
 

 

 

ʋʅʀɺɽʈɿʀʊɽʊ Ăʉʚ. ʂʀʈʀʃ ʀ ʄɽʊʆɼʀɱò 

ɺʆ ʉʂʆʇɱɽ 

ʌɸʂʋʃʊɽʊ ɿɸ ɽʃɽʂʊʈʆʊɽʍʅʀʂɸ ʀ 

ʀʅʌʆʈʄɸʎʀʉʂʀ ʊɽʍʅʆʃʆɻʀʀ 

 

 

 

 

 

 

ɻʦʨʘʥ, ɼʫʰʘʥ ɼʝʩʧʠʥʦʩʢʠ 

 

ʈɸɿɺʆɱ ʅɸ ʄʆɼɽʃ ɿɸ ʂʆʅʊʈʆʃɸ ʅɸ ʂɺɸʃʀʊɽʊ 

ʀʅʊɽɻʈʀʈɸʅ ɺʆ ʀʅɼʋʉʊʈʀɱɸ 4.0 ʇʈʀʄɽʅɽʊ ɺʆ 

ɸɺʊʆʄʆɹʀʃʉʂɸʊɸ ʀʅɼʋʉʊʈʀɱɸ 

ɼʦʢʪʦʨʩʢʠ ʪʨʫʜ 

 

 

 

 

 

 

 

 

 

 

 

ʉʢʦʧʿʝ, 2023 



 

 

 

ʋʅʀɺɽʈɿʀʊɽʊ Ăʉʚ. ʂʀʈʀʃ ʀ ʄɽʊʆɼʀɱò ɺʆ 

ʉʂʆʇɱɽ 

ʌɸʂʋʃʊɽʊ ɿɸ ɽʃɽʂʊʈʆʊɽʍʅʀʂɸ ʀ 

ʀʅʌʆʈʄɸʎʀʉʂʀ ʊɽʍʅʆʃʆɻʀʀ 

 

 

 

 

 

 

ɻʦʨʘʥ, ɼʫʰʘʥ ɼʝʩʧʠʥʦʩʢʠ 

 

ʈɸɿɺʆɱ ʅɸ ʄʆɼɽʃ ɿɸ ʂʆʅʊʈʆʃɸ ʅɸ ʂɺɸʃʀʊɽʊ 

ʀʅʊɽɻʈʀʈɸʅ ɺʆ ʀʅɼʋʉʊʈʀɱɸ 4.0 ʇʈʀʄɽʅɽʊ ɺʆ 

ɸɺʊʆʄʆɹʀʃʉʂɸʊɸ ʀʅɼʋʉʊʈʀɱɸ 

ɼʦʢʪʦʨʩʢʠ ʪʨʫʜ 

 

 

 

 

 

 

 

 

 

 

 

 

ʉʢʦʧʿʝ, 2023 
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ɼʦʢʪʦʨʘʥʜ:  

ɻʆʈɸʅ, ɼʋʐɸʅ ɼɽʉʇʀʅʆʉʂʀ 

ʊʝʤʘ:  

ʈɸɿɺʆɱ ʅɸ ʄʆɼɽʃ ɿɸ ʂʆʅʊʈʆʃɸ ʅɸ ʂɺɸʃʀʊɽʊ ʀʅʊɽɻʈʀʈɸʅ ɺʆ ʀʅɼʋʉʊʈʀɱɸ 

4.0 ʇʈʀʄɽʅɽʊ ɺʆ ɸɺʊʆʄʆɹʀʃʉʂɸʊɸ ʀʅɼʋʉʊʈʀɱɸ 

 

ʄʝʥʪʦʨ: 

ʇʨʦʬ.ʜ-ʨ ɺʃɸɼʀʄʀʈ ɼʀʄʏɽɺ, 

ʋʥʠʚʝʨʟʠʪʝʪ Ă ʉʚ. ʂʠʨʠʣ ʠ ʄʝʪʦʜʠʿò ʚʦ ʉʢʦʧʿʝ, ʌʘʢʫʣʪʝʪ ʟʘ ʝʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʠʥʬʦʨʤʘʮʠʩʢʠ 

ʪʝʭʥʦʣʦʛʠʠ 

 

ʂʦʤʠʩʠʿʘ ʟʘ ʦʜʙʨʘʥʘ: 

ʇʨʦʬ.ʜ-ʨ ʄʀʃɽ ʉʊɸʅʂʆɺʉʂʀ (ʧʨʝʪʩʝʜʘʪʝʣ), 

ʋʥʠʚʝʨʟʠʪʝʪ Ă ʉʚ. ʂʠʨʠʣ ʠ ʄʝʪʦʜʠʿò ʚʦ ʉʢʦʧʿʝ, ʌʘʢʫʣʪʝʪ ʟʘ ʝʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʠʥʬʦʨʤʘʮʠʩʢʠ 

ʪʝʭʥʦʣʦʛʠʠ 

 

ʇʨʦʬ.ʜ-ʨ ʄɸʈʀɱɸ ʏʋʅɼɽɺɸ ɹʃɸɽʈ, 

ʋʥʠʚʝʨʟʠʪʝʪ Ă ʉʚ. ʂʠʨʠʣ ʠ ʄʝʪʦʜʠʿò ʚʦ ʉʢʦʧʿʝ, ʌʘʢʫʣʪʝʪ ʟʘ ʝʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʠʥʬʦʨʤʘʮʠʩʢʠ 

ʪʝʭʥʦʣʦʛʠʠ 

 

ʇʨʦʬ.ʜ-ʨ ʄɸʈɽ ʉʈɹʀʅʆɺʉʂɸ, 

ʋʥʠʚʝʨʟʠʪʝʪ Ă ʉʚ. ʂʠʨʠʣ ʠ ʄʝʪʦʜʠʿò ʚʦ ʉʢʦʧʿʝ, ʌʘʢʫʣʪʝʪ ʟʘ ʝʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʠʥʬʦʨʤʘʮʠʩʢʠ 

ʪʝʭʥʦʣʦʛʠʠ 

 

ʇʨʦʬ.ʜ-ʨ ʄʀʊɽ ʊʆʄʆɺ, 

ʋʥʠʚʝʨʟʠʪʝʪ Ă ʉʚ. ʂʠʨʠʣ ʠ ʄʝʪʦʜʠʿò ʚʦ ʉʢʦʧʿʝ, ʄʘʰʠʥʩʢʠ ʌʘʢʫʣʪʝʪ 

 

 

 

 

 

 

ʅʘʫʯʥʘ ʦʙʣʘʩʪ:  

ʂʆʅʊʈʆʃɸ ʅɸ ʂɺɸʃʀʊɽʊ 

 

 

 

 

ɼʘʪʫʤ ʥʘ ʦʜʙʨʘʥʘ: 
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      ʀʟʿʘʚʫʚʘʤ ʜʝʢʘ ʜʦʢʪʦʨʩʢʠʦʪ ʪʨʫʜ ʛʦ ʠʟʨʘʙʦʪʠʚ 

ʩʘʤʦʩʪʦʿʥʦ, ʜʝʢʘ ʫʨʝʜʥʦ ʛʠ ʮʠʪʠʨʘʤ ʩʠʪʝ ʢʦʨʠʩʪʝʥʠ 

ʠʟʚʦʨʠ ʠ ʣʠʪʝʨʘʪʫʨʘ ʠ ʜʝʢʘ ʪʨʫʜʦʪ ʥʝ ʝ ʢʦʨʠʩʪʝʥ ʚʦ 

ʨʘʤʢʠʪʝ ʥʘ ʜʨʫʛʠ ʫʥʠʚʝʨʟʠʪʝʪʩʢʠ ʩʪʫʜʠʠ ʠʣʠ ʟʘ 

ʩʪʝʢʥʫʚʘˁʝ ʥʘ ʜʨʫʛʦ ʟʚʘˁʝ. 

 

            

ɻʦʨʘʥ ɼʝʩʧʠʥʦʩʢʠ  
 



4 
 

ɻʦʨʘʥ ɼʫʰʘʥ ɼʝʩʧʠʥʦʩʢʠ 

 

 

 

ʈɸɿɺʆɱ ʅɸ ʄʆɼɽʃ ɿɸ ʂʆʅʊʈʆʃɸ ʅɸ ʂɺɸʃʀʊɽʊ ʀʅʊɽɻʈʀʈɸʅ ɺʆ ʀʅɼʋʉʊʈʀɱɸ 4.0 

ʇʈʀʄɽʅɽʊ ɺʆ ɸɺʊʆʄʆɹʀʃʉʂɸʊɸ ʀʅɼʋʉʊʈʀɱɸ 

 

ï ɸ ʧ ʩ ʪ ʨ ʘ ʢ ʪ ï 

 

ɺʦ ʜʝʥʝʰʥʦ ʚʨʝʤʝ ʥʘ ʛʦʣʝʤʘ ʢʦʥʢʫʨʝʥʮʠʿʘ ʚʦ ʘʚʪʦʤʦʙʠʣʩʢʠʦʪ ʩʝʢʪʦʨ, ʤʥʦʛʫ ʢʦʤʧʘʥʠʠ 

ʧʨʦʠʟʚʝʜʫʚʘʘʪ ʩʣʠʯʥʠ ʧʨʦʠʟʚʦʜʠ ʠ ʦʪʪʫʢʘ ʢʚʘʣʠʪʝʪʦʪ ʥʘ ʧʨʦʠʟʚʦʜʦʪ ʩʪʘʥʫʚʘ ʢʣʫʯʝʥ ʬʘʢʪʦʨ ʟʘ 

ʧʦʩʪʠʛʥʫʚʘˁʝ ʥʘ ʢʦʥʢʫʨʝʥʪʩʢʘ ʧʨʝʜʥʦʩʪ ʥʘ ʧʘʟʘʨʦʪ. ɺʦ ʦʚʘ ʠʩʪʨʘʞʫʚʘˁʝ, ʥʘ ʩʠʩʪʝʤʘʪʠʯʝʥ ʥʘʯʠʥ ʝ 

ʥʘʧʨʘʚʝʥ ʧʨʝʛʣʝʜ ʥʘ ʤʦʤʝʥʪʘʣʥʘʪʘ ʥʘʫʯʥʘ ʣʠʪʝʨʘʪʫʨʘ ʟʘ ʤʝʥʘ˅ʠʨʘˁʝ ʩʦ ʢʚʘʣʠʪʝʪ ʚʦ ʘʚʪʦʤʦʙʠʣʩʢʠʦʪ 

ʩʝʢʪʦʨ. ɺʨʟ ʦʩʥʦʚʘ ʥʘ ʥʘʦʜʠʪʝ ʦʜ ʧʨʝʛʣʝʜʦʪ ʥʘ ʣʠʪʝʨʘʪʫʨʘ, ʠʜʝʥʪʠʬʠʢʫʚʘʥʠ ʩʝ ʥʝʜʦʩʪʘʪʦʮʠ ʠ ʩʣʘʙʦʩʪʠ 

ʥʘ ʤʦʜʝʣʠʪʝ ʟʘ ʤʝʥʘ˅ʠʨʘˁʝ ʩʦ ʢʚʘʣʠʪʝʪ. ɻʣʘʚʥʘ ʮʝʣ ʥʘ ʦʚʘ ʠʩʪʨʘʞʫʚʘˁʝ ʝ ʨʘʟʚʦʿ ʠ ʧʦʪʚʨʜʘ ʥʘ ʥʦʚ 

ʤʦʜʝʣ ʟʘ ʤʝʥʘ˅ʠʨʘˁʝ ʩʦ ʢʚʘʣʠʪʝʪ, ʢʦʿ ʛʠ ʠʥʪʝʛʨʠʨʘ Lean, ʐʝʩʪ ʉʠʛʤʘ ʠ ʀʥʜʫʩʪʨʠʿʘ 4.0 ʚʦ DMAIC 

ʩʪʨʫʢʪʫʨʘʪʘ, ʠ ʠʤʘ ʟʘ ʮʝʣ ʜʘ ʛʠ ʥʘʜʤʠʥʝ ʥʝʜʦʩʪʘʪʦʮʠʪʝ ʥʘ ʤʦʤʝʥʪʘʣʥʠʪʝ ʤʦʜʝʣʠ ʟʘ ʤʝʥʘ˅ʠʨʘˁʝ ʩʦ 

ʢʚʘʣʠʪʝʪ. ʇʨʝʜʣʦʞʝʥʠʦʪ ʤʦʜʝʣ ʜʘʚʘ ʿʘʩʥʠ ʠʥʩʪʨʫʢʮʠʠ ʟʘ ʠʤʧʣʝʤʝʥʪʠʨʘˁʝ ʥʘ ʧʦʝʜʠʥʠʪʝ ʪʝʭʥʠʢʠ ʚʦ 

DMAIC ʩʪʨʫʢʪʫʨʘʪʘ, ʥʘʛʣʘʩʫʚʘʿ˃ʠ ʛʦ ʧʦʪʝʥʮʠʿʘʣʦʪ ʥʘ ʀʥʜʫʩʪʨʠʿʘ 4.0 ʚʦ ʤʝʥʘ˅ʠʨʘˁʝʪʦ ʩʦ ʢʚʘʣʠʪʝʪ 

ʧʨʠʪʦʘ ʟʝʤʘʿ˃ʠ ʛʠ ʚʦ ʧʨʝʜʚʠʜ ʟʘʢʦʥʠʪʝ ʢʦʠ ʚʘʞʘʪ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʪ.ʝ ʤʦ˃ʪʘ ʥʘ Lean ʠ ʐʝʩʪ ʉʠʛʤʘ. 

ʄʦʜʝʣʦʪ ʝ ʧʨʘʢʪʠʯʥʦ ʠʤʧʣʝʤʝʥʪʠʨʘʥ ʚʦ ʘʚʪʦʤʦʙʠʣʩʢʘ ʢʦʤʧʘʥʠʿʘ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʛʨʝʘʯʠ ʟʘ 

ʩʝʜʠʰʪʘ, ʢʘʜʝ ʰʪʦ ʜʦʙʠʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʧʦʢʘʞʫʚʘʘʪ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʚʢʫʧʥʘʪʘ ʩʪʘʧʢʘ ʥʘ ʜʝʬʝʢʪʠ ʟʘ 70 

%, ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʚʢʫʧʥʘʪʘ ʝʬʝʢʪʠʚʥʦʩʪ ʥʘ ʦʧʨʝʤʘʪʘ ʟʘ 25 %, ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʚʢʫʧʥʦʪʦ ʚʨʝʤʝ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʟʘ 51 %, ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʟʘʣʠʭʘʪʘ ʤʝʺʫ ʧʨʦʮʝʩʠʪʝ ʟʘ 49 %, ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʙʨʦʿʦʪ ʥʘ ʣʠʥʠʠ 

ʟʘ ʬʠʥʘʣʥʘ ʤʦʥʪʘʞʘ ʟʘ 17 %, ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʧʨʦʩʪʦʨʦʪ ʧʦʪʨʝʙʝʥ ʟʘ ʬʠʥʘʣʥʘ ʤʦʥʪʘʞʘ ʟʘ 31 % ʠ 

ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʧʘʪʝʢʘʪʘ ʥʘ ʜʚʠʞʝˁʝ ʥʘ ʤʘʪʝʨʠʿʘʣʠʪʝ ʟʘ 42 %. ʈʝʟʫʣʪʘʪʠʪʝ ʜʦʙʠʝʥʠ ʩʦ ʦʚʦʿ ʤʦʜʝʣ ʩʝ 

ʟʥʘʯʠʪʝʣʥʦ ʧʦʜʦʙʨʠ ʚʦ ʩʧʦʨʝʜʙʘ ʩʦ ʨʝʟʫʣʪʘʪʠʪʝ ʦʜ ʩʠʪʝ ʧʨʝʪʭʦʜʥʦ ʢʦʨʠʩʪʝʥʠ ʤʦʜʝʣʠ ʟʘ ʤʝʥʘ˅ʠʨʘˁʝ 

ʩʦ ʢʚʘʣʠʪʝʪ ʚʦ ʢʦʤʧʘʥʠʿʘʪʘ ʰʪʦ ʝ ʧʨʝʜʤʝʪ ʥʘ ʠʩʪʨʘʞʫʚʘˁʝ, ʩʦ ʰʪʦ ʩʝ ʧʦʪʚʨʜʫʚʘ ʝʬʝʢʪʠʚʥʦʩʪʘ ʠ 

ʝʬʠʢʘʩʥʦʪʘ ʥʘ ʧʨʝʜʣʦʞʝʥʠʦʪ ʤʦʜʝʣ. ɼʦʙʠʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʿʘ ʧʦʪʚʨʜʫʚʘʘʪ ʪʝʟʘʪʘ ʜʝʢʘ ʨʝʜʦʩʣʝʜʦʪ ʥʘ 

ʠʤʧʣʝʤʝʥʪʠʨʘˁʝ ʥʘ ʪʝʭʥʠʢʠʪʝ ʚʦ DMAIC ʩʪʨʫʢʪʫʨʘʪʘ ʩʝ ʢʣʫʯʝʥ ʬʘʢʪʦʨ ʟʘ ʧʦʩʪʠʛʥʫʚʘˁʝ ʥʘ 

ʦʯʝʢʫʚʘˁʘʪʘ ʟʘ ʢʚʘʣʠʪʝʪ ʠ ʦʧʝʨʘʪʠʚʝʥ ʧʝʨʬʦʨʤʘʥʩ. ʅʘʿʧʨʚʝʥ, ʩʦ Lean ʐʝʩʪ ʉʠʛʤʘ ʩʝ ʨʝʜʫʮʠʨʘʘʪ 

ʚʘʨʠʿʘʮʠʠʪʝ ʠ ʟʘʛʫʙʠʪʝ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʪ.ʝ ʩʝ ʝʣʝʤʠʥʠʨʘʘʪ ʥʝʛʦʚʠʪʝ ʬʠʟʠʯʢʠ ʩʣʘʙʦʩʪʠ, ʰʪʦ ʝ 

ʧʨʝʜʫʩʣʦʚ ʟʘ ʠʤʧʣʝʤʝʥʪʠʨʘˁʝ ʥʘ ʀʥʜʫʩʪʨʠʿʘ 4.0, ʩʦ ʢʦʿʘ ʰʪʦ ʩʝ ʧʦʩʪʠʛʥʫʚʘ ʘʚʪʦʤʘʪʠʟʠʨʘˁʝ, 

ʩʪʘʙʠʣʠʟʠʨʘˁʝ, ʩʪʘʥʜʘʨʜʠʟʠʨʘˁʝ ʠ ʜʦʧʦʣʥʠʪʝʣʥʦ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʧʨʦʮʝʩʠʪʝ. ʉʦ ʦʚʦʿ ʨʝʜʦʩʣʝʜ ʥʘ 

ʠʤʧʣʝʤʝʥʪʠʨʘˁʝ, ʧʨʠʜʦʥʝʩʦʪ ʥʘ Lean ʐʝʩʪ ʉʠʛʤʘ ʚʦ ʚʢʫʧʥʦʪʦ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʢʚʘʣʠʪʝʪʦʪ ʠʟʥʝʩʫʚʘ 

67 % ʥʘʩʧʨʦʪʠ ʦʥʦʿ ʥʘ ʀʥʜʫʩʪʨʠʿʘ 4.0 ʩʦ 33 %, ʧʨʠʜʦʥʝʩʦʪ ʥʘ Lean ʐʝʩʪ ʉʠʛʤʘ ʚʦ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ 

ʚʢʫʧʥʘʪʘ ʝʬʝʢʪʠʚʥʦʩʪ ʥʘ ʦʧʨʝʤʘʪʘ ʠʟʥʝʩʫʚʘ 68 % ʜʦʜʝʢʘ ʧʘʢ ʥʘ ʀʥʜʫʩʪʨʠʿʘ 4.0 ʠʟʥʝʩʫʚʘ 32 %. 

ʇʨʝʜʣʦʞʝʥʠʦʪ ʤʦʜʝʣ ʚʦ ʠʜʥʠʥʘ ʤʦʞʝ ʜʘ ʩʝ ʢʦʨʠʩʪʠ ʢʘʢʦ ʦʨʠʝʥʪʠʨ ʠ ʚʦ ʜʨʫʛʠ ʘʚʪʦʤʦʙʠʣʩʢʠ ʢʦʤʧʘʥʠʠ 

ʢʦʠ ʠʤʘʘʪ ʟʘ ʮʝʣ ʜʨʘʩʪʠʯʥʦ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʢʚʘʣʠʪʝʪʦʪ ʚʦ ʢʨʘʪʦʢ ʚʨʝʤʝʥʩʢʠ ʧʝʨʠʦʜ, ʜʦʜʝʢʘ ʧʘʢ ʟʘ 

ʘʢʘʜʝʤʠʮʠʪʝ ʥʘʦʜʠʪʝ ʚʦ ʪʨʫʜʦʪ ʤʦʞʝ ʜʘ ʧʦʩʣʫʞʘʪ ʢʘʢʦ ʦʩʥʦʚʘ ʟʘ ʠʜʥʠ ʠʩʪʨʘʞʫʚʘˁʘ.  

ʂʣʫʯʥʠ ʟʙʦʨʦʚʠ: ɼʝʬʠʥʠʨʘˁʝ ï ʄʝʨʝˁʘ ï ɸʥʘʣʠʟʠʨʘˁʝ ï ʇʦʜʦʙʨʫʚʘˁʝ -ʂʦʥʪʨʦʣʠʨʘˁʝ (ʘʥʛ. 

DMAIC), ʐʝʩʪ ʉʠʛʤʘ, ɸʥʘʣʠʟʘ ʥʘ ʩʠʩʪʝʤʠʪʝ ʟʘ ʤʝʨʝˁʝ (ʘʥʛ. MSA), ʉʪʘʪʠʩʪʠʯʢʘ ʢʦʥʪʨʦʣʘ ʥʘ ʧʨʦʮʝʩʠ 

(ʘʥʛ. SPC),  ɸʥʘʣʠʟʘ ʥʘ ʤʦʜʦʚʠʪʝ ʥʘ ʜʝʬʝʢʪʠ ʠ ʥʠʚʥʠʦʪ ʝʬʝʢʪ (ʘʥʛ. PFMEA), Lean ʧʨʦʠʟʚʦʜʩʪʚʦ, 

ʀʥʜʫʩʪʨʠʿʘ 4.0, ʉʘʿʙʝʨ ʬʠʟʠʯʢʠ ʩʠʩʪʝʤʠ (ʘʥʛ. SPS).  
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DEVELOPMENT OF A QUALITY CONTROLING MODEL INTEGRATED IN INDUSTRY 4.0 AND 

APPLIED TO THE AUTOMOTIVE INDUSTRY 

 

ï A b s t r a c t ï 

 

In todayôs highly competitive automotive market, many companies manufacture similar products, 

making product quality a critical success factor, in gaining a competitive advantage in the industry. In this 

study, a systematic review of the latest scientific literature, on quality management, in the automotive industry 

was conducted. Based on the results of this research, deficiencies and weaknesses in existing quality 

management models were identified. The main objective of this research is to develop and validate a new 

quality management model that integrates Lean, Six Sigma and Industry 4.0 into the DMAIC structure and 

aims to overcome the weaknesses of the currently available quality models. The proposed model provides 

clear guidance on how to implement each technique in the DMAIC structure, and highlights the potential of 

Industry 4.0 in quality management, taking into account the applicable production laws and the power of 

Lean Six Sigma. The new model was implemented in an automotive company for the production of seat 

heaters, and the results show a 70 % reduction in total defect rate, a 25 % improvement in overall equipment 

effectiveness, a 51 % reduction in production lead time, a 49 % reduction  of workn-in-process, a 17 % 

reduction in the number of final assembly lines, a 31 % reduction of the space needed for final assembly lines, 

and a 42 % reduction in material movement distance. The results obtained with this model are significantly 

better than those obtained with the quality models previously applied in the studied company, confirming the 

effectiveness and efficiency of the proposed model. The obtained results confirm the thesis that the order of 

implementation of the techniques in the DMAIC structure is a key success factor for achieving quality 

objectives and operational excellence. First and foremost, Lean Six Sigma reduces process variation and 

waste in production, which is a prerequisite for the implementation of Industry 4.0. Next Industry 4.0 achieves 

automation, stabilization, standardization and further improvement of processes. In this implementation 

sequence, the contribution of Lean Six Sigma to total quality improvement is 67 % while the contribution of 

Industrie 4.0 is 33 %, the contribution of Lean Six Sigma to overall equipment effectiveness is 68 %, while 

the contribution of Industrie 4.0 is 32 %. In the future, the proposed model can be used as a reference for 

other automotive companies seeking drastic quality improvement in a short time, while the results of this 

paper can serve as a basis for further research. 

Keywords: Defining ï Measuring ï Analyzing ï Improving ï Controlling (DMAIC), Six Sigma, 

Measurement Systems Analysis (MSA), Statistical Process Control (SPC), Analysis of Failure Modes and 

Their Effect (eng. PFMEA), Lean production, Industry 4.0, Cyber physical systems (eng. SPS). 
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ʃʠʩʪʘ ʩʦ ʜʝʬʠʥʠʮʠʠ ʠ ʢʨʘʪʝʥʢʠ: 

ʀʥʜʫʩʪʨʠʿʘ 4.0 ʀʥʜʫʩʪʨʠʿʘ 4.0 ʝ ʯʝʪʚʨʪʘʪʘ ʠʥʜʫʩʪʨʠʩʢʘ ʨʝʚʦʣʫʮʠʿʘ ʢʦʿʘ ʩʝ ʦʜʥʝʩʫʚʘ ʥʘ 

ʩʦʬʪʚʝʨʩʢʦ ʠʥʞʝʥʝʨʩʪʚʦ ʚʦ ʠʥʜʫʩʪʨʠʠʪʝ, ʘʚʪʦʤʘʪʠʟʘʮʠʿʘ ʠ ʨʘʟʤʝʥʘ ʥʘ 

ʧʦʜʘʪʦʮʠ, ʚʢʣʫʯʫʚʘʿ˃ʠ ʉʘʿʙʝʨ-ʬʠʟʠʯʢʠ ʩʠʩʪʝʤʠ, ʠʥʪʝʨʥʝʪ ʥʘ ʥʝʰʪʘʪʘ, 

ʨʘʙʦʪʘ ʠ ʘʥʘʣʠʟʘ ʥʘ ʛʦʣʝʤʠ ʢʦʣʠʯʠʥʠ ʥʘ ʧʦʜʘʪʦʮʠ, ʩʠʤʫʣʘʮʠʠ, 

ʭʦʨʠʟʦʥʪʘʣʥʘ ʠ ʚʝʨʪʠʢʘʣʥʘ ʠʥʪʝʛʨʘʮʠʿʘ ʥʘ ʩʠʩʪʝʤʠ ʠ ʘʚʪʦʥʦʤʥʠ ʨʦʙʦʪʠ.  

ʀʥʜʫʩʪʨʠʩʢʠ 

ʙʝʟʞʠʯʥʠ 

ʩʝʥʟʦʨʥʠ ʤʨʝʞʠ 

ʀʥʜʫʩʪʨʠʩʢʠ ʙʝʟʞʠʯʥʠ ʩʝʥʟʦʨʥʠ ʤʨʝʞʠ ʩʝ ʩʠʩʪʝʤʠ ʢʦʠ ʩʝ ʩʦʩʪʦʿʘʪ ʦʜ 

ʛʦʣʝʤʘ ʧʦʧʫʣʘʮʠʿʘ ʥʘ ʙʝʟʞʠʯʥʦ ʧʦʚʨʟʘʥʠ ʭʝʪʝʨʦʛʝʥʠ ʩʝʥʟʦʨʥʠ ʿʘʟʣʠ, ʢʦʠ ʩʝ 

ʩʧʝʮʠʿʘʣʥʦ ʜʠʩʪʨʠʙʫʠʨʘʥʠ ʚʦ ʨʘʟʣʠʯʥʠ ʧʦʣʠˁʘ ʥʘ ʠʥʪʝʨʝʩʪ.  

ʀʥʪʝʨʥʝʪ ʥʘ 

ʥʝʰʪʘʪʘ 

ʀʥʪʝʨʥʝʪ ʥʘ ʥʝʰʪʘʪʘ ʝ ʩʠʩʪʝʤ ʦʜ ʧʦʚʨʟʘʥʠ ʢʦʤʧʿʫʪʝʨʩʢʠ ʫʨʝʜʠ, ʤʝʭʘʥʠʯʢʠ 

ʠ ʜʠʛʠʪʘʣʥʠ ʤʘʰʠʥʠ, ʢʦʠ ʠʤʘʘʪ ʫʥʠʢʘʪʝʥ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʠ ʤʦʞʥʦʩʪ ʜʘ 

ʧʨʝʥʝʩʫʚʘʘʪ ʧʦʜʘʪʦʮʠ ʧʨʝʢʫ ʤʨʝʞʘ ʙʝʟ ʜʘ ʝ ʧʦʪʨʝʙʥʘ ʠʥʪʝʨʘʢʮʠʿʘ ʦʜ ʯʦʚʝʢ 

- ʯʦʚʝʢ ʠʣʠ ʯʦʚʝʢ - ʢʦʤʧʿʫʪʝʨ. 

ʉʘʿʙʝʨ ʬʠʟʠʯʢʠ 

ʩʠʩʪʝʤ 

ʉʘʿʙʝʨ ʬʠʟʠʯʢʠ ʩʠʩʪʝʤ ʝ ʩʠʩʪʝʤ ʢʦʿ ʠʥʪʝʛʨʠʨʘ ʩʝʥʟʦʨʠ ʠ ʩʦʥʜʠʨʘˁʝ, 

ʢʦʤʧʿʫʪʝʨʠ, ʢʦʥʪʨʦʣʘ ʠ ʚʤʨʝʞʫʚʘˁʝ ʚʦ ʬʠʟʠʯʢʠ ʦʙʿʝʢʪʠ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, 

ʧʦʚʨʟʫʚʘʿ˃ʠ ʛʠ ʩʦ ʠʥʪʝʨʥʝʪ ʠ ʧʦʤʝʺʫ ʩʝʙʝ.  

ʈʘʙʦʪʘ ʩʦ ʛʦʣʝʤʘ 

ʢʦʣʠʯʠʥʘ ʥʘ 

ʧʦʜʘʪʦʮʠ 

ʈʘʙʦʪʘ ʩʦ ʛʦʣʝʤʘ ʢʦʣʠʯʠʥʘ ʥʘ ʧʦʜʘʪʦʮʠ ʝ ʧʦʣʝ ʰʪʦ ʩʝ ʟʘʥʠʤʘʚʘ ʩʦ 

ʩʠʩʪʝʤʘʪʠʯʥʘ ʝʢʩʪʨʘʢʮʠʿʘ ʥʘ ʠʥʬʦʨʤʘʮʠʠ, ʥʠʚʥʘ ʘʥʘʣʠʟʘ, ʠʣʠ ʩʦ ʩʝʪʦʚʠ ʦʜ 

ʧʦʜʘʪʦʮʠ ʰʪʦ ʩʝ ʧʨʝʤʥʦʛʫ ʛʦʣʝʤʠ ʠʣʠ ʢʦʤʧʣʝʢʩʥʠ ʟʘ ʜʘ ʩʝ ʦʙʨʘʙʦʪʘʪ ʩʦ 

ʪʨʘʜʠʮʠʦʥʘʣʥʠʪʝ ʩʦʬʪʚʝʨʩʢʠ ʘʧʣʠʢʘʮʠʠ ʟʘ ʧʨʦʮʝʩʠʨʘˁʝ ʥʘ ʧʦʜʘʪʦʮʠʪʝ. 

ʄʘʰʠʥʩʢʦ 

ʫʯʝˁʝ 

ʄʘʰʠʥʩʢʦ ʫʯʝˁʝ ʝ ʥʘʫʯʥʦ ʩʪʫʜʠʨʘˁʝ ʩʦ ʧʨʠʤʝʥʘ ʥʘ  ʘʣʛʦʨʠʪʤʠ ʠ 

ʩʪʘʪʠʩʪʠʯʢʠ ʤʦʜʝʣʠ ʦʜ ʩʪʨʘʥʘ ʥʘ ʢʦʤʧʿʫʪʝʨʠʪʝ, ʟʘ ʜʘ ʠʟʚʨʰʘʪ ʦʜʨʝʜʝʥʠ 

ʟʘʜʘʯʠ ʙʝʟ ʜʘ ʢʦʨʠʩʪʘʪ ʝʢʩʧʣʠʮʠʪʥʠ ʠʥʩʪʨʫʢʮʠʠ, ʢʦʨʠʩʪʝʿ˃ʠ ʛʦ ʩʘʤʦ 

ʤʦʜʝʣʦʪ ʦʜ ʧʨʝʪʭʦʜʥʠʪʝ ʧʨʠʤʝʨʦʮʠ ʠ ʟʘʢʣʫʯʦʮʠ. 

ʇʘʤʝʪʥʠ 

ʬʘʙʨʠʢʠ 

ʇʘʤʝʪʥʠ ʬʘʙʨʠʢʠ ʧʨʝʪʩʪʘʚʫʚʘʘʪ ʰʠʨʦʢʘ ʢʘʪʝʛʦʨʠʿʘ ʥʘ ʠʥʜʫʩʪʨʠʠ  ʰʪʦ 

ʢʦʨʠʩʪʘʪ ʢʦʤʧʿʫʪʝʨʩʢʦ-ʠʥʪʝʛʨʠʨʘʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʚʠʩʦʢʦ ʥʠʚʦ ʥʘ 

ʘʜʘʧʪʠʙʠʣʥʦʩʪ, ʙʨʟʘ ʧʨʦʤʝʥʘ ʥʘ ʜʠʟʘʿʥʦʪ ʠ ʜʠʛʠʪʘʣʥʘ ʠʥʬʦʨʤʘʮʠʩʢʘ 

ʪʝʭʥʦʣʦʛʠʿʘ.  

ʊʦʿʦʪʘ ʩʠʩʪʝʤ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ  

ʊʦʿʦʪʘ ʩʠʩʪʝʤ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʝ ʠʥʪʝʛʨʠʨʘʥ ʩʦʮʠʘʿʣʥʦ-ʪʝʭʥʠʯʢʠ ʩʠʩʪʝʤ 

ʨʘʟʚʠʝʥ ʦʜ ʊʦʿʦʪʘ, ʰʪʦ ʩʝ ʩʦʩʪʦʠ ʦʜ ʤʝʥʘ˅ʝʨʩʢʠ ʬʠʣʦʟʦʬʠʠ ʠ ʧʨʘʢʩʠ, ʢʦʠ 

ʩʝ ʨʘʟʚʠʝʥʠ ʩʦ ʮʝʣ ʝʬʠʢʘʩʥʦ ʦʨʛʘʥʠʟʠʨʘˁʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ, ʚʢʣʫʯʫʚʘʿ˃ʠ 

ʿʘ ʠʥʪʝʨʘʢʮʠʿʘʪʘ ʩʦ ʜʦʙʘʚʫʚʘʯʠʪʝ ʠ ʢʣʠʝʥʪʠʪʝ, ʩʦ ʪʘʨʛʝʪ ʟʘ  ʥʘʤʘʣʫʚʘˁʝ ʥʘ 

ʟʘʛʫʙʠʪʝ ʠ ʪʨʦʰʦʮʠʪʝ.  

Lean  

ʧʨʦʠʟʚʦʜʩʪʚʦ 

Lean ʧʨʦʠʟʚʦʜʩʪʚʦ ʝ ʤʝʪʦʜ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʦʿ ʧʦʪʝʢʥʫʚʘ ʦʜ ʦʧʝʨʘʪʠʚʥʠʦʪ 

ʤʦʜʝʣ ʥʘ ʊʦʿʦʪʘ ʦʜ 1930 ʛʦʜʠʥʘ. ʊʝʨʤʠʥʦʪ Lean ʝ ʬʦʨʤʠʨʘʥ  ʚʦ 1988 ʦʜ John 

Kraftic   ʠ  ʝ ʜʝʬʠʥʠʨʘʥ ʚʦ 1996  ʦʜ James Womach ʠ David Jones  ʩʦ ʧʝʪʪʝ 

ʢʣʫʯʥʠ ʧʨʠʥʮʠʧʠ: ʢʦʥʮʠʟʥʦ ʜʝʬʠʥʠʨʘˁʝ ʥʘ ʚʨʝʜʥʦʩʪʘ  ʥʘ ʩʧʝʮʠʬʠʯʥʠʦʪ 

ʧʨʦʠʟʚʦʜ, ʠʜʝʥʪʠʬʠʢʫʚʘˁʝ ʥʘ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ ʟʘ ʩʝʢʦʿ ʧʨʦʠʟʚʦʜ, 

ʠʤʧʣʝʤʝʥʪʠʨʘˁʝ ʥʘ ʢʦʥʪʠʥʫʠʨʘʥ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ ʙʝʟ ʧʨʝʢʠʥʠ, 

ʠʤʧʣʝʤʝʥʪʠʨʘˁʝ ʥʘ ʩʠʩʪʝʤ ʢʣʠʝʥʪʦʪ ʜʘ ʿʘ ʧʦʚʣʝʢʫʚʘ ʚʨʝʜʥʦʩʪʘ ʦʜ 

ʧʨʦʠʟʚʦʜʠʪʝʣʦʪ ʠ ʪʝʞʥʝˁʝ ʢʦʥ ʧʝʨʬʝʢʮʠʿʘ.  

ʄʘʧʠʨʘˁʝ ʥʘ 

ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ 

(ʘʥʛ. VSM) 

ʄʘʧʠʨʘˁʝ ʥʘ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ ʠʣʠ ʧʦʟʥʘʪʦ ʢʘʢʦ Ăʤʘʧʠʨʘˁʝ ʥʘ ʪʝʢʦʪ ʥʘ 

ʤʘʪʝʨʠʿʘʣʦʪ ʠ ʠʥʬʦʨʤʘʮʠʠʪʝò ʝ Lean ʤʝʪʦʜ ʟʘ ʘʥʘʣʠʟʘ ʥʘ ʤʦʤʝʥʪʘʣʥʘʪʘ 

ʩʦʩʪʦʿʙʘ ʥʘ ʩʝʨʠʿʘ ʦʜ ʥʘʩʪʘʥʠ ʢʦʠ ʩʝ ʧʨʝʚʟʝʤʘʘʪ ʟʘ ʜʘʜʝʥ ʧʨʦʠʟʚʦʜ ʠʣʠ 

ʩʝʨʚʠʩ, ʦʜ ʧʦʯʝʪʦʢʦʪ ʥʘ ʩʧʝʮʠʿʘʣʥʠʦʪ ʧʨʦʮʝʩ ʜʦ  ʢʣʠʝʥʪʦʪ. 
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ɼʠʟʘʿʥ ʥʘ ʪʝʢ ʥʘ 

ʚʨʝʜʥʦʩʪʠ (ʘʥʛ. 

VSD) 

ɼʠʟʘʿʥ ʥʘ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ ʝ Lean ʤʝʪʦʜ ʟʘ ʜʠʟʘʿʥ ʥʘ ʠʜʥʘʪʘ ʩʦʩʪʦʿʙʘ ʥʘ 

ʩʝʨʠʿʘ ʦʜ ʥʘʩʪʘʥʠ ʢʦʠ ʩʝ ʧʨʝʚʟʝʤʘʘʪ ʟʘ ʜʘʜʝʥ ʧʨʦʠʟʚʦʜ ʠʣʠ ʩʝʨʚʠʩ, ʦʜ 

ʧʦʯʝʪʦʢʦʪ ʥʘ ʩʧʝʮʠʿʘʣʥʠʦʪ ʧʨʦʮʝʩ ʜʦ  ʢʣʠʝʥʪʦʪ. 

ʊʘʢʪ ʚʨʝʤʝ ʊʘʢʪ ʚʨʝʤʝ ʝ ʧʨʦʩʝʯʥʦʪʦ ʚʨʝʤʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʦʜ ʧʦʯʝʪʦʢ ʥʘ ʝʜʝʥ 

ʧʨʦʠʟʚʦʜ ʜʦ ʧʦʯʝʪʦʢ ʥʘ  ʥʘʨʝʜʥʠʦʪ ʧʨʦʠʟʚʦʜ, ʢʦʛʘ ʨʠʪʘʤʦʪ ʥʘ ʦʚʘ 

ʧʨʦʠʟʚʦʜʪʩʚʦ ʝ ʧʦʜʝʩʝʥ ʜʘ ʦʜʛʦʚʘʨʘ ʥʘ ʧʦʙʘʨʫʚʘˁʘʪʘ ʦʜ ʢʣʠʝʥʪʦʪ.  

ʇʨʦʠʟʚʦʜʩʪʚʦ 

ʧʘʨʯʝ-ʧʦ-ʧʘʨʯʝ 

(ʘʥʛ. One piece 

floe) 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʧʘʨʯʝ-ʧʦ-ʧʘʨʯʝ ʠʣʠ ʢʦʥʪʠʥʫʠʨʘʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʝ ʧʨʠʩʪʘʧ  ʟʘ 

ʝʣʠʤʠʥʠʨʘˁʝ ʥʘ ʧʘʢʦʚʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʂʦʨʝʩʧʦʥʜʠʨʘ ʩʦ JIT 

ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ, ʢʘʥʙʘʥ ʧʨʠʩʪʘʧʦʪ, ˃ʝʣʠʠʪʝ ʠ ʢʦʥʪʠʥʫʠʨʘʥʠʦʪ ʥʘʧʦʨ ʟʘ 

ʧʦʜʦʙʨʫʚʘˁʝ ʰʪʦ ʙʘʨʘ ʠʥʪʝʛʨʠʨʘˁʝ ʥʘ ʩʠʪʝ ʝʣʝʤʝʥʪʠ ʥʘ ʧʨʦʠʟʚʦʜʥʠʦʪ 

ʩʠʩʪʝʤ.   

ɵʝʣʠʿʘ ɵʝʣʠʿʘ ʝ ʫʨʝʜʫʚʘˁʝ ʥʘ ʣʫʺʝ, ʤʘʰʠʥʠ, ʤʘʪʝʨʠʿʘʣʠ ʠ ʤʝʪʦʜʠ ʩʦ ʧʨʦʮʝʩʠʨʘʯʢʠ 

ʯʝʢʦʨʠ ʣʦʮʠʨʘʥʠ ʝʜʥʠ ʜʦ ʜʨʫʛʠ ʧʦ ʩʝʢʚʝʥʮʠʿʘʣʝʥ ʨʝʜʦʩʣʝʜ, ʧʨʝʢʫ ʢʦʠ 

ʧʨʦʠʟʚʦʜʠʪʝ ʩʝ ʧʨʦʮʝʩʠʨʘʘʪ ʚʦ ʢʦʥʪʠʥʫʠʨʘʥ ʪʝʢ (ʠʣʠ ʚʦ ʥʝʢʦʠ ʩʣʫʯʘʠ ʚʦ 

ʢʦʥʟʠʩʪʝʥʪʥʠ ʤʘʣʠ ʣʦʪʦʚʠ). 

Chaku-Chaku 

ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʅʘ ɱʘʧʦʥʩʢʠ Ăʥʘʪʦʚʘʨʠ ʥʘʪʦʚʘʨʠò ʝ ʝʬʠʢʘʩʝʥ ʧʨʠʩʪʘʧ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʚʦ 

ʢʦʿ ʰʪʦ ʩʠʪʝ ʤʘʰʠʥʠ ʢʦʠ ʩʝ ʧʦʪʨʝʙʥʠ ʟʘ ʜʘ ʧʨʦʠʟʚʝʜʘʪ ʧʨʦʠʟʚʦʜ ʩʝ 

ʧʦʩʪʘʚʝʥʠ ʚʦ ʩʝʢʚʝʥʮʠʿʘʣʝʥ ʨʝʜʦʩʣʝʜ  ʠ ʙʣʠʩʢʫ ʝʜʥʘ ʜʦ ʜʨʫʛʘ. ʆʧʝʨʘʪʦʨʦʪ 

ʝʜʥʦʩʪʘʚʥʦ ʛʦ ʧʦʩʪʘʚʫʚʘ ʧʨʦʠʟʚʦʜʦʪ ʚʦ ʤʘʰʠʥʘʪʘ ʠ ʩʝ ʧʦʤʝʩʪʫʚʘ ʥʘ 

ʥʘʨʝʜʥʘʪʘ ʦʧʝʨʘʮʠʿʘ. ʉʝʢʦʿʘ ʤʘʰʠʥʘ ʠʟʚʨʰʫʚʘ ʨʘʟʣʠʯʥʘ ʝʪʘʧʘ ʦʜ 

ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ.  

ʂʘʥʙʘʥ ʩʠʩʪʝʤ ʂʘʥʙʘʥ ʝ ʩʠʩʪʝʤ ʟʘ ʧʣʘʥʠʨʘˁʝ ʥʘ Lean ʠ JIT ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ, ʨʘʟʚʠʝʥ ʦʜ 

Taiichi Ohno ʠ ʠʥʜʫʩʪʨʠʩʢʠʪʝ ʠʥʞʝʥʝʨʠ ʚʦ ʊʦʿʦʪʘ ʩʦ ʮʝʣ ʜʘ ʩʝ ʧʦʜʦʙʨʠ 

ʝʬʠʢʘʩʥʦʩʪʘ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ. ɻʦ ʢʦʨʠʩʪʠ ʧʨʠʥʮʠʧʦʪ ʟʘ ʚʣʝʯʝˁʝ ʥʘ 

ʤʘʪʝʨʠʿʘʣʠʪʝ ʠ ʠʥʬʦʨʤʘʮʠʠʪʝ ʧʦʯʥʫʚʘʿ˃ʠ ʦʜ ʧʨʦʮʝʩʠʪʝ ʢʦʠ ʩʝ ʥʘʿʙʣʠʩʢʫ ʜʦ 

ʛʦʪʦʚʠʦʪ ʧʨʦʠʟʚʦʜ ʧʘ ʥʘʥʘʟʘʜ ʚʢʣʫʯʫʚʘʿ˃ʠ ʛʠ ʩʠʪʝ ʧʨʝʪʭʦʜʥʠ ʧʨʦʮʝʩʠ.   

ʇʝʿʩʤʝʿʢʝʨ 

ʧʨʦʮʝʩ 

ʇʨʦʮʝʩ ʦʜ ʪʝʢʦʪ ʥʘ ʚʨʝʜʥʦʩʪ ʥʘ ʢʦʿ ʩʝ ʠʩʧʨʘʘ˃ ʧʣʘʥʦʪ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʢʦʿ 

ʛʦ ʜʠʢʪʠʨʘ ʨʠʪʘʤʦʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʩʠʪʝ ʧʨʝʪʭʦʜʥʠ ʧʨʦʮʝʩʠ 

ʢʦʨʠʩʪʝʿ˃ʠ ʛʠ ʩʫʧʝʨʤʘʨʢʝʪʠʪʝ ʠ ʩʠʩʪʝʤʦʪ ʥʘ ʚʣʝʯʝˁʝ ʥʘ ʤʘʪʝʨʠʿʘʣʠʪʝ.  

ʇʦʨʘʤʥʫʚʘˁʝ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʦ 

ʤʦʜʝʣ ʠ ʚʦʣʫʤʝʥ 

(ʿʘʧʦʥ. Heijunka) 

ʇʨʝʪʩʪʘʚʫʚʘ ʪʝʭʥʠʢʘ ʟʘ ʧʦʨʘʤʥʫʚʘˁʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʧʦ ʪʠʧ ʥʘ ʧʨʦʠʟʚʦʜ 

ʠ ʚʦʣʫʤʝʥ ʠ ʩʣʫʞʠ ʟʘ ʨʝʜʫʮʠʨʘˁʝ ʥʘ ʥʝʝʜʥʘʢʚʦʩʪʘ (ʿʘʧ. mura) ʚʦ 

ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ, ʰʪʦ ʧʘʢ ʧʨʠʜʦʥʝʩʫʚʘ ʟʘ ʨʝʜʫʮʠʨʘˁʝ ʥʘ ʟʘʛʫʙʠʪʝ (ʿʘʧ. 

muda) ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ. ʆʚʘʘ ʪʝʭʥʠʢʘ ʝ ʚʠʪʘʣʥʘ ʟʘ ʥʘʤʘʣʫʚʘˁʝ ʥʘ 

ʟʘʣʠʭʘʪʘ ʤʝʺʫ ʧʨʦʮʝʩʠʪʝ ʠ ʨʘʟʚʠʚʘˁʝʪʦ ʥʘ ʝʬʠʢʘʩʥʦʩʪ ʚʦ ʩʠʩʪʝʤʦʪ ʟʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʊʦʿʦʪʘ ʠ Lean.  

ʈʝʜʫʮʠʨʘˁʝ ʥʘ 

ʚʨʝʤʝʪʦ 

ʧʦʪʨʝʙʥʦ ʟʘ 

ʧʦʜʝʩʫʚʘˁʝ ʥʘ 

ʤʘʰʠʥʠʪʝ (ʘʥʛ. 

Single minute 

exchange of die ï

SMED) 

ʆʚʘ ʝ ʝʜʝʥ ʦʜ ʤʝʪʦʜʠʪʝ ʥʘ Lean ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʟʘ ʨʝʜʫʮʠʨʘˁʝ ʥʘ ʟʘʛʫʙʠʪʝ 

ʚʦ ʧʨʦʮʝʩʦʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʆʚʦʿ ʤʝʪʦʜ ʦʙʝʟʙʝʜʫʚʘ ʙʨʟ ʠ ʝʬʠʢʘʩʝʥ ʥʘʯʠʥ 

ʥʘ ʧʨʦʤʝʥʘ ʥʘ ʤʦʜʝʣ ʚʦ ʧʨʦʠʟʚʦʜʥʠʦʪ ʧʨʦʮʝʩ. ɹʨʟʘʪʘ ʧʨʦʤʝʥʘ ʥʘ ʤʦʜʝʣ ʝ 

ʢʣʫʯʥʘ ʟʘ ʨʝʜʫʮʠʨʘˁʝ ʥʘ ʛʦʣʝʤʠʪʝ ʧʨʦʠʟʚʦʜʥʠ ʣʦʪʦʚʠ ʘ ʩʦ ʪʦʘ ʠ 

ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʪʝʢʦʪ ʥʘ ʚʨʝʜʥʦʩʪ ʠ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʥʝʝʜʥʘʢʚʦʩʪʘ (ʿʘʧ. 

Mura), ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʟʘʣʠʭʠʪʝ ʧʦʤʝʺʫ ʧʨʦʮʝʩʠʪʝ ʠ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʘ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ. ʀʟʨʘʟʦʪ Ăʩʝʢʦʿʘ ʤʠʥʫʪʘò ʥʝ ʟʥʘʯʠ ʜʝʢʘ 

ʧʨʦʤʝʥʘʪʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ˃ʝ ʪʨʘʝ ʩʘʤʦ ʝʜʥʘ ʤʠʥʫʪʘ ʪʫʢʫ ʜʝʢʘ ʪʨʝʙʘ ʜʘ 

ʪʨʘʝ ʧʦʤʘʣʢʫ ʦʜ 10 ʤʠʥʫʪʠ.  
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ʉʝʚʢʫʧʥʦ 

ʧʨʦʜʫʢʪʠʚʥʦ 

ʦʜʨʞʫʚʘˁʝ (ʘʥʛ. 

Total productive 

maintanace TPM) 

ʉʝʚʢʫʧʥʦ ʧʨʦʜʫʢʪʠʚʥʦ ʦʜʨʞʫʚʘˁʝ ʝ ʩʠʩʪʝʤ ʟʘ ʦʜʨʞʫʚʘˁʝ ʠ ʧʦʜʦʙʨʫʚʘˁʝ 

ʥʘ ʠʥʪʝʛʨʠʪʝʪʦʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ, ʙʝʟʙʝʜʥʦʩʪʘ ʠ ʢʚʘʣʠʪʝʪʦʪ ʧʨʝʢʫ 

ʤʘʰʠʥʠʪʝ, ʦʧʨʝʤʘʪʘ, ʧʨʦʮʝʩʠʪʝ ʠ ʚʨʘʙʦʪʝʥʠʪʝ ʰʪʦ ʜʦʜʘʚʘʘʪ ʚʨʝʜʥʦʩʪ ʥʘ 

ʦʨʛʘʥʠʟʘʮʠʿʘʪʘ. ʆʚʦʿ  ʩʠʩʪʝʤ ʩʝ ʬʦʢʫʩʠʨʘ ʥʘ ʦʜʨʞʫʚʘˁʝ ʥʘ ʦʧʨʝʤʘʪʘ ʚʦ 

ʚʨʚʥʘ ʢʦʥʜʠʮʠʿʘ ʩʦ ʮʝʣ ʜʘ ʩʝ ʠʟʙʝʛʥʘʪ ʜʝʬʝʢʪʠʪʝ ʠ ʟʘʩʪʦʠʪʝ ʚʦ 

ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ.  
Jidoka Jidoka ʟʥʘʯʠ ʠʥʪʝʣʠʛʝʥʪʥʘ ʘʚʪʦʤʘʪʠʟʘʮʠʿʘ ʠʣʠ ʘʚʪʦʤʘʪʠʟʘʮʠʿʘ ʩʦ ʯʦʚʝʯʢʠ 

ʜʦʧʠʨ, ʰʪʦ ʚʦ ʧʨʘʢʩʘ ʧʦʜʨʘʟʙʠʨʘ ʜʝʢʘ ʧʨʦʮʝʩʦʪ ʥʘ ʘʚʪʦʤʘʪʠʟʘʮʠʿʘ ʝ 

ʩʧʦʩʦʙʝʥ ʩʘʤ ʧʦ ʩʝʙʝ ʜʘ ʛʠ ʜʝʪʝʢʪʠʨʘ ʘʥʦʤʘʣʠʠʪʝ ʥʘ ʧʨʦʮʝʩʦʪ ʠʣʠ 

ʜʝʬʝʢʪʠʪʝ ʥʘ ʧʨʦʠʟʚʦʜʦʪ, ʜʘ ʛʦ ʩʦʧʠʨʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʠ ʜʘ ʛʦ ʠʥʬʦʨʤʠʨʘ 

ʦʧʝʨʘʪʦʨʦʪ ʧʨʝʢʫ ʩʠʩʪʝʤʠʪʝ ʟʘ ʩʠʛʥʘʣʠʟʘʮʠʿʘ ɸʥʜʦʥ. 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʚʦ 

ʚʠʩʪʠʥʩʢʦ ʚʨʝʤʝ 

(ʘʥʛ. Just-in-time) 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʚʦ ʚʠʩʪʠʥʩʢʦ ʚʨʝʤʝ ʠʩʪʦ ʪʘʢʘ ʧʦʟʥʘʪʦ ʢʘʢʦ ʊʦʿʦʪʘ ʩʠʩʪʝʤ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʝ ʤʝʪʦʜʦʣʦʛʠʿʘ ʢʦʿʘ ʧʨʠʤʘʨʥʦ ʠʤʘ ʟʘ ʮʝʣ ʜʘ ʛʦ ʥʘʤʘʣʠ ʚʨʝʤʝʪʦ 

ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʘʢʦ ʠ ʚʨʝʤʝʪʦ ʥʘ ʨʝʘʢʮʠʿʘ ʥʘ ʜʦʙʘʚʫʚʘʯʠʪʝ ʦʜ ʘʩʧʝʢʪ ʥʘ 

ʢʣʠʝʥʪʦʪ. ʆʚʘʘ ʤʝʪʦʜʦʣʦʛʠʿʘ ʝ ʨʘʟʚʠʝʥʘ ʚʦ ɱʘʧʦʥʠʿʘ ʚʦ ʧʝʨʠʜʦʪ 1960-1970, 

ʢʦʥʢʨʝʪʥʦ ʚʦ ʊʦʿʦʪʘ. 

ʂʘʿʟʝʥ  ʂʘʿʟʝʥ ʝ ʢʦʥʮʝʧʪ ʢʦʿ ʩʝ ʦʜʥʝʩʫʚʘ ʥʘ ʙʠʟʥʠʩ ʘʢʪʠʚʥʦʩʪʠʪʝ ʢʦʠ ʢʦʥʪʠʥʫʠʨʘʥʦ 

ʛʠ ʧʦʜʦʙʨʫʚʘʘʪ ʩʠʪʝ ʬʫʥʢʮʠʠ ʠ ʛʠ ʠʥʚʦʣʚʠʨʘʘʪ ʩʠʪʝ ʚʨʘʙʦʪʝʥʠ ʧʦʯʥʫʚʘʿ˃ʠ 

ʦʜ ʛʝʥʝʨʘʣʥʠʦʪ ʜʠʨʝʢʪʦʨ ʜʦ ʦʧʝʨʘʪʦʨʠʪʝ. ʂʘʿʟʝʥ ʝ ʟʙʦʨ ʢʦʿ ʧʦʪʝʢʥʫʚʘ ʦʜ 

ɱʘʧʦʥʠʿʘ ʠ ʟʥʘʯʠ ʧʦʜʦʙʨʫʚʘˁʝ. ʉʦ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʩʪʘʥʜʘʨʜʠʟʠʨʘʥʠʪʝ 

ʧʨʦʛʨʘʤʠ ʠ ʧʨʦʮʝʩʠ, ʢʘʿʟʝʥ ʩʝ ʩʪʨʝʤʠ ʜʘ ʛʠ ʝʣʠʤʠʥʠʨʘ ʟʘʛʫʙʠʪʝ. ʂʘʿʟʝʥ ʟʘ 

ʧʨʚ ʧʘʪ ʝ ʧʨʠʤʝʥʝʪ ʚʦ ɱʘʧʦʥʠʿʘ ʧʦʩʣʝ ʚʪʦʨʘʪʘ ʩʚʝʪʩʢʘ ʚʦʿʥʘ ʠ ʝ 

ʥʘʿʟʘʙʝʣʝʞʠʪʝʣʝʥ ʚʦ ʊʦʿʦʪʘ.  

ɸʥʜʦʥ ʩʠʩʪʝʤ ɸʥʜʦʥ ʝ ʩʠʩʪʝʤ ʢʦʿ ʧʦʪʝʢʥʫʚʘ ʦʜ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʠ ʩʝ ʦʜʥʝʩʫʚʘ ʥʘ 

ʥʦʪʠʬʠʢʘʮʠʿʘ ʜʦ ʤʝʥʘ˅ʤʝʥʪʦʪ, ʦʜʨʞʫʚʘˁʝʪʦ ʠ ʜʦ ʜʨʫʛʠʪʝ ʚʨʘʙʦʪʝʥʠ ʢʦʠ 

ʨʘʙʦʪʘʪ ʥʘ ʧʨʦʙʣʝʤʠʪʝ ʩʦ ʢʚʘʣʠʪʝʪ ʠʣʠ ʧʨʦʮʝʩʥʠʪʝ ʧʨʦʙʣʝʤʠ.  ɸʣʘʨʤʦʪ 

ʤʦʞʝ ʜʘ ʩʝ ʘʢʪʠʚʠʨʘ ʤʘʥʫʝʣʥʦ ʦʜ ʩʪʨʘʥʘ ʥʘ ʦʧʝʨʘʪʦʨʠʪʝ ʠʣʠ ʘʚʪʦʤʘʪʩʢʠ ʦʜ 

ʩʘʤʘʪʘ ʦʧʨʝʤʘ. ʆʧʨʝʤʘʪʘ ʤʦʞʝ ʜʘ ʚʢʣʫʯʫʚʘ ʘʚʪʦʤʘʪʩʢʦ ʩʦʧʠʨʘˁʝ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʩʦ ʮʝʣ ʜʘ ʩʝ ʢʦʨʝʛʠʨʘ ʧʨʦʙʣʝʤʦʪ. ɸʥʜʦʥ ʩʠʩʪʝʤʦʪ ʝ ʝʜʝʥ ʦʜ 

ʧʨʠʥʮʠʧʠʪʝ ʥʘ Jidoka ʟʘ  ʢʦʥʪʨʦʣʘʪʘ ʥʘ ʢʚʘʣʠʪʝʪ, ʤʝʪʦʜ ʢʦʿ ʝ ʨʘʟʚʠʝʥ ʦʜ 

ʊʦʿʦʪʘ ʩʠʩʪʝʤʦʪ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ.  

ʉʝʚʢʫʧʥʦ 

ʫʧʨʘʚʫʚʘˁʝ ʩʦ 

ʢʚʘʣʠʪʝʪ (ʘʥʛ. 

Total quality 

management - 

TQM)  

ʉʝʚʢʫʧʥʦʪʦ ʫʧʨʘʚʫʚʘˁʝ ʩʦ ʢʚʘʣʠʪʝʪ ʩʝ ʩʦʩʪʦʠ ʦʜ ʰʠʨʦʢ ʦʨʛʘʥʠʟʘʮʠʩʢʠ 

ʥʘʧʦʨ ʟʘ ʜʘ ʠʥʩʪʘʣʠʨʘ ʧʦʩʪʦʿʘʥʘ ʢʣʠʤʘ ʚʦ ʢʦʿʘ ʚʨʘʙʦʪʝʥʠʪʝ ʢʦʥʪʠʥʫʠʨʘʥʦ 

˃ʝ ʛʠ ʧʦʜʦʙʨʫʚʘʘʪ ʥʠʚʥʠʪʝ ʩʧʦʩʦʙʥʦʩʪʠ ʜʘ ʠʩʧʦʨʘʯʘʘʪ ʧʨʦʠʟʚʦʜ ʠ ʩʝʨʚʠʩ ʥʘ 

ʚʨʝʤʝ  ʩʦ ʜʦʜʘʜʝʥʘ ʚʨʝʜʥʦʩʪ ʟʘ ʢʣʠʝʥʪʦʪ. ɿʙʦʨʦʪ ʩʝʚʢʫʧʥʦ ʥʘʛʣʘʩʫʚʘ ʜʝʢʘ 

ʩʝʢʪʦʨʠʪʝ ʢʦʠ ʥʝ ʩʝ ʜʝʣ ʦʜ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ (ʥʘ ʧʨʠʤʝʨ ʧʨʦʜʘʞʙʘ ʠ 

ʤʘʨʢʝʪʠʥʛ, ʩʤʝʪʢʦʚʦʜʩʪʚʦ ʠ ʬʠʥʘʥʩʠʠ, ʠʥʞʝʥʝʨʩʪʚʦ ʠ ʜʠʟʘʿʥ ʠʪʥ) ʩʝ 

ʦʙʚʨʟʘʥʠ ʜʘ ʛʠ ʧʦʜʦʙʨʘʪ ʥʠʚʥʠʪʝ ʦʧʝʨʘʮʠʠ. ɼʦʜʝʢʘ ʧʘʢ ʟʙʦʨʦʪ  

ʤʝʥʘ˅ʤʝʥʪʦʪ ʥʘʛʣʘʩʫʚʘ ʜʝʢʘ ʠʟʚʨʰʥʠʪʝ ʜʠʨʝʢʪʦʨʠ ʩʝ ʦʙʚʨʟʘʥʠ ʘʢʪʠʚʥʦ ʜʘ 

ʛʦ ʤʝʥʘ˅ʠʨʘʘʪ ʢʚʘʣʠʪʝʪʦʪ ʧʨʝʢʫ ʧʨʦʥʘʦʺʘˁʝ, ʪʨʝʥʠʨʘˁʝ, ʚʨʘʙʦʪʫʚʘˁʝ ʠ 

ʧʦʩʪʘʚʫʚʘˁʝ ʥʘ ʪʘʨʛʝʪʠ ʟʘ ʢʚʘʣʠʪʝʪ. ʉʝʚʢʫʧʥʦʪʦ ʫʧʨʘʚʫʚʘˁʝ ʩʦ ʢʚʘʣʠʪʝʪʦʪ 

ʨʘʩʧʦʣʘʛʘ ʩʦ  ʰʠʨʦʢʦ ʚʥʠʤʘʥʠʝ ʚʦ ʧʝʨʠʦʜʦʪ 1980-1990 ʧʨʝʜ ʜʘ ʙʠʜʝ 

ʥʘʜʤʠʥʘʪ ʦʜ ISO 9000, Lean ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʠ ʐʝʩʪ ʉʠʛʤʘ. 

ʊʦʯʥʦʩʪ (ʘʥʛ. 

accuracy) 

ʊʦʯʥʦʩʪ ʥʘ ʤʝʨʢʠʪʝ ʩʝ ʦʜʥʝʩʫʚʘ ʥʘ ʙʣʠʟʠʥʘʪʘ ʥʘ ʜʦʛʦʚʦʨʦʪ ʧʦʤʝʺʫ 

ʥʘʙˀʫʜʫʚʘʥʠʪʝ ʚʨʝʜʥʦʩʪʠ ʠ ʧʦʟʥʘʪʠʦʪ ʨʝʬʝʨʝʥʪʝʥ ʩʪʘʥʜʘʨʜ.  

ʆʪʩʪʘʧʫʚʘˁʝ 

(ʘʥʛ. Bias) 

ʆʪʩʪʘʧʫʚʘˁʝ ʝ ʠʟʤʝʩʪʫʚʘˁʝ ʥʘ ʠʟʤʝʨʝʥʘʪʘ ʚʨʝʜʥʦʩʪ ʦʜ ʚʠʩʪʠʥʩʢʘʪʘ 

ʚʨʝʜʥʦʩʪ ʥʘ ʧʦʧʫʣʘʮʠʿʘʪʘ. 
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ɻʨʘʬʠʢʦʥ ʙʦʢʩ  

ʠ ʚʠʩʢʝʨ 

ɻʨʘʬʠʢʦʥ ʥʘ ʢʦʿ ʩʝ ʧʨʠʢʘʞʫʚʘʘʪ ʧʦʜʘʪʦʮʠʪʝ ʟʘ ʤʝʜʠʘʥʦʪ, ʛʦʨʥʠʪʝ ʠ 

ʜʦʣʥʠʪʝ ʢʚʘʨʪʘʣʠ, ʝʢʩʪʨʝʤʥʠʪʝ ʪʦʯʢʠ ʠ ʦʥʠʝ ʢʦʠ ʦʪʩʪʘʧʫʚʘʘʪ.   

ʉʧʦʩʦʙʥʦʩʪ ʥʘ 

ʧʨʦʮʝʩ (ʘʥʛ. 

Process 

capability)  

ʉʧʦʩʦʙʥʦʩʪ ʥʘ ʧʨʦʮʝʩʦʪ ʿʘ ʧʨʠʢʘʞʫʚʘ ʢʦʣʠʯʠʥʘʪʘ ʥʘ ʚʘʨʠʿʘʮʠʠ ʩʚʦʿʩʪʚʝʥʘ 

ʟʘ ʩʪʘʙʠʣʝʥ ʧʨʦʮʝʩ. ʉʧʦʩʦʙʥʦʩʪʘ ʤʦʞʝ ʜʘ ʩʝ ʦʜʨʝʜʠ ʢʦʨʠʩʪʝʿ˃ʠ ʧʦʜʘʪʦʮʠ ʦʜ 

ʢʦʥʪʨʦʣʥʠʪʝ ʛʨʘʬʠʢʦʥʠ ʠ ʭʠʩʪʦʛʨʘʤʠ ʠ ʯʝʩʪʦ ʩʝ ʢʚʘʥʪʠʬʠʢʫʚʘ ʩʦ 

ʢʦʨʠʩʪʝˁʝ ʥʘ ʠʥʜʝʢʩʠʪʝ Cpk ʠ Ppk. 

ʎʝʥʪʨʘʣʥʘ 

ʣʠʥʠʿʘ  

(ʘʥʛ. CL) 

ʃʠʥʠʿʘʪʘ ʥʘ ʢʦʥʪʨʦʣʥʠʦʪ ʛʨʘʬʠʢʦʥ ʰʪʦ ʿʘ ʧʨʝʪʩʪʘʚʫʚʘ ʜʦʣʛʦʪʨʘʿʥʘʪʘ ʠʣʠ 

ʧʨʦʩʝʯʥʘʪʘ ʚʨʝʜʥʦʩʪ  ʥʘ ʜʘʜʝʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʪʘ ʟʘ ʢʚʘʣʠʪʝʪ, ʢʦʿʘ ʝ ʚʦ 

ʢʦʥʪʨʦʣʠʨʘʥʘ ʩʦʩʪʦʿʙʘ ʩʘʤʦ ʢʦʛʘ ʩʝ ʧʨʠʩʫʪʥʠ ʚʦʦʙʠʯʘʝʥʠ ʧʨʠʯʠʥʠ. 

ɺʦʦʙʠʯʘʝʥʠ 

ʧʨʠʯʠʥʠ 

ʇʨʦʙʣʝʤʠ ʚʦ ʩʘʤʠʦʪ ʩʠʩʪʝʤ ʢʦʠ ʩʝ ʩʝʢʦʛʘʰ ʧʨʠʩʫʪʥʠ, ʢʦʠ ʚʣʠʿʘʘʪ ʥʘ ʮʝʣʦʪʦ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʝ ʜʦʜʝʢʘ ʥʝ ʩʝ ʧʨʦʥʘʿʜʘʪ ʠ ʦʪʩʪʨʘʥʘʪ. ʊʠʝ ʩʝ Ăʚʦʦʙʠʯʘʝʥʠ" ʟʘ 

ʩʠʪʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʠ ʧʨʦʜʫʢʪʠ. ʀʩʪʦ ʪʘʢʘ, ʩʝ ʥʘʨʝʢʫʚʘʘʪ ʥʝʥʘʜʝʿʥʠ 

ʧʨʠʯʠʥʠ, ʩʠʩʪʝʤʩʢʠ ʧʨʠʯʠʥʠ ʠʣʠ ʭʨʦʥʠʯʥʠ ʧʨʠʯʠʥʠ. ɺʦʦʙʠʯʘʝʥʠʪʝ 

ʧʨʠʯʠʥʠ ʩʝ ʩʧʨʦʪʠʚʥʠ ʥʘ ʩʧʝʮʠʿʘʣʥʠʪʝ ʧʨʠʯʠʥʠ. 

ʂʦʥʪʨʦʣʝʥ 

ʛʨʘʬʠʢʦʥ  

ɻʨʘʬʠʯʢʠ ʤʝʭʘʥʠʟʘʤ ʟʘ ʦʜʣʫʯʫʚʘˁʝ ʜʘʣʠ ʦʩʥʦʚʥʠʦʪ ʧʨʦʮʝʩ ʝ ʧʨʦʤʝʥʝʪ ʚʨʟ 

ʦʩʥʦʚʘ ʥʘ ʟʝʤʝʥʠ ʧʨʠʤʝʨʦʮʠ ʦʜ ʧʨʦʮʝʩʦʪ. ʂʦʥʪʨʦʣʥʠʦʪ ʛʨʘʬʠʢʦʥ ʧʦʤʘʛʘ ʜʘ 

ʩʝ ʫʪʚʨʜʠ ʢʦʠ ʧʨʠʯʠʥʠ ʩʝ Ăʩʧʝʮʠʿʘʣʥʠ" ʟʘ ʢʦʠ ʰʪʦ ʪʨʝʙʘ ʜʘ ʩʝ ʠʩʧʠʪʘʘʪ 

ʤʦʞʥʠ ʢʦʨʝʢʪʠʚʥʠ ʘʢʮʠʠ. ʂʦʥʪʨʦʣʥʠʪʝ ʛʨʘʬʠʢʦʥʠ ʩʦʜʨʞʘʪ ʥʘʮʨʪ 

ʚʨʝʜʥʦʩʪʠ ʥʘ ʥʝʢʦʿʘ ʩʪʘʪʠʩʪʠʯʢʘ ʤʝʨʢʘ ʟʘ ʥʠʟʘ ʧʨʠʤʝʨʦʮʠ ʠʣʠ ʧʦʜʛʨʫʧʠ, 

ʟʘʝʜʥʦ ʩʦ ʛʦʨʥʘʪʘ ʠ ʜʦʣʥʘʪʘ ʢʦʥʪʨʦʣʥʘ ʛʨʘʥʠʮʘ. 

ʂʦʥʪʨʦʣʥʠ 

ʛʨʘʥʠʮʠ 

ʉʪʘʪʠʩʪʠʯʢʠ ʧʨʝʩʤʝʪʘʥʠ ʣʠʥʠʠ ʥʘ ʢʦʥʪʨʦʣʥʠʪʝ  ʛʨʘʬʠʢʦʥʠ  ʢʦʠ ʧʦʢʘʞʫʚʘʘʪ 

ʢʘʢʦ ʧʨʦʮʝʩʦʪ ʩʝ ʦʜʚʠʚʘ ʠ ʜʘʣʠ ʝ ʚʦ ʢʦʥʪʨʦʣʘ. ɺʦʦʙʠʯʘʝʥʦ ʧʦʩʪʦʠ ʛʦʨʥʘʪʘ 

ʢʦʥʪʨʦʣʥʘ ʛʨʘʥʠʮʘ ʠ ʜʦʣʥʘ ʢʦʥʪʨʦʣʥʘ ʛʨʘʥʠʮʘ. ɼʦʢʦʣʢʫ ʧʨʦʮʝʩʦʪ ʝ ʚʦ 

ʢʦʥʪʨʦʣʘ ʠ ʩʘʤʦ ʚʦʦʙʠʯʘʝʥʠ ʧʨʠʯʠʥʠ ʩʝ ʧʨʠʩʫʪʥʠ, ʩʢʦʨʦ ʩʠʪʝ ʪʦʯʢʠ 

ʧʨʠʧʘʺʘʘʪ ʚʦ ʢʦʥʪʨʦʣʥʠʪʝ ʛʨʘʥʠʮʠ. 

ɺʟʘʝʤʥʘ 

ʧʦʚʨʟʘʥʦʩʪ 

ʄʝʨʢʘ ʥʘ ʣʠʥʝʘʨʥʘ ʚʨʩʢʘ ʧʦʤʝʺʫ ʜʚʝ ʧʨʦʤʝʥʣʠʚʠ. ɸʢʦ ʜʚʝʪʝ ʧʨʦʤʝʥʣʠʚʠ 

ʨʘʩʪʘʪ (ʠʣʠ ʦʧʘʺʘʘʪ) ʟʘʝʜʥʦ, ʪʦʘ ʩʝ ʥʘʨʝʢʫʚʘ ʧʦʟʠʪʠʚʥʘ ʚʟʘʝʤʥʘ ʧʦʚʨʟʘʥʦʩʪ. 

ɸʢʦ ʝʜʥʘ ʧʨʦʤʝʥʣʠʚʘ ʩʝ ʥʘʤʘʣʫʚʘ ʘ ʜʨʫʛʘʪʘ ʨʘʩʪʝ, ʪʦʘ ʩʝ ʥʘʨʝʢʫʚʘ ʥʝʛʘʪʠʚʥʘ 

ʚʟʘʝʤʥʘ ʧʦʚʨʟʘʥʦʩʪ. 

Cp ʄʝʨʢʘ ʟʘ ʩʧʦʩʦʙʥʦʩʪ ʥʘ ʧʨʦʮʝʩʦʪ ʜʘ ʧʨʦʠʟʚʝʜʫʚʘ ʧʨʦʜʫʢʪ ʚʦ ʨʘʤʢʠʪʝ ʥʘ 

ʩʧʝʮʠʬʠʢʘʮʠʠʪʝ. ʄʝʨʝˁʝʪʦ ʩʝ ʚʨʰʠ ʙʝʟ ʜʘ ʩʝ ʟʝʤʝ ʚʦ ʧʨʝʜʚʠʜ 

ʮʝʥʪʨʠʨʘˁʝʪʦ ʥʘ ʧʨʦʮʝʩʦʪ. 

Cpk ʄʝʨʢʘ ʟʘ ʩʧʦʩʦʙʥʦʩʪ ʥʘ ʧʨʦʮʝʩʦʪ ʜʘ ʧʨʦʠʟʚʝʜʝ ʧʨʦʜʫʢʪ ʚʦ ʨʘʤʢʠʪʝ ʥʘ 

ʩʧʝʮʠʬʠʢʘʮʠʠʪʝ. ʄʝʨʝˁʝʪʦ ʩʝ ʚʨʰʠ ʟʝʤʘʿ˃ʠ ʛʦ ʚʦ ʧʨʝʜʚʠʜ ʮʝʥʪʨʠʨʘˁʝʪʦ 

ʥʘ ʧʨʦʮʝʩʦʪ, ʠ ʩʝ ʟʝʤʘ ʚʦ ʧʨʝʜʚʠʜ ʧʦʤʘʣʘʪʘ ʚʨʝʜʥʦʩʪ ʧʦʤʝʺʫ ʩʧʦʩʦʙʥʦʩʪʘ 

ʥʘ ʛʦʨʥʘʪʘ ʩʧʝʮʠʬʠʢʘʮʠʩʢʘ ʛʨʘʥʠʮʘ ʠ ʩʧʦʩʦʙʥʦʩʪʘ ʥʘ  ʜʦʣʥʘʪʘ 

ʩʧʝʮʠʬʠʢʘʮʠʩʢʘ ʛʨʘʥʠʮʘ.   

ɼʠʟʘʿʥ ʥʘ 

ʝʢʩʧʝʨʠʤʝʥʪ 

(ʘʥʛ. DoE) 

ʀʩʪʦʚʨʝʤʝʥʘ ʧʨʠʤʝʥʘ ʥʘ ʧʦʚʝ˃ʝ ʩʪʘʪʠʩʪʠʯʢʠ ʢʦʥʪʨʦʣʠ ʢʦʠ ʩʝ ʟʘʥʠʤʘʚʘʘʪ 

ʩʦ ʧʣʘʥʠʨʘˁʝ, ʩʧʨʦʚʝʜʫʚʘˁʝ, ʘʥʘʣʠʟʠʨʘˁʝ ʠ ʪʦʣʢʫʚʘˁʝ ʥʘ ʢʦʥʪʨʦʣʥʠ 

ʪʝʩʪʦʚʠ ʥʘʤʝʥʝʪʠ ʟʘ ʠʜʝʥʪʠʬʠʢʫʚʘˁʝ ʠ ʦʮʝʥʫʚʘˁʝ ʥʘ ʬʘʢʪʦʨʠʪʝ (ʚʣʝʟʥʠʪʝ 

ʧʘʨʘʤʝʪʨʠ ) ʢʦʠ ʚʣʠʿʘʘʪ ʥʘ ʚʨʝʜʥʦʩʪʘ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʰʪʦ ʥʠ ʩʝ ʦʜ ʠʥʪʝʨʝʩʪ. 

ɼʠʩʪʨʠʙʫʮʠʿʘ ʄʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣ ʢʦʿ ʿʘ ʧʦʚʨʟʫʚʘ ʚʨʝʜʥʦʩʪʘ ʥʘ ʧʨʦʤʝʥʣʠʚʘʪʘ ʩʦ 

ʚʝʨʦʿʘʪʥʦʩʪʘ ʟʘ ʧʦʿʘʚʘ ʥʘ ʠʩʪʘʪʘ ʚʨʝʜʥʦʩʪ ʚʦ ʧʦʧʫʣʘʮʠʿʘʪʘ. 
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ʍʠʩʪʦʛʨʘʤ ɻʨʘʬʠʢʦʥ ʥʘ ʥʘʙˀʫʜʫʚʘʥʠʪʝ ʬʨʝʢʚʝʥʮʠʠ ʥʘʩʧʨʦʪʠ ʩʝʢʦʿʘ ʚʨʝʜʥʦʩʪ ʠʣʠ 

ʨʘʥʛ ʥʘ ʚʨʝʜʥʦʩʪʠ ʟʘ ʟʙʠʨ ʥʘ ʧʦʜʘʪʦʮʠ. ʍʠʩʪʦʛʨʘʤʦʪ ʜʘʚʘ ʛʨʘʬʠʯʢʠ ʧʨʝʛʣʝʜ 

ʥʘ ʚʘʨʠʿʘʮʠʠʪʝ ʚʦ ʧʦʜʘʪʦʮʠʪʝ. 

ʂʦʥʪʨʦʣʠʨʘʥ 

ʧʨʦʮʝʩ 

ʇʨʦʮʝʩ ʚʦ ʢʦʿ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʢʚʘʣʠʪʝʪ ʢʦʠ ʩʝ ʝʚʘʣʫʠʨʘʘʪ ʩʝ ʚʦ 

ʩʪʘʪʠʩʪʠʯʢʘ ʢʦʥʪʨʦʣʘ.  ʆʚʘ ʟʥʘʯʠ ʜʝʢʘ ʚʘʨʠʿʘʮʠʠʪʝ  ʧʦʤʝʺʫ ʥʘʙˀʫʜʫʚʘʥʠʪʝ 

ʧʨʠʤʝʨʦʮʠ  ʤʦʞʝ ʜʘ ʩʝ ʧʨʝʧʠʰʘʪ ʥʘ ʚʦʦʙʠʯʘʝʥʠ ʧʨʠʯʠʥʠ ʠ ʜʝʢʘ ʥʝʤʘ 

ʩʧʝʮʠʿʘʣʥʠ ʧʨʠʯʠʥʠ ʢʦʠ ʚʣʠʿʘʘʪ ʥʘ ʧʨʦʮʝʩʦʪ. 

ʀʥʜʠʚʠʜʫʘʣʝʥ 

ʛʨʘʬʠʢʦʥ 

ʂʦʥʪʨʦʣʝʥ ʛʨʘʬʠʢʦʥ ʟʘ ʧʨʦʮʝʩʠ ʢʘʜʝ ʰʪʦ ʠʥʜʠʚʠʜʫʘʣʥʠ ʤʝʨʝˁʘ ʥʘ 

ʧʨʦʮʝʩʦʪ ʩʝ ʥʘʮʨʪʘʥʠ ʟʘ ʘʥʘʣʠʟʘ. ʆʚʦʿ ʛʨʘʬʠʢʦʥ ʫʰʪʝ ʩʝ ʥʘʨʝʢʫʚʘ I-

ʛʨʘʬʠʢʦʥ ʠʣʠ ʍ-ʛʨʘʬʠʢʦʥ.   

ʉʨʝʜʥʘ ʚʨʝʜʥʦʩʪ ʄʝʨʢʘ ʟʘ ʣʦʢʘʮʠʿʘʪʘ ʠʣʠ ʟʘ ʮʝʥʪʘʨʦʪ ʥʘ ʧʦʜʘʪʦʮʠʪʝ. ʀʩʪʦ ʪʘʢʘ ʩʝ ʥʘʨʝʢʫʚʘ 

ʘʨʠʪʤʝʪʠʯʢʘ ʩʨʝʜʠʥʘ. ʉʨʝʜʥʘʪʘ ʚʨʝʜʥʦʩʪ ʩʝ ʧʨʝʩʤʝʪʫʚʘ ʩʦ ʩʦʙʠʨʘˁʝ ʥʘ ʩʠʪʝ 

ʥʘʙˀʫʜʫʚʘˁʘ ʠ ʜʝʣʝˁʝ ʩʦ ʙʨʦʿʦʪ ʥʘ ʥʘʙˀʫʜʫʚʘˁʘ. 

ʄʝʜʠʘʥ ɺʨʝʜʥʦʩʪ ʚʦ Ăʩʨʝʜʠʥʘò ʥʘ ʛʨʫʧʘ ʩʦ ʥʘʙˀʫʜʫʚʘˁʘ (ʥʝʧʘʨʝʥ ʙʨʦʿ ʥʘ 

ʥʘʙˀʫʜʫʚʘˁʘ), ʠʣʠ ʘʨʠʪʤʝʪʠʯʢʘʪʘ ʩʨʝʜʠʥʘ ʥʘ ʜʚʝ ʚʨʝʜʥʦʩʪʠ ʚʦ ʩʨʝʜʠʥʘʪʘ 

ʦʜ ʛʨʫʧʘ (ʧʘʨʝʥ ʙʨʦʿ ʥʘ ʥʘʙˀʫʜʫʚʘˁʘ). ɻʨʫʧʘʪʘ ʩʦ ʥʘʙˀʫʜʫʚʘˁʘ ʤʦʨʘ ʜʘ 

ʙʠʜʝ ʧʦʜʨʝʜʝʥʘ ʧʦ ʨʘʩʪʝʯʢʠ ʨʝʜʦʩʣʝʜ. 

ʇʦʜʚʠʞʝʥ ʨʘʥʛ ʄʝʨʢʘ ʰʪʦ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʜʘ ʧʦʤʦʛʥʝ ʚʦ ʧʨʝʩʤʝʪʫʚʘˁʝʪʦ ʥʘ ʚʘʨʠʿʘʮʠʠʪʝ  ʚʦ 

ʧʦʧʫʣʘʮʠʿʘʪʘ, ʚʨʟ ʦʩʥʦʚʘ ʥʘ ʨʘʟʣʠʢʠʪʝ ʧʦʤʝʺʫ ʧʦʩʣʝʜʦʚʘʪʝʣʥʠʪʝ ʧʦʜʘʪʦʮʠ. 

ʉʝ ʩʧʦʨʝʜʫʚʘʘʪ ʜʚʝ ʧʦʩʣʝʜʦʚʘʪʝʣʥʠ ʚʨʝʜʥʦʩʪʠ ʥʘ ʧʦʝʜʠʥʝʯʥʠ ʧʦʜʘʪʦʮʠ ʠ 

ʘʧʩʦʣʫʪʥʘʪʘ ʚʨʝʜʥʦʩʪ ʥʘ ʥʠʚʥʘʪʘ ʨʘʟʣʠʢʘ ʩʝ ʟʘʙʝʣʝʞʫʚʘ ʚʦ ʛʨʘʬʠʢʦʥʦʪ ʥʘ 

ʧʦʜʚʠʞʝʥ ʨʘʥʛ. ɻʨʘʬʠʢʦʥʦʪ ʥʘ ʧʦʜʚʠʞʝʥ ʨʘʥʛ ʦʙʠʯʥʦ ʩʝ ʢʦʨʠʩʪʠ ʚʦ ʧʘʨ ʩʦ 

ʛʨʘʬʠʢʦʥʦʪ ʟʘ ʀʥʜʠʚʠʜʫʘʣʥʠ  ʤʝʨʝˁʘ (X). 

ʅʝʫʩʦʛʣʘʩʝʥʦʩʪ  ʇʦʩʝʙʥʦ ʙʘʨʘˁʝ ʰʪʦ ʥʝ ʝ ʠʩʧʦʣʥʝʪʦ, ʢʘʢʦ ʰʪʦ ʝ ʥʝʜʦʩʪʘʪʦʢ, ʜʝʬʝʢʪ ʠʣʠ 

ʥʝʩʦʚʨʰʝʥʦʩʪ. 

ʅʦʨʤʘʣʥʘ ʠʣʠ 

ɻʘʫʩʦʚʘ 

ʜʠʩʪʨʠʙʫʮʠʿʘ 

ʂʦʥʪʠʥʫʠʨʘʥʘ, ʩʠʤʝʪʨʠʯʥʘ, ʬʨʝʢʚʝʥʪʥʘ ʨʘʩʧʨʝʜʝʣʙʘ ʢʦʿʘ ʝ ʚʦ ʬʦʨʤʘ ʥʘ 

ʼʚʦʥʦ, ʟʘ ʚʘʨʠʿʘʙʠʣʥʠ ʧʦʜʘʪʦʮʠ  ʢʦʠ ʩʝ ʦʩʥʦʚʘ ʥʘ ʢʦʥʪʨʦʣʥʠʪʝ ʛʨʘʬʠʢʦʥʠ 

ʟʘ ʧʨʦʤʝʥʣʠʚʠ, ʢʘʢʦ ʰʪʦ ʩʝ X - ʙʘʨ ʠʣʠ ʠʥʜʠʚʠʜʫʘʣʥʠʪʝ ʛʨʘʬʠʢʦʥʠ. ɿʘ 

ʥʦʨʤʘʣʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʪʝ ʚʨʝʜʥʦʩʪʠ, 99,73% ʦʜ ʧʦʧʫʣʘʮʠʿʘʪʘ ʣʝʞʠ ʚʦ 

ʛʨʘʥʠʮʠʪʝ  ʥʘ °  3 ʩʪʘʥʜʘʨʜʥʠ ʦʪʩʪʘʧʫʚʘˁʘ ʚʦ ʦʜʥʦʩ ʥʘ ʩʨʝʜʥʘʪʘ ʚʨʝʜʥʦʩʪ. 

ʇʨʝʮʠʟʥʦʩʪ ʇʨʝʮʠʟʥʦʩʪ ʥʘ ʤʝʨʝˁʘʪʘ ʩʝ ʦʜʥʝʩʫʚʘ ʥʘ ʥʠʚʥʘʪʘ ʜʦʣʛʦʨʦʯʥʘ ʚʘʨʠʿʘʮʠʿʘ. ʊʦʘ 

ʝ ʤʝʨʢʘ ʟʘ ʙʣʠʟʠʥʘʪʘ ʧʦʤʝʺʫ ʥʝʢʦʣʢʫ ʠʥʜʠʚʠʜʫʘʣʥʠ ʦʪʯʠʪʫʚʘˁʘ. 

ʉʧʦʩʦʙʥʦʩʪ ʥʘ 

ʧʨʦʮʝʩʦʪ 

ʄʝʨʢʘ ʟʘ ʩʧʦʩʦʙʥʦʩʪ ʥʘ ʧʨʦʮʝʩʦʪ ʜʘ ʧʨʦʠʟʚʝʜʫʚʘ ʠʟʣʝʟʝʥ ʨʝʟʫʣʪʘʪ ʢʦʿ ʛʠ 

ʠʩʧʦʣʥʫʚʘ ʩʧʝʮʠʬʠʢʘʮʠʠʪʝ ʥʘ ʧʨʦʮʝʩʦʪ. 

ʂʚʘʨʪʘʣ  ʂʚʘʨʪʘʣʠʪʝ ʛʠ ʜʝʣʘʪ ʧʦʜʨʝʜʝʥʠʪʝ ʧʦʜʘʪʦʮʠ ʚʦ 4 ʝʜʥʘʢʚʠ ʛʨʫʧʠ. ɺʪʦʨʠʦʪ 

ʢʚʘʨʪʘʣ (Q2) ʝ ʤʝʜʠʘʥ ʥʘ ʧʦʜʘʪʦʮʠʪʝ. 

ʉʣʠʯʘʿʥʦ 

ʧʨʠʙʠʨʘˁʝ ʥʘ 

ʧʨʠʤʝʨʦʮʠ 

ʇʦʜʛʨʫʧʘ ʦʜ ʧʦʧʫʣʘʮʠʿʘ, ʠʟʙʨʘʥʦ ʪʘʢʘ ʰʪʦ ʩʝʢʦʿ ʯʣʝʥ ʥʘ ʧʦʧʫʣʘʮʠʿʘʪʘ ʠʤʘ 

ʝʜʥʘʢʚʘ ʚʝʨʦʿʘʪʥʦʩʪ ʜʘ ʙʠʜʝ ʚʢʣʫʯʝʥ ʧʨʠ ʠʟʙʦʨʦʪ. 

ʈʘʥʛ  ʄʝʨʢʘ ʟʘ ʦʧʩʝʛʦʪ  ʥʘ ʧʦʜʘʪʦʮʠʪʝ, ʧʨʝʩʤʝʪʘʥʘ ʢʘʢʦ ʨʘʟʣʠʢʘ ʧʦʤʝʺʫ ʥʘʿʚʠʩʦʢʘ 

ʚʨʝʜʥʦʩʪ ʠ ʥʘʿʥʠʩʢʘ ʚʨʝʜʥʦʩʪ. ʈʘʥʛ  R = xmax ï xmin 
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R-ʛʨʘʬʠʢʦʥ ʂʦʥʪʨʦʣʝʥ ʛʨʘʬʠʢʦʥ ʙʘʟʠʨʘʥ  ʥʘ ʨʘʥʛʦʪ (R) ʥʘ ʝʜʥʘ  ʧʦʜʛʨʫʧʘ, ʢʦʿ ʦʙʠʯʥʦ 

ʩʝ ʢʦʨʠʩʪʠ ʚʦ ʧʘʨ ʩʦ X-ʙʘʨ ʛʨʘʬʠʢʦʥʦʪ. 

S- ʛʨʘʬʠʢʦʥ ʂʦʥʪʨʦʣʝʥ ʛʨʘʬʠʢʦʥ ʙʘʟʠʨʘʥ ʥʘ ʩʪʘʥʜʘʨʜʥʘ ʜʝʚʠʿʘʮʠʿʘ S, ʥʘ ʝʜʥʘ ʧʦʜʛʨʫʧʘ. 

S-ʛʨʘʬʠʢʦʥʦʪ ʚʦʦʙʠʯʘʝʥʦ ʩʝ ʢʦʨʠʩʪʠ ʚʦ ʧʘʨ ʩʦ X-ʙʘʨ ʛʨʘʬʠʢʦʥʦʪ. 

ʉʧʝʮʠʿʘʣʥʠ 

ʧʨʠʯʠʥʠ 

ʇʨʠʯʠʥʠ ʟʘ ʚʘʨʠʿʘʮʠʿʘ ʢʦʠ ʩʝ ʧʦʿʘʚʫʚʘʘʪ ʧʝʨʠʦʜʠʯʥʦ ʥʘ ʥʝʢʦʿ ʥʝʧʨʝʜʚʠʜʣʠʚ 

ʥʘʯʠʥ. ʀʩʪʦ ʪʘʢʘ ʩʝ ʥʘʨʝʢʫʚʘʘʪ ʧʨʝʥʦʩʣʠʚʠ  ʧʨʠʯʠʥʠ, ʣʦʢʘʣʥʠ ʛʨʝʰʢʠ ʠʣʠ 

ʩʧʦʨʘʜʠʯʥʠ ʧʨʦʙʣʝʤʠ. ʊʠʝ ʩʝ ʩʧʨʦʪʠʚʥʠ ʥʘ ʚʦʦʙʠʯʘʝʥʠʪʝ ʧʨʠʯʠʥʠ. 

ʇʨʠʩʫʩʪʚʦʪʦ ʥʘ ʩʧʝʮʠʿʘʣʥʠ ʧʨʠʯʠʥʠ ʫʢʘʞʫʚʘ ʥʘ ʧʨʦʮʝʩ ʢʦʿ ʝ ʥʘʜʚʦʨ ʦʜ 

ʢʦʥʪʨʦʣʘ. 

ʉʧʝʮʠʬʠʢʘʮʠʿʘ  ʇʠʰʘʥʠ ʠʣʠ ʪʝʭʥʠʯʢʠ  ʙʘʨʘˁʘ ʟʘ ʦʮʝʥʫʚʘˁʝ ʥʘ ʧʨʠʬʘʪʣʠʚʦʩʪʘ ʥʘ ʠʟʣʝʟʥʠʦʪ 

ʨʝʟʫʣʪʘʪ ʦʜ ʝʜʝʥ ʧʨʦʠʟʚʦʜʩʪʚʝʥ ʧʨʦʮʝʩ. 

ʐʠʨʠʥʘ ʂʦʣʠʯʠʥʘ  ʥʘ ʚʘʨʠʿʘʮʠʠ ʧʦʤʝʺʫ ʧʨʠʤʝʨʦʮʠʪʝ ʠʣʠ ʧʦʧʫʣʘʮʠʿʘʪʘ. 

ʉʪʘʙʠʣʥʦʩʪ  ʇʨʦʮʝʩʦʪ ʩʝ ʩʤʝʪʘ ʟʘ ʩʪʘʙʠʣʝʥ ʘʢʦ ʥʝʤʘ ʧʨʠʩʫʪʥʠ ʩʧʝʮʠʿʘʣʥʠ ʧʨʠʯʠʥʠ. ʉʝ 

ʚʝʣʠ ʜʝʢʘ ʩʪʘʙʠʣʥʠʦʪ ʧʨʦʮʝʩ ʝ ʚʦ ʢʦʥʪʨʦʣʘ. 

ʉʪʘʥʜʘʨʜʥʘ 

ʜʝʚʠʿʘʮʠʿʘ 

ʄʝʨʢʘ ʟʘ ʰʠʨʠʥʘʪʘ ʥʘ ʟʙʠʨ ʥʘ ʧʦʜʘʪʦʮʠ ʚʦ ʦʜʥʦʩ ʥʘ ʥʠʚʥʘʪʘ ʩʨʝʜʥʘ 

ʚʨʝʜʥʦʩʪ.  

ʉʪʘʪʠʩʪʠʯʢʘ 

ʢʦʥʪʨʦʣʘ 

ʉʦʩʪʦʿʙʘʪʘ ʢʦʿʘ ʛʦ ʦʧʠʰʫʚʘ ʧʨʦʮʝʩʦʪ ʦʜ ʢʦʿ ʩʝ ʦʪʩʪʨʘʥʝʪʠ ʩʠʪʝ ʩʧʝʮʠʿʘʣʥʠ 

ʧʨʠʯʠʥʠ ʥʘ ʚʘʨʠʿʘʮʠʠ ʠ ʦʩʪʘʥʫʚʘʘʪ ʩʘʤʦ ʚʦʦʙʠʯʘʝʥʠ  ʧʨʠʯʠʥʠ. 

ʉʪʘʪʠʩʪʠʯʢʘ 

ʢʦʥʪʨʦʣʘ ʥʘ 

ʧʨʦʮʝʩ (ʘʥʛ. 

SPC) 

ɿʙʠʨ ʥʘ ʘʣʘʪʢʠ ʟʘ ʨʝʰʘʚʘˁʝ ʧʨʦʙʣʝʤʠ ʢʦʠ ʩʝ ʢʦʨʠʩʥʠ ʟʘ ʧʦʩʪʠʛʥʫʚʘˁʝ ʥʘ 

ʩʪʘʙʠʣʥʦʩʪ ʥʘ ʧʨʦʮʝʩʦʪ ʠ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʩʧʦʩʦʙʥʦʩʪ ʧʨʝʢʫ ʥʘʤʘʣʫʚʘˁʝ ʥʘ 

ʚʘʨʠʿʘʮʠʠʪʝ. ɺʢʣʫʯʫʚʘ ʢʦʨʠʩʪʝˁʝ ʥʘ ʢʦʥʪʨʦʣʥʠ ʛʨʘʬʠʢʦʥʠ ʟʘ ʘʥʘʣʠʟʘ ʥʘ 

ʧʨʦʮʝʩ, ʟʘ ʜʘ ʩʝ ʠʜʝʥʪʠʬʠʢʫʚʘʘʪ ʩʦʦʜʚʝʪʥʠ ʜʝʿʩʪʚʘ ʢʦʠ ʪʨʝʙʘ ʜʘ ʩʝ 

ʧʨʝʚʟʝʤʘʪ ʟʘ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʠ ʦʜʨʞʠ ʩʦʩʪʦʿʙʘ ʥʘ ʩʪʘʪʠʩʪʠʯʢʘ ʢʦʥʪʨʦʣʘ ʠ ʜʘ 

ʩʝ ʧʦʜʦʙʨʠ ʩʧʦʩʦʙʥʦʩʪʘ ʥʘ ʧʨʦʮʝʩʦʪ. 

ʇʦʜʛʨʫʧʘ  ɼʨʫʛʦ ʠʤʝ ʟʘ ʧʨʠʤʝʨʦʮʠ ʦʜ ʧʦʧʫʣʘʮʠʿʘʪʘ. 

ʇʨʦʤʝʥʣʠʚʠ 

ʧʦʜʘʪʦʮʠ 

ɺʨʝʜʥʦʩʪʠ ʥʘ ʧʦʜʘʪʦʮʠʪʝ ʢʦʠ ʩʝ ʤʝʨʝˁʘ ʥʘ ʥʝʢʦʿʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ 

ʧʨʦʮʝʩʦʪ. ɺʨʝʜʥʦʩʪʠʪʝ ʥʘ ʧʦʜʘʪʦʮʠʪʝ ʩʝ ʢʦʨʠʩʪʘʪ ʟʘ ʢʦʥʩʪʨʫʠʨʘˁʝ ʥʘ 

ʢʦʥʪʨʦʣʥʠʪʝ ʛʨʘʬʠʢʦʥʠ. ʆʚʠʝ ʢʚʘʣʠʪʘʪʠʚʥʠ ʧʦʜʘʪʦʮʠ ʩʝ ʢʦʨʠʩʪʘʪ ʟʘ X-ʙʘʨ, 

R, S ʠ ʠʥʜʠʚʠʜʫʘʣʥʠ ʛʨʘʬʠʢʦʥʠ , ʢʘʢʦ ʠ ʟʘ ʛʨʘʬʠʢʦʥʠʪʝ ʟʘ ʧʦʜʚʠʞʝʥ ʨʘʥʛ. 

ɺʘʨʠʿʘʮʠʠ ʈʘʟʣʠʢʠʪʝ ʧʦʤʝʺʫ ʠʥʜʠʚʠʜʫʘʣʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʠʣʠ ʠʟʣʝʟʥʠʦʪ ʨʝʟʫʣʪʘʪ ʥʘ 

ʝʜʥʘ ʤʘʰʠʥʘ ʠʣʠ ʧʨʦʮʝʩ. ɺʘʨʠʿʘʮʠʠʪʝ ʩʝ ʢʣʘʩʠʬʠʮʠʨʘʘʪ ʥʘ ʜʚʘ ʥʘʯʠʥʘ: 

ʚʘʨʠʿʘʮʠʠ ʧʦʨʘʜʠ ʚʦʦʙʠʯʘʝʥʠ  ʧʨʠʯʠʥʠ ʠ ʚʘʨʠʿʘʮʠʠ ʧʦʨʘʜʠ ʩʧʝʮʠʿʘʣʥʠ 

ʧʨʠʯʠʥʠ. 

ʉʪʫʜʠʿʘ ʟʘ 

ʧʦʚʪʦʨʣʠʚʦʩʪ ʠ 

ʨʝʧʨʦʜʫʢʪʠʚʥʦʩʪ 

(ʘʥʛ. Gage R&R) 

ʉʪʫʜʠʿʘʪʘ ʟʘ ʧʦʚʪʦʨʣʠʚʦʩʪ ʠ ʨʝʧʨʦʜʫʢʪʠʚʥʦʩʪ ʝ ʤʝʪʦʜʦʣʦʛʠʿʘ ʰʪʦ ʩʝ 

ʢʦʨʠʩʪʠ ʟʘ ʜʘ ʩʝ ʫʪʚʨʜʠ ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ ʚʘʨʠʿʘʮʠʠ ʚʦ ʤʝʨʥʠʪʝ ʧʦʜʘʪʦʮʠ 

ʢʘʢʦ ʨʝʟʫʣʪʘʪ ʥʘ ʤʝʨʥʠʦʪ ʩʠʩʪʝʤ. ʉʦ ʩʧʦʨʝʜʙʘʪʘ ʥʘ ʚʘʨʠʿʘʮʠʠʪʝ ʥʘ ʤʝʨʥʠʦʪ 

ʩʠʩʪʝʤ ʩʦ ʥʘʙˀʫʜʫʚʘʥʠʪʝ ʚʘʨʠʿʘʮʠʠ ʥʘ ʧʨʦʮʝʩʦʪ ʩʝ ʜʦʙʠʚʘ ʩʧʦʩʦʙʥʦʩʪʘ ʥʘ 

ʤʝʨʥʠʦʪ ʩʠʩʪʝʤ.  
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1 ɺʆɺɽɼ 

ʀʩʪʘʢʥʫʚʘˁʝʪʦ ʥʘ ʢʚʘʣʠʪʝʪʦʪ ʚʦ ʜʝʥʝʰʥʦ ʚʨʝʤʝ ʝ ʥʘʿʙʠʪʝʥ ʬʘʢʪʦʨ ʥʘ ʢʦʿ ʩʝ ʪʝʤʝʣʠ 

ʫʩʧʝʭʦʪ ʥʘ ʚʦʜʝʯʢʠʪʝ ʢʦʤʧʘʥʠʠ ʚʦ ʘʚʪʦʤʦʙʠʣʩʢʠʦʪ ʩʝʢʪʦʨ. ɺʦ ʣʠʪʝʨʘʪʫʨʘʪʘ ʜʦʩʪʘʧʥʠ ʩʝ 

ʤʥʦʛʫ ʤʝʪʦʜʠ ʟʘ ʤʝʥʘ˅ʠʨʘˁʝ ʩʦ ʢʚʘʣʠʪʝʪ, ʢʘʢʦ ʥʘ ʧʨʠʤʝʨ ISO 9001 ʠ IATF 16949 

ʩʪʘʥʜʘʨʜʠʪʝ, ʩʝʚʢʫʧʥʦʪʦ ʫʧʨʘʚʫʚʘˁʝ ʩʦ ʢʚʘʣʠʪʝʪ (ʘʥʛ. Total Quality Management, TQM), 

ʢʦʥʪʠʥʫʠʨʘʥʦʪʦ ʧʦʜʦʙʨʫʚʘˁʝ (ʘʥʛ. Continuous Improvement, CI), ʤʝʪʦʜʦʣʦʛʠʿʘʪʘ 

ʧʣʘʥʠʨʘ ï ʜʝʿʩʪʚʫʚʘ ï ʧʨʦʚʝʨʫʚʘ ï ʠʟʚʨʰʫʚʘ (ʘʥʛ. Plan-Do-Check-Act, PDCA), Lean, ʐʝʩʪ 

ʉʠʛʤʘ, ʠʥʪʝʛʨʠʨʘʥʠʦʪ ʤʦʜʝʣ ʥʘ Lean ʠ ʐʝʩʪ ʉʠʛʤʘ, ʧʨʠʜʦʥʝʩʦʪ ʥʘ ʀʥʜʫʩʪʨʠʿʘ 4.0 ʚʦ 

ʤʝʥʘ˅ʠʨʘˁʝʪʦ ʩʦ ʢʚʘʣʠʪʝʪʦʪ, ʠʪʥ. ɺʦ ʧʦʩʣʝʜʥʦ ʚʨʝʤʝ ʩʝ ʧʦʚʝ˃ʝ ʦʨʛʘʥʠʟʘʮʠʠ ʩʝ ʨʝʰʘʚʘʘʪ 

ʜʘ ʩʝ ʥʘʩʦʯʘʪ ʢʦʥ Lean ʠ ʐʝʩʪ ʉʠʛʤʘ ʢʘʢʦ ʩʪʨʘʪʝʛʠjʘ ʟʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʢʚʘʣʠʪʝʪʦʪ, [1]. 

Lean ʐʝʩʪ ʉʠʛʤʘ ʧʨʦʠʟʣʝʛʫʚʘ ʦʜ ʜʚʝ ʨʘʟʣʠʯʥʠ ʤʝʪʦʜʦʣʦʛʠʠ, Lean ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʐʝʩʪ 

ʉʠʛʤʘ ʤʝʪʦʜʦʣʦʛʠʿʘ. ʉʣʠʯʥʠʪʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʜʚʝʪʝ ʤʝʪʦʜʦʣʦʛʠʠ ʠ ʥʠʚʥʦʪʦ 

ʤʝʺʫʩʝʙʥʦ ʥʘʜʦʧʦʣʥʫʚʘˁʝ ʛʠ ʧʨʘʚʠ ʧʦʛʦʜʥʠ ʜʘ ʩʝ ʧʨʠʤʝʥʫʚʘʘʪ ʟʘʝʜʥʦ ʢʘʢʦ ʝʜʥʘ ʤʦ˃ʥʘ 

ʠ ʝʬʝʢʪʠʚʥʘ ʘʣʘʪʢʘ ʟʘ ʧʦʩʪʠʛʥʫʚʘˁʝ ʥʘ ʦʜʨʞʣʠʚʠ ʨʝʟʫʣʪʘʪʠ ʚʦ ʢʚʘʣʠʪʝʪʦʪ, [2].  

ʐʝʩʪ ʉʠʛʤʘ ʤʝʪʦʜʦʣʦʛʠʿʘʪʘ ʝ ʰʠʨʦʢʦ ʧʨʠʬʘʪʝʥʘ ʜʠʩʮʠʧʣʠʥʘ ʚʦ ʤʥʦʛʫ ʠʥʜʫʩʪʨʠʠ, 

ʢʦʿʘ ʢʦʨʠʩʪʠ ʩʠʩʪʝʤʘʪʠʯʝʥ ʧʨʠʩʪʘʧ ʟʘ ʨʝʜʫʮʠʨʘˁʝ ʥʘ ʚʘʨʠʿʘʮʠʠʪʝ ʚʦ ʧʨʦʮʝʩʠʪʝ [3], [4]. 

ʉʠʛʤʘ ʝ ʩʪʘʪʠʩʪʠʯʢʘ ʪʝʨʤʠʥʦʣʦʛʠʿʘ ʟʘ ʤʝʨʝˁʝ ʰʪʦ ʧʦʢʘʞʫʚʘ ʢʦʣʢʫ ʜʘʜʝʥ ʧʨʦʮʝʩ 

ʦʪʩʪʘʧʫʚʘ ʦʜ ʠʜʝʣʥʘʪʘ ʩʦʩʪʦʿʙʘ, [5]. ʉʦ ʐʝʩʪ ʉʠʛʤʘ ʤʝʪʦʜʦʣʦʛʠʿʘʪʘ ʛʨʝʰʢʠʪʝ ʚʦ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʝ ʨʝʜʫʮʠʨʘʘʪ ʥʘ 3,4 ʜʝʬʝʢʪʠ ʥʘ ʤʠʣʠʦʥ ʤʦʞʥʦʩʪʠ ʠ ʩʝ ʩʪʨʝʤʘʪ ʜʘ ʪʝʞʘʪ 

ʢʦʥ 0.  

ʆʜ ʜʨʫʛʘ ʩʪʨʘʥʘ Lean ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʩʝ ʩʪʨʝʤʠ ʜʘ ʛʠ ʧʦʜʦʙʨʠ ʦʧʝʨʘʪʠʚʥʠʪʝ 

ʨʝʟʫʣʪʘʪʠ ʠ ʢʚʘʣʠʪʝʪʦʪ ʩʦ ʝʣʠʤʠʥʠʨʘˁʝ ʥʘ ʘʢʪʠʚʥʦʩʪʠ ʢʦʠ ʥʝ ʜʦʜʘʚʘʘʪ ʚʨʝʜʥʦʩʪ ʦʜ 

ʘʩʧʝʢʪ ʥʘ ʧʦʪʨʦʰʫʚʘʯʦʪ, ʧʨʝʢʫ ʢʨʝʠʨʘˁʝ ʥʘ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ ʠ ʢʦʥʪʠʥʫʠʨʘʥʦ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʧʘʨʯʝ-ʧʦ-ʧʘʨʯʝ. ʉʦ ʝʣʠʤʠʥʠʨʘˁʝ ʥʘ ʟʘʛʫʙʠʪʝ, ʪʨʦʰʦʮʠʪʝ ʩʝ ʥʘʤʘʣʫʚʘʘʪ 

ʘ ʢʚʘʣʠʪʝʪʦʪ ʠ ʚʨʝʤʝʪʦ ʥʘ ʠʩʧʦʨʘʢʘ ʩʝ ʧʦʜʦʙʨʫʚʘʘʪ, [6].   

ɻʣʘʚʥʘʪʘ ʨʘʟʣʠʢʘ ʧʦʤʝʺʫ ʐʝʩʪ ʉʠʛʤʘ ʠ Lean ʝ ʜʝʬʠʥʠʨʘˁʝʪʦ ʥʘ ʨʘʟʣʠʯʝʥ ʥʘʯʠʥ ʥʘ 

ʠʟʚʦʨʥʠʪʝ ʧʨʠʯʠʥʠ ʟʘ ʧʦʿʘʚʘ ʥʘ ʟʘʛʫʙʠʪʝ. ɼʦʜʝʢʘ Lean ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʪʚʨʜʠ ʜʝʢʘ 

ʟʘʛʫʙʠʪʝ ʚʦ ʧʨʦʮʝʩʦʪ ʩʝ ʧʦʨʘʜʠ ʘʢʪʠʚʥʦʩʪʠʪʝ ʢʦʠ ʥʝ ʜʦʜʘʚʘʘʪ ʚʨʝʜʥʦʩʪ ʥʘ ʬʠʥʘʣʥʠʦʪ 

ʧʨʦʠʟʚʦʜ, ʐʝʩʪ ʉʠʛʤʘ ʪʚʨʜʠ ʜʝʢʘ ʟʘʛʫʙʠʪʝ ʩʝ ʧʦʨʘʜʠ ʚʘʨʠʿʘʮʠʠʪʝ ʥʘ ʧʨʦʮʝʩʦʪ. ʉʝʧʘʢ, 

ʟʘʝʜʥʠʯʢʘ ʮʝʣ ʥʘ ʜʚʝʪʝ ʤʝʪʦʜʦʣʦʛʠʠ ʝ ʜʘ ʩʦʟʜʘʜʘʪ ʧʨʦʠʟʚʦʜʩʪʚʝʥ ʩʠʩʪʝʤ, ʰʪʦ 

ʥʘʿʝʬʝʢʪʠʚʥʦ ˃ʝ ʛʠ ʠʩʧʦʣʥʠ ʦʯʝʢʫʚʘˁʘʪʘ ʥʘ ʧʦʪʨʦʰʫʚʘʯʦʪ, ʩʦ ʪʦʘ ʰʪʦ ˃ʝ ʩʝ ʧʨʦʠʟʚʝʜʝ 

ʢʚʘʣʠʪʝʪʝʥ ʧʨʦʠʟʚʦʜ, [7].  

ʄʥʦʛʫ ʨʘʟʣʠʯʥʠ ʠʩʪʨʘʞʫʚʘʯʠ ʜʦʢʫʤʝʥʪʠʨʘʣʝ ʫʩʧʝʰʥʦ ʠʤʧʣʝʤʝʥʪʠʨʘˁʝ ʥʘ ʜʚʝʪʝ 

ʤʝʪʦʜʦʣʦʛʠʠ ʚʦ ʨʘʟʣʠʯʥʠ ʦʙʣʘʩʪʠ ʢʘʢʦ ʰʪʦ ʩʝ ʘʚʪʦʤʦʙʠʣʩʢʘʪʘ ʠʥʜʫʩʪʨʠʿʘ [8], ʤʘʣʠʪʝ 

ʧʨʝʪʧʨʠʿʘʪʠʿʘ [9], ʧʨʦʠʟʚʦʜʩʪʚʝʥʠʪʝ ʠʥʜʫʩʪʨʠʠ [10], [11] ʠ ʫʩʣʫʞʥʠʪʝ ʩʝʨʚʠʩʠ [12], [13]. 

ʇʦʢʨʘʿ ʫʩʧʝʰʥʠʪʝ ʧʨʠʤʝʨʠ ʧʦʩʪʦʿʘʪ ʠ ʥʝʫʩʧʝʰʥʠ ʧʨʠʤʝʨʠ ʧʨʠ ʦʙʠʜʦʪ ʜʘ ʩʝ ʦʙʝʟʙʝʜʠ 

ʧʦʜʦʙʨʫʚʘˁʘ ʚʦ ʦʨʛʘʥʠʟʘʮʠʠʪʝ ʩʦ ʠʤʧʣʝʤʝʥʪʠʨʘˁʝ ʥʘ ʦʚʠʝ ʤʝʪʦʜʦʣʦʛʠʠ. 

ʀʩʪʨʘʞʫʚʘʯʠʪʝ ʩʤʝʪʘʘʪ ʜʝʢʘ ʝʜʝʥ ʦʜ ʤʦʞʥʠʪʝ ʬʘʢʪʦʨʠ ʟʘ ʛʦʨʝʩʧʦʤʝʥʘʪʠʪʝ ʥʝʫʩʧʝʩʠ ʝ 

ʥʝʜʦʩʪʘʪʦʢʦʪ ʥʘ ʿʘʩʥʘ ʚʠʟʠʿʘ ʠ ʤʦʜʝʣ ʥʘ ʤʝʥʘ˅ʠʨʘˁʝ ʥʘ ʧʨʦʝʢʪʦʪ ʧʨʠ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ 

ʥʘ ʜʚʝʪʝ ʤʝʪʦʜʦʣʦʛʠʠ, [14]. ɼʦʧʦʣʥʠʪʝʣʝʥ ʧʨʝʜʠʟʚʠʢ ʝ ʠʛʥʦʨʠʨʘˁʝʪʦ ʥʘ ʧʦʪʝʥʮʠʿʘʣʦʪ 

ʥʘ ʀʥʜʫʩʪʨʠʿʘ 4.0 ʚʦ ʤʝʪʦʜʦʣʦʛʠʠʪʝ ʟʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʢʚʘʣʠʪʝʪ ʟʘʪʦʘ ʰʪʦ ʥʘʿʛʦʣʝʤ ʜʝʣ 

ʦʜ ʤʦʤʝʥʪʘʣʥʠʪʝ ʠʩʪʨʘʞʫʚʘˁʘ ʩʝ ʥʘʩʦʯʝʥʠ ʢʦʥ ʪʝʭʥʠʯʢʠʦʪ ʜʝʣ ʥʘ ʀʥʜʫʩʪʨʠʿʘ 4.0, [15]. 

ɺʦ ʤʦʤʝʥʪʦʪ ʥʝʤʘ ʟʘʝʜʥʠʯʢʠ ʢʦʥʮʝʥʟʫʩ ʠ ʰʠʨʦʢʦ ʧʨʠʬʘʪʝʥʘ ʤʝʪʦʜʦʣʦʛʠʿʘ ʢʦʿʘ ʛʠ 

ʠʥʪʝʛʨʠʨʘ Lean, ʐʝʩʪ ʉʠʛʤʘ ʠ ʀʥʜʫʩʪʨʠʿʘ 4.0, [16], [17]. ʄʥʦʛʫ ʘʚʪʦʨʠ ʫʢʘʞʫʚʘʘʪ ʥʘ 

ʥʝʜʦʩʪʘʪʦʢʦʪ ʦʜ ʧʨʘʢʪʠʯʥʘ ʧʨʠʤʝʥʘ ʥʘ ʤʝʪʦʜʠʪʝ ʟʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʢʚʘʣʠʪʝʪʦʪ ʠ 

ʘʥʘʣʠʟʘ ʥʘ ʜʦʙʠʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ, [18]. 
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1.1 ʀʟʿʘʚʘ ʟʘ ʧʨʦʙʣʝʤʦʪ 

ʀʩʪʨʘʞʫʚʘˁʝʪʦ ʝ ʧʦʚʨʟʘʥʦ ʩʦ ʨʝʘʣʥʠ ʧʨʦʙʣʝʤʠ ʦʜ ʩʝʢʦʿʜʥʝʚʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ 

ʘʚʪʦʤʦʙʠʣʩʢʘ ʢʦʤʧʘʥʠʿʘ ʰʪʦ ʧʨʦʠʟʚʝʜʫʚʘ ʛʨʝʘʯʠ ʟʘ ʩʝʜʠʰʪʘ. ʅʘʿʛʦʣʝʤ ʧʨʝʜʠʟʚʠʢ ʚʦ 

ʢʦʤʧʘʥʠʿʘʪʘ ʝ ʣʦʰʠʦʪ ʢʚʘʣʠʪʝʪ ʠ ʚʠʩʦʢʘ ʩʪʘʧʢʘ ʥʘ ʜʝʬʝʢʪʠ ʦʜ 30.000 dpmo1 ʦʜ ʢʦʠ ʰʪʦ 

ʛʨʝʰʢʘʪʘ Ăʦʪʧʦʨʥʦʩʪ ʥʘ ʧʨʦʠʟʚʦʜʦʪ ʥʘʜʚʦʨ ʦʜ ʩʧʝʮʠʬʠʢʘʮʠʿʘʪʘò ʩʝ ʠʟʜʚʦʿʫʚʘ  ʩʦ 6.400 

dpmo.  

1.2 ʎʝʣʠʪʝ ʥʘ ʠʩʪʨʘʞʫʚʘˁʝʪʦ 

ɻʣʘʚʝʥ ʬʦʢʫʩ ʥʘ ʪʨʫʜʦʪ ʝ ʜʘ ʩʝ ʠʜʝʥʪʠʬʠʢʫʚʘ ʥʦʚ, ʧʦʜʦʙʨʝʥ ʤʦʜʝʣ ʟʘ ʤʝʥʘ˅ʠʨʘˁʝ 

ʩʦ ʢʚʘʣʠʪʝʪ, ʢʦʿ ˃ʝ ʛʠ ʢʦʨʠʩʪʠ ʚʦʜʝʯʢʠʪʝ ʤʝʪʦʜʠ ʟʘ ʢʚʘʣʠʪʝʪ Lean ʠ ʐʝʩʪ ʉʠʛʤʘ ʠ ˃ʝ ʛʦ 

ʟʝʤʝ ʚʦ ʧʨʝʜʚʠʜ ʥʝʠʟʙʝʞʥʦʪʦ ʚʣʠʿʘʥʠʝ ʥʘ ʀʥʜʫʩʪʨʠʿʘ 4.0 ʚʦ ʤʝʥʘ˅ʠʨʘˁʝʪʦ ʩʦ 

ʢʚʘʣʠʪʝʪʦʪ. ʇʨʘʢʪʠʯʥʘʪʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ ʥʘ ʥʦʚʠʦʪ ʤʦʜʝʣ ˃ʝ ʩʝ ʥʘʧʨʘʚʠ ʚʦ 

ʘʚʪʦʤʦʙʠʣʩʢʘ ʢʦʤʧʘʥʠʿʘ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʛʨʝʘʯʠ ʟʘ ʩʝʜʠʰʪʘ. ʉʝ ʦʯʝʢʫʚʘ ʤʦʜʝʣʦʪ ʜʘ 

ʛʠ ʥʘʜʤʠʥʝ ʥʝʜʦʩʪʘʪʦʮʠʪʝ ʥʘ ʩʝʢʦʿʘ ʦʜ ʤʝʪʦʜʦʣʦʛʠʠʪʝ ʠʤʧʣʝʤʝʥʪʠʨʘʥʠ ʧʦʝʜʠʥʝʯʥʦ ʠ  

ʜʘ ʜʘʜʝ ʜʨʘʩʪʠʯʥʦ ʧʦʜʦʙʨʠ ʨʝʟʫʣʪʘʪʠ ʚʦ ʩʧʦʨʝʜʙʘ ʩʦ ʧʨʝʪʭʦʜʥʦ ʢʦʨʠʩʪʝʥʠʪʝ ʤʦʜʝʣʠ ʚʦ 

ʢʦʤʧʘʥʠʿʘʪʘ ʰʪʦ ʝ ʧʨʝʜʤʝʪ ʥʘ ʠʩʪʨʘʞʫʚʘˁʝ. ʇʦ ʜʦʙʠʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʦʜ 

ʠʤʧʣʝʤʝʥʪʘʮʠʿʘʪʘ, ˃ʝ ʩʝ ʘʥʘʣʠʟʠʨʘ ʧʨʠʜʦʥʝʩʦʪ ʥʘ ʩʝʢʦʿʘ ʦʜ ʧʦʝʜʠʥʠʪʝ ʪʝʭʥʠʢʠ ʚʨʟ 

ʩʝʚʢʫʧʥʦʪʦ ʤʝʥʘ˅ʠʨʘˁʝ ʥʘ ʢʚʘʣʠʪʝʪʦʪ.  

1.3 ʅʘʫʯʥʦ-ʠʩʪʨʘʞʫʚʘʯʢʦ ʧʨʘʰʘˁʝ 

ʇʨʠʩʪʘʧʦʪ ʥʘ ʤʝʥʘ˅ʤʝʥʪ ʩʦ ʢʚʘʣʠʪʝʪʦʪ ʢʦʿ ʚʦ ʩʝʙʝ ʛʠ ʠʥʪʝʛʨʠʨʘ 

ʤʝʪʦʜʦʣʦʛʠʠʪʝ  Lean ʠ ʐʝʩʪ ʉʠʛʤʘ ʚʦ ʦʧʢʨʫʞʫʚʘˁʝ ʥʘ ʪʝʭʥʠʯʢʠʪʝ ʨʝʰʝʥʠʿʘ 

ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠ ʟʘ ʀʥʜʫʩʪʨʠʿʘ 4.0 ʩʝ ʦʯʝʢʫʚʘ ʜʘ ʛʠ ʥʘʛʣʘʩʠ ʠ ʥʘʜʦʧʦʣʥʠ 

ʧʦʟʠʪʠʚʥʠʪʝ ʦʩʦʙʠʥʠ ʥʘ ʩʝʢʦʿʘ ʦʜ ʥʘʚʝʜʝʥʠʪʝ ʤʝʪʦʜʦʣʦʛʠʠ ʜʦʢʦʣʢʫ ʪʠʝ ʩʝ 

ʠʤʧʣʝʤʝʥʪʠʨʘʘʪ ʧʦʝʜʠʥʝʯʥʦ, ʘ ʦʜ ʜʨʫʛʘ ʩʪʨʘʥʘ ʜʘ ʛʠ ʫʙʣʘʞʠ ʥʠʚʥʠʪʝ ʥʝʜʦʩʪʘʪʦʮʠ ʠ 

ʩʣʘʙʦʩʪʠ, ʩʧʦʨʝʜʝʥʦ ʩʦ ʩʠʪʝ ʧʨʝʪʭʦʜʥʦ ʢʦʨʠʩʪʝʥʠ ʤʝʪʦʜʠ ʟʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʢʚʘʣʠʪʝʪʦʪ 

ʚʦ ʘʚʪʦʤʦʙʠʣʩʢʘʪʘ ʠʥʜʫʩʪʨʠʿʘ ʢʦʿʘ ʰʪʦ ʚʘʞʠ ʟʘ ʩʨʝʜʠʥʘ ʩʦ ʛʦʣʝʤʘ ʢʦʥʢʫʨʝʥʮʠʿʘ ʠ 

ʘʛʨʝʩʠʚʥʠ ʧʨʦʤʝʥʠ.  

1.4 ɿʥʘʯʝˁʝʪʦ ʥʘ ʪʨʫʜʦʪ 

ɿʥʘʯʝˁʝʪʦ ʥʘ ʦʚʦʿ ʪʨʫʜ ʝ ʚʦ ʩʠʩʪʝʤʘʪʩʢʠʦʪ ʧʨʝʛʣʝʜ ʥʘ ʤʦʤʝʥʪʘʣʥʘʪʘ ʥʘʫʯʥʘ 

ʣʠʪʝʨʘʪʫʨʘ ʟʘ ʤʝʥʘ˅ʠʨʘˁʝ ʩʦ ʢʚʘʣʠʪʝʪ ʚʦ ʘʚʪʦʤʦʙʠʣʩʢʠʦʪ ʩʝʢʪʦʨ, ʚʦ ʠʜʝʥʪʠʬʠʢʫʚʘˁʝ 

ʥʘ ʩʣʘʙʦʩʪʠʪʝ ʢʘʿ ʧʦʩʪʦʝʯʢʠʪʝ ʤʝʪʦʜʠ ʠ ʚʦ ʧʨʝʜʣʦʛʦʪ ʠ ʧʦʪʚʨʜʘʪʘ ʥʘ ʥʦʚ ʤʦʜʝʣ ʟʘ 

ʤʝʥʘ˅ʠʨʘˁʝ ʩʦ ʢʚʘʣʠʪʝʪʦʪ. ʄʦʜʝʣʦʪ ʠʤʘ ʟʘ ʮʝʣ ʜʘ ʦʙʝʟʙʝʜʠ ʟʥʘʯʠʪʝʣʥʦ ʧʦʜʦʙʨʠ 

ʨʝʟʫʣʪʘʪʠ ʚʦ ʩʧʦʨʝʜʙʘ ʩʦ ʩʠʪʝ ʧʨʝʪʭʦʜʥʦ ʢʦʨʠʩʪʝʥʠ ʤʦʜʝʣʠ ʚʦ ʢʦʤʧʘʥʠʿʘʪʘ ʰʪʦ ʝ 

ʧʨʝʜʤʝʪ ʥʘ ʠʩʪʨʘʞʫʚʘˁʝ. ʅʘʦʜʠʪʝ ʠ ʟʘʢʣʫʯʦʮʠʪʝ ʚʦ ʦʚʘ ʠʩʪʨʘʞʫʚʘˁʝ ʚʦ ʠʜʥʠʥʘ ʤʦʞʝ 

ʜʘ ʧʦʩʣʫʞʘʪ ʢʘʢʦ ʥʘʿʜʦʙʨʘ ʧʨʘʢʪʠʢʘ ʟʘ ʤʝʥʘ˅ʠʨʘˁʝ ʩʦ ʢʚʘʣʠʪʝʪ ʚʦ ʜʨʫʛʠ ʘʚʪʦʤʦʙʠʣʩʢʠ 

ʢʦʤʧʘʥʠʠ.  

1.5 ʄʝʪʦʜʦʣʦʛʠʿʘ ʥʘ ʠʩʪʨʘʞʫʚʘˁʝ 

ʂʘʢʦ ʠ ʚʦ ʩʠʪʝ ʜʨʫʛʠ ʠʩʪʨʘʞʫʚʘˁʘ, ʨʝʟʫʣʪʘʪʠʪʝ ʧʨʝʟʝʥʪʠʨʘʥʠ ʚʦ ʦʚʘʘ ʪʝʟʘ ʩʝ 

ʧʦʪʧʠʨʘʘʪ ʥʘ ʩʦʦʜʚʝʪʥʘ ʤʝʪʦʜʦʣʦʛʠʿʘ ʟʘ ʠʩʪʨʘʞʫʚʘˁʝ. ʇʦʢʨʘʿ ʪʨʘʜʠʮʠʦʥʘʣʥʠʪʝ 

ʤʝʪʦʜʦʣʦʛʠʠ ʢʦʠ ʩʝ ʢʦʨʠʩʪʘʪ ʚʦ ʘʢʘʜʝʤʩʢʠʪʝ ʠʩʪʨʘʞʫʚʘˁʘ ʢʘʢʦ ʰʪʦ ʩʝ ʢʚʘʥʪʠʪʘʪʠʚʥʦʩʪ 

ʠ ʢʚʘʣʠʪʘʪʠʚʥʦʩʪ, ʚʦ ʪʨʫʜʦʪ ʩʝ ʢʦʨʠʩʪʠ ʠ ʘʢʮʠʦʥʝʥ ʠʩʪʨʘʞʫʚʘʯʢʠ ʧʨʠʩʪʘʧ ʢʦʿ e 

ʥʝʦʧʭʦʜʝʥ ʟʘ ʧʨʘʢʪʠʯʝʥ ʠʩʪʨʘʞʫʚʘʯʢʠ ʧʨʦʝʢʪ, [19].  

 
 

1 dpmo (defects per million opportinuties) - ɺʥʘʪʨʝʰʥʠʪʝ ʜʝʬʝʢʪʠ  ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʧʨʠʢʘʞʘʥʠ ʚʦ ʝʜʠʥʠʮʘ ʜʝʬʝʢʪʠ ʥʘ 
ʤʠʣʠʦʥ ʤʦʞʥʦʩʪʠ. 
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ʉʠʪʝ ʤʝʪʦʜʦʣʦʛʠʠ ʩʝ ʧʨʠʤʝʥʫʚʘʘʪ ʚʦ ʨʘʟʣʠʯʥʠ ʜʝʣʦʚʠ ʦʜ ʦʚʘ ʠʩʪʨʘʞʫʚʘˁʝ ʚʦ 

ʟʘʚʠʩʥʦʩʪ ʦʜ ʧʦʪʨʝʙʠʪʝ. ʅʘ ʧʨʠʤʝʨ, ʫʧʦʪʨʝʙʝʥʠ ʩʝ: 

ʂʚʘʥʪʠʪʘʪʠʚʥʠʦʪ ʤʝʪʦʜ: 

¶ ɿʘ ʧʨʝʩʤʝʪʢʘ ʥʘ ʨʘʟʣʠʯʥʠ ʩʪʘʪʠʩʪʠʯʢʠ ʤʝʨʝˁʘ ʠ ʧʨʠ ʝʚʘʣʫʘʮʠʿʘ ʥʘ 

ʧʝʨʬʦʨʤʘʥʩʦʪ ʥʘ ʧʨʦʮʝʩʦʪ. 

¶ ɿʘ ʩʪʘʪʠʩʪʠʯʢʠʪʝ ʤʝʨʝˁʘ ʚʦ ʜʠʟʘʿʥ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʠ.  

¶ ɿʘ ʧʨʝʩʤʝʪʢʘ ʥʘ ʧʨʦʮʝʥʪʦʪ ʥʘ ʜʦʙʠʚʢʘ ʧʦʩʪʠʛʥʘʪ ʩʦ ʥʦʚʠʦʪ ʤʦʜʝʣ. 

¶ ɿʘ ʪʦʣʢʫʚʘˁʝ ʥʘ ʧʦʜʘʪʦʮʠʪʝ ʠ ʧʦʚʨʘʪʥʠʪʝ ʠʥʬʦʨʤʘʮʠʠ ʦʜ ʀʥʜʫʩʪʨʠʿʘ 4.0 ʚʦ 

ʥʦʚʠʦʪ ʤʦʜʝʣ. 

ʂʚʘʣʠʪʘʪʠʚʥʠʦʪ ʤʝʪʦʜ: 

¶ ɿʘ ʘʥʘʣʠʟʘ ʥʘ ʰʠʨʦʢ ʦʧʩʝʛ ʥʘ ʧʨʝʛʣʝʜʘʥʘ ʣʠʪʝʨʘʪʫʨʘ, ʩʦ ʮʝʣ ʜʘ ʩʝ ʧʨʝʜʣʦʞʠ ʥʦʚ 

ʤʦʜʝʣ ʢʦʿ ˃ʝ ʛʠ ʠʥʪʝʛʨʠʨʘ ʪʝʭʥʠʢʠʪʝ ʥʘ ʀʥʜʫʩʪʨʠʿʘ 4.0 ʩʦ ʐʝʩʪ ʉʠʛʤʘ ʠ Lean. 

¶ ɿʘ ʘʥʘʣʠʟʘ ʥʘ ʧʝʨʮʝʧʮʠʿʘʪʘ ʩʦʙʨʘʥʘ ʦʜ ʫʯʝʩʥʠʮʠʪʝ ʚʦ Lean  ʐʝʩʪ ʉʠʛʤʘ 

(DMAIC) ʠ ʀʥʜʫʩʪʨʠʿʘ 4.0 ʤʦʜʝʣʦʪ. 

ʄʝʪʦʜʦʣʦʛʠʿʘʪʘ ʢʦʨʠʩʪʝʥʘ ʟʘ ʘʢʮʠʦʥʠ ʠʩʪʨʘʞʫʚʘˁʘ: 

¶ ʄʝʪʦʜʦʣʦʛʠʿʘʪʘ ʟʘ aʢʮʠʦʥʦʪʦ ʠʩʪʨʘʞʫʚʘˁʝ ʟʘʧʦʯʥʫʚʘ ʩʦ ʛʝʥʝʨʠʨʘˁʝ ʥʘ 

ʠʥʦʚʘʪʠʚʥʘ ʠʜʝʘ ʢʦʿʘ ʝ ʧʨʦʩʣʝʜʝʥʘ ʩʦ ʧʨʠʧʨʝʤʘ  ʥʘ ʧʣʘʥ ʟʘ ʧʨʘʢʪʠʯʥʘ ʧʨʠʤʝʥʘ 

ʥʘ ʠʜʝʘʪʘ ʠ  ʧʦʪʦʘ ʩʣʝʜʠ ʠʟʚʨʰʫʚʘˁʝ ʥʘ ʟʘʜʘʯʠʪʝ ʟʘʜʘʜʝʥʠ ʚʦ ʘʢʮʠʦʥʠʦʪ ʧʣʘʥ, 

[19]. 

1.6 ʉʪʨʫʢʪʫʨʘ ʥʘ ʪʝʟʘʪʘ 

ɻʣʘʚʘ 1 ʜʘʚʘ ʦʧʰʪ ʚʦʚʝʜ ʠ ʿʘ ʦʧʠʰʫʚʘ ʮʝʣʪʘ ʥʘ ʦʚʘ ʠʩʪʨʘʞʫʚʘˁʝ, ʧʨʦʙʣʝʤʠʪʝ ʰʪʦ 

ʪʨʝʙʘ ʜʘ ʩʝ ʨʝʰʘʪ ʠ ʤʝʪʦʜʦʣʦʛʠʠʪʝ ʰʪʦ ˃ʝ ʩʝ ʢʦʨʠʩʪʘʪ.  

ɻʣʘʚʘ 2 ʜʘʚʘ ʧʨʝʛʣʝʜ ʥʘ ʣʠʪʝʨʘʪʫʨʘ ʟʘ ʢʚʘʣʠʪʝʪ, ʿʘ ʦʧʠʰʫʚʘ ʧʦʟʘʜʠʥʘʪʘ ʥʘ 

ʉʝʚʢʫʧʥʦʪʦ ʫʧʨʘʚʫʚʘˁʝ ʩʦ ʢʚʘʣʠʪʝʪʦʪ (ʘʥʛ. TQM) ʠ ʩʪʘʥʜʘʨʜʠʪʝ ʟʘ ʢʚʘʣʠʪʝʪ ʚʦ 

ʘʚʪʦʤʦʙʠʣʩʢʘʪʘ ʠʥʜʫʩʪʨʠʿʘ.   

ɻʣʘʚʘ 3 ʜʘʚʘ ʧʨʝʛʣʝʜ ʥʘ ʣʠʪʝʨʘʪʫʨʘʪʘ ʟʘ ʐʝʩʪ ʉʠʛʤʘ (DMAIC) ʤʝʪʦʜʦʣʦʛʠʿʘʪʘ, ʩʦ 

ʪʝʦʨʝʪʩʢʠ ʧʨʠʢʘʟ ʥʘ ʩʝʢʦʿʘ ʬʘʟʘ ʧʦʝʜʠʥʝʯʥʦ: ʜʝʬʠʥʠʨʘˁʝ, ʤʝʨʝˁʝ, ʘʥʘʣʠʟʠʨʘˁʝ, 

ʧʦʜʦʙʨʫʚʘˁʝ ʠ ʢʦʥʪʨʦʣʠʨʘˁʝ. ɺʦ ʬʘʟʘʪʘ ʥʘ ʜʝʬʠʥʠʨʘˁʝ ʧʨʠʢʘʞʘʥʠ ʩʝ ʘʣʘʪʢʠʪʝ ʢʦʠ ʩʝ 

ʢʦʨʠʩʪʘʪ ʟʘ ʨʝʰʘʚʘˁʝ ʥʘ ʧʨʦʙʣʝʤʠ, ʠʟʿʘʚʘ ʟʘ ʧʨʦʙʣʝʤ, ʠʟʿʘʚʘ ʟʘ ʮʝʣ, ʦʧʩʝʛ ʥʘ ʧʨʦʝʢʪʦʪ, 

ʢʦʥʪʨʦʣʥʠʪʝ ʪʦʯʢʠ ʟʘ ʝʚʘʣʫʘʮʠʿʘ ʥʘ ʩʪʘʪʫʩʦʪ ʥʘ ʧʨʦʝʢʪʦʪ ʠ ʤʘʧʠʨʘˁʝ ʥʘ ʧʨʦʮʝʩʦʪ. ɺʦ  

ʬʘʟʘʪʘ ʥʘ ʤʝʨʝˁʝ ʦʧʠʰʘʥʘ ʝ ʘʥʘʣʠʟʘʪʘ ʥʘ ʤʝʨʥʠʪʝ ʩʠʩʪʝʤʠ, ʪʝʭʥʠʢʠʪʝ ʥʘ ʩʪʘʪʠʩʪʠʯʢʘ 

ʢʦʥʪʨʦʣʘ ʥʘ ʧʨʦʮʝʩʦʪ ʠ ʢʦʥʪʨʦʣʥʠʪʝ ʛʨʘʬʠʢʦʥʠ. ɺʦ ʬʘʟʘʪʘ ʥʘ ʘʥʘʣʠʟʠʨʘˁʝ ʧʨʠʢʘʞʘʥʠ 

ʩʝ ʘʣʘʪʢʠʪʝ ʟʘ ʘʥʘʣʠʟʘ ʥʘ ʠʟʚʦʨʥʠ ʧʨʠʯʠʥʠ ʟʘ ʧʦʿʘʚʘ ʥʘ ʜʝʬʝʢʪʠ, ʪʝʩʪʠʨʘˁʝ ʥʘ 

ʩʪʘʪʠʩʪʠʯʢʘ ʭʠʧʦʪʝʟʘ ʠ ʘʥʘʣʠʟʘ ʥʘ ʚʘʨʠʿʘʮʠʠ. ɺʦ ʬʘʟʘʪʘ ʥʘ ʧʦʜʦʙʨʫʚʘˁʝ ʦʧʠʰʘʥʘ ʝ 

ʩʪʨʘʪʝʛʠʿʘʪʘ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʠʨʘˁʝ, ʜʠʟʘʿʥ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʠ, ʘʥʘʣʠʟʘ ʥʘ ʤʦʜʦʚʠ ʥʘ 

ʜʝʬʝʢʪʠ ʠ ʥʠʚʥʠʦʪ ʝʬʝʢʪ ʠ ʧʦʪʚʨʜʘ ʥʘ ʠʤʧʣʝʤʝʥʪʠʨʘʥʠʪʝ ʢʦʨʝʢʪʠʚʥʠ ʤʝʨʢʠ. ɺʦ ʬʘʟʘʪʘ 

ʥʘ ʢʦʥʪʨʦʣʠʨʘˁʝ,  ʜʘʜʝʥ ʝ ʧʨʠʢʘʟ ʥʘ ʘʞʫʨʠʨʘʥʠ ʤʦʜʦʚʠ ʥʘ ʜʝʬʝʢʪʠ ʠ ʥʠʚʥʠʦʪ ʝʬʝʢʪ, 

ʘʞʫʨʠʨʘʥ ʢʦʥʪʨʦʣʝʥ ʧʣʘʥ, ʩʪʘʪʠʩʪʠʯʢʘ ʢʦʥʪʨʦʣʘ ʥʘ ʧʨʦʮʝʩʠʪʝ ʠ ʩʪʘʥʜʘʨʜʠʟʘʮʠʿʘ ʥʘ 

ʧʦʜʦʙʨʫʚʘˁʘʪʘ. 

ɻʣʘʚʘ 4 ʜʘʚʘ ʪʝʦʨʝʪʩʢʠ ʦʧʠʩ ʥʘ Lean ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʠ ʘʣʘʪʢʠʪʝ ʢʦʠ ʩʝ ʢʦʨʠʩʪʘʪ: 

ʤʘʧʠʨʘˁʝ ʥʘ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ (VSM), ʜʠʟʘʿʥ ʥʘ ʠʜʥʘʪʘ ʩʦʩʪʦʿʙʘ ʥʘ ʧʨʦʮʝʩʠʪʝ (VSD), 

ʜʝʬʠʥʠʨʘˁʝ ʥʘ ʪʘʢʪ ʚʨʝʤʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʢʨʝʠʨʘˁʝ ʥʘ ʢʦʥʪʠʥʫʠʨʘʥ ʪʝʢ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ, ʢʨʝʠʨʘˁʝ ʥʘ ˃ʝʣʠʠ, ʜʝʬʠʥʠʨʘˁʝ ʥʘ ʩʫʧʝʨʤʘʨʢʝʪʠ ʠ ʩʠʩʪʝʤ ʥʘ 

ʧʦʚʣʝʢʫʚʘˁʝ ʥʘ ʤʘʪʝʨʠʿʘʣʠ (Kanban), ʢʨʝʠʨʘˁʝ ʥʘ ʧʝʿʩʤʝʿʢʝʨ ʧʨʦʮʝʩ, ʧʦʨʘʤʥʫʚʘˁʝ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʧʦ ʤʦʜʝʣ ʠ ʚʦʣʫʤʝʥ (Heijunka), ʩʝʚʢʫʧʥʦ ʧʨʦʜʫʢʪʠʚʥʦ ʦʜʨʞʫʚʘˁʝ 



19 
 

(TPM), ʤʠʥʠʤʘʣʥʦ ʚʨʝʤʝ ʧʦʪʨʝʙʥʦ ʟʘ ʧʨʦʤʝʥʘ ʥʘ ʤʦʜʝʣ ʠ ʧʦʜʝʩʫʚʘˁʝ ʥʘ ʤʘʰʠʥʠ 

(SMED), ʢʦʥʪʠʥʫʠʨʘʥʦ ʧʦʜʦʙʨʫʚʘˁʝ (Kajzen), 5ʉ ʠ ʩʪʦʧʠʨʘˁʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʝʢʦʛʘʰ 

ʢʦʛʘ ʠʤʘ ʧʨʦʙʣʝʤ ʩʦ ʢʚʘʣʠʪʝʪʦʪ (Jidoka).  

ɺʦ ɻʣʘʚʘ 5 ʝ ʧʨʠʢʘʞʘʥʘ ʫʣʦʛʘʪʘ ʥʘ ʀʥʜʫʩʪʨʠʿʘ 4.0 ʚʦ ʤʝʥʘ˅ʠʨʘˁʝʪʦ ʩʦ ʢʚʘʣʠʪʝʪʦʪ. 

ɼʘʜʝʥ ʝ ʪʝʦʨʝʪʩʢʠ ʦʧʠʩ ʥʘ ʪʝʭʥʠʢʠʪʝ ʥʘ ʀʥʜʫʩʪʨʠʿʘ 4.0 ʠ ʧʨʠʢʘʞʘʥʦ ʝ ʢʘʢʦ ʪʠʝ 

ʧʨʠʜʦʥʝʩʫʚʘʘʪ ʚʦ ʤʝʥʘ˅ʠʨʘˁʝʪʦ ʩʦ ʢʚʘʣʠʪʝʪʦʪ.  Oʧʠʰʘʥʠ ʩʝ ʩʘʿʙʝʨ ʬʠʟʠʯʢʠʦʪ ʩʠʩʪʝʤ, 

ʠʥʪʝʨʥʝʪ ʥʘ ʥʝʰʪʘʪʘ, ʨʘʙʦʪʘʪʘ ʩʦ ʛʦʣʝʤʘ ʛʨʫʧʘ ʥʘ ʧʦʜʘʪʦʮʠ,  ʙʝʟʞʠʯʥʠʪʝ ʩʝʥʟʦʨʩʢʠ 

ʤʨʝʞʠ, ʤʘʰʠʥʩʢʦʪʦ ʫʯʝˁʝ, ʚʝʰʪʘʯʢʘʪʘ ʠʥʪʝʣʠʛʝʥʮʠʿʘ, ʨʘʜʠʦ ʬʨʝʢʚʝʥʪʥʘʪʘ 

ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ, ʝ-ʢʘʥʙʘʥ, ʧʨʦʰʠʨʝʥʘ ʠ ʚʠʨʪʫʝʣʥʘ ʨʝʘʣʥʦʩʪ ʠ 3ɼ ʧʨʠʥʪʘˁʝʪʦ.  

ɻʣʘʚʘ 6 ʜʘʚʘ ʧʨʝʛʣʝʜ ʥʘ ʤʦʤʝʥʪʘʣʥʘʪʘ ʠʩʪʨʘʞʫʚʘʯʢʘ ʣʠʪʝʨʘʪʫʨʘ ʟʘ ʠʥʪʝʨʛʠʨʘˁʝ ʥʘ 

ʜʠʩʮʠʧʣʠʥʠʪʝ ʟʘ ʤʝʥʘ˅ʠʨʘˁʝ ʩʦ ʢʚʘʣʠʪʝʪ. ʇʨʠʢʘʞʘʥʠ ʩʝ ʨʘʟʣʠʯʥʠ ʤʦʜʝʣʠ ʟʘ 

ʠʥʪʝʛʨʠʨʘˁʝ ʥʘ Lean ʠ ʐʝʩʪ ʉʠʛʤʘ ʠ ʧʨʝʜʠʟʚʠʮʠʪʝ  ʢʦʠ ʧʨʦʠʟʣʝʛʫʚʘʘʪ ʦʜ ʦʙʠʜʦʪ ʟʘ 

ʥʠʚʥʦ ʠʥʪʝʛʨʠʨʘˁʝ. ɼʦʧʦʣʥʠʪʝʣʥʦ, ʧʨʠʢʘʞʘʥʠ ʩʝ ʦʛʨʘʥʠʯʫʚʘˁʘʪʘ ʢʦʠ ʧʨʦʠʟʣʝʛʫʚʘʘʪ ʦʜ  

ʦʙʠʜʦʪ ʟʘ ʠʥʪʝʛʨʠʨʘˁʝ ʥʘ ʀʥʜʫʩʪʨʠʿʘ 4.0 ʚʦ ʜʠʩʮʠʧʣʠʥʠʪʝ ʟʘ ʤʝʥʘ˅ʠʨʘˁʝ ʩʦ ʢʚʘʣʠʪʝʪ. 

ʂʘʢʦ ʟʘʢʣʫʯʦʢ ʢʦʿ ʧʨʦʠʟʣʝʛʫʚʘ ʦʜ ʦʚʘʘ ʛʣʘʚʘ  ʩʝ ʿʘʚʫʚʘ ʧʦʪʨʝʙʘʪʘ ʟʘ ʨʘʟʚʦʿ ʥʘ ʥʦʚ ʤʦʜʝʣ 

ʰʪʦ ˃ʝ ʛʠ ʠʥʪʝʛʨʠʨʘ ʀʥʜʫʩʪʨʠʿʘ 4.0 ʩʦ Lean ʠ ʐʝʩʪ ʉʠʛʤʘ, ʩʦ ʮʝʣ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ 

ʧʦʜʦʙʨʫʚʘˁʝ ʧʨʠ ʩʝʚʢʫʧʥʦʪʦ ʫʧʨʘʚʫʚʘˁʝ ʩʦ ʢʚʘʣʠʪʝʪʦʪ.  

ɺʦ ɻʣʘʚʘ 7 ʝ ʧʨʝʪʩʪʘʚʝʥ  ʥʦʚʠʦʪ ʤʦʜʝʣ ʢʦʿ ʿʘ ʢʦʨʠʩʪʠ DMAIC ʩʪʨʫʢʪʫʨʘʪʘ ʟʘ ʜʘ ʛʠ 

ʠʥʪʝʛʨʠʨʘ ʀʥʜʫʩʪʨʠʿʘ 4.0 ʩʦ Lean ʠ ʐʝʩʪ ʉʠʛʤʘ. ʅʦʚʠʦʪ ʤʦʜʝʣ ʠʤʘ ʿʘʩʝʥ ʩʝʪ ʥʘ 

ʠʥʩʪʨʫʢʮʠʠ ʥʘʤʝʥʝʪʠ ʟʘ ʘʢʘʜʝʤʩʢʠʪʝ ʠʩʪʨʘʞʫʚʘʯʠ  ʠ ʧʨʘʢʪʠʯʘʨʠʪʝ ʚʦ ʘʚʪʦʤʦʙʠʣʩʢʠʦʪ 

ʩʝʢʪʦʨ ʟʘ ʜʘ ʜʠʟʘʿʥʠʨʘʘʪ ʝʬʠʢʘʩʝʥ ʧʨʦʮʝʩ ʥʘ ʢʦʥʪʠʥʫʠʨʘʥʦ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʢʚʘʣʠʪʝʪʦʪ.  

ɺʦ ʦʚʘʘ ʛʣʘʚʘ ʝ ʩʫʤʠʨʘʥ ʧʨʠʜʦʥʝʩʦʪ ʥʘ ʀʥʜʫʩʪʨʫʿʘ 4.0 ʚʦ ʤʝʥʘ˅ʠʨʘˁʝʪʦ ʩʦ ʢʚʘʣʠʪʝʪ.  

ɺʦ ɻʣʘʚʘ 8 ʝ ʧʨʠʢʘʞʘʥ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʦʪ ʜʝʣ ʦʜ ʦʚʘ ʠʩʪʨʘʞʫʚʘˁʝ, ʩʦ 

ʠʤʧʣʝʤʝʥʪʠʨʘˁʝ ʥʘ ʥʦʚʠʦʪ ʤʦʜʝʣ ʟʘ ʢʦʥʪʨʦʣʘ ʥʘ ʢʚʘʣʠʪʝʪ  ʚʦ ʘʚʪʦʤʦʙʠʣʩʢʘʪʘ ʢʦʤʧʘʥʠʿʘ 

ʰʪʦ ʝ ʧʨʝʜʤʝʪ ʥʘ ʠʩʪʨʘʞʫʚʘˁʝ. ʅʘʧʨʘʚʝʥʘ ʝ ʩʧʦʨʝʜʙʘ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʧʨʝʜ ʠ ʧʦʩʣʝ 

ʠʤʧʣʝʤʝʥʪʘʮʠʿʘʪʘ ʥʘ ʤʦʜʝʣʦʪ ʩʦ ʰʪʦ ʩʝ ʧʦʪʚʨʜʫʚʘ ʥʝʛʦʚʘʪʘ ʝʬʝʢʪʠʚʥʦʩʪ ʠ ʝʬʠʢʘʩʥʦʩʪ. 

ɺʦ ʬʘʟʘʪʘ ʥʘ ʜʝʬʠʥʠʨʘˁʝ ʝ ʧʨʠʢʘʞʘʥ ʤʝʪʦʜʦʪ ʧʦ ʢʦʿ ʩʝ ʦʜʙʠʨʘ ʧʦʪʝʥʮʠʿʘʣ ʟʘ 

ʧʦʜʦʙʨʫʚʘˁʝ ʚʦ ʧʨʦʝʢʪʦʪ. ʇʦʪʦʘ ʩʝ ʜʘʚʘ ʠʟʿʘʚʘ ʟʘ ʮʝʣʪʘ ʥʘ ʧʨʦʝʢʪʦʪ, ʩʝ ʜʝʬʠʥʠʨʘ ʦʧʩʝʛ 

ʥʘ ʧʨʦʝʢʪʦʪ ʠ ʩʝ ʚʨʰʠ ʤʘʧʠʨʘˁʝ ʥʘ ʧʨʦʮʝʩʠʪʝ. ɺʦ ʬʘʟʘʪʘ ʥʘ ʤʝʨʝˁʝ ʩʦ ʧʦʤʦʰ ʥʘ 

ʀʥʜʫʩʪʨʠʿʘ 4.0 ʩʝ ʧʨʠʙʠʨʘʘʪ ʧʦʜʘʪʦʮʠ ʠ ʩʝ ʚʨʰʠ ʘʥʘʣʠʟʘ ʩʦ ʮʝʣ ʜʘ ʩʝ ʧʦʩʪʘʚʘʪ ʦʩʥʦʚʥʠʪʝ 

ʣʠʥʠʠ ʟʘ ʧʝʨʬʦʨʤʘʥʩʦʪ ʥʘ ʧʨʦʮʝʩʦʪ (Lean ʤʝʪʦʜʦʣʦʛʠʿʘʪʘ) ʠ ʟʘ ʚʘʨʠʿʘʮʠʠʪʝ ʥʘ ʧʨʦʮʝʩʦʪ 

(ʐʝʩʪ ʉʠʛʤʘ). ɺʦ ʬʘʟʘʪʘ ʥʘ ʘʥʘʣʠʟʠʨʘˁʝ ʩʝ ʘʥʘʣʠʟʠʨʘʘʪ ʧʦʩʪʘʚʝʥʠʪʝ ʦʩʥʦʚʥʠ ʣʠʥʠʠ ʠ 

ʠʟʚʦʨʥʠʪʝ ʧʨʠʯʠʥʠ ʟʘ ʧʦʿʘʚʘ ʥʘ ʧʨʦʙʣʝʤʠʪʝ. ɺʦ ʦʚʘʘ ʬʘʟʘ ʩʝ ʜʘʚʘʘʪ ʨʘʟʫʤʥʠ ʧʨʝʜʣʦʟʠ ʟʘ 

ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʧʨʦʮʝʩʦʪ. ɺʦ ʬʘʟʘʪʘ ʥʘ ʧʦʜʦʙʨʫʚʘˁʝ ʩʝ ʛʝʥʝʨʠʨʘʘʪ ʧʦʪʝʥʮʠʿʘʣʥʠʪʝ 

ʨʝʰʝʥʠʿʘ ʠ ʩʝ ʦʜʨʝʜʫʚʘ ʧʨʠʦʨʠʪʝʪ ʧʨʠ ʠʤʧʣʝʤʝʥʪʠʨʘˁʝ ʥʘ ʘʢʪʠʚʥʦʩʪʠʪʝ ʟʘ ʜʠʟʘʿʥ ʥʘ 

ʥʦʚ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ ʠ ʟʘ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʚʘʨʠʿʘʮʠʠ ʥʘ ʧʨʦʮʝʩʦʪ. ʉʦ ʧʦʤʦʰ ʥʘ 

ʀʥʜʫʩʪʨʠʿʘ 4.0 ʩʝ ʧʨʠʙʠʨʘʘʪ ʨʝʟʫʣʪʘʪʠ ʦʜ ʪʝʩʪʠʨʘˁʘʪʘ ʠ ʩʝ ʚʨʰʠ ʧʦʪʚʨʜʘ ʥʘ 

ʠʤʧʣʝʤʝʥʪʠʨʘʥʠʪʝ ʢʦʨʝʢʪʠʚʥʠ ʘʢʮʠʠ. ɺʦ ʬʘʟʘʪʘ ʥʘ ʢʦʥʪʨʦʣʠʨʘˁʝ ʜʘʜʝʥ ʝ ʜʝʪʘʣʝʥ ʦʧʠʩ 

ʥʘ ʪʝʭʥʠʢʠʪʝ ʥʘ ʀʥʜʫʩʪʨʠʿʘ 4.0 ʠ ʥʠʚʥʘʪʘ ʭʦʨʠʟʦʥʪʘʣʥʘ ʠ ʚʝʨʪʠʢʘʣʥʘ ʠʥʪʝʛʨʘʮʠʿʘ ʚʦ 

ʢʦʤʧʘʥʠʿʘʪʘ h ʪʦ ʝ ʧʨʝʜʤʝʪ ʥʘ ʠʩʪʨʘʞʫʚʘˁʝ. ɺʦ ʦʚʘʘ ʬʘʟʘ ʝ ʧʨʠʢʘʞʘʥ ʜʠʟʘʿʥʦʪ ʥʘ ʩʘʿʙʝʨ 

ʬʠʟʠʯʢʠʦʪ ʩʠʩʪʝʤ, ʚʠʨʪʫʝʣʝʥʠʦʪ ʤʦʜʝʣ ʥʘ ʥʦʚʠʦʪ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ (VSD), ʥʘʯʠʥʦʪ ʥʘ 

ʧʨʠʙʠʨʘˁʝ ʥʘ ʠʥʬʦʨʤʘʮʠʠ ʚʦ ʨʝʘʣʥʦ ʚʨʝʤʝ ʦʜ ʬʠʟʠʯʢʠʦʪ ʩʠʩʪʝʤ, ʩʧʦʨʝʜʙʘʪʘ ʥʘ 

ʨʝʟʫʣʪʘʪʠʪʝ ʦʜ ʬʠʟʠʯʢʠʦʪ ʩʠʩʪʝʤ ʩʦ ʚʠʨʪʫʝʣʥʠʦʪ ʤʦʜʝʣ ʠ ʠʥʪʝʨʘʢʮʠʿʘʪʘ ʧʦʤʝʺʫ 

ʬʠʟʠʯʢʠʦʪ ʠ ʚʠʨʪʫʝʣʥʠʦʪ ʩʠʩʪʝʤ.  

ɻʣʘʚʘ 9 ʛʦ ʩʫʤʠʨʘ ʧʨʠʜʦʥʝʩʦʪ ʥʘ ʦʚʦʿ ʠʩʪʨʘʞʫʚʘʯʢʠ ʪʨʫʜ ʢʦʿ ʩʝ ʦʜʥʝʩʫʚʘ ʥʘ ʜʘʚʘˁʝ 

ʥʘ ʠʟʚʝʰʪʘʿ ʟʘ ʧʨʝʜʣʦʞʝʥʠʦʪ ʤʦʜʝʣ ʥʘ Lean ʐʝʩʪ ʉʠʛʤʘ (DMAIC) ʠ ʀʥʜʫʩʪʨʠʿʘ 4.0 ʠ 

ʧʦʪʚʨʜʘ ʥʘ ʥʝʛʦʚʘʪʘ ʝʬʝʢʪʠʚʥʦʩʪ ʠ ʝʬʠʢʘʩʥʦʩʪ ʧʨʠ ʤʝʥʘ˅ʠʨʘˁʝʪʦ ʩʦ ʢʚʘʣʠʪʝʪʦʪ.   



20 
 

2 ʇʈɽɻʃɽɼ ʅɸ ʃʀʊɽʈɸʊʋʈɸ  ɿɸ ʂɺɸʃʀʊɽʊ ɺʆ ɸɺʊʆʄʆɹʀʃʉʂɸʊɸ 

ʀʅɼʋʉʊʈʀɱɸ 

2.1 ʀʩʪʦʨʠʿʘ ʥʘ ʥʘʫʯʥʠ ʤʝʪʦʜʠ ʟʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʢʚʘʣʠʪʝʪ 

ʀʩʪʦʨʠʿʘʪʘ ʥʘ ʥʘʫʯʥʠ ʤʝʪʦʜʠ ʟʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʢʚʘʣʠʪʝʪʦʪ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝ ʠ 

ʧʨʦʮʝʩʠʪʝ ʟʘʧʦʯʥʫʚʘ ʩʦ ʜʨ. Walter ɸ. Shewhart ʚʦ 1920 ʛʦʜʠʥʘ ʩʦ ʧʨʝʪʩʪʘʚʫʚʘˁʝ ʥʘ 

ʥʘʫʯʥʠʦʪ ʤʝʪʦʜ ʟʘ ʩʝʚʢʫʧʥʦ ʫʧʨʘʚʫʚʘˁʝ ʩʦ ʢʚʘʣʠʪʝʪʦʪ (ʘʥʛ. Total Quality Management, 

TQM), ʩʪʘʪʠʩʪʠʯʢʘʪʘ ʢʦʥʪʨʦʣʘ ʥʘ ʧʨʦʮʝʩʠʪʝ ʠ ʫʧʦʪʨʝʙʘʪʘ ʥʘ ʢʦʥʪʨʦʣʥʠ ʛʨʘʬʠʢʦʥʠ. ʆʚʦʿ 

ʤʝʪʦʜ ʚʦ 1950 ʛʦʜʠʥʘ ʝ ʧʨʠʬʘʪʝʥ ʠ ʘʜʘʧʪʠʨʘʥ ʦʜ Edward Deming ʩʦ ʧʨʝʪʩʪʘʚʫʚʘˁʝ ʥʘ 

ʤʦʜʝʣʦʪ ʟʘ ʩʠʩʪʝʤʩʢʦ ʨʘʟʤʠʩʣʫʚʘˁʝ, ʚʘʨʠʿʘʮʠʠʪʝ, ʧʩʠʭʦʣʦʛʠʿʘʪʘ ʠ ʥʘʫʯʥʦʪʦ 

ʨʘʟʤʠʩʣʫʚʘˁʝ (ʘʥʛ. Plan-Do-Check-Act, PDCA). ɺʦ ʠʩʪ ʧʝʨʠʦʜ ʦʜ ʩʪʨʘʥʘ ʥʘ ɱʘʧʦʥʩʢʠʪʝ 

ʢʦʤʧʘʥʠʠ ʧʨʝʜʚʦʜʝʥʠ ʦʜ ʊʦʿʦʪʘ ʨʘʟʚʠʝʥ ʝ ʩʠʩʪʝʤ ʟʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʢʚʘʣʠʪʝʪʦʪ ʠ 

ʧʨʦʮʝʩʠʪʝ ʧʦʟʥʘʪ ʢʘʢʦ ʊʦʿʦʪʘ ʩʠʩʪʝʤ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ (ʘʥʛ. Toyota Production System, 

TPS). ʆʚʦʿ ʩʠʩʪʝʤ ʢʦʨʠʩʪʠ ʤʝʪʦʜʦʣʦʛʠʿʘ ʥʘ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʟʘʛʫʙʠʪʝ ʚʦ ʧʨʦʮʝʩʦʪ ʧʨʝʢʫ 

ʝʣʠʤʠʥʠʨʘˁʝ ʥʘ ʘʢʪʠʚʥʦʩʪʠ ʢʦʠ ʥʝ ʜʦʜʘʚʘʘʪ ʚʨʝʜʥʦʩʪ, ʦʜ ʘʩʧʝʢʪ ʥʘ ʢʫʧʫʚʘʯʦʪ. TPS ʛʦ 

ʧʨʠʚʣʝʢʫʚʘ ʚʥʠʤʘʥʠʝʪʦ ʥʘ ʩʚʝʪʦʪ ʢʦʥ ʢʨʘʿʦʪ ʥʘ 80-ʪʝ ʛʦʜʠʥʠ ʦʜ ʤʠʥʘʪʠʦʪ ʚʝʢ ʧʦʨʘʜʠ 

ʠʩʢʣʫʯʠʪʝʣʥʦ ʜʦʙʨʠʪʝ ʨʝʟʫʣʪʘʪʠ ʥʘ ɱʘʧʦʥʩʢʠʪʝ ʘʚʪʦʤʦʙʠʣʩʢʠ ʢʦʤʧʘʥʠʠ, [20]. ɺʦ 1990 

ʛʦʜʠʥʘ ʤʝʪʦʜʦʪ ʰʠʨʦʢʦ ʝ ʧʨʠʬʘʪʝʥ ʧʦʜ ʪʝʨʤʠʥʦʪ Lean ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʦʿ ʧʨʦʠʟʣʝʛʫʚʘ ʦʜ 

ʢʥʠʛʘʪʘ Ăʄʘʰʠʥʠʪʝ ʢʦʠ ʛʦ ʤʝʥʫʚʘʘʪ ʩʚʝʪʦʪò ʦʜ James Womak,  [21]. ɺʦ 1985 ʦʜ ʩʪʨʘʥʘ 

ʥʘ Mario-Perez-Wilson ʠ ʢʦʤʧʘʥʠʿʘʪʘ ʄʦʪʦʨʦʣʘ ʧʨʝʪʩʪʘʚʝʥ ʝ ʐʝʩʪ ʉʠʛʤʘ ʤʦʜʝʣʦʪ ʟʘ 

ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʢʚʘʣʠʪʝʪʦʪ. ʆʚʦʿ ʤʦʜʝʣ ʩʝ ʩʪʨʝʤʠ ʜʘ ʛʦ ʧʦʜʦʙʨʠ ʢʚʘʣʠʪʝʪʦʪ ʥʘ 

ʧʨʦʠʟʚʦʜʠʪʝ ʩʦ ʨʝʜʫʮʠʨʘˁʝ ʥʘ ʚʘʨʠʿʘʮʠʠʪʝ ʚʦ ʧʨʦʮʝʩʦʪ. ʂʦʤʙʠʥʘʮʠʿʘʪʘ ʥʘ Lean 

ʧʨʠʥʮʠʧʠʪʝ ʠ ʐʝʩʪ ʉʠʛʤʘ ʬʦʨʤʠʨʘ ʥʦʚʘ  Lean ʐʝʩʪ ʉʠʛʤʘ ʤʝʪʦʜʦʣʦʛʠʿʘ, ʰʪʦ ʩʝ ʩʪʨʝʤʠ 

ʜʘ ʛʦ ʧʦʩʪʠʛʥʝ ʥʠʚʦʪʦ ʥʘ ʢʚʘʣʠʪʝʪʦʪ ʥʘ ʐʝʩʪ ʉʠʛʤʘ ʦʜ 3,4 ʜʝʬʝʢʪʠ ʥʘ ʤʠʣʠʦʥ ʤʦʞʥʦʩʪʠ, 

ʩʦ ʨʝʜʫʮʠʨʘˁʝ ʥʘ ʚʘʨʠʿʘʮʠʠʪʝ ʥʘ ʧʨʦʮʝʩʦʪ ʠ ʝʣʠʤʠʥʠʨʘˁʝ ʥʘ ʟʘʛʫʙʠʪʝ ʚʦ ʥʝʛʦ, [7]. ɺʦ 

2012 ʛʦʜʠʥʘ ɻʝʨʤʘʥʩʢʘʪʘ ʚʣʘʜʘ ʿʘ ʧʨʝʪʩʪʘʚʫʚʘ ʩʪʨʘʪʝʛʠʿʘʪʘ ʟʘ ʩʝʚʢʫʧʝʥ ʪʝʭʥʦʣʦʰʢʠ 

ʨʘʟʚʦʿ ʥʘ ʠʥʜʫʩʪʨʠʿʘʪʘ ʧʦʟʥʘʪʘ ʢʘʢʦ ʀʥʜʫʩʪʨʠʿʘ 4.0, [22].  

2.2 ʉʝʚʢʫʧʥʦ ʫʧʨʘʚʫʚʘˁʝ ʩʦ ʢʚʘʣʠʪʝʪʦʪ  

ʉʝʚʢʫʧʥʦʪʦ ʫʧʨʘʚʫʚʘˁʝ ʩʦ ʢʚʘʣʠʪʝʪ (ʘʥʛ. TQM) ʩʝ ʩʤʝʪʘ ʟʘ Ăʤʘʿʢʘ" ʥʘ ʩʠʪʝ ʧʦʥʦʚʠ 

ʤʝʪʦʜʦʣʦʛʠʠ ʟʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʧʨʦʮʝʩʠʪʝ. ʉʦ ʩʝʚʢʫʧʥʦʪʦ ʫʧʨʘʚʫʚʘˁʝ ʩʦ ʢʚʘʣʠʪʝʪʦʪ 

ʟʘʧʦʯʥʫʚʘ ʜʚʠʞʝˁʝʪʦ ʟʘ ʢʚʘʣʠʪʝʪ, ʘ ʠʜʝʿʘʪʘ ʟʘ ʢʦʥʪʠʥʫʠʨʘʥʦ ʧʦʜʦʙʨʫʚʘˁʝ ʚʣʝʛʫʚʘ ʚʦ 

ʩʚʝʩʪʘ ʥʘ ʤʝʥʘ˅ʤʝʥʪʦʪ. TQM ʩʝ ʙʘʟʠʨʘ ʥʘ 14ʪʝ ʪʦʯʢʠ ʥʘ ɼʝʤʠʥʛ ʠ ʿʘ ʧʨʠʬʘ˃ʘ 

ʬʠʣʦʟʦʬʠʿʘʪʘ ʢʦʿʘ ʚʢʣʫʯʫʚʘ 4 ʛʣʘʚʥʠ ʦʙʣʘʩʪʠ: 

1. ʆʜʛʦʚʦʨʥʦʩʪ ʥʘ ʄʝʥʘ˅ʤʝʥʪʦʪ ʟʘ ʢʦʥʪʠʥʫʠʨʘʥʦ ʧʦʜʦʙʨʫʚʘˁʝ. 

2. ʌʦʢʫʩ ʥʘ ʨʘʙʦʪʥʠʪʝ ʧʨʦʮʝʩʠ ʟʘ ʜʘ ʩʝ ʧʦʩʪʠʛʥʘʪ ʧʦʜʦʙʨʫʚʘˁʘ. 

3. ʋʧʦʪʨʝʙʘ ʥʘ ʩʪʘʪʠʩʪʠʢʘ ʟʘ ʤʝʨʝˁʝ ʥʘ ʧʝʨʬʦʨʤʘʥʩʠʪʝ ʥʘ ʧʨʦʮʝʩʦʪ. 

4. ɺʢʣʫʯʫʚʘˁʝ ʥʘ ʚʨʘʙʦʪʝʥʠʪʝ ʠ ʥʠʚʥʦ ʦʚʣʘʩʪʫʚʘˁʝ ʧʨʠ ʥʦʩʝˁʝ ʥʘ ʦʜʣʫʢʠ. 

ʆʩʥʦʚʘ ʥʘ TQM ʝ ʜʘ ʩʝ ʥʘʤʘʣʘʪ ʛʨʝʰʢʠʪʝ ʥʘʩʪʘʥʘʪʠ ʟʘ ʚʨʝʤʝ ʥʘ ʧʨʦʮʝʩʦʪ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʠʣʠ ʩʝʨʚʠʩʥʠ ʫʩʣʫʛʠ, ʜʘ ʩʝ ʟʛʦʣʝʤʠ ʟʘʜʦʚʦʣʩʪʚʦʪʦ ʥʘ ʢʣʠʝʥʪʠʪʝ, ʜʘ ʩʝ 

ʨʘʮʠʦʥʘʣʠʟʠʨʘ ʣʘʥʝʮʦʪ ʥʘ ʥʘʙʘʚʢʠ, ʜʘ ʩʝ ʩʪʨʝʤʠ ʢʦʥ ʤʦʜʝʨʥʠʟʘʮʠʿʘ ʥʘ ʦʧʨʝʤʘʪʘ ʠ ʜʘ 

ʦʙʝʟʙʝʜʠ ʨʘʙʦʪʥʠʢʦʪ ʜʘ ʠʤʘ ʥʘʿʚʠʩʦʢʦ ʥʠʚʦ ʥʘ ʦʙʫʢʘ, [23].  

ʌʠʣʦʟʦʬʠʠʪʝ ʥʘ ʩʝʚʢʫʧʥʦʪʦ ʫʧʨʘʚʫʚʘˁʝ ʩʦ ʢʚʘʣʠʪʦʪ ʧʨʦʠʟʣʝʛʫʚʘʘʪ ʩʦ ʩʧʦʿʫʚʘˁʝ 

ʥʘ  ʧʨʠʦʜʠʪʝ ʧʨʝʧʦʨʘʯʘʥʠ ʦʜ Edward Deming, Juran [24], Ishikawa [25], Feigenbaum [26], 

Taguchi ʠ Crosby [27] ʯʝʩʪʦ ʧʦʟʥʘʪʠ ʢʘʢʦ Ăʛʫʨʫʘ ʟʘ ʢʚʘʣʠʪʝʪò. Dean ʠ Bowen [28] ʠ 

Jonston [29] ʟʘʙʝʣʝʞʘʣʝ ʜʝʢʘ TQM ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʨʘʟʥʠ ʧʨʦʠʟʚʦʜʠ ʠ ʫʩʣʫʛʠ ʢʦʠ ʩʝ ʩʤʝʪʘʘʪ 

ʟʘ ʚʘʞʥʠ ʟʘ ʧʦʪʨʦʰʫʚʘʯʠʪʝ. Jonston [29] ʪʚʨʜʠ ʜʝʢʘ ʦʩʥʦʚʥʘʪʘ ʪʝʦʨʠʿʘ ʥʘ TQM ʝ ʜʘ ʩʝ 
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ʢʦʥʮʝʥʪʨʠʨʘ ʥʘ ʤʝʥʘ˅ʤʝʥʪʦʪ ʥʘ ʣʫʺʝʪʦ (ʣʠʜʝʨʩʪʚʦ, ʪʠʤʩʢʘ ʨʘʙʦʪʘ) ʠ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ 

ʧʨʦʮʝʩʦʪ. Anderson [30] ʟʘʙʝʣʝʞʘʣ ʜʝʢʘ TQM ʛʦ ʟʝʤʘ ʚʦ ʧʨʝʜʚʠʜ ʮʠʢʣʫʩʦʪ PDCA ʥʘ 

ɼʝʤʠʥʛ (ʧʣʘʥʠʨʘ ï ʜʝʿʩʪʚʫʚʘ ï ʧʨʦʚʝʨʫʚʘ - ʠʟʚʨʰʫʚʘ), Imai [31] ʥʘʛʣʘʩʫʚʘ ʜʝʢʘ TQM ʝ 

ʩʣʠʯʝʥ ʥʘ ʨʘʩʪʝʯʢʠʦʪ ʿʘʧʦʥʩʢʠ ʧʨʠʩʪʘʧ ʟʘ ʢʦʥʪʠʥʫʠʨʘʥʦ ʧʦʜʦʙʨʫʚʘˁʘ ʧʦʟʥʘʪ ʢʘʢʦ 

ʂʘʿʟʝʥ.  

ʃʠʪʝʨʘʪʫʨʘʪʘ ʢʣʘʩʠʬʠʮʠʨʘ ʜʝʢʘ TQM ʠʤʘ ʜʚʝ ʜʠʤʝʥʟʠʠ: 1) ʩʦʮʠʿʘʣʥʘ ʠʣʠ ʤʝʢʘ; ʠ 

2) ʪʝʭʥʠʯʢʘ ʠʣʠ ʪʝʰʢʘ. ʉʧʦʨʝʜ Prajago [32] ʩʦʮʠʿʘʣʥʘʪʘ ʠʣʠ ʤʝʢʘ ʜʠʤʝʥʟʠʿʘ ʿʘ 

ʧʦʪʪʠʢʥʫʚʘ ʧʨʠʤʝʥʘʪʘ ʥʘ TQM ʚʦ ʩʝʨʚʠʩʥʠʪʝ ʫʩʣʫʛʠ, ʢʘʢʦ ʥʘ ʧʨʠʤʝʨ ʚʦ ʨʘʢʦʚʦʜʩʪʚʦʪʦ, 

ʬʦʢʫʩʦʪ ʢʦʥ ʣʫʺʝʪʦ ʠ ʦʙʫʢʠʪʝ. ʂʘʢʦ ʧʦʜʜʨʰʢʘ ʥʘ ʦʚʘ ʪʚʨʜʝˁʝ, Bou-Liusar ʠ ʜʨʫʛʠ [33] 

ʜʦʜʘʚʘʘʪ ʜʝʢʘ ʠ ʩʦʮʠʿʘʣʥʠʪʝ ʠ ʪʝʭʥʠʯʢʠʪʝ ʜʠʤʝʥʟʠʠ ʩʝ ʤʝʺʫʩʝʙʥʦ ʧʦʚʨʟʘʥʠ ʠ ʩʝ 

ʧʦʜʜʨʞʫʚʘʘʪ.  

ɻʦʣʝʤ ʙʨʦʿ ʜʨʫʛʠ ʥʘʫʯʥʠʮʠ ʢʘʢʦ Mehra ʠ Ranganathan [34] ʠ Kumar [13] ʪʚʨʜʘʪ ʜʝʢʘ 

ʭʦʣʠʩʪʠʯʢʠʦʪ ʧʨʠʩʪʘʧ ʥʘ TQM ʛʠ ʠʥʪʝʛʨʠʨʘ ʩʠʪʝ ʬʫʥʢʮʠʠ ʠ ʩʝ ʬʦʢʫʩʠʨʘ ʥʘ ʧʦʪʨʝʙʠʪʝ 

ʥʘ ʢʣʠʝʥʪʠʪʝ ʠ ʮʝʣʠʪʝ ʥʘ ʦʨʛʘʥʠʟʘʮʠʿʘʪʘ. TQM ʩʝ ʬʦʢʫʩʠʨʘ ʥʘ ʢʚʘʣʠʪʝʪoʪ, 

ʧʨʦʜʫʢʪʠʚʥʦʩʪa ʠ ʢʦʥʢʫʨʝʥʪʥʦʩʪa. Agus [35] ʠ Kumar [36] ʟʘʙʝʣʝʞʘʣʝ ʜʝʢʘ TQM ʝ 

ʫʩʧʝʰʝʥ ʚʦ ʩʠʪʝ ʘʩʧʝʢʪʠ, ʚʦ ʬʠʥʘʥʩʠʠʪʝ, ʧʝʨʬʦʨʤʘʥʩʠʪʝ ʠ ʢʚʘʣʠʪʝʪʦʪ ʦʜ ʘʩʧʝʢʪ ʥʘ 

ʢʣʠʝʥʪʦʪ. ʉʝʧʘʢ, ʟʘʙʝʣʝʞʘʥʠ ʩʝ ʥʝʢʦʠ ʢʨʠʪʠʢʠ ʠ ʟʘʛʨʠʞʝʥʦʩʪ ʦʜ ʨʘʟʣʠʯʥʠ ʥʘʫʯʥʠʮʠ 

(Hackman ʠ Wageman [37], Powell [38], Narasimhan [39], Mehra ʠ Ranganathan [34]) ʟʘ 

ʫʩʚʦʿʫʚʘˁʝ ʥʘ TQM. ʊʠʝ ʦʙʿʘʩʥʫʚʘʘʪ ʜʝʢʘ ʦʚʠʝ ʢʨʠʪʠʢʠ ʩʝ ʧʦʚʨʟʘʥʠ ʩʦ ʥʝʜʦʩʪʘʪʦʢʦʪ ʦʜ 

ʩʪʨʫʢʪʫʨʠʨʘʥ ʧʨʠʩʪʘʧ ʧʨʠ ʧʦʜʦʙʨʫʚʘˁʝʪʦ ʥʘ ʧʨʦʮʝʩʠʪʝ, ʧʦʪʝʰʢʦʪʠʠ ʚʦ ʤʝʨʝˁʝʪʦ ʥʘ 

ʨʝʟʫʣʪʘʪʠʪʝ, ʚʠʩʦʢʠ ʪʨʦʰʦʮʠ ʠ ʚʨʝʤʝ ʧʦʪʨʝʙʥʦ ʟʘ ʠʤʧʣʝʤʝʥʪʠʨʘˁʝ ʥʘ TQM. ʄʥʦʛʫ 

ʘʚʪʦʨʠ ʚʦ ʣʠʪʝʨʘʪʫʨʘʪʘ ʪʚʨʜʘʪ ʜʝʢʘ ʧʦ ʦʢʦʣʫ ʜʚʘʝʩʝʪ ʛʦʜʠʥʠ, ʙʠʟʥʠʩʦʪ ʙʘʨʘ ʥʝʰʪʦ ʥʦʚʦ 

ʠ ʟʘʪʦʘ TQM ʝʚʦʣʫʠʨʘ ʚʦ ʐʝʩʪ ʉʠʛʤʘ, ʫʰʪʝ ʝʜʥʘ ʤʝʪʦʜʦʣʦʛʠʿʘ ʟʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ 

ʢʚʘʣʠʪʝʪʦʪ. 

2.3 ʋʧʨʘʚʫʚʘˁʝ ʩʦ ʢʚʘʣʠʪʝʪ ʚʦ ʘʚʪʦʤʦʙʠʣʩʢʘʪʘ ʠʥʜʫʩʪʨʠʿʘ IATF 16949:2016 

ʉʪʘʥʜʘʨʜʦʪ ʟʘ ʩʠʩʪʝʤʠ ʟʘ ʫʧʨʘʚʫʚʘˁʝ ʩʦ ʢʚʘʣʠʪʝʪ ʚʦ ʘʚʪʦʤʦʙʠʣʩʢʘʪʘ ʠʥʜʫʩʪʨʠʿʘ 

IATF 16949:2016, ʝ ʩʪʘʥʜʘʨʜ ʢʦʿ ʝ ʨʘʟʚʠʝʥ ʦʜ ʩʪʨʘʥʘ ʥʘ ʀʥʪʝʨʥʘʮʠʦʥʘʣʥʘʪʘ   

ʘʚʪʦʤʦʙʠʣʩʢʘ   ʨʘʙʦʪʥʘ  ʛʨʫʧʘ (ʘʥʛ. International Automotive Task Force - IATF). ʆʚʦʿ 

ʩʪʘʥʜʘʨʜ ʝ ʢʨʘʝʥ ʧʨʦʠʟʚʦʜ ʥʘ ʤʥʦʛʫʪʝ ʥʘʧʦʨʠ ʟʘ ʩʪʘʥʜʘʨʜʠʟʘʮʠʿʘ ʚʦ ʠʩʪʦʨʠʿʘʪʘ ʥʘ 

ʘʚʪʦʤʦʙʠʣʩʢʘʪʘ ʠʥʜʫʩʪʨʠʿʘ. ʉʦ ʩʪʘʥʜʘʨʜʠʟʠʨʘˁʝʪʦ ʥʘ ʩʠʩʪʝʤʠʪʝ ʟʘ ʫʧʨʘʚʫʚʘˁʝ ʩʦ 

ʢʚʘʣʠʪʝʪ ʚʦ ʘʚʪʦʤʦʙʠʣʩʢʘʪʘ ʠʥʜʫʩʪʨʠʿʘ, ʤʝʺʫʥʘʨʦʜʥʠʪʝ ʜʦʙʘʚʫʚʘʯʠ ʥʘ ʘʚʪʦʤʦʙʠʣʠ 

ʧʦʚʝ˃ʝ ʥʝ ʤʦʨʘ ʜʘ ʛʠ ʟʘʜʦʚʦʣʫʚʘʘʪ ʤʥʦʛʫʙʨʦʿʥʠʪʝ ʥʘʮʠʦʥʘʣʥʠ ʩʪʘʥʜʘʨʜʠ ʟʘ ʢʚʘʣʠʪʝʪ ʥʘ 

ʘʚʪʦʤʦʙʠʣʠʪʝ, ʢʦʠ ʯʝʩʪʦʧʘʪʠ ʙʠʣʝ ʢʦʥʪʨʘʜʠʢʪʦʨʥʠ ʠ ʜʦʚʝʜʫʚʘʣʝ ʜʦ ʧʨʝʢʫʤʝʨʥʠ 

ʨʝʚʠʟʠʠ. ʆʚʦʿ ʩʪʘʥʜʘʨʜ ʥʘ ʘʚʪʦʤʦʙʠʣʩʢʘʪʘ ʠʥʜʫʩʪʨʠʿʘ ʩʝ ʦʜʥʝʩʫʚʘ ʥʘ ʩʠʪʝ ʚʥʘʪʨʝʰʥʠ ʠ 

ʥʘʜʚʦʨʝʰʥʠ ʜʦʙʘʚʫʚʘʯʠ ʥʘ: 

1. ʇʨʦʠʟʚʦʜʥʠ  ʠʣʠ ʩʝʨʚʠʩʥʠ ʜʝʣʦʚʠ. 

2. ʄʘʪʝʨʠʿʘʣʠ ʟʘ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦ. 

3. ʄʦʥʪʘʞʠ. 

4. ɻʨʝʝˁʝ, ʟʘʚʘʨʫʚʘˁʝ, ʬʘʨʙʘˁʝ ʠʣʠ ʜʨʫʛʠ ʟʘʚʨʰʥʠ ʫʩʣʫʛʠ, ʢʦʠ ʜʠʨʝʢʪʥʦ ʩʝ 

ʧʦʚʨʟʘʥʠ ʩʦ ʜʝʣʦʚʠ ʦʜ ʘʚʪʦʤʦʙʠʣʩʢʘʪʘ ʠʥʜʫʩʪʨʠʿʘ. 

IATF 16949:2016 ʝ ʥʘʜʦʛʨʘʜʝʥ ʤʦʜʝʣ ʢʦʿ ʧʦʪʝʢʥʫʚʘ ʦʜ ʩʪʘʥʜʘʨʜʦʪ ISO/TS 

16949:2009, ʠ ʝ ʥʘʩʪʘʥʘʪ ʩʦ ʩʧʦʿʫʚʘˁʝ ʥʘ ʩʧʝʮʠʬʠʯʥʠʪʝ ʙʘʨʘˁʘ ʦʜ ʘʚʪʦʤʦʙʠʣʩʢʠʦʪ 

ʩʝʢʪʦʨ ʚʦ ʉɸɼ, ʀʪʘʣʠʿʘ, ɻʝʨʤʘʥʠʿʘ, ɸʥʛʣʠʿʘ ʠ ʌʨʘʥʮʠʿʘ ʩʦ ʩʪʘʥʜʘʨʜʦʪ ISO 9001 ʠ 

ʦʩʥʦʚʥʠʦʪ ʩʪʘʥʜʘʨʜ ʥʘ ʩʠʩʪʝʤʠ ʟʘ ʫʧʨʘʚʫʚʘˁʝ ʩʦ ʢʚʘʣʠʪʝʪ  ISO 9000. ʄʝʺʫʪʦʘ, ʟʘ ʨʘʟʣʠʢʘ 

ʦʜ ISO/TS 16949:2009, ʩʪʘʥʜʘʨʜʦʪ IATF 16949:2016 ʥʝ ʛʠ ʚʢʣʫʯʫʚʘ ʙʘʨʘˁʘʪʘ ʦʜ ISO 

9001:2015 ʪʫʢʫ ʫʧʘʪʫʚʘ ʥʘ ʥʠʚ. ʇʦʨʘʜʠ ʦʚʘʘ ʧʨʠʯʠʥʘ, ʩʝʢʦʿʘ ʢʦʤʧʘʥʠʿʘ ʢʦʿʘ ʙʘʨʘ 
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ʩʝʨʪʠʬʠʢʘʪ ʟʘ IATF 16949:2016 ʤʦʨʘ ʜʘ ʜʦʙʠʝ ʢʦʧʠʠ ʦʜ  ʜʚʘʪʘ ʩʪʘʥʜʘʨʜʠ, IATF 

16949:2016 ʠ ISO 9001:2015, ʟʘ ʜʘ ʦʩʠʛʫʨʠ ʜʝʢʘ ʪʠʝ ʩʝ ʟʘʧʦʟʥʘʝʥʠ ʩʦ ʩʠʪʝ ʚʘʞʝʯʢʠ 

ʙʘʨʘˁʘ.  

ISO 9001:2015 ʝ ʦʩʥʦʚʘ ʥʘ IATF 16949:2016 ʩʪʘʥʜʘʨʜʦʪ, ʠ ʟʘʪʦʘ ʤʦʨʘ ʜʘ ʩʝ ʠʤʘ 

ʥʝʛʦʚʦ ʦʩʥʦʚʥʦ ʧʦʟʥʘʚʘˁʝ, ʩʦ ʮʝʣ ʮʝʣʦʩʥʦ ʜʘ ʩʝ ʨʘʟʙʝʨʝ IATF ʩʪʘʥʜʘʨʜʦʪ. ʉʪʘʥʜʘʨʜʦʪ 

ISO 9001:2015 ʠʤʘ ʟʘ ʮʝʣ ʜʘ ʦʙʝʟʙʝʜʠ ʙʘʨʘˁʘ ʟʘ ʝʜʥʘ ʦʨʛʘʥʠʟʘʮʠʿʘ ʜʘ ʚʦʩʧʦʩʪʘʚʠ, 

ʜʦʢʫʤʝʥʪʠʨʘ ʠ ʦʜʨʞʫʚʘ ʩʠʩʪʝʤ ʟʘ ʫʧʨʘʚʫʚʘˁʝ ʩʦ ʢʚʘʣʠʪʝʪ, ʩʝ ʩʦ ʮʝʣ ʜʘ ʦʙʝʟʙʝʜʠ 

ʢʦʥʟʠʩʪʝʥʪʥʦʩʪ ʥʘ ʩʚʦʠʪʝ ʧʨʦʮʝʩʠ, [40]. ɼʝʥʝʩ, ʠʤʧʣʝʤʝʥʪʘʮʠʿʘʪʘ ʥʘ ISO 9001:2015 

ʩʪʘʥʜʘʨʜʦʪ ʝ ʚʠʨʪʫʝʣʝʥ ʧʨʝʜʫʩʣʦʚ ʟʘ ʚʦʜʝˁʝ ʙʠʟʥʠʩ ʚʦ ʟʝʤʿʠʪʝ ʯʣʝʥʢʠ ʥʘ ɽʋ. ʇʦʢʨʘʿ 

ISO 9001:2015 ʩʪʘʥʜʘʨʜʦʪ, ʦʚʠʝ ʩʝ ʪʨʠ ʧʨʠʤʘʨʥʦ ʜʦʧʦʣʥʠʪʝʣʥʠ ʩʪʘʥʜʘʨʜʠ: 

¶ ISO 9000:2015, ʉʠʩʪʝʤʠ ʟʘ ʫʧʨʘʚʫʚʘˁʝ ʩʦ ʢʚʘʣʠʪʝʪ - ʆʩʥʦʚʠ ʠ ʪʝʨʤʠʥʠ. ʆʚʦʿ 

ʩʪʘʥʜʘʨʜ, ʢʦʿ ʝ ʟʘʤʝʥʘ ʟʘ ʩʪʘʥʜʘʨʜʦʪ ISO 9000:2005, ʜʘʚʘ ʦʙʿʘʩʥʫʚʘˁʘ ʥʘ 

ʪʝʨʤʠʥʠʪʝ ʠ ʜʝʬʠʥʠʮʠʠʪʝ ʢʦʠ ʩʝ ʢʦʨʠʩʪʘʪ ʚʦ ʩʠʪʝ ʩʪʘʥʜʘʨʜʠ ʥʘ ʩʠʩʪʝʤʠʪʝ ʟʘ 

ʫʧʨʘʚʫʚʘˁʝ ʩʦ ʢʚʘʣʠʪʝʪ ʨʘʟʚʠʝʥʠ ʦʜ ISO/TS 176. ISO 9000:2015 ʥʝ ʝ ʩʪʘʥʜʘʨʜ 

ʢʦʿ  ʩʝ ʩʝʨʪʠʬʠʮʠʨʘ, ʥʦ ʤʦʞʝ ʜʘ ʙʠʜʝ ʦʜ ʛʦʣʝʤʘ ʢʦʨʠʩʪ ʟʘ ʢʦʤʧʘʥʠʿʘ ʢʦʿʘ 

ʟʘʧʦʯʥʫʚʘ ʧʦʩʪʘʧʢʘ  ʟʘ ʩʝʨʪʠʬʠʢʘʮʠʿʘ ʥʘ  ISO 9001:2015. 

¶ ISO 9004:2018, ʉʠʩʪʝʤʠ ʟʘ ʫʧʨʘʚʫʚʘˁʝ ʩʦ ʢʚʘʣʠʪʝʪ - ʅʘʩʦʢʠ ʟʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ 

ʧʝʨʬʦʨʤʘʥʩʠʪʝ. ʆʚʦʿ ʩʪʘʥʜʘʨʜ ʦʙʝʟʙʝʜʫʚʘ ʠʥʩʪʨʫʢʮʠʠ  ʥʘʜʚʦʨ ʦʜ ISO 

9001:2015 ʩʪʘʥʜʘʨʜʦʪ, ʚʦ ʥʘʩʦʢʘ ʢʦʥ ʨʘʟʚʠʚʘˁʝ ʥʘ ʩʝʦʧʬʘʪʝʥ ʩʠʩʪʝʤ ʟʘ 

ʫʧʨʘʚʫʚʘˁʝ ʩʦ ʢʚʘʣʠʪʝʪ ʩʝ ʩʦ ʮʝʣ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʩʝʚʢʫʧʥʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ 

ʦʨʛʘʥʠʟʘʮʠʿʘʪʘ, [41]. 

¶ ISO 19011:2018, ʋʧʘʪʩʪʚʦ ʟʘ ʘʫʜʠʪ ʥʘ ʩʠʩʪʝʤʠʪʝ ʟʘ ʤʝʥʘ˅ʠʨʘˁʝ. ʆʚʦʿ ʩʪʘʥʜʘʨʜ 

e ʟʘʤʝʥʘ ʥʘ ʩʪʘʥʜʘʨʜʦʪ ISO 19011:2011 ʠ ʜʘʚʘ ʫʧʘʪʩʪʚʘ ʟʘ ʘʫʜʠʪ ʥʘ ʩʠʩʪʝʤʠʪʝ 

ʟʘ ʤʝʥʘ˅ʠʨʘˁʝ. ʉʪʘʥʜʘʨʜʦʪ ʛʠ ʚʢʣʫʯʫʚʘ ʧʨʠʥʮʠʧʠʪʝ ʥʘ ʘʫʜʠʪʠʨʘˁʝ, 

ʤʝʥʘ˅ʠʨʘˁʝ ʥʘ ʘʫʜʠʪ ʧʨʦʛʨʘʤʠʪʝ ʠ ʩʧʨʦʚʝʜʫʚʘˁʝ ʥʘ ʘʫʜʠʪʠʪʝ. ʇʦ ʦʚʘ ʫʧʘʪʩʪʚʦ 

ʩʝ ʚʦʜʘʪ ʧʦʝʜʠʥʮʠʪʝ ʢʦʠ ʛʠ ʤʝʥʘ˅ʠʨʘʘʪ ʧʨʦʛʨʘʤʠʪʝ ʟʘ ʘʫʜʠʪ, ʘʫʜʠʪʦʨʠʪʝ ʠ 

ʪʠʤʦʚʠʪʝ ʢʦʠ ʩʝ ʚʢʣʫʯʝʥʠ ʚʦ ʘʫʜʠʪʦʪ, [42]. 

ɿʘ ʮʝʣʦʩʥʦ ʜʘ ʩʝ ʨʘʟʙʝʨʝ IATF 16949:2016 ʩʪʘʥʜʘʨʜʦʪ, ʠʩʪʦ ʪʘʢʘ ʝ ʚʘʞʥʦ ʜʘ ʩʝ 

ʨʘʟʙeʨe ʠʩʪʦʨʠʿʘʪʘ ʥʘ ʩʪʘʥʜʘʨʜʠ ʚʦ ʘʚʪʦʤʦʙʠʣʩʢʘʪʘ ʠʥʜʫʩʪʨʠʿʘ. ɿʘ ʪʦʘ ʧʦʪʨʝʙʥʦ ʝ ʜʘ ʩʝ 

ʥʘʧʨʘʚʠ ʦʩʚʨʪ ʥʘ ʥʝʛʦʚʠʦʪ ʧʨʝʪʭʦʜʥʠʢ ISO/ʊʉ 16949. ʅʘ ISO/ʊʉ 16949 ʤʫ ʧʨʝʪʭʦʜʘʪ 

ʯʝʪʠʨʠ ʥʘʮʠʦʥʘʣʥʠ ʘʚʪʦʤʦʙʠʣʩʢʠ ʜʝʨʠʚʘʪʠ ʥʘ ISO 9000. ɺʦ ʉɸɼ, ʛʦʣʝʤʘʪʘ ʪʨʦʿʢʘ 

Chrysler, Ford ʠ General Motors ʛʦ ʨʘʟʚʠʚʘʘʪ QS-9000. ɺʦ ɻʝʨʤʘʥʠʿʘ, Verbrand der 

Automobilindustrie e.V. (VDA), ʩʦ ʧʨʠʜʦʥʝʩ ʦʜ ʤʥʦʟʠʥʩʪʚʦʪʦ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʠ 

ʜʦʙʘʚʫʚʘʯʠ, ʛʦ ʨʘʟʚʠʚʘʘʪ VDA 6.1 ʩʪʘʥʜʘʨʜʦʪ. ɺʦ ʌʨʘʥʮʠʿʘ, F®d®ration des Industries des 

£quipements for V®hicules (FIEV) ʠ Comit® des Constructeurs Fran­ais d'Automobiles 

(CCFA) ʛʦ ʨʘʚʠʚʘʘʪ Evaluation Aptitude Qualit® Fournisseur (EAQF). ɺʦ ʀʪʘʣʠʿʘ, 

Associazione Nazionale Fra Industrie Automobilistiche (ANFIA) ʛʦ ʨʘʟʚʠʚʘʘʪ ʩʪʘʥʜʘʨʜʦʪ 

ANFIA Valutazione Sistemi Qualità (AVSQ).  ʇʦʩʪʦʝˁʝʪʦ ʥʘ ʯʝʪʠʨʠʪʝ ʩʪʘʥʜʘʨʜʠ ʟʘ 

ʢʚʘʣʠʪʝʪ ʚʦ ʘʚʪʦʤʦʙʠʣʩʢʘʪʘ ʠʥʜʫʩʪʨʠʿʘ ʩʦʟʜʘʚʘʣʦ ʧʦʪʝʰʢʦʪʠʠ ʟʘ ʤʝʺʫʥʘʨʦʜʥʠʪʝ 

ʜʦʙʘʚʫʚʘʯʠ, ʢʦʠ ʙʠʣʝ ʧʦʜʣʦʞʝʥʠ ʥʘ  ʩʧʨʦʪʠʚʩʪʘʚʝʥʠ ʙʘʨʘˁʘ ʠ ʧʦʚʝ˃ʝʢʨʘʪʥʠ ʘʫʜʠʪʠ ʟʘ 

ʨʝʛʠʩʪʨʘʮʠʿʘ. ʇʨʚʠʦʪ ʦʙʠʜ ʟʘ ʨʝʰʘʚʘˁʝ ʥʘ ʦʚʠʝ ʧʨʦʙʣʝʤʠ ʝ ʚʦ 1994 ʛʦʜʠʥʘ, ʢʦʛʘ 

ʛʝʨʤʘʥʩʢʘʪʘ ʠ ʬʨʘʥʮʫʩʢʘʪʘ ʘʚʪʦʤʦʙʠʣʩʢʘ ʠʥʜʫʩʪʨʠʿʘ ʩʝ ʩʦʛʣʘʩʫʚʘʘʪ ʟʘ ʚʟʘʝʤʥʦ 

ʧʨʠʟʥʘʚʘˁʝ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʦʜ ʘʫʜʠʪʠʪʝ ʥʘ ʩʠʩʪʝʤʠʪʝ ʟʘ ʢʚʘʣʠʪʝʪ VDA 6.1 ʠ EAQF. ɺʦ 

1996 ʛʦʜʠʥʘ ʝ ʧʦʩʪʠʛʥʘʪ ʦʛʨʘʥʠʯʝʥ ʨʝʮʠʧʨʦʯʝʥ ʜʦʛʦʚʦʨ, ʩʧʦʨʝʜ ʢʦʿ ʧʨʦʠʟʚʦʜʠʪʝʣʠʪʝ ʥʘ 

ʘʚʪʦʤʦʙʠʣʠ ʩʦ QS-9000, VDA 6.1, EAQF ʠ AVSQ ʩʪʘʥʜʘʨʜʠʪʝ, ʤʝʺʫʩʝʙʥʦ ʩʠ ʛʠ 

ʧʨʠʟʥʘʚʘʘʪ ʠʥʪʝʨʥʠʪʝ ʘʫʜʠʪʠ. ʈʝʮʠʧʨʦʯʥʠʦʪ ʜʦʛʦʚʦʨ, ʟʘʝʜʥʦ ʩʦ ʧʨʠʟʥʘʥʠʝʪʦ ʜʝʢʘ 85 

ʧʨʦʮʝʥʪʠ ʦʜ ʯʝʪʠʨʠʪʝ ʩʪʘʥʜʘʨʜʠ ʩʦʜʨʞʘʪ ʠʩʪʠ ʙʘʨʘˁʘ, ʜʦʚʝʜʫʚʘ ʜʦ ʧʦʥʘʪʘʤʦʰʥʠ 

ʜʠʩʢʫʩʠʠ ʟʘ ʫʩʦʛʣʘʩʫʚʘˁʝ ʠ ʬʦʨʤʠʨʘˁʝ ʥʘ ʀʥʪʝʨʥʘʮʠʦʥʘʣʥʘ ʘʚʪʦʤʦʙʠʣʩʢʘ ʨʘʙʦʪʥʘ 

ʛʨʫʧʘ (ʘʥʛ. International Automotive Task Force - IATF), ʢʦʿʘ ʧʨʚʠʯʥʦ ʩʝ ʩʦʩʪʦʠ ʦʜ 
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ʘʤʝʨʠʢʘʥʩʢʠ, ʛʝʨʤʘʥʩʢʠ, ʬʨʘʥʮʫʩʢʠ, ʠʪʘʣʠʿʘʥʩʢʠ ʠ ʙʨʠʪʘʥʩʢʠ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʥʘ 

ʘʚʪʦʤʦʙʠʣʠ. ʈʝʟʫʣʪʘʪ ʥʘ ʦʚʠʝ ʫʩʦʛʣʘʩʝʥʠ ʥʘʧʦʨʠ ʝ ISO/ʊʉ 16949:1999 ʩʪʘʥʜʘʨʜʦʪ. 

ISO/TS 16949:1999 ʛʠ ʩʦʜʨʞʠ ʩʠʪʝ ʙʘʨʘˁʘ ʥʘ ISO 9001:1994 ʩʪʘʥʜʘʨʜʦʪ, ʩʦ 

ʜʦʧʦʣʥʠʪʝʣʥʠ ʩʧʝʮʠʬʠʯʥʠ ʙʘʨʘˁʘ ʦʜ ʘʚʪʦʤʦʙʠʣʩʢʠʦʪ ʩʝʢʪʦʨ ʢʦʠ ʧʨʦʠʟʣʝʛʫʚʘʘʪ ʦʜ QS-

9000, VDA 6.1, EAQF ʠ AVSQ. ʇʨʦʮʝʩʦʪ ʥʘ ʨʝʚʠʟʠʿʘ ʥʘ ISO/ʊʉ 16949 ʟʘʧʦʯʥʘʣ ʚʦ 2001 

ʛʦʜʠʥʘ. ISO/ʊʉ 16949 ʝ ʨʝʚʠʜʠʨʘʥ ʚʦ ʩʦʛʣʘʩʥʦʩʪ ʩʦ ISO 9001:2000 ʚʦ 2002 ʛʦʜʠʥʘ. 

ɱʘʧʦʥʩʢʠ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʥʘ ʘʚʪʦʤʦʙʠʣʠ, ʢʦʠ ʥʝ ʫʯʝʩʪʚʫʚʘʣʝ ʚʦ ʠʟʛʦʪʚʫʚʘˁʝʪʦ ʥʘ ISO/ʊʉ 

16949:1999, ʫʯʝʩʪʚʫʚʘʘʪ ʚʦ ʦʚʘʘ ʨʝʚʠʟʠʿʘ. ʅʠʪʫ ʝʜʝʥ ʦʜ ʥʘʮʠʦʥʘʣʥʠʪʝ ʩʪʘʥʜʘʨʜʠ ʟʘ 

ʢʚʘʣʠʪʝʪ ʚʦ ʘʚʪʦʤʦʙʠʣʩʢʘʪʘ ʠʥʜʫʩʪʨʠʿʘ ʥʝ ʝ ʨʝʚʠʜʠʨʘʥ ʟʘ ʜʘ ʩʝ ʫʩʦʛʣʘʩʠ ʩʦ ISO 

9001:2000. ʉʦ ʦʛʣʝʜ ʥʘ ʦʚʠʝ ʬʘʢʪʦʨʠ, ʟʘʝʜʥʦ ʩʦ ʝʬʠʢʘʩʥʦʩʪʘ ʜʘ ʩʝ ʠʤʘ ʩʘʤʦ ʝʜʝʥ 

ʤʝʺʫʥʘʨʦʜʝʥ ʩʪʘʥʜʘʨʜ ʟʘ ʢʚʘʣʠʪʝʪ ʥʘ ʘʚʪʦʤʦʙʠʣʠʪʝ, ISO/ʊʉ 16949:2002 ʛʠ ʟʘʤʝʥʫʚʘ ʩʠʪʝ 

ʥʘʮʠʦʥʘʣʥʠ ʩʪʘʥʜʘʨʜʠ ʟʘ ʢʚʘʣʠʪʝʪ ʥʘ ʘʚʪʦʤʦʙʠʣʠʪʝ. ISO/ʊʉ 16949:2009 ʧʨʝʪʩʪʘʚʫʚʘ 

ʧʨʦʜʦʣʞʝʥʠʝ ʥʘ ʦʚʘʘ ʫʩʧʝʰʥʘ ʧʨʠʢʘʟʥʘ ʚʦ ʥʦʚʘʪʘ ʛʝʥʝʨʘʮʠʿʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ 

ʘʚʪʦʤʦʙʠʣʩʢʠ ʧʨʦʠʟʚʦʜʠ ʠ ʫʩʣʫʛʠ. ɺʝʨʟʠʿʘʪʘ ʦʜ 2009 ʛʦʜʠʥʘ ʚʦ ʩʫʰʪʠʥʘ ʛʠ ʩʦʜʨʞʠ 

ʠʩʪʠʪʝ ʩʧʝʮʠʬʠʯʥʠ ʙʘʨʘˁʘ ʦʜ ʘʚʪʦʤʦʙʠʣʩʢʠʦʪ ʩʝʢʪʦʨ ʢʦʠ ʩʝ ʥʘʦʺʘʘʪ ʚʦ ISO/ʊʉ 

16949:2002, ʥʦ ʩʦ ʥʘʜʛʨʘʜʝʥ ʦʩʥʦʚʝʥ ʪʝʢʩʪ ʟʘ ʜʘ ʦʜʛʦʚʘʨʘ ʥʘ ʘʞʫʨʠʨʘˁʘʪʘ ʢʦʠ ʩʝ 

ʥʘʧʨʘʚʝʥʠ ʚʦ ISO 9001:2008.  

2.4 ʆʩʥʦʚʥʠ ʘʣʘʪʢʠ ʚʦ IATF 16949:2016 ʢʦʠ ˃ʝ ʩʝ ʢʦʨʠʩʪʘʪ ʚʦ ʦʚʘ ʠʩʪʨʘʞʫʚʘˁʝ 

ɿʘ ʧʦʪʨʝʙʠʪʝ ʥʘ ʜʦʢʪʦʨʩʢʦʪʦ ʠʩʪʨʘʞʫʚʘˁʝ ˃ʝ ʩʝ ʢʦʨʠʩʪʘʪ ʪʨʠ ʨʝʬʝʨʝʥʪʥʠ 

ʧʨʠʨʘʯʥʠʮʠ ʥʘ ʢʦʠ ʩʝ ʧʦʚʠʢʫʚʘ ʩʪʘʥʜʘʨʜʦʪ ʟʘ ʫʧʨʘʚʫʚʘˁʝ ʩʦ ʢʚʘʣʠʪʝʪ ʚʦ 

ʘʚʪʦʤʦʙʠʣʩʢʘʪʘ ʠʥʜʫʩʪʨʠʿʘ IATF 16949:2016, ʠ ʪʦʘ:  

¶ ɸʥʘʣʠʟʘ ʥʘ ʤʦʜʦʚʠʪʝ ʥʘ ʜʝʬʝʢʪʠ ʠ ʥʠʚʥʠʦʪ ʝʬʝʢʪ (ʘʥʛ. Failure Mode And Effect 

Analyze - FMEA). ʆʚʦʿ ʨʝʬʝʨʝʥʪʝʥ ʧʨʠʨʘʯʥʠʢ ʿʘ ʦʧʠʰʫʚʘ ʘʥʘʣʠʪʠʯʢʘʪʘ 

ʤʝʪʦʜʦʣʦʛʠʿʘ ʰʪʦ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʜʘ ʩʝ ʦʩʠʛʫʨʘ ʜʝʢʘ ʧʦʪʝʥʮʠʿʘʣʥʠʪʝ ʧʨʦʙʣʝʤʠ ʩʝ 

ʨʘʟʛʣʝʜʘʥʠ ʠ ʩʝ ʦʧʬʘʪʝʥʠ ʚʦ ʧʨʦʮʝʩʦʪ ʥʘ ʨʘʟʚʦʿ ʥʘ ʧʨʦʠʟʚʦʜ/ʧʨʦʮʝʩ ʧʦʟʥʘʪ ʧʦʜ 

ʠʤʝʪʦ ʥʘʧʨʝʜʥʦ ʧʣʘʥʠʨʘˁʝ ʥʘ ʢʚʘʣʠʪʝʪʦʪ ʥʘ ʧʨʦʠʟʚʦʜʦʪ (ʘʥʛ. Advance 

Product Quality Planning - APQP). ɸʥʘʣʠʪʠʯʢʘʪʘ ʤʝʪʦʜʘ ʧʨʝʟʝʥʪʠʨʘʥʘ ʚʦ FMEA 

ʧʨʠʨʘʯʥʠʢʦʪ ʝ ʧʨʠʤʝʥʣʠʚʘ ʟʘ ʩʝʢʦʿ ʧʨʦʠʟʚʦʜ ʠʣʠ ʧʨʦʮʝʩ, ʥʦ ʛʣʘʚʥʦ ʩʝ ʬʦʢʫʩʠʨʘ 

ʥʘ ʘʧʣʠʢʘʮʠʠʪʝ ʟʘʩʪʘʧʝʥʠ ʚʦ ʘʚʪʦʤʦʙʠʣʩʢʘʪʘ ʠʥʜʫʩʪʨʠʿʘ ʠ ʥʝʿʟʠʥʠʪʝ 

ʜʦʙʘʚʫʚʘʯʠ, [43]. 

¶ ʉʪʘʪʠʩʪʠʯʢʘ ʢʦʥʪʨʦʣʘ ʥʘ ʧʨʦʮʝʩ (ʘʥʛ. Statistical Process Control - SPC). ʆʚʦʿ 

ʨʝʬʝʨʝʥʪʝʥ ʧʨʠʨʘʯʥʠʢ ʩʣʫʞʠ ʟʘ ʜʦʥʝʩʫʚʘˁʝ ʥʘ ʦʜʣʫʢʠ ʢʦʠ ˃ʝ ʠ ʦʚʦʟʤʦʞʘʪ ʥʘ 

ʦʨʛʘʥʠʟʘʮʠʿʘʪʘ ʜʘ ʫʪʚʨʜʠ ʜʘʣʠ ʧʨʦʮʝʩʦʪ ʧʨʘʚʠʣʥʦ ʬʫʥʢʮʠʦʥʠʨʘ, [44]. SPC ʝ 

ʤʝʪʦʜʦʣʦʛʠʿʘ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʛʣʘʚʥʦ ʟʘ ʩʣʝʜʝˁʝ ʠ ʢʦʥʪʨʦʣʘ ʥʘ ʦʜʥʝʩʫʚʘˁʝʪʦ ʥʘ 

ʧʨʦʠʟʚʦʜʥʠʦʪ ʧʨʦʮʝʩ, ʥʦ ʤʦʞʝ ʜʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʩʝʢʦʿ ʧʨʦʮʝʩ ʢʦʿ ʠʤʘ ʤʝʨʣʠʚ 

ʠʟʣʝʟʝʥ ʨʝʟʫʣʪʘʪ. ɻʣʘʚʥʘ ʮʝʣ ʥʘ ʦʚʘʘ ʘʣʘʪʢʘ ʝ ʜʘ ʦʙʝʟʙʝʜʠ ʢʦʥʪʠʥʫʠʨʘʥʦ 

ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʢʚʘʣʠʪʝʪʦʪ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝ ʠ ʫʩʣʫʛʠʪʝ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʘ ʥʘ 

ʨʘʙʦʪʥʘʪʘ ʩʠʣʘ. ʉʪʘʥʜʘʨʜʦʪ ʿʘ ʦʙʿʘʩʥʫʚʘ ʧʦʩʪʘʧʢʘʪʘ ʥʘ ʟʝʤʘˁʝ ʥʘ ʧʨʠʤʝʨʦʮʠ ʟʘ 

ʤʝʨʝˁʝ, ʧʨʦʮʝʩʦʪ ʥʘ ʠʟʙʦʨ ʥʘ ʢʦʥʪʨʦʣʥʠ ʛʨʘʬʠʢʦʥʠ, ʪʘʙʝʣʠ ʩʦ ʢʦʥʩʪʘʥʪʠ ʠ 

ʬʦʨʤʫʣʠ, ʪʝʨʤʠʥʠ, ʩʠʤʙʦʣʠ ʠ ʨʝʬʝʨʝʥʮʠ.  

¶ ɸʥʘʣʠʟʘ ʥʘ ʩʠʩʪʝʤʠʪʝ ʟʘ ʤʝʨʝˁʝ (ʘʥʛ. Measurement System Analyze - MSA). 

ʆʚʦʿ ʨʝʬʝʨʝʥʪʝʥ ʧʨʠʨʘʯʥʠʢ ʩʣʫʞʠ ʟʘ ʚʘʣʠʜʘʮʠʿʘ ʥʘ ʤʝʨʥʘʪʘ ʦʧʨʝʤʘ, [45]. 

ɻʣʘʚʥʘ ʮʝʣ ʥʘ ʦʚʦʿ ʧʨʠʨʘʯʥʠʢ ʝ ʜʘ ʜʘʜʝ ʫʧʘʪʩʪʚʘ ʟʘ ʩʧʨʦʚʝʜʫʚʘˁʝ ʥʘ ʘʥʘʣʠʟʘ ʥʘ 

ʤʝʨʥʠʦʪ ʩʠʩʪʝʤ ʠ ʜʘ ʫʚʝʨʠ ʜʝʢʘ ʤʝʨʝˁʘʪʘ ʰʪʦ ʩʝ ʧʨʘʚʘʪ ʩʝ ʪʦʯʥʠ. 

ɼʦʧʦʣʥʠʪʝʣʥʦ ʜʘʚʘ ʘʢʮʝʥʪ ʥʘ  ʠʟʫʯʫʚʘˁʝ ʥʘ ʨʝʣʘʮʠʿʘʪʘ ʧʦʤʝʺʫ ʤʝʨʥʠʦʪ ʩʠʩʪʝʤ 

ʠ ʥʝʛʦʚʘʪʘ ʦʢʦʣʠʥʘ, ʩʦ ʮʝʣ ʤʝʨʥʠʦʪ ʩʠʩʪʝʤ ʜʘ ʛʝʥʝʨʠʨʘ ʩʘʤʦ ʧʦʜʘʪʦʮʠ ʩʦ 

ʧʨʠʬʘʪʣʠʚ ʢʚʘʣʠʪʝʪ.  
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3 ʐɽʉʊ ʉʀɻʄɸ ʄɽʊʆɼʆʃʆɻʀɱɸ 

3.1 ɺʦʚʝʜ ʚʦ ʐʝʩʪ ʉʠʛʤʘ ʤʝʪʦʜʦʣʦʛʠʿʘʪʘ 

ʐʝʩʪ ʉʠʛʤʘ, ʢʘʢʦ ʰʪʦ ʝ ʜʝʬʠʥʠʨʘʥʦ ʦʜ Dave [46] ʠ Antony [47] ʝ ʧʨʠʩʪʘʧ ʟʘ 

ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʙʠʟʥʠʩʦʪ, ʢʦʿ ʛʠ ʠʜʝʥʪʠʬʠʢʫʚʘ ʜʝʬʝʢʪʠʪʝ ʠʣʠ ʛʨʝʰʢʠʪʝ ʚʦ ʙʠʟʥʠʩ 

ʧʨʦʮʝʩʠʪʝ. ʆʚʦʿ ʧʨʠʩʪʘʧ ʛʠ ʠʜʝʥʪʠʬʠʢʫʚʘ ʠ ʝʣʠʤʠʥʠʨʘ ʠʟʚʦʨʥʠʪʝ ʧʨʠʯʠʥʠ ʟʘ 

ʥʘʩʪʘʥʫʚʘˁʝ ʥʘ ʜʝʬʝʢʪʠʪʝ ʩʦ ʮʝʣ ʜʘ ʩʝ ʧʦʩʪʠʛʥʘʪ  ʧʦʜʦʙʨʫʚʘˁʘ ʥʘ ʧʨʦʮʝʩʦʪ. Henderson 

ʠ Evans [48], Antony ʠ Banuelas [49],  Kuei ʠ Madu [50] ʠ Horel [51] ʢʦʤʝʥʪʠʨʘʘʪ ʜʝʢʘ 

ʬʦʢʫʩʦʪ ʥʘ ʐʝʩʪ ʉʠʛʤʘ ʝ ʜʘ ʩʝ ʥʘʤʘʣʘʪ ʚʘʨʠʿʘʮʠʠʪʝ ʥʘ ʧʨʦʮʝʩʦʪ, ʩʦ ʧʨʠʤʝʥʘ ʥʘ 

ʩʪʘʪʠʩʪʠʯʢʦ ʨʘʟʤʠʩʣʫʚʘˁʝ ʠ ʤʝʪʦʜʠ. Hoerl [52] ʠ Antony [47] ʛʦ ʧʦʪʚʨʜʠʣʝ ʬʘʢʪʦʪ ʜʝʢʘ 

ʟʘ ʨʘʟʣʠʢʘ  ʦʜ ʜʨʫʛʠʪʝ ʤʝʪʦʜʦʣʦʛʠʠ ʩʠʣʘʪʘ ʥʘ ʐʝʩʪ ʉʠʛʤʘ ʝ ʪʦʘ ʰʪʦ ʩʦʟʜʘʚʘ ʿʘʩʝʥ ʬʦʢʫʩ 

ʟʘ ʤʝʨʣʠʚʠ ʠ ʢʚʘʥʪʠʪʘʪʠʚʥʠ ʜʦʙʠʚʢʠ. ʊʠʝ ʪʚʨʜʘʪ ʜʝʢʘ ʧʨʝʢʫ ʘʥʘʣʠʟʘ ʥʘ ʦʧʝʨʘʪʠʚʥʠʪʝ 

ʧʨʦʮʝʩʠ ʤʦʞʝ ʜʘ ʩʝ ʠʜʝʥʪʠʬʠʢʫʚʘʘʪ ʜʝʬʝʢʪʠ ʠ ʜʘ ʩʝ ʠʩʧʠʪʘʘʪ ʢʘʢʦ ʠ ʟʦʰʪʦ ʩʝ ʧʦʿʘʚʫʚʘʘʪ. 

Heckl [53] ʛʦ ʧʦʜʜʨʞʫʚʘ ʦʚʘ ʪʚʨʜʝˁʝ ʠ ʚʝʣʠ ʜʝʢʘ ʜʝʬʠʥʠʨʘˁʝ-ʤʝʨʝˁʝ-ʘʥʘʣʠʟʠʨʘˁʝ-

ʧʦʜʦʙʨʫʚʘˁʝ-ʢʦʥʪʨʦʣʠʨʘˁʝ ʤʦʜʝʣʦʪ ʝ ʤʥʦʛʫ ʩʣʠʯʝʥ ʩʦ ʯʝʢʦʨʠʪʝ ʟʘ ʨʝʰʘʚʘˁʝ ʥʘ 

ʧʨʦʙʣʝʤʠ ʥʘ PDCA (ʘʥʛ. plan-do-check-act)  ʮʠʢʣʫʩʦʪ ʥʘ Deming, ʥʦ ʠʩʪʦ ʪʘʢʘ ʟʘʙʝʣʝʞʫʚʘ 

ʜʝʢʘ ʩʪʘʪʠʩʪʠʯʢʘʪʘ ʢʦʥʪʨʦʣʘ ʥʘ  ʧʨʦʮʝʩʦʪ ʠʤʘ ʛʦʣʝʤ ʘʢʮʝʥʪ ʚʦ DMAIC ʩʪʨʫʢʪʫʨʘʪʘ. 

ʆʜ ʩʪʘʪʠʩʪʠʯʢʠ ʘʩʧʝʢʪ, ʧʦʩʪʠʛʥʫʚʘˁʝ ʥʘ ʐʝʩʪ ʉʠʛʤʘ ʥʠʚʦʪʦ ʥʘ ʢʚʘʣʠʪʝʪ  ʟʥʘʯʠ 

ʜʝʢʘ ʧʨʠ ʤʝʨʝˁʝ ʥʘ ʢʚʘʣʠʪʝʪʦʪ ʥʘ ʩʝʢʦʿ ʧʨʦʠʟʚʦʜ ʚʦ ʜʘʜʝʥ ʧʨʦʮʝʩ, ʥʝʤʘ ʜʘ ʠʤʘ ʧʦʚʝ˃ʝ 

ʦʜ 3,4 ʜʝʬʝʢʪʠ ʥʘ 1.000.000 ʤʦʞʥʦʩʪʠ, [54]. Ăʄʦʞʥʦʩʪ" ʩʝ ʜʝʬʠʥʠʨʘ ʢʘʢʦ ʙʠʣʦ ʢʘʢʚʘ 

ʰʘʥʩʘ ʟʘ ʧʦʿʘʚʘ ʥʘ ʥʝʫʩʦʛʣʘʩʝʥʦʩʪ ʠʣʠ ʟʘ ʥʝʠʩʧʦʣʥʫʚʘˁʝ ʥʘ ʙʘʨʘʥʠʪʝ ʩʧʝʮʠʬʠʢʘʮʠʠ. ɺʦ 

ʊʘʙʝʣʘ 3.1 ʝ ʧʨʠʢʘʞʘʥ Ăʩʠʛʤʘ" ʤʦʜʝʣʦʪ, ʢʘʜʝ ʰʪʦ ʦʜ 1ů ʜʦ 6ů ʧʦʜʦʙʨʫʚʘˁʝʪʦ ʥʘ 

ʢʚʘʣʠʪʝʪʦʪ ʝ ʦʯʠʛʣʝʜʥʦ. ʂʦʣʢʫ ʩʝ ʟʛʦʣʝʤʫʚʘ ʙʨʦʿʦʪ ʥʘ ʩʠʛʤʘ ʪʦʣʢʫ ʩʝ ʥʘʤʘʣʫʚʘ ʩʪʘʧʢʘʪʘ 

ʥʘ ʜʝʬʝʢʪʠ ʥʘ 1.000.000 ʤʦʞʥʦʩʪʠ.  

ʊʘʙʝʣʘ 3.1.  ʀʥʪʝʨʧʨʝʪʘʮʠʿʘ ʥʘ ʩʪʘʥʜʘʨʜʦʪ ʐʝʩʪ ʉʠʛʤʘ ʦʜ ʄʦʪʦʨʦʣʘ 

ʉʠʛʤʘ ɼʝʬʝʢʪʠ ʥʘ ʤʠʣʠʦʥ ʤʦʞʥʦʩʪʠ (dpmo) ɼʦʙʨʠ 

(%) 

ʃʦʰʠ 

(%) 

1  ů 690.000 30,9 % 69,1 % 

2  ů 308.537 69,1 % 30,9 % 

3  ů 66.807 93,3 % 6,7 % 

4  ů 6.210 99,38 % 0,62 % 

5  ů 233 99,997 % 0,023 % 

6  ů 3,4 99,9997 % 0,00034 % 

 

ʐʝʩʪ ʉʠʛʤʘ DMAIC ʤʝʪʦʜʦʣʦʛʠʿʘʪʘ ʛʠ ʪʘʨʛʝʪʠʨʘ ʧʦʩʪʦʝʯʢʠʪʝ ʧʨʦʮʝʩʠ ʟʘ 

ʧʦʩʪʠʛʥʫʚʘˁʝ ʥʘ  ʧʦʩʪʝʧʝʥʠ ʧʦʜʦʙʨʫʚʘˁʘ. DMAIC ʤʝʪʦʜʦʣʦʛʠʿʘʪʘ ʝ ʜʦʢʘʞʘʥʦ ʝʜʝʥ ʦʜ 

ʥʘʿʜʦʙʨʠʪʝ ʤʝʪʦʜʠ ʟʘ ʨʝʰʘʚʘˁʝ ʥʘ ʧʨʦʙʣʝʤʠ ʢʦʿ ʝ ʢʦʨʠʩʪʝʥ ʜʦ ʩʝʛʘ, ʟʘʪʦʘ ʰʪʦ ʛʦ 

ʤʦʪʠʚʠʨʘ ʪʠʤʦʪ ʜʘ ʢʦʨʠʩʪʠ ʧʦʜʘʪʦʮʠ ʧʨʠ ʨʝʰʘʚʘˁʝʪʦ ʥʘ ʧʨʦʙʣʝʤʠʪʝ, [55]. ɺʦ ʊʘʙʝʣʘ 

3.2 ʩʝ ʧʨʝʟʝʥʪʠʨʘʥʠ ʬʘʟʠʪʝ ʟʘ ʠʤʧʣʝʤʝʥʪʠʨʘˁʝ ʥʘ ʐʝʩʪ ʉʠʛʤʘ DMAIC ʤʦʜʝʣʦʪ, ʢʘʢʦ ʠ 

ʘʣʘʪʢʠʪʝ ʢʦʠ ʩʝ ʢʦʨʠʩʪʘʪ ʚʦ ʦʚʠʝ ʬʘʟʠ. 
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ʊʘʙʝʣʘ 3.2.  ʐʝʩʪ ʉʠʛʤʘ DMAIC ʤʝʪʦʜʦʣʦʛʠʿʘʪʘ 

ɼ
ʝ
ʜ
ʠ
ʥ
ʠ
ʨ
ʘ
ˁ
ʝ

 

ʆʧʬʘʪ ʥʘ ʧʨʦʝʢʪʦʪ (Big Y) ʄʝʨʣʠʚʦ 

ɿʘʰʪʝʜʘ ʥʘ ʪʨʦʰʦʮʠ   

ʃʠʜʝʨ ʠ ʯʣʝʥʦʚʠ ʥʘ ʪʠʤʦʪ   

ɼʨʫʛʠ ʧʦʜʦʙʨʫʚʘˁʘ? ɹʨʟʠ ʧʨʠʜʦʙʠʚʢʠ 

ʄ
ʝ
ʨ
ʝ
ˁ
ʝ

 

ʄʘʧʠʨʘˁʝ ʥʘ ʧʨʦʮʝʩʦʪ ʥʘ ʚʠʩʦʢʦ ʥʠʚʦ   

ʄʘʧʠʨʘˁʝ ʥʘ ʧʨʦʮʝʩʦʪ ʥʘ ʥʠʩʢʦ ʥʠʚʦ   

ʇʨʠʯʠʥʩʢʦ-ʧʦʩʣʝʜʠʯʥʘ ʤʘʪʨʠʮʘ ʀʜʝʥʪʠʬʠʢʫʚʘˁʝ ʥʘ ʬʘʢʪʦʨʠ ʢʦʠ ʚʣʠʿʘʘʪ ʥʘ 

ʧʨʦʮʝʩʦʪ ï Fishbone /Ishikawa ʜʠʿʘʛʨʘʤ 

ɹoʢʩ ʥʘʮʨʪ ʀʜʝʥʪʠʬʠʢʫʚʘˁʝ ʥʘ ʪʦʯʢʠʪʝ ʢʦʠ ʩʝ ʠʟʜʚʦʿʫʚʘʘʪ 

FMEA ʀʜʝʥʪʠʬʠʢʫʚʘˁʝ ʥʘ ʢʨʠʪʠʯʥʠ ʚʣʝʟʥʠ ʧʘʨʘʤʝʪʨʠ. 

ɺʣʝʟʥʠ ʧʘʨʘʤʝʪʨʠ ʨʘʥʛʠʨʘʥʠ ʩʧʦʨʝʜ ʧʨʠʦʨʠʪʝʪ 

ʥʘ ʨʠʟʠʮʠ SEV, DEC, OCC = RPN 

MSA ʇʦʚʪʦʨʣʠʚʦʩʪ (EV), ʈʝʧʨʦʜʫʢʪʠʚʥʦʩʪ (AV) 

ʉʪʫʜʠʿʘ ʟʘ ʧʦʚʪʦʨʣʠʚʦʩʪ ʠ ʨʝʧʨʦʜʫʢʪʠʚʥʦʩʪ, 

%P/T, % R&R 

ʆʩʥʦʚʥʘ ʩʧʦʩʦʙʥʦʩʪ ʥʘ ʧʨʦʮʝʩʦʪ ʅʦʨʤʘʣʥʘ ʜʠʩʪʨʠʙʫʮʠʿʘ 

  

  

  

ʆʧʨʝʜʝʣʫʚʘˁʝ ʥʘ ʘʨʠʪʤʝʪʠʯʢʘ ʩʨʝʜʠʥʘ 

Cpk, Ppk, 6-Pack, I-MR, ʍʠʩʪʦʛʨʘʤ 

P-Value (.05)  P High Keep Guy; P Low Ho Go 

ɸ
ʥ
ʘ
ʣ
ʠ
ʟ
ʠ
ʨ
ʘ
ˁ
ʝ

 

FMEA ʧʨʝʛʣʝʜ ʥʘ ʘʞʫʨʠʨʘˁʘʪʘ   

ʍʠʧʦʪʝʪʠʯʢʠ ʪʝʩʪʠʨʘˁʘ ʇʘʨʝʪʦ ʘʥʘʣʠʟʘ 

  ɼʝʬʠʥʠʨʘˁʝ ʥʘ  X/Y  

  t-test, ANOVA, Chi squere, ʊʝʩʪ ʥʘ ʨʝʛʨʝʩʠʿʘ 

  Ho (ʥʫʣʪʘ ʭʠʧʦʪʝʟʘ), Ha ʘʣʪʝʨʥʘʪʠʚʥʘ ʭʠʧʦʪʝʟʘ 

ʇʨʦʫʯʫʚʘˁʝ ʥʘ ʧʦʚʝ˃ʝ ʚʘʨʠʿʘʙʠʣʠ ʍʠʧʦʪʝʟʘ ʥʘ ʢʦʨʝʣʘʮʠʿʘ 

ʅʘʮʨʪ ʥʘ ʦʩʥʦʚʝʥ ʝʬʝʢʪ, ʅʘʮʨʪ ʥʘ ʠʥʪʝʨʘʢʮʠʿʘ  

Six-Pack, ʀʟʚʦʨʠ ʥʘ ʚʘʨʠʿʘʮʠʠ 

ʋʪʚʨʜʫʚʘˁʝ ʥʘ X-ʪʝ ʰʪʦ ʠʤʘʪ ʥʘʿʛʦʣʝʤʦ ʚʣʠʿʘʥʠʝ ʥʘ Y 

ʇ
ʦ
ʜ
ʦ
ʙ
ʨ
ʫ
ʚ
ʘ
ˁ
ʝ

 

ʇʨʦʙʘ ʟʘ ʧʦʪʚʨʜʘ ʀʜʝʥʪʠʬʠʢʘʮʠʿʘ ʥʘ ʛʨʝʰʢʠ ʚʦ ʘʥʘʣʠʟʘʪʘ 

ʇʣʘʥ ʟʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ ʀʜʝʥʪʠʬʠʢʘʮʠʿʘ ʥʘ ʛʨʝʰʢʠ ʚʦ ʘʥʘʣʠʟʘʪʘ 

ʇʦʩʪʘʚʫʚʘˁʝ ʥʘ ʘʢʮʠʠ 

ʌʠʥʘʣʠʟʠʨʘˁʝ ʥʘ FMEA   

ʇʨʦʤʝʥʘ ʥʘ ʤʝʥʘ˅ʤʝʥʪʦʪ ʉʣʝʜʝˁʝ ʥʘ ʘʢʮʠʠʪʝ 

  ʉʧʦʩʦʙʥʦʩʪ ʥʘ Six-Pack 

ʇʦʪʚʨʜʘ ʜʝʢʘ ʩʝ ʝ ʚʦ ʨʝʜ ʄʦʜʝʣ ʟʘ ʪʝʩʪʠʨʘˁʝ ʥʘ ʨʝʛʨʝʩʠʿʘ 

ʉʧʦʨʝʜʙʘ ʩʦ ʧʦʛʣʘʚʿʝʪʦ   

ʂ
ʦ
ʥ
ʪ
ʨ
ʦ
ʣ
ʠ
ʨ
ʘ
ˁ
ʝ

 ʄʝʪʨʠʮʠ ʟʘ ʤʝʨʝˁʝ ʥʘ ʝʬʝʢʪʠʚʥʦʩʪʘ   

ʀʜʝʥʪʠʬʠʢʫʚʘˁʝ ʥʘ ʜʦʧʦʣʥʠʪʝʣʥʠ 

ʧʦʜʦʙʨʫʚʘˁʘ 

  

ʄʦʥʠʪʦʨʠʥʛʦʪ/ ʀʟʙʝʛʥʫʚʘˁʝ ʥʘ 

ʪʨʦʰʦʮʠʪʝ 

  

ʆʜʦʙʨʫʚʘˁʝ ʥʘ ʧʨʦʝʢʪʦʪ   
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ʇʨʠʤʝʥʘ ʥʘ ʐʝʩʪ ʉʠʛʤʘ ʚʦ ʘʚʪʦʤʦʙʠʣʩʢʘʪʘ ʠʥʜʫʩʪʨʠʿʘ - ɸʚʪʦʤʦʙʠʣʩʢʠʪʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʩʝ ʠʜʝʘʣʝʥ ʢʘʥʜʠʜʘʪ ʟʘ ʠʤʧʣʝʤʝʥʪʠʨʘˁʝ ʥʘ ʐʝʩʪ ʉʠʛʤʘ ʤʝʪʦʜʦʣʦʛʠʿʘʪʘ 

ʩʦ ʮʝʣ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʢʚʘʣʠʪʝʪʦʪ. ʆʚʠʝ ʠʥʜʫʩʪʨʠʠ ʧʨʦʠʟʚʝʜʫʚʘʘʪ ʢʦʤʧʣʝʢʩʥʠ 

ʧʨʦʠʟʚʦʜʠ ʢʦʠ ʩʝ ʨʝʟʫʣʪʘʪ ʥʘ ʤʥʦʛʫ  ʤʝʺʫʩʝʙʥʦ ʧʦʚʨʟʘʥʠ ʧʨʦʠʟʚʦʜʥʠ ʧʨʦʮʝʩʠ, [56].  

ɺʦ ʧʦʩʣʝʜʥʠʪʝ ʥʝʢʦʣʢʫ ʜʝʮʝʥʠʠ, ʧʨʦʠʟʚʦʜʥʠʪʝ ʠʥʜʫʩʪʨʠʠ ʫʯʘʪ ʢʘʢʦ ʜʘ ʩʝ 

ʠʤʧʣʝʤʝʥʪʠʨʘʘʪ ʠ ʢʘʢʦ ʜʘ ʥʝ ʩʝ ʠʤʧʣʝʤʝʥʪʠʨʘʘʪ ʩʪʨʘʪʝʛʠʠʪʝ ʟʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ 

ʢʚʘʣʠʪʝʪʦʪ, ʙʣʘʛʦʜʘʨʝʥʠʝ ʥʘ ʩʪʫʜʠʩʢʠʪʝ ʠʩʪʨʘʞʫʚʘˁʘ ʩʧʨʦʚʝʜʝʥʠ ʚʦ ʘʚʪʦʤʦʙʠʣʩʢʠʪʝ 

ʢʦʤʧʘʥʠʠ. ʂʘʢʦ ʨʝʟʫʣʪʘʪ ʥʘ ʪʦʘ, ʤʥʦʛʫ ʦʜ ʥʠʚ ʩʝʛʘ ʠʤʧʣʝʤʝʥʪʠʨʘʘʪ ʜʦʢʘʞʘʥʠ 

ʪʝʭʥʦʣʦʛʠʠ ʠ ʩʪʨʘʪʝʛʠʠ ʟʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʥʠʚʥʘʪʘ ʚʢʫʧʥʘ ʩʪʘʧʢʘ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪ. 

ʐʝʩʪ ʉʠʛʤʘ ʩʝʛʘ ʝ ʧʦʧʫʣʘʨʥʘ ʜʫʨʠ ʠ ʢʘʿ Fortune 500 ʢʦʤʧʘʥʠʠʪʝ, ʢʘʢʦ ʰʪʦ ʩʝ Visteon, 

TRW Automotive Holdings, Tenneco Automotive, PACCAR, Navistar International, Lear, 

Johnson Controls, Goodyear Tire & Rubber, General Motors, Ford Motor Company, Federal-

Mogul, Delphi, Dana, Cooper Tire and Rubber, Brunswick, Autoliv, ArvinMeritor ʠ ʤʥʦʛʫ 

ʜʨʫʛʠ.  

3.2 ʐʝʩʪ ʉʠʛʤʘ - ʌʘʟʘ ʥʘ ʜʝʬʠʥʠʨʘˁʝ 

ʌʘʟʘʪʘ ʥʘ ʜʝʬʠʥʠʨʘˁʝ ʝ ʧʨʚʘʪʘ ʬʘʟʘ ʦʜ ʧʨʦʮʝʩʦʪ ʥʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʐʝʩʪ ʉʠʛʤʘ 

ʤʝʪʦʜʦʣʦʛʠʿʘʪʘ. ɺʦ ʦʚʘʘ ʬʘʟʘ ʧʨʦʝʢʪʥʠʦʪ ʪʠʤ ʜʘʚʘ ʠʟʿʘʚʘ ʟʘ ʧʨʦʙʣʝʤʦʪ,  ʠʟʿʘʚʘ ʟʘ ʮʝʣʪʘ, 

ʛʦ ʜʝʬʠʥʠʨʘ ʦʧʩʝʛʦʪ ʥʘ ʧʨʦʝʢʪʦʪ, ʛʠ ʦʜʨʝʜʫʚʘ ʢʦʥʪʨʦʣʥʠʪʝ ʪʦʯʢʠ ʚʦ ʧʨʦʝʢʪʦʪ, ʚʨʰʠ 

ʤʘʧʠʨʘˁʝ ʥʘ ʧʨʦʮʝʩʦʪ ʠ ʛʦ ʜʝʬʠʥʠʨʘ ʧʨʠʦʨʠʪʝʪʦʪ ʥʘ ʤʦʞʥʦʩʪʠʪʝ ʟʘ ʧʦʜʦʙʨʫʚʘˁʝ  ʧʨʝʢʫ 

ʇʘʨʝʪʦ ʘʥʘʣʠʟʘ.  

ʀʟʿʘʚʘʪʘ ʟʘ ʧʨʦʙʣʝʤʦʪ ʚʦ ʬʘʟʘʪʘ ʥʘ ʜʝʬʠʥʠʨʘˁʝ ʚʦʦʙʠʯʘʝʥʦ ʩʝ ʧʠʰʫʚʘ ʟʘ ʜʘ ʩʝ 

ʜʝʬʠʥʠʨʘ ʧʨʦʙʣʝʤʦʪ, ʩʝʨʠʦʟʥʦʩʪʘ ʥʘ ʧʨʦʙʣʝʤʦʪ, ʣʦʢʘʮʠʿʘʪʘ ʢʘʢʦ ʠ ʬʠʥʘʥʩʠʩʢʦʪʦ  

ʚʣʠʿʘʥʠʝ ʚʨʟ ʢʦʤʧʘʥʠʿʘʪʘ. ʀʟʿʘʚʘʪʘ ʪʨʝʙʘ ʜʘ ʙʠʜʝ ʿʘʩʥʘ, ʢʦʥʮʠʟʥʘ ʠ ʜʦʙʨʦ ʥʘʧʠʰʘʥʘ. ʇʨʠ 

ʧʠʰʫʚʘˁʝ ʥʘ ʠʟʿʘʚʘʪʘ ʤʦʞʝ ʜʘ ʩʝ ʢʦʨʠʩʪʘʪ ʩʣʝʜʥʠʪʝ ʠʥʩʪʨʫʢʮʠʠ: 

¶ ʉʝ ʜʝʬʠʥʠʨʘ ʧʨʦʙʣʝʤʦʪ ï ʏʣʝʥʦʚʠʪʝ ʚʦ ʪʠʤʦʪ ʛʦ ʜʝʬʠʥʠʨʘʘʪ ʧʨʦʙʣʝʤʦʪ ʩʦ 

ʢʦʥʢʨʝʪʥʠ ʦʜʨʝʜʙʠ. ʇʨʝʟʝʥʪʠʨʘʘʪ ʬʘʢʪʠ ʢʘʢʦ ʥʘ ʧʨʠʤʝʨ ʪʠʧ ʥʘ ʧʨʦʠʟʚʦʜ ʠ 

ʛʨʝʰʢʘʪʘ ʰʪʦ ʩʝ ʧʦʿʘʚʫʚʘ. 

¶ ʉʝ ʠʜʝʥʪʠʬʠʢʫʚʘ ʢʘʜʝ ʩʝ ʧʦʿʘʚʫʚʘ ʧʨʦʙʣʝʤʦʪ ï ʆʚʜʝ ʪʨʝʙʘ ʜʘ ʩʝ ʠʜʝʥʪʠʬʠʢʫʚʘ 

ʢʘʜʝ ʩʝ ʧʦʿʘʚʫʚʘ ʠʣʠ ʤʘʥʠʬʝʩʪʠʨʘ ʧʨʦʙʣʝʤʦʪ, ʢʦʣʢʫ ʰʪʦ ʝ ʤʦʞʥʦ ʧʦʧʨʝʮʠʟʥʦ, 

ʟʘʪʦʘ ʰʪʦ ʦʚʘ ʧʦʢʘʩʥʦ ˃ʝ ʧʦʤʦʛʥʝ ʪʠʤʦʪ ʜʘ ʩʝ ʬʦʢʫʩʠʨʘ ʢʦʥ ʧʦʜʦʙʨʫʚʘˁʘʪʘ.  

¶ ʉʝ ʜʝʬʠʥʠʨʘ ʛʦʣʝʤʠʥʘʪʘ ʥʘ ʧʨʦʙʣʝʤʦʪ ï ɻʦʣʝʤʠʥʘʪʘ ʥʘ ʧʨʦʙʣʝʤʦʪ ʪʨʝʙʘ ʜʘ ʩʝ 

ʦʧʠʰʝ ʚʦ ʤʝʨʣʠʚʘ ʪʝʨʤʠʥʦʣʦʛʠʿʘ (ʥʘ ʧʨʠʤʝʨ ʙʨʦʿ ʥʘ ʜʝʬʝʢʪʠ, ʝʬʠʢʘʩʥʦʩʪ ʚʦ 

ʧʨʦʮʝʥʪʠ ʠʪʥ).  

¶ ʉʝ ʦʧʠʰʫʚʘ ʢʘʢʚʦ ʝ  ʚʣʠʿʘʥʠʝʪʦ ʥʘ ʧʨʦʙʣʝʤʦʪ ʚʨʟ ʦʨʛʘʥʠʟʘʮʠʿʘʪʘ ï ʆʧʠʩʦʪ ʥʘ 

ʚʣʠʿʘʥʠʝʪʦ ʥʘ ʧʨʦʙʣʝʤʦʪ ʚʨʟ ʦʨʛʘʥʠʟʘʮʠʿʘʪʘ ʪʨʝʙʘ ʜʘ ʙʠʜʝ ʢʦʣʢʫ ʰʪʦ ʤʦʞʝ 

ʧʦʧʨʝʮʠʟʝʥ.  

ʀʟʿʘʚʘʪʘ ʟʘ ʮʝʣʪʘ ʛʠ ʜʝʬʠʥʠʨʘ ʧʦʜʦʙʨʫʚʘˁʘʪʘ ʰʪʦ ʪʠʤʦʪ ʩʘʢʘ ʜʘ ʛʠ ʧʦʩʪʠʛʥʝ. ʆʚʜʝ 

ʥʝ ʪʨʝʙʘ ʜʘ ʩʝ ʧʨʝʪʧʦʩʪʘʚʫʚʘ ʟʘ ʧʨʠʯʠʥʠʪʝ ʥʘ ʧʨʦʙʣʝʤʠʪʝ, ʥʠʪʫ ʜʘ ʩʝ ʚʢʣʫʯʫʚʘ ʨʝʰʝʥʠʝ 

ʥʘ ʧʨʦʙʣʝʤʠʪʝ. ʀʟʿʘʚʘʪʘ ʪʨʝʙʘ ʜʘ ʠʤʘ ʢʨʘʝʥ ʨʦʢ ʟʘ ʩʧʨʦʚʝʜʫʚʘˁʝ, ʜʘ ʝ ʠʟʚʦʜʣʠʚʘ ʠ ʜʘ ʛʦ 

ʧʦʩʪʘʚʠ ʬʦʢʫʩʦʪ. ʊʨʝʙʘ ʜʘ ʙʠʜʝ ʧʘʤʝʪʥʘ ʪ.ʝ ʢʦʥʢʨʝʪʥʘ, ʤʝʨʣʠʚʘ, ʜʘ ʤʦʞʝ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ,  

ʨʝʣʝʚʘʥʪʥʘ ʠ ʚʨʝʤʝʥʩʢʠ ʜʝʬʠʥʠʨʘʥʘ (ʘʥʛ. Specific, Measurable, Achievable, Relevant and 

Timely - SMART).  

ʆʧʩʝʛʦʪ ʥʘ ʧʨʦʝʢʪʦʪ ʧʦʤʘʛʘ ʧʦʜʦʙʨʦ ʜʘ ʩʝ ʨʘʟʙʝʨʝ ʧʦʯʝʪʦʢʦʪ ʠ ʢʨʘʿʦʪ ʥʘ ʧʨʦʮʝʩʦʪ 

ʠ ʜʘʚʘ ʫʚʠʜ  ʟʘ ʦʛʨʘʥʠʯʫʚʘˁʘʪʘ ʚʦ ʧʨʦʝʢʪʦʪ. ɼʝʬʠʥʠʨʘˁʝʪʦ ʥʘ ʦʧʩʝʛʦʪ ˃ʝ ʛʦ ʠʟʙʠʩʪʨʠ 

ʬʦʢʫʩʦʪ ʥʘ ʧʨʦʝʢʪʥʠʦʪ ʪʠʤ ʠ ˃ʝ ʛʠ ʧʦʩʪʘʚʠ ʦʯʝʢʫʚʘˁʘʪʘ ʦʜ ʧʨʦʝʢʪʦʪ. ʅʝʤʘˁʝ ʥʘ 

ʩʦʦʜʚʝʪʥʦ ʜʝʬʠʥʠʨʘʥ ʦʧʩʝʛ ʤʦʞʝ ʜʘ ʨʝʟʫʣʪʠʨʘ ʩʦ ʛʫʙʝˁʝ ʥʘ ʠʥʪʝʨʝʩ ʟʘ ʧʨʦʝʢʪʦʪ. ɹʝʟ 

ʜʝʬʠʥʠʨʘʥ ʦʧʩʝʛ ʪʠʤʦʪ ʤʦʞʝ ʜʘ ʩʝ ʬʦʢʫʩʠʨʘ ʥʘ ʪʨʠʚʠʿʘʣʥʠ ʧʦʜʨʘʯʿʘ ʠ ʜʘ ʛʠ ʠʩʧʫʰʪʠ 
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ʥʘʚʠʩʪʠʥʘ ʙʠʪʥʠʪʝ. ʀʟʙʨʘʥʠʦʪ ʧʨʦʮʝʩ ʤʦʞʝ ʜʘ ʝ ʧʨʝʛʦʣʝʤ ʟʘ ʪʠʤʦʪ ʜʘ ʩʝ ʩʧʨʘʚʠ ʩʦ ʥʝʛʦ. 

ʇʦʩʪʦʿʘʪ ʜʚʘ ʪʠʧʘ ʥʘ ʜʝʬʠʥʠʨʘˁʝ ʥʘ ʦʧʩʝʛ ʥʘ ʧʨʦʝʢʪʦʪ: 

¶ ʆʧʩʝʛ ʢʦʿ ʿʘ ʜʝʬʠʥʠʨʘ ʜʦʣʞʠʥʘʪʘ ʥʘ ʧʨʦʝʢʪʦʪ ï ʆʚʘ ʜʝʬʠʥʠʨʘˁʝ ʥʘ ʦʧʩʝʛʦʪ ʩʝ 

ʬʦʢʫʩʠʨʘ ʥʘ ʜʦʣʞʠʥʘʪʘ ʥʘ ʧʨʦʮʝʩʦʪ, ʥʘ ʧʨʠʤʝʨ ʦʜ ʧʨʠʝʤ ʥʘ ʥʘʣʦʛ ʟʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʘ ʩʝ ʜʦ ʠʩʧʦʨʘʢʘ ʥʘ ʧʨʦʠʟʚʦʜʦʪ. ʅʘʿʯʝʩʪʦ ʦʚʜʝ ʩʝ ʬʠʢʩʠʨʘʘʪ  

ʧʦʯʝʪʥʘʪʘ ʠ ʢʨʘʿʥʘʪʘ ʪʦʯʢʘ ʥʘ ʦʧʝʛʦʪ.  

¶ ʃʘʪʝʨʘʣʝʥ ʆʧʩʝʛ ï ʆʚʜʝ ʩʝ ʜʝʬʠʥʠʨʘ ʰʠʨʠʥʘʪʘ ʪ.ʝ ʨʘʩʧʨʦʩʪʨʘʥʝʪʦʩʪʘ ʥʘ 

ʦʧʩʝʛʦʪ. ʅʘ ʧʨʠʤʝʨ, ʦʧʝʛʦʪ ʛʠ ʦʧʬʘ˃ʘ ʩʠʪʝ ʜʠʩʪʨʠʙʫʪʝʨʠ ʦʜ ʩʝʚʝʨʥʠʦʪ ʨʝʛʠʦʥ.  

ʂʦʥʪʨʦʣʥʠʪʝ ʪʦʯʢʠ ʚʦ ʧʨʦʝʢʪʦʪ ʛʠ ʦʜʨʝʜʫʚʘʘʪ ʚʨʝʤʝʥʩʢʠʪʝ ʨʦʢʦʚʠ ʟʘ ʟʘʚʨʰʫʚʘˁʝ 

ʥʘ ʩʝʢʦʿʘ ʬʘʟʘ. ʊʦʘ ʝ ʧʨʝʣʠʤʠʥʘʨʝʥ  ʧʣʘʥ  ʩʦ ʜʘʪʫʤʠ ʟʘ ʢʦʤʧʣʝʪʠʨʘˁʝ ʥʘ ʬʘʟʠʪʝ ʚʦ ʐʝʩʪ 

ʉʠʛʤʘ DMAIC ʧʨʦʮʝʩʦʪ. ɺʨʝʤʝʥʩʢʠʪʝ ʨʦʢʦʚʠ ʟʘ ʟʘʚʨʰʫʚʘˁʝ ʥʘ ʧʨʦʝʢʪʦʪ ʪʨʝʙʘ ʜʘ ʙʠʜʘʪ 

ʘʛʨʝʩʠʚʥʠ, ʥʦ ʩʝʧʘʢ ʨʝʘʣʥʠ. ʂʦʥʪʨʦʣʥʠʪʝ ʪʦʯʢʠ ʥʘ ʧʨʦʝʢʪʦʪ ʚʢʣʫʯʫʚʘʘʪ ʠ ʜʝʪʘʣʝʥ 

ʧʨʦʝʢʪʝʥ ʧʣʘʥ ʟʘʝʜʥʦ ʩʦ ʜʦʢʫʤʝʥʪʠʨʘʥ ʢʦʤʫʥʠʢʘʮʠʩʢʠ ʧʣʘʥ.   

ʄʘʧʠʨʘˁʝ ʥʘ ʧʨʦʮʝʩʦʪ ʝ ʛʨʘʬʠʯʢʘ ʨʝʧʨʝʟʝʥʪʘʮʠʿʘ ʥʘ ʧʨʦʮʝʩʦʪ, ʢʦʿʘ ʛʦ ʧʦʢʘʞʫʚʘ 

ʨʝʜʦʩʣʝʜʦʪ ʥʘ ʟʘʜʘʯʠʪʝ ʩʦ ʢʦʨʠʩʪʝˁʝ ʥʘ ʤʦʜʠʬʠʮʠʨʘʥʘ ʚʝʨʟʠʿʘ ʥʘ ʩʪʘʥʜʘʨʜʥʠ ʩʠʤʙʦʣʠ 

ʟʘ ʛʨʘʬʠʯʢʠ ʧʨʠʢʘʟ (ɻʘʣʦʚʝʿ, 1994). ʊʦʘ ʝ ʘʣʘʪʢʘ ʢʦʿʘ ʠʤ ʧʦʤʘʛʘ ʥʘ ʣʫʺʝʪʦ ʜʘ ʥʘʧʨʘʚʘʪ 

ʘʥʘʣʠʟʘ, ʜʘ ʛʠ ʩʦʛʣʝʜʘʘʪ ʥʝʜʦʩʪʘʪʦʮʠʪʝ ʠ ʜʘ ʨʘʟʛʦʚʘʨʘʘʪ ʟʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʧʨʦʮʝʩʦʪ. 

ʄʘʧʠʨʘˁʝʪʦ ʥʘ ʧʨʦʮʝʩʠʪʝ ʝ ʧʨʚ ʯʝʢʦʨ ʠ ʧʨʝʜʫʩʣʦʚ ʟʘ ʩʧʨʦʚʝʜʫʚʘˁʝ ʥʘ ʘʥʘʣʠʟʘʪʘ ʥʘ 

ʤʦʜʦʚʠʪʝ ʥʘ ʜʝʬʝʢʪʠ ʠ ʥʠʚʥʠʦʪ ʝʬʝʢʪ (ʘʥʛ. FMEA) ʘ ʧʦʜʦʮʥʘ ʠ ʢʨʝʠʨʘˁʝ ʥʘ ʢʦʥʪʨʦʣʝʥ 

ʧʣʘʥ ʟʘ ʢʦʥʪʨʦʣʘ ʥʘ ʢʚʘʣʠʪʝʪʦʪ.  

ʇʘʨʝʪʦ ʘʥʘʣʠʟʘʪʘ ʝ ʧʨʦʮʝʩ ʥʘ  ʨʘʥʛʠʨʘˁʝ ʥʘ ʤʦʞʥʦʩʪʠʪʝ ʠ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʜʘ ʩʝ 

ʜʝʬʠʥʠʨʘ ʢʦʿʘ ʦʜ ʤʥʦʛʫʪʝ ʧʦʪʝʥʮʠʿʘʣʥʠ ʤʦʞʥʦʩʪʠ ʟʘ ʧʦʜʦʙʨʫʚʘˁʝ ʝ ʧʨʠʦʨʠʪʝʪʥʘ ʠ ˃ʝ 

ʙʠʜʝ ʦʧʩʝʛ ʥʘ ʐʝʩʪ ʉʠʛʤʘ ʘʥʘʣʠʟʘʪʘ. ʇʘʨʝʪʦ ʘʥʘʣʠʟʘʪʘ ʝ ʧʦʟʥʘʪʘ ʧʦ ʪʦʘ ʰʪʦ Ăʠʟʜʚʦʿʫʚʘ 

ʥʝʢʦʣʢʫ ʚʠʪʘʣʥʠ ʦʜ ʤʥʦʛʫʪʝ ʪʨʠʚʠʿʘʣʥʠ ʤʦʞʥʦʩʪʠ". ʂʘʢʦ ʘʣʘʪʢʘ ʟʘ ʘʥʘʣʠʟʘ ʩʝ ʢʦʨʠʩʪʠ 

ʚʦ ʨʘʟʣʠʯʥʠ ʬʘʟʠ ʦʜ ʐʝʩʪ ʉʠʛʤʘ, ʩʝʢʦʛʘʰ ʟʘ ʫʪʚʨʜʫʚʘˁʝ ʥʘ ʧʨʠʦʨʠʪʝʪ ʥʘ ʨʘʟʣʠʯʥʠ 

ʤʦʞʥʦʩʪʠ.   

3.3 ʐʝʩʪ ʉʠʛʤʘ - ʌʘʟʘ ʥʘ ʤʝʨʝˁʝ 

ɺʦ ʬʘʟʘʪʘ ʥʘ ʤʝʨʝˁʝ ʩʝ ʚʨʰʠ ʝʚʘʣʫʘʮʠʿʘ ʠ ʨʘʟʙʠʨʘˁʝ ʥʘ ʤʦʤʝʥʪʘʣʥʘʪʘ ʩʦʩʪʦʿʙʘ ʥʘ 

ʧʨʦʮʝʩʦʪ. ʆʚʘ ʚʢʣʫʯʫʚʘ ʩʦʙʠʨʘˁʝ ʥʘ ʧʦʜʘʪʦʮʠ ʢʦʠ ʩʝ ʤʝʨʣʠʚʠ ʦʜ ʘʩʧʝʢʪ ʥʘ ʢʚʘʣʠʪʝʪʦʪ, 

ʮʝʥʘ ʠʣʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪ. ɺʘʞʥʦ ʝ ʜʘ ʩʝ ʥʘʧʨʘʚʠ ʣʠʩʪʘ ʥʘ ʩʠʪʝ ʢʣʫʯʥʠ ʚʣʝʟʥʠ ʠ ʠʟʣʝʟʥʠ 

ʧʨʦʤʝʥʣʠʚʠ ʥʘ ʧʨʦʮʝʩʦʪ. ʆʜʣʫʢʘʪʘ ʟʘ ʪʦʘ ʢʦʠ ʧʦʜʘʪʦʮʠ ʠ ʚʦ ʢʦʿʘ ʤʝʨʘ ˃ʝ ʩʝ ʩʦʙʝʨʘʪ ʝ 

ʤʥʦʛʫ ʚʘʞʥʘ ʠ ʦʜ ʪʦʘ ˃ʝ ʟʘʚʠʩʠ ʢʚʘʣʠʪʝʪʦʪ ʥʘ ʜʝʪʘʣʥʘʪʘ ʘʥʘʣʠʟʘ ʠ ʨʘʟʙʠʨʘˁʝʪʦ ʥʘ 

ʧʝʨʬʦʨʤʘʥʩʦʪ ʥʘ ʤʦʤʝʥʪʘʣʥʠʦʪ ʧʨʦʮʝʩ. ʇʦʜʘʪʦʮʠʪʝ ʤʦʞʝ ʜʘ ʩʝ ʦʙʝʟʙʝʜʘʪ ʩʦ ʘʥʘʣʠʟʘ ʥʘ 

ʠʩʪʦʨʠʩʢʠ ʧʨʠʙʨʘʥʠ ʧʦʜʘʪʦʮʠ, ʥʦ ʦʚʘ ʩʝʢʦʛʘʰ ʥʝ ʝ ʜʦʚʦʣʥʦ ʦʜ ʧʨʠʯʠʥʘ ʰʪʦ ʠʩʪʦʨʠʩʢʠʪʝ 

ʧʦʜʘʪʦʮʠ ʤʦʞʝ ʜʘ ʩʝ ʥʝʢʦʤʧʣʝʪʥʠ, ʤʝʪʦʜʦʪ ʥʘ ʯʫʚʘˁʝ ʥʘ ʟʘʧʠʩʠʪʝ ʤʦʞʝ ʜʘ ʩʝ ʧʨʦʤʝʥʠʣ 

ʩʦ ʪʝʢʦʪ ʥʘ ʚʨʝʤʝʪʦ ʠ ʯʝʩʪʦ ʧʘʪʠ ʧʦʩʘʢʫʚʘʥʘʪʘ ʠʥʬʦʨʤʘʮʠʿʘ ʤʦʞʝ ʜʘ ʥʝ ʝ ʚʦʦʧʰʪʦ 

ʟʘʯʫʚʘʥʘ. ʇʦʨʘʜʠ ʦʚʘ ʯʝʩʪʦ ʧʘʪʠ ʝ ʥʝʦʧʭʦʜʥʦ ʜʘ ʩʝ ʩʦʙʝʨʘʪ ʧʦʜʘʪʦʮʠʪʝ ʧʨʝʢʫ ʩʪʫʜʠʿʘ ʥʘ 

ʦʙʟʝʨʚʘʮʠʿʘ.  

ɺʦ ʦʚʘʘ ʬʘʟʘ ʥʘʿʧʨʚʦ ʩʝ ʧʨʘʚʠ ʘʥʘʣʠʟʘ ʥʘ ʤʝʨʥʠʦʪ ʩʠʩʪʝʤ (ʘʥʛ. MSA). ʅʘʿʯʝʩʪʦ 

ʢʦʨʠʩʪʝʥʘ ʘʣʘʪʢʘ ʟʘ ʘʥʘʣʠʟʘ ʥʘ ʤʝʨʝʥ ʩʠʩʪʝʤ ʩʦ ʧʨʦʤʝʥʣʠʚʠ ʧʦʜʘʪʦʮʠ ʝ ʩʪʫʜʠʿʘʪʘ ʟʘ 

ʧʦʚʪʦʨʣʠʚʦʩʪ ʠ ʨʝʧʨʦʜʫʢʪʠʚʥʦʩʪ ʥʘ ʤʝʨʥʠʦʪ ʩʠʩʪʝʤ (ʘʥʛ. Gage Repatability & 

Reproducibility - GR&R).  

ʆʪʢʘʢʦ ˃ʝ ʩʝ ʧʦʪʚʨʜʠ ʪʦʯʥʦʩʪʘ ʥʘ ʧʦʜʘʪʦʮʠʪʝ ʜʦʙʠʝʥʠ ʦʜ ʤʝʨʥʠʦʪ ʩʠʩʪʝʤ ʩʣʝʜʥʦ 

ʝ ʜʘ ʩʝ ʧʨʝʩʤʝʪʘ ʩʧʦʩʦʙʥʦʩʪʘ ʥʘ ʤʦʤʝʥʪʘʣʥʠʦʪ ʧʨʦʮʝʩ ʩʦ ʧʨʠʤʝʥʘ ʥʘ ʩʪʘʪʠʩʪʠʯʢʘ 

ʢʦʥʪʨʦʣʘ ʥʘ ʧʨʦʮʝʩʦʪ (ʘʥʛ. SPC). ɿʘ ʘʥʘʣʠʟʘ ʥʘ ʩʧʦʩʦʙʥʦʩʪ ʥʘ ʧʨʦʮʝʩʦʪ ʩʝ ʢʦʨʠʩʪʘʪ 
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ʢʦʥʪʨʦʣʥʠ ʛʨʘʬʠʢʦʥʠ ʢʘʢʦ ʥʘ ʧʨʠʤʝʨ ʭʠʩʪʦʛʨʘʤ, ʛʨʘʬʠʢʦʥ ʩʦ ʧʦʜʚʠʞʝʥ ʨʘʥʛ, 

ʠʥʜʠʚʠʜʫʘʣʝʥ ʛʨʘʬʠʢʦʥ, ʇʘʨʝʪʦ ʛʨʘʬʠʢʦʥʠ ʠʪʥ. 

ʅʘ ʢʨʘʿʦʪ ʦʜ ʬʘʟʘʪʘ ʥʘ ʤʝʨʝˁʝ ʚʦ ʐʝʩʪ ʉʠʛʤʘ, ʜʦʢʦʣʢʫ ʝ ʥʝʦʧʭʦʜʥʦ ʪʠʤʦʪ ʪʨʝʙʘ 

ʜʘ ʛʦ ʜʦʧʦʣʥʠ ʧʦʛʣʘʚʿʝʪʦ ʥʘ ʧʨʦʝʢʪʦʪ ʠ ʜʘ ʛʠ ʧʨʝʠʩʧʠʪʘ ʮʝʣʠʪʝ ʥʘ ʧʨʦʝʢʪʦʪ ʠ ʧʦʜʨʘʯʿʝʪʦ 

ʥʘ ʜʝʣʫʚʘˁʝ. ɺʦ ʥʝʢʦʠ ʩʣʫʯʘʠ ʪʠʤʦʪ ʤʦʞʝ ʚʝʜʥʘʰ ʜʘ ʧʨʝʜʣʦʞʠ ʙʨʟʠ ʧʨʝʧʦʨʘʢʠ ʟʘ 

ʧʦʜʦʙʨʫʚʘˁʘ, ʢʘʢʦ ʥʘ ʧʨʠʤʝʨ ʝʣʠʤʠʥʘʮʠʿʘ ʥʘ ʦʯʠʛʣʝʜʥʠ ʘʢʪʠʚʥʦʩʪʠ ʢʦʠ ʥʝ ʜʦʜʘʚʘʘʪ 

ʚʨʝʜʥʦʩʪ ʠʣʠ ʝʣʠʤʠʥʠʨʘˁʝ ʥʘ ʠʟʚʦʨʠ ʥʘ ʚʘʨʠʿʘʮʠʠ ʥʘ ʧʨʦʮʝʩʦʪ.  

3.3.1 ʅʘʙˀʫʜʫʚʘʥʠ ʚʘʨʠʿʘʮʠʠ ʚʦ ʧʨʦʮʝʩʦʪ 

ɻʝʥʝʨʘʣʥʦ, ʚʦ ʩʝʢʦʿʘ ʘʢʪʠʚʥʦʩʪ ʰʪʦ ʚʢʣʫʯʫʚʘ ʤʝʨʝˁʘ, ʥʘʙˀʫʜʫʚʘʥʠʪʝ ʚʘʨʠʿʘʮʠʠ2 

ʥʘ ʧʨʦʮʝʩʦʪ (ʘʥʛ. observed process variations  ʎ )  ʩʝ ʨʝʟʫʣʪʘʪ ʥʘ ʚʠʩʪʠʥʩʢʠʪʝ ʚʘʨʠʿʘʮʠʠ 

ʥʘ ʧʨʦʮʝʩʦʪ (ʘʥʛ. actual process variations  ʎ ) ʠ ʚʘʨʠʿʘʮʠʠʪʝ ʥʘ ʤʝʨʥʠʦʪ ʩʠʩʪʝʤ (ʘʥʛ. 

measurement system variations  ʎ ) ʢʦʿ ʩʝ ʢʦʨʠʩʪʠ,  [57].  

ʎ ʎ  ʎ   

 

Ȣ    (1) 

ʅʘ ʉʣʠʢʘ 3.1 ʩʝ ʧʨʠʢʘʞʘʥʠ ʤʦʞʥʠʪʝ ʠʟʚʦʨʠ ʥʘ ʥʘʙˀʫʜʫʚʘʥʠʪʝ ʚʘʨʠʿʘʮʠʠ ʥʘ 

ʧʨʦʮʝʩʦʪ. 

ʅɸɹɲʋɼʋɺɸʅʀ

 ɺɸʈʀɱɸʎʀʀ ʅɸ 

ʇʈʆʎɽʉʆʊ

ɺʀʉʊʀʅʉʂʀ 

ɺɸʈʀɱɸʎʀʀ ʅɸ 

ʇʈʆʎɽʉʆʊ

ɺɸʈʀɱɸʎʀʀ ʅɸ 

ʄɽʈʅʀʆʊ ʉʀʉʊɽʄ

ɼʆʃɻʆʈʆʏʅʀ 

ɺɸʈʀɱɸʎʀʀ ʅɸ 

ʇʈʆʎɽʉʆʊ

ʂʈɸʊʂʆʈʆʏʅʀ 

ɺɸʈʀɱɸʎʀʀ ʅɸ 

ʇʈʆʎɽʉʆʊ

ɺɸʈʀɱɸʎʀʀ ɺʆ 

ʈɸʄʂʀʊɽ ʅɸ  

ʆʎɽʅʋɺɸʏʆʊ

ɺɸʈʀɱɸʎʀʀ ʇʆʄɽɬʋ  

ʆʎɽʅʋɺɸʏʀʊɽ

ʇʆɺʊʆʈʃʀɺʆʉʊ ʈɽʇʈʆɼʋʂʊʀɺʅʆʉʊ
 

ʉʣʠʢʘ 3.1.  ʅʘʙˀʫʜʫʚʘʥʠ ʚʘʨʠʿʘʮʠʠ ʥʘ ʧʨʦʮʝʩʦʪ 

ɿʘ ʜʘ ʩʝ ʬʦʢʫʩʠʨʘʤʝ ʥʘ ʚʠʩʪʠʥʩʢʠʪʝ ʚʘʨʠʿʘʮʠʠ ʥʘ ʧʨʦʮʝʩʦʪ, ʤʦʨʘ ʥʘʿʧʨʚʝʥ ʜʘ ʩʝ 

ʠʜʝʥʪʠʬʠʢʫʚʘʘʪ ʠ ʠʟʜʚʦʿʘʪ ʚʘʨʠʿʘʮʠʠʪʝ ʥʘ ʤʝʨʥʠʦʪ ʩʠʩʪʝʤ ʦʜ ʚʘʨʠʿʘʮʠʠʪʝ ʥʘ ʧʨʦʮʝʩʦʪ. 

ɿʘ ʠʜʝʥʪʠʬʠʢʫʚʘˁʝ ʥʘ ʚʘʨʠʿʘʮʠʠʪʝ ʥʘ ʤʝʨʥʠʦʪ ʩʠʩʪʝʤ ʩʣʫʞʠ ʩʪʫʜʠʿʘʪʘ ʟʘ ʘʥʘʣʠʟʘ ʥʘ 

ʤʝʨʥʠʦʪ ʩʠʩʪʝʤ MSA, ʘ ʟʘ ʘʥʘʣʠʟʘ ʥʘ ʚʠʩʪʠʥʩʢʠʪʝ ʚʘʨʠʿʘʮʠʠ ʥʘ ʧʨʦʮʝʩʦʪ ʩʣʫʞʠ 

ʩʪʫʜʠʿʘʪʘ ʟʘ ʩʪʘʪʠʩʪʠʯʢʘ ʢʦʥʪʨʦʣʘ ʥʘ ʧʨʦʮʝʩʦʪ SPC.  

ɺʦ ʊʘʙʝʣʘ 3.3 ʩʝ ʧʨʠʢʘʞʘʥʠ ʩʠʤʙʦʣʠʪʝ ʩʦ ʨʝʬʝʨʝʥʪʥʠʪʝ ʩʪʘʥʜʘʨʜʠ, ʢʦʠ ʩʝ 

ʢʦʨʠʩʪʘʪ ʚʦ MSA ʠ SPC ʩʪʫʜʠʠʪʝ.  

 
 

2 ISO 3534-2: 2006 - ɺʘʨʠʿʘʮʠʿʘ ʝ ʨʘʟʣʠʢʘ ʧʦʤʝʺʫ ʚʨʝʜʥʦʩʪʠʪʝ ʥʘ ʜʘʜʝʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ.  ɺʘʨʠʿʘʮʠʿʘʪʘ ʯʝʩʪʦ ʩʝ ʠʟʨʘʟʫʚʘ 
ʢʘʢʦ ʚʘʨʠʿʘʥʩʘ ʥʘ ʩʪʘʥʜʘʨʜʥʘʪʘ ʜʝʚʠʿʘʮʠʿʘ  
ɺʘʨʠʿʘʮʠʿʘ ʝ ʚʘʨʠʨʘˁʝ ʥʘ ʠʟʣʝʟʥʠʦʪ ʨʝʟʫʣʪʘʪ ʥʘ ʝʜʝʥ ʧʨʦʮʝʩ. ʀʟʚʦʨʠʪʝ ʥʘ ʚʘʨʠʿʘʮʠʠ ʤʦʞʝ ʙʠʜʘʪ ʧʦʨʘʜʠ ʚʦʦʙʠʯʘʝʥʠ 
ʧʨʠʯʠʥʠ ʠ  ʩʧʝʮʠʿʘʣʥʠ ʧʨʠʯʠʥʠ [44]  
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ʊʘʙʝʣʘ 3.3. ʉʠʤʙʦʣʠ  ʠ ʨʝʬʝʨʝʥʪʥʠ ʩʪʘʥʜʘʨʜʠ ʚʦ MSA ʠ SPC. 

ʎ - ʩʪʘʥʜʘʨʜʥʘ ʜʝʚʠʿʘʮʠʿʘ 
ʥʘ ʧʦʧʫʣʘʮʠʿʘʪʘ. 

(ISO 3534-2: 2006) 

ʎ  
ὢ А

ὔ
 

ὢ ʩʝ ʠʥʜʠʚʠʜʫʘʣʥʠʪʝ ʦʪʯʠʪʫʚʘˁʘ, А ʝ 
ʘʨʠʪʤʝʪʠʯʢʘʪʘ ʩʨʝʜʠʥʘ ʥʘ ʧʦʧʫʣʘʮʠʿʘ,  

ὔ ʝ ʙʨʦʿʦʪ ʥʘ ʦʪʯʠʪʫʚʘˁʘ ʚʦ ʧʦʧʫʣʘʮʠʿʘ. 

s - ʩʪʘʥʜʘʨʜʥʘ ʜʝʚʠʿʘʮʠʿʘ 

ʦʜ ʧʨʠʤʝʨʦʢ.  

(ISO 3534-2: 2006) 
Ó  

ὢ ὢ

ὲ ρ
 

ὢ ʩʝ ʠʥʜʠʚʠʜʫʘʣʥʠʪʝ ʦʪʯʠʪʫʚʘˁʘ, ὢ ʝ 

ʘʨʠʪʤʝʪʠʯʢʘʪʘ ʩʨʝʜʠʥʘ ʥʘ ʧʨʠʤʝʨʦʢʦʪ,  

n ʝ ʙʨʦʿʦʪ ʥʘ ʦʪʯʠʪʫʚʘˁʘ ʦʜ ʧʨʠʤʝʨʦʢ. 

„  - ʚʘʨʠʿʘʮʠʠ ʥʘ 

ʧʦʧʫʣʘʮʠʿʘ.  

(ISO 3534-2: 2006) 

„  
ὢ А

ὔ
 

ὢ ʩʝ ʠʥʜʠʚʠʜʫʘʣʥʠʪʝ ʦʪʯʠʪʫʚʘˁʘ, А ʝ 
ʘʨʠʪʤʝʪʠʯʢʘʪʘ ʩʨʝʜʠʥʘ ʥʘ ʧʦʧʫʣʘʮʠʿʘ, ʠ 

ὔ ʝ ʙʨʦʿʦʪ ʥʘ ʦʪʯʠʪʫʚʘˁʘ. 

ʎ  - ʥʘʙˀʫʜʫʚʘʥʠ 

ʚʘʨʠʿʘʮʠʠ ʥʘ ʧʨʦʮʝʩʦʪ.  

(MSA, AIAG, 2010) 

 

 

 

 

ʎ ʎ  ʎ  
ʎ  ʩʝ ʚʠʩʪʠʥʩʢʠʪʝ ʚʘʨʠʿʘʮʠʠ ʥʘ 

ʧʨʦʮʝʩʦʪ, ʘ ʎ  ʩʝ ʚʘʨʠʿʘʮʠʠʪʝ ʥʘ 

ʤʝʨʥʠʦʪ ʩʠʩʪʝʤ. 

ʎ  - ʚʠʩʪʠʥʩʢʠ 

ʚʘʨʠʿʘʮʠʠ ʥʘ ʧʨʦʮʝʩʦʪ. 

(MSA, AIAG, 2010) 

 

ʎ Ὑ Ͻ ὑ   
Ὑ  ʝ ʘʨʠʪʤʝʪʠʯʢʘ ʩʨʝʜʠʥʘ ʦʜ ʦʧʩʝʛʦʪ ʥʘ 

ʩʝʢʦʿ ʧʨʠʤʝʨʦʢ, a  ὑ ʝ ʢʦʝʬʠʮʠʝʥʪ ʰʪʦ 

ʟʘʚʠʩʠ ʦʜ ʙʨʦʿ ʥʘ ʧʨʠʤʝʨʦʮʠ ʚʦ GRR.  

ʎ  - ʚʘʨʠʿʘʮʠʠ ʥʘ 

ʤʝʨʥʠʦʪ ʩʠʩʪʝʤ.  

(MSA, AIAG, 2010) 

ʎ ʎ  ʎ  
ʎ  ʩʝ ʚʘʨʠʿʘʮʠʠ ʥʘ ʧʦʚʪʦʨʣʠʚʦʩʪ, ʘ  

ʎ  ʩʝ ʚʘʨʠʿʘʮʠʠ ʥʘ ʨʝʧʨʦʜʫʢʪʠʚʥʦʩʪ. 

ʎ  - ʚʘʨʠʿʘʮʠʠ ʥʘ 

ʧʦʚʪʦʨʣʠʚʦʩʪ.  

(MSA, AIAG, 2010) 

ʎ Ὁὠ  ὙϽὑ 
Ὑ ʝ ʘʨʠʪʤʝʪʠʯʢʘ ʩʨʝʜʠʥʘ ʥʘ ʦʧʩʝʛʦʪ 

ʧʦʤʝʺʫ ʦʮʝʥʫʚʘʯʠʪʝ, ὑ  ʝ ʢʦʥʩʪʘʥʪʘʪʘ 

ʰʪʦ ʟʘʚʠʩʠ ʦʜ ʙʨʦʿʦʪ ʥʘ ʤʝʨʝˁʘ ʚʦ GRR. 

ʎ  - ʚʘʨʠʿʘʮʠʠ ʥʘ 

ʨʝʧʨʦʜʫʢʪʠʚʥʦʩʪ. 

(MSA, AIAG, 2010) 

 

ʎ  = 

ὢ Ͻ ὑ
Ὁὠ

ὲὶ
 

ὢ  e ʤʘʢʩʠʤʘʣʥʘʪʘ ʨʘʟʣʠʢʘ ʥʘ 

ʘʨʠʪʤʝʪʠʯʢʠʪʝ ʩʨʝʜʠʥʠ ʥʘ ʦʮʝʥʫʚʘʯʠʪʝ,   

ὑ  e ʢʦʥʩʪʘʥʪʘʪʘ ʰʪʦ ʟʘʚʠʩʠ ʦʜ ʙʨʦʿʦʪ ʥʘ 

ʦʮʝʥʫʚʘʯʠ ʚʦ GRR, EV ʩʝ ʚʘʨʠʿʘʮʠʠ ʥʘ 

ʦʧʨʝʤʘʪʘ,  n ʝ ʙʨʦʿ ʥʘ ʧʨʠʤʝʨʦʮʠ ʠ r ʝ ʙʨʦʿ 

ʥʘ ʤʝʨʝˁʘ.  

ʎ - ʩʪʘʥʜʘʨʜʥʘ ʜʝʚʠʿʘʮʠʿʘ 
ʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ 

ʧʨʦʮʝʩ.  

(SPC, AIAG, 2005) 

 

ʉʪʘʥʜʘʨʜʥʘʪʘ ʜʝʚʠʿʘʮʠʿʘ ʟʘ ʢʨʘʪʦʢ ʚʨʝʤʝʥʩʢʠ ʧʝʨʠʦʜ ʎ  ʩʝ 

ʧʨʝʩʤʝʪʫʚʘ ʧʦ ʤʝʪʦʜʦʪ ʥʘ Walter A. Shewhart ʠ ʛʠ ʟʝʤʘ ʚʦ ʧʨʝʜʚʠʜ 

ʩʘʤʦ ʚʘʨʠʿʘʮʠʠʪʝ ʚʦ ʧʦʜʛʨʫʧʠʪʝ. ɿʘ ʜʦʣʛ ʚʨʝʤʝʥʩʢʠ ʧʝʨʠʦʜ ʩʝ 

ʧʨʝʩʤʝʪʫʚʘ ʧʦ ʬʦʨʤʫʣʘʪʘ ʎ  ʠ ʛʠ ʟʝʤʘ ʚʦ ʧʨʝʜʚʠʜ ʚʢʫʧʥʠʪʝ 

ʚʘʨʠʿʘʮʠʠ ʚʦ ʧʨʦʮʝʩʦʪ (ʚʦ ʠ ʧʦʤʝʺʫ ʧʦʜʛʨʫʧʠʪʝ). 

ʎ - Shewhart ʤʝʪʦʜ ʟʘ 

ʩʪʘʥʜʘʨʜʥʘ ʜʝʚʠʿʘʮʠʿʘ  

ʛʠ ʟʝʤʘ ʚʦ ʧʨʝʜʚʠʜ ʩʘʤʦ 

ʚʘʨʠʿʘʮʠʠʪʝ ʚʦ 

ʧʦʜʛʨʫʧʠʪʝ. 

(SPC, AIAG, 2005) 

 ʎ  2Ὠ 
2 ʝ ʘʨʠʪʤʝʪʠʯʢʘ ʩʨʝʜʠʥʘ ʦʜ ʦʧʩʝʟʠʪʝ ʚʦ 

ʧʦʜʛʨʫʧʠʪʝ, ʘ Ὠ ʝ ʢʦʝʬʠʮʠʝʥʪ ʰʪʦ 

ʟʘʚʠʩʠ ʦʜ ʛʦʣʝʤʠʥʘʪʘ ʥʘ ʧʦʜʛʨʫʧʘʪʘ. 
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ʎ - ʩʪʘʥʜʘʨʜʥʘ 

ʜʝʚʠʿʘʮʠʿʘ ʥʘ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ 

ʧʨʦʮʝʩ, ʟʘ ʧʨʝʩʤʝʪʢʘ ʥʘ 

ʚʢʫʧʥʠʪʝ ʚʘʨʠʿʘʮʠʠ ʚʦ 

ʧʨʦʮʝʩʦʪ (ʚʦ ʠ ʧʦʤʝʺʫ 

ʧʦʜʛʨʫʧʠʪʝ).  

(SPC, AIAG, 2005) 

ʎ Ó

ὢ ὢ

ὲ ρ
   

ὢ ʩʝ ʠʥʜʠʚʠʜʫʘʣʥʠʪʝ ʦʪʯʠʪʫʚʘˁʘ, ὢ ʝ 

ʘʨʠʪʤʝʪʠʯʢʘʪʘ ʩʨʝʜʠʥʘ ʠ n ʝ ʙʨʦʿʦʪ ʥʘ 

ʩʠʪʝ ʦʪʯʠʪʫʚʘˁʘ. 

 

3.3.2 ɸʥʘʣʠʟʘ ʥʘ ʤʝʨʥʠʦʪ ʩʠʩʪʝʤ - MSA ʩʪʫʜʠʿʘ 

ʇʨʝʜ ʜʘ ʟʘʧʦʯʥʝʤʝ ʩʦ ʪʝʦʨʝʪʩʢʠʦʪ ʧʨʠʢʘʟ ʥʘ MSA ʩʪʫʜʠʿʘʪʘ ˃ʝ ʜʘʜʝʤʝ ʢʨʘʪʦʢ 

ʦʧʠʩ ʥʘ ʪʝʨʤʠʥʦʣʦʛʠʿʘʪʘ ʰʪʦ ʩʝ ʢʦʨʠʩʪʠ ʧʨʠ ʘʥʘʣʠʟʘ ʥʘ ʤʝʨʥʠʦʪ ʩʠʩʪʝʤ, ʩʦʛʣʘʩʥʦ 

ʨʝʬʝʨʝʥʪʥʠʦʪ ʩʪʘʥʜʘʨʜ JCGM 200:2008 - International vocabulary of metrology VIM . 

ʆʧʠʩʦʪ ʥʘ ʪʝʨʤʠʥʦʣʦʛʠʿʘʪʘ ʰʪʦ ʥʝ ʝ ʧʦʢʨʠʝʥ ʩʦ ʩʪʘʥʜʘʨʜʦʪ JCGM 200:2008, ʘ ʩʝ ʢʦʨʠʩʪʠ 

ʚʦ MSA ʩʪʫʜʠʿʘʪʘ, ˃ʝ ʛʦ ʜʘʜʝʤʝ ʩʦʛʣʘʩʥʦ ʨʝʬʝʨʝʥʪʥʠʦʪ ʧʨʠʨʘʯʥʠʢ [45], ʢʦʿ ʧʘʢ ʟʘ 

ʪʝʨʤʠʥʦʣʦʛʠʿʘ ʠ ʩʠʤʙʦʣʠ ʩʝ ʧʦʚʠʢʫʚʘ ʥʘ ʩʪʘʥʜʘʨʜʠʪʝ ISO International vocabulary of 

metrology VIM, ASTM E691-99, ASTM E177-90a ʠ ASTM E456-96.  

ʈʝʟʦʣʫʮʠʿʘ ʝ ʥʘʿʤʘʣʘʪʘ ʧʨʦʤʝʥʘ ʥʘ ʚʨʝʜʥʦʩʪʘ ʥʘ ʤʝʨʝʥʘʪʘ ʚʝʣʠʯʠʥʘ ʰʪʦ ˃ʝ 

ʧʨʝʜʠʟʚʠʢʘ ʨʘʩʧʦʟʥʘʚʘˁʝ ʠ ʠʥʜʠʢʘʮʠʿʘ ʢʘʿ ʤʝʨʥʘʪʘ ʦʧʨʝʤʘ. ɻʝʥʝʨʘʣʥʦ ʩʝ ʧʨʘʢʪʠʢʫʚʘ 

ʧʨʘʚʠʣʦʪʦ ʝʜʥʘ ʜʝʩʝʪʠʥʘ ʟʘ ʨʝʟʦʣʫʮʠʿʘ ʥʘ ʝʜʝʥ ʤʝʨʝʥ ʩʠʩʪʝʤ. ʆʚʘ ʧʨʘʚʠʣʦ ʟʥʘʯʠ ʜʝʢʘ 

ʨʝʟʦʣʫʮʠʿʘʪʘ ʥʘ ʤʝʨʥʘʪʘ ʦʧʨʝʤʘ ʪʨʝʙʘ ʜʘ ʝ ʝʜʥʘ ʜʝʩʝʪʠʥʘ ʦʜ ʩʧʝʮʠʬʠʢʘʮʠʿʘʪʘ ʠʣʠ 

ʚʘʨʠʿʘʮʠʠʪʝ ʥʘ ʧʨʦʮʝʩʦʪ ʰʪʦ ʪʨʝʙʘ ʜʘ ʩʝ ʤʝʨʘʪ. ʉʦ ʜʨʫʛʠ ʟʙʦʨʦʚʠ ʤʝʨʥʘʪʘ ʦʧʨʝʤʘ ʪʨʝʙʘ 

ʜʘ ʠʤʘ 10 ʧʘʪʠ ʧʦʛʦʣʝʤʘ ʨʝʟʦʣʫʮʠʿʘ ʦʪʢʦʣʢʫ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʪʘ ʰʪʦ ʩʝ ʤʝʨʠ. ʀʜʝʘʪʘ ʝ ʜʘ 

ʩʝ ʠʟʙʝʨʠ ʤʝʨʥʘ ʦʧʨʝʤʘ ʰʪʦ ʝ ʩʧʦʩʦʙʥʘ ʜʘ ʜʝʪʝʢʪʠʨʘ ʚʘʨʠʿʘʮʠʠ ʧʨʠʩʫʪʥʠ ʚʦ ʜʘʜʝʥʘ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ. 

ʈʝʬʝʨʝʥʪʥʘ ʚʨʝʜʥʦʩʪ ʥʘ ʤʝʨʝʥʘʪʘ ʚʝʣʠʯʠʥʘ (ʘʥʛ. referent quantity value) ʝ 

ʚʨʝʜʥʦʩʪ ʥʘ ʤʝʨʝʥʘʪʘ ʚʝʣʠʯʠʥʘ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʢʘʢʦ ʦʩʥʦʚʘ ʟʘ ʩʧʦʨʝʜʙʘ ʩʦ ʚʨʝʜʥʦʩʪʠʪʝ 

ʥʘ ʤʝʨʝʥʠʪʝ ʚʝʣʠʯʠʥʠ ʥʘ ʧʨʠʤʝʨʦʮʠ ʩʦ ʠʩʪʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʈʝʬʝʨʝʥʪʥʘ ʚʨʝʜʥʦʩʪ ʤʦʞʝ 

ʜʘ ʙʠʜʝ ʚʠʩʪʠʥʩʢʘʪʘ ʚʨʝʜʥʦʩʪ ʥʘ ʤʝʨʝʥʘʪʘ ʚʝʣʠʯʠʥʘ, ʧʨʠ ʰʪʦ ʝ ʥʝʧʦʟʥʘʪʘ ʚʦ ʪʦʿ ʩʣʫʯʘʿ,  

ʠʣʠ ʢʦʥʚʝʥʮʠʦʥʘʣʥʘ ʚʨʝʜʥʦʩʪ ʥʘ ʤʝʨʝʥʘʪʘ ʚʝʣʠʯʠʥʘ ʧʨʠ ʰʪʦ ʝ ʧʦʟʥʘʪʘ ʚʨʝʜʥʦʩʪ. 

ʈʝʬʝʨʝʥʪʥʘʪʘ ʚʨʝʜʥʦʩʪ ʟʘʝʜʥʦ ʩʦ ʤʝʨʥʘʪʘ ʥʝʦʜʨʝʜʝʥʦʩʪ ʫʧʘʪʫʚʘ ʥʘ ʤʘʪʝʨʠʿʘʣʠ 

(ʩʝʨʪʠʬʠʮʠʨʘʥ ʨʝʬʝʨʝʥʪʝʥ ʤʘʪʝʨʠʿʘʣ), ʤʝʨʥʠ ʫʨʝʜʠ, ʨʝʬʝʨʝʥʪʥʘ ʤʝʨʥʘ ʧʨʦʮʝʜʫʨʘ ʠ 

ʩʧʦʨʝʜʙʘ ʩʦ ʤʝʨʝʥ ʩʪʘʥʜʘʨʜ.    

ɺʠʩʪʠʥʩʢʘ ʚʨʝʜʥʦʩʪ ʥʘ ʤʝʨʝʥʘʪʘ ʚʝʣʠʯʠʥʘ (ʘʥʛ. true quantity value) ʩʝ ʩʤʝʪʘ 

ʟʘ ʝʜʠʥʩʪʚʝʥʘ ʠ ʥʝʧʦʟʥʘʪʘ ʚʨʝʜʥʦʩʪ ʧʨʠ ʦʧʠʩʦʪ ʥʘ ʛʨʝʰʢʘ ʥʘ ʤʝʨʝˁʝ. ʇʨʠʩʪʘʧʦʪ ʥʘ 

ʤʝʨʥʘ ʥʝʦʜʨʝʜʝʥʦʩʪ ʝ ʜʘ ʧʨʝʧʦʟʥʘʝ ʜʝʢʘ ʧʦʨʘʜʠ ʧʨʠʨʦʜʘʪʘ ʥʘ ʩʫʤʘ ʦʜ ʥʝʢʦʤʧʣʝʪʥʠ 

ʜʝʪʘʣʠ ʟʘ ʤʝʨʝʥʘʪʘ ʚʝʣʠʯʠʥʘ, ʥʝ ʧʦʩʪʦʠ ʝʜʠʥʩʪʚʝʥʘ ʚʠʩʪʠʥʩʢʘ ʚʨʝʜʥʦʩʪ ʥʘ ʤʝʨʝʥʘʪʘ 

ʚʝʣʠʯʠʥʘ. ɼʨʫʛ ʧʨʠʩʪʘʧ, ʢʦʿ ʩʝ ʦʜʚʦʿʫʚʘ ʢʦʤʧʣʝʪʥʦ ʦʜ ʢʦʥʮʝʧʪʦʪ ʟʘ ʚʠʩʪʠʥʩʢʘ ʚʨʝʜʥʦʩʪ, 

ʩʝ ʧʦʪʧʠʨʘ ʥʘ ʢʦʥʮʝʧʪʦʪ  ʟʘ ʤʝʪʨʦʣʦʰʢʘ ʢʦʤʧʘʪʠʙʠʣʥʦʩʪ ʥʘ ʤʝʨʝʥʠʦʪ ʨʝʟʫʣʪʘʪ ʢʘʢʦ 

ʥʘʯʠʥ ʟʘ ʧʨʦʮʝʥʢʘ ʥʘ ʚʘʣʠʜʥʦʩʪʘ ʥʘ ʤʝʨʝʥʠʦʪ ʨʝʟʫʣʪʘʪ. ʉʘʤʦ ʚʦ ʩʧʝʮʠʿʘʣʥʠ ʩʣʫʯʘʠ ʢʦʛʘ 

ʩʪʘʥʫʚʘ ʟʙʦʨ ʟʘ ʦʩʥʦʚʥʠ ʢʦʥʩʪʘʥʪʠ ʩʝ ʩʤʝʪʘ ʜʝʢʘ ʤʝʨʝʥʘʪʘ ʚʝʣʠʯʠʥʘ ʠʤʘ ʝʜʠʥʩʪʚʝʥʘ 

ʚʠʩʪʠʥʩʢʘ ʚʨʝʜʥʦʩʪ. 

ɻʨʝʰʢʘ ʥʘ ʤʝʨʝˁʝ (ʘʥʛ. measurement error) ʝ ʚʨʝʜʥʦʩʪʘ ʥʘ ʤʝʨʝʥʘʪʘ ʚʝʣʠʯʠʥʘ 

ʤʠʥʫʩ ʨʝʬʝʨʝʥʪʥʘʪʘ ʚʨʝʜʥʦʩʪ. ʂʦʥʮʝʧʪʦʪ ʟʘ ʛʨʝʰʢʘ ʥʘ ʤʝʨʝˁʝ ʤʦʞʝ ʜʘ ʩʝ ʢʦʨʠʩʪʠ ʠ ʚʦ 

ʜʚʘʪʘ ʩʣʫʯʘʠ: 1) ʢʦʛʘ ʧʦʩʪʦʠ ʝʜʠʥʩʪʚʝʥʘ ʨʝʬʝʨʝʥʪʥʘ ʚʨʝʜʥʦʩʪ ʟʘ ʩʧʦʨʝʜʙʘ ʰʪʦ ʝ ʩʣʫʯʘʿ 

ʧʨʠ ʢʘʣʠʙʨʘʮʠʿʘ ʢʦʛʘ ʩʝ ʢʦʨʠʩʪʠ ʤʝʨʝʥ ʩʪʘʥʜʘʨʜ ʠ ʚʨʝʜʥʦʩʪ ʥʘ ʤʝʨʝʥʘ ʚʝʣʠʯʠʥʘ ʩʦ 
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ʟʘʥʝʤʘʨʣʠʚʦ ʤʘʣʘ ʤʝʨʥʘ ʥʝʦʜʨʝʜʝʥʦʩʪ, ʠʣʠ ʢʦʛʘ ʝ ʜʘʜʝʥʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʘ ʚʨʝʜʥʦʩʪ ʥʘ 

ʤʝʨʝʥʘʪʘ ʚʝʣʠʯʠʥʘ ʧʨʠ ʰʪʦ ʛʨʝʰʢʘʪʘ ʥʘ ʤʝʨʝˁʝ ʝ ʧʦʟʥʘʪʘ, 2) ʢʦʛʘ ʤʝʨʝʥʘʪʘ ʚʝʣʠʯʠʥʘ ʝ 

ʧʨʝʪʩʪʘʚʝʥʘ ʩʦ ʝʜʠʥʩʪʚʝʥʘ ʚʠʩʪʠʥʩʢʘ ʚʨʝʜʥʦʩʪ ʥʘ ʤʝʨʝʥʘʪʘ ʚʝʣʠʯʠʥʘ ʠʣʠ ʩʝʪ ʦʜ 

ʚʠʩʠʥʩʢʠ ʚʨʝʜʥʦʩʪʠ ʩʦ ʟʘʥʝʤʘʨʣʠʚ ʦʧʩʝʛ ʧʨʠ ʰʪʦ ʛʨʝʰʢʘʪʘ ʥʘ ʤʝʨʝˁʝ ʝ ʧʦʟʥʘʪʘ.  ɻʨʝʰʢʘ 

ʥʘ ʤʝʨʝˁʝʪʦ ʥʝ ʪʨʝʙʘ ʜʘ ʩʝ ʧʦʠʩʪʦʚʝʪʫʚʘ ʩʦ ʧʨʦʠʟʚʦʜʥʘ ʛʨʝʰʢʘ ʠʣʠ ʧʨʦʧʫʩʪ.  

ʉʠʩʪʝʤʘʪʩʢʘ ʛʨʝʰʢʘ ʥʘ ʤʝʨʝˁʝ (ʘʥʛ. systematic measurement error) ʝ  ʜʝʣ ʦʜ 

ʛʨʝʰʢʘ ʥʘ ʤʝʨʝˁʝ, ʰʪʦ ʦʩʪʘʥʫʚʘ ʢʦʥʩʪʘʥʪʥʘ ʠʣʠ ʚʘʨʠʨʘ ʥʘ ʧʨʝʜʚʠʜʣʠʚ ʥʘʯʠʥ ʧʨʠ 

ʧʦʚʪʦʨʣʠʚʠ ʤʝʨʝˁʘ. ʈʝʬʝʨʝʥʪʥʘ ʚʨʝʜʥʦʩʪ ʟʘ ʩʠʩʪʝʤʘʪʩʢʘ ʛʨʝʰʢʘ ʤʦʞʝ ʜʘ ʙʠʜʝ 

ʚʠʩʪʠʥʩʢʘʪʘ ʚʨʝʜʥʦʩʪ, ʚʨʝʜʥʦʩʪʘ ʥʘ ʤʝʨʝʥʘʪʘ ʚʝʣʠʯʠʥʘ ʧʦ ʤʝʨʝʥ ʩʪʘʥʜʘʨʜ ʩʦ 

ʟʘʥʝʤʘʨʣʠʚʘ ʤʝʨʥʘ ʥʝʦʜʨʝʜʝʥʦʩʪ, ʠʣʠ ʢʦʥʚʝʥʮʠʿʘʣʥʘ ʚʨʝʜʥʦʩʪ ʥʘ ʤʝʨʝʥʘʪʘ ʚʝʣʠʯʠʥʘ.  

ʉʠʩʪʝʤʘʪʩʢʘʪʘ ʛʨʝʰʢʘ ʠ ʧʨʠʯʠʥʠʪʝ ʟʘ ʥʝʿʟʠʥʘʪʘ ʧʦʿʘʚʘ ʤʦʞʝ ʜʘ ʙʠʜʘʪ ʧʦʟʥʘʪʠ ʠʣʠ 

ʥʝʧʦʟʥʘʪʠ. ɺʦ ʩʣʫʯʘʿ ʥʘ ʧʦʟʥʘʪʘ ʩʠʩʪʝʤʘʪʩʢʘ ʛʨʝʰʢʘ ʤʦʞʝ ʜʘ ʩʝ ʘʧʣʠʮʠʨʘ ʢʦʨʝʢʮʠʿʘ ʟʘ 

ʜʘ ʩʝ ʢʦʤʧʝʥʟʠʨʘ ʛʨʝʰʢʘʪʘ. ʉʠʩʪʝʤʘʪʩʢʘʪʘ ʛʨʝʰʢʘ ʝ ʝʜʥʘʢʚʘ ʥʘ ʛʨʝʰʢʘʪʘ ʥʘ ʤʝʨʝˁʝ 

ʤʠʥʫʩ ʩʣʫʯʘʿʥʘʪʘ ʛʨʝʰʢʘ ʥʘ ʤʘʨʝˁʝ. 

ʉʣʫʯʘʿʥʘ ʛʨʝʰʢʘ ʥʘ ʤʝʨʝˁʝ (ʘʥʛ. random measurement error) ʝ ʜʝʣ ʦʜ ʛʨʝʰʢʘ 

ʥʘ ʤʝʨʝˁʝ, ʰʪʦ ʚʘʨʠʨʘ ʥʘ ʥʝʧʨʝʜʚʠʜʣʠʚ ʥʘʯʠʥ ʧʨʠ ʧʦʚʪʦʨʣʠʚʠ ʤʝʨʝˁʘ. ʈʝʬʝʨʝʥʪʥʘ 

ʚʨʝʜʥʦʩʪ ʟʘ ʩʣʫʯʘʿʥʘ ʛʨʝʰʢʘ ʝ ʘʨʠʪʤʝʪʠʯʢʘʪʘ ʩʨʝʜʠʥʘ  ʰʪʦ ʩʝ ʜʦʙʠʚʘ ʦʜ ʙʝʩʢʦʥʝʯʝʥ ʙʨʦʿ 

ʥʘ ʧʦʚʪʦʨʣʠʚʠ ʤʝʨʝˁʘ ʥʘ ʠʩʪ ʦʙʿʝʢʪ. ɿʙʠʨ ʦʜ ʩʣʫʯʘʿʥʠ ʤʝʨʥʠ ʛʨʝʰʢʠ ʧʨʠ ʧʦʚʪʦʨʣʠʚʠ 

ʤʝʨʝˁʘ ʬʦʨʤʠʨʘʘʪ ʜʠʩʪʨʠʙʫʮʠʿʘ ʰʪʦ ʤʦʞʝ ʜʘ ʩʝ ʩʫʤʠʨʘ ʚʦ ʦʜʥʦʩ ʥʘ ʦʯʝʢʫʚʘˁʘʪʘ. 

ʉʣʫʯʘʿʥʘʪʘ ʛʨʝʰʢʘ ʝ ʝʜʥʘʢʚʘ ʥʘ ʛʨʝʰʢʘʪʘ ʥʘ ʤʝʨʝˁʝ ʤʠʥʫʩ ʩʠʩʪʝʤʘʪʩʢʘʪʘ ʛʨʝʰʢʘ.  

ʊʦʯʥʦʩʪ (ʘʥʛ. measurement accuracy) e ʙʣʠʟʠʥʘʪʘ ʥʘ ʧʦʚʪʦʨʫʚʘˁʝ ʥʘ 

ʚʨʝʜʥʦʩʪʠʪʝ ʥʘ ʤʝʨʝʥʘʪʘ ʚʝʣʠʯʠʥʘ ʠ ʨʝʬʝʨʝʥʪʘʪʘ ʚʨʝʜʥʦʩʪ ʥʘ ʦʙʿʝʢʪʦʪ. ʂʦʥʮʝʧʪʦʪ ʥʘ 

ʪʦʯʥʦʩʪ ʥʝʤʘ ʥʫʤʝʨʠʯʢʘ ʚʨʝʜʥʦʩʪ. ʄʝʨʝʥʘʪʘ ʚʝʣʠʯʠʥʘ ʝ ʧʦʪʦʯʥʘ, ʢʦʛʘ ʪʘʘ ʠʤʘ ʧʦʤʘʣʘ 

ʛʨʝʰʢʘ ʥʘ ʤʝʨʝˁʝ. ʊʝʨʤʠʥʦʪ ʪʦʯʥʦʩʪ ʥʝ ʪʨʝʙʘ ʜʘ ʩʝ ʧʦʠʩʪʦʚʝʪʫʚʘ ʩʦ ʚʠʩʪʠʥʩʢʘ ʚʨʝʜʥʦʩʪ 

ʥʘ ʤʝʨʝʥʘʪʘ ʚʝʣʠʯʠʥʘ, ʥʠʪʫ ʩʦ ʧʨʝʮʠʟʥʦʩʪ ʥʘ ʤʝʨʝˁʝ.   

ʆʪʩʪʘʧʫʚʘˁʝ (ʘʥʛ. measurement bias) ʝ ʨʘʩʪʦʿʘʥʠʝʪʦ ʧʦʤʝʺʫ ʘʨʠʪʤʝʪʠʯʢʘʪʘ 

ʩʨʝʜʠʥʘ ʦʜ ʥʝʢʦʣʢʫ ʤʝʨʝˁʘ ʠ ʚʠʩʪʠʥʩʢʘʪʘ ʚʨʝʜʥʦʩʪ. ʊʦʘ ʝ ʧʨʦʮʝʥʢʘ ʥʘ ʩʠʩʪʝʤʘʪʩʢʘ 

ʛʨʝʰʢʘ ʥʘ ʤʝʨʝˁʝʪʦ. ʂʦʣʠʯʠʥʘʪʘ ʟʘ ʢʦʿʘ ʰʪʦ ʤʝʨʥʠʦʪ ʫʨʝʜ ʝ ʢʦʥʪʠʥʫʠʨʘʥʦ ʥʘʜʚʦʨ ʦʜ 

ʮʝʣʪʘ. 

ʉʪʘʙʠʣʥʦʩʪ ʠʣʠ ʧʦʤʝʩʪʫʚʘˁʝ (ʘʥʛ. stability)  ʝ ʚʢʫʧʥʘʪʘ ʚʘʨʠʿʘʮʠʿʘ ʚʦ 

ʤʝʨʝˁʘʪʘ, ʜʦʙʠʝʥʘ ʩʦ ʤʝʨʝʥ ʩʠʩʪʝʤ, ʢʦʨʠʩʪʝʥ ʧʨʠ ʤʝʨʝˁʝ ʥʘ ʠʩʪʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ 

ʝʜʝʥ ʠʩʪ ʨʝʬʝʨʝʥʪʝʥ ʧʨʠʤʝʨʦʢ, ʚʦ ʧʨʦʜʦʣʞʝʥ ʚʨʝʤʝʥʩʢʠ ʧʝʨʠʦʜ. ʉʪʘʙʠʣʥʦʩʪ ʝ ʧʨʦʤʝʥʘ 

ʥʘ ʦʪʩʪʘʧʫʚʘˁʝ ʩʦ ʪʝʢʦʪ ʥʘ ʚʨʝʤʝʪʦ. ʇʨʦʙʣʝʤʠ ʩʦ ʩʪʘʙʠʣʥʦʩʪʘ ʥʘʿʯʝʩʪʦ ʩʝ ʿʘʚʫʚʘʘʪ 

ʧʦʨʘʜʠ ʘʤʦʨʪʠʟʘʮʠʿʘ ʥʘ ʤʝʨʥʘʪʘ ʦʧʨʝʤʘ, ʬʘʢʪʦʨʠ ʦʜ ʩʨʝʜʠʥʘʪʘ ʠ ʦʧʢʨʫʞʫʚʘˁʝʪʦ, 

ʥʝʢʦʥʟʠʩʪʝʥʪʥʦʩʪ ʥʘ ʧʝʨʬʦʨʤʘʥʩʦʪ ʥʘ ʦʧʝʨʘʪʦʨʠʪʝ ʠ ʥʝʩʦʦʜʚʝʪʥʘ ʧʨʦʮʝʜʫʨʘ ʟʘ 

ʢʦʨʠʩʪʝˁʝ ʥʘ ʤʝʨʥʘʪʘ ʦʧʨʝʤʘ.  

ʃʠʥʝʘʨʥʦʩʪ (ʘʥʛ. linearity)  ʝ ʨʘʟʣʠʢʘ ʥʘ ʦʪʩʪʘʧʫʚʘˁʘʪʘ ʚʦ ʨʘʟʣʠʯʝʥ ʜʝʣ ʦʜ 

ʦʯʝʢʫʚʘʥʠʦʪ ʦʧʝʨʘʪʠʚʝʥ (ʤʝʨʝʥ) ʦʧʩʝʛ ʥʘ ʤʝʨʥʠʦʪ ʠʥʩʪʨʫʤʝʥʪ. ɺʦ ʝʜʝʥ ʜʝʣ ʦʜ ʤʝʨʥʠʦʪ 

ʦʧʩʝʛ ʥʘ ʠʥʩʪʨʫʤʝʥʪʦʪ ʤʦʞʝ ʜʘ ʠʤʘ ʝʜʥʦ ʦʪʩʪʘʧʫʚʘˁʝ, ʚʦ ʜʨʫʛ ʜʝʣ ʦʜ ʤʝʨʥʠʦʪ ʦʧʩʝʛ ʥʘ 

ʠʥʩʪʨʫʤʝʥʪʦʪ ʜʨʫʛʦ ʦʪʩʪʘʧʫʚʘˁʝ. ʃʠʥʝʘʨʥʦʩʪʘ ʤʦʞʝ ʜʘ ʩʝ ʩʤʝʪʘ ʢʘʢʦ ʧʨʦʤʝʥʘ ʥʘ 

ʦʪʩʪʘʧʫʚʘˁʝʪʦ ʚʦ ʨʘʟʣʠʯʥʠʦʪ ʜʝʣ ʦʜ ʦʧʩʝʛʦʪ ʢʘʿ ʤʝʨʥʠʦʪ ʠʥʩʪʨʫʤʝʥʪ. ʇʨʦʙʣʝʤʠʪʝ ʩʦ 

ʣʠʥʝʘʨʥʦʩʪʘ ʯʝʩʪʦ ʩʝ ʨʝʟʫʣʪʘʪ ʥʘ ʥʝʩʦʦʜʚʝʪʥʦ ʦʜʨʞʫʚʘˁʝ ʥʘ ʤʝʨʥʘʪʘ ʦʧʨʝʤʘ ʠʣʠ 

ʥʝʩʦʦʜʚʝʪʥʘ ʢʘʣʠʙʨʘʮʠʿʘ.  

ʇʨʝʮʠʟʥʦʩʪ (ʘʥʛ. measurement precision) ʝ ʙʣʠʩʢʦʩʪ ʧʦʤʝʺʫ ʤʝʨʥʠʪʝ ʨʝʟʫʣʪʘʪʠ 

ʠʣʠ ʧʦʢʘʞʫʚʘˁʘ ʜʦʙʠʝʥʠ ʩʦ ʧʦʚʪʦʨʝʥʠ ʤʝʨʝˁʘ ʥʘ ʠʩʪ ʠʣʠ ʩʣʠʯʥʠ ʦʙʿʝʢʪʠ ʧʦʜ 

ʜʝʬʠʥʠʨʘʥʠ ʫʩʣʦʚʠ. ʇʨʝʮʠʟʥʦʩʪʘ ʥʘʿʯʝʩʪʦ ʥʫʤʝʨʠʯʢʠ ʩʝ ʠʟʨʘʟʫʚʘ ʩʦ ʩʪʘʥʜʘʨʜʥʘ 

ʜʝʚʠʿʘʮʠʿʘ, ʚʘʨʠʿʘʥʩʘ ʠʣʠ ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʚʘʨʠʿʘʮʠʿʘ ʧʦʜ ʜʝʬʠʥʠʨʘʥʠ ʫʩʣʦʚʠ ʥʘ ʤʝʨʝˁʝ. 
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ɺʩʫʰʥʦʩʪ, ʧʨʝʮʠʟʥʦʩʪʘ ʥʘʿʯʝʩʪʦ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʜʘ ʩʝ ʦʧʠʰʝ ʦʯʝʢʫʚʘʥʘʪʘ ʚʘʨʠʿʘʮʠʿʘ ʥʘ 

ʧʦʚʪʦʨʣʠʚʠʪʝ ʤʝʨʝˁʘ ʚʦ ʜʘʜʝʥ ʦʧʩʝʛ ʥʘ ʤʝʨʝˁʝ.  

 ʋʩʣʦʚʠ ʟʘ ʧʦʚʪʦʨʣʠʚʦʩʪ ʥʘ ʤʝʨʝˁʝʪʦ (ʘʥʛ. repeatability condition of 

measurement) ʩʝ ʦʜʥʝʩʫʚʘʘʪ ʥʘ ʫʩʣʦʚʠʪʝ ʥʘ ʤʝʨʝˁʝʪʦ ʢʦʠ ʚʢʣʫʯʫʚʘʘʪ ʠʩʪʘ ʤʝʨʥʘ 

ʧʨʦʮʝʜʫʨʘ, ʠʩʪʠ ʦʧʝʨʘʪʦʨʠ, ʠʩʪ ʤʝʨʝʥ ʩʠʩʪʝʤ, ʠʩʪʠ ʨʘʙʦʪʥʠ ʫʩʣʦʚʠ, ʠʩʪʘ ʣʦʢʘʮʠʿʘ, ʢʘʢʦ 

ʠ ʧʦʚʪʦʨʝʥʠ ʤʝʨʝˁʘ ʥʘ ʠʩʪ ʠʣʠ ʩʣʠʯʥʠ ʧʨʠʤʝʨʦʮʠ ʚʦ ʢʨʘʪʦʢ ʚʨʝʤʝʥʩʢʠ ʧʝʨʠʦʜ.    

ʄʝʨʥʘ ʧʦʚʪʦʨʣʠʚʦʩʪ (ʘʥʛ. measurement repeatability) ʝ ʤʝʨʥʘ ʧʨʝʮʠʟʥʦʩʪ ʟʘ 

ʜʘʜʝʥʦ ʤʥʦʞʝʩʪʚʦ ʥʘ ʧʦʚʪʦʨʣʠʚʠ ʫʩʣʦʚʠ ʥʘ ʤʝʨʝˁʝ.  

ʋʩʣʦʚʠ ʟʘ ʨʝʧʨʦʜʫʢʪʠʚʥʦʩʪ ʥʘ ʤʝʨʝˁʝʪʦ (ʘʥʛ. reproducibility condition of 

measurement) ʩʝ ʫʩʣʦʚʠ ʢʦʠ ʚʢʣʫʯʫʚʘʘʪ ʨʘʟʣʠʯʥʠ ʣʦʢʘʮʠʠ, ʦʧʝʨʘʪʦʨʠ, ʤʝʨʥʠ ʩʠʩʪʝʤʠ ʠ 

ʧʦʚʪʦʨʝʥʠ ʤʝʨʝˁʘ ʥʘ ʠʩʪ ʠʣʠ ʩʣʠʯʥʠ ʧʨʠʤʝʨʦʮʠ. 

ʄʝʨʥʘ ʨʝʧʨʦʜʫʢʪʠʚʥʦʩʪ (ʘʥʛ. measurement reproducibility) ʝ ʤʝʨʥʘ 

ʧʨʝʮʠʟʥʦʩʪ ʟʘ ʢʦʠ ʚʘʞʘʪ ʫʩʣʦʚʠʪʝ ʟʘ ʨʝʧʨʦʜʫʢʪʠʚʥʦʩʪ.  

ʉʪʫʜʠʿʘ ʟʘ ʧʦʚʪʦʨʣʠʚʦʩʪ ʠ ʨʝʧʨʦʜʫʢʪʠʚʥʦʩʪ (ʘʥʛ. Gage Repeatability &  

Reproducibility  - GRR) ʝ ʢʦʤʙʠʥʠʨʘʥʘ ʧʨʦʮʝʥʢʘ ʥʘ ʧʦʚʪʦʨʣʠʚʦʩʪ ʠ ʨʝʧʨʦʜʫʢʪʠʚʥʦʩʪ ʥʘ 

ʤʝʨʥʠʦʪ ʩʠʩʪʝʤ. 

ʉʧʦʩʦʙʥʦʩʪ ʥʘ ʤʝʨʥʠʦʪ ʩʠʩʪʝʤ (ʘʥʛ. capability of measurement system) ʝ 

ʢʨʘʪʢʦʨʦʯʥʘ ʧʨʦʮʝʥʢʘ ʥʘ ʚʘʨʠʿʘʮʠʠʪʝ ʥʘ ʤʝʨʥʠʦʪ ʩʠʩʪʝʤ. ʉʧʦʩʦʙʥʦʩʪ ʥʘ ʤʝʨʥʠʦʪ 

ʩʠʩʪʝʤ ʝ ʩʣʫʯʘʿʥʘ ʛʨʝʰʢʘ ʥʘ ʤʝʨʥʠʦʪ ʩʠʩʪʝʤ ʚʦ ʢʨʘʪʦʢ ʚʨʝʤʝʥʩʢʠ ʧʝʨʠʦʜ. ʊʦʘ ʝ 

ʢʦʤʙʠʥʘʮʠʿʘ ʦʜ ʛʨʝʰʢʠ ʢʦʠ ʩʝ ʜʝʬʠʥʠʨʘʥʠ ʦʜ ʣʠʥʝʘʨʥʦʩʪ, ʫʥʠʬʦʨʤʥʦʩʪ, ʧʦʚʪʦʨʣʠʚʦʩʪ 

ʠ ʨʝʧʨʦʜʫʢʪʠʚʥʦʩʪ.  

ʇʝʨʬʦʨʤʘʥʩʠ ʥʘ ʤʝʨʥʠʦʪ ʩʠʩʪʝʤ (ʘʥʛ. performance of measurement system)  ʝ 

ʜʦʣʛʦʨʦʯʥʘ ʧʨʦʮʝʥʢʘ ʥʘ ʚʘʨʠʿʘʮʠʠʪʝ ʥʘ ʤʝʨʥʠʦʪ ʩʠʩʪʝʤ. ʇʝʨʬʦʨʤʘʥʩʠʪʝ ʥʘ ʤʝʨʥʠʦʪ 

ʩʠʩʪʝʤ, ʠʩʪʦ ʢʘʢʦ ʠ  ʧʝʨʬʦʨʤʘʥʩʠʪʝ ʥʘ ʧʨʦʮʝʩʦʪ, ʩʝ ʝʬʝʢʪ ʥʘ ʚʢʫʧʥʠʪʝ ʠʟʚʦʨʠ ʥʘ 

ʚʘʨʠʿʘʮʠʠ ʟʘ ʦʜʨʝʜʝʥ ʚʨʝʤʝʥʩʢʠ ʧʝʨʠʦʜ. ʆʚʘ ʫʪʚʨʜʫʚʘ ʜʘʣʠ ʥʘʰʠʦʪ ʩʠʩʪʝʤ ʝ ʚʦ 

ʩʪʘʪʠʩʪʠʯʢʘ ʢʦʥʪʨʦʣʘ (ʥʘ ʧʨʠʤʝʨ, ʩʪʘʙʠʣʝʥ ʠ ʢʦʥʟʠʩʪʝʥʪʝʥ, ʚʘʨʠʿʘʮʠʠʪʝ ʩʝ ʨʝʟʫʣʪʘʪ 

ʩʘʤʦ ʥʘ ʚʦʦʙʠʯʘʝʥʠ ʧʨʠʯʠʥʠ), ʚʦ ʮʝʣʪʘ (ʥʝ ʝ ʧʨʠʩʪʨʘʩʝʥ), ʠ ʠʤʘʘʪ ʧʨʠʬʘʪʣʠʚʠ ʚʘʨʠʿʘʮʠʠ  

(GRR) ʚʦ ʦʧʩʝʛʦʪ ʥʘ ʦʯʝʢʫʚʘʥʠ ʨʝʟʫʣʪʘʪʠ.  

ʉʝʥʟʠʪʠʚʥʦʩʪ ʥʘ ʤʝʨʥʠʦʪ ʩʠʩʪʝʤ ʝ ʢʦʝʬʠʮʠʝʥʪ ʰʪʦ ʿʘ ʧʦʢʘʞʫʚʘ ʨʝʘʢʮʠʿʘʪʘ ʥʘ 

ʤʝʨʥʠʦʪ ʩʠʩʪʝʤ ʥʘ ʧʨʦʤʝʥʘʪʘ ʥʘ ʚʨʝʜʥʦʩʪʘ ʥʘ ʤʝʨʝʥʘʪʘ ʚʝʣʠʯʠʥʘ.  ʉʝʥʟʠʪʠʚʥʦʩʪʘ ʟʘʚʠʩʠ 

ʦʜ ʚʨʝʜʥʦʩʪʘ ʥʘ ʤʝʨʝʥʘʪʘ ʚʝʣʠʯʠʥʘ. ʇʨʦʤʝʥʘʪʘ ʥʘ ʚʨʝʜʥʦʩʪʘ ʥʘ ʤʝʨʝʥʘʪʘ ʚʝʣʠʯʠʥʘ ʤʦʨʘ 

ʜʘ ʙʠʜʝ ʛʦʣʝʤʘ ʚʦ ʩʧʦʨʝʜʥʘ ʩʦ ʨʝʟʦʣʫʮʠʿʘʪʘ ʥʘ ʤʝʨʥʠʦʪ ʩʠʩʪʝʤ.  

ʂʦʥʟʠʩʪʝʥʪʥʦʩʪ ʝ ʨʘʟʣʠʢʘʪʘ ʚʦ ʚʘʨʠʿʘʮʠʠʪʝ ʥʘ ʤʝʨʝˁʘʪʘ ʟʝʤʝʥʠ ʚʦ ʪʝʢ ʥʘ 

ʦʜʨʝʜʝʥ ʚʨʝʤʝʥʩʢʠ ʧʝʨʠʦʜ. ʄʦʞʝ ʜʘ ʩʝ ʨʘʟʛʣʝʜʫʚʘ ʢʘʢʦ ʧʦʚʪʦʨʣʠʚʦʩʪ ʚʦ ʪʝʢʦʪ ʥʘ 

ʚʨʝʤʝʪʦ.  

ʋʥʠʬʦʨʤʥʦʩʪ ʝ ʧʨʦʤʝʥʘ ʥʘ ʧʦʚʪʦʨʣʠʚʦʩʪʘ ʚʦ ʝʜʝʥ ʥʦʨʤʘʣʝʥ ʦʧʝʨʘʪʠʚʝʥ ʦʧʩʝʛ. 

ʊʘʘ ʧʨʝʪʩʪʘʚʫʚʘ ʭʦʤʦʛʝʥʦʩʪ ʥʘ ʧʦʚʪʦʨʣʠʚʦʩʪ.  

ʄʝʨʥʠʦʪ ʩʠʩʪʝʤ ʩʝ ʩʦʩʪʦʠ ʦʜ ʤʝʨʝʥ ʠʥʩʪʨʫʤʝʥʪ ʠʣʠ ʫʨʝʜ ʠ ʯʝʩʪʦ ʩʦʜʨʞʠ ʠ ʜʨʫʛʠ 

ʢʦʤʧʦʥʝʥʪʠ ʢʘʢʦ ʦʧʝʨʘʪʦʨ(ʠ) ʢʦʠ ʛʦ ʢʦʨʠʩʪʘʪ ʠ ʫʩʣʦʚʠ ʩʧʝʮʠʬʠʯʥʠ ʟʘ ʚʨʝʤʝʪʦ ʢʦʛʘ 

ʠʥʩʪʨʫʤʝʥʪʦʪ ʩʝ ʢʦʨʠʩʪʠ. ʇʦʩʪʦʿʘʪ ʠ ʜʨʫʛʠ ʬʘʢʪʦʨʠ ʢʦʠ ʚʣʠʿʘʘʪ ʥʘ ʦʜʥʝʩʫʚʘˁʝʪʦ ʥʘ 

ʤʝʨʥʠʦʪ ʩʠʩʪʝʤ, ʢʘʢʦ ʥʘ ʧʨʠʤʝʨ ʧʦʜʝʩʫʚʘˁʘʪʘ ʠ ʢʘʣʠʙʨʘʮʠʿʘ, [57]. ʎʝʣʪʘ ʥʘ ʥʘʿʛʦʣʝʤʠʦʪ 

ʙʨʦʿ ʥʘ ʩʪʫʜʠʠ ʟʘ ʫʪʚʨʜʫʚʘˁʝ ʥʘ ʩʧʦʩʦʙʥʦʩʪʘ ʥʘ ʤʝʨʥʠʦʪ ʩʠʩʪʝʤ ʝ: 

1. ɼʘ ʩʝ ʫʪʚʨʜʠ ʢʦʣʢʫ ʦʜ ʚʢʫʧʥʠʪʝ ʥʘʙˀʫʜʫʚʘʥʠ ʚʘʨʠʿʘʮʠʠ ʩʝ ʨʝʟʫʣʪʘʪ ʥʘ 
ʤʝʨʥʠʦʪ ʠʥʩʪʨʫʤʝʥʪ. 

2. ɼʘ ʩʝ ʠʟʦʣʠʨʘʘʪ ʢʦʤʧʦʥʝʥʪʠʪʝ ʥʘ ʚʘʨʠʿʘʮʠʠ ʥʘ ʤʝʨʥʠʦʪ ʩʠʩʪʝʤ. 
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3. ɼʘ ʩʝ ʧʨʦʮʝʥʠ ʜʘʣʠ ʤʝʨʥʠʦʪ ʠʥʩʪʨʫʤʝʥʪ ʝ ʩʧʦʩʦʙʝʥ ʪ.ʝ ʜʘʣʠ ʝ ʩʦʦʜʚʝʪʝʥ  ʟʘ 

ʧʣʘʥʠʨʘʥʘʪʘ ʘʧʣʠʢʘʮʠʿʘ. 

ɺʘʨʠʿʘʮʠʠʪʝ ʥʘ ʤʝʨʥʠʦʪ ʩʠʩʪʝʤ ʩʝ ʩʦʩʪʦʿʘʪ ʦʜ ʚʘʨʠʿʘʮʠʠ ʥʘ ʧʦʚʪʦʨʣʠʚʦʩʪ (ʘʥʛ. 

repeatability - ʎ ) ʠ ʚʘʨʠʿʘʮʠʠ ʥʘ ʨʝʧʨʦʜʫʢʪʠʚʥʦʩʪ (ʘʥʛ. reproducibility - ʎ ): 

                                               „ „  „  Ȣ    (2) 

ɺʦʦʙʠʯʘʝʥʠ ʘʣʘʪʢʠ ʢʦʠ ʩʝ ʢʦʨʠʩʪʘʪ ʟʘ ʘʥʘʣʠʟʘ ʥʘ ʤʝʨʥʠʦʪ ʩʠʩʪʝʤ ʩʝ: 

ʢʘʣʠʙʨʘʮʠʩʢʠ ʩʝʨʪʠʬʠʢʘʪʠ, ʛʨʘʬʠʢʦʥ ʩʦ ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʚʘʨʠʿʘʮʠʠ, ʘʪʨʠʙʫʪʠʚʥʘ ʘʥʘʣʠʟʘ 

ʥʘ ʤʝʨʥʠʦʪ ʩʠʩʪʝʤ ʠ ʩʪʫʜʠʿʘ ʟʘ ʧʦʚʪʦʨʣʠʚʦʩʪ ʠ ʨʝʧʨʦʜʫʢʪʠʚʥʦʩʪ. ʂʦʿʘ ʘʣʘʪʢʘ ˃ʝ ʩʝ 

ʠʟʙʝʨʝ ʟʘ ʩʧʨʦʚʝʜʫʚʘˁʝ ʥʘ ʘʥʘʣʠʟʘʪʘ ʥʘ ʤʝʨʥʠʦʪ ʩʠʩʪʝʤ ʥʘʿʤʥʦʛʫ ʟʘʚʠʩʠ ʦʜ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʤeʨʥʠʦʪ ʩʠʩʪʝʤ. ʉʪʫʜʠʿʘʪʘ ʟʘ ʧʦʚʪʦʨʣʠʚʦʩʪ ʠ ʨʝʧʨʦʜʫʢʪʠʚʥʦʩʪ ʝ 

ʩʪʘʥʜʘʨʜʥʘ ʘʣʘʪʢʘ ʟʘ ʘʥʘʣʠʟʘ ʥʘ ʤʝʨʥʠʦʪ ʩʠʩʪʝʤ ʥʘʤʝʥʝʪ ʟʘ ʧʨʦʤʝʥʣʠʚʠ ʧʦʜʘʪʦʮʠ.  

ɺʦʦʙʠʯʘʝʥʘ ʧʨʘʢʩʘ ʚʦ ʩʪʫʜʠʿʘʪʘ ʟʘ ʧʦʚʪʦʨʣʠʚʦʩʪ ʠ ʨʝʧʨʦʜʫʢʪʠʚʥʦʩʪ ʝ ʜʘ ʩʝ 

ʩʧʦʨʝʜʘʪ ʚʘʨʠʿʘʮʠʠʪʝ ʥʘ ʤʝʨʥʘʪʘ ʦʧʨʝʤʘ ʩʦ ʩʧʝʮʠʬʠʢʘʮʠʿʘʪʘ ʥʘ ʧʨʦʠʟʚʦʜʦʪ ʢʦʿ ʰʪʦ ʩʝ 

ʤʝʨʠ. ʆʚʦʿ ʩʦʦʜʥʦʩ ʝ ʧʦʟʥʘʪ ʢʘʢʦ ʧʨʦʮʝʥʪ ʚʦ ʦʜʥʦʩ ʥʘ ʪʦʣʝʨʘʥʮʠʠʪʝ  (ʘʥʛ. percentage to 
tolerance), ʠ ʩʝ ʧʨʝʩʤʝʪʫʚʘ ʧʦ ʬʦʨʤʫʣʘʪʘ: 

ὖȾὝ Ϸ  
φϽ „

ὟὛὒὒὛὒ
Ͻ ρππϷ 

 

Ȣ    (3) 

ʢʘʜʝ ʰʪʦ: USL (ʘʥʛ. upper specification limit) ʝ ʛʦʨʥʘʪʘ ʩʧʝʮʠʬʠʢʘʮʠʩʢʘ ʛʨʘʥʠʮʘ, LSL 

(ʘʥʛ. lower specification limit) ʝ ʜʦʣʥʘʪʘ ʩʧʝʮʠʬʠʢʘʮʠʩʢʘ ʛʨʘʥʠʮʘ.  

ɼʨʫʛʘ ʤʝʨʢʘ ʰʪʦ ʩʝ ʢʦʨʠʩʪʠ ʚʦ ʩʪʫʜʠʿʘʪʘ ʟʘ ʧʦʚʪʦʨʣʠʚʦʩʪ ʠ ʨʝʧʨʦʜʫʢʪʠʚʥʦʩʪ ʝ 

ʩʧʦʨʝʜʙʘ ʥʘ ʚʘʨʠʿʘʮʠʠʪʝ ʥʘ ʤʝʨʥʘʪʘ ʦʧʨʝʤʘ ʩʦ ʥʘʙˀʫʜʫʚʘʥʠʪʝ ʚʘʨʠʿʘʮʠʠ ʥʘ ʧʨʦʮʝʩʦʪ. 

ʆʚʦʿ ʩʦʦʜʥʦʩ ʝ ʧʦʟʥʘʪ ʢʘʢʦ ʧʨʦʮʝʥʪ ʥʘ ʧʦʚʪʦʨʣʠʚʦʩʪ ʠ ʨʝʧʨʦʜʫʢʪʠʚʥʦʩʪ (ʘʥʛ. percentage 

of repeatability and reproducibility), ʠ ʩʝ ʧʨʝʩʤʝʪʫʚʘ ʧʦ ʬʦʨʤʫʣʘʪʘ: 

ὙǪὙ Ϸ
„

„
Ͻ ρππϷ 

 

Ȣ    (4) 

ʆʜʣʠʯʝʥ ʤʝʨʝʥ ʩʠʩʪʝʤ ʪʨʝʙʘ ʜʘ ʛʠ ʠʤʘ ʜʚʘʪʘ ʩʦʦʜʥʦʩʠ (P/T%  ʠ R&R%) ʧʦʤʘʣʠ 

ʦʜ 10 %. ɸʜʝʢʚʘʪʝʥ ʩʠʩʪʝʤ ʪʨʝʙʘ ʜʘ ʛʠ ʠʤʘ ʜʚʘʪʘ ʩʦʦʜʥʦʩʠ ʧʦʤʘʣʠ ʦʜ 30%,  ʧʨʠ ʰʪʦ ʝ 

ʧʦʪʨʝʙʥʦ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʩʠʩʪʝʤʦʪ. 

ʉʣʝʜʥʘ ʤʝʨʢʘ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʚʦ  ʩʪʫʜʠʿʘʪʘ ʟʘ ʧʦʚʪʦʨʣʠʚʦʩʪ ʠ ʨʝʧʨʦʜʫʢʪʠʚʥʦʩʪ e 

ʙʨʦʿ ʥʘ ʨʘʟʣʠʯʥʠ ʢʘʪʝʛʦʨʠʠ (ʘʥʛ. Number of distinct categories Ndc) ʠ ʩʣʫʞʠ ʟʘ ʜʘ ʩʝ 

ʠʜʝʥʪʠʬʠʢʫʚʘ ʩʧʦʩʦʙʥʦʩʪʘ ʥʘ ʤʝʨʥʠʦʪ ʩʠʩʪʝʤ ʜʘ ʜʝʪʝʢʪʠʨʘ ʨʘʟʣʠʢʠ ʥʘ ʤʝʨʝʥʘʪʘ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ. ʉʢʘʣʘʪʘ ʥʘ ʤʝʨʥʠʦʪ ʠʥʩʪʨʫʤʝʥʪ ʠʤʘ ʟʘʜʦʚʦʣʠʪʝʣʝʥ ʙʨʦʿ ʥʘ ʨʘʟʣʠʯʥʠ 

ʢʘʪʝʛʦʨʠʠ ʪʦʛʘʰ ʢʦʛʘ ʚʘʨʠʿʘʮʠʠʪʝ ʥʘ ʤʝʨʝʥʠʦʪ ʧʨʦʠʟʚʦʜ ʩʝ ʤʥʦʛʫ ʧʦʛʦʣʝʤʠ ʦʜ 

ʚʘʨʠʿʘʮʠʠʪʝ ʥʘ ʤʝʨʥʘʪʘ ʩʢʘʣʘ. ʇʨʝʧʦʨʘʯʘʥ ʙʨʦʿ ʥʘ ʨʘʟʣʠʯʥʠ ʢʘʪʝʛʦʨʠʠ ʝ  Ó 5, [45]. 

 Ndc = 1,41 Ͻ [„ /„ ]   

 
Ȣ    (5) 

     ʇʨʠ ʩʧʨʦʚʝʜʫʚʘˁʝ ʥʘ ʩʪʫʜʠʿʘʪʘ ʟʘ ʧʦʚʪʦʨʣʠʚʦʩʪ ʠ ʨʝʧʨʦʜʫʢʪʠʚʥʦʩʪ ʪʨʝʙʘ ʜʘ 

ʩʝ ʟʝʤʘʪ ʚʦ ʧʨʝʜʚʠʜ ʧʨʝʧʦʨʘʢʠʪʝ ʥʘ ʨʝʬʝʨʝʥʪʥʠʦʪ ʧʨʠʨʘʯʥʠʢ MSA [45]: ʤʠʥʠʤʘʣʥʠʦʪ 

ʙʨʦʿ ʥʘ ʤʝʨʝˁʘ ʜʘ ʙʠʜʝ ʧʦʛʦʣʝʤ ʦʜ 30 (ʙʨʦʿ ʥʘ ʧʨʠʤʝʨʦʮʠ Ͻ ʙʨʦʿ ʥʘ ʦʧʝʨʘʪʦʨʠ Ͻ ʙʨʦʿ ʥʘ 

ʤʝʨʝˁʘ), ʠʟʙʨʘʥʠʪʝ  ʧʨʠʤʝʨʦʮʠ ʪʨʝʙʘ ʜʘ ʧʨʝʪʩʪʘʚʫʚʘʘʪ 80% ʦʜ ʦʧʩʝʛʦʪ ʥʘ ʦʯʝʢʫʚʘʥʠʪʝ  

ʚʘʨʠʿʘʮʠʠ ʥʘ ʧʨʦʮʝʩʦʪ  ʩʦ ʮʝʣ ʜʘ ʩʝ ʚʘʣʠʜʠʨʘ ʤʝʨʥʠʦʪ ʩʠʩʪʝʤ ʚʦ ʮʝʣʠʦʪ ʦʧʝʨʘʪʠʚʝʥ ʦʧʩʝʛ 

(ʣʠʥeʘʨʥʦʩʪ), ʤʝʨʥʠʦʪ ʠʥʩʪʨʫʤʝʥʪ ʪʨʝʙʘ ʜʘ ʩʝ ʢʘʣʠʙʨʠʨʘ ʠ ʩʦ ʨʝʬʝʨʝʥʪʝʥ ʧʨʠʤʝʨʦʢ ʜʘ 

ʩʝ ʧʨʦʚʝʨʫʚʘ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʘ ʥʘ ʤʝʨʥʘʪʘ ʦʧʨʝʤʘ ʢʘʢʦ ʥʦʨʤʘʣʥʘ ʧʨʦʮʝʜʫʨʘ ʠ ʤʝʨʝˁʘʪʘ 

ʜʘ ʩʝ ʩʧʨʦʚʝʜʫʚʘʘʪ ʧʦ ʩʣʫʯʘʝʥ ʨʝʜʦʩʣʝʜ.   
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ʅʫʤʝʨʠʯʢʘʪʘ ʩʪʫʜʠʿʘ ʟʘ ʧʦʚʪʦʨʣʠʚʦʩʪ ʠ ʨʝʧʨʦʜʫʢʪʠʚʥʦʩʪ ʝ ʧʨʠʢʘʞʘʥʘ ʚʦ ʊʘʙʝʣʘ 

3.4, ʢʘʜʝ ʰʪʦ ʩʦ ɸ, ɹ ʠ ɺ ʩʝ ʦʟʥʘʯʝʥʠ ʦʮʝʥʫʚʘʯʠʪʝ, ʘ ʦʜ 1 ʜʦ 10 ʧʨʠʤʝʨʦʮʠʪʝ ʢʦʠ ʩʝ ʤʝʨʘʪ. 

ʊʘʙʝʣʘ 3.4. ʊʘʙʝʣʘ ʩʦ ʥʫʤʝʨʠʯʢʘ ʉʪʫʜʠʿʘ ʟʘ ʧʦʚʪʦʨʣʠʚʦʩʪ ʠ ʨʝʧʨʦʜʫʢʪʠʚʥʦʩʪ 

  

ʆʮʝʥʫʚʘʯ 

ʄʝʨʝˁʝ  
ʇʨʠʤʝʨʦʢ 

ɸʨʠʪʤʝʪʠʯʢʘ 

ʩʨʝʜʠʥʘ 

      1 2 3 4 5 6 7 8 9 10     

1 A              
2                
3                
4 ɸʨʠʪʤʝʪʠʯʢʘ ʩʨʝʜʠʥʘ             ὢ=  
5 ʆʧʩʝʛ            Ὑ=  
6 ɹ 1              
7   2              
8   3              
9 ɸʨʠʪʤʝʪʠʯʢʘ ʩʨʝʜʠʥʘ            ὢ=  

10 ʆʧʩʝʛ            Ὑ=  

11 ɺ 1              
12   2              

13   3              

14 ɸʨʠʪʤʝʪʠʯʢʘ ʩʨʝʜʠʥʘ            ὢ=  

15 ʆʧʩʝʛ            Ὑ=  

16 

ɸʨʠʪʤʝʪʠʯʢʘ ʩʨʝʜʠʥʘ 

ʥʘ ʧʨʠʤʝʨʦʢ           

 ὢ= 

 Rp=  

17 Ὑ Ὑ Ὑ Ὑ Ⱦ̂ ̪̑̏ ̎  ̗̘́̏̆̎̔̃́̉  Ὑ  

18  ὢ ὓὥὼ ὢ ὓὭὲ ὢ      

19 Ὗὅὒ ὙϽ Ὀ      

 

ɿʥʘʯʝˁʘʪʘ ʥʘ ʩʠʤʙʦʣʠʪʝ ʚʦ ʊʘʙʝʣʘ 3.4 ʩʝ ʩʣʝʜʥʠ: 

¶  8 ʧʨʝʪʩʪʘʚʫʚʘ ʘʨʠʪʤʝʪʠʯʢʘ ʩʨʝʜʠʥʘ ʦʜ ʘʨʠʪʤʝʪʠʯʢʠʪʝ ʩʨʝʜʠʥʠ ʥʘ ʧʦʚʪʦʨʝʥʠ 

ʤʝʨʝˁʘ ʟʘ ʩʝʢʦʿ ʧʨʠʤʝʨʦʢ, ʤʝʨʝʥʠ ʦʜ ʦʮʝʥʫʚʘʯʦʪ ɸ. 8  ʠ 8 ʩʦʦʜʚʝʪʥʦ ʟʘ  

ʦʮʝʥʫʚʘʯʠʪʝ ɹ ʠ ɺ. 

¶  Ὑ ʝ ʘʨʠʪʤʝʪʠʯʢʘ ʩʨʝʜʠʥʘ ʦʜ ʦʧʩʝʛʦʪ ʥʘ ʩʝʢʦʿ ʧʨʠʤʝʨʦʢ, ʤʝʨʝʥʠ  ʦʜ 

ʦʮʝʥʫʚʘʯʦʪ ɸ ʘ Ὑ  ʠ Ὑ ʩʦʦʜʚʝʪʥʦ ʟʘ ʦʮʝʥʫʚʘʯʠʪʝ ɹ ʠ ɺ. 

¶  ὢ ʝ ʘʨʠʪʤʝʪʠʯʢʘ ʩʨʝʜʠʥʘ ʦʜ 8, 8 ʠ 8 . 

¶  Ὑ  ʝ  ʦʧʩʝʛʦʪ ʥʘ ʘʨʠʪʤʝʪʠʯʢʠʪʝ ʩʨʝʜʠʥʠ, ʜʦʙʠʝʥʠ ʧʨʠ ʧʦʚʪʦʨʝʥʠ ʤʝʨʝˁʝ ʥʘ 

ʩʝʢʦʿ ʧʨʠʤʝʨʦʢ, ʦʜ ʩʝʢʦʿ ʦʮʝʥʫʚʘʯ.  

¶ 2 ʝ ʘʨʠʪʤʝʪʠʯʢʘ ʩʨʝʜʠʥʘ ʦʜ ʦʧʩʝʛʦʪ ʧʦʤʝʺʫ ʦʮʝʥʫʚʘʯʠʪʝ Ὑ , Ὑ  ʠ Ὑ .  

¶ 8  ʝ ʨʘʟʣʠʢʘ ʧʦʤʝʺʫ ʤʠʥʠʤʘʣʥʘʪʘ ʠ ʤʘʢʩʠʤʘʣʥʘʪʘ ʘʨʠʪʤʝʪʠʯʢʘ ʩʨʝʜʠʥʘ 

ʧʦʤʝʺʫ  8, 8 ʠ 8. 

¶ 5#, ʝ ʛʦʨʥʘʪʘ ʢʦʥʪʨʦʣʥʘ ʛʨʘʥʠʮʘ ʥʘ ʠʥʜʠʚʠʜʫʘʣʥʠʪʝ ʦʧʩʝʟʠ, ʧʦʪʨʝʙʥʘ ʟʘ 

ʠʩʮʨʪʫʚʘˁʝ ʥʘ ʛʨʘʬʠʢʦʥʦʪ ʟʘ ʦʧʩʝʛ R (ʦʚʦʿ ʛʨʘʬʠʢʦʥ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʛʨʘʬʠʯʢʘ 

ʘʥʘʣʠʟʘ ʥʘ ʩʪʫʜʠʿʘʪʘ ʟʘ ʧʦʚʪʦʨʣʠʚʦʩʪ ʠ ʨʝʧʨʦʜʫʢʪʠʚʥʦʩʪ). D4 ʝ ʢʦʥʩʪʘʥʪʘ ʢʦʿʘ 

ʟʘʚʠʩʠ ʦʜ ʙʨʦʿʦʪ ʥʘ ʧʦʚʪʦʨʝʥʠ ʤʝʨʝˁʘ ʚʦ ʩʪʫʜʠʿʘʪʘ. ʇʨʠ 3 ʧʦʚʪʦʨʝʥʠ ʤʝʨʝˁʘ 

ʧʦ ʧʨʠʤʝʨʦʢ, ʚʨʝʜʥʦʩʪʘ ʥʘ $  ʠʟʥʝʩʫʚʘ 2,58. 
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ʀʟʚʝʰʪʘʿʦʪ ʟʘ ʩʪʫʜʠʿʘʪʘ ʟʘ ʧʦʚʪʦʨʣʠʚʦʩʪ ʠ ʨʝʧʨʦʜʫʢʪʠʚʥʦʩʪ ʝ ʧʨʠʢʘʞʘʥ ʚʦ 

ʊʘʙʝʣʘ 3.5.  

  ʊʘʙʝʣʘ 3.5.  ʀʟʚʝʰʪʘʿ ʟʘ ʉʪʫʜʠʿʘʪʘ ʟʘ ʧʦʚʪʦʨʣʠʚʦʩʪ ʠ ʨʝʧʨʦʜʫʢʪʠʚʥʦʩʪ 

ʀʟʚʝʰʪʘʿ ʟʘ ʩʪʫʜʠʿʘʪʘ ʟʘ ʧʦʚʪʦʨʣʠʚʦʩʪ ʠ ʨʝʧʨʦʜʫʢʪʠʚʥʦʩʪ 

ʀʤʝ ʠ ʙʨ. ʥʘ ʜʝʣʦʪ: ʄʝʨʝʥ ʠʥʩʪʨʫʤʝʥʪ:     ɼʘʪʘ : 

ʂʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʉʪʫʜʠʿʘ ɹʨ.:       ʀʟʨʘʙʦʪʠʣ: 
ʉʧʝʮʠʬʠʢʘʮʠʠ: ʉʪʫʜʠʿʘ ʚʠʜ:         

ʆʜ ʪʘʙʝʣʘʪʘ 3.4  Ὑ ὢ       Ὑ  

ɸʥʘʣʠʟʘ ʥʘ ʤʝʨʝˁʘʪʘ ɺʢʫʧʥʘ ʚʘʨʠjʘʮʠʿʘ (TV) % 

ʇʦʚʪʦʨʣʠʚʦʩʪ - ɺʘʨʠjʘʮʠʿʘ ʥʘ ʦʧʨʝʤʘ (EV):   EV %= 100 Ͻ [EV/TV]  

 

  

  

Ὁὠ Ὑ Ͻ ὑ  ʄʝʨʝˁʝ ὑ 

ὑ ʟʘʚʠʩʠ ʦʜ ʙʨʦʿʦʪ ʥʘ ʤʝʨʝˁʘ ʚʦ ʩʪʫʜʠʿʘʪʘ  

2 0,8862 

3 0,5908 

ʈʝʧʨʦʜʫʢʪʠʚʥʦʩʪ - ɺʘʨʠjʘʮʠʠ ʥʘ ʦʮʝʥʫʚʘʯ (AV)   AV %= 100 Ͻ [AV/TV]  

 

  

  

  

ὃὠ ὢ  Ͻ ὑ Ὁὠ
ὲὶ 

   

ὑ  ʟʘʚʠʩʠ ʦʜ ʙʨʦʿʦʪ ʥʘ ʦʮʝʥʫʚʘʯʠ  

n = ʧʨʠʤʝʨʦʮʠ       

r= ʙʨʦʿ ʥʘ ʤʝʨʝˁʘ 

ʆʮʝʥʫʚʘʯʠ 2 3  

ὑ 0,7071 0,5231  

ʉʪʫʜʠʿʘ ʟʘ ʧʦʚʪʦʨʣʠʚʦʩʪ  ʠ ʨʝʧʨʦʜʫʢʪʠʚʥʦʩʪ: 

ὋὙὙ Ὁὠ ὃὠ  

 

1 ὑ GRR %= 100 Ͻ [GRR/TV] 

2 0,7071 

3 0,5231 

ɺʘʨʠʿʘʮʠʿʘ ʦʜ ʧʨʠʤʝʨʦʢ ʜʦ ʧʨʠʤʝʨʦʢ (PV): 

ὖὠ Ὑ Ͻ ὑ 

4 0,4467 PV %= 100 Ͻ [PV/TV] 

5  0,403 

6 0,3742 

ɺʢʫʧʥʘ ʚʘʨʠʿʘʮʠʿʘ (TV):     

Ὕὠ ὋὙὙ ὖὠ  

 

7 0,3534 Ndc = 1,41 Ͻ [PV/GRR] 

  8 0,3375 

9 0,3249 

10 0,3146 

ɺʦ ʊʘʙʝʣʘ 3.5 ʩʝ ʧʨʠʢʘʞʘʥʠ ʩʣʝʜʥʠʪʝ ʬʦʨʤʫʣʠ: 

¶ ʇʦʚʪʦʨʣʠʚʦʩʪ ʠʣʠ ʚʘʨʠʿʘʮʠʠ ʧʦʨʘʜʠ ʦʧʨʝʤʘʪʘ EV (ʘʥʛ. equipment variations):  

Ὁὠ  ὙϽὑ 

 

Ȣ       (6) 

ʢʘʜʝ: (Ὑ) ʝ ʘʨʠʪʤʝʪʠʯʢʘ ʩʨʝʜʠʥʘ ʦʜ ʦʧʩʝʛʦʪ ʧʦʤʝʺʫ ʦʮʝʥʫʚʘʯʠʪʝ, ὑ  ʝ 

ʢʦʥʩʪʘʥʪʘʪʘ ʰʪʦ ʟʘʚʠʩʠ ʦʜ ʙʨʦʿʦʪ ʥʘ ʤʝʨʝˁʘ ʰʪʦ ʩʝ ʢʦʨʠʩʪʘʪ ʚʦ ʩʪʫʜʠʿʘʪʘ ʟʘ 

ʧʦʚʪʦʨʣʠʚʦʩʪ ʠ ʨʝʧʨʦʜʫʢʪʠʚʥʦʩʪ ʠ ʝ ʝʜʥʘʢʦʚ ʥʘ ʠʥʚʝʨʟʥʠʦʪ ʢʦʝʬʠʮʠʝʥʪ Ὠᶻ 
(ʢʦʝʬʠʮʠʝʥʪ ʢʦʿ ʟʘʚʠʩʠ ʦʜ ʙʨʦʿʦʪ ʥʘ ʧʨʠʤʝʨʦʮʠ ʚʦ ʧʦʜʛʨʫʧʘʪʘ), [45]. 

¶ ʈʝʧʨʦʜʫʢʪʠʚʥʦʩʪ ʠʣʠ ʚʘʨʠʿʘʮʠʠ ʧʦʨʘʜʠ ʦʮʝʥʫʚʘʯ AV (ʘʥʛ. appraiser 

variations):   

ὃὠ  ὢ Ͻὑ
Ὁὠ

ὲὶ
 

 

Ȣ    (7) 
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ʢʘʜʝ ʰʪʦ: (ὢ ) e ʤʘʢʩʠʤʘʣʥʘʪʘ ʨʘʟʣʠʢʘ ʥʘ ʘʨʠʪʤʝʪʠʯʢʠʪʝ ʩʨʝʜʠʥʠ ʥʘ 

ʦʮʝʥʫʚʘʯʠʪʝ, ὑ  e ʢʦʥʩʪʘʥʪʘʪʘ ʰʪʦ ʟʘʚʠʩʠ ʦʜ ʙʨʦʿʦʪ ʥʘ ʦʮʝʥʫʚʘʯʠ ʚʦ 

ʩʪʫʜʠʿʘʪʘ ʠ ʝ ʝʜʥʘʢʦʚ ʥʘ ʠʥʚʝʨʟʥʠʦʪ ʢʦʝʬʠʮʠʝʥʪ Ὠᶻ, n ʝ ʙʨʦʿ ʥʘ ʧʨʠʤʝʨʦʮʠ ʠ 

r ʝ ʙʨʦʿ ʥʘ ʤʝʨʝˁʘ. 

¶ ɺʘʨʠʿʘʮʠʠ ʧʦʨʘʜʠ ʧʦʚʪʦʨʣʠʚʦʩʪ ʠ ʨʝʧʨʦʜʫʢʪʠʚʥʦʩʪ (GRR), h ʪʦ ʝ ʠʩʪʦ ʩʦ ʎ , 

ʩʝ ʧʨʝʩʤʝʪʫʚʘʘʪ ʧʦ ʬʦʨʤʫʣʘʪʘ: 

ὋὙὙ Ὁὠ ὃὠ  

 

Ȣ (8) 

¶ ɺʘʨʠʿʘʮʠʠ ʦʜ ʧʨʠʤʝʨʦʢ ʜʦ ʧʨʠʤʝʨʦʢ PV (ʘʥʛ. part-to-part variations) 

ʧʨʝʪʩʪʘʚʫʚʘʘʪ ʚʠʩʪʠʥʩʢʠʪʝ ʚʘʨʠʿʘʮʠʠ ʥʘ ʧʨʦʮʝʩʦʪ, ʙʝʟ ʚʘʨʠʿʘʮʠʠʪʝ ʥʘ ʤʝʨʥʠʦʪ 

ʩʠʩʪʝʤ ʠ ʝ ʠʩʪʦ ʩʦ  ʎ . ʉʝ ʧʨʝʩʤʝʪʫʚʘʘʪ ʧʦ ʬʦʨʤʫʣʘʪʘ:  

ὖὠ Ὑ Ͻ ὑ 

 
Ȣ (9) 

ʢʘʜʝ ʰʪʦ: (Rp) ʝ ʦʧʩʝʛʦʪ ʥʘ ʘʨʠʪʤʝʪʠʯʢʠ ʩʨʝʜʠʥʠ ʥʘ ʧʨʠʤʝʨʦʮʠʪʝ, ὑʝ 
ʢʦʥʩʪʘʥʪʘ ʰʪʦ ʟʘʚʠʩʠ ʦʜ ʙʨʦʿʦʪ ʥʘ ʧʨʠʤʝʨʦʮʠ ʰʪʦ ʩʝ ʢʦʨʠʩʪʘʪ ʚʦ ʩʪʫʜʠʿʘʪʘ ʟʘ 

ʧʦʚʪʦʨʣʠʚʦʩʪ ʠ ʨʝʧʨʦʜʫʢʪʠʚʥʦʩʪ ʠ ʝ ʝʜʥʘʢʦʚ ʥʘ ʠʥʚʝʨʟʥʠʦʪ ʢʦʝʬʠʮʠʝʥʪ Ὠᶻ.  

ɿʘ ʛʨʘʬʠʯʢʘ ʘʥʘʣʠʟʘ ʥʘ ʩʪʫʜʠʿʘʪʘ ʟʘ ʧʦʚʪʦʨʣʠʚʦʩʪ ʠ ʨʝʧʨʦʜʫʢʪʠʚʥʦʩʪ ʩʝ 

ʢʦʨʠʩʪʘʪʘʪ ʩʣʝʜʥʠʪʝ ʛʨʘʬʠʢʦʥʠ: ʛʨʘʬʠʢʦʥ ʩʦ ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʚʘʨʠʿʘʮʠʠ, ʛʨʘʬʠʢʦʥ ʟʘ 

ʘʨʠʪʤʝʪʠʯʢʘ ʩʨʝʜʠʥʘ 8 ʠ ʛʨʘʬʠʢʦʥ ʟʘ ʦʧʩʝʛ R. ʊʦʣʢʫʚʘˁʝʪʦ ʥʘ ʦʚʠʝ ʛʨʘʬʠʢʦʥʠ ʝ 

ʧʨʠʢʘʞʘʥʦ ʚʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʦʪ ʜʝʣ ʦʜ ʪʨʫʜʦʪ, ʚʦ ʧʦʛʣʘʚʿʝ 8.2.3. 

3.3.3 ɸʥʘʣʠʟʘ ʥʘ ʚʠʩʪʠʥʩʢʠ ʚʘʨʠʿʘʮʠʠ ʥʘ ʧʨʦʮʝʩʦʪ - SPC ʩʪʫʜʠʿʘ 

ʉʪʘʪʠʩʪʠʯʢʘ ʢʦʥʪʨʦʣʘ ʥʘ ʧʨʦʮʝʩʦʪ ʝ ʧʨʦʮʝʜʫʨʘ ʟʘ ʢʦʥʪʨʦʣʘ ʥʘ ʧʨʦʠʟʚʦʜʥʠ 

ʧʨʦʮʝʩʠ ʟʘʩʥʦʚʘʥʘ  ʥʘ ʩʪʘʪʠʩʪʠʯʢʠ ʤʝʪʦʜʠ. ɿʘ ʜʘ ʩʝ ʫʧʨʘʚʫʚʘ ʩʦ ʙʠʣʦ ʢʦʿ ʧʨʦʮʝʩ ʠ ʜʘ ʩʝ 

ʥʘʤʘʣʘʪ ʚʘʨʠʿʘʮʠʠʪʝ ʚʦ ʥʝʛʦ, ʪʠʝ ʪʨʝʙʘ ʜʘ ʩʝ ʩʣʝʜʘʪ ʜʦ ʠʟʚʦʨʦʪ ʰʪʦ ʛʠ ʧʨʝʜʠʟʚʠʢʫʚʘ. 

ʇʦʩʪʦʿʘʪ ʜʚʘ ʪʠʧʘ ʥʘ ʠʟʚʦʨʥʠ ʧʨʠʯʠʥʠ ʥʘ ʚʘʨʠʿʘʮʠʠʪʝ, ʚʦʦʙʠʯʘʝʥʠ ʠ ʩʧʝʮʠʿʘʣʥʠ. 

ɺʦʦʙʠʯʘʝʥʠʪʝ ʧʨʠʯʠʥʠ ʩʝ ʦʜʥʝʩʫʚʘʘʪ ʥʘ ʤʥʦʛʫʪʝ ʠʟʚʦʨʠ ʥʘ ʚʘʨʠʿʘʮʠʠ ʢʦʠ ʧʦʩʪʦʿʘʥʦ 

ʜʝʣʫʚʘʘʪ ʥʘ ʧʨʦʮʝʩʦʪ. ɺʦʦʙʠʯʘʝʥʠʪʝ ʧʨʠʯʠʥʠ ʚʦ ʨʘʤʢʠʪʝ ʥʘ ʝʜʝʥ ʧʨʦʮʝʩ ʩʦʟʜʘʚʘʘʪ 

ʩʪʘʙʠʣʥʘ ʠ ʧʦʚʪʦʨʣʠʚʘ ʜʠʩʪʨʠʙʫʮʠʿʘ ʚʦ ʪʝʢʦʪ ʥʘ ʚʨʝʤʝʪʦ. ɸʢʦ ʩʝ ʧʨʠʩʫʪʥʠ ʩʘʤʦ 

ʚʦʦʙʠʯʘʝʥʠ ʧʨʠʯʠʥʠ ʟʘ ʚʘʨʠʿʘʮʠʠ ʠ ʪʠʝ ʥʝ ʩʝ ʤʝʥʫʚʘʘʪ, ʠʟʣʝʟʥʠʦʪ ʨʝʟʫʣʪʘʪ ʦʜ ʧʨʦʮʝʩʦʪ 

˃ʝ ʙʠʜʝ ʧʨʝʜʚʠʜʣʠʚ. ʆʚʦʿ ʧʨʦʮʝʩ ʩʝ ʥʘʨʝʢʫʚʘ Ăʚʦ ʩʪʘʪʠʩʪʠʯʢʘ ʢʦʥʪʨʦʣʘ". ʉʧʝʮʠʿʘʣʥʠ 

ʧʨʠʯʠʥʠ ʩʝ ʦʜʥʝʩʫʚʘʘʪ ʥʘ ʙʠʣʦ ʢʦʿ ʬʘʢʪʦʨ ʰʪʦ ʧʨʝʜʠʟʚʠʢʫʚʘ ʚʘʨʠʿʘʮʠʠ ʢʦʠ ʚʣʠʿʘʘʪ ʥʘ 

ʩʘʤʦ ʝʜʝʥ ʜʝʣ ʦʜ ʠʟʣʝʟʥʠʦʪ ʨʝʟʫʣʪʘʪ ʥʘ ʧʨʦʮʝʩʦʪ. ʊʠʝ ʯʝʩʪʦ ʩʝ ʥʘʠʟʤʝʥʠʯʥʠ ʠ 

ʥʝʧʨʝʜʚʠʜʣʠʚʠ. ɸʢʦ ʩʝ ʧʨʠʩʫʪʥʠ ʩʧʝʮʠʿʘʣʥʠ ʧʨʠʯʠʥʠ ʟʘ ʚʘʨʠʿʘʮʠʠ, ʠʟʣʝʟʥʠʦʪ ʨʝʟʫʣʪʘʪ 

ʥʘ ʧʨʦʮʝʩʦʪ ʥʝʤʘ ʜʘ ʙʠʜʝ ʩʪʘʙʠʣʝʥ ʠ ʧʨʝʜʚʠʜʣʠʚ ʩʦ ʪʝʢʦʪ ʥʘ ʚʨʝʤʝʪʦ.  

ɿʘ ʘʥʘʣʠʟʘ ʥʘ ʩʪʘʪʠʩʪʠʯʢʘʪʘ ʢʦʥʪʨʦʣʘ ʥʘ ʧʨʦʮʝʩʦʪ ʠ ʠʜʝʥʪʠʬʠʢʫʚʘˁʝ ʥʘ 

ʚʦʦʙʠʯʘʝʥʠʪʝ ʠ ʩʧʝʮʠʿʘʣʥʠʪʝ ʧʨʠʯʠʥʠ ʥʘ ʚʘʨʠʿʘʮʠʠ ʩʝ ʢʦʨʠʩʪʘʪ ʢʦʥʪʨʦʣʥʠʪʝ ʛʨʘʬʠʢʦʥʠ. 

ɺʦ ʥʠʚ ʩʝ ʚʥʝʩʫʚʘʘʪ ʤʝʨʝˁʘʪʘ ʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʧʨʦʮʝʩʦʪ. ʅʝʢʦʠ ʦʜ ʚʦʦʙʠʯʘʝʥʠʪʝ 

ʢʦʥʪʨʦʣʥʠ ʛʨʘʬʠʢʦʥʠ ʟʘ ʧʨʦʤʝʥʣʠʚʠ ʧʦʜʘʪʦʮʠ ʩʝ: ʛʨʘʬʠʢʦʥ ʟʘ ʘʨʠʪʤʝʪʠʯʢʘ ʩʨʝʜʠʥʘ (8), 
ʟʘ ʦʧʩʝʛ (R), ʟʘ ʠʥʜʠʚʠʜʫʘʣʥʠ ʦʪʯʠʪʫʚʘˁʘ (I) ʠ ʟʘ ʧʦʜʚʠʞʝʥ ʦʧʩʝʛ (ʘʥʛ. MR - moving 

range). ʇʦʩʪʦʿʘʪ ʜʚʝ ʬʘʟʠ ʧʨʠ ʧʨʦʫʯʫʚʘˁʝʪʦ ʥʘ ʩʪʘʪʠʩʪʠʯʢʘʪʘ ʢʦʥʪʨʦʣʘ ʥʘ ʧʨʦʮʝʩʦʪ ʩʦ 

ʧʦʤʦʰ ʥʘ ʢʦʥʪʨʦʣʥʠʪʝ ʛʨʘʬʠʢʦʥʠ, ʠ ʪʦʘ: 

1. ʇʨʚʘʪʘ ʝ ʜʘ ʩʝ ʠʜʝʥʪʠʬʠʢʫʚʘʘʪ ʠ ʝʣʠʤʠʥʠʨʘʘʪ ʩʧʝʮʠʿʘʣʥʠʪʝ ʧʨʠʯʠʥʠ ʟʘ 

ʚʘʨʠʿʘʮʠʠ ʚʦ ʧʨʦʮʝʩʦʪ. ʎʝʣʪʘ ʝ ʜʘ ʩʝ ʩʪʘʙʠʣʠʟʠʨʘ ʧʨʦʮʝʩʦʪ. ʉʪʘʙʠʣʝʥ ʠ 

ʧʨʝʜʚʠʜʣʠʚ ʧʨʦʮʝʩ ʩʝ ʚʝʣʠ ʜʝʢʘ ʝ ʚʦ ʩʪʘʪʠʩʪʠʯʢʘ ʢʦʥʪʨʦʣʘ. 
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2. ɺʪʦʨʘʪʘ ʬʘʟʘ ʩʝ ʟʘʥʠʤʘʚʘ ʩʦ ʧʨʝʜʚʠʜʫʚʘˁʝ ʥʘ ʠʜʥʠʪʝ ʤʝʨʝˁʘ, ʩʦ ʰʪʦ ʩʝ 

ʧʦʪʚʨʜʫʚʘ ʩʪʘʙʠʣʥʦʩʪ ʥʘ ʧʨʦʮʝʩʦʪ. ɺʦ ʦʚʘʘ ʬʘʟʘ, ʘʥʘʣʠʟʘʪʘ ʥʘ ʧʦʜʘʪʦʮʠ ʠ 

ʨʝʘʢʮʠʿʘʪʘ ʧʨʠ ʧʦʿʘʚʘ ʥʘ ʩʧʝʮʠʿʘʣʥʠ ʧʨʠʯʠʥʠ ʩʝ ʧʨʘʚʠ ʚʦ ʨʝʘʣʥʦ ʚʨʝʤʝ.  

ɿʘ ʘʥʘʣʠʟʘ ʥʘ ʩʪʘʪʠʩʪʠʯʢʘʪʘ ʢʦʥʪʨʦʣʘ ʥʘ ʧʨʦʮʝʩʠʪʝ ʩʦ ʧʦʤʦʰ ʥʘ ʢʦʥʪʨʦʣʥʠʪʝ 

ʛʨʘʬʠʢʦʥʠ ʧʨʝʜʫʩʣʦʚ ʝ ʜʘ ʩʝ ʨʘʟʙʝʨʝ ʨʘʟʣʠʢʘʪʘ ʧʦʤʝʺʫ ʩʧʝʮʠʬʠʢʘʮʠʩʢʠʪʝ ʛʨʘʥʠʮʠ (ʘʥʛ. 

Upper Specification Limit - USL, Lower Specification Limit - LSL) ʥʘʩʧʨʦʪʠ ʢʦʥʪʨʦʣʥʠʪʝ 

ʛʨʘʥʠʮʠ (ʘʥʛ. Upper Control Limit UCL, ʘʥʛ. Lower Control Limit LCL). ʂʦʥʪʨʦʣʥʠʪʝ 

ʛʨʘʥʠʮʠ ʩʝ ʧʨʝʩʤʝʪʫʚʘʘʪ ʚʨʟ ʦʩʥʦʚʘ ʥʘ ʩʪʘʥʜʘʨʜʥʘʪʘ ʜʝʚʠʿʘʮʠʿʘ ʥʘ ʩʘʤʠʦʪ ʧʨʦʮʝʩ (ʚʨʟ 

ʦʩʥʦʚʘ ʥʘ ʐʝʩʪ ʉʠʛʤʘ ± 3ů), ʢʘʜʝ ʰʪʦ 99,73 % ʦʜ ʚʘʨʠʿʘʮʠʠʪʝ ʚʦ ʧʨʦʮʝʩʦʪ ʩʝ ʦʯʝʢʫʚʘ ʜʘ 

ʧʨʠʧʘʜʥʘʪ ʧʦʤʝʺʫ ʛʦʨʥʘʪʘ ʠ ʜʦʣʥʘʪʘ ʢʦʥʪʨʦʣʥʘ ʛʨʘʥʠʮʘ. ʉʧʝʮʠʬʠʢʘʮʠʩʢʠʪʝ ʛʨʘʥʠʮʠ 

ʧʦʤʘʛʘʘʪ ʜʘ ʩʝ ʨʘʟʙʝʨʝ ʢʘʢʦ ʧʨʦʮʝʩʦʪ ʩʝ ʦʜʥʝʩʫʚʘ ʚʦ ʦʜʥʦʩ ʥʘ ʙʘʨʘˁʘʪʘ ʥʘ ʢʣʠʝʥʪʦʪ. 

ɼʦʢʦʣʢʫ ʚʦ ʛʨʘʬʠʢʦʥʦʪ ʥʘʤʝʩʪʦ ʢʦʥʪʨʦʣʥʠ ʛʨʘʥʠʮʠ ʩʝ ʧʦʩʪʘʚʘʪ ʩʘʤʦ ʩʧʝʮʠʬʠʢʘʮʠʩʢʠ 

ʛʨʘʥʠʮʠ, ʪʦʛʘʰ ʥʝʤʘ ʜʘ ʩʝ ʜʦʙʠʝ ʢʦʥʪʨʦʣʝʥ ʛʨʘʬʠʢʦʥ ʪʫʢʫ ʘʣʘʪʢʘ ʟʘ ʠʥʩʧʝʢʮʠʿʘ ʜʘʣʠ 

ʧʨʦʮʝʩʦʪ ʝ ʚʦ ʩʧʝʮʠʬʠʢʘʮʠʿʘ ʠʣʠ ʥʝ, ʠ ʚʦ ʪʦʿ ʩʣʫʯʘʿ ʥʝʤʘ ʜʘ ʤʦʞʝ ʜʘ ʩʝ ʧʨʝʜʚʠʜʠ ʠʜʥʦʪʦ 

ʦʜʥʝʩʫʚʘˁʝ ʥʘ ʧʨʦʮʝʩʦʪ (ʉʣʠʢʘ 3.2). 

 

ʉʣʠʢʘ 3.2.  SPC: UCL ʠ LCL ʥʘʩʧʨʦʪʠ USL ʠ LSL 

ʉʪʘʥʜʘʨʜʥʘʪʘ ʜʝʚʠʿʘʮʠʿʘ ʚʦ ʢʦʥʪʨʦʣʥʠʪʝ ʛʨʘʬʠʢʦʥʠ ʝ ʢʨʝʠʨʘʥʘ ʟʘ ʜʘ ʩʝ 

ʠʜʝʥʪʠʬʠʢʫʚʘ ʧʨʠʩʫʩʪʚʦʪʦ ʥʘ ʩʧʝʮʠʿʘʣʥʠ ʧʨʠʯʠʥʠ ʚʦ ʧʨʦʮʝʩʦʪ. ʇʨʠ ʥʦʨʤʘʣʥʘ 

ʜʠʩʪʨʠʙʫʮʠʿʘ ʥʘ ʧʨʦʮʝʩʦʪ 68 % ʦʜ ʚʘʨʠʿʘʮʠʠʪʝ ʩʝ ʦʯʝʢʫʚʘ ʜʘ ʧʨʠʧʘʜʥʘʪ ʚʦ ± 1ů, 95 % ʦʜ 

ʚʘʨʠʿʘʮʠʠʪʝ ʚʦ ± 2ů, ʠ  99,73 % ʦʜ ʚʘʨʠʿʘʮʠʠʪʝ ʥʘ ʧʨʦʮʝʩʦʪ ʜʘ ʧʨʠʧʘʜʥʘʪ ʚʦ ± 3ů (UCL, 

LCL). ʊʝʨʤʠʥʦʪ Ăʥʘʜʚʦʨ ʦʜ ʢʦʥʪʨʦʣʘò ʩʝ ʢʦʨʠʩʪʠ ʢʦʛʘ ʧʨʘʚʠʣʦʪʦ ʥʘ ʩʪʘʥʜʘʨʜʥʘ 

ʜʝʚʠʿʘʮʠʿʘ ʝ ʥʘʨʫʰʝʥʦ. ʇʨʠʩʫʩʪʚʦʪʦ ʥʘ ʩʧʝʮʠʿʘʣʥʠ ʧʨʠʯʠʥʠ ʩʝ ʩʠʛʥʘʣʠʟʠʨʘ ʩʦ ʝʜʥʘ ʠʣʠ 

ʧʦʚʝ˃ʝ ʤʝʨʥʠ ʪʦʯʢʠ ʥʘʜʚʦʨ ʦʜ ʢʦʥʪʨʦʣʥʠʪʝ ʛʨʘʥʠʮʠ, ʠʣʠ ʥʝʚʦʦʙʠʯʘʝʥʠ ʪʨʝʥʜʦʚʠ ʥʘ 

ʤʝʨʥʠ ʪʦʯʢʠ ʚʦ ʨʘʤʢʠʪʝ ʥʘ ʢʦʥʪʨʦʣʥʠʪʝ ʛʨʘʥʠʮʠ.  

ʅʝʚʦʦʙʠʯʘʝʥʠʪʝ ʪʨʝʥʜʦʚʠ ʩʝ ʧʨʚʦʪʦ ʧʨʝʜʫʧʨʝʜʫʚʘˁʝ ʟʘ ʩʦʩʪʦʿʙʘ ʰʪʦ ʪʨʝʙʘ ʜʘ ʩʝ 

ʢʦʨʝʛʠʨʘ. ʊʘʢʚʠ ʪʨʝʥʜʦʚʠ ʩʝ: 

¶ 1 ʪʦʯʢʘ ʥʘʜʚʦʨ ʦʜ ʢʦʥʪʨʦʣʥʠʪʝ ʛʨʘʥʠʮʠ (UCL, LCL). 

¶ 7 ʧʦʩʣʝʜʦʚʘʪʝʣʥʠ ʪʦʯʢʠ ʧʦ ʨʝʜ ʥʘ ʠʩʪʘ ʩʪʨʘʥʘ ʦʜ ʮʝʥʪʨʘʣʥʘʪʘ ʣʠʥʠʿʘ. 

¶ 6 ʧʦʩʣʝʜʦʚʘʪʝʣʥʠ ʪʦʯʢʠ ʩʦ ʪʨʝʥʜ ʥʘ  ʟʛʦʣʝʤʫʚʘˁʝ ʠʣʠ ʥʘʤʘʣʫʚʘˁʝ. 

¶ 14 ʧʦʩʣʝʜʦʚʘʪʝʣʥʠ ʪʦʯʢʠ   h ʪʦ ʥʘʠʟʤʝʥʠʯʥʦ ʩʝ ʢʘʯʫʚʘʘʪ ʥʘʛʦʨʝ ʠʣʠ ʥʘʜʦʣʝ. 

¶ 2 ʦʜ 3 ʧʦʩʣʝʜʦʚʘʪʝʣʥʠ ʪʦʯʢʠ ʜʘ ʩʝ ʥʘʜʚʦʨ ʦʜ 2ů ʛʨʘʥʠʮʘʪʘ,  ʦʜ ʠʩʪʘ ʩʪʨʘʥʘ ʥʘ 

ʮʝʥʪʨʘʣʥʘʪʘ ʣʠʥʠʿʘ. 

¶ 4 ʦʜ 5 ʧʦʩʣʝʜʦʚʘʪʝʣʥʠ ʪʦʯʢʠ ʜʘ ʩʝ ʥʘʜʚʦʨ ʦʜ 1ů  ʛʨʘʥʠʮʘʪʘ, ʦʜ ʠʩʪʘ ʩʪʨʘʥʘ ʥʘ 

ʮʝʥʪʨʘʣʥʘʪʘ ʣʠʥʠʿʘ.  

¶ 15 ʧʦʩʣʝʜʦʚʘʪʝʣʥʠ ʪʦʯʢʠ ʜʘ ʩʝ ʚʦ 1ů ʛʨʘʥʠʮʠʪʝ, ʦʜ ʙʠʣʦ ʢʦʿʘ ʩʪʨʘʥʘ ʥʘ 

ʮʝʥʪʨʘʣʥʘʪʘ ʣʠʥʠʿʘ. 

¶ 8 ʧʦʩʣʝʜʦʚʘʪʝʣʥʠ ʪʦʯʢʠ ʜʘ ʩʝ ʥʘʜʚʦʨ ʦʜ 1ů  ʛʨʘʥʠʮʠʪʝ, ʦʜ ʙʠʣʦ ʢʦʿʘ ʩʪʨʘʥʘ ʥʘ 

ʮʝʥʪʨʘʣʥʘʪʘ ʣʠʥʠʿʘ. 
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ʉʧʝʮʠʿʘʣʥʠʪʝ ʧʨʠʯʠʥʠ ʤʦʞʝ ʜʘ ʚʣʠʿʘʘʪ ʥʘ ʣʦʢʘʮʠʿʘʪʘ ʥʘ ʧʨʦʮʝʩʦʪ (ʘʨʠʪʤʝʪʠʯʢʘ 

ʩʨʝʜʠʥʘ, ʤʝʜʠʿʘʥ) ʠʣʠ ʥʘ hʠʨʠʥʘʪʘ/ʚʘʨʠʿʘʮʠʿʘʪʘ ʥʘ ʧʨʦʮʝʩʦʪ (ʦʧʩʝʛ, ʩʪʘʥʜʘʨʜʥʘ 

ʜʝʚʠʿʘʮʠʿʘ), ʠʣʠ ʠ ʥʘ ʜʚʝʪʝ. ɸʨʠʪʤʝʪʠʯʢʘʪʘ ʩʨʝʜʠʥʘ ʩʝ ʢʦʨʠʩʪʠ ʚʦ ʩʪʘʪʠʩʪʠʢʘʪʘ ʟʘ 

ʢʦʥʪʨʦʣʘ ʥʘ ʣʦʢʘʮʠʿʘʪʘ, ʘ ʦʧʩʝʛʦʪ ʟʘ ʢʦʥʪʨʦʣʘ ʥʘ hʠʨʠʥʘʪʘ ʥʘ ʧʨʦʮʝʩʦʪ. ɹʠʜʝʿ˃ʠ 

ʢʦʥʪʨʦʣʥʠʪʝ ʛʨʘʥʠʮʠ ʚʦ ʩʪʘʪʠʩʪʠʢʘʪʘ ʟʘ ʣʦʢʘʮʠʿʘ ʟʘʚʠʩʘʪ ʦʜ ʩʪʘʪʠʩʪʠʢʘʪʘ ʟʘ ʰʠʨʠʥʘʪʘ 

ʥʘ ʧʨʦʮʝʩʦʪ, ʟʘ ʫʪʚʨʜʫʚʘˁʝ ʥʘ ʩʪʘʙʠʣʥʦʩʪ ʥʘ ʧʨʦʮʝʩʦʪ ʪʨʝʙʘ ʧʨʚʦ ʜʘ ʩʝ ʘʥʘʣʠʟʠʨʘ 

ʩʪʘʪʠʩʪʠʢʘʪʘ ʟʘ ʰʠʨʠʥʘ ʥʘ ʧʨʦʮʝʩʦʪ. ɻʨʘʬʠʢʦʥʦʪ ʩʦ ʩʪʘʪʠʩʪʠʢʘʪʘ ʟʘ ʰʠʨʠʥʘ ʥʘ ʧʨʦʮʝʩʦʪ 

ʩʝ ʘʥʘʣʠʟʠʨʘ ʧʦʩʝʙʥʦ ʦʜ ʛʨʘʬʠʢʦʥʦʪ ʩʦ ʩʪʘʪʠʩʪʠʢʘʪʘ ʟʘ ʣʦʢʘʮʠʿʘ, ʥʦ ʩʧʦʨʝʜʙʘʪʘ ʥʘ ʜʚʘʪʘ 

ʢʦʥʪʨʦʣʥʠ ʛʨʘʬʠʢʦʥʠ ʧʦʥʝʢʦʛʘʰ ʤʦʞʝ ʜʘ ʜʘʜʝ ʜʦʧʦʣʥʠʪʝʣʝʥ ʫʚʠʜ ʟʘ ʩʧʝʮʠʿʘʣʥʠʪʝ 

ʧʨʠʯʠʥʘ ʰʪʦ ʚʣʠʿʘʘʪ ʥʘ ʧʨʦʮʝʩʦʪ. ʇʨʦʮʝʩʦʪ ʥʝ ʤʦʞʝ ʜʘ ʩʝ ʢʘʞʝ ʜʝʢʘ ʝ ʩʪʘʙʠʣʝʥ ʠ ʚʦ 

ʩʪʘʪʠʩʪʠʯʢʘ ʢʦʥʪʨʦʣʘ, ʦʩʚʝʥ ʘʢʦ ʠ ʜʚʘʪʘ ʛʨʘʬʠʢʦʥʠ ʩʝ ʙʝʟ ʪʦʯʢʠ ʥʘʜʚʦʨ ʦʜ ʢʦʥʪʨʦʣʥʠʪʝ 

ʛʨʘʥʠʮʠ, ʠ ʙʝʟ ʥʝʚʦʦʙʠʯʘʝʥʠ ʰʝʤʠ ʥʘ ʨʘʩʧʨʝʜʝʣʙʘ ʥʘ ʪʦʯʢʠʪʝ. ʇʦʨʘʜʠ ʦʚʘ, ʢʦʥʪʨʦʣʥʠʪʝ 

ʛʨʘʬʠʢʦʥʠ ʟʘ ʧʨʦʤʝʥʣʠʚʠ ʧʦʜʘʪʦʮʠ ʦʙʠʯʥʦ ʩʝ ʠʟʛʦʪʚʫʚʘʘʪ ʠ ʘʥʘʣʠʟʠʨʘʘʪ ʚʦ ʧʘʨʦʚʠ, ʝʜʝʥ 

ʛʨʘʬʠʢʦʥ ʟʘ ʣʦʢʘʮʠʿʘ ʥʘ ʧʨʦʮʝʩʦʪ,  ʜʨʫʛ ʛʨʘʬʠʢʦʥ ʟʘ ʰʠʨʠʥʘ ʥʘ ʧʨʦʮʝʩʦʪ. ɺʦ ʟʘʚʠʩʥʦʩʪ 

ʦʜ ʙʨʦʿʦʪ ʥʘ ʧʨʠʤʝʨʦʮʠ ʚʦ ʧʦʜʛʨʫʧʘʪʘ ʢʦʠ ʩʝ ʤʝʨʘʪ, ʧʦʩʪʦʿʘʪ ʩʣʝʜʥʠʪʝ ʧʘʨʦʚʠ ʥʘ 

ʛʨʘʬʠʢʦʥʠ ʟʘ ʧʨʦʤʝʥʣʠʚʠ ʧʦʜʘʪʦʮʠ, [58]:    

¶ ɻʨʘʬʠʢʦʥʠʪʝ ʟʘ ʘʨʠʪʤʝʪʠʯʢʘ ʩʨʝʜʠʥʘ ʠ ʦʧʩʝʛ (ἦ, R) ʧʨʝʪʩʪʘʚʫʚʘʘʪ ʧʘʨ ʥʘ 

ʢʦʥʪʨʦʣʥʠ ʛʨʘʬʠʢʦʥʠ ʢʦʠ ʩʝ ʢʦʨʠʩʪʘʪ ʟʘ ʧʨʦʮʝʩʠ ʢʦʠ ʠʤʘʘʪ ʛʦʣʝʤʠʥʘ ʥʘ 

ʧʦʜʛʨʫʧʘ ʧʦʤʝʺʫ ʜʚʘ ʠ ʜʝʩʝʪ ʧʨʠʤʝʨʦʮʠ. ɻʨʘʬʠʢʦʥʦʪ ʟʘ ʘʨʠʪʤʝʪʠʯʢʘ ʩʨʝʜʠʥʘ 

ʧʦʢʘʞʫʚʘ ʢʘʢʦ ʘʨʠʪʤʝʪʠʯʢʘʪʘ ʩʨʝʜʠʥʘ ʩʝ ʤʝʥʫʚʘ ʩʦ ʪʝʢʦʪ ʥʘ ʚʨʝʤʝʪʦ, ʘ 

ʛʨʘʬʠʢʦʥʦʪ ʟʘ ʦʧʩʝʛ ʧʦʢʘʞʫʚʘ ʢʘʢʦ ʦʧʩʝʛʦʪ ʥʘ ʧʦʜʛʨʫʧʠʪʝ ʩʝ ʤʝʥʫʚʘ ʩʦ 

ʚʨʝʤʝʪʦ.  

¶ ɻʨʘʬʠʢʦʥʠ ʟʘ ʘʨʠʪʤʝʪʠʯʢʘ ʩʨʝʜʠʥʘ ʠ ʩʪʘʥʜʘʨʜʥʘ ʜʝʚʠʿʘʮʠʿʘ  (ἦ, s) ʩʝ ʤʥʦʛʫ 
ʩʣʠʯʥʠ  ʥʘ ʧʦʧʫʣʘʨʥʠʪʝ ʛʨʘʬʠʢʦʥʠ ʟʘ ʘʨʠʪʤʝʪʠʯʢʘ ʩʨʝʜʠʥʘ ʠ ʦʧʩʝʛ, ʨʘʟʣʠʢʘʪʘ  

ʝ ʚʦ ʪʦʘ ʰʪʦ ʩʪʘʥʜʘʨʜʥʘʪʘ ʜʝʚʠʿʘʮʠʿʘ ʩʝ ʧʨʝʩʤʝʪʫʚʘ ʦʜ ʘʨʠʪʤʝʪʠʯʢʘʪʘ ʩʨʝʜʠʥʘ 

ʥʘ ʩʪʘʥʜʘʨʜʥʘ ʜʝʚʠʿʘʮʠʿʘ ʚʦ ʧʨʚʠʦʪ ʛʨʘʬʠʢʦʥ ʠ ʦʜ ʘʨʠʪʤʝʪʠʯʢʘʪʘ ʩʨʝʜʠʥʘ ʥʘ 

ʦʧʩʝʛʦʪ ʚʦ ʚʪʦʨʠʦʪ ʛʨʘʬʠʢʦʥ. ʆʙʠʯʥʦ ʩʝ ʧʨʝʧʦʨʘʯʫʚʘ ʦʚʦʿ ʧʘʨ ʦʜ ʛʨʘʬʠʢʦʥʠ 

ʚʦ ʦʜʥʦʩ ʥʘ ʛʨʘʬʠʢʦʥʠʪʝ ʟʘ ʘʨʠʪʤʝʪʠʯʢʘ ʩʨʝʜʠʥʘ ʠ ʦʧʩʝʛ, ʢʦʛʘ ʛʦʣʝʤʠʥʘʪʘ ʥʘ 

ʧʨʠʤʝʨʦʮʠ ʚʦ ʧʦʜʛʨʫʧʘʪʘ ʝ ʧʦʛʦʣʝʤʘ (n > 10), ʠʣʠ ʢʦʛʘ ʛʦʣʝʤʠʥʘʪʘ ʥʘ 

ʧʨʠʤʝʨʦʢʦʪ ʝ ʧʨʦʤʝʥʣʠʚʘ ʦʜ ʧʦʜʛʨʫʧʘ ʚʦ ʧʦʜʛʨʫʧʘ, [58]. 

¶ ɻʨʘʬʠʢʦʥʠʪʝ ʟʘ  ʠʥʜʠʚʠʜʫʘʣʥʠ ʦʪʯʠʪʫʚʘˁʘ ʠ ʧʦʜʚʠʞʝʥ oʧʩʝʛ (ἦ, MR) ʩʝ 

ʢʦʨʠʩʪʘʪ  ʢʦʛʘ ʩʘʤʦ ʝʜʠʥʝʯʥʦ ʤʝʨʝˁʝ ʝ ʜʦʩʪʘʧʥʦ ʚʦ ʩʝʢʦʿa ʚʨʝʤʝʥʩʢa  ʪʦʯʢʘ 

(n=1). ɹʠʜʝʿ˃ʠ ʝ ʚʢʣʫʯʝʥ ʧʦʜʚʠʞʥʠʦʪ ʦʧʩʝʛ, ʪʦʯʢʠʪʝ ʢʦʠ ʩʝ ʮʨʪʘʘʪ ʥʘ 

ʛʨʘʬʠʢʦʥʦʪ ʟʘ ʦʧʩʝʛ ʩʝ ʧʦʚʨʟʘʥʠ. ʇʦʜʚʠʞʝʥ oʧʩʝʛ ʩʝ ʧʨʝʩʤʝʪʫʚʘ ʧʦ 

ʬʦʨʤʫʣʘʪʘ: 

ὓὙ 
ὓὙ ὓὙ ȢȢȢὓὙ

Ὧ ρ
 

 

Ȣ (10) 

      ʂʘʜʝ ʰʪʦ ὓὙ ʝ ʦʧʩʝʛ  ʧʦʤʝʺʫ ʤʝʤʝʥʪʘʣʥʘʪʘ ʠ ʧʨʝʪʭʦʜʥʘʪʘ ʚʨʝʜʥʦʩʪ:  

ὓὙ ȿὼ      ὼ  ȿȟὭ ςȣὯ  
 

Ȣ (11) 

                  ʇʨʝʩʤʝʪʢʠ ʥʘ ʉʪʘʥʜʘʨʜʥʘʪʘ ʜʝʚʠʿʘʮʠʿʘ ʥʘ X ʛʨʘʬʠʢʦʥʦʪ ʝ ʩʦ ʬʦʨʤʫʣʘʪʘ: 

  „ὧ  Ὑ
Ὠ 

 

Ȣ (12) 

ʎʝʥʪʨʘʣʥʘ ʣʠʥʠʿʘ ʂʦʥʪʨʦʣʥʠ ʛʨʘʥʠʮʠ:   

CLX = ὢ . UCLX  =ὢ + E2 ϽὙ . LCLX  =ὢ - E2 Ͻ Ὑ . (13) 

CLR  = Ὑ . UCLR  =D4 Ὑ . LCLR  =D3 Ͻ Ὑ Ȣ (14) 
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 ʂʨʠʪʝʨʠʫʤʠʪʝ ʟʘ ʠʟʙʦʨ ʥʘ ʢʦʥʪʨʦʣʥʠ ʛʨʘʬʠʢʦʥʠ ʩʧʦʨʝʜ ʪʠʧʦʪ ʥʘ ʧʦʜʘʪʦʮʠ ʠ 

ʛʦʣʝʤʠʥʘʪʘ ʥʘ ʧʦʜʛʨʫʧʘʪʘ ʩʝ ʧʨʠʢʘʞʘʥʠ ʥʘ ʉʣʠʢʘ 3.3, [58].  

 

ʂʘʢʦʚ ʪʠʧ ʥʘ 

ʧʦʜʘʪʦʮʠ ˃ʝ ʩʝ 

ʠʩʮʨʪʫʚʘʘʪ? 

(ʧʨʦʤʝʥʣʠʚʠ 

ʠʣʠ 

ʘʪʨʠʙʫʪʠʚʥʠ)

ɼʘʣʠ ʩʝ ʙʨʦʿʘʪ 

ʩʧʝʮʠʬʠʯʥʠ 

ʪʠʧʦʚʠ ʥʘ 

ʜʝʬʝʢʪʠ ʥʘ 

ʝʣʝʤʝʥʪ ʠʣʠ 

ʜʝʬʝʢʪʥʠ 

ʝʣʝʤʝʥʪʠ?

Poisson ɼʠʩʪʨʠʙʫʮʠʿʘ 

ʠʣʠ ɹʠʥʦʤʠʥʘʣʥʘ 

ʜʠʩʪʨʠʙʫʮʠʿʘ?

ʂʘʢʦ ˃ʝ ʩʝ ʩʦʙʠʨʘʘʪ 

ʧʦʜʘʪʦʮʠʪʝ?

ʂʦʥʪʨʦʣʝʥ 

ʛʨʘʬʠʢʦʥ

ɻʦʣʝʤʠʥʘ ʥʘ ʧʦʜʛʨʫʧʘ 

> 10

ɻʦʣʝʤʠʥʘ ʥʘ ʧʦʜʛʨʫʧʘ 

2-10

ɻʦʣʝʤʠʥʘ ʥʘ ʧʦʜʛʨʫʧʘ 

1

ʂʦʥʩʪʘʥʪʥʘ ʛʦʣʝʤʠʥʘ 

ʥʘ ʧʦʜʛʨʫʧʘ

ɺʘʨʠʿʘʙʠʣʥʘ ʛʦʣʝʤʠʥʘ 

ʥʘ ʧʦʜʛʨʫʧʘ

ʂʦʥʩʪʘʥʪʥʘ ʦʙʣʘʩʪ ʥʘ 

ʤʦʞʥʦʩʪʠ

ɺʘʨʠʿʘʙʠʣʥʘ ʦʙʣʘʩʪ ʥʘ 

ʤʦʞʥʦʩʪʠ

ɼʦʢʦʣʢʫ ʟʥʘʝʰ ʢʦʣʢʫ ʩʝ 

ʣʦʰʠ ʜʘʣʠ ʟʥʘʝʰ ʢʦʣʢʫ 

ʩʝ ʜʦʙʨʠ?

(ɹʠʥʦʤʠʥʘʣʥʘ 

ʜʠʩʪʨʠʙʫʮʠʿʘ)

ɼʘʣʠ ʚʝʨʦʿʘʪʥʦʩʪʘ ʟʘ 

ʜʝʬʝʢʪ ʝ ʥʠʩʢʘ?

(Poisson ɼʠʩʪʨʠʙʫʮʠʿʘ)

ɼʝʬʝʢʪʥʠ 

ʝʣʝʤʝʥʪʠ

ʉʧʝʮʠʬʠʯʥʠ 

ʪʠʧʦʚʠ ʥʘ 

ʜʝʬʝʢʪʠ ʥʘ 

ʦʙʿʝʢʪ

ɸʪʨʠʙʫʪʠʚʥʠ 

ʧʦʜʘʪʦʮʠ

ʇʨʦʤʝʥʣʠʚʠ  

ʧʦʜʘʪʦʮʠ

X-bar, S

X-bar, R

I, mR

np

p

c

u

X, mR
ʅɽ

ɼɸ

ɼɸ

 

ʉʣʠʢʘ 3.3. ʀʟʙʦʨ ʥʘ  ʢʦʥʪʨʦʣʝʥ ʛʨʘʬʠʢʦʥ ʩʧʦʨʝʜ ʪʠʧ ʥʘ ʧʦʜʘʪʦʮʠ ʠ ʛʦʣʝʤʠʥʘ ʥʘ ʧʦʜʛʨʫʧʘ 

ʉʪʫʜʠʿʘʪʘ ʟʘ ʩʧʦʩʦʙʥʦʩʪ ʥʘ ʧʨʦʮʝʩʦʪ ʧʨʝʪʩʪʘʚʫʚʘ ʥʫʤʝʨʠʯʢʘ ʘʥʘʣʠʟʘ ʥʘ 

ʩʪʘʪʠʩʪʠʯʢʘ ʢʦʥʪʨʦʣʘ ʥʘ ʧʨʦʮʝʩʦʪ, ʢʦʿʘ ʩʝ ʩʧʨʦʚʝʜʫʚʘ ʟʘ ʜʘ ʩʝ ʫʪʚʨʜʠ ʢʘʢʦʚ ʝ 

ʧʝʨʬʦʨʤʘʥʩʦʪ ʥʘ ʧʨʦʮʝʩʦʪ ʚʦ ʦʜʥʦʩ ʥʘ ʩʧʝʮʠʬʠʢʘʮʠʠʪʝ. ɿʘ ʜʘ ʩʝ ʥʘʧʨʘʚʠ ʘʥʘʣʠʟʘ ʥʘ 

ʩʧʦʩʦʙʥʦʩʪ ʥʘ ʧʨʦʮʝʩʦʪ ʠ ʧʝʨʬʦʨʤʘʥʩ ʥʘ ʧʨʦʮʝʩʦʪ, ʧʦʪʨʝʙʥʦ ʝ ʥʘʿʧʨʚʠʥ ʜʘ ʩʝ ʨʘʟʙʝʨʘʪ 

ʨʘʟʣʠʯʥʠʪʝ ʚʘʨʠʿʘʮʠʠ ʚʦ ʧʨʦʮʝʩʦʪ, ʠ ʪʦʘ: 

¶ ʅʝʦʜʜʝʣʠʚʠ ʚʘʨʠʿʘʮʠʠ ʥʘ ʧʨʦʮʝʩʦʪ ï ʆʥʦʿ ʜʝʣ ʦʜ ʚʘʨʠʿʘʮʠʠʪʝ ʥʘ ʧʨʦʮʝʩʦʪ 

ʢʦʿ ʩʝ ʜʦʣʞʠ ʩʘʤʦ ʥʘ ʚʦʦʙʠʯʘʝʥʠ ʧʨʠʯʠʥʠ.  

¶ ɺʘʨʠʿʘʮʠʿʘ ʚʦ  ʧʦʜʛʨʫʧʠʪʝ (Ɑ╬) ï ʆʚʘ ʝ ʚʘʨʠʿʘʮʠʿʘ ʢʦʿʘ ʩʝ ʜʦʣʞʠ ʩʘʤʦ ʥʘ 
ʚʘʨʠʿʘʮʠʿʘʪʘ ʚʦ ʧʦʜʛʨʫʧʠʪʝ (ʉʣʠʢʘ 3.4). ɸʢʦ ʧʨʦʮʝʩʦʪ ʝ ʚʦ ʩʪʘʪʠʩʪʠʯʢʘ 

ʢʦʥʪʨʦʣʘ  ʦʚʘʘ ʚʘʨʠʿʘʮʠʿʘ  ʝ ʜʦʙʨʘ ʧʨʦʮʝʥʢʘ ʩʘʤʦ ʥʘ  ʥʝʦʜʜʝʣʠʚʠʪʝ ʚʘʨʠʿʘʮʠʠ 

ʥʘ ʧʨʦʮʝʩʦʪ. ʉʝ ʧʨʝʩʤʝʪʘ ʩʦ Shewhart ʤʝʪʦʜʦʪ ʟʘ ʩʪʘʥʜʘʨʜʥʘ ʜʝʚʠʿʘʮʠʿʘ ʚʦ 

ʧʦʜʛʨʫʧʠʪʝ ʎc.  ʇʦ ʢʦʿʘ ʦʜ ʜʚʝʪʝ ʬʦʨʤʫʣʠ ʧʨʠʢʘʞʘʥʠ ʧʦʜʦʣʝ ˃ʝ ʩʝ ʧʨʝʩʤʝʪʫʚʘ 

ʩʪʘʥʜʘʨʜʥʘʪʘ ʜʝʚʠʿʘʮʠʿʘ ʚʦ ʧʦʜʛʨʫʧʠʪʝ,  ʟʘʚʠʩʠ ʦʜ ʪʦʘ ʢʦʿ ʧʘʨ ʥʘ ʛʨʘʬʠʢʦʥʠ 

˃ʝ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʘʥʘʣʠʟʘ ʥʘ ʚʘʨʠʿʘʮʠʠʪʝ ʥʘ ʧʨʦʮʝʩʦʪ  (ʉʣʠʢʘ 3.3): 
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„ὧ Ὑ
Ὠ  

ʠʣʠ „ὧ  ίӶὧ 

  

. (15) 

ʢʘʜʝ ʰʪʦ Ὑ ʝ ʘʨʠʪʤʝʪʠʯʢʘ ʩʨʝʜʠʥʘ ʦʜ ʦʧʩʝʟʠʪʝ ʥʘ ʧʦʜʛʨʫʧʠʪʝ, Ὠ  ʝ 

ʢʦʝʬʠʮʠʝʥʪ ʢʦʿ ʟʘʚʠʩʠ ʦʜ ʙʨʦʿʦʪ ʥʘ ʧʨʠʤʝʨʦʮʠ ʚʦ ʧʦʜʛʨʫʧʘʪʘ (ʚʠʜʠ ʚʦ 

ʜʦʜʘʪʦʢ ɸ, ʊʘʙʝʣʘ ɸ.1), ίӶ ʝ ʘʨʠʪʤʝʪʠʯʢʘ ʩʨʝʜʠʥʘ ʦʜ ʩʪʘʥʜʘʨʜʥʠʪʝ ʜʝʚʠʿʘʮʠʠ 

ʥʘ ʧʦʜʛʨʫʧʠʪʝ ʠ ὧ ʝ ʢʦʝʬʠʮʠʝʥʪ ʢʦʿ ʟʘʚʠʩʠ ʦʜ ʙʨʦʿʦʪ ʥʘ ʧʨʠʤʝʨʦʮʠ ʚʦ 

ʧʦʜʛʨʫʧʘʪʘ.   

 

  

 
 

ʉʣʠʢʘ 3.4. ɺʘʨʠʿʘʮʠʿʘ ʚʦ ʧʦʜʛʨʫʧʠʪʝ 

¶ ɺʘʨʠʿʘʮʠʠ ʧʦʤʝʺʫ ʧʦʜʛʨʫʧʠʪʝ ï ʆʚʘ ʝ ʚʘʨʠʿʘʮʠʿʘ ʢʦʿʘ ʩʝ  ʜʦʣʞʠ ʥʘ ʚʘʨʠʿʘʮʠʿʘ 

ʧʦʤʝʺʫ ʧʦʜʛʨʫʧʠʪʝ (ʉʣʠʢʘ 3.5). ɸʢʦ ʧʨʦʮʝʩʦʪ ʝ ʚʦ ʩʪʘʪʠʩʪʠʯʢʘ ʢʦʥʪʨʦʣʘ  ʦʚʘʘ 

ʚʘʨʠʿʘʮʠʿʘ ʪʨʝʙʘ ʜʘ ʝ 0.   

 

 

ʉʣʠʢʘ 3.5. ɺʘʨʠʿʘʮʠʿʘ ʧʦʤʝʺʫ ʧʦʜʛʨʫʧʠʪʝ 



41 
 

¶ ɺʢʫʧʥʠ ʚʘʨʠʿʘʮʠʠ ʥʘ ʧʨʦʮʝʩ  (Ɑ▬  ï ʆʚʘ ʝ ʚʘʨʠʿʘʮʠʿʘ ʢʦʿʘ ʩʝ ʜʦʣʞʠ ʥʘ ʜʚʝʪʝ,  

ʚʘʨʠʿʘʮʠʿʘ ʚʦ ʧʦʜʛʨʫʧʠʪʝ („) ʠ ʚʘʨʠʿʘʮʠʿʘ ʧʦʤʝʺʫ ʧʦʜʛʨʫʧʠʪʝ. ɼʦʢʦʣʢʫ 

ʧʨʦʮʝʩʦʪ ʥʝ ʝ ʚʦ ʩʪʘʪʠʩʪʠʯʢʘ ʢʦʥʪʨʦʣʘ ʪʦʛʘʰ ʚʢʫʧʥʘʪʘ ʚʘʨʠʿʘʮʠʿʘ ʥʘ ʧʨʦʮʝʩʦʪ 

˃ʝ ʛʠ ʚʢʣʫʯʠ ʝʬʝʢʪʠʪʝ ʦʜ ʩʧʝʮʠʿʘʣʥʠʪʝ ʠ ʚʦʦʙʠʯʘʝʥʠʪʝ ʧʨʠʯʠʥʠ. ʆʚʘʘ 

ʚʘʨʠʿʘʮʠʿʘ ʤʦʞʝ ʜʘ ʩʝ ʧʨʝʩʤʝʪʘ ʩʦ ʩʪʘʥʜʘʨʜʥʘʪʘ ʜʝʚʠʿʘʮʠʿʘ ʥʘ ʧʨʠʤʝʨʦʮʠ s, 

ʢʦʨʠʩʪʝʿ˃ʠ ʛʠ ʩʠʪʝ ʠʥʜʠʚʠʜʫʘʣʥʠ ʦʪʯʠʪʫʚʘˁʘ ʜʦʙʠʝʥʠ ʦʜ  ʜʝʪʘʣʝʥ ʢʦʥʪʨʦʣʝʥ 

ʛʨʘʬʠʢʦʥ ʠʣʠ ʩʪʫʜʠʿʘ ʥʘ ʧʨʦʮʝʩ: 

„  ί  
ὢ ὢ

ὲ ρ
 

 

. 
(16) 

ʢʘʜʝ ʰʪʦ ὢ  ʝ ʠʥʜʠʚʠʜʫʘʣʥʦ ʦʪʯʠʪʫʚʘˁʝ, ὢ ʝ ʘʨʠʪʤʝʪʠʯʢʘ ʩʨʝʜʠʥʘ ʦʜ  

ʠʥʜʠʚʠʜʫʘʣʥʠʪʝ ʦʪʯʠʪʫʚʘˁʘ,  n ʝ ʚʢʫʧʥʠʦʪ ʙʨʦʿ ʥʘ ʠʥʜʠʚʠʜʫʘʣʥʠ ʦʪʯʠʪʫʚʘˁʘ. 

ʉʧʦʩʦʙʥʦʩʪ ʥʘ ʧʨʦʮʝʩ Cp ʜʘʚʘ ʘʥʘʣʠʟʘ ʥʘ ʰʠʨʠʥʘʪʘ ʥʘ ʧʨʦʮʝʩʦʪ (ʚʘʨʠʿʘʮʠʠʪʝ ʥʘ 

ʧʨʦʮʝʩʦʪ) ʚʦ ʦʜʥʦʩ ʥʘ ʩʧʝʮʠʬʠʢʘʮʠʿʘʪʘ, ʙʝʟ ʜʘ ʩʝ ʟʝʤʝ ʚʦ ʧʨʝʜʚʠʜ ʣʦʢʘʮʠʿʘʪʘ ʥʘ 

ʧʨʦʮʝʩʦʪ. ʂʦʣʢʫ ʝ ʧʦʤʘʣʘ ʰʠʨʠʥʘʪʘ ʥʘ ʧʨʦʮʝʩʦʪ ʚʦ ʦʜʥʦʩ ʥʘ ʩʧʝʮʠʬʠʢʘʮʠʿʘʪʘ, ʪʦʣʢʫ 

ʧʨʦʮʝʩʦʪ ʝ ʧʦʩʧʦʩʦʙʝʥ ʜʘ ʛʠ ʠʩʧʦʣʥʠ ʦʯʝʢʫʚʘˁʘʪʘ ʥʘ ʢʣʠʝʥʪʦʪ ʢʦʠ ʩʝ ʟʘʜʘʜʝʥʠ ʩʦ 

ʩʧʝʮʠʬʠʢʘʮʠʿʘʪʘ. Cp ʛʠ ʟʝʤʘ ʚʦ ʧʨʝʜʚʠʜ ʩʘʤʦ ʚʘʨʠʿʘʮʠʠʪʝ ʚʦ ʧʦʜʛʨʫʧʠʪʝ „,  ʠ ʩʝ ʩʨʝ˃ʘʚʘ 
ʚʦ ʣʠʪʝʨʘʪʫʨʘʪʘ ʠ ʢʘʢʦ ʩʧʦʩʦʙʥʦʩʪ ʟʘ ʢʨʘʪʦʢ ʚʨʝʤʝʥʩʢʠ ʧʝʨʠʦʜ (ʘʥʛ.short term capability):  

 

ὅ  
ὟὛὒὒὛὒ

φ Ͻ„

ὟὛὒὒὛὒ

φϽ 2Ὠ

 

 

. (17) 

ʀʥʜʝʢʩ ʥʘ ʩʧʦʩʦʙʥʦʩʪ ʥʘ ʧʨʦʮʝʩ Cpk  ʛʠ ʟʝʤʘ ʚʦ ʧʨʝʜʚʠʜ ʩʧʦʩʦʙʥʦʩʪʘ ʥʘ ʧʨʦʮʝʩʦʪ 

ʠ ʣʦʢʘʮʠʿʘʪʘ ʥʘ ʧʨʦʮʝʩʦʪ. Cpk ʠ Cp ʩʝʢʦʛʘʰ ʪʨʝʙʘ ʜʘ ʩʝ  ʘʥʘʣʠʟʠʨʘʘʪ ʟʘʝʜʥʦ, ʧʨʠ ʰʪʦ Cpk 

ʩʝʢʦʛʘʰ ʝ ʧʦʤʘʣʦ ʠʣʠ ʝʜʥʘʢʚʦ ʥʘ Cp. ɼʦʢʦʣʢʫ Cpk ʚʨʝʜʥʦʩʪʘ ʝ ʟʥʘʯʠʪʝʣʥʦ ʧʦʤʘʣʘ ʦʜ 

ʩʦʦʜʚʝʪʥʘʪʘ Cp ʚʨʝʜʥʦʩʪ, ʪʦʘ ʫʢʘʞʫʚʘ ʥʘ ʤʦʞʥʦʩʪ ʟʘ ʧʦʜʦʙʨʫʚʘˁʝ  ʥʘ ʧʨʦʮʝʩʦʪ ʩʦ ʥʝʛʦʚʦ 

ʮʝʥʪʨʠʨʘˁʝ. Cpk ʩʝ ʧʨʝʩʤʝʪʫʚʘ ʢʘʢʦ ʤʠʥʠʤʫʤ ʦʜ CPU ʠʣʠ CPL, ʢʘʜʝ ʰʪʦ:  

             

                                                               ὅὖὟ 
ὟὛὒὢ

σϽ ʎÃ

ὟὛὒὢ

σ Ͻ2Ὠ

 Ȣ                                     ρψ 

 

                                                                ὅὖὒ 
ὢ ὒὛὒ

σϽ „ὧ

ὢ ὒὛὒ

σ ϽὙὨ

 Ȣ                                     ρω 

 

ʇʝʨʬʦʨʤʘʥʩ ʥʘ ʧʨʦʮʝʩ Pp, ʠʩʪʦ ʢʘʢʦ ʠ ʩʧʦʩʦʙʥʦʩʪ ʥʘ ʧʨʦʮʝʩ, ʜʘʚʘ ʘʥʘʣʠʟʘ ʥʘ 

ʰʠʨʠʥʘʪʘ ʥʘ ʧʨʦʮʝʩʦʪ ʚʦ ʦʜʥʦʩ ʥʘ ʩʧʝʮʠʬʠʢʘʮʠʠʪʝ, ʩʦ ʪʘʘ ʨʘʟʣʠʢʘ ʰʪʦ ʛʠ ʟʝʤʘ ʚʦ 

ʧʨʝʜʚʠʜ ʚʢʫʧʥʠʪʝ ʚʘʨʠʿʘʮʠʠ ʚʦ ʧʨʦʮʝʩʦʪ „ (ʚʘʨʠʿʘʮʠʠʪʝ ʚʦ ʠ ʧʦʤʝʺʫ ʧʦʜʛʨʫʧʠʪʝ), ʘ ʥʝ 

ʩʘʤʦ ʚʘʨʠʿʘʮʠʠʪʝ ʚʦ ʧʦʜʛʨʫʧʠʪʝ. ɽʜʥʦʩʪʘʚʥʦ ʢʘʞʘʥʦ, ʝʜʠʥʩʪʚʝʥʘ ʨʘʟʣʠʢʘ ʧʦʤʝʺʫ 

ʩʧʦʩʦʙʥʦʩʪ ʥʘ ʧʨʦʮʝʩ ʠ ʧʝʨʬʦʨʤʘʥʩ ʥʘ ʧʨʦʮʝʩ ʝ ʥʘʯʠʥʦʪ ʥʘ ʧʨʝʩʤʝʪʫʚʘˁʝ ʥʘ 

ʩʪʘʥʜʘʨʜʥʘʪʘ ʜʝʚʠʿʘʮʠʿʘ. ʆʪʪʫʢʘ ʧʝʨʬʦʨʤʘʥʩ ʥʘ ʧʨʦʮʝʩ ʩʝ ʩʨʝ˃ʘʚʘ ʚʦ ʣʠʪʝʨʘʪʫʨʘʪʘ ʠ 

ʢʘʢʦ ʩʧʦʩʦʙʥʦʩʪ ʟʘ ʜʦʣʛ ʚʨʝʤʝʥʩʢʠ ʧʝʨʠʦʜ (ʘʥʛ. long term capability). Pp ʥʝ ʟʘʚʠʩʠ ʦʜ 

ʣʦʢʘʮʠʿʘʪʘ ʥʘ ʧʨʦʮʝʩʦʪ, ʠ ʩʝ ʧʨʝʩʤʝʪʫʚʘ ʩʦ ʬʦʨʤʫʣʘʪʘ:  
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                                            ὖ  
ὟὛὒὒὛὒ

φϽ ʎ

ὟὛὒὒὛὒ

φ Ͻί

ὟὛὒὒὛὒ

φ ϽВ
ὢ ὢ
ὲ ρ

 Ȣ              ςπ 

 

ʀʥʜʝʢʩ ʥʘ ʧʝʨʬʦʨʤʘʥʩ ʥʘ ʧʨʦʮʝʩ Ppk ʛʠ ʟʝʤʘ ʚʦ ʧʨʝʜʚʠʜ ʧʝʨʬʦʨʤʘʥʩʦʪ ʥʘ 

ʧʨʦʮʝʩʦʪ ʠ ʣʦʢʘʮʠʿʘʪʘ ʥʘ ʧʨʦʮʝʩʦʪ. Ppk ʠ Pp ʩʝʢʦʛʘʰ ʪʨʝʙʘ ʜʘ ʩʝ  ʘʥʘʣʠʟʠʨʘʘʪ ʟʘʝʜʥʦ, ʧʨʠ 

ʰʪʦ Ppk  ʩʝʢʦʛʘʰ ʝ ʧʦʤʘʣʦ ʠʣʠ ʝʜʥʘʢʚʦ ʥʘ Pp. ɼʦʢʦʣʢʫ Ppk ʚʨʝʜʥʦʩʪʘ ʝ ʟʥʘʯʠʪʝʣʥʦ ʧʦʤʘʣʘ 

ʦʜ ʩʦʦʜʚʝʪʥʘʪʘ Pp ʚʨʝʜʥʦʩʪ, ʪʦʘ ʫʢʘʞʫʚʘ ʥʘ ʤʦʞʥʦʩʪ ʟʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʧʨʦʮʝʩʦʪ ʩʦ 

ʥʝʛʦʚʦ ʮʝʥʪʨʠʨʘˁʝ. Ppk ʩʝ ʧʨʝʩʤʝʪʫʚʘ ʢʘʢʦ ʤʠʥʠʤʫʤ ʦʜ PPU ʠʣʠ PPL ʢʘʜʝ ʰʪʦ: 

 

                                            ὖὖὟ 
ὟὛὒὢ

σ Ͻʎ

ὟὛὒὢ

σϽ ί

ὟὛὒὢ

σ ϽВ
ὢ ὢ
ὲ ρ

 Ȣ                    ςρ 

                      

                                            ὖὖὒ 
ὢ ὒὛὒ

σϽ ʎ

ὢ ὒὛὒ

σϽ ί

ὢ ὒὛὒ

σ ϽВ
ὢ ὢ
ὲ ρ

 Ȣ                      ςς 

        

ɸʢʦ ʧʨʦʮʝʩʦʪ ʝ  ʚʦ ʩʪʘʪʠʩʪʠʯʢʘ ʢʦʥʪʨʦʣʘ, ʚʘʨʠʿʘʮʠʠʪʝ ʧʦʤʝʺʫ ʧʦʜʛʨʫʧʠʪʝ ʩʝ 0, ʠ 

ʪʦʛʘʰ ʩʧʦʩʦʙʥʦʩʪʘ ʥʘ ʧʨʦʮʝʩʦʪ ˃ʝ ʙʠʜʝ ʤʥʦʛʫ ʙʣʠʩʢʫ ʩʦ ʧʝʨʬʦʨʤʘʥʩʦʪ ʥʘ ʧʨʦʮʝʩʦʪ 

(C=P). ɻʦʣʝʤʘʪʘ ʨʘʟʣʠʢʘ ʤʝʺʫ ʩʧʦʩʦʙʥʦʩʪ ʠ ʧʝʨʬʦʨʤʘʥʩ ʥʘ ʧʨʦʮʝʩʦʪ ʫʢʘʞʫʚʘ ʥʘ 

ʚʘʨʠʿʘʮʠʠ ʧʦʤʝʺʫ ʧʦʜʛʨʫʧʠʪʝ ʠ ʧʨʠʩʫʩʪʚʦ ʥʘ ʩʧʝʮʠʿʘʣʥʠ ʧʨʠʯʠʥʠ ʚʦ ʧʨʦʮʝʩʦʪ. ʅʘ ʉʣʠʢʘ 

3.6 ʝ ʧʨʠʢʘʞʘʥʘ ʩʧʦʨʝʜʙʘ ʧʦʤʝʺʫ ʠʥʜʝʢʩʦʪ ʥʘ ʩʧʦʩʦʙʥʦʩʪ ʥʘ ʧʨʦʮʝʩʦʪ ʠ ʠʥʜʝʢʩʦʪ ʥʘ 

ʧʝʨʬʦʨʤʘʥʩ ʥʘ ʧʨʦʮʝʩʦʪ.  

 

 

  

ʉʣʠʢʘ 3.6. ʉʧʦʨʝʜʙʘ ʥʘ Cpk ʥʘʩʧʨʦʪʠ Ppk 
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3.4 ʐʝʩʪ ʉʠʛʤʘ - ʌʘʟʘ ʥʘ ʘʥʘʣʠʟʠʨʘˁʝ 

ʌʘʟʘʪʘ ʥʘ ʘʥʘʣʠʟʠʨʘˁʝ ʝ ʥʘʿʪʝʰʢʠʦʪ ʯʝʢʦʨ ʚʦ ʐʝʩʪ ʉʠʛʤʘ ʘʥʘʣʠʟʘʪʘ. ɼʦʜʝʢʘ 

ʧʨʚʘʪʘ ʧʦʣʦʚʠʥʘ ʦʜ ʧʨʦʝʢʪʦʪ ʩʝ ʬʦʢʫʩʠʨʘ ʥʘ ʪʠʤʩʢʦ ʩʦʙʠʨʘˁʝ ʥʘ ʧʦʜʘʪʦʮʠ (ʘʥʘʣʠʟʘ ʥʘ 

ʤʝʨʥʠʦʪ ʩʠʩʪʝʤ, ʩʪʘʪʠʩʪʠʯʢʘ ʢʦʥʪʨʦʣʘ ʥʘ  ʧʨʦʮʝʩʠʪʝ, ʘʥʘʣʠʟʘ ʥʘ ʩʧʦʩʦʙʥʦʩʪ ʥʘ ʧʨʦʮʝʩʦʪ 

ʠ ʘʥʘʣʠʟʘ ʥʘ ʠʟʚʦʨʥʠʪʝ ʧʨʠʯʠʥʠ ʟʘ ʧʦʿʘʚʘ ʥʘ ʧʨʦʙʣʝʤʦʪ), ʚʪʦʨʘʪʘ ʧʦʣʦʚʠʥʘ ʩʝ ʬʦʢʫʩʠʨʘ 

ʥʘ ʝʣʠʤʠʥʠʨʘˁʝ ʥʘ Ăʤʥʦʛʫʪʝ ʪʨʠʚʠʿʘʣʥʠ" ʧʨʠʯʠʥʠ ʠ ʠʜʝʥʪʠʬʠʢʫʚʘˁʝ ʥʘ ʛʣʘʚʥʠʪʝ 

ʠʟʚʦʨʠ ʥʘ ʧʨʦʙʣʝʤʦʪ. ʄʦʞʝ ʜʘ ʩʝ ʩʫʤʠʨʘ ʜʝʢʘ ʬʘʟʘʪʘ ʥʘ ʘʥʘʣʠʟʠʨʘˁʝ ʚʦ ʐʝʩʪ ʉʠʛʤʘ 

ʤʝʪʦʜʦʣʦʛʠʿʘʪʘ ʚʨʰʠ ʜʝʪʘʣʥʘ ʘʥʘʣʠʟʘ ʥʘ ʠʟʚʦʨʥʠʪʝ ʧʨʠʯʠʥʠ ʟʘ ʧʦʿʘʚʘ ʥʘ ʛʨʝʰʢʘ. 

ɸʥʘʣʠʟʘʪʘ ʥʘ ʠʟʚʦʨʥʠʪʝ ʧʨʠʯʠʥʠ ʟʘʧʦʯʥʫʚʘ ʩʦ ʘʥʘʣʠʟʠʨʘˁʝ ʥʘ ʧʨʦʮʝʩʦʪ ʠ ʬʦʨʤʠʨʘˁʝ 

ʥʘ ʪʝʦʨʠʠ ʩʦ ʢʦʨʠʩʪʝˁʝ ʥʘ ʩʫʙʿʝʢʪʠʚʥʠ ʠ ʦʙʿʝʢʪʠʚʥʠ ʘʣʘʪʢʠ ʢʘʢʦ ʰʪʦ ʩʝ: Ă5-whyò 

ʘʥʘʣʠʟʘ, 8D ʠʟʚʝʰʪʘʿ (ʘʥʛ. 8 disciplines for problem solving),  ʤʘʧʠʨʘˁʝ ʥʘ ʧʨʦʤʝʥʣʠʚʠ ʥʘ 

ʧʨʦʮʝʩʦʪ, ʜʠʿ ʘʛʨʘʤ ʥʘ ʧʨʠʯʠʥʠ ʠ ʧʦʩʣʝʜʠʮʠ, ʤʘʪʨʠʮʘ ʩʦ ʧʨʠʯʠʥʠ ʠ ʧʦʩʣʝʜʠʮʠ, ʇʘʨʝʪʦ 

ʜʠʿʘʛʨʘʤ ʟʘ ʨʘʥʛʠʨʘˁʝ ʥʘ ʧʨʠʯʠʥʠʪʝ ʟʘ ʧʦʿʘʚʘ ʥʘ ʛʨʝʰʢʘ, PDCA ʮʠʢʣʫʩ (ʘʥʛ. Plan, Do, 

Check, Act) ʠ ʘʥʘʣʠʟʘ ʥʘ ʤʦʜʦʚʠ ʥʘ ʛʨʝʰʢʠ ʠ ʥʠʚʥʠʦʪ ʝʬʝʢʪ. ʇʦʪʦʘ ʩʣʝʜʫʚʘʘʪ ʯʠʩʪʦ 

ʤʘʪʝʤʘʪʠʯʢʠ ʘʥʘʣʠʟʠ ʟʘ ʜʘ ʩʝ ʪʝʩʪʠʨʘʘʪ ʪʝʦʨʠʠʪʝ ʜʝʢʘ ʦʚʠʝ ʧʦʪʝʥʮʠʿʘʣʥʠ ʠʟʚʦʨʥʠ 

ʧʨʠʯʠʥʠ ʩʝ ʥʘʚʠʩʪʠʥʘ ʦʜʛʦʚʦʨʥʠ ʟʘ ʧʦʿʘʚʘʪʘ ʥʘ ʛʨʝʰʢʠʪʝ: ɸʥʘʣʠʟʘʪʘ ʩʦ ʨʝʛʨʝʩʠʿʘ (ʘʥʛ. 

regression analysis), ʩʪʘʪʠʩʪʠʯʢʦ ʪʝʩʪʠʨʘˁʝ ʥʘ ʭʠʧʦʪʝʟʠ (ʘʥʛ. statistical hypothesis testing), 

ʘʥʘʣʠʟʘ ʥʘ ʚʘʨʠʿʘʮʠʠ (ʘʥʛ. analyze of varience ANOVA)  ʠ Chi Square ʪʝʭʥʠʢʘʪʘ.  

3.4.1 ɸʥʘʣʠʟʠ ʟʘ ʦʪʢʨʠʚʘˁʝ ʥʘ ʠʟʚʦʨʥʠʪʝ ʧʨʠʯʠʥʘ  ʟʘ ʧʦʿʘʚʘ ʥʘ ʛʨʝʰʢʠ 

ɸʥʘʣʠʟʘʪʘ ʥʘ ʠʟʚʦʨʥʠʪʝ ʧʨʠʯʠʥʠ ʩʦ ʢʦʨʠʩʪʝˁʝ ʥʘ ʩʫʙʿʝʢʪʠʚʥʠ ʠ ʦʙʿʝʢʪʠʚʥʠ 

ʘʣʘʪʢʠ ʥʘʿʧʨʚʝʥ ʟʘʧʦʯʥʫʚʘ ʩʦ ʤʘʧʠʨʘˁʝ ʥʘ ʧʨʦʤʝʥʣʠʚʠʪʝ ʥʘ ʧʨʦʮʝʩʦʪ, ʟʘ ʜʘ ʩʝ ʧʨʦʚʝʨʘʪ 

ʩʠʪʝ ʧʦʪʝʥʮʠʿʘʣʥʠ ʧʨʠʯʠʥʠ ʢʦʠ ʤʦʞʝ ʜʘ ʜʦʚʝʜʘʪ ʜʦ ʧʦʿʘʚʘ ʥʘ ʛʨʝʰʢʘʪʘ. ʄʘʧʠʨʘˁʝʪʦ ʥʘ 

ʧʨʦʤʝʥʣʠʚʠʪʝ ʥʘ ʧʨʦʮʝʩʦʪ ʩʧʦʨʝʜ ʐʝʩʪ ʉʠʛʤʘ ʤʝʪʦʜʦʣʦʛʠʿʘʪʘ, ʚʩʫʰʥʦʩʪ ʪʨʝʙʘ ʜʘ ʩʝ 

ʥʘʧʨʘʚʠ ʢʘʢʦ ʰʪʦ ʝ ʨʝʘʣʥʦ ʚʦ ʤʦʤʝʥʪʦʪ, ʘ ʥʝ ʢʘʢʦ ʰʪʦ ʙʠ ʪʨʝʙʘʣʦ ʜʘ ʙʠʜʝ ʚʦ ʠʜʥʠʥʘ. 

ʇʨʚ ʯʝʢʦʨ ʧʨʠ ʤʘʧʠʨʘˁʝʪʦ ʥʘ ʧʨʦʤʝʥʣʠʚʠʪʝ ʥʘ ʧʨʦʮʝʩʦʪ ʝ ʜʘ ʩʝ ʠʜʝʥʪʠʬʠʢʫʚʘʘʪ ʩʠʪʝ 

ʯʝʢʦʨʠ ʚʦ ʧʨʦʮʝʩʦʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʘʜʝ ʰʪʦ ʤʦʞʝ ʜʘ ʥʘʩʪʘʥʝ ʛʨʝʰʢʘʪʘ. ɺʦ ʤʘʧʠʨʘˁʝʪʦ 

ʥʘ ʧʨʦʤʝʥʣʠʚʠʪʝ ʥʘ ʧʨʦʮʝʩʦʪ ʪʨʝʙʘ ʜʘ ʩʝ ʚʢʣʫʯʘʪ ʩʠʪʝ ʧʨʦʮʝʩʠ, ʦʥʠʝ ʢʦʠ ʜʦʜʘʚʘʘʪ 

ʚʨʝʜʥʦʩʪ ʥʘ ʧʨʦʠʟʚʦʜʦʪ ʢʘʢʦ ʠ ʦʥʠʝ ʢʦʠ ʥʝ ʜʦʜʘʚʘʘʪ ʚʨʝʜʥʦʩʪ. ʉʣʝʜʝʥ ʯʝʢʦʨ ʝ ʛʨʘʬʠʯʢʦ 

ʧʨʝʟʝʥʪʠʨʘˁʝ ʥʘ ʚʣʝʟʥʠʪʝ ʧʨʦʤʝʥʣʠʚʠ Xôs ʠ ʠʟʣʝʟʥʠʦʪ ʨʝʟʫʣʪʘʪ Y ʟʘ ʩʠʪʝ ʯʝʢʦʨʠ ʚʦ 

ʧʨʦʮʝʩʦʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʘʜʝ ʰʪʦ ʤʦʞʝ ʜʘ ʥʘʩʪʘʥʝ ʛʨʝʰʢʘʪʘ. ʆʪʢʘʢʦ ˃ʝ ʩʝ ʥʘʙʨʦʿʘʪ 

ʩʠʪʝ ʚʣʝʟʥʠ ʧʨʦʤʝʥʣʠʚʠ Xôs ʟʘ ʩʝʢʦʿ ʧʨʦʮʝʩ ʧʦʝʜʠʥʝʯʥʦ, ʧʦʪʨʝʙʥʦ ʝ ʪʠʝ ʜʘ ʩʝ  

ʢʣʘʩʠʬʠʮʠʨʘʘʪ ʢʘʢʦ ʢʦʥʪʨʦʣʠʨʘʥʠ ʠ ʥʝʢʦʥʪʨʦʣʠʨʘʥʠ (ʩʝ ʦʜʥʝʩʫʚʘ ʥʘ ʢʦʥʪʨʦʣʘ ʥʘ 

ʚʣʝʟʥʠʪʝ ʧʨʦʤʝʥʣʠʚʠ ʚʦ ʧʨʦʮʝʩʦʪ). ʂʘʢʦ ʛʣʘʚʝʥ ʠʟʣʝʟʝʥ ʨʝʟʫʣʪʘʪ ʰʪʦ ʩʝ ʦʯʝʢʫʚʘ ʦʜ 

ʤʘʧʠʨʘˁʝʪʦ ʥʘ ʧʨʦʤʝʥʣʠʚʠʪʝ ʥʘ ʧʨʦʮʝʩʦʪ ʝ ʜʘ ʩʝ ʠʩʧʦʨʘʯʘ ʢʦʤʧʣʝʪʥʘ ʣʠʩʪʘ ʩʦ ʩʠʪʝ 

ʚʣʝʟʥʠ ʧʨʦʤʝʥʣʠʚʠ Xôs ʚʦ ʧʨʦʮʝʩʦʪ. ɺʨʟ ʦʩʥʦʚʘ ʥʘ ʪʘʘ ʣʠʩʪʘ  ˃ʝ ʩʝ ʪʝʤʝʣʘʪ ʠʜʥʠʪʝ 

ʘʢʪʠʚʥʦʩʪʠ ʚʦ ʧʨʦʝʢʪʦʪ: ʘʥʘʣʠʟʘ ʥʘ ʠʟʚʦʨʥʠʪʝ ʧʨʠʯʠʥʠ, ʢʨʝʠʨʘˁʝ ʥʘ ʤʘʪʨʠʮʘʪʘ ʟʘ 

ʧʨʠʯʠʥʠ ʠ ʧʦʩʣʝʜʠʮʠ, ʘʥʘʣʠʟʘ ʥʘ ʤʦʜʦʚʠʪʝ ʥʘ ʛʨʝʰʢʠ ʠ ʥʠʚʥʠʦʪ ʝʬʝʢʪ, ʧʨʚʠʯʥʠ ʠʜʝʠ ʟʘ 

ʧʦʪʨʝʙʠʪʝ ʥʘ ʢʦʥʪʨʦʣʥʠʦʪ ʧʣʘʥ, ʠʜʝʥʪʠʬʠʢʫʚʘˁʝ ʥʘ ʩʪʫʜʠʠʪʝ ʟʘ ʩʧʦʩʦʙʥʦʩʪ ʥʘ 

ʧʨʦʮʝʩʦʪ, ʩʧʨʦʚʝʜʫʚʘˁʝ ʥʘ ʝʜʥʦʩʪʘʚʥʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʢʘʢʦ ʠ ʧʦʩʣʦʞʝʥʠ ʝʢʩʧʝʨʠʤʝʥʪʠ 

(ʜʠʟʘʿʥ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʠ).  

ʇʦʪʦʘ, ʩʦ ʧʦʤʦʰ ʥʘ ʘʣʘʪʢʠʪʠ ʜʠʿʘʛʨʘʤ ʠ ʤʘʪʨʠʮʘ ʩʦ ʧʨʠʯʠʥʠ ʠ ʧʦʩʣʝʜʠʮʠ ʩʝ 

ʩʦʨʪʠʨʘʘʪ ʧʨʠʯʠʥʠʪʝ ʢʦʠ ʩʝ ʩʦ ʥʘʿʛʦʣʝʤʦ ʚʣʠʿʘʥʠʝ ʟʘ ʧʦʿʘʚʘ ʥʘ ʛʨʝʰʢʘʪʘ ʠ ʥʘ ʦʚʠʝ 

ʧʨʠʯʠʥʠ ʠʤ ʩʝ ʜʘʚʘ ʧʨʠʦʨʠʪʝʪ ʧʨʠ ʠʤʧʣʝʤʝʥʪʠʨʘˁʝʪʦ ʥʘ ʢʦʨʝʢʪʠʚʥʠʪʝ ʘʢʮʠʠ.  

ɼʠʿʘʛʨʘʤʦʪ ʥʘ ʧʨʠʯʠʥʠ ʠ ʧʦʩʣʝʜʠʮʠ (ʧʦʟʥʘʪ ʢʘʢʦ ʀʰʠʢʘʚʘ ʜʠʿʘʛʨʘʤ ʠʣʠ ʜʠʿʘʛʨʘʤ ʥʘ 

ʨʠʙʠʥ ʩʢʝʣʝʪ ʪ.ʝ ʘʥʛ. fishbone diagram) ʥʝ ʩʝ ʬʦʢʫʩʠʨʘ ʩʘʤʦ ʥʘ ʩʠʤʧʪʦʤʠʪʝ,  ʪʫʢʫ ʪʦʿ 

ʧʦʤʘʛʘ ʜʘ ʩʝ ʠʜʝʥʪʠʬʠʢʫʚʘʘʪ ʧʨʠʯʠʥʠʪʝ ʟʘ ʧʦʿʘʚʘ ʥʘ ʧʨʦʙʣʝʤʦʪ. ɺʨʟ ʦʩʥʦʚʘ ʥʘ 

ʧʦʜʘʪʦʮʠʪʝ ʜʦʙʠʝʥʠ ʦʜ ʤʘʧʠʨʘˁʝʪʦ ʥʘ ʧʨʦʤʝʥʣʠʚʠʪʝ ʥʘ ʧʨʦʮʝʩʦʪ, ʚʦ ʦʚʦʿ ʜʠʿʘʛʨʘʤ ʩʝ 

ʧʦʧʦʣʥʫʚʘʘʪ ʧʦʪʝʥʮʠʿʘʣʥʠʪʝ ʧʨʠʯʠʥʠ ʟʘ ʧʦʿʘʚʘ ʥʘ ʧʨʦʙʣʝʤʦʪ, ʢʣʘʩʠʬʠʮʠʨʘʥʠ ʚʦ 5 
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ʛʨʫʧʠ: ʤʘʪʝʨʠʿʘʣʠ, ʣʫʺʝ, ʤʝʪʦʜʠ, ʤʘʰʠʥʠ ʠ ʦʢʦʣʠʥʘ. ʄʘʪʨʠʮʘʪʘ ʩʦ ʧʨʠʯʠʥʠ ʠ ʧʦʩʣʝʜʠʮʠ  

ʝ ʝʜʥʦʩʪʘʚʥʘ ʤʘʪʨʠʮʘ ʢʦʿʘ ʩʣʫʞʠ ʟʘ ʜʘ ʛʠ ʢʚʘʥʪʠʬʠʢʫʚʘ ʙʘʨʘˁʘʪʘ ʥʘ ʢʣʠʝʥʪʦʪ ʩʧʦʨʝʜ 

ʥʠʚʥʘʪʘ ʚʘʞʥʦʩʪ. ʇʨʚ ʯʝʢʦʨ ʧʨʠ ʢʨʝʠʨʘˁʝ ʥʘ ʤʘʪʨʠʮʘʪʘ ʝ ʜʘ ʩʝ ʧʦʚʨʟʘʪ Xôs (ʚʣʝʟʥʠʪʝ 

ʧʨʦʤʝʥʣʠʚʠ) ʩʦ Y (ʠʟʣʝʟʥʠʦʪ ʨʝʟʫʣʪʘʪ), ʜʦʙʠʝʥʠ ʩʦ ʤʘʧʠʨʘˁʝ ʥʘ ʧʨʦʤʝʥʣʠʚʠ ʥʘ 

ʧʨʦʮʝʩʦʪ. ʅʘʨʝʜʝʥ ʯʝʢʦʨ ʝ ʜʘ ʩʝ ʧʨʦʮʝʥʠ ʟʘʚʠʩʥʦʩʪʘ ʥʘ ʩʝʢʦʿʘ ʚʣʝʟʥʘ ʧʨʦʤʝʥʣʠʚʘ Xôs ʩʦ 

ʠʟʣʝʟʥʠʦʪ ʨʝʟʫʣʪʘʪ Y. ʈʘʥʛʠʨʘˁʝʪʦ ʚʦ ʤʘʪʨʠʮʘʪʘ ʩʦ ʧʨʠʯʠʥʠ ʠ ʧʦʩʣʝʜʠʮʠ ʝ ʩʧʦʨʝʜ 

ʩʣʝʜʥʠʦʪ ʢʨʠʪʝʨʠʫʤ: 

¶ ʈʘʥʛʠʨʘˁʝ ʩʦ 1: ɺʦ ʩʣʫʯʘʿ ʢʦʛʘ X ʥʝʟʥʘʯʠʪʝʣʥʦ ʚʣʠʿʘʝ ʥʘ Y. 

¶ ʈʘʥʛʠʨʘˁʝ ʩʦ 3: ɺʦ ʩʣʫʯʘʿ ʢʦʛʘ X ʟʥʘʯʠʪʝʣʥʦ ʚʣʠʿʘʝ ʥʘ Y. 

¶ ʈʘʥʛʠʨʘˁʝ ʩʦ 9: ɺʦ ʩʣʫʯʘʿ ʢʦʛʘ X ʜʠʨʝʢʪʥʦ ʠ ʩʠʣʥʦ ʚʣʠʿʘʝ ʥʘ Y. 

ʇʦ ʩʫʙʿʝʢʪʠʚʥʦʪʦ ʠ ʦʙʿʝʢʪʠʚʥʦ ʠʜʝʥʪʠʬʠʢʫʚʘˁʝʪʦ ʥʘ ʤʦʞʥʠʪʝ ʠʟʚʦʨʥʠ ʧʨʠʯʠʥʠ 

ʩʣʝʜʫʚʘ ʤʘʪʝʤʘʪʠʯʢʦʪʦ ʪʝʩʪʠʨʘˁʝ ʥʘ ʪʝʦʨʠʠʪʝ. ɸʥʘʣʠʟʘʪʘ ʩʦ ʨʝʛʨʝʩʠʿʘ  ʦʚʦʟʤʦʞʫʚʘ ʜʘ 

ʩʝ ʫʪʚʨʜʠ ʜʘʣʠ ʧʦʩʪʦʠ ʨʝʣʘʮʠʿʘ ʧʦʤʝʺʫ ʜʚʝ ʧʨʦʤʝʥʣʠʚʠ. ʆʚʘʘ ʘʥʘʣʠʟʘ ʤʦʞʝ ʜʘ ʩʝ 

ʢʦʨʠʩʪʠ ʟʘ ʜʘ ʩʝ ʫʪʚʨʜʠ ʜʘʣʠ ʝʜʥʘ ʧʨʦʤʝʥʣʠʚʘ ʠʣʠ ʥʝʟʘʚʠʩʥʘ ʧʨʦʤʝʥʣʠʚʘ, ʤʦʞʝ ʜʘ ʩʝ 

ʧʨʠʤʝʥʠ ʟʘ ʧʨʝʜʚʠʜʫʚʘˁʝ ʥʘ ʜʨʫʛʘ ʧʨʦʤʝʥʣʠʚʘ ʠʣʠ ʟʘʚʠʩʥʘ ʧʨʦʤʝʥʣʠʚʘ. ʂʦʣʢʫ ʝ 

ʧʦʮʚʨʩʪʘ ʨʝʣʘʮʠʿʘʪʘ ʧʦʤʝʺʫ ʧʨʦʤʝʥʣʠʚʠʪʝ ʢʘʢʦ ʥʘ ʧʨʠʤʝʨ ʤʦʜʠʬʠʢʘʮʠʿʘʪʘ ʥʘ ʧʨʦʮʝʩʦʪ 

ʩʦ ʩʪʘʧʢʘʪʘ ʥʘ ʜʝʬʝʢʪʠ, ʪʦʣʢʫ ʝ ʧʦʛʦʣʝʤʘ ʪʦʯʥʦʩʪʘ ʧʨʠ ʧʨʝʜʚʠʜʫʚʘˁʝ ʥʘ ʩʪʘʧʢʘʪʘ ʥʘ 

ʜʝʬʝʢʪʠ ʩʦ ʢʦʥʢʨʝʪʥʘ ʤʦʜʠʬʠʢʘʮʠʿʘ ʥʘ ʧʨʦʮʝʩʦʪ.  

ʉʪʘʪʠʩʪʠʯʢʦ ʪʝʩʪʠʨʘˁʝ ʥʘ ʭʠʧʦʪʝʟʠ ʩʝ ʦʜʥʝʩʫʚʘ ʥʘ ʧʨʦʮʝʩʦʪ ʥʘ ʢʦʨʠʩʪʝˁʝʪʦ ʥʘ 

ʩʪʘʪʠʩʪʠʯʢʘʪʘ ʘʥʘʣʠʟʘ ʟʘ ʜʘ ʩʝ ʫʪʚʨʜʠ ʜʘʣʠ ʥʘʙˀʫʜʫʚʘʥʠʪʝ ʨʘʟʣʠʢʠ ʧʦʤʝʺʫ ʜʚʝ ʠʣʠ 

ʧʦʚʝ˃ʝ ʧʨʠʤʝʨʦʮʠ ʩʝ ʧʦʨʘʜʠ ʩʣʫʯʘʿʥʠ ʧʨʠʯʠʥʠ ʢʘʢʦ ʰʪʦ ʩʝ ʪʚʨʜʠ ʚʦ ʥʫʣʪʘʪʘ ʭʦʧʦʪʝʟʘʪʘ 

(ʘʥʛ. null hypothesis Ho), ʠʣʠ ʩʝ ʨʝʟʫʣʪʘʪ ʥʘ ʚʠʩʪʠʥʩʢʠ ʨʘʟʣʠʢʠ ʧʦʤʝʺʫ ʧʨʦʤʝʨʦʮʠʪʝ  ʢʘʢʦ 

ʰʪʦ ʩʝ ʪʚʨʜʠ ʚʦ ʘʣʪʝʨʥʘʪʠʚʥʘʪʘ ʭʠʧʦʪʝʟʘ (ʘʥʛ. alternative hypothesis Ha). ʅʫʣʪʘʪʘ 

ʭʠʧʦʪʝʟʘ ʪʚʨʜʠ ʜʝʢʘ ʥʝʤʘ ʨʘʟʣʠʢʘ ʚʦ ʧʘʨʘʤʝʪʨʠʪʝ (ʩʨʝʜʥʘ ʚʨʝʜʥʦʩʪ, ʚʘʨʠʿʘʮʠʠ ʠ ʜʝʬʝʢʪʠ 

ʥʘ ʤʠʣʠʦʥ ʤʦʞʥʦʩʪʠ), ʚʦ ʜʚʝ ʠʣʠ ʧʦʚʝ˃ʝ ʧʦʧʫʣʘʮʠʠ ʥʘ ʧʨʠʤʝʨʦʮʠ. ɸʣʪʝʨʥʘʪʠʚʥʘʪʘ 

ʭʠʧʦʪʝʟʘ ʪʚʨʜʠ ʜʝʢʘ ʥʘʙˀʫʜʫʚʘʥʠʪʝ ʨʘʟʣʠʢʠ ʠʣʠ ʨʝʣʘʮʠʠ ʧʦʤʝʺʫ ʜʚʝ ʧʦʧʫʣʘʮʠʠ ʥʘ 

ʧʨʠʤʝʨʦʮʠ ʩʝ ʨʝʘʣʥʠ ʠ ʥʝ ʩʝ ʨʝʟʫʣʪʘʪ ʥʘ ʩʣʫʯʘʿʥʦʩʪ ʠʣʠ ʧʘʢ ʛʨʝʰʢʘ ʧʨʠ ʧʨʦʮʝʩʦʪ ʥʘ 

ʩʦʙʠʨʘˁʝ ʥʘ ʧʨʠʤʝʨʦʮʠʪʝ. ʊʝʩʪʠʨʘˁʝʪʦ ʥʘ ʩʪʘʪʠʩʪʠʯʢʘʪʘ ʭʠʧʦʪʝʟʘ ʝ ʧʨʦʮʝʩ ʥʘ 

ʢʦʨʠʩʪʝˁʝ ʥʘ ʨʘʟʥʠ ʩʪʘʪʠʩʪʠʯʢʠ ʘʣʘʪʢʠ ʩʦ ʮʝʣ ʜʘ ʩʝ ʘʥʘʣʠʟʠʨʘʘʪ ʧʦʜʘʪʦʮʠʪʝ ʠ ʥʘ ʢʨʘʿ 

ʝʜʥʘʪʘ ʭʠʧʦʪʝʟʘ ʿʘ ʧʨʠʬʘ˃ʘʤʝ ʘ ʜʨʫʛʘʪʘ ʿʘ ʦʪʬʨʣʘʤʝ. ʆʜ ʧʨʘʢʪʠʯʝʥ ʘʩʧʝʢʪ ʩʦ ʥʘʦʺʘˁʝʪʦ 

ʥʘ ʩʪʘʪʠʩʪʠʯʢʠ ʜʦʢʘʟʠ ʜʝʢʘ ʥʫʣʪʘʪʘ ʭʠʧʦʪʝʟʘ ʝ ʛʨʝʰʥʘ, ʩʝ ʦʪʬʨʣʘ ʥʫʣʪʘʪʘ ʭʠʧʦʪʝʟʘ ʠ ʩʝ 

ʧʨʠʬʘ˃ʘ ʘʣʪʝʨʥʘʪʠʚʥʘʪʘ ʭʠʧʦʪʝʟʘ.  

Chi Square ʘʥʘʣʠʟʘʪʘ ʝ ʩʪʘʪʠʩʪʠʯʢʦ ʪʝʩʪʠʨʘˁʝ ʥʘ ʭʠʧʦʪʝʟʠ ʢʦʿʘ ʧʨʦʚʝʨʫʚʘ ʜʘʣʠ 

ʨʘʟʣʠʢʘʪʘ ʧʦʤʝʺʫ ʦʯʝʢʫʚʘʥʠʪʝ ʠ ʥʘʙˀʫʜʫʚʘʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʝ ʟʥʘʯʠʪʝʣʥʘ ʠ ʜʘʣʠ ʝ ʧʦʨʘʜʠ 

ʩʣʫʯʘʿʥʦʩʪ ʠʣʠ ʠʤʘ ʥʝʢʦʿʘ ʧʨʠʯʠʥʘ ʰʪʦ ʧʨʘʚʠ ʟʘʚʠʩʥʦʩʪ. ʅʠʩʢʘ ʚʨʝʜʥʦʩʪ ʥʘ chi square 

ʟʥʘʯʠ ʜʝʢʘ ʧʦʩʪʦʠ ʢʦʨʝʣʘʮʠʿʘ ʧʦʤʝʺʫ ʜʚʝ ʛʨʫʧʠ ʥʘ ʧʦʜʘʪʦʮʠ. Chi square ʩʪʘʪʠʩʪʠʢʘʪʘ 

ʤʦʞʝ ʜʘ ʩʝ ʢʦʨʠʩʪʠ ʩʘʤʦ ʥʘ ʙʨʦʝʚʠ. ʅʝ ʤʦʞʝ ʜʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʧʨʦʮʝʥʪʠ, ʧʨʦʧʦʨʮʠʠ, 

ʩʨʝʜʥʠ ʚʨʝʜʥʦʩʪʠ ʠ ʩʣʠʯʥʠ ʩʪʘʪʠʩʪʠʯʢʠ ʚʨʝʜʥʦʩʪʠ.  ʉʝ ʧʨʝʩʤʝʪʫʚʘ ʧʦ ʬʦʨʤʫʣʘʪʘ: 

                                                                     ὢ
ὕ Ὁ

Ὁ
 Ȣ                                                    ςσ 

ʢʘʜʝ ʰʪʦ: c ʦʟʥʘʯʫʚʘ ʩʪʝʧʝʥ ʥʘ ʩʣʦʙʦʜʘ, ʆ ʝ ʥʘʙˀʫʜʫʚʘʥʘʪʘ ʚʨʝʜʥʦʩʪ, ɽ ʝ ʦʯʝʢʫʚʘʥʘʪʘ 

ʚʨʝʜʥʦʩʪ. ʉʠʤʙʦʣʦʪ ʟʘ ʩʫʤʘ ʚʦ ʬʦʨʤʫʣʘʪʘ ʦʟʥʘʯʫʚʘ ʜʝʢʘ ʪʨʝʙʘ ʜʘ ʩʝ ʥʘʧʨʘʚʠ ʢʘʣʢʫʣʘʮʠʿʘ 

ʟʘ ʩʝʢʦʿ ʧʦʝʜʠʥʝʯʝʥ ʧʦʜʘʪʦʢ ʚʦ ʛʨʫʧʘʪʘ ʩʦ ʧʦʜʘʪʦʮʠ.  

ɸʥʘʣʠʟʘ ʥʘ ʚʘʨʠʿʘʮʠʠ ʝ ʩʪʘʪʠʩʪʠʯʢʘ ʪʝʭʥʠʢʘ ʩʦ ʢʦʿʘ ʩʝ ʪʝʩʪʠʨʘʘʪ ʪʨʠ ʠʣʠ ʧʦʚʝ˃ʝ 

ʛʨʫʧʠ ʩʦ ʧʦʜʘʪʦʮʠ. ʂʘʢʦ ʠ ʢʘʿ ʦʩʪʘʥʘʪʠʪʝ ʪʝʩʪʠʨʘˁʘ ʥʘ ʭʠʧʦʪʝʟʠ ʠ ʢʘʿ ANOVA ʠʤʘ ʥʫʣʪʘ 

ʭʠʧʦʪʝʟʘ ʠ ʘʣʪʝʨʥʘʪʠʚʥʘ ʭʠʧʦʪʝʟʘ. ʉʝ ʢʦʨʠʩʪʠ ʟʘ ʘʥʘʣʠʟʘ ʥʘ ʚʘʨʠʿʘʮʠʠʪʝ ʥʘ ʩʨʝʜʥʠʪʝ 
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ʚʨʝʜʥʦʩʪʠ ʦʜ ʨʘʟʣʠʯʥʠ ʛʨʫʧʠ ʥʘ ʧʦʧʫʣʘʮʠʿʘʪʘ, ʩʦʩʪʘʚʝʥʠ ʦʜ ʢʦʥʪʠʥʫʠʨʘʥʠ ʧʦʜʘʪʦʮʠ. 

ʆʚʘʘ ʘʥʘʣʠʟʘ ʢʦʨʠʩʪʠ ʜʚʝ ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʚʘʨʠʿʘʮʠʠ: 

¶ ɺʘʨʠʿʘʮʠʠ ʧʦʤʝʺʫ ʛʨʫʧʠʪʝ ʥʘ ʧʦʧʫʣʘʮʠʿʘʪʘ, ʩʦ ʬʦʢʫʩ ʥʘ ʨʘʟʣʠʢʘʪʘ ʥʘ 

ʩʨʝʜʥʠʪʝ ʚʨʝʜʥʦʩʪʠ ʧʦʤʝʺʫ ʨʘʟʣʠʯʥʠʪʝ ʛʨʫʧʠ.   

¶ ɺʘʨʠʿʘʮʠʠ ʚʦ ʛʨʫʧʠʪʝ (ʧʦʥʝʢʦʛʘʰ ʧʦʟʥʘʪʠ ʧʦʜ ʠʤʝʪʦ ʛʨʝʰʢʘ ʚʦ ʛʨʫʧʘʪʘ), ʩʦ 

ʬʦʢʫʩ ʥʘ ʚʘʨʠʿʘʮʠʠʪʝ ʧʨʝʜʠʟʚʠʢʘʥʠ ʧʦʨʘʜʠ ʨʘʟʣʠʯʥʠʪʝ ʦʪʯʠʪʫʚʘˁʘ ʥʘ 

ʠʥʜʠʚʠʜʫʘʣʥʠʪʝ ʧʨʠʤʝʨʦʮʠ ʚʦ ʛʨʫʧʘʪʘ.  

3.5 ʐʝʩʪ ʉʠʛʤʘ - ʌʘʟʘ ʥʘ ʧʦʜʦʙʨʫʚʘˁʝ  

ʌʘʟʘʪʘ ʥʘ ʧʦʜʦʙʨʫʚʘˁʝ  ʚʦ ʐʝʩʪ ʉʠʛʤʘ ʛʠ ʠʩʪʨʘʞʫʚʘ ʤʦʞʥʠʪʝ ʢʦʨʝʢʪʠʚʥʠ ʘʢʮʠʠ 

ʟʘ ʠʜʝʥʪʠʬʠʢʫʚʘʥʠʪʝ ʧʨʠʯʠʥʠ ʟʘ ʧʦʿʘʚʘ ʥʘ ʛʨʝʰʢʘ. ʆʚʘʘ ʬʘʟʘ ʩʝ ʬʦʢʫʩʠʨʘ ʥʘ ʨʘʟʚʠʚʘˁʝ 

ʥʘ ʠʜʝʠ ʢʘʢʦ ʜʘ ʩʝ ʦʪʩʪʨʘʥʘʪ ʠʟʚʦʨʠʪʝ ʥʘ ʚʘʨʠʿʘʮʠʠ ʚʦ ʧʨʦʮʝʩʦʪ. ʌʘʟʘʪʘ ʟʘʧʦʯʥʫʚʘ ʩʦ 

ʪʝʩʪʠʨʘˁʝ  ʠ ʩʪʘʥʜʘʨʜʠʟʘʮʠʿʘ ʥʘ ʧʦʪʝʥʮʠʿʘʣʥʠʪʝ ʨʝʰʝʥʠʿʘ. ʆʚʘʘ ʬʘʟʘ ʚʣʫʯʫʚʘ: 

¶ ʀʜʝʥʪʠʬʠʢʫʚʘˁʝ ʥʘ ʥʘʯʠʥʠ ʟʘ ʦʪʩʪʨʘʥʫʚʘˁʝ ʥʘ ʧʨʠʯʠʥʠʪʝ ʟʘ ʧʦʿʘʚʘ ʥʘ 

ʚʘʨʠʿʘʮʠʠʪʝ. 

¶ ʇʦʪʚʨʜʘ ʥʘ ʢʨʠʪʠʯʥʠʪʝ ʚʣʝʟʥʠ ʧʨʦʤʝʥʣʠʚʠ. 

¶ ʇʦʩʪʘʚʫʚʘˁʝ ʥʘ ʦʧʝʨʘʪʠʚʥʠ ʧʘʨʘʤʝʪʨʠ (ʛʦʨʥʘ ʠ ʜʦʣʥʘ ʩʧʝʮʠʬʠʢʘʮʠʩʢʘ 

ʛʨʘʥʠʮʘ). 

¶ ʆʧʪʠʤʠʟʠʨʘˁʝ ʥʘ ʢʨʠʪʠʯʥʠ ʚʣʝʟʦʚʠ ʠ/ʠʣʠ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʧʨʦʮʝʩ ʟʘ ʜʘ ʩʝ 

ʧʦʩʪʠʛʥʝ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʜʝʬʝʢʪʠ. 

3.5.1 ʉʪʨʘʪʝʛʠʿʘ  ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʠʨʘˁʝ  

ɿʘ ʥʘʚʠʩʪʠʥʘ ʜʘ ʩʝ ʨʘʟʙʝʨʝ ʨʝʣʘʮʠʿʘʪʘ ʧʨʠʯʠʥʘ-ʠ-ʧʦʩʣʝʜʠʮʘ ʥʘ ʥʝʢʦʿ ʧʨʦʮʝʩ, ʤʦʨʘ 

ʥʘʤʝʨʥʦ ʜʘ ʩʝ ʤʝʥʫʚʘʘʪ ʚʣʝʟʥʠʪʝ ʧʨʦʤʝʥʣʠʚʠ ʚʦ ʧʨʦʮʝʩʦʪ ʠ ʜʘ ʩʝ ʧʦʩʤʘʪʨʘʘʪ 

ʚʘʨʠʿʘʮʠʠʪʝ ʥʘ ʠʟʣʝʟʦʪ ʦʜ ʧʨʦʮʝʩʦʪ. ʉʦ ʜʨʫʛʠ ʟʙʦʨʦʚʠ, ʧʦʪʨʝʙʥʦ ʝ ʜʘ ʩʝ ʠʟʚʨʰʘʪ 

ʝʢʩʧʝʨʠʤʝʥʪʠ ʚʨʟ ʩʠʩʪʝʤʦʪ, [59]. ʇʦʩʪʦʿʘʪ ʥʝʢʦʣʢʫ ʧʨʠʩʪʘʧʠ ʧʨʠ ʫʪʚʨʜʫʚʘˁʝ ʥʘ 

ʚʣʠʿʘʥʠʝʪʦ ʥʘ ʚʣʝʟʥʠʪʝ ʧʨʦʤʝʥʣʠʚʠ ʪ.ʝ ʬʘʢʪʦʨʠ ʥʘ ʨʝʟʫʣʪʘʪʦʪ ʥʘ ʠʟʣʝʟʥʠʪʝ ʧʨʦʤʝʥʣʠʚʠ 

ʠ ʪʦʘ: ʝʜʝʥ ʧʦ ʝʜʝʥ ʬʘʢʪʦʨ ʚʦ ʠʩʪʦ ʚʨʝʤʝ (ʘʥʛ. one factor at time - OFAT), ʩʪʨʘʪʝʛʠʿʘ ʥʘ 

ʥʘʿʜʦʙʨʦ ʥʘʛʘʺʘˁʝ (ʘʥʛ. best guess approach) ʠ ʜʠʟʘʿʥ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʠ (ʘʥʛ. design of 

expreriments - DoE).   

ɽʜʝʥ ʧʦ ʝʜʝʥ ʬʘʢʪʦʨ ʚʦ ʠʩʪʦ ʚʨʝʤʝ ʝ ʪʨʘʜʠʮʠʦʥʘʣʝʥ ʧʨʠʩʪʘʧ h ʪʦ ʥʘʿʛʦʣʝʤ ʜʝʣ ʦʜ 

ʥʘʩ ʛʦ ʫʯʝʣʝ,  ʠ ʪʦʘ ʝ ʧʨʠʩʪʘʧ ʰʪʦ ʩʝ ʟʘʣʘʛʘ ʟʘ ʧʨʦʤʝʥʘ ʥʘ ʩʘʤʦ ʝʜʝʥ ʬʘʢʪʦʨ ʚʦ ʠʩʪʦ ʚʨʝʤʝ 

ʜʦʜʝʢʘ ʩʠʪʝ ʦʩʪʘʥʘʪʠ ʬʘʢʪʦʨʠ ʩʝ ʬʠʢʩʠʨʘʥʠ. ʂʦʛʘ ʩʝ ʧʨʠʤʝʥʫʚʘ ʦʚʦʿ ʧʨʠʩʪʘʧ ʤʦʞʝ ʜʘ 

ʙʠʜʝʤʝ ʩʠʛʫʨʥʠ ʜʝʢʘ ʚʘʨʠʿʘʮʠʠʪʝ ʩʝ ʨʝʟʫʣʪʘʪ ʥʘ ʧʨʠʯʠʥʩʢʦ ʧʦʩʣʝʜʠʯʥʘ ʨʝʣʘʮʠʿʘ. ʅʦ ʦʚʦʿ 

ʧʨʠʩʪʘʧ ʠʤʘ ʤʥʦʛʫ ʥʝʜʦʩʪʘʪʦʮʠ: 

¶ ʅʘʿʯʝʩʪʦ ʥʝ ʝ ʤʦʞʥʦ ʜʨʫʛʠʪʝ ʧʨʦʤʝʥʣʠʚʠ ʜʘ ʩʝ ʜʨʞʘʪ ʬʠʢʩʠʨʘʥʠ. 

¶ ʅʝ ʝ ʤʦʞʥʦ ʜʘ ʩʝ ʟʝʤʝ ʚʦ ʧʨʝʜʚʠʜ ʝʬʝʢʪʦʪ ʥʘ ʚʟʘʝʤʥʘ ʟʘʚʠʩʥʦʪ ʪ.ʝ ʠʥʪʝʨʘʢʮʠʿʘ 

ʥʘ ʚʣʝʟʥʠʪʝ ʬʘʢʪʦʨʠ. 

¶ ʅʝ ʝ ʤʦʞʥʦ ʜʘ ʩʝ ʟʝʤʝ ʚʦ ʧʨʝʜʚʠʜ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘʪʘ ʛʨʝʰʢʘ, ʚʢʣʫʯʫʚʘʿ˃ʠ ʛʠ 
ʠ ʤʝʨʥʠʪʝ ʚʘʨʠʿʘʮʠʠ. 

ʉʣʝʜʝʥ ʧʨʠʩʪʘʧ ʝ ʩʪʨʘʪʝʛʠʿʘ ʥʘ ʥʘʿʜʦʙʨʦ ʥʘʛʘʺʘˁʝ, ʢʦʿʘ ʰʪʦ ʩʝ ʟʘʩʥʦʚʘ ʥʘ 

ʧʨʠʩʪʘʧʦʪ ʧʨʦʙʘ-ʛʨʝʰʢʘ (ʘʥʛ. trial-error). ʄʥʦʛʫ ʧʘʪʠ ʬʫʥʢʮʠʦʥʠʨʘ ʟʘʜʦʚʦʣʠʪʝʣʥʦ 

ʜʦʙʨʦ, ʟʘʪʦʘ ʰʪʦ ʝʢʩʧʝʨʠʤʝʥʪʘʪʦʨʠʪʝ ʰʪʦ ʿʘ ʢʦʨʠʩʪʘʪ ʠʤʘʘʪ ʛʦʣʝʤʦ ʪʝʭʥʠʯʢʦ, ʪʝʦʨʝʪʩʢʦ 

ʠ ʧʨʘʢʪʠʯʥʦ ʧʦʟʥʘʚʘˁʝ ʟʘ ʩʠʩʪʝʤʦʪ ʰʪʦ ʛʦ ʧʨʦʫʯʫʚʘʘʪ. ʂʦʨʠʩʪʝʿ˃ʠ ʛʦ ʩʚʦʝʪʦ ʟʥʘʝˁʝ 

ʝʢʩʧʝʨʠʤʝʥʪʘʪʦʨʠʪʝ ʠʟʙʠʨʘʘʪ ʪ.ʝ. ʥʘʛʘʺʘʘʪ ʢʦʿ ʝ ʥʘʿʜʦʙʨʠʦʪ ʩʝʪ ʦʜ ʬʘʢʪʦʨʠʪʝ ʟʘ ʜʘʜʝʥ 

ʧʨʦʮʝʩ. ɺʨʟ ʙʘʟʘ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʦʜ ʝʜʝʥ ʪʝʩʪ ʩʦ ʤʝʥʫʚʘˁʝ ʥʘ ʝʜʝʥ ʠʣʠ ʧʦʚʝ˃ʝ ʬʘʢʪʦʨʠ ʩʝ 

ʧʨʘʚʠ ʩʣʝʜʥʠʦʪ ʪʝʩʪ ʠ ʪʘʢʘ ʤʦʞʝ ʜʘ ʩʝ ʝʢʩʧʝʨʠʤʝʥʪʠʨʘ ʜʦ ʙʝʩʢʦʥʝʯʥʦʩʪ. ʆʚʘʘ ʩʪʨʘʪʝʛʠʿʘ 
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ʠʤʘ ʥʘʿʤʘʣʢʫ ʜʚʘ ʥʝʜʦʩʪʘʪʦʮʠ. ʇʨʚʦ, ʜʘ ʧʨʝʪʧʦʩʪʘʚʠʤʝ ʜʝʢʘ ʧʨʚʠʦʪ ʪʝʩʪ ʥʝ ʜʘʚʘ 

ʟʘʜʦʚʦʣʠʪʝʣʥʠ ʨʝʟʫʣʪʘʪʠ. ʇʦʪʦʘ ʝʢʩʧʝʨʠʤʝʥʪʘʪʦʨʦʪ ʪʨʝʙʘ ʜʘ ʥʘʧʨʘʚʠ ʜʨʫʛʦ ʥʘʛʘʺʘˁʝ ʩʦ 

ʧʨʦʤʝʥʝʪʦ ʥʠʚʦ ʥʘ ʬʘʢʪʦʨʠʪʝ. ʆʚʘ ʤʦʞʝ ʜʘ ʪʨʘʝ ʜʦʣʛʦ ʚʨʝʤʝ ʙʝʟ ʢʘʢʚʘ ʙʠʣʦ ʛʘʨʘʥʮʠʿʘ 

ʟʘ ʫʩʧʝʭ. ɺʪʦʨʦ, ʜʘ ʧʨʝʪʧʦʩʪʘʚʠʤʝ ʜʝʢʘ ʧʨʚʦʪʦ ʥʘʛʘʺʘˁʝ ʜʘʚʘ ʧʨʠʬʘʪʣʠʚ ʨʝʟʫʣʪʘʪ. ɺʦ 

ʚʘʢʦʚ ʩʣʫʯʘʿ ʝʢʩʧʝʨʠʤʝʥʪʘʪʦʨʦʪ ʛʦ ʧʨʝʢʠʥʫʚʘ ʪʝʩʪʠʨʘˁʝʪʦ, ʠʘʢʦ ʥʝʤʘ ʛʘʨʘʥʮʠʿʘ ʜʝʢʘ ʝ 

ʥʘʿʜʝʥʦ ʥʘʿʜʦʙʨʦʪʦ ʨʝʰʝʥʠʝ. 

ʊʨʝʪ ʧʨʠʩʪʘʧ ʝ ʜʠʟʘʿʥ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʠ (ʘʥʛ. Design of Experiments - DoE) ʢʦʿ ʠʤʘ 

ʛʦʣʝʤʘ ʫʣʦʛʘ ʚʦ ʬʘʟʘʪʘ ʥʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʐʝʩʪ ʉʠʛʤʘ ʤʝʪʦʜʦʣʦʛʠʿʘʪʘ. ʉʝ ʢʦʨʠʩʪʠ ʟʘ 

ʚʝʨʠʬʠʮʠʨʘˁʝ ʥʘ ʧʨʠʯʠʥʠ-ʠ-ʧʦʩʣʝʜʠʮʠ ʧʦʤʝʺʫ ʩʠʪʝ ʢʨʠʪʠʯʥʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘ 

ʢʚʘʣʠʪʝʪ ʠ ʠʜʝʥʪʠʬʠʢʫʚʘˁʝ ʥʘ ʚʠʪʘʣʥʠʪʝ ʢʨʠʪʠʯʥʠ ʬʘʢʪʦʨʠ ʩʦ ʢʦʠ ˃ʝ ʩʝ ʘʥʘʣʠʟʠʨʘ 

ʧʨʦʮʝʩʦʪ. ɼʠʟʘʿʥ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʠ ʩʝ ʩʦʩʪʦʠ ʦʜ ʩʝʨʠʿʘ ʥʘ ʧʣʘʥʠʨʘʥʠ ʠ ʥʘʫʯʥʠ 

ʝʢʩʧʝʨʠʤʝʥʪʠ ʢʦʠ ʩʣʫʞʘʪ ʟʘ ʪʝʩʪʠʨʘˁʝ ʥʘ ʧʦʚʝ˃ʝ ʚʣʝʟʥʠ ʧʨʦʤʝʥʣʠʚʠ ʠ ʥʠʚʥʠʦʪ ʝʬʝʢʪ 

ʚʨʟ ʝʜʥʘ ʠʣʠ ʧʦʚʝ˃ʝ ʠʟʣʝʟʥʠ ʧʨʦʤʝʥʣʠʚʠ. ʆʚʦʿ ʧʨʠʩʪʘʧ ʛʦ ʦʨʛʘʥʠʟʠʨʘ ʝʢʩʧʝʨʠʤʝʥʪʦʪ ʥʘ 

ʥʘʯʠʥ ʰʪʦ ʛʠ ʤʝʥʫʚʘ ʚʣʝʟʥʠʪʝ ʧʨʦʤʝʥʣʠʚʠ (X) ʟʘ ʜʘ ʚʠʜʠ ʢʦʿʘ ʦʜ ʥʠʚ, ʠʣʠ ʧʘʢ 

ʢʦʤʙʠʥʘʮʠʿʘ ʦʜ ʧʦʚʝ˃ʝ ʧʨʦʤʝʥʣʠʚʠ, ʟʥʘʯʠʪʝʣʥʦ ʚʣʠʿʘʝ ʥʘ ʠʟʣʝʟʥʘʪʘ ʧʨʦʤʝʥʣʠʚʘ (Y). 

ɼʠʟʘʿʥ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʠ ʩʝ ʧʨʝʬʝʨʠʨʘ ʚʦ ʦʜʥʦʩ ʥʘ ʧʨʠʩʪʘʧʦʪ ʝʜʝʥ ʧʦ ʝʜʝʥ ʬʘʢʪʦʨ ʚʦ ʠʩʪʦ 

ʚʨʝʤʝ, ʟʘʪʦʘ ʰʪʦ ʛʠ ʚʢʣʫʯʫʚʘ ʠ ʠʥʪʝʨʘʢʮʠʠʪʝ ʧʦʤʝʺʫ ʚʣʝʟʥʠʪʝ ʬʘʢʪʦʨʠ. ʆʚʦʿ ʧʨʠʩʪʘʧ 

ʜʘʚʘ ʦʜʛʦʚʦʨ ʥʘ ʩʣʝʜʥʠʪʝ ʧʨʘʰʘˁʘ: ʢʦʿ ʬʘʢʪʦʨ ʥʘʿʤʥʦʛʫ ʚʣʠʿʘʝ ʥʘ ʠʟʣʝʟʥʘʪʘ ʧʨʦʤʝʥʣʠʚʘ, 

ʜʘʣʠ ʥʝʢʦʠ ʦʜ ʬʘʢʪʦʨʠʪʝ ʩʝ ʚʟʘʝʤʥʦ ʟʘʚʠʩʥʠ ʪ.ʝ ʩʝ ʚʦ ʠʥʪʝʨʘʢʮʠʿʘ ʠ ʢʦʝ ʧʦʜʝʩʫʚʘˁʝ ʥʘ 

ʬʘʢʪʦʨʠʪʝ ʛʦ ʜʘʚʘ ʥʘʿʜʦʙʨʠʦʪ ʨʝʟʫʣʪʘʪ ʥʘ ʠʟʣʝʟʥʘʪʘ ʧʨʦʤʝʥʣʠʚʘ. ʉʣʝʜʥʠʪʝ ʢʦʥʮʝʧʪʠ ʥʘ 

ʜʠʟʘʿʥ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʠ ʩʝ ʦʜ ʦʩʦʙʝʥʦ ʟʥʘʯʝˁʝ ʚʦ ʐʝʩʪ ʉʠʛʤʘ:  

¶ ɹʣʦʢʠʨʘˁʝ ï ʊʦʘ ʝ ʪʝʭʥʠʢʘ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʜʘ ʩʝ ʧʦʜʦʙʨʠ ʧʨʝʮʠʟʥʦʩʪʘ ʩʦ 

ʢʦʿʘ ʩʝ ʧʨʘʚʠ ʩʧʦʨʝʜʙʘ ʧʦʤʝʺʫ ʬʘʢʪʦʨʠʪʝ. ʏʝʩʪʦ ʙʣʦʢʠʨʘˁʝʪʦ ʩʝ ʢʦʨʠʩʪʠ ʟʘ 

ʜʘ ʩʝ ʝʣʠʤʠʥʠʨʘ ʠʣʠ ʨʝʜʫʮʠʨʘ ʚʣʠʿʘʥʠʝʪʦ ʥʘ ʥʝʧʨʠʿʘʪʥʠʪʝ ʬʘʢʪʦʨʠ (ʘʥʛ. 

nuisance factors). ʅʝʧʨʠʿʘʪʥʠ ʬʘʢʪʦʨʠ ʩʝ ʦʥʠʝ ʢʦʠ ʤʦʞʘʪ ʜʘ ʚʣʠʿʘʘʪ ʚʨʟ 

ʦʜʟʠʚʦʪ ʠ ʟʘ ʢʦʠ ʥʝ ʩʤʝ ʜʠʨʝʢʪʥʦ ʟʘʠʥʪʝʨʝʩʠʨʘʥʠ.  

¶ ʈʝʧʣʠʢʘʮʠʿʘ ï ʇʦʜ ʨʝʧʣʠʢʘʮʠʿʘ ʧʦʜʨʘʟʙʠʨʘʤʝ ʥʝʟʘʚʠʩʥʦ ʩʧʨʦʚʝʜʝʥ ʪʝʩʪ ʟʘ 

ʩʝʢʦʿʘ ʢʦʤʙʠʥʘʮʠʿʘ ʦʜ ʬʘʢʪʦʨʠʪʝ. ʇʦʚʪʦʨʫʚʘˁʝʪʦ ʠʤʘ ʜʚʝ ʚʘʞʥʠ ʦʩʦʙʠʥʠ. 

ʇʨʚʦ ʤʫ ʦʚʦʟʤʦʞʫʚʘ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʪʦʨʦʪ ʜʘ ʥʘʧʨʘʚʠ ʧʨʦʮʝʥʘ ʟʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘʪʘ ʛʨʝʰʢʘ. ʆʚʘʘ ʧʨʦʮʝʥʘ ʥʘ ʛʨʝʰʢʘʪʘ ʩʪʘʥʫʚʘ ʦʩʥʦʚʥʘ ʤʝʨʥʘ 

ʝʜʠʥʠʮʘ ʟʘ ʦʜʨʝʜʫʚʘˁʝ ʜʘʣʠ ʟʘʙʝʣʝʞʘʥʠʪʝ ʨʘʟʣʠʢʠ ʚʦ ʧʦʜʘʪʦʮʠʪʝ ʩʝ 

ʥʘʚʠʩʪʠʥʘ ʩʪʘʪʠʩʪʠʯʢʠ ʨʘʟʣʠʯʥʠ. ɺʪʦʨʦ, ʘʢʦ ʩʘʢʘʤʝ ʜʘ ʿʘ ʦʜʨʝʜʠʤʝ 

ʚʠʩʪʠʥʩʢʘʪʘ ʩʨʝʜʥʘ ʚʨʝʜʥʦʩʪ ʥʘ ʦʜʟʠʚʦʪ ʟʘ ʝʜʥʦ ʥʠʚʦ ʥʘ ʬʘʢʪʦʨʠ ʚʦ 

ʝʢʩʧʝʨʠʤʝʥʪʦʪ, ʨʝʧʣʠʢʘʮʠʿʘʪʘ ʤʫ ʦʚʦʟʤʦʞʫʚʘ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʪʦʨʦʪ ʜʘ ʜʦʙʠʝ 

ʧʦʧʨʝʮʠʟʥʘ ʧʨʦʮʝʥʘ ʥʘ ʦʚʦʿ ʧʘʨʘʤʝʪʘʨ. ʅʘ ʧʨʠʤʝʨ, ʘʢʦ „  ʝ ʚʘʨʠʿʘʮʠʿʘʪʘ ʦʜ 

ʝʜʥʘ ʠʥʜʠʚʠʜʫʘʣʥʘ ʦʧʩʝʨʚʘʮʠʿʘ ʠ ʘʢʦ ʠʤʘ n ʨʝʧʣʠʢʠ, ʚʘʨʠʿʘʥʪʘʪʘ ʥʘ ʩʨʝʜʥʘʪʘ 

ʚʨʝʜʥʦʩʪ ʥʘ ʧʨʠʤʝʨʦʢʦʪ „  ˃ʝ ʙʠʜʝ: 

„
„

ὲ
 

 

. (24) 

ʈʘʥʜʦʤʠʟʘʮʠʿʘʪʘ ʝ ʬʫʥʜʘʤʝʥʪʘʣʥʘʪʘ ʦʩʥʦʚʘ ʚʨʟ ʢʦʿʘ ʧʦʯʠʚʘ ʧʨʠʤʝʥʘʪʘ ʥʘ 

ʩʪʘʪʠʩʪʠʯʢʠʪʝ ʤʝʪʦʜʠ ʚʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʦʪ ʜʠʟʘʿʥ. ʈʘʥʜʦʤʠʟʘʮʠʿʘ ʟʥʘʯʠ ʩʣʫʯʘʿʥʦ 

ʦʜʨʝʜʫʚʘˁʝ ʥʘ ʤʝʩʪʦʪʦ ʢʘʜʝ h ʪʦ ʩʝ ʥʘʦʺʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʦʪ ʤʘʪʝʨʠʿʘʣ ʠ ʥʘ ʨʝʜʦʩʣʝʜʦʪ 

ʧʦ ʢʦʿ ʩʝ ʚʨʰʘʪ ʠʥʜʠʚʠʜʫʘʣʥʠʪʝ ʪʝʩʪʦʚʠ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʦʪ. ʉʪʘʪʠʩʪʠʯʢʠʪʝ ʤʝʪʦʜʠ 

ʙʘʨʘʘʪ ʦʧʩʝʨʚʘʮʠʠʪʝ (ʠʣʠ ʛʨʝʰʢʠʪʝ) ʜʘ ʙʠʜʘʪ ʥʝʟʘʚʠʩʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠ, ʩʣʫʯʘʿʥʠ 

ʚʘʨʠʿʘʙʣʠ. ʉʦ ʘʜʝʢʚʘʪʥʘ ʨʘʥʜʦʤʠʟʘʮʠʿʘ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʦʪ ʩʝ ʦʚʦʟʤʦʞʫʚʘ ʥʘʤʘʣʫʚʘˁʝ ʥʘ 

ʤʦʞʥʠʪʝ ʝʢʩʪʝʨʥʠ ʬʘʢʪʦʨʠ. 
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3.5.2 ɸʥʘʣʠʟʘ ʥʘ ʤʦʜʦʚʠʪʝ ʥʘ ʜʝʬʝʢʪʠ ʠ ʥʠʚʥʠʦʪ ʝʬʝʢʪ  

ɸʥʘʣʠʟʘʪʘ ʥʘ ʤʦʜʦʚʠʪʝ ʥʘ ʜʝʬʝʢʪʠ ʠ ʥʠʚʥʠʦʪ ʝʬʝʢʪ ʝ ʘʥʘʣʠʪʠʯʢʘ ʤʝʪʦʜʦʣʦʛʠʿʘ 

ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʜʘ ʩʝ ʦʩʠʛʫʨʘ ʜʝʢʘ ʧʦʪʝʥʮʠʿʘʣʥʠʪʝ ʧʨʦʙʣʝʤʠ ʩʝ ʨʘʟʛʣʝʜʘʥʠ ʠ ʩʝ 

ʦʧʬʘʪʝʥʠ ʚʦ APQP ʧʨʦʮʝʩʦʪ ʥʘ ʨʘʟʚʦʿ ʥʘ ʧʨʦʠʟʚʦʜ/ʧʨʦʮʝʩ. ʅʘʿʚʠʜʣʠʚʠʦʪ ʨʝʟʫʣʪʘʪ ʥʘ 

FMEA ʘʣʘʪʢʘʪʘ ʝ ʜʦʢʫʤʝʥʪʠʨʘˁʝ ʥʘ  ʢʦʣʝʢʪʠʚʥʦʪʦ ʟʥʘʝˁʝ ʦʜ ʧʦʚʝ˃ʝ ʬʫʥʢʮʠʦʥʘʣʥʠʪʝ 

ʪʠʤʦʚʠ. ɽʜʝʥ ʦʜ ʥʘʿʚʘʞʥʠʪʝ ʬʘʢʪʦʨʠ ʟʘ ʫʩʧʝʰʥʦ ʠʤʧʣʝʤʝʥʪʠʨʘˁʝʘ ʥʘ FMEA 

ʧʨʦʛʨʘʤʘʪʘ ʝ ʚʨʝʤʝʥʩʢʘʪʘ ʨʘʤʢʘ. ʊʦʘ ʪʨʝʙʘ ʜʘ ʙʠʜʝ ʜʝʿʩʪʚʫʚʘˁʝ Ăʧʨʝʜ ʥʘʩʪʘʥʦʪ", ʘ ʥʝ 

Ăʧʦ ʬʘʢʪʦʪ". FMEA ʝ ʞʠʚ ʜʦʢʫʤʝʥʪ ʠ ʪʨʝʙʘ ʜʘ ʩʝ ʨʝʚʠʜʠʨʘ ʠ ʘʞʫʨʠʨʘ ʚʦ ʩʣʝʜʥʠʪʝ 

ʩʠʪʫʘʮʠʠ: ʧʨʦʤʝʥʘ ʥʘ ʜʠʟʘʿʥ, ʧʨʦʤʝʥʘ ʥʘ ʤʘʪʝʨʠʿʘʣ, ʧʨʦʤʝʥʘ ʥʘ ʧʨʦʮʝʩ, ʨʝʣʦʢʘʮʠʿʘ ʥʘ 

ʦʧʨʝʤʘ, ʧʨʠ ʢʦʥʪʠʥʫʠʨʘʥʦ ʧʦʜʦʙʨʫʚʘˁʝ, ʧʨʠ ʠʤʧʣʝʤʝʥʪʠʨʘˁʝ ʥʘ ʘʥʘʣʠʟʘ ʥʘ ʚʨʝʜʥʦʩʪʠ 

ʠ ʠʥʞʝʥʝʨʩʢʠ ʚʨʝʜʥʦʩʪʠ (ʘʥʛ. Value Analyze Value Engineering - VAVE), ʧʨʠ ʧʦʧʣʘʢʠ ʦʜ 

ʢʣʠʝʥʪ ʠ ʧʨʠ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʟʘʛʫʙʠ.  

ɿʘ ʘʥʘʣʠʟʘ ʥʘ ʨʠʟʠʮʠʪʝ ʚʦ ʧʨʦʮʝʩʠʪʝ ʩʝ ʢʦʨʠʩʪʠ PFMEA ʩʪʫʜʠʿʘ (ʘʥʛ. Process 

Failure Mode And Effect Analyze - PFMEA). PFMEA ʝ ʦʩʥʦʚʝʥ ʜʦʢʫʤʝʥʪ  ʧʦ ʢʦʿ ʧʦʜʦʮʥʘ 

ʩʝ ʢʨʝʠʨʘ ʢʦʥʪʨʦʣʝʥ ʧʣʘʥ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʧʨʠ ʰʪʦ ʠ ʜʚʘʪʘ ʜʦʢʫʤʝʥʪʠ ʤʦʨʘ ʜʘ 

ʢʦʨʝʩʧʦʥʜʠʨʘʘʪ ʩʦ ʛʨʘʬʠʢʦʥʦʪ ʟʘ ʪʝʢ ʥʘ ʧʨʦʮʝʩʠʪʝ (ʘʥʛ. Pocess Flow Chart - PFC).  

ɻʨʘʬʠʢʦʥʦʪ ʟʘ ʪʝʢ ʥʘ ʧʨʦʮʝʩʠ ʪʨʝʙʘ ʜʘ ʛʠ ʚʢʣʫʯʠ ʩʠʪʝ ʧʨʦʠʟʚʦʜʥʠ ʦʧʝʨʘʮʠʠ, ʦʜ 

ʦʙʨʘʙʦʪʢʘ ʥʘ ʧʦʝʜʠʥʝʯʥʠ ʢʦʤʧʦʥʝʥʪʠ ʜʦ ʥʠʚʥʘ ʤʦʥʪʘʞʘ ʠ ʠʩʧʦʨʘʢʘ ʥʘ ʛʦʪʦʚ ʧʨʦʠʟʚʦʜ, 

ʧʨʠʤʘˁʝ ʥʘ ʨʝʧʨʦ-ʤʝʘʪʝʨʠʿʘʣʠ, ʪʨʘʥʩʧʦʨʪ ʥʘ ʤʘʪʝʨʠʿʘʣʠ, ʩʢʣʘʜʠʨʘˁʝ, ʪʨʘʥʩʧʦʨʪʝʨʠ, 

ʦʟʥʘʯʫʚʘˁʝ ʥʘ ʧʨʦʠʟʚʦʜʠ/ʨʝʧʨʦʤʘʪʝʨʠʿʘʣʠ, ʠʪʥ. PFMEA ʪʨʝʙʘ ʜʘ ʛʠ ʘʥʘʣʠʟʠʨʘ ʩʠʪʝ 

ʯʝʢʦʨʠ  ʚʦ ʧʨʦʮʝʩʦʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʩʠʪʝ ʠʟʣʝʟʠ ʦʜ ʧʦʝʜʠʥʠʪʝ ʯʝʢʦʨʠ (ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʥʘ ʧʨʦʠʟʚʦʜʦʪ, ʩʧʝʮʠʬʠʢʘʮʠʩʢʠ ʙʘʨʘˁʘ) ʢʘʢʦ ʠ  ʚʣʝʟʦʚʠʪʝ  (ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʧʨʦʮʝʩʦʪ, 

ʠʟʚʦʨʠ ʥʘ ʚʘʨʠʿʘʮʠʠ). ʂʦʥʮʝʧʪʦʪ ʟʘ ʢʨʝʠʨʘˁʝ ʥʘ PFMEA ʜʦʢʫʤʝʥʪ ʝ: ʠʜʝʥʪʠʬʠʢʫʚʘˁʝ 

ʥʘ ʧʦʪʝʥʮʠʿʘʣʥʠ ʤʦʜʦʚʠ ʥʘ ʜʝʬʝʢʪʠ, ʠʜʝʥʪʠʬʠʢʫʚʘˁʝ ʥʘ ʧʦʪʝʥʮʠʿʘʣʥʠ ʧʦʩʣʝʜʠʮʠ, 

ʠʜʝʥʪʠʬʠʢʫʚʘˁʝ ʥʘ ʧʦʪʝʥʮʠʿʘʣʥʠ ʧʨʠʯʠʥʠ, ʠʜʝʥʪʠʬʠʢʫʚʘˁʝ ʥʘ ʢʦʥʪʨʦʣʥʠ ʤʝʭʘʥʠʟʤʠ, 

ʠʜʝʥʪʠʬʠʢʫʚʘˁʝ ʠ ʧʨʦʮʝʥʢʘ ʥʘ ʨʠʟʠʮʠ, ʧʨʝʧʦʨʘʢʘ ʥʘ ʘʢʮʠʠ ʠ ʨʝʟʫʣʪʘʪʠ ʧʦ 

ʠʤʧʣʝʤʝʥʪʠʨʘˁʝ ʥʘ ʘʢʮʠʠʪʝ. 

ʀʜʝʥʪʠʬʠʢʫʚʘˁʝ ʥʘ ʧʦʪʝʥʮʠʿʘʣʥʠ ʤʦʜʦʚʠ ʥʘ ʜʝʬʝʢʪʠ: ʤʦʜʦʚʠ ʥʘ ʜʝʬʝʢʪʠ ʩʝ 

ʜʝʬʠʥʠʨʘʥʠ ʢʘʢʦ ʥʘʯʠʥ ʧʨʠ ʢʦʿ ʧʨʦʠʟʚʦʜʦʪ  ʠʣʠ ʧʨʦʮʝʩʦʪ ʤʦʞʝ ʜʘ ʥʝ ʫʩʧʝʝ ʜʘ ʛʦ 

ʠʩʧʦʣʥʠ ʜʝʬʠʥʠʨʘʥʠʦʪ ʜʠʟʘʿʥ ʠʣʠ ʙʘʨʘˁʘʪʘ ʥʘ ʧʨʦʮʝʩʦʪ. ʇʨʝʪʧʦʩʪʘʚʢʘʪʘ ʝ ʥʘʧʨʘʚʝʥʘ 

ʪʘʢʘ ʰʪʦ ʛʨʝʰʢʘʪʘ ʤʦʞʝ, ʥʦ ʠ ʥʝ ʤʦʨʘ ʜʘ ʩʝ ʩʣʫʯʠ. ʅʝʦʧʭʦʜʥʘ ʝ ʢʦʥʮʠʟʥʘ  ʠ ʨʘʟʙʠʨʣʠʚʘ 

ʜʝʬʠʥʠʮʠʿʘ  ʥʘ ʛʨʝʰʢʘʪʘ, ʩʦ ʮʝʣ ʧʨʘʚʠʣʥʦ ʜʘ ʩʝ ʬʦʢʫʩʠʨʘ ʘʥʘʣʠʟʘʪʘ. ʇʦʪʝʥʮʠʿʘʣʥʠʪʝ 

ʤʦʜʦʚʠ ʥʘ ʛʨʝʰʢʠ ʪʨʝʙʘ ʜʘ ʩʝ ʦʧʠʰʘʪ ʚʦ ʪʝʭʥʠʯʢʠ ʪʝʨʤʠʥʠ ʘ ʥʝ ʢʘʢʦ ʩʠʤʧʪʦʤʠ 

ʟʘʙʝʣʝʞʘʥʠ ʦʜ ʩʪʨʘʥʘ ʥʘ ʢʣʠʝʥʪʦʪ.  

ʀʜʝʥʪʠʬʠʢʫʚʘˁʝ ʥʘ ʧʦʪʝʥʮʠʿʘʣʥʠ ʝʬʝʢʪʠ: ʧʦʪʝʥʮʠʿʘʣʥʠ ʝʬʝʢʪʠ ʦʜ ʛʨʝʰʢʠʪʝ 

ʩʝ ʜʝʬʠʥʠʨʘʘʪ  ʢʘʢʦ ʝʬʝʢʪʠ ʦʜ ʛʨʝʰʢʠ  ʩʦʛʣʝʜʘʥʠ ʦʜ ʩʪʨʘʥʘ ʥʘ ʢʣʠʝʥʪʦʪ. ʂʣʠʝʥʪ ʤʦʞʝ 

ʜʘ ʙʠʜʝ ʚʥʘʪʨʝʰʝʥ (ʩʣʝʜʥʠʦʪ ʧʨʦʮʝʩ ʰʪʦ ʛʦ ʢʦʨʠʩʪʠ ʧʨʦʠʟʚʦʜʦʪ) ʠʣʠ ʥʘʜʚʦʨʝʰʝʥ ʪ.ʝ 

ʢʨʘʿʥʠʦʪ ʢʦʨʠʩʥʠʢ ʥʘ ʧʨʦʠʟʚʦʜʦʪ. ɼʦʢʦʣʢʫ ʠʤʘ ʧʦʚʝ˃ʝ ʝʬʝʢʪʠ ʟʘ ʝʜʝʥ ʧʦʪʝʥʮʠʿʘʣʝʥ ʤʦʜ, 

ʪʦʛʘʰ ʩʝʢʦʿ ʝʬʝʢʪ ʩʝ ʘʥʘʣʠʟʠʨʘ ʧʦʝʜʠʥʝʯʥʦ. 

ʀʜʝʥʪʠʬʠʢʫʚʘˁʝ ʥʘ ʧʦʪʝʥʮʠʿʘʣʥʠ ʧʨʠʯʠʥʠ: ʇʦʪʝʥʮʠʿʘʣʥʠ ʧʨʠʯʠʥʠ ʟʘ ʧʦʿʘʚʘ  

ʥʘ ʛʨʝʰʢʠ  ʩʝ ʜʝʬʠʥʠʨʘʘʪ ʢʘʢʦ ʠʥʜʠʢʘʮʠʿʘ ʟʘ ʪʦʘ ʢʘʢʦ ʤʦʞʝ ʜʘ ʜʦʿʜʝ ʜʦ ʛʨʝʰʢʘ, ʦʧʠʰʘʥʠ 

ʚʦ ʩʤʠʩʣʘ ʥʘ ʥʝʰʪʦ ʰʪʦ ʤʦʞʝ ʜʘ ʩʝ ʢʦʨʝʛʠʨʘ ʠʣʠ ʢʦʥʪʨʦʣʠʨʘ ʧʦʜʦʮʥʘ. 

ʀʜʝʥʪʠʬʠʢʫʚʘˁʝʪʦ ʥʘ ʠʟʚʦʨʥʠʪʝ ʧʨʠʯʠʥʠ ʟʘ ʧʦʿʘʚʘ ʥʘ ʛʨʝʰʢʘ, ʩʦ ʜʦʚʦʣʥʦ ʜʝʪʘʣʠ, 

ʦʚʦʟʤʦʞʫʚʘ ʜʝʬʠʥʠʨʘˁʝ ʥʘ ʩʦʦʜʚʝʪʥʠ ʢʦʥʪʨʦʣʥʠ ʠ ʘʢʮʠʦʥʠ ʧʣʘʥʦʚʠ. ɼʦʢʦʣʢʫ ʠʤʘ 

ʧʦʚʝ˃ʝ ʧʨʠʯʠʥʠ ʟʘ ʧʦʿʘʚʘ ʥʘ ʝʜʥʘ ʠʩʪʘ ʛʨʝʰʢʘ, ʪʦʛʘʰ ʩʝʢʦʿʘ ʧʨʠʯʠʥʘ ʩʝ ʘʥʘʣʠʟʠʨʘ 

ʧʦʝʜʠʥʝʯʥʦ. 

ʀʜʝʥʪʠʬʠʢʫʚʘˁʝ ʥʘ ʢʦʥʪʨʦʣʥʠ ʤʝʭʘʥʠʟʤʠ: ʂʦʥʪʨʦʣʥʠʪʝ ʤʝʭʘʥʠʟʤʠ ʩʝ ʦʥʠʝ 

ʘʢʪʠʚʥʦʩʪʠ ʢʦʠ  ʿʘ ʩʧʨʝʯʫʚʘʘʪ ʠʣʠ ʦʪʢʨʠʚʘʘʪ ʧʨʠʯʠʥʘʪʘ ʟʘ ʧʦʿʘʚʘ ʥʘ  ʛʨʝʰʢʘ. ʇʨʠ  
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ʨʘʟʚʦʿʦʪ ʥʘ ʢʦʥʪʨʦʣʥʠʪʝ ʤʝʭʘʥʠʟʤʠ ʚʘʞʥʦ ʝ ʜʘ ʩʝ ʠʜʝʥʪʠʬʠʢʫʚʘ ʰʪʦ ʩʝ ʩʣʫʯʫʚʘ 

ʧʦʛʨʝʰʥʦ  ʠ ʢʘʢʦ ʜʘ ʩʝ ʩʧʨʝʯʠ ʠʣʠ ʦʪʢʨʠʝ. ʂʦʥʪʨʦʣʥʠʪʝ ʤʝʭʘʥʠʟʤʠ ʢʦʠ ʩʝ ʬʦʢʫʩʠʨʘʘʪ 

ʥʘ ʧʨʝʚʝʥʮʠʿʘ ʩʝ ʥʘʿʠʩʧʣʘʪʣʠʚʠ. 

ʀʜʝʥʪʠʬʠʢʫʚʘˁʝ ʠ ʧʨʦʮʝʥʢʘ ʥʘ ʨʠʟʠʢ: ʇʨʦʮʝʥʢʘʪʘ ʥʘ ʨʠʟʠʢʦʪ ʝ ʝʜʝʥ ʦʜ  

ʥʘʿʚʘʞʥʠʪʝ ʯʝʢʦʨʠ ʚʦ FMEA ʧʨʦʮʝʩʦʪ. ʈʠʟʠʢʦʪ ʩʝ ʧʨʦʮʝʥʫʚʘ ʚʦ ʦʜʥʦʩ ʥʘ ʪʨʠ ʘʩʧʝʢʪʠ:  

¶ ʉʝʨʠʦʟʥʦʩʪ (ʘʥʛ. severity), ʪʦʘ  ʝ ʧʨʦʮʝʥʢʘ ʥʘ ʥʠʚʦʪʦ ʥʘ ʚʣʠʿʘʥʠʝ ʥʘ ʛʨʝʰʢʘʪʘ 

ʚʨʟ ʢʣʠʝʥʪʦʪ. ɹʠʜʝʿ˃ʠ ʟʘ ʝʜʝʥ ʧʦʪʝʥʮʠʿʘʣʝʥ ʤʦʜ ʥʘ ʛʨʝʰʢʘ ʤʦʞʝ ʜʘ ʠʤʘʤʝ 

ʥʝʢʦʣʢʫ ʧʦʪʝʥʮʠʿʘʣʥʠ ʝʬʝʢʪʠ ʦʜ ʛʨʝʰʢʘʪʘ, ʠ ʪʠʝ ʜʘ ʠʤʘʘʪ ʨʘʟʣʠʯʥʘ ʚʨʝʜʥʦʩʪ 

ʟʘ ʩʝʨʠʦʟʥʦʩʪ. ɿʘ ʪʦʿ ʧʦʪʝʥʮʠʿʘʣʝʥ ʤʦʜ ʥʘ ʛʨʝʰʢʘ, ʩʝʨʠʦʟʥʦʩʪ ˃ʝ ʿʘ ʠʤʘ 

ʥʘʿʚʠʩʦʢʘʪʘ ʚʨʝʜʥʦʩʪ ʦʜ ʧʦʚʝ˃ʝʪʦ ʧʦʪʝʥʮʠʿʘʣʥʠ ʝʬʝʢʪʠ ʦʜ ʛʨʝʰʢʘʪʘ.  

¶ ʇʦʿʘʚʘ (ʘʥʛ. occurrence), ʪʦʘ ʝ ʢʦʣʢʫ ʯʝʩʪʦ ʧʨʠʯʠʥʘʪʘ ʟʘ ʧʦʿʘʚʘ ʥʘ ʛʨʝʰʢʘ ʤʦʞʝ 

ʜʘ ʥʘʩʪʘʥʝ. ʊʦʘ ʝ ʚʝʨʦʿʘʪʥʦʩʪ ʜʝʢʘ ʢʦʥʢʨʝʪʥʘ ʧʨʠʯʠʥʘ ʟʘ ʧʦʿʘʚʘ ʥʘ ʛʨʝʰʢʘ ˃ʝ 

ʩʝ ʩʣʫʯʠ. ʇʦʪʨʝʙʥʦ ʝ ʜʘ ʩʝ ʢʦʨʠʩʪʠ ʢʦʥʟʠʩʪʝʥʪʝʥ ʩʠʩʪʝʤ ʟʘ ʨʘʥʛʠʨʘˁʝ ʥʘ 

ʧʦʿʘʚʘʪʘ. ɼʦʢʦʣʢʫ ʠʤʘʤʝ ʥʘ ʨʘʩʧʦʣʘʛʘˁʝ ʩʪʘʪʠʩʪʠʯʢʠ ʧʦʜʘʪʦʮʠ ʦʜ ʩʣʠʯʝʥ 

ʧʨʦʮʝʩ, ʪʦʛʘʰ ʦʚʠʝ ʧʦʜʘʪʦʮʠ ʪʨʝʙʘ ʜʘ ʩʝ ʠʩʢʦʨʠʩʪʘʪ ʧʨʠ  ʨʘʥʛʠʨʘˁʝʪʦ ʥʘ 

ʧʦʿʘʚʘʪʘ. ɺʦ ʜʨʫʛʠ ʩʣʫʯʘʠ ʤʦʞʝ ʜʘ ʩʝ ʥʘʧʨʘʚʠ ʩʫʙʿʝʢʪʠʚʥʘ ʧʨʦʮʝʥʢʘ ʥʘ 

ʨʘʥʛʠʨʘˁʝʪʦ ʥʘ ʧʦʿʘʚʘʪʘ ʚʨʟ ʦʩʥʦʚʘ ʥʘ ʩʪʝʢʥʘʪʦʪʦ ʟʥʘʝˁʝ ʟʘ ʧʨʦʮʝʩʦʪ.  

¶ ɼʝʪʝʢʮʠʿʘ (ʘʥʛ. detection), ʪʦʘ ʝ ʧʨʦʮʝʥʢʘ ʢʦʣʢʫ ʜʦʙʨʦ ʢʦʥʪʨʦʣʘʪʘ ʥʘ 

ʧʨʦʠʟʚʦʜʦʪ ʠʣʠ ʢʦʥʪʨʦʣʘʪʘ ʥʘ ʧʨʦʮʝʩʦʪ ʤʦʞʝ ʜʘ ʿʘ ʜʝʪʝʢʪʠʨʘ ʧʨʠʯʠʥʘʪʘ ʟʘ 

ʧʦʿʘʚʘ ʥʘ ʛʨʝʰʢʘ, ʠʣʠ ʩʘʤʘʪʘ ʛʨʝʰʢʘ. ʉʦ ʮʝʣ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʥʠʩʢʦ ʨʘʥʛʠʨʘˁʝ 

ʥʘ ʜʝʪʝʢʮʠʿʘʪʘ, ʛʝʥʝʨʘʣʥʦ ʪʨʝʙʘ ʜʘ ʩʝ ʧʦʜʦʙʨʠ ʧʣʘʥʠʨʘʥʘʪʘ ʢʦʥʪʨʦʣʘ ʟʘ 

ʜʝʪʝʢʮʠʿʘ. ʂʦʛʘ ˃ʝ ʩʝ ʠʜʝʥʪʠʬʠʢʫʚʘ ʜʝʢʘ ʠʤʘ ʧʦʚʝ˃ʝ ʦʜ ʝʜʥʘ ʢʦʥʪʨʦʣʘ ʟʘ 

ʧʦʪʝʥʮʠʿʘʣʥʘ ʧʨʠʯʠʥʘ ʟʘ ʧʦʿʘʚʘ ʥʘ ʛʨʝʰʢʘ, ʧʨʝʧʦʨʘʯʣʠʚʦ ʝ ʜʘ ʩʝ ʚʢʣʫʯʠ 

ʧʦʝʜʠʥʝʯʥʦ ʨʘʥʛʠʨʘˁʝ  ʥʘ ʩʝʢʦʿʘ ʢʦʥʪʨʦʣʘ. ʅʘʿʥʠʩʢʦ ʨʘʥʛʠʨʘʥʘʪʘ ʢʦʥʪʨʦʣʘ 

ʪʨʝʙʘ ʜʘ ʩʝ ʚʧʠʰʝ ʚʦ ʢʦʣʦʥʘʪʘ ʟʘ ʜʝʪʝʢʮʠʿʘ.  

ʂʨʠʪʝʨʠʫʤʠʪʝ ʟʘ ʧʨʦʮʝʥʢʘ ʠ ʨʘʥʛʠʨʘˁʝ ʥʘ ʩʝʨʠʦʟʥʦʩʪ, ʧʦʿʘʚʘ ʠ ʜʝʪʝʢʮʠʿʘ ʩʝ 

ʜʘʜʝʥʠ ʚʦ ʊʘʙʝʣʘ ɸ.3 - ʊʘʙʝʣʘ ɸ.5 ʚʦ ʜʦʜʘʪʦʢ.  

ʇʨʝʧʦʨʘʯʘʥʠ ʘʢʮʠʠ ʠ ʨʝʟʫʣʪʘʪʠ: ʅʘʤʝʨʘʪʘ ʥʘ ʧʨʝʧʦʨʘʯʘʥʠʪʝ ʘʢʮʠʠ ʝ ʜʘ ʩʝ 

ʥʘʤʘʣʠ ʩʝʚʢʫʧʥʠʦʪ ʨʠʟʠʢ ʠ ʚʝʨʦʿʘʪʥʦʩʪʘ ʟʘ ʧʦʿʘʚʘ ʥʘ ʛʨʝʰʢʠʪʝ. ʆʚʠʝ ʘʢʮʠʠ ʩʝ 

ʦʜʥʝʩʫʚʘʘʪ ʥʘ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʩʝʨʠʦʟʥʦʩʪʘ, ʥʘ ʧʦʿʘʚʘʪʘ ʠ ʥʘ ʜʝʪʝʢʮʠʿʘʪʘ. ʇʦ 

ʠʤʧʣʝʤʝʥʪʠʨʘˁʝ ʥʘ ʢʦʨʝʢʪʠʚʥʠʪʝ ʘʢʮʠʠ ʧʦʪʨʝʙʥʦ ʝ ʜʘ ʩʝ ʧʦʪʚʨʜʠ ʥʠʚʥʘʪʘ ʝʬʝʢʪʠʚʥʦʩʪ.  

3.6 ʐʝʩʪ ʉʠʛʤʘ - ʌʘʟʘ ʥʘ ʢʦʥʪʨʦʣʠʨʘˁʝ 

ʂʦʥʪʨʦʣʥʘʪʘ ʬʘʟʘ ʝ ʧʦʩʣʝʜʥʘʪʘ ʬʘʟʘ ʚʦ ʐʝʩʪ ʉʠʛʤʘ ʘʥʘʣʠʟʘʪʘ. ʌʦʢʫʩʦʪ ʚʦ ʦʚʘʘ 

ʬʘʟʘ ʝ ʜʘ ʩʝ ʦʩʠʛʫʨʘ ʜʝʢʘ ʘʢʮʠʠʪʝ ʠʤʧʣʝʤʝʥʪʠʨʘʥʠ ʚʦ ʌʘʟʘʪʘ ʥʘ ʧʦʜʦʙʨʫʚʘˁʝ ʦʜ ʐʝʩʪ 

ʉʠʛʤʘ ʩʝ ʦʜʨʞʣʠʚʠ. ɿʘ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʦʜʨʞʣʠʚʦʩʪ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʧʦʪʨʝʙʥʦ ʝ 

ʩʪʘʥʜʘʨʜʠʟʠʨʘˁʝ ʥʘ ʤʦʤʝʥʪʘʣʥʠʪʝ ʥʘʿʜʦʙʨʠ ʧʨʘʢʩʠ, ʦʙʫʢʠ ʥʘ ʚʨʘʙʦʪʝʥʠʪʝ ʩʦʛʣʘʩʥʦ 

ʥʦʚʠʪʝ ʩʪʘʥʜʘʨʜʠ  ʠ ʢʦʥʪʠʥʫʠʨʘʥʘ ʧʦʪʚʨʜʘ ʥʘ ʩʧʦʩʦʙʥʦʩʪʘ ʥʘ ʧʨʦʮʝʩʦʪ ʩʦ ʧʨʠʤʝʥʘ ʥʘ 

SPC ʩʪʫʜʠʿʘ.  

ʉʪʘʥʜʘʨʜʠʟʠʨʘˁʝʪʦ ʥʘ ʤʦʤʝʥʪʘʣʥʠʪʝ ʥʘʿʜʦʙʨʠ ʧʨʘʢʩʠ ʚʢʣʫʯʫʚʘ ʘʞʫʨʠʨʘˁʝ ʥʘ 

ʛʨʘʬʠʢʦʥʦʪ ʟʘ ʪʝʢ ʥʘ ʧʨʦʮʝʩʦʪ, ʥʘ PFMEA ʘʥʘʣʠʟʘʪʘ, ʥʘ ʢʦʥʪʨʦʣʥʠʦʪ ʧʣʘʥ ʠ ʥʘ 

ʨʘʙʦʪʥʠʪʝ ʫʧʘʪʩʪʚʘ. ʉʪʘʥʜʘʨʜʠʟʠʨʘʥʘʪʘ ʨʘʙʦʪʘ ʝ ʧʨʝʜʫʩʣʦʚ ʟʘ ʢʦʥʪʠʥʫʠʨʘʥʦ 

ʧʦʜʦʙʨʫʚʘˁʝ, ʜʦʢʦʣʢʫ ʥʝʤʘ ʩʪʘʥʜʘʨʜ ʥʝʤʦʞʝ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʧʦʜʦʙʨʫʚʘˁʝ.   

ʆʙʫʢʘʪʘ ʥʘ ʚʨʘʙʦʪʝʥʠʪʝ ʟʘ ʥʦʚʠʪʝ ʠʤʧʣʝʤʝʥʪʠʨʘʥʠ ʩʪʘʥʜʘʨʜʠ ʛʠ ʚʢʣʫʯʫʚʘ ʩʠʪʝ 

ʟʘʩʝʛʥʘʪʠ ʚʦ ʧʨʦʮʝʩʦʪ. ɽʜʥʘ ʦʜ ʥʘʿʧʦʟʥʘʪʠʪʝ ʠ ʥʘʿʯʝʩʪʦ ʧʨʠʬʘʪʝʥʠʪʝ ʧʨʦʛʨʘʤʠ ʟʘ ʦʙʫʢʘ 

ʢʦʘʿ ʟʘ ʧʨʚ ʧʘʪ ʙʠʣʘ ʠʤʧʣʝʤʝʥʪʠʨʘʥʘ ʚʦ ʘʚʪʦʤʦʙʠʣʢʘʪʘ ʠʥʜʫʩʪʨʠʿʘ ʦʜ ʩʪʨʘʥʘ ʥʘ ʊʦʿʦʪʘ 

ʝ ʦʙʫʢʘ ʚʦ ʨʘʤʢʠʪʝ ʥʘ  ʠʥʜʫʩʪʨʠʿʘʪʘ (ʘʥʛ. Training Within Industry - TWI). ʆʚʘʘ ʧʨʦʛʨʘʤʘ 
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ʝ ʢʨʝʠʨʘʥʘ ʦʜ ʩʪʨʘʥʘ ʥʘ ʤʠʥʠʩʪʝʨʩʪʚʦʪʦ ʟʘ ʦʜʙʨʘʥʘ ʥʘ ʉɸɼ, ʟʘ ʚʨʝʤʝ ʥʘ ʚʪʦʨʘʪʘ ʩʚʝʪʩʢʘ 

ʚʦʿʥʘ. ɼʦ ʢʨʘʿʦʪ ʥʘ ʚʪʦʨʘʪʘ ʩʚʝʪʩʢʘ ʚʦʿʥʘ ʥʘʜ 1,6 ʤʠʣʠʦʥʠ ʨʘʙʦʪʥʠʮʠ ʚʦ ʥʘʜ 16.500 

ʬʘʙʨʠʢʠ ʜʦʙʠʣʝ ʩʝʨʪʠʬʠʢʘʮʠʿʘ ʟʘ ʩʧʨʦʚʝʜʝʥʘ ʦʙʫʢʘ ʧʦ ʦʚʘʘ ʧʨʦʛʨʘʤʘ. ʇʨʦʛʨʘʤʘʪʘ 

ʧʨʦʜʦʣʞʫʚʘ ʠ ʧʦ ʚʪʦʨʘʪʘ ʩʚʝʪʩʢʘ ʚʦʿʥʘ ʚʦ ɽʚʨʦʧʘ ʠ ɸʟʠʿʘ, ʢʘʜʝ ʰʪʦ ʧʦʤʦʛʥʘʣʘ ʧʨʠ ʥʠʚʥʘ 

ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ. ʆʙʫʢʘ ʚʦ ʨʘʤʢʠʪʝ ʥʘ ʠʥʜʫʩʪʨʠʿʘʪʘ ʝ Lean ʧʨʠʩʪʘʧ ʟʘ ʦʙʫʯʫʚʘˁʝ ʠ ʝ 

ʢʦʨʠʩʪʝʥʘ ʩʦ ʜʝʮʝʥʠʠ ʦʜ ʩʪʨʘʥʘ ʥʘ ʊʦʿʦʪʘ ʠ ʜʨʫʛʠ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʥʠʟ ʩʚʝʪʦʪ.  

ɿʘ ʩʣʝʜʝˁʝ ʥʘ ʩʧʦʩʦʙʥʦʩʪʘ ʥʘ ʧʦʜʦʙʨʝʥʠʦʪ ʧʨʦʮʝʩ ʠ ʧʨʝʜʚʠʜʫʚʘˁʝ ʥʘ ʥʝʛʦʚʦʪʦ 

ʦʜʥʝʩʫʚʘˁʝ ʚʦ ʠʜʥʠʥʘ ʩʝ ʢʦʨʠʩʪʠ SPC ʩʪʫʜʠʿʘʪʘ.  ʇʨʦʮʝʩʥʠʪʝ ʯʝʢʦʨʠ ʢʘʜʝ ʩʝ ʧʨʝʜʚʠʜʫʚʘ 

SPC ʢʦʥʪʨʦʣʘ, ʪʠʧʦʪ ʥʘ ʤʝʨʥʘ ʦʧʨʝʤʘ ʰʪʦ ˃ʝ ʩʝ ʢʦʨʠʩʪʠ, ʙʨʦʿʦʪ ʥʘ ʧʨʠʤʝʨʦʮʠ ʠ 

ʬʨʝʢʚʝʥʮʠʿʘʪʘ ʥʘ ʤʝʨʝˁʝ ʩʝ ʜʝʬʠʥʠʨʘʥʠ ʚʦ ʘʞʫʨʠʨʘʥʠʦʪ ʢʦʥʪʨʦʣʝʥ ʧʣʘʥ.  
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4 ɺʆɺɽɼ ɺʆ LEAN  ʇʈʆʀɿɺʆɼʉʊɺʆ 

ʊʝʨʤʠʥʦʪ Lean ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʦʪʝʢʥʫʚʘ ʦʜ ʧʨʠʜʘʚʢʘʪʘ Ăʊʘʥʦʢò (ʘʥʛ. Lean), ʩʦ 

ʟʥʘʯʝˁʝ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʧʦʛʦʣʝʤʘ ʜʦʜʘʜʝʥʘ ʚʨʝʜʥʦʩʪ ʟʘ ʢʣʠʝʥʪʦʪ, ʩʦ ʧʦʤʘʣʢʫ ʨʝʩʫʨʩʠ, 

ʪʨʫʜ, ʦʧʨʝʤʘ, ʚʨʝʤʝ, ʧʨʦʩʪʦʨ ʚʦ ʬʘʙʨʠʢʘʪʘ, ʤʘʪʝʨʠʿʘʣ ʠ ʢʘʧʠʪʘʣ, [60]. James Womack ʠ 

Daniel Jones ʟʘ ʧʨʚ ʧʘʪ ʛʦ ʢʦʨʠʩʪʘʪ ʪʝʨʤʠʥʦʪ Lean ʚʦ ʢʥʠʛʘʪʘ Ăʄʘʰʠʥʠʪʝ ʢʦʠ ʛʦ 

ʤʝʥʫʚʘʘʪ ʩʚʝʪʦʪò, ʧʨʠ ʦʧʠʩʦʪ ʥʘ ʧʨʦʠʟʚʦʜʥʠʦʪ ʩʠʩʪʝʤ ʥʘ ʊʦʿʦʪʘ, [21]. ʉʧʦʨʝʜ ʥʠʚ Lean 

ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʩʝ ʩʦʩʪʦʠ ʦʜ 5 ʧʨʠʥʮʠʧʠ: ʜʝʬʠʥʠʨʘˁʝ ʥʘ ʚʨʝʜʥʦʩʪ ʥʘ ʧʨʦʠʟʚʦʜʦʪ ʦʜ 

ʘʩʧʝʢʪ ʥʘ ʢʣʠʝʥʪʦʪ, ʤʘʧʠʨʘˁʝ ʥʘ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ ʥʘ ʩʠʪʝ ʘʢʪʠʚʥʦʩʪʠ ʧʦʪʨʝʙʥʠ ʟʘ ʜʘ ʩʝ 

ʠʩʧʦʨʘʯʘ ʧʨʦʠʟʚʦʜ ʜʦ ʢʣʠʝʥʪʦʪ, ʜʝʬʠʥʠʨʘˁʝ ʥʘ ʢʦʥʪʠʥʫʠʨʘʥ ʪʝʢ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ, 

ʠʤʧʣʝʤʝʥʪʠʨʘˁʝ ʥʘ ʩʠʩʪʝʤ ʟʘ ʧʦʚʣʝʢʫʚʘˁʝ ʥʘ ʤʘʪʝʨʠʿʘʣʠʪʝ ʦʜ ʢʣʠʝʥʪʦʪ ʥʘʥʘʟʘʜ ʩʧʨʝʤʘ 

ʧʨʝʪʭʦʜʥʠʪʝ ʧʨʦʠʟʚʦʜʥʠ ʧʨʦʮʝʩʠ ʠ ʩʪʨʝʤʝˁʝ ʢʦʥ ʧʝʨʬʝʢʮʠʿʘ.  

ʉʧʦʨʝʜ Liker [20] ʧʨʦʠʟʚʦʜʥʠʦʪ ʩʠʩʪʝʤ ʥʘ ʊʦʿʦʪʘ ʩʝ ʬʦʢʫʩʠʨʘ ʥʘ ʜʝʬʠʥʠʨʘˁʝ ʥʘ 

ʜʦʣʛʦʨʦʯʥʘ ʩʪʨʘʪʝʛʠʿʘ ʚʦ ʦʨʛʘʥʠʟʘʮʠʿʘʪʘ, ʥʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʧʨʦʠʟʚʦʜʥʠʪʝ ʧʨʦʮʝʩʠ, ʥʘ 

ʨʘʟʚʦʿ ʥʘ ʚʨʘʙʦʪʝʥʠʪʝ ʠ ʧʘʨʪʥʝʨʠʪʝ ʠ ʥʘ ʢʦʥʪʠʥʫʠʨʘʥʦ ʨʝʰʘʚʘˁʝ ʥʘ ʧʨʦʙʣʝʤʠʪʝ. 

ʊʝʭʥʠʢʠʪʝ ʟʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʧʨʦʠʟʚʦʜʥʠʪʝ ʧʨʦʮʝʩʠ ʚʢʣʫʯʫʚʘʘʪ ʢʨʝʠʨʘˁʝ ʥʘ 

ʢʦʥʪʠʥʫʠʨʘʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʟʘ ʜʘ ʩʝ ʥʘʤʘʣʘʪ ʠʣʠ ʝʣʠʤʠʥʠʨʘʘʪ ʘʢʪʠʚʥʦʩʪʠʪʝ ʢʦʠ ʥʝ 

ʜʦʜʘʚʘʘʪ ʚʨʝʜʥʦʩʪ, ʩʠʩʪʝʤ ʥʘ ʧʦʚʣʝʢʫʚʘˁʝ ʥʘ ʤʘʪʝʨʠʿʘʣʠ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʩʧʦʨʝʜ 

ʧʦʙʘʨʫʚʘʯʢʘʪʘ ʥʘ ʩʣʝʜʥʠʦʪ ʧʨʦʮʝʩ (ʿʘʧ. Kanban), ʢʦʥʪʨʦʣʘ ʥʘ ʢʚʘʣʠʪʝʪ ʥʘ ʩʘʤʘʪʘ ʨʘʙʦʪʥʘ 

ʩʪʘʥʠʮʘ (ʿʘʧ. Jidoka), ʩʠʩʪʝʤ ʟʘ ʧʣʘʥʠʨʘˁʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʧʦ ʚʦʣʫʤʝʥ ʠ ʤʦʜʝʣ (ʿʘʧ. 

Heijunka), ʚʠʟʫʝʣʠʟʘʮʠʿʘ ʠ ʦʪʢʨʠʚʘˁʝ ʥʘ ʧʨʦʙʣʝʤʠʪʝ (ʘʥʛ. Lean Performance Management 

System - LPMS), ʩʪʘʥʜʘʨʜʠʟʠʨʘˁʝ ʥʘ ʨʘʙʦʪʥʠʪʝ ʟʘʜʘʯʠ ʢʘʢʦ ʧʨʝʜʫʩʣʦʚ ʟʘ ʢʦʥʪʠʥʫʠʨʘʥʦ 

ʧʦʜʦʙʨʫʚʘˁʝ ʠ ʢʦʨʠʩʪʝˁʝ ʥʘ ʧʨʦʚʝʨʝʥʠ ʪʝʭʥʦʣʦʛʠʠ.  

ʉʧʦʨʝʜ Mike Rother ʠ John Shook ʧʦʩʪʦʿʘʪ ʯʝʪʠʨʠ ʯʝʢʦʨʠ ʟʘ ʠʤʧʣʝʤʝʥʪʠʨʘˁʝ ʥʘ 

Lean ʧʨʦʠʟʚʦʜʩʪʚʦ ʚʦ ʝʜʥʘ ʦʨʛʘʥʠʟʘʮʠʿʘ: ʢʨʝʠʨʘˁʝ ʥʘ ʬʘʤʠʣʠʠ ʥʘ ʧʨʦʠʟʚʦʜʠ ʩʧʦʨʝʜ 

ʩʣʠʯʥʦʩʪʘ ʥʘ ʧʨʦʠʟʚʦʜʥʠʪʝ ʧʨʦʮʝʩʠ ʠ ʟʘʝʜʥʠʯʢʠ ʢʦʨʠʩʪʝʥʘʪʘ ʦʧʨʝʤʘ, ʤʘʧʠʨʘˁʝ ʥʘ 

ʤʦʤʝʥʪʘʣʥʠʦʪ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ (ʘʥʛ. Value Stream Mapping - VSM), ʜʠʟʘʿʥ ʥʘ ʥʦʚʠʦʪ ʪʝʢ 

ʥʘ ʚʨʝʜʥʦʩʪʠ (ʘʥʛ. Value Stream Design - VSD) ʠ ʢʨʝʠʨʘˁʝ ʥʘ ʨʘʙʦʪʝʥ ʧʣʘʥ ʟʘ 

ʠʤʧʣʝʤʝʥʪʠʨʘˁʝ ʥʘ ʠʜʥʠʦʪ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ, [61]. ʂʣʫʯʥʠʪʝ ʧʨʘʰʘˁʘ ʢʦʠ ʪʨʝʙʘ ʜʘ ʩʝ 

ʦʜʛʦʚʦʨʘʪ ʧʨʠ ʜʠʟʘʿʥʦʪ ʥʘ ʠʜʥʠʦʪ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ ʩʝ: ʢʦʣʢʫ ʠʟʥʝʩʫʚʘ ʪʘʢʪ ʚʨʝʤʝʪʦ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ, ʢʘʜʝ ʤʦʞʝ ʜʘ ʩʝ ʠʤʧʣʝʤʝʥʪʠʨʘ ʢʦʥʪʠʥʫʠʨʘʥ ʪʝʢ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ 

˃ʝʣʠʠ, ʢʘʜʝ ˃ʝ ʩʝ ʧʦʩʪʘʚʘʪ ʩʫʧʝʨʤʘʨʢʝʪʠ ʠ ʩʠʩʪʝʤ ʥʘ ʧʦʚʣʝʢʫʚʘˁʝ ʥʘ ʤʘʪʝʨʠʿʘʣʠ ʩʦ ʮʝʣ 

ʢʦʥʪʨʦʣʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʧʨʝʪʭʦʜʥʠʪʝ ʧʨʦʮʝʩʠ, ʥʘ ʢʦʿ ʧʨʦʮʝʩ ʚʦ ʣʘʥʝʮʦʪ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ˃ʝ ʩʝ ʠʩʧʨʘ˃ʘ ʧʣʘʥ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ (ʘʥʛ. pacemaker process), ʢʘʢʦ ˃ʝ ʩʝ 

ʧʦʨʘʤʥʫʚʘ ʧʣʘʥʦʪ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʦ ʤʦʜʝʣ ʠ ʚʦʣʫʤʝʥ, ʥʘ ʢʦʿ ʚʨʝʤʝʥʩʢʠ ʠʥʪʝʨʚʘʣ ˃ʝ ʩʝ 

ʠʩʧʨʘ˃ʘʘʪ ʧʣʘʥʦʪ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʧʝʿʩʤʝʿʢʝʨ ʧʨʦʮʝʩʦʪ ʠ ʢʦʠ ʧʦʜʦʙʨʫʚʘˁʘ ʥʘ 

ʧʨʦʮʝʩʦʪ ʩʝ ʥʝʦʧʭʦʜʥʠ ʟʘ ʠʜʥʠʦʪ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ ʜʘ ʬʫʥʢʮʠʦʥʠʨʘ ʩʧʦʨʝʜ ʥʦʚʠʦʪ ʜʠʟʘʿʥ 

(ʨʝʜʫʮʠʨʘˁʝ ʥʘ ʚʨʝʤʝʪʦ ʧʦʪʨʝʙʥʦ ʟʘ ʧʨʦʤʝʥʘ ʥʘ ʤʦʜʝʣ, ʩʝʚʢʫʧʥʦ ʧʨʦʜʫʢʪʠʚʥʦ 

ʦʜʨʞʫʚʘˁʝ, ʚʠʟʫʝʣʠʟʘʮʠʿʘ, ʩʪʘʥʜʘʨʜʠʟʘʮʠʿʘ, ʫʨʝʜʠ ʟʘ ʠʟʙʝʛʥʫʚʘˁʝ ʥʘ ʛʨʝʰʢʠ,  

ʠʥʪʝʣʠʛʝʥʪʥʘ ʘʚʪʦʤʘʪʠʟʘʮʠʿʘ, ɸʥʜʦʥ ʩʠʩʪʝʤʠ, ʠʪʥ.).  

ɺʦ ʧʨʦʜʦʣʞʝʥʠʝ ʥʘ ʪʨʫʜʦʪ ʝ ʜʘʜʝʥʦ ʧʦʿʘʩʥʫʚʘˁʝ ʥʘ ʪʝʨʤʠʥʦʣʦʛʠʿʘʪʘ ʰʪʦ ʩʝ 

ʢʦʨʠʩʪʠ ʚʦ Lean ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ [20], [61], [6]. 

ʄʘʧʠʨʘˁʝ ʥʘ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ ʝ ʛʨʘʬʠʯʢʠ ʧʨʠʢʘʟ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʠʪʝ ʨʘʙʦʪʥʠ 

ʧʨʦʮʝʩʠ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʄʘʧʠʨʘˁʝʪʦ ʥʘ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ ʛʠ ʚʢʣʫʯʫʚʘ ʘʢʪʠʚʥʦʩʪʠʪʝ 

ʰʪʦ ʜʦʜʘʚʘʘʪ ʚʨʝʜʥʦʩʪ ʥʘ ʧʨʦʠʟʚʦʜʦʪ ʥʦ ʠ ʦʥʠʝ ʰʪʦ ʥʝ ʜʦʜʘʚʘʘʪ ʚʨʝʜʥʦʩʪ ʘ ʩʝ ʧʨʠʩʫʪʥʠ 

ʚʦ ʤʦʤʝʥʪʘʣʥʠʦʪ ʧʨʦʮʝʩ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʄʘʧʠʨʘˁʝʪʦ ʩʝʢʦʛʘʰ ʪʨʝʙʘ ʛʦ ʩʣʝʜʠ ʧʘʪʦʪ ʥʘ 

ʧʨʦʠʟʚʦʜʦʪ ʦʜ ʢʣʠʝʥʪʦʪ ʥʘʥʘʟʘʜ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ, ʩʝ ʜʦ ʨʝʧʨʦʤʘʪʝʨʠʿʘʣ. ʇʨʠ 

ʤʘʧʠʨʘˁʝʪʦ ʩʝ ʚʨʰʠ ʠʩʮʨʪʫʚʘˁʝ ʥʘ ʪʝʢʦʪ ʥʘ ʤʘʪʝʨʠʿʘʣʦʪ, ʥʘ ʪʝʢʦʪ ʥʘ ʠʥʬʦʨʤʘʮʠʠʪʝ ʠ 
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ʥʘ ʪʝʢʦʪ ʥʘ ʧʨʦʮʝʩʦʪ. ʉʠʤʙʦʣʠʪʝ ʢʦʠ ʩʝ ʢʦʨʠʩʪʘʪ ʧʨʠ ʤʘʧʠʨʘˁʝʪʦ ʩʝ ʧʨʠʢʘʞʘʥʠ ʥʘ  

ʉʣʠʢʘ 4.1. 

 

    

ʉʠʤʙʦʣ ʟʘ 

ʜʦʙʘʚʫʚʘʯ/ ʢʣʠʝʥʪ 

ʀʩʧʦʨʘʢʘ ʩʦ ʢʘʤʠʦʥ ʄʘʥʫʝʣʥʘ 

ʠʥʬʦʨʤʘʮʠʿʘ 

ɽʣʝʢʪʨʦʥʩʢʘ 

ʠʥʬʦʨʤʘʮʠʿʘ 

    

ɿʘʣʠʭʘ ʤʝʺʫ 

ʧʨʦʮʝʩʠʪʝ 

ʆʜʠ ʠ ʚʠʜʠ ʇʨʦʮʝʩ ʇʦʜʘʪʦʮʠ ʥʘ 

ʧʨʦʮʝʩ 

  

 

  

ʌʀʌʆ ʟʘʣʠʭʘ ɼʚʠʞʝˁʝ ʥʘ 

ʤʘʪʝʨʠʿʘʣʦʪ ʩʦ 

ʪʫʨʢʘˁʝ 

ɼʚʠʞʝˁʝ ʥʘ ʛʦʪʦʚ 

ʧʨʦʠʟʚʦʜ ʢʦʥ 

ʢʣʠʝʥʪʦʪ 

ʇʦʨʘʤʥʫʚʘˁʝ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʦ 

ʤʦʜʝʣ ʠ ʚʦʣʫʤʝʥ 

 

   

ʌʠʟʠʯʢʦ 

ʧʦʚʣʝʢʫʚʘˁʝ ʥʘ 

ʤʘʪʝʨʠʿʘʣʦʪ 

ʂʘʥʙʘʥ ʢʘʨʪʘ ʟʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʂʘʥʙʘʥ ʧʨʠ ʧʘʢʦʚʥʦ 

ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʉʫʧʝʨʤʘʨʢʝʪ 

    

ʂʘʥʙʘʥ ʢʘʨʪʘ ʟʘ 

ʧʦʚʣʝʢʫʚʘˁʝ 

ʃʦʢʘʮʠʿʘ ʟʘ ʯʫʚʘˁʝ 

ʥʘ ʢʘʥʙʘʥ ʢʘʨʪʠ 

ʉʠʛʥʘʣʝʥ ʂʘʥʙʘʥ ʅʝʜʝʣʝʥ ʨʘʩʧʦʨʝʜ 

ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ 

    

ʆʧʝʨʘʪʦʨ ɹʝʟʙʝʜʥʦʩʥʘ ʟʘʣʠʭʘ ʂʘʿʟʝʥ ʩʠʛʥʘʣ ʟʘ 

ʨʘʧʠʜʥʦ ʧʦʜʦʙʨʫʚʘˁʝ 

ʊʦʧʢʘ ʟʘ 

ʩʝʢʚʝʥʪʥʦ 

ʧʦʚʣʝʢʫʚʘˁʝ 

 

ʉʣʠʢʘ 4.1. ʉʠʤʙʦʣʠ ʢʦʠ ʩʝ ʢʦʨʠʩʪʘʪ ʧʨʠ ʤʘʧʠʨʘˁʝ ʥʘ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ 
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ʅɽɼɽʃɽʅ ʈɸʉʇʆʈɽɼ 
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ɼʠʟʘʿʥ ʥʘ ʠʜʥʘʪʘ ʩʦʩʪʦʿʙʘ ʥʘ ʧʨʦʮʝʩʠʪʝ ʛʦ ʧʨʠʢʘʞʫʚʘ ʩʘʢʘʥʠʦʪ ʠʣʠ ʠʜʥʠʦʪ ʪʝʢ 

ʥʘ ʚʨʝʜʥʦʩʪʠ. ɺʨʟ ʦʩʥʦʚʘ ʥʘ ʦʚʘʘ ʚʠʟʠʿʘ ʩʝ ʧʦʩʪʘʚʫʚʘʘʪ ʧʨʠʦʨʠʪʝʪʠ ʢʘʢʦ ʜʘ ʩʝ ʩʪʠʛʥʝ ʜʦ 

ʧʦʩʘʢʫʚʘʥʘʪʘ ʠʜʥʘ ʩʦʩʪʦʿʙʘ.  

ʊʘʢʪ  ʚʨʝʤʝʪʦ ʛʦ ʫʩʦʛʣʘʩʫʚʘ ʨʠʪʘʤʦʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʦ ʨʠʪʘʤʦʪ ʥʘ ʧʨʦʜʘʞʙʘ, 

ʦʩʦʙʝʥʘ ʥʘ ʧʝʿʩʤʝʿʢʝʨ ʧʨʦʮʝʩʦʪ. ʊʘʢʪ ʚʨʝʤʝʪʦ ʩʝ ʧʨʝʩʤʝʪʫʚʘ ʩʦ ʜʝʣʝˁʝ ʥʘ ʥʘʨʘʯʢʘʪʘ ʥʘ 

ʢʣʠʝʥʪʦʪ ʚʦ ʝʜʥʘ ʩʤʝʥʘ (ʚʦ ʧʘʨʯʠˁʘ) ʩʦ ʨʘʩʧʦʣʦʞʠʚʦʪʦ ʚʨʝʤʝ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚʦ ʪʘʘ 

ʩʤʝʥʘ. ʇʨʦʠʟʚʦʜʩʪʚʦʪʦ ʚʦ ʩʦʛʣʘʩʥʦʩʪ ʩʦ ʪʘʢʪ ʚʨʝʤʝʪʦ ʟʚʫʯʠ ʝʜʥʦʩʪʘʚʥʦ ʥʦ ʙʘʨʘ ʬʦʢʫʩ 

ʥʘ ʩʣʝʜʥʠʪʝ ʪʦʯʢʠ: ʙʨʟʘ ʨʝʘʢʮʠʿʘ ʧʨʠ ʧʦʿʘʚʘ ʥʘ ʧʨʦʙʣʝʤʠ, ʝʣʠʤʠʥʠʨʘˁʝ ʥʘ ʠʟʚʦʨʥʠʪʝ 

ʧʨʠʯʠʥʠ ʟʘ ʧʦʿʘʚʘ ʥʘ ʟʘʩʪʦʿ ʥʘ ʤʘʰʠʥʠʪʝ ʠ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʚʨʝʤʝʪʦ ʧʦʪʨʝʙʥʦ ʟʘ ʧʨʦʤʝʥʘ 

ʥʘ ʤʦʜʝʣ.  

ɿʘʣʠʭʘ ʧʦʤʝʺʫ ʧʨʦʮʝʩʠʪʝ (ʘʥʛ. work in process - WIP)  ʝ ʟʘʣʠʭʘ ʥʘ ʤʘʪʝʨʠʿʘʣʠ ʠʣʠ 

ʠʥʬʦʨʤʘʮʠʠ ʢʦʿʘ ʰʪʦ ʯʝʢʘ ʜʘ ʩʝ ʧʨʦʮʝʩʠʨʘ ʧʦʤʝʺʫ ʧʨʦʮʝʩʠʪʝ/ʤʘʰʠʥʠʪʝ. ʉʠʤʙʦʣʦʪ ʟʘ 

ʟʘʣʠʭʘ ʧʨʠ VSM ʤʘʧʠʨʘˁʝʪʦ ʝ ʧʨʠʢʘʞʘʥ ʥʘ ʉʣʠʢʘ 4.1. 

ʂʦʥʪʠʥʫʠʨʘʥ ʪʝʢ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠʣʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʘʨʯʝ-ʧʦ-ʧʘʨʯʝ (ʘʥʛ. one 

piece flow) ʝ ʤʦʜʝʣ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʘʜʝ ʰʪʦ ʩʝʢʦʿ ʧʨʦʠʟʚʦʜ ʚʝʜʥʘʰ ʩʝ ʧʨʦʮʝʩʠʨʘ ʦʜ 

ʝʜʥʘ ʦʧʝʨʘʮʠʿʘ ʥʘ ʜʨʫʛʘ, ʙʝʟ ʩʪʘʛʥʘʮʠʿʘ ʧʦʤʝʺʫ ʧʨʦʮʝʩʠʪʝ. ʆʚʘ ʝ ʥʘʿʝʬʠʢʘʩʝʥ ʥʘʯʠʥ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʝ ʧʦʪʨʝʙʥʦ ʤʥʦʛʫ ʢʨʝʘʪʠʚʥʦʩʪ ʟʘ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ. ʉʠʤʙʦʣʦʪ ʟʘ 

ʢʦʥʪʠʥʫʠʨʘʥ ʪʝʢ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚʦ VSM ʤʘʧʠʨʘˁʝʪʦ ʝ ʧʨʦʮʝʩʥʘʪʘ ʢʫʪʠʿʘ ʠ ʝ ʧʨʠʢʘʞʘʥ 

ʥʘ ʉʣʠʢʘ 4.1. ɼʦʢʦʣʢʫ ʚʦ ʠʜʥʘʪʘ ʩʦʩʪʦʿʙʘ ʚʦʚʝʜʝʤʝ ʧʦʚʝ˃ʝ ʢʦʥʪʠʥʫʠʨʘʥʠ ʪʝʢʘ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ  ʪʦʛʘʰ ʜʚʝ ʠʣʠ ʧʦʚʝ˃ʝ ʧʨʦʮʝʩʥʠ ʢʫʪʠʠ ʦʜ ʩʝʛʘʰʥʘʪʘ ʩʦʩʪʦʿʙʘ  ʪʨʝʙʘ ʜʘ ʩʝ 

ʢʦʤʙʠʥʠʨʘʘʪ ʚʦ ʝʜʥʘ ʧʨʦʮʝʩʥʘ ʢʫʪʠʿʘ ʥʘ ʠʜʥʘʪʘ ʩʦʩʪʦʿʙʘ. 

ɵʝʣʠʿʘ ʧʨʝʪʩʪʘʚʫʚʘ ʫʨʝʜʫʚʘˁʝ ʥʘ ʦʧʝʨʘʪʦʨʠ, ʤʘʰʠʥʠ, ʤʘʪʝʨʠʿʘʣʠ ʠ ʤʝʪʦʜʠ ʩʦ 

ʯʝʢʦʨʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʦʜʨʝʜʝʥʠ ʝʜʝʥ ʜʦ ʜʨʫʛ ʚʦ ʧʦʩʣʝʜʦʚʘʪʝʣʝʥ ʨʝʜʦʩʣʝʜ, ʧʨʝʢʫ ʢʦʠ 

ʧʨʦʠʟʚʦʜʦʪ ʩʝ ʧʨʦʮʝʩʠʨʘ ʚʦ ʢʦʥʪʠʥʫʠʨʘʥ ʪʝʢ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ. ɵʝʣʠʿʘʪʘ ʥʘʿʯʝʩʪʦ ʝ 

ʧʦʜʨʝʜʝʥʘ ʚʦ ʬʦʨʤʘ ʥʘ ʙʫʢʚʘʪʘ U ʠʣʠ L. 

ʉʫʧʝʨʤʘʨʢʝʪʠ ʩʝ ʩʪʘʥʜʘʨʜʠʟʠʨʘʥʠ ʣʦʢʘʮʠʩʢʠ ʤʝʩʪʘ ʥʘʤʝʥʝʪʠ ʟʘ ʯʫʚʘˁʝ ʥʘ ʟʘʣʠʭʘ 

ʧʦʤʝʺʫ ʧʨʦʮʝʩʠʪʝ. ʏʝʩʪʦʧʘʪʠ ʚʦ ʪʝʢʦʪ ʥʘ ʚʨʝʜʥʦʩʪʠ ʠʤʘ ʤʝʩʪʘ ʢʘʜʝ ʰʪʦ ʥʝ ʝ ʤʦʞʥʦ 

ʢʦʥʪʠʥʫʠʨʘʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʚʦ ʪʦʿ ʩʣʫʯʘʿ ʝ ʥʝʦʧʭʦʜʥʦ ʧʘʢʝʪʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʇʦʩʪʦʿʘʪ 

ʥʝʢʦʣʢʫ ʧʨʠʯʠʥʠ ʟʘ ʧʦʿʘʚʘ ʥʘ ʧʘʢʝʪʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ: 

¶ ʅʝʢʦʠ ʧʨʦʮʝʩʠ ʩʝ ʜʠʟʘʿʥʠʨʘʥʠ ʜʘ ʨʘʙʦʪʘʪ ʧʦʙʨʟʦ ʠʣʠ ʧʦʙʘʚʥʦ ʚʦ ʦʜʥʦʩ ʥʘ 

ʜʨʫʛʠʪʝ, ʠʣʠ ʪʨʝʙʘ ʜʘ ʦʧʩʣʫʞʫʚʘʘʪ ʧʦʚʝ˃ʝ ʬʘʤʠʣʠʠ ʥʘ ʧʨʦʠʟʚʦʜʠ. 

¶ ʅʝʢʦʠ ʧʨʦʮʝʩʠ ʩʝ ʣʦʢʘʮʠʩʢʠ ʦʜʘʣʝʯʝʥʠ ʝʜʥʠ ʦʜ ʜʨʫʛʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʧʘʨʯʝ-

ʧʦ-ʧʘʨʯʝ ʝ ʥʝʨʝʘʣʥʦ. 

¶ ʅʝʢʦʠ ʧʨʦʮʝʩʠ ʩʝ ʥʝʩʪʘʙʠʣʥʠ ʟʘ ʜʘ ʩʝ ʩʧʦʿʘʪ ʩʦ ʜʨʫʛʠ ʧʨʦʮʝʩʠ ʚʦ ʢʦʥʪʠʥʫʠʨʘʥ 

ʪʝʢ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ. 

ʇʨʠ ʧʣʘʥʠʨʘˁʝʪʦ ʥʘ ʧʘʢʝʪʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʪʨʝʙʘ ʜʘ ʩʝ ʠʟʙʝʛʥʝ ʧʦʝʜʠʥʝʯʥʦ 

ʠʩʧʨʘ˃ʘˁʝ ʥʘ ʧʣʘʥ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʩʝʢʦʿ ʧʨʦʮʝʩ, ʟʘʪʦʘ ʰʪʦ ʧʣʘʥʦʪ ʝ ʩʘʤʦ 

ʧʨʝʪʧʦʩʪʘʚʢʘ h ʪʦ ʥʘʚʠʩʪʠʥʘ ˃ʝ ʤʫ ʪʨʝʙʘ ʥʘ ʥʘʨʝʜʥʠʦʪ ʧʨʦʮʝʩ ʚʦ ʜʘʜʝʥʦ ʚʨʝʤʝ. ʅʘʤʝʩʪʦ 

ʧʦʝʜʠʥʝʯʥʦ ʧʣʘʥʠʨʘˁʝ ʥʘ ʩʝʢʦʿ ʧʨʦʮʝʩ, ʢʦʥʪʨʦʣʘʪʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʤʦʞʝ ʜʘ ʩʝ ʧʨʘʚʠ 

ʩʧʦʨʝʜ ʨʝʘʣʥʘʪʘ ʧʦʪʨʝʙʘ ʥʘ ʥʘʨʝʜʥʠʦʪ ʧʨʦʮʝʩ. ɿʘ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʦʚʘ ʩʝ ʧʦʩʪʘʚʫʚʘʘʪ 

ʩʫʧʝʨʤʘʨʢʝʪʠ ʠ ʩʝ ʠʤʧʣʝʤʝʥʪʠʨʘ ʂʘʥʙʘʥ ʩʠʩʪʝʤ ʥʘ ʧʦʚʣʝʢʫʚʘˁʝ ʥʘ ʤʘʪʝʨʠʿʘʣʠ, ʪʘʤʫ 

ʢʘʜʝ ʰʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʧʘʨʯʝ-ʧʦ-ʧʘʨʯʝ ʝ ʧʨʝʢʠʥʘʪʦ. ʉʠʤʙʦʣʦʪ ʟʘ ʩʫʧʝʨʤʘʨʢʝʪʠ ʧʨʠ 

VSM ʤʘʧʠʨʘˁʝʪʦ ʝ ʧʨʠʢʘʞʘʥ ʥʘ ʉʣʠʢʘ 4.1. 

ʂʘʥʙʘʥ ʥʘ ɱʘʧʦʥʩʢʠ ʟʥʘʯʠ ʚʠʟʫʝʣʥʘ ʢʘʨʪʘ ʠʣʠ ʟʘʧʠʩ. ɼʝʥʝʩ ʪʦʿ ʩʝ ʢʦʨʠʩʪʠ ʢʘʢʦ 

ʚʠʟʫʝʣʝʥ ʩʠʛʥʘʣ ʟʘ ʧʦʚʣʝʢʫʚʘˁʝ ʥʘ ʤʘʪʝʨʠʿʘʣʠ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ. ʉʣʝʜʥʠʪʝ 

ʪʝʨʤʠʥʦʣʦʛʠʠ ʩʝ ʧʦʚʨʟʘʥʠ ʩʦ ʂʘʥʙʘʥ ʩʠʩʪʝʤʦʪ: ʂʘʥʙʘʥ ʪʘʙʣʘ (ʣʦʢʘʮʠʿʘ ʥʘʤʝʥʝʪʘ ʟʘ 

ʯʫʚʘˁʝ ʥʘ ʂʘʥʙʘʥ ʚʠʟʫʝʣʥʠʪʝ ʢʘʨʪʠ); ʂʘʥʙʘʥ ʢʘʨʪʘ ʟʘ ʧʦʚʣʝʢʫʚʘˁʝ (ʩʠʛʥʘʣ ʢʦʿ ʛʦ 
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ʜʝʬʠʥʠʨʘ ʪʠʧʦʪ ʥʘ ʧʨʦʠʟʚʦʜ/ʤʘʪʝʨʠʿʘʣ ʠ ʢʦʣʠʯʝʩʪʚʦʪʦ ʰʪʦ ʥʘʨʝʜʥʠʦʪ ʧʨʦʮʝʩ ʛʦ 

ʧʦʚʣʝʢʫʚʘ ʦʜ ʩʫʧʝʨʤʘʨʢʝʪ ʥʘ ʧʨʝʪʭʦʜʥʠʦʪ ʧʨʦʮʝʩ); ʂʘʥʙʘʥ ʢʘʨʪʘ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ 

(ʩʠʛʥʘʣ ʢʦʿ ʜʝʬʠʥʠʨʘ ʢʦʿ ʧʨʦʠʟʚʦʜ ʠ ʚʦ ʢʦʿʘ ʢʦʣʠʯʠʥʘ ʪʨʝʙʘ ʜʘ ʩʝ ʧʨʦʠʟʚʝʜʝ); ʜʦʩʪʘʚʫʚʘʯ 

ʥʘ ʤʘʪʝʨʠʿʘʣ ʧʨʝʪʩʪʘʚʫʚʘ ʜʠʩʮʠʧʣʠʥʠʨʘʥ ʠ ʧʨʝʜʚʠʜʣʠʚ ʪʝʢ ʥʘ ʩʥʘʙʜʫʚʘˁʝʪʝ ʥʘ 

ʤʘʪʝʨʠʿʘʣʠ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʇʨʝʜ ʜʘ ʦʜʣʫʯʠʤʝ ʜʘ ʢʦʨʠʩʪʠʤʝ ʩʫʧʝʨʤʘʨʢʝʪʠ ʠ ʩʠʩʪʝʤ ʟʘ 

ʧʦʚʣʝʢʫʚʘˁʝ ʥʘ ʤʘʪʝʨʠʿʘʣʠ, ʪʨʝʙʘ ʜʘ ʩʤʝ ʩʠʛʫʨʥʠ ʜʝʢʘ ʩʤʝ ʠʤʧʣʝʤʝʥʪʠʨʘʣʝ 

ʢʦʥʪʠʥʫʠʨʘʥ ʪʝʢ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʝʢʘʜʝ ʢʘʜʝ ʰʪʦ ʪʦʘ ʝ ʤʦʞʥʦ. ʉʫʧʝʨʤʘʨʢʝʪʠʪʝ ʠ 

ʟʘʣʠʭʘʪʘ ʤʝʺʫ ʧʨʦʮʝʩʠʪʝ ʩʝ ʝʜʥʠ ʦʜ ʟʘʛʫʙʠʪʝ ʥʘ ʆʥʦ3 , ʟʘʪʦʘ ʥʝ ʩʘʢʘʤʝ ʜʘ ʛʠ 

ʠʤʧʣʝʤʝʥʪʠʨʘʤʝ ʦʩʚʝʥ ʘʢʦ ʪʦʘ ʥʝ ʝ ʥʘʚʠʩʪʠʥʘ ʥʝʦʧʭʦʜʥʦ. ʂʘʥʙʘʥ ʩʠʤʙʦʣʠʪʝ ʢʦʠ ʩʝ 

ʢʦʨʠʩʪʘʪ ʧʨʠ VSM ʤʘʧʠʨʘˁʝʪʦ ʩʝ ʧʨʠʢʘʞʘʥʠ ʥʘ ʉʣʠʢʘ 4.1. 

ʇʝʿʩʤʝʿʢʝʨ ʧʨʦʮʝʩ ʝ ʧʨʦʮʝʩ ʚʦ ʣʘʥʝʮʦʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʦʿ ʩʣʫʞʠ ʟʘ ʜʘ ʩʝ ʠʩʧʨʘ˃ʘ 

ʧʣʘʥʦʪ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʩʘʤʦ ʝʜʥʦ ʤʝʩʪʦ, ʘ ʠʤʝʪʦ ʛʦ ʜʦʙʠʚʘ ʦʜ ʫʣʦʛʘʪʘ ʰʪʦ ʿʘ ʠʤʘ ʜʘ 

ʛʦ ʜʠʢʪʠʨʘ ʨʠʪʘʤʦʪ ʥʘ ʮʝʣʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ. ɼʦʢʦʣʢʫ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʠʤʘ ʧʦʩʪʘʚʝʥʦ 

ʩʫʧʝʨʤʘʨʢʝʪʠ ʠ ʂʘʥʙʘʥ ʩʠʩʪʝʤ ʟʘ ʧʦʚʣʝʢʫʚʘˁʝ ʥʘ ʤʘʪʝʨʠʿʘʣʠ ʪʦʛʘʰ ʝ ʜʦʚʦʣʥʦ ʧʣʘʥʦʪ ʟʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʜʘ ʩʝ ʠʩʧʨʘ˃ʘ ʩʘʤʦ ʜʦ ʧʝʿʩʤʝʿʢʝʨ  ʧʨʦʮʝʩʦʪ. ʆʜ ʩʝʣʝʢʮʠʿʘʪʘ ʥʘ ʧʝʿʩʤʝʿʢʝʨ 

ʧʨʦʮʝʩʦʪ ˃ʝ ʟʘʚʠʩʠ ʢʦʠ ʝʣʝʤʝʥʪʠ ʦʜ ʪʝʢʦʪ ʥʘ ʚʨʝʜʥʦʩʪʠ ˃ʝ ʙʠʜʘʪ ʜʝʣ ʦʜ ʚʢʫʧʥʦʪʦ ʚʨʝʤʝ 

ʧʦʪʨʝʙʥʦ ʟʘ ʠʩʧʦʣʥʫʚʘˁʝ ʥʘ ʥʘʨʘʯʢʘʪʘ ʦʜ ʢʣʠʝʥʪʦʪ. ʅʘ ʧʨʠʤʝʨ ʜʦʢʦʣʢʫ ʟʘ ʧʝʿʩʤʝʿʢʝʨ ʩʝ 

ʠʟʙʝʨʝ ʧʨʦʮʝʩ ʰʪʦ ʝ ʙʣʠʩʢʫ ʜʦ ʬʠʥʘʣʥʠʦʪ ʧʨʦʠʟʚʦʜ, ʪʦʛʘʰ ʚʢʫʧʥʦʪʦ ʚʨʝʤʝ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʦʜ ʠʥʠʮʠʨʘˁʝ ʥʘ ʥʘʣʦʛ ʜʦ ʠʩʧʦʨʘʢʘ ˃ʝ ʙʠʜʝ ʧʦʢʨʘʪʢʦ. ʇʨʦʠʟʚʦʜʩʪʚʦʪʦ ʦʜ 

ʧʝʿʩʤʝʿʢʝʨ ʧʨʦʮʝʩʦʪ ʜʦ ʬʠʥʘʣʝʥ ʧʨʦʠʟʚʦʜ  ʪʨʝʙʘ ʜʘ ʩʝ ʦʜʚʠʚʘ ʚʦ ʢʦʥʪʠʥʫʠʨʘʥ ʪʝʢ ʪ.ʝ 

ʧʦʩʣʝ ʧʝʿʩʤʝʿʢʝʨ ʧʨʦʮʝʩʦʪ ʥʝ ʪʨʝʙʘ ʜʘ ʠʤʘ ʩʫʧʝʨʤʘʨʢʝʪʠ ʠ ʩʠʩʪʝʤ ʟʘ ʧʦʚʣʝʢʫʚʘˁʝ ʥʘ 

ʤʘʪʝʨʠʿʘʣʠ. ʇʦʨʘʜʠ ʦʚʘ ʧʝʿʩʤʝʿʢʝʨ ʧʨʦʮʝʩʦʪ ʝ ʥʘʿʯʝʩʪʦ ʧʦʩʣʝʜʥʠʦʪ ʧʨʦʮʝʩ ʦʜ ʪʝʢʦʪ ʥʘ 

ʚʨʝʜʥʦʩʪʠ. 

ʇʦʨʘʤʥʫʚʘˁʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʧʦ ʤʦʜʝʣ ʟʥʘʯʠ ʨʘʤʥʦʤʝʨʥʘ ʠ ʢʦʥʟʠʩʪʝʥʪʥʘ 

ʜʠʩʪʨʠʙʫʮʠʿʘ ʥʘ ʧʣʘʥʦʪ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʨʘʟʣʠʯʥʠ ʤʦʜʝʣʠ ʥʘ ʧʨʦʠʟʚʦʜʠ ʜʦ ʧʝʿʩʤʝʿʢʝʨ 

ʧʨʦʮʝʩʦʪ. ɺʦ ʤʠʥʘʪʦʪʦ ʩʝ ʩʤʝʪʘʣʦ ʜʝʢʘ ʥʘʿʜʦʙʨʦ ʧʣʘʥʠʨʘˁʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʝ ʚʦ 

ʜʦʣʛʠ ʣʦʪʦʚʠ ʥʘ ʠʩʪ ʤʦʜʝʣ, ʩʦ ʮʝʣ ʜʘ ʩʝ ʠʟʙʝʛʥʝ ʚʨʝʤʝʪʦ ʧʦʪʨʦʰʝʥʦ ʟʘ ʧʨʦʤʝʥʘ ʥʘ ʤʦʜʝʣ. 

ʆʚʦʿ ʥʘʯʠʥ ʥʘ ʧʣʘʥʠʨʘˁʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʢʨʝʠʨʘ ʧʨʦʙʣʝʤʠ ʢʘʿ ʦʩʪʘʥʘʪʠʪʝ ʧʨʦʮʝʩʠ ʦʜ 

ʪʝʢʦʪ ʥʘ ʚʨʝʜʥʦʩʪʠ. ʇʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʮʝʣʠʦʪ ʚʦʣʫʤʝʥ ʥʘ ʠʩʪ ʤʦʜʝʣ ʦʜʝʜʥʘʰ ʥʝ ʦʜʠ ʚʦ 

ʧʨʠʣʦʛ ʥʘ ʢʣʠʝʥʪʦʪ ʢʦʿ ʤʦʞʝʙʠ ˃ʝ ʠʤʘ ʧʦʪʨʝʙʘ ʦʜ ʜʨʫʛ ʤʦʜʝʣ ʥʘʤʝʩʪʦ ʦʥʦʿ ʰʪʦ ʩʝ 

ʧʨʦʠʟʚʝʜʫʚʘ ʚʦ ʤʦʤʝʥʪʦʪ. ʊʦʘ ʧʨʠʜʦʥʝʩʫʚʘ ʜʦ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʚʢʫʧʥʦʪʦ  ʚʨʝʤʝ ʧʦʪʨʝʙʥʦ 

ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʥʘʨʘʯʢʘʪʘ ʦʜ ʢʣʠʝʥʪʦʪ ʠ ʧʦʪʨʝʙʘ ʦʜ ʟʛʦʣʝʤʝʥʘ ʟʘʣʠʭʘ ʥʘ ʛʦʪʦʚ 

ʧʨʦʠʟʚʦʜ ʚʦ ʦʙʠʜ ʜʘ ʩʝ ʠʤʘ ʥʘ ʨʘʩʧʦʣʘʛʘˁʝ ʦʥʦʿ ʤʦʜʝʣ h ʪʦ ˃ʝ ʛʦ ʧʦʩʘʢʘ ʢʣʠʝʥʪʦʪ. ʂʦʣʢʫ 

ʝ ʧʦʜʦʙʨʦ ʧʦʨʘʤʥʝʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʧʦ ʤʦʜʝʣ ʥʘ ʧʝʿʩʤʝʿʢʝʨ ʧʨʦʮʝʩʦʪ, ʪʦʣʢʫ ʝ ʧʦʢʨʘʪʢʦ 

ʚʨʝʤʝʪʦ ʧʦʪʨʝʙʥʦ ʟʘ ʠʩʧʦʣʥʫʚʘˁʝ ʥʘ ʥʘʨʘʯʢʘʪʘ ʦʜ ʢʣʠʝʥʪʦʪ ʠ ʧʦʤʘʣʘ ʝ ʟʘʣʠʭʘʪʘ ʥʘ ʛʦʪʦʚ 

ʧʨʦʠʟʚʦʜ ʰʪʦ ʧʨʠʜʦʥʝʩʫʚʘ ʟʘ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʧʨʦʩʪʦʨʦʪ ʥʘʤʝʥʝʪ ʟʘ ʩʫʧʝʨʤʘʨʢʝʪʠ. ʅʦ 

ʪʨʝʙʘ ʜʘ ʩʝ ʠʤʘ ʚʦ ʧʨʝʜʚʠʜ ʜʝʢʘ ʧʦʨʘʤʥʝʪ ʧʣʘʥ ʧʦ ʤʦʜʝʣ  ʙʘʨʘ ʚʣʦʞʝʥ ʪʨʫʜ ʚʦ ʧʦʛʣʝʜ ʥʘ 

ʧʦʯʝʩʪʠ ʠʟʤʝʥʠ ʥʘ ʧʨʦʠʟʚʦʜ ʠ ʧʦʜʝʩʫʚʘˁe ʥʘ ʤʘʰʠʥʠʪʝ, ʢʘʢʦ ʠ ʯʫʚʘˁʝ ʥʘ ʟʘʣʠʭʘ ʦʜ 

ʢʦʤʧʦʥʝʥʪʠ ʟʘ ʩʠʪʝ ʤʦʜʝʣʠ ʧʦʢʨʘʿ ʣʠʥʠʠʪʝ ʠ ʤʘʰʠʥʠʪʝ ʟʘ ʜʘ ʩʝ ʥʘʤʘʣʠ ʚʨʝʤʝʪʦ 

ʧʦʪʨʝʙʥʦ ʟʘ ʧʨʦʤʝʥʘ ʥʘ ʤʦʜʝʣ. ʆʚʦʿ ʚʣʦʞʝʥ ʪʨʫʜ ʩʝ ʢʦʤʧʝʥʟʠʨʘ ʩʦ ʝʣʠʤʠʥʠʨʘˁʝ ʥʘ 

ʛʦʣʝʤʘ ʢʦʣʠʯʠʥʘ ʥʘ ʟʘʛʫʙʠ ʚʦ ʪʝʢʦʪ ʥʘ ʚʨʝʜʥʦʩʪʠ. ʉʠʤʙʦʣʦʪ ʟʘ ʧʦʨʘʤʥʫʚʘˁʝ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʝ ʧʨʠʢʘʞʘʥ ʥʘ ʉʣʠʢʘ 4.1. 

 
 

3 7-ʪʝ ʟʘʛʫʙʠ ʥʘ ʆʥʦ ʩʝ ʢʘʪʝʛʦʨʠʠ ʥʘ ʥʝʧʨʦʜʫʢʪʠʚʥʠ ʧʨʦʠʟʚʦʜʥʠ ʧʨʘʢʪʠʢʠ, ʠʜʝʥʪʠʬʠʢʫʚʘʥʠ ʦʜ ʊʘʠʯʠ ʆʥʦ, ʪʚʦʨʝʮʦʪ ʥʘ 

ʧʨʦʠʟʚʦʜʥʠʦʪ ʩʠʩʪʝʤ ʥʘ ʊʦʿʦʪʘ. 7-ʪʝ ʟʘʛʫʙʠʪʝ ʥʘ ʆʥʦ ʩʝ ʠʜʝʥʪʠʬʠʢʫʚʘʥʠ ʢʘʢʦ: ʥʝʧʦʪʨʝʙʝʥ ʪʨʘʥʩʧʦʨʪ, ʧʨʝʢʫʤʝʨʥʠ ʟʘʣʠʭʠ 
ʥʘ ʧʦʣʫʧʨʦʠʟʚʦʜ ʠ ʛʦʪʦʚ ʧʨʦʠʟʚʦʜ, ʥʝʧʦʪʨʝʙʥʦ ʜʚʠʞʝˁʝ ʥʘ ʦʧʝʨʘʪʦʨʠʪʝ, ʥʝʧʦʪʨʝʙʥʦ ʚʨʝʤʝ ʥʘ ʯʝʢʘˁʝ, ʧʨʝʢʫʤʝʨʥʦ 
ʧʨʦʠʟʚʦʜʩʪʚʦ, ʥʝʧʦʪʨʝʙʥʦ ʧʨʦʮʝʩʠʨʘˁʝ ʠ ʜʝʬʝʢʪʥʠ ʧʨʦʠʟʚʦʜʠ.  
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ʇʦʨʘʤʥʫʚʘˁʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʦ ʚʦʣʫʤʝʥ ʩʝ ʜʦʙʠʚʘ ʩʦ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʤʘʣʠ, 

ʢʦʥʟʠʩʪʝʥʪʥʠ ʣʦʪʦʚʠ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʜʦ ʧʝʿʩʤʝʿʢʝʨ ʧʨʦʮʝʩʦʪ. ʄʥʦʛʫ ʢʦʤʧʘʥʠʠ ʩʝ 

ʧʦʪʧʠʨʘʘʪ ʥʘ ʧʣʘʥ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʛʦʣʝʤʠ ʣʦʪʦʚʠ, ʰʪʦ ʧʨʠʜʦʥʝʩʫʚʘ ʜʦ ʧʦʿʘʚʘ ʥʘ 

ʩʣʝʜʥʠʪʝ ʧʨʦʙʣʝʤʠ: 

¶ ʉʝ ʛʫʙʠ ʯʫʚʩʪʚʦʪʦ ʟʘ ʪʘʢʪ ʚʨʝʤʝ ʠ ʧʦʚʣʝʢʫʚʘˁʝ ʥʘ ʤʘʪʝʨʠʿʘʣʠ, ʥʘ ʢʦʠ ʰʪʦ 

ʨʝʘʛʠʨʘ ʪʝʢʦʪ ʥʘ ʚʨʝʜʥʦʩʪʠ. 

¶ ʆʙʝʤʦʪ ʥʘ ʨʘʙʦʪʘ ʚʦ ʪʝʢʦʪ ʥʘ ʚʨʝʤʝʪʦ ʚʘʨʠʨʘ ʠ ʧʨʝʜʠʟʚʠʢʫʚʘ ʧʠʢʦʚʠ ʠ ʧʘʜʦʚʠ 

(ʿʘʧ. mura), ʰʪʦ ʧʘʢ ʦʜ ʜʨʫʛʘ ʩʪʨʘʥʘ ʝ ʧʨʠʯʠʥʘ ʟʘ ʧʦʿʘʚʘ ʥʘ ʧʨʝʦʧʪʦʚʘʨʫʚʘˁʝ ʥʘ 

ʤʘʰʠʥʠʪʝ, ʣʫʺʝʪʦ ʠ ʩʫʧʝʨʤʘʨʢʝʪʠʪʝ (ʿʘʧ. muri). ʉʝʪʦ ʦʚʘ ʝ ʧʨʠʯʠʥʘ ʟʘ ʧʦʿʘʚʘ ʥʘ 

ʟʘʛʫʙʠʪʝ ʚʦ ʪʝʢʦʪ ʥʘ ʚʨʝʜʥʦʩʪʠ (ʿʘʧ. muda).  

¶ ʊʝʰʢʦ ʤʦʞʝ ʜʘ ʩʝ ʥʘʙˀʫʜʫʚʘ ʜʘʣʠ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʝ ʥʘʧʨʝʜ ʚʦ ʦʜʥʦʩ ʥʘ ʧʣʘʥʦʪ 

ʠʣʠ ʟʘʦʩʪʘʥʫʚʘ. 

¶ ʂʦʛʘ ʩʝ ʦʩʣʦʙʦʜʫʚʘ ʛʦʣʝʤ ʣʦʪ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʩʝʢʦʿ ʧʨʦʮʝʩ ʚʦ ʪʝʢʦʪ ʥʘ 

ʚʨʝʜʥʦʩʪʠ ʤʦʞʝ ʩʘʤ ʜʘ ʛʝʥʝʨʠʨʘ ʧʣʘʥ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʆʚʘ ʧʨʠʜʦʥʝʩʫʚʘ ʟʘ 

ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʚʢʫʧʥʦʪʦ ʚʨʝʤʝ ʧʦʪʨʝʙʥʦ ʟʘ ʠʩʧʦʣʥʫʚʘˁʝ ʥʘ ʥʘʨʘʯʢʘʪʘ ʥʘ 

ʢʣʠʝʥʪʦʪ.  

¶ ʈʝʘʢʮʠʿʘʪʘ ʚʦ ʩʣʫʯʘʿ ʥʘ ʧʨʦʤʝʥʘ ʥʘ ʙʘʨʘˁʘʪʘ ʥʘ ʢʣʠʝʥʪʦʪ ʩʪʘʥʫʚʘ ʤʥʦʛʫ 

ʢʦʤʧʣʠʮʠʨʘʥʘ, ʰʪʦ ʤʦʞʝ ʜʘ ʩʝ ʚʠʜʠ ʦʜ ʤʘʧʠʨʘˁʝʪʦ ʥʘ ʪʝʢʦʪ ʩʦ ʠʥʬʦʨʤʘʮʠʠ.  

ʂʦʥʟʠʩʪʝʥʪʥʠʦʪ ʚʨʝʤʝʥʩʢʠ ʠʥʪʝʨʚʘʣ ʥʘ ʢʦʿ ʰʪʦ ʩʝ ʦʩʣʦʙʦʜʫʚʘ ʧʣʘʥ ʟʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʜʦ ʧʝʿʩʤʝʿʢʝʨ ʧʨʦʮʝʩʦʪ ʝ ʧʦʟʥʘʪ ʢʘʢʦ Ăʟʘʤʘʚʥʫʚʘˁʝò (ʘʥʛ. pitch) ʠ ʯʝʩʪʦ ʩʝ 

ʧʨʝʩʤʝʪʫʚʘ ʟʘʚʠʩʥʦ ʦʜ ʢʦʣʠʯʠʥʘʪʘ ʥʘ ʛʦʪʦʚ ʧʨʦʠʟʚʦʜ ʚʦ ʝʜʥʦ ʧʘʢʫʚʘˁʝ. ʆʚʘ ʝ ʦʩʥʦʚʥʘʪʘ 

ʝʜʠʥʠʮʘ ʟʘ ʧʨʝʩʤʝʪʢʘ ʥʘ ʧʣʘʥʦʪ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʟʘ ʝʜʥʘ ʬʘʤʠʣʠʿʘ ʥʘ ʧʨʦʠʟʚʦʜʠ. ʅʘ 

ʧʨʠʤʝʨ ʘʢʦ ʪʘʢʪ ʚʨʝʤʝʪʦ ʝ 30 s, ʢʦʣʠʯʠʥʘʪʘ ʚʦ ʝʜʥʦ ʧʘʢʫʚʘˁʝ ʥʘ ʛʦʪʦʚ ʧʨʦʠʟʚʦʜ ʝ 20 

ʧʘʨʯʠˁʘ, ʚʨʝʤʝʥʩʢʠʦʪ ʠʥʪʝʨʚʘʣ ʟʘ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʥʘʣʦʛ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠʟʥʝʩʫʚʘ 10 

ʤʠʥʫʪʠ (30 s Ā 20 ʧʘʨʯʠˁʘ). ʉʦ ʜʨʫʛʠ ʟʙʦʨʦʚʠ ʥʘ ʩʝʢʦʠ 10 ʤʠʥʫʪʠ ʪʨʝʙʘ ʜʘ ʩʝ ʜʘʜʝ 

ʠʥʩʪʨʫʢʮʠʿʘ ʜʦ ʧʝʿʩʤʝʿʢʝʨ ʧʨʦʮʝʩʦʪ ʜʘ ʧʨʦʠʟʚʝʜʝ ʝʜʥʦ ʧʘʢʫʚʘˁʝ ʥʘ ʛʦʪʦʚ ʧʨʦʠʟʚʦʜ. 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʩʝʢʦʿ ʤʦʜʝʣ ʚʦ ʩʝʢʦʿ ʠʥʪʝʨʚʘʣ (ʘʥʛ. every part every interval  

EPEI). ʉʦ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʚʨʝʤʝʪʦ ʧʦʪʨʝʙʥʦ ʟʘ ʧʨʦʤʝʥʘ ʥʘ ʤʦʜʝʣ, ʧʨʦʮʝʩʠʪʝ ʤʦʞʘʪ ʜʘ 

ʦʜʛʦʚʦʨʘʪ ʥʘ ʧʦʪʨʝʙʘʪʘ ʟʘ ʧʦʯʝʩʪʘ ʧʨʦʤʝʥʘ ʥʘ ʤʦʜʝʣ, ʰʪʦ ʟʘ ʚʦʟʚʨʘʪ ˃ʝ ʧʨʠʜʦʥʝʩʝ ʟʘ 

ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʟʘʣʠʭʘʪʘ ʚʦ ʩʫʧʝʨʤʘʨʢʝʪʠʪʝ. ʊʝʨʤʠʥʦʪ Ăʩʝʢʦʿ ʤʦʜʝʣ ʩʝʢʦʿ ʠʥʪʝʨʚʘʣò 

ʦʧʠʰʫʚʘ ʢʦʣʢʫ ʯʝʩʪʦ ʧʨʦʮʝʩʦʪ ʤʦʞʝ ʜʘ ʩʝ ʤʝʥʫʚʘ ʩʦ ʮʝʣ ʜʘ ʩʝ ʧʨʦʠʟʚʝʜʘʪ ʩʠʪʝ ʤʦʜʝʣʠ. 

ʇʨʚʠʯʥʘ ʮʝʣ ʥʘ ʤʥʦʛʫ ʬʘʙʨʠʢʠ ʝ ʥʘʿʙʘʨʘʥʠʪʝ ʧʨʦʠʟʚʦʜʠ ʦʜ ʢʣʠʝʥʪʦʪ ʜʘ ʩʝ ʧʨʦʠʟʚʝʜʫʚʘʘʪ 

ʩʝʢʦʿ ʜʝʥ.  

ʈʝʜʫʮʠʨʘˁʝ ʥʘ ʚʨʝʤʝʪʦ ʧʦʪʨʝʙʥʦ ʟʘ ʧʨʦʤʝʥʘ ʥʘ ʤʦʜʝʣ ʠ ʧʦʜʝʩʫʚʘˁʝ ʥʘ 

ʤʘʰʠʥʠʪʝ (ʘʥʛ. Single Minute Exchange Of Die 4  - SMED). ɻʣʘʚʥʠʦʪ ʝʬʝʢʪ ʩʦ 

ʨʝʜʫʮʠʨʘˁʝ ʥʘ ʚʨʝʤʝʪʦ ʧʦʪʨʝʙʥʦ ʟʘ ʧʦʜʝʩʫʚʘˁʝ ʥʘ ʤʘʰʠʥʠʪʝ ʥʝ ʝ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ, ʪʫʢʫ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʟʘʣʠʭʘʪʘ ʚʦ ʩʫʧʝʨʤʘʨʢʝʪʠʪʝ 

ʧʦʤʝʺʫ ʧʨʦʮʝʩʠʪʝ. ʇʨʠ ʧʨʦʤʝʥʘ ʥʘ ʤʦʜʝʣ, ʘʢʪʠʚʥʦʩʪʠʪʝ ʟʘ ʧʦʜʝʩʫʚʘˁʝ ʥʘ ʤʘʰʠʥʠʪʝ ʩʝ 

ʜʝʣʘʪ ʥʘ ʝʢʩʪʝʨʥʠ ʠ ʠʥʪʝʨʥʠ. ɽʢʩʪʝʨʥʠ ʘʢʪʠʚʥʦʩʪʠ ʩʝ ʦʥʠʝ ʰʪʦ ʤʦʞʘʪ ʜʘ ʩʝ ʥʘʧʨʘʚʘʪ 

ʜʦʜʝʢʘ ʤʘʰʠʥʘʪʘ ʨʘʙʦʪʠ, ʘ ʠʥʪʝʨʥʠʪʝ ʘʢʪʠʚʥʦʩʪʠ ʩʘʤʦ ʢʦʛʘ ʤʘʰʠʥʘʪʘ ʤʠʨʫʚʘ. 

ɺʦʦʙʠʯʘʝʥʦ ʧʨʠ ʧʨʦʤʝʥʘ ʥʘ ʥʘʣʦʛ 25 % ʦʜ ʚʨʝʤʝʪʦ ʩʝ ʪʨʦʰʠ ʥʘ ʙʘʨʘˁʝ ʥʘ 

ʠʥʬʦʨʤʘʮʠʠ/ʦʙʿʝʢʪʠ, 10 % ʥʘ ʧʨʦʤʝʥʘ ʥʘ ʘʣʘʪ/ʪʝʤʧʣʝʿʪ, 20 % ʥʘ ʧʦʟʠʮʠʦʥʠʨʘˁʝ ʥʘ 

 
 

4 ʈʝʜʫʮʠʨʘˁʝ ʥʘ ʚʨʝʤʝʪʦ ʧʦʪʨʝʙʥʦ ʟʘ ʧʨʦʤʝʥʘ ʥʘ ʧʨʦʠʟʚʦʜ  ʠ ʧʦʜʝʩʫʚʘˁʝ ʥʘ ʤʘʰʠʥʠʪʝ ʟʘ ʧʨʚʧʘʪ ʝ ʩʪʫʜʠʨʘʥʦ ʦʜ ʐʠʛʝʦ 
ʐʠʥʛʦ  ʧʨʠ ʧʨʦʤʝʥʘ ʥʘ ʘʣʘʪ ʠ ʩʝʪʠʨʘˁʝ ʥʘ ʧʨʝʩʘ. ʆʜ ʪʫʢʘ ʧʦʪʝʢʥʫʚʘ ʪʝʨʤʠʥʦʣʦʛʠʿʘʪʘ SMED (single minute exchange of 
die), ʢʘʜʝ ʰʪʦ ñdieò ʝ ʘʣʘʪ ʟʘ ʧʨʝʩʘ.  
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ʧʨʦʠʟʚʦʜʦʪ ʠ 45 % ʥʘ ʧʦʜʝʩʫʚʘˁʝ ʥʘ ʤʘʰʠʥʠʪʝ. ʎʝʣʪʘ ʥʘ SMED e h ʪʦ ʝ ʤʦʞʥʦ ʧʦʚʝ˃ʝ 

ʘʢʪʠʚʥʦʩʪʠ ʜʘ ʩʝ ʧʨʝʬʨʣʘʪ ʦʜ ʠʥʪʝʨʥʠ ʚʦ ʝʢʩʪʝʨʥʠ, ʘ ʧʦʪʦʘ ʜʘ ʩʝ ʨʝʜʫʮʠʨʘʘʪ ʩʠʪʝ ʢʦʣʢʫ 

ʰʪʦ ʝ ʤʦʞʥʦ ʧʦʚʝ˃ʝ.  

ʉʝʚʢʫʧʥʦ ʧʨʦʜʫʢʪʠʚʥʦ ʦʜʨʞʫʚʘˁʝ (ʘʥʛ. TPM) ʝ ʢʦʥʪʠʥʫʠʨʘʥ ʤʝʪʦʜ ʟʘ 

ʧʦʜʦʙʨʫʚʘˁʝ ʢʦʿ ʩʝ ʬʦʢʫʩʠʨʘ ʥʘ ʧʝʨʬʦʨʤʘʥʩʠʪʝ ʥʘ ʦʧʨʝʤʘʪʘ ʚʦ ʧʨʦʮʝʩʦʪ. ʉʝʢʦʿ 

ʚʨʘʙʦʪʝʥ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʝ ʦʜʛʦʚʦʨʝʥ ʟʘ ʩʝʚʢʫʧʥʘʪʘ ʝʬʝʢʪʠʚʥʦʩʪ ʥʘ ʦʧʨʝʤʘʪʘ (ʘʥʛ. 

Overall Equipment Effectiveness - OEE %) ʰʪʦ ʝ ʢʦʥʮʝʧʪʫʘʣʥʦ ʧʦʨʘʟʣʠʯʥʦ ʦʜ ʤʠʥʘʪʦʪʦ 

ʢʘʜʝ ʰʪʦ ʩʘʤʦ ʪʠʤʦʪ ʦʜ ʦʜʨʞʫʚʘˁʝ ʙʠʣ ʦʜʛʦʚʦʨʝʥ ʟʘ ʦʧʨʝʤʘʪʘ. ʉʧʦʨʝʜ TPM, 

ʦʧʝʨʘʪʦʨʠʪʝ ʩʝ Ăʩʦʧʩʪʚʝʥʠʮʠ ʥʘ ʤʘʰʠʥʠʪʝ", ʦʙʫʯʝʥʠ ʠ ʦʚʣʘʩʪʝʥʠ ʟʘ ʩʣʝʜʝˁʝ ʠ 

ʢʦʥʪʠʥʫʠʨʘʥʦ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʥʠʚʥʠʪʝ ʧʝʨʬʦʨʤʘʥʩʠ. ʀʥʞʝʥʝʨʠʪʝ ʠ ʦʜʨʞʫʚʘʯʠʪʝ ʛʠ 

ʦʙʝʟʙʝʜʫʚʘʘʪ ʢʣʫʯʥʠʪʝ ʫʩʣʫʛʠ ʟʘ ʦʧʝʨʘʪʠʚʥʦʪʦ ʨʘʙʦʪʝˁʝ ʠ ʧʦʩʪʠʛʥʫʚʘˁʝ ʥʘ ʝʬʠʢʘʩʥʦʩʪ 

ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ, ʤʝʨʝʥʦ ʧʨʝʢʫ ʆɽɽ %. ʄʝʥʘ˅ʤʝʥʪʦʪ ʝ ʦʜʛʦʚʦʨʝʥ ʟʘ ʚʦʩʧʦʩʪʘʚʫʚʘˁʝ 

ʥʘ ʩʪʨʫʢʪʫʨʘ ʟʘ ʧʦʩʪʠʛʥʫʚʘˁʝ ʥʘ ʮʝʣʠʪʝ ʥʘ TPM.  

ʂʘʿʟʝʥ ʥʘ ʿʘʧʦʥʩʢʠ ʟʥʘʯʠ Ăʧʨʦʤʝʥʘ ʥʘ ʧʦʜʦʙʨʦ", ʢʦʿʘ ʤʦʞʝ ʜʘ ʩʝ ʪʦʣʢʫʚʘ ʢʘʢʦ 

ʥʘʧʦʨ ʟʘ ʢʦʥʪʠʥʫʠʨʘʥʦ ʧʦʜʦʙʨʫʚʘˁʝ. ʂʘʿʟʝʥ ʙʣʠʮ (ʘʥʛ. Blitz) ʝ ʙʨʟʘ ʘʥʘʣʠʟʘ ʥʘ 

ʩʧʝʮʠʬʠʯʥʠ ʩʠʪʫʘʮʠʠ ʢʦʠ ʪʨʝʙʘ ʜʘ ʨʝʟʫʣʪʠʨʘʘʪ ʩʦ ʙʨʟʠ ʧʦʜʦʙʨʫʚʘˁʘ. ʆʚʘ ʦʙʠʯʥʦ ʩʝ 

ʠʤʧʣʝʤʝʥʪʠʨʘ ʚʦ ʦʙʣʘʩʪʠ ʢʘʜʝ ʰʪʦ ʧʦʩʪʦʠ ʩʝʨʠʦʟʥʘ ʟʘʢʘʥʘ ʟʘ ʦʨʛʘʥʠʟʘʮʠʿʘʪʘ.  

5S ʩʝ ʦʜʥʝʩʫʚʘ ʥʘ ʧʝʪʪʝ ʜʠʩʮʠʧʣʠʥʠ ʟʘ ʦʜʨʞʫʚʘˁʝ ʥʘ ʝʬʠʢʘʩʥʦ ʠ ʝʬʝʢʪʠʚʥʦ 

ʨʘʙʦʪʥʦ ʤʝʩʪʦ, ʧʦʜʝʜʥʘʢʚʦ ʧʨʠʤʝʥʝʪʠ ʚʦ ʬʘʙʨʠʢʠ, ʢʘʥʮʝʣʘʨʠʠ ʠʪʥ. 5S ʘʣʘʪʢʘʪʘ ʦʙʠʯʥʦ 

ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʝʬʠʢʘʩʥʦ ʝʣʠʤʠʥʠʨʘˁʝ ʥʘ ʟʘʛʫʙʠʪʝ, ʩʦ ʩʣʝʜʥʠʪʝ ʯʝʢʦʨʠ: ʩʦʨʪʠʨʘˁʝ ʠ 

ʦʪʩʪʨʘʥʫʚʘˁʝ ʥʘ ʩʠʪʝ ʥʝʧʦʪʨʝʙʥʠ ʧʨʝʜʤʝʪʠ (ʿʘʧ. Seiri), ʧʦʩʪʘʚʫʚʘˁʝ ʥʘ ʩʠʪʝ ʧʦʪʨʝʙʥʠ 

ʧʨʝʜʤʝʪʠ ʜʘ ʩʝ ʣʝʩʥʦ ʜʦʩʪʘʧʥʠ (ʿʘʧ. Seiton), ʯʠʩʪʝˁʝ ʠ ʢʦʥʪʨʦʣʠʨʘˁʝ ʥʘ ʦʧʢʨʫʞʫʚʘˁʝʪʦ 

(ʿʘʧ. Seiso), ʩʪʘʥʜʘʨʜʠʟʠʨʘˁʝ ʥʘ ʧʝʨʬʦʨʤʘʥʩʦʪ (ʿʘʧ. Seiketsu), ʦʜʨʞʣʠʚʦʩʪ ʥʘ ʨʝʫʣʪʘʪʠʪʝ 

ʠ ʢʦʥʪʠʥʫʠʨʘʥʦ ʧʦʜʦʙʨʫʚʘˁʝ (ʿʘʧ. Shitsuke). ʆʚʘʘ ʘʣʘʪʢʘ ʝ ʦʜ ʦʩʦʙʝʥʘ ʚʘʞʥʦʩʪ ʟʘ 

ʩʝʚʢʫʧʥʦʪʦ ʧʨʝʚʝʥʪʠʚʥʦ ʦʜʨʞʫʚʘˁʝ, ʟʘ ʝʣʠʤʠʥʠʨʘˁʝ ʥʘ ʟʘʛʫʙʠʪʝ ʠ ʟʘ Ăʂʘʿʟʝʥ 

ʥʘʩʪʘʥʠʪʝ".  

ʀʟʙʝʛʥʫʚʘˁʝ ʥʘ ʛʨʝʰʢʠ (ʿʘʧ. Poka Yoke) ʝ ʤʝʪʦʜ ʟʘ ʜʠʟʘʿʥʠʨʘˁʝ ʥʘ ʧʨʦʠʟʚʦʜʠ, 

ʤʘʰʠʥʠ, ʘʣʘʪʢʠ ʠ ʧʨʦʮʝʩʠ ʥʘ ʪʘʢʦʚ ʥʘʯʠʥ ʰʪʦ ʧʦʿʘʚʘʪʘ ʥʘ ʜʝʬʝʢʪʠ ʝ ʬʠʟʠʯʢʠ 

ʥʝʚʦʟʤʦʞʥʘ. ʅʘ ʧʨʠʤʝʨ, ʤʘʰʠʥʘʪʘ ʤʦʞʝ ʜʘ ʙʠʜʝ ʧʨʦʝʢʪʠʨʘʥʘ ʪʘʢʘ ʰʪʦ ʥʝʤʘ ʜʘ ʧʨʠʬʘʪʠ 

ʜʝʬʝʢʪʥʠ ʧʨʦʠʟʚʦʜʠ ʦʜ ʧʨʝʪʦʜʥʠʪʝ ʧʨʦʮʝʩʠ.  

Jidoka ʤʦʞʝ ʜʘ ʩʝ ʦʧʠʰʝ ʢʘʢʦ Ăʠʥʪʝʣʠʛʝʥʪʥʘ ʘʚʪʦʤʘʪʠʟʘʮʠʿʘ" ʠʣʠ Ăʘʚʪʦʤʘʪʠʟʘʮʠʿʘ 

ʩʦ ʯʦʚʝʯʢʠ ʜʦʧʠʨñ, [62]. ʆʚʦʿ ʪʠʧ ʥʘ ʘʚʪʦʤʘʪʠʟʘʮʠʿʘ ʿʘ ʦʜʜʝʣʫʚʘ ʨʘʙʦʪʘʪʘ ʥʘ ʦʧʝʨʘʪʦʨʠʪʝ 

ʦʜ ʨʘʙʦʪʘʪʘ ʥʘ ʤʘʰʠʥʠʪʝ, ʧʨʝʢʫ ʥʘʜʛʨʘʜʙʘ ʥʘ ʤʘʰʠʥʠʪʝ ʩʦ ʤʝʭʘʥʠʟʤʠ ʢʦʠ ˃ʝ 

ʜʝʪʝʢʪʠʨʘʘʪ ʘʙʥʦʨʤʘʣʥʦʩʪʠ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ. ʉʧʦʨʝʜ ʐʠʛʝʦ ʐʠʥʛʦ ʧʦʩʪʦʿʘʪ ʜʚʘʝʩʝʪ 

ʠ ʪʨʠ ʬʘʟʠ ʧʦʤʝʺʫ ʨʘʯʥʦ ʠ ʮʝʣʦʩʥʦ ʘʚʪʦʤʘʪʠʟʠʨʘʥʦ ʨʘʙʦʪʝˁʝ. ɿʘ ʜʘ ʩʝ ʮʝʣʦʩʥʦ 

ʘʚʪʦʤʘʪʠʟʠʨʘʥʠ, ʤʘʰʠʥʠʪʝ ʤʦʨʘ ʜʘ ʙʠʜʘʪ ʩʧʦʩʦʙʥʠ ʜʘ ʛʠ ʜʝʪʝʢʪʠʨʘʘʪ ʠ ʜʘ ʛʠ ʢʦʨʝʛʠʨʘʘʪ 

ʩʦʧʩʪʚʝʥʠʪʝ ʦʧʝʨʘʪʠʚʥʠ ʧʨʦʙʣʝʤʠ. ʉʝʧʘʢ, ʜʝʚʝʜʝʩʝʪ ʧʨʦʮʝʥʪʠ ʦʜ ʧʨʠʜʦʙʠʚʢʠʪʝ ʥʘ 

ʮʝʣʦʩʥʘʪʘ ʘʚʪʦʤʘʪʠʟʘʮʠʿʘ ʤʦʞʝ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʩʦ ʠʤʧʣʝʤʝʥʪʠʨʘˁʝ ʥʘ ʠʥʪʝʣʠʛʝʥʪʥʘ 

ʘʚʪʦʤʘʪʠʟʘʮʠʿʘ, ʰʪʦ ʝ ʮʝʥʦʚʥʦ ʤʥʦʛʫ ʧʦʠʩʧʣʘʪʣʠʚʦ ɿʘ ʠʤʧʣʝʤʝʥʪʠʨʘˁʝ ʥʘ Jidoka, ʥʝ 

ʩʘʤʦ ʰʪʦ ʪʨʝʙʘ ʜʘ ʩʝ ʢʦʨʝʛʠʨʘ ʜʝʬʝʢʪʦʪ ʥʘ ʧʨʦʠʟʚʦʜʦʪ ʥʘ ʩʘʤʘʪʘ ʩʪʘʥʠʮʘ ʢʘʜʝ ʰʪʦ ʝ 

ʦʪʢʨʠʝʥ, ʪʫʢʫ ʝ ʧʦʪʨʝʙʥʦ ʠ ʜʘ ʩʝ ʦʪʢʨʠʝ ʠʟʚʦʨʥʘʪʘ ʧʨʠʯʠʥʘ ʟʘ ʧʦʿʘʚʘ ʥʘ ʜʝʬʝʢʪʦʪ ʘ ʧʦʪʦʘ 

ʠ ʜʘ ʩʝ ʧʨʦʤʝʥʠ ʧʨʦʮʝʩʦʪ ʟʘ ʜʘ ʩʝ ʦʪʩʪʨʘʥʠ ʤʦʞʥʦʩʪʘ ʟʘ ʧʦʚʪʦʨʥʦ ʧʦʿʘʚʘ ʥʘ ʠʩʪʘʪʘ 

ʛʨʝʰʢʘ. ʀʥʪʝʣʝʛʝʥʪʥʘʪʘ ʘʚʪʦʤʘʪʠʟʘʮʠʿʘ ʢʘʢʦ ʧʨʠʥʮʠʧ ʛʠ ʠʟʚʨʰʫʚʘ ʩʣʝʜʥʠʪʝ ʯʝʪʠʨʠ 

ʚʘʞʥʠ ʯʝʢʦʨʠ, [63]:  

¶ ɻʠ ʜʝʪʝʢʪʠʨʘ ʘʙʥʦʨʤʘʣʥʦʩʪʠʪʝ: ʆʚʘ ʚʢʣʫʯʫʚʘ ʧʦʩʪʘʚʫʚʘˁʝ ʥʘ ʤʝʭʘʥʠʟʘʤ ʟʘ 

ʜʝʪʝʢʮʠʿʘ ʚʦ ʢʨʠʪʠʯʥʠʪʝ ʪʦʯʢʠ ʥʘ ʧʨʦʠʟʚʦʜʥʘʪʘ ʣʠʥʠʿʘ, ʟʘ ʜʘ ʛʠ ʠʜʝʥʪʠʬʠʢʫʚʘ 

ʛʨʝʰʢʠʪʝ ʠʣʠ ʜʝʬʝʢʪʠʪʝ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ.  
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¶ ɱʘ ʟʘʧʠʨʘ ʧʨʦʠʟʚʦʜʥʘʪʘ ʩʝʢʚʝʥʮʘ: ʇʦʩʣʝ ʜʝʪʝʢʮʠʿʘʪʘ ʥʘ ʙʠʣʦ ʢʘʢʚʘ 

ʘʙʥʦʨʤʘʣʥʦʩʪ ʩʝ ʟʘʧʠʨʘ ʩʧʝʮʠʬʠʯʥʘʪʘ ʩʝʢʚʝʥʮʘ ʦʜ ʧʨʦʠʟʚʦʜʥʠʦʪ ʧʨʦʮʝʩ. 

ʇʦʥʝʢʦʛʘʰ ʩʝ ʟʘʧʠʨʘ ʠ ʮʝʣʠʦʪ ʧʨʦʠʟʚʦʜʝʥ ʧʨʦʮʝʩ ʚʦ ʩʣʫʯʘʿ ʢʦʛʘ ʛʨʝʰʢʘʪʘ ʝ ʩʦ 

ʛʦʣʝʤʘ ʚʝʨʦʿʘʪʥʦʩʪ ʜʘ ʧʨʝʜʠʟʚʠʢʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʘ ʨʝʘʢʮʠʿʘ ʠ ʜʘ ʛʠ ʠʥʚʦʣʚʠʨʘ 

ʠ ʜʨʫʛʠʪʝ ʧʨʦʮʝʩʠ. 

¶ ʀʪʥʘ ʢʦʨʝʢʮʠʿʘ ʥʘ ʩʠʪʫʘʮʠʿʘʪʘ: ʄʘʠhʥʠʪʝ ʦʧʨʝʤʝʥʠ ʩʦ ʘʚʪʦʤʘʪʩʢʠ ʩʠʩʪʝʤ ʟʘ 

ʩʘʤʦ-ʢʦʨʝʛʠʨʘˁʝ ʠʩʧʨʘ˃ʘʘʪ ʩʠʛʥʘʣ ʜʦ ʧʨʦʮʝʩʦʨʩʢʠʦʪ ʩʠʩʪʝʤ ʟʘ 

ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʥʘ ʧʨʦʙʣʝʤʦʪ ʠ ʜʦʙʠʚʘʘʪ ʧʦʚʨʘʪʝʥ ʩʠʛʥʘʣ ʟʘ ʢʦʨʝʢʪʠʚʥʘ 

ʘʢʮʠʿʘ.  

¶ ɸʥʘʣʠʟʘ ʥʘ ʠʟʚʦʨʥʘʪʘ ʧʨʠʯʠʥʘ ʟʘ ʧʦʿʘʚʘ ʥʘ ʛʨʝʰʢʘ  ʠ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ ʥʘ 

ʢʦʨʝʢʪʠʚʥʠ ʤʝʨʢʠ: ʇʨʝʛʣʝʜʦʪ ʥʘ ʩʠʩʪʝʤʦʪ ʝ ʢʨʠʪʠʯʥʘ ʬʫʥʢʮʠʿʘ ʥʘ 

ʠʥʪʝʣʠʛʝʥʪʥʘʪʘ ʘʚʪʦʤʘʪʠʟʘʮʠʿʘ ʠ ʚʢʣʫʯʫʚʘ ʠʩʪʨʘʞʫʚʘˁʝ ʥʘ ʩʠʪʝ ʠʥʮʠʜʝʥʪʠ ʠ 

ʛʨʝʰʢʠ ʦʜ ʤʠʥʘʪʦʪʦ, ʩʦ ʮʝʣ ʜʘ ʩʝ ʠʜʝʥʪʠʬʠʢʫʚʘ ʰʪʦ ʛʠ ʧʨʝʜʠʟʚʠʢʘʣʦ ʠ ʢʘʢʦ ʜʘ 

ʩʝ ʩʧʨʝʯʠ ʥʠʚʥʦ ʧʦʚʪʦʨʫʚʘˁʝ ʚʦ ʠʜʥʠʥʘ.  
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5 ʋʃʆɻɸʊɸ ʅɸ ʀʅɼʋʉʊʈʀɱɸ 4.0 ɺʆ ʄɽʅɸɷʀʈɸɳɽ ʉʆ ʂɺɸʃʀʊɽʊʆʊ 

5.1 ɺʦʚʝʜ ʚʦ ʀʥʜʫʩʪʨʠʿʘ 4.0 

ʇʦʟʥʘʪʘ ʢʘʢʦ ʯʝʪʚʨʪʘ ʠʥʜʫʩʪʨʠʩʢʘ ʨʝʚʦʣʫʮʠʿʘ, ʀʥʜʫʩʪʨʠʿʘ  4.0 ʩʪʘʥʫʚʘ ʥʘʿʘʢʪʫʝʣʥʘ  

ʪʝʤʘ ʚʦ ʧʦʩʣʝʜʥʠʪʝ ʥʝʢʦʣʢʫ ʛʦʜʠʥʠ, [64]. ʀʥʜʫʩʪʨʠʿʘ 4.0 ʝ ʠʥʠʮʠʨʘʥʘ ʦʜ ɻʝʨʤʘʥʩʢʘʪʘ 

ʚʣʘʜʘ ʚʦ 2011 ʢʘʢʦ ʥʘʿʚʘʞʥʘ ʩʪʨʘʪʝʛʠʿʘ ʜʦ 2020, [65]. ʀʥʪʝʨʥʘʮʠʦʥʘʣʥʠʦʪ ʝʢʚʠʚʘʣʝʥʪ ʥʘ 

ʀʥʜʫʩʪʨʠʿʘ 4.0 ʚʦ ʉɸɼ ʝ Ăʂʦʥʟʦʨʮʠʫʤ ʥʘ ʠʥʜʫʩʪʨʠʩʢʠ ʠʥʪʝʨʥʝʪ (ʘʥʛ. Industrial Internet 

Consortium)ò, ʚʦ ʂʠʥʘ ʝ Ăʀʥʪʝʨʥʝʪ ʧʣʫʩ ʠʥʠʮʠʘʿʪʠʚʘ (ʘʥʛ. Internat Plus Initiative)ò [66], a 

ʚʦ ʐʚʝʪʩʢʘ ʝ Ăʀʥʜʫʩʪʨʠʿʘ 2025ò, [67].   

ɺʦ ʧʦʩʣʝʜʥʦ ʚʨʝʤʝ ʠʥʜʫʩʪʨʠʿʘʪʘ ʧʦʯʥʘ ʜʘ ʛʠ ʠʥʪʝʛʨʠʨʘ ʠʥʪʝʨʥʝʪʦʪ ʠ 

ʢʦʤʧʿʫʪʝʨʩʢʠʪʝ ʩʠʩʪʝʤʠ ʚʦ ʠʥʜʫʩʪʨʠʩʢʠʪʝ ʩʠʩʪʝʤʠ, ʧʨʝʪʩʪʘʚʫʚʘʿ˃ʠ ʛʦ ʠʥʪʝʨʥʝʪʦʪ ʥʘ 

ʥʝʰʪʘʪʘ, ʠʥʪʝʣʠʛʝʥʪʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʨʘʙʦʪʘʪʘ ʩʦ ʛʦʣʝʤʠ ʢʦʣʠʯʠʥʠ ʥʘ ʧʦʜʘʪʦʮʠ ʠ 

ʥʠʚʥʘ ʘʥʘʣʠʟʘ, ʩʘʿʙʝʨ-ʬʠʟʠʯʢʠʪʝ ʩʠʩʪʝʤʠ ʠ ʩʝʥʟʦʨʠʪʝ ʢʘʢʦ ʦʩʥʦʚʘ ʥʘ ʀʥʜʫʩʪʨʠʿʘ 4.0, 

[68]. ʈʘʩʪʝʯʢʘ ʥʘʧʨʝʜʥʘ ʜʠʛʠʪʘʣʠʟʘʮʠʿʘ  ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʿʘ ʚʦ ʠʥʜʫʩʪʨʠʿʘʪʘ ʢʨʝʠʨʘ 

ʜʠʛʠʪʘʣʝʥ ʣʘʥʝʮ ʥʘ ʚʨʝʜʥʦʩʪʠ ʢʦʿ ʛʠ ʝʣʠʤʠʥʠʨʘ ʛʨʘʥʠʮʠʪʝ ʧʦʤʝʺʫ ʜʠʛʠʪʘʣʥʠʦʪ ʠ 

ʬʠʟʠʯʢʠʦʪ ʩʚʝʪ, [69]. ʆʚʠʝ ʥʦʚʠ ʢʦʥʮʝʧʪʠ ʩʦ ʛʦʣʝʤ ʩʪʝʧʝʥ ʥʘ ʘʚʪʦʤʘʪʠʟʘʮʠʿʘ ʠ 

ʠʥʪʝʛʨʘʮʠʿʘ ʿʘ ʤʦʜʠʬʠʮʠʨʘʘʪ ʨʝʘʣʥʦʩʪʘ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ, ʩʦʟʜʘʚʘʿ˃ʠ ʠʥʪʝʨʘʢʮʠʿʘ ʥʘ 

ʯʦʚʝʢ-ʩʦ-ʯʦʚʝʢ, ʥʘ ʯʦʚʝʢ-ʩʦ-ʤʘʰʠʥʘ, ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʩʦ ʧʦʙʘʨʫʚʘʯʢʘʪʘ, ʥʘ ʬʠʟʠʯʢʠʦʪ 

ʩʦ ʜʠʛʠʪʘʣʥʠʦʪ ʩʚʝʪ, ʦʚʦʟʤʦʞʫʚʘʿ˃ʠ ʛʦʣʝʤʘ ʬʣʝʢʩʠʙʠʣʥʦʩʪ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ, [70]. ɺʦ 

ʧʨʦʜʦʣʞʝʥʠʝ ʝ ʜʘʜʝʥ ʦʧʠʩ ʥʘ ʛʣʘʚʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʪʝʨʤʠʥʦʣʦʛʠʠ ʢʦʠ ʩʝ ʢʦʨʠʩʪʘʪ ʚʦ 

ʀʥʜʫʩʪʨʠʿʘ 4.0.  

ʉʘʿʙʝʨ ʬʠʟʠʯʢʠʦʪ ʩʠʩʪʝʤ (ʘʥʛ. Cyber Physical System - CPS) ʝ ʢʦʥʮʝʧʪ ʥʘ 

ʠʥʪʝʛʨʘʮʠʿʘ ʧʦʤʝʺʫ ʬʠʟʠʯʢʠʦʪ ʠ ʜʠʛʠʪʘʣʥʠʦʪ ʩʚʝʪ ʩʦ ʘʥʘʣʠʪʠʯʢʠ ʠʥʩʪʨʫʤʝʥʪʠ ʢʦʠ 

ʠʤʘʘʪ ʟʘ ʮʝʣ ʜʘ ʿʘ ʧʦʜʦʙʨʘʪ ʝʬʠʢʘʩʥʦʩʪʘ ʚʦ ʠʥʜʫʩʪʨʠʿʘʪʘ, [71]. ʂʦʥʚʝʨʛʠʨʘˁʝʪʦ ʧʦʤʝʺʫ 

ʬʠʟʠʯʢʠʦʪ ʠ ʚʠʨʪʫʝʣʥʠʦʪ ʩʠʩʪʝʤ ʚʦ ʠʥʜʫʩʪʨʠʠʪʝ ʤʦʞʝ ʜʘ ʩʝ ʧʦʜʝʣʠ ʥʘ ʯʝʪʠʨʠ ʬʘʟʠ. ɺʦ 

ʧʨʚʘʪʘ ʬʘʟʘ ʧʦʩʪʦʠ ʩʘʤʦ ʬʠʟʠʯʢʠʦʪ ʧʨʦʩʪʦʨ ʠ ʩʝ ʟʘʚʠʩʠ ʦʜ ʬʠʟʠʯʢʠʪʝ ʘʢʮʠʠ, ʚʦ ʚʪʦʨʘʪʘ 

ʬʘʟʘ ʩʝ ʢʨʝʠʨʘ ʚʠʨʪʫʝʣʥʠʦʪ ʧʨʦʩʪʦʨ ʠ ʧʦʯʥʫʚʘ ʧʦʜʦʙʨʫʚʘˁʝʪʦ, ʚʦ ʪʨʝʪʘʪʘ ʬʘʟʘ ʧʦʯʥʫʚʘ 

ʠʥʪʝʛʨʘʮʠʿʘʪʘ ʧʦʤʝʺʫ ʬʠʟʠʯʢʠʦʪ ʠ ʚʠʨʪʫʝʣʥʠʦʪ ʧʨʦʩʪʦʨ ʠ ʚʦ ʯʝʪʚʨʪʘʪʘ ʬʘʟʘ ʩʝ ʩʣʫʯʫʚʘ 

ʪʦʪʘʣʥʘ ʠʥʪʝʛʨʘʮʠʿʘ  ʥʘ ʥʘʯʠʥ ʥʘ ʢʦʿ ʰʪʦ ʘʢʮʠʿʘʪʘ ʚʦ ʝʜʥʠʦʪ ʧʨʦʩʪʦʨ ˃ʝ ʧʨʝʜʠʟʚʠʢʘ 

ʥʘʩʪʘʥ ʚʦ ʜʨʫʛʠʦʪ ʧʨʦʩʪʦʨ. ʆʚʘʘ ʪʦʪʘʣʥʘ ʠʥʪʝʛʨʘʮʠʿʘ ʩʝ ʚʠʢʘ ʜʠʛʠʪʘʣʝʥ ʙʣʠʟʥʘʢ ʩʠʩʪʝʤ 

(ʘʥʛ. Digital Twin System ï DTS) ʠ ʩʝ ʩʦʩʪʦʠ ʦʜ ʯʝʪʠʨʠ ʝʣʝʤʝʥʪʠ: ʬʠʟʠʯʢʠ ʩʠʩʪʝʤ (ʘʥʛ. 

Physical System ï PS), ʚʠʨʪʫʝʣʝʥ ʩʠʩʪʝʤ (ʘʥʛ. Virtual System ï VS), ʜʠʛʠʪʘʣʝʥ ʙʣʠʟʥʘʢ 

ʩʠʩʪʝʤ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ (ʘʥʛ.  Shop Floor Digital Twin System ï SDTS) ʠ ʩʝʨʚʠʩʝʥ 

ʩʠʩʪʝʤ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ (ʘʥʛ. Shop Floor Service System ï SSS). DTS ʛʠ ʤʝʥʘ˅ʠʨʘ 

ʧʦʜʘʪʦʮʠʪʝ ʥʘ ʬʠʟʠʯʢʠʦʪ ʩʠʩʪʝʤ ʠ ʧʨʘʚʠ ʩʧʦʨʝʜʙʘ ʩʦ ʚʠʨʪʫʝʣʥʠʦʪ ʩʠʩʪʝʤ, ʧʦʪʦʘ ʜʘʚʘ 

ʧʦʚʨʘʪʥʘ ʠʥʬʦʨʤʘʮʠʿʘ ʜʦ ʩʝʨʚʠʩʥʠʦʪ ʩʠʩʪʝʤ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʢʘʜʝ ʰʪʦ ʩʝ ʚʨʰʠ 

ʠʥʪʝʨʘʢʮʠʿʘ ʩʦ ʩʠʩʪʝʤʠʪʝ ʥʘ ʠʥʜʫʩʪʨʠʩʢʠʦʪ ʤʝʥʘ˅ʤʝʥʪ (ERP ʩʠʩʪʝʤʦʪ ʠ ʠʟʚʨʰʥʠʦʪ 

ʩʠʩʪʝʤ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ). ʇʦ ʩʧʦʨʝʜʙʘʪʘ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ DTS ʛʝʥʝʨʠʨʘ ʘʢʮʠʠ ʟʘ 

ʬʠʟʠʯʢʠʦʪ ʩʠʩʪʝʤ. ʅʘ ʦʚʦʿ ʥʘʯʠʥ ʧʦʜʘʪʦʮʠʪʝ ʚʦ DTS ʩʠʩʪʝʤʦʪ ʧʘʪʫʚʘʘʪ ʚʦ ʩʠʪʝ ʥʘʩʦʢʠ, 

ʛʝʥʝʨʠʨʘʿ˃ʠ ʘʢʮʠʠ ʰʪʦ ʩʝ ʨʝʬʣʝʢʪʠʨʘʘʪ ʠ ʚʦ ʜʚʘʪʘ ʩʠʩʪʝʤʠ, ʬʠʟʠʯʢʠʦʪ ʠ ʚʠʨʪʫʝʣʥʠʦʪ, 

[72].  

ʀʥʪʝʨʥʝʪ ʥʘ ʥʝʰʪʘʪʘ ʝ ʩʠʩʪʝʤ ʦʜ ʤʝʺʫʩʝʙʥʦ ʧʦʚʨʟʘʥʠ ʢʦʤʧʿʫʪʝʨʩʢʠ ʫʨʝʜʠ, 

ʤʝʭʘʥʠʯʢʠ ʠ ʜʠʛʠʪʘʣʥʠ ʤʘʰʠʥʠ, ʦʙʿʝʢʪʠ ʠ ʣʫʺʝ ʢʦʠ ʧʦʩʝʜʫʚʘʘʪ ʫʥʠʢʘʪʥʘ 

ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʠ ʠʤʘʘʪ ʩʧʦʩʦʙʥʦʩʪ ʜʘ ʧʨʝʥʝʩʫʚʘʘʪ ʧʦʜʘʪʦʮʠ ʧʨʝʢʫ ʤʨʝʞʘ ʙʝʟ 

ʠʥʪʝʨʘʢʮʠʿʘ ʥʘ ʯʦʚʝʢ-ʩʦ-ʯʦʚʝʢ ʠʣʠ ʥʘ ʯʦʚʝʢ-ʩʦ-ʢʦʤʧʿʫʪʝʨ. ʆʜ ʧʨʘʢʪʠʯʝʥ ʘʩʧʝʢʪ, 

ʜʝʬʠʥʠʮʠʿʘʪʘ ʟʘ ʠʥʪʝʨʥʝʪ ʥʘ ʥʝʰʪʘʪʘ ʧʨʝʪʩʪʘʚʫʚʘ ʩʪʘʥʜʘʨʜʠʟʘʮʠʿʘ ʠ ʜʠʨʝʢʪʥʘ 

ʜʠʛʠʪʘʣʥʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʥʘ ʬʠʟʠʯʢʠʪʝ ʦʙʿʝʢʪʠ ʧʨʝʢʫ ʢʦʨʠʩʪʝˁʝʪʦ ʥʘ ʙʝʟʞʠʯʥʠ 

ʤʨʝʞʠ, [73]. ɽʜʥʘ ʦʜ ʪʝʭʥʦʣʦʛʠʠʪʝ ʰʪʦ ʛʦ ʦʚʦʟʤʦʞʫʚʘ ʧʦʩʪʦʝˁʝʪʦ ʥʘ ʜʠʛʠʪʘʣʥʠʦʪ 

ʙʣʠʟʥʘʢ ʩʠʩʪʝʤ ʝ ʠʥʪʝʨʥʝʪ ʥʘ ʥʝʰʪʘʪʘ. ɺʦ ʨʘʙʦʪʘʪʘʪʘ ʥʘ ʠʥʪʝʨʥʝʪ ʥʘ ʥʝʰʪʘʪʘ 
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ʫʯʝʩʪʚʫʚʘʘʪ ʪʨʘʜʠʮʠʦʥʘʣʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʢʘʢʦ ʰʪʦ ʩʝ ʙʝʟʞʠʯʥʠʪʝ ʩʝʥʟʦʨʩʢʠ ʤʨʝʞʠ, 

ʢʦʥʪʨʦʣʥʠʪʝ ʩʠʩʪʝʤʠ ʠ ʘʚʪʦʤʘʪʠʢʘʪʘ. ʀʥʪʝʨʥʝʪ ʥʘ ʥʝʰʪʘʪʘ ʠʤ ʦʚʦʟʤʦʞʫʚʘ ʥʘ 

ʢʦʨʠʩʥʠʮʠʪʝ ʜʘ ʤʦʞʘʪ ʜʘ  ʛʠ ʦʙʥʦʚʘʪ, ʩʢʣʘʜʠʨʘʘʪ, ʧʨʝʥʝʩʫʚʘʘʪ ʠ ʧʨʦʮʝʩʠʨʘʘʪ 

ʧʦʜʘʪʦʮʠʪʝ ʠ ʧʦʩʪʦʿʘʥʦ ʜʘ ʦʜʨʞʫʚʘʘʪ ʢʦʥʝʢʮʠʿʘ ʧʦʤʝʺʫ ʚʠʨʪʫʝʣʥʠʦʪ ʠ ʬʠʟʠʯʢʠʦʪ ʩʚʝʪ, 

[74].  

ʉʝʥʟʦʨʠʪʝ ʩʝ ʦʩʥʦʚʥʠ ʫʨʝʜʠ ʢʦʠ ʦʚʦʟʤʦʞʫʚʘʘʪ ʧʦʩʪʦʝˁʝ ʥʘ ʠʥʪʝʨʥʝʪ ʥʘ ʥʝʰʪʘʪʘ, 

ʩʦ ʪʦʘ ʰʪʦ ʦʚʦʟʤʦʞʫʚʘʘʪ ʜʠʛʠʪʘʣʠʟʘʮʠʿʘʪʘ ʦʜ ʬʠʟʠʯʢʠ ʘʩʧʝʢʪ ʜʘ ʩʝ ʠʤʧʣʝʤʝʥʪʠʨʘ ʚʦ 

ʩʝʢʦʿ ʩʠʩʪʝʤ. ʊʠʝ ʝʚʘʣʫʠʨʘʘʪ ʦʜ ʦʙʠʯʥʠ ʩʝʥʟʦʨʠ ʜʦ ʠʥʪʝʣʠʛʝʥʪʥʠ ʩʝʥʟʦʨʠ, 

ʧʨʝʜʠʟʚʠʢʫʚʘʿ˃ʠ ʨʝʚʦʣʫʮʠʿʘ ʚʦ ʧʨʠʙʠʨʘˁʝʪʦ ʥʘ ʧʦʜʘʪʦʮʠʪʝ ʦʜ ʬʠʟʠʯʢʠʪʝ ʩʠʩʪʝʤʠ, 

ʥʠʚʥʘʪʘ ʘʥʘʣʠʟʘ ʠ ʜʠʩʪʨʠʙʫʮʠʿʘ ʜʦ ʠʥʪʝʣʠʛʝʥʪʥʠʪʝ ʩʠʩʪʝʤʠ, [75].  

ʇʘʤʝʪʥʠʪʝ ʬʘʙʨʠʢʠ ʦʚʦʟʤʦʞʫʚʘʘʪ ʠʟʚʨʰʫʚʘˁʝ ʥʘ ʬʣʝʢʩʠʙʠʣʥʠ ʧʨʦʠʟʚʦʜʥʠ 

ʧʨʦʮʝʩʠ ʠ ʠʤʘʘʪ ʩʧʦʩʦʙʥʦʩʪ ʤʥʦʛʫ ʙʨʟʦ ʜʘ ʛʠ ʥʘʜʤʠʥʘʪ ʢʦʤʧʣʝʢʩʥʠʪʝ ʧʨʝʜʠʟʚʠʮʠ ʢʦʠ 

ʩʝ ʧʦʿʘʚʫʚʘʘʪ ʚʦ ʨʝʘʣʥʦʩʪʘ, [76]. ʊʘʢʦʚ ʪʠʧ ʥʘ ʨʝʰʝʥʠʝ ʢʦʝ ʚʦʜʠ ʜʦ ʦʧʪʠʤʠʟʘʮʠʿʘ ʥʘ 

ʧʨʦʮʝʩʠʪʝ ʩʝ ʧʦʚʨʟʫʚʘ ʩʦ ʨʘʩʪʝʯʢʠʦʪ ʪʨʝʥʜ ʥʘ ʘʚʪʦʤʘʪʠʢʘʪʘ ʠ ʩʝ ʠʩʪʘʢʥʫʚʘ ʧʦ 

ʠʥʪʝʛʨʘʮʠʿʘʪʘ ʥʘ ʭʘʨʜʚʝʨ, ʩʦʬʪʚʝʨ ʠ ʤʝʭʘʥʠʢʘ.  

ʈʘʙʦʪʘ ʩʦ ʛʦʣʝʤʠ ʢʦʣʠʯʠʥʠ ʥʘ ʧʦʜʘʪʦʮʠ (ʘʥʛ. Big data) ʛʣʘʚʥʦ ʚʢʣʫʯʫʚʘ 

ʧʨʠʙʠʨʘˁʝ ʥʘ ʧʨʦʮʝʩʥʠ ʧʦʜʘʪʦʮʠ ʦʜ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʚʦ ʨʝʘʣʥʦ ʚʨʝʤʝ ʩʦ ʧʦʤʦʰ ʥʘ 

ʩʝʥʟʦʨʠʪʝ ʠ ʥʠʚʥʘ ʘʥʘʣʠʟʘ, [77]. ʂʦʥʮʝʧʪʦʪ ʥʘ ʨʘʙʦʪʘ ʩʦ ʛʦʣʝʤʘ ʢʦʣʠʯʠʥʘ ʥʘ ʧʦʜʘʪʦʮʠ 

ʩʦʟʜʘʚʘ ʤʦʞʥʦʩʪ ʠʥʜʫʩʪʨʠʿʘʪʘ ʜʘ ʛʝʥʝʨʠʨʘ ʧʨʦʠʟʚʦʜʠ ʢʦʠ ʩʝ ʩʦ ʧʦʚʠʩʦʢʘ ʜʦʜʘʜʝʥʘ 

ʚʨʝʜʥʦʩʪ, [78]. ɼʦʜʝʢʘ ʨʘʙʦʪʘʪʘ ʩʦ ʛʦʣʝʤʘ ʢʦʣʠʯʠʥʘ ʥʘ ʧʦʜʘʪʦʮʠ ʛʦ ʝʢʩʪʨʘʭʠʨʘ ʟʥʘʝˁʝʪʦ 

ʦʜ ʧʦʜʘʪʦʮʠʪʝ ʜʦʙʠʝʥʠ ʦʜ ʬʠʟʠʯʢʠʪʝ ʩʠʩʪʝʤʠ, ʚʝʰʪʘʯʢʘʪʘ ʠʥʪʝʣʠʛʝʥʮʠʿʘ ʠ ʤʘʰʠʥʩʢʦʪʦ 

ʫʯʝˁʝ ʛʦ ʧʨʦʮʝʩʠʨʘʘʪ ʦʚʘ ʟʥʘʝˁʝ ʟʘ ʥʦʩʝˁʝ ʥʘ ʥʘʿʜʦʙʨʘ ʦʜʣʫʢʘ ʚʦ ʦʜʥʦʩ ʥʘ ʘʢʮʠʠʪʝ ʰʪʦ 

ʪʨʝʙʘ ʜʘ ʛʠ ʧʨʝʚʟʝʤʝ ʩʠʩʪʝʤʦʪ, [79]. ʀʤʧʣʝʤʝʥʪʠʨʘˁʝʪʦ ʥʘ ʨʘʙʦʪʘ ʩʦ ʛʦʣʝʤʘ ʢʦʣʠʯʠʥʘ 

ʥʘ ʧʦʜʘʪʦʮʠ ʝ ʟʘʩʪʘʧʝʥʦ ʚʦ ʨʘʟʣʠʯʥʠ ʩʬʝʨʠ, ʠ ʪʦʘ: ʚʦ ʬʠʥʘʥʩʠʠʪʝ, ʚʦ ʟʜʨʘʚʩʪʚʦʪʦ, ʚʦ 

ʢʦʤʫʥʠʢʘʮʠʠʪʝ, ʙʝʟʙʝʜʥʦʩʪʘ ʠ ʠʥʜʫʩʪʨʠʩʢʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ, [80].  

5.2 ʄʝʥʘ˅ʠʨʘˁʝʪʦ ʩʦ ʢʚʘʣʠʪʝʪ ʚʦ ʝʨʘʪʘ ʥʘ ʀʥʜʫʩʪʨʠʿʘ 4.0 

ʅʘʿʛʦʣʝʤ ʜʝʣ ʦʜ ʠʩʪʨʘʞʫʚʘʯʢʠʪʝ ʪʨʫʜʦʚʠ ʜʦʩʝʛʘ ʩʝ ʬʦʢʫʩʠʨʘʘʪ ʥʘ ʪʝʭʥʦʣʦʰʢʠʦʪ 

ʘʩʧʝʢʪ ʥʘ ʀʥʜʫʩʪʨʠʿʘ 4.0. ɺʦ ʧʨʦʜʦʣʞʝʥʠʝ ˃ʝ ʜʘʜʝʤʝ ʫʚʠʜ ʥʘ ʠʜʝʥʪʠʬʠʢʫʚʘʥʠʦʪ 

ʧʦʪʝʥʮʠʿʘʣ ʥʘ ʀʥʜʫʩʪʨʠʿʘ 4.0 ʧʦʚʨʟʘʥ ʩʦ Lean ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʠ ʤʝʥʘ˅ʠʨʘˁʝʪʦ ʩʦ 

ʢʚʘʣʠʪʝʪ. ʇʦʚʝ˃ʝ ʘʚʪʦʨʠ ʫʢʘʞʫʚʘʘʪ ʥʘ ʥʝʦʧʭʦʜʥʦʩʪʘ ʥʘ ʠʥʪʝʛʨʠʨʘˁʝ ʥʘ ʦʚʠʝ 

ʜʠʩʮʠʧʣʠʥʠ [81], [82], [83].   

ʉʧʦʨʝʜ ʠʩʪʨʘʞʫʚʘˁʘʪʘ ʥʘ Julian Muller [84] ʩʧʨʦʚʝʜʝʥʠ ʚʦ 204 ʢʦʤʧʘʥʠʠ, 

ʥʘʿʛʦʣʝʤʦ ʝ ʚʣʠʿʘʥʠʝʪʦ ʥʘ ʀʥʜʫʩʪʨʠʿʘ 4.0 ʚʨʟ ʘʢʪʠʚʥʦʩʪʠʪʝ ʧʦʚʨʟʘʥʠ ʩʦ ʧʣʘʥʠʨʘˁʝ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ, ʩʣʝʜʣʠʚʦʩʪ ʥʘ ʤʘʪʝʨʠʿʘʣʠ ʠ ʧʦʣʫʧʨʦʠʟʚʦʜʠ, ʣʦʛʠʩʪʠʢʘ ʠ ʤʝʥʘ˅ʠʨʘˁʝ 

ʩʦ ʨʝʢʣʘʤʘʮʠʠ.   

Davies [85] ʪʚʨʜʠ ʜʝʢʘ ʧʝʨʬʦʨʤʘʥʩʦʪ ʥʘ Lean ʠ ʐʝʩʪ ʉʠʛʤʘ ʤʦʞʝ ʜʘ ʩʝ ʧʦʜʦʙʨʠ ʩʦ 

ʧʨʠʤʝʥʘ ʥʘ ʩʘʿʙʝʨ ʬʠʟʠʯʢʠʦʪ ʩʠʩʪʝʤ ʥʘ ʀʥʜʫʩʪʨʠʿʘ 4.0, ʢʦʿ ʦʚʦʟʤʦʞʫʚʘ ʧʨʠʩʪʘʧ ʥʘ 

ʦʧʝʨʘʪʠʚʥʠʪʝ ʧʦʜʘʪʦʮʠ ʚʦ ʨʝʘʣʥʦ ʚʨʝʤʝ. ʉʧʦʨʝʜ ʠʩʪʨʘʞʫʚʘˁʘʪʘ ʥʘ Pereira [86], CPS 

ʤʦʞʝ ʜʘ ʙʠʜʝ ʦʜ ʧʦʤʦʰ ʧʨʠ ʧʦʝʜʥʦʩʪʘʚʫʚʘˁʝ ʥʘ ʫʧʦʪʨʝʙʘʪʘ ʥʘ Lean ʘʣʘʪʢʠʪʝ ʢʘʢʦ ʰʪʦ 

ʩʝ ɸʥʜʦʥ ʩʠʩʪʝʤʦʪ, e-ʂʘʥʙʘʥ ʠ ʜʨʫʛʠʪʝ ʪʝʭʥʠʢʠ ʟʘ ʧʦʚʣʝʢʫʚʘˁʝ ʠ ʢʦʥʪʨʦʣʘ ʥʘ 

ʤʘʪʝʨʠʿʘʣʠʪʝ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ. ɺʦ ʦʜʥʦʩ ʥʘ ʦʜʨʞʫʚʘˁʝʪʦ ʥʘ ʦʧʨʝʤʘʪʘ, CPS ʝ ʩʧʦʩʦʙʝʥ 

ʜʘ ʧʨʠʙʝʨʝ ʠʥʬʦʨʤʘʮʠʠ ʙʠʪʥʠ ʟʘ ʦʜʨʞʫʚʘˁʝʪʦ ʠ ʘʚʪʦʤʘʪʩʢʠ ʜʘ ʠʩʧʨʘʪʠ ʩʠʛʥʘʣ ʜʦ ʪʠʤʦʪ 

ʦʜʛʦʚʦʨʝʥ ʟʘ ʦʧʨʝʤʘʪʘ. ʌʫʥʢʮʠʦʥʠʨʘˁʝʪʦ ʥʘ Jidoka (ʢʦʥʪʨʦʣʘ ʥʘ ʢʚʘʣʠʪʝʪ ʥʘ ʩʘʤʘʪʘ 

ʨʘʙʦʪʥʘ ʩʪʘʥʠʮʘ) ʠʩʪʦ ʪʘʢʘ ʤʦʞʝ ʜʘ ʩʝ ʧʦʜʦʙʨʠ ʩʦ ʩʘʿʙʝʨ ʬʠʟʠʯʢʠʦʪ ʩʠʩʪʝʤ. 

Xu ʠ Chen [87] ʧʨʝʜʣʘʛʘʘʪ ʨʘʤʢʘ ʢʦʿʘ ʛʠ ʢʦʨʠʩʪʠ ʠʥʪʝʨʥʝʪ ʥʘ ʥʝʰʪʘʪʘ ʟʘ ʜʘ ʛʦ 

ʧʦʜʜʨʞʠ ʜʠʥʘʤʠʯʢʦʪʦ ʧʣʘʥʠʨʘˁʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ. ʆʚʦʿ ʩʠʩʪʝʤ ʝ ʩʧʦʩʦʙʝʥ ʜʘ ʨʝʘʛʠʨʘ 
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ʥʘ ʜʠʥʘʤʠʯʢʠʪʝ ʧʨʦʤʝʥʠ ʰʪʦ ʩʝ ʦʜʥʝʩʫʚʘʘʪ ʥʘ ʧʣʘʥʦʪ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ 

ʨʘʩʧʦʣʦʞʣʠʚʠʪʝ ʨʝʩʫʨʩʠ, ʦʚʦʟʤʦʞʫʚʘʿ˃ʠ ʠʤ ʥʘ ʢʦʨʠʩʥʠʮʠʪʝ ʜʘ ʛʦ ʩʝʪʠʨʘʘʪ ʥʦʚʠʦʪ ʧʣʘʥ 

ʜʦʜʝʢʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʝ ʚʦ ʪʝʢ. Kukushkin [88] ʦʧʠʰʫʚʘ ʥʦʚ ʢʦʥʮʝʧʪ ʟʘ ʧʣʘʥʠʨʘˁʝ ʠ 

ʘʥʘʣʠʟʘ ʥʘ ʧʨʦʠʟʚʦʜʥʠʪʝ ʣʠʥʠʠ ʩʦ ʢʦʨʠʩʪʝˁʝ ʥʘ ʤʦʜʝʣ ʟʘ ʩʠʤʫʣʘʮʠʿʘ.  

ʉʧʦʨʝʜ Witkowski [89] ʤʦʜʝʣʦʪ ʢʦʿ ʢʦʨʠʩʪʠ ʨʘʙʦʪʘ ʩʦ ʛʦʣʝʤʘ ʢʦʣʠʯʠʥʘ ʥʘ ʧʦʜʘʪʦʮʠ 

˃ʝ ʧʦʤʦʛʥʝ ʜʘ ʩʝ ʩʢʣʘʜʠʨʘʘʪ ʠ ʘʥʘʣʠʟʠʨʘʘʪ ʧʦʜʘʪʦʮʠ ʢʦʠ ʩʝ ʙʠʪʥʠ ʟʘ ʢʚʘʣʠʪʝʪʦʪ. 

ɸʥʘʣʠʟʘʪʘ ʥʘ ʦʚʠʝ ʧʦʜʘʪʦʮʠ ʝ ʢʦʨʠʩʥʘ ʟʘ ʥʦʩʝˁʝ ʥʘ ʦʜʣʫʢʠ, ʢʘʜʝ ʰʪʦ ʠ ʧʦʢʨʘʿ ʛʦʣʝʤʠʦʪ 

ʚʦʣʫʤʝʥ, ʨʘʟʥʦʚʠʜʥʦʩʪ ʠ ʙʨʟʠʥʘ ʥʘ ʤʝʥʫʚʘˁʝ ʪʠʝ ʜʝʪʘʣʥʦ ʩʝ ʘʥʘʣʠʟʠʨʘʘʪ, ʩʝ 

ʚʠʟʫʝʣʠʟʠʨʘʘʪ ʠ ʠʤ ʩʝ ʧʨʝʟʝʥʪʠʨʘʘʪ ʥʘ ʤʝʥʘ˅ʝʨʠʪʝ. Lugert [90] ʠ Wagner [91] ʛʦ 

ʧʦʜʨʞʫʚʘʘʪ ʧʦʪʝʥʮʠʿʘʣʦʪ ʥʘ ʨʘʙʦʪʘ ʩʦ ʛʦʣʝʤʘ ʢʦʣʠʯʠʥʘ ʥʘ ʧʦʜʘʪʦʮʠ ʟʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ 

ʪʝʢʦʪ ʥʘ ʚʨʝʜʥʦʩʪʠ. ʄʥʦʛʫ ʘʚʪʦʨʠ ʩʤʝʪʘʘʪ ʜʝʢʘ ʨʘʙʦʪʘʪʘ ʩʦ ʛʦʣʝʤʘ ʢʦʣʠʯʠʥʘ ʥʘ 

ʧʦʜʘʪʦʮʠ ʠʤʘ ʛʣʘʚʥʘ ʫʣʦʛʘ ʚʦ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʪʝʢʦʪ ʥʘ ʚʨʝʜʥʦʩʪʠ ʠ ʦʜʨʞʫʚʘˁʝʪʦ ʥʘ 

ʦʧʨʝʤʘʪʘ, ʜʦʟʚʦʣʫʚʘʿ˃ʠ ʤʫ ʥʘ ʪʝʢʦʪ ʥʘ ʚʨʝʜʥʦʩʪʠ ʜʘ ʩʝ ʘʜʘʧʪʠʨʘ ʜʠʥʘʤʠʯʢʠ. 

Demircioglu [92] ʧʨʝʪʩʪʘʚʫʚʘ ʤʦʜʝʣ ʢʦʿ ʛʠ ʠʥʪʝʛʨʠʨʘ ʪʝʭʥʠʢʠʪʝ ʟʘ ʤʘʰʠʥʩʢʦ ʫʯʝˁʝ 

ʠ ʐʝʩʪ ʉʠʛʤʘ ʢʦʥʪʨʦʣʥʠʪʝ ʛʨʘʬʠʢʦʥʠ, ʩʦ hʪʦ ʩʝ ʦʚʦʟʤʦʞʫʚʘ ʪʦʯʥʘ ʢʣʘʩʠʬʠʢʘʮʠʿʘ ʥʘ 

ʜʝʬʝʢʪʠʪʝ ʠ ʙʨʟʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ ʥʘ ʢʦʨʝʢʪʠʚʥʠ ʘʢʮʠʠ. Hohmann [93] ʛʠ ʦʧʠʰʫʚʘ 

ʦʩʦʙʠʥʠʪʝ ʥʘ ʤʘʰʠʥʠʪʝ ʟʘ ʩʘʤʦʩʪʦʿʥʦ ʫʯʝˁʝ ʠ ʧʨʝʜʚʠʜʫʚʘˁʝ ʥʘ ʠʜʥʦʪʦ ʦʜʥʝʩʫʚʘˁʝ ʥʘ 

ʧʨʦʮʝʩʦʪ ʢʘʢʦ ʟʘʤʝʥʘ ʥʘ ʐʝʩʪ ʉʠʛʤʘ ʩʪʘʪʠʩʪʠʯʢʠʪʝ ʪʝʭʥʠʢʠ. ʉʧʦʨʝʜ ʥʝʛʦ ʢʦʤʧʿʫʪʝʨʠʪʝ 

ʩʦ ʿʘʢʠ ʧʝʨʬʦʨʤʘʥʩʠ ˃ʝ ʛʦ ʧʨʝʚʟʝʤʘʪ ʜʠʟʘʿʥʦʪ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʠ (ʘʥʛ. DoE) ʠ ʥʘ ʪʦʿ ʥʘʯʠʥ 

˃ʝ ʧʦʩʪʠʛʥʘʪ ʜʠʟʘʿʥ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʤʘʰʠʥʠʪʝ ʩʦ ʥʘʤʘʣʝʥ ʙʨʦʿ ʥʘ ʠʟʚʨʰʝʥʠ 

ʝʢʩʧʝʨʠʤʝʥʪʠ. ʊʦʿ ʪʚʨʜʠ ʜʝʢʘ ʤʘʰʠʥʠʪʝ ˃ʝ ʿʘ ʧʨʝʚʟʝʤʘʪ ʨʘʙʦʪʘʪʘ ʥʘ ʩʪʘʪʠʩʪʠʯʢʘ 

ʢʦʥʪʨʦʣʘ ʥʘ ʧʨʦʮʝʩʦʪ, ʘʥʘʣʠʟʘʪʘ ʚʦ ʨʝʘʣʥʦ ʚʨʝʤʝ ʠ ʢʦʨʝʢʪʠʚʥʠʪʝ ʘʢʮʠʠ.  

Kuo, Ting ʠ Chen [94] ʪʚʨʜʘʪ ʜʝʢʘ ʠʥʪʝʛʨʠʨʘˁʝʪʦ ʥʘ ʀʥʜʫʩʪʨʠʿʘ 4.0 ʛʦ ʧʦʜʠʛʘ 

ʢʚʘʣʠʪʝʪʦʪ ʚʦ ʠʥʜʫʩʪʨʠʩʢʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʊʠʝ ʧʨʝʜʣʘʛʘʘʪ ʤʦʜʝʣ ʟʘ ʘʚʪʦʤʘʪʩʢʦ 

ʧʨʝʜʚʠʜʫʚʘˁʝ ʥʘ ʨʘʙʦʪʘʪʘ ʥʘ ʤʘʰʠʥʠʪʝ ʢʦʿ ʢʦʨʠʩʪʠ ʩʝʥʟʦʨʠ, ʚʝʰʪʘʯʢʘ ʠʥʪʝʣʠʛʝʥʮʠʿʘ ʠ 

ʩʠʤʫʣʘʮʠʿʘ. ʆʚʦʿ ʤʦʜʝʣ ʿʘ ʧʨʝʜʚʠʜʫʚʘ ʨʘʙʦʪʥʘʪʘ ʩʧʦʩʦʙʥʦʩʪ ʥʘ ʤʘʰʠʥʠʪʝ ʠ 

ʜʠʿʘʛʥʦʩʪʠʮʠʨʘ ʜʝʬʝʢʪʠ ʥʘ ʧʨʦʠʟʚʦʜʦʪ ʥʘʩʪʘʥʘʪʠ ʢʘʢʦ ʨʝʟʫʣʪʘʪ ʥʘ ʛʨʝʰʢʠ ʚʦ ʤʘʰʠʥʠʪʝ.  

ʆʜ ʘʩʧʝʢʪ ʥʘ ʢʦʥʪʨʦʣʘ ʥʘ ʢʚʘʣʠʪʝʪʦʪ, ʩʝʥʟʦʨʠʪʝ ʠʩʧʨʘ˃ʘʘʪ ʧʘʨʘʣʝʣʥʠ ʠʥʬʦʨʤʘʮʠʠ ʚʦ 

ʨʝʘʣʥʦ ʚʨʝʤʝ ʜʦ ʮʝʥʪʨʘʣʥʠʦʪ ʩʠʩʪʝʤ ʟʘ ʨʘʙʦʪʘ ʩʦ ʛʦʣʝʤʘ ʢʦʣʠʯʠʥʘ ʧʦʜʘʪʦʮʠ ʠ ʜʦ 

ʧʘʤʝʪʥʠʪʝ ʤʘʰʠʥʠ. ʆʚʠʝ ʠʥʬʦʨʤʘʮʠʠ ʩʝ ʘʥʘʣʠʟʠʨʘʘʪ ʠ ʚʨʟ ʦʩʥʦʚʘ ʥʘ ʥʠʚ ʩʝ ʥʦʩʠ 

ʩʦʦʜʚʝʪʥʘ ʦʜʣʫʢʘ ʟʘ ʜʘ ʩʝ ʠʟʙʝʛʥʘʪ ʜʝʬʝʢʪʠʪʝ, ʛʨʝʰʢʠʪʝ ʚʦ ʩʠʩʪʝʤʦʪ ʠʣʠ ʟʘʩʪʦʠʪʝ ʥʘ 

ʤʘʰʠʥʠʪʝ. ʉʧʦʨʝʜ Foidl [81] ʢʦʥʪʨʦʣʘʪʘ ʥʘ ʢʚʘʣʠʪʝʪʦʪ ʤʦʞʝ ʜʘ ʠʤʘ ʦʛʨʦʤʥʘ ʢʦʨʠʩʪ 

ʜʦʢʦʣʢʫ ʪʝʭʥʦʣʦʛʠʿʘʪʘ ʩʦ ʙʝʟʞʠʯʥʠ ʩʝʥʟʦʨʠ ʝ ʟʥʘʯʠʪʝʣʥʦ ʨʘʰʠʨʝʥʘ ʚʦ ʧʨʦʠʟʚʦʜʥʠʪʝ 

ʧʦʛʦʥʠ, ʧʨʠ ʰʪʦ ʠʥʞʝʥʝʨʠʪʝ ʟʘ ʢʚʘʣʠʪʝʪ ˃ʝ ʤʦʞʘʪ ʜʘ ʩʦʙʝʨʘʪ ʧʦʚʝ˃ʝ ʤʝʨʝˁʘ ʠ ʜʘ ʛʠ 

ʜʝʪʝʢʪʠʨʘʘʪ ʜʝʬʝʢʪʠʪʝ ʰʪʦ ʦʙʠʯʥʦ ʙʠ ʧʦʤʠʥʘʣʝ ʥʝʟʘʙʝʣʝʞʘʥʦ. ʆʚʦʿ ʤʦʜʝʣ ʠʩʪʦ ʪʘʢʘ 

ʦʚʦʟʤʦʞʫʚʘ 100 % ʤʝʨʝˁʘ ʥʘ ʩʠʪʝ ʧʨʦʠʟʚʝʜʝʥʠ ʧʘʨʯʠˁʘ,  ʩʦ ʰʪʦ ʥʝʤʘ ʜʘ ʠʤʘ ʧʦʪʨʝʙʘ 

ʦʜ ʢʦʥʪʨʦʣʘ ʥʘ ʢʚʘʣʠʪʝʪʦʪ ʩʦ ʤʝʪʦʜ ʥʘ ʤʝʨʝˁʝ ʥʘ ʩʣʫʯʘʿʥʦ ʠʟʙʨʘʥʠ ʧʨʠʤʝʨʦʮʠ ʠ 

ʩʪʘʪʠʩʪʠʯʢʘ ʢʦʥʪʨʦʣʘ, ʙʠʜʝʿ˃ʠ 100 % ʢʦʥʪʨʦʣʘ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝ ʤʦʞʝ ʜʘ ʩʪʘʥʝ ʨʝʘʣʥʦʩʪ. 

ʆʚʘʘ ʧʨʦʤʝʥʘ ʝ ʬʫʥʜʘʤʝʥʪʘʣʥʘ ʟʘʪʦʘ ʰʪʦ ʩʝʢʦʿ ʧʦʝʜʠʥʝʯʝʥ ʜʝʬʝʢʪʝʥ ʧʨʦʠʟʚʦʜ ˃ʝ ʩʝ 

ʠʜʝʥʪʠʬʠʢʫʚʘ ʠ ˃ʝ ʩʝ ʠʟʦʣʠʨʘ ʦʜ ʦʩʪʘʥʘʪʠʪʝ, ʰʪʦ ʝ ʦʩʥʦʚʝʥ ʧʦʩʪʫʣʘʪ ʥʘ Lean ʘʣʘʪʢʘʪʘ 

Jidoka. ʉʧʦʨʝʜ Radu Godina ʠ Joao Matias [95] ʩʦ ʙʝʟʞʠʯʥʠʪʝ ʩʝʥʟʦʨʥʠ ʤʨʝʞʠ ʩʝ ʜʦʙʠʚʘ 

ʢʦʥʪʠʥʫʠʨʘʥʦ ʤʝʨʝˁʝ ʥʘ ʨʘʟʣʠʯʥʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʩʘʤʠʪʝ ʣʠʥʠʠ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʘ 

ʥʝ ʚʦ ʥʝʢʦʠ ʣʦʢʘʮʠʩʢʠ ʦʜʜʘʣʝʯʝʥʠ ʣʘʙʘʨʘʪʦʨʠʠ.  

ʉʧʦʨʝʜ Wang [96] ʥʝʢʦʣʢʫ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʀʥʜʫʩʪʨʠʿʘ 4.0 ʩʝ ʙʠʪʥʠ ʟʘ 

ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʢʚʘʣʠʪʝʪʦʪ ʥʘ ʧʨʦʠʟʚʦʜʦʪ: ʤʝʺʫʩʝʙʥʘ ʧʦʚʨʟʘʥʦʩʪ, ʠʥʪʝʛʨʘʮʠʿʘ ʠ 

ʨʘʙʦʪʘʪʘ ʩʦ ʛʦʣʝʤʘ ʢʦʣʠʯʠʥʘ ʥʘ ʧʦʜʘʪʦʮʠ. ʄʝʺʫʩʝʙʥʘʪʘ ʧʦʚʨʟʘʥʦʩʪ ʩʝ ʦʜʥʝʩʫʚʘ ʥʘ 

ʩʧʦʩʦʙʥʦʩʪʘ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝ ʜʘ ʢʦʤʫʥʠʮʠʨʘʘʪ ʚʦ ʧʨʦʠʟʚʦʜʥʠʦʪ ʩʠʩʪʝʤ. ʇʨʝʢʫ ʨʘʜʠʦ 

ʬʨʝʢʚʝʥʪʥʘʪʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ (ʘʥʛ. RFID) ʠ ʯʠʪʘˁʝ ʥʘ ʠʥʬʦʨʤʘʮʠʠʪʝ ʟʘ ʧʨʦʠʟʚʦʜʠʪʝ, 
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ʧʨʦʠʟʚʦʜʥʠʦʪ ʩʠʩʪʝʤ ʤʦʞʝ ʜʘ ʛʠ ʧʨʝʥʝʩʝ ʦʚʠʝ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʩʘʿʙʝʨ-ʬʠʟʠʯʢʠʦʪ ʩʠʩʪʝʤ 

ʠ ʜʘ ʩʠʤʫʣʠʨʘ ʠ ʧʦʚʪʦʨʫʚʘ ʩʮʝʥʘʨʠʿʘ ʩʝ ʜʦʜʝʢʘ ʥʝ ʧʦʩʪʠʛʥʝ ʦʧʪʠʤʘʣʥʘ ʰʝʤʘ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʚʦ ʦʜʥʦʩ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʘ ʠ ʢʚʘʣʠʪʝʪʦʪ. ʄʘʰʠʥʠʪʝ ʢʦʠ ʩʝ ʧʦʚʨʟʘʥʠ 

ʤʝʺʫʩʝʙʥʦ ʜʦʙʠʚʘʘʪ ʠʥʬʦʨʤʘʮʠʠ ʢʦʛʘ ʧʨʦʠʟʚʝʜʝʥʠʦʪ ʜʝʣ ˃ʝ ʧʦʤʠʥʝ ʦʜ ʝʜʥʘ ʬʘʟʘ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʥʘʨʝʜʥʘʪʘ, ʪʘʢʘ ʰʪʦ ʤʘʰʠʥʠʪʝ ʚʦ ʩʝʢʦʿ ʤʦʤʝʥʪ ʩʝ ʩʧʨʝʤʥʠ ʜʘ ʛʦ ʧʨʠʤʘʪ 

ʧʨʦʠʟʚʦʜʦʪ ʠ ʜʘ ʛʦ ʧʨʦʮʝʩʠʨʘʘʪ.  

ʉʧʦʨʝʜ ʠʩʪʨʘʞʫʚʘˁʝʪʦ ʥʘ Demartini [97] ʩʧʨʦʚʝʜʝʥʦ ʥʘ 29 ʥʘʫʯʥʠ ʪʨʫʜʘ, ʚʦ 

ʧʝʨʠʦʜʦʪ ʦʜ 2016 ʜʦ 2018, ʩʪʫʜʠʠʪʝ ʢʦʠ ʛʦ ʠʩʪʨʘʞʫʚʘʘʪ ʫʯʝʩʪʚʦʪʦ ʥʘ ʀʥʜʫʩʪʨʠʿʘ 4.0 ʚʦ 

ʦʙʣʘʩʪʘ ʥʘ ʤʝʥʘ˅ʠʨʘˁʝ ʩʦ ʢʚʘʣʠʪʝʪ ʤʦʞʝ ʜʘ ʩʝ ʩʤʝʩʪʘʪ ʚʦ ʩʣʝʜʥʠʪʝ ʢʣʘʩʪʝʨʠ: ʜʠʛʠʪʘʣʥʦ 

ʪʨʘʥʩʬʦʨʤʠʨʘˁʝ ʥʘ ʧʦʜʘʪʦʮʠʪʝ, ʦʜʨʞʣʠʚʦʩʪ, Lean ʨʘʟʤʠʩʣʫʚʘˁʝ, ʧʝʨʬʦʨʤʘʥʩ ʠ 

ʠʥʪʝʣʠʛʝʥʪʥʠ ʪʝʭʥʦʣʦʛʠʠ. ʇʨʚʠʦʪ ʢʣʘʩʪʝʨ ʥʘ ʩʪʫʜʠʠ ʿʘ ʠʩʪʨʘʞʫʚʘ ʧʦʚʨʟʘʥʦʩʪʘ ʥʘ 

ʤʝʥʘ˅ʠʨʘˁʝʪʦ ʩʦ ʢʚʘʣʠʪʝʪ ʠ ʜʠʛʠʪʘʣʥʦʪʦ ʪʨʘʥʩʬʦʨʤʠʨʘˁʝʪʦ ʥʘ ʧʦʜʘʪʦʮʠʪʝ, ʧʨʝʢʫ 

ʜʠʛʠʪʘʣʥʠʦʪ ʙʣʠʟʥʘʢ ʩʠʩʪʝʤ.  ʆʚʜʝ ʩʧʘʺʘʘʪ ʩʪʫʜʠʠʪʝ ʥʘ  De Carolis [98], Cattaneo [99], 

Emmer [100], Nienke [101], Schluter ʠ Sommerhoff [102]. ɼʠʛʠʪʘʣʝʥ ʙʣʠʟʥʘʢ ʩʠʩʪʝʤ ʤʦʞʝ 

ʜʘ ʤʝʥʘ˅ʠʨʘ ʛʦʣʝʤʘ ʢʦʣʠʯʠʥʘ ʥʘ ʧʦʜʘʪʦʮʠ ʜʦʙʠʝʥʠ ʦʜ ʧʨʦʮʝʩʥʠ ʧʘʨʘʤʝʪʨʠ, ʦʜʥʝʩʫʚʘˁʝ 

ʥʘ ʧʨʦʮʝʩʦʪ, ʩʪʨʫʢʪʫʨʘ ʠ ʤʦʜʝʣʠ ʥʘ ʧʨʦʮʝʩʦʪ, ʠ ʜʘ ʛʠ ʧʨʘʚʠ ʦʚʠʝ ʧʦʜʘʪʦʮʠ ʜʦʩʪʘʧʥʠ ʥʘ 

ʤʘʰʠʥʠʪʝ ʠ ʢʦʨʠʩʥʠʮʠʪʝ ʚʦ ʤʦʤʝʥʪʦʪ ʢʦʛʘ ʠʤ ʩʝ ʧʦʪʨʝʙʥʠ. ʉʪʫʜʠʠʪʝ ʚʦ ʚʪʦʨʠʦʪ ʢʣʘʩʪʝʨ 

ʩʝ ʬʦʢʫʩʠʨʘʘʪ ʥʘ ʠʥʪʝʨʥʝʪ ʥʘ ʥʝʰʪʘʪʘ, ʩʘʿʙʝʨ ʬʠʟʠʯʢʠʦʪ ʩʠʩʪʝʤ ʠ ʚʝʰʪʘʯʢʘʪʘ 

ʠʥʪʝʣʠʛʝʥʮʠʿʘ ʠ ʥʠʚʥʠʦʪ ʧʨʠʜʦʥʝʩ ʟʘ ʧʦʩʪʠʛʥʫʚʘˁʝ ʥʘ ʦʜʨʞʣʠʚʦʩʪ ʧʨʝʢʫ ʦʧʪʠʤʠʟʘʮʠʿʘ 

ʥʘ ʢʚʘʣʠʪʝʪʦʪ ʥʘ ʧʨʦʮʝʩʠʪʝ ʠ ʧʨʦʠʟʚʦʜʠʪʝ, ʧʦʚʠʩʦʢʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪ, ʧʦʥʠʟʦʢ ʰʢʘʨʪ ʠ 

ʛʨʝʰʢʠ, ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʟʘʛʫʙʠʪʝ ʠ ʧʨʝʢʫ ʘʚʪʦʥʦʤʥʦ ʦʧʪʠʤʠʟʠʨʘˁʝ ʥʘ ʧʨʦʠʟʚʦʜʥʠʪʝ 

ʣʠʥʠʠ. ʆʚʦʿ ʢʣʘʩʪʝʨ ʛʦ ʩʦʯʠʥʫʚʘʘʪ ʩʪʫʜʠʠʪʝ ʥʘ Kiel [103]; Muller, Kiel ʠ Voigt [16]; 

Schluter ʠ Sommerhoff [102]. ʀʥʪʝʨʥʝʪ ʥʘ ʥʝʰʪʘʪʘ ʢʘʢʦ ʪʝʭʥʦʣʦʛʠʿʘ ʦʚʦʟʤʦʞʫʚʘ 

ʢʨʝʠʨʘˁʝ ʥʘ ʦʜʨʞʣʠʚʘ ʚʨʝʜʥʦʩʪ ʩʦ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ  ʢʦʥʝʢʮʠʿʘʪʘ ʚʦ ʩʠʥ˅ʠʨʦʪ ʥʘ 

ʩʥʘʙʜʫʚʘˁʝ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʉʘʿʙʝʨ ʬʠʟʠʯʢʠʦʪ ʩʠʩʪʝʤ ʧʨʠʜʦʥʝʩʫʚʘ ʟʘ ʧʦʩʪʠʛʥʫʚʘˁʝ ʥʘ 

ʦʜʨʞʣʠʚʦʩʪ ʧʨʠ ʤʝʥʘ˅ʠʨʘˁʝ ʩʦ ʢʚʘʣʠʪʝʪ ʧʨʝʢʫ ʩʘʤʦʩʪʦʿʥʦʪʦ ʢʦʤʧʿʫʪʝʨʠʟʠʨʘˁʝ, 

ʩʢʣʘʜʠʨʘˁʝ ʥʘ ʧʦʜʘʪʦʮʠʪʝ, ʠʥʪʝʨʘʢʮʠʿʘ ʩʦ ʦʢʦʣʠʥʘʪʘ ʠ ʤʦʥʠʪʦʨʠʥʛ ʥʘ ʢʨʠʪʠʯʥʠʪʝ 

ʧʨʦʮʝʩʥʠ ʚʘʨʠʿʘʮʠʠ. ʇʨʝʢʫ ʚʝʰʪʘʯʢʘʪʘ ʠʥʪʝʣʠʛʝʥʮʠʿʘ ʤʦʞʝ ʜʘ ʩʝ ʩʧʨʦʚʝʜʝ ʢʚʘʣʠʪʝʪʥʘ 

ʘʥʘʣʠʟʘ ʰʪʦ ʩʦʜʨʞʠ ʩʧʦʩʦʙʥʦʩʪ ʟʘ ʢʨʝʠʨʘˁʝ ʥʘ ʟʥʘʝˁʝ ʠ ʨʝʟʦʥʠʨʘˁʝ ʢʘʢʦ ʠ ʤʦʞʥʦʩʪ ʟʘ 

ʘʚʪʦʤʘʪʩʢʦ ʧʣʘʥʠʨʘˁʝ. ʊʨʝʪʠʦʪ ʢʣʘʩʪʝʨ ʥʘ ʩʪʫʜʠʠ ʩʝ ʬʦʢʫʩʠʨʘ ʥʘ ʪʝʭʥʦʣʦʛʠʠʪʝ ʢʦʠ ʛʦ 

ʧʦʜʜʨʞʫʚʘʘʪ Lean ʨʘʟʤʠʩʣʫʚʘˁʝʪʦ ʢʘʢʦ ʜʝʣ ʦʜ ʤʝʥʘ˅ʠʨʘˁʝʪʦ ʩʦ ʢʚʘʣʠʪʝʪ. ʆʚʜʝ ʩʧʘʺʘʘʪ 

ʩʪʫʜʠʠʪʝ ʥʘ Eleftheriadis ʠ Myklebust [104]; Jayaram [83]; Mrugalska ʠ Wyrwicka [105]. ɺʦ 

ʥʠʚ ʩʝ ʠʩʪʨʘʞʫʚʘ ʧʨʠʜʦʥʝʩʦʪ ʥʘ ʠʥʪʝʨʥʝʪ ʥʘ ʥʝʰʪʘʪʘ, ʩʘʿʙʝʨ ʬʠʟʠʯʢʠʦʪ ʩʠʪʝʤ ʠ 

ʜʠʛʠʪʘʣʥʠʦʪ ʙʣʠʟʥʘʢ ʩʠʩʪʝʤ ʟʘ ʜʦʙʠʚʘˁʝ ʥʘ ʬʣʝʢʩʠʙʠʣʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʟʘʤʝʥʘ ʥʘ 

ʪʨʘʜʠʮʠʦʥʘʣʥʠʦʪ ʤʝʪʦʜ ʥʘ ʩʪʘʪʠʩʪʠʯʢʘ ʢʦʥʪʨʦʣʘ ʠ ʧʨʠʙʠʨʘˁʝ ʥʘ ʧʦʜʘʪʦʮʠʪʝ ʩʦ 

ʩʠʩʪʝʤʦʪ ʟʘ ʠʥʪʝʣʠʛʝʥʪʥʦ ʩʣʝʜʝˁʝ ʥʘ ʚʠʪʘʣʥʠʪʝ ʧʨʦʮʝʩʥʠ ʧʘʨʘʤʝʪʨʠ (ʘʥʛ. vital process 

parametars VPP). VPP ʩʠʩʪʝʤʦʪ ʤʦʞʝ ʜʘ ʧʨʝʜʚʠʜʠ ʥʝʧʦʩʘʢʫʚʘʥʦ ʦʜʥʝʩʫʚʘˁʝ ʥʘ ʧʨʦʮʝʩʦʪ 

ʠ ʜʘ ʧʨʝʜʣʦʞʠ ʢʦʨʝʢʮʠʠ ʚʦ ʨʝʘʣʥʦ ʚʨʝʤʝ. Cattaneo [99] ʪʚʨʜʠ ʜʝʢʘ ʀʥʜʫʩʪʨʠʿʘ 4.0 ʠʤʘ 

ʛʦʣʝʤ ʧʦʪʝʥʮʠʿʘʣ ʜʘ ʛʦ ʧʦʜʜʨʞʠ Lean ʩʦ ʚʠʟʫʝʣʠʟʘʮʠʿʘ ʥʘ ʠʥʬʦʨʤʘʮʠʠʪʝ, ʩʦ ʪʝʭʥʠʢʠʪʝ 

ʟʘ ʨʝʰʘʚʘˁʝ ʥʘ ʧʨʦʙʣʝʤʠ ʠ ʩʦ ʠʥʚʦʣʚʠʨʘˁʝ ʥʘ ʚʨʘʙʦʪʝʥʠʪʝ. ɺʦ ʯʝʪʚʨʪʠʦʪ ʢʣʘʩʪʝʨ ʢʦʿ ʩʝ 

ʦʜʥʝʩʫʚʘ ʥʘ ʧʝʨʬʦʨʤʘʥʩʦʪ ʧʨʠ ʤʝʥʘ˅ʠʨʘˁʝʪʦ ʩʦ ʢʚʘʣʠʪʝʪ ʩʝ ʚʢʣʫʯʝʥʠ ʩʪʫʜʠʠʪʝ ʥʘ 

Braumer [106]; Dossou ʠ Nachidi [107]; Emmer [100]; Le, He ʠ Zhu [108]; Ġtofova, 

Szaryszova ʠ Vilamova [109]; Szabó [110]. ʆʚʠʝ ʩʪʫʜʠʠ ʩʝ ʬʦʢʫʩʠʨʘʘʪ ʥʘ ʪʝʭʥʦʣʦʛʠʠʪʝ ʥʘ 

ʀʥʜʫʩʪʨʠʿʘ 4.0 ʢʦʠ ʩʣʫʞʘʪ ʟʘ ʝʚʘʣʫʘʮʠʿʘ ʥʘ ʢʣʫʯʥʠʪʝ ʠʥʜʠʢʘʪʦʨʠ ʟʘ ʧʝʨʬʦʨʤʘʥʩ ʥʘ 

ʧʨʦʮʝʩʦʪ. ʀ ʥʘ ʢʨʘʿ, ʧʝʪʠʦʪ ʢʣʘʩʪʝʨ ʥʘ ʩʪʫʜʠʠ ʛʠ ʠʩʪʨʘʞʫʚʘ ʠʥʪʝʣʠʛʝʥʪʠʪʝ ʪʝʭʥʦʣʦʛʠʠ 

ʢʘʢʦ ʰʪʦ ʩʝ ʩʘʿʙʝʨ ʬʠʟʠʯʢʠʦʪ ʩʠʩʪʝʤ, ʠʥʪʝʨʥʝʪ ʥʘ ʥʝʰʪʘʪʘ ʠ ʨʘʙʦʪʘʪʘ ʩʦ ʛʦʣʝʤʘ 

ʢʦʣʠʯʠʥʘ ʥʘ ʧʦʜʘʪʦʮʠ ʠ ʥʠʚʥʠʦʪ ʧʨʠʜʦʥʝʩ ʚʦ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʢʚʘʣʠʪʝʪʦʪ ʥʘ ʧʦʜʘʪʦʮʠʪʝ, 

ʠ ʤʝʥʘ˅ʠʨʘˁʝʪʦ ʩʦ ʠʩʪʠʪʝ. ɺʦ ʥʝʛʦ ʩʝ ʚʢʣʫʯʝʥʠ ʩʪʫʜʠʠʪʝ ʥʘ Kiel [103]; Stojanovic [111], 

Brauner [106], Le [108]; ʠ Song [112]. ʆʚʠʝ ʩʪʫʜʠʠ ʩʝ ʬʦʢʫʩʠʨʘʘʪ ʥʘ ʨʘʟʚʦʿ ʥʘ ʝʬʝʢʪʠʚʥʠ 

ʩʪʘʥʜʘʨʜʠ ʟʘ ʤʝʥʘ˅ʠʨʘˁʝ ʩʦ ʧʦʜʘʪʦʮʠʪʝ ʠ ʧʨʝʜʣʘʛʘʘʪ  ʤʦʜʝʣ ʢʦʿ ʛʠ ʩʣʝʜʠ ʩʪʘʪʠʯʢʠʪʝ ʠ 
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ʜʠʥʘʤʠʯʢʠʪʝ ʘʪʨʠʙʫʪʠ ʟʘ ʧʦʿʘʚʘ ʥʘ ʛʨʝʰʥʠ ʧʦʜʘʪʦʮʠ, ʩʧʨʦʚʝʜʫʚʘʿ˃ʠ ʢʚʘʥʪʠʪʘʪʠʚʥʘ 

ʘʥʘʣʠʟʘ ʠ ʢʦʥʪʨʦʣʘ ʥʘ ʪʨʦʰʦʮʠʪʝ ʠ ʨʠʟʠʮʠʪʝ ʧʦʚʨʟʘʥʠ ʩʦ ʛʨʝʰʥʠʪʝ ʧʦʜʘʪʦʮʠ.  

Albers et al. (2016, p. 262) ʚʦ ʥʝʛʦʚʠʪʝ ʩʪʫʜʠʠ ʛʦ ʩʫʤʠʨʘ ʚʣʠʿʘʥʠʝʪʦ ʥʘ ʀʥʜʫʩʪʨʠʿʘ 

4.0 ʚʨʟ ʢʚʘʣʠʪʝʪʦʪ ʠ ʧʦʢʘʞʫʚʘ ʜʝʢʘ ʢʦʤʧʘʥʠʠʪʝ ʰʪʦ ʢʦʨʠʩʪʘʪ ʀʥʜʫʩʪʨʠʿʘ 4.0 ʠʤʘʘʪ 

ʟʛʦʣʝʤʝʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪ ʟʘ 50%, ʢʘʿ 80% ʦʜ ʦʚʠʝ ʢʦʤʧʘʥʠʠʪʝ ʝ ʟʘʙʝʣʝʞʘʥʘ ʟʛʦʣʝʤʝʥʘ 

ʝʬʠʢʘʩʥʦʩʪ, ʜʦʜʝʢʘ ʧʘʢ 45 % ʦʜ ʢʦʤʧʘʥʠʠʪʝ ʚʝʨʫʚʘʘʪ ʜʝʢʘ ʠʥʜʫʩʪʨʠʿʘ 4.0 ʛʦ ʧʦʜʦʙʨʫʚʘ 

ʟʘʜʦʚʦʣʩʪʚʦʪʦ ʢʘʿ ʧʦʪʨʦʰʫʚʘʯʠʪʝ ʩʦ ʪʦʘ ʰʪʦ ʛʠ ʝʣʠʤʠʥʠʨʘ ʜʝʬʝʢʪʥʠʪʝ ʧʨʦʠʟʚʦʜʠ.  
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6 ʀʅʊɽɻʈʀʈɸɳɽ ʅɸ ɼʀʉʎʀʇʃʀʅʀʊɽ ɿɸ ʄɽʅɸɷʀʈɸɳɽ ʉʆ ʂɺɸʃʀʊɽʊ  

6.1 ʀʥʪʝʛʨʠʨʘˁʝ ʥʘ Lean ʠ ʐʝʩʪ ʉʠʛʤʘ  

Lean ʐʝʩʪ ʉʠʛʤʘ (ʘʥʛ. Lean Six Sigma - LSS) ʝ ʧʨʠʩʪʘʧ ʟʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ 

ʧʨʦʮʝʩʠʪʝ ʢʦʿ ʛʠ ʠʥʪʝʛʨʠʨʘ Lean ʧʨʠʥʮʠʧʠʪʝ ʠ ʐʝʩʪ ʉʠʛʤʘ ʤʝʪʦʜʦʣʦʛʠʿʘ [113]. Lean 

ʐʝʩʪ ʉʠʛʤʘ ʠʥʠʮʠʿʘʪʠʚʠʪʝ ʩʝ ʟʘʩʥʦʚʘʘʪ ʥʘ ʧʦʩʪʦʝʯʢʠʪʝ ʩʠʩʪʝʤʠ ʟʘ ʢʚʘʣʠʪʝʪ ʢʘʢʦ ʰʪʦ 

ʩʝ ʩʝʚʢʫʧʥʦ ʤʝʥʘ˅ʠʨʘˁʝ ʩʦ ʢʚʘʣʠʪʝʪ, Lean ʠ ʐʝʩʪ ʉʠʛʤʘ, [114]. ʆʚʦʿ ʧʨʠʩʪʘʧ ʩʝ ʩʪʨʝʤʠ 

ʜʘ ʛʦ ʧʦʜʦʙʨʠ ʧʝʨʬʦʨʤʘʥʩʦʪ ʥʘ ʦʨʛʘʥʠʟʘʮʠʠʪʝ ʩʦ ʩʠʩʪʝʤʘʪʠʯʥʦ ʦʪʩʪʨʘʥʫʚʘˁʝ ʥʘ 

ʦʧʝʨʘʪʠʚʥʠʪʝ ʟʘʛʫʙʠ ʠ ʨʝʜʫʮʠʨʘˁʝ ʥʘ ʚʘʨʠʿʘʮʠʠʪʝ ʚʦ ʧʨʦʮʝʩʠʪʝ.  

ɺʦ ʜʝʥʝʰʥʦ ʚʨʝʤʝ, ʨʘʟʚʦʿʦʪ ʥʘ ʧʨʦʛʨʘʤʠʪʝ ʟʘ ʢʚʘʣʠʪʝʪ ʝ ʩʝ ʧʦʛʦʣʝʤ, ʧʨʠ ʰʪʦ ʩʝ 

ʧʦʚʝ˃ʝ ʦʨʛʘʥʠʟʘʮʠʠ ʩʝ ʨʝʰʘʚʘʘʪ ʜʘ ʩʝ ʥʘʩʦʯʘʪ ʢʦʥ Lean ʐʝʩʪ ʉʠʛʤʘ ʢʘʢʦ ʩʪʨʘʪʝʛʠjʘ ʟʘ 

ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʙʠʟʥʠʩ ʦʧʝʨʘʮʠʠʪʝ ʠ ʧʝʨʬʦʨʤʘʥʩʠʪʝ, [1].   

ɺʦ ʪʝʢʦʪ ʥʘ ʛʦʜʠʥʠʪʝ ʠʤʧʣʝʤʝʥʪʠʨʘʥʠ ʩʝ ʤʥʦʛʫ ʧʨʦʛʨʘʤʠ ʟʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ 

ʢʚʘʣʠʪʝʪʦʪ ʚʦ ʢʦʤʧʘʥʠʠʪʝ ʠ ʧʦʪʚʨʜʝʥʦ ʝ ʜʝʢʘ ʦʚʘ ʝ ʦʩʥʦʚʥʦ ʙʘʨʘˁʝ ʟʘ ʨʘʟʚʦʿʦʪ ʥʘ ʙʠʟʥʠʩ 

ʦʧʝʨʘʪʠʚʥʠʪʝ ʧʨʦʮʝʩʠ ʠ ʦʨʛʘʥʠʟʘʮʠʩʢʠʪʝ ʧʝʨʬʦʨʤʘʥʩʠ. ʅʦ ʠʩʪʦ ʪʘʢʘ, ʤʥʦʛʫ 

ʦʨʛʘʥʠʟʘʮʠʠ ʥʝ ʫʩʧʝʚʘʘʪ ʜʘ ʛʠ ʧʦʩʪʠʛʥʘʪ ʧʦʩʘʢʫʚʘʥʠʪʝ ʧʝʨʬʦʨʤʘʥʩʠ ʧʨʠ 

ʠʤʧʣʝʤʝʥʪʠʨʘˁʝʪʦ ʥʘ ʧʨʦʛʨʘʤʠʪʝ ʟʘ ʢʚʘʣʠʪʝʪ, [115]. ʇʦʩʪʦʿʘʪ ʥʝʢʦʣʢʫ ʛʣʘʚʥʠ ʧʨʠʯʠʥʠ 

ʟʦʰʪʦ ʦʨʛʘʥʠʟʘʮʠʠʪʝ ʥʝ ʫʩʧʝʚʘʘʪ ʜʘ ʛʠ ʧʦʩʪʠʛʥʘʪ ʧʦʩʘʢʫʚʘʥʠʪʝ ʧʝʨʬʦʨʤʘʥʩʠ. ʇʨʚʦ ʝ 

ʪʦʘ ʰʪʦ ʦʨʛʘʥʠʟʘʮʠʠʪʝ ʩʘʤʦ ʩʝ ʬʦʢʫʩʠʨʘʘʪ ʥʘ ʧʨʦʛʨʘʤʠʪʝ ʟʘ ʢʚʘʣʠʪʝʪ [116], [117], [118], 

[119]. ɺʪʦʨʦ ʝ ʪʦʘ ʰʪʦ ʤʝʨʝˁʝʪʦ ʥʘ ʦʨʛʘʥʠʟʘʮʠʩʢʠʪʝ ʧʝʨʬʦʨʤʘʥʩʠ ʥʝ ʝ ʮʝʣʦʩʥʦ ʠ ʥʝ ʛʠ 

ʦʧʬʘ˃ʘ ʧʨʦʛʨʘʤʠʪʝ ʟʘ ʢʚʘʣʠʪʝʪ ʠ ʦʨʛʘʥʠʟʘʮʠʩʢʠʪʝ ʨʘʙʦʪʥʠ ʦʧʢʨʫʞʫʚʘˁʘ, [120]. 

ɼʦʧʦʣʥʠʪʝʣʥʦ, ʠʥʠʮʠʿʘʪʠʚʠʪʝ ʟʘ ʢʚʘʣʠʪʝʪ ʥʝ ʩʝ ʠʥʪʝʛʨʠʨʘʥʠ ʚʦ ʥʘʩʦʢʘ ʥʘ ʧʦʜʦʙʨʫʚʘˁʝ 

ʥʘ ʦʨʛʘʥʠʟʘʮʠʩʢʠʪʝ ʧʝʨʬʦʨʤʘʥʩʠ [121], [122], [123], [116], [124]. ʆʚʠʝ ʧʨʦʙʣʝʤʠ ʩʝ 

ʧʨʝʜʠʟʚʠʢʘʥʠ ʧʦʨʘʜʠ ʥʝʜʦʩʪʘʪʦʢ ʥʘ ʮʝʣʦʢʫʧʥʦ ʟʥʘʝˁʝ ʠ ʨʘʟʙʠʨʘˁʝ ʢʘʿ ʣʠʜʝʨʠʪʝ ʠ 

ʤʝʥʘ˅ʝʨʠʪʝ ʚʦ ʢʦʤʧʘʥʠʠʪʝ, ʧʨʠ ʠʜʝʥʪʠʬʠʢʫʚʘˁʝʪʦ ʠ ʜʦʥʝʩʫʚʘˁʝʪʦ ʥʘ ʩʪʨʘʪʝʛʠʩʢʠ 

ʦʜʣʫʢʠ ʟʘ ʦʧʪʠʤʠʟʘʮʠʿʘ ʠ ʫʩʦʛʣʘʩʫʚʘˁʝ ʥʘ ʮʝʣʠʪʝ ʟʘ ʢʚʘʣʠʪʝʪ ʩʦ ʙʘʨʘˁʘʪʘ ʥʘ ʧʘʟʘʨʦʪ, 

ʩʪʨʘʪʝʛʠʩʢʠʦʪ ʤʝʥʘ˅ʤʝʥʪ, ʢʫʣʪʫʨʘʪʘ ʠ ʨʘʙʦʪʥʘʪʘ ʩʨʝʜʠʥʘ. ʆʚʘ ʜʦʚʝʜʫʚʘ ʜʦ ʥʦʚ ʪʨʝʥʜ ʢʘʿ 

ʢʦʤʧʘʥʠʠʪʝ, ʟʘ ʠʥʪʝʛʨʠʨʘˁʝ ʥʘ ʐʝʩʪ ʉʠʛʤʘ ʩʦ Lean ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ, ʩʦ ʮʝʣ ʠʩʪʦʚʨʝʤʝʥʦ 

ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʢʚʘʣʠʪʝʪʦʪ,  ʙʠʟʥʠʩ ʦʧʝʨʘʮʠʠʪʝ ʠ ʧʝʨʬʦʨʤʘʥʩʠʪʝ ʥʘ ʢʦʤʧʘʥʠʠʪʝ.  

ʀ ʜʚʝʪʝ ʪʝʭʥʠʢʠ Lean ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʐʝʩʪ ʉʠʛʤʘ ʩʝ ʧʦʢʘʞʘʣʝ ʢʘʢʦ ʤʥʦʛʫ 

ʝʬʠʢʘʩʥʠ ʚʦ ʪʝʢʦʪ ʥʘ ʧʦʩʣʝʜʥʠʪʝ ʜʝʮʝʥʠʠ, ʧʦʩʪʠʛʥʫʚʘʿ˃ʠ ʜʨʘʤʘʪʠʯʥʠ ʧʦʜʦʙʨʫʚʘˁʘ ʦʜ 

ʘʩʧʝʢʪ ʥʘ ʮʝʥʘʪʘ ʥʘ ʧʨʦʠʟʚʦʜʦʪ, ʢʚʘʣʠʪʝʪʦʪ ʠ ʚʨʝʤʝʪʦ ʧʦʪʨʝʙʥʦ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʩʦ 

ʬʦʢʫʩ ʥʘ ʧʝʨʬʦʨʤʘʥʩʠʪʝ ʥʘ ʧʨʦʮʝʩʠʪʝ. Lean ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʛʦ ʦʧʪʠʤʠʟʠʨʘ ʪʝʢʦʪ ʥʘ 

ʚʨʝʜʥʦʩʪʠʪʝ ʠ ʩʝ ʩʪʨʝʤʠ ʜʘ ʛʠ ʝʣʠʤʠʥʠʨʘ ʟʘʛʫʙʠʪʝ, ʜʦʜʝʢʘ ʐʝʩʪ ʉʠʛʤʘ ʛʦ ʧʦʪʝʥʮʠʨʘ 

ʢʚʘʣʠʪʝʪʦʪ ʧʨʝʢʫ ʝʣʠʤʠʥʠʨʘˁʝ ʥʘ ʚʘʨʠʿʘʮʠʠʪʝ ʚʦ ʩʠʪʝ ʧʨʦʮʝʩʠ ʥʘ ʢʦʤʧʘʥʠʿʘʪʘ. Lean 

ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʠ ʐʝʩʪ ʉʠʛʤʘ ʩʝ ʧʨʠʩʪʘʧʠ ʢʦʠ ʩʝ ʥʘʜʦʧʦʣʥʫʚʘʘʪ, ʦʪʪʫʢʘ ʥʠʚʥʘʪʘ 

ʠʥʪʝʛʨʘʮʠʿʘ ʠ ʜʘʚʘ ʥʘ ʦʨʛʘʥʠʟʘʮʠʿʘʪʘ ʧʦʛʦʣʝʤʘ ʝʬʠʢʘʩʥʦʩʪ ʰʪʦ ʧʦʤʘʛʘ ʜʘ ʩʝ ʧʦʩʪʠʛʥʘʪ 

ʩʫʧʝʨʠʦʨʥʠ ʧʝʨʬʦʨʤʘʥʩʠ ʤʥʦʛʫ ʧʦʙʨʟʦ ʦʪʢʦʣʢʫ ʧʨʠ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ ʥʘ ʩʝʢʦʿʘ ʦʜ 

ʜʠʩʮʠʧʣʠʥʠʪʝ ʧʦʝʜʠʥʝʯʥʦ, [2]. 

ɻʣʘʚʥʠʪʝ ʨʘʟʣʠʢʠ ʧʦʤʝʺʫ Lean ʠ ʐʝʩʪ ʉʠʛʤʘ ʩʝ ʧʨʠʢʘʞʘʥʠ ʚʦ ʊʘʙʝʣʘ 6.1. ɺʦ 

ʩʫʰʪʠʥʘ Lean ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʠ ʐʝʩʪ ʉʠʛʤʘ ʠʤʘʘʪ ʠʩʪʘ ʮʝʣ, ʜʚʝʪʝ ʤʝʪʦʜʦʣʦʛʠʠ ʩʝ 

ʩʪʨʝʤʘʪ ʜʘ ʛʠ ʝʣʠʤʠʥʠʨʘʘʪ ʟʘʛʫʙʠʪʝ ʠ ʜʘ ʛʦ ʢʨʝʠʨʘʘʪ ʥʘʿʝʬʠʢʘʩʥʠʦʪ ʤʦʞʝʥ ʩʠʩʪʝʤ, ʥʦ 

ʠʤʘʘʪ ʨʘʟʣʠʯʝʥ ʧʨʠʩʪʘʧ ʟʘ ʧʦʩʪʠʛʥʫʚʘˁʝ ʥʘ ʦʚʘʘ ʮʝʣ. ɽʜʥʦʩʪʘʚʥʦ ʢʘʞʘʥʦ, ʛʣʘʚʥʘʪʘ 

ʨʘʟʣʠʢʘ ʧʦʤʝʺʫ ʦʚʠʝ ʜʚʝ ʤʝʪʦʜʦʣʦʛʠʠ ʝ ʨʘʟʣʠʯʥʠʦʪ ʥʘʯʠʥ ʥʘ ʠʜʝʥʪʠʬʠʢʫʚʘˁʝ ʥʘ 

ʠʟʚʦʨʥʠʪʝ ʧʨʠʯʠʥʠ ʟʘ ʧʦʿʘʚʘ ʥʘ ʟʘʛʫʙʠʪʝ. ɼʦʜʝʢʘ Lean ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʪʚʨʜʠ ʜʝʢʘ 

ʟʘʛʫʙʠʪʝ ʚʦ ʧʨʦʮʝʩʦʪ ʩʝ ʨʝʟʫʣʪʘʪ ʥʘ ʘʢʪʠʚʥʦʩʪʠʪʝ ʢʦʠ ʥʝ ʜʦʜʘʚʘʘʪ ʚʨʝʜʥʦʩʪ ʥʘ 

ʬʠʥʘʣʥʠʦʪ ʧʨʦʠʟʚʦʜ, ʐʝʩʪ ʉʠʛʤʘ ʪʚʨʜʠ ʜʝʢʘ ʟʘʛʫʙʠʪʝ ʩʝ ʨʝʟʫʣʪʘʪ ʥʘ ʚʘʨʠʿʘʮʠʠʪʝ ʥʘ 

ʧʨʦʮʝʩʦʪ, [7].  
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ʊʘʙʝʣʘ 6.1. Lean ʤʝʪʦʜʦʣʦʛʠʿʘ ʥʘʩʧʨʦʪʠ ʐʝʩʪ ʉʠʛʤʘ ʤʝʪʦʜʦʣʦʛʠʿʘ 

  ʐʝʩʪ ʉʠʛʤʘ Lean ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʎʝʣ  ʀʩʧʦʨʘʢʘ ʥʘ ʚʨʝʜʥʦʩʪ ʟʘ ʢʣʠʝʥʪʠʪʝ ʀʩʧʦʨʘʢʘ ʥʘ ʚʨʝʜʥʦʩʪ ʟʘ ʢʣʠʝʥʪʠʪʝ 

ʌʦʢʫʩ ʌʦʢʫʩ ʥʘ ʢʦʥʢʨʝʪʥʠ ʧʨʦʙʣʝʤʠ ʌʦʢʫʩ ʥʘ ʮʝʣʠʦʪ  ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ 

ʊʝʦʨʠʿʘ ɼʘ ʛʠ ʥʘʤʘʣʠ ʚʘʨʠʿʘʮʠʠʪʝ ʥʘ 

ʧʨʦʮʝʩʦʪ 

ɼʘ ʛʠ ʝʣʠʤʠʥʠʨʘ ʟʘʛʫʙʠʪʝ ʚʦ ʪʝʢ ʥʘ 

ʚʨʝʜʥʦʩʪʠ 

ʇʨʠʥʮʠʧʠ 

ʟʘ ʠʤʧʣʝ-

ʤʝʥʪʘʮʠʿʘ 

1.ɼʝʬʠʥʠʨʘˁʝ 

2.ʄʝʨʝˁʝ 

3.ɸʥʘʣʠʟʘ 

4.ʇʦʜʦʙʨʫʚʘˁʝ 

5.ʂʦʥʪʨʦʣʠʨʘˁʝ 

1. ɼʝʬʠʥʠʨʘˁʝ ʥʘ ʚʨʝʜʥʦʩʪʘ ʦʜ 

ʘʩʧʝʢʪ ʥʘ ʢʣʠʝʥʪʦʪ 

2. ʀʜʝʥʪʠʬʠʢʫʚʘˁʝ ʥʘ ʪʝʢ ʥʘ 

ʚʨʝʜʥʦʩʪʠ 

3. ʀʤʧʣʝʤʝʥʪʠʨʘˁʝ ʢʦʥʪʠʥʫʠʨʘʥ ʪʝʢ 

4. ʄʝʪʦʜʦʣʦʛʠʿʘ ʥʘ ʧʦʚʣʝʢʫʚʘˁʝ ʥʘ 

ʤʘʪʝʨʠʿʘʣʠ (ʘʥʛ. Pull) 

5. ʉʪʨʝʤʝˁʝ ʢʦʥ ʩʦʚʨʰʝʥʦʩʪ 

ʆʯʝʢʫʚʘˁʘ 1. ʉʝ ʚʨʝʜʥʫʚʘʘʪ ʧʦʜʘʪʦʮʠ ʠ ʙʨʦʿʢʠ 

2. ʀʟʣʝʟʥʠʦʪ ʨʝʟʫʣʪʘʪ ʦʜ ʧʨʦʮʝʩʦʪ 

ʝ˃ ʩʝ ʧʦʜʦʙʨʠ ʜʦʢʦʣʢʫ ʚʘʨʠʿʘʮʠʠʪʝ 

ʥʘ ʩʠʪʝ ʚʣʝʟʥʠ ʧʘʨʘʤʝʪʨʠ ʩʝ 

ʥʘʤʘʣʘʪ 

1. ʆʪʩʪʨʘʥʫʚʘˁʝʪʦ ʥʘ ʟʘʛʫʙʠʪʝ ˃ʝ ʛʦ 

ʧʦʜʦʙʨʠ ʧʝʨʬʦʨʤʘʥʩʦʪ ʥʘ ʙʠʟʥʠʩʦʪ 

2. ʄʥʦʛʫ ʤʘʣʠ ʧʦʜʦʙʨʫʚʘˁʘ ʩʝ 

ʧʦʜʦʙʨʠ ʦʪʢʦʣʢʫ ʩʘʤʦ ʘʥʘʣʠʟʠʨʘˁʝ 

ʥʘ ʩʠʩʪʝʤʦʪ 

ʇʨʠʤʝʥʘ ɻʣʘʚʥʦ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥ ʧʨʦʮʝʩ ɺʦ ʩʠʪʝ ʙʠʟʥʠʩ ʧʨʦʮʝʩʠ 

ʇʨʠʩʪʘʧ ʟʘ 

ʦʙʫʢʘ 

ʀʟʫʯʫʚʘˁʝ ʥʘ ʛʝʥʝʨʠʯʢʠ ʧʨʠʩʪʘʧ ʟʘ 

ʨʝʰʘʚʘˁʝ ʥʘ ʧʨʦʙʣʝʤʠʪʝ, 

ʧʦʪʧʠʨʘʿ˃ʠ ʩʝ ʥʘ ʩʪʘʪʠʩʪʠʢʘ 

ʅʘʩʪʘʚʥʠ ʧʨʠʥʮʠʧʠ ʚʨʟ ʦʩʥʦʚʘ ʥʘ 

ʥʘʿʜʦʙʨʠ ʧʨʘʢʩʠ, ʦʩʦʙʝʥʦ ʦʜ ʊʦʿʦʪʘ  

 

ɺʦ ʥʘʫʯʥʘʪʘ ʣʠʪʝʨʘʪʫʨʘ ʚʦ ʤʦʤʝʥʪʦʪ ʩʝ ʧʨʠʢʘʞʘʥʠ ʧʦʚʝ˃ʝ ʤʦʜʝʣʠ ʟʘ ʠʥʪʝʛʨʠʨʘˁʝ 

ʥʘ Lean ʠ ʐʝʩʪ ʉʠʛʤʘ. ʉʧʦʨʝʜ Souraj [125], ʐʝʩʪ ʉʠʛʤʘ ʠ Lean ʪʝʭʥʠʢʠʪʝ ʪʨʝʙʘ ʜʘ ʩʝ 

ʢʦʨʠʩʪʘʪ ʧʘʨʘʣʝʣʥʦ, ʩʦ ʮʝʣ ʜʘ ʩʝ ʟʛʦʣʝʤʠ ʥʠʚʥʦʪʦ ʚʣʠʿʘʥʠʝ. ʆʙʠʜʦʪ ʜʘ ʩʝ ʨʘʙʦʪʠ ʥʘ ʜʚʝʪʝ 

ʤʝʪʦʜʦʣʦʛʠʠ ʧʘʨʘʣʝʣʥʦ ʥʝ ʝ ʩʝʢʦʛʘʰ ʫʩʧʝʰʝʥ, ʟʘʪʦʘ ʰʪʦ ʩʝ ʘʧʣʠʮʠʨʘʘʪ ʧʦʩʝʙʥʦ ʟʘ 

ʨʝʰʘʚʘˁʝ ʥʘ ʧʨʦʙʣʝʤʠ. ʂʦʤʧʘʥʠʠʪʝ ʰʪʦ ʛʦ ʧʨʠʤʝʥʫʚʘʘʪ ʦʚʦʿ ʤʦʜʝʣ ʩʝ ʩʦʦʯʫʚʘʘʪ ʩʦ 

ʧʨʦʙʣʝʤʠ ʚʦ ʜʘʚʘˁʝʪʦ ʧʨʠʦʨʠʪʝʪ ʥʘ ʝʜʥʘ ʦʜ ʠʥʠʮʠʿʘʪʠʚʠʪʝ ʚʦ ʦʜʥʦʩ ʥʘ ʘʣʦʢʘʮʠʿʘʪʘ ʥʘ 

ʨʝʩʫʨʩʠʪʝ, ʩʝʣʝʢʪʠʨʘˁʝʪʦ ʥʘ ʧʨʘʚʠʣʥʘʪʘ ʤʝʪʦʜʦʣʦʛʠʿʘ ʠ ʦʧʨʘʚʜʫʚʘˁʝʪʦ ʥʘ 

ʬʠʥʘʥʩʠʩʢʠʪʝ ʧʨʠʜʦʙʠʚʢʠ.  

Mader [126] ʧʨʝʜʣʘʛʘ LSS ʤʦʜʝʣ ʰʪʦ ʛʦ ʢʦʨʠʩʪʠ ʤʘʧʠʨʘˁʝʪʦ ʥʘ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ 

ʢʘʢʦ ʧʦʯʝʪʥʘ ʪʦʯʢʘ ʟʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʧʨʦʮʝʩʦʪ, ʦʜ ʢʘʜʝ ʰʪʦ ʧʨʦʠʟʣʝʛʫʚʘʘʪ ʧʨʦʝʢʪʠʪʝ 

ʟʘ ʧʦʜʦʙʨʫʚʘˁʝ. ʇʦ ʠʟʙʦʨʦʪ ʥʘ ʧʨʦʝʢʪ ʩʝ ʥʦʩʠ ʦʜʣʫʢʘ ʢʦʿʘ ʦʜ ʤʝʪʦʜʦʣʦʛʠʠʪʝ ʝ ʧʦʜʦʙʨʘ 

ʠ ʚʦ ʢʦʿʘ ʬʘʟʘ ʦʜ DMAIC ʤʦʜʝʣʦʪ ˃ʝ ʩʝ ʧʨʠʤʝʥʠ. ʂʘʢʦ ʠ ʜʘ ʝ ʩʦ ʦʚʦʿ ʤʦʜʝʣ ʥʝ ʩʝ 

ʧʦʩʪʠʛʥʫʚʘ ʧʣʘʥʠʨʘʥʘʪʘ ʠʥʪʝʛʨʘʮʠʿʘ ʟʘʪʦʘ ʰʪʦ ʝ ʧʨʝʜʣʦʛ ʟʘ ʜʚʘ ʨʘʟʜʚʦʝʥʠ ʧʨʠʩʪʘʧʘ.  

ɼʨʫʛʠ ʢʦʤʧʘʥʠʠ ʛʠ ʧʨʠʤʝʥʫʚʘʘʪ Lean ʠ ʐʝʩʪ ʉʠʛʤʘ ʦʜʚʦʝʥʦ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦ 

ʝʜʥʘ ʧʦ ʜʨʫʛʘ. LSS ʤʦʜʝʣʦʪ ʢʦʿ ʝ ʧʨʝʜʣʦʞʝʥ ʦʜ Crawford [127] ʧʨʝʟʝʥʪʠʨʘ ʜʝʢʘ ʐʝʩʪ 

ʉʠʛʤʘ ʤʦʞʝ ʧʨʚʘ ʜʘ ʩʝ ʧʨʠʤʝʥʠ ʟʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʝʬʝʢʪʠʚʥʦʩʪʘ ʥʘ ʧʨʦʮʝʩʦʪ ʘ ʧʦʪʦʘ 

ʩʣʝʜʠ Lean  ʟʘ ʜʘ ʿʘ ʧʦʜʦʙʨʠ ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʩʠʩʪʝʤʦʪ. ʉʦ ʦʚʦʿ ʤʦʜʝʣ ʜʚʝʪʝ ʤʝʪʦʜʦʣʦʛʠʠ 

ʩʝ ʠʩʮʨʪʘʥʠ ʩʠʤʫʣʪʘʥʦ ʟʘ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʠʜʝʘʪʘ ʟʘ ʠʥʪʝʛʨʘʮʠʿʘ. Snee [128] ʧʨʝʜʣʘʛʘ ʜʝʢʘ 

Lean ʘʣʘʪʢʠʪʝ ʤʦʞʘʪ ʜʘ ʙʠʜʘʪ ʤʥʦʛʫ ʝʬʝʢʪʠʚʥʠ ʚʦ ʧʨʚʘʪʘ ʬʘʟʘ ʦʜ ʧʦʜʦʙʨʫʚʘˁʝʪʦ ʥʘ 

ʧʨʦʮʝʩʦʪ, ʢʘʜʝ ʰʪʦ ʮʝʣʪʘ ʝ ʜʘ ʩʝ ʝʣʠʤʠʥʠʨʘʘʪ ʟʘʛʫʙʠʪʝ ʠ ʜʘ ʩʝ ʧʦʝʜʥʦʩʪʘʚʠ ʧʨʦʮʝʩʦʪ 
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ʧʨʝʜ ʜʘ ʩʝ ʟʘʧʦʯʥʝ ʩʦ ʩʧʨʘʚʫʚʘˁʝ ʩʦ ʧʦʢʦʤʧʣʠʮʠʨʘʥʠ ʧʨʦʙʣʝʤʠ ʩʦ ʦʧʪʠʤʠʟʘʮʠʿʘ ʠ 

ʢʦʥʪʨʦʣʘ ʥʘ ʧʨʦʮʝʩʥʠʪʝ ʯʝʢʦʨʠ.  

ʉʧʦʨʝʜ Hines [129] ʚʦ ʥʝʢʦʠ ʦʨʛʘʥʠʟʘʮʠʠ ʢʘʜʝ ʰʪʦ ʩʝ ʧʨʠʤʝʥʫʚʘʘʪ Lean ʪʝʭʥʠʢʠʪʝ 

ʩʦ ʛʦʜʠʥʠ, ʐʝʩʪ ʉʠʛʤʘ ʩʝ ʬʦʢʫʩʠʨʘ ʥʘ ʧʨʦʙʣʝʤʠʪʝ ʩʦ ʚʘʨʠʿʘʮʠʠʪʝ ʥʘ ʧʨʦʠʟʚʦʜʦʪ ʠ ʩʝ 

ʩʤʝʪʘ ʢʘʢʦ ʢʦʨʠʩʥʦ ʜʦʧʦʣʥʫʚʘˁʝ ʥʘ Lean ʟʘʪʦʘ ʰʪʦ ʛʠ ʥʘʧʘʺʘ ʚʘʨʠʿʘʮʠʠʪʝ ʥʘ ʥʘʯʠʥ 

ʢʦʤʧʘʪʠʙʠʣʝʥ ʥʘ Lean ʧʨʠʩʪʘʧʦʪ. ʅʦ ʦʚʘʘ ʨʘʤʢʘ ʿʘ ʢʦʨʠʩʪʠ ʐʝʩʪ ʉʠʛʤʘ ʩʘʤʦ ʢʘʢʦ ʘʣʘʪʢʘ 

ʟʘʝʜʥʦ ʩʦ Lean ʠ ʿʘ ʥʘʨʫʰʫʚʘ ʤʦ˃ʪʘ ʥʘ DMAIC ʧʨʠʩʪʘʧʦʪ.  

ʉʧʦʨʝʜ Bandell [130] ʧʦʪʨʝʙʥʦ ʝ ʧʦʥʘʪʘʤʦʰʥʦ ʜʝʬʠʥʠʨʘˁʝ ʥʘ ʧʨʝʜʣʦʞʝʥʠʪʝ 

ʤʦʜʝʣʠ ʢʦʿ ʛʠ ʩʦʜʨʞʘʪ ʩʪʨʘʪʝʛʠʩʢʠʪʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ Lean, ʐʝʩʪ ʉʠʛʤʘ, 

ʠʥʪʝʛʨʠʨʘˁʝʪʦ ʥʘ ʣʫʺʝʪʦ ʠ ʩʠʩʪʝʤʠʪʝ, ʠʥʚʦʣʚʠʨʘʥʦʩʪ ʠ ʧʘʨʪʠʮʠʧʠʨʘˁʝ, ʨʘʟʚʠʚʘˁʝ ʥʘ 

ʘʛʝʥʪʠ ʢʦʠ ʩʝ ʥʦʩʠʪʝʣʠ ʥʘ ʧʨʦʤʝʥʠʪʝ, ʬʦʢʫʩ ʢʦʥ ʨʝʟʫʣʪʘʪʠ ʠ ʠʥʪʝʛʨʠʨʘʥʦ ʨʘʟʚʠʚʘˁʝ ʠ 

ʪʨʝʥʠʥʛ.  

6.2 ʇʨʝʜʠʟʚʠʮʠ ʚʦ ʠʥʪʝʛʨʠʨʘˁʝʪʦ ʥʘ ʀʥʜʫʩʪʨʠʿʘ 4.0 ʩʦ Lean ʐʝʩʪ ʉʠʛʤʘ 

ʇʦʩʪʦʝʯʢʘʪʘ ʘʢʘʜʝʤʩʢʘ ʣʠʪʝʨʘʪʫʨʘ ʧʦʢʘʞʫʚʘ ʥʝʤʠʥʦʚʥʦ ʚʣʠʿʘʥʠʝ ʥʘ ʀʥʜʫʩʪʨʠʿʘ 

4.0 ʚʦ Lean ʐʝʩʪ ʉʠʛʤʘ ʠ ʤʝʥʘ˅ʠʨʘˁʝʪʦ ʩʦ ʢʚʘʣʠʪʝʪʦʪ, ʥʦ ʠʩʪʦ ʪʘʢʘ ʫʢʘʞʫʚʘ ʥʘ ʬʘʢʪʦʪ 

ʜʝʢʘ ʧʦʩʪʦʿʘʪ ʧʨʝʜʠʟʚʠʮʠ ʟʘ ʥʠʚʥʦ ʠʥʪʝʛʨʠʨʘˁʝ. ʉʧʦʨʝʜ [131] ʥʘʦʜʠʪʝ ʩʦ ʧʨʝʜʠʟʚʠʮʠ 

ʤʦʞʝ ʜʘ ʩʝ ʛʨʫʧʠʨʘʘʪ ʚʦ 4 ʢʘʪʝʛʦʨʠʠ:  

1. ʀʥʪʝʛʨʠʨʘˁʝʪʦ ʥʘ ʀʥʜʫʩʪʨʠʿʘ 4.0 ʩʦ Lean ʧʨʠʥʮʠʧʠʪʝ ʠ ʤʝʪʦʜʦʣʦʛʠʠʪʝ ʟʘ 

ʤʝʥʘ˅ʠʨʘˁʝ ʩʦ ʢʚʘʣʠʪʝʪ ʝ ʩʝʫʰʪʝ ʚʦ ʧʦʯʝʪʥʘ ʬʘʟʘ [132], [133]. ʂʦʥʮʝʧʪʦʪ 

ʀʥʜʫʩʪʨʠʿʘ 4.0 ʜʘ ʛʦ ʧʦʜʦʙʨʠ ʤʝʥʘ˅ʠʨʘˁʝʪʦ ʩʦ ʢʚʘʣʠʪʝʪ ʙʘʨʘ ʧʦʥʘʪʘʤʦʰʥʠ 

ʠʩʪʨʘʞʫʚʘˁʘ ʧʦʩʝʙʥʦ ʚʦ ʜʝʣʦʪ ʥʘ ʠʥʪʝʛʨʠʨʘˁʝ ʥʘ ʀʥʜʫʩʪʨʠʿʘ 4.0 ʚʦ Lean ʠ 

ʐʝʩʪ ʉʠʛʤʘ [15], [16], [17]. ʉʧʦʨʝʜ Muller [84] ʩʝʫʰʪʝ ʥʝʜʦʩʪʠʛʘʘʪ ʿʘʩʥʠ ʜʦʢʘʟʠ 

ʢʘʢʦ ʀʥʜʫʩʪʨʠʿʘ 4.0 ʤʦʞʝ ʜʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ Lean ʠ  

ʤʝʥʘ˅ʠʨʘˁʝʪʦ ʩʦ ʢʚʘʣʠʪʝʪʦʪ. ɱʘʩʥʦ ʧʨʦʠʟʣʝʛʫʚʘ ʜʝʢʘ ʚʦ ʧʦʩʪʦʝʯʢʘʪʘ 

ʣʠʪʝʨʘʪʫʨʘ ʤʦʞʝ ʜʘ ʩʝ ʥʘʿʜʘʪ ʤʥʦʛʫ ʧʦʝʜʠʥʝʯʥʠ ʧʨʠʤʝʨʠ, ʥʦ ʩʝʚʢʫʧʝʥ ʧʨʝʛʣʝʜ 

ʥʝʜʦʩʪʘʩʫʚʘ. Pereira [86]  ʪʚʨʜʠ ʜʝʢʘ ʠ ʧʦʢʨʘʿ ʛʦʣʝʤʠʦʪ ʙʨʦʿ ʥʘ ʠʩʪʨʘʞʫʚʘˁʘ ʟʘ 

ʠʥʪʝʛʨʠʨʘˁʝ ʥʘ ʀʥʜʫʩʪʨʠʿʘ 4.0 ʩʦ Lean ʐʝʩʪ ʉʠʛʤʘ ʩʝʧʘʢ ʧʦʪʝʥʮʠʿʘʣʦʪ ʟʘ 

ʥʠʚʥʦ ʠʥʪʝʛʨʠʨʘˁʝ ʝ ʩʝʫʰʪʝ ʥʝʿʘʩʝʥ. ʉʝʧʘʢ ʧʨʠʜʦʥʝʩʦʪ ʢʦʥ ʧʦʝʬʠʢʘʩʥʦ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʢʨʝʠʨʘˁʝ ʥʘ ʚʨʝʜʥʦʩʪ ʚʦ ʠʥʜʫʩʪʨʠʿʘʪʘ ʝ ʝʜʝʥ ʦʜ ʮʝʥʨʘʣʥʠʪʝ 

ʢʦʥʮʝʧʪʠ ʥʘ ʀʥʜʫʩʪʨʠʿʘ 4.0, ʠ ʙʘʨʘ ʧʦʥʘʪʘʤʦʰʥʦ ʠʩʪʨʘʞʫʚʘˁʝ ʟʘ 

ʠʥʪʝʛʨʠʨʘˁʝʪʦ ʥʘ ʜʠʩʮʠʧʣʠʥʠʪʝ ʥʘ ʀʥʜʫʩʪʨʠʿʘ 4.0, ʤʝʥʘ˅ʠʨʘˁʝʪʦ ʩʦ ʢʚʘʣʠʪʝʪ 

ʠ Lean ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ, [134].  

2. ɺʦ ʤʦʤʝʥʪʘʣʥʘʪʘ ʥʘʫʯʥʘ ʣʠʪʝʨʘʪʫʨʘ ʠʤʘ ʟʥʘʯʠʪʝʣʥʦ ʧʦʙʨʦʿʥʠ ʩʪʫʜʠʠ ʟʘ 
ʠʥʪʝʛʨʠʨʘˁʝ ʥʘ ʀʥʜʫʩʪʨʠʿʘ 4.0 ʩʦ Lean ʧʨʠʥʮʠʧʠʪʝ ʩʧʦʨʝʜʙʝʥʦ ʩʦ 

ʠʥʪʝʛʨʠʨʘˁʝ ʥʘ ʀʥʜʫʩʪʨʠʿʘ 4.0 ʠ ʤʝʥʘ˅ʠʨʘˁʝʪʦ ʩʦ ʢʚʘʣʠʪʝʪ [84]. ʉʧʦʨʝʜ 

Demartini [97] ʥʝʜʦʩʪʠʛʘ ʟʥʘʝˁʝ ʥʘ ʪʝʤʘʪʘ ʧʦʚʨʟʘʥʘ ʩʦ ʠʥʪʝʛʨʠʨʘˁʝ ʥʘ 

ʀʥʜʫʩʪʨʠʿʘ 4.0 ʠ ʤʝʥʘ˅ʠʨʘˁʝʪʦ ʩʦ ʢʚʘʣʠʪʝʪ. ɸʢʘʜʝʤʩʢʠʪʝ ʠʩʪʨʘʞʫʚʘˁʘ ʛʣʘʚʥʦ 

ʩʝ ʬʦʢʫʩʠʨʘʘʪ ʥʘ ʪʝʭʥʠʢʠʪʝ ʟʘ ʧʨʝʙʘʨʫʚʘˁʝ ʥʘ ʧʦʜʘʪʦʮʠ ʚʦ ʐʝʩʪ ʉʠʛʤʘ [135], 

ʢʘʢʦ ʠ ʄʘʰʠʥʩʢʦʪʦ ʫʯʝˁʝ ʠ ʚʝʰʪʘʯʢʠʪʝ ʥʝʫʨʘʣʥʠ ʤʨʝʞʠ [93], [95]. ʆʩʪʘʥʘʪʠʪʝ 

ʪʨʫʜʦʚʠ ʩʝ ʬʦʢʫʩʠʨʘʘʪ ʥʘ ʧʨʠʜʦʥʝʩʦʪ ʥʘ ʀʥʜʫʩʪʨʠʿʘ 4.0 ʚʦ ʢʦʥʪʨʦʣʘʪʘ ʥʘ 

ʢʚʘʣʠʪʝʪ, ʰʪʦ ʧʨʝʪʩʪʘʚʫʚʘ ʩʘʤʦ ʝʜʥʘ ʬʘʟʘ ʦʜ ʐʝʩʪ ʉʠʛʤʘ DMAIC ʩʪʨʫʢʪʫʨʘʪʘ.  

3. ʅʝʢʦʣʢʫ ʘʚʪʦʨʠ ʫʢʘʞʫʚʘʘʪ ʥʘ ʧʦʪʮʝʥʫʚʘˁʝʪʦ ʥʘ ʤʦ˃ʪʘ ʥʘ Lean ʐʝʩʪ ʉʠʛʤʘ ʠ 

ʟʘʢʦʥʠʪʝ ʢʦʠ ʚʘʞʘʪ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʧʨʠ ʠʤʧʣʝʤʝʥʪʠʨʘˁʝʪʦ ʥʘ ʀʥʜʫʩʪʨʠʿʘ 

4.0. Ruttimann ʠ Stockli [67] ʪʚʨʜʘʪ ʜʝʢʘ ʤʦʤʝʥʪʘʣʥʠʪʝ ʠʩʢʫʩʪʚʘ ʚʦ ʧʦʩʪʦʝʯʢʘʪʘ 

ʣʠʪʝʨʘʪʫʨʘ ʫʢʘʞʫʚʘʘʪ ʥʘ ʥʝʬʦʢʫʩʠʨʘʥʠ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʀʥʜʫʩʪʨʠʿʘ 4.0 ʢʦʠ ʩʦ 

ʛʦʣʝʤʘ ʚʝʨʦʿʘʪʥʦʩʪ ʥʝʤʘ ʜʘ ʫʩʧʝʘʪ ʜʘ ʛʠ ʠʩʧʦʣʥʘʪ ʦʯʝʢʫʚʘˁʘʪʘ ʚʦ 

ʤʝʥʘ˅ʠʨʘˁʝʪʦ ʩʦ ʢʚʘʣʠʪʝʪʦʪ ʧʦʨʘʜʠ ʥʝʿʘʩʥʠ ʨʘʟʙʠʨʘˁʘ ʥʘ ʬʠʟʠʯʢʠʪʝ 
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ʤʦʞʥʦʩʪʠ ʥʘ ʧʨʦʠʟʚʦʜʥʠʪʝ ʧʨʦʮʝʩʠ. ʀ ʧʦʢʨʘʿ ʦʛʨʦʤʥʠʦʪ ʧʦʪʝʥʮʠʿʘʣ ʥʘ ʩʘʿʙʝʨ 

ʬʠʟʠʯʢʠʪʝ ʩʠʩʪʝʤʠ, ʙʝʟʞʠʯʥʠʪʝ ʤʨʝʞʠ, ʤʘʰʠʥʩʢʦʪʦ ʫʯʝˁʝ, ʠʥʪʝʨʥʝʪ ʥʘ 

ʥʝʰʪʘʪʘ, ʚʝʰʪʘʯʢʘʪʘ ʠʥʪʝʣʠʛʝʥʮʠʿʘ ʠ ʘʣʛʦʨʠʪʤʠʪʝ ʟʥʘʯʘʿʥʦ ʜʘ ʛʦ ʧʦʜʦʙʨʘʪ 

ʧʝʨʬʦʨʤʘʥʩʦʪ ʚʦ ʠʥʜʫʩʪʨʠʠʪʝ, ʩʝʧʘʢ ʥʠʝʜʥʘ ʦʜ ʦʚʠʝ ʪʝʭʥʦʣʦʛʠʠ ʥʝʤʦʞʝ ʜʘ ʛʠ 

ʥʘʜʤʠʥʝ ʬʠʟʠʯʢʠʪʝ ʦʨʛʘʥʠʯʫʚʘˁʘ ʚʦ ʧʨʦʠʟʚʦʜʥʠʪʝ ʧʨʦʮʝʩʠ. ʉʧʦʨʝʜ Liker 

[136] ʝʬʝʢʪʦʪ ʜʦʙʠʝʥ ʩʦ  ʀʥʜʫʩʪʨʠʿʘ 4.0 ʝ ʜʘ ʛʦ ʤʫʣʪʠʧʣʠʮʠʨʘ ʧʝʨʬʦʨʤʘʥʩʦʪ 

ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ, ʥʝʟʘʚʠʩʥʦ ʜʘʣʠ ʪʦʿ ʝ ʜʦʙʘʨ ʠʣʠ ʣʦʰ. Sanders [137] ʪʚʨʜʠ 

ʜʝʢʘ ʤʥʦʛʫ ʛʨʝʰʢʠ ʩʝ ʥʘʧʨʘʚʝʥʠ ʚʦ ʠʟʤʠʥʘʪʠʪʝ ʛʦʜʠʥʠ ʧʨʠ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘʪʘ 

ʥʘ ʨʘʟʥʠ ʪʝʭʥʦʣʦʛʠʠ, ʢʨʝʠʨʘʿ˃ʠ ʤʥʦʛʫ ʧʨʦʙʣʝʤʠ ʚʦ ʨʘʟʣʠʯʥʠ ʢʦʤʧʘʥʠʠ. Lean 

ʐʝʩʪ ʉʠʛʤʘ ʧʨʠʥʮʠʧʠʪʝ ʠ ʢʦʥʮʝʧʪʦʪ ʤʦʨʘ ʪʝʤʝʣʥʦ ʜʘ ʩʝ ʠʩʮʨʧʘʪ ʟʘ ʜʘ ʩʝ ʜʦʙʠʝ 

ʟʥʘʯʠʪʝʣʝʥ ʙʝʥʝʬʠʪ ʦʜ ʥʦʚʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʀʥʜʫʩʪʨʠʿʘ 4.0. 

4. ʄʥʦʛʫ ʘʚʪʦʨʠ ʫʢʘʞʫʚʘʘʪ ʥʘ ʥʝʜʦʩʪʘʪʦʢʦʪ ʦʜ ʧʨʘʢʪʠʯʥʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ ʥʘ 

ʀʥʜʫʩʪʨʠʿʘ 4.0 ʚʦ ʤʝʥʘ˅ʠʨʘˁʝʪʦ ʩʦ ʢʚʘʣʠʪʝʪʦʪ ʠ ʘʥʘʣʠʟʘ ʥʘ ʜʦʙʠʝʥʠʪʝ 

ʨʝʟʫʣʪʘʪʠ. ɼʦʩʝʛʘʰʥʠʪʝ ʠʩʪʨʘʞʫʚʘˁʘ ʟʘ ʀʥʜʫʩʪʨʠʿʘ 4.0 ʛʣʘʚʥʦ ʩʝ ʬʦʢʫʩʠʨʘʘʪ 

ʥʘ ʪʝʭʥʦʣʦʰʢʠʪʝ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ  ʠ ʧʦʪʝʥʮʠʿʘʣʠ, ʥʘʤʝʩʪʦ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʦʜ 

ʧʨʘʢʪʠʯʥʘʪʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ ʚʦ ʠʥʜʫʩʪʨʠʿʘʪʘ, ʰʪʦ ʙʘʨʘ ʜʘ ʩʝ ʢʦʤʙʠʥʠʨʘʘʪ 

ʝʢʦʥʦʤʩʢʠʪʝ ʠ ʪʝʭʥʦʣʦʰʢʠʪʝ ʧʝʨʩʧʝʢʪʠʚʠ, [103].  

ʄʥʦʛʫ ʘʚʪʦʨʠ ʫʢʘʞʫʚʘʘʪ ʥʘ ʥʝʿʘʩʥʠʦʪ ʤʦʜʝʣ ʥʘ ʠʥʪʝʛʨʠʨʘˁʝ ʥʘ Lean ʠ ʐʝʩʪ 

ʉʠʛʤʘ. ʉʧʦʨʝʜ Albliwi [138] ʢʦʿ ʚʦ ʧʝʨʠʦʜʦʪ ʦʜ 2000 ʜʦ 2013 ʠʟʚʨʰʠʣ ʧʨʝʛʣʝʜ ʥʘ 

ʦʙʿʘʚʝʥʘʪʘ ʣʠʪʝʨʘʫʨʘ ʟʘ LSS ʚʦ 42 ʚʨʚʥʠ ʘʢʘʜʝʤʩʢʠ ʞʫʨʥʘʣʠ, ʦʛʨʘʥʠʯʫʚʘˁʘʪʘ ʟʘ 

ʠʤʧʣʝʤʝʥʪʠʨʘˁʝ ʥʘ LSS ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʛʠ ʩʫʤʠʨʘʣ ʚʦ ʩʣʝʜʥʠʪʝ ʛʨʫʧʠ:  

¶ ʅʝʜʦʩʪʘʪʦʢ ʥʘ ʿʘʩʝʥ ʧʘʪʦʢʘʟ ʟʘ ʠʤʧʣʝʤʝʥʪʠʨʘˁʝ ʥʘ LSS, ʢʦʿʘ ʩʪʨʘʪʝʛʠʿʘ ʪʨʝʙʘ 

ʜʘ ʩʝ ʠʤʧʣʝʤʝʥʪʠʨʘ ʧʨʚʘ, Lean ʠʣʠ ʐʝʩʪ ʉʠʛʤʘ [139], [140]  [141], [14]. 

¶ ʆʪʩʫʩʪʚʦʪʦ ʥʘ ʿʘʩʥʠ ʠʥʩʪʨʫʢʮʠʠ ʟʘ LSS ʚʦ ʨʘʥʘʪʘ ʬʘʟʘ ʥʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ 

[140], [142], [143]. 

¶ ʅʝʜʦʩʪʘʪʦʢ ʥʘ ʥʘʩʪʘʚʥʘ ʧʨʦʛʨʘʤʘ ʟʘ ʩʪʘʥʜʘʨʜʠʟʘʮʠʿʘ ʥʘ LSS [144], [145], [2]. 

¶ ʅʝʜʦʩʪʘʪʦʢ ʥʘ ʨʘʟʙʠʨʘˁʝ ʥʘ LSS ʘʣʘʪʢʠʪʝ ʠ ʪʝʭʥʠʢʠʪʝ [140], [146], [143]. 

¶ ʆʛʨʘʥʠʯʝʥ ʙʨʦʿ ʥʘ ʧʨʘʢʪʠʯʥʦ ʠʤʧʣʝʤʝʥʪʠʨʘʥʠ ʧʨʠʤʝʨʠ ʥʘ LSS ʚʦ 

ʧʨʦʠʟʚʦʜʥʠʦʪ ʩʝʢʪʦʨ [147], [148].  

ɿʘʢʣʫʯʦʢʦʪ ʚʦ ʥʝʛʦʚʦʪʦ ʠʩʪʨʘʞʫʚʘˁʝ ʝ ʜʝʢʘ ʥʝʜʦʩʪʠʛʘ ʦʜʨʞʣʠʚʘ ʨʘʤʢʘ ʟʘ 

ʠʥʪʝʛʨʠʨʘˁʝ ʥʘ LSS ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʠ ʫʢʘʞʫʚʘ ʥʘ ʪʦʘ ʜʝʢʘ ʠʜʥʠʪʝ ʠʩʪʨʘʞʫʚʘˁʘ ʪʨʝʙʘ 

ʜʘ ʩʝ ʥʘʩʦʯʘʪ ʢʦʥ ʠʟʥʘʦʺʘˁʝ ʥʘ ʦʜʨʞʣʠʚʘ ʨʘʤʢʘ. 

Bendell [130] ʩʤʝʪʘ ʜʝʢʘ ʤʦʤʝʥʪʘʣʥʘʪʘ ʣʠʪʝʨʘʪʫʨʘ ʥʘ ʠʥʪʝʛʨʠʨʘˁʝ ʥʘ ʐʝʩʪ ʉʠʛʤʘ 

ʠ Lean ʝ ʦʛʨʘʥʠʯʝʥʘ ʠ ʥʝʟʘʜʦʚʦʣʠʪʝʣʥʘ ʧʨʠ ʠʩʪʨʘʞʫʚʘˁʝʪʦ ʥʘ ʢʦʤʙʠʥʠʨʘʥʠʦʪ ʤʦʜʝʣ, ʥʦ 

ʜʝʢʘ ʩʝʧʘʢ ʦʚʠʝ ʜʚʝ ʪʝʭʥʠʢʠ ʤʦʞʝ ʝʬʝʢʪʠʚʥʦ ʜʘ ʩʝ ʢʦʤʙʠʥʠʨʘʘʪ ʚʦ ʝʜʥʘ. ʉʧʦʨʝʜ ʥʝʛʦ 

ʦʙʠʜʠʪʝ ʜʘ ʩʝ ʢʦʤʙʠʥʠʨʘʘʪ Lean ʠ ʐʝʩʪ ʉʠʛʤʘ ʩʝ ʧʦʚʝ˃ʝ ʬʠʣʦʟʦʬʩʢʠ ʥʘʩʦʯʝʥʠ. ʆʚʠʝ 

ʦʙʠʜʠ ʜʘʚʘʘʪ ʧʨʠʤʝʨʠ ʥʘ ʥʝʢʦʤʧʘʪʠʙʠʣʥʦʩʪ ʠ ʢʦʥʬʣʠʢʪ ʰʪʦ ʨʝʟʫʣʪʠʨʘ ʩʦ ʧʦʜ ʧʨʦʩʝʯʥʠ 

ʧʦʜʦʙʨʫʚʘˁʘ. ʊʦʿ ʛʠ ʢʨʠʪʠʢʫʚʘ ʦʙʠʜʠʪʝ ʟʘ ʢʦʤʙʠʥʠʨʘˁʝ ʜʝʢʘ ʩʝ ʥʝ ʝʬʝʢʪʠʚʥʠ  ʟʘʪʦʘ ʰʪʦ 

ʿʘ ʟʝʤʘʘʪ ʝʜʥʘʪʘ ʤʝʪʦʜʦʣʦʛʠʿʘ ʢʘʢʦ ʜʦʤʠʥʘʥʪʥʘ ʘ ʜʨʫʛʘʪʘ ʢʘʢʦ ʧʦʜʨʝʜʝʥʘ, ʠʛʥʦʨʠʨʘʿ˃ʠ 

ʛʦ ʬʘʢʪʦʪ ʜʝʢʘ ʩʝʢʦʿʘ ʦʜ ʥʠʚ ʠʤʘ ʫʥʠʢʘʪʥʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʧʨʠʜʦʙʠʚʢʠ.  

Mader [126] ʪʚʨʜʠ ʜʝʢʘ ʨʘʟʣʠʯʥʠʪʝ ʤʦʜʝʣʠ ʥʘ Lean ʐʝʩʪ ʉʠʛʤʘ ʢʦʠ ʩʝ ʨʘʟʚʠʝʥʠ ʚʦ 

ʨʘʟʣʠʯʥʠ ʦʨʛʘʥʠʟʘʮʠʠ ʩʝ ʨʘʟʣʠʢʫʚʘʘʪ ʟʥʘʯʠʪʝʣʥʦ ʠ ʜʝʢʘ ʩʝʫʰʪʝ ʝ ʧʦʪʨʝʙʥʦ ʛʨʘʜʝˁʝ ʥʘ 

ʟʘʝʜʥʠʯʢʦ ʟʥʘʝˁʝ ʟʘ ʦʚʘʘ ʧʨʦʙʣʝʤʘʪʠʢʘ.  

Proudlove [149] ʩʤʝʪʘ ʜʝʢʘ ʝ ʤʦʞʥʦ ʠʥʪʝʛʨʠʨʘˁʝ ʥʘ Lean ʠ ʐʝʩʪ ʉʠʛʤʘ ʙʝʟ ʜʘ ʩʝ 

ʢʦʥʪʨʘʜʠʢʪʦʨʥʠ ʦʚʠʝ ʧʨʠʥʮʠʧʠ ʝʜʝʥ ʥʘ ʜʨʫʛ, ʥʦ ʜʝʢʘ ʥʝʤʘ ʟʘʝʜʥʠʯʢʠ ʢʦʥʩʝʥʟʫʩ ʢʘʢʦ ʜʘ 

ʩʝ ʥʘʧʨʘʚʠ ʪʦʘ ʠ ʥʝʤʘ ʰʠʨʦʢʦ ʧʨʠʬʘʪʝʥʘ ʠʥʪʝʛʨʠʨʘʥʘ ʤʝʪʦʜʦʣʦʛʠʿʘ. ʆʜ ʦʚʘ ʧʨʦʠʟʣʝʛʫʚʘ 

ʜʝʢʘ ʜʝʪʘʣʝʥ ʦʧʠʩ ʥʘ ʠʥʪʝʛʨʠʨʘˁʝʪʦ ʝ ʩʝʫʰʪʝ ʧʦʪʨʝʙʝʥ.  
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ɼʘ ʩʫʤʠʨʘʤʝ, ʠʩʪʨʘʞʫʚʘʝˁʪʦ ʚʦ ʤʦʤʝʥʪʘʣʥʘʪʘ ʥʘʫʯʥʘ ʣʠʪʝʨʘʪʫʨʘ ʫʢʘʞʫʚʘ ʥʘ 

ʥʝʢʦʣʢʫ ʛʣʘʚʥʠ ʧʨʝʜʠʟʚʠʮʠ ʟʘ ʙʨʟʦ ʠ ʝʬʠʢʘʩʥʦ ʠʤʧʣʝʤʝʥʪʠʨʘˁʝ ʥʘ Lean ʐʝʩʪ ʉʠʛʤʘ 

ʤʝʪʦʜʦʣʦʛʠʿʘʪʘ ʠ ʧʦʩʪʠʛʥʫʚʘˁʝ ʥʘ ʥʘʿʟʠʥʠʪʝ ʙʘʨʘˁʘ ʟʘ ʢʚʘʣʠʪʝʪ ʦʜ 3,4 ʜʝʬʝʢʪʠ ʥʘ 

ʤʠʣʠʦʥ ʤʦʞʥʦʩʪʠ. ʇʨʚʦ, ʥʝʤʘˁʝ ʿʘʩʥʘ ʚʠʟʠʿʘ ʠ ʜʝʪʘʣʥʦ ʨʘʟʚʠʝʥ ʤʦʜʝʣ ʢʦʿ ʰʪʦ ˃ʝ ʛʠ 

ʠʥʪʝʛʨʠʨʘ Lean ʠ ʐʝʩʪ ʉʠʛʤʘ. ɺʪʦʨ ʧʨʝʜʠʟʚʠʢ ʝ ʥʝʠʟʙʝʞʥʦʪʦ ʚʣʠʿʘʥʠʝ ʥʘ ʀʥʜʫʩʪʨʠʿʘ 

4.0 ʚʦ ʤʝʥʘ˅ʠʨʘˁʝʪʦ ʩʦ ʢʚʘʣʠʪʝʪ ʠ ʥʝʤʘˁʝ ʥʘ ʿʘʩʥʦ ʜʝʬʠʥʠʨʘʥ ʤʦʜʝʣ ʟʘ ʠʥʪʝʛʨʠʨʘˁʝ ʥʘ  

ʀʥʜʫʩʪʨʠʿʘ 4.0 ʚʦ DMAIC ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ Lean ʐʝʩʪ ʉʠʛʤʘ. ʊʨʝʪʦ ʝ ʟʘʥʝʤʘʨʫʚʘˁʝ ʥʘ 

ʤʦ˃ʪʘ ʥʘ Lean ʐʝʩʪ ʉʠʛʤʘ ʠ ʟʘʢʦʥʠʪʝ ʢʦʠ ʚʘʞʘʪ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʧʨʠ 

ʠʤʧʣʝʤʝʥʪʠʨʘˁʝʪʦ ʥʘ ʀʥʜʫʩʪʨʠʿʘ 4.0. ʀ ʧʦʩʣʝʜʥʦ ʝ ʥʝʜʦʩʪʘʪʦʢ ʦʜ ʧʨʘʢʪʠʯʥʘ 

ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ ʥʘ ʀʥʜʫʩʪʨʠʿʘ 4.0 ʚʦ ʤʝʥʘ˅ʠʨʘˁʝʪʦ ʩʦ ʢʚʘʣʠʪʝʪ.  
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7 ʀʅʊɽɻʈʀʈɸʅ ʄʆɼɽʃ ʅɸ LEAN  ʐɽʉʊ ʉʀɻʄɸ ʀ ʀʅɼʋʉʊʈʀɱɸ 4.0 

ʇʈʀʄɽʅʃʀɺ ɺʆ ɸɺʊʆʄʆɹʀʃʉʂɸ ʀʅɼʋʉʊʈʀɱɸ 

ɺʦ ʦʚʘʘ ʛʣʘʚʘ ʝ ʧʨʝʜʣʦʞʝʥ ʠʥʦʚʘʪʠʚʝʥ ʤʦʜʝʣ ʢʦʿ ʛʠ ʠʥʪʝʛʨʠʨʘ Lean, ʐʝʩʪ ʉʠʛʤʘ ʠ 

ʀʥʜʫʩʪʨʠʿʘ 4.0 ʢʦʨʠʩʪʝʿ˃ʠ ʿʘ DMAIC ʩʪʨʫʢʪʫʨʘʪʘ (ʊʘʙʝʣʘ 7.1). ʆʚʦʿ ʤʦʜʝʣ ʠʤʘ ʟʘ ʮʝʣ ʜʘ 

ʦʙʝʟʙʝʜʠ ʩʝʪ ʥʘ ʿʘʩʥʠ ʠʥʩʪʨʫʢʮʠʠ ʥʘʤʝʥʝʪʠ ʟʘ ʠʩʪʨʘʞʫʚʘʯʠ ʠ ʧʨʘʢʪʠʯʘʨʠ ʦʜ 

ʘʚʪʦʤʦʙʠʣʩʢʠʦʪ ʩʝʢʪʦʨ, ʟʘ ʜʠʟʘʿʥʠʨʘˁʝ ʥʘ ʝʬʠʢʘʩʝʥ ʧʨʦʮʝʩ ʥʘ ʢʦʥʪʠʥʫʠʨʘʥʦ 

ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʢʚʘʣʠʪʝʪʦʪ ʠ ʩʝʚʢʫʧʥʠʦʪ ʦʧʝʨʘʪʠʚʝʥ ʧʝʨʬʦʨʤʘʥʩ,  [131]. ɻʣʘʚʥʠʪʝ ʮʝʣʠ 

ʥʘ ʦʚʦʿ ʤʦʜʝʣ ʤʦʞʝ ʜʘ ʩʝ ʢʘʪʝʛʦʨʠʟʠʨʘʘʪ ʢʘʢo: 

1. ʋʚʠʜ ʟʘ ʧʨʠʜʦʥʝʩʦʪ ʥʘ Lean ʐʝʩʪ ʉʠʛʤʘ ʚʦ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʬʠʟʠʯʢʘʪʘ 

ʩʪʘʙʠʣʥʦʩʪ ʠ ʩʧʦʩʦʙʥʦʩʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ. 

2. ʉʫʰʪʠʥʩʢʦ ʨʘʟʙʠʨʘˁʝ ʥʘ ʨʝʣʘʮʠʿʘʪʘ ʧʦʤʝʺʫ Lean ʐʝʩʪ ʉʠʛʤʘ ʘʣʘʪʢʠʪʝ ʠ 

ʨʘʟʣʠʯʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʀʥʜʫʩʪʨʠʿʘ 4.0. 

3. ɸʥʘʣʠʟʘ ʠ ʧʨʦʮʝʥʢʘ ʥʘ ʪʝʭʥʦʣʦʛʠʠʪʝ ʥʘ ʀʥʜʫʩʪʨʠʿʘ 4.0 ʢʦʠ ʤʦʞʘʪ ʜʘ ʛʠ 
ʜʠʛʠʪʘʣʠʟʠʨʘʘʪ Lean ʐʝʩʪ ʉʠʛʤʘ ʘʣʘʪʢʠʪʝ, ʘ ʩʦ ʪʦʘ ʠ ʜʘ ʛʦ ʧʦʜʦʙʨʘʪ 

ʤʝʥʘ˅ʠʨʘˁʝʪʦ ʩʦ ʢʚʘʣʠʪʝʪ ʠ ʧʝʨʬʦʨʤʘʥʩʦʪ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ. 

4. ʉʫʤʠʨʘʥʠ ʧʨʠʜʦʙʠʚʢʠ ʦʜ ʀʥʜʫʩʪʨʫʿʘ 4.0 ʚʦ ʦʜʥʦʩ ʥʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ 

ʦʧʝʨʘʪʠʚʥʠʦʪ ʧʝʨʬʦʨʤʘʥʩ ʠ ʢʚʘʣʠʪʝʪʦʪ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦ. 

ʄʦʜʝʣʦʪ ʠʤʘ ʧʦʚʪʦʨʣʠʚ ʠ ʥʝʧʨʝʢʠʥʘʪ ʮʠʢʣʫʩ ʥʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʦʧʝʨʘʪʠʚʥʠʦʪ 

ʧʝʨʬʦʨʤʘʥʩ ʧʨʠʤʝʥʫʚʘʿ˃ʠ ʛʠ ʩʣʝʜʥʠʪʝ ʬʘʟʠ ʦʜ DMAIC ʩʪʨʫʢʪʫʨʘʪʘ: 

¶ ʌʘʟʘ ʥʘ ʜʝʬʠʥʠʨʘˁʝ ʥʘ ʧʨʦʙʣʝʤʦʪ ʠ ʩʝʣʝʢʪʠʨʘˁʝ ʥʘ ʦʙʣʘʩʪ ʟʘ ʧʦʜʦʙʨʫʚʘˁʝ. 

¶ ʌʘʟʘ ʥʘ ʤʝʨʝˁʝ ʢʘʜʝ ʰʪʦ ʩʝ ʠʜʝʥʪʠʬʠʢʫʚʘʘʪ ʚʘʨʠʿʘʮʠʠʪʝ ʥʘ ʧʨʦʮʝʩʦʪ ʠ 

ʘʢʪʠʚʥʦʩʪʠʪʝ ʢʦʠ ʥʝ ʜʦʜʘʚʘʘʪ ʚʨʝʜʥʦʩʪ ʚʦ ʪʝʢʦʪ ʥʘ ʚʨʝʜʥʦʩʪʠ. 

¶ ʌʘʟʘ ʥʘ ʘʥʘʣʠʟʠʨʘˁʝ ʥʘ ʠʟʚʦʨʥʠʪʝ ʧʨʠʯʠʥʠ ʟʘ ʧʦʿʘʚʘ ʥʘ ʧʨʦʙʣʝʤʠʪʝ. 

¶ ʌʘʟʘ ʥʘ ʧʦʜʦʙʨʫʚʘˁʝ ʢʘʜʝ ʰʪʦ ʩʝ ʠʜʝʥʪʠʬʠʢʫʚʘʘʪ ʥʘʿʜʦʙʨʠʪʝ ʨʝʰʝʥʠʿ ʘ ʟʘ 

ʝʣʠʤʠʥʠʨʘˁʝ ʥʘ ʠʟʚʦʨʥʠʪʝ ʧʨʠʯʠʥʠ ʥʘ ʚʘʨʠʿʘʮʠʠ ʥʘ ʧʨʦʮʝʩʠʪʝ ʠ ʟʘʛʫʙʠ ʚʦ ʪʝʢʦʪ 

ʥʘ ʚʨʝʜʥʦʩʪʠ. 

¶ ʌʘʟʘ ʥʘ ʢʦʥʪʨʦʣʠʨʘˁʝ ʢʘʜʝ ʰʪʦ ʩʝ ʩʪʘʥʜʘʨʜʠʟʠʨʘʘʪ ʧʦʜʦʙʨʫʚʘˁʘʪʘ, ʩʝ 

ʢʦʥʪʨʦʣʠʨʘ ʧʝʨʬʦʨʤʘʥʩʦʪ ʥʘ ʧʨʦʮʝʩʦʪ, ʩʝ ʧʦʩʪʠʛʥʫʚʘ ʦʜʨʞʣʠʚʦʩʪ ʥʘ 

ʨʝʟʫʣʪʘʪʠʪʝ ʠ ʩʝ ʙʘʨʘ ʧʦʪʝʥʮʠʿʘʣ ʟʘ ʢʦʥʪʠʥʫʠʨʘʥʦ ʧʦʜʦʙʨʫʚʘˁʝ. 

ɺʦ ʧʨʚʘʪʘ ʢʦʣʦʥʘ ʦʜ ʤʦʜʝʣʦʪ ʩʝ ʧʨʠʢʘʞʘʥʠ ʬʘʟʠʪʝ ʥʘ Lean ʐʝʩʪ ʉʠʛʤʘ ʠ 

ʀʥʜʫʩʪʨʠʿʘ 4.0 ʤʦʜʝʣʦʪ (ʜʝʬʠʥʠʨʘˁʝ, ʤʝʨʝˁʝ, ʘʥʘʣʠʟʠʨʘˁʝ, ʧʦʜʦʙʨʫʚʘˁʝ, 

ʢʦʥʪʨʦʣʠʨʘˁʝ). ɺʦ ʚʪʦʨʘʪʘ ʢʦʣʦʥʘ ʝ ʧʨʠʢʘʞʘʥʦ ʜʘʣʠ ʘʢʪʠʚʥʦʩʪʠʪʝ ʩʝ ʦʜʥʝʩʫʚʘʘʪ ʥʘ 

ʐʝʩʪ ʉʠʛʤʘ, ʥʘ Lean ʠʣʠ ʠ ʥʘ ʜʚʝʪʝ ʤʝʪʦʜʦʣʦʛʠʠ ʟʘʝʜʥʦ. ɺʦ ʪʨʝʪʘʪʘ ʢʦʣʦʥʘ ʩʝ 

ʧʨʠʢʘʞʘʥʠ Lean ʠ ʐʝʩʪ ʉʠʛʤʘ ʘʢʪʠʚʥʦʩʪʠʪʝ. ʅʝʢʦʠ ʦʜ ʦʚʠʝ ʘʢʪʠʚʥʦʩʪʠ, ʢʘʢʦ ʥʘ ʧʨʠʤʝʨ 

Lean ʘʣʘʪʢʠʪʝ ʚʦ ʬʘʟʘʪʘ ʥʘ ʧʦʜʦʙʨʫʚʘˁʝ, ʩʝ ʧʨʝʜʫʩʣʦʚ ʟʘ ʜʘ ʩʝ ʧʦʯʥʝ ʩʦ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ 

ʥʘ ʀʥʜʫʩʪʨʠʿʘ 4.0 ʠ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʤʘʢʩʠʤʘʣʝʥ ʠʥʪʝʥʟʠʪʝʪ ʧʨʠ ʧʦʜʦʙʨʫʚʘˁʝʪʦ ʥʘ 

ʢʚʘʣʠʪʝʪʦʪ ʠ ʩʝʚʢʫʧʥʠʦʪ ʧʝʨʬʦʨʤʘʥʩ. ɺʦ ʧʦʩʣʝʜʥʘʪʘ ʢʦʣʦʥʘ ʩʝ ʧʨʠʢʘʞʘʥʠ ʪʝʭʥʦʣʦʛʠʠʪʝ 

ʥʘ ʀʥʜʫʩʪʨʠʿʘ 4.0 ʢʦʠ ʛʠ ʜʠʛʠʪʘʣʠʟʠʨʘʘʪ Lean ʐʝʩʪ ʉʠʛʤʘ ʘʣʘʪʢʠʪʝ ʩʦ ʰʪʦ ʛʠ 

ʥʘʤʘʣʫʚʘʘʪ ʜʦʧʦʣʥʠʪʝʣʥʦ ʚʘʨʠʿʘʮʠʠʪʝ ʥʘ ʧʨʦʮʝʩʦʪ ʠ ʟʘʛʫʙʠʪʝ ʚʦ ʪʝʢʦʪ ʥʘ ʚʨʝʜʥʦʩʪʠ.  
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ʊʘʙʝʣʘ 7.1. ʀʥʪʝʛʨʠʨʘʥ ʤʦʜʝʣ ʥʘ Lean ʐʝʩʪ ʉʠʛʤʘ (DMAIC) ʠ ʀʥʜʫʩʪʨʠʿʘ 4.0 

Lean 

ʐʝʩʪ 

ʉʠʛʤʘ 

ɸʢʪʠʚʥʦʩʪʠ 

ʊʝʭʥʦʣʦʛʠʠ ʥʘ ʀʥʜʫʩʪʨʠʿʘ 4.0 ʢʦʠ ʛʠ ʜʠʛʠʪʘʣʠʟʠʨʘʘʪ 

Lean ʐʝʩʪ ʉʠʛʤʘ ʤʝʪʦʜʠʪʝ ʠ ʛʠ ʥʘʤʘʣʫʚʘʘʪ ʚʘʨʠʿʘʮʠʠʪʝ 

ʥʘ ʧʨʦʮʝʩʦʪ 
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Å ɼʝʬʠʥʠʨʘˁʝ ʥʘ ʦʧʩʝʛ ʥʘ 

ʧʨʦʝʢʪ. 

Å ʌʠʥʘʥʩʠʩʢʘ ʧʨʠʜʦʙʠʚʢʘ. 

Å ɼʘʣʠ ʠʤʘ ʙʨʟʠ ʧʨʠʜʦʙʠʚʢʠ? 

Å ʀʥʜʫʩʪʨʠʿʘ 4.0 ʛʠ ʩʦʙʠʨʘ ʧʦʜʘʪʦʮʠʪʝ ʚʦ ʨʝʘʣʥʦ ʚʨʝʤʝ, ʛʠ 

ʩʥʠʤʘ, ʛʨʫʧʠʨʘ ʠ ʘʥʘʣʠʟʠʨʘ ʩʦ ʮʝʣ ʜʘ ʩʝ ʠʜʝʥʪʠʬʠʢʫʚʘ 

ʧʦʜʨʘʯʿʝ ʟʘ ʧʦʜʦʙʨʫʚʘˁʝ ʠ ʦʧʩʝʛ ʥʘ Lean ʐʝʩʪ ʉʠʛʤʘ 

ʘʥʘʣʠʟʘʪʘ. 
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Å ʇʨʠʙʠʨʘˁʝ ʥʘ ʧʦʜʘʪʦʮʠ. 

Å ʄʘʧʠʨʘˁʝ ʥʘ ʧʨʦʤʝʥʣʠʚʠ 

ʚʦ ʧʨʦʮʝʩʦʪ. 

Å ɸʥʘʣʠʟʘ ʥʘ ʤʝʨʝʥ ʩʠʩʪʝʤ 

(MSA). 

Å ʉʪʘʪʠʩʪʠʯʢʘ ʢʦʥʪʨʦʣʘ ʥʘ 

ʧʨʦʮʝʩʦʪ (SPC): ʩʧʦʩʦʙʥʦʩʪ 

ʥʘ ʧʨʦʮʝʩʦʪ;  Cpk, Ppk,  

ʛʨʘʬʠʢʦʥ ʟʘ ʠʥʜʠʚʠʜʫʘʣʥʠ 

ʦʪʯʠʪʫʚʘˁʘ, ʭʠʩʪʦʛʨʘʤ ʥʘ 

ʩʧʦʩʦʙʥʦʩʪ. 

Å ɸʥʘʣʠʟʘ ʥʘ ʨʠʟʠʮʠ FMEA. 

Å ʄʘʰʠʥʩʢʦʪʦ ʫʯʝˁʝ ʠ ʚʝʰʪʘʯʢʘʪʘ ʠʥʪʝʣʠʛʝʥʮʠʿʘ ʛʝʥʝʨʠʨʘʘʪ 

ʢʦʥʪʨʦʣʥʠ ʛʨʘʬʠʢʦʥʠ ʩʦ ʢʦʠ ʩʝ ʧʦʪʚʨʜʫʚʘ ʤʝʨʥʠʦʪ ʩʠʩʪʝʤ 

(MSA) ʠ ʩʝ ʧʨʝʜʚʠʜʫʚʘ ʠʜʥʦʪʦ ʦʜʥʝʩʫʚʘˁʝ ʥʘ ʧʨʦʮʝʩʦʪ 

(SPC). ʉʦ ʦʚʘ ʩʝ ʝʣʠʤʠʥʠʨʘʘʪ ʤʘʥʫʝʣʥʠʪʝ ʠʥʩʧʝʢʮʠʠ ʠ 

ʛʨʝʰʢʠʪʝ ʧʨʝʜʠʟʚʠʢʘʥʠ ʦʜ ʯʦʚʝʯʢʠ ʬʘʢʪʦʨ. ʆʚʠʝ ʤʦʜʝʣʠ 

ʜʝʬʠʥʠʨʘʘʪ ʧʨʠʦʨʠʪʝʪʥʠ ʘʢʮʠʠ ʧʨʠ ʘʥʘʣʠʟʘ ʥʘ ʨʠʟʠʮʠʪʝ 

(FMEA).  
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Å ʇʨʠʙʠʨʘˁʝ ʥʘ ʧʦʜʘʪʦʮʠ. 

Å ʄʘʧʠʨʘˁʝ ʥʘ ʪʝʢ ʥʘ 

ʚʨʝʜʥʦʩʪʠ. 

Å ɸʥʘʣʠʟʘ ʥʘ ʤʦʤʝʥʪʘʣʥʘʪʘ 

ʩʦʩʪʦʿʙʘ ʠ ʠʜʝʥʪʠʬʠʢʫʚʘˁʝ 

ʥʘ ʘʢʪʠʚʥʦʩʪʠ ʢʦʠ ʥʝ 

ʜʦʜʘʚʘʘʪ ʚʨʝʜʥʦʩʪ. 

Å ɼʝʬʠʥʠʨʘˁʝ ʥʘ ʘʢʮʠʠ ʟʘ 

ʜʠʟʘʿʥʦʪ ʥʘ ʠʜʥʠʦʪ ʪʝʢ ʥʘ 

ʚʨʝʜʥʦʩʪʠ (VSD). 

Å ʀʥʜʫʩʪʨʠʿʘ 4.0 ʘʚʪʦʥʦʤʥʦ ʛʠ ʧʨʝʩʤʝʪʫʚʘ ʠʥʜʠʢʘʪʦʨʠʪʝ ʟʘ 

ʧʝʨʬʦʨʤʘʥʩ ʥʘ ʧʨʦʮʝʩʦʪ. 

Å RFID ʦʪʢʨʠʚʘ ʧʨʦʙʣʝʤʠ ʚʦ ʨʝʘʣʥʦ ʚʨʝʤʝ ʚʦ ʪʝʢʦʪ ʥʘ 

ʚʨʝʜʥʦʩʪʠ: ʛʦʣʝʤʘ ʟʘʣʠʭʘ ʥʘ ʤʘʪʝʨʠʿʘʣʠ, ʜʦʣʛʘ ʧʘʪʝʢʘ ʥʘ 

ʜʚʠʞʝˁʝ ʥʘ ʤʝʪʝʨʠʿʘʣʠʪʝ, ʧʘʢʦʚʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʚʨʝʤʝ ʥʘ  

ʯʝʢʘˁʝ ʧʦʨʘʜʠ ʜʝʬʝʢʪʠ ʥʘ ʤʘʰʠʥʘ, ʥʝʩʠʥʭʨʦʥʠʟʠʨʘʥʠ 

ʧʨʦʮʝʩʠ ʠ ʥʝʜʦʩʪʘʪʦʢ ʥʘ ʤʘʪʝʨʠʿʘʣʠ. 

Å ɺʠʨʪʫʝʣʥʘʪʘ ʨʝʘʣʥʦʩʪ ʛʦ ʟʘʤʝʥʫʚʘ ʢʣʘʩʠʯʥʦʪʦ ʤʘʧʠʨʘˁʝ 

ʥʘ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ, ʛʠ ʝʣʠʤʠʥʠʨʘ ʢʦʤʧʣʠʮʠʨʘʥʠʪʝ 

ʠʥʪʝʨʘʢʮʠʠ ʩʦ ʤʥʦʛʫ ʩʠʤʙʦʣʠ ʠ ʛʦ ʟʘʙʨʟʫʚʘ ʜʠʟʘʿʥʦʪ ʥʘ 

ʥʦʚʠʦʪ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ. 
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Å ɸʥʘʣʠʟʘ ʥʘ ʧʦʜʘʪʦʮʠʪʝ. 

Å ʉʫʙʿʝʢʪʠʚʥʘ ʘʥʘʣʠʟʘ ʥʘ 

ʠʟʚʦʨʥʠʪʝ ʧʨʠʯʠʥʠ: PDCA; 5- 

why; ɼʠʿʘʛʨʘʤ ʠ ʤʘʪʨʠʮʘ ʩʦ 

ʧʨʠʯʠʥʠ-ʠ-ʧʦʩʣʝʜʠʮʠ;  

FMEA; ʂʦʨʝʣʘʮʠʩʢʘ ʤʘʪʨʠʮʘ. 

Å ʊʝʩʪʠʨʘˁʝ ʩʦ ʭʠʧʦʪʝʟʘ; 

ANOVA; ʊʝʩʪʠʨʘˁʝ ʥʘ 

ʨʝʛʨʝʩʠʿʘ. 

Å ʋʪʚʨʜʫʚʘˁʝ ʥʘ X-ʪʝ (ʚʣʝʟʥʠ 

ʧʘʨʘʤʝʪʨʠ) ʰʪʦ ʠʤʘʪ 

ʥʘʿʛʦʣʝʤʦ ʚʣʠʿʘʥʠʝ ʥʘ Y 

(ʨʝʟʫʣʪʘʪʦʪ). 

Å ʄʘʰʠʥʩʢʦʪʦ ʫʯʝˁʝ ʠ ʩʠʤʫʣʘʮʠʿʘʪʘ ʚʨʰʘʪ ʪʝʩʪʠʨʘˁʘ ʧʦ 

ʤʝʪʦʜʦʪ ʧʨʦʙʘ-ʛʨʝʰʢʘ ʠ ʛʠ ʧʦʪʚʨʜʫʚʘʘʪ ʠʣʠ ʥʝʛʠʨʘʘʪ 

ʭʠʧʦʪʝʟʠʪʝ ʟʘ ʧʦʿʘʚʘ ʥʘ ʚʘʨʠʿʘʮʠʠ.  

Å ʄʘʰʠʥʩʢʦ ʫʯʝˁʝ ʛʦ ʨʝʜʫʮʠʨʘ ʙʨʦʿʦʪ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʠ ʚʦ 

ʤʝʪʦʜʦʪ ʜʠʟʘʿʥ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʠ (DoE), ʛʠ ʠʜʝʥʪʠʬʠʢʫʚʘ 

ʧʘʨʘʤʝʪʨʠʪʝ ʢʦʠ ʚʣʠʿʘʘʪ ʥʘ ʨʝʟʫʣʪʘʪʦʪ ʠ ʜʝʬʠʥʠʨʘ  ʥʠʚʥʘ 

ʪʦʯʥʘ ʚʨʝʜʥʦʩʪ. ʉʦ ʦʚʘ ʩʝ ʨʝʜʫʮʠʨʘ ʙʨʦʿʦʪ ʥʘ ʪʝʩʪʦʚʠ ʠ 

ʚʨʝʤʝʪʦ ʧʦʪʨʝʙʥʦ ʟʘ ʘʥʘʣʠʟʘ ʥʘ ʚʘʨʠʿʘʮʠʠʪʝ. ɻʣʘʚʝʥ 

ʙʝʥʝʬʠʪ ʦʜ ʀʥʜʫʩʪʨʠʿʘ 4.0 ʚʦ ʦʚʘʘ ʬʘʟʘ ʝ ʝʣʠʤʠʥʠʨʘˁʝ ʥʘ 

ʟʘʚʠʩʥʦʩʪʘ ʦʜ ʝʢʩʧʝʨʪʠ. 
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Å ʂʨʝʠʨʘˁʝ ʥʘ ʬʘʤʠʣʠʿʘ ʥʘ 

ʧʨʦʠʟʚʦʜʠ ʩʧʦʨʝʜ ʩʣʠʯʥʦʩʪ 

ʥʘ ʧʨʦʮʝʩʠʪʝ ʠ ʟʘʝʜʥʠʯʢʠ 

ʢʦʨʠʩʪʝʥʘʪʘ ʦʧʨʝʤʘ. 

Å ʂʘʣʢʫʣʘʮʠʿʘ ʥʘ ʧʦʪʨʝʙʥʘʪʘ 

ʦʧʨʝʤʘ ʩʦʛʣʘʩʥʦ ʥʦʚʠʪʝ 

ʬʘʤʠʣʠʠ ʥʘ ʧʨʦʠʟʚʦʜʠ. 

Å ɼʝʬʠʥʠʨʘˁʝ ʥʘ ʪʘʢʪ ʚʨʝʤʝ. 

Å ʂʨʝʠʨʘˁʝ ʥʘ ʢʦʥʪʠʥʫʠʨʘʥʦ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʧʘʨʯʝ-ʧʦ-

ʧʘʨʯʝ.  

Å ʇʦʩʪʘʚʫʚʘˁʝ ʥʘ 

ʩʫʧʝʨʤʘʨʢʝʪʠ ʠ ʩʠʩʪʝʤ ʟʘ 

ʧʦʚʣʝʢʫʚʘˁʝ ʥʘ ʤʘʪʝʨʠʿʘʣʠ -

ʂʘʥʙʘʥ ʩʠʩʪʝʤ. ɼʝʬʠʥʠʨʘˁʝ 

ʥʘ ʩʪʘʥʜʘʨʜʥʦ ʥʠʚʦ ʥʘ ʟʘʣʠʭʘ 

(ʤʠʥʠʤʘʣʥʦ ʠ ʤʘʢʩʠʤʘʣʥʦ 

ʥʠʚʦ) ʟʘ ʜʘ ʩʝ ʢʦʥʪʨʦʣʠʨʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ 

ʧʨʝʪʭʦʜʥʠʦʪ ʧʨʦʮʝʩ. 

Å ɼʝʬʠʥʠʨʘˁʝ ʥʘ ʧʝʿʩʤʝʿʢʝʨ 

ʧʨʦʮʝʩ ʥʘ ʢʦʿ ʩʝ ʧʨʘ˃ʘ ʧʣʘʥʦʪ  

ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʛʦ ʜʠʢʪʠʨʘ 

ʨʠʪʘʤʦʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ. 

Å ʇʦʨʘʤʥʫʚʘˁʝ ʥʘ ʧʣʘʥʦʪ ʟʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʦ ʚʦʣʫʤʝʥ ʠ 

ʤʦʜʝʣ (Heijunka). 

Å ʇʨʠʧʨʝʤʘ ʥʘ ʪʝʢ ʥʘ 

ʚʨʝʜʥʦʩʪʠ ʟʘ ʜʘ ʤʦʞʝ ʜʘ 

ʬʫʥʢʮʠʦʥʠʨʘ ʩʦʛʣʘʩʥʦ 

ʥʦʚʠʦʪ ʜʠʟʘʿʥ: 

ʠʤʧʣʝʤʝʥʪʠʨʘˁʝ ʥʘ ʩʠʩʪʝʤ ʟʘ 

ʙʨʟʦ ʧʦʜʝʩʫʚʘˁʝ ʥʘ 

ʤʘʰʠʥʠʪʝ ʧʨʠ ʧʨʦʤʝʥʘ ʥʘ 

ʤʦʜʝʣ SMED; ɺʢʫʧʥʦ 

ʧʨʦʜʫʢʪʠʚʥʦ ʦʜʨʞʫʚʘˁʝ 

(TPM); 5S;  Poka Yoke; Jidoka. 

Å ʀʤʧʣʝʤʝʥʪʠʨʘˁʝ ʥʘ 

ʧʦʜʦʙʨʫʚʘˁʘ ʚʦ ʧʨʦʮʝʩʦʪ ʩʦ 

ʮʝʣ ʥʘʤʘʣʫʚʘˁʝ ʥʘ 

ʚʘʨʠʿʘʮʠʠʪʝ ʚʦ ʧʨʦʮʝʩʦʪ.  

Å ʉʘʿʙʝʨ ʬʠʟʠʯʢʠʦʪ ʩʠʩʪʝʤ ʫʯʝʩʪʚʫʚʘ ʚʦ  ʜʠʟʘʿʥʦʪ ʥʘ ʥʦʚ ʠ 

ʧʦʜʦʙʨʝʥ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ.  

Å ʈʘʙʦʪʘ ʩʦ ʛʦʣʝʤʘ ʢʦʣʠʯʠʥʘ ʥʘ ʧʦʜʘʪʦʮʠ ʠ ʘʥʘʣʠʟʘ ʥʘ 

ʠʥʬʦʨʤʘʮʠʠ ʚʦ ʨʝʘʣʥʦ ʚʨʝʤʝ ʛʦ ʧʦʜʦʙʨʫʚʘ ʢʚʘʣʠʪʝʪʦʪ ʥʘ 

ʧʨʝʜʚʠʜʫʚʘˁʝ ʥʘ ʥʘʨʘʯʢʠʪʝ ʦʜ ʢʣʠʝʥʪʦʪ. ʂʘʤʝʨʠʪʝ ʩʦ  ʝ- 

ʂʘʥʙʘʥ ʩʠʩʪʝʤ ʧʦʩʪʘʚʝʥʠ ʚʦ ʤʘʛʘʮʠʥʠʪʝ ʢʘʿ ʢʣʠʝʥʪʦʪ 

ʘʚʪʦʤʘʪʩʢʠ ʠʥʠʮʠʨʘʘʪ ʧʣʘʥ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚʦ ERP. 

Å ɺʝʨʪʠʢʘʣʥʘʪʘ ʢʦʤʫʥʠʢʘʮʠʿʘ (ERP ï ʧʘʿʩʤʝʿʢʝʨ) ʛʦ 

ʧʦʨʘʤʥʫʚʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʧʦ ʚʦʣʫʤʝʥʪ ʠ ʤʦʜʝʣ (Hajunka) 

ʩʦ ʧʨʠʤʝʥʘ ʥʘ ʤʝʪʦʜʦʪ ʩʝʢʦʿ ʤʦʜʝʣ/ʩʝʢʦʿ ʠʥʪʝʨʚʘʣ (ʘʥʛ. 

every part every interval), ʙʝʟ ʜʘ ʠʤʘ  ʠʥʪʝʨʚʝʥʮʠʿʘ ʦʜ ʯʦʚʝʢ.  

Å ʍʦʨʠʟʦʥʪʘʣʥʘʪʘ ʢʦʤʫʥʠʢʘʮʠʿʘ  (M2M) ʠʩʧʨʘ˃ʘ ʝ-ʂʘʥʙʘʥ 

ʠʥʬʦʨʤʘʮʠʠ ʦʜ ʧʝʿʩʤʝʿʢʝʨ ʧʨʦʮʝʩʦʪ ʜʦ ʩʫʧʝʨʤʘʨʢʝʪʦʪ ʟʘ 

ʧʦʚʣʝʢʫʚʘˁʝ ʥʘ ʧʦʪʨʝʙʥʠʪʝ ʤʘʪʝʨʠʿʘʣʠ. ʉʫʧʝʨʤʘʨʢʝʪʦʪ, 

ʢʦʨʠʩʪʝʿ˃ʠ ʛʠ ʙʝʟʞʠʯʥʠʪʝ ʩʝʥʟʦʨʥʠ ʤʨʝʞʠ, ʠʩʧʨʘ˃ʘ 

ʠʥʬʦʨʤʘʮʠʿʘ ʜʦ ʧʨʝʪʭʦʜʥʠʦʪ ʧʨʦʮʝʩ ʜʘ ʧʦʯʥʝ ʩʦ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʜʘ ʛʠ ʥʘʜʦʧʦʣʥʠ ʧʦʚʣʝʯʝʥʠʪʝ ʤʘʪʝʨʠʿʘʣʠ .  

ʉʦ ʜʠʛʠʪʘʣʠʟʠʨʘˁʝ ʥʘ ʧʦʚʣʝʢʫʚʘˁʝ ʥʘ ʤʘʪʝʨʠʿʘʣʠʪʝ ʚʦ 

ʪʝʢʦʪ ʥʘ ʚʨʝʜʥʦʩʪʠ, ʩʝ ʝʣʠʤʠʥʠʨʘ ʛʫʙʝˁʝʪo ʥʘ ʂʘʥʙʘʥ 

ʢʘʨʪʠ, ʩʝ ʝʣʠʤʠʥʠʨʘʘʪ ʟʘʩʪʦʠʪʝ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʩʝ 

ʥʘʤʘʣʫʚʘ ʟʘʣʠʭʘʪʘ ʥʘ ʤʘʪʝʨʠʿʘʣʠ (ʘʥʛ. bullwhip ʝʬʝʢʪ).   

Å ɺʦʟʠʣʘʪʘ ʩʦ ʘʚʪʦʤʘʪʠʟʠʨʘʥʦ ʥʘʚʝʜʫʚʘˁʝ ʘʚʪʦʥʦʤʥʦ ʠ ʧʦ 

ʧʦʪʨʝʙʘ ʛʠ ʜʦʧʦʣʥʫʚʘʘʪ ʩʫʧʝʨʤʘʨʢʝʪʠʪʝ ʩʦ ʤʘʪʝʨʠʿʘʣʠ . ʅʘ 

ʦʚʦʿ ʥʘʯʠʥ ʩʝ ʥʘʤʘʣʫʚʘ ʟʘʣʠʭʘʪʘ ʠ ʩʝ ʝʣʠʤʠʥʠʨʘʘʪ ʧʨʘʟʥʠʪʝ 

ʠ ʥʝʧʦʪʨʝʙʥʠ ʜʚʠʞʝˁʘ ʥʘ ʜʦʩʪʘʚʫʚʘʯʦʪ ʥʘ ʤʘʪʝʨʠʿʘʣʠ.  

Å RFID ʛʦ ʩʣʝʜʠ ʜʚʠʞʝˁʝʪʦ ʥʘ ʤʘʪʝʨʠʿʘʣʠʪʝ ʚʦ ʨʝʘʣʥʦ ʚʨʝʤʝ 

ʠ ʠʜʝʥʪʠʬʠʢʫʚʘ ʟʘʩʪʦʠ ʚʦ ʧʨʦʮʝʩʠʪʝ.  

Å ʂʦʤʧʿʫʪʝʨʠʪʝ ʦʙʝʟʙʝʜʫʚʘʘʪ ʧʨʠʩʪʘʧ ʜʦ ʠʥʬʦʨʤʘʮʠʠʪʝ ʚʦ 

ʨʝʘʣʥʦ ʚʨʝʤʝ ʠ ʘʚʪʦʤʘʪʩʢʠ ʢʨʝʠʨʘʘʪ ʨʘʙʦʪʥʠ ʠʥʩʪʨʫʢʮʠʠ.  
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Å ʇʨʦʰʠʨʝʥʘʪʘ ʨʝʘʣʥʦʩʪ ʛʦ ʨʝʜʫʮʠʨʘ ʚʨʝʤʝʪʦ ʥʘ 

ʧʨʝʙʘʨʫʚʘˁʝ, ʤʦʥʪʠʨʘˁʝ ʠ ʧʦʜʝʩʫʚʘˁʝ ʥʘ ʘʣʘʪʠʪʝ ʥʘ 

ʤʘʰʠʥʠʪʝ. 

Å ʈʘʙʦʪʘʪʘ ʩʦ ʛʦʣʝʤʘ ʢʦʣʠʯʠʥʘ ʥʘ ʧʦʜʘʪʦʮʠ ʩʦ ʧʦʤʦʰ ʥʘ 

ʩʪʘʪʠʩʪʠʯʢʘʪʘ ʘʥʘʣʠʟʘ ʛʠ ʠʜʝʥʪʠʬʠʢʫʚʘ ʘʢʪʠʚʥʦʩʪʠ ʢʦʠ ʥʝ 

ʜʦʜʘʚʘʘʪ ʚʨʝʜʥʦʩʪ ʧʨʠ ʧʨʦʤʝʥʘ ʥʘ ʘʣʘʪ ʠ ʜʝʬʠʥʠʨʘ ʘʢʮʠʠ ʟʘ 

ʧʦʜʦʙʨʫʚʘˁʝ. 
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 RFID ʦʚʦʟʤʦʞʫʚʘ ʪʦʯʥʘ ʣʦʢʘʣʠʟʘʮʠʿʘ ʥʘ ʦʙʿʝʢʪʠʪʝ ʩʦ ʰʪʦ ʩʝ 

ʥʘʤʘʣʫʚʘ ʚʨʝʤʝʪʦ ʟʘ ʥʠʚʥʦ ʧʨʝʙʘʨʫʚʘˁʝ.  
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-II - Å ʀʥʜʫʩʪʨʠʿʘ 4.0 ʧʨʠʙʠʨʘ ʧʦʜʘʪʦʮʠ ʟʘ ʤʘʰʠʥʠʪʝ ʚʦ ʨʝʘʣʥʦ 

ʚʨʝʤʝ, ʠʜʝʥʪʠʬʠʢʫʚʘ ʢʨʠʪʠʯʥʠ ʤʘʰʠʥʠ, ʛʠ ʧʨʝʜʚʠʜʫʚʘ 

ʜʝʬʝʢʪʠʪʝ, ʢʨʝʠʨʘ ʧʣʘʥ ʟʘ ʦʜʨʞʫʚʘˁʝ, ʛʦ ʥʘʤʘʣʫʚʘ ʚʨʝʤʝʪʦ 

ʥʘ ʨʝʘʢʮʠʿʘ ʠ  ʩʪʘʧʢʘʪʘ ʥʘ ʪʝʭʥʠʯʢʠ ʜʝʬʝʢʪʠ.   

Å ʉʝʥʟʦʨʠʪʝ ʟʘ ʟʚʫʢ ʠ ʚʠʙʨʘʮʠʠ  ʜʝʪʝʢʪʠʨʘʘʪ ʘʙʥʦʨʤʘʣʥʦʩʪʠ 

ʢʘʿ ʤʘʰʠʥʠʪʝ ʚʦ ʪʝʢʦʪ ʥʘ ʥʠʚʥʦʪʦ ʨʘʙʦʪʝˁʝ. 

Å ʈʘʙʦʪʘʪʘ ʩʦ ʛʦʣʝʤʘ ʢʦʣʠʯʠʥʘ ʥʘ ʧʦʜʘʪʦʮʠ ʠ ʘʥʘʣʠʟʘʪʘ ʥʘ 

ʥʘʿʜʦʙʨʠʪʝ ʧʨʘʢʩʠ ʦʜ ʤʠʥʘʪʦʪʦ ʧʦʤʘʛʘʘʪ ʚʦ ʜʠʟʘʿʥʦʪ ʥʘ 

ʥʦʚʘʪʘ ʦʧʨʝʤʘ ʩʦ ʮʝʣ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʨʘʙʦʪʥʠʦʪ ʪʨʦʰʦʢ 

(ʨʝʟʝʨʚʥʠ ʜʝʣʦʚʠ, ʜʝʬʝʢʪʠ ʥʘ ʤʘʰʠʥʠ, ʚʨʝʤʝ ʥʘ ʧʦʜʝʩʫʚʘˁʝ). 

Å ʋʨʝʜʠʪʝ ʟʘ ʩʣʝʜʝˁʝ ʥʘ ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ ʥʘ ʝʣʝʢʪʨʠʯʥʘ 

ʝʥʝʨʛʠʿʘ ʧʦ ʤʘʰʠʥʠʪʝ ʠʜʝʥʪʠʬʠʢʫʚʘʘʪ ʘʤʦʨʪʠʟʠʨʘʥʠ ʜʝʣʦʚʠ 

ʠ ʛʦ ʧʦʜʦʙʨʫʚʘʘʪ ʧʨʝʚʝʥʪʠʚʥʦʪʦ/ʧʨʝʜʚʠʜʣʠʚʦʪʦ ʦʜʨʞʫʚʘˁʝ.  

Å ʉʦ ɺʠʨʪʫʝʣʥʘʪʘ ʨʝʘʣʥʦʩʪ ʠ ʇʨʦʰʠʨʝʥʘʪʘ ʨʝʘʣʥʦʩʪ ʩʝ 

ʢʨʝʠʨʘʘʪ ʜʝʪʘʣʥʠ ʧʣʘʥʦʚʠ ʟʘ ʦʜʨʞʫʚʘˁʝ ʥʘ ʦʧʨʝʤʘʪʘ.  

Å ʈʘʙʦʪʘʪʘ ʩʦ ʛʦʣʝʤʘ ʢʦʣʠʯʠʥʘ ʥʘ ʧʦʜʘʪʦʮʠ ʿʘ ʥʘʤʘʣʫʚʘ 

ʟʘʣʠʭʘʪʘ ʥʘ ʨʝʟʝʨʚʥʠ ʜʝʣʦʚʠ. ʆʚʠʝ ʩʠʩʪʝʤʠ ʛʦ ʤʝʨʘʪ ʚʨʝʤʝʪʦ 

ʧʦʤʝʺʫ ʜʝʬʝʢʪʠʪʝ ʠ ʚʨʝʤʝʪʦ ʧʦʪʨʝʙʥʦ ʟʘ ʥʠʚʥʦ ʦʪʩʪʨʘʥʫʚʘˁʝ 

(ʘʥʛ. Machine time to repear, machine time between failures).   

Å ʉʦ 3ɼ ʧʨʠʥʪʘˁʝ ʩʝ ʧʨʦʠʟʚʝʜʫʚʘʘʪ ʨʝʟʝʨʚʥʠ ʜʝʣʦʚʠ ʩʦ ʰʪʦ 

ʩʝ ʥʘʤʘʣʫʚʘ ʟʘʣʠʭʘʪʘ ʥʘ ʨʝʟʝʨʚʥ ʜʝʣʦʚʠ ʠ ʪʨʦʰʦʮʠʪʝ ʟʘ 

ʠʩʧʦʨʘʢʘ ʥʘ ʠʩʪʠʪʝ. 
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1. ʂʦʥʪʨʦʣʘ ʥʘ ʢʚʘʣʠʪʝʪ ʥʘ ʩʘʤʘʪʘ ʨʘʙʦʪʥʘ ʩʪʘʥʠʮʘ - 

ʄʘʰʠʥʠʪʝ ʥʘʜʦʛʨʘʜʝʥʠ ʩʦ ʩʝʥʟʦʨʠ ʠ ʩʦʬʪʚʝʨ ʟʘ ʤʘʰʠʥʩʢʦ 

ʫʯʝˁʝ ʘʚʪʦʤʘʪʩʢʠ ʛʠ ʠʟʙʝʛʥʫʚʘʘʪ ʜʝʬʝʢʪʠʪʝ, ʛʠ ʢʦʨʝʛʠʨʘʘʪ 

ʘʙʥʦʨʤʘʣʥʦʩʪʠʪʝ ʠ ʦʙʝʟʙʝʜʫʚʘʘʪ ʦʧʪʠʤʘʣʝʥ ʢʚʘʣʠʪʝʪ ʥʘ 

ʧʨʦʠʟʚʦʜʦʪ.  

2. ɸʥʜʦʥ ʩʠʩʪʝʤʦʪ ʟʘ ʩʠʛʥʘʣʠʟʘʮʠʿʘ ʥʘ ʧʨʦʙʣʝʤʠ ï 

ɼʠʛʠʪʘʣʥʦʪʦ ʠʥʬʦʨʤʠʨʘˁʝ ʥʘ ʦʧʝʨʘʪʦʨʠʪʝ ʠ ʠʥʞʝʥʝʨʠʪʝ ʧʨʠ 

ʧʦʿʘʚʘ ʥʘ ʧʨʦʙʣʝʤ ʛʦ ʧʦʜʦʙʨʫʚʘ ʚʨʝʤʝʪʦ ʥʘ ʨʝʘʢʮʠʿʘ. 

3. ʆʜʚʦʿʫʚʘˁʝ ʥʘ ʨʘʙʦʪʘʪʘ ʥʘ ʦʧʝʨʘʪʦʨʠʪʝ ʦʜ ʨʘʙʦʪʘʪʘ ʥʘ 

ʤʘʰʠʥʠʪʝ - ʄʘʰʠʥʩʢʦʪʦ ʫʯʝˁʝ ʦʚʦʟʤʦʞʫʚʘ ʘʚʪʦʥʦʤʥʦ 

ʦʧʝʨʠʨʘˁʝ ʥʘ ʤʘʰʠʥʠʪʝ ʩʦ ʰʪʦ ʦʧʝʨʘʪʦʨʠʪʝ ʤʦʞʝ ʜʘ 

ʦʧʩʣʫʞʘʪ ʧʦʚʝ˃ʝ ʤʘʰʠʥʠ (Chaku-Chaku ʧʨʦʠʟʚʦʜʩʪʚʦ). 

4. ʈʝʰʘʚʘˁʝ ʥʘ ʠʟʚʦʨʥʘʪʘ ʧʨʠʯʠʥʘ ʟʘ ʧʦʿʘʚʘ ʥʘ ʧʨʦʙʣʝʤʠ - 

ɸʥʘʣʠʪʠʯʢʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʀʥʜʫʩʪʨʠʿʘ 4.0 ʛʠ 

ʢʣʘʩʠʬʠʮʠʨʘʘʪ ʧʦʜʘʪʦʮʠʪʝ, ʛʠ ʪʝʩʪʠʨʘʘʪ ʩʦ ʤʝʪʦʜʠʪʝ ʧʨʦʙʘ-

ʛʨʝʰʢʘ ʠ ʜʠʟʘʿʥ ʥʘ ʝʢʧʝʨʠʤʝʥʪʠ ʠ ʙʨʟʦ ʜʝʬʠʥʠʨʘʘʪ 

ʢʦʨʝʢʪʠʚʥʠ ʘʢʮʠʠ. 
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 Å ɼʠʛʠʪʘʣʥʠʪʝ ʜʠʩʧʣʝʠ ʠ CPS ʧʦʤʘʛʘʘʪ ʚʦ ʚʠʟʫʝʣʠʟʘʮʠʿʘʪʘ ʥʘ 

ʧʨʦʮʝʩʠʪʝ ʚʦ ʨʝʘʣʥʦ ʚʨʝʤʝ: ʧʣʘʥ ʟʘ ʠʩʧʦʨʘʢʠ, ʧʣʘʥ ʟʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ, ɽ-ʢʘʥʙʘʥ, ʧʨʠʢʘʟ ʥʘ ʆɽɽ%, dpmo, ʰʢʘʨʪ, ʠʪʥ.  

Å ɽʣʝʢʪʨʦʥʩʢʠ - ɸʥʜʦʥ ʩʠʩʪʝʤʦʪ ʩʦ ʙʝʟʞʠʯʥʠʪʝ ʩʝʥʟʦʨʠ ʠ 

ʘʚʪʦʤʘʪʠʟʠʨʘʥʘʪʘ ʢʦʥʪʨʦʣʘ ʥʘ ʢʚʘʣʠʪʝʪ, ʩʘʤʦʩʪʦʿʥʦ ʛʝʥʝʨʠʨʘ 

ʤʝʠʣʦʚʠ ʩʦ ʝʩʢʘʣʘʮʠʠ ʟʘ ʠʪʥʘ ʨʝʘʢʮʠʿʘ.  
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Å ʉʪʘʥʜʘʨʜʠʟʠʨʘˁʝ ʥʘ 

ʧʦʜʦʙʨʫʚʘˁʘʪʘ ʢʘʢʦ ʦʩʥʦʚʘ ʟʘ 

ʠʜʥʠ ʧʦʜʦʙʨʫʚʘˁʝ:    

 - ɸʞʫʨʠʨʘˁʝ ʥʘ 

ʜʦʢʫʤʝʥʪʘʮʠʿʘʪʘ ʟʘ ʘʥʘʣʠʟʘ 

ʥʘ ʨʠʟʠʮʠʪʝ (FMEA). 

 - ɸʞʫʨʠʨʘˁʝ ʥʘ 

ʢʦʥʪʨʦʣʥʠʦʪ ʧʣʘʥ. 

 - ɸʞʫʨʠʨʘˁʝ ʥʘ ʨʘʙʦʪʥʠʪʝ 

ʠʥʩʪʨʫʢʮʠʠ. 

 - ɸʞʫʨʠʨʘˁʝ ʥʘ ʩʪʫʜʠʠʪʝ ʟʘ 

ʩʪʘʥʜʘʨʜʥʠ ʚʨʝʤʠˁʘ - ʊʘʢʪ 

ʚʨʝʤʝ/ ʚʨʝʤʝ ʥʘ ʮʠʢʣʫʩ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ. 

 - ʊʨʝʥʠʥʟʠ ʠ ʜʝʬʠʥʠʨʘˁʝ 

ʥʘ ʦʜʛʦʚʦʨʥʦʩʪʠ ʠ 

ʦʚʣʘʩʪʫʚʘˁʘ. 

Å ʄʝʨʝˁʝ ʠ ʢʦʥʪʨʦʣʘ ʥʘ 

ʧʦʩʪʠʛʥʘʪʠʪʝ ʨʝʟʫʣʪʘʪʠ.  

Å ʀʜʝʥʪʠʬʠʢʫʚʘˁʝ ʥʘ 

ʤʦʞʥʦʩʪ ʟʘ ʜʦʧʦʣʥʠʪʝʣʥʦ 

ʧʦʜʦʙʨʫʚʘˁʝ. 

Å ʀʤʧʣʝʤʝʥʪʠʨʘˁʝ ʥʘ 

ʜʦʧʦʣʥʠʪʝʣʥʠʪʝ 

ʧʦʜʦʙʨʫʚʘˁʘ. 

Å ʂʦʥʪʠʥʫʠʨʘʥʦ ʩʣʝʜʝˁʝ ʥʘ 

ʧʨʦʮʝʩʦʪ ʠ ʠʟʙʝʛʥʫʚʘˁʝ ʥʘ 

ʪʨʦʰʦʮʠʪʝ. 

 

 

 

  

   

  

Å ʀʥʜʫʩʪʨʠʿʘ 4.0 ʛʠ ʘʚʪʦʤʘʪʠʟʠʨʘ ʤʘʥʫʝʣʥʠʪʝ ʢʦʥʪʨʦʣʥʠ 

ʠʥʩʧʝʢʮʠʠ ʟʘ ʢʚʘʣʠʪʝʪ, ʚʨʰʠ 100 % ʤʝʨʝˁʝ ʥʘ ʩʠʪʝ 

ʧʨʦʠʟʚʦʜʠ ʠ ʠʩʮʨʪʫʚʘ ʢʦʥʪʨʦʣʥʠ ʛʨʘʬʠʢʦʥʠ ʢʦʠ ʩʝ ʤʥʦʛʫ 

ʩʝʥʟʠʪʠʚʥʠ ʠ ʛʠ ʜʝʪʝʢʪʠʨʘʘʪ ʥʘʿʤʘʣʠʪʝ ʧʦʤʝʩʪʫʚʘˁʘ ʥʘ 

ʧʨʦʮʝʩʦʪ ʧʨʠ ʧʦʿʘʚʘ ʥʘ ʩʧʝʮʠʿʘʣʥʠ ʧʨʠʯʠʥʠ, ʰʪʦ ʥʝ ʙʠ ʩʝ 

ʧʨʠʤʝʪʠʣʝ ʩʦ ʢʣʘʩʠʯʥʠʦʪ ʤʝʪʦʜ ʥʘ ʟʝʤʘˁʝ ʥʘ ʤʝʨʥʠ 

ʧʨʠʤʝʨʦʮʠ ʧʦ ʩʣʫʯʘʝʥ ʠʟʙʦʨ. ʉʠʩʪʝʤʦʪ ʛʠ ʙʣʦʢʠʨʘ ʚʦ 

ʢʘʨʘʥʪʠʥ ʩʠʪʝ ʜʝʬʝʢʪʥʠ ʧʨʦʠʟʚʦʜʠ.  

Å ʊʝʭʥʠʢʠʪʝ ʟʘ ʧʨʦʮʝʩʥʠ ʧʨʝʙʘʨʫʚʘˁʘ ʤʦʞʘʪ ʜʘ ʦʪʢʨʠʿʘʪ ʠ 

ʩʣʝʜʘʪ ʠʥʬʦʨʤʘʮʠʠ ʦʜ ʜʠʛʠʪʘʣʥʠʪʝ ʜʥʝʚʥʠʮʠ ʢʦʠ 

ʟʘʧʠʰʫʚʘʘʪ ʥʘʩʪʘʥʠ, ʩʦ ʰʪʦ ʧʦʤʘʛʘʘʪ ʚʦ ʥʘʤʘʣʫʚʘˁʝ ʥʘ 

ʚʘʨʠʿʘʮʠʠʪʝ ʥʘ ʧʨʦʮʝʩʦʪ. 
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 Å CPS ʠ ʀʥʪʝʨʥʝʪ ʥʘ ʥʝʰʪʘʪʘ ʜʠʥʘʤʠʯʢʠ ʛʦ ʢʦʥʪʨʦʣʠʨʘʘʪ 

ʥʦʚʠʦʪ ʜʠʟʘʿʥ ʥʘ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ, ʧʨʠʙʠʨʘʘʪ ʧʦʜʘʪʦʮʠ ʚʦ 

ʨʝʘʣʥʦ ʚʨʝʤʝ, ʛʠ ʩʧʦʨʝʜʫʚʘʘʪ ʦʚʠʝ ʧʦʜʘʪʦʮʠ ʩʦ  ʧʨʦʮʝʩʥʠʪʝ 

ʠʥʜʠʢʘʪʦʨʠ ʜʝʬʠʥʠʨʘʥʠ ʚʦ ʚʠʨʪʫʝʣʥʠʦʪ ʤʦʜʝʣ ʠ ʟʘʙʨʟʘʥʦ ʛʠ 

ʠʤʧʣʝʤʝʥʪʠʨʘʘʪ ʢʦʨʝʢʪʠʚʥʠʪʝ ʘʢʮʠʠ ʟʘ ʦʧʪʠʤʠʟʠʨʘˁʝ ʥʘ 

ʪʝʢʦʪ ʥʘ ʚʨʝʜʥʦʩʪʠ. ɼʠʥʘʤʠʯʢʠʦʪ ʤʦʜʝʣ ʥʘ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ 

ʝ ʟʥʘʯʠʪʝʣʥʦ ʧʦʬʣʝʢʩʠʙʠʣʝʥ ʠ ʧʦʙʨʟ ʦʜ ʩʪʦʭʘʩʪʠʯʥʠʦʪ ʤʦʜʝʣ 

ʧʨʠ ʥʝʦʯʝʢʫʚʘʥʠ ʧʨʦʤʝʥʠ ʥʘ ʥʘʨʘʯʢʠʪʝ ʦʜ ʢʣʠʝʥʪʦʪ.  

Å ʉʠʩʪʝʤʠʪʝ ʩʦ ʢʘʤʝʨʠ ʛʦ ʩʣʝʜʘʪ ʨʦʪʠʨʘˁʝʪʦ ʥʘ ʦʧʝʨʘʪʦʨʠʪʝ 

ʥʘ ʧʦʚʝ˃ʝ ʤʘʰʠʥʠ ʠ ʛʦ ʩʧʦʨʝʜʫʚʘʘʪ ʩʦ ʚʠʨʪʫʝʣʥʠʦʪ ʤʦʜʝʣ ʠ 

ʚʦ ʩʣʫʯʘʿ ʥʘ ʜʝʚʠʿʘʮʠʠ ʥʘ ʩʪʘʥʜʘʨʜʥʦʪʦ ʚʨʝʤʝ ʪʠʝ ʨʝʘʛʠʨʘʘʪ. 

Å ʀʥʜʫʩʪʨʠʿʘ 4.0 ʛʠ ʧʦʜʦʙʨʫʚʘ Lean ʧʨʘʢʩʠʪʝ ʚʦ 

ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʧʨʝʢʫ ʢʦʥʪʨʦʣʘ ʥʘ ʪʨʘʥʩʧʦʨʪʦʪ ʠ ʟʘʣʠʭʠʪʝ ʥʘ 

ʤʘʪʝʨʠʿʘʣʠ ʠ ʢʦʥʪʨʦʣʘ ʥʘ ʚʢʫʧʥʦʪʦ ʚʨʝʤʝ ʧʦʪʨʝʙʥʦ ʟʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ.   
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 Å ɽʣʝʢʪʨʦʥʩʢʠʪʝ ʜʠʩʧʣʝʠ ʧʦʤʘʛʘʘʪ ʧʨʠ ʩʪʘʥʜʘʨʜʠʟʠʨʘˁʝ ʥʘ 

ʧʨʦʮʝʩʠʪʝ ʩʦ ʧʨʠʢʘʞʫʚʘˁʝ ʥʘ ʩʪʘʥʜʘʨʜʥʠʪʝ ʦʧʝʨʘʪʠʚʥʠ 

ʧʨʦʮʝʜʫʨʠ, ʠʥʞʝʥʝʨʩʢʠʪʝ ʮʨʪʝʞʠ, ʨʘʙʦʪʥʠʪʝ ʠʥʩʪʨʫʢʮʠʠ,  

ʢʦʥʪʨʦʣʥʠʪʝ ʧʣʘʥʦʚʠ, ʝʨʛʦʥʦʤʩʢʠʪʝ ʜʚʠʞʝˁʘ ʠ ʩʪʘʥʜʘʨʜʠʪʝ 

ʟʘ ʙʨʟʘ ʧʨʦʤʝʥʘ ʥʘ ʤʦʜʝʣ (ʪʦʯʥʘ ʧʦʟʠʮʠʿʘ ʥʘ ʤʘʪʝʨʠʿʘʣʠʪʝ ʚʦ 

˃ʝʣʠʠʪʝ). 

Å ɺʠʨʪʫʝʣʥʘʪʘ ʨʝʘʣʥʦʩʪ ʧʦʤʘʛʘ ʟʘ ʪʨʝʥʠʥʛ ʥʘ ʚʨʘʙʦʪʝʥʠʪʝ ʚʦ 

ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʠ  ʛʠ ʩʪʘʥʜʘʨʜʠʟʠʨʘ ʥʘ ʘʢʪʠʚʥʦʩʪʠʪʝ. 

 

ʄʦʞʝ ʜʘ ʩʫʤʠʨʘʤʝ ʜʝʢʘ ʩʦ ʧʨʝʜʣʦʞʝʥʠʦʪ ʤʦʜʝʣ, ʛʣʘʚʥʠʦʪ ʧʨʠʜʦʥʝʩ ʥʘ ʀʥʜʫʩʪʨʠʿ ʘ 

4.0  ʧʨʠ ʜʠʛʠʪʘʣʠʟʘʮʠʿʘ ʥʘ Lean ʐʝʩʪ ʉʠʛʤʘ ʘʣʘʪʢʠʪʝ ʝ ʚʦ: ʝʣʠʤʠʥʠʨʘˁʝ ʥʘ ʤʘʥʫʝʣʥʠʪʝ 

ʘʢʪʠʚʥʦʩʪʠ ʠ ʧʨʦʧʨʘʪʥʠʪʝ ʯʦʚʝʯʢʠ ʛʨʝʰʢʠ, ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʚʨʝʤʝʪʦ ʧʦʪʨʝʙʥʦ ʟʘ 

ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ ʥʘ LSS ʧʨʦʝʢʪʠʪʝ, ʧʨʠʙʠʨʘˁʝ ʥʘ ʧʦʜʘʪʦʮʠʪʝ ʚʦ ʨʝʘʣʥʦ ʚʨʝʤʝ ʠ ʥʠʚʥʘ 

ʪʦʯʥʦʩʪ, ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʨʝʩʫʨʩʠʪʝ, ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʟʘʚʠʩʥʦʩʪ ʦʜ ʝʢʩʧʝʨʪʠ ʚʦ ʦʙʣʘʩʪʘ,  

ʘʚʪʦʥʦʤʥʦ ʠ ʜʠʥʘʤʠʯʢʦ ʦʧʪʠʤʠʟʠʨʘˁʝ ʥʘ ʜʠʟʘʿʥʦʪ ʥʘ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ (VSD), 

ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʚʨʝʤʝʪʦ ʥʘ ʨʝʘʢʮʠʿʘ ʧʨʠ ʧʦʿʘʚʘ ʥʘ ʜʝʚʠʿʘʮʠʠ ʠ ʧʦʩʪʠʛʥʫʚʘˁʝ ʥʘ 

ʦʜʨʞʣʠʚʠ ʨʝʟʫʣʪʘʪʠ.  

ɺʦ ʨʘʤʢʠ ʥʘ ʜʦʢʪʦʨʩʢʘʪʘ ʪʝʟʘ, ʠʟʨʘʙʦʪʝʥʠ ʩʝ ʙʣʦʢ-ʜʠʿʘʛʨʘʤʠ ʩʦ ʜʝʪʘʣʝʥ ʦʧʠʩ ʥʘ 

ʘʢʪʠʚʥʦʩʪʠʪʝ ʥʘ Lean, ʐʝʩʪ ʉʠʛʤʘ ʠ ʀʥʜʫʩʪʨʠʿʘ 4.0 ʚʦ ʬʘʟʠʪʝ ʥʘ DMAIC ʩʪʨʫʢʪʫʨʘʪʘ. 

ɹʣʦʢ - ʜʠʿʘʛʨʘʤʠʪʝ ʩʝ ʧʨʠʢʘʞʘʥʠ ʚʦ ʧʦʛʣʘʚʿʘʪʘ 7.1 - 7.5. 
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7.1 ʌʘʟʘ ʥʘ ʜʝʬʠʥʠʨʘˁʝ 

ʌʘʟʘʪʘ ʥʘ ʜʝʬʠʥʠʨʘˁʝ ʥʘ ʥʦʚʠʦʪ ʤʦʜʝʣ ʝ ʧʨʠʢʘʞʘʥʘ ʥʘ ʉʣʠʢʘ 7.1. ɺʦ ʦʚʘʘ ʬʘʟʘ ʩʦ 

ʪʝʭʥʦʣʦʛʠʠʪʝ ʥʘ ʀʥʜʫʩʪʨʠʿʘ 4.0 ʩʝ ʧʨʠʙʠʨʘʘʪ ʧʦʜʘʪʦʮʠ, ʩʝ ʛʨʫʧʠʨʘʘʪ ʠ ʘʥʘʣʠʟʠʨʘʘʪ ʩʦ 

ʮʝʣ ʜʘ ʩʝ ʠʜʝʥʪʠʬʠʢʫʚʘ ʦʙʣʘʩʪ ʟʘ ʧʦʜʦʙʨʫʚʘˁʝ ʚʦ ʧʨʦʠʟʚʦʜʥʠʦʪ ʧʨʦʮʝʩ. ʉʦ ʀʥʜʫʩʪʨʠʿʘ 

4.0 ʧʨʦʙʣʝʤʦʪ ʩʝ ʜʝʪʝʢʪʠʨʘ ʤʥʦʛʫ ʧʦʙʨʟʦ, ʰʪʦ ʚʣʠʿʘʝ ʥʘ ʚʨʝʤʝʪʨʘʝˁʝʪʦ ʥʘ ʥʝʛʦʚʦʪʦ 

ʝʣʠʤʠʥʠʨʘˁʝ.  

 

ʉʣʠʢʘ 7.1. ɹʣʦʢ - ʜʠʿʘʛʨʘʤ ʥʘ ʬʘʟʘ ʥʘ ʜʝʬʠʥʠʨʘˁʝ ʥʘ Lean ʐʝʩʪ ʉʠʛʤʘ (DMAIC) 

7.2 ʌʘʟʘ ʥʘ ʤʝʨʝˁʝ 

ʌʘʟʘʪʘ ʥʘ ʤʝʨʝˁʝ ʥʘ ʥʦʚʠʦʪ ʤʦʜʝʣ ʝ ʧʨʠʢʘʞʘʥʘ ʥʘ ʉʣʠʢʘ 7.2. ɺʦ ʦʚʘʘ ʬʘʟʘ ʩʦ 

ʧʦʤʦʰ ʥʘ ʀʥʜʫʩʪʨʠʿʘ 4.0 ʩʝ ʜʝʬʠʥʠʨʘ ʤʝʪʦʜ ʟʘ ʧʨʠʙʠʨʘˁʝ ʥʘ ʧʦʜʘʪʦʮʠʪʝ. ʆʜ ʘʩʧʝʢʪ ʥʘ 

ʐʝʩʪ ʉʠʛʤʘ ʩʦ ʧʦʤʦʰ ʥʘ  ʩʘʿʙʝʨ ʬʠʟʠʯʢʠʦʪ ʩʠʩʪʝʤ,  ʠʥʪʝʨʥʝʪ ʥʘ ʥʝʰʪʘʪʘ ʠ ʩʝʥʟʦʨʩʢʠʪʝ 

ʤʨʝʞʠ ʩʝ ʧʨʘʚʠ ʘʥʘʣʠʟʘ ʥʘ ʧʝʨʬʦʨʤʘʥʩʦʪ ʥʘ ʧʨʦʮʝʩʦʪ ʪ.ʝ ʧʦʪʚʨʜʘ ʥʘ ʤʝʨʥʘʪʘ ʦʧʨʝʤʘ ʠ 

ʩʪʘʪʠʩʪʠʯʢʘ ʢʦʥʪʨʦʣʘ ʥʘ ʧʨʦʮʝʩʦʪ. ʉʦ ʤʘʰʠʥʩʢʦʪʦ ʫʯʝˁʝ ʠ ʚʝʰʪʘʯʢʠʪʝ ʥʝʫʨʦʥʩʢʠ 

ʤʨʝʞʠ ʩʝ ʢʨʝʠʨʘʘʪ ʢʦʥʪʨʦʣʥʠ ʛʨʘʬʠʢʦʥʠ ʟʘ ʘʥʘʣʠʟʘ ʥʘ ʤʝʨʥʠʦʪ ʩʠʩʪʝʤ (MSA) ʠ 

ʧʨʝʜʚʠʜʫʚʘˁʝ ʥʘ ʩʧʦʩʦʙʥʦʩʪ ʥʘ ʧʨʦʮʝʩʦʪ (SPC), ʘ ʧʦʪʦʘ ʩʝ ʘʥʘʣʠʟʠʨʘʘʪ ʨʠʟʠʮʠʪʝ ʚʦ 

ʧʨʦʮʝʩʦʪ (FMEA). ʆʜ ʘʩʧʝʢʪ ʥʘ Lean ʩʦ ʚʝʨʪʠʢʘʣʥʘʪʘ ʠ ʭʦʨʦʟʠʥʪʘʣʥʘʪʘ ʢʦʤʫʥʠʢʘʮʠʿʘ 

ʧʦʤʝʺʫ ʧʨʦʮʝʩʠʪʝ ʘʚʪʦʤʘʪʩʢʠ ʩʝ ʤʘʧʠʨʘ ʪʝʢʦʪ ʥʘ ʚʨʝʜʥʦʩʪʠ.  

 

ʉʣʠʢʘ 7.2. ɹʣʦʢ - ʜʠʿʘʛʨʘʤ ʥʘ ʬʘʟʘ ʥʘ ʤʝʨʝˁʝ ʥʘ Lean ʐʝʩʪ ʉʠʛʤʘ (DMAIC) 
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7.3 ʌʘʟʘ ʥʘ ʘʥʘʣʠʟʠʨʘˁʝ 

ʌʘʟʘʪʘ ʥʘ ʘʥʘʣʠʟʠʨʘˁʝ ʥʘ ʥʦʚʠʦʪ ʤʦʜʝʣ ʝ ʧʨʠʢʘʞʘʥʘ ʥʘ ʉʣʠʢʘ 7.3. ɺʦ ʦʚʘʘ ʬʘʟʘ ʩʦ 

ʀʥʜʫʩʪʨʠʿʘ 4.0 ʘʚʪʦʤʘʪʩʢʠ ʩʝ ʤʘʧʠʨʘʘʪ ʧʨʦʤʝʥʣʠʚʠʪʝ ʥʘ ʧʨʦʮʝʩʦʪ, ʘ ʧʦʪʦʘ ʩʦ ʨʘʙʦʪʘ ʩʦ 

ʛʦʣʝʤʘ ʢʦʣʠʯʠʥʘ ʥʘ ʧʦʜʘʪʦʮʠ, ʤʘʰʠʥʩʢʦʪʦ ʫʯʝˁʝ ʠ ʩʦ ʠʥʩʧʝʢʮʠʿʘ ʩʦ ʢʘʤʝʨʠ ʩʝ ʧʨʘʚʠ 

ʘʥʘʣʠʟʘ ʥʘ ʠʟʚʦʨʥʠʪʝ ʧʨʠʯʠʥʠ ʟʘ ʧʦʿʘʚʘ ʥʘ ʚʘʨʠʿʘʮʠʠ ʚʦ ʧʨʦʮʝʩʦʪ. ʉʦ ʤʘʰʠʥʩʢʦʪʦ ʫʯʝˁʝ 

ʩʝ ʢʣʘʩʠʬʠʮʠʨʘʘʪ ʧʨʠʯʠʥʠʪʝ ʟʘ ʚʘʨʠʿʘʮʠʠ ʧʦ ʪʠʧ, ʘ ʧʦʪʦʘ ʩʦ ʜʠʟʘʿʥ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʠ ʠ 

ʩʠʤʫʣʘʮʠʿʘ ʩʝ ʜʝʬʠʥʠʨʘʘʪ ʪʦʯʥʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ ʧʨʦʤʝʥʣʠʚʠʪʝ. ʉʦ ʀʥʜʫʩʪʨʠʿʘ 4.0 ʚʦ 

ʦʚʘʘ ʬʘʟʘ ʩʝ ʥʘʤʘʣʫʚʘ ʟʘʚʠʩʥʦʩʪʘ ʦʜ ʝʢʩʧʝʨʪʠʪʝ ʧʨʠ ʘʥʘʣʠʟʘ ʥʘ ʧʨʠʯʠʥʠʪʝ ʟʘ ʧʦʿʘʚʠ ʥʘ 

ʜʝʬʝʢʪʠ. 

 

ʉʣʠʢʘ 7.3. ɹʣʦʢ - ʜʠʿʘʛʨʘʤ ʥʘ ʬʘʟʘ ʥʘ ʘʥʘʣʠʟʠʨʘˁʝ ʥʘ Lean ʐʝʩʪ ʉʠʛʤʘ (DMAIC) 

 

7.4 ʌʘʟʘ ʥʘ ʧʦʜʦʙʨʫʚʘˁʝ 

ʌʘʟʘʪʘ ʥʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʥʦʚʠʦʪ ʤʦʜʝʣ ʝ ʧʨʠʢʘʞʘʥʘ ʥʘ ʉʣʠʢʘ 7.4.  

 

ʉʣʠʢʘ 7.4 - ɹʣʦʢ - ʜʠʿʘʛʨʘʤ ʥʘ ʬʘʟʘ ʥʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ Lean ʐʝʩʪ ʉʠʛʤʘ (DMAIC) 
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ɺʦ ʬʘʟʘʪʘ ʥʘ ʧʦʜʦʙʨʫʚʘˁʝ ʩʝ ʛʝʥʝʨʠʨʘʘʪ ʧʦʪʝʥʮʠʿʘʣʥʠ ʨʝʰʝʥʠʿʘ ʠ ʩʝ ʦʜʨʝʜʫʚʘ 

ʧʨʠʦʨʠʪʝʪ ʟʘ ʥʠʚʥʦ ʠʤʧʣʝʤʝʥʪʠʨʘˁʝ. ʉʦ ʪʝʭʥʦʣʦʛʠʠʪʝ ʥʘ ʀʥʜʫʩʪʨʠʿʘ 4.0 ʢʘʢʦ ʥʘ 

ʧʨʠʤʝʨ, ʚʝʰʪʘʯʢʘʪʘ ʠʥʪʝʣʠʛʝʥʮʠʿʘ, ʤʘʰʠʥʩʢʦʪʦ ʫʯʝˁʝ ʠ ʘʥʘʣʠʪʠʢʘʪʘ ʟʘ ʧʨʝʜʚʠʜʫʚʘˁʝ 

ʩʝ ʥʘʤʘʣʫʚʘʘʪ ʚʘʨʠʿʘʮʠʠʪʝ ʚʦ ʧʨʦʮʝʩʦʪ ʠ ʩʝ ʢʨʝʠʨʘ ʜʠʥʘʤʠʯʢʠ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ. ʉʦ 

ʧʦʤʦʰ ʥʘ ʚʝʨʪʠʢʘʣʥʘʪʘ ʢʦʤʫʥʠʢʘʮʠʿʘ (ERP - ʧʝʿʩʤʝʿʢʝʨ ʧʨʦʮʝʩ) ʩʝ ʢʦʥʪʨʦʣʠʨʘ 

ʧʨʦʠʟʚʦʜʥʠʦʪ ʧʣʘʥ ʧʦ ʤʦʜʝʣʠ ʠ ʚʦʣʫʤʝʥ, ʘ ʩʦ ʭʦʨʠʟʦʥʪʘʣʥʘʪʘ ʢʦʤʫʥʠʢʘʮʠʿʘ ʩʝ 

ʦʚʦʟʤʦʞʫʚʘ ʜʠʥʘʤʠʯʢʠ ʠ ʘʚʪʦʤʘʪʩʢʠ ʘʜʘʧʪʠʙʠʣʝʥ ʧʣʘʥ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʉʦ ʀʥʜʫʩʪʨʠʿʘ 

4.0 ʩʝ ʧʨʠʙʠʨʘʘʪ ʧʦʜʘʪʦʮʠʪʝ ʠ ʩʝ ʚʨʰʠ ʧʦʪʚʨʜʘ ʥʘ ʝʬʝʢʪʠʚʥʦʩʪʘ ʥʘ ʠʤʧʣʝʤʝʥʪʠʨʘʥʠʪʝ 

ʢʦʨʝʢʪʠʚʥʠ ʤʝʨʢʠ. 

7.5 ʌʘʟʘ ʥʘ ʢʦʥʪʨʦʣʠʨʘˁʝ 

ʌʘʟʘʪʘ ʥʘ ʢʦʥʪʨʦʣʠʨʘˁʝ ʥʘ ʥʦʚʠʦʪ ʤʦʜʝʣ ʝ ʧʨʠʢʘʞʘʥʘ ʥʘ ʉʣʠʢʘ 7.5. ɺʦ ʦʚʘʘ ʬʘʟʘ 

ʩʝ ʢʨʝʠʨʘ ʚʠʨʪʫʘʣʝʥ ʤʦʜʝʣ ʚʦ ʩʘʿʙʝʨ ʬʠʟʠʯʢʠʦʪ ʩʠʩʪʝʤ ʥʘ ʀʥʜʫʩʪʨʠʿʘ 4.0, ʩʦʛʣʘʩʥʦ 

ʥʦʚʠʦʪ ʜʠʟʘʿʥ ʥʘ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ. ʇʦʜʘʪʦʮʠʪʝ ʜʦʙʠʝʥʠ ʦʜ ʬʠʟʠʯʢʠʦʪ ʩʠʩʪʝʤ ʚʦ ʨʝʘʣʥʦ 

ʚʨʝʤʝ ʩʝ ʩʧʦʨʝʜʫʚʘʘʪ ʩʦ ʚʠʨʪʫʝʣʥʠʦʪ ʤʦʜʝʣ ʠ ʚʦ ʩʣʫʯʘʿ ʥʘ ʜʝʚʠʿʘʮʠʠ ʘʚʪʦʥʦʤʥʦ ʩʝ 

ʛʝʥʝʨʠʨʘʘʪ ʠʥʩʪʨʫʢʮʠʠ ʟʘ ʥʠʚʥʦ ʝʣʠʤʠʥʠʨʘˁʝ. ɺʘʢʘ ʧʦʩʪʘʚʝʥʠʦʪ ʜʠʥʘʤʠʯʢʠ ʪʝʢ ʥʘ 

ʚʨʝʜʥʦʩʪʠ ʝ ʬʣʝʢʩʠʙʠʣʝʥ ʠ ʙʨʟʦ ʨʝʘʛʠʨʘ ʥʘ ʥʝʦʯʝʢʫʚʘʥʠʪʝ ʧʨʦʤʝʥʠ ʥʘʩʧʨʦʪʠ  

ʩʪʦʭʘʩʪʠʯʥʠʦʪ ʤʦʜʝʣ ʥʘ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ. ʀʥʬʦʨʤʘʮʠʠʪʝ ʩʝ ʩʧʦʜʝʣʫʚʘʘʪ ʚʦ ʨʝʘʣʥʦ 

ʚʨʝʤʝ ʜʦ ʙʠʟʥʠʩ ʝʜʠʥʠʮʠʪʝ ʟʘ ʧʦʜʜʨʰʢʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʰʪʦ ʧʨʠʜʦʥʝʩʫʚʘ ʜʦ ʙʨʟʘ 

ʨʝʘʢʮʠʿʘ ʧʨʠ ʧʦʿʘʚʘ ʥʘ ʜʝʚʠʿʘʮʠʠ. ʉʝʪʦ ʦʚʘ ʚʦʜʠ ʜʦ ʝʣʠʤʠʥʠʨʘˁʝ ʥʘ ʟʘʛʫʙʠʪʝ ʚʦ 

ʧʨʦʠʟʚʦʜʩʪʚʦ, ʧʦʜʦʙʨʝʥʘ ʢʦʥʪʨʦʣʘ ʥʘ ʪʨʘʥʩʧʦʨʪʦʪ ʥʘ ʧʦʣʫʧʨʦʠʟʚʦʜʠ ʠ ʛʦʪʦʚ ʧʨʦʠʟʚʦʜ, 

ʥʘʤʘʣʝʥʦ ʚʨʝʤʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʥʘʤʘʣʝʥʘ ʟʘʣʠʭʘ ʥʘ ʤʘʪʝʨʠʿʘʣʠ ʠ ʥʘʤʘʣʝʥʘ ʩʪʘʧʢʘʪʘ ʥʘ 

ʜʝʬʝʢʪʠ.  

ʉʦ RFID ʩʠʩʪʝʤʦʪ ʩʝ ʧʦʩʪʠʛʥʫʚʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʠ ʩʣʝʜʣʠʚʦʩʪ ʥʘ ʨʝʧʨʦ-

ʤʘʪʝʨʠʿʘʣʦʪ ʠ ʛʦʪʦʚʠʦʪ ʧʨʦʠʟʚʦʜ ʚʦ ʧʨʦʮʝʩʦʪ, ʙʝʟ ʜʘ ʩʝ ʢʦʨʠʩʪʠ ʤʘʥʫʝʣʝʥ ʥʘʯʠʥ ʥʘ 

ʙʘʨʢʦʜ ʩʢʝʥʠʨʘˁʝ. ʀʥʜʫʩʪʨʠʿʘ 4.0 ʜʦʧʦʣʥʠʪʝʣʥʦ ʦʚʦʟʤʦʞʫʚʘ ʝʣʝʢʪʨʦʥʩʢʦ ʘʞʫʨʠʨʘˁʝ 

ʥʘ ʨʘʙʦʪʥʠʪʝ ʫʧʘʪʩʪʚʘ, ʪʝʭʥʠʯʢʠʪʝ ʮʨʪʝʞʠ ʠ ʠʥʩʧʝʢʮʠʩʢʠʪʝ ʧʣʘʥʦʚʠ ʩʦ ʰʪʦ ʩʝ 

ʧʦʩʪʠʛʥʫʚʘ ʧʦʜʦʙʨʝʥʘ ʢʦʥʪʨʦʣʘ ʥʘ ʜʦʢʫʤʝʥʪʘʮʠʿʘʪʘ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ.  

 

 

ʉʣʠʢʘ 7.5. ɹʣʦʢ - ʜʠʿʘʛʨʘʤ ʥʘ ʬʘʟʘ ʥʘ ʢʦʥʪʨʦʣʠʨʘˁʝ ʥʘ Lean ʐʝʩʪ ʉʠʛʤʘ (DMAIC) 
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ɺʦ ʛʣʘʚʘ 7 ʩʝ ʧʨʠʢʘʞʘʥʠ ʥʝʢʦʠ ʚʘʞʥʠ ʧʨʝʧʦʨʘʢʠ ʢʦʠ ʪʨʝʙʘ ʜʘ ʩʝ ʟʝʤʘʪ ʚʦ ʧʨʝʜʚʠʜ 

ʧʨʠ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘʪʘ ʥʘ ʥʦʚʠʦʪ DMAIC  ʤʦʜʝʣ ʢʦʿ ʛʠ ʢʦʤʙʠʥʠʨʘ Lean, ʐʝʩʪ ʉʠʛʤʘ ʠ 

ʀʥʜʫʩʪʨʠʿʘ 4.0: 

¶ ʅʦʚʠʦʪ ʤʦʜʝʣ ʜʘ ʿʘ ʢʦʨʠʩʪʠ DMAIC ʩʪʨʫʢʪʫʨʘʪʘ ʢʘʢʦ ʦʩʥʦʚʥʘ ʨʘʤʢʘ. 

¶ ʇʨʠ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘʪʘ ʥʘ ʤʦʜʝʣʦʪ ʜʘ ʩʝ ʧʨʠʤʝʥʘʪ ʥʘʿʜʦʙʨʠʪʝ ʘʣʘʪʢʠ ʢʘʢʦ ʰʪʦ 

ʩʝ ʥʘʠʜʫʚʘ ʥʘ ʧʨʦʙʣʝʤʠ. 

¶ ɼʘ ʩʝ ʢʦʨʠʩʪʘʪ Lean, ʐʝʩʪ ʉʠʛʤʘ ʠ ʀʥʜʫʩʪʨʠʿʘ 4.0 ʩʠʤʫʣʪʘʥʦ, ʘ ʥʝ ʧʘʨʘʣʝʣʥʦ. 

¶ ɼʘ ʩʝ ʢʦʨʠʩʪʘʪ ʪʝʭʥʠʢʠʪʝ ʚʦ ʙʘʣʘʥʩʠʨʘʥ ʩʦʦʜʥʦʩ, ʘ ʥʝ ʥʝʢʦʿʘ ʪʝʭʥʠʢʘ ʜʘ ʙʠʜʝ 

ʥʘʜʨʝʜʝʥʘ ʘ ʥʝʢʦʿʘ ʧʦʜʨʝʜʝʥʘ. 

¶ ɼʘ ʩʝ ʢʦʨʠʩʪʠ ʤʘʧʠʨʘˁʝ ʥʘ ʪʝʢʦʪ ʥʘ ʚʨʝʜʥʦʩʪʠ ʢʘʢʦ ʬʦʢʫʩ ʧʣʘʪʬʦʨʤʘ. 

¶ ɼʘ ʩʝ ʠʥʚʦʣʚʠʨʘ ʜʝʪʘʣʥʦ ʢʦʣʝʢʪʠʚʥʦ ʟʥʘʝˁʝ. 

¶ ɼʘ ʩʝ ʠʟʙʝʛʥʝ ʧʦʜ ʧʨʦʩʝʯʥʦ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʧʨʦʮʝʩʠʪʝ ʠ ʤʦʜʝʣʦʪ ʜʘ ʙʠʜʝ 

ʦʨʠʝʥʪʠʨʘʥ ʢʦʥ ʨʝʟʫʣʪʘʪʠ. 

¶ ʇʨʠ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ ʥʘ ʤʦʜʝʣʦʪ ʜʘ ʩʝ ʢʦʨʠʩʪʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʥʘ ʜʦʙʨʦ 

ʪʨʝʥʠʨʘʥʠ ʣʫʺʝ ʢʦʠ ʿʘ ʧʨʝʪʩʪʘʚʫʚʘʘʪ ʦʨʛʘʥʠʟʘʮʠʿʘʪʘ. 

¶ ɼʘ ʩʝ ʦʙʝʟʙʝʜʠ ʢʨʠʪʝʨʠʫʤ ʟʘ ʠʟʙʦʨ ʥʘ ʧʨʦʝʢʪ ʢʦʿ ʠʤʘ ʛʦʣʝʤʦ ʚʣʠʿʘʥʠʝ ʥʘ 

ʢʚʘʣʠʪʝʪʦʪ ʠ ʧʝʨʬʦʨʤʘʥʩʦʪ. 

¶ ɼʘ ʩʝ ʦʙʝʟʙʝʜʠ ʩʪʨʫʢʪʫʨʘ ʟʘ ʧʦʜʜʨʰʢʘ ʦʜ ʤʝʥʘ˅ʤʝʥʪʦʪ. 

ʆʯʝʢʫʚʘʥʠʪʝ ʧʨʠʜʦʙʠʚʢʠ ʦʜ ʠʤʧʣʝʤʝʥʪʠʨʘˁʝʪʦ ʥʘ ʥʦʚʠʦʪ ʤʦʜʝʣ ʩʝ ʩʣʝʜʥʠ: 

1. ɼʝʪʘʣʝʥ ʦʧʠʩ ʥʘ ʨʝʜʦʩʣʝʜʦʪ ʥʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ ʥʘ  ʧʨʦʮʝʩʥʠʪʝ ʯʝʢʦʨʠ. 

2. ʀʥʪʝʛʨʠʨʘˁʝ ʥʘ Lean ʘʣʘʪʢʠʪʝ ʦʜ ʠʥʜʫʩʪʨʠʩʢʦʪʦ ʠʥʞʝʥʝʨʩʪʚʦ ʩʦ 

ʩʪʘʪʠʩʪʠʯʢʠʪʝ ʘʣʘʪʢʠ ʥʘ ʐʝʩʪ ʉʠʛʤʘ. 

3. ɼʠʛʠʪʘʣʠʟʠʨʘˁʝ ʥʘ Lean ʐʝʩʪ ʉʠʛʤʘ ʘʣʘʪʢʠʪʝ. 

4. ʅʘʜʤʠʥʫʚʘˁʝ ʥʘ ʦʛʨʘʥʠʯʫʚʘˁʘʪʘ ʜʦʙʠʝʥʠ ʧʨʠ ʠʤʧʣʝʤʝʥʪʠʨʘˁʝ ʥʘ ʩʝʢʦʿʘ ʦʜ 

ʪʝʭʥʠʢʠʪʝ ʧʦʝʜʠʥʝʯʥʦ (Lean, ʐʝʩʪ ʉʠʛʤʘ, ʀʥʜʫʩʪʨʠʿʘ 4.0), ʩʦ ʰʪʦ ʨʘʟʣʠʯʥʠʪʝ 

ʤʝʪʦʜʦʣʦʛʠʠ ˃ʝ ʩʝ ʥʘʜʦʧʦʣʥʫʚʘʘʪ ʝʜʥʘ ʩʦ ʜʨʫʛʘ. 

5. ʂʦʤʙʠʥʠʨʘˁʝ ʥʘ ʪʨʠʪʝ ʪʝʭʥʠʢʠ ʟʘ ʜʘ ʩʝ ʜʦʙʠʝ ʢʦʥʪʠʥʫʠʨʘʥʦ ʧʦʜʦʙʨʫʚʘˁʝ. 

6. ʇʦʪʝʥʮʠʨʘˁʝ ʥʘ ʤʦ˃ʪʘ ʥʘ Lean ʐʝʩʪ ʉʠʛʤʘ ʠ ʟʘʢʦʥʠʪʝ ʢʦʠ ʚʘʞʘʪ ʚʦ 

ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʧʨʠ ʠʤʧʣʝʤʝʥʪʠʨʘˁʝ ʥʘ ʀʥʜʫʩʪʨʠʿʘ 4.0. 

7. ʇʦʜʦʙʨʫʚʘˁʝ ʥʘ ʦʧʝʨʘʪʠʚʥʠʦʪ ʧʝʨʬʦʨʤʘʥʩ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʠ ʩʝʚʢʫʧʥʦʪʦ 

ʫʧʨʘʚʫʚʘˁʝ ʩʦ ʢʚʘʣʠʪʝʪ.   

8. ɸʚʪʦʤʘʪʠʟʠʨʘʥʦ ʧʨʠʙʠʨʘˁʝ ʥʘ ʪʦʯʥʠ ʧʦʜʘʪʦʮʠ ʚʦ ʨʝʘʣʥʦ ʚʨʝʤʝ ʩʦ ʀʥʜʫʩʪʨʠʿʘ 

4.0, ʥʠʚʥʘ ʘʥʘʣʠʟʘ ʠ ʙʨʟʘ ʨʝʘʢʮʠʿʘ ʚʦ ʩʣʫʯʘʿ ʥʘ ʦʪʩʪʘʧʢʠ ʧʨʝʢʫ ʉʘʿʙʝʨ 

ʬʠʟʠʯʢʠʦʪ ʩʠʩʪʝʤ.  

9. ʀʥʜʫʩʪʨʠʿʘ 4.0 ʦʚʦʟʤʦʞʫʚʘ ʨʘʟʣʠʯʥʠʪʝ ʧʨʦʮʝʩʠ ʜʘ ʛʦ ʩʥʘʙʜʫʚʘʘʪ ʩʦ ʧʦʜʘʪʦʮʠ 

ʢʦʛʥʠʪʠʚʥʠʦʪ ʘʣʛʦʨʠʪʘʤ ʚʦ ʨʝʘʣʥʦ ʚʨʝʤʝ. 

10. ɿʥʘʯʠʪʝʣʥʦ ʧʦʙʨʟʘ ʦʧʪʠʤʠʟʘʮʠʿʘ ʥʘ ʧʨʦʮʝʩʠʪʝ ʙʣʘʛʦʜʘʨʝʥʠʝ ʥʘ DMAIC 

ʤʦʜʝʣʦʪ ʠ ʠʥʬʦʨʤʘʮʠʩʢʠʦʪ ʩʠʩʪʝʤ. 

11. ʊʨʘʥʩʬʦʨʤʠʨʘˁʝ ʥʘ ʦʨʛʘʥʠʟʘʮʠʿʘʪʘ ʦʜ ʬʫʥʮʠʦʥʘʣʥʦ ʦʨʠʝʥʪʠʨʘʥʘ ʧʦ ʩʝʢʪʦʨʠ 
ʚʦ ʧʨʦʮʝʩʥʦ ʦʨʠʝʥʪʠʨʘʥʘ ʠ ʤʫʣʪʠ-ʬʫʥʢʮʠʦʥʘʣʥʘ ʦʨʛʘʥʠʟʘʮʠʿʘ.  

 

 

 

 

 

 



76 
 

8 ɽʂʉʇɽʈʀʄɽʅʊɸʃɽʅ ɼɽʃ ï ʀʄʇʃɽʄɽʅʊʀʈɸɳɽ ʅɸ LEAN  ʐɽʉʊ 

ʉʀɻʄɸ ʀ ʀʅɼʋʉʊʈʀɱɸ 4.0 ɺʆ ɸɺʊʆʄʆɹʀʃʉʂɸ ʂʆʄʇɸʅʀɱɸ ɿɸ 

ʇʈʆʀɿɺʆɼʉʊɺʆ ʅɸ ɻʈɽɸʏʀ ɿɸ ʉɽɼʀʐʊɸ 

8.1 ʌʘʟʘ ʥʘ ʜʝʬʠʥʠʨʘˁʝ 

ʇʦʪʚʨʜʘʪʘ ʥʘ ʝʬʝʢʪʠʚʥʦʩʪʘ ʠ ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʥʦʚʦ ʧʨʝʜʣʦʞʝʥʠʦʪ ʤʦʜʝʣ ʟʘʧʦʯʥʫʚʘ 

ʩʦ ʥʝʛʦʚʘʪʘ ʧʨʘʢʪʠʯʥʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ ʚʦ ʘʚʪʦʤʦʙʠʣʩʢʘʪʘ ʢʦʤʧʘʥʠʿʘ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ 

ʛʨʝʘʯʠ ʟʘ ʩʝʜʠʰʪʘ, ʢʦʿʘ ʝ ʧʨʝʜʤʝʪ ʥʘ ʦʚʘ ʠʩʪʨʘʞʫʚʘˁʝ ʠ ʩʝ ʩʦʦʯʫʚʘ ʩʦ ʚʠʩʦʢʘ ʩʪʘʧʢʘ ʥʘ 

ʜʝʬʝʢʪʠ. ʉʦʙʨʘʥʠʪʝ ʧʦʜʘʪʦʮʠ ʚʦ ʧʝʨʠʦʜʦʪ ʦʜ 2017 ʠ 2018 ʛʦʜ. (ʊʘʙʝʣʘ 8.1) ʧʦʢʘʞʫʚʘʘʪ 

ʜʝʢʘ ʚʢʫʧʥʘʪʘ ʩʪʘʧʢʘ ʥʘ ʜʝʬʝʢʪʠ ʠʟʥʝʩʫʚʘ 30.000 (dpmo), ʚʢʫʧʥʦʪʦ ʚʨʝʤʝ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʠʟʥʝʩʫʚʘ 2,83 ʜʝʥʦʚʠ, ʟʘʣʠʭʘʪʘ ʥʘ ʧʦʣʫʧʨʦʠʟʚʦʜ ʧʦʤʝʺʫ ʧʨʦʮʝʩʠʪʝ 

ʠʟʥʝʩʫʚʘ 23.200 ʧʘʨʯʠˁʘ, OEE% ʝ 78 % ʠ ʠʩʢʦʨʠʩʪʝʥʦʩʪʘ ʥʘ ʧʨʦʩʪʦʨʦʪ ʠʟʥʝʩʫʚʘ 0,125 

(m²/ ʤʝʩʝʯʝʥ ʚʦʣʫʤʝʥ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ).  

ʊʘʙʝʣʘ 8.1. Oʧʝʨʘʪʠʚʝʥ ʧʝʨʬʦʨʤʘʥʩ ʥʘ ʧʨʦʮʝʩʠʪʝ  

  

ɺʢʫʧʥʘ 

ʩʪʘʧʢʘ  

ʥʘ ʜʝʬʝʢʪʠ  

(dpmo) 

ɺʢʫʧʥʦ 

ʚʨʝʤʝ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ 

 (ʜʝʥʦʚʠ) 

ɿʘʣʠʭʘ  

ʤʝʺʫ 

ʧʨʦʮʝʩʠʪʝ 

(ʧʘʨʯʠˁʘ) 

ɺʢʫʧʥʘ 

ʝʬʝʢʪʠʚʥʦʩʪ 

 ʥʘ oʧʨʝʤʘʪʘ 

OEE (%) 

ʀʩʢʦʨʠʩʪʝʥʦʩʪ ʥʘ 

ʧʨʦʩʪʦʨʦʪ (m²/ 

ʚʦʣʫʤʝʥ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ) 

ʇʝʨʬʦʨʤʘʥʩ  30.000 2,83 23.200 78 (5.000 ʤĮ/ 40.000) 

 

ʆʜ 30.000 (dpmo) ʢʦʣʢʫ ʰʪʦ ʠʟʥʝʩʫʚʘ ʚʢʫʧʥʘʪʘ ʩʪʘʧʢʘ ʥʘ ʜʝʬʝʢʪʠ, ʥʘ ʛʨʝʰʢʘʪʘ  

Ăʦʪʧʦʨʥʦʩʪ ʥʘ ʛʨʝʘʯ ʥʘʜʚʦʨ ʦʜ ʩʧʝʮʠʬʠʢʘʮʠʿʘò ʧʨʠʧʘʺʘʘʪ 6.400 (dpmo), ʰʪʦ ʦʜʛʦʚʘʨʘ ʥʘ  

ʩʧʦʩʦʙʥʦʩʪ ʥʘ ʧʨʦʮʝʩʦʪ Cpk = 0,83 (ʉʣʠʢʘ 8.1).   

 
ʉʣʠʢʘ 8.1. ʇʨʠʢʘʟ ʥʘ ʛʨʝʰʢʘʪʘ Ăʦʪʧʦʨʥʦʩʪ ʥʘ ʛʨʝʘʯ ʥʘʜʚʦʨ ʦʜ ʩʧʝʮʠʬʠʢʘʮʠʿʘò 

ʆʯʝʢʫʚʘˁʘʪʘ ʦʜ ʥʦʚʦ ʧʨʝʜʣʦʞʝʥʠʦʪ ʤʦʜʝʣ ʟʘ ʢʚʘʣʠʪʘʪ ʝ ʜʘ ʩʝ ʥʘʤʘʣʠ ʚʢʫʧʥʘʪʘ 

ʩʪʘʧʢʘ ʥʘ ʜʝʬʝʢʪʠ ʧʦʜ 15.000 (dpmo),  ʜʘ ʩʝ ʥʘʤʘʣʠ ʛʨʝʰʢʘʪʘ Ăʦʪʧʦʨʥʦʩʪ ʥʘ ʛʨʝʘʯ ʥʘʜʚʦʨ 

ʦʜ ʩʧʝʮʠʬʠʢʘʮʠʿʘò ʧʦʜ 500 (dpmo) ʰʪʦ ʦʜʛʦʚʘʨʘ ʥʘ ʩʧʦʩʦʙʥʦʩʪ ʥʘ ʧʨʦʮʝʩʦʪ Cpk Ó 1,33, 

ʚʢʫʧʥʦʪʦ ʚʨʝʤʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʜʘ ʩʝ ʥʘʤʘʣʠ ʟʘ 50 %, ʚʢʫʧʥʘʪʘ ʟʘʣʠʭʘ ʧʦʤʝʺʫ ʧʨʦʮʝʩʠʪʝ 

ʜʘ ʩʝ ʥʘʤʘʣʠ ʟʘ 45 %, OEE% ʜʘ ʩʝ ʟʛʦʣʝʤʠ ʟʘ 20-25 % ʠ ʜʘ ʩʝ ʥʘʤʘʣʠ ʧʦʪʨʝʙʥʠʦʪ ʧʨʦʩʪʦʨ 

ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʟʘ 20 %.  
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ʇʨʘʢʪʠʯʥʘʪʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ ʥʘ ʧʨʝʜʣʦʞʝʥʠʦʪ ʤʦʜʝʣ ʟʘʧʦʯʥʫʚʘ ʩʦ ʬʘʟʘʪʘ ʥʘ 

ʜʝʬʠʥʠʨʘˁʝ, ʢʦʿʘ ʿʘ ʩʣʝʜʠ ʩʪʨʫʢʪʫʨʘʪʘ ʧʨʠʢʘʞʘʥʘ ʥʘ ʙʣʦʢ-ʜʠʿʘʛʨʘʤʦʪ ʥʘ ʉʣʠʢʘ 7.1. ɺʦ 

ʦʚʘʘ ʬʘʟʘ ʥʘʿʧʨʚʝʥ ʩʝ ʜʝʬʠʥʠʨʘʘʪ ʙʘʨʘˁʘʪʘ ʥʘ ʢʣʠʝʥʪʦʪ, ʧʦʪʦʘ ʩʝ ʠʟʙʠʨʘ ʧʨʦʝʢʪ ʟʘ 

ʝʣʠʤʠʥʠʨʘˁʝ ʥʘ ʘʢʪʫʝʣʥʠʪʝ ʧʨʦʙʣʝʤʠ ʚʦ ʢʦʤʧʘʥʠʿʘʪʘ, ʩʝ ʜʝʬʠʥʠʨʘ ʦʧʩʝʛ ʥʘ ʧʨʦʝʢʪʦʪ, 

ʮʝʣʠ ʥʘ ʧʨʦʝʢʪʦʪ ʠ ʧʦʪʨʝʙʥʠ ʨʝʩʫʨʩʠ ʟʘ ʧʨʦʝʢʪʦʪ.  

ʆʜ ʘʩʧʝʢʪ ʥʘ ʧʦʪʨʝʙʥʠ ʨʝʩʫʨʩʠ, ʚʦ ʪʠʤʦʪ ʩʝ ʜʦʜʝʣʝʥʠ ʧʨʝʪʩʪʘʚʥʠʮʠ ʦʜ ʩʝʢʪʦʨʠʪʝ 

ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʠʥʞʝʥʝʨʠʥʛ, ʢʚʘʣʠʪʝʪ, ʣʦʛʠʩʪʠʢʘ  ʠ ʢʦʥʪʠʥʫʠʨʘʥʦ ʧʦʜʦʙʨʫʚʘˁʝ. ʊʠʤʦʪ 

ʦʜ ʢʚʘʣʠʪʝʪ ʝ ʦʜʛʦʚʦʨʝʥ ʟʘ ʘʥʘʣʠʟʘ ʥʘ ʤʝʨʥʠʦʪ ʩʠʩʪʝʤ, ʟʘ ʩʪʘʪʠʩʪʠʯʢʘʪʘ ʢʦʥʪʨʦʣʘ ʥʘ 

ʧʨʦʮʝʩʦʪ, ʜʘ ʦʙʝʟʙʝʜʠ ʠʩʪʦʨʠʩʢʠ ʧʦʜʘʪʦʮʠ ʟʘ ʛʨʝʰʢʠʪʝ ʠ ʥʘʦʜʠ ʦʜ ʜʥʝʚʥʠʪʝ ʘʥʘʣʠʟʠ ʥʘ 

ʠʩʪʠʪʝ. ʊʠʤʦʪ ʦʜ ʠʥʞʝʥʝʨʠʥʛ ʠ ʪʠʤʦʪ ʟʘ ʢʦʥʪʠʥʫʠʨʘʥʦ ʧʦʜʦʙʨʫʚʘˁʝ ʩʝ ʦʜʛʦʚʦʨʥʠ ʟʘ 

ʤʘʧʠʨʘˁʝ ʥʘ ʪʝʢʦʪ ʥʘ ʚʨʝʜʥʦʩʪʠ, ʟʘ ʜʠʟʘʿʥ ʥʘ ʥʦʚ ʪʝʢ ʠ ʘʥʘʣʠʟʘ ʥʘ ʤʦʜʦʚʠʪʝ ʥʘ ʛʨʝʰʢʠ 

ʠ ʥʠʚʥʠʦʪ ʝʬʝʢʪ. ʆʚʠʝ ʪʠʤʦʚʠ ʩʝ ʦʜʛʦʚʦʨʥʠ ʟʘ ʧʨʘʢʪʠʯʥʦ ʠʤʧʣʝʤʝʥʪʠʨʘˁʝ ʥʘ 

ʪʝʭʥʠʯʢʠʪʝ ʨʝʰʝʥʠʿʘ ʥʘ ʧʨʦʮʝʩʠʪʝ ʩʦ ʮʝʣ ʥʠʚʥʦ ʧʦʜʦʙʨʫʚʘˁʝ. ʊʠʤʦʪ ʦʜ ʣʦʛʠʩʪʠʢʘ ʝ 

ʦʜʛʦʚʦʨʝʥ ʟʘ ʧʦʨʘʤʥʫʚʘˁʝ ʥʘ ʧʣʘʥʦʪ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʦ ʤʦʜʝʣ ʠ ʚʦʣʫʤʝʥ, ʟʘ 

ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʚʢʫʧʥʘʪʘ ʟʘʣʠʭʘ ʥʘ ʤʘʪʝʨʠʿʘʣʠ ʠ ʛʦʪʦʚ ʧʨʦʠʟʚʦʜ ʠ ʟʘ ʟʘʰʪʝʜʘ ʥʘ ʧʨʦʩʪʦʨ. 

ʄʫʣʪʠ-ʬʫʥʢʮʠʦʥʘʣʥʠʦʪ ʪʠʤ ʩʦʩʪʘʚʝʥ ʦʜ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʢʚʘʣʠʪʝʪ, ʠʥʞʝʥʝʨʠʥʛ ʠ 

ʣʦʛʠʩʪʠʢʘ ʝ ʦʜʛʦʚʦʨʝʥ ʟʘ ʧʦʪʚʨʜʘ ʥʘ ʝʬʝʢʪʠʚʥʦʩʪʘ ʥʘ ʠʤʧʣʝʤʝʥʪʠʨʘʥʠʪʝ ʧʦʜʦʙʨʫʚʘˁʘ, 

ʥʠʚʥʦ ʜʦʢʫʤʝʥʪʠʨʘˁʝ  ʠ ʘʞʫʨʠʨʘˁʝ ʥʘ ʧʦʩʪʦʝʯʢʠʪʝ ʩʪʘʥʜʘʨʜʠ. ʅʘ ʢʨʘʿ, ʪʠʤʦʪ ʦʜ 

ʠʥʞʝʥʝʨʠʥʛ ʠ ʯʦʚʝʯʢʠ ʨʝʩʫʨʩʠ ʝ ʦʜʛʦʚʦʨʝʥ ʟʘ ʪʨʝʥʠʥʛ ʥʘ ʩʠʪʝ ʠʥʚʦʣʚʠʨʘʥʠ ʩʝʢʪʦʨʠ ʟʘ 

ʧʨʘʚʠʣʥʘ ʧʨʠʤʝʥʘ ʥʘ ʥʦʚʠʪʝ ʩʪʘʥʜʘʨʜʠ.  

ʅʘ ʙʣʦʢ-ʜʠʿʘʛʨʘʤʦʪ ʥʘ ʉʣʠʢʘ 8.2 ʝ ʧʨʠʢʘʞʘʥ ʦʧʩʝʛʦʪ ʥʘ ʧʨʦʝʢʪʦʪ, ʩʦ ʩʠʪʝ ʧʨʦʮʝʩʠ 

ʧʦʪʨʝʙʥʠ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʛʨʝʘʯʠ ʟʘ ʩʝʜʠʰʪʘ ʚʦ ʢʦʤʧʘʥʠʿʘʪʘ ʰʪʦ ʝ ʧʨʝʜʤʝʪ ʥʘ 

ʠʩʪʨʘʞʫʚʘˁʝ, ʦʜ ʚʣʝʟ ʥʘ ʨʝʧʨʦʤʘʪʝʨʠʿʘʣʠ ʠ ʚʣʝʟʥʘ ʠʥʩʧʝʢʮʠʿʘ ʜʦ ʬʠʥʘʣʥʘ ʠʥʩʧʝʢʮʠʿʘ, 

ʧʘʢʫʚʘˁʝ ʠ ʠʩʧʦʨʘʢʘ ʥʘ ʛʦʪʦʚ ʧʨʦʠʟʚʦʜ. ʈʝʧʨʦʤʘʪʝʨʠʿʘʣʠʪʝ ʩʝ ʧʨʠʤʘʘʪ ʚʦ ʤʘʛʘʮʠʥ ʠ ʩʝ 

ʚʨʰʠ ʚʣʝʟʥʘ ʢʦʥʪʨʦʣʘ ʥʘ ʢʚʘʣʠʪʝʪʦʪ, ʧʦʪʦʘ ʩʣʝʜʫʚʘ ʧʨʦʮʝʩʦʪ ʥʘ ʰʠʝˁʝ ʥʘ ʧʨʦʚʦʜʥʠʢʦʪ 

(ʛʨʝʘʯ) ʥʘ ʦʩʥʦʚʘ ʦʜ ʧʣʘʪʥʦ. ʉʣʝʜʝʥ ʯʝʢʦʨ ʝ ʘʧʣʠʮʠʨʘˁʝ ʥʘ ʩʘʤʦʣʝʧʣʠʚʘ ʪʨʘʢʘ ʢʦʿʘ ʩʝ 

ʘʢʪʠʚʠʨʘ ʩʦ ʧʨʠʤʝʥʘ ʥʘ ʧʨʠʪʠʩʦʢ (ʘʥʛ. pressure sensitive adhesive tape PSA). ʉʣʝʜʫʚʘ 

ʩʝʯʝˁʝ ʪ.ʝ ʦʙʣʠʢʫʚʘˁʝ ʥʘ ʬʘʙʨʠʢʫʚʘʥʦʪʦ ʧʣʘʪʥʦ ʟʘ ʜʘ ʩʝ ʜʦʙʠʝ ʬʠʥʘʣʥʘʪʘ ʬʦʨʤʘ ʥʘ 

ʛʨʝʘʯʦʪ ʟʘ ʩʝʜʠʰʪʘ. ʇʦʪʦʘ ʩʝ ʤʦʥʪʠʨʘ ʧʦʣʫʧʨʦʠʟʚʦʜʦʪ ʟʘʝʜʥʦ ʩʦ ʢʘʙʝʣʩʢʠʦʪ ʧʨʠʢʣʫʯʦʢ 

ʥʘ ʣʠʥʠʿʘʪʘ ʟʘ ʬʠʥʘʣʥʘ ʤʦʥʪʘʞʘ. ʆʚʜʝ ʩʝ ʚʢʣʫʯʝʥʠ ʩʣʝʜʥʠʪʝ ʯʝʢʦʨʠ:  ʣʝʤʝˁʝ ʥʘ ʩʝʥʟʦʨ 

ʩʦ ʥʝʛʘʪʠʚʝʥ ʪʝʤʧʝʨʘʪʫʨʝʥ ʢʦʝʬʠʮʠʝʥʪ (ʘʥʛ. negative temperature coefficient NTC), 

ʘʧʣʠʮʠʨʘˁʝ ʥʘ ʠʟʦʣʘʮʠʩʢʘ ʮʝʚʢʘ ʢʦʿʘ ʩʝ ʩʦʙʠʨʘ ʧʨʠ ʠʟʣʦʞʫʚʘˁʝ ʥʘ ʚʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ, 

ʯʠʩʪʝˁʝ ʥʘ ʦʪʧʘʜʦʪ ʛʝʥʝʨʠʨʘʥ ʧʨʠ ʧʨʦʮʝʩʦʪ ʥʘ ʩʝʯʝˁʝ/ʦʙʣʠʢʫʚʘˁʝ ʥʘ ʧʨʦʠʟʚʦʜʦʪ, 

ʬʠʢʩʠʨʘˁʝ ʩʦ ʪʝʯʝʥ ʣʝʧʘʢ ʥʘ ʢʘʙʝʣʩʢʠʦʪ ʧʨʠʢʣʫʯʦʢ ʥʘ ʧʣʘʪʥʦʪʦ, ʦʛʦʣʫʚʘˁʝ ʥʘ 

ʧʨʦʚʦʜʥʘʪʘ ʞʠʮʘ ʩʦʰʠʝʥʘ ʥʘ ʧʣʘʪʥʦʪʦ, ʧʦʙʨʟʫʚʘˁʝ ʥʘ ʧʨʦʚʦʜʥʘʪʘ ʞʠʮʘ ʩʦʰʠʝʥʘ ʥʘ 

ʧʣʘʪʥʦʪʦ ʩʦ ʢʘʙʝʣʩʢʠʦʪ ʧʨʠʢʣʫʯʦʢ, ʟʘʚʘʨʫʚʘˁʝ ʠʣʠ ʪʦʧʝˁʝ ʥʘ ʩʣʦʿʦʪ ʠʟʦʣʘʮʠʿʘ ʧʦʤʝʺʫ 

ʢʘʙʝʣʩʢʠʦʪ ʧʨʠʢʣʫʯʦʢ ʠ ʧʨʦʚʦʜʥʘʪʘ ʞʠʮʘ, ʘʧʣʠʮʠʨʘˁʝ ʥʘ ʠʟʦʣʘʮʠʩʢʘ ʮʝʚʢʘ ʢʦʿʘ ʩʝ 

ʩʦʙʠʨʘ ʧʨʠ ʠʟʣʦʞʫʚʘˁʝ ʥʘ ʚʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʬʠʢʩʠʨʘˁʝ ʥʘ NTC  ʩʝʥʟʦʨ ʥʘ ʧʣʘʪʥʦ ʥʘ 

ʧʦʟʠʮʠʿʘ ʢʘʜʝ ʰʪʦ ʩʝ ʤʝʨʠ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʛʨʝʘʯʦʪ, ʧʦʢʨʠʚʘˁʝ ʠ ʟʘʰʪʠʪʘ ʥʘ NTC 

ʩʝʥʟʦʨʦʪ ʩʦ ʣʝʧʣʠʚʘ ʪʨʘʢʘ, ʬʠʢʩʠʨʘˁʝ ʥʘ NTC ʢʘʙʝʣ ʥʘ ʧʣʘʪʥʦ ʠ ʧʦʢʨʠʚʘˁʝ ʩʦ ʣʝʧʣʠʚʘ 

ʪʨʘʢʘ ʥʘ ʩʠʪʝ ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʧʣʘʪʥʦʪʦ ʧʦʜʣʦʞʥʠ ʥʘ ʤʝʭʘʥʠʯʢʦ ʦʰʪʝʪʫʚʘˁʝ. ʇʦ 

ʬʠʥʘʣʥʘʪʘ ʤʦʥʪʘʞʘ ʩʣʝʜʫʚʘ ʚʠʟʫʝʣʥʘ ʢʦʥʪʨʦʣʘ ʠ ʝʣʝʢʪʨʠʯʥʦ ʪʝʩʪʠʨʘˁʝ ʥʘ ʩʠʪʝ 

ʧʨʦʠʟʚʦʜʠ ʟʘ ʜʘ ʩʝ ʧʦʪʚʨʜʠ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʘ ʥʘ ʧʨʦʠʟʚʦʜʦʪ. ʇʦʩʣʝʜʥʠ ʯʝʢʦʨʠ ʩʝ 

ʘʧʣʠʮʠʨʘˁʝ ʥʘ ʝʪʠʢʝʪʘ ʥʘ ʧʨʦʠʟʚʦʜʦʪ, ʧʘʢʫʚʘˁʝ ʠ ʠʩʧʦʨʘʢʘ. 
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ɺʣʝʟʥʘ ʢʦʥʪʨʦʣʘ

ʇʨʦʮʝʩ ʥʘ ʰʠʝˁʝ

ɸʧʣʠʮʠʨʘˁʝ ʥʘ 

ʩʘʤʦʣʝʧʣʠʚʘ ʪʨʘʢʘ

ʉʝʯʝˁʝ/ʦʙʣʠʢʫʚʘˁʝ ʥʘ 

ʧʣʘʪʥʦ ʚʦ ʬʠʥʘʣʥʘ ʬʦʨʤʘ

ʊʝʩʪʠʨʘˁʝ ʥʘ 

ʟʘʧʘʣʠʚʦʩʪ

 ʥʘ ʤʘʪʝʨʠʿʘʣ

ʃʝʤʝˁʝ ʥʘ ʢʘʙʝʣ ʦʜ

 NTC ʩʝʥʟʦʨ

ɸʧʣʠʮʠʨʘˁʝ ʥʘ 

ʠʟʦʣʘʮʠʩʢʘ ʮʝʚʢʘ ʥʘ 

ʚʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ

ʏʠʩʪʝˁʝ ʥʘ ʦʪʧʘʜ ʧʦʩʣʝ 

ʩʝʯʝˁʝ/ʦʙʣʠʢʫʚʘˁʝ ʥʘ 

ʧʣʘʪʥʦʪʦ

ʌʠʢʩʠʨʘˁʝ  ʩʦ ʪʝʯʝʥ 

ʣʝʧʘʢ ʥʘ ʢʘʙʝʣʩʢʠ 

ʧʨʠʢʣʫʯʦʢ ʥʘ ʧʣʘʪʥʦ

ʆʛʦʣʫʚʘˁʝ ʥʘ ʧʨʦʚʦʜʥʘ 

ʞʠʮʘ  ʩʦʰʠʝʥʘ ʥʘ 

ʧʣʘʪʥʦʪʦ

ʇʦʚʨʟʫʚʘˁʝ ʥʘ ʧʨʦʚʦʜʥʘ 

ʞʠʮʘ ʩʦ ʢʘʙʝʣʩʢʠ 

ʧʨʠʢʣʫʯʦʢ

ɿʘʚʘʨʫʚʘˁʝ ʧʦʩʣʝ 

ʧʦʚʨʟʫʚʘˁʝ ʥʘ ʧʨʦʚʦʜʥʘ 

ʞʠʮʘ ʩʦ ʢʘʙʝʣʩʢʠ ʧʨʠʢʣ.

ʌʠʢʩʠʨʘˁʝ ʥʘ 

ʢʦʥʝʢʮʠʠʪʝ ʥʘ ʧʣʘʪʥʦʪʦ 

ɸʧʣʠʮʠʨʘˁʝ ʥʘ 

ʠʟʦʣʘʮʠʩʢʘ ʮʝʚʢʘ ʥʘ 

ʚʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ

ʃʘʜʥʘ 

ʣʘʤʠʥʘʮʠʿʘ

ʉʝʯʝˁʝ ʥʘ 

ʦʩʥʦʚʘʪʘ ʦʜ 

ʧʣʘʪʥʦ

ʇʦʢʨʠʚʘˁʝ ʥʘ NTC 

ʩʝʥʟʦʨ ʩʦ ʣʝʧʣʠʚʘ ʪʨʘʢʘ

ʇʦʢʨʠʚʘˁʝ ʠ ʟʘʰʪʠʪʘ ʥʘ 

ʢʦʤʧʦʥʝʥʪʠʪʝ ʥʘ 

ʧʣʘʪʥʦʪʦ

ʌʠʢʩʠʨʘˁʝ ʥʘ NTC ʢʘʙʝʣ 

ʩʦ ʣʝʧʣʠʚʘ ʪʨʘʢʘ. 

ʌʠʥʘʣʥʘ ʢʦʥʪʨʦʣʘ

ɸʧʣʠʮʠʨʘˁʝ ʥʘ ʝʪʠʢʝʪʘ 

ʥʘ ʧʨʦʠʟʚʦʜʦʪ

100 % ʢʦʥʪʨʦʣʘ ʥʘ 

ʝʣʝʢʪʨʠʯʝʥ ʪʝʩʪʝʨ

ʇʘʢʫʚʘˁʝ

ʀʩʧʦʨʘʢʘ

ʆʛʦʣʫʚʘˁʝ ʥʘ 

ʢʘʙʝʣʦʪ ʦʜ NTC 

ʩʝʥʟʦʨʦʪ

ʉʝʯʝˁʝ ʥʘ ʛʦʨʥʘ 

ʧʦʢʨʠʚʢʘ 

ʌʠʢʩʠʨʘˁʝ ʥʘ NTC 

ʩʝʥʟʦʨ ʥʘ ʧʣʘʪʥʦʪʦ

 
 

ʉʣʠʢʘ 8.2. ɹʣʦʢ-ʜʠʿʘʛʨʘʤ ʥʘ ʩʠʪʝ ʯʝʢʦʨʠ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʛʨʝʘʯʠ ʟʘ ʩʝʜʠʰʪʘ 

 

8.2 ʌʘʟʘ ʥʘ ʤʝʨʝˁʝ 

ʅʘ ʉʣʠʢʘ 7.2 ʝ ʧʨʠʢʘʞʘʥʘ ʬʘʟʘʪʘ ʥʘ ʤʝʨʝˁʝ ʥʘ ʥʦʚʠʦʪ ʤʦʜʝʣ, ʢʘʜʝ ʰʪʦ ʥʘʿʧʨʚʝʥ ʩʝ 

ʠʟʙʠʨʘ ʤʝʪʦʜ ʟʘ ʧʨʠʙʠʨʘˁʝ ʥʘ ʧʦʜʘʪʦʮʠʪʝ, a ʧʦʪʦʘ ʩʝ ʚʨʰʠ ʧʨʠʙʠʨʘˁʝ ʥʘ ʠʩʪʠʪʝ. ʉʦ 
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ʧʨʠʙʨʘʥʠʪʝ ʧʦʜʘʪʦʮʠ ʩʝ ʤʘʧʠʨʘ ʪʝʢʦʪ ʥʘ ʚʨʝʜʥʦʩʪʠ ʠ ʩʝ ʘʥʘʣʠʟʠʨʘʘʪ ʥʝʜʦʩʪʘʪʦʮʠʪʝ, ʩʝ 

ʜʝʬʠʥʠʨʘ ʦʩʥʦʚʥʘʪʘ ʣʠʥʠʿʘ ʟʘ ʧʝʨʬʦʨʤʘʥʩ ʥʘ ʧʨʦʮʝʩʦʪ ʰʪʦ ʚʢʣʫʯʫʚʘ ʘʥʘʣʠʟʘ ʥʘ 

ʤʝʨʥʠʦʪ ʩʠʩʪʝʤ ʠ ʘʥʘʣʠʟʘ ʥʘ ʩʧʦʩʦʙʥʦʩʪʘ ʠ ʧʝʨʬʦʨʤʘʥʩʦʪ ʥʘ ʧʨʦʮʝʩʦʪ.  

8.2.1   ʀʟʙʦʨ ʥʘ ʤʝʪʦʜ ʟʘ ʧʨʠʙʠʨʘˁʝ ʥʘ ʧʦʜʘʪʦʮʠ  

ɺʦ ʬʘʟʘʪʘ ʥʘ ʤʝʨʝˁʝ ʠʟʙʦʨʦʪ ʥʘ ʤʝʪʦʜ ʟʘ ʧʨʠʙʠʨʘˁʝ ʥʘ ʧʦʜʘʪʦʮʠ ʝ ʤʥʦʛʫ ʚʘʞʥʘ  

ʘʢʪʠʚʥʦʩʪ ʟʘʪʦʘ ʰʪʦ ʦʜ ʪʦʯʥʦʩʪʘ ʥʘ ʧʦʜʘʪʦʮʠʪʝ ʟʘʚʠʩʠ ʤʘʧʠʨʘˁʝʪʦ ʥʘ ʪʝʢʦʪ ʥʘ 

ʚʨʝʜʥʦʩʪʠ ʠ ʜʝʬʠʥʠʨʘˁʝʪʦ ʥʘ ʧʝʨʬʦʨʤʘʥʩʦʪ ʥʘ ʧʨʦʮʝʩʦʪ. ɼʦʩʝʛʘʰʥʠʦʪ ʤʝʪʦʜ ʟʘ 

ʧʨʠʙʠʨʘˁʝ ʥʘ ʧʦʜʘʪʦʮʠ ʿʘ ʩʪʘʚʘ ʧʦʜ ʟʥʘʢ ʧʨʘʰʘʣʥʠʢ ʥʠʚʥʘʪʘ ʪʦʯʥʦʩʪ ʠ ʜʦʩʪʘʧʥʦʩʪ ʚʦ 

ʨʝʘʣʥʦ ʚʨʝʤʝ, ʧʦʨʘʜʠ ʩʣʝʜʥʠʪʝ ʧʨʠʯʠʥʠ: 

¶ ʉʫʤʠʨʘˁʝʪʦ ʥʘ ʧʦʜʘʪʦʮʠʪʝ ʟʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪ ʠ ʢʚʘʣʠʪʝʪ ʩʝ ʚʨʰʠ ʟʘʜʦʮʥʝʪʦ 

ʥʘ ʢʨʘʿ ʥʘ ʩʤʝʥʘ, ʢʦʛʘ ʩʝ ʩʧʨʝʤʘʘʪ ʠʟʚʝʰʪʘʠʪʝ. 

¶ ɸʥʘʣʠʟʘʪʘ ʥʘ ʜʝʬʝʢʪʠ ʩʝ ʚʨʰʠ ʟʘʜʦʮʥʝʪʦ, ʥʘʨʝʜʥʠʦʪ ʜʝʥ, ʰʪʦ ʛʦ ʦʪʝʞʥʫʚʘ 

ʧʨʦʮʝʩʦʪ ʥʘ ʜʝʪʝʢʮʠʿʘ ʥʘ ʠʟʚʦʨʥʠʪʝ ʧʨʠʯʠʥʠ ʟʘ ʧʦʿʘʚʘ ʥʘ ʧʨʦʙʣʝʤʠʪʝ. 

¶ ʇʨʠ ʘʥʘʣʠʟʘ ʥʘ ʠʟʚʦʨʥʠʪʝ ʧʨʠʯʠʥʠ ʥʘ ʜʝʬʝʢʪʠʪʝ ʧʦʩʪʦʠ ʩʫʙʿʝʢʪʠʚʥʦʩʪ ʦʜ 

ʩʪʨʘʥʘ ʥʘ ʚʨʘʙʦʪʝʥʠʪʝ ʰʪʦ ʿʘ ʚʨʰʘʪ ʘʥʘʣʠʟʘʪʘ.  

¶ ʅʘʿʛʦʣʝʤ ʜʝʣ ʦʜ ʛʨʝʰʢʠʪʝ Ăʦʪʧʦʨʥʦʩʪ ʥʘ ʛʨʝʘʯ ʥʘʜʚʦʨ ʦʜ ʩʧʝʮʠʬʠʢʘʮʠʿʘò ʩʝ 

ʜʝʪʝʢʪʠʨʘʥʠ ʥʘ ʝʣʝʢʪʨʠʯʥʠʦʪ ʪʝʩʪʝʨ h ʪʦ ʝ ʧʦʩʣʝʜʥʘ ʨʘʙʦʪʥʘ ʩʪʘʥʠʮʘ ʚʦ ʪʝʢʦʪ 

ʥʘ ʚʨʝʜʥʦʩʪʠ. ʆʪʪʫʢʘ, ʛʨʝʰʢʘʪʘ ʩʝ ʧʨʝʧʠʰʫʚʘ ʢʘʢʦ ʜʘ ʩʝ ʩʣʫʯʠʣʘ ʥʘ ʣʠʥʠʿʘʪʘ 

ʟʘ ʬʠʥʘʣʥʘ ʤʦʥʪʘʞʘ, ʟʘʪʦʘ ʰʪʦ ʪʦʯʥʘʪʘ ʣʦʢʘʮʠʿʘ ʥʘ ʥʘʩʪʘʥʫʚʘˁʝ ʥʘ ʛʨʝʰʢʘʪʘ 

ʪʝʰʢʦ ʤʦʞʝ ʜʘ ʩʝ ʫʪʚʨʜʠ ʩʦ ʚʠʟʫʝʣʥʘ ʠʥʩʧʝʢʮʠʿʘ ʥʘ ʦʧʝʨʘʪʦʨʦʪ ʠ ʩʝʪʦ ʪʦʘ 

ʚʦʜʠ ʜʦ ʛʝʥʝʨʠʨʘˁʝ ʥʘ ʥʝʪʦʯʥʠ ʠʥʬʦʨʤʘʮʠʠ. ʅʝʪʦʯʥʠʪʝ ʠʥʬʦʨʤʘʮʠʠ ʚʦʜʘʪ 

ʜʦ ʧʦʛʨʝʰʥʠ ʟʘʢʣʫʯʦʮʠ ʠ ʠʤʧʣʝʤʝʥʪʠʨʘˁʝ ʥʘ ʘʢʮʠʠ ʢʦʠ ʥʝ ʜʘʚʘʘʪ ʨʝʟʫʣʪʘʪ.  

¶ ɽʣʝʢʪʨʠʯʥʠʦʪ ʪʝʩʪʝʨ ʚʨʰʠ ʘʪʨʠʙʫʪʠʚʥʦ ʤʝʨʝˁʝ ʥʘ ʜʦʙʘʨ/ʣʦʰ ʧʨʦʠʟʚʦʜ. 

ʅʝʜʦʩʪʠʛʘ ʢʦʥʪʠʥʫʠʨʘʥʘ ʩʪʘʪʠʩʪʠʯʢʘ ʢʦʥʪʨʦʣʘ ʥʘ ʧʨʦʮʝʩʦʪ ʚʦ ʨʝʘʣʥʦ ʚʨʝʤʝ, 

ʩʦ ʮʝʣ ʜʘ ʩʝ ʩʣʝʜʠ ʪʨʝʥʜʦʪ ʠ ʧʦʿʘʚʘʪʘ ʥʘ ʥʝʚʦʦʙʠʯʘʝʥʠ ʰʝʤʠ ʰʪʦ 

ʩʠʛʥʘʣʠʟʠʨʘʘʪ ʧʨʠʩʫʩʪʚʦ ʥʘ ʩʧʝʮʠʿʘʣʥʠ ʧʨʠʯʠʥʠ.  

¶ ʅʝ ʧʦʩʪʦʠ ʩʫʤʠʨʘʥ ʠʟʚʝʰʪʘʿ ʚʦ ʨʝʘʣʥʦ ʚʨʝʤʝ ʟʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʘ, ʟʘʣʠʭʘʪʘ ʠ 

ʚʢʫʧʥʦʪʦ ʚʨʝʤʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚʦ ʮʝʣʠʦʪ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ. ʇʦʩʪʦʿʘʪ 

ʧʦʝʜʠʥʝʯʥʠ ʨʝʧʦʨʪʠ ʚʦ ERP ʩʠʩʪʝʤʦʪ (ʘʥʛ. Enterprise resource planning) ʢʦʠ ʥʝ 

ʩʝ ʜʦʩʪʘʧʥʠ ʚʦ ʤʦʤʝʥʪʦʪ ʢʦʛʘ ʩʝ ʧʦʪʨʝʙʥʠ ʟʘ ʜʘ ʩʠʛʥʘʣʠʟʠʨʘʘʪ ʜʝʚʠʿʘʮʠʿʘ. 

ɿʘ ʥʘʜʤʠʥʫʚʘˁʝ ʥʘ ʦʚʠʝ ʧʨʦʙʣʝʤʠ, ʠʤʧʣʝʤʝʥʪʠʨʘʥʠ ʩʝ ʝʪʠʢʝʪʠ ʩʦ ʨʘʜʠʦ 

ʬʨʝʢʚʝʥʪʥʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ, ʢʦʠ ʦʚʦʟʤʦʞʫʚʘʘʪ ʩʣʝʜʝˁʝ ʚʦ ʨʝʘʣʥʦ ʚʨʝʤʝ ʥʘ ʜʚʠʞʝˁʝʪʦ 

ʥʘ ʤʘʪʝʨʠʿʘʣʠʪʝ ʠ ʧʦʣʫʧʨʦʠʟʚʦʜʠʪʝ ʚʦ ʪʝʢʦʪ ʥʘ ʚʨʝʜʥʦʩʪʠ,  ʩʣʝʜʝˁʝ ʥʘ ʟʘʣʠʭʘʪʘ ʧʦʤʝʺʫ 

ʧʨʦʮʝʩʠʪʝ, ʥʘ ʚʨʝʤʝʪʦ ʥʘ ʮʠʢʣʫʩ ʥʘ ʩʠʪʝ ʧʨʦʮʝʩʠ, ʥʘ ʩʪʘʧʢʘʪʘ ʥʘ ʜʝʬʝʢʪʠ, ʥʘ ʧʦʧʨʘʚʢʠʪʝ 

ʠ ʥʘ hʢʘʨʪʦʪ. ʆʜ ʘʩʧʝʢʪ ʥʘ ʐʝʩʪ ʉʠʛʤʘ ʠ ʩʪʘʪʠʩʪʠʯʢʘʪʘ ʢʦʥʪʨʦʣʘ ʥʘ ʧʨʦʮʝʩʦʪ, 

ʧʦʜʘʪʦʮʠʪʝ ʩʝ ʧʨʠʙʠʨʘʘʪ ʦʜ ʝʣʝʢʪʨʠʯʥʠ ʪʝʩʪʝʨʠ ʢʦʠ ʚʨʘhʪ 100% ʧʨʦʚʝʨʢʘ ʥʘ ʩʝʢʦʿ 

ʧʨʦʠʟʚʦʜ ʩʦ ʰʪʦ ʙʨʦʿʦʪ ʥʘ ʧʨʠʤʝʨʦʮʠ ʚʦ ʧʦʜʛʨʫʧʘʪʘ ʠʟʥʝʩʫʚʘ 1, ʦʜ ʰʪʦ ʟʘʚʠʩʠ ʠʟʙʦʨʦʪ 

ʥʘ ʢʦʥʪʨʦʣʝʥ ʛʨʘʬʠʢʦʥ (ʉʣʠʢʘ 3.3). ɼʝʪʘʣʥʠʦʪ ʦʧʠʩ ʥʘ ʪʝʭʥʦʣʦʛʠʠʪʝ ʥʘ ʀʥʜʫʩʪʨʠʿʘ 4.0 

ʢʦʠ ʩʝ ʠʤʧʣʝʤʝʥʪʠʨʘʥʠ ʚʦ ʢʦʤʧʘʥʠʿʘʪʘ ʰʪʦ ʝ ʧʨʝʜʤʝʪ ʥʘ ʠʩʪʨʘʞʫʚʘˁʝ ʝ ʧʨʠʢʘʞʘʥ ʚʦ 

ʂʦʥʪʨʦʣʥʘʪʘ ʬʘʟʘ ʦʜ ʦʚʦʿ ʪʨʫʜ, ʚʦ ʧʦʛʣʘʚʝʿ 8.5 (ʉʣʠʢʘ 8.38). ʆʚʠʝ ʪʝʭʥʦʣʦʛʠʠ ʛʠ 

ʝʣʠʤʠʥʠʨʘʘʪ ʩʠʪʝ ʧʦʛʦʨʝ ʥʘʚʝʜʝʥʠ ʥʝʜʦʩʪʘʪʦʮʠ ʥʘ ʜʦʩʝʛʘʰʥʠʦʪ ʤʝʪʦʜ ʟʘ ʧʨʠʙʠʨʘˁʝ ʥʘ 

ʧʦʜʘʪʦʮʠ.  
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8.2.2 Lean ʧʨʦʠʟʚʦʜʩʪʚʦ - ʄʘʧʠʨʘˁʝ ʠ ʘʥʘʣʠʟʘ ʥʘ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ 

ʇʨʚ ʯʝʢʦʪ ʧʨʠ ʤʘʧʠʨʘˁʝ ʠ ʘʥʘʣʠʟʘ ʥʘ ʪʝʢʦʪ ʥʘ ʚʨʝʜʥʦʩʪʠ ʝ ʜʘ ʩʝ ʤʘʧʠʨʘ 

ʨʘʩʧʦʨʝʜʦʪ ʥʘ ʦʧʨʝʤʘʪʘ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʩʦ ʮʝʣ ʜʘ ʩʝ ʚʠʜʠ ʢʘʢʦ ʝ ʧʦʩʪʘʚʝʥʘ ʦʜ ʘʩʧʝʢʪ 

ʥʘ ʜʚʠʞʝˁʝ ʥʘ ʤʘʪʝʨʠʿʘʣʠʪʝ ʠ ʠʩʢʦʨʠʩʪʝʥʦʩʪ ʥʘ ʧʨʦʩʪʦʨʦʪ. ʅʘ ʉʣʠʢʘ 8.3 ʝ ʜʘʜʝʥ 

ʛʨʘʬʠʯʢʠ ʧʨʠʢʘʟ ʥʘ ʦʧʨʝʤʘʪʘ ʧʨʝʜ ʠʤʧʣʝʤʝʥʪʠʨʘʥʠʪʝ ʧʦʜʦʙʨʫʚʘˁʘ.   

 

 

ʉʣʠʢʘ 8.3. ɻʨʘʬʠʯʢʠ ʧʨʠʢʘʟ ʥʘ ʦʧʨʝʤʘʪʘ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦ - ʧʨʝʜ ʧʦʜʦʙʨʫʚʘˁʘʪʘ 
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ʆʜ ʛʨʘʬʠʯʢʠʦʪ ʧʨʠʢʘʟ ʥʘ ʦʧʨʝʤʘʪʘ ʤʦʞʝ ʜʘ ʩʝ ʟʘʢʣʫʯʠ ʩʣʝʜʥʦʪʦ: 

¶ ʅʝʤʘ ʿʘʩʥʦ ʚʠʜʣʠʚ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦ. 

¶ ʅʝʤʘ ʜʦʜʝʣʘʥʘ ʦʧʨʝʤʘ ʧʦ ʬʘʤʠʣʠʠ ʥʘ ʧʨʦʠʟʚʦʜʠ ʚʦ ʪʝʢʦʪ ʥʘ ʚʨʝʜʥʦʩʪʠ. 

¶ ʃʠʥʠʠʪʝ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʢʘʙʝʣ ʩʝ ʣʦʢʘʮʠʩʢʠ ʦʜʜʘʣʝʯʝʥʠ ʦʜ ʣʠʥʠʠʪʝ ʟʘ 

ʬʠʥʘʣʥʘ ʤʦʥʪʘʞʘ, ʰʪʦ ʿʘ ʟʛʦʣʝʤʫʚʘ ʧʘʪʝʢʘʪʘ ʥʘ ʜʚʠʞʝˁʝ ʥʘ ʤʘʪʝʨʠʿʘʣʠʪʝ ʠ 

ʨʝʩʫʨʩʠʪʝ. ʉʦ ʦʚʘ ʝ ʥʘʧʨʘʚʝʥʦ ʛʨʫʧʠʨʘˁʝ ʧʦ ʪʠʧ ʥʘ ʦʧʨʝʤʘ ʘ ʥʝ ʧʦ ʥʘʿʢʨʘʪʢʦ 

ʜʚʠʞʝˁʝ ʥʘ ʤʘʪʝʨʠʿʘʣʠʪʝ ʚʦ ʧʨʦʮʝʩʦʪ ʥʘ ʬʘʙʨʠʢʫʚʘˁʝ (ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ).  

ɿʘ ʠʣʫʩʪʨʘʮʠʿʘ ʥʘ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ ʠʟʚʨʰʝʥʦ ʝ ʤʘʧʠʨʘˁʝ ʥʘ ʚʠʦʣʝʪʦʚʠʦʪ5 ʧʨʦʮʝʩ 

ʥʘ ʬʘʙʨʠʢʫʚʘˁʝ ʦʜ ʚʢʫʧʥʦ 3 ʜʝʬʠʥʠʨʘʥʠ ʚʦ ʢʦʤʧʘʥʠʿʘʪʘ ʰʪʦ ʝ ʧʨʝʜʤʝʪ ʥʘ ʠʩʪʨʘʞʫʚʘˁʝ 

(ʉʣʠʢʘ 8.3). ʄʘʧʠʨʘˁʝʪʦ ʟʘʧʦʯʥʫʚʘ ʦʜ ʧʨʦʮʝʩʦʪ ʢʦʿ ʝ ʥʘʙʿʣʠʩʢʫ ʜʦ ʢʫʧʫʚʘʯʦʪ, ʚʦ ʥʘʰʠʦʪ 

ʩʣʫʯʘʿ ʠʩʧʦʨʘʢʘ ʥʘ ʛʦʪʦʚ ʧʨʦʠʟʚʦʜ, ʧʘ ʧʦʪʦʘ ʩʝ ʦʜʠ ʥʘʥʘʟʘʜ ʧʨʝʢʫ ʩʠʪʝ ʧʨʦʮʝʩʠ ʢʦʠ 

ʧʨʝʪʭʦʜʘʪ. ʄʘʧʠʨʘˁʝʪʦ ʩʝ ʚʨʰʠ ʚʨʟ ʦʩʥʦʚʘ ʥʘ ʧʦʜʘʪʦʮʠ ʩʦʙʨʘʥʠ ʦʜ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚʦ 

ʤʦʤʝʥʪʦʪ, ʘ ʥʝ ʚʨʟ ʦʩʥʦʚʘ ʥʘ ʠʟʚʝʰʪʘʠʪʝ ʪhʦ ʥʝ ʿʘ ʦʪʩʣʠʢʫʚʘʘʪ ʨʝʘʣʥʦʩʪʘ. ʇʨʝʜ ʜʘ ʩʝ 

ʟʘʧʦʯʥʝ ʩʦ ʤʘʧʠʨʘˁʝ ʩʝ ʧʨʘʚʠ ʢʘʣʢʫʣʘʮʠʿʘ ʥʘ ʪʘʢʪ ʚʨʝʤʝʪʦ6  ʰʪʦ ʦʜʛʦʚʘʨʘ ʥʘ 

ʧʦʙʘʨʫʚʘˁʘʪʘ ʥʘ ʢʣʠʝʥʪʦʪ (ʚʠʜʠ ʊʘʙʝʣʘ 8.2). ʆʜ ʩʝʜʤʠʯʥʘʪʘ ʧʦʙʘʨʫʚʘʯʢʘ ʥʘ ʢʣʠʝʥʪʦʪ ʠ 

ʙʨʦʿʦʪ ʥʘ ʨʘʙʦʪʥʠ ʩʤʝʥʠ ʚʦ ʩʝʜʤʠʮʘʪʘ, ʩʝ ʧʨʝʩʤʝʪʫʚʘ ʧʦʙʘʨʫʚʘʯʢʘʪʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚʦ 

ʝʜʥʘ ʩʤʝʥʘ (32.500 ʧʘʨʯʠˁʘ Ā 15 ʩʤʝʥʠ = 2.167 ʧʘʨʯʠˁʘ). ʂʦʛʘ ʨʘʙʦʪʥʦʪʦ ʚʨʝʤʝ ʚʦ ʝʜʥʘ 

ʩʤʝʥʘ (27.000 s) ˃ʝ ʩʝ ʧʦʜʝʣʠ ʩʦ ʧʦʙʘʨʫʚʘʯʢʘʪʘ ʚʦ ʩʤʝʥʘ ˃ʝ ʩʝ ʜʦʙʠʝ ʪʘʢʪ ʚʨʝʤʝʪʦ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ (27.000 s / 2.167 ʧʘʨʯʠˁʘ = 12,5 s). ʇʣʘʥʠʨʘʥʠʪʝ ʟʘʛʫʙʠ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ 

ʧʦʨʘʜʠ ʧʦʜʝʩʫʚʘˁʝ ʥʘ ʤʘʰʠʥʠʪʝ ʠʣʠ ʜʝʬʝʢʪʠ ʠʟʥʝʩʫʚʘ 10 %. ʂʦʛʘ ˃ʝ ʩʝ ʥʘʤʘʣʠ ʪʘʢʪ 

ʚʨʝʤʝʪʦ ʦʜ 12,5 s ʟʘ 10 % ˃ʝ ʩʝ ʜʦʙʠʝ ʧʣʘʥʠʨʘʥʦʪʦ ʚʨʝʤʝ ʥʘ ʮʠʢʣʫʩ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʦʜ 

11,2 s.  

ʊʘʙʝʣʘ 8.2. ʂʘʣʢʫʣʘʮʠʿʘ ʥʘ ʪʘʢʪ ʚʨʝʤʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʨʠ ʤʘʧʠʨʘˁʝ ʥʘ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ 

ʉʝʜʤʠʯʥʘ ʧʦʙʘʨʫʚʘʯʢʘ  32.500 (ʧʘʨʯʠˁʘ) 

ɹʨʦʿ ʥʘ ʩʤʝʥʠ ʚʦ ʩʝʜʤʠʮʘʪʘ 15  

ʇʦʙʘʨʫʚʘʯʢʘ ʧʦ ʩʤʝʥʘ  2.167 (ʧʘʨʯʠˁʘ) 

ʈʘʙʦʪʥʠ ʯʘʩʦʚʠ ʚʦ ʩʤʝʥʘ 7,5 (ʯʘʩʘ) 

ʊʘʢʪ ʚʨʝʤʝ ʥʘ ʢʣʠʝʥʪʦʪ  12,5 s 

ʇʣʘʥʠʨʘʥʠ ʟʘʛʫʙʠ  10 % 

ʇʣʘʥʠʨʘʥʦ ʚʨʝʤʝ ʥʘ ʮʠʢʣʫʩ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ 95 %  11,2 s 

ʇʨʦʮʝʩ ʰʪʦ ʝ ʪʝʩʥʦ ʛʨʣʦ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦ 45 s 

 

ʅʘ ʉʣʠʢʘ 8.4 ʝ ʧʨʠʢʘʞʘʥʦ ʤʘʧʠʨʘˁʝʪʦ ʥʘ ʚʠʦʣʝʪʦʚʠʦʪ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ. 

ʂʦʨʠʩʪʝʥʠ ʩʝ ʙʣʦʢʦʚʠ ʩʦ ʧʦʜʘʪʦʮʠ ʟʘ ʧʨʦʮʝʩʠʪʝ ʢʘʜʝ ʰʪʦ ʩʝ ʧʨʠʢʘʞʘʥʠ: ʚʨʝʤʝ ʥʘ ʮʠʢʣʫʩ 

ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ (ʘʥʛ. cycle time - CT), ʚʨʝʤʝ ʧʦʪʨʝʙʥʦ ʟʘ ʧʦʜʝʩʫʚʘˁʝ ʥʘ ʤʘʰʠʥʠʪʝ ʧʨʠ 

ʧʨʦʤʝʥʘ ʥʘ ʤʦʜʝʣ (ʘʥʛ. changeover time C/O), ʚʢʫʧʥʘʪʘ ʝʬʝʢʪʠʚʥʦʩʪ ʥʘ ʦʧʨʝʤʘʪʘ (ʘʥʛ. 

overall equipment efectivness OEE%), ʧʨʦʮʝʥʪ ʥʘ ʜʝʬʝʢʪʥʠ ʧʨʦʠʟʚʦʜʠ ʠ ʙʨʦʿ ʥʘ ʧʦʪʨʝʙʥʠ 

ʤʘʰʠʥʠ ʠ ʦʧʝʨʘʪʦʨʠ ʟʘ ʜʘ ʩʝ ʠʩʧʦʣʥʠ ʙʘʨʘʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ. ɸʢʪʠʚʥʦʩʪʠʪʝ ʢʦʠ 

ʜʦʜʘʚʘʘʪ ʚʨʝʜʥʦʩʪ ʥʘ ʧʨʦʠʟʚʦʜʦʪ (ʘʥʛ. processing time) ʩʝ ʩʦ ʚʨʝʤʝʪʨʘʝˁʝ ʦʜ 141 s ʜʦʜʝʢʘ 

 
 

5 ˿ ʦ ʮʝʣ ʧʦʣʝʩʥʦ ʠʜʝʥʪʠʬʠʢʫʚʘˁʝ ʠ ʧʨʝʧʦʟʥʘʚʘˁʝ ʚʦ ʩʝʢʦʿʜʥʝʚʥʘʪʘ ʢʦʤʫʥʠʢʘʮʠʿʘ ʧʦʤʝʺʫ ʚʨʘʙʦʪʝʥʠʪʝ, ʪʨʠʪʝ ʪʝʢ ʥʘ 

ʚʨʝʜʥʦʩʪʠ ʩʝ ʠʤʝʥʫʚʘʥʠ ʢʘʢʦ ʟʝʣʝʥ, ʧʦʨʪʦʢʘʣʦʚ ʠ ʚʠʦʣʝʪʦʚ.  
6 ʊʘʢʪ ʚʨʝʤʝʪʦ ʛʦ ʫʩʦʛʣʘʩʫʚʘ ʨʠʪʘʤʦʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʦ ʨʠʪʘʤʦʪ ʥʘ ʧʨʦʜʘʞʙʘ. ʉʝ ʧʨʝʩʤʝʪʫʚʘ ʩʦ ʜʝʣʝˁʝ ʥʘ 
ʥʘʨʘʯʢʘʪʘ ʥʘ ʢʣʠʝʥʪʦʪ ʟʘ ʦʜʨʝʜʝʥ ʚʨʝʤʝʥʩʢʠ ʧʝʨʠʦʜ ʩʦ ʨʘʩʣʦʣʦʞʠʚʦʪʦ ʚʨʝʤʝ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚʦ ʠʩʪʠʦʪ ʧʝʨʠʦʜ. 
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ʧʘʢ ʘʢʪʠʚʥʦʩʪʠʪʝ ʢʦʠ ʥʝ ʜʦʜʘʚʘʘʪ ʚʨʝʜʥʦʩʪ ʥʘ ʧʨʦʠʟʚʦʜʦʪ (ʘʥʛ. non value added - NVA) 

ʩʝ ʩʦ ʚʨʝʤʝʪʨʘʝˁʝ ʦʜ 2,83 ʜʝʥʦʚʠ.  

 
 

 

ʉʣʠʢʘ 8.4.  ʄʘʧʠʨʘˁʝ ʥʘ ʚʠʦʣʝʪʦʚʠʦʪ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ  
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ʀʩʪʦʚʨʝʤʝʥʦ, ʧʨʠ ʤʘʧʠʨʘˁʝʪʦ ʩʝ ʚʨʰʠ ʠ ʘʥʘʣʠʟʘ ʥʘ ʪʝʢʦʪ ʥʘ ʚʨʝʜʥʦʩʪʠ ʠ ʩʝ 

ʦʟʥʘʯʫʚʘʘʪ  ʧʦʟʠʮʠʠʪʝ ʢʘʜʝ ʰʪʦ ʩʝ ʧʦʪʨʝʙʥʠ ʙʨʟʠ ʧʦʜʦʙʨʫʚʘˁʘ ʥʘ ʧʨʦʮʝʩʠʪʝ (ʘʥʛ. kaizen 

burst), ʠ ʪʦʘ: 

¶ ɻʦʣʝʤʦ ʚʢʫʧʥʦ ʚʨʝʤʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ. ɺʢʫʧʥʦʪʦ ʚʨʝʤʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʦʜ 

ʠʥʠʮʠʨʘˁʝ ʥʘ ʥʘʣʦʛ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʜʦ ʜʦʙʠʚʘˁʝ ʥʘ ʬʠʥʘʣʝʥ ʧʨʦʠʟʚʦʜ 

ʠʟʥʝʩʫʚʘ 2,83 ʜʝʥʦʚʠ. ɺʨʝʤʝʪʦ ʥʘ ʧʨʦʮʝʩʠʨʘˁʝ ʠʣʠ ʚʨʝʤʝʪʨʘʝˁʝʪʦ ʥʘ 

ʘʢʪʠʚʥʦʩʪʠʪʝ ʢʦʠ ʜʦʜʘʚʘʘʪ ʚʨʝʜʥʦʩʪ ʠʟʥʝʩʫʚʘ ʩʘʤʦ 141 s. ɻʦʣʝʤʘʪʘ ʨʘʟʣʠʢʘ 

ʧʦʤʝʺʫ ʚʢʫʧʥʦʪʦ ʚʨʝʤʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʚʨʝʤʝʪʦ ʥʘ ʧʨʦʮʝʩʠʨʘˁʝ ʝ ʧʦʨʘʜʠ 

ʛʦʣʝʤʘʪʘ ʟʘʣʠʭʘ ʥʘ ʧʦʣʫʧʨʦʠʟʚʦʜ ʠ ʛʦʪʦʚ ʧʨʦʠʟʚʦʜ. ʇʦʨʘʜʠ ʚʠʩʦʢʘʪʘ ʟʘʣʠʭʘ 

ʥʘ ʧʦʣʫʧʨʦʠʟʚʦʜ ʩʝ ʛʫʙʠ ʯʫʚʩʪʚʦʪʦ ʟʘ ʠʪʥʦʩʪ ʠ ʚʨʝʤʝʪʦ ʥʘ ʨʝʘʢʮʠʿʘ ʥʘ 

ʪʠʤʦʚʠʪʝ ʟʘ ʧʦʜʜʨʰʢʘ ʝ ʟʘʜʦʮʥʝʪʦ.  

¶ ʅʝʤʘ ʜʝʬʠʥʠʨʘʥʦ ʩʪʘʥʜʘʨʜʥʘ ʟʘʣʠʭʘ ʥʘ ʤʘʪʝʨʠʿʘʣʠ ʠ ʧʦʣʫʧʨʦʠʟʚʦʜ ʧʦʤʝʺʫ 

ʧʨʦʮʝʩʠʪʝ (ʘʥʛ. standard WIP).  

¶ ʇʝʿʩʤʝʿʢʝʨ ʧʨʦʮʝʩ ʝ ʧʨʚʠʦʪ ʧʨʦʮʝʩ ʚʦ ʪʝʢʦʪ ʥʘ ʚʨʝʜʥʦʩʪʠ ʪ.ʝ ʧʨʦʮʝʩʦʪ ʥʘ 

ʣʘʤʠʥʠʨʘˁʝ ʥʘ ʤʘʪʝʨʠʿʘʣʦʪ ʠ ʧʨʦʮʝʩʦʪ ʟʘ ʩʝʯʝˁʝ ʥʘ ʢʘʙʣʠ. ʃʦʛʠʩʪʠʢʘ 

ʠʩʧʨʘ˃ʘ ʧʣʘʥ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʦʚʠʝ ʜʚʘ ʧʨʦʮʝʩʠ, ʢʦʠ ʩʝ ʥʘʿʦʜʘʣʝʯʝʥʠ ʦʜ 

ʢʣʠʝʥʪʦʪ, ʩʦ ʰʪʦ ʚʢʫʧʥʦʪʦ ʚʨʝʤʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʝ ʥʘʿʜʦʣʛʦ.  

¶ ʄʘʪʝʨʠʿʘʣʠʪʝ ʩʝ ʜʚʠʞʘʪ ʧʦ ʧʨʠʥʮʠʧ ʥʘ ʪʫʨʢʘˁʝ ʘ ʥʝ ʧʦ ʧʨʠʥʮʠʧ ʥʘ ʚʣʝʯʝˁʝ. 

ʂʦʛʘ ʩʝ ʧʨʠʤʝʥʫʚʘ ʩʠʩʪʝʤ ʥʘ ʪʫʨʢʘˁʝ ʥʘ ʤʘʪʝʨʠʿʘʣʠʪʝ ʯʝʩʪʦ ʩʝ ʧʨʦʠʟʚʝʜʫʚʘ 

ʥʝʰʪʦ ʰʪʦ ʥʝ ʝ ʧʦʪʨʝʙʥʦ ʟʘ ʥʘʨʝʜʥʠʦʪ ʧʨʦʮʝʩ, ʩʦ ʰʪʦ ʩʝ ʘʢʫʤʫʣʠʨʘ ʛʦʣʝʤʘ 

ʟʘʣʠʭʘ ʥʘ ʧʦʣʫʧʨʦʠʟʚʦʜ. ʇʨʠ ʪʫʨʢʘˁʝ ʥʘ ʤʘʪʝʨʠʿʘʣʠʪʝ ʩʝ ʧʦʿʘʚʫʚʘ ʧʨʘʟʥʦ 

ʯʝʢʘˁʝ ʥʘ ʦʧʝʨʘʪʦʨʠʪʝ ʠ ʤʘʰʠʥʠʪʝ, ʰʪʦ ʨʝʟʫʣʪʠʨʘ ʩʦ ʥʝʧʣʘʥʠʨʘʥʠ ʦʪʩʪʘʧʢʠ 

ʦʜ ʧʣʘʥʦʪ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʅʘʿʯʝʩʪʦ, ʦʪʩʪʘʧʫʚʘˁʝ ʦʜ ʧʣʘʥʦʪ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʩʝ ʩʣʫʯʫʚʘ ʧʦʨʘʜʠ ʥʝʧʣʘʥʠʨʘʥʠ ʜʝʬʝʢʪʠ, ʥʝʜʦʩʪʘʪʦʢ ʥʘ ʤʘʪʝʨʠʿʘʣ, ʥʝ-

ʩʠʥʭʨʦʥʠʟʠʨʘʥʦʩʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʢʘʙʣʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʛʨʝʘʯʠ, 

ʠʪʥ. 

¶ ʇʘʢʦʚʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘʤʝʩʪʦ ʢʦʥʪʠʥʫʠʨʘʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʧʘʨʯʝ-ʧʦ-

ʧʘʨʯʝ. ʅʝʜʦʩʪʘʪʦʢ ʥʘ ʧʘʢʦʚʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʝ ʛʝʥʝʨʠʨʘˁʝ ʥʘ ʛʦʣʝʤʘ ʟʘʣʠʭʘ 

ʥʘ ʧʦʣʫʧʨʦʠʟʚʦʜ ʧʦʤʝʺʫ ʧʨʦʮʝʩʠʪʝ, ʚʠʩʦʢʘ ʩʪʘʧʢʘ ʥʘ ʜʝʬʝʢʪʠ,  ʛʦʣʝʤʦ ʚʢʫʧʥʦ 

ʚʨʝʤʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʥʝʬʣʝʢʩʠʙʠʣʥʦʩʪ ʧʨʠ ʧʨʦʤʝʥʘ ʥʘ ʧʦʙʘʨʫʚʘˁʘʪʘ ʦʜ 

ʩʪʨʘʥʘ ʥʘ ʢʣʠʝʥʪʦʪ.  

¶ ɺʢʫʧʥʠʦʪ ʙʨʦʿ ʥʘ ʦʧʝʨʘʪʦʨʠ ʚʦ ʚʠʦʣʝʪʦʚʠʦʪ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ ʚʦ ʝʜʥʘ ʩʤʝʥʘ 

ʠʟʥʝʩʫʚʘ 38. ʆʚʜʝ ʠʤʘ ʧʦʪʝʥʮʠʿʘʣ ʟʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʘ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʠ ʨʝʜʫʮʠʨʘˁʝ ʥʘ ʙʨʦʿʦʪ ʥʘ ʦʧʝʨʘʪʦʨʠ. 

¶ ʅʝ ʧʦʨʘʤʥʝʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʦ ʤʦʜʝʣ ʠ ʚʦʣʫʤʝʥ. ʆʚʘ ʨʝʟʫʣʪʠʨʘ ʩʦ 

ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʟʘʣʠʭʘʪʘ ʧʦʤʝʺʫ ʧʨʦʮʝʩʠʪʝ ʠ ʥʘʤʘʣʝʥʘ ʬʣʝʢʩʠʙʠʣʥʦʩʪ ʜʘ ʩʝ 

ʦʜʛʦʚʦʨʠ ʥʘ ʧʨʦʤʝʥʘʪʘ ʥʘ ʧʦʙʘʨʫʚʘˁʘʪʘ ʦʜ ʩʪʨʘʥʘ ʥʘ ʢʣʠʝʥʪʦʪ. 

¶ ʇʨʝʢʫʤʝʨʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʉʦ ʮʝʣ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʤʘʢʩʠʤʘʣʥʘ ʠʩʢʦʨʠʩʪʝʥʦʩʪ 

ʥʘ ʦʧʝʨʘʪʦʨʠʪʝ ʠ ʦʧʨʝʤʘʪʘ ʩʝ ʛʝʥʝʨʠʨʘ ʧʨʝʢʫʤʝʨʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʉʦ 

ʧʨʝʢʫʤʝʨʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʝ ʪʨʦʰʘʪ ʨʝʧʨʦʤʘʪʝʨʠʿʘʣʠʪʝ ʠ ʩʝ ʟʛʦʣʝʤʫʚʘ 

ʟʘʣʠʭʘʪʘ ʥʘ ʧʦʣʫʧʨʦʠʟʚʦʜ ʠ ʛʦʪʦʚ ʧʨʦʠʟʚʦʜ  ʰʪʦ ʚʨʟʫʚʘ ʬʠʥʘʥʩʠʩʢʠ ʩʨʝʜʩʪʚʘ 

ʢʦʠ ʥʝ ʤʦʞʘʪ ʜʘ ʩʝ ʥʘʧʣʘʪʘʪ ʦʜ ʢʣʠʝʥʪʦʪ. 

¶ ɺʠʩʦʢʘ ʩʪʘʧʢʘ ʥʘ ʜʝʬʝʢʪʥʠ ʧʨʦʠʟʚʦʜʠ ʩʢʨʠʝʥʠ ʚʦ ʛʦʣʝʤʘʪʘ ʟʘʣʠʭʘ ʥʘ 

ʧʦʣʫʧʨʦʠʟʚʦʜ ʧʦʤʝʺʫ ʧʨʦʮʝʩʠʪʝ.  

¶ ɸʥʘʣʠʟʘʪʘ ʥʘ ʜʝʬʝʢʪʠʪʝ ʥʝ ʚʦ ʤʦʤʝʥʪʦʪ ʢʦʛʘ ʪʠʝ ʥʘʩʪʘʥʫʚʘʘʪ ʪʫʢʫ ʥʘʨʝʜʥʠʦʪ 

ʜʝʥ. ʅʘ ʦʚʦʿ ʥʘʯʠʥ ʝ ʤʥʦʛʫ ʪʝʰʢʦ ʜʘ ʩʝ ʫʪʚʨʜʘʪ ʠʟʚʦʨʥʠʪʝ ʧʨʠʯʠʥʠ ʟʘ ʧʦʿʘʚʘ 

ʥʘ ʜʝʬʝʢʪʠ, ʟʘʪʦʘ ʰʪʦ ʥʘʨʝʜʥʠʦʪ ʜʝʥ ʧʨʠʯʠʥʠʪʝ ʤʦʞʝʙʠ ʥʝ ʩʝ ʧʦʚʝ˃ʝ 
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ʧʨʠʩʫʪʥʠ (ʥʘ ʧʨʠʤʝʨ ʣʦʰʦ ʧʦʜʝʩʫʚʘˁʝ ʥʘ ʤʘʰʠʥʠʪʝ, ʜʝʚʠʿʘʮʠʠ ʚʦ 

ʨʝʧʨʦʤʘʪʝʨʠʿʘʣʠʪʝ, ʥʝʧʨʘʚʠʣʥʦ ʨʘʢʫʚʘˁʝ ʥʘ ʦʧʝʨʘʪʦʨʠʪʝ ʠʪʥ.). 

¶ ʃʠʥʠʠʪʝ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʢʘʙʝʣ ʩʝ ʣʦʢʘʮʠʩʢʠ ʦʜʜʘʣʝʯʝʥʠ ʦʜ ʣʠʥʠʠʪʝ ʟʘ 

ʬʠʥʘʣʥʘ ʤʦʥʪʘʞʘ ʪ.ʝ ʦʧʨʝʤʘʪʘ ʝ ʛʨʫʧʠʨʘʥʘ ʧʦ ʪʠʧ ʘ ʥʝ ʧʦ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ. 

ʆʚʘ ʧʨʝʜʠʟʚʠʢʫʚʘ ʧʦʜʦʣʛʘ ʧʘʪʝʢʘ ʥʘ ʜʚʠʞʝˁʝ ʥʘ ʤʘʪʝʨʠʿʘʣʠʪʝ ʠ ʨʝʩʫʨʩʠʪʝ, 

ʥʝʩʠʥʭʨʦʥʠʟʠʨʘʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʟʛʦʣʝʤʝʥʘ ʟʘʣʠʭʘ ʧʦʤʝʺʫ ʧʨʦʮʝʩʠʪʝ ʠ 

ʛʝʥʝʨʠʨʘˁʝ ʥʘ ʘʢʪʠʚʥʦʩʪʠ ʢʦʠ ʥʝ ʜʦʜʘʚʘʘʪ ʚʨʝʜʥʦʩʪ ʥʘ ʧʨʦʠʟʚʦʜʦʪ.  

¶ ʃʠʥʠʿʘʪʘ ʟʘ ʢʘʙʣʠ ʠ ʣʠʥʠʿʘʪʘ ʟʘ ʬʠʥʘʣʥʘ ʤʦʥʪʘʞʘ ʟʘ ʠʩʪ ʤʦʜʝʣ ʥʘ ʧʨʦʠʟʚʦʜ 

ʥʝ ʩʝ ʠʥʪʝʛʨʠʨʘʥʠ ʠ ʧʦʢʨʘʿ ʪʦʘ ʰʪʦ ʚʨʝʤʝʪʦ ʥʘ ʮʠʢʣʫʩ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ 

ʚʨʝʤʝʪʦ ʧʦʪʨʝʙʥʦ ʟʘ ʧʨʦʤʝʥʘ ʥʘ ʤʦʜʝʣ ʠʤ ʝ ʠʜʝʥʪʠʯʥʦ. ʇʦʤʝʺʫ ʥʠʚ ʠʤʘ 

ʩʫʧʝʨʤʘʨʢʝʪʠ ʩʦ ʟʘʣʠʭʘ ʥʘ ʧʦʣʫʧʨʦʠʟʚʦʜ ʦʜ 0,31 ʜʝʥʦʚʠ. 

¶ ʉʦʛʣʘʩʥʦ ʪʘʢʪ ʚʨʝʤʝʪʦ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚʦ ʚʠʦʣʝʪʦʚʠʦʪ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ 

ʧʦʪʨʝʙʥʠ ʩʝ 2,4 ʣʠʥʠʠ.  

¶ ʅʘ ʉʣʠʢʘ 8.5 ʩʝ ʧʨʠʢʘʞʘʥʠ ʣʠʥʠʿʘʪʘ ʟʘ ʬʠʥʘʣʥʘ ʤʦʥʪʘʞʘ ʠ ʣʠʥʠʿʘʪʘ ʟʘ ʢʘʙʣʠ. 

ʆʧʝʨʘʪʦʨʠʪʝ ʨʘʙʦʪʘʪ ʚʦ ʩʪʘʮʠʦʥʘʨʝʥ ʨʝʞʠʤ ʩʘʤʦ ʥʘ ʝʜʥʘ ʤʘʰʠʥʘ, ʧʨʠ ʰʪʦ 

ʚʨʝʤʝʪʦ ʥʘ ʦʧʝʨʘʪʦʨʦʪ ʥʝ ʝ ʦʜʚʦʝʥʦ ʦʜ ʚʨʝʤʝʪʦ ʥʘ ʤʘʰʠʥʘʪʘ (ʿʘʧ. Jidoka). 

ʃʠʥʠʿʘʪʘ ʟʘ ʬʠʥʘʣʥʘ ʤʦʥʪʘʞʘ ʨʘʙʦʪʠ ʩʦ ʧʘʢʦʚʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʠʤʘ ʟʘʣʠʭʘ 

ʦʜ 200 ʧʘʨʯʠˁʘ ʧʦʤʝʺʫ ʤʘʰʠʥʠʪʝ. 

 

 

ʉʣʠʢʘ 8.5. ʃʠʥʠʿʘ ʟʘ ʬʠʥʘʣʥʘ ʤʦʥʪʘʞʘ ʠ ʣʠʥʠʿʘ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʢʘʙʝʣ 

 

ɺʦ ʊʘʙʝʣʘ 8.3 ʝ ʧʨʠʢʘʞʘʥʘ ʩʪʫʜʠʿʘʪʘ ʥʘ ʚʨʝʤʠˁʘʪʘ ʥʘ ʩʝʢʦʿʘ ʦʧʝʨʘʮʠʿʘ ʚʦ 

ʣʠʥʠʿʘʪʘ ʟʘ ʬʠʥʘʣʥʘ ʤʦʥʪʘʞʘ ʠ ʣʠʥʠʿʘʪʘ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʢʘʙʝʣ. ʉʪʫʜʠʿʘʪʘ ʧʦʢʘʞʫʚʘ 

ʜʝʢʘ ʣʠʥʠʿʘʪʘ ʠʤʘ ʢʘʧʘʮʠʪʝʪ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ 120 ʧʘʨʯʠˁʘ ʥʘ ʯʘʩ ʠ ʜʝʢʘ ʩʝ ʧʦʪʨʝʙʥʠ 

7 ʦʧʝʨʘʪʦʨʠ. ɺʢʫʧʥʦʪʦ ʚʨʝʤʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠʟʥʝʩʫʚʘ 119,5 s.  
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 ʊʘʙʝʣʘ 8.3. ʉʪʫʜʠʿʘ ʥʘ ʚʨʝʤʠˁʘʪʘ ʧʨʝʜ ʙʘʣʘʥʩʠʨʘˁʝ ʥʘ ʣʠʥʠʿʘʪʘ ʟʘ ʬʠʥʘʣʥa ʤʦʥʪʘʞʘ 

  

ɸʢʪʠʚʥʦʩʪ 
ʈʘʙʦʪʥʘ 

ʦʧʝʨʘʮʠʿʘ   

ɺʨʝʤʝ 

(s) 

ʇʦʜʦʙʨʫʚʘˁʘ 

(s) 

ʆ
ʧ
ʝ
ʨ
ʘ
ʪ
ʦ
ʨ

 1
 ʇʦʩʪʘʚʫʚʘˁʝ ʢʘʙʝʣ 

ʊ1 

4   

ʇʦʩʪʘʚʫʚʘˁʝ ʥʘ ʢʦʥʝʢʪʦʨ 6   

ʇʦʩʪʘʚʫʚʘˁʝ ʠʟʦʣʘʮʠʦʥʘ ʪʨʘʢʘ 7   

ɺʘʜʝˁʝ ʥʘ ʧʦʣʫʧʨʦʠʟʚʦʜ ʦʜ ʦʧʝʨʘʮʠʿʘ 2   

ɺʢʫʧʥʦ ʚʨʝʤʝ ʥʘ ʦʧʝʨʘʮʠʿʘʪʘ   19   

ʆ
ʧ
ʝ
ʨ
ʘ
ʪ
ʦ
ʨ

 2
 ʇʦʩʪʘʚʫʚʘˁʝ ʧʦʣʫʧʨʦʠʟʚʦʜ 

ʊ2 

4   

ʏʠʩʪʝˁʝ 3   

ʇʦʩʪʘʚʫʚʘˁʝ ʢʘʙʝʣʦʪ 4 ʇʘʨʘʣʝʥʦ 

ʃʝʧʝˁʝ ʩʦ ʪʝʯʝʥ ʣʝʧʘʢ 5   

ɺʘʜʝˁʝ ʥʘ ʧʦʣʫʧʨʦʠʟʚʦʜ ʦʜ ʦʧʝʨʘʮʠʿʘ 2   

ɺʢʫʧʥʦ ʚʨʝʤʝ ʥʘ ʦʧʝʨʘʮʠʿʘʪʘ   18   

ʆ
ʧ
ʝ
ʨ
ʘ
ʪ
ʦ
ʨ

 3
 ʇʦʩʪʘʚʫʚʘˁʝ ʧʦʣʫʧʨʦʠʟʚʦʜ 

ʆʛʦʣʫʚʘˁʝ ʥʘ ʞʠʮʘʪʘ 

ʇʦʚʨʟʫʚʘˁʝ ʥʘ ʧʨʦʚʦʜʥʠʢ ʠ ʢʘʙʝʣ 

ɺʘʜʝˁʝ ʥʘ ʧʦʣʫʧʨʦʠʟʚʦʜ ʦʜ ʦʧʝʨʘʮʠʿʘ 

ʊ3 

3 

5 

9 

3 

ʈʝʜʫʮʠʨʘʿ ʦʜ 5 s 

ʥʘ 3 s 

  

ɺʢʫʧʥʦ ʚʨʝʤʝ ʥʘ ʦʧʝʨʘʮʠʿʘʪʘ   20 

ʆ
ʧ
ʝ
ʨ
ʘ
ʪ
ʦ
ʨ

 4
 ʇʦʩʪʘʚʫʚʘˁʝ ʧʦʣʫʧʨʦʠʟʚʦʜ 

ʃʝʤʝˁʝ 

ʊʦʧʝˁʝ ʠʟʦʣʘʮʠʦʥʘ ʮʝʚʢʘ 

ɺʘʜʝˁʝ ʥʘ ʧʦʣʫʧʨʦʠʟʚʦʜ ʦʜ ʦʧʝʨʘʮʠʿʘ 

ʊ4 

2 

8 

6 

1,5 

ʈʝʜʫʮʠʨʘʿ ʦʜ 5 s 

ʥʘ 3 s 

  

ɺʢʫʧʥʦ ʚʨʝʤʝ ʥʘ ʦʧʝʨʘʮʠʿʘʪʘ   17,5 

ʆ
ʧ
ʝ
ʨ
ʘ
ʪ
ʦ
ʨ

 5
 

ʆ
ʧ
ʝ
ʨ
ʘ
ʪ
ʦ
ʨ

 6
 ʇʦʩʪʘʚʫʚʘˁʝ ʧʦʣʫʧʨʦʠʟʚʦʜ 

ʇʦʟʠʮʠʦʥʠʨʘˁʝ ʥʘ ʢʦʥʪʘʢʪʦʪ 

ʃʝʧʝˁʝ ʩʦ ʪʝʯʝʥ ʣʝʧʘʢ 

ʃʝʧʝˁʝ ʥʘ ʧʦʢʨʠʚʢʘ 

ɺʘʜʝˁʝ ʥʘ ʧʦʣʫʧʨʦʠʟʚʦʜ ʦʜ ʦʧʝʨʘʮʠʿʘ 

ʊ5 & ʊ6 

5 

6 

6 

9 

3 

ʈʝʜʫʮʠʨʘʿ ʦʜ 

6,5 s ʥʘ 4,5 s 

ʉʦ ʜʚʝ ʨʘʙʦʪʥʠ 

ɺʢʫʧʥʦ ʚʨʝʤʝ ʥʘ ʦʧʝʨʘʮʠʿʘʪʘ   29 ʩʪʘʥʠʮʠ 

ʆ
ʧ
ʝ
ʨ
ʘ
ʪ
ʦ
ʨ

 7
 ʇʦʩʪʘʚʫʚʘˁʝ ʧʦʣʫʧʨʦʠʟʚʦʜ 

ʊʝʩʪʠʨʘˁʝ 

ɸʧʣʠʮʠʨʘˁʝ ʝʪʠʢʝʪʘ 

ɺʘʜʝˁʝ ʥʘ ʧʦʣʫʧʨʦʠʟʚʦʜ ʦʜ ʦʧʝʨʘʮʠʿʘ 

ʊ7 

3 

5 

4 

4 

ʈʝʜʫʮʠʨʘʿ ʦʜ 6 s 

ʥʘ 4 s 

  

ɺʢʫʧʥʦ ʚʨʝʤʝ ʥʘ ʦʧʝʨʘʮʠʿʘʪʘ   16 

ɺʢʫʧʥʦ ʚʨʝʤʝ ʥʘ ʮʠʢʣʫʩ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ 119,5   

 

ʅʘ ʉʣʠʢʘ 8.6. ʝ ʧʨʠʢʘʞʘʥ ʛʨʘʬʠʢʦʥʦʪ ʟʘ ʪʘʢʪ ʚʨʝʤʝ/ʚʨʝʤʝ ʥʘ ʮʠʢʣʫʩ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ (ʘʥʛ. Tact Time/Cycle Time bar chart: CT/TT= ʧʦʪʨʝʙʝʥ ʙʨʦʿ ʥʘ ʦʧʝʨʘʪʦʨʠ). 

ʆʜ ʛʨʘʬʠʢʦʥʦʪ ʩʝ ʛʣʝʜʘ ʜʝʢʘ ʦʧʝʨʘʪʦʨʠʪʝ ʚʦ ʣʠʥʠʿʘʪʘ ʨʘʙʦʪʘʪ ʥʝʙʘʣʘʥʩʠʨʘʥʦ ʪ.ʝ ʥʝʢʦʿ 

ʦʧʝʨʘʪʦʨ ʨʘʙʦʪʠ ʩʦ ʚʨʝʤʝ ʥʘ ʮʠʢʣʫʩ ʦʜ 14,5 s ʘ ʜʨʫʛ ʩʦ ʚʨʝʤʝ ʦʜ 20 s. ʆʚʘ ʟʥʘʯʠ ʜʝʢʘ 

ʥʝʢʦʿ ʦʧʝʨʘʪʦʨ ʝ ʧʨʝʦʧʪʦʚʘʨʝʥ, ʘ ʜʨʫʛ ʯʝʢʘ ʥʘʧʨʘʟʥʦ.  
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ʉʣʠʢʘ 8.6.  ʊʘʢʪ ʚʨʝʤʝ/ ʚʨʝʤʝ ʥʘ ʮʠʢʣʫʩ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʨʝʜ ʧʦʜʦʙʨʫʚʘˁʘʪʘ 

ʆʜ ʤʘʧʘʪʘ ʧʨʠʢʘʞʘʥʘ ʥʘ ʉʣʠʢʘ 8.7 ʤʦʞʝ ʜʘ ʩʝ ʚʠʜʠ ʜʝʢʘ ʧʘʪʝʢʘʪʘ ʥʘ ʜʚʠʞʝˁʝ ʥʘ 

ʤʘʪʝʨʠʿʘʣʠʪʝ ʚʦ ʚʠʦʣʝʪʦʚʠʦʪ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ ʠʟʥʝʩʫʚʘ 278 m. ʇʘʪʝʢʘʪʘ ʥʘ ʜʚʠʞʝˁʝ ʥʘ 

ʩʫʥ̋ʝʨʦʪ ʠʟʥʝʩʫʚʘ 133 m (ʦʜʙʝʣʝʞʘʥʦ ʩʦ 1-ʮʨʚʝʥʘ ʙʦʿʘ), ʧʘʪʝʢʘʪʘ ʥʘ ʤʘʪʝʨʠʿʘʣʦʪ ʟʘ 

ʰʠʝˁʝ ʠʟʥʝʩʫʚʘ 68 m (ʦʜʙʝʣʝʞʘʥʦ ʩʦ 2-ʟʝʣʝʥʘ ʙʦʿʘ) ʠ ʧʘʪʝʢʘʪʘ ʥʘ ʬʘʙʨʠʢʫʚʘʥʠʦʪ 

ʤʘʪʝʨʠʿʘʣ ʠʟʥʝʩʫʚʘ 77 m (ʦʜʙʝʣʝʞʘʥʦ ʩʦ 3-ʮʨʥʘ ʙʦʿʘ). ʇʘʪʝʢʘʪʘ ʥʘ ʜʚʠʞʝˁʝ ʥʘ 

ʤʘʪʝʨʠʿʘʣʠʪʝ ʚʦ ʚʠʦʣʝʪʦʚʠʦʪ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ ʝ ʜʦʣʛʘ, ʩʦ ʤʥʦʛʫ ʟʘʛʫʙʠ ʚʦ ʧʨʦʮʝʩʠʪʝ ʢʦʠ 

ʥʝ ʜʦʜʘʚʘʘʪ ʚʨʝʜʥʦʩʪ ʥʘ ʧʨʦʠʟʚʦʜʦʪ ʠ ʟʘʪʦʘ ʪʨʝʙʘ ʜʘ ʩʝ ʦʧʪʠʤʠʟʠʨʘ.  

 

ʉʣʠʢʘ 8.7. ʇʘʪʝʢʘ ʥʘ ʜʚʠʞʝˁʝ ʥʘ ʤʘʪʝʨʠʿʘʣʠʪʝ ʚʦ ʚʠʦʣʝʪʦʚ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ  
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8.2.3 ʐʝʩʪ ʉʠʛʤʘ - ɸʥʘʣʠʟʘ ʥʘ ʤʝʨʥʠʦʪ ʩʠʩʪʝʤ MSA 

ʆʧʨʝʤʘʪʘ ʰʪʦ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʤʝʨʝˁʝ ʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʪʘ ʦʪʧʦʨʥʦʩʪʘ ʥʘ ʛʨʝʘʯ ʝ 

ʝʣʝʢʪʨʠʯʝʥ ʪʝʩʪʝʨ ʢʦʿ ʩʝ ʩʦʩʪʦʠ ʦʜ ʢʫ˃ʠʰʪʝ, ʤʝʨʥʠ ʩʦʥʜʠ ʠ ʤʝʨʥʘ ʦʧʨʝʤʘ ʟʘ ʦʪʧʦʨʥʦʩʪ. 

ʂʦʥʝʢʪʦʨʦʪ ʥʘ ʛʨʝʘʯʦʪ ʯʠʿʘ ʦʪʧʦʨʥʦʩʪ ʩʝ ʤʝʨʠ ʩʝ ʧʦʩʪʘʚʫʚʘ ʚʦ ʢʫ˃ʠʰʪʝʪʦ ʧʨʠ ʰʪʦ 

ʧʨʦʮʝʩʦʪ ʥʘ ʤʝʨʝˁʝ ʝ ʘʚʪʦʤʘʪʩʢʠ ʠ ʦʧʝʨʘʪʦʨʦʪ ʥʝ ʚʣʠʿʘʥʠʝ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʦʜ ʤʝʨʝˁʝʪʦ. 

ɺʘʨʠʿʘʮʠʠ ʥʘ ʩʠʩʪʝʤʦʪ ʟʘ ʤʝʨʝˁʝ ʤʦʞʝ ʜʘ ʥʘʩʪʘʥʘʪ ʧʦʨʘʜʠ ʠʩʪʨʦʰʝʥʠ ʠʛʣʝʥʠ ʩʦʥʜʠ 

(ʠʣʠ ʥʝʩʦʦʜʚʝʪʥʦ ʧʦʜʝʩʝʥʘ ʚʠʩʠʥʘ ʥʘ ʠʛʣʝʥʠʪʝ ʩʦʥʜʠ), ʧʨʠ ʰʪʦ ʢʦʥʪʘʢʪʦʪ ʧʦʤʝʺʫ 

ʢʦʥʝʢʪʦʨʦʪ ʥʘ ʛʨʝʘʯʦʪ ʠ ʩʦʥʜʠʪʝ ʥʝ ʝ ʜʦʙʘʨ. ɿʘʪʦʘ, ʥʘ ʧʦʯʝʪʦʢ ʦʜ ʩʝʢʦʿʘ ʩʤʝʥʘ ʩʝ ʢʦʨʠʩʪʠ 

ʢʘʣʠʙʨʠʨʘʥ ʨʝʬʝʨʝʥʪʝʥ ʧʨʠʤʝʨʦʢ ʢʦʿ ʿʘ ʧʦʪʚʨʜʫʚʘ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʘ ʠ ʪʦʯʥʦʩʪʘ ʥʘ 

ʤʝʨʥʘʪʘ ʦʧʨʝʤʘ.  

ɸʥʘʣʠʟʘʪʘ ʥʘ ʤʝʨʥʠʦʪ ʩʠʩʪʝʤ ʝ ʧʨʠʢʘʞʘʥʘ ʚʦ ʊʘʙʝʣʘ 8.4. ʆʜ ʪʘʙʝʣʘʪʘ ʤʦʞʝ ʜʘ ʩʝ 

ʚʠʜʠ ʜʝʢʘ ʩʝ ʥʘʧʨʘʚʝʥʠ 90 ʤʝʨʝˁʘ, ʠ ʪʦʘ: 10 ʧʨʠʤʝʨʦʮʠ Ͻ 3 ʦʧʝʨʘʪʦʨʠ Ͻ 3 ʤʝʨʝˁʘ = 90. 

ʋʧʘʪʩʪʚʦʪʦ ʟʘ ʧʨʠʙʠʨʘˁʝ ʥʘ ʧʨʠʤʝʨʦʮʠʪʝ ʠ ʩʧʨʦʚʝʜʫʚʘˁʝ ʥʘ ʘʥʘʣʠʟʘʪʘ ʝ ʜʘʜʝʥʦ ʚʦ 

ʧʦʛʣʘʚʿʝ  3.3.2.  

ʊʘʙʝʣʘ 8.4. ʇʦʜʘʪʦʮʠ ʟʘ ʩʪʫʜʠʿʘʪʘ ʟʘ ʧʦʚʪʦʨʣʠʚʦʩʪ ʠ ʨʝʧʨʦʜʫʢʪʠʚʥʦʩʪ  

-ʆʮʝʥʠʪʝʣʠ 

(ɸ,ɹ,ɺ) 

-ʄʝʨʝˁʘ (1,2,3) 

ʇʨʠʤʝʨʦʢ  

(mɋ) 

ɸʨʠʪʤʝʪʠʯʢʘ 

ʩʨʝʜʠʥʘ  

(mɋ) 

    1 2 3 4 5 6 7 8 9 10     

A 1 3502 3441 3539 3369 3455 3517 3483 3382 3337 3409   3443,4 

  2 3514 3439 3533 3375 3466 3524 3482 3390 3345 3417   3448,5 

  3 3507 3446 3544 3374 3461 3522 3487 3389 3341 3415   3448,6 

ɸʨʠʪʤʝʪʠʯʢʘ 

ʩʨʝʜʠʥʘ 
3508 3442 3539 3373 3461 3521 3484 3387 3341 3414  ὢ= 3447 

ʆʧʩʝʛ 12 7 11 6 11 7 5 8 8 8  Ὑ= 8,3 

ɹ 1 3519 3454 3548 3379 3468 3527 3494 3393 3347 3420   3454,9 

  2 3504 3451 3546 3369 3466 3517 3488 3383 3339 3418   3448,1 

  3 3512 3448 3541 3375 3461 3523 3487 3389 3341 3415   3449,2 

ɸʨʠʪʤʝʪʠʯʢʘ 

ʩʨʝʜʠʥʘ 
3512 3451 3545 3374 3465 3522 3490 3388 3342 3418  ὢ= 3451 

ʆʧʩʝʛ 15 6 7 10 7 10 7 10 8 5  Ὑ= 8,5 

ɺ 1 3514 3444 3540 3376 3460 3523 3490 3387 3342 3421   3449,7 

  2 3500 3455 3548 3381 3457 3526 3494 3394 3347 3416   3451,8 

  3 3512 3448 3544 3375 3462 3528 3487 3390 3349 3412   3450,7 

ɸʨʠʪʤʝʪʠʯʢʘ 

ʩʨʝʜʠʥʘ 
3509 3449 3544 3377 3460 3526 3490 3390 3346 3416  ὢ= 3451 

ʆʧʩʝʛ 14 11 8 6 5 5 7 7 7 9  Ὑ= 7,9 

ɸʨʠʪʤʝʪʠʯʢʘ 

ʩʨʝʜʠʥʘ ʥʘ 

ʧʨʠʤʝʨʦʢ 

  

  

3509 

  

3447 

  

3543 

  

3375 

  

3462 

  

3523 

  

3488 

  

3389 

  

3343 

  

3416 

  

 ὢ=          3449 

 Rp=           199 

Ὑ Ὑ ψȟσ Ὑ ψȟυ Ὑ χȟω Ⱦσ 8,23  Ὑ 8,23 

ὢ ὓὥὼ ὢ στυρὓὭὲ ὢ σττχ = 0,004     

Ὗὅὒ Ὑ ψȟςσ Ͻ Ὀ ςȟυψ=21,2     

$=2,58 ʟʘ 3 ʧʦʚʪʦʨʣʠʚʠ ʤʝʨʝˁʘ. 5#, ʝ ʛʨʘʥʠʮʘ ʥʘ ʠʥʜʠʚʠʜʫʘʣʥʠʪʝ ʦʧʩʝʟʠ   
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ʊʘʙʝʣʘ 8.5. ʉʪʫʜʠʿʘ ʟʘ ʧʦʚʪʦʨʣʠʚʦʩʪ ʠ ʨʝʧʨʦʜʫʢʪʠʚʥʦʩʪ ʚʦ ʧʨʦʮʝʩʥʠ ʤʝʨʝˁʘ 

ʀʟʚʝʰʪʘʿ ʟʘ ʩʪʫʜʠʿʘʪʘ ʟʘ ʧʦʚʪʦʨʣʠʚʦʩʪ ʠ ʨʝʧʨʦʜʫʢʪʠʚʥʦʩʪ 

ʀʤʝ ʠ ʙʨ. ʥʘ ʜʝʣʦʪ: ʄʝʨʝʥ ʠʥʩʪʨʫʤʝʥʪ:     ɼʘʪʘ: 

ʂʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʉʪʫʜʠʿʘ ɹʨ.:       ʀʟʨʘʙʦʪʠʣ: 

ʉʧʝʮʠʬʠʢʘʮʠʠ: ʉʪʫʜʠʿʘ 

ʚʠʜ: 

        

ʆʜ ʪʘʙʝʣʘ 8.3      Ὑ=8,23 ὢ  =0,004      Ὑ= 199 

ɸʥʘʣʠʟʘ ʥʘ ʤʝʨʝˁʘʪʘ % ɺʢʫʧʥʘ ʚʘʨʠjʘʮʠʿʘ (TV) 

Repeatability ï ɺʘʨʠjʘʮʠʿʘ ʥʘ ʦʧʨʝʤʘ (EV):   %EV = 100 Ͻ [EV/TV]  

          = 100 Ͻ [4,862/ 62,79]  

          = 7,74 % 

  

  

Ὁὠ Ὑ Ͻὑ       

       = 8,23 Ͻ 0,5908 

       = 4,862  

    

ʄʝʨʝˁʝ  ὑ 

 ὑ ʟʘʚʠʩʠ ʦʜ ʙʨʦʿʦʪ ʥʘ ʤʝʨʝˁʘ ʚʦ 

ʩʪʫʜʠʿʘʪʘ.   

2 0,8862 

3 0,5908 

Reproducibility ï ɺʘʨʠjʘʮʠʠ ʥʘ ʦʮʝʥʫʚʘʯ (AV):   %AV = 100 Ͻ [AV/TV]  

          = 100 Ͻ [0,887/ 62,79] 

          = 2,92 % 

  

  

  

ὃὠ ὢ  Ͻ ὑ Ὁὠ
ὲὶ 

       = πȟππτ Ͻ πȟυςσρ τȟψφς
ρπϽσ 

       = 1,8368   

 ὑ ʟʘʚʠʩʠ ʦʜ ʙʨʦʿʦʪ ʥʘ ʦʮʝʥʫʚʘʯʠ  

  n-ʧʨʠʤʝʨʦʮʠ         ʆʮʝʥʫʚʘʯʠ 2 3 

  r- ʙʨʦʿ ʥʘ ʤʝʨʝˁʘ ὑ 0,7071 0,5231 

ʉʪʫʜʠʿʘ ʟʘ ʧʦʚʪʦʨʣʠʚʦʩʪ ʠ ʨʝʧʨʦʜʫʢʪʠʚʥʦʩʪ:  

   

%GRR = 100  Ͻ [GRR/TV] 

      = 100  Ͻ [5,1996/62,79] 

      = 8,26 % 
ὋὙὙ Ὁὠ ὃὠ    

         = τȟψφςρȟψσφψ  

         =5,1996   ɼʝʣʦʚʠ  ὑ 

   2 0,7071 

ɺʘʨʠʿʘʮʠʿʘ ʦʜ ʧʨʠʤʝʨʦʢ ʜʦ ʧʨʠʤʝʨʦʢ (PV):  4 0,4467 %PV = 100 Ͻ [PV/TV] 

ὖὠ Ὑ Ͻ ὑ   5 0,403          = 100 Ͻ [62,61/ 62,79] 

      = 62,6054   6 0,3742           = 99,71 % 

ɺʢʫʧʥʘ ʚʘʨʠʿʘʮʠʿʘ (TV):   7 0,3534 Ndc = 1,41 Ͻ [PV/GRR] 

Ὕὠ ὋὙὙ ὖὠ    8 0,3375         = 1,41 Ͻ [62,61/ 5,19] 

      = τȟωτ φςȟφπ   9 0,3249         = 17,001~17 

      = 62,79   10 0,3146     

 

ʉʦʙʨʘʥʠʪʝ ʧʦʜʘʪʦʮʠ ʚʦ ʊʘʙʝʣʘ 8.4 ʠ ʊʘʙʝʣʘ 8.5 ʦʙʝʟʙʝʜʫʚʘʘʪ ʤʝʪʦʜ ʟʘ ʥʫʤʝʨʠʯʢʘ 

ʘʥʘʣʠʟʘ ʥʘ ʧʦʜʘʪʦʮʠʪʝ ʦʜ ʠʩʪʨʘʞʫʚʘˁʝʪʦ. ʆʚʠʝ ʠʥʬʦʨʤʘʮʠʠ ʪʨʝʙʘ ʜʘ ʛʠ ʥʘʜʦʧʦʣʥʘʪ 

ʨʝʟʫʣʪʘʪʠʪʝ ʜʦʙʠʝʥʠ ʩʦ ʛʨʘʬʠʯʢʘʪʘ ʘʥʘʣʠʟʘ ʧʨʠʢʘʞʘʥʘ ʦʜ ʉʣʠʢʘ 8.8 ʜʦ ʉʣʠʢʘ 8.16. 

ʂʦʤʧʦʥʝʥʪʠ ʥʘ ʚʘʨʠʿʘʮʠʿʘ: ɻʨʘʬʠʢʦʥʦʪ ʥʘ ʉʣʠʢʘ 8.8 ʛʠ ʧʨʠʢʘʞʫʚʘ ʨʘʟʣʠʯʥʠʪʝ 

ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʚʘʨʠʿʘʮʠʿʘ: % ʧʨʠʜʦʥʝʩʦʪ (ʩʠʥʘ), % ʚʘʨʠʿʘʮʠʿʘ ʥʘ ʩʪʫʜʠʿʘ (ʮʨʚʝʥʘ) ʠ % 

ʪʦʣʝʨʘʥʮʠʿʘ (ʞʦʣʪʘ).  
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ʉʊʋɼʀɱɸ ɿɸ 

ʇʆɺʊʆʈʃʀɺʆʉʊ ʀ 

ʈɽʇʈʆɼʋʂʊʀɺʅʆʉʊ 

ʇʆɺʊʆʈʃʀɺʆʉʊ ʈɽʇʈʆɼʋʂʊʀɺʅʆʉʊ ʇʈʀʄɽʈʆʂ ï ʇʆ - 

ʇʈʀʄɽʈʆʂ 

 

ʉʣʠʢʘ 8.8. ʇʦʪʚʨʜʘ ʥʘ ʤʝʨʥʠʦʪ ʩʠʩʪʝʤ (ɻʨʘʬʠʢʦʥ ʩʦ ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʚʘʨʠʿʘʮʠʿʘ) 

 

ɺʦ ʊʘʙʝʣʘ 8.6 ʩʝ ʧʨʠʢʘʞʘʥʠ ʚʨʝʜʥʦʩʪʠʪʝ ʥʘ ʩʪʫʜʠʿʘʪʘ ʟʘ ʧʦʚʪʦʨʣʠʚʦʩʪ ʠ 

ʨʝʧʨʦʜʫʢʪʠʚʥʦʩʪ, ʥʘ ʩʪʫʜʠʿʘʪʘ ʟʘ ʧʦʚʪʦʨʣʠʚʦʩʪ (ʘʥʛ. Repeatability ʠʣʠ equipment variation 

- EV) ʠ  ʥʘ ʩʪʫʜʠʿʘʪʘ ʟʘ ʨʝʧʨʦʜʫʢʪʠʚʥʦʩʪ (ʘʥʛ. Reproducibility ʠʣʠ aprreisor variation -AV).  

ʊʘʙʝʣʘ 8.6. ʇʦʪʚʨʜʘ ʥʘ ʤʝʨʥʠʦʪ ʩʠʩʪʝʤ: ʊʘʙʝʣʘ ʩʦ ʩʪʫʜʠʿʘ ʟʘ ʧʦʚʪʦʨʣʠʚʦʩʪ ʠ ʨʝʧʨʦʜʫʢʪʠʚʥʦʩʪ 

 
  % R&R %P/T 

 

Std Var Study Var %Study Var %Tolerance 

(SD) (6 × SD) (%SV) (SV/Toler) 

ʉʪʫʜʠʿʘ ʥʘ ʇʦʚʪʦʨʣʠʚʦʩʪ&ʈʝʧʨʦʜ. 5,1996 31,198 8,26 4,22 

ʇʦʚʪʦʨʣʠʚʦʩʪ (EV) 4,8644 29,186 7,73 3,94 

ʈʝʧʨʦʜʫʢʪʠʚʥʦʩʪ (AV) 1,8368 11,021 2,92 1,49 

ɺʘʨʠʿʘʮʠʠ ʦʜ ʧʨʠʤʝʨʦʢ ʜʦ ʧʨʠʤʝʨʦʢ 62,7371 376,423 99,71 50,87 

ɺʢʫʧʥʠ ʚʘʨʠʿʘʮʠʠ 62,9522 377,713 100 51,04 

 

ɹʨʦʦʿʪ ʥʘ ʨʘʟʣʠʯʥʠ ʢʘʪʝʛʦʨʠʠ ʠʟʥʝʩʫʚʘ 17 (ʚʠʜʠ ʬʦʨʤʫʣʘ 15). ɺʘʨʠʿʘʮʠʠʪʝ ʥʘ 

ʤʝʨʥʘʪʘ ʦʧʨʝʤʘ ʚʦ ʦʜʥʦʩ ʥʘ ʥʘʙˀʫʜʫʚʘʥʠʪʝ ʚʘʨʠʿʘʮʠʠ ʥʘ ʧʨʦʮʝʩʦʪ ʠʟʥʝʩʫʚʘʘʪ %R&R  = 

8,26%, ʧʨʝʩʤʝʪʢʘʪʘ ʝ ʥʘʧʨʘʚʝʥʘ ʩʧʦʨʝʜ ʬʦʨʤʫʣʘ 4. ʇʦʚʪʦʨʣʠʚʦʩʪʘ ʥʘ ʦʚʠʝ ʚʘʨʠʿʘʮʠʠ 

ʠʟʥʝʩʫʚʘ 7,73% ʘ ʨʝʧʨʦʜʫʢʪʠʚʥʦʩʪʘ 2,92%. ɺʘʨʠʿʘʮʠʠʪʝ ʥʘ ʤʝʨʥʘʪʘ ʦʧʨʝʤʘ ʚʦ ʦʜʥʦʩ ʥʘ 

ʩʧʝʮʠʬʠʢʘʮʠʿʘʪʘ ʠʟʥʝʩʫʚʘʘʪ %P/T  = 4,24%, ʧʨʝʩʤʝʪʢʘʪʘ ʝ ʥʘʧʨʘʚʝʥʘ ʩʧʦʨʝʜ ʬʦʨʤʫʣʘ 3. 

ʇʦʚʪʦʨʣʠʚʦʩʪʘ ʥʘ ʦʚʠʝ ʚʘʨʠʿʘʮʠʠ ʠʟʥʝʩʫʚʘ 3,94% ʘ ʨʝʧʨʦʜʫʢʪʠʚʥʦʩʪʘ ʠʟʥʝʩʫʚʘ 1,49%. 

ʆʜ ʘʥʘʣʠʟʘʪʘ ʥʘ ʤʝʨʥʠʦʪ ʩʠʩʪʝʤ ʩʝ ʛʣʝʜʘ ʜʝʢʘ ʚʘʨʠʿʘʮʠʠʪʝ ʥʘ ʤʝʨʥʘʪʘ ʦʧʨʝʤʘ ʚʦ ʦʜʥʦʩ 

ʥʘ ʥʘʙˀʫʜʫʚʘʥʠʪʝ ʚʘʨʠʿʘʮʠʠ ʥʘ ʧʨʦʮʝʩʦʪ ʢʘʢʦ ʠ ʚʦ ʦʜʥʦʩ ʥʘ ʩʧʝʮʠʬʠʢʘʮʠʿʘʪʘ  ʩʝ ʧʦʤʘʣʠ 

ʦʜ 10 % (P/T%  ʠ R&R%), ʰʪʦ ʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʦʜʣʠʯʝʥ ʤʝʨʝʥ ʩʠʩʪʝʤ.   

ɻʨʘʬʠʢʦʥ ʟʘ ʘʨʠʪʤʝʪʠʯʢʘ ʩʨʝʜʠʥʘ ʧʦ ʦʧʝʨʘʪʦʨʠ - ɸʨʠʪʤʝʪʠʯʢʘʪʘ ʩʨʝʜʠʥʘ ʥʘ 

ʧʦʚʝ˃ʝʢʨʘʪʥʠʪʝ ʤʝʨʝˁʘ ʦʜ ʩʝʢʦʿ ʦʮʝʥʫʚʘʯ ʥʘ ʩʝʢʦʿ ʧʨʠʤʝʨʦʢ ʝ ʧʨʠʢʘʞʘʥʘ ʥʘ ʉʣʠʢʘ 8.9., 

ʢʘʜʝ ʰʪʦ ʦʧʝʨʘʪʦʨʠʪʝ ʩʝ ʦʟʥʘʯʝʥʠ ʩʦ ʠʥʜʝʢʩ 1, 2 ʠ 3. ɺʦ ʦʚʦʿ ʢʦʥʪʨʦʣʝʥ ʛʨʘʬʠʢʦʥ 

ʤʥʦʟʠʥʩʪʚʦʪʦ ʦʜ ʪʦʯʢʠ ʩʝ ʥʘʜʚʦʨ ʦʜ ʢʦʥʪʨʦʣʥʠʪʝ ʛʨʘʥʠʮʠ (ʢʦʥʪʨʦʣʥʠʪʝ ʛʨʘʥʠʮʠ UCL ʠ 

LCL ʩʝ ʦʟʥʘʯʝʥʠ ʩʦ ʮʨʚʝʥʠ ʣʠʥʠʠ ʥʘ ʛʨʘʬʠʢʦʥʦʪ), ʰʪʦ ʫʢʘʞʫʚʘ ʥʘ ʧʦʛʦʣʝʤʠ ʚʘʨʠʿʘʮʠʠ 

ʦʜ ʧʨʠʤʝʨʦʢ ʜʦ ʧʨʠʤʝʨʦʢ (ʚʠʩʪʠʥʩʢʠ ʚʘʨʠʿʘʮʠʠ ʥʘ ʧʨʦʮʝʩʦʪ), ʰʪʦ ʝ ʧʦʩʘʢʫʚʘʥʦ ʚʦ 

ʩʧʦʨʝʜʙʘ ʩʦ ʚʘʨʠʿʘʮʠʠʪʝ ʥʘ ʤʝʨʥʠʦʪ ʩʠʩʪʝʤ. ʆʙʣʠʢʦʪ ʥʘ ʛʨʘʬʠʢʦʥʠʪʝ ʧʦʤʝʺʫ 

ʦʮʝʥʫʚʘʯʠʪʝ 1, 2 ʠ 3 ʝ ʩʣʠʯʝʥ ʰʪʦ ʫʢʘʞʫʚʘ ʥʘ ʜʦʙʨʘ ʨʝʧʨʦʜʫʢʪʠʚʥʦʩʪ ʪ.ʝ ʜʦʙʨʘ 

ʚʘʨʠʿʘʙʠʣʥʦʩʪ ʧʦʤʝʺʫ ʦʮʝʥʫʚʘʯʠʪʝ (ʘʥʛ. appraiser variations AV). ʈʝʟʫʣʪʘʪʠʪʝ ʦʜ 
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ʛʨʘʬʠʢʦʥʦʪ ʜʘʚʘʘʪ ʠʥʜʠʢʘʮʠʿʘ ʟʘ Ăʫʧʦʪʨʝʙʣʠʚʦʩʪ" ʥʘ ʩʠʩʪʝʤʦʪ ʟʘ ʤʝʨʝˁʝ. ʌʦʨʤʫʣʠʪʝ ʠ  

ʢʘʣʢʫʣʘʮʠʠʪʝ ʟʘ UCL, LCL ʠ X ʩʝ ʧʨʠʢʘʞʘʥʠ ʚʦ ʊʘʙʝʣʘ 8.4. 

 

 

ʉʣʠʢʘ 8.9. ʇʦʪʚʨʜʘ ʥʘ ʤʝʨʥʠʦʪ ʩʠʩʪʝʤ - ʛʨʘʬʠʢʦʥ ʟʘ ʘʨʠʪʤʝʪʠʯʢʘ ʩʨʝʜʠʥʘ ʧʦ ʦʧʝʨʘʪʦʨʠ 

ɻʨʘʬʠʢʦʥ ʩʦ ʦʧʩʝʛ ʧʦ ʦʧʝʨʘʪʦʨʠ - ɻʨʘʬʠʢʦʥʦʪ ʩʦ ʦʧʩʝʛ ʧʦ ʦʧʝʨʘʪʦʨʠ ʝ 

ʧʨʠʢʘʞʘʥ ʥʘ ʉʣʠʢʘ 8.10. ɻʨʘʬʠʢʦʥʦʪ ʝ ʚʦ ʢʦʥʪʨʦʣʘ, ʰʪʦ ʟʥʘʯʠ ʜʝʢʘ ʧʦʚʪʦʨʣʠʚʦʩʪʘ ʠʣʠ 

ʚʘʨʠʿʘʮʠʠʪʝ ʥʘ ʦʧʨʝʤʘʪʘ (EV) ʩʝ ʜʦʙʨʠ. ɺʦ ʨʘʤʢʠʪʝ ʥʘ ʢʦʥʪʨʦʣʥʠʪʝ ʛʨʘʥʠʮʠ ʠʤʘʤʝ 

ʥʘʿʤʘʣʢʫ 5 ʤʝʨʝˁʘ ʰʪʦ ʠʥʜʠʮʠʨʘʘʪ ʩʦʦʜʚʝʪʥʘ ʨʝʟʦʣʫʮʠʿʘ. ʅʘ ʛʨʘʬʠʢʦʥʦʪ ʩʝ ʛʣʝʜʘ ʜʝʢʘ 

ʩʠʪʝ ʦʧʩʝʟʠ ʩʝ ʚʦ ʢʦʥʪʨʦʣʘ, ʰʪʦ ʟʥʘʯʠ ʜʝʢʘ ʩʠʪʝ ʦʮʝʥʫʚʘʯʠ ʛʦ ʚʨʰʘʪ ʤʝʨʝˁʝʪʦ ʥʘ ʠʩʪ 

ʥʘʯʠʥ ʪ.ʝ  ʢʦʨʠʩʪʘʪ ʠʩʪ ʤʝʪʦʜ ʥʘ ʤʝʨʝˁʝ. ɻʨʘʬʠʢʦʥʦʪ ʧʦʢʘʞʫʚʘ ʜʝʢʘ  ʩʠʩʪʝʤʦʪ ʥʘ ʤʝʨʝˁʝ 

ʥʝ ʝ ʯʫʩʪʚʠʪʝʣʝʥ ʥʘ ʪʝʭʥʠʢʘʪʘ ʥʘ ʦʮʝʥʫʚʘˁʝ ʥʘ ʦʧʝʨʘʪʦʨʠʪʝ. ʌʦʨʤʫʣʠʪʝ ʠ  ʢʘʣʢʫʣʘʮʠʠʪʝ 

ʟʘ UCL, LCL ʠ 2 ʩʝ ʧʨʠʢʘʞʘʥʠ ʚʦ ʊʘʙʝʣʘ 8.4. 

 

 

ʉʣʠʢʘ 8.10. ʇʦʪʚʨʜʘ ʥʘ ʤʝʨʥʠʦʪ ʩʠʩʪʝʤ - ʛʨʘʬʠʢʦʥ ʩʦ ʦʧʩʝʛ ʧʦ ʦʧʝʨʘʪʦʨʠ 

ɻʨʘʬʠʢʦʥ ʟʘ ʤʝʨʝʘˁ ʧʦ ʦʧʝʨʘʪʦʨʠ - ɻʨʘʬʠʢʦʥʦʪ ʟʘ ʤʝʨʝˁʘ ʧʦ ʦʧʝʨʘʪʦʨʠ ʝ 

ʧʨʠʢʘʞʘʥ ʥʘ  ʉʣʠʢʘ 8.11. ʅʘ ʛʨʘʬʠʢʦʥʦʪ ʩʝ ʛʣʝʜʘ ʪʝʩʥʘ ʭʦʨʠʟʦʥʪʘʣʥʘ ʣʠʥʠʿʘ ʧʦʤʝʺʫ 

ʦʧʝʨʘʪʦʨʠʪʝ ʰʪʦ ʫʢʘʞʫʚʘ ʥʘ ʪʦʘ ʜʝʢʘ ʧʨʦʩʝʯʥʦʪʦ ʤʝʨʝˁʝ ʦʜ ʩʝʢʦʿ ʦʧʝʨʘʪʦʨ ʝ ʨʝʯʠʩʠ 

ʠʜʝʥʪʠʯʥʦ. ʆʚʘ ʪʠʧʠʯʥʦ ʝ ʩʣʫʯʘʿ ʢʦʛʘ ʩʝ ʢʦʨʠʩʪʠ ʘʚʪʦʤʘʪʩʢʘ ʤʝʨʥʘ ʦʧʨʝʤʘ ʠ ʢʦʛʘ 

ʪʝʭʥʠʢʘʪʘ ʥʘ ʦʮʝʥʫʚʘʯʦʪ ʥʝ ʚʣʠʿʘʝ ʥʘ ʤʝʨʥʠʦʪ ʨʝʟʫʣʪʘʪ.  
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ʉʣʠʢʘ 8.11. ʇʦʪʚʨʜʘ ʥʘ ʤʝʨʥʠʦʪ ʩʠʩʪʝʤ ï ʛʨʘʬʠʢʦʥ ʟʘ ʤʝʨʝˁʘ ʧʦ ʦʧʝʨʘʪʦʨʠ 

ɻʨʘʬʠʢʦʥ ʩʦ ʠʥʪʝʨʘʢʮʠʿʘ ʧʦʤʝʺʫ ʧʨʠʤʝʨʦʮʠ ʠ ʦʧʝʨʘʪʦʨʠ -  ɻʨʘʬʠʢʦʥʦʪ  ʩʦ 

ʠʥʪʝʨʘʢʮʠʿʘ ʧʦʤʝʺʫ ʧʨʠʤʝʨʦʮʠ ʠ ʦʧʝʨʘʪʦʨʠ ʝ ʧʨʠʢʘʞʘʥ ʥʘ ʉʣʠʢʘ 8.12, ʢʘʜʝ ʰʪʦ ʤʦʞʝ 

ʜʘ ʩʝ ʚʠʜʠ ʜʝʢʘ ʣʠʥʠʠʪʝ ʰʪʦ ʛʠ ʧʦʚʨʟʫʚʘʘʪ 10-ʪʝ ʤʝʨʝˁʘ ʦʜ ʩʝʢʦʿ ʦʧʝʨʘʪʦʨ ʩʝ ʩʣʠʯʥʠ ʪ.ʝ 

ʜʝʢʘ ʦʧʝʨʘʪʦʨʠʪʝ ʤʝʨʘʪ ʩʣʠʯʥʦ. ʆʚʘ ʟʥʘʯʠ ʜʝʢʘ ʦʧʝʨʘʪʦʨʠʪʝ ʥʝ ʜʦʜʘʚʘʘʪ ʦʪʩʪʘʧʫʚʘˁʘ 

ʧʨʠ ʤʝʨʝˁʝʪʦ.  

 

 

 
ʉʣʠʢʘ 8.12. ʇʦʪʚʨʜʘ ʥʘ ʤʝʨʥʠʦʪ ʩʠʩʪʝʤ ï ʛʨʘʬʠʢʦʥ ʥʘ ʠʥʪʝʨʘʢʮʠʿʘ ʧʦʤʝʺʫ ʧʨʠʤʝʨʦʮʠ ʠ 

ʦʧʝʨʘʪʦʨʠ 

ɿʘʢʣʫʯʦʢʦʪ ʦʜ ʩʧʨʦʚʝʜʝʥʘʪʘ ʘʥʘʣʠʟʘ ʥʘ ʤʝʨʥʠʦʪ ʩʠʩʪʝʤ ʝ ʜʝʢʘ ʥʘʙˀʫʜʫʚʘʥʠʪʝ 

ʚʘʨʠʿʘʮʠʠ ʥʘ ʧʨʦʮʝʩʦʪ (TV) ʥʝ ʩʝ ʧʨʝʜʠʟʚʠʢʘʥʠ ʦʜ ʚʘʨʠʿʘʮʠʠʪʝ ʥʘ ʤʝʨʥʠʦʪ ʩʠʩʪʝʤ 

(GR&R) ʪʫʢʫ ʩʝ ʨʝʟʫʣʪʘʪ ʥʘ ʚʠʩʪʠʥʩʢʠʪʝ ʚʘʨʠʿʘʮʠʠ ʥʘ ʧʨʦʮʝʩʦʪ (PV). ʆʧʝʨʘʪʦʨʠʪʝ ʥʝ 

ʚʣʠʿʘʘʪ ʚʨʟ ʨʝʟʫʣʪʘʪʠʪʝ ʦʜ ʤʝʨʝˁʘʪʘ, ʙʠʜʝʿ˃ʠ ʧʨʦʮʝʩʦʪ ʥʘ ʤʝʨʝˁʝ ʝ ʮʝʣʦʩʥʦ 

ʘʚʪʦʤʘʪʠʟʠʨʘʥ. ɿʘʪʦʘ ʚʦ ʧʦʥʘʪʘʤʦʰʥʠʦʪ ʜʝʣ ʦʜ ʠʩʪʨʘʞʫʚʘˁʝʪʦ ʬʦʢʫʩʦʪ ˃ ʝ ʙʠʜʝ ʥʘʩʦʯʝʥ 

ʢʦʥ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʚʠʩʪʠʥʩʢʠʪʝ ʚʘʨʠʿʘʮʠʠ ʥʘ ʧʨʦʮʝʩʦʪ PV ʠ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʠʥʜʝʢʩʦʪ 

ʥʘ ʩʧʦʩʦʙʥʦʩʪ ʥʘ ʧʨʦʮʝʩʦʪ Cpk > 1,33, ʢʘʢʦ ʩʪʘʥʜʘʨʜ ʚʦ ʘʚʪʦʤʦʙʠʣʩʢʘʪʘ ʠʥʜʫʩʪʨʠʿʘ. 
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8.2.4 ʐʝʩʪ ʉʠʛʤʘ -  Aʥʘʣʠʟʘ ʥʘ ʧʝʨʬʦʨʤʘʥʩʠʪʝ  ʥʘ ʧʨʦʮʝʩʦʪ ʩʦ SPC ʩʪʫʜʠʿʘ 

ʆʜ ʧʨʠʙʨʘʥʠʪʝ ʧʦʜʘʪʦʮʠ ʤʦʞʝ ʜʘ ʩʝ ʧʨʝʩʤʝʪʘ ʦʩʥʦʚʥʘʪʘ ʣʠʥʠʿʘ ʥʘ ʧʨʦʮʝʩʦʪ, ʠ 

ʪʦʘ: ʩʧʦʩʦʙʥʦʩʪ ʥʘ ʧʨʦʮʝʩʦʪ ὅ,  ʠʥʜʝʢʩ ʥʘ ʩʧʦʩʦʙʥʦʩʪ ʥʘ ʧʨʦʮʝʩʦʪ ὅὴ,  ʧʝʨʬʦʨʤʘʥʩ ʥʘ 

ʧʨʦʮʝʩʦʪ ὖὴ, ʠʥʜʝʢʩ ʥʘ ʧʝʨʬʦʨʤʘʥʩ ʥʘ ʧʨʦʮʝʩʦʪ ὖὴʠ ʩʪʘʧʢʘʪʘ ʥʘ ʥʝʫʩʦʛʣʘʩʝʥʦʩʪ 

ʠʟʨʘʟʝʥʘ ʚʦ dpmo.  

ʀʟʙʦʨʦʪ ʥʘ ʢʦʥʪʨʦʣʝʥ ʛʨʘʬʠʢʦʥ ʟʘʚʠʩʠ ʦʜ ʧʨʠʨʦʜʘʪʘ ʥʘ ʧʨʦʮʝʩʦʪ ʠ ʦʜ 

ʛʦʣʝʤʠʥʘʪʘ ʥʘ ʧʨʠʤʝʨʦʮʠ ʚʦ ʧʦʜʛʨʫʧʘʪʘ (ʉʣʠʢʘ 3.3). ɺʦ ʥʘʰʝʪʦ ʠʩʪʨʘʞʫʚʘˁʝ ʢʦʨʠʩʪʠʤʝ 

ʝʣʝʢʪʨʠʯʝʥ ʪʝʩʪʝʨ ʰʪʦ ʚʨʰʠ 100% ʧʨʦʚʝʨʢʘ ʥʘ ʩʝʢʦʿ ʧʨʠʤʝʨʦʢ, ʰʪʦ ʟʥʘʯʠ ʜʝʢʘ ʙʨʦʿʦʪ 

ʥʘ ʧʨʠʤʝʨʦʮʠ ʚʦ ʧʦʜʛʨʫʧʘʪʘ ʝ 1. ʂʦʛʘ ʙʨʦʿʦʪ ʥʘ ʧʨʠʤʝʨʦʮʠ ʚʦ ʧʦʜʛʨʫʧʘʪʘ ʠʟʥʝʩʫʚʘ 1 

ʪʦʛʘʰ ʩʝ ʢʦʨʠʩʪʠ ʧʘʨʦʪ ʦʜ ʛʨʘʬʠʢʦʥʠ ʟʘ ʠʥʜʠʚʠʜʫʘʣʥʠ ʦʪʯʠʪʫʚʘˁʘ ʠ ʧʦʜʚʠʞʝʥ ʦʧʩʝʛ 

(I,MR). ɿʘ ʛʨʘʬʠʯʢʘ ʠʣʫʩʪʨʘʮʠʿʘ ʥʘ ʦʩʥʦʚʥʘʪʘ ʣʠʥʠʿʘ ʚʦ ʪʨʫʜʦʪ ʥʘʧʨʘʚʝʥʠ ʩʝ 400 ʤʝʨʝˁʘ.   

ɺʨʝʜʥʦʩʪʠʪʝ ʟʘ ʜʦʣʥʘʪʘ ʛʨʘʥʠʮʘ ʥʘ ʩʧʝʮʠʬʠʢʘʮʠʿʘʪʘ (LSL) ʠ ʛʦʨʥʘʪʘ ʛʨʘʥʠʮʘ ʥʘ 

ʩʧʝʮʠʬʠʢʘʮʠʿʘʪʘ (USL) ʩʝ ʟʘʜʘʜʝʥʠ ʦʜ ʢʣʠʝʥʪʦʪ:  

LSL = 3330 mɋ 

USL = 4070 mɋ  

 

ɸʨʠʪʤʝʪʠʯʢʘʪʘ ʩʨʝʜʠʥʘ ʥʘ ʠʥʜʠʚʠʜʫʘʣʥʠʪʝ ʚʨʝʜʥʦʩʪʠ ʠʟʥʝʩʫʚʘ 8  = 3550,3 mɋ. 

ɻʦʨʥʘʪʘ ʢʦʥʪʨʦʣʥʘ ʛʨʘʥʠʮʘ (Ὗὅὒ) ʠ ʜʦʣʥʘʪʘ ʢʦʥʪʨʦʣʥʘ ʛʨʘʥʠʮʘ (ὒὅὒ) ʚʦ ʛʨʘʬʠʢʦʥʦʪ 
ʟʘ ʠʥʜʠʚʠʜʫʘʣʥʠ ʦʪʯʠʪʫʚʘˁʘ ʩʝ ʧʨʝʩʤʝʪʫʚʘʘʪ ʩʧʦʨʝʜ ʬʦʨʤʫʣʘ 13 ʚʦ ʧʦʛʣʘʚʿʝ 3.3.3:  

 Ὗὅὒ = 3815,72 mɋ 

 ὒὅὒ = 3284,87 mɋ  

 

ʉʣʠʢʘ 8.13. ɻʨʘʬʠʢʦʥ ʩʦ ʠʥʜʠʚʠʜʫʘʣʥʠ ʦʪʯʠʪʫʚʘˁʘ - I  (ʤʦʤʝʥʪʘʣʝʥ ʧʨʦʮʝʩ)  

 

ʇʨʦʩʝʯʥʠʦʪ ʧʦʜʚʠʞʝʥ ʦʧʩʝʛ ʠʟʥʝʩʫʚʘ ὓὙ = 99,785 mɋ (ʚʠʜʠ ʬʦʨʤʫʣʘ 10). 

ɻʦʨʥʘʪʘ ʢʦʥʪʨʦʣʥʘ ʛʨʘʥʠʮʘ (Ὗὅὒ) ʠ ʜʦʣʥʘʪʘ ʢʦʥʪʨʦʣʥʘ ʛʨʘʥʠʮʘ (ὒὅὒ ) ʚʦ ʛʨʘʬʠʢʦʥʦʪ 
ʥʘ ʧʦʜʚʠʞʝʥ ʦʧʩʝʛ ʩʝ ʧʨʝʩʤʝʪʫʚʘʘʪ ʩʧʦʨʝʜ ʬʦʨʤʫʣʘ 14 ʚʦ ʧʦʛʣʘʚʿʝ 3.3.3: 

Ὗὅὒ = 325,997 mɋ  

ὒὅὒ = 0 mɋ 
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ʉʣʠʢʘ 8.14. ɻʨʘʬʠʢʦʥ ʥʘ ʧʦʜʚʠʞʝʥ ʦʧʩʝʛ - MR (ʤʦʤʝʥʪʘʣʝʥ ʧʨʦʮʝʩ) 

 

ʉʣʠʢʘ 8.15. ʍʠʩʪʦʛʨʘʤ ʥʘ ʩʧʦʩʦʙʥʦʩʪ (ʤʦʤʝʥʪʘʣʝʥ ʧʨʦʮʝʩ) 

 

 
ʉʣʠʢʘ 8.16. ʉʧʦʩʦʙʥʦʩʪ ʥʘ ʧʨʦʮʝʩ ʠ ʧʝʨʬʦʨʤʘʥʩ ʥʘ ʧʨʦʮʝʩ (ʤʦʤʝʥʪʘʣʝʥ ʧʨʦʮʝʩ) 

 

ʆʜ ʉʣʠʢʘ 8.16  ʤʦʞʝ ʜʘ ʩʝ ʚʠʜʠ ʜʝʢʘ ʩʪʘʥʜʘʨʜʥʘʪʘ ʜʝʚʠʿʘʮʠʿʘ (StDev) ʠʟʥʝʩʫʚʘ  

ʎc = 88,461 mɋ (ʚʠʜʠ ʬʦʨʤʫʣʘ 15), ʠ ʛʠ ʟʝʤʘ ʚʦ ʧʨʝʜʚʠʜ ʩʘʤʦ ʚʘʨʠʿʘʮʠʠʪʝ ʚʦ ʧʦʜʛʨʫʧʠʪʝ.  
ὅ = 1,39 (ʚʠʜʠ ʬʦʨʤʫʣʘ 17). ɻʠ ʟʝʤʘ ʚʦ ʧʨʝʜʚʠʜ ʩʘʤʦ ʚʘʨʠʿʘʮʠʠʪʝ ʚʦ ʧʦʜʛʨʫʧʠʪʝ. 

ʅʝ ʛʦ ʟʝʤʘ ʚʦ ʧʨʝʜʚʠʜ ʮʝʥʪʨʠʨʘˁʝʪʦ ʥʘ ʧʨʦʮʝʩʦʪ.  

ὅὴ = min{1,95; 0,83} = 0,83 (ʚʠʜʠ ʬʦʨʤʫʣʘ 18 ʠ ʬʦʨʤʫʣʘ 19). ɻʠ ʟʝʤʘ ʚʦ ʧʨʝʜʚʠʜ 

ʩʘʤʦ ʚʘʨʠʿʘʮʠʠʪʝ ʚʦ ʧʦʜʛʨʫʧʠʪʝ. ɻʦ ʟʝʤʘ ʚʦ ʧʨʝʜʚʠʜ ʠ ʮʝʥʪʨʠʨʘˁʝʪʦ ʥʘ ʧʨʦʮʝʩʦʪ. 
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ʉʪʘʥʜʘʨʜʥʘʪʘ ʜʝʚʠʿʘʮʠʿʘ ʧʦ ʧʨʠʤʝʨʦʢ ʠʟʥʝʩʫʚʘ ί = 106,7 mɋ (ʚʠʜʠ ʬʦʨʤʫʣʘ 16). 

ɻʠ ʟʝʤʘ ʚʦ ʧʨʝʜʚʠʜ ʚʢʫʧʥʠʪʝ ʚʘʨʠʿʘʮʠʠ ʚʦ, ʠ ʧʦʤʝʺʫ ʧʦʜʛʨʫʧʠʪʝ. ɻʠ ʟʝʤʘ ʚʦ ʧʨʝʜʚʠʜ 

ʩʠʪʝ ʦʪʯʠʪʫʚʘˁʘ. 

ὖὴ = 1,16 (ʚʠʜʠ ʬʦʨʤʫʣʘ 20). ɻʠ ʟʝʤʘ ʚʦ ʧʨʝʜʚʠʜ ʚʢʫʧʥʠʪʝ ʚʘʨʠʿʘʮʠʠ ʚʦ, ʠ ʧʦʤʝʺʫ 

ʧʦʜʛʨʫʧʠʪʝ. ʅʝ ʛʦ ʟʝʤʘ ʚʦ ʧʨʝʜʚʠʜ ʮʝʥʪʨʠʨʘˁʝʪʦ ʥʘ ʧʨʦʮʝʩʦʪ. 

ὖὴ = min {1,62; 0,664} = 0,69 (ʚʠʜʠ ʬʦʨʤʫʣʘ 21 ʠ 22). ɻʠ ʟʝʤʘ ʚʦ ʧʨʝʜʚʠʜ 

ʚʢʫʧʥʠʪʝ ʚʘʨʠʿʘʮʠʠ ʚʦ, ʠ ʧʦʤʝʺʫ ʧʦʜʛʨʫʧʠʪʝ. ɻʦ ʟʝʤʘ ʚʦ ʧʨʝʜʚʠʜ ʠ ʮʝʥʪʨʠʨʘˁʝʪʦ ʥʘ 

ʧʨʦʮʝʩʦʪ.  

ʆʜ ʠʟʚʨʰʝʥaʪʘ ʘʥʘʣʠʟʘ ʥʘ ʧʨʦʮʝʩ ʤʦʞʝ ʜʘ ʩʝ ʜʦʙʠʿʘʪ 3 ʟʘʢʣʫʯʦʮʠ: 

1. ʉʧʦʩʦʙʥʦʩʪ ʥʘ ʧʨʦʮʝʩʦʪ ʠʟʥʝʩʫʚʘ ὅ  = 1,39 (>1,33) ʰʪʦ ʟʥʘʯʠ ʜʝʢʘ ʰʠʨʠʥʘʪʘ  

ʥʘ ʧʨʦʮʝʩʦʪ ʝ ʧʨʠʬʘʪʣʠʚʘ ʩʧʦʨʝʜ ʘʚʪʦʤʦʙʠʣʩʢʠʪʝ ʩʪʘʥʜʘʨʜʠ, ʥʦ ὅὴ = 0,83 

(<1,33) ʰʪʦ ʟʥʘʯʠ  ʜʝʢʘ ʣʦʢʘʮʠʿʘʪʘ ʥʘ ʧʨʦʮʝʩʦʪ ʥʝ ʝ ʮʝʥʪʨʠʨʘʥʘ. ʆʜ ʘʥʘʣʠʟʘʪʘ 

ʥʘ ʉʣʠʢʘ 8.15 ʤʦʞʝ ʜʘ ʩʝ ʚʠʜʠ ʜʝʢʘ ʣʦʢʘʮʠʿʘʪʘ ʥʘ ʧʨʦʮʝʩʦʪ ʝ ʠʟʤʝʩʪʝʥʘ 

ʧʦʙʣʠʩʢʫ ʜʦ ʜʦʣʥʘʪʘ ʛʨʘʥʠʮʘ ʥʘ ʩʧʝʮʠʬʠʢʘʮʠʿʘʪʘ.  

2. ʆʜ ʉʣʠʢʘ 8.13 ʤʦʞʝ ʜʘ ʩʝ ʚʠʜʠ ʜʝʢʘ ʝʜʥʦ ʤʝʨʝˁʝ ʝ ʧʦʜ ʜʦʣʥʘ ʢʦʥʪʨʦʣʥʘ 

ʛʨʘʥʠʮʘ, ʰʪʦ ʫʢʘʞʫʚʘ ʥʘ ʧʨʠʩʫʩʪʚʦ ʥʘ ʩʧʝʮʠʿʘʣʥʠ ʧʨʠʯʠʥʠ ʚʦ ʧʨʦʮʝʩʦʪ.  ʆʜ 

ʉʣʠʢʘ 8.16 ʤʦʞʝ ʜʘ ʩʝ ʚʠʜʠ ʜʝʢʘ ὅὴ = 0,83 ʠ ʩʝ ʨʘʟʣʠʢʫʚʘ ʦʜ ὖὴ = 0,69, 

ʜʦʢʦʣʢʫ ʧʨʦʮʝʩʦʪ ʝ ʚʦ ʩʪʘʪʠʩʪʠʯʢʘ ʢʦʥʪʨʦʣʘ ʦʚʠʝ ʜʚʝ ʚʨʝʜʥʦʩʪʠ ʪʨʝʙʘ ʜʘ ʩʝ 

ʠʩʪʠ (ʚʘʨʠʿʘʮʠʠʪʝ ʧʦʤʝʺʫ ʧʦʜʛʨʫʧʠʪʝ ʪʨʝʙʘ ʜʘ ʩʝ 0). 

3. ʆʜ ʉʣʠʢʘ 8.13 ʤʦʞʝ ʜʘ ʩʝ ʚʠʜʠ ʜʝʢʘ 10 ʤʝʨʝˁʘ ʩʝ ʥʘʜ ʛʦʨʥʘʪʘ ʢʦʥʪʨʦʣʥʘ 

ʛʨʘʥʠʮʘ ʰʪʦ ʫʢʘʞʫʚʘ ʥʘ ʧʨʠʩʫʩʪʚʦ ʥʘ ʩʧʝʮʠʿʘʣʥʠ ʧʨʠʯʠʥʠ ʚʦ ʧʨʦʮʝʩʦʪ, ʟʘ 

ʦʚʘʘ ʧʦʿʘʚʘ.    

8.3 ʌʘʟʘ ʥʘ ʘʥʘʣʠʟʠʨʘˁʝ 

ɺʦ ʬʘʟʘʪʘ ʥʘ ʘʥʘʣʠʟʠʨʘˁʝ ʚʦ ʥʦʚʠʦʪ ʤʦʜʝʣ (ʉʣʠʢʘ 7.3) ʝ ʜʘʜʝʥ  ʦʩʚʨʪ ʥʘ ʘʥʘʣʠʟʘ 

ʥʘ ʠʟʚʦʨʥʠʪʝ ʧʨʠʯʠʥʠ ʟʘ ʧʦʿʘʚʘ ʥʘ ʛʨʝʰʢʘʪʘ Ăʦʪʧʦʨʥʦʩʪ ʥʘ ʛʨʝʘʯ ʥʘʜʚʦʨ ʦʜ 

ʩʧʝʮʠʬʠʢʘʮʠʿʘò. ʌʦʢʫʩʦʪ ʝ ʥʘʩʦʯʝʥ ʢʦʥ ʘʥʘʣʠʟʘ ʥʘ ʠʟʚʦʨʥʠʪʝ ʧʨʠʯʠʥʠ ʟʘ ʧʦʿʘʚʘ ʥʘ ʪʨʠʪʝ 

ʜʝʚʠʿʘʮʠʠ:  

1. ʀʟʤʝʩʪʫʚʘˁʝ ʥʘ ʥʦʨʤʘʣʥʘʪʘ ʜʠʩʪʨʠʙʫʮʠʿʘ ʦʜ ʮʝʥʪʘʨʦʪ (ὅ  = 1,39; ὅὴ= 0,83), 

ʧʦʙʣʠʩʢʫ ʜʦ ʜʦʣʥʘʪʘ ʛʨʘʥʠʮʘ ʥʘ ʩʧʝʮʠʬʠʢʘʮʠʿʘʪʘ (ʉʣʠʢʘ 8.15).   

2. ʇʦʿʘʚʘ ʥʘ ʩʧʝʮʠʿʘʣʥʠ ʧʨʠʯʠʥʠ ʢʦʠ ʜʦʚʝʜʫʚʘʘʪ ʝʜʥʘ ʪʦʯʢʘ ʜʘ ʝ ʧʦʜ ʜʦʣʥʘʪʘ 

ʢʦʥʪʨʦʣʥʘ ʛʨʘʥʠʮʘ (ʉʣʠʢʘ 8.13).  

3. ʇʦʿʘʚʘ ʥʘ ʩʧʝʮʠʿʘʣʥʠ ʧʨʠʯʠʥʠ ʢʦʠ ʜʦʚʝʜʫʚʘʘʪ 10 ʪʦʯʢʠ ʜʘ ʩʝ ʥʘʜ ʛʦʨʥʘʪʘ 

ʢʦʥʪʨʦʣʥʘ ʛʨʘʥʠʮʘ (ʉʣʠʢʘ 8.13).    

ɿʘ ʘʥʘʣʠʟʘ ʥʘ ʠʟʚʦʨʥʠʪʝ ʧʨʠʯʠʥʠ ʟʘ ʧʦʿʘʚʘ ʥʘ ʦʚʠʝ ʜʝʚʠʿʘʮʠʠ ʩʝ ʢʦʨʠʩʪʘʪ ʩʣʝʜʥʠʪʝ 

ʤʝʪʦʜʠ: ʤʘʧʠʨʘˁʝ ʥʘ ʧʨʦʤʝʥʣʠʚʠ ʥʘ ʧʨʦʮʝʩ, ʧʨʠʯʠʥʩʢʦ-ʧʦʩʣʝʜʠʯʝʥ ʜʠʿʘʛʨʘʤ, 

ʧʨʠʯʠʥʩʢʦ-ʧʦʩʣʝʜʠʯʥʘ ʤʘʪʨʠʮʘ, ʇʘʨʝʪʦ ʜʠʿʘʛʨʘʤ ʠ  ʘʥʘʣʠʟʘ ʥʘ ʤʦʜʦʚʠ ʥʘ ʛʨʝʰʢʠ ʠ 

ʥʠʚʝʥ ʝʬʝʢʪ.  

8.3.1 ʐʝʩʪ ʉʠʛʤʘ - ʄʘʧʠʨʘˁʝ ʥʘ ʧʨʦʤʝʥʣʠʚʠ ʥʘ ʧʨʦʮʝʩʦʪ 

ʉʧʦʨʝʜ ʯʝʢʦʨʠʪʝ ʥʘ ʧʨʦʮʝʩʦʪ ʢʦʠ ʩʝ ʧʨʠʢʘʞʘʥʠ ʥʘ ʙʣʦʢ-ʜʠʿʘʛʨʘʤʦʪ ʥʘ  ʉʣʠʢʘ 8.2 

ʥʘʧʨʘʚʝʥʦ ʝ ʤʘʧʠʨʘˁʝ ʥʘ ʩʠʪʝ ʧʨʦʤʝʥʣʠʚʠ ʚʦ ʧʨʦʠʟʚʦʜʥʠʦʪ ʧʨʦʮʝʩ ʢʘʜʝ ʰʪʦ ʤʦʞʝ ʜʘ 

ʥʘʩʪʘʥʝ ʛʨʝʰʢʘʪʘ ʦʪʧʦʨʥʦʩʪ ʥʘ ʛʨʝʘʯ ʥʘʜʚʦʨ ʦʜ ʩʧʝʮʠʬʠʢʘʮʠʿʘ. ʈʝʟʫʣʪʘʪʠʪʝ ʦʜ 

ʤʘʧʠʨʘˁʝʪʦ ʥʘ ʧʨʦʤʝʥʣʠʚʠʪʝ ʩʝ ʧʨʠʢʘʞʘʥʠ ʚʦ ʊʘʙʝʣʘ 8.7.  
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ʊʘʙʝʣʘ 8.7. ʄʘʧʠʨʘˁʝ ʥʘ ʧʨʦʤʝʥʣʠʚʠʪʝ ʥʘ ʧʨʦʮʝʩʦʪ 

ɺʣʝʟʥʠ ʧʨʦʤʝʥʣʠʚʠ (X) 
ʏʝʢʦʨʠ ʚʦ 

ʧʨʦʮʝʩʦʪ 

ʀʟʣʝʟʝʥ 

ʨʝʟʫʣʪʘʪ (Y) 

ʅʦʤʠʥʘʣʥʘ ʦʪʧʦʨʥʦʩʪ ʥʘ 1m ʜʦʣʞʝʥ ʧʨʦʚʦʜʥʘ ʞʠʮʘ  
ɺʣʝʟʥʘ    

ʢʦʥʪʨʦʣʘ 

 ʆʪʧʦʨʥʦʩʪ ʥʘ 

ʛʨʝʘʯ ʥʘʜʚʦʨ 

ʦʜ 

ʩʧʝʮʠʬʠʢʘʮʠʿʘ 

ʉʦʩʪʦʿʙʘ ʥʘ ʧʨʦʚʦʜʥʘʪʘ ʞʠʮʘ ʜʦʙʠʝʥʘ ʦʜ ʜʦʙʘʚʫʚʘʯ  

ʄʘʰʠʥʘ ʟʘ ʰʠʝˁʝ (ʧʨʦʮʝʩʥʠ ʧʘʨʘʤʝʪʨʠ, ʪʝʥʟʠʿʘ ʥʘ 

ʛʦʨʝʥ ʢʦʥʝʮ, ʪʝʥʟʠʿʘ ʥʘ ʜʦʣʝʥ ʢʦʥʝʮ, ʙʨʟʠʥʘ ʥʘ 

ʦʜʤʦʪʫʚʘˁʝ ʥʘ ʞʠʮʘ, ʠʪʥ.)  

ʐʠʝˁʝ 
ʄʝʪʦʜ ʥʘ ʨʘʙʦʪʘ ʥʘ ʤʘʰʠʥʘʪʘ ʟʘ ʰʠʝˁʝ 

ɼʠʟʘʿʥ ʥʘ ʧʨʦʠʟʚʦʜ  

ʇʨʝʤʦʪʫʚʘˁʝ ʥʘ ʧʨʦʚʦʜʥʘ ʞʠʮʘ ʧʨʝʜ ʧʨʦʮʝʩʦʪ ʥʘ 

ʰʠʝˁʝ 

ʄʝʪʦʜ ʥʘ ʨʘʙʦʪʘ ʧʨʠ ʤʘʥʫʝʣʥʦ ʩʝʯʝˁʝ ʠ ʠʟʚʣʝʢʫʚʘˁʝ 

ʥʘ ʞʠʮʘ 

ʇʨʝʜ-

ʤʦʥʪʠʨʘˁʝ 

ɸʣʘʪʢʠ ʠ ʫʩʣʦʚʠ ʟʘ ʨʘʙʦʪʘ ʧʨʠ ʤʘʥʫʝʣʥʦ ʩʝʯʝˁʝ ʠ 

ʠʟʚʣʝʢʫʚʘˁʝ ʥʘ ʞʠʮʘ  

ʋʩʣʦʚʠ ʥʘ ʩʢʣʘʜʠʨʘˁʝ ʥʘ ʛʨʝʘʯʠʪʝ ʧʦʩʣʝ ʧʨʦʮʝʩʦʪ ʥʘ 

ʤʘʥʫʝʣʥʦ ʬʘʙʨʠʢʫʚʘˁʝ  

ʄʘʰʠʥʘ ʟʘ ʩʦʛʦʣʫʚʘˁʝ ʥʘ ʞʠʮʘ (ʧʨʦʮʝʩʥʠ ʧʘʨʘʤʝʪʨʠ, 

ʘʣʘʪ, ʧʦʜʝʩʫʚʘˁʝ ʥʘ ʤʘʰʠʥʘʪʘ, ʠʪʥ.) 
ʉʦʛʦʣʫʚʘˁʝ 

ʥʘ  S-Icu 

ʞʠʮʘ ʄʝʪʦʜ ʥʘ ʨʘʙʦʪʘ ʥʘ ʤʘʰʠʥʘʪʘ ʟʘ ʩʦʛʦʣʫʚʘˁʝ ʥʘ ʞʠʮʘ  

ʄʝʪʦʜ ʥʘ ʨʘʙʦʪʘ ʥʘ ʧʨʝʩʘʪʘ ʟʘ ʘʧʣʠʮʠʨʘˁʝ ʥʘ 

ʪʝʨʤʠʥʘʣ  

ʇʦʚʨʟʫʚʘˁʝ 

ʥʘ I-Cu 

ʞʠʮʘ ʩʦ 

ʢʘʙʝʣʩʢʠ 

ʧʨʠʢʣʫʯʦʢ 

ʇʨʝʩʘ ʟʘ ʘʧʣʠʮʠʨʘˁʝ ʥʘ ʪʝʨʤʠʥʘʣ (ʧʨʦʮʝʩʥʠ 

ʧʘʨʘʤʝʪʨʠ, ʘʣʘʪ, ʧʦʜʝʩʫʚʘˁʝ ʥʘ ʧʨʝʩʘ, ʠʪʥ.)  
 

ʄʘʰʠʥʘ ʟʘ ʟʘʚʘʨʫʚʘˁʝ (ʧʨʦʮʝʩʥʠ ʧʘʨʘʤʝʪʨʠ, ʘʣʘʪ, 

ʧʦʜʝʩʫʚʘˁʝ ʥʘ ʤʘʰʠʥʘ, ʠʪʥ.) 
ɿʘʚʘʨʫʚʘˁʝ 

 I-Cu wire ʄʝʪʦʜ ʥʘ ʨʘʙʦʪʘ ʥʘ ʤʘʰʠʥʘʪʘ ʟʘ ʟʘʚʘʨʫʚʘˁʝ 

ʄʝʪʦʜ ʥʘ ʨʘʙʦʪʘ ʚʦ ʣʠʥʠʿʘʪʘ ʟʘ ʬʠʥʘʣʥʘ ʤʦʥʪʘʞʘ  

ɽʣʝʢʪʨʠʯʝʥ ʪʝʩʪʝʨ  ʌʠʥʘʣʥʘ 

ʤʦʥʪʘʞʘ/ 

ʠʥʩʧʝʢʮʠʿʘ  
ʄʝʨʥʠ ʩʦʥʜʠ ʥʘ eʣʝʢʪʨʠʯʝʥ ʪʝʩʪʝʨ 

 

ɺʦ ʜʠʿʘʛʨʘʤʦʪ ʥʘ ʉʣʠʢʘ 8.17 ʩʝ ʧʨʠʢʘʞʘʥʠ ʩʠʪʝ ʧʦʪʝʥʮʠʿʘʣʥʠ ʧʨʠʯʠʥʠ ʢʦʠ ʤʦʞʝ 

ʜʘ ʜʦʚʝʜʘʪ ʜʦ ʧʦʿʘʚʘ ʥʘ ʛʨʝʰʢʘʪʘ Ăʦʪʧʦʨʥʦʩʪ ʥʘ ʛʨʝʘʯ ʥʘʜʚʦʨ ʦʜ ʩʧʝʮʠʬʠʢʘʮʠʿʘò. 

ʇʨʠʯʠʥʠʪʝ ʢʦʠ ʠʤʘʘʪ ʥʘʿʛʦʣʝʤʘ ʚʝʨʦʿʘʪʥʦʩʪ ʜʘ ʿʘ ʧʨʝʜʠʟʚʠʢʘʘʪ ʛʨʝʰʢʘʪʘ ʩʝ ʦʟʥʘʯʝʥʠ ʩʦ 

ʮʨʚʝʥʦ. 
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ʉʣʠʢʘ 8.17. ʇʨʠʯʠʥʩʢʦ - ʧʦʩʣʝʜʠʯʝʥ ʜʠʿʘʛʨʘʤ 

 

ɺʦ ʧʨʠʯʠʥʩʢʦ-ʧʦʩʣʝʜʠʯʥʘʪʘ ʤʘʪʨʠʮʘ ʧʨʠʢʘʞʘʥʘ ʚʦ ʊʘʙʝʣʘ 8.8 ʩʝ ʧʦʚʨʟʘʥʠ  

ʚʣʝʟʥʠʪʝ ʧʨʦʤʝʥʣʠʚʠ (X) ʩʦ ʠʟʣʝʟʥʠʦʪ ʨʝʟʫʣʪʘʪ (Y). ʈʘʥʛʠʨʘˁʝʪʦ ʩʝ ʚʨʰʠ ʩʧʦʨʝʜ 

ʛʦʣʝʤʠʥʘʪʘ ʥʘ ʚʣʠʿʘʥʠʝ ʥʘ X ʚʨʟ Y, ʩʦʛʣʝʩʥʦ ʩʣʝʜʥʠʪʝ ʢʨʠʪʝʨʠʫʤʠ: 

¶ ʈʘʥʛʠʨʘˁʝ ʩʦ 1: ɺʦ ʩʣʫʯʘʿ ʢʦʛʘ X ʥʝʟʥʘʯʠʪʝʣʥʦ ʚʣʠʿʘʝ ʥʘ Y. 

¶ ʈʘʥʛʠʨʘˁʝ ʩʦ 3: ɺʦ ʩʣʫʯʘʿ ʢʦʛʘ X ʟʥʘʯʠʪʝʣʥʦ ʚʣʠʿʘʝ ʥʘ Y. 

¶ ʈʘʥʛʠʨʘˁʝ ʩʦ 9: ɺʦ ʩʣʫʯʘʿ ʢʦʛʘ X ʜʠʨʝʢʪʥʦ ʠ ʩʠʣʥʦ ʚʣʠʿʘʝ ʥʘ Y. 

 

 

 

 
 

ʋʩʣʦʚʠ ʥʘ ʩʢʣʘʜʠʨʘˁʝ 
ʥʘ ʛʨʝʘʯʠʪʝ ʧʦʩʣʝ 
ʤʘʥʫʝʣʥʦ ʩʝʯʝˁʝ ʠ 
ʠʟʚʣʝʢʫʚʘˁʝ ʥʘ ʞʠʮʘ 

 

ɸʣʘʪʢʠ ʠ ʫʩʣʦʚʠ ʟʘ 
ʨʘʙʦʪʘ ʧʨʠ ʤʘʥʫʝʣʥʦ 
ʩʝʯʝˁʝ ʠ ʠʟʚʣʝʢʫʚʘˁʝ 

ʥʘ ʞʠʮʘ 

ʄʝʪʦʜ ʥʘ ʨʘʙʦʪʘ ʥʘ ʧʨʝʩʘʪʘ 

ʟʘ ʘʧʣʠʮʠʨʘˁʝ ʥʘ ʪʝʨʤʠʥʘʣ 
 

ʄʝʪʦʜ ʥʘ ʨʘʙʦʪʘ ʥʘ 
ʤʘʰʠʥʘʪʘ ʟʘ ʩʦʛʦʣʫʚʘˁʝ 

ʥʘ ʞʠʮʘ 

ʄʘʰʠʥʘ ʟʘ ʩʦʛʦʣʫʚʘˁʝ ʥʘ ʞʠʮʘ 

(ʧʨʦʮʝʩʥʠ ʧʘʨʘʤʝʪʨʠ, ʘʣʘʪ, ʧʦʜʝʩʫʚʘˁʝ) 

- ʣʠʥʠʿʘ ʟʘ ʬʠʥʘʣʥʘ ʤʦʥʪʘʞʘ 

ʄʝʪʦʜ ʥʘ ʨʘʙʦʪʘ ʥʘ 
ʤʘʰʠʥʘʪʘ ʟʘ ʰʠʝˁʝ 

ʄʝʪʦʜʘ 

ʄʝʪʦʜ ʥʘ ʨʘʙʦʪʘ ʧʨʠ 
ʧʨʦʮʝʩʦʪ ʥʘ ʟʘʚʘʨʫʚʘˁʝ 

ʏʦʚʝʢ ʬʘʢʪʦʨ 

ʅʦʤʠʥʘʣʥʘ ʦʪʧʦʨʥʦʩʪ ʥʘ  
1 m ʧʨʦʚʦʜʥʘ ʞʠʮʘ 

ʉʦʩʪʦʿʙʘ ʥʘ ʧʨʦʚʦʜʥʘ ʞʠʮʘ 

ʜʦʙʠʝʥʘ ʦʜ ʜʦʙʘʚʫʚʘʯ 

ʄʘʰʠʥʘ ʟʘ ʰʠʝˁʝ (ʧʨʦʮʝʩʥʠ 
ʧʘʨʘʤʝʪʨʠ, ʪʝʥʟʠʿʘ ʥʘ ʛʦʨʝʥ ʢʦʥʝʮ, 
ʪʝʥʟʠʿʘ ʥʘ ʜʦʣʝʥ ʢʦʥʝʮ, ʙʨʟʠʥʘ ʥʘ 
ʦʜʤʦʪʫʚʘˁʝ ʥʘ ʞʠʮʘ, ʠʪʥ.) 

ʄʝʪʦʜ ʥʘ ʨʘʙʦʪʘ ʚʦ ʣʠʥʠʿʘʪʘ 

ʬʠʥʘʣʥʘ ʤʦʥʪʘʞʘ 

ʄʘʰʠʥʘ ʟʘ ʰʠʝˁʝ (ʧʦʪʨʦʰʫʚʘʯʢʘ 
ʥʘ ʧʨʦʚʦʜʥʘ ʞʠʮʘ) 

ʇʨʝʩʘ ʟʘ ʘʧʣʠʮʠʨʘˁʝ ʥʘ ʪʝʨʤʠʥʘʣ 
(ʚʠʩʠʥʘ ʥʘ ʪʝʨʤʠʥʘʣ, ʩʠʣʘ ʥʘ 
ʧʨʝʩʫʚʘˁʝ, ʘʣʘʪ,  ʧʦʜʝʩʫʚʘˁʝ ʥʘ 
ʧʨʝʩʘ, ʠʪʥ.) - ʣʠʥʠʿʘʪʘ ʟʘ ʬʠʥʘʣʥʘ 
ʤʦʥʪʘʞʘ 

 

ʄʝʨʝˁʘ

 

ʄʘʪʝʨʠʿʘʣ

ʠ 

ʄʘʰʠʥʘ 

ʄʝʨʥʠ ʩʦʥʜʠ ʥʘ 

ʝʣʝʢʪʨʠʯʝʥ ʪʝʩʪʝʨ 

 

ʄʘʰʠʥʘʪʘ ʟʘ ʟʘʚʘʨʫʚʘˁʝ (ʧʨʦʮʝʩʥʠ 
ʧʘʨʘʤʝʪʨʠ, ʘʣʘʪ, ʧʦʜʝʩʫʚʘˁʝ ʥʘ 
ʤʘʰʠʥʘʪʘ, ʠʪʥ.) - ʣʠʥʠʿʘ ʟʘ ʬʠʥʘʣʥʘ 
ʤʦʥʪʘʞʘ 

 

ʆʢʦʣʠʥʘ ɽʣʝʢʪʨʠʯʝʥ ʪʝʩʪʝʨ 

ɸʤʙʠʝʥʪʘʣʥʘ 
ʪʝʤʧʝʨʘʪʫʨʘ  

  

 

ʆʪʧʦʨʥʦʩʪ ʥʘ 
ʛʨʝʿʘʯ ʥʘʜʚʦʨ ʦʜ 
ʩʧʝʮʠʬʠʢʘʮʠʿʘ 

ʄʝʪʦʜ ʥʘ ʨʘʙʦʪʘ ʧʨʠ 
ʤʘʥʫʝʣʥʦ ʩʝʯʝˁʝ ʠ 
ʠʟʚʣʝʢʫʚʘˁʝ ʥʘ ʞʠʮʘ ï 
ʧʨʝʜ ʬʘʙʨʠʢʫʚʘˁʝ 
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ʊʘʙʝʣʘ 8.8. ʇʨʠʯʠʥʩʢʦ - ʧʦʩʣʝʜʠʯʥʘ ʤʘʪʨʠʮʘ 

  

ʏʝʢʦʨʠ ʚʦ ʧʨʦʮʝʩʦʪ 

ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ 
ɺʣʝʟʥʠ ʧʨʦʤʝʥʣʠʚʠ (X) 

ʈ
ʘ
ʥ
ʛ
ʠ
ʨ
ʘ
ˁ
ʝ

 

(Y
) 

ʇʨʠʦʨʠʪʝʪ 

ʥʘ 

ʥʘʩʪʘʥʠʪʝ 

1 ʐʠʝˁʝ 
ʄʘʰʠʥʘ ʟʘ ʰʠʝˁʝ (ʧʨʦʮʝʩʥʠ ʧʘʨʘʤʝʪʨʠ, 

ʪʝʥʟʠʿʘ ʥʘ ʛʦʨʝʥ ʢʦʥʝʮ, ʪʝʥʟʠʿʘ ʥʘ ʜʦʣʝʥ 

ʢʦʥʝʮ, ʙʨʟʠʥʘ ʥʘ ʦʜʤʦʪʫʚʘˁʝ ʥʘ ʞʠʮʘ, ʠʪʥ)  

9 90 

2 ʐʠʝˁʝ ʄʝʪʦʜ ʥʘ ʨʘʙʦʪʘ ʥʘ ʤʘʰʠʥʘʪʘ ʟʘ ʰʠʝˁʝ 9 90 

3 ʇʦʚʨʟʫʚʘˁʝ ʥʘ 

ʧʨʦʚʦʜʥʠʢ ʩʦ ʢʘʙʝʣ 

ʄʝʪʦʜ ʥʘ ʨʘʙʦʪʘ ʥʘ ʧʨʝʩʘʪʘ ʟʘ ʘʧʣʠʮʠʨʘˁʝ 

ʥʘ ʪʝʨʤʠʥʘʣ 
9 90 

4 ɿʘʚʘʨʫʚʘˁʝ ʄʝʪʦʜ ʥʘ ʨʘʙʦʪʘ ʚʦ ʣʠʥʠʿʘʪʘ ʟʘ ʬʠʥʘʣʥʘ 

ʤʦʥʪʘʞʘ  
9 90 

5 ɺʣʝʟʥʘ ʢʦʥʪʨʦʣʘ ʅʦʤʠʥʘʣʥʘ ʦʪʧʦʨʥʦʩʪ ʥʘ 1m ʜʦʣʞʝʥ 

ʧʨʦʚʦʜʥʘ ʞʠʮʘ  
3 30 

6 ɺʣʝʟʥʘ ʢʦʥʪʨʦʣʘ ʉʦʩʪʦʿʙʘ ʥʘ ʧʨʦʚʦʜʥʘʪʘ ʞʠʮʘ ʜʦʙʠʝʥʘ ʦʜ 

ʜʦʙʘʚʫʚʘʯ 
3 30 

7 ʐʠʝˁʝ ʇʨʝʤʦʪʫʚʘˁʝ ʥʘ ʧʨʦʚʦʜʥʘ ʞʠʮʘ ʧʨʝʜ 

ʧʨʦʮʝʩʦʪ ʥʘ hʠʝˁʝ 
3 30 

8 ʐʠʝˁʝ ɼʠʟʘʿʥ ʥʘ ʧʨʦʠʟʚʦʜ 3 30 

9 ʇʨʝʜ - ʬʘʙʨʠʢʫʚʘˁʝ ʄʝʪʦʜ ʥʘ ʨʘʙʦʪʘ ʧʨʠ ʤʘʥʫʝʣʥʦ ʩʝʯʝˁʝ ʠ 

ʠʟʚʣʝʢʫʚʘˁʝ ʥʘ ʞʠʮʘ 
3 30 

10 ʇʨʝʜ - ʬʘʙʨʠʢʫʚʘˁʝ ɸʣʘʪʢʠ ʠ ʫʩʣʦʚʠ ʟʘ ʨʘʙʦʪʘ ʧʨʠ ʤʘʥʫʝʣʥʦ 

ʩʝʯʝˁʝ ʠ ʠʟʚʣʝʢʫʚʘˁʝ ʥʘ ʞʠʮʘ  
3 30 

11 ʇʨʝʜ - ʬʘʙʨʠʢʫʚʘˁʝ ʋʩʣʦʚʠ ʥʘ ʩʢʣʘʜʠʨʘˁʝ ʥʘ ʛʨʝʘʯʠʪʝ ʧʦʩʣʝ 

ʤʘʥʫʝʣʥʦ ʩʝʯʝˁʝ ʠ ʠʟʚʣʝʢʫʚʘˁʝ ʥʘ ʞʠʮʘ 
3 30 

12 ʉʦʛʦʣʫʚʘˁʝ ʥʘ ʞʠʮʘ 
ʄʘʰʠʥʘ ʟʘ ʩʦʛʦʣʫʚʘˁʝ ʥʘ ʞʠʮʘ (ʧʨʦʮʝʩʥʠ 

ʧʘʨʘʤʝʪʨʠ, ʘʣʘʪ, ʧʦʜʝʩʫʚʘˁʝ ʥʘ ʤʘʰʠʥʘʪʘ) 
3 30 

13 ʉʦʛʦʣʫʚʘˁʝ ʥʘ ʞʠʮʘ ʄʝʪʦʜ ʥʘ ʨʘʙʦʪʘ ʥʘ ʤʘʰʠʥʘʪʘ ʟʘ 

ʩʦʛʦʣʫʚʘˁʝ ʥʘ ʞʠʮʘ  
3 30 

14 ɿʘʚʘʨʫʚʘˁʝ ʄʝʪʦʜ ʥʘ ʨʘʙʦʪʘ ʥʘ ʤʘʰʠʥʘʪʘ ʟʘ 

ʟʘʚʘʨʫʚʘˁʝ 
3 30 

15 ɿʘʚʘʨʫʚʘˁʝ ʄʘʰʠʥʘ ʟʘ ʟʘʚʘʨʫʚʘˁʝ (ʧʨʦʮʝʩʥʠ 

ʧʘʨʘʤʝʪʨʠ, ʘʣʘʪ, ʧʦʜʝʩʫʚʘˁʝ ʥʘ ʤʘʰʠʥʘ) 
3 30 

16 ʌʠʥʘʣʥʘ ʤʦʥʪʘʞʘ 

/ʠʥʩʧʝʢʮʠʿʘ 

ɽʣʝʢʪʨʠʯʥʠʦʪ ʪʝʩʪʝʨ  3 30 

17 ʌʠʥʘʣʥʘ ʤʦʥʪʘʞʘ 

/ʠʥʩʧʝʢʮʠʿʘ 

ʄʝʨʥʠ ʩʦʥʜʠ ʥʘ ʝʣʝʢʪʨʠʯʥʠʦʪ ʪʝʩʪʝʨ 3 30 

18 
ʇʦʚʨʟʫʚʘˁʝ ʥʘ 

ʧʨʦʚʦʜʥʠʢ ʩʦ ʢʘʙʝʣ 

ʇʨʝʩʘ ʟʘ ʘʧʣʠʮʠʨʘˁʝ ʥʘ ʪʝʨʤʠʥʘʣ 

(ʧʨʦʮʝʩʥʠ ʧʘʨʘʤʝʪʨʠ, ʘʣʘʪ, ʧʦʜʝʩʫʚʘˁʝ ʥʘ 

ʧʨʝʩʘ, ʠʪʥ.)  
 

1 10 
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8.3.2 ʐʝʩʪ ʉʠʛʤʘ ï ɸʥʘʣʠʟʘ ʥʘ ʧʦʜʘʪʦʮʠʪʝ ʠ ʫʪʚʨʜʫʚʘˁʝ ʥʘ ʠʟʚʦʨʥʠ ʧʨʠʯʠʥʠ ʟʘ 

ʧʦʿʘʚʘ ʥʘ ʛʨʝʰʢʠʪʝ 

ɺʨʟ ʦʩʥʦʚʘ ʥʘ ʩʧʨʦʚʝʜʝʥʠʪʝ ʜʥʝʚʥʠ ʘʥʘʣʠʟʠ ʚʦ ʧʝʨʠʦʜ ʦʜ ʝʜʥʘ ʛʦʜʠʥʘ, ʥʘ 

ʛʨʘʬʠʢʦʥʦʪ ʥʘ ʉʣʠʢʘ 8.18 ʩʝ ʨʘʥʛʠʨʘʥʠ ʧʨʠʯʠʥʠʪʝ ʩʦ ʥʘʿʛʦʣʝʤʦ ʚʣʠʿʘʥʠʝ ʟʘ ʧʦʿʘʚʘ ʥʘ  

ʛʨʝʰʢʘʪʘ Ăʦʪʧʦʨʥʦʩʪ ʥʘ ʛʨʝʘʯ ʥʘʜʚʦʨ ʦʜ ʩʧʝʮʠʬʠʢʘʮʠʿʘò.  

 

 

ʉʣʠʢʘ 8.18. ʇʨʠʯʠʥʠ ʟʘ ʧʦʿʘʚʘ ʥʘ ʛʨʝʰʢʘʪʘ Ăʦʪʧʦʨʥʦʩʪ ʥʘ ʛʨʝʘʯ ʥʘʜʚʦʨ ʦʜ ʩʧʝʮʠʬʠʢʘʮʠʿʘò 

ʆʜ ʛʨʘʬʠʢʦʥʦʪ ʤʦʞʝ ʜʘ ʩʝ ʚʠʜʠ ʜʝʢʘ: 

1. ɺʦ 39 % ʦʜ ʚʢʫʧʥʦ 6.400 dpmo,  ʧʨʠʯʠʥʘ ʟʘ ʧʦʿʘʚʘ ʥʘ ʛʨʝʰʢʘʪʘ ʝ ʫʜʘʨ ʦʜ ʠʛʣʘ ʥʘ 

1 m ʧʨʦʚʦʜʥʘ ʞʠʮʘ ʟʘ ʚʨʝʤʝ ʥʘ ʧʨʦʮʝʩʦʪ ʥʘ ʰʠʝˁʝ. ʇʨʦʚʦʜʥʠʢʦʪ ʢʦʿ ʩʝ ʠʥʩʪʘʣʠʨʘ 

ʚʦ ʛʨʝʘʯʠʪʝ ʟʘ ʩʝʜʠʰʪʘ ʩʝ ʩʦʩʪʦʠ ʦʜ ʧʘʨʘʣʝʣʥʠ ʙʘʢʘʨʥʠ ʬʠʣʘʤʝʥʪʠ ʢʦʠ ʩʝ 

ʠʟʦʣʠʨʘʥʠ ʤʝʺʫʩʝʙʥʦ. ɼʦʢʦʣʢʫ ʠʛʣʘʪʘ ʛʠ ʦʰʪʝʪʠ ʙʘʢʘʨʥʠʪʝ ʬʠʣʘʤʝʥʪʠ ʚʦ 

ʧʨʦʮʝʩʦʪ ʥʘ ʰʠʝˁʝ, ʪʦʘ ˃ʝ ʧʨʝʜʠʟʚʠʢʘ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʦʪʧʦʨʥʦʩʪʘ ʥʘ 

ʧʨʦʚʦʜʥʠʢʦʪ.  

ʆʚʘʘ ʠʟʚʦʨʥʘ ʧʨʠʯʠʥʘ ʚʣʠʿʘʝ ʟʘ ʧʦʿʘʚʘ ʥʘ ʤʝʨʝˁʘ ʥʘʜ ʛʦʨʥʘʪʘ ʢʦʥʪʨʦʣʥʘ ʛʨʘʥʠʮʘ 

(ʉʣʠʢʘ 8.13).  

2. ɺʦ 28 % ʦʜ ʚʢʫʧʥʦ 6.400 dpmo, ʧʨʠʯʠʥʘ ʟʘ ʧʦʿʘʚʘ ʥʘ ʛʨʝʰʢʘʪʘ ʝ ʚʘʨʠʿʘʮʠʿʘ ʥʘ 

ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ ʥʘ ʧʨʦʚʦʜʥʘʪʘ ʞʠʮʘ ʚʦ ʦʜʥʦʩ ʥʘ ʧʨʝʜʚʠʜʝʥʠʦʪ ʥʦʨʤʘʪʠʚ ʚʦ 

ʜʠʟʘʿʥʦʪ ʥʘ ʧʨʦʠʟʚʦʜʦʪ. ʅʘʿʯʝʩʪʦ, ʜʦʣʞʠʥʘʪʘ ʥʘ ʧʦʪʨʦʰʝʥʘʪʘ ʧʨʦʚʦʜʥʘ ʞʠʮʘ ʚʦ 

ʧʨʦʮʝʩʦʪ ʥʘ ʰʠʝˁʝ ʝ ʧʦʤʘʣʘ ʦʜ ʥʦʨʤʘʪʠʚʦʪ h ʪʦ ʨʝʟʫʣʪʠʨʘ ʩʦ ʦʪʧʦʨʥʦʩʪ ʥʘ ʛʨʝʘʯ 

ʧʦʜ ʜʦʣʥʘ ʢʦʥʪʨʦʣʥʘ ʛʨʘʥʠʮʘ. 

ʆʚʘʘ ʠʟʚʦʨʥʘ ʧʨʠʯʠʥʘ ʧʨʝʜʠʟʚʠʢʫʚʘ ʧʦʤʝʩʪʫʚʘˁʝ ʥʘ ʣʦʢʘʮʠʿʘʪʘ ʥʘ ʧʨʦʮʝʩʦʪ 

ʧʦʙʣʠʩʢʫ ʜʦ ʜʦʣʥʘʪʘ ʛʨʘʥʠʮʘ ʥʘ ʩʧʝʮʠʬʠʢʘʮʠʿʘʪʘ (ʉʣʠʢʘ 8.15) ʠ ʝ ʧʨʠʯʠʥʘ ʰʪʦ 

ʝʜʥʦ ʤʝʨʝˁʝ ʝ ʧʦʜ ʜʦʣʥʘʪʘ ʢʦʥʪʨʦʣʥʘ ʛʨʘʥʠʮʘ (ʉʣʠʢʘ 8.13). 

3. ɺʦ 16 % ʦʜ ʚʢʫʧʥʦ 6.400 dpmo, ʧʨʠʯʠʥʘ ʟʘ ʧʦʿʘʚʘ ʥʘ ʛʨʝʰʢʘʪʘ ʝ ʧʦʛʨʝʰʥʦ 

ʧʦʟʠʮʠʦʥʠʨʘˁʝ ʥʘ ʧʨʦʚʦʜʥʘʪʘ ʞʠʮʘ ʠ ʢʘʙʝʣʩʢʠʦʪ ʧʨʠʢʣʫʯʦʢ ʥʘ ʧʨʝʩʘʪʘ ʟʘ 

ʘʧʣʠʮʠʨʘˁʝ ʥʘ ʪʝʨʤʠʥʘʣ, ʚʦ ʣʠʥʠʿʘʪʘ ʟʘ ʬʠʥʘʣʥʘ ʤʦʥʪʘʞʘ. ɸʢʦ ʧʘʨʘʣʝʣʥʠʪʝ 

ʙʘʢʘʨʥʠ ʬʠʣʘʤʝʥʪʠ ʟʘ ʚʨʝʤʝ ʥʘ ʧʦʚʨʟʫʚʘˁʝʪʦ ʥʘ ʧʨʦʚʦʜʥʠʢʦʪ ʠ ʢʘʙʝʣʩʢʠʦʪ 
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ʧʨʠʢʣʫʯʦʢ ʥʝ ʩʝ ʟʘʬʘʪʘʪ ʜʦʙʨʦ, ʪʦʘ ˃ʝ ʧʨʠʜʦʥʝʩʝ ʟʘ ʣʦʰ ʢʦʥʪʘʢʪ ʠ ʟʛʦʣʝʤʝʥʘ 

ʦʪʧʦʨʥʦʩʪ ʥʘ ʛʨʝʘʯʦʪ.  

ʆʚʘʘ ʠʟʚʦʨʥʘ ʧʨʠʯʠʥʘ ʚʣʠʿʘʝ ʟʘ ʧʦʿʘʚʘ ʥʘ ʤʝʨʝˁʘ ʥʘʜ ʛʦʨʥʘʪʘ ʢʦʥʪʨʦʣʥʘ ʛʨʘʥʠʮʘ 

(ʉʣʠʢʘ 8.13).  

4. ɺʦ 9 % ʦʜ ʚʢʫʧʥʦ 6.400 dpmo, ʧʨʠʯʠʥʘ ʟʘ ʧʦʿʘʚʘ ʥʘ ʛʨʝʰʢʘʪʘ ʝ ʠʩʧʫʰʪʘˁʝ ʥʘ 

ʧʨʦʮʝʩʦʪ ʥʘ ʟʘʚʘʨʫʚʘˁʝ ʚʦ ʣʠʥʠʿʘʪʘ ʟʘ ʬʠʥʘʣʥʘ ʤʦʥʪʘʞʘ. ʎʝʣʪʘ ʥʘ ʧʨʦʮʝʩʦʪ ʥʘ 

ʟʘʚʘʨʫʚʘˁʝ ʝ ʜʘ ʛʦ ʩʪʦʧʠ ʩʣʦʿʦʪ ʦʜ ʠʟʦʣʘʮʠʿʘ ʧʦʤʝʺʫ ʙʘʢʘʨʥʠʪʝ ʬʠʣʘʤʝʥʪʠ ʠ ʜʘ 

ʬʦʨʤʠʨʘ ʜʦʙʘʨ ʢʦʥʪʘʢʪ ʠ ʩʧʨʦʚʦʜʣʠʚʦʩʪ. ɼʦʢʦʣʢʫ ʩʝ ʠʩʧʫʰʪʠ ʟʘʚʘʨʫʚʘˁʝʪʦ ʢʘʢʦ 

ʧʨʦʮʝʩʝʥ ʯʝʢʦʨ, ʪʦʘ ˃ʝ ʧʨʝʜʠʟʚʠʢʘ ʟʛʦʣʝʤʝʥʘ ʦʪʧʦʨʥʦʩʪ ʥʘ ʛʨʝʘʯʦʪ ʟʘ ʩʝʜʠʰʪʘ. 

ʆʚʘʘ ʠʟʚʦʨʥʘ ʧʨʠʯʠʥʘ ʚʣʠʿʘʝ ʟʘ ʧʦʿʘʚʘ ʥʘ ʤʝʨʝˁʘ ʥʘʜ ʛʦʨʥʘʪʘ ʢʦʥʪʨʦʣʥʘ ʛʨʘʥʠʮʘ 

(ʉʣʠʢʘ 8.13). 

5. ɺʦ 8 % ʦʜ ʛʨʝʰʢʠʪʝ Ăʦʪʧʦʨʥʦʩʪ ʥʘ ʛʨʝʘʯ ʥʘʜʚʦʨ ʦʜ ʩʧʝʮʠʬʠʢʘʮʠʿʘò, ʧʨʠʯʠʥʠʪʝ 

ʩʝ ʨʘʟʣʠʯʥʠ:  

¶ ɻʨʝʰʝʥ ʜʠʟʘʿʥ ʥʘ ʧʨʦʠʟʚʦʜʦʪ ʠ ʧʦʤʘʣ ʧʨʝʜʚʠʜʝʥ ʥʦʨʤʘʪʠʚ ʥʘ ʧʦʪʨʦʰʫʚʘʯʢʘ 

ʥʘ ʧʨʦʚʦʜʥʘʪʘ ʞʠʮʘ. 

¶ ʅʦʤʠʥʘʣʥʘʪʘ ʦʪʧʦʨʥʦʩʪ ʥʘ ʧʨʦʚʦʜʥʘʪʘ ʞʠʮʘ ʦʪʩʪʘʧʫʚʘ ʦʜ ʩʧʝʮʠʬʠʢʘʮʠʿʘʪʘ 

ʥʘ ʜʦʙʘʚʫʚʘʯʦʪ. 

¶ ʅʝʫʩʦʛʣʘʩʝʥʠ ʘʣʘʪʢʠ ʠ ʨʘʙʦʪʥʠ ʫʩʣʦʚʠ ʚʦ ʧʨʦʮʝʩʦʪ ʥʘ ʧʨʝʜ - ʬʘʙʨʠʢʫʚʘˁʝ.  

¶ ʆʰʪʝʪʫʚʘˁʝ ʥʘ ʧʨʦʚʦʜʥʘʪʘ ʞʠʮʘ ʟʘ ʚʨʝʤʝ ʥʘ ʩʝʯʝˁʝ/ʦʙʣʠʢʫʚʘˁʝ ʥʘ 

ʬʠʥʘʣʥʠʦʪ ʧʨʦʠʟʚʦʜ. 

¶ ʇʦʛʨʝʰʥʦ ʤʘʥʠʧʫʣʠʨʘˁʝ ʥʘ ʦʧʝʨʘʪʦʨʦʪ ʧʨʠ ʧʨʦʮʝʩʦʪ ʥʘ ʟʘʚʘʨʫʚʘˁʝ. 

 

8.3.3 ʐʝʩʪ ʉʠʛʤʘ - ɸʥʘʣʠʟʘ ʥʘ ʤʦʜʦʚʠʪʝ ʥʘ ʜʝʬʝʢʪʠ ʠ ʥʠʚʥʠʦʪ ʝʬʝʢʪ  

ʉʣʝʜʥʦ ʚʦ ʪʨʫʜʦʪ ʝ ʜʘ ʩʝ ʥʘʧʨʘʚʠ ʧʨʦʮʝʥʢʘ ʥʘ ʨʠʟʠʢ ʥʘ ʩʠʪʝ ʯʝʢʦʨʠ ʚʦ ʧʨʦʮʝʩʦʪ 

ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʛʨʝʘʯʠ ʟʘ ʩʝʜʠʰʪʘ, ʢʘʜʝ ʰʪʦ ʧʦʩʪʦʠ ʚʝʨʦʿʘʪʥʦʩʪ ʜʘ ʥʘʩʪʘʥʝ ʛʨʝʰʢʘʪʘ 

Ăʦʪʧʦʨʥʦʩʪ ʥʘ ʛʨʝʘʯ ʥʘʜʚʦʨ ʦʜ ʩʧʝʮʠʬʠʢʘʮʠʿʘò. ʏʝʢʦʨʠʪʝ ʚʦ ʧʨʦʮʝʩʦʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʥʘ ʛʨʝʘʯʠ ʟʘ ʩʝʜʠʰʪʘ ʩʝ ʧʨʠʢʘʞʘʥʠ ʥʘ ʙʣʦʢ-ʜʠʿʘʛʨʘʤʦʪ ʥʘ ʉʣʠʢʘ 8.2. 

ɺʦ ʊʘʙʝʣʘ 8.9 ʝ ʧʨʠʢʘʞʘʥʘ ʘʥʘʣʠʟʘʪʘ ʥʘ ʤʦʜʦʚʠ ʥʘ ʜʝʬʝʢʪʠ ʠ ʥʠʚʥʠʦʪ ʝʬʝʢʪ ʚʦ 

ʤʦʤʝʥʪʘʣʥʠʦʪ ʧʨʦʮʝʩ ʥʘ ʰʠʝˁʝ, ʘ ʚʦ ʊʘʙʝʣʘ 8.10 ʘʥʘʣʠʟʘʪʘ ʥʘ ʤʦʜʦʚʠ ʥʘ ʜʝʬʝʢʪʠ ʠ 

ʥʠʚʥʠʦʪ ʝʬʝʢʪ ʚʦ ʤʦʤʝʥʪʘʣʥʠʦʪ ʧʨʦʮʝʩ ʥʘ ʬʠʥʘʣʥʘ ʤʦʥʪʘʞʘ. ʇʨʠ ʘʥʘʣʠʟʘʪʘ ʥʘ 

ʠʜʝʥʪʠʬʠʢʫʚʘʥʠʪʝ ʧʨʠʯʠʥʠ ʟʘ ʧʦʿʘʚʘ ʥʘ ʛʨʝʰʢʠ ʢʦʠ ʩʝ ʝʣʘʙʦʨʠʨʘʥʠ ʚʦ ʧʦʛʣʘʚʝʿ 8.3.2,  

ʥʘʿʧʨʚʝʥ ʪʨʝʙʘ ʜʘ ʩʝ ʧʨʦʚʝʨʠ ʜʘʣʠ ʦʚʠʝ ʧʨʠʯʠʥʠ ʩʝ ʚʝ˃ʝ ʚʢʣʫʯʝʥʠ ʚʦ ʘʥʘʣʠʟʘʪʘ ʥʘ 

ʨʠʟʠʮʠ. ɼʦʢʦʣʢʫ ʥʝ ʩʝ ʚʢʣʫʯʝʥʠ ʪʨʝʙʘ ʜʘ ʩʝ ʚʢʣʫʯʘʪ, ʜʦʢʦʣʢʫ ʩʝ ʚʢʣʫʯʝʥʠ ʪʦʘ ʫʢʘʞʫʚʘ 

ʥʘ ʧʦʪʨʝʙʘʪʘ ʦʜ ʨʝʚʠʜʠʨʘˁʝ ʥʘ ʧʦʩʪʦʝʯʢʠʪʝ ʘʢʮʠʠ ʠʣʠ ʚʦʚʝʜʫʚʘˁʝ ʥʘ ʥʦʚʠ ʘʢʮʠʠ ʟʘ ʜʘ 

ʩʝ ʥʘʤʘʣʠ ʨʠʟʠʢʦʪ ʟʘ ʥʠʚʥʘ ʧʦʿʘʚʘ. ʅʦʚʠʪʝ ʧʨʝʜʚʠʜʝʥʠ ʢʦʨʝʢʪʠʚʥʠ  ʘʢʮʠʠ ʩʝ ʦʟʥʘʯʝʥʠ 

ʩʦ ʮʨʚʝʥʦ ʚʦ ʊʘʙʝʣʘ 8.9 ʟʘ ʧʨʦʮʝʩʦʪ ʥʘ ʰʠʝˁʝ ʠ ʚʦ ʊʘʙʝʣʘ 8.10 ʟʘ ʧʨʦʮʝʩʦʪ ʥʘ ʬʠʥʘʣʥʘ 

ʤʦʥʪʘʞʘ.
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 ʊʘʙʝʣʘ 8.9. ɸʥʘʣʠʟʘ ʥʘ ʤʦʜʦʚʠ ʥʘ ʜʝʬʝʢʪʠ ʠ ʥʠʚʥʠʦʪ ʝʬʝʢʪ - ʧʨʦʮʝʩ ʥʘ ʰʠʝˁʝ (ʤʦʤʝʥʪʘʣʝʥ ʧʨʦʮʝʩ) 

ʌʫʥʢʮʠʿʘ ʥʘ 

ʧʨʦʮʝʩʦʪ/ 

ɹʘʨʘˁʘ 

ʇʦʪʝʥʮʠʿʘʣʝʥ 

ʨʝʞʠʤ ʥʘ 

ʛʨʝʰʢʘ 

ʇʦʪʝʥʮʠʿʘʣʥʠ 

ʧʦʩʣʝʜʠʮʠ ʦʜ 

ʛʨʝʰʢʘʪʘ 

ʉ
ʝ
ʨ
ʠ
ʦ
ʟ
ʥ
ʦ
ʩ
ʪ

 

ʇʦʪʝʥʮʠʿʘʣʥʠ 

ʧʨʠʯʠʥʠ 

ʟʘ ʧʦʿʘʚʘ ʥʘ 

ʛʨʝʰʢʠ ʇ
ʦ
ʿ
ʘ
ʚ
ʘ

 

ʄʦʤʝʥʪʘʣʥʘ ʢʦʥʪʨʦʣʘ 

ʥʘ ʧʨʦʮʝʩʦʪ 

ɼ
ʝ
ʪ
ʝ
ʢ
ʮ
ʠ
ʿ
ʘ

 

R
P

N
 ʇʨʝʧʦʨʘʯʘʥʠ 

ʘʢʮʠʠ 

 ʇʨʦʮʝʩ ʥʘ ʰʠʝˁʝ 

- ʦʙʝʟʙʝʜʠ ʩʦʦʜʚʝʪʝʥ 

ʤʘʪʝʨʠʿʘʣ 

- ʦʙʝʟʙʝʜʠ ʪʦʯʥʘ 

ʧʘʪʝʢʘ ʟʘ ʰʠʝˁʝ 

- ʦʙʝʟʙʝʜʠ ʪʦʯʥʘ 

ʧʦʟʠʮʠʿʘ ʥʘ 

ʧʨʦʚʦʜʥʠʢʦʪ 

- ʦʙʝʟʙʝʜʠ ʪʦʯʥʠ 

ʜʠʤʝʥʟʠʠ ʥʘ ʤʦʜʝʣʦʪ 

ʟʘ ʰʠʝˁʝ 

- ʦʙʝʟʙʝʜʠ ʧʨʘʚʠʣʥʘ 

ʦʪʧʦʨʥʦʩʪ 

 -ʦʙʝʟʙʝʜʠ ʜʘ ʥʝʤʘ 

ʢʦʥʪʘʤʠʥʘʮʠʠ 

ʆʪʧʦʨʥʦʩʪ ʥʘ 

ʧʨʦʚʦʜʥʘ ʞʠʮʘ 

- ʥʘʜʚʦʨ ʦʜ 

ʩʧʝʮʠʬʠʢʘʮʠʿʘ 

(ʧʦʜ ʠʣʠ ʥʘʜ)  

  

  

  

  

  

  

ʆʪʧʦʨʥʦʩʪ ʥʘ 

ʛʨʝʘʯ ʥʘʜʚʦʨ ʦʜ 

ʩʧʝʮʠʬʠʢʘʮʠʿʘ 

(7) 

 
 

7  ʊʝʥʟʠʿʘ ʥʘ 

ʞʠʮʘ ʧʨʝʤʥʦʛʫ 

ʚʠʩʦʢʦ/ʥʠʩʢʦ 

6 P(7):  ʣʠʩʪʘ ʩʦ ʧʘʨʘʤʝʪʨʠ 

ʥʘ ʤʘʰʠʥʘ ʟʘ ʰʠʝˁʝ (5) 

4 168 D: ʉʠʩʪʝʤ ʟʘ 

ʢʦʥʪʨʦʣʘ ʥʘ 

ʧʦʪʨʦʰʫʚʘʯʢʘ 

ʥʘ ʧʨʦʚʦʜʥʘ 

ʞʠʮʘ 

D(8): 100% ʧʨʦʚʝʨʢʘ ʥʘ 

ʦʪʧʦʨʥʦʩʪ ʥʘ ʝʣʝʢʪʨʠʯʝʥ 

ʪʝʩʪʝʨ (4) 

    

ʀʟʜʨʞʣʠʚʦʩʪ/ 

ʚʝʢ ʥʘ ʪʨʘʝˁʝ 

ʥʘ ʛʨʝʘʯ  (7) 

D: ʚʠʟʫʝʣʥʘ ʧʨʦʚʝʨʢʘ (8)     

 

ʀʟʛʫʙʝʥʘ 

ʬʫʥʢʮʠʿʘ ʥʘ 

ʛʨʝʘʯʦʪ (7) 

  

D: ʠʥʩʧʝʢʮʠʿʘ ʥʘ ʧʨʚʦ 

ʧʘʨʯʝ ʧʦʩʣʝ ʰʠʝˁʝ (5) 

    

 
D: ʠʥʩʧʝʢʮʠʿʘ ʥʘ ʧʨʚʦ 

ʧʘʨʯʝ ʥʘ ʝʣʝʢʪʨʠʯʝʥ 

ʪʝʩʪʝʨ (4) 

    

  

  
  

P: ʤʝʭʘʥʠʟʘʤ ʟʘ ʜʦʪʫʨ  ʥʘ 

ʧʨʦʚʦʜʥʘ ʞʠʮʘ ʧʨʠ 

ʧʨʦʮʝʩ ʥʘ ʠhʝˁʝ (5) 

  

  

  
P: ʩʪʘʥʜʘʨʜʠʟʠʨʘʥ ʧʨʦʮʝʩ 

(5) 

 
 

7 P ʩʝ ʦʜʥʝʩʫʚʘ ʥʘ ʢʦʥʪʨʦʣʝʥ ʧʣʘʥ ʟʘ ʧʨʝʚʝʥʮʠʿʘ 
8 D ʩʝ ʦʜʥʝʩʫʚʘ ʥʘ ʢʦʥʪʨʦʣʝʥ ʧʣʘʥ ʟʘ ʜʝʪʝʢʪʠʨʘˁʝ 
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    ʊʝʥʟʠʿʘ ʥʘ 

ʢʦʥʝʮ  

ʧʨʝʤʥʦʛʫ 

ʚʠʩʦʢʦ/ʥʠʩʢʦ 

6 P: ʣʠʩʪʘ ʩʦ ʧʘʨʘʤʝʪʨʠ (5) 4 168 D: ʉʠʩʪʝʤ ʟʘ 

ʢʦʥʪʨʦʣʘ ʥʘ 

ʧʦʪʨʦʰʫʚʘʯʢʘ 

ʥʘ ʧʨʦʚʦʜʥʘ 

ʞʠʮʘ 

    D: 100% ʧʨʦʚʝʨʢʘ ʥʘ 

ʦʪʧʦʨʥʦʩʪ ʥʘ ʝʣʝʢʪʨʠʯʝʥ 

ʪʝʩʪʝʨ (4) 

    

    
 

D: ʚʠʟʫʝʣʥʘ ʧʨʦʚʝʨʢʘ (8)     

    
 

D: ʠʥʩʧʝʢʮʠʿʘ ʥʘ ʧʨʚʦ 

ʧʘʨʯʝ ʧʦʩʣʝ ʰʠʝˁʝ (5) 

    

    
 

D: ʠʥʩʧʝʢʮʠʿʘ ʥʘ ʧʨʚʦ 

ʧʘʨʯʝ ʥʘ ʝʣ.ʪʝʩʪʝʨ (4) 

      

    
 

P: ʫʨʝʜ ʟʘ ʩʥʘʙʜʫʚʘˁʝ ʥʘ 

ʢʦʥʝʮ (5) 

      

    
 

P: ʩʪʘʥʜʘʨʜʠʟʠʨʘʥ ʧʨʦʮʝʩ 

(5) 

      

ʆʪʧʦʨʥʦʩʪ ʥʘ 

ʧʨʦʚʦʜʥʘ ʞʠʮʘ 

- 

ʥʘʜ 

ʩʧʝʮʠʬʠʢʘʮʠʿʘ 

  

ʆʪʧʦʨʥʦʩʪ ʥʘ 

ʛʨʝʘʯ ʥʘʜʚʦʨ ʦʜ 

ʩʧʝʮ. (7) 
 

9 ɺʠʩʦʢ ʙʨʦʿ ʥʘ 

ʫʜʘʨʠ ʦʜ ʠʛʣʘ 

ʥʘ 1 (m) 

ʧʨʦʚʦʜʥʘ ʞʠʮʘ  

7 D: 100% ʧʨʦʚʝʨʢʘ ʥʘ 

ʦʪʧʦʨʥʦʩʪ ʥʘ 

ʝʣʝʢʪʨʠʯʥʠʦʪ ʪʝʩʪʝʨ (4) 

4 252 D: ʉʠʩʪʝʤ ʟʘ 

ʜʝʪʝʢʮʠʿʘ ʥʘ 

ʫʜʘʨ ʦʜ ʠʛʣʘ  

 

D: PLC 

ʩʠʩʪʝʤ ʰʪʦ ʿʘ 

ʙʣʦʢʠʨʘ 

ʤʘʰʠʥʘʪʘ ʟʘ 

ʰʠʝˁʝ 

ʜʦʢʦʣʢʫ 

ʩʠʩʪʝʤʦʪ ʟʘ 

ʜʝʪʝʢʮʠʿʘ ʥʘ 

ʫʜʘʨ ʦʜ ʠʛʣʘ 

ʥʝ ʝ 

ʘʢʪʠʚʠʨʘʥ 

ʀʟʜʨʞʣʠʚʦʩʪ/ 

ʚʝʢ ʥʘ ʪʨʘʝˁʝ 

ʥʘ ʛʨʝʘʯ  (7)  

 
D: ʠʥʩʧʝʢʮʠʿʘ ʥʘ ʧʨʚʦ 

ʧʘʨʯʝ ʥʘ ʝʣʝʢʪʨʠʯʝʥ 

ʪʝʩʪʝʨ (4) 

    

  ʀʟʛʫʙʝʥʘ 

ʬʫʥʢʮʠʿʘ ʥʘ 

ʛʨʝʘʯʦʪ (7) 

 
D: ʚʠʟʫʝʣʥʘ ʧʨʦʚʝʨʢʘ (8)     

  ʈʠʟʠʢ ʦʜ ʩʪʨʫʿʘ 

ʥʘ ʢʨʘʪʢʘ ʚʨʩʢʘ 

(9) 

 
D: ʠʥʩʧʝʢʮʠʿʘ ʥʘ ʧʨʚʦ 

ʧʘʨʯʝ ʧʦʩʣʝ ʰʠʝˁʝ (5) 

    

  
  

P: ʩʪʘʥʜʘʨʜʠʟʠʨʘʥ ʧʨʦʮʝʩ 

(5) 
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ʊʘʙʝʣʘ 8.10. ɸʥʘʣʠʟʘ ʥʘ ʤʦʜʦʚʠ ʥʘ ʜʝʬʝʢʪʠ ʠ ʥʠʚʥʠʦʪ ʝʬʝʢʪ - ʧʨʦʮʝʩ ʥʘ ʌʠʥʘʣʥʘ ʄʦʥʪʘʞʘ (ʤʦʤʝʥʪʘʣʝʥ ʧʨʦʮʝʩ) 

ʌʫʥʢʮʠʿʘ 

ʥʘ 

ʧʨʦʮʝʩʦʪ/ 

ɹʘʨʘˁʘ 

ʇʦʪʝʥʮʠʿʘʣʝʥ 

ʨʝʞʠʤ ʥʘ 

ʛʨʝʰʢʘ 

ʇʦʪʝʥʮʠʿʘʣʥʠ 

ʧʦʩʣʝʜʠʮʠ ʦʜ 

ʛʨʝʰʢʘʪʘ 

ʉ
ʝ
ʨ
ʠ
ʦ
ʟ
ʥ
ʦ
ʩ
ʪ

 

ʇʦʪʝʥʮʠʿʘʣʥʠ 

ʧʨʠʯʠʥʠ 

ʟʘ ʧʦʿʘʚʘ ʥʘ 

ʛʨʝʰʢʠ ʇ
ʦ
ʿ
ʘ
ʚ
ʘ

 

ʄʦʤʝʥʪʘʣʥʘ ʢʦʥʪʨʦʣʘ ʥʘ 

ʧʨʦʮʝʩʦʪ 

ɼ
ʝ
ʪ
ʝ
ʢ
ʮ
ʠ
ʿ
ʘ

 

R
P

N
 

ʇʨʝʧʦʨʘʯʘʥʠ ʘʢʮʠʠ 

ʇʦʚʨʟʫʚʘ-

ˁʝ ʥʘ 

I-Cu 

ʙʘʢʘʨʥʘ 

ʞʠʮʘ ʩʦ 

ʢʘʙʝʣʩʢʠ 

ʧʨʠʢʣʫʯʦʢ 

  

  

  

  

  

  

  

  

  

  

ɼʝʣ ʦʜ 

ʬʠʣʘʤʝʥʪʠʪʝ  

ʥʘ ʧʨʦʚʦʜʥʠʢʦʪ 

ʥʝ ʩʝ ʟʘʬʘʪʝʥʠ 

ʚʦ ʪʝʨʤʠʥʘʣʦʪ 

ʉʠʣʘʪʘ ʥʘ 

ʠʟʚʣʝʢʫʚʘˁʝ ʥʘ 

ʬʠʣʘʤʝʥʪʠʪʝ ʦʜ 

ʪʝʨʤʠʥʘʣʦʪ ʝ 

ʧʦʜ ʩʧʝʮ.  (8) 

 8 ɻʨʝʰʢʘ ʥʘ 

ʦʧʝʨʘʪʦʨ, 

ʧʦʛʨʝʰʥʦ  

ʧʦʟʠʮʠʦʥʠʨʘˁʝ 

ʥʘ ʧʨʦʚʦʜʥʠʢ 

4 D: CFA - ʩʠʩʪʝʤ ʟʘ 

ʤʦʥʠʪʦʨʠʥʛ ʥʘ ʩʠʣʘʪʘ ʥʘ 

ʘʧʣʠʮʠʨʘˁʝ ʥʘ ʪʝʨʤʠʥʘʣʦʪ 

(3) 

3 96 P: ʂʘʤʝʨʘ ʟʘ 

ʧʦʟʠʮʠʦʥʠʨʘˁʝ ʥʘ  

ʧʨʦʚʦʜʥʠʢʦʪ ʧʨʠ 

ʧʦʚʨʟʫʚʘˁʝ ʩʦ 

ʢʘʙʝʣʩʢʠʦʪ ʧʨʠʢʣʫʯʦʢ  D: ʚʠʟʫʝʣʥʘ ʧʨʦʚʝʨʢʘ (8)   

ʀʟʜʨʞʣʠʚʦʩʪ/ 

ʚʝʢ ʥʘ ʪʨʘʝˁʝ 

ʥʘ ʛʨʝʘʯ  (7) 

ʇʦʛʨʝʰʥʦ 

ʧʦʜʝʩʫʚʘˁʝ ʥʘ 

ʧʨʝʩʘʪʘ, ʛʨʝʰʥʘ 

ʚʠʩʠʥʘ ʥʘ 

ʪʝʨʤʠʥʘʣʦʪ  

3 D: CFA (3) 3 72 
 

 D: ʚʠʟʫʝʣʥʘ ʧʨʦʚʝʨʢʘ (8)   

ʀʟʛʫʙʝʥʘ 

ʬʫʥʢʮʠʿʘ ʥʘ 

ʛʨʝʘʯʦʪ (7) 

 D: ʤʝʨʝˁʝ ʥʘ ʩʠʣʘ ʥʘ 

ʠʟʚʣʝʢʫʚʘˁʝ (5) 
  

 D: ʥʘʧʨʝʯʝʥ ʧʨʝʩʝʢ ʥʘ 

ʪʝʨʤʠʥʘʣ (5) 
   

 ʇʦʩʪʘʚʫʚʘˁʝ ʥʘ 

ʛʨʝʰʝʥ ʘʣʘʪ 

2 D: CFA (3) 3 48 
 

  D: ʚʠʟʫʝʣʥʘ ʧʨʦʚʝʨʢʘ (8) 

  D: ʤʝʨʝˁʝ ʥʘ ʩʠʣʘ ʥʘ 

ʠʟʚʣʝʢʫʚʘˁʝ (5) 

  D: ʥʘʧʨʝʯʝʥ ʧʨʝʩʝʢ ʥʘ 

ʪʝʨʤʠʥʘʣ (5) 
  

P: ʩʪʘʥʜʘʨʜʠʟʠʨʘʥ ʧʨʦʮʝʩ (5) 
  

ʀʩʧʫʰʪʝʥ 

ʧʨʦʮʝʩʝʥ ʯʝʢʦʨ  

ʥʘ ʟʘʚʘʨʫʚʘˁʝ  

ʀʟʛʫʙʝʥʘ 

ʬʫʥʢʮʠʿʘ ʥʘ 

ʛʨʝʘʯ (7)  

8 ɻʨʝʰʢʘ ʥʘ 

ʦʧʝʨʘʪʦʨ, 

ʠʩʧʫʰʪʝʥ ʯʝʢʦʨ 

4 D: ʚʠʟʫʝʣʥʘ ʧʨʦʚʝʨʢʘ (8)  4 128 P: PLC ʩʠʩʪʝʤ ʢʦʿ 

ʩʧʨʝʯʫʚʘ ʠʩʧʫʰʪʝʥ 

ʧʨʦʮʝʩ ʥʘ ʟʘʚʘʨʫʚʘˁʝ 
D: 100% ʧʨʦʚʝʨʢʘ ʥʘ 

ʦʪʧʦʨʥʦʩʪ ʥʘ ʝʣ. ʪʝʩʪʝʨ (4) 
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8.4 ʌʘʟʘ ʥʘ ʧʦʜʦʙʨʫʚʘˁʝ 

ʆʚʘʘ ʬʘʟʘ ʿʘ ʩʣʝʜʠ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʥʦʚʠʦʪ ʤʦʜʝʣ ʧʨʠʢʘʞʘʥ ʥʘ ʙʣʦʢ-ʜʠʿʘʛʨʘʤʦʪ ʥʘ 

ʉʣʠʢʘ 7.4, ʢʘʜʝ ʰʪʦ ˃ʝ ʩʝ ʛʝʥʝʨʠʨʘʘʪ ʧʦʪʝʥʮʠʿʘʣʥʠ ʨʝʰʝʥʠʿʘ ʟʘ ʝʣʠʤʠʥʠʨʘˁʝ ʥʘ 

ʬʠʟʠʯʢʠʪʝ ʧʨʝʧʨʝʢʠ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʧʨʝʢʫ ʜʠʟʘʿʥ ʥʘ ʥʦʚ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ ʠ 

ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʚʘʨʠʿʘʮʠʠʪʝ ʥʘ ʧʨʦʮʝʩʠʪʝ. ɼʠʟʘʿʥʦʪ ʥʘ ʥʦʚʠʦʪ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ ʩʝ ʩʦʩʪʦʠ 

ʦʜ ʩʣʝʜʥʠʪʝ ʘʢʪʠʚʥʦʩʪʠ:  

1. ɼʝʬʠʥʠʨʘˁʝ ʥʘ ʛʨʫʧʠ ʥʘ ʧʨʦʠʟʚʦʜʠ ʩʧʦʨʝʜ ʩʣʠʯʥʦʩʪ ʥʘ ʧʨʦʮʝʩʠʪʝ. 

2. ɼʠʟʘʿʥ ʥʘ 3 ʥʦʚʠ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ, ʩʦʛʣʘʩʥʦ ʜʝʬʠʥʠʨʘʥʠʪʝ ʛʨʫʧʠ ʥʘ ʧʨʦʠʟʚʦʜʠ. 

3. ɼʝʬʠʥʠʨʘˁʝ ʥʘ ʪʘʢʪ ʚʨʝʤʝʪʦ ʟʘ ʩʝʢʦʿ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ. 

4. ʀʤʧʣʝʤʝʥʪʠʨʘˁʝ ʥʘ ʢʦʥʪʠʥʫʠʨʘʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʩʝʢʘʜʝ ʢʘʜʝ h ʪʦ ʪʦʘ ʝ ʤʦʞʥʦ. 

5. ʀʤʧʣʝʤʝʥʪʠʨʘˁʝ ʥʘ ʩʫʧʝʨʤʘʨʢʝʪʠ ʠ ʩʠʩʪʝʤ ʥʘ ʧʦʚʣʝʢʫʚʘˁʝ ʥʘ ʤʘʪʝʨʠʿʘʣʠ. 

6. ɼʝʬʠʥʠʨʘˁʝ ʥʘ ʧʝʿʩʤʝʿʢʝʨ ʧʨʦʮʝʩ. 

7. ʇʦʨʘʤʥʫʚʘˁʝ ʥʘ ʧʣʘʥʦʪ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʦ ʤʦʜʝʣ ʠ ʚʦʣʫʤʝʥ. 

8. ʇʦʜʦʙʨʫʚʘˁʘ ʥʘ ʧʨʦʮʝʩʠʪʝ ʟʘ ʜʘ ʤʦʞʝ ʥʦʚʠʦʪ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ ʜʘ ʬʫʥʢʮʠʦʥʠʨʘ 

ʩʦʛʣʘʩʥʦ ʠʜʥʠʦʪ ʜʠʟʘʿʥ: ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʚʨʝʤʝ ʥʘ ʧʨʦʤʝʥʘ ʥʘ ʤʦʜʝʣ,  

ʠʤʧʣʝʤʝʥʪʠʨʘˁʝ ʥʘ ʚʢʫʧʥʦ ʧʨʦʜʫʢʪʠʚʥʦ ʦʜʨʞʫʚʘˁʝ, ʚʠʟʫʝʣʠʟʘʮʠʿʘ ʠ ɸʥʜʦʥ 

ʩʠʩʪʝʤ, Jidoka ʠ ʢʦʥʪʨʦʣʘ ʥʘ ʢʚʘʣʠʪʝʪʦʪ ʥʘ ʩʘʤʘʪʘ ʨʘʙʦʪʥʘ ʩʪʘʥʠʮʘ. 

ʇʦʪʝʥʮʠʿʘʣʥʠ ʨʝʰʝʥʠʿʘ ʟʘ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʚʘʨʠʿʘʮʠʠʪʝ ʥʘ ʧʨʦʮʝʩʦʪ (ʐʝʩʪ ʉʠʛʤʘ):  

1. ɼʠʟʘʿʥ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʠ ʟʘ ʜʘ ʩʝ ʫʪʚʨʜʠ ʥʘʿʜʦʙʨʠʦʪ ʩʦʦʜʥʦʩ ʥʘ ʧʘʨʘʤʝʪʨʠ ʥʘ 

ʤʘʰʠʥʘʪʘ ʟʘ ʰʠʝˁʝ ʩʦ ʮʝʣ ʜʘ ʩʝ ʥʘʤʘʣʘʪ ʫʜʘʨʠʪʝ ʦʜ ʠʛʣʘ ï ʧʨʦʮʝʩ ʰʠʝˁʝ. 

2. ʀʥʩʪʘʣʠʨʘˁʝ ʥʘ ʩʠʩʪʝʤ ʟʘ ʜʝʪʝʢʮʠʿʘ ʥʘ ʫʜʘʨ ʦʜ ʠʛʣʘ ï ʧʨʦʮʝʩ ʰʠʝˁʝ. 

3. ɸʚʪʦʤʘʪʩʢʘ ʧʨʦʚʝʨʢʘ ʜʘʣʠ ʩʠʩʪʝʤʦʪ ʟʘ ʜʝʪʝʢʮʠʿʘ ʥʘ ʫʜʘʨ ʝ ʘʢʪʠʚʠʨʘʥ ï ʧʨʦʮʝʩ 

ʰʠʝˁʝ. 

4. ʉʠʩʪʝʤ ʟʘ ʢʦʥʪʨʦʣʘ ʥʘ ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ ʥʘ ʧʨʦʚʦʜʥʘ ʞʠʮʘ ï ʧʨʦʮʝʩ ʰʠʝˁʝ. 

5. ʉʠʩʪʝʤ ʟʘ ʢʦʥʪʨʦʣʘ ʥʘ ʧʦʟʠʮʠʿʘ ʥʘ ʧʨʦʚʦʜʥʘ ʞʠʮʘ  ʧʨʠ ʧʨʦʮʝʩʦʪ ʥʘ ʧʦʚʨʟʫʚʘˁʝ 

ʩʦ ʢʘʙʝʣʩʢʠʦʪ ʧʨʠʢʣʫʯʦʢ ï ʬʠʥʘʣʥʘ ʤʦʥʪʘʞʘ. 

6. ʉʠʩʪʝʤ ʟʘ ʢʦʥʪʨʦʣʘ ʥʘ ʨʝʜʦʩʣʝʜ ʥʘ ʦʧʝʨʘʮʠʠ ʚʦ ʣʠʥʠʿʘʪʘ - ʬʠʥʘʣʥʘ ʤʦʥʪʘʞʘ.  

8.4.1 Lean ʧʨʦʠʟʚʦʜʩʪʚʦ - ɼʠʟʘʿʥ ʥʘ ʥʦʚ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ 

ɼʠʟʘʿʥʦʪ ʥʘ ʥʦʚʠʦʪ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ ʟʘʧʦʯʥʫʚʘ ʩʦ ʢʘʣʢʫʣʘʮʠʿʘ ʥʘ ʧʦʪʨʝʙʥʘʪʘ 

ʦʧʨʝʤʘ ʟʘ ʧʣʘʥʠʨʘʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ. ɺʦ ʟʘʚʠʩʥʦʩʪ ʦʜ ʩʣʠʯʥʦʩʪʘ ʥʘ ʧʨʦʠʟʚʦʜʥʠʪʝ 

ʧʨʦʮʝʩʠ ʠ ʟʘʝʜʥʠʯʢʠ ʢʦʨʠʩʪʝʥʘʪʘ ʦʧʨʝʤʘ ʜʝʬʠʥʠʨʘʥʠ ʩʝ 3 ʬʘʤʠʣʠʠ ʥʘ ʧʨʦʠʟʚʦʜʠ ʪ.ʝ 3 

ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ. ʉʝʢʦʿ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ ʠʤʘ ʬʠʢʩʥʘ ʦʧʨʝʤʘ ʰʪʦ ʥʝ ʤʦʞʝ ʜʘ ʩʝ 

ʩʧʦʜʝʣʫʚʘ ʩʦ ʜʨʫʛʠ ʬʘʤʠʣʠʠ ʥʘ ʧʨʦʠʟʚʦʜʠ. ʅʝʜʦʩʪʘʪʦʢ ʥʘ ʬʠʢʩʥʘʪʘ ʦʧʨʝʤʘ ʝ ʪʦʘ ʰʪʦ ʩʝ 

ʥʘʤʘʣʫʚʘ ʬʣʝʢʩʠʙʠʣʥʦʩʪʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ. ʇʨʠʜʦʙʠʚʢʠʪʝ ʦʜ ʜʨʫʛʘ ʩʪʨʘʥʘ ʩʝ ʤʥʦʛʫ 

ʧʦʛʦʣʝʤʠ ʦʜ ʘʩʧʝʢʪ ʥʘ ʟʛʦʣʝʤʝʥʦ ʯʫʚʩʪʚʦ ʟʘ ʠʪʥʦʩʪ ʧʨʠ ʨʝʰʘʚʘˁʝ ʥʘ ʧʨʦʙʣʝʤʠʪʝ, ʢʨʘʪʢʦ 

ʚʨʝʤʝ ʥʘ ʨʝʘʢʮʠʿʘ ʠ ʟʛʦʣʝʤʝʥʘ ʢʨʝʘʪʠʚʥʦʩʪ ʥʘ ʣʫʺʝʪʦ ʩʦ ʰʪʦ ʩʝ ʧʦʩʪʠʛʥʫʚʘ 

ʢʦʥʪʠʥʫʠʨʘʥʦ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʧʨʦʮʝʩʠʪʝ ʠ ʨʘʟʚʦʿ ʥʘ ʣʫʺʝʪʦ. ɿʘ ʠʣʫʩʪʨʘʮʠʿʘ, ʥʘ ʙʣʦʢ-

ʜʠʿʘʛʨʘʤʦʪ ʥʘ ʉʣʠʢʘ 8.19 ʝ ʧʨʠʢʘʞʘʥ ʜʠʟʘʿʥʦʪ ʥʘ ʚʠʦʣʝʪʦʚʠʦʪ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ 

(ʚʠʦʣʝʪʦʚʠʦʪ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ ʝ ʧʨʠʢʘʞʘʥ ʥʘ ʉʣʠʢʘ 8.3).  
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ʉʣʠʢʘ 8.19. ɼʠʟʘʿʥ ʥʘ ʚʠʦʣʝʪʦʚʠʦʪ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ 
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ʇʨʠ ʤʘʧʠʨʘˁʝʪʦ ʥʘ ʥʦʚʠʦʪ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ ʧʦʩʪʦʠ ʣʦʛʠʯʝʥ ʨʝʜʦʩʣʝʜ ʥʘ 

ʧʦʜʦʙʨʫʚʘˁʘʪʘ ʢʦʠ ʪʨʝʙʘ ʜʘ ʩʝ ʠʤʧʣʝʤʝʥʪʠʨʘʘʪ.  

ɼʝʬʠʥʠʨʘˁʝ ʥʘ ʪʘʢʪ ʚʨʝʤʝʪʦ. ʇʨʝʜ ʜʘ ʩʝ ʟʘʧʦʯʥʝ ʩʦ ʜʠʟʘʿʥʦʪ ʥʘ ʧʨʦʮʝʩʠʪʝ ʠ ʥʘ 

ʥʦʚʠʦʪ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ ʧʦʪʨʝʙʥʦ ʝ ʜʘ ʩʝ ʧʨʝʩʤʝʪʘ ʪʘʢʪ ʚʨʝʤʝʪʦ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʩʦʛʣʘʩʥʦ ʧʦʙʘʨʫʚʘˁʘʪʘ ʦʜ ʢʣʠʝʥʪʠʪʝ. ʉʧʦʨʝʜ ʪʘʢʪ ʚʨʝʤʝʪʦ ʩʝ ʜʠʟʘʿʥʠʨʘ ʚʨʝʤʝʪʦ ʥʘ 

ʮʠʢʣʫʩ ʥʘ ʧʨʦʮʝʩʠʪʝ ʚʦ ʥʦʚʠʦʪ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ, ʩʦ ʮʝʣ ʜʘ ʩʝ ʠʟʙʝʛʥʝ ʧʨʝʢʫʤʝʨʥʦ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʠʣʠ ʧʘʢ ʟʘʩʪʦʠ ʧʦʨʘʜʠ ʥʝʜʦʩʪʘʪʦʢ ʥʘ ʤʘʪʝʨʠʿʘʣ ʧʦʤʝʺʫ ʧʨʦʮʝʩʠʪʝ. 

ʂʘʣʢʫʣʘʮʠʿʘʪʘ ʟʘ ʪʘʢʪ ʚʨʝʤʝ ʝ ʧʨʠʢʘʞʘʥʘ ʚʦ ʊʘʙʝʣʘ 8.2. 

ʂʨʝʠʨʘˁʝ ʥʘ ʢʦʥʪʠʥʫʠʨʘʥ ʪʝʢ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʌʦʨʤʠʨʘʥʠ ʩʝ ˃ʝʣʠʠ ʩʦ 

ʠʥʪʝʛʨʠʨʘˁʝ ʥʘ ʣʠʥʠʠʪʝ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʢʘʙʝʣ ʠ ʥʘ ʣʠʥʠʠʪʝ ʟʘ ʬʠʥʘʣʥʘ ʤʦʥʪʘʞʘ. ɺʦ 

ʟʘʚʠʩʥʦʩʪ ʦʜ  ʚʨʝʤʝʪʦ ʥʘ ʮʠʢʣʫʩ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ  ʚʨʝʤʝʪʦ ʧʦʪʨʝʙʥʦ ʟʘ ʧʨʦʤʝʥʘ ʥʘ 

ʤʦʜʝʣ, ʬʦʨʤʠʨʘʥʠ ʩʝ 3 ʪʠʧʘ ʥʘ ˃ʝʣʠʠ:  

¶ ʎʝʣʦʩʥʦ ʠʥʪʝʛʨʠʨʘʥʠ ˃ʝʣʠʠ ʚʦ ʬʦʨʤʘ ʥʘ ʙʫʢʚʘʪʘ U. ʆʚʘ ʝ ʤʦʞʥʦ ʢʦʛʘ ʚʨʝʤʝʪʦ 

ʥʘ ʮʠʢʣʫʩ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʣʠʥʠʿʘʪʘ ʟʘ ʬʠʥʘʣʥʘ ʤʦʥʪʘʞʘ ʠ ʥʘ ʣʠʥʠʿʘʪʘ ʟʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʢʘʙʝʣ ʝ ʧʨʠʙʣʠʞʥʦ ʠʩʪʦ. ɼʦʧʦʣʥʠʪʝʣʥʦ, ʚʨʝʤʝʪʦ ʧʦʪʨʝʙʥʦ ʟʘ 

ʧʨʦʤʝʥʘ ʥʘ ʤʦʜʝʣ ʢʘʿ ʜʚʝʪʝ ʣʠʥʠʠ ʪʨʝʙʘ ʜʘ ʝ ʧʨʠʙʣʠʞʥʦ ʠʩʪʦ. ɺʦ ʠʥʪʝʛʨʠʨʘʥʘʪʘ 

ʣʠʥʠʿʘ ʠʤʧʣʝʤʝʥʪʠʨʘʥ ʝ ʨʦʪʠʨʘʯʢʠ ʨʝʞʠʤ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʢʘʜʝ ʰʪʦ 

ʦʧʝʨʘʪʦʨʠʪʝ ʨʦʪʠʨʘʘʪ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʝ ʧʘʨʯʝ-ʧʦ-ʧʘʨʯʝ (ʉʣʠʢʘ 8.20).   

¶ ʇʦʣʫ-ʠʥʪʝʛʨʠʨʘʥʠ ˃ʝʣʠʠ ʚʦ ʬʦʨʤʘ ʥʘ ʜʚʦʿʥʦ U. ʆʚʘ ʝ ʤʦʞʥʦ ʢʦʛʘ ʚʨʝʤʝʪʦ ʥʘ 

ʮʠʢʣʫʩ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʣʠʥʠʿʘʪʘ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʢʘʙʝʣ ʝ ʧʦʚʠʩʦʢʦ ʦʜ 

ʚʨʝʤʝʪʦ ʥʘ ʣʠʥʠʿʘʪʘ ʟʘ ʬʠʥʘʣʥʘ ʤʦʥʪʘʞʘ ʠ ʢʘʧʘʮʠʪʝʪʦʪ ʥʘ ʣʠʥʠʿʘʪʘ ʟʘ ʢʘʙʣʠ 

ʤʦʞʝ ʜʘ ʩʝ ʨʝʛʫʣʠʨʘ ʩʦ ʧʨʦʤʝʥʘ ʥʘ ʙʨʦʿʦʪ ʥʘ ʦʧʝʨʘʪʦʨʠ ʚʦ ʩʘʤʘʪʘ ʣʠʥʠʿʘ. 

ɺʨʝʤʝʪʦ ʧʦʪʨʝʙʥʦ ʟʘ ʧʨʦʤʝʥʘ ʥʘ ʤʦʜʝʣ ʢʘʿ ʜʚʝʪʝ ʣʠʥʠʠ ʤʦʨʘ ʜʘ ʝ ʧʨʠʙʣʠʞʥʦ 

ʠʩʪʦ. ʈʦʪʘʮʠʿʘʪʘ ʥʘ ʦʧʝʨʘʪʦʨʠʪʝ ʚʦ ʣʠʥʠʿʘʪʘ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʢʘʙʝʣ ʝ 

ʥʝʟʘʚʠʩʥʘ ʦʜ ʨʦʪʘʮʠʿʘʪʘ ʥʘ ʦʧʝʨʘʪʦʨʠʪʝ ʚʦ ʣʠʥʠʿʘʪʘ ʟʘ ʬʠʥʘʣʥʘ ʤʦʥʪʘʞʘ ʪ.ʝ 

ʠʤʘ ʜʚʘ ʥʝʟʘʚʠʩʥʠ ʢʨʫʛʘ ʥʘ ʨʦʪʘʮʠʿʘ. ʇʨʦʠʟʚʦʜʩʚʦʪʦ ʩʝ ʦʜʚʠʚʘ ʧʘʨʯʝ-ʧʦ-ʧʘʨʯʝ.  

¶ ʅʝ-ʠʥʪʝʛʨʠʨʘʥʠ ʣʠʥʠʠ ʢʦʠ ʩʝ ʣʦʢʘʮʠʩʢʠ ʜʦʙʣʠʞʝʥʠ ʝʜʥʘ ʜʦ ʜʨʫʛʘ. ɺʦ ʦʚʦʿ 

ʩʣʫʯʘʿ, ʚʨʝʤʝʪʦ ʥʘ ʮʠʢʣʫʩ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʜʚʝʪʝ ʣʠʥʠʠ ʠʣʠ ʚʨʝʤʝʪʦ 

ʧʦʪʨʝʙʥʦ ʟʘ ʧʨʦʤʝʥʘ ʥʘ ʤʦʜʝʣ ʩʝ ʨʘʟʣʠʢʫʚʘ ʜʨʘʩʪʠʯʥʦ, ʧʨʠ ʰʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ 

ʤʦʨʘ ʜʘ ʙʠʜʝ ʧʘʢʝʪʥʦ.  ɺʝʜʥʘʰ ʧʦʩʣʝ ʣʠʥʠʿʘʪʘ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʢʘʙʝʣ ʠʤʘ 

ʧʦʩʪʘʚʝʥʦ ʩʫʧʝʨʤʘʨʢʝʪ ʰʪʦ ʛʦ ʜʠʢʪʠʨʘ ʨʠʪʘʤʦʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʩʘʤʘʪʘ 

ʣʠʥʠʿʘ, ʩʦʛʣʘʩʥʦ ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ ʚʦ ʣʠʥʠʿʘʪʘ ʟʘ ʬʠʥʘʣʥʘ ʤʦʥʪʘʞʘ.  

 

ʅʘ ʉʣʠʢʘ 8.20 ʝ ʜʘʜʝʥ ʛʨʘʬʠʯʢʠʦʪ ʧʨʠʢʘʟ ʥʘ ʠʥʪʝʛʨʠʨʘʥʘ ʣʠʥʠʿʘ ʚʦ ʬʦʨʤʘ ʥʘ 

ʙʫʢʚʘʪʘ U ʢʘʜʝ ʰʪʦ ʦʧʝʨʘʪʦʨʠʪʝ ʟʘʝʜʥʦ ʩʦ ʧʨʦʠʟʚʦʜʦʪ  ʨʦʪʠʨʘʘʪ ʦʜ ʝʜʥʘ ʨʘʙʦʪʥʘ ʩʪʘʥʠʮʘ 

ʥʘ ʜʨʫʛʘ. ɺʦ ʢʦʥʢʨʝʪʥʠʦʪ ʩʣʫʯʘʿ, ʩʪʘʥʫʚʘ ʟʙʦʨ ʟʘ ʤʝʰʘʥʘ ʠʥʪʝʛʨʠʨʘʥʘ ʣʠʥʠʿʘ (ʘʥʛ. mix 

line) ʢʘʜʝ ʰʪʦ ʩʝ ʧʨʦʠʟʚʝʜʫʚʘʘʪ ʜʚʝ ʛʨʫʧʠ ʥʘ ʧʨʦʠʟʚʦʜʠ, ʩʦ ʨʘʟʣʠʯʥʦ ʪʘʢʪ ʚʨʝʤʝ ʠ 

ʨʘʟʣʠʯʥʘ ʩʝʢʚʝʥʮʘ ʥʘ ʜʚʠʞʝˁʝ ʥʘ ʦʧʝʨʘʪʦʨʠʪʝ. ɿʘ ʜʚʝʪʝ ʛʨʫʧʠ ʥʘ ʧʨʦʠʟʚʦʜʠ ʠʤʘ 

ʜʝʬʠʥʠʨʘʥʦ ʢʦʤʙʠʥʘʮʠʿʘ ʥʘ ʩʪʘʥʜʘʨʜʠʟʠʨʘʥʠ ʘʢʪʠʚʥʦʩʪʠ (ʘʥʛ. standard work 

combination sheet) ʰʪʦ ʚʢʣʫʯʫʚʘ ʘʥʘʣʠʟʘ ʥʘ ʚʨʝʤʝ ʥʘ ʮʠʢʣʫʩ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ,  

ʩʝʢʚʝʥʮʘʪʘ ʥʘ ʜʚʠʞʝˁʝ ʥʘ ʦʧʝʨʘʪʦʨʠʪʝ ʠ ʧʦʪʨʝʙʝʥ ʙʨʦʿ ʥʘ ʦʧʝʨʘʪʦʨʠ. ʆʚʘ ʤʫ  

ʦʚʦʟʤʦʞʫʚʘ ʥʘ ʩʤʝʥʩʢʠʦʪ ʣʠʜʝʨ ʜʘ ʧʨʦʚʝʨʠ ʜʘʣʠ ʠʤʘ ʦʪʩʪʘʧʫʚʘˁʝ ʦʜ ʩʪʘʥʜʘʨʜʦʪ. 

ɺʘʢʚʠʦʪ ʤʦʜʝʣ ʥʘ ʣʠʥʠʿʘ ʦʚʦʟʤʦʞʫʚʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʧʘʨʯʝ-ʧʦ-ʧʘʨʯʝ, ʩʦ ʰʪʦ ʩʝ 

ʝʣʠʤʠʥʠʨʘ ʟʘʣʠʭʘʪʘ ʥʘ ʧʦʣʫʧʨʦʠʟʚʦʜ ʧʦʤʝʺʫ ʨʘʙʦʪʥʠʪʝ ʩʪʘʥʠʮʠ. 
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  ́м ́н ́о ́п ́р ́с ́т 

˥ͪͯͨ͊  s  όп ͔͙ͦͨͪ͊ͭͦͪύ Ƃ(1) Ƃ(2) Ƃ(3) Ƃ(4) Ƃ(5) X  Ƃ(6) 

˥ͪͯͨ͊  x  όр ͔͙ͦͨͪ͊ͭͦͪύ Ƃ(1) Ƃ(2) Ƃ(3) Ƃ(4) Ƃ(5) Ƃ(6) Ƃ(7) 
 

ʉʣʠʢʘ 8.20. ʀʥʪʝʛʨʠʨʘʥʘ ʣʠʥʠʿʘ ʚʦ ʬʦʨʤʘ ʥʘ ʙʫʢʚʘʪʘ U ʩʦ ʨʦʪʠʨʘʯʢʠ ʨʝʞʠʤ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʇʦ ʠʥʪʝʛʨʠʨʘˁʝ ʥʘ ʣʠʥʠʠʪʝ ʠ ʠʤʧʣʝʤʝʥʪʠʨʘˁʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʘʨʯʝ-ʧʦ-ʧʘʨʯʝ, 

ʩʝʢʘʜʝ ʢʘʜʝ ʰʪʦ ʪʦʘ ʝ ʤʦʞʥʦ, ʥʘʧʨʘʚʝʥʦ ʝ ʙʘʣʘʥʩʠʨʘˁʝ ʥʘ ʣʠʥʠʠʪʝ, ʢʘʢʦ ʰʪʦ ʝ 

ʧʨʠʢʘʞʘʥʦ:  

¶ ʆʜʚʦʝʥʘ ʝ ʩʪʘʥʠʮʘʪʘ ʟʘ ʣʝʤʝˁʝ ʦʜ ʩʪʘʥʠʮʘʪʘ ʟʘ ʪʦʧʝˁʝ ʥʘ ʠʟʦʣʘʮʠʦʥʘ ʮʝʚʢʘ. 

¶ ɸʣʘʪʠʪʝ ʚʦ ʨʘʙʦʪʥʠʪʝ ʩʪʘʥʠʮʠ ʩʝ ʧʦʩʪʘʚʝʥʠ ʥʘ ʜʦʬʘʪ ʥʘ ʦʧʝʨʘʪʦʨʠʪʝ ʟʘ ʜʘ ʩʝ 

ʝʣʠʤʠʥʠʨʘ ʥʝʧʦʪʨʝʙʥʦʪʦ ʜʚʠʞʝˁʝ. 

¶ ʆʪʩʪʨʘʥʝʪʠ ʩʝ ʜʨʞʘʯʠʪʝ ʟʘ ʧʦʣʫʧʨʦʠʟʚʦʜ ʧʦʤʝʺʫ ʨʘʙʦʪʥʠʪʝ ʩʪʘʥʠʮʠ ʩʦ ʮʝʣ ʜʘ 

ʩʝ ʝʣʠʤʠʥʠʨʘ ʟʘʣʠʭʘʪʘ ʧʦʤʝʺʫ ʧʨʦʮʝʩʠʪʝ ʠ ʜʘ ʩʝ ʦʚʦʟʤʦʞʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ 

ʧʘʨʯʝ-ʧʦ-ʧʘʨʯʝ. 

¶ ʀʟʚʨʰʝʥʘ ʝ ʩʪʘʥʜʘʨʜʠʟʘʮʠʿʘ ʥʘ ʣʠʥʠʿʘʪʘ. ʉʠʪʝ ʨʘʙʦʪʥʠ ʩʪʘʥʠʮʠ ʩʝ 

ʝʨʛʦʥʦʤʩʢʠ ʧʨʝʨʘʙʦʪʝʥʠ, ʠʤʘʘʪ ʠʩʪʘ ʣʦʢʘʮʠʿʘ ʥʘ ʤʘʪʝʨʠʿʘʣʠʪʝ, ʠʩʪʘ ʣʦʢʘʮʠʿʘ 

ʥʘ ʨʘʙʦʪʥʠʪʝ ʫʧʘʪʩʪʚʘ ʠ ʥʘ ʮʨʪʝʞʠʪʝ. ʅʘ ʦʚʦʿ ʥʘʯʠʥ ʝ ʧʦʩʪʠʛʥʘʪʘ ʨʫʪʠʥʩʢʠ 

ʧʦʚʪʦʨʫʚʘʯʢʘ ʨʘʙʦʪʘ ʥʘ ʦʧʝʨʘʪʦʨʠʪʝ ʰʪʦ ʧʨʠʜʦʥʝʩʫʚʘ ʜʦ ʥʘʤʘʣʫʚʘˁʝ ʥʘ 

ʛʨʝʰʢʠʪʝ. ʀʤʧʣʝʤʝʥʪʠʨʘʥ ʝ ʧʨʠʥʮʠʧ ʥʘ ʩʥʘʙʜʫʚʘˁʝ ʥʘ ʤʘʪʝʨʠʿʘʣʠʪʝ ʦʜ 

ʥʘʜʚʦʨʝʰʥʘʪʘ ʩʪʨʘʥʘ ʥʘ ʣʠʥʠʿʘʪʘ, ʟʘ ʜʘ ʥʝ ʩʝ ʧʦʧʨʝʯʫʚʘ ʨʘʙʦʪʘʪʘ ʥʘ 

ʦʧʝʨʘʪʦʨʠʪʝ ʚʦ ʩʘʤʘʪʘ ʣʠʥʠʿʘ. ɼʝʬʠʥʠʨʘʥ ʝ ʩʠʩʪʝʤ ʟʘ ʜʦʧʦʣʥʫʚʘˁʝ ʥʘ 

ʤʘʪʝʨʠʿʘʣʠʪʝ ʩʦ ʩʠʩʪʝʤʦʪ ʥʘ ʜʚʝ ʢʫʪʠʠ, ʢʦʛʘ ʝʜʥʘʪʘ ʢʫʪʠʿʘ ˃ʝ ʩʝ ʠʩʧʨʘʟʥʠ 

ʩʠʛʥʘʣʠʟʠʨʘ ʧʦʪʨʝʙʘ ʟʘ ʜʦʧʦʣʥʫʚʘˁʝ. ʀʤʧʣʝʤʝʥʪʠʨʘʥʘ ʝ ʚʠʟʫʝʣʠʟʘʮʠʿʘ ʚʦ 

ʣʠʥʠʿʘʪʘ ʟʘ ʧʨʠʢʘʟ ʥʘ ʧʨʦʮʝʩʥʠʪʝ ʠʥʜʠʢʘʪʦʨʠ ʠ ɸʥʜʦʥ ʩʠʩʪʝʤ ʟʘ ʝʩʢʘʣʘʮʠʿʘ. 

¶ ʄʦʜʠʬʠʮʠʨʘʥ ʝ ʝʣʝʢʪʨʠʯʥʠʦʪ ʪʝʩʪʝʨ ʩʦ ʰʪʦ ʝ ʧʦʩʪʠʛʥʘʪʦ ʦʜʚʦʿʫʚʘˁʝ ʥʘ 

ʨʘʙʦʪʘʪʘ ʥʘ ʦʧʝʨʘʪʦʨʦʪ ʦʜ ʨʘʙʦʪʘʪʘ ʥʘ ʤʘʰʠʥʘʪʘ. ʇʦʩʪʘʚʝʥ ʝ ʧʥʝʫʤʘʪʩʢʠ 

ʮʠʣʠʥʜʝʨ ʢʦʿ ʛʦ ʬʠʢʩʠʨʘ ʛʨʝʘʯʦʪ ʚʦ ʪʝʩʪʝʨʦʪ ʰʪʦ ʤʫ ʦʚʦʟʤʦʞʫʚʘ ʥʘ 

ʦʧʝʨʘʪʦʨʦʪ ʜʘ ʛʦ ʧʦʩʪʘʚʠ ʧʨʦʠʟʚʦʜʦʪ ʠ ʜʘ ʧʨʦʜʦʣʞʠ ʩʦ ʨʘʙʦʪʘ ʥʘ ʥʘʨʝʜʥʘʪʘ 

ʨʘʙʦʪʥʘ ʩʪʘʥʠʮʘ, ʩʦ ʰʪʦ ʩʝ ʝʣʠʤʠʥʠʨʘ ʚʨʝʤʝʪʦ ʥʘ ʧʨʘʟʥʦ ʯʝʢʘˁʝ. ʉʪʘʨʪ 

ʜʫʛʤʝʪʦ ʝ ʟʘʤʝʥʝʪʦ ʩʦ ʩʝʥʟʦʨ ʟʘ ʘʢʪʠʚʠʨʘˁʝ ʥʘ ʨʘʙʦʪʘʪʘ ʥʘ ʪʝʩʪʝʨʦʪ ʩʦ ʰʪʦ ʩʝ 

ʥʘʤʘʣʫʚʘ ʜʚʠʞʝˁʝʪʦ ʥʘ ʦʧʝʨʘʪʦʨʦʪ. ʉʦ ʦʚʠʝ ʧʦʜʦʙʨʫʚʘˁʘ ʚʨʝʤʝʪʦ ʥʘ ʮʠʢʣʫʩ 

ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʥʠʦʪ ʪʝʩʪʝʨ ʝ ʥʘʤʘʣʝʥʦ ʦʜ 45 s ʥʘ 5 s. 

¶ ʀʟʚʨʰʝʥ ʝ ʪʨʝʥʠʥʛ ʥʘ ʦʧʝʨʘʪʦʨʠʪʝ ʟʘ ʜʘ ʤʦʞʘʪ ʜʘ ʨʘʙʦʪʘʪ ʥʘ ʩʠʪʝ ʨʘʙʦʪʥʠ 
ʩʪʘʥʠʮʠ ʢʘʢʦ ʧʨʝʜʫʩʣʦʚ ʟʘ ʨʦʪʠʨʘʯʢʠ ʨʝʞʠʤ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ. 
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ɺʦ ʊʘʙʝʣʘ 8.11 ʝ ʧʨʠʢʘʞʘʥʘ ʘʥʘʣʠʟʘ ʥʘ ʚʨʝʤʝʪʦ ʥʘ ʮʠʢʣʫʩ  ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚʦ 

ʠʥʪʝʛʨʠʨʘʥʘʪʘ ʣʠʥʠʿʘ, ʧʦ ʠʤʧʣʝʤʝʥʪʠʨʘʥʠʪʝ ʧʦʜʦʙʨʫʚʘˁʘ. ɺʨʝʤʝʪʦ ʥʘ ʮʠʢʣʫʩ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʦʩʣʝ ʧʦʜʦʙʨʫʚʘˁʘʪʘ ʠʟʥʝʩʫʚʘ 108,5 s, ʜʦʜʝʢʘ ʧʘʢ ʧʨʝʜ ʧʦʜʦʙʨʫʚʘˁʘʪʘ 

ʙʠʣʦ 119,5 s (ʚʠʜʠ ʊʘʙʝʣʘ 8.3). ʇʦʪʨʝʙʥʠʦʪ ʙʨʦʿ ʥʘ ʦʧʝʨʘʪʦʨʠ ʤʦʞʝ ʜʘ ʩʝ ʧʨʝʩʤʝʪʘ ʢʦʛʘ 

˃ʝ ʩʝ ʧʦʜʝʣʠ ʚʨʝʤʝʪʦ ʥʘ ʮʠʢʣʫʩ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʦ ʪʘʢʪ ʚʨʝʤʝʪʦ:  

108,5 s / 24,5 s = 4,42 ʦʧʝʨʘʪʦʨʠ º 5 ʦʧʝʨʘʪʦʨʠ 
 

(25) 

ʊʘʙʝʣʘ 8.11. ɸʥʘʣʠʟʘ ʥʘ ʚʨʝʤʠˁʘʪʘ ʧʦ ʙʘʣʘʥʩʠʨʘˁʝ ʥʘ ʣʠʥʠʿʘʪʘ 

 ɸʢʪʠʚʥʦʩʪ ʈʘʙʦʪʥʘ 

ʦʧʝʨʘʮʠʿʘ  

 

ɺʨʝʤʝ 

(s) 

ʆ
ʧ
ʝ
ʨ
ʘ
ʪ
ʦ
ʨ

 1
 

ʇʦʩʪʘʚʫʚʘˁʝ  ʢʘʙʝʣ ʊ1 4 

ʇʦʩʪʘʚʫʚʘˁʝ ʥʘ ʢʦʥʝʢʪʦʨ ʊ1 6 

ʇʦʩʪʘʚʫʚʘˁʝ ʥʘ ʠʟʦʣʘʮʠʦʥʘ ʪʨʘʢʘ ʊ1 7 

ɺʘʜʝˁʝ ʥʘ ʧʦʣʫʧʨʦʠʟʚʦʜ ʦʜ ʦʧʝʨʘʮʠʿʘ ʊ1 2 

ɺʢʫʧʥʦ   19 

ʆ
ʧ
ʝ
ʨ
ʘ
ʪ
ʦ
ʨ

 2
 

ʇʦʩʪʘʚʫʚʘˁʝ  ʧʦʣʫʧʨʦʠʟʚʦʜ ʊ2 4 

ʇʦʩʪʘʚʫʚʘˁʝ   ʢʘʙʝʣʦʪ ʊ2 4 

ʏʠʩʪʝˁʝ ʠ ʣʝʧʝˁʝ ʊ2 5 

ɺʘʜʝˁʝ ʥʘ ʧʦʣʫʧʨʦʠʟʚʦʜ ʦʜ ʦʧʝʨʘʮʠʿʘ ʊ2 2 

ɺʢʫʧʥʦ   15 

ʆ
ʧ
ʝ
ʨ
ʘ
ʪ
ʦ
ʨ

 3
 

ʇʦʩʪʘʚʫʚʘˁʝ  ʊ3 1 

ʆʛʦʣʫʚʘˁʝ ʥʘ ʞʠʮʘʪʘ ʊ3 5 

ʇʦʚʨʟʫʚʘˁʝ ʥʘ ʧʨʦʚʦʜʥʠʢ ʩʦ ʢʘʙʝʣʩʢʠ ʧʨʠʢʣʫʯʦʢ ʊ3 9 

ɺʘʜʝˁʝ ʥʘ ʧʦʣʫʧʨʦʠʟʚʦʜ ʦʜ ʦʧʝʨʘʮʠʿʘ ʊ3 2 

ɺʢʫʧʥʦ ʚʨʝʤʝ ʥʘ ʦʧʝʨʘʮʠʿʘʪʘ   17 

ʆ
ʧ
ʝ
ʨ
ʘ
ʪ
ʦ
ʨ

 4
 

ʇʦʩʪʘʚʫʚʘˁʝ ʊ4 1 

ʃʝʤʝˁʝ ʊ4 8 

ʊʦʧʝˁʝ ʠʟʦʣʘʮʠʦʥʘ ʮʝʚʢʘ ʊ4 6 

ɺʘʜʝˁʝ ʥʘ ʧʦʣʫʧʨʦʠʟʚʦʜ ʦʜ ʦʧʝʨʘʮʠʿʘ ʊ4 1,5 

ɺʢʫʧʥʦ ʚʨʝʤʝ ʥʘ ʦʧʝʨʘʮʠʿʘʪʘ   16,5 

ʆ
ʧ
ʝ
ʨ
ʘ
ʪ
ʦ
ʨ

 5
 ʇʦʩʪʘʚʫʚʘˁʝ ʊ5/ʊ6 3 

ʇʦʟʠʮʠʦʥʠʨʘˁʝ ʥʘ ʢʦʥʪʘʢʪʦʪ ʊ5/ʊ6 6 

ʃʝʧʝˁʝ  ʊ5/ʊ6 6 

ʃʝʧʝˁʝ ʥʘ ʧʦʢʨʠʚʢʘ ʊ5/ʊ6 9 

ɺʘʜʝˁʝ ʥʘ ʧʦʣʫʧʨʦʠʟʚʦʜ ʦʜ ʦʧʝʨʘʮʠʿʘ ʊ5/ʊ6 2 

ɺʢʫʧʥʦ ʚʨʝʤʝ (ʥʘ ʜʚʝ ʨʘʙʦʪʥʠ ʩʪʘʥʠʮʠ)   26 

ʆ
ʇ
ɽ
ʈ
ɸ
ʊ
ʆ
ʈ
 

6
 

ʇʦʩʪʘʚʫʚʘˁʝ ʊ7 2 

ʊʝʩʪʠʨʘˁʝ ʊ7 5 

ɸʧʣʠʮʠʨʘˁʝ ʝʪʠʢʝʪʘ ʊ7 4 

ɺʘʜʝˁʝ ʥʘ ʧʦʣʫʧʨʦʠʟʚʦʜ ʦʜ ʦʧʝʨʘʮʠʿʘ ʊ7 4 

ɺʢʫʧʥʦ ʚʨʝʤʝ ʥʘ ʦʧʝʨʘʮʠʿʘʪʘ   15 

ɺʢʫʧʥʦ ʚʨʝʤʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ 108,5 

 

ʅʘ ʉʣʠʢʘ 8.21 ʝ ʧʨʠʢʘʞʘʥ ʛʨʘʬʠʢʦʥʦʪ ʟʘ ʪʘʢʪ ʚʨʝʤʝ/ʚʨʝʤʝ ʥʘ ʮʠʢʣʫʩ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʦ ʧʦʪʨʝʙʥʠʦʪ ʙʨʦʿ ʥʘ ʦʧʝʨʘʪʦʨʠ, ʧʦ ʙʘʣʘʥʩʠʨʘˁʝ ʥʘ ʣʠʥʠʿʘʪʘ.  
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ʉʣʠʢʘ 8.21. ʊʘʢʪ ʚʨʝʤʝ/ʚʨʝʤʝ ʥʘ ʮʠʢʣʫʩ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʦ ʙʘʣʘʥʩʠʨʘˁʝ ʥʘ ʣʠʥʠʿʘʪʘ 

 

ʅʘ ʉʣʠʢʘ 8.22 ʝ ʧʨʠʢʘʞʘʥʘ ʩʧʦʨʝʜʙʘ ʧʨʝʜ ʠ ʧʦʩʣʝ ʠʥʪʝʛʨʠʨʘˁʝ ʥʘ ʣʠʥʠʿʘʪʘ.  

ʇʨʠʜʦʙʠʚʢʠʪʝ ʩʝ ʩʣʝʜʥʠ:  

¶ ɹʨʦʿʦʪ ʥʘ ʦʧʝʨʘʪʦʨʠ ʝ ʥʘʤʘʣʝʥ ʦʜ 7 ʥʘ 5 (ʩʦ ʤʦʞʥʦʩʪ ʜʘ ʩʝ ʥʘʤʘʣʠ ʥʘ 4). 

¶ ɺʢʫʧʥʦʪʦ ʚʨʝʤʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʝ ʥʘʤʘʣʝʥʦ ʦʜ 119,5 s ʥʘ 108,5 s. 

¶ ʂʘʧʘʮʠʪʝʪʦʪ ʥʘ ʣʠʥʠʿʘʪʘ ʝ ʟʛʦʣʝʤʝʥ ʦʜ 120 ʥʘ 144 ʧʘʨʯʠˁʘ/ʯʘʩ (ʩʦ ʥʘʤʘʣʝʥ 
ʙʨʦʿ ʥʘ ʦʧʝʨʘʪʦʨʠ ʦʜ 7 ʥʘ 5). ɽʬʠʢʘʩʥʦʩʪʘ ʧʦ ʦʧʝʨʘʪʦʨ ʝ ʟʛʦʣʝʤʝʥʘ ʟʘ 65%. 

¶ ʆʧʝʨʘʪʦʨʠʪʝ ʩʝ ʪʨʝʥʠʨʘʥʠ ʜʘ ʨʘʙʦʪʘʪ ʥʘ ʩʠʪʝ ʨʘʙʦʪʥʠ ʩʪʘʥʠʮʠ ʚʦ ʣʠʥʠʿʘʪʘ, ʩʦ 

ʰʪʦ ʩʝ ʦʚʦʟʤʦʞʫʚʘ ʬʣʝʢʩʠʙʠʣʥʦʩʪ ʠ ʧʦʜʦʙʨʘ ʨʝʘʢʮʠʿʘ ʧʨʠ ʧʨʦʤʝʥʘ ʥʘ 

ʧʦʙʘʨʫʚʘˁʘʪʘ ʦʜ ʢʣʠʝʥʪʦʪ. ʅʦʚʠʪʝ ʧʦʙʘʨʫʚʘˁʘ ʤʦʞʝ ʜʘ ʩʝ ʧʦʩʪʠʛʥʘʪ  ʩʦ 

ʜʦʜʘʚʘˁʝ ʠʣʠ ʦʜʟʝʤʘˁʝ ʥʘ ʦʧʝʨʘʪʦʨʠ ʚʦ ʣʠʥʠʿʘʪʘ. 

¶ ʆʜʚʦʝʥʘ ʝ ʨʘʙʦʪʘʪʘ ʥʘ ʦʧʝʨʘʪʦʨʦʪ ʦʜ ʨʘʙʦʪʘʪʘ ʥʘ ʤʘʰʠʥʘʪʘ (ʿʘʧ. Jidoka). ʉʦ 

ʦʚʘ ʩʝ ʝʣʠʤʠʥʠʨʘ ʚʨʝʤʝʪʦ ʥʘ ʧʨʘʟʥʦ ʯʝʢʘˁʝ ʥʘ ʦʧʝʨʘʪʦʨʦʪ ʜʘ ʟʘʚʨʰʠ 

ʤʘʰʠʥʘʪʘ ʩʦ ʨʘʙʦʪʘ (ʝʜʥʘ ʦʜ 7-ʪʝ ʟʘʛʫʙʠ ʥʘ ʆʥʦ). 

¶ ʅʘʤʘʣʝʥʘ ʝ ʩʪʘʧʢʘʪʘ ʥʘ ʜʝʬʝʢʪʠ ʩʦ ʧʨʠʤʝʥʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʘʨʯʝ-ʧʦ-ʧʘʨʯʝ 

ʥʘʩʧʨʦʪʠ ʧʘʢʝʪʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ. ɼʝʪʝʢʪʠʨʘˁʝʪʦ ʥʘ ʥʝʫʩʦʛʣʘʩʝʥ ʧʨʦʠʟʚʦʜ 

ʚʦ ʣʠʥʠʿʘʪʘ ʟʘ ʬʠʥʘʣʥʘ ʤʦʥʪʘʞʘ ʩʝ ʚʨʰʠ ʥʘ ʧʦʩʣʝʜʥʘʪʘ ʨʘʙʦʪʥʘ ʩʪʘʥʠʮʘ ʪ.ʝ 

ʥʘ ʝʣʝʢʪʨʠʯʥʠʦʪ ʪʝʩʪʝʨ, ʪʘʢʘ ʰʪʦ ʧʨʠ ʧʘʨʯʝ-ʧʦ-ʧʘʨʯʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚʦ 

ʣʠʥʠʿʘʪʘ ʠʤʘ ʟʘʪʝʢʥʘʪʦ ʦʜ 7-10 ʧʦʪʝʥʮʠʿʘʣʥʦ ʥʝʫʩʦʛʣʘʩʝʥʠ ʧʦʣʫʧʨʦʠʟʚʦʜʠ, 

ʥʘʩʧʨʦʪʠ ʧʘʢʦʚʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʦʛʘ ʚʦ ʣʠʥʠʿʘʪʘ ʠʤʘ ʟʘʪʝʢʥʘʪʦ 100 

ʧʦʪʝʥʮʠʿʘʣʥʦ ʥʝʫʩʦʛʣʘʩʝʥʠ ʧʦʣʫʧʨʦʠʟʚʦʜʠ. 

¶ ʀʤʧʣʝʤʝʥʪʠʨʘʥ ʝ ɸʥʜʦʥ ʩʠʩʪʝʤ ʟʘ ʝʩʢʘʣʘʮʠʿʘ ʚʦ ʩʣʫʯʘʿ ʥʘ ʧʦʪʨʝʙʥʘ ʧʦʜʜʨʰʢʘ 

ʧʨʠ ʧʦʿʘʚʘ ʥʘ ʜʝʬʝʢʪ ʥʘ ʤʘʰʠʥʘ, ʥʝʜʦʩʪʘʪʦʢ ʥʘ ʨʝʧʨʦʤʘʪʝʨʠʿʘʣ ʠʣʠ ʧʦʿʘʚʘ ʥʘ 

ʜʝʬʝʢʪʥʠ ʧʨʦʠʟʚʦʜʠ. ʉʦ ʦʚʘ ʝ ʥʘʛʣʘʩʝʥʦ ʯʫʚʩʪʚʦʪʦ ʟʘ ʠʪʥʦʩʪ ʧʨʠ ʨʝʰʘʚʘˁʝ 

ʥʘ ʧʨʦʙʣʝʤʠʪʝ.  

¶ ʉʦ ʠʥʪʝʛʨʠʨʘˁʝʪʦ ʥʘ ʜʚʝʪʝ ʣʠʥʠʠ ʩʝ ʜʦʙʠʚʘ ʟʘʰʪʝʜʘ ʥʘ ʧʨʦʩʪʦʨ ʦʜ 10,96 m2 . 
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ʇʨʝʜ ʠʥʪʝʛʨʘʮʠʿʘ ʠ ʙʘʣʘʥʩʠʨʘˁʝ ʇʦʩʣʝ ʠʥʪʝʛʨʘʮʠʿʘ ʠ 

ʙʘʣʘʥʩʠʨʘˁʝ 

  
 

34 m2 23,04 m2 

ɿʘʰʪʝʜʘ ʦʜ 10,96 m2 

 

 ʉʣʠʢʘ 8.22. ʇʠʣʦʪ ʣʠʥʠʿʘʪʘ ʧʨʝʜ ʠ ʧʦʩʣʝ ʠʥʪʝʛʨʠʨʘˁʝ  

ʉʫʧʝʨʤʘʨʢʝʪʠ ʠ ʩʠʩʪʝʤ ʟʘ ʧʦʚʣʝʢʫʚʘˁʝ ʥʘ ʤʘʪʝʨʠʿʘʣʠʪʝ. ʉʣʝʜʥʠʪʝ 

ʘʢʪʠʚʥʦʩʪʠ ʩʝ ʧʨʝʜʫʩʣʦʚ ʟʘ ʠʤʧʣʝʤʝʥʪʠʨʘˁʝ ʥʘ ʩʠʩʪʝʤ ʟʘ ʧʦʚʣʝʢʫʚʘˁʝ ʥʘ ʤʝʪʝʨʠʿʘʣʠʪʝ:  

¶ ɼʠʟʘʿʥ ʥʘ ʥʦʚ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ ʠ ʬʘʤʠʣʠʿʘ ʥʘ ʧʨʦʠʟʚʦʜʠ. 

¶ ɼʝʬʠʥʠʨʘˁʝ ʥʘ ʪʝʢʦʪ ʥʘ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ ʧʦʚʣʝʢʫʚʘˁʝ ʥʘ ʤʘʪʝʨʠʿʘʣʠʪʝ. 

¶ ɼʝʬʠʥʠʨʘˁʝ ʥʘ ʛʦʣʝʤʠʥʘ ʥʘ ʧʘʢʫʚʘˁʝ ʟʘ ʪʨʘʥʩʧʦʨʪ ʥʘ ʧʦʣʫʧʨʦʠʟʚʦʜʠʪʝ. 

¶ ɼʝʬʠʥʠʨʘˁʝ ʥʘ ʩʫʧʝʨʤʘʨʢʝʪʠ ʠ ʥʠʚʥʘ ʛʦʣʝʤʠʥʘ. 

¶ ʇʨʝʩʤʝʪʢʘ ʥʘ ʙʨʦʿ ʥʘ ʢʘʥʙʘʥ ʢʘʨʪʠ. 

ʉʫʧʝʨʤʘʨʢʝʪʠʪʝ ʩʝ ʧʦʩʪʘʚʝʥʠ ʧʦʤʝʺʫ ʧʨʦʮʝʩʠʪʝ ʢʦʠ ʠʤʘʘʪ ʨʘʟʣʠʯʥʦ ʚʨʝʤʝ ʥʘ 

ʮʠʢʣʫʩ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʢʘʜʝ ʰʪʦ ʥʝ ʝ ʤʦʞʥʦ ʜʘ ʩʝ ʠʤʧʣʝʤʝʥʪʠʨʘ ʢʦʥʪʠʥʫʠʨʘʥ ʪʝʢ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ. ʎʝʣʪʘ ʥʘ ʩʫʧʝʨʤʘʨʢʝʪʠʪʝ ʝ ʜʘ ʛʦ ʢʦʥʪʨʦʣʠʨʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ 

ʧʨʝʪʭʦʜʥʠʪʝ ʧʨʦʮʝʩʠ ʠ ʜʘ ʝʣʠʤʠʥʠʨʘ ʧʨʝʢʫʤʝʨʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʇʨʝʢʫʤʝʨʥʦʪʦ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʛʠ ʛʝʥʝʨʠʨʘ ʩʠʪʝ 6 ʦʩʪʘʥʘʪʠ ʟʘʛʫʙʠ: ʪʨʘʥʩʧʦʨʪ, ʟʘʣʠʭʘ ʥʘ ʧʦʣʫʧʨʦʠʟʚʦʜ, 

ʥʝʧʦʪʨʝʙʥʦ ʜʚʠʞʝˁʝ ʥʘ ʣʫʺʝ ʠ ʤʘʪʝʨʠʿʘʣʠ, ʚʨʝʤʝ ʥʘ ʧʨʘʟʥʦ ʯʝʢʘˁʝ ʥʘ ʣʫʺʝ ʠ ʤʘʰʠʥʠ, 

ʧʨʝʢʫʤʝʨʥʦ ʧʨʦʮʝʩʠʨʘˁʝ ʠ ʜʝʬʝʢʪʠ. ʇʨʝʩʤʝʪʢʘʪʘʪʘ ʥʘ ʧʦʪʨʝʙʥʠʦʪ ʧʨʦʩʪʦʨ ʟʘ 

ʩʫʧʝʨʤʘʨʢʝʪʠ ʝ ʥʘʧʨʘʚʝʥʘ ʚʨʟ ʦʩʥʦʚʘ ʥʘ ʚʨʝʤʝʪʦ ʧʦʪʨʝʙʥʦ ʟʘ ʜʦʧʦʣʥʫʚʘˁʝ ʥʘ 

ʧʦʣʫʧʨʦʠʟʚʦʜ ʚʦ ʩʫʧʝʨʤʘʨʢʝʪ:  

Ὕ Ὕ Ὕ Ὕ Ὕ 

 
Ȣ (26) 

ʢʘʜʝ ʰʪʦ: Ὕ  ʝ ʚʨʝʤʝʪʦ ʧʦʪʨʝʙʥʦ ʟʘ ʟʘʤʝʥʘ ʥʘ ʧʦʣʫʧʨʦʠʟʚʦʜ ʚʦ ʩʫʧʝʨʤʘʨʢʝʪ, Ὕ ʝ 

ʧʨʦʩʝʯʥʦ ʚʨʝʤʝ ʧʦʪʨʝʙʥʦ ʜʘ ʩʝ ʠʟʚʘʜʠ  ʢʘʥʙʘʥ ʢʘʨʪʘ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʦʜ ʧʦʣʥʘ ʢʫʪʠʿʘ ʠ 

ʜʘ ʩʝ ʩʪʘʚʠ ʥʘ ʩʦʙʠʨʥʦʪʦ ʤʝʩʪʦ ʟʘ ʢʘʥʙʘʥ ʢʘʨʪʠ, Ὕ  ʝ ʧʨʦʩʝʯʥʦ ʚʨʝʤʝ ʥʘ ʯʝʢʘˁʝ ʜʘ ʩʝ 

ʜʦʚʨʰʠ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʟʘʪʝʢʥʘʪ ʧʨʦʠʟʚʦʜ ʚʦ ʨʝʜʦʪ, Ὕ  ʝ ʧʨʦʩʝʯʥʦʪʦ ʚʨʝʤʝ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʢʘʥʙʘʥ, Ὕ ʝ ʧʨʦʩʝʯʥʦʪʦ ʚʨʝʤʝ ʧʦʪʨʝʙʥʦ ʟʘ ʪʨʘʥʩʧʦʨʪ ʥʘ ʧʨʦʠʟʚʝʜʝʥʘʪʘ 

ʢʦʣʠʯʠʥʘ ʜʦ ʩʫʧʝʨʤʘʨʢʝʪ (ʉʣʠʢʘ 8.23).  
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ɿʘ ʩʝʢʦʿ ʧʦʣʫʧʨʦʠʟʚʦʜ ʚʦ ʩʫʧʝʨʤʘʨʢʝʪʦʪ ʩʝ ʜʝʬʠʥʠʨʘ ʤʠʥʠʤʘʣʥʘ ʢʦʣʠʯʠʥʘ ʰʪʦ 

˃ʝ ʩʠʛʥʘʣʠʟʠʨʘ ʧʦʯʝʪʦʢ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʨʝʬʝʨʝʥʪʥʠʦʪ ʧʨʦʠʟʚʦʜʦʪ. ʄʠʥʠʤʘʣʥʘʪʘ 

ʢʦʣʠʯʠʥʘ ʩʝ ʧʨʝʩʤʝʪʫʚʘ ʩʦ ʜʝʣʝˁʝ ʥʘ ʚʨʝʤʝʪʦ ʟʘ ʟʘʤʝʥʘ ʥʘ ʧʦʣʫʧʨʦʠʟʚʦʜ (Ὕ )  ʩʦ ʪʘʢʪ 

ʚʨʝʤʝʪʦ, ʢʘʜʝ ʰʪʦ ʟʘ Ὕ  ʩʝ ʟʝʤʘ ʥʘʿʜʦʣʛʦʪʦ ʤʦʞʥʦ ʚʨʝʤʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʤʦʜʝʣ 

ʟʘʪʝʢʥʘʪ ʚʦ ʨʝʜʦʪ ʥʘ ʯʝʢʘˁʝ. ʉʧʦʨʝʜ ʚʦʣʫʤʝʥʦʪ ʧʦʩʪʦʿʘʪ ɸ ʧʨʦʠʟʚʦʜʠ ʢʦʠ ʫʯʝʩʪʚʫʚʘʘʪ 

ʩʦ 80 % ʦʜ ʚʢʫʧʥʠʦʪ ʚʦʣʫʤʝʥ, B ʧʨʦʠʟʚʦʜʠ ʢʦʠ ʫʯʝʩʪʚʫʚʘʘʪ ʩʦ 15 % ʠ C ʧʨʦʠʟʚʦʜʠ ʢʦʠ 

ʫʯʝʩʪʚʫʚʘʘʪ ʩʦ 5 %. ɺʦ ʥʦʚʠʦʪ ʜʠʟʘʿʥ ʥʘ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ C ʧʨʦʠʟʚʦʜʠʪʝ ʩʝ 

ʧʨʦʠʟʚʝʜʫʚʘʘʪ ʧʦ ʜʦʙʠʝʥ ʥʘʣʦʛ, ʙʝʟ ʜʘ ʩʝ ʯʫʚʘ ʟʘʣʠʭʘ ʥʘ ʩʫʧʝʨʤʘʨʢʝʪ.   

ʅʘ ʦʚʦʿ ʥʘʯʠʥ ʝ ʧʨʝʩʤʝʪʘʥʘ ʟʘʣʠʭʘʪʘ ʚʦ ʩʫʧʝʨʤʘʨʢʝʪʠʪʝ. ʇʦʩʣʝ ʧʨʦʮʝʩʦʪ ʥʘ 

ʰʠʝˁʝ ʠ ʧʨʦʮʝʩʦʪ ʥʘ ʩʝʯʝˁʝ ʠʤʘ 6 ʯʘʩʘ ʟʘʣʠʭʘ ʥʘ ʧʦʣʫʧʨʦʠʟʚʦʜ, ʧʦʩʣʝ ʣʠʥʠʠʪʝ ʟʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʢʘʙʣʠ ʠʤʘ 8 ʯʘʩʘ ʟʘʣʠʭʘ (ʧʦʛʦʣʝʤʘʪʘ ʟʘʣʠʭʘ ʝ ʧʦʨʘʜʠ ʧʦʜʦʣʛʦʪʦ ʚʨʝʤʝ 

ʧʦʪʨʝʙʥʦ ʟʘ ʧʨʦʤʝʥʘ ʥʘ ʤʦʜʝʣ) ʠ ʧʨʝʜ ʣʠʥʠʠʪʝ ʟʘ ʬʠʥʘʣʥʘ ʤʦʥʪʘʞʘ ʠʤʘ 2 ʯʘʩʘ ʟʘʣʠʭʘ. 

ʉʫʧʝʨʤʘʨʢʝʪʠʪʝ ʟʘ ʨʝʧʨʦʤʘʪʝʨʠʿʘʣʠ ʧʨʝʜ ʣʠʥʠʠʪʝ ʟʘ ʬʠʥʘʣʥʘ ʤʦʥʪʘʞʘ ʢʦʨʠʩʪʘʪ ʢʘʥʙʘʥ 

ʩʠʩʪʝʤ ʩʦ ʜʚʝ ʢʫʪʠʠ ʟʘ ʜʦʧʦʣʥʫʚʘˁʝ ʥʘ ʤʘʪʝʨʠʿʘʣʠʪʝ.  

ɼʚʠʞʝˁʝʪʦ ʥʘ ʠʥʬʦʨʤʘʮʠʠʪʝ ʧʨʠ ʧʦʚʣʝʢʫʚʘˁʝ ʥʘ ʤʘʪʝʨʠʿʘʣʠʪʝ ʩʝ ʦʜʚʠʚʘ ʚʦ ʜʚʘ 

ʢʘʥʙʘʥ ʢʨʫʛʘ: ʪʨʘʥʩʧʦʨʪʝʥ ʢʨʫʛ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥ ʢʨʫʛ (ʉʣʠʢʘ 8.23). ɺʦ ʢʘʥʙʘʥ 

ʪʨʘʥʩʧʦʨʪʥʠʦʪ ʢʨʫʛ ʠʥʬʦʨʤʘʮʠʿʘʪʘ ʩʝ ʜʚʠʞʠ ʧʦ ʩʣʝʜʥʠʦʪ ʨʝʜʦʩʣʝʜ: 

¶ Oʧʝʨʘʪʦʨʦʪ ʢʦʿ ʝ ʟʘʜʦʣʞʝʥ ʟʘ ʜʦʪʫʨ ʥʘ ʤʘʪʝʨʠʿʘʣʠ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʛʠ ʟʝʤʘ 

ʢʘʥʙʘʥ ʪʨʘʥʩʧʦʨʪʥʠʪʝ ʢʘʨʪʠ ʦʜ ʧʦʚʨʘʪʥʠʦʪ ʩʣʦʪ ʥʘ ʧʨʦʮʝʩʦʪ ï ʧʦʪʨʦʰʫʚʘʯ. 

¶ ʆʧʝʨʘʪʦʨʦʪ ʟʘʝʜʥʦ ʩʦ ʢʘʥʙʘʥ ʢʘʨʪʘʪʘ ʟʘ ʪʨʘʥʩʧʦʨʪ ʦʜʠ ʜʦ ʩʫʧʝʨʤʘʨʢʝʪʦʪ.  

¶ ʂʘʥʙʘʥ ʪʨʘʥʩʧʦʨʪʥʠʪʝ ʢʘʨʪʠ ʩʝ ʧʦʩʪʘʚʫʚʘʘʪ ʥʘ ʧʦʣʥʠ ʢʫʪʠʠ ʦʜ 

ʩʫʧʝʨʤʘʨʢʝʪʦʪ. 

¶ ʆʧʝʨʘʪʦʨʦʪ ʟʘʜʦʣʞʝʥ ʟʘ ʜʦʪʫʨ ʥʘ ʤʘʪʝʨʠʿʘʣ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʛʠ ʥʦʩʠ ʢʘʥʙʘʥ 

ʢʘʨʪʠʪʝ ʟʘ ʪʨʘʥʩʧʦʨʪ ʟʘʝʜʥʦ ʩʦ ʧʦʣʥʠʪʝ ʢʫʪʠʠ ʜʦ ʧʨʦʮʝʩʦʪ ï ʧʦʪʨʦʰʫʚʘʯ. 

¶ ʇʦʣʥʠʪʝ ʢʫʪʠʠ ʟʘʝʜʥʦ ʩʦ ʢʘʥʙʘʥ ʢʘʨʪʠʪʝ ʟʘ ʪʨʘʥʩʧʦʨʪ ʦʜʘʪ ʜʦ ʨʘʙʦʪʥʘʪʘ 

ʩʪʘʥʠʮʘ ʥʘ ʧʨʦʮʝʩʦʪ - ʧʦʪʨʦʰʫʚʘʯ. 

¶ ʂʦʛʘ ˃ʝ ʛʦ ʢʦʥʩʫʤʠʨʘ ʧʨʚʦʪʦ ʧʘʨʯʝ ʦʜ ʧʦʣʥʘʪʘ ʢʫʪʠʿʘ ʧʦʪʨʦʰʫʚʘʯʦʪ ʿʘ ʚʘʜʠ 

ʢʘʥʙʘʥ ʪʨʘʥʩʧʦʨʪʥʘʪʘ ʢʘʨʪʘ ʠ ʿʘ ʩʪʘʚʘ ʚʦ ʧʦʚʨʘʪʥʠʦʪ ʩʣʦʪ. 

ɺʦ ʢʘʥʙʘʥ ʧʨʦʠʟʚʦʜʩʪʚʝʥʠʦʪ ʢʨʫʛ ʠʥʬʦʨʤʘʮʠʿʘʪʘ ʩʝ ʜʚʠʞʠ ʧʦ ʩʣʝʜʥʠʦʪ ʨʝʜʦʩʣʝʜ: 

¶ ʂʦʛʘ ˃ʝ ʩʝ ʧʦʜʠʛʥʝ ʧʦʣʥʘ ʢʫʪʠʿʘ ʩʦ ʧʦʣʫʧʨʦʠʟʚʦʜ, ʦʧʝʨʘʪʦʨʦʪ ʦʜʛʦʚʦʨʝʥ ʟʘ 

ʜʦʪʫʨ ʥʘ ʤʘʪʝʨʠʿʘʣʠ ʿʘ ʩʤʝʩʪʫʚʘ ʢʘʥʙʘʥ ʧʨʦʠʟʚʦʜʩʪʚʝʥʘʪʘ ʢʘʨʪʘ ʚʦ 

ʧʦʚʨʘʪʥʠʦʪ ʩʣʦʪ ʥʘʤʝʥʝʪʘ ʟʘ ʢʘʥʙʘʥ ʧʨʦʠʟʚʦʜʩʪʚʝʥʠ ʢʘʨʪʠ. 

¶ ʂʦʛʘ ʧʦʚʨʘʪʥʠʦʪ ʩʣʦʪ ˃ʝ ʩʝ ʥʘʧʦʣʥʠ, ʦʧʝʨʘʪʦʨʦʪ ʦʜʛʦʚʦʨʝʥ ʟʘ ʜʦʪʫʨ ʥʘ 

ʤʘʪʝʨʠʿʘʣʠ ʛʠ ʩʦʙʠʨʘ ʩʠʪʝ ʢʘʥʙʘʥ ʧʨʦʠʟʚʦʜʩʪʚʝʥʠ  ʢʘʨʪʠ ʠ ʛʠ ʩʪʘʚʘ ʚʦ ʤʘʣʘ 

ʢʫʪʠʿʘ.  

¶ ʂʫʪʠʿʘʪʘ ʩʦ ʢʘʥʙʘʥ ʧʨʦʠʟʚʦʜʩʪʚʝʥʠ ʢʘʨʪʠ ʩʝ ʥʦʩʠ ʜʦ ʧʨʦʮʝʩʦʪ ʟʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ. 

¶ ʂʦʛʘ ʢʫʪʠʿʘʪʘ ʩʦ ʧʦʣʫʧʨʦʠʟʚʦʜ ˃ʝ ʩʝ ʧʨʦʠʟʚʝʜʝ, ʦʧʝʨʘʪʦʨʦʪ ʿʘ ʩʤʝʩʪʫʚʘ ʢʘʥʙʘʥ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʘʪʘ ʢʘʨʪʘ ʚʦ ʧʨʝʜʥʠʦʪ ʜʝʣ ʦʜ ʧʦʣʥʘʪʘ ʢʫʪʠʿʘʪʘ ʠ ʿʘ ʥʦʩʠ ʥʘ 

ʩʫʧʝʨʤʘʨʢʝʪ. ʇʨʝʩʤʝʪʢʘʪʘ ʥʘ ʙʨʦʿʦʪ ʥʘ ʢʘʥʙʘʥ ʢʘʨʪʠ ʧʫʰʪʝʥʠ ʚʦ ʦʧʩʝʛ ʝ 

ʩʧʦʨʝʜ ʩʣʝʜʥʘʪʘ ʬʦʨʤʫʣʘ: 

 

 



111 
 

ὔ  
Ὀ ὡὄὤ ὢ ρ ὛὊ

ὄὋ
 

 

Ȣ 
(27) 

 

ʢʘʜʝ ʰʪʦ N ʝ ʙʨʦʿ ʥʘ ʢʘʥʙʘʥ ʢʘʨʪʠ, D ʝ ʧʦʙʘʨʫʚʘʯʢʘʪʘ ʦʜ ʢʣʠʝʥʪʦʪ, WBZ ʝ ʚʨʝʤʝʪʦ 

ʧʦʪʨʝʙʥʦ ʟʘ ʟʘʤʝʥʘ ʥʘ ʧʦʣʫʧʨʦʠʟʚʦʜ ʥʘ ʩʫʧʝʨʤʘʨʢʝʪ, SF ʝ ʩʠʛʫʨʥʦʩʥʘ ʢʦʣʠʯʠʥʘ ʥʘ 

ʟʘʣʠʭʘ, BG ʝ ʛʦʣʝʤʠʥʘ ʥʘ ʧʘʢʫʚʘˁʝ. ɺʦʦʙʠʯʘʝʥʦ ʟʘ ʩʠʛʫʨʥʦʩʥʘ ʟʘʣʠʭʘ ʩʝ ʟʝʤʘ 10 %.   

 

 

ʉʣʠʢʘ 8.23. ʂʘʥʙʘʥ ʪʨʘʥʩʧʦʨʪʝʥ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥ ʢʨʫʛ ʥʘ ʜʚʠʞʝˁʝ ʥʘ ʠʥʬʦʨʤʘʮʠʿʘʪʘ  

 



112 
 

ʅʘ ʉʣʠʢʘ 8.24 ʝ ʧʨʠʢʘʞʘʥʘ ʧʘʪʝʢʘʪʘ ʥʘ ʜʚʠʞʝˁʝ ʥʘ ʤʘʪʝʨʠʿʘʣʠʪʝ ʚʦ ʜʠʟʘʿʥʦʪ ʥʘ 

ʥʦʚʠʦʪ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ (ʚʠʦʣʝʪʦʚʠʦʪ ʪʝʢ ʝ ʧʨʠʢʘʞʘʥ ʥʘ ʉʣʠʢʘ 8.25). ɺʢʫʧʥʦʪʦ ʜʚʠʞʝˁʝ 

ʥʘ ʤʘʪʝʨʠʿʘʣʠʪʝ ʠʟʥʝʩʫʚʘ 137 m: ʜʚʠʞʝˁʝ ʥʘ ʩʫʥ̋ʝʨʦʪ 39 m (ʦʜʙʝʣʝʞʘʥʦ ʩʦ 1-ʮʨʚʝʥʘ 

ʙʦʿʘ), ʜʚʠʞʝˁʝ ʥʘ ʤʘʪʝʨʠʿʘʣʦʪ ʟʘ ʰʠʝˁʝ 37,5 m (ʦʜʙʝʣʝʞʘʥʦ ʩʦ 2-ʟʝʣʝʥʘ ʙʦʿʘ) ʠ ʜʚʠʞʝˁʝ 

ʥʘ ʬʘʙʨʠʢʫʚʘʥʠʦʪ ʤʘʪʝʨʠʿʘʣ 60,5 m (ʦʜʙʝʣʝʞʘʥʦ ʩʦ 3-ʮʨʥʘ ʙʦʿʘ). ɿʘ ʩʧʦʨʝʜʙʘ, ʧʨʝʜ 

ʧʦʜʦʙʨʫʚʘˁʘʪʘ ʜʚʠʞʝˁʝʪʦ ʥʘ ʤʘʪʝʨʠʿʘʣʠʪʝ ʠʟʥʝʩʫʚʘʰʝ 238 m (ʚʠʜʠ ʉʣʠʢʘ 8.7).  

 
 

ʉʣʠʢʘ 8.24. ʇʘʪʝʢʘ ʥʘ ʜʚʠʞʝˁʝ ʥʘ ʤʘʪʝʨʠʿʘʣʠ ʚʦ ʥʦʚʠʦʪ ʜʠʟʘʿʥ ʥʘ ʚʠʦʣʝʪʦʚʠʦʪ ʪʝʢ 

 

ɼʝʬʠʥʠʨʘˁʝ ʥʘ ʧʝʿʩʤʝʿʢʝʨ ʧʨʦʮʝʩ ʚʦ ʥʦʚʠʦʪ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ (ʣʠʥʠʿʘʪʘ ʟʘ 

ʬʠʥʘʣʥʘ ʤʦʥʪʘʞʘ). ʇʣʘʥʝʨʦʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠʩʧʨʘ˃ʘ ʥʘʣʦʛ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʜʦ 

ʣʠʥʠʠʪʝ ʟʘ ʬʠʥʘʣʥʘ ʤʦʥʪʘʞʘ. ʂʦʥʪʨʦʣʘʪʘ ʥʘ ʧʨʝʪʭʦʜʥʠʪʝ ʧʨʦʮʝʩʠ ʩʝ ʨʝʛʫʣʠʨʘ ʩʦ ʧʦʤʦʰ 

ʥʘ ʩʫʧʝʨʤʘʨʢʝʪʠʪʝ ʠ ʢʘʥʙʘʥ ʢʘʨʪʠʪʝ. ʇʨʝʧʦʨʘʯʣʠʚʦ ʝ ʟʘ ʧʝʿʩʤʝʿʢʝʨ ʧʨʦʮʝʩ ʜʘ ʩʝ ʠʟʙʝʨʝ 

ʦʥʦʿ ʧʨʦʮʝʩ ʰʪʦ ʝ ʥʘʿʙʣʠʩʢʫ ʜʦ ʧʦʪʨʦʰʫʚʘʯʦʪ. ʉʦ ʦʚʘ ʩʝ ʧʦʩʪʠʛʥʫʚʘ ʤʠʥʠʤʘʣʥʦ ʚʨʝʤʝ 

ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʦʜ ʤʦʤʝʥʪʦʪ ʥʘ ʠʥʠʮʠʨʘˁʝ ʥʘ ʨʘʙʦʪʝʥ ʥʘʣʦʛ ʜʦ ʠʩʧʦʨʘʢʘ ʥʘ ʛʦʪʦʚ 

ʧʨʦʠʟʚʦʜ. ʇʨʘʚʠʣʦ ʝ ʩʠʪʝ ʧʨʦʮʝʩʠ ʧʦʩʣʝ ʧʝʿʩʤʝʢʝʨ ʧʨʦʮʝʩʦʪ ʜʘ ʩʝ ʩʦ ʢʦʥʪʠʥʫʠʨʘʥ ʪʝʢ 

ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʪ.ʝ ʧʘʨʯʝ-ʧʦ-ʧʘʨʯʝ ʧʨʦʠʟʚʦʜʩʪʚʦ.  

ʇʦʨʘʤʥʫʚʘˁʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʧʝʿʩʤʝʿʢʝʨ ʧʨʦʮʝʩʦʪ ʧʦ ʤʦʜʝʣ ʠ ʚʦʣʫʤʝʥ 

(ʿʘʧ. Heijunka).  ʎʝʣʪʘ ʥʘ ʧʦʨʘʤʥʫʚʘˁʝʪʦ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʝ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʩʪʘʙʠʣʥʦ 

ʠ ʙʘʣʘʥʩʠʨʘʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʅʝʧʦʨʘʤʥʝʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ( ʿʘʧ. mura) ʝ ʧʨʠʯʠʥʘ ʟʘ ʧʦʿʘʚʘ 

ʥʘ ʧʨʝʦʧʪʦʚʘʨʫʚʘˁʝ ʥʘ ʦʧʨʝʤʘʪʘ ʠ ʣʫʺʝʪʦ (ʿʘʧ. muri) ʠ ʧʦʿʘʚʘ ʥʘ ʟʘʛʫʙʠ (ʿʘʧ. muda). ɺʦ 

ʥʦʚʠʦʪ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ ʥʘʣʦʛ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʜʦ ʧʝʿʩʤʝʿʢʝʨ ʧʨʦʮʝʩʦʪ ʩʝ ʧʨʘ˃ʘ ʥʘ 

ʠʥʪʝʨʚʘʣ ʦʜ 1 ʯʘʩ (ʘʥʛ. Every Part Every Interval ï EPEI), ʩʦ ʰʪʦ ʩʝ ʧʦʩʪʠʛʥʫʚʘ ʩʣʝʜʥʦ: 

¶ ʇʦʨʘʤʥʫʚʘˁʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʧʦ ʤʦʜʝʣ ʠ ʚʦʣʫʤʝʥ, ʠ ʢʦʥʪʨʦʣʘ ʥʘ ʟʘʣʠʭʘʪʘ 

ʥʘ ʧʦʣʫʧʨʦʠʟʚʦʜʠ ʧʦʤʝʺʫ ʧʨʦʮʝʩʠʪʝ ʚʦ ʩʣʫʯʘʿ ʥʘ ʧʨʦʤʝʥʘ ʥʘ ʙʘʨʘˁʘʪʘ ʦʜ 

ʩʪʨʘʥʘ ʥʘ ʢʣʠʝʥʪʦʪ (ʘʥʛ. bullwipp efect). 

¶ ɼʝʬʠʥʠʨʘˁʝ ʥʘ ʛʦʣʝʤʠʥʘ ʥʘ ʧʘʢʫʚʘˁʝ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝ. 

¶ ʀʩʧʦʣʥʝʪ ʧʨʝʜʫʩʣʦʚ ʟʘ ʠʤʧʣʝʤʝʥʪʠʨʘˁʝ ʥʘ ʩʠʩʪʝʤ ʟʘ ʧʦʚʣʝʢʫʚʘˁʝ ʥʘ 

ʤʘʪʝʨʠʿʘʣʠ. 

¶ ɼʝʬʠʥʠʨʘˁʝ ʥʘ ʟʘʣʠʭʘ ʚʦ ʩʫʧʝʨʤʘʨʢʝʪʠʪʝ.  
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¶ ʇʨʠʢʘʟ ʥʘ ʧʨʦʙʣʝʤʠʪʝ ʠ ʥʘʩʦʢʘ ʟʘ ʥʠʚʥʦʪʦ ʨʝʰʘʚʘˁʝ. 

¶ ʂʘʣʢʫʣʘʮʠʿʘ ʥʘ ʚʢʫʧʥʦʪʦ ʚʨʝʤʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚʦ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ.  

¶ ɼʝʬʠʥʠʨʘˁʝ ʥʘ ʨʫʪʘʪʘ ʟʘ ʜʦʪʫʨ ʥʘ ʤʘʪʝʨʠʿʘʣʠ. 

ʂʘʣʢʫʣʘʮʠʿʘʪʘ ʥʘ ʚʨʝʤʝʥʩʢʠʦʪ ʠʥʪʝʨʚʘʣ ʟʘ ʠʩʧʨʘ˃ʘˁʝ ʥʘ ʥʘʣʦʛ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʝ 

ʩʧʦʨʝʜ ʩʣʝʜʥʘʪʘ ʬʦʨʤʫʣʘ: 

ὉὖὉὍ 
В ὅȾὕ

ὡὬ  В Ὀ ὼ ὅὝȾὕὉὉ
  Ȣ 

(28) 

ʢʘʜʝ ʰʪʦ EPEI ʝ ʚʨʝʤʝʥʩʢʠ ʠʥʪʝʨʚʘʣ ʥʘ ʠʩʧʨʘ˃ʘˁʝ ʥʘ ʥʘʣʦʛ ʜʦ ʧʝʿʩʤʝʿʢʝʨ ʧʨʦʮʝʩʦʪ, 
В ὅȾὕ  ʝ ʩʫʤʘ ʦʜ ʚʨʝʤʠˁʘʪʘ ʧʦʪʨʝʙʥʠ ʟʘ ʧʨʦʤʝʥʘ ʥʘ ʤʦʜʝʣ, ὡὬ ʝ ʚʢʫʧʥʦʪʦ ʨʘʙʦʪʥʦ 
ʚʨʝʤʝ ʚʦ ʝʜʝʥ ʜʝʥ (ʘʥʛ. working hours Wh), D ʝ ʩʫʤʘ ʦʜ ʧʦʙʘʨʫʚʘˁʘʪʘ ʥʘ ʢʣʠʝʥʪʦʪ ʥʘ ʜʝʥ, 

ὅὝ ʝ ʩʫʤʘ ʥʘ ʚʨʝʤʝ ʥʘ ʮʠʢʣʫʩ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ OEE ʝ ʝʬʠʢʘʩʥʦʩʪʘ. ʆʜ ʬʦʨʤʫʣʘʪʘ ʩʝ 

ʛʣʝʜʘ ʜʝʢʘ ʜʦʢʦʣʢʫ ʩʝ ʥʘʤʘʣʠ ʚʨʝʤʝʪʦ ʧʦʪʨʝʙʥʦ ʟʘ ʧʨʦʤʝʥʘ ʥʘ ʤʦʜʝʣ В ὅȾὕ  ʪʦʛʘʰ ˃ʝ 

ʩʝ ʥʘʤʘʣʠ ʠ ʠʥʪʝʨʚʘʣʦʪ ʥʘ ʠʩʧʨʘ˃ʘˁʝ ʥʘ ʥʘʣʦʛ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʜʦ ʧʝʿʩʤʝʿʢʝʨ ʧʨʦʮʝʩʦʪ 

EPEI. ɻʝʥʝʨʘʣʥʦ ʧʨʘʚʠʣʦ ʝ 10 % ʦʜ ʚʢʫʧʥʦʪʦ ʨʘʩʧʦʣʦʞʣʠʚʦ ʚʨʝʤʝ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʜʘ ʩʝ 

ʢʦʨʠʩʪʠ ʟʘ ʧʨʦʤʝʥʘ ʥʘ ʤʦʜʝʣ.  

ʇʦʜʦʙʨʫʚʘˁʝ ʥʘ ʧʨʦʮʝʩʠʪʝ ʟʘ ʜʘ ʤʦʞʝ ʜʘ ʬʫʥʢʮʠʦʥʠʨʘ ʥʦʚʠʦʪ ʪʝʢ ʥʘ 

ʚʨʝʜʥʦʩʪʠ ʩʦʛʣʘʩʥʦ ʠʜʥʠʦʪ ʜʠʟʘʿʥ. ʉʦ ʮʝʣ ʜʘ ʤʦʞʝ ʜʘ ʬʫʥʢʮʠʦʥʠʨʘ ʥʦʚʠʦʪ ʪʝʢ ʥʘ 

ʚʨʝʜʥʦʩʪʠ ʩʦʛʣʘʩʥʦ ʠʜʥʠʦʪ ʜʠʟʘʿʥ, ʥʘʧʨʘʚʝʥʠ ʩʝ ʧʦʜʦʙʨʫʚʘˁʘ ʥʘ ʚʢʫʧʥʦʪʦ ʧʨʦʜʫʢʪʠʚʥʦ 

ʦʜʨʞʫʚʘˁʝ (ʘʥʛ. TPM), ʆɽɽ%, ʚʨʝʤʝʪʦ ʧʦʪʨʝʙʥʦ ʟʘ ʧʨʦʤʝʥʘ ʥʘ ʤʦʜʝʣ, ʘʚʪʦʤʘʪʠʟʘʮʠja 

ʥʘ ʧʨʦʮʝʩʠʪʝ, ʙʨʟʘ ʨʝʘʢʮʠʿʘ ʧʨʠ ʧʦʿʘʚʘ ʥʘ ʧʨʦʙʣʝʤʠ, ʠʪʥ.  

ɺʦ ʣʠʥʠʠʪʝ ʟʘ ʬʠʥʘʣʥʘ ʤʦʥʪʘʞʘ ʥʘʤʘʣʝʥʦ ʝ ʚʨʝʤʝʪʦ ʧʦʪʨʝʙʥʦ ʟʘ ʧʨʦʤʝʥʘ ʥʘ 

ʤʦʜʝʣ ʥʘ ʧʝʿʩʤʝʿʢʝʨ ʧʨʦʮʝʩʦʪ ʩʦ ʠʤʧʣʝʤʝʥʪʠʨʘˁʝ ʥʘ ʤʘʣʠ ʠ ʬʣʝʢʩʠʙʠʣʥʠ ʨʘʙʦʪʥʠ 

ʩʪʘʥʠʮʠ. ʈʘʙʦʪʥʠʪʝ ʩʪʘʥʠʮʠ ʩʝ ʩʦ ʙʨʟʠ ʩʧʦʿʢʠ ʟʘ ʝʣʝʢʪʨʠʯʥʘ ʠ ʧʥʝʫʤʘʪʩʢʘ ʢʦʥʝʢʮʠʿʘ ʠ 

ʧʦʜʚʠʞʥʠ ʪʨʢʘʣʘ ʰʪʦ ʦʚʦʟʤʦʞʫʚʘ ʙʨʟʦ ʜʦʜʘʚʘˁʝ ʠ ʚʘʜʝˁʝ ʥʘ ʩʪʘʥʠʮʠ ʧʨʠ ʧʨʦʤʝʥʘ ʥʘ 

ʤʦʜʝʣ. ʉʠʪʝ ʘʢʪʠʚʥʦʩʪʠ ʩʦ ʥʝʧʦʚʪʦʨʫʚʘʯʢʠ ʢʘʨʘʢʪʝʨ ʢʘʢʦ ʦʙʚʨʩʢʠ ʩʝ ʧʨʝʬʨʣʝʥʠ ʥʘ  

ʣʠʥʠʩʢʠʪʝ ʣʠʜʝʨʠ. ʈʘʩʪʦʿʘʥʠʝʪʦ ʧʦʤʝʺʫ ʨʘʙʦʪʥʠʪʝ ʩʪʘʥʠʮʠ ʚʦ ʣʠʥʠʠʪʝ ʝ ʩʚʝʜʝʥʦ ʥʘ 

ʤʠʥʠʤʫʤ ʟʘ ʜʘ ʩʝ ʥʘʤʘʣʠ ʧʘʪʝʢʘʪʘ ʥʘ ʜʚʠʞʝˁʝ ʥʘ ʦʧʝʨʘʪʦʨʠʪʝ. ʐʠʨʠʥʘʪʘ ʥʘ U ʣʠʥʠʠʪʝ 

ʝ ʥʘʤʘʣʝʥʘ ʥʘ 1,2 m, ʘ ʤʘʢʩʠʤʘʣʥʘʪʘ ʜʦʣʞʠʥʘ ʥʘ ʣʠʥʠʠʪʝ ʝ 8 m. ʉʠʪʝ ʧʦʤʦʰʥʠ ʘʣʘʪʢʠ ʠ 

ʪʝʤʧʣʝʿʪʠ ʧʦʪʨʝʙʥʠ ʟʘ ʨʘʟʣʠʯʥʠʪʝ ʧʨʦʠʟʚʦʜʠ ʩʝ ʣʦʢʘʮʠʩʢʠ ʧʦʩʪʘʚʝʥʠ ʚʦ ʣʠʥʠʠʪʝ, ʟʘ ʜʘ 

ʙʠʜʘʪ ʣʝʩʥʦ ʜʦʩʪʘʧʥʠ ʧʨʠ ʧʨʦʤʝʥʘ ʥʘ ʤʦʜʝʣ. ʀʤʧʣʝʤʝʥʪʠʨʘʥ ʝ ʩʠʩʪʝʤ ʟʘ ʩʢʝʥʠʨʘˁʝ ʥʘ 

ʨʘʙʦʪʥʠʦʪ ʥʘʣʦʛ, ʨʝʧʨʦʤʘʪʝʨʠʿʘʣʠʪʝ ʠ ʪʝʤʧʣʝʿʪʠ/ʘʣʘʪʠ ʟʘ ʜʘ ʩʝ ʦʩʠʛʫʨʘ ʧʨʘʚʠʣʥʦ 

ʢʦʨʠʩʪʝˁʝ ʥʘ ʠʩʪʠʪʝ.   

ʅʘ ʤʘʰʠʥʠʪʝ ʟʘ ʰʠʝˁʝ ʝ ʥʘʤʘʣʝʥʦ ʚʨʝʤʝʪʦ ʧʦʪʨʝʙʥʦ ʟʘ ʧʨʦʤʝʥʘ ʥʘ ʤʦʜʝʣ ʦʜ 14 

ʤʠʥʫʪʠ ʥʘ 8 ʤʠʥʫʪʠ, ʩʦ ʠʥʩʪʘʣʠʨʘˁʝ ʥʘ ʜʫʧʣʠ ʜʨʞʘʯʠ ʟʘ ʨʝʧʨʦʤʘʪʝʨʠʿʘʣ (ʢʦʪʫʨ ʩʦ 

ʞʠʮʘ), ʩʦ ʰʪʦ ʧʨʦʤʝʥʘʪʘ ʥʘ ʤʦʜʝʣ ʩʝ ʚʨʰʠ ʜʦʜʝʢʘ ʤʘʰʠʥʘʪʘ ʰʠʝ.  

ʅʠʟ ʮʝʣʠʦʪ ʧʨʦʠʟʚʦʜʝʥ ʧʨʦʮʝʩ ʩʝ ʠʤʧʣʝʤʝʥʪʠʨʘʥʠ ʥʠʩʢʦ ʙʫ˅ʝʪʥʠ ʠʥʪʝʣʠʛʝʥʪʥʠ 

ʨʝʰʝʥʠʿʘ ʟʘ ʘʚʪʦʤʘʪʠʟʘʮʠʿʘ ʥʘ ʤʘʰʠʥʠʪʝ (ʘʥʛ. Autonomation). ʅʘ ʤʘʰʠʥʘʪʘ ʟʘ ʰʠʝˁʝ 

ʠʤʧʣʝʤʝʥʪʠʨʘʥʠ ʩʝ ʩʠʩʪʝʤʠ ʟʘ ʜʝʪʝʢʮʠʿʘ ʥʘ ʜʝʬʝʢʪʠ, ʝʥʢʦʜʝʨʠ ʠ ʤʠʢʨʦʢʦʥʪʨʦʣʝʨʠ ʟʘ 

ʢʦʥʪʨʦʣʘ ʥʘ ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ ʥʘ ʧʨʦʚʦʜʥʘ ʞʠʮʘ. ʅʘ ʣʠʥʠʿʘʪʘ ʟʘ ʬʠʥʘʣʥʘ ʤʦʥʪʘʞʘ  

(ʧʝʿʩʤʝʿʢʝʨ ʧʨʦʮʝʩʦʪ) ʠʤʧʣʝʤʝʥʪʠʨʘʥʠ ʩʝ ʢʘʤʝʨʘ ʩʠʩʪʝʤ ʟʘ ʢʦʥʪʨʦʣʘ ʥʘ ʧʦʟʠʮʠʿʘʪʘ ʥʘ 

ʧʨʦʚʦʜʥʘʪʘ ʞʠʮʘ ʧʨʠ ʧʨʦʮʝʩʦʪ ʥʘ ʧʦʚʨʟʫʚʘˁʝ ʩʦ ʢʘʙʝʣʩʢʠʦʪ ʧʨʠʢʣʫʯʦʢ,  ʠ PLC ʩʠʩʪʝʤ 

ʟʘ ʢʦʥʪʨʦʣʘ ʥʘ ʨʝʜʦʩʣʝʜʦʪ ʥʘ ʦʧʝʨʘʮʠʠ ʩʦʛʣʘʩʥʦ ʪʝʢʦʪ ʥʘ ʧʨʦʮʝʩʦʪ. 

ʅʘ ʉʣʠʢʘ 8.25 ʝ ʧʨʠʢʘʞʘʥ ʛʨʘʬʠʯʢʠʦʪ ʥʘʮʨʪ ʩʦ ʥʦʚʠʪʝ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ 

(ʟʝʣʝʥʠʦʪ, ʧʦʨʪʦʢʘʣʦʚʠʦʪ ʠ ʚʠʦʣʝʪʦʚʠʦʪ).  
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8.4.2 Lean ʧʨʦʠʟʚʦʜʩʪʚʦ - ʇʦʪʚʨʜʘ ʥʘ ʜʠʟʘʿʥʦʪ ʥʘ ʥʦʚʠʦʪ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ 

ɺʦ ʊʘʙʝʣʘ 8.12 ʩʝ ʧʨʠʢʘʞʘʥʠ ʧʦʜʦʙʨʫʚʘˁʘʪʘ ʧʦʩʪʠʛʥʘʪʠ ʩʦ Lean ʪʝʭʥʠʢʠʪʝ ʧʨʝʢʫ 

ʜʠʟʘʿʥʦʪ ʥʘ ʥʦʚʠʦʪ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ. ʄʦʞʝ ʜʘ ʩʝ ʚʠʜʠ ʜʝʢʘ ʚʢʫʧʥʘʪʘ ʩʪʘʧʢʘ ʥʘ ʜʝʬʝʢʪʠ 

ʝ ʥʘʤʘʣʝʥʘ ʟʘ 26 %, ʥʘʤʘʣʝʥʦ ʝ ʚʢʫʧʥʦʪʦ ʚʨʝʤʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʟʘ 51 %, ʚʢʫʧʥʘʪʘ ʟʘʣʠʭʘ 

ʧʦʤʝʺʫ ʧʨʦʮʝʩʠʪʝ ʝ ʥʘʤʘʣʝʥʘ ʟʘ 49 %, ʚʢʫʧʥʘʪʘ ʝʬʝʢʪʠʚʥʦʩʪ ʥʘ ʦʧʨʝʤʘʪʘ ʝ ʧʦʜʦʙʨʝʥʘ ʟʘ 

17 %, ʥʘʤʘʣʝʥ ʝ ʙʨʦʿʦʪ ʥʘ ʦʧʝʨʘʪʦʨʠ ʚʦ ʣʠʥʠʠʪʝ ʟʘ ʬʠʥʘʣʥʘ ʤʦʥʪʘʞʘ ʟʘ 29 %, ʥʘʤʘʣʝʥ ʝ 

ʙʨʦʿʦʪ ʥʘ ʣʠʥʠʠ ʟʘ ʬʠʥʘʣʥʘ ʤʦʥʪʘʞʘ ʟʘ 17 %, ʥʘʤʘʣʝʥ ʝ ʧʨʦʩʪʦʨʦʪ ʧʦʪʨʝʙʝʥ ʟʘ ʣʠʥʠʠʪʝ 

ʟʘ ʬʠʥʘʣʥʘ ʤʦʥʪʘʞʘ ʟʘ 31 % ʠ ʥʘʤʘʣʝʥʘ ʝ ʧʘʪʝʢʘʪʘ ʥʘ ʜʚʠʞʝˁʝ ʥʘ ʤʘʪʝʨʠʿʘʣʠʪʝ ʟʘ 42 %. 

ɼʦʙʠʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʿʘ ʧʦʪʚʨʜʫʚʘʘʪ ʝʬʝʢʪʠʚʥʦʩʪʘ ʥʘ ʠʤʧʣʝʤʝʥʪʠʨʘʥʠʪʝ ʧʦʜʦʙʨʫʚʘˁʘ 

ʩʦ ʥʦʚʠʦʪ ʜʠʟʘʿʥ ʥʘ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ. 

 
ʊʘʙʝʣʘ 8.12. ʈʝʟʫʣʪʘʪʠ ʜʦʙʠʝʥʠ ʩʦ ʜʠʟʘʿʥ ʥʘ ʥʦʚʠʦʪ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ 
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ʄʦʤʝʥʪʘʣʝʥ 

ʧʝʨʬʦʨʤʘʥʩ 
30.000 2,83 23.200 78 38 2,4 34 238 

ɼʠʟʘʿʥ ʥʘ ʪʝʢ 

ʥʘ ʚʨʝʜʥʦʩʪʠ 
22.000 1,4 11.900 95 27 2 23,4 137 

ʇʦʜʦʙʨʫʚʘˁʘ 

[%]  
-26% -51% -49% +17% -29% -17% -31% -42% 

 

ʆʜ ʧʦʜʦʙʨʫʚʘˁʘʪʘ ʧʦʩʪʠʛʥʘʪʠ ʧʨʝʢʫ Lean ʤʝʪʦʜʦʣʦʛʠʿʘʪʘ ʩʝ ʛʣʝʜʘ ʜʝʢʘ ʙʝʟ 

ʝʣʠʤʠʥʠʨʘˁʝ ʥʘ ʬʠʟʠʯʢʠʪʝ ʥʝʜʦʩʪʘʪʦʮʠ ʥʘ ʧʨʦʠʟʚʦʜʥʠʪʝ ʧʨʦʮʝʩʠ ʥʝ ʤʦʞʝ ʜʘ ʩʝ 

ʧʦʩʪʠʛʥʝ ʦʜʨʞʣʠʚ ʨʝʟʫʣʪʘʪ ʥʘ ʢʚʘʣʠʪʝʪʦʪ ʠ ʦʧʝʨʘʪʠʚʥʠʦʪ ʧʝʨʬʦʨʤʘʥʩ. ʇʨʝʜʫʩʣʦʚ ʟʘ 

ʧʦʩʪʠʛʥʫʚʘˁʝ ʥʘ ʜʦʙʘʨ ʢʚʘʣʠʪʝʪ ʥʘ ʧʨʦʠʟʚʦʜʦʪ ʝ ʠʤʧʣʝʤʝʥʪʠʨʘˁʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʧʘʨʯʝ-ʧʦ-ʧʘʨʯʝ, ʠʤʧʣʝʤʝʥʪʠʨʘˁʝ ʥʘ ʩʪʘʥʜʘʨʜʠʟʠʨʘʥʠ ʧʦʚʪʦʨʣʠʚʠ ʦʧʝʨʘʮʠʠ ʢʦʠ ʩʝ ʚʦ 

ʩʦʛʣʘʩʥʦʩʪ ʩʦ ʪʘʢʪ ʚʨʝʤʝʪʦ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʠ ʧʦʩʪʠʛʥʫʚʘˁʝ ʥʘ ʢʨʘʪʢʦ ʚʨʝʤʝ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ.  

 

 

 

 



116 
 

8.4.3 ʐʝʩʪ ʉʠʛʤʘ ï ʅʘʤʘʣʫʚʘˁʝ ʥʘ ʚʘʨʠʿʘʮʠʠʪʝ ʥʘ ʧʨʦʮʝʩʦʪ 

ɺʨʟ ʦʩʥʦʚʘ ʥʘ ʘʥʘʣʠʟʘʪʘ ʥʘ ʠʟʚʦʨʥʠ ʧʨʠʯʠʥʠ ʟʘ ʧʦʿʘʚʘ ʥʘ ʛʨʝʰʢʘʪʘ Ăʦʪʧʦʨʥʦʩʪ ʥʘ 

ʛʨʝʘʯ ʥʘʜʚʦʨ ʦʜ ʩʧʝʮʠʬʠʢʘʮʠʿʘò ʩʧʨʦʚʝʜʝʥʘ ʚʦ ʧʦʛʣʘʚʿʝ 8.3, ʚʦ ʦʚʦʿ ʜʝʣ ʦʜ ʪʨʫʜʦʪ ˃ʝ ʩʝ 

ʧʨʠʢʘʞʘʪ ʠʤʧʣʝʤʝʥʪʠʨʘʥʠʪʝ ʢʦʨʝʢʪʠʚʥʠ ʘʢʮʠʠ ʟʘ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʚʘʨʠʿʘʮʠʠʪʝ ʥʘ 

ʧʨʦʮʝʩʦʪ.  

ʇʨʦʮʝʩ ʐʠʝˁʝ ï ʠʟʚʦʨʥʘ ʧʨʠʯʠʥʘ Ăʫʜʘʨ ʦʜ ʠʛʣʘ ʚʨʟ ʧʨʦʚʦʜʥʘʪʘ ʞʠʮʘ ʥʘ 

ʛʨʝʘʯʦʪò. ʅʘʿʧʨʚʠʥ, ʩʦ ʜʠʟʘʿʥ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʠ ˃ʝ ʩʝ ʜʝʬʠʥʠʨʘ ʥʘʿʜʦʙʨʠʦʪ ʩʦʦʜʥʦʩ ʥʘ 

ʧʘʨʘʤʝʪʨʠ ʥʘ ʤʘʰʠʥʘʪʘ ʟʘ ʰʠʝˁʝ ʩʦ ʮʝʣ ʜʘ ʩʝ ʥʘʤʘʣʘʪ ʛʨʝʰʢʠʪʝ ʧʨʝʜʠʟʚʠʢʘʥʠ ʦʜ ʫʜʘʨ 

ʦʜ ʠʛʣʘ ʥʘ ʧʨʦʚʦʜʥʘ ʞʠʮʘ. ʇʦʪʦʘ ˃ʝ ʩʝ ʠʤʧʣʝʤʝʥʪʠʨʘ ʠʥʪʝʣʠʛʝʥʪʥʘ ʘʚʪʦʤʘʪʠʟʘʮʠʿʘ ʟʘ ʜʘ 

ʛʠ ʜʝʪʝʢʪʠʨʘ ʦʥʠʝ  ʫʜʘʨʠ ʦʜ ʠʛʣʘ ʢʦʠ ʥʝ ʤʦʞʘʪ ʜʘ ʩʝ ʠʟʙʝʛʥʘʪ ʥʠʪʫ ʩʦ ʥʘʿʜʦʙʘʨ ʩʦʦʜʥʦʩ 

ʥʘ ʧʘʨʘʤʝʪʨʠ. ʅʘ ʢʨʘʿ ˃ʝ ʩʝ ʠʤʧʣʝʤʝʥʪʠʨʘ PLC ʢʦʥʪʨʦʣʝʨ ʟʘ ʧʨʦʚʝʨʢʘ ʜʘʣʠ ʩʠʩʪʝʤʦʪ ʟʘ 

ʜʝʪʝʢʮʠʿʘ ʥʘ ʫʜʘʨ ʦʜ ʠʛʣʘ ʝ ʘʢʪʠʚʠʨʘʥ ʠ ʝ ʚʦ ʬʫʥʢʮʠʿʘ.  

ɼʠʟʘʿʥ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʠ ʟʘ ʜʝʬʠʥʠʨʘˁʝ ʥʘ ʥʘʿʜʦʙʘʨ ʩʦʦʜʥʦʩ ʥʘ ʧʘʨʘʤʝʪʨʠ ʥʘ 

ʤʘʰʠʥʘʪʘ ʟʘ ʰʠʝˁʝ - ʇʨʠ ʜʠʟʘʿʥʦʪ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪ ʟʘ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʙʨʦʿʦʪ ʥʘ ʫʜʘʨʠ 

ʦʜ ʠʛʣʘ ʥʘ ʧʨʦʚʦʜʥʘ ʞʠʮʘ, ˃ʝ ʩʝ ʜʝʬʠʥʠʨʘ ʩʦʦʜʥʦʩʦʪ ʥʘ ʩʣʝʜʥʠʪʝ ʢʨʠʪʠʯʥʠ ʬʘʢʪʦʨʠ: 

ʟʘʪʝʛʥʫʚʘˁʝ ʥʘ ʛʦʨʝʥ ʢʦʥʝʮ, ʟʘʪʝʛʥʫʚʘˁʝ ʥʘ ʜʦʣʝʥ ʢʦʥʝʮ, ʙʨʟʠʥʘ ʥʘ ʦʩʦʚʠʥʘ, ʚʨʝʤʝ ʥʘ 

ʦʜʤʦʪʫʚʘˁʝ ʥʘ ʧʨʦʚʦʜʥʘ ʞʠʮʘ. ʆʚʘ ʟʥʘʯʠ ʜʝʢʘ ʠʤʘʤʝ 4 ʬʘʢʪʦʨʠ ʢʦʠ ʚʣʠʿʘʘʪ ʥʘ ʠʟʣʝʟʥʠʦʪ 

ʨʝʟʫʣʪʘʪ ʰʪʦ ʝ ʧʨʝʜʤʝʪ ʥʘ ʘʥʘʣʠʟʘʪʘ Ăʫʜʘʨ ʦʜ ʠʛʣʘ ʥʘ ʧʨʦʚʦʜʥʘ ʞʠʮʘ ʥʘ ʛʨʝʘʯò. ɺʦ 

ʜʠʟʘʿʥʦʪ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʠ ˃ʝ ʩʝ ʨʘʙʦʪʠ ʩʦ ʜʚʝ ʥʠʚʦʘ ʥʘ ʬʘʢʪʦʨʠ ʪ.ʝ ʩʦ ʤʠʥʠʤʘʣʥʘ ʠ 

ʤʘʢʩʠʤʘʣʥʘ ʚʨʝʜʥʦʩʪ. ʌʘʢʪʦʨʠʪʝ ʠ ʥʠʚʦʘʪʘ ʧʨʠ ʜʠʟʘʿʥʦʪ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʠ ʤʦʞʝ ʜʘ ʩʝ 

ʚʠʜʘʪ ʚʦ ʊʘʙʝʣʘ 8.13. 

 

ʊʘʙʝʣʘ 8.13. ʌʘʢʪʦʨʠ ʠ ʥʠʚʦʘ ʧʨʠ ʜʠʟʘʿʥʦʪ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʠ 

  

ɿʘʪʝʛʥʫʚʘˁʝ ʥʘ  

ʛʦʨʝʥ ʢʦʥʝʮ  

(cN9) 

ɿʘʪʝʛʥʫʚʘˁʝ ʥʘ  

ʜʦʣʝʥ ʢʦʥʝʮ 

(Nm) 

ɹʨʟʠʥʘ ʥʘ  

ʦʩʦʚʠʥʘ 

(vrt/min) 

ɺʨʝʤʝ ʥʘ 

ʦʜʤʦʪʫʚʘˁʝ 

 ʥʘ ʧʨʦʚʦʜʥʘ ʞʠʮʘ  

(s) 

min 120 300 600 0.3 

max  180 400 800 0.9 

 

ɺʦ ʊʘʙʝʣʘ 8.14 ʝ ʧʨʠʢʘʞʘʥ ʩʫʤʠʨʘʥ ʧʨʝʛʣʝʜ ʥʘ ʜʠʟʘʿʥ ʥʘ ʝʢʧʝʨʠʤʝʥʪʠ ʥʘʤʝʥʝʪ ʟʘ 

ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʤʘʰʠʥʘʪʘ ʟʘ ʰʠʝˁʝ. ʆʜ ʧʨʝʛʣʝʜʦʪ ʤʦʞʝ ʜʘ ʩʝ ʚʠʜʠ ʜʝʢʘ ʚʦ ʦʚʦʿ ʜʠʟʘʿʥ 

ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʠ ˃ʝ ʩʝ ʥʘʧʨʘʚʘʪ  16 ʪʝʩʪʠʨʘˁʘ ʩʦ ʨʘʟʣʠʯʝʥ ʩʦʦʜʥʦʩ ʥʘ ʬʘʢʪʦʨʠʪʝ (24=16, 

2 ʥʠʚʦʘ ʠ 4 ʬʘʢʪʦʨʠ) ʠ 3 ʜʦʧʦʣʥʠʪʝʣʥʠ ʪʝʩʪʠʨʘˁʘ ʟʘ ʮʝʥʪʨʘʣʥʠʪʝ ʪʦʯʢʠ ʥʘ ʬʘʢʪʦʨʠʪʝ, 

ʚʢʫʧʥʦ 19 ʪʝʩʪʠʨʘˁʘ (16+3). ɹʨʦʿʦʪ ʥʘ ʧʦʚʪʦʨʫʚʘˁʝ ʥʘ ʪʝʩʪʦʚʠʪʝ ʝ 1.  

ʊʘʙʝʣʘ 8.14. ʉʫʤʠʨʘʥ ʧʨʝʛʣʝʜ ʥʘ ʜʠʟʘʿʥ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʠ 

ʌʘʢʪʦʨʠ: 4 ʆʩʥʦʚʝʥ ʜʠʟʘʿʥ 24:  16 

ɹʨʦʿ ʥʘ ʪʝʩʪʠʨʘˁʘ: 19 ʇʦʚʪʦʨʫʚʘˁʝ ʥʘ ʪʝʩʪʦʪ: 1 

ɹʣʦʢ: 1 ʎʝʥʪʨʘʣʥʘ ʪʦʯʢʘ (ʚʢʫʧʥʦ): 3 

 
 

9 1 ʇʦ ʧʨʝʧʦʨʘʢʘ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʦʪ ʥʘ ʦʧʨʝʤʘʪʘ, ʟʘ ʤʝʨʝˁʝ ʥʘ ʟʘʪʝʛʥʫʚʘˁʝʪʦ ʥʘ ʛʦʨʝʥ ʢʦʥʝʮ ʩʝ ʢʦʨʠʩʪʠ ʠʥʩʪʨʫʤʝʥʪ 

ʩʦ ʝʜʠʥʠʮʘ ʤʝʨʢʘ cN (Centinewton), ʘ ʟʘ ʤʝʨʝˁʝ ʥʘ ʟʘʪʝʛʥʫʚʘˁʝ ʥʘ ʜʦʣʝʥ ʢʦʥʝʮ ʠʥʩʪʨʫʤʝʥʪ ʩʦ ʝʜʠʥʠʮʘ ʤʝʨʢʘ Nm 
(Newton meter). ʉʦʦʜʥʦʩʦʪ ʥʘ ʦʚʠʝ ʜʚʝ ʤʝʨʥʠ ʝʜʠʥʠʮʠ ʝ ʩʣʝʜʝʥ: cN (Centinewton)= 0.01 Nm (Newton meter). 
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ɺʦ ʊʘʙʝʣʘ 8.15 ʩʝ ʧʨʠʢʘʞʘʥʠ ʨʝʟʫʣʪʘʪʠʪʝ ʜʦʙʠʝʥʠ ʩʦ ʨʘʟʣʠʯʥʠ ʢʦʤʙʠʥʘʮʠʠ ʥʘ 

ʬʘʢʪʦʨʠʪʝ.  

ʊʘʙʝʣʘ 8.15. ʈʝʟʫʣʪʘʪʠ ʟʘ ʙʨʦʿ ʥʘ ʫʜʘʨʠ ʦʜ ʠʛʣʘ ʧʨʠ ʨʘʟʣʠʯʥʠ ʢʦʤʙʠʥʘʮʠʠ ʥʘ ʬʘʢʪʦʨʠ 

ɿʘʪʝʛʥʫʚʘˁʝ 

ʥʘ ʛʦʨʝʥ 

ʢʦʥʝʮ (cN) 

ɿʘʪʝʛʥʫʚʘˁʝ 

ʥʘ ʜʦʣʝʥ 

ʢʦʥʝʮ (Nm) 

ɹʨʟʠʥʘ ʥʘ 

ʦʩʦʚʠʥʘ 

(vrt/min) 

ɺʨʝʤʝ ʥʘ 

ʦʜʤʦʪʫʚʘˁʝ 

 ʥʘ ʧʨʦʚʦʜʥʘ ʞʠʮʘ 

(s) 

ʈʝʟʫʣʪʘʪʠ -  

ʙʨ.ʥʘ 

ʫʜʘʨʠ ʦʜ 

ʠʛʣʘ 

120 300 600 0,3 24 

180 300 600 0,3 25 

120 400 600 0,3 25 

180 400 600 0,3 26 

120 300 800 0,3 32 

180 300 800 0,3 30 

120 400 800 0,3 29 

180 400 800 0,3 31 

120 300 600 0,9 10 

180 300 600 0,9 9 

120 400 600 0,9 7 

180 400 600 0,9 8 

120 300 800 0,9 19 

180 300 800 0,9 18 

120 400 800 0,9 21 

180 400 800 0,9 20 

150 350 700 0,6 1 

150 350 700 0,6 0 

150 350 700 0,6 0 

 

ʅʘ ʉʣʠʢʘ 8.26 ʝ ʧʨʠʢʘʞʘʥ ʇʘʨʝʪʦ ʛʨʘʬʠʢʦʥ ʩʦ ʚʣʠʿʘʥʠʝʪʦ ʥʘ ʩʝʢʦʿ ʦʜ ʬʘʢʪʦʨʠʪʝ  

ʠ ʥʠʚʥʘʪʘ ʤʝʺʫʩʝʙʥʘ ʠʥʪʝʨʘʢʮʠʿʘ ʚʨʟ ʙʨʦʿʦʪ ʥʘ ʫʜʘʨʠ ʦʜ ʠʛʣʘ ʥʘ ʧʨʦʚʦʜʥʠʢʦʪ.  ʉʝ ʰʪʦ ʝ 

ʜʝʩʥʦ ʦʜ ʮʨʚʝʥʘʪʘ ʣʠʥʠʿʘ (4,3 ʫʜʘʨʠ ʦʜ ʠʛʣʘ) ʩʝ ʩʤʝʪʘ ʟʘ ʢʨʠʪʠʯʝʥ ʬʘʢʪʦʨ ʩʦ ʛʦʣʝʤʦ 

ʚʣʠʿʘʥʠʝ ʜʘ ʧʨʝʜʠʟʚʠʢʘ ʫʜʘʨ ʦʜ ʠʛʣʘ. ʇʨʚʠʦʪ ʝʣʝʤʝʥʪ D (ʚʨʝʤʝ ʥʘ ʦʜʤʦʪʫʚʘˁʝ ʥʘ 

ʧʨʦʚʦʜʥʘ ʞʠʮʘ) ʠʤʘ ʥʘʿʛʦʣʝʤ ʝʬʝʢʪ ʜʘ ʧʨʝʜʠʟʚʠʢʘ ʫʜʘʨ ʦʜ ʠʛʣʘ. ɼʦʢʦʣʢʫ ʿʘ ʧʨʦʤʝʥʠʤʝ 

ʚʨʝʜʥʦʩʪʘ ʥʘ ʦʚʦʿ ʬʘʢʪʦʨ, ʝʬʝʢʪʦʪ ʚʨʟ ʨʝʟʫʣʪʘʪʦʪ ˃ʝ ʙʠʜʝ ʤʥʦʛʫ ʧʦʛʦʣʝʤ ʚʦ ʩʧʦʨʝʜʙʘ ʩʦ 

ʦʩʪʘʥʘʪʠʪʝ ʬʘʢʪʦʨʠ. ʉʣʝʜʝʥ ʬʘʢʪʦʨ ʰʪʦ ʩʝ ʩʤʝʪʘ ʟʘ ʢʨʠʪʠʯʝʥ ʠ ʚʣʠʿʘʝ ʥʘ ʨʝʟʫʣʪʘʪʦʪ ʝ C 

(ʙʨʟʠʥʘ ʥʘ ʦʩʦʚʠʥʘ). ʇʦʪʦʘ ʩʣʝʜʫʚʘ ʢʦʤʙʠʥʘʮʠʿʘ ʥʘ ʬʘʢʪʦʨʠʪʝ C ʠ D (ʙʨʟʠʥʘ ʥʘ ʦʩʦʚʠʥʘ 

ʠ ʚʨʝʤʝ ʥʘ ʦʜʤʦʪʫʚʘˁʝ ʥʘ ʧʨʦʚʦʜʥʘ ʞʠʮʘ) ʠ ʢʦʤʙʠʥʘʮʠʿʘ ʥʘ ʬʘʢʪʦʨʠʪʝ B, C ʠ D 

(ʟʘʪʝʛʥʫʚʘˁʝ ʥʘ ʜʦʣʝʥ ʢʦʥʝʮ, ʙʨʟʠʥʘ ʥʘ ʦʩʦʚʠʥʘ ʠ ʚʨʝʤʝ ʥʘ ʦʜʤʦʪʫʚʘˁʝ ʥʘ ʧʨʦʚʦʜʥʘ 

ʞʠʮʘ). ʆʩʪʘʥʘʪʠʪʝ ʢʦʤʙʠʥʘʮʠʠ ʥʘ ʬʘʢʪʦʨʠ ʥʝ ʩʝ ʩʤʝʪʘʘʪ ʟʘ ʢʨʠʪʠʯʥʠ ʚʨʟ ʙʨʦʿʦʪ ʥʘ ʫʜʘʨʠ 

ʦʜ ʠʛʣʘ. ʅʘ ʧʨʠʤʝʨ ʠʥʪʝʨʘʢʮʠʿʘʪʘ ʧʦʤʝʺʫ ʟʘʪʝʛʥʫʚʘˁʝ ʥʘ ʛʦʨʝʥ ʢʦʥʝʮ ʠ ʟʘʪʝʛʥʫʚʘˁʝ ʥʘ 

ʜʦʣʝʥ ʢʦʥʝʮ ʥʝ ʝ ʢʨʠʪʠʯʥʘ ʙʠʜʝʿ˃ʠ ʥʝ ʚʣʠʿʘʝ ʥʘ ʙʨʦʿʦʪ ʥʘ ʫʜʘʨʠ ʦʜ ʠʛʣʘ. 
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ʉʣʠʢʘ 8.26. ʀʥʪʝʨʘʢʮʠʿʘ ʥʘ ʬʘʢʪʦʨʠʪʝ ʠ ʥʠʚʥʦʪʦ ʚʣʠʿʘʥʠʝ ʚʨʟ ʙʨʦʿʦʪ ʥʘ ʫʜʘʨʠ ʦʜ ʠʛʣʘ 

ʀʥʪʝʨʘʢʮʠʿʘʪʘ ʧʦʤʝʺʫ ʬʘʢʪʦʨʠʪʝ C ʠ D ʪ.ʝ ʙʨʟʠʥʘʪʘ ʥʘ ʦʩʦʚʠʥʘʪʘ ʠ ʚʨʝʤʝʪʦ ʥʘ 

ʦʜʤʦʪʫʚʘˁʝ ʥʘ ʧʨʦʚʦʜʥʘ ʞʠʮʘ ʝ ʧʨʠʢʘʞʘʥʘ ʥʘ ʉʣʠʢʘ 8.27. ʆʜ ʛʨʘʬʦʢʦʥʦʪ ʤʦʞʝ ʜʘ ʩʝ 

ʚʠʜʠ ʜʝʢʘ ʩʦ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʙʨʟʠʥʘʪʘ ʥʘ ʦʩʦʚʠʥʘʪʘ ʥʘʜ 700 vrt/min ʠ ʥʘʤʘʣʫʚʘˁʝ ʥʘ 

ʚʨʝʤʝʪʦ ʧʦʜ 0,6 s, ʙʨʦʿʦʪ ʥʘ ʫʜʘʨʠ ʦʜ ʠʛʣʘ ˃ʝ ʩʝ ʟʛʦʣʝʤʠ. ʉʧʨʦʪʠʚʥʦ ʥʘ ʦʚʘ ʜʦʢʦʣʢʫ ʿʘ 

ʥʘʤʘʣʠʤʝ ʙʨʟʠʥʘʪʘ ʥʘ ʦʩʦʚʠʥʘʪʘ ʧʦʜ 700 vrt/min ʠ ʛʦ ʟʛʦʣʝʤʠʤʝ ʚʨʝʤʝʪʦ ʥʘ ʦʜʤʦʪʫʚʘˁʝ 

ʥʘ ʧʨʦʚʦʜʥʘ ʞʠʮʘ  ʥʘʜ 0,6 s ʪʦʛʘʰ ʙʨʦʿʦʪ ʥʘ ʫʜʘʨʠ ʦʜ ʠʛʣʘ ˃ʝ ʩʝ ʥʘʤʘʣʠ.  

 

 

ʉʣʠʢʘ 8.27. ʀʥʪʝʨʘʢʮʠʿʘ ʧʦʤʝʺʫ ʙʨʟʠʥʘ ʥʘ ʦʩʦʚʠʥʘ ʠ ʚʨʝʤʝ ʥʘ ʦʜʤʦʪʫʚʘˁʝ ʥʘ ʧʨʦʚʦʜʥʠʢ 

ʉʝʛʘ ʦʪʢʘʢʦ ʛʦ ʟʥʘʝʤʝ ʚʣʠʿʘʥʠʝʪʦ ʥʘ ʩʝʢʦʿ ʦʜ ʬʘʢʪʦʨʠʪʝ ʠ ʥʠʚʥʘʪʘ ʤʝʺʫʩʝʙʥʘ 

ʠʥʪʝʨʘʢʮʠʿʘ ʚʨʟ ʙʨʦʿʦʪ ʥʘ ʫʜʘʨʠ ʦʜ ʠʛʣʘ, ʩʣʝʜʫʚʘ ʜʘ ʩʝ ʜʝʬʠʥʠʨʘ ʥʘʿʜʦʙʘʨ ʩʦʦʜʥʦʩ ʥʘ 

ʬʘʢʪʦʨʠʪʝ ʟʘ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʤʠʥʠʤʘʣʝʥ ʙʨʦʿ ʥʘ ʫʜʘʨʠ ʦʜ ʠʛʣʘ. ɺʦ ʊʘʙʝʣʘ 8.16 ʩʝ 

ʧʨʠʢʘʞʘʥʠ ʠʜʝʘʣʥʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ ʩʝʢʦʿ ʦʜ 4-ʪʝ ʬʘʢʪʦʨʠ ʟʘ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʥʘʿʜʦʙʘʨ 

ʨʝʟʫʣʪʘʪ. ʆʜ ʪʘʙʝʣʘʪʘ ʤʦʞʝ ʜʘ ʩʝ ʚʠʜʠ ʜʝʢʘ ʚʨʝʜʥʦʩʪʘ ʥʘ ʟʘʪʝʛʥʫʚʘˁʝ ʥʘ ʛʦʨʝʥ ʢʦʥʝʮ 

ʪʨʝʙʘ ʜʘ ʩʝ ʧʦʜʝʩʠ ʥʘ 150 cN, ʚʨʝʜʥʦʩʪʘ ʥʘ ʟʘʪʝʛʥʫʚʘˁʝ ʥʘ ʜʦʣʝʥ ʢʦʥʝʮ ʥʘ 350 Nm, 

ʚʨʝʜʥʦʩʪʘ ʥʘ ʙʨʟʠʥʘ ʥʘ ʦʩʦʚʠʥʘ ʥʘ 700 vrt/min ʠ ʚʨʝʜʥʦʩʪʘ ʥʘ ʚʨʝʤʝ ʥʘ ʦʜʤʦʪʫʚʘˁʝ ʥʘ 

ʧʨʦʚʦʜʥʘ ʞʠʮʘ ʥʘ 0,6 s.  
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ʊʘʙʝʣʘ 8.16. ʅʘʿʜʦʙʘʨ ʩʦʦʜʥʦʩ ʥʘ ʬʘʢʪʦʨʠʪʝ ʟʘ ʤʠʥʠʤʘʣʝʥ ʙʨʦʿ ʥʘ ʫʜʘʨʠ ʥʘ ʠʛʣʘ 

ʈʝʰʝʥʠʝ 

ɿʘʪʝʛʥʫʚʘˁʝ 

ʥʘ ʛʦʨʝʥ 

ʢʦʥʝʮ  

(cN) 

ɿʘʪʝʛʥʫʚʘˁʝ 

ʥʘ ʜʦʣʝʥ 

ʢʦʥʝʮ  

(Nm) 

ɹʨʟʠʥʘ ʥʘ 

ʦʩʦʚʠʥʘ 

(vrt/min) 

ɺʨʝʤʝ ʥʘ 

ʦʜʤʦʪʫʚʘˁʝ ʥʘ 

ʧʨʦʚʦʜʥʘ ʞʠʮʘ 

(s) 

ʈʝʟʫʣʪʘʪ - 

ʙʨʦ ʿʥʘ ʫʜʘʨʠ 

ʦʜ ʠʛʣʘ 

1 150 350 700 0,6 0,33 

 

ʆʜ ʩʧʨʦʚʝʜʝʥʠʦʪ ʜʠʟʘʿʥ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʠ ʩʝ ʛʣʝʜʘ ʜʝʢʘ ʠ ʩʦ ʧʦʜʝʩʫʚʘˁʝ ʥʘ 

ʥʘʿʜʦʙʨʠʦʪ ʩʦʦʜʥʦʩ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʤʘʰʠʥʘʪʘ ʟʘ ʰʠʝˁʝ, ʥʝ ʝ ʤʦʞʥʦ ʮʝʣʦʩʥʦ ʜʘ ʩʝ 

ʩʧʨʝʯʠ ʛʨʝʰʢʘʪʘ  ʫʜʘʨ ʦʜ ʠʛʣʘ. ʆʚʘ ʩʝ ʜʦʣʞʠ ʥʘ ʤʦʤʝʥʪʘʣʥʘʪʘ ʪʝʭʥʦʣʦʛʠʿʘ ʠ ʦʧʨʝʤʘ ʰʪʦ 

ʩʝ ʢʦʨʠʩʪʠ ʚʦ ʧʨʦʮʝʩʦʪ ʥʘ ʰʠʝˁʝ ʚʦ ʢʦʤʧʘʥʠʿʘʪʘ ʰʪʦ ʝ ʧʨʝʜʤʝʪ ʥʘ ʠʩʪʨʘʞʫʚʘˁʝ. ʉʧʦʨʝʜ 

ʩʧʝʮʠʬʠʢʘʮʠʿʘʪʘ ʥʘ ʛʨʝʘʯ ʟʘ ʩʝʜʠʰʪʘ, ʜʦʟʚʦʣʝʥʠ ʩʝ 6 ʫʜʘʨʠ ʦʜ ʠʛʣʘ ʥʘ 1 m ʜʦʣʞʝʥ 

ʧʨʦʚʦʜʥʘ ʞʠʮʘ. ʆʚʘ ʟʥʘʯʠ ʜʝʢʘ ʩʝʧʘʢ ˃ʝ ʩʝ ʧʦʿʘʚʠ ʫʜʘʨ ʦʜ ʠʛʣʘ ʥʘ ʧʨʦʠʟʚʦʜʦʪ ʠ ʟʘʪʦʘ 

ʪʨʝʙʘ ʜʘ ʩʝ ʠʤʧʣʝʤʝʥʪʠʨʘ ʩʠʩʪʝʤ ʟʘ ʜʝʪʝʢʮʠʿʘ ʥʘ ʫʜʘʨʦʪ, ʢʦʿ ˃ʝ ʛʦ ʠʟʦʣʠʨʘ ʦʰʪʝʪʝʥʠʦʪ 

ʧʨʦʠʟʚʦʜʦʪ ʠ ˃ʝ ʿʘ ʩʦʧʨʝ ʤʘʰʠʥʘʪʘ ʩʝ ʜʦʜʝʢʘ ʥʝ ʩʝ ʫʪʚʨʜʠ ʠʟʚʦʨʦʪ ʟʘ ʧʦʿʘʚʘ ʥʘ 

ʩʧʝʮʠʿʘʣʥʘʪʘ ʧʨʠʯʠʥʘ.  

ɸʚʪʦʤʘʪʩʢʠ ʩʠʩʪʝʤ ʟʘ ʜʝʪʝʢʮʠʿʘ ʥʘ ʫʜʘʨ ʦʜ ʠʛʣʘ - ʉʠʩʪʝʤʦʪ ʟʘ ʜʝʪʝʢʮʠʿʘ ʥʘ ʫʜʘʨ 

ʦʜ ʠʛʣʘ ʝ ʧʨʠʢʘʞʘʥ ʥʘ ʉʣʠʢʘ 8.28, ʘ ʝʣʝʢʪʨʠʯʥʠʦʪ ʜʠʿʘʛʨʘʤ ʝ ʧʨʠʢʘʞʘʥ ʥʘ ʉʣʠʢʘ 8.29. 

ʆʚʦʿ ʩʠʩʪʝʤ ʩʝ ʩʦʩʪʦʠ ʦʜ ʤʝʭʘʥʠʟʘʤ ʟʘ ʦʜʤʦʪʫʚʘˁʝ ʥʘ ʧʨʦʚʦʜʥʘʪʘ ʞʠʮʘ ʢʦʿ ʝ ʩʦ ʥʘʧʦʥ 5 

V ʠ ʛʣʘʚʥʘ ʢʦʥʟʫʣʘ ʥʘ ʤʘʰʠʥʘʪʘ ʢʦʿʘ ʝ ʩʦ ʥʘʧʦʥ 0 V. ʇʨʦʚʦʜʥʘʪʘ ʞʠʮʘ  ʩʝ ʠʥʩʪʘʣʠʨʘ ʥʘ  

ʤʝʭʘʥʠʟʤʦʪ ʟʘ ʦʜʤʦʪʫʚʘˁʝ, ʩʦ ʰʪʦ ʥʝʿʟʠʥʠʦʪ ʥʘʧʦʥ ʩʝ ʠʟʨʘʤʥʫʚʘ ʥʘ 5 V. ʀʛʣʘʪʘ ʟʘ 

ʰʠʝˁʝ ʝ ʠʥʩʪʘʣʠʨʘʥʘ ʥʘ ʢʦʥʟʦʣʘʪʘ ʥʘ ʤʘʰʠʥʘʪʘ ʩʦ ʰʪʦ ʥʝʿʟʠʥʠʦʪ ʥʘʧʦʥ ʩʝ ʠʟʨʘʤʥʫʚʘ 

ʥʘ 0 V. ʂʦʛʘ ʠʛʣʘʪʘ ʟʘ ʰʠʝˁʝ ʩʦ ʥʘʧʦʥ 0 V ˃ ʝ ʫʜʨʠ ʥʘ ʧʨʦʚʦʜʥʘʪʘ ʞʠʮʘ  ʢʦʿʘ ʝ ʩʦ ʥʘʧʦʥ 

5 V, ʩʠʩʪʝʤʦʪ ʟʘ ʜʝʪʝʢʮʠʿʘ ʥʘ ʨʘʟʣʠʢʘ ʥʘ ʥʘʧʦʥ ˃ʝ ʩʝ ʘʢʪʠʚʠʨʘ ʠ ˃ʝ ʩʠʛʥʘʣʠʟʠʨʘ ʫʜʘʨ ʦʜ 

ʠʛʣʘ. PLC ʢʦʥʪʨʦʣʝʨʦʪ ʘʚʪʦʤʘʪʩʢʠ ʿʘ ʩʪʦʧʠʨʘ ʤʘʰʠʥʘʪʘ ʟʘ ʰʠʝˁʝ, ʧʦʢʘʞʫʚʘ ʘʣʘʨʤ ʩʦ 

ʧʦʨʘʢʘ ʥʘ ʢʦʿʘ ʛʣʘʚʘ ʦʜ  ʤʘʰʠʥʘʪʘ ʟʘ ʰʠʝˁʝ ʩʝ ʩʣʫʯʠʣ ʫʜʘʨ ʦʜ ʠʛʣʘ. ʆʧʝʨʘʪʦʨʦʪ ʚʨʰʠ 

ʘʥʘʣʠʟʘ ʥʘ ʧʨʠʯʠʥʠʪʝ ʟʘ ʧʦʿʘʚʘ ʥʘ  ʫʜʘʨ ʦʜ ʠʛʣʘ, ʠʤʧʣʝʤʝʥʪʠʨʘ ʢʦʨʝʢʪʠʚʥʠ ʘʢʮʠʠ ʠ ʛʦ 

ʦʩʣʦʙʦʜʫʚʘ ʧʨʦʮʝʩʦʪ ʟʘ ʧʦʥʘʪʘʤʦʰʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʉʠʩʪʝʤʦʪ ʟʘ ʜʝʪʝʢʮʠʿʘ ʥʘ ʫʜʘʨ ʦʜ 

ʠʛʣʘ ʥʝ ʩʧʨʝʯʫʚʘ ʧʦʿʘʚʘ ʥʘ ʫʜʘʨ ʦʜ ʠʛʣʘ, ʥʦ ʚʨʰʠ 100 % ʢʦʥʪʨʦʣʘ ʠ ʜʝʪʝʢʮʠʿʘ ʥʘ 

ʦʰʪʝʪʝʥʘ ʧʨʦʚʦʜʥʘ ʞʠʮʘ. ʅʘ ʦʚʦʿ ʥʘʯʠʥ ʜʝʬʝʢʪʥʠʪʝ ʧʨʦʠʟʚʦʜʠ ʥʝʤʘ ʜʘ ʧʨʦʜʦʣʞʘʪ ʥʘ 

ʩʣʝʜʥʠʦʪ ʧʨʦʠʟʚʦʜʩʪʚʝʥ ʧʨʦʮʝʩ ʠ ʥʝʤʘ ʜʘ ʛʝʥʝʨʠʨʘʘʪ ʜʦʧʦʣʥʠʪʝʣʥʠ ʟʘʛʫʙʠ ʦʜ ʘʩʧʝʢʪ ʥʘ 

ʧʦʪʨʦʰʝʥʠ ʨʝʧʨʦʤʘʪʝʨʠʿʘʣʠ, ʚʨʝʤʝ ʠ ʨʝʩʫʨʩʠ.   

ɽʜʠʥʩʪʚʝʥʘ ʤʦʞʥʦʩʪ ʩʠʩʪʝʤʦʪ ʜʘ ʥʝ ʜʝʪʝʢʪʠʨʘ ʫʜʘʨ ʦʜ ʠʛʣʘ ʝ ʜʦʢʦʣʢʫ ʥʝ ʝ 

ʘʢʪʠʚʠʨʘʥ. ɸʢʪʠʚʠʨʘˁʝ ʥʘ ʩʠʩʪʝʤʦʪ ʟʥʘʯʠ ʬʠʟʠʯʢʦ ʢʦʥʝʢʪʠʨʘˁʝ ʥʘ ʧʨʦʚʦʜʥʘʪʘ ʞʠʮʘ ʩʦ 

ʤʝʭʘʥʠʟʤʦʪ ʟʘ ʩʥʘʙʜʫʚʘˁʝ, ʩʦ ʰʪʦ ʥʠʚʥʠʦʪ  ʥʘʧʦʥ ʩʝ ʠʟʨʘʤʥʫʚʘ ʥʘ 5 V. ʅʝʘʢʪʠʚʠʨʘˁʝ 

ʥʘ  ʩʠʩʪʝʤʦʪ ʦʙʠʯʥʦ ʩʝ ʩʣʫʯʫʚʘ ʟʘ ʚʨʝʤʝ ʥʘ ʧʨʦʤʝʥʘ ʥʘ ʢʦʪʫʨ ʩʦ ʧʨʦʚʦʜʥʘ ʞʠʮʘ, ʚʦ ʩʣʫʯʘʿ 

ʢʦʛʘ ʦʧʝʨʘʪʦʨʦʪ ˃ʝ ʟʘʙʦʨʘʚʠ ʜʘ ʛʦ ʧʦʚʨʟʝ ʤʝʭʘʥʠʟʤʦʪ.  
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ʉʣʠʢʘ 8.28. ɸʚʪʦʤʘʪʠʟʠʨʘʥ ʩʠʩʪʝʤ ʟʘ ʦʪʢʨʠʚʘˁʝ ʥʘ ʫʜʘʨ ʦʜ ʠʛʣʘ ʧʨʠ ʧʨʦʮʝʩ ʥʘ ʰʠʝˁʝ  

 

 

ʉʣʠʢʘ 8.29. ɽʣʝʢʪʨʠʯʝʥ ʜʠʘʿʛʨʘʤ ʥʘ ʩʠʩʪʝʤ ʟʘ ʜʝʪʝʢʮʠʿʘ ʥʘ  ʫʜʘʨ ʦʜ ʠʛʣʘ  

 

ɸʚʪʦʤʘʪʩʢʘ ʧʨʦʚʝʨʢʘ ʜʘʣʠ ʩʠʩʪʝʤʦʪ ʟʘ ʜʝʪʝʢʮʠʿʘ ʥʘ ʫʜʘʨ ʦʜ ʠʛʣʘ ʝ ʘʢʪʠʚʠʨʘʥ 

- ɿʘ ʜʘ ʩʝ ʠʟʙʝʛʥʝ ʛʨʝʰʢʘʪʘ ʥʝʘʢʪʠʚʠʨʘʥ ʩʠʩʪʝʤ ʟʘ ʜʝʪʝʢʮʠʿʘ ʥʘ ʫʜʘʨ ʦʜ ʠʛʣʘ, ʠʥʩʪʘʣʠʨʘʥ 

ʝ ʩʠʩʪʝʤ ʢʦʿ ˃ʝ ʚʨʰʠ ʩʘʤʦʧʨʦʚʝʨʢʘ ʥʘ ʢʦʥʝʢʮʠʿʘʪʘ ʧʦʤʝʺʫ ʧʨʦʚʦʜʥʘʪʘ ʞʠʮʘ ʠ 

ʤʝʭʘʥʠʟʤʦʪ ʟʘ ʦʜʤʦʪʫʚʘˁʝ. ʂʦʥʮʝʧʪʦʪ ʥʘ ʩʠʩʪʝʤʦʪ ʝ ʜʘ ʩʝ ʠʩʢʦʨʠʩʪʠ ʧʦʩʪʦʝʯʢʠʦʪ ʫʨʝʜ 
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ʟʘ ʩʝʯʝˁʝ ʥʘ ʧʨʦʚʦʜʥʘʪʘ ʞʠʮʘ, ʢʦʿ ʩʝ ʘʢʪʠʚʠʨʘ ʧʦʩʣʝ ʩʝʢʦʿ ʟʘʚʨʰʝʥ ʮʠʢʣʫʩ ʥʘ ʰʠʝˁʝ 

(ʉʣʠʢʘ 8.30). ʇʨʠʥʮʠʧʦʪ ʥʘ ʨʘʙʦʪʘ ʝ ʩʣʝʜʝʥ: ʥʦʞʦʪ ʟʘ ʩʝʯʝˁʝ ʥʘ ʧʨʦʚʦʜʥʘʪʘ ʞʠʮʘ ʝ 

ʧʦʩʪʘʚʝʥ ʥʘ ʛʣʘʚʥʘʪʘ ʢʦʥʟʦʣʘ ʥʘ ʤʘʰʠʥʘʪʘ ʩʦ ʰʪʦ ʠʤʘ ʥʘʧʦʥ ʢʘʢʦ ʠ ʤʘʰʠʥʘʪʘ 0 V. ɸʢʦ 

ʧʨʦʚʦʜʥʘʪʘ ʞʠʮʘ ʝ ʧʨʘʚʠʣʥʦ ʧʦʚʨʟʘʥʘ ʩʦ ʤʝʭʘʥʠʟʤʦʪ ʟʘ ʦʜʤʦʪʫʚʘˁʝ ʪʦʛʘʰ  ʥʝʿʟʠʥʠʦʪ 

ʥʘʧʦʥ ʩʝ ʠʟʨʘʤʥʫʚʘ ʥʘ 5 V. ʇʦʩʣʝ ʩʝʢʦʿ ʮʠʢʣʫʩ ʥʘ ʰʠʝˁʝ ʥʦʞʦʪ ʦʜ ʤʘʰʠʥʘʪʘ ʿʘ ʩʝʯʝ 

ʧʨʦʚʦʜʥʘʪʘ ʞʠʮʘ ʧʨʠ ʰʪʦ ʥʘʩʪʘʥʫʚʘ ʢʦʥʪʘʢʪ 0 V ï 5 V ʠ ʩʝ ʘʢʪʠʚʠʨʘ ʜʝʪʝʢʪʦʨʦʪ ʥʘ ʥʘʧʦʥ 

ʰʪʦ ʝ ʚʦʝʜʥʦ ʧʦʪʚʨʜʘ ʜʝʢʘ ʢʦʥʝʢʮʠʿʘʪʘ ʧʦʤʝʺʫ ʧʨʦʚʦʜʥʘʪʘ ʞʠʮʘ ʠ ʤʝʭʘʥʠʟʤʦʪ ʟʘ 

ʦʜʤʦʪʫʚʘˁʝ ʝ ʧʨʘʚʠʣʥʦ ʧʦʚʨʟʘʥʘ.  PLC ʢʦʥʪʨʦʣʝʨʦʪ ʧʦʩʣʝ ʩʝʢʦʿ ʮʠʢʣʫʩ ʥʘ ʰʠʝˁʝ ʜʦʙʠʚʘ 

ʩʠʛʥʘʣ ʟʘ ʨʘʟʣʠʯʝʥ ʥʘʧʦʥ ʰʪʦ ʝ ʫʩʣʦʚ ʤʘʰʠʥʘʪʘ ʜʘ ʧʨʦʜʦʣʞʠ ʩʦ ʨʘʙʦʪʘ. ʇʨʝʜʥʦʩʪʘ ʥʘ 

ʦʚʦʿ ʩʠʩʪʝʤ ʝ ʪʦʘ ʰʪʦ ʧʨʠ ʩʘʤʦʧʨʦʚʝʨʢʘʪʘ ʥʘ ʢʦʥʝʢʮʠʿʘʪʘ ʥʝ ʩʝ ʟʛʦʣʝʤʫʚʘ ʚʨʝʤʝʪʦ ʥʘ 

ʮʠʢʣʫʩ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʤʘʰʠʥʘʪʘ ʟʘ ʰʠʝˁʝ.  

 

  
 

ʉʣʠʢʘ 8.30. ʉʠʩʪʝʤ ʟʘ ʩʝʯʝˁʝ ʥʘ ʧʨʦʚʦʜʥʘ ʞʠʮʘ ʥʘ ʤʘʰʠʥʘʪʘ ʟʘ ʰʠʝˁʝ 

 

ʇʨʦʮʝʩ ʠhʝˁʝ ï ʠʟʚʦʨʥʘ ʧʨʠʯʠʥʘ ,,ʧʦʛʨʝʰʥʘ ʧʦʪʨʦʰʫʚʘʯʢʘ ʥʘ ʧʨʦʚʦʜʥʘ 

ʞʠʮʘò. ʇʦʪʨʦʰʫʚʘʯʢʘʪʘ ʥʘ ʧʨʦʚʦʜʥʘ ʞʠʮʘ ʟʘʚʠʩʠ ʦʜ ʧʦʜʝʩʫʚʘˁʘʪʘ ʥʘ ʪʝʥʟʠʿʘʪʘ ʥʘ 

ʢʦʥʝʮʦʪ (ʛʦʨʝʥ/ʜʦʣʝʥ ʢʦʥʝʮ) ʰʪʦ ʝ ʤʘʥʫʝʣʥʘ ʦʧʝʨʘʮʠʿʘ ʠ ʩʝʢʦʛʘʰ ʩʝ ʧʨʘʚʠ ʧʨʠ ʧʨʦʤʝʥʘ 

ʥʘ ʤʦʜʝʣ, ʘ ʤʦʞʝ ʜʘ ʩʝ ʠʟʤʝʩʪʠ ʚʦ ʧʨʦʮʝʩʦʪ ʥʘ ʨʘʙʦʪʘ ʥʘ ʤʘʰʠʥʘʪʘ. ɺʪʦʨ ʧʘʨʘʤʝʪʘʨ ʰʪʦ 

ʚʣʠʿʘʝ ʥʘ ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ ʥʘ ʧʨʦʚʦʜʥʘ ʞʠʮʘ ʝ ʪʝʥʟʠʿʘʪʘ ʥʘ ʧʨʦʚʦʜʥʘʪʘ ʞʠʮʘ ʰʪʦ ʟʘʚʠʩʠ 

ʦʜ ʙʨʟʠʥʘʪʘ ʥʘ ʤʝʭʘʥʠʟʤʦʪ ʟʘ ʦʜʤʦʪʫʚʘˁʝ. ʂʘʢʦ ʢʦʨʝʢʪʠʚʥʘ ʘʢʮʠʿʘ ʥʘ ʦʚʠʝ ʠʟʚʦʨʥʠ 

ʧʨʠʯʠʥʠ ʠʤʧʣʝʤʝʥʪʠʨʘʥ ʝ ʩʠʩʪʝʤ  ʟʘ ʢʦʥʪʨʦʣʘ ʥʘ ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ ʥʘ ʧʨʦʚʦʜʥʘ ʞʠʮʘ. ʅʘ 

ʉʣʠʢʘ 8.31 ʝ ʧʨʠʢʘʞʘʥ ʩʠʩʪʝʤʦʪ ʢʦʿ ʩʝ ʩʦʩʪʦʠ ʦʜ PLC ʢʦʥʪʨʦʣʝʨ ʠ  ʝʥʢʦʜʝʨʠ ʧʦʩʪʘʚʝʥʠ 

ʥʘ ʩʝʢʦʿ ʤʝʭʘʥʠʟʘʤ ʟʘ ʦʜʤʦʪʫʚʘˁʝ ʥʘ ʤʘʰʠʥʘʪʘ ʟʘ ʰʠʝˁʝ. ʆʚʠʝ ʝʥʢʦʜʝʨʠ ʿʘ ʤʝʨʘʪ 

ʨʝʘʣʥʘʪʘ ʧʦʪʨʦʰʫʚʘʯʢʘ ʥʘ ʧʨʦʚʦʜʥʘ ʞʠʮʘ ʠ ʿʘ ʩʧʦʨʝʜʫʚʘʘʪ ʩʦ ʜʝʬʠʥʠʨʘʥʠʦʪ ʥʦʨʤʘʪʠʚ 

ʟʘ ʢʦʥʢʨʝʪʥʠʦʪ ʧʨʦʠʟʚʦʜ. ʅʘ ʦʚʦʿ ʥʘʯʠʥ ʮʝʣʦʩʥʦ ʩʝ ʝʣʠʤʠʥʠʨʘ ʤʦʞʥʦʩʪʘ ʟʘ ʩʝʨʠʩʢʠ 

ʜʝʬʝʢʪʠ ʧʦʨʘʜʠ ʜʝʚʠʿʘʮʠʠ ʥʘ ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ ʥʘ ʧʨʦʚʦʜʥʘ ʞʠʮʘ.  
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ʉʣʠʢʘ 8.31. ɸʚʪʦʤʘʪʩʢʠ ʩʠʩʪʝʤ ʟʘ ʢʦʥʪʨʦʣʘ ʥʘ ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ ʥʘ ʞʠʮʘ 

 

ʇʨʦʮʝʩʦʪ ʥʘ ʬʠʥʘʣʥʘ ʤʦʥʪʘʞʘ ï ʠʟʚʦʨʥʘ ʧʨʠʯʠʥʘ ,,ʛʨʝʰʥʦ ʧʦʟʠʮʠʦʥʠʨʘˁʝ 

ʥʘ ʧʨʦʚʦʜʥʘ ʞʠʮʘ ʠ ʢʘʙʝʣʩʢʠ ʧʨʠʢʣʫʯʦʢ ʧʨʠ ʧʨʦʮʝʩʦʪ ʥʘ ʧʦʚʨʟʫʚʘˁʝò. ɿʘ 

ʝʣʠʤʠʥʠʨʘˁʝ ʥʘ ʦʚʘʘ ʠʟʚʦʨʥʘ ʧʨʠʯʠʥʘ ʠʤʧʣʝʤʝʥʪʠʨʘʥ ʝ ʢʘʤʝʨʘ ʩʠʩʪʝʤ ʟʘ ʢʦʥʪʨʦʣʘ ʥʘ 

ʧʦʟʠʮʠʿʘʪʘ ʥʘ ʧʨʦʚʦʜʥʘʪʘ ʞʠʮʘ ʠ ʢʘʙʝʣʩʢʠʦʪ ʧʨʠʢʣʫʯʦʢ ʧʨʠ ʧʨʦʮʝʩʦʪ ʥʘ ʧʦʚʨʟʫʚʘˁʝ.  

ɼʦʢʦʣʢʫ ʧʦʟʠʮʠʿʘʪʘ ʥʘ ʧʨʦʚʦʜʥʘʪʘ ʞʠʮʘ ʠ ʢʘʙʝʣʩʢʠʦʪ ʧʨʠʢʣʫʯʦʢ ʝ ʛʨʝʰʥʘ, ʩʠʩʪʝʤʦʪ 

ʥʝʤʘ ʜʘ ʜʦʟʚʦʣʠ ʧʨʦʮʝʩʦʪ ʥʘ ʧʦʚʨʟʫʚʘˁʝ (ʘʧʣʠʮʠʨʘˁʝ ʥʘ ʪʝʨʤʠʥʘʣ) ʜʘ ʧʨʦʜʦʣʞʠ. 

ʇʨʦʮʝʩʦʪ ʥʘ ʬʠʥʘʣʥʘ ʤʦʥʪʘʞʘ ï ʠʟʚʦʨʥʘ ʧʨʠʯʠʥʘ ,,ʛʨʝʰʝʥ ʨʝʜʦʩʣʝʜ ʥʘ 

ʦʧʝʨʘʮʠʠʪʝ ʚʦ ʣʠʥʠʿʘʪʘ ʟʘ ʬʠʥʘʣʥʘ ʤʦʥʪʘʞʘò. ʇʨʦʠʟʚʦʜʩʪʚʦʪʦ ʚʦ ʣʠʥʠʿʘʪʘ ʟʘ 

ʬʠʥʘʣʥʘ ʤʦʥʪʘʞʘ ʩʝ ʦʜʚʠʚʘ ʚʦ ʨʦʪʠʨʘʯʢʠ ʨʝʞʠʤ ʥʘ ʨʘʙʦʪʘ ʢʘʜʝ ʰʪʦ ʦʧʝʨʘʪʦʨʠʪʝ ʟʘʝʜʥʦ 

ʩʦ ʧʨʦʠʟʚʦʜʦʪ ʨʦʪʠʨʘʘʪ ʥʠʟ ʩʠʪʝ ʨʘʙʦʪʥʠ ʩʪʘʥʠʮʠ ʚʦ ʣʠʥʠʿʘʪʘ. ʆʧʝʨʘʮʠʠʪʝ ʚʦ ʣʠʥʠʿʘʪʘ 

ʟʘ ʬʠʥʘʣʥʘ ʤʦʥʪʘʞʘ ʩʝ ʧʨʠʢʘʞʘʥʠ ʥʘ ʉʣʠʢʘ 8.32. ʇʦʨʘʜʠ ʨʦʪʘʮʠʿʘʪʘ ʧʦʥʝʢʦʛʘʰ ʩʝ 

ʩʣʫʯʫʚʘ ʦʧʝʨʘʪʦʨʦʪ ʜʘ ʠʩʧʫʰʪʠ ʥʝʢʦʿʘ ʦʧʝʨʘʮʠʿʘ, ʧʨʠ ʰʪʦ ʛʨʝʰʢʘʪʘ ʥʘʿʯʝʩʪʦ ʩʝ 

ʜʝʪʝʢʪʠʨʘ ʥʘ ʩʣʝʜʥʠʦʪ ʧʨʦʮʝʩ ʩʦ ʚʠʟʫʝʣʥʘ ʢʦʥʪʨʦʣʘ. ʀʩʢʣʫʯʦʢ ʟʘ ʚʠʟʫʝʣʥʘ ʢʦʥʪʨʦʣʘ ʥʘ 

ʠʩʧʫʰʪʝʥ ʧʨʦʮʝʩ ʝ ʩʪʘʥʠʮʘʪʘ ʟʘ ʟʘʚʘʨʫʚʘˁʝ, ʟʘʪʦʘ ʰʪʦ ʦʚʘʘ ʜʝʚʠʿʘʮʠʿʘ ʤʦʞʝ ʜʘ ʩʝ 

ʜʝʪʝʢʪʠʨʘ ʩʘʤʦ ʥʘ ʝʣʝʢʪʨʠʯʥʠʦʪ ʪʝʩʪʝʨ, ʧʨʝʢʫ ʤʝʨʝˁʝ ʥʘ ʦʪʧʦʨʥʦʩʪ ʥʘ ʧʨʦʠʟʚʦʜʦʪ, h ʪʦ 

ʝ ʧʦʩʣʝʜʥʘ ʦʧʝʨʘʮʠʿʘ ʚʦ ʣʠʥʠʿʘʪʘ ʟʘ ʬʠʥʘʣʥʘ ʤʦʥʪʘʞʘ. ʀʩʧʫʰʪʝʥʦ ʟʘʚʘʨʫʚʘˁʝ ʢʘʢʦ 

ʧʨʦʮʝʩ ʧʨʝʜʠʟʚʠʢʫʚʘ ʠʟʦʣʘʮʠʿʘʪʘ ʧʦʤʝʺʫ ʙʘʢʘʨʥʠʪʝ ʬʠʣʘʤʝʥʪʠ ʜʘ ʦʩʪʘʥʝ ʥʝʨʘʩʪʦʧʝʥʘ, 

ʰʪʦ ʨʝʟʫʣʪʠʨʘ ʩʦ ʣʦʰ ʢʦʥʪʘʢʪʦʪ ʧʦʤʝʺʫ ʬʠʣʘʤʝʥʪʠʪʝ ʠ ʪʝʨʤʠʥʘʣʦʪ ʠ ʦʪʧʦʨʥʦʩʪ ʥʘʜʚʦʨ 

ʦʜ ʩʧʝʮʠʬʠʢʘʮʠʿʘʪʘ ʥʘ ʧʨʦʠʟʚʦʜʦʪ. ʆʚʘʘ ʜʝʪʝʢʮʠʿʘ ʝ ʤʥʦʛʫ ʟʘʜʦʮʥʝʪʘ ʦʜ ʘʩʧʝʢʪ ʥʘ 

ʩʝʨʠʩʢʠ ʜʝʬʝʢʪʠ ʚʦ ʣʠʥʠʿʘʪʘ ʠ ʬʠʥʘʥʩʠʩʢʠ ʟʘʛʫʙʠ ʧʦʨʘʜʠ ʰʢʘʨʪ ʙʠʜʝʿ˃ʠ ʧʨʦʠʟʚʦʜʦʪ ʩʦ 

ʦʚʘʘ ʛʨʝʰʢʘ ʥʝ ʩʝ ʧʨʝʨʘʙʦʪʫʚʘ.  

ɿʘ ʜʘ ʩʝ ʠʟʙʝʛʥʝ ʛʨʝʰʢʘʪʘ ʥʘ ʦʧʝʨʘʪʦʨʦʪ ʜʘ ʧʨʦʧʫʰʪʠ ʥʝʢʦʿʘ ʦʧʝʨʘʮʠʿʘ ʚʦ 

ʣʠʥʠʿʘʪʘ ʟʘ ʬʠʥʘʣʥʘ ʤʦʥʪʘʞʘ, ʠʥʩʪʘʣʠʨʘʥ ʝ ʘʚʪʦʤʘʪʩʢʠʦʪ ʩʠʩʪʝʤ ʰʪʦ ˃ʝ ʛʦ ʢʦʥʪʨʦʣʠʨʘ 

ʨʝʜʦʩʣʝʜʦʪ ʥʘ ʦʧʝʨʘʮʠʠ  ʠ ʚʦ ʩʣʫʯʘʿ ʥʘ ʧʨʦʧʫʩʪ ˃ʝ ʿʘ ʙʣʦʢʠʨʘ ʣʠʥʠʿʘʪʘ. 
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ʃʝʤʝˁʝ ʥʘ ʢʘʙʝʣʦʪ ʦʜ 

NTC ʩʝʥʟʦʨʦʪ

ɸʧʣʠʮʠʨʘˁʝ ʥʘ 

ʠʟʦʣʘʮʠʩʢʘ ʮʝʚʢʘ ʥʘ 

ʚʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ

ʏʠʩʪʝˁʝ ʥʘ ʦʪʧʘʜʦʪ 

ʧʦʩʣʝ ʩʝʯʝˁʝ/

ʦʙʣʠʢʫʚʘˁʝ ʥʘ ʧʣʘʪʥʦʪʦ

ʌʠʢʩʠʨʘˁʝ  ʩʦ ʪʝʯʝʥ 

ʣʝʧʘʢ ʥʘ ʢʘʙʝʣʩʢʠʦʪ 

ʧʨʠʢʣʫʯʦʢ ʥʘ ʧʣʘʪʥʦ

ʆʛʦʣʫʚʘˁʝ ʥʘ ʧʨʦʚʦʜʥʘ 

ʞʠʮʘ ʢʦʿʘ ʝ ʩʦʰʠʝʥʘ ʥʘ 

ʧʣʘʪʥʦʪʦ

ʇʦʚʨʟʫʚʘˁʝ ʥʘ 

ʧʨʦʚʦʜʥʘʪʘ ʞʠʮʘ  ʩʦ 

ʢʘʙʝʣʩʢʠ ʧʨʠʢʣʫʯʦʢ

ɿʘʚʘʨʫʚʘˁʝ ʧʦʩʣʝ 

ʧʦʚʨʟʫʚʘˁʝ ʥʘ ʧʨʦʚʦʜʥʘ 

ʞʠʮʘ ʩʦ ʢʘʙʝʣʩʢʠ ʧʨʠʢʣ.

ʌʠʢʩʠʨʘˁʝ ʥʘ 

ʢʦʥʝʢʮʠʠʪʝ ʥʘ ʧʣʘʪʥʦʪʦ 

ɸʧʣʠʮʠʨʘˁʝ ʥʘ 

ʠʟʦʣʘʮʠʩʢʘ ʮʝʚʢʘ ʥʘ 

ʚʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ

ʌʠʢʩʠʨʘˁʝ ʥʘ NTC 

ʩʝʥʟʦʨ ʥʘ ʧʣʘʪʥʦʪʦ

ʌʠʢʩʠʨʘˁʝ ʥʘ NTC 

ʢʘʙʝʣʦʪ ʩʦ ʣʝʧʣʠʚʘ ʪʨʘʢʘ. 

ʇʦʢʨʠʚʘˁʝ ʥʘ NTC 

ʩʝʥʟʦʨʦʪ ʩʦ ʣʝʧʣʠʚʘ 

ʪʨʘʢʘ

ʇʦʢʨʠʚʘˁʝ ʠ ʟʘʰʪʠʪʘ ʥʘ 

ʢʦʤʧʦʥʝʥʪʠʪʝ ʥʘ 

ʧʣʘʪʥʦʪʦ

100 % ʢʦʥʪʨʦʣʘ ʥʘ 

ʝʣʝʢʪʨʠʯʝʥ ʪʝʩʪʝʨ

ʆʛʦʣʫʚʘˁʝ ʥʘ 

ʢʘʙʝʣʦʪ ʦʜ NTC 

ʩʝʥʟʦʨʦʪ

ʉʝʯʝˁʝ ʥʘ ʛʦʨʥʘ 

ʧʦʢʨʠʚʢʘ 

 
ʉʣʠʢʘ 8.32. ɻʨʘʬʠʢʦʥ ʩʦ ʪʝʢ ʥʘ ʧʨʦʮʝʩ - ʣʠʥʠʿʘʪʘ ʟʘ ʬʠʥʘʣʥʘ ʤʦʥʪʘʞʘ  

8.4.4 ʐʝʩʪ ʉʠʛʤʘ - ʇʦʪʚʨʜʘ ʥʘ ʧʦʜʦʙʨʝʥʠʦʪ ʧʝʨʬʦʨʤʘʥʩ ʥʘ ʧʨʦʮʝʩʦʪ 

ʇʦ ʠʤʧʣʝʤʝʥʪʠʨʘˁʝ ʥʘ ʧʦʪʝʥʮʠʿʘʣʥʠʪʝ ʨʝʰʝʥʠʿʘ ʟʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʧʨʦʮʝʩʠʪʝ 

ʩʝ ʧʨʠʙʠʨʘʘʪ ʧʦʜʘʪʦʮʠ ʦʜ ʨʝʜʦʚʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʟʘ ʜʘ ʩʝ ʩʧʨʦʚʝʜʝ SPC ʩʪʫʜʠʿʘ ʚʦ 

ʦʜʥʦʩ ʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʪʘ Ăʦʪʧʦʨʥʦʩʪ ʥʘ ʛʨʝʘʯ ʥʘʜʚʦʨ ʦʜ ʩʧʝʮʠʬʠʢʘʮʠʿʘò. ɺʨʟ ʦʩʥʦʚʘ 

ʥʘ 400 ʤʝʨʝˁʘ ʦʜ ʨʝʜʦʚʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ˃ʝ ʩʝ ʧʨʝʩʤʝʪʘ ʩʧʦʩʦʙʥʦʩʪ ʥʘ ʧʨʦʮʝʩʦʪ ʉʨ,  

ʠʥʜʝʢʩʦʪ ʥʘ ʩʧʦʩʦʙʥʦʩʪ ʥʘ ʧʨʦʮʝʩʦʪ Cpk, ʧʝʨʬʦʨʤʘʥʩʦʪ ʥʘ ʧʨʦʮʝʩʦʪ Pp, ʠʥʜʝʢʩʦʪ ʥʘ 

ʧʝʨʬʦʨʤʘʥʩ ʥʘ ʧʨʦʮʝʩʦʪ Ppk ʠ ʩʪʘʧʢʘʪʘ ʥʘ ʜʝʬʝʢʪʠ dpmo.  

ɺʨʝʜʥʦʩʪʠʪʝ ʟʘ ʜʦʣʥʘʪʘ ʛʨʘʥʠʮʘ ʥʘ ʩʧʝʮʠʬʠʢʘʮʠʿʘʪʘ (LSL) ʠ ʛʦʨʥʘʪʘ ʛʨʘʥʠʮʘ ʥʘ 

ʩʧʝʮʠʬʠʢʘʮʠʿʘʪʘ (USL) ʩʝ ʟʘʜʘʜʝʥʠ ʦʜ ʢʣʠʝʥʪʦʪ:  

LSL = 3330 mɋ 

USL = 4070 mɋ 

ɸʨʠʪʤʝʪʠʯʢʘʪʘ ʩʨʝʜʠʥʘ ʥʘ ʠʥʜʠʚʠʜʫʘʣʥʠ ʚʨʝʜʥʦʩʪʠ ʠʟʥʝʩʫʚʘ 8  = 3602,56 mɋ. 

ɻʦʨʥʘʪʘ ʢʦʥʪʨʦʣʥʘ ʛʨʘʥʠʮʘ (Ὗὅὒ) ʠ ʜʦʣʥʘʪʘ ʢʦʥʪʨʦʣʥʘ ʛʨʘʥʠʮʘ (ὒὅὒ) ʚʦ ʛʨʘʬʠʢʦʥʦʪ 
ʟʘ ʠʥʜʠʚʠʜʫʘʣʥʠ ʦʪʯʠʪʫʚʘˁʘ ʩʝ ʧʨʝʩʤʝʪʫʚʘʘʪ ʩʧʦʨʝʜ ʬʦʨʤʫʣʘ 13 ʚʦ ʧʦʛʣʘʚʿʝ 3.3.3: 

 Ὗὅὒ = 3792,6 mɋ 

 ὒὅὒ = 3412,5 mɋ   
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ʉʣʠʢʘ 8.33. ɻʨʘʬʠʢʦʥ ʩʦ ʠʥʜʠʚʠʜʫʘʣʥʠ ʦʪʯʠʪʫʚʘˁʘ (ʧʦʜʦʙʨʝʥ ʧʨʦʮʝʩ) 

 

ʇʨʦʩʝʯʥʠʦʪ ʧʦʜʚʠʞʝʥ ʦʧʩʝʛ ʠʟʥʝʩʫʚʘ ὓὙ = 71,465 mɋ (ʚʠʜʠ ʬʦʨʤʫʣʘ 10). 

ɻʦʨʥʘʪʘ ʢʦʥʪʨʦʣʥʘ ʛʨʘʥʠʮʘ (Ὗὅὒ) ʠ ʜʦʣʥʘʪʘ ʢʦʥʪʨʦʣʥʘ ʛʨʘʥʠʮʘ (ὒὅὒ ) ʚʦ ʛʨʘʬʠʢʦʥʦʪ 
ʥʘ ʧʦʜʚʠʞʝʥ ʦʧʩʝʛ ʩʝ ʧʨʝʩʤʝʪʫʚʘʘʪ ʩʧʦʨʝʜ ʬʦʨʤʫʣʘ 14 ʚʦ ʧʦʛʣʘʚʿʝ 3.3.3:  

Ὗὅὒ = 233,47 mɋ 

ὒὅὒ = 0 mɋ 

 

 
 

ʉʣʠʢʘ 8.34. ɻʨʘʬʠʢʦʥ ʥʘ ʧʦʜʚʠʞʝʥ ʦʧʩʝʛ (ʧʦʜʦʙʨʝʥ ʧʨʦʮʝʩ) 
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ʉʣʠʢʘ 8.35. ʍʠʩʪʦʛʨʘʤ ʥʘ ʩʧʦʩʦʙʥʦʩʪ (ʧʦʜʦʙʨʝʥ ʧʨʦʮʝʩ) 

 

 
ʉʣʠʢʘ 8.36. ʉʧʦʩʦʙʥʦʩʪ ʥʘ ʧʨʦʮʝʩ ʠ ʧʝʨʬʦʨʤʘʥʩ ʥʘ ʧʨʦʮʝʩ (ʧʦʜʦʙʨʝʥ ʧʨʦʮʝʩ) 

 

ʉʪʘʥʜʘʨʜʥʘʪʘ ʜʝʚʠʿʘʮʠʿʘ (StDev) ʠʟʥʝʩʫʚʘ ʎc = 63,36 mɋ (ʚʠʜʠ ʬʦʨʤʫʣʘ 15). ɻʠ 

ʟʝʤʘ ʚʦ ʧʨʝʜʚʠʜ ʩʘʤʦ ʚʘʨʠʿʘʮʠʠʪʝ ʚʦ ʧʦʜʛʨʫʧʠʪʝ.  

ὅ  = 1,946 (ʚʠʜʠ ʬʦʨʤʫʣʘ 17). ɻʠ ʟʝʤʘ ʚʦ ʧʨʝʜʚʠʜ ʩʘʤʦ ʚʘʨʠʿʘʮʠʠʪʝ ʚʦ 

ʧʦʜʛʨʫʧʠʪʝ. ʅʝ ʛʦ ʟʝʤʘ ʚʦ ʧʨʝʜʚʠʜ ʠ ʮʝʥʪʨʠʨʘˁʝʪʦ ʥʘ ʧʨʦʮʝʩʦʪ.  

ὅὴ = min {2,45; 1,43} = 1,43 (ʚʠʜʠ ʬʦʨʤʫʣʘ 18 ʠ ʬʦʨʤʫʣʘ 19). ɻʠ ʟʝʤʘ ʚʦ ʧʨʝʜʚʠʜ 

ʩʘʤʦ ʚʘʨʠʿʘʮʠʠʪʝ ʚʦ ʧʦʜʛʨʫʧʠʪʝ. ɻʦ ʟʝʤʘ ʚʦ ʧʨʝʜʚʠʜ ʠ ʮʝʥʪʨʠʨʘˁʝʪʦ ʥʘ ʧʨʦʮʝʩʦʪ.  

ʉʪʘʥʜʘʨʜʥʘʪʘ ʜʝʚʠʿʘʮʠʿʘ ʧʦ ʧʨʠʤʝʨʦʢ ʠʟʥʝʩʫʚʘ ί = 62,953 mɋ (ʚʠʜʠ ʬʦʨʤʫʣʘ 16). 

ɻʠ ʟʝʤʘ ʚʦ ʧʨʝʜʚʠʜ ʚʢʫʧʥʠʪʝ ʚʘʨʠʿʘʮʠʠ (ʩʠʪʝ ʦʪʯʠʪʫʚʘˁʘ) ʪ.ʝ ʚʘʨʠʿʘʮʠʠʪʝ ʚʦ, ʠ ʧʦʤʝʺʫ 

ʧʦʜʛʨʫʧʠʪʝ.  

ὖὴ = 1,959 (ʚʠʜʠ ʬʦʨʤʫʣʘ 20). ɻʠ ʟʝʤʘ ʚʦ ʧʨʝʜʚʠʜ ʚʘʨʠʿʘʮʠʠʪʝ ʚʦ, ʠ ʧʦʤʝʺʫ 

ʧʦʜʛʨʫʧʠʪʝ. ʅʝ ʛʦ ʟʝʤʘ ʚʦ ʧʨʝʜʚʠʜ ʠ ʮʝʥʪʨʠʨʘˁʝʪʦ ʥʘ ʧʨʦʮʝʩʦʪ.  

ὖὴ = min {2,475; 1,443} = 1,443 (ʚʠʜʠ ʬʦʨʤʫʣʘ 21 ʠ ʬʦʨʤʫʣʘ 22). ɻʠ ʟʝʤʘ ʚʦ 

ʧʨʝʜʚʠʜ ʚʘʨʠʿʘʮʠʠʪʝ ʚʦ, ʠ ʧʦʤʝʺʫ ʧʦʜʛʨʫʧʠʪʝ. ɻʦ ʟʝʤʘ ʚʦ ʧʨʝʜʚʠʜ ʠ ʮʝʥʪʨʠʨʘˁʝʪʦ ʥʘ 

ʧʨʦʮʝʩʦʪ.  
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ʅʘ ʉʣʠʢʘ 8.37 ʝ ʥʘʧʨʘʚʝʥʘ  ʩʧʦʨʝʜʙʘ ʥʘ ʧʝʨʬʦʨʤʘʥʩʦʪ ʥʘ ʧʨʦʮʝʩʦʪ ʧʨʝʜ ʠ ʧʦʩʣʝ 

ʠʤʧʣʝʤʝʥʪʠʨʘʥʠʪʝ ʧʦʜʦʙʨʫʚʘˁʘʪʘ. 

 

ʇʝʨʬʦʨʤʘʥʩ ʥʘ ʧʨʦʮʝʩ ʧʨʝʜ ʧʦʜʦʙʨʫʚʘˁʘʪʘ ʇʝʨʬʦʨʤʘʥʩ ʥʘ ʧʨʦʮʝʩ ʧʦʩʣʝ ʧʦʜʦʙʨʫʚʘˁʘʪʘ 

  

 

 

 

 

 

 

 

 
 

ʉʣʠʢʘ 8.37. ʇʝʨʬʦʨʤʘʥʩ ʥʘ ʧʨʦʮʝʩ ʧʨʝʜ ʠ ʧʦʩʣʝ ʠʤʧʣʝʤʝʥʪʠʨʘʥʠʪʝ ʧʦʜʦʙʨʫʚʘˁʘ  

 

ʆʜ ʨʝʟʫʣʪʘʪʠʪʝ ʧʨʠʢʘʞʘʥʠ ʚʦ ʊʘʙʝʣʘ 8.17 ʤʦʞʝ ʜʘ ʩʝ ʚʠʜʠ ʜʝʢʘ ʚʨʝʜʥʦʩʪʘ ʥʘ ὅ 

ʝ ʧʦʜʦʙʨʝʥʘ ʟʘ 40 %, ʚʨʝʜʥʦʩʪʘ ʥʘ ὅὴ ʟʘ 72 %, ʚʨʝʜʥʦʩʪʘ ʥʘ ὖὴ ʟʘ 69 % ʠ ʚʨʝʜʥʦʩʪʘ ʥʘ 

ὖὴ ʟʘ 109 %. ʆʜ ʘʥʘʣʠʟʘʪʘ ʥʘ  ʧʦʜʦʙʨʝʥʠʦʪ ʧʨʦʮʝʩ ʩʝ ʛʣʝʜʘ ʜʝʢʘ ʚʨʝʜʥʦʩʪʠʪʝ ʥʘ Cp  ʠ 

Pp ʪ.ʝ ʥʘ  Cpk ʠ Ppk ʩʝ ʨʝʯʠʩʠ ʠʜʝʥʪʠʯʥʠ, ʰʪʦ ʫʢʘʞʫʚʘ ʥʘ ʪʦʘ ʜʝʢʘ ʥʝʤʘ ʧʨʠʩʫʩʪʚʦ ʥʘ 

ʩʧʝʮʠʿʘʣʥʠ ʧʨʠʯʠʥʠ ʚʦ ʧʨʦʮʝʩʦʪ. ʉʦ ʦʚʘ ʩʝ ʧʦʪʚʨʜʫʚʘ ʝʬʝʢʪʠʚʥʦʩʪʘ ʥʘ ʧʦʜʦʙʨʫʚʘˁʘʪʘ 

ʠʤʧʣʝʤʝʥʪʠʨʘʥʠ ʚʦ ʧʨʦʮʝʩʠʪʝ.  
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ʊʘʙʝʣʘ 8.17. ʇʝʨʬʦʨʤʘʥʩ ʥʘ ʧʨʦʮʝʩʦʪ ʧʨʝʜ ʠ ʧʦʩʣʝ ʠʤʧʣʝʤʝʥʪʠʨʘʥʠʪʝ ʧʦʜʦʙʨʫʚʘˁʘ  

  
ʇʨʝʜ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ 

ʧʨʦʮʝʩʦʪ 

ʇʦʩʣʝ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ 

ʧʨʦʮʝʩʦʪ 

ʇʨʝʜ vs. ʇʦʩʣʝ 

ʧʦʜʦʙʨʫʚʘˁʝ [%] 

 Cp 1,39 1,95 40% 

 Cpk 0,83 1,43 72% 

 Pp 1,16 1,96 69% 

 Ppk 0,69 1,44 109% 

 

ɺʦ ʊʘʙʝʣʘ 8.18 ʝ ʧʨʠʢʘʞʘʥʦ ʥʘʤʘʣʫʚʘˁʝʪʦ ʥʘ ʚʢʫʧʥʘʪʘ ʩʪʘʧʢʘ ʥʘ ʜʝʬʝʢʪʠ 

ʧʦʩʪʠʛʥʘʪʦ ʩʦ ʐʝʩʪ ʉʠʛʤʘ ʤʝʪʦʜʦʣʦʛʠʿʘʪʘ. ʆʜ ʪʘʙʝʣʘʪʘ ʤʦʞʝ ʜʘ ʩʝ ʚʠʜʠ ʜʝʢʘ ʚʢʫʧʥʘʪʘ 

ʩʪʘʧʢʘ ʥʘ ʜʝʬʝʢʪʠ ʝ ʥʘʤʘʣʝʥʘ ʟʘ - 27 %, ʩʦ ʬʦʢʫʩ ʥʘ ʢʦʥʢʨʝʪʝʥ ʧʨʦʙʣʝʤ ʩʦ ʢʚʘʣʠʪʝʪʦʪ 

Ăʦʪʧʦʨʥʦʩʪ ʥʘ ʛʨʝʘʯ ʥʘʜʚʦʨ ʦʜ ʩʧʝʮʠʬʠʢʘʮʠʿʘò. 

 
ʊʘʙʝʣʘ 8.18. ʇʦʜʦʙʨʫʚʘˁʝ ʥʘ ʚʢʫʧʥʘʪʘ ʩʪʘʧʢʘ ʥʘ ʜʝʬʝʢʪʠ ʩʦ ʐʝʩʪ ʉʠʛʤʘ ʪʝʭʥʠʢʠʪʝ 
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Lean ʪʝʭʥʠʢʠ 22.000 1.4 11.900 85 2 23,4 137 

ʐʝʩʪ ʉʠʛʤʘ 

ʪʝʭʥʠʢʠ 
16.000 -II - -II - -II - -II - -II - -II - 

ɺʢʫʧʥʦ 

ʧʦʜʦʙʨʫʚʘˁʝ 
-27 % 0% 0% 0% 0% 0% 0% 

 

 

8.5 ʂʦʥʪʨʦʣʥʘ ʬʘʟʘ ʠ ʠʤʧʣʝʤʝʥʪʠʨʘˁʝ ʥʘ ʀʥʜʫʩʪʨʠʿʘ 4.0 ʪʝʭʥʦʣʦʛʠʠʪʝ 

ʇʦ ʧʦʪʚʨʜʘʪʘ ʥʘ ʝʬʝʢʪʠʚʥʦʩʪʘ ʥʘ ʜʠʟʘʿʥʦʪ ʥʘ ʥʦʚʠʦʪ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ ʠ 

ʥʘʤʘʣʫʚʘˁʝʪʦ ʥʘ ʚʘʨʠʿʘʮʠʠʪʝ ʚʦ ʧʨʦʮʝʩʦʪ ʩʣʝʜʫʚʘ ʢʦʥʪʨʦʣʥʘʪʘ ʬʘʟʘ ʢʘʜʝ ˃ʝ ʩʝ ʧʨʠʢʘʞʘʪ 

ʠʥʪʝʛʨʠʨʘʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʀʥʜʫʩʪʨʠʿʘ 4.0 ʠ ʥʠʚʥʠʦʪ ʧʨʠʜʦʥʝʩ ʚʦ ʢʦʥʪʨʦʣʘʪʘ ʥʘ 

ʧʨʦʮʝʩʠʪʝ. ʅʘ ʉʣʠʢʘ 8.38 ʩʝ ʧʨʠʢʘʞʘʥʠ ʪʝʭʥʦʣʦʛʠʠʪʝ ʥʘ ʀʥʜʫʩʪʨʠʿʘ 4.0 ʠ ʥʠʚʥʘʪʘ 

ʭʦʨʠʟʦʥʪʘʣʥʘʪʘ ʠ ʚʝʨʪʠʢʘʣʥʘʪʘ ʠʥʪʝʛʨʘʮʠʿʘ ʚʦ ʢʦʤʧʘʥʠʿʘʪʘ.
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ʉʣʠʢʘ 8.38. ʍʦʨʠʟʦʥʪʘʣʥʘ ʠ ʚʝʨʪʠʢʘʣʥʘ ʠʥʪʝʛʨʘʮʠʿʘ ʥʘ ʪʝʭʥʦʣʦʛʠʠʪʝ ʥʘ ʀʥʜʫʩʪʨʠʿʘ 4.0
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ɺʝʨʪʠʢʘʣʥʘ ʠʥʪʝʛʨʘʮʠʿʘ ï ERP (ʘʥʛ. Enterprise resource planning) ʩʠʩʪʝʤʦʪ ʧʦʚʨʟʘʥ 

ʚʦ ʥʝʢʦʣʢʫ ʬʘʙʨʠʢʠ ʦʜ ʣʘʥʝʮʦʪ ʥʘ ʩʥʘʙʜʫʚʘˁʝ ʛʠ ʩʣʝʜʠ ʧʦʙʘʨʫʚʘˁʘʪʘ ʦʜ ʢʣʠʝʥʪʦʪ ʠ ʛʦ 

ʢʦʥʪʨʦʣʠʨʘ ʧʣʘʥʦʪ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʦ ʮʝʣ ʜʘ ʩʝ ʥʘʤʘʣʘʪ ʟʘʣʠʭʠʪʝ ʥʘ ʤʘʪʝʨʠʿʘʣʠ ʠʣʠ 

bull-weep ʝʬʝʢʪʦʪ ʧʦʤʝʺʫ ʬʘʙʨʠʢʠʪʝ (ʉʣ. 8.39). ʇʣʘʥʦʪ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʝ ʪʨʝʙʘ ʜʘ 

ʦʪʩʪʘʧʫʚʘ ʧʦʚʝ˃ʝ ʦʜ Ñ 15 % ʩʦʛʣʘʩʥʦ ʜʦʛʦʚʦʨʦʪ ʩʢʣʫʯʝʥ ʩʦ ʢʣʠʝʥʪʦʪ. ERP ʠʩʧʨʘ˃ʘ ʧʣʘʥ 

ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʜʦ ɽ-ʍʝʠʿ ʫʥʢʘ ʩʠʩʪʝʤʦʪ ʢʦʿ ʝ ʧʦʩʪʘʚʝʥ ʥʘ ʧʝʿʩʤʝʿʢʝʨ ʧʨʦʮʝʩʦʪ ʪ.ʝ 

ʣʠʥʠʿʘʪʘ ʟʘ ʬʠʥʘʣʥʘ ʤʦʥʪʘʞʘ. ʇʣʘʥʦʪ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʝ ʧʦʨʘʤʥʫʚʘ ʧʦ ʚʦʣʫʤʝʥ ʠ ʤʦʜʝʣ 

ʩʦ ʢʦʨʠʩʪʝˁʝ ʥʘ ʤʝʪʦʜʦʪ ʩʝʢʦʿ ʤʦʜʝʣ/ʩʝʢʦʿ ʜʝʥ (ʘʥʛ. EPEI) (ʉʣ. 8.40).  

 

 

 ʉʣʠʢʘ 8.39. ɺʝʨʪʠʢʘʣʥʘ ʠʥʪʝʛʨʘʮʠʿʘ ʥʘ ERP ʩʠʩʪʝʤʦʪ ʧʦʤʝʺʫ ʥʝʢʦʣʢʫ ʬʘʙʨʠʢʠ.  

 

 

ʉʣʠʢʘ 8.40.  ɽ-ʍʝʠʿʫʥʢʘ ʟʘ ʧʣʘʥʠʨʘˁʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʍʦʨʠʟʦʥʪʘʣʥʘʪʘ ʠʥʪʝʛʨʘʮʠʿʘ ʥʘ ʪʝʭʥʦʣʦʛʠʠʪʝ ʥʘ ʀʥʜʫʩʪʨʠʿʘ 4.0 ʛʠ ʧʦʚʨʟʫʚʘ ʩʠʪʝ 

ʧʨʦʮʝʩʠ ʚʦ ʥʦʚʠʦʪ ʜʠʟʘʿʥ ʥʘ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ ʠ ʦʙʝʟʙʝʜʫʚʘ ʧʦʜʘʪʦʮʠ ʚʦ ʨʝʘʣʥʦ ʚʨʝʤʝ ʟʘ 

ʦʧʝʨʘʪʠʚʥʠʪʝ ʠʥʜʠʢʘʪʦʨʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ. ʉʣʝʜʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʩʝ ʢʦʨʠʩʪʘʪ ʚʦ 

ʭʦʨʠʟʦʥʪʘʣʥʘʪʘ ʠʥʪʝʛʨʘʮʠʿʘ: ɽ-ʍʝʠʿ ʫʥʢʘ, Q-Fit, Processman, Black Box, PY-ʩʠʩʪʝʤʠ, 

ʉʠʩʪʝʤ ʟʘ ʧʦʚʠʢʫʚʘˁʝ ʥʘ ʦʜʨʞʫʚʘˁʝ (ʘʥʛ. Maintenance calling system - MCS), ʝ-ʢʘʥʙʘʥ, 

RFID ʪʝʭʥʦʣʦʛʠʠʪʝ, ɺʦʟʠʣʘʪʘ ʩʦ ʘʚʪʦʤʘʪʠʟʠʨʘʥʦ ʥʘʚʝʜʫʚʘˁʝ ʠ ʝʣʝʢʪʨʦʥʩʢʠ-ɸʥʜʦʥ. ʅʘ 

ʉʣʠʢʘ 8.41 ʝ ʧʨʠʢʘʞʘʥʘ ʣʦʢʘʮʠʿʘʪʘ ʥʘ ʩʝʢʦʿʘ ʦʜ ʪʝʭʥʦʣʦʛʠʠʪʝ ʚʦ ʧʨʦʠʟʚʦʜʥʠʦʪ ʧʨʦʮʝʩ 

ʥʘ ʢʦʤʧʘʥʠʿʘʪʘ ʰʪʦ ʝ ʧʨʝʜʤʝʪ ʥʘ ʠʩʪʨʘʞʫʚʘˁʝ.  



 

130 
 

 

ʉʣʠʢʘ 8.41. ʍʦʨʠʟʦʥʪʘʣʥʘ ʠʥʪʝʛʨʘʮʠʿʘ ʥʘ ʀʥʜʫʩʪʨʠʿʘ 4.0 ʪʝʭʥʦʣʦʛʠʠʪʝ  

ɽ-ʍʝʠʿ ʫʥʢʘ ʩʠʩʪʝʤʦʪ ʝ ʧʦʩʪʘʚʝʥ ʥʘ ʣʠʥʠʠʪʝ ʟʘ ʬʠʥʘʣʥʘ ʤʦʥʪʘʞʘ ʠ ʚʨʰʠ ʧʣʘʥʠʨʘˁʝ 

ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʧʦ ʤʦʜʝʣ ʠ ʚʦʣʫʤʝʥ ʩʦʛʣʘʩʥʦ ʠʥʬʦʨʤʘʮʠʠʪʝ ʦʜ ERP ʩʠʩʪʝʤʦʪ. ʆʚʦʿ 

ʩʠʩʪʝʤ ʚʦ ʢʦʤʙʠʥʘʮʠʿʘ ʩʦ RFID ʩʠʩʪʝʤʠʪʝ ʛʦ ʩʣʝʜʠ ʧʝʨʬʦʨʤʘʥʩʦʪ ʥʘ ʣʠʥʠʠʪʝ ʩʦ 

ʩʣʝʜʥʠʪʝ ʠʥʜʠʢʘʪʦʨʠ: ʨʝʘʣʠʟʘʮʠʿʘʪʘ ʥʘ ʧʣʘʥʦʪ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʦ ʯʘʩ, OEE%, ʩʪʘʧʢʘʪʘ 
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ʥʘ ʜʝʬʝʢʪʠ (dpmo), ʰʢʘʨʪ ʠ ʧʨʝʨʘʙʦʪʢʘʪʘ ʥʘ ʧʨʦʠʟʚʦʜʠ. ʆʚʦʿ ʩʠʩʪʝʤ ʛʠ ʦʧʪʠʤʠʟʠʨʘ 

ʣʠʥʠʠʪʝ ʟʘ ʬʠʥʘʣʥʘ ʤʦʥʪʘʞʘ ʩʦ ʧʨʠʤʝʥʘ ʥʘ ʤʦʜʫʣʠʪʝ: ʜʝʬʠʥʠʨʘˁʝ ʥʘ ʪʝʢ ʥʘ ʧʨʦʮʝʩʦʪ 

ʥʘ ʤʦʥʪʠʨʘˁʝ, ʧʣʘʥʠʨʘˁʝ ʥʘ ʧʨʠʩʫʩʪʚʦ ʥʘ ʦʧʝʨʘʪʦʨʠʪʝ, ʨʘʩʧʦʨʝʜ ʥʘ ʨʝʩʫʨʩʠʪʝ ʩʦʛʣʘʩʥʦ 

ʧʣʘʥʦʪ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʨʦʪʠʨʘˁʝ ʥʘ ʦʧʝʨʘʪʦʨʠʪʝ ʠ ʢʘʥʙʘʥ ʧʨʦʠʟʚʦʜʩʪʚʦ. 

ɼʦʧʦʣʥʠʪʝʣʥʦ, ʩʠʩʪʝʤʦʪ ʘʚʪʦʤʘʪʩʢʠ ʿʘ ʧʨʝʩʤʝʪʫʚʘ ʧʣʘʪʘʪʘ ʩʦ ʧʦʤʦʰ ʥʘ ʝʣʝʢʪʨʦʥʩʢʘ 

ʝʚʠʜʝʥʮʠʿʘ ʥʘ ʧʨʠʩʫʩʪʚʦ ʥʘ ʚʨʘʙʦʪʝʥʠʪʝ. 

Q-fit ʩʠʩʪʝʤʦʪ ʝ ʧʦʩʪʘʚʝʥ ʥʘ ʣʠʥʠʠʪʝ ʟʘ ʬʠʥʘʣʥʦ ʤʦʥʪʘʞʘ ʠ ʚʨʰʠ ʤʝʨʝˁʝ ʥʘ 

ʩʪʘʧʢʘʪʘ ʥʘ ʜʝʬʝʢʪʠ ʚʦ ʨʝʘʣʥʦ ʚʨʝʤʝ (dpmo), ʩʪʘʧʢʘʪʘ ʥʘ ʰʢʘʨʪ ʠ ʩʪʘʧʢʘʪʘ ʥʘ 

ʧʨʝʨʘʙʦʪʢʘ. ʉʠʩʪʝʤʦʪ ʚʨʰʠ ʢʣʘʩʠʬʠʢʘʮʠʿʘ ʠ ʘʥʘʣʠʟʘ ʥʘ ʜʝʬʝʢʪʠʪʝ ʚʨʟ ʦʩʥʦʚʘ ʥʘ ʧʦʚʝ˃ʝ 

ʢʨʠʪʝʨʠʫʤʠ: ʪʦʧ ʜʝʬʝʢʪʠ, ʥʘʿʟʘʩʝʛʥʘʪʠ ʤʦʜʝʣʠ, ʦʧʝʨʘʪʦʨʠ, ʩʤʝʥʠ ʠ ʤʘʰʠʥʠ. 

ɼʦʧʦʣʥʠʪʝʣʥʦ, ʦʚʦʟʤʦʞʫʚʘ ʨʘʟʣʠʯʥʠ ʝ-ʚʠʟʫʝʣʠʟʘʮʠʠ ʢʘʢʦ ʥʘ ʧʨʠʤʝʨ: ʨʝʢʣʘʤʘʮʠʠ ʦʜ 

ʢʣʠʝʥʪʦʪ, ʠʥʜʠʢʘʪʦʨʠ ʥʘ ʧʨʦʮʝʩʠʪʝ ʧʦʚʨʟʘʥʠ ʩʦ ʢʚʘʣʠʪʝʪ, ʢʨʠʪʠʯʥʠ ʛʨʝʰʢʠ, ʘʣʝʨʪʠ ʟʘ 

ʢʚʘʣʠʪʝʪ, ʠʪʥ. ɻʠ ʩʥʠʤʘ ʣʦʢʘʮʠʠʪʝ ʥʘ ʧʨʦʠʟʚʦʜʦʪ ʢʘʜʝ ʰʪʦ ʥʘʩʪʘʥʘʣʘ ʛʨʝʰʢʘʪʘ, ʛʠ 

ʘʥʘʣʠʟʠʨʘ ʧʨʦʙʣʝʤʠʪʝ ʠ ʚʨʰʠ ʮʝʣʦʩʥʘ ʢʦʥʪʨʦʣʘ ʧʨʠ ʧʨʦʮʝʩʦʪ ʥʘ ʧʨʝʨʘʙʦʪʢʘ ʥʘ 

ʜʝʬʝʢʪʥʠʪʝ ʧʨʦʠʟʚʦʜʠ. ʉʦ Q-fit  ʩʝ ʚʨʰʘʪ ʜʠʤʝʥʟʠʦʥʘʣʥʠ ʤʝʨʝˁʝ ʠ ʩʪʘʪʠʩʪʠʯʢʘ ʢʦʥʪʨʦʣʘ 

ʥʘ ʧʨʦʮʝʩʦʪ (ʉʣ. 8.42).  

   
 

ʉʣʠʢʘ 8.42. ʇʝʨʬʦʨʤʘʥʩ ʥʘ ʧʨʦʮʝʩʦʪ ʆɽɽ%, ʇʇʄ 

Processman ʩʠʩʪʝʤʦʪ ʝ ʧʦʩʪʘʚʝʥ ʚʦ ʣʠʥʠʠʪʝ ʟʘ ʬʠʥʘʣʥʦ ʤʦʥʪʘʞʘ ʠ ʚʨʰʠ ʥʠʚʥʦ 

ʦʧʪʠʤʠʟʠʨʘˁʝ ʚʦ ʩʦʛʣʘʩʥʦʩʪ ʩʦ ʪʘʢʪ ʚʨʝʤʝʪʦ/ʮʠʢʣʫʩ ʚʨʝʤʝʪʦ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʆʚʦʿ 

ʩʠʩʪʝʤ ʛʦ ʩʣʝʜʠ ʠ ʩʧʦʨʝʜʫʚʘ ʚʨʝʤʝʪʦ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʩʝʢʦʿʘ ʦʧʝʨʘʮʠʿʘ ʩʦ 

ʜʝʬʠʥʠʨʘʥʦʪʦ ʚʨʝʤʝ ʥʘ ʮʠʢʣʫʩ ʠ ʚʦ ʩʣʫʯʘʿ ʥʘ ʦʪʩʪʘʧʢʠ ʛʝʥʝʨʠʨʘ ʝʩʢʘʣʘʮʠʠ ʧʨʝʢʫ ʘʥʜʦʥ 

ʩʠʩʪʝʤʠʪʝ. ʆʙʝʟʙʝʜʫʚʘ ʝ-ʚʠʟʫʝʣʠʟʘʮʠʿʘ ʥʘ ʨʘʙʦʪʥʠʪʝ ʠʥʩʪʨʫʢʮʠʠ, ʥʘ ʤʘʪʝʨʠʿʘʣʠʪʝ ʠ 

ʢʦʣʠʯʠʥʠʪʝ ʢʦʠ ʚʣʝʛʫʚʘʘʪ ʚʦ ʧʨʦʠʟʚʦʜʦʪ, ʥʘ ʩʧʝʮʠʬʠʢʘʮʠʠʪʝ ʥʘ ʧʨʦʠʟʚʦʜʦʪ ʠ ʥʘ 

ʢʦʥʪʨʦʣʥʠʪʝ ʧʣʘʥʦʚʠ. ʇʨʠʙʠʨʘ ʧʦʜʘʪʦʮʠ ʟʘ ʜʚʠʞʝˁʝʪʦ ʥʘ ʦʧʝʨʘʪʦʨʠʪʝ ʠ ʿʘ ʧʦʜʦʙʨʫʚʘ 

ʝʨʛʦʥʦʤʠʿʘʪʘ ʚʦ ʣʠʥʠʠʪʝ.     

Black box ʩʠʩʪʝʤʦʪ ʝ ʧʦʩʪʘʚʝʥ ʚʦ ʣʠʥʠʠʪʝ ʟʘ ʬʠʥʘʣʥʦ ʤʦʥʪʘʞʘ ʠ ʚʨʰʠ ʤʝʨʝˁʝ ʥʘ 

ʠʩʢʦʨʠʩʪʝʥʦʩʪʘ ʥʘ ʤʘʰʠʥʠʪʝ, ʥʘ ʪʝʭʥʠʯʢʠʪʝ ʟʘʩʪʦʠ ʥʘ ʤʘʰʠʥʠʪʝ ʠ ʥʘ ʪʝʩʥʠʪʝ ʛʨʣʘ ʚʦ 
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ʣʠʥʠʠʪʝ. ɺʨʰʠ ʢʦʥʪʨʦʣʘ ʥʘ ʩʪʘʥʜʘʨʜʠʟʠʨʘʥʠʪʝ ʚʨʝʤʠˁʘ ʥʘ ʮʠʢʣʫʩ, ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ 

ʧʘʨʯʝ-ʧʦ-ʧʘʨʯʝ, ʥʘ ʨʝʜʦʩʣʝʜʦʪ ʥʘ ʠʟʚʨʰʫʚʘˁʝ ʥʘ ʦʧʝʨʘʮʠʠʪʝ ʠ ʜʘʣʠ ʦʧʝʨʘʪʦʨʠʪʝ 

ʧʨʘʚʠʣʥʦ ʨʦʪʠʨʘʘʪ. ʆʙʝʟʙʝʜʫʚʘ ʝ-ʚʠʟʫʝʣʠʟʘʮʠʿʘ ʥʘ ʨʘʙʦʪʥʠʪʝ ʠʥʩʪʨʫʢʮʠʠ ʟʘ ʢʚʘʣʠʪʝʪ, 

ʥʘ 5S ʩʪʘʥʜʘʨʜʠʪʝ ʠ ʥʘ ʣʦʢʘʮʠʿʘʪʘ ʥʘ ʤʘʪʝʨʠʿʘʣʠʪʝ ʚʦ ʣʠʥʠʠʪʝ ʩʦ ʰʪʦ ʛʦ ʧʦʜʦʙʨʫʚʘ 

ʧʨʦʮʝʩʦʪ ʥʘ ʙʨʟʘ ʧʨʦʤʝʥʘ ʥʘ ʤʦʜʝʣʠ ʠ ʿʘ ʝʣʠʤʠʥʠʨʘ ʤʦʞʥʦʩʪʘ ʟʘ ʛʨʝʰʥʦ ʘʧʣʠʮʠʨʘˁʝ ʥʘ 

ʤʘʪʝʨʠʿʘʣʠ ʧʨʠ ʧʨʦʮʝʩʦʪ ʥʘ ʤʦʥʪʠʨʘˁʝ.  

ɺʦ ʢʦʤʙʠʥʘʮʠʿʘ ʩʦ ʚʠʨʪʫʝʣʥʘʪʘ ʠ ʧʨʦʰʠʨʝʥʘʪʘ ʨʝʘʣʥʦʩʪ ʦʙʝʟʙʝʜʫʚʘ ʧʨʘʚʠʣʥʦ  

ʧʨʝʚʝʥʪʠʚʥʦ ʠ ʢʦʨʝʢʪʠʚʥʦʪʦ ʦʜʨʞʫʚʘˁʝ, ʩʦ ʰʪʦ ʛʦ ʥʘʤʘʣʫʚʘ ʚʨʝʤʝʪʦ ʥʘ ʟʘʩʪʦʠ ʥʘ 

ʤʘhʠʥʠʪʝ ʠ ʚʨʝʤʝʪʦ ʥʘ ʠʥʪʝʨʚʝʥʮʠʠ. ʉʠʩʪʝʤʦʪ ʧʨʠʙʠʨʘ ʠʥʬʦʨʤʘʮʠʠ ʟʘ ʧʨʘʚʠʣʥʦ 

ʢʦʨʠʩʪʝˁʝʪʦ ʥʘ PY ʫʨʝʜʠʪʝ ʠ ʘʣʘʨʤʠʨʘ ʚʦ ʩʣʠʯʘʿ ʥʘ ʦʪʩʪʘʧʢʠ. ʀʩʪʦ ʪʘʢʘ ʘʣʘʨʤʠʨʘ ʚʦ 

ʩʣʫʯʘʿ ʥʘ ʥʝʜʦʩʪʘʪʦʢ ʥʘ ʤʘʪʝʨʠʿʘʣʠ ʥʘ ʨʘʙʦʪʥʠʪʝ ʩʪʘʥʠʮʠ ʚʦ ʣʠʥʠʠʪʝ ʩʦ ʰʪʦ ʛʦ ʥʘʤʘʣʫʚʘ 

ʚʨʝʤʝʪʦ ʥʘ ʟʘʩʪʦʠ. ɻʠ ʤʝʨʠ ʦʧʝʨʘʪʠʚʥʠʪʝ ʠʥʜʠʢʘʪʦʨʠ ʚʦ ʣʠʥʠʠʪʝ ʠ ʛʠ ʧʨʠʢʘʞʫʚʘ ʥʘ 

ʜʠʛʠʪʘʣʥʠʪʝ ʜʠʩʧʣʝʠ. ʇʦ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘʪʘ ʥʘ ʦʚʦʿ ʩʠʩʪʝʤ, ʝʬʠʢʘʩʥʦʩʪʘ ʚʦ ʣʠʥʠʠʪʝ ʟʘ 

ʬʠʥʘʣʥʘ ʤʦʥʪʘʞʘ ʝ ʧʦʜʦʙʨʝʥʘ ʟʘ 12 %.  

PY ʩʠʩʪʝʤʠʪʝ ʩʝ ʧʦʩʪʘʚʝʥʠ ʚʦ ʩʠʪʝ ʧʨʦʠʟʚʦʜʥʠ ʧʨʦʮʝʩʠ ʢʦʠ ʠʤʘʘʪ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʦʧʘʩʥʦʩʪ ʧʦ ʞʠʚʦʪ ʥʘ ʯʦʚʝʢ (CC/SC ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ). ʆʚʠʝ ʩʠʩʪʝʤʠ ʩʧʨʝʯʫʚʘʘʪ ʧʦʿʘʚʘ ʥʘ 

ʛʨʝʰʢʠ ʠ ʘʚʪʦʤʘʪʩʢʠ ʛʠ ʘʢʪʠʚʠʨʘʘʪ ʘʣʪʝʨʥʘʪʠʚʥʠ ʢʦʥʪʨʦʣʥʠ ʤʝʪʦʜʠ ʚʦ ʩʣʫʯʘʿ ʥʘ ʜʝʬʝʢʪ 

ʥʘ ʤʘʰʠʥʘʪʘ.  

ʉʠʩʪʝʤ ʟʘ ʧʦʚʠʢʫʚʘˁʝ ʥʘ ʦʜʨʞʫʚʘˁʝ (ʘʥʛ. Maintenance calling systems) ʝ 

ʧʦʩʪʘʚʝʥ ʥʘ ʩʠʪʝ ʤʘʰʠʥʠ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʠ ʚʦ ʢʦʤʙʠʥʘʮʠʿʘ ʩʦ ʩʝʥʟʦʨʠʪʝ ʟʘ ʚʠʙʨʘʮʠʠ, 

ʤʝʨʘʯʠʪʝ ʥʘ ʧʦʪʨʦʰʫʚʘʯʢʘ ʥʘ ʩʪʨʫʿʘ ʠ PY ʩʠʩʪʝʤʠʪʝ ʘʚʪʦʥʦʤʥʦ ʜʝʪʝʢʪʠʨʘ ʠ ʘʣʘʨʤʠʨʘ ʟʘ 

ʪʝʭʥʠʯʢʠʪʝ ʟʘʩʪʦʠ ʥʘ ʤʘʰʠʥʠʪʝ ʠ ʟʘ ʜʝʬʝʢʪʠ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝ ʧʨʝʜʠʟʚʠʢʘʥʠ ʦʜ ʪʝʭʥʠʯʢʠ 

ʧʨʦʙʣʝʤʠ ʥʘ ʤʘʰʠʥʠʪʝ (ʪʝʭʥʠʯʢʠ dpmo). ʆʚʦʿ ʩʠʩʪʝʤ ʦʙʝʟʙʝʜʫʚʘ ʙʘʟʘ ʥʘ ʧʦʜʘʪʦʮʠ ʟʘ 

ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʧʨʝʚʝʥʪʠʚʥʦʪʦ, ʧʨʝʜʚʠʜʣʠʚʦʪʦ ʠ ʢʦʨʝʢʪʠʚʥʦʪʦ ʦʜʨʞʫʚʘˁʝ.  

ɽ-ʢʘʥʙʘʥ ʩʠʩʪʝʤʠʪʝ ʩʝ ʧʦʩʪʘʚʝʥʠ ʧʨʝʜ ʧʨʦʮʝʩʦʪ ʥʘ ʰʠʝˁʝ, ʧʨʝʜ ʧʨʦʮʝʩʦʪ ʥʘ 

ʩʝʯʝˁʝ ʠ ʧʨʝʜ ʧʨʦʮʝʩʦʪ ʥʘ ʬʠʥʘʣʥʘ ʤʦʥʪʘʞʘ. ʆʚʠʝ ʩʠʩʪʝʤʠ ʟʘʝʜʥʦ ʩʦ RFID ʩʝʥʟʦʨʠʪʝ ʿ ʘ 

ʢʦʥʪʨʦʣʠʨʘʘʪ ʟʘʣʠʭʘʪʘ ʥʘ ʤʘʪʝʨʠʿʘʣʠ ʠ ʧʦʣʫʧʨʦʠʟʚʦʜʠ ʧʦʤʝʺʫ ʧʨʦʮʝʩʠʪʝ ʪ.ʝ ʘʚʪʦʤʘʪʩʢʠ 

ʩʠʛʥʘʣʠʟʠʨʘʘʪ ʢʦʛʘ ʧʨʝʪʭʦʜʥʠʦʪ ʧʨʦʮʝʩ ʪʨʝʙʘ ʜʘ ʧʦʯʥʝ ʩʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʦ ʮʝʣ ʜʘ ʩʝ 

ʜʦʧʦʣʥʘʪ ʩʫʧʝʨʤʘʨʢʝʪʠʪʝ.    

ɺʦʟʠʣʘʪʘ ʩʦ ʘʚʪʦʤʘʪʠʟʠʨʘʥʦ ʥʘʚʝʜʫʚʘˁʝ ʚʦ ʢʦʦʨʜʠʥʘʮʠʿʘ ʩʦ ʝ-ʢʘʥʙʘʥ ʩʠʩʪʝʤʠʪʝ 

ʘʚʪʦʥʦʤʥʦ ʛʠ ʜʦʧʦʣʥʫʚʘʘʪ ʩʫʧʝʨʤʘʨʢʝʪʠʪʝ ʩʦ ʤʘʪʝʨʠʿʘʣʠ ʠ ʧʦʣʫʧʨʦʠʟʚʦʜʠ. ʉʦ ʦʚʘ ʩʝ 

ʥʘʤʘʣʫʚʘ ʟʘʣʠʭʘʪʘ ʥʘ ʤʘʪʝʨʠʿʘʣʠ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʠ ʩʝ ʝʣʠʤʠʥʠʨʘʘʪ ʧʨʘʟʥʠʪʝ ʠ 

ʥʝʧʦʪʨʝʙʥʠ ʜʚʠʞʝˁʘ ʥʘ ʜʦʩʪʘʚʫʚʘʯʠʪʝ ʥʘ ʤʘʪʝʨʠʿʘʣʠ.  

RFID ʩʠʩʪʝʤʠʪʝ ʛʦ ʩʣʝʜʘʪ ʜʚʠʞʝˁʝʪʦ ʥʘ ʤʘʪʝʨʠʿʘʣʠʪʝ ʚʦ ʜʠʟʘʿʥʦʪ ʥʘ ʥʦʚʠʦʪ ʪʝʢ ʥʘ 

ʚʨʝʜʥʦʩʪʠ ʠ ʦʙʝʟʙʝʜʫʚʘʘʪ ʠʥʬʦʨʤʘʮʠʠ ʚʦ ʨʝʘʣʥʦ ʚʨʝʤʝ ʟʘ ʦʧʝʨʘʪʠʚʥʠʪʝ ʠʥʜʠʢʘʪʦʨʠ ʚʦ 

ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ:  ʚʢʫʧʥʦ ʚʨʝʤʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʧʘʪʝʢʘ ʥʘ ʜʚʠʞʝˁʝ ʥʘ ʤʘʪʝʨʠʿʘʣʠʪʝ, 

ʟʘʣʠʭʘ ʥʘ ʤʘʪʝʨʠʿʘʣʠ ʠ ʧʦʣʫʧʨʦʠʟʚʦʜʠ ʚʦ ʩʫʧʝʨʤʘʨʢʝʪʠʪʝ ʠ ʣʠʥʠʠʪʝ, ʚʨʝʤʝ ʥʘ ʮʠʢʣʫʩ 

ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʙʨʦʿ ʥʘ ʦʧʝʨʘʪʦʨʠ ʚʦ ʣʠʥʠʠʪʝ, ʧʨʘʚʠʣʥʘ ʨʦʪʘʮʠʿʘ ʥʘ ʦʧʝʨʘʪʦʨʠʪʝ, 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʧʘʨʯʝ-ʧʦ-ʧʘʨʯʝ, ʚʨʝʤʝ ʧʦʪʨʝʙʥʦ ʟʘ ʧʨʦʤʝʥʘ ʥʘ ʤʦʜʝʣ, ʚʨʝʤʝ ʥʘ ʧʨʘʟʥʦ 

ʯʝʢʘˁʝ ʧʦʨʘʜʠ ʨʘʟʣʠʯʥʠ ʜʝʚʠʿʘʮʠʠ (ʣʦʰʦ ʧʣʘʥʠʨʘˁʝ, ʜʝʬʝʢʪʠ ʥʘ ʤʘʰʠʥʠ, 

ʥʝʩʠʥʭʨʦʥʠʟʠʨʘʥʠ ʧʨʦʮʝʩʠ, ʪʝʩʥʠ ʛʨʣʘ, ʥʝʜʦʩʪʘʪʦʢ ʥʘ ʤʘʪʝʨʠʿʘʣʠ ʠʪʥ). ʆʚʦʿ ʩʠʩʪʝʤ 

ʟʥʘʯʠʪʝʣʥʦ ʛʠ ʥʘʤʘʣʫʚʘ ʟʘʛʫʙʠʪʝ ʥʘ ʤʘʪʝʨʠʿʘʣʠ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʙʠʜʝʿ˃ʠ ʚʦ ʩʝʢʦʿ 

ʤʦʤʝʥʪ ʠʤʘ ʪʦʯʝʥ ʧʨʝʛʣʝʜ ʟʘ ʜʚʠʞʝˁʝʪʦ ʠ ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ ʥʘ ʤʘʪʝʨʠʿʘʣʠʪʝ ʚʦ ʩʘʤʠʦʪ 

ʧʨʦʠʟʚʦʜ.  ɼʦʧʦʣʥʠʪʝʣʥʦ, ʚʦ ʤʘʛʘʮʠʥʦʪ ʟʘ ʨʝʧʨʦʤʘʪʝʨʠʿʘʣʠ ʩʦ RFID ʝʪʠʢʝʪʠʪʝ ʠ 

ʧʨʦʛʨʘʤʠʨʘʥʠʪʝ ʜʨʦʥʦʚʠ ʩʦ RFID ʯʠʪʘʯʠ ʩʝ ʧʨʘʚʘʪ ʥʝʜʝʣʥʠ ʧʦʧʠʩʠ ʥʘ ʤʘʪʝʨʠʿʘʣʠʪʝ, ʙʝʟ 

ʘʥʛʘʞʠʨʘˁʝ ʥʘ ʨʝʩʫʨʩʠ, ʩʦ ʰʪʦ ʩʝ ʧʦʜʦʙʨʫʚʘ ʬʠʟʠʯʢʘʪʘ ʫʩʦʛʣʘʩʝʥʦʩʪ ʥʘ ʤʘʪʝʨʠʿʘʣʠʪʝ 
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ʥʘʩʧʨʦʪʠ ʩʠʩʪʝʤʩʢʘʪʘ ʝʚʠʜʝʥʮʠʿʘ. ɿʘ ʩʧʦʨʝʜʙʘ, ʚʦ ʤʠʥʘʪʦʪʦ ʧʦʧʠʩʦʪ ʚʦ ʤʘʛʘʮʠʥ ʩʝ 

ʦʜʨʞʫʚʘʣ ʜʚʘ ʧʘʪʠ ʛʦʜʠʰʥʦ ʠ ʩʝʢʦʛʘʰ ʠʤʘʣʦ ʛʦʣʝʤʠ ʟʘʛʫʙʠ ʥʘ ʤʘʪʝʨʠʿʘʣʠʪʝ.  

3ɼ ʧʨʠʥʪʝʨʠʪʝ ʦʚʦʟʤʦʞʫʚʘʘʪ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʘʣʘʪʠ ʟʘ ʤʘʰʠʥʠʪʝ ʠ ʟʘ ʨʘʙʦʪʥʠʪʝ 

ʩʪʘʥʠʮʠ, ʿʘ ʥʘʤʘʣʫʚʘʘʪ ʟʘʣʠʭʘʪʘ ʥʘ ʨʝʟʝʨʚʥʠ ʜʝʣʦʚʠ ʚʦ ʤʘʛʘʮʠʥ ʠ ʛʠ ʥʘʤʘʣʫʚʘʘʪ 

ʚʢʫʧʥʠʪʝ ʪʨʦʰʦʮʠʪʝ ʧʦʪʨʝʙʥʠ ʟʘ ʦʜʨʞʫʚʘˁʝ ʥʘ ʦʧʨʝʤʘʪʘ. 

ɼʠʛʠʪʘʣʥʠʪʝ ʜʠʩʧʣʝʠ ʧʨʠʙʠʨʘʘʪ ʠʥʬʦʨʤʘʮʠʠ ʦʜ ʪʝʭʥʦʣʦʛʠʠʪʝ ʥʘ ʀʥʜʫʩʪʨʠʿʘ 4.0  

ʠ ʚʨʰʘʪ ʝ- ʚʠʟʫʝʣʠʟʘʮʠʿʘ ʥʘ ʦʧʝʨʘʪʠʚʥʠʪʝ ʠʥʜʠʢʘʪʦʨʠ, ʚʦ ʨʝʘʣʥʦ ʚʨʝʤʝ. 

ʉʘʿʙʝʨ ʬʠʟʠʯʢʠʦʪ ʩʠʩʪʝʤ ʛʠ ʠʥʪʝʛʨʠʨʘ ʩʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʦʧʠʰʘʥʠ ʧʦʛʦʨʝ ʠ 

ʜʠʥʘʤʠʯʢʠ ʛʦ ʢʦʥʪʨʦʣʠʨʘ ʥʦʚʠʦʪ ʜʠʟʘʿʥ ʥʘ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ. ʌʠʟʠʯʢʠʪʝ ʧʦʜʘʪʦʮʠ ʦʜ 

ʧʨʦʮʝʩʠʪʝ ʧʨʠʙʨʘʥʠ ʚʦ ʨʝʘʣʥʦ ʚʨʝʤʝ ʛʠ ʩʧʦʨʝʜʫʚʘ ʩʦ ʜʝʬʠʥʠʨʘʥʠʪʝ ʠʥʜʠʢʘʪʦʨʠ ʚʦ 

ʚʠʨʪʫʝʣʥʠʦʪ ʤʦʜʝʣ ʠ ʚʦ ʩʣʫʯʘʿ ʥʘ ʦʪʩʪʘʧʢʠ ʘʚʪʦʤʘʪʩʢʠ ʛʝʥʝʨʠʨʘ ʢʦʨʝʢʪʠʚʥʠ ʘʢʮʠʠ ʩʦ 

ʰʪʦ ʛʦ ʟʘʙʨʟʫʚʘ ʚʨʝʤʝʪʦ ʥʘ ʨʝʘʢʮʠʿʘ ʠ ʚʨʰʠ ʦʧʪʠʤʠʟʠʨʘˁʝ ʥʘ ʧʨʦʮʝʩʠʪʝ. ɺʦ 

ʚʠʨʪʫʝʣʥʠʦʪ ʤʦʜʝʣ ʥʘ ʩʘʿʙʝʨ ʬʠʟʠʯʢʠʦʪ ʩʠʩʪʝʤ ʜʝʬʠʥʠʨʘʥʠ ʩʝ ʩʣʝʜʥʠʪʝ ʠʥʜʠʢʘʪʦʨʠ:  

1. ʄʘʛʘʮʠʥ ʟʘ ʛʦʪʦʚ ʧʨʦʠʟʚʦʜ:  

- ʀʥʜʠʢʘʪʦʨʠ: ɿʘʧʘʟʫʚʘˁʝ ʥʘ ʧʣʘʥ ʟʘ ʠʩʧʦʨʘʢʘ, ʜʝʥʦʚʠ ʥʘ ʟʘʣʠʭʘ ʥʘ ʛʦʪʦʚ 

ʧʨʦʠʟʚʦʜ ʠ ʠʩʢʦʨʠʩʪʝʥʦʩʪ ʥʘ ʧʨʦʩʪʦʨʦʪ. 

2. ʃʠʥʠʠ ʟʘ ʬʠʥʘʣʥʘ ʤʦʥʪʘʞʘ:  

- ʀʥʜʠʢʘʪʦʨʠ: ɿʘʧʘʟʫʚʘˁʝ ʥʘ ʧʣʘʥ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʆɽɽ%, dpmo, 

ʨʝʢʣʘʤʘʮʠʠ, ʢhʘʨʪ, ʧʦʧʨʘʚʢʠ ʥʘ ʧʨʦʠʟʚʦʜ, ʟʘʩʪʦʠ ʥʘ ʤʘʰʠʥʠ ʧʦʜʦʣʛʦ ʦʜ 20 

ʤʠʥ, ʥʝʙʘʣʘʥʩʠʨʘʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʦʤʝʺʫ ʣʠʥʠʠʪʝ ʟʘ ʬʠʥʘʣʥʦ ʤʦʥʪʘʞʘ ʠ 

ʣʠʥʠʠʪʝ ʟʘ ʢʘʙʣʠ, ʥʝʜʦʩʪʘʪʦʢ ʥʘ ʤʘʪʝʨʠʿʘʣʠ.  

- ʀʥʜʫʩʪʨʠʿʘ 4.0 ʪʝʭʥʦʣʦʛʠʠ: ɽ-ʍʝʠʿʫʥʢʘ, Q-fit, Processman, Black Box, ʉʠʩʪʝʤ 

ʟʘ ʧʦʚʠʢʫʚʘˁʝ ʥʘ ʦʜʨʞʫʚʘˁʝ. 

3. ʇʨʦʮʝʩ ʥʘ ʩʝʯʝˁʝ ʥʘ ʤʘʪʝʨʠʿʘʣ:   

- ʀʥʜʠʢʘʪʦʨʠ: ɿʘʧʘʟʫʚʘˁʝ ʥʘ ʧʣʘʥ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʆɽɽ%, dpmo, 

ʨʝʢʣʘʤʘʮʠʠ, ʢhʘʨʪ, ʧʦʧʨʘʚʢʠ ʥʘ ʧʨʦʠʟʚʦʜ, ʥʝʜʦʩʪʘʪʦʢ ʥʘ ʤʘʪʝʨʠʿʘʣʠ. 

- ʀʥʜʫʩʪʨʠʿʘ 4.0 ʪʝʭʥʦʣʦʛʠʠ: Black Box, ʉʠʩʪʝʤ ʟʘ ʧʦʚʠʢʫʚʘˁʝ ʥʘ ʦʜʨʞʫʚʘˁʝ.  

4. ʉʘʙ-ʧʨʦʮʝʩ ʟʘ ʤʦʥʪʠʨʘˁʝ ʥʘ ʧʦʣʫʧʨʦʠʟʚʦʜ: 

- ʀʥʜʠʢʘʪʦʨʠ: ɿʘʧʘʟʫʚʘˁʝ ʥʘ ʧʣʘʥ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʆɽɽ%, dpmo, ʨʝʢʣʘʤʘʮʠʠ, 

ʢhʘʨʪ, ʧʦʧʨʘʚʢʠ ʥʘ ʧʨʦʠʟʚʦʜ, ʥʝʜʦʩʪʘʪʦʢ ʥʘ ʤʘʪʝʨʠʿʘʣʠ. 

5. ʇʨʦʮʝʩ ʥʘ ʰʠʝˁʝ ʥʘ ʤʘʪʝʨʠʿʘʣʦʪ: 

- ʀʥʜʠʢʘʪʦʨʠ: ʆɽɽ%, dpmo, ʨʝʢʣʘʤʘʮʠʠ, ʢhʘʨʪ, ʧʦʧʨʘʚʢʠ ʥʘ ʧʨʦʠʟʚʦʜ, 

ʥʝʜʦʩʪʘʪʦʢ ʥʘ ʤʘʪʝʨʠʿʘʣʠ ʥʘ ʤʘʰʠʥʘ. 

- ʀʥʜʫʩʪʨʠʿʘ 4.0 ʪʝʭʥʦʣʦʛʠʠ: Black Box, ʉʠʩʪʝʤ ʟʘ ʧʦʚʠʢʫʚʘˁʝ ʥʘ ʦʜʨʞʫʚʘˁʝ.  

6. ʃʠʥʠʿʘ ʟʘ ʤʦʥʪʠʨʘˁʝ ʥʘ ʢʘʙʝʣ: 

- ʀʥʜʠʢʘʪʦʨʠ: ʆɽɽ%, dpmo, ʨʝʢʣʘʤʘʮʠʠ, ʢhʘʨʪ, ʧʦʧʨʘʚʢʠ ʥʘ ʧʨʦʠʟʚʦʜ, 

ʥʝʜʦʩʪʘʪʦʢ ʥʘ ʤʘʪʝʨʠʿʘʣʠ ʥʘ ʤʘʰʠʥʘ.  

- ʀʥʜʫʩʪʨʠʿʘ 4.0 ʪʝʭʥʦʣʦʛʠʠ: Q-fit, Processman, Black Box, ʉʠʩʪʝʤ ʟʘ 

ʧʦʚʠʢʫʚʘˁʝ ʥʘ ʦʜʨʞʫʚʘˁʝ. 

7. ʇʨʦʮʝʩ ʥʘ ʩʝʯʝˁʝ ʥʘ ʢʘʙʝʣ - ʂʦʤʘʢʩ: 

- ʀʥʜʠʢʘʪʦʨʠ: ʆɽɽ%, dpmo, ʨʝʢʣʘʤʘʮʠʠ, ʢhʘʨʪ, ʧʦʧʨʘʚʢʠ ʥʘ ʧʨʦʠʟʚʦʜ. 

- ʀʥʜʫʩʪʨʠʿʘ 4.0 ʪʝʭʥʦʣʦʛʠʠ: Q-fit, Black Box, ʉʠʩʪʝʤ ʟʘ ʧʦʚʠʢʫʚʘˁʝ ʥʘ 

ʦʜʨʞʫʚʘˁʝ.   

ʅʘ ʉʣʠʢʘ 8.43 ʝ ʜʘʜʝʥ ʦʧʠʩ ʥʘ ʩʘʿʙʝʨ ʬʠʟʠʯʢʠʦʪ ʩʠʩʪʝʤ ʟʘ ʥʦʚʠʦʪ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ 

ʠ ʦʧʝʨʘʪʠʚʥʠʪʝ ʠʥʜʠʢʘʪʦʨʠ ʟʘ ʩʝʢʦʿ ʧʨʦʮʝʩ. ʆʜ ʚʠʟʫʝʣʥʠʦʪ ʧʨʠʢʘʟ ʤʦʞʝ ʜʘ ʩʝ ʚʠʜʠ ʜʝʢʘ 
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ʠʤʘ ʦʪʩʪʘʧʢʠ ʚʦ ʣʠʥʠʿʘ 11, 32 ʠ 41 ʩʦ ʥʝʙʘʣʘʥʩʠʨʘʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʪʝʭʥʠʯʢʠ ʜʝʬʝʢʪ ʠ 

ʧʦʧʨʘʚʢʘ ʥʘ ʧʨʦʠʟʚʦʜ.  

 

 

ʉʣʠʢʘ 8.43. ɽ- ʚʠʟʫʝʣʠʟʘʮʠʿʘ ʥʘ ʩʘʿʙʝʨ ʬʠʟʠʯʢʠʦʪ ʩʠʩʪʝʤ 

8.5.1 ɸʞʫʨʠʨʘˁʝ ʥʘ ʘʥʘʣʠʟʘ ʥʘ  ʤʦʜʦʚʠ ʥʘ ʜʝʬʝʢʪʠ ʠ ʥʠʚʥʠʦʪ ʝʬʝʢʪ  

ɺʦ  ʊʘʙʝʣʘ 8.19 ʝ ʧʨʠʢʘʞʘʥʘ ʘʞʫʨʠʨʘʥʘʪʘ PFMEA ʘʥʘʣʠʟʘ. ʆʜ ʪʘʙʝʣʘʪʘ ʤʦʞʝ ʜʘ 

ʩʝ ʚʠʜʠ ʜʝʢʘ ʩʦ ʧʦʜʦʙʨʝʥʠʦʪ ʧʨʦʮʝʩ ʥʘ ʰʠʝˁʝ ʩʝ ʥʘʤʘʣʫʚʘ ʚʨʝʜʥʦʩʪʘ ʥʘ ʧʦʿʘʚʘ ʠ 

ʜʝʪʝʢʮʠʿʘ ʧʨʠ ʧʨʦʮʝʥʢʘʪʘ ʥʘ ʨʠʟʠʢʦʪ: 

¶ ɿʘ ʧʦʪʝʥʮʠʿʘʣʥʘʪʘ ʧʨʠʯʠʥʘ ʟʘ ʧʦʿʘʚʘ ʥʘ ʛʨʝʰʢʘʪʘ Ăʪʝʥʟʠʿʘ ʥʘ ʞʠʮʘ ʧʨʝʤʥʦʛʫ 

ʚʠʩʦʢʦ/ʥʠʩʢʦò, ʧʦʿʘʚʘʪʘ ʝ ʥʘʤʘʣʝʥʘ ʦʜ ʚʨʝʜʥʦʩʪ 6 ʥʘ ʚʨʝʜʥʦʩʪ 3, ʘ ʜʝʪʝʢʮʠʿʘʪʘ 

ʦʜ ʚʨʝʜʥʦʩʪ 4 ʥʘ ʚʨʝʜʥʦʩʪ 3. ɹʨʦʿʦʪ ʥʘ ʧʨʠʦʨʠʪʝʪ ʥʘ ʨʠʟʠʢ ʝ ʥʘʤʘʣʝʥ ʦʜ 168 

ʥʘ 63.  

¶ ɿʘ ʧʦʪʝʥʮʠʿʘʣʥʘʪʘ ʧʨʠʯʠʥʘ ʟʘ ʧʦʿʘʚʘ ʥʘ ʛʨʝʰʢʘʪʘ Ăʪʝʥʟʠʿʘ ʥʘ ʢʦʥʝʮ ʧʨʝʤʥʦʛʫ 

ʚʠʩʦʢʦ/ʥʠʩʢʦò, ʧʦʿʘʚʘʪʘ ʝ ʥʘʤʘʣʝʥʘ ʦʜ ʚʨʝʜʥʦʩʪ 6 ʥʘ ʚʨʝʜʥʦʩʪ 3, ʘ ʜʝʪʝʢʮʠʿʘʪʘ 

ʦʜ ʚʨʝʜʥʦʩʪ 4 ʥʘ ʚʨʝʜʥʦʩʪ 3. ɹʨʦʿʦʪ ʥʘ ʧʨʠʦʨʠʪʝʪ ʥʘ ʨʠʟʠʢ ʝ ʥʘʤʘʣʝʥ ʦʜ 168 

ʥʘ 63.  

¶ ɿʘ ʧʦʪʝʥʮʠʿʘʣʥʘʪʘ ʧʨʠʯʠʥʘ ʟʘ ʧʦʿʘʚʘ ʥʘ ʛʨʝʰʢʘʪʘ Ăʚʠʩʦʢ ʙʨʦʿ ʥʘ ʫʜʘʨʠ ʥʘ 

ʧʨʦʚʦʜʥʠʢ ʦʜ ʠʛʣʘ ʟʘ ʰʠʝˁʝ ʥʘ 1 m ʜʦʣʞʝʥò, ʧʦʿʘʚʘʪʘ ʝ ʥʘʤʘʣʝʥʘ ʦʜ ʚʨʝʜʥʦʩʪ 

7 ʥʘ ʚʨʝʜʥʦʩʪ 3, ʘ ʜʝʪʝʢʮʠʿʘʪʘ ʦʜ ʚʨʝʜʥʦʩʪ 4 ʥʘ ʚʨʝʜʥʦʩʪ 3. ɹʨʦʿʦʪ ʥʘ 

ʧʨʠʦʨʠʪʝʪ ʥʘ ʨʠʟʠʢ ʝ ʥʘʤʘʣʝʥ ʦʜ 252 ʥʘ 81.  
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ʊʘʙʝʣʘ 8.19. ɸʞʫʨʠʨʘˁʝ  ʥʘ ʘʥʘʣʠʟʘ ʥʘ ʤʦʜʦʚʠ ʥʘ ʜʝʬʝʢʪʠ ʠ ʥʠʚʥʠʦʪ ʝʬʝʢʪ - ʧʨʦʮʝʩ ʥʘ ʰʠʝˁʝ (ʧʦʜʦʙʨʝʥ ʧʨʦʮʝʩ) 

 

 

ʌʫʥʢʮʠʿʘ ʥʘ 

ʧʨʦʮʝʩʦʪ/ 

ɹʘʨʘˁʘ 

ʇʦʪʝʥʮʠʿʘʣʝʥ 

ʨʝʞʠʤ ʥʘ 

ʛʨʝʰʢʘ 

ʇʦʪʝʥʮʠʿʘʣʥʠ 

ʧʦʩʣʝʜʠʮʠ ʦʜ 

ʛʨʝʰʢʘʪʘ 

ʉ
ʝ
ʨ
ʠ
ʦ
ʟ
ʥ
ʦ
ʩ
ʪ

 

ʇʦʪʝʥʮʠʿʘʣʥʠ 

ʧʨʠʯʠʥʠ 

ʟʘ ʧʦʿʘʚʘ ʥʘ 

ʛʨʝʰʢʠ ʇ
ʦ
ʿ
ʘ
ʚ
ʘ

 

ʄʦʤʝʥʪʘʣʥʘ ʢʦʥʪʨʦʣʘ ʥʘ 

ʧʨʦʮʝʩʦʪ 

ɼ
ʝ
ʪ
ʝ
ʢ
ʮ
ʠ
ʿ
ʘ

 

R
P

N
 

ʇ
ʨ
ʝ
ʧ
ʦ
ʨ
ʘ
ʯ
ʘ

ʥ
ʠ
 
ʘ
ʢ
ʮ
ʠ
ʠ

 

ʇʨʦʮʝʩ ʥʘ ʰʠʝˁʝ 

- ʦʙʝʟʙʝʜʠ 

ʩʦʦʜʚʝʪʝʥ 

ʤʘʪʝʨʠʿʘʣ 

- ʦʙʝʟʙʝʜʠ ʪʦʯʥʘ 

ʧʘʪʝʢʘ  ʟʘ ʰʠʝˁʝ 

- ʦʙʝʟʙʝʜʠ ʪʦʯʥʘ 

ʧʦʟʠʮʠʿʘ ʥʘ 

ʧʨʦʚʦʜʥʠʢʦʪ  

- ʦʙʝʟʙʝʜʠ ʪʦʯʥʠ 

ʜʠʤʝʥʟʠʠ ʥʘ 

ʤʦʜʝʣʦʪ ʟʘ 

ʰʠʝˁʝ 

- ʦʙʝʟʙʝʜʠ 

ʧʨʘʚʠʣʥʘ 

ʦʪʧʦʨʥʦʩʪ 

- ʦʙʝʟʙʝʜʠ ʜʘ 

ʥʝʤʘ 

ʢʦʥʪʘʤʠʥʘʮʠʠ 

ʆʪʧʦʨʥʦʩʪ ʥʘ 

ʧʨʦʚʦʜʥʘ 

ʞʠʮʘ - ʥʘʜʚʦʨ 

ʦʜ 

ʩʧʝʮʠʬʠʢʘʮʠʿʘ 

(ʧʦʜ ʠʣʠ ʥʘʜ)  

  

  

  

ʆʪʧʦʨʥʦʩʪ ʥʘ ʛʨʝʘʯ 

ʥʘʜʚʦʨ ʦʜ 

ʩʧʝʮʠʬʠʢʘʮʠʿʘ (7) 
 

7 

 

 

 

 
 

ʊʝʥʟʠʿʘ ʥʘ 

ʞʠʮʘ 

ʧʨʝʤʥʦʛʫ 

ʚʠʩʦʢʦ ʠʣʠ 

ʥʠʩʢʦ 

 

 

 

 

 

 

 

 

 

 
 

3 P: ʣʠʩʪʘ ʩʦ ʧʘʨʘʤʝʪʨʠ ʥʘ 

ʤʘʰʠʥʘ ʟʘ ʰʠʝˁʝ (5) 

3 63 P: 

ʥʝʤʘ  
 

D: ʩʠʩʪʝʤ ʟʘ ʢʦʥʪʨʦʣʘ ʥʘ 

ʧʦʪʨʦʰʫʚʘʯʢʘ ʥʘ ʧʨʦʚʦʜʥʘ 

ʞʠʮʘ (3) 

  

D: 100% ʧʨʦʚʝʨʢʘ ʥʘ 

ʦʪʧʦʨʥʦʩʪ ʥʘ ʝʣʝʢʪʨʠʯʝʥ 

ʪʝʩʪʝʨ (4) 

    

ʀʟʜʨʞʣʠʚʦʩʪ/ ʚʝʢ 

ʥʘ ʪʨʘʝˁʝ ʥʘ ʛʨʝʘʯ  

(7) 

D: ʚʠʟʫʝʣʥʘ ʧʨʦʚʝʨʢʘ (8)     

ʀʟʛʫʙʝʥʘ ʬʫʥʢʮʠʿʘ 

ʥʘ ʛʨʝʘʯʦʪ (7)  

D: ʠʥʩʧʝʢʮʠʿʘ ʥʘ ʧʨʚʦ ʧʘʨʯʝ 

ʧʦʩʣʝ ʰʠʝˁʝ (5) 

    

  
 

D: ʠʥʩʧʝʢʮʠʿʘ ʥʘ ʧʨʚʦ ʧʘʨʯʝ 

ʥʘ ʝʣʝʢʪʨʠʯʝʥ ʪʝʩʪʝʨ (4) 

    

  
 

P: ʤʝʭʘʥʠʟʘʤ ʟʘ ʜʦʪʫʨ  ʥʘ 

ʧʨʦʚʦʜʥʘ ʞʠʮʘ ʧʨʠ ʧʨʦʮʝʩʦʪ 

ʥʘ ʰʠʝˁʝ (5) 

    

    P: ʩʪʘʥʜʘʨʜʠʟʠʨʘʥ ʧʨʦʮʝʩ (5) 
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    ʊʝʥʟʠʿʘ ʥʘ 

ʢʦʥʝʮ  

ʧʨʝʤʥʦʛʫ 

ʚʠʩʦʢʦ/ʥʠʩʢʦ 

3 P: ʣʠʩʪʘ ʩʦ ʧʘʨʘʤʝʪʨʠ (5) 3 63 P: 

ʥʝʤʘ  
 

  D: ʢʦʥʪʨʦʣʘ ʥʘ ʧʦʪʨʦʰʫʚʘʯʢʘ 

ʥʘ ʧʨʦʚʦʜʥʘ ʞʠʮʘ (3) 

  

      D:100% ʧʨʦʚʝʨʢʘ ʥʘ ʦʪʧʦʨʥʦʩʪ 

ʥʘ ʝʣʝʢʪʨʠʯʝʥ ʪʝʩʪʝʨ (4) 

    

      D: ʚʠʟʫʝʣʥʘ ʧʨʦʚʝʨʢʘ (8)     

      D: ʠʥʩʧʝʢʮʠʿʘ ʥʘ ʧʨʚʦʪʦ ʧʘʨʯʝ 

ʧʦʩʣʝ ʰʠʝˁʝ (5) 

    

      D: ʠʥʩʧʝʢʮʠʿʘ ʥʘ ʧʨʚʦ ʧʘʨʯʝ 

ʥʘ ʝʣʝʢʪʨʠʯʝʥ ʪʝʩʪʝʨ (4) 

      

      P: ʫʨʝʜ ʟʘ ʩʥʘʙʜʫʚʘˁʝ ʥʘ 

ʧʨʦʚʦʜʥʘ ʞʠʮʘ ʥʘ ʤʘʰʠʥʘ (5) 

      

      P: ʩʪʘʥʜʘʨʜʠʟʠʨʘʥ ʧʨʦʮʝʩ (5)       

ʆʪʧʦʨʥʦʩʪ ʥʘ 

ʧʨʦʚʦʜʥʘ 

ʞʠʮʘ - 

ʥʘʜ 

ʩʧʝʮʠʬʠʢʘʮʠʿʘ 
 

ʆʪʧʦʨʥʦʩʪ ʥʘ ʛʨʝʘʯ 

ʥʘʜʚʦʨ ʦʜ ʩʧʝʮ. (7) 
 

 9 ɺʠʩʦʢ ʙʨʦʿ ʥʘ 

ʫʜʘʨʠ ʦʜ ʠʛʣʘ 

ʥʘ 1 m 

ʧʨʦʚʦʜʥʘ ʞʠʮʘ 

3 D: 100% ʧʨʦʚʝʨʢʘ ʥʘ 

ʦʪʧʦʨʥʦʩʪ ʥʘ ʝʣʝʢʪʨʠʯʥʠʦʪ 

ʪʝʩʪʝʨ (4) 

3 81 P: 

ʥʝʤʘ  

 
ʀʟʜʨʞʣʠʚʦʩʪ/ʚʝʢ ʥʘ 

ʪʨʘʝˁʝ ʥʘ ʛʨʝʘʯ  (7) 

 D: ʩʠʩʪʝʤ ʟʘ ʜʝʪʝʢʮʠʿʘ ʥʘ ʫʜʘʨ 

ʦʜ ʠʛʣʘ (3) 

  

ʀʟʛʫʙʝʥʘ ʬʫʥʢʮʠʿʘ 

ʥʘ ʛʨʝʘʯʦʪ (7) 

D: ʩʠʩʪʝʤ ʰʪʦ ʿʘ ʙʣʦʢʠʨʘ 

ʤʘʰʠʥʘʪʘ ʟʘ ʰʠʝˁʝ ʜʦʢʦʣʢʫ 

ʩʠʩʪʝʤʦʪ ʟʘ ʜʝʪʝʢʮʠʿʘ ʥʘ ʫʜʘʨ 

ʦʜ ʠʛʣʘ ʥʝ ʝ ʘʢʪʠʚʠʨʘʥʘ (3) 

  

  ʈʠʟʠʢ ʦʜ ʩʪʨʫʿʘ ʥʘ 

ʢʨʘʪʢʘ ʚʨʩʢʘ (9) 

  D: ʠʥʩʧʝʢʮʠʿʘ ʥʘ ʧʨʚʦ ʧʘʨʯʝ 

ʥʘ ʝʣʝʢʪʨʠʯʝʥ ʪʝʩʪʝʨ (4) 

    

  
 

  D: ʚʠʟʫʝʣʥʘ ʧʨʦʚʝʨʢʘ (8)     

      D: ʠʥʩʧʝʢʮʠʿʘ ʥʘ ʧʨʚʦʪʦ ʧʘʨʯʝ 

ʧʦʩʣʝ ʰʠʝˁʝ (5) 

    

      P: ʩʪʘʥʜʘʨʜʠʟʠʨʘʥ ʧʨʦʮʝʩ (5)     
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ʌ
ʫ
ʥ
ʢ
ʮ
ʠ
ʿ
ʘ
 
ʥ
ʘ
 

ʧ
ʨ
ʦ
ʮ
ʝ
ʩ

 

/
ʙ
ʘ
ʨ
ʘ
ˁ
ʝ

 ʇʦʪʝʥʮʠʿʘʣʝʥ 

ʨʝʞʠʤ ʥʘ 

ʛʨʝʰʢʠ 

ʇʦʪʝʥʮʠʿʘʣʥʠ 

ʝʬʝʢʪʠ ʦʜ 

 ʛʨʝʰʢʠ 

ʉ
ʝ
ʨ
ʠ
ʦ
ʟ
ʥ
ʦ
ʩ
ʪ

 

ʂ
ʣ
ʘ
ʩ
ʘ

 ʇʦʪʝʥʮʠʿʘʣʥʠ 

ʧʨʠʯʠʥʠ/ 

ʄʝʭʘʥʠʟʘʤ ʥʘ 

ʛʨʝʰʢʘ 

ʇ
ʦ
ʿ
ʘ
ʚ
ʘ

 

ʄʦʤʝʥʪʘʣʥʘ ʢʦʥʪʨʦʣʘ ʥʘ  

ʧʨʦʮʝʩʦʪ 

ʆ
ʪ
ʢ
ʨ
ʠ
ʚ
ʘ
ˁ
ʝ

 

R
P

N
 

ʇ
ʨ
ʝ
ʧ
ʦ
ʨ
ʘ
ʯ
ʘ
ʥ
ʠ
 

ʘ
ʢ
ʮ
ʠ
ʠ

 

ʇʦʚʨʟʫʚʘ-

ˁʝ ʥʘ 

I-Cu 

ʙʘʢʘʨʥʘ 

ʞʠʮʘ ʩʦ 

ʢʘʙʝʣʩʢʠ 

ʧʨʠʢʣʫ-

ʯʦʢ 

 

  

  

  

  

  

  

  

  

  

ɼʝʣ ʦʜ 

ʬʠʣʘʤʝʥʪʠʪʝ  

ʥʘ 

ʧʨʦʚʦʜʥʠʢʦʪ 

ʥʝ ʩʝ ʟʘʬʘʪʝʥʠ 

ʚʦ ʪʝʨʤʠʥʘʣʦʪ 

ʉʠʣʘʪʘ ʥʘ 

ʠʟʚʣʝʢʫʚʘˁʝ ʥʘ 

ʬʠʣʘʤʝʥʪʠʪʝ ʦʜ 

ʪʝʨʤʠʥʘʣʦʪ ʝ ʧʦʜ 

ʩʧʝʮʠʬʠʢʘʮʠʿʘ (8) 

 8 S

C 

ɻʨʝʰʢʘ ʥʘ 

ʦʧʝʨʘʪʦʨ, 

ʧʦʛʨʝʰʥʦ  

ʧʦʟʠʮʠʦʥʠʨʘˁʝ 

ʥʘ ʧʨʦʚʦʜʥʠʢ  

3 D: CFA ʩʠʩʪʝʤ ʟʘ ʤʦʥʠʪʦʨʠʥʛ ʥʘ ʩʠʣʘʪʘ ʥʘ 

ʘʧʣʠʮʠʨʘˁʝ ʥʘ ʪʝʨʤʠʥʘʣʦʪ (3) 

 2 48 P: 

ʥʝʤʘ  

 
 

 D: ʚʠʟʫʝʣʥʘ ʧʨʦʚʝʨʢʘ (8)   

P: ʢʘʤʝʨʘ ʟʘ ʢʦʥʪʨʦʣʘ ʥʘ ʧʦʟʠʮʠʿʘʪʘ ʥʘ 

ʧʨʦʚʦʜʥʠʢʦʪ ʠ ʢʘʙʝʣʩʢʠʦʪ ʧʨʠʢʣʫʯʦʢ (2) 

ʀʟʜʨʞʣʠʚʦʩʪ/ ʚʝʢ 

ʥʘ ʪʨʘʝˁʝ ʥʘ ʛʨʝʘʯ  

(7) 

ʇʦʛʨʝʰʥʦ 

ʧʦʜʝʩʫʚʘˁʝ ʥʘ 

ʧʨʝʩʘʪʘ, ʛʨʝʰʥʘ 

ʚʠʩʠʥʘ ʥʘ 

ʪʝʨʤʠʥʘʣʦʪ 

3 D: CFA ʩʠʩʪʝʤ ʟʘ ʤʦʥʠʪʦʨʠʥʛ ʥʘ ʩʠʣʘʪʘ ʥʘ 

ʘʧʣʠʮʠʨʘˁʝ ʥʘ ʪʝʨʤʠʥʘʣʦʪ (3) 

3 72 P: 

ʥʝʤʘ  
  D: ʚʠʟʫʝʣʥʘ ʧʨʦʚʝʨʢʘ (8)   
 

ʀʟʛʫʙʝʥʘ 

ʬʫʥʢʮʠʿʘ ʥʘ 

ʛʨʝʘʯʦʪ (7) 

 D: ʤʝʨʝˁʝ ʥʘ ʩʠʣʘ ʥʘ ʠʟʚʣʝʢʫʚʘˁʝ (5)   
 

 D: ʥʘʧʨʝʯʝʥ ʧʨʝʩʝʢ ʥʘ ʪʝʨʤʠʥʘʣ (5)    

ʇʦʩʪʘʚʫʚʘˁʝ ʥʘ 

ʛʨʝʰʝʥ ʘʣʘʪ 

2 D: CFA ʩʠʩʪʝʤ ʟʘ ʤʦʥʠʪʦʨʠʥʛ ʥʘ ʩʠʣʘʪʘ ʥʘ 

ʘʧʣʠʮʠʨʘˁʝ ʥʘ ʪʝʨʤʠʥʘʣʦʪ (3) 

2 32 P: 

ʥʝʤʘ  
 D: ʚʠʟʫʝʣʥʘ ʧʨʦʚʝʨʢʘ (8) 

D: ʤʝʨʝˁʝ ʥʘ ʩʠʣʘ ʥʘ ʠʟʚʣʝʢʫʚʘˁʝ (5) 

D: ʥʘʧʨʝʯʝʥ ʧʨʝʩʝʢ ʥʘ ʪʝʨʤʠʥʘʣ (5) 

P: ʩʪʘʥʜʘʨʜʠʟʠʨʘʥ ʧʨʦʮʝʩ (2) 

ʀʩʧʫʰʪʝʥ 

ʧʨʦʮʝʩʦʪ ʥʘ  

ʟʘʚʘʨʫʚʘˁʝ  

ʀʟʛʫʙʝʥʘ 

ʬʫʥʢʮʠʿʘ ʥʘ 

ʛʨʝʘʯʦʪ  (7) 

8 S

C 

ɻʨʝʰʢʘ ʥʘ 

ʦʧʝʨʘʪʦʨ 

ʠʩʧʫʰʪʝʥ ʯʝʢʦʨ 

ʥʘ ʟʘʚʘʨʫʚʘˁʝ. 

3 D: ʚʠʟʫʝʣʥʘ ʧʨʦʚʝʨʢʘ (8)  2 48 P: 

ʥʝʤʘ  
 

D: 100% ʧʨʦʚʝʨʢʘ ʥʘ ʦʪʧʦʨʥʦʩʪ ʥʘ 

ʝʣʝʢʪʨʠʯʥʠʦʪ ʪʝʩʪʝʨ (4) 

  P: ʩʠʩʪʝʤ ʢʦʿ ʩʧʨʝʯʫʚʘ ʠʩʧʫʰʪʘˁʝ ʥʘ 

ʧʨʦʮʝʩʦʪ ʥʘ ʟʘʚʘʨʫʚʘˁʝ (2) 

    
   



 

 

ɺʦ ʊʘʙʝʣʘ 8.20 ʝ ʧʨʠʢʘʞʘʥʠ ʘʞʫʨʠʨʘʥʘ PFMEA ʘʥʘʣʠʟʘ ʟʘ ʣʠʥʠʿʘʪʘ ʟʘ ʬʠʥʘʣʥʘ 

ʤʦʥʪʘʞʘ, ʧʨʦʤʝʥʠʪʝ ʩʝ ʦʙʝʣʝʞʘʥʠ ʩʦ ʮʨʚʝʥʦ: 

¶ ʇʨʝʚʝʥʮʠʿʘ: ʉʠʩʪʝʤ ʩʦ ʢʘʤʝʨʘ ʟʘ ʢʦʥʪʨʦʣʘ ʥʘ ʧʦʟʠʮʠʦʥʠʨʘˁʝʪʦ ʥʘ 

ʧʨʦʚʦʜʥʠʢʦʪ ʠ ʢʘʙʝʣʩʢʠʦʪ ʧʨʠʢʣʫʯʦʢ ʧʨʠ ʧʨʦʮʝʩʦʪ ʥʘ ʧʦʚʨʟʫʚʘˁʝ. 

¶ ʇʨʝʚʝʥʮʠʿʘ: ɸʚʪʦʤʘʪʩʢʠ ʩʠʩʪʝʤ ʢʦʿ ʩʧʨʝʯʫʚʘ ʠʩʧʫʰʪʘˁʝ ʥʘ ʧʨʦʮʝʩʦʪ ʥʘ 

ʟʘʚʘʨʫʚʘˁʝ ʚʦ ʣʠʥʠʿʘʪʘ ʟʘ ʬʠʥʘʣʥʘ ʤʦʥʪʘʞʘ. 

ʉʦ ʧʦʜʦʙʨʫʚʘˁʘʪʘ ʚʦ ʧʨʦʮʝʩʦʪ ʥʘ ʬʠʥʘʣʥʘ ʤʦʥʪʘʞʘ, ʘʞʫʨʠʨʘʥʠ ʩʝ ʧʦʿʘʚʘʪʘ  ʠ 

ʜʝʪʝʢʮʠʿʘʪʘ: 

¶ ɿʘ ʧʦʪʝʥʮʠʿʘʣʥʘʪʘ ʧʨʠʯʠʥʘ ʟʘ ʧʦʿʘʚʘ ʥʘ ʛʨʝʰʢʘʪʘ Ăʧʦʛʨʝʰʥʦ  ʧʦʟʠʮʠʦʥʠʨʘˁʝ 

ʥʘ ʧʨʦʚʦʜʥʠʢò,  ʧʦʿʘʚʘʪʘ ʝ ʥʘʤʘʣʝʥʘ ʦʜ ʚʨʝʜʥʦʩʪ 4 ʥʘ ʚʨʝʜʥʦʩʪ 3, ʘ ʜʝʪʝʢʮʠʿʘʪʘ 

ʦʜ ʚʨʝʜʥʦʩʪ 3 ʥʘ ʚʨʝʜʥʦʩʪ 2. ɹʨʦʿʦʪ ʥʘ ʧʨʠʦʨʠʪʝʪ ʥʘ ʨʠʟʠʢ ʝ ʥʘʤʘʣʝʥ ʦʜ 96 ʥʘ 

48.  

¶ ɿʘ ʧʦʪʝʥʮʠʿʘʣʥʘʪʘ ʧʨʠʯʠʥʘ ʟʘ ʧʦʿʘʚʘ ʥʘ ʛʨʝʰʢʘ Ăʠʩʧʫʰʪʝʥ ʧʨʦʮʝʩ ʥʘ 

ʟʘʚʘʨʫʚʘˁʝò ʧʦʿʘʚʘʪʘ ʝ ʥʘʤʘʣʝʥʘ ʦʜ ʚʨʝʜʥʦʩʪ 4 ʥʘ 3, ʘ ʜʝʪʝʢʮʠʿʘʪʘ ʦʜ ʚʨʝʜʥʦʩʪ 

4 ʥʘ 2. ɹʨʦʿʦʪ ʥʘ ʧʨʠʦʨʠʪʝʪ ʥʘ ʨʠʟʠʢ ʝ ʥʘʤʘʣʝʥ ʦʜ 128 ʥʘ 48.  

ʂʨʠʪʝʨʠʫʤʠʪʝ ʟʘ ʨʘʥʛʠʨʘˁʝ ʥʘ ʩʝʨʠʦʟʥʦʩʪ, ʧʦʿʘʚʘ ʠ ʜʝʪʝʢʮʠʿʘ ʩʝ ʧʨʠʢʘʞʘʥʠ ʚʦ 

ʚʦ ʜʦʜʘʪʦʢ, ʊʘʙʝʣʘ ɸ.3 ï ʊʘʙʝʣʘ ɸ.5.  

8.5.2 ɸʞʫʨʠʨʘˁʝ ʥʘ ʂʦʥʪʨʦʣʝʥ ʧʣʘʥ  

ɼʝʬʠʥʠʨʘʥʠʪʝ ʢʦʨʝʢʪʠʚʥʠ ʘʢʮʠʠ ʠ ʢʦʥʪʨʦʣʥʠ ʤʝʭʘʥʠʟʤʠ ʚʦ PFMEA ʘʥʘʣʠʟʘʪʘ 

ʩʝ ʦʩʥʦʚʘ ʟʘ ʧʨʠʧʨʝʤʘ ʥʘ ʢʦʥʪʨʦʣʥʠʦʪ ʧʣʘʥ. ɺʨʟ ʦʩʥʦʚʘ ʥʘ ʢʦʨʝʢʪʠʚʥʠʪʝ ʘʢʮʠʠ ʚʦ 

PFMEA ʘʥʘʣʠʟʘʪʘ ˃ʝ ʩʝ ʫʪʚʨʜʠ ʛʦʣʝʤʠʥʘʪʘ ʥʘ ʧʦʜʛʨʫʧʘʪʘ ʩʦ ʧʨʠʤʝʨʦʮʠ, ʬʨʝʢʚʝʥʮʠʿʘʪʘ 

ʥʘ ʧʨʠʙʠʨʘˁʝ ʥʘ ʧʨʠʤʝʨʦʮʠ, ʤʝʪʦʜʦʪ ʥʘ ʤʝʨʝˁʝ ʠʪʥ. ɸʞʫʨʠʨʘˁʘʪʘ ʥʘʧʨʘʚʝʥʠ ʚʦ 

ʢʦʥʪʨʦʣʥʠʦʪ ʧʣʘʥ ʩʝ ʧʨʠʢʘʞʘʥʠ ʧʦʜʦʣʝ ʚʦ ʪʨʫʜʦʪ.    

 ɺʢʫʧʝʥ ʙʨʦʿ ʥʘ ʫʜʘʨʠ ʦʜ ʠʛʣʘ ʥʘ 1 m ʧʨʦʚʦʜʥʘ ʞʠʮʘ - ʧʨʦʮʝʩ ʥʘ ʰʠʝˁʝ. ʊʨʝʙʘ 

ʜʘ ʩʝ ʧʨʦʚʝʨʠ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ ʥʘ ʩʠʩʪʝʤʦʪ ʟʘ ʜʝʪʝʢʮʠʿʘ ʥʘ ʫʜʘʨ ʦʜ ʠʛʣʘ ʧʨʝʢʫ 

ʩʠʤʫʣʘʮʠʿʘ ʥʘ ʛʨʝʰʢʘʪʘ ʥʘ ʩʝʢʦʿʘ ʛʣʘʚʘ ʟʘ ʰʠʝˁʝ ʥʘ ʤʘʰʠʥʘʪʘ. ʉʦ ʦʚʘʘ ʧʨʦʚʝʨʢʘ 

ʦʧʝʨʘʪʦʨʦʪ ʧʦʪʚʨʜʫʚʘ ʜʝʢʘ ʩʠʩʪʝʤʦʪ ʨʘʙʦʪʠ ʠ ʜʝʢʘ ʝ ʘʢʪʠʚʠʨʘʥ. ʌʨʝʢʚʝʥʮʠʿʘʪʘ ʥʘ 

ʧʨʦʚʝʨʢʘ ʝ ʥʘ ʧʦʯʝʪʦʢ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʧʨʠ ʧʨʦʤʝʥʘ ʥʘ ʤʦʜʝʣ. ʈʝʟʫʣʪʘʪʠʪʝ ʩʝ 

ʘʞʫʨʠʨʘʘʪ ʚʦ ʠʥʩʧʝʢʮʠʩʢʘ ʣʠʩʪʘ ʢʦʿʘ ʧʦʪʦʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʩʣʝʜʣʠʚʦʩʪ ʥʘ ʢʚʘʣʠʪʝʪʦʪ. 

ɺʦ ʩʣʫʯʘʿ ʦʧʝʨʘʪʦʨʦʪ ʜʘ ʧʨʦʧʫʰʪʠ ʜʘ ʥʘʧʨʘʚʠ ʧʨʦʚʝʨʢʘ ʥʘ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ ʥʘ 

ʩʠʩʪʝʤʦʪ ʟʘ ʜʝʪʝʢʮʠʿʘ ʥʘ ʫʜʘʨ ʦʜ ʠʛʣʘ, ʚʦ ʬʘʟʘʪʘ ʥʘ ʧʦʜʦʙʨʫʚʘˁʝ ʝ ʠʤʧʣʝʤʝʥʪʠʨʘʥ  

ʜʦʧʦʣʥʠʪʝʣʝʥ ʘʚʪʦʤʘʪʩʢʠ ʩʠʩʪʝʤ ʰʪʦ ˃ʝ ʦʪʢʨʠʝ ʜʘʣʠ ʩʠʩʪʝʤʦʪ ʟʘ ʜʝʪʝʢʮʠʿʘ ʥʘ ʫʜʘʨ ʦʜ 

ʠʛʣʘ ʝ ʚʦ ʬʫʥʢʮʠʿʘ ʠ ʚʦ ʩʣʫʯʘʿ ʥʘ ʦʪʩʪʘʧʢʘ ʘʚʪʦʤʘʪʩʢʠ ˃ʝ ʿʘ ʩʪʦʧʠʨʘ ʤʘʰʠʥʘʪʘ. 

ɼʝʚʠʿʘʮʠʿʘ ʥʘ ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ ʥʘ ʧʨʦʚʦʜʥʘ ʞʠʮʘ ʚʦ ʦʜʥʦʩ ʥʘ ʥʦʨʤʘʪʠʚʦʪ 

ʧʨʝʜʚʠʜʝʥ ʚʦ ʜʠʟʘʿʥʦʪ ʥʘ ʧʨʦʠʟʚʦʜʦʪ - ʧʨʦʮʝʩ ʰʠʝˁʝ. ʊʨʝʙʘ ʜʘ ʩʝ ʧʨʦʚʝʨʠ 

ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ ʠ ʧʨʝʮʠʟʥʦʩʪʘ ʥʘ ʝʥʢʦʜʝʨʦʪ ʠ PLC ʢʦʥʪʨʦʣʝʨʦʪ ʢʦʠ ʿʘ ʤʝʨʘʪ 

ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ ʥʘ ʧʨʦʚʦʜʥʘ ʞʠʮʘ. ɿʘ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʧʨʦʮʝʩʦʪ ʟʘ ʩʝʨʠʩʢʦ 

ʧʨʦʠʟʚʦʜʩʪʚʦ, ʩʝ ʧʨʦʚʝʨʫʚʘ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ ʠ ʪʦʯʥʦʩʪʘ  ʥʘ ʤʝʨʥʘʪʘ ʦʧʨʝʤʘ ʧʨʝʢʫ  

ʪʝʩʪʠʨʘˁʝ ʩʦ ʨʝʬʝʨʝʥʪʝʥ ʧʨʠʤʝʨʦʢ10, ʥʘ ʧʦʯʝʪʦʢʦʪ ʦʜ ʩʝʢʦʿʘ ʩʤʝʥʘ. ʈʝʟʫʣʪʘʪʠʪʝ ʩʝ 

ʘʞʫʨʠʨʘʘʪ ʚʦ ʠʥʩʧʝʢʮʠʩʢʘ ʣʠʩʪʘ ʢʦʿʘ ʧʦʪʦʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʩʣʝʜʣʠʚʦʩʪ ʥʘ ʢʚʘʣʠʪʝʪʦʪ.  

 
 

10ʈʝʬʝʨʝʥʪʝʥ ʧʨʠʤʝʨʦʢ ʧʨʝʪʩʪʘʚʫʚʘ ʧʨʦʚʦʜʥʘ ʞʠʮʘ ʩʦ  ʩʧʝʮʠʬʠʮʠʨʘʥʘ ʜʦʣʞʠʥʘ ʢʘʣʠʙʨʠʨʘʥʘ ʦʜ ʩʪʨʘʥʘ ʥʘ ʦʚʣʘʩʪʝʥʘ 
ʣʘʙʦʨʘʪʦʨʠʿʘ, ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʧʨʦʚʝʨʢʘ ʥʘ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ ʠ ʪʦʯʥʦʩʪʘ ʥʘ ʝʥʢʦʜʝʨʦʪ  ʧʨʝʜ ʩʝʢʦʝ ʩʝʨʠʩʢʦ ʧʨʦʠʟʚʦʜʩʪʚʦ.   
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ɻʨʝʥhʦ ʧʦʟʠʮʠʦʥʠʨʘˁʝ ʥʘ ʧʨʦʚʦʜʥʠʢʦʪ ï ʧʨʦʮʝʩ ʥʘ ʧʦʚʨʟʫʚʘˁʝ ʥʘ 

ʧʨʦʚʦʜʥʠʢʦʪ ʠ ʢʘʙʝʣʩʢʠʦʪ ʧʨʠʢʣʫʯʦʢ ʥʘ ʣʠʥʠʿʘʪʘ ʟʘ ʬʠʥʘʣʥʘ ʤʦʥʪʘʞʘ. ʅʘ ʧʦʯʝʪʦʢ 

ʥʘ ʩʝʢʦʿʘ ʩʤʝʥʘ, ʪʨʝʙʘ ʜʘ ʩʝ ʧʨʦʚʝʨʠ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ ʥʘ ʩʠʩʪʝʤʦʪ ʩʦ ʢʘʤʝʨʘ ʟʘ ʜʝʪʝʢʮʠʿʘ 

ʥʘ ʧʦʟʠʮʠʦʥʠʨʘˁʝ ʥʘ ʢʘʙʝʣ. ʇʨʦʚʝʨʢʘʪʘ ʥʘ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ ʩʝ ʧʨʘʚʠ ʩʦ ʨʝʬʝʨʝʥʪʝʥ 

ʧʨʠʤʝʨʦʢ. ʉʠʩʪʝʤʦʪ ʩʦ ʢʘʤʝʨʘ ʤʦʨʘ ʜʘ ʛʦ ʧʨʝʧʦʟʥʘʝ ʜʦʙʨʠʦʪ ʧʨʠʤʝʨʦʢ ʠ ʜʘ ʧʨʦʜʦʣʞʠ 

ʩʦ ʨʘʙʦʪʘ ʠʩʪʦ ʪʘʢʘ ʜʘ ʛʦ ʜʝʪʝʢʪʠʨʘ ʠ ʣʦʰʠʦʪ ʧʨʠʤʝʨʦʢ. ʇʦ ʜʝʪʝʢʪʠʨʘˁʝ ʥʘ ʣʦʰʠʦʪ 

ʧʨʠʤʝʨʦʢ, ʧʨʝʩʘʪʘ ʟʘ ʘʧʣʠʮʠʨʘˁʝ ʥʘ ʪʝʨʤʠʥʘʣ ʪʨʝʙʘ ʜʘ ʧʨʝʢʠʥʝ ʩʦ ʨʘʙʦʪʘ ʠ ʜʘ ʛʦ 

ʙʣʦʢʠʨʘ ʧʨʦʮʝʩʦʪ.  ʈʝʟʫʣʪʘʪʠʪʝ ʩʝ ʘʞʫʨʠʨʘʘʪ ʚʦ ʠʥʩʧʝʢʮʠʩʢʘ ʣʠʩʪʘ ʢʦʿʘ ʧʦʢʘʩʥʦ ʩʝ 

ʢʦʨʠʩʪʠ ʟʘ ʩʣʝʜʣʠʚʦʩʪ ʥʘ ʢʚʘʣʠʪʝʪʦʪ. 

ʀʩʧʫʰʪʝʥ ʧʨʦʮʝʩʦʪ ʥʘ ʟʘʚʘʨʫʚʘˁʝ - ʣʠʥʠʿʘʪʘ ʟʘ ʬʠʥʘʣʥʘ ʤʦʥʪʘʞʘ. ʅʘ 

ʧʦʯʝʪʦʢ ʥʘ ʩʝʢʦʿʘ ʩʤʝʥʘ ʪʨʝʙʘ ʜʘ ʩʝ ʧʨʦʚʝʨʠ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʘ ʥʘ ʩʠʩʪʝʤʦʪ ʢʦʿ ʜʝʪʝʢʪʠʨʘ 

ʠʩʧʫʰʪʝʥ ʧʨʦʮʝʩʦʪ ʥʘ ʟʘʚʘʨʫʚʘˁʝ. ʉʝ ʩʠʤʫʣʠʨʘ ʧʨʦʧʫʰʪʘˁʝ ʥʘ ʧʨʦʮʝʩʦʪ ʥʘ ʟʘʚʘʨʫʚʘˁʝ 

ʟʘ ʜʘ ʩʝ ʧʨʦʚʝʨʠ ʜʘʣʠ ʩʠʩʪʝʤʦʪ ˃ʝ ʿʘ ʙʣʦʢʠʨʘ ʣʠʥʠʿʘʪʘ. ʈʝʟʫʣʪʘʪʠʪʝ ʤʦʨʘ ʜʘ ʩʝ ʘʞʫʨʠʨʘʘʪ 

ʚʦ ʠʥʩʧʝʢʮʠʩʢʘ ʣʠʩʪʘ ʢʦʿʘ ʧʦʪʦʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʩʣʝʜʣʠʚʦʩʪ ʥʘ ʢʚʘʣʠʪʝʪʦʪ. 

8.5.3 ʐʝʩʪ ʉʠʛʤʘ - ʆʙʫʢʘ ʥʘ ʚʨʘʙʦʪʝʥʠʪʝ  

ʇʦ ʠʤʧʣʝʤʝʥʪʠʨʘˁʝ ʥʘ ʧʦʜʦʙʨʫʚʘˁʘʪʘ ʠ ʘʞʫʨʠʨʘˁʝʪʦ ʥʘ ʩʪʘʥʜʘʨʜʠʪʝ ʩʣʝʜʫʚʘ 

ʦʙʫʢʘ ʥʘ ʚʨʘʙʦʪʝʥʠʪʝ. ʇʣʘʥʦʪ ʟʘ ʦʙʫʢʘ ʛʠ ʚʢʣʫʯʠ ʩʠʪʝ ʠʥʚʦʣʚʠʨʘʥʠ ʚʦ ʧʨʦʮʝʩʦʪ: 

ʪʨʝʥʝʨʠʪʝ, ʠʥʞʝʥʝʨʠʪʝ, ʢʦʥʪʨʦʣʦʨʠʪʝ ʥʘ ʢʚʘʣʠʪʝʪ,  ʩʫʧʝʨʚʠʟʦʨʠʪʝ ʠ ʦʧʝʨʘʪʦʨʠʪʝ.  

8.5.4 ʐʝʩʪ ʉʠʛʤʘ - ʉʪʘʪʠʩʪʠʯʢʘ ʢʦʥʪʨʦʣʘ ʥʘ ʧʨʦʮʝʩʦʪ 

ɺʦ ʬʘʟʘʪʘ ʥʘ ʧʦʜʦʙʨʫʚʘˁʝ ʦʜ Lean ʐʝʩʪ ʉʠʛʤʘ ʘʥʘʣʠʟʘʪʘ ʩʧʦʩʦʙʥʦʩʪʘ ʥʘ 

ʧʨʦʮʝʩʦʪ ʝ ʧʦʜʦʙʨʝʥʘ ʦʜ Cpk 0,83 ʥʘ 1,35. ʉʦ ʮʝʣ ʜʘ ʩʝ ʦʜʞʠ ʦʚʦʿ ʨʝʟʫʣʪʘʪ ʠ ʜʘ ʩʝ 

ʜʝʿʩʪʚʫʚʘ ʥʘ ʚʨʝʤʝ  ʜʦʢʦʣʢʫ  ʩʝ ʧʦʿʘʚʠ ʥʝʛʘʪʠʚʝʥ ʪʨʝʥʜ, ʩʘʿʙʝʨ ʬʠʟʠʯʢʠʦʪ ʩʠʩʪʝʤ ʥʘ  

ʀʥʜʫʩʪʨʠʿʘ 4.0 ʚʨʰʠ ʩʪʘʪʠʩʪʠʯʢʘ ʢʦʥʪʨʦʣʘ ʥʘ ʧʨʦʮʝʩʦʪ ʚʦ ʨʝʘʣʥʦ ʚʨʝʤʝ ʩʦ ʤʝʨʝˁʝ ʥʘ 

ʩʝʢʦ ʿʧʨʦʠʟʚʦʜ.  

8.5.5 ʉʪʘʥʜʘʨʜʠʟʠʨʘʥʠ ʟʘʜʘʯʠ ʠ ʦʜʨʞʣʠʚʦʩʪ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ  

ʇʦʩʪʠʛʥʘʪʠʪʝ ʧʦʜʦʙʨʫʚʘˁʘ ʚʦ ʥʦʚʠʦʪ ʜʠʟʘʿʥ ʥʘ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ ʠ ʥʘʤʘʣʝʥʠʪʝ 

ʚʘʨʠʿʘʮʠʠ ʥʘ ʧʨʦʮʝʩʠʪʝ ʩʝ ʙʝʟʥʘʯʘʿʥʠ ʜʦʢʦʣʢʫ ʥʝ ʩʝ ʧʦʩʪʠʛʥʝ ʦʜʨʞʣʠʚʦʩʪ ʥʘ ʨʘʟʫʣʪʘʪʠʪʝ 

ʚʦ ʠʜʥʠʥʘ. ʆʚʘ ʝ ʝʜʠʥʩʪʚʝʥʦ ʤʦʞʥʦ ʩʦ ʩʪʘʥʜʘʨʜʠʟʠʨʘʥʘ ʨʘʙʦʪʘ ʰʪʦ ʚʢʣʫʯʫʚʘ 

ʜʦʢʫʤʝʥʪʠʨʘˁʝ ʥʘ ʧʦʜʦʙʨʝʥʠʪʝ ʧʨʦʮʝʩʠ.  ʉʪʘʥʜʘʨʜʦʪ ʧʨʝʪʩʪʘʚʫʚʘ ʘʣʘʪʢʘ ʟʘ ʦʙʫʢʘ ʥʘ 

ʥʦʚʠʪʝ ʚʨʘʙʦʪʝʥʠ ʠ ʟʘ ʨʝʚʠʟʠʿʘ ʥʘ ʧʨʦʮʝʩʠʪʝ.  
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9 ɿɸʂʃʋʏʆʂ 

ʀʥʜʠʚʠʜʫʘʣʥʠʪʝ ʟʘʢʣʫʯʦʮʠ ʢʦʠ ʙʝʘ ʧʨʝʪʩʪʘʚʝʥʠ  ʚʦ ʨʘʟʣʠʯʥʠʪʝ ʧʦʛʣʘʚʿʘ ʦʜ ʦʚʘ 

ʠʩʪʨʘʞʫʚʘˁʝ ʩʝ ʩʫʤʠʨʘʥʠ ʚʦ ʪʨʠ ʩʝʛʤʝʥʪʠ, ʠ ʪʦʘ: ʧʨʝʛʣʝʜ ʥʘ ʤʦʤʝʥʪʘʣʥʘʪʘ ʥʘʫʯʥʘ 

ʣʠʪʝʨʘʪʫʨʘ ʟʘ ʤʝʥʘ˅ʠʨʘˁʝ ʩʦ ʢʚʘʣʠʪʝʪ, ʨʘʟʚʦʿ ʥʘ ʥʦʚ ʤʦʜʝʣ ʟʘ ʢʦʥʪʨʦʣʘ ʥʘ ʢʚʘʣʠʪʝʪʦʪ ʠ 

ʧʨʘʢʪʠʯʥʘ ʧʨʠʤʝʥʘ ʥʘ ʥʦʚʠʦʪ ʤʦʜʝʣ.  

1. ʇʨʝʛʣʝʜ ʥʘ ʤʦʤʝʥʪʘʣʥʘʪʘ ʥʘʫʯʥʘ ʣʠʪʝʨʘʪʫʨʘ ʟʘ ʤʝʥʘ˅ʠʨʘˁʝ ʩʦ ʢʚʘʣʠʪʝʪ 

ɺʦ ʠʩʪʨʘʞʫʚʘˁʝʪʦ ʝ ʥʘʧʨʘʚʝʥ ʩʠʩʪʝʤʘʪʠʯʝʥ ʧʨʝʛʣʝʜ ʥʘ ʧʦʚʝ˃ʝ ʦʜ 150 ʥʘʫʯʥʠ ʪʨʫʜʘ 

ʢʦʠ ʩʝ ʟʘʥʠʤʘʚʘʘʪ ʩʦ ʤʝʥʘ˅ʠʨʘˁʝ ʥʘ ʢʚʘʣʠʪʝʪʦʪ ʚʦ ʘʚʪʦʤʦʙʠʣʩʢʘʪʘ ʠʥʜʫʩʪʨʠʿʘ. ɺʦ 

ʤʦʤʝʥʪʘʣʥʘʪʘ ʣʠʪʝʨʘʪʫʨʘ ʜʦʩʪʘʧʥʠ ʩʝ ʤʥʦʛʫ ʤʝʪʦʜʠ ʟʘ ʤʝʥʘ˅ʠʨʘˁʝ ʩʦ ʢʚʘʣʠʪʝʪ, ʢʘʢʦ ʥʘ 

ʧʨʠʤʝʨ ʩʪʘʥʜʘʨʜʠʪʝ ISO 9001 ʠ IATF 16949, ʩʝʚʢʫʧʥʦʪʦ ʫʧʨʘʚʫʚʘˁʝ ʩʦ ʢʚʘʣʠʪʝʪ (ʘʥʛ. 

Total quality management, TQM), ʢʦʥʪʠʥʫʠʨʘʥʦʪʦ ʧʦʜʦʙʨʫʚʘˁʝ (ʘʥʛ. Continuous 

improvement, CI), ʤʝʪʦʜʦʣʦʛʠʿʘʪʘ ʧʣʘʥʠʨʘ ï ʜʝʿʩʪʚʫʚʘ ï ʧʨʦʚʝʨʫʚʘ ï ʠʟʚʨʰʫʚʘ (ʘʥʛ. Plan-

Do-Check-Act, PDCA), Lean, ʐʝʩʪ ʉʠʛʤʘ, ʠʥʪʝʛʨʠʨʘʥʠʦʪ ʤʦʜʝʣ ʥʘ Lean ʠ ʐʝʩʪ ʉʠʛʤʘ, 

ʚʣʠʿʘʥʠʝʪʦ ʥʘ ʀʥʜʫʩʪʨʠʿʘ 4.0 ʚʦ ʤʝʥʘ˅ʠʨʘˁʝʪʦ ʩʦ ʢʚʘʣʠʪʝʪʦʪ, ʠʪʥ.  

ʆʜ ʧʨʝʛʣʝʜʦʪ ʥʘ ʤʦʤʝʥʪʘʣʥʘʪʘ ʥʘʫʯʥʘ ʣʠʪʝʨʘʪʫʨʘ ʚʦ ʦʚʦʿ ʪʨʫʜ, ʤʝʪʦʜʦʣʦʛʠʿʘʪʘ ʥʘ 

Lean ʠ ʐʝʩʪ ʉʠʛʤʘ ʩʝ ʠʟʜʚʦʿʫʚʘ ʢʘʢʦ ʥʘʿʝʬʠʢʘʩʥʘ ʟʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʢʚʘʣʠʪʝʪʦʪ ʚʦ 

ʘʚʪʦʤʦʙʠʣʩʢʘʪʘ ʠʥʜʫʩʪʨʠʿʘ. ɻʣʘʚʥʠʪʝ ʧʨʝʜʠʟʚʠʮʠ ʚʦ ʣʠʪʝʨʘʪʫʨʘʪʘ ʟʘ Lean ʠ ʐʝʩʪ ʉʠʛʤʘ 

ʚʦ ʪʨʫʜʦʪ ʩʝ ʛʨʫʧʠʨʘʥʠ ʚʦ 4 ʢʘʪʝʛʦʨʠʠ: 

1. ʅʝʤʘˁʝ ʥʘ ʿʘʩʥʘ ʚʠʟʠʿʘ ʠ ʜʝʪʘʣʥʦ ʨʘʟʚʠʝʥ ʤʦʜʝʣ ʢʦʿ ˃ʝ ʛʠ ʠʥʪʝʛʨʠʨʘ Lean ʠ ʐʝʩʪ 

ʉʠʛʤʘ ʢʘʢʦ ʤʝʪʦʜʦʣʦʛʠʿʘ ʟʘ ʤʝʥʘ˅ʠʨʘˁʝ ʩʦ ʢʚʘʣʠʪʝʪ.  

2. ɺʣʠʿʘʥʠʝʪʦ ʥʘ ʀʥʜʫʩʪʨʠʿʘ 4.0 ʚʦ ʤʝʥʘ˅ʠʨʘˁʝʪʦ ʩʦ ʢʚʘʣʠʪʝʪʦʪ ʝ ʥʝʠʟʙʝʞʥʦ, ʥʦ 

ʩʝʧʘʢ ʧʨʝʜʠʟʚʠʢ ʝ ʥʝʤʘˁʝ ʥʘ ʿʘʩʥʦ ʜʝʬʠʥʠʨʘʥ ʤʦʜʝʣ ʟʘ ʠʥʪʝʛʨʠʨʘˁʝ ʥʘ 

ʀʥʜʫʩʪʨʠʿʘ 4.0 ʚʦ DMAIC ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ Lean ʐʝʩʪ ʉʠʛʤʘ.  

3. ʇʨʠ ʠʤʧʣʝʤʝʥʪʠʨʘˁʝ ʥʘ ʀʥʜʫʩʪʨʠʿʘ 4.0 ʯʝʩʪʦ ʩʝ ʠʛʥʦʨʠʨʘʘʪ ʟʘʢʦʥʠʪʝ ʢʦʠ ʚʘʞʘʪ 

ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʪ.ʝ ʩʝ ʟʘʥʝʤʘʨʫʚʘ ʤʦ˃ʪʘ ʥʘ Lean ʠ ʐʝʩʪ ʉʠʛʤʘ. ʇʦʨʘʜʠ ʦʚʘ, 

ʥʝ ʩʝʢʦʛʘʰ ʩʦ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ ʥʘ ʀʥʜʫʩʪʨʠʿʘ 4.0 ʩʝ ʧʦʩʪʠʛʥʫʚʘʘʪ ʧʦʩʘʢʫʚʘʥʠʪʝ 

ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʢʚʘʣʠʪʝʪʦʪ, ʥʘʿʯʝʩʪʦ ʢʘʢʦ ʧʦʩʣʝʜʠʮʘ ʥʘ ʥʝʿʘʩʥʠʪʝ ʨʘʟʙʠʨʘˁʘ ʥʘ 

ʤʦʞʥʦʩʪʠʪʝ ʥʘ ʧʨʦʠʟʚʦʜʥʠʪʝ ʧʨʦʮʝʩʠ. 

4. ʅʝʜʦʩʪʘʪʦʢ ʥʘ ʧʨʘʢʪʠʯʥʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ ʠ ʝʤʧʠʨʠʩʢʘ ʘʥʘʣʠʟʘ ʟʘ ʫʯʝʩʪʚʦʪʦ ʥʘ 

ʀʥʜʫʩʪʨʠʿʘ 4.0 ʚʦ ʤʝʥʘ˅ʠʨʘˁʝʪʦ ʩʦ ʢʚʘʣʠʪʝʪʦʪ.  

2. ʈʘʟʚʦʿ ʥʘ ʥʦʚ ʤʦʜʝʣ ʟʘ ʢʦʥʪʨʦʣʘ ʥʘ ʢʚʘʣʠʪʝʪʧʪ 

ʅʘʿʟʥʘʯʘʿʥʠʦʪ ʧʨʠʜʦʥʝʩ ʥʘ ʦʚʘ ʠʩʪʨʘʞʫʚʘˁʝ ʣʝʞʠ ʚʦ ʧʨʝʜʣʦʛʦʪ ʠ ʧʦʪʚʨʜʘʪʘ ʥʘ ʥʦʚ 

ʤʦʜʝʣ ʟʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʢʚʘʣʠʪʝʪʦʪ, ʨʘʟʚʠʝʥ ʩʦ ʮʝʣ ʜʘ ʩʝ ʥʘʜʤʠʥʘʪ ʛʦʨʝʥʘʚʝʜʝʥʠʪʝ 

ʧʨʝʜʠʟʚʠʮʠ ʚʦ ʤʦʤʝʥʪʘʣʥʘʪʘ ʣʠʪʝʨʘʪʫʨʘ. ʅʦʚʠʦʪ ʤʦʜʝʣ ʛʠ ʠʥʪʝʛʨʠʨʘ Lean, ʐʝʩʪ ʉʠʛʤʘ 

ʠ ʀʥʜʫʩʪʨʠʿʘ 4.0 ʚʦ DMAIC ʩʪʨʫʢʪʫʨʘʪʘ, ʩʦ ʿʘʩʥʠ ʠʥʩʪʨʫʢʮʠʠ ʠ ʨʝʜʦʩʣʝʜ ʟʘ 

ʠʤʧʣʝʤʝʥʪʠʨʘˁʝ ʥʘ ʧʦʝʜʠʥʠʪʝ ʪʝʭʥʠʢʠ (ʊʘʙʝʣʘ 7.1, ʉʣʠʢʘ 7.1 - ʉʣʠʢʘ 7.5). ʈʝʜʦʩʣʝʜʦʪ 

ʥʘ ʘʢʪʠʚʥʦʩʪʠ ʚʦ ʤʦʜʝʣʦʪ ʠʤʘ ʟʘ ʮʝʣ ʜʘ ʛʠ ʩʣʝʜʠ ʟʘʢʦʥʠʪʝ ʢʦʠ ʚʘʞʘʪ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ 

ʪ.ʝ ʥʘʿʧʨʚʝʥ ʩʦ Lean ʐʝʩʪ ʉʠʛʤʘ ʜʘ ʩʝ ʥʘʤʘʣʘʪ ʚʘʨʠʿʘʮʠʠʪʝ ʠ ʟʘʛʫʙʠʪʝ ʚʦ ʧʨʦʮʝʩʠʪʝ, ʘ 

ʧʦʪʦʘ ʩʦ ʀʥʜʫʩʪʨʠʿʘ 4.0 ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʜʦʧʦʣʥʠʪʝʣʥʦ ʧʦʜʦʙʨʫʚʘˁʘ ʥʘ ʢʚʘʣʠʪʝʪʦʪ ʠ 

ʦʜʨʞʣʠʚʦʩʪ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ. 

Lean ʪʝʭʥʠʢʠʪʝ ʚʦ ʤʦʜʝʣʦʪ ʠʤʘʘʪ ʟʘ ʮʝʣ ʜʘ ʛʠ ʝʣʝʤʠʥʠʨʘʘʪ ʟʘʛʫʙʠʪʝ ʚʦ ʮʝʣʠʦʪ ʪʝʢ 

ʥʘ ʚʨʝʜʥʦʩʪʠ, ʦʜ ʚʣʝʟ ʥʘ ʨʝʧʨʦʤʘʪʝʨʠʿʘʣʠ ʜʦ ʠʟʣʝʟ ʥʘ ʛʦʪʦʚ ʧʨʦʠʟʚʦʜ. ʉʣʝʜʥʠʪʝ Lean 

ʪʝʭʥʠʢʠ ʩʝ ʧʨʠʤʝʥʝʪʠ ʚʦ ʤʦʜʝʣʦʪ: ʪʘʢʪ ʚʨʝʤʝ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʧʘʨʯʝ-ʧʦ-ʧʘʨʯʝ, ʩʠʩʪʝʤ 

ʥʘ ʧʦʚʣʝʢʫʚʘˁʝ ʥʘ ʤʘʪʝʨʠʿʘʣʠ ʠ ʢʦʥʪʨʦʣʘ ʥʘ ʟʘʣʠʭʘʪʘ, ʧʝʿʩʤʝʿʢʝʨ ʧʨʦʮʝʩ ʧʦʩʪʘʚʝʥ  

ʧʦʙʣʠʩʢʫ ʜʦ ʢʣʠʝʥʪʦʪ ʚʦ ʪʝʢʦʪ ʥʘ ʚʨʝʜʥʦʩʪʠ, ʧʦʨʘʤʥʫʚʘˁʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʧʦ ʤʦʜʝʣ 

ʠ ʚʦʣʫʤʝʥ, ʙʨʟʘ ʧʨʦʤʝʥʘ ʥʘ ʤʦʜʝʣ, ʢʦʥʪʨʦʣʘ ʥʘ ʢʚʘʣʠʪʝʪ ʥʘ ʩʘʤʠʪʝ ʨʘʙʦʪʥʠ ʩʪʘʥʠʮʠ, 
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ʠʥʪʝʣʠʛʝʥʪʥʘ ʘʚʪʦʤʘʪʠʟʘʮʠʿʘ ʟʘ ʠʟʙʝʛʥʫʚʘˁʝ ʥʘ ʛʨʝʰʢʠ, ɸʥʜʦʥ ʩʠʩʪʝʤ ʟʘ ʝʩʢʘʣʘʮʠʿʘ ʥʘ 

ʧʨʦʙʣʝʤʠʪʝ ʠ ʙʨʟʘ ʨʝʘʢʮʠʿʘ ʧʨʠ ʥʠʚʥʦ ʨʝʰʘʚʘˁʝ.  

ʐʝʩʪ ʉʠʛʤʘ ʤʝʪʦʜʦʣʦʛʠʿʘʪʘ ʚʦ ʧʨʝʜʣʦʞʝʥʠʦʪ ʤʦʜʝʣ ʠʤʘ ʟʘ ʮʝʣ ʜʘ ʛʠ ʨʝʜʫʮʠʨʘ 

ʚʘʨʠʿʘʮʠʠʪʝ ʚʦ ʧʨʦʮʝʩʠʪʝ. ʉʣʝʜʥʠʪʝ ʐʝʩʪ ʉʠʛʤʘ ʪʝʭʥʠʢʠ ʩʝ ʢʦʨʠʩʪʘʪ ʚʦ ʤʦʜʝʣʦʪ: 

ʧʦʪʚʨʜʘ ʥʘ ʪʦʯʥʦʩʪ ʥʘ ʤʝʨʥʘʪʘ ʦʧʨʝʤʘ, ʩʪʘʪʠʩʪʠʯʢʘ ʢʦʥʪʨʦʣʘ ʥʘ ʧʨʦʮʝʩʠʪʝ, ʜʠʟʘʿʥ ʥʘ 

ʝʢʩʧʝʨʠʤʝʥʪʠ ʟʘ ʜʝʬʠʥʠʨʘˁʝ ʥʘ ʥʘʿʜʦʙʘʨ ʩʦʦʜʥʦʩ ʥʘ ʧʘʨʘʤʝʪʨʠ ʥʘ ʤʘʰʠʥʠʪʝ, 

ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʧʨʦʮʝʩʠʪʝ ʠ ʩʪʘʪʠʩʪʠʯʢʘ ʢʦʥʪʨʦʣʘ ʥʘ ʧʦʜʦʙʨʝʥʠʪʝ ʧʨʦʮʝʩʠ.  

ʀʥʜʫʩʪʨʠʿʘ 4.0 ʩʦ ʩʚʦʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʠʥʪʝʛʨʠʨʘʥʠ ʚʦ ʩʘʿʙʝʨ ʬʠʟʠʯʢʠʦʪ ʩʠʩʪʝʤ, ʠʤʘ 

ʟʘ ʮʝʣ ʜʘ ʛʠ ʧʨʠʙʝʨʝ ʧʦʜʘʪʦʮʠʪʝ ʚʦ ʨʝʘʣʥʦ ʚʨʝʤʝ ʟʘ ʥʦʚʠʦʪ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ, ʜʘ ʛʠ 

ʩʧʦʨʝʜʠ ʦʚʠʝ ʧʦʜʘʪʦʮʠ ʩʦ ʚʠʨʪʫʝʣʥʠʦʪ ʤʦʜʝʣ, ʜʘ ʦʙʝʟʙʝʜʠ ʙʨʟʘ ʠ ʘʚʪʦʤʘʪʠʟʠʨʘʥʘ 

ʨʝʘʢʮʠʿʘ ʧʨʠ ʧʦʿʘʚʘ ʥʘ ʦʪʩʪʘʧʢʠ, ʜʘ ʿʘ ʧʦʜʦʙʨʠ ʝʬʠʢʘʩʥʦʩʪʘ ʠ ʢʚʘʣʠʪʝʪʦʪ ʚʦ ʣʠʥʠʠʪʝ ʟʘ 

ʬʠʥʘʣʥʘ ʤʦʥʪʘʞʘ, ʜʘ ʛʦ ʧʦʜʦʙʨʠ ʩʝʚʢʫʧʥʦʪʦ ʦʜʨʞʫʚʘˁʝ ʥʘ ʦʧʨʝʤʘʪʘ ʠ ʜʘ ʧʦʩʪʠʛʥʝ 

ʩʪʘʥʜʘʨʜʠʟʘʮʠʿʘ ʠ ʦʜʨʞʣʠʚʦʩʪ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ.   

 

3. ʇʨʘʢʪʠʯʥʘ ʧʨʠʤʝʥʘ ʥʘ ʥʦʚʠʦʪ ʤʦʜʝʣ ʚʦ ʘʚʪʦʤʦʙʠʣʩʢʘ ʢʦʤʧʘʥʠʿʘ ʟʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʛʨʝʘʯʠ ʟʘ ʩʝʜʠʰʪʘ ʠ ʘʥʘʣʠʟʘ ʥʘ ʜʦʙʠʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ 

ɺʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʦʪ ʜʝʣ ʥʘ ʦʚʦʿ ʪʨʫʜ ʝ ʧʨʠʢʘʞʘʥʘ ʧʨʘʢʪʠʯʥʘʪʘ ʧʨʠʤʝʥʘ ʥʘ ʥʦʚʠʦʪ 

ʤʦʜʝʣ ʚʦ ʢʦʤʧʘʥʠʿʘ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʛʨʝʘʯʠ ʟʘ ʩʝʜʠʰʪʘ. ʀʤʧʣʝʤʝʥʪʘʮʠʿʘʪʘ ʥʘ ʥʦʚʠʦʪ 

ʤʦʜʝʣ ʿʘ ʩʣʝʜʠ ʩʪʨʫʢʪʫʨʘʪʘ ʦʧʠʰʘʥʘ ʚʦ ʙʣʦʢ-ʜʠʿʘʛʨʘʤʠʪʝ ʧʨʠʢʘʞʘʥʠ ʥʘ ʉʣʠʢʘ 7.1 - 

ʉʣʠʢʘ 7.5. ɼʦʙʠʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʦʜ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘʪʘ ʥʘ ʤʦʜʝʣʦʪ ʢʘʢʦ ʠ ʫʯʝʩʪʚʦʪʦʪʦ ʥʘ 

ʩʝʢʦʿʘ ʦʜ ʪʝʭʥʠʢʠʪʝ ʚʦ ʧʦʜʦʙʨʫʚʘˁʝʪʦ ʥʘ ʧʝʨʬʦʨʤʘʥʩʦʪ ʩʝ ʧʨʠʢʘʞʘʥʠ ʚʦ ʊʘʙʝʣʘ 9.1.  

ʊʘʙʝʣʘ 9.1. ʀʥʜʠʚʠʜʫʘʣʥʠ ʧʦʩʪʠʛʥʫʚʘˁʘ ʥʘ ʪʝʭʥʠʢʠʪʝ ʚʦ ʥʦʚʠʦʪ DMAIC ʤʦʜʝʣ 
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(m

) 
ʄʦʤʝʥʪʘʣʥʘ 

ʩʦʩʪʦʿʙʘ 
30.000 2,83 23.200 78 2,4 34 238 

Lean ʪʝʭʥʠʢʠ 22.000 1,4 11.900 95 2 23,4 137 

ʐʝʩʪ ʉʠʛʤʘ 

ʪʝʭʥʠʢʠ 
16.000 -II - -II - -II - -II - -II - -II - 

ʀʥʜʫʩʪʨʠʿʘ 4.0 9.000 -II - -II - 103 -II - -II - -II - 

ɺʢʫʧʥʠ 

ʧʦʜʦʙʨʫʚʘˁʘ 
-70% -51% -49% +25% -17% -31% -42% 

 

ʆʜ ʪʘʙʝʣʘʪʘ ʤʦʞʝ ʜʘ ʩʝ ʚʠʜʠ ʜʝʢʘ ʩʦ Lean ʪʝʭʥʠʢʠʪʝ ʧʦʩʪʠʛʥʘʪʦ ʝ ʥʘʤʘʣʫʚʘˁʝ ʥʘ 

ʚʢʫʧʥʘʪʘ ʩʪʘʧʢʘ ʥʘ ʜʝʬʝʢʪʠ ʦʜ 30.000 dpmo ʥʘ 22.000 dpmo, ʥʘʤʘʣʝʥʦ ʝ ʚʢʫʧʥʦ ʚʨʝʤʝ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʦʜ 2,83 ʜʝʥʘ ʥʘ 1,4 ʜʝʥʘ, ʥʘʤʘʣʝʥʘ ʝ ʟʘʣʠʭʘʪʘ ʟʘ 50 %, ʧʦʜʦʙʨʝʥʘ ʝ ʚʢʫʧʥʘʪʘ 

ʝʬʝʢʪʠʚʥʦʩʪ ʥʘ ʦʧʨʝʤʘʪʘ ʦʜ 78 % ʥʘ 95 %, ʨʝʜʫʮʠʨʘʥʠ ʩʝ ʙʨʦʿʦʪ ʥʘ ʣʠʥʠʠ ʟʘ ʬʠʥʘʣʥʘ 

ʤʦʥʪʘʞʘ ʟʘ 17 %, ʧʦʩʪʠʛʥʘʪʘ ʝ ʧʦʜʦʙʨʘ ʠʩʢʦʨʠʩʪʝʥʦʩʪ ʥʘ ʧʨʦʩʪʦʨʦʪ ʟʘ ʬʠʥʘʣʥʘ ʤʦʥʪʘʞʘ 

ʟʘ 31 % ʠ ʥʘʤʘʣʝʥʘ ʝ ʧʘʪʝʢʘʪʘ ʥʘ ʜʚʠʞʝˁʝ ʥʘ ʤʘʪʝʨʠʿʘʣʠʪʝ ʟʘ 42 %.  
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ʉʦ ʐʝʩʪ ʉʠʛʤʘ ʪʝʭʥʠʢʠʪʝ ʧʦʩʪʠʛʥʘʪʦ ʝ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʚʢʫʧʥʘʪʘ ʩʪʘʧʢʘ ʥʘ ʜʝʬʝʢʪʠ 

ʦʜ 22.000 dpmo ʥʘ 16.000 dpmo. ɺʘʨʠʿʘʮʠʠʪʝ ʥʘ ʧʨʦʮʝʩʦʪ ʩʝ ʥʘʤʘʣʝʥʠ ʧʨʝʢʫ 

ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʩʧʦʩʦʙʥʦʩʪ ʥʘ ʧʨʦʮʝʩʦʪ Cp ʟʘ 29 % ʠ Cpk ʟʘ 42 %, ʘ ʧʝʨʬʦʨʤʘʥʩʦʪ ʥʘ 

ʧʨʦʮʝʩʦʪ e ʧʦʜʦʙʨʝʥ ʟʘ Pp 41 % ʠ Ppk ʟʘ 52 %. 

ʀʥʜʫʩʪʨʠʿʘ 4.0 ʧʨʝʢʫ ʚʝʨʪʠʢʘʣʥʘʪʘ ʠ ʭʦʨʠʟʦʥʪʘʣʥʘʪʘ ʠʥʪʝʛʨʘʮʠʿʘ ʿʘ ʥʘʤʘʣʫʚʘ 

ʩʪʘʧʢʘʪʘ ʥʘ ʜʝʬʝʢʪʠ ʦʜ 16.000 dpmo ʥʘ 9.000 dpmo ʠ ʿʘ ʧʦʜʦʙʨʫʚʘ ʚʢʫʧʥʘʪʘ ʝʬʠʢʘʩʥʦʩʪ 

ʥʘ ʦʧʨʝʤʘʪʘ ʦʜ 95 % ʥʘ 103 %. ɼʦʧʦʣʥʠʪʝʣʥʦ, ʧʨʠʜʦʥʝʩʫʚʘ ʟʘ ʩʪʘʥʜʘʨʜʠʟʘʮʠʿʘ ʥʘ 

ʧʨʦʮʝʩʠʪʝ ʠ ʦʜʨʞʣʠʚʦʩʪ ʥʘ ʧʦʩʪʠʛʥʘʪʠʪʝ ʨʝʟʫʣʪʘʪʠ ʚʦ ʥʦʚʠʦʪ ʪʝʢ ʥʘ ʚʨʝʜʥʦʩʪʠ. 

ʀʩʪʨʘʞʫʚʘˁʝʪʦ ʧʦʪʚʨʜʫʚʘ ʜʝʢʘ ʨʝʜʦʩʣʝʜʦʪ ʥʘ ʠʤʧʣʝʤʝʥʪʠʨʘˁʝ ʥʘ ʪʝʭʥʠʢʠʪʝ ʚʦ 

ʧʨʝʜʣʦʞʝʥʠʦʪ ʤʦʜʝʣ ʩʝ ʢʣʫʯʥʠ ʟʘ ʜʦʙʠʚʘˁʝ ʥʘ ʧʦʩʘʢʫʚʘʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʟʘ ʢʚʘʣʠʪʝʪ ʠ 

ʦʧʝʨʘʪʠʚʝʥ ʧʝʨʬʦʨʤʘʥʩ. ɺʦ ʊʘʙʝʣʘ 9.2 ʝ ʥʘʧʨʘʚʝʥʘ ʩʧʦʨʝʜʙʘ ʥʘ ʧʦʜʦʙʨʫʚʘˁʘʪʘ 

ʧʦʩʪʠʛʥʘʪʠ ʩʦ Lean ʐʝʩʪ ʉʠʛʤʘ ʥʘʩʧʨʦʪʠ ʧʦʜʦʙʨʫʚʘˁʘʪʘ ʧʦʩʪʠʛʥʘʪʠ ʩʦ ʀʥʜʫʩʪʨʠʿʘ 4.0. 

ʄʦʞʝ ʜʘ ʩʝ ʚʠʜʠ ʜʝʢʘ ʧʨʠʜʦʥʝʩʦʪ ʥʘ Lean ʐʝʩʪ ʉʠʛʤʘ ʚʦ ʚʢʫʧʥʦʪʦ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ 

ʢʚʘʣʠʪʝʪʦʪ ʠʟʥʝʩʫʚʘ 67 % ʜʦʜʝʢʘ ʥʘ ʀʥʜʫʩʪʨʠʿʘ 4.0 ʠʟʥʝʩʫʚʘ 33 %, ʧʨʠʜʦʥʝʩʦʪ ʥʘ Lean 

ʐʝʩʪ ʉʠʛʤʘ ʚʦ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʚʢʫʧʥʘʪʘ ʝʬʝʢʪʠʚʥʦʩʪ ʥʘ ʦʧʨʝʤʘʪʘ ʠʟʥʝʩʫʚʘ 68 % ʜʦʜʝʢʘ 

ʥʘ ʀʥʜʫʩʪʨʠʿʘ 4.0 ʠʟʥʝʩʫʚʘ 32 %. ɿʘ ʦʩʪʘʥʘʪʠʪʝ ʠʥʜʠʢʘʪʦʨʠ (ʚʢʫʧʥʦ ʚʨʝʤʝ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ, ʚʢʫʧʥʘ ʟʘʣʠʭʘ ʧʦʤʝʺʫ ʧʨʦʩʝʮʠʪʝ, ʨʝʜʫʮʠʨʘˁʝ ʥʘ ʙʨʦʿ ʥʘ ʣʠʥʠʠ ʟʘ ʬʠʥʘʣʥʘ 

ʤʦʥʪʘʞʘ, ʨʝʜʫʮʠʨʘˁʝ ʥʘ ʧʨʦʩʪʦʨʦʪ ʠ ʜʚʠʞʝˁʝ ʥʘ ʤʘʪʝʨʠʿʘʣʦʪ) ʧʨʠʜʦʥʝʩʦʪ ʚʦ 

ʧʦʜʦʙʨʫʚʘˁʘʪʘ ʜʦʘʺʘ ʦʜ Lean ʐʝʩʪ ʉʠʛʤʘ. ɿʘ ʦʚʠʝ ʠʥʜʠʢʘʪʦʨʠ, ʀʥʜʫʩʪʨʠʿʘ 4.0 

ʧʨʠʜʦʥʝʩʫʚʘ ʦʜ ʘʩʧʝʢʪ ʥʘ ʧʦʩʪʠʛʥʫʚʘˁʝ ʥʘ ʦʜʨʞʣʠʚʦʩʪ ʥʘ ʜʦʙʠʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ.  

ʊʘʙʝʣʘ 9.2. ʇʨʦʮʝʥʪʫʘʣʥʦ ʫʯʝʩʪʚʦ ʥʘ ʪʝʭʥʠʢʠʪʝ ʥʘ DMAIC ʤʦʜʝʣʦʪ ʚʦ ʚʢʫʧʥʦʪʦ ʧʦʜʦʙʨʫʚʘˁʝ 

  

Lean ʐʝʩʪ 

ʉʠʛʤʘ (%) 

ʀʥʜʫʩʪʨʠʿʘ  

4.0 (%) 

ɺʢʫʧʥʘ ʩʪʘʧʢʘ ʥʘ ʜʝʬʝʢʪʠ (dpmo) 67 % 33 % 

ɺʢʫʧʥʦ ʚʨʝʤʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ (ʜʝʥʦʚʠ) 100 % 0 % 

ɺʢʫʧʥʘ ʟʘʣʠʭʘ ʧʦʤʝʺʫ ʧʨʦʮʝʩʠʪʝ (ʧʘʨʯʠˁʘ)  100 % 0 % 

ɺʢʫʧʥʘ ʝʬʝʢʪʠʚʥʦʩʪ ʥʘ ʦʧʨʝʤʘʪʘ (%) 68 % 32 % 

ʈʝʜʫʮʠʨʘˁʝ ʥʘ ʙʨʦʿ ʥʘ ʣʠʥʠʠ ʟʘ ʬʠʥʘʣʥʘ  ʤʦʥʪʘʞʘ  100 % 0 % 

ʈʝʜʫʮʠʨʘˁʝ ʥʘ ʧʨʦʩʪʦʨ (mĮ) 100 % 0 % 

ɼʚʠʞʝˁʝ ʥʘ ʤʘʪʝʨʠʿʘʣʦʪ (m) 100 % 0 % 

 

ʊʨʝʙʘ ʜʘ ʩʝ ʥʘʧʦʤʥʝ ʜʝʢʘ ʧʨʦʮʝʥʪʦʪ ʥʘ ʫʯʝʩʪʚʦʪʦ ʥʘ ʀʥʜʫʩʪʨʠʿʘ 4.0 ʚʦ ʧʦʜʦʙʨʫʚʘˁʝ 

ʥʘ ʢʚʘʣʠʪʝʪʦʪ ʤʦʞʝ ʜʘ ʧʨʝʪʨʧʠ ʧʨʦʤʝʥʠ ʩʦʛʣʘʩʥʦ ʦʩʧʝʛʦʪ ʠ ʩʪʝʧʝʥʦʪ ʥʘ ʥʘʧʨʝʜʥʦʩʪ ʥʘ 

ʀʥʜʫʩʪʨʠʿʘ 4.0 ʪʝʭʥʦʣʦʛʠʠʪʝ. ɺʦ ʢʦʤʧʘʥʠʿʘʪʘ ʰʪʦ ʝ ʧʨʝʜʤʝʪ ʥʘ ʠʩʪʨʘʞʫʚʘˁʝ ʚʦ ʦʚʦʿ 

ʪʨʫʜ, ʜʦʙʠʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʩʝ ʦʜʨʘʟ ʥʘ ʤʦʤʝʥʪʘʣʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʀʥʜʫʩʪʨʠʿʘ 4.0. 

ʉʝʧʘʢ ʤʦʞʝ ʜʘ ʩʝ ʟʘʢʣʫʯʠ ʜʝʢʘ ʠ ʧʨʠ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ ʥʘ ʟʥʘʯʠʪʝʣʥʦ ʧʦʥʘʧʨʝʜʥʠ 

ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʀʥʜʫʩʪʨʠʿʘ 4.0 ʟʘʢʦʥʠʪʝ ʢʦʠ ʚʘʞʘʪ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʠ ʤʦ˃ʪʘ ʥʘ Lean 

ʐʝʩʪ ʉʠʛʤʘ ʠʤʘʘʪ ʠʩʢʣʫʯʠʪʝʣʝʥ ʧʨʠʜʦʥʝʩ ʚʦ ʧʦʜʦʙʨʫʚʘˁʝʪʦ ʥʘ ʢʚʘʣʠʪʝʪʦʪ.     

ɼʦʙʠʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʩʦ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘʪʘ ʥʘ ʥʦʚʠʦʪ ʤʦʜʝʣ ʚʦ ʢʦʤʧʘʥʠʿʘʪʘ ʰʪʦ ʝ 

ʧʨʝʜʤʝʪ ʥʘ ʠʩʪʨʘʞʫʚʘˁʝ ʩʝ ʟʥʘʯʠʪʝʣʥʦ ʧʦʜʦʙʨʠ ʚʦ ʩʧʦʨʝʜʙʘ ʩʦ ʩʠʪʝ ʧʨʝʪʭʦʜʥʦ 

ʢʦʨʠʩʪʝʥʠ ʤʝʪʦʜʠ ʟʘ ʤʝʥʘ˅ʠʨʘˁʝ ʩʦ ʢʚʘʣʠʪʝʪ, ʩʦ ʰʪʦ ʩʝ ʧʦʪʚʨʜʫʚʘ ʝʬʠʢʘʩʥʦʩʪʘ ʠ 

ʝʬʝʢʪʠʚʥʦʩʪʘ ʥʘ ʧʨʝʜʣʦʞʝʥʠʦʪ ʤʦʜʝʣ. 

ɺʦ ʠʜʥʠʥʘ ʥʘʦʜʠʪʝ ʦʜ ʦʚʦʿ ʪʨʫʜ ʤʦʞʝ ʜʘ ʩʝ ʢʦʨʠʩʪʘʪ ʢʘʢʦ ʦʨʠʝʥʪʠʨ ʚʦ ʜʨʫʛʠ 

ʘʚʪʦʤʦʙʠʣʩʢʠ ʢʦʤʧʘʥʠʠ ʢʦʠ ʠʤʘʘʪ ʟʘ ʮʝʣ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʢʚʘʣʠʪʝʪʦʪ, ʜʦʜʝʢʘ ʧʘʢ 

ʦʛʨʘʥʠʯʫʚʘˁʘʪʘ ʚʦ ʦʚʘ ʠʩʪʨʘʞʫʚʘˁʝ ʦʜ ʘʩʧʝʢʪ ʥʘ ʤʦʤʝʥʪʘʣʥʠʪʝ ʜʦʩʪʘʧʥʠ ʪʝʭʥʦʣʦʛʠʠ 

ʥʘ ʀʥʜʫʩʪʨʠʿʘ 4.0 ʤʦʞʝ ʜʘ ʙʠʜʘʪ ʦʩʥʦʚʘ ʟʘ ʠʜʥʠ ʧʨʘʢʪʠʯʥʠ ʠ ʘʢʘʜʝʤʩʢʠ ʠʩʪʨʘʞʫʚʘˁʘ.  
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× ʅʘʫʯʥʠ ʧʨʠʜʦʥʝʩʠ 

ʂʘʢʦ ʥʘʫʯʝʥ ʧʨʠʜʦʥʝʩ ʦʜ ʦʚʘ ʠʩʪʨʘʞʫʚʘˁʝ, ʦʙʿʘʚʝʥʠ ʩʝ ʩʣʝʜʥʠʪʝ ʪʨʫʜʦʚʠ:  

1. ĂSix Sigma methodology implemented in automotive industryò ï Journal of electrical 

engineering and information technologies, Vol 5, No 2 (2020) 
View of 175. SIX SIGMA METHODOLOGY IMPLEMENTED IN AUTOMOTIVE INDUSTRY 
(ukim.edu.mk) 

2. ĂIndustry 4.0 and quality management in automotive sectorò ï International Journal 

for Science & Engineering Research, Volume 12, Issue 10, October 2021 ISSN 2229-

5518 
https://www.ijser.org/onlineResearchPaperViewer.aspx?Industry-4-0-and-Quality-
Management-in-Automotive-sector.pdf                  
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ɼʦʜʘʪʦʢ A 

 

ʊʘʙʝʣʘ ɸ.1.  ʊʘʙʝʣʘ ʥʘ ʢʦʥʩʪʘʥʪʠ ʠ ʬʦʨʤʫʣʘ ʟʘ ʢʦʥʪʨʦʣʥʠ ʛʨʘʬʠʢʦʥʠ (╧  ʠ R ɻʨʘʬʠʢʦʥʠ) 

  ὢ  ʠ R ɻʨʘʬʠʢʦʥʠ ὢ  ʠ s ɻʨʘʬʠʢʦʥʠ 

  

ɻʨʘʬʠʢʦʥ 

ʟʘ ʇʨʝʩʝʮʠ 

ɻʨʘʬʠʢʦʥʠ ʟʘ 

 ʨʘʥʛ (R) 

ɻʨʘʬʠʢʦʥ 

ʟʘ ʇʨʝʩʝʮʠ 

ɻʨʘʬʠʢʦʥʠ ʟʘ  

ʨʘʥʛ (R) 

  

ʌʘʢʪʦʨ ʟʘ 

ʢʦʥʪʨʦʣʥʠ 

ʛʨʘʥʠʮʠ 

ɼʝʣʠʪʝʣʠ 

ʟʘ 

ʧʨʝʩʤʝʪʢʘ 

ʥʘ „ 

ʌʘʢʪʦʨʠ ʟʘ 

ʢʦʥʪʨʦʣʥʠʪʝ 

ʛʨʘʥʠʮʠ 

ʌʘʢʪʦʨ ʟʘ 

ʢʦʥʪʨʦʣʥʘ 

ʛʨʘʥʠʮʠ 

ɼʝʣʠʪʝʣʠ 

ʟʘ 

ʧʨʝʩʤʝʪʢʘ 

ʥʘ „ 

ʌʘʢʪʦʨ ʟʘ 

ʢʦʥʪʨʦʣʘ ʥʘ 

ʛʨʘʥʠʮʠ 

ɻʦʣʝʤʠʥʘ ʥʘ 

ʇʦʜʛʨʫʧʘ 
A2 d2 D3 D4 A3 c4 B3 B4 

2 1,880 1,128 - 3,267 2,659 0,7979 - 3,267 

3 1,023 1,693 - 2,574 1,954 0,8862 - 2,568 

4 0,729 2,059 - 2,282 1,628 0,9213 - 2,266 

5 0,577 2,326 - 2,114 1,427 0,94 - 2,089 

6 0,483 2,534 - 2,004 1,287 0,9515 0,030 1,970 

7 0,419 2,704 0,076 1,924 1,182 0,9594 0,118 1,882 

8 0,373 2,847 0,136 1,864 1,099 0,965 0,185 1,815 

9 0,337 2,970 0,184 1,816 1,032 0,9693 0,239 1,761 

10 0,308 3,078 0,223 1,777 0,975 0,9727 0,284 1,716 

11 0,285 3,173 0,256 1,744 0,927 0,9754 0,321 1,679 

12 0,266 3,258 0,283 1,717 0,886 0,9776 0,354 1,646 

13 0,249 3,336 0,307 1,693 0,850 0,9794 0,382 1,618 

14 0,235 3,407 0,328 1,672 0,817 0,981 0,406 1,594 

15 0,223 3,472 0,347 1,653 0,789 0,9823 0,428 1,572 

16 0,212 3,532 0,363 1,637 0,763 0,9835 0,448 1,552 

17 0,203 3,588 0,378 1,622 0,739 0,9845 0,466 1,534 

18 0,194 3,640 0,391 1,608 0,718 0,9854 0,482 1,518 

19 0,187 3,689 0,403 1,597 0,698 0,9862 0,497 1,503 

20 0,180 3,735 0,415 1,585 0,680 0,9869 0,510 1,490 

21 0,173 3,778 0,425 1,575 0,663 0,9876 0,523 1,477 

22 0,167 3,819 0,434 1,566 0,647 0,9882 0,534 1,466 

23 0,162 3,858 0,443 1,557 0,633 0,9887 0,545 1,455 

24 0,157 3,895 0,451 1,548 0,619 0,9892 0,555 1,445 

25 0,153 3,931 0,459 1,541 0,606 0,9896 0,565 1,435 

 
 

ʊʘʙʝʣʘ ɸ.2. ʊʘʙʝʣʘ ʥʘ ʢʦʥʩʪʘʥʪʠ ʠ ʬʦʨʤʫʣʘ ʟʘ ʢʦʥʪʨʦʣʥʠ ʛʨʘʬʠʢʦʥʠ (I, MR  ʛʨʘʬʠʢʦʥʠ) 

  ɻʨʘʬʠʢʦʥʠ ʟʘ ʩʨʝʜʥʘ ʚʨʝʜʥʦʩʪ **  ʀʥʜʠʚʠʜʫʘʣʥʠ ʛʨʘʬʠʢʦʥʠ 

  

ɻʨʘʬʠʢʦʥʠ 

ʤʝʜʠʿʘʥʠ 

ɻʨʘʬʠʢʦʥʠ ʟʘ 

ʨʘʥʛ (R) 

ʀʥʜʠʚʠʜʫʘʣʥʠ 

ʛʨʘʬʠʢʦʥʠ 

ɻʨʘʬʠʢʦʥʠ ʟʘ 

ʨʘʥʛ (R) 

  

ʌʘʢʪʦʨ ʟʘ 

ʢʦʥʪʨʦʣʥʠ 

ʛʨʘʥʠʮʠ 

ɼʝʣʠʪʝʣʠ 

ʟʘ 

ʧʨʝʩʤʝʪʢʘ 

ʥʘ „ 

ʌʘʢʪʦʨʠ ʟʘ 

ʢʦʥʪʨʦʣʥʠʪʝ 

ʛʨʘʥʠʮʠ 

ʌʘʢʪʦʨ ʟʘ 

ʢʦʥʪʨʦʣʥʘ 

ʛʨʘʥʠʮʠ 

ɼʝʣʠʪʝʣʠ 

ʟʘ 

ʧʨʝʩʤʝʪʢʘ 

ʥʘ „ 

ʌʘʢʪʦʨʠ ʟʘ 

ʢʦʥʪʨʦʣʥʠʪʝ 

ʛʨʘʥʠʮʠ 

ɻʦʣʝʤʠʥʘ ʥʘ 

ʇʦʜʛʨʫʧʘ ὃӶ d2 D3 D4 E2 d2 D3 D4 

2 1,880 1,128 - 3,267 2,660 1,128 - 3,267 

3 1,187 1,693 - 2,574 1,772 1,693 - 2,574 

4 0,796 2,059 - 2,282 1,457 2,059 - 2,282 
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5 0,691 2,326 - 2,114 1,290 2,326 - 2,114 

6 0,548 2,534 - 2,004 1,184 2,534 - 2,004 

7 0,508 2,704 0,076 1,924 1,109 2,704 0,076 1,924 

8 0,433 2,847 0,136 1,864 1,054 2,847 0,136 1,864 

9 0,412 2,970 0,184 1,816 1,010 2,970 0,184 1,816 

10 0,362 3,078 0,223 1,777 0,975 3,078 0,223 1,777 

 

ʊʘʙʝʣʘ ɸ.3. ʂʨʠʪʝʨʠʫʤʠ ʟʘ ʝʚʘʣʫʘʮʠʿʘ ʥʘ ʩʝʨʠʦʟʥʦʩʪʘ 

ɽʬʝʢʪ 

ʂʨʠʪʝʨʠʫʤ: 

ʉʝʨʠʦʟʥʦʩʪ  ʦʜ ʝʬʝʢʪʦʪ ʚʨʟ ʧʨʦʠʟʚʦʜʦʪ 

(ɽʬʝʢʪ ʚʨʟ ʢʣʠʝʥʪʦʪ) 

ʈ
ʘ
ʥ
ʛ
ʠ
ʨ
ʘ
ˁ
ʝ

 

ʅʝʤʦʞʥʦʩʪ ʜʘ 

ʩʝ ʠʩʧʦʣʥʠ 

ʙʝʟʙʝʜʥʦʩʪʘ 

ʠ/ʠʣʠ 

ʨʝʛʫʣʘʪʠʚʠʪʝ.  

ʇʦʪʝʥʮʠʿʘʣʥʠʦʪ ʤʦʜ ʥʘ ʛʨʝʰʢʘ ʚʣʠʿʘʝ ʥʘ ʙʝʟʙʝʜʥʦʩʪʘ ʥʘ ʬʫʥʢʮʠʦʥʠʨʘˁʝʪʦ ʥʘ  ʚʦʟʠʣʦʪʦ 

ʠ/ʠʣʠ ʚʢʣʫʯʫʚʘ ʥʝʫʩʦʛʣʘʩʝʥʦʩʪ ʩʦ ʚʣʘʜʠʥʠʪʝ ʨʝʛʫʣʘʪʠʚʠ ʙʝʟ ʧʨʝʜʫʧʨʝʜʫʚʘˁʝ.  
10 

ʇʦʪʝʥʮʠʿʘʣʥʠʦʪ ʤʦʜ ʥʘ ʛʨʝʰʢʘ ʚʣʠʿʘʝ ʥʘ ʙʝʟʙʝʜʥʦʩʪʘ ʥʘ ʬʫʥʢʮʠʦʥʠʨʘˁʝʪʦ ʥʘ  ʚʦʟʠʣʦʪʦ 

ʠ/ʠʣʠ ʚʢʣʫʯʫʚʘ  ʥʝʫʩʦʛʣʘʩʝʥʦʩʪ ʩʦ ʚʣʘʜʠʥʠʪʝ ʨʝʛʫʣʘʪʠʚʠ ʩʦ ʧʨʝʜʫʧʨʝʜʫʚʘˁʝ. 
9 

ɻʫʙʝˁʝ ʠʣʠ 

ʥʘʤʘʣʫʚʘˁʝ ʥʘ 

ʧʨʠʤʘʨʥʘʪʘ 

ʬʫʥʢʮʠʿʘ. 

ɻʫʙʝˁʝ ʥʘ ʧʨʠʤʘʨʥʘʪʘ ʬʫʥʢʮʠʿʘ  (ʚʦʟʠʣʦʪʦ ʥʝ ʝ ʚʦ ʚʦʟʥʘ ʩʦʩʪʦʿʙʘ,  ʥʝ ʚʣʠʿʘʝ ʥʘ 

ʙʝʟʙʝʜʥʦʩʪʘ  ʧʨʠ ʦʧʝʨʠʨʘˁʝ ʥʘ ʚʦʟʠʣʦʪʦ). 
8 

ʅʘʤʘʣʫʚʘˁʝ ʥʘ ʧʨʠʤʘʨʥʘʪʘ ʬʫʥʢʮʠʿʘ  (ʚʦʟʠʣʦʪʦ ʝ ʚʦ ʚʦʟʥʘ ʩʦʩʪʦʿʙʘ, ʥʦ ʩʦ ʥʘʤʘʣʝʥʦ ʥʠʚʦ 

ʥʘ ʧʝʨʬʦʨʤʘʥʩʠ). 
7 

ɻʫʙʝˁʝ ʠʣʠ 

ʥʘʤʘʣʫʚʘˁʝ ʥʘ 

ʩʝʢʫʥʜʘʨʥʘʪʘ 

ʬʫʥʢʮʠʿʘ. 

ʅʘʤʘʣʫʚʘˁʝ ʥʘ ʩʝʢʫʥʜʘʨʥʘʪʘ  ʬʫʥʢʮʠʿʘ  (ʚʦʟʠʣʦʪʦ ʝ ʚʦ ʚʦʟʥʘ ʩʦʩʪʦʿʙʘ, ʥʦ ʬʫʥʢʮʠʠʪʝ ʟʘ 

ʫʜʦʙʥʦʩʪ/ʢʦʥʬʦʨʪ  ʥʝ ʩʝ ʚʦ ʬʫʥʢʮʠʿʘ). 
6 

ʅʘʤʘʣʠʚʘˁʝ ʥʘ ʩʝʢʫʥʜʘʨʥʘʪʘ  ʬʫʥʢʮʠʿʘ  (ʚʦʟʠʣʦʪʦ ʝ ʚʦ ʚʦʟʥʘ ʩʦʩʪʦʿʙʘ, ʥʦ ʬʫʥʢʮʠʠʪʝ ʟʘ 

ʫʜʦʙʥʦʩʪ/ʢʦʥʬʦʨʪ  ʩʝ ʩʦ ʥʘʤʘʣʝʥʦ ʥʠʚʦ ʥʘ ʧʝʨʬʦʨʤʘʥʩʠ). 
5 

ʇʨʝʜʠʟʚʠʢʫʚʘ 

ʚʦʟʥʝʤʠʨʝʥʦʩʪ 

ʇʦʿʘʚʘ ʥʘ ʯʫʿʥʘ ʙʫʯʘʚʘ,  ʚʦʟʠʣʦʪʦ ʝ ʚʦ ʚʦʟʥʘ ʩʦʩʪʦʿʙʘ,  ʧʨʦʠʟʚʦʜʦʪ ʥʝ ʝ ʚʦ ʩʦʛʣʘʩʥʦʩʪ ʩʦ 

ʩʧʝʮʠʬʠʢʘʮʠʠʪʝ ʠ ʨʝʛʫʣʘʪʠʚʠʪʝ ʠ ˃ʝ ʙʠʜʝ ʟʘʙʝʣʝʞʘʥ ʦʜ ʧʦʛʦʣʝʤʠʦʪ ʜʝʣ ʦʜ  ʢʣʠʝʥʪʠʪʝ  

(> 75 %). 

4 

ʇʦʿʘʚʘ ʥʘ ʯʫʿʥʘ ʙʫʯʘʚʘ,  ʚʦʟʠʣʦʪʦ ʝ ʚʦ ʚʦʟʥʘ ʩʦʩʪʦʿʙʘ,  ʧʨʦʠʟʚʦʜʦʪ ʥʝ ʝ ʚʦ ʩʦʛʣʘʩʥʦʩʪ ʩʦ 

ʩʧʝʮʠʬʠʢʘʮʠʠʪʝ ʠ ʨʝʛʫʣʘʪʠʚʠʪʝ ʠ ˃ʝ ʙʠʜʝ ʟʘʙʝʣʝʞʘʥ ʦʜ ʤʥʦʛʫʤʠʥʘ ʦʜ ʢʣʠʝʥʪʠʪʝ (50 %). 
3 

ʇʦʿʘʚʘ ʥʘ ʯʫʿʥʘ ʙʫʯʘʚʘ, ʚʦʟʠʣʦʪʦ ʝ ʚʦ ʚʦʟʥʘ ʩʦʩʪʦʿʙʘ, ʧʨʦʠʟʚʦʜʦʪ ʥʝ ʝ ʚʦ ʩʦʛʣʘʩʥʦʩʪ ʩʦ 

ʩʧʝʮʠʬʠʢʘʮʠʠʪʝ ʠ ʨʝʛʫʣʘʪʠʚʠʪʝ ʠ ˃ʝ ʙʠʜʝ ʟʘʙʝʣʝʞʘʥ ʦʜ ʤʘʣ ʙʨʦʿ  ʢʣʠʝʥʪʠ  (< 25 %). 
2 

ʅʝʤʘ ʝʬʝʢʪ ʅʝʤʘ ʿʘʩʝʥ ʝʬʝʢʪ. 1 

 

ʊʘʙʝʣʘ ɸ.4. ʂʨʠʪʝʨʠʫʤ ʟʘ ʝʚʘʣʫʘʮʠʿʘ ʥʘ ʧʦʿʘʚʘʪʘ 

ɺʝʨʦʿʘʪʥʦʩʪ ʟʘ ʧʦʿʘʚʘ ʥʘ ʛʨʝʰʢʘ ʉʪʘʧʢʘ ʟʘ ʤʦʞʥʘ ʛʨʝʰʢʘ Cpk ʈʘʥʛʠʨʘˁʝ 

ʄʥʦʛʫ ʚʠʩʦʢʦ > 1 ʚʦ 2 < 0,33 10 

1 ʚʦ 3 > 0,33 9 

ɺʠʩʦʢʦ 1 ʚʦ 8 > 0,51 8 

1 ʚʦ 20 > 0,67 7 

ʇʨʦʩʝʯʥʦ 
1 ʚʦ 80 > 0,83 6 

1 ʚʦ 400 > 1,00 5 

1 ʚʦ 2.000 > 1,17 4 

ʅʠʩʢʦ 1 ʚʦ 15.000 > 1,33 3 

ʄʥʦʛʫ ʥʠʩʢʦ 1 ʚʦ 150.000 > 1,50 2 

ɼʘʣʝʯʥʘ < 1 ʚʦ 1.500.000 > 1,67 1 
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ʊʘʙʝʣʘ ɸ.5. ʂʨʠʪʝʨʠʫʤ ʟʘ ʝʚʘʣʫʘʮʠʿʘ ʥʘ ʜʝʪʝʢʮʠʿʘ 

ɼʝʪʝʢʮʠʿʘ 
ʂʨʠʪʝʨʠʫʤ: 

ɺʝʨʦʿʘʪʥʦʩʪ ʟʘ ʜʝʪʝʢʮʠʿʘ ʩʦ ʧʨʦʮʝʩʦʪ ʥʘ ʢʦʥʪʨʦʣʘ 

ʆ
ʮ
ʝ
ʥ
ʘ

 

ɺʝʨʦʿʘʪʥʦʩʪ 

 ʟʘ ʜʝʪʝʢʮʠʿʘ 

ʅʝʤʘ ʤʦʞʥʦʩʪ ʟʘ 

ʜʝʪʝʢʮʠʿʘ 

ʅʝʤʘ ʤʦʤʝʥʪʘʣʝʥ ʧʨʦʮʝʩ  ʥʘ ʢʦʥʪʨʦʣʘ. ʅʝ ʤʦʞʝ ʜʘ ʩʝ ʜʝʪʝʢʪʠʨʘ ʠʣʠ 

ʥʝ ʩʝ ʘʥʘʣʠʟʠʨʘ ʚʦʦʧʰʪʦ.  

10 ʉʢʦʨʦ  

ʅʝʚʦʟʤʦʞʥʦ 

ʅʝ ʝ ʚʝʨʦʿʘʪʥʦ ʜʘ 

ʩʝ ʜʝʪʝʢʪʠʨʘ ʧʨʠ 

ʙʠʣʦ ʢʦʿʘ ʬʘʟʘ 

ʄʦʜʦʪ ʥʘ ʛʨʝʰʢʘ ʠ/ʠʣʠ ʧʨʠʯʠʥʘ ʥʝ ʝ ʣʝʩʝʥ ʟʘ ʜʝʪʝʢʪʠʨʘˁʝ (ʥʘ 

ʧʨʠʤʝʨ ʧʨʠ ʩʣʫʯʘʿʥʠ ʘʫʜʠʪʠ). 

9 ʄʥʦʛʫ  

ʥʝʚʝʨʦʿʘʪʥʦ 

ɼʝʪʝʢʮʠʿʘ ʥʘ 

ʧʨʦʙʣʝʤʦʪ ʧʦʩʣʝ 

ʧʨʦʮʝʩʠʨʘˁʝʪʦ 

ʄʦʜʦʪ ʥʘ ʛʨʝʰʢʘ ʤʦʞʝ ʜʘ ʩʝ ʜʝʪʝʢʪʠʨʘ ʧʦʩʣʝ ʧʨʦʮʝʩʠʨʘˁʝʪʦ ʦʜ 

ʩʪʨʘʥʘ ʥʘ ʦʧʝʨʘʪʦʨʦʪ ʥʘ ʝʜʝʥ ʦʜ ʩʣʝʜʥʠʪʝ ʥʘʯʠʥʠ ʚʠʟʫʝʣʥʦ/ʩʦ ʦʩʝʪ/ 

ʧʨʝʢʫ ʟʚʫʢ.  

8 
ʅʝʚʝʨʦʿʘʪʥʦ 

ɼʝʪʝʢʮʠʿʘ ʥʘ 

ʧʨʦʙʣʝʤʦʪ ʚʦ 

ʠʟʚʦʨʦʪ  

ʄʦʜʦʪ ʥʘ ʛʨʝʰʢʘ ʤʦʞʝ ʜʘ ʩʝ ʜʝʪʝʢʪʠʨʘ ʥʘ ʩʘʤʘʪʘ ʩʪʘʥʠʮʘ ʢʘʜʝ 

ʥʘʩʪʘʥʫʚʘ ʦʜ ʩʪʨʘʥʘ ʥʘ ʦʧʝʨʘʪʦʨʦʪ ʥʘ ʝʜʝʥ ʦʜ ʩʣʝʜʥʠʪʝ ʥʘʯʠʥʠ 

ʚʠʟʫʝʣʥʦ/ʩʦ ʦʩʝʪ/ ʧʨʝʢʫ ʟʚʫʢ ʠʣʠ ʧʦʩʣʝ ʧʨʦʮʝʩʠʨʘˁʝʪʦ ʩʦ ʧʨʠʤʝʥʘ 

ʥʘ ʘʪʨʠʙʫʪʠʚʥʠ ʤʝʨʥʠ ʘʣʘʪʢʠ (ʧʦʤʠʥʫʚʘ/ʥʝ ʧʦʤʠʥʫʚʘ, ʤʘʥʫʝʣʝʥ 

ʪʦʨʢ ʠʪʥ).  

7 
ʄʥʦʛʫ  

ʥʠʩʢʘ 

ɼʝʪʝʢʮʠʿʘ ʥʘ 

ʧʨʦʙʣʝʤʦʪ ʧʦʩʣʝ 

ʧʨʦʮʝʩʠʨʘˁʝʪʦ 

ʄʦʜʦʪ ʥʘ ʛʨʝʰʢʘ ʤʦʞʝ ʜʘ ʩʝ ʜʝʪʝʢʪʠʨʘ ʧʦʩʣʝ ʧʨʦʮʝʩʠʨʘˁʝʪʦ ʦʜ 

ʩʪʨʘʥʘ ʥʘ ʦʧʝʨʘʪʦʨ ʩʦ ʧʨʠʤʝʥʘ ʥʘ ʤʝʨʥʠ ʘʣʘʪʢʠ ʟʘ ʚʘʨʠʿʘʙʠʣʥʠ 

ʧʦʜʘʪʦʮʠ,   ʠʣʠ ʥʘ ʩʘʤʘʪʘ ʩʪʘʥʠʮʘ ʦʜ ʩʪʨʘʥʘ ʥʘ ʦʧʝʨʘʪʦʨ ʩʦ ʧʨʠʤʝʥʘ 

ʥʘ ʘʪʨʠʙʫʪʠʚʥʠ ʤʝʨʥʠ ʘʣʘʪʢʠ (ʧʦʤʠʥʫʚʘ/ʥʝ ʧʦʤʠʥʫʚʘ, ʤʘʥʫʝʣʝʥ 

ʪʦʨʢ ʠʪʥ). 

6 

ʅʠʩʢʘ 

ɼʝʪʝʢʮʠʿʘ ʥʘ 

ʧʨʦʙʣʝʤʦʪ ʚʦ 

ʠʟʚʦʨʦʪ 

ʄʦʜʦʪ ʥʘ ʛʨʝʰʢʘ ʠʣʠ ʧʨʠʯʠʥʘ ʟʘ ʧʦʿʘʚʘ ʥʘ ʛʨʝʰʢʘ ʤʦʞʝ ʜʘ ʩʝ 

ʜʝʪʝʢʪʠʨʘ ʥʘ ʩʘʤʘʪʘ ʩʪʘʥʠʮʘ ʢʘʜʝ ʥʘʩʪʘʥʫʚʘ ʦʜ ʩʪʨʘʥʘ ʥʘ 

ʦʧʝʨʘʪʦʨʦʪ  ʩʦ ʧʨʠʤʝʥʘ ʥʘ ʤʝʨʥʠ ʘʣʘʪʢʠ ʟʘ ʚʘʨʠʿʘʙʠʣʥʠ ʧʦʜʘʪʦʮʠ, 

ʠʣʠ ʩʦ ʘʚʪʦʤʘʪʩʢʘ ʢʦʥʪʨʦʣʘ ʥʘ ʩʘʤʘʪʘ ʩʪʘʥʠʮʘ ʢʦʿʘ ʰʪʦ ʜʝʪʝʢʪʠʨʘ 

ʥʝʫʩʦʛʣʘʩʝʥ ʧʨʦʠʟʚʦʜ ʠ ʛʦ ʠʟʚʝʩʪʫʚʘ ʦʧʝʨʘʪʦʨʦʪ (ʩʚʝʪʣʝʯʢʘ 

ʩʠʛʥʘʣʠʟʘʮʠʿʘ, ʩʠʨʝʥʘ). ʉʝ ʚʨʰʠ  ʤʝʨʝˁʝ ʟʘ ʚʨʝʤʝ ʥʘ ʧʦʜʝʩʫʚʘˁʝʪʦ 

ʠʣʠ ʧʨʦʚʝʨʢʘ ʥʘ ʧʨʚʦ ʧʘʨʯʝ (ʩʘʤʦ ʧʨʠ ʧʦʜʝʩʫʚʘˁʝ).  

5 ʇʨʦʩʝʯʥʘ 

ɼʝʪʝʢʮʠʿʘ ʥʘ 

ʧʨʦʙʣʝʤʦʪ ʧʦʩʣʝ 

ʧʨʦʮʝʩʠʨʘˁʝʪʦ 

ʄʦʜʦʪ ʥʘ ʛʨʝʰʢʘ ʤʦʞʝ ʜʘ ʩʝ ʜʝʪʝʢʪʠʨʘ ʧʦʩʣʝ ʧʨʦʮʝʩʠʨʘˁʝʪʦ  ʩʦ 

ʘʚʪʦʤʘʪʩʢʘ ʢʦʥʪʨʦʣʘ ʢʦʿʘ ʰʪʦ ʜʝʪʝʢʪʠʨʘ ʥʝʫʩʦʛʣʘʩʝʥ ʧʨʦʠʟʚʦʜ  ʠ 

ʛʦ ʟʘʢʣʫʯʫʚʘ ʟʘ ʜʘ ʩʧʨʝʯʠ ʧʦʥʘʪʘʤʦʰʥʦ ʧʨʦʮʝʩʠʨʘˁʝ ʥʘ ʠʩʪʠʦʪ.  

4 
ʇʨʦʩʝʯʥʘ 

ʚʠʩʦʢʘ 

ɼʝʪʝʢʮʠʿʘ ʥʘ 

ʧʨʦʙʣʝʤʦʪ ʚʦ 

ʠʟʚʦʨʦʪ 

ʄʦʜʦʪ ʥʘ ʛʨʝʰʢʘ ʤʦʞʝ ʜʘ ʩʝ ʜʝʪʝʢʪʠʨʘ ʥʘ  ʩʘʤʘʪʘ ʩʪʘʥʠʮʘ  ʩʦ 

ʘʚʪʦʤʘʪʩʢʘ ʢʦʥʪʨʦʣʘ ʢʦʿʘ ʰʪʦ ʜʝʪʝʢʪʠʨʘ ʥʝʫʩʦʛʣʘʩʝʥ ʧʨʦʠʟʚʦʜ  ʠ 

ʛʦ ʟʘʢʣʫʯʫʚʘ ʟʘ ʜʘ ʩʧʨʝʯʠ ʧʦʥʘʪʘʤʦʰʥʦ ʧʨʦʮʝʩʠʨʘˁʝ ʥʘ ʠʩʪʠʦʪ. 

3 ɺʠʩʦʢʘ 

ɼʝʪʝʢʮʠʿʘ ʥʘ 

ʧʨʠʯʠʥʘʪʘ ʠ/ʠʣʠ  

ʇʨʝʚʝʥʮʠʿʘ ʥʘ 

ʛʨʝʰʢʘʪʘ 

ɼʝʪʝʢʪʠʨʘˁʝ ʥʘ ʧʨʠʯʠʥʘʪʘ ʟʘ ʧʦʿʘʚʘ ʥʘ ʛʨʝʰʢʘ ʥʘ ʩʘʤʘʪʘ ʩʪʘʥʠʮʘ 

ʩʦ ʘʚʪʦʤʘʪʩʢʘ ʢʦʥʪʨʦʣʘ ʢʦʿʘ ˃ʝ ʿʘ ʜʝʪʝʢʪʠʨʘ ʧʨʠʯʠʥʘʪʘ ʠ ˃ʝ ʩʧʨʝʯʠ 

ʥʘʩʪʘʥʫʚʘˁʝ ʥʘ ʥʝʫʩʦʛʣʘʩʝʥ ʧʨʦʠʟʚʦʜ.  
2 

ʄʥʦʛʫ  

ʚʠʩʦʢʘ 

ɼʝʪʝʢʮʠʿʘ ʥʝ 

ʤʦʞʝ ʜʘ ʩʝ 

ʧʨʠʤʝʥʠ; 

ʇʨʝʚʝʥʮʠʿʘ ʥʘ 

ʧʨʠʯʠʥʘʪʘ 

ʇʨʝʚʝʥʠʨʘˁʝ ʥʘ ʧʨʠʯʠʥʘʪʘ ʟʘ ʧʦʿʘʚʘ ʥʘ ʛʨʝʰʢʘ ʢʘʢʦ ʨʝʟʫʣʪʘʪ ʥʘ 

ʜʠʟʘʿʥʦʪ ʥʘ ʬʠʢʩʘʪʫʨʘʪʘ, ʥʘ ʤʘʰʠʥʘʪʘ ʠʣʠ ʥʘ ʜʠʟʘʿʥʦʪ ʥʘ 

ʧʨʦʠʟʚʦʜʦʪ/ʜʝʣʦʪ.  ʅʝʫʩʦʛʣʘʩʝʥ ʧʨʦʠʟʚʦʜ ʥʝ ʤʦʞʝ ʜʘ ʥʘʩʪʘʥʝ ʟʘʪʦʘ 

ʰʪʦ ʧʨʦʮʝʩʦʪ/ʜʠʟʘʿʥʦʪ ʥʘ ʧʨʦʠʟʚʦʜʦʪ ʠʤʘ ʤʝʭʘʥʠʟʘʤ ʟʘ 

ʠʟʙʝʛʥʫʚʘˁʝ ʥʘ ʛʨʝʰʢʘ.  

1 
ʈʝʯʠʩʠ 

ʩʠʛʫʨʥʦ 
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