˊɞˊɞɘɖɛɏɜɞɡ ȹɘŬɔɟɎɛɛŬŰɞɠ MFIR ɔɘŬ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ 

ɄɑɜŬəŬ 5.2 

 

ɇɞ Űɟɞˊɞˊɞɘɖɛɏɜɞ ŭɘɎɔɟŬɛɛŬ ɚɞɘˊɧɜ ɔɘŬ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ ɄɑɜŬəŬ 5.2, ŭɑɜŮɘ ůɐɛŬ 

ŮəŰɧɠ ůŰɖɜ 23ɖ ˊŬɟŬŰɐɟɖůɖ. ɄɟɞəŮɘɛɏɜɞɡ ɜŬ ŬɜŰɘɚɖűɗɞɨɛŮ ˊɞɘɞ ɛɏɟɞɠ Űɞɡ 

ůŰŬŰɘůŰɘəɞɨ ůɡɜɏŭɟŬɛŮ ˊŮɟɘůůɧŰŮɟɞ ůŰɖ ŭɘŬɛɧɟűɤůɖ Űɤɜ Űɘɛɩɜ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ 

ɏɔɘɜŮ ɖ ŬɜɎɚɡůɖ Űɞɡ ůŰŬŰɘůŰɘəɞɨ, ůŰŬ ŰɟɑŬ ɛɏɟɖ Űɞɡ, ɤɠ ɞ ɄɑɜŬəŬɠ 5.3. 
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ɄɑɜŬəŬɠ 5.3: Ɉˊɞɚɞɔɘůɛɧɠ Űɟɘɩɜ ɛŮɟɩɜ Űɞɡ ůŰŬŰɘůŰɘəɞɨ MFIR ɔɘŬ ŰŬ ŭŮŭɞɛɏɜŬ 

Űɞɡ ɄɑɜŬəŬ 2.1 

A/A ╧░ 
╩░  

(1o ɛɏɟɞɠ) 
ȷɟɢɘəɐ Ⱨ  
(3o ɛɏɟɞɠ) 

ȷˊɚɧ 
EWMA 

╩░ 
ŬˊɧŰɞɛŮɠ 
(2o ɛɏɟɞɠ) 

Modified 

╩░ 

  10 0  10 10   0 10 

1 9.75 2.363 7.500 9.938 -0.250 9.688 

2 9.95 3.769 5.625 9.941 0.012 9.953 

3 10.1 6.183 4.219 11.047 0.159 10.140 

4 9.85 6.777 3.164 9.948 -0.130 9.817 

5 10.15 8.123 2.373 9.998 0.202 10.201 

6 10.25 8.637 1.780 10.061 0.252 10.313 

7 9.6 8.488 1.335 9.946 -0.461 9.485 

8 9.7 9.231 1.001 9.884 -0.246 9.639 

9 10.2 9.223 0.751 9.963 0.316 10.279 

10 10.11 9.502 0.563 10.000 0.147 10.147 

11 9.4 9.384 0.422 9.850 -0.600 9.250 

12 10.4 9.906 0.317 9.988 0.550 10.537 

13 10.3 10.057 0.238 10.066 0.312 10.378 

14 10.1 9.893 0.178 10.074 0.034 10.109 

15 10 9.939 0.134 10.056 -0.074 9.981 

16 10.1 9.797 0.100 10.067 0.044 10.111 

17 9.9 10.003 0.075 10.025 -0.167 9.858 

18 10.14 10.080 0.056 10.054 0.115 10.169 

19 10.01 9.690 0.042 10.043 -0.044 9.999 

20 9.99 9.977 0.032 10.030 -0.053 9.977 

21 10.4 10.208 0.024 10.122 0.370 10.493 

22 10.6 9.988 0.018 10.242 0.478 10.719 

23 10.93 10.564 0.013 10.414 0.688 11.102 

24 10.7 10.798 0.010 10.485 0.286 10.772 

25 10.9 10.748 0.008 10.589 0.415 11.004 

26 11.2 10.831 0.006 10.742 0.611 11.353 

27 10.9 10.718 0.004 10.781 0.158 10.940 

28 11.6 10.944 0.003 10.986 0.819 11.805 

29 11.22 11.042 0.002 11.044 0.234 11.279 

30 11.55 11.169 0.002 11.171 0.506 11.676 

 

ɀŮ Űɖ ɓɞɐɗŮɘŬ Űɞɡ ŬɜɤŰɏɟɤ ɄɑɜŬəŬ ɡˊɞɚɞɔɑůŰɖəŬɜ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ Űɤɜ ɆɢɖɛɎŰɤɜ 

5.3 əŬɘ 5.4. 
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ɆɢɐɛŬ 5.3: Ƀɘ ŰɟŮɘɠ ůɡɜɘůŰɩůŮɠ ï ɧɟɞɘ Űɞɡ ůŰŬŰɘůŰɘəɞɨ Űɞɡ Űɟɞˊɞˊɞɘɖɛɏɜɞɡ ὤ ɔɘŬ 

ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ ɄɑɜŬəŬ 5.2 

 

  

ɆɢɐɛŬ 5.4: ȸɞɖɗɖŰɘəɎ ŭɘŬɔɟɎɛɛŬŰŬ ɔɘŬ Űɖ 2ɖ ůɡɜɘůŰɩůŬ (ŬɟɘůŰŮɟɎ) əŬɘ Űɖɜ 1ɖ əŬɘ 

3ɖ ůɡɜɘůŰɩůŬ ɛŬɕɑ (ŭŮɝɘɎ) Űɞɡ ůŰŬŰɘůŰɘəɞɨ Űɞɡ Űɟɞˊɞˊɞɘɖɛɏɜɞɡ ὤ ɔɘŬ ŰŬ ŭŮŭɞɛɏɜŬ 

Űɞɡ ɄɑɜŬəŬ 5.2 ˊɞɡ ŬˊɞŰŮɚɞɨɜ ɛŬɕɑ Űɞ Ŭˊɚɧ ůŰŬŰɘůŰɘəɧ EWMA 

 

ɄŬɟŬŰɖɟɩɜŰŬɠ ŰŬ Ůɜ ɚɧɔɤ ɔɟŬűɐɛŬŰŬ əŬɘ Űɞɜ ɄɑɜŬəŬ 5.3, ŭɘŬˊɘůŰɩɜɞɡɛŮ ɧŰɘ: 

 

Ŭ. ɇɞ ůɢɐɛŬ Űɞɡ ɔɟŬűɐɛŬŰɞɠ Űɞɡ Űɟɞˊɞˊɞɘɖɛɏɜɞɡ ůŰŬŰɘůŰɘəɞɨ 

ŬəɞɚɞɡɗŮɑ Űɞ 2ɞ ɛɏɟɞɠ Űɞɡ ůŰŬŰɘůŰɘəɞɨ ˊɞɡ ŬűɞɟɎ ůŰɘɠ ŬˊɧŰɞɛŮɠ ŬɚɚŬɔɏɠ. 

ɓ. ȼ ɛɏůɖ Űɘɛɐ Űɞɡ ůŰŬŰɘůŰɘəɞɨ ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ Űɞ 1ɞ əŬɘ 3ɞ ɛɏɟɞɠ Űɞɡ 

ůŰŬŰɘůŰɘəɞɨ ˊɞɡ Ŭűɞɟɞɨɜ ůŰɞ Ŭˊɚɧ EWMA, ɖ ɞˊɞɑŬ ɧˊɤɠ ˊŬɟŬŰɖɟɞɨɛŮ ŭɑɜŮɘ 

ůɡɜŮɢɩɠ ɛŮɔŬɚɨŰŮɟŮɠ Űɘɛɏɠ ŬɜɘɢɜŮɨɞɜŰŬɠ Űɖ ɛŮŰŬŰɧˊɘůɖ Űɞɡ ůŰŬŰɘůŰɘəɞɨ ɛŮŰɎ Űɖɜ 

20ɖ. 
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ɔ. ȿɧɔɤ Űɖɠ ɘŭɘɧŰɖŰŬɠ Űɞɡ 2ɞɡ ɛɏɟɞɡɠ Űɞɡ ůŰŬŰɘůŰɘəɞɨ ɜŬ ŭɑɜŮɘ ɛŮɔɎɚŮɠ 

Űɘɛɏɠ, ůŮ ˊŮɟɑˊŰɤůɖ ˊɞɡ əɎˊɞɘŬ ˊŬɟŬŰɐɟɖůɖ ŭɩůŮɘ Űɘɛɐ ɛŮŰŬŰɧˊɘůɖɠ ŬˊɧŰɞɛŬ 

ɛŮɔɎɚɖ, ŰɧŰŮ ˊɞɚɨ ŮɨəɞɚŬ ˊɟɘɜ Űɖ ůɡɛˊɚɐɟɤůɖ Űɖɠ ɛɏɔɘůŰɖɠ ɓŬɗɛɘŬɑŬɠ 

ɛŮŰŬŰɧˊɘůɖɠ Ŭˊɧ Űɞ 1ɞ əŬɘ 3ɞ ɛɏɟɞɠ Űɞɡ ůŰŬŰɘůŰɘəɞɨ ɗŬ Űɞɡɠ ˊɟɞɚɎɓŮɘ Űɞ 2ɞ ɛɏɟɞɠ 

əŬɘ ɗŬ ŭɩůŮɘ ůɐɛŬ ŮəŰɧɠ.  

 

ȰɢɞɜŰŬɠ ɞɟɑůŮɘ əŬɘ ŮɝɖɔɐůŮɘ ˊŬɟŬˊɎɜɤ Űɖ ɛŬɗɖɛŬŰɘəɐ ŭɞɛɐ Űɞɡ Űɟɞˊɞˊɞɘɖɛɏɜɞɡ 

ůŰŬŰɘůŰɘəɞɨ EWMA, ůŰɖ ůɡɜɏɢŮɘŬ ɗŬ ɞɟɑůɞɡɛŮ Űɞ ŬɜŰɑůŰɞɘɢɞ ŭɘɎɔɟŬɛɛŬ Ůɚɏɔɢɞɡ, 

ŭɖɚŬŭɐ ɗŬ ˊɟɞůŭɘɞɟɑůɞɡɛŮ ŰŬ ɧɟɘɎ Űɞɡ əŬɘ Űɖ ɛɏůɖ Űɘɛɐ Űɞɡ. 

 

5.3 ȹɘɎɔɟŬɛɛŬ ɇɟɞˊɞˊɞɘɖɛɏɜɞɡ EWMA 

ɀŮ Űɖɜ ɡɘɞɗɏŰɖůɖ Űɖɠ ůɢɏůɖɠ (5.1), ŬˊɞŭŮɘəɜɨŮŰŬɘ ɧŰɘ ɞ ɛɏůɞɠ əŬɘ ɖ ŭɘŬəɨɛŬɜůɖ Űɞɡ 

ůŰŬŰɘůŰɘəɞɨ ὤ ŭɑɜɞɜŰŬɘ Ŭˊɧ Űɘɠ ˊŬɟŬəɎŰɤ ůɢɏůŮɘɠ: 

Ὁὤ ‘     υȢσ 

əŬɘ 

6ÁÒὤ
‗

ς ‗

ς‗ρ ‗

ς ‗
„       υȢτ 

 

ɆɡɜŮˊɩɠ, ŰŬ Ɏɜɤ əŬɘ əɎŰɤ ɧɟɘŬ Ůɚɏɔɢɞɡ Űɤɜ Űɟɞˊɞˊɞɘɖɛɏɜɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ 

EWMA ɡˊɞɚɞɔɑɕɞɜŰŬɘ Ŭˊɧ Űɘɠ ŬəɧɚɞɡɗŮɠ ůɢɏůŮɘɠ: 

Ὗὅὒ‘ ὒ„
‗

ς ‗

ς‗ρ ‗

ς ‗
       υȢυ 

 

ὒὅὒ‘ ὒ„
‗

ς ‗

ς‗ρ ‗

ς ‗
  υȢφ 

 

ὅὒ ‘    υȢχ 

 

ɧˊɞɡ ‘ ŮɑɜŬɘ ɞ ɛɏůɞɠ - ůŰɧɢɞɡ, „  ŮɑɜŬɘ ɖ ŭɘŬəɨɛŬɜůɖ, ‗ əŬɘ ὒ ŮɑɜŬɘ əŬŰɎɚɚɖɚŮɠ 

ůŰŬɗŮɟɏɠ Űɞɡ ɇɟɞˊɞˊɞɘɖɛɏɜɞɡ EWMA əŬɘ ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ Űɖ ůŰŬɗŮɟɎ 

ŮɝɞɛɎɚɡɜůɖɠ əŬɘ Űɞ ŮɜŰɧɠ Ůɚɏɔɢɞɡ ɧɟɘɞ, ŬɜŰɑůŰɞɘɢŬ. ȷɡŰɧ Űɞ ŭɘɎɔɟŬɛɛŬ ŮəűɡɚɑɕŮŰŬɘ 
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ůŮ ŭɘɎɔɟŬɛɛŬ Shewhart ɔɘŬ ŭɘŮɟɔŬůɑŮɠ ɡɣɖɚɐɠ ŬɡŰɞůɡůɢɏŰɘůɖɠ, ɔɘŬ Űɘɛɏɠ Űɤɜ 

ˊŬɟŬɛɏŰɟɤɜ ɑůŮɠ ɛŮ ‗ ρȟὒ σ.  

 

ɇɞ ɡˊɧɣɖ Űɟɞˊɞˊɞɘɖɛɏɜɞ ŭɘɎɔɟŬɛɛŬ EWMA ŮɑɜŬɘ əŬŰɎɚɚɖɚɞ ɔɘŬ ŮɜŰɞˊɘůɛɧ 

ŮɜŭŮɑɝŮɤɜ ɛɘəɟɩɜ ɛŮŰŬŰɞˊɑůŮɤɜ ůŰɞ ɛɏůɞ ɛɘŬɠ ŭɘŮɟɔŬůɑŬɠ, ɧˊɤɠ Ůˊɑůɖɠ əŬɘ ɔɘŬ 

ŬɜɑɢɜŮɡůɖ ŬˊɧŰɞɛɤɜ ŬɚɚŬɔɩɜ ůŮ ɛɘŬ ŬɡŰɞůɡůɢŮŰɘɕɧɛŮɜɖ ŭɘŬŭɘəŬůɑŬ. ȼ ŭɘŮɟɔŬůɑŬ 

ŮɑɜŬɘ ŮɜŰɧɠ Ůɚɏɔɢɞɡ, Ůűɧůɞɜ ɞɘ Űɘɛɏɠ ůɢŮŭɘɎɕɞɜŰŬɘ ŮɜŰɧɠ Űɤɜ ɞɟɑɤɜ Ůɚɏɔɢɞɡɜ. ɆŮ 

ˊŮɟɑˊŰɤůɖ ˊɞɡ ɏɜŬ ůɖɛŮɑɞ ŬˊŮɘəɞɜɘůŰŮɑ ŮəŰɧɠ Űɤɜ ɞɟɑɤɜ Ůɚɏɔɢɞɡ, ŬɡŰɧ ŬˊɞŰŮɚŮɑ 

ɏɜŭŮɘɝɖ ɧŰɘ ɖ ŭɘŮɟɔŬůɑŬ ɓɟɑůəŮŰŬɘ ŮəŰɧɠ Ůɚɏɔɢɞɡ əŬɘ ŬˊŬɘŰɞɨɜŰŬɘ ŮɜɏɟɔŮɘŮɠ ɔɘŬ Űɞɜ 

ŮɜŰɞˊɘůɛɧ Űɤɜ ŬɘŰɘɩɜ ˊɞɡ ŮɑɜŬɘ ɡˊŮɨɗɡɜŮɠ ɔɘŬ ŬɡŰɐ Űɖ ůɡɛˊŮɟɘűɞɟɎ.  

 

5.4 ȺűŬɟɛɞɔɐ ɇɟɞˊɞˊɞɘɖɛɏɜɞɡ EWMA 

ɄɟɞəŮɘɛɏɜɞɡ ɜŬ ɔɑɜŮɘ ŬɜŰɘɚɖˊŰɧɠ ɞ Űɟɧˊɞɠ ɛŮ Űɞɜ ɞˊɞɑɞ ɚŮɘŰɞɡɟɔŮɑ Űɞ ɡˊɧɣɖ 

ŭɘɎɔɟŬɛɛŬ, ŮűŬɟɛɧůŰɖəŬɜ ɞɘ ŮɝɘůɩůŮɘɠ υȢτ, υȢυ əŬɘ υȢφ ůŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ 

ˊŬɟŬŭŮɑɔɛŬŰɞɠ 2.2 əŬɘ 5.2 əŬɘ ŮɝɐɢɗɖůŬɜ ɛŮ ŬɡŰɧ Űɞɜ Űɟɧˊɞ ŰŬ əɎŰɤɗɘ 

ŭɘŬɔɟɎɛɛŬŰŬ. ɇŬ ˊɟɩŰŬ ɏɝɘ Ŭűɞɟɞɨɜ ůŰɞ 1ɞ ˊŬɟɎŭŮɘɔɛŬ 2.2 əŬɘ ŰŬ ŮˊɧɛŮɜŬ ɏɝɘ ůŰɞ 

2ɞ ˊŬɟɎŭŮɘɔɛŬ 5.2. Ƀɘ Űɘɛɏɠ ˊɞɡ ŮˊɘɚɏɢɗɖəŬɜ ɔɘŬ Űɘɠ ˊŬɟŬɛɏŰɟɞɡɠ ŮɑɜŬɘ ŰɏŰɞɘŮɠ, 

ɩůŰŮ !2, σχπ. 

 

  

ɆɢɐɛŬ 5.5: ɇɟɞˊɞˊɞɘɖɛɏɜɞ EWMA ɔɘŬ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ ɄɑɜŬəŬ 2.1 
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ɆɢɐɛŬ 5.6: ɇɟɞˊɞˊɞɘɖɛɏɜɞ EWMA ɔɘŬ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ ɄɑɜŬəŬ 2.1 

 

  

ɆɢɐɛŬ 5.7: ɇɟɞˊɞˊɞɘɖɛɏɜɞ EWMA ɔɘŬ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ ɄɑɜŬəŬ 2.1 

 

  

ɆɢɐɛŬ 5.8: ɇɟɞˊɞˊɞɘɖɛɏɜɞ EWMA ɔɘŬ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ ɄŬɟŬŭŮɑɔɛŬŰɞɠ 5.2 
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ɆɢɐɛŬ 5.9: ɇɟɞˊɞˊɞɘɖɛɏɜɞ EWMA ɔɘŬ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ ɄŬɟŬŭŮɑɔɛŬŰɞɠ 5.2 

 

  

ɆɢɐɛŬ 5.10: ɇɟɞˊɞˊɞɘɖɛɏɜɞ EWMA ɔɘŬ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ ɄŬɟŬŭŮɑɔɛŬŰɞɠ 5.2 

 

ɀŮ Űɖ ɛŮɚɏŰɖ Űɤɜ ɡˊɧɣɖ ŭɘŬɔɟŬɛɛɎŰɤɜ ŭɘŬˊɘůŰɩɜɞɡɛŮ ɧŰɘ ŮɜŰɞˊɑɕŮŰŬɘ ɎɛŮůŬ əɎɗŮ 

ɛŮɔɎɚɖ əŬɘ ŬˊɧŰɞɛɖ ɛŮŰŬŰɧˊɘůɖ, ɧˊɤɠ űŬɑɜŮŰŬɘ Ŭˊɧ ŰŬ ůɢɐɛŬŰŬ 5.5, 5.6 əŬɘ 5.7, 

Ůɜɩ ˊŬɟɎɚɚɖɚŬ ɔɘŬ ɛɘəɟɏɠ Űɘɛɏɠ Űɞɡ ‗ ŭɘŬŰɖɟŮɑŰŬɘ ɖ ɘəŬɜɧŰɖŰŬ ŬɜɑɢɜŮɡůɖɠ Űɤɜ 

ɛɘəɟɩɜ əŬɘ ŭɘŬŭɞɢɘəɩɜ ɛŮŰŬŰɞˊɑůŮɤɜ, ɧˊɤɠ űŬɑɜŮŰŬɘ Ŭˊɧ ŰŬ ɆɢɐɛŬŰŬ 5.8, 5.9 əŬɘ 

5.10.  

 

ȰŰůɘ, ɔɘŬ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ ˊŬɟŬŭŮɑɔɛŬŰɞɠ 2.2 ɖ ɛŮŰŬŰɧˊɘůɖ əŬŰɎ 2.1 ɛɞɜɎŭŮɠ ůŰɖɜ 

2ɖ ˊŬɟŬŰɐɟɖůɖ ŮɜŰɞˊɑɕŮŰŬɘ Ŭɛɏůɤɠ. ȳˊɤɠ Ůˊɑůɖɠ ɞɘ ɛŮŰŬŰɞˊɑůŮɘɠ əŬŰɎ 1.66 əŬɘ 

2.16 ůŰɖɜ 4ɖ əŬɘ 5ɖ ˊŬɟŬŰɐɟɖůɖ ˊɟɞɠ Űɘɠ ɗŮŰɘəɏɠ Űɘɛɏɠ Űɞɡ ůŰŬŰɘůŰɘəɞɨ ŮɜŰɞˊɑɕɞɜŰŬɘ 

əŬɘ ˊɎɚɘ Ŭɛɏůɤɠ. ȼ ŮɡŮɚɘɝɑŬ Űɞɡ ɡˊɧɣɖ ŭɘŬɔɟɎɛɛŬŰɞɠ űŬɑɜŮŰŬɘ Ŭəɧɛɖ ˊŮɟɘůůɧŰŮɟɞ 

ůŰɘɠ ˊŬɟŬŰɖɟɐůŮɘɠ 7 əŬɘ 8, ůŰɘɠ ɞˊɞɑŮɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ Ůɝɐɠ ɘŭɘŬɘŰŮɟɧŰɖŰŬ: ɞɘ Űɘɛɏɠ 

ŮɑɜŬɘ ŮəŰɧɠ Űɤɜ ɕɖŰɞɨɛŮɜɤɜ ɞɟɑɤɜ əŬɘ ŮɑɜŬɘ ˊɟɞɠ Űɖɜ ŬɜŰɑɗŮŰɖ əŬŰŮɨɗɡɜůɖ ɛŮŰŬɝɨ 

Űɞɡɠ, ɔŮɔɞɜɧɠ ˊɞɡ ŮɑɜŬɘ ˊɞɚɨ ŭɨůəɞɚɞ ɜŬ ɔɑɜŮɘ ŬɜŰɘɚɖˊŰɧ ɛŮ ŰŬ ŬˊɚɎ ŭɘŬɔɟɎɛɛŬŰŬ 
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EWMA. ɋůŰɧůɞ, ɛŮ Űɞ ɡˊɧɣɖ ŭɘɎɔɟŬɛɛŬ ŮɜŰɞˊɑɕɞɜŰŬɘ ɎɛŮůŬ ɞɘ ŬɜŰɑůŰɞɘɢŮɠ 

ɛŮŰŬŰɞˊɑůŮɘɠ Űɞɡ ɛɏůɞɡ. 

Ⱥˊɑůɖɠ, ˊŬɟŬŰɖɟɞɨɛŮ ɧŰɘ ɔɘŬ ɛɘəɟɏɠ Űɘɛɏɠ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ ŮɝɞɛɎɚɡɜůɖɠ ‗ 

ŭɘŬŰɖɟŮɑŰŬɘ Űɞ ˊɚŮɞɜɏəŰɖɛŬ Űɖɠ ɛɜɐɛɖɠ Űɤɜ ˊɟɞɔŮɜɏůŰŮɟɤɜ ˊŬɟŬŰɖɟɐůŮɤɜ, ɧˊɤɠ 

űŬɑɜŮŰŬɘ Ŭˊɧ ŰŬ ɔɟŬűɐɛŬŰŬ 5.5 əŬɘ 5.7, Ůɜɩ ɔɘŬ Űɘɠ ɛŮɔɎɚŮɠ Űɘɛɏɠ Űɞɡ ‗ Űɞ ůŰŬŰɘůŰɘəɧ 

ɛɖŭŮɜɑɕŮŰŬɘ ɔɘŬ ɛɘəɟɏɠ ŬɚɚŬɔɏɠ ůŰɞ ɛɏůɞ, ŭɖɚŬŭɐ ůɓɐɜɞɜŰŬɘ ˊɞɚɨ ŮɨəɞɚŬ Ŭˊɧ Űɖ 

ɛɜɐɛɖ Űɞɡ, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ŰŮɚŮɡŰŬɑɞ ɔɟɎűɖɛŬ, ůŰŬ ɆɢɐɛŬŰŬ 5.7 əŬɘ 5.10 ɔɘŬ Űɘɠ 

ˊŬɟŬŰɖɟɐůŮɘɠ 25, 27 əŬɘ 30. 

 

ɇŬ ŬɜɤŰɏɟɤ ŬˊɞŰŮɚɏůɛŬŰŬ ŭŮɑɢɜɞɡɜ Űɖɜ ŬɜɤŰŮɟɧŰɖŰŬ Űɤɜ Űɟɞˊɞˊɞɘɖɛɏɜɤɜ 

ŭɘŬɔɟŬɛɛɎŰɤɜ ɏɜŬɜŰɘ Űɤɜ Ŭˊɚɩɜ, əŬɗɩɠ ŮɜŰɞˊɑɕɞɡɜ ˊɞɚɨ ɔɟɐɔɞɟŬ Űɖ ɛŮŰŬŰɧˊɘůɖ 

Űɞɡ ɛɏůɞɡ ůŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ.  

 

5.5 Ɉˊɞɚɞɔɘůɛɧɠ ═╡╛ ɇɟɞˊɞˊɞɘɖɛɏɜɞɡ EWMA 

ɇɞ ŮˊɧɛŮɜɞ ɓɐɛŬ ŮɑɜŬɘ ɜŬ ˊɟɞůŭɘɞɟɘůŰŮɑ ɖ ŬɜɘɢɜŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ Űɤɜ ɡˊɧɣɖ 

ŭɘŬɔɟŬɛɛɎŰɤɜ, ɡˊɞɚɞɔɑɕɞɜŰŬɠ Űɘɠ ɗŮɤɟɖŰɘəɎ ŬɜŬɛŮɜɧɛŮɜŮɠ Űɘɛɏɠ Űɞɡ ὃὙὒ ɔɘŬ Űɘɠ 

ŭɘɎűɞɟŮɠ Űɘɛɏɠ ɛŮŰŬŰɧˊɘůɖɠ, ˊɟɞəŮɘɛɏɜɞɡ ŰŬ ɡˊɧɣɖ ŭɘŬɔɟɎɛɛŬŰŬ ɜŬ ŮɑɜŬɘ ɎɛŮůŬ 

ŬɝɘɞˊɞɘɐůɘɛŬ Ŭˊɧ Űɞɡɠ ůŰŬŰɘůŰɘəɞɨɠ. 

ũɘŬ Űɞ ůəɞˊɧ ŬɡŰɧ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɞ əɩŭɘəŬɠ Űɞɡ ˊŬɟŬɟŰɐɛŬŰɞɠ ˊɞɡ ŬűɞɟɎ ůŰɞɜ 

ɡˊɞɚɞɔɘůɛɧ Űɞɡ ὃὙὒ ɛŮ ɢɟɐůɖ ɛŬɟəɞɓɘŬɜɐɠ ŬɚɡůɑŭŬɠ, ŮˊɘɚɏɔɞɜŰŬɠ ɔɘŬ ɧɟɘŬ Ὗὅὒ 

əŬɘ ὒὅὒ, ŬɡŰɎ ˊɞɡ Ŭűɞɟɞɨɜ ůŰɖɜ ˊɟɞəŮɘɛɏɜɖ ˊŮɟɑˊŰɤůɖ əŬɘ ŭɑɜɞɜŰŬɘ Ŭˊɧ Űɘɠ 

ůɢɏůŮɘɠ (5.5) əŬɘ (5.6).  

Ⱥˊɑůɖɠ, ɤɠ ɛɏůɞɠ əŬɘ ŭɘŬůˊɞɟɎ, ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ɛŮŰɎɓŬůɖɠ Ŭˊɧ Űɖɜ 

əŬŰɎůŰŬůɖ Ὧ ɛŮ Űɘɛɐ ὛὯ ůŰɖɜ əŬŰɎůŰŬůɖ ὰ ɛŮ Űɘɛɐ Ὓὰ, ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɞɘ 

ŬəɧɚɞɡɗŮɠ Űɘɛɏɠ ï ŮɝɘůɩůŮɘɠ: 

 

ὓὩὥὲ ‗‘ ρ ‗ὛὯ ‘ ‘     υȢχ 

 

ὛὸὥὲὨὥὶὨ ὈὩὺὭὥὸὭέὲ‗„     υȢψ 
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ɞɘ ɞˊɞɑŮɠ ɛɜɖɛɞɜŮɨɞɜŰŬɘ əŬɘ ůŰɖ ŭɖɛɞůɑŮɡůɖ Űɤɜ Patel əŬɘ Divecha (2011).  

ɇɟɏɢɞɜŰŬɠ Űɞɜ Ůɜ ɚɧɔɤ əɩŭɘəŬ ɡˊɞɚɞɔɑůŰɖəŬɜ əŬɘ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞɡɠ ɄɑɜŬəŮɠ 

5.4 əŬɘ 5.5, ɞɘ Űɘɛɏɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ‗ əŬɘ ὒ, ɏŰůɘ ɩůŰŮ ŬɜɎ ˊŮɟɑˊŰɤůɖ ɜŬ ɏɢɞɡɛŮ 

ὃὙὒ σχπ. ȼ Ůˊɘɚɞɔɐ Űɞɡ ὃὙὒ σχπ ɏɔɘɜŮ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŭɘŬŰɖɟɖɗŮɑ Űɞ ɑŭɘɞ 

ɛɏŰɟɞ ůɨɔəɟɘůɖɠ ɛŮ ŰŬ ɡˊɧɚɞɘˊŬ əŮűɎɚŬɘŬ. 

 

ɄɑɜŬəŬɠ 5.4: ȷɜɘɢɜŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ ŭɘŬɔɟɎɛɛŬŰɞɠ MFIR ɔɘŬ ŭɘɎűɞɟŮɠ Űɘɛɏɠ Űɤɜ 

ˊŬɟŬɛɏŰɟɤɜ 

ɇɟɞˊɞˊɞɘɖɛɏɜɞ ȹɘɎɔɟŬɛɛŬ EWMA ɛŮ ═╡╛  

ὒ 1.4619 1. 61427 1.83295 

‗ 0.05 0.1 0.25 

ɀɏůɖ 
ɀŮŰŬŰɧˊɘůɖ 

ȷˊɧŰɞɛɖ 
ɛŮŰŬŰɧˊɘůɖ ˊɞɡ 
ŬɜɘɢɜŮɨŮŰŬɘ ɎɛŮůŬ 

‏ πȢτπ ‏ πȢφς ‏ πȢψψ  

‏ π - σχπ σχπ σχπ 
‏ πȢςυ - 1.547  2.507  6.418  

‏ πȢυ - ɲʈʀʎɻ 1.258  2.152  

‏ πȢχυ - ɲʈʀʎɻ ɲʈʀʎɻ 1.280  

‏ ρȢπ - ɲʈʀʎɻ ɲʈʀʎɻ ɲʈʀʎɻ 

‏ ρȢςυ - ɲʈʀʎɻ ɲʈʀʎɻ ɲʈʀʎɻ 

‏ ρȢυ - ɲʈʀʎɻ ɲʈʀʎɻ ɲʈʀʎɻ 

‏ ρȢχυ - ɲʈʀʎɻ ɲʈʀʎɻ ɲʈʀʎɻ 

‏ ς - ɲʈʀʎɻ ɲʈʀʎɻ ɲʈʀʎɻ 

‏ ςȢρ - ɲʈʀʎɻ ɲʈʀʎɻ ɲʈʀʎɻ 

 

ɄɑɜŬəŬɠ 5.5: ȷɜɘɢɜŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ ŭɘŬɔɟɎɛɛŬŰɞɠ MFIR ɔɘŬ ŭɘɎűɞɟŮɠ Űɘɛɏɠ Űɤɜ 

ˊŬɟŬɛɏŰɟɤɜ 

ɇɟɞˊɞˊɞɘɖɛɏɜɞ ȹɘɎɔɟŬɛɛŬ EWMA ɛŮ ═╡╛  

ὒ 1.8882 1.99514 2.1059 2.4471 

‗ 0.3 0.4 0.5 0.75 

ɀɏůɖ 
ɀŮŰŬŰɧˊɘůɖ 

ȷˊɧŰɞɛɖ ɀŮŰŬŰɧˊɘůɖ 
ˊɞɡ ŬɜɘɢɜŮɨŮŰŬɘ ɎɛŮůŬ 

‏ πȢωυ ‏ ρȢπφ ‏ ρȢρυ ‏ ρȢσσ 

‏ π - σχπ σχπ σχπ 370 
‏ πȢςυ - 8.810  16.699  29.727  83.691  

‏ πȢυ - 2.548  3.657  5.491  16.560  

‏ πȢχυ - 1.429  1.791  2.308  5.282  

‏ ρȢπ - ɲʈʀʎɻ 1.129  1.353  2.408  

‏ ρȢςυ - ɲʈʀʎɻ ɲʈʀʎɻ ɲʈʀʎɻ 1.376  

‏ ρȢυ - ɲʈʀʎɻ ɲʈʀʎɻ ɲʈʀʎɻ 0.907 
ɲʈʀʎɻ 

‏ ρȢχυ - ɲʈʀʎɻ ɲʈʀʎɻ ɲʈʀʎɻ ɲʈʀʎɻ 

‏ ς - ɲʈʀʎɻ ɲʈʀʎɻ ɲʈʀʎɻ ɲʈʀʎɻ 
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‏ ςȢρ - ɲʈʀʎɻ ɲʈʀʎɻ ɲʈʀʎɻ ɲʈʀʎɻ 

 

ũɘŬ Űɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ Űɞɡ ὃὙὒ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ ɚɧɔɞɡɠ ŬˊɚɧŰɖŰŬɠ əŬɘ 

ŮɡəɞɚɑŬɠ ɖ ɛɏɗɞŭɞɠ ɛŬɟəɞɓɘŬɜɐɠ ŬɚɡůɑŭŬɠ (Steiner), ɛŮ ɓɐɛŬ Ὣ  σπ σπȟφπȟωπ, 

Ůɜɩ ɤɠ ŭɘɧɟɗɤůɖ Űɞɡ ɡˊɞɚɞɔɘůɛɞɨ Ůɚɐűɗɖ Ὁὶὶέὶ πȢυπσρσρ Űɞ ɞˊɞɑɞ 

ɡˊɞɚɞɔɑůŰɖəŮ ɛŮ Űɖ ɓɞɐɗŮɘŬ ɛɘŬɠ ɘŭɘɧŰɖŰŬɠ Űɞɡ ɡˊɧɣɖ ŭɘŬɔɟɎɛɛŬŰɞɠ. 

 

5.6 ɆɡɛˊŮɟɎůɛŬŰŬ ï ɄŬɟŬŰɖɟɐůŮɘɠ  

5.6.1 ɄŬɟŬŰɐɟɖůɖ Ɂɞ1 

ȷˊɧ Űɞɡɠ ɄɑɜŬəŮɠ 5.4 əŬɘ 5.5 əŬɘ ŰŬ ɔɟŬűɐɛŬŰŬ Űɤɜ ůɢɖɛɎŰɤɜ 5.5 ɏɤɠ 5.10, 

ŭɘŬˊɘůŰɩɜɞɡɛŮ ɧŰɘ ɖ ɗŮɤɟɖŰɘəɐ ŬɜɘɢɜŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ Űɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ ůɡɛűɤɜŮɑ 

ŬˊɧɚɡŰŬ ɛŮ Űɖɜ ŬɜŰɑůŰɞɘɢɖ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖɜ ŮűŬɟɛɞɔɐ Űɞɡ ɇɟɞˊɞˊɞɘɖɛɏɜɞɡ 

EWMA ɔɘŬ ŰŬ ŭŮŭɞɛɏɜŬ Űɤɜ ɄŬɟŬŭŮɘɔɛɎŰɤɜ 2.2 əŬɘ 5.2. 

 

ȰŰůɘ, ɔɘŬ Űɞ ɆɢɐɛŬ 5.8 əŬɘ ɔɘŬ ‗ πȢςυ, ɖ ɛŮŰŬŰɧˊɘůɖ əŬŰɎ 0.4 ůŰɖɜ 21ɖ 

ˊŬɟŬŰɐɟɖůɖ ɛˊɞɟŮɑ ɜŬ ŬɜɘɢɜŮɡŰŮɑ ɛŮŰɎ Ŭˊɧ ςȢωφφωφσ ˊŬɟŬŰɖɟɐůŮɘɠ, ůɨɛűɤɜŬ ɛŮ 

Űɞɜ əɩŭɘəŬ Űɞɡ ˊŬɟŬɟŰɐɛŬŰɞɠ, ɞ ɞˊɞɑɞɠ ɏŰɟŮɝŮ ɔɘŬ ά πȢτ, ˊŬɑɟɜɞɜŰŬɠ Űɞ 

ˊŬɟŬˊɎɜɤ ŬˊɞŰɏɚŮůɛŬ. ȷɡŰɧ ůɖɛŬɑɜŮɘ ɧŰɘ ɛŮŰɟɩɜŰŬɠ ɤɠ 1ɖ Űɖɜ 21ɖ ˊŬɟŬŰɐɟɖůɖ, 

Ůűɧůɞɜ ŭɘŬŰɖɟɖɗŮɑ ɖ ɡˊɧɣɖ ɛŮŰŬŰɧˊɘůɖ, ɛˊɞɟŮɑ ɜŬ ŬɜɘɢɜŮɡŰŮɑ ůŰɖɜ 23ɖ 

ˊŬɟŬŰɐɟɖůɖ.  

 

ȼ ɛŮŰŬŰɧˊɘůɖ Űɞɡ ɛɏůɞɡ ůŰɖɜ 22ɖ ˊŬɟŬŰɐɟɖůɖ ŭɘŬŰɖɟŮɑŰŬɘ, əŬɗɩɠ ‏ πȢφ πȢτ. 

ũɘŬ ɜŬ ŬɜɘɢɜŮɡŰŮɑ ɖ ɜɏŬ ɛŮŰŬŰɧˊɘůɖ ŬˊŬɘŰɞɨɜŰŬɘ ρȢφωρςςφ ˊŬɟŬŰɖɟɐůŮɘɠ, ɔŮɔɞɜɧɠ 

ˊɞɡ ůɖɛŬɑɜŮɘ ɧŰɘ Ůűɧůɞɜ ŭɘŬŰɖɟɖɗŮɑ ɖ ɛŮŰŬŰɧˊɘůɖ, ɗŬ ŬɜɘɢɜŮɡŰŮɑ ůŰɖɜ 23ɖ 

ˊŬɟŬŰɐɟɖůɖ, ɔŮɔɞɜɧɠ ˊɞɡ ŮˊŬɚɖɗŮɨŮŰŬɘ, əŬɗɩɠ ůŰɖɜ 23ɖ ˊŬɟŬŰɐɟɖůɖ ɏɢɞɡɛŮ 

ůɐɛŬ ŮəŰɧɠ ůŰɞ ŭŮɝɑ ŭɘɎɔɟŬɛɛŬ Űɞɡ ɆɢɐɛŬŰɞɠ 5.8.  

 

ɆŰɖɜ 23ɖ ˊŬɟŬŰɐɟɖůɖ ŭɘŬŰɖɟŮɑŰŬɘ ɖ ɛŮŰŬŰɧˊɘůɖ Űɞɡ ‏ ˊɞɡ ˊɟɤŰɞŬɜɘɢɜŮɨŰɖəŮ ůŰɖɜ 

21ɖ ˊŬɟŬŰɐɟɖůɖ, ůɡɜŮˊɩɠ ɘəŬɜɞˊɞɘɞɨɜŰŬɘ ɞɘ ɘəŬɜɏɠ əŬɘ ŬɜŬɔəŬɑŮɠ ůɡɜɗɐəŮɠ ɩůŰŮ 

ɜŬ ŭɞɗŮɑ ůɐɛŬ ŮəŰɧɠ.  
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‏ πȢωσ πȢφ (22ɖɠ ˊŬɟŬŰɐɟɖůɖɠ) πȢτ (21ɖɠ ˊŬɟŬŰɐɟɖůɖɠ) 

ȷɜŰɑůŰɞɘɢŬ, ɔɘŬ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ ɄŬɟŬŭŮɑɔɛŬŰɞɠ 2.2, ɖ ɛŮŰŬŰɧˊɘůɖ Űɞɡ ɛɏůɞɡ əŬŰɎ 

0.55 ůŰɖɜ 1ɖ ˊŬɟŬŰɐɟɖůɖ ŭŮɜ ŬɜɘɢɜŮɨŮŰŬɘ ɎɛŮůŬ, əŬɗɩɠ ɧˊɤɠ űŬɑɜŮŰŬɘ əŬɘ Ŭˊɧ Űɘɠ 

ɗŮɤɟɖŰɘəɏɠ Űɘɛɏɠ ɔɘŬ Űɖɜ Ůɜ ɚɧɔɤ ˊŮɟɑˊŰɤůɖ Űɤɜ Űɘɛɩɜ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ɗŬ 

ɢɟŮɘŬɕɧŰŬɜ ˊŮɟɑˊɞɡ 2 ˊŬɟŬŰɐɟɖůŮɘɠ ɔɘŬ ɜŬ ŬɜɘɢɜŮɡŰŮɑ ɖ ɡˊɧɣɖ ɛŮŰŬŰɧˊɘůɖ. 

 

ȼ ɛŮɔɎɚɖ ɛŮŰŬŰɧˊɘůɖ ůŰɖ 2ɖ ˊŬɟŬŰɐɟɖůɖ ŬɜɘɢɜŮɨŮŰŬɘ ɎɛŮůŬ, ɚɧɔɤ Űɖɠ ŬˊɧŰɞɛɖɠ 

ŬɚɚŬɔɐɠ ůŰɖɜ Űɘɛɐ Űɞɡ ɛɏůɞɡ ˊɞɡ ˊɟɞəŬɚŮɑ. ɇɞ ɑŭɘɞ ɘůɢɨŮɘ əŬɘ ɔɘŬ Űɘɠ ˊŬɟŬŰɖɟɐůŮɘɠ 

4, 5, 7 əŬɘ 8, ɞɘ ɞˊɞɑŮɠ ŭɑɜɞɡɜ ɎɛŮůŬ ůɐɛŬ ŮəŰɧɠ əɡɟɑɤɠ ɚɧɔɤ Űɖɠ ŬˊɧŰɞɛɖɠ 

ɛŮŰŬŰɧˊɘůɖɠ ˊɞɡ ˊɟɞəŬɚɞɨɜ ůŰɞ ɛɏůɞ, əŬɗɩɠ ɧɚŮɠ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɠ Ŭˊɧ ‏ πȢψψ. 

ɄŬɟŬŰɖɟɞɨɛŮ Ůˊɑůɖɠ ɧŰɘ ɔɘŬ Űɘɠ ɡˊɧɣɖ ˊŬɟŬŰɖɟɐůŮɘɠ ɖ ŭɘŬəɨɛŬɜůɖ ŮɑɜŬɘ ˊɞɚɨ 

ɛŮɔɎɚɖ ɞŭɖɔɩɜŰŬɠ ůŰɖɜ ˊɚŮɘɞɜɧŰɖŰŬ Űɤɜ ˊŮɟɘˊŰɩůŮɤɜ ůŮ ůɐɛŬ ŮəŰɧɠ.  

5.6.2 ɄŬɟŬŰɐɟɖůɖ Ɂɞ2 

ȷɜŰɑůŰɞɘɢŬ ɔɘŬ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ ˊŬɟŬŭŮɑɔɛŬŰɞɠ 3.1, ˊŬɟŬŰɖɟɞɨɛŮ ɧŰɘ ůŰɖɜ 1ɖ 

ˊŬɟŬŰɐɟɖůɖ ŭŮɜ ŭɑɜŮŰŬɘ ůɐɛŬ ŮəŰɧɠ, ɔŮɔɞɜɧɠ ˊɞɡ ůɡɛűɤɜŮɑ ɛŮ Űɖɜ ŬɜŰɑůŰɞɘɢɖ 

ɗŮɤɟɖŰɘəɐ Űɘɛɐ, ɖ ɞˊɞɑŬ ŭŮɑɢɜŮɘ ɧŰɘ ɗŬ ɢɟŮɘŬɕɧŰŬɜ Ŭəɧɛɖ ɛɑŬ ˊŬɟŬŰɐɟɖůɖ ɛŮ ɑŭɘŬ 

ɛŮŰŬŰɧˊɘůɖ ɔɘŬ ɜŬ ŭɩůŮɘ ůɐɛŬ ŮəŰɧɠ. 

 

ɆɢɐɛŬ 5.11: ɇɟɞˊɞˊɞɘɖɛɏɜɞ EWMA ɔɘŬ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ ɄŬɟŬŭŮɑɔɛŬŰɞɠ 3.1 

 

ȺɜŭɘŬűɏɟɞɜ ˊŬɟɞɡůɘɎɕŮɘ ɖ 5ɖ ˊŬɟŬŰɐɟɖůɖ, ůŰɖɜ ɞˊɞɑŬ ˊŬɑɟɜɞɡɛŮ ɞɟɘŬəɎ ůɐɛŬ 

ŮəŰɧɠ, Ůɜɩ ɖ ɛŮŰŬŰɧˊɘůɖ ŮɑɜŬɘ ɑůɖ ɛŮ 1.1 ŭɖɚŬŭɐ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ Űɖɜ ŬɜɘɢɜŮɡŰɘəɐ 

ɘəŬɜɧŰɖŰŬ Űɤɜ ɡˊɧɣɖ ŭɘŬɔɟŬɛɛɎŰɤɜ əŬɘ ɚɞɔɘəɎ ɗŬ ɏˊɟŮˊŮ ɜŬ ŬɜɘɢɜŮɨŮŰŬɘ ɎɛŮůŬ. 

ȷɡŰɧ ɞűŮɑɚŮŰŬɘ ůŰɞ ɔŮɔɞɜɧɠ ɧŰɘ Ůɜɩ ɏɢɞɡɛŮ ˊɎɟŮɘ ŰɟɑŬ ůɐɛŬŰŬ ŮəŰɧɠ ůŰɘɠ 2ɖ, 3ɖ əŬɘ 
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4ɖ ˊŬɟŬŰɐɟɖůŮɘɠ ŮɜŰɞɨŰɞɘɠ ůɡɜŮɢɑůŬɛŮ Űɘɠ ŭŮɘɔɛŬŰɞɚɖɣɑŮɠ, ɞŭɖɔɩɜŰŬɠ ɏŰůɘ ůŰɞ 

ɡˊɧɣɖ ůűɎɚɛŬ. Ⱦɞɘɜɩɠ, ɧŰŬɜ ɛɘŬ ɜɞůɖɟɐ əŬŰɎůŰŬůɖ Űɖɜ ɡɘɞɗŮŰɞɨɛŮ ɤɠ 

əŬɜɞɜɘəɧŰɖŰŬ, ŰɧŰŮ əŬɘ Űɞ ŭɘɎɔɟŬɛɛŬ ŭɡůəɞɚŮɨŮŰŬɘ ɜŬ ŬɜŰɘɚɖűɗŮɑ ŬɡŰɎ ɔɘŬ ŰŬ ɞˊɞɑŬ 

ůɢŮŭɘɎůŰɖəŮ ɜŬ ŬɜɘɢɜŮɨŮɘ əŬɘ ŭɘŬˊɟɎŰŰɞɜŰŬɘ ˊŮɟŬɘŰɏɟɤ ůűɎɚɛŬŰŬ. 

 

5.7 ȽŭɘɧŰɖŰŮɠ ARL Űɟɞˊɞˊɞɘɖɛɏɜɞɡ EWMA 

5.7.1 1ɖ ȽŭɘɧŰɖŰŬ 

ɇŬ ŭɘŬɔɟɎɛɛŬŰŬ ŮɛűŬɜɑɕɞɡɜ ŭɘˊɚɐ ɘəŬɜɧŰɖŰŬ. ȺɑɜŬɘ Űɞ ɑŭɘɞ ɘəŬɜɎ ůŰɞ ɜŬ 

ŬɜɘɢɜŮɨɞɡɜ ɛŮɔɎɚŮɠ əŬɘ ŬˊɧŰɞɛŮɠ ŬɚɚŬɔɏɠ ɛŮŰŬŰɞˊɑůŮɘɠ, ɛŮɔŬɚɨŰŮɟŮɠ Ŭˊɧ ɛɘŬ 

ůŰŬɗŮɟɐ Űɘɛɐ, ɖ ɞˊɞɑŬ ɡˊɞɚɞɔɑůŰɖəŮ əŬɘ ŭɑɜŮŰŬɘ ůŰɞɡɠ ˊŬɟŬˊɎɜɤ ɄɑɜŬəŮɠ ɔɘŬ Űɘɠ 

ŭɘɎűɞɟŮɠ Űɘɛɏɠ Űɞɡ ‗, ɧˊɤɠ Ůˊɑůɖɠ əŬɘ ɛɘəɟɏɠ əŬɘ ɓŬɗɛŬɑŮɠ ɛŮŰŬŰɞˊɑůŮɘɠ. 

ɄŬɟŬˊɎɜɤ ŮɑŭŬɛŮ ˊŬɟŬŭŮɑɔɛŬŰŬ ˊɞɡ Ŭűɞɟɞɨɜ əŬɘ Űɘɠ ŭɨɞ ˊŮɟɘˊŰɩůŮɘɠ. 

5.7.2 2ɖ ȽŭɘɧŰɖŰŬ 

ȳůɞ ˊŮɟɘůůɧŰŮɟŮɠ ˊŬɟŬŰɖɟɐůŮɘɠ ŬˊŬɘŰɞɨɜŰŬɘ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɛŮŰŬŰɞˊɘůŰŮɑ 

ɞ ɛɏůɞɠ əŬŰɎ ɏɜŬ ůɡɔəŮəɟɘɛɏɜɞ ɛɏɔŮɗɞɠ, Űɧůɞ ˊɘɞ ˊɞɚɨ ɛŮɘɩɜŮŰŬɘ ɖ ŬɜɘɢɜŮɡŰɘəɐ 

ɘəŬɜɧŰɖŰŬ Űɤɜ ɡˊɧɣɖ ŭɘŬɔɟŬɛɛɎŰɤɜ. ȷɡŰɧ ŮɑɜŬɘ ɚɞɔɘəɧ əŬɘ ůɡɜŬɜŰɎŰŬɘ əŬɘ ůŰŬ 

ɡˊɧɚɞɘˊŬ ŭɘŬɔɟɎɛɛŬŰŬ EWMA. 

ȰŰůɘ, ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ, ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ‗ πȢςυ əŬɘ ὒ ρȢψσςωυ, Űɞ 

ŭɘɎɔɟŬɛɛŬ ɏɢŮɘ ὃὙὒ σχπ əŬɘ ɛˊɞɟŮɑ ɜŬ ŮɜŰɞˊɑůŮɘ ɎɛŮůŬ ŬˊɧŰɞɛŮɠ ɛŮŰŬŰɞˊɑůŮɘɠ 

ɛŮ ‏ πȢψψ Ŭˊɧ Űɞ ɛɏůɞ, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ əɎŰɤɗɘ ŭɘɎɔɟŬɛɛŬ. ȷɜ ɡˊɞɗɏůɞɡɛŮ ɧŰɘ 

ŬɜŰɑ ɔɘŬ ɛɑŬ ˊŬɟŬŰɐɟɖůɖ ŮɑɢŬɛŮ ˊŮɟɘůůɧŰŮɟŮɠ ŮɜŰɧɠ Űɤɜ ɞˊɞɑɤɜ ůɡɛˊɚɖɟɩɜŮŰŬɘ ɖ 

ŬɜŰɑůŰɞɘɢɖ ɛŮŰŬŰɧˊɘůɖ, ŰɧŰŮ ɖ ŬɜɘɢɜŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ ŮɚɚŬŰŰɩɜŮŰŬɘ 

əŬɘ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ŬɜɘɢɜŮɨůŮɘ ɎɛŮůŬ Űɖɜ ɑŭɘŬ ɛŮŰŬŰɧˊɘůɖ ˊɞɡ ˊɟɘɜ ɐŰŬɜ ŮűɘəŰɧ ɛŮ 

ɛɘəɟɧŰŮɟɞ ˊɚɐɗɞɠ ˊŬɟŬŰɖɟɐůŮɤɜ. Ⱥˊɑůɖɠ, ŭɘŬˊɘůŰɩɜɞɡɛŮ ɧŰɘ ɗŬ ɢɟŮɘŬɕɧŰŬɜ ɜŬ 

ˊŬɟɞɡůɘŬůŰŮɑ ɛŮɔŬɚɨŰŮɟɖ ɛŮŰŬŰɧˊɘůɖ ɔɘŬ ɜŬ əŬŰŬůŰŮɑ ŮűɘəŰɧ ɜŬ ŬɜɘɢɜŮɡŰŮɑ ɎɛŮůŬ ɐ 

ɛŮɔŬɚɨŰŮɟɞ ˊɚɐɗɞɠ ˊŬɟŬŰɖɟɐůŮɤɜ. ȷɡŰɧ űŬɑɜŮŰŬɘ ɝŮəɎɗŬɟŬ ůŰŬ ˊŬɟŬəɎŰɤ 

ɗŮɤɟɖŰɘəɎ ˊŬɟŬŭŮɑɔɛŬŰŬ ůŰŬ ɞˊɞɑŬ ŬɜŬˊŬɟɑůŰŬŰŬɘ Űɞ ˊɚɐɗɞɠ Űɤɜ ˊŬɟŬŰɖɟɐůŮɤɜ 

ˊɞɡ ɗŬ ɢɟŮɘŬɕɧŰŬɜ ɔɘŬ ɜŬ ŬɜɘɢɜŮɡŰŮɑ ɎɛŮůŬ ɖ ɛŮŰŬŰɧˊɘůɖ ˊɞɡ ŬɜŬɔɟɎűŮŰŬɘ əɎɗŮ 

űɞɟɎ, ŮˊɘɛŮɟɑɕɞɜŰŬɠ Űɖ ůɡɜɞɚɘəɐ ɛŮŰŬŰɧˊɘůɖ ůŮ əɎɗŮ ɛɑŬ ˊŬɟŬŰɐɟɖůɖ. ȰŰůɘ, Ŭɜ ɖ 

ɛŮŰŬŰɧˊɘůɖ ‏ πȢψψ ůɡɛˊɚɖɟɤɗŮɑ ůŰɖɜ 2ɖ ˊŬɟŬŰɐɟɖůɖ, ŰɧŰŮ ŭŮɜ ɔɑɜŮŰŬɘ ɎɛŮůŬ 
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ŬɜŰɘɚɖˊŰɐ. ŪŬ ɢɟŮɘŬɕɧŰŬɜ ɚɑɔŮɠ Ŭəɧɛɖ ˊŬɟŬŰɖɟɐůŮɘɠ ɐ ŬɜŰɑ ɔɘŬ ‏ πȢψψ ɖ 

ɛŮŰŬŰɧˊɘůɖ ɜŬ ɐŰŬɜ ɛŮɔŬɚɨŰŮɟɖ əŬɘ ůɡɔəŮəɟɘɛɏɜŬ ɛŮɔŬɚɨŰŮɟɖ ɑůɖ ɛŮ ‏ πȢωπ. ȰŰůɘ, 

ŬɜŰɑůŰɞɘɢŬ ɔɘŬ ɛŮŰŬŰɞˊɑůŮɘɠ ˊɞɡ ůɡɛˊɚɖɟɩɜɞɜŰŬɘ ůŰɖɜ 3ɖ, 4ɖ , 5ɖ ˊŬɟŬŰɐɟɖůɖ əŰɚ, 

ŰɧŰŮ ɖ ɛŮŰŬŰɧˊɘůɖ ˊɞɡ ŮɑɜŬɘ ŮűɘəŰɧ ɜŬ ŬɜɘɢɜŮɡŰŮɑ ɎɛŮůŬ ŮɑɜŬɘ ɑůɖ, ɧˊɤɠ űŬɑɜŮŰŬɘ Ŭˊɧ 

ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ, ɛŮ ‏ πȢως, ‏ πȢωτ , ‏ πȢωφ əŰɚ. 

  

ɆɢɐɛŬ 5.12: ɇɟɞˊɞˊɞɘɖɛɏɜɞ EWMA ɔɘŬ ɓŬɗɛɘŬɑŬ ɛŮŰŬŰɧˊɘůɖ Űɞɡ ɛɏůɞɡ ůŮ ɛɑŬ 

(1) (ŬɟɘůŰŮɟɎ) əŬɘ ŭɨɞ (2) ˊŬɟŬŰɖɟɐůŮɘɠ (ŭŮɝɘɎ) 

  

ɆɢɐɛŬ 5.13: ɇɟɞˊɞˊɞɘɖɛɏɜɞ EWMA ɔɘŬ ɓŬɗɛɘŬɑŬ ɛŮŰŬŰɧˊɘůɖ Űɞɡ ɛɏůɞɡ ůŮ ŰɟŮɘɠ 

(3) (ŬɟɘůŰŮɟɎ) əŬɘ ŰɏůůŮɟɘɠ (4) ˊŬɟŬŰɖɟɐůŮɘɠ (ŭŮɝɘɎ) 

  

ɆɢɐɛŬ 5.14: ɇɟɞˊɞˊɞɘɖɛɏɜɞ EWMA ɔɘŬ ɓŬɗɛɘŬɑŬ ɛŮŰŬŰɧˊɘůɖ Űɞɡ ɛɏůɞɡ ůŮ ɛɑŬ 

ˊɏɜŰŮ (5) (ŬɟɘůŰŮɟɎ) əŬɘ ɏɝɘ (6) ˊŬɟŬŰɖɟɐůŮɘɠ (ŭŮɝɘɎ) 
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ɆɢɐɛŬ 5.15: ɇɟɞˊɞˊɞɘɖɛɏɜɞ EWMA ɔɘŬ ɓŬɗɛɘŬɑŬ ɛŮŰŬŰɧˊɘůɖ Űɞɡ ɛɏůɞɡ ůŮ ŮˊŰɎ 

(7) (ŬɟɘůŰŮɟɎ) əŬɘ ɞɢŰɩ (8) ˊŬɟŬŰɖɟɐůŮɘɠ (ŭŮɝɘɎ) 

 

  

ɆɢɐɛŬ 5.16: ɇɟɞˊɞˊɞɘɖɛɏɜɞ EWMA ɔɘŬ ɓŬɗɛɘŬɑŬ ɛŮŰŬŰɧˊɘůɖ Űɞɡ ɛɏůɞɡ ůŮ ŮɜɜɏŬ 

(9) (ŬɟɘůŰŮɟɎ) əŬɘ ŭɏəŬ (10) (ŭŮɝɘɎ) ˊŬɟŬŰɖɟɐůŮɘɠ  

 

5.7.3 3ɖ ȽŭɘɧŰɖŰŬ 

ȷɜ ŭŮɜ ɚɖűɗŮɑ ɡˊɧɣɖ ɎɛŮůŬ ɖ ŬɜɑɢɜŮɡůɖ ɛɘŬɠ ŮəŰɧɠ Ůɚɏɔɢɞɡ Űɘɛɐɠ, ŰɧŰŮ ůŰɖ 

ůɡɜɏɢŮɘŬ ɛŮɘɩɜŮŰŬɘ ɖ ŬɜɘɢɜŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ Űɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ əŬɘ ŮɜŭɏɢŮŰŬɘ ɜŬ ɛɖ 

ɔɑɜŮŰŬɘ ŬɜŰɘɚɖˊŰɐ Ŭɜ ɓɟɑůəŮŰŬɘ ŮɜŰɧɠ Ůɜɧɠ Ůɨɟɞɡɠ Űɘɛɩɜ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɡɜ ɢɟɞɜɘəɎ 

ɛŮŰŬɓŬɚɚɧɛŮɜɖ ůɡɛˊŮɟɘűɞɟɎ ɛŮ ŰɎůɖ ɛŮɑɤůɖɠ Űɖɠ ŬɜɘɢɜŮɡŰɘəɐɠ ɘəŬɜɧŰɖŰŬɠ 

ŬůɡɛˊŰɤŰɘəɎ ˊɟɞɠ ɛɑŬ ůŰŬɗŮɟɐ Űɘɛɐ. 

 

ȼ Űɘɛɐ ˊɞɡ ɡˊɞɚɞɔɑůŰɖəŮ ůŰɞɡɠ ɄɑɜŬəŮɠ 5.4 əŬɘ 5.5 ŬűɞɟɎ ůŰɖɜ ŬɜɘɢɜŮɡŰɘəɐ 

ɘəŬɜɧŰɖŰŬ Űɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ, ɧŰŬɜ ɔɘŬ ˊɟɩŰɖ űɞɟɎ ŮɜŰɞˊɑɕŮŰŬɘ Űɘɛɐ ŮəŰɧɠ Ůɚɏɔɢɞɡ.  

ȷɡŰɐ ɖ ɘŭɘɧŰɖŰŬ ɘůɢɨŮɘ ůŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ, ŮɑŰŮ ɏɢɞɡɛŮ ˊŬɟɞɡůɑŬ ŬˊɧŰɞɛɤɜ 

ɛŮŰŬŰɞˊɑůŮɤɜ, ŮɑŰŮ ɧɢɘ.  
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ũɘŬ ɜŬ ɔɑɜŮɘ ŬɡŰɧ ŬɜŰɘɚɖˊŰɧ, ɗŮɤɟɞɨɛŮ Űɞ Ŭəɧɚɞɡɗɞ ˊŬɟɎŭŮɘɔɛŬ. ȰůŰɤ, ‗ πȢςυ 

əŬɘ ὒ ρȢψσςωυ. ɆŰɞ ɡˊɧɣɖ ˊŬɟɎŭŮɘɔɛŬ ɗŮɤɟɞɨɛŮ ɧŰɘ ɏɢɞɡɛŮ ůŰŬɗŮɟɎ ɛŮŰŬŰɧˊɘůɖ 

Űɞɡ ɛɏůɞɡ ůŰɖɜ 1ɖ ˊŮɟɑˊŰɤůɖ əŬŰɎ ‏ πȢψψ əŬɘ ůŰɖ 2ɖ əŬŰɎ ‏ ρȢρρ Ŭˊɧ Űɞ ɛɏůɞ 

Ŭˊɧ Űɖɜ ɏɜŬɟɝɖ ɛŮŰɟɐůŮɤɜ. ȼ ɛŮŰŬŰɧˊɘůɖ ˊŬɟŬɛɏɜŮɘ ůŰŬɗŮɟɐ ɔɘŬ ɧɚɖ Űɖ ŭɘɎɟəŮɘŬ 

ɛŮŰɟɐůŮɤɜ. ɀŮ ŬɡŰɧ Űɞɜ Űɟɧˊɞ ˊŬɑɟɜɞɡɛŮ Űɞ Ŭəɧɚɞɡɗɞ ŭɘɎɔɟŬɛɛŬ ɔɘŬ Űɞ 

Űɟɞˊɞˊɞɘɖɛɏɜɞ EWMA, ɧˊɞɡ ɛŮ Űɞ əɎŰɤ ɧɟɘɞ ŬɜɘɢɜŮɡŰɘəɐɠ ɘəŬɜɧŰɖŰŬɠ 

ŬɜŬˊŬɟɑůŰŬŰŬɘ ɖ ɗŮɤɟɖŰɘəɐ ŬɜɘɢɜŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ ˊɞɡ ŮɝɎɔŮŰŬɘ ɔɘŬ Űɞ ŭɘɎɔɟŬɛɛŬ 

ŬɡŰɧ ɛŮ ɓɎůɖ Űɤɜ əɩŭɘəŬ Űɞɡ ˊŬɟŬɟŰɐɛŬŰɞɠ əŬɘ ŬɜɘůŰɞɘɢŮɑ ůŰɖɜ ɛŮŰŬŰɧˊɘůɖ ‏

πȢψψ. ȷɜŰɑůŰɞɘɢŬ ɛŮ Űɞ Ɏɜɤ ɧɟɘɞ ŬɜɘɢɜŮɡŰɘəɐɠ ɘəŬɜɧŰɖŰŬɠ ŬɜŬˊŬɟɑůŰŬŰŬɘ ɖ ɗŮɤɟɖŰɘəɐ 

ŬɜɘɢɜŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ ˊɞɡ ůŰɖ ɛŮŰŬŰɧˊɘůɖ ‏ ρȢρ. 

 

ɆɢɐɛŬ 5.17: ɆɡɛˊŮɟɘűɞɟɎ ŬɜɘɢɜŮɡŰɘəɐɠ ɘəŬɜɧŰɖŰŬɠ ɇɟɞˊɞˊɞɘɖɛɏɜɞɡ EWMA  

ɔɘŬ ɛɖŭŮɜɘəɏɠ ŬˊɧŰɞɛŮɠ ɛŮŰŬŰɞˊɑůŮɘɠ  

 

ȳˊɤɠ ˊŬɟŬŰɖɟɞɨɛŮ Ŭˊɧ Űɞ ɔɟɎűɖɛŬ Űɞ Űɟɞˊɞˊɞɘɖɛɏɜɞ ŭɘɎɔɟŬɛɛŬ EWMA ɏɢŮɘ 

ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜɖ ŬɜɘɢɜŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ, ɖ ɞˊɞɑŬ ŮɑɜŬɘ ɞɝɨŰŮɟɖ ɔɘŬ 

ˊŬɟŬŰɖɟɐůŮɘɠ əɞɜŰɎ ůŰɖɜ ɏɜŬɟɝɖ ɛŮŰɟɐůŮɤɜ əŬɘ ɛŮɘɩɜŮŰŬɘ ŰŮɑɜɞɜŰŬɠ ŬůɡɛˊŰɤŰɘəɎ 

ůŰɞ ‏ πȢψψ, ɧůɞ ŬɡɝɎɜɞɜŰŬɘ ɞɘ ŭŮɘɔɛŬŰɞɚɖɣɑŮɠ. ȹɖɚŬŭɐ Űɞ Űɟɞˊɞˊɞɘɖɛɏɜɞ 

ŭɘɎɔɟŬɛɛŬ ˊŬɟɞɡůɘɎɕŮɘ ůɡɛˊŮɟɘűɞɟɎ ŬɜɎɚɞɔɖ Űɖɠ ŰŮɢɜɘəɐɠ FIR, ɚɧɔɤ Űɖɠ ɞɝɨŰŮɟɖɠ 

ŬɜɘɢɜŮɡŰɘəɐɠ ɘəŬɜɧŰɖŰŬɠ əŬŰɎ Űɖɜ ɏɜŬɟɝɖ ɛŮŰɟɐůŮɤɜ ɔɘŬ Űɘɠ ˊɟɩŰŮɠ ˊŬɟŬŰɖɟɐůŮɘɠ. 

ɋůŰɧůɞ, ɖ ɘŭɘɧŰɖŰŬ ŬɡŰɐ ɏɢŮɘ ɛɑŬ ɛŮɔɎɚɖ ŭɘŬűɞɟɎ ɛŮ Űɞ Ŭˊɚɧ EWMA ɧˊɤɠ ŮɝɖɔŮɑŰŬɘ 

ůŰɖ ůɡɜɏɢŮɘŬ. 
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ȰŰůɘ, ɔɘŬ Űɖɜ 1ɖ ˊŬɟŬŰɐɟɖůɖ ɖ ŬɜɘɢɜŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ ŮɑɜŬɘ ɑůɖ ɛŮ 

‏ πȢψψ, əŬɗɩɠ ɔɘŬ ŬɡŰɐ Űɖ ɛŮŰŬŰɧˊɘůɖ ˊŬɑɟɜɞɡɛŮ ŮəŰɧɠ Ůɚɏɔɢɞɡ Űɘɛɐ. ɇɞ Ůɜ ɚɧɔɤ 

ɔŮɔɞɜɧɠ ˊɞɡ ŮˊɘɓŮɓŬɘɩɜŮŰŬɘ əŬɘ ɛŮ Űɖ ɓɞɐɗŮɘŬ Űɞɡ əɩŭɘəŬ Űɞɡ ˊŬɟŬɟŰɐɛŬŰɞɠ, ɛŮ Űɞ 

ɞˊɞɑɞ ɡˊɞɚɞɔɑɕɞɡɛŮ ɧŰɘ ὃὙὒ ρ ɔɘŬ ‏ πȢψψ. 

 

Ⱥűɧůɞɜ, ŭŮɜ ɚɖűɗŮɑ ɡˊɧɣɖ ɖ ŮəŰɧɠ Ůɚɏɔɢɞɡ Űɘɛɐ əŬɘ ůɡɜŮɢɑůɞɡɛŮ Űɖ ŭŮɘɔɛŬŰɞɚɖɣɑŬ 

əŬɘ ɝŬɜŬˊɎɟɞɡɛŮ ɛŮŰŬŰɧˊɘůɖ ‏ πȢψψ, ŰɧŰŮ ŬɡŰɐ ŭŮɜ ɔɑɜŮŰŬɘ ŬɜŰɘɚɖˊŰɐ, ɧˊɤɠ 

űŬɑɜŮŰŬɘ Ŭˊɧ Űɞ ŬɜɤŰɏɟɤ ŭɘɎɔɟŬɛɛŬ. 

 

ȷɜŰɑůŰɞɘɢŬ, ɔɘŬ Űɞ Ɏɜɤ ɧɟɘɞ ŬɜɘɢɜŮɡŰɘəɐɠ ɘəŬɜɧŰɖŰŬɠ, ɓɚɏˊɞɡɛŮ ɧŰɘ Ůűɧůɞɜ ɡˊɎɟɢŮɘ 

ɛŮŰŬŰɧˊɘůɖ Ŭˊɧ Űɖɜ 1ɖ ˊŬɟŬŰɐɟɖůɖ əŬɘ ůɡɜŮɢɑɕɞɡɛŮ ɜŬ ˊŬɑɟɜɞɡɛŮ ŭŮɘɔɛŬŰɞɚɖɣɑŮɠ, 

ŰɧŰŮ əɎˊɞɘŬ ůŰɘɔɛɐ ɖ ŬɜɘɢɜŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ ˊɟɞůŮɔɔɑɕŮɘ ɛɘŬ əŬŰɩŰŮɟɖ Űɘɛɐ, ɖ ɞˊɞɑŬ 

ˊɟɞůŮɔɔɑɕŮɘ ŬůɡɛˊŰɤŰɘəɎ Űɞ ɧɟɘɞ Ὗὅὒ. ȷɡŰɧ ůɖɛŬɑɜŮɘ ɧŰɘ ɔɘŬ ‏ ρȢρ, əɎˊɞɘŬ ůŰɘɔɛɐ 

Űɞ ŭɘɎɔɟŬɛɛŬ Űɞɡ ɇɟɞˊɞˊɞɘɖɛɏɜɞɡ EWMA ŭŮɜ ɗŬ ɛˊɞɟŮɑ ɜŬ ŬɜɘɢɜŮɨůŮɘ Űɖɜ ɑŭɘŬ 

ɛŮŰŬŰɧˊɘůɖ. 

 

ȹɖɚŬŭɐ ɡˊɎɟɢŮɘ ɏɜŬ Ůɨɟɞɠ Űɘɛɩɜ ɛŮŰŬɝɨ 0.88 əŬɘ 1.1 ˊɞɡ ˊɟɏˊŮɘ ɜŬ ˊɟɞůŮɢɗŮɑ 

ɘŭɘŬɑŰŮɟŬ, ŭɘɧŰɘ ŮɎɜ ŭŮɜ ɚɖűɗŮɑ ɡˊɧɣɖ Űɞ ˊɟɩŰɞ ɛɐɜɡɛŬ ɧŰɘ ɖ ŭɘŬŭɘəŬůɑŬ ŮɑɜŬɘ ŮəŰɧɠ 

ŰɧŰŮ ůŰɖ ůɡɜɏɢŮɘŬ ɔɘŬ Űɘɛɏɠ ůŰɞ ŭɘɎůŰɖɛŬ πȢψψȟρȢρ ɞŭɖɔɞɨɛŬůŰŮ ůŮ ŮɜŰɧɠ Ůɚɏɔɢɞɡ 

Űɘɛɏɠ əŬɘ ˊŬɨŮɘ ɜŬ ŭɑɜŮŰŬɘ Űɞ ůɐɛŬ ŮəŰɧɠ. 

 

ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ ŮəɛŮŰŬɚɚŮɡɧɛŮɜɖ ŬɡŰɐ Űɖɜ ɘŭɘɧŰɖŰŬ ˊɟɞůŭɘɞɟɑůŰɖəŮ Űɞ ůűɎɚɛŬ Űɖɠ 

ɛŮɗɧŭɞɡ Steiner ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ‗ πȢςυ əŬɘ ὒ ρȢψσςωυ, Űɞ ɞˊɞɑɞ 

ɡˊɞɚɞɔɑůŰɖəŮ ɑůɞ ɛŮ Ὁὶὶέὶ πȢυπσρσρ. 

5.8 ɆɡɛˊɏɟŬůɛŬ 

ȹɘŬˊɘůŰɩɜɞɡɛŮ ɧŰɘ Űɞ ɇɟɞˊɞˊɞɘɖɛɏɜɞ ȹɘɎɔɟŬɛɛŬ EWMA ŬˊɞŰŮɚŮɑ Űɞ ɘŭŬɜɘəɧ 

ŮɟɔŬɚŮɑɞ, Űɧůɞ ɔɘŬ Űɖɜ ŬɜɑɢɜŮɡůɖ ɛɘəɟɩɜ əŬɘ ɓŬɗɛŬɑɤɜ ɛŮŰŬŰɞˊɑůŮɤɜ, ɧůɞ əŬɘ 

ɛŮɔɎɚɤɜ əŬɘ ŬˊɧŰɞɛɤɜ. ɋůŰɧůɞ, ˊɟɏˊŮɘ ɜŬ ůŮɓɞɛɎůŰŮ Űɖɜ ɘŭɘŬɘŰŮɟɧŰɖŰŬ Űɤɜ 

ɡˊɧɣɖ ŭɘŬɔɟŬɛɛɎŰɤɜ ɧŰɘ ŭɖɚŬŭɐ ŬŭɡɜŬŰɞɨɜ ɜŬ ŬɜɘɢɜŮɨůɞɡɜ ɏɜŬ Ůɨɟɞɠ 

ɛŮŰŬŰɞˊɑůŮɤɜ, ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŭŮɜ ɚɖűɗŮɑ ɡˊɧɣɖ Űɞ ˊɟɩŰɞ ůɐɛŬ ŮəŰɧɠ ˊɞɡ 

ŭɑɜɞɡɜ. 
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ȾȺūȷȿȷȽɃ 6ɞ 

ɆɡɜŭɡŬůŰɘəɎ ȹɘŬɔɟɎɛɛŬŰŬ EWMA 

6.1 ȺɘůŬɔɤɔɐ 

ȳˊɤɠ ŮɑŭŬɛŮ ůŰɞ ˊɟɞɖɔɞɨɛŮɜɞ əŮűɎɚŬɘɞ ŬɚɚɎɕɞɜŰŬɠ Űɖ ɛŬɗɖɛŬŰɘəɐ ŭɞɛɐ 

Űɞɡ ɞɟɘůɛɞɨ Űɞɡ ůŰŬŰɘůŰɘəɞɨ EWMA əŬŰɏůŰɖ ŭɡɜŬŰɧ ɜŬ ɓŮɚŰɘɤɗŮɑ ɖ ůɡɜɞɚɘəɐ 

Ŭˊɧŭɞůɖ Űɤɜ ŭɘŬɔɟŬɛɛŬŰɩɜ EWMA, Űɧůɞ ŬɜŬűɞɟɘəɎ ɛŮ Űɘɠ ɛɘəɟɏɠ əŬɘ ɓŬɗɛɘŬɑŮɠ 

ɛŮŰŬŰɞˊɑůŮɘɠ, ɧůɞ əŬɘ ɛŮ Űɘɠ ŬˊɧŰɞɛŮɠ ɛŮŰŬɓɞɚɏɠ Űɞɡ ɛɏůɞɡ. 

 

ȰɜŬɠ Űɟɧˊɞɠ ɛɏŰɟɖůɖɠ Űɤɜ ŬˊɧŰɞɛɤɜ ŬɚɚŬɔɩɜ ůŰɞ ɛɏůɞ ɛɘŬɠ ŭɘŬŭɘəŬůɑŬɠ ŮɑɜŬɘ ɞ 

ˊɟɞůŭɘɞɟɘůɛɧɠ Űɖɠ ŭɘŬůˊɞɟɎɠ Űɤɜ ˊŬɟŬŰɖɟɐůŮɤɜ. ɆŰɖɜ ˊŮɟɘɞɢɐ ɏɟŮɡɜŬɠ Űɞɡ 

EWMA ůɢŮŰɘəɧ ŭɘɎɔɟŬɛɛŬ ˊɞɡ ɛŮŰɟɎŮɘ Űɖ ŭɘŬůˊɞɟɎ ŮɑɜŬɘ Űɞ ȹɘɎɔɟŬɛɛŬ ȹɘŬůˊɞɟɎɠ 

EWMA, Űɞ ɞˊɞɑɞ ɗŬ ˊŬɟɞɡůɘɎůɞɡɛŮ ůŰɖ ůɡɜɏɢŮɘŬ ˊɟɞəŮɘɛɏɜɞɡ ůŰɖɜ ɇɟɑŰɖ ȺɜɧŰɖŰŬ 

ŬɡŰɞɨ Űɞɡ əŮűŬɚŬɑɞɡ ɜŬ ŬɜŬɚɨůɞɡɛŮ ŰŬ ůɡɜŭɡŬůŰɘəɎ ŭɘŬɔɟɎɛɛŬŰŬ ɀɏůɞɡ ï 

ȹɘŬůˊɞɟɎɠ EWMA. 

6.2 ȹɘŬɔɟɎɛɛŬŰŬ ȹɘŬůˊɞɟɎɠ EWMA 

Ƀ ɛŬɗɖɛŬŰɘəɧɠ ɞɟɘůɛɧɠ Űɞɡ ůŰŬŰɘůŰɘəɞɨ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ ȹɘŬůˊɞɟɎɠ 

EWMA ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ Ŭəɧɚɞɡɗɖ ůɢɏůɖ: 

3 ‗ὼ ‘ ρ ‗Ὓ    φȢρ 

Ŭ́ɑɟɜŮɘ Ŭɟɢɘəɏɠ ɇɘɛɏɠ: 

Ὓ „     φȢς  

əŬɘ ɏɢŮɘ ɛɏůɖ Űɘɛɐ: 

ῴὛ „  φȢσ 

ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ ɖ ˊɞůɧŰɖŰŬ  ŬəɞɚɞɡɗŮɑ Űɖɜ əŬŰŬɜɞɛɐ ὢ ὢȟ  ɛŮ ὺ  

    ͯ ὢ ὢ ȟ   ɧˊɞɡ  ὺ      φȢτ 
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ȼ ɢɟɖůɘɛɧŰɖŰŬ Űɤɜ ɡˊɧɣɖ ŭɘŬɔɟŬɛɛɎŰɤɜ ŮɑɜŬɘ ˊɞɚɨ ůɖɛŬɜŰɘəɐ, ɘŭɘŬɑŰŮɟŬ ɧŰŬɜ 

ůɡɜŭɡɎɕɞɜŰŬɘ ɛŮ ɎɚɚŬ ŭɘŬɔɟɎɛɛŬŰŬ ˊɞɡ ůŰɞɢŮɨɞɡɜ ůŰɖɜ ˊŬɟŬəɞɚɞɨɗɖůɖ Űɞɡ 

ɛɏůɞɡ. 

 

6.3 ɆɡɜŭɡŬůŰɘəɎ ŭɘŬɔɟɎɛɛŬŰŬ EWMA ɀɏůɞɡ ï ȹɘŬůˊɞɟɎɠ  

6.3.1 ȹɘŬɔɟɎɛɛŬŰŬ Ⱥɚɏɔɢɞɡ ɀɏůɞɡ ï ȹɘŬůˊɞɟɎɠ EWMA 

ȰůŰɤ    ŮɑɜŬɘ ɛɑŬ ŬəɞɚɞɡɗɑŬ Ŭˊɧ ɡˊɞɞɛɎŭŮɠ (ŭŮɑɔɛŬŰŬ, ˊŬɟŰɑŭŮɠ) 

ŬɜŮɝɎɟŰɖŰɤɜ əŬɘ əŬɜɞɜɘəɎ əŬŰŬɜŮɛɖɛɏɜɤɜ ŭŮŭɞɛɏɜɤɜ. ȾɎɗŮ ɡˊɞɞɛɎŭŬ Ὥ 

ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ n ˊŬɟŬŰɖɟɐůŮɘɠ, ὢ ȟȣȟὢ . Ⱥˊɑůɖɠ, ɡˊɞɗɏŰɞɡɛŮ ɧŰɘ ὲ ρ, ɞˊɧŰŮ 

ˊŬɟŬəɎŰɤ ɗŬ ŬɜŬűŮɟɧɛŬůŰŮ ůŰɖ ůɡɜɐɗɖ ŭŮɘɔɛŬŰɘəɐ ŭɘŬəɨɛŬɜůɖ Ὓ. 

Ƀɘ ˊŬɟɎɛŮŰɟɞɘ Űɖɠ əŬɜɞɜɘəɐɠ əŬŰŬɜɞɛɐɠ ŮɑɜŬɘ ɞ ɛɏůɞɠ ‘ əŬɘ ɖ ŭɘŬəɨɛŬɜůɖ „ . 

Ɇɡɜɐɗɤɠ, ŮɜŭɘŬűŮɟɧɛŬůŰŮ ɔɘŬ Űɖɜ ŬɜɑɢɜŮɡůɖ ŬɚɚŬɔɩɜ əŬɘ ˊɟɞɠ Űɘɠ ŭɨɞ 

əŬŰŮɡɗɨɜůŮɘɠ Űɞɡ ‘ əŬɘ ŬɡɝɐůŮɘɠ Űɞɡ „ . ɋůŰɧůɞ, ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ Űɖ 

ŭɖɛɞůɑŮɡůɖ Űɤɜ Morais əŬɘ Pacheco (2006) ŭɑɜŮŰŬɘ ɛɏɟɘɛɜŬ ˊŬɟŬəɎŰɤ əŬɘ ɔɘŬ Űɖɜ 

ŬɜɑɢɜŮɡůɖ Űɤɜ ɛŮɘɩůŮɤɜ Űɖɠ ŭɘŬəɨɛŬɜůɖɠ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŬɜɘɢɜŮɨɞɜŰŬɘ ŮɚɚɘˊɧɜŰŬ 

ůɐɛŬŰŬ. ɃˊɧŰŮ, ɔɘŬ ɜŬ ůɡɜɞɣɑůɞɡɛŮ, ɖ Ŭəɧɚɞɡɗɖ ŰŮɢɜɘəɐ ůɡɜŭɡɎɕŮɘ ŭɑˊɚŮɡɟŬ 

ŭɘŬɔɟɎɛɛŬŰŬ ɛɏůɞɡ ɛŮ ɛɞɜɧˊɚŮɡɟŬ ˊɟɞɠ ŰŬ ˊɎɜɤ əŬɘ ŭɑˊɚŮɡɟŬ ŭɘŬɔɟɎɛɛŬŰŬ 

Ůɚɏɔɢɞɡ ŭɘŬəɨɛŬɜůɖɠ ŬɜŰɑůŰɞɘɢŬ. 

Ƀɘ Űɘɛɏɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ, ɞɘ ɞˊɞɑŮɠ ˊŮɟɘɔɟɎűɞɡɜ Űɖ ůŰŬɗŮɟɐ Ŭˊɧŭɞůɖ Űɖɠ 

ˊŬɟŬŰɖɟɞɨɛŮɜɖɠ ŭɘŬŭɘəŬůɑŬɠ, ŮɑɜŬɘ ɞɘ: ‘ əŬɘ „. Ⱥűɧůɞɜ, ɞɘ ůŰŬɗŮɟɏɠ əŬɘ ɞɘ 

ˊɟŬɔɛŬŰɘəɏɠ Űɘɛɏɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ůɡɛˊɑˊŰɞɡɜ ɚɏɛŮ ɧŰɘ ɖ ŭɘŬŭɘəŬůɑŬ ŮɑɜŬɘ: ŮɜŰɧɠ 

Ůɚɏɔɢɞɡ.  

6.3.2 ɆŰŬŰɘůŰɘəɧ ɔɘŬ ȹɘŬɔɟɎɛɛŬŰŬ ɀɏůɞɡ ï ȹɘŬůˊɞɟɎɠ EWMA 

ɇɧŰŮ, ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ   Ὓ  Ὁὡὓὃ ɏɢɞɡɜ ŰŬ ŬəɧɚɞɡɗŬ ůŰŬŰɘůŰɘəɎ ɔɘŬ Űɘɠ 

ŭɨɞ ŬəɞɚɞɡɗɑŮɠ ὤ  əŬɘ ὤ , Knoth (2007):  

ὤ ρ ‗ ὤ ‗ὢ   φȢυ  ὤ ρ ‗ ὤ ‗Ὓ      φȢφ 

 

ɧˊɞɡ 
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ὢ
ρ

ὲ
ὢ    φȢχ 

 
Ὓ

ρ

ὲ ρ
ὢ ὢ     φȢψ 

 

ὤ ᾀ     φȢω  ὤ ᾀ              φȢρπ 

 

Ƀɘ ˊŬɟɎɛŮŰɟɞɘ ůɢŮŭɑŬůɖɠ ‗ əŬɘ ‗ ŮˊɘɚɏɔɞɜŰŬɘ Ŭˊɧ Űɞ ŭɘɎůŰɖɛŬ πȟρ ɔɘŬ ɜŬ 

ŭɘŬůűŬɚɑůɞɡɛŮ ɛɘŬ ůɡɔəŮəɟɘɛɏɜɖ ůɡɛˊŮɟɘűɞɟɎ ůɐɛŬŰɞɠ, ɧˊɞɡ ɛɘəɟɏɠ Űɘɛɏɠ 

ŬɡɝɎɜɞɡɜ Űɖɜ ŬɜɘɢɜŮɡŰɘəɐ ɘůɢɨ ɔɘŬ ɛɘəɟɏɠ ŬɚɚŬɔɏɠ əŬɘ ŬɜŰɑůŰɟɞűŬ. Ƀɘ Űɘɛɏɠ 

Ůəəɑɜɖůɖɠ ᾀ əŬɘ ᾀ ůɡɜɐɗɤɠ ŰɑɗŮɜŰŬɘ ůŰɞ ‘ əŬɘ „, ŬɜŰɑůŰɞɘɢŬ. ɇɧŰŮ, Ůűɧůɞɜ ɖ 

ŭɘŮɟɔŬůɑŬ ŮɑɜŬɘ ŮɜŰɧɠ Ůɚɏɔɢɞɡ, ɞɘ ŬɜŬɛŮɜɧɛŮɜŮɠ Űɘɛɏɠ əŬɘ ɔɘŬ Űɘɠ ŭɨɞ EWMA 

ŭɘŬŭɘəŬůɑŮɠ ŮɑɜŬɘ ɑůŮɠ ɛŮ Űɘɠ Űɘɛɏɠ ůŰɧɢɞɡɠ Űɞɡɠ.  

6.3.3 ȹɘɎɔɟŬɛɛŬ Ůɚɏɔɢɞɡ ɀɏůɞɡ ï ȹɘŬůˊɞɟɎɠ EWMA 

ɇŬ ɧɟɘŬ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ ɀɏůɞɡ EWMA ɏɢɞɡɜ ɞɟɘůŰŮɑ ɐŭɖ ůŰɞ ȾŮűɎɚŬɘɞ 3 

ɛŮ Űɘɠ ůɢɏůŮɘɠ (3.12), (3.13) əŬɘ (3.14). 

 

ɀɏɜŮɘ Ůŭɩ ɜŬ ɞɟɑůɞɡɛŮ ŰŬ ɧɟɘŬ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ ŭɘŬůˊɞɟɎɠ EWMA. ȾŬŰɎ 

ŬɜŰɘůŰɞɘɢɑŬ ɚɞɘˊɧɜ ɛŮ ŰŬ ŬˊɚɎ ŭɘŬɔɟɎɛɛŬŰŬ EWMA ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ 

ŭɑˊɚŮɡɟɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ Ůɚɏɔɢɞɡ, ŰŬ Ɏɜɤ əŬɘ əɎŰɤ ɧɟɘŬ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ 

ŭɘŬůˊɞɟɎɠ ŭɑɜɞɜŰŬɘ Ŭˊɧ Űɘɠ ŬəɧɚɞɡɗŮɠ ůɢɏůŮɘɠ, Knoth (2005), Knoth (2010), Knoth 

əŬɘ Schmid (2015): 

Ὗὅὒ„ ὒ
‗

ς ‗

ς

ὲ ρ
 „       φȢρρ 

 

ὅὒ „       φȢρσ 

 

Ʉɞɚɨ ůɡɢɜɎ Űɞ əɎŰɤ ɧɟɘɞ ɞɟɑɕŮŰŬɘ ɑůɞ ɛŮ 0, əŬɗɩɠ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŭŮɜ 

ŮɜŭɘŬűŮɟɧɛŬůŰŮ ɔɘŬ Űɖɜ ŬɜɑɢɜŮɡůɖ ŮɚɚɘˊɧɜŰɤɜ ůɖɛɎŰɤɜ, ɞ ɞɟɘůɛɧɠ Űɞɡ ůŮ əɎˊɞɘŬ 

Űɘɛɐ ŭɘŬűɞɟŮŰɘəɐ Űɞɡ 0 ŭŮɜ ɏɢŮɘ əɎˊɞɘŬ Ɏɚɚɖ ˊɟŬəŰɘəɐ ŬɝɑŬ. 
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6.3.4 ἋἠἘ ȹɘŬɔɟŬɛɛɎŰɤɜ ɀɏůɞɡ ï ȹɘŬůˊɞɟɎɠ EWMA 

ɇɞ ŭɘɎɔɟŬɛɛŬ ŬɜɘɢɜŮɨŮɘ ůɐɛŬ ŮəŰɧɠ ŮɎɜ ɏɜŬ Ŭˊɧ ŰŬ ŬˊɚɎ ŭɘŬɔɟɎɛɛŬŰŬ ŭɑɜŮɘ 

ůɐɛŬ. ɆɡɜŮˊɩɠ, Űɞ ůɡɜɞɚɘəɧ ὃὙὒ ɘůɞɨŰŬɘ ɛŮ: 

ὃὙὒ ÍÉÎὃὙὒȟὃὙὒ      φȢρτ 

 

ὃὙὒ ÍÉÎὭɴ ὔȡὤ ‘ ὒᶻḧὒ
‗

ς ‗

„

Ѝὲ
   φȢρυ 

 

ὃὙὒ ÍÉÎὭɴ ὔȡȿὤ „ȿ ὒᶻḧὒ
‗

ς ‗

ς

ὲ ρ
 „        φȢρφ 

 

ɇŬ ɧɟɘŬ ůɐɛŬŰɞɠ ůŰɖ ŭŮɝɘɎ ˊɚŮɡɟɎ Űɤɜ ὃὙὒ əŬɘ ὃὙὒ ŮɑɜŬɘ əŬɜɞɜɘəɞˊɞɘɖɛɏɜŬ ɛŮ 

Űɖɜ ŬůɡɛˊŰɤŰɘəɐ Űɡˊɘəɐ Ŭˊɧəɚɘůɖ Űɞɡ ůŰŬŰɘůŰɘəɞɨ ŭɘŬɔɟɎɛɛŬŰɞɠ ὤ  əŬɘ ὤ , 

ŬɜŰɑůŰɞɘɢŬ. Ƀɘ Űɘɛɏɠ ὧ əŬɘ ὧ ɞɜɞɛɎɕɞɜŰŬɘ əɟɑůɘɛŮɠ Űɘɛɏɠ. ũɘŬ Űɘɠ ŭɑˊɚŮɡɟŮɠ 

ɡˊɞɗɏůŮɘɠ ŭɘŬəɨɛŬɜůɖɠ ˊɟɏˊŮɘ ɜŬ ŮɘůɎɔɞɡɛŮ ɏɜŬ ˊŮɟŬɘŰɏɟɤ ɧɟɘɞ ŮɝŬɘŰɑŬɠ Űɖɠ ɛɖ 

ůɡɛɛŮŰɟɘəɐɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɞɡ 3 əŬɘ ůɡɜŮˊŬəɧɚɞɡɗŬ ὤ . 

 

ɇɞ ˊɟɞŬɜŬűŮɟɗɏɜ ὃὙὒ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ˊŮɟɘɔɟŬűŮɑ ɤɠ ɖ ŬɜŬɛŮɜɧɛŮɜɖ Űɘɛɐ Űɞɡ 

ὃὙὒ. ũɘŬ ɜŬ ŮɑɛŬůŰŮ ŬəɟɘɓŮɑɠ, ɔɘŬ ůŰŬɗŮɟɏɠ Űɘɛɏɠ Űɤɜ ŬˊɞəŬɚɞɨɛŮɜɤɜ Űɘɛɩɜ 

Ůəəɑɜɖůɖɠ ᾀ əŬɘ ᾀ əŬɘ ɔɘŬ ŭɞůɛɏɜŮɠ ˊɟŬɔɛŬŰɘəɏɠ Űɘɛɏɠ Űɤɜ ‘ əŬɘ „, ɞɘ ɞˊɞɑŮɠ 

ɡˊɞɗɏŰɞɡɛŮ ɧŰɘ ŮɑɜŬɘ ɕɤŰɘəɏɠ ɔɘŬ Űɖ ůɡɜɞɚɘəɐ ŭɘŬŭɘəŬůɑŬ ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ ɛɏůɞɡ 

ɧɟɞɡ, ŭɖɚɩɜɞɡɜ: 

ὃὙὒὉὃὙὒ Ὁὒ‘ȟ„ȟᾀȟᾀ     φȢρχ 

 

ūɡůɘəɎ, ɧˊɤɠ ɛŮ Űɖɜ ˊŮɟɑˊŰɤůɖ ŬɛűɘŭɘŬəɨɛŬɜůɖɠ Űɖɠ ɛŬɟəɞɓɘŬɜɐɠ ŬɚɡůɑŭŬɠ 

ɧˊɤɠ əŬɘ ɛŮ Űɖɜ ˊɟɞůɏɔɔɘůɖ ɞɚɞəɚɖɟɤŰɘəɩɜ ŮɝɘůɩůŮɤɜ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ 

ŮűŬɟɛɞůŰŮɑ ɔɘŬ Űɞ ˊɚɐɟŮɠ ŭɡůŭɘɎůŰŬŰɞ ɛɞɜŰɏɚɞ. ȾŬɘ ɞɘ ŭɨɞ ˊŮɟɘˊŰɩůŮɘɠ 

əŬŰŬɚɐɔɞɡɜ ůŮ ɏɜŬ ɔɟŬɛɛɘəɧ ůɨůŰɖɛŬ ŮɝɘůɩůŮɤɜ ɛŮɔɎɚɤɜ ŭɘŬůŰɎůŮɤɜ, ŮɎɜ 

ɢɟŮɘɎɕŮŰŬɘ ɛɘŬ ɚɞɔɘəɐ ŬəɟɑɓŮɘŬ.  
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ũɘŬ ɛŮɟɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɟɞɠ ŬɡŰɐ Űɖɜ əŬŰŮɨɗɡɜůɖ ɛˊɞɟɞɨɛŮ ɜŬ ŬɜŬŰɟɏɝɞɡɛŮ 

ůŰɞɡɠ Knoth əŬɘ Schmid (2002) ɔɘŬ ɛŮɟɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɟɞɠ ŬɡŰɐ Űɖɜ əŬŰŮɨɗɡɜɖ, 

ɧˊɞɡ ɗŬ ɏˊɟŮˊŮ ɜŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɜ ɔɘŬ ŬɡŰɞůɡůɢŮŰɘɕɧɛŮɜŬ ŭŮŭɞɛɏɜŬ. ȷɡŰɐ ɖ 

ˊɟɞůɏɔɔɘůɖ ɔɑɜŮŰŬɘ Ŭəɧɛɖ ˊŮɟɘůůɧŰŮɟɞ ůɨɜɗŮŰɖ, ŮɎɜ əɎˊɞɘɞɠ ˊɟɞůˊŬɗɐůŮɘ ɜŬ 

ŮűŬɟɛɧůŮɘ Űɘɠ ůɡɔəɟɘŰɘəɏɠ ɘŭɏŮɠ Űɞɡ Knoth (2005). 

 

ȼ ŰŮɢɜɘəɐ ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ ὃὙὒ ˊɞɡ ŬəɞɚɞɡɗŮɑ, ŬˊɞŰŮɚŮɑ ˊɟɞůɏɔɔɘůɖ ˊɞɡ 

ˊɟɞŰɎɗɖəŮ Ŭˊɧ Űɞɜ Ⱦnoth (2007), ɞ ɞˊɞɑɞɠ ŮűɎɟɛɞůŮ ɘŭɏŮɠ Űɤɜ Gan (1995) əŬɘ 

Waldmann (1986). 

 

ɄɟɩŰŬ, ɞɘ ˊŬɟɎɛŮŰɟɞɘ ‘ əŬɘ „  ŰɑɗŮɜŰŬɘ ůŰɞ 0 əŬɘ ůŰɞ 1, ŬɜŰɑůŰɞɘɢŬ, ɔɘŬ ɚɧɔɞɡɠ 

ŬˊɚɧŰɖŰŬɠ. ɆɡɛɓɞɚɑɕɞɡɛŮ ɤɠ ὖϽ Űɖ ɛɏŰɟɖůɖ Űɖɠ ˊɘɗŬɜɧŰɖŰŬɠ ɔɘŬ Űɘɠ ůŮɘɟɏɠ ɛŬɠ 

ɔɘŬ ɏɜŬ ůŰŬɗŮɟɧ ůɨɜɞɚɞ ˊŬɟŬɛɏŰɟɤɜ ‘ȟ„ȟᾀ əŬɘ ᾀ. ɇɧŰŮ, ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ Űɖɜ 

ŬɜŮɝŬɟŰɖůɑŬ Űɤɜ   əŬɘ Űɞɡ Ὓ, ɔɘŬ ɞˊɞɘɞŭɐˊɞŰŮ Ὦɴ ὔ ɘůɢɨŮɘ: 

 

ὖὒ Ὦ ὖὒ Ὦὖὒ Ὦ    φȢρψ 

 

ɉɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖɜ ˊŬůɑɔɜɤůɖ ůɢɏůɖ: 

ῴὒ ὖὒ Ὦ φȢρω 

 

əŬɘ Űɖ ɔŮɤɛŮŰɟɘəɐ ůɡɛˊŮɟɘűɞɟɎ ɞɡɟɎɠ Űɖɠ əŬŰŬɜɞɛɐɠ ὒ ɛŬɠ ŮˊɘŰɟɏˊɞɡɜ ɜŬ 

əŬɗɞɟɑůɞɡɛŮ ŰŬ ŬəɧɚɞɡɗŬ ɧɟɘŬ ɔɘŬ Űɞ ὃὙὒ: 

 

ὃὙὒ ὖὒ Ὦ
ὖὒ ὐ

ρ ά
   φȢςπ 

 

ȼ Ůˊɘɚɞɔɐ Űɞɡ ůɖɛŮɑɞɡ ɛŮŰɎɓŬůɖɠ ὐ ůŰɖɟɑɕŮŰŬɘ ůŰɖɜ ŬˊɧůŰŬůɖ ɛŮŰŬɝɨ Űɤɜ ɞɟɑɤɜ 

ὃὙὒ əŬɘ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ŮɑɜŬɘ ůɢŮŰɘəɎ ɛɘəɟɐ ɔɘŬ ɛɘəɟɏɠ ŬˊɞůŰɎůŮɘɠ. Ƀɘ ůŰŬɗŮɟɏɠ 
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ά  ɞɟɑůŰɖəŬɜ Ŭˊɧ Űɞɡɠ Waldmann (1986) əŬɘ Gan (1995), ůɡɛɓɞɚɑɕɞɡɜ ŰŬ sup əŬɘ 

inf Űɞɡ Ŭəɧɚɞɡɗɞɡ əɚɎůɛŬŰɞɠ: 

 

ά ÓÕÐ
ὖὒ ὮȠᾀȟᾀ

ὖὒ Ὦ ρȠᾀȟᾀ
     φȢςρ 

 

ά ÉÎÆ
ὖὒ ὮȠᾀȟᾀ

ὖὒ Ὦ ρȠᾀȟᾀ
     φȢςς 

 

Ůˊɑ Űɤɜ ŮˊɘŰɟŮˊɧɛŮɜɤɜ domains ɔɘŬ Űɘɠ Űɘɛɏɠ Ůəəɑɜɖůɖɠ ᾀ əŬɘ ᾀ. Ƀɘ Űɘɛɏɠ ά  

ůɡɔəɚɑɜɞɡɜ ɔɟɐɔɞɟŬ ůŮ ɏɜŬ əɞɘɜɧ ɧɟɘɞ. Ƀ Waldmann (1986) əŬɘ ŬɟɔɧŰŮɟŬ Űɞɡ Gan 

(1995), ɢɟɖůɘɛɞˊɞɑɖůŬɜ əŬɜɧɜŮɠ ŰŮŰɟŬɔɤɜɘůɛɞɨ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɡˊɞɚɞɔɑůɞɡɜ 

ŬɟɘɗɛɖŰɘəɎ Űɘɠ Űɘɛɏɠ ὖὒ Ὦ ɔɘŬ Ὦ ρȟςȟȣȟὐ ɛŮ Űɖ ɓɞɐɗŮɘŬ Űɞɡ Ŭəɧɚɞɡɗɞɡ 

ŮˊŬɜŬɚɖˊŰɘəɞɨ əŬɜɧɜŬ ɔɘŬ ŰŬ ŬˊɚɎ ŭɘŬɔɟɎɛɛŬŰŬ Ůɚɏɔɢɞɡ: 

 

ὖὒ ρ ᾀ ὪᾀȟᾀὨᾀ

ᶻ

ᶻ

     φȢςσ 

 

ὖὒ ρ ᾀ ὖὒ Ὦ ρ ᾀὪ ᾀȟᾀὨᾀ

ᶻ

ᶻ

    φȢςτ 

 

ɋɠ Ůə ŰɞɨŰɞɡ, Űɞ ὪϽ ůɡɛɓɞɚɑɕŮɘ Űɖɜ ůɢŮŰɘəɐ ɛŮŰɎɓŬůɖ kernel, ɖ ɞˊɞɑŬ ŮɑɜŬɘ ɑůɖ ɛŮ: 

Ὢ ᾀȟᾀ
ρ

‗
 ȟ

ᾀ ρ ‗ ᾀ

‗
    φȢςυ 

 

ɔɘŬ Űɞ ŭɘɎɔɟŬɛɛŬ ɛɏůɞɡ. ɇɞ  Ͻ ůɡɛɓɞɚɑɕŮɘ Űɖɜ p.d.f. Űɖɠ əŬɜɞɜɘəɎ əŬŰŬɜŮɛɖɛɏɜɖɠ 

ɛŮŰŬɓɚɖŰɐɠ ɔɘŬ Űɞ ɛɏůɞ ‘ əŬɘ Űɖ ŭɘŬůˊɞɟɎ „. ũɘŬ Űɞ ŭɘɎɔɟŬɛɛŬ Ὓ ˊɟɏˊŮɘ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɐůɞɡɛŮ (əŬɘ, űɡůɘəɎ ŭɘŬűɞɟŮŰɘəɎ ɧɟɘŬ ůŰɞ ɞɚɞəɚɐɟɤɛŬ) 

Ὢ ᾀȟᾀ
ρ

‗
ὼ
ὲ ρ

„
 
ᾀ ρ ‗ ᾀ

‗

ὲ ρ

„
    φȢςφ 
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Űɞ ὼ Ͻ ŭɖɚɩɜŮɘ Űɖɜ pdf Űɖɠ ὼ ŰɡɢŬɑŬɠ əŬŰŬɜŮɛɖɛɏɜɖɠ ɛŮŰŬɓɚɖŰɐɠ ɛŮ ὲ ρ 

ɓŬɗɛɞɨɠ ŮɚŮɡɗŮɟɑŬɠ. Ƀ Gan (1995) ɗŮɩɟɖůŮ Űɞ ὰὲὛ əŬɘ əŬŰɏɚɖɝŮ ůŮ ɛɘŬ 

ŭɘŬűɞɟŮŰɘəɐ ɏəŭɞůɖ Űɖɠ ɛŮŰɎɓŬůɖɠ kernel Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ ŭɘŬəɨɛŬɜůɖɠ. ȰŰůɘ, 

ɐŰŬɜ ɘəŬɜɧɠ ɜŬ ˊɟɞůŮɔɔɑůŮɘ ŰŬ ɞɚɞəɚɖɟɩɛŬŰŬ əŬɘ ůŰɘɠ ŭɨɞ ŬəɞɚɞɡɗɑŮɠ ŮˊŬɜɎɚɖɣɖɠ 

ὖὒ Ὦ əŬɘ ὖὒ Ὦ ɛŮ ŰŬ Gauss-Legendre quadratures ɛŮ ɛɘəɟɞɨɠ absciccae 

Ŭɟɘɗɛɞɨɠ ɔɘŬ ɜŬ ŭɘŬůűŬɚɑɕŮŰŬɘ ɖ ɚɞɔɘəɐ ŬəɟɑɓŮɘŬ. ȹɡůŰɡɢɩɠ, ŮɎɜ ŮɜŭɘŬűŮɟɧɛŬůŰŮ 

ɔɘŬ Űɞ Ὓ, ŬɜŰɑ ɔɘŬ Űɞ ὰὲὛ, Űɞ ɑŭɘɞ ˊɟɧɓɚɖɛŬ ŬɜŬəɨˊŰŮɘ ɔɘŬ Űɞ Ŭˊɚɧ ŭɘɎɔɟŬɛɛŬ 

ŭɘŬəɨɛŬɜůɖɠ.  

ɆŰɞɡɠ Knoth əŬɘ Schmid (2002) əŬɘ ɞɘ ŭɨɞ ŮˊŬɜŬɚɖˊŰɘəɏɠ ŭɘŬŭɘəŬůɑŮɠ 

ˊɟɞůŮɔɔɑůŰɖəŬɜ ɛŮ ɧɟɞɡɠ, ɞɘ ɞˊɞɑɞɘ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɖ ɛɏɗɞŭɞ Űɖɠ ɛŬɟəɞɓɘŬɜɐɠ 

ŬɚɡůɑŭŬɠ. ȷɜŰɑ ɜŬ ŮűŬɟɛɧɕɞɡɛŮ Űɞ əɞɡŰůɞɨɟŮɛŬ ůŮ ɏɜŬ ůɡɔəŮəɟɘɛɏɜŬ J, Űɞ ůɡɜɞɚɘəɧ 

ˊɟɧɓɚɖɛŬ ɛŮŰŬůɢɖɛŬŰɑɕŮŰŬɘ ůŮ ɏɜŬ ůɨůŰɖɛŬ ŮɝɘůɩůŮɤɜ ˊɑɜŬəŬ Sylvester, Űɞ ɞˊɞɑɞ 

ŮˊɘɚɨŮŰŬɘ ŮűŬɟɛɧɕɞɜŰŬɠ ɛɘŬ ŬɟɘɗɛɖŰɘəɐ ɓɘɓɚɘɞɗɐəɖ. ȹɡůŰɡɢɩɠ, ɖ ŬəɟɑɓŮɘŬ ɢɎɜŮɘ 

ŮˊɖɟŮŬɕɧɛŮɜɖ Ŭˊɧ Űɞ əɞɛɛɎŰɘ Ὓ əŬɘ ůɡɜŮˊŬəɧɚɞɡɗŬ, ɢɟŮɘɎɕɞɜŰŬɘ ɛŮɔɎɚŮɠ 

ŭɘŬůŰɎůŮɘɠ ůŰɞɜ ˊɑɜŬəŬ ɔɘŬ ɜŬ ́ɎɟɞɡɛŮ ɛŮɔŬɚɨŰŮɟɖ ŬəɟɑɓŮɘŬ. 

6.3.5 ȷɜɘɢɜŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ ȹɘŬɔɟŬɛɛɎŰɤɜ ɀɏůɞɡ - ȹɘŬůˊɞɟɎɠ EWMA 

ɀŮ Űɖ ɓɞɐɗŮɘŬ Űɖɠ ɓɘɓɚɘɞɗɐəɖɠ SPC Űɞɡ Knoth (2017), Űɞɡ ůŰŬŰɘůŰɘəɞɨ 

ˊŬəɏŰɞɡ R, Űɖɠ R Core Team (2017), ŰɟɏɢɞɜŰŬɠ Űɖɜ Ŭəɧɚɞɡɗɖ ŮɜŰɞɚɐ: 

 

xsewma.arl(lx=0.14,cx=2.78465,ls=0.14,csu=2.78465,csl=0.3,df=4,mu=2,sigm
a=0.3,sided="two",Nx=60,Ns=60)  

  

ɡˊɞɚɞɔɑůŰɖəŮ ɖ ɗŮɤɟɖŰɘəɐ ůɡɛˊŮɟɘűɞɟɎ Űɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ EWMA ɀɏůɞɡ ï 

ȹɘŬůˊɞɟɎɠ ɔɘŬ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ: 

 Ŭ. ȹɑˊɚŮɡɟɖ ŬɜɑɢɜŮɡůɖ ɤɠ ˊɟɞɠ Űɞ ɀɏůɞ əŬɘ Űɖ ȹɘŬůˊɞɟɎ (sided =" two " ) 

əŬɘ  

 ɓ. ȹɑˊɚŮɡɟɖ ɤɠ ˊɟɞɠ Űɞ ɀɏůɞ əŬɘ ɛɞɜɧˊɚŮɡɟɖɠ ɤɠ ˊɟɞɠ Űɖ ȹɘŬůˊɞɟɎ 

(sided =" upper " ).  

Ƀɘ Űɘɛɏɠ Űɞɡ ɕŮɨɔɞɡɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ˊɟɞůŭɘɞɟɑůŰɖəŬɜ ɏŰůɘ ɩůŰŮ ɜŬ ɏɢɞɡɛŮ 

ὃὙὒ σχπ, ɔɘŬ ŭɘŬůˊɞɟɎ „ ρ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŭɑɜɞɜŰŬɘ ůŰɞɡɠ ɄɑɜŬəŮɠ 6.1 əŬɘ 

6.2. 
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ɄɑɜŬəŬɠ 6.1: ȷɜɘɢɜŮɡŰɘəɐ ȽəŬɜɧŰɖŰŬ ȹɘŬɔɟɎɛɛŬŰɞɠ ɀɞɜɧˊɚŮɡɟɞɡ ɀɏůɞɡ ï 

ȹɘŬůˊɞɟɎɠ EWMA  

ȷɜɘɢɜŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ  

ɀɞɜɧˊɚŮɡɟɞɡ ȹɘŬɔɟɎɛɛŬŰɞɠ ɀɏůɞɡ ï ȹɘŬůˊɞɟɎɠ EWMA  

ⱦⱧ ⱦⱭ Ȣ    ╛Ⱨ ╛Ɑ Ȣ ȟ   ╛╒╛Ɑ Ȣ 

    ╢ 
ȹ 

0.25 0.5 0.75 1 1.25 1.5 1.75 2 

0.00 24523646638 447838

49 

7333.56 370 90.38 24.01 9.94 6.02 

0.25 39369471 16673 369.9 102.33 51.38 21.07 9.63 5.94 

0.5 46162.6 120.5 20.06 30.97 23.84 15.68 8.82 5.73 

0.75 25.84 20.06 17.09 15.14 13.69 11.36 7.77 5.42 

1 10.24 10.16 9.9 9.56 9.23 8.51 6.72 5.04 

2 3.76 3.74 3.81 3.86 3.92 3.95 3.87 3.56 

2.5 3 2.97 2.99 3.03 3.08 3.12 3.12 3.00 

 

ɄɑɜŬəŬɠ 6.2: ȷɜɘɢɜŮɡŰɘəɐ ȽəŬɜɧŰɖŰŬ ȹɑ́ɚŮɡɟɞɡ ȹɘŬɔɟɎɛɛŬŰɞɠ ɀɏůɞɡ ï 

ȹɘŬůˊɞɟɎɠ EWMA  

ⱦⱧ ⱦⱭ Ȣ    ╛Ⱨ ╛Ɑ Ȣ ȟ   ╛╒╛Ɑ Ȣ 

    ╢ 
♯ 

0.25 0.5 0.75 1 1.25 1.5 1.75 2 

0.00 9.6 17.72 1483.32 370 90.38 24.01 9.94 6.02 
0.25 9.6 17.72 313.09 102.33 51.38 21.07 9.63 5.94 
0.5 9.6 17.53 46.22 30.97 23.84 15.68 8.82 5.73 
0.75 9.6 14.88 17.08 15.14 13.69 11.36 7.77 5.42 

1 9.6 9.98 9.9 9.56 9.23 8.51 6.72 5.04 

2 9.6 3.74 3.81 3.86 3.92 3.95 3.87 3.56 
2.5 9.6 2.97 2.99 3.03 3.08 3.12 3.12 3.00 

 

ȷˊɧ Űɞɡɠ ŬɜɤŰɏɟɤ ɄɑɜŬəŮɠ űŬɑɜŮŰŬɘ ɝŮəɎɗŬɟŬ ɧŰɘ ɔɘŬ Űɞ ɕŮɨɔɞɠ ˊŬɟŬɛɏŰɟɤɜ ˊɞɡ 

ŮˊɘɚɏɢɗɖəŮ, ŭɖɚŬŭɐ ɔɘŬ ‗ ‗ πȢρτ əŬɘ ɔɘŬ ὒ ὒ ςȢχψτφυ, ɖ ŬɜɘɢɜŮɡŰɘəɐ 

ɘəŬɜɧŰɖŰŬ Űɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ ɓŮɚŰɘɩɜŮŰŬɘ ůɖɛŬɜŰɘəɎ ɔɘŬ Űɘɠ ŭɘɎűɞɟŮɠ ɛŮŰŬŰɞˊɑůŮɘɠ. 

ȰŰůɘ, ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ɔɘŬ ɛŮŰŬŰɧˊɘůɖ ‏ ρ əŬɘ ŭɘŬůˊɞɟɎ Ὓ ρȢυ ɖ ɛŮŰŬŰɧˊɘůɖ 

ŬɜɘɢɜŮɨŮŰŬɘ ůŮ 8.51 ˊŬɟŬŰɖɟɐůŮɘɠ, ɏɜŬɜŰɘ Űɤɜ 9.56 ˊŬɟŬŰɖɟɐůŮɤɜ ˊɞɡ ŬˊŬɘŰɞɨɜŰŬɘ 

ůŰɖɜ Ŭˊɚɐ ˊŮɟɑˊŰɤůɖ, ůŰɖɜ ɞˊɞɑŬ Ὓ ρ. ɄŬɟŬŰɖɟɞɨɛŮ ɧŰɘ ɧůɞ ŬɡɝɎɜŮŰŬɘ ɖ 

ŭɘŬůˊɞɟɎ, Űɧůɞ ˊɘɞ ɔɟɐɔɞɟŬ ŭɨɜŬŰŬɘ ɜŬ ŬɜɘɢɜŮɡŰŮɑ ɖ ɛŮŰŬŰɧˊɘůɖ Ŭˊɧ Űɞ Ůɜ ɚɧɔɤ 

ŭɘɎɔɟŬɛɛŬ. ȰŰůɘ, ɔɘŬ Ὓ ς, ŬˊŬɘŰɞɨɜŰŬɘ 5.04 ˊŬɟŬŰɖɟɐůŮɘɠ ɔɘŬ ɜŬ ŬɜɘɢɜŮɡŰŮɑ ɖ ɑŭɘŬ 

ɛŮŰŬŰɧˊɘůɖ (‏ ρ. 
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ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ɛɞɜɧˊɚŮɡɟɤɜ əŬɘ ɔɘŬ ɧůɞ ɖ ŭɘŬůˊɞɟɎ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɖ Űɖɠ 

ŬɜŬɛŮɜɧɛŮɜɖɠ Űɘɛɐɠ, ŭɖɚŬŭɐ „ ρ, ˊŬɟŬŰɖɟɞɨɛŮ ɧŰɘ ɔɘŬ ɛɘəɟɏɠ ɛŮŰŬŰɞˊɑůŮɘɠ, ‏

πȢςυ əŬɘ ‏ πȢυ ŬɡɝɎɜŮŰŬɘ ɘŭɘŬɑŰŮɟŬ Űɞ ὃὙὒ. ȷɡŰɧ ɞűŮɑɚŮŰŬɘ ůŰɞ ɔŮɔɞɜɧɠ ɧŰɘ ŭŮɜ 

ŬˊɞŰŮɚŮɑ ɛɏɚɖɛŬ, Ŭˊɧ Űɖ ůɢŮŭɑŬůɖ Űɤɜ ɡˊɧɣɖ ŭɘŬɔɟŬɛɛɎŰɤɜ, ɖ ŬɜɑɢɜŮɡůɖ 

ɛŮŰŬŰɞˊɑůŮɤɜ ɛŮ ɛɘəɟɐ ŭɘŬůˊɞɟɎ ɛɘŬɠ əŬɘ ŮɑɜŬɘ ɛɞɜɧˊɚŮɡɟŬ.  

 

ȷɜŰɑɗŮŰŬ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ŭɑˊɚŮɡɟɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ ˊŬɟŬŰɖɟɞɨɛŮ ɧŰɘ ɖ Űɘɛɐ 

ˊɞɡ ɓɟɑůəŮŰŬɘ ůŰɞ əŮɚɑ  ‏ π əŬɘ Ὓ ρ ŬˊɞŰŮɚŮɑ Űɖ ɓɏɚŰɘůŰɖ ůɡɜɗɐəɖ, əŬɗɩɠ ɧůɞ 

ŬɡɝɎɜŮŰŬɘ ɖ ɛŮŰŬŰɧˊɘůɖ əŬɘ ɔɘŬ ɧůɞ ŭɘŬűɞɟɞˊɞɘŮɑŰŬɘ ɖ ŭɘŬůˊɞɟɎ Ŭˊɧ Űɖ ɗŮɤɟɖŰɘəɐ 

Űɘɛɐ Ὓ ρ, ɖ ŬɚɚŬɔɐ ɔɑɜŮŰŬɘ ŬɜŰɘɚɖˊŰɐ ůŮ ɚɘɔɧŰŮɟŮɠ ˊŬɟŬŰɖɟɐůŮɘɠ Ŭˊɧ Űɘɠ 370 

ˊŬɟŬŰɖɟɐůŮɘɠ. ȺɝŬɑɟŮůɖ ŬˊɞŰŮɚŮɑ ɖ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŭŮɜ ɏɢɞɡɛŮ ɛŮŰŬŰɧˊɘůɖ (‏ π) 

əŬɘ ɖ ŭɘŬůˊɞɟɎ ŮɑɜŬɘ ɑůɖ ɛŮ Ὓ πȢχυ.  ȷɡŰɧ Űɞ űŬɘɜɧɛŮɜɞ ŬɜŬűɏɟɗɖəŮ əŬɘ Ŭˊɧ Űɞɜ 

Knoth (2007) ůŰɖɜ ŬɜŰɑůŰɞɘɢɖ ŭɖɛɞůɑŮɡůɐ Űɞɡ. ɋůŰɧůɞ, ŭŮɜ ŭɖɛɘɞɡɟɔŮɑ ɘŭɘŬɑŰŮɟɞ 

ˊɟɧɓɚɖɛŬ, əŬɗɩɠ ɧŰŬɜ ŭŮɜ ɏɢɞɡɛŮ ɛŮŰŬŰɧˊɘůɖ, Ŭəɧɛɖ əŬɘ ɖ ŭɘŬůˊɞɟɎ ɜŬ ŮɑɜŬɘ 

ŮɚŬűɟɩɠ ɛɘəɟɧŰŮɟɖ Űɖɠ ŬɜŬɛŮɜɧɛŮɜɖɠ əŬɘ ɜŬ ŬɟɔɐůɞɡɛŮ ůɢŮŰɘəɎ ɜŬ Űɞ 

ŬɜŰɘɚɖűɗɞɨɛŮ ŭŮɜ ɛŬɠ ŬˊŬůɢɞɚŮɑ. ɆŰɖɜ ˊɟɞəŮɘɛɏɜɖ ˊŮɟɑˊŰɤůɖ ŮɑɜŬɘ ɑůɞ ɛŮ 1483 

ˊŬɟŬŰɖɟɐůŮɘɠ. 

6.3.6 ȺűŬɟɛɞɔɐ ȹɘŬɔɟɎɛɛŬŰɞɠ ɀɏůɞɡ - ȹɘŬůˊɞɟɎɠ EWMA 

ɆŰɖ ůɡɜɏɢŮɘŬ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŭɘŬˊɘůŰɤɗŮɑ ůŰɖɜ ˊɟɎɝɖ ɛŮ ɏɜŬ ˊŬɟɎŭŮɘɔɛŬ ɖ 

ŬɜɘɢɜŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ Űɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ ŮűŬɟɛɧůŰɖəŮ Űɞ Ůɜ ɚɧɔɤ ŭɘɎɔɟŬɛɛŬ ɔɘŬ 

ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ ɄɑɜŬəŬ 6.3.  

 

ɆŰɞɜ ɡˊɧɣɖ ˊɑɜŬəŬ ŭɘŬŰɖɟɐɗɖəŬɜ ɞɘ Űɘɛɏɠ Űɞɡ ˊŬɟŬŭŮɑɔɛŬŰɞɠ 2.2, ɛŮ Űɖ ŭɘŬűɞɟɎ 

ŬɜŬɚɨɗɖəŮ ɖ əɎɗŮ ˊŬɟŬŰɐɟɖůɖ ůŰɘɠ ŰɏůůŮɟɘɠ (4) ɡˊɞˊŬɟŬŰɖɟɐůŮɘɠ Ŭˊɧ Űɘɠ ɞˊɞɑŮɠ 

ˊɟɞɐɚɗŮ, ŭɖɚŬŭɐ ɞɘ Ůˊɘɛɏɟɞɡɠ ˊŬɟŬŰɖɟɐůŮɘɠ Űɖɠ əɎɗŮ ˊŬɟŰɑŭŬɠ, ɩůŰŮ ɜŬ 

ůɡɛűɤɜŮɑ ɖ ŭŮɘɔɛŬŰɞɚɖɣɑŬ ɛŮ Űɖ ůɢŮŭɑŬůɖ Űɖɠ ɛŮɗɧŭɞɡ əŬɘ ɜŬ ɛˊɞɟɞɨɛŮ ɜŬ 

ɛˊɞɟɞɨɛŮ ɜŬ ɛŮŰɟɎɛŮ ŭɘŬůˊɞɟɎ.  

 

ɇŬ ŭŮŭɞɛɏɜŬ ɏɢɞɡɜ ŭɞɛɖɗŮɑ ɏŰůɘ ɩůŰŮ Ŭˊɧ Űɖɜ 15ɖ ˊŬɟŬŰɐɟɖůɖ əŬɘ ɛŮŰɎ ɜŬ 

ˊŬɟɞɡůɘɎɕɞɡɜ ɛŮɔɎɚɖ ŭɘŬůˊɞɟɎ, ɖ ɞˊɞɑŬ ŭɘŬŰɖɟŮɑŰŬɘ ɛɏɢɟɘ Űɖɜ 30ɖ ˊŬɟŬŰɐɟɖůɖ. 

ŪɡɛɐɕɞɡɛŮ ɧŰɘ Ŭˊɧ Űɖɜ 21ɖ ˊŬɟŬŰɐɟɖůɖ əŬɘ ɛŮŰɎ ˊŬɟŬŰɖɟŮɑŰŬɘ ɓŬɗɛɘŬɑŬ 

ɛŮŰŬŰɧˊɘůɖ ůŰɞ ɛɏůɞ, ɖ ɞˊɞɑŬ ůŰɖɜ 29ɖ ˊŬɟŬŰɐɟɖůɖ ůɡɛˊɚɖɟɩɜŮɘ ůɡɜɞɚɘəɐ 
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ɛŮŰŬŰɧˊɘůɖ ɛɞɜɎŭŬ (‏ ρ). ȼ ůɡɛˊŮɟɘűɞɟɎ ˊɞɡ ɏɢɞɡɜ ŰŬ ŭŮŭɞɛɏɜŬ ůɡɜŬɜŰɎŰŬɘ 

ŬɟəŮŰɎ ůɡɢɜɎ ůŰɖ ɛɖɢŬɜɞɚɞɔɑŬ əŬɘ ɔɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ ɛˊɞɟɞɨɛŮ ɜŬ ˊɞɨɛŮ ɧŰɘ 

ŬˊɞŰŮɚɞɨɜ ˊɟŬɔɛŬŰɘəɎ ŭŮŭɞɛɏɜŬ. ɆɡɔəŮəɟɘɛɏɜŬ, ˊɟɘɜ Űɖɜ ŮɛűɎɜɘůɖ ɛɘŬɠ 

ɛŮŰŬŰɧˊɘůɖɠ ůŰɞ ɛɏůɞ, ɝŮəɘɜɎŮɘ ɜŬ ɡˊɎɟɢŮɘ ɏɜŰɞɜɖ ŭɘŬůˊɞɟɎ, ɖ ɞˊɞɑŬ ɞɡůɘŬůŰɘəɎ 

ŮɡɗɨɜŮŰŬɘ ɔɘŬ Űɖ ɛŮŰɏˊŮɘŰŬ ɛŮŰŬŰɧˊɘůɖ Űɞɡ ɛɏůɞɡ. ȷɡŰɧ ɛˊɞɟŮɑ ɜŬ ůɡɛɓŬɑɜŮɘ 

ˊɘɗŬɜɧɜ ɚɧɔɤ Űɖɠ ɛŮɔŬɚɨŰŮɟɖɠ ŰɎůɖɠ ˊɞɡ ŬůəŮɑŰŬɘ ůŰɞ ɛɖɢŬɜɘůɛɧ ˊɞɡ 

ˊŬɟŬəŬɚɞɡɗŮɑŰŬɘ əŬɘ ɞŭɖɔŮɑ ŮɜŭŮɢɞɛɏɜɤɠ ůŮ ɢŬɚɎɟɤůɖ ï ɚŬůəɎɟɘůɛŬ əɎˊɞɘŬɠ 

ɓɑŭŬɠ ɐ ɔɟŬɜŬɕɘɞɨ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ůŰɖɜ ŰŮɚɘəɐ ɛŮŰŬŰɧˊɘůɖ Űɞɡ ɛɏůɞɡ. 

 

 

ɆɢɐɛŬ 6.1: ȹɘɎɔɟŬɛɛŬ EWMA ɔɘŬ ɛɏůɞ  

 

 

ɆɢɐɛŬ 6.2: ȹɘɎɔɟŬɛɛŬ EWMA ɔɘŬ Űɖ ŭɘŬůˊɞɟɎ 
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ɆŰɞɜ ɑŭɘɞ ɄɑɜŬəŬ ɔɘŬ ɚɧɔɞɡɠ ɞɘəɞɜɞɛɑŬɠ ɢɩɟɞɡ, ɡˊɞɚɞɔɑůŰɖəŬɜ əŬɘ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ 

ɞɘ Űɘɛɏɠ Űɞɡ ůŰŬŰɘůŰɘəɞɨ ɔɘŬ Űɘɠ ŭɨɞ ŬəɞɚɞɡɗɑŮɠ Űɞɡ ɛɏůɞɡ əŬɘ Űɖɠ ŭɘŬůˊɞɟɎɠ. 

 

ɄɑɜŬəŬɠ 6.3: ȹŮŭɞɛɏɜŬ - ɄŬɟŬŭŮɘɔɛŬ ȹɘŬɔɟɎɛɛŬŰɞɠ ɀɏůɞɡ ï ȹɘŬůˊɞɟɎɠ EWMA  

i ●░ ●░ ●░ ●░ ╧░ ╢░ ╩░Ⱨ ◗░Ɑ 

1 8.80 9.05 9.75 10.20 9.45 0.412 9.923 0.9176333 

2 7.99 8.80 7.15 8.00 7.99 0.454 9.652 0.8527107 

3 10.00 9.00 10.00 8.14 9.29 0.805 9.600 0.8460172 

4 10.40 12.68 11.50 12.14 11.68 0.961 9.891 0.8620868 

5 12.90 11.40 12.00 12.32 12.16 0.392 10.208 0.7962886 

6 11.50 10.00 9.50 9.70 10.18 0.823 10.204 0.7999582 

7 7.10 9.20 8.45 7.40 8.04 0.936 9.900 0.8189516 

8 10.79 11.40 12.00 11.65 11.46 0.260 10.119 0.7407077 

9 8.91 10.13 8.70 9.05 9.20 0.407 9.990 0.6940108 

10 11.32 10.10 9.70 10.25 10.34 0.479 10.039 0.6638474 

11 8.49 8.00 10.00 9.64 9.03 0.888 9.898 0.6952976 

12 11.89 11.00 12.40 10.59 11.47 0.679 10.118 0.6929973 

13 10.43 11.20 9.45 10.95 10.51 0.600 10.173 0.6799625 

14 9.50 10.65 9.00 8.45 9.40 0.878 10.065 0.7077344 

15 11.05 11.15 10.00 8.10 10.08 2.004 10.066 0.8892349 

16 8.60 8.26 11.30 9.30 9.37 1.852 9.968 1.0239614 

17 11.50 12.50 8.94 9.55 10.62 2.759 10.060 1.2668236 

18 12.42 9.05 10.35 9.40 10.31 2.290 10.094 1.4100356 

19 11.05 8.05 7.50 7.47 8.52 2.922 9.873 1.6216488 

20 10.00 9.45 11.20 12.70 10.84 2.076 10.008 1.6852055 

21 9.10 12.20 11.35 10.95 10.90 1.712 10.133 1.6889101 

22 7.90 8.65 11.00 9.75 9.33 1.824 10.020 1.707846 

23 12.85 10.65 12.95 12.70 12.29 1.202 10.337 1.6370684 

24 12.80 11.25 11.85 10.10 11.50 1.278 10.500 1.5868455 

25 12.40 9.90 10.50 9.60 10.60 1.580 10.514 1.5858871 

26 12.65 10.05 10.70 10.90 11.08 1.234 10.593 1.5366462 

27 10.00 8.85 11.85 10.80 10.38 1.608 10.562 1.5465658 

28 12.45 9.53 12.70 11.80 11.62 2.085 10.710 1.6219839 

29 11.52 9.65 11.55 12.50 11.31 1.424 10.794 1.5943268 

30 11.30 9.56 12.10 9.10 10.52 2.014 10.755 1.6531137 

 

ȷɜ ŬɜŬˊŬɟɘůŰɐůɞɡɛŮ ŰŬ ŬɜɤŰɏɟɤ ŬˊɞŰŮɚɏůɛŬŰŬ ůŮ ŭɨɞ ŭɘŬɔɟɎɛɛŬŰŬ, ŰɧŰŮ 

ˊŬɑɟɜɞɡɛŮ ŰŬ ɆɢɐɛŬŰŬ 6.1 əŬɘ 6.2. 
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ȷˊɧ ŰŬ ɡˊɧɣɖ ůɢɐɛŬŰŬ ŭɘŬˊɘůŰɩɜɞɡɛŮ ɧŰɘ ɖ ɛŮŰŬŰɧˊɘůɖ ůŰɞ ŭɘɎɔɟŬɛɛŬ Űɞɡ ɛɏůɞɡ 

ŭɑɜŮŰŬɘ ŬɜŰɘɚɖˊŰɐ ůŰɖɜ 29ɖ ˊŬɟŬŰɐɟɖůɖ, Ůɜɩ ɖ ɏɜŰɞɜɖ ŭɘŬůˊɞɟɎ ˊɞɡ ɝŮəɘɜɎŮɘ Ŭˊɧ 

Űɖɜ 15ɖ ˊŬɟŬŰɐɟɖůɖ ɔɑɜŮŰŬɘ ŬɜŰɘɚɖˊŰɐ ɞɟɘŬəɎ ůŰɖɜ 20ɖ ˊŬɟŬŰɐɟɖůɖ. 

 

ȷɡŰɧ ůɡɛűɤɜŮɑ ɛŮ Űɖɜ ɗŮɤɟɖŰɘəɐ ŬɜɘɢɜŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ Űɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ Űɤɜ 

ɄɘɜɎəɤɜ 6.1 əŬɘ 6.2, ůɨɛűɤɜŬ ɛŮ Űɖɜ ɞˊɞɑŬ ɔɘŬ ŭɘŬůˊɞɟɎ ɑůɖ ɛŮ „ ς, 

ŬˊŬɘŰɞɨɜŰŬɘ əɎŰɘ ɚɘɔɧŰŮɟɞ Ŭˊɧ 6 ˊŬɟŬŰɖɟɐůŮɘɠ. ɆɡɜŮˊɩɠ, ɝŮəɘɜɩɜŰŬɠ ɜŬ ɛŮŰɟɎɛŮ 

ůŬɜ 1ɖ Ŭˊɧ Űɖɜ 15ɖ ˊŬɟŬŰɐɟɖůɖ ˊɞɡ ˊɟɤŰɞŮɛűŬɜɑɕŮŰŬɘ ɖ ɏɜŰɞɜɖ ŭɘŬůˊɞɟɎ ɑůɖ ɛŮ 

„ ς, ŬɡŰɐ ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ŬɜŰɘɚɖˊŰɐ ɧɢɘ ɜɤɟɑŰŮɟŬ Ŭˊɧ Űɖɜ 20ɖ ˊŬɟŬŰɐɟɖůɖ, 

ɔŮɔɞɜɧɠ ˊɞɡ ŮˊŬɚɖɗŮɨŮŰŬɘ Ŭˊɧ Űɞ ŭɘɎɔɟŬɛɛŬ.  

6.3.7 ũŮɜɘəɧ ɆɡɛˊɏɟŬůɛŬ ȹɘŬɔɟɎɛɛŬŰɞɠ ɀɏůɞɡ - ȹɘŬůˊɞɟɎɠ EWMA 

ȼ ŬɜɘɢɜŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ Űɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ ɀɏůɞɡ ï ȹɘŬəɨɛŬɜůɖɠ EWMA 

ɓŮɚŰɘɩɜŮŰŬɘ ůɖɛŬɜŰɘəɎ ůŮ ůɢɏůɖ ɛŮ ŰŬ ŬˊɚɎ ŭɘŬɔɟɎɛɛŬŰŬ EWMA ůŰɖɜ ˊŮɟɑˊŰɤůɖ 

ˊɞɡ ˊŬɟŬŰɖɟŮɑŰŬɘ Ŭɨɝɖůɖ Űɖɠ ŭɘŬůˊɞɟɎɠ Űɤɜ ˊŬɟŬŰɖɟɐůŮɤɜ. 

 

6.4 ɆɡɜŭɡŬůŰɘəɎ ŭɘŬɔɟɎɛɛŬŰŬ Shewhart ï EWMA 

6.4.1 ɆŰŬŰɘůŰɘəɧ Űɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ Shewhart ï EWMA  

ȷɜŰɑůŰɞɘɢŬ ɛŮ Űɞ ůɡɜŭɡŬůŰɘəɧ ŭɘɎɔɟŬɛɛŬ ɀɏůɞɡ ï ȹɘŬůˊɞɟɎɠ ˊɞɡ 

ŬɜŬˊŰɨɢɗɖəŮ ůŰɖɜ ˊɟɞɖɔɞɨɛŮɜɖ ŮɜɧŰɖŰŬ, Űɞ Ůɜ ɚɧɔɤ ŭɘɎɔɟŬɛɛŬ Shewhart ï 

EWMA ɓŬůɑɕŮŰŬɘ ůŰɞ ůɡɜŭɡŬůɛɧ Űɤɜ ŭɨɞ (2) ŬɜŰɑůŰɞɘɢɤɜ Ŭˊɚɩɜ ŭɘŬɔɟŬɛɛɎŰɤɜ, 

Űɞɡ EWMA, ůɨɛűɤɜŬ ɛŮ Űɞɜ ɞɟɘůɛɧ ˊɞɡ ɏɢŮɘ ŭɞɗŮɑ ůŰɞ əŮűɎɚŬɘɞ 3 ɛŮ Űɖ ůɢɏůɖ 

(3.3) əŬɘ Űɞɡ ůŰŬŰɘůŰɘəɞɨ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ Shewhart ˊɞɡ ŬɜŬˊŰɨůůŮŰŬɘ 

Ŭəɞɚɞɨɗɤɠ. 

 

ŪŮɤɟɞɨɛŮ Űɞ əɚŬůɘəɧ ŭɘɎɔɟŬɛɛŬ Ůɚɏɔɢɞɡ CSEWMA ˊɞɡ ˊɟɞŰŮɑɜŮŰŬɘ Ŭˊɧ Űɞɡɠ 

Lucas əŬɘ Saccucci (1990), Űɞ ɞˊɞɑɞ ɓŬůɑɕŮŰŬɘ ůŮ ŬˊɚɎ ŰɡɢŬɑŬ ŭŮɑɔɛŬŰŬ.  

 

ȰůŰɤ ὢ, ɛŮ Ὥ ρȟςȟȣȟὲ əŬɘ Ὦ ρȟςȟȣȟάȟ ŮɑɜŬɘ ŬɜŮɝɎɟŰɖŰŬ ŭŮɑɔɛŬŰŬ Űɖɠ 

ɡˊɞɞɛɎŭŬɠ ɛŮɔɏɗɞɡɠ n Ŭˊɧ əŬɜɞɜɘəɐ əŬŰŬɜɞɛɐ, ὔ‘ȟ„ . ɃˊɧŰŮ, ɞ ɛɏůɞɠ: 
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ὢ          φȢςχ 

 

Űɞɡ Ὦ  ŭŮɑɔɛŬŰɞɠ ŮɑɜŬɘ əŬɜɞɜɘəɎ əŬŰŬɜŮɛɖɛɏɜɞɠ ɛŮ ɛɏůɞ ɛ əŬɘ ŭɘŬůˊɞɟɎ , ɐ 

Ŭɚɚɘɩɠ ɔɟɎűɞɡɛŮ ɧŰɘ   ὔͯ ‘ȟ . ɇɞ ŭɘɎɔɟŬɛɛŬ Shewhart ɢɟɖůɘɛɞˊɞɘŮɑ Űɖɜ 

ŰɟɏɢɞɡůŬ ˊɚɖɟɞűɞɟɑŬ ɓŬůɘůɛɏɜɖ ůŰɞ ůŰŬŰɘůŰɘəɧ ὢ  ɔɘŬ Űɖɜ ˊŬɟŬəɞɚɞɨɗɖůɖ Űɞɡ 

ɛɏůɞɡ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ, Ůɜɩ Űɞ ŭɘɎɔɟŬɛɛŬ EWMA ůŰɖɟɑɕŮŰŬɘ ůŰɞ ůŰŬŰɘůŰɘəɧ ὤ ˊɞɡ 

ɏɢŮɘ ŭɞɗŮɑ ɛŮ Űɖ ůɢɏůɖ (3.3), Űɞ ɞˊɞɑɞ ŬəɞɚɞɡɗŮɑ əŬɜɞɜɘəɐ əŬŰŬɜɞɛɐ ɛŮ ɛɏůɞ əŬɘ 

ŭɘŬůˊɞɟɎ ɤɠ Ŭəɞɚɞɨɗɤɠ. ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ ůŰɞ ɡˊɧɣɖ ůɡɜŭɡŬůŰɘəɧ ŭɘɎɔɟŬɛɛŬ 

CSEWMA ɗŬ ɗŮɤɟɐůɞɡɛŮ Űɖɜ ŬůɡɛˊŰɤŰɘəɐ Űɘɛɐ Űɖɠ ŭɘŬůˊɞɟɎɠ: 

 

ὤ ὔͯ ‘ȟ   φȢςψ 

6.4.2 ȹɘɎɔɟŬɛɛŬ Ůɚɏɔɢɞɡ Shewhart ï EWMA 

ũɘŬ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ ˊɞɡ ůɡɛɛŮŰɏɢɞɡɜ ůŰɖ ŭɘŬɛɧɟűɤůɖ Űɤɜ Ůɜ ɚɧɔɤ 

ůɡɜŭɡŬůŰɘəɩɜ ŭɘŬɔɟŬɛɛɎŰɤɜ, Űɧůɞ ɔɘŬ ŮəŮɑɜŬ Űɨˊɞɡ Shewhart, ɧůɞ əŬɘ ɔɘŬ ŮəŮɑɜŬ 

Űɨˊɞɡ EWMA ɏɢɞɡɛŮ ɛɘɚɐůŮɘ ůŰŬ ȾŮűɎɚŬɘŬ 1 əŬɘ 3 ŬɜŰɑůŰɞɘɢŬ.   

ɇŬ ůɐɛŬŰŬ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ Űɞɡ CSEWMA ŭɑɜɞɜŰŬɘ, ŮɑŰŮ ɧŰŬɜ Űɞ ůŰŬŰɘůŰɘəɧ ὢ  

ˊɏűŰŮɘ ɏɝɤ Ŭˊɧ ŰŬ ɧɟɘŬ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ ὛὬὩύὬὥὶὸ ὼӶ ˊɞɡ ŭɑɜɞɜŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ 

ρȢρ ŮɑŰŮ ɧŰŬɜ Űɞ ůŰŬŰɘůŰɘəɧ ὤ ˊɏűŰŮɘ ɏɝɤ Ŭˊɧ ŰŬ ůŰŬŰɘůŰɘəɎ ɧɟɘŬ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ 

EWMA, ˊɞɡ ŭɑɜɞɜŰŬɘ Ŭˊɧ Űɘɠ ůɢɏůŮɘɠ σȢω əŬɘ σȢρρ. 

ɇŬ ɧɟɘŬ Űɧůɞ Űɞɡ Shewhart, ɧůɞ əŬɘ Űɞɡ EWMA ŮɑɜŬɘ ůɡɜɐɗɤɠ əŮɜŰɟŬɟɘůɛɏɜŬ ůŰɖɜ 

Űɘɛɐ ůŰɧɢɞ, ŭɖɚŬŭɐ Űɖɜ əŮɜŰɟɘəɐ ɔɟŬɛɛɐ ὅὒ ‘. Ƀɘ Űɘɛɏɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ 

ůɢŮŭɑŬůɖɠ Ὧ əŬɘ ὒ ŮˊɘɚɏɔɞɜŰŬɘ ɛŮ ɓɎůɖ Űɖɜ Ůˊɘɚɞɔɐ Űɖɠ ůŰŬɗŮɟɎɠ ŮɝɞɛɎɚɡɜůɖɠ ɚ, 

ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɘəŬɜɞˊɞɘɞɨɜŰŬɘ ɞɘ ŬˊŬɘŰɐůŮɘɠ ɔɘŬ Űɞɜ ɏɚŮɔɢɞ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ. ũɘŬ 

ɏɜŬ Űɡˊɘəɧ ŭɘɎɔɟŬɛɛŬ Ůɚɏɔɢɞɡ Űɨˊɞɡ Shewhart, ɞɘ Lucas əŬɘ Saccucci (1990) 

ˊɟɧŰŮɘɜŬɜ Űɖɜ Ůˊɘɚɞɔɐ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ k, ɤɠ Ŭəɞɚɞɨɗɤɠ: σȢπ Ὧ τȢυ. 

ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ Űɞ CSEWMA  ˊŮɟɘɞɟɑɕŮŰŬɘ ůŰɞ ŭɘɎɔɟŬɛɛŬ Shewhart, əŬɗɩɠ Űɞ 

ὒ ́ɚɖůɘɎɕŮɘ ůŰɞ ɎˊŮɘɟɞ, əŬɘ ɛŮɔŬɚɨŰŮɟŮɠ Űɘɛɏɠ Űɞɡ Ὧ ˊŬɟɎɔɞɡɜ ɏɜŬ ŭɘɎɔɟŬɛɛŬ 

EWMA, ůɨɛűɤɜŬ ɛŮ Űɞɡɠ Capizzi əŬɘ Masarotto (2010). 
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6.4.3 Ɉˊɞɚɞɔɘůɛɧɠ ἋἠἘ ɔɘŬ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ Shewhart ï EWMA 

ɇɞ Ὑὒ Űɞɡ CSEWMA ɞɟɑɕŮŰŬɘ Ŭˊɧ Űɖɜ əɎŰɤɗɘ ůɢɏůɖ: 

Ὑὒ ÍÉÎὙὒ ȟὙὒ  , φȢςω 

ɧˊɞɡ  

Ὑὒ▼▐▄◌▐╪►◄ÉÎÆὮȡ‘ Ὧ
„

Ѝὲ
ὢ ‘ Ὧ

„

Ѝὲ
  ȟφȢσπ 

əŬɘ 

Ὑὒ▄◌□╪ ÉÎÆὮȡ‘ ὒ
„

Ѝὲ

‗

ς ‗
ῶ ‘ ὒ

„

Ѝὲ

‗

ς ‗
  φȢσρ 

 

Ƀɘ ůɢɏůŮɘɠ (6.29), (6.30) əŬɘ (6.31) ŮɑɜŬɘ ɞɘ ɛɖŭŮɜɘəɐɠ əŬŰɎůŰŬůɖɠ Űɘɛɏɠ ɔɘŬ ŰŬ RLs 

Űɞɡ ůŰŬŰɘůŰɘəɞɨ ὢ  Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ Shewhart əŬɘ Űɞɡ ůŰŬŰɘůŰɘəɞɨ ὤ Űɞɡ 

ŭɘŬɔɟɎɛɛŬŰɞɠ EWMA, ŬɜŰɑůŰɞɘɢŬ. ȺˊɘˊɟɧůɗŮŰŬ, Űɞ ŬɜŬɛŮɜɧɛŮɜɞ RL Űɞɡ CSEWMA 

ůŰɖɜ ɛɖŭŮɜɘəɐ əŬŰɎůŰŬůɖ ŮɑɜŬɘ Űɞ ὃὙὒ ŮɜŰɧɠ Ůɚɏɔɢɞɡ, Űɞ ɞˊɞɑɞ ŮɑɜŬɘ: 

ῴὙὒ ὃὙὒ 

6.4.4 ȷɜɘɢɜŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ ȹɘŬɔɟŬɛɛɎŰɤɜ Shewhart ï EWMA 

ȼ ŬɜɘɢɜŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ ɡˊɞɚɞɔɑůŰɖəŮ ɛŮ Űɖ ɓɞɐɗŮɘŬ Űɞɡ ɚɞɔɘůɛɘəɞɨ Űɞɡ 

ɄŬɟŬɟŰɐɛŬŰɞɠ, ˊɞɡ ŬűɞɟɎ ůŰŬ ɡˊɧɣɖ ŭɘŬɔɟɎɛɛŬ. ɆŰɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ Ůɚɐűɗɖ 

ɡˊɧɣɖ ɖ ɡˊɧɗŮůɖ Űɖɠ əŬɜɞɜɘəɧŰɖŰŬɠ ɛŮ 8 ὔͯ‏ȟρ, ɔɘŬ ŭɘŬűɞɟŮŰɘəɞɨɠ 

ůɡɜŭɡŬůɛɞɨɠ Űɤɜ Ὧ, ὒ, ‗ əŬɘ ‏ ɔɘŬ ɏɜŬ ŮɜŰɧɠ Ůɚɏɔɢɞɡ !2, σχπ, ɧˊɞɡ ‏
Ѝ ȿ ȿ

 

ŮɑɜŬɘ ɖ ɛŮŰŬŰɧˊɘůɖ ůŰɞ ɛɏůɞ, ɖ ɞˊɞɑŬ ɛŮŰɟɘɏŰŬɘ ůŮ ɛɞɜɎŭŮɠ 
Ѝ

 . ɇŬ ‘ əŬɘ ‘ ŮɑɜŬɘ ɞ 

ŮɜŰɧɠ Ůɚɏɔɢɞɡ əŬɘ ŮəŰɧɠ Ůɚɏɔɢɞɡ ɛɏůɞɠ, ŬɜŰɑůŰɞɘɢŬ. ɈˊŮɜɗɡɛɑɕŮŰŬɘ ɧŰɘ ɘůɢɨŮɘ ‏ π, 

ɧŰŬɜ ɖ ŭɘŬŭɘəŬůɑŬ ŮɑɜŬɘ ŮɜŰɧɠ Ůɚɏɔɢɞɡ. ɀŮ Űɖ ɓɞɐɗŮɘŬ Űɞɡ əɩŭɘəŬ ůŰɞ ɄŬɟɎɟŰɖɛŬ 

ɚɞɘˊɧɜ ɡˊɞɚɞɔɑůŰɖəŬɜ ɞɘ Űɘɛɏɠ Űɞɡ ὃὙὒ, ɔɘŬ Űɘɠ Ůɝɐɠ ŰɟŮɘɠ Ůˊɘɚɞɔɏɠ ˊŬɟŬɛɏŰɟɤɜ ‗

πȢπυ əŬɘ ὒ ςȢτψωφω ɛŮ ὲ ρ, ɔɘŬ ‗ πȢρτ əŬɘ ὒ ςȢχψτφτρ ɛŮ ὲ υ əŬɘ 

ɔɘŬ ‗ πȢρτ əŬɘ ὒ ςȢχψτφτρ ɛŮ ὲ ρ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ 

ůŰɞɡɠ ɄɑɜŬəŮɠ 6.4, 6.5 əŬɘ 6.6, ŬɜŰɑůŰɞɘɢŬ. ɆŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ ɗŮɤɟɐɗɖəŮ ɧŰɘ 

ὒ σ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŭɘŬŰɖɟɖɗŮɑ Űɞ ὃὙὒ σχπ. 
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ȷˊɧ Űɖ ɛŮɚɏŰɖ Űɤɜ ˊɘɜɎəɤɜ ŭɘŬˊɘůŰɩɜɞɡɛŮ ɧŰɘ ŰŬ ŬˊɚɎ ŭɘŬɔɟɎɛɛŬŰŬ EWMA ɏɢɞɡɜ 

ɛɘəɟɧŰŮɟŬ ὃὙὒ Ŭˊɧ ŰŬ ŬɜŰɑůŰɞɘɢŬ ŭɘŬɔɟɎɛɛŬŰŬ Shewhart ɔɘŬ ɛɘəɟɏɠ ɛŮŰŬŰɞˊɑůŮɘɠ, 

Ůɜɩ ɔɘŬ ɛŮɔɎɚŮɠ ɛŮŰŬŰɞˊɑůŮɘɠ ɡˊŮɟŰŮɟɞɨɜ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ Shewhart. Ⱥˊɑůɖɠ, ɧůɞ 

ŬɡɝɎɜŮŰŬɘ Űɞ ɛɏɔŮɗɞɠ Űɖɠ ɡˊɞɞɛɎŭŬɠ Űɤɜ ŭŮɘɔɛŬŰɞɚɖɣɘɩɜ, Űɧůɞ,  ɛŮɘɩɜŮŰŬɘ ɖ 

ůɡɜŮɘůűɞɟɎ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ Shewhart ůŰɖɜ ŬɜɘɢɜŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ Űɤɜ 

ůɡɜŭɡŬůŰɘəɩɜ ŭɘŬɔɟŬɛɛɎŰɤɜ CSEWMA.  

 
ɄɑɜŬəŬɠ 6.4: ȷɜɘɢɜŮɡŰɘəɐ ȽəŬɜɧŰɖŰŬ əɚŬůɘəɩɜ ŭɘŬɔɟŬɛɛɎŰɤɜ CSEWMA  

╛╢▐▄◌▐╪►◄, ɛŮ ═╡╛ , ▪  

 ȷˊɚɧ EWMA 3ÈÅ×ÈÁÒÔ CSEWMA 

 ‗ πȢρτ  ‗ πȢρτ 

♯ ὒ ςȢχψτφτρ ὒ σȢπ ὒ ςȢχψτφτρ 

0.00 370 370 370 

0.25 24.29 133.06 24.29 

0.5 7.13 33.36 7.13 

0.75 3.75 10.67 3.75 

1 2.41 4.27 2.41 

1.5 1.27 0.93 0.93 

2 0.85 0.15 0.15 

3.0 0.11 0.00021 0.00021 

4.0 0.00025 2.76434e-09 2.76434e-09 

 

ȰŰůɘ, ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ɔɘŬ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɞɡ ɄɑɜŬəŬ 6.4, ɔɘŬ ɛɏɔŮɗɞɠ ɡˊɞɞɛɎŭŬɠ 

ὲ υ, ɛŮŰŬŰɞˊɑůŮɘɠ ɛŮ ‏ ρ ŬɜɘɢɜŮɨɞɜŰŬɘ ˊɘɞ ɔɟɐɔɞɟŬ Ŭˊɧ ŰŬ ŬˊɚɎ ŭɘŬɔɟɎɛɛŬŰŬ 

EWMA, Ůɜɩ ɛŮŰŬŰɞˊɑůŮɘɠ ɛŮɔŬɚɨŰŮɟŮɠ Ŭˊɧ 1 ŬɜɘɢɜŮɨɞɜŰŬɘ ɔɟɖɔɞɟɧŰŮɟŬ Ŭˊɧ ŰŬ 

ŭɘɎɔɟŬɛɛŬŰŬ Shewhart.    

 

ȷɜŰɑůŰɞɘɢŬ, ŬɜŬűɞɟɘəɎ ɛŮ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɞɡ ɄɑɜŬəŬ 6.5, ɔɘŬ ɛɏɔŮɗɞɠ ɡˊɞɞɛɎŭŬɠ 

ὲ ρ, ɞɘ ɛŮŰŬŰɞˊɑůŮɘɠ ɛŮ ‏ ς ŬɜɘɢɜŮɨɞɜŰŬɘ ˊɘɞ ɔɟɐɔɞɟŬ Ŭˊɧ ŰŬ ŬˊɚɎ ŭɘŬɔɟɎɛɛŬŰŬ 

EWMA, Ůɜɩ ɛŮŰŬŰɞˊɑůŮɘɠ ɛŮɔŬɚɨŰŮɟŮɠ Ŭˊɧ 2 ŬɜɘɢɜŮɨɞɜŰŬɘ ɔɟɖɔɞɟɧŰŮɟŬ Ŭˊɧ ŰŬ 

ŭɘɎɔɟŬɛɛŬŰŬ Shewhart.    
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ɄɑɜŬəŬɠ 6.5: ȷɜɘɢɜŮɡŰɘəɐ ȽəŬɜɧŰɖŰŬ əɚŬůɘəɩɜ ŭɘŬɔɟŬɛɛɎŰɤɜ CSEWMA ὲ ρ 

╛╢▐▄◌▐╪►◄, ɛŮ ═╡╛ , ▪  

 ȷˊɚɧ EWMA 3ÈÅ×ÈÁÒÔ CSEWMA 

 ‗ πȢρτ  ‗ πȢρτ 

♯ ὒ ςȢχψτφτρ ὒ σȢπ ὒ ςȢχψτφτρ 

0.00 370 370 370 

0.25 102.33 280.89 102.33 

0.5 30.97 155.11 30.97 

0.75 15.14 81.16 15.15 

1 9.56 43.85 9.56 

1.5 5.46 14.90 5.46 

2.0 3.86 6.14 3.86 

3.0 2.52 1.5 1.5 

4.0 1.99 0.35 0.35 

 
 

ɄɑɜŬəŬɠ 6.6: ȷɜɘɢɜŮɡŰɘəɐ ȽəŬɜɧŰɖŰŬ əɚŬůɘəɩɜ ŭɘŬɔɟŬɛɛɎŰɤɜ CSEWMA ὲ ρ 

╛╢▐▄◌▐╪►◄, ɛŮ ═╡╛ , ▪  

 ȷˊɚɧ EWMA 3ÈÅ×ÈÁÒÔ CSEWMA 

 ‗ πȢπυ  ‗ πȢπυ 

♯ ὒ ςȢτψωφω ὒ σȢπ ὒ ςȢτψωφω 

0.00 370 370 370 

0.25 73.15 280.89 73.15 

0.5 26.45 155.11 26.45 

0.75 15.32 81.16 15.32 

1 10.73 43.85 10.73 

1.5 6.75 14.90 6.75 

2.0 4.98 6.14 4.98 

3.0 3.35 1.5 1.5 

4.0 2.57 0.35 0.35 

 
 

 



 

сΦл ɲʽʰʴˊʱ˃˃ʰˍʰ ɳ˂ʷʴ˔ˇˎ EWMA ʅʶ˂ʾʵʰ 161 

 

ɄɑɜŬəŬɠ 6.7: ȷɜɘɢɜŮɡŰɘəɐ ȽəŬɜɧŰɖŰŬ əɚŬůɘəɩɜ ŭɘŬɔɟŬɛɛɎŰɤɜ CSEWMA ὲ τ 

╛╢▐▄◌▐╪►◄, ɛŮ ═╡╛ , ▪  

 ȷˊɚɧ EWMA 3ÈÅ×ÈÁÒÔ CSEWMA 

╔╡╡╞╡╢◄▄░▪▄►Ȣ    

 ‗ πȢρτ  ‗ πȢρτ 

♯ ὒ ςȢχψτφτρ ὒ σȢπ ὒ ςȢχψτφτρ 

0.00 370 370 370 

0.25 30.47  155.11 30.47  

0.5 9.08  43.85 9.08  

0.75 4.96  14.90 4.96  

1 3.37  6.14 3.37  

1.5 2.02 1.5 1.5 

2.0 1.5 0.35 0.35 

3.0 0.80 0.0027 0.0027 

4.0 0.51 5.716941e-07 5.716941e-07 

 

ȹɖɚŬŭɐ ɧůɞ ŬɡɝɎɜŮŰŬɘ Űɞ ɛɏɔŮɗɞɠ ɡˊɞɞɛɎŭŬɠ Űɤɜ ŭŮɘɔɛŬŰɞɚɖɣɘɩɜ, Űɧůɞ ɛŮɘɩɜŮŰŬɘ 

ɖ ůɡɜŮɘůűɞɟɎ Űɞɡ EWMA ůŰɞ ůɡɜŭɡŬůŰɘəɧ CSEWMA əŬɘ ŰŮɑɜŮɘ ɜŬ ůɡɛɛŮŰɏɢŮɘ ɔɘŬ 

ŬɜɑɢɜŮɡůŮɘ ɧɚɞ əŬɘ ɛɘəɟɧŰŮɟɤɜ ˊŬɟŬŰɖɟɐůŮɤɜ. 

6.4.5 ȺűŬɟɛɞɔɐ ȹɘŬɔɟɎɛɛŬŰɞɠ Shewhart ï EWMA  

ȷɜ ŮűŬɟɛɧůɞɡɛŮ Űɞ ŭɘɎɔɟŬɛɛŬ CSEWMA ɔɘŬ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ 

ɄŬɟŬŭŮɑɔɛŬŰɞɠ 5.1 ˊŬɑɟɜɞɡɛŮ Űɞ Ŭəɧɚɞɡɗɞ ŭɘɎɔɟŬɛɛŬ. ȷˊɧ Űɖ ɛŮɚɏŰɖ Űɞɡ 

ŭɘŬɔɟɎɛɛɎŰɞɠ ŭɘŬˊɘůŰɩɜɞɡɛŮ ɧŰɘ  ɞɘ ɛŮŰŬŰɞˊɑůŮɘɠ əŬŰɎ Űɘɠ ˊŬɟŬŰɖɟɐůŮɘɠ: 2ɖ, 4ɖ, 5ɖ 

, 7ɖ, 24ɖ, 25ɖ əŬɘ 28ɖ ɔɑɜɞɜŰŬɘ ɎɛŮůŬ ŬɜŰɘɚɖˊŰɏɠ ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ὲ τ. 

 

ȺɎɜ Űɞ ɛɏɔŮɗɞɠ ŭŮɑɔɛŬŰɞɠ ὲ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɞ, ŰɧŰŮ ɛŮɘɩɜŮŰŬɘ ɖ ŬɜɘɢɜŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ 

Űɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ. ŪŬ ɛˊɞɟɞɨůŬɛŮ ɜŬ ˊɞɨɛŮ ɧŰɘ Ůűɧůɞɜ ůŮ əɎɗŮ ɢɟɞɜɘəɐ ůŰɘɔɛɐ, 

ɚŬɛɓɎɜɞɜŰŬɘ ɚɘɔɧŰŮɟŮɠ ŭŮɘɔɛŬŰɞɚɖɣɑŮɠ, ŰɧŰŮ ɛɘəɟɧŰŮɟɞ ɗŬ ŮɑɜŬɘ əŬɘ Űɞ ŰŮɚɘəɧ ˊɚɐɗɞɠ 

ŭŮɘɔɛŬŰɞɚɖɣɘɩɜ ůɡɜɞɚɘəɎ ˊɞɡ ɗŬ ˊŬɟɗɞɨɜ ɛɏɢɟɘ ŮəŮɑɜɖ Űɖ ɢɟɞɜɘəɐ ůŰɘɔɛɐ ˊɞɡ 

ŮɝŮŰɎɕŮŰŬɘ, ɔŮɔɞɜɧɠ ˊɞɡ ŮɑɜŬɘ űɡůɘɞɚɞɔɘəɧ ɜŬ ŮˊɖɟŮɎɕŮɘ Űɖɜ ŰŮɚɘəɐ ŬɜɘɢɜŮɡŰɘəɐ 

ɘəŬɜɧŰɖŰŬ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ.  
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ɆɢɐɛŬ 6.3: ȹɘɎɔɟŬɛɛŬ CSEWMA ɔɘŬ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ ɄɑɜŬəŬ 6.3 

 

ȰŰůɘ, ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ŮˊŬɜɡˊɞɚɞɔɑůŰɖəŮ Űɞ ŭɘɎɔɟŬɛɛŬ CSEWMA ɔɘŬ ὲ ρ əŬɘ ὲ

ς əŬɘ ˊŬɟɞɡůɘɎɕŮŰŬɘ ˊŬɟŬəɎŰɤ ɖ əɎɗŮ ˊŮɟɑˊŰɤůɖ.  

 

 

ɆɢɐɛŬ 6.4: ȹɘɎɔɟŬɛɛŬ CSEWMA ɔɘŬ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ ɄɑɜŬəŬ 2.1 
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ɆɢɐɛŬ 6.5: ȹɘɎɔɟŬɛɛŬ CSEWMA ɔɘŬ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ ɄɑɜŬəŬ 2.1 ɡˊɞɗɏŰɞɜŰŬɠ ɧŰɘ 

ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ὲ ς ˊŬɟŬŰɖɟɐůŮɘɠ ŬɜɎ ŭŮɘɔɛŬŰɞɚɖɣɑŬ 

 

ȷˊɧ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ űŬɑɜŮŰŬɘ əŬɗŬɟɎ Űɞ ɔŮɔɞɜɧɠ ˊɞɡ ˊɟɞŬɜŬűɏɟɗɖəŮ, ɧŰɘ ŭɖɚŬŭɐ 

ɧůɞ ɛɘəɟɧŰŮɟɞ ŮɑɜŬɘ Űɞ ɛɏɔŮɗɞɠ Űɖɠ ɡˊɞɞɛɎŭŬɠ Űɤɜ ŭŮɘɔɛŬŰɞɚɖɣɘɩɜ, Űɧůɞ 

ˊŮɟɘůůɧŰŮɟɞ ŮˊɘŰŬɢɨɜŮŰŬɘ ɖ ŬɜɑɢɜŮɡůɖ Űɤɜ ɛŮŰŬŰɞˊɑůŮɤɜ. ɆɡɜŮˊɩɠ, ɛŮ əŬŰɎɚɚɖɚɖ 

Ůˊɘɚɞɔɐ Űɞɡ ὲ ŮɑɜŬɘ ŭɡɜŬŰɧɜ ɜŬ ˊɟɞůŭɘɞɟɘůŰŮɑ ŮˊŬəɟɘɓɩɠ Űɞ ɛɏɔŮɗɞɠ Űɖɠ 

ɛŮŰŬŰɧˊɘůɖɠ ˊɞɡ ŮɑɜŬɘ ŮˊɘɗɡɛɖŰɧ ɜŬ ŬɜɘɢɜŮɨŮŰŬɘ ɎɛŮůŬ. 

6.4.6 ũŮɜɘəɧ ɆɡɛˊɏɟŬůɛŬ ȹɘŬɔɟɎɛɛŬŰɞɠ Shewhart ï EWMA 

ɇɞ ɡˊɧɣɖ ŭɘɎɔɟŬɛɛŬ ŮˊɘŰŬɢɨɜŮɘ Űɖɜ ŬɜɑɢɜŮɡůɖ Űɖɠ ɛŮŰŬŰɧˊɘůɖɠ ůŰɞ ɛɏůɞ 

Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ůɡɜɞɚɘəɎ, əŬɗɩɠ ŮəɛŮŰŬɚɚŮɨŮŰŬɘ ŰŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ Űɤɜ ŭɨɞ 

ɛŮɗɧŭɤɜ ˊɞɡ ůɡɛɛŮŰɏɢɞɡɜ, Űɧůɞ Űɞɡ ŭɘŬɔɟŬɛɛɎŰɞɠ Shewhart ɛŮ Űɞ ɞˊɞɑɞ 

ŬɜɘɢɜŮɨɞɜŰŬɘ ɔɟɖɔɞɟɧŰŮɟŬ ɞɘ ɛŮɔɎɚŮɠ ɛŮŰŬŰɞˊɑůŮɘɠ, ɧůɞ əŬɘ Űɞɡ ŭɘŬɔɟŬɛɛɎŰɞɠ 

EWMA ɛŮ Űɞ ɞˊɞɑɞ ŬɜɘɢɜŮɨɞɜŰŬɘ ŰŬɢɨŰŮɟŬ ɞɘ ɛɘəɟɧŰŮɟŮɠ ɛŮŰŬŰɞˊɑůŮɘɠ. 

 

Ⱥˊɑůɖɠ, Űɞ ɛɏɔŮɗɞɠ Űɞɡ ŭŮɑɔɛŬŰɞɠ n ůɡɛɛŮŰɏɢŮɘ ůŰɖɜ ŬɜɘɢɜŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ Űɞɡ 

ŭɘŬɔɟɎɛɛŬŰɞɠ CSEWMA əŬɘ ˊɟɏˊŮɘ ɜŬ ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɖ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɖɜ 

Ůˊɘɚɞɔɐ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡ ŮˊɘɗɡɛɖŰɞɨ ɛŮɔɏɗɞɡɠ 

ŬɜɘɢɜŮɡŰɘəɐɠ ɘəŬɜɧŰɖŰŬɠ.  
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6.5 ũŮɜɘəɧ ɆɡɛˊɏɟŬůɛŬ ɆɡɜŭɡŬůŰɘəɩɜ ȹɘŬɔɟŬɛɛɎŰɤɜ EWMA 

ɄɏɟŬ Ŭˊɧ ŰŬ ŬɜɤŰɏɟɤ ůɡɜŭɡŬůŰɘəɎ ŭɘŬɔɟɎɛɛŬŰŬ ˊɞɡ ŮɝŮŰɎůŰɖəŬɜ ŮɑɜŬɘ 

ůŬűɏɠ ɧŰɘ ɛˊɞɟŮɑ ɜŬ ɡˊɎɟɝŮɘ ɞ ůɡɜŭɡŬůɛɧɠ ůɢŮŭɧɜ ɞˊɞɘɞɜŭɐˊɞŰŮ ŭɘŬɔɟŬɛɛɎŰɤɜ, 

Ŭəɞɛɐ əŬɘ ˊŮɟɘůůɧŰŮɟɤɜ Ŭˊɧ ŭɨɞ ŭɘŬűɞɟŮŰɘəɩɜ. ȷɜɎɚɞɔŬ ŭɘŬɔɟɎɛɛŬŰŬ ŭŮɜ ɗŬ 

ŬɜŬɚɡɗɞɨɜ ˊŮɟŬɘŰɏɟɤ, ɚɧɔɤ ɞɛɞɘɧŰɖŰŬɠ Űɖɠ ɚɞɔɘəɐɠ ɛŮ ŰŬ ŬɜɤŰɏɟɤ ŭɘŬɔɟɎɛɛŬŰŬ 

Űɖɠ ȺɜɧŰɖŰŬɠ 6.3 əŬɘ 6.4. 

 

ɀɘɎ Ŭəɧɛɖ əŬŰɖɔɞɟɑŬ ŭɘŬɔɟŬɛɛɎŰɤɜ ˊɞɡ ŭŮɜ ŬɜŬɚɨɗɖəŮ ůŰɞ ɡˊɧɣɖ 

əŮűɎɚŬɘɞ ŮɑɜŬɘ ŮəŮɑɜŬ, ɧˊɞɡ ŰŬ ůŰŬŰɘůŰɘəɎ ŭɨɞ ŭɘŬűɞɟŮŰɘəɩɜ ɛŮɗɧŭɤɜ ůɡɜŭɡɎɕɞɜŰŬɘ, 

ɩůŰŮ Űɞ ɏɜŬ ɜŬ ŰɟɞűɞŭɞŰŮɑ Űɞ Ɏɚɚɞ, əŬŰŬɚɐɔɞɜŰŬɠ əŬɘ ˊɎɚɘ ɛŮ ŬɡŰɐ Űɖɜ ɏɜɜɞɘŬ ůŮ 

ůɡɜŭɡŬůŰɘəɎ ŭɘŬɔɟɎɛɛŬŰŬ. ȺɜŭŮɘəŰɘəɎ ŬɜŬűɏɟɞɜŰŬɘ ŰŬ ůɡɜŭɡŬůŰɘəɎ ŭɘŬɔɟɎɛɛŬŰŬ 

CUSUM ï EWMA, ŰŬ ɞˊɞɑŬ ŭŮɜ ŮɑɜŬɘ ɑŭɘŬɠ ɚɞɔɘəɐɠ ɛŮ ŰŬ EWMA ï Shewhart. 

ɆɡɔəŮəɟɘɛɏɜŬ, ɡˊɎɟɢŮɘ Űɞ ŭɘɎɔɟŬɛɛŬ Űɤɜ Abbas et al. (2012a), ɧˊɞɡ ŰŬ ůŰŬŰɘůŰɘəɎ 

Űɞɡ EWMA ɛˊŬɑɜɞɡɜ ůŮ ɏɜŬ CUSUM ŭɘɎɔɟŬɛɛŬ əŬɘ Űɞ ŭɘɎɔɟŬɛɛŬ Űɤɜ Zaman et al. 

(2015) ɧˊɞɡ Űɞ ůŰŬŰɘůŰɘəɧ Űɞɡ CUSUM ɛˊŬɑɜŮɘ ůŮ ɏɜŬ EWMA ŭɘɎɔɟŬɛɛŬ. 

ȷɜŰɑůŰɞɘɢɖɠ ɚɞɔɘəɐɠ ŮɑɜŬɘ əŬɘ ŰŬ Double EWMA, ɧˊɞɡ Űɞ ůŰŬŰɘůŰɘəɧ Ŭˊɧ Űɞ 1ɞ EWMA 

ŰɟɞűɞŭɞŰŮɑ Űɞ ůŰŬŰɘůŰɘəɧ Űɞɡ 2ɞɡ EWMA. ɇŬ ɡˊɧɣɖ ŭɘŬɔɟɎɛɛŬŰŬ ŭŮɜ ɗŬ ŬɜŬɚɡɗɞɨɜ 

ůŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ. 

 

ȷˊɧ Űɖɜ ŬɜɎɚɡůɖ Űɤɜ ŬɜɤŰɏɟɤ ŭɘŬɔɟŬɛɛɎŰɤɜ ůɡɜŮɘŭɖŰɞˊɞɘɞɨɛŮ ɧŰɘ ɛŮ əŬŰɎɚɚɖɚɖ 

Ůˊɘɚɞɔɐ Űɤɜ ŭɨɞ ɐ əŬɘ Űɟɘɩɜ ŭɘŬɔɟŬɛɛɎŰɤɜ ˊɞɡ ůɡɛɛŮŰɏɢɞɡɜ ůŰŬ ůɡɜŭɡŬůŰɘəɎ 

ŭɘŬɔɟŬɛɛɎŰŬ ŮɑɜŬɘ ŭɡɜŬŰɧɜ ɜŬ ˊŮŰɨɢɞɡɛŮ Űɖ ɓɏɚŰɘůŰɖ ŮˊɘɗɡɛɖŰɐ ŬɜɘɢɜŮɡŰɘəɐ 

ɘəŬɜɧŰɖŰŬ, ŮɜŭŮɢɞɛɏɜɤɠ Ŭəɧɛɖ əŬɘ ɢɤɟɑɠ ˊŮɟɘɞɟɘůɛɞɨɠ, ŭɖɛɘɞɡɟɔɩɜŰŬɠ əɎɗŮ űɞɟɎ 

Űɞ əŬŰɎɚɚɖɚɞ ŬɜɘɢɜŮɡŰɘəɧ ůɢɐɛŬ. Ƀ ɛɞɜŬŭɘəɧɠ ˊŮɟɘɞɟɘůɛɧɠ ˊɞɡ ɡˊɎɟɢŮɘ ŮɑɜŬɘ ŰŬ 

ŭɘŬɔɟɎɛɛŬŰŬ ˊɞɡ ůɡɜŭɡɎɕɞɜŰŬɘ ɜŬ ɏɢɞɡɜ ŭɘŬűɞɟŮŰɘəɐ ŬɜɘɢɜŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ ůŰŬ 

ŭɘɎűɞɟŬ ɛŮɔɏɗɖ ɛŮŰŬŰɞˊɑůŮɤɜ, ɩůŰŮ ůɡɜŭɡŬɕɧɛŮɜŬ ɜŬ Ŭˊɞűɏɟɞɡɜ ï ɜŬ Ŭˊɞŭɑŭɞɡɜ 

əɎŰɘ əŬɚɨŰŮɟɞ. 
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ȾȺūȷȿȷȽɃ 7ɞ 

ȹɘŬɔɟɎɛɛŬŰŬ EWMA ɛŮ ŰŬɝɘɜɞɛɖɛɏɜŮɠ ŭŮɘɔɛŬŰɞɚɖɣɑŮɠ 

7.1 ȺɘůŬɔɤɔɐ ůŰɘɠ ɇŮɢɜɘəɩɜ ȹŮɘɔɛŬŰɞɚɖɣɑŬɠ ȹɘŮɟɔŬůɘɩɜ 

ɆŰŬ ˊɟɞɖɔɞɨɛŮɜŬ əŮűɎɚŬɘŬ ŬɜŬɚɨɗɖəŮ ɖ ɓŮɚŰɑɤůɖ Űɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ 

EWMA ŮˊŮɛɓŬɑɜɞɜŰŬɠ ůŰɘɠ Űɘɛɏɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ əŬɘ ůŰɖ ɛŬɗɖɛŬŰɘəɐ ŭɞɛɐ Űɖɠ 

Ůɝɑůɤůɖɠ Űɧůɞ Űɞɡ ůŰŬŰɘůŰɘəɞɨ, ɧůɞ əŬɘ Űɤɜ ɞɟɑɤɜ Ůɚɏɔɢɞɡ. ɆŮ ɧɚŮɠ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ 

ɗŮɤɟɞɨůŬɛŮ ɧŰɘ ɖ Űɘɛɐ Űɖɠ ŰɟɏɢɞɡůŬɠ ˊɚɖɟɞűɞɟɑŬɠ ὢ ˊɟɞŮɟɢɧŰŬɜ Ŭˊɧ Ŭˊɚɏɠ 

ŰɡɢŬɑŮɠ ŭŮɘɔɛŬŰɞɚɖɣɑŮɠ (Simple Random Samples). 

 

ȳˊɤɠ ɏɢɞɡɛŮ ŬɜŬűɏɟŮɘ ůŰɞ ȾŮűɎɚŬɘɞ 3, ɖ Űɘɛɐ Űɖɠ ŰɟɏɢɞɡůŬɠ ˊɚɖɟɞűɞɟɑŬɠ ὢ ˊɞɡ 

ɡˊŮɘůɏɟɢŮŰŬɘ ůŰɖ ůɢɏůɖ Űɞɡ ůŰŬŰɘůŰɘəɞɨ (3.1), ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ Ŭˊɚɩɜ ŰɡɢŬɑɤɜ 

ŭŮɘɔɛŬŰɞɚɖɣɘɩɜ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ Ŭəɧɚɞɡɗɖ ůɢɏůɖ: 

 
ρ

ὲ
ὢ       χȢρ 

 

ɆŰɞ ˊŬɟɧɜ əŮűɎɚŬɘɞ ɗŬ ŬɜŬɚɨůɞɡɛŮ Űɖɜ ˊŮɟɑˊŰɤůɖ ɧˊɞɡ ɖ ɡˊɧɣɖ Űɘɛɐ 

ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ŭɘŬűɞɟŮŰɘəɎ, ŮˊɘɚɏɔɞɜŰŬɠ ŭɘŬűɞɟŮŰɘəɐ ŰŮɢɜɘəɐ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ, 

ɧˊɤɠ ɛŮ ́ɟŬɔɛŬŰɞˊɞɑɖůɖ əɎˊɞɘŬɠ ŰŬɝɘɜɧɛɖůɖɠ ůŰɘɠ ɛŮŰɟɐůŮɘɠ: RSS, MRSS, 

MDRSS, DMRSS, ODRSS, OIDRSS əŬɘ Űɖɜ ŮˊɑŭɟŬůɖ ˊɞɡ ɏɢŮɘ ŬɡŰɐ ɖ ŰŬɝɘɜɧɛɖůɖ 

ůŰɖɜ ŬɜɘɢɜŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ Űɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ EWMA. ɉɎɟɖ ůɡɜŰɞɛɑŬɠ ɗŬ 

ŬɜŬɚɡɗɞɨɜ ŮəŰŮɜɩɠ ɛɧɜɞɜ ɞɘ ŭɨɞ ˊɟɩŰŮɠ ŰŮɢɜɘəɏɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ, Ůɜɩ ůŰɘɠ 

ɡˊɧɚɞɘˊŮɠ ɗŬ ŭɞɗŮɑ ɞ ɞɟɘůɛɧ Űɞɡɠ, əŬɗɩɠ əŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɛɏŰɟɖůɖɠ Űɖɠ 

ŬɜɘɢɜŮɡŰɘəɐɠ ɘəŬɜɧŰɖŰŬɠ Ŭˊɧ Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ ŭɖɛɞůɘŮɨůŮɘɠ, ɧˊɞɡ 

ˊɟɤŰɞˊŬɟɞɡůɘɎůŰɖəŬɜ.  

 

7.2 ɇŮɢɜɘəɐ RSS (Ranked Set Sampling) 

ȼ ɓŬůɘəɐ ɘŭɏŬ Űɖɠ ɛŮɗɧŭɞɡ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ RSS, ɖ ɞˊɞɑŬ ˊɟɤŰɞŮɘůɐɢɗɖ Ŭˊɧ 

Űɞɜ McIntyre (1952) ůŰɖɟɑɕŮŰŬɘ ůŰɖɜ ɡˊɧɗŮůɖ ɧŰɘ Ŭˊɧ ɏɜŬ ˊɚɖɗɡůɛɧ ɚŬɛɓɎɜŮŰŬɘ 
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ɏɜŬ ůɨɜɞɚɞ ɛɞɜɎŭɤɜ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ, ɢɤɟɘůɛɏɜɤɜ ůŮ ůŮŰ əŬɘ ŰŬ ŭŮɑɔɛŬŰŬ ŮɜŰɧɠ Űɞɡ 

əɎɗŮ ůŮŰ, əŬŰŬŰɎůůɞɜŰŬɘ ɛŮ ŬɨɝɞɡůŬ ůŮɘɟɎ, ɢɤɟɑɠ Űɖɜ ˊɟŬɔɛŬŰɘəɐ ɛɏŰɟɖůɖ Űɖɠ 

ɛŮŰŬɓɚɖŰɐɠ ŮŭɘŬűɏɟɞɜŰɞɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ŭŬˊŬɜɖɟɐ ɐ əŬɘ ɢɟɞɜɞɓɧɟŬ 

ŭɘŬŭɘəŬůɑŬ, ŬɚɚɎ ɛŮ əɎˊɞɘɞ Ɏɚɚɞ űɗɖɜɧŰŮɟɞ Űɟɧˊɞ, ɧˊɤɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ɞˊŰɘəɎ. 

ɀŮŰɎ Űɖɜ əŬŰɎŰŬɝɖ, Ŭˊɧ əɎɗŮ ůŮŰ ŮˊɘɚɏɔŮŰŬɘ ŭɘŬűɞɟŮŰɘəɐɠ ŰɎɝɖɠ ŭŮɑɔɛŬ əŬɘ ɛɧɜɞɜ 

ůŮ ŬɡŰɧ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ˊɟŬɔɛŬŰɘəɐ ɛɏŰɟɖůɖ. ȹɖɚŬŭɐ Ŭˊɧ Űɞ 1ɞ 

ůɨɜɞɚɞ ɚŬɛɓɎɜŮŰŬɘ Űɞ 1ɞ ůŮ əŬŰɎŰŬɝɖ (ɛɘəɟɧŰŮɟɞ) ŭŮɑɔɛŬ, Ŭˊɧ Űɞ 2ɞ ůɨɜɞɚɞ  

ɚŬɛɓɎɜŮŰŬɘ Űɞ 2ɞ ŭŮɑɔɛŬ, əŰɚ. ȷˊɞŰɏɚŮůɛŬ ŬɡŰɐɠ Űɖɠ ůŰɟɤɛŬŰɞˊɞɑɖůɖɠ əŬɘ 

əŬŰɎŰŬɝɖɠ Űɤɜ ŭŮɘɔɛɎŰɤɜ ŮɑɜŬɘ ɖ ŰŮɚɘəɐ ˊɟŬɔɛŬŰɞˊɞɑɖůɖ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ ůŮ 

ɚɘɔɧŰŮɟŮɠ ɛɞɜɎŭŮɠ əŬɘ ůŮ ɧůɞ Űɞ ŭɡɜŬŰɧɜ ˊɘɞ ɞɛɞɘɞɔŮɜɐ ůɨɜɞɚŬ ɛɞɜɎŭɤɜ, 

ɞŭɖɔɩɜŰŬɠ ɛŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ ůŮ ɓŮɚŰɘɤɛɏɜŬ ὃὙὒ. 

 

ȼ Ŭɟɢɘəɐ ɚɞɘˊɧɜ ɛɞɟűɐ Űɖɠ ɛŮɗɧŭɞɡ RSS, ɧˊɤɠ ůɢŮŭɘɎůŰɖəŮ Ŭˊɧ Űɞɜ McIntyre 

ɛˊɞɟŮɑ ɜŬ ˊŮɟɘɔɟŬűŮɑ Ŭˊɧ Űɞɜ Ŭəɧɚɞɡɗɞ Ŭɚɔɧɟɘɗɛɞ: 

 

ȸɐɛŬ 1 : ɇɡɢŬɑŬ Ůˊɘɚɞɔɐ Ůɜɧɠ ŭŮɑɔɛŬŰɞɠ ɛŮɔɏɗɞɡɠ 
2n ɛɞɜɎŭɤɜ Ŭˊɧ Űɞɜ ˊɚɖɗɡůɛɧ. 

ȸɐɛŬ 2 : ȹɘŬɢɤɟɘůɛɧɠ Űɞɡ ŭŮɑɔɛŬŰɞɠ ůŮ ὲ ɡˊɞůɨɜɞɚŬ, əŬɗɏɜŬ Ŭˊɧ ŬɡŰɎ ɛŮɔɏɗɞɡɠ 

n . 

ȸɐɛŬ 3 : ɇŬɝɘɜɧɛɖůɖ Űɤɜ ɛɞɜɎŭɤɜ ŮɜŰɧɠ əɎɗŮ ɡˊɞůɡɜɧɚɞɡ ɛŮ ɞˊŰɘəɐ ŮˊɘɗŮɩɟɖůɖ 

(ɐ ɛŮ əɎˊɞɘŬ ɚɘɔɧŰŮɟɞ Ŭəɟɘɓɐ ɛɏɗɞŭɞ) ɛŮ əɟɘŰɐɟɘɞ Űɖɠ ɛŮŰŬɓɚɖŰɐɠ ˊɞɡ ɛŬɠ 

ŮɜŭɘŬűɏɟŮɘ. 

ȸɐɛŬ 4 : Ⱥˊɘɚɞɔɐ Űɖɠ ɛɘəɟɧŰŮɟɖɠ ŰŬɝɘɜɞɛɖɛɏɜɖɠ ɛɞɜɎŭŬɠ Ŭˊɧ Űɞ ˊɟɩŰɞ ůɨɜɞɚɞ, Űɖ 

ŭŮɨŰŮɟɖ ɛɘəɟɧŰŮɟɖ Ŭˊɧ Űɞ ŭŮɨŰŮɟɞ ůɨɜɞɚɞ ə.ɞ.ə. ɛɏɢɟɘ ɜŬ ɏɢŮɘ ŮˊɘɚŮɢɗŮɑ ɖ 

ɛŮɔŬɚɨŰŮɟɖ ŰŬɝɘɜɞɛɖɛɏɜɖ ɛɞɜɎŭŬ Ŭˊɧ Űɞ ŰŮɚŮɡŰŬɑɞ ůɨɜɞɚɞ. 

ȸɐɛŬ 5 : ȼ ŭɘŬŭɘəŬůɑŬ ɛˊɞɟŮɑ ɜŬ ŮˊŬɜŬɚɖűɗŮɑ műɞɟɏɠ ɩůŰŮ ɜŬ ůɢɖɛŬŰɘůŰŮɑ ɏɜŬ 

ŭŮɑɔɛŬ Ŭˊɧnm ɛɞɜɎŭŮɠ RSS ŭŮŭɞɛɏɜɤɜ. 

7.2.1 ɄŬɟɎŭŮɘɔɛŬ ɇŮɢɜɘəɐɠ ȹŮɘɔɛŬŰɞɚɖɣɑŬɠ RSS 

ȰŰůɘ, ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ɔɘŬ ὲ  σ, ɖ ŭɘŬŭɘəŬůɑŬ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ ŬˊɞŰɡˊɩɜŮŰŬɘ 

ůŰŬ ˊŬɟŬəɎŰɤ ɓɐɛŬŰŬ. 
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ȸɐɛŬ 1ɞ: ȿɐɣɖ ȹŮɑɔɛŬŰɞɠ, ɢɤɟɑɠ ɛɏŰɟɖůɖ 

ρʋʏ ɣʞʆʇʋʏȟɥʂ ɿʅɻʐʀʐɻɾʈʘʉʋ ʎʞʉʋʇʋ ρ ʎʀʐ ɦʋρȡɯ  ȟ   ɯ ȟ   ɯ  

ρʋʏ ɣʞʆʇʋʏȟɥʂ ɿʅɻʐʀʐɻɾʈʘʉʋ ʎʞʉʋʇʋ ς ʎʀʐ ɦʋςȡɯ  ȟ   ɯ ȟ   ɯ  

ρʋʏ ɣʞʆʇʋʏȟɥʂ ɿʅɻʐʀʐɻɾʈʘʉʋ ʎʞʉʋʇʋ σ ʎʀʐ ɦʋσȡɯ  ȟ   ɯ ȟ   ɯ  

 
ȸɐɛŬ 2ɞ: ȾŬŰɎŰŬɝɖ ŭŮɘɔɛɎŰɤɜ 

ρʋʏ ɣʞʆʇʋʏȟɝʅɻʐʀʐɻɾʈʘʉʋ ʎʞʉʋʇʋ ρ ʎʀʐ ɦʋρȡɯ ɯ ɯ  

ρʋʏ ɣʞʆʇʋʏȟɝʅɻʐʀʐɻɾʈʘʉʋ ʎʞʉʋʇʋ ς ʎʀʐ ɦʋςȡɯ ɯ ɯ  

ρʋʏ ɣʞʆʇʋʏȟɝʅɻʐʀʐɻɾʈʘʉʋ ʎʞʉʋʇʋ σ ʎʀʐ ɦʋσȡɯ ɯ  ɯ  

 
ȸɐɛŬ 3ɞ: Ⱥˊɘɚɞɔɐ ŭŮɘɔɛɎŰɤɜ ůɡɔəŮəɟɘɛɏɜɖɠ əŬŰɎŰŬɝɖɠ Ŭˊɧ əɎɗŮ ůŮŰ 

ρʋʏ ɣʞʆʇʋʏȟɞʌʅʇʋɾʙ ɝʀʚɾʈɻʐʋʏ ρʂʏ ʐʗʊʂʏ ɻʌʝ ʐʋ ρʋ ʎʞʉʋʇʋ ʎʀʐ ɦʋρȡɯ  

ρʋʏ ɣʞʆʇʋʏȟɞʌʅʇʋɾʙ ɝʀʚɾʈɻʐʋʏ ςʂʏ ʐʗʊʂʏ ɻʌʝ ʐʋ ςʋ ʎʞʉʋʇʋ ʎʀʐ ɦʋςȡɯ  

ρʋʏ ɣʞʆʇʋʏȟɞʌʅʇʋɾʙ ɝʀʚɾʈɻʐʋʏ σʂʏ ʐʗʊʂʏ ɻʌʝ ʐʋ σʋ ʎʞʉʋʇʋ ʎʀʐ ɦʋσȡɯ  

 
ȸɐɛŬ 4ɞ: ɀɏŰɟɖůɖ Űɤɜ ȺˊɘɚŮɔɛɏɜɤɜ ȹŮɘɔɛɎŰɤɜ əŬɘ Ɉˊɞɚɞɔɘůɛɧɠ Űɞɡ ɛɏůɞ ɧɟɞɡ 
 

 
ɯ ɯ ɯ

σ
   χȢς 

 
ȸɐɛŬ 5ɞ: ȺˊŬɜɎɚɖɣɖ ŬɜɤŰɏɟɤ ɓɖɛɎŰɤɜ ůŰɞɡɠ ŮˊɧɛŮɜɞɡɠ əɨəɚɞɡɠ 
ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ. 
 

ũɘŬ ɜŬ ŭŮɑɝɞɡɛŮ ˊɤɠ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɐůŮɘ əŬɜŮɑɠ Űɞ RSS ɔɘŬ ɜŬ ůɡɚɚɏɝŮɘ ˊɘɞ 

ŬɜŰɘəŮɘɛŮɜɘəɎ ŭŮɑɔɛŬŰŬ Ŭˊɧ ɛɑŬ ŭɘŬŭɘəŬůɑŬ ˊŬɟŬɔɤɔɐɠ Ŭɠ ɗŮɤɟɐůɞɡɛŮ Űɞ 

ˊŬɟɎŭŮɘɔɛŬ Űɞɡ ɆɢɐɛŬŰɞɠ 7.1, ˊɞɡ ŬűɞɟɎ ůŰɖɜ ŬɜɎˊŰɡɝɖ Ůɜɧɠ ˊɚɖɗɡůɛɞɨ űɡŰɩɜ, 

ɧˊɞɡ Űɞ ɢŬɟŬəŰɖɟɘůŰɘəɧ ˊɞɡ ɛŬɠ ŮɜŭɘŬűɏɟŮɘ ŮɑɜŬɘ Űɞ ɨɣɞɠ Űɞɡɠ. ɇɞ ŰŮɚŮɡŰŬɑɞ ɗŬ 

ɛˊɞɟɞɨůŮ ɜŬ ŮɑɜŬɘ əŬɘ əɎˊɞɘɞ Ɏɚɚɞ űɡůɘəɧ ɛɏɔŮɗɞɠ ŮɨəɞɚŬ ŮəŰɘɛɐůɘɛɞ ɞˊŰɘəɎ, ɧˊɤɠ 

ɧɔəɞɠ, ˊɘɗŬɜɧɜ ɓɎɟɞɠ əŬɘ ɎɚɚŬ. ŪŮɤɟɩɜŰŬɠ ɏɜŬ ůɨɜɞɚɞ Űɟɘɩɜ ůŮŰ, ŰɡɢŬɑŬ 

ŮˊɘɚɏɔɞɡɛŮ ŮɜɜɏŬ ŭŮɑɔɛŬŰŬ Ŭˊɧ ɛɘŬ ŭɘŬŭɘəŬůɑŬ əŬɘ ŰŬ ɢɤɟɑɕɞɡɛŮ ůŮ ŰɟɑŬ ɡˊɞůɨɜɞɚŬ, 

Űɞ əŬɗɏɜŬ ɛŮɔɏɗɞɡɠ ŰɟɑŬ (ɆɢɐɛŬ 7.1). ɆŰɖ ůɡɜɏɢŮɘŬ əŬŰŬŰɎůůɞɡɛŮ ŰŬ űɡŰɎ əɎɗŮ 

ůɡɜɧɚɞɡ ɛŮ əɟɘŰɐɟɘɞ Űɖɜ ɞˊŰɘəɐ ˊŬɟŬŰɐɟɖůɖ Űɞɡ ɨɣɞɡɠ Űɞɡɠ əŬɘ ŰŬ ŭŮɑɔɛŬŰŬ RSS 

ŮɑɜŬɘ ŬɡŰɎ ˊɞɡ űŬɑɜɞɜŰŬɘ ŮˊɘɚŮɔɛɏɜŬ ůŮ əɎɗŮ ŰɟɘɎŭŬ. ɈˊɞɚɞɔɑɕɞɡɛŮ Űɞ ŭŮɘɔɛŬŰɘəɧ 

ɛɏůɞ Ŭˊɧ ŰŬ 3 űɡŰɎ ˊɞɡ ɏɢɞɡɜ ŮˊɘɚŮɔŮɑ əŬɘ ŮˊŬɜŬɚŬɛɓɎɜɞɡɛŮ Űɖ ŭɘŬŭɘəŬůɑŬ m  

űɞɟɏɠ. ɉɟɖůɘɛɞˊɞɘɞɨɛŮ Űɞ ɛɏůɞ ˊɞɡ ɏɢɞɡɛŮ ɡˊɞɚɞɔɑůŮɘ ɔɘŬ ɜŬ ɓɟɞɨɛŮ Űɞ ŬɜŬɔəŬɑɞ 

ůŰŬŰɘůŰɘəɧ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ Ůɚɏɔɢɞɡ.  
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ɀˊɞɟɞɨɛŮ ɜŬ ɓɟɞɨɛŮ ˊɞɚɚɏɠ Ŭəɧɛɖ ŮűŬɟɛɞɔɏɠ ɧˊoɡ ɖ ɛɏɗɞŭɞɠ RSS ˊŬɑɕŮɘ 

ůɖɛŬɜŰɘəɧ ɟɧɚɞ ůŰŬ ŭɘŬɔɟɎɛɛŬŰŬ Ůɚɏɔɢɞɡ. ȷɠ ŬɜŬűɏɟɞɡɛŮ ɚɑɔŮɠ Ŭəɧɛɖ: Űɞ ɨɣɞɠ 

Űɖɠ ůŰɎɗɛɖɠ Ůɜɧɠ ɛˊɞɡəŬɚɘɞɨ ˊɞɡ ˊɚɖɟɩɜŮŰŬɘ ɛŮ əɎˊɞɘɞ ɡɔɟɧ, Űɞ ˊɎɢɞɠ Ůɜɧɠ 

ŬɜŰɘəŮɘɛɏɜɞɡ ə.Ŭ. 

 

 

ɆɢɐɛŬ 7.1: ɇŮɢɜɘəɐ ȹŮɘɔɛŬŰɞɚɖɣɑŬɠ RSS 
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7.2.2 ȷɛŮɟɧɚɖˊŰɞɠ ȺəŰɘɛɖŰɐɠ ȹŮɘɔɛŬŰɞɚɖɣɑŬɠ RSS 

ȰůŰɤ ɖ ŬəɞɚɞɡɗɑŬ  ȡ   ɛŮ Ὥ ρȟςȟȣȟὲ əŬɘ Ὦ ρȟςȟȣȟά ɜŬ ŭɖɚɩɜŮɘ Űɞ 

ůŰŬŰɘůŰɘəɧ Ὥ-ŰɎɝɖɠ ɔɘŬ Űɞ Ὥ-ɞůŰɧ ŭŮɑɔɛŬ Űɞɡ ɡˊɞůɡɜɧɚɞɡ ɛŮɔɏɗɞɡɠ ὲ ůŰɞ Ὦ-ɞůŰɧ 

əɨəɚɞ.  

ȿŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ Űɞɜ ŬɜɤŰɏɟɞ ɞɟɘůɛɧ, ɞɘ Takahasi əŬɘ Wakimoto (1968) 

ˊɟɧŰŮɘɜŬɜ ɏɜŬ ŬɛŮɟɧɚɖˊŰɞ ŮəŰɘɛɖŰɐ Űɞɡ ˊɚɖɗɡůɛɘŬəɞɨ ɛɏůɞɡ ‘ ɔɘŬ Űɖɜ ŰŮɢɜɘəɐ RSS 

ɤɠ Ŭəɞɚɞɨɗɤɠ: 

ὢ ȟ  
ὢȡ

ὲ
 ȟ Ὦ ρȟςȟȣȟὶ   χȢσ 

 

ɇɧŰŮ ɖ ŭɘŬəɨɛŬɜůɖ Űɞɡ ὢ ȟ ɞɟɑɕŮŰŬɘ ɤɠ: 

ὠὥὶὢ ȟ „
ȟ
 
„ȡ
ὲ
    χȢτ 

 

Ⱥˊɑůɖɠ, Ŭˊɧ ŰŬ ŬɜɤŰɏɟɤ ˊɟɞəɨˊŰŮɘ ɧŰɘ ɖ ɛɏůɖ Űɘɛɐ ɔɘŬ Űɞ ůŰŬŰɘůŰɘəɧ Ὥ-ŰɎɝɖɠ 

ɞɟɑɕŮŰŬɘ ůɨɛűɤɜŬ ɛŮ Űɖ ůɢɏůɖ ˊŬɟŬəɎŰɤ: 

 
ρ

ὶ
ὢȡ     χȢυ 

 

ȿŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ Űɖ ůɢɏůɖ (7.3) ˊɟɞəɨˊŰŮɘ ɧŰɘ ɖ ŬɛŮɟɧɚɖˊŰɖ ŮəŰɘɛɐŰɟɘŬ Űɞɡ 

ˊɚɖɗɡůɛɘŬəɞɨ ɛɏůɞɡ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ RSS ŭŮŭɞɛɏɜŬ ɔɘŬ ɧɚɞɡɠ Űɞɡɠ əɨəɚɞɡɠ 

ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ Ŭˊɧ Űɖɜ ɏɜŬɟɝɖ ɛɏŰɟɖůɖɠ ɏɤɠ Űɞɜ ὶ ïɘɞůŰɧ əɨəɚɞ ŭɑɜŮŰŬɘ Ŭˊɧ Űɞɜ 

Űɨˊɞ:  

 
ρ

ὶ
       χȢφ 

 

ȼ ŮəŰɑɛɖůɖ Űɖɠ ůɡɜɞɚɘəɐɠ ŭɘŬůˊɞɟɎɠ Űɞɡ ˊɚɖɗɡůɛɞɨ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ Ŭəɧɚɞɡɗɖ 

ůɢɏůɖ: 
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„ „
ρ

ὲὶρ
ὢȡ ὢ    χȢχ 

 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŮɑɜŬɘ ɔɜɤůŰɐ, ɔŮɔɞɜɧɠ Űɞ ɞˊɞɑɞ ŮɑɜŬɘ ˊɞɚɨ ŭɨůəɞɚɞ ɜŬ ɘůɢɨŮɘ, 

ŰɧŰŮ ɗɏŰɞɡɛŮ ɧˊɞɡ „  əŬŰŮɡɗŮɑŬɜ Űɖɜ Űɘɛɐ „ . 

 

ȿŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ ɧŰɘ [1]: 

„
ρ

ὔ
´„

ρ

ὔ
ὔ ‘ ‘     χȢψ 

 

ɇɧŰŮ ɘůɞŭɨɜŬɛŬ ɏɢɞɡɛŮ: 

                                                                      

‐‘‡‛’”ʡ’†‌‟ ‘‐ ́ “‌ʚ”―‌―‏
 

ρ

ὔ
„

ρ

´
„

ρ

´
‘ ‘   χȢω 

 

ȷɜ əɎɜɞɡɛŮ ŮűŬɟɛɞɔɐ Űɖɠ ŬɜɤŰɏɟɤ ůɢɏůɖɠ, ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ ŰŮɢɜɘəɐɠ RSS əŬɘ 

ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ Űɘɠ ůɢɏůŮɘɠ (7.3) ɏɤɠ (7.7), ŰɧŰŮ ɖ ŭɘŬəɨɛŬɜůɖ Űɖɠ 

ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ Űɨˊɞɡ RSS ŭɑɜŮŰŬɘ Ŭˊɧ Űɞɜ Ŭəɧɚɞɡɗɞ Űɨˊɞ, ɞ ɞˊɞɑɞɠ ŮɑɜŬɘ ɞ ɑŭɘɞɠ 

ɛŮ ŮəŮɑɜɞ ˊɞɡ əŬŰŬɚɐɔɞɡɜ əŬɘ ɞɘ Muttlak əŬɘ Al-Sabah (2003): 

χȢω

    

    

    

 

„
ρ

ὲ
„ 

ρ

ὲ
ὢ ὢ     χȢρπ 

 

ȼ ŬɜŬɛŮɜɧɛŮɜɖ Űɘɛɐ Űɞɡ    , ɧŰŬɜ ɖ ŭɘŬŭɘəŬůɑŬ ŮɑɜŬɘ ŮɜŰɧɠ Ůɚɏɔɢɞɡ, ŭɑɜŮŰŬɘ Ŭˊɧ 

Űɞɜ Űɨˊɞ: 

ῴ   

ρ

ὲ
ῴὢȡ

ȡ
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ῴ   ‘   χȢρρ 

 

ȷˊɧ Űɖ (7.10) ŬɜŰɘɚŬɛɓŬɜɧɛŬůŰŮ ɧŰɘ ɖ ŭɘŬůˊɞɟɎ Űɤɜ ˊŬɟŬŰɖɟɐůŮɤɜ Űɖɠ ŰŮɢɜɘəɐɠ 

RSS Ŭ ɞ́ŰŮɚŮɑ ůɡɜɎɟŰɖůɖ Űɖɠ ɛŮŰŬŰɧˊɘůɖɠ Űɞɡ ɛɏůɞɡ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ. ɆɡɜŮˊɩɠ, 

ɧůɞ ɛŮŰŬŰɞˊɑůŮŰŬɘ ɞ ɛɏůɞɠ, Űɧůɞ ɛŮɘɩɜŮŰŬɘ ɖ ŭɘŬůˊɞɟɎ „  Űɞɡ ůŰŬŰɘůŰɘəɞɨ Űɖɠ 

ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ. ȷɡŰɧ ɏɢŮɘ ɤɠ ɏɛɛŮůɞ ŬˊɞŰɏɚŮůɛŬ ɜŬ ůŰŮɜŮɨɞɡɜ ŰŬ ɧɟɘŬ Űɞɡ 

ŭɘŬɔɟɎɛɛŬŰɞɠ əŬɘ ɜŬ ˊŬɑɟɜɞɡɛŮ ŮɡəɞɚɧŰŮɟŬ ůɐɛŬ ŮəŰɧɠ, ɧŰŬɜ ůɡɛɓŬɑɜŮɘ ɜŬ ɏɢɞɡɛŮ 

ŰŬɡŰɧɢɟɞɜŬ ɛŮŰŬŰɧˊɘůɖ Űɞɡ ɛɏůɞɡ əŬɘ Űɖɠ ŭɘŬůˊɞɟɎɠ. 

 

ȳɚŮɠ ɞɘ ŬɜɤŰɏɟɤ ůɢɏůŮɘɠ, ɏɢɞɡɜ ɜŬ əɎɜɞɡɜ ŬˊɞəɚŮɘůŰɘəɎ ɛŮ Űɖɜ ŰŮɢɜɘəɐ 

ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ RSS əŬɘ ɘůɢɨɞɡɜ ŮɑŰŮ ŬəɞɚɞɡɗɞɨɛŮ Űɞ ŭɘɎɔɟŬɛɛŬ EWMA ŮɑŰŮ 

əɎˊɞɘɞ Ɏɚɚɞ ŭɘɎɔɟŬɛɛŬ. 

7.2.3 ɆŰŬŰɘůŰɘəɧ EWMA ɛŮ ɛɏɗɞŭɞ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ RSS 

ɄɟɞəŮɘɛɏɜɞɡ ɜŬ ɡˊɞɚɞɔɑůɞɡɛŮ Űɖɜ ŮˊɑŭɟŬůɖ ˊɞɡ ɏɢŮɘ ɖ ŬɜɤŰɏɟɤ ŰŮɢɜɘəɐ 

ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ əŬɘ əŬŰȭŮˊɏəŰŬůɖ ɖ ɢɟɖůɘɛɞˊɞɑɖůɖ Űɤɜ ůɢɏůŮɤɜ (7.3), (7.6) əŬɘ 

(7.10) ůŰɞ ŭɘɎɔɟŬɛɛŬ EWMA, ŬəɞɚɞɡɗɞɨɛŮ Űɖɜ ɑŭɘŬ ŭɘŬŭɘəŬůɑŬ ˊɞɡ ŬəɞɚɞɡɗɐɗɖəŮ 

əŬɘ ůŰɞ ȾŮűɎɚŬɘɞ 3. ɆɡɜŮˊɩɠ, Űɞ ůŰŬŰɘůŰɘəɧ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ (7.12) (ɛŮ 

ŮɜŬɚɚŬəŰɘəɐ Űɖɜ (7.13)), Abujiya əŬɘ Lee (2013), ȷzam et al. (2017): 

ὤ ‗   ρ ‗ὤ  ȟ          χȢρς 

 

χȢψ
Ȣ
ὤ ‗

ρ

ὲ
ὢȡ ρ ‗ὤ     χȢρσ 

 
ȼ Ŭɟɢɘəɐ Űɘɛɐ ɔɘŬ Űɖɜ Űɘɛɐ Ůəəɑɜɖůɖɠ, ŭɖɚŬŭɐ ɖ ὤ, ŮəɚŬɛɓɎɜŮŰŬɘ ɑůɖ ɛŮ Űɞ ůŰɧɢɞ 

Űɖɠ Űɘɛɐɠ Űɞɡ ɛɏůɞɡ ‘. ɆɡɜŮˊɩɠ, ɖ ůɢɏůɖ (7.12) ɛˊɞɟŮɑ ɜŬ ɔɟŬűŰŮɑ ɤɠ: 

 

ῶ ‗ ρ ‗   ρ ‗ ‘        χȢρτ 
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ɀŮ ɓɎůɖ Űɖɜ ŬɜɤŰɏɟɤ ůɢɏůɖ ɛˊɞɟɞɨɛŮ ɜŬ ŮəŰɘɛɐůɞɡɛŮ Űɞ ɛɏůɞ əŬɘ Űɖ ŭɘŬůˊɞɟɎ 

Űɞɡ ůŰŬŰɘůŰɘəɞɨ EWMA. ȼ ŬɜŬɛŮɜɧɛŮɜɖ Űɘɛɐ Űɞɡ ůŰŬŰɘůŰɘəɞɨ əŬŰɎ Űɞɜ r əɨəɚɞ 

ŭŮɘɔɛŬŰɞɚɖɣɘɩɜ ŮɑɜŬɘ ɚɞɘˊɧɜ, ɝŮəɘɜɩɜŰŬɠ Ŭˊɧ Űɖ ůɢɏůɖ (7.14): 
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ὲ
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ὶὲ
ρ ‗ ὲὶ‘
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 ρ ‗ ‘ ‗‘

π
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ᵾ 

 

Ὁῶ ‘
π
    χȢρυ 

 

ɆŰɖɜ ŬɜɤŰɏɟɤ ůɢɏůɖ ɡˊɞɚɞɔɑůŬɛŮ Űɖɜ ŬɜŬɛŮɜɧɛŮɜɖ Űɘɛɐ Űɞɡ ůŰŬŰɘůŰɘəɞɨ. 

ɈˊŮɜɗɡɛɑɕŮŰŬɘ ɧŰɘ ɧˊɞɡ ὶ ŮɑɜŬɘ ɞ əɨəɚɞɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ, Ὥ ɖ ŰɎɝɖ Űɞɡ əɎɗŮ ůŮŰ ˊɞɡ 

ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɖ əŬɘ ὲ Űɞ ɛɏɔŮɗɞɠ Űɖɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ ŮɜŰɧɠ Űɞɡ əɎɗŮ ůɡɜɧɚɞɡ.  

ɆŰɖ ůɡɜɏɢŮɘŬ ŮəŰɘɛɞɨɛŮ Űɖ ŭɘŬəɨɛŬɜůɖ Űɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ RSS-EWMA Ŭˊɧ Űɖ 

ůɢɏůɖ (7.14): 
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ὠὥὶῶ ‗ ρ ‗ ὠὥὶ    χȢρφ 

 

ȷˊɧ Űɘɠ (7.7) əŬɘ (7.10) ˊŬɑɟɜɞɡɛŮ Űɖɜ əɎŰɤɗɘ ůɢɏůɖ: 
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ɄɟɞəŮɘɛɏɜɞɡ ɜŬ ŬˊɞűŮɡɢɗŮɑ ɖ ŬɜɤŰɏɟɤ ˊɞɚɡˊɚɞəɧŰɖŰŬ ůŰɖ ůɢɏůɖ ɛŮ Űɖɜ ŮɝɎɟŰɖůɖ 

Űɖɠ ŭɘŬəɨɛŬɜůɖɠ Ŭˊɧ Űɞ ὢ  ɗŬ ˊɟɞɓɞɡɛŮ ůŮ ɛɑŬ ˊŬɟŬŭɞɢɐ. ȳŰɘ ŭɖɚŬŭɐ Űɞ ὢ  

ˊŬɟŬɛɏɜŮɘ ůŰŬɗŮɟɧ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɤɜ ɛŮŰɟɐůŮɤɜ.  

 

ȼ űɘɚɞůɞűɑŬ ŬɜɑɢɜŮɡůɖɠ ɛɘŬɠ ɛŮŰŬŰɧˊɘůɖɠ ůŰɖɟɑɕŮŰŬɘ ůŮ ŬɡŰɐ Űɖɜ əɟɡűɐ ˊŬɟŬŭɞɢɐ, 

əŬɗɩɠ ɧŰŬɜ ɚɏɛŮ ˊɧůŮɠ ˊŬɟŬŰɖɟɐůŮɘɠ ɢɟŮɘɎɕɞɜŰŬɘ ɔɘŬ ɜŬ ŬɜɘɢɜŮɡŰŮɑ ɛɑŬ 

ůɡɔəŮəɟɘɛɏɜɖ ɛŮŰŬŰɧˊɘůɖ, ŮɜɜɞɞɨɛŮ ɧŰɘ ɡˊɎɟɢŮɘ ɖ ɑŭɘŬ ɛŮŰŬŰɧˊɘůɖ ůŮ ɧɚŮɠ ŬɡŰɏɠ Űɘɠ 

ˊŬɟŬŰɖɟɐůŮɘɠ. ɆɡɜŮˊɩɠ, ɖ ɑŭɘŬ ɛŮŰŬŰɧˊɘůɖ ɡˊɎɟɢŮɘ əŬɘ 5 ˊŬɟŬŰɖɟɐůŮɘɠ ˊɟɘɜ. ɀŮ 

ɎɚɚŬ ɚɧɔɘŬ ŭŮɜ ŭɘŬˊɟɎŰŰɞɡɛŮ ůŰŬŰɘůŰɘəɧ ůűɎɚɛŬ Ŭɜ ɡˊɞɗɏůɞɡɛŮ ɧŰɘ: 
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ɀŮ ŬɡŰɐ Űɖɜ ˊŬɟŬŭɞɢɐ ˊɚɏɞɜ ŬˊɚɞˊɞɘŮɑŰŬɘ ɖ ůɢɏůɖ (7.17) əŬɘ ŬəɞɚɞɡɗɩɜŰŬɠ Űɖɜ 

ɛŬɗɖɛŬŰɘəɐ ŬɜɎɚɡůɖ Űɞɡ əŮűŬɚŬɑɞɡ 3 ɔɘŬ Űɖ ŭɘŬůˊɞɟɎ əŬŰŬɚɐɔɞɡɛŮ ůŰɖɜ 

Ŭəɧɚɞɡɗɖ: 
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ȳŰŬɜ ɖ ŭɘŮɟɔŬůɑŬ ŮɑɜŬɘ ŮɜŰɧɠ Ůɚɏɔɢɞɡ, ŰɧŰŮ ὢ ‘ , ŭɖɚŬŭɐ ŮɑɜŬɘ ɑůɖ ɛŮ Űɖɜ Űɘɛɐ 

ůŰɧɢɞ. 
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ūɗɎůŬɛŮ ŭɖɚŬŭɐ ůŰɖɜ ŰŮɚɘəɐ ůɢɏůɖ ɔɘŬ Űɖ ŭɘŬůˊɞɟɎ Űɞɡ ůŰŬŰɘůŰɘəɞɨ RSS-EWMA. 

ȷˊɧ Űɖɜ ŬɜɤŰɏɟɤ ůɢɏůɖ (7.20) ŭɘŬˊɘůŰɩɜɞɡɛŮ ɧŰɘ ɖ ŭɘŬəɨɛŬɜůɖ Űɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ 

RSS-EWMA ŮɑɜŬɘ ɛɘəɟɧŰŮɟɖ Ŭˊɧ ɧŰɘ ůŰŬ əɚŬůɘəɎ ŭɘŬɔɟɎɛɛŬŰŬ EWMA əŬɘ ɛɎɚɘůŰŬ 

ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɡˊɎɟɢŮɘ ɛŮŰŬŰɧˊɘůɖ, ŭɖɚŬŭɐ ɞɘ Ůˊɘɛɏɟɞɡɠ ɛŮŰɟɐůŮɘɠ    

ŭɩůɞɡɜ ŬɟəŮŰɎ ŭɘŬűɞɟŮŰɘəɐ Űɘɛɐ Ŭˊɧ Űɖɜ Űɘɛɐ ůŰɧɢɞ ɔɘŬ Űɞ ɛɏůɞ ‘, ŰɧŰŮ ɖ 

ŭɘŬəɨɛŬɜůɖ Űɞɡ ůŰŬŰɘůŰɘəɞɨ ŮɚŬŰŰɩɜŮŰŬɘ. ȷɜ ŬɡŰɧ Űɞ ŬˊɞŰɏɚŮůɛŬ ůɡɜŭɡŬůŰŮɑ əŬɘ ɛŮ 

Űɖɜ ŬɜŰɑůŰɞɘɢɖ ɛɏŰɟɖůɖ Űɖɠ ɛŮŰŬŰɧˊɘůɖɠ Ŭˊɧ Űɞ ůŰŬŰɘůŰɘəɧ, ŰɧŰŮ ɏɢɞɡɛŮ ŰŬɢɨŰŮɟɖ 

ŬɜɘɢɜŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ. 

 

ȹɖɚŬŭɐ ɛŮ Űɖɜ ɡˊɧɣɖ ůɢŮŭɑŬůɖ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɜŬ ůɡɜŬɟŰɐůɞɡɛŮ Űɖɜ ŬɜɘɢɜŮɡŰɘəɐ 

ɘəŬɜɧŰɖŰŬ, ˊɏɟŬ Ŭˊɧ Űɞ ůŰŬŰɘůŰɘəɧ əŬɘ ɛŮ ŰŬ ɧɟɘŬ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ. 

7.2.4 ȹɘɎɔɟŬɛɛŬ Ůɚɏɔɢɞɡ RSS ï EWMA 

ȷűɞɨ ɞɟɑůŬɛŮ Űɖɜ əŬŰŬɜɞɛɐ Űɞɡ ůŰŬŰɘůŰɘəɞɨ RSS-EWMA, ɛˊɞɟɞɨɛŮ ˊɚɏɞɜ 

ɜŬ ˊɟɞɓɞɨɛŮ ůŰɖɜ əŬŰŬůəŮɡɐ Űɞɡ ȹɘŬɔɟɎɛɛŬŰɞɠ Ⱥɚɏɔɢɞɡ. ɆɡɔəŮəɟɘɛɏɜŬ, ɖ əŮɜŰɟɘəɐ 

ɔɟŬɛɛɐ, ɧˊɤɠ Ůˊɑůɖɠ Űɞ ŬɜɩŰŮɟɞ əŬɘ əŬŰɩŰŮɟɞ ɧɟɘɞ ŭɑɜɞɜŰŬɘ Ŭˊɧ Űɘɠ ŬəɧɚɞɡɗŮɠ 

ůɢɏůŮɘɠ: 
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7.2.5 ἋἠἘ ȹɘŬɔɟŬɛɛɎŰɤɜ RSS ï EWMA 

ȼ ŬɜɘɢɜŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ Űɤɜ ɡˊɧɣɖ ŭɘŬɔɟŬɛɛɎŰɤɜ ɡˊɞɚɞɔɑůŰɖəŮ ɔɘŬ ˊɟɩŰɖ 

űɞɟɎ Ŭˊɧ Űɞɡɠ  Abujiya əŬɘ Lee (2013), ɞɘ ɞˊɞɑɞɘ ɡˊɞɚɧɔɘůŬɜ Űɖ ɛɏůɖ Űɘɛɐ Űɞɡ ὃὙὒ 

ɔɘŬ əɎɗŮ ɛŮŰŬŰɧˊɘůɖ ɛŮ Űɖ ɓɞɐɗŮɘŬ Űɖɠ ŰŮɢɜɘəɐɠ Monte Carlo ɔɘŬ 500.000 

ŮˊŬɜŬɚɐɣŮɘɠ. 

 

ɄɑɜŬəŬɠ 7.1: ȷɜɘɢɜŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ RSS EWMA 

 SRS EWMA 

ⱦ Ȣ ȟ╛ Ȣ  

RSS EWMA  

ⱦ Ȣ ȟ╛ Ȣ  

♯ ▪  ▪  ▪  ▪  ▪  ▪  

0.00 370.4 370.1 370.0 369.8 370.2 369.9 

0.25 98.0 70.8 56.3 47.4 41.3 36.1 

0.50 29.7 21.3 17.1 14.4 12.7 11.4 

0.75 14.8 11.1 9.2 7.9 7.1 6.5 

1.00 9.6 7.4 6.3 5.5 4.9 4.6 

1.50 5.6 4.5 3.9 3.4 3.2 2.9 

2.00 4.0 3.3 2.9 2.6 2.4 2.2 

2.50 3.2 2.6 2.3 2.1 2.0 1.9 

3.00 2.6 2.2 2.0 1.9 1.8 1.7 

4.00 2.1 1.8 1.6 1.4 1.2 1.1 

 

ȳˊɤɠ ˊɟɞŬɜŬűɏɟŬɛŮ ɖ ŬɜɘɢɜŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ Űɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ RSS 

EWMA ˊɞɡ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞɜ ŬɜɤŰɏɟɤ ˊɑɜŬəŬ ŬˊɞŰŮɚŮɑ Űɖ ɛɏůɖ Űɘɛɐ ɔɘŬ əɎɗŮ 

ɛŮŰŬŰɧˊɘůɖ, əŬɗɩɠ ɚŬɛɓɎɜŮɘ ɡˊɧɣɖ ɧɚɞ Űɞ Ůɨɟɞɠ Űɤɜ ˊɘɗŬɜɩɜ Űɘɛɩɜ ŭɘŬůˊɞɟɎɠ 

Űɤɜ ˊŬɟŬŰɖɟɐůŮɤɜ. ũɘŬ Űɞ ɚɧɔɞ ɧɛɤɠ, ɧŰɘ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ RSS ï EWMA ɞŭɖɔɞɨɜ 

ŰŬɢɨŰŮɟŬ ůŮ ůɐɛŬ ŮəŰɧɠ, ɧŰŬɜ ɖ ŭɘŬůˊɞɟɎ Űɤɜ Űɘɛɩɜ Űɤɜ ˊŬɟŬŰɖɟɐůŮɤɜ 

ɛŮɔŬɚɩɜŮɘ, ɗŬ ɐŰŬɜ ɘŭɘŬɑŰŮɟŬ ɢɟɐůɘɛɞ ɜŬ ɡˊɞɚɞɔɑůɞɡɛŮ Űɖɜ ŬɜɘɢɜŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ 

Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ ɔɘŬ ŭɘɎűɞɟŮɠ Űɘɛɏɠ Űɖɠ ŭɘŬůˊɞɟɎɠ Űɤɜ ˊŬɟŬŰɖɟɐůŮɤɜ, 

ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɛŮŰɟɖɗŮɑ əŬɘ ɜŬ ˊɟɞůŭɘɞɟɘůŰŮɑ ŮɨəɞɚŬ ɖ ŮˊɑŭɟŬůɖ Űɖɠ Ŭɨɝɖůɖɠ Űɖɠ 

ŭɘŬůˊɞɟɎɠ Űɤɜ ˊŬɟŬŰɖɟɐůŮɤɜ ůŰɖɜ ŬɜɘɢɜŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ. 

ɀŮ Űɖ ɓɞɐɗŮɘŬ ɚɞɘˊɧɜ Űɞɡ əɩŭɘəŬ ɄŬɟŬɟŰɐɛŬŰɞɠ ȼ.9 Űɞ ὃὙὒ, ɞ ɞˊɞɑɞɠ 

ɔɟɎűŰɖəŮ ɔɘŬ ŬɡŰɧ Űɞ ůəɞˊɧ, ɡˊɞɚɞɔɑůŰɖəŮ ɔɘŬ ŭɘɎűɞɟɞɡɠ ůɡɜŭɡŬůɛɞɨɠ Űɘɛɩɜ 



 

ɼʶ˒ʱ˂ʰʽˇ тˇ ς ɲʽʰʴˊʱ˃˃ʰˍʰ EWMA ˃ ʶ ˍʰ˅ʽ˄ˇ˃ʹ˃ʷ˄ʶˌ ɲʶʽʴ˃ʰˍˇ˂ʹ˕ʾʶˌ  ʅʶ˂ʾʵʰ 176 

 

ŭɘŬůˊɞɟɎɠ, Űɘɛɩɜ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ əŬɘ ůɡɜɞɚɘəɐɠ ŭɘŬůˊɞɟɎɠ Űɞɡ ˊɚɖɗɡůɛɞɨ ɖ 

ŬɜɘɢɜŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ Űɤɜ ɡˊɧɣɖ ŭɘŬɔɟŬɛɛɎŰɤɜ. 

 

ɆɡɔəŮəɟɘɛɏɜŬ, ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɖ ɛŮɗɞŭɞɚɞɔɑŬ ɛŬɟəɞɓɘŬɜɐɠ ŬɚɡůɑŭŬɠ 

ɡˊɞɗɏŰɤɜŰŬɠ ɧŰɘ ɖ ɛɏůɖ ɛŮŰŬŰɧˊɘůɖ ˊŬɟŬɛɏɜŮɘ ůŰŬɗŮɟɐ Ŭˊɧ Űɖɜ ɏɜŬɟɝɖ 

ɛŮŰɟɐůŮɤɜ, ɚɞɔɘəɐ ˊɞɡ ɏɢŮɘ ŮűŬɟɛɞůŰŮɑ əŬɘ ůŮ ɧɚŮɠ Űɘɠ ɡˊɧɚɞɘˊŮɠ ˊŮɟɘˊŰɩůŮɘɠ Űɤɜ 

ˊɟɞɖɔɞɨɛŮɜɤɜ əŮűŬɚŬɑɤɜ. Ⱥˊɘˊɚɏɞɜ, ɔɘŬ ɚɧɔɞɡɠ ŭɘŮɡəɧɚɡɜůɖɠ, ɢɤɟɑɠ ˊŮɟɘɞɟɘůɛɧ 

Űɖɠ ɔŮɜɘəɧŰɖŰŬɠ ɡˊɞɗɏŰɞɡɛŮ ɧŰɘ ɞ ɛɏůɞɠ Űɞɡ ŭŮɑɔɛŬŰɞɠ ŬɜɎ ůŮŰ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ 

ˊŬɟŬɛɏɜŮɘ ůŰŬɗŮɟɧɠ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ əŬŰŬůŰŮɑ Ůɨəɞɚɞɠ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɞɡ ὃὙὒ, 

əŬɗɩɠ ůŮ ŬɜŰɑɗŮŰɖ ˊŮɟɑˊŰɤůɖ ɗŬ ŬˊŬɘŰɞɨɜŰŬɜ ɖ ɛɏɗɞŭɞɠ Monte Carlo ɔɘŬ Űɖɜ ɞˊɞɑŬ 

ŭŮɜ ɏɢŮɘ ɔɟŬűŰŮɑ əɩŭɘəŬɠ ɔɘŬ Űɞ ůəɞˊɧ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘˊɚɤɛŬŰɘəɐɠ. 

 

ɀŮ Űɞɜ Űɟɧˊɞ ŬɡŰɧ əŬŰŬɟŰɑůŰɖəŬɜ ɞɘ Ŭəɧɚɞɡɗɞɘ ɄɑɜŬəŮɠ. Ƀɘ ɡˊɞɚɞɔɘůɛɞɑ ɏɔɘɜŬɜ ɔɘŬ 

ɛɏɔŮɗɞɠ ɡˊɞɞɛɎŭŬɠ ŭŮɑɔɛŬŰɞɠ ὲ τ. ɆŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ ůŰɞɜ ɄɑɜŬəŬ 7.2 

ŬɜŬɔɟɎűɞɜŰŬɘ ɞɘ Űɘɛɏɠ Űɞɡ ɛɏůɞɡ 1ɖɠ ɏɤɠ 4ɖɠ ŰɎɝɖɠ, ůɨɛűɤɜŬ ɛŮ Űɖ ɚɞɔɘəɐ Űɖɠ 

ŰŮɢɜɘəɐɠ RSS.  

 

Ⱥˊɑůɖɠ, ɞɘ ɡˊɞɚɞɔɘůɛɞɑ ɏɔɘɜŬɜ ɔɘŬ ŭɨɞ Űɘɛɏɠ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ ‗ əŬɘ Űɖɠ ŭɘŬůˊɞɟɎɠ 

Űɤɜ ˊŬɟŬŰɖɟɐůŮɤɜ ɤɠ ˊɟɞɠ Űɞ ŭŮɘɔɛŬŰɘəɧ ɛɏůɞ, ŭɖɚŬŭɐ Űɖɠ ˊɞůɧŰɖŰŬɠ 

В ‘ ‘ , ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɔɑɜŮɘ ŬɜŰɘɚɖˊŰɐ ɖ ŮˊɑŭɟŬůɖ Űɖɠ Ŭɨɝɖůɖɠ Űɖɠ 

ŭɘŬůˊɞɟɎɠ. 

 

ὠὥὶ
▪

Ⱨ░ Ⱨ

▪

Ɽ

 

ɋɠ 6ÁÒ  ŮɜɜɞŮɑŰŬɘ ɖ ŭɘŬůˊɞɟɎ Űɤɜ Űɘɛɩɜ ‘ȡ, ŭɖɚŬŭɐ Űɤɜ ɛŮŰɟɐůŮɤɜ ˊɞɡ 

ɔɑɜɞɜŰŬɘ ůŰŬ ŭŮɑɔɛŬŰŬ ˊɞɡ ɚŬɛɓɎɜɞɜŰŬɘ, ůŮ ůɢɏůɖ ɛŮ Űɖ ɛɏůɖ Űɘɛɐ Űɞɡɠ ‘. 
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ɄɑɜŬəŬɠ 7.2: ɇɘɛɏɠ ˊŬɟŬŰɖɟɐůŮɤ ɔɘŬ ŬɜŰɑůŰɞɘɢɖ ɛŮŰŬŰɧˊɘůɖ əŬɘ ŭɘŬůˊɞɟɎ  

╥╪►▼╪□▬■▄ Ȣ  Ȣ  Ȣ  

♯ Ȣ  ‘ȡ πȢπυ 
‘ȡ πȢρυ 
‘ȡ πȢσυ 
‘ȡ πȢτυ 

‘ȡ πȢπρ 
‘ȡ πȢπυ 
‘ȡ πȢτυ 
‘ȡ πȢτω 

‘ȡ πȢπρ 
‘ȡ πȢπρ 
‘ȡ πȢπρ 
‘ȡ πȢωχ 

♯ Ȣ ‘ȡ πȢσπ 
‘ȡ πȢτπ 
‘ȡ πȢφπ 
‘ȡ πȢχπ 

‘ȡ πȢςφ 
‘ȡ πȢσπ 
‘ȡ πȢχπ 
‘ȡ πȢχτ 

‘ȡ πȢπτφτψ 
‘ȡ πȢρρωςπ 

‘ȡ πȢυψπψπ 
‘ȡ ρȢςυσυς 

♯ Ȣ  ‘ȡ πȢυυ 
‘ȡ πȢφυ 
‘ȡ πȢψυ 
‘ȡ πȢωυ 

‘ȡ πȢυρ 
‘ȡ πȢυυ 
‘ȡ πȢωυ 
‘ȡ πȢωω 

‘ȡ πȢρπ 
‘ȡ πȢυυ 
‘ȡ πȢωυ 
‘ȡ ρȢτπ 

♯ Ȣ  ‘ȡ πȢψπ 
‘ȡ πȢωπ 
‘ȡ ρȢρπ 
‘ȡ ρȢςπ 

‘ȡ πȢχφ 
‘ȡ πȢψπ 
‘ȡ ρȢςπ 
‘ȡ ρȢςτ 

‘ȡ πȢσυ 
‘ȡ πȢψπ 
‘ȡ ρȢς 
‘ȡ ρȢφυ 

♯ Ȣ  ‘ȡ ρȢπυ 
‘ȡ ρȢρυ 
‘ȡ ρȢσυ 
‘ȡ ρȢτυ 

‘ȡ ρȢπρ 
‘ȡ ρȢπυ 
‘ȡ ρȢτυ 
‘ȡ ρȢτω 

‘ȡ πȢφ 
‘ȡ ρȢπυ 
‘ȡ ρȢτυ 
‘ȡ ρȢω 

♯ Ȣ  ‘ȡ ρȢσπ 
‘ȡ ρȢτπ 
‘ȡ ρȢφπ 
‘ȡ ρȢχπ 

‘ȡ ρȢςφ 
‘ȡ ρȢσ 
‘ȡ ρȢχ 
‘ȡ ρȢχτ 

‘ȡ πȢψυ 
‘ȡ ρȢσ 
‘ȡ ρȢχ 
‘ȡ ςȢρυ 

♯ Ȣ  ‘ȡ ρȢυυ 
‘ȡ ρȢφυ 
‘ȡ ρȢψυ 
‘ȡ ρȢωυ 

‘ȡ ρȢυρ 
‘ȡ ρȢυυ 
‘ȡ ρȢωυ 
‘ȡ ρȢωω 

‘ȡ ρȢρ 
‘ȡ ρȢυυ 
‘ȡ ρȢωυ 
‘ȡ ςȢτ 

♯ Ȣ  ‘ȡ ρȢψπ 
‘ȡ ρȢωπ 
‘ȡ ςȢρπ 
‘ȡ ςȢςπ 

‘ȡ ρȢχφ 
‘ȡ ρȢψπ 
‘ȡ ςȢςπ 
‘ȡ ςȢςτ 

‘ȡ ρȢσυ 
‘ȡ ρȢψ 
‘ȡ ςȢς 
‘ȡ ςȢφυ 
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ɄɑɜŬəŬɠ 7.3: ȷɜɘɢɜŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ RSS EWMA 

╥╪►▼╪□▬■▄ Ȣ  Ȣ  Ȣ  Ȣ  

ⱦ 0.14 0.14 0.25 0.25 

L 

♯         
2.7895 2.7895 2.9015 2.9015 

0.00 370.0152 370.0152 370.072 370.072 

0.25 Ȣ  Ȣ  Ȣ  Ȣ  

0.5 „ πȢςσυυ 

67.13965 % 

πȢππσφχφσυ 
„ πȢσρφρτ 

50.001388 % 

πȢςωςπψσς 
„ πȢτυρφτ 

35.00883 % 

1.205943 

„ ρ 
15. 81139 % 

υȢυττφρφ 

ʎ ς 
7.905694 % 

28.50282 

ʎ σ 
5. 270463 % 

61.58076 

„ πȢςσυυ 

96. 04662% 

ρὩ  
„ πȢσρφρτ 

69. 87639% 

ςȢωχφσὩ πω 
„ πȢτυρφτ 

48.91224 % 

ρ 

„ ρ 
22.09072 % 

χȢρφυττφ 

ʎ ς 
11.04536 % 

28.33596 

ʎ σ 
7. 363574 % 

61.43448 

„ πȢςσυυ 

67.13965 % 

πȢππςυρτςτχ 
„ πȢσρφρτ 

50.00 1388% 

πȢςσωρσςχ 
„ πȢτυρφτ 

35.00883 % 

ρȢρτρρτυ 

„ ρ 
15. 81139 % 

ψȢτχτρφψ 

ʎ ς 
7.905694 % 

39.26269 

ʎ σ 
5. 270463 % 

85.71602 

„ πȢςσυυ 

96. 04662% 

 
„ πȢσρφρτ 

69.87639%  

0.06726269 

„ πȢτυρφτ 

48.91224%  

πȢωςτπχπψ 

„ ρ 
22. 09072% 

ψȢςτωυυ 

ʎ ς 
11. 04536% 

39.0176 

ʎ σ 
7. 363574 % 

85.52056 

0.75 3.179215 3.265453 3.396617 3.187098 

1.00 ʎ πȢςσυυ 

67.13965 % 

1.55e-17 
ʎ πȢσρφρτ 

50.00 1388% 

9.740101e-06  
ʎ πȢτυρφτ 

35.00883 % 

0.04796735 

ίὭὫάὥπ ρ 
15. 81139 % 

1.76945 

ÓÉÇÍÁπ ς 
7.905694 % 

7.465592 

ÓÉÇÍÁπσ 
5. 270463 % 

16.28073 

ʎ πȢςσυυ 

93. 80349% 

0 
ʎ πȢσρφρτ 

69. 87639% 

2.976374e-09 
ʎ πȢτυρφτ 

48.91224%  

0.02170523 

 ίὭὫάὥπ ρ 
22.09072 % 

1.717753 

ÓÉÇÍÁπ ς 
11. 04536 % 

7.423437 

ÓÉÇÍÁπσ 
7. 363574% 

16.23867 

ʎ πȢςσυυ 

67.13965 % 

7.015e-18 
ʎ πȢσρφρτ 

50.001388%  

5.906553e-06  
ʎ πȢτυρφτ 

35.00883 % 

0.03570837 

ίὭὫάὥπ ρ 
15.81139 % 

1.749159 

ÓÉÇÍÁπ ς 
7.905694 % 

8.65241 

ÓÉÇÍÁπσ 
5. 270463 % 

21.2068 

ʎ πȢςσυυ 

93. 80349% 

0 
ʎ πȢσρφρτ 

69. 87639% 

1.62202e-09 
ʎ πȢτυρφτ 

48.91224%  

0.01567596 

 ίὭὫάὥπ ρ 
22.09072%  

1.692953 

ÓÉÇÍÁπ ς 
11. 04536 % 

8.596041 

ÓÉÇÍÁπσ 
7. 363574% 

21.1449 

 



 

ɼʶ˒ʱ˂ʰʽˇ тˇ ς ɲʽʰʴˊʱ˃˃ʰˍʰ EWMA ˃ ʶ ˍʰ˅ʽ˄ˇ˃ʹ˃ʷ˄ʶˌ ɲʶʽʴ˃ʰˍˇ˂ʹ˕ʾʶˌ  ʅʶ˂ʾʵʰ 179 

 

ɄɑɜŬəŬɠ 7.4: ȷɜɘɢɜŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ RSS EWMA 

╥╪►▼╪□▬■▄ Ȣ  Ȣ  Ȣ  Ȣ  

ⱦ 0.14 0.14 0.25 0.25 

L 

♯         
2.7895 2.7895 2.9015 2.9015 

0.00 σχπȢπρυς σχπȢπρυς σχπȢπχς σχπȢπχς 

1.25 1.005409 0.7808768 0.9213951 0.9840337 

1.50 0.5942973 0.321917 0.5158356 0.5475779 

1.75 0.3350184 0.09889842 0.2769742 0.2771173 

2.00 0.1656227 0.01470254 0.1308761 0.1230312 

 

ɄɑɜŬəŬɠ 7.5: ȷɜɘɢɜŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ RSS EWMA 

╥╪►▼╪□▬■▄ Ȣ  
 

Ȣ  Ȣ  Ȣ  

ⱦ 0.1 0.1 0.35 0.35 

L 

♯         
2.71317 2.71317 2.94863 2.94863 

0.00 370.0006 370.0006 370.0781 370.0781 

0.25 24.25695 24.13406 49.99586 48.68323 

0.5 6.424133 6.335811 10.23344 9.861352 

0.75 2.857193 2.728514 3.954404 3.781731 

1.00 1.571128 1.514293 1.950442 1.885664 

1.25 0.9631523 0.934288 1.007607 1.057223 

1.50 0.5938816 0.5715603 0.4987692 0.6316519 

1.75 0.3392517 0.3212418 0.2249619 0.3682063 

2.00 0.1683943 0.155545 0.08800071 0.1888659 
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 ɄɑɜŬəŬɠ 7.6: ȷɜɘɢɜŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ RSS EWMA 

╥╪►▼╪□▬■▄ Ȣ  Ȣ  0.23125  

ⱦ 0.35 0.35 0.35 

L 

♯         
2.94863 2.94863 2.94863 

0.00 370.0781 370.0781 370.0781 

0.25 49.99586 48.68323 42.01496 

0.5 10.23344 9.861352 7.992658 

0.75 3.954404 3.781731 3.296984 

1.00 1.950442 1.885664 1.790467 

1.25 1.007607 1.057223 1.050291 

1.50 0.4987692 0.6316519 0.6001011 

1.75 0.2249619 0.3682063 0.3085728 

2.00 0.08800071 0.1888659 0.1314202 

 

ɄɑɜŬəŬɠ 7.7: ȷɜɘɢɜŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ RSS EWMA 

╥╪►▼╪□▬■▄ Ȣ  
 

Ȣ  0.23125  

ⱦ 0.1 0.1 0.1 

L 

♯         
2.71317 2.71317 2.71317 

0.00 370.0006 370.0006 370.0006 

0.25 24.25695 24.13406 22.1627 

0.5 6.424133 6.335811 5.674745 

0.75 2.857193 2.728514 2.41188 

1.00 1.571128 1.514293 1.162182 

1.25 0.9631523 0.934288 0.6051652 

1.50 0.5938816 0.5715603 0.3114773 

1.75 0.3392517 0.3212418 0.1387216 

2.00 0.1683943 0.155545 0.04870633 
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ɄɑɜŬəŬɠ 7.8: ȷɜɘɢɜŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ RSS EWMA 

 

 

 

 

 

 

 

 

 

 

 

ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ŬɜɤŰɏɟɤ ˊɘɜɎəɤɜ ŬɜŬˊŬɟɑůŰŬɜŰŬɘ ɔɟŬűɘəɎ ůŰɖ ůɡɜɏɢŮɘŬ. 

 

ɆɢɐɛŬ 7.2: ὃὙὒ ŭɘŬɔɟŬɛɛɎŰɤɜ RSS ï EWMA ɔɘŬ ‗ πȢρ əŬɘ ŰɟŮɘɠ ŭɘŬűɞɟŮŰɘəɏɠ 

ŭɘŬůˊɞɟɏɠ Űɤɜ Űɘɛɩɜ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ 

 

╥╪►▼╪□▬■▄ Ȣ  Ȣ  Ȣ  Ȣ  

ⱦ 0.24 0.24 0.2 0.2 

L 

♯         
2.89326 2.89326 2.8632 2.8632 

0.00 370.0006 370.0006 370.0331 370.0331 

1.00 1.615453 1.675269 1.736169 1.734967 

1.25 - - 0.990346 0.9623761 

ⱦ 0.21 0.21  

L 

♯         
2.8718 2.8718 

0.00 370.0406 370.0406 

1.00 1.465054 1.677621 
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ɆɢɐɛŬ 7.3: ὃὙὒ ŭɘŬɔɟŬɛɛɎŰɤɜ RSS ï EWMA ɔɘŬ ‗ πȢσυ əŬɘ ŰɟŮɘɠ ŭɘŬűɞɟŮŰɘəɏɠ 

ŭɘŬůˊɞɟɏɠ Űɤɜ Űɘɛɩɜ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ 

7.2.6 ȹɘŬɔɟɎɛɛŬŰŬ RSS ï EWMA ï ɆɡɛˊŮɟɎůɛŬŰŬ 

ȷˊɧ Űɞɡɠ ŬɜɤŰɏɟɤ ɄɑɜŬəŮɠ əŬɘ ŭɘŬɔɟɎɛɛŬŰŬ ˊɟɞəɨˊŰɞɡɜ ŰŬ ŬəɧɚɞɡɗŬ 

ůɡɛˊŮɟɎůɛŬŰŬ: 

 

 - Ȱɤɠ Űɖɠ ˊŬɟɞɨůɖɠ ɗŮɤɟɞɨůŬɛŮ ůŮ ɧɚŬ ŰŬ əŮűɎɚŬɘŬ ˊɞɡ ɛŮɚŮŰɐůŬɛŮ 

ɧŰɘ ίὭὫάὥπ ρ. ũɘŬ ŬɡŰɐ Űɖɜ Ůˊɘɚɞɔɐ, ɓɚɏˊɞɡɛŮ ɧŰɘ ɧůɞ ɛŮɘɩɜŮŰŬɘ Űɞ ‗ Űɧůɞ 

ŬɡɝɎɜŮŰŬɘ ɖ ŬɜɘɢɜŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ ɔɘŬ ɛɘəɟɏɠ ɛŮŰŬŰɞˊɑůŮɘɠ. ȷɡŰɧ ŬűɞɟɎ ɔɘŬ 

ɛŮŰŬŰɞˊɑůŮɘɠ ɛɘəɟɧŰŮɟŮɠ ɐ ɑůŮɠ ɛŮ ‏ πȢυ. ȰŰůɘ, ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ɔɘŬ ɛŮŰŬŰɧˊɘůɖ ɑůɖ 

ɛŮ ‏ πȢυ ɛŮ ɛŮɑɤůɖ Űɞɡ ‗ Ŭˊɧ Űɖɜ Űɘɛɐ ‗ πȢςυ ůŮ ‗ πȢρτ əŬɘ ɔɘŬ ὠὥὶ

Ȣ  ɖ ŬɜɘɢɜŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ ɛŮɘɩɜŮŰŬɘ Ŭˊɧ ὃὙὒ ψȢτχτρφψ ůŮ ὃὙὒ χȢσστσψ. 

ȷɜŰɑůŰɞɘɢŬ ɔɘŬ ɛŮɔŬɚɨŰŮɟɖ ŭɘŬůˊɞɟɎ Űɤɜ Űɘɛɩɜ Űɞɡ ŭŮɑɔɛŬŰɞɠ, ŭɖɚŬŭɐ ɔɘŬ  

ὠὥὶ Ȣ  ɛŮ ɛŮɑɤůɖ Űɞɡ ‗ Ŭˊɧ Űɖɜ Űɘɛɐ ‗ πȢςυ ůŮ ‗ πȢρτ, ɖ 

ŬɜɘɢɜŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ ɛŮɘɩɜŮŰŬɘ Ŭˊɧ ὃὙὒ ψȢςτωυυ ůŮ ὃὙὒ χȢρφυττφ. 

 

 - ȳˊɤɠ űŬɑɜŮŰŬɘ Ŭˊɧ ŰŬ ŬɜɤŰɏɟɤ, ɔɘŬ ɛŮŰŬŰɧˊɘůɖ ɑůɖ ɛŮ ‏ πȢυ ɖ 

Ŭɨɝɖůɖ Űɖɠ ŭɘŬůˊɞɟɎɠ Űɤɜ Űɘɛɩɜ Űɞɡ ŭŮɑɔɛŬŰɞɠ ɔɘŬ ɑŭɘŬ ŭɘŬůˊɞɟɎ Űɞɡ ˊɚɖɗɡůɛɞɨ 
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ɞŭɖɔŮɑ ůŮ Ŭɨɝɖůɖ Űɖɠ ŬɜɘɢɜŮɡŰɘəɐɠ ɘəŬɜɧŰɖŰŬɠ, ɔŮɔɞɜɧɠ ˊɞɡ ŮɑɜŬɘ űɡůɘɞɚɞɔɘəɧ, 

əŬɗɩɠ ɖ ŬɜɤŰɏɟɤ Ŭɨɝɖůɖ ɞŭɖɔŮɑ ůŮ ůŰɏɜŮɛŬ Űɤɜ ɞɟɑɤɜ Ůɚɏɔɢɞɡ. 

 

 - ȷɜŰɑɗŮŰŬ, ɔɘŬ ‏ ρ (ɛŮůŬɑŮɠ əŬɘ ɛŮɔɎɚŮɠ ɛŮŰŬŰɞˊɑůŮɘɠ), ɖ ɛŮɑɤůɖ Űɞɡ 

‗ ŭŮɜ ɞŭɖɔŮɑ ůŮ ɛŮɑɤůɖ Űɖɠ ŬɜɘɢɜŮɡŰɘəɐɠ ɘəŬɜɧŰɖŰŬɠ Űɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ, ŬɚɚɎ ůŮ 

Ŭɨɝɖůɖ. ȰŰůɘ, ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ, ɖ ɛŮɑɤůɖ Űɞɡ ‗ Ŭˊɧ ‗ πȢςυ ůŮ ‗ πȢρτ, ɞŭɖɔŮɑ 

ůŮ Ŭɨɝɖůɖ Űɞɡ ὃὙὒ Ŭˊɧ ὃὙὒ ρȢχτωρυω ůŮ ὃὙὒ ρȢχφωτυ. 

 

 - ɇɞ ŬɜɤŰɏɟɤ ůɡɛˊɏɟŬůɛŬ ɞűŮɑɚŮŰŬɘ ůŰɞ ɔŮɔɞɜɧɠ ɧŰɘ Űɞ ɔɟɎűɖɛŬ Űɞɡ 

ὃὙὒ ůŮ ůɢɏůɖ ɛŮ Űɖ ɛŮŰŬŰɧˊɘůɖ ˊŬɟɞɡůɘɎɕŮɘ ůɖɛŮɑɞ əŬɛˊɐɠ, ɛŮŰɎ Űɞ ɞˊɞɑɞ ɔɘŬ 

ɛŮɔŬɚɨŰŮɟŮɠ ɛŮŰŬŰɞˊɑůŮɘɠ Űɞɡ ɛɏůɞɡ Űɖɠ ŭɘŮɟɔŬůɑŬɠ, ɖ ŬɜɘɢɜŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ ŮɑɜŬɘ 

ɛɘəɟɧŰŮɟɖ ɔɘŬ ɛŮɔŬɚɨŰŮɟɖ ŭɘŬůˊɞɟɎ Űɤɜ ˊŬɟŬŰɖɟɐůŮɤɜ, ɔŮɔɞɜɧɠ ˊɞɡ ŭŮɜ ŮɑɜŬɘ 

ŮˊɘɗɡɛɖŰɧ. ȷɡŰɧ ɛˊɞɟŮɑ ɜŬ űŬɜŮɑ ŮɨəɞɚŬ əŬɘ Ŭˊɧ Űɞ Ŭəɧɚɞɡɗɞ ŭɘɎɔɟŬɛɛŬ, ɧˊɞɡ 

ŬɜŬˊŬɟŬůŰɎɗɖəŮ Űɞ ɑŭɘɞ ɔɟɎűɖɛŬ ɛŮ Űɞ ɆɢɐɛŬ 7.2, ɛŮ Űɖ ŭɘŬűɞɟɎ ɧŰɘ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɚɞɔŬɟɘɗɛɐ əɚɑɛŬəŬ ůŰɞɜ ɎɝɞɜŬ Űɤɜ y. ɆŰɞ ůɢɐɛŬ űŬɑɜŮŰŬɘ əŬɗŬɟɎ 

ɧŰɘ Űɞ ůɖɛŮɑɞ əŬɛˊɐɠ, ŮɛűŬɜɑɕŮŰŬɘ ɔɘŬ ɛŮŰŬŰɧˊɘůɖ ɛŮŰŬɝɨ 1 əŬɘ 1.25 əŬɘ ɧŰŬɜ ρ

ὃὙὒρ ρȢςυ, ŭɖɚɎŭɖ ůŰɞ ɔɟɎűɖɛŬ ɧŰŬɜ π ὰὲὃὙὒρ πȢςς, ɖ əŬɛˊɨɚɖ ˊɞɡ 

ŬɜŰɘůŰɞɘɢŮɑ ɔɘŬ ɛŮŰŬɚɨŰŮɟɖ ŭɘŬůˊɞɟɎ, ɛŮ Űɘɠ ɛŬɨɟŮɠ ŰŮɚŮɑŮɠ ɝŮˊŮɟɜɎŮɘ ɞɟɘŬəɎ Űɖɜ 

əŬɛˊɨɚɖ ˊɞɡ ŬɜŰɘůŰɞɘɢŮɑ ůŰɖ ɛɘəɟɧŰŮɟɖ ŭɘŬůˊɞɟɎ.  

 

- Ⱥˊɑůɖɠ, ˊŬɟŬŰɖɟɞɨɛŮ ɧŰɘ ɖ Ŭɨɝɖůɖ Űɞɡ ‗, ɔɘŬ Űɘɛɏɠ ‗ πȢςρ, ˊɟɞəŬɚŮɑ 

ɛŮŰŬŰɧˊɘůɖ Űɞɡ ɡˊɧɣɖ ɆɖɛŮɑɞɡ ȾŬɛˊɐɠ ůŮ Űɘɛɏɠ ɛŮɔŬɚɨŰŮɟŮɠ Ŭˊɧ Űɖ ɛɞɜɎŭŬ, 

ŭɖɚŬŭɐ ὃὙὒρ, ɔŮɔɞɜɧɠ ˊɞɡ ŮɑɜŬɘ ŬɜŮˊɘɗɨɛɖŰɞ. ȷɜŰɑɗŮŰŬ, ɔɘŬ ‗ πȢςπ, Űɞ ůɖɛŮɑɞ 

əŬɛˊɐɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ ˊɎɜŰŬ ɔɘŬ ὃὙὒρ. ɆɡɜŮˊɩɠ, Űɞ ‗ ˊɟɞŰŮɑɜŮŰŬɘ ɜŬ ˊŬɑɟɜŮɘ 

Űɘɛɏɠ ‗ πȢςπ. 

 

 - ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŬɡŰɎ Ŭűɞɟɞɨɜ Űɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ 

ὲ τ. 

 

 - ȽŭɘŬɑŰŮɟɞ ŮɜŭɘŬűɏɟɞɜ ˊŬɟɞɡůɘɎɕŮɘ ɖ ˊŮɟɑˊŰɤůɖ ůŰɖɜ ɞˊɞɑŬ ɖ 

ŭɘŬůˊɞɟɎ Űɞɡ ˊɚɖɗɡůɛɞɨ ŮɑɜŬɘ ŭɘŬűɞɟŮŰɘəɐ Ŭˊɧ 1. ȰŰůɘ, ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ, ɔɘŬ 

ɛŮŰŬŰɧˊɘůɖ ‏ πȢυ, „ πȢτυρφτ,  ὠὥὶ πȢπςυ əŬɘ ɛŮ ɛŮŰŬɓɞɚɐ Űɖɠ 
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ˊŬɟŬɛɏŰɟɞɡ ŮɝɞɛɎɚɡɜůɖɠ ‗ Ŭˊɧ ‗ πȢςυ ůŮ ‗ πȢρτ, ɖ ŬɜɘɢɜŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ 

ɛŮɘɩɜŮŰŬɘ, ŬɜŰɑɗŮŰŬ ɛŮ ŬɡŰɧ ˊɞɡ ůɡɛɓŬɑɜŮɘ ɧŰŬɜ „ ρ. 

 

 

ɆɢɐɛŬ 7.4: ɁŮɏ́ɟɘɞɠ ɚɞɔɎɟɘɗɛɞɠ Űɞɡ ὃὙὒ ůŮ ůɢɏůɖ ɛŮ Űɖ ɛŮŰŬŰɧˊɘůɖ Űɤɜ 

ŭɘŬɔɟŬɛɛɎŰɤɜ RSS ï EWMA ɔɘŬ ‗ πȢσυ əŬɘ ŰɟŮɘɠ ŭɘŬűɞɟŮŰɘəɏɠ ŭɘŬůˊɞɟɏɠ Űɤɜ 

Űɘɛɩɜ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ 

 

ɆŰɞ ɑŭɘɞ ůɡɛˊɏɟŬůɛŬ əŬŰŬɚɐɔɞɡɛŮ, ɧŰŬɜ ὠὥὶ πȢπτψψ, Űɧůɞ ɔɘŬ ɛɘəɟɏɠ ɧůɞ 

əŬɘ ɔɘŬ ɛŮɔɎɚŮɠ ɛŮŰŬŰɞˊɑůŮɘɠ, əŬɗɩɠ ɓɚɏˊɞɡɛŮ ɧŰɘ ůŰɘɠ ŬɜŰɑůŰɞɘɢŮɠ ˊŮɟɘˊŰɩůŮɘɠ ɖ 

ŬɜɘɢɜŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ ɛŮɘɩɜŮŰŬɘ ŮɚŬűɟɩɠ ɧůɞ ɛŮɘɩɜŮŰŬɘ Űɞ ‗. 

 

ȷɜŰɑůŰɞɘɢŬ ɘůɢɨɞɡɜ əŬɘ ɔɘŬ ɧɚŮɠ Űɖɠ ŭɘŬůˊɞɟɏɠ Űɞɡ ˊɚɖɗɡůɛɞɨ ɔɘŬ „ ρ, ɧˊɤɠ 

Ůˊɑůɖɠ ɔɘŬ  „ σ. ɆɡɜŮˊɩɠ, ɖ ɛɞɜŬŭɘəɐ ˊŮɟɑˊŰɤůɖ ůŰɖɜ ɞˊɞɑŬ ɖ ɛŮɑɤůɖ Űɞɡ ‗ 

ɞŭɖɔŮɑ ůŮ ɓŮɚŰɑɤůɖ Űɖɠ ŬɜɘɢɜŮɡŰɘəɐɠ ɘəŬɜɧŰɖŰŬɠ ŮɑɜŬɘ ɔɘŬ ρ „ ς. 

 

ũɘŬ ɛɘəɟɏɠ Űɘɛɏɠ Űɞɡ ‗ ɖ Ŭɨɝɖůɖ Űɖɠ ŭŮɘɔɛŬŰɘəɐɠ ŭɘŬůˊɞɟɎɠ ɞŭɖɔŮɑ ůŮ ŰŬɢɨŰŮɟɖ 

ŬɜɘɢɜŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ, ɔŮɔɞɜɧɠ ˊɞɡ ŮˊŬɚɖɗŮɨŮɘ Űɖ ůɢŮŭɑŬůɖ Űɞɡ ɡˊɧɣɖ Űɨˊɞɡ 

əŬɗɩɠ ɞŭɖɔŮɑ ůŮ ɓŮɚŰɑɤůɖ Űɖɠ ŬɜɘɢɜŮɡŰɘəɐɠ ɘəŬɜɧŰɖŰŬɠ Űɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ EWMA. 

ɆŰɞ ŬɜŰɑɗŮŰɞ ŬˊɞŰɏɚŮůɛŬ əŬŰŬɚɐɔɞɡɛŮ ɔɘŬ ɛŮɔɎɚŮɠ Űɘɛɏɠ Űɞɡ ‗, ɧˊɤɠ ˊŬɟŬŰɖɟɞɨɛŮ 
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Ŭˊɧ Űɞɡɠ ɄɑɜŬəŮɠ 7.2 əŬɘ 7.3. ȰŰůɘ, ůɡɔəŮəɟɘɛɏɜŬ, ɔɘŬ ɛŮŰŬŰɞˊɑůŮɘɠ ɛɘəɟɧŰŮɟŮɠ ɑůŮɠ 

ɛŮ 1, ɖ Ŭɨɝɖůɖ Űɖɠ ŭɘŬůˊɞɟɎɠ, əŬɗɩɠ ˊɖɔŬɑɜɞɡɛŮ Ŭˊɧ Űɖ ůŰɐɚɖ 1 ůŰɖɜ ůŰɐɚɖ 3, 

ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ɔɘŬ ‏ ρ, Űɞ ὃὙὒ ρȢωυπττς ůŰɖ ůɡɜɏɢŮɘŬ ɔɘŬ ɛŮɔŬɚɨŰŮɟɖ 

ŭɘŬůˊɞɟɎ ɔɑɜŮŰŬɘ ὃὙὒ ρȢψψυφφτ əŬɘ ɛŮ ˊŮɟŬɘŰɏɟɤ Ŭɨɝɖůɖ Űɖɠ ŭŮɘɔɛŬŰɘəɐɠ 

ŭɘŬůˊɞɟɎɠ Űɞ ɛɏůɞ ɛɐəɞɠ ɟɞɐɠ ŮɚŬŰŰɩɜŮŰŬɘ Ŭəɧɛɖ ˊŮɟɘůůɧŰŮɟɞ ůŮ ὃὙὒ

ρȢχωπτφχȢ ȽŭɘŬɑŰŮɟɞ ŮɜŭɘŬűɏɟɞɜ ˊŬɟɞɡůɘɎɕŮɘ Űɞ ὙὛὛὉὡὓὃ ɔɘŬ ɛŮɔɎɚŮɠ Űɘɛɏɠ Űɞɡ 

‗ əŬɘ ɔɘŬ ɛŮŰŬŰɞˊɑůŮɘɠ ɛŮɔŬɚɨŰŮɟŮɠ Ŭˊɧ 1.25, əŬɗɩɠ ɔɘŬ ɛŮůŬɑŮɠ Űɘɛɏɠ Űɖɠ 

ŭŮɘɔɛŬŰɘəɐɠ ŭɘŬůˊɞɟɎɠ Űɞ ὃὙὒ ˊŬɟɞɡůɘɎɕŮɘ ɛɏɔɘůŰɞ, Ůɜɩ ɔɘŬ ɛɘəɟɏɠ əŬɘ ɛŮɔɎɚŮɠ 

Űɘɛɏɠ Űɖɠ ŭŮɘɔɛŬŰɘəɐɠ ŭɘŬůˊɞɟɎɠ Űɞ ὃὙὒ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɞ əŬɘ ɛɎɚɘůŰŬ ɔɘŬ ɛɘəɟɧŰŮɟŮɠ 

Űɘɛɏɠ Űɖɠ ŭŮɘɔɛŬŰɘəɐɠ ŭɘŬůˊɞɟɎɠ Űɞ ὃὙὒ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɞ. ȷɡŰɧ ŭŮɜ ŮɑɜŬɘ ŮˊɘɗɡɛɖŰɧ, 

əŬɗɩɠ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ ὙὛὛ Ὁὡὓὃ ůɢŮŭɘɎůŰɖəŬɜ ɛŮ Űɖ ɚɞɔɘəɐ ɖ ɛŮɔŬɚɨŰŮɟɖ 

ŭɘŬůˊɞɟɎ Űɤɜ Űɘɛɩɜ Űɖɠ ŭŮɘɔɛŬŰɘəɐɠ ŭɘŬůˊɞɟɎɠ ɜŬ ɞŭɖɔŮɑ ůŮ əŬɚɨŰŮɟɖ ŬɜɘɢɜŮɡŰɘəɐ 

ɘəŬɜɧŰɖŰŬ. 

7.2.7 ȺűŬɟɛɞɔɐ ɇŮɢɜɘəɐɠ ȹŮɘɔɛŬŰɞɚɖɣɑŬɠ RSS 

ɄɟɞəŮɘɛɏɜɞɡ ɜŬ ɡˊɎɟɢŮɘ ɛɑŬ ůɡɜɏɢŮɘŬ ɛŮ ŰŬ ˊɟɞɖɔɞɨɛŮɜŬ əŮűɎɚŬɘŬ 

ŮűŬɟɛɧɕɞɡɛŮ Űɘɠ ůɢɏůŮɘɠ (7.12) əŬɘ (7.15) ůŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ ɄɑɜŬəŬ 7.7, ŰŬ ɞˊɞɑŬ 

ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ŰŬ ŮəŮɑɜŬ Űɞɡ ˊŬɟŬŭŮɑɔɛŬŰɞɠ 2.2, ŮˊŬɡɝɎɜɞɜŰŬɠ ŰŬ ŰŮɚŮɡŰŬɑŬ, ɛŮ 

Űɖɜ ɡˊɧɗŮůɖ ɧŰɘ əɎɗŮ ůŮŰ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ὲ τ ŭŮɑɔɛŬŰŬ. Ⱥˊɑůɖɠ, 

ɖ ŬɜŬˊŬɟɎůŰŬůɖ ɏɔɘɜŮ ɔɘŬ ‗ πȢρτ əŬɘ ὒ ςȢχψωυ, ɛŮ Űɘɠ ɞˊɞɑŮɠ Űɘɛɏɠ ɏɢɞɡɛŮ ŭŮɘ 

ůŰɞɡɠ ŬɜɤŰɏɟɤ ɄɑɜŬəŮɠ ɧŰɘ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ὃὙὒ σχπȢ 

 

ȷˊɧ Űɞ ŭɘɎɔɟŬɛɛŬ ŭɘŬˊɘůŰɩɜɞɡɛŮ ɧŰɘ ɖ ɛŮŰŬŰɧˊɘůɖ ůŰɖɜ 2ɖ ˊŬɟŬŰɐɟɖůɖ ɔɑɜŮŰŬɘ 

ɎɛŮůŬ ŬɜŰɘɚɖˊŰɐ, ɧˊɤɠ Ůˊɑůɖɠ ɖ ɛŮŰŬŰɧˊɘůɖ ůŰɖɜ 24ɖ ́ ŬɟŬŰɐɟɖůɖ ɔɑɜŮŰŬɘ əŬɘ ˊɎɚɘ 

ɎɛŮůŬ ŬɜŰɘɚɖˊŰɐ.  

 

ȷˊɧ Űɖ ůɨɔəɟɘůɖ Űɞɡ Ŭˊɚɞɨ ŭɘŬɔɟɎɛɛŬŰɞɠ EWMA ɛŮ ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜŬ ɧɟɘŬ 

ůŮ ůɢɏůɖ ɛŮ Űɞ ŭɘɎɔɟŬɛɛŬ RSS EWMA ŭɘŬˊɘůŰɩɜɞɡɛɛŮ ɧŰɘ Űɞ ŰŮɚŮɡŰŬɑɞ ɏɢŮɘ 

ŮɚŬűɟɩɠ ůŰŮɜɧŰŮɟŬ ɧɟɘŬ əŬŰɎ Űɘɠ ˊɟɩŰŮɠ 2 ˊŬɟŬŰɖɟɐůŮɘɠ. ɆɡɜŮˊɩɠ, ɖ ɓŮɚŰɑɤůɐ 

Űɞɡ ůŰɞ ὃὙὒ ŬűɞɟɎ ůŮ ɛŮŰŬŰɞˊɑůŮɘɠ ˊɞɡ ůɡɛɓŬɑɜɞɡɜ Ŭˊɧ Űɖɜ ɏɜŬɟɝɖ ɛɏŰɟɖůɖɠ əŬɘ 

ɧɢɘ ɛŮŰŬɔŮɜɏůŰŮɟŬ. 

 



 

ɼʶ˒ʱ˂ʰʽˇ тˇ ς ɲʽʰʴˊʱ˃˃ʰˍʰ EWMA ˃ ʶ ˍʰ˅ʽ˄ˇ˃ʹ˃ʷ˄ʶˌ ɲʶʽʴ˃ʰˍˇ˂ʹ˕ʾʶˌ  ʅʶ˂ʾʵʰ 186 

 

 

ɄɑɜŬəŬɠ 7.9: ȹŮŭɞɛɏɜŬ 

 

 

 

ɆɢɐɛŬ 7.5: ȹɘɎɔɟŬɛɛŬ RSS EWMA ɔɘŬ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ ɄɑɜŬəŬ 7.7  

 

 

 

ȷ/ȷ x1(1)r x2(2)r x3(3)r x4(4)r Xi:n

1 9.45 8.80 9.00 9.50 10.00 8.80 8.80 9.05 9.60 10.40 9.05 8.10 9.40 9.75 10.80 9.75 7.90 8.50 9.40 10.20 10.20 9.45

2 7.99 7.99 8.30 9.00 10.10 7.99 8.10 8.80 9.00 10.40 8.80 7.00 7.10 7.15 9.00 7.15 7.10 7.40 7.60 8.00 8.00 7.99

3 9.29 10.00 10.25 10.60 10.80 10.00 8.50 9.00 10.00 10.60 9.00 8.40 9.50 10.00 10.40 10.00 7.50 7.80 8.00 8.14 8.14 9.29

4 11.66 10.40 10.50 10.60 10.70 10.40 10.00 12.68 12.70 12.80 12.68 10.10 11.00 11.50 12.00 11.50 10.00 11.00 12.00 12.14 12.14 11.68

5 12.16 12.90 12.91 12.93 12.95 12.90 11.00 11.40 11.60 12.00 11.40 11.00 11.60 12.00 12.40 12.00 11.00 11.80 12.10 12.32 12.32 12.16

6 10.18 11.50 11.70 11.80 12.30 11.50 9.60 10.00 10.50 11.20 10.00 9.00 9.30 9.50 10.90 9.50 8.30 9.00 9.50 9.70 9.70 10.18

7 8.04 7.10 8.00 8.70 9.80 7.10 8.70 9.20 9.50 10.90 9.20 7.80 8.20 8.45 9.60 8.45 7.10 7.20 7.35 7.40 7.40 8.04

8 11.46 10.79 10.90 11.50 11.90 10.79 9.80 11.40 11.70 12.00 11.40 9.70 11.40 12.00 12.30 12.00 9.90 10.60 11.20 11.65 11.65 11.46

9 9.20 8.91 9.20 9.80 10.60 8.91 9.60 10.13 10.80 12.30 10.13 8.10 8.50 8.70 9.80 8.70 7.40 8.40 8.90 9.05 9.05 9.20

10 10.34 11.32 11.50 12.00 12.30 11.32 9.20 10.10 10.50 11.70 10.10 9.10 9.40 9.70 10.90 9.70 9.00 9.50 10.00 10.25 10.25 10.34

11 9.03 8.49 8.90 9.30 10.50 8.49 7.80 8.00 8.30 9.50 8.00 9.20 9.70 10.00 10.40 10.00 8.80 9.30 9.50 9.64 9.64 9.03

12 11.47 11.89 11.95 12.40 12.60 11.89 10.20 11.00 11.40 11.60 11.00 10.20 11.40 12.40 12.60 12.40 9.10 10.00 10.30 10.59 10.59 11.47

13 10.51 10.43 10.60 10.80 11.20 10.43 10.80 11.20 11.50 11.90 11.20 8.50 9.20 9.45 9.90 9.45 9.10 10.20 10.70 10.95 10.95 10.51

14 9.40 9.50 9.70 10.00 10.90 9.50 10.20 10.65 10.90 11.30 10.65 8.40 8.80 9.00 10.40 9.00 7.80 8.00 8.20 8.45 8.45 9.40

15 10.08 11.05 11.20 11.40 12.00 11.05 10.90 11.15 11.30 11.70 11.15 8.20 9.40 10.00 10.90 10.00 7.50 7.80 8.00 8.10 8.10 10.08

16 9.37 8.60 8.80 9.00 10.00 8.60 8.10 8.26 8.50 9.40 8.26 10.00 10.80 11.30 11.60 11.30 8.00 8.70 9.00 9.30 9.30 9.37

17 10.62 11.50 11.60 11.90 12.40 11.50 12.00 12.50 12.60 12.90 12.50 8.10 8.40 8.94 9.80 8.94 8.00 9.00 9.40 9.55 9.55 10.62

18 10.31 12.42 12.50 12.70 12.80 12.42 8.40 9.05 9.60 10.00 9.05 9.50 10.00 10.35 11.00 10.35 8.30 8.80 9.10 9.40 9.40 10.31

19 8.52 11.05 11.20 11.40 11.80 11.05 7.80 8.05 8.50 9.90 8.05 7.30 7.40 7.50 9.00 7.50 7.10 7.20 7.30 7.47 7.47 8.52

20 10.84 10.00 10.30 10.50 11.30 10.00 9.00 9.45 10.00 12.00 9.45 10.00 10.90 11.20 11.50 11.20 10.40 11.40 12.00 12.70 12.70 10.84

21 10.90 9.10 9.40 10.00 11.00 9.10 11.20 12.20 12.50 12.80 12.20 10.00 11.00 11.35 12.00 11.35 9.80 10.10 10.50 10.95 10.95 10.90

22 9.33 7.90 8.00 8.30 9.30 7.90 8.10 8.65 9.30 10.50 8.65 9.00 10.00 11.00 12.00 11.00 8.40 9.20 9.50 9.75 9.75 9.33

23 12.29 12.85 12.90 12.91 12.92 12.85 10.00 10.65 11.40 12.00 10.65 11.00 12.00 12.95 12.98 12.95 10.30 11.00 12.00 12.70 12.70 12.29

24 11.50 12.80 12.82 12.84 12.86 12.80 10.90 11.25 11.50 12.50 11.25 10.30 11.40 11.85 12.50 11.85 9.00 9.40 9.70 10.10 10.10 11.50

25 10.60 12.40 12.50 12.60 12.70 12.40 9.00 9.90 10.40 11.50 9.90 9.20 10.00 10.50 11.50 10.50 8.40 8.80 9.20 9.60 9.60 10.60

26 11.08 12.65 12.70 12.75 12.80 12.65 9.20 10.05 10.50 11.30 10.05 9.70 10.40 10.70 11.90 10.70 9.30 10.30 10.70 10.90 10.90 11.08

27 10.38 10.00 10.40 10.90 11.30 10.00 8.10 8.85 9.30 10.50 8.85 10.10 11.00 11.85 12.50 11.85 9.60 10.10 10.40 10.80 10.80 10.38

28 11.62 12.45 12.50 12.70 12.80 12.45 7.40 9.53 11.00 11.50 9.53 11.00 11.40 12.70 12.90 12.70 10.00 10.80 11.20 11.80 11.80 11.62

29 11.31 11.52 11.60 11.80 12.30 11.52 8.70 9.65 10.00 11.30 9.65 10.00 11.00 11.55 12.40 11.55 10.40 11.50 12.00 12.50 12.50 11.31

30 10.52 11.30 11.50 11.70 12.00 11.30 9.10 9.56 10.50 11.00 9.56 11.20 11.80 12.10 12.40 12.10 8.30 8.70 9.00 9.10 9.10 10.52

1ɖ ŭŮɘɔɛŬŰɞɚɖɣɑŬ2ɖ ŭŮɘɔɛŬŰɞɚɖɣɑŬ3ɖ ŭŮɘɔɛŬŰɞɚɖɣɑŬ4ɖ ŭŮɘɔɛŬŰɞɚɖɣɑŬ
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ȼ ŬɜɤŰŮɟɧŰɖŰŬ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ RSS-EWMA ɏɜŬɜŰɘ Űɞɡ Ŭˊɚɞɨ EWMA ɛŮ ɢɟɞɜɘəɎ 

ɛŮŰŬɓŬɚɚɧɛŮɜŬ ɧɟɘŬ, ɧˊɤɠ ŮɝɖɔɐɗɖəŮ ˊŬɟŬˊɎɜɤ űŬɑɜŮŰŬɘ Ŭəɧɛɖ ˊŮɟɘůůɧŰŮɟɞ 

ɧŰŬɜ ɞɘ ́ŬɟŬŰɖɟɐůŮɘɠ ŮɜŰɧɠ Űɞɡ əɎɗŮ əɨəɚɞɡ ŭŮɘɔɛŬŰɞɚɖɣɘɩɜ ˊŬɟɞɡůɘɎɕɞɡɜ 

ɛŮɔɎɚɖ ŭɘŬůˊɞɟɎ. ũɘŬ ɜŬ ɔɑɜŮɘ ŬɜŰɘɚɖˊŰɧ ŬɡŰɧ ˊŬɟŬəɎŰɤ ɛŮɚŮŰɎɛŮ ɛɘŬ ɡˊɞɗŮŰɘəɐ 

ŭɘŬŭɘəŬůɑŬ, ɧˊɞɡ ɞ ɛɏůɞɠ ɏɢŮɘ ɛŮŰŬŰɞˊɘůŰŮɑ əŬŰɎ ɛɑŬ ɛɞɜɎŭŬ. ɈˊɞɗɏŰɞɡɛŮ ɧŰɘ ɖ 

ɛɏŰɟɖůɖ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ 4 ˊŬɟŬŰɖɟɐůŮɘɠ ɞɘ ɞˊɞɑŮɠ ɏɢɞɡɜ ŭɘŬűɞɟŮŰɘəɐ ŭɘŬůˊɞɟɎ 

əɎɗŮ űɞɟɎ. Ƀɘ ɡˊɞɚɞɔɘůɛɞɑ ɏɔɘɜŬɜ ɔɘŬ ˊɚɖɗɡůɛɘŬəɐ ŭɘŬůˊɞɟɎ ɑůɖ ɛŮ „ ρ. ɆŰɖɜ 

1ɖ ˊŮɟɑˊŰɤůɖ ɗŮɤɟɞɨɛŮ ɧŰɘ ɖ ŭɘŬůˊɞɟɎ ŮɑɜŬɘ ɑůɖ ɛŮ 0.1, ůŰɖɜ 2ɖ ˊŮɟɑˊŰɤůɖ ɑůɖ 

ɛŮ 0.5 əŬɘ ůŰɖɜ 3ɖ ˊŮɟɑˊŰɤůɖ ɑůɖ ɛŮ 0.999. ȷ́ ɧ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ 

ɔɑɜŮŰŬɘ ŮɛűŬɜɏɠ ɧŰɘ ɧůɞ ŬɡɝɎɜŮŰŬɘ ɖ ŭŮɘɔɛŬŰɘəɐ ŭɘŬůˊɞɟɎ ŮɜŰɧɠ Űɤɜ ˊŬɟŬŰɖɟɐůŮɤɜ 

Űɞɡ əɎɗŮ əɨəɚɞɡ Űɧůɞ ŰŬɢɨŰŮɟɖ ɔɑɜŮŰŬɘ ɖ ŬɜɑɢɜŮɡůɖ Űɖɠ ɛŮŰŬŰɧˊɘůɖɠ Ŭˊɧ ŰŬ 

ŭɘŬɔɟɎɛɛŬŰŬ RSS-EWMA, ůŮ ŬɜŰɑɗŮůɖ ɛŮ ŰŬ ŬˊɚɎ ŭɘŬɔɟɎɛɛŬŰŬ ɛŮ ɢɟɞɜɘəɎ 

ɛŮŰŬɓŬɚɚɧɛŮɜŬ ɧɟɘŬ ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ ŬɜŮˊɖɟɏŬůŰŬ Ŭˊɧ Űɖɜ ŬɡɝɞɛŮɑɤůɖ Űɖɠ 

ŭŮɘɔɛŬŰɘəɐɠ ŭɘŬůˊɞɟɎɠ.  
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ɆɢɐɛŬ 7.8: ȹɘɎɔɟŬɛɛŬ RSS EWMA ɔɘŬ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ ɄɑɜŬəŬ 7.10 

 

ɄɑɜŬəŬɠ 7.10: ȹŮŭɞɛɏɜŬ 

ɮκɮ x1(1)r X2(2)r x3(3)r x4(4)r Xi:n 

1 10,66 10,81 11,19 11,34 11 

2 10,66 10,81 11,19 11,34 11 

3 10,66 10,81 11,19 11,34 11 

4 10,66 10,81 11,19 11,34 11 

5 10,66 10,81 11,19 11,34 11 

6 10,66 10,81 11,19 11,34 11 
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ɄɑɜŬəŬɠ 7.11: ȹŮŭɞɛɏɜŬ 

ɮκɮ x1(1)r x2(2)r x3(3)r x4(4)r Xi:n 

1 10,17 10,74 11,26 11,83 11 

2 10,17 10,74 11,26 11,83 11 

3 10,17 10,74 11,26 11,83 11 

4 10,17 10,74 11,26 11,83 11 

5 10,17 10,74 11,26 11,83 11 

 

ɄɑɜŬəŬɠ 7.12: ȹŮŭɞɛɏɜŬ 

ɮκɮ x1(1)r x2(2)r x3(3)r x4(4)r Xi:n 

1 9,83 10,63 11,37 12,17 11 

2 9,83 10,63 11,37 12,17 11 

3 9,83 10,63 11,37 12,17 11 

4 9,83 10,63 11,37 12,17 11 

5 9,83 10,63 11,37 12,17 11 

6 9,83 10,63 11,37 12,17 11 

 

 

ɆɢɐɛŬ 7.9: ȹɘɎɔɟŬɛɛŬ RSS EWMA ɔɘŬ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ ɄɑɜŬəŬ 7.11  
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ɄɑɜŬəŬɠ 7.13: ȹŮŭɞɛɏɜŬ 

ɮκɮ x1(1)r x2(2)r x3(3)r x4(4)r Xi:n 

1 9,24 10,1 10,9 11,76 11 

2 9,24 10,1 10,9 11,76 11 

3 9,24 10,1 10,9 11,76 11 

4 9,24 10,1 10,9 11,76 11 

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

15 9,24 10,1 10,9 11,76 11 

 

7.2.8 ȹɘɎɔɟŬɛɛŬ EWMA ɛŮ ȷŰŮɚɐ ɇŬɝɘɜɧɛɖůɖ ȹŮɘɔɛŬŰɞɚɖɣɑŬɠ RSS 

(Imperfect Rank Set Sampling ï IRSS)  

ɆŰɞɜ ˊɟŬɔɛŬŰɘəɧ əɧůɛɞ, ɖ ŰŬɝɘɜɧɛɖůɖ ɛɞɜɎŭɤɜ ɛɘŬɠ ɡˊɞɞɛɎŭŬɠ 

ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ ɏɜŬ ɢŬɟŬəŰɖɟɘůŰɘəɧ Űɞɡɠ   ɑůɤɠ əŬɘ ɜŬ ɛɖɜ ŮɑɜŬɘ ŬˊɧɚɡŰŬ 

ŮűɘəŰɐ əŬɘ ŮɜŭɏɢŮŰŬɘ ɜŬ ɞŭɖɔŮɑ ůŮ əɎˊɞɘŬ ůűɎɚɛŬŰŬ, ŰŬ ɞˊɞɑŬ ůɡɜŮˊŬəɧɚɞɡɗŬ 

ɛŮŰŬɓɘɓɎɕɞɜŰŬɘ ůŰɖ ɛŮŰŬɓɚɖŰɐ Y. ȷɡŰɧ ɞɜɞɛɎɕŮŰŬɘ ŬŰŮɚɐɠ ŰŬɝɘɜɧɛɖůɖ (Imperfect 

Ranking). ũɘŬ Űɞ ɚɧɔɞ ɧŰɘ ɖ ŰŬɝɘɜɧɛɖůɖ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůŰɖɜ ɛŮŰŬɓɚɖŰɐ ὣ, ɖ 

ŬəɟɑɓŮɘŬ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖ ůɡůɢɏŰɘůɖ ɟ ɛŮŰŬɝɨ Űɤɜ ὢ əŬɘ ὣ. ȰŰůɘ, 

ůŰɘɠ Ůɘŭɘəɏɠ ˊŮɟɘˊŰɩůŮɘɠ ŰɏɚŮɘŬɠ ŰŬɝɘɜɧɛɖůɖɠ əŬɘ Ŭˊɚɐɠ ŰɡɢŬɑŬɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ ɗŬ 

ɏɢɞɡɛŮ ŬɜŰɑůŰɞɘɢŬ, ” ρ əŬɘ ” π. 

 

ȰůŰɤ, Űɞ ( ȟ ) ŭɖɚɩɜŮɘ ɏɜŬ ŭɘɎɜɡůɛŬ ɛɘŬɠ ŰɡɢŬɑŬɠ əŬɜɞɜɘəɎ əŬŰŬɜŮɛɖɛɏɜɖɠ 

ŭɘɛŮŰŬɓɚɖŰɐɠ əŬɘ ɡˊɞɗɏŰɞɡɛŮ ɧŰɘ ɖ ˊŬɚɘɜŭɟɧɛɖůɖ Űɤɜ ὢ əŬɘ ὣ ŮɑɜŬɘ ɔɟŬɛɛɘəɐ. ȰůŰɤ 

ὣȡ  əŬɘ ὢȡ  ɔɘŬ Ὥ ρȟςȟȣȟὲ əŬɘ Ê ρȟςȟȣȟÍ ŮɑɜŬɘ ɞɘ Ὥ ‛„†ʘ‟ Űɘɛɏɠ Űɤɜ ὣ əŬɘ ὢ, 

ŬɜŰɑůŰɞɘɢŬ, ůŰɞ Ὥ ‛„†ʝ ŭŮɑɔɛŬ Űɞɡ Ὦ ‛„†‛ʞ əɨəɚɞɡ. ɇɧŰŮ Űɞ ůŰŬŰɘůŰɘəɧ ˊɞɡ 

ŬˊɞŰŮɚŮɑ Űɞ əɟɘŰɐɟɘɞ ɛŮ Űɞ ɞˊɞɑɞ ɔɑɜŮŰŬɘ ɖ ŰŬɝɘɜɧɛɖůɖ, ŭɑɜŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ, Muttlak 

(1998): 

ὢȡ ‘
” „

„
ὣ
ȡ

‘ ‐    χȢςτ 

 

ɧˊɞɡ ‘ȟ‘ȟ„ əŬɘ „ ŮɑɜŬɘ ɞɘ ɛɏůɞɘ əŬɘ ɞɘ Űɡˊɘəɏɠ ŬˊɞəɚŮɑůŮɘɠ Űɤɜ ὢ əŬɘ ὣ, 

ŬɜŰɑůŰɞɘɢŬ, ” ŮɑɜŬɘ ɖ ůɡůɢɏŰɘůɖ ɛŮŰŬɝɨ Űɤɜ ὢ əŬɘ ὣ, ‐ ŮɑɜŬɘ ɞ ɧɟɞɠ ůűɎɚɛŬŰɞɠ ɛŮ 

ɛɏůɞ 0 əŬɘ ŭɘŬəɨɛŬɜůɖ ʎ ρ ” .  
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ȼ ŬɛŮɟɧɚɖˊŰɖ ŮəŰɘɛɐŰɟɘŬ ɔɘŬ Űɞ ɛɏůɞ Űɖɠ ɛŮŰŬɓɚɖŰɐɠ ŮɜŭɘŬűɏɟɞɜŰɞɠ X ɛŮ əɟɘŰɐɟɘɞ 

ŰŬɝɘɜɧɛɖůɖɠ ˊɞɡ ɓŬůɑɕŮŰŬɘ ůŰɖɜ ůɡɛɛŮŰŬɓɚɖŰɐ Y ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Imperfect 

Ranked Set Sampling ï IRSS) ŭɑɜŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ: 

 

   

ρ

ὲ
ὢȡ    χȢςυ 

 

əŬɘ ɖ ŭɘŬůˊɞɟɎ Űɖɠ ɛŮŰŬɓɚɖŰɐɠ     ɑůɖ ɛŮ: 

 

„
 

„

ὲ
ὲρ ” ” „ ȡ   χȢςφ 

 

ɧˊɞɡ „  ŮɑɜŬɘ ɖ ŭɘŬůˊɞɟɎ Űɖɠ ɛŮŰŬɓɚɖŰɐɠ ŮɜŭɘŬűɏɟɞɜŰɞɠ   əŬɘ „ ȡ  ŮɑɜŬɘ ɖ 

ŭɘŬəɨɛŬɜůɖ Űɞɡ Ὥ ‛„†ʙ‟ ŰɎɝɖɠ ůŰŬŰɘůŰɘəɞɨ. 

7.2.9 ἋἠἘ ȹɘŬɔɟŬɛɛɎŰɤɜ IRSS ï EWMA 

ȼ ŬɜɘɢɜŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ Űɤɜ ɡˊɧɣɖ ŭɘŬɔɟŬɛɛɎŰɤɜ ɡˊɞɚɞɔɑůŰɖəŮ Ŭˊɧ Űɞɡɠ  

Abujiya əŬɘ Lee (2013) əŬɘ ŭɑɜŮŰŬɘ ˊŬɟŬəɎŰɤ: 

 

ɄɑɜŬəŬɠ 7.14: ὃὙὒ ŭɘŬɔɟɎɛɛŬŰɞɠ ȽRSS EWMA ɔɘŬ ὲ ς, ‗ πȢρςȟὒ ςȢχυ 

 ♯ 

ⱬ Ȣ  Ȣ  Ȣ  Ȣ  Ȣ  Ȣ  Ȣ  Ȣ  Ȣ  Ȣ  

0.00 371.9 95.9 29.5 14.9 9.6 5.6 4.0 3.2 2.6 2.1 

0.25 371.2 94.9 29.2 14.6 9.5 5.5 4.0 3.1 2.6 2.0 

0.50 372.7 89.8 27.6 14.0 9.1 5.3 3.8 3.0 2.5 2.0 

0.75 372.7 82.6 24.8 12.8 8.4 5.0 3.6 2.9 2.4 1.9 

1.00 370.1 70.8 21.3 11.1 7.4 4.5 3.3 2.6 2.2 1.8 
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ɄɑɜŬəŬɠ 7.15: ὃὙὒ ŭɘŬɔɟɎɛɛŬŰɞɠ ȽRSS EWMA ɔɘŬ ὲ σ, ‗ πȢρςȟὒ ςȢχυ 

 ♯ 

ⱬ Ȣ  Ȣ  Ȣ  Ȣ  Ȣ  Ȣ  Ȣ  Ȣ  Ȣ  Ȣ  

0.00 371.9 96.3 29.5 14.9 9.6 5.6 4.0 3.2 2.6 2.1 

0.25 371.0 94.1 28.8 14.5 9.4 5.5 3.9 3.1 2.6 2.0 

0.50 372.7 87.1 26.5 13.5 8.8 5.2 3.7 3.0 2.5 2.0 

0.75 372.6 75.3 22.6 11.7 7.7 4.6 3.4 2.7 2.3 1.9 

1.00 369.2 56.4 17.0 9.1 6.2 3.8 2.8 2.3 2.0 1.6 

 

ɄɑɜŬəŬɠ 7.16: ὃὙὒ ŭɘŬɔɟɎɛɛŬŰɞɠ ȽRSS EWMA ɔɘŬ ὲ τ, ‗ πȢρςȟὒ ςȢχυ 

 ♯ 

ⱬ Ȣ  Ȣ  Ȣ  Ȣ  Ȣ  Ȣ  Ȣ  Ȣ  Ȣ  Ȣ  

0.00 371.9 96.2 29.5 14.9 9.6 5.6 4.0 3.2 2.6 2.1 

0.25 372.9 93.5 28.6 14.5 9.4 5.5 3.9 3.1 2.6 2.0 

0.50 371.5 85.2 25.9 13.2 8.6 5.1 3.7 2.9 2.4 2.0 

0.75 371.8 70.5 21.1 11.0 7.3 4.4 3.2 2.6 2.2 1.8 

1.00 369.8 47.4 14.4 7.9 5.5 3.4 2.6 2.1 1.9 1.4 

 

 

ɄɑɜŬəŬɠ 7.17: ὃὙὒ ŭɘŬɔɟɎɛɛŬŰɞɠ ȽRSS EWMA ɔɘŬ ὲ υ, ‗ πȢρςȟὒ ςȢχυ 

 ♯ 

ⱬ Ȣ  Ȣ  Ȣ  Ȣ  Ȣ  Ȣ  Ȣ  Ȣ  Ȣ  Ȣ  

0.00 370.6 96.1 29.7 14.9 9.6 5.6 4.0 3.2 2.6 2.1 

0.25 371.4 93.0 28.5 14.4 9.3 5.5 3.9 3.1 2.6 2.0 

0.50 371.0 83.6 25.3 13.0 8.5 5.0 3.6 2.9 2.4 2.0 

0.75 372.9 67.2 20.2 10.6 7.1 4.3 3.2 2.5 2.2 1.8 

1.00 369.4 40.9 12.7 7.1 5.0 3.2 2.4 2.0 1.8 1.2 
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ɄɑɜŬəŬɠ 7.18: ὃὙὒ ŭɘŬɔɟɎɛɛŬŰɞɠ ȽRSS EWMA ɔɘŬ ὲ φ, ‗ πȢρςȟὒ ςȢχυ 

 ♯ 

ⱬ Ȣ  Ȣ  Ȣ  Ȣ  Ȣ  Ȣ  Ȣ  Ȣ  Ȣ  Ȣ  

0.00 372.0 96.0 29.6 14.9 9.6 5.6 4.0 3.2 2.6 2.1 

0.25 373.2 92.9 28.4 14.3 9.3 5.5 3.9 3.1 2.6 2.0 

0.50 372.6 82.9 25.1 12.9 8.4 5.0 3.6 2.9 2.4 2.0 

0.75 372.3 64.9 19.4 10.3 6.9 4.2 3.1 2.5 2.1 1.8 

1.00 369.9 36.1 11.4 6.5 4.6 2.9 2.2 1.9 1.7 1.1 

 

7.3 ɇŮɢɜɘəɐ MRSS (Ranked Set Sampling) 

ɇɞ MRSS ɛŮɚŮŰɐɗɖəŮ Ŭˊɧ Űɞɜ Muttlak (1998) ɔɘŬ ɜŬ ŮəŰɘɛɖɗŮɑ ɞ 

ˊɚɡɗɖůɛɘŬəɧɠ ɛɏůɞɠ əŬɘ ɛˊɞɟŮɑ ɜŬ ůɡɜɞɣɘůŰŮɑ Ŭˊɧ ŰŬ ˊŬɟŬəɎŰɤ ɓɐɛŬŰŬ: 

ȸɐɛŬ 1 : ɇɡɢŬɑŬ Ůˊɘɚɞɔɐ Ůɜɧɠ ŭŮɑɔɛŬŰɞɠ ɛŮɔɏɗɞɡɠ ὲ Ŭˊɧ Űɞɜ ˊɚɖɗɡůɛɧ ˊɞɡ ɛŬɠ 

ŮɜŭɘŬűɏɟŮɘ. 

ȸɐɛŬ 2 : ɉɤɟɘůɛɧɠ Űɞɡ ŭŮɑɔɛŬŰɞɠ ůŮ ὲ ůɨɜɞɚŬ, Űɞ əŬɗɏɜŬ ɛŮɔɏɗɞɡɠ ὲ. 

ȸɐɛŬ 3 : ɇŬɝɘɜɧɛɖůɖ Űɤɜ ɛɞɜɎŭɤɜ ŮɜŰɧɠ əɎɗŮ ůɡɜɧɚɞɡ ɛŮ ɞˊŰɘəɐ ˊŬɟŬŰɐɟɖůɖ ɐ 

ɛɏůɤ əɎˊɞɘŬɠ Ůɨəɞɚɖɠ ɛŮɗɧŭɞɡ,ɛŮ ɓɎůɖ Űɖ ɛŮŰŬɓɚɖŰɐ ˊɞɡ ɛŬɠ ŮɜŭɘŬűɏɟŮɘ. 

ȸɐɛŬ 4 : ȷɜ Űɞ ɡˊɞůɨɜɞɚɞ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɛɞɜɧ Ŭɟɘɗɛɧ ɛɞɜɎŭɤɜ ŰɧŰŮ ŮˊɘɚɏɔɞɡɛŮ 

Űɖ ŭɘɎɛŮůɞ Ŭˊɧ əɎɗŮ ŰŬɝɘɜɞɛɖɛɏɜɞ ɡˊɞůɨɜɞɚɞ. ȷɜ Űɞ ɛɏɔŮɗɞɠ Űɞɡ ɡˊɞůɨɜɞɚɞɡ 

ŮɑɜŬɘ ɎɟŰɘɞɠ Ŭɟɘɗɛɧɠ ŰɧŰŮ ŮˊɘɚɏɔɞɡɛŮ ŰŬ ŭɨɞ ɛŮůŬɑŬ ůŰŬŰɘůŰɘəɎ Ŭˊɧ əɎɗŮ ůɨɜɞɚɞ. 

ȸɐɛŬ 5 : ɇŬ ɓɐɛŬŰŬ ɛˊɞɟɞɨɜ ɜŬ ŮˊŬɜŬɚɖűɗɞɨɜ műɞɟɏɠ ɏŰůɘ ɩůŰŮ ɜŬ ůɢɖɛŬŰɘůɗŮɑ 

ɏɜŬ ŭŮɑɔɛŬ Ŭˊɧ ὲά ɛɞɜɎŭŮɠ Ŭˊɧ MRSS ŭŮŭɞɛɏɜŬ. 
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7.3.1 ɄŬɟɎŭŮɘɔɛŬ ɇŮɢɜɘəɐɠ ȹŮɘɔɛŬŰɞɚɖɣɑŬɠ MRSS 

 

ɆɢɐɛŬ 7.10: ɄŬɟɎŭŮɘɔɛŬ ɇŮɢɜɘəɐɠ ȹŮɘɔɛŬŰɞɚɖɣɑŬɠ ɀRSS ɔɘŬ ˊŮɟɘŰŰɧ ˊɚɐɗɞɠ ůŮŰ 

 

 
















































































































































































































































































