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ʆʚʘ ʜʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ʿʝ ʥʘʩʪʘʣʘ ʢʘʦ ʨʝʟʫʣʪʘʪ ʜʫʛʦʛʦʜʠʰˁʝʛ ʙʘʚˀʝˁʘ 

ʥʘʫʯʥʦ-ʠʩʪʨʘʞʠʚʘʯʢʠʤ ʨʘʜʦʤ ʪʦʢʦʤ ʜʦʢʪʦʨʩʢʠʭ ʩʪʫʜʠʿʘ ʫ ʦʢʚʠʨʫ ʎʝʥʪʨʘ ʟʘ 
ʪʝʨʦʪʝʭʥʦʣʦʛʠʿʫ ʌʘʢʫʣʪʝʪʘ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ.  

ʆʚʦʤ ʧʨʠʣʠʢʦʤ ʞʝʣʠʤ ʜʘ ʠʟʨʘʟʠʤ ʟʘʭʚʘʣʥʦʩʪ ʩʚʠʤʘ ʢʦʿʠ ʩʫ ʜʦʧʨʠʥʝʣʠ ʢʘʢʦ ʫ 

ʠʟʨʘʜʠ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ ʪʘʢʦ ʠ ʤʦʤ ʧʨʦʬʝʩʠʦʥʘʣʥʦʤ ʨʘʟʚʦʿʫ. 

ɿʘʭʚʘˀʫʿʝʤ ʩʝ ʥʘ ʧʨʠʣʠʮʠ ʜʘ ʫʯʝʩʪʚʫʿʝʤ ʥʘ ʧʨʦʿʝʢʪʫ ʆʜʨʞʠʚʠ ʨʘʟʚʦʿ ʪʝʭʥʦʣʦʛʠʿʘ 

ʠ ʦʧʨʝʤʝ ʟʘ ʨʝʮʠʢʣʘʞʫ ʤʦʪʦʨʥʠʭ ʚʦʟʠʣʘ ʢʦʿʠ ʿʝ ʬʠʥʘʥʩʠʨʘʥ ʦʜ ʩʪʨʘʥʝ ʄʠʥʠʩʪʘʨʩʪʚʘ 

ʧʨʦʩʚʝʪʝ, ʥʘʫʢʝ ʠ ʪʝʭʥʦʣʦʰʢʦʛ ʨʘʟʚʦʿʘ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ ʠ ʧʨʦʿʝʢʪʠʤʘ ʇʨʦʛʨʘʤ ʟʘ 

ʨʘʟʚʦʿ ʧʨʦʿʝʢʘʪʘ ʠʟ ʦʙʣʘʩʪʠ ʚʝʰʪʘʯʢʝ ʠʥʪʝʣʠʛʝʥʮʠʿʝ - Artificial intelligence for managing 

workplace safety (AI4WorkplaceSafety) ʠ Modular and versatile collaborative intelligent waste 

management robotic system for circular economy (CircuBot), ʬʠʥʘʥʩʠʿʩʢʠ ʧʦʜʨʞʘʥʠʭ ʦʜ 

ʩʪʨʘʥʝ ʌʦʥʜʘ ʟʘ ʥʘʫʢʫ ʫ ʦʢʚʠʨʫ ʢʦʿʠʭ ʩʘʤ ʠʤʘʣʘ ʧʨʠʣʠʢʫ ʜʘ ʧʨʦʰʠʨʠʤ ʟʥʘˁʝ ʠ ʩʪʝʢʥʝʤ 

ʥʦʚʘ ʠʩʢʫʩʪʚʘ.  

ʇʦʩʝʙʥʫ ʟʘʭʚʘʣʥʦʩʪ ʜʫʛʫʿʝʤ ʤʝʥʪʦʨʫ, ʧʨʦʬ. ʜʨ ʄʘʨʢʫ ɫʘʧʘʥʫ, ʚʘʥʨʝʜʥʦʤ 

ʧʨʦʬʝʩʦʨʫ ʌʘʢʫʣʪʝʪʘ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ ʥʘ ʥʝʩʝʙʠʯʥʦʿ ʠ ʩʪʨʫʯʥʦʿ ʧʦʤʦ˂ʠ, 

ʜʨʘʛʦʮʝʥʠʤ ʩʘʚʝʪʠʤʘ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤ ʢʨʠʪʠʢʘʤʘ ʪʦʢʦʤ ʠʟʨʘʜʝ ʜʦʢʪʦʨʩʢʝ 

ʜʠʩʝʨʪʘʮʠʿʝ. ɿʘʭʚʘˀʫʿʝʤ ʤʫ ʩʝ ʥʘ ʧʦʩʚʝ˂ʝʥʦʩʪʠ, ʧʦʜʨʰʮʠ ʠ ʦʭʨʘʙʨʝˁʫ ʫ ʩʘʚʣʘʜʘʚʘˁʫ 

ʠʟʘʟʦʚʘ.  

ɿʘʭʚʘʣʥʦʩʪ ʠʟʨʘʞʘʚʘʤ ʯʣʘʥʦʚʠʤʘ ʢʦʤʠʩʠʿʝ, ʧʨʦʬ. ʜʨ ʀʚʘʥʫ ʄʘʯʫʞʠ˂ʫ, ʨʝʜʦʚʥʦʤ 

ʧʨʦʬʝʩʦʨʫ ʌʘʢʫʣʪʝʪʘ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ, ʜʨ ɸʨʩʫ ɺʫʢʠ˂ʝʚʠ˂ʫ, ʜʦʮʝʥʪʫ ʌʘʢʫʣʪʝʪʘ 

ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ, ʧʨʦʬ. ʜʨ ɽʚʠʮʠ ɱʦʚʘʥʦʚʠ˂, ʨʝʜʦʚʥʦʤ ʧʨʦʬʝʩʦʨʫ ʌʘʢʫʣʪʝʪʘ 

ʟʘʰʪʠʪʝ ʥʘ ʨʘʜʫ, ʧʨʦʬ. ʜʨ. ʄʠʣʘʜʠʥʫ ʉʪʝʬʘʥʦʚʠ˂ʫ, ʨʝʜʦʚʥʦʤ ʧʨʦʬʝʩʦʨʫ ʌʘʢʫʣʪʝʪʘ 

ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ ʠ ʧʨʦʬ. ʜʨ ɼʘʥʠʿʝʣʠ ʊʘʜʠ˂, ʨʝʜʦʚʥʦʤ ʧʨʦʬʝʩʦʨʫ ʌʘʢʫʣʪʝʪʘ 

ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ, ʥʘ ʢʦʨʠʩʥʠʤ ʢʦʤʝʥʪʘʨʠʤʘ ʠ ʩʫʛʝʩʪʠʿʘʤʘ ʢʦʿʝ ʩʫ ʫʥʘʧʨʝʜʠʣʝ 

ʢʚʘʣʠʪʝʪ ʜʠʩʝʨʪʘʮʠʿʝ. 

ʍʚʘʣʘ ʢʦʣʝʛʘʤʘ Carlu Caiazzu, ʅʠʢʦʣʠ ʂʦʤʘʪʠʥʠ, ʅʠʢʦʣʠ ʄʠʿʘʠʣʦʚʠ˂ʫ, ʄʠʣʦʰʫ 

ʇʫʰʠʮʠ ʥʘ ʢʦʣʝʛʠʿʘʣʥʦʩʪʠ, ʤʦʨʘʣʥʦʿ ʧʦʜʨʰʮʠ, ʟʘʿʝʜʥʠʯʦʿ ʩʘʨʘʜˁʠ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤ 

ʧʨʝʜʣʦʟʠʤʘ ʪʦʢʦʤ ʠʟʨʘʜʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ. 

ʅʘʿʚʝ˂ʫ ʟʘʭʚʘʣʥʦʩʪ ʜʫʛʫʿʝʤ ʩʚʦʿʦʿ ʧʦʨʦʜʠʮʠ. ʍʚʘʣʘ ʤʦʿʠʤ ʨʦʜʠʪʝˀʠʤʘ, ʀʚʫ ʠ 

ʈʘʜʦʿʮʠ, ʙʘʢʠ ɱʝʣʝʥʠ, ʩʝʩʪʨʠ ʅʝʜʠ ʠ ʩʝʩʪʨʠ˂ʫ ʇʘʚʣʫ ʥʘ ʙʝʟʫʩʣʦʚʥʦʿ ˀʫʙʘʚʠ, ʧʦʜʨʰʮʠ ʠ 

ʨʘʟʫʤʝʚʘˁʫ ʢʨʦʟ ʩʚʝ ʦʚʝ ʛʦʜʠʥʝ. ʇʦʩʝʙʥʫ ʟʘʭʚʘʣʥʦʩʪ ʜʫʛʫʿʝʤ ʜʝʜʠ ɾʠʚʦʿʠʥʫ ʟʘ 

ʙʝʟʛʨʘʥʠʯʥʫ ˀʫʙʘʚ ʠ ʧʨʝʣʝʧʝ ʫʩʧʦʤʝʥʝ ʢʦʿʝ ˂ʝ ʟʘʫʚʝʢ ʦʩʪʘʪʠ ʫ ʤʦʤ ʩʝ˂ʘˁʫ. ɺʘʰʘ ʚʝʨʘ ʫ 

ʤʝʥʝ ʙʠʣʘ ʿʝ ʤʦʿ ʥʘʿʚʝ˂ʠ ʠʟʚʦʨ ʩʥʘʛʝ. 
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ʈɽɿʀʄɽ 

ʋ ʜʠʥʘʤʠʯʥʦʤ ʦʢʨʫʞʝˁʫ ʩʘʨʘʜˁʘ ʠʟʤʝʹʫ ʦʨʛʘʥʠʟʘʮʠʿʘ ʠ ʥʘʫʯʥʠʭ ʠʥʩʪʠʪʫʮʠʿʘ ʩʚʝ ʚʠʰʝ 

ʜʦʙʠʿʘ ʥʘ ʟʥʘʯʘʿʫ. ʆʚʘ ʩʘʨʘʜˁʘ ʩʝ ʦʛʣʝʜʘ ʫ ʨʝʰʘʚʘˁʫ ʢʦʤʧʣʝʢʩʥʠʭ ʧʨʦʙʣʝʤʘ ʢʦʿʠ ʩʝ 

ʿʘʚˀʘʿʫ ʫ ʩʘʚʨʝʤʝʥʠʤ ʠʥʜʫʩʪʨʠʿʩʢʠʤ ʩʠʩʪʝʤʠʤʘ ʢʘʦ ʰʪʦ ʩʫ ʧʦʚʝ˂ʘˁʝ ʝʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʠʟʚʦʜʥʠʭ ʧʨʦʮʝʩʘ, ʧʦʙʦˀʰʘˁʝ ʧʝʨʬʦʨʤʘʥʩʠ ʠ ʙʣʘʛʦʩʪʘˁʘ ʨʘʜʥʠʢʘ, ʧʦʚʝ˂ʘˁʝ 

ʟʘʜʦʚʦˀʩʪʚʘ ʧʦʩʣʦʤ, ʧʨʝʚʝʥʮʠʿʘ ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ ʠ ʧʦʙʦˀʰʘˁʝ ʟʜʨʘʚˀʘ ʨʘʜʥʠʢʘ. ʎʠˀ 

ʦʚʝ ʩʘʨʘʜˁʝ ʿʝʩʪʝ ʧʨʦʥʘʣʘʞʝˁʝ ʠʥʦʚʘʪʠʚʥʠʭ ʠ ʩʧʝʮʠʿʘʣʠʟʦʚʘʥʠʭ ʨʝʰʝˁʘ ʫ ʢʨʠʪʠʯʥʠʤ 

ʦʙʣʘʩʪʠʤʘ ʧʦʧʫʪ ʝʨʛʦʥʦʤʠʿʝ, ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʘ ʥʘ ʨʘʜʫ, ʦʨʛʘʥʠʟʘʮʠʿʝ ʠ ʝʢʦʥʦʤʠʿʝ. 

ʆʩʥʦʚʥʠ ʮʠˀ ʜʠʩʝʨʪʘʮʠʿʝ ʿʝ ʫʥʘʧʨʝʹʝˁʝ ʝʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʥʠʭ ʧʨʦʮʝʩʘ ʢʨʦʟ 

ʝʨʛʦʥʦʤʩʢʫ ʦʧʪʠʤʠʟʘʮʠʿʫ ʠʥʜʫʩʪʨʠʿʩʢʠʭ ʨʘʜʥʠʭ ʩʪʘʥʠʮʘ ʥʘ ʢʦʿʠʤʘ ʨʘʜʥʠʮʠ ʦʙʘʚˀʘʿʫ 

ʧʦʥʘʚˀʘʿʫ˂ʝ, ʤʦʥʦʪʦʥʝ ʘʢʪʠʚʥʦʩʪʠ ʤʦʥʪʘʞʝ. ʂʨʦʟ ʝʤʧʠʨʠʿʩʢʫ ʩʪʫʜʠʿʫ ʩʣʫʯʘʿʘ ʠ 

ʧʨʘʢʪʠʯʥʘ ʪʝʩʪʠʨʘˁʘ ʠʩʪʨʘʞʝʥʦ ʿʝ ʢʘʢʦ ʝʨʛʦʥʦʤʩʢʘ ʦʧʪʠʤʠʟʘʮʠʿʘ ʠ ʧʦʙʦˀʰʘˁʝ ʨʘʜʥʠʭ 

ʫʩʣʦʚʘ ʤʦʛʫ ʜʦʧʨʠʥʝʪʠ ʧʦʙʦˀʰʘˁʫ ʙʝʟʙʝʜʥʦʩʪʠ, ʧʦʚʝ˂ʘˁʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ 

ʟʘʜʦʚʦˀʩʪʚʘ ʨʘʜʥʠʢʘ.  

ʋ ʜʠʩʝʨʪʘʮʠʿʠ ʩʫ ʩʧʨʦʚʝʜʝʥʘ ʥʘʧʨʝʜʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʠʩʪʨʘʞʠʚʘˁʘ ʠʟ ʦʙʣʘʩʪʠ 

ʬʠʟʠʯʢʝ ʝʨʛʦʥʦʤʠʿʝ, ʦʨʛʘʥʠʟʘʮʠʦʥʝ ʝʨʛʦʥʦʤʠʿʝ ʠ ʥʝʫʨʦʝʨʛʦʥʦʤʠʿʝ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʘ 

ʠʩʪʨʘʞʠʚʘˁʘ ʩʫ ʩʧʨʦʚʝʜʝʥʘ ʥʘ ʨʘʜʥʦʿ ʩʪʘʥʠʮʠ ʟʘ ʤʦʥʪʘʞʫ ʫ ʜʚʘ ʩʮʝʥʘʨʠʿʘ - 

ʪʨʘʜʠʮʠʦʥʘʣʥʦʤ (ʥʝʝʨʛʦʥʦʤʩʢʦʤ) ʠ ʝʨʛʦʥʦʤʩʢʦʤ. ʉʪʫʜʠʿʘ ʩʣʫʯʘʿʘ ʧʨʝʜʩʪʘʚˀʘ 

ʠʥʪʝʛʨʘʪʠʚʥʠ ʤʫʣʪʠʤʦʜʘʣʥʠ ʦʢʚʠʨ ʟʘ ʠʩʪʦʚʨʝʤʝʥʦ ʧʨʘ˂ʝˁʝ ʬʠʟʠʯʢʦʛ ʠ ʢʦʛʥʠʪʠʚʥʦʛ 

ʦʧʪʝʨʝ˂ʝˁʘ ʨʘʜʥʠʢʘ ʧʨʠʤʝʥʦʤ ʥʘʧʨʝʜʥʠʭ ʤʝʪʦʜʘ ʝʣʝʢʪʨʦ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʿʝ, ʧʨʘ˂ʝˁe 

ʧʦʢʨʝʪʘ ʦʯʠʿʫ ʠ ʘʥʘʣʠʟʫ ʧʦʣʦʞʘʿʘ ʪʝʣʘ ʨʘʜʥʠʢʘ ʧʫʪʝʤ ʜʠʛʠʪʘʣʥʦʛ ʤʦʜʝʣʠʨʘˁʘ.  

ʄʫʣʪʠʚʘʨʠʿʘʥʪʥʦʤ ʘʥʘʣʠʟʦʤ ʨʝʟʫʣʪʘʪʘ ʧʨʘ˂ʝˁʘ ʬʠʟʠʯʢʦʛ ʠ ʤʝʥʪʘʣʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ, 

ʧʨʘ˂ʝˁʘ ʧʦʢʨʝʪʘ ʪʝʣʘ ʠ ʦʯʠʿʫ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʜʝʬʝʢʘʪʘ ʧʦʢʘʟʘʥʦ ʿʝ ʜʘ ʧʦʩʪʦʿʠ ʟʥʘʯʘʿʥʘ 

ʢʦʨʝʣʘʮʠʿʘ ʠʟʤʝʹʫ ʩʚʠʭ ʧʘʨʘʤʝʪʘʨʘ. ʂʦʤʙʠʥʦʚʘˁʝʤ ʨʝʟʫʣʪʘʪʘ ʠʩʪʨʘʞʠʚʘˁʘ ʜʦʙʠʿʝʥʠʭ 

ʧʨʠʤʝʥʦʤ ʦʚʠʭ ʥʘʧʨʝʜʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʜʫʙʠʥʩʢʠ ʿʝ ʩʘʛʣʝʜʘʥ ʜʦʧʨʠʥʦʩ ʝʨʛʦʥʦʤʩʢʝ 

ʦʧʪʠʤʠʟʘʮʠʿʝ ʫʥʘʧʨʝʹʝˁʫ ʨʘʜʥʠʭ ʧʨʦʮʝʩʘ, ʰʪʦ ʿʝ ʦʜ ʩʫʰʪʠʥʩʢʦʛ ʟʥʘʯʘʿʘ ʟʘ ʩʘʚʨʝʤʝʥʝ 

ʠʥʜʫʩʪʨʠʿʩʢʝ ʩʠʩʪʝʤʝ.  

ʈʝʟʫʣʪʘʪʠ ʩʧʨʦʚʝʜʝʥʦʛ ʠʩʪʨʘʞʠʚʘˁʘ ʠʤʘʿʫ ʟʘ ʮʠˀ ʜʘ ʧʨʫʞʝ ʧʨʘʢʪʠʯʥʝ ʩʤʝʨʥʠʮʝ ʟʘ 

ʜʠʟʘʿʥʠʨʘˁʝ ʨʘʜʥʠʭ ʧʨʦʩʪʦʨʘ ʫ ʠʥʜʫʩʪʨʠʿʩʢʦʤ ʩʝʢʪʦʨʫ, ʢʘʦ ʠ ʜʘ ʜʦʧʨʠʥʝʩʫ ʰʠʨʝʤ 

ʨʘʟʫʤʝʚʘˁʫ ʟʥʘʯʘʿʘ ʝʨʛʦʥʦʤʠʿʝ ʫ ʦʧʪʠʤʠʟʘʮʠʿʠ ʠʥʜʫʩʪʨʠʿʩʢʠʭ ʧʨʦʮʝʩʘ. ɼʦʧʨʠʥʦʩ 

ʜʠʩʝʨʪʘʮʠʿʝ ʦʛʣʝʜʘ ʩʝ ʫ ʢʚʘʥʪʠʬʠʢʘʮʠʿʠ ʬʠʟʠʯʢʦʛ ʠ ʤʝʥʪʘʣʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʠ ʫʪʚʨʹʠʚʘˁʫ 

ʢʘʜʘ ʜʦʣʘʟʠ ʜʦ ʬʠʟʠʯʢʦʛ ʫʤʦʨʘ, ʧʘʜʘ ʧʘʞˁʝ ʠ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʨʘʜʥʠʢʘ ʫ ʮʠˀʫ ʧʦʚʝ˂ʘˁʘ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʩʤʘˁʝˁʘ ʜʝʬʝʢʘʪʘ ʥʘ ʨʘʜʥʠʤ ʩʪʘʥʠʮʘʤʘ ʟʘ ʤʦʥʪʘʞʫ. 

ʂˀʫʯʥʝ ʨʝʯʠ: ʙʝʟʙʝʜʥʦʩʪ ʠ ʟʜʨʘʚˀʝ ʥʘ ʨʘʜʫ, ʝʬʝʢʪʠʚʥʦʩʪ ʧʨʦʠʟʚʦʜʥʠʭ ʧʨʦʮʝʩʘ, 
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ABSTRACT 

In a dynamic environment, cooperation between organizations and scientific institutions is 

gaining more and more importance. This cooperation is reflected in solving complex problems 

that arise in modern industrial systems, such as increasing the effectiveness of production 

processes, improving the performance and well-being of workers, increasing job satisfaction, 

preventing injuries at work and improving the health of workers. The aim of this cooperation is 

to find innovative and specialized solutions in critical areas such as ergonomics, safety and 

health at work, organization and economy. 

The main goal of the dissertation is to improve the effectiveness of production processes 

through the ergonomic optimization of industrial workstations where workers perform 

repetitive, monotonous assembly activities. Through an empirical case study and practical tests, 

it was investigated how ergonomic optimization and improvement of working conditions can 

contribute to improving safety, increasing productivity and operator satisfaction. 

Advanced experimental research in the field of physical ergonomics, organizational ergonomics 

and neuroergonomics was carried out in the dissertation. Experimental research was conducted 

on an assembly workstation in two scenarios - traditional (non-ergonomic) and ergonomic. The 

case study represents an integrative multimodal framework for the simultaneous monitoring of 

the operator's physical and cognitive load using advanced methods of electro-

psychophysiology, tracking of eye movements and analysis of the operator's body position 

through digital modeling. 

A multivariate analysis of the results of monitoring physical and mental workload, monitoring 

body and eye movements, productivity and defects showed that there is a significant correlation 

between all parameters. By combining the results of research obtained by applying these 

advanced technologies, the contribution of ergonomic optimization to the improvement of work 

processes, which is of essential importance for modern industrial systems, was thoroughly 

examined. 

The results of the conducted research aim to provide practical guidelines for designing work 

spaces in the industrial sector, as well as to contribute to a wider understanding of the 

importance of ergonomics in the optimization of industrial processes. The contribution of the 

dissertation is reflected in the quantification of physical and mental workload and determination 

of when physical fatigue occurs, a drop in attention and concentration of operators in order to 

increase productivity and reduce defects at assembly workstations. 

 

Keywords: safety and health at work, effectiveness of production processes, ergonomic 

optimization, assembly workstation, golden zone 
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ʉʣʠʢʘ 2.10 ʅʘʿʧʦʚʦˀʥʠʿʠ ʧʦʣʦʞʘʿʠ ʟʘ ʟʛʣʦʙʦʚʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʦʙʘʚˀʘˁʘ 

ʨʘʟʣʠʯʠʪʠʭ ʪʠʧʦʚʘ ʨʘʜʥʠʭ ʟʘʜʘʪʘʢʘ 

ʉʣʠʢʘ 2.11 ɹʝʥʝʬʠʪʠ ʠʥʪʝʛʨʘʮʠʿʝ ʬʠʟʠʯʢʝ, ʢʦʛʥʠʪʠʚʥʝ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʝ 

ʝʨʛʦʥʦʤʠʿʝ 

ʉʣʠʢʘ 2.12 ʆʙʘʚˀʘˁʝ ʘʢʪʠʚʥʦʩʪʠ ʫ ʦʢʚʠʨʫ ʟʣʘʪʥʝ ʟʦʥʝ ʫ ʚʝʨʪʠʢʘʣʥʦʤ 

ʧʦʣʦʞʘʿʫ ʪʝʣʘ 

ʉʣʠʢʘ 2.13 ɿʣʘʪʥʘ ʟʦʥʘ ʥʘ ʤʦʥʪʘʞʥʦʿ ʨʘʜʥʦʿ ʩʪʘʥʠʮʠ ʧʨʠʣʠʢʦʤ ʦʙʘʚˀʘˁʘ 

ʨʘʜʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʫ ʩʪʦʿʝ˂ʝʤ ʧʦʣʦʞʘʿʫ 

ʉʣʠʢʘ 2.14 ʆʩʥʦʚʥʝ ʟʦʥʝ (ʮʨʚʝʥʘ, ʞʫʪʘ, ʟʝʣʝʥʘ) 

ʉʣʠʢʘ 2.15 ʆʙʘʚˀʘˁʝ ʘʢʪʠʚʥʦʩʪʠ ʫ ʦʢʚʠʨʫ ʟʣʘʪʥʝ ʟʦʥʘ ʫ ʩʝʜʝ˂ʝʤ ʧʦʣʦʞʘʿʫ 

ʉʣʠʢʘ 2.16 ɿʣʘʪʥʘ ʟʦʥʘ ʥʘ ʤʦʥʪʘʞʥʦʿ ʨʘʜʥʦʿ ʩʪʘʥʠʮʠ ʢʘʜʘ ʨʘʜʥʠʢ ʦʙʘʚˀʘ 

ʘʢʪʠʚʥʦʩʪʠ ʫ ʩʝʜʝ˂ʝʤ ʧʦʣʦʞʘʿʫ 

ʉʣʠʢʘ 2.17 ɿʣʘʪʥʘ ʟʦʥʘ ʨʘʜʘ ʟʘ ʩʝʜʝ˂ʠ ʠ ʩʪʦʿʝ˂ʠ ʧʦʣʦʞʘʿ ʪʝʣʘ 

ʉʣʠʢʘ 2.18 ʇʨʦʙʣʝʤʠ ʢʦʿʠ ʥʘʩʪʘʿʫ ʫʢʦʣʠʢʦ ʩʝ ʨʘʜʥʘ ʤʝʩʪʘ ʜʠʟʘʿʥʠʨʘʿʫ ʙʝʟ 

ʫʟʠʤʘˁʘ ʫ ʦʙʟʠʨ ʝʨʛʦʥʦʤʩʢʠʭ ʠ lean ʧʨʠʥʮʠʧʘ ʠ ʚʝʟʘ ʩʘ ʘʣʘʪʠʤʘ 

ʧʨʦʠʟʚʦʜˁʝ ʩʚʝʪʩʢʝ ʢʣʘʩʝ 

ʉʣʠʢʘ 2.19 ʉʪʨʫʢʪʫʨʘ ʠ ʮʠˀʝʚʠ ʧʨʦʠʟʚʦʜˁʝ ʩʚʝʪʩʢʝ ʢʣʘʩʝ 

ʉʣʠʢʘ 2.20 ʇʝʪ ʦʩʥʦʚʥʠʭ lean ʧʨʠʥʮʠʧʘ 

ʉʣʠʢʘ 2.21 ʋʣʦʛʘ ʪʝʭʥʦʣʦʛʠʿʘ ʀʥʜʫʩʪʨʠʿʝ 4.0 ʫ ʫʧʨʘʚˀʘˁʫ ʢʚʘʣʠʪʝʪʦʤ 

ʉʣʠʢʘ 2.22 ɽʬʝʢʪʠ ʧʨʠʤʝʥʝʝʨʛʦʥʦʤʩʢʠʭ ʧʨʠʥʮʠʧʘ ʧʨʠʣʠʢʦʤ ʜʠʟʘʿʥʠʨʘˁʘ 

ʨʘʜʥʦʛ ʦʢʨʫʞʝˁʘ ʥʘ ʧʝʨʬʦʨʤʘʥʩʝ 
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ʉʣʠʢʘ 2.23 ɼʚʦʜʠʤʝʥʟʠʦʥʘʣʥʠ ʤʦʜʝʣ 

ʉʣʠʢʘ 3.1 ʉʪʨʫʢʪʫʨʘ ʤʠʰʠ˂ʘ 

ʉʣʠʢʘ 3.2 ʄʦʪʦʨʥʘ ʿʝʜʠʥʠʮʘ 

ʉʣʠʢʘ 3.3 ʌʘʟʝ ʧʨʠʤʝʥʝ ʝʣʝʢʪʨʦʤʠʦʛʨʘʬʠʿʝ ʫ ʮʠˀʫ ʧʨʘ˂ʝˁʘ ʤʠʰʠ˂ʥʝ 

ʘʢʪʠʚʥʦʩʪʠ 

ʉʣʠʢʘ 3.4 ɼʝʪʘˀʥʘ ʧʨʦʮʝʜʫʨʘ ʟʘ ʧʨʠʤʝʥʫ ʝʣʝʢʪʨʦʤʠʦʛʨʘʬʠʿʝ 

ʉʣʠʢʘ 3.5 ʋʪʠʮʘʿ ʨʘʟʣʠʯʠʪʠʭ ʥʠʚʦʘ ʩʠʣʝ ʥʘ ʧʨʦʤʝʥʝ ʫ ɽʄɻ ʩʠʛʥʘʣʫ 

ʉʣʠʢʘ 3.6 ɽʣʝʢʪʨʦʤʠʦʛʨʘʬʠʿʘ ʠʛʣʦʤ (ʘ) ʠ ʧʦʚʨʰʠʥʩʢʘ ʝʣʝʢʪʨʦʤʠʦʛʨʘʬʠʿʘ (ʙ) 

ʉʣʠʢʘ 3.7 ʂʦʤʙʠʥʦʚʘʥʘ ʧʨʠʤʝʥʘ ʠʛʣʝʥʝ ʠ ʧʦʚʨʰʠʥʩʢʝ ʝʣʝʢʪʨʦʤʠʦʛʨʘʬʠʿʝ   

ʉʣʠʢʘ 3.8 ʇʨʠʢʘʟ ʨʝʛʠʿʘ ʤʦʟʛʘ ʩʘ ʬʫʥʢʮʠʿʘʤʘ ʟʘ ʢʦʿʝ ʩʫ ʦʜʛʦʚʦʨʥʝ 

ʉʣʠʢʘ 3.9 ʉʪʨʫʢʪʫʨʘ ʥʝʫʨʦʥʘ 

ʉʣʠʢʘ 3.10 ʈʘʟʣʠʯʠʪʠ ʤʦʞʜʘʥʠ ʨʠʪʤʦʚʠ 

ʉʣʠʢʘ 3.11 ʈʘʟʣʠʯʠʪʠ ʪʠʧʦʚʠ ʤʦʞʜʘʥʠʭ ʨʠʪʤʦʚʘ- ʛʨʘʬʠʯʢʠ ʧʨʠʢʘʟ 

ʉʣʠʢʘ 3.12 ʂʦʤʙʠʥʦʚʘʥʘ ʧʨʠʤʝʥʘ ʝʣʝʢʪʨʦʤʠʦʛʨʘʬʠʿʝ ʠ 

ʝʣʝʢʪʨʦʝʥʮʝʬʘʣʦʛʨʘʬʠʿʝ 

ʉʣʠʢʘ 3.13 ɻʨʘʬʠʯʢʠ ʧʨʠʢʘʟ ʤʝʹʫʥʘʨʦʜʥʦʛ 10-20 ʩʠʩʪʝʤʘ ʟʘ ʧʦʟʠʮʠʦʥʠʨʘˁʝ 

ʝʣʝʢʪʨʦʜʘ ʪʦʢʦʤ ɽɽɻ ʩʥʠʤʘˁʘ, ʩʘ ʧʦʛʣʝʜʦʤ ʦʜʦʟʛʦ (ʘ) ʠ ʧʦʛʣʝʜʦʤ 

ʩʘ ʩʪʨʘʥʝ (ʙ) 

ʉʣʠʢʘ 4.1 ʊʨʘʜʠʮʠʦʥʘʣʥʘ ʨʘʜʥʘ ʩʪʘʥʠʮʘ (ʧʦʛʣʝʜ 1) 

ʉʣʠʢʘ 4.2 ʊʨʘʜʠʮʠʦʥʘʣʥʘ ʨʘʜʥʘ ʩʪʘʥʠʮʘ (ʧʦʛʣʝʜ 2) 

ʉʣʠʢʘ 4.3 ʀʟʦʤʝʪʨʠʿʩʢʠ ʧʨʠʢʘʟ ʨʘʜʥʝ ʧʦʚʨʰʠʥʝ ʥʘ ʪʨʘʜʠʮʠʦʥʘʣʥʦʿ ʨʘʜʥʦʿ 

ʩʪʘʥʠʮʠ 

ʉʣʠʢʘ 4.4 PDCA ʮʠʢʣʫʩ ʧʨʠʤʝˁʝʥ ʥʘ ʤʦʥʪʘʞʥʫ ʨʘʜʥʫ ʩʪʘʥʠʮʫ 

ʉʣʠʢʘ 4.5 ʄʦʜʝʣ ʧʨʝʜʣʦʞʝʥʝ ʝʨʛʦʥʦʤʩʢʝ ʨʘʜʥʝ ʩʪʘʥʠʮʝ 

ʉʣʠʢʘ 4.6 ʇʨʝʜʣʦʞʝʥʘ lean ʨʘʜʥʘ ʩʪʘʥʠʮʘ 

ʉʣʠʢʘ 4.7 ʉʚʝʦʙʫʭʚʘʪʥʠ ʧʨʠʩʪʫʧ ʧʨʦʿʝʢʪʦʚʘˁʫ ʨʘʜʥʝ ʩʪʘʥʠʮʝ ʫ ʩʢʣʘʜʫ ʩʘ 

ʝʨʛʦʥʦʤʩʢʠʤ ʠ lean ʧʨʠʥʮʠʧʠʤʘ 

ʉʣʠʢʘ 4.8 ʀʟʦʤʝʪʨʠʿʩʢʠ  ʧʨʠʢʘʟ ʧʨʝʜʣʦʞʝʥʝ ʫʥʘʧʨʝʹʝʥʝ ʨʘʜʥʝ ʩʪʘʥʠʮʝ 

ʉʣʠʢʘ 4.9 ʇʨʝʜʣʦʞʝʥʝ ʜʠʩʪʘʥʮʝ ʥʘ ʨʘʜʥʦʿ ʧʦʚʨʰʠʥʠ 

ʉʣʠʢʘ 5.1 ʉʪʨʫʢʪʫʨʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʠʩʪʨʘʞʠʚʘˁʘ 

ʉʣʠʢʘ 5.2 ʄʝʪʦʜʦʣʦʛʠʿʘ 

ʉʣʠʢʘ 5.3 ʊʝʤʧʝʨʘʪʫʨʝ ʫ ʣʘʙʦʨʘʪʦʨʠʿʠ ʪʦʢʦʤ ʠʟʚʦʹʝˁʘ ʝʢʩʧʝʨʠʤʝʥʪʘ ʫ 

ʪʨʘʜʠʮʠʦʥʘʣʥʦʤ ʩʮʝʥʘʨʠʿʫ 

ʉʣʠʢʘ 5.4 ʊʝʤʧʝʨʘʪʫʨʘ ʫ ʣʘʙʦʨʘʪʦʨʠʿʠ ʪʦʢʦʤ ʠʟʚʦʹʝˁʘ ʝʢʩʧʝʨʠʤʝʥʪʘ ʫ 

ʝʨʛʦʥʦʤʩʢʦʤ ʩʮʝʥʘʨʠʿʫ 

ʉʣʠʢʘ 5.5 MuscleBAN BE ʫʨʝʹʘʿ 

ʉʣʠʢʘ 5.6 ɻʝʣ ʩʘ ʝʣʝʢʪʨʦʣʠʪʠʤʘ 
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ʉʣʠʢʘ 5.7 ʇʦʩʪʘʚˀʘˁʝ ɽʄɻ ʩʝʥʟʦʨʘ ʥʘ ʛʦʨˁʝ ʪʨʘʧʝʟʥʝ ʤʠʰʠ˂ʝ 

ʉʣʠʢʘ 5.8 ɺʠʟʫʝʣʠʟʘʮʠʿʘ ɽʄɻ ʩʠʛʥʘʣʘ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ 

ʉʣʠʢʘ 5.9 (ʘ) ɽɽɻ ʢʘʧʘ, (ʙ) ʣʦʢʘʣʠʟʘʮʠʿʘ ʝʣʝʢʪʨʦʜʘ ʥʘ ɽɽɻ ʢʘʧʠ 

ʉʣʠʢʘ 5.10 ʇʦʩʪʘʚˀʘˁʝ ɽɽɻ ʦʧʨʝʤʝ 

ʉʣʠʢʘ 5.11 ɼʠʿʘʛʨʘʤ ʪʦʢʘ ʬʘʟʝ ʦʙʨʘʜʝ ɽɽɻ-ʘ 

ʉʣʠʢʘ 5.12 ʌʠʣʪʨʠʨʘˁʝ ʦʧʩʝʛʘ 1- 40 Hz 

ʉʣʠʢʘ 5.13 ʀʥʪʝʨʧʦʣʘʮʠʿʘ ʣʦʰʠʭ ʢʘʥʘʣʘ 

ʉʣʠʢʘ 5.14 ʀʥʪʝʨʧʦʣʘʮʠʿʘ ʣʦʰʠʭ ʢʘʥʘʣʘ 

ʉʣʠʢʘ 5.15 ʊʦʧʦʛʨʘʬʩʢʠ ʧʨʠʢʘʟ ʜʠʩʪʨʠʙʫʮʠʿʝ ʝʣʝʢʪʨʠʯʥʝ ʘʢʪʠʚʥʦʩʪʠ ʧʦ 

ʧʦʚʨʰʠʥʠ ʤʦʟʛʘ 

ʉʣʠʢʘ 5.16 ʌʠʥʘʣʥʠ ʧʨʦʠʟʚʦʜ 

ʉʣʠʢʘ 5.17 ʇʨʠʤʝʨ ʣʘʢʝ (ʘ) ʠ ʪʝʰʢʝ ʰʝʤʝ (ʙ) 

ʉʣʠʢʘ 5.18 ʀʩʧʨʘʚʥʦ ʩʘʩʪʘʚˀʝʥʠ ʧʨʦʠʟʚʦʜʠ 

ʉʣʠʢʘ 5.19 ɼʝʬʝʢʪʥʠ ʧʨʦʠʟʚʦʜʠ 

ʉʣʠʢʘ 5.20 ʈʘʩʧʦʨʝʜ ʢʣʘʩʝʨʘ ʚʘʥ ʟʦʥʝ ʤʘʢʩʠʤʘʣʥʦʛ ʜʦʭʚʘʪʘ ʠʩʧʠʪʘʥʠʢʘ ʫ 

ʠʩʪʨʘʞʠʚʘˁʫ 

ʉʣʠʢʘ 5.21 ʀʩʧʠʪʘʥʠʢ ʠʟʚʦʜʠ ʝʢʩʧʝʨʠʤʝʥʪ ʥʘ ʪʨʘʜʠʮʠʦʥʘʣʥʦʿ ʨʘʜʥʦʿ ʩʪʘʥʠʮʠ 

ʫ ʥʝʝʨʛʦʥʦʤʩʢʦʤ ʩʮʝʥʘʨʠʿʫ 

ʉʣʠʢʘ 5.22 ʀʩʧʠʪʘʥʠʢ ʠʟʚʦʜʠ ʝʢʩʧʝʨʠʤʝʥʪ ʥʘ ʧʨʝʜʣʦʞʝʥʦʿ ʤʦʜʫʣʘʨʥʦʿ ʨʘʜʥʦʿ 

ʩʪʘʥʠʮʠ ʟʘ ʤʦʥʪʘʞʫ ʫ ʝʨʛʦʥʦʤʩʢʦʤ ʩʮʝʥʘʨʠʿʫ 

ʉʣʠʢʘ 5.23 ʌʘʢʪʦʨʠ ʢʦʿʠ ʫʪʠʯʫ ʥʘ ʧʨʦʮʝʩ ʤʦʥʪʘʞʝ 

ʉʣʠʢʘ 6.1 ʉʠʨʦʚʠ ɽʄɻ ʩʠʛʥʘʣ ʩʥʠʤˀʝʥ ʧʦʤʦ˂ʫ Muscle BAN BE ʫʨʝʹʘʿʘ ʫ 

ʥʝʝʨʛʦʥʦʤʩʢʦʤ ʩʮʝʥʘʨʠʿʫ (ʣʝʚʘ ʩʪʨʘʥʘ) 

ʉʣʠʢʘ 6.2 ʉʠʨʦʚʠ ɽʄɻ ʩʠʛʥʘʣ ʧʦʤʦ˂ʫ Muscle BAN BE ʫʨʝʹʘʿʘ ʫ ʥʝʝʨʛʦʥʦʤʩʢʦʤ 

ʩʮʝʥʘʨʠʿʫ (ʜʝʩʥʘ ʩʪʨʘʥʘ) 

ʉʣʠʢʘ 6.3 ʉʠʨʦʚʠ ɽʄɻ ʩʠʛʥʘʣ ʧʦʤʦ˂ʫ Muscle BAN BE ʫʨʝʹʘʿʘ ʫ ʝʨʛʦʥʦʤʩʢʦʤ 

ʩʮʝʥʘʨʠʿʫ (ʣʝʚʘ ʩʪʨʘʥʘ) 

ʉʣʠʢʘ 6.4 ʉʠʨʦʚʠ ɽʄɻ ʩʠʛʥʘʣ ʧʦʤʦ˂ʫ Muscle BAN BE ʫʨʝʹʘʿʘ ʫ ʝʨʛʦʥʦʤʩʢʦʤ 

ʩʮʝʥʘʨʠʿʫ (ʜʝʩʥʘ ʩʪʨʘʥʘ) 

ʉʣʠʢʘ 6.5 ʈʝʟʫʣʪʘʪʠ ʈʋʃɸ ʘʥʘʣʠʟʝ - ʧʦʣʦʞʘʿ ʅ1 

ʉʣʠʢʘ 6.6 ʈʝʟʫʣʪʘʪʠ ʈʋʃɸ ʘʥʘʣʠʟʝ - ʧʦʣʦʞʘʿ ʅ2 

ʉʣʠʢʘ 6.7 ʈʝʟʫʣʪʘʪʠ ʈʋʃɸ ʘʥʘʣʠʟʝ - ʧʦʣʦʞʘʿ ʅ3 

ʉʣʠʢʘ 6.8 ʈʝʟʫʣʪʘʪʠ ʈʋʃɸ ʘʥʘʣʠʟʝ - ʧʦʣʦʞʘʿ ʅ4 

ʉʣʠʢʘ 6.9 ʈʝʟʫʣʪʘʪʠ ʈʋʃɸ ʘʥʘʣʠʟʝ - ʧʦʣʦʞʘʿ ɽ1 

ʉʣʠʢʘ 6.10 ʈʝʟʫʣʪʘʪʠ ʈʋʃɸ ʘʥʘʣʠʟʝ - ʧʦʣʦʞʘʿ ɽ2 

ʉʣʠʢʘ 6.11 ʈʝʟʫʣʪʘʪʠ ʈʋʃɸ ʘʥʘʣʠʟʝ - ʧʦʣʦʞʘʿ ɽ3 

ʉʣʠʢʘ 6.12 ʈʝʟʫʣʪʘʪʠ ʈʋʃɸ ʘʥʘʣʠʟʝ - ʧʦʣʦʞʘʿ ɽ4 
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ʉʣʠʢʘ 6.13 ɸʤʧʣʠʪʫʜʘ ɽɽɻ ʩʠʛʥʘʣʘ ʪʦʢʦʤ ʚʨʝʤʝʥʘ 

ʉʣʠʢʘ 6.14 ɽɽɻ ʩʠʛʥʘʣʠ ʟʘ ʨʘʟʣʠʯʠʪʝ ʦʧʩʝʛʝ 

ʉʣʠʢʘ 6.15 ʉʧʝʢʪʨʠ ʿʝʜʥʦʛ ɽɽɻ ʢʘʥʘʣʘ ʟʘ ʨʘʟʣʠʯʠʪʝ ʦʧʩʝʛʝ 

ʉʣʠʢʘ 6.16 ʌʠʣʪʨʠʨʘʥ 24-ʢʘʥʘʣʥʠ ɽɽɻ ʩʠʛʥʘʣ ʩʥʠʤˀʝʥ ʪʦʢʦʤ ʠʟʚʦʹʝˁʘ 

ʟʘʜʘʪʢʘ ʩʢʣʘʧʘˁʘ ʫ ʪʨʘʿʘˁʫ ʦʜ 5 ʩʝʢʫʥʜʠ 

ʉʣʠʢʘ 6.17 ʀʥʜʝʢʩ ʤʝʥʪʘʣʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʫ ʧʨʚʠʭ 15 ʤʠʥʫʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘ 

ʉʣʠʢʘ 6.18 ɽɽɻ ʩʠʛʥʘʣʠ ʟʘ ʠʩʧʠʪʘʥʠʢʘ ʙʨ. 1 ʫ ʦʙʝ ʩʝʩʠʿʝ ʫ ʥʝʝʨʛʦʥʦʤʩʢʦʤ ʠ 

ʝʨʛʦʥʦʤʩʢʦʤ ʩʮʝʥʘʨʠʿʫ 

ʉʣʠʢʘ 6.19 ɽɽɻ ʩʠʛʥʘʣʠ ʟʘ ʠʩʧʠʪʘʥʠʢʘ ʙʨ. 5 ʫ ʦʙʝ ʩʝʩʠʿʝ ʫ ʥʝʝʨʛʦʥʦʤʩʢʦʤ ʠ 

ʝʨʛʦʥʦʤʩʢʦʤ ʩʮʝʥʘʨʠʿʫ 

ʉʣʠʢʘ 6.20 ɽɽɻ ʩʠʛʥʘʣʠ ʟʘ ʠʩʧʠʪʘʥʠʢʘ ʙʨ. 11 ʫ ʦʙʝ ʩʝʩʠʿʝ ʫ ʥʝʝʨʛʦʥʦʤʩʢʦʤ ʠ 

ʝʨʛʦʥʦʤʩʢʦʤ ʩʮʝʥʘʨʠʿʫ 

ʉʣʠʢʘ 6.21 ɽɽɻ ʩʠʛʥʘʣʠ ʟʘ ʠʩʧʠʪʘʥʠʢʘ ʙʨ. 13 ʫ ʦʙʝ ʩʝʩʠʿʝ ʫ ʥʝʝʨʛʦʥʦʤʩʢʦʤ ʠ 

ʝʨʛʦʥʦʤʩʢʦʤ ʩʮʝʥʘʨʠʿʫ 

ʉʣʠʢʘ 6.22 ʀʥʜʝʢʩ ʤʝʥʪʘʣʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʟʘ ʩʚʠʭ 15 ʠʩʧʠʪʘʥʠʢʘ ʫ 

ʥʝʝʨʛʦʥʦʤʩʢʦʤ ʠ ʝʨʛʦʥʦʤʩʢʦʤ ʩʮʝʥʘʨʠʿʫ 

ʉʣʠʢʘ 6.23 ʋʧʦʨʝʜʥʠ ʧʨʝʛʣʝʜ ʩʚʘ ʪʨʠ ʠʥʜʝʢʩʘ ʟʘ ʠʩʧʠʪʘʥʠʢʘ ʙʨ. 2 ʫ ʧʨʚʦʿ ʩʝʩʠʿʠ 

ʉʣʠʢʘ 6.24 ʋʧʦʨʝʜʥʠ ʧʨʝʛʣʝʜ ʩʚʘ ʪʨʠ ʠʥʜʝʢʩʘ ʟʘ ʠʩʧʠʪʘʥʠʢʘ ʙʨ. 2 ʫ ʜʨʫʛʦʿ 

ʩʝʩʠʿʠ 

ʉʣʠʢʘ 6.25 ʋʧʦʨʝʜʥʠ ʧʨʝʛʣʝʜ ʩʚʘ ʪʨʠ ʠʥʜʝʢʩʘ ʟʘ ʠʩʧʠʪʘʥʠʢʘ ʙʨ. 4 ʫ ʧʨʚʦʿ ʩʝʩʠʿʠ 

ʉʣʠʢʘ 6.26 ʋʧʦʨʝʜʥʠ ʧʨʝʛʣʝʜ ʩʚʘ ʪʨʠ ʠʥʜʝʢʩʘ ʟʘ ʠʩʧʠʪʘʥʠʢʘ ʙʨ. 4 ʫ ʜʨʫʛʦʿ 

ʩʝʩʠʿʠ 

ʉʣʠʢʘ 6.27 ʋʧʦʨʝʜʥʠ ʧʨʝʛʣʝʜ ʩʚʘ ʪʨʠ ʠʥʜʝʢʩʘ ʟʘ ʠʩʧʠʪʘʥʠʢʘ ʙʨ. 15 ʫ ʧʨʚʦʿ 

ʩʝʩʠʿʠ 

ʉʣʠʢʘ 6.28 ʋʧʦʨʝʜʥʠ ʧʨʝʛʣʝʜ ʩʚʘ ʪʨʠ ʠʥʜʝʢʩʘ ʟʘ ʠʩʧʠʪʘʥʠʢʘ ʙʨ. 15 ʫ ʜʨʫʛʦʿ 

ʩʝʩʠʿʠ 

ʉʣʠʢʘ 6.29 ʋʧʦʨʝʜʥʠ ʧʨʝʛʣʝʜ ʩʚʘ ʪʨʠ ʠʥʜʝʢʩʘ ʟʘ ʠʩʧʠʪʘʥʠʢʘ ʙʨ. 5 ʫ ʧʨʚʦʿ ʩʝʩʠʿʠ 

ʉʣʠʢʘ 6.30 ʋʧʦʨʝʜʥʠ ʧʨʝʛʣʝʜ ʩʚʘ ʪʨʠ ʠʥʜʝʢʩʘ ʟʘ ʠʩʧʠʪʘʥʠʢʘ ʙʨ. 5 ʫ ʜʨʫʛʦʿ 

ʩʝʩʠʿʠ 

ʉʣʠʢʘ 6.31 ʋʧʦʨʝʜʥʠ ʧʨʝʛʣʝʜ ʩʚʘ ʪʨʠ ʠʥʜʝʢʩʘ ʟʘ ʠʩʧʠʪʘʥʠʢʘ ʙʨ. 9 ʫ ʧʨʚʦʿ ʩʝʩʠʿʠ 

ʉʣʠʢʘ 6.32 ʋʧʦʨʝʜʥʠ ʧʨʝʛʣʝʜ ʩʚʘ ʪʨʠ ʠʥʜʝʢʩʘ ʟʘ ʠʩʧʠʪʘʥʠʢʘ ʙʨ. 9 ʫ ʜʨʫʛʦʿ 

ʩʝʩʠʿʠ 

ʉʣʠʢʘ 6.33 ʈʝʟʫʣʪʘʪʠ ʧʨʘ˂ʝˁʘ ʘʥʛʘʞʦʚʘˁʘ ʩʚʠʭ 15 ʠʩʧʠʪʘʥʠʢʘ ʧʨʝʢʦ ʠʥʜʝʢʩʘ 

ʘʥʛʘʞʦʚʘˁʘ Ei 

ʉʣʠʢʘ 6.34 ʈʝʟʫʣʪʘʪʠ ʧʨʘ˂ʝˁʘ ʘʥʛʘʞʦʚʘˁʘ ʩʚʠʭ 15 ʠʩʧʠʪʘʥʠʢʘ ʧʨʝʢʦ 

ʠʥʜʝʢʩʘ ʘʥʛʘʞʦʚʘˁʘ Ei+theta 

ʉʣʠʢʘ 6.35 ʊʨʘʿʘˁʝ ʩʝʩʠʿʘ ʫ ʪʨʘʜʠʮʠʦʥʘʣʥʦʤ (ʥʝʝʨʛʦʥʦʤʩʢʦʤ ʩʮʝʥʘʨʠʿʫ) 

ʉʣʠʢʘ 6.36 ʊʨʘʿʘˁʝ ʩʝʩʠʿʘ ʫ ʝʨʛʦʥʦʤʩʢʦʤ ʩʮʝʥʘʨʠʿʫ 



V 

ʉʣʠʢʘ 6.37 ʋʢʫʧʥʦ ʚʨʝʤʝ ʪʨʘʿʘˁʘ ʘʢʪʠʚʥʦʩʪʠ- ʣʘʢʰʝ ʰʝʤʝ ʫ ʪʨʘʜʠʮʠʦʥʘʣʥʦʤ 

(ʥʝʝʨʛʦʥʦʤʩʢʦʤ) ʩʮʝʥʘʨʠʿʫ 

ʉʣʠʢʘ 6.38 ʋʢʫʧʥʦ ʚʨʝʤʝ ʪʨʘʿʘˁʘ ʘʢʪʠʚʥʦʩʪʠ - ʣʘʢʰʝ ʰʝʤʝ ʫ ʝʨʛʦʥʦʤʩʢʦʤ 

ʩʮʝʥʘʨʠʿʫ 

ʉʣʠʢʘ 6.39 ʋʢʫʧʥʦ ʚʨʝʤʝ ʪʨʘʿʘˁʘ ʘʢʪʠʚʥʦʩʪʠ - ʪʝʰʢʝ ʰʝʤʝ ʫ 

ʪʨʘʜʠʮʠʦʥʘʣʥʦʤ (ʥʝʝʨʛʦʥʦʤʩʢʦʤ) ʩʮʝʥʘʨʠʿʫ 

ʉʣʠʢʘ 6.40 ʋʢʫʧʥʦ ʚʨʝʤʝ ʪʨʘʿʘˁʘ ʘʢʪʠʚʥʦʩʪʠ - ʪʝʰʢʝ ʰʝʤʝ ʫ ʝʨʛʦʥʦʤʩʢʦʤ 

ʩʮʝʥʘʨʠʿʫ 

ʉʣʠʢʘ 6.41 ʇʨʦʩʝʯʥʦ ʚʨʝʤʝ ʪʨʘʿʘˁʘ ʘʢʪʠʚʥʦʩʪʠ- ʣʘʢʰʝ ʰʝʤʝ ʫ ʥʝʝʨʛʦʥʦʤʩʢʦʤ 

ʩʮʝʥʘʨʠʿʫ 

ʉʣʠʢʘ 6.42 ʇʨʦʩʝʯʥʦ ʚʨʝʤʝ ʪʨʘʿʘˁʘ ʘʢʪʠʚʥʦʩʪʠ- ʣʘʢʰʝ ʰʝʤʝ ʫ ʝʨʛʦʥʦʤʩʢʦʤ 

ʩʮʝʥʘʨʠʿʫ 

ʉʣʠʢʘ 6.43 ʇʨʦʩʝʯʥʦ ʚʨʝʤʝ ʪʨʘʿʘˁʘ ʘʢʪʠʚʥʦʩʪʠ - ʪʝʰʢʝ ʰʝʤʝ ʫ 

ʪʨʘʜʠʮʠʦʥʘʣʥʦʤ (ʥʝʝʨʛʦʥʦʤʩʢʦʤ) ʩʮʝʥʘʨʠʿʫ 

ʉʣʠʢʘ 6.44 ʇʨʦʩʝʯʥʦ ʚʨʝʤʝ ʪʨʘʿʘˁʘ ʘʢʪʠʚʥʦʩʪʠ - ʪʝʰʢʝ ʰʝʤʝ ʫ ʝʨʛʦʥʦʤʩʢʦʤ 

ʩʮʝʥʘʨʠʿʫ 

ʉʣʠʢʘ 6.45 ɹʨʦʿ ʠʩʧʨʘʚʥʦ ʩʘʩʪʘʚˀʝʥʠʭ ʧʨʦʠʟʚʦʜʘ ʫ ʥʝʝʨʛʦʥʦʤʩʢʦʤ ʩʮʝʥʘʨʠʿʫ 

ʉʣʠʢʘ 6.46 ɹʨʦʿ ʠʩʧʨʘʚʥʦ ʩʘʩʪʘʚˀʝʥʠʭ ʧʨʦʠʟʚʦʜʘ ʫ ʝʨʛʦʥʦʤʩʢʦʤ ʩʮʝʥʘʨʠʿʫ 

ʉʣʠʢʘ 6.47 ɹʨʦʿ ʜʝʬʝʢʘʪʘ ʫ ʪʨʘʜʠʮʠʦʥʘʣʥʦʤ (ʥʝʝʨʛʦʥʦʤʩʢʦʤ) ʩʮʝʥʘʨʠʿʫ 

ʉʣʠʢʘ 6.48 ɹʨʦʿ ʜʝʬʝʢʘʪʘ ʫ ʝʨʛʦʥʦʤʩʢʦʤ ʩʮʝʥʘʨʠʿʫ 

ʉʣʠʢʘ 6.49 ʍʠʩʪʦʛʨʘʤ - ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ 

ʉʣʠʢʘ 6.50 ʍʠʩʪʦʛʨʘʤ - ʩʪʘʥʜʘʨʜʥʘ ʜʝʚʠʿʘʮʠʿʘ 

ʉʣʠʢʘ 6.51 ʍʠʩʪʦʛʨʘʤ - ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ 

ʉʣʠʢʘ 6.52 ʍʠʩʪʦʛʨʘʤ - ʩʪʘʥʜʘʨʜʥʘ ʜʝʚʠʿʘʮʠʿʘ 

ʃʠʩʪʘ ʪʘʙʝʣʘ 

 

ʆʟʥʘʢʘ ʅʘʟʠʚ ʪʘʙʝʣʝ 

ʊʘʙʝʣʘ 2.1 ɹʝʥʝʬʠʪʠ ʧʨʠʤʝʥʝ ʪʝʭʥʦʣʦʛʠʿʘ ʀʥʜʫʩʪʨʠʿʝ 4.0 ʥʘ ɹɿʈ 

ʊʘʙʝʣʘ 2.2 ʇʦʨʝʤʝ˂ʘʿʠ, ʬʘʢʪʦʨʠ ʨʠʟʠʢʘ ʥʘ ʨʘʜʫ ʠ ʩʠʤʧʪʦʤʠ 

ʊʘʙʝʣʘ 2.3 
ʇʨʠʭʚʘʪˀʠʚʘ ʦʧʪʝʨʝ˂ʝˁʘ ʠ ʜʦʟʚʦˀʝʥ ʙʨʦʿ ʧʦʥʘʚˀʘˁʘ ʫʥʫʪʘʨ ʩʚʘʢʝ 

ʟʦʥʝ 

ʊʘʙʝʣʘ 5.1 ʆʩʥʦʚʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ MuscleBAN BE ʫʨʝʹʘʿʘ 

ʊʘʙʝʣʘ 5.2 ɸʥʪʨʦʧʦʤʝʪʨʠʿʩʢʠ ʧʦʜʘʮʠ ʟʘ ʩʚʠʭ 15 ʠʩʧʠʪʘʥʠʢʘ ʫ ʠʩʧʠʪʠʚʘˁʫ 

ʊʘʙʝʣʘ 6.1 ʈʝʟʫʣʪʘʪʠ ʧʨʦʮʝʥʝ ʝʨʛʦʥʦʤʩʢʦʛ ʨʠʟʠʢʘ ʈʋʃɸ ʤʝʪʦʜʦʤ 

ʊʘʙʝʣʘ 6.2 ʇʨʦʩʝʯʥʘ ʚʨʝʜʥʦʩʪ ʠʥʜʝʢʩʘ ʤʝʥʪʘʣʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ (MWL) ʟʘ 

ʠʩʧʠʪʘʥʠʢʝ ʙʨ.1 ʠ ʙʨ.2 ʫ ʪʦʢʫ ʦʜʤʦʨʘ ʠ ʦʙʘʚˀʘˁʘ ʤʦʥʪʘʞʥʠʭ 

ʘʢʪʠʚʥʦʩʪʠ 



VI 

ʆʟʥʘʢʘ ʅʘʟʠʚ ʪʘʙʝʣʝ 

ʊʘʙʝʣʘ 6.3 ʂʚʘʥʪʠʬʠʢʘʮʠʿʘ ʤʝʥʪʘʣʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʠ ʘʥʛʘʞʦʚʘˁʘ 

ʠʩʧʠʪʘʥʠʢʘ ʧʨʝʢʦ ʠʥʜʝʢʩʘ MWLi, Ei+theta ʠ Ei 

ʊʘʙʝʣʘ 6.4 ʂʦʝʬʠʮʠʿʝʥʪʠ ʢʦʨʝʣʘʮʠʿʝ 

ʊʘʙʝʣʘ 6.5 ʂʦʝʬʠʮʠʿʝʥʪʠ ʢʦʨʝʣʘʮʠʿʝ 

ʊʘʙʝʣʘ 6.6 ʈʘʟʣʠʢʝ ʧʦ ʩʮʝʥʘʨʠʿʫ 

ʊʘʙʝʣʘ 6.7 ʈʘʟʣʠʢʝ ʠʟʤʝʹʫ ʩʝʩʠʿʘ 

ʊʘʙʝʣʘ 6.8 ʊʨʘʿʘˁʝ ʧʨʚʝ ʠ ʜʨʫʛʝ ʩʝʩʠʿʝ ʫ ʥʝʝʨʛʦʥʦʤʩʢʦʤ ʠ ʝʨʛʦʥʦʤʩʢʦʤ 

ʩʮʝʥʘʨʠʿʫ 

ʊʘʙʝʣʘ 6.9 ʋʢʫʧʥʦ ʚʨʝʤʝ ʪʨʘʿʘˁʘ ʘʢʪʠʚʥʦʩʪʠ - ʣʘʢʰʝ ʰʝʤʝ 

ʊʘʙʝʣʘ 6.10 ʋʢʫʧʥʦ ʚʨʝʤʝ ʪʨʘʿʘˁʘ ʘʢʪʠʚʥʦʩʪʠ - ʪʝʰʢʝ ʰʝʤʝ 

ʊʘʙʝʣʘ 6.11 
ʇʨʦʩʝʯʥʦ ʚʨʝʤʝ ʪʨʘʿʘˁʘ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠʣʠʢʦʤ ʩʢʣʘʧʘˁʘ ʣʘʢhʠʭ 

ʰʝʤʘ ʫ ʥʝʝʨʛʦʥʦʤʩʢʦʤ ʠ ʝʨʛʦʥʦʤʩʢʦʤ ʩʮʝʥʘʨʠʿʫ 

ʊʘʙʝʣʘ 6.12 ʇʨʦʩʝʯʥʦ ʚʨʝʤʝ ʪʨʘʿʘˁʘ ʘʢʪʠʚʥʦʩʪʠ ʪʦʢʦʤ ʩʢʣʘʧʘˁʘ ʪʝʰʢʠʭ 

ʰʝʤʘ ʫ ʪʨʘʜʠʮʠʦʥʘʣʥʦʤ ʠ ʝʨʛʦʥʦʤʩʢʦʤ ʩʮʝʥʘʨʠʿʫ 

ʊʘʙʝʣʘ 6.13 ʋʧʦʨʝʜʥʠ ʧʨʝʛʣʝʜ ʠʩʧʨʘʚʥʦ ʩʘʩʪʘʚˀʝʥʠʭ ʧʨʦʠʟʚʦʜʘ ʫ ʦʙʘ ʩʮʝʥʘʨʠʿʘ 

ʊʘʙʝʣʘ 6.14 ʈʝʟʫʣʪʘʪʠ ʧʨʘ˂ʝˁʘ ʜʝʬʝʢʘʪʘ ʫ ʥʝʝʨʛʦʥʦʤʩʢʦʤ ʠ ʝʨʛʦʥʦʤʩʢʦʤ 

ʩʮʝʥʘʨʠʿʫ 

ʊʘʙʝʣʘ 6.15 ʈʝʟʫʣʪʘʪʠ ʟʘ ʥʝʝʨʛʦʥʦʤʩʢʠ ʩʮʝʥʘʨʠʦ 

ʊʘʙʝʣʘ 6.16 ʈʝʟʫʣʪʘʪʠ ʟʘ ʝʨʛʦʥʦʤʩʢʠ ʩʮʝʥʘʨʠʦ 

ʊʘʙʝʣʘ 6.17 ʆʯʝʢʠʚʘʥʝ ʚʨʝʜʥʦʩʪʠ ʪʨʘʿʘˁʘ ʩʝʩʠʿʝ ʠ ʚʨʝʤʝʥʘ ʠʟʚʨʰʘʚʘˁʘ (ʣʘʢʝ ʠ 

ʪʝʰʢʝ ʰʝʤʝ) ʥʘ ʦʩʥʦʚʫ ʠʟʤʝʨʝʥʠʭ ʧʦʜʘʪʘʢʘ ʫ ʩʧʨʦʚʝʜʝʥʠʤ 

ʝʢʩʧʝʨʠʤʝʥʪʠʤʘ 

ʊʘʙʝʣʘ 6.18 ɺʨʝʤʝ ʧʦʪʨʦʰʝʥʦ ʥʘ ʜʝʬʝʢʪʥʝ ʧʨʦʠʟʚʦʜʝ 

ʊʘʙʝʣʘ 6.19 ɼʝʩʢʨʠʧʪʠʚʥʘ ʩʪʘʪʠʩʪʠʢʘ ʚʨʝʤʝʥʘ ʧʦʪʨʝʙʥʦʛ ʟʘ ʠʟʚʨʰʝˁʝ 

ʤʦʥʪʘʞʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʫ ʥʝʝʨʛʦʥʦʤʩʢʦʤ ʠ ʝʨʛʦʥʦʤʩʢʦʤ ʩʮʝʥʘʨʠʿʫ 

ʫ ʦʙʝ ʩʝʩʠʿʝ 

ʊʘʙʝʣʘ 6.20 
ɼʝʩʢʨʠʧʪʠʚʥʘ ʩʪʘʪʠʩʪʠʢʘ ʚʨʝʤʝʥʘ ʧʦʪʨʝʙʥʦʛ ʟʘ ʠʟʚʨʰʝˁʝ 

ʟʘʜʘʪʢʘ ʫ ʜʚʘ ʩʮʝʥʘʨʠʿʘ ʫ ʦʙʝ ʩʝʩʠʿʝ ʠ ʜʚʘ ʪʠʧʘ ʰʝʤʘ 

ʊʘʙʝʣʘ 6.21 

ɼʝʩʢʨʠʧʪʠʚʥʘ ʩʪʘʪʠʩʪʠʢʘ ʚʨʝʤʝʥʘ ʧʦʪʨʝʙʥʦʛ ʟʘ ʠʟʚʨʰʝˁʝ 

ʟʘʜʘʪʢʘ (ʫ ʜʚʘ ʪʠʧʘ ʰʝʤʘ) ʙʝʟ ʠ ʩʘ ʜʝʬʝʢʪʦʤ ʫ ʥʝʝʨʛʦʥʦʤʩʢʦʤ 

ʩʮʝʥʘʨʠʿʫ ʫ 1. ʩʝʩʠʿʠ 

ʊʘʙʝʣʘ 6.22 

ɼʝʩʢʨʠʧʪʠʚʥʘ ʩʪʘʪʠʩʪʠʢʘ ʚʨʝʤʝʥʘ ʧʦʪʨʝʙʥʦʛ ʟʘ ʤʦʥʪʘʞʫ 

ʠʩʧʨʘʚʥʠʭ ʠ ʜʝʬʝʢʪʥʠʭ ʜʝʣʦʚʘ ʫ ʜʚʘ ʪʠʧʘ ʰʝʤʘ ʫ ʥʝʝʨʛʦʥʦʤʩʢʦʤ 

ʩʮʝʥʘʨʠʿʫ ʫ 2. ʩʝʩʠʿʠ 

ʊʘʙʝʣʘ 6.23 

ɼʝʩʢʨʠʧʪʠʚʥʘ ʩʪʘʪʠʩʪʠʢʘ ʚʨʝʤʝʥʘ ʧʦʪʨʝʙʥʦʛ ʟʘ ʤʦʥʪʘʞʫ 

ʠʩʧʨʘʚʥʠʭ ʠ ʜʝʬʝʢʪʥʠʭ ʜʝʣʦʚʘ ʫ ʜʚʘ ʪʠʧʘ ʰʝʤʘ ʫ ʝʨʛʦʥʦʤʩʢʦʤ 

ʩʮʝʥʘʨʠʿʫ ʫ 1. ʩʝʩʠʿʠ 
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ʆʟʥʘʢʘ ʅʘʟʠʚ ʪʘʙʝʣʝ 

ʊʘʙʝʣʘ 6.24 

ɼʝʩʢʨʠʧʪʠʚʥʘ ʩʪʘʪʠʩʪʠʢʘ ʚʨʝʤʝʥʘ ʧʦʪʨʝʙʥʦʛ ʟʘ ʤʦʥʪʘʞʫ 

ʠʩʧʨʘʚʥʠʭ ʠ ʜʝʬʝʢʪʥʠʭ ʜʝʣʦʚʘ ʫ ʜʚʘ ʪʠʧʘ ʰʝʤʘ ʫ ʝʨʛʦʥʦʤʩʢʦʤ 

ʩʮʝʥʘʨʠʿʫ ʫ 2. ʩʝʩʠʿʠ 

ʊʘʙʝʣʘ 6.25 ʈʘʟʣʠʢʝ ʠʟʤʝʹʫ ʩʝʩʠʿʘ 

ʊʘʙʝʣʘ 6.26 ʈʘʟʣʠʢʝ ʠʟʤʝʹʫ ʰʝʤʘ 

ʊʘʙʝʣʘ 6.27 
ʈʘʟʣʠʢʝ ʫ ʚʨʝʤʝʥʫ ʧʦʪʨʝʙʥʦʤ ʟʘ ʤʦʥʪʘʞʫ ʠʩʧʨʘʚʥʠʭ ʜʝʣʦʚʘ ʠ 

ʜʝʬʝʢʪʥʠʭ ʜʝʣʦʚʘ 

ʃʠʩʪʘ ʩʢʨʘ˂ʝʥʠʮʘ 

 

ʉʢʨʘ˂ʝʥʠʮʘ ɿʥʘʯʝˁʝ 

BAT ʝʥʛʣ. Brain Activity Tracker 

ɹɿʈ ʙʝʟʙʝʜʥʦʩʪ ʠ ʟʜʨʘʚˀʝ ʥʘ ʨʘʜʫ 

DHM ʝʥʛʣ. digital human modeling 

DMQ ʝʥʛʣ. Dutch Musculoskeletal Questionnaire 

ɽɽɻ ʝʣʝʢʪʨʦʝʥʮʝʬʘʣʦʛʨʘʬʠʿʘ 

Ei ʝʥʛʣ. Engagement Index 

ɽʄɻ ʝʣʝʢʪʨʦʤʠʦʛʨʘʬʠʿʘ 

HF/E ʝʥʛʣ. Human Factors and Ergonomics 

MAV ʝʥʛʣ. mean absolute value 

ʄʉʇ ʤʘʣʘ ʠ ʩʨʝʜˁʘ ʧʨʝʜʫʟʝ˂ʘ 

MWL ʝʥʛʣ. Mental Work Load 

MWLi ʝʥʛʣ. Mental Workload Index 

NIOSH ʝʥʛʣ. National Institute for Occupational Safety and Health 

OCRA ʝʥʛʣ. Occupational Repetitive Action 

QEC ʝʥʛʣ. Quick Exposure Checklist 

PDCA ʝʥʛʣ. Plan-Do-Check-Act 

PLC ʝʥʛʣ. Programmable Logic Controller 

REBA ʝʥʛʣ. Rapid Entire Body Assessment 

RULA ʝʥʛʣ. Rapid Upper Limb Assessment 

RMS ʝʥʛʣ. Root Mean Square 

TA ʝʥʛʣ. Task Activity 

TQM ʝʥʛʣ. Total Quality Management 

WHO ʝʥʛʣ. world health organization 

WRMSDS ʝʥʛʣ. work related musculoskeletal disorder statistics  
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ʇʨʝʛʣʝʜ ʩʪʨʘʥʠʭ ʨʝʯʠ ʠ ʠʟʨʘʟʘ 

 

artificial intelligence ʝʥʛʣʝʩʢʠ ʚʝʰʪʘʯʢʘ ʠʥʪʝʣʠʛʝʥʮʠʿʘ 

assembly workstation 4.0 ʝʥʛʣʝʩʢʠ ʨʘʜʥʘ ʩʪʘʥʠʮʘ ʟʘ ʤʦʥʪʘʞʫ 4.0 

augmented reality ʝʥʛʣʝʩʢʠ ʧʨʦʰʠʨʝʥʘ ʩʪʚʘʨʥʦʩʪ 

beta divided by alpha power ʝʥʛʣʝʩʢʠ ʢʦʣʠʯʥʠʢ ʙʝʪʘ ʩʥʘʛʝ ʠ ʘʣʬʘ ʩʥʘʛʝ 

beta power divided by the sum 

of alpha and theta power 
ʝʥʛʣʝʩʢʠ 

ʦʜʥʦʩ ʙʝʪʘ ʩʥʘʛʝ ʠ ʟʙʠʨʘ ʘʣʬʘ ʠ 

ʪʝʪʘ ʩʥʘʛʝ 

big data ʝʥʛʣʝʩʢʠ ʚʝʣʠʢʠ ʧʦʜʘʮʠ 

brain activity tracker ʝʥʛʣʝʩʢʠ ʧʨʘʪʠʣʘʮ ʘʢʪʠʚʥʦʩʪʠ ʤʦʟʛʘ 

cloud computing ʝʥʛʣʝʩʢʠ ʨʘʯʫʥʘʨʩʪʚʦ ʫ ʦʙʣʘʢʫ 

cognitive load index ʝʥʛʣʝʩʢʠ ʠʥʜʝʢʩ ʢʦʛʥʠʪʠʚʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ 

collaborative robots ʝʥʛʣʝʩʢʠ ʢʦʣʘʙʦʨʘʪʠʚʥʠ ʨʦʙʦʪʠ 

create flow ʝʥʛʣʝʩʢʠ 
ʢʨʝʠʨʘˁʝ ʪʦʢʘ ʚʨʝʜʥʦʩʪʠ 

ʧʨʦʠʟʚʦʜˁʝ 

cycle-time ʝʥʛʣʝʩʢʠ ʨʘʜʥʠ ʮʠʢʣʫʩ 

digital human modeling ʝʥʛʣʝʩʢʠ ʜʠʛʠʪʘʣʥʦ ʤʦʜʝʣʠʨʘˁʝ ˀʫʜʠ 

Engagement Index ʝʥʛʣʝʩʢʠ ʀʥʜʝʢʩ ʘʥʛʘʞʦʚʘˁʘ 

ergonomics - evaluation of 

static working postures 
ʝʥʛʣʝʩʢʠ 

ʝʨʛʦʥʦʤʠʿʘ - ʧʨʦʮʝʥʘ ʩʪʘʪʠʯʢʠʭ 

ʨʘʜʥʠʭ ʧʦʣʦʞʘʿʘ 

establish pull ʝʥʛʣʝʩʢʠ 
ʧʦʚʣʘʯʝˁʝ ʧʨʦʠʟʚʦʜʘ ʢʨʦʟ ʮʝʣʫ 

ʧʨʦʠʟʚʦʜˁʫ 

evaluation of working 

postures and movements in 

relation to machinery 

ʝʥʛʣʝʩʢʠ 
ʦʮʝʥʘ ʧʦʣʦʞʘʿʘ ʪʝʣʘ ʠ ʧʦʢʨʝʪʘ ʫ 

ʦʜʥʦʩʫ ʥʘ ʤʘʰʠʥʝ 

functional magnetic 

resonance 
ʝʥʛʣʝʩʢʠ ʬʫʥʢʮʠʦʥʘʣʥʘ ʤʘʛʥʝʪʥʘ ʨʝʟʦʥʘʥʮʘ 

human factors and 

ergonomics 
ʝʥʛʣʝʩʢʠ ˀʫʜʩʢʠ ʬʘʢʪʦʨ ʠ ʝʨʛʦʥʦʤʠʿʘ 

human factor engineering ʝʥʛʣʝʩʢʠ ʠʥʞʝˁʝʨʠʥʛ ˀʫʜʩʢʦʛ ʬʘʢʪʦʨʘ 

identify value ʝʥʛʣʝʩʢʠ ʜʝʬʠʥʠʩʘˁʝ ʚʨʝʜʥʦʩʪʠ ʧʨʦʠʟʚʦʜʘ 

international ergonomics 

association 
ʝʥʛʣʝʩʢʠ 

ʤʝʹʫʥʘʨʦʜʥʘ ʘʩʦʮʠʿʘʮʠʿʘ ʟʘ 

ʝʨʛʦʥʦʤʠʿʫ 

internet of things ʝʥʛʣʝʩʢʠ ʠʥʪʝʨʥʝʪ ʩʪʚʘʨʠ 

magnetoencephalography ʝʥʛʣʝʩʢʠ ʤʘʛʥʝʪʦʝʥʮʝʬʘʣʦʛʨʘʬʠʿʘ 

ʤap the value stream ʝʥʛʣʝʩʢʠ ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʪʦʢʘ ʚʨʝʜʥʦʩʪʠ 

mean ʝʥʛʣʝʩʢʠ ʩʨʝʜˁʘ ʬʨʝʢʚʝʥʮʠʿʘ 

mean absolute value ʝʥʛʣʝʩʢʠ ʩʨʝʜˁʘ ʘʧʩʦʣʫʪʥʘ ʚʨʝʜʥʦʩʪ 

median ʝʥʛʣʝʩʢʠ ʤʝʜʠʿʘʥʘ 

mental work load ʝʥʛʣʝʩʢʠ ʤʝʥʪʘʣʥʦ ʦʧʪʝʨʝ˂ʝˁʝ 
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mental workload index ʝʥʛʣʝʩʢʠ ʠʥʜʝʢʩ ʤʝʥʪʘʣʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ 

NASA task load index ʝʥʛʣʝʩʢʠ NASA ʠʥʜʝʢʩ ʦʧʪʝʨʝ˂ʝˁʘ ʟʘʜʘʪʢʦʤ 

National Institute for 

Occupational Safety and 

Health 

ʝʥʛʣʝʩʢʠ 
ɸʤʝʨʠʯʢʠ ʅʘʮʠʦʥʘʣʥʠ ʠʥʩʪʠʪʫʪ ʟʘ 

ʙʝʟʙʝʜʥʦʩʪ ʠ ʟʜʨʘʚˀʝ ʥʘ ʨʘʜʫ 

participatory ergonomics ʝʥʛʣʝʩʢʠ ʧʘʨʪʠʮʠʧʘʪʠʚʥʘ ʝʨʛʦʥʦʤʠʿʘ 

plan-do-check-act ʝʥʛʣʝʩʢʠ 
ʧʣʘʥʠʨʘˁʝ, ʧʨʠʤʝʥʘ, ʧʨʦʚʝʨʘ ʠ 

ʜʝʣʦʚʘˁʝ 

programmable logic controller ʝʥʛʣʝʩʢʠ 
ʧʨʦʛʨʘʤʠʙʠʣʥʠ ʣʦʛʠʯʢʠ ʫʧʨʘʚˀʘʯʢʠ 

ʫʨʝʹʘʿ 

risk assessment for repetitive 

handling at high frequency 
ʝʥʛʣʝʩʢʠ 

ʧʨʦʮʝʥʘ ʨʠʟʠʢʘ ʟʘ ʧʦʥʘʚˀʘʿʫ˂ʝ 

ʘʢʪʠʚʥʦʩʪʠ ʨʫʢʦʚʘˁʘ ʥʘ ʚʠʩʦʢʦʿ 

ʬʨʝʢʚʝʥʮʠʿʠ 

root mean square ʝʥʛʣʝʩʢʠ ʩʨʝʜˁʠ ʢʚʘʜʨʘʪʥʠ ʢʦʨʝʥ 

safety of machinery - human 

physical performance 
ʝʥʛʣʝʩʢʠ 

ʙʝʟʙʝʜʥʦʩʪ ʤʘʰʠʥʘ - ʬʠʟʠʯʢʝ 

ʧʝʨʬʦʨʤʘʥʩʝ ˀʫʜʠ 

seek prefection ʝʥʛʣʝʩʢʠ ʪʝʞˁʘ ʢʘ ʩʘʚʨʰʝʥʩʪʚʫ 

seiketsu ʿʘʧʘʥʩʢʠ ʩʪʘʥʜʘʨʜʠʟʦʚʘʪʠ 

seiri ʿʘʧʘʥʩʢʠ ʩʦʨʪʠʨʘʪʠ 

seison ʿʘʧʘʥʩʢʠ ʦʯʠʩʪʠʪʠ 

seiton ʿʘʧʘʥʩʢʠ ʦʨʛʘʥʠʟʦʚʘʪʠ 

shitsuke ʿʘʧʘʥʩʢʠ ʦʜʨʞʠʚʦʩʪ 

subjective workload 

assessment technique 
ʝʥʛʣʝʩʢʠ 

ʩʫʙʿʝʢʪʠʚʥʘ ʪʝʭʥʠʢʘ ʧʨʦʮʝʥʝ 

ʦʧʪʝʨʝ˂ʝˁʘ 

takt-time ʝʥʛʣʝʩʢʠ ʚʨʝʤʝ ʪʘʢʪʘ 

task activity ʝʥʛʣʝʩʢʠ ʘʢʪʠʚʥʦʩʪ ʟʘʜʘʪʘʢʘ 

three-way repeated measures 

ANOVA 
ʝʥʛʣʝʩʢʠ 

ʪʨʦʬʘʢʪʦʨʩʢʘ ʘʥʘʣʠʟʘ ʚʘʨʠʿʘʥʩʝ ʟʘ 

ʧʦʥʦʚˀʝʥʘ ʤʝʨʝˁʘ 

Total Quality Management ʝʥʛʣʝʩʢʠ ʊʦʪʘʣʥʦ ʫʧʨʘʚˀʘˁʝ ʢʚʘʣʠʪʝʪʦʤ 

two-way repeated measures 

ANOVA 
ʝʥʛʣʝʩʢʠ 

ʜʚʦʬʘʢʪʦʨʩʢʘ ʘʥʘʣʠʟʘ ʚʘʨʠʿʘʥʩʝ ʟʘ 

ʧʦʥʦʚˀʝʥʘ ʤʝʨʝˁʘ 

virtual reality ʝʥʛʣʝʩʢʠ ʚʠʨʪʫʝʣʥʘ ʨʝʘʣʥʦʩʪ 

waste ʝʥʛʣʝʩʢʠ ʦʪʧʘʜ 

wellbeing ʝʥʛʣʝʩʢʠ ʙʣʘʛʦʩʪʘˁʝ ʨʘʜʥʠʢʘ 

work related musculoskeletal 

disorder statistics 
ʝʥʛʣʝʩʢʠ 

ʩʪʘʪʠʩʪʠʢʘ- ʨʘʜʦʤ ʠʟʘʟʚʘʥʠ 

ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠ ʧʦʨʝʤʝ˂ʘʿʠ 

world health organization ʝʥʛʣʝʩʢʠ ʩʚʝʪʩʢʘ ʟʜʨʘʚʩʪʚʝʥʘ ʦʨʛʘʥʠʟʘʮʠʿʘ 
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1. ʋɺʆɼʅɸ ʈɸɿʄɸʊʈɸɳɸ 

 

 

 

 

ʋ ʜʘʥʘʰˁʝʤ ʢʦʥʢʫʨʝʥʪʥʦʤ ʠ ʪʨʞʠʰʥʦ ʦʨʿʝʥʪʠʩʘʥʦʤ ʧʦʩʣʦʚʥʦʤ ʦʢʨʫʞʝˁʫ, ʩʚʘʢa 

ʦʨʛʘʥʠʟʘʮʠʿʘ ʢʦʿʘ ʧʦʩʣʫʿʝ ʫ ʩʢʣʘʜʫ ʩʘ lean ʧʨʠʥʮʠʧʠʤʘ ʪʝʞʠ ʜʘ ʫʥʘʧʨʝʜʠ ʝʬʠʢʘʩʥʦʩʪ ʠ 

ʝʬʝʢʪʠʚʥʦʩʪ, ʦʧʪʠʤʠʟʫʿʝ ʧʨʦʠʟʚʦʜʥʝ ʧʨʦʮʝʩʝ ʢʨʦʟ ʩʢʨʘ˂ʠʚʘˁʝ ʚʨʝʤʝʥʘ ʪʘʢʪʘ (ʝʥʛʣ. takt-

time), ʧʦʙʦˀʰʘˁʝ ʢʚʘʣʠʪʝʪʘ ʧʨʦʠʟʚʦʜʘ, ʝʣʠʤʠʥʠʩʘˁʝ ʩʚʠʭ ʦʙʣʠʢʘ ʛʫʙʠʪʘʢʘ ʠ ʪʨʦʰʢʦʚʘ 

(ʝʥʛʣ. waste) ʫ ʧʨʦʠʟʚʦʜʥʦʤ ʧʨʦʮʝʩʫ ʢʘʢʦ ʙʠ ʩʝ ʫʩʧʦʩʪʘʚʠʣʦ ʢʦʥʪʠʥʫʠʨʘʥʦ ʫʥʘʧʨʝʹʝˁʝ 

ʧʦʩʣʦʚʘˁʘ ʠ ʧʦʙʦˀʰʘʦ ʢʚʘʣʠʪʝʪ ʧʨʦʠʟʚʦʜʘ. 

ɼʘ ʙʠ ʦʩʪʘʣʠ ʢʦʥʢʫʨʝʥʪʥʠ, ʩʘʚʨʝʤʝʥʠ ʠʥʜʫʩʪʨʠʿʩʢʠ ʩʠʩʪʝʤʠ ʤʦʨʘʿʫ ʜʘ ʙʫʜʫ 

ʩʧʦʩʦʙʥʠ ʜʘ ʦʜʛʦʚʦʨʝ ʥʘ ʚʠʩʦʢʝ ʟʘʭʪʝʚʝ ʠ ʦʯʝʢʠʚʘˁʘ ʢʫʧʘʮʘ ʢʨʦʟ ʧʨʦʠʟʚʦʜˁʫ 

ʿʝʜʠʥʩʪʚʝʥʠʭ ʧʝʨʩʦʥʘʣʠʟʦʚʘʥʠʭ ʧʨʦʠʟʚʦʜʘ ʙʝʟ ʜʝʬʝʢʘʪʘ ʧʦ ʢʦʥʢʫʨʝʥʪʥʠʤ ʮʝʥʘʤʘ. 

ʂʫʧʮʠ ʦʯʝʢʫʿʫ ʧʨʦʠʟʚʦʜʝ ʢʦʿʠ ʩʫ ʙʝʟ ʜʝʬʝʢʘʪʘ ʠ ʢʦʿʠ ʥʝ ʟʘʭʪʝʚʘʿʫ ʜʦʜʘʪʥʝ ʧʦʧʨʘʚʢʝ ʠ 

ʤʦʜʠʬʠʢʘʮʠʿʝ. ʇʦʙʦˀʰʘˁʝ ʢʚʘʣʠʪʝʪʘ ʬʠʥʘʣʥʠʭ ʧʨʦʠʟʚʦʜʘ ʩʘ ʿʝʜʥʝ ʩʪʨʘʥʝ ʠʤʘ ʢˀʫʯʥʫ 

ʫʣʦʛʫ ʫ ʧʦʚʝ˂ʘˁʫ ʟʘʜʦʚʦˀʩʪʚʘ ʢʫʧʘʮʘ ʠ ʦʜʨʞʘʚʘˁʫ ʣʦʿʘʣʥʦʩʪʠ, ʘ ʩʘ ʜʨʫʛʝ ʩʪʨʘʥʝ ʫ 

ʩʤʘˁʝˁʫ ʪʨʦʰʢʦʚʘ ʫʩʣʝʜ ʨʝʢʣʘʤʘʮʠʿʘ, ʤʦʜʠʬʠʢʘʮʠʿʝ ʧʨʦʠʟʚʦʜʘ ʠʪʜ.  

ʊʘʢʦʹʝ, ʩʘʚʨʝʤʝʥʠ ʠʥʜʫʩʪʨʠʿʩʢʠ ʩʠʩʪʝʤʠ ʩʫ ʩʚʝ ʚʠʰʝ ʩʚʝʩʥʠ ʚʘʞʥʦʩʪʠ 

ʧʦʙʦˀʰʘˁʘ ʩʠʩʪʝʤʘ ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʘ ʥʘ ʨʘʜʫ (ɹɿʈ). ɹɿʈ ʧʨʝʜʩʪʘʚˀʘ ʢˀʫʯʥʫ 

ʢʦʤʧʦʥʝʥʪʫ ʧʦʩʪʠʟʘˁʘ ʜʫʛʦʨʦʯʥʦʛ ʫʩʧʝʭʘ ʦʨʛʘʥʠʟʘʮʠʿʝ. ʋʩʣʦʚʠ ʫ ʢʦʿʠʤʘ ʨʘʜʥʠʮʠ 

ʦʙʘʚˀʘʿʫ ʨʘʜʥʝ ʘʢʪʠʚʥʦʩʪʠ ʦʩʪʚʘʨʫʿʫ ʜʠʨʝʢʪʘʥ ʫʪʠʮʘʿ ʥʘ ʝʢʦʥʦʤʩʢʝ ʧʦʢʘʟʘʪʝˀʝ 

ʧʦʩʣʦʚʘˁʘ - ʧʨʦʜʫʢʪʠʚʥʦʩʪ, ʝʬʠʢʘʩʥʦʩʪ ʠ ʝʬʝʢʪʠʚʥʦʩʪ. ʄʠʥʠʤʠʟʠʨʘˁʝ ʝʨʛʦʥʦʤʩʢʠʭ 

ʨʠʟʠʢʘ ʠ ʩʪʚʘʨʘˁʝ ʪʘʢʚʠʭ ʨʘʜʥʠʭ ʫʩʣʦʚʘ ʫ ʢʦʿʠʤʘ ʙʠ ʨʘʜʥʠʮʠ ʠʤʘʣʠ ʦʩʝ˂ʘʿ ʟʘʜʦʚʦˀʩʪʚʘ 

ʜʠʨʝʢʪʥʦ ʜʦʧʨʠʥʦʩʠ ʧʦʚʝ˂ʘˁʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, ʩʤʘˁʝˁʫ ʪʨʦʰʢʦʚʘ ʠ ʧʦʚʝ˂ʘˁʫ 

ʢʚʘʣʠʪʝʪʘ ʬʠʥʘʣʥʠʭ ʧʨʦʠʟʚʦʜʘ. 

ʇʦʙʦˀʰʘˁʝ ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʘ ʥʘ ʨʘʜʫ, ʩʤʘˁʝˁʝ ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ ʠ 

ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ ʙʦʣʝʩʪʠ ʠ ʫʥʘʧʨʝʹʝˁʝ ʝʨʛʦʥʦʤʩʢʠʭ ʫʩʣʦʚʘ ʿʝ ʟʘʢʦʥʩʢʘ ʦʙʘʚʝʟʘ ʩʚʘʢʦʛ 

ʧʨʝʜʫʟʝ˂ʘ. ʇʦʩʣʝʜˁʠʭ ʥʝʢʦʣʠʢʦ ʛʦʜʠʥʘ, ʦʚʘ ʦʙʣʘʩʪ ʠʩʪʨʘʞʠʚʘˁʘ ʜʦʙʠʿʘ ʩʚʝ ʚʝ˂ʠ ʟʥʘʯʘʿ 

ʫʩʣʝʜ ʟʥʘʯʘʿʥʦʛ ʫʪʠʮʘʿʘ ʥʘ ʝʬʠʢʘʩʥʦʩʪ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪ ʩʠʩʪʝʤʘ. ʋ ʩʪʘʥʜʘʨʜʫ ISO 45001 

ʩʝ ʧʨʦʤʦʚʠʰʝ ʚʘʞʥʦʩʪ ʩʧʨʦʚʦʹʝˁʘ ʧʨʝʚʝʥʪʠʚʥʠʭ ʤʝʨʘ ʫ ʮʠˀʫ ʩʤʘˁʝˁʘ ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ, 

ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ ʦʙʦˀʝˁʘ ʠʣʠ ʥʘʨʫʰʘʚʘˁʘ ʟʜʨʘʚˀʘ ʨʘʜʥʠʢʘ (BSI: ISO 45001). ʆʚʝ 

ʧʨʝʚʝʥʪʠʚʥʝ ʤʝʨʝ ʙʠ ʪʨʝʙʘʣʦ ʜʘ ʩʝ ʩʧʨʦʚʦʜʝ ʢʦʥʪʠʥʫʠʨʘʥʦ - ʧʨʝ ʧʦʯʝʪʢʘ ʦʙʘʚˀʘˁʘ 

ʨʘʜʥʠʭ ʘʢʪʠʚʥʦʩʪʠ, ʪʦʢʦʤ ʠʟʚʦʹʝˁʘ ʨʘʜʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʠ ʧʨʠʣʠʢʦʤ ʧʨʦʤʝʥʝ ʨʘʜʥʠʭ 

ʘʢʪʠʚʥʦʩʪʠ. 

ɿʥʘʯʘʿ ʫʥʘʧʨʝʹʝˁʘ ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʘ ʥʘ ʨʘʜʫ ʤʦʞʝ ʩʝ ʩʘʛʣʝʜʘʪʠ ʩʘ ʭʫʤʘʥʦʛ, 

ʩʦʮʠʿʘʣʥʦʛ ʠ ʝʢʦʥʦʤʩʢʦʛ ʘʩʧʝʢʪʘ. ʈʘʜ ʫ ʭʫʤʘʥʠʤ ʫʩʣʦʚʠʤʘ ʧʨʝʜʩʪʘʚˀʘ ʟʘʜʦʚʦˀʩʪʚʦ ʟʘ 

ʩʚʘʢʦʛ ʧʦʿʝʜʠʥʮʘ ʠ ʟʘ ʜʨʫʰʪʚʦ ʫ ʮʝʣʠʥʠ. ɼʨʫʰʪʚʝʥʠ ʟʥʘʯʘʿ ʫʥʘʧʨʝʹʝˁʘ ɹɿʈ ʦʛʣʝʜʘ ʩʝ 

ʢʨʦʟ ʢʦʥʪʠʥʫʠʨʘʥʫ ʪʝʞˁʫ ʜʘ ʩʝ ʩʤʘˁʝ ʧʦʚʨʝʜʝ ʥʘ ʨʘʜʫ, ʧʨʦʬʝʩʠʦʥʘʣʥʝ ʙʦʣʝʩʪʠ ʠ ʜʨʫʛʝ 

ʙʦʣʝʩʪʠ ʧʦʚʝʟʘʥʝ ʩʘ ʨʘʜʦʤ. ɽʢʦʥʦʤʩʢʘ ʜʠʤʝʥʟʠʿʘ ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʘ ʥʘ ʨʘʜʫ 

ʩʘʛʣʝʜʘʚʘ ʩʝ ʢʨʦʟ ʧʦʩʣʝʜʠʮʝ ʢʦʿʝ ʥʘʩʪʘʿʫ ʫʩʣʝʜ ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ, ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ 

ʦʙʦˀʝˁʘ ʠ ʜʨʫʛʠʭ ʙʦʣʝʩʪʠ ʧʦʚʝʟʘʥʠʭ ʩʘ ʨʘʜʦʤ ʠ ʠʟʨʘʞʘʚʘ ʩʝ ʦʜʨʝʹʝʥʠʤ ʬʠʥʘʥʩʠʿʩʢʠʤ 

ʧʦʢʘʟʘʪʝˀʠʤʘ ʢʦʿʠ ʟʘʚʠʩʝ ʦʜ ʙʨʦʿʘ ʠ ʪʝʞʠʥʝ ʪʘʢʚʠʭ ʩʣʫʯʘʿʝʚʘ.  
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ʋ ʯʝʪʚʨʪʦʿ ʠʥʜʫʩʪʨʠʿʩʢʦʿ ʨʝʚʦʣʫʮʠʿʠ ʙʝʟʙʝʜʥʦʩʪ ʠ ʟʜʨʘʚˀʝ ʥʘ ʨʘʜʫ ʠ ʝʨʛʦʥʦʤʠʿʘ 

ʠʤʘʿʫ ʧʦʩʝʙʥʦ ʟʥʘʯʘʿʥʫ ʫʣʦʛʫ. ʏʝʪʚʨʪʘ ʠʥʜʫʩʪʨʠʿʩʢʘ ʨʝʚʦʣʫʮʠʿʘ ʧʦʜʨʘʟʫʤʝʚʘ 

ʩʚʝʦʙʫʭʚʘʪʥʫ ʪʨʘʥʩʬʦʨʤʘʮʠʿʫ ʠʥʜʫʩʪʨʠʿʩʢʝ ʧʨʦʠʟʚʦʜˁʝ ʠ ʧʦʪʧʫʥʫ ʘʫʪʦʤʘʪʠʟʘʮʠʿʫ ʠ 

ʜʠʛʠʪʘʣʠʟʘʮʠʿʫ ʧʨʦʠʟʚʦʜʥʠʭ ʧʨʦʮʝʩʘ ʢʨʦʟ ʫʚʦʹʝˁʝ ʠʥʦʚʘʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʧʦʧʫʪ 

ʢʦʣʘʙʦʨʘʪʠʚʥʠʭ ʨʦʙʦʪʘ, ʠʥʪʝʨʥʝʪʘ ʩʪʚʘʨʠ, ʧʨʦʰʠʨʝʥʝ ʩʪʚʘʨʥʦʩʪʠ, ʚʠʨʪʫʘʣʥʝ ʨʝʘʣʥʦʩʪʠ 

ʠ ʜʨ. 

ʇʨʠʤʝʥʘ ʠʥʦʚʘʪʠʚʥʠʭ ʜʠʛʠʪʘʣʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʠ ʥʘʧʨʝʜʥʠʭ ʠʥʬʦʨʤʘʮʠʦʥʦ-

ʢʦʤʫʥʠʢʘʮʠʦʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʀʥʜʫʩʪʨʠʿʝ 4.0 ʜʦʧʨʠʥʦʩʠ ʧʦʙʦˀʰʘˁʫ ʝʬʠʢʘʩʥʦʩʪʠ ʠ 

ʝʬʝʢʪʠʚʥʦʩʪʠ ʦʙʘʚˀʘˁʘ ʤʦʥʪʘʞʥʠʭ ʘʢʪʠʚʥʦʩʪʠ. ʋ ʧʘʤʝʪʥʦʤ ʨʘʜʥʦʤ ʦʢʨʫʞʝˁʫ ʩʚʠ 

ʝʥʪʠʪʝʪʠ (ʤʘʰʠʥʝ, ʘʣʘʪʠ, ʫʨʝʹʘʿʠ) ʩʫ ʤʝʹʫʩʦʙʥʦ ʧʦʚʝʟʘʥʠ ʰʪʦ ʦʣʘʢʰʘʚʘ ˁʠʭʦʚʫ 

ʢʦʥʪʨʦʣʫ ʠ ʧʨʘ˂ʝˁʝ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ (Burggräf, 2020).  

ɱʝʜʘʥ ʦʜ ʛʣʘʚʥʠʭ ʮʠˀʝʚʘ ʀʥʜʫʩʪʨʠʿʝ 4.0, ʧʦʨʝʜ ʧʦʙʦˀʰʘˁʘ ʝʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʠʟʚʦʜʥʠʭ ʧʨʦʮʝʩʘ, ʿʝʩʪʝ ʫʥʘʧʨʝʹʝˁʝ ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʘ. ʆʚʘʿ ʮʠˀ ʩʝ ʧʦʩʪʠʞʝ 

ʢʨʦʟ ʝʣʠʤʠʥʠʩʘˁʝ ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ, ʤʠʥʠʤʠʟʠʨʘˁʝ ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ ʦʙʦˀʝˁʘ ʠ ʦʙʦˀʝˁʘ 

ʫ ʚʝʟʠ ʩʘ ʨʘʜʦʤ, ʤʠʥʠʤʠʟʠʨʘˁʝ ʥʝʣʘʛʦʜʥʦʩʪʠ ʠ ʩʪʨʝʩʘ. ɹʝʟʙʝʜʥʦʩʪ 4.0 ʧʨʝʜʩʪʘʚˀʘ ʧʦʤʘʢ 

ʢʘ ʧʨʠʩʪʫʧʫ ʙʝʟʙʝʜʥʦʩʪʠ ʥʘ ʨʘʜʥʦʤ ʤʝʩʪʫ ʟʘʩʥʦʚʘʥʦʤ ʥʘ ʘʥʘʣʠʟʠ ʚʝʣʠʢʠʭ ʧʦʜʘʪʘʢʘ ʠ 

ʧʨʠʤʝʥʠ ʠʥʦʚʘʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ. ʀʥʪʝʣʠʛʝʥʪʥʠ ʥʦʩʠʚʠ ʫʨʝʹʘʿʠ ʠ ʜʨʫʛʝ ʪʝʭʥʦʣʦʛʠʿʝ 

ʀʥʜʫʩʪʨʠʿʝ 4.0 ʦʤʦʛʫ˂ʘʚʘʿʫ ʧʨʘ˂ʝˁʝ ʚʠʪʘʣʥʠʭ ʟʜʨʘʚʩʪʚʝʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʠ ʣʦʢʘʮʠʿʝ 

ʨʘʜʥʠʢʘ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ ʠ ʠʜʝʥʪʠʬʠʢʦʚʘˁʝ ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʨʠʟʠʢʘ (ʥʘ ʧʨʠʤʝʨ, 

ʫʪʚʨʹʠʚʘˁʝ ʠʟʣʦʞʝʥʦʩʪʠ ʰʪʝʪʥʦʩʪʠʤʘ ʠ ʦʧʘʩʥʠʤ ʤʘʪʝʨʠʿʘʤʘ). 

ʀʘʢʦ ʩʫ ʤʥʦʛʠ ʧʨʦʠʟʚʦʜʥʠ ʧʨʦʮʝʩʠ ʫ ʩʘʚʨʝʤʝʥʠʤ ʠʥʜʫʩʪʨʠʿʩʢʠʤ ʩʠʩʪʝʤʠʤʘ 

ʘʫʪʦʤʘʪʠʟʦʚʘʥʠ ʠ ʜʠʛʠʪʘʣʠʟʦʚʘʥʠ, ʦʜʨʝʹʝʥʠ ʨʘʜʥʠ ʟʘʜʘʮʠ ʠ ʦʧʝʨʘʮʠʿʝ ʩʝ ʠ ʜʘˀʝ ʤʦʨʘʿʫ 

ʦʙʘʚˀʘʪʠ ʨʫʯʥʦ ʫʩʣʝʜ ˁʠʭʦʚʝ ʩʣʦʞʝʥʦʩʪʠ ʠ ʦʛʨʘʥʠʯʝʥʝ ʬʣʝʢʩʠʙʠʣʥʦʩʪʠ. ʆʚʦ ʿʝ ʧʦʩʝʙʥʦ 

ʧʨʠʤʝʪʥʦ ʢʦʜ ʤʦʥʦʪʦʥʠʭ, ʧʦʥʘʚˀʘʿʫ˂ʠʭ, ʬʠʟʠʯʢʠ ʟʘʤʦʨʥʠʭ ʟʘʜʘʪʘʢʘ ʠ ʘʢʪʠʚʥʦʩʪʠ ʢʦʿʝ 

ʨʘʜʥʠʮʠ ʦʙʘʚˀʘʿʫ ʥʘ ʪʨʘʜʠʮʠʦʥʘʣʥʠʤ ʨʘʜʥʠʤ ʩʪʘʥʠʮʘʤʘ ʟʘ ʤʦʥʪʘʞʫ ʢʦʿʝ ʥʠʩʫ 

ʝʨʛʦʥʦʤʩʢʠ ʜʠʟʘʿʥʠʨʘʥʝ. ʂʘʦ ʧʦʩʣʝʜʠʮʘ ʪʦʛʘ ʨʘʜʥʠʮʠ ʩʫ ʠʟʣʦʞʝʥʠ ʧʨʦʬʝʩʠʦʥʘʣʥʠʤ 

ʙʦʣʝʩʪʠʤʘ ʛʦʨˁʠʭ ʝʢʩʪʨʝʤʠʪʝʪʘ, ʥʘʿʯʝʰ˂ʝ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠʤ ʧʦʨʝʤʝ˂ʘʿʠʤʘ. ʇʦʩʝʙʘʥ 

ʠʟʘʟʦʚ ʧʨʝʜʩʪʘʚˀʘ ʫʥʘʧʨʝʹʝˁʝ ʦʚʠʭ ʪʨʘʜʠʮʠʦʥʘʣʥʠʭ ʨʘʜʥʠʭ ʩʪʘʥʠʮʘ ʫ ʮʠˀʫ ʩʤʘˁʝˁʘ 

ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ ʠ ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ ʦʙʦˀʝˁʘ ʠ ʧʦʙʦˀʰʘˁʘ ʬʠʟʠʯʢʦʛ ʠ ʧʩʠʭʠʯʢʦʛ 

ʟʜʨʘʚˀʘ ʠ ʟʘʜʦʚʦˀʩʪʚʘ ʨʘʜʥʠʢʘ. 

ʀʟʚʦʹʝˁʝ ʧʦʥʘʚˀʘʿʫ˂ʠʭ ʧʦʢʨʝʪʘ ʜʦʚʦʜʠ ʜʦ ʦʧʪʝʨʝ˂ʝˁʘ ʪʝʪʠʚʘ, ʤʠʰʠ˂ʘ ʠ ʥʝʨʘʚʘ 

ʥʘ ʰʘʢʘʤʘ ʠ ʟʛʣʦʙʦʚʠʤʘ. ʋʩʣʝʜ ʦʙʘʚˀʘˁʘ ʤʦʥʪʘʞʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʫ ʥʝʝʨʛʦʥʦʤʩʢʦʤ 

ʧʦʣʦʞʘʿʫ ʪʝʣʘ ʪʦʢʦʤ ʜʫʞʝʛ ʚʨʝʤʝʥʩʢʦʛ ʧʝʨʠʦʜʘ ʨʘʜʥʠʮʠ ʦʩʝ˂ʘʿʫ ʙʦʣʦʚʝ ʫ ʚʨʘʪʫ ʠ ʛʦʨˁʝʤ 

ʜʝʣʫ ʣʝʹʘ. ʋ ʨʝʘʣʥʦʤ ʠʥʜʫʩʪʨʠʿʩʢʦʤ ʦʢʨʫʞʝˁʫ, ʨʘʜʥʠʮʠ ʦʚʝ ʘʢʪʠʚʥʦʩʪʠ ʥʘʿʯʝʰ˂ʝ 

ʦʙʘʚˀʘʿʫ ʫ ʩʪʦʿʝ˂ʝʤ ʧʦʣʦʞʘʿʫ ʥʘ ʪʨʘʜʠʮʠʦʥʘʣʥʠʤ ʨʘʜʥʠʤ ʩʪʘʥʠʮʘʤʘ ʰʪʦ ʜʦʜʘʪʥʦ 

ʜʦʧʨʠʥʦʩʠ ʧʦʛʦʨʰʘˁʫ ˁʠʭʦʚʦʛ ʟʜʨʘʚʩʪʚʝʥʦʛ ʩʪʘˁʘ ʫ ʚʠʜʫ ʙʦʣʦʚʘ ʫ ʜʦˁʝʤ ʜʝʣʫ ʣʝʹʘ. 

ʋʢʦʣʠʢʦ ʨʘʜʥʘ ʩʪʘʥʠʮʘ ʥʠʿʝ ʝʨʛʦʥʦʤʩʢʠ ʜʠʟʘʿʥʠʨʘʥʘ (ʧʨʝʚʠʩʦʢʘ ʿʝ ʠʣʠ ʧʨʝʥʠʩʢʘ) 

ʨʘʜʥʠʮʠ ʤʦʨʘʿʫ ʜʘ ʟʘʫʟʠʤʘʿʫ ʥʝʝʨʛʦʥʦʤʩʢʝ ʧʦʣʦʞʘʿʝ ʪʝʣʘ, ʜʘ ʩʘʚʠʿʘʿʫ ʠʣʠ ʠʩʪʝʞʫ ʪʝʣʦ 

ʧʨʠ ʯʝʤʫ ʦʧʪʝʨʝ˂ʫʿʫ ʣʝʹʘ, ʚʨʘʪ ʠ ʨʘʤʝʥʘ.  

ʊʘʢʦʹʝ, ʫ ʪʦʢʫ ʦʙʘʚˀʘˁʘ ʦʚʠʭ ʧʦʥʘʚˀʘʿʫ˂ʠʭ ʠ ʤʦʥʦʪʦʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʯʝʩʪʦ 

ʜʦʣʘʟʠ ʜʦ ʧʘʜʘ ʧʘʞˁʝ ʠ ʢʦʥʮʝʥʪʨʘʮʠʿʝ, ʰʪʦ ʠʟʘʟʠʚʘ ʤʝʥʪʘʣʥʠ ʟʘʤʦʨ, ʘ ʫ ʥʝʢʠʤ 

ʩʣʫʯʘʿʝʚʠʤʘ ʤʦʞʝ ʯʘʢ ʜʦ˂ʠ ʠ ʜʦ ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ. ʇʦʚʨʝʜʝ ʥʘ ʨʘʜʫ ʠ ʧʨʦʬʝʩʠʦʥʘʣʥʘ 

ʦʙʦˀʝˁʘ ʜʦʚʦʜʝ ʜʦ ʩʤʘˁʝˁʘ ʠʣʠ ʫ ʦʜʨʝʹʝʥʠʤ ʩʠʪʫʘʮʠʿʘʤʘ ʛʫʙʠʪʢʘ ʨʘʜʥʝ ʩʧʦʩʦʙʥʦʩʪʠ ʠ 

ʯʝʩʪʦ ʧʨʦʫʟʨʦʢʫʿʫ ʦʜʩʫʩʪʚʦʚʘˁʝ ʩʘ ʧʦʩʣʘ, ʰʪʦ ʜʘˀʝ ʜʦʚʦʜʠ ʜʦ ʟʘʩʪʦʿʘ ʫ ʧʨʦʠʟʚʦʜˁʠ, 

ʩʤʘˁʝˁʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʧʦʚʝ˂ʘˁʘ ʪʨʦʰʢʦʚʘ. 

ʋʩʣʝʜ ʤʝʥʪʘʣʥʦʛ ʫʤʦʨʘ ʨʘʜʥʠʮʠ ʥʠʩʫ ʫ ʧʦʪʧʫʥʦʩʪʠ ʩʢʦʮʝʥʪʨʠʩʘʥʠ ʥʘ ʤʦʥʪʘʞʥʝ 

ʘʢʪʠʚʥʦʩʪʠ ʠ ʧʦʜʣʦʞʥʠʿʠ ʩʫ ʧʨʘʚˀʝˁʫ ʛʨʝʰʢʠ ʠ ʥʝʠʩʧʨʘʚʥʦʤ ʦʙʘʚˀʘˁʫ ʘʢʪʠʚʥʦʩʪʠ, 

ʰʪʦ ʤʦʞʝ ʜʘˀʝ ʨʝʟʫʣʪʠʨʘʪʠ ʣʦʰʠʿʠʤ ʢʚʘʣʠʪʝʪʦʤ ʬʠʥʘʣʥʦʛ ʧʨʦʠʟʚʦʜʘ ʠ ʥʝʛʘʪʠʚʥʦ 
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ʫʪʠʮʘʪʠ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪ ʠ ʝʬʝʢʪʠʚʥʦʩʪ. ʅʘ ʦʩʥʦʚʫ ʩʚʝʛʘ ʥʘʚʝʜʝʥʦʛ ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ 

ʜʘ ʧʦʩʝʙʥʘ ʧʘʞˁʘ ʪʨʝʙʘ ʜʘ ʙʫʜʝ ʧʦʩʚʝ˂ʝʥʘ ʫʥʘʧʨʝʹʝˁʫ ʪʨʘʜʠʮʠʦʥʘʣʥʠʭ ʨʘʜʥʠʭ ʩʪʘʥʠʮʘ 

ʟʘ ʤʦʥʪʘʞʫ. 

ʇʨʝʜʤʝʪ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʧʨʝʜʩʪʘʚˀʘ ʥʘʧʨʝʜʥʦ ʠʩʪʨʘʞʠʚʘˁʝ ʤʦʛʫ˂ʥʦʩʪʠ 

ʟʘ ʫʥʘʧʨʝʹʝˁʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, ʝʬʠʢʘʩʥʦʩʪʠ ʠ ʝʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʥʠʭ ʧʨʦʮʝʩʘ ʢʨʦʟ 

ʝʨʛʦʥʦʤʩʢʫ ʦʧʪʠʤʠʟʘʮʠʿʫ ʠʥʜʫʩʪʨʠʿʩʢʠʭ ʨʘʜʥʠʭ ʩʪʘʥʠʮʘ ʥʘ ʢʦʿʠʤʘ ʨʘʜʥʠʮʠ ʩʚʘʢʦʜʥʝʚʥʦ 

ʦʙʘʚˀʘʿʫ ʤʦʥʦʪʦʥʝ, ʧʦʥʘʚˀʘʿʫ˂ʝ ʘʢʪʠʚʥʦʩʪʠ ʤʦʥʪʘʞʝ ʫ ʩʝʜʝ˂ʝʤ ʠʣʠ ʩʪʦʿʝ˂ʝʤ ʧʦʣʦʞʘʿʫ 

ʪʝʣʘ. ʋ ʦʢʚʠʨʫ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ ʠʩʪʨʘʞʫʿʫ ʩʝ ʤʦʛʫ˂ʥʦʩʪʠ ʧʦʙʦˀʰʘˁʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ 

ʝʬʝʢʪʠʚʥʦʩʪʠ ʠʥʜʫʩʪʨʠʿʩʢʠʭ ʨʘʜʥʠʭ ʩʪʘʥʠʮʘ, ʫʥʘʧʨʝʹʝˁʘ ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʘ 

ʨʘʜʥʠʢʘ ʢʨʦʟ ʩʤʘˁʝˁʝ ʨʠʟʠʢʘ ʦʜ ʧʦʿʘʚʝ ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ ʠ ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ ʙʦʣʝʩʪʠ, 

ʩʤʘˁʝˁʝ ʬʠʟʠʯʢʦʛ ʠ ʢʦʛʥʠʪʠʚʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʠ ʧʦʙʦˀʰʘˁʝ ʦʧʰʪʝʛ ʟʜʨʘʚʩʪʚʝʥʦʛ ʩʪʘˁʘ 

ʨʘʜʥʠʢʘ. 

ʇʨʠʤʝʥʦʤ ʥʘʧʨʝʜʥʠʭ ʧʩʠʭʦʬʠʟʠʦʣʦʰʢʠʭ ʤʝʪʦʜʘ (ʝʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʿʝ ï ɽɽɻ ʠ 

ʝʣʝʢʪʨʦʤʠʦʛʨʘʬʠʿʝ - ɽʄɻ) ʙʠ˂ʝ ʠʜʝʥʪʠʬʠʢʦʚʘʥʠ ʝʨʛʦʥʦʤʩʢʠ ʨʠʟʠʮʠ ʢʦʿʠ ʩʝ ʤʦʛʫ ʿʘʚʠʪʠ 

ʪʦʢʦʤ ʠʟʚʨʰʝˁʘ ʤʦʥʦʪʦʥʠʭ ʨʫʯʥʠʭ ʟʘʜʘʪʘʢʘ ʤʦʥʪʘʞʝ ʫ ʮʠˀʫ ʦʧʪʠʤʠʟʘʮʠʿʝ 

ʪʨʘʜʠʮʠʦʥʘʣʥʠʭ ʠʥʜʫʩʪʨʠʿʩʢʠʭ ʨʘʜʥʠʭ ʩʪʘʥʠʮʘ, ʧʦʚʝ˂ʘˁʘ ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʘ, 

ʩʤʘˁʝˁʘ ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ ʠ ʩʚʝʫʢʫʧʥʦʛ ʧʦʙʦˀʰʘˁʘ ʜʦʙʨʦʙʠʪʠ ʠ ʙʣʘʛʦʩʪʘˁʘ ʨʘʜʥʠʢʘ 

ʢʦʿʠ ʦʙʘʚˀʘʿʫ ʤʦʥʪʘʞʥʝ ʘʢʪʠʚʥʦʩʪʠ. ʆʩʥʦʚʥʠ ʬʦʢʫʩ ʜʠʩʝʨʪʘʮʠʿʝ ʿʝ ʥʘ ʨʝʰʘʚʘˁʫ 

ʠʜʝʥʪʠʬʠʢʦʚʘʥʠʭ ʝʨʛʦʥʦʤʩʢʠʭ ʨʠʟʠʢʘ ʠ ˁʠʭʦʚʦʛ ʥʝʛʘʪʠʚʥʦʛ ʫʪʠʮʘʿʘ ʥʘ ʟʜʨʘʚˀʝ 

ʨʘʜʥʠʢʘ. 

ʋʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʯʠˁʝʥʠʮʫ ʜʘ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʘ ʦʙʦˀʝˁʘ ʠ ʜʨʫʛʝ 

ʧʨʦʬʝʩʠʦʥʘʣʥʝ ʙʦʣʝʩʪʠ ʥʝʛʘʪʠʚʥʦ ʫʪʠʯʫ ʥʘ ʝʬʠʢʘʩʥʦʩʪ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪ ʨʘʜʥʠʢʘ, ʦʜ 

ʧʦʩʝʙʥʝ ʿʝ ʚʘʞʥʦʩʪʠ ʧʨʘ˂ʝˁʝ ʤʠʰʠ˂ʥʝ ʘʢʪʠʚʥʦʩʪʠ ʨʘʜʥʠʢʘ ʧʨʠʣʠʢʦʤ ʦʙʘʚˀʘˁʘ 

ʧʦʥʘʚˀʘʿʫ˂ʠʭ ʘʢʪʠʚʥʦʩʪʠ ʤʦʥʪʘʞʝ ʥʘ ʨʘʜʥʦʿ ʩʪʘʥʠʮʠ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʿʝ ʤʦʛʫ˂ʝ ʫʪʚʨʜʠʪʠ 

ʦʧʪʝʨʝ˂ʝˁʝ ʠ ʥʘʧʨʝʟʘˁʝ ʤʠʰʠ˂ʘ, ʠʩʧʠʪʘʪʠ ʫʯʝʩʪʘʣʦʩʪ ʧʦʿʘʚʝ ʙʦʣʦʚʘ ʫ ʛʦʨˁʠʤ ʜʝʣʦʚʠʤʘ 

ʪʝʣʘ ʠ ʫʪʚʨʜʠʪʠ ʢʘʜʘ ʩʝ ʿʘʚˀʘʿʫ ʧʨʚʠ ʩʠʤʧʪʦʤʠ ʙʦʣʝʩʪʠ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʧʨʘ˂ʝˁʝʤ 

ʤʦʞʜʘʥʝ ʘʢʪʠʚʥʦʩʪʠ ʨʘʜʥʠʢʘ ʩʪʠʯʝ ʩʝ ʫʚʠʜ ʫ ʢʦʛʥʠʪʠʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ, ʧʨʦʮʝˁʫʿʝ ʩʝ ʢʘʜʘ 

˂ʝ ʜʦ˂ʠ ʜʦ ʧʘʜʘ ʧʘʞˁʝ ʠ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʠ ʥʘ ʪʘʿ ʥʘʯʠʥ ʩʝ ʩʤʘˁʫʿʫ ʜʝʬʝʢʪʠ ʠ ʧʦʚʝ˂ʘʚʘ ʩʝ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪ. 

ʇʦʙʦˀʰʘˁʝ ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʘ ʨʘʜʥʠʢʘ, ʧʦʚʝ˂ʘˁʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ 

ʩʤʘˁʝˁʝ ʜʝʬʝʢʘʪʘ ʧʨʠ ʦʙʘʚˀʘˁʫ ʤʦʥʪʘʞʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʫ ʢʦʥʪʝʢʩʪʫ ʀʥʜʫʩʪʨʠʿʝ 4.0 ʠ  

ʀʥʜʫʩʪʨʠʿʝ 5.0 ʧʦʩʪʘʿʝ ʚʝʣʠʢʠ ʠʟʘʟʦʚ. ʀʥʪʝʛʨʘʮʠʿʘ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʀʥʜʫʩʪʨʠʿʝ 4.0, 

ʢʘʦ ʰʪʦ ʩʫ ʚʝʰʪʘʯʢʘ ʠʥʪʝʣʠʛʝʥʮʠʿʘ ʠ ʩʝʥʟʦʨʠ ʠ ʦʩʪʘʣʝ ʠʥʦʚʘʪʠʚʥʝ ʪʝʭʥʦʣʦʛʠʿʝ ʫ ʮʠˀʫ 

ʢʦʥʪʠʥʫʠʨʘʥʦʛ ʧʨʘ˂ʝˁʘ ʬʠʟʠʯʢʦʛ ʠ ʢʦʛʥʠʪʠʚʥʦʛ ʩʪʘʪʫʩʘ ʨʘʜʥʠʢʘ ʠ ʧʨʘ˂ʝˁʘ ʧʘʨʘʤʝʪʘʨʘ 

ʠʟ ʨʘʜʥʝ ʩʨʝʜʠʥʝ ʫ ʢʦʿʦʿ ʨʘʜʥʠʮʠ ʦʙʘʚˀʘʿʫ ʘʢʪʠʚʥʦʩʪʠ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ ʜʦʧʨʠʥʦʩʠ 

ʩʪʚʘʨʘˁʫ ʙʝʟʙʝʜʥʠʿʠʭ ʠ ʫʛʦʜʥʠʿʠʭ ʨʘʜʥʠʭ ʦʢʨʫʞʝˁʘ. ʇʨʠʢʫʧˀʘˁʝ ʠ ʘʥʘʣʠʟʘ ʧʦʜʘʪʘʢʘ 

ʜʦʧʨʠʥʦʩʠ ʧʨʝʜʠʢʮʠʿʠ ʠ ʤʠʥʠʤʠʟʠʨʘˁʫ ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ ʙʦʣʝʩʪʠ ʩʘ ʢʦʿʠʤʘ ʩʝ ʩʫʦʯʘʚʘʿʫ 

ʨʘʜʥʠʮʠ ʢʦʿʠ ʦʙʘʚˀʘʿʫ ʧʦʩʣʦʚʝ ʤʦʥʪʘʞʝ. 

ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʀʥʜʫʩʪʨʠʿʝ 4.0 ʢʦʿʘ ʪʝʞʠ ʢʘ ʢʦʥʮʝʧʪʫ ʧʦʪʧʫʥʦ ʘʫʪʦʤʘʪʠʟʦʚʘʥʠʭ 

ʬʘʙʨʠʢʘ, ʫ ʢʦʿʠʤʘ ʧʨʦʠʟʚʦʜʥʠ ʧʨʦʮʝʩʠ ʬʫʥʢʮʠʦʥʠʰʫ ʙʝʟ ʜʠʨʝʢʪʥʦʛ ʧʨʠʩʫʩʪʚʘ ʨʘʜʥʠʢʘ, 

ʀʥʜʫʩʪʨʠʿʘ 5.0 ʧʨʦʤʦʚʠʰʝ ʧʨʠʩʪʫʧ ʫʩʨʝʜʩʨʝʹʝʥ ʥʘ ʯʦʚʝʢʘ ʠ ʩʪʘʚˀʘ ʨʘʜʥʠʢʘ ʫ ʮʝʥʪʘʨ 

ʧʨʦʠʟʚʦʜʥʠʭ ʧʨʦʮʝʩʘ (ʰʪʦ ʿʝ ʫ ʥʘʫʯʥʦ-ʠʩʪʨʘʞʠʚʘʯʢʠʤ ʨʘʜʦʚʠʤʘ ʧʨʝʜʩʪʘʚˀʝʥʦ ʢʨʦʟ 

ʪʝʨʤʠʥ ʈʘʜʥʠʢ 5.0) ʧʨʠ ʯʝʤʫ ʩʝ ʧʦʩʝʙʥʘ ʧʘʞˁʘ ʧʦʩʚʝ˂ʫʿʝ ʧʦʚʝ˂ʘˁʫ ˁʠʭʦʚʝ ʙʝʟʙʝʜʥʦʩʪʠ, 

ʟʜʨʘʚˀʘ, ʟʘʜʦʚʦˀʩʪʚʘ ʠ ʙʣʘʛʦʩʪʘˁʘ ʥʘ ʨʘʜʫ (Aromaa ʠ ʜʨʫʛʠ, 2018). 

ʋ ʥʦʚʠʿʝ ʚʨʝʤʝ ʧʦʩʝʙʥʘ ʧʘʞˁʘ ʩʝ ʧʦʩʚʝ˂ʫʿʝ ʝʨʛʦʥʦʤʩʢʦʿ ʦʧʪʠʤʠʟʘʮʠʿʠ ʨʘʜʥʠʭ 

ʤʝʩʪʘ ʠ ʜʠʟʘʿʥʠʨʘˁʫ ʨʘʜʥʠʭ ʤʝʩʪʘ ʫʩʨʝʜʩʨʝʹʝʥʠʭ ʥʘ ʨʘʜʥʠʢʘ. ʇʦʩʝʙʘʥ ʥʘʛʣʘʩʘʢ ʿʝ ʥʘ 

ʝʣʠʤʠʥʠʩʘˁʫ ʥʝʝʨʛʦʥʦʤʩʢʠʭ ʧʦʣʦʞʘʿʘ ʪʝʣʘ ʠ ʧʦʢʨʝʪʘ ʢʦʿʠ ʩʝ ʠʟʚʦʜʝ ʚʘʥ ʟʣʘʪʥʝ ʟʦʥʝ. 

ɹʝʥʝʬʠʪʠ ʦʚʦʛ ʧʨʠʩʪʫʧʘ ʩʝ ʦʛʣʝʜʘʿʫ ʫ ʧʦʙʦˀʰʘˁʫ ʝʬʝʢʪʠʚʥʦʩʪʠ ʠ ʝʬʠʢʘʩʥʦʩʪʠ, 
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ʩʤʘˁʝˁʫ ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ, ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ ʙʦʣʝʩʪʠ ʠ ʧʦʙʦˀʰʘˁʫ ʙʣʘʛʦʩʪʘˁʘ ʠ 

ʟʘʜʦʚʦˀʩʪʚʘ.  

ʂʘʢʦ ʙʠ ʩʝ ʨʝʰʠʣʠ ʩʚʠ ʧʨʦʙʣʝʤʠ ʩʘ ʢʦʿʠʤʘ ʩʝ ʩʫʦʯʘʚʘʿʫ ʨʘʜʥʠʮʠ ʢʦʿʠ ʦʙʘʚˀʘʿʫ 

ʤʦʥʪʘʞʥʝ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʪʨʘʜʠʮʠʦʥʘʣʥʠʤ ʨʘʜʥʠʤ ʩʪʘʥʠʮʘʤʘ, ʫ ʜʠʩʝʨʪʘʮʠʿʠ ˂ʝ ʙʠʪʠ 

ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʫʣʘʨʥʘ ʨʘʜʥʘ ʩʪʘʥʠʮʘ ʟʘ ʤʦʥʪʘʞʫ ʢʦʿʘ ʿʝ ʜʠʟʘʿʥʠʨʘʥʘ ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ 

ʯʠˁʝʥʠʮʫ ʜʘ ʩʝ ʟʦʥʝ ʤʘʥʠʧʫʣʘʮʠʿʝ ʨʘʟʣʠʢʫʿʫ ʟʘ ʩʚʘʢʫ ʦʩʦʙʫ ʧʦʥʘʦʩʦʙ. ʉʧʝʮʠʬʠʯʥʦʩʪʠ 

ʥʦʚʝ ʨʘʜʥʝ ʩʪʘʥʠʮʝ ʦʛʣʝʜʘʿʫ ʩʝ ʫ ʯʠˁʝʥʠʮʠ ʜʘ ʩʚʘʢʠ ʨʘʜʥʠʢ ʤʦʞʝ ʜʘ ʧʨʠʣʘʛʦʜʠ ʨʘʜʥʦ 

ʦʢʨʫʞʝˁʝ ʠʥʜʠʚʠʜʫʘʣʥʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ, ʟʘʭʪʝʚʠʤʘ ʠ ʧʦʪʨʝʙʘʤʘ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ 

ʝʣʠʤʠʥʠʩʘ˂ʝ ʩʝ ʥʝʘʜʝʢʚʘʪʥʦ ʜʨʞʘˁʝ ʪʝʣʘ ʠ ʠʟʚʦʹʝˁʝ ʥʝʝʨʛʦʥʦʤʩʢʠʭ ʧʦʢʨʝʪʘ. 

ʄʦʪʠʚʘʮʠʿʘ ʟʘ ʧʠʩʘˁʝ ʜʠʩʝʨʪʘʮʠʿʝ ʧʨʦʠʩʪʠʯʝ ʠʟ ʯʠˁʝʥʠʮʝ ʜʘ ʿʝ ʧʦʪʨʝʙʥʦ 

ʨʝʜʠʟʘʿʥʠʨʘʪʠ ʪʨʘʜʠʮʠʦʥʘʣʥʝ ʤʦʥʪʘʞʥʝ ʨʘʜʥʝ ʩʪʘʥʠʮʝ ʢʘʢʦ ʙʠ ʩʝ ʦʥʝ ʧʨʠʣʘʛʦʜʠʣʝ 

ʘʥʪʨʦʧʦʣʦʰʢʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ, ʩʧʦʩʦʙʥʦʩʪʠʤʘ ʠ ʦʛʨʘʥʠʯʝˁʠʤʘ ʨʘʜʥʠʢʘ. ʌʠʟʠʯʢʘ, 

ʦʨʛʘʥʠʟʘʮʠʦʥʘ ʝʨʛʦʥʦʤʠʿʘ ʠ ʥʝʫʨʦʝʨʛʦʥʦʤʠʿʘ ʠʤʘʿʫ ʤʥʦʛʦ ʜʦʜʠʨʥʠʭ ʪʘʯʘʢʘ ʢʦʿʝ ʿʝ 

ʧʦʪʨʝʙʥʦ ʠʜʝʥʪʠʬʠʢʦʚʘʪʠ ʠ ʠʩʪʨʘʞʠʪʠ ʫ ʦʢʚʠʨʫ ʥʘʫʯʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ. 

ʇʨʝʛʣʝʜʦʤ ʣʠʪʝʨʘʪʫʨʥʠʭ ʠʟʚʦʨʘ ʫʪʚʨʹʝʥʦ ʿʝ ʜʘ ʿʝ ʬʦʢʫʩ ʚʝ˂ʠʥʝ ʥʘʫʯʥʠʭ ʨʘʜʦʚʘ 

ʥʘ ʠʩʪʨʘʞʠʚʘˁʫ ʤʦʛʫ˂ʥʦʩʪʠ ʟʘ ʧʦʙʦˀʰʘˁʝ ʤʘʰʠʥʘ ʠ ʘʣʘʪʘ. ʄʘʣʠ ʙʨʦʿ ʨʘʜʦʚʘ ʫʟʠʤʘ ʫ 

ʦʙʟʠʨ ʭʦʣʠʩʪʠʯʢʠ ʧʨʠʩʪʫʧ ʫ ʜʠʟʘʿʥʠʨʘˁʫ ʨʘʜʥʦʛ ʦʢʨʫʞʝˁʘ ʫ ʮʝʣʠʥʠ, ʫʢˀʫʯʫʿʫ˂ʠ 

ʨʘʜʥʠʢʘ ʠ ʨʘʜʥʫ ʩʪʘʥʠʮʫ ʥʘ ʢʦʿʦʿ ʩʝ ʦʙʘʚˀʘʿʫ ʘʢʪʠʚʥʦʩʪʠ ʠ ʨʘʜʥʦ ʦʢʨʫʞʝˁʝ.  

ʋ ʦʢʚʠʨʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʠʩʧʠʪʘ˂ʝ ʩʝ ʫʪʠʮʘʿ ʝʨʛʦʥʦʤʩʢʝ 

ʦʧʪʠʤʠʟʘʮʠʿʝ ʥʘ ʢˀʫʯʥʝ ʧʘʨʘʤʝʪʨʝ ʧʨʦʠʟʚʦʜʥʦʛ ʧʨʦʮʝʩʘ: ʝʬʠʢʘʩʥʦʩʪ, ʧʨʦʜʫʢʪʠʚʥʦʩʪ ʠ 

ʜʝʬʝʢʪʝ. ʇʦʚʝ˂ʘˁʝ ʝʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʥʠʭ ʧʨʦʮʝʩʘ ʧʨʠʤʝʥʦʤ ʝʨʛʦʥʦʤʩʢʝ 

ʦʧʪʠʤʠʟʘʮʠʿʝ ʠʥʜʫʩʪʨʠʿʩʢʠʭ ʨʘʜʥʠʭ ʩʪʘʥʠʮʘ ʧʨʝʜʩʪʘʚˀʘ ʚʝʦʤʘ ʘʢʪʫʝʣʥʫ ʪʝʤʫ, ʢʘʢʦ ʟʘ 

ʠʩʪʨʘʞʠʚʘʯʝ, ʪʘʢʦ ʠ ʟʘ ʩʪʨʫʯˁʘʢʝ ʠʟ ʠʥʜʫʩʪʨʠʿʝ. ɼʝʪʘˀʥʠʤ ʧʨʝʛʣʝʜʦʤ ʣʠʪʝʨʘʪʫʨʝ 

ʫʩʪʘʥʦʚˀʝʥʦ ʿʝ ʜʘ ʿʝ ʥʘʧʠʩʘʥ ʚʝʦʤʘ ʤʘʣʠ ʙʨʦʿ ʥʘʫʯʥʦ-ʠʩʪʨʘʞʠʚʘʯʢʠʭ ʨʘʜʦʚʘ ʢʦʿʠ ʠʤʘʿʫ 

ʟʘ ʮʠˀ ʠʩʪʨʘʞʠʚʘˁʝ ʤʦʛʫ˂ʥʦʩʪʠ ʟʘ ʫʥʘʧʨʝʹʝˁʝ ʝʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʥʠʭ ʧʨʦʮʝʩʘ 

ʧʨʠʤʝʥʦʤ ʝʨʛʦʥʦʤʩʢʝ ʦʧʪʠʤʠʟʘʮʠʿʝ ʠ ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʧʦʩʪʦʿʠ ʧʨʦʩʪʦʨ ʟʘ 

ʩʧʨʦʚʦʹʝˁʝ ʜʘˀʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʦʚʦʿ ʦʙʣʘʩʪʠ ʫ ʙʫʜʫ˂ʝʤ ʧʝʨʠʦʜʫ. 

ɼʠʩʝʨʪʘʮʠʿʘ ˂ʝ ʧʦʢʘʟʘʪʠ ʜʘ ʜʝʪʘˀʥʘ ʘʥʘʣʠʟʘ ʨʘʜʥʝ ʩʪʘʥʠʮʝ, ʘʣʘʪʘ, ʦʧʨʝʤʝ ʠ 

ʨʘʜʥʦʛ ʦʢʨʫʞʝˁʘ ʫ ʮʝʣʠʥʠ ʠ ʜʠʟʘʿʥʠʨʘˁʝ ʠ ʨʘʟʚʦʿ ʨʘʜʥʦʛ ʦʢʨʫʞʝˁʘ ʧʨʠʣʘʛʦʹʝʥʦʛ 

ˀʫʜʩʢʠʤ ʧʦʪʨʝʙʘʤʘ ʠ ʤʦʛʫ˂ʥʦʩʪʠʤʘ ʜʦʧʨʠʥʦʩʠ ʩʤʘˁʝˁʫ ʬʠʟʠʯʢʦʛ ʠ ʤʝʥʪʘʣʥʦʛ ʥʘʧʦʨʘ, 

ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ ʠ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠʭ ʧʦʨʝʤʝ˂ʘʿʘ.  

ʋ ʜʠʩʝʨʪʘʮʠʿʠ ˂ʝ ʙʠʪʠ ʧʦʢʘʟʘʥʦ ʜʘ ʿʝ ʭʦʣʠʩʪʠʯʢʠʤ ʧʨʠʩʪʫʧʦʤ ʜʠʟʘʿʥʠʨʘˁʘ 

ʦʨʛʘʥʠʟʘʮʠʿʝ ʨʘʜʥʦʛ ʦʢʨʫʞʝˁʘ ʤʦʛʫ˂ʝ ʦʙʝʟʙʝʜʠʪʠ ʧʦʪʧʫʥʦ ʟʘʜʦʚʦˀʩʪʚʦ ʠ ʙʣʘʛʦʩʪʘˁʝ 

ʨʘʜʥʠʢʘ (ʝʥʛʣ. wellbeing). ɹʣʘʛʦʩʪʘˁʝ ʿʝ ʜʘˀʝ ʧʦʚʝʟʘʥʦ ʩʘ ʟʘʜʦʚʦˀʩʪʚʦʤ ʧʦʩʣʦʤ, 

ʜʦʜʘʪʥʠʤ ʟʘʣʘʛʘˁʝʤ ʠ ʘʥʛʘʞʦʚʘˁʝʤ ʨʘʜʥʠʢʘ, ʪʝʞˁʦʤ ʜʘ ʩʝ ʜʦʧʨʠʥʝʩʝ ʫʩʧʝʭʫ 

ʦʨʛʘʥʠʟʘʮʠʿʝ ʠʪʜ. 

ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʜʦʧʫˁʫʿʫ ʩʝ ʧʦʩʪʦʿʝ˂ʠ ʪʝʦʨʠʿʩʢʠ ʦʢʚʠʨʠ ʠ ʜʘʿʝ ʩʝ ʜʦʧʨʠʥʦʩ ʫ ʧʨʘʢʩʠ 

ʧʨʠ ʯʝʤʫ ʩʝ ʧʦʩʝʙʘʥ ʥʘʛʣʘʩʘʢ ʩʪʘʚˀʘ ʥʘ ʧʦʚʝ˂ʘˁʝ ʝʬʠʢʘʩʥʦʩʪʠ, ʩʤʘˁʝˁʝ ʨʠʟʠʢʘ ʦʜ 

ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ ʠ ʧʦʙʦˀʰʘˁʝ ʦʧʰʪʝʛ ʢʚʘʣʠʪʝʪʘ ʞʠʚʦʪʘ ʨʘʜʥʠʢʘ. ʆʚʘ ʠʩʪʨʘʞʠʚʘˁʘ ˂ʝ 

ʧʨʫʞʠʪʠ ʜʫʙˀʝ ʫʚʠʜʝ ʠ ʧʨʝʧʦʨʫʢʝ ʟʘ ʙʫʜʫ˂ʘ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʦʙʣʘʩʪʠ ʝʨʛʦʥʦʤʠʿʝ, 

ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʘ ʥʘ ʨʘʜʫ ʠ ʦʨʛʘʥʠʟʘʮʠʿʝ ʨʘʜʘ, ʩ ʧʦʩʝʙʥʠʤ ʦʩʚʨʪʦʤ ʥʘ ʠʥʪʝʛʨʘʮʠʿʫ 

ʩʘʚʨʝʤʝʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʀʥʜʫʩʪʨʠʿʝ 4.0 ʫ ʨʘʜʥʝ ʩʠʩʪʝʤʝ ʟʘ ʤʦʥʪʘʞʫ. 
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1.1 ʎʀɲ ʀʉʊʈɸɾʀɺɸɳɸ 

ʆʩʥʦʚʥʠ ʮʠˀ ʜʠʩʝʨʪʘʮʠʿʝ ʿʝ ʫʥʘʧʨʝʹʝˁʝ ʝʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʘ ʤʦʥʪʘʞʝ 

ʧʨʠʤʝʥʦʤ ʝʨʛʦʥʦʤʩʢʝ ʦʧʪʠʤʠʟʘʮʠʿʝ. ɽʨʛʦʥʦʤʩʢʘ ʦʧʪʠʤʠʟʘʮʠʿʘ ʧʦʜʨʘʟʫʤʝʚʘ 

ʧʨʠʣʘʛʦʹʘʚʘˁʝ ʨʘʜʥʦʛ ʧʨʦʩʪʦʨʘ, ʘʣʘʪʘ ʠ ʦʧʨʝʤʝ ʧʦʪʨʝʙʘʤʘ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ 

ʧʦʿʝʜʠʥʘʮʘ, ʢʘʢʦ ʙʠ ʩʝ ʦʤʦʛʫ˂ʠʣʦ ʝʬʠʢʘʩʥʠʿʝ ʠ ʧʨʦʜʫʢʪʠʚʥʠʿʝ ʦʙʘʚˀʘˁʝ ʘʢʪʠʚʥʦʩʪʠ, 

ʩʤʘˁʠʣʦ ʚʨʝʤʝ ʦʙʘʚˀʘˁʘ ʘʢʪʠʚʥʦʩʪʠ ʠ ʝʣʠʤʠʥʠʩʘʣʠ ʛʫʙʠʮʠ, ʧʦʙʦˀʰʘʣʘ ʙʝʟʙʝʜʥʦʩʪ ʠ 

ʟʜʨʘʚˀʝ ʨʘʜʥʠʢʘ.  

ɽʨʛʦʥʦʤʩʢʦ ʜʠʟʘʿʥʠʨʘˁʝ ʨʘʜʥʠʭ ʤʝʩʪʘ ʿʝ ʿʝʜʘʥ ʦʜ ʥʘʿʚʘʞʥʠʿʠʭ ʧʨʝʜʫʩʣʦʚʘ ʟʘ 

ʫʥʘʧʨʝʹʝˁʝ ʧʨʦʠʟʚʦʜʥʠʭ ʧʨʦʮʝʩʘ ʠ ʩʪʚʘʨʘˁʝ ʝʬʠʢʘʩʥʠʿʝʛ, ʙʝʟʙʝʜʥʠʿʝʛ ʠ ʫʜʦʙʥʠʿʝʛ 

ʨʘʜʥʦʛ ʦʢʨʫʞʝˁʘ. ʀʤʧʣʝʤʝʥʪʘʮʠʿʘ ʝʨʛʦʥʦʤʩʢʠʭ ʠ lean ʧʨʠʥʮʠʧʘ ʚʦʜʠ ʢʘ ʩʪʚʘʨʘˁʫ 

ʧʦʟʠʪʠʚʥʦʛ ʨʘʜʥʦʛ ʦʢʨʫʞʝˁʘ ʫ ʢʦʿʝʤ ʟʘʧʦʩʣʝʥʠ ʥʝ ʩʘʤʦ ʜʘ ʤʦʛʫ ʜʘ ʦʩʪʚʘʨʝ ʩʚʦʿ ʧʫʥʠ 

ʧʦʪʝʥʮʠʿʘʣ, ʚʝ˂ ʠ ʜʘ ʜʦʧʨʠʥʝʩʫ ʦʩʪʚʘʨʠʚʘˁʫ ʮʠˀʝʚʘ ʦʨʛʘʥʠʟʘʮʠʿʝ. ʂʨʦʟ ʦʚʘʢʘʚ ʧʨʠʩʪʫʧ, 

ʟʘʧʦʩʣʝʥʠ ʦʜʨʞʘʚʘʿʫ ʚʠʩʦʢ ʥʠʚʦ ʟʘʜʦʚʦˀʩʪʚʘ ʠ ʤʦʪʠʚʘʮʠʿʝ, ʰʪʦ ʜʠʨʝʢʪʥʦ ʜʦʧʨʠʥʦʩʠ 

ʧʦʚʝ˂ʘˁʫ ʝʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʥʠʭ ʧʨʦʮʝʩʘ.  

ʋ ʜʠʩʝʨʪʘʮʠʿʠ ˂ʝ ʩʝ ʠʟʚʨʰʠʪʠ ʘʥʘʣʠʟʘ ʨʘʜʥʠʭ ʫʩʣʦʚʘ ʥʘ ʪʨʘʜʠʮʠʦʥʘʣʥʠʤ ʨʘʜʥʠʤ 

ʩʪʘʥʠʮʘʤʘ ʫ ʮʠˀʫ ʠʜʝʥʪʠʬʠʢʘʮʠʿʝ ʛʣʘʚʥʠʭ ʝʨʛʦʥʦʤʩʢʠʭ ʠʟʘʟʦʚʘ  (ʢʘʦ ʰʪʦ ʩʫ ʥʝʧʨʘʚʠʣʥʠ 

ʧʦʣʦʞʘʿʠ ʪʝʣʘ, ʧʨʝʪʝʨʘʥʦ ʬʠʟʠʯʢʦ ʦʧʪʝʨʝ˂ʝˁʝ ʠ ʥʝʘʜʝʢʚʘʪʘʥ ʨʘʩʧʦʨʝʜ ʜʝʣʦʚʘ, 

ʢʦʤʧʦʥʝʥʪʠ ʠ ʘʣʘʪʘ) ʢʦʿʠ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʫʪʠʯʫ ʥʘ ʝʬʝʢʪʠʚʥʦʩʪ ʧʨʦʠʟʚʦʜʥʠʭ ʧʨʦʮʝʩʘ. 

ʇʦʣʘʟʠ ʩʝ ʦʜ ʧʨʝʤʠʩʝ ʜʘ ʫ ʢʦʥʪʝʢʩʪʫ ʧʨʦʠʟʚʦʜʥʠʭ ʧʨʦʮʝʩʘ, ʬʠʟʠʯʢʠ ʠ ʢʦʛʥʠʪʠʚʥʠ ʩʪʘʪʫʩ 

ʨʘʜʥʠʢʘ ʫ ʠʥʪʝʛʨʘʮʠʿʠ ʩʘ ʦʧʰʪʠʤ ʟʘʜʦʚʦˀʩʪʚʦʤ ʦʩʪʚʘʨʫʿʫ ʜʠʨʝʢʪʘʥ ʫʪʠʮʘʿ ʥʘ ˁʠʭʦʚʝ 

ʧʝʨʬʦʨʤʘʥʩʝ.  

ʇʦʜʮʠˀʝʚʠ ʨʘʟʤʘʪʨʘʥʦʛ ʮʠˀʘ ʩʫ: 

¶ ʈʘʟʚʦʿ ʠ ʜʠʟʘʿʥ ʧʨʠʣʘʛʦʜˀʠʚʝ lean ʠʥʜʫʩʪʨʠʿʩʢʝ ʨʘʜʥʝ ʩʪʘʥʠʮʝ ʫ ʮʠˀʫ 

ʩʧʨʦʚʦʹʝˁʘ ʢʦʤʧʣʝʢʩʥʠʭ ʠʩʧʠʪʠʚʘˁʘ ʫ ʪʦʢʫ ʩʠʤʫʣʘʮʠʿʝ ʠʟʚʨʰʘʚʘˁʘ ʨʝʘʣʥʠʭ 

ʤʦʥʦʪʦʥʠʭ, ʧʦʥʘʚˀʘʿʫ˂ʠʭ ʨʘʜʥʠʭ ʟʘʜʘʪʘʢʘ ʤʦʥʪʘʞʝ ʫ ʦʢʨʫʞʝˁʫ ʩʣʠʯʥʦʤ 

ʨʝʘʣʥʦʤ. 

¶ ʇʨʠʤʝʥʘ ʥʘʧʨʝʜʥʠʭ eʣʝʢʪʨʦʝʥʮʝʬʘʣʦʛʨʘʬʠʿe ʠ eʣʝʢʪʨʦʤʠʦʛʨʘʬʠʿe ʫ ʮʠˀʫ 

ʠʜʝʥʪʠʬʠʢʘʮʠʿʝ ʬʘʢʪʦʨʘ ʢʦʿʠ ʧʨʦʫʟʨʦʢʫʿʫ ʬʠʟʠʯʢʠ ʠ ʤʝʥʪʘʣʥʠ ʟʘʤʦʨ ʪʦʢʦʤ 

ʩʧʨʦʚʦʹʝˁʘ ʤʦʥʪʘʞʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʠ ʬʘʢʪʦʨʘ ʢʦʿʠ ʫʪʠʯʫ ʥʘ ʬʠʟʠʯʢʦ ʠ 

ʢʦʛʥʠʪʠʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ ʨʘʜʥʠʢʘ. 

¶ ʆʧʩʝʨʚʘʮʠʿʘ ʠʩʧʠʪʘʥʠʢʘ ʧʨʝʢʦ ʢʘʤʝʨʘ ʫ ʪʦʢʫ ʩʧʨʦʚʦʹʝˁʘ ʟʘʜʘʪʠʭ ʨʘʜʥʠʭ 
ʘʢʪʠʚʥʦʩʪʠ ʫ ʮʠˀʫ ʧʨʘ˂ʝˁʘ ʧʦʥʘʚˀʘˁʘ ʠʩʪʠʭ ʧʦʢʨʝʪʘ, ʠʜʝʥʪʠʬʠʢʦʚʘˁʘ ʧʨʠʤʝʥʝ 

ʩʠʣʝ, ʥʘʧʨʝʟʘˁʘ, ʨʘʜʘ ʫ ʥʝʝʨʛʦʥʦʤʩʢʦʤ ʧʦʣʦʞʘʿʫ ʠʣʠ ʜʫʛʦʪʨʘʿʥʦʛ ʦʙʘʚˀʘˁʘ 

ʘʢʪʠʚʥʦʩʪʠ ʫ ʠʩʪʦʤ ʧʦʣʦʞʘʿʫ ʪʝʣʘ.  

¶ ʄʝʨʝˁʝ ʚʨʝʤʝʥʘ ʠʟʚʨʰʝˁʘ ʘʢʪʠʚʥʦʩʪʠ ʫ ʮʠˀʫ ʧʨʘ˂ʝˁʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ 
ʝʬʠʢʘʩʥʦʩʪʠ ʨʘʜʥʠʢʘ. ʇʨʘ˂ʝˁʝ ʜʝʬʝʢʘʪʘ ʧʨʝʢʦ ʯʝʢ ʣʠʩʪʘ. 

¶ ʀʩʪʨʘʞʠʚʘˁʝ ʟʘʜʦʚʦˀʩʪʚʘ ʠʩʧʠʪʘʥʠʢʘ ʫ ʪʦʢʫ ʦʙʘʚˀʘˁʘ ʤʘʥʫʝʣʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʥʘ 
ʨʝʜʠʟʘʿʥʠʨʘʥʦʿ ʠʥʜʫʩʪʨʠʿʩʢʦʿ lean ʨʘʜʥʦʿ ʩʪʘʥʠʮʠ ʧʨʝʢʦ ʘʥʢʝʪʝ. 

ʋ ʜʠʩʝʨʪʘʮʠʿʠ ˂ʝ ʙʠʪʠ ʧʨʠʤʝˁʝʥ ʭʦʣʠʩʪʠʯʢʠ ʧʨʠʩʪʫʧ ʢʦʿʠ ʧʦʜʨʘʟʫʤʝʚʘ 

ʠʥʪʝʛʨʘʮʠʿʫ ʬʠʟʠʯʢʝ ʝʨʛʦʥʦʤʠʿʝ, ʦʨʛʘʥʠʟʘʮʠʦʥʝ ʝʨʛʦʥʦʤʠʿʝ ʠ ʥʝʫʨʦʝʨʛʦʥʦʤʠʿʝ. 

ʀʩʧʠʪʠʚʘˁʝ ʤʝʥʪʘʣʥʠʭ ʠ ʝʤʦʮʠʦʥʘʣʥʠʭ ʨʝʘʢʮʠʿʘ, ʧʨʘ˂ʝˁʝ ʧʦʥʘʰʘˁʘ ʨʘʜʥʠʢʘ ʠ 

ʫʢʘʟʠʚʘˁʝ ʥʘ ʩʧʝʮʠʬʠʯʥʦʩʪʠ, ʠʩʧʠʪʠʚʘˁʝ ʩʚʠʭ ʟʥʘʯʘʿʥʠʭ ʬʘʢʪʦʨʘ ʢʦʿʠ ʫʪʠʯʫ ʥʘ ʪʦʢ 

ʦʙʘʚˀʘˁʘ ʤʦʥʪʘʞʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʦʪʚʦʨʝʥʘ ʩʫ ʧʠʪʘˁʘ ʢʦʿʠʤʘ ʪʨʝʙʘ ʜʘ ʙʫʜʝ ʧʦʩʚʝ˂ʝʥʘ 

ʧʦʩʝʙʥʘ ʧʘʞˁʘ ʢʨʦʟ ʥʘʫʯʥʦ-ʠʩʪʨʘʞʠʚʘʯʢʠ ʨʘʜ. 
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1.2 ʆʉʅʆɺʅɸ ʊɽʆʈʀɱʉʂɸ ʈɸɿʄɸʊʈɸɳɸ 

ʂʘʢʦ ʙʠ ʟʘʜʨʞʘʣʝ ʢʦʥʢʫʨʝʥʪʩʢʫ ʧʨʝʜʥʦʩʪ ʩʘʚʨʝʤʝʥʝ ʦʨʛʘʥʠʟʘʮʠʿʝ ʥʘʩʪʦʿʝ ʜʘ 

ʧʨʦʘʢʪʠʚʥʦ ʦʜʛʦʚʦʨʝ ʥʘ ʧʨʦʤʝʥʝ ʥʘ ʪʨʞʠʰʪʫ ʠ ʦʙʝʟʙʝʜʝ ʢʦʥʪʠʥʫʠʨʘʥ ʪʦʢ ʧʨʦʮʝʩʘ ʢʨʦʟ 

ʩʢʨʘ˂ʠʚʘˁʝ ʚʨʝʤʝʥʘ ʠʟʤʝʹʫ ʥʘʨʫʯʠʚʘˁʘ ʠ ʠʩʧʦʨʫʢʝ ʧʨʦʠʟʚʦʜʘ ʠ ʝʣʠʤʠʥʠʩʘˁʝ ʩʚʠʭ 

ʦʙʣʠʢʘ ʛʫʙʠʪʘʢʘ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʿʝʜʘʥ ʦʜ ʦʩʥʦʚʥʠʭ ʮʠˀʝʚʘ ʧʨʦʠʟʚʦʜʥʠʭ ʩʠʩʪʝʤʘ ʢʦʿʠ 

ʧʦʩʣʫʿʫ ʫ ʩʢʣʘʜʫ ʩʘ lean ʧʨʠʥʮʠʧʠʤʘ ʠ ʧʨʠʥʮʠʧʠʤʘ ʧʨʦʠʟʚʦʜˁʝ ʩʚʝʪʩʢʝ ʢʣʘʩʝ ʿʝʩʪʝ 

ʫʥʘʧʨʝʹʝˁʝ ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʘ ʨʘʜʥʠʢʘ ʢʦʿʝ ʩʝ ʧʦʩʪʠʞʝ ʧʦʙʦˀʰʘˁʝʤ ʫʩʣʦʚʘ ʨʘʜʘ, 

ʩʤʘˁʝˁʝʤ ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ, ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ ʦʙʦˀʝˁʘ ʠ ʦʙʦˀʝˁʘ ʫ ʚʝʟʠ ʩʘ ʨʘʜʦʤ ʠ 

ʦʙʝʟʙʝʹʝˁʝʤ ʧʦʪʧʫʥʦʛ ʬʠʟʠʯʢʦʛ, ʧʩʠʭʠʯʢʦʛ ʠ ʩʦʮʠʿʘʣʥʦʛ ʙʣʘʛʦʩʪʘˁʘ ʨʘʜʥʠʢʘ. 

ʉʘʚʨʝʤʝʥʝ ʦʨʛʘʥʠʟʘʮʠʿʝ ʩʝ ʬʦʢʫʩʠʨʘʿʫ ʥʘ ʢʦʥʪʠʥʫʠʨʘʥʦ ʫʥʘʧʨʝʹʝˁʝ ʧʨʦʠʟʚʦʜʥʠʭ 

ʧʨʦʮʝʩʘ ʢʨʦʟ ʜʫʛʦʨʦʯʥʦ ʩʪʚʘʨʘˁʝ ʚʨʝʜʥʦʩʪʠ ʢʫʧʮʠʤʘ ʠ ʤʠʥʠʤʠʟʠʨʘˁʝ ʘʢʪʠʚʥʦʩʪʠ ʢʦʿʝ 

ʥʝ ʜʦʜʘʿʫ ʚʨʝʜʥʦʩʪ, ʘ ʧʦʚʝ˂ʘʚʘʿʫ ʚʨʝʤʝ ʧʨʦʠʟʚʦʜˁʝ ʠ ʧʨʦʫʟʨʦʢʫʿʫ ʧʦʿʘʚʫ ʪʨʦʰʢʦʚʘ 

(Battini ʠ ʜʨʫʛʠ, 2011; Battaïa ʠ ʜʨʫʛʠ, 2018). ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʫ ʩʢʣʘʜʫ ʩʘ ʧʨʠʥʮʠʧʠʤʘ 

ʀʥʜʫʩʪʨʠʿʝ 4.0 ʦʨʛʘʥʠʟʘʮʠʿʝ ʥʘʩʪʦʿʝ ʜʘ ʦʩʪʚʘʨʝ ʥʘʿʚʠʰʠ ʥʠʚʦ ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʘ ʥʘ 

ʨʘʜʫ, ʩʚʝʜʫ ʧʦʚʨʝʜʝ ʥʘ ʨʘʜʫ, ʧʨʦʬʝʩʠʦʥʘʣʥʝ ʙʦʣʝʩʪʠ ʠ ʙʦʣʝʩʪʠ ʫ ʚʝʟʠ ʩʘ ʨʘʜʦʤ ʥʘ 

ʥʘʿʤʘˁʠ ʤʦʛʫ˂ʠ ʥʠʚʦ ʠ ʦʙʝʟʙʝʜʝ ʦʧʪʠʤʘʣʥʦ ʨʘʜʥʦ ʦʢʨʫʞʝˁʝ. ʂʘʢʦ ʥʘʚʦʜʠ ʘʫʪʦʨ 

(Gordon, 1998) ʥʘ ʙʝʟʙʝʜʥʦʩʪ ʠ ʟʜʨʘʚˀʝ ʥʘ ʨʘʜʫ ʫʪʠʯʫ ʦʨʛʘʥʠʟʘʮʠʦʥʠ, ʠʥʜʠʚʠʜʫʘʣʥʠ ʠ 

ʛʨʫʧʥʠ ʬʘʢʪʦʨʠ. ʋ ʮʠˀʫ ʧʦʙʦˀʰʘˁʘ ɹɿʈ ʧʦʩʝʙʥʘ ʧʘʞˁʘ ʪʨʝʙʘ ʜʘ ʙʫʜʝ ʧʦʩʚʝ˂ʝʥʘ 

ʘʥʘʣʠʟʠ ʠʥʪʝʨʘʢʮʠʿʝ ʠʟʤʝʹʫ ʩʚʠʭ ʧʦʤʝʥʫʪʠʭ ʬʘʢʪʦʨʘ (Bentley ʠ Tappin, 2010). ʌʦʢʫʩ ʿʝ 

ʥʘ ʜʠʟʘʿʥʠʨʘˁʫ ʨʘʜʥʦʛ ʦʢʨʫʞʝˁʘ ʫ ʩʢʣʘʜʫ ʩʘ ʝʨʛʦʥʦʤʩʢʠʤ ʧʨʠʥʮʠʧʠʤʘ ʫ ʮʠˀʫ 

ʧʦʙʦˀʰʘˁʘ ɹɿʈ ʠ ʦʧʪʠʤʠʟʘʮʠʿʝ ʧʝʨʬʦʨʤʘʥʩʠ ʩʠʩʪʝʤʘ. ʅʝʘʜʝʢʚʘʪʥʦ ʦʨʛʘʥʠʟʦʚʘʥʦ ʠ 

ʥʝʜʦʚʦˀʥʦ ʜʦʙʨʦ ʫʨʝʹʝʥʦ ʨʘʜʥʦ ʤʝʩʪʦ ʤʦʞʝ ʥʝʛʘʪʠʚʥʦ ʫʪʠʮʘʪʠ ʥʘ ʜʦʩʪʠʟʘˁʝ 

ʤʘʢʩʠʤʘʣʥʦʛ ʧʦʪʝʥʮʠʿʘʣʘ ʨʘʜʥʠʢʘ ʠ ʜʦʚʝʩʪʠ ʜʦ ʩʤʘˁʝˁʘ ʧʝʨʬʦʨʤʘʥʩʠ. 

ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʧʨʝʪʭʦʜʥʝ ʪʨʠ ʠʥʜʫʩʪʨʠʿʩʢʝ ʨʝʚʦʣʫʮʠʿʝ ʀʥʜʫʩʪʨʠʿʘ 4.0 ʧʦʜʨʘʟʫʤʝʚʘ 

ʧʦʪʧʫʥʫ ʘʫʪʦʤʘʪʠʟʘʮʠʿʫ ʠ ʜʠʛʠʪʘʣʠʟʘʮʠʿʫ ʧʨʦʠʟʚʦʜʥʠʭ ʧʨʦʮʝʩʘ ʦʜʥʦʩʥʦ 

ʪʨʘʥʩʬʦʨʤʘʮʠʿʫ ʧʨʦʠʟʚʦʜˁʝ ʥʘ ʪʘʿ ʥʘʯʠʥ ʜʘ ʩʝ ʠʟʦʣʦʚʘʥʝ ʧʨʦʠʟʚʦʜʥʝ ˂ʝʣʠʿʝ ʤʝʹʫʩʦʙʥʦ 

ʧʦʚʝʟʫʿʫ ʠ ʠʥʪʝʛʨʠʰʫ. ʀʥʜʫʩʪʨʠʿʫ 4.0 ʢʘʨʘʢʪʝʨʠʰʝ ʠʥʪʝʣʠʛʝʥʪʥʦ ʫʤʨʝʞʘʚʘˁʝ ʦʙʿʝʢʘʪʘ, 

ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʦ ʜʦʥʦʰʝˁʝ ʦʜʣʫʢʘ, ʢʦʥʪʠʥʫʠʨʘʥ ʪʦʢ ʨʝʩʫʨʩʘ, ʩʪʚʘʨʘˁʝ ʥʦʚʝ ʚʨʝʜʥʦʩʪʠ 

ʢʫʧʮʠʤʘ ʠ ʥʝʟʘʚʠʩʥʦ ʫʧʨʘʚˀʘˁʝ ʧʨʦʮʝʩʠʤʘ. ɻʨʘʥʠʮʝ ʠʟʤʝʹʫ ʩʪʚʘʨʥʦʛ ʠ ʚʠʨʪʫʝʣʥʦʛ 

ʩʚʝʪʘ ʧʦʩʪʘʿʫ ʥʝʚʠʜˀʠʚʝ. ʇʨʠʤʝʥʘ ʥʘʧʨʝʜʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʀʥʜʫʩʪʨʠʿʝ 4.0 ʢʘʦ ʰʪʦ ʩʫ 

ʀʥʪʝʨʥʝʪ ʩʪʚʘʨʠ, ʢʦʣʘʙʦʨʘʪʠʚʥʘ ʨʦʙʦʪʠʢʘ, ʩʘʿʙʝʨ ʬʠʟʠʯʢʠ ʩʠʩʪʝʤʠ, ʚʠʨʪʫʘʣʥʘ 

ʩʪʚʘʨʥʦʩʪ, ʧʨʦʰʠʨʝʥʘ ʨʝʘʣʥʦʩʪ, ʘʜʠʪʠʚʥʘ ʧʨʦʠʟʚʦʜˁʘ ʩʫʰʪʠʥʩʢʠ ʤʝˁʘ ʥʘʯʠʥ ʦʙʘʚˀʘˁʘ 

ʤʦʥʪʘʞʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʪʨʘʜʠʮʠʦʥʘʣʥʠʤ ʨʘʜʥʠʤ ʩʪʘʥʠʮʘʤʘ ʟʘ ʤʦʥʪʘʞʫ ʠ ʜʦʧʨʠʥʦʩʠ 

ʧʦʙʦˀʰʘˁʫ ʝʬʠʢʘʩʥʦʩʪʠ ʧʨʦʠʟʚʦʜʥʠʭ ʧʨʦʮʝʩʘ (Hermann ʠ ʜʨʫʛʠ, 2016). ʀʥʪʝʛʨʘʮʠʿʦʤ 

ʘʣʘʪʘ ʠ ʥʘʧʨʝʜʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʀʥʜʫʩʪʨʠʿʝ 4.0 ʧʦʚʝ˂ʘʚʘ ʩʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪ ʨʘʜʥʠʢʘ, 

ʧʦʙʦˀʰʘʚʘ ʩʝ ʢʚʘʣʠʪʝʪ ʬʠʥʘʣʥʠʭ ʧʨʦʠʟʚʦʜʘ ʠ ʩʤʘˁʫʿʫ ʩʝ ʛʨʝʰʢʝ ʫ ʨʘʥʠʤ ʢʦʨʘʮʠʤʘ 

(Romero ʠ ʜʨʫʛʠ, 2019). 

ɱʝʜʘʥ ʦʜ ʦʩʥʦʚʥʠʭ ʮʠˀʝʚʘ ʀʥʜʫʩʪʨʠʿʝ 4.0, ʧʦʨʝʜ ʧʦʙʦˀʰʘˁʘ ʝʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʠʟʚʦʜʥʠʭ ʧʨʦʮʝʩʘ, ʿʝʩʪʝ ʫʥʘʧʨʝʹʝˁʝ ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʘ ʢʨʦʟ ʧʦʩʪʠʟʘˁʝ Ăʥʫʣʘ 

ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ ʠ ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ ʙʦʣʝʩʪʠñ. ʆʚʘʿ ʮʠˀ ʩʝ ʤʦʞʝ ʧʦʩʪʠ˂ʠ 

ʠʜʝʥʪʠʬʠʢʘʮʠʿʦʤ ʠ ʦʪʢʣʘˁʘˁʝʤ ʦʧʘʩʥʦʩʪʠ, ʤʠʥʠʤʠʟʠʨʘˁʝʤ ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ, 

ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ ʦʙʦˀʝˁʘ ʠ ʦʙʦˀʝˁʘ ʫ ʚʝʟʠ ʩʘ ʨʘʜʦʤ, ʠ ʤʠʥʠʤʠʟʠʨʘˁʝʤ ʥʝʣʘʛʦʜʥʦʩʪʠ 

ʠ ʩʪʨʝʩʘ. ɹʝʟʙʝʜʥʦʩʪ 4.0 ʿʝ ʚʝʦʤʘ ʚʘʞʥʘ ʦʙʣʘʩʪ ʢʦʿʘ ʫ ʧʦʩʣʝʜˁʝ ʚʨʝʤʝ ʧʨʠʚʣʘʯʠ ʩʚʝ ʚʝ˂ʫ 

ʧʘʞˁʫ ʠʩʪʨʘʞʠʚʘʯʘ ʠ ʩʪʨʫʯˁʘʢʘ ʫ ʤʥʦʛʠʤ ʦʙʣʘʩʪʠʤʘ. ʆʚʦ ʩʝ ʤʦʞʝ ʟʘʢˀʫʯʠʪʠ ʥʘ ʦʩʥʦʚʫ 

ʚʝ˂ʝʛ ʙʨʦʿʘ ʥʘʫʯʥʦ-ʠʩʪʨʘʞʠʚʘʯʢʠʭ ʨʘʜʦʚʘ ʥʘʧʠʩʘʥʠʭ ʠʟ ʦʚʝ ʦʙʣʘʩʪʠ. ʋ ʢʦʥʪʝʢʩʪʫ 

ʀʥʜʫʩʪʨʠʿʝ 4.0, ʜʦʣʘʟʠ ʜʦ ʟʥʘʯʘʿʥʠʭ ʧʨʦʤʝʥʘ. ʌʦʢʫʩ ʦʚʠʭ ʧʨʦʤʝʥʘ ʿʝ ʥʘ ʩʤʘˁʝˁʫ 

ʬʠʟʠʯʢʠ ʠ ʤʝʥʪʘʣʥʦ ʟʘʭʪʝʚʥʠʭ ʘʢʪʠʚʥʦʩʪʠ, ʰʪʦ ʩʝ ʧʦʩʪʠʞʝ ʢʨʦʟ ʜʠʛʠʪʘʣʠʟʘʮʠʿʫ ʠ 

ʘʫʪʦʤʘʪʠʟʘʮʠʿʫ ʧʨʦʠʟʚʦʜʥʠʭ ʧʨʦʮʝʩʘ. ʊʝʭʥʦʣʦʛʠʿʝ ʀʥʜʫʩʪʨʠʿʝ 4.0 ʤʦʛʫ ʟʥʘʯʘʿʥʦ 
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ʧʦʙʦˀʰʘʪʠ ʙʝʟʙʝʜʥʦʩʪ ʠ ʟʜʨʘʚˀʝ ʨʘʜʥʠʢʘ ʢʨʦʟ ʧʨʝʚʝʥʮʠʿʫ ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ, 

ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ ʦʙʦˀʝˁʘ ʠ ʩʤʨʪʥʠʭ ʠʩʭʦʜʘ ʠ ʫʥʘʧʨʝʹʝˁʝ ʦʧʰʪʝʛ ʟʜʨʘʚˀʘ ʠ ʙʣʘʛʦʩʪʘˁʘ 

ʨʘʜʥʠʢʘ.  

ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʀʥʜʫʩʪʨʠʿʝ 4.0 ʢʦʿʘ ʩʝ ʬʦʢʫʩʠʨʘ ʥʘ ʜʠʛʠʪʘʣʠʟʘʮʠʿʫ ʧʨʦʠʟʚʦʜʥʠʭ 

ʧʨʦʮʝʩʘ, ʀʥʜʫʩʪʨʠʿʘ 5.0 ʫʚʦʜʠ ʧʦʪʨʝʙʫ ʟʘ ʥʦʚʠʤ ʬʠʣʦʟʦʬʠʿʘʤʘ ʜʠʟʘʿʥʘ ʠ ʠʥʞʝˁʝʨʠʥʛʘ 

ʢʦʿʝ ʩʪʘʚˀʘʿʫ ʨʘʜʥʠʢʘ ʫ ʮʝʥʪʘʨ ʧʘʞˁʝ ʩʘ ʮʠˀʝʤ ʜʘ ʩʝ ʧʦʙʦˀʰʘʿʫ ˁʝʛʦʚʝ ʬʠʟʠʯʢʝ ʠ 

ʢʦʛʥʠʪʠʚʥʝ ʩʧʦʩʦʙʥʦʩʪʠ. ʆʚʘʿ ʧʨʠʩʪʫʧ ʦʤʦʛʫ˂ʘʚʘ ʩʪʚʘʨʘˁʝ ʭʘʨʤʦʥʠʯʥʠʿʝʛ ʨʘʜʥʦʛ 

ʦʢʨʫʞʝˁʘ, ʫ ʢʦʿʝʤ ʩʝ ʪʝʭʥʦʣʦʰʢʝ ʠʥʦʚʘʮʠʿʝ ʢʦʨʠʩʪʝ ʥʝ ʩʘʤʦ ʟʘ ʧʦʚʝ˂ʘˁʝ ʝʬʠʢʘʩʥʦʩʪʠ ʠ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, ʚʝ˂ ʠ ʟʘ ʧʦʙʦˀʰʘˁʝ ʟʜʨʘʚʩʪʚʝʥʦʛ ʩʪʘˁʘ ʠ ʢʚʘʣʠʪʝʪʘ ʞʠʚʦʪʘ ʨʘʜʥʠʢʘ. ʉ 

ʜʨʫʛʝ ʩʪʨʘʥʝ, ʦʩʥʦʚʥʠ ʧʦʩʪʫʣʘʪʠ ʀʥʜʫʩʪʨʠʿʝ 5.0 ʩʫ ʧʨʦʠʟʚʦʜˁʘ ʩʘ ʥʫʣʘ ʜʝʬʝʢʘʪʘ ʠ 

ʧʦʩʪʠʟʘˁʝ ʤʘʢʩʠʤʘʣʥʝ ʝʬʠʢʘʩʥʦʩʪʠ. 

ʄʝʹʫʪʠʤ, ʫʧʨʢʦʩ ʨʘʩʪʫ˂ʝʤ ʪʨʝʥʜʫ ʘʫʪʦʤʘʪʠʟʘʮʠʿʝ ʠ ʧʨʠʤʝʥʝ ʥʘʧʨʝʜʥʠʭ 

ʪʝʭʥʦʣʦʛʠʿʘ, ʥʘ ʤʥʦʛʠʤ ʨʘʜʥʠʤ ʤʝʩʪʠʤʘ ʫ ʩʘʚʨʝʤʝʥʠʤ ʠʥʜʫʩʪʨʠʿʩʢʠʤ ʩʠʩʪʝʤʠʤʘ ʥʠʿʝ 

ʤʦʛʫ˂ʝ ʜʘ ʩʝ ʩʧʨʦʚʝʜʝ ʧʦʪʧʫʥʘ ʜʠʛʠʪʘʣʠʟʘʮʠʿʘ. ʂʘʦ ʧʨʠʤʝʨ ʪʘʢʚʠʭ ʨʘʜʥʠʭ ʤʝʩʪʘ ʤʦʛʫ ʩʝ 

ʥʘʚʝʩʪʠ ʠʥʜʫʩʪʨʠʿʩʢʝ ʨʘʜʥʝ ʩʪʘʥʠʮʝ ʥʘ ʢʦʿʠʤʘ ʨʘʜʥʠʮʠ ʨʫʯʥʦ ʦʙʘʚˀʘʿʫ ʘʢʪʠʚʥʦʩʪʠ 

ʤʦʥʪʘʞʝ. ɸʫʪʦʨʠ ʨʘʜʘ (Aminoff ʠ ʜʨʫʛʠ, 1996) ʫʢʘʟʫʿʫ ʥʘ ʩʚʝ ʚʝ˂ʝ ʧʦʚʝ˂ʘˁʝ ʤʦʥʦʪʦʥʠʭ ʠ 

ʧʦʥʘʚˀʘʿʫ˂ʠʭ ʟʘʜʘʪʘʢʘ ʤʦʥʪʘʞʝ ʫ ʠʥʜʫʩʪʨʠʿʠ (ʧʦʩʝʙʥʦ ʫ ʟʝʤˀʘʤʘ ʫ ʨʘʟʚʦʿʫ) ʫ ʧʦʨʝʹʝˁʫ 

ʩʘ ʜʨʫʛʠʤ ʨʘʜʥʠʤ ʟʘʜʘʮʠʤʘ. ʉʪʦʛʘ, ʨʘʜʥʝ ʩʪʘʥʠʮʝ ʥʘ ʢʦʿʠʤʘ ʩʝ ʦʙʘʚˀʘʿʫ ʤʘʥʫʝʣʥʝ 

ʦʧʝʨʘʮʠʿʝ ʩʢʣʘʧʘˁʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʚʘʞʥʦ ʧʦˀʝ ʠʩʪʨʘʞʠʚʘˁʘ (Loch ʠ ʜʨʫʛʠ, 2016) ʢʦʿʝʤ 

ʪʨʝʙʘ ʙʠʪʠ ʧʦʩʚʝ˂ʝʥʘ ʧʘʞˁʘ ʫ ʥʘʨʝʜʥʦʤ ʧʝʨʠʦʜʫ. 

ʈʘʜʥʠʮʠ ʢʦʿʠ ʦʙʘʚˀʘʿʫ ʧʦʥʘʚˀʘʿʫ˂ʝ ʠ ʟʘʤʦʨʥʝ ʘʢʪʠʚʥʦʩʪʠ ʩʢʣʘʧʘˁʘ ʜʝʣʦʚʘ ʠ 

ʢʦʤʧʦʥʝʥʪʠ ʫ ʬʠʥʘʣʥʠ ʧʨʦʠʟʚʦʜ ʥʘ ʪʨʘʜʠʮʠʦʥʘʣʥʠʤ ʨʘʜʥʠʤ ʩʪʘʥʠʮʘʤʘ ʟʘ ʤʦʥʪʘʞʫ ʩʫ 

ʯʝʩʪʦ ʠʟʣʦʞʝʥʠ ʟʥʘʯʘʿʥʦʤ ʬʠʟʠʯʢʦʤ ʦʧʪʝʨʝ˂ʝˁʫ (Schaub ʠ ʜʨʫʛʠ, 2013) ʢʦʿʠ ʧʨʦʫʟʨʦʢʫʿʝ 

ʟʘʤʦʨ ʤʠʰʠ˂ʘ ʫʩʣʝʜ ʯʝʛʘ ʩʝ ʿʘʚˀʘʿʫ ʙʨʦʿʥʝ ʧʨʦʬʝʩʠʦʥʘʣʥʝ ʙʦʣʝʩʪʠ (Shikdar ʠ Garbie, 

2011). ɿʘʤʦʨ ʤʠʰʠ˂ʘ ʩʝ ʦʧʠʩʫʿʝ ʢʘʦ ʧʦʩʪʝʧʝʥʦ ʩʤʘˁʝˁʝ ʢʘʧʘʮʠʪʝʪʘ ʤʠʰʠ˂ʘ ʦʜʥʦʩʥʦ 

ʩʤʘˁʝˁʝ ʤʠʰʠ˂ʥʝ ʘʢʪʠʚʥʦʩʪʠ. ʌʦʢʫʩ ʨʘʜʘ ʯʠʿʠ ʩʫ ʘʫʪʦʨʠ (Banks ʠ Aghazadeh, 2009) ʿʝ 

ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʬʘʢʪʦʨʘ ʢʦʿʠ ʫʪʠʯʫ ʥʘ ʟʘʤʦʨ ʤʠʰʠ˂ʘ. ʂʘʢʦ ʥʘʚʦʜʠ ʘʫʪʦʨ (Takala, 2002) 

ʟʘʤʦʨ ʤʠʰʠ˂ʘ ʫʟʨʦʢʦʚʘʥ ʦʙʘʚˀʘˁʝʤ ʧʦʥʘʚˀʘʿʫ˂ʠʭ ʘʢʪʠʚʥʦʩʪʠ ʿʝ ʚʘʞʘʥ ʠʥʠʮʠʨʘʿʫ˂ʠ 

ʬʘʢʪʦʨ ʫ ʨʘʟʚʦʿʫ ʟʜʨʘʚʩʪʚʝʥʠʭ ʧʦʨʝʤʝ˂ʘʿʘ ʛʦʨˁʠʭ ʝʢʩʪʨʝʤʠʪʝʪʘ - ʚʨʘʪʘ ʠ ʨʘʤʝʥʘ. ʉʘ 

ʜʨʫʛʝ ʩʪʨʘʥʝ, ʧʨʝʚʠʩʦʢ ʥʠʚʦ ʫʤʦʨʘ ʜʦʚʦʜʠ ʜʦ ʧʦʚʝ˂ʘˁʘ ʥʝʙʝʟʙʝʜʥʠʭ ʨʘʜˁʠ, ˀʫʜʩʢʠʭ 

ʛʨʝʰʘʢʘ, ʥʝʟʛʦʜʘ (Hallowell, 2010). ʋ ʨʘʜʫ ʘʫʪʦʨʠ (Yeow ʠ ʜʨʫʛʠ, 2014) ʥʘʚʦʜʝ ʜʘ ʩʝ 48,8 

% ˀʫʜʩʢʠʭ ʛʨʝʰʘʢʘ ʜʝʰʘʚʘ ʫʩʣʝʜ ʟʘʤʦʨʘ ʤʠʰʠ˂ʘ. 

ʇʦʩʣʦʚʠ ʤʦʥʪʘʞʝ ʥʘ ʠʥʜʫʩʪʨʠʿʩʢʠʤ ʨʘʜʥʠʤ ʩʪʘʥʠʮʘʤʘ ʩʝ ʥʘʿʯʝʰ˂ʝ ʠʟʚʦʜʝ ʫ 

ʝʨʛʦʥʦʤʩʢʠ ʥʝʘʜʝʢʚʘʪʥʠʤ ʠ ʥʝʬʠʟʠʦʣʦʰʢʠʤ ʧʦʣʦʞʘʿʠʤʘ ʪʝʣʘ ʪʦʢʦʤ ʜʫʞʝʛ ʚʨʝʤʝʥʩʢʦʛ 

ʧʝʨʠʦʜʘ ʰʪʦ ʜʦʚʦʜʠ ʧʦ ʧʦʿʘʚʝ ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ ʙʦʣʝʩʪʠ, ʥʘʿʯʝʰ˂ʝ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠʭ 

ʧʦʨʝʤʝ˂ʘʿʘ, ʫʢˀʫʯʫʿʫ˂ʠ ʩʠʥʜʨʦʤ ʢʘʨʧʘʣʥʦʛ ʪʫʥʝʣʘ, ʪʝʥʜʦʥʠʪʠʩ ʠ ʜʨ. (Barr ʠ ʜʨʫʛʠ, 2004; 

Petreanu ʠ Seracin, 2017). ʇʦʨʝʤʝ˂ʘʿʠ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʦʛ ʩʠʩʪʝʤʘ ʥʘʩʪʘʿʫ ʢʘʦ ʨʝʟʫʣʪʘʪ 

ʧʦʥʘʚˀʘˁʘ ʠʩʪʦʛ ʧʦʢʨʝʪʘ ʚʝʣʠʢʦʤ ʙʨʟʠʥʦʤ ʪʦʢʦʤ ʜʫʞʝʛ ʚʨʝʤʝʥʩʢʦʛ ʧʝʨʠʦʜʘ, ʥʘʧʨʝʟʘˁʘ 

ʠ ʩʘʚʠʿʘˁʘ ʪʝʣʘ, ʧʨʠʤʝʥʝ ʩʠʣʝ ʠʪʜ. ʈʘʜʥʠʮʠ ʦʩʝ˂ʘʿʫ ʟʜʨʘʚʩʪʚʝʥʝ ʪʝʛʦʙʝ ʫ ʚʨʘʪʫ, ʨʘʤʝʥʫ, 

ʣʘʢʪʫ, ʰʘʮʠ, ʜʦˁʝʤ ʜʝʣʫ ʣʝʹʘ ʢʦʿʝ ʩʝ ʤʘʥʠʬʝʩʪʫʿʫ ʪʨˁʝˁʝʤ, ʦʪʦʢʦʤ ʠ ʙʦʣʦʚʠʤʘ 

(Lemasters ʠ ʜʨʫʛʠ, 1998). ʆʚʘ ʩʪʘˁʘ ʤʦʛʫ ʙʠʪʠ ʚʝʦʤʘ ʙʦʣʥʘ ʠ ʠʩʮʨʧˀʫʿʫ˂ʘ, ʰʪʦ ʦʪʝʞʘʚʘ 

ʠʣʠ ʦʥʝʤʦʛʫ˂ʘʚʘ ʨʘʜʥʠʮʠʤʘ ʜʘ ʦʙʘʚˀʘʿʫ ʨʘʜʥʝ ʘʢʪʠʚʥʦʩʪʠ ʠ ʧʨʦʫʟʨʦʢʫʿʝ ʘʧʩʝʥʪʠʟʘʤ 

(Canjuga ʠ ʜʨʫʛʠ, 2010). ʅʝʢʘ ʠʩʪʨʘʞʠʚʘˁʘ ʩʫ ʧʦʢʘʟʘʣʘ ʜʘ ʧʦʩʪʦʿʠ ʢʦʨʝʣʘʮʠʿʘ ʠʟʤʝʹʫ 

ʧʦʚʝ˂ʘʥʝ ʤʠʰʠ˂ʥʝ ʘʢʪʠʚʥʦʩʪʠ ʠ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠʭ ʧʦʨʝʤʝ˂ʘʿʘ (Ostensvik ʠ ʜʨʫʛʠ, 

2009).  

ʋ ʩʪʫʜʠʿʠ ʢʦʿʫ ʩʫ ʩʧʨʦʚʝʣʠ ʘʫʪʦʨʠ (Deros ʠ ʜʨʫʛʠ, 2010) ʠʩʪʨʘʞʠʚʘʥʘ ʿʝ 

ʧʨʝʚʘʣʝʥʮʠʿʘ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠʭ ʧʦʨʝʤʝ˂ʘʿʘ ʤʝʹʫ ʨʘʜʥʠʮʠʤʘ ʢʦʿʠ ʦʙʘʚˀʘʿʫ ʟʘʜʘʪʢʝ 

ʨʫʯʥʦʛ ʨʫʢʦʚʘˁʘ ʤʘʪʝʨʠʿʘʣʦʤ ʫ ʘʫʪʦʤʦʙʠʣʩʢʦʿ ʠʥʜʫʩʪʨʠʿʠ ʫ ʄʘʣʝʟʠʿʠ. ʋʪʚʨʹʝʥʦ ʿʝ ʜʘ ʩʝ 
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ʢʦʜ ʦʚʠʭ ʨʘʜʥʠʢʘ ʥʘʿʯʝʰ˂ʝ ʿʘʚˀʘʿʫ ʙʦʣʦʚʠ ʫ ʜʦˁʝʤ ʜʝʣʫ ʣʝʹʘ ʠ ʫ ʚʨʘʪʫ ʠ ʨʘʤʝʥʠʤʘ. ɼʦ 

ʠʩʪʦʛ ʟʘʢˀʫʯʢʘ ʜʦʰʣʠ ʩʫ ʠ ʘʫʪʦʨʠ (Mathiassen, 1993). ɸʫʪʦʨʠ (Mossa ʠ ʜʨʫʛʠ, 2016) ʩʫ 

ʫʢʘʟʘʣʠ ʥʘ ʝʨʛʦʥʦʤʩʢʠ ʨʠʟʠʢ ʪʦʢʦʤ ʠʟʚʦʹʝˁʘ ʨʫʯʥʠʭ ʟʘʜʘʪʘʢʘ ʥʠʩʢʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʩʘ 

ʚʝʣʠʢʦʤ ʫʯʝʩʪʘʣʦʰ˂ʫ ʧʦʥʘʚˀʘˁʘ ʠ ʬʦʢʫʩʠʨʘʣʠ ʩʝ ʥʘ ʧʨʦʥʘʣʘʞʝˁʝ ʦʧʪʠʤʘʣʥʦʛ 

ʨʘʩʧʦʨʝʜʘ ʠ ʨʝʜʦʩʣʝʜʘ ʦʙʘʚˀʘˁʘ ʘʢʪʠʚʥʦʩʪʠ. 

ʋ ʟʝʤˀʘʤʘ ʯʣʘʥʠʮʘʤʘ ɽʚʨʦʧʩʢʝ ʫʥʠʿʝ (ɽʋ) ʫʯʝʩʪʘʣʦʩʪ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠʭ 

ʧʦʨʝʤʝ˂ʘʿʘ ʤʝʹʫ ʨʘʜʥʠʮʠʤʘ ʚʘʨʠʨʘ ʠʟʤʝʹʫ 25% ʠ 33% ʩʚʠʭ ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ ʦʙʦˀʝˁʘ, 

ʰʪʦ ʠʭ ʯʠʥʠ ʿʝʜʥʠʤ ʦʜ ʥʘʿʟʘʩʪʫʧˀʝʥʠʿʠʭ ʟʜʨʘʚʩʪʚʝʥʠʭ ʧʨʦʙʣʝʤʘ ʧʦʚʝʟʘʥʠʭ ʩʘ ʨʘʜʦʤ. 

ʇʨʝʤʘ ʧʦʜʘʮʠʤʘ ɽʚʨʦʧʩʢʝ ʘʛʝʥʮʠʿʝ ʟʘ ʙʝʟʙʝʜʥʦʩʪ ʠ ʟʜʨʘʚˀʝ ʥʘ ʨʘʜʫ (ʝʥʛʣ. European 

Agency for Safety & Health at Work - ɽASHW, 2019) ʫ ɹʝʣʛʠʿʠ 62% ʨʘʜʥʠʢʘ ʠʤʘ ʤʠʰʠ˂ʥʦ-

ʢʦʰʪʘʥʝ ʧʦʨʝʤʝ˂ʘʿʝ, ʫ ɽʩʪʦʥʠʿʠ 74%, ʫ ʌʠʥʩʢʦʿ 79%, ʫ ʍʨʚʘʪʩʢʦʿ 62%, ʘ ʫ ʀʪʘʣʠʿʠ 50%. 

ʋ ʠʩʪʨʘʞʠʚʘˁʫ ʢʦʿʝ ʩʫ ʩʧʨʦʚʝʣʠ ʘʫʪʦʨʠ (Ulin ʠ Keyserling, 2004) ʠʩʪʘʢʥʫʪʦ ʿʝ ʜʘ 

ʘʫʪʦʤʦʙʠʣʩʢʫ ʠʥʜʫʩʪʨʠʿʫ, ʠʘʢʦ ʿʝ ʿʝʜʥʘ ʦʜ ʪʝʭʥʦʣʦʰʢʠ ʥʘʿʨʘʟʚʠʿʝʥʠʿʠʭ ʠʥʜʫʩʪʨʠʿʘ, 

ʢʘʨʘʢʪʝʨʠʰʝ ʚʠʩʦʢʘ ʩʪʦʧʘ ʧʦʿʘʚˀʠʚʘˁʘ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠʭ ʧʦʨʝʤʝ˂ʘʿʘ.  

ʇʦʩʝʙʥʦ ʿʝ ʧʨʠʤʝ˂ʝʥʘ ʫʯʝʩʪʘʣʦʩʪ ʧʦʿʘʚʝ ʙʦʣʦʚʘ ʫ ʛʦʨˁʠʤ ʝʢʩʪʨʝʤʠʪʝʪʠʤʘ ʫ 

ʦʜʥʦʩʫ ʥʘ ʜʨʫʛʝ ʜʝʣʦʚʝ ʪʝʣʘ (Jones ʠ Kumar, 2004). ʇʨʝʤʘ ʩʪʫʜʠʿʘʤʘ ʢʦʿʝ ʩʫ ʩʧʨʦʚʝʣʠ 

ʘʫʪʦʨʠ (Ohlsson, 1989) ʠ (Ohlsson ʠ ʜʨʫʛʠ, 1995) 39% ʨʘʜʥʠʢʘ ʢʦʿʠ ʦʙʘʚˀʘʿʫ ʤʦʥʪʘʞʥʝ 

ʘʢʪʠʚʥʦʩʪʠ ʫ ʘʫʪʦʤʦʙʠʣʩʢʦʿ ʠʥʜʫʩʪʨʠʿʠ ʧʨʠʿʘʚʠʣʦ ʿʝ ʜʘ ʦʩʝ˂ʘ ʙʦʣʦʚʝ ʫ ʚʨʘʪʫ, 38% ʿʝ 

ʠʤʘʣʦ ʙʦʣʦʚʝ ʫ ʨʘʤʝʥʫ, ʘ 14% ʙʦʣʦʚʝ ʫ ʨʫʢʘʤʘ. ɸʫʪʦʨ (Luopajärvi, 1979) ʿ ʝ ʩʧʨʦʚʝʦ 

ʠʩʪʨʘʞʠʚʘˁʝ ʠ ʫʢʘʟʘo ʜʘ ʩʝ 37% ʨʘʜʥʠʢʘ ʢʦʿʠ ʠʟʚʦʜʝ ʤʦʥʪʘʞʫ ʜʝʣʦʚʘ ʠ ʢʦʤʧʦʥʝʥʪʠ 

ʞʘʣʠʣʦ ʥʘ ʙʦʣʦʚʝ ʫ ʚʨʘʪʫ, ʘ 5,9% ʥʘ ʙʦʣʦʚʝ ʫ ʨʫʢʘʤʘ. ʇʨʝʤʘ ʨʝʟʫʣʪʘʪʠʤʘ ʘʥʢʝʪʝ ʢʦʿʘ ʿʝ 

ʩʧʨʦʚʝʜʝʥʘ ʫ ʅʦʨʚʝʰʢʦʿ, 65% ʨʘʜʥʠʢʘ ʿʝ ʦʩʝ˂ʘʣʦ ʙʦʣʦʚʝ ʫ ʧʨʝʜʝʣʫ ʚʨʘʪʘ ʠʣʠ ʨʘʤʝʥʘ ʘ 

78% ʙʦʣʦʚʝ ʫ ʨʫʢʘʤʘ (Mehlum, 2009). ʈʝʟʫʣʪʘʪʠ ʩʪʫʜʠʿʝ ʢʦʿʫ ʩʫ ʩʧʨʦʚʝʣʠ ʘʫʪʦʨʠ (Nur ʠ 

ʜʨʫʛʠ, 2014) ʫʢʘʟʫʿʫ ʜʘ ʩʝ ʨʘʜʥʠʮʠ ʫ ʘʫʪʦʤʦʙʠʣʩʢʦʿ ʠʥʜʫʩʪʨʠʿʠ ʥʘʿʯʝʰ˂ʝ ʞʘʣʝ ʥʘ ʙʦʣʦʚʝ 

ʥʘ ʚʨʘʪʫ (49,3%), ʟʘʪʠʤ ʫ ʰʘʮʠ/ʟʛʣʦʙʫ (48%), ʨʘʤʝʥʫ (46,7%) ʠ ʣʝʹʠʤʘ (33,6%).   

ɿʘ ʦʚʫ ʛʨʫʧʫ ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ ʦʙʦˀʝˁʘ ʩʝ ʚʝʟʫʿʝ ʥʘʿʚʝ˂ʠ ʙʨʦʿ ʠʟʛʫʙˀʝʥʠʭ ʨʘʜʥʠʭ 

ʜʘʥʘ ʫ ʪʦʢʫ ʛʦʜʠʥʝ ʫ ʜʨʞʘʚʘʤʘ ʯʣʘʥʠʮʘʤʘ ɽʋ ʠ ʟʥʘʯʘʿʥʠ ʬʠʥʘʥʩʠʿʩʢʠ ʛʫʙʠʮʠ ʫ 

ʦʨʛʘʥʠʟʘʮʠʿʘʤʘ ʫʩʣʝʜ ʧʘʜʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʧʦʚʝ˂ʘˁʘ ʪʨʦʰʢʦʚʘ ʟʙʦʛ ʧʦʚʝ˂ʘʥʠʭ 

ʠʟʦʩʪʘʥʘʢʘ ʩʘ ʧʦʩʣʘ, ʣʝʯʝˁʘ ʠ ʩʘʥʠʨʘˁʘ ʙʦʣʝʩʪʠ, ʬʣʫʢʪʫʘʮʠʿʝ ʟʘʧʦʩʣʝʥʠʭ (Nunes ʠ 

Machado, 2007; Cheshmehgaz ʠ ʜʨʫʛʠ, 2012; Bergman ʠ ʜʨʫʛʠ, 2001). ɱʝʜʥʘ ʪʨʝ˂ʠʥʘ 

ʫʢʫʧʥʦʛ ʙʦʣʦʚʘˁʘ ʨʘʜʥʠʢʘ ʫ ʩʚʝʪʫ ʚʝʟʘʥʘ ʿʝ ʟʘ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʝ ʧʦʨʝʤʝ˂ʘʿʝ ʠ 

ʟʜʨʘʚʩʪʚʝʥʝ ʪʝʛʦʙʝ ʢʦʿʝ ʥʘʩʪʘʿʫ ʫʩʣʝʜ ʥʝʘʜʝʢʚʘʪʥʦʛ ʝʨʛʦʥʦʤʩʢʦʛ ʜʠʟʘʿʥʘ ʨʘʜʥʦʛ ʤʝʩʪʘ.  

ʆʨʛʘʥʠʟʘʮʠʿʝ ʠʟʜʚʘʿʘʿʫ ʚʝ˂ʝ ʠʟʥʦʩʝ ʬʠʥʘʥʩʠʿʩʢʠʭ ʩʨʝʜʩʪʘʚʘ ʟʘ ʥʘʢʥʘʜʫ 

ʨʘʜʥʠʮʠʤʘ ʫʩʣʝʜ ʧʦʿʘʚʝ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠʭ ʧʦʨʝʤʝ˂ʘʿʘ. ʋ ʠʩʪʨʘʞʠʚʘˁʫ ʘʫʪʦʨʠ (Jones ʠ 

Kumar, 2004) ʩʫ ʫʢʘʟʘʣʠ ʥʘ ʯʠˁʝʥʠʮʫ ʜʘ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠ ʧʦʨʝʤʝ˂ʘʿʠ ʧʨʦʫʟʨʦʢʫʿʫ 32% 

ʫʢʫʧʥʠʭ ʪʨʦʰʢʦʚʘ ʫ ʦʨʛʘʥʠʟʘʮʠʿʠ ʠ 40% ʫʢʫʧʥʦʛ ʛʫʙʠʪʢʘ ʚʨʝʤʝʥʘ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʜʨʫʛʠʤ 

ʧʨʦʬʝʩʠʦʥʘʣʥʠʤ ʙʦʣʝʩʪʠʤʘ. ʋ ʟʝʤˀʘʤʘ ɽʋ ʦʜ 25% ʪʨʦʰʢʦʚʘ, ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠ 

ʧʦʨʝʤʝ˂ʘʿʠ ʠʟʥʦʩʝ ʧʨʠʙʣʠʞʥʦ 15%. ʋ ʌʠʥʩʢʦʿ ʬʠʥʘʥʩʠʿʩʢʠ ʪʨʦʰʢʦʚʠ ʚʝʟʘʥʠ ʟʘ 

ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʘ ʦʙʦˀʝˁʘ ʠʟʥʦʩʝ 28,6 ʙʠʣʠʦʥʘ ʝʚʨʘ. ʋ ʅʝʤʘʯʢʦʿ ʠʟʥʦʩʝ 17,2 ʙʠʣʠʦʥʘ 

ʝʚʨʘ, ʘ ʛʫʙʠʮʠ ʫ ʧʨʝʜʫʟʝ˂ʠʤʘ ʢʦʿʝ ʧʨʦʫʟʨʦʢʫʿʫ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠ ʧʦʨʝʤʝ˂ʘʿʠ ʠʟʥʦʩʝ 30,4 

ʙʠʣʠʦʥʘ ʝʚʨʘ ʘ ʪʦ ʿʝ ʠʟʤʝʹʫ 0,5% ʠ 1,0% ʙʨʫʪʦ ʜʦʤʘ˂ʝʛ ʧʨʦʠʟʚʦʜʘ (ɹɼʇ-ʘ). ʉʪʦʛʘ, 

ʠʩʪʨʘʞʠʚʘˁʝ ʤʦʛʫ˂ʥʦʩʪʠ ʩʤʘˁʝˁʘ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠʭ ʧʦʨʝʤʝ˂ʘʿʘ ʠ ʧʦʙʦˀʰʘˁʘ 

ʟʜʨʘʚʩʪʚʝʥʦʛ ʩʪʘˁʘ ʨʘʜʥʠʢʘ ʿʝ ʦʜ ʚʝʣʠʢʦʛ ʟʥʘʯʘʿʘ ʫ ʩʚʘʢʦʤ ʧʨʝʜʫʟʝ˂ʫ. 

ʂʘʢʦ ʥʘʚʦʜʠ ʚʠʰʝ ʘʫʪʦʨʘ (Das ʠ ʜʨʫʛʠ, 2007; Resnick ʠ Zanotti, 1997; Das ʠ Shikdar, 

1999) ʥʝʘʜʝʢʚʘʪʥʦ ʜʠʟʘʿʥʠʨʘʥʝ ʨʘʜʥʝ ʩʪʘʥʠʮʝ ʩʫ ʫʦʙʠʯʘʿʝʥʘ ʧʦʿʘʚʘ ʫ ʙʨʦʿʥʠʤ 

ʧʨʦʠʟʚʦʜʥʠʤ ʩʠʩʪʝʤʠʤʘ. ʅʝʘʜʝʢʚʘʪʘʥ ʜʠʟʘʿʥ ʨʘʜʥʝ ʩʪʘʥʠʮʝ ʠ ʥʝʧʨʘʚʠʣʥʦ ʨʘʩʧʦʨʝʹʝʥʠ 

ʝʣʝʤʝʥʪʠ ʫ ʦʢʚʠʨʫ ʨʘʜʥʦʛ ʧʨʦʩʪʦʨʘ ʧʨʠʤʦʨʘʚʘʿʫ ʨʘʜʥʠʢʝ ʜʘ ʟʘʫʟʤʫ ʥʝʝʨʛʦʥʦʤʩʢʝ 

ʧʦʣʦʞʘʿʝ ʪʝʣʘ, ʠʣʠ ʢʦʨʠʩʪʝ ʧʨʝʢʦʤʝʨʥʫ ʩʠʣʫ, ʰʪʦ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʜʫʛʦʪʨʘʿʥʦʛ 
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ʦʧʪʝʨʝ˂ʝˁʘ ʤʠʰʠ˂ʘ, ʪʝʪʠʚʘ ʠ ʟʛʣʦʙʦʚʘ ʠ ʧʦʚʝ˂ʘʪʠ ʨʠʟʠʢ ʦʜ ʧʦʿʘʚʝ ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ 

ʙʦʣʝʩʪʠ ʠ ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ. ʅʘ ʧʨʠʤʝʨ, ʘʢʦ ʿʝ ʨʘʜʥʘ ʩʪʘʥʠʮʘ ʧʨʝʚʠʩʦʢʘ ʠʣʠ ʧʨʝʥʠʩʢʘ, 

ʨʘʜʥʠʮʠ ʤʦʨʘʿʫ ʜʘ ʩʝ ʠʩʪʝʞʫ ʠʣʠ ʧʦʛʨʙʝ, ʦʧʪʝʨʝ˂ʫʿʫ˂ʠ ʣʝʹʘ, ʚʨʘʪ ʠ ʨʘʤʝʥʘ.  

ʋ ʩʪʫʜʠʿʠ ʘʫʪʦʨʘ (Wilks ʠ ʜʨʫʛʠ, 2006) ʩʧʨʦʚʝʜʝʥʦʿ ʫ ʢʦʤʧʘʥʠʿʘʤʘ ʫ ʐʚʝʜʩʢʦʿ, 

ʫʩʪʘʥʦʚˀʝʥʦ ʿʝ ʜʘ ʩʚʘʢʠ ʜʝʩʝʪʠ ʨʘʜʥʠʢ ʦʙʘʚˀʘ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʨʘʜʥʦʿ ʩʪʘʥʠʮʠ ʫ ʩʝʜʝ˂ʝʤ 

ʧʦʣʦʞʘʿʫ. ʀʘʢʦ ʩʝ ʩʤʘʪʨʘʣʦ ʜʘ ʨʘʜʥʠʮʠ ʢʦʿʠ ʦʙʘʚˀʘʿʫ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʨʘʜʥʠʤ ʤʝʩʪʠʤʘ ʫ 

ʩʝʜʝ˂ʝʤ ʧʦʣʦʞʘʿʫ ʠʤʘʿʫ ʩʤʘˁʝʥ ʦʩʝ˂ʘʿ ʥʝʣʘʛʦʜʥʦʩʪʠ, ʢʦʜ ʦʚʠʭ ʨʘʜʥʠʢʘ ʿʝ ʧʦʩʝʙʥʦ ʙʠʦ 

ʠʟʨʘʞʝʥ ʦʩʝ˂ʘʿ ʥʝʣʘʛʦʜʥʦʩʪʠ ʫ ʛʦʨˁʠʤ ʝʢʩʪʨʝʤʠʪʝʪʠʤʘ. ɸʫʪʦʨʠ (Hedge ʠ Rai, 2004) ʩʫ 

ʟʘʢˀʫʯʠʣʠ ʜʘ ʠʘʢʦ ʿʝ ʨʘʜʥʠʮʠʤʘ ʧʦʥʫʹʝʥʦ ʜʘ ʦʙʘʚˀʘʿʫ ʨʘʜʥʝ ʟʘʜʘʪʢʝ ʫ ʩʝʜʝ˂ʝʤ ʧʦʣʦʞʘʿʫ 

ʥʘ ʨʘʜʥʦʿ ʩʪʘʥʠʮʠ, ʦʥʠ ʩʫ 21,2% ʨʘʜʥʦʛ ʚʨʝʤʝʥʘ ʧʨʦʚʝʣʠ ʫ ʩʪʦʿʝ˂ʝʤ ʧʦʣʦʞʘʿʫ, ʰʪʦ ʿʝ 

ʨʝʟʫʣʪʠʨʘʣʦ ʩʤʘˁʝˁʝʤ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠʭ ʧʦʨʝʤʝ˂ʘʿʘ ʟʘ 27,5%. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, 

ʘʫʪʦʨʠ ʨʘʜʘ (Roelofs ʠ Straker, 2002) ʩʤʘʪʨʘʿʫ ʜʘ ʩʝ ʥʘʿʚʝ˂ʘ ʥʝʣʘʛʦʜʥʦʩʪ ʫ ʜʦˁʠʤ 

ʝʢʩʪʨʝʤʠʪʝʪʠʤʘ ʿʘʚˀʘ ʢʘʜʘ ʨʘʜʥʠʮʠ ʦʙʘʚˀʘʿʫ ʘʢʪʠʚʥʦʩʪʠ ʩʘʤʦ ʫ ʩʪʦʿʝ˂ʝʤ ʧʦʣʦʞʘʿʫ. 

ʊʘʢʦʹʝ, ʘʫʪʦʨʠ ʨʘʜʘ (Halim ʠ ʜʨʫʛʠ, 2011) ʩʫ ʫʢʘʟʘʣʠ ʥʘ ʟʜʨʘʚʩʪʚʝʥʝ ʧʨʦʙʣʝʤʝ ʫʩʣʝʜ 

ʜʫʛʦʪʨʘʿʥʦʛ ʦʙʘʚˀʘˁʘ ʘʢʪʠʚʥʦʩʪʠ ʫ ʩʪʦʿʝ˂ʝʤ ʧʦʣʦʞʘʿʫ.  

ʆʙʘʚˀʘˁʝ ʘʢʪʠʚʥʦʩʪʠ ʫ ʩʪʦʿʝ˂ʝʤ ʧʦʣʦʞʘʿʫ ʪʝʣʘ ʧʨʝʧʦʨʫʯʫʿʝ ʩʝ ʫ ʩʠʪʫʘʮʠʿʘʤʘ 

ʢʘʜʘ ʧʦʩʘʦ ʟʘʭʪʝʚʘ ʦʜ ʨʘʜʥʠʢʘ ʜʘ ʯʝʩʪʦ ʠʟʚʦʜʠ ʠʩʪʝ ʧʦʢʨʝʪʝ, ʤʘʥʠʧʫʣʠʰʝ ʪʝʰʢʠʤ ʠʣʠ 

ʚʝʣʠʢʠʤ ʧʨʝʜʤʝʪʠʤʘ, ʠʣʠ ʢʘʜʘ ʿʝ ʧʦʪʨʝʙʥʦ ʜʘ ʧʨʠʤʝʥʠ ʩʠʣʫ. ʉʪʦʿʝ˂ʠ ʧʦʣʦʞʘʿ ʦʤʦʛʫ˂ʘʚʘ 

ʨʘʜʥʠʮʠʤʘ ʚʝ˂ʫ ʤʦʙʠʣʥʦʩʪ ʠ ʣʘʢʰʝ ʠʟʚʨʰʘʚʘˁʝ ʨʘʜʥʠʭ ʟʘʜʘʪʘʢʘ ʢʦʿʠ ʟʘʭʪʝʚʘʿʫ ʢʨʝʪʘˁʝ 

ʦʢʦ ʨʘʜʥʝ ʩʪʘʥʠʮʝ. ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʩʝʜʝ˂ʠ ʧʦʣʦʞʘʿ ʩʝ ʧʨʝʧʦʨʫʯʫʿʝ ʫʢʦʣʠʢʦ ʩʝ ʦʙʘʚˀʘʿʫ 

ʧʦʩʣʦʚʠ ʪʦʢʦʤ ʜʫʞʝʛ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʘ ʠ ʢʦʜ ʧʦʩʣʦʚʘ ʢʦʿʠ ʟʘʭʪʝʚʘʿʫ ʧʨʝʮʠʟʥʦʩʪ ʠ 

ʢʦʥʪʨʦʣʫ ʧʦʢʨʝʪʘ ʨʫʢʫ. 

ʋ ʣʠʪʝʨʘʪʫʨʠ ʩʝ ʢʘʦ ʦʩʥʦʚʥʠ ʬʘʢʪʦʨʠ ʨʠʟʠʢʘ ʟʘ ʨʘʟʚʦʿ ʠ ʥʘʩʪʘʥʘʢ ʤʠʰʠ˂ʥʦ-

ʢʦʰʪʘʥʠʭ ʧʦʨʝʤʝ˂ʘʿʘ ʠ ʜʨʫʛʠʭ ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ ʙʦʣʝʩʪʠ ʠ ʙʦʣʝʩʪʠ ʫ ʚʝʟʠ ʩʘ ʨʘʜʦʤ 

ʥʘʚʦʜʝ: ʧʨʠʤʝʥʘ ʩʠʣʝ, ʥʝʝʨʛʦʥʦʤʩʢʦ ʜʨʞʘˁʝ ʪʝʣʘ, ʠʟʚʦʹʝˁʝ ʧʦʥʘʚˀʘʿʫ˂ʠʭ ʧʦʢʨʝʪʘ, 

ʧʩʠʭʦʩʦʮʠʿʘʣʥʠ ʬʘʢʪʦʨʠ, ʬʠʟʠʯʢʦ ʠ ʧʩʠʭʠʯʢʦ ʧʨʝʦʧʪʝʨʝ˂ʝˁʝ ʨʘʜʥʠʢʘ, ʥʝʘʜʝʢʚʘʪʥʠ 

ʝʨʛʦʥʦʤʩʢʠ ʫʩʣʦʚʠ ʫ ʢʦʿʠʤʘ ʨʘʜʥʠʮʠ ʦʙʘʚˀʘʿʫ ʘʢʪʠʚʥʦʩʪʠ ʠ ʜʨ. (Carayon ʠ ʜʨʫʛʠ, 1999; 

Shikdar ʠ Garbie, 2011; Bevan, 2015; Bernard ʠ ʜʨʫʛʠ, 1994). ʉʪʫʜʠʿʘ ʢʦʿʫ ʩʫ ʩʧʨʦʚʝʣʠ 

ʘʫʪʦʨʠ (Judith ʠ ʜʨʫʛʠ, 1999) ʿʝ ʧʦʢʘʟʘʣʘ ʜʘ ʿʝ ʨʫʯʥʦ ʨʫʢʦʚʘˁʝ ʤʘʪʝʨʠʿʘʣʠʤʘ ʠ 

ʢʦʤʧʦʥʝʥʪʘʤʘ ʿʝʜʘʥ ʦʜ ʛʣʘʚʥʠʭ ʬʘʢʪʦʨʘ ʨʠʟʠʢʘ ʟʘ ʥʘʩʪʘʥʘʢ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠʭ 

ʧʦʨʝʤʝ˂ʘʿʘ.  

ɸʫʪʦʨ ʨʘʜʘ (Ellegast, 2016) ʠʩʪʠʯʝ ʜʘ ʩʫ ʧʦʥʘʚˀʘʿʫ˂ʠ ʧʦʢʨʝʪʠ ʧʦʩʝʙʥʦ ʚʘʞʘʥ 

ʬʘʢʪʦʨ ʨʠʟʠʢʘ ʟʘ ʥʘʩʪʘʥʘʢ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠʭ ʧʦʨʝʤʝ˂ʘʿʘ. ʊʘʢʦʹʝ, ʩʪʫʜʠʿʝ ʢʦʿʝ ʩʫ 

ʩʧʨʦʚʝʣʠ ʘʫʪʦʨʠ (Barr ʠ ʜʨʫʛʠ, 2004; Hansson ʠ ʜʨʫʛʠ, 2000) ʩʫ ʧʦʢʘʟʘʣʝ ʜʘ ʩʫ ʙʦʣʦʚʠ ʫ 

ʟʛʣʦʙʦʚʠʤʘ ʠ ʨʫʢʘʤʘ ʧʦʚʝʟʘʥʠ ʩʘ ʦʙʘʚˀʝˁʝʤ ʧʦʥʘʚˀʘʿʫ˂ʠʭ ʘʢʪʠʚʥʦʩʪʠ. ɼʦ ʤʠʰʠ˂ʥʦ-

ʢʦʰʪʘʥʠʭ ʧʦʨʝʤʝ˂ʘʿʘ ʜʦʣʘʟʠ ʫʢʦʣʠʢʦ ʨʘʜʥʝ ʩʪʘʥʠʮʝ ʥʠʩʫ ʫʩʢʣʘʹʝʥʝ ʩʘ 

ʘʥʪʨʦʧʦʤʝʪʨʠʿʩʢʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʨʘʜʥʠʢʘ ʠʣʠ ʫʩʣʝʜ ʥʝʘʜʝʢʚʘʪʥʠʭ ʫʩʣʦʚʘ ʫ ʨʘʜʥʦʿ 

ʦʢʦʣʠʥʠ. ʊʘʢʦʹʝ, ʪʨʘʜʠʮʠʦʥʘʣʥʝ ʨʘʜʥʝ ʩʪʘʥʠʮʝ ʢʘʨʘʢʪʝʨʠʰʝ ʣʦʰʘ ʦʨʛʘʥʠʟʘʮʠʿʘ ʦʧʨʝʤʝ, 

ʜʝʣʦʚʘ, ʢʦʤʧʦʥʝʥʪʠ ʪʘʢʦ ʜʘ ʩʝ ʨʘʜʥʠʮʠ ʦʧʪʝʨʝ˂ʫʿʫ ʠʟʥʘʜ ˁʠʭʦʚʠʭ ʤʦʛʫ˂ʥʦʩʪʠ, ʰʪʦ 

ʜʦʚʦʜʠ ʜʦ ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ ʦʙʦˀʝˁʘ ʠ ʩʤʘˁʝˁʘ ʩʧʦʩʦʙʥʦʩʪʠ ʠʟʚʦʹʝˁʘ ʦʧʝʨʘʮʠʿʘ.  

ʉʪʫʜʠʿʘ ʢʦʿʫ ʩʫ ʩʧʨʦʚʝʣʠ ʘʫʪʦʨʠ (Deros ʠ ʜʨʫʛʠ, 2011) ʙʘʚʠʣʘ ʩʝ ʠʩʧʠʪʠʚʘˁʝʤ 

ʧʦʣʦʞʘʿʘ ʪʝʣʘ ʨʘʜʥʠʢʘ ʢʦʿʠ ʦʙʘʚˀʘʿʫ ʧʨʦʠʟʚʦʜˁʫ ʢʦʤʧʦʥʝʥʪʠ ʟʘ ʘʫʪʦʤʦʙʠʣʝ. 

ʀʩʪʨʘʞʠʚʘˁʝ ʿʝ ʠʤʘʣʦ ʟʘ ʮʠˀ ʜʘ ʠʜʝʥʪʠʬʠʢʫʿʝ ʠ ʝʚʠʜʝʥʪʠʨʘ ʥʝʝʨʛʦʥʦʤʩʢʝ ʧʦʣʦʞʘʿʝ ʪʝʣʘ 

ʪʦʢʦʤ ʦʙʘʚˀʘˁʘ ʨʘʟʣʠʯʠʪʠʭ ʘʢʪʠʚʥʦʩʪʠ. ɻʣʘʚʥʠ ʬʦʢʫʩ ʠʩʪʨʘʞʠʚʘˁʘ ʙʠʦ ʿʝ ʥʘ 

ʝʣʠʤʠʥʠʩʘˁʫ ʥʝʬʠʟʠʦʣʦʰʢʠʭ ʧʦʣʦʞʘʿʘ ʪʝʣʘ ʫ ʮʠˀʫ ʩʤʘˁʝˁʘ ʨʠʟʠʢʘ ʦʜ ʥʘʩʪʘʥʢʘ 

ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠʭ ʧʦʨʝʤʝ˂ʘʿʘ. 

ʌʠʟʠʯʢʠ, ʦʨʛʘʥʠʟʘʮʠʦʥʠ, ʧʩʠʭʦʩʦʮʠʿʘʣʥʠ ʠ ʠʥʜʠʚʠʜʫʘʣʥʠ ʬʘʢʪʦʨʠ ʠʤʘʿʫ 

ʧʨʝʩʫʜʥʫ ʫʣʦʛʫ ʫ ʧʦʿʘʚʠ ʠ ʥʘʩʪʘʥʢʫ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠʭ ʦʙʦˀʝˁʘ. ɸʫʪʦʨ (Linton, 2000) 
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ʪʘʢʦʹʝ ʩʤʘʪʨʘ ʜʘ ʥʘ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʝ ʧʦʨʝʤʝ˂ʘʿʝ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʫʪʠʯʫ ʧʩʠʭʠʯʢʦ-

ʩʦʮʠʿʘʣʥʠ ʬʘʢʪʦʨʠ. ʊʘʢʦʹʝ, ʘʫʪʦʨʠ (Eatough ʠ ʜʨʫʛʠ, 2012) ʩʫ ʫʢʘʟʘʣʠ ʥʘ ʚʝʟʫ ʠʟʤʝʹʫ 

ʧʩʠʭʦʩʦʮʠʿʘʣʥʠʭ ʬʘʢʪʦʨʘ ʠ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠʭ ʦʙʦˀʝˁʘ.  

ʇʨʝʛʣʝʜʦʤ ʣʠʪʝʨʘʪʫʨʥʠʭ ʠʟʚʦʨʘ ʫʩʪʘʥʦʚˀʝʥʦ ʿʝ ʜʘ ʿʝ ʬʦʢʫʩ ʚʝ˂ʠʥʝ ʥʘʫʯʥʦ-

ʠʩʪʨʘʞʠʚʘʯʢʠʭ ʨʘʜʦʚʘ ʧʨʘ˂ʝˁʝ ʧʦʣʦʞʘʿʘ ʪʝʣʘ ʢʘʢʦ ʙʠ ʩʝ ʝʣʠʤʠʥʠʩʘʣʦ ʠʟʚʦʹʝˁʝ 

ʥʝʝʨʛʦʥʦʤʩʢʠʭ ʧʦʢʨʝʪʘ ʠ ʩʧʨʝʯʠʣʘ ʧʦʿʘʚʘ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠʭ ʧʦʨʝʤʝ˂ʘʿʘ. ʉʘ ʜʨʫʛʝ 

ʩʪʨʘʥʝ, ʤʘʣʠ ʙʨʦʿ ʨʘʜʦʚʘ ʿʝ ʦʨʠʿʝʥʪʠʩʘʥ ʥʘ ʧʨʘ˂ʝˁʝ ʢʦʛʥʠʪʠʚʥʦʛ ʩʪʘʪʫʩʘ ʨʘʜʥʠʢʘ ʪʦʢʦʤ 

ʠʟʚʦʹʝˁʘ ʤʦʥʪʘʞʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʠ ʫʪʚʨʹʠʚʘˁʝ ʤʝʥʪʘʣʥʦʛ ʟʘʤʦʨʘ.  

ʇʨʦʠʟʚʦʜʥʠ ʮʠʢʣʫʩʠ ʥʘ ʨʘʜʥʠʤ ʩʪʘʥʠʮʘʤʘ ʥʘ ʢʦʿʠʤʘ ʩʝ ʦʙʘʚˀʘ ʤʘʥʠʧʫʣʘʮʠʿʘ 

ʜʝʣʦʚʠʤʘ ʠ ʢʦʤʧʦʥʝʥʪʘʤʘ ʠ ʧʨʝʮʠʟʥʦ ʩʢʣʘʧʘˁʝ ʦʚʠʭ ʜʝʣʦʚʘ ʠ ʢʦʤʧʦʥʝʥʪʠ ʫ ʬʠʥʘʣʥʠ 

ʧʨʦʠʟʚʦʜ ʩʫ ʤʘʣʠ ʰʪʦ ʤʦʞʝ ʧʨʦʫʟʨʦʢʦʚʘʪʠ ʧʘʜ ʧʘʞˁʝ ʠ ʢʦʥʮʝʥʪʨʘʮʠʿʝ. ʇʨʠʣʠʢʦʤ 

ʨʫʯʥʦʛ ʩʘʩʪʘʚˀʘˁʘ ʢʦʤʧʦʥʝʥʪʠ ʠ ʜʝʣʦʚʘ, ʨʘʜʥʠʮʠ ʧʦʥʝʢʘʜ ʿʝʜʥʫ ʠʩʪʫ ʨʘʜʥʫ ʦʧʝʨʘʮʠʿʫ 

ʧʦʥʘʚˀʘʿʫ ʚʠʰʝ ʭʠˀʘʜʘ ʧʫʪʘ ʫ ʪʦʢʫ ʨʘʜʥʝ ʩʤʝʥʝ, ʰʪʦ ʥʝʛʘʪʠʚʥʦ ʫʪʠʯʝ ʥʘ ˁʠʭʦʚʫ 

ʢʦʥʮʝʥʪʨʘʮʠʿʫ ʠ ʧʘʞˁʫ (Fisherl, 1993). ʂʘʦ ʧʦʩʣʝʜʠʮʘ, ʧʦʚʝ˂ʘʚʘ ʩʝ ʚʝʨʦʚʘʪʥʦ˂ʘ ʧʦʚʨʝʜʘ 

ʥʘ ʨʘʜʫ ʠ ʜʦʣʘʟʠ ʜʦ ʩʤʘˁʝˁʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʟʘʜʦʚʦˀʩʪʚʘ ʨʘʜʥʠʢʘ (Gerr ʠ ʜʨʫʛʠ, 

2014). ɸʫʪʦʨʠ (Rabby ʠ ʜʨʫʛʠ, 2019) ʪʘʢʦʹʝ ʠʩʪʠʯʫ ʜʘ ʢʦʛʥʠʪʠʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ ʥʝʛʘʪʠʚʥʦ 

ʫʪʠʯʝ ʥʘ ʧʘʞˁʫ ʠ ʩʧʦʩʦʙʥʦʩʪ ʨʘʩʫʹʠʚʘˁʘ. ʋ ʥʝʢʠʤ ʩʠʪʫʘʮʠʿʘʤʘ, ʨʘʜʥʠʮʠ ʥʝ ʫʩʧʝʚʘʿʫ ʜʘ 

ʦʩʪʘʥʫ ʙʫʜʥʠ ʫʩʣʝʜ ʥʘʛʣʦʛ ʩʤʘˁʝˁʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʠ ʧʘʞˁʝ. 

ʉʘ ʧʦʚʝ˂ʘˁʝʤ ʟʘʭʪʝʚʘ ʨʘʜʥʠʭ ʟʘʜʘʪʘʢʘ ʧʦʚʝ˂ʘʚʘ ʩʝ ʧʘʞˁʘ ʠ ʤʝʥʪʘʣʥʦ ʦʧʪʝʨʝ˂ʝˁʝ 

(Hockey, 1997). ʅʘ ʤʝʥʪʘʣʥʦ ʦʧʪʝʨʝ˂ʝˁʝ ʫʪʠʯʫ ʩʣʦʞʝʥʦʩʪ ʨʘʜʥʠʭ ʟʘʜʘʪʘʢʘ, ʬʘʢʪʦʨʠ ʠʟ 

ʩʧʦˀʥʝ ʦʢʦʣʠʥʝ (ʙʫʢʘ, ʦʩʚʝʪˀʝˁʝ, ʪʝʤʧʝʨʘʪʫʨʘ ʠʪʜ.), ʠʥʜʠʚʠʜʫʘʣʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ 

(ʢʦʛʥʠʪʠʚʥʝ ʩʧʦʩʦʙʥʦʩʪʠ, ʨʘʜʥʦ ʠʩʢʫʩʪʚʦ, ʩʪʨʫʯʥʦʩʪ, ʠʪʜ.), ʬʠʟʠʦʣʦʰʢʠ ʬʘʢʪʦʨʠ (ʫʤʦʨ, 

ʩʪʨʝʩ, ʠʪʜ.). ʇʨʝʤʘ ʘʫʪʦʨʠʤʘ (Lysaght ʠ ʜʨʫʛʠ, 1989) ʥʘ ʢʦʛʥʠʪʠʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ ʫ ʚʝʣʠʢʦʿ 

ʤʝʨʠ ʫʪʠʯʫ ʢʦʣʠʯʠʥʘ ʧʦʩʣʘ ʢʦʿʫ ʿʝ ʥʝʦʧʭʦʜʥʦ ʫʨʘʜʠʪʠ, ʚʨʝʤʝʥʩʢʠ ʧʨʠʪʠʩʘʢ ʠ ʨʘʜʥʦ 

ʠʩʢʫʩʪʚʦ ʨʘʜʥʠʢʘ. ɸʫʪʦʨʠ (Cañas ʠ ʜʨʫʛʠ, 2011) ʩʫ ʠʩʪʨʘʞʠʚʘʣʠ ʥʘ ʢʦʿʠ ʥʘʯʠʥ ʬʘʢʪʦʨʠ 

ʠʟ ʩʧʦˀʘʰˁʝʛ ʦʢʨʫʞʝˁʘ ʫʪʠʯʫ ʥʘ ʢʦʛʥʠʪʠʚʥʦ ʩʪʘˁʝ ʨʘʜʥʠʢʘ ʠ ʢʘʢʦ ʨʘʟʣʠʯʠʪʘ 

ʢʦʛʥʠʪʠʚʥʘ ʩʪʘˁʘ ʫʪʠʯʫ ʥʘ ʧʝʨʬʦʨʤʘʥʩʝ ʨʘʜʥʠʢʘ.  

ʊʦʢʦʤ ʦʙʘʚˀʘˁʘ ʤʦʥʦʪʦʥʠʭ, ʧʦʥʘʚˀʘʿʫ˂ʠʭ ʤʘʥʫʝʣʥʠʭ ʟʘʜʘʪʘʢʘ ʤʦʥʪʘʞʝ ʜʝʣʦʚʘ 

ʠ ʢʦʤʧʦʥʝʥʪʠ ʜʦʣʘʟʠ ʜʦ ʧʘʜʘ ʧʘʞˁʝ ʠ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʠ ʧʦʿʘʚʝ ʤʝʥʪʘʣʥʦʛ ʟʘʤʦʨʘ 

(Bergman ʠ ʜʨʫʛʠ, 2021). ʂʘʦ ʧʦʩʣʝʜʠʮʘ ʪʦʛʘ ʜʦʣʘʟʠ ʜʦ ʩʤʘˁʝˁʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ 

ʨʘʜʥʠʢʘ ʠ ʧʦʚʝ˂ʘˁʘ ʜʝʬʝʢʘʪʘ, ʘ ʫ ʥʝʢʠʤ ʩʠʪʫʘʮʠʿʘʤʘ ʫʩʣʝʜ ʧʘʜʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʤʦʞʝ 

ʜʦ˂ʠ ʜʦ ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ. ʂʦʛʥʠʪʠʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ ʜʦʚʦʜʠ ʜʦ ʤʝʥʪʘʣʥʦʛ ʫʤʦʨʘ (Kolus ʠ 

ʜʨʫʛʠ, 2018). ɸʫʪʦʨʠ (Finnsgård ʠ ʜʨʫʛʠ, 2008) ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ ʫʤʦʨ ʠ ʤʝʥʪʘʣʥʦ 

ʦʧʪʝʨʝ˂ʝˁʝ ʥʝʛʘʪʠʚʥʦ ʫʪʠʯʫ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪ. ʂʘʢʦ ʩʫ ʠʩʪʘʢʣʠ ʘʫʪʦʨʠ (Gonen ʠ ʜʨʫʛʠ, 

2016) ʫʩʣʝʜ ʤʝʥʪʘʣʥʝ ʠʩʮʨʧˀʝʥʦʩʪʠ ʨʘʜʥʠʢʘ ʜʦʣʘʟʠ ʜʦ ʩʤʘˁʝˁʘ ʝʬʠʢʘʩʥʦʩʪʠ ʠ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ. ʋ ʨʘʜʫ ʘʫʪʦʨʘ (Falck ʠ Rosenqvist, 2012) ʿʝ ʫʢʘʟʘʥʦ ʜʘ ʚʠʩʦʢʠ 

ʢʦʛʥʠʪʠʚʥʠ ʟʘʭʪʝʚʠ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʨʘʜʥʠʤ ʦʧʪʝʨʝ˂ʝˁʝʤ ʫ ʪʦʢʫ ʦʙʘʚˀʘˁʘ ʘʢʪʠʚʥʦʩʪʠ 

ʜʠʨʝʢʪʥʦ ʜʦʚʦʜʝ ʜʦ ʧʦʿʘʚʝ ʛʨʝʰʘʢʘ.  

ʇʨʝʤʘ ʘʫʪʦʨʠʤʘ (Jorgen ʠ Eklund, 1995), ʪʨʠ ʧʫʪʘ ʿʝ ʚʝ˂ʘ ʚʝʨʦʚʘʪʥʦ˂ʘ ʜʘ ʜʦʹʝ ʜʦ 

ʧʦʿʘʚʝ ʜʝʬʝʢʘʪʘ ʧʨʠʣʠʢʦʤ ʦʙʘʚˀʘˁʘ ʟʘʜʘʪʘʢʘ ʤʦʥʪʘʞʝ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʜʨʫʛʠʤ ʨʘʜʥʠʤ 

ʟʘʜʘʮʠʤʘ. ɹʨʦʿ ʛʨʝʰʘʢʘ ʢʦʿʝ ʨʘʜʥʠʮʠ ʥʘʧʨʘʚʝ ʪʦʢʦʤ ʠʟʚʦʹʝˁʘ ʤʦʥʪʘʞʥʠʭ ʘʢʪʠʚʥʦʩʪʠ 

ʧʦʚʝ˂ʘʚʘ ʩʝ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʩʣʦʞʝʥʦʩʪʠ ʠ ʨʘʟʥʦʚʨʩʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪʠ, ʧʦʚʝ˂ʘˁʝʤ ʢʦʨʘʢʘ 

ʢʦʿʝ ʪʨʝʙʘ ʠʟʚʨʰʠʪʠ ʠʣʠ ʫʢʦʣʠʢʦ ʤʦʥʪʘʞʘ ʟʘʭʪʝʚʘ ʩʧʝʮʠʬʠʯʥʝ ʚʝʰʪʠʥʝ ʠ ʢʚʘʣʠʬʠʢʘʮʠʿʝ 

ʨʘʜʥʠʢʘ. ʋ ʣʠʪʝʨʘʪʫʨʠ ʩʝ ʤʦʞʝ ʥʘ˂ʠ ʚʝʣʠʢʠ ʙʨʦʿ ʩʪʫʜʠʿʘ ʢʦʿʝ ʫʢʘʟʫʿʫ ʥʘ ʿʘʢʫ ʢʦʨʝʣʘʮʠʿʫ 

ʠʟʤʝʹʫ ʥʝʧʦʚʦˀʥʠʭ ʫʩʣʦʚʘ (ʥʝʘʜʝʢʚʘʪʥʦʛ ʦʩʚʝʪˀʝˁʘ, ʙʫʢʝ) ʠ ʧʦʚʝ˂ʘʥʝ ʫʯʝʩʪʘʣʦʩʪʠ 

ʛʨʝʰʘʢʘ (Alves ʠ ʜʨʫʛʠ, 2018; Habibi ʠ ʜʨʫʛʠ, 2013). ʊʘʢʦʹʝ, ʛʨʝʰʢʝ ʯʝʩʪʦ ʥʘʩʪʘʿʫ ʫʩʣʝʜ 

ʥʝʤʘʨʘ, ʧʘʜʘ ʧʘʞˁʝ ʠ ʢʦʥʮʝʥʪʨʘʮʠʿʝ, ʤʝʥʪʘʣʥʦʛ ʟʘʤʦʨʘ ʨʘʜʥʠʢʘ ʠʪʜ. 
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ʄʦʥʪʘʞʥʝ ʘʢʪʠʚʥʦʩʪʠ ʩʝ ʩʤʘʪʨʘʿʫ ʬʠʟʠʯʢʠ ʠ ʤʝʥʪʘʣʥʦ ʟʘʤʦʨʥʠʤ, ʜʦʩʘʜʥʠʤ, 

ʤʦʥʦʪʦʥʠʤ ʠ ʨʘʜʥʠʮʠ ʠʭ ʥʘʿʯʝʰ˂ʝ ʦʙʘʚˀʘʿʫ ʙʝʟ ʦʩʝ˂ʘʿʘ ʝʥʪʫʟʠʿʘʟʤʘ ʠ ʟʘʜʦʚʦˀʩʪʚʘ 

ʫʨʘʹʝʥʠʤ. ʈʘʜʥʠʮʠ ʢʦʿʠ ʦʙʘʚˀʘʿʫ ʦʚʝ ʘʢʪʠʚʥʦʩʪʠ ʥʝʤʘʿʫ ʢʦʥʪʨʦʣʫ ʥʘʜ ʦʙʘʚˀʘˁʝʤ ʦʚʠʭ 

ʘʢʪʠʚʥʦʩʪʠ, ʠʤʘʿʫ ʤʘʣʦ ʩʣʦʙʦʜʝ ʧʨʠʣʠʢʦʤ ʦʜʘʙʠʨʘ ʨʘʜʥʦʛ ʩʘʜʨʞʘʿʘ, ʥʝʤʘʿʫ ʤʦʛʫ˂ʥʦʩʪ 

ʜʘ ʜʦʥʦʩʝ ʦʜʣʫʢʝ ʠ ʥʝʤʘʿʫ ʧʨʠʣʠʢʫ ʜʘ ʧʣʘʥʠʨʘʿʫ ʩʦʧʩʪʚʝʥʝ ʘʢʪʠʚʥʦʩʪʠ (Bullinger ʠ ʜʨʫʛʠ, 

1997), ʘ ʪʦ ʿʝ ʜʘˀʝ ʧʦʚʝʟʘʥʦ ʩʘ ʥʠʩʢʠʤ ʟʘʜʦʚʦˀʩʪʚʦʤ ʧʦʩʣʦʤ (Melin ʠ ʜʨʫʛʠ, 1999). 

ɸʫʪʦʨʠ (Nielsen ʠ ʜʨʫʛʠ, 2017) ʩʫ ʧʨʘʪʠʣʠ ʟʘʜʦʚʦˀʩʪʚʦ ʠʩʧʠʪʘʥʠʢʘ ʢʦʿʠ ʦʙʘʚˀʘʿʫ 

ʤʦʥʪʘʞʥʝ ʨʘʜʥʝ ʘʢʪʠʚʥʦʩʪʠ. ʇʨʝʤʘ ʘʫʪʦʨʠʤʘ (Bryson ʠ ʜʨʫʛʠ, 2017; Oswald ʠ ʜʨʫʛʠ, 

2015) ʟʘʜʦʚʦˀʩʪʚʦ ʧʦʩʣʦʤ ʧʦʚʝʟʘʥʦ ʿʝ ʩʘ ʙʦˀʠʤ ʨʘʜʥʠʤ ʫʯʠʥʢʦʤ. ʂʘʢʦ ʠʩʪʠʯʫ ʘʫʪʦʨʠ 

(Böckerman ʠ Ilmakunnas, 2010; Böckerman ʠ Ilmakunnas, 2009) ʥʝʝʨʛʦʥʦʤʩʢʠ ʫʩʣʦʚʠ ʨʘʜʘ 

ʤʦʛʫ ʜʦʚʝʩʪʠ ʜʦ ʧʦʚʝ˂ʘˁʘ ʥʝʟʘʜʦʚʦˀʩʪʚʘ ʨʘʜʥʠʢʘ. ʅʘ ʦʩʥʦʚʫ ʥʘʚʝʜʝʥʦʛ, ʤʦʞʝ ʩʝ 

ʟʘʢˀʫʯʠʪʠ ʜʘ ʧʦʩʪʦʿʠ ʧʦʪʨʝʙʘ ʟʘ ʧʦʙʦˀʰʘˁʝʤ ʪʨʘʜʠʮʠʦʥʘʣʥʠʭ ʨʘʜʥʠʭ ʩʪʘʥʠʮʘ ʫ 

ʠʥʜʫʩʪʨʠʿʩʢʦʤ ʦʢʨʫʞʝˁʫ. ʆʜ ʠʟʫʟʝʪʥʝ ʿʝ ʚʘʞʥʦʩʪʠ ʜʘ ʦʚʘ ʨʘʜʥʘ ʤʝʩʪʘ ʙʫʜʫ ʜʠʟʘʿʥʠʨʘʥʘ 

ʧʨʝʤʘ ʝʨʛʦʥʦʤʩʢʠʤ ʧʨʠʥʮʠʧʠʤʘ. ʅʘ ʚʘʞʥʦʩʪ ʫʟʠʤʘˁʘ ʫ ʦʙʟʠʨ ʝʨʛʦʥʦʤʩʢʠʭ  ʧʨʠʥʮʠʧʘ 

ʧʨʠʣʠʢʦʤ ʜʠʟʘʿʥʠʨʘˁʘ ʨʘʜʥʦʛ ʦʢʨʫʞʝˁʘ ʫ ʢʦʿʝʤ ʩʝ ʦʙʘʚˀʘʿʫ ʧʦʥʘʚˀʘʿʫ˂ʝ ʘʢʪʠʚʥʦʩʪʠ 

ʤʦʥʪʘʞʝ ʫʢʘʟʫʿʫ ʠ ʙʨʦʿʥʠ ʥʘʫʯʥʦ-ʠʩʪʨʘʞʠʚʘʯʢʠ ʨʘʜʦʚʠ (Coury ʠ ʜʨʫʛʠ, 2000; Neumann ʠ 

ʜʨʫʛʠ, 2002). 

ʋʥʘʧʨʝʹʝˁʝ ʝʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʥʠʭ ʧʨʦʮʝʩʘ ʩʝ ʧʦʩʪʠʞʝ ʢʨʦʟ 

ʠʜʝʥʪʠʬʠʢʦʚʘˁʝ, ʘʥʘʣʠʟʫ ʠ ʝʣʠʤʠʥʠʩʘˁʝ ʝʨʛʦʥʦʤʩʢʠʭ ʨʠʟʠʢʘ ʢʦʿʠ ʩʝ ʿʘʚˀʘʿʫ ʫ ʪʦʢʫ 

ʠʟʚʦʹʝˁʘ ʧʦʥʘʚˀʘʿʫ˂ʠʭ, ʤʦʥʦʪʦʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʤʦʥʪʘʞʝ ʜʝʣʦʚʘ ʠ ʢʦʤʧʦʥʝʥʪʠ, ʘ ʢʦʿʠ 

ʜʦʚʦʜʝ ʜʦ ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ ʠ ʨʘʟʥʠʭ ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ ʦʙʦˀʝˁʘ. ʋ ʠʥʜʫʩʪʨʠʿʩʢʠʤ 

ʩʠʩʪʝʤʠʤʘ, ʠʟʣʦʞʝʥʦʩʪ ʬʘʢʪʦʨʠʤʘ ʨʠʟʠʢʘ ʦʜ ʥʘʩʪʘʥʢʘ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠʭ ʧʦʨʝʤʝ˂ʘʿʘ 

ʩʝ ʧʨʦʮʝˁʫʿʝ ʧʦʤʦ˂ʫ ʘʥʢʝʪʘ, ʦʧʩʝʨʚʘʮʠʿʝ ʠ ʧʨʠʤʝʥʦʤ ʦʙʿʝʢʪʠʚʥʠʭ ʤʝʪʦʜʘ (Vignais ʠ 

ʜʨʫʛʠ, 2013). ʂʘʢʦ ʠʩʪʠʯʫ ʘʫʪʦʨʠ (Bao ʠ ʜʨʫʛʠ, 2001) ʫ ʚʝ˂ʠʥʠ ʩʪʫʜʠʿʘ ʩʫ ʢʦʨʠʰ˂ʝʥʝ 

ʩʫʙʿʝʢʪʠʚʥʝ ʤʝʪʦʜʝ ʤʝʨʝˁʘ ʟʘʤʦʨʘ ʤʠʰʠ˂ʘ, ʘ ʦʙʿʝʢʪʠʚʥʝ ʤʝʪʦʜʝ ʩʫ ʧʨʠʤʝˁʝʥʝ ʥʘ 

ʦʛʨʘʥʠʯʝʥʦʤ ʙʨʦʿʫ ʠʩʧʠʪʘʥʠʢʘ. 

ʆʧʩʝʨʚʘʮʠʦʥʝ ʤʝʪʦʜʝ ʩʝ ʙʘʟʠʨʘʿʫ ʥʘ ʧʦʩʤʘʪʨʘˁʫ ʨʘʜʥʠʢʘ ʪʦʢʦʤ ʦʙʘʚˀʘˁʘ ʨʘʜʥʠʭ 

ʘʢʪʠʚʥʦʩʪʠ. ʆʧʩʝʨʚʘʮʠʦʥʝ ʤʝʪʦʜʝ ʩʝ ʩʧʨʦʚʦʜʝ ʜʠʨʝʢʪʥʦ ʪʦʢʦʤ ʠʟʚʦʹʝˁʘ ʨʘʜʥʠʭ 

ʟʘʜʘʪʘʢʘ, ʠʣʠ ʩʝ ʠʟʚʦʹʝˁʝ ʨʘʜʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʩʥʠʤʘ ʚʠʜʝʦ ʢʘʤʝʨʦʤ ʠ ʧʨʝʢʦ ʩʥʠʤʘʢʘ ʩʝ 

ʥʘʢʥʘʜʥʦ ʘʥʘʣʠʟʠʨʘʿʫ ʧʦʢʨʝʪʠ ʠ ʧʦʣʦʞʘʿʠ ʪʝʣʘ ʨʘʜʥʠʢʘ. ʋ ʨʘʜʫ ʘʫʪʦʨʘ (Bernardo, 2018) 

ʿʝ ʠʟʚʨʰʝʥʘ ʧʨʦʮʝʥʘ ʟʘʤʦʨʘ ʤʠʰʠ˂ʘ ʧʨʠʣʠʢʦʤ ʨʫʯʥʦʛ ʫʧʨʘʚˀʘˁʘ ʤʘʪʝʨʠʿʘʣʦʤ ʢʨʦʟ 

ʘʥʘʣʠʟʫ ʧʦʢʨʝʪʘ. ʋ ʩʪʫʜʠʿʠ ʢʦʿʫ ʩʫ ʩʧʨʦʚʝʣʠ ʘʫʪʦʨʠ (Deros ʠ ʜʨʫʛʠ, 2011) ʫʯʝʩʪʚʦʚʘʣʠ 

ʩʫ ʨʘʜʥʠʮʠ ʢʦʿʠ ʩʫ ʦʙʘʚˀʘʣʠ ʤʦʥʪʘʞʥʝ ʘʢʪʠʚʥʦʩʪʠ ʫ ʘʫʪʦʤʦʙʠʣʩʢʦʿ ʠʥʜʫʩʪʨʠʿʠ. 

ʇʦʩʤʘʪʨʘʥʠ ʩʫ ʠ ʜʝʪʘˀʥʦ ʘʥʘʣʠʟʠʨʘʥʠ ʧʦʢʨʝʪʠ ʠ ʧʦʣʦʞʘʿʠ ʪʝʣʘ ʨʘʜʥʠʢʘ ʪʦʢʦʤ ʦʙʘʚˀʘˁʘ 

ʨʘʜʥʠʭ ʘʢʪʠʚʥʦʩʪʠ. ʈʝʟʫʣʪʘʪʠ ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ ʿʝ ʦʚʦ ʨʘʜʥʦ ʤʝʩʪʦ ʧʦʪʨʝʙʥʦ ʨʝʜʠʟʘʿʥʠʨʘʪʠ 

ʢʘʢʦ ʙʠ ʩʝ ʝʣʠʤʠʥʠʩʘʣʠ ʥʝʝʨʛʦʥʦʤʩʢʠ ʧʦʢʨʝʪʠ ʠ ʥʝʬʠʟʠʦʣʦʰʢʠ ʧʦʣʦʞʘʿʠ ʪʝʣʘ. ɸʫʪʦʨʠ 

(Rogé ʠ ʜʨʫʛʠ, 2001) ʩʫ ʩʥʠʤʘʣʠ ʠʩʧʠʪʘʥʠʢʝ ʚʠʜʝʦ ʢʘʤʝʨʦʤ ʠ ʢʚʘʥʪʠʬʠʢʦʚʘʣʠ ʥʘʧʨʝʟʘˁʝ 

ʪʦʢʦʤ ʠʟʚʦʹʝˁʘ ʧʦʢʨʝʪʘ. ʆʥʠ ʩʫ ʟʘʢˀʫʯʠʣʠ ʜʘ ʠʟʚʦʹʝˁʝ ʚʠʰʝ ʧʦʢʨʝʪʘ ʠʩʪʦʚʨʝʤʝʥʦ 

ʥʝʛʘʪʠʚʥʦ ʫʪʠʯʝ ʥʘ ʧʘʞˁʫ.  

ʂʘʦ ʧʨʝʜʥʦʩʪʠ ʧʨʠʤʝʥʝ ʦʚʝ ʤʝʪʦʜʝ  ʥʘʚʦʜʝ ʩʝ ʿʝʜʥʦʩʪʘʚʥʦʩʪ ʠ ʪʦ ʰʪʦ ʥʝ ʟʘʭʪʝʚʘ 

ʬʠʥʘʥʩʠʿʩʢʘ ʫʣʘʛʘˁʘ. ʂʘʦ ʛʣʘʚʥʠ ʥʝʜʦʩʪʘʪʮʠ ʧʨʠʤʝʥʝ ʦʧʩʝʨʚʘʮʠʦʥʝ ʤʝʪʦʜʝ ʠʩʪʠʯʫ ʩʝ 

ʥʝʧʨʝʮʠʟʥʦʩʪ ʠ ʦʩʝʪˀʠʚʦʩʪ ʥʘ ʪʟʚ. Hawthorne ʝʬʝʢʘʪ, ʢʦʿʠ ʩʝ ʦʜʥʦʩʠ ʥʘ ʯʠˁʝʥʠʮʫ ʜʘ 

ʜʦʣʘʟʠ ʜʦ ʧʦʙʦˀʰʘˁʘ ʧʝʨʬʦʨʤʘʥʩʠ ʢʘʜʘ ʿʝ ʨʘʜʥʠʢ ʩʚʝʩʪʘʥ ʜʘ ʩʝ ˁʝʛʦʚ ʫʯʠʥʘʢ ʜʠʨʝʢʪʥʦ 

ʧʨʘʪʠ ʦʜ ʩʪʨʘʥʝ ʠʩʪʨʘʞʠʚʘʯʘ. 

ʄʝʪʦʜʝ ʧʨʦʮʝʥʝ ʨʠʟʠʢʘ ʥʘ ʨʘʜʥʦʤ ʤʝʩʪʫ ʩʝ ʦʧʠʩʫʿʫ ʢʘʦ ʧʨʝʚʝʥʪʠʚʥʝ ʤʝʨʝ ʫ ʮʠˀʫ 

ʩʤʘˁʝˁʘ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠʭ ʧʦʨʝʤʝ˂ʘʿʘ (Neumann ʠ ʜʨʫʛʠ, 2002). ʆʚʝ ʤʝʪʦʜʝ ʠʤʘʿʫ 

ʚʝʣʠʢʫ ʧʨʠʤʝʥʫ ʫ ʧʨʘʢʩʠ. ʋ ʨʘʜʦʚʠʤʘ ʯʠʿʠ ʩʫ ʘʫʪʦʨʠ (Lu ʠ ʜʨʫʛʠ, 2016; Lasota ʠ 

Hankiewicz, 2016; Arghavani ʠ ʜʨʫʛʠ, 2014) ʩʫ ʧʨʠʤʝˁʝʥʝ ʤʝʪʦʜʝ ʟʘ ʝʨʛʦʥʦʤʩʢʫ ʧʨʦʮʝʥʫ 
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ʨʠʟʠʢʘ ʧʨʠʣʠʢʦʤ ʦʙʘʚˀʘˁʘ ʤʦʥʪʘʞʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʫ ʮʠˀʫ ʩʤʘˁʝˁʘ ʨʠʟʠʢʘ ʦʜ ʥʘʩʪʘʥʢʘ 

ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠʭ ʧʦʨʝʤʝ˂ʘʿʘ. ɸʫʪʦʨʠ (Mahatme ʠ ʜʨʫʛʠ, 2014) ʩʫ ʩʧʨʦʚʝʣʠ ʜʝʪʘˀʥʫ 

ʝʨʛʦʥʦʤʩʢʫ ʘʥʘʣʠʟʫ ʠ ʨʝʜʠʟʘʥʿʠʨʘʣʠ ʨʘʜʥʫ ʩʪʘʥʠʮʫ ʟʘ ʦʙʘʚˀʘˁʝ ʦʧʝʨʘʮʠʿʝ ʨʫʯʥʦʛ 

ʩʝʯʝˁʘ ʥʘ ʤʘʰʠʥʩʢʦʿ ʧʨʝʩʠ. ʅʘ ʧʦʩʪʦʿʝ˂ʦʿ ʨʘʜʥʦʿ ʩʪʘʥʠʮʠ ʨʘʜʥʠʢ ʿʝ ʨʫʯʥʦ ʫʟʠʤʘʦ ʜʠʩʢ 

ʠ ʩʪʘʚˀʘʦ ʛʘ ʥʘ ʧʦʜʣʦʛʫ ʟʘ ʩʝʯʝˁʝ ʟʫʙʘʮʘ. ʅʘʢʦʥ ʟʘʚʨʰʝʪʢʘ ʨʘʜʥʝ ʦʧʝʨʘʮʠʿʝ ʫʢʣʘˁʘʦ ʿʝ 

ʜʠʩʢ ʠ ʧʦʩʪʘʚˀʘʦ ʛʘ ʥʘ ʠʟʣʘʟʥʫ ʧʦʟʠʮʠʿʫ. ɿʘ ʘʥʘʣʠʟʠʨʘˁʝ ʝʨʛʦʥʦʤʩʢʠʭ ʫʩʣʦʚʘ ʢʦʨʠʰ˂ʝʥʘ 

ʿʝ ʤʝʪʦʜʘ ʈʋʃɸ (ʝʥʛʣ. Rapid Upper Limb Assessment-RULA). 

ʈʋʃɸ ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʥʫ ʦʜ ʥʘʿʮʠʪʠʨʘʥʠʿʠʭ ʠ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʠʭ ʤʝʪʦʜʘ ʟʘ 

ʧʨʦʮʝʥʫ ʝʨʛʦʥʦʤʩʢʦʛ ʨʠʟʠʢʘ ʥʘ ʨʘʜʥʠʤ ʤʝʩʪʠʤʘ (Vignais ʠ ʜʨʫʛʠ, 2013; McAtamney ʠ 

Corlett, 1993). ʆʚʘʿ ʘʣʘʪ ʢʨʦʟ ʙʨʟʫ ʝʨʛʦʥʦʤʩʢʫ ʧʨʦʮʝʥʫ ʛʦʨˁʠʭ ʝʢʪʨʝʤʠʪʝʪʘ ʠ ʧʨʘ˂ʝˁʝ 

ʧʦʣʦʞʘʿʘ ʪʝʣʘ ʫʢʘʟʫʿʝ ʥʘ ʥʝʦʧʭʦʜʥʦʩʪ ʩʧʨʦʚʦʹʝˁʘ ʝʨʛʦʥʦʤʩʢʠʭ ʤʝʨʘ ʫ ʮʠˀʫ ʩʤʘˁʝˁʘ 

ʠʟʣʦʞʝʥʦʩʪʠ ʨʠʟʠʢʫ ʦʜ ʧʦʿʘʚʝ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠʭ ʧʦʨʝʤʝ˂ʘʿʘ. ʇʨʦʮʝʥʘ ʜʨʞʘˁʘ ʪʝʣʘ, 

ʧʦʥʘʚˀʘˁʘ ʧʦʢʨʝʪʘ ʠ ʩʠʣʝ ʩʝ ʚʨʰʠ ʥʘ ʨʘʜʥʦʤ ʣʠʩʪʫ. ʈʝʟʫʣʪʘʪʠ ʟʘ ʜʝʦ ɸ ʢʦʿʠ ʩʝ ʦʜʥʦʩʠ 

ʥʘ ʨʫʢʝ ʠ ʟʛʣʦʙʦʚʝ ʠ ʟʘ ʜʝʦ ɹ ʢʦʿʠ ʿʝ ʚʝʟʘʥ ʟʘ ʚʨʘʪ ʤʦʨʘʿʫ ʩʝ ʫʥʝʪʠ ʢʘʢʦ ʙʠ ʩʝ ʜʦʙʠʦ 

ʢʦʥʘʯʥʠ ʨʝʟʫʣʪʘʪ. ɸʫʪʦʨʠ (Vaidya ʠ ʜʨʫʛʠ, 2014) ʩʫ ʩʧʨʦʚʝʣʠ ʩʪʫʜʠʿʫ ʫ ʢʦʿʦʿ ʿʝ 

ʫʯʝʩʪʚʦʚʘʣʦ 15 ʨʘʜʥʠʢʘ. ʇʦʩʪʫʨʘʣʥʘ ʘʥʘʣʠʟʘ ʿʝ ʠʟʚʨʰʝʥʘ ʢʦʨʠʰ˂ʝˁʝʤ ʈʋʃɸ ʠ ʈɽɹɸ 

ʤʝʪʦʜʘ (ʝʥʛʣ. Rapid Entire Body Assessment-REBA). ʈʝʟʫʣʪʘʪʠ ʩʪʫʜʠʿʝ ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ 

ʚʝ˂ʠʥʘ ʨʘʜʥʠʢʘ ʦʙʘʚˀʘ ʘʢʪʠʚʥʦʩʪʠ ʫ ʥʝʝʨʛʦʥʦʤʩʢʠʤ ʧʦʣʦʞʘʿʠʤʘ ʪʝʣʘ ʠ ʩʪʦʛʘ ʧʦʩʪʦʿʠ 

ʧʦʪʨʝʙʘ ʟʘ ʫʚʦʹʝˁʝʤ ʧʨʦʤʝʥʘ ʢʘʢʦ ʙʠ ʩʝ ʩʤʘˁʠʣʠ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠ ʧʦʨʝʤʝ˂ʘʿʠ. 

ɼʠʛʠʪʘʣʥʦ ʤʦʜʝʣʠʨʘˁʝ ˀʫʜʠ (ʝʥʛʣ. Digital human modeling-DHM) ʦʤʦʛʫ˂ʘʚʘ 

ʨʘʟʚʦʿ ʚʠʨʪʫʝʣʥʠʭ ʧʨʦʪʦʪʠʧʦʚʘ ʢʘʢʦ ʙʠ ʩʝ ʧʨʦʮʝʥʠʣʠ ʝʨʛʦʥʦʤʩʢʠ ʨʠʟʠʮʠ ʫ ʢʨʘʪʢʦʤ 

ʚʨʝʤʝʥʩʢʦʤ ʧʝʨʠʦʜʫ. ʅʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʠ ʘʣʘʪʠ ʩʫ AniBodi, Catia/Delmia Human Model, 

Jack, Ramsis ʠ Santos. ʋ ʥʘʫʯʥʠʤ ʨʘʜʦʚʠʤʘ ʯʠʿʠ ʩʫ ʘʫʪʦʨʠ (Chaffin, 2007; Salvendy, 2012; 

Chang ʠ Wang, 2007; Sanchez-Lite ʠ Garcia-Garcia, 2012; Kurillo  ʠ ʜʨʫʛʠ, 2012) ʩʫ 

ʧʨʠʤʝˁʝʥʠ 3ɼ ʩʠʤʫʣʘʮʠʦʥʠ ʘʣʘʪʠ ʟʘ ʧʨʦʮʝʥʫ ʧʦʢʨʝʪʘ ʠ ʧʦʣʦʞʘʿʘ ʪʝʣʘ ʪʦʢʦʤ ʦʙʘʚˀʘˁʘ 

ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʨʘʜʥʠʤ ʩʪʘʥʠʮʘʤʘ. ʊʘʢʦʹʝ, aʫʪʦʨʠ (Rajesh ʠ Srinath, 2016; Binoosh ʠ ʜʨʫʛʠ, 

2017; Bruzzone, 2004) ʩʫ ʧʨʠʤʝʥʠʣʠ ʜʠʛʠʪʘʣʥʦ ʤʦʜʝʣʠʨʘˁʝ ʠ ʚʠʨʪʫʝʣʥʝ ʩʠʤʫʣʘʮʠʿʝ ʫ 

ʧʨʦʮʝʥʠ ʝʨʛʦʥʦʤʩʢʠʭ ʨʠʟʠʢʘ.  

ʋ ʥʘʫʯʥʦ-ʠʩʪʨʘʞʠʚʘʯʢʠʤ ʨʘʜʦʚʠʤʘ ʘʫʪʦʨʘ (Cimino ʠ Mirabelli, 2009, Longo ʠ 

Mirabelli, 2009) ʿʝ ʧʨʝʜʣʦʞʝʥ ʨʝʜʠʟʘʿʥ ʧʦʩʪʦʿʝ˂ʠʭ ʨʘʜʥʠʭ ʩʪʘʥʠʮʘ ʧʦʤʦ˂ʫ ʘʣʘʪʘ ʟʘ 

ʤʦʜʝʣʠʨʘˁʝ ʠ ʩʠʤʫʣʘʮʠʿʫ. ɸʫʪʦʨʠ ʨʘʜʘ (Francesco ʠ ʜʨʫʛʠ, 2006) ʩʫ ʧʨʝʜʣʦʞʠʣʠ ʜʠʟʘʿʥ 

ʤʦʥʪʘʞʥʝ ʣʠʥʠʿʝ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʛʨʝʿʘʯʘ ʢʦʨʠʩʪʝ˂ʠ ʤʦʜʝʣʠʨʘˁʝ ʠ ʩʠʤʫʣʘʮʠʿʫ. ʇʨʝʤʘ 

ʘʫʪʦʨʫ (Ding, 2013) ʤʦʜʝʣʠʨʘˁʝ ʠ ʩʠʤʫʣʘʮʠʿʘ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʩʧʨʦʚʦʹʝˁʝʤ 

ʝʨʛʦʥʦʤʩʢʠʭ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʤʦ˂ʘʥ ʘʣʘʪ ʟʘ ʦʙʝʟʙʝʹʠʚʘˁʝ ʝʬʠʢʘʩʥʦʛ ʜʠʟʘʿʥʘ 

ʩʠʩʪʝʤʘ ʟʘ ʤʦʥʪʘʞʫ. ʋ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʘʫʪʦʨʘ (Chaffin, 2007) ʿʝ ʠʩʪʘʢʥʫʪʦ ʜʘ ʫʚʦʹʝˁʝ 

ʜʠʛʠʪʘʣʥʠʭ ˀʫʜʩʢʠʭ ʤʦʜʝʣʘ ʫ ʮʠˀʫ ʘʥʘʣʠʟʠʨʘˁʘ ʪʨʝʥʫʪʥʦʛ ʩʪʘˁʘ ʠ ʧʨʠʣʘʛʦʹʘʚʘˁʘ 

ʨʘʜʥʠʭ ʩʠʩʪʝʤʘ ˀʫʜʠʤʘ ʤʦʞʝ ʩʤʘˁʠʪʠ ʚʨʝʤʝ ʨʘʟʚʦʿʘ ʠ ʪʨʦʰʢʦʚʝ. 

ɽʣʝʢʪʨʦʤʠʦʛʨʘʬʠʿʘ ʿʝ ʥʘʿʧʦʧʫʣʘʨʥʠʿʠ ʘʣʘʪ ʟʘ ʦʙʿʝʢʪʠʚʥʦ ʤʝʨʝˁʝ ʟʘʤʦʨʘ ʤʠʰʠ˂ʘ. 

ɿʘʤʦʨ ʤʠʰʠ˂ʘ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʫʪʠʯʝ ʥʘ ʤʠʰʠ˂ʥʫ ʘʢʪʠʚʥʦʩʪ (Enoka ʠ Duchateau, 2008). 

ɸʫʪʦʨʠ ʨʘʜʘ (Shair ʠ ʜʨʫʛʠ, 2017) ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ ɽʄɻ ʤʝʪʦʜʘ ʧʨʫʞʘ ʚʘʣʠʜʥʝ ʧʦʜʘʪʢʝ ʫ 

ʘʥʘʣʠʟʠ ʧʨʦʤʝʥʘ ʫ ʥʘʧʦʨʫ ʤʠʰʠ˂ʘ. ɸʫʪʦʨ (David, 2005) ʿʝ ʧʨʠʤʝʥʠʦ Eʄɻ ʤʝʪʦʜʫ ʟʘ 

ʧʨʦʮʝʥʫ ʤʠʰʠ˂ʥʝ ʘʢʪʠʚʥʦʩʪʠ ʠ ʫʪʚʨʹʠʚʘˁʝ ʟʘʤʦʨʘ ʤʠʰʠ˂ʘ. ʋ ʨʘʜʫ ʘʫʪʦʨʘ (Larsson ʠ 

ʜʨʫʛʠ, 1995) ʿʝ ʫʢʘʟʘʥʦ ʜʘ ʩʫ ʧʨʦʤʝʥʝ ʫ ʘʢʪʠʚʘʮʠʿʠ ʪʨʘʧʝʟʥʠʭ ʤʠʰʠ˂ʘ ʟʥʘʯʘʿʘʥ 

ʠʥʜʠʢʘʪʦʨ ʩʪʨʝʩʘ. ʌʦʢʫʩ ʨʘʜʘ ʯʠʿʠ ʿʝ ʘʫʪʦʨ (Ahmed ʠ ʜʨʫʛʠ, 2023) ʿʝ ʧʨʘ˂ʝˁʝ ʥʠʚʦʘ 

ʩʪʨʝʩʘ ʧʨʝʢʦ ʝʣʝʢʪʨʦʤʠʦʛʨʘʬʠʿʝ ʠ ʝʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʬʠʿʝ.  

ʋ ʨʘʜʫ ʘʫʪʦʨʘ (Luijcks ʠ ʜʨʫʛʠ, 2014) ʿʝ ʫʢʘʟʘʥʦ ʥʘ ʿ ʘʢʫ ʧʦʚʝʟʘʥʦʩʪ ʠʟʤʝʹʫ ʧʨʦʤʝʥʘ 

ʫ ɽʄɻ ʩʠʛʥʘʣʫ ʪʨʘʧʝʟʥʠʭ ʤʠʰʠ˂ʘ ʠ ʬʠʟʠʯʢʦʛ ʥʘʧʦʨʘ. ɸʫʪʦʨʠ (Guo ʠ ʜʨʫʛʠ, 2020) ʩʫ 

ʤʝʨʠʣʠ ʟʘʤʦʨ ʤʠʰʠ˂ʘ ʦʩʘʤʥʘʝʩʪ ʠʩʧʠʪʘʥʠʢʘ ʪʦʢʦʤ ʦʙʘʚˀʘˁʘ ʘʢʪʠʚʥʦʩʪʠ ʨʫʯʥʦʛ 
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ʧʘʢʦʚʘˁʘ ʫ ʪʨʘʿʘˁʫ ʦʜ ʿʝʜʥʦʛ ʩʘʪʘ ʠ ʟʘʢˀʫʯʠʣʠ ʩʫ ʜʘ ʦʙʘʚˀʘˁʝ ʦʚʠʭ ʘʢʪʠʚʥʦʩʪʠ ʠʟʘʟʠʚʘ 

ʫʤʦʨ, ʙʦʣʦʚʝ ʫ ʤʠʰʠ˂ʠʤʘ ʥʘ ʨʫʢʘʤʘ, ʨʘʤʝʥʠʤʘ ʠ ʣʝʹʠʤʘ. ɼʘˀʝ, ʘʫʪʦʨʠ (Bennie ʠ ʜʨʫʛʠ, 

2002) ʩʫ ʩʧʨʦʚʝʣʠ ʠʩʪʨʘʞʠʚʘˁʝ ʧʨʘ˂ʝˁʘ ʤʠʰʠ˂ʥʝ ʘʢʪʠʚʥʦʩʪʠ ʫ ʪʨʘʿʘˁʫ ʦʜ ʦʩʘʤ ʩʘʪʠ ʠ 

ʫʩʪʘʥʦʚʠʣʠ ʜʘ ʿʝ ʜʦʰʣʦ ʜʦ ʧʦʚʝ˂ʘˁʘ ʟʘʤʦʨʘ ʤʠʰʠ˂ʘ. ʉʣʠʯʥʦ, ʘʫʪʦʨʠ (Mathiassen ʠ 

ʜʨʫʛʠ, 1995) ʩʫ ʩʧʨʦʚʝʣʠ ʣʘʙʦʨʘʪʦʨʠʿʩʢʫ ʩʪʫʜʠʿʫ ʪʦʢʦʤ ʰʝʩʪ ʜʘʥʘ ʠ ʠʜʝʥʪʠʬʠʢʦʚʘʣʠ 

ʪʨʝʥʜ ʧʦʚʝ˂ʘˁʘ ʟʘʤʦʨʘ ʪʨʘʧʝʟʥʠʭ ʤʠʰʠ˂ʘ. ʋ ʨʘʜʫ (Maluf ʠ Enoka, 2005) ʿʝ ʠʟʚʨʰʝʥʘ 

ʫʧʦʨʝʜʥʘ ʘʥʘʣʠʟʘ ʬʠʟʠʯʢʦʛ ʟʘʤʦʨʘ ʧʨʠʣʠʢʦʤ ʦʙʘʚˀʘˁʘ ʜʚʘ ʩʣʠʯʥʘ ʨʘʜʥʘ ʟʘʜʘʪʢʘ ʠ 

ʟʘʢˀʫʯʝʥʦ ʿʝ ʜʘ ʫʢʦʣʠʢʦ ʿʝ ʟʘʜʘʪʘʢ ʢʦʤʧʣʝʢʩʥʠʿʠ ʜʦʣʘʟʠ ʜʦ ʧʦʚʝ˂ʘˁʘ ʟʘʤʦʨʘ ʤʠʰʠ˂ʘ. 

ʋ ʩʪʫʜʠʿʠ ʢʦʿʫ ʿʝ ʩʧʨʦʚʝʦ ʘʫʪʦʨ (Sundelin, 1993) ʧʨʘ˂ʝʥʘ ʿʝ ʘʢʪʠʚʥʦʩʪ ʪʨʘʧʝʟʥʠʭ 

ʤʠʠh˂ʘ ɽʄɻ ʤʝʪʦʜʦʤ ʪʦʢʦʤ ʠʟʚʦʹʝˁʘ ʟʘʜʘʪʘʢʘ ʧʨʝʫʟʠʤʘˁʘ ʠ ʧʦʩʪʘʚˀʘˁʘ ʜʝʣʦʚʘ 

ʜʝʩʥʦʤ ʨʫʢʦʤ ʫ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʤ ʫʩʣʦʚʠʤʘ ʫ ʪʨʘʿʘˁʫ ʦʜ ʿʝʜʥʦʛ ʩʘʪʘ. ʈʝʟʫʣʪʘʪʠ ʩʪʫʜʠʿʝ 

ʩʫ ʧʦʢʘʟʘʣʠ ʧʦʚʝ˂ʘˁʝ ʘʤʧʣʠʪʫʜʝ ʠ ʩʤʘˁʝˁʝ ʬʨʝʢʚʝʥʮʠʿʝ ɽʄɻ ʩʠʛʥʘʣʘ ʰʪʦ ʩʝ ʧʦʢʣʦʧʠʣʦ 

ʩʘ ʨʝʟʫʣʪʘʪʠʤʘ ʩʫʙʿʝʢʪʠʚʥʝ ʧʨʦʮʝʥʝ ʟʘʤʦʨʘ ʤʠʰʠ˂ʘ. ʋ ʨʘʜʫ (Potvin, 2008) ʧʨʠʤʝˁʝʥʘ ʿʝ 

ʧʦʚʨʰʠʥʩʢʘ ʝʣʝʢʪʨʦʤʠʦʛʨʘʬʠʿʘ ʟʘ ʧʨʦʮʝʥʫ ʨʠʟʠʢʘ ʦʜ ʟʜʨʘʚʩʪʚʝʥʠʭ ʧʦʨʝʤʝ˂ʘʿʘ ʜʦˁʝʛ 

ʜʝʣʘ ʣʝʹʘ. ɸʫʪʦʨʠ ʩʫ ʫ ʨʘʜʫ (Cifrek ʠ ʜʨʫʛʠ, 2009) ʧʨʠʤʝʥʠʣʠ ʧʦʚʨʰʠʥʩʢʫ 

ʝʣʝʢʪʨʦʤʠʦʛʨʘʬʠʿʫ ʟʘ ʧʨʦʮʝʥʫ ʟʘʤʦʨʘ ʤʠʰʠ˂ʘ. ʊʘʢʦʹʝ, ʫ ʥʘʫʯʥʦ-ʠʩʪʨʘʞʠʚʘʯʢʠʤ 

ʨʘʜʦʚʠʤʘ ʯʠʿʠ ʩʫ ʘʫʪʦʨʠ (Bonato ʠ ʜʨʫʛʠ, 2002; Halim ʠ ʜʨʫʛʠ, 2011) ʩʫ ʧʨʘ˂ʝʥʝ ʧʨʦʤʝʥʝ 

ʫ ʤʠʰʠ˂ʥʦʿ ʘʢʪʠʚʥʦʩʪʠ ʧʨʝʢʦ ʧʦʚʨʰʠʥʩʢʝ ʝʣʝʢʪʨʦʤʠʦʛʨʘʬʠʿʝ ʪʦʢʦʤ ʦʙʘʚˀʘˁʘ 

ʧʦʥʘʚˀʘʿʫ˂ʠʭ ʟʘʜʘʪʘʢʘ.  

ʇʦʩʪʦʿʝ ʦʧʨʝʯʥʘ ʤʠʰˀʝˁʘ ʫ ʚʝʟʠ ʩʘ ʪʠʤ ʢʦʿʠ ʧʘʨʘʤʝʪʨʠ ʩʫ ʥʘʿʧʦʛʦʜʥʠʿʠ ʟʘ 

ʧʨʦʮʝʥʫ ʬʠʟʠʯʢʦʛ ʫʤʦʨʘ (Stulen ʠ De Luca, 1981). ʉʨʝʜˁʘ ʬʨʝʢʚʝʥʮʠʿʘ ʩʝ ʫ ʙʨʦʿʥʠʤ 

ʥʘʫʯʥʠʤ ʨʘʜʦʚʠʤʘ ʧʦʤʠˁʝ ʢʘʦ ʢˀʫʯʘʥ ʧʘʨʘʤʝʪʘʨ ʟʘ ʦʪʢʨʠʚʘˁʝ ʥʘʧʦʨʘ ʫ ʤʠʰʠ˂ʠʤʘ (De 

Luca, 1984; Knaflitz ʠ ʜʨʫʛʠ, 1990). ɸʫʪʦʨʠ (Thongpanja ʠ ʜʨʫʛʠ, 2013) ʢʘʦ ʢˀʫʯʥʝ 

ʧʘʨʘʤʝʪʨʝ ʠʩʪʠʯʫ ʩʨʝʜˁʫ ʬʨʝʢʚʝʥʮʠʿʫ ʠ ʤʝʜʠʿʘʥʫ. ʇʨʝʤʘ ʘʫʪʦʨʠʤʘ (Karlsson ʠ Gerdle, 

2001) ʥʘʿʚʘʞʥʠʿʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ɽʄɻ ʩʠʛʥʘʣʘ ʩʫ ʘʤʧʣʠʪʫʜʘ ʠ ʬʨʝʢʚʝʥʮʠʿʘ. ʅʠʚʦ 

ʤʠʰʠ˂ʥʝ ʘʢʪʠʚʥʦʩʪʠ ʚʘʨʠʨʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʩʣʦʞʝʥʦʩʪʠ ʨʘʜʥʠʭ ʟʘʜʘʪʢʘ ʠ ʧʦʣʦʞʘʿʘ ʫ 

ʢʦʿʝʤ ʨʘʜʥʠʢ ʦʙʘʚˀʘ ʘʢʪʠʚʥʦʩʪʠ. ʉʤʘˁʝˁʝ ʬʨʝʢʚʝʥʮʠʿʝ ʫʢʘʟʫʿʝ ʥʘ ʩʤʘˁʝˁʝ ʙʨʟʠʥʝ 

ʧʨʦʚʦʜˀʠʚʦʩʪʠ ʜʫʞ ʤʠʰʠ˂ʥʠʭ ʚʣʘʢʘʥʘ (De Luca, 1984).  

ɸʫʪʦʨʠ ʨʘʜʘ (Basmajian ʠ De Luca, 1985) ʩʫ ʫʩʪʘʥʦʚʠʣʠ ʜʘ ʩʝ ʘʤʧʣʠʪʫʜʘ ɽʄɻ 

ʩʠʛʥʘʣʘ ʧʦʚʝ˂ʘʚʘ ʜʦʢ ʩʝ ʠʩʪʦʚʨʝʤʝʥʦ ʩʧʝʢʪʘʨ ʧʦʤʝʨʘ ʢʘ ʥʠʞʠʤ ʬʨʝʢʚʝʥʮʠʿʘʤʘ. ʇʨʝʤʘ 

ʘʫʪʦʨʠʤʘ (Cifrek ʠ ʜʨʫʛʠ, 2009) ʧʦʚʝ˂ʘʥʘ ʤʠʰʠ˂ʥʘ ʘʢʪʠʚʥʦʩʪ, ʫʧʦʪʨʝʙʘ ʩʠʣʝ ʠ ʬʠʟʠʯʢʠ 

ʟʘʤʦʨ ʩʫ ʧʦʚʝʟʘʥʠ ʩʘ ʧʦʚʝ˂ʘʥʦʤ ʘʤʧʣʠʪʫʜʦʤ ɽʄɻ ʠ ʧʦʤʝʨʘˁʝʤ ʫʜʝʩʥʦ ʫ ɽʄɻ ʩʧʝʢʪʨʫ. 

ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʩʤʘˁʝˁʝ ʤʠʰʠ˂ʥʝ ʘʢʪʠʚʥʦʩʪʠ ʠ ʟʘʤʦʨʘ ʩʝ ʧʦʢʣʘʧʘʿʫ ʩʘ ʩʤʘˁʝʥʦʤ 

ʘʤʧʣʠʪʫʜʦʤ ɽʄɻ ʠ ʧʦʤʝʨʘˁʝʤ ʫʣʝʚʦ ʫ ɽʄɻ ʩʧʝʢʪʨʫ. ʉʤʘˁʝˁʝ ʬʨʝʢʚʝʥʮʠʿʝ ɽʄɻ ʤʦʞʝ 

ʩʝ ʧʨʠʧʠʩʘʪʠ ʫʩʧʦʨʘʚʘˁʫ ʙʨʟʠʥʝ ʧʨʦʚʦʜˀʠʚʦʩʪʠ ʤʠʰʠ˂ʥʠʭ ʚʣʘʢʘʥʘ (Hunter ʠ ʜʨʫʛʠ, 

2003). ʋ ʨʘʜʫ ʯʠʿʠ ʩʫ ʘʫʪʦʨʠ (Farina ʠ Mesin, 2008) ʿʝ ʧʦʢʘʟʘʥʦ ʜʘ ʿʝ ʚʝ˂ʘ ʚʘʨʠʿʘʙʠʣʥʦʩʪ 

ʘʤʧʣʠʪʫʜʝ ɽʄɻ ʩʠʛʥʘʣʘ ʤʠʰʠ˂ʘ ʣʝʹʘ ʠ ʪʨʘʧʝʟʥʠʭ ʤʠʰʠ˂ʘ ʪʦʢʦʤ ʚʨʝʤʝʥʘ ʧʦʚʝʟʘʥʘ ʩʘ 

ʩʧʦʨʠʿʠʤ ʨʘʟʚʦʿʝʤ ʠ ʤʘʥʠʬʝʩʪʘʮʠʿʦʤ ʫʤʦʨʘ. 

ʄʘʣʠ ʙʨʦʿ ʩʪʫʜʠʿʘ ʩʝ ʬʦʢʫʩʠʨʘʦ ʠʩʪʦʚʨʝʤʝʥʦ ʥʘ ʘʥʘʣʠʟʫ ʧʨʦʤʝʥʘ ʫ ɽʄɻ 

ʩʠʛʥʘʣʠʤʘ ʠ ʧʨʘ˂ʝˁʝ ʢʦʛʥʠʪʠʚʥʦʛ ʩʪʘˁʘ (Pourmohammadi ʠ Maleki, 2020). ʋ 

ʣʠʪʝʨʘʪʫʨʥʦʤ ʠʟʚʦʨʫ (Schleifer ʠ ʜʨʫʛʠ, 2008) ʿʝ ʫʢʘʟʘʥʦ ʥʘ ʧʦʚʝ˂ʘʥʫ ʘʢʪʠʚʘʮʠʿʫ 

ʪʨʘʧʝʟʥʠʭ ʤʠʰʠ˂ʘ ʪʦʢʦʤ ʠʟʚʦʹʝˁʘ ʢʦʛʥʠʪʠʚʥʦ ʟʘʭʪʝʚʥʠʭ ʟʘʜʘʪʘʢʘ. ʂʘʢʦ ʠʩʪʠʯʝ ʘʫʪʦʨ 

(Snook, 1985) ʬʦʢʫʩ ʪʨʘʜʠʮʠʦʥʘʣʥʦʛ ʧʨʠʩʪʫʧʘ ʿʝ ʥʘ ʦʜʨʝʹʠʚʘˁʫ ʪʘʢʦʟʚʘʥʝ ʤʘʢʩʠʤʘʣʥʦ 

ʧʨʠʭʚʘʪˀʠʚʝ ʪʝʞʠʥʝ ʪʝʨʝʪʘ ʧʨʠʣʠʢʦʤ ʧʦʜʠʟʘˁʘ ʠ ʤʘʢʩʠʤʘʣʥʦʛ ʜʦʤʝʪʘ ʟʘ ʧʨʝʫʟʠʤʘˁʝ 

ʥʝʦʧʭʦʜʥʠʭ ʢʦʤʧʦʥʝʥʪʠ ʧʨʠ ʯʝʤʫ ʩʝ ʟʘʥʝʤʘʨʫʿʫ ʢʦʛʥʠʪʠʚʥʠ ʘʩʧʝʢʪʠ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ,  ʫ 

ʨʘʜʦʚʠʤʘ ʢʦʿʠ ʩʝ ʬʦʢʫʩʠʨʘʿʫ ʥʘ ʢʦʛʥʠʪʠʚʥʫ ʝʨʛʦʥʦʤʠʿʫ ʫʛʣʘʚʥʦʤ ʩʝ ʟʘʥʝʤʘʨʫʿʫ ʬʠʟʠʯʢʠ 

ʘʩʧʝʢʪʠ ʢʦʿʠ ʪʘʢʦʹʝ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʫʪʠʯʫ ʥʘ ʧʝʨʬʦʨʤʘʥʩʝ (Karwowski, 1991). 
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ʇʨʝʚʠʩʦʢ ʢʘʦ ʠ ʧʨʝʥʠʟʘʢ ʥʠʚʦ ʤʝʥʪʘʣʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʨʘʜʥʠʢʘ, ʥʝʛʘʪʠʚʥʦ ʫʪʠʯʝ 

ʥʘ ʧʝʨʬʦʨʤʘʥʩʝ. ʉʪʦʛʘ, ʦʜ ʧʦʩʝʙʥʝ ʚʘʞʥʦʩʪʠ ʿʝ ʧʨʦʮʝʥʘ ʢʦʛʥʠʪʠʚʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ. ʂʘʢʦ 

ʠʩʪʠʯʫ ʘʫʪʦʨʠ (Wickens ʠ McCarley, 2008) ʧʨʦʮʝʥʘ ʤʝʥʪʘʣʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʿʝ ʿʝʜʥʘ ʦʜ 

ʥʘʿʰʠʨʝ ʧʨʦʫʯʘʚʘʥʠʭ ʪʝʤʘ ʫ ʦʙʣʘʩʪʠ ʝʨʛʦʥʦʤʠʿʝ. ʊʨʘʜʠʮʠʦʥʘʣʥʘ ʠʩʪʨʘʞʠʚʘˁʘ 

ʤʝʥʪʘʣʥʠʭ ʠ ʢʦʛʥʠʪʠʚʥʠʭ ʘʩʧʝʢʘʪʘ ʦʩʣʘˁʘʿʫ ʩʝ ʥʘ ʪʝʦʨʠʿʩʢʝ ʧʨʝʪʧʦʩʪʘʚʢʝ ʢʦʿʝ 

ʢʘʨʘʢʪʝʨʠʰʝ ʩʫʙʿʝʢʪʠʚʥʦʩʪ (Parasuraman, 2003).  

ʉʫʙʿʝʢʪʠʚʥʝ ʤʝʪʦʜʝ ʟʘ ʧʨʦʮʝʥʫ ʢʦʛʥʠʪʠʚʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʨʘʜʥʠʢʘ ʩʫ NASA ʠʥʜʝʢʩ 

ʦʧʪʝʨʝ˂ʝˁʘ ʟʘʜʘʪʢʦʤ (ʝʥʛʣ. NASA Task Load Index - NASA-TLX) ʠ ʪʝʭʥʠʢʘ ʩʫʙʿʝʢʪʠʚʥʝ 

ʧʨʦʮʝʥʝ ʦʧʪʝʨʝ˂ʝˁʘ (ʝʥʛʣ. Subjective Workload Assessment ʊechnique - SWAT). NASA 

ʤʝʪʦʜʘ ʩʘʤʦʧʨʦʮʝʥʝ ʨʘʜʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʫʢˀʫʯʫʿʝ ʰʝʩʪ ʧʦʜʩʢʘʣʘ: ʤʝʥʪʘʣʥʠ ʟʘʭʪʝʚʠ, 

ʬʠʟʠʯʢʠ ʟʘʭʪʝʚʠ, ʚʨʝʤʝʥʩʢʠ ʧʨʠʪʠʩʘʢ, ʥʘʧʦʨ, ʬʨʫʩʪʨʘʮʠʿʘ ʠ ʧʝʨʬʦʨʤʘʥʩʝ. ɿʘ ʩʚʘʢʫ 

ʧʦʜʩʢʘʣʫ, ʨʝʟʫʣʪʘʪʠ ʩʝ ʢʨʝ˂ʫ ʦʜ 0 (ʚʝʦʤʘ ʥʠʟʘʢ) ʜʦ 100 (ʚʝʦʤʘ ʚʠʩʦʢ). ʀʘʢʦ ʧʦʩʪʦʿʠ 

ʧʨʦʮʝʜʫʨʘ ʧʦʥʜʝʨʠʩʘˁʘ ʟʘ ʙʦʜʦʚʘˁʝ ʩʚʘʢʝ ʧʦʜʩʢʘʣʝ, ʯʝʩʪʦ ʩʝ ʢʦʨʠʩʪʝ ʥʝʦʙʨʘʹʝʥʠ 

ʧʦʜʘʮʠ ʟʙʦʛ ʣʘʢʦ˂ʝ ʧʨʦʮʝʥʝ ʠ ʢʦʤʧʘʨʘʪʠʚʥʝ ʘʥʘʣʠʟʝ ʩʘ ʧʦʥʜʝʨʠʩʘʥʠʤ ʨʝʟʫʣʪʘʪʠʤʘ (Hart, 

2006). ʊʝʭʥʠʢʘ ʩʫʙʿʝʢʪʠʚʥʝ ʧʨʦʮʝʥʝ ʨʘʜʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʦʤʦʛʫ˂ʘʚʘ ʧʨʦʮʝʥʫ ʪʨʠ ʬʘʢʪʦʨʘ: 

ʚʨʝʤʝʥʩʢʠ ʧʨʠʪʠʩʘʢ, ʤʝʥʪʘʣʥʠ ʥʘʧʦʨ ʠ ʩʪʨʝʩ.  

ʊʝʭʥʠʢʘ ʧʨʦʮʝʥʝ ʨʘʜʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʫ ʚʘʟʜʫʰʥʦʤ ʩʘʦʙʨʘ˂ʘʿʫ ʢʘʦ ʰʪʦ ʠ ʩʘʤ ʥʘʟʠʚ 

ʢʘʞʝ ʥʘʿʧʨʝ ʿʝ ʢʦʨʠʰ˂ʝʥʘ ʫ ʚʘʟʜʫʰʥʦʤ ʩʘʦʙʨʘ˂ʘʿʫ, ʘ ʚʨʝʤʝʥʦʤ ʿʝ ʥʘʰʣʘ ʧʨʠʤʝˁʝʥʫ ʫ 

ʙʨʦʿʥʠʤ ʦʙʣʘʩʪʠʤʘ (Loft ʠ ʜʨʫʛʠ, 2014). ʆʚʦʤ ʤʝʪʦʜʦʤ ʠʩʧʠʪʘʥʠʮʠ ʧʨʦʮʝˁʫʿʫ ʥʠʚʦ 

ʢʦʛʥʠʪʠʚʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʥʘ ʩʢʘʣʠ ʦʜ 1 (ʤʘʣʦ ʦʧʪʝʨʝ˂ʝˁʝ) ʜʦ 7 (ʚʝʣʠʢʦ ʦʧʪʝʨʝ˂ʝˁʝ). 

ʇʨʝʜʥʦʩʪ ʦʚʝ ʤʝʪʦʜʝ ʩʝ ʦʛʣʝʜʘ ʫ ʪʦʤʝ ʰʪʦ ʠʩʧʠʪʘʥʠʮʠ ʤʦʛʫ ʜʘ ʧʨʠʿʘʚʝ ʨʘʜʥʦ ʦʧʪʝʨʝ˂ʝˁʝ 

ʫ ʩʚʘʢʦʤ ʪʨʝʥʫʪʢʫ, ʘ ʥʝ ʤʦʨʘʿʫ ʜʘ ʯʝʢʘʿʫ ʜʘ ʩʝ ʟʘʚʨʰʠ ʨʘʜʥʠ ʟʘʜʘʪʘʢ ʜʘ ʙʠ ʪʦ ʫʨʘʜʠʣʠ.  

ʉʚʝ ʩʫʙʿʝʢʪʠʚʥʝ ʤʝʪʦʜʝ ʩʝ ʥʘʿʯʝʰ˂ʝ ʧʨʠʤʝˁʫʿʫ ʪʦʢʦʤ ʜʠʟʘʿʥʠʨʘˁʘ ʨʘʜʥʠʭ ʤʝʩʪʘ 

ʘ ʥʝ ʫ ʩʚʨʭʫ ʤʦʜʠʬʠʢʘʮʠʿʝ ʧʦʩʪʦʿʝ˂ʠʭ ʫʩʣʦʚʘ ʨʘʜʘ (Patrizi ʠ ʜʨʫʛʠ, 2015). ʂʘʢʦ ʥʘʚʦʜʝ 

ʘʫʪʦʨʠ (Parasuraman ʠ Rizzo, 2006; Parasuraman, 2003) ʨʝʟʫʣʪʘʪʠ ʜʦʙʠʿʝʥʠ ʧʨʠʤʝʥʦʤ 

ʦʚʠʭ ʤʝʪʦʜʘ ʩʫ ʥʝʧʦʫʟʜʘʥʠ, ʥʝʧʨʝʮʠʟʥʠ ʠ ʧʨʠʩʪʨʘʩʥʠ. ʊʘʢʦʹʝ, ʧʦʧʫˁʘʚʘˁʝ ʫʧʠʪʥʠʢʘ 

ʟʘʭʪʝʚʘ ʧʨʝʢʠʜʘˁʝ ʦʙʘʚˀʘˁʘ ʨʘʜʥʠʭ ʘʢʪʠʚʥʦʩʪʠ. ʂʘʢʦ ʙʠ ʩʝ ʧʨʝʚʘʟʠʰʣʠ ʥʝʜʦʩʪʘʮʠ 

ʩʫʙʿʝʢʪʠʚʥʠʭ ʤʝʪʦʜʘ ʨʘʟʚʠʿʝʥʠ ʩʫ ʥʦʚʠ ʜʦʤʝʥʠ ʝʨʛʦʥʦʤʠʿʝ - ʢʦʛʥʠʪʠʚʥʘ ʝʨʛʦʥʦʤʠʿʘ ʠ 

ʥʝʫʨʦʝʨʛʦʥʦʤʠʿʘ (Mehta ʠ Parasuraman, 2013 a,ʙ). ʉʘʚʨʝʤʝʥʠ ʪʨʝʥʜ ʿʝ ʜʘ ʩʝ ʩʫʙʿʝʢʪʠʚʥʝ 

ʤʝʪʦʜʝ ʜʦʧʫʥʝ ʬʠʟʠʦʣʦʰʢʠʤ ʤʝʨʝˁʠʤʘ ʧʦʤʦ˂ʫ ʫʨʝʹʘʿʘ ʢʘʦ ʰʪʦ ʿʝ ɽɽɻ (Thorvald ʠ 

Lindblom, 2014). 

ʅʝʫʨʦʝʨʛʦʥʦʤʠʿʘ ʿʝ ʧʦʩʪʘʣʘ ʿʝʜʘʥ ʦʜ ʛʣʘʚʥʠʭ ʧʨʘʚʘʮʘ ʫ ʝʨʛʦʥʦʤʩʢʠʤ 

ʠʩʪʨʘʞʠʚʘˁʠʤʘ (Sarter ʠ Sarter, 2003). ʋ ʥʦʚʠʿʝ ʚʨʝʤʝ ʬʦʢʫʩ ʥʝʫʨʦʝʨʛʦʥʦʤʠʿʝ ʿʝ ʧʦʤʝʨʝʥ 

ʢʘ ʘʥʘʣʠʟʠ ʥʝʫʨʦʣʦʰʢʠʭ ʦʜʛʦʚʦʨʘ ʠʩʧʠʪʘʥʠʢʘ, ʧʦʩʝʙʥʦ ʢʘ ʧʨʘ˂ʝˁʫ ʤʝʥʪʘʣʥʦʛ 

ʦʧʪʝʨʝ˂ʝˁʘ ʨʘʜʥʠʢʘ. ʄʝʥʪʘʣʥʦ ʦʧʪʝʨʝ˂ʝˁʝ ʿʝ ʿʝʜʘʥ ʦʜ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʠʭ ʢʦʥʮʝʧʘʪʘ 

ʫ ʝʨʛʦʥʦʤʠʿʠ ʠ ˀʫʜʩʢʠʤ ʬʘʢʪʦʨʠʤʘ ʠ ʧʨʝʜʩʪʘʚˀʘ ʪʝʤʫ ʦʜ ʩʚʝ ʚʝ˂ʝʛ ʟʥʘʯʘʿʘ. ʉ ʦʙʟʠʨʦʤ 

ʜʘ ʩʘʚʨʝʤʝʥʘ ʪʝʭʥʦʣʦʛʠʿʘ ʥʘʤʝ˂ʝ ʩʚʝ ʚʝ˂ʝ ʢʦʛʥʠʪʠʚʥʝ ʟʘʭʪʝʚʝ, ʨʘʟʫʤʝʚʘˁʝ ʫʪʠʮʘʿʘ 

ʤʝʥʪʘʣʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʥʘ ʧʝʨʬʦʨʤʘʥʩʝ ʠ ʜʦʙʨʦʙʠʪ ʨʘʜʥʠʢʘ ʿʝ ʩʚʝ ʟʥʘʯʘʿʥʠʿʝ (Young ʠ 

ʜʨʫʛʠ, 2015).  

ʇʩʠʭʦʬʠʟʠʦʣʦʰʢʝ ʤʝʪʦʜʝ ʦʤʦʛʫ˂ʘʚʘʿʫ ʦʙʿʝʢʪʠʚʥʦ ʧʨʘ˂ʝˁʝ ʢʦʛʥʠʪʠʚʥʦʛ ʩʪʘˁʘ 

ʪʦʢʦʤ ʦʙʘʚˀʘˁʘ ʘʢʪʠʚʥʦʩʪʠ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ (Trimmel ʠ ʜʨʫʛʠ, 2009; Parasuraman, 

2003) ʠ ʧʨʝʜʠʢʮʠʿʫ ʤʝʥʪʘʣʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ. ʆʚʝ ʤʝʪʦʜʝ ʦʤʦʛʫ˂ʘʚʘʿʫ ʜʫʙˀʝ ʨʘʟʤʘʪʨʘˁʝ 

ʤʝʥʪʘʣʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʨʘʜʥʠʢʘ (Parasuraman ʠ Rizzo, 2006; Ayaz ʠ Dehais, 2019). ʂʘʢʦ 

ʠʩʪʠʯʝ ʘʫʪʦʨ (Parasuraman, 2003) ʧʨʝʜʥʦʩʪʠ ʧʩʠʭʦʬʠʟʠʦʣʦʰʢʠʭ ʤʝʪʦʜʘ ʩʝ ʦʛʣʝʜʘʿʫ ʫ 

ʜʝʪʝʢʪʦʚʘˁʫ ʩʢʨʠʚʝʥʠʭ ʢʦʛʥʠʪʠʚʥʠʭ ʨʝʘʢʮʠʿʘ ʢʦʿʝ ʥʠʿʝ ʤʦʛʫ˂ʝ ʫʦʯʠʪʠ ʫ ʦʢʚʠʨʫ ʜʨʫʛʠʭ 

ʝʨʛʦʥʦʤʩʢʠʭ ʜʦʤʝʥʘ. 

ɽɽɻ ʿʝ ʿʝʜʥʘ ʦʜ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʠʭ ʤʝʪʦʜʘ ʟʘ ʧʨʘ˂ʝˁʝ ʢʦʛʥʠʪʠʚʥʦʛ ʩʪʘˁʘ 

ʨʘʜʥʠʢʘ ʠ ʧʨʦʮʝʥʫ ʤʝʥʪʘʣʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ. ɺʝ˂ʠ ʙʨʦʿ ʘʫʪʦʨʘ (Antonenko ʠ ʜʨʫʛʠ, 2010; 
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Brouwer ʠ ʜʨʫʛʠ, 2015; Mijoviĺ ʠ ʜʨʫʛʠ, 2015; Charles ʠ Nixon, 2019) ʿ ʝ ʠʜʝʥʪʠʬʠʢʦʚʘʦ 

ʚʝʟʫ ʠʟʤʝʹʫ ʢʦʛʥʠʪʠʚʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʠ ʧʨʦʤʝʥʘ ʫ ɽɽɻ ʩʠʛʥʘʣʫ. ʋ ʨʘʜʦʚʠʤʘ ʯʠʿʠ ʩʫ 

ʘʫʪʦʨʠ (Kramer ʠ Parasuraman, 2007; Parasuraman ʠ Wilson, 2008) ʩʫ ʧʨʠʤʝˁʝʥʝ 

ʥʝʫʨʦʝʨʛʦʥʦʤʩʢʝ ʤʝʨʝ ʟʘ ʧʨʦʮʝʥʫ ʢʦʛʥʠʪʠʚʥʦʛ ʩʪʘˁʘ ʨʘʜʥʠʢʘ. ʋ ʨʘʜʫ (Zhang ʠ Yu, 2010) 

ʿʝ ʠʟʚʨʰʝʥʘ ʧʨʦʮʝʥʘ ʤʝʥʪʘʣʥʦʛ ʟʘʤʦʨʘ ʧʨʝʢʦ ɽɽɻ-ʘ ʠ ʧʨʘ˂ʝˁʘ ʦʪʢʫʮʘʿʘ ʩʨʮʘ. ʊʘʢʦʹʝ, ʫ 

ʩʪʫʜʠʿʠ ʢʦʿʫ ʩʫ ʩʧʨʦʚʝʣʠ ʘʫʪʦʨʠ (Byrne ʠ Parasurman, 1996) ʿʝ ʧʨʠʤʝʥʦʤ ʬʠʟʠʦʣʦʰʢʠʭ 

ʤʝʨʘ ʧʨʦʮʝˁʝʥʦ ʤʝʥʪʘʣʥʦ ʦʧʪʝʨʝ˂ʝˁʝ. ɸʫʪʦʨʠ (Gevins ʠ ʜʨʫʛʠ, 1995) ʩʫ ʫʢʘʟʘʣʠ ʥʘ 

ʧʨʝʜʥʦʩʪʠ ʧʨʠʤʝʥʝ ɽɽɻ ʤʝʪʦʜʝ ʫ ʤʝʨʝˁʫ ʤʦʞʜʘʥʝ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʨʘʜʥʠʤ ʤʝʩʪʠʤʘ ʢʦʿʘ 

ʟʘʭʪʝʚʘʿʫ ʚʝʣʠʢʫ ʢʦʥʮʝʥʪʨʘʮʠʿʫ ʨʘʜʥʠʢʘ (ʢʘʦ ʰʪʦ ʩʫ ʘʢʪʠʚʥʦʩʪʠ ʤʦʥʪʘʞʝ). ɽɽɻ ʤʝʪʦʜʘ 

ʦʤʦʛʫ˂ʘʚʘ ʧʦʫʟʜʘʥʫ ʧʨʦʮʝʥʫ ʤʝʥʪʘʣʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ (Borghini ʠ 

ʜʨʫʛʠ, 2014). ʆʚʘ ʤʝʪʦʜʘ ʧʨʫʞʘ ʦʙʿʝʢʪʠʚʥʝ ʨʝʟʫʣʪʘʪʝ ʠ ʪʘʢʦ ʧʨʝʚʘʟʠʣʘʟʠ ʛʣʘʚʥʝ 

ʥʝʜʦʩʪʘʪʢʝ ʩʫʙʿʝʢʪʠʚʥʠʭ ʤʝʪʦʜʘ (ʢʘʦ ʰʪʦ ʩʫ ʠʥʪʝʨʚʿʫ ʠ ʘʥʢʝʪʘ).  

ɺʨʝʤʝ ʩʘʩʪʘʚˀʘˁʘ ʠ ʜʝʬʝʢʪʠ ʩʫ ʪʘʢʦʹʝ ʤʝʪʨʠʢʝ ʨʝʣʝʚʘʥʪʥʝ ʟʘ ʧʨʦʮʝʥʫ ʤʝʥʪʘʣʥʦʛ 

ʦʧʪʝʨʝ˂ʝˁʘ. ɺʝ˂ʝ ʚʨʝʤʝ ʤʦʥʪʘʞʝ ʤʦʞʝ ʫʢʘʟʘʪʠ ʜʘ ʿʝ ʨʘʜʥʠ ʟʘʜʘʪʘʢ ʙʠʦ ʢʦʤʧʣʝʢʩʘʥ. ʉʘ 

ʜʨʫʛʝ ʩʪʨʘʥʝ, ʫʢʦʣʠʢʦ ʩʝ ʪʝʞʠʥʘ ʟʘʜʘʪʢʘ ʦʜʨʞʘʚʘ ʢʦʥʩʪʘʥʪʥʦʤ, ʜʫʞʝ ʚʨʝʤʝ ʩʘʩʪʘʚˀʘˁʘ 

ʿʝ ʧʦʢʘʟʘʪʝˀ ʜʘ ʿʝ ʨʘʜʥʠʢ ʫʣʦʞʠʦ ʤʘˁʝ ʤʝʥʪʘʣʥʦʛ ʥʘʧʦʨʘ. ʐʪʦ ʩʝ ʪʠʯʝ ʜʝʬʝʢʘʪʘ, ʧʦʿʘʚʘ 

ʚʝ˂ʝʛ ʙʨʦʿʘ ʥʝʧʨʘʚʠʣʥʦʩʪʠ ʠ ʜʝʬʝʢʘʪʘ ʫʢʘʟʫʿʝ ʜʘ ʿʝ ʨʘʜʥʠʢ ʠʟʣʦʞʝʥ ʚʝ˂ʝʤ ʢʦʛʥʠʪʠʚʥʦʤ 

ʦʧʪʝʨʝ˂ʝˁʫ. 

ʇʨʘ˂ʝˁʝʤ ʤʠʰʠ˂ʘ ʥʘ ʣʠʮʫ ʪʦʢʦʤ ʦʙʘʚˀʘˁʘ ʘʢʪʠʚʥʦʩʪʠ ʩʢʣʘʧʘˁʘ ʜʝʣʦʚʘ ʠ 

ʢʦʤʧʦʥʝʥʪʠ ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʣʠ ʩʫ ʨʘʜʥʠʮʠ ʠʩʪʦʚʨʝʤʝʥʦ ʠʟʣʦʞʝʥʠ ʬʠʟʠʯʢʦʤ 

ʟʘʤʦʨʫ ʠ ʤʝʥʪʘʣʥʦʤ ʦʧʪʝʨʝ˂ʝˁʫ. ʄʨʰʪʝˁʝ ʠ ʩʪʝʟʘˁʝ ʨʘʟʥʠʭ ʤʠʰʠ˂ʘ ʣʠʮʘ ʤʦʞʝ 

ʫʢʘʟʠʚʘʪʠ ʥʘ ʧʦʿʘʚʫ ʫʤʦʨʘ ʠ ʥʝʟʘʜʦʚʦˀʩʪʚʘ. 

ʄʝʥʪʘʣʥʦ ʦʧʪʝʨʝ˂ʝˁʝ ʩʝ ʤʦʞʝ ʠʜʝʥʪʠʬʠʢʦʚʘʪʠ ʠ ʧʨʝʢʦ ʧʨʘ˂ʝˁʘ ʧʦʢʨʝʪʘ ʦʯʠʿʫ. 

ʇʨʘ˂ʝˁʝ ʨʝʘʢʮʠʿʝ ʦʢʘ ʿʝ ʚʝʦʤʘ ʧʦʛʦʜʥʘ ʪʝʭʥʠʢʘ ʟʘ ʘʥʘʣʠʟʫ ʧʦʥʘʰʘˁʘ ˀʫʜʠ. ʅʘʿʯʝʰ˂ʝ 

ʢʦʨʠʰ˂ʝʥʝ ʤʝʨʝ ʟʘ ʧʨʦʮʝʥʫ ʦʧʪʝʨʝ˂ʝˁʘ ʨʘʜʥʠʢʘ ʧʨʝʢʦ ʧʦʢʨʝʪʘ ʦʯʠʿʫ ʩʫ ʙʨʟʠʥʘ 

ʪʨʝʧʪʘˁʘ, ʬʦʢʫʩʠʨʘˁʝ ʧʦʛʣʝʜʘ, ʙʨʟʠʥʘ ʢʨʝʪʘˁʘ ʦʯʠʿʫ, ʚʝʣʠʯʠʥʘ ʟʝʥʠʮʝ, ʬʦʢʫʩʥʘ 

ʫʜʘˀʝʥʦʩʪ ʠ ʪʨʘʿʘˁʝ ʟʘʪʚʘʨʘˁʘ ʦʢʘ. ɸʫʪʦʨʠ (Fogarty ʠ Stern, 1989) ʩʫ ʫʩʪʘʥʦʚʠʣʠ ʜʘ ʩʝ 

ʩʪʦʧʘ ʪʨʝʧʪʘˁʘ ʦʢʘ ʩʤʘˁʫʿʝ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʦʧʪʝʨʝ˂ʝˁʘ ʢʦʿʝ ʿʝ ʨʝʟʫʣʪʘʪ ʦʙʨʘʜʝ ʚʠʟʫʝʣʥʠʭ 

ʩʪʠʤʫʣʘʥʩʘ. ʄʝʹʫʪʠʤ, ʟʘʧʘʞʝʥʦ ʿʝ ʜʘ ʩʪʦʧʘ ʨʘʩʪʝ ʩʘ ʧʦʚʝ˂ʘʥʠʤ ʦʧʪʝʨʝ˂ʝˁʝʤ ʢʦʿʝ ʿʝ 

ʨʝʟʫʣʪʘʪ ʦʙʘʚˀʘˁʘ ʟʘʜʘʪʘʢʘ ʢʦʿʠ ʟʘʭʪʝʚʘʿʫ ʧʘʤ˂ʝˁʝ (Wilson ʠ ʜʨʫʛʠ, 2004). ʇʨʝʤʘ ʘʫʪʦʨʫ 

(Castor, 2003) ʢʦʨʝʣʘʮʠʿʘ ʠʟʤʝʹʫ ʙʨʟʠʥʝ ʪʨʝʧʪʘˁʘ ʠ ʨʘʜʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʿʝ ʩʣʘʙʘ. ʆʚʘʿ 

ʘʫʪʦʨ ʠʩʪʠʯʝ ʜʘ ʩʝ ʪʨʘʿʘˁʝ ʟʘʪʚʘʨʘˁʘ ʦʯʠʿʫ ʩʤʘˁʫʿʝ ʩʘ ʧʦʚʝ˂ʘʥʠʤ ʦʧʪʝʨʝ˂ʝˁʝʤ ʢʦʿʝ ʿʝ 

ʨʝʟʫʣʪʘʪ ʧʨʠʢʫʧˀʘˁʘ ʧʦʜʘʪʘʢʘ ʠʟ ʰʠʨʦʢʦʛ ʚʠʜʥʦʛ ʧʦˀʘ, ʜʦʢ ʩʝ ʢʘʰˁʝˁʝ ʪʨʝʧʪʘʿʘ 

ʧʦʚʝ˂ʘʚʘ ʩʘ ʟʘʭʪʝʚʠʤʘ ʟʘ ʧʘʤ˂ʝˁʝʤ ʠ ʨʝʘʛʦʚʘˁʝʤ. 

ʇʦʩʝʙʥʘ ʧʘʞˁʘ ʫ ʦʢʚʠʨʫ ʀʥʜʫʩʪʨʠʿʝ 5.0 ʧʦʩʚʝ˂ʫʿʝ ʩʝ ʝʨʛʦʥʦʤʩʢʦʿ ʦʧʪʠʤʠʟʘʮʠʿʠ 

ʠ ʜʦʙʨʦʙʠʪʠ ʨʘʜʥʠʢʘ. ʌʦʢʫʩ ʩʪʫʜʠʿʝ (Arnold ʠ ʜʨʫʛʠ, 2004) ʿʝ ʙʠʦ ʥʘ ʦʧʪʠʤʘʣʥʦʤ 

ʨʘʩʧʦʨʝʹʠʚʘˁʫ ʠ ʨʝʜʦʩʣʝʜʫ ʘʢʪʠʚʥʦʩʪʠ ʤʦʥʪʘʞʝ. ɽʨʛʦʥʦʤʠʿʘ ʥʘʩʪʦʿʠ ʜʘ ʤʠʥʠʤʠʟʠʨʘ 

ʥʝʛʘʪʠʚʥʝ ʫʪʠʮʘʿʝ ʨʘʜʥʦʛ ʦʢʨʫʞʝˁʘ ʥʘ ˀʫʜʝ ʠ ʥʘ ʪʘʿ ʥʘʯʠʥ ʦʤʦʛʫ˂ʘʚʘ ʩʚʘʢʦʿ ʦʩʦʙʠ ʜʘ 

ʤʘʢʩʠʤʠʟʠʨʘ ʜʦʧʨʠʥʦʩ ʧʦʩʣʫ (Qutubuddin ʠ ʜʨʫʛʠ, 2013; Fernandez, 1995ʘ). ɼʠʟʘʿʥʠʨʘˁʝ 

ʨʘʜʥʦʛ ʦʢʨʫʞʝˁʘ ʫ ʩʢʣʘʜʫ ʩʘ ʧʦʪʨʝʙʘʤʘ ʨʘʜʥʠʢʘ ʤʦʞʝ ʟʥʘʯʘʿʥʦ ʜʦʧʨʠʥʝʪʠ ʦʧʪʠʤʠʟʘʮʠʿʠ 

ʧʝʨʬʦʨʤʘʥʩʠ ʠ ʠʩʪʦʚʨʝʤʝʥʦ ʩʤʘˁʠʪʠ ʦʧʪʝʨʝ˂ʝˁʝ ʟʘʧʦʩʣʝʥʠʭ. ʇʦʩʪʠʟʘˁʝʤ ʦʧʪʠʤʘʣʥʦʛ 

ʦʜʥʦʩʘ ʠʟʤʝʹʫ ʨʘʜʥʠʢʘ ʠ ˁʠʭʦʚʦʛ ʨʘʜʥʦʛ ʦʢʨʫʞʝˁʘ ʦʩʪʚʘʨʫʿʝ ʩʝ ʥʘʿʚʠʰʠ ʥʠʚʦ 

ʝʬʠʢʘʩʥʦʩʪʠ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, ʘ ʩʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʧʦʚʝ˂ʘʚʘ ʩʝ ʙʝʟʙʝʜʥʦʩʪ ʠ ʙʣʘʛʦʩʪʘˁʝ 

(Battini ʠ ʜʨʫʛʠ, 2020). 

ʋ ʜʘʥʘʰˁʝ ʚʨʝʤʝ, ʫ ʧʨʦʠʟʚʦʜʥʠʤ ʩʠʩʪʝʤʠʤʘ ʫʜʝʦ ʨʫʯʥʦʛ ʨʘʜʘ ʿʝ ʚʝʦʤʘ ʚʠʩʦʢ, ʰʪʦ 

ʟʘʭʪʝʚʘ ʧʦʩʚʝ˂ʠʚʘˁʝ ʧʦʩʝʙʥʝ ʧʘʞˁʝ ʝʨʛʦʥʦʤʠʿʠ. ɽʨʛʦʥʦʤʠʿʘ ʢʘʦ ʠʥʪʝʨʜʠʩʮʠʧʣʠʥʘʨʥʘ 

ʥʘʫʢʘ ʠʥʪʝʛʨʠʰʝ ʟʥʘˁʘ ʠʟ ʨʘʟʣʠʯʠʪʠʭ ʜʠʩʮʠʧʣʠʥʘ ʢʘʦ ʰʪʦ ʩʫ ʧʩʠʭʦʣʦʛʠʿʘ, ʙʠʦʤʝʭʘʥʠʢʘ, 

ʘʥʪʨʦʧʦʣʦʛʠʿʘ ʠ ʠʥʞʝˁʝʨʠʥʛ ʫ ʮʠˀʫ ʝʬʠʢʘʩʥʦʛ ʧʨʦʿʝʢʪʦʚʘˁʘ ʨʘʜʥʦʛ ʦʢʨʫʞʝˁʘ. ʊʨʠ 
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ʘʩʧʝʢʪʘ ʝʨʛʦʥʦʤʠʿʝ ʢʦʿʝ ʿʝ ʧʦʜʿʝʜʥʘʢʦ ʚʘʞʥʦ ʫʟʝʪʠ ʫ ʦʙʟʠʨ ʧʨʠʣʠʢʦʤ ʜʠʟʘʿʥʠʨʘˁʘ ʨʘʜʥʦʛ 

ʦʢʨʫʞʝˁʘ ʩʫ ʬʠʟʠʯʢʘ, ʢʦʛʥʠʪʠʚʥʘ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʘ ʝʨʛʦʥʦʤʠʿʘ. ʌʠʟʠʯʢʘ ʝʨʛʦʥʦʤʠʿʘ ʩʝ 

ʬʦʢʫʩʠʨʘ ʥʘ ʧʨʘ˂ʝˁʝ ʧʦʣʦʞʘʿʘ ʪʝʣʘ, ʧʦʢʨʝʪʘ ʢʦʿʠ ʩʝ ʯʝʩʪʦ ʧʦʥʘʚˀʘʿʫ ʢʘʢʦ ʙʠ ʩʝ ʩʤʘˁʠʦ 

ʨʠʟʠʢ ʦʜ ʥʘʩʪʘʥʢʘ ʧʦʨʝʤʝ˂ʘʿʘ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʦʛ ʩʠʩʪʝʤʘ ʠ ʜʨʫʛʠʭ ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ 

ʙʦʣʝʩʪʠ.  

ʆʨʛʘʥʠʟʘʮʠʦʥʘ ʝʨʛʦʥʦʤʠʿʘ ʩʝ ʙʘʚʠ ʦʧʪʠʤʠʟʘʮʠʿʦʤ ʧʨʦʠʟʚʦʜʥʠʭ ʧʨʦʮʝʩʘ ʢʨʦʟ 

ʧʨʠʣʘʛʦʹʘʚʘˁʝ ʨʘʜʥʠʭ ʤʝʩʪʘ ʧʦʪʨʝʙʘʤʘ ʨʘʜʥʠʢʘ, ʩʘ ʮʠˀʝʤ ʧʦʚʝ˂ʘˁʘ ʝʬʠʢʘʩʥʦʩʪʠ ʠ 

ʧʦʙʦˀʰʘˁʘ ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʘ ʥʘ ʨʘʜʫ. ʌʦʢʫʩ ʦʨʛʘʥʠʟʘʮʠʦʥʝ ʝʨʛʦʥʦʤʠʿʝ ʿʝ ʥʘ 

ʩʪʚʘʨʘˁʫ ʦʧʪʠʤʘʣʥʠʭ ʫʩʣʦʚʘ ʨʘʜʘ ʠ ʧʦʚʝ˂ʘˁʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʟʘʜʦʚʦˀʩʪʚʘ ʨʘʜʥʠʢʘ. 

ʂʦʛʥʠʪʠʚʥʘ ʝʨʛʦʥʦʤʠʿa ʩʝ ʬʦʢʫʩʠʨʘ ʥʘ ʠʩʪʨʘʞʠʚʘˁʝ ʤʝʥʪʘʣʥʠʭ ʧʨʦʮʝʩʘ ʪʦʢʦʤ ʠʟʚʦʹʝˁʘ 

ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʨʘʜʥʦʤ ʤʝʩʪʫ ʩʘ ʧʦʩʝʙʥʠʤ ʘʢʮʝʥʪʦʤ ʥʘ ʨʘʟʫʤʝʚʘˁʝ ʢʘʢʦ ʨʘʟʥʝ ʩʠʪʫʘʮʠʿʝ 

ʫʪʠʯʫ ʥʘ ʢʦʛʥʠʪʠʚʥʦ ʩʪʘˁʝ ʨʘʜʥʠʢʘ ʠ ʢʘʢʦ ʢʦʛʥʠʪʠʚʥʘ ʩʪʘˁʘ ʢʘʦ ʰʪʦ ʩʫ ʧʝʨʮʝʧʮʠʿʘ, 

ʨʝʟʦʥʦʚʘˁʝ ʠ ʨʝʘʢʮʠʿʝ ʨʘʜʥʠʢʘ ʫʪʠʯʫ ʥʘ ʧʝʨʬʦʨʤʘʥʩʝ ʨʘʜʥʠʢʘ. ʇʦʩʝʙʘʥ ʥʘʛʣʘʩʘʢ ʫ 

ʥʘʫʯʥʠʤ ʨʘʜʦʚʠʤʘ ʩʝ ʩʪʘʚˀʘ ʥʘ ʠʥʪʝʛʨʘʮʠʿʫ ʬʠʟʠʯʢʝ ʠ ʢʦʛʥʠʪʠʚʥʝ ʝʨʛʦʥʦʤʠʿʝ (Mehta, 

2016) ʰʪʦ ʦʤʦʛʫ˂ʘʚʘ ʩʚʝʦʙʫʭʚʘʪʥʠʿʠ ʧʨʠʩʪʫʧ ʫʥʘʧʨʝʹʝˁʫ ʨʘʜʥʦʛ ʦʢʨʫʞʝˁʘ ʠ ʧʦʚʝ˂ʘˁʫ 

ʝʬʠʢʘʩʥʦʩʪʠ ʨʘʜʥʠʢʘ. 

ʅʘʿʟʥʘʯʘʿʥʠʿʠ ʩʪʘʥʜʘʨʜʠ ʠʟ ʦʙʣʘʩʪʠ ʝʨʛʦʥʦʤʠʿʝ ʚʝʟʘʥʠ ʟʘ ʤʦʥʪʘʞʥʝ ʨʘʜʥʝ ʩʪʘʥʠʮʝ 

ʠ ʦʙʘʚˀʘˁʝ ʧʦʥʘʚˀʘʿʫ˂ʠʭ ʘʢʪʠʚʥʦʩʪʠ ʩʫ: ISO 11226: 2000, ɽʨʛʦʥʦʤʠʿʘ - ʧʨʦʮʝʥʘ 

ʩʪʘʪʠʯʢʠʭ ʨʘʜʥʠʭ ʧʦʣʦʞʘʿʘ (ʝʥʛʣ. Ergonomics- evaluation of static working postures),  ISO 

11226:2000/Cor 1: 2006, ɽʨʛʦʥʦʤʠʿʘ - ʧʨʦʮʝʥʘ ʩʪʘʪʠʯʢʠʭ ʨʘʜʥʠʭ ʧʦʣʦʞʘʿʘ (ʝʥʛʣ. 

Ergonomics evaluation of static working postures), UNE-EN 1005-4+A1: 2009 ɹʝʟʙʝʜʥʦʩʪ 

ʤʘʰʠʥʘ - ʬʠʟʠʯʢʝ ʧʝʨʬʦʨʤʘʥʩʝ ˀʫʜʠ - ʜʝʦ 4: ʦʮʝʥʘ ʧʦʣʦʞʘʿʘ ʪʝʣʘ ʠ ʧʦʢʨʝʪʘ ʫ ʦʜʥʦʩʫ ʥʘ 

ʤʘʰʠʥʝ (ʝʥʛʣ. Safety of machinery - human physical performance - part 4: evaluation of 

working postures and movements in relation to machinery), UNE-EN 1005-5:2007, 

ɹʝʟʙʝʜʥʦʩʪ ʤʘʰʠʥʘ - ʬʠʟʠʯʢʝ ʧʝʨʬʦʨʤʘʥʩʝ ˀʫʜʠ - ʜʝʦ 5: ʧʨʦʮʝʥʘ ʨʠʟʠʢʘ ʟʘ ʧʦʥʘʚˀʘʿʫ˂ʝ 

ʘʢʪʠʚʥʦʩʪʠ ʨʫʢʦʚʘˁʘ ʥʘ ʚʠʩʦʢʦʿ ʬʨʝʢʚʝʥʮʠʿʠ (ʝʥʛʣ. Safety of machinery - human physical 

performance - part 5: risk assessment for repetitive handling at high frequency). 

ɽʨʛʦʥʦʤʩʢʝ ʧʝʨʩʧʝʢʪʠʚʝ ʩʫ ʝʚʦʣʫʠʨʘʣʝ ʦʜ ʬʦʢʫʩʠʨʘˁʘ ʠʩʢˀʫʯʠʚʦ ʥʘ 

ʧʨʠʣʘʛʦʹʘʚʘˁʝ ʯʦʚʝʢʘ ʜʨʫʛʠʤ ʝʥʪʠʪʝʪʠʤʘ ʫ ʦʢʚʠʨʫ ʨʘʜʥʦʛ ʩʠʩʪʝʤʘ ʜʦ ʧʦʙʦˀʰʘˁʘ 

ʢʦʛʥʠʪʠʚʥʠʭ ʚʝʰʪʠʥʘ ʨʘʜʥʠʢʘ ʫ ʮʠˀʫ ʦʙʨʘʜʝ ʚʠʰʝ ʠʥʬʦʨʤʘʮʠʿʘ. ʉʪʦʛʘ, ʢʦʛʥʠʪʠʚʥʘ 

ʝʨʛʦʥʦʤʠʿʘ, ʢʦʿʘ ʩʝ ʢʦʥʮʝʥʪʨʠʰʝ ʥʘ ʤʝʥʪʘʣʥʝ ʧʨʦʮʝʩʝ ʢʘʦ ʰʪʦ ʩʫ ʧʝʨʮʝʧʮʠʿʘ, ʧʘʤ˂ʝˁʝ, 

ʦʙʨʘʜʘ ʠʥʬʦʨʤʘʮʠʿʘ ʠ ʨʘʩʫʹʠʚʘˁʝ ʧʨʝʫʟʠʤʘ ʧʨʠʤʘʪ ʫ ʀʥʜʫʩʪʨʠʿʠ 5.0. ʇʦʩʝʙʥʘ ʧʘʞˁʘ ʿʝ 

ʧʦʩʚʝ˂ʝʥʘ ʢʦʛʥʠʪʠʚʥʠʤ ʩʧʦʩʦʙʥʦʩʪʠʤʘ ʠ ʦʛʨʘʥʠʯʝˁʠʤʘ ʨʘʜʥʠʢʘ ʢʘʢʦ ʙʠ ʩʝ ʩʤʘˁʠʣʦ 

ʢʦʛʥʠʪʠʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ ʠ ʧʦʚʝ˂ʘʣʘ ʝʬʠʢʘʩʥʦʩʪ. 

ɿʘʢʦʥʩʢʘ ʨʝʛʫʣʘʪʠʚʘ ʠʟ ʦʚʝ ʦʙʣʘʩʪʠ ʧʦʜʩʝ˂ʘ ʦʨʛʘʥʠʟʘʮʠʿʝ ʥʘ ʚʘʞʥʦʩʪ ʫʢˀʫʯʠʚʘˁʘ 

ʝʨʛʦʥʦʤʩʢʦʛ ʘʩʧʝʢʪʘ ʧʨʠʣʠʢʦʤ ʧʨʦʿʝʢʪʦʚʘˁʘ ʤʦʥʪʘʞʥʝ ʨʘʜʥʝ ʩʪʘʥʠʮʝ (Otto ʠ Scholl, 

2011). ʅʘ ʚʘʞʥʦʩʪ ʫʟʠʤʘˁʘ ʫ ʦʙʟʠʨ ʝʨʛʦʥʦʤʩʢʠʭ ʧʨʠʥʮʠʧʘ ʧʨʠʣʠʢʦʤ ʜʠʟʘʿʥʠʨʘˁʘ 

ʨʘʜʥʦʛ ʦʢʨʫʞʝˁʘ ʫ ʢʦʿʝʤ ʩʝ ʦʙʘʚˀʘʿʫ ʧʦʥʘʚˀʘʿʫ˂ʠ ʧʦʩʣʦʚʠ ʤʦʥʪʘʞʝ ʫʢʘʟʫʿʫ ʠ ʙʨʦʿʥʠ 

ʥʘʫʯʥʦ-ʠʩʪʨʘʞʠʚʘʯʢʠ ʨʘʜʦʚʠ (Coury ʠ ʜʨʫʛʠ, 2000; Neumann ʠ ʜʨʫʛʠ, 2002). 

ʀʤʧʣʝʤʝʥʪʘʮʠʿʘ ʝʨʛʦʥʦʤʩʢʠʭ ʧʨʠʥʮʠʧʘ ʫʢˀʫʯʫʿʝ ʩʧʨʦʚʦʹʝˁʝ ʧʨʦʤʝʥʘ ʩʘ ʮʠˀʝʤ 

ʩʤʘˁʝˁʘ ʠʟʣʦʞʝʥʦʩʪʠ ʬʘʢʪʦʨʠʤʘ ʨʠʟʠʢʘ ʠ ʧʦʙʦˀʰʘˁʫ ʟʜʨʘʚˀʘ ʨʘʜʥʠʢʘ. ʄʦʛʫ ʙʠʪʠ 

ʧʨʠʤʘʨʥʝ ʦʜʥʦʩʥʦ ʘʢʪʠʚʥʦʩʪʠ ʬʦʢʫʩʠʨʘʥʝ ʥʘ ʬʘʢʪʦʨʝ ʥʘ ʨʘʜʥʦʤ ʤʝʩʪʫ (ʥʧʨ. ʧʨʦʤʝʥʝ 

ʢʦʿʝ ʩʝ ʬʦʢʫʩʠʨʘʿʫ ʥʘ ʜʠʟʘʿʥʠʨʘˁʝ ʨʘʜʥʠʭ ʩʪʘʥʠʮʘ ʫ ʩʢʣʘʜʫ ʩʘ ʧʨʠʥʮʠʧʠʤʘ ʝʨʛʦʥʦʤʠʿʝ), 

ʩʝʢʫʥʜʘʨʥʝ ʦʜʥʦʩʥʦ ʤʝʨʝ ʫʩʤʝʨʝʥʝ ʢʘ ʨʘʜʥʠʢʫ ʢʘʦ ʧʦʿʝʜʠʥʮʫ ʢʘʢʦ ʙʠ ʩʝ ʫʙʣʘʞʠʣʠ 

ʩʠʤʧʪʦʤʠ ʙʦʣʝʩʪʠ ʠʣʠ ʧʦʚʝ˂ʘʣʘ ʦʪʧʦʨʥʦʩʪ ʥʘ ʠʟʣʦʞʝʥʦʩʪ ʬʘʢʪʦʨʠʤʘ ʨʠʟʠʢʘ ʠ 

ʪʝʨʮʠʿʘʨʥʠ ʢʦʿʠ ʫʢˀʫʯʫʿʫ ʤʝʨʝ ʨʝʭʘʙʠʣʠʪʘʮʠʿʝ ʦʩʤʠʰˀʝʥʝ ʩʘ ʮʠˀʝʤ ʜʘ ʩʝ ʨʘʜʥʠʮʠ ʩʘ 

ʠʟʨʘʞʝʥʠʤ ʩʠʤʧʪʦʤʠʤʘ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠʭ ʧʦʨʝʤʝ˂ʘʿʘ ʫʙʨʟʦ ʚʨʘʪʝ ʥʘ ʧʦʩʘʦ. 
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ʋ ʚʝ˂ʝʤ ʙʨʦʿʫ ʩʪʫʜʠʿʘ ʠ ʥʘʫʯʥʦ-ʠʩʪʨʘʞʠʚʘʯʢʠʭ ʨʘʜʦʚʘ (Salvendy, 2001; Das ʠ 

Sengupta, 1996; Das, 1987; Qutubuddin ʠ ʜʨʫʛʠ, 2012) ʠʩʪʘʢʥʫʪʠ ʩʫ ʧʦʟʠʪʠʚʥʠ ʝʬʝʢʪʠ 

ʧʨʠʤʝʥʝ ʝʨʛʦʥʦʤʩʢʠʭ ʧʨʠʥʮʠʧʘ ʧʨʠʣʠʢʦʤ ʜʠʟʘʿʥʠʨʘˁʘ ʨʘʜʥʦʛ ʤʝʩʪʘ, ʤʘʰʠʥʘ ʠ ʘʣʘʪʘ, 

ʨʘʜʥʦʛ ʦʢʨʫʞʝˁʘ. ʇʨʝʤʘ ʩʪʘʥʜʘʨʜʫ ISO 9241-210:2010 ʙʝʥʝʬʠʪʠ ʜʠʟʘʿʥʠʨʘˁʘ ʨʘʜʥʠʭ 

ʩʠʩʪʝʤʘ ʫʩʨʝʜʩʨʝʹʝʥʠʭ ʥʘ ʯʦʚʝʢʘ ʩʝ ʦʛʣʝʜʘʿʫ ʫ ʧʦʙʦˀʰʘˁʫ ʝʬʝʢʪʠʚʥʦʩʪʠ ʠ ʝʬʠʢʘʩʥʦʩʪʠ 

ʩʠʩʪʝʤʘ ʨʘʜʘ ʫʟ ʠʩʪʦʚʨʝʤʝʥʦ ʧʦʙʦˀʰʘʚʘˁʝ ʙʣʘʛʦʩʪʘˁʘ ʠ ʟʘʜʦʚʦˀʩʪʚʘ ʢʦʨʠʩʥʠʢʘ ʠ 

ʩʤʘˁʝˁʘ ʥʝʛʘʪʠʚʥʠʭ ʝʬʝʢʘʪʘ ʥʘ ʟʜʨʘʚˀʝ ʠ ʙʝʟʙʝʜʥʦʩʪ ʨʘʜʥʠʢʘ.  

ʀʩʪʨʘʞʠʚʘʯʠ (Neumann ʠ Dul, 2010; Imada, 1990) ʠʩʪʠʯʫ ʜʘ ʧʨʠʤʝʥʘ ʝʨʛʦʥʦʤʩʢʠʭ 

ʧʨʠʥʮʠʧʘ ʤʦʞʝ ʫʥʘʧʨʝʜʠʪʠ ʙʝʟʙʝʜʥʦʩʪ ʠ ʟʜʨʘʚˀʝ ʨʘʜʥʠʢʘ ʪʘʢʦ ʰʪʦ ˂ʝ ʜʦʧʨʠʥʝʪʠ 

ʩʤʘˁʝˁʫ ʘʢʮʠʜʝʥʘʪʘ, ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ ʠ ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ ʙʦʣʝʩʪʠ. ɸʫʪʦʨʠ ʨʘʜʘ (Gerr ʠ 

ʜʨʫʛʠ, 2014) ʩʫ ʪʘʢʦʹʝ ʧʦʢʘʟʘʣʠ ʜʘ ʧʨʠʤʝʥʘ ʝʨʛʦʥʦʤʩʢʠʭ ʧʨʠʥʮʠʧʘ ʥʘ ʤʦʥʪʘʞʥʠʤ 

ʨʘʜʥʠʤ ʩʪʘʥʠʮʘʤʘ ʜʦʧʨʠʥʦʩʠ ʩʤʘˁʝˁʫ ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ ʠ ʧʦʙʦˀʰʘˁʫ ʟʜʨʘʚˀʘ ʨʘʜʥʠʢʘ. 

ʇʨʝʤʘ ʘʫʪʦʨʠʤʘ (Suarjana ʠ ʜʨʫʛʠ, 2022) ʦʙʘʚˀʘˁʝ ʘʢʪʠʚʥʦʩʪʠ ʫ ʝʨʛʦʥʦʤʩʢʦʤ ʧʦʣʦʞʘʿʫ 

ʜʦʧʨʠʥʦʩʠ ʩʤʘˁʝˁʫ ʧʦʿʘʚʝ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠʭ ʧʦʨʝʤʝ˂ʘʿʘ. ʇʦʩʝʙʥʦ ʿʝ ʚʘʞʥʦ ʜʘ ʨʘʜʥʦ 

ʤʝʩʪʦ ʙʫʜʝ ʧʨʠʣʘʛʦʹʝʥʦ ʠʥʜʠʚʠʜʫʘʣʥʠʤ ʘʥʪʨʦʧʦʣʦʰʢʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʨʘʜʥʠʢʘ. 

ʇʨʝʤʘ ʬʠʟʠʦʣʦʛʠʿʠ, ʥʝ ʧʦʩʪʦʿʝ ʜʚʘ ʠʜʝʥʪʠʯʥʘ ˀʫʜʩʢʘ ʙʠ˂ʘ ʠ ʧʦ ʬʠʟʠʯʢʠʤ, ʘʣʠ ʠ 

ʧʩʠʭʠʯʢʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ.  

ʀʩʪʨʘʞʠʚʘʯʠ (Temple ʠ Adams, 2000, Russell ʠ ʜʨʫʛʠ, 2007, Cimino ʠ ʜʨʫʛʠ, 2009) 

ʧʨʝʜʣʘʞʫ ʝʨʛʦʥʦʤʩʢʠ ʨʝʜʠʟʘʿʥ ʪʨʘʜʠʮʠʦʥʘʣʥʠʭ ʠʥʜʫʩʪʨʠʿʩʢʠʭ ʨʘʜʥʠʭ ʩʪʘʥʠʮʘ. ʋ ʨʘʜʫ 

ʘʫʪʦʨʘ (Erisman ʠ Wick, 1992) ʿʝ ʫʢʘʟʘʥʦ ʥʘ ʧʦʟʠʪʠʚʥʝ ʝʬʝʢʪʝ ʨʝʜʠʟʘʿʥʠʨʘˁʘ ʨʘʜʥʝ 

ʩʪʘʥʠʮʝ. ɸʫʪʦʨ (Leskova, 2014) ʿʝ ʜʠʟʘʿʥʠʨʘʣʘ ʨʘʜʥʫ ʩʪʘʥʠʮʫ ʟʘ ʦʙʘʚˀʘˁʝ ʤʘʥʫʝʣʥʝ 

ʤʦʥʪʘʞʝ ʠ ʧʨʝʜʣʦʞʠʣʘ ʩʤʝʨʥʠʮʝ ʟʘ ʧʨʦʿʝʢʪʦʚʘˁʝ ʝʨʛʦʥʦʤʩʢʠʭ ʨʘʜʥʠʭ ʩʪʘʥʠʮʘ 

ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʚʘʨʠʿʘʙʣʝ ʧʦʧʫʪ ʪʠʧʘ ʨʘʜʥʠʭ ʘʢʪʠʚʥʦʩʪʠ, ʦʩʥʦʚʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ 

ʟʘʧʦʩʣʝʥʠʭ ʠʪʜ. ʎʠˀ ʨʘʜʘ ʯʠʿʠ ʩʫ ʘʫʪʦʨʠ (Hernandez-Arellano ʠ ʜʨʫʛʠ, 2015) ʿʝ 

ʜʠʟʘʿʥʠʨʘˁʝ ʥʦʚʝ ʨʘʜʥʝ ʩʪʘʥʠʮʝ ʢʦʿʘ ʿʝ ʧʨʠʣʘʛʦʹʝʥʘ ʨʘʜʥʠʮʠʤʘ. ɸʥʘʣʠʟʘ ʧʨʦʮʝʥʝ 

ʤʠʰʠ˂ʥʦʛ ʫʤʦʨʘ ʿʝ ʫʨʘʹʝʥʘ ʥʘ ʧʦʩʪʦʿʝ˂ʦʿ ʠ ʨʝʜʠʟʘʿʥʠʨʘʥʦʿ ʨʘʜʥʦʿ ʩʪʘʥʠʮʠ. ʈʝʟʫʣʪʘʪʠ ʩʫ 

ʧʦʢʘʟʘʣʠ ʜʘ ʩʫ ʨʘʜʥʠʮʠ ʪʦʢʦʤ ʦʙʘʚˀʘˁʘ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʧʦʩʪʦʿʝ˂ʦʿ ʨʘʜʥʦʿ ʩʪʘʥʠʮʠ 

ʠʟʣʦʞʝʥʠ ʚʠʩʦʢʦʤ ʥʠʚʦʫ ʦʧʪʝʨʝ˂ʝˁʘ ʫ ʨʘʤʝʥʠʤʘ, ʚʨʘʪʫ, ʣʝʹʠʤʘ ʠ ʨʫʢʘʤʘ. 

ɸʫʪʦʨʠ (Ebara ʠ ʜʨʫʛʠ, 2008) ʩʫ ʠʩʧʠʪʠʚʘʣʠ ʝʬʝʢʪʝ ʧʦʜʝʩʠʚʝ ʨʘʜʥʝ ʩʪʘʥʠʮʝ ʥʘ 

ʢʦʿʦʿ ʨʘʜʥʠʮʠ ʦʙʘʚˀʘʿʫ ʘʢʪʠʚʥʦʩʪʠ ʫ ʩʝʜʝ˂ʝʤ ʧʦʣʦʞʘʿʫ. ʋ ʠʩʪʨʘʞʠʚʘˁʫ ʩʫ ʫʯʝʩʪʚʦʚʘʣʘ 

24 ʠʩʧʠʪʘʥʠʢʘ ʢʦʿʠ ʩʫ ʩʝʜʝʣʠ ʥʘ ʩʪʘʥʜʘʨʜʥʦʿ ʨʘʜʥʦʿ ʩʪʘʥʠʮʠ, ʥʘ ʚʠʩʦʢʦʿ ʩʪʦʣʠʮʠ ʠ 

ʦʙʘʚˀʘʣʠ ʨʘʜʥʝ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʨʘʜʥʦʿ ʩʪʘʥʠʮʠ ʩʘ ʧʦʜʝʩʠʚʠʤ ʩʝʜʠʰʪʝʤ. ʈʝʟʫʣʪʘʪʠ ʩʫ 

ʧʦʢʘʟʘʣʠ ʜʘ ʩʫ ʥʘʿʙʦˀʠ ʝʬʝʢʪʠ ʧʦʩʪʠʛʥʫʪʠ ʥʘ ʧʦʜʝʩʠʚʦʿ ʨʘʜʥʦʿ ʩʪʘʥʠʮʠ. 

ʋ ʦʢʚʠʨʫ ʜʚʘ ʥʘʫʯʥʦ-ʠʩʪʨʘʞʠʚʘʯʢʘ ʨʘʜʘ (Brito ʠ ʜʨʫʛʠ, 2017a ʠ 2017ʙ) ʿʝ ʧʦʢʘʟʘʥʦ 

ʜʘ ʿʝ ʚʝʦʤʘ ʚʘʞʥʦ ʜʘ ʩʝ ʧʦʩʝʙʥʘ ʧʘʞˁʘ ʧʨʠʣʠʢʦʤ ʜʠʟʘʿʥʠʨʘˁʘ ʠ ʨʘʟʚʦʿʘ ʨʘʜʥʠʭ ʩʪʘʥʠʮʘ 

ʧʦʩʚʝʪʠ ʝʨʛʦʥʦʤʩʢʠʤ ʘʩʧʝʢʪʠʤʘ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʩʝ ʧʦʚʝ˂ʘʚʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪ, ʩʤʘˁʫʿʝ ʩʝ 

ʚʨʝʤʝ ʠʟʚʦʹʝˁʘ ʘʢʪʠʚʥʦʩʪʠ ʠ ʩʤʘˁʫʿʫ ʩʝ ʨʠʟʠʮʠ ʦʜ ʧʦʿʘʚʝ ʤʠʰʠ˂ʥʦ-ʢʦʰʘʥʠʭ 

ʧʦʨʝʤʝ˂ʘʿʘ. 

ʉʪʘʥʜʘʨʜ ISO 6385 ʟʘʭʪʝʚʘ ʫʢˀʫʯʠʚʘˁʝ ʚʠʰʝ ʘʩʧʝʢʘʪʘ ʧʨʠʣʠʢʦʤ ʧʨʦʿʝʢʪʦʚʘˁʘ 

ʨʘʜʥʠʭ ʤʝʩʪʘ ʠ ʨʘʜʥʝ ʦʧʨʝʤʝ - ʘʥʪʨʦʧʦʤʦʣʦʰʢʝ ʢʘʨʘʪʝʨʠʩʪʠʢʝ ˀʫʜʠ, ʜʨʞʘˁʝ ʪʝʣʘ, 

ʤʦʛʫ˂ʥʦʩʪ ʢʨʝʪʘˁʘ. ʇʨʠʣʠʢʦʤ ʧʨʦʿʝʢʪʦʚʘˁʘ ʨʘʜʥʝ ʩʪʘʥʠʮʝ ʧʦʪʨʝʙʥʦ ʿʝ ʦʙʝʟʙʝʜʠʪʠ 

ʜʦʚʦˀʥʦ ʨʘʜʥʦʛ ʧʨʦʩʪʦʨʘ ʟʘ ʦʙʘʚˀʘˁʝ ʤʦʥʪʘʞʥʠʭ ʟʘʜʘʪʢʘ ʫʟ ʟʘʫʟʠʤʘˁʝ ʝʨʛʦʥʦʤʩʢʠʭ 

ʧʦʣʦʞʘʿʘ ʪʝʣʘ ʠ ʠʟʚʦʹʝˁʝ ʝʨʛʦʥʦʤʩʢʠʭ ʧʦʢʨʝʪʘ, ʧʨʫʞʘˁʝ ʤʦʛʫ˂ʥʦʩʪʠ ʟʘ ʚʘʨʠʿʘʮʠʿʝ ʫ 

ʧʦʣʦʞʘʿʠʤʘ ʪʝʣʘ ʠ ʦʤʦʛʫ˂ʘʚʘˁʝ ʣʘʢʦʛ ʧʨʠʩʪʫʧʘ ʢʦʤʧʦʥʝʥʪʘʤʘ ʠ ʜʝʣʦʚʠʤʘ (ISO 6385, 

2016).  

ʇʦʩʝʙʘʥ ʥʘʛʣʘʩʘʢ ʿʝ ʥʘ ʦʙʘʚˀʘˁʫ ʘʢʪʠʚʥʦʩʪʠ ʫ ʦʢʚʠʨʫ ʟʣʘʪʥʝ ʟʦʥʝ. ʅʝʦʧʭʦʜʥʦ ʿʝ 

ʜʘ ʩʝ ʝʣʠʤʠʥʠʰʫ ʠʣʠ ʤʠʥʠʤʠʟʠʨʘʿʫ ʧʦʢʨʝʪʠ ʠʟʚʘʥ ʟʦʥʝ ʤʘʢʩʠʤʘʣʥʦʛ ʜʦʭʚʘʪʘ ʨʘʜʥʠʢʘ 

(ʮʨʚʝʥʘ ʟʦʥʘ). ʆʚʦ ʚʘʞʠ ʠ ʟʘ ʧʦʢʨʝʪʝ ʫ ʞʫʪoj ʟʦʥʠ, ʠʘʢʦ ʥʠʩʫ ʪʦʣʠʢʦ ʢʨʠʪʠʯʥʠ ʢʘʦ ʫ 
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ʮʨʚʝʥʦʿ ʟʦʥʠ. ʊʘʢʦʹʝ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʜʘ ʩʝ ʦʙʘʚˀʘˁʝ ʘʢʪʠʚʥʦʩʪʠ ʫ ʮʨʚʝʥʦʿ ʟʦʥʠ ʦʛʨʘʥʠʯʠ 

ʥʘ ʤʘʢʩʠʤʘʣʥʦ 15 ʧʦʥʘʚˀʘˁʘ ʥʘ ʩʘʪ ʚʨʝʤʝʥʘ ʠʣʠ ʥʝ ʜʫʞʝ ʦʜ 30 ʤʠʥʫʪʘ ʪʦʢʦʤ ʨʘʜʥʦʛ 

ʜʘʥʘ. ʋ ʦʢʚʠʨʫ ʞʫʪʠʭ ʟʦʥʘ ʮʠˀ ʿʝ ʦʛʨʘʥʠʯʝˁʝ ʧʦʢʨʝʪʘ ʥʘ ʤʘʢʩʠʤʘʣʥʦ 30 ʧʫʪʘ ʫ ʪʦʢʫ 

ʿʝʜʥʦʛ ʩʘʪʘ ʠʣʠ ʤʘˁʝ ʦʜ ʿʝʜʥʦʛ ʩʘʪʘ ʫ ʪʦʢʫ ʨʘʜʥʦʛ ʚʨʝʤʝʥʘ. ʈʘʜʥʘ ʩʪʘʥʠʮʘ ʤʦʨʘ ʙʠʪʠ 

ʫʩʢʣʘʹʝʥʘ ʩʘ 5ʉ1 ʧʨʠʥʮʠʧʠʤʘ. 5ʉ ʧʨʝʜʩʪʘʚˀʘ ʦʩʥʦʚʫ ʟʘ ʩʠʩʪʝʤʘʪʩʢʦ ʧʦʩʪʠʟʘˁʝ 

ʦʨʛʘʥʠʟʘʮʠʿʝ, ʯʠʩʪʦ˂ʝ ʠ ʩʪʘʥʜʘʨʜʠʟʘʮʠʿʝ ʨʘʜʥʦʛ ʤʝʩʪʘ. ɼʦʙʨʦ ʦʨʛʘʥʠʟʦʚʘʥʦ ʨʘʜʥʦ ʤʝʩʪʦ 

ʿʝ ʙʝʟʙʝʜʥʠʿʝ ʠ ʧʨʫʞʘ ʚʝ˂ʝ ʤʦʛʫ˂ʥʦʩʪʠ ʟʘ ʝʬʠʢʘʩʥʠʿʝ ʠ ʧʨʦʜʫʢʪʠʚʥʠʿʝ ʦʙʘʚˀʘˁʝ 

ʘʢʪʠʚʥʦʩʪʠ. 

ʇʦʿʝʜʠʥʠ ʘʫʪʦʨʠ ʩʤʘʪʨʘʿʫ ʜʘ ʯʝʩʪʝ ʧʨʦʤʝʥʝ ʧʦʣʦʞʘʿʘ ʪʝʣʘ ʠ ʠʟʚʦʹʝˁʝ ʨʘʜʥʠʭ 

ʘʢʪʠʚʥʦʩʪʠ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʝʜʝ˂ʝʛ ʠ ʩʪʦʿʝ˂ʝʛ ʧʦʣʦʞʘʿʘ ʠ ʚʝ˂ʝ ʧʘʫʟʝ ʜʦʧʨʠʥʦʩʝ ʩʤʘˁʝˁʫ 

ʥʝʣʘʛʦʜʥʦʩʪʠ (Mc Lean ʠ ʜʨʫʛʠ, 2001). ʉʪʫʜʠʿʘ ʢʦʿʫ ʩʫ ʩʧʨʦʚʝʣʠ ʘʫʪʦʨʠ (Hedge ʠ Rai, 

2004) ʧʦʢʘʟʘʣʘ ʿʝ ʜʘ ʨʘʜʥʠʮʠ ʦʙʘʚˀʘʿʫ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʨʘʜʥʦʿ ʩʪʘʥʠʮʠ ʢʦʿʘ ʠʤʘ ʤʦʛʫ˂ʥʦʩʪ 

ʧʦʜʝʰʘʚʘˁʘ ʚʠʩʠʥʝ ʫ ʩʪʦʿʝ˂ʝʤ ʧʦʣʦʞʘʿʫ ʠʟʤʝʹʫ 20 ʠ 30% ʨʘʜʥʦʛ ʚʨʝʤʝʥʘ. ʄʝʹʫʪʠʤ, 

ʛʣʘʚʥʠ ʥʝʜʦʩʪʘʪʘʢ ʚʝ˂ʠʥʝ ʩʪʫʜʠʿʘ ʿʝ ʪʦ ʰʪʦ ʩʫ ʩʚʝ ʩʪʫʜʠʿʝ ʪʨʘʿʘʣʝ ʢʨʘʪʘʢ ʚʨʝʤʝʥʩʢʠ 

ʧʝʨʠʦʜ (ʤʘˁʝ ʦʜ ʤʝʩʝʮ ʜʘʥʘ) ʠ ʠʩʧʠʪʘʥʠʮʠ ʩʫ ʟʥʘʣʠ ʜʘ ʫʯʝʩʪʚʫʿʫ ʫ ʩʪʫʜʠʿʠ. 

ʇʨʝʤʘ (Hendrick, 2001) ʜʦʙʨʘ ʝʨʛʦʥʦʤʠʿʘ ʿʝ ʜʦʙʨʘ ʝʢʦʥʦʤʠʿʘ. ɺʝʣʠʢʠ ʙʨʦʿ 

ʙʝʥʝʬʠʪʘ ʫ ʚʠʜʫ ʩʤʘˁʝˁʘ ʪʨʦʰʢʦʚʘ ʠ ʧʦʙʦˀʰʘˁʘ ʢʚʘʣʠʪʝʪʘ ʥʘʢʦʥ ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ 

ʝʨʛʦʥʦʤʩʢʠʭ ʧʨʠʥʮʠʧʘ ʧʨʝʜʩʪʘʚʠʣo je ɼʨʞʘʚʥʦ ʦʜʝˀʝˁʝ ʟʘ ʨʘʜ ʠ ʠʥʜʫʩʪʨʠʿʫ ʫ ʜʨʞʘʚʠ 

ɺʘʰʠʥʛʪʦʥ2. 

ɽʨʛʦʥʦʤʩʢʘ ʦʧʪʠʤʠʟʘʮʠʿʘ ʩʝ ʠʩʪʠʯʝ ʢʘʦ ʢˀʫʯʥʦ ʩʨʝʜʩʪʚʦ ʫ ʧʦʙʦˀʰʘˁʫ 

ʝʬʠʢʘʩʥʦʩʪʠ ʠ ʝʬʝʢʪʠʚʥʦʩʪʠ ʨʘʜʥʠʭ ʩʪʘʥʠʮʘ ʟʘ ʤʦʥʪʘʞʫ. ɸʫʪʦʨʠ (Jorgen ʠ Eklund, 1995) 

ʩʫ ʫʢʘʟʘʣʠ ʥʘ ʧʦʚʝʟʘʥʦʩʪ ʠʟʤʝʹʫ ʝʨʛʦʥʦʤʠʿʝ ʠ ʢʚʘʣʠʪʝʪʘ ʧʨʦʠʟʚʦʜʘ. ʂʘʢʦ ʠʩʪʠʯʫ ʘʫʪʦʨʠ 

(Axelsson, 2000; Erdinc ʠ Vayvay, 2008) ʧʨʠʤʝʥʘ ʝʨʛʦʥʦʤʩʢʠʭ ʧʨʠʥʮʠʧʘ ʥʘ ʨʘʜʥʦʤ ʤʝʩʪʫ 

ʜʠʨʝʢʪʥʦ ʫʪʠʯʝ ʥʘ ʩʤʘˁʝˁʝ ʜʝʬʝʢʘʪʘ ʠ ʧʦʚʝ˂ʘˁʝ ʢʚʘʣʠʪʝʪʘ ʬʠʥʘʣʥʠʭ ʧʨʦʠʟʚʦʜʘ.   

ʇʨʝʛʣʝʜʦʤ ʣʠʪʝʨʘʪʫʨʝ ʟʘʢˀʫʯʝʥʦ ʿʝ ʜʘ ʩʫ ʥʘ ʝʨʛʦʥʦʤʩʢʠ ʘʜʝʢʚʘʪʥʦ ʜʠʟʘʿʥʠʨʘʥʠʤ 

ʨʘʜʥʠʤ ʩʪʘʥʠʮʘʤʘ ʦʧʪʠʤʠʟʦʚʘʥʝ ʧʝʨʬʦʨʤʘʥʩʝ ʨʘʜʥʠʢʘ, ʩʤʘˁʝʥʝ ʛʨʝʰʢʝ ʠ ʧʦʙʦˀʰʘʥ 

ʢʚʘʣʠʪʝʪ ʧʨʦʠʟʚʦʜʘ (Baudin,  2002; Dul ʠ ʜʨʫʛʠ, 2004; Axelsson, 2000). ɸʫʪʦʨʠ ʨʘʜʦʚʘ 

(Rivera-Rodriguez ʠ ʜʨʫʛʠ, 2014) ʠʩʪʠʯʫ ʜʘ ʢʘʢʦ ʙʠ ʩʝ ʧʦʚʝ˂ʘʣʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪ ʠ 

ʧʦʙʦˀʰʘʦ ʢʚʘʣʠʪʝʪ ʧʨʦʠʟʚʦʜʘ, ʦʜ ʚʠʪʘʣʥʝ ʿʝ ʚʘʞʥʦʩʪʠ ʜʘ ʨʘʜʥʦ ʦʢʨʫʞʝˁʝ ʫ ʢʦʿʝʤ 

ʨʘʜʥʠʮʠ ʦʙʘʚˀʘʿʫ ʨʘʜʥʝ ʘʢʪʠʚʥʦʩʪʠ ʙʫʜʝ ʜʠʟʘʿʥʠʨʘʥʦ ʫ ʩʢʣʘʜʫ ʩʘ ʝʨʛʦʥʦʤʩʢʠʤ 

ʧʨʠʥʮʠʧʠʤʘ. ɸʫʪʦʨʠ (Walder ʠ ʜʨʫʛʠ, 2007; Vieira ʠ ʜʨʫʛʠ, 2012; Al Zuheri ʠ ʜʨʫʛʠ, 2014) 

ʩʫ ʘʥʘʣʠʟʠʨʘʣʠ ʫʪʠʮʘʿ ʜʠʟʘʿʥʘ ʨʘʜʥʦʛ ʤʝʩʪʘ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪ. ʋ ʩʪʫʜʠʿʠ ʢʦʿʫ ʩʫ 

ʩʧʨʦʚʝʣʠ ʘʫʪʦʨʠ (Al Zuheri ʠ ʜʨʫʛʠ, 2014) ʿʝ ʫʪʚʨʹʝʥʦ ʜʘ ʧʦʩʪʦʿʠ ʢʦʨʝʣʘʮʠʿʘ ʠʟʤʝʹʫ 

ʝʨʛʦʥʦʤʩʢʠʭ ʘʩʧʝʢʘʪʘ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ. ʇʨʦʜʫʢʪʠʚʥʦʩʪ ʩʝ ʥʘʿʯʝʰ˂ʝ ʧʨʘʪʠ ʧʨʝʢʦ 

ʚʨʝʤʝʥʘ ʧʦʪʨʝʙʥʦʛ ʟʘ ʤʦʥʪʘʞʫ ʢʦʤʧʦʥʝʥʪʠ ʠ ʜʝʣʦʚʘ. ʋ ʩʪʫʜʠʿʠ ʘʫʪʦʨʘ (Hartanti, 2016) ʿʝ 

ʤʝʨʝʥʦ ʚʨʝʤʝ ʤʦʥʪʘʞʝ ʫ ʧʨʦʠʟʚʦʜʥʦʿ ʢʦʤʧʘʥʠʿʠ ʢʦʿʘ ʧʨʦʠʟʚʦʜʠ ʧʣʘʩʪʠʯʥʝ ʧʨʦʠʟʚʦʜʝ ʫ 

ʀʥʜʦʥʝʟʠʿʠ. ʉʪʫʜʠʿʦʤ ʚʨʝʤʝʥʘ ʩʫ ʤʝʨʝʥʝ ʧʝʨʬʦʨʤʘʥʩʝ ʨʘʜʥʠʢʘ ʪʦʢʦʤ ʦʙʘʚˀʘˁʘ ʨʘʜʥʠʭ 

ʟʘʜʘʪʘʢʘ. 

ɸʫʪʦʨʠ (Falck ʠ Rosenqvist, 2012) ʩʫ ʫʩʪʘʥʦʚʠʣʠ ʜʘ ʩʝ ʠʤʧʣʝʤʝʥʪʘʮʠʿʦʤ 

ʘʢʪʠʚʥʦʩʪʠ ʫ ʦʢʚʠʨʫ ʬʠʟʠʯʢʝ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʝ ʝʨʛʦʥʦʤʠʿʝ ʤʦʛʫ ʩʤʘˁʠʪʠ ʛʨʝʰʢʝ ʠ 

ʧʦʩʪʠ˂ʠ ʧʦʟʠʪʠʚʘʥ ʝʬʝʢʘʪ ʥʘ ʢʚʘʣʠʪʝʪ ʬʠʥʘʣʥʠʭ ʧʨʦʠʟʚʦʜa. ʊʘʢʦʹʝ, ʘʫʪʦʨʠ ʨʘʜʦʚʘ 

(Hamrol ʠ ʜʨʫʛʠ, 2011; Thun ʠ ʜʨʫʛʠ, 2011) ʩʫ ʟʘʢˀʫʯʠʣʠ ʜʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ ʘʢʪʠʚʥʦʩʪʠ 

ʠʟ ʦʙʣʘʩʪʠ ʬʠʟʠʯʢʝ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʝ ʝʨʛʦʥʦʤʠʿʝ ʤʦʞʝ ʩʤʘˁʠʪʠ ʧʦʿʘʚʫ ʛʨʝʰʘʢʘ, ʘ ʪʦ ʜʘˀʝ 

ʠʤʘ ʧʦʟʠʪʠʚʘʥ ʫʪʠʮʘʿ ʥʘ ʢʚʘʣʠʪʝʪ ʧʨʦʠʟʚʦʜʘ. ʇʨʝʤʘ ʨʝʟʫʣʪʘʪʠʤʘ ʠʩʪʨʘʞʠʚʘˁʘ ʘʫʪʦʨʘ 

                                                 
1 5ʉ (ʫʨʝʹʝˁʝ ʨʘʜʥʦʛ ʤʝʩʪʘ): 1ʉ-ʉʦʨʪʠʨʘʪʠ (ʿʧʥ. Seiri), 2ʉ-ʆʨʛʘʥʠʟʦʚʘʪʠ (ʿʧʥ.Seiton), 3ʉ-ʆʯʠʩʪʠʪʠ (ʿʧʥ. 

Seison), 4ʉ-ʉʪʘʥʜʘʨʜʠʟʦʚʘʪʠ (ʿʧʥ.Seiketsu), 5ʉ- ʆʜʨʞʠʚʦʩʪ (ʿʧʥ. Shitsuke) 
2https://www.pshfes.org/resources/Documents/ROI%20Cost%20Calculator/Ergonomics_cost_benefit_case_stud

y_collection.pdf  

https://www.pshfes.org/resources/Documents/ROI%20Cost%20Calculator/Ergonomics_cost_benefit_case_study_collection.pdf
https://www.pshfes.org/resources/Documents/ROI%20Cost%20Calculator/Ergonomics_cost_benefit_case_study_collection.pdf
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(Yeow ʠ Sen, 2006) ʧʦʢʘʟʘʥʦ ʿʝ ʜʘ ʩʫ ʧʦʙʦˀʰʘˁʝʤ ʝʨʛʦʥʦʤʠʿʝ ʧʨʠʣʠʢʦʤ ʦʙʘʚˀʘˁʘ 

ʤʘʥʫʝʣʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʩʤʘˁʝʥʠ ʜʝʬʝʢʪʠ ʟʘ 30%. ʇʨʝʤʘ ʨʝʟʫʣʪʘʪʠʤʘ ʩʪʫʜʠʿʝ ʢʦʿʫ ʩʫ 

ʩʧʨʦʚʝʣʠ ʘʫʪʦʨʠ (Baraldi ʠ Paulo, 2011) ʥʘ ʜʚʝ ʣʠʥʠʿʝ ʟʘ ʩʢʣʘʧʘˁʝ ʘʫʪʦʤʦʙʠʣʘ, ʥʦʚʦʿ 

ʣʠʥʠʿʠ ʯʠʿʠ ʿʝ ʜʠʟʘʿʥ ʧʨʠʣʘʛʦʹʝʥ ʝʨʛʦʥʦʤʩʢʠʤ ʧʨʠʥʮʠʧʠʤʘ ʠ ʪʨʘʜʠʮʠʦʥʘʣʥʦʿ ʣʠʥʠʿʠ, 

ʫʩʪʘʥʦʚˀʝʥʦ ʿʝ ʜʘ ʩʝ ʥʘ ʥʦʚʦʿ ʤʦʥʪʘʞʥʦʿ ʣʠʥʠʿʠ ʜʦʛʦʜʠʣʦ 30% ʤʘˁʝ ʛʨʝʰʘʢʘ ʫ ʧʦʨʝʹʝˁʫ 

ʩʘ ʪʨʘʜʠʮʠʦʥʘʣʥʦʤ ʣʠʥʠʿʦʤ. ʊʘʢʦʹʝ, ʥʘ ʥʦʚʦʿ ʤʦʥʪʘʞʥʦʿ ʣʠʥʠʿʠ ʩʤʘˁʝʥʦ ʿʝ ʚʨʝʤʝ 

ʤʦʥʪʘʞʝ ʠ ʧʦʚʝ˂ʘʥʘ ʿʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪ ʨʘʜʥʠʢʘ. 

ɸʫʪʦʨʠ (Yeow ʠ Sen 2003; Erdinc ʠ Vayvay, 2008) ʩʤʘʪʨʘʿʫ ʜʘ ʠ ʥʘʿʿʝʬʪʠʥʠʿʘ 

ʝʨʛʦʥʦʤʩʢʘ ʨʝʰʝˁʘ ʤʦʛʫ ʟʥʘʯʘʿʥʦ ʧʦʟʠʪʠʚʥʦ ʫʪʠʮʘʪʠ ʥʘ ʢʚʘʣʠʪʝʪ ʦʙʘʚˀʘˁʘ ʘʢʪʠʚʥʦʩʪʠ. 

ʋ ʩʪʫʜʠʿʠ ʢʦʿʫ ʩʫ ʩʧʨʦʚʝʣʠ ʘʫʪʦʨʠ (Gonzàlez ʠ ʜʨʫʛʠ, 2003) ʧʦʢʘʟʘʥʦ ʿʝ ʜʘ ʩʝ ʢʚʘʣʠʪʝʪ 

ʬʠʥʘʣʥʦʛ ʧʨʦʠʟʚʦʜʘ ʧʦʚʝ˂ʘʦ ʟʘ 2%, ʘ ʜʘ ʿʝ ʜʦʜʘʪʥʘ ʦʙʨʘʜʘ ʟʥʘʯʘʿʥʦ ʩʤʘˁʝʥʘ ʥʘʢʦʥ 

ʧʦʙʦˀʰʘˁʘ ʬʠʟʠʯʢʝ ʝʨʛʦʥʦʤʠʿʝ. 

ʋ ʧʦʩʣʝʜˁʝ ʚʨʝʤʝ lean ʧʨʦʠʟʚʦʜˁʘ ʠ ʝʨʛʦʥʦʤʠʿʘ ʧʨʠʚʣʘʯʝ ʩʚʝ ʚʝ˂ʫ ʧʘʞˁʫ 

ʧʨʦʠʟʚʦʜʥʠʭ ʢʦʤʧʘʥʠʿʘ (dos Santos ʠ ʜʨʫʛʠ, 2015; Botti ʠ ʜʨʫʛʠ, 2017; Antonakis, 2006). ʋ 

ʩʪʫʜʠʿʘʤʘ ʠ ʥʘʫʯʥʦ-ʠʩʪʨʘʞʠʚʘʯʢʠʤ ʨʘʜʦʚʠʤʘ (De Treville ʠ Antonakis, 2006; Kester, 2013; 

Smith, 2003) ʿʝ ʜʝʪʘˀʥʦ ʠʩʪʨʘʞʠʚʘʥ ʫʪʠʮʘʿ ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ lean ʧʨʠʥʮʠʧʘ ʥʘ ʙʝʟʙʝʜʥʦʩʪ 

ʠ ʟʜʨʘʚˀʝ ʨʘʜʥʠʢʘ. ʋ ʨʘʜʦʚʠʤʘ ʘʫʪʦʨʘ (Jackson, 2011; Sprigg ʠ Jackson, 2006) ʿʝ ʫʢʘʟʘʥʦ 

ʥʘ ʢʦʨʝʣʘʮʠʿʫ ʠʟʤʝʹʫ lean-ʘ, ɹɿʈ ʠ ʝʨʛʦʥʦʤʠʿʝ. ɸʫʪʦʨʠ (Galante ʠ ʜʨʫʛʠ, 2014) ʩʫ 

ʧʦʢʘʟʘʣʠ ʜʘ ʩʝ ʠʥʪʝʛʨʠʩʘˁʝʤ lean ʠ ʝʨʛʦʥʦʤʩʢʠʭ ʧʨʠʥʮʠʧʘ ʧʦʙʦˀʰʘʚʘ ʙʝʟʙʝʜʥʦʩʪ ʠ 

ʟʜʨʘʚˀʝ ʨʘʜʥʠʢʘ, ʜʦʢ (Yusuff, 2016) ʧʦʢʘʟʫʿʝ ʜʘ ʿʝ ʧʦʚʝ˂ʘʥʘ ʝʬʠʢʘʩʥʦʩʪ.  

ʊʘʢʦʹʝ, ʠʥʪʝʛʨʘʮʠʿʘ ʧʨʠʥʮʠʧʘ lean ʧʨʦʠʟʚʦʜˁʝ, ʝʨʛʦʥʦʤʠʿʝ ʠ ˀʫʜʩʢʠʭ ʬʘʢʪʦʨʘ 

ʟʥʘʯʘʿʥʦ ʜʦʧʨʠʥʦʩʠ ʢʦʥʪʠʥʫʠʨʘʥʦʤ ʫʥʘʧʨʝʹʝˁʫ ʧʨʦʠʟʚʦʜʥʠʭ ʧʨʦʮʝʩʘ, ʧʦʚʝ˂ʘˁʫ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, ʧʦʙʦˀʰʘˁʫ ʨʘʜʥʠʭ ʫʩʣʦʚʘ, ʩʤʘˁʝˁʫ ʠʟʦʩʪʘʥʘʢʘ ʨʘʜʥʠʢʘ ʩʘ ʧʦʩʣʘ 

(Aqlan ʠ ʜʨʫʛʠ, 2014; dos Santos ʠ ʜʨʫʛʠ, 2015; Nunes ʠ Machado, 2007; Botti ʠ ʜʨʫʛʠ, 

2017). ʌʦʢʫʩ ʨʘʜʘ ʯʠʿʠ ʩʫ ʘʫʪʦʨʠ (Eswaramoorthi ʠ ʜʨʫʛʠ, 2010) ʿʝ ʥʘ ʨʝʜʠʟʘʿʥʠʨʘˁʫ 

ʨʘʜʥʝ ʩʪʘʥʠʮʝ ʢʦʤʙʠʥʘʮʠʿʦʤ ʝʨʛʦʥʦʤʩʢʠʭ ʤʝʪʦʜʘ ʠ lean ʘʣʘʪʘ. ɸʫʪʦʨʠ (Quiroz ʠ ʜʨʫʛʠ, 

2021) ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ ʩʝ ʨʝʜʠʟʘʿʥʠʨʘˁʝʤ ʨʘʜʥʠʭ ʩʪʘʥʠʮʘ ʠ ʢʦʤʙʠʥʦʚʘˁʝʤ ʝʨʛʦʥʦʤʠʿʝ ʩʘ 

lean ʘʣʘʪʠʤʘ ʤʠʥʠʤʠʟʠʨʘʿʫ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠ ʧʦʨʝʤʝ˂ʘʿʠ.  

Lean ʧʨʦʠʟʚʦʜˁʘ ʩʝ ʬʦʢʫʩʠʨʘ ʥʘ ʜʦʜʘʪʫ ʚʨʝʜʥʦʩʪ ʢʦʿʘ ʩʝ ʧʝʨʮʠʧʠʨʘ ʩʘ 

ʩʪʘʥʦʚʠʰʪʘ ʢʫʧʮʘ (Bhamu ʠ Singh, 2014). ʇʦʩʝʙʘʥ ʥʘʛʣʘʩʘʢ ʿʝ ʥʘ ʩʠʩʪʝʤʘʪʩʢʦʤ 

ʝʣʠʤʠʥʠʩʘˁʫ ʦʪʧʘʜʘ, ʧʦʙʦˀʰʘˁʫ ʧʨʦʪʦʢʘ ʢʘʦ ʠ ʢʦʥʪʠʥʫʠʨʘʥʦʤ ʧʦʙʦˀʰʘˁʫ ʠ 

ʬʣʝʢʩʠʙʠʣʥʦʩʪʠ ʪʿ. ʙʨʟʦʤ ʧʨʠʣʘʛʦʹʘʚʘˁʫ. ʆʩʥʦʚʥʠ ʧʨʠʥʮʠʧʠ lean ʧʨʦʠʟʚʦʜˁʝ ʩʫ: 

ʜʝʬʠʥʠʩʘˁʝ ʚʨʝʜʥʦʩʪʠ ʧʨʦʠʟʚʦʜʘ (ʝʥʛʣ. identify value), ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʪʦʢʘ ʚʨʝʜʥʦʩʪʠ 

(ʝʥʛʣ. ʤap the value stream), ʢʨʝʠʨʘˁʝ ʪʦʢʘ ʚʨʝʜʥʦʩʪʠ ʧʨʦʠʟʚʦʜˁʝ (ʝʥʛʣ. create flow), 

ʧʦʚʣʘʯʝˁʝ ʧʨʦʠʟʚʦʜʘ ʢʨʦʟ ʮʝʣʫ ʧʨʦʠʟʚʦʜˁʫ (ʝʥʛʣ. establish pull) ʠ ʪʝʞˁʘ ʢʘ ʩʘʚʨʰʝʥʩʪʚʫ 

(ʝʥʛʣ. seek prefection). 

ʋ ʦʢʚʠʨʫ lean ʬʠʣʦʟʦʬʠʿʝ, ʢʨʫʪʘ ʘʫʪʦʤʘʪʠʟʘʮʠʿʘ ʩʝ ʤʦʞʝ ʧʦʩʤʘʪʨʘʪʠ ʧʨʝ ʢʘʦ 

ʧʨʝʧʨʝʢʘ ʥʝʛʦ ʢʘʦ ʧʨʝʜʥʦʩʪ ʠ ʧʦʩʝʙʘʥ ʥʘʛʣʘʩʘʢ ʿʝ ʥʘ ʠʥʪʝʛʨʘʮʠʿʠ ˀʫʜʩʢʦʛ ʬʘʢʪʦʨʘ ʫ 

ʘʫʪʦʤʘʪʠʟʘʮʠʿʫ ʰʪʦ ʿʝ ʧʦʟʥʘʪʦ ʧʦʜ ʪʝʨʤʠʥʦʤ Ăʘʫʪʦʤʘʪʠʟʘʮʠʿʘ ʩʘ ˀʫʜʩʢʠʤ ʜʦʜʠʨʦʤñ. 

ʇʦʩʝʙʥʦ ʪʨʝʙʘ ʠʩʪʘ˂ʠ ʯʠˁʝʥʠʮʫ ʜʘ ʥʠ ʧʦʪʧʫʥʦ ʘʫʪʦʤʘʪʠʟʦʚʘʥʠ ʩʠʩʪʝʤʠ ʥʠ ʨʫʯʥʦ 

ʦʙʘʚˀʘˁʝ ʘʢʪʠʚʥʦʩʪʠ ʤʦʥʪʘʞʝ ʥʝ ʤʦʛʫ ʠʩʧʫʥʠʪʠ ʟʘʭʪʝʚʝ ʟʘ ʤʘʩʦʚʥʠʤ ʧʨʠʣʘʛʦʹʘʚʘˁʝʤ, 

ʿʝʨ ʘʫʪʦʤʘʪʠʟʘʮʠʿʠ ʥʝʜʦʩʪʘʿʝ ʬʣʝʢʩʠʙʠʣʥʦʩʪ, ʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪ ʢʦʜ ʤʘʥʫʝʣʥʦʛ ʦʙʘʚˀʘˁʘ 

ʘʢʪʠʚʥʦʩʪʠ ʿʝ ʟʥʘʪʥʦ ʤʘˁʘ. ʀʥʜʫʩʪʨʠʿʘ 4.0 ʠʤʘ ʟʘ ʮʠˀ ʜʘ ʨʝʰʠ ʦʚʘʿ ʿʘʟ ʢʨʦʟ ʧʦʚʝʟʠʚʘˁʝ 

ˀʫʜʠ ʠ ʩʘʚʨʝʤʝʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ (Bonini ʠ ʜʨʫʛʠ, 2015). Lean ʧʨʦʠʟʚʦʜˁʘ ʧʨʝʜʩʪʘʚˀʘ 

ʦʩʥʦʚʫ ʟʘ ʨʘʟʚʦʿ ʨʘʜʥʠʭ ʩʪʘʥʠʮʘ ʟʘ ʤʦʥʪʘʞʫ 4.0 (ʝʥʛʣ. Assembly workstation 4.0), 

ʧʨʫʞʘʿʫ˂ʠ ʪʨʘʥʩʚʝʨʟʘʣʥʠ ʦʢʚʠʨ ʟʘ ʢʦʥʮʝʧʪʫʘʣʠʟʘʮʠʿʫ ʥʦʚʝ ʫʣʦʛʝ ʨʘʜʥʠʢʘ (Bortolini ʠ 

ʜʨʫʛʠ, 2017). 
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1.3 ʆʉʅʆɺʅɽ ʍʀʇʆʊɽɿɽ 

ʆʩʥʦʚʥʝ ʭʠʧʦʪʝʟʝ ʦʜ ʢʦʿʠʭ ʩʝ ʧʦʣʘʟʠ ʫ ʦʚʦʿ ʜʦʢʪʦʨʩʢʦʿ ʜʠʩʝʨʪʘʮʠʿʠ, ʘ ʢʦʿʝ 

ʧʨʦʠʟʠʣʘʟʝ ʠʟ ʧʨʝʪʭʦʜʥʦ ʦʧʠʩʘʥʦʛ ʧʨʝʜʤʝʪʘ ʠ ʮʠˀʘ ʜʠʩʝʨʪʘʮʠʿʝ ʩʫ: 

¶ ʍʠʧʦʪʝʟʘ 1: ʋʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʠʥʜʠʚʠʜʫʘʣʥʝ ʘʥʪʨʦʧʦʣʦʰʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ 

ʩʚʘʢʦʛ ʧʦʿʝʜʠʥʘʯʥʦʛ ʨʘʜʥʠʢʘ ʢʦʿʠ ʦʙʘʚˀʘʿʫ ʧʦʩʣʦʚʝ ʤʦʥʪʘʞʝ ʤʦʛʫ˂ʝ ʿʝ 

ʢʦʥʩʪʨʫʠʩʘʪʠ ʥʦʚʫ ʝʨʛʦʥʦʤʩʢʠ ʧʨʠʣʘʛʦʜˀʠʚʫ Lean ʨʘʜʥʫ ʩʪʘʥʠʮʫ. 

¶ ʍʠʧʦʪʝʟʘ 2: ʄʦʛʫ˂ʝ ʿʝ ʫʥʘʧʨʝʜʠʪʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪ ʠ ʝʬʝʢʪʠʚʥʦʩʪ ʨʘʜʥʠʢʘ 

ʦʧʪʠʤʠʟʦʚʘˁʝʤ ʠʥʜʫʩʪʨʠʿʩʢʝ ʨʘʜʥʝ ʩʪʘʥʠʮʝ ʥʘ ʢʦʿʦʿ ʩʝ ʦʙʘʚˀʘʿʫ ʤʘʥʫʝʣʥʝ 

ʧʦʥʘʚˀʘʿʫ˂ʝ ʨʘʜʥʝ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʦʤ ʝʨʛʦʥʦʤʩʢʠʭ ʧʨʠʥʮʠʧʘ. 

¶ ʍʠʧʦʪʝʟʘ 3: ʄʦʛʫ˂ʝ ʿʝ ʧʦʚʝ˂ʘʪʠ ʟʘʜʦʚʦˀʩʪʚʦ ʨʘʜʥʠʢʘ ʥʘ ʨʝʜʠʟʘʿʥʠʨʘʥʦʿ 

ʠʥʜʫʩʪʨʠʿʩʢʦʿ ʨʘʜʥʦʿ ʩʪʘʥʠʮʠ ʢʨʦʟ ʧʨʠʩʪʫʧ ʫʢˀʫʯʠʚʘˁʘ ʨʘʜʥʠʢʘ ʫ ʧʨʦʮʝʩ 

ʫʥʘʧʨʝʹʝˁʘ (ʝʥʛʣ. Participatory ergonomics). 

¶ ʍʠʧʦʪʝʟʘ 4: ʄʦʛʫ˂ʝ ʿʝ ʩʤʘˁʠʪʠ ʥʘʧʨʝʟʘˁʝ, ʥʝʬʠʟʠʦʣʦʰʢʠ ʧʦʣʦʞʘʿ ʪʝʣʘ ʨʘʜʥʠʢʘ 

ʠ ʝʨʛʦʥʦʤʩʢʝ ʨʠʟʠʢʝ ʩʚʝʦʙʫʭʚʘʪʥʦ ʧʨʠʣʠʢʦʤ ʩʠʤʫʣʠʨʘˁʘ ʠʟʚʦʹʝˁʘ ʨʘʜʥʠʭ 

ʘʢʪʠʚʥʦʩʪʠ ʢʦʿʝ ʫʢˀʫʯʫʿʫ ʧʦʥʘʚˀʘʿʫ˂ʝ ʦʧʝʨʘʮʠʿʝ ʤʦʥʪʘʞʝ ʧʨʘ˂ʝˁʝʤ 

ʧʩʠʭʦʬʠʟʠʦʣʦʰʢʠʭ ʠ ʥʝʫʨʦʝʨʛʦʥʦʤʩʢʠʭ ʧʦʢʘʟʘʪʝˀʘ ʧʨʠʤʝʥʦʤ ɽʄɻ-ʘ ʠ ɽɽɻ-ʘ. 

1.4 ʄɽʊʆɼɽ ʀʉʊʈɸɾʀɺɸɳɸ 

ɿʘ ʧʦʪʨʝʙʝ ʠʩʪʨʘʞʠʚʘˁʘ ʢʦʿʘ ʩʫ ʨʝʘʣʠʟʦʚʘʥʘ ʫ ʦʢʚʠʨʫ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ 

ʙʠ˂ʝ ʢʦʨʠʰ˂ʝʥʝ ʩʣʝʜʝ˂ʝ ʤʝʪʦʜʝ: 

¶ ɼʠʟʘʿʥʠʨʘʥʠ ʠ ʨʘʟʚʠʿʝʥʠ ʤʦʜʝʣ ʠʥʜʫʩʪʨʠʿʩʢʝ ʨʘʜʥʝ ʩʪʘʥʠʮʝ, ʢʘʦ ʧʣʘʪʬʦʨʤʘ ʟʘ 

ʩʧʨʦʚʦʹʝˁʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʪʦʢʫ ʩʠʤʫʣʘʮʠʿʝ ʠʟʚʨʰʘʚʘˁʘ 

ʤʦʥʦʪʦʥʠʭ, ʧʦʥʘʚˀʘʿʫ˂ʠʭ ʨʘʜʥʠʭ ʟʘʜʘʪʘʢʘ ʤʦʥʪʘʞʝ ʫ ʜʚʘ ʩʮʝʥʘʨʠʿʘ - ʫ ʦʢʨʫʞʝˁʫ 

ʩʣʠʯʥʦʤ ʨʝʘʣʥʦʤ ʥʘ ʪʨʘʜʠʮʠʦʥʘʣʥʦʿ ʨʘʜʥʦʿ ʩʪʘʥʠʮʠ ʠ ʫ ʝʨʛʦʥʦʤʩʢʦʤ ʩʮʝʥʘʨʠʿʫ, 

ʥʘ ʧʨʝʜʣʦʞʝʥʦʿ ʥʦʚʦʿ ʨʘʜʥʦʿ ʩʪʘʥʠʮʠ.  

¶ ʆʧʩʝʨʚʘʮʠʿʘ ʫ ʮʠˀʫ ʧʨʘ˂ʝˁʘ ʧʦʣʦʞʘʿʘ ʪʝʣʘ ʠ ʧʦʢʨʝʪʘ ʠʩʧʠʪʘʥʠʢʘ ʪʦʢʦʤ 
ʩʧʨʦʚʦʹʝˁʘ ʤʦʥʪʘʞʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʧʨʝʢʦ ʢʘʤʝʨʝ ʢʘʢʦ ʙʠ ʩʝ ʠʜʝʥʪʠʬʠʢʦʚʘʣʠ 

ʧʦʢʨʝʪʠ ʢʦʿʠ ʩʝ ʧʦʥʘʚˀʘʿʫ ʚʠʰʝ ʧʫʪʘ, ʧʨʠʤʝʥʘ ʩʠʣʝ, ʥʘʧʨʝʟʘˁʝ ʪʝʣʘ, 

ʥʝʝʨʛʦʥʦʤʩʢʠ ʧʦʣʦʞʘʿʠ ʠʣʠ ʜʫʛʦʪʨʘʿʥʦ ʦʙʘʚˀʘˁʝ ʘʢʪʠʚʥʦʩʪʠ ʫ ʠʩʪʦʤ ʧʦʣʦʞʘʿʫ 

ʪʝʣʘ. 

¶ ʋ ʦʢʚʠʨʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʧʨʘʪʠ˂ʝ ʩʝ ʤʠʰʠ˂ʥʘ ʘʢʪʠʚʥʦʩʪ ʠ 
ʤʦʞʜʘʥʘ ʘʢʪʠʚʥʦʩʪ ʠʩʧʠʪʘʥʠʢʘ,  ʚʨʝʤʝ ʠʟʚʨʰʝˁʘ ʘʢʪʠʚʥʦʩʪʠ ʠ ʜʝʬʝʢʪʠ ʪʦʢʦʤ 

ʦʙʘʚˀʘˁʘ ʘʢʪʠʚʥʦʩʪʠ ʤʦʥʪʘʞʝ ʫ ʜʚʘ ʩʮʝʥʘʨʠʿʘ - ʪʨʘʜʠʮʠʦʥʘʣʥʦʤ 

(ʥʝʝʨʛʦʥʦʤʩʢʦʤ) ʠ ʝʨʛʦʥʦʤʩʢʦʤ ʩʮʝʥʘʨʠʿʫ ʢʘʢʦ ʙʠ ʩʝ ʫʧʦʨʝʜʠʣʠ ʨʝʟʫʣʪʘʪʠ. 

ɼʝʪʘˀʥʦʤ ʘʥʘʣʠʟʦʤ ʧʦʜʘʪʘʢʘ ʧʨʠʢʫʧˀʝʥʠʭ ʧʨʝʢʦ ɽɽɻ ʫʨʝʹʘʿʘ ʠ ɽʄɻ ʩʝʥʟʦʨʘ 

ʫʩʪʘʥʦʚʠ˂ʝ ʩʝ ʢʦʿʠ ʬʘʢʪʦʨʠ ʧʨʦʫʟʨʦʢʫʿʫ ʟʘʤʦʨ ʤʠʰʠ˂ʘ ʠ ʢʦʿʠ ʬʘʢʪʦʨʠ ʫʪʠʯʫ ʥʘ 

ʩʤʘˁʝˁʝ ʧʘʞˁʝ ʠ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʨʘʜʥʠʢʘ. ʋ ʪʦʢʫ ʝʢʩʧʝʨʠʤʝʥʪʘ ʩʠʤʫʣʠʨʘ˂ʝ ʩʝ 

ʩʧʨʦʚʦʹʝˁʝ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʜʝʪʘˀʥʦ ʦʩʤʠʰˀʝʥʦʤ ʨʝʘʣʥʦʤ ʧʨʠʤʝʨʫ ʤʘʥʫʝʣʥʠʭ 

ʦʧʝʨʘʮʠʿʘ.  

¶ ɸʥʢʝʪʘ ʠ ʫʩʤʝʥʠ ʠʥʪʝʨʚʿʫ. ʋʩʤʝʥʠʤ ʠʥʪʝʨʚʿʫʦʤ ˂ʝ ʩʝ ʜʦʙʠʪʠ ʠʥʬʦʨʤʘʮʠʿʝ ʦ 
ʬʠʟʠʯʢʦʤ ʠ ʤʝʥʪʘʣʥʦʤ ʦʧʪʝʨʝ˂ʝˁʫ ʪʦʢʦʤ ʦʙʘʚˀʘˁʘ ʤʦʥʪʘʞʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʫ ʦʙʘ 

ʩʮʝʥʘʨʠʿʘ. ɸʥʢʝʪʦʤ ˂ʝ ʩʝ ʜʦʙʠʪʠ ʧʦʚʨʘʪʥʝ ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʟʘʜʦʚʦˀʩʪʚʫ 

ʠʩʧʠʪʘʥʠʢʘ ʫ ʪʦʢʫ ʦʙʘʚˀʘˁʘ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʨʝʜʠʟʘʿʥʠʨʘʥʦʿ ʠʥʜʫʩʪʨʠʿʩʢʦʿ lean 

ʨʘʜʥʦʿ ʩʪʘʥʠʮʠ. ɸʥʢʝʪʘ ˂ʝ ʩʝ ʙʘʟʠʨʘʪʠ ʥʘ ʩʝʪʫ ʧʠʪʘˁʘ ʚʝʟʘʥʠʭ ʟʘ ʜʠʟʘʿʥ ʨʘʜʥʝ 

ʩʪʘʥʠʮʝ, ʦʙʘʚˀʘˁʝ ʤʦʥʪʘʞʥʠʭ ʘʢʪʠʚʥʦʩʪʠ, ʨʘʜʥʦ ʦʢʨʫʞʝˁʝ, ʠʪʜ.  
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1.5 ʆʏɽʂʀɺɸʅʀ ʈɽɿʋʃʊɸʊʀ ʀʉʊʈɸɾʀɺɸɳɸ 

ʆʩʥʦʚʥʠ ʜʦʧʨʠʥʦʩ ʨʝʘʣʠʟʦʚʘʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʦʚʦʿ ʜʦʢʪʦʨʩʢʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʩʝ 

ʦʛʣʝʜʘ ʫ ʫʥʘʧʨʝʹʝˁʫ ʧʨʦʮʝʩʘ ʧʨʦʠʟʚʦʜˁʝ ʧʨʠʤʝʥʦʤ ʝʨʛʦʥʦʤʩʢʝ ʦʧʪʠʤʠʟʘʮʠʿʝ.  

ʀʩʪʨʘʞʠʚʘˁʘ ʢʦʿʘ ʩʫ ʨʝʘʣʠʟʦʚʘʥʘ ʫ ʦʢʚʠʨʫ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʩʫ ʫʩʤʝʨʝʥʘ ʢʘ 

ʨʝʰʘʚʘˁʫ ʠʜʝʥʪʠʬʠʢʦʚʘʥʠʭ ʝʨʛʦʥʦʤʩʢʠʭ ʨʠʟʠʢʘ ʠ ˁʠʭʦʚʦʛ ʥʝʛʘʪʠʚʥʦʛ ʫʪʠʮʘʿʘ ʥʘ 

ʟʜʨʘʚʩʪʚʝʥʦ ʩʪʘˁʝ ʨʘʜʥʠʢʘ ʢʦʿʠ ʩʚʘʢʦʜʥʝʚʥʦ ʦʙʘʚˀʘʿʫ ʤʦʥʦʪʦʥʝ, ʧʦʥʘʚˀʘʿʫ˂ʝ ʧʦʩʣʦʚʝ 

ʤʦʥʪʘʞʝ ʫ ʩʝʜʝ˂ʝʤ ʧʦʣʦʞʘʿʫ ʥʘ ʠʥʜʫʩʪʨʠʿʩʢʠʤ ʨʘʜʥʠʤ ʩʪʘʥʠʮʘʤʘ ʢʨʦʟ ʧʨʠʤʝʥʫ 

ʥʘʧʨʝʜʥʠʭ ʝʨʛʦʥʦʤʩʢʠʭ ʤʝʪʦʜʘ (ʝʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʿʝ ʠ ʝʣʝʢʪʨʦʤʠʦʛʨʘʬʠʿʝ) ʫ ʮʠˀʫ 

ʫʥʘʧʨʝʹʝˁʘ ʝʬʝʢʪʠʚʥʦʩʪʠ ʠʥʜʫʩʪʨʠʿʩʢʠʭ ʨʘʜʥʠʭ ʩʪʘʥʠʮʘ.  

ɼʠʩʝʨʪʘʮʠʿʘ ʠʤʘ ʧʨʘʢʪʠʯʘʥ ʢʘʨʘʢʪʝʨ, ʿʝʨ ʩʝ ʧʨʠʤʝʥʦʤ ʨʝʟʫʣʪʘʪʘ ʠʩʪʨʘʞʠʚʘˁʘ 

ʦʩʪʚʘʨʫʿʝ ʟʥʘʯʘʿʘʥ ʜʦʧʨʠʥʦʩ ʫʚʦʹʝˁʫ ʩʘʚʨʝʤʝʥʠʭ ʥʘʧʨʝʜʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʀʥʜʫʩʪʨʠʿʝ 4.0 

ʫ ʘʥʘʣʠʟʠ ʝʨʛʦʥʦʤʩʢʠʭ ʨʠʟʠʢʘ ʢʦʿʠ ʤʦʛʫ ʠʟʘʟʚʘʪʠ ʧʨʦʬʝʩʠʦʥʘʣʥʝ ʙʦʣʝʩʪʠ ʠʣʠ ʫ 

ʦʜʨʝʹʝʥʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʧʦʚʨʝʜʝ ʥʘ ʨʘʜʫ. 

ʆʩʥʦʚʥʠ ʜʦʧʨʠʥʦʩ ʜʠʩʝʨʪʘʮʠʿʝ ʦʛʣʝʜʘ ʩʝ ʫ:  

¶ ʢʦʥʩʪʨʫʢʮʠʿʠ ʥʦʚʝ lean ʠʥʜʫʩʪʨʠʿʩʢʝ ʨʘʜʥʝ ʩʪʘʥʠʮʝ ʢʦʿʘ ʿʝ ʫ ʧʦʪʧʫʥʦʩʪʠ 

ʧʨʠʣʘʛʦʹʝʥʘ ʠʥʜʠʚʠʜʫʘʣʥʠʤ ʘʥʪʨʦʧʦʤʝʪʨʠʿʩʢʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ, ʧʦʪʨʝʙʘʤʘ, 

ʩʧʦʩʦʙʥʦʩʪʠʤʘ ʠ ʦʛʨʘʥʠʯʝˁʠʤʘ ʨʘʜʥʠʢʘ ʠ ʢʦʿʘ ʦʤʦʛʫ˂ʘʚʘ ʨʘʜʥʠʮʠʤʘ ʜʘ ʦʙʘʚˀʘʿʫ 

ʘʢʪʠʚʥʦʩʪʠ ʫ ʟʣʘʪʥʦʿ ʟʦʥʠ ʫ ʢʦʿʦʿ ʿʝ ˁʠʭʦʚʘ ʝʬʠʢʘʩʥʦʩʪ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪ ʥʘ 

ʥʘʿʚʠʰʝʤ ʥʠʚʦʫ; 

¶ ʧʦʙʦˀʰʘˁʫ ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʘ ʨʘʜʥʠʢʘ ʢʨʦʟ ʩʤʘˁʝˁʝ ʨʠʟʠʢʘ ʢʦʿʠ ʩʝ ʤʦʛʫ 
ʿʘʚʠʪʠ ʪʦʢʦʤ ʠʟʚʨʰʝˁʘ ʤʘʥʫʝʣʥʠʭ ʬʠʟʠʯʢʠ ʟʘʭʪʝʚʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʤʦʥʪʘʞʝ ʠ ʢʦʿʠ 

ʤʦʛʫ ʧʨʦʫʟʨʦʢʦʚʘʪʠ ʧʦʿʘʚʫ ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ ʙʦʣʝʩʪʠ (ʥʘʿʯʝʰ˂ʝ ʤʠʰʠ˂ʥʦ-

ʢʦʰʪʘʥʠʭ ʧʦʨʝʤʝ˂ʘʿʘ), ʘ ʫ ʥʝʢʠʤ ʢʦʥʢʨʝʪʥʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʠ ʧʦʚʨʝʜʝ ʥʘ ʨʘʜʫ; 

¶ ʧʦʚʝ˂ʘˁʫ ʝʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʥʦʛ ʧʨʦʮʝʩʘ ʢʨʦʟ ʩʢʨʘ˂ʝˁʝ ʚʨʝʤʝʥʘ ʠʟʚʨʰʝˁʘ 
ʘʢʪʠʚʥʦʩʪʠ ʤʦʥʪʘʞʝ, ʩʤʘˁʝˁʝ ʚʨʝʤʝʥʘ ʪʘʢʪʘ ʠ ʚʨʝʤʝʥʘ ʮʠʢʣʫʩʘ ʫʟʠʤʘʿʫ˂ʠ ʫ 

ʦʙʟʠʨ ʯʠˁʝʥʠʮʫ ʜʘ ʘʜʝʢʚʘʪʥʠ ʝʨʛʦʥʦʤʩʢʠ ʫʩʣʦʚʠ ʦʩʪʚʘʨʫʿʫ ʧʦʟʠʪʠʚʘʥ ʫʪʠʮʘʿ ʥʘ 

ʝʢʦʥʦʤʩʢʝ ʧʦʢʘʟʘʪʝˀʝ ʧʦʩʣʦʚʘˁʘ - ʧʨʦʜʫʢʪʠʚʥʦʩʪ, ʝʬʠʢʘʩʥʦʩʪ ʠ ʝʬʝʢʪʠʚʥʦʩʪ; 

¶ ʩʤʘˁʝˁʫ ʜʝʬʝʢʘʪʘ ʠ ʥʝʧʨʘʚʠʣʥʦʩʪʠ ʢʦʿʝ ʥʘʩʪʘʿʫ ʫ ʪʦʢʫ ʦʙʘʚˀʘˁʘ ʘʢʪʠʚʥʦʩʪʠ 

ʤʦʥʪʘʞʝ ʦʜʥʦʩʥʦ ʧʦʚʝ˂ʘˁʝ ʢʚʘʣʠʪʝʪʘ ʬʠʥʘʣʥʠʭ ʧʨʦʠʟʚʦʜʘ. 

ʈʝʟʫʣʪʘʪʠ ʠʩʪʨʘʞʠʚʘˁʘ ˂ʝ ʧʦʢʘʟʘʪʠ ʜʘ ʿʝ ʥʘ ʧʨʝʜʣʦʞʝʥʦʿ ʝʨʛʦʥʦʤʩʢʠ 

ʜʠʟʘʿʥʠʨʘʥʦʿ ʨʘʜʥʦʿ ʩʪʘʥʠʮʠ ʩʤʘˁʝʥ ʨʠʟʠʢ ʦʜ ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ ʠ ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ 

ʙʦʣʝʩʪʠ ʫʩʣʝʜ ʩʤʘˁʝˁʘ ʬʠʟʠʯʢʦʛ ʥʘʧʨʝʟʘˁʘ ʠ ʤʝʥʪʘʣʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ, ʧʦʙʦˀʰʘʥʦ 

ʟʜʨʘʚʩʪʚʝʥʦ ʩʪʘˁʝ ʨʘʜʥʠʢʘ, ʧʦʚʝ˂ʘʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪ, ʩʤʘˁʝʥ ʙʨʦʿ ʛʨʝʰʘʢʘ ʠ 

ʥʝʧʨʘʚʠʣʥʦʩʪʠ ʠ ʧʦʚʝ˂ʘʥʦ ʟʘʜʦʚʦˀʩʪʚʦ. ʉ ʦʙʟʠʨʦʤ ʜʘ ʿʝ ʧʨʝʜʣʦʞʝʥʘ ʨʘʜʥʘ ʩʪʘʥʠʮʘ ʫ 

ʧʦʪʧʫʥʦʩʪʠ ʧʨʠʣʘʛʦʹʝʥʘ ʠʥʜʠʚʠʜʫʘʣʥʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʨʘʜʥʠʢʘ ʩʪʘʥʜʘʨʜʠʤʘ ʟʣʘʪʥʝ 

ʟʦʥʝ ʫʢʣʦʥʠ˂ʝ ʩʝ ʧʦʪʨʝʙʘ ʟʘ ʜʦʩʝʟʘˁʝʤ ʠ ʥʘʧʨʝʟʘˁʝʤ ʠ ʟʘʫʟʠʤʘˁʝʤ ʥʝʣʘʛʦʜʥʠʭ ʧʦʣʦʞʘʿʘ 

ʪʝʣʘ ʠ ʧʦʙʦˀʰʘʚʘ ʩʝ ʟʜʨʘʚˀʝ ʠ ʙʝʟʙʝʜʥʦʩʪ ʦʧʝʨʘʪʝʨʘ. 

ʋʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʪʝʭʥʦʣʦʰʢʠ ʧʨʦʛʨʝʩ ʀʥʜʫʩʪʨʠʿʝ 4.0 ʠ ʨʘʩʪʫ˂ʝ ʧʦʪʨʝʙʝ 

ʠʥʜʫʩʪʨʠʿʩʢʝ ʧʨʘʢʩʝ ʟʘ ʜʠʛʠʪʘʣʠʟʘʮʠʿʦʤ ʠ ʫʥʘʧʨʝʹʝˁʝʤ ʧʨʦʠʟʚʦʜʥʠʭ ʧʨʦʮʝʩʘ ʫ lean 

ʦʨʠʿʝʥʪʠʩʘʥʠʤ ʦʨʛʘʥʠʟʘʮʠʿʘʤʘ ʜʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ʜʘʿʝ ʜʦʧʨʠʥʦʩ ʫ ʦʚʦʿ ʦʙʣʘʩʪʠ. 

ɼʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʤʦʛʫ ʜʘ ʙʫʜʫ ʦʜ ʚʝʣʠʢʦʛ ʟʥʘʯʘʿʘ, ʢʘʢʦ ʫ ʪʝʦʨʠʿʩʢʦʤ, ʪʘʢʦ ʠ ʫ 

ʧʨʘʢʪʠʯʥʦʤ ʜʦʤʝʥʫ ʿʝʨ ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʦʣʘʟʥʫ ʦʩʥʦʚʫ ʟʘ ʩʧʨʦʚʦʹʝˁʝ ʥʘʧʨʝʜʥʠʭ 

ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʥʘʨʝʜʥʦʤ ʧʝʨʠʦʜʫ ʫ ʮʠˀʫ ʧʦʙʦˀʰʘˁʘ ʝʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʥʠʭ 

ʧʨʦʮʝʩʘ. 
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1.6 ʆʂɺʀʈʅʀ ʉɸɼʈɾɸɱ ɼʀʉɽʈʊɸʎʀɱɽ 

ʆʚʘ ʜʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ʿʝ ʩʪʨʫʢʪʫʨʠʨʘʥʘ ʫ ʦʩʘʤ ʧʦʛʣʘʚˀʘ (ʩʣʠʢʘ 1.1). 

ʇʦʛʣʘʚˀʘ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʘ ʩʣʝʜʝ˂ʠʤ ʨʝʜʦʩʣʝʜʦʤ: 

1. ʋʚʦʜʥʘ ʨʘʟʤʘʪʨʘˁʘ - ʋ ʧʨʚʦʤ ʧʦʛʣʘʚˀʫ ʜʠʩʝʨʪʘʮʠʿʝ ʜʘʪʝ ʩʫ ʫʚʦʜʥʝ ʥʘʧʦʤʝʥʝ 

ʚʝʟʘʥʝ ʟʘ ʧʨʦʙʣʝʤʘʪʠʢʫ ʧʦʙʦˀʰʘˁʘ ʝʬʝʢʪʠʚʥʦʩʪʠ ʧʦʩʣʦʚʥʠʭ ʧʨʦʮʝʩʘ ʧʨʠʤʝʥʦʤ 

ʝʨʛʦʥʦʤʩʢʝ ʦʧʪʠʤʠʟʘʮʠʿʝ. ʇʨʝʜʩʪʘʚˀʝʥʠ ʩʫ ʧʨʝʜʤʝʪ ʠ ʮʠˀ ʠʩʪʨʘʞʠʚʘˁʘ ʠ ʦʩʥʦʚʥʝ 

ʭʠʧʦʪʝʟʝ ʦʜ ʢʦʿʠʭ ʩʝ ʧʦʣʘʟʠ ʫ ʠʩʪʨʘʞʠʚʘˁʫ. ʊʘʢʦʹʝ, ʫ ʦʚʦʤ ʜʝʣʫ ʜʠʩʝʨʪʘʮʠʿʝ ʥʘʚʝʜʝʥʝ 

ʩʫ ʦʩʥʦʚʥʝ ʤʝʪʦʜʝ ʢʦʿʝ ʩʫ ʢʦʨʠʰ˂ʝʥʝ ʫ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʠ ʦʧʠʩʘʥʠ ʩʫ ʦʯʝʢʠʚʘʥʠ 

ʨʝʟʫʣʪʘʪʠ. ʅʘ ʢʨʘʿʫ ʧʦʛʣʘʚˀʘ ʿʝ ʜʘʪ ʦʢʚʠʨʥʠ ʩʘʜʨʞʘʿ ʜʠʩʝʨʪʘʮʠʿʝ. 

2. ɹʝʟʙʝʜʥʦʩʪ ʠ ʟʜʨʘʚˀʝ ʥʘ ʨʘʜʫ ʠ ʝʨʛʦʥʦʤʠʿʘ ʠʥʜʫʩʪʨʠʿʩʢʠʭ ʨʘʜʥʠʭ ʩʪʘʥʠʮʘ 
- ʋ ʦʢʚʠʨʫ ʦʚʦʛ ʧʦʛʣʘʚˀʘ ʩʫ ʜʘʪʝ ʪʝʦʨʠʿʩʢʝ ʦʩʥʦʚʝ ʚʝʟʘʥʝ ʟʘ ʙʝʟʙʝʜʥʦʩʪ ʠ ʟʜʨʘʚˀʝ ʥʘ 

ʨʘʜʫ ʠ ʝʨʛʦʥʦʤʠʿʫ ʩʘ ʧʦʩʝʙʥʠʤ ʬʦʢʫʩʦʤ ʥʘ ʙʝʟʙʝʜʥʦʩʪ ʠ ʟʜʨʘʚˀʝ ʨʘʜʥʠʢʘ ʢʦʿʠ ʦʙʘʚˀʘʿʫ 

ʤʦʥʪʘʞʥʝ ʘʢʪʠʚʥʦʩʪʠ ʠ ʝʨʛʦʥʦʤʩʢʝ ʘʩʧʝʢʪʝ ʠʥʜʫʩʪʨʠʿʩʢʠʭ ʨʘʜʥʠʭ ʩʪʘʥʠʮʘ. ʋ ʦʚʦʤ ʜʝʣʫ 

ʜʠʩʝʨʪʘʮʠʿʝ ʜʘʪ ʿʝ ʧʨʝʛʣʝʜ ʨʝʣʝʚʘʥʪʥʠʭ ʣʠʪʝʨʘʪʫʨʥʠʭ ʠʟʚʦʨʘ ʠʟ ʦʙʣʘʩʪʠ ʙʝʟʙʝʜʥʦʩʪ ʠ 

ʟʜʨʘʚˀʘ ʥʘ ʨʘʜʫ ʠ ʝʨʛʦʥʦʤʠʿʝ ʩ ʧʦʩʝʙʥʠʤ ʦʩʚʨʪʦʤ ʥʘ ʝʨʛʦʥʦʤʩʢʫ ʦʧʪʠʤʠʟʘʮʠʿʫ 

ʠʥʜʫʩʪʨʠʿʩʢʠʭ ʨʘʜʥʠʭ ʩʪʘʥʠʮʘ ʥʘ ʢʦʿʠʤʘ ʩʝ ʦʙʘʚˀʘʿʫ ʧʦʥʘʚˀʘʿʫ˂ʠ ʧʦʩʣʦʚʠ ʤʦʥʪʘʞʝ. 

ʇʦʩʝʙʘʥ ʘʢʮʝʥʘʪ ʩʪʘʚˀʝʥ ʿʝ ʥʘ ʢʦʨʝʣʘʮʠʿʫ ʠʟʤʝʹʫ ʝʨʛʦʥʦʤʩʢʠʭ ʘʩʧʝʢʘʪʘ ʠ ʝʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʠʟʚʦʜʥʠʭ ʧʨʦʮʝʩʘ. 

3. ʇʩʠʭʦʬʠʟʠʦʣʦʰʢʠ ʠ ʥʝʫʨʦʝʨʛʦʥʦʤʩʢʠ ʧʦʢʘʟʘʪʝˀʠ ʫ ʠʥʜʫʩʪʨʠʿʩʢʦʿ 

ʝʨʛʦʥʦʤʠʿʠ - ʊʨʝ˂ʝ ʧʦʛʣʘʚˀʝ ʜʠʩʝʨʪʘʮʠʿʝ ʩʝ ʬʦʢʫʩʠʨʘ ʥʘ ʧʩʠʭʦʬʠʟʠʦʣʦʰʢʝ ʠ 

ʥʝʫʨʦʝʨʛʦʥʦʤʩʢʝ ʘʩʧʝʢʪʝ ʧʨʠʣʠʢʦʤ ʜʠʟʘʿʥʠʨʘˁʘ ʨʘʜʥʠʭ ʩʪʘʥʠʮʘ ʟʘ ʤʦʥʪʘʞʫ. ʋʢʘʟʘʥʦ ʿʝ 

ʥʘ ʚʘʞʥʦʩʪ ʧʨʘ˂ʝˁʘ ʤʠʰʠ˂ʥʝ ʠ ʤʦʥʪʘʞʥʝ ʘʢʪʠʚʥʦʩʪʠ ʨʘʜʥʠʢʘ ʫ ʮʠˀʫ ʩʤʘˁʝˁʘ 

ʝʨʛʦʥʦʤʩʢʠʭ ʨʠʟʠʢʘ ʩʘ ʢʦʿʠʤʘ ʩʝ ʩʫʦʯʘʚʘʿʫ ʨʘʜʥʠʮʠ ʢʦʿʠ ʦʙʘʚˀʘʿʫ ʧʦʩʣʦʚʝ ʤʦʥʪʘʞʝ. ʋ 

ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʜʠʩʝʨʪʘʮʠʿʝ ʜʘʪʠ ʩʫ ʧʨʝʛʣʝʜ ʠ ʘʥʘʣʠʟʘ ʠʩʪʨʘʞʠʚʘˁʘ ʠʟ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝ 

ʧʩʠʭʦʬʠʟʠʦʣʦʰʢʠʭ ʠ ʥʝʫʨʦʝʨʛʦʥʦʤʩʢʠʭ ʤʝʪʦʜʘ ʫ ʝʨʛʦʥʦʤʠʿʠ. ʇʨʝʜʩʪʘʚˀʝʥʝ ʩʫ ʦʩʥʦʚʥʝ 

ʤʝʪʨʠʢʝ ʝʣʝʢʪʨʦʤʠʦʛʨʘʬʠʿʝ ʠ ʝʣʝʢʪʨʦʝʥʮʝʣʦʛʨʘʬʠʿʝ ʧʨʝʢʦ ʢʦʿʠʭ ʩʝ ʧʨʘʪʠ ʬʠʟʠʯʢʠ ʟʘʤʦʨ 

ʠ ʤʝʥʪʘʣʥʦ ʦʧʪʝʨʝ˂ʝˁʝ ʨʘʜʥʠʢʘ ʢʦʿʠ ʦʙʘʚˀʘʿʫ ʤʦʥʪʘʞʥʝ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʠʥʜʫʩʪʨʠʿʩʢʠʤ 

ʨʘʜʥʠʤ ʩʪʘʥʠʮʘʤʘ. 

4. ʋʥʘʧʨʝʹʝʥʘ lean ʠʥʜʫʩʪʨʠʿʩʢʘ ʨʘʜʥʘ ʩʪʘʥʠʮʘ - ʋ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʜʘʪ ʿʝ 

ʜʝʪʘˀʘʥ ʦʧʠʩ ʧʨʝʜʣʦʞʝʥʝ ʤʦʜʫʣʘʨʥʝ ʨʘʜʥʝ ʩʪʘʥʠʮʝ ʟʘ ʤʦʥʪʘʞʫ ʠ ʫʢʘʟʘʥʦ ʿʝ ʥʘ ʦʩʥʦʚʥʝ 

ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʦʚʝ ʥʦʚʝ ʨʘʜʥʝ ʩʪʘʥʠʮʝ. ʊʘʢʦʹʝ, ʫ ʦʢʚʠʨʫ ʦʚʦʛ ʧʦʛʣʘʚˀʘ ʠʩʪʘʢʥʫʪʝ ʩʫ 

ʧʨʝʜʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʝ ʨʘʜʥʝ ʩʪʘʥʠʮʝ ʫ ʦʜʥʦʩʫ ʥʘ ʪʨʘʜʠʮʠʦʥʘʣʥʝ ʨʘʜʥʝ ʩʪʘʥʠʮʝ ʢʦʿʝ ʩʫ 

ʥʘʿʯʝʰ˂ʝ ʟʘʩʪʫʧˀʝʥʝ ʫ ʠʥʜʫʩʪʨʠʿʠ. 

5. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʠʩʧʠʪʠʚʘˁʘ - ʋ ʧʝʪʦʤ ʧʦʛʣʘʚˀʫ ʜʠʩʝʨʪʘʮʠʿʝ ʧʨʝʜʩʪʘʚˀʝʥʘ 

ʿʝ ʩʪʫʜʠʿʘ ʩʣʫʯʘʿʘ ʫ ʦʢʚʠʨʫ ʢʦʿʝ ʩʫ ʧʨʘ˂ʝʥʠ ʤʠʰʠ˂ʥʘ ʠ ʤʦʥʪʘʞʥʘ ʘʢʪʠʚʥʦʩʪ, 

ʧʨʦʜʫʢʪʠʚʥʦʩʪ ʠ ʜʝʬʝʢʪʠ ʫ ʜʚʘ ʩʮʝʥʘʨʠʿʘ - ʪʨʘʜʠʮʠʦʥʘʣʥʦʤ (ʥʝʝʨʛʦʥʦʤʩʢʦʤ) ʠ 

ʝʨʛʦʥʦʤʩʢʦʤ ʩʮʝʥʘʨʠʿʫ. ɼʝʪʘˀʥʦ ʿʝ ʦʧʠʩʘʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʧʦʩʪʘʚʢʘ ʠʩʪʨʘʞʠʚʘˁʘ - 

ʠʩʧʠʪʘʥʠʮʠ, ʦʧʨʝʤʘ ʢʦʿʘ ʿʝ ʢʦʨʠʰ˂ʝʥʘ, ʫʩʣʦʚʠ ʫ ʢʦʿʠʤʘ ʿʝ ʩʧʨʦʚʝʜʝʥʦ ʠʩʪʨʘʞʠʚʘˁʝ.  

6. ʈʝʟʫʣʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʠʩʧʠʪʠʚʘˁʘ - ʋ ʰʝʩʪʦʤ ʧʦʛʣʘʚˀʫ ʜʠʩʝʨʪʘʮʠʿʝ 

ʩʫ ʧʨʠʢʘʟʘʥʠ ʨʝʟʫʣʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʩʧʨʦʚʝʜʝʥʠʭ ʫ ʪʨʘʜʠʮʠʦʥʘʣʥʦʤ 

ʠ ʝʨʛʦʥʦʤʩʢʦʤ ʩʮʝʥʘʨʠʿʫ. ʇʦʩʝʙʘʥ ʬʦʢʫʩ ʦʚʦʛ ʧʦʛʣʘʚˀʘ ʜʠʩʝʨʪʘʮʠʿʝ ʿʝ ʥʘ ʢʦʤʧʘʨʘʪʠʚʥʦʿ 

ʘʥʘʣʠʟʠ ʨʝʟʫʣʪʘʪʘ ʫ ʦʙʘ ʩʮʝʥʘʨʠʿʘ ʠ ʠʩʪʠʮʘˁʫ ʧʦʟʠʪʠʚʥʠʭ ʝʬʝʢʘʪʘ ʥʘʢʦʥ 

ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ ʝʨʛʦʥʦʤʩʢʠʭ ʤʝʨʘ ʥʘ ʠʥʜʫʩʪʨʠʿʩʢʠʤ ʨʘʜʥʠʤ ʩʪʘʥʠʮʘʤʘ ʥʘ ʢʦʿʠʤʘ ʩʝ 

ʦʙʘʚˀʘʿʫ ʤʦʥʪʘʞʥʝ ʘʢʪʠʚʥʦʩʪʠ. 

7. ɿʘʢˀʫʯʥʘ ʨʘʟʤʘʪʨʘˁʘ ʠ ʧʨʘʚʮʠ ʙʫʜʫ˂ʠʭ ʠʩʪʨʘʞʠʚʘˁʘ - ʋ ʦʢʚʠʨʫ ʦʚʦʛ 

ʧʦʛʣʘʚˀʘ ʠʟʥʝʪʘ ʩʫ ʟʘʢˀʫʯʥʘ ʨʘʟʤʘʪʨʘˁʘ ʚʝʟʘʥʘ ʟʘ ʪʝʤʫ ʜʠʩʝʨʪʘʮʠʿʝ. ʊʘʢʦʹʝ, ʫ ʦʢʚʠʨʫ 

ʦʚʦʛ ʧʦʛʣʘʚˀʘ ʠʟʚʨʰʝʥʦ ʿʝ ʧʦʨʝʹʝˁʝ ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ ʩʘ ʫʥʘʧʨʝʜ ʧʦʩʪʘʚˀʝʥʠʤ 
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ʭʠʧʦʪʝʟʘʤʘ. ʋ ʦʚʦʤ ʜʝʣʫ ʜʠʩʝʨʪʘʮʠʿʝ ʩʫ ʠʩʪʘʢʥʫʪʠ ʛʣʘʚʥʠ ʜʦʧʨʠʥʦʩʠ ʜʠʩʝʨʪʘʮʠʿʝ ʠ 

ʦʛʨʘʥʠʯʝˁʘ, ʢʘʦ ʠ ʧʨʘʚʮʠ ʙʫʜʫ˂ʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʦʚʦʿ ʦʙʣʘʩʪʠ. 

ʉʧʠʩʘʢ ʢʦʨʠʰ˂ʝʥʠʭ ʣʠʪʝʨʘʪʫʨʥʠʭ ʠʟʚʦʨʘ ʜʘʪ ʿʝ ʫ ʧʦʩʝʙʥʦʤ ʧʦʛʣʘʚˀʫ ʫ ʦʢʚʠʨʫ 

ʜʠʩʝʨʪʘʮʠʿʝ. ʂʦʨʠʰ˂ʝʥʝ ʨʝʬʝʨʝʥʮʝ ʩʫ ʩʦʨʪʠʨʘʥʝ ʠ ʧʨʝʜʩʪʘʚˀʝʥʝ ʘʙʝʮʝʜʥʠʤ ʨʝʜʦʤ. ʅʘ 

ʢʨʘʿʫ ʜʠʩʝʨʪʘʮʠʿʝ ʜʘʪ ʿʝ ʇʨʠʣʦʛ (ʨʝʟʫʣʪʘʪʠ ʧʨʘ˂ʝˁʘ ʤʠʰʠ˂ʥʝ ʘʢʪʠʚʥʦʩʪʠ, ɽɽɻ ʧʨʦʪʦʢʦʣ,  

ɽʄɻ ʧʨʦʪʦʢʦʣ, ʫʧʠʪʥʠʢ 1 - ʋʩʤʝʥʠ ʠʥʪʝʨʚʿʫ- ʧʠʪʘˁʘ ʠ ʫʧʠʪʥʠʢ 2 - ʋʧʠʪʥʠʢ ʦ 

ʟʘʜʦʚʦˀʩʪʚʫ ʧʨʝʜʣʦʞʝʥʦʤ ʥʦʚʦʤ ʨʘʜʥʦʤ ʩʪʘʥʠʮʦʤ). 

 

ʉʣʠʢʘ 1.1 ʉʪʨʫʢʪʫʨʘ ʜʠʩʝʨʪʘʮʠʿʝ 
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2. ɹɽɿɹɽɼʅʆʉʊ ʀ ɿɼʈɸɺɲɽ ʅɸ ʈɸɼʋ ʀ 

ɽʈɻʆʅʆʄʀɱɸ ʀʅɼʋʉʊʈʀɱʉʂʀʍ ʈɸɼʅʀʍ 

ʉʊɸʅʀʎɸ 

 

 

 

 

2.1 ɹɽɿɹɽɼʅʆʉʊ ʀ ɿɼʈɸɺɲɽ ʅɸ ʈɸɼʋ ʋ ʆʂɺʀʈʋ ʀʅɼʋʉʊʈʀɱʉʂʀʍ 

ʈɽɺʆʃʋʎʀɱɸ 

ʀʥʜʫʩʪʨʠʿʘ ʿʝ ʧʨʦʰʣʘ ʙʨʦʿʥʝ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ ʦʜ ʩʚʦʿʠʭ ʧʦʯʝʪʘʢʘ ʫ 18. ʚʝʢʫ (ʩʣʠʢʘ 

2.1). ʇʨʚʘ ʠʥʜʫʩʪʨʠʿʩʢʘ ʨʝʚʦʣʫʮʠʿʘ ʿʝ ʦʙʫʭʚʘʪʘʣʘ ʧʝʨʠʦʜ ʠʟʤʝʹʫ 1760. ʠ 1830. ʛʦʜʠʥʝ. 

ʇʨʦʥʘʣʘʩʢʦʤ ʧʘʨʥʝ ʤʘʰʠʥʝ ʤʘʥʫʝʣʥʘ ʧʨʦʠʟʚʦʜˁʘ ʿʝ ʟʘʤʝˁʝʥʘ ʧʨʦʠʟʚʦʜˁʦʤ ʫ ʦʢʚʠʨʫ 

ʬʘʙʨʠʢʘ ʿʝʨ ʿʝ ʪʘʢʦ ʙʠʣʦ ʬʠʥʘʥʩʠʿʩʢʠ ʠʩʧʣʘʪʠʚʠʿʝ (Badri ʠ ʜʨʫʛʠ, 2018). ʋ ʪʦ ʚʨʝʤʝ, 

ʥʘʿʚʝ˂ʫ ʧʨʦʠʟʚʦʜˁʫ ʠʤʘʣʘ ʿʝ ɽʥʛʣʝʩʢʘ. ʇʨʚʫ ʠʥʜʫʩʪʨʠʿʩʢʫ ʨʝʚʦʣʫʮʠʿʫ ʢʘʨʘʢʪʝʨʠʰʝ 

ʧʨʝʣʘʟʘʢ ʩʘ ʤʘʥʫʝʣʥʝ, ʟʘʥʘʪʩʢʝ ʧʨʦʠʟʚʦʜˁʝ ʥʘ ʦʙʘʚˀʘˁʝ ʘʢʪʠʚʥʦʩʪʠ ʫʟ ʧʦʤʦ˂ ʤʘʰʠʥʘ 

ʰʪʦ ʿʝ ʜʦʧʨʠʥʝʣʦ ʧʦʚʝ˂ʘˁʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ. 1712. ʛʦʜʠʥʝ Thomas Newcomen ʿʝ ʩʪʚʦʨʠʦ 

ʧʨʚʫ ʧʘʨʥʫ ʤʘʰʠʥʫ. ʆʚʫ ʤʘʰʠʥʫ ʿʝ 1764. ʛʦʜʠʥʝ ʫʩʘʚʨʰʠʦ ʢhʦʪ James Watt ʪʘʢʦ ʜʘ ʩʝ 

ʦʜ ʪʘʜʘ ʦʥʘ ʢʦʨʠʩʪʠʣʘ ʟʘ ʧʦʢʨʝʪʘˁʝ ʜʨʫʛʠʭ ʤʘʰʠʥʘ, ʣʦʢʦʤʦʪʠʚʘ ʠ ʙʨʦʜʦʚʘ. ʇʨʦʥʘʣʘʟʘʢ 

ʧʘʨʥʝ ʤʘʰʠʥʝ ʠʟʘʟʚʘʦ ʿʝ ʨʝʚʦʣʫʮʠʿʫ ʫ ʠʥʜʫʩʪʨʠʿʠ. ʋ ʦʚʦʤ ʧʝʨʠʦʜʫ ʧʨʠʤʝʥʘ ʟʘʢʦʥʘ ʿʝ 

ʙʠʣʘ ʚʝʦʤʘ ʦʛʨʘʥʠʯʝʥʘ (Chia ʠ ʜʨʫʛʠ, 2019). Tʘʢʦʹʝ, ʫ ʦʚʦʤ ʧʝʨʠʦʜʫ ʨʘʜ ʜʝʮʝ ʿʝ ʙʠʦ 

ʫʦʙʠʯʘʿʝʥʘ ʧʦʿʘʚʘ, ʘ ʨʘʜʥʠʮʠ ʩʫ ʙʠʣʠ ʠʟʣʦʞʝʥʠ ʦʧʘʩʥʦʩʪʠʤʘ ʫ ʨʘʜʥʦʤ ʦʢʨʫʞʝˁʫ.  

 ɼʨʫʛʘ ʠʥʜʫʩʪʨʠʿʩʢʘ ʨʝʚʦʣʫʮʠʿʘ ʩʝ ʚʝʟʫʿʝ ʟʘ ʧʝʨʠʦʜ ʦʜ ʜʨʫʛʝ ʧʦʣʦʚʠʥʝ 19. ʚʝʢʘ ʜʦ 

ʧʦʯʝʪʢʘ ʇʨʚʦʛ ʩʚʝʪʩʢʦʛ ʨʘʪʘ 1914. ʛʦʜʠʥʝ. ʋ ʪʦʢʫ ʜʨʫʛʝ ʠʥʜʫʩʪʨʠʿʩʢʝ ʨʝʚʦʣʫʮʠʿʝ, ʢʦʿʘ ʩʝ 

ʥʘʟʠʚʘ ʠ ʪʝʭʥʦʣʦʰʢʘ ʨʝʚʦʣʫʮʠʿʘ, ʜʦʰʣʦ ʿʝ ʜʦ ʨʘʟʚʦʿʘ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʠ ʤʘʩʦʚʥʝ 

ʧʨʦʠʟʚʦʜˁʝ. ʆʚʘʿ ʧʝʨʠʦʜ ʿʝ ʚʝʟʘʥ ʟʘ ʫʚʦʹʝˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ (ʢʦʿʘ ʿʝ ʟʘʤʝʥʠʣʘ 

ʝʥʝʨʛʠʿʫ ʧʘʨʝ) h ʪʦ ʿ ʝ ʦʤʦʛʫ˂ʠʣʦ ʧʨʦʠʟʚʦʜˁʫ ʚʝʣʠʢʝ ʢʦʣʠʯʠʥʝ ʠʜʝʥʪʠʯʥʠʭ ʧʨʦʠʟʚʦʜʘ ʧʦ 

ʥʠʩʢʠʤ ʪʨʦʰʢʦʚʠʤʘ. ʇʨʚʘ ʝʣʝʢʪʨʘʥʘ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠʟʛʨʘʹʝʥʘ ʿʝ 

1882. ʛʦʜʠʥʝ ʥʘ ʄʝʥʭʝʪʥʫ. ʇʨʦʥʘʣʘʟʘʢ ʩʪʨʫʿʝ ʿʝ ʜʦʧʨʠʥʝʦ ʧʦʚʝ˂ʘˁʫ ʝʬʠʢʘʩʥʦʩʪʠ (Badri 

ʠ ʜʨʫʛʠ, 2018). ʇʨʦʥʘʣʘʟʘʢ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʿʝ ʫʪʠʮʘʦ ʥʘ ʧʨʦʤʝʥʫ ʜʦʪʘʜʘʰˁʝʛ ʥʘʯʠʥʘ 

ʧʨʦʠʟʚʦʜˁʝ.  

ʀʥʜʫʩʪʨʠʿʘ 2.0 ʿʝ ʧʨʝʜʩʪʘʚˀʘʣʘ ʨʘʟʜʦʙˀʝ ʙʨʟʦʛ ʠʥʜʫʩʪʨʠʿʩʢʦʛ ʨʘʟʚʦʿʘ ʫ ɺʝʣʠʢʦʿ 

ɹʨʠʪʘʥʠʿʠ, ʅʝʤʘʯʢʦʿ, ʉɸɼ-ʫ, ʌʨʘʥʮʫʩʢʦʿ, ʟʝʤˀʘʤʘ ʀʩʪʦʯʥʝ ɽʚʨʦʧʝ, ʀʪʘʣʠʿʠ ʠ ɱʘʧʘʥʫ. 

ʋ ʬʘʙʠʢʘʤʘ ʩʫ ʙʠʣʝ ʟʘʩʪʫʧˀʝʥʝ ʩʝʨʠʿʩʢʘ ʠ ʤʘʩʦʚʥʘ ʧʨʦʠʟʚʦʜˁʘ. ʇʦʩʝʙʥʦ ʩʝ ʨʘʟʚʠʿʘʣʘ 

ʪʝʢʩʪʠʣʥʘ ʠʥʜʫʩʪʨʠʿʘ, ʭʝʤʠʿʩʢʘ ʠʥʜʫʩʪʨʠʿʘ, ʘʫʪʦʤʦʙʠʣʩʢʘ ʠʥʜʫʩʪʨʠʿʘ ʠ ʠʥʜʫʩʪʨʠʿʘ 

ʧʘʧʠʨʘ. ʇʨʝʢʨʝʪʥʠʮʫ ʫ ʧʨʦʠʟʚʦʜˁʠ ʧʨʝʜʩʪʘʚˀʘʣʦ ʿʝ ʫʚʦʹʝˁʝ ʧʦʢʨʝʪʥʝ ʪʨʘʢʝ. Henry Ford 

1913. ʛʦʜʠʥʝ ʿʝ ʫʚʝʦ ʧʦʢʨʝʪʥʫ ʪʨʘʢʫ ʟʘ ʤʘʩʦʚʥʫ ʧʨʦʠʟʚʦʜˁʫ ʌʦʨʜʦʚʦʛ ʄʦʜʝʣʘ ʊ. ʊʝʩʣʠʥ 

ʧʨʦʥʘʣʘʟʘʢ ʚʠʰʝʬʘʟʥʝ ʩʪʨʫʿʝ ʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʦʤʦʛʫ˂ʠʦ ʿʝ ʿʝʬʪʠʥʦ ʧʨʝʥʦʰʝˁʝ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʥʘ ʚʝʣʠʢʫ ʫʜʘˀʝʥʦʩʪ. ʊʦʢʦʤ ʦʚʦʛ ʧʝʨʠʦʜʘ ʧʨʚʠ ʧʫʪ ʩʫ ʫʚʝʜʝʥʠ 

ʤʦʥʪʘʞʥʠ ʩʠʩʪʝʤʠ. ʇʦʚʝ˂ʘˁʝ ʙʨʦʿʘ ʨʘʜʠʢʘ ʫ ʦʚʦʤ ʧʝʨʠʦʜʫ ʜʦʚʝʣʦ ʿʝ ʜʦ ʪʦʛʘ ʜʘ ʩʫ ʩʝ ʫ 

ʧʨʝʜʫʟʝ˂ʠʤʘ ʫʣʘʛʘʣʘ ʤʘʣʘ ʬʠʥʘʥʩʠʿʩʢʘ ʩʨʝʜʩʪʚʘ ʫ ʧʦʙʦˀʰʘˁʝ ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʘ. 

ɿʘʢʦʥʠ ʠʟ ʦʙʣʘʩʪʠ ɹɿʈ ʩʫ ʧʦʯʝʣʠ ʜʘ ʩʝ ʧʨʠʤʝˁʫʿʫ ʫ ʚʝ˂ʝʤ ʙʨʦʿʫ ʜʨʞʘʚʘ (Chia ʠ ʜʨʫʛʠ, 

2019).  
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ʇʘʨʘʜʠʛʤʘ ʤʘʩʦʚʥʝ ʧʨʦʠʟʚʦʜˁʝ ʿʝ ʧʨʝʚʘʟʠʹʝʥʘ ʪʦʢʦʤ ʪʨʝ˂ʝ ʠʥʜʫʩʪʨʠʿʩʢʝ 

ʨʝʚʦʣʫʮʠʿʝ. ʊʨʝ˂ʫ ʠʥʜʫʩʪʨʠʿʩʢʫ ʨʝʚʦʣʫʮʠʿʫ, ʢʦʿʘ ʿʝ ʧʦʯʝʣʘ 60-ʠʭ ʛʦʜʠʥʘ ʧʨʦʰʣʦʛ ʚʝʢʘ 

ʢʘʨʘʢʪʝʨʠʰʝ ʩʚʝ ʚʝ˂ʘ ʘʫʪʦʤʘʪʠʟʘʮʠʿʘ ʧʨʦʠʟʚʦʜˁʝ ʢʦʿʘ ʿʝ ʧʦʩʪʠʛʥʫʪʘ ʨʘʟʚʦʿʝʤ ʝʣʝʢʪʨʦʥʠʢʝ 

ʠ ʠʥʬʦʨʤʘʮʠʦʥʦ-ʢʦʤʫʥʠʢʘʮʠʦʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ (Polak-Sopinska ʠ ʜʨʫʛʠ, 2020). ʆʚʘ 

ʠʥʜʫʩʪʨʠʿʩʢʘ ʨʝʚʦʣʫʮʠʿʘ ʧʦʜʨʘʟʫʤʝʚʘʣʘ ʿʝ ʜʠʛʠʪʘʣʠʟʘʮʠʿʫ ʧʨʦʠʟʚʦʜʥʠʭ ʧʨʦʮʝʩʘ ʢʨʦʟ 

ʫʚʦʹʝˁʝ ʨʘʯʫʥʘʨʘ ʠ ʨʦʙʦʪʘ ʫ ʧʨʦʠʟʚʦʜʥʝ ʧʨʦʮʝʩʝ ʰʪʦ ʿʝ ʜʦʧʨʠʥʝʣʦ ʦʧʪʠʤʠʟʘʮʠʿʠ 

ʧʨʦʠʟʚʦʜˁʝ ʠ ʧʦʚʝ˂ʘˁʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ. ʆʚʘ ʨʝʚʦʣʫʮʠʿʘ ʿʝ ʥʘʟʚʘʥʘ ʜʠʛʠʪʘʣʥʦʤ 

ʨʝʚʦʣʫʮʠʿʦʤ ʩ ʦʙʟʠʨʦʤ ʜʘ ʩʝ ʟʘʩʥʠʚʘʣʘ ʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʿʠ ʘʥʘʣʦʛʥʝ ʪʝʭʥʦʣʦʛʠʿʝ ʫ 

ʜʠʛʠʪʘʣʥʫ. ɿʘʩʣʫʛʘ ʟʘ ʪʦ ʧʨʠʧʘʜʘ ʬʠʟʠʯʘʨʠʤʘ John Bardeen-ʫ, Walter Brattain-ʫ ʠ William 

Shockley-ʫ ʢʦʿʠ ʩʫ ʟʘ ʩʚʦʿʝ ʜʦʩʪʠʛʥʫ˂ʝ 1956. ʛʦʜʠʥʝ ʧʨʠʤʠʣʠ ʅʦʙʝʣʦʚʫ ʥʘʛʨʘʜʫ. 1970. ʿʝ 

ʠʟʫʤˀʝʥ ʧʨʦʛʨʘʤaʙʠʣʥʠ ʣʦʛʠʯʢʠ ʫʧʨʘʚˀʘʯʢʠ ʫʨʝʹʘʿ (ʝʥʛʣ. Programmable Logic Controller - 

PLC). ʋ ʦʚʦʤ ʧʝʨʠʦʜʫ ʦʨʛʘʥʠʟʘʮʠʿʝ ʩʫ ʥʘʩʪʦʿʘʣʝ ʜʘ ʠʩʧʫʥʝ ʟʘʭʪʝʚʝ ʢʫʧʘʮʘ ʢʨʦʟ ʧʨʦʠʟʚʦʜˁʫ 

ʨʘʟʥʦʚʨʩʥʠʭ ʧʨʦʠʟʚʦʜʘ ʧʦ ʢʦʥʢʫʨʝʥʪʥʠʤ ʮʝʥʘʤʘ ʰʪʦ ʿʝ ʜʝʬʠʥʠʩʘʥʦ ʪʝʨʤʠʥʦʤ Ăʤʘʩʦʚʥʦ 

ʧʨʠʣʘʛʦʹʘʚʘˁʝñ.  

 

ʉʣʠʢʘ 2.1 ʀʩʪʦʨʠʿʩʢʠ ʨʘʟʚʦʿ ʠʥʜʫʩʪʨʠʿʩʢʠʭ ʨʝʚʦʣʫʮʠʿʘ (ʧʨʠʣʘʛʦʹʝʥʦ ʧʨʝʤʘ Caiza ʠ 

ʜʨʫʛʠ, 2020) 

ʋ ʪʦʢʫ ʪʨʝʝ˂ ʠʥʜʫʩʪʨʠʿʩʢʝ ʨʝʚʦʣʫʮʠʿʝ ʢʨʝʠʨʘʥʘ ʿʝ ʥʦʚʘ ʩʪʨʘʪʝʛʠʿʘ ʙʝʟʙʝʜʥʦʩʪʠ ʠ 

ʟʜʨʘʚˀʘ ʥʘ ʨʘʜʫ ʧʦʜ ʥʘʟʠʚʦʤ ʉʪʨʘʪʝʛʠʿʘ ɹɿʈ 3.0 (Chia ʠ ʜʨʫʛʠ, 2019). ʆʥʘ ʩʝ ʙʘʟʠʨʘʣʘ ʥʘ 

ʧʝʨʩʦʥʘʣʠʟʦʚʘʥʦʿ ʧʨʦʮʝʥʠ ʨʠʟʠʢʘ ʠ ʫʚʦʹʝˁʫ ʧʨʝʚʝʥʪʠʚʥʠʭ ʤʝʨʘ ʫ ʮʠˀʫ ʟʘʰʪʠʪʝ 

ʨʘʜʥʠʢʘ, ʩʤʘˁʝˁʘ ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ ʠ ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ ʙʦʣʝʩʪʠ, ʧʦʙʦˀʰʘˁʘ ʨʘʜʥʠʭ 

ʫʩʣʦʚʘ ʠ ʧʨʦʤʦʚʠʩʘˁʘ Ăʧʦʪʧʫʥʦʛñ ʟʜʨʘʚˀʘ ʨʘʜʥʠʢʘ (ʩʣʠʢʘ 2.2). ʇʦʩʝʙʘʥ ʘʢʮʝʥʘʪ ʫ ʦʚʦʤ 

ʧʝʨʠʦʜʫ ʿʝ ʩʪʘʚˀʝʥ ʥʘ ʧʦʚʝ˂ʘˁʝ ʙʝʟʙʝʜʥʦʩʪʠ ʤʘʰʠʥʘ. ʇʨʝʢʨʝʪʥʠʮʫ ʫ ʜʦʥʦʰʝˁʫ ʠ 

ʩʧʨʦʚʦʹʝˁʫ ʟʘʢʦʥʘ ʠʟ ʦʙʣʘʩʪʠ ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʘ ʥʘ ʨʘʜʫ ʧʨʝʜʩʪʘʚˀʘʦ ʿʝ ɿʘʢʦʥ ʢʦʿʠ 

ʿʝ ʜʦʥʝʰʝʥ ʫ ɺʝʣʠʢʦʿ ɹʨʠʪʘʥʠʿʠ 1974. ʛʦʜʠʥʝ. ʆʚʘʿ ʟʘʢʦʥ ʿʝ ʧʦʜʨʘʟʫʤʝʚʘʦ ʧʨʝʜʫʟʠʤʘˁʝ 

ʧʨʝʚʝʥʪʠʚʥʠʭ ʤʝʨʘ ʫ ʮʠˀʫ ʟʘʰʪʠʪʝ ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʘ ʨʘʜʥʠʢʘ. 

ʏʝʪʚʨʪʘ ʠʥʜʫʩʪʨʠʿʩʢʘ ʨʝʚʦʣʫʮʠʿʘ ʿʝ ʧʨʚʘ ʠʥʜʫʩʪʨʠʿʩʢʘ ʨʝʚʦʣʫʮʠʿʘ ʢʦʿʘ ʿʝ 

ʧʣʘʥʠʨʘʥʘ ʫʥʘʧʨʝʜ - ʦʩʪʘʣʝ ʨʝʚʦʣʫʮʠʿʝ ʩʝ ʤʦʛʫ ʘʥʘʣʠʟʠʨʘʪʠ ʩʘʤʦ ʠʟ ʠʩʪʦʨʠʿʩʢʝ 

ʧʝʨʩʧʝʢʪʠʚʝ. ʇʨʝʪʭʦʜʥʝ ʪʨʠ ʨʝʚʦʣʫʮʠʿʝ ʠʤʘʣʝ ʩʫ ʥʝʢʫ ʚʨʩʪʫ ʦʢʠʜʘʯʘ ʫ ʚʠʜʫ ʥʦʚʦʛ 

ʪʝʭʥʠʯʢʦʛ ʠʟʫʤʘ ʢʦʿʠ ʿʝ ʧʦʜʠʛʘʦ ʧʨʦʠʟʚʦʜˁʫ ʥʘ ʚʠʰʠ ʥʠʚʦ. ɱʝʜʠʥʦ ʟʘ ʯʝʪʚʨʪʫ 

ʠʥʜʫʩʪʨʠʿʩʢʫ ʨʝʚʦʣʫʮʠʿʫ ʩʝ ʥʝ ʤʦʞʝ ʚʝʟʘʪʠ ʥʝʢʠ ʧʦʩʝʙʘʥ ʜʦʛʘʹʘʿ ʧʘ ʩʝ ʢʦʜ ʧʦʿʝʜʠʥʠʭ 

ʠʩʪʨʘʞʠʚʘʯʘ ʿʘʚˀʘ ʜʠʣʝʤʘ ʜʘ ʣʠ ʿʝ ʫ ʧʠʪʘˁʫ ʯʝʪʚʨʪʘ ʠʥʜʫʩʪʨʠʿʩʢʘ ʨʝʚʦʣʫʮʠʿʘ ʠʣʠ ʩʘʤʦ 

ʣʦʛʠʯʥʠ ʢʦʥʪʠʥʫʠʨʘʥʠ ʪʨʝʥʜ ʤʦʜʝʨʥʠʟʘʮʠʿʝ ʠʥʜʫʩʪʨʠʿʝ. 

ʀʥʜʫʩʪʨʠʿʘ 1.0

ʇʘʨʥʘ ʤʘʰʠʥʘ

ʄʝʭʘʥʠʟʘʮʠʿʘ

ʀʥʜʫʩʪʨʠʿʘ 2.0

ɽʣʝʢʪʨʠʯʥʘ ʩʪʨʫʿʘ

ʇʦʢʨʝʪʥʘ ʪʨʘʢʘ

ʄʦʥʪʘʞʥʝ ʣʠʥʠʿʝ

ʄʘʩʦʚʥʘ 
ʧʨʦʠʟʚʦʜˁʘ

ʀʥʜʫʩʪʨʠʿʘ 3.0

ɸʫʪʦʤʘʪʠʟʘʮʠʿʘ

ʂʦʤʧʿʫʪʝʨʠʟʘʮʠʿʘ

ɽʣʝʢʪʨʠʯʥʠ 
ʫʨʝʹʘʿʠ ʠ 
ʢʦʤʧʦʥʝʥʪʝ

ʀʥʜʫʩʪʨʠʿʘ 4.0

ʉʘʿʙʝʨ-ʬʠʟʠʯʢʠ 
ʩʠʩʪʝʤʠ

ʀʥʪʝʨʥʝʪ ʩʪʚʘʨʠ

ʂʦʣʘʙʦʨʘʪʠʚʥʠ 
ʨʦʙʦʪʠ

ʇʨʦʰʠʨʝʥʘ 
ʩʪʚʘʨʥʦʩʪ

ɺʠʨʪʫʝʣʥʘ 
ʨʝʘʣʥʦʩʪ

ʀʥʜʫʩʪʨʠʿʘ 5.0

ʌʦʢʫʩ ʥʘ ʨʘʜʥʠʢʝ

ʂʦʣʘʙʦʨʘʪʠʚʥʘ 
ʩʘʨʘʜˁʘ

ʆʜʨʞʠʚʦʩʪ
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ʏʝʪʚʨʪʘ ʠʥʜʫʩʪʨʠʿʩʢʘ ʨʝʚʦʣʫʮʠʿʘ ʧʦʜʨʘʟʫʤʝʚʘ ʧʦʪʧʫʥʫ ʘʫʪʦʤʘʪʠʟʘʮʠʿʫ ʠ 

ʜʠʛʠʪʘʣʠʟʘʮʠʿʫ ʧʨʦʠʟʚʦʜˁʝ ʠ ʧʨʠʤʝʥʫ ʜʠʛʠʪʘʣʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ (Polak-Sopinska ʠ ʜʨʫʛʠ, 

2020). ʉʚʠ ʝʥʪʠʪʝʪʠ ʫ ʦʢʚʠʨʫ ʧʘʤʝʪʥʝ ʦʨʛʘʥʠʟʘʮʠʿʝ ʩʫ ʜʠʛʠʪʘʣʥʦ ʧʦʚʝʟʘʥʠ ʠ ʠʤʘʿʫ 

ʩʧʦʩʦʙʥʦʩʪ ʜʘ ʤʝʹʫʩʦʙʥʦ ʢʦʤʫʥʠʮʠʨʘʿʫ ʠ ʘʫʪʦʤʘʪʩʢʠ ʨʘʟʤʝˁʫʿʫ ʧʦʜʘʪʢʝ ʫ ʨʝʘʣʥʦʤ 

ʚʨʝʤʝʥʫ. ʅʘʧʨʝʜʥʝ ʪʝʭʥʦʣʦʛʠʿʝ ʀʥʜʫʩʪʨʠʿʝ 4.0 ʦʤʦʛʫ˂ʘʚʘʿʫ ʧʨʘ˂ʝˁʝ ʧʨʦʠʟʚʦʜʥʠʭ 

ʧʨʦʮʝʩʘ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ (Badri ʠ ʜʨʫʛʠ, 2018; Chia ʠ ʜʨʫʛʠ, 2019). ʆʚʫ ʥʦʚʫ 

ʧʨʦʠʟʚʦʜʥʫ ʧʘʨʘʜʠʛʤʫ ʢʘʨʘʢʪʝʨʠʰʝ ʙʨʞʝ ʠ ʧʨʝʮʠʟʥʠʿʝ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʦ ʦʜʣʫʯʠʚʘˁʝ, 

ʧʣʘʥʠʨʘˁʝ, ʢʦʥʪʨʦʣʘ ʠ ʥʘʜʛʣʝʜʘˁʝ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ, ʪʦʪʘʣʥʘ ʨʝʦʨʛʘʥʠʟʘʮʠʿʘ 

ʧʨʦʠʟʚʦʜʥʠʭ ʩʠʩʪʝʤʘ, ʧʨʦʤʝʥʝ ʫ ʥʘʯʠʥʫ ʦʨʛʘʥʠʟʘʮʠʿʝ ʨʘʜʘ ʠ ʜʘʚʘˁʝ ʚʝ˂ʠʭ ʦʚʣʘʰ˂ʝˁʘ ʠ 

ʦʜʛʦʚʦʨʥʦʩʪʠ ʨʘʜʥʠʮʠʤʘ. ʊʘʢʦʹʝ, ʘʢʮʝʥʘʪ ʿʝ ʥʘ ʧʝʨʩʦʥʘʣʠʟʦʚʘʥʦ ʿʧʨʦʠʟʚʦʜˁʠ ʠ ʫʯʝh˂ ʫ 

ʢʫʧʘʮʘ ʫ ʜʠʟʘʿʥʫ ʧʨʦʠʟʚʦʜʘ. 

 

ʉʣʠʢʘ 2.2 ʀʩʪʦʨʠʿʩʢʠ ʨʘʟʚʦʿ ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʘ ʥʘ ʨʘʜʫ (ʧʨʠʣʘʛʦʹʝʥʦ ʧʨʝʤʘ Milea 

ʠ Cioca, 2024) 

ʅʦʚʘ ʩʪʨʘʪʝʛʠʿʘ ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʘ ʥʘ ʨʘʜʫ ʚʝʟʘʥʘ ʟʘ ʯʝʪʚʨʪʫ ʠʥʜʫʩʪʨʠʿʩʢʫ 

ʨʝʚʦʣʫʮʠʿʫ ʠʤʘ ʟʘ ʮʠˀ ʧʨʦʤʦʚʠʩʘˁʝ, ʧʦʙʦˀʰʘˁʝ ʠ ʫʥʘʧʨʝʹʝˁʝ ɹɿʈ ʫ ʩʢʣʘʜʫ ʩʘ 

ʩʧʝʮʠʬʠʯʥʦʩʪʠʤʘ ʀʥʜʫʩʪʨʠʿʝ 4.0. ɹɿʈ 4.0 ʢʘʨʘʢʪʝʨʠʰʝ ʧʨʠʤʝʥʘ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʠʿʘ 

(ʩʝʥʟʦʨʠ, ʥʦʩʠʚʝ ʪʝʭʥʦʣʦʛʠʿʝ ʠ ʜʨ.). ʇʦʩʝʙʥʫ ʫʣʦʛʫ ʠʤʘʿʫ ʚʝʰʪʘʯʢʘ ʠʥʪʝʣʠʛʝʥʮʠʿʘ (ʝʥʛʣ. 

artificial intelligence), ʠʥʪʝʨʥʝʪ ʩʪʚʘʨʠ (ʝʥʛʣ. internet of things), ʚʝʣʠʢʠ ʧʦʜʘʮʠ (ʝʥʛʣ. big 

data), ʚʠʨʪʫʝʣʥʘ ʨʝʘʣʥʦʩʪ (ʝʥʛʣ. virtual reality), ʧʨʦʰʠʨʝʥʘ ʩʪʚʘʨʥʦʩʪ (ʝʥʛʣ. augmented 

reality), ʢʦʣʘʙʦʨʘʪʠʚʥʠ ʨʦʙʦʪʠ (ʝʥʛʣ. collaborative robots) ʠ ʨʘʯʫʥʘʨʩʪʚʦ ʫ ʦʙʣʘʢʫ (ʝʥʛʣ. 

cloud computing). ʀʥʪʝʣʠʛʝʥʪʥʠ ʥʦʩʠʚʠ ʫʨʝʹʘʿʠ ʠ ʦʩʪʘʣʝ ʠʥʦʚʘʪʠʚʥʝ ʪʝʭʥʦʣʦʛʠʿʝ 

ʀʥʜʫʩʪʨʠʿʝ 4.0 ʦʤʦʛʫ˂ʘʚʘʿʫ ʧʨʘ˂ʝˁʝ ʟʜʨʘʚʩʪʚʝʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʨʘʜʥʠʢʘ ʠ ʧʘʨʘʤʝʪʘʨʘ 

ʨʘʜʥʝ ʩʨʝʜʠʥʝ ʫ ʢʦʿʦʿ ʨʘʜʥʠʮʠ ʦʙʘʚˀʘʿʫ ʘʢʪʠʚʥʦʩʪʠ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ ʠ ʥʘ ʪʘʿ ʥʘʯʠʥ 

ʇʨʚʘ ʠʥʜʫʩʪʨʠʿʩʢʘ ʨʝʚʦʣʫʮʠʿʘ

ʅʝ ʧʨʠʤʝˁʫʿʫ ʩʝ ʤʝʨʝ ʠʟ ʦʙʣʘʩʪʠ ɹɿʈ

ʈʘʜʥʠʮʠ ʦʙʘʚˀʘʿʫ ʘʢʪʠʚʥʦʩʪʠ ʫ ʥʝʙʝʟʙʝʜʥʦʤ ʦʢʨʫʞʝˁʫ

ʈʘʜʥʘ ʤʝʩʪʘ ʥʠʩʫ ʧʨʠʣʘʛʦʹʝʥʘ ʩʧʦʩʦʙʥʦʩʪʠʤʘ ʨʘʜʥʠʢʘ

ʅʝʜʦʩʪʘʪʘʢ ʧʨʘʚʥʝ ʨʝʛʫʣʘʪʠʚʝ

ɼʨʫʛʘ ʠʥʜʫʩʪʨʠʿʩʢʘ ʨʝʚʦʣʫʮʠʿʘ

ʊaylor ʧʨʦʤʦʚʠʰʝ ʚʘʞʥʦʩʪ ʘʜʘʧʪʘʮʠʿʝ ʨʘʜʥʠʭ ʤʝʩʪʘ ʧʦʪʨʝʙʘʤʘ ʨʘʜʥʠʢʘ

ʅʘʛʣʘʩʘʢ ʿʝ ʥʘ ʧʦʜʝʣʠ ʨʘʜʘ ʠ ʩʧʝʮʠʿʘʣʠʟʘʮʠʿʠ

ʈʘʜʥʠʮʠ ʧʦʭʘʹʘʿʫ ʦʩʥʦʚʥʝ ʪʨʝʥʠʥʛʝ ʠ ʦʙʫʢʝ ʠʟ ʦʙʣʘʩʪʠ ɹɿʈ

ʋʚʦʹʝˁʝ ʧʨʝʚʝʥʪʠʚʥʠʭ ʤʝʨʘ

ʊʨʝ˂ʘ ʠʥʜʫʩʪʨʠʿʩʢʘ ʨʝʚʦʣʫʮʠʿʘ

ɼʠʛʠʪʘʣʠʟʘʮʠʿʘ ʨʘʜʥʠʭ ʟʘʜʘʪʘʢʘ

ʂʣʘʩʠʬʠʢʘʮʠʿʘ ʨʠʟʠʢʘ

ɼʦʥʦʰʝˁʝ ʟʘʢʦʥʘ ʫ ʮʠˀʫ ʧʨʝʚʝʥʮʠʿʝ ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ

OHSAS 18001

ʏʝʪʚʨʪʘ ʠʥʜʫʩʪʨʠʿʩʢʘ ʨʝʚʦʣʫʮʠʿʘ

ISO 45001

ʈʘʜʥʠʢ 4.0

ʉʠʤʫʣʘʮʠʿʘ ʠ ʚʠʨʪʫʘʣʥʠ ʤʦʜʝʣʠ

ʉʝʥʟʦʨʠ ʠ ʥʦʩʠʚʠ ʫʨʝʹʘʿʠ

ʇʝʪʘ ʠʥʜʫʩʪʨʠʿʩʢʘ ʨʝʚʦʣʫʮʠʿʘ

ʆʜʨʞʠʚʦʩʪ

ʌʦʢʫʩ ʥʘ ʨʘʜʥʠʢʝ

ʂʦʣʘʙʦʨʘʪʠʚʥʘ ʩʘʨʘʜˁʘ ˀʫʜʠ ʠ ʨʦʙʦʪʘ
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ʦʤʦʛʫ˂ʘʚʘʿʫ ʜʘ ʩʝ ʠʜʝʥʪʠʬʠʢʫʿʫ ʠ ʝʣʠʤʠʥʠʰʫ ʧʦʪʝʥʮʠʿʘʣʥʠ ʨʠʟʠʮʠ (ʥʘ ʧʨʠʤʝʨ, 

ʦʪʢʨʠʚʘˁʝ ʠʟʣʦʞʝʥʦʩʪʠ ʰʪʝʪʥʦʩʪʠʤʘ ʠ ʦʧʘʩʥʠʤ ʤʘʪʝʨʠʿʘʤʘ).  

ʅʘ ʩʣʠʮʠ 2.3 je ʧʨʠʢʘʟʘʥʦ ʚʠʰʝ ʩʝʥʟʦʨʘ ʢʦʿʠ ʠʤʘʿʫ ʫʣʦʛʫ ʜʘ ʢʦʥʪʠʥʫʠʨʘʥʦ ʧʨʘʪʝ 

ʟʜʨʘʚʩʪʚʝʥʦ ʩʪʘˁʝ ʨʘʜʥʠʢʘ (ʥʧʨ. ʧʨʘ˂ʝˁʝ ʦʪʢʫʮʘʿʘ ʩʨʮʘ ʠʣʠ ʤʠʰʠ˂ʥʝ ʘʢʪʠʚʥʦʩʪʠ) ʠ 

ʧʘʨʘʤʝʪʨʝ ʠʟ ʨʘʜʥʦʛ ʦʢʨʫʞʝˁʘ ʫ ʢʦʿʝʤ ʦʥʠ ʠʟʚʨʰʘʚʘʿʫ ʘʢʪʠʚʥʦʩʪʠ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ 

(ʪʝʤʧʝʨʘʪʫʨʘ, ʚʣʘʛʘ, ʦʩʚʝʪˀʝʥʦʩʪ, ʧʨʠʩʫʩʪʚʦ ʧʨʘʰʠʥʝ ʠ ʦʧʘʩʥʠʭ ʛʘʩʦʚʘ ʠʪʜ.). ɸʥʘʣʠʟʘ 

ʧʨʠʢʫʧˀʝʥʠʭ ʧʦʜʘʪʘʢʘ ʜʦʧʨʠʥʦʩʠ ʧʨʝʜʠʢʮʠʿʠ ʠ ʤʠʥʠʤʠʟʠʨʘˁʫ ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ ʠ 

ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ ʙʦʣʝʩʪʠ (Ledda ʠ Palomba, 2020). ʈʘʜʥʠʮʠ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ ʜʦʙʠʿʘʿʫ 

ʠʥʬʦʨʤʘʮʠʿʝ ʠ ʫʧʦʟʦʨʝˁʘ ʦ ʧʦʪʝʥʮʠʿʘʣʥʦʤ ʠʟʣʘʛʘˁʫ ʦʧʘʩʥʦʩʪʠʤʘ ʠ ʰʪʝʪʥʦʩʪʠʤʘ.  

 

ʉʣʠʢʘ 2.3 ʉʝʥʟʦʨʠ ʟʘ ʧʨʘ˂ʝˁʝ ʟʜʨʘʚʩʪʚʝʥʦʛ ʩʪʘʘˁ ʨʘʜʥʠʢʘ ʠ ʧʘʨʘʤʝʪʘʨʘ ʠʟ ʨʘʜʥʦʛ 

ʦʢʨʫʞʝˁʘ (ʧʨʝʫʟʝʪʦ ʩʘ https://www.linkedin.com/pulse/future-ppe-connected-worker-erik-

jensen/) 

ʇʝʪʘ ʠʥʜʫʩʪʨʠʿʩʢʘ ʨʝʚʦʣʫʮʠʿʘ ʧʨʝʜʩʪʘʚˀʘ ʥʦʚʫ ʝʨʫ ʫ ʨʘʟʚʦʿʫ ʠʥʜʫʩʪʨʠʿʝ, ʫ ʢʦʿʦʿ 

ʩʝ ʬʦʢʫʩ ʧʦʤʝʨʘ ʩʘ ʧʦʪʧʫʥʝ ʘʫʪʦʤʘʪʠʟʘʮʠʿʝ ʢʘ ʩʪʚʘʨʘˁʫ ʩʠʥʝʨʛʠʿʝ ʠʟʤʝʹʫ ˀʫʜʠ ʠ 

ʘʫʪʦʥʦʤʥʠʭ ʤʘʰʠʥʘ ʢʦʿʘ ʠʤʘ ʟʘ ʮʠˀ ʜʘ ʢʦʤʙʠʥʫʿʝ ʢʨʝʘʪʠʚʥʦʩʪ ʠ ʠʥʪʝʣʠʛʝʥʮʠʿʫ ˀʫʜʠ ʩʘ 

ʧʨʝʮʠʟʥʦʰ˂ʫ ʠ ʝʬʠʢʘʩʥʦʰ˂ʫ ʥʘʧʨʝʜʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ. ʆʚʘ ʨʝʚʦʣʫʮʠʿʘ ʩʪʘʚˀʘ ʨʘʜʥʠʢʘ ʫ 

ʮʝʥʪʘʨ ʧʨʦʠʟʚʦʜʥʠʭ ʧʨʦʮʝʩʘ ʠ ʪʝʞʠ ʢʘ ʫʩʧʦʩʪʘʚˀʘˁʫ ʙʘʣʘʥʩʘ ʠʟʤʝʹʫ ʧʨʠʤʝʥʝ ʥʦʚʠʭ 

ʪʝʭʥʦʣʦʛʠʿʘ ʠ ʫʢˀʫʯʠʚʘˁʘ ʨʘʜʥʠʢʘ. 

ʇʦʩʝʙʘʥ ʥʘʛʣʘʩʘʢ ʿʝ ʧʦʩʚʝ˂ʝʥ ʢʨʝʠʨʘˁʫ ʨʘʜʥʦʛ ʦʢʨʫʞʝˁʘ ʧʨʠʣʘʛʦʹʝʥʦʛ 

ʠʥʜʠʚʠʜʫʘʣʥʠʤ ʧʦʪʨʝʙʘʤʘ ʨʘʜʥʠʢʘ. ʋ ʧʘʤʝʪʥʠʤ ʦʨʛʘʥʠʟʘʮʠʿʘʤʘ ʨʘʜʥʠʮʠ ʥʠʩʫ ʟʘʤʝˁʝʥʠ 

ʚʝ˂ ʨʘʜʝ ʫ ʪʘʥʜʝʤʫ ʩʘ ʜʠʛʠʪʘʣʥʠʤ ʪʝʭʥʦʣʦʛʠʿʘʤʘ ʢʘʢʦ ʙʠ ʩʝ ʦʩʪʚʘʨʠʣʠ ʦʧʪʠʤʘʣʥʠ 

ʨʝʟʫʣʪʘʪʠ. ɽʨʛʦʥʦʤʠʿʘ ʠ ʙʝʟʙʝʜʥʦʩʪ ʠ ʟʜʨʘʚˀʝ ʥʘ ʨʘʜʫ ʢʦʥʪʝʢʩʪʫ ʀʥʜʫʩʪʨʠʿʝ 5.0 ʜʦʙʠʿʘʿʫ 

ʥʦʚʫ ʜʠʤʝʥʟʠʿʫ. ʀʥʦʚʘʪʠʚʥʝ ʪʝʭʥʦʣʦʛʠʿʝ ʀʥʜʫʩʪʨʠʿʝ 5.0 ʠʤʘʿʫ ʫʣʦʛʫ ʜʘ ʟʘʤʝʥʝ ʨʘʜʥʠʢʝ 

ʫ ʠʟʚʦʹʝˁʫ ʬʠʟʠʯʢʠ ʠ ʤʝʥʪʘʣʥʦ ʟʘʭʪʝʚʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʠ ʥʘ ʦʚʘʿ ʥʘʯʠʥ ʩʝ ʫʥʘʧʨʝʹʫʿʝ 

ʙʝʟʙʝʜʥʦʩʪ ʠ ʟʜʨʘʚˀʝ ʨʘʜʥʠʢʘ, ʩʤʘˁʫʿʝ ʬʠʟʠʯʢʦ ʠ ʤʝʥʪʘʣʥʦ ʦʧʪʝʨʝ˂ʝˁʝ, ʧʦʚʝ˂ʘʚʘ 

ʟʘʜʦʚʦˀʩʪʚʦ.  

ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʀʥʜʫʩʪʨʠʿʝ 4.0, ʢʦʿʘ ʿʝ ʬʦʢʫʩʠʨʘʥʘ ʥʘ ʘʫʪʦʤʘʪʠʟʘʮʠʿʫ ʠ 

ʜʠʛʠʪʘʣʠʟʘʮʠʿʫ, ʀʥʜʫʩʪʨʠʿʘ 5.0 ʩʝ ʙʘʟʠʨʘ ʥʘ ʢʦʣʘʙʦʨʘʪʠʚʥʦʿ ʩʘʨʘʜˁʠ ʠʟʤʝʹʫ ʨʦʙʦʪʘ ʠ 

ʨʘʜʥʠʢʘ (Vysocky ʠ Novak, 2016). ʂʦʣʘʙʦʨʘʪʠʚʥʠ ʨʦʙʦʪʠ ʩʫ ʧʦʩʝʙʥʘ ʚʨʩʪʘ ʨʦʙʦʪʘ ʢʦʿʠ 

ʩʘʨʘʹʫʿʫ ʩʘ ʨʘʜʥʠʮʠʤʘ ʫ ʟʘʿʝʜʥʠʯʢʦʤ ʨʘʜʥʦʤ ʧʨʦʩʪʦʨʫ ʠ ʧʦʤʘʞʫ ʠʤ ʫ ʦʙʘʚˀʘˁʫ 

ʩʚʘʢʦʜʥʝʚʥʠʭ ʘʢʪʠʚʥʦʩʪʠ, ʦʤʦʛʫ˂ʘʚʘʿʫ˂ʠ ʜʘ ʪʝ ʘʢʪʠʚʥʦʩʪʠ ʙʫʜʫ ʝʬʠʢʘʩʥʠʿʝ, 

ʬʣʝʢʩʠʙʠʣʥʠʿʝ ʠ ʙʝʟʙʝʜʥʠʿʝ. ʈʦʙʦʪʠ ʧʨʝʫʟʠʤʘʿʫ ʦʙʘʚˀʘˁʝ ʨʫʪʠʥʩʢʠʭ ʠ ʬʠʟʠʯʢʠ 

ʟʘʭʪʝʚʥʠʭ ʟʘʜʘʪʘʢʘ ʘ ʨʘʜʥʠʮʠ ʩʝ ʬʦʢʫʩʠʨʘʿʫ ʥʘ ʦʙʘʚˀʘˁʝ ʘʢʪʠʚʥʦʩʪʠ ʫ ʢʦʿʠʤʘ ʤʦʛʫ ʜʘ 

ʠʩʢʘʞʫ ʢʨʝʘʪʠʚʥʦʩʪ ʠ ʢʦʛʥʠʪʠʚʥʝ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʚʝʰʪʠʥʝ (Kim ʠ ʜʨʫʛʠ, 2018; Kim ʠ 

ʜʨʫʛʠ, 2019).  
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2.2 ɹɽɿɹɽɼʅʆʉʊ ʀ ɿɼʈɸɺɲɽ ʅɸ ʈɸɼʋ - ʊɽʆʈʀɱʉʂɽ ʆʉʅʆɺɽ 

ʇʨʝʤʘ ɿʘʢʦʥʫ ʦ ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʫ ʥʘ ʨʘʜʫ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ, ʙʝʟʙʝʜʥʦʩʪ ʠ 

ʟʜʨʘʚˀʝ ʥʘ ʨʘʜʫ ʧʦʜʨʘʟʫʤʝʚʘ ʦʙʝʟʙʝʹʠʚʘˁʝ ʪʘʢʚʠʭ ʫʩʣʦʚʘ ʨʘʜʘ ʫ ʢʦʿʠʤʘ ʩʝ ʩʤʘˁʫʿʫ 

ʧʦʚʨʝʜʝ ʥʘ ʨʘʜʫ, ʧʨʦʬʝʩʠʦʥʘʣʥʘ ʦʙʦˀʝˁʘ ʠ ʦʙʦˀʝˁʘ ʫ ʚʝʟʠ ʩʘ ʨʘʜʦʤ, ʠ ʢʦʿʠ ʫ ʚʝʣʠʢʦʿ 

ʤʝʨʠ ʩʪʚʘʨʘʿʫ ʧʨʝʜʫʩʣʦʚʝ ʟʘ ʧʫʥʦ ʬʠʟʠʯʢʦ, ʧʩʠʭʠʯʢʦ ʠ ʩʦʮʠʿʘʣʥʦ ʙʣʘʛʦʩʪʘˁʝ ʟʘʧʦʩʣʝʥʠʭ 

(Zakon o bezbednosti i zdravlju na radu, 2015). ɹʝʟʙʝʜʥʦʩʪ ʠ ʟʜʨʘʚˀʝ ʥʘ ʨʘʜʫ ʧʦʜʨʘʟʫʤʝʚʘ 

ʩʧʨʦʚʦʹʝˁʝ ʪʝʭʥʠʯʢʠʭ, ʦʨʛʘʥʠʟʘʮʠʦʥʠʭ, ʧʨʘʚʥʠʭ, ʟʜʨʘʚʩʪʚʝʥʠʭ, ʧʩʠʭʦʣʦʰʢʠʭ, 

ʝʜʫʢʘʪʠʚʥʠʭ ʠ ʦʩʪʘʣʠʭ ʤʝʨʘ, ʫ ʮʠˀʫ ʦʪʢʨʠʚʘˁʘ ʠ ʦʪʢʣʘˁʘˁʘ ʠʣʠ ʫʤʘˁʝˁʘ ʦʧʘʩʥʦʩʪʠ 

ʢʦʿʝ ʤʦʛʫ ʜʘ ʫʛʨʦʟʝ ʞʠʚʦʪ ʠ ʟʜʨʘʚˀʝ ʟʘʧʦʩʣʝʥʠʭ. 

ʂʘʢʦ ʠʩʪʠʯʝ ʘʫʪʦʨ (Iliĺ, 2000) ʫʥʘʧʨʝʹʠʚʘˁʝ ʫʩʣʦʚʘ ʨʘʜʘ ʠ ʨʘʜʥʝ ʩʨʝʜʠʥʝ, 

ʧʨʝʚʝʥʮʠʿʘ ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ, ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ ʙʦʣʝʩʪʠ ʠ ʙʦʣʝʩʪʠ ʫ ʚʝʟʠ ʩʘ ʨʘʜʦʤ, ʢʘʦ ʠ 

ʧʦʙʦˀʰʘˁʝ ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʘ ʟʘʧʦʩʣʝʥʠʭ ʩʫ ʦʜ ʢˀʫʯʥʝ ʚʘʞʥʦʩʪʠ ʫ ʩʚʘʢʦʿ 

ʦʨʛʘʥʠʟʘʮʠʿʠ. ɿʥʘʯʘʿ ʧʦʙʦˀʰʘˁʘ ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʘ ʥʘ ʨʘʜʫ ʤʦʞʝ ʩʝ ʧʦʩʤʘʪʨʘʪʠ ʩʘ 

ʭʫʤʘʥʦʛ, ʩʦʮʠʿʘʣʥʦʛ ʠ ʝʢʦʥʦʤʩʢʦʛ ʘʩʧʝʢʪʘ. ʈʘʜ ʫ ʙʝʟʙʝʜʥʠʤ ʠ ʭʫʤʘʥʠʤ ʫʩʣʦʚʠʤʘ ʥʝ ʩʘʤʦ 

ʜʘ ʜʦʧʨʠʥʦʩʠ ʧʦʚʝ˂ʘˁʫ ʟʘʜʦʚʦˀʩʪʚʘ ʩʚʘʢʦʛ ʧʦʿʝʜʠʥʮʘ, ʚʝ˂ ʠ ʧʦʜʠʞʝ ʦʧʰʪʠ ʢʚʘʣʠʪʝʪ 

ʞʠʚʦʪʘ ʫ ʜʨʫʰʪʚʫ ʫ ʮʝʣʠʥʠ. ʉʦʮʠʿʘʣʥʠ ʟʥʘʯʘʿ ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʘ ʥʘ ʨʘʜʫ ʦʛʣʝʜʘ ʩʝ 

ʫ ʢʦʥʪʠʥʫʠʨʘʥʦʤ ʥʘʩʪʦʿʘˁʫ ʜʘ ʩʝ ʩʤʘˁʠ ʙʨʦʿ ʟʘʧʦʩʣʝʥʠʭ ʢʦʿʠ ʩʝ ʧʦʚʨʝʜʝ ʠʣʠ ʠʟʛʫʙʝ 

ʞʠʚʦʪ ʥʘ ʨʘʜʥʦʤ ʤʝʩʪʫ, ʦʙʦʣʝ ʦʜ ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ ʙʦʣʝʩʪʠ ʠ ʜʨʫʛʠʭ ʙʦʣʝʩʪʠ ʧʦʚʝʟʘʥʠʭ 

ʩʘ ʨʘʜʦʤ, ʟʘ ʢʦʿʝ ʦʜʛʦʚʦʨʥʦʩʪ ʧʨʝʫʟʠʤʘ ʜʨʫʰʪʚʦ. ɽʢʦʥʦʤʩʢʘ ʜʠʤʝʥʟʠʿʘ ɹɿʈ ʩʝ ʤʝʨʠ 

ʧʨʝʢʦ ʧʦʩʣʝʜʠʮʘ ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ, ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ ʠ ʜʨʫʛʠʭ ʙʦʣʝʩʪʠ, ʠ ʧʨʘʪʠ ʩʝ ʢʨʦʟ 

ʬʠʥʘʥʩʠʿʩʢʝ ʧʦʢʘʟʘʪʝˀʝ ʢʦʿʠ ʩʫ ʫʩʣʦʚˀʝʥʠ ʙʨʦʿʝʤ ʠ ʪʝʞʠʥʦʤ ʦʚʘʢʚʠʭ ʩʣʫʯʘʿʝʚʘ (Ivanjac, 

ʠ ʜʨʫʛʠ, 2006). 

ʉʚʘʢʘ ʦʨʛʘʥʠʟʘʮʠʿʘ ʢʦʿʘ ʧʦʩʣʫʿʝ ʧʦ ʩʪʘʥʜʘʨʜʠʤʘ ʧʨʦʠʟʚʦʜˁʝ ʩʚʝʪʩʢʝ ʢʣʘʩʝ 

ʥʘʩʪʦʿʠ ʜʘ ʩʤʘˁʠ ʧʦʚʨʝʜʝ ʥʘ ʨʘʜʫ ʠ ʧʨʦʬʝʩʠʦʥʘʣʥʝ ʙʦʣʝʩʪʠ, ʠ ʫʥʘʧʨʝʜʠ ʙʝʟʙʝʜʥʦʩʪ ʠ 

ʟʜʨʘʚˀʝ ʥʘ ʨʘʜʫ. ʇʨʝʤʘ ɿʘʢʦʥʫ ʦ ʧʝʥʟʠʿʩʢʦʤ ʠ ʠʥʚʘʣʠʜʩʢʦʤ ʦʩʠʛʫʨʘˁʫ, ʧʦʚʨʝʜʦʤ ʥʘ 

ʨʘʜʫ ʩʤʘʪʨʘ ʩʝ ʩʚʘʢʘ ʧʦʚʨʝʜʘ ʦʩʠʛʫʨʘʥʠʢʘ ʢʦʿʘ ʩʝ ʜʦʛʦʜʠ ʫ ʧʨʦʩʪʦʨʥʦʿ, ʚʨʝʤʝʥʩʢʦʿ ʠ 

ʫʟʨʦʯʥʦʿ ʧʦʚʝʟʘʥʦʩʪʠ ʩʘ ʦʙʘʚˀʘˁʝʤ ʧʦʩʣʘ ʧʦ ʦʩʥʦʚʫ ʢʦʛ ʿʝ ʦʩʠʛʫʨʘʥ, ʘ ʢʦʿʘ ʿʝ 

ʧʨʦʫʟʨʦʢʦʚʘʥʘ ʥʝʧʦʩʨʝʜʥʠʤ ʠ ʢʨʘʪʢʦʪʨʘʿʥʠʤ ʤʝʭʘʥʠʯʢʠʤ, ʬʠʟʠʯʢʠʤ ʠʣʠ ʭʝʤʠʿʩʢʠʤ 

ʜʝʿʩʪʚʦʤ, ʥʘʛʣʠʤ ʧʨʦʤʝʥʘʤʘ ʧʦʣʦʞʘʿʘ ʪʝʣʘ, ʠʟʥʝʥʘʜʥʠʤ ʦʧʪʝʨʝ˂ʝˁʝʤ ʪʝʣʘ ʠʣʠ ʜʨʫʛʠʤ 

ʧʨʦʤʝʥʘʤʘ ʬʠʟʠʦʣʦʰʢʦʛ ʩʪʘˁʘ ʦʨʛʘʥʠʟʤʘ (Zakon o penzijskom i invalidskom osiguranju, 

2003).  

ʇʦʚʨʝʜʝ ʥʘ ʨʘʜʫ ʩʫ ʠʥʜʠʢʘʪʦʨʠ ʥʝʘʜʝʢʚʘʪʥʠʭ ʫʩʣʦʚʘ ʨʘʜʘ (Baboviĺ, 2009). ɼʦ 

ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ ʥʘʿʯʝʰ˂ʝ ʜʦʣʘʟʠ ʫʩʣʝʜ: ʥʝʙʝʟʙʝʜʥʦʛ ʨʘʜʘ ʥʘ ʤʘʰʠʥʘʤʘ, ʥʝʧʦʰʪʦʚʘˁʘ 

ʧʨʦʧʠʩʘʥʠʭ ʤʝʨʘ ʟʘʰʪʠʪʝ ʥʘ ʨʘʜʫ, ʣʦʰʝ ʦʨʛʘʥʠʟʘʮʠʿʝ ʨʘʜʘ, ʥʝʢʦʨʠʰ˂ʝˁʘ ʩʨʝʜʩʪʘʚʘ ʟʘ 

ʣʠʯʥʫ ʟʘʰʪʠʪʫ ʥʘ ʨʘʜʫ, ʨʘʩʧʦʨʝʹʠʚʘˁʘ ʟʘʧʦʩʣʝʥʠʭ ʥʘ ʨʘʜʥʘ ʤʝʩʪʘ ʠ ʧʨʝʨʘʩʧʦʨʝʹʠʚʘˁʘ 

ʟʘʧʦʩʣʝʥʠʭ ʩʘ ʿʝʜʥʠʭ ʧʦʩʣʦʚʘ ʥʘ ʜʨʫʛʝ ʙʝʟ ʩʪʨʫʯʥʝ ʦʩʧʦʩʦʙˀʝʥʦʩʪʠ (ʧʦʩʝʙʥʦ ʫ 

ʧʨʘʢʪʠʯʥʦʤ ʜʝʣʫ) ʠ ʦʩʧʦʩʦʙˀʝʥʦʩʪʠ ʟʘ ʙʝʟʙʝʜʘʥ ʨʘʜ.  ʋʟʨʦʮʠ ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ ʤʦʛʫ ʜʘ 

ʙʫʜʫ ˀʫʜʩʢʠ ʬʘʢʪʦʨ ʠ ʬʘʢʪʦʨʠ ʢʦʿʠ ʧʦʪʠʯʫ ʠʟ ʨʘʜʥʝ ʩʨʝʜʠʥʝ. ʂʘʜʘ ʿʝ ʨʝʯ ʦ ˀʫʜʩʢʦʤ 

ʬʘʢʪʦʨʫ, ʧʦʩʝʙʥʦ ʩʫ ʟʥʘʯʘʿʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʨʘʜʥʠʢʘ. ʅʘ ʧʨʠʤʝʨ, ʥʘʿʤʣʘʹʠ ʨʘʜʥʠʮʠ ʩʝ 

ʥʘʿʯʝʰ˂ʝ ʧʦʚʨʝʹʫʿʫ ʟʙʦʛ ʦʜʨʝʹʝʥʠʭ ʧʩʠʭʦʣʦʰʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ (ʥʝʧʨʦʤʠʰˀʝʥʦʩʪ, 

ʥʝʩʪʘʙʠʣʥʦʩʪ, ʪʝʞʝ ʧʨʠʣʘʛʦʹʘʚʘˁʝ ʩʪʘʥʜʘʨʜʠʤʘ ʠ ʥʦʨʤʘʤʘ), ʥʝʜʦʩʪʘʪʢʘ ʨʘʜʥʦʛ ʠʩʢʫʩʪʚʘ, 

ʥʝʤʦʛʫ˂ʥʦʩʪʠ ʘʜʘʧʪʘʮʠʿʝ ʥʘ ʥʦʚʫ ʨʘʜʥʫ ʩʨʝʜʠʥʫ ʠ ʩʣʠʯʥʦ.  

Heinrich-ʦʚʘ ʧʠʨʘʤʠʜʘ, ʧʦʟʥʘʪʘ ʠ ʢʘʦ ʧʠʨʘʤʠʜʘ ʙʝʟʙʝʜʥʦʩʪʠ, ʨʝʟʫʣʪʘʪ ʿʝ ʜʝʪʘˀʥʠʭ 

ʘʥʘʣʠʟʘ ʩʪʘʪʠʩʪʠʯʢʠʭ ʧʦʜʘʪʘʢʘ ʦ ʧʦʚʨʝʜʘʤʘ ʥʘ ʨʘʜʫ (Maļuģiĺ ʠ ņapan, 2016). ʋ ˁʝʥʦʿ 

ʦʩʥʦʚʠ ʥʘʣʘʟʠ ʩʝ Ăʧʨʠʥʮʠʧ ʣʝʜʝʥʦʛ ʙʨʝʛʘñ, ʢʦʿʠ ʫʢʘʟʫʿʝ ʥʘ ʪʦ ʜʘ ʩʫ ʪʝʰʢʝ ʧʦʚʨʝʜʝ ʥʘ 

ʨʘʜʫ, ʫʢˀʫʯʫʿʫ˂ʠ ʠ ʦʥʝ ʩʘ ʩʤʨʪʥʠʤ ʠʩʭʦʜʦʤ, ʜʠʨʝʢʪʥʘ ʧʦʩʣʝʜʠʮʘ ʥʝʙʝʟʙʝʜʥʠʭ ʧʦʩʪʫʧʘʢʘ 

ʠ ʫʩʣʦʚʘ ʢʦʿʠ ʥʠʩʫ ʥʘ ʚʨʝʤʝ ʧʨʝʧʦʟʥʘʪʠ ʠ ʝʣʠʤʠʥʠʩʘʥʠ.  
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ʅʘ ʚʨʭʫ ʧʠʨʘʤʠʜʝ ʥʘʣʘʟʝ ʩʝ ʬʘʪʘʣʥʝ ʧʦʚʨʝʜʝ. ʀʩʧʦʜ ˁʠʭ ʩʫ ʪʝʰʢʝ ʧʦʚʨʝʜʝ ʥʘ 

ʨʘʜʫ, ʟʘʪʠʤ ʣʘʢʰʝ ʧʦʚʨʝʜʝ, ʠ ʥʘ ʢʨʘʿʫ ʧʦʚʨʝʜʝ ʢʦʿʝ ʟʘʭʪʝʚʘʿʫ ʩʘʤʦ ʧʨʚʫ ʧʦʤʦ˂. ʅʘ ʜʥʫ 

ʧʠʨʘʤʠʜʝ ʩʫ ʧʦʩʪʘʚˀʝʥʠ Ăʩʣʫʯʘʿʝʚʠ ʟʘ ʤʘʣʦñ ʠ ʥʝʙʝʟʙʝʜʥʠ ʧʦʩʪʫʧʮʠ ʠ ʫʩʣʦʚʠ ʢʦʿʠ ʩʫ 

ʥʘʿʯʝʰ˂ʠ, ʤʘʜʘ ʯʝʩʪʦ ʦʩʪʘʿʫ ʥʝʧʨʠʤʝ˂ʝʥʠ (ʩʣʠʢʘ 2.4). 

ʉʪʘʪʠʩʪʠʢʘ ʧʦʢʘʟʫʿʝ ʩʣʝʜʝ˂ʝ ʦʜʥʦʩʝ: 

¶ ʅʘ ʿʝʜʥʫ ʩʤʨʪʥʫ ʧʦʚʨʝʜʫ ʥʘ ʨʘʜʫ ʜʦʣʘʟʠ 7 ʜʦ 10 ʪʝʰʢʠʭ ʧʦʚʨʝʜʘ. 

¶ ʅʘ ʿʝʜʥʫ ʪʝʰʢʫ ʧʦʚʨʝʜʫ ʩʣʝʜʠ 7 ʜʦ 10 ʣʘʢʰʠʭ ʧʦʚʨʝʜʘ. 

¶ ʅʘ ʿʝʜʥʫ ʣʘʢʰʫ ʧʦʚʨʝʜʫ ʜʦʣʘʟʠ 7 ʜʦ 10 ʧʦʚʨʝʜʘ ʢʦʿʝ ʟʘʭʪʝʚʘʿʫ ʩʘʤʦ ʧʨʚʫ ʧʦʤʦ˂. 

¶ Ăʉʣʫʯʘʿʝʚʠ ʟʘ ʤʘʣʦñ ʿʘʚˀʘʿʫ ʩʝ 7 ʜʦ 10 ʧʫʪʘ ʯʝʰ˂ʝ ʦʜ ʧʦʚʨʝʜʘ ʢʦʿʝ ʟʘʭʪʝʚʘʿʫ ʧʨʚʫ 

ʧʦʤʦ˂. 

¶ ʅʘʿʚʝ˂ʫ ʫʯʝʩʪʘʣʦʩʪ ʠʤʘʿʫ ʥʝʙʝʟʙʝʜʥʠ ʧʦʩʪʫʧʮʠ ʠ ʫʩʣʦʚʠ, ʢʦʿʠ ʩʝ ʿʘʚˀʘʿʫ 7 ʜʦ 10 

ʧʫʪʘ ʯʝʰ˂ʝ ʦʜ Ăʩʣʫʯʘʿʝʚʘ ʟʘ ʤʘʣʦñ. 

 
ʉʣʠʢʘ 2.4 Heinrich-ʦʚʘ ʧʠʨʘʤʠʜʘ ʙʝʟʙʝʜʥʦʩʪʠ (Maļuģiĺ ʠ ņapan, 2016) 

ʆʚʘʿ ʢʦʥʮʝʧʪ ʿʘʩʥʦ ʥʘʛʣʘʰʘʚʘ ʟʥʘʯʘʿ ʧʨʝʚʝʥʪʠʚʥʠʭ ʤʝʨʘ ʠ ʢʦʥʪʠʥʫʠʨʘʥʝ 

ʠʜʝʥʪʠʬʠʢʘʮʠʿʝ ʥʝʙʝʟʙʝʜʥʠʭ ʫʩʣʦʚʘ ʠ ʧʦʩʪʫʧʘʢʘ. ʉʧʨʝʯʘʚʘˁʝʤ ʦʚʠʭ ʠʥʠʮʠʿʘʣʥʠʭ 

ʨʠʟʠʢʘ ʤʦʛʫ˂ʝ ʿʝ ʟʥʘʯʘʿʥʦ ʩʤʘˁʠʪʠ ʫʯʝʩʪʘʣʦʩʪ ʦʟʙʠˀʥʠʿʠʭ ʘʢʮʠʜʝʥʪʘ. Heinrich-ʦʚʘ 

ʧʠʨʘʤʠʜʘ ʙʝʟʙʝʜʥʦʩʪʠ ʧʨʝʜʩʪʘʚˀʘ ʦʩʥʦʚʫ ʟʘ ʨʘʟʚʦʿ ʧʨʦʘʢʪʠʚʥʠʭ ʩʪʨʘʪʝʛʠʿʘ ʫ ʮʠˀʫ 

ʫʥʘʧʨʝʹʝˁʘ ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʘ ʨʘʜʥʠʢʘ, ʩʘ ʧʦʩʝʙʥʠʤ ʬʦʢʫʩʦʤ ʥʘ ʨʘʥʦ ʧʨʝʧʦʟʥʘʚʘˁʝ 

ʠ ʝʣʠʤʠʥʠʩʘˁʝ ʨʠʟʠʢʘ. 

ʇʨʦʬʝʩʠʦʥʘʣʥʘ ʙʦʣʝʩʪ ʧʨʝʜʩʪʘʚˀʘ ʧʨʠʚʨʝʤʝʥʫ ʠʣʠ ʪʨʘʿʥʫ ʙʦʣʝʩʪ, ʬʠʟʠʯʢʫ ʠʣʠ 

ʤʝʥʪʘʣʥʫ ʥʝʩʧʦʩʦʙʥʦʩʪ ʨʘʜʥʠʢʘ ʢʦʿʘ ʿʝ ʥʘʩʪʘʣʘ ʫʩʣʝʜ ʧʨʠʨʦʜʝ ʧʦʩʣʘ ʢʦʿʠ ʨʘʜʥʠʢ ʦʙʘʚˀʘ 

ʠʣʠ ʿʝ ʦʙʘʚˀʘʦ, ʠʣʠ ʟʙʦʛ ʫʩʣʦʚʘ ʨʘʜʘ. ʇʨʝʤʘ ʜʝʬʠʥʠʮʠʿʠ ʉʚʝʪʩʢʝ ʟʜʨʘʚʩʪʚʝʥʝ 

ʦʨʛʘʥʠʟʘʮʠʿʝ (World health organization) ʧʨʦʬʝʩʠʦʥʘʣʥʝ ʙʦʣʝʩʪʠ ʠ ʙʦʣʝʩʪʠ ʫ ʚʝʟʠ ʩʘ 

ʨʘʜʦʤ ʦʙʫʭʚʘʪʘʿʫ ʰʠʨʦʢ ʜʠʿʘʧʘʟʦʥ ʦʙʦˀʝˁʘ, ʢʦʿʘ ʩʫ ʥʘ ʥʝʢʠ ʥʘʯʠʥ, ʘʣʠ ʥʝ ʫʚʝʢ ʫʟʨʦʯʥʦ 

ʧʦʚʝʟʘʥʝ ʩʘ ʩʧʨʦʚʦʹʝˁʝʤ ʨʘʜʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʠ ʫʩʣʦʚʠʤʘ ʨʘʜʘ. 

ʈʘʜʥʠʮʠ ʫ ʧʨʝʜʫʟʝ˂ʠʤʘ ʫ ʉʨʙʠʿʠ ʛʝʥʝʨʘʣʥʦ ʩʫ ʯʝʰ˂ʝ ʠʟʣʦʞʝʥʠ ʧʦʚʨʝʜʘʤʘ ʥʘ ʨʘʜʫ 

ʠ ʧʨʦʬʝʩʠʦʥʘʣʥʠʤ ʦʙʦˀʝˁʠʤʘ ʟʘ ʨʘʟʣʠʢʫ ʦʜ ʨʘʜʥʠʢʘ ʫ ʧʨʝʜʫʟʝ˂ʠʤʘ ʫ ʨʘʟʚʠʿʝʥʠʿʠʤ 

ʜʨʞʘʚʘʤʘ. ʆʚʦ ʿʝ ʧʦʩʝʙʥʦ ʠʟʨʘʞʝʥʦ ʫ ʤʘʣʠʤ ʠ ʩʨʝʜˁʠʤ ʧʨʝʜʫʟʝ˂ʠʤʘ. ʅʘʿʯʝʰ˂ʠ 

ʌʘʪʘʣʥʝ

ʧʦʚʨʝʜʝ

ʊʝʞʝ ʧʦʚʨʝʜʝ

ʃʘʢʰʝ ʧʦʚʨʝʜʝ

ʇʨʚʘ ʧʦʤʦ˂

ʉʣʫʯʘʿʝʚʠ Ăʟʘ ʤʘʣʦñ

ʅʝʙʝʟʙʝʜʥʠ ʫʩʣʦʚʠ

ʅʝʙʝʟʙʝʜʥʠ ʧʦʩʪʫʧʮʠ
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ʧʨʦʙʣʝʤʠ ʢʦʿʠ ʩʝ ʿʘʚˀʘʿʫ ʫ ʤʘʣʠʤ ʠ ʩʨʝʜˁʠʤ ʧʨʝʜʫʟʝ˂ʠʤʘ ʦʜʥʦʩʝ ʩʝ ʥʘ ʚʝʣʠʢʠ ʙʨʦʿ 

ʨʘʜʥʠʢʘ ʢʦʿʠ ʩʫ ʟʘʧʦʩʣʝʥʠ ʥʘ ʦʜʨʝʹʝʥʦ ʚʨʝʤʝ (ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʚʝ˂ʠʤ ʧʨʝʜʫʟʝ˂ʠʤʘ), 

ʘʥʛʘʞʦʚʘˁʝ ʨʘʜʥʠʢʘ ʙʝʟ ʫʛʦʚʦʨʘ ʦ ʨʘʜʫ, ʫʛʣʘʚʥʦʤ ʥʘ ʥʝʧʫʥʦ ʨʘʜʥʦ ʚʨʝʤʝ ʠʣʠ ʩʫ ʨʘʜʥʠʮʠ 

ʧʨʠʥʫʹʝʥʠ ʜʘ ʨʘʜʝ ʧʨʝʢʦʚʨʝʤʝʥʦ. ʇʦʨʝʜ ʪʦʛʘ, ʨʘʜʥʠʮʠ ʥʝʤʘʿʫ ʦʜʛʦʚʘʨʘʿʫ˂ʫ ʩʪʨʫʯʥʦʩʪ ʠ 

ʨʘʜʥʦ ʠʩʢʫʩʪʚʦ ʠ ʥʠʩʫ ʜʦʚʦˀʥʦ ʦʙʫʯʝʥʠ ʟʘ ʦʙʘʚˀʘˁʝ ʘʢʪʠʚʥʦʩʪʠ. ʊʘʢʦʹʝ, ʤʘʣʘ ʠ ʩʨʝʜˁʘ 

ʧʨʝʜʫʟʝ˂ʘ ʥʝ ʚʦʜʝ ʝʚʠʜʝʥʮʠʿʫ ʦ ʠʩʧʨʘʚʥʦʩʪʠ ʤʘʰʠʥʘ ʠ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ. ʉʚʝ ʦʚʦ 

ʜʦʧʨʠʥʦʩʠ ʧʦʚʝ˂ʘˁʫ ʨʠʟʠʢʘ ʦʜ ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ ʠ ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ ʦʙʦˀʝˁʘ.  

ʈʘʜʥʠʮʠ ʫ ʩʚʠʤ ʦʨʛʘʥʠʟʘʮʠʿʘʤʘ ʩʫ ʯʝʩʪʦ ʠʟʣʦʞʝʥʠ ʙʫʮʠ, ʿʘʢʦʿ ʩʚʝʪʣʦʩʪʠ, 

ʝʢʩʪʨʝʤʥʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ, ʟʨʘʯʝˁʫ. ʇʦʩʝʙʘʥ ʧʨʦʙʣʝʤ ʧʨʝʜʩʪʘʚˀʘ ʠʟʣʦʞʝʥʦʩʪ 

ʭʝʤʠʿʩʢʠʤ ʦʧʘʩʥʦʩʪʠʤʘ - ʛʘʩʦʚʠʤʘ, ʧʨʘʰʠʥʠ ʠ ʪʦʢʩʠʯʥʠʤ ʠʩʧʘʨʝˁʠʤʘ. ɿʙʦʛ ʧʦʜʠʟʘˁʘ ʠ 

ʥʦʰʝˁʘ ʪʝʰʢʠʭ ʪʝʨʝʪʘ, ʦʙʘʚˀʘˁʘ ʧʦʥʘʚˀʘʿʫ˂ʠʭ ʧʦʢʨʝʪʘ ʫ ʥʝʝʨʛʦʥʦʤʩʢʠʤ ʧʦʣʦʞʘʿʠʤʘ 

ʪʝʣʘ ʪʦʢʦʤ ʜʫʞʝʛ ʚʨʝʤʝʥʩʢʦʛ ʧʝʨʠʦʜʘ ʠ ʜʨ. ʨʘʜʥʠʮʠ ʧʘʪʝ ʦʜ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠʭ 

ʧʦʨʝʤʝ˂ʘʿʘ (Savkoviĺ ʠ ʜʨʫʛʠ, 2021ʘ). 

ʇʦʚʨʝʜʝ ʥʘ ʨʘʜʫ ʠ ʧʨʦʬʝʩʠʦʥʘʣʥʘ ʦʙʦˀʝˁʘ ʤʦʛʫ ʜʦʚʝʩʪʠ ʜʦ ʩʤʘˁʝˁʘ ʨʘʜʥʝ 

ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʜʥʠʢʘ ʰʪʦ ʤʦʞʝ ʧʨʦʫʟʨʦʢʦʚʘʪʠ ʧʨʦʜʫʞʝʥʦ ʦʜʩʫʩʪʚʦ ʩʘ ʧʦʩʣʘ, ʟʘʩʪʦʿʝ ʫ 

ʧʨʦʠʟʚʦʜˁʠ ʠ ʧʦʚʝ˂ʘˁʝ ʪʨʦʰʢʦʚʘ. ʉʪʦʛʘ, ʦʜ ʧʦʩʝʙʥʝ ʚʘʞʥʦʩʪʠ ʿʝ ʧʦʙʦˀʰʘˁʝ 

ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʘ ʨʘʜʥʠʢʘ ʠ ʩʤʘˁʝˁʝ ʨʠʟʠʢʘ ʦʜ ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ ʠ ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ 
ʦʙʦˀʝˁʘ. 

ʇʦʙʦˀʰʘˁʝ ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʘ ʥʘ ʨʘʜʫ, ʩʤʘˁʝˁʝ ʩʤʨʪʥʠʭ ʩʣʫʯʘʿʝʚʘ, ʧʦʚʨʝʜʘ 

ʥʘ ʨʘʜʫ ʠ ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ ʙʦʣʝʩʪʠ, ʫʥʘʧʨʝʹʝˁʝ ʝʨʛʦʥʦʤʩʢʠʭ ʫʩʣʦʚʘ ʠ ʧʦʩʪʠʟʘˁʝ 

ʧʦʪʧʫʥʦʛ ʬʠʟʠʯʢʦʛ, ʤʝʥʪʘʣʥʦʛ ʠ ʩʦʮʠʿʘʣʥʦʛ ʙʣʘʛʦʩʪʘˁʘ ʟʘʧʦʩʣʝʥʠʭ ʟʘʢʦʥʩʢʘ ʿʝ ʦʙʘʚʝʟʘ 

ʩʚʠʭ ʧʨʝʜʫʟʝ˂ʘ. ʅʘ ʥʠʚʦʫ ɽʚʨʦʧʩʢʝ ʫʥʠʿʝ ʙʝʟʙʝʜʥʦʩʪ ʠ ʟʜʨʘʚˀʝ ʥʘ ʨʘʜʫ ʨʝʛʫʣʠʩʘʥʠ ʩʫ 

ʢʦʥʚʝʥʮʠʿʘʤʘ ʄʝʹʫʥʘʨʦʜʥʝ ʦʨʛʘʥʠʟʘʮʠʿʝ ʨʘʜʘ, ʜʠʨʝʢʪʠʚʘʤʘ ɽʚʨʦʧʩʢʝ ʫʥʠʿʝ ʠ 

ʃʠʩʘʙʦʥʩʢʠʤ ʫʛʦʚʦʨʦʤ. ɿʘʢʦʥ ʦ ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʫ ʥʘ ʨʘʜʫ, ʟʘʿʝʜʥʦ ʩʘ ʧʨʘʪʝ˂ʦʤ 

ʧʨʘʚʥʦʤ ʨʝʛʫʣʘʪʠʚʦʤ, ʧʨʝʜʩʪʘʚˀʘ ʦʩʥʦʚʫ ʟʘ ʫʥʘʧʨʝʹʝˁʝ ʫʩʣʦʚʘ ʨʘʜʘ ʠ ʦʩʠʛʫʨʘˁʝ 

ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʘ ʨʘʜʥʠʢʘ ʫ ʉʨʙʠʿʠ. ʋ ʩʪʘʥʜʘʨʜʫ ISO 45001 ʿ ʝ ʪʘʢʦʹʝ ʫʢʘʟʘʥʦ ʥʘ 

ʚʘʞʥʦʩʪ ʩʧʨʦʚʦʹʝˁʘ ʧʨʝʚʝʥʪʠʚʥʠʭ ʤʝʨʘ ʫ ʮʠˀʫ ʩʤʘˁʝˁʘ ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ, 

ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ ʦʙʦˀʝˁʘ ʠʣʠ ʥʘʨʫʰʘʚʘˁʘ ʟʜʨʘʚˀʘ ʨʘʜʥʠʢʘ (ʩʪʘʥʜʘʨʜ BSI: ISO 45001).  

ʂʨʦʟ ʩʠʩʪʝʤʘʪʠʯʥʫ ʘʥʘʣʠʟʫ ʬʘʢʪʦʨʘ ʢʦʿʠ ʫʪʠʯʫ ʥʘ ʙʝʟʙʝʜʥʦʩʪ ʠ ʟʜʨʘʚˀʝ ʥʘ ʨʘʜʫ, 

ʤʦʛʫ ʩʝ ʧʨʦʮʝʥʠʪʠ ʨʠʟʠʮʠ ʢʦʿʠ ʧʦʩʪʦʿʝ ʫ ʨʘʜʥʦʤ ʦʢʨʫʞʝˁʫ (Reese, 2018). ʇʨʦʮʝʥʦʤ 

ʬʘʢʪʦʨʘ ʩʪʨʫʯˁʘʮʠ ʟʘ ɹɿʈ ʩʫ ʫ ʤʦʛʫ˂ʥʦʩʪʠ ʜʘ ʠʜʝʥʪʠʬʠʢʫʿʫ ʧʦʪʝʥʮʠʿʘʣʥʝ ʦʧʘʩʥʦʩʪʠ ʠ 

ʧʨʝʜʫʟʤʫ ʥʝʦʧʭʦʜʥʝ ʤʝʨʝ ʟʘ ʩʤʘˁʝˁʝ ʨʠʟʠʢʘ. ʂʦʥʪʠʥʫʠʨʘʥʠʤ ʩʧʨʦʚʦʹʝˁʝʤ ʤʝʨʘ ʫ ʮʠˀʫ 

ʧʨʝʚʝʥʮʠʿʝ ʠ ʢʦʥʪʨʦʣʝ ʨʠʟʠʢʘ ʟʥʘʯʘʿʥʦ ʩʝ ʩʤʘˁʫʿʫ ʧʦʚʨʝʜʝ ʥʘ ʨʘʜʫ ʠ ʧʨʦʬʝʩʠʦʥʘʣʥʘ 

ʦʙʦˀʝˁʘ.  

ʂˀʫʯʥʠ ʬʘʢʪʦʨʠ ʢʦʿʠ ʫʪʠʯʫ ʥʘ ʟʜʨʘʚˀʝ ʠ ʙʝʟʙʝʜʥʦʩʪ ʥʘ ʨʘʜʫ ʩʫ (Keren ʠ ʜʨʫʛʠ, 

2009, Flynn ʠ ʜʨʫʛʠ, 2000, Zhou ʠ ʜʨʫʛʠ, 2008; Lu ʠ Tsai, 2008; Savkoviĺ ʠ ʜʨʫʛʠ, 2019):  

Å ʧʦʩʚʝ˂ʝʥʦʩʪ ʤʝʥʘ˅ʤʝʥʪʘ,  

Å ʦʙʫʢʘ/ʝʜʫʢʘʮʠʿʘ ʟʘʧʦʩʣʝʥʠʭ ʠʟ ʦʙʣʘʩʪʠ ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʘ ʥʘ ʨʘʜʫ,  

Å ʨʘʜʥʦ ʦʢʨʫʞʝˁʝ,  

Å ʢʦʤʧʝʪʝʥʮʠʿʝ ʠ ʤʦʪʠʚʠʩʘʥʦʩʪ ʟʘʧʦʩʣʝʥʠʭ,  

Å ʩʧʨʦʚʦʹʝˁʝ ʧʦʩʪʫʧʘʢʘ ʠ ʧʨʘʚʠʣʘ ʟʘ ʙʝʟʙʝʜʘʥ ʨʘʜ, 

Å ʘʥʛʘʞʦʚʘˁʝ ʣʠʮʘ ʦʜʛʦʚʦʨʥʠʭ ʟʘ ʙʝʟʙʝʜʥʦʩʪ ʠ ʟʜʨʘʚˀʝ ʥʘ ʨʘʜʫ. 

ʉʣʠʢʘ 2.5 ʧʨʠʢʘʟʫʿʝ ʠʥʪʝʛʨʠʩʘʥʠ ʤʦʜʝʣ ʟʘ ʫʥʘʧʨʝʹʝˁʝ ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʘ ʥʘ 

ʨʘʜʫ, ʢʦʿʠ ʫʢʘʟʫʿʝ ʥʘ ʫʟʨʦʯʥʦ-ʧʦʩʣʝʜʠʯʥʫ ʚʝʟʫ ʠʟʤʝʹʫ ʯʝʪʠʨʠ ʟʘʚʠʩʥʝ ʚʘʨʠʿʘʙʣʝ: ʥʠʚʦʘ 

ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʘ ʥʘ ʨʘʜʫ, ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ ʠ ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ ʙʦʣʝʩʪʠ, ʝʢʦʥʦʤʩʢʠʭ 
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ʧʦʩʣʝʜʠʮʘ ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ ʠ ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ ʙʦʣʝʩʪʠ, ʢʘʦ ʠ ʧʦʩʣʦʚʥʠʭ ʨʝʟʫʣʪʘʪʘ 

(Savkoviĺ ʠ ʜʨʫʛʠ, 2021a). 

 

ʉʣʠʢʘ 2.5 ʄʦʜʝʣ ʟʘ ʫʥʘʧʨʝʹʝˁʝ ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʘ ʥʘ ʨʘʜʫ (Savkoviĺ ʠ ʜʨʫʛʠ, 

2021a) 

ʅʠʚʦ ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʘ ʨʘʜʥʠʢʘ ʟʘʚʠʩʠ ʦʜ ʚʝ˂ʝʛ ʙʨʦʿʘ ʬʘʢʪʦʨʘ: ʣʠʜʝʨʩʪʚʘ ʠ 

ʧʦʩʚʝ˂ʝʥʦʩʪʠ ʤʝʥʘ˅ʤʝʥʪʘ, ʩʚʝʩʪʠ ʦ ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʫ ʥʘ ʨʘʜʫ, ʩʠʩʪʝʤʘ ʚʨʝʜʥʦʩʪʠ ʫ 

ʦʨʛʘʥʠʟʘʮʠʿʠ, ʫʩʢʣʘʹʝʥʦʩʪʠ ʨʘʜʥʝ ʧʨʘʢʩʝ ʩʘ ʧʨʦʧʠʩʠʤʘ ʠ ʧʨʦʮʝʜʫʨʘʤʘ ʫ ʦʚʦʿ ʦʙʣʘʩʪʠ, 

ʦʙʫʢʝ/ʝʜʫʢʘʮʠʿʝ ʟʘʧʦʩʣʝʥʠʭ, ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʜʥʦʛ ʤʝʩʪʘ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʜʥʠʢʘ. 

ʇʦʚʝ˂ʘˁʝ ʥʠʚʦʘ ʙʝʟʙʝʜʥʦʩʪʠ ʜʦʧʨʠʥʦʩʠ ʩʤʘˁʝˁʫ ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ, ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ 

ʙʦʣʝʩʪʠ ʠ ʙʦʣʝʩʪʠ ʧʦʚʝʟʘʥʠʭ ʩʘ ʨʘʜʦʤ. ʅʘʿʚʝ˂ʫ ʦʜʛʦʚʦʨʥʦʩʪ ʟʘ ʫʥʘʧʨʝʹʝˁʝ ɹɿʈ ʩʥʦʩʝ 

ʧʦʩʣʦʜʘʚʮʠ ʠ ʤʝʥʘ˅ʤʝʥʪ, ʠʘʢʦ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʠ ʨʘʜʥʠʮʠ ʧʨʝʫʟʠʤʘʿʫ ʦʜʛʦʚʦʨʥʦʩʪ ʟʘ 

ʙʝʟʙʝʜʥʦ ʠʟʚʨʰʘʚʘˁʝ ʘʢʪʠʚʥʦʩʪʠ (Lansdown ʠ ʜʨʫʛʠ, 2007). ʄʝʥʘ˅ʤʝʥʪ ʠʤʘ ʘʢʪʠʚʥʫ 

ʫʣʦʛʫ ʫ ʫʩʤʝʨʘʚʘˁʫ ʟʘʧʦʩʣʝʥʠʭ ʠ ʧʨʦʤʦʚʠʩʘˁʫ ʙʝʟʙʝʜʥʦʩʪʠ ʥʘ ʨʘʜʥʦʤ ʤʝʩʪʫ. 
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ʇʦʩʣʦʜʘʚʮʠ ʩʫ ʦʙʘʚʝʟʥʠ ʜʘ ʟʘʧʦʩʣʝʥʠʤʘ ʦʙʝʟʙʝʜʝ ʙʝʟʙʝʜʥʝ ʫʩʣʦʚʝ ʫ ʨʘʜʥʦʤ ʦʢʨʫʞʝˁʫ, 

ʢʘʦ ʠ ʥʝʦʧʭʦʜʥʫ ʦʧʨʝʤʫ ʠ ʩʨʝʜʩʪʚʘ ʟʘ ʣʠʯʥʫ ʟʘʰʪʠʪʫ ʫ ʩʢʣʘʜʫ ʩʘ ʟʘʭʪʝʚʠʤʘ ʨʘʜʥʦʛ ʤʝʩʪʘ. 

ʇʦʩʣʦʜʘʚʘʮ ʿʝ ʦʙʘʚʝʟʘʥ ʜʘ ʦʙʝʟʙʝʜʠ ʜʘ ʘʢʪʠʚʥʦʩʪʠ ʢʦʿʝ ʨʘʜʥʠʮʠ ʦʙʘʚˀʘʿʫ ʙʫʜʫ 

ʧʨʠʣʘʛʦʹʝʥʝ ˁʠʭʦʚʠʤ ʬʠʟʠʯʢʠʤ ʠ ʤʝʥʪʘʣʥʠʤ ʩʧʦʩʦʙʥʦʩʪʠʤʘ. ʋ ʩʣʫʯʘʿʫ ʜʘ ʜʦʹʝ ʜʦ 

ʥʝʧʣʘʥʠʨʘʥʠʭ ʠ ʥʝʞʝˀʝʥʠʭ ʜʦʛʘʹʘʿʘ, ʧʦʩʣʦʜʘʚʘʮ ʿʝ ʜʫʞʘʥ ʜʘ ʧʦʩʝʪʠ ʤʝʩʪʦ ʥʘ ʢʦʿʝʤ ʩʝ 

ʠʥʮʠʜʝʥʪ ʜʦʛʦʜʠʦ, ʧʨʠʢʫʧʠ ʧʦʪʨʝʙʥʝ ʧʦʜʘʪʢʝ, ʠʟʿʘʚʝ ʠʩʧʠʪʘʥʠʢʘ ʠ ʦʯʝʚʠʜʘʮʘ, 

ʦʜʛʦʚʦʨʥʠʭ ʣʠʮʘ ʠ ʩʪʨʫʯˁʘʢʘ ʠʟ ʦʙʣʘʩʪʠ ɹɿʈ, ʠ ʩʘʯʠʥʠ ʟʘʧʠʩʥʠʢ ʦ ʩʘʤʦʤ ʜʦʛʘʹʘʿʫ. 

ʄʝʥʘ˅ʤʝʥʪ ʿʝ ʪʘʢʦʹʝ ʦʜʛʦʚʦʨʘʥ ʟʘ ʤʦʪʠʚʠʩʘˁʝ ʟʘʧʦʩʣʝʥʠʭ ʜʘ ʦʙʘʚˀʘʿʫ ʘʢʪʠʚʥʦʩʪʠ ʥʘ 

ʙʝʟʙʝʜʘʥ ʥʘʯʠʥ (Boyd ʠ Nowell, 2020). ʈʫʢʦʚʦʜʠʦʮʠ ʤʦʨʘʿʫ ʦʙʝʟʙʝʜʠʪʠ ʜʘ ʩʚʠ ʟʘʧʦʩʣʝʥʠ 

ʙʫʜʫ ʫʧʦʟʥʘʪʠ ʩʘ ʧʨʦʧʠʩʠʤʘ ʠʟ ʦʙʣʘʩʪʠ ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʘ ʥʘ ʨʘʜʫ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, 

ʟʘʧʦʩʣʝʥʠ ʩʥʦʩʝ ʦʜʛʦʚʦʨʥʦʩʪ ʟʘ ʙʝʟʙʝʜʥʦ ʨʫʢʦʚʘˁʝ ʦʧʨʝʤʦʤ ʠ ʠʤʘʿʫ ʦʙʘʚʝʟʫ ʜʘ ʧʨʠʿʘʚʝ 

ʧʦʩʣʦʜʘʚʮʫ ʠ ʚʠʰʝʤ ʤʝʥʘ˅ʤʝʥʪʫ ʘʢʦ ʩʝ ʧʦʿʘʚʠ ʧʨʦʙʣʝʤ ʢʦʿʠ ʙʠ ʤʦʛʘʦ ʫʛʨʦʟʠʪʠ ˁʠʭʦʚʫ 

ʙʝʟʙʝʜʥʦʩʪ.  

ʋʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʯʠˁʝʥʠʮʫ ʜʘ ʿʝ ʫʥʘʧʨʝʹʝˁʝ ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʘ ʥʘ ʨʘʜʫ 

ʿʝʜʘʥ ʦʜ ʛʣʘʚʥʠʭ ʧʦʢʘʟʘʪʝˀʘ ʬʠʥʘʥʩʠʿʩʢʦʛ ʫʩʧʝʭʘ ʦʨʛʘʥʠʟʘʮʠʿʝ, ʩʘʚʨʝʤʝʥʠ ʠʥʜʫʩʪʨʠʿʩʢʠ 

ʩʠʩʪʝʤʠ ʪʝʞʝ ʧʦʩʪʠʟʘˁʫ ʥʘʿʚʠʰʝʛ ʥʠʚʦʘ ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʘ ʥʘ ʨʘʜʫ. ʇʦʨʘʩʪ ʧʦʚʨʝʜʘ 

ʥʘ ʨʘʜʫ ʠ ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ ʙʦʣʝʩʪʠ ʫʟʨʦʢʫʿʝ ʧʦʚʝ˂ʘˁʝ ʪʨʦʰʢʦʚʘ ʫ ʢʦʤʧʘʥʠʿʠ (ʪʨʦʰʢʦʚʠ 

ɹɿʈ, ʪʨʦʰʢʦʚʠ ʟʘʩʪʦʿʘ ʫ ʧʨʦʠʟʚʦʜˁʠ, ʪʨʦʰʢʦʚʠ ʚʝʟʘʥʠ ʟʘ ʟʘʧʦʰˀʘʚʘˁʝ ʥʦʚʠʭ ʨʘʜʥʠʢʘ, 

ʠʪʜ.). ʇʦʚʨʝʜʝ ʥʘ ʨʘʜʫ ʠ ʧʨʦʬʝʩʠʦʥʘʣʥʝ ʙʦʣʝʩʪʠ ʜʦʚʦʜʝ ʜʦ ʩʤʘˁʝˁʘ ʠʣʠ ʫ ʥʝʢʠʤ 

ʩʣʫʯʘʿʝʚʠʤʘ ʛʫʙʠʪʢʘ ʨʘʜʥʝ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʩʤʘˁʝˁʘ ʞʠʚʦʪʥʠʭ ʘʢʪʠʚʥʦʩʪʠ, ʰʪʦ ʯʝʩʪʦ 

ʫʟʨʦʢʫʿʝ ʦʜʩʫʩʪʚʦ ʩʘ ʧʦʩʣʘ, ʘ ʪʦ ʜʘˀʝ ʜʦʚʦʜʠ ʜʦ ʟʘʩʪʦʿʘ ʫ ʧʨʦʠʟʚʦʜˁʠ, ʧʦʚʝ˂ʘˁʘ 

ʪʨʦʰʢʦʚʘ ʠ ʠʟʜʘʪʘʢʘ. ʇʦʨʘʩʪ ʩʚʠʭ ʪʨʦʰʢʦʚʘ ʜʦʚʦʜʠ ʜʦ ʧʦʚʝ˂ʘˁʘ ʫʢʫʧʥʠʭ ʪʨʦʰʢʦʚʘ 

ʢʦʤʧʘʥʠʿʝ ʠ ʩʤʘˁʝˁʘ ʧʨʦʬʠʪʘ, ʰʪʦ ʜʘˀʝ ʜʦʚʦʜʠ ʜʦ ʩʤʘˁʝˁʘ ʫʣʘʛʘˁʘ ʬʠʥʘʥʩʠʿʩʢʠʭ 

ʨʝʩʫʨʩʘ ʫ ʧʨʦʛʨʘʤʝ ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʘ ʥʘ ʨʘʜʫ (Savkoviĺ ʠ ʜʨʫʛʠ, 2021a).  

ʆʩʥʦʚʥʠ ʮʠˀ ʧʨʦʛʨʘʤʘ ɹɿʈ ʿʝ ʜʘ ʩʝ ʩʧʨʝʯʝ ʧʦʚʨʝʜʝ, ʙʦʣʝʩʪʠ ʠ ʩʤʨʪʥʠ ʩʣʫʯʘʿʝʚʠ 

ʥʘ ʨʘʜʥʦʤ ʤʝʩʪʫ, ʧʦʙʦˀʰʘ ʫʩʢʣʘʹʝʥʦʩʪ ʩʘ ʟʘʢʦʥʠʤʘ ʠ ʧʨʦʧʠʩʠʤʘ, ʩʤʘˁʝ ʪʨʦʰʢʦʚʠ, 

ʧʦʚʝ˂ʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪ ʠ ʧʦʙʦˀʰʘ ʫʢʫʧʥʦ ʧʦʩʣʦʚʘˁʝ (Savkoviĺ ʠ ʜʨʫʛʠ, 2021a). 

ʄʠʥʠʤʠʟʦʚʘˁʝ ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ ʠ ʦʙʝʟʙʝʹʠʚʘˁʝ ʨʘʜʥʠʭ ʫʩʣʦʚʘ ʫ ʢʦʿʠʤʘ ʨʘʜʥʠʮʠ ʦʩʝ˂ʘʿʫ 

ʟʘʜʦʚʦˀʩʪʚʦ ʜʠʨʝʢʪʥʦ ʜʦʧʨʠʥʦʩʠ ʧʦʚʝ˂ʘˁʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, ʩʤʘˁʝˁʫ ʪʨʦʰʢʦʚʘ ʠ 

ʧʦʚʝ˂ʘˁʫ ʢʚʘʣʠʪʝʪʘ ʧʨʦʠʟʚʦʜʘ. ʋʥʘʧʨʝʹʝˁʝ ɹɿʈ ʤʦʞʝ ʩʝ ʧʦʩʪʠ˂ʠ ʧʨʠʤʝʥʦʤ 

ʧʨʦʘʢʪʠʚʥʠʭ ʤʝʨʘ, ʧʦʚʝ˂ʘˁʝʤ ʫʣʘʛʘˁʘ ʬʠʥʘʥʩʠʿʩʢʠʭ ʨʝʩʫʨʩʘ ʫ ɹɿʈ ʧʨʦʛʨʘʤʝ, 

ʢʦʥʪʠʥʫʠʨʘʥʦʤ ʝʜʫʢʘʮʠʿʦʤ ʧʦʩʣʦʜʘʚʘʮʘ ʠ ʟʘʧʦʩʣʝʥʠʭ ʫ ʦʚʦʿ ʦʙʣʘʩʪʠ, ʠ ʩʣ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ, 

ʦʧʘʩʥʦʩʪʠ ˂ʝ ʙʠʪʠ ʝʣʠʤʠʥʠʩʘʥʝ ʠʣʠ ʩʤʘˁʝʥʝ, ʘ ʙʝʟʙʝʜʥʦʩʪ, ʟʜʨʘʚˀʝ ʠ ʙʣʘʛʦʩʪʘˁʝ 

ʨʘʜʥʠʢʘ ʫ ʨʘʜʥʦʤ ʦʢʨʫʞʝˁʫ ˂ʝ ʙʠʪʠ ʧʦʙʦˀʰʘʥʠ.  

ʂʦʥʪʠʥʫʠʨʘʥʦ ʩʧʨʦʚʦʹʝˁʝ ʦʙʫʢʘ ʠ ʪʨʝʥʠʥʛʘ ʜʦʧʨʠʥʝ˂ʝ ʩʧʨʝʯʘʚʘˁʫ ʥʝʙʝʟʙʝʜʥʦʛ 

ʠʟʚʦʹʝˁʘ ʨʘʜʥʠʭ ʘʢʪʠʚʥʦʩʪʠ. ʇʦʩʪʘʚˀʘˁʝ ʿʘʩʥʠʭ ʫʧʫʪʩʪʘʚʘ ʟʘ ʙʝʟʙʝʜʘʥ ʨʘʜ ʥʘ ʤʘʰʠʥʘʤʘ 

ʠ ʦʧʨʝʤʠ ʩʧʨʝʯʠ˂ʝ ʩʝ ʧʦʚʨʝʜʝ ʥʘ ʨʘʜʫ. ʆʙʝʟʙʝʹʠʚʘˁʝ ʣʠʯʥʝ ʟʘʰʪʠʪʥʝ ʦʧʨʝʤʝ ʠ 

ʧʦʜʩʪʠʮʘˁʝ ʟʘʧʦʩʣʝʥʠʭ ʜʘ ʿʝ ʢʦʨʠʩʪʝ ʤʠʥʠʤʠʟʠʨʘ ʨʠʟʠʢ ʦʜ ʧʦʚʨʝʜʘ ʠ ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ 

ʙʦʣʝʩʪʠ.  

ʈʠʟʠʢ ʦʜ ʧʦʿʘʚʝ ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ ʙʦʣʝʩʪʠ ʠ ʙʦʣʝʩʪʠ ʧʦʚʝʟʘʥʠʭ ʩʘ ʨʘʜʦʤ ʩʝ 

ʩʤʘˁʫʿʝ ʢʨʦʟ ʧʨʘ˂ʝˁʝ ʦʩʥʦʚʥʠʭ ʟʜʨʘʚʩʪʚʝʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʨʘʜʥʠʢʘ ʠ ʧʨʠʢʘʟʠʚʘˁʝʤ 

ʫʧʦʟʦʨʝˁʘ ʦ ʧʦʿʘʚʠ ʦʧʘʩʥʦʩʪʠ ʠʣʠ ʰʪʝʪʝ, ʩʧʨʦʚʦʹʝˁʝ ʧʨʝʚʝʥʪʠʚʥʠʭ ʤʝʨʘ ʠ ʧʦʙʦˀʰʘʚʘʿʫ 

ʨʘʜʥʠ ʫʩʣʦʚʠ ʢʨʦʟ ʢʦʥʪʠʥʫʠʨʘʥʦ ʧʨʘ˂ʝˁʝ ʧʘʨʘʤʝʪʘʨʘ ʨʘʜʥʦʛ ʦʢʨʫʞʝˁʘ ʫ ʨʝʘʣʥʦʤ 

ʚʨʝʤʝʥʫ (ʚʣʘʞʥʦʩʪ, ʙʫʢʘ, ʦʩʚʝʪˀʝˁʝ ʠʪʜ.), ʩʤʘˁʫʿʫ˂ʠ ʠʣʠ ʝʣʠʤʠʥʠʰʫ˂ʠ ˁʠʭʦʚ 

ʥʝʛʘʪʠʚʥʠ ʫʪʠʮʘʿ. 
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2.3 ʇʈʀʄɽʅA ʅɸʇʈɽɼʅʀʍ ʊɽʍʅʆʃʆɻʀɱɸ ʀʅɼʋʉʊʈʀɱɽ 4.0 ʅɸ ɹɿʈ 

ʀʥʜʫʩʪʨʠʿʘ 4.0 ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʘʥ ʦʜ ʜʝʩʝʪ ʢˀʫʯʥʠʭ ʧʨʦʿʝʢʘʪʘ ʢʦʿʝ ʿʝ ʥʝʤʘʯʢʘ ʚʣʘʜʘ 

ʫʩʚʦʿʠʣʘ ʫ ʦʢʚʠʨʫ ʘʢʮʠʦʥʦʛ ʧʣʘʥʘ ĂHigh-Tech Strategy 2020 for Germanyñ. ʆʚʘʿ ʧʨʦʿʝʢʘʪ 

ʿʝ ʫʩʤʝʨʝʥ ʥʘ ʨʘʟʚʦʿ ʥʦʚʦʛ ʢʦʥʮʝʧʪʘ ʢʦʿʠ ʿʝ ʟʘʩʥʦʚʘʥ ʥʘ ʜʠʛʠʪʘʣʥʦʤ ʧʦʚʝʟʠʚʘˁʫ ʩʚʠʭ 

ʝʥʪʠʪʝʪʘ ʫ ʣʘʥʮʫ ʚʨʝʜʥʦʩʪʠ, ʦʜ ʧʨʦʠʟʚʦʜˁʝ ʜʦ ʢʨʘʿˁʝʛ ʢʦʨʠʩʥʠʢʘ. ʋʤʨʝʞʘʚʘˁʝ ʠ 

ʨʘʟʤʝʥʘ ʠʥʬʦʨʤʘʮʠʿʘ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ, ʚʝʣʠʢʠ ʧʦʜʘʮʠ, ʢʦʣʘʙʦʨʘʪʠʚʥʘ ʩʘʨʘʜˁʘ 

ʨʘʜʥʠʢʘ ʠ ʨʦʙʦʪʘ, ʜʘˀʠʥʩʢʦ ʦʪʢʨʠʚʘˁʝ, ʧʨʘ˂ʝˁʝ ʠ ʢʦʥʪʨʦʣʘ ʧʨʦʮʝʩʘ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ, 

ʢʘʦ ʠ ʘʫʪʦʥʦʤʥʝ ʜʠʛʠʪʘʣʥʝ ʪʝʭʥʦʣʦʛʠʿʝ, ʧʦʩʪʘʿʫ ʦʩʥʦʚʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʩʘʚʨʝʤʝʥʠʭ 

ʠʥʜʫʩʪʨʠʿʩʢʠʭ ʩʠʩʪʝʤʘ.  

ʆʚʘ ʥʦʚʘ ʧʨʦʠʟʚʦʜʥʘ ʧʘʨʘʜʠʛʤʘ ʜʦʚʦʜʠ ʜʦ ʧʨʦʤʝʥʘ ʫ ʧʨʦʠʟʚʦʜˁʠ, ʦʨʛʘʥʠʟʘʮʠʿʠ 

ʨʘʜʘ ʠ ʥʘʯʠʥʫ ʠʟʚʦʹʝˁʘ ʨʘʜʥʠʭ ʘʢʪʠʚʥʦʩʪʠ, ʰʪʦ ʩʝ ʩʚʝ ʚʠʰʝ ʦʜʨʘʞʘʚʘ ʥʘ ʙʝʟʙʝʜʥʦʩʪ ʠ 

ʟʜʨʘʚˀʝ ʨʘʜʥʠʢʘ. ɺʠʩʦʢʦ ʘʫʪʦʤʘʪʠʟʦʚʘʥʝ ʧʘʤʝʪʥʝ ʢʦʤʧʘʥʠʿʝ ʢʘʨʘʢʪʝʨʠʰʫ 

ʚʠʨʪʫʘʣʠʟʘʮʠʿʘ, ʠʥʪʝʨʦʧʝʨʘʙʠʣʥʦʩʪ, ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʦ ʜʦʥʦʰʝˁʝ ʦʜʣʫʢʘ, ʩʪʚʘʨʘˁʝ ʥʦʚʝ 

ʚʨʝʜʥʦʩʪʠ ʢʫʧʮʠʤʘ, ʢʘʦ ʠ ʥʝʟʘʚʠʩʥʦ ʫʧʨʘʚˀʘˁʝ ʧʨʦʮʝʩʠʤʘ. ʂˀʫʯʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ 

ʀʥʜʫʩʪʨʠʿʝ 4.0 ʩʫ ʭʦʨʠʟʦʥʪʘʣʥʘ ʠʥʪʝʛʨʘʮʠʿʘ, ʚʝʨʪʠʢʘʣʥʘ ʠʥʪʝʛʨʘʮʠʿʘ ʠ ʩʚʝʦʙʫʭʚʘʪʥʘ 

ʠʥʪʝʛʨʘʮʠʿʘ, ʢʘʦ ʠ ʜʠʛʠʪʘʣʠʟʘʮʠʿʘ ʠʥʬʦʨʤʘʮʠʿʘ ʪʦʢʦʤ ʞʠʚʦʪʥʦʛ ʮʠʢʣʫʩʘ ʧʨʦʠʟʚʦʜʘ. 

ʀʥʜʫʩʪʨʠʿʘ 4.0 ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʦʩʪʚʘʨʫʿʝ ʫʪʠʮʘʿ ʥʘ ʙʝʟʙʝʜʥʦʩʪ ʠ ʟʜʨʘʚˀʝ ʨʘʜʥʠʢʘ. 

ɹʝʟʙʝʜʥʦʩʪ 4.0 ʧʨʝʜʩʪʘʚˀʘ ʧʦʤʘʢ ʢʘ ʧʨʠʩʪʫʧʫ ʙʝʟʙʝʜʥʦʩʪʠ ʥʘ ʨʘʜʥʦʤ ʤʝʩʪʫ ʟʘʩʥʦʚʘʥʦʤ 

ʥʘ ʘʥʘʣʠʟʠ ʚʝʣʠʢʠʭ ʧʦʜʘʪʘʢʘ ʠ ʧʨʠʤʝʥʠ ʠʥʦʚʘʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ. ɸʫʪʦʤʘʪʠʟʦʚʘʥʠ 

ʩʠʩʪʝʤʠ, ʢʦʣʘʙʦʨʘʪʠʚʥʠ ʨʦʙʦʪʠ, ʚʝʰʪʘʯʢʘ ʠʥʪʝʣʠʛʝʥʮʠʿʘ, ʠʥʪʝʣʠʛʝʥʪʥʘ ʣʠʯʥʘ ʟʘʰʪʠʪʥʘ 

ʦʧʨʝʤʘ, ʚʝʣʠʢʠ ʧʦʜʘʮʠ, ʨʘʯʫʥʘʨʩʪʚʦ ʫ ʦʙʣʘʢʫ ʠ ʘʫʪʦʥʦʤʥʘ ʚʦʟʠʣʘ ʧʦʟʠʪʠʚʥʦ ʫʪʠʯʫ ʥʘ 

ʙʝʟʙʝʜʥʦʩʪ ʠ ʟʜʨʘʚˀʝ ʥʘ ʨʘʜʫ (Bahrin ʠ ʜʨʫʛʠ, 2016).  

 

 

 

 

 

 

 

 

 

 

 

 

 

ʉʣʠʢʘ 2.6 ʆʩʥʦʚʥʝ ʪʝʭʥʦʣʦʛʠʿʝ ʀʥʜʫʩʪʨʠʿʝ 4.0 ʢʦʿʝ ʠʤʘʿʫ ʫʪʠʮʘʿ ʥʘ ɹɿʈ (ʧʨʠʣʘʛʦʹʝʥʦ 
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ʟʘʜʘʪʢʝ ʦʙʘʚˀʘʿʫ ʝʬʠʢʘʩʥʠʿʝ, ʧʨʦʜʫʢʪʠʚʥʠʿʝ, ʬʣʝʢʩʠʙʠʣʥʠʿʝ ʠ ʥʘ ʙʝʟʙʝʜʥʠʿʠ ʥʘʯʠʥ. 

ʇʦʨʝʜ ʪʦʛʘ, ʠʥʦʚʘʪʠʚʥʝ ʪʝʭʥʦʣʦʛʠʿʝ ʦʤʦʛʫ˂ʘʚʘʿʫ ʧʨʘ˂ʝˁʝ ʟʜʨʘʚʩʪʚʝʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʠ 

ʧʘʨʘʤʝʪʘʨʘ ʫ ʨʘʜʥʦʤ ʦʢʨʫʞʝˁʫ ʢʦʿʠ ʫʪʠʯʫ ʥʘ ʩʘʤ ʧʨʦʠʟʚʦʜʥʠ ʧʨʦʮʝʩ, ʰʪʦ ʜʦʧʨʠʥʦʩʠ 

ʫʥʘʧʨʝʹʝˁʫ ʨʘʜʥʠʭ ʫʩʣʦʚʘ ʠ ʩʤʘˁʝˁʫ ʨʠʟʠʢʘ ʧʦ ʙʝʟʙʝʜʥʦʩʪ ʠ ʟʜʨʘʚˀʝ ʨʘʜʥʠʢʘ (Savkoviĺ 

ʠ ʜʨʫʛʠ, 2021ʙ). ʇʝʨʩʦʥʘʣʠʟʦʚʘʥʦʤ ʧʨʦʮʝʥʦʤ ʨʠʟʠʢʘ ʟʘ ʩʚʘʢʦ ʨʘʜʥʦ ʤʝʩʪʦ ʧʦʥʘʦʩʦʙ ʤʦʛʫ 

ʩʝ ʟʥʘʯʘʿʥʦ ʩʤʘˁʠʪʠ ʨʠʟʠʮʠ ʦʜ ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ ʠ ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ ʙʦʣʝʩʪʠ, ʰʪʦ ʜʦʚʦʜʠ 

ʜʦ ʩʤʘˁʝˁʘ ʪʨʦʰʢʦʚʘ, ʧʦʚʝ˂ʘˁʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʟʘʜʦʚʦˀʩʪʚʘ ʨʘʜʥʠʢʘ. 

ʂʦʣʘʙʦʨʘʪʠʚʥʠ ʨʦʙʦʪʠ ʜʦʧʨʠʥʦʩʝ ʧʦʙʦˀʰʘˁʫ ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʘ ʨʘʜʥʠʢʘ 

ʢʨʦʟ ʢʨʝʠʨʘˁʝ ʙʝʟʙʝʜʥʠʿʝʛ ʨʘʜʥʦʛ ʦʢʨʫʞʝˁʘ, ʩʤʘˁʝˁʝ ʬʠʟʠʯʢʦʛ ʥʘʧʦʨʘ ʠ ʨʠʟʠʢʘ ʦʜ 

ʟʜʨʘʚʩʪʚʝʥʠʭ ʧʨʦʙʣʝʤʘ (Kim ʠ ʜʨʫʛʠ, 2018). ʆʚʠ ʘʫʪʦʥʦʤʥʠ ʨʦʙʦʪʠ ʢʘʨʘʢʪʝʨʠʰʫ ʩʝ 

ʤʘˁʦʤ ʩʣʦʞʝʥʦʰ˂ʫ ʠ ʿʝʜʥʦʩʪʘʚʥʠʿʠʤ ʫʧʨʘʚˀʘˁʝʤ. ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ 

ʨʦʙʦʪʘ ʢʦʿʠ ʬʫʥʢʮʠʦʥʠʰʫ ʥʘ ʧʨʠʥʮʠʧʫ ʫʥʘʧʨʝʜ ʧʨʦʛʨʘʤʠʨʘʥʠʭ ʢʦʤʘʥʜʠ, ʢʦʣʘʙʦʨʘʪʠʚʥʠ 

ʨʦʙʦʪʠ ʠʤʘʿʫ ʫʛʨʘʹʝʥʝ ʩʝʥʟʦʨʝ ʢʦʿʠ ʠʤ ʦʤʦʛʫ˂ʘʚʘʿʫ ʜʘ ʧʨʝʧʦʟʥʘʿʫ ʠ ʘʥʘʣʠʟʠʨʘʿʫ ʥʘʤʝʨʝ 

ʨʘʜʥʠʢʘ ʠ ʧʨʠʣʘʛʦʜʝ ʩʚʦʿʝ ʘʢʪʠʚʥʦʩʪʠ ˁʠʭʦʚʠʤ ʩʧʦʩʦʙʥʦʩʪʠʤʘ (Bradshaw ʠ ʜʨʫʛʠ, 2012). 

ʅʘ ʪʘʿ ʥʘʯʠʥ ʩʤʘˁʫʿʝ ʩʝ ʩʪʨʝʩ, ʟʘʤʦʨ ʠ ʦʧʪʝʨʝ˂ʝˁʝ ʢʦʜ ʨʘʜʥʠʢʘ, ʯʠʤʝ ʩʝ ʧʦʙʦˀʰʘʚʘ 

ˁʠʭʦʚʦ ʟʜʨʘʚʩʪʚʝʥʦ ʩʪʘˁʝ.  

ʆʚʠ ʨʦʙʦʪʠ ʩʫ ʙʝʟʙʝʜʥʠ ʟʘ ʨʘʜ ʩʘ ˀʫʜʠʤʘ ʠ ʥʝ ʤʦʨʘʿʫ ʙʠʪʠ ʦʛʨʘʹʝʥʠ ʦʛʨʘʜʦʤ ʢʘʦ 

ʨʦʙʦʪʠ. ʂʦʣʘʙʦʨʘʪʠʚʥʠ ʨʦʙʦʪʠ ʩʫ ʦʧʨʝʤˀʝʥʠ ʩʝʥʟʦʨʠʤʘ ʢʦʿʠ ʠʤ ʦʤʦʛʫ˂ʘʚʘʿʫ ʜʘ 

ʧʝʨʮʠʧʠʨʘʿʫ ʦʢʦʣʠʥʫ, ʨʝʘʛʫʿʫ ʥʘ ʜʠʥʘʤʠʯʢʝ ʫʩʣʦʚʝ ʠ ʧʨʝʧʦʟʥʘʿʫ ʦʙʿʝʢʪʝ ʫ ʩʚʦʿʦʿ ʙʣʠʟʠʥʠ 

(Cherubini ʠ Navarro-Alarcon, 2021). ɸʢʦ ʦʩʦʙʘ ʫʹʝ ʫ ʟʦʥʫ ʜʝʣʦʚʘˁʘ ʢʦʙʦʪʘ, ʢʦʙʦʪʠ ʤʦʛʫ 

ʜʘ ʧʨʦʤʝʥʝ ʘʢʪʠʚʥʦʩʪʠ, ʩʤʘˁʝ ʙʨʟʠʥʫ ʨʘʜʘ ʠ ʥʘ ʪʘʿ ʥʘʯʠʥ ʥʝ ʥʘʰʢʦʜʝ ʨʘʜʥʠʮʠʤʘ. ʇʦʨʝʜ 

ʪʦʛʘ, ʢʦʣʘʙʦʨʘʪʠʚʥʠ ʨʦʙʦʪʠ ʠʤʘʿʫ ʤʦʛʫ˂ʥʦʩʪ ʩʘʤʦʢʦʥʪʨʦʣʝ, ʧʨʠ ʯʝʤʫ ʩʤʘˁʫʿʫ ʠʣʠ 

ʧʦʚʝ˂ʘʚʘʿʫ ʙʨʟʠʥʫ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʙʣʠʟʠʥʝ ʨʘʜʥʠʢʘ, ʰʪʦ ʜʦʧʨʠʥʦʩʠ ʚʝ˂ʦʿ ʙʝʟʙʝʜʥʦʩʪʠ 

ʨʘʜʥʠʢʘ. ʆʥʠ ʩʫ ʧʨʦʛʨʘʤʠʨʘʥʠ ʪʘʢʦ ʜʘ ʟʘʫʩʪʘʚˀʘʿʫ ʨʘʜ ʢʘʜʘ ʨʘʜʥʠʢ ʫʣʘʟʠ ʫ ʟʘʿʝʜʥʠʯʢʠ 

ʨʘʜʥʠ ʧʨʦʩʪʦʨ ʠ ʥʘʩʪʘʚˀʘʿʫ ʜʘ ʨʘʜʝ ʢʘʜʘ ʩʝ ʨʘʜʥʠ ʧʨʦʩʪʦʨ ʦʩʣʦʙʦʜʠ.  

ɽʛʟʦʩʢʝʣʝʪʠ ʩʫ ʥʦʩʠʚʠ ʤʝʭʘʥʠʯʢʠ ʫʨʝʹʘʿʠ ʢʦʿʠ ʠʤʘʿʫ ʫʣʦʛʫ ʜʘ ʧʨʫʞʝ ʧʦʜʨʰʢʫ 

ʨʘʜʥʠʮʠʤʘ ʫ ʦʙʘʚˀʘˁʫ ʪʝʰʢʠʭ, ʧʦʥʘʚˀʘʿʫ˂ʠʭ ʠ ʬʠʟʠʯʢʠ ʟʘʭʪʝʚʥʠʭ ʨʘʜʥʠʭ ʟʘʜʘʪʘʢʘ ʢʦʿʠ 

ʩʝ ʥʝ ʤʦʛʫ ʘʫʪʦʤʘʪʠʟʦʚʘʪʠ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʧʦʙʦˀʰʘʚʘʿʫ ʩʝ ʬʠʟʠʯʢʝ ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʜʥʠʢʘ, 

ʩʤʘˁʫʿʫ ʩʝ ʢʦʤʧʨʝʩʠʿʘ ʩʠʣʝ ʥʘ ʜʦˁʠ ʜʝʦ ʣʝʹʘ, ʨʘʤʝʥʘ, ʣʘʢʪʦʚʝ ʠ ʟʛʣʦʙʦʚʝ, ʩʤʘˁʫʿʝ ʩʝ 

ʟʘʤʦʨ ʠ ʬʠʟʠʯʢʠ ʥʘʧʦʨ ʠ ʧʦʙʦˀʰʘʚʘ ʦʧʰʪʝ ʟʜʨʘʚˀʝ ʨʘʜʥʠʢʘ. ʆʥʠ ʧʨʫʞʘʿʫ ʧʦʜʨʰʢʫ ʪʝʣʫ 

ʨʘʜʥʠʢʘ ʪʦʢʦʤ ʧʦʟʠʮʠʦʥʠʨʘˁʘ ʠʣʠ ʢʦʨʠʰ˂ʝˁʘ ʨʘʜʥʠʭ ʘʣʘʪʘ, ʤʘʥʠʧʫʣʘʮʠʿʝ ʦʙʿʝʢʪʠʤʘ ʠ 

ʩʣ. ʇʦʩʪʦʿʝ ʜʚʘ ʪʠʧʘ ʝʛʟʦʩʢʝʣʝʪʘ- ʘʢʪʠʚʥʠ ʠ ʧʘʩʠʚʥʠ. ɸʢʪʠʚʥʠ ʝʛʟʦʩʢʝʣʝʪʠ ʢʦʨʠʩʪʝ 

ʘʢʪʫʘʪʦʨʝ ʢʘʢʦ ʙʠ ʧʦʜʨʞʘʣʠ ʧʦʢʨʝʪʝ ʠ ʘʢʪʠʚʥʦʩʪʠ ʨʘʜʥʠʢʘ ʢʦʿʠ ʦʙʘʚˀʘʿʫ ʟʘʤʦʨʥʝ 

ʘʢʪʠʚʥʦʩʪʠ ʪʦʢʦʤ ʜʫʞʝʛ ʚʨʝʤʝʥʩʢʦʛ ʧʝʨʠʦʜʘ ʫ ʥʝʬʠʟʠʦʣʦʰʢʦʤ ʧʦʣʦʞʘʿʫ ʪʝʣʘ, 

ʧʨʫʞʘʿʫ˂ʠ ʠʤ ʜʦʜʘʪʥʫ ʩʥʘʛʫ. ʋ ʌʠʿʘʪʦʚʦʿ ʬʘʙʨʠʮʠ ʫ ʀʪʘʣʠʿʠ ʘʢʪʠʚʥʠ ʝʛʟʦʩʢʝʣʝʪ ʟʘ 

ʛʦʨˁʠ ʜʝʦ ʪʝʣʘ ʢʦʨʠʰ˂ʝʥ ʿʝ ʜʘ ʧʦʜʨʞʠ ʨʫʢʝ ʨʘʜʥʠʢʘ ʢʘʢʦ ʙʠ ʤʦʛʣʠ ʜʘ ʧʦʜʠʞʫ ʪʝʨʝʪ ʙʝʟ 

ʧʦʪʝʰʢʦ˂ʘ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʩʤʘˁʝʥʦ ʿʝ ʦʧʪʝʨʝ˂ʝˁʝ ʟʛʣʦʙʦʚʘ ʠ ʤʠʰʠ˂ʘ. ʇʘʩʠʚʥʠ 

ʝʛʟʦʩʢʝʣʝʪʠ ʩʝ ʥʘʿʯʝʰ˂ʝ ʧʨʠʤʝˁʫʿʫ ʥʘ ʜʦˁʠ ʜʝʦ ʪʝʣʘ ʢʘʜʘ ʨʘʜʥʠʮʠ ʯʝʩʪʦ ʤʝˁʘʿʫ 

ʧʦʣʦʞʘʿʝ ʪʝʣʘ ʠʣʠ ʩʪʦʿʝ ʪʦʢʦʤ ʜʫʞʝʛ ʚʨʝʤʝʥʘ ʠ ʠʤʘʿʫ ʫʣʦʛʫ Ăʩʪʦʣʠʮʝñ. ʇʨʠʤʝʥʘ ʦʚʦʛ 

ʝʛʟʦʩʢʝʣʝʪʘ ʩʤʘˁʫʿʝ ʦʧʪʝʨʝ˂ʝˁʝ ʥʘ ʥʦʛʘʤʘ ʠ ʦʣʘʢʰʘʚʘ ʫʩʚʘʿʘˁʝ ʧʨʘʚʠʣʥʠʭ ʧʦʣʦʞʘʿʘ 

ʪʝʣʘ ʩ ʿʝʜʥʝ ʩʪʨʘʥʝ, ʜʦʢ ʠʩʪʦʚʨʝʤʝʥʦ ʦʤʦʛʫ˂ʘʚʘ ʬʣʝʢʩʠʙʠʣʥʦʩʪ ʠ ʧʦʢʨʝʪˀʠʚʦʩʪ ʩ ʜʨʫʛʝ 

ʩʪʨʘʥʝ. 

ɺʝʣʠʢʠ ʧʦʜʘʮʠ (ʝʥʛʣ. big data) ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʦʜʘʪʢʝ ʯʠʿʘ ʚʝʣʠʯʠʥʘ ʧʨʝʚʘʟʠʣʘʟʠ 

ʤʦʛʫ˂ʥʦʩʪʠ ʪʨʘʜʠʮʠʦʥʘʣʥʠʭ ʙʘʟʘ ʧʦʜʘʪʘʢʘ ʠ ʩʦʬʪʚʝʨʘ ʟʘ ʧʨʠʢʫʧˀʘˁʝ, ʦʙʨʘʜʫ, ʘʥʘʣʠʟʫ 

ʠ ʩʢʣʘʜʠʰʪʝˁʝ ʧʦʜʘʪʘʢʘ. ʇʨʠʢʫʧˀʘˁʝ ʠ ʘʥʘʣʠʟʘ ʚʝʣʠʢʠʭ ʧʦʜʘʪʘʢʘ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ ʫ 

ʠʥʪʝʣʠʛʝʥʪʥʠʤ ʨʘʜʥʠʤ ʦʢʨʫʞʝˁʠʤʘ ʧʦʟʠʪʠʚʥʦ ʫʪʠʯʝ ʥʘ ʙʝʟʙʝʜʥʦʩʪ ʠ ʟʜʨʘʚˀʝ ʨʘʜʥʠʢʘ 

ʢʨʦʟ ʧʦʙʦˀʰʘˁʝ ˁʠʭʦʚʦʛ ʟʜʨʘʚʩʪʚʝʥʦʛ ʩʪʘˁʘ, ʩʤʘˁʝˁʝ ʥʝʛʘʪʠʚʥʠʭ ʫʪʠʮʘʿʘ ʠʟ ʨʘʜʥʦʛ 
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ʦʢʨʫʞʝˁʘ ʠ ʩʧʨʝʯʘʚʘˁʝ ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ ʠ ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ ʙʦʣʝʩʪʠ (Mattsson ʠ ʜʨʫʛʠ, 

2016). 

ʄʦʙʠʣʥʝ ʧʘʤʝʪʥʝ ʥʦʩʠʚʝ ʜʠʛʠʪʘʣʥʝ ʪʝʭʥʦʣʦʛʠʿʝ (ʥʧʨ. ʧʘʤʝʪʥʝ ʥʘʨʫʢʚʠʮʝ, 

ʧʘʤʝʪʥʝ ʥʘʦʯʘʨʝ) ʠ ʤʠʥʠʿʘʪʫʨʥʠ ʫʨʝʹʘʿʠ ʫʛʨʘʹʝʥʠ ʫ ʧʘʤʝʪʥʫ ʣʠʯʥʫ ʟʘʰʪʠʪʥʫ ʦʧʨʝʤʫ 

(ʢʘʮʠʛʝ, ʟʘʰʪʠʪʥʘ ʦʜʝʣʘ ʠʣʠ ʪʨʘʢʝ ʟʘ ʨʫʢʝ) ʦʤʦʛʫ˂ʘʚʘʿʫ ʢʦʥʪʠʥʫʠʨʘʥʦ ʧʨʘ˂ʝˁʝ 

ʘʢʪʠʚʥʦʩʪʠ ʨʘʜʥʠʢʘ, ʟʜʨʘʚʩʪʚʝʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʠ ʫʩʣʦʚʘ ʨʘʜʥʝ ʩʨʝʜʠʥʝ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ 

ʠ ʥʘ ʪʘʿ ʥʘʯʠʥ ʜʦʧʨʠʥʦʩʝ ʩʪʚʘʨʘˁʫ ʙʝʟʙʝʜʥʠʿʠʭ ʫʩʣʦʚʘ ʨʘʜʘ, ʝʣʠʤʠʥʠʩʘˁʫ ʥʝʩʨʝ˂ʘ, 

ʩʤʘˁʝˁʫ ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ ʠ ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ ʙʦʣʝʩʪʠ.  

ʇʨʘ˂ʝˁʝʤ ʦʩʥʦʚʥʠʭ ʟʜʨʘʚʩʪʚʝʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʨʘʜʥʠʢʘ (ʢʘʦ ʰʪʦ ʩʫ ʙʨʦʿ ʦʪʢʫʮʘʿʘ 

ʩʨʮʘ, ʧʫʣʩ, ʪʝʤʧʝʨʘʪʫʨʘ, ʥʠʚʦ ʩʪʨʝʩʘ, ʟʘʤʦʨ, ʢʦʥʮʝʥʪʨʘʮʠʿʘ), ʤʦʛʫ˂ʝ ʿʝ ʫʪʚʨʜʠʪʠ ʬʠʟʠʯʢʦ 

ʠ ʢʦʛʥʠʪʠʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ ʨʘʜʥʠʢʘ, ʥʝʝʨʛʦʥʦʤʩʢʝ ʧʦʢʨʝʪʝ ʠ ʧʦʣʦʞʘʿʝ ʪʝʣʘ, ʩʤʘˁʠʪʠ ʩʪʨʝʩ 

ʨʘʜʥʠʢʘ, ʩʤʘˁʠʪʠ ʢʦʛʥʠʪʠʚʥʦ ʠ ʬʠʟʠʯʢʦ ʦʧʪʝʨʝ˂ʝˁʝ ʠ ʠʟʙʝ˂ʠ ʧʦʚʨʝʜʝ ʥʘ ʨʘʜʫ (Savkoviĺ 

ʠ ʜʨʫʛʠ, 2021ʙ). ʉʝʥʟʦʨʠ ʧʨʘʪʝ ʢʨʝʪʘˁʝ ʨʘʜʥʠʢʘ, ˁʝʛʦʚʫ ʣʦʢʘʮʠʿʫ, ʙʨʦʿ ʢʦʨʘʢʘ ʢʦʿʝ ʿʝ 

ʥʘʧʨʘʚʠʦ, ʘʢʪʠʚʥʦʩʪʠ ʢʦʿʝ ʦʙʘʚˀʘ, ʧʦʣʦʞʘʿʝ ʪʝʣʘ ʢʦʝʿ ʟʘʫʟʠʤʘ ʠʪʜ. ʇʦʜʘʮʠ ʧʨʠʢʫʧˀʝʥʠ 

ʠʥʦʚʘʪʠʚʥʠʤ ʪʝʭʥʦʣʦʛʠʿʘʤʘ ʫʢʘʟʫʿʫ ʥʘ ʤʦʛʫ˂ʥʦʩʪʠ ʧʦʿʘʚʝ ʦʧʘʩʥʦʩʪʠ ʠ ʰʪʝʪʥʦʩʪʠ ʥʘ 

ʨʘʜʥʦʤ ʤʝʩʪʫ (ʠʟʣʘʛʘˁʝ ʚʠʩʦʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ, ʪʦʢʩʠʯʥʠʤ ʛʘʩʦʚʠʤʘ, ʰʪʝʪʥʠʤ 

ʭʝʤʠʢʘʣʠʿʘʤʘ ʠ ʚʠʩʦʢʠʤ ʥʠʚʦʠʤʘ ʙʫʢʝ ʠʪʜ.). ʅʘ ʦʚʘʿ ʥʘʯʠʥ, ʤʦʛʫ˂ʝ ʿʝ ʝʣʠʤʠʥʠʩʘʪʠ ʠ 

ʢʦʥʪʨʦʣʠʩʘʪʠ ʦʧʘʩʥʦʩʪʠ ʧʨʝ ʥʝʛʦ ʰʪʦ ʜʦʹʝ ʜʦ ʦʟʙʠˀʥʠʿʠʭ ʧʨʦʙʣʝʤʘ.  

ʂʦʥʪʠʥʫʠʨʘʥʘ ʧʦʪʨʝʙʘ ʟʘ ʦʙʨʘʜʦʤ, ʘʥʘʣʠʟʦʤ ʠ ʩʢʣʘʜʠʰʪʝˁʝʤ ʚʝʣʠʢʠʭ ʢʦʣʠʯʠʥʘ 

ʧʦʜʘʪʘʢʘ ʜʦʚʝʣʘ ʿʝ ʜʦ ʩʚʝ ʚʝ˂ʝ ʧʨʠʤʝʥʝ ʨʘʯʫʥʘʨʩʪʚʘ ʫ ʦʙʣʘʢʫ ʢʦʿʝ ʧʦʜʨʘʟʫʤʝʚʘ 

ʢʦʨʠʰ˂ʝˁʝ IT ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ (ʭʘʨʜʚʝʨʘ ʠ ʩʦʬʪʚʝʨʘ) ʧʨʝʢʦ ʠʥʪʝʨʥʝʪʘ, ʢʦʨʠʰ˂ʝˁʝ 

ʨʘʟʣʠʯʠʪʠʭ IT ʫʩʣʫʛʘ ʥʘ ʬʠʟʠʯʢʠ ʫʜʘˀʝʥʠʤ ʩʝʨʚʝʨʠʤʘ ʫʟ ʧʦʤʦ˂ ʤʨʝʞʥʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ 

ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʠʥʪʝʨʥʝʪ ʧʨʦʪʦʢʦʣʘ. ʉʚʘʢʘ ʤʘʰʠʥʘ, ʫʨʝʹʘʿ ʠ ʢʦʤʧʦʥʝʥʪʘ ʫ ʧʘʤʝʪʥʦʤ 

ʠʥʜʫʩʪʨʠʿʩʢʦʤ ʦʢʨʫʞʝˁʫ ʛʝʥʝʨʠʰʝ ʧʦʜʘʪʢʝ ʢʦʿʠ ʩʝ ʩʢʣʘʜʠʰʪʝ ʫ ʦʙʣʘʢʫ, ʘ ʟʘʪʠʤ ʩʝ 

ʧʨʠʢʫʧˀʝʥʠ ʧʦʜʘʮʠ ʦʙʨʘʹʫʿʫ ʢʘʢʦ ʙʠ ʩʝ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ ʤʦʛʣʠ ʧʨʘʪʠʪʠ ʠ 

ʘʥʘʣʠʟʠʨʘʪʠ, ʫʧʦʨʝʹʠʚʘʪʠ ʩʘ ʧʦʜʘʮʠʤʘ ʠʟ ʧʨʝʪʭʦʜʥʦʛ ʧʝʨʠʦʜʘ ʠ ʠʜʝʥʪʠʬʠʢʦʚʘʪʠ 

ʧʨʦʙʣʝʤʠ ʢʦʿʠ ʤʦʛʫ ʥʘʩʪʘʪʠ. 

ɺʠʨʪʫʝʣʥʘ ʨʝʘʣʥʦʩʪ ʩʝ ʦʜʥʦʩʠ ʥʘ ʢʦʨʠʰ˂ʝˁʝ ʠʥʬʦʨʤʘʮʠʦʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʟʘ 

ʧʨʝʮʠʟʥʫ ʠ ʨʝʘʣʠʩʪʠʯʥʫ ʨʝʧʨʝʟʝʥʪʘʮʠʿʫ ʩʮʝʥʘʨʠʿʘ ʠʟ ʨʝʘʣʥʦʛ ʦʢʨʫʞʝˁʘ. ɺʠʨʪʫʝʣʥʘ 

ʩʪʚʘʨʥʦʩʪ ʦʤʦʛʫ˂ʘʚʘ ʨʘʜʥʠʮʠʤʘ ʜʘ ʫʨʦʥʝ ʫ ʚʠʨʪʫʝʣʥʠ ʩʚʝʪ ʠ ʦʤʦʛʫ˂ʘʚʘ ʠʤ ʠʥʪʝʨʘʢʮʠʿʫ 

ʩʘ ʚʠʨʪʫʘʣʥʠʤ ʦʢʨʫʞʝˁʝʤ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ. ɺʠʨʪʫʝʣʥʘ ʩʪʚʘʨʥʦʩʪ ʥʘʣʘʟʠ ʧʨʠʤʝʥʫ ʫ 

ʧʨʦʮʝʥʠ ʨʠʟʠʢʘ ʥʘ ʨʘʜʥʠʤ ʤʝʩʪʠʤʘ. ʆʧʘʩʥʦʩʪʠ ʠ ʨʠʟʠʯʥʝ ʩʠʪʫʘʮʠʿʝ ʢʦʿʝ ʤʦʛʫ ʥʘʩʪʘʪʠ 

ʤʦʛʫ ʩʝ ʧʨʘʢʪʠʯʥʦ ʧʨʝʜʩʪʘʚʠʪʠ ʧʨʠʤʝʥʦʤ ʚʠʨʪʫʝʣʥʝ ʩʪʚʘʨʥʦʩʪʠ. ʊʘʢʦʹʝ, ʚʠʨʪʫʝʣʥʘ 

ʩʪʚʘʨʥʦʩʪ ʦʤʦʛʫ˂ʘʚʘ ʝʬʠʢʘʩʥʠʿʝ ʩʧʨʦʚʦʹʝˁʝ ʦʙʫʢʘ ʠ ʝʜʫʢʘʮʠʿʘ ʟʘʧʦʩʣʝʥʠʭ. ʇʨʠʤʝʥʦʤ 

ʠʥʦʚʘʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʤʦʛʫ˂ʝ ʿʝ ʫʪʚʨʜʠʪʠ ʢʦʿʠ ʨʘʜʥʠʮʠ ʙʠ ʪʨʝʙʘʣʦ ʜʘ ʧʦʭʘʹʘʿʫ 

ʜʦʜʘʪʥʝ ʦʙʫʢʝ ʠʟ ʦʙʣʘʩʪʠ ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʘ ʥʘ ʨʘʜʫ ʢʘʢʦ ʙʠ ʘʢʪʠʚʥʦʩʪʠ ʠʟʚʦʜʠʣʠ 

ʥʘ ʙʝʟʙʝʜʥʠʿʠ ʥʘʯʠʥ. ʇʦʨʝʜ ʪʦʛʘ, ʠʥʩʪʨʫʢʪʦʨʠ ʦʙʫʢʘ ʤʦʛʫ ʧʨʠʣʘʛʦʜʠʪʠ ʦʙʫʢʫ ʠʟ ʦʙʣʘʩʪʠ 

ɹɿʈ ʧʦʿʝʜʠʥʘʯʥʦ ʩʚʘʢʦʤ ʨʘʜʥʠʢʫ, ʫ ʩʢʣʘʜʫ ʩʘ ˁʝʛʦʚʠʤ ʨʘʜʥʠʤ ʤʝʩʪʦʤ. 

ʇʨʦʰʠʨʝʥʘ ʩʪʚʘʨʥʦʩʪ ʧʨʝʜʩʪʘʚˀʘ ʢʦʤʙʠʥʘʮʠʿʫ ʬʠʟʠʯʢʦʛ ʠ ʜʠʛʠʪʘʣʥʦʛ ʩʚʝʪʘ, ʫ 

ʢʦʿʦʿ ʜʠʛʠʪʘʣʥʠ ʝʣʝʤʝʥʪʠ (ʩʣʠʢʘ, ʪʝʢʩʪ, ʘʥʠʤʘʮʠʿʘ ʠʣʠ ʟʚʫʢ) ʜʦʧʫˁʫʿʫ ʬʠʟʠʯʢʠ ʩʚʝʪ. 

ʇʨʦʰʠʨʝʥʘ ʩʪʚʘʨʥʦʩʪ ʦʤʦʛʫ˂ʘʚʘ ʜʘ ʠʥʬʦʨʤʘʮʠʿʝ ʠʟ ʩʪʚʘʨʥʦʛ ʩʚʝʪʘ ʙʫʜʫ ʧʨʦʧʨʘ˂ʝʥʝ 

ʢʦʤʧʿʫʪʝʨʩʢʠ ʛʝʥʝʨʠʩʘʥʠʤ ʧʦʜʘʮʠʤʘ (ʩʣʠʢʝ, ʪʝʢʩʪ) ʢʦʿʠ ʩʝ ʢʦʤʙʠʥʫʿʫ ʫ ʿʝʜʥʫ ʮʝʣʠʥʫ ʠ 

ʧʨʠʢʘʟʫʿʫ ʥʘ ʝʢʨʘʥʠʤʘ ʨʘʯʫʥʘʨʘ ʠʣʠ ʤʦʙʠʣʥʠʭ ʪʝʣʝʬʦʥʘ, ʠʣʠ ʜʘ ʩʝ ʢʦʤʧʿʫʪʝʨʩʢʠ 

ʛʝʥʝʨʠʩʘʥʝ ʩʣʠʢʝ ʧʨʦʿʝʢʪʫʿʫ ʥʘ ʩʪʚʘʨʥʝ ʦʙʿʝʢʪʝ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ. ʇʨʦʰʠʨʝʥʘ ʩʪʚʘʨʥʦʩʪ 
ʥʘʣʘʟʠ ʚʝʣʠʢʫ ʧʨʠʤʝʥʫ ʪʦʢʦʤ ʦʙʫʢʝ ʟʘʧʦʩʣʝʥʠʭ, ʿʝʨ ʧʦʚʝ˂ʘʚʘ ʬʣʝʢʩʠʙʠʣʥʦʩʪ ʨʘʜʥʠʢʘ ʠ 

ʩʢʨʘ˂ʫʿʝ ʚʨʝʤʝ ʧʦʪʨʝʙʥʦ ʟʘ ʫʯʝˁʝ ʥʦʚʦʛ ʟʘʜʘʪʢʘ, ʰʪʦ ʜʦʜʘʪʥʦ ʧʦʙʦˀʰʘʚʘ ʙʝʟʙʝʜʥʦʩʪ ʠ 

ʟʜʨʘʚˀʝ ʨʘʜʥʠʢʘ (Chia, 2019). 



36 

ɺʝʰʪʘʯʢʘ ʠʥʪʝʣʠʛʝʥʮʠʿʘ ʧʨʝʜʩʪʘʚˀʘ ʩʠʤʫʣʘʮʠʿʫ ʧʨʦʮʝʩʘ ˀʫʜʩʢʝ ʠʥʪʝʣʠʛʝʥʮʠʿʝ 

ʧʦʤʦ˂ʫ ʤʘʰʠʥʘ, ʧʦʩʝʙʥʦ ʨʘʯʫʥʘʨʩʢʠʭ ʩʠʩʪʝʤʘ. ɺʝʰʪʘʯʢʘ ʠʥʪʝʣʠʛʝʥʮʠʿʘ ʠʛʨʘ ʚʘʞʥʫ 

ʫʣʦʛʫ ʫ ʫʥʘʧʨʝʹʝˁʫ ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʘ ʥʘ ʨʘʜʫ ʠ ʙʣʘʛʦʩʪʘˁʘ ʨʘʜʥʠʢʘ. ɼʠʛʠʪʘʣʥʝ 

ʪʝʭʥʦʣʦʛʠʿʝ ʟʘʩʥʦʚʘʥʝ ʥʘ ʚʝʰʪʘʯʢʦʿ ʠʥʪʝʣʠʛʝʥʮʠʿʠ ʦʤʦʛʫ˂ʘʚʘʿʫ ʧʨʘ˂ʝˁʝ ʠ ʫʩʤʝʨʘʚʘˁʝ 

ʨʘʜʥʠʢʘ ʥʘ ʦʩʥʦʚʫ ʧʨʠʢʫʧˀʘˁʘ ʚʝʣʠʢʝ ʢʦʣʠʯʠʥʝ ʧʦʜʘʪʘʢʘ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ, ʧʫʪʝʤ 

ʤʦʙʠʣʥʠʭ ʫʨʝʹʘʿʘ, ʫʨʝʹʘʿʘ ʫʛʨʘʹʝʥʠʭ ʫ ʦʜʝ˂ʫ ʠʣʠ ʣʠʯʥʫ ʟʘʰʪʠʪʥʫ ʦʧʨʝʤʫ, ʠʣʠ 

ʧʦʩʪʘʚˀʝʥʠʭ ʜʠʨʝʢʪʥʦ ʥʘ ʪʝʣʦ ʨʘʜʥʠʢʘ. ʇʨʠʤʝʥʘ ʤʝʪʦʜʘ ʚʝʰʪʘʯʢʝ ʠʥʪʝʣʠʛʝʥʮʠʿʝ 

ʦʤʦʛʫ˂ʘʚʘ ʧʨʘʚʦʚʨʝʤʝʥʫ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʨʠʟʠʢʘ ʠ ʦʧʘʩʥʦʩʪʠ (Badri ʠ ʜʨʫʛʠ, 2018). 

ʇʨʠʤʝʥʘ ʦʚʠʭ ʠʥʦʚʘʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʀʥʜʫʩʪʨʠʿʝ 4.0 ʜʦʧʨʠʥʦʩʠ ʧʦʙʦˀʰʘˁʫ 

ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʘ ʥʘ ʨʘʜʫ ʦʤʦʛʫ˂ʘʚʘʿʫ˂ʠ ʦʪʢʨʠʚʘˁʝ ʠ ʝʣʠʤʠʥʘʮʠʿʫ ʠʣʠ ʩʤʘˁʝˁʝ 

ʦʧʘʩʥʦʩʪʠ ʢʦʿʝ ʤʦʛʫ ʫʛʨʦʟʠʪʠ ʞʠʚʦʪ ʠ ʟʜʨʘʚˀʝ ʨʘʜʥʠʢʘ. ʋʥʘʧʨʝʹʝˁʝʤ ʨʘʜʥʠʭ ʫʩʣʦʚʘ, 

ʩʤʘˁʝˁʝʤ ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ ʧʦʚʨʝʜʘ ʠ ʙʦʣʝʩʪʠ ʧʦʚʝʟʘʥʠʭ ʩʘ ʨʘʜʦʤ ʩʪʚʘʨʘʿʫ ʩʝ 

ʧʨʝʜʫʩʣʦʚʠ ʟʘ ʬʠʟʠʯʢʦ, ʤʝʥʪʘʣʥʦ ʠ ʩʦʮʠʿʘʣʥʦ ʙʣʘʛʦʩʪʘˁʝ ʟʘʧʦʩʣʝʥʠʭ, ʢʘʦ ʠ ʟʘ 

ʧʦʙʦˀʰʘˁʝ ʝʢʦʥʦʤʩʢʠʭ ʧʦʢʘʟʘʪʝˀʘ - ʝʬʠʢʘʩʥʦʩʪʠ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ (Savkoviĺ ʠ ʜʨʫʛʠ, 

2021ʙ; Celik ʠ Oztürk, 2017). 

ʋ ʧʘʤʝʪʥʠʤ ʨʘʜʥʠʤ ʦʢʨʫʞʝˁʠʤʘ ʨʘʜʥʠʮʠ ʩʫ ʫʢˀʫʯʝʥʠ ʫ ʠʟʚʦʹʝˁʝ ʘʢʪʠʚʥʦʩʪʠ 

ʢʦʿʝ ʜʦʜʘʿʫ ʚʨʝʜʥʦʩʪ, ʢʨʝʘʪʠʚʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʢʦʿʝ ʟʘʭʪʝʚʘʿʫ ʨʘʟʤʠʰˀʘˁʝ, ʜʦʥʦʰʝˁʝ 

ʦʜʣʫʢʘ ʠ ʨʝʰʘʚʘˁʝ ʩʠʪʫʘʮʠʿʘ ʫ ʩʣʫʯʘʿʫ ʧʦʿʘʚʝ ʥʝʧʨʝʜʚʠʹʝʥʠʭ ʜʦʛʘʹʘʿʘ. ʈʘʜʥʠʮʠ ʩʫ ʤʘˁʝ 

ʠʟʣʦʞʝʥʠ ʩʪʨʝʩʫ ʿʝʨ ʤʦʛʫ ʩʘʤʦʩʪʘʣʥʦ ʦʨʛʘʥʠʟʦʚʘʪʠ ʩʚʦʿʝ ʘʢʪʠʚʥʦʩʪʠ, ʯʠʤʝ ʦʩʪʚʘʨʫʿʫ 

ʚʝ˂ʠ ʩʪʝʧʝʥ ʘʫʪʦʥʦʤʠʿʝ. ʌʣʝʢʩʠʙʠʣʥʠ ʨʘʜʥʠ ʫʩʣʦʚʠ ʫ ʠʥʪʝʣʠʛʝʥʪʥʠʤ ʨʘʜʥʠʤ 

ʦʢʨʫʞʝˁʠʤʘ ʦʤʦʛʫ˂ʘʚʘʿʫ ʨʘʜʥʠʮʠʤʘ ʜʘ ʧʦʩʪʠʛʥʫ ʙʦˀʠ ʙʘʣʘʥʩ ʠʟʤʝʹʫ ʧʦʩʣʦʚʥʦʛ ʠ 

ʧʨʠʚʘʪʥʦʛ ʞʠʚʦʪʘ, ʢʘʦ ʠ ʠʟʤʝʹʫ ʣʠʯʥʦʛ ʠ ʧʨʦʬʝʩʠʦʥʘʣʥʦʛ ʨʘʟʚʦʿʘ, ʰʪʦ ʜʘˀʝ ʚʦʜʠ ʢʘ 

ʧʦʚʝ˂ʘˁʫ ʟʘʜʦʚʦˀʩʪʚʘ ʨʘʜʥʠʢʘ ʠ ʤʦʪʠʚʘʮʠʿʝ ʟʘ ʨʘʜ. 

ʊʘʙʝʣʘ 2.1 ɹʝʥʝʬʠʪʠ ʧʨʠʤʝʥʝ ʪʝʭʥʦʣʦʛʠʿʘ ʀʥʜʫʩʪʨʠʿʝ 4.0 ʥʘ ɹɿʈ (Savkoviĺ ʠ ʜʨʫʛʠ, 

2021ʙ) 

ʊʝʭʥʦʣʦʛʠʿʘ ɹʝʥʝʬʠʪʠ 

ɺʝʣʠʢʠ ʧʦʜʘʮʠ 

¶ ʥʝʦʛʨʘʥʠʯʝʥʦ ʧʨʠʢʫʧˀʘˁʝ ʧʦʜʘʪʘʢʘ  

¶ ʩʤʘˁʝˁʝ ʥʝʠʟʚʝʩʥʦʩʪʠ 

¶ ʩʧʨʝʯʘʚʘˁʝ ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ ʠ ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ 

ʙʦʣʝʩʪʠ 

ʂʦʣʘʙʦʨʘʪʠʚʥʠ 

ʨʦʙʦʪʠ 

¶ ʟʘʤʝˁʫʿʫ ʨʘʜʥʠʢʝ ʫ ʠʟʚʦʹʝˁʫ ʧʦʥʘʚˀʘʿʫ˂ʠʭ ʠ 
ʬʠʟʠʯʢʠ ʟʘʭʪʝʚʥʠʭ ʘʢʪʠʚʥʦʩʪʠ  

¶ ʧʨʝʢʦ ʩʝʥʟʦʨʘ ʧʝʨʮʠʧʠʨʘˁʝ ʨʘʜʥʝ ʦʢʦʣʠʥʝ 

ɺʝʰʪʘʯʢʘ 

ʠʥʪʝʣʠʛʝʥʮʠʿʘ 

¶ ʧʨʝʧʦʟʥʘʚʘˁʝ ʦʧʘʩʥʦʩʪʠ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ 

¶ ʧʨʘ˂ʝˁʝ ʨʘʜʥʠʢʘ ʠ ʜʦʥʦʰʝˁʝ ʦʜʣʫʢʘ ʫ ʨʝʘʣʥʦʤ 

ʚʨʝʤʝʥʫ 

ʅʦʩʠʚʝ ʪʝʭʥʦʣʦʛʠʿʝ ¶ ʧʨʘ˂ʝˁʝ ʟʜʨʘʚʩʪʚʝʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʨʘʜʥʠʢʘ 

¶ ʧʨʘ˂ʝˁʝ ʧʘʨʘʤʝʪʘʨʘʠʟ ʨʘʜʥʦʛ ʦʢʨʫʞʝˁʘ 

ɺʠʨʪʫʝʣʥʘ 

ʨʝʘʣʥʦʩʪ 
¶ ʚʠʨʪʫʝʣʥʘ ʧʨʦʮʝʥʘ ʨʠʟʠʢʘ ʥʘ ʨʘʜʥʠʤ ʤʝʩʪʠʤʘ 

¶ ʦʙʫʢʝ ʠʟ ʦʙʣʘʩʪʠ ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʘ ʥʘ ʨʘʜʫ 
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2.4 ɹɽɿɹɽɼʅʆʉʊ ʀ ɿɼʈɸɺɲɽ ʈɸɼʅʀʂɸ ʂʆɱʀ ʆɹɸɺɲɸɱʋ ʄʆʅʊɸɾʅɽ 

ɸʂʊʀɺʅʆʉʊʀ ʅɸ ʀʅɼʋʉʊʈʀɱʉʂʀʄ ʈɸɼʅʀʄ ʉʊɸʅʀʎɸʄɸ 

ʋʧʨʢʦʩ ʨʘʩʪʫ˂ʝʤ ʪʨʝʥʜʫ ʧʨʠʤʝʥʝ ʩʘʚʨʝʤʝʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʀʥʜʫʩʪʨʠʿʝ 4.0, ʥʘ 

ʤʥʦʛʠʤ ʨʘʜʥʠʤ ʤʝʩʪʠʤʘ ʫ ʩʘʚʨʝʤʝʥʠʤ ʠʥʜʫʩʪʨʠʿʩʢʠʤ ʩʠʩʪʝʤʠʤʘ ʥʝ ʧʦʩʪʦʿʠ ʤʦʛʫ˂ʥʦʩʪ 

ʜʘ ʩʝ ʫ ʧʦʪʧʫʥʦʩʪʠ ʩʧʨʦʚʝʜʝ ʜʠʛʠʪʘʣʠʟʘʮʠʿʘ ʠ ʘʫʪʦʤʘʪʠʟʘʮʠʿʘ. ʇʨʠʤʝʨʠ ʪʘʢʚʠʭ ʧʦʩʣʦʚʘ 

ʩʫ ʤʦʥʦʪʦʥʠ ʠ ʧʦʥʘʚˀʘʿʫ˂ʠ ʟʘʜʘʮʠ ʩʢʣʘʧʘˁʘ ʜʝʣʦʚʘ ʠ ʢʦʤʧʦʥʝʥʪʠ ʫ ʬʠʥʘʣʥʠ ʧʨʦʠʟʚʦʜ 

ʢʦʿʠ ʩʝ ʦʙʘʚˀʘʿʫ ʥʘ ʪʨʘʜʠʮʠʦʥʘʣʥʠʤ ʠʥʜʫʩʪʨʠʿʩʢʠʤ ʨʘʜʥʠʤ ʩʪʘʥʠʮʘʤʘ ʥʘʿʯʝʰ˂ʝ ʫ 

ʥʝʝʨʛʦʥʦʤʩʢʠʤ ʧʦʣʦʞʘʿʠʤʘ ʪʝʣʘ. ɿʙʦʛ ʧʨʠʨʦʜʝ ʧʦʩʣʘ ʠ ʦʛʨʘʥʠʯʝʥʝ ʬʣʝʢʩʠʙʠʣʥʦʩʪʠ 

ʨʘʜʥʠʮʠ ʩʫ ʧʨʠʤʦʨʘʥʠ ʜʘ ʦʚʝ ʘʢʪʠʚʥʦʩʪʠ ʦʙʘʚˀʘʿʫ ʤʘʥʫʝʣʥʦ. ʅʘ ʪʨʘʜʠʮʠʦʥʘʣʥʠʤ 

ʨʘʜʥʠʤ ʩʪʘʥʠʮʘʤʘ ʨʘʜʥʠʮʠ ʠʟʚʦʜʝ ʧʦʥʘʚˀʘʿʫ˂ʝ ʧʦʢʨʝʪʝ ʪʦʢʦʤ ʜʫʞʝʛ ʚʨʝʤʝʥʩʢʦʛ 

ʧʝʨʠʦʜʘ, ʰʪʦ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʟʜʨʘʚʩʪʚʝʥʠʭ ʧʨʦʙʣʝʤʘ ʢʦʿʠ ʫ ʥʝʢʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʤʦʛʫ 

ʠʟʘʟʚʘʪʠ ʪʨʘʿʥʝ ʧʦʩʣʝʜʠʮʝ ʧʦ ˁʠʭʦʚʦ ʟʜʨʘʚˀʝ. 

ɿʘʜʘʮʠ ʨʫʯʥʦʛ ʩʢʣʘʧʘˁʘ ʩʫ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘˁʝʥʠ ʫ ʤʥʦʛʠʤ ʧʨʦʠʟʚʦʜʥʠʤ 

ʦʨʛʘʥʠʟʘʮʠʿʘʤʘ. ʇʨʦʮʝʩ ʤʦʥʪʘʞʝ ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʘʥ ʦʜ ʥʘʿʚʘʞʥʠʿʠʭ ʧʦʩʣʦʚʥʠʭ ʧʨʦʮʝʩʘ, 

ʢʘʢʦ ʫ ʘʫʪʦʤʦʙʠʣʩʢʦʿ ʠʥʜʫʩʪʨʠʿʠ, ʪʘʢʦ ʠ ʫ ʜʨʫʛʠʤ ʠʥʜʫʩʪʨʠʿʩʢʠʤ ʩʝʢʪʦʨʠʤʘ. ʈʫʯʥʦ 

ʩʢʣʘʧʘˁʝ ʫʢˀʫʯʫʿʝ ʧʨʝʪʨʘʞʠʚʘˁʝ ʠ ʠʟʙʦʨ ʜʝʣʦʚʘ, ʢʦʤʧʦʥʝʥʪʠ ʠ ʧʦʜʩʢʣʦʧʦʚʘ, ˁʠʭʦʚʦ 

ʤʦʥʪʠʨʘˁʝ ʫ ʬʠʥʘʣʥʠ ʧʨʦʠʟʚʦʜ ʠ ʩʘʤʠʤ ʪʠʤ ʟʘʭʪʝʚʘ ʬʠʟʠʯʢʫ ʠ ʤʝʥʪʘʣʥʫ ʩʧʨʝʤʥʦʩʪ 

ʨʘʜʥʠʢʘ.  

ʇʨʦʮʝʩ ʩʢʣʘʧʘˁʘ ʧʦʜʨʘʟʫʤʝʚʘ ʥʠʟ ʦʧʝʨʘʮʠʿʘ ʢʦʿʝ ʩʝ ʩʠʩʪʝʤʘʪʩʢʠ ʠʟʚʦʜʝ ʢʘʢʦ ʙʠ 

ʩʝ ʨʘʟʣʠʯʠʪʝ ʢʦʤʧʦʥʝʥʪʝ ʩʧʦʿʠʣʝ ʫ ʬʠʥʘʣʥʠ ʧʨʦʠʟʚʦʜ. ʆʩʥʦʚʥʝ ʦʧʝʨʘʮʠʿʝ ʫ ʤʦʥʪʘʞʠ 

ʫʢˀʫʯʫʿʫ (Chakravarthy ʠ ʜʨʫʛʠ 2015):  

¶ ʧʨʝʪʨʘʞʠʚʘˁʝ ʠ ʠʟʙʦʨ ʜʝʣʦʚʘ, ʢʦʤʧʦʥʝʥʪʠ ʠ ʧʦʜʩʢʣʦʧʦʚʘ - ʧʨʦʮʝʩ 

ʠʜʝʥʪʠʬʠʢʘʮʠʿʝ ʠ ʩʝʣʝʢʮʠʿʝ ʧʦʪʨʝʙʥʠʭ ʜʝʣʦʚʘ ʠ ʢʦʤʧʦʥʝʥʪʠ ʟʘ ʤʦʥʪʘʞʫ, 

ʧʨʦʥʘʣʘʞʝˁʝ ʧʦʪʨʝʙʥʠʭ ʜʝʣʦʚʘ 

¶ ʧʦʟʠʮʠʦʥʠʨʘˁʝ - ʧʨʝʮʠʟʥʦ ʧʦʩʪʘʚˀʘˁʝ ʜʝʣʦʚʘ ʠʣʠ ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʦʜʛʦʚʘʨʘʿʫ˂ʝ 

ʤʝʩʪʦ ʫ ʦʜʥʦʩʫ ʥʘ ʦʩʪʘʣʝ ʜʝʣʦʚʝ 

¶ ʦʨʠʿʝʥʪʘʮʠʿʫ - ʦʙʝʟʙʝʹʠʚʘˁʝ ʜʘ ʩʚʘʢʠ ʜʝʦ ʙʫʜʝ ʠʩʧʨʘʚʥʦ ʦʨʠʿʝʥʪʠʩʘʥ ʧʨʝ ʥʝʛʦ ʰʪʦ 

ʩʝ ʩʧʦʿʠ ʩʘ ʜʨʫʛʠʤ ʢʦʤʧʦʥʝʥʪʘʤʘ ʯʠʤʝ ʩʝ ʩʧʨʝʯʘʚʘ ʧʦʿʘʚʘ ʛʨʝʰʢʠ ʫ ʤʦʥʪʘʞʠ ʠ 

ʦʩʠʛʫʨʘʚʘ ʢʚʘʣʠʪʝʪ ʬʠʥʘʣʥʦʛ ʧʨʦʠʟʚʦʜʘ 

¶ ʩʧʘʿʘˁʝ - ʧʦʩʣʝʜˁʠ ʢʦʨʘʢ ʫ ʧʨʦʮʝʩʫ ʤʦʥʪʘʞʝ, ʢʦʿʠ ʧʦʜʨʘʟʫʤʝʚʘ ʬʠʟʠʯʢʦ ʩʧʘʿʘˁʝ 

ʢʦʤʧʦʥʝʥʪʠ ʢʦʨʠʰ˂ʝˁʝʤ ʨʘʟʣʠʯʠʪʠʭ ʪʝʭʥʠʢʘ ʢʘʦ ʰʪʦ ʩʫ ʟʘʚʘʨʠʚʘˁʝ, ʚʠʿʮʠ, 

ʣʝʧʢʦʚʠ ʠʣʠ ʤʝʭʘʥʠʯʢʠ ʩʧʦʿʝʚʠ. 

ʄʦʥʪʘʞʥʝ ʘʢʪʠʚʥʦʩʪʠ ʦʜʣʫʢʫʿʫ ʩʧʝʮʠʬʠʯʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ (ʧʨʠʣʘʛʦʹʝʥʦ ʧʨʝʤʘ 

Swift ʠ Booker, 2013): 

¶ ʩʪʦʧʝ ʧʨʦʠʟʚʦʜˁʝ ʚʘʨʠʨʘʿʫ ʦʜ ʥʠʩʢʝ ʜʦ ʩʨʝʜˁʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʢʦʤʧʣʝʢʩʥʦʩʪʠ 
ʬʠʥʘʣʥʦʛ ʧʨʦʠʟʚʦʜʘ, ʙʨʦʿʘ ʠ ʚʝʣʠʯʠʥʝ ʢʦʤʧʦʥʝʥʪʠ ʠ ʜʝʣʦʚʘ ʢʦʿʠ ʩʝ ʤʦʥʪʠʨʘʿʫ ʫ 

ʬʠʥʘʣʥʠ ʧʨʦʠʟʚʦʜ 

¶ ʤʦʥʪʘʞʥʝ ʘʢʪʠʚʥʦʩʪʠ ʩʧʘʜʘʿʫ ʫ ʛʨʫʧʫ ʧʨʠʣʠʯʥʦ ʢʦʤʧʣʝʢʩʥʠʭ ʨʘʜʥʠʭ ʘʢʪʠʚʥʦʩʪʠ 
(ʢʦʤʧʣʝʢʩʥʦʩʪ ʟʘʚʠʩʠ ʦʜ ʚʝʣʠʯʠʥʝ ʠ ʩʣʦʞʝʥʦʩʪʠ ʬʠʥʘʣʥʦʛ ʧʨʦʠʟʚʦʜʘ ʢʦʿʠ ʩʝ 

ʩʢʣʘʧʘ) 

¶ ʚʨʝʤʝ ʧʨʦʠʟʚʦʜˁʝ ʿʝ ʧʨʠʣʠʯʥʦ ʜʫʛʦ (ʫ ʥʝʢʠʤ ʩʠʪʫʘʮʠʿʘʤʘ ʦʚʘʿ ʧʨʦʮʝʩ ʪʨʘʿʝ 

ʜʘʥʠʤʘ) 

¶ ʧʦʩʪʫʧʘʢ ʤʦʥʪʘʞʝ ʿʝ ʦʨʛʘʥʠʟʦʚʘʥ ʠ ʩʠʥʭʨʦʥʠʟʦʚʘʥ ʫ ʦʜʥʦʩʫ ʥʘ ʜʝʣʦʚʝ ʠ 
ʢʦʤʧʦʥʝʥʪʝ ʯʠʿʘ ʩʝ ʤʦʥʪʘʞʘ ʠʟʚʦʜʠ ʫ ʨʘʟʣʠʯʠʪʦ ʚʨʝʤʝ ʠ ʥʘ ʨʘʟʣʠʯʠʪʠʤ 

ʣʦʢʘʮʠʿʘʤʘ  
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¶ ʫ ʧʨʦʮʝʩʫ ʤʦʥʪʘʞʝ, ʘʢʪʠʚʥʦʩʪʠ ʩʝ ʚʨʣʦ ʯʝʩʪʦ ʦʙʘʚˀʘʿʫ ʨʫʯʥʦ, ʿʝʨ ʩʝ ʩʤʘʪʨʘ ʜʘ ʿʝ 

ʘʫʪʦʤʘʪʠʟʘʮʠʿʘ ʥʝʢʠʭ ʦʧʝʨʘʮʠʿʘ ʧʨʝʚʠʰʝ ʢʦʤʧʣʝʢʩʥʘ ʠ ʟʘʭʪʝʚʘ ʟʥʘʪʥʘ 

ʬʠʥʘʥʩʠʿʩʢʘ ʫʣʘʛʘˁʘ 

¶ ʦʙʘʚˀʘˁʝ ʤʦʥʪʘʞʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʫ ʥʝʝʨʛʦʥʦʤʩʢʠʤ ʧʦʣʦʞʘʿʠʤʘ ʪʝʣʘ ʥʝʛʘʪʠʚʥʦ 
ʫʪʠʯʝ ʥʘ ʟʜʨʘʚˀʝ ʨʘʜʥʠʢʘ 

¶ ʫʩʣʝʜ ʦʙʘʚˀʘˁʘ ʧʦʥʘʚˀʘʿʫ˂ʠʭ ʘʢʪʠʚʥʦʩʪʠ ʪʦʢʦʤ ʜʫʞʝʛ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʘ ʜʦʣʘʟʠ 
ʜʦ ʧʩʠʭʠʯʢʦʛ ʟʘʤʦʨʘ ʠ ʧʘʜʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ, ʰʪʦ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ 

¶ ʢʚʘʣʠʪʝʪ ʬʠʥʘʣʥʦʛ ʧʨʦʠʟʚʦʜʘ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʟʘʚʠʩʠ ʦʜ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʚʝʰʪʠʥʘ 
ʨʘʜʥʠʢʘ ʢʦʿʠ ʩʢʣʘʧʘʿʫ ʧʨʦʠʟʚʦʜ 

¶ ʤʦʥʪʘʞʘ ʿʝ ʦʙʠʯʥʦ ʧʦʩʣʝʜˁʠ ʧʨʦʮʝʩ ʫ ʢʦʿʝʤ ʩʝ ʤʘʥʠʬʝʩʪʫʿʫ ʥʝʧʨʘʚʠʣʥʦʩʪʠ ʠʟ 
ʧʨʝʪʭʦʜʥʠʭ ʬʘʟʘ ʠ ʧʨʦʮʝʩʘ 

¶ ʜʦ ʜʝʬʝʢʘʪʘ ʜʦʣʘʟʠ ʫʢʦʣʠʢʦ ʿʝ ʧʨʦʠʟʚʦʜ ʩʣʦʞʝʥ, ʘʢʦ ʩʝ ʜʝʣʦʚʠ ʠ ʢʦʤʧʦʥʝʥʪʝ 
ʪʝʰʢʦ ʠʥʪʝʛʨʠʰʫ ʠʣʠ ʘʢʦ ʿʝ ʧʨʦʩʪʦʨ ʟʘ ʫʤʝʪʘˁʝ ʦʛʨʘʥʠʯʝʥ, ʫʢʦʣʠʢʦ ʩʝ ʤʦʥʪʘʞʥʝ 

ʘʢʪʠʚʥʦʩʪʠ ʠʟʚʦʜʝ ʥʝʧʨʘʚʠʣʥʦ ʠʪʜ. 

ʂʘʢʦ ʠʩʪʠʯʫ ʘʫʪʦʨʠ (Karlqvist ʠ ʜʨʫʛʠ, 2003) ʤʦʥʪʘʞʥʠ ʟʘʜʘʮʠ ʩʫ ʬʠʟʠʯʢʠ 

ʥʘʧʦʨʥʠ ʠ ʤʝʥʪʘʣʥʦ ʟʘʭʪʝʚʥʠ ʘ ʪʦ ʤʦʞʝ ʠʤʘʪʠ ʦʟʙʠˀʥʝ ʠʤʧʣʠʢʘʮʠʿʝ ʥʘ ʟʜʨʘʚˀʝ ʠ 

ʜʦʙʨʦʙʠʪ ʨʘʜʥʠʢʘ. ʋʩʣʝʜ ʠʟʚʦʹʝˁʘ ʯʝʩʪʠʭ ʧʦʥʘʚˀʘʿʫ˂ʠʭ ʧʦʢʨʝʪʘ ʛʦʨˁʠʭ ʝʢʩʪʨʝʤʠʪʝʪʘ, 

ʧʦʩʝʙʥʦ ʘʢʦ ʿʝ ʚʨʝʤʝ ʠʟʚʦʹʝˁʘ ʿʝʜʥʝ ʦʧʝʨʘʮʠʿʝ ʤʘˁʝ ʦʜ 30 ʩʝʢʫʥʜʠ ʨʘʜʥʠʮʠ ʩʫ ʠʟʣʦʞʝʥʠ 

ʨʠʟʠʮʠʤʘ ʦʜ ʥʘʩʪʘʥʢʘ ʟʜʨʘʚʩʪʚʝʥʠʭ ʧʨʦʙʣʝʤʘ. ʄʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠ ʧʦʨʝʤʝ˂ʘʿʠ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʥʘʿʯʝʰ˂ʠ ʟʜʨʘʚʩʪʚʝʥʠ ʧʨʦʙʣʝʤ ʤʝʹʫ ʨʘʜʥʠʮʠʤʘ ʢʦʿʠ ʦʙʘʚˀʘʿʫ ʘʢʪʠʚʥʦʩʪʠ 

ʤʦʥʪʘʞʝ ʥʘ ʪʨʘʜʠʮʠʦʥʘʣʥʠʤ ʨʘʜʥʠʤ ʩʪʘʥʠʮʘʤʘ. 

ɸʤʝʨʠʯʢʠ ʅʘʮʠʦʥʘʣʥʠ ʠʥʩʪʠʪʫʪ ʟʘ ʙʝʟʙʝʜʥʦʩʪ ʠ ʟʜʨʘʚˀʝ ʥʘ ʨʘʜʫ (ʝʥʛʣ. National 

Institute for Occupational Safety and Health-NIOSH) ʜʝʬʠʥʠʰʝ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʝ 

ʧʦʨʝʤʝ˂ʘʿʝ ʢʘʦ ʧʦʨʝʤʝ˂ʘʿʝ ʠ ʦʙʦˀʝˁʘ ʢʦʿʠ ʦʰʪʝ˂ʫʿʫ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠ ʩʠʩʪʝʤ, 

ʧʝʨʠʬʝʨʥʝ ʥʝʨʚʝ ʠ ʥʝʫʨʦʚʘʩʢʫʣʘʨʥʠ ʩʠʩʪʝʤ, ʘ ʢʦʿʠ ʩʫ ʫʟʨʦʢʦʚʘʥʠ ʠʣʠ ʧʦʛʦʨʰʘʥʠ ʫʩʣʝʜ 

ʠʟʣʦʞʝʥʦʩʪʠ ʝʨʛʦʥʦʤʩʢʠʤ ʨʠʟʠʮʠʤʘ. ʉʚʝʪʩʢʘ ʟʜʨʘʚʩʪʚʝʥʘ ʦʨʛʘʥʠʟʘʮʠʿʘ (ʝʥʛʣ. World 

Health Organization-WHO) ʜʝʬʠʥʠʰʝ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʝ ʧʦʨʝʤʝ˂ʘʿʝ ʢʘʦ ʧʦʨʝʤʝ˂ʘʿʝ 

ʤʠʰʠ˂ʘ, ʪʝʪʠʚʘ, ʧʝʨʠʬʝʨʥʠʭ ʥʝʨʘʚʘ ʠʣʠ ʚʘʩʢʫʣʘʨʥʦʛ ʩʠʩʪʝʤʘ ʢʦʿʠ ʥʠʩʫ ʨʝʟʫʣʪʘʪ ʘʢʫʪʥʦʛ 

ʠʣʠ ʪʨʝʥʫʪʥʦʛ ʩʪʘˁʘ ʚʝ˂ ʥʘʩʪʘʿʫ ʢʫʤʫʣʘʪʠʚʥʦ (Karthikeyan ʠ ʜʨʫʛʠ, 2022). ʇʨʝʤʘ ʘʫʪʦʨʫ 

(Dennerlein, 2008) ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠ ʧʦʨʝʤʝ˂ʘʿʠ ʦʙʫʭʚʘʪʘʿʫ ʥʠʟ ʦʙʦˀʝˁʘ ʢʦʿʘ ʧʦʛʘʹʘʿʫ 

ʤʝʢʦ ʪʢʠʚʦ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʦʛ ʩʠʩʪʝʤʘ, ʫʢˀʫʯʫʿʫ˂ʠ ʪʝʪʠʚʝ, ʣʠʛʘʤʝʥʪʝ, ʭʨʩʢʘʚʠʮʫ, 

ʤʠʰʠ˂ʝ ʠ ʥʝʨʚʝ ʠ ʥʘʿʯʝʰ˂ʝ ʩʝ ʤʘʥʠʬʝʩʪʫʿʫ ʢʨʦʟ ʙʦʣʦʚʝ ʫ ʚʨʘʪʫ, ʨʘʤʝʥʠʤʘ, ʰʘʢʘʤʘ, 

ʨʫʢʘʤʘ ʠ ʜʦˁʝʤ ʜʝʣʫ ʣʝʹʘ. ʆʚʠ ʧʦʨʝʤʝ˂ʘʿʠ ʤʦʛʫ ʥʘʩʪʘʪʠ ʢʘʦ ʨʝʟʫʣʪʘʪ ʭʨʦʥʠʯʥʦʛ 

ʥʘʧʨʝʟʘˁʘ, ʥʝʬʠʟʠʦʣʦʰʢʠʭ ʧʦʣʦʞʘʿʘ ʪʝʣʘ, ʠʟʚʦʹʝˁʘ ʧʦʥʘʚˀʘʿʫ˂ʠʭ ʧʦʢʨʝʪʘ ʠʣʠ 

ʧʨʝʢʦʤʝʨʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ, ʰʪʦ ʜʦʚʦʜʠ ʜʦ ʙʦʣʘ, ʦʪʦʢʘ, ʫʢʦʯʝʥʦʩʪʠ ʠ ʩʤʘˁʝʥʝ 

ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ. 

ʋ ʟʝʤˀʘʤʘ ʯʣʘʥʠʮʘʤʘ ɽʚʨʦʧʩʢʝ ʫʥʠʿʝ (ɽʋ), ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠ ʧʦʨʝʤʝ˂ʘʿʠ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʿʝʜʥʫ ʦʜ ʥʘʿʯʝʰ˂ʝ ʟʘʩʪʫʧˀʝʥʠʭ ʙʦʣʝʩʪʠ ʢʦʜ ʨʘʜʥʠʢʘ ʢʦʿʠ ʦʙʘʚˀʘʿʫ 

ʤʦʥʪʘʞʥʝ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʠʥʜʫʩʪʨʠʿʩʢʠʤ ʨʘʜʥʠʤ ʩʪʘʥʠʮʘʤʘ. ʇʨʝʤʘ ʩʪʘʪʠʩʪʠʯʢʠʤ 

ʧʦʜʘʮʠʤʘ, ʦʢʦ 60% ʨʘʜʥʠʢʘ ʧʘʪʠ ʦʜ ʦʚʝ ʚʨʩʪʝ ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ ʙʦʣʝʩʪʠ (Caroly ʠ ʜʨʫʛʠ, 

2013). ɸʫʪʦʨʠ (Khan ʠ Pope-Ford, 2015) ʩʤʘʪʨʘʿʫ ʜʘ ʧʦʩʪʦʿʠ ʪʨʝʥʜ ʧʦʚʝ˂ʘˁʘ ʤʠʰʠ˂ʥʦ-

ʢʦʰʪʘʥʠʭ ʧʦʨʝʤʝ˂ʘʿʘ ʢʦʜ ʨʘʜʥʠʢʘ ʢʦʿʠ ʦʙʘʚˀʘʿʫ ʘʢʪʠʚʥʦʩʪʠ ʤʦʥʪʘʞʝ ʫ ʧʦʨʝʹʝˁʫ ʩʘ 

ʨʘʜʥʠʮʠʤʘ ʢʦʿʠ ʦʙʘʚˀʘʿʫ ʜʨʫʛʝ ʘʢʪʠʚʥʦʩʪʠ.  

ʇʨʝʤʘ ʘʫʪʦʨʠʤʘ (Balasubramanian ʠ ʜʨʫʛʠ, 2018; Punnett ʠ Wegman, 2004) 

ʥʘʿʯʝʰ˂ʠ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠ ʧʦʨʝʤʝ˂ʘʿʠ ʢʦʿʠ ʩʫ ʧʦʚʝʟʘʥʠ ʩʘ ʦʙʘʚˀʘˁʝʤ ʤʦʥʪʘʞʥʠʭ 

ʨʘʜʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʩʫ ʩʠʥʜʨʦʤ ʢʘʨʧʘʣʥʦʛ ʪʫʥʝʣʘ, ʪʝʥʜʦʥʠʪʠʩ ʟʛʣʦʙʘ ʠ ʣʘʪʝʨʘʣʥʠ 
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ʝʧʠʢʦʥʜʠʣʠʪʠʩ. ʉʠʥʜʨʦʤ ʢʘʨʧʘʣʥʦʛ ʪʫʥʝʣʘ ʥʘʩʪʘʿʝ ʫʩʣʝʜ ʢʦʤʧʨʝʩʠʿʝ ʠʣʠ ʧʨʠʪʠʩʢʘ ʥʘ 

ʤʝʜʠʿʘʣʥʠ ʥʝʨʚ ʢʦʿʠ ʧʨʦʣʘʟʠ ʢʨʦʟ ʢʘʨʧʘʣʥʠ ʪʫʥʝʣ ʫ ʟʛʣʦʙʫ. ʂʘʜʘ ʜʦʹʝ ʜʦ ʧʨʠʪʠʩʢʘ ʥʘ 

ʦʚʘʿ ʥʝʨʚ, ʧʦʿʘʚˀʫʿʫ ʩʝ ʩʠʤʧʪʦʤʠ ʢʘʦ ʰʪʦ ʩʫ ʙʦʣ, ʧʝʮʢʘˁʝ, ʪʨˁʝˁʝ, ʩʣʘʙʦʩʪ ʠʣʠ 

ʫʪʨʥʫʣʦʩʪ ʫ ʧʨʩʪʠʤʘ ʠ ʰʘʮʠ. ʅʘʿʯʝʰ˂ʠ ʫʟʨʦʢ ʥʘʩʪʘʥʢʘ ʩʠʥʜʨʦʤʘ ʢʘʨʧʘʣʥʦʛ ʪʫʥʝʣʘ ʿʝ 

ʠʟʚʦʹʝˁʝ ʧʦʥʘʚˀʘʿʫ˂ʠʭ ʧʦʢʨʝʪʘ ʨʫʢʝ ʠ ʧʨʩʪʠʿʫ ʪʦʢʦʤ ʜʫʞʝʛ ʚʨʝʤʝʥʩʢʦʛ ʧʝʨʠʦʜʘ.  

ʊʝʥʜʠʥʠʪʠʩ ʿʝ ʫʧʘʣʘ ʠʣʠ ʠʨʠʪʘʮʠʿʘ ʪʝʪʠʚʝ, ʬʠʙʨʦʟʥʦʛ ʪʢʠʚʘ ʢʦʿʝ ʧʦʚʝʟʫʿʝ ʤʠʰʠ˂ʝ 

ʩʘ ʢʦʩʪʠʤʘ. ʆʚʦ ʩʪʘˁʝ ʥʘʩʪʘʿʝ ʫʩʣʝʜ ʧʨʝʦʧʪʝʨʝ˂ʝˁʘ ʪʝʪʠʚʝ ʠʣʠ ʧʦʥʘʚˀʘʿʫ˂ʠʭ ʧʦʢʨʝʪʘ, 

ʰʪʦ ʜʦʚʦʜʠ ʜʦ ʙʦʣʘ ʠ ʦʩʝʪˀʠʚʦʩʪʠ ʦʢʦ ʟʘʭʚʘ˂ʝʥʦʛ ʧʦʜʨʫʯʿʘ. ʅʘʿʯʝʰ˂ʝ ʩʝ ʿʘʚˀʘ ʫ 

ʦʙʣʘʩʪʠʤʘ ʢʘʦ ʰʪʦ ʩʫ ʨʘʤʝʥʘ, ʣʘʢʪʦʚʠ ʠ ʟʛʣʦʙʦʚʠ. ʃʘʪʝʨʘʣʥʠ ʝʧʠʢʦʥʜʠʣʠʪʠʩ, ʧʦʟʥʘʪ ʠ 

ʧʦʜ ʥʘʟʠʚʦʤ Ăʪʝʥʠʩʢʠ ʣʘʢʘʪñ, ʧʨʝʜʩʪʘʚˀʘ ʫʧʘʣʥʦ-ʜʝʛʝʥʝʨʘʪʠʚʥʦ ʦʙʦˀʝˁʝ ʪʝʪʠʚʘ ʢʦʿʝ ʩʝ 

ʚʝʟʫʿʫ ʟʘ ʣʘʪʝʨʘʣʥʠ ʝʧʠʢʦʥʜʠʣ ʭʫʤʝʨʫʩʘ. ʆʚʘʿ ʧʦʨʝʤʝ˂ʘʿ ʥʘʿʯʝʰ˂ʝ ʥʘʩʪʘʿʝ ʢʘʦ ʨʝʟʫʣʪʘʪ 

ʭʨʦʥʠʯʥʝ ʧʨʝʦʧʪʝʨʝ˂ʝʥʦʩʪʠ ʝʢʩʪʝʥʟʦʨʩʢʠʭ ʤʠʰʠ˂ʘ ʧʦʜʣʘʢʪʠʮʝ, ʧʦʩʝʙʥʦ ʝʢʩʪʝʥʟʦʨʘ 

ʢʘʨʧʫʩʘ. ʉʠʤʧʪʦʤʠ ʫʢˀʫʯʫʿʫ ʙʦʣ ʠ ʩʣʘʙʦʩʪ ʫ ʧʨʝʜʝʣʫ ʩʧʦˀʘʰˁʝʛ ʜʝʣʘ ʣʘʢʪʘ, ʰʪʦ 

ʦʛʨʘʥʠʯʘʚʘ ʩʧʦʩʦʙʥʦʩʪ ʠʟʚʦʹʝˁʘ ʧʦʢʨʝʪʘ ʢʦʿʠ ʟʘʭʪʝʚʘʿʫ ʧʨʠʤʝʥʫ ʩʥʘʛʝ ʠ ʨʦʪʘʮʠʿʫ 

ʧʦʜʣʘʢʪʠʮʝ. 

ʂʘʦ ʿʝʜʘʥ ʦʜ ʛʣʘʚʥʠʭ ʬʘʢʪʦʨʘ ʨʠʟʠʢʘ ʟʘ ʥʘʩʪʘʥʘʢ ʧʦʨʝʤʝ˂ʘʿʘ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʦʛ 

ʩʠʩʪʝʤʘ, ʫ ʣʠʪʝʨʘʪʫʨʠ ʩʝ ʥʘʚʦʜʝ ʥʝʬʠʟʠʦʣʦʰʢʠ ʧʦʣʦʞʘʿ ʪʝʣʘ ʠ ʥʝʘʜʝʢʚʘʪʥʦ ʜʠʟʘʿʥʠʨʘʥʦ 

ʨʘʜʥʦ ʤʝʩʪʦ (Alexopoulos ʠ ʜʨʫʛʠ, 2003; Petreanu ʠ Seracin, 2017). ʇʦʪʝʥʮʠʿʘʣʥʠ ʬʘʢʪʦʨʠ 

ʨʠʟʠʢʘ ʟʘ ʧʦʿʘʚʫ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠʭ ʧʦʨʝʤʝ˂ʘʿʘ ʠ ʜʨʫʛʠʭ ʟʜʨʘʚʩʪʚʝʥʠʭ ʧʨʦʙʣʝʤʘ ʢʦʜ 

ʨʘʜʥʠʢʘ ʫʢˀʫʯʫʿʫ ʧʦʥʘʚˀʘʿʫ˂ʘ ʢʨʝʪʘˁʘ, ʩʪʘʪʠʯʢʦ ʜʨʞʘˁʝ ʪʝʣʘ, ʧʦʜʠʟʘˁʝ ʪʝʰʢʠʭ 

ʧʨʝʜʤʝʪʘ, ʧʨʝʢʦʤʝʨʘʥ ʥʘʧʦʨ, ʢʘʦ ʠ ʠʟʣʦʞʝʥʦʩʪ ʚʠʙʨʘʮʠʿʘʤʘ. ɿʘʜʘʮʠ ʢʦʿʠ ʧʦʜʨʘʟʫʤʝʚʘʿʫ 

ʩʢʣʘʧʘˁʝ/ʧʦʚʝʟʠʚʘˁʝ ʢʦʤʧʦʥʝʥʪʠ ʠ ʜʝʣʦʚʘ ʯʝʩʪʦ ʩʝ ʦʙʘʚˀʘʿʫ ʫ ʥʝʧʨʘʚʠʣʥʠʤ 

ʧʦʣʦʞʘʿʠʤʘ ʪʝʣʘ ʠʣʠ ʫʟ ʦʜʨʞʘʚʘˁʝ ʩʪʘʪʠʯʥʦʛ ʧʦʣʦʞʘʿʘ ʪʝʣʘ ʪʦʢʦʤ ʜʫʞʝʛ ʧʝʨʠʦʜʘ 

ʚʨʝʤʝʥʘ. ʅʘ ʩʣʠʮʠ 2.7 ʩʫ ʧʨʠʢʘʟʘʥʠ ʥʝʬʠʦʟʠʦʣʦʰʢʠ ʧʦʣʦʞʘʿʠ ʪʝʣʘ ʢʦʿʝ ʨʘʜʥʠʮʠ 

ʟʘʫʟʠʤʘʿʫ ʪʦʢʦʤ ʦʙʘʚˀʘˁʘ ʤʦʥʪʘʞʥʠʭ ʘʢʪʠʚʥʦʩʪʠ.  

 

ʉʣʠʢʘ 2.7 ʅʝʬʠʦʟʠʦʣʦʰʢʠ ʧʦʣʦʞʘʿʠ ʪʝʣʘ ʢʦʿʝ ʨʘʜʥʠʮʠ ʟʘʫʟʠʤʘʿʫ ʪʦʢʦʤ ʠʟʚʦʹʝˁʘ 

ʤʦʥʪʘʞʥʠʭ  ʘʢʪʠʚʥʦʩʪʠ (ʧʨʝʫʟʝʪʦ ʠʟ ʨʘʜʘ: Colim ʠ ʜʨʫʛʠ, 2021 ʙ) 

ʆʙʘʚˀʘˁʝ ʧʦʩʣʦʚʘ ʫ ʝʨʛʦʥʦʤʩʢʠ ʥʝʘʜʝʢʚʘʪʥʦʤ ʧʦʣʦʞʘʿʫ ʪʝʣʘ ʪʦʢʦʤ ʜʫʞʝʛ 

ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʘ ʤʦʞʝ ʨʝʟʫʣʪʠʨʘʪʠ ʜʫʛʦʨʦʯʥʠʤ ʟʜʨʘʚʩʪʚʝʥʠʤ ʧʨʦʙʣʝʤʠʤʘ (Bjoringa ʠ 

Hagga, 2000; Khan ʠ ʜʨʫʛʠ, 2020). ɹʨʦʿʥʠ ʥʘʫʯʥʦ-ʠʩʪʨʘʞʠʚʘʯʢʠ ʨʘʜʦʚʠ ʩʫ ʫʢʘʟʘʣʠ ʜʘ 

ʜʫʛʦʪʨʘʿʥʦ ʦʙʘʚˀʘˁʝ ʘʢʪʠʚʥʦʩʪʠ ʫ ʩʝʜʝ˂ʝʤ ʧʦʣʦʞʘʿʫ ʜʦʚʦʜʠ ʜʦ ʥʝʣʘʛʦʜʥʦʩʪʠ ʢʦʜ 

ʨʘʜʥʠʢʘ (Callaghan ʠ ʜʨʫʛʠ, 2010). 

ʀʟʚʦʹʝˁʝ  ʤʦʥʦʪʦʥʠʭ ʠ ʧʦʥʘʚˀʘʿʫ˂ʠʭ ʧʦʢʨʝʪʘ ʚʝʣʠʢʦʤ ʙʨʟʠʥʦʤ ʟʘʭʪʝʚʘ ʧʦʚʝ˂ʘʥ 

ʥʘʧʦʨ ʪʝʪʠʚʘ, ʤʠʰʠ˂ʘ ʠ ʥʝʨʘʚʘ ʥʘ ʰʘʢʘʤʘ ʠ ʟʛʣʦʙʦʚʠʤʘ, ʰʪʦ ʤʦʞʝ ʠʟʘʟʚʘʪʠ ʥʘʧʝʪʦʩʪ 

ʤʠʰʠ˂ʘ ʠ ʜʦʜʘʪʥʦ ʧʦʚʝ˂ʘʪʠ ʨʠʟʠʢ ʦʜ ʨʘʟʚʦʿʘ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠʭ ʧʦʨʝʤʝ˂ʘʿʘ (Hussain, 

2004; Bjoringa ʠ Hagga, 2000; Schneider ʠ ʜʨʫʛʠ, 2010; Bevan, 2015). ɸʫʪʦʨ (Punnett ʠ 

ʜʨʫʛʠ, 1991) ʿʝ ʩʧʨʦʚʝʦ ʠʩʪʨʘʞʠʚʘˁʝ ʫ ʧʦʛʦʥʫ ʟʘ ʩʢʣʘʧʘˁʝ ʘʫʪʦʤʦʙʠʣʘ ʢʘʢʦ ʙʠ ʢʨʦʟ 
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ʧʨʘ˂ʝˁʝ ʧʦʩʪʫʨʘʣʥʠʭ ʠ ʙʠʦʤʝʭʘʥʠʯʢʠʭ ʨʠʟʠʢʘ ʫʩʪʘʥʦʚʠʦ ʧʦʪʝʥʮʠʿʘʣʥʫ ʢʦʨʝʣʘʮʠʿʫ 

ʠʟʤʝʹʫ ʩʪʘʪʠʯʥʦʛ ʜʨʞʘˁʘ ʪʝʣʘ ʠ ʨʠʟʠʢʘ ʦʜ ʧʦʿʘʚʝ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠʭ ʧʦʨʝʤʝ˂ʘʿʘ.  

ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʘʫʪʦʨ (Bernard, 1997) jʝ ʫʢʘʟʘʦ ʥʘ ʢʦʨʝʣʘʮʠʿʫ ʠʟʤʝʹʫ ʧʦʿʘʚʝ 

ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠʭ ʧʦʨʝʤʝ˂ʘʿʘ ʠ ʦʙʘʚˀʘˁʘ ʤʦʥʦʪʦʥʠʭ ʠ ʧʦʥʘʚˀʘʿʫ˂ʠʭ ʨʘʜʥʠʭ 

ʘʢʪʠʚʥʦʩʪʠ. ʊʘʢʦʹʝ, ʫ ʠʩʪʨʘʞʠʚʘˁʫ ʘʫʪʦʨʘ (Ellegast, 2016) ʿʝ ʫʢʘʟʘʥʦ ʥʘ ʧʦʿʘʚʫ 

ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ ʦʙʦˀʝˁʘ ʫ ʚʠʜʫ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠʭ ʧʦʨʝʤʝ˂ʘʿʘ ʠ ʙʦʣʦʚʘ ʫ ʣʝʹʠʤʘ ʢʦʜ 

ʨʘʜʥʠʢʘ ʢʦʿʠ ʦʙʘʚˀʘʿʫ ʟʘʤʦʨʥʝ, ʧʦʥʘʚˀʘʿʫ˂ʝ ʘʢʪʠʚʥʦʩʪʠ ʫ ʠʥʜʫʩʪʨʠʿʠ. ɸʫʪʦʨ 

(Ghasemkhani ʠ ʜʨʫʛʠ, 2006) ʿʝ ʩʧʨʦʚʝʦ ʩʪʫʜʠʿʫ ʩʣʫʯʘʿʘ ʢʘʢʦ ʙʠ ʠʩʪʨʘʞʠʦ ʧʦʿʘʚʫ 

ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠʭ ʩʠʤʧʪʦʤʘ ʢʦʜ ʛʨʫʧʝ ʨʘʜʥʠʢʘ ʢʦʿʠ ʨʘʜʝ ʥʘ ʤʦʥʪʘʞʥʦʿ ʪʨʘʮʠ ʫ 

ʘʫʪʦʤʦʙʠʣʩʢʦʿ ʠʥʜʫʩʪʨʠʿʠ, ʩ ʦʙʟʠʨʦʤ ʥʘ ʪʦ ʜʘ ʩʫ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʝ ʧʦʨʝʤʝ˂ʘʿʠ ʛʣʘʚʥʠ 

ʫʟʨʦʢ ʠʥʚʘʣʠʜʠʪʝʪʘ ʠ ʘʧʩʝʥʪʠʟʤʘ, ʩʤʘˁʝˁʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʧʦʚʝ˂ʘˁʘ ʪʨʦʰʢʦʚʘ ʫ 

ʚʝ˂ʠʥʠ ʦʨʛʘʥʠʟʘʮʠʿʘ. 

ʅʘ ʩʣʠʮʠ 2.8 ʿʝ ʧʨʠʢʘʟʘʥʦ ʦʙʘʚˀʘˁʝ ʘʢʪʠʚʥʦʩʪʠ ʫ ʥʝʝʨʛʦʥʦʤʩʢʦʤ ʧʦʣʦʞʘʿʫ ʪʝʣʘ 

ʪʦʢʦʤ ʜʫʞʝʛ ʚʨʝʤʝʥʩʢʦʛ ʧʝʨʠʦʜʘ ʫʩʣʝʜ ʯʝʛʘ ʜʦʣʘʟʠ ʜʦ ʧʦʿʘʚʝ ʙʦʣʦʚʘ ʫ ʚʨʘʪʫ, ʨʘʤʝʥʠʤʘ 

ʠ ʫ ʣʝʹʠʤʘ.  

 

ʉʣʠʢʘ 2.8 ʆʙʘʚˀʘˁʝ ʘʢʪʠʚʥʦʩʪʠ ʫ ʥʝʝʨʛʦʥʦʤʩʢʦʤ ʧʦʣʦʞʘʿʫ ʪʝʣʘ (ʧʨʝʫʟʝʪʦ ʩʘ: 

https://www.progressiveautomations.com/blogs/how-to/how-ergonomic-workstations-benefit-

packing-and-assembly-lines) 

ʊʦʢʦʤ ʠʟʚʦʹʝˁʘ ʤʘʥʫʝʣʥʠʭ, ʧʦʥʘʚˀʘʿʫ˂ʠʭ, ʧʨʝʮʠʟʥʠʭ ʨʘʜˁʠ ʩʘʩʪʘʚˀʘˁʘ, ʛʣʘʚʘ 

ʠ ʚʨʘʪ ʨʘʜʥʠʢʘ ʩʫ ʥʘʛʥʫʪʠ ʥʘʧʨʝʜ ʪʦʢʦʤ ʜʫʞʝʛ ʚʨʝʤʝʥʩʢʦʛ ʧʝʨʠʦʜʘ. ʆʚʘʿ ʥʝʝʨʛʦʥʦʤʩʢʠ 

ʧʦʣʦʞʘʿ ʪʝʣʘ ʠʟʘʟʠʚʘ ʙʦʣʦʚʝ ʫ ʚʨʘʪʫ ʠ ʣʝʹʠʤʘ (Chandrasakaran ʠ ʜʨʫʛʠ, 2003). ʊʘʢʦʹʝ 

ʨʘʜʥʠʮʠ ʦʩʝ˂ʘʿʫ ʥʝʣʘʛʦʜʥʦʩʪ ʫ ʜʨʫʛʠʤ ʜʝʣʦʚʠʤʘ ʪʝʣʘ - ʨʘʤʝʥʠʤʘ, ʣʘʢʪʦʚʠʤʘ, ʟʛʣʦʙʦʚʠʤʘ 

ʠ ʰʘʢʘʤʘ ʠʣʠ ʦʙʣʘʩʪʠʤʘ ʦʢʦ ʦʚʠʭ ʜʝʣʦʚʘ ʪʝʣʘ. ɸʫʪʦʨʠ (Ohlsson ʠ ʜʨʫʛʠ, 1989) ʠ (Ohlsson 

ʠ ʜʨʫʛʠ, 1995) ʩʫ ʩʧʨʦʚʝʣʠ ʜʚʝ ʩʪʫʜʠʿʝ ʠ ʫʩʪʘʥʦʚʠʣʠ ʜʘ ʩʝ 39% ʨʘʜʥʠʢʘ ʢʦʿʠ ʦʙʘʚˀʘʿʫ 

ʤʦʥʪʘʞʥʝ ʘʢʪʠʚʥʦʩʪʠ ʫ ʘʫʪʦʤʦʙʠʣʩʢʦʿ ʠʥʜʫʩʪʨʠʿʠ ʞʘʣʠʣʦ ʥʘ ʙʦʣʦʚʝ ʫ ʚʨʘʪʫ, 38% ʿʝ 

ʦʩʝ˂ʘʣʦ ʙʦʣʦʚʝ ʫ ʨʘʤʝʥʠʤʘ, ʘ 14% ʙʦʣʦʚʝ ʫ ʨʫʢʘʤʘ.  

ʇʨʝʤʘ ʩʪʫʜʠʿʠ ʢʦʿʫ ʩʫ ʩʧʨʦʚʝʣʠ ʘʫʪʦʨʠ (Luopajärvi, 1979) 37% ʨʘʜʥʠʢʘ ʢʦʿʠ ʨʘʜʝ 

ʥʘ ʨʘʜʥʠʤ ʩʪʘʥʠʮʘʤʘ ʟʘ ʤʦʥʪʘʞʫ ʞʘʣʠʣʦ ʩʝ ʥʘ ʙʦʣʦʚʝ ʫ ʚʨʘʪʫ ʘ 5,9% ʥʘ ʙʦʣʦʚʝ ʫ ʨʫʢʘʤʘ. 

ʇʦʨʝʜ ʘʢʫʪʥʦʛ ʙʦʣʘ, ʨʘʜʥʠʮʠ ʦʩʝ˂ʘʿʫ ʠ ʭʨʦʥʠʯʥʠ ʙʦʣ ʫ ʧʦʤʝʥʫʪʠʤ ʜʝʣʦʚʠʤʘ ʪʝʣʘ, ʰʪʦ 

ʤʦʞʝ ʫ ʥʝʢʠʤ ʩʠʪʫʘʮʠʿʘʤʘ ʧʨʦʫʟʨʦʢʦʘʪʠ ʪʨʘʿʥʫ ʥʝʩʧʦʩʦʙʥʦʩʪ ʟʘ ʨʘʜ (Buckle ʠ Devereux, 

2002; Walker-Bone ʠ Cooper, 2005). ʂʘʢʦ ʥʘʚʦʜʠ ʘʫʪʦʨ (Roquelaure, 2016), ʪʦʢʦʤ 

ʧʦʧʫˁʘʚʘˁʘ ʫʧʠʪʥʠʢʘ, ʨʘʜʥʠʮʠ ʩʫ ʧʨʠʿʘʚʠʣʠ ʙʦʣ ʠʣʠ ʦʩʝ˂ʘʿ ʥʝʣʘʛʦʜʥʦʩʪʠ ʫ ʛʦʨˁʝʤ ʜʝʣʫ 

ʪʝʣʘ, ʫʢˀʫʯʫʿʫ˂ʠ ʚʨʘʪ, ʨʫʢʝ, ʣʘʢʪʦʚʝ/ʧʦʜʣʘʢʪʠʮʝ, ʰʘʢʝ/ʟʛʣʦʙʦʚʝ ʠ ʣʝʹʘ. ʇʨʦʮʝʥʘ ʿʝ 

ʚʨʰʝʥʘ ʥʘ ʩʢʘʣʠ ʦʜ 0 ʜʦ 10, ʧʨʠ ʯʝʤʫ ʿʝ 0 ʦʟʥʘʯʘʚʘʣʦ ʜʘ ʨʘʜʥʠʮʠ ʥʠʩʫ ʦʩʝ˂ʘʣʠ ʥʠʢʘʢʘʚ 

ʙʦʣ ʠʣʠ ʥʝʣʘʛʦʜʥʦʩʪ, ʜʦʢ ʿʝ 10 ʫʢʘʟʠʚʘʣʦ ʜʘ ʩʫ ʨʘʜʥʠʮʠ ʠʤʘʣʠ ʥʝʧʦʜʥʦʰˀʠʚʝ ʙʦʣʦʚʝ. 

https://www.progressiveautomations.com/blogs/how-to/how-ergonomic-workstations-benefit-packing-and-assembly-lines
https://www.progressiveautomations.com/blogs/how-to/how-ergonomic-workstations-benefit-packing-and-assembly-lines


41 

ʈʝʟʫʣʪʘʪʠ ʩʪʫʜʠʿʝ ʢʦʿʫ ʩʫ ʩʧʨʦʚʝʣʠ ʘʫʪʦʨʠ (Nur ʠ ʜʨʫʛʠ, 2014) ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ ʿʝ 

ʧʨʝʚʘʣʝʥʮʠʿʘ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠʭ ʧʦʨʝʤʝ˂ʘʿʘ ʥʘʿʚʝ˂ʘ ʫ ʚʨʘʪʫ (49,3%), ʟʘʪʠʤ ʫ 

ʰʘʮʠ/ʟʛʣʦʙʫ (48%), ʨʘʤʝʥʫ (46,7%) ʠ ʣʝʹʠʤʘ (33,6%). 

ʋ ʩʪʫʜʠʿʠ ʢʦʿʫ ʿʝ ʩʧʨʦʚʝʦ ʘʫʪʦʨ (Tewari ʠ Vinay, 2019) ʫʩʪʘʥʦʚˀʝʥʦ ʿʝ ʜʘ ʠʟʚʦʹʝˁʝ 

ʤʦʥʦʪʦʥʠʭ, ʧʦʥʘʚˀʘʿʫ˂ʠʭ ʘʢʪʠʚʥʦʩʪʠ ʧʨʦʫʟʨʦʢʫʿʝ ʥʘʩʪʘʥʘʢ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠʭ 

ʧʦʨʝʤʝ˂ʘʿʘ. ɸʫʪʦʨ ʥʘʚʦʜʠ ʜʘ ʢʦʥʪʠʥʫʠʨʘʥʦ ʧʦʥʘʚˀʘˁʝ ʠʩʪʠʭ ʧʦʢʨʝʪʘ  (ʠʩʪʠ ʧʦʢʨʝʪ ʩʝ 

ʠʟʚʦʜʠ ʜʚʘ ʜʦ ʯʝʪʠʨʠ ʧʫʪʘ ʫ ʤʠʥʫʪʠ ʠʣʠ ʫ ʮʠʢʣʫʩʠʤʘ ʢʨʘ˂ʠʤ ʦʜ ʪʨʠʜʝʩʝʪ ʩʝʢʫʥʜʠ) ʠ 

ʦʜʨʞʘʚʘˁʝ ʩʪʘʪʠʯʢʠʭ ʧʦʣʦʞʘʿʘ ʪʝʣʘ ʜʦʚʦʜʝ ʜʦ ʧʨʝʢʦʤʝʨʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʤʠʰʠ˂ʘ, ʪʝʪʠʚʘ 

ʠ ʟʛʣʦʙʦʚʘ. ɸʫʪʦʨʠ (Guerreiro ʠ ʜʨʫʛʠ, 2021) ʩʫ ʧʨʘʪʠʣʠ ʨʘʜʥʠʢʝ ʢʦʿʠ ʩʫ ʦʙʘʚˀʘʣʠ 

ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʤʦʥʪʘʞʥʦʿ ʪʨʘʮʠ ʫ ʘʫʪʦʤʦʙʠʣʩʢʦʿ ʠʥʜʫʩʪʨʠʿʠ ʪʦʢʦʤ 7 ʤʝʩʝʮʠ, ʢʘʢʦ ʙʠ 

ʫʪʚʨʜʠʣʠ ʫʪʠʮʘʿ ʨʘʜʥʦʛ ʚʨʝʤʝʥʘ ʥʘ ʧʨʠʩʫʩʪʚʦ ʠ ʠʥʪʝʥʟʠʪʝʪ ʩʠʤʧʪʦʤʘ ʦʙʦˀʝˁʘ ʛʦʨˁʠʭ 

ʝʢʩʪʨʝʤʠʪʝʪʘ. ʋʩʪʘʥʦʚˀʝʥʦ ʿʝ ʜʘ ʜʫʛʦʪʨʘʿʥʦ ʦʙʘʚˀʘˁʝ ʤʦʥʪʘʞʥʠʭ ʟʘʜʘʪʘʢʘ ʤʦʞʝ 

ʜʦʚʝʩʪʠ ʜʦ ʩʤʘˁʝʥʦʛ ʬʫʥʢʮʠʦʥʘʣʥʦʛ ʢʘʧʘʮʠʪʝʪʘ ʟʘ ʠʟʚʨʰʘʚʘˁʝ ʟʘʜʘʪʘʢʘ ʠ ʩʤʘˁʝˁʘ 

ʩʥʘʛʝ ʨʘʜʥʠʢʘ. ʇʨʦʜʫʞʝʥʠ ʧʝʨʠʦʜʠ ʦʙʘʚˀʘˁʘ ʘʢʪʠʚʥʦʩʪʠ ʙʝʟ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʧʘʫʟʘ ʠ 

ʨʦʪʘʮʠʿʝ ʨʘʜʥʠʭ ʟʘʜʘʪʘʢʘ ʩʫ ʨʝʟʫʣʪʠʨʘʣʠ ʧʦʚʝ˂ʘʥʠʤ ʟʘʤʦʨʦʤ ʤʠʰʠ˂ʘ. ʋ ʪʘʙʝʣʠ 2.2 

ʧʨʠʢʘʟʘʥʠ ʩʫ ʬʘʢʪʦʨʠ ʨʠʟʠʢʘ ʠ ʩʠʤʧʪʦʤʠ ʥʘʿʯʝʰ˂ʠʭ ʧʦʨʝʤʝ˂ʘʿʘ ʛʦʨˁʠʭ ʝʢʩʪʨʝʤʠʪʝʪʘ. 

ʊʘʙʝʣʘ 2.2 ʇʦʨʝʤʝ˂ʘʿʠ, ʬʘʢʪʦʨʠ ʨʠʟʠʢʘ ʥʘ ʨʘʜʫ ʠ ʩʠʤʧʪʦʤʠ (CCOHS, 2019) 

ɿʜʨʘʚʩʪʚʝʥʠ ʧʦʨʝʤʝ˂ʘʿʠ ʌʘʢʪʦʨʠ ʨʠʟʠʢʘ ʥʘ ʨʘʜʫ ʉʠʤʧʪʦʤʠ 

ʊʝʥʜʠʥʠʪʠʩ ʇʨʝʢʦʤʝʨʥʦ ʦʧʪʝʨʝ˂ʝˁʝ, 

ʧʦʥʘʚˀʘʿʫ˂ʠ ʧʦʢʨʝʪʠ 

ʨʘʤʝʥʘ, ʨʫʢʝ, ʟʛʣʦʙʦʚʘ 

ʆʪʦʢ, ʙʦʣ, ʩʣʘʙʦʩʪ, 

ʦʛʨʘʥʠʯʝʥʘ ʧʦʢʨʝʪˀʠʚʦʩʪ 

ɽʧʠʢʦʥʜʠʣʠʪʠʩ (ʪʝʥʠʩʢʠ 

ʣʘʢʘʪ) 

ʇʦʥʘʚˀʘʿʫ˂ʠ ʧʦʢʨʝʪʠ ʨʫʢʝ, 

ʧʦʜʠʟʘˁʝ ʪʝʨʝʪʘ 

ɹʦʣ ʫ ʣʘʢʪʫ, ʦʩʣʘʙˀʝʥ 

ʩʪʠʩʘʢ 

ʉʠʥʜʨʦʤ ʢʘʨʧʘʣʥʦʛ 

ʪʫʥʝʣʘ 

ʇʦʥʘʚˀʘʿʫ˂ʠ ʧʦʢʨʝʪʠ ʨʫʢʫ 

ʠ ʟʛʣʦʙʦʚʘ, ʩʪʘʪʠʯʢʦ 

ʜʨʞʘˁʝ ʪʝʣʘ 

ɹʦʣ, ʫʪʨʥʫʣʦʩʪ, ʩʣʘʙʦʩʪ ʫ 

ʰʘʮʠ ʠ ʧʨʩʪʠʤʘ 

ɹʫʨʩʠʪʠʩ ʇʨʠʪʠʩʘʢ ʥʘ ʟʛʣʦʙʦʚʝ, 

ʧʨʦʜʫʞʝʥʦ ʩʪʘʪʠʯʢʦ 

ʜʨʞʘˁʝ 

ɹʦʣ ʫ ʨʘʤʝʥʫ, ʦʛʨʘʥʠʯʝʥ 

ʦʧʩʝʛ ʧʦʢʨʝʪʘ 

De Quervainova ʙʦʣʝʩʪ ʇʦʥʘʚˀʘʿʫ˂ʠ ʧʦʢʨʝʪʠ 

ʧʘʣʮʘ, ʫʚʨʪʘˁʘ 

ɹʦʣ ʠ ʦʪʦʢ, ʦʛʨʘʥʠʯʝʥʦ 

ʢʨʝʪʘˁʝ 

ʉʠʥʜʨʦʤ ʪʦʨʘʢʘʣʥʦʛ 

ʠʟʣʘʟʘ  

ʉʪʘʪʠʯʢʦ ʜʨʞʘˁʝ, 

ʧʨʠʪʠʩʘʢ ʥʘ ʨʘʤʝʥʘ, ʨʫʢʝ 

ʩʫ ʧʦʩʪʘʚˀʝʥʝ ʠʟʥʘʜ 

ʨʘʤʝʥʘ ʪʦʢʦʤ ʜʫʞʝʛ 

ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʘ 

ɹʦʣ ʫ ʚʨʘʪʫ ʠ ʨʘʤʝʥʠʤʘ, 

ʫʪʨʥʫʣʦʩʪ ʫ ʨʫʢʘʤʘ  

 

ʄʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠ ʧʦʨʝʤʝ˂ʘʿʠ ʩʫ ʿʝʜʘʥ ʦʜ ʛʣʘʚʥʠʭ ʫʟʨʦʢʘ ʦʜʩʫʩʪʚʘ ʩʘ ʧʦʩʣʘ ʠ 

ʩʤʘˁʝʥʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʨʘʜʥʠʢʘ. ʆʚʘ ʛʨʫʧʘ ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ ʙʦʣʝʩʪʠ ʿʝ ʧʦʚʝʟʘʥʘ ʩʘ 

ʚʝʣʠʢʠʤ ʙʨʦʿʝʤ ʠʟʛʫʙˀʝʥʠʭ ʨʘʜʥʠʭ ʜʘʥʘ ʫ ʪʦʢʫ ʛʦʜʠʥʝ, ʘ ʩʘ ʪʠʤ ʠ ʟʥʘʯʘʿʥʠʤ 

ʬʠʥʘʥʩʠʿʩʢʠʤ ʛʫʙʠʮʠʤʘ ʢʦʿʝ ʦʨʛʘʥʠʟʘʮʠʿʝ ʪʨʧʝ ʟʙʦʛ ʧʘʜʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʧʦʚʝ˂ʘʥʠʭ 

ʪʨʦʰʢʦʚʘ ʫʩʣʝʜ ʣʝʯʝˁʘ ʠ ʜʨʫʛʠʭ ʚʠʜʦʚʘ ʧʦʜʨʰʢʝ ʢʦʿʝ ʩʫ ʥʝʦʧʭʦʜʥʝ ʟʘ ʨʝʭʘʙʠʣʠʪʘʮʠʿʫ 

ʨʘʜʥʠʢʘ (Carey ʠ Gallwey, 2002).  

ʅʝʧʨʘʚʠʣʘʥ ʜʠʟʘʿʥ ʨʘʜʥʝ ʩʪʘʥʠʮʝ ʤʦʞʝ ʨʝʟʫʣʪʠʨʘʪʠ ʤʘˁʠʤ ʟʘʜʦʚʦˀʩʪʚʦʤ ʧʦʩʣʦʤ 

ʠ ʩʤʘˁʝʥʦʤ ʧʨʦʜʫʢʪʠʚʥʦʰ˂ʫ (Gerr ʠ ʜʨʫʛʠ, 2014). ʋ ʩʪʫʜʠʿʠ ʢʦʿʫ ʿʝ ʩʧʨʦʚʝʦ ʘʫʪʦʨ 
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(Warner, 1998) ʿʝ ʥʘʚʝʜʝʥʦ ʜʘ ʿʝ ʟʙʦʛ ʧʦʿʘʚʝ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠʭ ʙʦʣʝʩʪʠ ʜʦʰʣʦ ʜʦ 

ʩʤʘˁʝˁʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʟʘ 65%. ɸʫʪʦʨʠ (Jones ʠ Kumar, 2004) ʩʫ ʫʢʘʟʘʣʠ ʥʘ ʯʠˁʝʥʠʮʫ 

ʜʘ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠ ʧʦʨʝʤʝ˂ʘʿʠ ʧʨʝʜʩʪʘʚˀʘʿʫ 32% ʫʢʫʧʥʠʭ ʪʨʦʰʢʦʚʘ ʫ ʦʨʛʘʥʠʟʘʮʠʿʠ ʠ 

ʫʟʨʦʢʫʿʫ 40% ʫʢʫʧʥʦʛ ʛʫʙʠʪʢʘ ʚʨʝʤʝʥʘ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʜʨʫʛʠʤ ʧʨʦʬʝʩʠʦʥʘʣʥʠʤ 

ʦʙʦˀʝˁʠʤʘ. 

ʇʨʠʣʠʢʦʤ ʠʟʚʦʹʝˁʘ ʤʦʥʪʘʞʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʥʘʿʚʠʰʝ ʩʫ ʧʦʛʦʹʝʥʠ ʛʦʨˁʠ ʪʨʘʧʝʟʥʠ 

ʤʠʰʠ˂ʠ (Bongers, 2006). ʊʨʘʧʝʟʥʠ ʤʠʰʠ˂ ʿʝ ʚʝʣʠʢʠ ʧʦʚʨʰʠʥʩʢʠ ʤʠʰʠ˂ ʢʦʿʠ ʩʝ ʥʘʣʘʟʠ 

ʥʘʣʘʟʠ ʥʝʧʦʩʨʝʜʥʦ ʠʩʧʦʜ ʢʦʞʝ ʫ ʛʦʨˁʝʤ ʜʝʣʫ ʣʝʹʘ (ʠ ʚʝ˂ʝʤ ʜʝʣʫ ʚʨʘʪʘ).  ʅʘʟʠʚ ʿʝ ʜʦʙʠʦ 

ʧʦ ʦʙʣʠʢʫ ʢʦʿʠ ʧʦʜʩʝ˂ʘ ʥʘ ʛʝʦʤʝʪʨʠʿʩʢʠ ʦʙʣʠʢ ʪʨʘʧʝʟʘ. ʆʚʘʿ ʤʠʰʠ˂ ʩʝ ʧʨʦʪʝʞʝ ʫʟʜʫʞʥʦ 

ʦʜ ʩʧʦˀʘʰˁʝ ʠʟʙʦʯʠʥʝ ʧʦʪʠˀʘʯʥʝ ʢʦʩʪʠ (ʥʘʿʥʠʞʠ ʜʝʦ ʣʦʙʘˁʝ) ʜʦ ʜʦˁʠʭ ʪʦʨʘʢʘʣʥʠʭ 

ʧʨʰˀʝʥʦʚʘ (ʩʨʝʜˁʠ ʜʝʦ ʢʠʯʤʝ) ʠ ʙʦʯʥʦ ʜʦ ʣʦʧʘʪʠʮʝ. ɼʝʣʠ ʩʝ ʥʘ ʛʦʨˁʠ, ʩʨʝʜˁʠ ʠ ʜʦˁʠ 

ʪʨʘʧʝʟʥʠ ʤʠʰʠ˂ (ʩʣʠʢʘ 2.9). 

 

ʉʣʠʢʘ 2.9 ʊʨʘʧʝʟʥʠ ʤʠʰʠ˂ʠ (ʧʨʝʫʟʝʪʦ ʩʘ: https://www.narayanahealth.org/blog/trapezius-

muscle-anatomy-function-disorder-and-treatment) 

ɻʦʨˁʠ ʪʨʘʧʝʟʥʠ ʤʠʰʠ˂ ʩʝ ʧʨʦʪʝʞʝ ʦʜ ʙʘʟʝ ʣʦʙʘˁʝ (ʧʦʪʠˀʘʯʥʝ ʢʦʩʪʠ) ʠ ʙʦʯʥʠʭ 

ʩʪʨʘʥʘ ʚʨʘʪʥʠʭ ʧʨʰˀʝʥʦʚʘ ʜʦ ʘʢʨʦʤʠʦʥʘ (ʚʨʭʘ ʣʦʧʘʪʠʮʝ). ʆʚʘʿ ʤʠʰʠ˂ ʧʦʜʨʞʘʚʘ 

ʢʨʝʪʘˁʝ ʨʫʢʝ. ʊʘʢʦʹʝ ʿʝ ʟʘʜʫʞʝʥ ʟʘ ʧʦʢʨʝʪʝ ʛʣʘʚʝ, ʢʘʦ ʰʪʦ ʩʫ ʨʦʪʘʮʠʿʘ ʠ ʥʘʛʠˁʘˁʝ ʛʣʘʚʝ 

ʫ ʩʪʨʘʥʫ. ʉʨʝʜˁʠ ʪʨʘʧʝʟʥʠ ʤʠʰʠ˂ ʧʦʯʠˁʝ ʫ ʛʦʨˁʝʤ ʜʝʣʫ ʛʨʫʜʥʠʭ ʧʨʰˀʝʥʦʚʘ ʠ ʧʨʦʪʝʞʝ 

ʩʝ ʜʦ ʣʦʧʘʪʠʮʝ. ʆʚʘʿ ʜʝʦ ʤʠʰʠ˂ʘ ʿʝ ʦʜʛʦʚʦʨʘʥ ʟʘ ʧʦʚʣʘʯʝˁʝ ʣʦʧʘʪʠʮʝ ʫʥʘʟʘʜ ʢʘ ʢʠʯʤʠ, 

ʰʪʦ ʿʝ ʦʜ ʧʦʩʝʙʥʝ ʚʘʞʥʦʩʪʠ ʟʘ ʩʪʘʙʠʣʠʟʘʮʠʿʫ ʨʘʤʝʥʘ ʠ ʧʨʘʚʠʣʥʦ ʜʨʞʘˁʝ ʪʝʣʘ. ɼʦˁʠ 
ʪʨʘʧʝʟʥʠ ʤʠʰʠ˂ ʩʝ ʧʨʦʪʝʞʝ ʦʜ ʜʦˁʠʭ ʛʨʫʜʥʠʭ ʧʨʰˀʝʥʦʚʘ ʜʦ ʜʦˁʝʛ ʜʝʣʘ ʣʦʧʘʪʠʮʝ. 

ʆʩʥʦʚʥʘ ʫʣʦʛʘ ʦʚʦʛ ʤʠʰʠ˂ʘ ʿʝ ʨʦʪʠʨʘˁʝ ʣʦʧʘʪʠʮʝ ʠ ʧʦʚʣʘʯʝˁʝ ʨʘʤʝʥʘ ʥʘʜʦʣʝ. 

ʌʠʟʠʯʢʠ, ʦʨʛʘʥʠʟʘʮʠʦʥʠ ʠ ʧʩʠʭʦʩʦʮʠʿʘʣʥʠ ʬʘʢʪʦʨʠ ʠʤʘʿʫ ʟʥʘʯʘʿʥʫ ʫʣʦʛʫ ʫ ʧʦʿʘʚʠ 

ʠ ʥʘʩʪʘʥʢʫ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠʭ ʦʙʦˀʝˁʘ (Chiasson ʠ ʜʨʫʛʠ, 2015). ʐʪʘʚʠʰʝ, ʘʫʪʦʨʠ 

(Linton, 2000 ʠ Pincus ʠ ʜʨʫʛʠ, 2002) ʩʤʘʪʨʘʿʫ ʜʘ ʩʫ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠ ʧʦʨʝʤʝ˂ʘʿʠ ʚʠʰʝ 

ʫʩʣʦʚˀʝʥʠ ʧʩʠʭʠʯʢʦ-ʜʨʫʰʪʚʝʥʠʤ ʬʘʢʪʦʨʠʤʘ ʨʠʟʠʢʘ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʬʠʟʠʯʢʠʤ 

ʬʘʢʪʦʨʠʤʘ. 
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2.5 ʈɸɿɺʆɱ ɽʈɻʆʅʆʄʀɱɽ 

ɻʦʜʠʥʝ 1857, Vojļeh Jastrģebovski ʿʝ ʧʨʚʠ ʧʫʪ ʫʧʦʪʨʝʙʠʦ ʨʝʯ Ăʝʨʛʦʥʦʤʠʿʘñ ʫ 

ʧʦˀʩʢʠʤ ʥʦʚʠʥʘʤʘ, ʯʠʤʝ ʿʝ ʧʦʩʪʘʚʠʦ ʪʝʤʝˀʝ ʟʘ ʦʚʫ ʥʘʫʯʥʫ ʜʠʩʮʠʧʣʠʥʫ ʢʦʿʘ ʩʝ ʙʘʚʠ 

ʧʨʦʫʯʘʚʘˁʝʤ ʦʜʥʦʩʘ ʠʟʤʝʹʫ ˀʫʜʠ ʠ ˁʠʭʦʚʦʛ ʨʘʜʥʦʛ ʦʢʨʫʞʝˁʘ. ʀʘʢʦ ʙʠ ʩʝ ʤʦʛʣʦ ʨʝ˂ʠ 

ʜʘ ʝʨʛʦʥʦʤʠʿʘ ʥʠʿʝ ʥʦʚʘ ʠʜʝʿʘ, ʿʝʨ ʩʫ ʩʝ ʨʫʯʥʠ ʘʣʘʪʠ ʢʦʨʠʩʪʠʣʠ ʦʜ ʥʘʿʨʘʥʠʿʠʭ ʚʨʝʤʝʥʘ, 

ʢʦʥʮʝʧʪ ʬʦʨʤʘʣʥʦʛ ʧʨʦʫʯʘʚʘˁʘ ʠ ʧʨʠʤʝʥʝ ʝʨʛʦʥʦʤʩʢʠʭ ʧʨʠʥʮʠʧʘ ʫ ʜʠʟʘʿʥʫ ʨʘʜʥʠʭ 

ʤʝʩʪʘ ʠ ʘʣʘʪʘ ʿʝʩʪʝ ʨʝʣʘʪʠʚʥʦ ʥʦʚʘ ʠʜʝʿʘ. ʀʩʪʦʨʠʿʩʢʠ ʛʣʝʜʘʥʦ, ˀʫʜʠ ʩʫ ʧʨʠʨʦʜʥʦ 

ʧʨʠʣʘʛʦʹʘʚʘʣʠ ʘʣʘʪʝ ʠ ʦʢʦʣʠʥʫ ʢʘʢʦ ʙʠ ʧʦʙʦˀʰʘʣʠ ʫʜʦʙʥʦʩʪ ʠ ʝʬʠʢʘʩʥʦʩʪ, ʘʣʠ ʪʝʢ ʩʘ 

ʨʘʟʚʦʿʝʤ ʝʨʛʦʥʦʤʠʿʝ ʢʘʦ ʥʘʫʢʝ, ʧʦʩʪʘʣʦ ʿʝ ʤʦʛʫ˂ʝ ʩʠʩʪʝʤʘʪʩʢʠ ʘʥʘʣʠʟʠʨʘʪʠ ʠ 

ʦʧʪʠʤʠʟʦʚʘʪʠ ʥʘʯʠʥ ʥʘ ʢʦʿʠ ˀʫʜʠ ʢʦʨʠʩʪʝ ʘʣʘʪʝ ʠ ʦʙʘʚˀʘʿʫ ʨʘʜʥʝ ʟʘʜʘʪʢʝ, ʰʪʦ ʿʝ ʜʦʚʝʣʦ 

ʜʦ ʟʥʘʯʘʿʥʦʛ ʧʦʙʦˀʰʘˁʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʘ. 

ʆʜ ʢʘʤʝʥʦʛ ʜʦʙʘ, ˀʫʜʠ ʩʫ ʧʨʘʚʠʣʠ ʨʘʟʣʠʯʠʪʝ ʨʫʯʥʝ ʘʣʘʪʝ, ʰʪʦ ʿʝ ʫʿʝʜʥʦ ʦʟʥʘʯʠʣʦ 

ʠ ʧʦʯʝʪʘʢ ʠʥʪʝʨʝʩʦʚʘˁʘ ʟʘ ʝʨʛʦʥʦʤʩʢʠ ʜʠʟʘʿʥ. ʋ ʋʿʝʜʠˁʝʥʦʤ ʂʨʘˀʝʚʩʪʚʫ, ʩʪʨʫʯˁʘʮʠ ʠʟ 

ʨʘʟʣʠʯʠʪʠʭ ʦʙʣʘʩʪʠ, ʢʘʦ ʰʪʦ ʩʫ ʧʩʠʭʦʣʦʛʠʿʘ, ʠʥʞʝˁʝʨʠʥʛ ʠ ʤʝʜʠʮʠʥʘ, ʙʠʣʠ ʩʫ 

ʟʘʠʥʪʝʨʝʩʦʚʘʥʠ ʟʘ ʧʨʦʫʯʘʚʘˁʝ ʢʦʣʠʢʦ ʜʦʙʨʦ ˀʫʜʠ ʦʙʘʚˀʘʿʫ ʩʚʦʿ ʧʦʩʘʦ ʠ ʢʘʢʦ ʪʝʦʨʠʿʝ ʠ 

ʤʝʪʦʜʝ ʤʦʛʫ ʧʦʙʦˀʰʘʪʠ ˁʠʭʦʚʝ ʧʝʨʬʦʨʤʘʥʩʝ. ʋ ʦʩʘʤʥʘʝʩʪʦʤ ʚʝʢʫ, Ramacini ʿʝ ʫ ʜʝʣʫ 

ʧʦʜ ʥʘʟʠʚʦʤ Ăɹʦʣʝʩʪʠ ʨʘʜʥʠʢʘñ ʧʦʢʘʟʘʦ ʢʘʢʦ ʩʫ ʨʘʟʣʠʯʠʪʝ ʚʨʩʪʝ ʨʘʜʘ ʧʦʚʝʟʘʥʝ ʩʘ 

ʩʧʝʮʠʬʠʯʥʠʤ ʟʜʨʘʚʩʪʚʝʥʠʤ ʨʠʟʠʮʠʤʘ. ʅʘ ʧʨʠʤʝʨ, ʦʥ ʿʝ ʫʢʘʟʘʦ ʥʘ ʧʦʿʘʚʫ ʢʫʤʫʣʘʪʠʚʥʠʭ 

ʪʨʘʫʤʘʪʩʢʠʭ ʧʦʨʝʤʝ˂ʘʿʘ ʠ ʜʨʫʛʠʭ ʟʜʨʘʚʩʪʚʝʥʠʭ ʧʨʦʙʣʝʤʘ ʫʟʨʦʢʦʚʘʥʠʭ ʧʦʥʘʚˀʘʿʫ˂ʠʤ 

ʧʦʢʨʝʪʠʤʘ ʨʫʢʫ ʠ ʥʝʬʠʟʠʦʣʦʰʢʠʤ ʜʨʞʘˁʝʤ ʪʝʣʘ. 

ʊʦʢʦʤ ʜʫʛʝ ʠʩʪʦʨʠʿʝ, ʝʨʛʦʥʦʤʠʿʘ ʿʝ ʜʦʞʠʚʝʣʘ ʤʥʦʛʝ ʧʨʦʤʝʥʝ. ʊʦʢʦʤ ʇʨʚʦʛ 

ʩʚʝʪʩʢʦʛ ʨʘʪʘ, ʝʨʛʦʥʦʤʩʢʝ ʠʥʦʚʘʮʠʿʝ ʦʙʫʭʚʘʪʘʣʝ ʩʫ ʧʦʙʦˀʰʘˁʝ ʝʢʨʘʥʘ, ʢʦʥʪʨʦʣʘ ʠ 

ʩʝʜʠʰʪʘ ʫ ʘʚʠʦʥʠʤʘ, ʰʪʦ ʿʝ ʟʥʘʯʘʿʥʦ ʫʥʘʧʨʝʜʠʣʦ ʝʬʠʢʘʩʥʦʩʪ. ʊʦʢʦʤ ɼʨʫʛʦʛ ʩʚʝʪʩʢʦʛ 

ʨʘʪʘ, ʝʨʛʦʥʦʤʩʢʝ ʠʜʝʿʝ ʩʫ ʠʤʧʣʝʤʝʥʪʠʨʘʥʝ ʫ ʜʠʟʘʿʥ ʦʨʫʞʿʘ ʠ ʤʘʰʠʥʘ, ʢʘʢʦ ʙʠ ʩʝ ʧʦʚʝ˂ʘʣʘ 

ˁʠʭʦʚʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʙʦʿʥʦʤ ʧʦˀʫ. ɽʨʛʦʥʦʤʠʿʘ ʿʝ ʥʘʧʨʘʚʠʣʘ ʚʝʣʠʢʠ ʢʦʨʘʢ ʥʘʧʨʝʜ ʥʘʢʦʥ 

ʰʪʦ ʿʝ ʧʨʚʠ ʧʫʪ ʧʨʠʤʝˁʝʥʘ ʫ ʠʥʜʫʩʪʨʠʿʠ 1950-ʠʭ ʛʦʜʠʥʘ, ʩʘ ʧʦʩʝʙʥʠʤ ʠʥʪʝʨʝʩʦʤ ʟʘ 

ʧʦʙʦˀʰʘˁʝ ʫʯʠʥʢʘ ʠ ʟʘʜʦʚʦˀʩʪʚʘ ʨʘʜʥʠʢʘ. ʌʦʢʫʩ ʿʝ ʙʠʦ ʥʘ ʜʠʟʘʿʥʫ ʦʧʨʝʤʝ ʠ ʨʘʜʥʠʭ 

ʤʝʩʪʘ ʢʦʿʘ ʩʫ ʧʨʠʣʘʛʦʹʝʥʘ ˀʫʜʩʢʠʤ ʩʧʦʩʦʙʥʦʩʪʠʤʘ, ʰʪʦ ʿʝ ʨʝʟʫʣʪʠʨʘʣʦ ʟʥʘʯʘʿʥʠʤ 

ʩʤʘˁʝˁʝʤ ʧʦʚʨʝʜʘʥʘ ʨʘʜʫ, ʧʦʚʝ˂ʘˁʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʧʦʙʦˀʰʘˁʫ ʢʚʘʣʠʪʝʪʘ 

ʧʨʦʠʟʚʦʜʘ. ʅʝʢʠ ʦʜ ʢˀʫʯʥʠʭ ʘʩʧʝʢʘʪʘ ʝʨʛʦʥʦʤʠʿʝ ʩʫ ʝʚʦʣʫʠʨʘʣʠ ʫ ʨʘʟʣʠʯʠʪʠʤ 

ʧʝʨʠʦʜʠʤʘ: ʢʦʛʥʠʪʠʚʥʘ ʝʨʛʦʥʦʤʠʿʘ 1960-ʠʭ, ʦʨʛʘʥʠʟʘʮʠʦʥʘ ʝʨʛʦʥʦʤʠʿʘ 1970-ʠʭ, 

ʧʦʟʠʪʠʚʥʘ ʝʨʛʦʥʦʤʠʿʘ 1980-ʠʭ, ʝʤʦʮʠʦʥʘʣʥʘ ʝʨʛʦʥʦʤʠʿʘ 1990-ʠʭ ʠ ʜʫʭʦʚʥʘ ʝʨʛʦʥʦʤʠʿʘ 

2000-ʠʭ. 

ʋ ʯʝʪʚʨʪʦʿ ʠʥʜʫʩʪʨʠʿʩʢʦʿ ʨʝʚʦʣʫʮʠʿʠ ʙʝʟʙʝʜʥʦʩʪ ʥʘ ʨʘʜʫ ʠ ʝʨʛʦʥʦʤʠʿʘ ʠʤʘʿʫ 

ʚʘʞʥʫ ʫʣʦʛʫ ʫ ʦʨʛʘʥʠʟʘʮʠʿʘʤʘ. ʇʨʠʤʝʥʘ ʥʘʧʨʝʜʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʩʫʰʪʠʥʩʢʠ ʤʝˁʘ ʥʘʯʠʥ 

ʦʙʘʚˀʘˁʘ ʘʢʪʠʚʥʦʩʪʠ ʢʨʦʟ ʠʥʪʝʣʠʛʝʥʪʥʦ ʧʦʚʝʟʠʚʘˁʝ ʠ ʥʘʧʨʝʜʥʫ ʘʫʪʦʤʘʪʠʟʘʮʠʿʫ. ʅʦʚʝ 

ʪʝʭʥʦʣʦʛʠʿʝ ʩʫ ʦʤʦʛʫ˂ʠʣʝ ʜʘ ʩʝ ʤʥʦʛʠ ʨʘʜʥʠ ʟʘʜʘʮʠ ʘʫʪʦʤʘʪʠʟʫʿʫ, ʰʪʦ ʿʝ ʜʦʧʨʠʥʝʣʦ 

ʩʤʘˁʝˁʫ ʬʠʟʠʯʢʦʛ ʟʘʤʦʨʘ ʠ ʨʠʟʠʢʘ ʟʘ ʨʘʟʚʦʿ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠʭ ʧʦʨʝʤʝ˂ʘʿʘ. 

ʀʥʜʫʩʪʨʠʿʘ 5.0 ʚʨʘ˂ʘ ʨʘʜʥʠʢʝ ʫ ʧʨʦʠʟʚʦʜʥʝ ʧʨʦʮʝʩʝ ʠ ʧʦʩʝʙʥʫ ʧʘʞˁʫ ʧʦʢʣʘˁʘ 

ʧʨʠʩʪʫʧʫ ʦʨʠʿʝʥʪʠʩʘʥʦʤ ʥʘ ʯʦʚʝʢʘ. ʇʦʩʝʙʘʥ ʬʦʢʫʩ ʫ ʦʢʚʠʨʫ ʀʥʜʫʩʪʨʠʿʝ 5.0 ʧʦʩʚʝ˂ʫʿʝ ʩʝ 

ʝʨʛʦʥʦʤʩʢʦʿ ʦʧʪʠʤʠʟʘʮʠʿʠ ʠ ʧʦʚʝ˂ʘˁʫ ʜʦʙʨʦʙʠʪʠ ʨʘʜʥʠʢʘ. ʇʨʠʣʠʢʦʤ ʜʠʟʘʥʠʨʘˁʘ 

ʨʘʜʥʠʭ ʩʠʩʪʝʤʘ ʦʜ ʧʦʩʝʙʥʝ ʿʝ ʚʘʞʥʦʩʪʠ ʜʘ ʩʚʝ ʢʦʤʧʦʥʝʥʪʝ ʠ ʘʣʘʪʠ ʥʝʦʧʭʦʜʥʠ ʟʘ 

ʨʝʘʣʠʟʘʮʠʿʫ ʨʘʜʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʙʫʜʫ ʧʨʠʣʘʛʦʹʝʥʠ ʧʦʪʨʝʙʘʤʘ ʨʘʜʥʠʢʘ ʢʘʢʦ ʙʠ ʩʝ 

ʧʦʙʦˀʰʘʣʘ ˁʠʭʦʚʘ ʙʝʟʙʝʜʥʦʩʪ ʠ ʟʜʨʘʚˀʝ, ʩʤʘˁʠʣʝ ʧʦʚʨʝʜʝ ʥʘ ʨʘʜʫ ʠ ʧʨʦʬʝʩʠʦʥʘʣʥʝ 

ʙʦʣʝʩʪʠ, ʩʪʚʦʨʠʣʦ ʩʠʛʫʨʥʠʿʝ ʠ ʧʨʠʿʘʪʥʠʿʝ ʨʘʜʥʦ ʦʢʨʫʞʝˁʝ ʠ ʧʦʙʦˀʰʘʣʦ ʬʠʟʠʯʢʦ ʠ 

ʤʝʥʪʘʣʥʦ ʩʪʘˁʝ ʨʘʜʥʠʢʘ. 
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ʉʣʝʜʝ˂ʝ ʣʠʯʥʦʩʪʠ ʩʫ ʠʤʘʣʝ ʚʘʞʥʫ ʫʣʦʛʫ ʫ ʨʘʟʚʦʿʫ ʝʨʛʦʥʦʤʠʿʝ: 

¶ Bernardino Ramazzini, ʘʫʪʦʨ ʿʝ ʢˁʠʛʝ Ăɹʦʣʝʩʪʠ ʨʘʜʥʠʢʘñ ʫ ʢʦʿʦʿ ʿʝ ʧʨʚʠ ʧʫʪ 

ʧʦʤʝʥʫʪʘ ʝʨʛʦʥʦʤʠʿʘ ʢʘʦ ʪʝʨʤʠʥ. ʆʚʘʿ ʘʫʪʦʨ ʿʝ ʫʢʘʟʘʦ ʥʘ ʚʝʟʫ ʠʟʤʝʹʫ ʦʙʘʚˀʘˁʘ 

ʘʢʪʠʚʥʦʩʪʠ ʠ ʧʦʿʘʚʝ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠʭ ʧʦʨʝʤʝ˂ʘʿʘ. 

¶ Vojļeh Jastrģebovski, ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘ ʢˀʫʯʥʫ ʬʠʛʫʨʫ ʫ ʬʠʣʦʟʦʬʩʢʦʤ ʩʭʚʘʪʘˁʫ 

ʝʨʛʦʥʦʤʠʿʝ, ʧʦʩʪʘʚˀʘʿʫ˂ʠ ʪʝʤʝˀʝ ʥʘʫʢʝ Ăʫʪʝʤʝˀʝʥʝ ʥʘ ʠʩʪʠʥʘʤʘ ʧʨʠʨʦʜʝñ.  

¶ Frederick Winslow Taylor, ʘʤʝʨʠʯʢʠ ʠʥʞʝˁʝʨ ʢʦʿʠ ʩʝ ʧʨʚʠ ʙʘʚʠʦ ʧʨʦʫʯʘʚʘˁʝʤ 

ʦʜʥʦʩʥʦ ʜʝʪʘˀʥʦʤ ʘʥʘʣʠʟʦʤ ʚʨʝʤʝʥʘ ʧʦʪʨʝʙʥʦʛ ʟʘ ʠʟʚʦʹʝˁʝ ʩʚʘʢʦʛ ʧʦʢʨʝʪʘ 

ʧʦʥʘʦʩʦʙ ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʧʦʢʨʝʪʝ ʠ ʧʦʣʦʞʘʿʝ ʪʝʣʘ ʨʘʜʥʠʢʘ ʧʨʠʣʠʢʦʤ ʧʨʠʣʠʢʦʤ 

ʦʙʘʚˀʘˁʘ ʨʘʜʥʠʭ ʦʧʝʨʘʮʠʿʘ ʠ ʦʜʨʝʹʠʚʘʦ ʿʝ ʧʦʪʨʝʙʥʘ ʚʨʝʤʝʥʘ ʟʘ ʩʚʘʢʫ ʨʘʜʥʫ 

ʦʧʝʨʘʮʠʿʫ ʥʘ ʦʩʥʦʚʫ ʜʝʪʘˀʥʠʭ ʘʥʘʣʠʟʘ. ʆʥ ʿʝ ʨʘʟʚʠʦ ʤʝʪʦʜʝ ʟʘ ʥʦʨʤʠʨʘˁʝ 

ʚʨʝʤʝʥʘ ʟʘ ʩʚʘʢʠ ʨʘʜʥʠ ʧʦʢʨʝʪ, ʰʪʦ ʿʝ ʜʦʧʨʠʥʝʣʦ ʧʦʚʝ˂ʘˁʫ ʝʬʠʢʘʩʥʦʩʪʠ 

ʦʧʝʨʘʮʠʿʘ. 

¶ Lillian Moller Gilbreth (ʧʩʠʭʦʣʦʛ), ʧʨʦʫʯʘʚʘʣʘ ʿʝ ʥʘ ʢʦʿʠ ʥʘʯʠʥ ʿʝ ʤʦʛʫ˂ʝ ʩʤʘˁʠʪʠ 

ʤʝʥʪʘʣʥʠ ʫʤʦʨ ʦʜʥʦʩʥʦ ʧʩʠʭʠʯʢʦ ʧʨʝʦʧʪʝʨʝ˂ʝˁʝ ʠ ʬʠʟʠʯʢʫ ʠʩʮʨʧˀʝʥʦʩʪ ʠ ʥʘ ʪʘʿ 

ʥʘʯʠʥ ʜʦʧʨʠʥʝʪʠ ʧʦʚʝ˂ʘˁʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʩʤʘˁʝˁʫ ʜʝʬʝʢʘʪʘ. 

2.6 ɽʈɻʆʅʆʄʀɱɸ - ʊɽʆʈʀɱʉʂɽ ʇʆʉʊɸɺʂɽ 

ʈʝʯ ʝʨʛʦʥʦʤʠʿʘ ʧʦʪʠʯʝ ʠʟ ʛʨʯʢʦʛ ʿʝʟʠʢʘ, ʦʜ ʨʝʯʠ Ăergonñ ʰʪʦ ʫ ʧʨʝʚʦʜʫ ʟʥʘʯʠ ʨʘʜ 

ʠ ʨʝʯʠ Ănomosñ ʢʦʿʘ ʟʥʘʯʠ ʟʘʢʦʥ ʦʜʥʦʩʥʦ ʫ ʧʨʝʚʦʜʫ ʝʨʛʦʥʦʤʠʿʘ ʿʝ ʥʘʫʢʘ ʦ ʨʘʜʫ (Cañas ʠ 

ʜʨʫʛʠ, 2011). ʋ ʧʨʘʢʩʠ ʩʝ ʤʦʞʝ ʥʘ˂ʠ ʠ ʪʝʨʤʠʥ ˀʫʜʩʢʠ ʬʘʢʪʦʨ ʠ ʝʨʛʦʥʦʤʠʿʘ (ʝʥʛʣ. Human 

Factors and Ergonomics - HF/E) (Salvendy, 2012). ʋ ʘʤʝʨʠʯʢʦʿ ʪʨʘʜʠʮʠʿʠ ʢʦʨʠʩʪʠ ʩʝ 

ʪʝʨʤʠʥ ʀʥʞʝˁʝʨʠʥʛ ˀʫʜʩʢʦʛ ʬʘʢʪʦʨʘ (ʝʥʛʣ. Human Factor Engineering). 

ɽʨʛʦʥʦʤʠʿʘ ʧʨʝʜʩʪʘʚˀʘ ʤʫʣʪʠʜʠʩʮʠʧʣʠʥʘʨʥʫ ʥʘʫʯʥʫ ʜʠʩʮʠʧʣʠʥʫ ʢʦʿʘ ʩʝ ʙʘʚʠ 

ʠʟʫʯʘʚʘˁʝʤ ʠ ʨʘʟʫʤʝʚʘˁʝʤ ʠʥʪʝʨʘʢʮʠʿʝ ʠʟʤʝʹʫ ʨʘʜʥʠʢʘ ʠ ʦʩʪʘʣʠʭ ʝʣʝʤʝʥʘʪʘ ʨʘʜʥʦʛ 

ʦʢʨʫʞʝˁʘ (Salvendy, 2012). ɽʨʛʦʥʦʤʠʿʘ ʧʨʠʤʝˁʫʿʝ ʪʝʦʨʠʿʩʢʝ ʧʨʠʥʮʠʧʝ ʠ ʤʝʪʦʜʝ 

ʧʨʠʣʠʢʦʤ ʜʠʟʘʿʥʠʨʘˁʘ ʨʘʜʥʦʛ ʦʢʨʫʞʝˁʘ ʢʘʢʦ ʙʠ ʩʝ ʦʧʪʠʤʠʟʦʚʘʣʘ ʙʝʟʙʝʜʥʦʩʪ ʠ ʟʜʨʘʚˀʝ 

ʨʘʜʥʠʢʘ ʠ ʧʦʙʦˀʰʘʣʝ ʧʝʨʬʦʨʤʘʥʩʝ (International Ergonomics Association, 2000). ʆʩʥʦʚʥʠ 

ʮʠˀ ʝʨʛʦʥʦʤʠʿʝ ʿʝ ʜʘ ʦʩʠʛʫʨʘ ʫʩʢʣʘʹʝʥʦʩʪ ʟʘʜʘʪʘʢʘ, ʦʧʨʝʤʝ ʠ ʨʘʜʥʦʛ ʦʢʨʫʞʝˁʘ ʩʘ 

ʧʦʪʨʝʙʘʤʘ ʠ ʤʦʛʫ˂ʥʦʩʪʠʤʘ ʨʘʜʥʠʢʘ ʦʜʥʦʩʥʦ ʫʩʧʦʩʪʘʚˀʘˁʝ ʦʧʪʠʤʘʣʥʝ ʨʘʚʥʦʪʝʞʝ ʠʟʤʝʹʫ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʜʥʠʢʘ ʠ ʟʘʭʪʝʚʘ ʨʘʜʥʠʭ ʟʘʜʘʪʘʢʘ. ɽʨʛʦʥʦʤʠʿʘ ʩʝ ʬʦʢʫʩʠʨʘ ʥʘ 

ʠʩʪʨʘʞʠʚʘˁʝ ʧʩʠʭʦʣʦʰʢʠʭ, ʙʠʦʣʦʰʢʠʭ ʠ ʬʠʟʠʯʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ˀʫʜʠ ʠ ʧʨʠʤʝʥʠ 

ʜʦʙʠʿʝʥʠʭ ʠʥʬʦʨʤʘʮʠʿʘ ʫ ʮʠˀʫ ʧʦʙʦˀʰʘˁʘ ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʘ ˀʫʜʠ ʠ ʦʧʪʠʤʠʟʘʮʠʿʝ 

ʧʝʨʬʦʨʤʘʥʩʠ. 

ʆʩʥʦʚʥʠ ʮʠˀ ʧʨʠʤʝʥʝ ʤʝʨʘ ʠʟ ʜʦʤʝʥʘ ʝʨʛʦʥʦʤʠʿʝ ʿʝ ʜʘ ʩʝ ʨʘʜʥʦ ʦʢʨʫʞʝˁʝ, ʘʣʘʪʠ 

ʥʝʦʧʭʦʜʥʠ ʟʘ ʨʝʘʣʠʟʘʮʠʿʫ ʨʘʜʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʠ ʨʘʜʥʝ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠʣʘʛʦʜʝ ʧʦʪʨʝʙʘʤʘ 

ʨʘʜʥʠʢʘ ʢʘʢʦ ʙʠ ʩʝ ʩʤʘˁʠʣʝ ʧʦʚʨʝʜʝ ʥʘ ʨʘʜʫ ʠ ʧʨʦʬʝʩʠʦʥʘʣʥʝ ʙʦʣʝʩʪʠ, ʩʪʚʦʨʠʣʦ 

ʙʝʟʙʝʜʥʠʿʝ ʠ ʧʨʠʿʘʪʥʠʿʝ ʨʘʜʥʦ ʦʢʨʫʞʝˁʝ, ʧʦʙʦˀʰʘʣʦ ʬʠʟʠʯʢʦ ʠ ʤʝʥʪʘʣʥʦ ʙʣʘʛʦʩʪʘˁʝ ʠ 

ʟʘʜʦʚʦˀʩʪʚʦ ʧʦʩʣʦʤ, ʧʨʦʜʫʞʠʦ ʨʘʜʥʠ ʚʝʢ ʠ ʧʦʙʦˀʰʘʦ ʢʚʘʣʠʪʝʪ ʞʠʚʦʪʘ ʨʘʜʥʠʢʘ. 

ɽʨʛʦʥʦʤʠʿʘ ʠ ˀʫʜʩʢʠ ʬʘʢʪʦʨʠ ʠʤʘʿʫ ʢˀʫʯʥʫ ʫʣʦʛʫ ʫ ʝʣʠʤʠʥʠʩʘˁʫ ʰʪʝʪʥʠʭ ʠ 

ʥʝʙʝʟʙʝʜʥʠʭ ʨʘʜʥʠʭ ʧʨʘʢʩʠ ʫ ʠʥʜʫʩʪʨʠʿʩʢʦʤ ʦʢʨʫʞʝˁʫ. ʆʚʘ ʥʘʫʯʥʘ ʜʠʩʮʠʧʣʠʥʘ ʩʝ 

ʬʦʢʫʩʠʨʘ ʥʘ ʨʘʟʫʤʝʚʘˁʝ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʦʛʨʘʥʠʯʝˁʘ ˀʫʜʠ, ʧʨʠʤʝʥʫ ʪʝʦʨʠʿʩʢʠʭ ʘʩʧʝʢʘʪʘ 

ʫ ʧʨʘʢʪʠʯʥʠʤ ʫʩʣʦʚʠʤʘ ʢʘʢʦ ʙʠ ʩʝ ʨʘʜʥʦ ʤʝʩʪʦ ʧʨʠʣʘʛʦʜʠʣʦ ʨʘʜʥʠʢʫ, ʤʠʥʠʤʠʟʠʨʘʦ 

ʬʠʟʠʯʢʠ ʠ ʧʩʠʭʠʯʢʠ ʟʘʤʦʨ ʠ ʧʦʙʦˀʰʘʣʠ ʨʘʜʥʠ ʫʩʣʦʚʠ (Salunkhe ʠ ʜʨʫʛʠ, 2019). 

ʇʨʝʤʘ (Valero ʠ ʜʨʫʛʠ, 2016; Park ʠ ʜʨʫʛʠ, 2015) ʟʘʥʝʤʘʨʠʚʘˁʝ ʝʨʛʦʥʦʤʠʿʝ 

ʥʝʛʘʪʠʚʥʦ ʫʪʠʯʝ ʥʘ ʟʜʨʘʚˀʝ, ʙʝʟʙʝʜʥʦʩʪ ʠ ʜʦʙʨʦʙʠʪ ʟʘʧʦʩʣʝʥʠʭ. ʅʝʜʦʚʦˀʥʦ ʫʩʤʝʨʘʚʘˁʝ 
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ʧʘʞˁʝ ʧʨʘʚʠʣʥʦʤ ʜʠʟʘʿʥʫ ʨʘʜʥʠʭ ʤʝʩʪʘ ʠ ʦʧʨʝʤʝ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʧʦʿʘʚʝ ʤʠʰʠ˂ʥʦ-

ʢʦʰʪʘʥʠʭ ʧʦʨʝʤʝ˂ʘʿʘ, ʬʠʟʠʯʢʦʛ ʫʤʦʨʘ, ʩʤʘˁʝˁʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʧʦʚʝ˂ʘˁʘ ʨʠʟʠʢʘ ʦʜ 

ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ. 

ʇʨʝʤʘ ʦʩʥʦʚʥʠʤ ʩʤʝʨʥʠʮʘʤʘ ʠʟ ʦʙʣʘʩʪʠ ʝʨʛʦʥʦʤʠʿʝ ʧʨʠʣʠʢʦʤ ʦʙʘʚˀʘˁʘ ʨʘʜʥʠʭ 

ʘʢʪʠʚʥʦʩʪʠ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʦʩʠʛʫʨʘʪʠ ʜʘ ʨʘʜʥʠʮʠ ʟʘʫʟʤʫ ʧʦʣʦʞʘʿ ʪʝʣʘ ʢʦʿʠ ʟʘʭʪʝʚʘ 

ʥʘʿʤʘˁʠ ʫʪʨʦʰʘʢ ʝʥʝʨʛʠʿʝ ʠ ʤʠʥʠʤʠʟʠʨʘ ʧʦʢʨʝʪʝ ʨʘʜʥʠʢʘ. ʈʘʜʥʠʮʠʤʘ ʪʨʝʙʘ ʙʠʪʠ 

ʦʤʦʛʫ˂ʝʥʦ ʜʘ ʦʙʘʚˀʘʿʫ ʘʢʪʠʚʥʦʩʪʠ ʫ ʬʠʟʠʦʣʦʰʢʦʤ ʧʦʣʦʞʘʿʫ ʪʝʣʘ, ʢʘʢʦ ʙʠ ʩʝ ʩʤʘˁʠʣʦ 

ʬʠʟʠʯʢʦ ʦʧʪʝʨʝ˂ʝˁʝ. ʆʩʥʦʚʥʠ ʧʨʠʥʮʠʧʠ ʫʢˀʫʯʫʿʫ ʧʨʠʣʘʛʦʹʘʚʘˁʝ ʨʘʜʥʦʛ ʤʝʩʪʘ 

ʨʘʜʥʠʢʫ, ʘ ʥʝ ʨʘʜʥʠʢʘ ʨʘʜʥʦʤ ʤʝʩʪʫ, ʰʪʦ ʧʦʜʨʘʟʫʤʝʚʘ ʦʧʪʠʤʘʣʘʥ ʨʘʩʧʦʨʝʜ ʦʧʨʝʤʝ, ʘʣʘʪʘ 

ʠ ʤʘʰʠʥʘ ʫ ʩʢʣʘʜʫ ʩʘ ʘʥʪʨʦʧʦʤʝʪʨʠʿʩʢʠʤ ʠ ʙʠʦʤʝʭʘʥʠʯʢʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʨʘʜʥʠʢʘ. 

ʄʦʥʦʪʦʥ ʠ ʩʪʘʪʠʯʢʠ ʨʘʜ, ʢʦʿʠ ʧʦʜʨʘʟʫʤʝʚʘ ʜʫʛʦʪʨʘʿʥʦ ʦʜʨʞʘʚʘˁʝ ʠʩʪʦʛ ʧʦʣʦʞʘʿʘ ʪʝʣʘ, 

ʪʨʝʙʘ ʟʘʤʝʥʠʪʠ ʜʠʥʘʤʠʯʢʠʤ ʘʢʪʠʚʥʦʩʪʠʤʘ ʢʦʿʝ ʦʤʦʛʫ˂ʘʚʘʿʫ ʯʝʩʪʝ ʧʨʦʤʝʥʝ ʧʦʣʦʞʘʿʘ 

ʪʝʣʘ. 

ʉʤʝʨʥʠʮʝ ʫʢʘʟʫʿʫ ʜʘ ʩʪʦʿʝ˂ʠ ʧʦʣʦʞʘʿ ʪʝʣʘ ʪʨʝʙʘ ʟʘʤʝʥʠʪʠ ʩʝʜʝ˂ʠʤ ʢʘʜʘ ʛʦʜ ʿʝ ʪʦ 

ʤʦʛʫ˂ʝ, ʿʝʨ ʩʝ ʥʘ ʪʘʿ ʥʘʯʠʥ ʩʤʘˁʫʿʝ ʦʧʪʝʨʝ˂ʝˁʝ ʥʘ ʤʠʰʠ˂ʝ ʠ ʟʛʣʦʙʦʚʝ. ʋʢʦʣʠʢʦ ʿʝ 

ʥʝʦʧʭʦʜʥʦ ʜʘ ʩʝ ʨʘʜʥʝ ʘʢʪʠʚʥʦʩʪʠ ʦʙʘʚˀʘʿʫ ʫ ʩʪʦʿʝ˂ʝʤ ʧʦʣʦʞʘʿʫ ʪʝʣʘ, ʪʨʝʙʘ ʠʟʙʝʛʘʚʘʪʠ 

ʧʨʝʢʦʤʝʨʝʥʦ ʟʘʫʟʠʤʘˁʝ ʥʝʧʨʠʨʦʜʥʠʭ ʧʦʣʦʞʘʿʘ ʪʝʣʘ ʢʘʢʦ ʙʠ ʩʝ ʩʤʘˁʠʣʦ ʬʠʟʠʯʢʦ 

ʦʧʪʝʨʝ˂ʝˁʝ. ʇʦʞʝˀʥʦ ʿʝ ʜʘ ʩʝ ʪʦʢʦʤ ʠʟʚʦʹʝˁʘ ʨʘʜʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʢʦʨʠʩʪʝ ʦʙʝ ʨʫʢʝ 

ʠʩʪʦʚʨʝʤʝʥʦ, ʘ ʧʦʢʨʝʪʠ ʨʫʢʫ ʪʨʝʙʘ ʜʘ ʙʫʜʫ ʫʩʢʣʘʹʝʥʠ. ʉʚʠ ʧʦʪʨʝʙʥʠ ʧʨʝʜʤʝʪʠ, 

ʢʦʤʧʦʥʝʥʪʝ ʠ ʘʣʘʪʠ ʙʠ ʪʨʝʙʘʣʠ ʙʠʪʠ ʧʦʟʠʮʠʦʥʠʨʘʥʠ ʫʥʫʪʘʨ ʚʠʜʥʦʛ ʧʦˀʘ ʨʘʜʥʠʢʘ, ʢʦʿʝ 

ʧʦʜʨʘʟʫʤʝʚʘ 55Á ʧʨʝʤʘ ʛʦʨʝ, 45Á ʧʨʝʤʘ ʜʦʣʝ, ʠ 60Á ʣʝʚʦ ʠ ʜʝʩʥʦ. ʆʚʦ ʦʩʠʛʫʨʘʚʘ ʜʘ ʨʘʜʥʠʢ 

ʥʝ ʤʦʨʘ ʜʘ ʠʟʚʦʜʠ ʥʝʧʦʪʨʝʙʥʝ ʧʦʢʨʝʪʝ ʛʣʘʚʦʤ ʠ ʚʨʘʪʦʤ, ʯʠʤʝ ʩʝ ʩʤʘˁʫʿʝ ʬʠʟʠʯʢʠ ʟʘʤʦʨ 

ʠ ʧʦʚʝ˂ʘʚʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪ. 

ɽʨʛʦʥʦʤʩʢʘ ʦʧʪʠʤʠʟʘʮʠʿʘ ʠʤʘ ʚʘʞʥʫ ʫʣʦʛʫ ʫ ʧʦʙʦˀʰʘˁʫ ʝʬʠʢʘʩʥʦʩʪʠ ʠ 

ʝʬʝʢʪʠʚʥʦʩʪʠ ʨʘʜʥʠʭ ʩʪʘʥʠʮʘ ʟʘ ʤʦʥʪʘʞʫ. ɽʨʛʦʥʦʤʩʢʘ ʦʧʪʠʤʠʟʘʮʠʿʘ ʧʦʜʨʘʟʫʤʝʚʘ 

ʧʨʠʣʘʛʦʹʘʚʘˁʝ ʨʘʜʥʦʛ ʧʨʦʩʪʦʨʘ, ʘʣʘʪʘ ʠ ʦʧʨʝʤʝ ʧʦʪʨʝʙʘʤʘ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ 

ʧʦʿʝʜʠʥʘʮʘ, ʢʘʢʦ ʙʠ ʩʝ ʦʤʦʛʫ˂ʠʣʦ ʝʬʠʢʘʩʥʠʿʝ ʠ ʧʨʦʜʫʢʪʠʚʥʠʿʝ ʦʙʘʚˀʘˁʝ ʘʢʪʠʚʥʦʩʪʠ, 

ʧʦʙʦˀʰʘʣʘ ʙʝʟʙʝʜʥʦʩʪ ʠ ʟʜʨʘʚˀʝ ʨʘʜʥʠʢʘ. ɸʫʪʦʨʠ (Salvendy, 2001; Qutubuddin ʠ ʜʨʫʛʠ, 

2012) ʩʫ ʠʩʪʘʢʣʠ ʧʦʟʠʪʠʚʥʝ ʝʬʝʢʪʝ ʧʨʠʤʝʥʝ ʝʨʛʦʥʦʤʩʢʠʭ ʧʨʠʥʮʠʧʘ ʧʨʠʣʠʢʦʤ 

ʜʠʟʘʿʥʠʨʘˁʘ ʨʘʜʥʠʭ ʤʝʩʪʘ. ʇʨʝʛʣʝʜʦʤ ʣʠʪʝʨʘʪʫʨʝ ʟʘʢˀʫʯʝʥʦ ʿʝ ʜʘ ʩʫ ʥʘ ʝʨʛʦʥʦʤʩʢʠ 

ʘʜʝʢʚʘʪʥʦ ʜʠʟʘʿʥʠʨʘʥʠʤ ʨʘʜʥʠʤ ʩʪʘʥʠʮʘʤʘ ʦʧʪʠʤʠʟʦʚʘʥʝ ʧʝʨʬʦʨʤʘʥʩʝ ʨʘʜʥʠʢʘ, 

ʩʤʘˁʝʥʠ ʜʝʬʝʢʪʠ ʠ ʧʦʙʦˀʰʘʥ ʢʚʘʣʠʪʝʪ ʧʨʦʠʟʚʦʜʘ (Baudin,  2002; Dul ʠ ʜʨʫʛʠ, 2004). 

ʂʘʢʦ ʿʝ ʠʩʪʘʢʥʫʪʦ ʫ ʨʘʜʫ ʯʠʿʠ ʩʫ ʘʫʪʦʨʠ (Rivera-Rodriguez ʠ ʜʨʫʛʠ, 2014) ʨʘʜʥʦ ʦʢʨʫʞʝˁʝ 

ʜʠʟʘʿʥʠʨʘʥʦ ʫ ʩʢʣʘʜʫ ʩʘ ʝʨʛʦʥʦʤʩʢʠʤ ʧʨʠʥʮʠʧʠʤʘ ʜʦʧʨʠʥʦʩʝ ʧʦʚʝ˂ʘˁʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ 

ʠ ʧʦʙʦˀʰʘˁʫ ʢʚʘʣʠʪʝʪʘ ʧʨʦʠʟʚʦʜʘ. ʊʘʢʦʹʝ, ʘʫʪʦʨʠ (Hamrol ʠ ʜʨʫʛʠ, 2011; Thun ʠ ʜʨʫʛʠ, 

2011) ʩʫ ʠʩʪʘʢʣʠ ʜʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ ʘʢʪʠʚʥʦʩʪʠ ʠʟ ʦʙʣʘʩʪʠ ʬʠʟʠʯʢʝ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʝ 

ʝʨʛʦʥʦʤʠʿʝ ʤʦʞʝ ʩʤʘˁʠʪʠ ʧʦʿʘʚʫ ʛʨʝʰʘʢʘ, ʘ ʪʦ ʜʘˀʝ ʠʤʘ ʧʦʟʠʪʠʚʘʥ ʫʪʠʮʘʿ ʥʘ ʢʚʘʣʠʪʝʪ 

ʧʨʦʠʟʚʦʜʘ. 

ɸʫʪʦʨ (Buckle, 2005) ʿʝ ʫʢʘʟʘʦ ʥʘ ʚʘʞʥʦʩʪ ʧʘʨʪʠʮʠʧʘʪʠʚʥʦʛ ʧʨʠʩʪʫʧʘ ʢʦʿʠ 

ʫʢˀʫʯʫʿʝ ʘʢʪʠʚʥʦ ʫʯʝʰ˂ʝ ʨʘʜʥʠʢʘ ʫ ʧʨʦʮʝʩʫ ʜʠʟʘʿʥʠʨʘˁʘ ʠ ʦʧʪʠʤʠʟʘʮʠʿʝ ʨʘʜʥʠʭ ʤʝʩʪʘ. 
ʆʚʘʿ ʧʨʠʩʪʫʧ ʦʤʦʛʫ˂ʘʚʘ ʜʘ ʩʝ ʫʟʤʫ ʫ ʦʙʟʠʨ ʩʪʚʘʨʥʝ ʧʦʪʨʝʙʝ ʠ ʠʩʢʫʩʪʚʘ ʨʘʜʥʠʢʘ, ʢʘʢʦ ʙʠ 

ʩʝ ʢʨʝʠʨʘʣʘ ʨʘʜʥʘ ʦʢʨʫʞʝˁʘ ʢʦʿʘ ʩʫ ʙʦˀʝ ʧʨʠʣʘʛʦʹʝʥʘ ˁʠʭʦʚʠʤ ʬʠʟʠʯʢʠʤ ʠ 

ʢʦʛʥʠʪʠʚʥʠʤ ʢʘʧʘʮʠʪʝʪʠʤʘ. 

ʇʦʩʝʙʥʘ ʧʘʞˁʘ ʤʦʨʘ ʙʠʪʠ ʧʦʩʚʝ˂ʝʥʘ ʘʥʘʣʠʟʠ ʧʦʣʦʞʘʿʘ ʪʝʣʘ ʠ ʦʧʪʝʨʝ˂ʝˁʘ ʥʘ 

ʟʛʣʦʙʦʚʠʤʘ ʪʦʢʦʤ ʠʟʚʦʹʝˁʘ ʨʘʟʣʠʯʠʪʠʭ ʨʘʜʥʠʭ ʟʘʜʘʪʘʢʘ. ʅʝʧʨʘʚʠʣʥʠ ʧʦʣʦʞʘʿʠ ʪʝʣʘ ʠ 

ʜʫʛʦʪʨʘʿʥʦ ʠʟʣʘʛʘˁʝ ʥʝʧʦʚʦˀʥʠʤ ʩʪʘʪʠʯʢʠʤ ʧʦʟʠʮʠʿʘʤʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʟʥʘʯʘʿʘʥ ʬʘʢʪʦʨ 

ʨʠʟʠʢʘ ʟʘ ʨʘʟʚʦʿ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠʭ ʧʦʨʝʤʝ˂ʘʿʘ. ɽʨʛʦʥʦʤʩʢʘ ʘʥʘʣʠʟʘ ʨʘʜʥʠʭ ʩʪʘʥʠʮʘ 

ʦʤʦʛʫ˂ʘʚʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʢʨʠʪʠʯʥʠʭ ʪʘʯʘʢʘ ʥʘ ʪʝʣʫ ʨʘʜʥʠʢʘ ʢʦʿʝ ʩʫ ʥʘʿʚʠʰʝ ʠʟʣʦʞʝʥʝ 
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ʥʘʧʨʝʟʘˁʫ ʪʦʢʦʤ ʨʘʜʘ (Battini ʠ ʜʨʫʛʠ, 2014; Sek ʠ ʜʨʫʛʠ, 2017). ʇʨʠʣʘʛʦʹʘʚʘˁʝ ʨʘʜʥʦʛ 

ʤʝʩʪʘ ʠ ʘʣʘʪʘ ʧʨʝʤʘ ʩʧʝʮʠʬʠʯʥʦʩʪʠʤʘ ʨʘʜʥʠʭ ʟʘʜʘʪʘʢʘ ʤʦʞʝ ʟʥʘʯʘʿʥʦ ʩʤʘˁʠʪʠ 

ʦʧʪʝʨʝ˂ʝˁʝ ʥʘ ʟʛʣʦʙʦʚʝ ʠ ʩʤʘˁʠʪʠ ʨʠʟʠʢ ʦʜ ʧʦʚʨʝʜʘ. 

ʅʘ ʩʣʠʮʠ 2.10 ʧʨʠʢʘʟʘʥʠ ʩʫ ʥʘʿʧʦʚʦˀʥʠʿʠ ʧʦʣʦʞʘʿʠ ʟʘ ʟʛʣʦʙʦʚʝ ʢʦʿʠ ʩʫ ʥʘʿʚʠʰʝ 

ʦʧʪʝʨʝ˂ʝʥʠ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʨʘʟʣʠʯʠʪʠʭ ʪʠʧʦʚʘ ʨʘʜʥʠʭ ʟʘʜʘʪʘʢʘ. 

 

ʉʣʠʢʘ 2.10 ʅʘʿʧʦʚʦˀʥʠʿʠ ʧʦʣʦʞʘʿʠ ʟʘ ʟʛʣʦʙʦʚʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʦʙʘʚˀʘˁʘ ʨʘʟʣʠʯʠʪʠʭ 

ʪʠʧʦʚʘ ʨʘʜʥʠʭ ʟʘʜʘʪʘʢʘ (Bridger, 2017) 

ʉʘʚʠʿʘˁʝ ʨʘʤʝʥʘ ʙʠ ʪʨʝʙʘʣʦ ʜʘ ʙʫʜʝ ʤʠʥʠʤʘʣʥʦ, ʨʫʢʝ ʙʠ ʪʨʝʙʘʣʝ ʜʘ ʙʫʜʫ ʫ 

ʧʨʠʨʦʜʥʦʤ ʧʦʣʦʞʘʿʫ ʧʦʨʝʜ ʪʝʣʘ, ʢʘʢʦ ʙʠ ʩʝ ʠʟʙʝʛʣʦ ʧʨʝʪʝʨʘʥʦ ʥʘʧʨʝʟʘˁʝ. ʆʙʘʚˀʘˁʝ 

ʘʢʪʠʚʥʦʩʪʠ ʫ ʟʣʘʪʥʦʿ ʟʦʥʠ ʦʤʦʛʫ˂ʘʚʘ ʜʘ ʨʘʤʝʥʘ ʦʩʪʘʥʫ ʫ ʧʨʠʨʦʜʥʦʤ ʧʦʣʦʞʘʿʫ, ʙʝʟ 

ʧʦʪʨʝʙʝ ʟʘ ʫʯʝʩʪʘʣʠʤ ʧʦʜʠʟʘˁʝʤ ʨʫʢʫ ʠʟʥʘʜ ʥʠʚʦʘ ʨʘʤʝʥʘ. ɸʙʜʫʢʮʠʿʘ ʨʘʤʝʥʘ (ʦʜʤʠʮʘˁʝ 

ʨʫʢʝ ʦʜ ʪʝʣʘ) ʪʨʝʙʘ ʜʘ ʙʫʜʝ ʩʚʝʜʝʥʘ ʥʘ ʤʠʥʠʤʫʤ, ʿʝʨ ʩʚʘʢʘ ʘʢʪʠʚʥʦʩʪ ʢʦʿʘ ʟʘʭʪʝʚʘ ʰʠʨʝˁʝ 

ʨʫʢʫ ʧʦʚʝ˂ʘʚʘ ʦʧʪʝʨʝ˂ʝˁʝ ʤʠʰʠ˂ʘ ʨʘʤʝʥʘ. ʆʧʪʠʤʘʣʥʦ ʿʝ ʜʘ ʣʘʢʪʦʚʠ ʙʫʜʫ ʰʪʦ ʙʣʠʞʝ 

ʪʝʣʫ. 
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ʌʣʝʢʩʠʿʘ ʣʝʹʘ ʪʨʝʙʘ ʜʘ ʩʝ ʦʜʚʠʿʘ ʧʦʜ ʰʪʦ ʤʘˁʠʤ ʫʛʣʦʚʠʤʘ. ʅʘʿʙʦˀʠ ʧʦʣʦʞʘʿ ʟʘ 

ʣʝʹʘ ʿʝ ʥʝʫʪʨʘʣʥʠ ʧʦʣʦʞʘʿ, ʙʝʟ ʧʨʝʪʝʨʘʥʦʛ ʩʘʚʠʿʘˁʘ ʠʣʠ ʦʢʨʝʪʘˁʘ ʣʝʹʘ ʫ ʩʪʨʘʥʫ. 

ɼʦ ʠʩʪʝʟʘˁʘ ʜʦʣʘʟʠ ʢʘʜʘ ʩʝ ʘʢʪʠʚʥʦʩʪʠ ʦʙʘʚˀʘʿʫ ʫ ʥʝʬʠʟʠʦʣʦʰʢʠʤ ʧʦʣʦʞʘʿʠʤʘ 

ʪʝʣʘ ʢʦʿʝ ʟʘʭʪʝʚʘʿʫ ʧʦʛʣʝʜ ʥʘʛʦʨʝ ʠʣʠ ʙʦʯʥʦ ʪʦʢʦʤ ʜʫʞʝʛ ʚʨʝʤʝʥʩʢʦʛ ʧʝʨʠʦʜʘ. ʆʚʦ 

ʜʦʚʦʜʠ ʜʦ ʥʘʧʨʝʟʘˁʘ ʤʠʰʠ˂ʘ ʚʨʘʪʘ ʠ ʤʦʞʝ ʠʟʘʟʚʘʪʠ ʙʦʣ ʠ ʥʝʣʘʛʦʜʥʦʩʪ. ʉʘʚʠʿʘˁʝ ʚʨʘʪʘ 

ʪʨʝʙʘ ʠʟʚʦʜʠʪʠ ʪʘʢʦ ʜʘ ʿʝ ʛʣʘʚʘ ʫ ʥʝʫʪʨʘʣʥʦʤ ʧʦʣʦʞʘʿʫ, ʩʘ ʙʣʘʛʠʤ ʥʘʛʠʙʦʤ ʥʘʧʨʝʜ. ɹʦʯʥʦ 

ʩʘʚʠʿʘˁʝ ʚʨʘʪʘ ʧʦʜʨʘʟʫʤʝʚʘ ʥʘʛʠʙ ʛʣʘʚʝ ʫ ʩʪʨʘʥʫ, ʧʨʠ ʯʝʤʫ ʩʝ ʫʚʦ ʧʨʠʙʣʠʞʘʚʘ ʨʘʤʝʥʫ. 

ʆʚʘʿ ʧʦʢʨʝʪ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʥʘʧʨʝʟʘˁʘ ʚʨʘʪʘ ʠ ʨʘʤʝʥʘ ʧʘ ʿʝ ʧʦʞʝˀʥʦ ʜʘ ʩʘʚʠʿʘˁʝ ʙʫʜʝ 

ʧʦʜ ʤʘˁʠʤ ʫʛʣʦʤ. ʇʨʝʪʝʨʘʥʦ ʩʘʚʠʿʘˁʝ ʚʨʘʪʘ (ʬʣʝʢʩʠʿʘ) ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʟʘʤʦʨʘ ʤʠʰʠ˂ʘ 

ʠ ʙʦʣʘ ʫ ʧʨʝʜʝʣʫ ʚʨʘʪʘ ʠ ʛʦʨˁʝʛ ʜʝʣʘ ʣʝʹʘ. ʈʦʪʘʮʠʿʘ ʚʨʘʪʘ ʧʦʜʨʘʟʫʤʝʚʘ ʦʢʨʝʪʘˁʝ ʛʣʘʚʝ 

ʫʣʝʚʦ ʠʣʠ ʫʜʝʩʥʦ. ʅʘʿʙʦˀʘ ʦʧʮʠʿʘ ʿʝ ʠʟʙʝʛʘʚʘˁʝ ʝʢʩʪʨʝʤʥʝ ʨʦʪʘʮʠʿʝ ʚʨʘʪʘ ʠ ʦʜʨʞʘʚʘˁʝ 

ʛʣʘʚʝ ʫ ʥʝʫʪʨʘʣʥʦʤ ʧʦʣʦʞʘʿʫ ʰʪʦ ʿʝ ʜʫʞʝ ʤʦʛʫ˂ʝ, ʢʘʢʦ ʙʠ ʩʝ ʩʤʘˁʠʦ ʧʨʠʪʠʩʘʢ ʥʘ ʤʠʰʠ˂ʝ 

ʚʨʘʪʘ. 

ʀʩʪʝʟʘˁʝ ʟʛʣʦʙʘ ʩʝ ʚʝʟʫʿʝ ʟʘ ʠʩʧʨʫʞʝʥ ʧʦʣʦʞʘʿ ʰʘʢʝ ʠ ʧʨʩʪʠʿʫ. ʆʚʘʿ ʧʦʣʦʞʘʿ ʪʨʝʙʘ 

ʙʠʪʠ ʦʛʨʘʥʠʯʝʥ, ʿʝʨ ʧʨʝʢʦʤʝʨʥʦ ʠʩʪʝʟʘˁʝ ʟʛʣʦʙʘ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʪʝʥʟʠʿʝ ʫ ʟʛʣʦʙʦʚʠʤʘ 

ʠ ʪʝʪʠʚʘʤʘ ʨʫʢʝ. ʌʣʝʢʩʠʿʘ ʟʛʣʦʙʘ ʧʦʜʨʘʟʫʤʝʚʘ ʩʘʚʠʿʘˁʝ ʰʘʢʝ ʧʨʝʤʘ ʫʥʫʪʨʘ, ʧʨʝʤʘ 

ʧʦʜʣʘʢʪʠʮʠ. ʆʚʠ ʧʦʢʨʝʪʠ ʪʨʝʙʘ ʙʠʪʠ ʩʚʝʜʝʥʠ ʥʘ ʤʠʥʠʤʫʤ ʢʘʢʦ ʙʠ ʩʝ ʠʟʙʝʛʣʦ ʦʧʪʝʨʝ˂ʝˁʝ 

ʬʣʝʢʩʦʨʥʠʭ ʤʠʰʠ˂ʘ ʠ ʟʜʨʘʚʩʪʚʝʥʠ ʧʨʦʙʣʝʤʠ ʧʦʧʫʪ ʩʠʥʜʨʦʤʘ ʢʘʨʧʘʣʥʦʛ ʪʫʥʝʣʘ. 

ʈʘʜʠʿʘʣʥʘ ʜʝʚʠʿʘʮʠʿʘ ʿʝ ʧʦʤʝʨʘˁʝ ʰʘʢʝ ʢʘ ʧʘʣʮʫ, ʦʜʥʦʩʥʦ ʧʨʝʤʘ ʩʧʦˀʘʰˁʦʿ 

ʩʪʨʘʥʠ ʧʦʜʣʘʢʪʠʮʝ. ʆʚʘʿ ʧʦʢʨʝʪ ʿʝ ʧʨʠʨʦʜʘʥ, ʘʣʠ ʧʨʝʪʝʨʘʥʘ ʨʘʜʠʿʘʣʥʘ ʜʝʚʠʿʘʮʠʿʘ ʤʦʞʝ 

ʜʦʚʝʩʪʠ ʜʦ ʥʘʧʨʝʟʘˁʘ ʤʠʰʠ˂ʘ. ʋʣʥʘʨʥʘ ʜʝʚʠʿʘʮʠʿʘ ʧʨʝʜʩʪʘʚˀʘ ʧʦʤʝʨʘˁʝ ʰʘʢʝ ʢʘ ʤʘʣʦʤ 

ʧʨʩʪʫ, ʦʜʥʦʩʥʦ ʧʨʝʤʘ ʫʥʫʪʨʘʰˁʦʿ ʩʪʨʘʥʠ ʧʦʜʣʘʢʪʠʮʝ. ʉʣʠʯʥʦ ʢʘʦ ʠ ʢʦʜ ʨʘʜʠʿʘʣʥʝ 

ʜʝʚʠʿʘʮʠʿʝ, ʠʟʚʦʹʝˁʝ ʦʚʠʭ ʧʦʢʨʝʪʘ ʪʨʝʙʘ ʙʠʪʠ ʦʛʨʘʥʠʯʝʥ ʢʘʢʦ ʙʠ ʩʝ ʩʧʨʝʯʠʣʦ ʧʨʝʪʝʨʘʥʦ 

ʦʧʪʝʨʝ˂ʝˁʝ ʟʛʣʦʙʦʚʘ. 

ʋ ʪʘʙʝʣʠ 2.3 ʩʫ ʧʨʠʢʘʟʘʥʘ ʧʨʠʭʚʘʪˀʠʚʘ ʦʧʪʝʨʝ˂ʝˁʘ ʠ ʙʨʦʿ ʧʦʥʘʚˀʘˁʘ ʫ 

ʚʨʝʤʝʥʩʢʦʤ ʧʝʨʠʦʜʫ ʦʜ ʩʘʪ ʚʨʝʤʝʥʘ.  

ʊʘʙʝʣʘ 2.3 ʇʨʠʭʚʘʪˀʠʚʘ ʦʧʪʝʨʝ˂ʝˁʘ ʠ ʜʦʟʚʦˀʝʥ ʙʨʦʿ ʧʦʥʘʚˀʘˁʘ ʫʥʫʪʘʨ ʩʚʘʢʝ ʟʦʥʝ 

(Finnsgård ʠ ʜʨʫʛʠ, 2011) 

ʟʦʥʘ ʪʝʞʠʥʘ ʪʝʨʝʪʘ ʢʦʿʠ ʩʝ ʧʦʜʠʞʝ (ʫ ʢʛ) 

ɹʨʦʿ 

ʧʦʥʘʚˀʘˁʘ/h 

1-10 10-30 30-60 60- 

 12 ʢʛ 7 ʢʛ 3 ʢʛ 2 ʢʛ 

 7 ʢʛ 5ʢʛ 2 ʢʛ 1 ʢʛ 

 2.5 ʢʛ 2 ʢʛ - - 

 

ʂʘʦ ʰʪʦ ʩʝ ʚʠʜʠ ʩʘ ʩʣʠʢʝ ʫ ʟʝʣʝʥʦʿ ʟʦʥʠ ʤʦʛʫ˂ʝ ʿʝ ʧʦʥʘʚˀʘʪʠ ʧʦʜʠʟʘˁʝ ʪʝʨʝʪʘ ʜʦ 

12 ʢʠʣʦʛʨʘʤʘ ʜʝʩʝʪ ʧʫʪʘ ʙʝʟ ʟʥʘʯʘʿʥʦʛ ʥʝʛʘʪʠʚʥʦʛ ʫʪʠʮʘʿʘ ʥʘ ʟʜʨʘʚˀʝ ʨʘʜʥʠʢʘ. ɾʫʪʘ ʟʦʥʘ, 

ʢʦʿʘ ʦʙʫʭʚʘʪʘ ʧʨʦʩʪʦʨ ʜʦ 50 cm, ʧʨʝʜʩʪʘʚˀʘ ʧʦʜʨʫʯʿʝ ʫ ʢʦʿʝʤ ʦʙʘʚˀʘˁʝ ʘʢʪʠʚʥʦʩʪʠ ʤʦʞʝ 

ʠʤʘʪʠ ʥʝʛʘʪʠʚʘʥ ʫʪʠʮʘʿ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʙʨʦʿʘ ʧʦʥʘʚˀʘˁʘ ʠ ʪʨʘʿʘˁʘ ʟʘʜʨʞʘʚʘˁʘ 

ʦʜʨʝʹʝʥʦʛ ʧʦʣʦʞʘʿʘ ʪʝʣʘ. ʋ ʦʚʦʿ ʟʦʥʠ ʥʠʿʝ ʜʦʟʚʦˀʝʥʦ ʠʩʪʦ ʦʧʪʝʨʝ˂ʝˁʝ ʢʘʦ ʫ ʟʝʣʝʥʦʿ ʟʦʥʠ 

ʪʿ. ʪʝʨʝʪ ʪʨʝʙʘ ʙʠʪʠ ʤʘˁʠ ʘ ʫʯʝʩʪʘʣʦʩʪ ʧʦʜʠʟʘˁʘ ʨʝʹʘ. ʎʨʚʝʥʘ ʟʦʥʘ ʿʝ ʟʦʥʘ ʫ ʢʦʿʦʿ ʧʦʩʪʦʿʠ 

ʥʘʿʚʝ˂ʠ ʨʠʟʠʢ ʦʜ ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ ʠ ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ ʙʦʣʝʩʪʠ ʧʦʩʝʙʥʦ ʘʢʦ ʦʙʘʚˀʘˁʝ 

ʘʢʪʠʚʥʦʩʪʠ ʫ ʦʚʦʿ ʟʦʥʠ ʪʨʘʿʝ ʚʠʰʝ ʦʜ ʜʚʘ ʩʘʪʘ ʜʥʝʚʥʦ. ʆʙʘʚˀʘˁʝ ʘʢʪʠʚʥʦʩʪʠ ʫ ʦʚʦʿ ʟʦʥʠ 

˂ʝ ʥʝʠʟʙʝʞʥʦ ʠʤʘʪʠ ʥʝʛʘʪʠʚʘʥ ʫʪʠʮʘʿ ʥʘ ʟʜʨʘʚˀʝ ʨʘʜʥʠʢʘ. 
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2.7 ɼʆʄɽʅʀ ɽʈɻʆʅʆʄʀɱɽ 

ʈʘʟʣʠʢʫʿʫ ʩʝ ʪʨʠ ʛʣʘʚʥʘ ʜʦʤʝʥʘ ʝʨʛʦʥʦʤʠʿʝ: ʬʠʟʠʯʢʘ ʝʨʛʦʥʦʤʠʿʘ, ʦʨʛʘʥʠʟʘʮʠʦʥʘ 

ʝʨʛʦʥʦʤʠʿʘ ʠ ʢʦʛʥʠʪʠʚʥʘ ʝʨʛʦʥʦʤʠʿʘ (Stanton ʠ ʜʨʫʛʠ, 2004). 

ʌʠʟʠʯʢʘ ʝʨʛʦʥʦʤʠʿʘ ʩʝ ʬʦʢʫʩʠʨʘ ʥʘ ʧʨʦʫʯʘʚʘˁʝ ʦʜʥʦʩʘ ʠʟʤʝʹʫ ʬʠʟʠʯʢʠʭ 

ʘʩʧʝʢʘʪʘ ʠ ʦʙʘʚˀʘˁʘ ʨʘʜʥʠʭ ʘʢʪʠʚʥʦʩʪʠ. ʆʚʘʿ ʘʩʧʝʢʪ ʝʨʛʦʥʦʤʠʿʝ ʦʙʫʭʚʘʪʘ ʘʥʘʣʠʟʫ 

ʘʥʘʪʦʤʩʢʠʭ, ʘʥʪʨʦʧʦʤʝʪʨʠʿʩʢʠʭ, ʬʠʟʠʦʣʦʰʢʠʭ ʠ ʙʠʦʤʝʭʘʥʠʯʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʩʫʙʿʝʢʘʪʘ ʢʦʿʝ ʫʪʠʯʫ ʥʘ ʩʧʦʩʦʙʥʦʩʪ ʧʦʿʝʜʠʥʮʘ ʜʘ ʦʙʘʚˀʘ ʨʘʜʥʝ ʟʘʜʘʪʢʝ ʝʬʠʢʘʩʥʦ ʠ 

ʙʝʟʙʝʜʥʦ. ʇʦʩʝʙʘʥ ʬʦʢʫʩ ʬʠʟʠʯʢʝ ʝʨʛʦʥʦʤʠʿʝ ʿʝ ʥʘ ʘʥʘʣʠʟʠ ʜʨʞʘˁʘ ʪʝʣʘ, ʝʣʠʤʠʥʠʩʘˁʫ 

ʥʝʝʨʛʦʥʦʤʩʢʠʭ ʧʦʢʨʝʪʘ, ʝʨʛʦʥʦʤʩʢʦʿ ʧʨʦʮʝʥʠ ʠ ʜʠʟʘʿʥʠʨʘˁʫ ʨʘʜʥʦʛ ʦʢʨʫʞʝˁʘ ʩʘ ʮʠˀʝʤ 

ʜʘ ʩʝ ʩʤʘˁʠ ʨʠʟʠʢ ʦʜ ʧʦʨʝʤʝ˂ʘʿʘ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʦʛ ʩʠʩʪʝʤʘ ʠ ʧʦʚʝ˂ʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪ.  

ʆʩʥʦʚʥʠ ʮʠˀ ʬʠʟʠʯʢʝ ʝʨʛʦʥʦʤʠʿʝ ʿʝʩʪʝ ʫʥʘʧʨʝʹʝˁʝ ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʘ ʨʘʜʥʠʢʘ, 

ʩʤʘˁʝˁʝ ʬʠʟʠʯʢʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʢʨʦʟ ʧʨʦʿʝʢʪʦʚʘˁʝ ʠ ʦʨʛʘʥʠʟʦʚʘˁʝ ʨʘʜʥʠʭ ʩʠʩʪʝʤʘ. ʆʚʘ 

ʛʨʘʥʘ ʝʨʛʦʥʦʤʠʿʝ ʠʤʘ ʢˀʫʯʥʫ ʫʣʦʛʫ ʫ ʩʪʚʘʨʘˁʫ ʙʝʟʙʝʜʥʠʿʝʛ ʨʘʜʥʦʛ ʦʢʨʫʞʝˁʘ, ʢʨʦʟ 

ʩʤʘʝˁˁʝ ʨʠʟʠʢʘ ʦʜ ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ ʠ ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ ʙʦʣʝʩʪʠ.  

ʂʘʢʦ ʠʩʪʠʯʝ (Hedge, 2005) ʬʠʟʠʯʢʘ ʝʨʛʦʥʦʤʠʿʘ ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʘʥ ʦʜ ʥʘʿʚʘʞʥʠʿʠʭ 

ʧʨʘʚʘʮʘ ʫ ʝʨʛʦʥʦʤʩʢʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ. ʋʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʯʠˁʝʥʠʮʫ ʜʘ ʨʘʜʥʠʮʠ 

ʦʙʘʚˀʘʿʫ ʨʘʜʥʝ ʘʢʪʠʚʥʦʩʪʠ ʫ ʥʝʝʨʛʦʥʦʤʩʢʦʤ ʧʦʣʦʞʘʿʫ ʪʝʣʘ ʫ ʩʝʜʝ˂ʝʤ ʠʣʠ ʩʪʦʿʝ˂ ʝʤ 

ʧʦʣʦʞʘʿʫ ʪʦʢʦʤ ʜʫʞʝʛ ʚʨʝʤʝʥʩʢʦʛ ʧʝʨʠʦʜʘ ʦʜ ʧʦʩʝʙʥʝ ʚʘʞʥʦʩʪʠ ʿʝ ʜʠʟʘʿʥʠʨʘˁʝ ʨʘʜʥʠʭ 

ʦʢʨʫʞʝˁʘ. 

ʆʨʛʘʥʠʟʘʮʠʦʥʘ ʝʨʛʦʥʦʤʠʿʘ ʩʝ ʙʘʚʠ ʦʧʪʠʤʠʟʘʮʠʿʦʤ ʩʦʮʠʦ-ʪʝʭʥʠʯʢʠʭ ʩʠʩʪʝʤʘ. ʋ 

ʦʚʦʤ ʜʦʤʝʥʫ ʝʨʛʦʥʦʤʠʿʝ ʢˀʫʯʥʝ ʪʝʤʝ ʩʫ ʪʠʤʩʢʠ ʨʘʜ, ʦʨʛʘʥʠʟʘʮʠʦʥʘ ʩʪʨʫʢʪʫʨʘ ʠ 

ʦʨʛʘʥʠʟʘʮʠʦʥʘ ʢʫʣʪʫʨʘ ʠ ʫʧʨʘʚˀʘˁʝ ʢʚʘʣʠʪʝʪʦʤ. ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʬʠʟʠʯʢʝ ʝʨʛʦʥʦʤʠʿʝ ʢʦʿʘ 

ʧʨʦʫʯʘʚʘ ʦʜʥʦʩ ʠʟʤʝʹʫ ʯʦʚʝʢʘ ʠ ʨʘʜʥʦʛ ʦʢʨʫʞʝˁʘ, ʦʨʛʘʥʠʟʘʮʠʦʥʘ ʝʨʛʦʥʦʤʠʿʘ ʙʘʚʠ ʩʝ 

ʰʠʨʠʤ ʘʩʧʝʢʪʠʤʘ ʨʘʜʥʦʛ ʦʢʨʫʞʝˁʘ, ʢʦʿʠ ʫʢˀʫʯʫʿʫ ʦʨʛʘʥʠʟʘʮʠʿʫ ʨʘʜʥʠʭ ʟʘʜʘʪʘʢʘ, 

ʦʧʪʠʤʠʟʘʮʠʿʫ ʨʘʜʥʦʛ ʚʨʝʤʝʥʘ, ʪʠʤʩʢʠ ʨʘʜ ʠ ʧʦʙʦˀʰʘˁʝ ʧʨʦʪʦʢʘ ʠʥʬʦʨʤʘʮʠʿʘ ʤʝʹʫ 

ʯʣʘʥʦʚʠʤʘ ʪʠʤʘ, ʩʤʘˁʝˁʝ ʩʪʨʝʩʘ ʠ ʠʟʛʘʨʘˁʘ, ʢʘʦ ʠ ʧʦʚʝ˂ʘˁʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ. 

ʆʨʛʘʥʠʟʘʮʠʦʥʘ ʝʨʛʦʥʦʤʠʿʘ ʠʤʘ ʟʥʘʯʘʿʥʫ ʫʣʦʛʫ ʫ ʫʥʘʧʨʝʹʝˁʫ ʨʘʜʥʦʛ ʦʢʨʫʞʝˁʘ, 

ʧʦʚʝ˂ʘˁʫ ʟʘʜʦʚʦˀʩʪʚʘ ʠ ʤʦʪʠʚʘʮʠʿʝ ʨʘʜʥʠʢʘ, ʰʪʦ ʜʫʛʦʨʦʯʥʦ ʤʦʞʝ ʠʤʘʪʠ ʧʦʟʠʪʠʚʘʥ 

ʫʪʠʮʘʿ ʥʘ ʧʦʩʣʦʚʥʝ ʨʝʟʫʣʪʘʪʝ. 

ʂʦʛʥʠʪʠʚʥʘ ʝʨʛʦʥʦʤʠʿʘ, ʪʨʝ˂ʝ ʛʣʘʚʥʦ ʧʦˀʝ ʩʧʝʮʠʿʘʣʠʟʘʮʠʿʝ ʫʥʫʪʘʨ ʝʨʛʦʥʦʤʠʿʝ, 

ʢʦʥʮʝʥʪʨʠʰʝ ʩʝ ʥʘ ʤʝʥʪʘʣʥʝ ʧʨʦʮʝʩʝ (ʢʘʦ ʰʪʦ ʩʫ ʧʝʨʮʝʧʮʠʿʘ, ʨʘʟʤʠʰˀʘˁʝ ʠ ʜʨ.) ʫ ʪʦʢʫ 

ʠʥʪʝʨʘʢʮʠʿʝ ʠʟʤʝʹʫ ˀʫʜʠ ʠ ʦʩʪʘʣʠʭ ʝʣʝʤʝʥʘʪʘ ʩʠʩʪʝʤʘ (Zolotova ʠ Giambattista, 2019; 

Dittmar ʠ ʜʨʫʛʠ, 2021). ʆʚʘʿ ʜʦʤʝʥ ʝʨʛʦʥʦʤʠʿʝ ʩʝ ʙʘʚʠ ʠʩʪʨʘʞʠʚʘˁʝʤ ʧʨʦʮʝʩʘ ʢʦʿʠ ʩʝ 

ʦʜʚʠʿʘʿʫ ʫ ˀʫʜʩʢʦʤ ʤʦʟʛʫ, ʘ ʢʦʿʠ ʤʦʛʫ ʠʤʘʪʠ ʫʪʠʮʘʿ ʥʘ ʧʦʥʘʰʘˁʝ ʠ ʧʝʨʬʦʨʤʘʥʩʝ 

ʟʘʧʦʩʣʝʥʠʭ (Parasuraman ʠ Rizzo, 2006; Parasuraman, 2011). ʇʦʩʝʙʘʥ ʥʘʛʣʘʩʘʢ ʿʝ ʥʘ 

ʠʩʪʨʘʞʠʚʘˁʫ ʢʘʢʦ ˀʫʜʩʢʠ ʤʦʟʘʢ ʦʙʨʘʹʫʿʝ ʠʥʬʦʨʤʘʮʠʿʝ ʠ ʨʝʰʘʚʘ ʧʨʦʙʣʝʤʝ ʪʦʢʦʤ 

ʦʙʘʚˀʘˁʘ ʨʘʜʥʠʭ ʟʘʜʘʪʘʢʘ ʠ ʨʘʟʚʦʿʫ ʩʪʨʘʪʝʛʠʿʘ ʟʘ ʧʦʙʦˀʰʘˁʝ ʧʘʞˁʝ ʠ ʢʦʥʮʝʥʪʨʘʮʠʿʝ, 

ʩʤʘˁʝˁʝ ʢʦʛʥʠʪʠʚʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ, ʫʧʨʘʚˀʘˁʝ ʩʪʨʝʩʦʤ ʠ ʜʨ.  

ʉʚʘ ʪʨʠ ʪʠʧʘ ʝʨʛʦʥʦʤʠʿʝ ʦʩʪʚʘʨʫʿʫ ʟʥʘʯʘʿʘʥ ʜʦʧʨʠʥʦʩ ʫ ʫʥʘʧʨʝʹʝˁʫ ʧʦʩʣʦʚʘˁʘ 

ʢʨʦʟ ʧʦʙʦˀʰʘˁʝ ʝʬʝʢʪʠʚʥʦʩʪʠ ʠ ʢʚʘʣʠʪʝʪʘ, ʧʦʙʦˀʰʘˁʝ ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʘ ʨʘʜʥʠʢʘ, 

ʧʦʚʝ˂ʘˁʝ ʟʘʜʦʚʦˀʩʪʚʘ, ʬʠʟʠʯʢʦʛ ʠ ʧʩʠʭʠʯʢʦʛ ʙʣʘʛʦʩʪʘˁʘ, ʩʤʘˁʝˁʝ ʘʧʩʝʥʪʠʟʤʘ ʠ ʩʚʠʭ 

ʦʙʣʠʢʘ ʪʨʦʰʢʦʚʘ (ʩʣʠʢʘ 2.11). Kʦʛʥʠʪʠʚʥʘ ʠ ʬʠʟʠʯʢʘ ʝʨʛʦʥʦʤʠʿʘ ʩʫ ʧʦʩʪʘʣʝ ʜʦʤʠʥʘʥʪʥʝ 

ʦʙʣʘʩʪʠ ʝʨʛʦʥʦʤʠʿʝ ʫ ʥʦʚʠʿʝ ʚʨʝʤʝ ʟʙʦʛ ʩʚʝ ʚʝ˂ʝ ʢʦʤʧʣʝʢʩʥʦʩʪʠ ʨʘʜʥʠʭ ʧʨʦʮʝʩʘ ʠ 

ʧʨʠʤʝʥʝ ʩʘʚʨʝʤʝʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ (Norros, 2014; Savioja ʠ ʜʨʫʛʠ, 2014). 
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ɼʠʟʘʿʥ ʫʩʤʝʨʝʥ 

ʥʘ ʯʦʚʝʢʘ 

 

ʉʣʠʢʘ 2.11 ɹʝʥʝʬʠʪʠ ʠʥʪʝʛʨʘʮʠʿʝ ʬʠʟʠʯʢʝ, ʢʦʛʥʠʪʠʚʥʝ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʝ ʝʨʛʦʥʦʤʠʿʝ 

 

2.8 ɿʃɸʊʅɸ ɿʆʅɸ 

ʇʨʠʣʠʢʦʤ ʜʠʟʘʿʥʠʨʘˁʘ ʨʘʜʥʝ ʩʪʘʥʠʮʝ ʧʦʩʝʙʥʘ ʧʘʞˁʘ ʩʝ ʧʦʩʚʝ˂ʫʿʝ 

ʘʥʪʨʦʧʦʤʝʪʨʠʿʩʢʠʤ ʩʚʦʿʩʪʚʠʤʘ ʨʘʜʥʠʢʘ ʢʘʢʦ ʙʠ ʨʘʜʥʘ ʩʪʘʥʠʮʘ ʙʠʣʘ ʧʦʛʦʜʥʘ 

ʠʩʪʦʚʨʝʤʝʥʦ ʟʘ ʦʩʦʙʝ ʤʫʰʢʦʛ ʠ ʞʝʥʩʢʦʛ ʧʦʣʘ ʠ ʢʘʢʦ ʙʠ ʨʘʜʥʠʮʠ ʦʙʘʚˀʘʣʠ ʘʢʪʠʚʥʦʩʪʠ 

ʤʦʥʪʘʞʝ ʫ ʦʢʚʠʨʫ ʟʣʘʪʥʝ ʟʦʥʝ.  

ɿʣʘʪʥʘ ʟʦʥʘ ʧʨʝʜʩʪʘʚˀʘ ʦʙʣʘʩʪ ʫ ʥʠʚʦʫ ʩʪʨʫʢʘ ʨʘʜʥʠʢʘ ʫ ʢʦʿʦʿ ʩʝ ʠʟʚʨʰʘʚʘʿʫ 

ʤʘʥʫʝʣʥʠ ʨʘʜʥʠ ʟʘʜʘʮʠ ʩʘ ʤʠʥʠʤʘʣʥʠʤ ʬʠʟʠʯʢʠʤ ʥʘʧʦʨʦʤ ʠ ʤʘʢʩʠʤʘʣʥʦʤ 

ʝʬʠʢʘʩʥʦʰ˂ʫ. ʆʚʘ ʟʦʥʘ ʿʝ ʚʝʦʤʘ ʟʥʘʯʘʿʥʘ ʿʝʨ ʩʝ ʫ ʦʚʦʿ ʟʦʥʠ ʤʠʥʠʤʠʟʫʿʫ ʧʦʢʨʝʪʠ, ʜʦʩʝʟʘˁʝ 

ʤʘʪʝʨʠʿʘʣʘ, ʠʩʪʝʟʘˁʝ ʠ ʩʘʚʠʿʘˁʝ ʪʝʣʘ ʩ ʦʙʟʠʨʦʤ ʜʘ ʩʫ ʩʚʠ ʧʨʝʜʤʝʪʠ, ʤʘʪʝʨʠʿʘʣʠ, 

ʢʦʤʧʦʥʝʥʪʝ ʠ ʘʣʘʪʠ ʨʘʩʧʦʨʝʹʝʥʠ ʫ ʚʠʩʠʥʠ ʩʪʨʫʢʘ ʨʘʜʥʠʢʘ. ʂʘʢʦ ʙʠ ʩʝ ʠʟʙʝʛʣʦ ʣʦʰʝ 

ʜʨʞʘˁʝ ʠ ʥʝʧʦʚʦˀʘʥ ʧʦʣʦʞʘʿ ʪʝʣʘ ʨʘʜʥʘ ʧʦʚʨʰʠʥʘ ʠ ʨʘʩʧʦʨʝʜ ʤʘʪʝʨʠʿʘʣʘ, ʢʦʤʧʦʥʝʥʪʠ 

ʠ ʘʣʘʪʘ ʩʫ ʧʨʠʣʘʛʦʹʝʥʠ ʠʥʜʠʚʠʜʫʘʣʥʠʤ ʧʦʪʨʝʙʘʤʘ ʩʚʘʢʦʛ ʨʘʜʥʠʢʘ. ʉʤʘˁʝˁʝ ʧʦʢʨʝʪʘ, 

ʩʘʚʠʿʘˁʘ ʠ ʠʩʪʝʟʘˁʘ ʜʘˀʝ ʜʦʧʨʠʥʦʩʠ ʩʤʘˁʝˁʫ ʥʘʧʦʨʘ ʤʠʰʠ˂ʘ ʠ ʩʘʤʠʤ ʪʠʤ ʩʤʘˁʝˁʫ 

ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ ʠ ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ ʙʦʣʝʩʪʠ (ʥʘʿʯʝʰ˂ʝ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠʭ ʦʙʦˀʝˁʘ). ʋ 

ʦʚʦʿ ʟʦʥʠ ʨʘʜʥʠʮʠ ʧʦʩʪʠʞʫ ʥʘʿʚʝ˂ʫ ʝʬʠʢʘʩʥʦʩʪ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪ. 

ʅʘ ʩʣʠʮʠ 2.12 ʿʝ ʧʨʠʢʘʟʘʥʦ ʨʘʜʥʦ ʤʝʩʪʦ ʥʘ ʢʦʤʝ ʨʘʜʥʠʮʠ ʦʙʘʚˀʘʿʫ ʘʢʪʠʚʥʦʩʪʠ ʫ 

ʚʝʨʪʠʢʘʣʥʦʤ ʧʦʣʦʞʘʿʫ ʪʝʣʘ ʫ ʦʢʚʠʨʫ Ăʟʣʘʪʥʝ ʟʦʥʝñ. ʈʘʜʥʦ ʤʝʩʪʦ ʿʝ ʦʨʛʘʥʠʟʦʚʘʥʦ ʫ ʩʢʣʘʜʫ 

ʩʘ ʝʨʛʦʥʦʤʩʢʠʤ ʩʤʝʨʥʠʮʘʤʘ ʧʨʦʧʠʩʘʥʠʤ ʧʨʘʚʠʣʥʠʮʠʤʘ ʠ ʫʨʝʜʙʘʤʘ ʟʘʢʦʥʘ ʦ 

ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʫ ʥʘ ʨʘʜʫ. ʉʚʝ ʧʦʪʨʝʙʥʝ ʢʦʤʧʦʥʝʥʪʝ ʠ ʘʣʘʪʠ ʩʫ ʨʘʩʧʦʨʝʹʝʥʠ ʧʦ 

ʨʘʜʥʦʿ ʧʦʚʨʰʠʥʠ ʫ ʩʢʣʘʜʫ ʩʘ ʜʦʭʚʘʪʦʤ ʨʫʢʝ ʨʘʜʥʠʢʘ ʢʘʢʦ ʙʠ ʩʝ ʝʣʠʤʠʥʠʩʘʣʦ ʠʩʪʝʟʘˁʝ 

ʨʫʢʫ ʠ ʩʘʚʠʿʘˁʝ ʪʝʣʘ ʧʨʠʣʠʢʦʤ ʦʙʘʚˀʘˁʘ ʤʦʥʪʘʞʥʠʭ ʘʢʪʠʚʥʦʩʪʠ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʩʤʘˁʫʿʝ 

ʩʝ ʬʠʟʠʯʢʠ ʥʘʧʦʨ ʠ ʫʥʘʧʨʝʹʫʿʝ ʩʝ ʦʧʰʪʝ ʟʜʨʘʚʩʪʚʝʥʦ ʩʪʘˁʝ ʠ ʜʦʙʨʦʙʠʪ ʨʘʜʥʠʢʘ ʘ 

ʠʩʪʦʚʨʝʤʝʥʦ ʩʝ ʧʦʚʝ˂ʘʚʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪ. 

ʬʠʟʠʯʢʘ 
ʝʨʛʦʥʦʤʠʿʘ

ʢʦʛʥʠʪʠʚʥʘ 
ʝʨʛʦʥʦʤʠʿʘ

ʦʨʛʘʥʠʟʘʮʠʦʥʘ 
ʝʨʛʦʥʦʤʠʿʘ

ʇʦʚʝ˂ʘˁʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ 

ʇʦʚʝ˂ʘˁʝ ʟʘʜʦʚʦˀʩʪʚʘ ʨʘʜʥʠʢʘ 

ʉʤʘˁʝˁʝ ʘʧʩʝʥʪʠʟʤʘ 

ʇʦʙʦˀʰʘˁʝ ʙʝʟʙʝʜʥʦʩʪʠ ʠ 

ʟʜʨʘʚˀʘ ʨʘʜʥʠʢʘ 

ʉʤʘˁʝˁʝ ʪʨʦʰʢʦʚʘ 
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ʉʣʠʢʘ 2.12 ʆʙʘʚˀʘˁʝ ʘʢʪʠʚʥʦʩʪʠ ʫ ʦʢʚʠʨʫ ʟʣʘʪʥʝ ʟʦʥʝ ʫ ʚʝʨʪʠʢʘʣʥʦʤ ʧʦʣʦʞʘʿʫ ʪʝʣʘ 

(Markoviĺ, 2022) 

ɺʠʩʠʥʘ ʨʘʜʥʝ ʩʪʘʥʠʮʝ ʥʘ ʢʦʿʦ ʿʩʝ ʦʙʘʚˀʘʿʫ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠʣʘʛʦʹʝʥʘ ʿʝ ʚʠʩʠʥʠ 

ʨʘʜʥʠʢʘ, ʩʚʝ ʧʦʪʨʝʙʥʝ ʢʦʤʧʦʥʝʥʪʝ ʠ ʩʨʝʜʩʪʘʚʘ ʟʘ ʨʘʜ ʩʝ ʥʘʣʘʟʝ ʥʘ ʫʜʘˀʝʥʦʩʪʠ ʢʦʿʘ ʥʠʿʝ 

ʚʝ˂ʘ ʦʜ ʜʫʞʠʥʝ ʨʫʢʝ. ʈʘʜʥʠ ʧʨʦʩʪʦʨ ʿʝ ʘʜʝʢʚʘʪʥʦ ʦʩʚʝʪˀʝʥ ʪʘʢʦ ʜʘ ʨʘʜʥʠʢ ʠʤʘ ʧʦʪʧʫʥʠ 

ʧʨʝʛʣʝʜ ʧʨʠʣʠʢʦʤ ʦʙʘʚˀʘˁʘ ʘʢʪʠʚʥʦʩʪʠ ʙʝʟ ʜʦʜʘʪʥʦʛ ʥʘʧʨʝʟʘˁʘ ʦʯʠʿʫ.  

ʅʘ ʩʣʠʮʠ 2.13 ʩʫ ʧʨʠʢʘʟʘʥʝ ʟʝʣʝʥʘ ʠ ʮʨʚʝʥʘ ʟʦʥʘ ʥʘ ʤʦʥʪʘʞʥʦʿ ʨʘʜʥʦʿ ʩʪʘʥʠʮʠ 

ʢʘʜʘ ʨʘʜʥʠʢ ʦʙʘʚˀʘ ʨʘʜʥʝ ʘʢʪʠʚʥʦʩʪʠ ʫ ʩʪʦʿʝ˂ʝʤ ʧʦʣʦʞʘʿʫ. 

 

 

 

 

 

 

 

 

 

 

 

 

ʉʣʠʢʘ 2.13 ɿʣʘʪʥʘ ʟʦʥʘ ʥʘ ʤʦʥʪʘʞʥʦʿ ʨʘʜʥʦʿ ʩʪʘʥʠʮʠ ʧʨʠʣʠʢʦʤ ʦʙʘʚˀʘˁʘ ʨʘʜʥʠʭ 

ʘʢʪʠʚʥʦʩʪʠ ʫ ʩʪʦʿʝ˂ʝʤ ʧʦʣʦʞʘʿʫ (ʧʨʝʫʟʝʪʦ ʩʘ: https://blog.item24.com/en/manual-

production/overview-of-work-bench-design-in-production) 

ʊʘʯʢʘ 1. ʫʢʘʟʫʿʝ ʥʘ ʤʦʛʫ˂ʥʦʩʪ ʧʦʜʝʰʘʚʘˁʘ ʧʦʣʠʮʘ ʩʘ ʢʦʤʧʦʥʝʥʪʘʤʘ ʧʦʪʨʝʙʥʠʤ ʟʘ 

ʤʦʥʪʘʞʫ ʧʨʠ ʯʝʤʫ ʨʘʜʥʠʢ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʦʪʨʝʙʘ ʤʦʞʝ ʧʦʜʝʩʠʪʠ ʚʠʩʠʥʫ ʠ ʫʜʘˀʝʥʦʩʪ 

ʢʦʿʘ ˁʝʤʫ ʦʜʛʦʚʘʨʘ. ʊʘʯʢʘ 2. ʩʝ ʦʜʥʦʩʠ ʥʘ ʚʠʩʠʥʫ ʩʪʦʣʘ ʢʦʿʘ ʿʝ ʧʦʜʝʩʠʚʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ 

ʧʦʪʨʝʙʘ ʨʘʜʥʠʢʘ. ʊʘʯʢʘ 3. ʧʨʝʜʩʪʘʚˀʘ ʧʦʣʦʞʘʿ ʧʦʣʠʮʘ ʢʦʿʝ ʩʫ ʬʠʢʩʠʨʘʥʝ ʟʘ ʨʘʜʥʫ 
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ʩʪʘʥʠʮʫ. ʇʦʣʠʮʝ ʩʫ ʥʘ ʧʦʩʪʘʚˀʝʥʝ ʫ ʦʢʚʠʨʫ ʟʣʘʪʥʝ ʟʦʥʝ, ʥʘ ʜʦʭʚʘʪ ʨʫʢʝ ʨʘʜʥʠʢʫ ʘ ˁʠʭʦʚʘ 

ʚʠʩʠʥʘ ʥʝ ʩʤʝ ʜʘ ʧʨʝʤʘʰʠ ʚʠʩʠʥʫ ʧʦʛʣʝʜʘ ʨʘʜʥʠʢʘ ʢʘʜʘ ʿʝ ʫ ʩʪʦʿʝ˂ ʝʤ ʧʦʣʦʞʘʿʫ. 

ʅʘ ʩʣʠʮʠ 2.14 ʩʫ ʧʨʠʢʘʟʘʥʝ ʪʨʠ ʟʦʥʝ: ʮʨʚʝʥʘ, ʞʫʪʘ ʠ ʟʝʣʝʥʘ ʧʨʠʣʠʢʦʤ ʦʙʘʚˀʘˁʘ 

ʘʢʪʠʚʥʦʩʪʠ ʫ ʚʝʨʪʠʢʘʣʥʦʤ ʧʦʣʦʞʘʿʫ.  

 

ʉʣʠʢʘ 2.14 ʆʩʥʦʚʥʝ ʟʦʥʝ (ʮʨʚʝʥʘ, ʞʫʪʘ, ʟʝʣʝʥʘ) (Finnsgård ʠ ʜʨʫʛʠ, 2008) 

ɿʝʣʝʥʘ ʟʦʥʘ ʧʨʝʜʩʪʘʚˀʘ ʟʣʘʪʥʫ ʟʦʥʫ, ʦʜʥʦʩʥʦ ʠʜʝʘʣʘʥ ʨʘʜʥʠ ʧʨʦʩʪʦʨ ʫ ʢʦʿʝʤ ʩʝ 

ʨʘʜʥʝ ʘʢʪʠʚʥʦʩʪʠ ʦʜʚʠʿʘʿʫ ʫʟ ʤʠʥʠʤʘʣʥʠ ʥʘʧʦʨ ʠ ʥʘʿʚʝ˂ʫ ʝʬʠʢʘʩʥʦʩʪ. ʋ ʦʢʚʠʨʫ ʦʚʝ 

ʦʙʣʘʩʪʠ ʙʠ ʪʨʝʙʘʣʠ ʜʘ ʙʫʜʫ ʧʦʩʪʘʚˀʝʥʠ ʜʝʣʦʚʠ, ʢʦʤʧʦʥʝʥʪʝ ʠ ʘʣʘʪʠ ʢʦʿʠ ʩʝ ʥʘʿʯʝʰ˂ʝ 

ʢʦʨʠʩʪʝ ʢʘʢʦ ʙʠ ʩʝ ʩʤʘˁʠʦ ʬʠʟʠʯʢʠ ʥʘʧʦʨ ʠ ʧʦʙʦˀʰʘʣʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪ. ɾʫʪʘ ʟʦʥʘ ʿʝ 

ʧʦʜʨʫʯʿʝ ʢʦʿʝ ʩʝ ʥʘʣʘʟʠ ʠʟʥʘʜ ʠ ʠʩʧʦʜ ʟʝʣʝʥʝ ʟʦʥʝ (cm). ʋ ʦʚʦʿ ʟʦʥʠ ʩʝ ʧʦʩʪʘʚˀʘʿʫ 

ʧʨʝʜʤʝʪʠ ʢʦʿʠ ʩʝ ʨʝʹʝ ʢʦʨʠʩʪʝ. ʎʨʚʝʥʘ ʟʦʥʘ ʧʨʝʜʩʪʘʚˀʘ ʥʘʿʥʝʧʦʚʦˀʥʠʿʝ ʧʦʜʨʫʯʿʝ ʟʘ 

ʦʙʘʚˀʘˁʝ ʘʢʪʠʚʥʦʩʪʠ. ʋ ʦʚʦʿ ʟʦʥʠ ʩʝ ʧʦʩʪʘʚˀʘʿʫ ʧʨʝʜʤʝʪʠ ʠ ʘʣʘʪʠ ʢʦʿʠ ʩʝ ʚʝʦʤʘ ʨʝʪʢʦ 

ʢʦʨʠʩʪʝ ʿʝʨ ˁʠʭʦʚʦ ʜʦʭʚʘʪʘˁʝ ʟʘʭʪʝʚʘ ʠʩʪʝʟʘˁʝ ʪʝʣʘ ʠʣʠ ʧʦʜʠʟʘˁʝ ʨʫʢʫ ʠʟʥʘʜ ʨʘʤʝʥʘ, 

ʰʪʦ ʟʥʘʯʘʿʥʦ ʧʦʚʝ˂ʘʚʘ ʨʠʟʠʢ ʦʜ ʥʘʩʪʘʥʢʘ ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ ʦʙʦˀʝˁʘ ʠ ʩʤʘˁʫʿʝ 

ʝʬʠʢʘʩʥʦʩʪ.  

ʅʘ ʩʣʠʮʠ 2.15 ʿ ʝ ʧʨʠʢʘʟʘʥʘ ʟʣʘʪʥʘ ʟʦʥʘ ʧʨʠʣʠʢʦʤ ʦʙʘʚˀʘˁʘ ʘʢʪʠʚʥʦʩʪʠ ʫ ʩʝʜʝ˂ʝʤ 

ʧʦʣʦʞʘʿʫ. ʂʘʦ ʰʪʦ ʩʝ ʚʠʜʠ ʩʘ ʦʚʝ ʩʣʠʢʝ ʨʘʜʥʠʮʘ ʦʙʘʚˀʘ ʘʢʪʠʚʥʦʩʪʠ ʫ ʦʢʚʠʨʫ ʟʣʘʪʥʝ ʟʦʥʝ. 

ʉʚʠ ʧʦʪʨʝʙʥʠ ʜʝʣʦʚʠ ʠ ʢʦʤʧʦʥʝʥʪʝ ʩʫ ʨʘʩʧʦʨʝʹʝʥʠ ʜʘ ʙʫʜʫ ʥʘ ʜʦʭʚʘʪ ʨʫʢʝ ʙʝʟ ʧʦʪʨʝʙʝ 

ʟʘ ʩʘʚʠʿʘˁʝʤ ʠ ʠʩʪʝʟʘˁʝʤ ʪʝʣʘ. 

ʅʘ ʩʣʠʮʠ 2.15 ʩʫ ʧʨʠʢʘʟʘʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʪʘʯʢʝ. ʊʘʯʢʦʤ 1. ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʝ 

ʧʦʟʠʮʠʿʝ ʧʦʣʠʮʘ ʥʘ ʢʦʿʠʤʘ ʩʝ ʥʘʣʘʟʝ ʢʣʘʩʝʨʠ. ʉʚʠ ʢʣʘʩʝʨʠ ʩʘ ʜʝʣʦʚʠʤʘ ʠ ʢʦʤʧʦʥʝʥʪʘʤʘ 

ʥʝʦʧʭʦʜʥʠʤ ʟʘ ʤʦʥʪʘʞʫ ʩʫ ʨʘʩʧʦʨʝʹʝʥʠ ʫ ʦʢʚʠʨʫ ʟʣʘʪʥʝ ʟʦʥʝ. ʂʣʘʩʝʨʠ ʩʫ ʨʘʩʧʦʨʝʹʝʥʠ 

ʥʘ ʚʠʩʠʥʠ ʢʦʿʘ ʿʝ ʫ ʩʢʣʘʜʫ ʩʘ ʚʠʜʥʠʤ ʧʦˀʝʤ ʨʘʜʥʠʢʘ ʢʦʿʠ ʦʙʘʚˀʘ ʤʦʥʪʘʞʥʝ ʘʢʪʠʚʥʦʩʪʠ 

ʫ ʩʝʜʝ˂ʝʤ ʧʦʣʦʞʘʿʫ ʧʨʠ ʯʝʤʫ ʫʜʘˀʝʥʦʩʪ ʢʣʘʩʝʨʘ ʥʠʿʝ ʚʝ˂ʘ ʦʜ ʜʫʞʠʥʝ ʨʫʢʝ ʢʘʢʦ ʨʘʜʥʠʢ 

ʥʝ ʙʠ ʠʩʪʝʟʘʦ ʪʝʣʦ ʧʨʠʣʠʢʦʤ ʧʨʝʫʟʠʤʘˁʘ ʢʦʤʧʦʥʝʥʪʠ. ʂʣʘʩʝʨʠ ʩʫ ʫ ʨʘʟʣʠʯʠʪʠʤ ʙʦʿʘʤʘ 

ʨʘʜʠ ʣʘʢʰʝʛ ʨʘʟʣʠʢʦʚʘˁʘ ʢʦʤʧʦʥʝʥʪʠ ʢʦʿʝ ʩʝ ʥʘʣʘʟʝ ʫ ˁʠʤʘ ʠ ʢʦʿʝ ʿʝ ʧʦʪʨʝʙʥʦ 

ʤʦʥʪʠʨʘʪʠ. ʊʘʯʢʘ 2. ʧʨʝʜʩʪʘʚˀʘ ʧʦʟʠʮʠʿʫ ʩʚʝʪʣʘ ʢʦʿʝ ʤʦʨʘ ʙʠʪʠ ʘʜʝʢʚʘʪʥʦ ʠ ʠʤʘʪʠ 

ʤʦʛʫ˂ʥʦʩʪ ʧʦʜʝʰʘʚʘˁʘ.  ʉʚʝʪʣʦ ʤʦʨʘ ʠʤʘʪʠ ʦʧʮʠʿʫ ʦʢʨʝʪʘˁʘ ʣʝʚʦ - ʜʝʩʥʦ ʠʣʠ ʛʦʨʝ - ʜʦʣʝ 

ʢʘʢʦ ʙʠ ʙʠʣʘ ʦʙʝʟʙʝʹʝʥʘ ʜʦʚʦˀʥʘ ʢʦʣʠʯʠʥʘ ʩʚʝʪʣʦʩʪʠ ʠ ʢʘʢʦ ʙʠ ʩʝ ʠʟʙʝʛʣʦ ʥʘʧʨʝʟʘˁʝ 

ʦʯʠʿʫ.  

 ͦ  ͒ͨͦ͒͊ 

͍͔̇ͪͤ͊ ͦͤ͊͘ 

͍͔̇ͪͤ͊ ͦͤ͊͘ 

ͨͪ ͔͔͙͒ͣͭ ͙ͦ͟͞ ͫ ͔͔ͪΏ͔ ͙͔ͦͪͫͭ͟ 

͔͔͙ͨͪ͒ͣͭ ͙ͦ͟͞ ͫ ͔͍͔ ͦͣ͊ ;͔ͫͭͦ 
͙͔ͦͪͫͭ͟ 

ˬͯͭ͊ ͦͤ͊͘ 
30-50 cm 

˭͔͔ͤ͊͡ ͦͤ͊͘ 
< 30 cm 

ˬͯͭ͊ ͦͤ͊͘ 
30-50 cm 

͔͔͙ͨͪ͒ͣͭ ͙ͦ͟͞ ͫ ͔͍͔ͦͣ͊ ͔ͪͭͦ͟ 
͙͔ͦͪͫͭ͟ 

͔͔͙ͨͪ͒ͣͭ ͙ͦ͟͞ ͫ ͔͔ͪΏ͔ ͙͔ͦͪͫͭ͟ 

͔͔͙ͨͪ͒ͣͭ ͙ͦ͟͞ ͫ ͔͍͔ͦͣ͊ ͔ͪͭͦ͟ 
͙͔ͦͪͫͭ͟ 
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ʊʘʯʢʘ 3. ʧʨʝʜʩʪʘʚˀʘ ʚʠʩʠʥʫ ʧʦʤʦ˂ʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤʘ. ʊʘʯʢʘ 4. ʩʝ ʦʜʥʦʩʠ 

ʥʘ ʚʠʩʠʥʫ ʤʦʥʪʘʞʥʝ ʨʘʜʥʝ ʩʪʘʥʠʮʝ ʢʦʿʘ ʿʝ ʧʦʜʝʩʠʚʘ ʠ ʫʩʢʣʘʹʝʥʘ ʩʘ ʘʥʪʨʦʧʦʣʦʰʢʠʤ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʨʘʜʥʠʢʘ. ʇʦʩʝʙʘʥ ʬʦʢʫʩ ʿʝ ʥʘ ʜʠʩʪʘʥʮʠ ʠʟʤʝʹʫ ʨʘʜʥʝ ʧʦʚʨʰʠʥʝ ʠ 

ʩʪʦʣʠʮʝ. ʊʘʯʢʘ 5. ʿʝ ʚʝʟʘʥʘ ʟʘ ʚʠʩʠʥʫ ʩʪʦʣʠʮʝ ʢʦʿʘ ʪʘʢʦʹʝ ʠʤʘ ʤʦʛʫ˂ʥʦʩʪ ʧʦʜʝʰʘʚʘˁʘ ʫ 

ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʚʠʩʠʥʝ ʨʘʜʥʠʢʘ ʠ ʩʨʘʟʤʝʨʥʘ ʿʝ ʚʠʩʠʥʠ ʨʘʜʥʝ ʩʪʘʥʠʮʝ ʥʘ ʢʦʿʦʿ ʨʘʜʥʠʢ 

ʦʙʘʚˀʘ ʘʢʪʠʚʥʦʩʪʠ ʢʘʢʦ ʙʠ ʧʦʣʦʞʘʿ ʢʠʯʤʝ ʙʠʦ ʝʨʛʦʥʦʤʩʢʠ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

ʉʣʠʢʘ 2.15 ʆʙʘʚˀʘˁʝ ʘʢʪʠʚʥʦʩʪʠ ʫ ʦʢʚʠʨʫ ʟʣʘʪʥʝ ʟʦʥʝ ʫ ʩʝʜʝ˂ʝʤ ʧʦʣʦʞʘʿʫ (Markoviĺ, 

2022) 

ʅʘ ʩʣʠʮʠ 2.16 ʿʝ ʧʨʠʢʘʟʘʥʘ ʟʣʘʪʥʘ ʟʦʥʘ ʥʘ ʤʦʥʪʘʞʥʦʿ ʨʘʜʥʦʿ ʩʪʘʥʠʮʠ ʢʘʜʘ ʨʘʜʥʠʢ 

ʦʙʘʚˀʘ ʘʢʪʠʚʥʦʩʪʠ ʫ ʩʝʜʝ˂ʝʤ ʧʦʣʦʞʘʿʫ. 

 

ʉʣʠʢʘ 2.16 ɿʣʘʪʥʘ ʟʦʥʘ ʥʘ ʤʦʥʪʘʞʥʦʿ ʨʘʜʥʦʿ ʩʪʘʥʠʮʠ ʢʘʜʘ ʨʘʜʥʠʢ ʦʙʘʚˀʘ 

ʘʢʪʠʚʥʦʩʪʠ ʫ ʩʝʜʝ˂ʝʤ ʧʦʣʦʞʘʿʫ (ʧʨʝʫʟʝʪʦ ʩʘ: Ergonomic sitting at industrial work 

benches, https://blog.item24.com/en/workbenches/ergonomic-sitting-at-industrial-work-

benches) 

ʅʘ ʩʣʠʮʠ 2.17 ʿʝ ʧʨʠʢʘʟʘʥʘ ʨʘʜʥʘ ʩʪʘʥʠʮʘ ʢʦʿʘ ʦʤʦʛʫ˂ʘʚʘ ʨʘʜʥʠʢʫ ʜʘ ʘʢʪʠʚʥʦʩʪʠ 

ʦʙʘʚˀʘ ʫ ʝʨʛʦʥʦʤʩʢʦʤ ʧʦʣʦʞʘʿʫ ʪʝʣʘ ʫ ʩʝʜʝ˂ʝʤ ʠ ʩʪʦʿʝ˂ʝʤ ʧʦʣʦʞʘʿʫ. ʅʘ ʣʝʚʦʿ ʩʪʨʘʥʠ ʿʝ 

ʧʨʠʢʘʟʘʥ ʧʨʠʤʝʨ ʨʘʜʥʝ ʩʪʘʥʠʮʝ ʥʘ ʢʦʿʦʿ ʨʘʜʥʠʢ ʦʙʘʚˀʘ ʘʢʪʠʚʥʦʩʪʠ ʫ ʩʝʜʝ˂ʝʤ ʧʦʣʦʞʘʿʫ 

ʘ ʥʘ ʜʝʩʥʦʿ ʩʪʨʘʥʠ ʿʝ ʧʨʠʢʘʟʘʥʘ ʨʘʜʥʘ ʩʪʘʥʠʮʘ ʥʘ ʢʦʿʦʿ ʨʘʜʥʠʢ ʦʙʘʚˀʘ ʘʢʪʠʚʥʦʩʪʠ ʫ 
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ʩʪʦʿʝ˂ʝʤ ʧʦʣʦʞʘʿʫ. ʎʨʚʝʥʠʤ ʩʪʨʝʣʠʮʘʤʘ ʥʘ ʨʘʜʥʦʿ ʩʪʘʥʠʮʠ ʧʨʠʢʘʟʘʥʠ ʩʫ ʩʤʝʨʦʚʠ ʫ 

ʢʦʿʠʤʘ ʩʝ ʚʠʩʠʥʘ ʩʪʦʣʘ ʤʦʞʝ ʧʦʤʝʨʘʪʠ ʦʜʥʦʩʥʦ ʧʨʠʣʘʛʦʹʘʚʘʪʠ ʘʥʪʨʦʧʦʤʝʪʨʠʿʩʢʠʤ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʦʩʦʙʝ ʢʦʿʘ ʦʙʘʚˀʘ ʤʦʥʪʘʞʥʝ ʘʢʪʠʚʥʦʩʪʠ. ʄʦʥʪʘʞʥʝ ʘʢʪʠʚʥʦʩʪʠ 

ʧʦʜʨʘʟʫʤʝʚʘʿʫ ʢʦʥʩʪʘʥʪʥʦ ʠʟʚʦʹʝˁʝ ʧʦʢʨʝʪʘ ʨʫʢʘʤʘ. ʈʘʜʥʘ ʩʪʦʣʠʮʘ ʪʘʢʦʹʝ ʠʤʘ ʦʧʮʠʿʫ 

ʧʦʜʝʰʘʚʘˁʘ ʚʠʩʠʥʝ. ʅʘ ʨʘʜʥʦʿ ʩʪʘʥʠʮʠ ʿʝ ʧʦʩʪʘʚˀʝʥʘ ʧʦʜʝʩʠʚʘ ʧʣʘʪʬʦʨʤʘ ʟʘ ʥʦʛʝ, ʢʦʿʘ 

ʩʣʫʞʠ ʟʘ ʦʜʤʘʨʘˁʝ ʠ ʩʤʝˁʠʚʘˁʝ ʥʦʛʫ ʢʘʢʦ ʙʠ ʩʝ ʩʤʘˁʠʦ ʧʨʠʪʠʩʘʢ ʥʘ ʚʝʥʝ ʠ ʩʤʘˁʠʣʘ 

ʥʘʧʝʪʦʩʪ ʫ ʥʦʛʘʤʘ. 

 

ʉʣʠʢʘ 2.17 ɿʣʘʪʥʘ ʟʦʥʘ ʨʘʜʘ ʟʘ ʩʝʜʝ˂ʠ ʠ ʩʪʦʿʝ˂ʠ ʧʦʣʦʞʘʿ ʪʝʣʘ (ʧʨʝʫʟʝʪʦ ʩʘ: 

https://ergoimpuls.com/industrie) 

2.9 ʈʋʃɸ ʄɽʊʆɼɸ 

ʇʨʦʮʝʥʘ ʝʨʛʦʥʦʤʩʢʦʛ ʨʠʟʠʢʘ ʠʤʘ ʟʘ ʮʠˀ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʠ ʩʤʘˁʝˁʝ 

ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʦʧʘʩʥʦʩʪʠ ʢʦʿʝ ʤʦʛʫ ʜʦʚʝʩʪʠ ʜʦ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠʭ ʧʦʨʝʤʝ˂ʘʿʘ ʠ ʜʨʫʛʠʭ 

ʟʜʨʘʚʩʪʚʝʥʠʭ ʧʨʦʙʣʝʤʘ ʢʦʜ ʨʘʜʥʠʢʘ (Colombini, 2002). ʆʚʘʿ ʧʨʦʮʝʩ ʦʙʫʭʚʘʪʘ ʘʥʘʣʠʟʫ 

ʨʘʜʥʦʛ ʤʝʩʪʘ, ʨʘʜʥʠʭ ʟʘʜʘʪʘʢʘ ʠ  ʧʦʣʦʞʘʿʘ ʪʝʣʘ ʠ ʧʦʢʨʝʪʘ ʨʘʜʥʠʢʘ ʢʘʢʦ ʙʠ ʩʝ ʫʪʚʨʜʠʣʦ 

ʢʦʿʠ ʬʘʢʪʦʨʠ ʜʦʧʨʠʥʦʩʝ ʧʨʝʢʦʤʝʨʥʦʤ ʦʧʪʝʨʝ˂ʝˁʫ ʠ ʥʘʧʨʝʟʘˁʫ ʤʠʰʠ˂ʘ. ʅʘ ʦʩʥʦʚʫ 

ʨʝʟʫʣʪʘʪʘ ʧʨʦʮʝʥʝ, ʤʦʛʫ ʩʝ ʧʨʝʜʣʦʞʠʪʠ ʠ ʠʤʧʣʝʤʝʥʪʠʨʘʪʠ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʝʨʛʦʥʦʤʩʢʝ ʤʝʨʝ 

ʫ ʮʠˀʫ ʧʨʠʣʘʛʦʹʘʚʘˁʘ ʨʘʜʥʝ ʩʪʘʥʠʮʝ, ʘʣʘʪʘ ʠ ʦʧʨʝʤʝ ʧʦʪʨʝʙʘʤʘ ʠ ʟʘʭʪʝʚʠʤʘ ʨʘʜʥʠʢʘ. ɿʘ 

ʧʨʦʮʝʥʫ ʨʠʟʠʢʘ ʦʜ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠʭ ʦʙʦˀʝˁʘ ʫ ʨʘʜʥʦʤ ʦʢʨʫʞʝˁʫ, ʢʦʨʠʩʪʝ ʩʝ 

ʨʘʟʣʠʯʠʪʝ ʤʝʪʦʜʝ.  

ʅʘʿʟʥʘʯʘʿʥʠʿʝ ʩʫ:  

¶ RULA (Rapid Upper Limb Assessment),  

¶ REBA (Rapid Entire Body Assessment),  

¶ NIOSH (National Institute for Occupational Safety and Health),  

¶ DMQ (Dutch Musculoskeletal Questionnaire),  

¶ QEC (Quick Exposure Checklist),  

¶ OCRA (Occupational Repetitive Action).  
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ʈʋʃɸ ʤʝʪʦʜʘ ʢʦʿʫ ʩʫ ʨʘʟʚʠʣʠ McAtamney ʠ Corlett 1993. ʛʦʜʠʥʝ ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʥʫ 

ʦʜ ʥʘʿʮʠʪʠʨʘʥʠʿʠʭ ʠ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʠʭ ʤʝʪʦʜʘ ʟʘ ʧʨʦʮʝʥʫ ʝʨʛʦʥʦʤʩʢʦʛ ʨʠʟʠʢʘ ʥʘ 

ʨʘʜʥʠʤ ʤʝʩʪʠʤʘ (McAtamney ʠ Corlett, 1993). ʈʋʃɸ ʧʨʝʜʩʪʘʚˀʘ ʙʨʟʫ ʤʝʪʦʜʫ ʧʨʦʮʝʥʝ 

ʝʨʛʦʥʦʤʩʢʠʭ ʨʠʟʠʢʘ ʢʦʿʘ ʦʤʦʛʫ˂ʘʚʘ ʙʨʟʫ ʝʨʛʦʥʦʤʩʢʫ ʧʨʦʮʝʥʫ ʛʦʨˁʠʭ ʝʢʪʨʝʤʠʪʝʪʘ ʠ 

ʧʨʘ˂ʝˁʝ ʧʦʣʦʞʘʿʘ ʪʝʣʘ, ʧʦʢʨʝʪʘ ʠ ʧʨʠʤʝʥʝ ʩʠʣʝ ʫ ʪʦʢʫ ʦʙʘʚˀʘˁʘ ʘʢʪʠʚʥʦʩʪʠ ʫ ʩʪʦʿʝ˂ʝʤ 

ʠʣʠ ʩʝʜʝ˂ʝʤ ʧʦʣʦʞʘʿʫ ʫ ʮʠˀʫ ʩʤʘˁʝˁʘ ʠʟʣʦʞʝʥʦʩʪʠ ʨʠʟʠʢʫ ʦʜ ʧʦʿʘʚʝ ʤʠʰʠ˂ʥʦ-

ʢʦʰʪʘʥʠʭ ʧʦʨʝʤʝ˂ʘʿʘ. 

ʈʋʃɸ ʤʝʪʦʜʘ ʫʟʠʤʘ ʫ ʦʙʟʠʨ ʚʠʰʝ ʬʘʢʪʦʨʘ ʨʠʟʠʢʘ, ʫʢˀʫʯʫʿʫ˂ʠ ʧʦʣʦʞʘʿʝ ʪʝʣʘ, ʙʨʦʿ 

ʧʦʢʨʝʪʘ, ʧʦʥʘʚˀʘˁʝ ʦʜʨʝʹʝʥʠʭ ʧʦʢʨʝʪʘ, ʪʨʘʿʘˁʝ ʘʢʪʠʚʥʦʩʪʠ, ʘʥʛʘʞʦʚʘˁʝ ʤʠʰʠ˂ʘ, 

ʧʨʠʤʝʥʫ ʩʠʣʝ, ʫʚʦʹʝˁʝ ʧʘʫʟʘ ʪʦʢʦʤ ʦʙʘʚˀʘˁʘ ʘʢʪʠʚʥʦʩʪʠ. ʂʘʢʦ ʙʠ ʩʝ ʧʨʝʮʠʟʥʦ 

ʘʥʘʣʠʟʠʨʘʦ ʨʠʟʠʢ ʦʜ ʥʘʩʪʘʥʢʘ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠʭ ʧʦʨʝʤʝ˂ʘʿʘ ʪʝʣʦ ʩʝ ʜʝʣʠ ʫ ʜʚʝ ʛʨʫʧʝ: 

ɻʨʫʧʘ ɸ ʦʙʫʭʚʘʪʘ ʛʦʨˁʝ ʫʜʦʚʝ, ʫʢˀʫʯʫʿʫ˂ʠ ʨʫʢʝ, ʧʦʜʣʘʢʪʠʮʝ ʠ ʟʛʣʦʙʦʚʝ. ʆʚʠ 

ʜʝʣʦʚʠ ʪʝʣʘ ʩʝ ʜʝʪʘˀʥʦ ʘʥʘʣʠʟʠʨʘʿʫ ʢʘʢʦ ʙʠ ʩʝ ʫʪʚʨʜʠʣʠ ʨʠʟʠʮʠ ʧʦʚʝʟʘʥʠ ʩʘ ʟʘʫʟʠʤʘˁʝʤ 

ʦʜʨʝʹʝʥʠʭ ʧʦʣʦʞʘʿʘ ʨʫʢʫ, ʫʯʝʩʪʘʣʦʰ˂ʫ ʧʦʢʨʝʪʘ ʠ ʧʨʠʤʝʥʦʤ ʩʠʣʝ.  

ɻʨʫʧʘ ɹ ʫʢˀʫʯʫʿʝ ʚʨʘʪ ʠ ʪʨʫʧ. ʌʦʢʫʩ ʿʝ ʥʘ ʘʥʘʣʠʟʠ ʨʠʟʠʢʘ ʢʦʿʠ ʧʨʦʠʟʠʣʘʟʝ ʠʟ 

ʟʘʫʟʠʤʘˁʘ ʩʪʘʪʠʯʥʠʭ ʠʣʠ ʥʝʬʠʟʠʦʣʦʰʢʠʭ ʧʦʣʦʞʘʿʘ ʪʝʣʘ ʪʦʢʦʤ ʜʫʞʝʛ ʚʨʝʤʝʥʩʢʦʛ 

ʧʝʨʠʦʜʘ. 

ʈʋʃɸ ʤʝʪʦʜʘ ʫʢˀʫʯʫʿʝ: 

¶ ɸʥʘʣʠʟʫ ʧʦʣʦʞʘʿʘ ʥʘʜʣʘʢʪʠʮʝ: 

 

 ʇʨʠʣʠʢʦʤ ʧʨʦʮʝʥʝ ʧʦʣʦʞʘʿʘ ʥʘʜʣʘʢʪʠʮʝ ʘʢʦ ʿʝ ʨʘʤʝ ʧʦʜʠʛʥʫʪʦ ʜʦʜʘʿʝ ʩʝ +1 ʠ ʘʢʦ 

ʿʝ ʥʘʜʣʘʢʪʠʮʘ ʦʜʤʘʢʥʫʪʘ ʦʜ ʪʝʣʘ ʜʦʜʘʿʝ ʩʝ +1 ʘ ʘʢʦ ʿʝ ʨʫʢʘ ʦʩʣʦˁʝʥʘ ʠʣʠ ʩʝ ʦʩʦʙʘ ʥʘʩʣʘˁʘ 

ʩʤʘˁʫʿʝ ʩʝ -1. ʅʘʢʦʥ ʘʥʘʣʠʟʝ ʧʦʣʦʞʘʿʘ ʚʨʰʠ ʩʝ ʧʨʦʮʝʥʘ ʬʣʝʢʩʠʿʝ ʠʣʠ ʝʢʩʪʝʥʟʠʿʝ ʨʘʤʝʥʘ 

ʠ ʫʧʠʩʫʿʝ ʩʝ ʦʮʝʥʘ ʠʟʤʝʹʫ 1ʠ 6. ʅʘ ʧʨʠʤʝʨ ʘʢʦ ʿʝ ʨʘʤʝ ʩʘʚʠʿʝʥʦ ʟʘ ʥʝʰʪʦ ʤʘˁʝ ʦʜ 90 

ʩʪʝʧʝʥʠ, ʜʦʜʘʿʝ ʩʝ +3. 

¶ ɸʥʘʣʠʟʫ ʧʦʣʦʞʘʿʘ ʜʦˁʝʛ ʜʝʣʘ ʨʫʢʝ: 

 

 

 

 

 

    

ɸʢʦ ʩʝ ʙʠʣʦ ʢʦʿʘ ʨʫʢʘ ʧʦʜʠʞʝ ʠʣʠ ʩʧʫʰʪʘ ʠʟʥʘʜ ʠʣʠ ʠʩʧʦʜ ʩʨʝʜˁʝ ʣʠʥʠʿʝ ʪʝʣʘ, 

ʠʣʠ ʘʢʦ ʩʝ ʨʫʢʘ ʧʦʩʪʘʚʠ ʩʘ ʿʝʜʥʝ ʩʪʨʘʥʝ ʪʝʣʘ, ʜʦʜʘʪʥʦ ʩʝ ʜʦʜʘʿʝ +1 ʧʦʝʥ ʫ ʩʢʘʣʠ ʧʨʦʮʝʥʝ. 

ʇʨʦʮʝʥʘ ʩʘʚʠʿʘˁʘ ʣʘʢʪʘ ʧʨʝʤʘ ʈʋʃɸ ʤʝʪʦʜʠ ʫʟʠʤʘ ʫ ʦʙʟʠʨ ʫʛʘʦ ʩʘʚʠʿʘˁʘ ʫ ʦʜʥʦʩʫ ʥʘ 

ʩʨʝʜˁʫ ʣʠʥʠʿʫ ʪʝʣʘ. ʆʮʝʥʘ ʟʘ ʦʚʘʿ ʧʦʣʦʞʘʿ ʩʝ ʜʦʜʝˀʫʿʝ ʥʘ ʩʢʘʣʠ ʦʜ 1 ʜʦ 3, ʟʘʚʠʩʥʦ ʦʜ 
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ʩʪʝʧʝʥʘ ʩʘʚʠʿʘˁʘ. ʅʘ ʧʨʠʤʝʨ, ʘʢʦ ʿʝ ʣʘʢʘʪ ʩʘʚʠʿʝʥ ʟʘ ʤʘˁʝ ʦʜ 60 ʩʪʝʧʝʥʠ, ʜʦʜʘʿʝ ʩʝ +2. 

ɸʢʦ ʿʝ ʣʘʢʘʪ ʫ ʩʢʦʨʦ ʧʦʪʧʫʥʦ ʠʩʧʨʘʚˀʝʥʦʤ ʧʦʣʦʞʘʿʫ, ʜʦʜʘʿʝ ʩʝ +1. ɸʢʦ ʿʝ ʩʘʚʠʿʘˁʝ ʧʨʝʢʦ 

100 ʩʪʝʧʝʥʠ ʠʣʠ ʟʥʘʯʘʿʥʦ ʦʜʩʪʫʧʘ ʦʜ ʥʝʫʪʨʘʣʥʝ ʧʦʟʠʮʠʿʝ, ʜʦʜʘʿʝ ʩʝ +3. 

¶ ɸʥʘʣʠʟʫ ʧʦʣʦʞʘʿʘ ʟʛʣʦʙʘ: 

ʇʨʦʮʝʥʘ ʧʦʣʦʞʘʿʘ ʟʛʣʦʙʘ ʨʫʢʝ ʫʟʠʤʘ ʫ ʦʙʟʠʨ ʩʘʚʠʿʘˁʝ (ʬʣʝʢʩʠʿʫ ʠʣʠ ʝʢʩʪʝʥʟʠʿʫ) 

ʠ ʜʝʚʠʿʘʮʠʿʫ ʟʛʣʦʙʘ ʫ ʦʜʥʦʩʫ ʥʘ ʩʨʝʜˁʫ ʣʠʥʠʿʫ ʪʝʣʘ. ʆʮʝʥʘ ʩʝ ʜʘʿʝ ʥʘ ʦʩʥʦʚʫ ʩʪʝʧʝʥʘ 

ʢʨʝʪʘˁʘ ʟʛʣʦʙʘ ʠ ʤʦʞʝ ʩʝ ʢʨʝʪʘʪʠ ʠʟʤʝʹʫ 1 ʠ 4. ʅʘ ʧʨʠʤʝʨ ʘʢʦ ʿʝ ʟʛʣʦʙ ʩʘʚʠʿʝʥ ʟʘ ʚʠʰʝ 

ʦʜ 15 ʩʪʝʧʝʥʠ (ʫ ʬʣʝʢʩʠʿʠ ʠʣʠ ʝʢʩʪʝʥʟʠʿʠ), ʜʦʜʘʿʝ ʩʝ +3. ɸʢʦ ʿʝ ʟʛʣʦʙ ʫ ʥʝʫʪʨʘʣʥʦʿ 

ʧʦʟʠʮʠʿʠ ʠʣʠ ʙʣʘʛʦ ʩʘʚʠʿʝʥ, ʜʦʜʘʿʝ ʩʝ +2. ɸʢʦ ʿʝ ʧʨʠʩʫʪʥʘ ʟʥʘʯʘʿʥʘ ʜʝʚʠʿʘʮʠʿʘ ʟʛʣʦʙʘ, ʢʘʦ 

ʰʪʦ ʿʝ ʫʣʥʘʨʥʘ ʠʣʠ ʨʘʜʠʿʘʣʥʘ ʜʝʚʠʿʘʮʠʿʘ (ʦʜʩʪʫʧʘˁʝ ʫ ʩʪʨʘʥʫ), ʜʦʜʘʿʝ ʩʝ +1. 

 

 

¶ ɸʥʘʣʠʟʫ ʚʨʘʪʘ: 

 

ʇʨʦʮʝʥʘ ʧʦʣʦʞʘʿʘ ʚʨʘʪʘ ʫʟʠʤʘ ʫ ʦʙʟʠʨ ʬʣʝʢʩʠʿʫ ʠʣʠ ʝʢʩʪʝʥʟʠʿʫ, ʢʘʦ ʠ ʫʚʠʿʘˁʝ ʠʣʠ 

ʙʦʯʥʦ ʩʘʚʠʿʘˁʝ ʚʨʘʪʘ. ʆʮʝʥʘ ʩʝ ʫʧʠʩʫʿʝ ʥʘ ʦʩʥʦʚʫ ʩʪʝʧʝʥʘ ʧʦʢʨʝʪʘ ʠ ʤʦʞʝ ʩʝ ʢʨʝʪʘʪʠ ʦʜ 

1 ʜʦ 6. ɸʢʦ ʿʝ ʧʨʠʩʫʪʥʦ ʫʚʠʿʘˁʝ ʚʨʘʪʘ, ʜʦʜʘʿʝ ʩʝ +1, ʘ ʘʢʦ ʩʝ ʚʨʘʪ ʩʘʚʠʿʘ ʙʦʯʥʦ, ʪʘʢʦʹʝ ʩʝ 

ʜʦʜʘʿʝ +1.  

¶ ɸʥʘʣʠʟʫ ʪʨʫʧʘ: 

 

 

 

 

 

 

 

ʇʨʦʮʝʥʘ ʬʣʝʢʩʠʿʝ ʠʣʠ ʝʢʩʪʝʥʟʠʿʝ ʪʨʫʧʘ ʚʨʰʠ ʩʝ ʥʘ ʦʩʥʦʚʫ ʩʪʝʧʝʥʘ ʩʘʚʠʿʘˁʘ 

ʥʘʧʨʝʜ ʠʣʠ ʥʘʟʘʜ, ʢʘʦ ʠ ʜʘ ʣʠ ʿʝ ʙʠʣʦ ʫʚʠʿʘˁʘ ʠʣʠ ʙʦʯʥʦʛ ʩʘʚʠʿʘˁʘ ʪʨʫʧʘ. ʆʮʝʥʘ ʩʝ ʜʘʿʝ 

ʫ ʦʧʩʝʛʫ ʦʜ 1 ʜʦ 6, ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʦʣʦʞʘʿʘ ʪʨʫʧʘ. ɸʢʦ ʿʝ ʪʨʫʧ ʫʚʨʥʫʪ, ʜʦʜʘʿʝ ʩʝ +1 ʘ ʫ 

ʩʣʫʯʘʿʫ ʜʘ ʩʝ ʪʨʫʧ ʙʦʯʥʦ ʩʘʚʠʿʘ, ʪʘʢʦʹʝ ʩʝ ʜʦʜʘʿʝ +1. 
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ʅʘ ʢʨʘʿʫ ʩʝ ʩʫʤʠʨʘʿʫ ʨʝʟʫʣʪʘʪʠ. ʆʮʝʥʝ ʫʢʘʟʫʿʫ ʥʘ ʩʣʝʜʝ˂ʝ: 

¶ ʆʮʝʥʘ 1 ʠ 2 (ʟʝʣʝʥʘ ʙʦʿʘ) - ʧʦʣʦʞʘʿ ʪʝʣʘ ʿʝ ʧʨʠʭʚʘʪˀʠʚ ʘʢʦ ʩʝ ʥʝ ʦʜʨʞʘʚʘ ʠʣʠ 

ʧʦʥʘʚˀʘ ʪʦʢʦʤ ʜʫʞʝʛ ʚʨʝʤʝʥʩʢʦʛ ʧʝʨʠʦʜʘ. ʋ ʦʚʦʤ ʩʣʫʯʘʿʫ ʥʝʤʘ ʧʦʪʨʝʙʝ ʟʘ 

ʫʚʦʹʝˁʝʤ ʧʨʦʤʝʥʘ. 

¶ ʆʮʝʥʘ 3 ʠ 4 (ʞʫʪʘ ʙʦʿʘ) - ʧʦʪʨʝʙʥʦ ʿʝ ʩʧʨʦʚʝʩʪʠ ʜʘˀʘ ʠʩʪʨʘʞʠʚʘˁʘ, ʿʝʨ ʧʦʩʪʦʿʠ 

ʤʦʛʫ˂ʥʦʩʪ ʜʘ ˂ʝ ʙʠʪʠ ʧʦʪʨʝʙʥʦ ʫʚʦʹʝˁʝ ʧʨʦʤʝʥʘ. 

¶ ʆʮʝʥʘ 5 ʠ 6 (ʥʘʨʘʥ˅ʘʩʪʘ ʙʦʿʘ) - ʫʢʘʟʫʿʝ ʥʘ ʥʝʦʧʭʦʜʥʦʩʪ ʜʘˀʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʠ 

ʫʚʦʹʝˁʫ ʧʨʦʤʝʥʘ ʫ ʙʣʠʩʢʦʿ ʙʫʜʫ˂ʥʦʩʪʠ, ʿʝʨ ʧʦʩʪʦʿʝ ʟʥʘʯʘʿʥʠ ʝʨʛʦʥʦʤʩʢʠ ʨʠʟʠʮʠ. 

¶ ʆʮʝʥʘ 7 (ʮʨʚʝʥʘ ʙʦʿʘ) - ʧʦʣʦʞʘʿ ʿʝ ʩʘ ʝʨʛʦʥʦʤʩʢʦʛ ʘʩʧʝʢʪʘ ʥʝʧʨʠʭʚʘʪˀʠʚ ʠ 

ʥʝʦʧʭʦʜʥʦ ʿʝ ʦʜʤʘʭ ʩʧʨʦʚʝʩʪʠ ʜʝʪʘˀʥʘ ʠʩʪʨʘʞʠʚʘˁʘ ʠ ʠʟʤʝʥʝ ʢʘʢʦ ʙʠ ʩʝ ʩʧʨʝʯʠʣʠ 

ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠ ʧʦʨʝʤʝ˂ʘʿʠ ʠ ʜʨʫʛʝ ʧʨʦʬʝʩʠʦʥʘʣʥʝ ʙʦʣʝʩʪʠ. 

 

2.10 ʀʅʊɽɻʈɸʎʀɱɸ ɽʈɻʆʅʆʄʀɱɽ ʀ LEAN ʌʀʃʆɿʆʌʀɱɽ ʋ ʎʀɲʋ 

ʆʇʊʀʄʀɿɸʎʀɱɽ ʇʈʆʀɿɺʆɼʅʀʍ ʇʈʆʎɽʉɸ ʀ ʇʆɹʆɲʐɸɳɸ ɹɿʈ 

ʉʘʚʨʝʤʝʥʠ ʠʥʜʫʩʪʨʠʿʩʢʠ ʩʠʩʪʝʤʠ ʩʚʝ ʚʠʰʝ ʧʨʝʧʦʟʥʘʿʫ ʟʥʘʯʘʿ ʦʧʪʠʤʠʟʘʮʠʿʝ 

ʨʘʜʥʦʛ ʦʢʨʫʞʝˁʘ ʢʘʦ ʢˀʫʯʥʦʛ ʬʘʢʪʦʨʘ ʟʘ ʧʦʚʝ˂ʘˁʝ ʝʬʠʢʘʩʥʦʩʪʠ ʠ ʜʦʙʨʦʙʠʪʠ ʨʘʜʥʠʢʘ. 

ʋ ʥʘʫʯʥʦ-ʠʩʪʨʘʞʠʚʘʯʢʠʤ ʨʘʜʦʚʠʤʘ ʿʝ ʧʦʢʘʟʘʥʦ ʜʘ ʧʝʨʬʦʨʤʘʥʩʝ ʨʘʜʥʠʢʘ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ 

ʟʘʚʠʩʝ ʦʜ ʝʨʛʦʥʦʤʩʢʠʭ ʫʩʣʦʚʘ (Wygant ʠ ʜʨʫʛʠ, 1993; Resnick ʠ Zanotti,1997; Shikdar ʠ 

Sawaqed, 2004; Dul ʠ ʜʨʫʛʠ, 2004; Xu ʠ ʜʨʫʛʠ, 2012). ʇʨʘʚʠʣʥʦ ʜʠʟʘʿʥʠʨʘʥʠ ʨʘʜʥʠ ʫʩʣʦʚʠ 

ʜʦʧʨʠʥʦʩʝ ʩʤʘʝˁˁʫ ʬʠʟʠʯʢʦʛ ʠ ʤʝʥʪʘʣʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʨʘʜʥʠʢʘ ʠ ʩʤʘʝˁˁʫ ʨʠʟʠʢʘ ʦʜ 

ʥʘʩʪʘʥʢʘ ʧʦʨʝʤʝ˂ʘʿʘ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʦʛ ʩʠʩʪʝʤʘ. 

ʊʨʘʜʠʮʠʦʥʘʣʥʝ ʨʘʜʥʝ ʩʪʘʥʠʮʝ ʫ ʨʝʘʣʥʦʤ ʠʥʜʫʩʪʨʠʿʩʢʦʤ ʦʢʨʫʞʝˁʫ ʥʠʩʫ 

ʧʨʦʿʝʢʪʦʚʘʥʝ ʫ ʩʢʣʘʜʫ ʩʘ ʝʨʛʦʥʦʤʩʢʠʤ ʧʨʠʥʮʠʧʠʤʘ ʪʘʢʦ ʜʘ ʨʘʜʥʠʮʠ ʦʙʘʚˀʘʿʫ ʨʘʜʥʝ 

ʘʢʪʠʚʥʦʩʪʠ ʫ ʥʝʝʨʛʦʥʦʤʩʢʦʤ ʧʦʣʦʞʘʿʫ ʪʝʣʘ ʰʪʦ ʧʨʦʫʟʨʦʢʫʿʝ ʥʘʩʪʘʥʘʢ ʙʨʦʿʥʠʭ 

ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ ʙʦʣʝʩʪʠ (ʥʘʿʯʝʰ˂ʝ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠʭ ʧʦʨʝʤʝ˂ʘʿʘ). ʅʝʘʜʝʢʚʘʪʥʦ 

ʧʦʩʪʘʚˀʝʥʝ ʢʦʤʧʦʥʝʥʪʝ ʠ ʘʣʘʪʠ ʥʘ ʨʘʜʥʦʿ ʧʦʚʨʰʠʥʠ ʧʨʠʤʦʨʘʚʘʿʫ ʨʘʜʥʠʢʝ ʜʘ ʫʣʘʞʫ 

ʜʦʜʘʪʥʝ ʥʘʧʦʨʝ ʢʘʢʦ ʙʠ ʝʬʠʢʘʩʥʦ ʦʙʘʚʠʣʠ ʨʘʜʥʝ ʟʘʜʘʪʢʝ. 

ʅʝʝʨʛʦʥʦʤʩʢʠ ʧʨʦʿʝʢʪʦʚʘʥʝ ʨʘʜʥʝ ʩʪʘʥʠʮʝ ʤʦʛʫ ʟʥʘʯʘʿʥʦ ʫʪʠʮʘʪʠ ʥʘ ʬʠʟʠʯʢʦ ʠ 

ʧʩʠʭʠʯʢʦ ʦʧʪʝʨʝ˂ʝˁʝ ʨʘʜʥʠʢʘ ʠ ʜʦʧʨʠʥʝʪʠ ʩʤʘˁʝˁʫ ʝʬʠʢʘʩʥʦʩʪʠ ʠ ʧʦʚʝ˂ʘˁʫ ʛʨʝʰʘʢʘ. 

ʇʨʝʤʘ ʘʫʪʦʨʫ (Axelsson, 2000; González ʠ ʜʨʫʛʠ, 2003) ʟʘʥʝʤʘʨʠʚʘˁʝ ʧʦʪʨʝʙʘ ʠ ʟʘʭʪʝʚʘ 

ʨʘʜʥʠʢʘ ʜʦʧʨʠʥʦʩʠ ʩʤʘˁʝˁʫ ʝʬʝʢʪʠʚʥʦʩʪʠ. ʅʝʘʜʝʢʚʘʪʥʠ ʝʨʛʦʥʦʤʩʢʠ ʫʩʣʦʚʠ ʜʦʚʦʜʝ ʜʦ 

ʩʤʘˁʝˁʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʢʚʘʣʠʪʝʪʘ ʧʨʦʠʟʚʦʜʘ (Erdinc ʠ Vayvay, 2008). ʈʝʟʫʣʪʘʪʠ 

ʩʪʫʜʠʿʘ ʢʦʿʝ ʩʫ ʩʧʨʦʚʝʣʠ ʘʫʪʦʨʠ (Lin ʠ ʜʨʫʛʠ, 2001) ʧʦʢʘʟʘʣʠ ʩʫ ʜʘ ʿʝ 30-50% ʜʝʬʝʢʘʪʘ 

ʧʨʦʫʟʨʦʢʦʚʘʥʦ ʥʝʘʜʝʢʚʘʪʥʠʤ ʝʨʛʦʥʦʤʩʢʠʤ ʫʩʣʦʚʠʤʘ. ʉʣʠʯʥʫ ʩʪʫʜʠʿʫ ʿʝ ʩʧʨʦʚʝʦ ʘʫʪʦʨ 

(Axelsson, 2000) ʠ ʧʦʢʘʟʘʦ ʜʘ ʩʝ 80% ʛʨʝʰʘʢʘ ʜʦʛʦʜʠʣʦ ʢʘʜʘ ʩʫ ʨʘʜʥʝ ʘʢʪʠʚʥʦʩʪʠ 

ʦʙʘʚˀʘʥʝ ʫ ʥʝʝʨʛʦʥʦʤʩʢʠʤ ʫʩʣʦʚʠʤʘ.  

ʈʝʰʝˁʝ ʟʘ ʧʨʝʜʩʪʘʚˀʝʥʝ ʧʨʦʙʣʝʤʝ ʩʝ ʥʘʣʘʟʠ ʫ ʨʝʜʠʟʘʿʥʠʨʘˁʫ ʨʘʜʥʠʭ ʩʪʘʥʠʮʘ 

ʢʨʦʟ ʧʨʠʤʝʥʫ ʝʨʛʦʥʦʤʩʢʠʭ ʧʨʠʥʮʠʧʘ ʠ ʦʧʪʠʤʠʟʘʮʠʿʫ ʨʘʜʥʠʭ ʧʨʦʮʝʩʘ. ʇʨʠʤʝʥʘ 

ʝʨʛʦʥʦʤʩʢʠʭ ʠ lean ʧʨʠʥʮʠʧʘ ʠʤʘ ʟʥʘʯʘʿʥʫ ʫʣʦʛʫ ʧʦʙʦˀʰʘˁʫ ʝʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʠʟʚʦʜʥʠʭ ʧʨʦʮʝʩʘ. 

ʅʘ ʩʣʠʮʠ 2.18 ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʠ ʛʣʘʚʥʠ ʧʨʦʙʣʝʤʠ ʢʦʿʠ ʥʘʩʪʘʿʫ ʫʢʦʣʠʢʦ ʨʘʜʥʘ ʤʝʩʪʘ 

ʥʠʩʫ ʜʠʟʘʿʥʠʨʘʥʘ ʫ ʩʢʣʘʜʫ ʩʘ ʝʨʛʦʥʦʤʩʢʠʤ ʠ lean ʧʨʠʥʮʠʧʠʤʘ ʠ ʚʝʟʘ ʩʘ ʘʣʘʪʠʤʘ 

ʧʨʦʠʟʚʦʜˁʝ ʩʚʝʪʩʢʝ ʢʣʘʩʝ. 
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ʉʣʠʢʘ 2.18 ʇʨʦʙʣʝʤʠ ʢʦʿʠ ʥʘʩʪʘʿʫ ʫʢʦʣʠʢʦ ʩʝ ʨʘʜʥʘ ʤʝʩʪʘ ʜʠʟʘʿʥʠʨʘʿʫ ʙʝʟ ʫʟʠʤʘˁʘ ʫ 

ʦʙʟʠʨ ʝʨʛʦʥʦʤʩʢʠʭ ʠ lean ʧʨʠʥʮʠʧʘ ʠ ʚʝʟʘ ʩʘ ʘʣʘʪʠʤʘ ʧʨʦʠʟʚʦʜˁʝ ʩʚʝʪʩʢʝ ʢʣʘʩʝ 

(Ciccarelli ʠ ʜʨʫʛʠ, 2022) 

 

ʉʚʝ ʚʨʩʪʝ ʛʫʙʠʪʘʢʘ ʤʦʛʫ ʜʘ ʩʝ ʢʣʘʩʠʬʠʢʫʿʫ ʫ ʪʨʠ ʛʨʫʧʝ, ʰʪʦ ʿʝ ʫ ʣʠʪʝʨʘʪʫʨʠ 

ʧʦʟʥʘʪʦ ʧʦʜ ʥʘʟʠʚʦʤ 3ʄ: 

¶ Muda (ʝʥʛʣ. waste) - ʛʫʙʠʮʠ 

¶ Muri (ʝʥʛʣ. overburden) - ʧʨʝʦʧʪʝʨʝ˂ʝˁʝ 

¶ Mura (ʝʥʛʣ. inconsistency) - ʥʝʫʩʘʛʣʘʰʝʥʦʩʪ 

ʄʫʜʘ ʧʨʝʜʩʪʘʚˀʘ ʨʘʩʠʧʘˁʝ ʨʝʩʫʨʩʘ, ʦʜʥʦʩʥʦ ʠʟʚʦʹʝˁʝ ʘʢʪʠʚʥʦʩʪʠ ʢʦʿʝ ʥʝ ʜʦʜʘʿʫ 

ʚʨʝʜʥʦʩʪ ʫ ʧʨʦʠʟʚʦʜʥʦʤ ʧʨʦʮʝʩʫ. ʋ ʢʦʥʪʝʢʩʪʫ ʝʨʛʦʥʦʤʠʿʝ, ʧʦʩʝʙʥʘ ʧʘʞˁʘ ʩʝ ʧʦʩʚʝ˂ʫʿʝ 

ʝʣʠʤʠʥʠʩʘˁʫ ʥʝʧʦʪʨʝʙʥʠʭ ʧʦʢʨʝʪʘ ʠ ʥʝʬʠʟʠʦʣʦʰʢʠʭ ʧʦʣʦʞʘʿʘ ʪʝʣʘ. 

ʄʫʨʠ ʩʝ ʦʜʥʦʩʠ ʥʘ ʧʨʝʪʝʨʘʥʦ ʦʧʪʝʨʝ˂ʝˁʝ ʨʘʜʥʠʢʘ ʰʪʦ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʧʦʚʝ˂ʘˁʘ  

ʜʝʬʝʢʘʪʘ ʠ ʩʤʘˁʝˁʘ ʝʬʠʢʘʩʥʦʩʪʠ. ʋ ʢʦʥʪʝʢʩʪʫ ʝʨʛʦʥʦʤʠʿʝ, ʧʦʩʝʙʘʥ ʥʘʛʣʘʩʘʢ ʿʝ ʥʘ 

ʦʧʪʠʤʠʟʘʮʠʿʠ ʨʘʜʥʠʭ ʧʨʦʮʝʩʘ ʠ ʨʘʩʧʦʨʝʹʠʚʘˁʫ ʧʦʪʨʝʙʥʠʭ ʜʝʣʦʚʘ, ʢʦʤʧʦʥʝʥʪʠ ʠ ʘʣʘʪʘ ʫ 

ʟʣʘʪʥʫ ʟʦʥʫ ʢʘʢʦ ʙʠ ʩʝ ʝʣʠʤʠʥʠʩʘʣʦ ʬʠʟʠʯʢʦ ʠ ʤʝʥʪʘʣʥʦ ʦʧʪʝʨʝ˂ʝˁʝ. 

ʇʨʦʠʟʚʦʜ ɸʣʘʪʠ ʇʨʦʮʝʜʫʨʘ ʇʦʩʘʦ ʇʨʦʠʟʚʦʜˁʘ ʈʘʩʧʦʨʝʜ 

MURI MURA MUDA 
ʐʧʘʛʝʪʠ 

ʜʠʿʘʛʨʘʤ 
ɿʣʘʪʥʘ ʟʦʥʘ 

¶ʅʝʝʨʛʦʥʦʤʩʢʠ 

ʠʣʠ 

ʥʝʬʠʟʠʦʣʦʰʢʠ 

ʧʦʣʦʞʘʿʠ ʪʝʣʘ  

¶ʅʝʘʜʝʢʚʘʪʥʦ 

ʫʧʨʘʚˀʘˁʝ 

ʟʘʜʘʮʠʤʘ 

¶ʅʝʦʜʛʦʚʘʨʘʿʫ˂ʠ 

ʘʣʘʪ/ʦʧʨʝʤʘ 

¶ʅʝʜʦʚʦˀʥʦ ʩʝ 

ʧʨʠʤʝˁʫʿʫ 

ʥʘʿʙʦˀʝ ʨʘʜʥʝ 

ʧʨʘʢʩʝ 

¶ʅʝ ʧʦʩʪʦʿʝ  

ʨʘʜʥʠ 

ʩʪʘʥʜʘʨʜʠ 

¶ʈʘʟʣʠʯʠʪʠ 

ʘʣʘʪʠ ʩʝ 

ʧʨʠʤʝˁʫʿʫ ʟʘ 

ʨʘʟʣʠʯʠʪʝ 

ʚʘʨʠʿʘʥʪʝ 

ʧʨʦʠʟʚʦʜʘ 

¶ʅʝʜʦʩʪʘʿʝ 

ʘʣʘʪ/ʦʧʨʝʤʘ 

¶ɺʝʣʠʢʘ 

ʚʘʨʠʿʘʙʠʣʥʦʩʪ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʧʨʦʠʟʚʦʜʘ 

¶ʅʝʝʬʠʢʘʩʥʝ 

ʨʘʜʥʝ ʤʝʪʦʜʝ 

¶ʇʨʝʪʝʞʥʦ ʩʝ 

ʦʙʘʚˀʘʿʫ 

ʘʢʪʠʚʥʦʩʪʠ ʢʦʿʝ 

ʥʝ ʜʦʜʘʿʫ 

ʚʨʝʜʥʦʩʪ 

ʧʨʦʠʟʚʦʜʫ 

¶ʅʝʘʜʝʢʚʘʪʥʦ 

ʫʧʨʘʚˀʘˁʝ 

ʟʘʜʘʮʠʤʘ 

¶ʅʝʝʬʠʢʘʩʘʥ ʪʦʢ 

ʨʘʜʘ 

¶ʅʝ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠ 

ʘʣʘʪʠ/ ʦʧʨʝʤʘ 

¶ʅʝʜʦʩʪʘʪʘʢ 

ʬʦʨʤʘʣʥʠʭ 

ʧʨʦʮʝʜʫʨʘ   

¶ʅʝʘʜʝʢʚʘʪʥʦ 

ʫʧʨʘʚˀʘˁʝ 

ʟʘʜʘʮʠʤʘ 

¶ʅʝʘʜʝʢʚʘʪʥʘ 

ʦʨʛʘʥʠʟʘʮʠʿʘ 

¶ʅʠʿʝ ʜʦʙʨʦ 

ʦʨʛʘʥʠʟʦʚʘʥ ʪʦʢ 

ʨʘʜʘ  

¶ʅʝʘʜʝʢʚʘʪʥʦ 

ʨʘʜʥʦ 

ʦʢʨʫʞʝˁʝ 

¶ʅʝʘʜʝʢʚʘʪʥʘ 

ʦʨʛʘʥʠʟʘʮʠʿʘ ʠ 

ʨʘʩʧʦʨʝʜ 

¶ʅʝʧʨʠʢʣʘʜʥʘ 

ʠʣʠ ʥʝʧʦʜʝʩʠʚʘ 

ʦʧʨʝʤʘ ʟʘ ʨʘʜ 
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ʄʫʨʘ ʿʝ ʚʝʟʘʥ ʥʘ ʥʝʨʘʚʥʦʪʝʞʫ, ʥʝʫʿʝʜʥʘʯʝʥʦʩʪ ʠ ʚʘʨʠʿʘʮʠʿʝ ʫ ʧʨʦʠʟʚʦʜˁʠ. 

ʋʢʣʘˁʘˁʝ ʚʘʨʠʿʘʮʠʿʘ ʫ ʢʦʨʘʮʠʤʘ, ʘʢʪʠʚʥʦʩʪʠʤʘ ʠ ʩʤʘˁʝˁʝ ʚʨʝʤʝʥʘ ʦʙʘʚˀʘˁʘ ʨʘʜʥʠʭ 

ʟʘʜʘʪʘʢʘ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʩʤʘˁʝˁʘ ʦʧʪʝʨʝ˂ʝˁʘ ʠ ʟʘʤʦʨʘ, ʠ ʧʦʚʝ˂ʘˁʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ.  

ɽʨʛʦʥʦʤʩʢʠ ʧʨʠʩʪʫʧ ʫ ʜʠʟʘʿʥʫ ʨʘʜʥʠʭ ʤʝʩʪʘ ʧʦʜʨʘʟʫʤʝʚʘ ʦʧʪʠʤʠʟʘʮʠʿʫ ʨʘʜʥʠʭ 

ʟʘʜʘʪʘʢʘ ʠ ʦʢʨʫʞʝˁʘ ʢʘʢʦ ʙʠ ʩʝ ʫʤʘˁʠʣʠ ʥʝʛʘʪʠʚʥʠ ʝʬʝʢʪʠ ʥʘ ʨʘʜʥʠʢʝ ʠ ʧʦʙʦˀʰʘʣʝ 

ʧʝʨʬʦʨʤʘʥʩʝ. ɽʨʛʦʥʦʤʠʿʘ ʩʝ ʬʦʢʫʩʠʨʘ ʥʘ ʘʜʘʧʪʘʮʠʿʫ ʨʘʜʥʠʭ ʫʩʣʦʚʘ ʧʦʪʨʝʙʘʤʘ ʢʘʢʦ ʙʠ 

ʩʝ ʩʤʘˁʠʣʦ ʬʠʟʠʯʢʦ ʠ ʤʝʥʪʘʣʥʦ ʦʧʪʝʨʝ˂ʝˁʝ ʨʘʜʥʠʢʘ, ʝʣʠʤʠʥʠʩʘʣʝ ʧʦʚʨʝʜʝ ʥʘ ʨʘʜʫ ʠ 

ʧʦʙʦˀʰʘʣʦ ʦʧʰʪʝ ʟʜʨʘʚʩʪʚʝʥʦ ʩʪʘˁʝ ʠ ʟʘʜʦʚʦˀʩʪʚʦ ʨʘʜʥʠʢʘ. ʋ ʢʦʥʪʝʢʩʪʫ ʝʨʛʦʥʦʤʠʿʝ, 

ʧʨʠʤʝʥʘ lean ʢʦʥʮʝʧʪʘ ʧʦʜʨʘʟʫʤʝʚʘ ʫʥʘʧʨʝʹʝˁʝ ʨʘʜʥʠʭ ʤʝʩʪʘ ʫ ʮʠˀʫ ʝʣʠʤʠʥʘʮʠʿʝ ʩʚʠʭ 

ʟʜʨʘʚʩʪʚʝʥʠʭ ʧʨʦʙʣʝʤʘ ʢʦʿʠ ʥʘʩʪʘʿʫ ʫʩʣʝʜ ʥʝʝʬʠʢʘʩʥʦʛ ʨʘʩʧʦʨʝʹʠʚʘˁʘ ʧʦʪʨʝʙʥʠʭ 

ʜʝʣʦʚʘ, ʢʦʤʧʦʥʝʥʪʠ, ʘʣʘʪʘ, ʟʘʫʟʠʤʘˁʘ ʥʝʬʠʟʠʦʣʦʰʢʠʭ ʧʦʣʦʞʘʿʘ ʪʝʣʘ, ʠʟʚʦʹʝˁʘ 

ʥʝʧʦʪʨʝʙʥʠʭ ʧʦʢʨʝʪʘ ʠ ʜʨ (Santos ʠ ʜʨʫʛʠ, 2019). ʇʦʩʝʙʘʥ ʥʘʛʣʘʩʘʢ ʿʝ ʥʘ ʢʦʥʪʠʥʫʠʨʘʥʦʤ 

ʫʥʘʧʨʝʹʝˁʫ ʨʘʜʥʦʛ ʧʨʦʮʝʩʘ, ʨʝʜʠʟʘʿʥʠʨʘˁʫ ʨʘʜʥʠʭ ʤʝʩʪʘ ʠ ʧʨʠʣʘʛʦʹʘʚʘˁʫ 

ʠʥʜʠʚʠʜʫʘʣʥʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʨʘʜʥʠʢʘ. ʋ lean ʢʦʥʮʝʧʪʫ ʧʦʩʣʦʚʘˁʘ, ʬʦʢʫʩ ʿʝ ʥʘ 

ʦʙʘʚˀʘˁʫ ʩʘʤʦ ʦʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʢʦʿʝ ʜʦʜʘʿʫ ʚʨʝʜʥʦʩʪ ʠ ʝʣʠʤʠʥʠʩʘˁʝ ʩʚʠʭ ʦʙʣʠʢʘ 

ʛʫʙʠʪʘʢʘ ʠ ʥʝʧʦʪʨʝʙʥʦʛ ʨʘʩʠʧʘˁʘ. ʉʚʝ ʘʢʪʠʚʥʦʩʪʠ ʢʦʿʝ ʥʝ ʜʦʧʨʠʥʦʩʝ ʜʠʨʝʢʪʥʦ ʩʪʚʘʨʘˁʫ 

ʚʨʝʜʥʦʩʪʠ ʟʘ ʢʨʘʿˁʝʛ ʢʦʨʠʩʥʠʢʘ ʩʝ ʫ ʢʦʥʪʝʢʩʪʫ lean ʬʠʣʦʟʦʬʠʿʝ ʩʤʘʪʨʘʿʫ ʛʫʙʠʮʠʤʘ. 

ʇʨʦʠʟʚʦʜˁʘ ʩʚʝʪʩʢʝ ʢʣʘʩʝ ʧʦʜʨʘʟʫʤʝʚʘ ʧʨʠʤʝʥʫ ʥʘʿʙʦˀʠʭ ʧʨʘʢʩʠ ʠ ʤʝʪʦʜʘ ʫ 

ʦʨʛʘʥʠʟʘʮʠʿʠ ʧʨʦʠʟʚʦʜʥʠʭ ʧʨʦʮʝʩʘ, ʩʘ ʮʠˀʝʤ ʧʦʩʪʠʟʘˁʘ ʚʨʭʫʥʩʢʦʛ ʢʚʘʣʠʪʝʪʘ, 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʝʬʠʢʘʩʥʦʩʪʠ. ʆʩʥʦʚʥʠ ʮʠˀ ʿʝ ʦʧʪʠʤʠʟʘʮʠʿʘ ʩʚʠʭ ʘʩʧʝʢʘʪʘ 

ʧʨʦʠʟʚʦʜʥʦʛ ʧʨʦʮʝʩʘ (ʩʣʠʢʘ 2.19).  

 

ʉʣʠʢʘ 2.19 ʉʪʨʫʢʪʫʨʘ ʠ ʮʠˀʝʚʠ ʧʨʦʠʟʚʦʜˁʝ ʩʚʝʪʩʢʝ ʢʣʘʩʝ (ʧʨʠʣʘʛʦʹʝʥʦ ʧʨʝʤʘ 

Maļuģiĺ ʠ ņapan, 2016) 

ʂˀʫʯʥʠ ʝʣʝʤʝʥʪʠ ʩʪʨʫʢʪʫʨʝ ʠ ʮʠˀʝʚʘ ʦʚʦʛ ʧʨʠʩʪʫʧʘ ʤʦʛʫ ʩʝ ʧʨʝʜʩʪʘʚʠʪʠ ʢʨʦʟ 

ʩʪʚʘʨʘˁʝ ʫʨʝʹʝʥʦʛ, ʬʫʥʢʮʠʦʥʘʣʥʦʛ ʠ ʝʬʠʢʘʩʥʦʛ ʨʘʜʥʦʛ ʧʨʦʩʪʦʨʘ, ʯʠʤʝ ʩʝ ʦʤʦʛʫ˂ʘʚʘ 

ʥʝʩʤʝʪʘʥ ʪʦʢ ʧʨʦʮʝʩʘ ʠ ʩʤʘˁʝˁʝ ʛʫʙʠʪʘʢʘ. ʂʦʥʪʠʥʫʠʨʘʥʦ ʦʜʨʞʘʚʘˁʝ ʦʧʨʝʤʝ ʠ ʧʨʠʤʝʥʘ 

ʤʝʪʦʜʘ ʢʘʦ ʰʪʦ ʿʝ ʪʦʪʘʣʥʦ ʧʨʦʜʫʢʪʠʚʥʦ ʦʜʨʞʘʚʘˁʝ ʦʩʠʛʫʨʘʚʘʿʫ ʥʝʧʨʝʢʠʜʘʥʦ 

ʬʫʥʢʮʠʦʥʠʩʘˁʝ ʧʨʦʠʟʚʦʜʥʠʭ ʣʠʥʠʿʘ. ʇʨʝʚʝʥʪʠʚʥʝ ʠ ʢʦʨʝʢʪʠʚʥʝ ʤʝʨʝ ʦʩʠʛʫʨʘʚʘʿʫ 

ʤʠʥʠʤʠʟʠʨʘˁʝ ʥʝʧʨʘʚʠʣʥʦʩʪʠ ʠ ʧʦʩʪʠʟʘˁʝ ʥʫʣʪʦʛ ʙʨʦʿʘ ʜʝʬʝʢʘʪʘ. ʇʦʚʝ˂ʘˁʝ 
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ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʧʦʩʪʠʞʝ ʩʝ ʢʨʦʟ ʨʘʮʠʦʥʘʣʠʟʘʮʠʿʫ ʧʨʦʮʝʩʘ, ʝʣʠʤʠʥʘʮʠʿʫ ʛʫʙʠʪʘʢʘ ʠ 

ʧʦʙʦˀʰʘˁʝ ʝʬʠʢʘʩʥʦʩʪʠ. 

Lean ʬʠʣʦʟʦʬʠʿʘ ʩʝ ʙʘʟʠʨʘ ʥʘ ʜʫʛʦʨʦʯʥʦʤ ʢʨʝʠʨʘˁʫ ʚʨʝʜʥʦʩʪʠ ʢʫʧʮʠʤʘ, 

ʤʠʥʠʤʠʟʠʨʘˁʫ ʦʪʧʘʜʘ ʠ ʥʝʧʦʪʨʝʙʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʢʦʿʝ ʧʦʚʝ˂ʘʚʘʿʫ ʚʨʝʤʝ ʧʨʦʠʟʚʦʜˁʝ ʠ 

ʧʨʦʫʟʨʦʢʫʿʫ ʧʦʿʘʚʫ ʪʨʦʰʢʦʚʘ, ʢʦʥʪʠʥʫʠʨʘʥʦʤ ʫʥʘʧʨʝʹʝˁʫ ʧʨʦʮʝʩʘ ʠ ʧʝʨʬʦʨʤʘʥʩʠ 

ʨʘʜʥʠʢʘ (Bhamu ʠ Singh, 2014). Lean ʬʠʣʦʟʦʬʠʿʘ ʧʦʜʨʞʘʚʘ ʩʪʚʘʨʘˁʝ ʦʨʛʘʥʠʟʘʮʠʦʥʝ 

ʢʫʣʪʫʨʝ ʫ ʢʦʿʦʿ ʩʫ ʟʘʧʦʩʣʝʥʠ ʘʢʪʠʚʥʦ ʫʢˀʫʯʝʥʠ ʫ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʧʨʦʙʣʝʤʘ ʠ 

ʧʨʝʜʣʘʛʘˁʝ ʨʝʰʝˁʘ, ʯʠʤʝ ʩʝ ʜʦʧʨʠʥʦʩʠ ʩʪʘʣʥʦʤ ʧʦʙʦˀʰʘˁʫ ʧʨʦʮʝʩʘ. 

ʇʝʪ ʦʩʥʦʚʥʠʭ ʧʨʠʥʮʠʧʘ lean ʧʨʦʠʟʚʦʜˁʝ ʩʫ (Maļuģiĺ ʠ ņapan, 2016) (ʩʣʠʢʘ 2.20): 

¶ ɼʝʬʠʥʠʩʘˁʝ ʚʨʝʜʥʦʩʪʠ ʧʨʦʠʟʚʦʜʘ (ʝʥʛʣ. identify value) 

¶ ʀʜʝʥʪʠʬʠʢʘʮʠʿʘ ʪʦʢʘ ʚʨʝʜʥʦʩʪʠ ʧʨʦʠʟʚʦʜʘ  (ʝʥʛʣ. map the value stream) 

¶ ʂʨʝʠʨʘˁʝ ʪʦʢʘ ʚʨʝʜʥʦʩʪʠ ʧʨʦʠʟʚʦʜˁʝ (ʝʥʛʣ. create flow) 

¶ ʇʦʚʣʘʯʝˁʝ ʧʨʦʠʟʚʦʜʘ ʢʨʦʟ ʮʝʣʫ ʧʨʦʠʟʚʦʜˁʫ ʪʿ. ʧʨʠʤʝʥʘ pull ʩʠʩʪʝʤʘ (ʪʿ. 

ʧʨʦʠʟʚʦʜˁʘ ʧʨʦʠʟʚʦʜʘ ʫ ʢʦʣʠʯʠʥʘʤʘ ʢʦʿʝ ʩʝ ʟʘʭʪʝʚʘʿʫ ʦʜ ʩʪʨʘʥʝ ʢʫʧʘʮʘ (ʝʥʛʣ. 

establish pull) 

¶ ʊʝʞˁʘ ʢʘ ʩʘʚʨʰʝʥʩʪʚʫ (ʝʥʛʣ. seek prefection). 

          

 
ʉʣʠʢʘ 2.20 ʇʝʪ ʦʩʥʦʚʥʠʭ lean ʧʨʠʥʮʠʧʘ (Maļuģiĺ ʠ ņapan, 2016) 

ʀʥʪʝʛʨʘʮʠʿʘ ʝʨʛʦʥʦʤʩʢʠʭ ʠ lean ʧʨʠʥʮʠʧʘ ʫ ʩʘʚʨʝʤʝʥʠʤ ʠʥʜʫʩʪʨʠʿʩʢʠʤ 

ʦʢʨʫʞʝˁʠʤʘ ʧʨʝʜʩʪʘʚˀʘ ʢˀʫʯʥʫ ʩʪʨʘʪʝʛʠʿʫ ʢʘ ʧʦʚʝ˂ʘˁʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʨʘʜʥʠʢʘ, 

ʧʦʙʦˀʰʘˁʫ ʝʬʠʢʘʩʥʦʩʪʠ ʨʘʜʥʠʭ ʧʨʦʮʝʩʘ ʠ ʧʦʙʦˀʰʘˁʫ ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʘ ʨʘʜʥʠʢʘ. 

ɸʫʪʦʨʠ (Eswaramoorthi ʠ ʜʨʫʛʠ, 2010; Temple ʠ Adams, 2000, Russell ʠ ʜʨʫʛʠ, 2007, Cimino 

ʠ ʜʨʫʛʠ, 2009) ʩʫ ʫʢʘʟʘʣʠ ʥʘ ʚʘʞʥʦʩʪ ʨʝʜʠʟʘʿʥʠʨʘˁʘ ʧʦʩʪʦʿʝ˂ʠʭ ʨʘʜʥʠʭ ʩʪʘʥʠʮʘ 

ʢʦʤʙʠʥʘʮʠʿʦʤ ʝʨʛʦʥʦʤʩʢʠʭ ʤʝʪʦʜʘ ʠ lean ʘʣʘʪʘ. ʆʩʥʦʚʥʠ ʬʦʢʫʩ ʿʝ ʥʘ ʦʙʘʚˀʘˁʫ ʩʘʤʦ 

ʦʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʢʦʿʝ ʜʦʜʘʿʫ ʚʨʝʜʥʦʩʪ, ʫʟ ʠʩʪʦʚʨʝʤʝʥʦ ʝʣʠʤʠʥʠʩʘˁʝ ʩʚʠʭ ʦʙʣʠʢʘ 

ʛʫʙʠʪʘʢʘ. ʆʚʦ ʜʘˀʝ ʜʦʧʨʠʥʦʩʠ ʦʧʪʠʤʠʟʘʮʠʿʠ ʧʨʦʮʝʩʘ, ʧʦʚʝ˂ʘˁʫ ʝʬʠʢʘʩʥʦʩʪʠ, 

ʜʝʬʠʥʠʩʘˁʝ 

ʚʨʝʜʥʦʩʪʠ 

ʧʨʦʠʟʚʦʜʘ

ʠʜʝʥʪʠʬ.

ʪʦʢʘ 

ʚʨʝʜʥʦʩʪʠ

ʢʨʝʠʨʘˁʝ 
ʪʦʢʘ 

ʚʨʝʜʥʦʩʪʠ

ʧʦʚʣʘʯʝˁʝ 

ʧʨʦʠʟʚʦʜʘ

ʪʝʞˁʘ ʢʘ 

ʩʘʚʨʰʝʥʩʪʚʫ
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ʧʦʙʦˀʰʘˁʫ ʢʚʘʣʠʪʝʪʘ ʬʠʥʘʣʥʠʭ ʧʨʦʠʟʚʦʜʘ, ʩʤʘˁʝˁʫ ʜʝʬʝʢʘʪʘ ʠ ʪʨʦʰʢʦʚʘ. ʀʥʪʝʛʨʘʮʠʿʘ 

lean ʧʨʠʥʮʠʧʘ ʩʘ ʝʨʛʦʥʦʤʩʢʠʤ ʧʨʠʥʮʠʧʠʤʘ ʜʦʧʨʠʥʦʩʠ ʧʦʙʦˀʰʘˁʫ ʙʝʟʙʝʜʥʦʩʪʠ ʠ 

ʟʜʨʘʚˀʘ ʨʘʜʥʠʢʘ ʢʨʦʟ ʩʤʘˁʝˁʝ ʨʠʟʠʢʘ ʦʜ ʥʘʩʪʘʥʢʘ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠʭ ʧʦʨʝʤʝ˂ʘʿʘ ʠ 

ʜʨʫʛʠʭ ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ ʦʙʦˀʝˁʘ, ʧʦʚʝ˂ʘˁʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʩʤʘˁʝˁʫ ʜʝʬʝʢʘʪʘ 

(Erisman ʠ Wick, 1992; Salvendy, 2001; Qutubuddin ʠ ʜʨʫʛʠ, 2012; Nunes ʠ Machado (2007).  

ɸʫʪʦʨʠ ʨʘʜʦʚʘ (Neumann ʠ Dul, 2010 ʠ Imada, 1990) ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ ʧʨʠʤʝʥʘ 

ʝʨʛʦʥʦʤʩʢʠʭ ʧʨʠʥʮʠʧʘ ʤʦʞʝ ʫʥʘʧʨʝʜʠʪʠ ʙʝʟʙʝʜʥʦʩʪ ʠ ʟʜʨʘʚˀʝ ʨʘʜʥʠʢʘ ʢʨʦʟ ʩʤʘˁʝˁʝ 

ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ ʠ ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ ʙʦʣʝʩʪʠ. ʋ ʩʪʫʜʠʿʘʤʘ ʢʦʿʝ ʩʫ ʩʧʨʦʚʝʣʠ ʘʫʪʦʨʠ (Gerr 

ʠ ʜʨʫʛʠ, 2014) ʿʝ ʧʦʢʘʟʘʥʦ ʜʘ ʧʨʠʤʝʥʘ ʝʨʛʦʥʦʤʩʢʠʭ ʧʨʠʥʮʠʧʘ ʥʘ ʨʘʜʥʠʤ ʩʪʘʥʠʮʘʤʘ ʟʘ 

ʤʦʥʪʘʞʫ ʜʦʧʨʠʥʦʩʠ ʩʤʘˁʝˁʫ ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ ʠ ʧʦʙʦˀʰʘˁʫ ʟʜʨʘʚʩʪʚʝʥʦʛ ʩʪʘˁʘ 

ʨʘʜʥʠʢʘ. ʊʘʢʦʹʝ, ʘʫʪʦʨʠ ʩʫ ʫ ʨʘʜʦʚʠʤʘ (Quiroz ʠ ʜʨʫʛʠ, 2021; Suarjana ʠ ʜʨʫʛʠ, 2022) 

ʧʦʢʘʟʘʣʠ ʜʘ ʩʝ ʨʝʜʠʟʘʿʥʠʨʘˁʝʤ ʨʘʜʥʠʭ ʩʪʘʥʠʮʘ ʠ ʢʦʤʙʠʥʦʚʘˁʝʤ ʝʨʛʦʥʦʤʠʿʝ ʩʘ lean 

ʘʣʘʪʠʤʘ ʤʠʥʠʤʠʟʠʨʘʿʫ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠ ʧʦʨʝʤʝ˂ʘʿʠ ʠ ʜʨʫʛʝ ʧʨʦʬʝʩʠʦʥʘʣʥʝ ʙʦʣʝʩʪʠ.  

ʇʦʙʦˀʰʘˁʝ ʝʬʠʢʘʩʥʦʩʪʠ ʨʘʜʥʠʭ ʧʨʦʮʝʩʘ ʠ ʩʤʘˁʝˁʝ ʬʠʟʠʯʢʦʛ ʥʘʧʨʝʟʘˁʘ 

ʨʘʜʥʠʢʘ ʧʦʩʪʠʞʫ ʩʝ ʜʝʪʘˀʥʦʤ ʘʥʘʣʠʟʦʤ ʢʨʝʪʘˁʘ ʠ ʘʢʪʠʚʥʦʩʪʠ ʢʦʿʝ ʨʘʜʥʠʮʠ ʦʙʘʚˀʘʿʫ ʫ 

ʨʘʜʥʦʤ ʦʢʨʫʞʝˁʫ. ʐʧʘʛʝʪʠ ʜʠʿʘʛʨʘʤ ʢʘʦ lean ʘʣʘʪ ʧʦʜʨʘʟʫʤʝʚʘ ʛʨʘʬʠʯʢʠ ʧʨʠʢʘʟ ʠ 

ʚʠʟʫʘʣʠʟʘʮʠʿʫ ʢʨʝʪʘˁʘ ʨʘʜʥʠʢʘ ʪʦʢʦʤ ʦʙʘʚˀʘˁʘ ʨʘʜʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʢʘʢʦ ʙʠ ʩʝ 

ʠʜʝʥʪʠʬʠʢʦʚʘʣʦ ʥʝʧʦʪʨʝʙʥʦ ʢʨʝʪʘˁʝ ʠ ʧʦʢʨʝʪʠ ʢʦʿʠ ʫʢˀʫʯʫʿʫ ʥʘʧʨʝʟʘˁʝ ʨʘʜʥʠʢʘ. 

ʅʘʛʣʘʩʘʢ ʿʝ ʥʘ ʦʧʪʠʤʠʟʘʮʠʿʠ ʪʦʢʘ ʨʘʜʘ ʠ ʩʤʘˁʝˁʫ ʨʠʟʠʢʘ ʦʜ ʧʦʿʘʚʝ ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ 

ʙʦʣʝʩʪʠ.  

ʋ ʨʘʜʫ ʯʠʿʠ ʩʫ ʘʫʪʦʨʠ (Hernandez-Arellano ʠ ʜʨʫʛʠ, 2015) ʿʝ ʫʢʘʟʘʥʦ ʥʘ ʚʘʞʥʦʩʪ 

ʜʠʟʘʿʥʠʨʘˁʘ ʨʘʜʥʝ ʩʪʘʥʠʮʝ ʫ ʩʢʣʘʜʫ ʩʘ ʝʨʛʦʥʦʤʩʢʠʤ ʧʨʠʥʮʠʧʠʤʘ ʠ ʩʪʘʥʜʘʨʜʠʤʘ ʟʣʘʪʥʝ 

ʟʦʥʝ. ɿʣʘʪʥʘ ʟʦʥʘ ʧʨʝʜʩʪʘʚˀʘ ʥʘʿʧʦʚʦˀʥʠʿʠ ʨʘʜʥʠ ʧʨʦʩʪʦʨ ʫ ʢʦʿʝʤ ʨʘʜʥʠʮʠ ʠʟʚʦʜʝ ʨʘʜʥʝ 

ʘʢʪʠʚʥʦʩʪʠ ʙʝʟ ʧʦʪʨʝʙʝ ʟʘ ʩʘʚʠʿʘˁʝʤ ʠ ʠʩʪʝʟʘˁʝʤ ʪʝʣʘ ʠʣʠ ʧʦʜʠʟʘˁʝʤ ʨʫʢʫ ʠʟʥʘʜ ʥʠʚʦʘ 

ʨʘʤʝʥʘ. ʇʦʩʪʘʚˀʘˁʝ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʠʭ ʜʝʣʦʚʘ, ʢʦʤʧʦʥʝʥʪʠ ʠ ʘʣʘʪʘ ʟʥʘʯʘʿʥʦ ʩʤʘˁʫʿʝ 

ʬʠʟʠʯʢʠ ʥʘʧʦʨ ʠ ʧʦʚʝ˂ʘʚʘ ʝʬʠʢʘʩʥʦʩʪ ʨʘʜʥʠʢʘ. ɸʫʪʦʨ (Muhundhan, 2013) ʠʩʪʠʯʝ ʜʘ 

ʦʨʛʘʥʠʟʘʮʠʿʘ ʨʘʜʥʠʭ ʤʝʩʪʘ ʫʟ ʫʚʘʞʘʚʘˁʝ ʝʨʛʦʥʦʤʩʢʠʭ ʧʨʠʥʮʠʧʘ ʜʦʧʨʠʥʦʩʠ ʧʦʚʝ˂ʘˁʫ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʧʦʙʦˀʰʘˁʫ ʢʚʘʣʠʪʝʪʘ ʧʨʦʠʟʚʦʜʘ. 

ʋ ʬʘʙʨʠʮʠ ʙʫʜʫ˂ʥʦʩʪʠ ˀʫʜʠ ʩʫ ʛʣʘʚʥʠ ʘʢʪʝʨʠ ʫ ʧʨʦʮʝʩʫ ʩʪʘʣʥʦʛ ʫʥʘʧʨʝʹʝˁʘ ʠ 

ʩʪʚʘʨʘˁʘ ʜʦʜʘʪʝ ʚʨʝʜʥʦʩʪʠ. ʀʟ ʦʚʦʛʘ ʧʨʦʠʟʣʘʟʠ ʧʦʪʨʝʙʘ ʜʘ ʠʥʜʫʩʪʨʠʿʩʢʠ ʩʠʩʪʝʤʠ 

ʧʨʠʭʚʘʪʝ ʧʨʠʩʪʫʧ ʢʦʿʠ ʿʝ ʫʩʤʝʨʝʥ ʥʘ ˀʫʜʝ ʠ ʧʦʙʦˀʰʘˁʝ ˁʠʭʦʚʝ ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʘ. 

ʋ ʚʝ˂ʝʤ ʙʨʦʿʫ ʩʪʫʜʠʿʘ ʠ ʥʘʫʯʥʦ-ʠʩʪʨʘʞʠʚʘʯʢʠʭ ʨʘʜʦʚʘ ʿʝ ʧʦʢʘʟʘʥʦ ʜʘ ʠʥʪʝʛʨʠʩʘˁʝ 

ʠʥʦʚʘʪʠʚʥʠʭ ʥʘʧʨʝʜʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʀʥʜʫʩʪʨʠʿʝ 4.0 ʩʘ ʝʨʛʦʥʦʤʩʢʠʤ ʠ lean ʧʨʠʥʮʠʧʠʤʘ 

ʜʦʧʨʠʥʦʩʠ ʧʦʙʦˀʰʘˁʫ ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʘ ʨʘʜʥʠʢʘ ʢʦʿʠ ʦʙʘʚˀʘʿʫ ʤʘʥʫʝʣʥʝ, 

ʧʦʥʘʚˀʘʿʫ˂ʝ, ʬʠʟʠʯʢʠ ʟʘʭʪʝʚʥʝ ʤʦʥʪʘʞʥʝ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʨʘʜʥʠʤ ʩʪʘʥʠʮʘʤʘ (Schwab, 

2016; Battini ʠ ʜʨʫʛʠ, 2020; Pinzone ʠ ʜʨʫʛʠ, 2020). ʊʘʢʦʹʝ, ʢʘʦ ʙʝʥʝʬʠʪ ʩʝ ʧʨʝʤʘ 

ʘʫʪʦʨʠʤʘ (Colim ʠ ʜʨʫʛʠ, 2021ʘ) ʤʦʞʝ ʠʩʪʘ˂ʠ ʧʦʚʝ˂ʘˁʝ ʝʬʠʢʘʩʥʦʩʪʠ ʢʦʿʝ ʩʝ ʧʦʩʪʠʞʝ ʢʨʦʟ 

ʩʤʘˁʝˁʝ ʚʨʝʤʝʥʘ ʧʨʦʠʟʚʦʜˁʝ ʠ ʩʤʘˁʝˁʝ ʛʨʝʰʘʢʘ. 
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2.11 ʋʃʆɻɸ ɽʈɻʆʅʆʄʀɱɽ ʋ ʇʆɹʆɲʐɸɳʋ ɽʌɽʂʊʀɺʅʆʉʊʀ 

ʇʈʆʀɿɺʆɼʅʀʍ ʇʈʆʎɽʉɸ 

ʇʦʩʪʠʟʘˁʝ ʧʦʪʧʫʥʦʛ ʟʘʜʦʚʦˀʩʪʚʘ ʢʫʧʘʮʘ ʥʘʿʚʠʰʠʤ ʢʚʘʣʠʪʝʪʦʤ ʧʨʦʠʟʚʦʜʘ 

ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʘʥ ʦʜ ʛʣʘʚʥʠʭ ʮʠˀʝʚʘ ʩʘʚʨʝʤʝʥʠʭ ʧʨʦʠʟʚʦʜʥʠʭ ʦʨʛʘʥʠʟʘʮʠʿʘ. ʂʘʢʦ ʙʠ 

ʦʜʨʞʘʣʝ ʢʦʥʢʫʨʝʥʪʥʫ ʧʨʝʜʥʦʩʪ ʠ ʧʦʚʝ˂ʘʣʝ ʫʜʝʦ ʥʘ ʪʨʞʠʰʪʫ ʫ ʩʘʚʨʝʤʝʥʦʤ ʢʦʥʢʫʨʝʪʥʦʤ 

ʠ ʪʨʞʠʰʥʦ ʦʨʠʿ ʝʥʪʠʩʘʥʦʤ ʧʦʩʣʦʚʥʦʤ ʦʢʨʫʞʝˁʫ, ʦʨʛʘʥʠʟʘʮʠʿʝ ʪʝʞʝ ʜʘ ʧʦʙʦˀʰʘʿʫ 

ʝʬʝʢʪʠʚʥʦʩʪ ʧʨʦʠʟʚʦʜʥʠʭ ʧʨʦʮʝʩʘ ʠ ʫʥʘʧʨʝʜʝ ʢʚʘʣʠʪʝʪ ʬʠʥʘʣʥʠʭ ʧʨʦʠʟʚʦʜʘ 

ʝʣʠʤʠʥʠʩʘˁʝʤ ʜʝʬʝʢʘʪʘ ʠ ʥʝʧʨʘʚʠʣʥʦʩʪʠ. ʂʚʘʣʠʪʝʪ ʧʨʦʠʟʚʦʜʘ ʧʦʩʪʘʿʝ ʩʚʝ ʚʘʞʥʠʿʠ 

ʘʩʧʝʢʪ ʧʦʩʣʦʚʘˁʘ ʫ ʩʘʚʨʝʤʝʥʦʤ ʧʦʩʣʦʚʥʦʤ ʦʢʨʫʞʝˁʫ. ʇʦʙʦˀʰʘˁʝ ʢʚʘʣʠʪʝʪʘ ʧʨʦʠʟʚʦʜʘ 

ʜʘˀʝ ʜʦʧʨʠʥʦʩʠ ʧʦʙʦˀʰʘˁʫ ʝʬʠʢʘʩʥʦʩʪʠ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, ʩʤʘˁʝˁʫ ʪʨʦʰʢʦʚʘ ʠʪʜ.  

ʋ ʮʠˀʫ ʧʦʩʪʠʟʘˁʘ ʚʠʩʦʢʦʛ ʥʠʚʦʘ ʢʚʘʣʠʪʝʪʘ ʧʨʦʠʟʚʦʜʘ ʠ ʧʦʚʝ˂ʘˁʘ ʟʘʜʦʚʦˀʩʪʚʘ 

ʢʫʧʘʮʘ, ʧʨʠʤʝˁʫʿʫ ʩʝ ʩʣʝʜʝ˂ʠ ʧʨʠʩʪʫʧʠ: 

¶ ʩʤʘˁʝˁʝ ʧʨʦʠʟʚʦʜʘ ʣʦʰʝʛ ʢʚʘʣʠʪʝʪʘ - ʢʨʦʟ ʫʥʘʧʨʝʹʝˁʝ ʧʨʦʠʟʚʦʜʥʠʭ ʧʨʦʮʝʩʘ, 

ʥʘʧʨʝʜʥʫ ʢʦʥʪʨʦʣʫ ʢʚʘʣʠʪʝʪʘ ʠ ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʩʪʘʥʜʘʨʜʘ ʢʚʘʣʠʪʝʪʘ.  

¶ ʩʤʘˁʝˁʝ ʧʨʝʢʦʤʝʨʥʝ ʦʙʨʘʜʝ ʧʨʦʠʟʚʦʜʘ - ʦʧʪʠʤʠʟʘʮʠʿʦʤ ʧʨʦʮʝʩʘ ʠ ʝʣʠʤʠʥʘʮʠʿʦʤ 

ʥʝʧʦʪʨʝʙʥʠʭ ʢʦʨʘʢʘ ʫ ʦʙʨʘʜʠ, ʯʠʤʝ ʩʝ ʩʤʘˁʫʿʫ ʪʨʦʰʢʦʚʠ ʠ ʧʦʙʦˀʰʘʚʘ 

ʝʬʠʢʘʩʥʦʩʪ ʧʨʦʠʟʚʦʜˁʝ. 

¶ ʩʤʘˁʝˁʝ ʢʦʣʠʯʠʥʝ ʦʪʧʘʜʘ ʫ ʪʦʢʫ ʧʨʦʠʟʚʦʜʥʦʛ ʧʨʦʮʝʩʘ - ʫʚʦʹʝˁʝʤ lean ʧʨʠʥʮʠʧʘ 

ʠʜʝʥʪʠʬʠʢʫʿʫ ʩʝ ʠ ʝʣʠʤʠʥʠʰʫ ʘʢʪʠʚʥʦʩʪʠ ʢʦʿʝ ʥʝ ʜʦʜʘʿʫ ʚʨʝʜʥʦʩʪ ʧʨʦʠʟʚʦʜʫ. 

¶ ʩʤʘʝˁˁʝ ʞʘʣʙʠ ʢʫʧʘʮʘ - ʢʨʦʟ ʧʨʘ˂ʝˁʝ ʧʦʚʨʘʪʥʠʭ ʠʥʬʦʨʤʘʮʠʿʘ ʦʜ ʢʫʧʘʮʘ. 

ʂˀʫʯʥʠ ʘʩʧʝʢʪ ʿʝʩʪʝ ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʠ ʝʣʠʤʠʥʘʮʠʿʘ ʫʟʨʦʢʘ ʥʘʩʪʘʥʢʘ 

ʥʝʫʩʘʛʣʘʰʝʥʦʩʪʠ, ʯʠʤʝ ʩʝ ʦʙʝʟʙʝʹʫʿʝ ʧʦʫʟʜʘʥʦʩʪ ʠ ʢʦʥʟʠʩʪʝʥʪʥʦʩʪ ʧʨʦʠʟʚʦʜʥʦʛ ʧʨʦʮʝʩʘ. 

ʇʨʝʣʘʟʘʢ ʩʘ ʢʦʨʝʢʪʠʚʥʦʛ ʢʦʥʮʝʧʪʘ (ʢʦʥʪʨʦʣʘ ʢʚʘʣʠʪʝʪʘ) ʥʘ ʧʨʦʘʢʪʠʚʥʠ ʢʦʥʮʝʧʪ 

(ʦʙʝʟʙʝʹʝˁʝ ʢʚʘʣʠʪʝʪʘ) ʦʤʦʛʫ˂ʘʚʘ ʫʥʘʧʨʝʹʝˁʝ ʩʚʠʭ ʘʩʧʝʢʘʪʘ ʧʨʦʠʟʚʦʜʥʦʛ ʧʨʦʮʝʩʘ. 

ɼʘ ʙʠ ʩʝ ʧʨʦʠʟʚʝʦ ʬʠʥʘʣʥʠ ʧʨʦʠʟʚʦʜ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʥʠʚʦʘ ʢʚʘʣʠʪʝʪʘ, ʥʝʦʧʭʦʜʥʦ 

ʿʝ ʜʘ ʩʝ ʤʦʥʪʘʞʥʝ ʘʢʪʠʚʥʦʩʪʠ ʦʙʘʚˀʘʿʫ ʢʦʨʝʢʪʥʦ. ɺʠʰʠ ʥʠʚʦ ʫʩʘʛʣʘʰʝʥʦʩʪʠ ʧʦʩʪʠʞʝ ʩʝ 

ʩʤʘˁʝˁʝʤ ʥʝʧʨʘʚʠʣʥʦʩʪʠ ʠ ʧʨʝʢʦʤʝʨʥʝ ʦʙʨʘʜʝ. ʆʜ ʩʫʰʪʠʥʩʢʝ ʿʝ ʚʘʞʥʦʩʪʠ ʜʘ 

ʦʨʛʘʥʠʟʘʮʠʿʝ ʠʩʧʫʥʝ ʟʘʭʪʝʚʝ, ʧʦʪʨʝʙʝ ʠ ʦʯʝʢʠʚʘˁʘ ʢʫʧʘʮʘ. ʉʘʚʨʝʤʝʥʠ ʢʫʧʮʠ ʟʘʭʪʝʚʘʿʫ 

ʿʝʜʠʥʩʪʚʝʥʝ ʠ ʧʝʨʩʦʥʘʣʠʟʦʚʘʥʝ ʧʨʦʠʟʚʦʜʝ ʩʘ ʚʠʰʝ ʚʘʨʠʿʘʮʠʿʘ. ʊʨʘʜʠʮʠʦʥʘʣʥʝ ʤʦʥʪʘʞʥʝ 

ʨʘʜʥʝ ʩʪʘʥʠʮʝ ʢʦʿʝ ʩʫ ʙʠʣʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʟʘ Ford-ʦʚʫ ʦʨʛʘʥʠʟʘʮʠʿʫ ʥʝ ʤʦʛʫ ʩʝ 

ʧʨʠʤʝʥʠʪʠ ʫ ʩʘʚʨʝʤʝʥʦʤ ʠʥʜʫʩʪʨʠʿʩʢʦʤ ʦʢʨʫʞʝˁʫ. ʇʝʨʩʦʥʘʣʠʟʘʮʠʿʘ ʥʠʿʝ ʙʠʣʘ ʚʝʣʠʢʠ 

ʠʟʘʟʦʚ ʫ ʧʨʦʰʣʦʩʪʠ, ʿʝʨ ʿʝ ʚʝ˂ʠʥʘ ʧʨʦʠʟʚʦʹʘʯʘ ʬʫʥʢʮʠʦʥʠʩʘʣʘ ʧʨʝʤʘ ʬʠʣʦʟʦʬʠʿʠ Henry 

Ford-ʘ: Ăʄʦʞʝʪʝ ʜʦʙʠʪʠ ʙʠʣʦ ʢʦʿʫ ʙʦʿʫ, ʩʚʝ ʜʦʢ ʿʝ ʮʨʥʘ.ñ ʇʝʨʩʦʥʘʣʠʟʘʮʠʿʘ ʩʝ ʦʜʥʦʩʠ ʥʘ 

ʿʝʜʠʥʩʪʚʝʥʫ ʚʨʝʜʥʦʩʪ ʢʦʿʫ ʢʫʧʮʠ ʧʨʝʧʦʟʥʘʿʫ ʢʘʦ ʢˀʫʯʥʠ ʘʩʧʝʢʪ ʫ ʟʘʜʦʚʦˀʘʚʘˁʫ ˁʠʭʦʚʠʭ 

ʠʥʜʠʚʠʜʫʘʣʥʠʭ ʧʦʪʨʝʙʘ.  

ʄʘʥʫʝʣʥʘ ʧʨʦʠʟʚʦʜˁʘ ʿʝ ʜʦʞʠʚʝʣʘ ʧʦʪʧʫʥʠ ʧʨʝʦʙʨʘʞʘʿ ʫʚʦʹʝˁʝʤ ʤʘʰʠʥʘ ʫ 

ʧʨʦʠʟʚʦʜʥʝ ʧʨʦʮʝʩʝ. ʇʨʠʤʝʥʘ ʧʘʨʥʠʭ ʤʘʰʠʥʘ ʦʤʦʛʫ˂ʠʣʘ ʿʝ ʟʥʘʯʘʿʥʦ ʧʦʚʝ˂ʘˁʝ ʦʙʠʤʘ 

ʧʨʦʠʟʚʦʜˁʝ. ʆʚʘʿ ʧʝʨʠʦʜ ʢʘʨʘʢʪʝʨʠʰʝ ʫʚʦʹʝˁʝ ʤʝʭʘʥʠʟʘʮʠʿʝ ʫ ʧʨʦʠʟʚʦʜʥʝ ʧʨʦʮʝʩʝ ʧʨʠ 

ʯʝʤʫ ʩʫ ʨʫʯʥʠ ʨʘʜ ʠ ʟʘʥʘʪʩʢʘ ʧʨʦʠʟʚʦʜˁʘ ʧʦʩʪʝʧʝʥʦ ʟʘʤʝˁʝʥʠ ʘʫʪʦʤʘʪʠʟʦʚʘʥʠʤ 

ʤʝʪʦʜʘʤʘ. 

ʄʘʥʫʝʣʥʘ ʧʨʦʠʟʚʦʜˁʘ, ʧʦʩʝʙʥʦ ʠʟʨʘʜʘ ʩʪʘʥʜʘʨʜʠʟʦʚʘʥʠʭ ʜʝʣʦʚʘ, ʟʘʭʪʝʚʘʣʘ ʿʝ 

ʫʣʘʛʘˁʝ ʥʘʧʦʨʘ. ʋʧʦʪʨʝʙʘ ʤʘʰʠʥʘ ʟʥʘʯʘʿʥʦ ʿʝ ʦʣʘʢʰʘʣʘ ʠ ʫʙʨʟʘʣʘ ʧʨʦʮʝʩ ʠʟʨʘʜʝ 

ʩʪʘʥʜʘʨʜʠʟʦʚʘʥʠʭ ʜʝʣʦʚʘ, ʰʪʦ ʿʝ ʧʦʜʩʪʘʢʣʦ ʨʘʟʚʦʿ ʤʘʩʦʚʥʝ ʧʨʦʠʟʚʦʜˁʝ. ʆʚʘʿ ʧʝʨʠʦʜ ʩʝ 

ʚʝʟʫʿʝ ʟʘ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʮʠˀʫ ʦʧʪʠʤʠʟʘʮʠʿʝ ʧʨʦʠʟʚʦʜʥʠʭ ʧʨʦʮʝʩʘ. ʌʦʢʫʩ ʪʠʭ 

ʠʩʪʨʘʞʠʚʘˁʘ ʙʠʦ ʿʝ ʥʘ ʧʦʚʝ˂ʘˁʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, ʩʤʘˁʝˁʫ ʪʨʦʰʢʦʚʘ ʠ ʧʦʙʦˀʰʘˁʫ 

ʢʚʘʣʠʪʝʪʘ ʧʨʦʠʟʚʦʜʘ ʢʨʦʟ ʙʦˀʫ ʦʨʛʘʥʠʟʘʮʠʿʫ ʨʘʜʘ. 
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Adam Smith ʿʝ ʘʥʘʣʠʟʠʨʘʦ ʤʦʛʫ˂ʥʦʩʪ ʧʦʚʝ˂ʘˁʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʢʨʦʟ ʧʦʜʝʣʫ ʨʘʜʘ 

ʠ ʩʧʝʮʠʿʘʣʠʟʘʮʠʿʫ ʫ ʬʘʙʨʠʮʠ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʯʠʦʜʘ. ʆʥ ʿʝ ʟʘʢˀʫʯʠʦ ʜʘ ʫ ʩʣʫʯʘʿʫ ʢʘʜʘ 

ʿʝʜʘʥ ʨʘʜʥʠʢ ʦʙʘʚˀʘ ʮʝʦ ʧʨʦʮʝʩ ʧʨʦʠʟʚʦʜˁʝ ʯʠʦʜʘ, ʪʘʿ ʨʘʜʥʠʢ ʤʦʞʝ ʧʨʦʠʟʚʝʩʪʠ ʥʘʿʚʠʰʝ 

20 ʯʠʦʜʘ ʜʥʝʚʥʦ. ʄʝʹʫʪʠʤ, ʘʢʦ ʩʝ ʧʨʦʮʝʩ ʧʨʦʠʟʚʦʜˁʝ ʧʦʜʝʣʠ ʥʘ 18 ʿʝʜʥʦʩʪʘʚʥʠʿʠʭ 

ʦʧʝʨʘʮʠʿʘ, 10 ʨʘʜʥʠʢʘ ʤʦʞʝ ʧʨʦʠʟʚʝʩʪʠ ʯʘʢ 48.000 ʯʠʦʜʘ ʜʥʝʚʥʦ. ʇʨʦʫʯʘʚʘˁʝ ʨʘʜʘ ʿʝ 

ʿʝʜʥʘ ʦʜ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʠʭ ʤʝʪʦʜʘ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʩʪʘʥʜʘʨʜʥʦʛ ʚʨʝʤʝʥʘ ʧʦʪʨʝʙʥʦʛ ʟʘ 

ʠʟʚʨʰʝˁʝ ʦʜʨʝʹʝʥʦʛ ʨʘʜʥʦʛ ʟʘʜʘʪʢʘ ʥʘ ʦʩʥʦʚʫ ʜʝʪʘˀʥʝ ʘʥʘʣʠʟʝ ʩʘʜʨʞʘʿʘ ʨʘʜʘ, ʧʨʠ ʯʝʤʫ 

ʩʝ ʫʟʠʤʘʿʫ ʫ ʦʙʟʠʨ ʬʘʢʪʦʨʠ ʢʘʦ ʰʪʦ ʩʫ ʫʤʦʨ ʨʘʜʥʠʢʘ ʠ ʠʥʜʠʚʠʜʫʘʣʥʝ ʧʦʪʨʝʙʝ. ɸʥʘʣʠʟʘ 

ʚʨʝʤʝʥʘ ʠʤʘ ʟʘ ʮʠˀ ʜʘ ʦʙʝʟʙʝʜʠ ʧʨʝʮʠʟʥʝ ʧʦʜʘʪʢʝ ʦ ʚʨʝʤʝʥʫ ʧʦʪʨʝʙʥʦʤ ʟʘ ʦʙʘʚˀʘˁʝ 

ʦʜʨʝʹʝʥʠʭ ʨʘʜʥʠʭ ʦʧʝʨʘʮʠʿʘ, ʯʠʤʝ ʩʝ ʦʤʦʛʫ˂ʘʚʘ ʝʬʠʢʘʩʥʠʿʘ ʦʨʛʘʥʠʟʘʮʠʿʘ ʨʘʜʥʦʛ 

ʧʨʦʮʝʩʘ, ʧʣʘʥʠʨʘˁʝ ʧʨʦʠʟʚʦʜˁʝ ʠ ʧʦʩʪʘʚˀʘˁʝ ʨʝʘʣʥʠʭ ʩʪʘʥʜʘʨʜʘ. 

Frederick Taylor, Frank ʠ Lillian Gilbreth ʩʫ ʧʨʦʫʯʘʚʘʣʠ ʧʝʨʬʦʨʤʘʥʩʝ ʨʘʜʥʠʢʘ ʢʨʦʟ 

ʘʥʘʣʠʟʫ ʨʘʜʥʠʭ ʟʘʜʘʪʘʢʘ ʠ ʚʨʝʤʝʥʘ, ʩʘ ʮʠˀʝʤ ʜʘ ʩʤʘˁʝ ʚʨʝʤʝ ʮʠʢʣʫʩʘ ʟʘ ʨʘʜʥʝ ʟʘʜʘʪʢʝ 

ʢʦʿʠ ʩʝ ʧʦʥʘʚˀʘʿʫ. ʆʥʠ ʩʫ ʩʝ ʬʦʢʫʩʠʨʘʣʠ ʥʘ ʧʨʠʤʝʥʫ ʥʘʫʯʥʠʭ ʧʨʠʥʮʠʧʘ ʫ ʧʨʦʫʯʘʚʘˁʫ 

ʨʘʜʘ ʨʘʜʠ ʧʦʩʪʠʟʘˁʘ ʤʘʢʩʠʤʘʣʥʝ ʝʬʠʢʘʩʥʦʩʪʠ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʢʨʦʟ ʧʨʝʮʠʟʥʫ ʘʥʘʣʠʟʫ 

ʠ ʦʧʪʠʤʠʟʘʮʠʿʫ ʩʚʠʭ ʘʩʧʝʢʘʪʘ ʧʨʦʠʟʚʦʜʥʦʛ ʧʨʦʮʝʩʘ, ʦʧʪʠʤʠʟʘʮʠʿʫ ʦʜʥʦʩʘ ʠʟʤʝʹʫ 

ʠʟʣʘʟʥʠʭ ʠ ʫʣʘʟʥʠʭ ʧʘʨʘʤʝʪʘʨʘ, ʦʜʥʦʩʥʦ, ʥʘ ʧʨʦʥʘʣʘʞʝˁʝ ʥʘʯʠʥʘ ʜʘ ʩʝ ʫʟ ʠʩʪʫ ʠʣʠ ʤʘˁʫ 

ʢʦʣʠʯʠʥʫ ʨʝʩʫʨʩʘ ʧʨʦʠʟʚʝʜʝ ʚʠʰʝ ʨʝʟʫʣʪʘʪʘ. ʇʨʝʤʘ ʦʚʦʤ ʧʨʠʩʪʫʧʫ ʩʚʘʢʠ ʘʩʧʝʢʪ ʨʘʜʘ 

ʤʦʞʝ ʙʠʪʠ ʧʨʦʫʯʝʥ ʥʘʫʯʥʠʤ ʤʝʪʦʜʘʤʘ ʢʘʢʦ ʙʠ ʩʝ ʦʜʨʝʜʠʣʠ ʥʘʿʝʬʠʢʘʩʥʠʿʠ ʧʦʢʨʝʪʠ ʠ 

ʪʝʭʥʠʢʝ ʟʘ ʦʙʘʚˀʘˁʝ ʩʚʘʢʦʛ ʟʘʜʘʪʢʘ. ʆʚʦ ʿʝ ʧʦʜʨʘʟʫʤʝʚʘʣʦ ʤʝʨʝˁʝ ʚʨʝʤʝʥʘ ʧʦʪʨʝʙʥʦʛ ʟʘ 

ʠʟʚʦʹʝˁʝ ʨʘʟʣʠʯʠʪʠʭ ʨʘʜʥʠʭ ʟʘʜʘʪʘʢʘ ʠ ʫʢʣʘˁʘˁʝ ʥʝʧʦʪʨʝʙʥʠʭ ʧʦʢʨʝʪʘ. Taylor ʿʝ 

ʩʤʘʪʨʘʦ ʜʘ ʩʝ ʨʘʜʥʠ ʧʨʦʮʝʩʠ ʪʨʝʙʘʿʫ ʧʦʜʝʣʠʪʠ ʥʘ ʤʘʣʝ, ʧʦʿʝʜʥʦʩʪʘʚˀʝʥʝ ʟʘʜʘʪʢʝ ʢʦʿʝ 

ʨʘʜʥʠʮʠ ʤʦʛʫ ʜʘ ʠʟʚʦʜʝ ʝʬʠʢʘʩʥʦ. ɳʠʭʦʚʘ ʠʩʪʨʘʞʠʚʘˁʘ ʩʫ ʫʪʠʮʘʣʘ ʥʘ ʨʘʟʚʦʿ ʥʘʫʯʥʦʛ 

ʤʝʥʘ˅ʤʝʥʪʘ ʠ ʧʦʩʪʘʚʠʣʘ ʪʝʤʝˀʝ ʟʘ ʨʘʟʚʦʿ ʩʘʚʨʝʤʝʥʠʭ ʤʝʪʦʜʘ ʟʘ ʘʥʘʣʠʟʫ ʠ ʦʧʪʠʤʠʟʘʮʠʿʫ 

ʧʨʦʠʟʚʦʜˁʝ. 

ʀʥʜʫʩʪʨʠʿʘ 4.0 ʿʝ ʫʥʝʣʘ ʟʥʘʯʘʿʥʝ ʧʨʦʤʝʥʝ ʫ ʫʧʨʘʚˀʘˁʫ ʢʚʘʣʠʪʝʪʦʤ, ʰʪʦ ʿʝ 

ʠʩʪʘʢʥʫʪʦ ʢʨʦʟ ʪʝʨʤʠʥ ʂʚʘʣʠʪʝʪ 4.0. ʂʚʘʣʠʪʝʪ 4.0 ʧʦʜʨʘʟʫʤʝʚʘ ʧʨʠʤʝʥʫ ʜʠʛʠʪʘʣʥʠʭ 

ʪʝʭʥʦʣʦʛʠʿʘ ʟʘ ʧʦʙʦˀʰʘˁʝ ʫʧʨʘʚˀʘˁʘ ʢʚʘʣʠʪʝʪʦʤ, ʠʥʩʧʝʢʮʠʿʝ ʠ ʢʦʥʪʨʦʣʝ ʧʨʦʠʟʚʦʜʥʠʭ 

ʧʨʦʮʝʩʘ. ʌʠʣʦʟʦʬʠʿʘ ʂʚʘʣʠʪʝʪʘ 4.0 je ʫʩʨʝʜʩʨʝʹʝʥʘ ʥʘ ʧʨʦʠʟʚʦʜˁʫ ʩʘ ʤʠʥʠʤʘʣʥʠʤ 

ʜʝʬʝʢʪʠʤʘ ʠ ʤʘʢʩʠʤʘʣʥʦʤ ʝʬʠʢʘʩʥʦʰ˂ʫ (Xu ʠ ʜʨʫʛʠ, 2021) (ʩʣʠʢʘ 2.21).  

 

ʉʣʠʢʘ 2.21 ʋʣʦʛʘ ʪʝʭʥʦʣʦʛʠʿʘ ʀʥʜʫʩʪʨʠʿʝ 4.0 ʫ ʫʧʨʘʚˀʘˁʫ ʢʚʘʣʠʪʝʪʦʤ 
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ʈʘʟʚʦʿ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʀʥʜʫʩʪʨʠʿʝ 4.0 ʦʩʪʚʘʨʫʿʝ ʩʚʝʦʙʫʭʚʘʪʘʥ ʫʪʠʮʘʿ ʥʘ 

ʪʨʘʜʠʮʠʦʥʘʣʥʝ ʤʝʪʦʜʝ ʠ ʧʨʘʢʩʝ ʫʧʨʘʚˀʘˁʘ ʢʚʘʣʠʪʝʪʦʤ (Sader ʠ ʜʨʫʛʠ, 2022). ɹʝʥʝʬʠʪʠ 

ʧʨʠʤʝʥʝ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʀʥʜʫʩʪʨʠʿʝ 4.0 ʩʝ ʦʛʣʝʜʘʿʫ ʫ ʤʠʥʠʤʠʟʘʮʠʿʠ ʥʝʧʨʘʚʠʣʥʦʩʪʠ ʠ 

ʜʝʬʝʢʘʪʘ, ʧʦʚʝ˂ʘˁʫ ʝʬʝʢʪʠʚʥʦʩʪʠ ʠ ʧʦʙʦˀʰʘˁʫ ʢʚʘʣʠʪʝʪʘ ʬʠʥʘʣʥʦʛ ʧʨʦʠʟʚʦʜʘ (Javaid, 

2021; Jacob, 2017). ʂʚʘʣʠʪʝʪ 4.0 ʢʘʦ ʠ lean ʬʠʣʦʟʦʬʠʿʘ ʧʦʜʩʪʠʯʝ ʢʫʣʪʫʨʫ ʩʪʘʣʥʦʛ 

ʧʦʙʦˀʰʘˁʘ ʠ ʧʦʩʪʠʟʘˁʝ ʥʫʣʘ ʜʝʬʝʢʘʪʘ ʠ ʥʝʧʨʘʚʠʣʥʦʩʪʠ ʥʘ ʨʘʜʥʠʤ ʩʪʘʥʠʮʘʤʘ ʟʘ 

ʤʦʥʪʘʞʫ. 

ʀʥʪʝʛʨʘʮʠʿʘ ʩʘʿʙʝʨʬʠʟʠʯʢʠʭ ʩʠʩʪʝʤʘ, ʀʥʪʝʨʥʝʪʘ ʩʪʚʘʨʠ ʠ ʘʥʘʣʠʪʠʢʝ ʚʝʣʠʢʠʭ 

ʧʦʜʘʪʘʢʘ ʟʥʘʯʘʿʥʦ ʿʝ ʧʨʦʰʠʨʠʣʘ ʧʦʪʝʥʮʠʿʘʣ lean ʧʨʦʠʟʚʦʜˁʝ, ʦʤʦʛʫ˂ʘʚʘʿʫ˂ʠ 

ʢʦʥʪʠʥʫʠʨʘʥʠ ʤʦʥʠʪʦʨʠʥʛ ʢˀʫʯʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʫ ʧʨʦʠʟʚʦʜˁʠ ʠ ʦʧʪʠʤʠʟʘʮʠʿʫ ʧʨʦʮʝʩʘ 

ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ. ʆʚʠ ʥʘʧʨʝʜʥʠ ʪʝʭʥʦʣʦʰʢʠ ʩʠʩʪʝʤʠ ʦʤʦʛʫ˂ʘʚʘʿʫ ʧʨʠʢʫʧˀʘˁʝ ʠ 

ʘʥʘʣʠʟʫ ʚʝʣʠʢʝ ʢʦʣʠʯʠʥʝ ʧʦʜʘʪʘʢʘ, ʰʪʦ ʜʦʧʨʠʥʦʩʠ ʧʨʝʮʠʟʥʠʿʝʤ ʠʜʝʥʪʠʬʠʢʦʚʘˁʫ 

ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʥʝʫʩʘʛʣʘʰʝʥʦʩʪʠ ʠ ʧʦʚʝ˂ʘˁʫ ʢʚʘʣʠʪʝʪʘ ʧʨʦʠʟʚʦʜʘ (Belli ʠ ʜʨʫʛʠ, 2019). 

ʂʚʘʣʠʪʝʪ 5.0 ʧʨʝʜʩʪʘʚˀʘ ʟʥʘʯʘʿʘʥ ʧʦʤʘʢ ʦʜ ʪʨʘʜʠʮʠʦʥʘʣʥʦʛ ʨʝʘʢʪʠʚʥʦʛ ʤʦʜʝʣʘ 

ʢʦʥʪʨʦʣʝ ʢʚʘʣʠʪʝʪʘ, ʢʦʿʠ ʩʝ ʫʛʣʘʚʥʦʤ ʬʦʢʫʩʠʨʘ ʥʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʠ ʢʦʨʝʢʮʠʿʫ 

ʥʝʜʦʩʪʘʪʘʢʘ ʥʘʢʦʥ ʰʪʦ ʩʝ ʧʦʿʘʚʝ. ʆʚʘʿ ʥʦʚʠ ʢʦʥʮʝʧʪ ʧʦʜʨʘʟʫʤʝʚʘ ʧʨʦʘʢʪʠʚʘʥ ʧʨʠʩʪʫʧ, 

ʟʘʩʥʦʚʘʥ ʥʘ ʧʨʝʜʠʢʪʠʚʥʦʿ ʘʥʘʣʠʪʠʮʠ ʠ ʧʨʠʣʘʛʦʹʘʚʘˁʠʤʘ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ, ʩʘ ʮʠˀʝʤ 

ʩʧʨʝʯʘʚʘˁʘ ʜʝʬʝʢʘʪʘ ʧʨʝ ʥʝʛʦ ʰʪʦ ʩʝ ʫʦʧʰʪʝ ʧʦʿʘʚʝ. 

ʋ ʥʘʫʯʥʦ-ʠʩʪʨʘʞʠʚʘʯʢʠʤ ʨʘʜʦʚʠʤʘ ʿʝ ʫʢʘʟʘʥʦ ʥʘ ʧʦʟʠʪʠʚʥʝ ʝʬʝʢʪʝ ʧʨʠʤʝʥʝ 

ʝʨʛʦʥʦʤʩʢʠʭ ʧʨʠʥʮʠʧʘ ʧʨʠʣʠʢʦʤ ʜʠʟʘʿʥʠʨʘˁʘ ʨʘʜʥʠʭ ʤʝʩʪʘ ʠ ʨʘʜʥʦʛ ʦʢʨʫʞʝˁʘ (Anon, 

2005; Cimino ʠ ʜʨʫʛʠ, 2009). ʇʨʠʤʝʥʦʤ ʤʝʨʘ ʠʟ ʜʦʤʝʥʘ ʬʠʟʠʯʢʝ, ʢʦʛʥʠʪʠʚʥʝ ʠ 

ʦʨʛʘʥʠʟʘʮʠʦʥʝ ʝʨʛʦʥʦʤʠʿʝ ʤʠʥʠʤʠʟʠʨʘʿʫ ʩʝ ʥʝʛʘʪʠʚʥʠ ʫʪʠʮʘʿʠ ʠʟ ʨʘʜʥʦʛ ʦʢʨʫʞʝˁʘ ʥʘ 

ˀʫʜʝ ʠ ʦʤʦʛʫ˂ʘʚʘ ʩʝ ʩʚʘʢʦʤ ʨʘʜʥʠʢʫ ʜʘ ʤʘʢʩʠʤʠʟʠʨʘ ʩʚʦʿ ʜʦʧʨʠʥʦʩ (Qutubuddin ʠ ʜʨʫʛʠ, 

2013). ɼʠʟʘʿʥʠʨʘˁʝ ʨʘʜʥʦʛ ʦʢʨʫʞʝˁʘ ʫ ʩʢʣʘʜʫ ʩʘ ʧʦʪʨʝʙʘʤʘ ʨʘʜʥʠʢʘ ʤʦʞʝ ʟʥʘʯʘʿʥʦ 

ʜʦʧʨʠʥʝʪʠ ʧʝʨʬʦʨʤʘʥʩʠ ʨʘʜʥʠʢʘ ʠ ʦʧʪʠʤʠʟʘʮʠʿʠ ʩʠʩʪʝʤʘ ʫ ʮʝʣʠʥʠ (ʩʣʠʢʘ 2.22).  

 

ʉʣʠʢʘ 2.22 ɽʬʝʢʪʠ ʧʨʠʤʝʥʝ ʝʨʛʦʥʦʤʩʢʠʭ ʧʨʠʥʮʠʧʘ ʧʨʠʣʠʢʦʤ ʜʠʟʘʿʥʠʨʘˁʘ ʨʘʜʥʦʛ 

ʦʢʨʫʞʝˁʘ ʥʘ ʧʝʨʬʦʨʤʘʥʩʝ 

ʂʘʢʦ ʠʩʪʠʯʫ ʘʫʪʦʨʠ (Battini ʠ ʜʨʫʛʠ, 2020; Burri ʠ Holander, 1991) ʧʦʩʪʠʟʘˁʝʤ 

ʦʧʪʠʤʘʣʥʦʛ ʦʜʥʦʩʘ ʠʟʤʝʹʫ ʟʘʭʪʝʚʘ ʠ ʧʦʪʨʝʙʘ ʨʘʜʥʠʢʘ ʠ ʨʘʜʥʦʛ ʦʢʨʫʞʝˁʘ ʫ ʢʦʿʝʤ ʩʝ 

ʈʘʜʥʠ ʫʩʣʦʚʠ
ɽʨʛʦʥʦʤʩʢʠ 
ʧʨʠʩʪʫʧ

ʆʨʛʘʥʠʟʘʮʠʦʥʘ 
ʝʨʛʦʥʦʤʠʿʘ

ʌʠʟʠʯʢʘ ʝʨʛʦʥʦʤʠʿʘ ʂʦʛʥʠʪʠʚʥʘ ʝʨʛʦʥʦʤʠʿʘ

ʇʝʨʬʦʨʤʘʥʩʝ 
ʨʘʜʥʠʢʘ

ʇʝʨʬʦʨʤʘʥʩʝ 
ʩʠʩʪʝʤʘ

ʀʥʜʫʩʪʨʠʿʘ 5.0
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ʦʙʘʚˀʘʿʫ ʘʢʪʠʚʥʦʩʪʠ ʧʦʚʝ˂ʘʚʘ ʩʝ ʩʘ ʿʝʜʥʝ ʩʪʨʘʥʝ ʝʬʠʢʘʩʥʦʩʪ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪ, ʘ ʩʘ ʜʨʫʛʝ 

ʩʪʨʘʥʝ, ʧʦʚʝ˂ʘʚʘ ʩʝ ʬʠʟʠʯʢʦ ʠ ʤʝʥʪʘʣʥʦ ʙʣʘʛʦʩʪʘˁʝ.  

ɸʫʪʦʨʠ (Cimino ʠ ʜʨʫʛʠ, 2008; Dainoff, 2002) ʠʩʪʠʯʫ ʜʘ ʧʨʠʤʝʥʘ ʝʨʛʦʥʦʤʩʢʠʭ 

ʧʨʠʥʮʠʧʘ ʫ ʜʠʟʘʿʥʠʨʘˁʫ ʠʥʜʫʩʪʨʠʿʩʢʠʭ ʨʘʜʥʠʭ ʩʪʘʥʠʮʘ ʟʥʘʯʘʿʥʦ ʜʦʧʨʠʥʦʩʠ ʧʦʚʝ˂ʘˁʫ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʨʘʜʥʠʢʘ. ʋ ʩʪʫʜʠʿʘʤʘ ʢʦʿʝ ʩʫ ʩʧʨʦʚʝʣʠ ʘʫʪʦʨʠ (Das ʠ ʜʨʫʛʠ, 2007; 

Eswaramoorthi ʠ ʜʨʫʛʠ, 2010) ʧʦʢʘʟʘʥʦ ʿʝ ʜʘ ʿʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪ ʨʘʜʥʠʢʘ ʥʘʢʦʥ ʫʚʦʹʝˁʘ 

ʝʨʛʦʥʦʤʩʢʠʭ ʧʨʠʥʮʠʧʘ ʟʥʘʯʘʿʥʦ ʧʦʙʦˀʰʘʥʘ. 

ɸʫʪʦʨʠ (Erdinc ʠ Vayvay, 2008) ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ ʩʫ ʥʘʢʦʥ ʧʨʠʤʝʥʝ ʝʨʛʦʥʦʤʩʢʠʭ 

ʧʨʠʥʮʠʧʘ ʧʦʙʦˀʰʘʥʝ ʧʝʨʬʦʨʤʘʥʩʝ ʨʘʜʥʠʢʘ ʠ ʫʥʘʧʨʝʹʝʥ ʢʚʘʣʠʪʝʪ ʬʠʥʘʣʥʠʭ ʧʨʦʠʟʚʦʜʘ. 

ɸʫʪʦʨʠ (Axelsson, 2000) ʩʫ ʫʢʘʟʘʣʠ ʥʘ ʢʦʨʝʣʘʮʠʿʫ ʠʟʤʝʹʫ ʝʨʛʦʥʦʤʠʿʝ ʠ ʢʚʘʣʠʪʝʪʘ 

ʧʨʦʠʟʚʦʜʘ. ʉʧʨʦʚʝʜʝʥʦ ʠʩʪʨʘʞʠʚʘˁʝ ʿʝ ʧʦʢʘʟʘʣʦ ʜʘ ʩʫ ʜʝʬʝʢʪʠ ʩʤʘˁʝʥʠ ʟʘ ʯʘʢ 90% 

ʥʘʢʦʥ ʝʨʛʦʥʦʤʩʢʝ ʦʧʪʠʤʠʟʘʮʠʿʝ. ʉʣʠʢʘ 2.23 ʠʣʫʩʪʨʫʿʝ ʿʝʜʥʦʩʪʘʚʘʥ ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʠ 

ʤʦʜʝʣ ʢʦʿʠ ʧʦʢʘʟʫʿʝ ʢʘʢʦ ʝʨʛʦʥʦʤʩʢʠ ʜʠʟʘʿʥ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʜʚʦʩʪʨʫʢʦʛ ʜʦʙʠʪʢʘ (ʛʦʨˁʠ 

ʜʝʩʥʠ ʜʝʦ ʤʦʜʝʣʘ).  

 

ʉʣʠʢʘ 2.23 ɼʚʦʜʠʤʝʥʟʠʦʥʘʣʥʠ ʤʦʜʝʣ (ʧʨʝʫʟʝʪʦ ʠʟ: Neumann, 2004) 

ʇʨʠʤʝʥʘ ʝʨʛʦʥʦʤʩʢʠʭ ʧʨʠʥʮʠʧʘ ʤʦʞʝ ʜʦʧʨʠʥʝʪʠ ʧʦʚʝ˂ʘˁʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ 

(ʜʦˁʠ ʜʝʩʥʠ ʜʝʦ ʤʦʜʝʣʘ) ʘ ʥʝʜʦʚʦˀʥʦ ʧʦʩʚʝ˂ʠʚʘˁʝ ʧʘʞˁʝ ʝʨʛʦʥʦʤʩʢʠʤ ʘʩʧʝʢʪʠʤʘ ʤʦʞʝ 

ʥʝʛʘʪʠʚʥʦ ʫʪʠʮʘʪʠ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪ, ʰʪʦ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʪʘʢʦʟʚʘʥʦʛ Ăʬʘʥʪʦʤʩʢʦʛ 

ʧʨʦʬʠʪʘñ (ʛʦʨˁʠ ʣʝʚʠ ʜʝʦ ʤʦʜʝʣʘ), ʦʜʥʦʩʥʦ ʠʣʫʟʦʨʥʝ ʜʦʙʠʪʠ ʢʦʿʘ ʩʝ ʥʝ˂ʝ ʦʩʪʚʘʨʠʪʠ ʟʙʦʛ 

ʧʨʦʙʣʝʤʘ ʫ ʜʦʤʝʥʫ ʝʨʛʦʥʦʤʠʿʝ. ʉʪʦʛʘ, ʧʦʩʝʙʥʘ ʧʘʞˁʘ ʤʦʨʘ ʙʠʪʠ ʧʦʩʚʚʝ˂ʝʥʘ 

ʠʜʝʥʪʠʬʠʢʘʮʠʿʠ ʠ ʢʚʘʥʪʠʬʠʢʘʮʠʿʠ ʝʨʛʦʥʦʤʩʢʠʭ ʨʠʟʠʢʘ ʠ ʧʨʠʤʝʥʠ ʝʨʛʦʥʦʤʩʢʠʭ ʤʝʨʘ. 

ʈʝʜʦʚʥʦ ʧʨʘ˂ʝˁʝ ʠ ʘʥʘʣʠʟʘ ʢˀʫʯʥʠʭ ʠʥʜʠʢʘʪʦʨʘ ʧʝʨʬʦʨʤʘʥʩʠ ʦʤʦʛʫ˂ʘʚʘʿʫ 

ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʧʨʦʙʣʝʤʘ ʠ ʢʦʥʪʠʥʫʠʨʘʥʦ ʫʥʘʧʨʝʹʝˁʝ ʢʘʢʦ ʙʠ ʩʝ 

ʧʦʩʪʠʛʣʠ ʦʧʪʠʤʘʣʥʠ ʨʝʟʫʣʪʘʪʠ ʠ ʧʦʚʝ˂ʘʣʘ ʝʬʝʢʪʠʚʥʦʩʪ ʧʨʦʠʟʚʦʜʥʦʛ ʧʨʦʮʝʩʘ. 

ɽʬʝʢʪʠʚʥʦʩʪ ʧʨʦʠʟʚʦʜʥʠʭ ʧʨʦʮʝʩʘ ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʘʥ ʦʜ ʦʩʥʦʚʥʠʭ ʧʦʢʘʟʘʪʝˀʘ 

ʫʩʧʝʰʥʦʛ ʧʦʩʣʦʚʘˁʘ ʦʨʛʘʥʠʟʘʮʠʿʝ. ɽʬʝʢʪʠʚʥʦʩʪ ʩʝ ʠʟʨʘʞʘʚʘ ʢʘʦ ʦʜʥʦʩ ʦʩʪʚʘʨʝʥʠʭ 

ʝʬʝʢʘʪʘ (ʚʨʝʜʥʦʩʥʦ ʠʟʨʘʞʝʥʠʭ) ʠ ʫʣʦʞʝʥʝ ʢʦʣʠʯʠʥʝ ʨʘʜʘ ʠ ʧʦʨʝʜʠ ʩʝ ʩʘ ʦʙʿʝʢʪʠʚʥʠʤ 

ʧʣʘʥʠʨʘʥʠʤ ʮʠˀʝʚʠʤʘ. ɽʬʝʢʪʠʚʥʦʩʪ ʨʘʜʥʠʢʘ ʩʝ ʧʦʚʝ˂ʘʚʘ ʩʘ ʩʤʘˁʝˁʝʤ ʚʨʝʤʝʥʘ ʪʘʢʪʘ ʠ 

ʨʘʜʥʦʛ ʮʠʢʣʫʩʘ.  
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̆̆̋̓̉̃̎̏̒̓̕
̆̆̋̓̉̕ ̃ ̑̆̅̎̏̒̎̏ ̉̈̑́̇̆̎̉

 ̘̋̏̌̉̉̎́ ̑́̅́
 

 

ɽʬʝʢʪʠʚʥʦʩʪ ʿʝ ʿʝʜʘʥ ʦʜ ʦʩʥʦʚʥʠʭ ʮʠˀʝʚʘ lean ʧʨʦʠʟʚʦʜˁʝ. Lean ʧʨʦʠʟʚʦʜˁʘ 

ʧʨʝʜʩʪʘʚˀʘ ʩʢʫʧ ʧʨʠʥʮʠʧʘ ʠ ʧʨʘʢʩʠ ʢʦʿʠ ʠʤʘʿʫ ʟʘ ʮʠˀ ʜʘ ʤʘʢʩʠʤʠʟʠʨʘˁʝ ʝʬʠʢʘʩʥʦʩʪʠ ʠ 

ʝʬʝʢʪʠʚʥʦʩʪʠ ʫ ʧʨʦʠʟʚʦʜʥʠʤ ʧʨʦʮʝʩʠʤʘ ʢʨʦʟ ʝʣʠʤʠʥʠʩʘˁʝ ʘʢʪʠʚʥʦʩʪʠ ʢʦʿʝ ʥʝ ʜʦʜʘʿʫ 

ʚʨʝʜʥʦʩʪ ʠ ʩʤʘˁʝˁʝ ʥʝʧʦʪʨʝʙʥʠʭ ʪʨʦʰʢʦʚʘ ʯʠʤʝ ʩʝ ʧʦʙʦˀʰʘʚʘ ʢʚʘʣʠʪʝʪ ʧʨʦʠʟʚʦʜʘ ʠ 

ʢʦʥʢʫʨʝʥʪʥʦʩʪ ʥʘ ʪʨʞʠʰʪʫ. 

ɺʨʝʤʝ ʪʘʢʪʘ, ʚʨʝʤʝ ʮʠʢʣʫʩʘ, ʜʝʬʝʢʪʠ ʠ ʨʘʜ ʫ ʪʦʢʫ ʩʫ ʢˀʫʯʥʠ ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʘ 

ʤʦʥʪʘʞʝ. ɺʨʝʤʝ ʪʘʢʪʘ ʩʝ ʦʜʥʦʩʠ ʥʘ ʙʨʟʠʥʫ ʧʨʦʠʟʚʦʜˁʝ ʠ ʧʨʝʜʩʪʘʚˀʘ ʚʨʝʤʝ ʢʦʿʝ ʿʝ 

ʧʦʪʨʝʙʥʦ ʜʘ ʩʝ ʧʨʦʠʟʚʝʜʝ ʿʝʜʘʥ ʧʨʦʠʟʚʦʜ ʢʘʢʦ ʙʠ ʩʝ ʟʘʜʦʚʦˀʠʣʘ ʧʦʪʨʘʞˁʘ ʢʫʧʘʮʘ. ʆʚʘʿ 

ʧʦʢʘʟʘʪʝˀ ʫʢʘʟʫʿʝ ʥʘ ʫʯʝʩʪʘʣʦʩʪ ʧʨʦʠʟʚʦʜˁʝ ʧʨʦʠʟʚʦʜʘ ʠʣʠ ʜʝʣʘ ʧʨʦʠʟʚʦʜʘ ʥʘ ʨʘʜʥʦʿ 

ʩʪʘʥʠʮʠ ʢʘʢʦ ʙʠ ʩʝ ʟʘʜʦʚʦˀʠʣʘ ʪʨʘʞˁʘ ʢʫʧʘʮʘ. ɺʨʝʤʝ ʪʘʢʪʘ ʦʤʦʛʫ˂ʘʚʘ ʜʘ ʩʝ ʧʨʦʠʟʚʦʜʥʠ 

ʧʨʦʮʝʩ ʩʠʥʭʨʦʥʠʟʫʿʝ ʩʘ ʨʝʘʣʥʦʤ ʧʦʪʨʘʞˁʦʤ ʥʘ ʪʨʞʠʰʪʫ, ʯʠʤʝ ʩʝ ʠʟʙʝʛʘʚʘ ʥʘʛʦʤʠʣʘʚʘˁʝ 

ʟʘʣʠʭʘ ʠ ʦʩʠʛʫʨʘʚʘ ʦʧʪʠʤʘʣʥʘ ʫʧʦʪʨʝʙʘ ʨʝʩʫʨʩʘ. ɺʨʝʤʝ ʪʘʢʪʘ ʜʝʬʠʥʠʰʝ ʨʠʪʘʤ 

ʧʨʦʠʟʚʦʜˁʝ ʠ ʦʜʨʝʹʫʿʝ ʚʨʝʤʝʥʩʢʠ ʠʥʪʝʨʚʘʣ ʢʦʿʠ ʧʨʦʪʝʢʥʝ ʠʟʤʝʹʫ ʧʨʠʟʚʦʜˁʝ ʛʦʪʦʚʠʭ 

ʧʨʦʠʟʚʦʜʘ ʥʘ ʠʟʣʘʟʫ ʨʘʜʥʝ ʩʪʘʥʠʮʝ ʟʘ ʤʦʥʪʘʞʫ. ʀʟʨʘʯʫʥʘʚʘ ʩʝ ʢʘʦ ʦʜʥʦʩ ʠʟʤʝʹʫ ʫʢʫʧʥʦʛ 

ʨʘʜʥʦʛ ʚʨʝʤʝʥʘ ʫ ʪʦʢʫ ʜʘʥʘ (ʫʤʘˁʝʥʦʛ ʟʘ ʪʨʘʿʘˁʝ ʧʘʫʟʝ) ʠ ʙʨʦʿʘ ʧʨʦʠʟʚʦʜʘ ʢʦʿʠ ʟʘʭʪʝʚʘ 

ʪʨʞʠʰʪʝ ʦʜʥʦʩʥʦ ʢʘʦ ʦʜʥʦʩ ʨʘʩʧʦʣʦʞʠʚʦʛ ʨʘʜʥʦʛ ʚʨʝʤʝʥʘ ʠ ʧʦʪʨʘʞˁʝ ʦʜ ʩʪʨʘʥʝ ʢʫʧʘʮʘ.  

 

̃̑̆̍̆ ̓́̋̓́
̔̋̔̐̎̏ ̑́̒̐̏̌̏̇̉̃̏ ̑́̅̎̏ ̃̑̆̍̆ 

 ̮̐̏̓̑́̇́ ̏  ̅̒̓̑́̎̆ ̗̋̔̐́́
 

 

ʧʨʠ ʯʝʤʫ ʿʝ, ʫʢʫʧʥʦ ʨʘʩʧʦʣʦʞʠʚʦ ʨʘʜʥʦ ʚʨʝʤʝ = ʪʨʘʿʘˁʝ ʩʤʝʥʝ - ʧʘʫʟʝ. 

ʇʦʚʝ˂ʘˁʝ ʚʨʝʤʝʥʘ ʪʘʢʪʘ ʤʦʞʝ ʫʢʘʟʘʪʠ ʥʘ ʧʦʚʝ˂ʘˁʝ ʬʠʟʠʯʢʦʛ ʠ ʤʝʥʪʘʣʥʦʛ 

ʦʧʪʝʨʝ˂ʝˁʘ ʨʘʜʥʠʢʘ. 

ʈʘʜʥʠ ʮʠʢʣʫʩ (ʝʥʛʣ. cycle-time) ʧʨʝʜʩʪʘʚˀʘ ʩʪʚʘʨʥʦ ʚʨʝʤʝ ʢʦʿʝ ʿʝ ʧʦʪʨʝʙʥʦ ʜʘ ʩʝ 

ʟʘʚʨʰʠ ʿʝʜʘʥ ʧʨʦʠʟʚʦʜʥʠ ʮʠʢʣʫʩ ʠʣʠ ʧʨʦʠʟʚʝʜʝ ʿʝʜʥʘ ʧʨʦʠʟʚʦʜʥʘ ʿʝʜʠʥʠʮʘ. ɺʨʝʤʝ 

ʮʠʢʣʫʩʘ ʿʝ ʟʘʧʨʘʚʦ ʩʪʚʘʨʥʦ ʚʨʝʤʝ ʧʦʪʨʝʙʥʦ ʜʘ ʿʝʜʘʥ ʧʨʦʠʟʚʦʜ ʧʨʦʹʝ ʢʨʦʟ ʦʜʨʝʹʝʥʠ 

ʩʝʛʤʝʥʪ ʧʨʦʠʟʚʦʜˁʝ ʠʣʠ ʢʨʦʟ ʮʝʣʫ ʧʨʦʠʟʚʦʜʥʫ ʣʠʥʠʿʫ ʦʜʥʦʩʥʦ ʪʦ ʿ ʝ ʚʨʝʤʝ ʢʦʿʝ ʧʨʦʠʟʚʦʜ 

ʧʨʦʚʝʜʝ ʫ ʧʨʦʮʝʩʠʤʘ ʧʨʦʠʟʚʦʜˁʝ ʠ ʤʦʥʪʘʞʝ. ɼʦʢ ʚʨʝʤʝ ʪʘʢʪʘ ʦʜʨʝʹʫʿʝ ʮʠˀʥʫ ʙʨʟʠʥʫ 

ʧʨʦʠʟʚʦʜˁʝ, ʚʨʝʤʝ ʮʠʢʣʫʩʘ ʧʦʢʘʟʫʿʝ ʢʦʣʠʢʦ ʙʨʟʦ ʟʘʠʩʪʘ ʨʘʜʥʠʮʠ ʤʦʛʫ ʜʘ ʦʙʘʚʝ ʨʘʜʥʠ 

ʟʘʜʘʪʘʢ. ʆʚʦ ʚʨʝʤʝ ʜʠʨʝʢʪʥʦ ʫʪʠʯʝ ʥʘ ʚʨʝʤʝ ʠʩʧʦʨʫʢʝ, ʰʪʦ ʿʝ ʢˀʫʯʥʠ ʬʘʢʪʦʨ ʟʘ 

ʟʘʜʦʚʦˀʩʪʚʦ ʢʫʧʘʮʘ. ʐʪʦ ʜʫʞʝ ʧʨʦʠʟʚʦʜ ʦʩʪʘʿʝ ʫ ʧʨʦʠʟʚʦʜʥʦʤ ʧʨʦʮʝʩʫ, ʪʦ ʿʝ ʜʫʞʠ ʨʦʢ 

ʠʩʧʦʨʫʢʝ, ʰʪʦ ʤʦʞʝ ʥʝʛʘʪʠʚʥʦ ʫʪʠʮʘʪʠ ʥʘ ʨʝʧʫʪʘʮʠʿʫ ʦʨʛʘʥʠʟʘʮʠʿʝ. 

ɺʨʝʤʝ ʮʠʢʣʫʩʘ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʨʘʩʧʦʣʦʞʠʚʦʩʪʠ ʮʝʣʦʢʫʧʥʦʛ ʧʨʦʠʟʚʦʜʥʦʛ ʧʨʦʮʝʩʘ. 

ʋ ʩʚʘʢʦʤ ʧʨʦʮʝʩʫ ʥʝʦʧʭʦʜʥʦ ʿʝ ʜʘ ʩʝ ʜʝʬʠʥʠʰʝ ʚʨʝʤʝ ʮʠʢʣʫʩʘ ʢʘʢʦ ʙʠ ʩʝ ʠʩʧʫʥʠʣʠ 

ʟʘʭʪʝʚʠ (ʜʝʬʠʥʠʩʘʥʠ takt-time-ʦʤ). ɸʫʪʦʨʠ (Bauters ʠ ʜʨʫʛʠ, 2018) ʠʩʪʠʯʫ ʜʘ ʿʝ ʚʨʝʤʝ 

ʮʠʢʣʫʩʘ ʿʝʜʘʥ ʦʜ ʥʘʿʚʘʞʥʠʿʠʭ ʠʥʜʠʢʘʪoʨʘ ʿʝʨ ʿʝ ʦʚʘʿ ʠʥʜʠʢʘʪʦʨ ʜʠʨʝʢʪʥʦ ʧʦʚʝʟʘʥ ʩʘ 

ʧʨʦʜʫʢʪʠʚʥʦʰ˂ʫ. ʋ ʠʜʝʘʣʥʦʤ ʩʣʫʯʘʿʫ ʚʨʝʜʥʦʩʪ ʨʘʜʥʦʛ ʮʠʢʣʫʩʘ ʪʨʝʙʘ ʜʘ ʙʫʜʝ ʤʘˁʘ ʫ 

ʦʜʥʦʩʫ ʥʘ ʜʝʬʠʥʠʩʘʥʦ ʚʨʝʤʝ ʪʘʢʪʘ. ʋʢʦʣʠʢʦ ʿʝ ʚʨʝʤʝ ʮʠʢʣʫʩʘ ʜʫʞʝ ʦʜ ʚʨʝʤʝʥʘ ʪʘʢʪʘ, ʪʦ 

ʫʢʘʟʫʿʝ ʥʘ ʧʦʪʝʥʮʠʿʘʣʥʝ ʟʘʩʪʦʿʝ ʫ ʧʨʦʮʝʩʫ ʢʦʿʠ ʟʘʭʪʝʚʘʿʫ ʦʧʪʠʤʠʟʘʮʠʿʫ. ʋ ʢʦʥʮʝʧʪʫ lean 

ʧʨʦʠʟʚʦʜˁʝ, ʢˀʫʯʥʦ ʿʝ ʜʘ ʩʝ ʚʨʝʤʝ ʮʠʢʣʫʩʘ ʦʜʨʞʘʚʘ ʫ ʩʢʣʘʜʫ ʩʘ ʚʨʝʤʝʥʦʤ ʪʘʢʪʘ ʢʘʢʦ ʙʠ 

ʩʝ ʠʟʙʝʛʣʠ ʛʫʙʠʮʠ ʠ ʦʙʝʟʙʝʜʠʦ ʢʦʥʪʠʥʫʠʪʝʪ ʧʨʦʠʟʚʦʜˁʝ. 
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ʇʨʠʣʠʢʦʤ ʫʨʘʚʥʦʪʝʞʝˁʘ ʧʨʦʠʟʚʦʜˁʝ ʯʝʩʪʘ ʧʦʿʘʚʘ ʿʝʩʪʝ ʜʘ ʩʝ ʚʨʝʤʝ ʮʠʢʣʫʩʘ ʥʝ 

ʫʟʠʤʘ ʫ ʨʘʟʤʘʪʨʘˁʝ, ʠ ʪʘʢʘʚ ʧʨʠʩʪʫʧ ʠʤʘ ʟʘ ʧʦʩʣʝʜʠʮʫ ʿʝʜʘʥ ʦʜ ʛʫʙʠʪʘʢʘ - ʧʨʝʢʦʤʝʨʥʘ 

ʧʨʦʠʟʚʦʜˁʘ. ʇʨʝʢʦʤʝʨʥʘ ʧʨʦʠʟʚʦʜˁʘ ʦʜʥʦʩʠ ʩʝ ʥʘ ʧʨʦʠʟʚʦʜˁʫ ʜʝʣʦʚʘ ʠʣʠ ʢʦʤʧʦʥʝʥʪʠ 

ʢʦʿʝ ʩʝ ʥʝ ʫʛʨʘʹʫʿʫ ʫ ʬʠʥʘʣʥʠ ʧʨʦʠʟʚʦʜ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʟʘʫʟʠʤʘ ʩʝ ʧʨʦʩʪʦʨ ʫ ʧʨʦʠʟʚʦʜʥʠʤ 

ʧʦʛʦʥʠʤʘ, ʧʦʚʝ˂ʘʚʘʿʫ ʩʝ ʪʨʦʰʢʦʚʠ ʩʢʣʘʜʠʰʪʝˁʘ, ʩʤʘˁʫʿʝ ʩʝ ʝʬʠʢʘʩʥʦʩʪ ʠ ʨʝʤʝʪʠ 

ʢʦʥʪʠʥʫʠʨʘʥʠ ʪʦʢ ʧʨʦʠʟʚʦʜˁʝ ʰʪʦ ʥʝʛʘʪʠʚʥʦ ʫʪʠʯʝ ʥʘ ʮʝʣʦʢʫʧʘʥ ʧʨʦʠʟʚʦʜʥʠ ʩʠʩʪʝʤ. 

Lead ʚʨʝʤʝ ʧʨʝʜʩʪʘʚˀʘ ʚʨʝʤʝ ʧʦʪʨʝʙʥʦ ʜʘ ʿʝʜʘʥ ʧʨʦʠʟʚʦʜ ʧʨʦʹʝ ʢʨʦʟ ʮʝʣʦʢʫʧʘʥ 

ʧʨʦʠʟʚʦʜʥʠ ʧʨʦʮʝʩ, ʦʜ ʧʦʯʝʪʢʘ ʜʦ ʢʨʘʿʘ (Maļuģiĺ ʠ ņapan, 2016). ʆʚʘʿ ʚʨʝʤʝʥʩʢʠ ʧʝʨʠʦʜ 

ʧʦʯʠˁʝ ʜʦʣʘʩʢʦʤ ʩʠʨʦʚʠʥʘ ʫ ʬʘʙʨʠʢʫ, ʘ ʟʘʚʨʰʘʚʘ ʩʝ ʠʩʧʦʨʫʢʦʤ ʛʦʪʦʚʦʛ ʧʨʦʠʟʚʦʜʘ 

ʢʫʧʮʫ. ɼʫʛʘʯʢʝ ʧʨʦʠʟʚʦʜʥʝ ʣʠʥʠʿʝ, ʚʝʣʠʢʠ ʙʨʦʿ ʨʘʜʥʠʭ ʤʝʩʪʘ, ʨʘʜʥʠʢʘ, ʘʣʘʪʘ, 

ʪʨʘʥʩʧʦʨʪʝʨʘ, ʜʝʣʦʚʘ, ʤʘʪʝʨʠʿʘʣʘ ʠ ʜʦʜʘʪʥʦʛ ʤʘʪʝʨʠʿʘʣʘ ʟʥʘʯʘʿʥʦ ʧʨʦʜʫʞʘʚʘʿʫ lead ʚʨʝʤʝ 

ʧʨʦʠʟʚʦʜʘ. ɿʙʦʛ ʪʦʛʘ ʿʝ ʥʝʦʧʭʦʜʥʦ ʦʧʪʠʤʠʟʦʚʘʪʠ ʧʨʦʠʟʚʦʜʥʠ ʧʨʦʮʝʩ ʠ ʬʠʟʠʯʢʠ ʩʤʘˁʠʪʠ 

ʨʘʩʪʦʿʘˁʝ ʦʜ ʫʣʘʟʘ ʩʠʨʦʚʠʥʘ ʜʦ ʠʟʣʘʟʘ ʬʠʥʘʣʥʦʛ ʧʨʦʠʟʚʦʜʘ. ʇʨʝʮʠʟʥʦ ʠʟʨʘʯʫʥʘʚʘˁʝ lead 

ʚʨʝʤʝʥʘ ʿʝ ʦʜ ʩʫʰʪʠʥʩʢʦʛ ʟʥʘʯʘʿʘ ʟʘ ʝʬʠʢʘʩʥʦ ʧʣʘʥʠʨʘˁʝ ʧʨʦʠʟʚʦʜˁʝ ʠ ʟʘʜʦʚʦˀʘʚʘˁʝ 

ʟʘʭʪʝʚʘ ʢʫʧʘʮʘ. 

Lead ʚʨʝʤʝ ʩʝ ʠʟʨʘʯʫʥʘʚʘ ʢʘʦ ʦʜʥʦʩ ʢʦʣʠʯʠʥʝ ʟʘʣʠʭʘ ʠ ʜʥʝʚʥʠʭ ʟʘʭʪʝʚʘ ʢʫʧʘʮʘ 

 

ὒὩὥὨ ̃̑̆̍̆
̘̋̏̌̉̉̎́ ̖̈́̌̉́

̅̎̆̃̎̉ ̖̈́̓̆̃̉ ̗̋̔̐́
 

 

ʉʢʨʘ˂ʠʚʘˁʝʤ lead ʚʨʝʤʝʥʘ ʢʨʦʟ ʫʥʘʧʨʝʹʝˁʝ ʦʨʛʘʥʠʟʘʮʠʿʝ ʧʨʦʠʟʚʦʜʥʦʛ ʧʨʦʩʪʦʨʘ, 

ʨʘʮʠʦʥʘʣʠʟʘʮʠʿʫ ʨʘʜʘ ʠ ʩʤʘˁʝˁʝ ʥʝʧʦʪʨʝʙʥʠʭ ʢʦʨʘʢʘ, ʩʤʘˁʫʿʫ ʩʝ ʪʨʦʰʢʦʚʠ ʠ ʩʢʨʘ˂ʫʿʝ 

ʚʨʝʤʝ ʠʩʧʦʨʫʢʝ. 

ʊʘʢʦʹʝ, ʿʦʰ ʿʝʜʘʥ ʚʘʞʘʥ ʧʦʢʘʟʘʪʝˀ ʫʩʧʝʰʥʦʩʪʠ ʨʘʜʥʠʭ ʩʪʘʥʠʮʘ ʥʘ ʢʦʿʠʤʘ ʩʝ 

ʦʙʘʚˀʘʿʫ ʘʢʪʠʚʥʦʩʪʠ ʤʦʥʪʘʞʝ ʿʝ ʙʨʦʿ ʜʝʬʝʢʘʪʘ. ɼʝʬʝʢʪʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʟʥʘʯʘʿʘʥ ʠʟʚʦʨ 

ʨʘʩʠʧʘˁʘ ʠ ʥʝʛʘʪʠʚʥʦ ʫʪʠʯʫ ʥʘ ʢʚʘʣʠʪʝʪ ʧʨʦʠʟʚʦʜʘ. ʉʪʦʧʘ ʜʝʬʝʢʘʪʘ ʿʝ ʚʝʦʤʘ ʟʥʘʯʘʿʥʘ 

ʤʝʪʨʠʢʘ ʢʦʿʘ ʧʦʢʘʟʫʿʝ ʜʘ ʣʠ ʿʝ ʤʦʥʪʘʞʘ ʢʦʤʧʦʥʝʥʪʠ ʠ ʜʝʣʦʚʘ ʦʙʘʚˀʝʥʘ ʪʘʯʥʦ ʫ ʩʢʣʘʜʫ ʩʘ 

ʜʘʪʠʤ ʫʧʫʪʩʪʚʠʤʘ ʠʣʠ ʩʫ ʫ ʪʦʢʫ ʧʨʦʮʝʩʘ ʤʦʥʪʘʞʝ ʥʘʧʨʘʚˀʝʥʝ ʛʨʝʰʢʝ. ʇʦʚʝ˂ʘˁʝ ʩʪʦʧʝ 

ʜʝʬʝʢʘʪʘ ʧʨʠ ʩʢʣʘʧʘˁʫ ʜʝʣʦʚʘ ʠ ʢʦʤʧʦʥʝʥʪʠ ʫ ʬʠʥʘʣʥʠ ʧʨʦʠʟʚʦʜ ʤʦʞʝ ʫʢʘʟʘʪʠ ʜʘ ʿʝ 

ʨʘʜʥʠ ʟʘʜʘʪʘʢ ʙʠʦ ʧʨʝʚʠʰʝ ʢʦʤʣʝʢʩʘʥ ʠʣʠ ʜʘ ʿʝ ʨʘʜʥʠʢ ʫʩʣʝʜ ʧʘʜʘ ʧʘʞˁʝ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʠʟʛʫʙʠʦ ʬʦʢʫʩ.  

ʅʘ ʪʨʘʜʠʮʠʦʥʘʣʥʠʤ ʠʥʜʫʩʪʨʠʿʩʢʠʤ ʨʘʜʥʠʤ ʩʪʘʥʠʮʘʤʘ ʛʨʝʰʢʝ ʩʫ ʛʦʪʦʚʦ 

ʥʝʠʟʙʝʞʥʝ, ʘ ʙʨʦʿʥʠ ʜʝʬʝʢʪʠ ʩʝ ʥʝ ʤʦʛʫ ʣʘʢʦ ʦʪʢʨʠʪʠ ʫ ʜʘˀʠʤ ʬʘʟʘʤʘ ʧʨʦʠʟʚʦʜˁʝ ʠʣʠ 

ʪʦʢʦʤ ʧʨʦʮʝʩʘ ʠʥʩʧʝʢʮʠʿʝ (Wallace ʠ Vodanovich, 2003). ɻʨʝʰʢʝ ʠ ʥʝʧʨʘʚʠʣʥʦʩʪʠ 

ʥʘʛʘʪʠʚʥʦ ʫʪʠʯʫ ʥʘ ʢʚʘʣʠʪʝʪ ʬʠʥʘʣʥʠʭ ʧʨʦʠʟʚʦʜʘ ʠ ʫʟʨʦʢʫʿʫ ʧʦʚʝ˂ʘˁʝ ʪʨʦʰʢʦʚʘ ʫʩʣʝʜ 

ʜʦʜʘʪʥʠʭ ʧʦʧʨʘʚʢʠ ʠʣʠ ʢʦʨʝʢʮʠʿʘ. ʉʪʦʛʘ, ʚʝʦʤʘ ʿʝ ʚʘʞʥʦ ʜʘ ʧʦʩʝʙʥʘ ʧʘʞˁʘ ʙʫʜʝ 

ʧʦʩʚʝ˂ʝʥʘ ʧʨʘ˂ʝˁʫ ʠ ʝʣʠʤʠʥʠʩʘˁʫ ʜʝʬʝʢʘʪʘ ʠ ʧʦʙʦˀʰʘˁʫ ʢʚʘʣʠʪʝʪʘ ʬʠʥʘʣʥʠʭ 

ʧʨʦʠʟʚʦʜʘ. ʇʨʝʤʘ ʘʫʪʦʨʠʤʘ (Kumar ʠ ʜʨʫʛʠ, 2018) ʥʝʟʘʜʦʚʦˀʘʚʘʿʫ˂ʠ ʢʚʘʣʠʪʝʪ ʧʨʦʠʟʚʦʜʘ 

ʠʤʘ ʥʝʛʘʪʠʚʘʥ ʫʪʠʮʘʿ ʥʘ ʦʧʝʨʘʪʠʚʥʝ ʠ ʬʠʥʘʥʩʠʿʩʢʝ ʧʝʨʬʦʨʤʘʥʩʝ ʦʨʛʘʥʠʟʘʮʠʿʝ. ʐʪʘʚʠʰʝ, 

ʢʘʢʦ ʥʘʚʦʜʝ ʘʫʪʦʨʠ (Jun ʠ ʜʨʫʛʠ, 2020) ʥʝʟʘʜʦʚʦˀʘʚʘʿʫ˂ʠ ʢʚʘʣʠʪʝʪ ʬʠʥʘʣʥʠʭ ʧʨʦʠʟʚʦʜʘ 

ʤʦʞʝ ʥʝʛʘʪʠʚʥʦ ʫʪʠʮʘʪʠ ʥʘ ʨʝʧʫʪʘʮʠʿʫ ʢʦʤʧʘʥʠʿʝ.  

ʊʠʧʠʯʥʝ ʛʨʝʰʢʝ ʠ ʥʝʧʨʘʚʠʣʥʦʩʪʠ ʢʦʿʝ ʩʝ ʿʘʚˀʘʿʫ ʪʦʢʦʤ ʦʙʘʚˀʘˁʘ ʤʦʥʪʘʞʥʠʭ 

ʘʢʪʠʚʥʦʩʪʠ ʩʫ ʥʝʧʨʘʚʠʣʥʘ ʫʛʨʘʜˁʘ ʢʦʤʧʦʥʝʥʪʠ ʠ ʜʝʣʦʚʘ, ʥʝʧʦʰʪʦʚʘˁʝ ʨʝʜʦʩʣʝʜʘ 

ʫʛʨʘʜˁʝ ʢʦʤʧʦʥʝʥʪʠ ʠ ʜʝʣʦʚʘ, ʥʝʜʦʩʪʘʪʘʢ ʧʦʿʝʜʠʥʠʭ ʜʝʣʦʚʘ ʠ ʢʦʤʧʦʥʝʥʪʠ (ʢʦʿʝ ʿʝ 

ʪʨʝʙʘʣʦ ʜʘ ʙʫʜʫ ʫʛʨʘʹʝʥʝ ʫ ʬʠʥʘʣʥʠ ʧʨʦʠʟʚʦʜ), ʩʢʣʘʧʘˁʝ ʬʠʥʘʣʥʦʛ ʧʨʦʠʟʚʦʜʘ ʦʜ 

ʧʦʛʨʝʰʥʠʭ ʢʦʤʧʦʥʝʥʪʠ ʠʣʠ ʥʝʠʟʚʨʰʘʚʘˁʝ ʦʜʨʝʹʝʥʠʭ ʨʘʜʥʠʭ ʦʧʝʨʘʮʠʿʘ ʠʪʜ. 
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ʇʨʝʤʘ ʘʫʪʦʨʠʤʘ (Maļuģiĺ ʠ ņapan, 2016) ʣʠʩʪʘ ʥʘʿʯʝʰ˂ʠʭ ʛʨʝʰʘʢʘ, ʧʦʨʝʹʘʥʠʭ ʧʦ 

ʚʘʞʥʦʩʪʠ ʦʙʫʭʚʘʪʘ: 

¶ ʫ ʩʧʨʦʚʦʹʝˁʫ ʨʘʜʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʦʜʨʝʹʝʥʠ ʢʦʨʘʮʠ ʩʝ ʧʨʝʩʢʘʯʫ 

¶ ʿʘʚˀʘʿʫ ʩʝ ʛʨʝʰʢʝ ʫ ʧʨʦʮʝʩʫ (ʥʧʨ. ʧʨʠʥʮʠʧ ʠ ʪʝʭʥʠʢʘ ʦʙʘʚˀʘˁʘ ʘʢʪʠʚʥʦʩʪʠ ʥʝ 

ʟʘʜʦʚʦˀʘʚʘʿʫ ʧʨʦʧʠʩʘʥʝ ʩʪʘʥʜʘʨʜʝ) 

¶ ʧʦʛʨʝʰʥʦ ʧʦʟʠʮʠʦʥʠʨʘˁʝ ʜʝʣʦʚʘ ʠ ʢʦʤʧʦʥʝʥʪʠ 

¶ ʥʝʜʦʩʪʘʿʫ ʜʝʣʦʚʠ ʠ ʢʦʤʧʦʥʝʥʪʝ 

¶ ʧʦʛʨʝʰʥʠ ʜʝʣʦʚʠ ʩʝ ʫʛʨʘʹʫʿʫ 

¶ ʥʝʠʩʧʨʘʚʘʥ ʨʘʜ ʤʘʰʠʥʝ ʠ ʦʧʨʝʤʝ 

¶ ʘʣʘʪʠ ʥʠʩʫ ʧʨʠʧʨʝʤˀʝʥʠ ʥʘ ʘʜʝʢʚʘʪʘʥ ʥʘʯʠʥ. 

ʊʦʢʦʤ ʦʙʘʚˀʘˁʘ ʤʦʥʪʘʞʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʧʦʩʪʦʿʠ ʥʝʢʦʣʠʢʦ ʬʘʟʘ ʫ ʢʦʿʠʤʘ ʨʘʜʥʠʮʠ 

ʧʦʩʝʙʥʦ ʤʦʛʫ ʥʘʧʨʘʚʠʪʠ ʛʨʝʰʢʝ. ɹʨʦʿ ʛʨʝʰʘʢʘ ʢʦʿʝ ʨʘʜʥʠʮʠ ʧʨʘʚʝ ʪʦʢʦʤ ʤʦʥʪʘʞʝ 

ʧʦʚʝ˂ʘʚʘ ʩʝ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʢʦʤʧʣʝʢʩʥʦʩʪʠ ʧʨʦʠʟʚʦʜʘ (ʪʿ. ʘʢʦ ʿʝ ʧʦʪʨʝʙʥʦ ʩʘʩʪʘʚʠʪʠ ʚʠʰʝ 

ʢʦʤʧʦʥʝʥʪʠ ʫ ʬʠʥʘʣʥʠ ʧʨʦʠʟʚʦʜ) ʠ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʚʘʨʠʿʘʮʠʿʘ ʫ ʚʨʩʪʘʤʘ ʧʨʦʠʟʚʦʜʘ, 

ʧʦʚʝ˂ʘˁʝʤ ʙʨʦʿʘ ʢʦʨʘʢʘ ʢʦʿʝ ʪʨʝʙʘ ʠʟʚʨʰʠʪʠ ʠʣʠ ʘʢʦ ʧʨʦʮʝʩ ʤʦʥʪʘʞʝ ʟʘʭʪʝʚʘ 

ʩʧʝʮʠʬʠʯʥʝ ʚʝʰʪʠʥʝ ʠ ʢʚʘʣʠʬʠʢʘʮʠʿʝ ʨʘʜʥʠʢʘ. ʊʘʢʦʹʝ, ʛʨʝʰʢʝ ʯʝʩʪʦ ʥʘʩʪʘʿʫ ʫʩʣʝʜ 

ʥʝʤʘʨʘ, ʛʫʙʠʪʢʘ ʧʘʞˁʝ ʠ ʢʦʥʮʝʥʪʨʘʮʠʿʝ, ʤʝʥʪʘʣʥʦʛ ʟʘʤʦʨʘ ʨʘʜʥʠʢʘ ʠʪʜ.  

Lean ʬʠʣʦʟʦʬʠʿʘ ʪʝʞʠ ʩʤʘˁʝˁʫ ʜʝʬʝʢʘʪʘ ʢʨʦʟ ʧʨʠʤʝʥʫ ʩʪʘʥʜʘʨʜʘ ʠ ʧʦʙʦˀʰʘˁʝ 

ʢʚʘʣʠʪʝʪʘ ʫ ʩʚʘʢʦʿ ʬʘʟʠ ʧʨʦʮʝʩʘ. ʀʥʪʝʛʨʘʮʠʿʦʤ ʧʨʠʥʮʠʧʘ ʤʝʪʦʜʦʣʦʛʠʿʝ Six Sigma ʠ 

ʊʦʪʘʣʥʦʛ ʫʧʨʘʚˀʘˁa ʢʚʘʣʠʪʝʪʦʤ (ʝʥʛʣ. Total Quality Management-TQM) ʤʦʛʫ ʩʝ 

ʝʬʠʢʘʩʥʠʿʝ ʠʜʝʥʪʠʬʠʢʦʚʘʪʠ ʥʝʧʨʘʚʠʣʥʦʩʪʠ ʠ ʩʤʘˁʠʪʠ ʚʘʨʠʿʘʙʠʣʥʦʩʪ. Six Sigma 

ʧʨʝʜʩʪʘʚˀʘ ʤʝʪʦʜʦʣʦʛʠʿʫ ʟʘ ʩʠʩʪʝʤʘʪʩʢʦ ʨʝʰʘʚʘˁʝ ʧʨʦʙʣʝʤʘ ʢʦʿʘ ʩʝ ʦʩʣʘˁʘ ʥʘ 

ʩʪʘʪʠʩʪʠʯʢʝ ʘʣʘʪʝ ʠ ʪʝʭʥʠʢʝ ʩʘ ʮʠˀʝʤ ʩʤʘˁʝˁʘ ʚʘʨʠʿʘʙʠʣʥʦʩʪʠ ʫ ʧʨʦʮʝʩʠʤʘ ʠ 

ʤʠʥʠʤʠʟʠʨʘˁʘ ʜʝʬʝʢʘʪʘ ʢʨʦʟ ʠʜʝʥʪʠʬʠʢʦʚʘˁʝ ʦʩʥʦʚʥʠʭ ʫʟʨʦʢʘ ʥʝʝʬʠʢʘʩʥʦʩʪʠ ʠ 

ʫʥʘʧʨʝʹʝˁʝ ʧʝʨʬʦʨʤʘʥʩʠ. ʊʦʪʘʣʥʦ ʫʧʨʘʚˀʘˁʝ ʢʚʘʣʠʪʝʪʦʤ ʧʨʝʜʩʪʘʚˀʘ ʩʚʝʦʙʫʭʚʘʪʥʫ 

ʤʝʪʦʜʦʣʦʛʠʿʫ ʫʩʤʝʨʝʥʫ ʥʘ ʢʦʥʪʠʥʫʠʨʘʥʦ ʧʦʙʦˀʰʘˁʝ ʢʚʘʣʠʪʝʪʘ ʫ ʩʚʠʤ ʘʩʧʝʢʪʠʤʘ 

ʧʦʩʣʦʚʘˁʘ. ʆʚʘ ʤʝʪʦʜʦʣʦʛʠʿʘ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʘʥʛʘʞʦʚʘˁʫ ʩʚʠʭ ʟʘʧʦʩʣʝʥʠʭ, ʧʨʠ ʯʝʤʫ ʿʝ 

ʟʘʜʦʚʦˀʝˁʝ ʧʦʪʨʝʙʘ ʢʫʧʘʮʘ ʧʨʠʤʘʨʥʠ ʮʠˀ. 
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3. ʇʉʀʍʆʌʀɿʀʆʃʆʐʂʀ ʀ 

ʅɽʋʈʆɽʈɻʆʅʆʄʉʂʀ ʇʆʂɸɿɸʊɽɲʀ ʋ 

ʀʅɼʋʉʊʈʀɱʉʂʆɱ ɽʈɻʆʅʆʄʀɱʀ 

 

 

 

 

3.1 ʈɸɿɺʆɱ ɽʃɽʂʊʈʆʄʀʆɻʈɸʌʀɱɽ  

ʇʦʯʝʮʠ ʨʘʟʚʦʿʘ ʩʪʫʜʠʿʘ ʠʟ ʦʙʣʘʩʪʠ ʝʣʝʢʪʨʦʤʠʦʛʨʘʬʠʿʝ ʚʝʟʘʥʠ ʩʫ ʟʘ ʦʪʢʨʠ˂ʝ 

ʝʣʝʢʪʨʠʮʠʪʝʪʘ ʠ ʦʪʢʨʠ˂ʝ ʜʘ ʥʝʨʚʠ ʠ ʤʠʰʠ˂ʠ ʤʦʛʫ ʜʘ ʧʨʦʠʟʚʦʜʝ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʠʿʫ. 
Francesco Redi, ʠʪʘʣʠʿʘʥʩʢʠ ʣʝʢʘʨ ʠ ʧʨʠʨʦʜˁʘʢ ʿʝ ʠʤʘʦ ʢˀʫʯʥʫ ʫʣʦʛʫ ʫ ʨʘʟʚʦʿʫ ɽʄɻ-ʘ. 
ʆʥ je ʜʦʢʫʤʝʥʪʦʚʘʦ ʧʦʩʪʦʿʘˁʝ ʝʣʝʢʪʨʠʯʥʠʭ ʟʨʘʢʦʚʘ ʩʧʦʩʦʙʥʠʭ ʜʘ ʛʝʥʝʨʠʰʫ ʝʣʝʢʪʨʠʯʥʫ 

ʝʥʝʨʛʠʿʫ.  

ʀʩʪʨʘʞʠʚʘˁʘ ʦ ʥʝʨʚʥʦʿ ʧʨʦʚʦʜˀʠʚʦʩʪʠ ʠ ʝʣʝʢʪʨʦʤʠʦʛʨʘʬʠʿʠ ʠʤʘʿʫ ʩʚʦʿʝ ʢʦʨʝʥʝ 

ʫ ʨʘʥʠʤ ʩʪʫʜʠʿʘʤʘ. ɿʥʘʯʘʿʘʥ ʥʘʧʨʝʜʘʢ ʫ ʧʦˀʫ ʝʣʝʢʪʨʦʤʠʦʛʨʘʬʠʿʝ ʦʩʪʚʘʨʠʦ ʿʝ LuiĽi 

Galvani ʢʦʿʠ ʿʝ ʧʦʢʘʟʘʦ ʜʘ ʝʣʝʢʪʨʠʯʥʘ ʩʪʠʤʫʣʘʮʠʿʘ ʤʦʞʝ ʠʟʘʟʚʘʪʠ ʢʦʥʪʨʘʢʮʠʿʫ ʤʠʰʠ˂ʘ, 

ʯʘʢ ʠ ʢʦʜ ʤʨʪʚʠʭ ʞʠʚʦʪʠˁʘ ʢʘʦ ʰʪʦ ʩʫ ʞʘʙʝ, ʢʦʿʝ ʩʫ ʙʠʣʝ ʧʨʝʜʤʝʪ ˁʝʛʦʚʠʭ 

ʝʢʩʧʝʨʠʤʝʥʘʪʘ. ʆʚʘ ʦʪʢʨʠ˂ʘ ʩʫ ʧʦʩʪʘʚʠʣʘ ʪʝʤʝˀ ʟʘ ʜʘˀʘ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʦʚʦʿ ʦʙʣʘʩʪʠ. 

ʅʝʤʘʯʢʠ ʬʠʟʠʦʣʦʛ Emil Heinrich DuBois-Raymond ʿʝ ʧʦʢʘʟʘʦ ʜʘ ʿʝ ʤʦʛʫ˂ʝ ʟʘʙʝʣʝʞʠʪʠ 

ʝʣʝʢʪʨʠʯʥʫ ʘʢʪʠʚʥʦʩʪ ʪʦʢʦʤ ʜʦʙʨʦʚʦˀʥʝ ʢʦʥʪʨʘʢʮʠʿʝ ʤʠʰʠ˂ʘ. Tʝʨʤʠʥ 

Ăʝʣʝʢʪʨʦʤʠʦʛʨʘʬʠʿʘñ ʧʨʚʠ ʧʫʪ ʿʝ ʫʧʦʪʨʝʙʠʦ ʬʨʘʥʮʫʩʢʠ ʥʘʫʯʥʠʢ Étienne-Jules Marey ʿʦʰ 

1890. ʛʦʜʠʥʝ. ʇʨʚʠ ɽʄɻ ʩʥʠʤʘʢ ʥʘʧʨʘʚʠʦ ʿʝ ʬʨʘʥʮʫʩʢʠ ʬʠʟʠʦʣʦʛ Étienne-Jules Marey, 

ʢʦʿʠ ʿʝ ʪʘʢʦʹʝ ʧʨʚʠ ʫʚʝʦ ʪʝʨʤʠʥ ʝʣʝʢʪʨʦʤʠʦʛʨʘʬʠʿʘ. ɿʥʘʯʘʿʘʥ ʢʦʨʘʢ ʫ ʨʘʟʚʦʿʫ 

ʝʣʝʢʪʨʦʤʠʦʛʨʘʬʠʿʝ ʦʩʪʚʘʨʠʦ ʿʝ ʥʝʤʘʯʢʠ ʣʝʢʘʨ ʧʦ ʠʤʝʥʫ Wilhelm Erb, ʢʦʿʠ ʿʝ ʨʘʟʚʠʦ 

ʤʝʪʦʜʝ ʟʘ ʧʨʠʤʝʥʫ ʝʣʝʢʪʨʠʯʥʝ ʩʪʠʤʫʣʘʮʠʿʝ ʫ ʢʣʠʥʠʯʢʦʿ ʥʝʫʨʦʣʦʛʠʿʠ. ɳʝʛʦʚ ʨʘʜ ʿʝ 

ʜʦʧʨʠʥʝʦ ʙʦˀʝʤ ʨʘʟʫʤʝʚʘˁʫ ʧʦʨʝʤʝ˂ʘʿʘ ʫ ʧʨʦʚʦʜˀʠʚʦʩʪʠ ʥʝʨʚʘ ʠ ʬʫʥʢʮʠʦʥʠʩʘˁʫ 

ʤʠʰʠ˂ʘ. 

ʊʦʢʦʤ 1950-ʠʭ ʠ 1960-ʠʭ, ʨʘʟʚʠʿʝʥʝ ʩʫ ʪʝʭʥʠʢʝ ʟʘ ʩʥʠʤʘˁʝ ʝʣʝʢʪʨʦʤʠʦʛʨʘʬʩʢʠʭ 

ʩʠʛʥʘʣʘ ʫʟ ʫʧʦʪʨʝʙʫ ʚʠʰʝʢʘʥʘʣʥʠʭ ʩʠʩʪʝʤʘ, ʰʪʦ ʿʝ ʦʤʦʛʫ˂ʠʣʦ ʠʩʪʦʚʨʝʤʝʥʦ ʧʨʘ˂ʝˁʝ 

ʘʢʪʠʚʥʦʩʪʠ ʚʠʰʝ ʤʠʰʠ˂ʘ. ʀʩʪʦʚʨʝʤʝʥʦ, ʠʥʪʝʛʨʘʮʠʿʘ ʨʘʯʫʥʘʨʩʢʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʫ ʘʥʘʣʠʟʫ 

ɽʄɻ ʩʠʛʥʘʣʘ ʦʤʦʛʫ˂ʠʣʘ ʿʝ ʨʘʟʚʦʿ ʩʣʦʞʝʥʠʭ ʘʣʛʦʨʠʪʘʤʘ ʟʘ ʦʙʨʘʜʫ ʧʦʜʘʪʘʢʘ, ʫʢˀʫʯʫʿʫ˂ʠ 

ʩʧʝʢʪʨʘʣʥʫ ʘʥʘʣʠʟʫ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʦʙʨʘʩʮʘ. 

ɼʘˀʠ ʨʘʟʚʦʿ ʝʣʝʢʪʨʦʤʠʦʛʨʘʬʠʿʝ ʧʦʜʩʪʘʢʥʫʪ ʿʝ ʨʘʟʚʦʿʝʤ ʝʣʝʢʪʨʦʥʩʢʠʭ ʧʦʿʘʯʘʚʘʯʘ 

ʠ ʦʩʮʠʣʦʩʢʦʧʘ. ʆʚʠ ʫʨʝʹʘʿʠ ʦʤʦʛʫ˂ʠʣʠ ʩʫ ʧʨʝʮʠʟʥʠʿʝ ʩʥʠʤʘˁʝ ʠ ʘʥʘʣʠʟʫ ʝʣʝʢʪʨʠʯʥʝ 

ʘʢʪʠʚʥʦʩʪʠ ʤʠʰʠ˂ʘ, ʰʪʦ ʿʝ ʟʥʘʯʘʿʥʦ ʧʦʚʝ˂ʘʣʦ ʧʨʠʤʝʥʫ ɽʄɻ-ʘ ʫ ʤʝʜʠʮʠʥʩʢʠʤ 

ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʫ ʮʠˀʫ ʜʠʿʘʛʥʦʩʪʠʢʝ ʙʦʣʝʩʪʠ ʢʘʦ ʰʪʦ ʩʫ ʤʠʰʠ˂ʥʘ ʜʠʩʪʨʦʬʠʿʘ, 

ʤʠʘʩʪʝʥʠʿʘ ʛʨʘʚʠʩ ʠ ʜʨʫʛʠʭ ʥʝʫʨʦʤʠʰʠ˂ʥʠʭ ʦʙʦˀʝˁʘ. ʈʘʟʚʦʿ ʩʘʚʨʝʤʝʥʠʭ ʫʨʝʹʘʿʘ ʟʘ 

ʩʥʠʤʘˁʝ ʠ ʘʥʘʣʠʟʫ ʤʠʰʠ˂ʥʝ ʘʢʪʠʚʥʦʩʪʠ ʫ 20. ʚʝʢʫ ʧʨʦʰʠʨʠʦ ʿʝ ʧʨʠʤʝʥʫ 

ʝʣʝʢʪʨʦʤʠʦʛʨʘʬʠʿʝ ʠ ʫ ʜʨʫʛʠʤ ʦʙʣʘʩʪʠʤʘ - ʝʨʛʦʥʦʤʠʿʠ, ʙʠʦʤʝʜʠʮʠʥʩʢʦʤ ʠʥʞʝˁʝʨʠʥʛʫ, 

ʩʧʦʨʪʩʢʦʿ ʤʝʜʠʮʠʥʠ ʠʪʜ. 
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3.2 ʄʀʐʀɴʀ ʀ ʋʄʆʈ ʄʀʐʀɴɸ 

Mʠʰʠ˂ je ʩʘʩʪʘʚˀʝʥ ʦʜ ʩʪʦʪʠʥʘ, ʠʣʠ ʯʘʢ ʭʠˀʘʜʘ, ʤʠʰʠ˂ʥʠʭ ʚʣʘʢʘʥʘ ʧʦʚʝʟʘʥʠʭ ʠ 

ʫʤʦʪʘʥʠʭ ʫ ʦʤʦʪʘʯ ʚʝʟʠʚʥʦʛ ʪʢʠʚʘ (ʩʣʠʢʘ 3.1). ʉʚʘʢʠ ʤʠʰʠ˂ ʿʝ ʦʢʨʫʞʝʥ ʦʤʦʪʘʯʝʤ 

ʚʝʟʠʚʥʦʛ ʪʢʠʚʘ ʢʦʿʠ ʩʝ ʥʘʟʠʚʘ ʝʧʠʤʠʟʠʿʫʤ. ʉʚʘʢʠ ʩʥʦʧ ʤʠʰʠ˂ʥʠʭ ʚʣʘʢʘʥʘ ʥʘʟʠʚʘ ʩʝ 

ʬʘʩʮʠʢʫʣʫʩ ʠ ʦʢʨʫʞʝʥ ʿʝ ʩʣʦʿʝʤ ʚʝʟʠʚʥʦʛ ʪʢʠʚʘ ʢʦʿʠ ʩʝ ʥʘʟʠʚʘ ʧʝʨʠʤʠʟʠʿʫʤ. ʋʥʫʪʘʨ 

ʬʘʩʮʠʢʫʣʫʩʘ, ʩʚʘʢʘ ʧʦʿʝʜʠʥʘʯʥʘ ʤʠʰʠ˂ʥʘ ˂ʝʣʠʿʘ, ʥʘʟʚʘʥʘ ʤʠʰʠ˂ʥʦ ʚʣʘʢʥʦ, ʦʢʨʫʞʝʥʘ ʿʝ 

ʚʝʟʠʚʥʠʤ ʪʢʠʚʦʤ ʢʦʿʠ ʩʝ ʥʘʟʠʚʘ ʝʥʜʦʤʠʟʠʿʫʤ. ʋʥʫʪʘʨ ʤʠʰʠ˂ʘ ʥʘʣʘʟʝ ʩʝ ʢʨʚʥʠ ʩʫʜʦʚʠ ʠ 

ʥʝʨʚʠ ʢʦʿʠ ʩʫ ʧʦʚʝʟʘʥʠ ʩʘ ʧʨʠʤʘʨʥʦʤ ʬʫʥʢʮʠʿʦʤ ʤʠʰʠ˂ʘ - ʢʦʥʪʨʘʢʮʠʿʦʤ. 

 

 

ʉʣʠʢʘ 3.1  ʉʪʨʫʢʪʫʨʘ ʤʠʰʠ˂ʘ (ʧʨʝʫʟʝʪʦ ʩʘ: 

https://training.seer.cancer.gov/anatomy/muscular/structure.html) 

ʄʦʪʦʨʠʯʢʝ ʿʝʜʠʥʠʮʝ ʩʫ ʦʩʥʦʚʥʠ ʬʫʥʢʮʠʦʥʘʣʥʠ ʝʣʝʤʝʥʪʠ ʥʝʫʨʦʤʠʰʠ˂ʥʦʛ 

ʩʠʩʪʝʤʘ, ʘ ʘʢʮʠʦʥʠ ʧʦʪʝʥʮʠʿʘʣʠ ʛʝʥʝʨʠʩʘʥʠ ʫ ˁʠʤʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʝʣʝʢʪʨʠʯʥʠ ʩʠʛʥʘʣ 

ʢʦʿʠʤ ʩʝ ʘʢʪʠʚʠʨʘʿʫ ʤʠʰʠ˂ʥʘ ʚʣʘʢʥʘ. ʄʦʪʦʨʥʘ ʿʝʜʠʥʠʮʘ (ʩʣʠʢʘ 3.2) ʩʝ ʩʤʘʪʨʘ ʥʘʿʤʘˁʦʤ 

ʬʫʥʢʮʠʦʥʘʣʥʦʤ ʿʝʜʠʥʠʮʦʤ ʢʦʿʘ ʤʦʞʝ ʦʧʠʩʘʪʠ ʥʝʫʨʦʥʩʢʫ ʢʦʥʪʨʦʣʫ ʢʦʥʪʨʘʢʮʠʿʝ ʤʠʰʠ˂ʘ. 

ʆʥʘ ʦʙʫʭʚʘʪʘ ʿʝʜʥʫ ˂ʝʣʠʿʫ ʧʨʝʜˁʝʛ ʨʦʛʘ, ʿʝʜʘʥ ʘʢʩʦʥ, ˁʝʥʝ ʥʝʫʨʦʤʠʰʠ˂ʥʝ ʩʧʦʿʝʚʝ ʠ ʩʚʘ 

ʤʠʰʠ˂ʥʘ ʚʣʘʢʥʘ ʠʥʝʨʚʠʩʘʥʘ ʦʚʠʤ ʘʢʩʦʥʦʤ.  

  

ʉʣʠʢʘ 3.2 ʄʦʪʦʨʥʘ ʿʝʜʠʥʠʮʘ (ʧʨʠʣʘʛʦʹʝʥʦ ʧʨʝʤʘ: https://www.docplexus.com/posts/-the-

pattern-of-motor-neuron-discharge-and-the-characteristics-of-the-motor-unit) 

ʧʝʨʠʤʠʟʠʿʫʤ 

ʢʨʚʥʠ ʩʫʜ 

ʤʠʰʠ˂ʥʦ ʚʣʘʢʥʦ 

ʩʥʦʧ 

ʝʥʜʦʤʠʟʠʿʫʤ 

ʝʧʠʤʠʟʠʿʫʤ

ʤ 

ʪʝʥʜʦʤ 

ʢʦʩʪ 

ɽʄɻ 

ʩʠʛʥʘʣ 
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ʇʨʘ˂ʝˁʝ ʤʠʰʠ˂ʥʝ ʘʢʪʠʚʥʦʩʪʠ ʨʘʜʥʠʢʘ ʠ ʠʜʝʥʪʠʬʠʢʦʚʘˁʝ ʫʤʦʨʘ ʿʝ ʦʜ ʚʝʣʠʢʦʛ 

ʟʥʘʯʘʿʘ, ʩ ʦʙʟʠʨʦʤ ʜʘ ʫʤʦʨ ʥʝʛʘʪʠʚʥʦ ʫʪʠʯʝ ʥʘ ʟʜʨʘʚʩʪʚʝʥʦ ʩʪʘˁʝ ʠ ʧʝʨʬʦʨʤʘʥʩʝ ʨʘʜʥʠʢʘ 

(Sommerich, 2000). ʂʘʢʦ ʥʘʚʦʜʝ ʘʫʪʦʨʠ (Graham, 2009; Bosch, 2009) ʥʠʚʦ ʤʠʰʠ˂ʥʝ 

ʘʢʪʠʚʥʦʩʪʠ ʚʘʨʠʨʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʩʣʦʞʝʥʦʩʪʠ ʟʘʜʘʪʢʘ ʢʦʿʠ ʩʝ ʦʙʘʚˀʘ ʠ ʧʦʣʦʞʘʿʘ ʪʝʣʘ ʫ 

ʢʦʿʝʤ ʨʘʜʥʠʢ ʦʙʘʚˀʘ ʘʢʪʠʚʥʦʩʪʠ. ɸʫʪʦʨʠ (Søgaard ʠ ʜʨʫʛʠ, 2006) ʜʝʬʠʥʠʰʫ ʟʘʤʦʨ 

ʤʠʰʠ˂ʘ ʢʘʦ ʩʤʘˁʝˁʝ ʩʧʦʩʦʙʥʦʩʪʠ ʤʠʰʠ˂ʘ ʜʘ ʧʨʦʠʟʚʝʜʝ ʩʥʘʛʫ. ʇʨʝʤʘ ʘʫʪʦʨʠʤʘ (Enoka 

ʠ Duchateau, 2008) ʟʘʤʦʨ ʤʠʰʠ˂ʘ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʫʪʠʯʝ ʥʘ ʤʠʰʠ˂ʥʫ ʘʢʪʠʚʥʦʩʪ. ɸʫʪʦʨʠ 

(Larsson ʠ ʜʨʫʛʠ, 1995; Dieën ʠ ʜʨʫʛʠ, 2009) ʠʩʪʠʯʫ ʜʘ ʩʫ ʧʨʦʤʝʥʝ ʫ ʘʢʪʠʚʘʮʠʿʠ ʤʠʰʠ˂ʘ 

ʟʥʘʯʘʿʘʥ ʠʥʜʠʢʘʪʦʨ ʫʤʦʨʘ. ʋ ʩʪʫʜʠʿʠ ʯʠʿʠ ʩʫ ʘʫʪʦʨʠ (Björklund ʠ ʜʨʫʛʠ, 2000) ʧʨʘ˂ʝʥ ʿʝ 

ʝʬʝʢʘʪ ʦʙʘʚˀʘˁʘ ʨʘʜʥʦʛ ʟʘʜʘʪʢʘ ʢʦʿʠ ʩʝ ʧʦʥʘʚˀʘ ʥʘ ʦʩʝ˂ʘʿ ʫʤʦʨʘ ʫ ʨʘʤʝʥʫ. ʋ 

ʠʩʪʨʘʞʠʚʘˁʠʤʘ (Dingwell ʠ ʜʨʫʛʠ, 2008) ʩʫ ʫʢʘʟʘʣʠ ʥʘ ʢʦʨʝʣʘʮʠʿʫ ʠʟʤʝʹʫ ʫʤʦʨʘ ʤʠʰʠ˂ʘ 

ʠ ʧʨʘʚˀʝˁʘ ʧʨʦʤʝʥʘ ʫ ʧʦʢʨʝʪʠʤʘ ʤʠʰʠ˂ʘ. ʈʘʟʚʦʿ ʟʘʤʦʨʘ ʤʠʰʠ˂ʘ ʩʝ ʤʦʞʝ ʢʣʘʩʠʬʠʢʦʚʘʪʠ 

ʫ ʪʨʠ ʬʘʟʝ: ʧʨʚʘ ʬʘʟʘ ʿʝ ʥʝʫʤʦʨ (ʦʜʤʦʨʘʥ ʤʠʰʠ˂ ʠʤʘ ʤʘʢʩʠʤʘʣʥʫ ʩʥʘʛʫ); ʜʨʫʛʘ ʬʘʟʘ 

ʧʦʜʨʘʟʫʤʝʚʘ ʧʨʝʣʘʟʘʢ ʥʘ ʟʘʤʦʨ (ʥʘʢʦʥ ʰʪʦ ʦʜʤʦʨʘʥ ʤʠʰʠ˂ ʧʦʯʥʝ ʜʘ ʩʝ ʟʘʤʘʨʘ, ʥʦʚʘ 

ʤʠʰʠ˂ʥʘ ʚʣʘʢʥʘ ʩʝ ʨʝʛʨʫʪʫʿʫ); ʪʨʝ˂ʘ ʬʘʟʘ ʿʝ ʟʘʤʦʨ (ʨʘʟʚʦʿ ʤʠʰʠ˂ʥʦʛ ʟʘʤʦʨʘ ʪʦʢʦʤ 

ʤʠʰʠ˂ʥʝ ʢʦʥʪʨʘʢʮʠʿʝ) (Al-Mulla ʠ ʜʨʫʛʠ, 2011).  

3.3 ɽʃɽʂʊʈʆʄʀʆɻʈɸʌʀɱɸ 

ɽʣʝʢʪʨʦʤʠʦʛʨʘʬʠʿʘ ʧʨʝʜʩʪʘʚˀʘ ʥʘʿʧʦʧʫʣʘʨʥʠʿʠ ʘʣʘʪ ʟʘ ʦʙʿʝʢʪʠʚʥʦ ʤʝʨʝˁʝ ʟʘʤʦʨʘ 

ʤʠʰʠ˂ʘ (Konrad, 2005). ʆʚʘ ʤʝʪʦʜʘ ʦʤʦʛʫ˂ʘʚʘ ʨʝʛʠʩʪʨʘʮʠʿʫ ʘʢʮʠʦʥʠʭ ʧʦʪʝʥʮʠʿʘʣʘ 

ʤʠʰʠ˂ʥʠʭ ʚʣʘʢʘʥʘ ʤʦʪʦʨʥʠʭ ʿʝʜʠʥʠʮʘ ʢʦʿʘ ʥʘʩʪʘʿʫ ʢʦʥʪʨʘʢʮʠʿʦʤ ʤʠʰʠ˂ʘ. ʇʨʘ˂ʝˁʝ 

ʤʠʰʠ˂ʥʝ ʘʢʪʠʚʥʦʩʪʠ ʨʘʜʥʠʢʘ ʠ ʫʪʚʨʹʠʚʘˁʝ ʢʘʜʘ ʜʦʣʘʟʠ ʜʦ ʫʤʦʨʘ ʿʝ ʦʜ ʧʦʩʝʙʥʝ 

ʚʘʞʥʦʩʪʠ, ʩ ʦʙʟʠʨʦʤ ʥʘ ʪʦ ʜʘ ʫʤʦʨ ʠʤʘ ʥʝʛʘʪʠʚʘʥ ʫʪʠʮʘʿ ʥʘ ʮʝʣʦʢʫʧʥʦ ʟʜʨʘʚʩʪʚʝʥʦ ʩʪʘˁʝ 

ʨʘʜʥʠʢʘ  ʠ ʧʨʦʫʟʨʦʢʫʿʝ ʧʨʦʬʝʩʠʦʥʘʣʥʝ ʙʦʣʝʩʪʠ (Dimitrova ʠ Dimitrov, 2003). ɸʫʪʦʨʠ 

ʨʘʜʦʚʘ (Shair ʠ ʜʨʫʛʠ, 2017) ʠʩʪʠʯʫ ʜʘ ɽʄɻ ʤʝʪʦʜʘ ʟʘ ʨʘʟʣʠʢʫ ʦʜ ʩʫʙʿʝʢʪʠʚʥʠʭ ʤʝʪʦʜʘ 

ʧʨʫʞʘ ʚʘʣʠʜʥʝ ʧʦʜʘʪʢʝ ʫ ʘʥʘʣʠʟʠ ʧʨʦʤʝʥʘ ʫ ʘʢʪʠʚʥʦʩʪʠ ʤʠʰʠ˂ʘ. 

ʅʘ ʩʣʠʮʠ 3.3 ʩʫ ʧʨʠʢʘʟʘʥʝ ʬʘʟʝ ʧʨʠʤʝʥʝ ʝʣʝʢʪʨʦʤʠʦʛʨʘʬʠʿʝ ʫ ʮʠˀʫ ʧʨʘ˂ʝˁʘ 

ʤʠʰʠ˂ʥʝ ʘʢʪʠʚʥʦʩʪʠ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʿʝ ʫʤʦʨʘ.  

 

 

 

 

 

 

 

 

 

 

 

ʉʣʠʢʘ 3.3 ʌʘʟʝ ʧʨʠʤʝʥʝ ʝʣʝʢʪʨʦʤʠʦʛʨʘʬʠʿʝ ʫ ʮʠˀʫ ʧʨʘ˂ʝˁʘ ʤʠʰʠ˂ʥʝ ʘʢʪʠʚʥʦʩʪʠ 

ʅʘʿʧʨʝ ʩʝ ɽʄɻ ʩʝʥʟʦʨʠ ʧʦʩʪʘʚˀʘʿʫ ʥʘ ʪʘʯʥʦ ʦʜʨʝʹʝʥʫ ʣʦʢʘʮʠʿʫ ʥʘ ʢʦʞʠ. ʉʝʥʟʦʨʠ 

ʠʤʘʿʫ ʫʣʦʛʫ ʜʘ ʧʨʘʪʝ ʤʠʰʠ˂ʥʫ ʘʢʪʠʚʥʦʩʪ ʨʘʜʥʠʢʘ ʪʦʢʦʤ ʦʙʘʚˀʘˁʘ ʨʘʜʥʠʭ ʘʢʪʠʚʥʦʩʪʠ 

ʢʘʢʦ ʙʠ ʩʝ ʫʩʪʘʥʦʚʠʣʦ ʢʘʜʘ ʜʦʣʘʟʠ ʜʦ ʟʘʤʦʨʘ ʤʠʰʠ˂ʘ ʠ ʢʘʢʦ ʙʠ ʩʝ ʧʨʝʜʫʟʝʣʝ ʝʨʛʦʥʦʤʩʢʝ 

ʆʙʘʚˀʘˁʝ 
ʨʘʜʥʠʭ 
ʘʢʪʠʚʥʦʩʪʠ 

ʇʨʦʮʝʥʘ ʟʘʤʦʨʘ 
ʤʠʰʠ˂ʘ ɽʄɻ 
ʤʝʪʦʜʦʤ 

ɸʥʘʣʠʟʘ ɽʄɻ 
ʩʠʛʥʘʣʘ 
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ʤʝʨʝ ʫ ʮʠˀʫ ʩʧʨʝʯʘʚʘˁʘ ʧʦʿʘʚʝ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠʭ ʧʦʨʝʤʝ˂ʘʿʘ ʠ ʜʨʫʛʠʭ 

ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ ʙʦʣʝʩʪʠ. ʉʝʥʟʦʨʠ ʩʝ ʧʘʞˀʠʚʦ ʧʦʟʠʮʠʦʥʠʨʘʿʫ ʫ ʩʢʣʘʜʫ ʩʘ ʧʨʝʧʦʨʫʢʘʤʘ 

ʟʘ ʧʨʝʮʠʟʥʦ ʤʝʨʝˁʝ ʝʣʝʢʪʨʠʯʥʝ ʘʢʪʠʚʥʦʩʪʠ ʤʠʰʠ˂ʘ. ɽʄɻ ʫʨʝʹʘʿʠ ʙʝʣʝʞʝ ʩʠʛʥʘʣʝ ʢʦʿʠ 

ʦʜʨʘʞʘʚʘʿʫ ʠʥʪʝʥʟʠʪʝʪ ʤʠʰʠ˂ʥʝ ʘʢʪʠʚʥʦʩʪʠ ʪʦʢʦʤ ʩʚʘʢʝ ʬʘʟʝ ʦʙʘʚˀʘˁʘ ʨʘʜʥʠʭ 

ʘʢʪʠʚʥʦʩʪʠ. ʇʨʠʢʫʧˀʝʥʠ ʩʠʛʥʘʣʠ ʩʝ ʜʘˀʝ ʘʥʘʣʠʟʠʨʘʿʫ. ɸʥʘʣʠʟʘ ʫʢˀʫʯʫʿʝ ʠʟʨʘʯʫʥʘʚʘˁʝ 

ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʢʘʦ ʰʪʦ ʩʫ ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ, ʤʝʜʠʿʘʥʘ, ʢʦʨʝʥ ʩʨʝʜˁʝ ʚʨʝʜʥʦʩʪʠ 

ʢʚʘʜʨʘʪʘ ʠ H ʤʘʢʩʠʤʘʣʥʘ ʚʨʝʜʥʦʩʪ. 

ʉʣʠʢʘ 3.4 ʧʨʠʢʘʟʫʿʝ ʜʝʪʘˀʥʫ ʧʨʦʮʝʜʫʨʫ ʟʘ ʧʨʠʤʝʥʫ ʝʣʝʢʪʨʦʤʠʦʛʨʘʬʠʿʝ ʫ ʮʠˀʫ 

ʤʝʨʝˁʘ ʘʢʪʠʚʥʦʩʪʠ ʤʠʰʠ˂ʘ ʠ ʧʨʦʮʝʥʝ ʟʘʤʦʨʘ ʪʦʢʦʤ ʦʙʘʚˀʘˁʘ ʨʘʜʥʠʭ ʘʢʪʠʚʥʦʩʪʠ, 

ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʝʨʛʦʥʦʤʩʢʠʭ ʬʘʢʪʦʨʘ ʨʠʟʠʢʘ ʟʘ ʥʘʩʪʘʥʘʢ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠʭ 

ʧʦʨʝʤʝ˂ʘʿʘ. ʇʨʠʢʫʧˀʝʥʠ ɽʄɻ ʩʠʛʥʘʣʠ ʩʝ ʘʥʘʣʠʟʠʨʘʿʫ ʧʨʠʤʝʥʦʤ ʩʣʝʜʝ˂ʠʭ ʤʝʪʦʜʘ: 

¶ ʚʨʝʤʝʥʩʢʘ ʜʠʩʪʨʠʙʫʮʠʿʘ, ʢʦʿʘ ʧʦʢʘʟʫʿʝ ʧʨʦʤʝʥʝ ʫ ʤʠʰʠ˂ʥʦʿ ʘʢʪʠʚʥʦʩʪʠ ʫ 

ʦʜʨʝʹʝʥʠʤ ʚʨʝʤʝʥʩʢʠʤ ʠʥʪʝʨʚʘʣʠʤʘ; 

¶ ʬʨʝʢʚʝʥʮʠʿʩʢʘ ʜʠʩʪʨʠʙʫʮʠʿʘ, ʢʦʿʘ ʦʤʦʛʫ˂ʘʚʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ 

ʜʦʤʠʥʘʥʪʥʠʭ ʬʨʝʢʚʝʥʮʠʿʘ ʠ ʧʨʦʮʝʥʫ ʫʤʦʨʘ ʤʠʰʠ˂ʘ; 

¶ ʚʨʝʤʝʥʩʢʦ-ʬʨʝʢʚʝʥʮʠʿʩʢʘ ʘʥʘʣʠʟʘ, ʢʦʿʘ ʢʦʤʙʠʥʫʿʝ ʚʨʝʤʝʥʩʢʠ ʠ 

ʬʨʝʢʚʝʥʮʠʿʩʢʠ ʜʦʤʝʥ ʢʘʢʦ ʙʠ ʩʝ ʜʝʪʘˀʥʠʿʝ ʧʨʘʪʠʣʝ ʧʨʦʤʝʥʝ ʫ ʩʠʛʥʘʣʫ 

ʪʦʢʦʤ ʦʜʨʝʹʝʥʠʭ ʘʢʪʠʚʥʦʩʪʠ (ʜʝʪʘˀʥʦ ʦʙʿʘʰˁʝʥʦ ʫ ʧʦʛʣʘʚˀʫ ʙʨ. 5 

ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʉʣʠʢʘ 3.4 ɼʝʪʘˀʥʘ ʧʨʦʮʝʜʫʨʘ ʟʘ ʧʨʠʤʝʥʫ ʝʣʝʢʪʨʦʤʠʦʛʨʘʬʠʿʝ 

ɽʄɻ ʩʠʛʥʘʣʦʤ ʩʝ ʧʨʝʜʩʪʘʚˀʘ ʝʣʝʢʪʨʠʯʥʘ ʘʢʪʠʚʥʦʩʪ ʢʦʿʫ ʛʝʥʝʨʠʰʝ ʤʠʰʠ˂ ʪʦʢʦʤ 

ʢʦʥʪʨʘʢʮʠʿʝ. ʆʚʘ ʘʢʪʠʚʥʦʩʪ ʩʝ ʤʦʞʝ ʜʝʪʝʢʪʦʚʘʪʠ ʧʦʩʪʘʚˀʘˁʝʤ ʝʣʝʢʪʨʦʜʘ ʥʘ ʢʦʞʫ ʠʟʥʘʜ 

ʤʠʰʠ˂ʘ, ʯʠʤʝ ʩʝ ʤʝʨʠ ʧʨʦʪʦʢ ʥʘʝʣʝʢʪʨʠʩʘʥʠʭ ʯʝʩʪʠʮʘ (ʿʦʥʘ) ʢʨʦʟ ʤʝʤʙʨʘʥʫ ʤʠʰʠ˂ʥʠʭ 

ʚʣʘʢʘʥʘ ʪʦʢʦʤ ˁʠʭʦʚʝ ʘʢʪʠʚʘʮʠʿʝ. ɹʨʟʠʥʘ ʧʨʦʪʦʢʘ ʥʘʝʣʝʢʪʨʠʩʘˁʘ ʩʝ ʤʝʨʠ ʫ ʘʤʧʝʨʠʤʘ, ʘ 

ʫʥʫʪʘʨ ʤʠʰʠ˂ʘ ʦʚʝ ʯʝʩʪʠʮʝ ʤʝˁʘʿʫ ʝʣʝʢʪʨʠʯʥʠ ʧʦʪʝʥʮʠʿʘʣ ʫ ʦʢʦʣʥʦʤ ʪʢʠʚʫ. ʈʘʟʣʠʢʘ ʫ 

ʝʣʝʢʪʨʠʯʥʦʤ ʧʦʪʝʥʮʠʿʘʣʫ, ʠʣʠ ʥʘʧʦʥʫ, ʠʟʤʝʹʫ ʜʚʝ ʪʘʯʢʝ ʩʝ ʤʝʨʠ ʫ ʚʦʣʪʠʤʘ. ʉʤʘˁʝʥʘ 

ʇʨʦʮʝʥʘ ʟʘʤʦʨʘ ʤʠʰʠ˂ʘ ɽʄɻ 
ʤʝʪʦʜʦʤ ʪʦʢʦʤ ʦʙʘʚˀʘˁʘ ʨʘʜʥʠʭ 

ʘʢʪʠʚʥʦʩʪʠ 

ʦʙʘʚˀʘˁʝ ʨʘʜʥʠʭ ʘʢʪʠʚʥʦʩʪʠ 

ʧʦʥʘʚˀʘʿʫ˂ʝ ʘʢʪʠʚʥʦʩʪʠ ʩʝ 
ʦʙʘʚˀʘʿʫ ʫ ʥʝʝʨʛʦʥʦʤʩʢʦʤ 

ʧʦʣʦʞʘʿʫ ʪʝʣʘ 

ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠ ʧʦʨʝʤʝ˂ʘʿʠ 

ʧʨʘ˂ʝˁʝ ʤʠʰʠ˂ʥʝ ʘʢʪʠʚʥʦʩʪʠ 

ʟʘʤʦʨ ʤʠʰʠ˂ʘ ʠ ʦʙʘʚˀʘˁʝ 
ʧʦʥʘʚˀʘʿʫ˂ʠʭ ʘʢʪʠʚʥʦʩʪʠ 

ʧʨʦʮʝʥʘ ʟʘʤʦʨʘ ʤʠʰʠ˂ʘ 

ɽʄɻ ʩʠʛʥʘʣ 

ʚʨʝʤʝʥʩʢʘ ʜʠʩʪʨʠʙʘʮʠʿʘ 

ʬʨʝʢʚʝʥʮʠʿʩʢʘ ʜʠʩʪʨʠʙʫʮʠʿʘ 

ʚʨʝʤʝʥʩʢʦ-ʬʨʝʢʚʝʥʮʠʿʩʢʘ 
ʜʠʩʪʨʠʙʫʮʠʿʘ 

Fourier-ʦʚʘ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ 

ʩʨʝʜˁʘ ʬʨʝʢʚʝʥʮʠʿʘ ʠ ʩʨʝʜˁʠ 
ʢʚʘʜʨʘʪʥʠ ʢʦʨʝʥ 
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ʙʨʟʠʥʘ ʧʨʦʚʦʜˀʠʚʦʩʪʠ ʟʥʘʯʘʿʥʦ ʧʨʦʜʫʞʘʚʘ ʪʨʘʿʘˁʝ ʘʢʮʠʦʥʦʛ ʧʦʪʝʥʮʠʿʘʣʘ, ʰʪʦ ʠʤʘ 

ʫʪʠʮʘʿ ʥʘ ʤʠʰʠ˂ʥʫ ʝʬʠʢʘʩʥʦʩʪ ʠ ʢʘʧʘʮʠʪʝʪ ʟʘ ʙʨʟʫ ʘʢʪʠʚʘʮʠʿʫ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʩʝ ʧʨʫʞʘʿʫ 

ʟʥʘʯʘʿʥʝ ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʢʦʥʪʨʘʢʮʠʿʠ ʤʠʰʠ˂ʘ, ʥʘ ʧʦʯʝʪʢʫ ʠ ʪʦʢʦʤ ʪʨʘʿʘˁʘ ʤʠʰʠ˂ʥʝ 

ʘʢʪʠʚʥʦʩʪʠ. 

ʈʘʩʧʦʜʝʣʘ ʥʘʧʦʥʘ ʪʦʢʦʤ ʚʨʝʤʝʥʘ ʜʠʨʝʢʪʥʦ ʟʘʚʠʩʠ ʦʜ ʥʠʚʦʘ ʦʧʪʝʨʝ˂ʝˁʘ ʤʠʰʠ˂ʘ. 

ʉʘ ʧʦʚʝ˂ʘˁʝʤ ʩʠʣʝ ʢʦʥʪʨʘʢʮʠʿʝ, ʘʤʧʣʠʪʫʜʘ ɽʄɻ ʩʠʛʥʘʣʘ ʩʝ ʧʦʚʝ˂ʘʚʘ, ʜʦʢ ʩʝ 

ʬʨʝʢʚʝʥʮʠʿʘ ʘʢʪʠʚʠʨʘˁʘ ʤʦʪʦʨʠʯʢʠʭ ʿʝʜʠʥʠʮʘ ʪʘʢʦʹʝ ʧʦʚʝ˂ʘʚʘ. ʋ ʤʠʨʦʚʘˁʫ ʠʣʠ ʧʨʠ 

ʤʘˁʝʤ ʦʧʪʝʨʝ˂ʝˁʫ, ʘʤʧʣʠʪʫʜʝ ʩʫ ʥʠʞʝ, ʘ ʥʘʧʦʥ ʩʝ ʿʘʚˀʘ ʫ ʤʘˁʠʤ ʠʥʪʝʨʚʘʣʠʤʘ. ʋ 

ʫʩʣʦʚʠʤʘ ʚʠʩʦʢʦʛ ʦʧʪʝʨʝ˂ʝˁʘ, ɽʄɻ ʩʠʛʥʘʣ ʧʦʢʘʟʫʿʝ ʩʥʘʞʥʫ ʘʢʪʠʚʥʦʩʪ, ʩʘ ʚʝ˂ʠʤ ʙʨʦʿʝʤ 

ʘʢʮʠʦʥʠʭ ʧʦʪʝʥʮʠʿʘʣʘ ʫ ʢʨʘʪʢʠʤ ʚʨʝʤʝʥʩʢʠʤ ʧʝʨʠʦʜʠʤʘ. 

ʅʘ ʩʣʠʮʠ 3.5 ʿʝ ʧʨʠʢʘʟʘʥ ʧʨʠʤʝʨ ɽʄɻ ʩʠʛʥʘʣʘ ʢʘʢʦ ʙʠ ʩʝ ʠʟʘʥʘʣʠʟʠʨʘʦ ʫʪʠʮʘʿ 

ʨʘʟʣʠʯʠʪʠʭ ʥʠʚʦʘ ʩʠʣʝ ʥʘ ʧʨʦʤʝʥʝ ʫ ɽʄɻ ʩʠʛʥʘʣʫ.  

  

 

ʉʣʠʢʘ 3.5 ʋʪʠʮʘʿ ʨʘʟʣʠʯʠʪʠʭ ʥʠʚʦʘ ʩʠʣʝ ʥʘ ʧʨʦʤʝʥʝ ʫ ɽʄɻ ʩʠʛʥʘʣʫ (ʧʨʝʫʟʝʪʦ ʩʘ: 

https://www.frontiersin.org/journals/neurology/articles/10.3389/fneur.2020.576729/full) 

ʂʘʦ ʰʪʦ ʩʝ ʚʠʜʠ ʩʘ ʩʣʠʢʝ 3.5 ʧʦʜ ʘ) ʢʦʜ ʥʠʩʢʦʛ ʥʠʚʦʘ ʩʠʣʝ (10% ʤʘʢʩʠʤʘʣʥʝ 

ʜʦʙʨʦʚʦˀʥʝ ʢʦʥʪʨʘʢʮʠʿʝ), ʩʠʛʥʘʣ ʿʝ ʩʣʘʙʠʿʠ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʩʠʛʥʘʣʦʤ ʧʨʠ ʚʠʰʝʤ ʥʠʚʦʫ 

ʩʠʣʝ, ʢʘʦ ʰʪʦ ʿʝ 40% ʤʘʢʩʠʤʘʣʥʝ ʜʦʙʨʦʚʦˀʥʝ ʢʦʥʪʨʘʢʮʠʿʝ ʚ). ʇʨʠ ʚʠʰʝʤ ʥʠʚʦʫ ʩʠʣʝ 

ʜ) 
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ʜʦʣʘʟʠ ʜʦ ʧʦʚʝ˂ʘˁʘ ʙʨʦʿʘ ʘʢʪʠʚʠʨʘʥʠʭ ʤʦʪʦʨʠʯʢʠʭ ʿʝʜʠʥʠʮʘ, ʢʘʦ ʠ ʜʦ ʧʦʨʘʩʪʘ ʘʤʧʣʠʪʫʜʝ 

ʠ ʬʨʝʢʚʝʥʮʠʿʝ ɽʄɻ ʩʠʛʥʘʣʘ.  

ɸʢʮʠʦʥʠ ʧʦʪʝʥʮʠʿʘʣ ʤʦʪʦʨʠʯʢʝ ʿʝʜʠʥʠʮʝ ʿʝ ʢˀʫʯʥʠ ʧʦʢʘʟʘʪʝˀ ʘʢʪʠʚʘʮʠʿʝ 

ʤʠʰʠ˂ʘ. ʇʦʜ ʙ) ʩʝ ʤʦʛʫ ʚʠʜʝʪʠ ʨʘʟʣʠʯʠʪʠ ʠʥʪʝʨʚʘʣʠ ʠʟʤʝʹʫ ʧʠʢʦʚʘ ʘʢʮʠʦʥʦʛ 

ʧʦʪʝʥʮʠʿʘʣʘ ʠ ˁʠʭʦʚʘ ʚʝʟʘ ʩʘ ʙʨʟʠʥʦʤ ʧʦʢʨʝʪʘˁʘ ʤʦʪʦʨʥʠʭ ʿʝʜʠʥʠʮʘ ʪʦʢʦʤ ʦʙʘʚˀʘˁʘ 

ʨʘʟʣʠʯʠʪʠʭ ʟʘʜʘʪʘʢʘ ʪʦʢʦʤ ʚʨʝʤʝʥʘ, ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʫ ʛ). ʀʣʫʩʪʨʘʮʠʿʘ ʤʦʪʦʨʥʝ 

ʿʝʜʠʥʠʮʝ ʠ ʥʘʯʠʥ ʥʘ ʢʦʿʠ ʩʝ ʧʦʚʨʰʠʥʩʢʠ ɽʄɻ ʩʠʛʥʘʣ ʤʦʞʝ ʩʥʠʤʠʪʠ ʠʟ ʤʠʰʠ˂ʘ ʧʦʤʦ˂ʫ 

ʙʠʧʦʣʘʨʥʝ ʝʣʝʢʪʨʦʜʝ ʧʨʠʢʘʟʘʥʠ ʩʫ ʥʘ ʧʦʜ ʜ). ʅʘ ʦʚʦʿ ʩʣʠʮʠ ʩʝ ʚʠʜʠ ʢʘʢʦ ʤʦʪʦʨʠʯʢʝ 

ʿʝʜʠʥʠʮʝ ʛʝʥʝʨʠʰʫ ʝʣʝʢʪʨʠʯʥʝ ʩʠʛʥʘʣʝ ʢʦʿʠ ʩʝ ʜʝʪʝʢʪʫʿʫ ʥʘ ʧʦʚʨʰʠʥʠ ʢʦʞʝ. ɸʥʘʣʠʟʘ 

ɽʄɻ ʩʠʛʥʘʣʘ ʫ ʚʨʝʤʝʥʩʢʦʤ ʜʦʤʝʥʫ ʧʨʫʞʘ ʚʨʝʜʥʝ ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʘʢʪʠʚʘʮʠʿʠ ʤʠʰʠ˂ʘ. 

ɽʄɻ ʤʝʪʦʜʘ ʥʘʣʘʟʠ ʧʨʠʤʝʥʫ ʫ ʝʨʛʦʥʦʤʩʢʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʫ ʮʠˀʫ ʧʨʘ˂ʝˁʘ 

ʟʘʤʦʨʘ ʤʠʰʠ˂ʘ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ. ʆʚʫ ʤʝʪʦʜʫ ʢʘʨʘʢʪʝʨʠʰʝ ʧʨʝʮʠʟʥʦʩʪ ʠ ʦʙʿʝʢʪʠʚʥʦʩʪ 
ʟʘ ʨʘʟʣʠʢʫ ʦʜ ʩʫʙʿʝʢʪʠʚʥʠʭ ʤʝʪʦʜʘ (Shair ʠ ʜʨʫʛʠ, 2017). ʋ ʧʦʩʣʝʜˁʝ ʚʨʝʤʝ, ʧʦʚʨʰʠʥʩʢʘ 

ʝʣʝʢʪʨʦʤʠʦʛʨʘʬʠʿʘ ʧʦʩʪʘʿʝ ʩʚʝ ʧʦʧʫʣʘʨʥʠʿʘ ʤʝʪʦʜʘ ʟʘ ʠʩʪʦʚʨʝʤʝʥʦ ʩʥʠʤʘˁʝ ʠ ʘʥʘʣʠʟʫ 

ʧʦʜʘʪʘʢʘ ʠʟ ʚʠʰʝ ʛʨʫʧʘ ʤʠʰʠ˂ʘ. 

ɸʫʪʦʨʠ (Molinari, 2006; Porter ʠ ʜʨʫʛʠ, 2010) ʩʫ ʧʨʠʤʝʥʦʤ ɽʄɻ ʤʝʪʦʜʝ ʧʨʦʮʝʥʠʣʠ 

ʢʘʜʘ ʿʝ ʥʘʩʪʫʧʠʦ ʟʘʤʦʨ ʪʦʢʦʤ ʦʙʘʚˀʘˁʘ ʘʢʪʠʚʥʦʩʪʠ. ɸʫʪʦʨʠ (Bosch ʠ ʜʨʫʛʠ, 2007) ʩʫ 

ʧʨʘʪʠʣʠ ʟʘʤʦʨ ʪʨʘʧʝʟʥʠʭ ʤʠʰʠ˂ʘ ʧʨʠʣʠʢʦʤ ʦʙʘʚˀʘˁʘ ʨʫʯʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʪʦʢʦʤ 8-

ʯʘʩʦʚʥʦʛ ʠ 9,5-ʯʘʩʦʚʥʦʛ ʧʝʨʠʦʜʘ. ɸʫʪʦʨʠ (Heydari, 2010) ʩʫ ʩʧʨʦʚʝʣʠ ʚʝʣʠʢʫ ʩʪʫʜʠʿʫ ʫ 

ʢʦʿʦʿ ʿʝ ʫʯʝʩʪʚʦʚʘʣʦ ʚʠʰʝ ʦʜ 100 ʨʘʜʥʠʢʘ (ʧʨʠ ʯʝʤʫ ʩʫ ʥʝʢʠ ʠʤʘʣʠ ʩʠʤʧʪʦʤʝ ʭʨʦʥʠʯʥʦʛ 

ʙʦʣʘ ʘ ʥʝʢʠ ʥʝ), ʪʝʩʪʠʨʘʿʫ˂ʠ ʣʫʤʙʘʣʥʝ ʧʘʨʘʩʧʠʥʘʣʥʝ ʤʠʰʠ˂ʝ ʢʘʦ ʧʨʝʜʠʢʪʦʨ ʨʠʟʠʢʘ ʦʜ 

ʧʦʿʘʚʝ ʙʦʣʦʚʘ ʫ ʜʦˁʝʤ ʜʝʣʫ ʣʝʹʘ. ɼʚʝ ʛʦʜʠʥʝ ʢʘʩʥʠʿʝ ʧʦʥʦʚˀʝʥʦ ʿʝ ʠʩʪʨʘʞʠʚʘˁʝ ʥʘ 

ʠʩʪʠʤ ʠʩʧʠʪʘʥʠʮʠʤʘ ʠ ʠʜʝʥʪʠʬʠʢʦʚʘʥʘ ʿʝ ʧʦʜʛʨʫʧʘ ʠʩʧʠʪʘʥʠʢʘ ʩʘ ʚʝ˂ʠʤ ʨʠʟʠʢʦʤ ʦʜ 

ʧʦʿʘʚʝ ʙʦʣʦʚʘ ʫ ʣʝʹʠʤʘ. ʋ ʥʝʢʠʤ ʥʘʫʯʥʦ-ʠʩʪʨʘʞʠʚʘʯʢʠʤ ʨʘʜʦʚʠʤʘ, ʧʦʚʨʰʠʥʩʢʘ 

ʝʣʝʢʪʨʦʤʠʦʛʨʘʬʠʿʘ ʿʝ ʢʦʤʙʠʥʦʚʘʥʘ ʩʘ ʦʧʩʝʨʚʘʮʠʿʩʢʠʤ ʤʝʪʦʜʘʤʘ ʠ ʤʝʪʦʜʘʤʘ 

ʩʘʤʦʧʨʦʮʝʥʝ, ʢʘʢʦ ʙʠ ʩʝ ʜʦʙʠʣʘ ʩʚʝʦʙʫʭʚʘʪʥʘ ʩʣʠʢʘ ʫ ʢʦʿʦʿ ʤʝʨʠ ʩʝ ʥʘʧʨʝʟʘˁʝ ʤʠʰʠ˂ʘ 

ʿʘʚˀʘ ʢʦʜ ʨʘʜʥʠʢʘ ʢʦʿʠ ʦʙʘʚˀʘʿʫ ʤʦʥʪʘʞʥʝ ʘʢʪʠʚʥʦʩʪʠ. 

 

3.4 ʊʀʇʆɺʀ ɽʃɽʂʊʈʆʄʀʆɻʈɸʌʀɱɽ 

ɼʚʝ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʝ ʤʝʪʦʜʝ ʝʣʝʢʪʨʦʤʠʦʛʨʘʬʠʿʝ ʩʫ ʝʣʝʢʪʨʦʤʠʦʛʨʘʬʠʿʘ ʩʘ 

ʠʛʣʦʤ ʠ ʧʦʚʨʰʠʥʩʢʘ ʝʣʝʢʪʨʦʤʠʦʛʨʘʬʠʿʘ. ɽʣʝʢʪʨʦʤʠʦʛʨʘʬʠʿʘ ʩʘ ʠʛʣʦʤ ʧʨʝʜʩʪʘʚˀʘ 

ʪʝʭʥʠʢʫ ʩʥʠʤʘˁʘ ʠ ʘʥʘʣʠʟʝ ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʛʥʘʣʘ ʠʟʚʝʜʝʥʠʭ ʠʟ ʧʦʿʝʜʠʥʘʯʥʠʭ ʤʠʰʠ˂ʥʠʭ 

ʚʣʘʢʘʥʘ, ʫ ʩʪʘˁʫ ʤʠʨʦʚʘˁʘ ʠ ʪʦʢʦʤ ʜʦʙʨʦʚʦˀʥʝ ʢʦʥʪʨʘʢʮʠʿʝ ʤʠʰʠ˂ʘ, ʧʦʤʦ˂ʫ ʠʛʣʝʥʝ 

ʝʣʝʢʪʨʦʜʝ ʢʦʿʘ ʩʝ ʫʙʘʮʫʿʝ ʜʠʨʝʢʪʥʦ ʫ ʤʠʰʠ˂. ʋʤʝʪʘˁʝʤ ʠʛʘʣʘ ʫ ʠʟʘʙʨʘʥʠ ʤʠʰʠ˂ ʧʨʘʪʠ 

ʩʝ ʤʠʰʠ˂ʥʘ ʘʢʪʠʚʥʦʩʪ (Henneberg, 2000). ɽʣʝʢʪʨʠʯʥʠ ʩʠʛʥʘʣʠ ʛʝʥʝʨʠʩʘʥʠ ʠʟ ʤʠʰʠ˂ʥʠʭ 

ʚʣʘʢʘʥʘ, ʙʠʣʦ ʫ ʤʠʨʦʚʘˁʫ ʠʣʠ ʪʦʢʦʤ ʢʦʥʪʨʘʢʮʠʿʝ, ʩʝ ʩʥʠʤʘʿʫ ʘ ʟʘʪʠʤ ʠʥʪʝʨʧʨʝʪʠʨʘʿʫ 

ʢʘʢʦ ʙʠ ʩʝ ʧʨʦʮʝʥʠʣʘ ʬʫʥʢʮʠʿʘ ʤʠʰʠ˂ʥʠʭ ʚʣʘʢʘʥʘ ʫ ʢʦʿʝ ʿʝ ʠʛʣʘ ʫʤʝʪʥʫʪʘ. ʂʚʘʣʠʪʝʪ ʠ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʩʠʛʥʘʣʘ ʜʦʙʠʿʝʥʠʭ ʧʦʤʦ˂ʫ ʠʛʣʝʥʝ ɽʄɻ ʪʝʭʥʠʢʝ ʟʘʚʠʩʝ ʦʜ ʤʥʦʛʠʭ 

ʬʘʢʪʦʨʘ, ʫʢˀʫʯʫʿʫ˂ʠ ʪʠʧ ʝʣʝʢʪʨʦʜʝ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ, ʬʠʣʪʝʨʝ, ʧʦʿʘʯʘʚʘʯ ʠ ʜʨ.  

ɽʣʝʢʪʨʦʤʠʦʛʨʘʬʠʿʘ ʠʛʣʦʤ ʿʝ ʠʥʚʘʟʠʚʥʘ ʤʝʪʦʜʘ ʠ ʥʘʿʯʝʰ˂ʝ ʩʝ ʧʨʠʤʝˁʫʿʝ ʫ 

ʤʝʜʠʮʠʥʩʢʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʟʘ ʘʥʘʣʠʟʫ ʬʫʥʢʮʠʿʝ ʤʠʰʠ˂ʘ ʧʘʮʠʿʝʥʘʪʘ ʩ ʦʙʟʠʨʦʤ ʜʘ 

ʦʤʦʛʫ˂ʘʚʘ ʧʨʦʜʠʨʘˁʝ ʜʦ ʤʠʰʠ˂ʘ ʢʦʿʠ ʩʝ ʥʘʣʘʟʝ ʜʫʙˀʝ ʦʜ ʧʦʚʨʰʠʥʝ. ʄʝʹʫʪʠʤ, ʢʘʦ 

ʥʝʜʦʩʪʘʮʠ ʦʚʝ ʤʝʪʦʜʝ ʥʘʚʦʜʝ ʩʝ ʤʦʛʫ˂ʝ ʢʦʤʧʣʠʢʘʮʠʿʝ, ʢʘʦ ʰʪʦ ʩʫ ʙʦʣ, ʤʦʜʨʠʮʝ ʠ ʦʪʦʢ ʥʘ 

ʤʝʩʪʫ ʫʙʦʜʘ ʠʛʣʝ ʠ ʩʪʦʛʘ ʥʝʦʧʭʦʜʥʦ ʿʝ ʧʨʠʩʫʩʪʚʦ ʣʝʢʘʨʘ ʪʦʢʦʤ ʩʧʨʦʚʦʹʝˁʘ ʦʚʝ ʤʝʪʦʜʝ. 

ʊʘʢʦʹʝ, ʦʚʘ ʤʝʪʦʜʘ ʥʠʿʝ ʧʨʘʢʪʠʯʥʘ ʟʘ ʧʨʠʤʝʥʫ ʫ ʦʙʣʘʩʪʠ ʩʧʦʨʪʘ ʠʣʠ ʝʨʛʦʥʦʤʠʿʝ ʟʘ 
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ʧʨʘ˂ʝˁʝ ʟʘʤʦʨʘ ʤʠʰʠ˂ʘ ʧʨʠʣʠʢʦʤ ʦʙʘʚˀʘˁʘ ʘʢʪʠʚʥʦʩʪʠ ʢʦʿʝ ʟʘʭʪʝʚʘʿʫ ʢʨʝʪʘˁʝ (Troiano 

ʠ ʜʨʫʛʠ, 2008). 

ʇʦʚʨʰʠʥʩʢʘ ʝʣʝʢʪʨʦʤʠʦʛʨʘʬʠʿʘ ʧʨʝʜʩʪʘʚˀʘ ʥʝʠʥʚʘʟʠʚʥʫ ʪʝʭʥʠʢʫ ʟʘ ʩʥʠʤʘˁʝ ʠ 

ʘʥʘʣʠʟʫ ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʛʥʘʣʘ ʠʟ ʤʠʰʠ˂ʘ ʠ ˁʠʭʦʚʠʭ ʤʦʪʦʨʥʠʭ ʿʝʜʠʥʠʮʘ, ʢʘʢʦ ʫ ʩʪʘˁʫ 

ʤʠʨʦʚʘˁʘ, ʪʘʢʦ ʠ ʪʦʢʦʤ ʜʦʙʨʦʚʦˀʥʝ ʢʦʥʪʨʘʢʮʠʿʝ. ʆʚʘ ʤʝʪʦʜʘ ʧʦʜʨʘʟʫʤʝʚʘ ʢʦʨʠʰ˂ʝˁʝ 

ɽʄɻ ʫʨʝʹʘʿʘ ʢʦʿʠ ʩʝ ʧʦʩʪʘʚˀʘʿʫ ʥʘ ʧʦʚʨʰʠʥʫ ʢʦʞʝ ʠʩʧʠʪʘʥʠʢʘ. ɽʄɻ ʫʨʝʹʘʿʠ ʩʫ 

ʿʝʜʥʦʩʪʘʚʥʠ ʟʘ ʧʦʩʪʘʚˀʘˁʝ, ʥʝ ʠʟʘʟʠʚʘʿʫ ʙʦʣ, ʥʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʦʧʘʩʥʦʩʪ ʟʘ ʠʩʧʠʪʘʥʠʢʝ ʠ 

ʥʝ ʟʘʭʪʝʚʘʿʫ ʧʨʠʩʫʩʪʚʦ ʤʝʜʠʮʠʥʩʢʦʛ ʦʩʦʙˀʘ ʠ ʢʘʦ ʪʘʢʚʠ ʠʤʘʿʫ ʚʝʣʠʢʫ ʧʨʠʤʝʥʫ ʫ ʙʨʦʿʥʠʤ 

ʠʩʪʨʘʞʠʚʘˁʠʤʘ. ʄʝʹʫʪʠʤ, ʟʘ ʧʨʝʮʠʟʥʦ ʤʝʨʝˁʝ ɽʄɻ ʩʠʛʥʘʣʘ ʦʜ ʧʦʩʝʙʥʝ ʚʘʞʥʦʩʪʠ ʿʝ 

ʘʜʝʢʚʘʪʥʘ ʧʨʠʧʨʝʤʘ ʢʦʞʝ, ʿʝʨ ʚʠʩʦʢʘ ʠʤʧʝʜʘʥʩʘ ʤʦʞʝ ʫʪʠʮʘʪʠ ʥʘ ʢʚʘʣʠʪʝʪ ʩʠʛʥʘʣʘ. 

ʉʪʦʛʘ, ʧʨʝ ʧʦʩʪʘʚˀʘˁʘ ɽʄɻ ʫʨʝʹʘʿʘ, ʢʦʞʘ ʥʘ ʠʟʘʙʨʘʥʦʿ ʣʦʢʘʮʠʿʠ ʤʦʨʘ ʙʠʪʠ ʪʝʤʝˀʥʦ 

ʦʯʠʰ˂ʝʥʘ ʘʣʢʦʭʦʣʦʤ, ʢʘʢʦ ʙʠ ʩʝ ʦʜʩʪʨʘʥʠʣʘ ʥʝʯʠʩʪʦ˂ʘ. ʅʘʢʦʥ ʪʦʛʘ ʥʘʥʦʩʠ ʩʝ ʤʘʣʘ 

ʢʦʣʠʯʠʥʘ ʛʝʣʘ ʩʘ ʝʣʝʢʪʨʦʣʠʪʠʤʘ ʧʨʝ ʩʘʤʦʛ ʧʦʩʪʘʚˀʘˁʘ ʝʣʝʢʪʨʦʜʘ/ʫʨʝʹʘʿʘ.  

ʅʘ ʩʣʠʮʠ 3.6 ʿʝ ʧʨʠʢʘʟʘʥ ʧʦʩʪʫʧʘʢ ʧʨʠʤʝʥʝ ʠʛʣʝʥʝ (ʘ) ʠ ʧʦʚʨʰʠʥʩʢʝ 

ʝʣʝʢʪʨʦʤʠʦʛʨʘʬʠʿʝ (ʙ). 

 

ʉʣʠʢʘ 3.6 ɽʣʝʢʪʨʦʤʠʦʛʨʘʬʠʿʘ ʠʛʣʦʤ (ʘ) ʠ ʧʦʚʨʰʠʥʩʢʘ ʝʣʝʢʪʨʦʤʠʦʛʨʘʬʠʿʘ (ʙ) 

(ʧʨʝʫʟʝʪʦ ʩʘ: https://www.shutterstock.com/search/electromyography 

https://www.smitmedical.com/project/ambu-neuroline-emg-needle/ 

 

ʉʣʠʢʘ 3.7 ʧʨʠʢʘʟʫʿʝ ʠʩʪʦʚʨʝʤʝʥʫ 

ʧʨʠʤʝʥʫ ʠʛʣʝʥʝ ʠ ʧʦʚʨʰʠʥʩʢʝ 

ʝʣʝʢʪʨʦʤʠʦʛʨʘʬʠʿʝ ʥʘ ʠʩʪʦʿ ʨʫʮʠ ʧʨʠ ʯʝʤʫ 

ʩʫ ʪʨʠ ʧʦʚʨʰʠʥʩʢʝ ɽʄɻ ʝʣʝʢʪʨʦʜʝ 

ʧʦʩʪʘʚˀʝʥʝ ʥʘ ʨʫʮʠ ʠʩʧʠʪʘʥʠʢʘ, ʜʦʢ ʩʫ ʜʚʝ 

ʠʛʣʠʯʘʩʪʝ ɽʄɻ ʝʣʝʢʪʨʦʜʝ ʫʤʝʪʥʫʪʝ ʫ ʰʘʢʫ 

ʧʘʮʠʿʝʥʪʘ. ʅʝʢʦʣʠʢʦ ʝʣʝʢʪʨʦʜʘ ʿʝ 

ʧʦʩʪʘʚˀʝʥʦ ʥʘ ʢʦʞʫ ʨʫʢʝ ʠ ʦʥʝ ʠʤʘʿʫ ʫʣʦʛʫ 

ʜʘ ʨʝʛʠʩʪʨʫʿʫ ʝʣʝʢʪʨʠʯʥʝ ʩʠʛʥʘʣʝ ʢʦʿʠ 

ʥʘʩʪʘʿʫ ʧʨʠ ʢʦʥʪʨʘʢʮʠʿʠ ʤʠʰʠ˂ʘ. 

 

 ʉʣʠʢʘ 3.7 ʂʦʤʙʠʥʦʚʘʥʘ ʧʨʠʤʝʥʘ ʠʛʣʝʥʝ ʠ ʧʦʚʨʰʠʥʩʢʝ ʝʣʝʢʪʨʦʤʠʦʛʨʘʬʠʿʝ  

(ʧʨʝʫʟʝʪʦ ʩʘ: https://www.nuffieldhealth.com/tests-scans/electromyography-emg) 

https://www.shutterstock.com/search/electromyography
https://www.nuffieldhealth.com/tests-scans/electromyography-emg
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3.5 ʆʉʅʆɺʅʀ ʇʆʂɸɿɸʊɽɲʀ ʂʆɱʀʄɸ ʉɽ ʇʈɸʊʀ ʄʀʐʀɴʅɸ ɸʂʊʀɺʅʆʉʊ 

ʄʠʰʠ˂ʥʘ ʘʢʪʠʚʥʦʩʪ ʠ ʟʘʤʦʨ ʤʠʰʠ˂ʘ ʩʝ ʤʦʛʫ ʧʨʘʪʠʪʠ ʧʨʝʢʦ ʚʠʰʝ ʧʘʨʘʤʝʪʘʨʘ. 

ʄʝʜʠʿʘʥʘ (ʝʥʛʣ. median), ʩʨʝʜˁʘ ʬʨʝʢʚʝʥʮʠʿʘ (ʝʥʛʣ. mean) ʠ ʩʨʝʜˁʠ ʢʚʘʜʨʘʪʥʠ ʢʦʨʝʥ 

(ʝʥʛʣ. root mean square- RMS) ʩʫ ʟʥʘʯʘʿʥʝ ʤʝʪʨʠʢʝ ʟʘ ʧʨʘ˂ʝˁʝ ʧʨʦʤʝʥʘ ʫ ɽʄɻ ʩʠʛʥʘʣʠʤʘ 

(Plamondon ʠ ʜʨʫʛʠ, 2014). ʋʩʣʝʜ ʟʘʤʦʨʘ ʤʠʰʠ˂ʘ ʚʨʝʜʥʦʩʪʠ ʤʝʜʠʿʘʥʝ ʠ ʩʨʝʜˁʝ 

ʬʨʝʢʚʝʥʮʠʿʝ ʩʝ ʩʤʘˁʫʿʫ, ʘ ʚʨʝʜʥʦʩʪ ʩʨʝʜˁʝʛ ʢʚʘʜʨʘʪʥʦʛ ʢʦʨʝʥʘ ʩʝ ʧʦʚʝ˂ʘʚʘ. ʉʨʝʜˁʘ 

ʬʨʝʢʚʝʥʮʠʿʘ ʩʝ ʫ ʙʨʦʿʥʠʤ ʥʘʫʯʥʠʤ ʨʘʜʦʚʠʤʘ ʧʦʤʠˁʝ ʢʘʦ ʢˀʫʯʘʥ ʧʘʨʘʤʝʪʘʨ ʟʘ ʦʪʢʨʠʚʘˁʝ 

ʥʘʧʨʝʟʘˁʘ ʫ ʤʠʰʠ˂ʠʤʘ (De Luca, 1984; Knaflitz ʠ ʜʨʫʛʠ, 1990). ɸʫʪʦʨʠ (Thongpanja ʠ 

ʜʨʫʛʠ, 2013) ʩʤʘʪʨʘʿʫ ʜʘ ʩʫ ʥʘʿʟʥʘʯʘʿʥʠʿʠ ʧʘʨʘʤʝʪʨʠ ʩʨʝʜˁʘ ʬʨʝʢʚʝʥʮʠʿʘ ʠ ʤʝʜʠʿʘʥʘ. 

ʇʨʝʤʘ ʘʫʪʦʨʠʤʘ (Karlsson ʠ Gerdle, 2001) ʥʘʿʚʘʞʥʠʿʠ ʧʦʢʘʟʘʪʝˀʠ ʩʫ ʘʤʧʣʠʪʫʜʘ ʠ 

ʬʨʝʢʚʝʥʮʠʿʘ. ɿʘʤʦʨ ʤʠʰʠ˂ʘ ʩʝ ʧʦʚʝʟʫʿʝ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʘʤʧʣʠʪʫʜʝ ʠ ʧʦʤʝʨʘˁʝʤ ʩʘ 

ʚʠʩʦʢʠʭ ʥʘ ʥʠʩʢʝ ʬʨʝʢʚʝʥʮʠʿʝ (Merlo ʠ Campanini, 2010; Basmajian ʠ De Luca, 1985).  

ʇʨʝʤʘ ʘʫʪʦʨʠʤʘ (Cifrek ʠ ʜʨʫʛʠ, 2009) ʧʦʚʝ˂ʘʥʘ ʘʤʧʣʠʪʫʜʘ ʫʢʘʟʫʿʝ ʥʘ ʧʦʚʝ˂ʘʥʫ ʤʠʰʠ˂ʥʘ 

ʘʢʪʠʚʥʦʩʪ ʘ ʩʤʘˁʝˁʝ ʤʠʰʠ˂ʥʝ ʘʢʪʠʚʥʦʩʪʠ ʩʝ ʚʝʟʫʿʝ ʟʘ ʩʤʘˁʝʥʫ ʘʤʧʣʠʪʫʜʫ. ɸʫʪʦʨʠ 

(Farina ʠ ʜʨʫʛʠ, 2008) ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ ʿʝ ʚʝ˂ʘ ʚʘʨʠʿʘʙʠʣʥʦʩʪ ʘʤʧʣʠʪʫʜʝ ʧʦʚʝʟʘʥʘ ʩʘ 

ʩʧʦʨʠʿʠʤ ʨʘʟʚʦʿʝʤ ʫʤʦʨʘ. ʂʘʢʦ ʠʩʪʠʯʝ ʘʫʪʦʨ (De Luca, 1984) ʩʤʘˁʝˁʝ ʬʨʝʢʚʝʥʮʠʿʝ 

ʫʢʘʟʫʿʝ ʥʘ ʩʤʘˁʝˁʝ ʙʨʟʠʥʝ ʧʨʦʚʦʜˀʠʚʦʩʪʠ ʜʫʞ ʤʠʰʠ˂ʥʠʭ ʚʣʘʢʘʥʘ.  

ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʘʫʪʦʨʠ (Suetta ʠ ʜʨʫʛʠ, 2004) ʩʫ ʢʦʨʠʩʪʠʣʠ ʩʨʝʜˁʫ ʘʧʩʦʣʫʪʥʫ 

ʚʨʝʜʥʦʩʪ (ʝʥʛʣ. Mean absolute value- MAV) ʜʘ ʙʠ ʦʧʠʩʘʣʠ ʟʘʤʦʨ ʤʠʰʠ˂ʘ. ɸʫʪʦʨʠ 

(Plamondon ʠ ʜʨʫʛʠ, 2014) ʩʫ ʧʨʘʪʠʣʠ ʟʘʤʦʨ ʜʝʩʥʦʛ ʠ ʣʝʚʦʛ ʤʠʰʠ˂ʘ ʣʦʥʛʠʩʩʠʤʫʩʘ ʥʘ 

ʦʩʥʦʚʫ ʩʨʝʜˁʝ ʬʨʝʢʚʝʥʮʠʿʝ ʠ ʩʨʝʜˁʝʛ ʢʚʘʜʨʘʪʘ. ʆʥʠ ʩʫ ʫʩʪʘʥʦʚʠʣʠ ʜʘ ʿʝ ʩʨʝʜˁʘ 

ʬʨʝʢʚʝʥʮʠʿʘ ʩʤʘˁʝʥʘ ʟʘ 12% ʘ ʩʨʝʜˁʠ ʢʚʘʜʨʘʪ ʧʦʚʝ˂ʘʥ ʟʘ 23%. ɸʫʪʦʨʠ (Lomax ʠ ʜʨʫʛʠ, 

2015; de Luca, 1997) ʩʫ ʪʘʢʦʹʝ ʤʝʨʠʣʠ ʟʘʤʦʨ ʤʠʰʠ˂ʘ ʧʨʝʢʦ ʩʨʝʜˁʝ ʬʨʝʢʚʝʥʮʠʿʝ.  

H max ʧʨʝʜʩʪʘʚˀʘ ʤʘʢʩʠʤʘʣʥʫ ʘʤʧʣʠʪʫʜʫ ɽʄɻ ʩʠʛʥʘʣʘ ʟʘʙʝʣʝʞʝʥʫ ʪʦʢʦʤ 

ʪʨʘʿʘˁʘ ʨʘʜʥʦʛ ʟʘʜʘʪʢʘ. ʆʚʘʿ ʠʥʜʝʢʩ ʧʦʢʘʟʫʿʝ ʥʘʿʚʠʰʠ ʥʠʚʦ ʤʠʰʠ˂ʥʝ ʘʢʪʠʚʥʦʩʪʠ ʫ ʥʝʢʦʤ 

ʪʨʝʥʫʪʢʫ ʠ ʯʝʩʪʦ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʧʨʦʮʝʥʫ ʠʥʪʝʥʟʠʪʝʪʘ ʤʠʰʠ˂ʥʝ ʢʦʥʪʨʘʢʮʠʿʝ. ɺʠʩʦʢ ʥʠʚʦ 

H max ʫʢʘʟʫʿʝ ʥʘ ʩʥʘʞʥʫ ʤʠʰʠ˂ʥʫ ʢʦʥʪʨʘʢʮʠʿʫ ʠ ʤʦʞʝ ʙʠʪʠ ʠʥʜʠʢʘʪʦʨ ʤʘʢʩʠʤʘʣʥʦʛ 

ʥʘʧʨʝʟʘˁʘ ʤʠʰʠ˂ʘ. ʅʘʛʣʠ ʩʢʦʢʦʚʠ ʫ H max ʩʝ ʯʝʩʪʦ ʧʦʚʝʟʫʿʫ ʩʘ ʚʝʣʠʢʠʤ ʥʘʧʨʝʟʘˁʝʤ ʠ 

ʟʘʤʦʨʦʤ ʤʠʰʠ˂ʘ. 

ʄʝʜʠʿʘʥʘ ʧʨʝʜʩʪʘʚˀʘ ʩʨʝʜˁʫ ʚʨʝʜʥʦʩʪ ʫ ʨʘʩʧʦʜʝʣʠ ʘʤʧʣʠʪʫʜʘ ɽʄɻ ʩʠʛʥʘʣʘ, ʧʨʠ 

ʯʝʤʫ ʿʝʜʥʘ ʧʦʣʦʚʠʥʘ ʧʦʜʘʪʘʢʘ ʠʤʘ ʚʨʝʜʥʦʩʪʠ ʤʘˁʝ ʦʜ ʤʝʜʠʿʘʥʝ, ʘ ʜʨʫʛʘ ʧʦʣʦʚʠʥʘ ʚʝ˂ʝ. 

ʋ ʢʦʥʪʝʢʩʪʫ ʤʠʰʠ˂ʥʝ ʘʢʪʠʚʥʦʩʪʠ, ʤʝʜʠʿʘʥʘ ʧʦʢʘʟʫʿʝ ʪʠʧʠʯʥʫ ʘʤʧʣʠʪʫʜʫ ʤʠʰʠ˂ʥʠʭ 

ʢʦʥʪʨʘʢʮʠʿʘ ʪʦʢʦʤ ʟʘʜʘʪʢʘ ʠ ʤʦʞʝ ʫʢʘʟʠʚʘʪʠ ʥʘ ʧʨʦʩʝʯʘʥ ʥʠʚʦ ʦʧʪʝʨʝ˂ʝˁʘ. ʆʥʘ ʿʝ 

ʩʪʘʙʠʣʥʠʿʠ ʧʦʢʘʟʘʪʝˀ ʧʨʦʩʝʯʥʝ ʤʠʰʠ˂ʥʝ ʘʢʪʠʚʥʦʩʪʠ, ʧʦʩʝʙʥʦ ʢʘʜʘ ʧʦʩʪʦʿʝ ʚʝʣʠʢʘ 

ʦʜʩʪʫʧʘˁʘ ʫ ʩʠʛʥʘʣʠʤʘ. 

ʉʨʝʜˁʘ ʚʨʝʜʥʦʩʪ ʿʝ ʧʨʦʩʝʯʥʘ ʚʨʝʜʥʦʩʪ ʩʚʠʭ ʘʤʧʣʠʪʫʜʘ ɽʄɻ ʩʠʛʥʘʣʘ 

ʟʘʙʝʣʝʞʝʥʠʭ ʪʦʢʦʤ ʪʨʘʿʘˁʘ ʨʘʜʥʦʛ ʟʘʜʘʪʢʘ. ʆʥʘ ʧʦʢʘʟʫʿʝ ʫʢʫʧʥʠ ʥʠʚʦ ʤʠʰʠ˂ʥʝ 

ʘʢʪʠʚʥʦʩʪʠ ʠ ʧʨʠʤʝˁʫʿʝ ʩʝ ʟʘ ʧʨʦʮʝʥʫ ʦʧʪʝʨʝ˂ʝˁʘ ʤʠʰʠ˂ʘ ʪʦʢʦʤ ʚʨʝʤʝʥʘ. ɺʠʩʦʢʘ 

ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ ʫʢʘʟʫʿʝ ʥʘ ʚʠʩʦʢ ʥʠʚʦ ʘʥʛʘʞʦʚʘˁʘ ʤʠʰʠ˂ʘ, ʜʦʢ ʥʠʞʘ ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ 

ʫʢʘʟʫʿʝ ʥʘ ʤʘˁʝ ʥʘʧʨʝʟʘˁʝ ʤʠʰʠ˂ʘ. ʄʝʹʫʪʠʤ, ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ ʤʦʞʝ ʙʠʪʠ ʧʦʜʣʦʞʥʘ 

ʫʪʠʮʘʿʫ ʝʢʩʪʨʝʤʥʠʭ ʚʨʝʜʥʦʩʪʠ (ʧʠʢʦʚʘ), ʪʘʢʦ ʜʘ ʩʝ ʫʛʣʘʚʥʦʤ ʧʨʠʤʝˁʫʿʝ ʫ ʢʦʤʙʠʥʘʮʠʿʠ 

ʩʘ ʜʨʫʛʠʤ ʧʘʨʘʤʝʪʨʠʤʘ. 

ʂʚʘʜʨʘʪʥʠ ʢʦʨʝʥ ʩʨʝʜˁʝ ʚʨʝʜʥʦʩʪʠ ʢʚʘʜʨʘʪʘ ʘʤʧʣʠʪʫʜʝ ɽʄɻ ʩʠʛʥʘʣʘ ʩʝ 

ʯʝʩʪʦ ʢʦʨʠʩʪʠ ʫ ʘʥʘʣʠʟʠ ɽʄɻ ʩʠʛʥʘʣʘ, ʿʝʨ ʧʨʝʜʩʪʘʚˀʘ ʟʥʘʯʘʿʘʥ ʧʦʢʘʟʘʪʝˀ ʫʢʫʧʥʝ ʩʥʘʛʝ 

ʩʠʛʥʘʣʘ ʠ ʜʠʨʝʢʪʥʦ ʿʝ ʧʦʚʝʟʘʥ ʩʘ ʥʘʧʨʝʟʘˁʝʤ ʤʠʰʠ˂ʘ ʪʦʢʦʤ ʦʙʘʚˀʘˁʘ ʨʘʜʥʦʛ ʟʘʜʘʪʢʘ. 

ɺʠʩʦʢʘ ʚʨʝʜʥʦʩʪ ʦʚʦʛ ʧʦʢʘʟʘʪʝˀʘ ʫʢʘʟʫʿʝ ʥʘ ʚʝ˂ʠ ʥʠʚʦ ʥʘʧʨʝʟʘˁʘ ʤʠʰʠ˂ʘ. ʋ ʧʦʨʝʹʝˁʫ 

ʩʘ ʩʨʝʜˁʦʤ ʚʨʝʜʥʦʰ˂ʫ, RMS ʿʝ ʩʪʘʙʠʣʥʠʿʠ ʧʦʢʘʟʘʪʝˀ ʫʢʫʧʥʦʛ ʠʥʪʝʥʟʠʪʝʪʘ ʤʠʰʠ˂ʥʝ 

ʘʢʪʠʚʥʦʩʪʠ, ʿʝʨ ʫʟʠʤʘ ʫ ʦʙʟʠʨ ʚʘʨʠʿʘʮʠʿʝ ʠ ʧʠʢʦʚʝ ʩʠʛʥʘʣʘ. 
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ʈʘʯʫʥʘˁʝ ʧʘʨʘʤʝʪʘʨʘ ɽʄɻ ʩʠʛʥʘʣʘ 

ɼʘʪ ʿʝ ʜʠʛʠʪʘʣʥʠ ɽʄɻ ʩʠʛʥʘʣ Hi ʛʜʝ je i=1..N, ʧʨʠ ʯʝʤʫ ʿʝ N ʙʨʦʿ ʦʜʙʠʨʘʢʘ ʩʠʛʥʘʣʘ. 

ʉʠʛʥʘʣ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥ ʧʨʝʢʦ ʦʟʥʘʯʝʥʠʭ 16 ʙʠʪʥʠʭ ʙʨʦʿʝʚʘ ʫ ʦʧʩʝʛʫ ʦʜ -32768 ʜʦ 32767 

ʰʪʦ ʦʜʛʦʚʘʨʘ ʩʪʚʘʨʥʦʿ ʚʨʝʜʥʦʩʪʠ ʩʠʛʥʘʣʘ ʦʜ -1.14 ʜʦ 1.14 mV ʘ ʧʨʠ ʯʝʤʫ ʿʝ ʬʨʝʢʚʝʥʮʠʿʘ 

ʦʜʘʙʠʨʘˁʘ  Ts = 1000 ʦʜʙʠʨʘʢʘ ʫ ʩʝʢʫʥʜʠ. 

ʇʨʝʪʭʦʜʥʘ ʠʥʪʝʨʧʨʝʪʘʮʠʿʘ ʩʠʛʥʘʣʘ ʿʝ ʧʨʝʤʘ ʙʨʦʿʫ ʦʜʙʠʨʘʢʘ. ɼʨʫʛʠ ʥʘʯʠʥ ʜʘ ʩʝ 

ʧʨʠʢʘʞʝ ʩʠʛʥʘʣ ʿʝ ʢʘʦ ʬʫʥʢʮʠʿʘ ʚʨʝʤʝʥʘ  

 

H(t) = Hi  ʧʨʠ ʯʝʤʫ ʿʝ  t = iĿTs 

 

ɸʥʘʣʠʟʘ ʩʠʛʥʘʣʘ ʿʝ ʩʧʨʦʚʝʜʝʥʘ ʨʘʯʫʥʘˁʝʤ ʩʣʝʜʝ˂ʠʭ ʧʘʨʘʤʝʪʘʨʘ: 

 

Hmax - ʤʘʢʩʠʤʘʣʥʘ ʚʨʝʜʥʦʩʪ ʩʠʛʥʘʣʘ 

Ὄ ÍÁØὌ 

 

Hmin - ʤʠʥʠʤʘʣʥʘ ʚʨʝʜʥʦʩʪ ʩʠʛʥʘʣʘ 

Ὄ ÍÉÎὌ 

 

avg(H) - ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ ʩʠʛʥʘʣʘ   

ὥὺὫὌ  
ρ

ὔ
Ὄ 

 

mediana(H) -  ʤʝʜʠʿʘʥʘ ʩʠʛʥʘʣʘ 

άὩὨὭὥὲὥὌ  

Ὄ Ⱦ    ὔ ̎̆̐́̑̎̏

Ὄ ϳ

ς

Ὄ ϳ

ς
   ὔ ̐́̑̎̏

 

 

mediana(ȿὌȿ) -  ʤʝʜʠʿʘʥʘ  ʘʧʩʦʣʫʪʥʝ ʚʨʝʜʥʦʩʪʠ ʩʠʛʥʘʣʘ 

 

άὩὨὭὥὲὥȿὌȿ  

ȿὌȿ Ⱦ    ὔ ̎̆̐́̑̎̏

ȿὌȿϳ

ς

ȿὌȿϳ

ς
   ὔ ̐́̑̎̏

 

 

άὥὼȿὌȿ  - ʤʘʢʩʠʤʫʤ ʘʧʩʦʣʫʪʥʝ ʚʨʝʜʥʦʩʪʠ ʩʠʛʥʘʣʘ 

 

άὥὼȿὌȿ ÍÉÎȿὌȿ 

 

RMS - ʉʨʝʜˁʘ ʢʚʘʜʨʘʪʥʘ ʚʨʝʜʥʦʩʪ 
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ὙὓὛ
ВὌ

ὔ
 

 

r - ʢʦʝʬʠʮʠʿʝʥʪ ʢʦʨʝʣʘʮʠʿʝ ɽʄɻ ʩʠʛʥʘʣʘ  

 

ὶ
ὔВὌὸ ВὌВὸ

ὔВὌ ВὌ ổὔВὸ Вὸ Ỗ

 

ʆʚʘʿ ʢʦʝʬʠʮʠʿʝʥʪ ʧʦʢʘʟʫʿʝ ʢʘʢʘʚ ʿʝ ʪʨʝʥʜ ʩʠʛʥʘʣʘ ʫ ʦʜʥʦʩʫ ʥʘ ʚʨʝʤʝ ʠ ʤʦʞʝ ʠʤʘʪʠ 

ʚʨʝʜʥʦʩʪ ʠʟʤʝʹʫ -1 ʠ 1. ɺʨʝʜʥʦʩʪ 1 ʫʢʘʟʫʿʝ ʜʘ ʩʠʛʥʘʣ ʠʤʘ ʨʘʩʪʫ˂ʠ ʣʠʥʝʘʨʥʠ ʪʨʝʥʜ ʪʦʢʦʤ 

ʚʨʝʤʝʥʘ. ɺʨʝʜʥʦʩʪ -1 ʫʢʘʟʫʿʝ ʥʘ ʣʠʥʝʘʨʥʠ ʪʨʝʥʜ, ʘʣʠ ʩʘ ʥʝʛʘʪʠʚʥʠʤ ʧʨʝʜʟʥʘʢʦʤ ʜʦʢ ʫ 

ʦʩʪʘʣʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʫʟʠʤʘ ʥʝʢʫ ʦʜ ʚʨʝʜʥʦʩʪʠ ʠʟ ʠʥʪʝʨʚʘʣʘ -1 ʠ 1.  

 

3.6 ʈɸɿɺʆɱ ɽʃɽʂʊʈʆɽʅʎɽʌɸʃʆɻʈɸʌʀɱɽ 

ʅʝʤʘʯʢʠ ʥʘʫʯʥʠʢ Berger, ʥʝʫʨʦʧʩʠʭʠʿʘʪʘʨ ʩʘ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ɱʝʥʠ ʫ ʅʝʤʘʯʢʦʿ ʿʝ 

1929. ʛʦʜʠʥʝ ʩʥʠʤʠʦ ʧʨʚʠ ɽɽɻ ʩʠʛʥʘʣ ʧʨʝʢʦ ʿʝʜʥʝ ʝʣʝʢʪʨʦʜʝ ʢʘʢʦ ʙʠ ʧʨʘʪʠʦ ʤʦʞʜʘʥʫ 

ʘʢʪʠʚʥʦʩʪ, ʢʦʿʘ ʿʝ ʠʤʘʣʘ ʬʨʝʢʚʝʥʮʠʿʫ ʦʢʦ 10 Hz, ʰʪʦ ʿʝ ʜʘʥʘʩ ʧʦʟʥʘʪʦ ʢʘʦ ʘʣʬʘ (Ŭ) ʪʘʣʘʩ 

(Pizzagalli, 2007). ʆʚʘʿ ʨʝʚʦʣʫʮʠʦʥʘʨʥʠ ʢʦʨʘʢ ʧʨʝʜʩʪʘʚˀʘʦ ʿʝ ʧʦʯʝʪʘʢ ʨʘʟʫʤʝʚʘˁʘ 

ʝʣʝʢʪʨʠʯʥʝ ʘʢʪʠʚʥʦʩʪʠ ʤʦʟʛʘ ʠ ʧʦʩʪʘʚʠʦ ʪʝʤʝˀʝ ʟʘ ʜʘˀʠ ʨʘʟʚʦʿ ʝʣʝʢʪʨʦʝʥʮʝʬʘʣʦʛʨʘʬʠʿʝ 

ɺʝʣʠʢʠ ʜʦʧʨʠʥʦʩ ʨʘʟʚʦʿʫ ʝʣʝʢʪʨʦʝʥʮʝʬʘʣʦʛʨʘʬʠʿʝ ʿʝ ʜʘʦ ʠ ʘʫʪʦʨ Collura ʢʦʿʠ je ʛʨʘʬʠʯʢʠ 

ʧʨʠʢʘʟʘʦ ʝʣʝʢʪʨʠʯʥʝ ʩʪʨʫʿʝ ʢʦʿʝ ʩʝ ʩʪʚʘʨʘʿʫ ʫ ʤʦʟʛʫ. ʆʥ ʿʝ ʫʢʘʟʘʦ ʜʘ ʩʝ ʤʦʞʜʘʥʠ ʪʘʣʘʩʠ 

ʤʝˁʘʿʫ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʩʪʘˁʘ ʩʚʝʩʪʠ ʩʫʙʿʝʢʘʪʘ (ʫʧʘʜʘˁʝ ʫ ʩʘʥ, ʧʨʠʤʝʥʘ ʘʥʝʩʪʝʟʠʿʝ, 

ʥʝʫʨʦʣʦʰʢʘ ʙʦʣʝʩʪ ʢʘʦ ʰʪʦ ʿʝ ʝʧʠʣʝʧʩʠʿʘ). ʀʩʪʨʘʞʠʚʘʯʠ ʩʫ ʧʦʯʝʣʠ ʜʘ ʜʝʬʠʥʠʰʫ ʪʠʧʦʚʝ 

ʤʦʞʜʘʥʠʭ ʪʘʣʘʩʘ ʢʘʦ ʰʪʦ ʩʫ ʘʣʬʘ, ʙʝʪʘ, ʪʝʪʘ ʠ ʜʝʣʪʘ, ʢʦʿʠ ʩʫ ʧʦʚʝʟʘʥʠ ʩʘ ʨʘʟʣʠʯʠʪʠʤ 

ʤʝʥʪʘʣʥʠʤ ʩʪʘˁʠʤʘ. 

ʊʝʭʥʦʣʦʰʢʠ ʥʘʧʨʝʜʘʢ ʦʤʦʛʫ˂ʠʦ ʿʝ ʨʘʟʚʦʿ ʩʣʦʞʝʥʠʿʠʭ ʫʨʝʹʘʿʘ ʟʘ ʩʥʠʤʘˁʝ ʠ 

ʘʥʘʣʠʟʫ ɽɽɻ ʩʠʛʥʘʣʘ. ʇʨʠʤʝʥʘ ʚʠʰʝʢʘʥʘʣʥʠʭ ɽɽɻ ʩʠʩʪʝʤʘ ʜʦʥʝʣʘ ʿʝ ʤʦʛʫ˂ʥʦʩʪ 

ʠʩʪʦʚʨʝʤʝʥʦʛ ʧʨʘ˂ʝˁʘ ʘʢʪʠʚʥʦʩʪʠ ʠʟ ʚʠʰʝ ʜʝʣʦʚʘ ʤʦʟʛʘ, ʧʨʫʞʘʿʫ˂ʠ ʜʝʪʘˀʥʠʿʝ 

ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʥʝʫʨʦʬʠʟʠʦʣʦʰʢʠʤ ʧʨʦʮʝʩʠʤʘ ʢʦʿʠ ʩʝ ʦʜʚʠʿʘʿʫ ʫ ʤʦʟʛʫ. ʆʚʠ ʧʦʜʘʮʠ ʩʫ 

ʙʠʣʠ ʢˀʫʯʥʠ ʟʘ ʧʨʦʫʯʘʚʘˁʝ ʢʦʛʥʠʪʠʚʥʠʭ ʧʨʦʮʝʩʘ (ʧʨʠʤʝʥʘ ʫ ʧʩʠʭʦʣʦʛʠʿʠ) ʠ 

ʜʠʿʘʛʥʦʩʪʠʢʫ ʥʝʫʨʦʣʦʰʢʠʭ ʧʦʨʝʤʝ˂ʘʿʘ (ʧʨʠʤʝʥʘ ʫ ʤʝʜʠʮʠʥʠ). 

ʈʘʟʚʦʿʝʤ ʥʝʫʨʦʝʨʛʦʥʦʤʠʿʝ (Parasuraman, 2003), ʥʦʚʝ ʥʘʫʯʥʝ ʜʠʩʮʠʧʣʠʥʝ ʢʦʿʘ 

ʠʥʪʝʛʨʠʰʝ ʥʝʫʨʦʥʘʫʢʝ ʠ ʝʨʛʦʥʦʤʠʿʫ ʜʦʰʣʦ ʿʝ ʜʦ ʟʥʘʯʘʿʥʦʛ ʥʘʧʨʝʪʢʘ ʫ ʧʨʠʤʝʥʠ ʥʦʚʠʭ 

ʫʨʝʹʘʿʘ ʟʘ ʤʝʨʝˁʝ ʤʦʞʜʘʥʝ ʘʢʪʠʚʥʦʩʪʠ ʫ ʨʝʘʣʥʠʤ ʠʥʜʫʩʪʨʠʿʩʢʠʤ ʦʢʨʫʞʝˁʠʤʘ. ʄʝʹʫ 

ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʠʤ ʤʝʪʦʜʘʤʘ ʫ ʦʚʦʿ ʦʙʣʘʩʪʠ ʠʟʜʚʘʿʘʿʫ ʩʝ ʝʣʝʢʪʨʦʜʝʨʤʘʣʥʘ ʘʢʪʠʚʥʦʩʪ 

ʢʦʞʝ ʠ ʝʣʝʢʪʨʦʝʥʮʝʣʦʛʨʘʬʠʿʘ. ʆʚʝ ʤʝʪʦʜʝ ʦʤʦʛʫ˂ʘʚʘʿʫ ʧʨʘ˂ʝˁʝ ʧʨʦʤʝʥʘ ʫ ʤʝʥʪʘʣʥʦʤ 

ʦʧʪʝʨʝ˂ʝˁʫ, ʥʠʚʦʫ ʩʪʨʝʩʘ, ʘʥʛʘʞʦʚʘʥʦʩʪʠ ʠ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʨʘʜʥʠʢʘ ʪʦʢʦʤ ʦʙʘʚˀʘˁʘ 

ʨʘʜʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʧʨʫʞʘʿʫ˂ʠ ʚʘʣʠʜʥʝ ʧʦʜʘʪʢʝ ʟʘ ʦʧʪʠʤʠʟʘʮʠʿʫ ʧʨʦʠʟʚʦʜʥʠʭ ʧʨʦʮʝʩʘ ʠ 

ʧʦʙʦˀʰʘˁʝ ʝʨʛʦʥʦʤʩʢʠʭ ʫʩʣʦʚʘ. 
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3.7 ʄʆɿɸʂ 

ʄʦʟʘʢ ʿʝ ʮʝʥʪʨʘʣʥʠ ʦʨʛʘʥ ʥʝʨʚʥʦʛ ʩʠʩʪʝʤʘ, ʦʜʛʦʚʦʨʘʥ ʟʘ ʨʘʟʥʦʚʨʩʥʝ ʬʫʥʢʮʠʿʝ 

ʧʦʧʫʪ ʧʝʨʮʝʧʮʠʿʝ, ʧʘʞˁʝ, ʧʘʤ˂ʝˁʘ, ʜʦʥʦʰʝˁʘ ʦʜʣʫʢʘ ʠ ʧʨʝʜʫʟʠʤʘˁʘ ʘʢʮʠʿʘ.  ɺʝʣʠʢʠ 

ʤʦʟʘʢ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʜʚʝ ʭʝʤʠʩʬʝʨʝ, ʜʝʩʥʝ ʠ ʣʝʚʝ ʢʦʿʝ ʩʫ ʧʦʜʝˀʝʥʝ ʫ ʯʝʪʠʨʠ ʨʝʞˁʘ: 

ʬʨʦʥʪʘʣʥʠ, ʧʘʨʠʿʝʪʘʣʥʠ, ʦʢʮʠʧʠʪʘʣʥʠ ʠ ʪʝʤʧʦʨʘʣʥʠ. ʉʚʘʢʠ ʦʜ ʦʚʠʭ ʨʝʞˁʝʚʘ ʠʤʘ 

ʩʧʝʮʠʬʠʯʥʫ ʫʣʦʛʫ.  

ʌʨʦʥʪʘʣʥʠ ʨʝʞʘˁ ʩʤʝʰʪʝʥ ʫ ʧʨʝʜˁʝʤ ʜʝʣʫ ʤʦʟʛʘ, ʦʜʛʦʚʦʨʘʥ ʿʝ ʟʘ ʜʦʥʦʰʝˁʝ 

ʦʜʣʫʢʘ, ʨʝʰʘʚʘˁʝ ʧʨʦʙʣʝʤʘ, ʨʝʟʦʥʦʚʘˁʝ, ʧʣʘʥʠʨʘˁʝ ʤʦʪʦʨʠʯʢʠʭ ʨʘʜˁʠ, ʨʝʛʫʣʘʮʠʿʫ 

ʧʘʞˁʝ ʠ ʢʦʥʪʨʦʣʫ ʝʤʦʮʠʿʘ. ʇʘʨʠʝʪʘʣʥʠ ʨʝʞʘˁ ʿʝ ʦʜʛʦʚʦʨʘʥ ʟʘ ʨʘʟʫʤʝʚʘˁʝ, 

ʧʨʝʧʦʟʥʘʚʘˁʝ, ʧʝʨʮʝʧʮʠʿʫ, ʦʨʠʿʝʥʪʘʮʠʿʫ. ʆʢʮʠʧʠʪʘʣʥʠ ʨʝʞʘˁ ʿʝ ʟʘʜʫʞʝʥ ʟʘ ʚʠʟʫʝʣʥʫ 

ʦʙʨʘʜʫ. ʊʝʤʧʦʨʘʣʥʠ ʨʝʞʘˁ, ʢʦʿʠ ʩʝ ʥʘʣʘʟʠ ʫ ʙʣʠʟʠʥʠ ʫʰʠʿʫ, ʧʨʠʤʘʨʥʦ ʿʝ ʟʘʜʫʞʝʥ ʟʘ 

ʧʘʤ˂ʝˁʝ, ʦʙʨʘʜʫ ʠʥʬʦʨʤʘʮʠʿʘ, ʧʨʝʧʦʟʥʘʚʘˁʝ ʛʦʚʦʨʘ ʠ ʣʠʮʘ. 

ʄʘʣʠ ʤʦʟʘʢ ʿʝ ʜʨʫʛʘ ʥʘʿʚʝ˂ʘ ʩʪʨʫʢʪʫʨʘ ʤʦʟʛʘ ʢʦʿʘ ʩʘʜʨʞʠ ʚʠʰʝ ʦʜ ʧʦʣʦʚʠʥʝ 

ʤʦʞʜʘʥʠʭ ʥʝʫʨʦʥʘ. ʄʘʣʠ ʤʦʟʘʢ ʿʝ ʧʦʚʝʟʘʥ ʩʘ ʚʦˀʥʠʤ ʧʦʢʨʝʪʠʤʘ ʤʠʰʠ˂ʘ, ʬʠʥʠʤ 

ʤʦʪʦʨʠʯʢʠʤ ʚʝʰʪʠʥʘʤʘ ʠ ʨʝʛʫʣʘʮʠʿʦʤ ʨʘʚʥʦʪʝʞʝ. ʄʦʞʜʘʥʦ ʩʪʘʙʣʦ ʩʝ ʥʘʣʘʟʠ ʥʘ ʜʥʫ 

ʤʦʟʛʘ ʠ ʧʦʚʝʟʫʿʝ ʚʝʣʠʢʠ ʤʦʟʘʢ ʩʘ ʢʠʯʤʝʥʦʤ ʤʦʞʜʠʥʦʤ. ʆʥ ʢʦʥʪʨʦʣʠʰʝ ʚʠʪʘʣʥʝ ʬʫʥʢʮʠʿʝ 

ʪʝʣʘ, ʫʢˀʫʯʫʿʫ˂ʠ ʜʠʩʘˁʝ, ʩʚʝʩʪ, ʧʦʢʨʝʪʝ ʦʯʠʿʫ ʠ ʫʩʪʘ, ʦʪʢʫʮʘʿʝ ʩʨʮʘ ʠ ʢʨʚʥʠ ʧʨʠʪʠʩʘʢ. 

ʅʘ ʩʣʠʮʠ 3.8 ʧʨʠʢʘʟʘʥʠ ʩʫ ʨʝʛʠʦʥʠ ʤʦʟʛʘ ʠ ʬʫʥʢʮʠʿʝ ʢʦʿʝ ʩʫ ʩʘ ˁʠʤʘ ʧʦʚʝʟʘʥʝ. 

 

ʉʣʠʢʘ 3.8 ʇʨʠʢʘʟ ʨʝʛʠʿʘ ʤʦʟʛʘ ʩʘ ʬʫʥʢʮʠʿʘʤʘ ʟʘ ʢʦʿʝ ʩʫ ʦʜʛʦʚʦʨʥʝ (ʧʨʠʣʘʛʦʹʝʥʦ ʧʨʝʤʘ 

Liu ʠ ʜʨʫʛʠ, 2019) 

ɲʫʜʩʢʠ ʤʦʟʘʢ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʦʢʦ 100 ʤʠʣʠʿʘʨʜʠ ʥʝʨʚʥʠʭ ˂ʝʣʠʿʘ ʥʘʟʚʘʥʠʭ ʥʝʫʨʦʥʠ. 

ʅʝʫʨʦʥ ʤʦʞʝ ʧʨʝʥʦʩʠʪʠ ʦʜʨʝʹʝʥʝ ʠʥʬʦʨʤʘʮʠʿʝ ʧʦʤʦ˂ʫ ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʛʥʘʣʘ. ʅʘ ʩʣʠʮʠ 

3.9 ʿʝ ʧʨʠʢʘʟʘʥʘ ʩʪʨʫʢʪʫʨʘ ʥʝʫʨʦʥʘ. ʅʝʫʨʦʥʠ ʠʤʘʿʫ ʪʨʠ ʦʩʥʦʚʥʘ ʜʝʣʘ: ʪʝʣʦ ˂ʝʣʠʿʝ, ʘʢʩʦʥ 

ʠ ʜʝʥʜʨʠʪʝ. ʉʚʘʢʠ ʥʝʫʨʦʥ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʤʥʦʛʦ ʩʠʥʘʧʩʠ ʢʦʿʝ ʩʫ ʜʘˀʝ ʧʦʚʝʟʘʥʝ ʩʘ ʚʝʣʠʢʠʤ 

ʙʨʦʿʝʤ ʥʝʫʨʦʥʘ. ɸʢʩʦʥ ʿʝ ʜʫʛʘʯʘʢ, ʫʟʘʢ ʜʝʦ ʥʝʫʨʦʥʘ ʢʦʿʠ ʧʦʚʝʟʫʿʝ ʿʝʟʛʨʦ ʩʦʧʩʪʚʝʥʦʛ 

ʥʝʫʨʦʥʘ ʩʘ ʜʝʥʜʨʠʪʦʤ ʜʨʫʛʦʛ. ɼʝʥʜʨʠʪ ʿʝ ʢʨʘʪʘʢ ʜʝʦ ʥʝʫʨʦʥʘ ʢʦʿʠ ʧʨʠʤʘ ʩʠʛʥʘʣʝ ʦʜ 

ʜʨʫʛʠʭ ʥʝʫʨʦʥʘ ʠʣʠ ʩʝʥʟʦʨʥʠʭ ˂ʝʣʠʿʘ ʠ ʧʨʝʥʦʩʠ ʠʭ ʢʘ ʪʝʣʫ ˂ʝʣʠʿʝ. ʆʚʝ ʩʠʛʥʘʣʝ ʜʝʥʜʨʠʪʠ 

ʧʨʠʤʘʿʫ ʧʨʝʢʦ ʩʠʥʘʧʩʠ, ʛʜʝ ʩʝ ʦʜʚʠʿʘ ʢʦʤʫʥʠʢʘʮʠʿʘ ʠʟʤʝʹʫ ʥʝʫʨʦʥʘ. 
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ʉʣʠʢʘ 3.9 ʉʪʨʫʢʪʫʨʘ ʥʝʫʨʦʥʘ (ʧʨʠʣʘʛʦʹʝʥʦ ʧʨʝʤʘ Sanei ʠ Chambers, 2007) 

3.8 ʇʈɸɴɽɳɽ ʄʆɾɼɸʅɽ ɸʂʊʀɺʅʆʉʊʀ ʀ ʇɸɾɳɽ  

ɼʝʪʘˀʘʥ ʧʨʝʛʣʝʜ ʥʘʫʯʥʦ-ʠʩʪʨʘʞʠʚʘʯʢʠʭ ʨʘʜʦʚʘ ʠʟ ʦʚʝ ʦʙʣʘʩʪʠ ʧʦʢʘʟʘʦ ʿʝ ʜʘ ʿʝ 

ʚʝ˂ʠʥʘ ʥʘʫʯʥʦ-ʠʩʪʨʘʞʠʚʘʯʢʠʭ ʨʘʜʦʚʘ ʦʨʠʿʝʥʪʠʩʘʥʘ ʥʘ ʧʨʘ˂ʝˁʝ ʧʦʣʦʞʘʿʘ ʪʝʣʘ ʢʦʿʝ 

ʟʘʫʟʠʤʘʿʫ ʨʘʜʥʠʮʠ ʪʦʢʦʤ ʦʙʘʚˀʘˁʘ ʬʠʟʠʯʢʠ ʟʘʤʦʨʥʠʭ ʟʘʜʘʪʘʢʘ ʤʦʥʪʘʞʝ ʫ ʮʠˀʫ 

ʝʣʠʤʠʥʠʩʘˁʘ ʥʝʬʠʟʠʦʣʦʰʢʠʭ ʧʦʣʦʞʘʿʘ ʪʝʣʘ ʠ ʩʤʘʝˁˁʘ ʥʘʧʨʝʟʘˁʘ ʤʠʰʠ˂ʘ. ʄʘˁʝ 

ʧʘʞˁʝ ʿʝ ʧʦʩʚʝ˂ʝʥʦ ʧʨʘ˂ʝˁʫ ʢʦʛʥʠʪʠʚʥʠʭ ʘʩʧʝʢʘʪʘ (Fish ʠ ʜʨʫʛʠ, 1997). ʇʨʘ˂ʝˁʝ 

ʢʦʛʥʠʪʠʚʥʠʭ ʧʨʦʮʝʩʘ ʧʦʩʪʘʣʦ ʿʝ ʩʚʝ ʟʥʘʯʘʿʥʠʿʝ ʫ ʥʦʚʠʿʝ ʚʨʝʤʝ. ʀʩʪʨʘʞʠʚʘʯʠ ʥʘʩʪʦʿʝ ʜʘ 

ʨʘʟʫʤʝʿʫ ʢʘʢʦ ʤʦʟʘʢ ʬʫʥʢʮʠʦʥʠʰʝ ʠ ʧʨʘʪʝ ʤʦʞʜʘʥʫ ʘʢʪʠʚʥʦʩʪ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ ʪʦʢʦʤ 

ʦʙʘʚˀʘˁʘ ʨʘʟʣʠʯʠʪʠʭ ʟʘʜʘʪʘʢʘ.  

ʇʨʠʤʝʥʘ ʤʝʪʦʜʘ ʠʟ ʜʦʤʝʥʘ ʥʝʫʨʦʝʨʛʦʥʦʤʠʿʝ ʦʤʦʛʫ˂ʘʚʘ ʜʫʙˀʠ ʫʚʠʜ ʫ ʤʝʥʪʘʣʥʦ 

ʦʧʪʝʨʝ˂ʝˁʝ ʨʘʜʥʠʢʘ (Parasuraman ʠ Rizzo, 2006; Ayaz ʠ Dehais, 2019). ʇʨʘ˂ʝˁʝʤ 

ʤʦʞʜʘʥʝ ʘʢʪʠʚʥʦʩʪʠ ʧʨʫʞʘ ʩʝ ʫʚʠʜ ʫ ʪʦ ʢʘʢʦ ˀʫʜʠ ʨʘʟʤʠʰˀʘʿʫ, ʦʙʨʘʹʫʿʫ ʠʥʬʦʨʤʘʮʠʿʝ, 

ʨʝʰʘʚʘʿʫ ʧʨʦʙʣʝʤʝ ʠ ʜʦʥʦʩʝ ʦʜʣʫʢʝ ʫ ʨʘʟʣʠʯʠʪʠʤ ʩʠʪʫʘʮʠʿʘʤʘ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʦʤʦʛʫ˂ʘʚʘ 

ʩʝ ʧʨʘ˂ʝˁʝ ʧʨʦʤʝʥʘ ʫ ʤʦʞʜʘʥʠʤ ʪʘʣʘʩʠʤʘ ʢʘʜʘ ʦʩʦʙʘ ʧʨʝʣʘʟʠ ʩʘ ʿʝʜʥʦʩʪʘʚʥʠʭ ʥʘ 

ʩʣʦʞʝʥʠʿʝ ʢʦʛʥʠʪʠʚʥʝ ʟʘʜʘʪʢʝ, ʯʠʤʝ ʩʝ ʤʦʞʝ ʧʨʦʮʝʥʠʪʠ ʢʦʣʠʢʦ ʝʥʝʨʛʠʿʝ ʤʦʟʘʢ ʫʣʘʞʝ ʫ 

ʪʝ ʧʨʦʮʝʩʝ. ʇʩʠʭʦʬʠʟʠʦʣʦʰʢʝ ʤʝʪʦʜʝ ʦʤʦʛʫ˂ʘʚʘʿʫ ʦʙʿʝʢʪʠʚʥʫ ʢʚʘʥʪʠʬʠʢʘʮʠʿʫ 

ʢʦʛʥʠʪʠʚʥʦʛ ʩʪʘˁʘ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ (Trimmel ʠ ʜʨʫʛʠ, 2009). 

ʂʦʛʥʠʪʠʚʥʘ ʝʨʛʦʥʦʤʠʿʘ, ʢʘʦ ʥʦʚʘ ʛʨʘʥʘ ʝʨʛʦʥʦʤʠʿʝ, ʬʦʢʫʩʠʨʘ ʩʝ ʥʘ ʧʨʦʫʯʘʚʘˁʝ 

ʢʦʛʥʠʪʠʚʥʠʭ ʢʘʧʘʮʠʪʝʪʘ ˀʫʜʠ (ʢʘʦ ʰʪʦ ʩʫ ʧʘʤ˂ʝˁʝ, ʧʝʨʮʝʧʮʠʿʘ, ʧʘʞˁʘ ʠʪʜ.), ʪʦʢʦʤ 

ʠʥʪʝʨʘʢʮʠʿʝ ʩʘ ʝʣʝʤʝʥʪʠʤʘ ʨʘʜʥʦʛ ʦʢʨʫʞʝˁʘ. ʈʝʟʫʣʪʘʪʠ ʜʦʙʠʿʝʥʠ ʧʨʠʤʝʥʦʤ ʤʝʪʦʜʘ ʠʟ 

ʜʦʤʝʥʘ ʢʦʛʥʠʪʠʚʥʝ ʝʨʛʦʥʦʤʠʿʝ ʩʫ ʜʦʧʫʥʘ ʢʣʘʩʠʯʥʠʤ ʝʨʛʦʥʦʤʩʢʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʠ 

ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʚʝʟʘʥʠʤ ʟʘ ʜʠʟʘʿʥʠʨʘˁʝ ʨʘʜʥʠʭ ʤʝʩʪʘ (Fafrowicz ʠ Marek, 2007). ʋ 

ʢʦʥʪʝʢʩʪʫ ʀʥʜʫʩʪʨʠʿʝ 5.0, ʩʚʝ ʚʘʞʥʠʿʝ ʧʦʩʪʘʿʝ ʨʘʟʫʤʝʚʘˁʝ ʥʘ ʢʦʿʠ ʥʘʯʠʥ ʥʦʚʝ 

ʪʝʭʥʦʣʦʛʠʿʝ ʫʪʠʯʫ ʥʘ ʢʦʛʥʠʪʠʚʥʝ ʟʘʭʪʝʚʝ ʨʘʜʥʠʢʘ ʠ ˁʠʭʦʚʫ ʠʥʪʝʨʘʢʮʠʿʫ ʩʘ ʥʘʧʨʝʜʥʠʤ 

ʩʠʩʪʝʤʠʤʘ. ʆʚʘʿ ʫʚʠʜ ʦʤʦʛʫ˂ʘʚʘ ʦʧʪʠʤʠʟʘʮʠʿʫ ʧʨʦʠʟʚʦʜʥʠʭ ʧʨʦʮʝʩʘ ʠ ʜʦʧʨʠʥʦʩʠ 

ʧʦʙʦˀʰʘˁʫ ʜʦʙʨʦʙʠʪʠ ʠ ʟʜʨʘʚˀʘ ʨʘʜʥʠʢʘ. 

ʉʧʨʦʚʦʹʝˁʝ ʘʢʪʠʚʥʦʩʪʠ ʤʘʥʫʝʣʥʝ ʤʦʥʪʘʞʝ ʧʦʜʨʘʟʫʤʝʚʘ ʚʝʣʠʢʠ ʙʨʦʿ ʧʦʥʘʚˀʘˁʘ 

ʨʘʜʥʠʭ ʦʧʝʨʘʮʠʿʘ. ʈʘʜʥʠʮʠ ʫ ʥʝʢʠʤ ʩʠʪʫʘʮʠʿʘʤʘ ʧʦʥʘʚˀʘʿʫ ʿʝʜʥʫ ʠʩʪʫ ʦʧʝʨʘʮʠʿʫ ʠ ʧʦ 

ʥʝʢʦʣʠʢʦ ʭʠˀʘʜʘ ʧʫʪʘ ʪʦʢʦʤ ʨʘʜʥʝ ʩʤʝʥʝ ʰʪʦ ʜʦʚʦʜʠ ʜʦ ʧʘʜʘ ʧʘʞˁʝ (Spath ʠ ʜʨʫʛʠ, 
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2012). ʂʘʢʦ ʠʩʪʠʯʝ ʘʫʪʦʨ (Fisherl, 1993) ʫʩʣʝʜ ʦʙʘʚˀʘˁʘ ʦʚʠʭ ʤʦʥʦʪʦʥʠʭ ʠ ʤʝʥʪʘʣʥʦ 

ʟʘʭʪʝʚʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʜʦʣʘʟʠ ʜʦ ʧʘʜʘ ʧʘʞˁʝ ʠ ʧʦʿʘʚʝ ʤʝʥʪʘʣʥʦʛ ʟʘʤʦʨʘ, ʘ ʪʦ ʜʘˀʝ 

ʧʦʚʝ˂ʘʚʘ ʨʠʟʠʢ ʦʜ ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ ʠ ʧʦʿʘʚʝ ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ ʙʦʣʝʩʪʠ. ʂʦʛʥʠʪʠʚʥʦ 

ʦʧʪʝʨʝʝ˂ˁʝ ʥʝʛʘʪʠʚʥʦ ʫʪʠʯʝ ʥʘ ʧʘʞˁʫ ʨʘʜʥʠʢʘ ʠ ʩʧʦʩʦʙʥʦʩʪ ʨʘʩʫʹʠʚʘˁʘ (Rabby ʠ ʜʨʫʛʠ, 

2019). ʋ ʥʝʢʠʤ ʩʠʪʫʘʮʠʿʘʤʘ ʨʘʜʥʠʮʠ ʥʝ ʫʩʧʝʚʘʿʫ ʜʘ ʦʩʪʘʥʫ ʙʫʜʥʠ (Spath ʠ ʜʨʫʛʠ, 2012). 

ʊʘʢʦʹʝ, ʨʘʜʥʠʮʠ ʢʦʿʠ ʦʙʘʚˀʘʿʫ ʤʦʥʪʘʞʥʝ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʨʘʜʥʦʿ ʩʪʘʥʠʮʠ ʩʫ ʢʦʥʪʠʥʫʠʨʘʥʦ 

ʠʟʣʦʞʝʥʠ ʩʪʨʝʩʫ. ʆʚʦ ʿʝ ʫʟʨʦʢʦʚʘʥʦ ʧʨʝ ʩʚʝʛʘ ʚʝʣʠʢʦʤ ʢʦʣʠʯʠʥʦʤ ʠʥʬʦʨʤʘʮʠʿʘ ʢʦʿʝ 

ʨʘʜʥʠʮʠ ʜʦʙʠʿʘʿʫ ʧʨʠʣʠʢʦʤ ʦʙʘʚˀʘˁʘ ʤʦʥʪʘʞʝ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʢʦʤʧʦʥʝʥʪʠ ʠ ʜʝʣʦʚʘ 

ʢʦʿʠʤʘ ʿʝ ʧʦʪʨʝʙʥʦ ʨʫʢʦʚʘʪʠ. 

ɸʫʪʦʨ (Parasuraman, 2003) ʩʤʘʪʨʘ ʜʘ ʿʝ ʧʨʦʫʯʘʚʘˁʝ ʢʦʛʥʠʪʠʚʥʠʭ ʧʨʦʮʝʩʘ ʚʝʦʤʘ 

ʚʘʞʥʦ. ʂʦʛʥʠʪʠʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʫʪʠʯʝ ʥʘ ʧʝʨʬʦʨʤʘʥʩʝ ʨʘʜʥʠʢʘ (Brolin ʠ 

ʜʨʫʛʠ, 2017; Kohlmorgen ʠ ʜʨʫʛʠ, 2007). ɺʠʩʦʢʦ ʢʦʛʥʠʪʠʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ ʥʝʛʘʪʠʚʥʦ ʫʪʠʯʝ 

ʥʘ ʙʨʟʠʥʫ ʠ ʚʨʝʤʝ ʠʟʚʦʹʝˁʘ ʤʦʥʪʘʞʥʠʭ ʘʢʪʠʚʥʦʩʪʠ, ʧʦʿʘʚʫ ʥʝʜʦʩʪʘʪʘʢʘ ʠ ʢʚʘʣʠʪʝʪ 

ʬʠʥʘʣʥʠʭ ʧʨʦʠʟʚʦʜʘ ʋʩʣʝʜ ʧʦʚʝ˂ʘˁʘ ʢʦʛʥʠʪʠʚʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʜʦʣʘʟʠ ʜʦ ʛʨʝʰʘʢʘ (Falck 

ʠ Rosenqvist, 2012). ʇʨʝʤʘ (Wallace ʠ Vodanovich, 2003) ʧʘʜ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʠ ʧʘʞˁʝ 

ʧʨʦʫʟʨʦʢʫʿʝ ʛʨʝʰʢʝ. 

ɹʣʘʛʦʚʨʝʤʝʥʦ ʦʪʢʨʠʚʘˁʝ ʧʘʜʘ ʧʘʞˁʝ ʠ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʤʦʞʝ ʜʦʧʨʠʥʝʪʠ 

ʧʨʝʚʝʥʮʠʿʠ ʜʝʬʝʢʘʪʘ ʠ ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ. ʉʪʦʛʘ, ʙʨʦʿʥʠ ʘʫʪʦʨʠ ʩʫ ʠʩʪʨʘʞʠʚʘʣʠ ʤʦʞʜʘʥʫ 

ʘʢʪʠʚʥʦʩʪ, ʧʘʞˁʫ ʠ ʢʦʥʮʝʥʪʨʘʮʠʿʫ ʨʘʜʥʠʢʘ. ɸʫʪʦʨʠ (Fan ʠ ʜʨʫʛʠ, 2022) ʩʫ ʥʘ ʦʩʥʦʚʫ 

ʧʨʘ˂ʝˁʘ ɽɽɻ ʩʠʛʥʘʣʘ ʫʪʚʨʜʠʣʠ ʢʘʜʘ ʩʝ ʿʘʚˀʘ ʟʘʤʦʨ ʧʨʠʣʠʢʦʤ ʚʦʞˁʝ ʠ ʧʨʝʜʣʦʞʠʣʠ 

ʤʝʪʦʜʫ ʟʘ ʜʝʪʝʢʮʠʿʫ ʟʘʤʦʨʘ.  

ʂʦʛʥʠʪʠʚʥʠ ʘʩʧʝʢʪʠ, ʢʦʿʠ ʫʢˀʫʯʫʿʫ ʧʨʦʮʝʩʝ ʧʦʧʫʪ ʧʘʞˁʝ, ʧʘʤ˂ʝˁʘ, ʫʯʝˁʘ ʠ 

ʨʝʰʘʚʘˁʘ ʧʨʦʙʣʝʤʘ ʩʫ ʫ ʢʦʨʝʣʘʮʠʿʠ ʩʘ ʘʢʪʠʚʥʦʩʪʠʤʘ ʨʘʟʣʠʯʠʪʠʭ ʤʦʞʜʘʥʠʭ ʨʝʛʠʿʘ. 

ʉʚʘʢʠ ʬʨʝʢʚʝʥʪʥʠ ʦʧʩʝʛ ʿʝ ʧʦʚʝʟʘʥ ʩʘ ʩʧʝʮʠʬʠʯʥʠʤ ʢʦʛʥʠʪʠʚʥʠʤ ʩʪʘˁʠʤʘ, ʧʨʫʞʘʿʫ˂ʠ 

ʫʚʠʜ ʫ ʢʦʛʥʠʪʠʚʥʝ ʧʨʦʮʝʩʝ ʠ ʤʝʥʪʘʣʥʘ ʩʪʘˁʘ ʥʘ ʦʩʥʦʚʫ ʨʝʣʘʪʠʚʥʝ ʩʥʘʛʝ ʫʥʫʪʘʨ ʦʚʠʭ 

ʬʨʝʢʚʝʥʮʠʿʩʢʠʭ ʦʧʩʝʛʘ (Bakshi, 2018). ʌʨʝʢʚʝʥʮʠʿʘ ʿʝ ʿʝʜʘʥ ʦʜ ʥʘʿʚʘʞʥʠʿʠʭ ʧʘʨʘʤʝʪʘʨʘ 

ʟʘ ʧʨʦʮʝʥʫ ʢʦʛʥʠʪʠʚʥʦʛ ʩʪʘˁʘ (Fisch, 1999). ɸʤʧʣʠʪʫʜʝ ʠ ʬʨʝʢʚʝʥʮʠʿʝ ʤʦʞʜʘʥʠʭ 

ʨʠʪʤʦʚʘ ʩʝ ʤʝˁʘʿʫ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʢʦʛʥʠʪʠʚʥʦʛ ʩʪʘˁʘ ʦʩʦʙʝ ʥʧʨ. ʙʫʜʥʦʩʪ, ʫʟʙʫʹʝˁʝ, 

ʦʧʫʰʪʝʥʦʩʪ ʠʪʜ. (Sanei ʠ Chambers, 2013; Aftanas ʠ ʜʨʫʛʠ, 2002). ʄʦʞʜʘʥʠ ʨʠʪʤʦʚʠ ʩʝ 

ʤʦʛʫ ʧʦʜʝʣʠʪʠ ʫ ʬʨʝʢʚʝʥʪʥʝ ʦʧʩʝʛʝ (Sanei ʠ Chambers, 2013). ʅʘ ʩʣʠʮʠ 3.10 ʩʫ ʧʨʠʢʘʟʘʥʠ 

ʤʦʞʜʘʥʠ ʨʠʪʤʦʚʠ.  

 

ʉʣʠʢʘ 3.10 ʈʘʟʣʠʯʠʪʠ ʤʦʞʜʘʥʠ ʨʠʪʤʦʚʠ 

ɼʝʣʪʘ (ŭ) ʪʘʣʘʩʠ ʩʝ ʥʘʣʘʟʝ ʫ ʦʧʩʝʛʫ ʦʜ 0.5 ʜʦ 4 Hz ʠ ʧʨʚʝʥʩʪʚʝʥʦ ʩʫ ʧʦʚʝʟʘʥʠ ʩʘ 

ʜʫʙʦʢʠʤ ʩʥʦʤ ʩ ʪʠʤ ʜʘ ʩʝ ʦʚʠ ʪʘʣʘʩʠ ʤʦʛʫ ʿʘʚʠʪʠ ʠ ʫ ʩʪʘˁʫ ʙʫʜʥʦʩʪʠ. ʊʝʪʘ (ɗ) ʪʘʣʘʩʠ ʩʝ 

ʥʘʣʘʟʠ ʫ ʬʨʝʢʚʝʥʪʥʦʤ ʦʧʩʝʛʫ ʠʟʤʝʹʫ 4 ʠ 8 Hz ʩʘ ʘʤʧʣʠʪʫʜʦʤ ʚʝ˂ʦʤ ʦʜ 20 ÕV. ʊʝʪʘ ʪʘʣʘʩʠ 

ʩʝ ʿʘʚˀʘʿʫ ʢʘʜʘ ʿʝ ʦʩʦʙʘ ʫ ʙʫʜʥʦʤ ʩʪʘˁʫ, ʘʣʠ ʠʤʘ ʪʝʥʜʝʥʮʠʿʫ ʧʨʝʣʘʩʢʘ ʫ ʩʪʘˁʝ ʧʦʩʧʘʥʦʩʪʠ 

(Sanei ʠ Chambers, 2013) ʦʜʥʦʩʥʦ ʫ ʣʘʛʘʥʠ ʩʘʥ (De Vos, 2009). ʋʪʚʨʹʝʥʦ ʿʝ ʜʘ ʜʦʣʘʟʠ ʜʦ 

ʧʦʚʝ˂ʘˁʘ ʪʝʪʘ ʨʠʪʤʘ ʫ ʬʨʦʥʪʘʣʥʦʿ ʠ ʪʝʤʧʦʨʘʣʥʦʿ ʦʙʣʘʩʪʠ ʪʦʢʦʤ ʦʙʘʚˀʘˁʘ ʩʣʦʞʝʥʠʿʠʭ 

ʟʘʜʘʪʘʢʘ ʠ ʧʨʠʣʠʢʦʤ ʢʨʝʘʪʠʚʥʦʛ ʨʘʟʤʠʰˀʘˁʘ. ɸʣʬʘ (Ŭ) ʪʘʣʘʩʠ ʩʫ ʧʦʚʝʟʘʥʠ ʩʘ 

ʬʨʝʢʚʝʥʮʠʿʩʢʠʤ ʦʧʩʝʛʦʤ ʦʜ 8 ʜʦ 13 Hz ʠ ʘʤʧʣʠʪʫʜʦʤ 30-50 ÕV, ʢʦʿʠ ʩʝ ʿʘʚˀʘʿʫ ʢʘʜʘ 

ʩʫʙʿʝʢʪ ʠʤʘ ʟʘʪʚʦʨʝʥʝ ʦʯʠ ʠʣʠ ʿʝ ʫ ʩʪʘˁʫ ʦʧʫʰʪʘˁʘ ʦʜʥʦʩʥʦ ʚʝʟʘʥʠ ʩʫ ʟʘ ʩʤʘˁʝʥʫ ʧʘʞˁʫ 

ʪʿ. ʫʢʘʟʫʿʫ ʜʘ ʿʝ ʦʩʦʙʘ ʙʫʜʥʘ, ʘʣʠ ʥʠʿʝ ʩʧʦʩʦʙʥʘ ʜʘ ʘʢʪʠʚʥʦ ʦʙʨʘʹʫʿʝ ʠʥʬʦʨʤʘʮʠʿʝ (De Vos, 

ŭ (ʜʝʣʪʘ: < 4 
Hz)

Ű (ʪʝʪʘ: 4-8 
Hz)

Ŭ (ʘʣʬʘ: 8-12)
ɓ (ʙʝʪʘ: 13-35 

Hz) 
ɔ (ʛʘʤʘ: >35 

Hz).



81 

2009). ʆʙʠʯʥʦ ʩʫ ʧʦʚʝʟʘʥʠ ʩʘ ʠʥʪʝʥʟʠʚʥʦʤ ʤʝʥʪʘʣʥʦʤ ʘʢʪʠʚʥʦʰ˂ʫ ʠ ʪʝʥʟʠʿʦʤ. ɸʫʪʦʨʠ 

(Wang ʠ ʜʨʫʛʠ, 2020) ʩʫ ʫʩʪʘʥʦʚʠʣʠ ʜʘ ʩʝ ʜʝʣʪʘ ʪʘʣʘʩʠ ʠ ʘʣʬʘ ʪʘʣʘʩʠ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʟʘ 

ʦʪʢʨʠʚʘˁʝ ʧʦʩʧʘʥʦʩʪʠ. 

ɹʝʪʘ ʪʘʣʘʩʝ ʢʦʿʠ ʩʫ ʫ ʬʨʝʢʚʝʥʮʠʿʩʢʦʤ ʦʧʩʝʛʫ ʦʜ 13 Hz ʜʦ 35 Hz ʢʘʨʘʢʪʝʨʠʰʝ ʤʘʣʘ 

ʘʤʧʣʠʪʫʜʘ ʠ ʧʨʦʤʝʥˀʠʚʝ ʬʨʝʢʚʝʥʮʠʿʝ ʢʦʿʝ ʩʫ ʩʠʤʝʪʨʠʯʥʦ ʧʨʠʩʫʪʥʝ ʩʘ ʦʙʝ ʩʪʨʘʥʝ ʫ 

ʬʨʦʥʪʘʣʥʦʿ ʦʙʣʘʩʪʠ ʤʦʟʛʘ. ʆʚʠ ʪʘʣʘʩʠ ʩʝ ʛʝʥʝʨʠʰʫ ʢʘʜʘ ʿʝ ʠʩʧʠʪʘʥʠʢ ʫʟʙʫʹʝʥ ʠ ʘʢʪʠʚʥʦ 

ʫʢˀʫʯʝʥ ʫ ʦʙʘʚˀʘˁʝ ʤʝʥʪʘʣʥʠʭ ʘʢʪʠʚʥʦʩʪʠ, ʢʘʦ ʰʪʦ ʩʫ ʨʝʰʘʚʘˁʝ ʢʦʥʢʨʝʪʥʠʭ ʧʨʦʙʣʝʤʘ, 

ʜʦʥʦʰʝˁʝ ʦʜʣʫʢʘ ʠ ʫʩʨʝʜʩʨʝʹʝʥʦʩʪ ʥʘ ʨʘʜʥʠ ʟʘʜʘʪʘʢ. ʇʦʚʝ˂ʘʥʘ ʘʢʪʠʚʥʦʩʪ ʙʝʪʘ ʪʘʣʘʩʘ ʿʝ 

ʧʦʢʘʟʘʪʝˀ ʚʠʩʦʢʦʛ ʢʦʛʥʠʪʠʚʥʦʛ ʥʘʧʦʨʘ ʠ ʙʫʜʥʦʩʪʠ, ʰʪʦ ʿʝ ʫʦʙʠʯʘʿʝʥʦ ʫ ʩʠʪʫʘʮʠʿʘʤʘ ʢʦʿʝ 

ʟʘʭʪʝʚʘʿʫ ʠʥʪʝʥʟʠʚʥʦ ʨʘʟʤʠʰˀʘˁʝ ʠ ʢʦʥʮʝʥʪʨʘʮʠʿʫ. ʊʦ ʫʢʘʟʫʿʝ ʜʘ ʦʩʦʙʘ ʘʢʪʠʚʥʦ 

ʨʘʟʤʠʰˀʘ ʠ ʬʦʢʫʩʠʨʘʥʘ ʿʝ ʥʘ ʨʝʰʘʚʘˁʫ ʧʨʦʙʣʝʤʩʢʠʭ ʩʠʪʫʘʮʠʿʘ (Sanei ʠ Chambers, 

2013). ɻʘʤʘ (◓) ʪʘʣʘʩʠ ʠʤʘʿʫ ʬʨʝʢʚʝʥʮʠʿʫ ʚʝ˂ʫ ʦʜ 35 Hz, ʠ ʧʦʚʝʟʘʥʠ ʩʫ ʩʘ ʨʘʟʣʠʯʠʪʠʤ 

ʢʦʛʥʠʪʠʚʥʠʤ ʠ ʤʦʪʦʨʠʯʢʠʤ ʬʫʥʢʮʠʿʘʤʘ. ʆʚʠ ʪʘʣʘʩʠ ʩʫ ʧʦʚʝʟʘʥʠ ʩʘ ʚʠʩʦʢʦ ʩʣʦʞʝʥʠʤ 

ʤʝʥʪʘʣʥʠʤ ʧʨʦʮʝʩʠʤʘ, ʢʘʦ ʰʪʦ ʩʫ ʫʯʝˁʝ, ʧʘʤ˂ʝˁʝ ʠ ʦʙʨʘʜʘ ʠʥʬʦʨʤʘʮʠʿʘ. 

  ʅʘ ʩʣʠʮʠ 3.11 ʿʝ ʜʘʪ ʛʨʘʬʠʯʢʠ ʧʨʠʢʘʟ ʨʘʟʣʠʯʠʪʠʭ ʪʠʧʦʚʘ ʤʦʞʜʘʥʠʭ ʨʠʪʤʦʚʘ.  

 ɻʘʤʘ ʪʘʣʘʩʠ, ʫʢʘʟʫʿʫ ʥʘ ʚʠʩʦʢʦ ʢʦʛʥʠʪʠʚʥʦ 

ʦʧʪʝʨʝ˂ʝˁʝ, ʫʩʣʝʜ ʧʨʦʮʝʩʠʨʘˁʘ ʠʥʬʦʨʤʘʮʠʿʘ, 

ʫʯʝˁʘ ʠ ʧʘʤ˂ʝˁʘ. ʇʦʚʝ˂ʘʥʘ ʘʢʪʠʚʥʦʩʪ ʦʚʠʭ 

ʪʘʣʘʩʘ ʪʦʢʦʤ ʦʙʘʚˀʘˁʘ ʟʘʜʘʪʘʢʘ ʯʝʩʪʦ ʫʢʘʟʫʿʝ 

ʥʘ ʚʠʩʦʢ ʥʠʚʦ ʤʝʥʪʘʣʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ. 

 
ɹʝʪʘ ʪʘʣʘʩʠ ʩʫ ʧʦʚʝʟʘʥʠ ʩʘ ʘʢʪʠʚʥʦʰ˂ʫ ʤʦʟʛʘ 

ʪʦʢʦʤ ʩʪʘˁʘ ʙʫʜʥʦʩʪʠ, ʜʦʥʦʰʝˁʘ ʦʜʣʫʢʘ ʠ 

ʨʝʰʘʚʘˁʘ ʧʨʦʙʣʝʤʘ.  

 
ɸʣʬʘ ʪʘʣʘʩʠ ʩʫ ʧʦʚʝʟʘʥʠ ʩʘ ʩʪʘˁʝʤ ʤʠʨʦʚʘˁʘ ʠ 

ʦʧʫʰʪʘˁʘ, ʘʣʠ ʘʢʦ ʩʝ ˁʠʭʦʚʘ ʘʢʪʠʚʥʦʩʪ ʩʤʘˁʠ, 

ʪʦ ʤʦʞʝ ʫʢʘʟʘʪʠ ʥʘ ʧʦʚʝ˂ʘʥʠ ʤʝʥʪʘʣʥʠ ʥʘʧʦʨ. 

 

ʊʝʪʘ ʪʘʣʘʩʠ ʩʫ ʚʝʟʘʥʠ ʟʘ ʨʝʣʘʢʩʘʮʠʿʫ ʠ 

ʢʨʝʘʪʠʚʥʦʩʪ, ʘʣʠ ʤʦʛʫ ʫʢʘʟʘʪʠ ʥʘ ʧʦʯʝʪʥʠ ʥʠʚʦ 

ʢʦʛʥʠʪʠʚʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ. 

 ɼʝʣʪʘ ʪʘʣʘʩʠ ʩʫ ʧʦʚʝʟʘʥʠ ʩʘ ʜʫʙʦʢʠʤ ʦʜʤʦʨʦʤ ʠ 

ʩʥʦʤ, ʘʣʠ ˁʠʭʦʚʦ ʧʨʠʩʫʩʪʚʦ ʫ ʙʫʜʥʦʤ ʩʪʘˁʫ 

ʤʦʞʝ ʫʢʘʟʠʚʘʪʠ ʥʘ ʠʟʫʟʝʪʘʥ ʫʤʦʨ ʠʣʠ ʩʤʘˁʝʥʫ 

ʩʚʝʩʪ. 

 ʉʣʠʢʘ 3.11 ʈʘʟʣʠʯʠʪʠ ʪʠʧʦʚʠ ʤʦʞʜʘʥʠʭ ʨʠʪʤʦʚʘ- ʛʨʘʬʠʯʢʠ ʧʨʠʢʘʟ 

(ʧʨʠʣʘʛʦʹʝʥʦ ʧʨʝʤʘ: http://econtact.ca/14_2/ortiz_biofeedback.html) 

ʂʘʢʦ ʠʩʪʠʯʫ ʘʫʪʦʨʠ (Jung ʠ ʜʨʫʛʠ, 1997) ʩʪʨʝʩ, ʘʢʪʠʚʥʦ ʨʘʟʤʠʰˀʘˁʝ ʠ ʧʦʚʝ˂ʘʥʘ 

ʧʘʞˁʘ ʫʟʨʦʢʫʿʫ ʧʦʤʝʨʘˁʝ ʤʦʞʜʘʥʠʭ ʪʘʣʘʩʘ ʢʘ ʦʧʩʝʟʠʤʘ ʚʠʰʠʭ ʬʨʝʢʚʝʥʮʠʿʘ. ʂʦʥʢʨʝʪʥʦ, 

ʧʦʚʝ˂ʘʥʘ ʘʢʪʠʚʥʦʩʪ ʫ ʚʠʰʠʤ ʬʨʝʢʚʝʥʮʠʿʘʤʘ, ʢʘʦ ʰʪʦ ʩʫ ʙʝʪʘ ʠ ʛʘʤʘ ʪʘʣʘʩʠ, ʫʢʘʟʫʿʝ ʥʘ 

ʚʠʩʦʢʦ ʢʦʛʥʠʪʠʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ, ʠʥʪʝʥʟʠʚʥʦ ʨʘʟʤʠʰˀʘˁʝ ʠ ʬʦʢʫʩʠʨʘˁʝ ʥʘ ʨʘʜʥʝ 

ʟʘʜʘʪʢʝ. ʇʦʚʝ˂ʘˁʝ ʘʢʪʠʚʥʦʩʪʠ ʙʝʪʘ ʪʘʣʘʩʘ ʫʢʘʟʫʿʝ ʜʘ ʿʝ ʦʩʦʙʘ ʫʢˀʫʯʝʥʘ ʫ ʤʝʥʪʘʣʥʦ 

http://econtact.ca/14_2/ortiz_biofeedback.html
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ʟʘʭʪʝʚʥʝ ʘʢʪʠʚʥʦʩʪʠ ʠʣʠ ʿʝ ʧʦʜ ʩʪʨʝʩʦʤ. ʉʤʘˁʝˁʝ ʘʢʪʠʚʥʦʩʪʠ ʙʝʪʘ ʪʘʣʘʩʘ ʤʦʞʝ 

ʫʢʘʟʠʚʘʪʠ ʥʘ ʫʤʦʨ ʠʣʠ ʧʘʜ ʢʦʥʮʝʥʪʨʘʮʠʿʝ. 

ʄʘʣʠ ʙʨʦʿ ʥʘʫʯʥʦ-ʠʩʪʨʘʞʠʚʘʯʢʠʭ ʨʘʜʦʚʘ ʠ ʩʪʫʜʠʿʘ ʩʝ ʬʦʢʫʩʠʨʘʦ ʥʘ ʠʩʪʦʚʨʝʤʝʥʦ 

ʧʨʘ˂ʝˁʝ ʧʨʦʤʝʥʘ ʫ ɽʄɻ ʩʠʛʥʘʣʠʤʘ ʠ ʧʨʘ˂ʝˁʝ ʢʦʛʥʠʪʠʚʥʦʛ ʩʪʘˁʘ ʨʘʜʥʠʢʘ 

(Pourmohammadi ʠ Maleki, 2020; Segning ʠ ʜʨʫʛʠ, 2021). ʂʘʢʦ ʠʩʪʠʯʝ ʘʫʪʦʨ (Snook, 1985) 

ʪʨʘʜʠʮʠʦʥʘʣʥʠ ʧʨʠʩʪʫʧ ʩʝ ʬʦʢʫʩʠʨʘ ʥʘ ʦʜʨʝʹʠʚʘˁʫ ʪʘʢʦʟʚʘʥʝ ʤʘʢʩʠʤʘʣʥʦ ʧʨʠʭʚʘʪˀʠʚʝ 

ʪʝʞʠʥʝ ʪʝʨʝʪʘ ʧʨʠʣʠʢʦʤ ʧʦʜʠʟʘˁʘ ʠ ʤʘʢʩʠʤʘʣʥʦʛ ʜʦʤʝʪʘ ʧʨʠʣʠʢʦʤ ʧʨʝʫʟʠʤʘˁʘ 

ʥʝʦʧʭʦʜʥʠʭ ʢʦʤʧʦʥʝʥʪʠ ʠ ʜʝʣʦʚʘ ʧʨʠ ʯʝʤʫ ʩʝ ʟʘʥʝʤʘʨʫʿʫ ʢʦʛʥʠʪʠʚʥʠ ʘʩʧʝʢʪʠ. ʉʘ ʜʨʫʛʝ 

ʩʪʨʘʥʝ, ʫ ʨʘʜʦʚʠʤʘ ʢʦʿʠ ʩʫ ʫʩʤʝʨʝʥʠ ʥʘ ʢʦʛʥʠʪʠʚʥʫ ʝʨʛʦʥʦʤʠʿʫ ʫʛʣʘʚʥʦʤ ʩʝ ʟʘʥʝʤʘʨʫʿʫ 

ʘʩʧʝʢʪʠ ʬʠʟʠʯʢʝ ʝʨʛʦʥʦʤʠʿʝ ʢʦʿʠ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʫʪʠʯʫ ʥʘ ʧʝʨʬʦʨʤʘʥʩʝ (Karwowski, 

1991).  

ʇʨʝʤʘ ʘʫʪʦʨʠʤʘ (Mehta ʠ Parasuraman, 2013ʘ,ʙ) ʨʝʟʫʣʪʘʪʠ ʧʨʘ˂ʝˁʘ ʢʦʛʥʠʪʠʚʥʦʛ 

ʩʪʘʪʫʩʘ ʨʘʜʥʠʢʘ ʧʦʤʦ˂ʫ ɽɽɻ ʤʝʪʦʜʝ, ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʨʝʟʫʣʪʘʪʠʤʘ ʧʨʘ˂ʝˁʘ ʬʠʟʠʯʢʦʛ 

ʟʘʤʦʨʘ, ʦʤʦʛʫ˂ʘʚʘʿʫ ʭʦʣʠʩʪʠʯʢʦ ʨʘʟʫʤʝʚʘˁʝ ʩʚʠʭ ʘʩʧʝʢʘʪʘ ʨʘʜʥʠʭ ʤʝʩʪʘ. ʆʚʘʿ ʧʨʠʩʪʫʧ 

ʧʨʫʞʘ ʩʚʝʦʙʫʭʚʘʪʘʥ ʫʚʠʜ ʫ ʠʥʪʝʨʘʢʮʠʿʫ ʤʝʥʪʘʣʥʠʭ ʠ ʬʠʟʠʯʢʠʭ ʘʩʧʝʢʘʪʘ ʨʘʜʥʠʢʘ ʫ 

ʢʦʥʪʝʢʩʪʫ ʝʨʛʦʥʦʤʩʢʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʮʠˀʫ ʦʧʪʠʤʠʟʘʮʠʿʝ ʨʘʜʥʠʭ ʤʝʩʪʘ. 

ʅʘ ʩʣʠʮʠ 3.12 ʿʝ ʧʨʠʢʘʟʘʥʘ ʢʦʤʙʠʥʦʚʘʥʘ ʧʨʠʤʝʥʘ ʝʣʝʢʪʨʦʤʠʦʛʨʘʬʠʿʝ ʠ 

ʝʣʝʢʪʨʦʝʥʮʝʬʘʣʦʛʨʘʬʠʿʝ. ʆʩʥʦʚʥʠ ʮʠˀ ʿʝ ʙʠʦ ʠʩʪʦʚʨʝʤʝʥʦ ʧʨʘ˂ʝˁʝ ʘʢʪʠʚʥʦʩʪʠ ʤʠʰʠ˂ʘ 

ʠ ʤʦʞʜʘʥʠʭ ʘʢʪʠʚʥʦʩʪʠ, ʧʨʫʞʘʿʫ˂ʠ ʜʫʙˀʠ ʫʚʠʜ ʫ ʥʝʫʨʦʥʩʢʝ ʧʨʦʮʝʩʝ ʠ ʤʠʰʠ˂ʥʦ 

ʥʘʧʨʝʟʘˁʝ ʪʦʢʦʤ ʦʙʘʚˀʘˁʘ ʨʘʟʣʠʯʠʪʠʭ ʬʠʟʠʯʢʠ ʠ ʢʦʛʥʠʪʠʚʥʦ ʟʘʭʪʝʚʥʠʭ ʨʘʜʥʠʭ 

ʟʘʜʘʪʘʢʘ.  

 

 

ʉʣʠʢʘ 3.12 ʂʦʤʙʠʥʦʚʘʥʘ ʧʨʠʤʝʥʘ ʝʣʝʢʪʨʦʤʠʦʛʨʘʬʠʿʝ ʠ ʝʣʝʢʪʨʦʝʥʮʝʬʘʣʦʛʨʘʬʠʿʝ 

(ʧʨʠʣʘʛʦʹʝʥʦ ʧʨʝʤʘ: Zhang ʠ ʜʨʫʛʠ, 2022) 
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3.9 ʄɽʅʊɸʃʅʆ ʆʇʊɽʈɽɴɽɳɽ 

ʄʝʥʪʘʣʥʦ ʦʧʪʝʨʝ˂ʝˁʝ ʿʝ ʿʝʜʘʥ ʦʜ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʠʭ ʢʦʥʮʝʧʘʪʘ ʫ ʝʨʛʦʥʦʤʠʿʠ 

ʠ ˀʫʜʩʢʠʤ ʬʘʢʪʦʨʠʤʘ ʠ ʧʨʝʜʩʪʘʚˀʘ ʪʝʤʫ ʦʜ ʩʚʝ ʚʝ˂ʝʛ ʟʥʘʯʘʿʘ. ʉ ʦʙʟʠʨʦʤ ʜʘ ʩʘʚʨʝʤʝʥʘ 

ʪʝʭʥʦʣʦʛʠʿʘ ʥʘʤʝ˂ʝ ʩʚʝ ʚʝ˂ʝ ʢʦʛʥʠʪʠʚʥʝ ʟʘʭʪʝʚʝ ʨʘʜʥʠʮʠʤʘ ʜʦʢ ʩʝ ʠʩʪʦʚʨʝʤʝʥʦ ʬʠʟʠʯʢʠ 

ʟʘʭʪʝʚʠ ʩʤʘˁʫʿʫ, ʨʘʟʫʤʝʚʘˁʝ ʫʪʠʮʘʿʘ ʢʦʛʥʠʪʠʚʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʥʘ ʧʝʨʬʦʨʤʘʥʩʝ ʠ 

ʜʦʙʨʦʙʠʪ ʨʘʜʥʠʢʘ ʿʝ ʩʚʝ ʟʥʘʯʘʿʥʠʿʝ (Young ʠ ʜʨʫʛʠ, 2015). 

ʄʝʥʪʘʣʥʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʝʥʛʣ. Mental Work Load - MWL) ʩʝ ʜʝʬʠʥʠʰʝ ʢʘʦ ʦʙʠʤ 

ʤʝʥʪʘʣʥʠʭ ʠʣʠ ʢʦʛʥʠʪʠʚʥʠʭ ʨʝʩʫʨʩʘ ʢʦʿʠ ʩʫ ʥʝʦʧʭʦʜʥʠ ʟʘ ʠʩʧʫˁʘʚʘˁʝ ʟʘʭʪʝʚʘ ʦʜʨʝʹʝʥʦʛ 

ʟʘʜʘʪʢʘ. ʊʦ ʿʝ ʟʘʧʨʘʚʦ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʟʘʭʪʝʚʘʥʦʛ ʨʘʜʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʠ ʢʘʧʘʮʠʪʝʪʘ 

ʨʘʜʥʠʢʘ (Kantowitz, 1988). ɼʦ ʢʦʛʥʠʪʠʚʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʜʦʣʘʟʠ ʢʘʜʘ ʟʘʭʪʝʚʠ ʨʘʜʥʠʭ 

ʟʘʜʘʪʘʢʘ ʧʨʝʤʘʰʫʿʫ ʧʨʠʨʦʜʥʘ ʦʛʨʘʥʠʯʝˁʘ ˀʫʜʩʢʠʭ ʢʦʛʥʠʪʠʚʥʠʭ ʢʘʧʘʮʠʪʝʪʘ. ʄʝʥʪʘʣʥʦ 

ʦʧʪʝʨʝ˂ʝˁʝ ʿʝ ʠʥʜʠʢʘʪʦʨ ʧʨʠʪʠʩʢʘ ʥʘ ʨʘʜʥʫ ʤʝʤʦʨʠʿʫ ʠ ʧʦʚʝʟʘʥʦ ʿʝ ʩʘ ʨʘʟʤʠʰˀʘˁʝʤ ʠ 

ʨʝʟʦʥʦʚʘˁʝʤ ʪʦʢʦʤ ʠʟʚʨʰʘʚʘˁʘ ʨʘʜʥʠʭ ʟʘʜʘʪʢʘ. ʋ ʣʠʪʝʨʘʪʫʨʠ ʩʝ ʤʦʞʝ ʥʘ˂ʠ ʠ ʪʝʨʤʠʥ 

ʧʩʠʭʦʣʦʰʢʦ ʦʧʪʝʨʝ˂ʝˁʝ ʢʦʿʠ ʩʝ ʜʝʬʠʥʠʰʝ ʢʘʦ ʢʦʣʠʯʠʥʘ ʤʦʞʜʘʥʝ ʘʢʪʠʚʥʦʩʪʠ ʫ ʿʝʜʠʥʠʮʠ 

ʚʨʝʤʝʥʘ, ʦʜʥʦʩʥʦ ʢʘʦ ʠʥʪʝʥʟʠʪʝʪ ʠʩʢʦʨʠʰ˂ʝˁʘ ʤʦʞʜʘʥʠʭ ʨʝʩʫʨʩʘ, ʩʪʦʧʘ ʟʘʫʟʝʪʦʩʪʠ 

ʤʦʞʜʘʥʠʭ ʨʝʩʫʨʩʘ ʠʣʠ ʢʘʧʘʮʠʪʝʪ ʦʙʨʘʜʝ ʠʥʬʦʨʤʘʮʠʿʘ. 

ʄʥʦʛʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʜʠʟʘʿʥʠʨʘʥʠ ʩʫ ʫ ʮʠˀʫ ʧʨʦʮʝʥʝ ʤʝʥʪʘʣʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ 

ʪʦʢʦʤ ʠʟʚʦʹʝˁʘ ʨʘʜʥʠʭ ʟʘʜʘʪʘʢʘ ʨʘʟʣʠʯʠʪʝ ʩʣʦʞʝʥʦʩʪʠ (Van ʠ ʜʨʫʛʠ, 2020; Brookings ʠ 

ʜʨʫʛʠ, 1996) ʧʨʠ ʯʝʤʫ ʿʝ ʧʦʩʝʙʘʥ ʬʦʢʫʩ ʙʠʦ ʥʘ ʧʘʤ˂ʝˁʫ, ʧʘʞˁʠ ʠ ʢʦʥʮʝʥʪʨʘʮʠʿʠ, 

ʨʝʰʘʚʘˁʫ ʧʨʦʙʣʝʤʩʢʠʭ ʩʠʪʫʘʮʠʿʘ ʠʪʜ. ʀʩʪʨʘʞʠʚʘˁʘ ʩʫ ʧʦʢʘʟʘʣʘ ʜʘ ʚʠʩʦʢʦ ʢʦʛʥʠʪʠʚʥʦ 

ʦʧʪʝʨʝ˂ʝˁʝ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʫʙʨʟʘˁʘ ʪʝʤʧʘ ʦʙʘʚˀʘˁʘ ʘʢʪʠʚʥʦʩʪʠ, ʩʤʘˁʝˁʘ 

ʬʣʝʢʩʠʙʠʣʥʦʩʪʠ, ʧʦʚʝ˂ʘˁʘ ʫʯʝʩʪʘʣʦʩʪʠ ʛʨʝʰʘʢʘ, ʬʨʫʩʪʨʘʮʠʿʘ ʠ ʥʝʛʘʪʠʚʥʦ ʫʪʠʮʘʪʠ ʥʘ 

ʧʨʦʮʝʩ ʜʦʥʦʰʝˁʘ ʦʜʣʫʢʘ. ʊʘʢʦʹʝ, ʤʝʥʪʘʣʥʦ ʦʧʪʝʨʝ˂ʝˁʝ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʫʪʠʯʝ ʥʘ 

ʙʝʟʙʝʜʥʦʩʪ ʠ ʟʜʨʘʚˀʝ ʨʘʜʥʠʢʘ (Chen ʠ ʜʨʫʛʠ, 2015). ʉʪʦʛʘ, ʧʨʘʚʦʚʨʝʤʝʥʦ ʦʪʢʨʠʚʘˁʝ ʧʘʜʘ 

ʧʘʞˁʝ ʠ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʠ ʧʦʿʘʚʝ ʟʘʤʦʨʘ ʜʦʧʨʠʥʦʩʠ ʩʤʘˁʝˁʫ ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ ʠ ʥʝʟʛʦʜʘ. 

ʈʘʟʣʠʯʠʪʠ ʬʘʢʪʦʨʠ ʫʪʠʯʫ ʥʘ ʢʦʛʥʠʪʠʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ ʨʘʜʥʠʢʘ. ʌʘʢʪʦʨʠ ʩʝ ʤʦʛʫ 

ʧʦʜʝʣʠʪʠ ʥʘ ʩʧʦˀʥʝ ʠ ʫʥʫʪʨʘʰˁʝ. ʉʧʦˀʥʠ ʬʘʢʪʦʨʠ ʫʢˀʫʯʫʿʫ ʢʦʤʧʣʝʢʩʥʦʩʪ ʨʘʜʥʦʛ 

ʟʘʜʘʪʢʘ, ʨʘʩʧʦʣʦʞʠʚʦ ʚʨʝʤʝ, ʢʘʦ ʠ ʬʘʢʪʦʨʝ ʠʟ ʩʧʦˀʥʝ ʩʨʝʜʠʥʝ ʢʘʦ ʰʪʦ ʩʫ ʪʝʤʧʝʨʘʪʫʨʘ, 

ʥʠʚʦ ʙʫʢʝ ʠ ʦʩʚʝʪˀʝˁʝ. ʋʥʫʪʨʘʰˁʠ ʬʘʢʪʦʨʠ ʩʫ ʧʦʚʝʟʘʥʠ ʩʘ ʧʩʭʠʭʦʬʠʟʠʦʣʦʰʢʠʤ 

ʩʪʘˁʝʤ ʨʘʜʥʠʢʘ ʪʦʢʦʤ ʠʟʚʨʰʝˁʘ ʟʘʜʘʪʢʘ ʦʜʥʦʩʥʦ ʩʘ ˁʠʭʦʚʠʤ ʤʝʥʪʘʣʥʠʤ ʠ ʬʠʟʠʯʢʠʤ 

ʢʘʧʘʮʠʪʝʪʠʤʘ, ʠʥʜʠʚʠʜʫʘʣʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ (ʢʦʛʥʠʪʠʚʥʝ ʩʧʦʩʦʙʥʦʩʪʠ, ʦʙʫʢʘ, 

ʩʪʨʫʯʥʦʩʪ, ʨʘʜʥʦ ʠʩʢʫʩʪʚʦ ʠʪʜ.) (Galy ʠ ʜʨʫʛʠ, 2012). ɸʫʪʦʨʠ (Scafà ʠ ʜʨʫʛʠ, 2019) ʢʘʦ 

ʥʘʿʯʝʰ˂ʝ ʨʘʟʣʦʛʝ ʟʘ ʧʦʿʘʚʫ ʧʩʠʭʠʯʢʦʛ ʥʘʧʦʨʘ ʢʦʜ ʨʘʜʥʠʢʘ ʥʘʚʦʜʝ: ʠʟʚʦʹʝˁʝ ʧʨʝʮʠʟʥʠʭ ʠ 

ʬʠʥʠʭ ʧʦʢʨʝʪʘ ʫ ʪʦʢʫ ʜʫʞʝʛ ʚʨʝʤʝʥʩʢʦʛ ʧʝʨʠʦʜʘ, ʨʘʟʥʦʚʨʩʥʦʩʪ ʟʘʜʘʪʘʢʘ ʠ ʦʧʝʨʘʮʠʿʘ, 

ʨʝʧʝʪʠʪʠʚʥʦʩʪ ʘʢʪʠʚʥʦʩʪʠ, ʨʠʪʘʤ ʨʘʜʘ, ʥʝʜʦʩʪʘʪʘʢ ʠʣʠ ʩʣʦʞʝʥʦʩʪ ʠʥʩʪʨʫʢʮʠʿʘ ʟʘ ʨʘʜ. 

ɸʫʪʦʨʠ (Katmah, 2021) ʢʘʦ ʥʘʿʟʥʘʯʘʿʥʠʿʝ ʬʘʢʪʦʨʝ ʢʦʿʠ ʫʪʠʯʫ ʥʘ ʤʝʥʪʘʣʥʦ ʦʧʪʝʨʝ˂ʝˁʝ 

ʠʩʪʠʯʫ ʙʫʢʫ ʠʟ ʩʧʦˀʘʰˁʝʛ ʦʢʨʫʞʝˁʘ, ʝʤʦʮʠʦʥʘʣʥʝ ʩʪʠʤʫʣʘʥʩʝ ʠ ʤʝʥʪʘʣʥʝ ʩʧʦʩʦʙʥʦʩʪʠ 

ʧʦʿʝʜʠʥʘʮʘ. 

ʇʦʩʝʙʥʦ ʩʝ ʢʘʦ ʟʥʘʯʘʿʥʠ ʬʘʢʪʦʨʠ ʠʩʪʠʯʫ ʩʣʦʞʝʥʦʩʪ ʧʨʦʠʟʚʦʜʘ ʢʦʿʠ ʩʝ ʩʢʣʘʧʘ, 

ʢʦʣʠʯʠʥʘ ʧʦʩʣʘ ʠ ʙʨʦʿ ʩʪʚʘʨʠ ʢʦʿʝ ʪʨʝʙʘ ʫʨʘʜʠʪʠ, ʢʦʤʙʠʥʘʮʠʿʘ ʩʣʦʞʝʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʩʘ 

ʚʨʝʤʝʥʩʢʠʤ ʧʨʠʪʠʩʢʦʤ, ʫʧʫʪʩʪʚʘ ʟʘ ʨʘʜ, ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ ʠ ʧʨʠʢʣʘʜʥʦʩʪ ʘʣʘʪʘ ʢʦʿʠ ʩʝ 

ʢʦʨʠʩʪʝ, ʬʘʢʪʦʨʠ ʠʟ ʩʧʦˀʘʰˁʝʛ ʦʢʨʫʞʝˁʘ (ʙʫʢʘ, ʦʩʚʝʪˀʝˁʝ ʠʪʜ.) ʢʦʿʠ ʤʦʛʫ ʜʦʙʨʠʥʝʪʠ 

ʩʤʘˁʝˁʫ ʧʘʞˁʝ, ʬʠʟʠʦʣʦʰʢʠ ʬʘʢʪʦʨʠ (ʫʤʦʨ, ʩʪʨʝʩ, ʠʪʜ.) ʠʪʜ. (Zaeh ʠ ʜʨʫʛʠ, 2009). 

ɸʫʪʦʨʠ (Hanson ʠ Brolin, 2011) ʩʫ ʠʩʪʘʢʣʠ ʜʘ ʫʢʦʣʠʢʦ ʧʦʩʪʦʿʝ ʨʘʟʣʠʯʠʪʝ ʚʘʨʠʿʘʮʠʿʝ 

ʢʦʤʧʦʥʝʥʪʠ ʠ ʜʝʣʦʚʘ (ʢʦʿʠ ʩʝ ʢʦʤʙʠʥʫʿʫ ʫ ʬʠʥʘʣʥʠ ʧʨʦʠʟʚʦʜ), ʩʣʦʞʝʥʦʩʪ ʩʝ ʫ ʚʝʣʠʢʦʿ 

ʤʝʨʠ ʧʦʚʝ˂ʘʚʘ, ʘ ʪʦ ʠʤʘ ʟʥʘʯʘʿʘʥ ʥʝʛʘʪʠʚʘʥ ʫʪʠʮʘʿ ʥʘ ʤʝʥʪʘʣʥʦ ʩʪʘˁʝ ʨʘʜʥʠʢʘ (Lindblom 

ʠ Thorvald, 2014). ʇʨʝʤʘ ʘʫʪʦʨʠʤʘ (De La Torre ʠ ʜʨʫʛʠ, 2018) ʠʩʪʦʚʨʝʤʝʥʦ ʦʙʘʚˀʘˁʝ 

ʚʠʰʝ ʘʢʪʠʚʥʦʩʪʠ ʠ ʧʨʝʦʧʪʝʨʝ˂ʝʥʦʩʪ ʠʥʬʦʨʤʘʮʠʿʘʤʘ ʜʦʜʘʪʥʦ ʜʦʧʨʠʥʦʩʝ ʧʦʚʝ˂ʘˁʫ 
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ʢʦʛʥʠʪʠʚʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ. ʂʦʛʥʠʪʠʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ ʩʝ ʤʦʞʝ ʜʦʜʘʪʥʦ ʧʦʚʝ˂ʘʪʠ ʫʩʣʝʜ 

ʥʝʘʜʝʢʚʘʪʥʠʭ ʫʩʣʦʚʘ ʨʘʜʘ. ʋ ʠʩʪʨʘʞʠʚʘʯʢʦʤ ʨʘʜʫ ʯʠʿʠ ʩʫ ʘʫʪʦʨʠ (Jahncke ʠ ʜʨʫʛʠ, 2011) 

ʿʝ ʫʢʘʟʘʥʦ ʜʘ ʥʝʘʜʝʢʚʘʪʥʠ ʨʘʜʥʠ ʫʩʣʦʚʠ ʤʦʛʫ ʥʝʛʘʪʠʚʥʦ ʫʪʠʮʘʪʠ ʥʘ ʢʦʛʥʠʪʠʚʥʠ ʩʪʘʪʫʩ 

ʨʘʜʥʠʢʘ.  

ɺʘʨʠʿʘʮʠʿʝ ʫ ʪʘʣʘʩʠʤʘ ʩʫ ʫ ʢʦʨʝʣʘʮʠʿʠ ʩʘ ʤʝʥʪʘʣʥʠʤ ʦʧʪʝʨʝ˂ʝˁʝʤ. ɸʣʬʘ 

ʚʘʨʠʿʘʮʠʿʝ ʩʫ ʚʝʟʘʥʝ ʟʘ ʧʘʨʠʝʪʘʣʥʠ ʠ ʦʢʮʠʧʠʪʘʣʥʠ ʨʝʛʠʦʥ ʤʦʟʛʘ ʦʜʥʦʩʥʦ ʟʘ ʝʣʝʢʪʨʦʜʝ P7, 

P3, P4, P8, Pz, O1, O2. ʇʨʠʣʠʢʦʤ ʠʟʚʦʹʝˁʘ ʘʨʠʪʤʝʪʠʯʢʠʭ ʟʘʜʘʪʘʢʘ ʜʦʣʘʟʠ ʜʦ ʩʤʘˁʝˁʘ 

ʚʘʨʠʿʘʮʠʿʘ ʫ ʘʣʬʘ ʩʧʝʢʪʨʫ ʘ ʧʨʠʣʠʢʦʤ ʢʨʝʘʪʠʚʥʦʛ ʨʘʟʤʠʰˀʘˁʘ ʧʦʚʝ˂ʘʚʘ ʩʝ ʚʘʨʠʿʘʮʠʿʘ ʫ 

ʘʣʬʘ ʩʧʝʢʪʨʫ. ɺʘʨʠʿʘʮʠʿʝ ʫ ʪʝʪʘ ʦʧʩʝʛʫ ʩʫ ʚʝʟʘʥʝ ʟʘ ʬʨʦʥʪʘʣʥʠ ʠ ʪʝʤʧʦʨʘʣʥʠ ʨʝʛʠʦʥ 

ʦʜʥʦʩʥʦ ʝʣʝʢʪʨʦʜʝ F7, F3, F4, F8, Fz, T7, T8. ʇʦʚʝ˂ʘˁʝ ʤʝʥʪʘʣʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʿʝ ʧʦʚʝʟʘʥʦ 

ʩʘ ʩʤʘˁʝˁʝʤ ʘʣʬʘ ʘʢʪʠʚʥʦʩʪʠ ʫ ʧʘʨʠʿʝʪʘʣʥʦʿ ʦʙʣʘʩʪʠ ʤʦʟʛʘ ʠ ʧʦʚʝ˂ʘˁʝʤ ʪʝʪʘ 

ʘʢʪʠʚʥʦʩʪʠ ʫ ʬʨʦʥʪʘʣʥʦʿ ʦʙʣʘʩʪʠ (Stipacek ʠ ʜʨʫʛʠ, 2003). ʇʦʚʝ˂ʘˁʝ ʪʝʪʘ ʘʢʪʠʚʥʦʩʪʠ ʫ 

ʬʨʦʥʪʘʣʥʦʤ ʨʝʞˁʫ ʤʦʟʛʘ ʫʢʘʟʫʿʝ ʥʘ ʢʦʛʥʠʪʠʚʥʝ ʥʘʧʦʨʝ ʠ ʧʦʿʘʯʘʥ ʬʦʢʫʩ, ʧʦʩʝʙʥʦ ʪʦʢʦʤ 

ʨʝʰʘʚʘˁʘ ʧʨʦʙʣʝʤʘ ʠ ʦʙʨʘʜʝ ʠʥʬʦʨʤʘʮʠʿʘ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʩʤʘˁʝˁʝ ʘʣʬʘ ʘʢʪʠʚʥʦʩʪʠ 

ʫ ʧʘʨʠʿʝʪʘʣʥʦʤ ʜʝʣʫ ʤʦʟʛʘ ʦʙʠʯʥʦ ʫʢʘʟʫʿʝ ʥʘ ʧʦʚʝ˂ʘʥʫ ʧʘʞˁʫ, ʰʪʦ ʿʝ ʯʝʩʪʦ ʧʦʚʝʟʘʥʦ ʩʘ 

ʚʝ˂ʠʤ ʢʦʛʥʠʪʠʚʥʠʤ ʦʧʪʝʨʝ˂ʝˁʝʤ ʠ ʟʘʭʪʝʚʠʤʘ ʢʦʿʠ ʩʝ ʧʦʩʪʘʚˀʘʿʫ ʧʨʝʜ ʨʘʜʥʠʢʘ ʪʦʢʦʤ 

ʦʙʘʚˀʘˁʘ ʩʣʦʞʝʥʠʭ ʨʘʜʥʠʭ ʟʘʜʘʪʘʢʘ. 

ʈʘʟʣʠʯʠʪʠ ʤʦʞʜʘʥʠ ʪʘʣʘʩʠ (ʜʝʣʪʘ, ʪʝʪʘ, ʘʣʬʘ ʠ ʛʘʤʘ) ʦʩʪʚʘʨʫʿʫ ʫʪʠʮʘʿ ʥʘ ʤʝʥʪʘʣʥʦ 

ʦʧʪʝʨʝ˂ʝˁʝ. ɸʣʬʘ ʠ ʪʝʪʘ ʪʘʣʘʩʠ ʤʦʛʫ ʫʢʘʟʘʪʠ ʥʘ ʤʝʥʪʘʣʥʦ ʦʧʪʝʨʝ˂ʝˁʝ (Ryu ʠ Myung, 

2005). ʊʘʢʦʹʝ, ʫʪʚʨʹʝʥʦ ʿʝ ʜʘ ʬʨʦʥʪʘʣʥʘ ʪʝʪʘ (4-7 Hz) ʩʥʘʛʘ ʨʘʩʪʝ, ʜʦʢ ʧʘʨʠʿʝʪʘʣʥʘ ʘʣʬʘ 

(8-12 Hz) ʩʥʘʛʘ ʦʧʘʜʘ ʢʘʢʦ ʩʝ ʟʘʭʪʝʚʠ ʨʘʜʥʠʭ ʟʘʜʘʪʘʢʘ ʠʥʪʝʥʟʠʚʠʨʘʿʫ. ɸʫʪʦʨʠ (Cole ʠ Ray, 

1985) ʩʫ ʫʩʪʘʥʦʚʠʣʠ ʜʘ ʙʝʪʘ ʠ ʘʣʬʘ ʪʘʣʘʩʠ ʨʘʟʣʠʯʠʪʦ ʨʝʘʛʫʿʫ ʥʘ ʨʘʟʣʠʯʠʪʝ ʪʠʧʦʚʝ ʨʘʜʥʠʭ 

ʟʘʜʘʪʢʘ ʢʦʿʝ ʨʘʜʥʠʮʠ ʦʙʘʚˀʘʿʫ.  

ɺʘʨʠʿʘʮʠʿe ʫ ʙʝʪʘ ʦʧʩʝʛʫ ʩʫ ʧʦʚʝʟʘʥʝ ʩʘ ʧʘʞˁʦʤ ʠ ʢʨʘʪʢʦʨʦʯʥʠʤ ʧʘʤ˂ʝˁʝʤ ʠ 

ʦʜʥʦʩʝ ʩʝ ʥʘ ʬʨʦʥʪʘʣʥʠ ʨʝʛʠʦʥ ʪʿ. ʥʘ ʝʣʝʢʪʨʦʜʝ F7, F3, F4, F8, Fz. ʂʘʢʦ ʠʩʪʠʯʫ ʘʫʪʦʨʠ 

(Gruber ʠ ʜʨʫʛʠ, 1999) ʧʦʚʝ˂ʘˁʝ ʛʘʤʘ ʪʘʣʘʩʘ ʦʜʨʘʞʘʚʘ ʧʨʦʤʝʥʝ ʫ ʧʘʞˁʠ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʿʠ. ʊʘʢʦʹʝ, ʦʚʠ ʘʫʪʦʨʠ ʩʫ ʫʩʪʘʥʦʚʠʣʠ ʜʘ ʧʦʚʝ˂ʘˁʝ ʛʘʤʘ ʬʨʝʢʚʝʥʮʠʿʝ ʫ 

ʧʘʨʠʿʝʪʘʣʥʦʤ ʢʦʨʪʝʢʩʫ, ʦʜʨʘʞʘʚʘ ʧʨʦʤʝʥʝ ʫ ʧʘʞˁʠ. 

ɿʘ ʧʨʦʮʝʥʫ ʤʝʥʪʘʣʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʧʨʠʤʝˁʫʿʫ ʩʝ ʨʘʟʣʠʯʠʪʝ ʤʝʪʦʜʝ (Ryu ʠ Myung, 

2005). ɽɽɻ ʤʝʪʦʜʘ  ʿʝ ʿʝʜʥʘ ʦʜ ʥʘʿʟʥʘʯʘʿʥʠʿʠʭ ʤʝʪʦʜʘ ʟʘ ʧʨʘ˂ʝˁʝ ʥʠʚʦʘ ʤʝʥʪʘʣʥʦʛ 

ʦʧʪʝʨʝ˂ʝˁʘ ʢʦʜ ʨʘʜʥʠʢʘ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ (Fernández, 1995ʙ). ɿʘ ʨʘʟʣʠʢʫ ʦʜ 

ʩʫʙʿʝʢʪʠʙʥʠʭ ʤʝʪʦʜʘ ʦʚʫ ʤʝʪʦʜʫ ʢʘʨʘʢʪʝʨʠʰʝ ʦʙʿʝʢʪʠʚʥʦʩʪ. ʂʘʢʦ ʩʝ ʥʘʚʦʜʠ ʫ ʨʘʜʫ ʯʠʿʠ 

ʩʫ ʘʫʪʦʨʠ (Puġica ʠ ʜʨʫʛʠ, 2023) ʢʦʜ ʩʫʙʿʝʢʪʠʚʥʠʭ ʤʝʪʦʜʘ ʧʨʦʮʝʥʠʪʝˀʠ ʩʫ ʙʠʣʠ ʦʙʫʯʝʥʠ 

ʜʘ ʠʟʚʨʰʝ ʧʨʦʮʝʥʫ ʤʝʥʪʘʣʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʧʨʠʣʠʢʦʤ ʦʙʘʚˀʘˁʘ ʦʜʨʝʹʝʥʠʭ ʨʘʜʥʠʭ 

ʟʘʜʘʪʘʢʘ, ʘ ʟʘʪʠʤ ʩʫ ʚʨʰʠʣʠ ʧʨʦʮʝʥʫ ʪʝʞʠʥʝ ʥʝʢʠʭ ʜʨʫʛʠʭ ʨʘʜʥʠʭ ʟʘʜʘʪʘʢʘ, ʪʘʢʦ ʜʘ 

ʨʝʟʫʣʪʘʪʠ ʧʨʦʮʝʥʝ ʤʝʥʪʘʣʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʥʠʩʫ ʙʠʣʠ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʠ, ʯʘʢ ʠ ʢʘʜʘ ʩʫ 

ʨʝʟʫʣʪʘʪʠ ʧʨʦʮʝʥʝ ʫ ʦʢʚʠʨʫ ʠʩʪʦʛ ʟʘʜʘʪʢʘ ʙʠʣʠ ʚʝʦʤʘ ʜʦʙʨʠ. 

ʅʘʿʨʘʩʧʨʦʩʪʨʘˁʝʥʠʿʘ ʤʝʪʦʜʘ ɽɽɻ ʘʥʘʣʠʟʝ ʟʘ ʧʨʦʮʝʥʫ ʤʝʥʪʘʣʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʿʝ 

ʘʥʘʣʠʟʘ ʬʨʝʢʚʝʥʮʠʿʩʢʦʛ ʦʧʩʝʛʘ, ʢʦʿʘ ʫʢˀʫʯʫʿʝ ʨʘʟʣʘʛʘˁʝ ʝʣʝʢʪʨʠʯʥʝ ʘʢʪʠʚʥʦʩʪʠ ʤʦʟʛʘ 

ʥʘ ʨʘʟʣʠʯʠʪʝ ʬʨʝʢʚʝʥʪʥʝ ʢʦʤʧʦʥʝʥʪʝ (Borghini ʠ ʜʨʫʛʠ, 2014). ʉʚʘʢʠ ʬʨʝʢʚʝʥʪʥʠ ʦʧʩʝʛ 

ʿʝ ʧʦʚʝʟʘʥ ʩʘ ʩʧʝʮʠʬʠʯʥʠʤ ʢʦʛʥʠʪʠʚʥʠʤ ʩʪʘˁʠʤʘ, ʥʫʜʝ˂ʠ ʫʚʠʜ ʫ ʢʦʛʥʠʪʠʚʥʝ ʧʨʦʮʝʩʝ ʠ 

ʤʝʥʪʘʣʥʘ ʩʪʘˁʘ ʥʘ ʦʩʥʦʚʫ ʨʝʣʘʪʠʚʥʝ ʩʥʘʛʝ ʫʥʫʪʘʨ ʦʚʠʭ ʬʨʝʢʚʝʥʮʠʿʩʢʠʭ ʦʧʩʝʛʘ (Baĸar ʠ 

ʜʨʫʛʠ, 2001). ʋ ʚʝ˂ʝʤ ʙʨʦʿʫ ʠʩʪʨʘʞʠʚʘˁʘ ʩʫ ʠʟʨʘʯʫʥʘʪʠ ʬʨʝʢʚʝʥʮʠʿʩʢʠ ʦʧʩʝʟʠ ʘʣʬʘ, 

ʙʝʪʘ, ʪʝʪʘ (ʠʟʨʘʞʝʥʠ ʫ ÕV/Hz) (Raufi ʠ Longo, 2022). 

ʋ ʥʘʫʯʥʦ-ʠʩʪʨʘʞʠʚʘʯʢʠʤ ʨʘʜʦʚʠʤʘ ʨʘʟʤʘʪʨʘʥʠ ʩʫ ʨʘʟʣʠʯʠʪʠ ʦʜʥʦʩʠ ʩʥʘʛʘ 

ʤʦʞʜʘʥʠʭ ʪʘʣʘʩʘ ʟʘ ʧʨʦʮʝʥʫ ʢʦʛʥʠʪʠʚʥʦʛ ʩʪʘˁʘ ʦʩʦʙʝ ʫ ʬʘʟʠ ʘʥʛʘʞʦʚʘˁʘ ʠʣʠ ʦʧʫʰʪʘˁʘ 

(Ryu ʠ Myung, 2005; Fernández ʠ ʜʨʫʛʠ, 1995). ʏʝʩʪʦ ʢʦʨʠʰ˂ʝʥʘ ʤʝʪʨʠʢʘ ʟʘ 

ʢʚʘʥʪʠʬʠʢʘʮʠʿʫ ʤʝʥʪʘʣʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʫ ʥʘʫʯʥʦ-ʠʩʪʨʘʞʠʚʘʯʢʠʤ ʨʘʜʦʚʠʤʘ ʿʝ ʦʜʥʦʩ ʪʝʪʘ-
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ʘʣʬʘ, ʢʦʿʠ ʩʝ ʠʟʨʘʯʫʥʘʚʘ ʜʝˀʝˁʝʤ ʩʥʘʛʝ ʪʝʪʘ ʦʧʩʝʛʘ ʧʨʝʢʦ ɽɽɻ ʩʨʝʜˁʝʛ ʬʨʦʥʪʘʣʥʦʛ 

ʢʘʥʘʣʘ (Fz) ʠ ʩʥʘʛʝ ʘʣʬʘ ʦʧʩʝʛʘ ʧʨʝʢʦ ʧʘʨʠʿʝʪʘʣʥʦʛ ʢʘʥʘʣʘ (Pz) (Holm ʠ ʜʨʫʛʠ, 2009; 

Gevins ʠ Smith, 2003; Kartali ʠ ʜʨʫʛʠ, 2019). ʅʘʫʯʥʘ ʠʩʪʨʘʞʠʚʘˁʘ ʩʫ ʧʦʢʘʟʘʣʘ ʜʘ ʩʫ ʦʚʝ 

ʤʝʪʨʠʢʝ ʫ ʢʦʨʝʣʘʮʠʿʠ ʩʘ ʥʝʢʠʤ ʦʙʿʝʢʪʠʚʥʠʤ ʤʝʪʨʠʢʘʤʘ ʢʦʿʝ ʧʨʦʮʝˁʫʿʫ ʪʝʞʠʥʫ ʨʘʜʥʠʭ 

ʟʘʜʘʪʢʘ (Smith ʠ ʜʨʫʛʠ, 2001; Kartali ʠ ʜʨʫʛʠ, 2019) ʠ ʪʝʭʥʠʢʘʤʘ ʟʘ ʩʘʤʦʧʨʦʮʝʥʫ (Berka ʠ 

ʜʨʫʛʠ, 2007). 

 ʅʘʿʯʝʰ˂ʝ ʧʨʠʤʝˁʠʚʘʥʘ ʤʝʪʨʠʢʘ ʟʘ ʧʨʦʮʝʥʫ ʤʝʥʪʘʣʥʦʛ ʫʤʦʨʘ ʫ ʥʘʫʯʥʦ-

ʠʩʪʨʘʞʠʚʘʯʢʠʤ ʨʘʜʦʚʠʤʘ ʿʝ ʠʥʜʝʢʩ ʤʝʥʪʘʣʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ (ʝʥʛʣ. Mental Workload Index). 

ʋ ʣʠʪʝʨʘʪʫʨʠ ʩʝ ʤʦʞʝ ʥʘ˂ʠ ʠ ʧʦʜ ʪʝʨʤʠʥʦʤ ʠʥʜʝʢʩ ʢʦʛʥʠʪʠʚʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ (ʝʥʛʣ. 

Cognitive Load Index). ʆʚʘʿ ʠʥʜʝʢʩ ʦʤʦʛʫ˂ʘʚʘ ʢʚʘʥʪʠʪʘʪʠʚʥʫ ʧʨʦʮʝʥʫ ʤʝʥʪʘʣʥʦʛ ʥʘʧʦʨʘ 

ʨʘʜʥʠʢʘ ʪʦʢʦʤ ʦʙʘʚˀʘˁʘ ʨʘʜʥʠʭ ʟʘʜʘʪʘʢʘ. ʇʨʝʢʦ ʠʥʜʝʢʩʘ ʤʦʛʫ ʩʝ ʧʨʘʪʠʪʠ ʚʘʨʠʿʘʮʠʿʝ ʫ 

ʢʦʛʥʠʪʠʚʥʦʤ ʦʧʪʝʨʝ˂ʝˁʫ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʢʦʤʧʣʝʢʩʥʦʩʪʠ ʨʘʟʣʠʯʠʪʠʭ ʨʘʜʥʠʭ ʟʘʜʘʪʘʢʘ 

ʠʣʠ ʫʩʣʦʚʘ ʫ ʢʦʿʠʤʘ ʩʝ ʦʙʘʚˀʘʿʫ ʨʘʜʥʝ ʘʢʪʠʚʥʦʩʪʠ ʠ ʠʜʝʥʪʠʬʠʢʦʚʘʪʠ ʢʘʜʘ ʜʦʣʘʟʠ ʜʦ 

ʤʝʥʪʘʣʥʝ ʧʨʝʦʧʪʝʨʝ˂ʝʥʦʩʪʠ ʠʣʠ ʩʤʘˁʝˁʘ ʘʥʛʘʞʦʚʘʥʦʩʪʠ. 

ʆʚʘʿ ʠʥʜʝʢʩ ʩʝ ʠʟʨʘʯʫʥʘʚʘ ʢʘʦ ʦʜʥʦʩ ʬʨʦʥʪʘʣʥʝ ʪʝʪʝ ʠ ʧʘʨʠʿʝʪʘʣʥʝ ʘʣʬʝ (ʝʥʛʣ. 

frontal theta divided by pariethal alpha) (Pope ʠ ʜʨʫʛʠ, 1995). ʂʘʢʦ ʠʩʪʠʯʫ ʘʫʪʦʨʠ (Zhang ʠ 

ʜʨʫʛʠ 2018; Andreessen ʠ ʜʨʫʛʠ, 2021) ʫʩʣʝʜ ʚʠʜˀʠʚʠʭ ʧʨʦʤʝʥʘ ʫ ʬʨʦʥʪʘʣʥʦʤ ʪʝʪʘ ʦʧʩʝʛʫ 

(4-7 Hz) ʠ ʧʘʨʠʿʝʪʘʣʥʦʤ ʘʣʬʘ ʦʧʩʝʛʫ (8-12 Hz), ˁʠʭʦʚ ʦʜʥʦʩ ʩʝ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʟʘ 

ʧʨʦʮʝʥʫ ʤʝʥʪʘʣʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ. 

ʆʚʘʿ ʠʥʜʝʢʩ ʩʝ ʧʨʠʢʘʟʫʿʝ ʩʣʝʜʝ˂ʦʤ ʬʦʨʤʫʣʦʤ: 

 

ὓὡὒὭ
— Ὢὶέὲὸὥὰ

‌ ὴὥὶὭὩὸὥὰ
 

 

ʋʪʚʨʹʝʥʦ ʿʝ ʜʘ ʩʝ ʪʦʢʦʤ ʨʝʰʘʚʘˁʘ ʢʦʤʧʣʝʢʩʥʠʭ ʧʨʦʙʣʝʤʘ ʠ ʘʥʘʣʠʪʠʯʢʦʛ 

ʨʘʟʤʠʰˀʘˁʘ ʧʦʚʝ˂ʘʚʘ ʚʨʝʜʥʦʩʪ ʦʚʦʛ ʠʥʜʝʢʩʘ (Berka ʠ ʜʨʫʛʠ, 2007). ʇʦʚʝ˂ʘʥʘ ʚʨʝʜʥʦʩʪ 

ʦʚʦʛ ʠʥʜʝʢʩʘ ʫʢʘʟʫʿʝ ʥʘ ʧʦʚʝ˂ʘʥʦ ʤʝʥʪʘʣʥʦ ʦʧʪʝʨʝ˂ʝˁʝ. 

ʀʥʜʝʢʩ ʘʥʛʘʞʦʚʘˁʘ (ʝʥʛʣ. Engagement Index - Ei) ʿʝ ʜʨʫʛʠ ʚʝʦʤʘ ʯʝʩʪʦ 

ʧʨʠʤʝˁʠʚʘʥ ʠʥʜʝʢʩ ʫ ʥʘʫʯʥʠʤ ʨʘʜʦʚʠʤʘ ʢʦʠʿ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʧʨʦʮʝʥʫ ʥʠʚʦʘ ʢʦʛʥʠʪʠʚʥʝ 

ʫʢˀʫʯʝʥʦʩʪʠ ʨʘʜʥʠʢʘ ʪʦʢʦʤ ʦʙʘʚˀʘˁʘ ʨʘʜʥʠʭ ʟʘʜʘʪʘʢʘ. ʆʚʘʿ ʠʥʜʝʢʩ ʧʨʫʞʘ ʫʚʠʜ ʫ 

ʢʦʛʥʠʪʠʚʥʠ ʩʪʘʪʫʩ ʨʘʜʥʠʢʘ, ʤʦʛʫ˂ʥʦʩʪ ʜʘ ʦʜʨʞʠ ʬʦʢʫʩ ʠ ʢʦʥʮʝʥʪʨʘʮʠʿʫ. ʇʨʝʢʦ ʦʚʦʛ 

ʠʥʜʝʢʩʘ ʧʨʘʪʝ ʩʝ ʧʨʦʤʝʥʝ ʫ ʘʥʛʘʞʦʚʘˁʫ ʪʦʢʦʤ ʨʘʟʣʠʯʠʪʠʭ ʬʘʟʘ ʦʙʘʚˀʘˁʘ ʘʢʪʠʚʥʦʩʪʠ 

ʠʣʠ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʩʣʦʞʝʥʦʩʪʠ ʨʘʜʥʠʭ ʘʢʪʠʚʥʦʩʪʠ. 

ʆʚʘʿ ʠʥʜʝʢʩ ʩʝ ʠʟʨʘʯʫʥʘʚʘ ʢʘʦ ʦʜʥʦʩ ʙʝʪʘ ʩʥʘʛʝ ʠ ʟʙʠʨʘ ʘʣʬʘ ʠ ʪʝʪʘ ʩʥʘʛʝ (ʝʥʛʣ. 

beta power divided by the sum of alpha and theta power). 

 

Ὥ˒
‍

‌
 

                                                               

ʊʨʝ˂ʠ ʠʥʜʝʢʩ ʪʘʢʦʹʝ ʫʢʘʟʫʿʝ ʥʘ ʘʥʛʘʞʦʚʘˁʝ ʦʩʦʙʝ ʪʦʢʦʤ ʦʙʘʚˀʘˁʘ ʨʘʜʥʠʭ 

ʘʢʪʠʚʥʦʩʪʠ ʠ ʠʟʨʘʯʫʥʘʚʘ ʩʝ ʢʘʦ ʢʦʣʠʯʥʠʢ ʙʝʪʘ ʩʥʘʛʝ ʠ ʘʣʬʘ ʩʥʘʛʝ (ʝʥʛʣ. beta divided by 

alpha power).  
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Ὥ˒ —
‍

‌  —
 

 

ʂʘʢʦ ʿʝ ʠʩʪʘʢʥʫʪʦ ʫ ʩʪʫʜʠʿʘʤʘ ʢʦʿʝ ʩʫ ʩʧʨʦʚʝʣʠ ʘʫʪʦʨʠ (Coelli ʠ ʜʨʫʛʠ, 2015) ʦʚʘʿ 

ʠʥʜʝʢʩ ʥʘʿʙʦˀʝ ʦʜʨʘʞʘʚʘ ʘʥʛʘʞʦʚʘˁʝ ʦʩʦʙʝ. ʆʚʠ ʠʥʜʝʢʩʠ ʩʧʘʜʘʿʫ ʫ ʛʨʫʧʫ ʥʘʿʯʝʰ˂ʝ 

ʢʦʨʠʰ˂ʝʥʠʭ ʠʥʜʝʢʩʘ ʫ ʥʘʫʯʥʦ-ʠʩʪʨʘʞʠʚʘʯʢʠʤ ʨʘʜʦʚʠʤʘ. 

ʊʘʢʦʹʝ, ʧʦʢʘʟʘʪʝˀ ʧʨʘ˂ʝˁʘ ʘʢʪʠʚʥʦʩʪʠ ʤʦʟʛʘ (ʝʥʛʣ. Brain Activity Tracker - BAT) 

ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʩʪʝʧʝʥʘ ʫʢˀʫʯʝʥʦʩʪʠ ʫ ʨʘʜʥʝ ʟʘʜʘʪʢʝ ʢʦʿʠ ʟʘʭʪʝʚʘʿʫ ʤʝʥʪʘʣʥʠ 

ʥʘʧʦʨ. ʇʦʢʘʟʘʪʝˀ ʘʢʪʠʚʥʦʩʪ ʥʘ ʟʘʜʘʪʢʫ (ʝʥʛʣ. Task Activity - TA) ʿʝ ʪʘʢʦʹʝ ʧʦʚʝʟʘʥ ʩʘ 

ʤʝʥʪʘʣʥʠʤ ʦʧʪʝʨʝ˂ʝˁʝʤ. ʉʘ ʧʦʚʝ˂ʘˁʝʤ ʚʨʝʜʥʦʩʪʠ ʦʚʦʛ ʧʘʨʘʤʝʪʨʘ ʧʦʚʝ˂ʘʚʘ ʩʝ ʤʝʥʪʘʣʥʦ 

ʦʧʪʝʨʝ˂ʝˁʝ. 

ʇʦʨʝʜ ɽɽɻ ʤʝʪʨʠʢʝ ʟʥʘʯʘʿʥʝ ʩʫ ʠ ʩʣʝʜʝ˂ʝ ʤʝʪʨʠʢʝ: ʩʪʦʧʘ ʛʨʝʰʢʝ ʪʿ. ʫʪʚʨʹʠʚʘˁʝ 

ʜʘ ʣʠ ʿʝ ʤʦʥʪʘʞʘ ʦʙʘʚˀʝʥʘ ʪʘʯʥʦ ʫ ʩʢʣʘʜʫ ʩʘ ʜʘʪʠʤ ʫʧʫʪʩʪʚʠʤʘ ʠʣʠ ʩʫ ʫ ʪʦʢʫ ʧʨʦʮʝʩʘ 

ʤʦʥʪʘʞʝ ʥʘʧʨʘʚˀʝʥʝ ʛʨʝʰʢʝ ʦʜʥʦʩʥʦ ʜʘ ʣʠ ʿʝ ʩʘʩʪʘʚˀʘˁ ʝ ʢʦʤʧʦʥʝʥʪʠ ʠʟʚʨʰʝʥʦ ʥʘ 

ʠʩʧʨʘʚʘʥ ʠʣʠ ʧʦʛʨʝʰʘʥ ʥʘʯʠʥ, ʚʨʝʤʝ ʧʦʪʨʝʙʥʦ ʟʘ ʩʢʣʘʧʘˁʝ ʿʝʜʥʦʛ ʧʨʦʠʟʚʦʜʘ ʠʣʠ ʜʝʣʘ 

ʧʨʦʠʟʚʦʜʘ), ʩʘʤʦʦʮʝˁʠʚʘˁʝ ʢʨʦʟ ʧʨʠʤʝʥʫ ʫʧʠʪʥʠʢʘ ʠʪʜ. 

ʉʪʦʧʘ ʛʨʝʰʢʝ ʧʨʝʜʩʪʘʚˀʘ ʚʘʞʘʥ ʧʦʢʘʟʘʪʝˀ ʢʦʿʠ ʦʪʢʨʠʚʘ ʜʘ ʣʠ ʿʝ ʤʦʥʪʘʞʘ 

ʦʙʘʚˀʝʥʘ ʫ ʩʢʣʘʜʫ ʩʘ ʟʘʜʘʪʠʤ ʫʧʫʪʩʪʚʠʤʘ ʠʣʠ ʩʫ ʪʦʢʦʤ ʧʨʦʮʝʩʘ ʥʘʯʠˁʝʥʝ ʛʨʝʰʢʝ. ʆʚʘ 

ʤʝʪʨʠʢʘ ʩʝ ʰʠʨʦʢʦ ʢʦʨʠʩʪʠ ʫ ʩʪʫʜʠʿʘʤʘ ʢʦʿʝ ʧʨʦʮʝˁʫʿʫ ʤʝʥʪʘʣʥʦ ʦʧʪʝʨʝ˂ʝˁʝ. ɼʝʬʝʢʪʠ 

ʥʘʧʨʘʚˀʝʥʠ ʧʨʠ ʩʢʣʘʧʘˁʫ ʧʨʝʜʤʝʪʘ ʠ ʢʦʤʧʦʥʝʥʪʠ ʤʦʛʫ ʫʢʘʟʘʪʠ ʥʘ ʚʠʰʠ ʥʠʚʦ 

ʢʦʛʥʠʪʠʚʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ, ʜʘ ʿʝ ʟʘʜʘʪʘʢ ʙʠʦ ʧʨʝʚʠʰʝ ʪʝʞʘʢ ʠʣʠ ʜʘ ʿʝ ʨʘʜʥʠʢ ʫ ʪʦʢʫ 

ʦʙʘʚˀʘˁʘ ʘʢʪʠʚʥʦʩʪʠ ʤʦʥʪʘʞʝ ʠʟʛʫʙʠʦ ʬʦʢʫʩ (Pankok ʠ ʜʨʫʛʠ, 2017). ʋ ʨʘʜʦʚʠʤʘ ʘʫʪʦʨʘ 

(Pankok ʠ ʜʨʫʛʠ, 2017; Kosch ʠ ʜʨʫʛʠ, 2018; Li ʠ ʜʨʫʛʠ, 2018) ʤʝʪʨʠʢʝ ʟʘ ʧʨʦʮʝʥʫ 

ʤʝʥʪʘʣʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʩʫ ʢʦʤʙʠʥʦʚʘʥʝ ʩʘ ʧʨʘ˂ʝˁʝʤ ʩʪʦʧʝ ʜʝʬʝʢʘʪʘ.  

ɺʨʝʤʝ ʩʘʩʪʘʚˀʘˁʘ ʿʝ ʿʝʜʘʥ ʦʜ ʟʥʘʯʘʿʥʠʿʠʭ ʧʦʢʘʟʘʪʝˀʘ ʤʝʥʪʘʣʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ 

ʪʦʢʦʤ ʦʙʘʚˀʘˁʘ ʨʘʜʥʠʭ ʟʘʜʘʪʘʢʘ. ɺʝ˂ʝ ʚʨʝʤʝ ʤʦʥʪʘʞʝ ʤʦʞʝ ʫʢʘʟʘʪʠ ʥʘ ʪʦ ʜʘ ʿʝ ʨʘʜʥʠ 

ʟʘʜʘʪʘʢ ʙʠʦ ʟʘʭʪʝʚʥʠʿʠ, ʠʣʠ ʜʘ ʿʝ ʨʘʜʥʠʢ ʬʫʥʢʮʠʦʥʠʩʘʦ ʥʘ ʥʠʞʝʤ ʥʠʚʦʫ ʢʦʛʥʠʪʠʚʥʦʛ 

ʦʧʪʝʨʝ˂ʝˁʘ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ ʫʢʦʣʠʢʦ ʿʝ ʩʣʦʞʝʥʦʩʪ ʨʘʜʥʦʛ ʟʘʜʘʪʢʘ ʢʦʥʩʪʘʥʪʥʘ, ʜʫʞʝ 

ʚʨʝʤʝ ʩʘʩʪʘʚˀʘˁʘ ʤʦʞʝ ʙʠʪʠ ʧʦʢʘʟʘʪʝˀ ʜʘ ʿʝ ʨʘʜʥʠʢ ʫʣʦʞʠʦ ʤʘˁʝ ʤʝʥʪʘʣʥʦʛ ʥʘʧʦʨʘ ʫ 

ʠʟʚʦʹʝˁʝ ʨʘʜʥʦʛ ʟʘʜʘʪʢʘ.  

ɿʘ ʙʦˀʝ ʨʘʟʫʤʝʚʘˁʝ ʤʝʥʪʘʣʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʠʟ ʧʝʨʩʧʝʢʪʠʚʝ ʩʘʤʠʭ ʨʘʜʥʠʢʘ ʯʝʩʪʦ 

ʩʝ ʢʦʨʠʩʪʠ ʤʝʪʦʜʘ ʫʧʠʪʥʠʢʘ ʢʦʿʘ ʦʤʦʛʫ˂ʘʚʘ ʧʨʠʢʫʧˀʘˁʝ ʠʥʬʦʨʤʘʮʠʿʘ ʦ ʤʝʥʪʘʣʥʦʤ 

ʦʧʪʝʨʝ˂ʝˁʫ ʠ ʩʣʦʞʝʥʦʩʪʠ ʨʘʜʥʠʭ ʟʘʜʘʪʘʢʘ ʥʘ ʦʩʥʦʚʫ ʩʫʙʿʝʢʪʠʚʥʠʭ ʠʩʢʫʩʪʚʘ ʪʦʢʦʤ 

ʠʟʚʨʰʘʚʘˁʘ ʟʘʜʘʪʘʢʘ. ʋ ʤʥʦʛʠʤ ʩʪʫʜʠʿʘʤʘ ʤʝʥʪʘʣʥʦ ʦʧʪʝʨʝ˂ʝˁʝ ʿʝ ʧʨʦʮʝˁʝʥʦ 

ʢʦʤʙʠʥʘʮʠʿʦʤ ʪʝʭʥʠʢʝ ʩʘʤʦʧʨʦʮʝʥʝ ʠ ʩʧʨʦʚʦʹʝˁʝʤ ʬʠʟʠʦʣʦʰʢʠʭ ʤʝʨʝˁʘ ʢʦʿʘ ʫʢˀʫʯʫʿʫ 

ɽɽɻ, ʚʘʨʠʿʘʙʠʣʥʦʩʪ ʦʪʢʫʮʘʿʘ ʩʨʮʘ, ʛʘʣʚʘʥʩʢʠ ʦʜʛʦʚʦʨ ʢʦʞʝ, ʧʨʘ˂ʝˁʝ ʧʦʢʨʝʪʘ ʦʢʘ, ʠʪʜ 

(Puġica ʠ ʜʨʫʛʠ, 2023). 
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3.10 ɽʃɽʂʊʈʆɽʅʎɽʌɸʃʆɻʈɸʌʀɱɸ 

ʅʘʧʨʝʜʥʝ ʪʝʭʥʦʣʦʛʠʿʝ, ʧʦʧʫʪ ʝʣʝʢʪʨʦʝʥʮʝʬʘʣʦʛʨʘʬʠʿʝ (ɽɽɻ), ʬʫʥʢʮʠʦʥʘʣʥʝ 

ʤʘʛʥʝʪʥʝ ʨʝʟʦʥʘʥʮʝ (ʝʥʛʣ. functional magnetic resonance - fMRI), ʠ 

ʤʘʛʥʝʪʦʝʥʮʝʬʘʣʦʛʨʘʬʠʿʝ (ʝʥʛʣ. magnetoencephalography - MEG), ʦʤʦʛʫ˂ʘʚʘʿʫ ʧʨʝʮʠʟʥʦ 

ʧʨʘ˂ʝˁʝ ʤʦʞʜʘʥʝ ʘʢʪʠʚʥʦʩʪʠ ʠ ʤʘʧʠʨʘˁʝ ʢʦʛʥʠʪʠʚʥʠʭ ʧʨʦʮʝʩʘ ʥʘ ʨʘʟʣʠʯʠʪʠʤ ʨʝʛʠʿʘʤʘ 

ʤʦʟʛʘ. 

ɽʣʝʢʪʨʦʝʥʮʝʬʘʣʦʛʨʘʬʠʿʘ ʿʝ ʿʝʜʥʘ ʦʜ ʥʘʿʯʝʰ˂ʝ ʧʨʠʤʝˁʠʚʘʥʠʭ ʤʝʪʦʜʘ ʟʘ ʤʝʨʝˁʝ 

ʝʣʝʢʪʨʠʯʥʝ ʘʢʪʠʚʥʦʩʪʠ ʤʦʟʛʘ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ (Gramann ʠ ʜʨʫʛʠ, 2011; Hogervorst ʠ 

ʜʨʫʛʠ, 2014). ʆʚʫ ʤʝʪʦʜʫ ʦʜʣʠʢʫʿʫ ʧʨʝʮʠʟʥʦʩʪ, ʧʦʫʟʜʘʥʦʩʪ ʠ ʣʘʢʦ˂ʘ ʧʨʠʤʝʥʝ. 

ʂʦʥʪʠʥʫʠʨʘʥʠʤ ʧʨʘ˂ʝˁʝʤ ɽɽɻ ʩʠʛʥʘʣʘ ʩʫʙʿʝʢʘʪʘ ʫʪʚʨʹʫʿʝ ʩʝ ʧʦʪʨʝʙʘ ʟʘ ʫʚʦʹʝˁʝʤ 

ʜʦʜʘʪʥʠʭ ʧʘʫʟʘ ʠʣʠ ʨʝʦʨʛʘʥʠʟʘʮʠʿʦʤ ʨʘʜʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʢʘʢʦ ʙʠ ʩʝ ʧʦʙʦˀʰʘʣa 

ʧʨʦʜʫʢʪʠʚʥʦʩʪ ʨʘʜʥʠʢʘ ʠ ʢʚʘʣʠʪʝʪ ʧʨʦʠʟʚʦʜʘ. 

ʆʩʥʦʚʥʘ ʧʨʝʜʥʦʩʪ ɽɽɻ-ʘ ʿʝ ʤʦʛʫ˂ʥʦʩʪ ʦʙʿʝʢʪʠʚʥʦʛ ʤʝʨʝˁʘ ʢʦʛʥʠʪʠʚʥʦʛ 

ʦʧʪʝʨʝ˂ʝˁʘ (ʟʘ ʨʘʟʣʠʢʫ ʦʜ ʢʣʘʩʠʯʥʠʭ ʩʫʙʿʝʢʪʠʚʥʠʭ ʤʝʪʦʜʘ ʩʘʤʦʧʨʦʮʝʥʝ) ʤʦʞʜʘʥʝ 

ʘʢʪʠʚʥʦʩʪʠ ʨʘʜʥʠʢʘ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ (Mijoviĺ ʠ ʜʨʫʛʠ, 2016ʘ,ʙ). ʈʘʥʠʿʘ ʠʩʪʨʘʞʠʚʘˁʘ 

ʢʦʛʥʠʪʠʚʥʠʭ ʘʩʧʝʢʘʪʘ ʙʘʟʠʨʘʣʘ ʩʫ ʩʝ ʥʘ ʩʫʙʿʝʢʪʠʚʥʠʤ ʧʨʝʪʧʦʩʪʘʚʢʘʤʘ (Parasuraman, 

2003). ʉʪʦʛʘ, ʨʝʟʫʣʪʘʪʠ ʜʦʙʠʿʝʥʠ ʧʨʠʤʝʥʦʤ ʦʚʠʭ ʤʝʪʦʜʘ ʩʫ ʥʝʧʦʫʟʜʘʥʠ ʠ ʧʨʠʩʪʨʘʩʥʠ 

(Parasuraman ʠ Rizzo, 2006).  

ɽɽɻ ʤʝʪʦʜʘ ʥʘʣʘʟʠ ʩʚʝ ʚʝ˂ʫ ʧʨʠʤʝʥʫ ʫ ʤʝʜʠʮʠʥʠ ʫ ʜʠʿʘʛʥʦʩʪʠʮʠ ʠ ʣʝʯʝˁʫ 

ʥʝʫʨʦʣʦʰʢʠʭ ʙʦʣʝʩʪʠ ʠ ʧʦʨʝʤʝ˂ʘʿʘ (ʢʘʦ ʰʪʦ ʩʫ ʝʧʠʣʝʧʩʠʿʘ, ʧʦʨʝʤʝ˂ʘʿ ʩʧʘʚʘˁʘ, 

ʜʝʤʝʥʮʠʿʘ) ʠ ʧʨʘ˂ʝˁʝ ʿʘʯʠʥʝ ʘʥʝʩʪʝʟʠʿʝ ʪʦʢʦʤ ʦʧʝʨʘʮʠʿʝ ʠʪʜ. ʇʨʦʮʝʥʫ ɽɽɻ ʟʘʧʠʩʘ ʨʘʥʠʿʝ 

ʩʫ ʦʙʠʯʥʦ ʩʧʨʦʚʦʜʠʣʠ ʠʩʢʫʩʥʠ ʧʨʦʮʝˁʠʚʘʯʠ ʢʦʿʠ ʩʫ ʚʠʟʫʝʣʥʦ ʩʢʝʥʠʨʘʣʠ ɽɽɻ ʟʘʧʠʩʝ. 

ʄʝʹʫʪʠʤ, ʚʠʟʫʝʣʥʘ ʠʥʩʧʝʢʮʠʿʘ ʿʝ ʜʫʛʦʪʨʘʿʘʥ ʧʨʦʮʝʩ ʫ ʪʦʢʫ ʢʦʛʘ ʩʝ ʤʦʛʫ ʿʘʚʠʪʠ ʛʨʝʰʢʝ, 

ʠʟʠʩʢʫʿʝ ʬʠʥʘʥʩʠʿʩʢʘ ʫʣʘʛʘˁʘ ʠ ʥʝ ʧʨʫʞʘ ʧʦʫʟʜʘʥʝ ʠʥʬʦʨʤʘʮʠʿʝ. ʉʪʦʛʘ ʿʝ ʨʘʟʚʦʿ 

ʥʘʧʨʝʜʥʠʭ ɽɽɻ ʫʨʝʹʘʿʘ ʦʜ ʢˀʫʯʥʦʛ ʟʥʘʯʘʿʘ ʢʘʢʦ ʙʠ ʩʝ ʦʙʝʟʙʝʜʠʣʘ ʧʨʘʚʠʣʥʘ ʝʚʘʣʫʘʮʠʿʘ ʠ 

ʣʝʯʝˁʝ ʥʝʫʨʦʣʦʰʢʠʭ ʙʦʣʝʩʪʠ. 

ʋ ʠʥʜʫʩʪʨʠʿʩʢʠʤ ʦʢʨʫʞʝˁʠʤʘ, ɽɽɻ ʤʝʪʦʜʘ ʠʤʘ ʩʚʝ ʚʝ˂ʫ ʧʨʠʤʝʥʫ ʫ ʝʨʛʦʥʦʤʠʿʠ ʫ 

ʧʨʘ˂ʝˁʫ ʤʦʞʜʘʥʝ ʘʢʪʠʚʥʦʩʪʠ, ʧʨʦʮʝʥʠ ʢʦʛʥʠʪʠʚʥʦʛ ʩʪʘˁʘ ʠ ʤʝʥʪʘʣʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ 

ʨʘʜʥʠʢʘ ʠ ʫʪʚʨʹʠʚʘˁʘ ʜʘ ʣʠ ʨʘʜʥʠʢ ʤʦʞʝ ʜʘ ʟʘʜʨʞʠ ʧʘʞˁʫ ʪʦʢʦʤ ʜʫʞʝʛ ʚʨʝʤʝʥʩʢʦʛ 

ʧʝʨʠʦʜʘ (Infantolino ʠ Miller , 2014; Zheng ʠ Lu, 2017; Fasth-Berglund ʠ Stahre, 2013; 

Scalera ʠ ʜʨʫʛʠ, 2020; Savkoviĺ ʠ ʜʨʫʛʠ, 2022ʚ). ɸʫʪʦʨʠ (Gevins ʠ ʜʨʫʛʠ, 1995) ʩʤʘʪʨʘʿʫ 

ʜʘ ʿʝ ʦʚʘ ʤʝʪʦʜʘ ʧʦʩʝʙʥʦ ʢʦʨʠʩʥʘ ʫ ʤʝʨʝˁʫ ʤʦʞʜʘʥʝ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʨʘʜʥʠʤ ʤʝʩʪʠʤʘ ʢʦʿʘ 

ʟʘʭʪʝʚʘʿʫ ʚʝʣʠʢʫ ʢʦʥʮʝʥʪʨʘʮʠʿʫ ʨʘʜʥʠʢʘ. 

ʆʚʘ ʤʝʪʦʜʘ ʿʝ ʧʨʠʤʝˁʝʥʘ ʫ ʨʘʟʣʠʯʠʪʠʤ ʩʪʫʜʠʿʘʤʘ ʫ ʮʠˀʫ ʧʨʘ˂ʝˁʘ ʩʪʨʝʩʘ ʢʦʿʝʤ ʩʫ 

ʨʘʜʥʠʮʠ ʠʟʣʦʞʝʥʠ (Liao ʠ ʜʨʫʛʠ, 2018). ɸʫʪʦʨʠ (Chen ʠ ʜʨʫʛʠ, 2017) ʩʫ ʧʨʠʤʝʥʠʣʠ ɽɽɻ 

ʤʝʪʦʜʫ ʟʘ ʧʨʘ˂ʝˁʝ ʤʝʥʪʘʣʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʠʩʧʠʪʘʥʠʢʘ ʧʨʠ ʯʝʤʫ ʩʫ ʩʝ ʧʦʩʝʙʥʦ 

ʬʦʢʫʩʠʨʘʣʠ ʥʘ ʛʘʤʘ ʪʘʣʘʩʝ. ɸʫʪʦʨʠ (Foong ʠ ʜʨʫʛʠ, 2019) ʢʦʨʠʩʪʠʣʠ ʩʫ ɽɽɻ ʤʝʪʦʜʫ ʜʘ 

ʠʜʝʥʪʠʬʠʢʫʿʫ ʢʘʜʘ ʥʘʩʪʫʧʘ ʧʦʩʧʘʥʦʩʪ. ʋ ʩʪʫʜʠʿʠ ʿʝ ʫʯʝʩʪʚʦʚʘʣʦ 29 ʠʩʧʠʪʘʥʠʢʘ.  

ʇʦʰʪʦ ʿʝ ʘʨʭʠʪʝʢʪʫʨʘ ʤʦʟʛʘ ʥʝʫʿʝʜʥʘʯʝʥʘ, ɽɽɻ ʩʠʛʥʘʣʠ ʚʘʨʠʨʘʿʫ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ 

ʣʦʢʘʮʠʿʝ ʝʣʝʢʪʨʦʜʘ ʟʘ ʩʥʠʤʘˁʝ. ɺʝʦʤʘ ʿʝ ʚʘʞʥʦ ʧʦʩʚʝ˂ʠʚʘˁʝ ʧʘʞˁʝ ʧʦʩʪʘʚˀʘˁʫ 

ʝʣʝʢʪʨʦʜʘ, ʿʝʨ ʩʫ ʨʘʟʣʠʯʠʪʠ ʨʝʞˁʝʚʠ ʤʦʞʜʘʥʝ ʢʦʨʝ ʦʜʛʦʚʦʨʥʠ ʟʘ ʦʙʨʘʜʫ ʨʘʟʣʠʯʠʪʠʭ 

ʚʨʩʪʘ ʘʢʪʠʚʥʦʩʪʠ. ʉʪʘʥʜʘʨʜʥʘ ʤʝʪʦʜʘ ʟʘ ʣʦʢʘʣʠʟʘʮʠʿʫ ʝʣʝʢʪʨʦʜʘ ʿʝ ʤʝʹʫʥʘʨʦʜʥʠ ʩʠʩʪʝʤ 

ʦʜ 10-20 ʝʣʝʢʪʨʦʜʘ (Homan, 1988). ʉʣʠʢʘ 3.13 (ʘ,ʙ) ʧʨʠʢʘʟʫʿʝ ʧʦʣʦʞʘʿ ʝʣʝʢʪʨʦʜʘ ʧʨʝʤʘ 

ʤʝʹʫʥʘʨʦʜʥʦʤ ʩʠʩʪʝʤʫ 10-20.  
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ʉʣʠʢʘ 3.13 ɻʨʘʬʠʯʢʠ ʧʨʠʢʘʟ ʤʝʹʫʥʘʨʦʜʥʦʛ 10-20 ʩʠʩʪʝʤʘ ʟʘ ʧʦʟʠʮʠʦʥʠʨʘˁʝ 

ʝʣʝʢʪʨʦʜʘ ʪʦʢʦʤ ɽɽɻ ʩʥʠʤʘˁʘ, ʩʘ ʧʦʛʣʝʜʦʤ ʦʜʦʟʛʦ (ʘ) ʠ ʧʦʛʣʝʜʦʤ ʩʘ ʩʪʨʘʥʝ (ʙ) 

(ʧʨʝʫʟʝʪʦ ʩʘ: https://info.tmsi.com/blog/the-10-20-system-for-eeg) 

ʇʨʝʤʘ ʩʠʩʪʝʤʫ 10-20 ʧʦʩʪʘʚʢʘ ʝʣʝʢʪʨʦʜʘ ʩʝ ʙʘʟʠʨʘ ʥʘ ʧʨʝʩʝʮʠʤʘ 10 ʠʣʠ 20% 

ʠʥʪʝʨʚʘʣʘ ʨʘʟʜʘˀʠʥʝ ʦʜ ʩʧʝʮʠʬʠʯʥʠʭ ʘʥʘʪʦʤʩʢʠʭ ʧʦʣʦʞʘʿʘ ʥʘ ʛʣʘʚʠ. ʆʟʥʘʢʝ Ă10ñ ʠ Ă20ñ 
ʧʨʝʜʩʪʘʚˀʘʿʫ ʩʪʚʘʨʥʘ ʨʘʩʪʦʿʘˁʘ ʠʟʤʝʹʫ ʩʫʩʝʜʥʠʭ ʝʣʝʢʪʨʦʜʘ ʠ ʠʟʥʦʩʝ 10% ʠʣʠ 20% 

ʫʢʫʧʥʦʛ ʨʘʩʪʦʿʘˁʘ ʥʘ ʣʦʙʘˁʠ. 

ʋ ʦʚʦʤ ʩʠʩʪʝʤʫ ʩʝ ʧʦʟʠʮʠʿʝ ʝʣʝʢʪʨʦʜʘ ʦʜʨʝʹʫʿʫ ʧʦʤʦ˂ʫ ʢʦʤʙʠʥʘʮʠʿʝ ʿʝʜʥʦʛ ʠʣʠ 

ʜʚʘ ʣʘʪʠʥʠʯʥʘ ʩʣʦʚʘ ʠ/ʠʣʠ ʙʨʦʿʝʚʠʤʘ. ʉʚʘʢʘ ʣʦʢʘʮʠʿʘ ʩʝ ʦʟʥʘʯʘʚʘ ʩʣʦʚʦʤ ʟʘ 

ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʨʝʞˁʘ ʠ ʙʨʦʿʝʤ ʟʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʣʦʢʘʮʠʿʝ ʭʝʤʠʩʬʝʨʝ. ʇʨʚʦ ʩʣʦʚʦ ʫ 

ʥʘʟʠʚʫ ʧʦʣʦʞʘʿʘ ʝʣʝʢʪʨʦʜʝ ʩʝ ʦʜʥʦʩʠ ʥʘ ʦʜʨʝʹʝʥʠ ʨʝʛʠʦʥ ʣʦʙʘˁʝ ʥʘ ʢʦʿʝʤ ʿʝ ʝʣʝʢʪʨʦʜʘ 

ʧʦʟʠʮʠʦʥʠʨʘʥʘ - ʪʘʢʦ ʩʣʦʚʦ F ʦʟʥʘʯʘʚʘ ʬʨʦʥʪʘʣʥʫ ʨʝʛʠʿʫ, ʩʣʦʚʦ T ʧʨʝʜʩʪʘʚˀʘ 

ʪʝʤʧʦʨʘʣʥʠ ʨʝʛʠʦʥ, ʩʣʦʚʦ ʆ ʩʝ ʦʜʥʦʩʠ ʥʘ ʦʢʩʠʧʠʪʘʣʥʫ ʨʝʛʠʿʫ, ʩʣʦʚʦ P ʩʝ ʚʝʟʫʿʝ ʟʘ 

ʧʘʨʠʿʘʪʝʣʥʫ ʨʝʛʠʿʫ, ʜʦʢ ʩʝ ʩʣʦʚʦ ʉ ʦʜʥʦʩʠ ʥʘ ʝʣʝʢʪʨʦʜʝ ʢʦʿʝ ʩʝ ʥʘʣʘʟʝ ʥʘ ʮʝʥʪʨʘʣʥʦʿ 

ʣʠʥʠʿʠ ʛʣʘʚʝ. ʃʘʪʠʥʠʯʥʦ ʩʣʦʚʦ Ăzñ ʩʝ ʦʜʥʦʩʠ ʥʘ ʝʣʝʢʪʨʦʜʫ ʧʦʩʪʘʚˀʝʥʫ ʥʘ ʮʝʥʪʨʘʣʥʦʿ 

ʣʠʥʠʿʠ. ʅʝʧʘʨʥʠ ʙʨʦʿʝʚʠ ʫʢʘʟʫʿʫ ʜʘ ʩʝ ʝʣʝʢʪʨʦʜʘ ʥʘʣʘʟʠ ʥʘ ʣʝʚʦʿ, ʘ ʧʘʨʥʠ ʙʨʦʿʝʚʠ ʥʘ 

ʜʝʩʥʦʿ ʭʝʤʠʩʬʝʨʠ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʟʘʜʨʞʘʚʘ ʩʝ ʧʨʘʚʠʣʦ ʟʘ ʠʤʝʥʦʚʘˁʝ ʝʣʝʢʪʨʦʜʘ 

(Vanderperren, 2011). 

3.11 ʇʈɸɴɽɳɽ ʇʆʂʈɽʊɸ ʆʏʀɱʋ 

ʆʢʦ ʿʝ ʥʘʿʚʘʞʥʠʿʠ ʦʨʛʘʥ ʦʜʛʦʚʦʨʘʥ ʟʘ ʚʠʜ ʢʦʜ ˀʫʜʠ ʢʦʿʠ ʠʤʘ ʚʠʪʘʣʥʫ ʫʣʦʛʫ ʫ 

ʧʝʨʮʝʧʮʠʿʠ ʦʢʦʣʠʥʝ. ɸʥʘʪʦʤʠʿʘ ʦʢʘ ʦʙʫʭʚʘʪʘ ʨʦʞˁʘʯʫ, ʠʨʠʩ, ʟʝʥʠʮʫ, ʩʦʯʠʚʦ, ʤʨʝʞˁʘʯʫ 

ʠ ʦʧʪʠʯʢʠ ʥʝʨʚ, ʢʦʿʠ ʟʘʿʝʜʥʦ ʦʤʦʛʫ˂ʘʚʘʿʫ ʧʨʝʥʦʰʝˁʝ ʚʠʟʫʝʣʥʠʭ ʠʥʬʦʨʤʘʮʠʿʘ ʜʦ ʤʦʟʛʘ 

ʨʘʜʠ ʜʘˀʝ ʦʙʨʘʜʝ. 

ʇʦʢʨʝʪʠ ʦʯʠʿʫ ʩʝ ʦʜʥʦʩʝ ʥʘ ʢʨʝʪʘˁʘ ʦʯʠʿʫ ʪʦʢʦʤ ʩʢʝʥʠʨʘˁʘ, ʬʦʢʫʩʠʨʘˁʘ ʧʘʞˁʝ 

ʠ ʧʨʘ˂ʝˁʘ ʦʙʿʝʢʘʪʘ ʫ ʚʠʜʥʦʤ ʧʦˀʫ. ʇʨʘ˂ʝˁʝ ʧʦʢʨʝʪʘ ʦʯʠʿʫ ʦʤʦʛʫ˂ʘʚʘ ʨʘʟʫʤʝʚʘˁʝ ʥʘ ʰʪʘ 

ʦʩʦʙʘ ʫʩʤʝʨʘʚʘ ʧʦʛʣʝʜ, ʥʘ ʰʪʘ ʦʙʨʘ˂ʘ ʧʦʩʝʙʥʫ ʧʘʞˁʫ ʠ ʢʘʢʦ ʩʝ ˁʝʥʝ ʦʯʠ ʢʨʝ˂ʫ ʜʦʢ 

ʧʦʩʤʘʪʨʘʿʫ ʦʜʨʝʹʝʥʠ ʦʙʿʝʢʘʪ ʠʣʠ ʦʢʨʫʞʝˁʝ. ʇʨʘ˂ʝˁʝ ʧʦʢʨʝʪʘ ʦʯʠʿʫ, ʪʨʘʿʘˁʘ ʬʠʢʩʘʮʠʿʝ, 

ʘ) ʙ) 
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ʩʘʢʘʜʠʯʥʠʭ ʦʙʨʘʟʘʮʘ ʧʨʫʞʘ ʿʝʜʠʥʩʪʚʝʥ ʫʚʠʜ ʫ ʢʦʛʥʠʪʠʚʥʝ ʧʨʦʮʝʩʝ ʨʘʜʥʠʢʘ ʪʦʢʦʤ 

ʠʟʚʨʰʘʚʘˁʘ ʨʘʜʥʠʭ ʟʘʜʘʪʘʢʘ ʠ ʦʤʦʛʫ˂ʘʚʘ ʜʫʙˀʝ ʨʘʟʫʤʝʚʘˁʝ ʤʝʥʪʘʣʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ 

ʢʦʿʝʤ ʩʫ ʨʘʜʥʠʮʠ ʠʟʣʦʞʝʥʠ. ʋ ʮʠˀʫ ʧʨʘ˂ʝˁʘ ʧʦʢʨʝʪʘ ʦʯʠʿʫ ʠ ʬʦʢʫʩʠʨʘˁʘ ʧʦʛʣʝʜʘ 

ʥʘʿʯʝʰ˂ʝ ʩʝ ʧʨʠʤʝˁʫʿʫ ʫʨʝʹʘʿʠ ʟʘ ʧʨʘ˂ʝˁʝ ʦʯʠʿʫ ʠʣʠ ʢʘʤʝʨʝ.  

ʇʦʢʨʝʪʠ ʩʝ ʤʦʛʫ ʢʣʘʩʠʬʠʢʦʚʘʪʠ ʫ ʩʣʝʜʝ˂ʝ ʢʘʪʝʛʦʨʠʿʝ: 

¶ ʌʠʢʩʘʮʠʿʝ: ʊʦʢʦʤ ʬʠʢʩʘʮʠʿʝ, ʧʦʛʣʝʜ ʿʝ ʨʝʣʘʪʠʚʥʦ ʩʪʘʙʠʣʘʥ ʿʝʨ ʦʩʦʙʘ ʧʨʠʢʫʧˀʘ 

ʜʝʪʘˀʥʝ ʚʠʟʫʝʣʥʝ ʠʥʬʦʨʤʘʮʠʿʝ 

¶ ʉʘʢʘʜʝ, ʫʢˀʫʯʫʿʫ ʙʨʟʝ, ʙʘʣʠʩʪʠʯʢʝ ʧʦʢʨʝʪʝ ʦʯʠʿʫ ʢʦʿʠ ʦʤʦʛʫ˂ʘʚʘʿʫ ʧʨʝʙʘʮʠʚʘˁʝ 

ʧʦʛʣʝʜʘ ʩʘ ʿʝʜʥʝ ʪʘʯʢʝ ʠʥʪʝʨʝʩʦʚʘˁʘ ʥʘ ʜʨʫʛʫ ʪʦʢʦʤ ʚʠʟʫʝʣʥʦʛ ʩʢʝʥʠʨʘˁʘ 

ʦʢʨʫʞʝˁʘ 

¶ ɺʝʨʛʝʥʮʠʿʩʢʠ ʧʦʢʨʝʪʠ, ʧʦʜʨʘʟʫʤʝʚʘʿʫ ʧʦʢʨʝʪʝ ʦʯʠʿʫ ʫ ʩʫʧʨʦʪʥʠʤ ʩʤʝʨʦʚʠʤʘ ʫ 

ʮʠˀʫ ʬʦʢʫʩʠʨʘʘˁ ʥʘ ʦʙʿʝʢʪʝ ʢʦʿʠ ʩʝ ʥʘʣʘʟʝ ʥʘ ʨʘʟʣʠʯʠʪʠʤ ʫʜʘˀʝʥʦʩʪʠʤʘ 

¶ ɻʣʘʪʢʝ ʧʦʪʨʘʛʝ, ʧʦʜʨʘʟʫʤʝʚʘʿʫ ʧʦʢʨʝʪʝ ʦʯʠʿʫ ʢʦʿʠ ʦʤʦʛʫ˂ʘʚʘʿʫ ʧʨʘ˂ʝˁʝ ʦʙʿʝʢʘʪʘ 

ʢʦʿʠ ʩʫ ʫ ʧʦʢʨʝʪʫ ʧʨʠ ʯʝʤʫ ʿʝ ʧʦʛʣʝʜ ʬʠʢʩʠʨʘʥ  

¶ ɺʝʩʪʠʙʫʣʘʨʥʠ ʦʯʥʠ ʨʝʬʣʝʢʩ, ʩʝ ʦʜʥʦʩʠ ʥʘ ʧʦʢʨʝʪʝ ʦʯʠʿʫ ʢʦʿʠ ʢʦʤʧʝʥʟʫʿʫ 

ʢʨʝʪʘˁʝ ʛʣʘʚʝ ʠʣʠ ʪʝʣʘ, ʦʤʦʛʫ˂ʘʚʘʿʫ˂ʠ ʦʯʠʤʘ ʜʘ ʩʝ ʢʨʝ˂ʫ ʫ ʩʫʧʨʦʪʥʦʤ ʩʤʝʨʫ ʦʜ 

ʛʣʘʚʝ ʢʘʢʦ ʙʠ ʟʘʜʨʞʘʣʝ ʬʦʢʫʩ ʥʘ ʪʘʯʢʠ ʠʥʪʝʨʝʩʦʚʘˁʘ. 

ʇʨʘ˂ʝˁʝ ʦʯʠʿʫ ʠʤʘ ʟʥʘʯʘʿʥʫ ʫʣʦʛʫ ʫ ʦʙʣʘʩʪʠ ʝʨʛʦʥʦʤʠʿʝ ʠ ˀʫʜʩʢʠʭ ʬʘʢʪʦʨʘ, ʿʝʨ 

ʧʦʤʘʞʝ ʫ ʠʜʝʥʪʠʬʠʢʘʮʠʿʠ ʧʘʜʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʠ ʧʘʞˁʝ ʨʘʜʥʠʢʘ ʠ ʦʪʢʨʠʚʘˁʝ ʧʨʚʠʭ 

ʟʥʘʢʦʚʘ ʫʤʦʨʘ ʠʣʠ ʨʘʩʝʿʘʥʦʩʪʠ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʩʝ ʫʢʘʟʫʿʝ ʥʘ ʤʝʥʪʘʣʥʠ ʥʘʧʦʨ ʠʣʠ 

ʥʝʣʘʛʦʜʥʦʩʪ ʢʦʿʫ ʨʘʜʥʠʮʠ ʜʦʞʠʚˀʘʚʘʿʫ ʪʦʢʦʤ ʦʙʘʚˀʘˁʘ ʨʘʟʣʠʯʠʪʠʭ ʨʘʜʥʠʭ ʟʘʜʘʪʘʢʘ, 

ʰʪʦ ʥʝʛʘʪʠʚʥʦ ʫʪʠʯʝ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪ (Gervasi ʠ ʜʨʫʛʠ, 2024). 

ʂʦʛʥʠʪʠʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ ʨʘʜʥʠʢʘ ʩʝ ʤʦʞʝ ʧʨʦʮʝʥʠʪʠ ʧʨʝʢʦ ʧʨʘ˂ʝˁʘ ʙʨʟʠʥʝ 

ʪʨʝʧʪʘˁʘ ʦʯʠʿʫ. ʋʩʣʝʜ ʧʦʚʝ˂ʘˁʘ ʟʘʭʪʝʚʘ ʨʘʜʥʠʭ ʟʘʜʘʪʘʢʘ, ʜʦʣʘʟʠ ʜʦ ʧʦʿʘʯʘʥʦʛ ʥʘʧʨʝʟʘˁʘ 

ʦʯʠʿʫ ʠ ʩʘʤʠʤ ʪʠʤ ʧʦʚʝ˂ʘˁʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʠ ʧʘʞˁʝ. ʈʘʜʥʠʮʠ ʩʫ ʧʨʠʤʦʨʘʥʠ ʜʘ 

ʦʜʨʞʘʚʘʿʫ ʬʦʢʫʩ ʜʫʞʠ ʚʨʝʤʝʥʩʢʠ ʧʝʨʠʦʜ, ʰʪʦ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʟʘʤʦʨʘ ʦʯʠʿʫ, ʩʤʘˁʝʥʝ 

ʝʬʠʢʘʩʥʦʩʪʠ ʫ ʦʙʨʘʜʠ ʠʥʬʦʨʤʘʮʠʿʘ ʠ ʩʤʘˁʝˁʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ (Hockey, 1997). ʋ 

ʩʪʫʜʠʿʠ ʢʦʿʫ ʩʫ ʩʧʨʦʚʝʣʠ ʘʫʪʦʨʠ (Wascher ʠ ʜʨʫʛʠ, 2014) ʧʨʘ˂ʝʥʠ ʩʫ ʪʨʝʧʪʘʿʠ ʪʦʢʦʤ 

ʦʙʘʚˀʘˁʘ ʘʢʪʠʚʥʦʩʪʠ ʫ ʩʢʣʘʜʠʰʪʫ ʢʘʢʦ ʙʠ ʩʝ ʩʪʝʢʘʦ ʫʚʠʜ ʫ ʢʦʛʥʠʪʠʚʥʦ ʩʪʘˁʝ ʨʘʜʥʠʢʘ. 

ʋʪʚʨʹʝʥʦ ʿʝ ʜʘ ʩʝ ʫʯʝʩʪʘʣʦʩʪ ʪʨʝʧʪʘˁʘ ʦʯʠʿʫ ʩʤʘˁʫʿʝ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʦʧʪʝʨʝ˂ʝˁʘ ʫʩʣʝʜ 

ʦʙʨʘʜʝ ʚʠʟʫʝʣʥʠʭ ʩʪʠʤʫʣʘʥʩʘ (Fogarty ʠ Stern, 1989). ʊʦ ʫʢʘʟʫʿʝ ʥʘ ʧʦʚʝ˂ʘʥʫ 

ʢʦʥʮʝʥʪʨʘʮʠʿʫ ʠ ʚʝ˂ʫ ʫʩʤʝʨʝʥʦʩʪ ʥʘ ʨʘʜʥʝ ʘʢʪʠʚʥʦʩʪʠ. ʊʘʢʦʹʝ, ʧʦʩʪʦʿʠ ʢʦʨʝʣʘʮʠʿʘ 

ʠʟʤʝʹʫ ʧʦʚʝ˂ʘʥʝ ʫʯʝʩʪʘʣʦʩʪʠ ʪʨʝʧʪʘˁʘ ʠ ʧʦʚʝ˂ʘˁʘ ʢʦʛʥʠʪʠʚʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ (Wilson ʠ 

ʜʨʫʛʠ, 2004). ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʘʫʪʦʨ (Castor, 2003) ʩʤʘʪʨʘ ʜʘ ʿʝ ʢʦʨʝʣʘʮʠʿʘ ʠʟʤʝʹʫ ʙʨʟʠʥʝ 

ʪʨʝʧʪʘˁʘ ʦʯʠʿʫ ʠ ʢʦʛʥʠʪʠʚʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʿʝ ʩʣʘʙʘ. ʆʚʘʿ ʘʫʪʦʨ ʠʩʪʠʯʝ ʜʘ ʩʝ ʪʨʘʿʘˁʝ 

ʟʘʪʚʘʨʘˁʘ ʦʯʠʿʫ ʩʤʘˁʫʿʝ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʦʧʪʝʨʝ˂ʝˁʘ ʫʩʣʝʜ ʦʙʨʘʜʝ ʚʠʟʫʝʣʥʠʭ ʩʪʠʤʫʣʘʥʩʘ 

ʠʣʠ ʧʨʠʢʫʧˀʘˁʘ ʚʠʰʝ ʠʥʬʦʨʤʘʮʠʿʘ.  
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4. ʋʅɸʇʈɽɫɽʅɸ LEAN ʀʅɼʋʉʊʈʀɱʉʂɸ ʈɸɼʅɸ 

ʉʊɸʅʀʎɸ 

 

 

 

 

ʂʘʢʦ ʠʩʪʠʯʫ ʘʫʪʦʨʠ (Loch ʠ ʜʨʫʛʠ, 2016) ʨʘʜʥʝ ʩʪʘʥʠʮʝ ʥʘ ʢʦʿʠʤʘ ʩʝ ʦʙʘʚˀʘʿʫ 

ʧʨʝʮʠʟʥʝ ʠ ʩʣʦʞʝʥʝ ʦʧʝʨʘʮʠʿʝ ʩʢʣʘʧʘˁʘ ʜʝʣʦʚʘ ʠ ʢʦʤʧʦʥʝʥʪʠ ʧʨʠʚʣʘʯʝ ʩʚʝ ʚʝ˂ʫ ʧʘʞˁʫ 

ʢʘʢʦ ʠʩʪʨʘʞʠʚʘʯʘ ʪʘʢʦ ʠ ˀʫʜʠ ʠʟ ʧʨʠʚʨʝʜʝ. ʇʨʝʛʣʝʜʦʤ ʣʠʪʝʨʘʪʫʨʥʠʭ ʠʟʚʦʨʘ ʫʪʚʨʹʝʥʦ ʿʝ 

ʜʘ ʿʝ ʚʝ˂ʠʥʘ ʥʘʫʯʥʦ-ʠʩʪʨʘʞʠʚʘʯʢʠʭ ʨʘʜʦʚʘ ʠʟ ʦʚʝ ʦʙʣʘʩʪʠ ʫʩʤʝʨʝʥʘ ʥʘ ʠʩʪʨʘʞʠʚʘˁʝ 

ʤʦʛʫ˂ʥʦʩʪʠ ʟʘ ʧʦʙʦˀʰʘˁʝ ʘʣʘʪʘ ʠ ʦʧʨʝʤʝ ʩʘ ʝʨʛʦʥʦʤʩʢʦʛ ʘʩʧʝʢʪʘ. ʄʘʣʠ ʙʨʦʿ ʨʘʜʦʚʘ ʿʝ 

ʬʦʢʫʩʠʨʘʥ ʥʘ ʨʘʟʤʘʪʨʘˁʝ ʨʘʜʥʦʛ ʦʢʨʫʞʝˁʘ ʫ ʮʝʣʠʥʠ, ʫʢˀʫʯʫʿʫ˂ʠ ʨʘʜʥʠʢʘ ʠ ʨʘʜʥʠ 

ʧʨʦʩʪʦʨ ʥʘ ʢʦʤʝ ʩʝ ʦʙʘʚˀʘʿʫ ʘʢʪʠʚʥʦʩʪʠ. ʉʪʦʛʘ ʧʦʩʪʦʿʠ ʧʨʦʩʪʦʨ ʟʘ ʩʧʨʦʚʦʹʝˁʝ ʜʘˀʠʭ 

ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʦʚʦʿ ʦʙʣʘʩʪʠ. 

4.1 ʊʈɸɼʀʎʀʆʅɸʃʅɸ ʈɸɼʅɸ ʉʊɸʅʀʎɸ 

ʅʝʘʜʝʢʚʘʪʥʦ ʜʠʟʘʿʥʠʨʘʥʝ ʨʘʜʥʝ ʩʪʘʥʠʮʝ ʩʫ ʫʦʙʠʯʘʿʝʥʘ ʧʨʘʢʩʘ ʫ ʪʨʘʜʠʮʠʦʥʘʣʥʠʤ 

ʠʥʜʫʩʪʨʠʿʩʢʠʤ ʦʢʨʫʞʝˁʠʤʘ. ʊʨʘʜʠʮʠʦʥʘʣʥʘ ʨʘʜʥʘ ʩʪʘʥʠʮʘ ʥʘ ʢʦʿʦʿ ʨʘʜʥʠʮʠ ʦʙʘʚˀʘʿʫ 

ʨʫʯʥʝ, ʧʦʥʘʚˀʘʿʫ˂ʝ ʠ ʬʠʟʠʯʢʠ ʟʘʭʪʝʚʥʝ ʘʢʪʠʚʥʦʩʪʠ ʫ ʩʪʚʘʨʥʦʤ ʠʥʜʫʩʪʨʠʿʩʢʦʤ ʦʢʨʫʞʝˁʫ 

ʿʝ ʬʠʢʩʥʘ ʠ ʥʠʿʝ ʧʨʠʣʘʛʦʹʝʥʘ ʠʥʜʠʚʠʜʫʘʣʥʠʤ ʘʥʪʨʦʧʦʤʝʪʨʠʿʩʢʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʠ 

ʤʦʛʫ˂ʥʦʩʪʠʤʘ ʨʘʜʥʠʢʘ. ʊʘʢʦʹʝ, ʪʨʘʜʠʮʠʦʥʘʣʥʝ ʨʘʜʥʝ ʩʪʘʥʠʮʝ ʢʘʨʘʢʪʝʨʠʰʝ ʣʦʰʘ 

ʦʨʛʘʥʠʟʘʮʠʿʘ ʦʧʨʝʤʝ, ʜʝʣʦʚʘ, ʢʦʤʧʦʥʝʥʪʠ ʠ ʘʣʘʪʘ ʰʪʦ ʦʪʝʞʘʚʘ ʠʟʚʦʹʝˁʝ ʤʦʥʪʘʞʥʠʭ 

ʘʢʪʠʚʥʦʩʪʠ, ʟʘʭʪʝʚʘ ʥʘʧʦʨ ʠ ʠʩʪʝʟʘˁʝ ʢʦʿʝ ʧʨʝʚʘʟʠʣʘʟʠ ʤʦʛʫ˂ʥʦʩʪʠ ʨʘʜʥʠʢʘ ʰʪʦ ʜʘˀʝ 

ʧʨʦʫʟʨʦʢʫʿʝ ʙʨʦʿʥʝ ʧʨʦʬʝʩʠʦʥʘʣʥʝ ʙʦʣʝʩʪʠ.   

ʊʠʧʠʯʥʝ ʪʨʘʜʠʮʠʦʥʘʣʥʝ ʨʘʜʥʝ ʩʪʘʥʠʮʝ ʫ ʠʥʜʫʩʪʨʠʿʩʢʦʤ ʦʢʨʫʞʝˁʫ ʥʠʩʫ 

ʧʨʦʿʝʢʪʦʚʘʥʝ ʫ ʩʢʣʘʜʫ ʩʘ ʝʨʛʦʥʦʤʩʢʠʤ ʧʨʠʥʮʠʧʠʤʘ. ʇʨʝʤʘ ʘʫʪʦʨʠʤʘ (Choobineh ʠ ʜʨʫʛʠ, 

2004; Choobineh ʠ ʜʨʫʛʠ, 2007ʘ,ʙ) ʦʙʘʚˀʘˁʝ ʘʢʪʠʚʥʦʩʪʠ ʫ ʥʝʝʨʛʦʥʦʤʩʢʦʤ ʧʦʣʦʞʘʿʫ ʪʝʣʘ 

ʪʦʢʦʤ ʜʫʞʝʛ ʚʨʝʤʝʥʩʢʦʛ ʧʝʨʠʦʜʘ ʜʦʚʦʜʠ ʜʦ ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ ʙʦʣʝʩʪʠ, ʥʘʿʯʝʰ˂ʝ 

ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠʭ ʧʦʨʝʤʝ˂ʘʿʘ. ɸʫʪʦʨʠ (Corlett ʠ Eklund, 1983) ʩʫ ʪʘʢʦʹʝ ʧʦʢʘʟʘʣʠ ʜʘ ʩʝ 

ʥʘ ʥʝʝʨʛʦʥʦʤʩʢʠ ʜʠʟʘʿʥʠʨʘʥʦʤ ʨʘʜʥʦʤ ʤʝʩʪʫ ʧʦʚʝ˂ʘʚʘ ʨʠʟʠʢ ʦʜ ʥʘʩʪʘʥʢʘ ʤʠʰʠ˂ʥʦ-

ʢʦʰʪʘʥʠʭ ʧʦʨʝʤʝ˂ʘʿʘ, ʢʘʦ ʰʪʦ ʩʫ ʢʘʨʧʘʣʥʠ ʪʫʥʝʣ, ʪʝʥʜʦʥʠʪʠʩ ʟʛʣʦʙʘ ʠ ʣʘʪʝʨʘʣʥʠ 

ʝʧʠʢʦʥʜʠʣʠʪʠʩ ʠ ʜʨʫʛʠʭ ʟʜʨʘʚʩʪʚʝʥʠʭ ʧʨʦʙʣʝʤʘ. ɸʫʪʦʨʠ (Mossa ʠ ʜʨʫʛʠ, 2016; Bernal ʠ 

ʜʨʫʛʠ, 2015) ʩʫ ʫʢʘʟʘʣʠ ʥʘ ʝʨʛʦʥʦʤʩʢʝ ʨʠʟʠʢʝ ʪʦʢʦʤ ʠʟʚʦʹʝˁʘ ʨʫʯʥʠʭ ʦʧʝʨʘʮʠʿʘ ʥʠʩʢʦʛ 

ʦʧʪʝʨʝ˂ʝˁʘ ʩʘ ʚʝʣʠʢʦʤ ʫʯʝʩʪʘʣʦʰ˂ʫ ʧʦʥʘʚˀʘˁʘ. ʂʘʦ ʤʝʪʦʜʝ ʟʘ ʝʣʠʤʠʥʠʩʘˁʝ ʨʠʟʠʢʘ 

ʧʨʝʜʣʦʞʠʣʠ ʩʫ ʦʧʪʠʤʠʟʘʮʠʿʫ ʨʘʩʧʦʨʝʜʘ ʠ ʯʝʰ˂ʫ ʨʦʪʘʮʠʿʫ ʧʦʩʣʦʚʘ.  

ʋʯʝʩʪʘʣʦ ʠʟʚʦʹʝˁʝ ʧʦʢʨʝʪʘ ʢʦʿʠ ʩʝ ʧʦʥʘʚˀʘʿʫ ʠ ʠʟʚʦʹʝˁʝ ʧʦʢʨʝʪʘ ʚʝʣʠʢʦʤ 

ʙʨʟʠʥʦʤ ʫ ʥʝʬʠʟʠʦʣʦʰʢʠʤ ʧʦʣʦʞʘʿʠʤʘ ʪʝʣʘ ʪʦʢʦʤ ʜʫʞʝʛ ʚʨʝʤʝʥʩʢʦʛ ʧʝʨʠʦʜʘ ʧʦʚʝ˂ʘʚʘ 

ʦʧʪʝʨʝ˂ʝˁʝ ʪʝʪʠʚʘ, ʤʠʰʠ˂ʘ ʠ ʥʝʨʘʚʘ ʰʘʢʘ, ʟʛʣʦʙʦʚʘ ʤʠʰʠ˂ʘ ʧʦʜʣʘʢʪʠʮʝ ʠ ʤʠʰʠ˂ʘ ʚʨʘʪʘ 

ʰʪʦ ʜʘˀʝ ʧʨʦʫʟʨʦʢʫʿʝ ʥʘʧʨʝʟʘˁʝ ʠ ʙʦʣʦʚʝ ʫ ʤʠʰʠ˂ʠʤʘ ʛʦʨˁʠʭ ʝʢʩʪʨʝʤʠʪʝʪʘ. ɺʠʩʦʢʘ 

ʫʯʝʩʪʘʣʦʩʪ ʧʦʥʘʚˀʘˁʘ ʟʘʜʘʪʘʢʘ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʜʨʫʛʠʤ ʬʘʢʪʦʨʠʤʘ ʨʠʟʠʢʘ ʢʘʦ ʰʪʦ ʩʫ 

ʥʝʬʠʟʠʦʣʦʰʢʠ ʧʦʣʦʞʘʿʠ ʪʝʣʘ ʜʦʚʦʜʝ ʜʦ ʧʦʚʝ˂ʘʥʦʛ ʥʘʧʨʝʟʘˁʘ ʠ ʫʩʧʦʨʘʚʘˁʘ ʧʨʦʮʝʩʘ 

ʧʨʦʠʟʚʦʜˁʝ. ʄʦʥʪʘʞʥʝ ʘʢʪʠʚʥʦʩʪʠ ʩʝ ʫ ʪʨʘʜʠʮʠʦʥʘʣʥʦʤ ʨʘʜʥʦʤ ʦʢʨʫʞʝˁʫ ʥʘʿʯʝʰ˂ʝ 

ʦʙʘʚˀʘʿʫ ʫ ʚʝʨʪʠʢʘʣʥʦʤ ʧʦʣʦʞʘʿʫ ʪʝʣʘ ʰʪʦ ʜʦʜʘʪʥʦ ʧʦʛʦʨʰʘʚʘ ʟʜʨʘʚʩʪʚʝʥʦ ʩʪʘˁʝ 
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ʨʘʜʥʠʢʘ. ʈʘʜʥʠʮʠ ʢʦʿʠ ʠʤʘʿʫ ʩʠʤʧʪʦʤʝ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠʭ ʧʦʨʝʤʝ˂ʘʿʘ ʯʝʩʪʦ ʦʜʩʫʩʪʚʫʿʫ 

ʩʘ ʧʦʩʣʘ ʨʘʜʠ ʣʝʯʝˁʘ ʠʣʠ ʦʧʦʨʘʚʢʘ, ʰʪʦ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʩʤʘˁʝˁʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ 

ʧʦʚʝ˂ʘˁʘ ʪʨʦʰʢʦʚʘ ʫ ʦʨʛʘʥʠʟʘʮʠʿʘʤʘ (Das ʠ Sengupta, 1996). 

ʅʝʙʝʟʙʝʜʥʦ ʠ ʥʝʘʜʝʢʚʘʪʥʦ ʜʠʟʘʿʥʠʨʘʥʦ ʨʘʜʥʦ ʦʢʨʫʞʝˁʝ ʥʝʛʘʪʠʚʥʦ ʫʪʠʯʝ ʥʘ 

ʧʝʨʬʦʨʤʘʥʩʝ ʨʘʜʥʠʢʘ. ʋ ʩʪʫʜʠʿʠ ʢʦʿʫ ʩʫ ʩʧʨʦʚʝʣʠ (Resnick ʠ Zanotti, 1997) ʫʯʝʩʪʚʦʚʘʣʦ 

ʿʝ ʧʝʪʥʘʝʩʪ ʩʫʙʿʝʢʘʪʘ ʢʦʿʠ ʩʫ ʦʙʘʚˀʘʣʠ ʨʘʟʣʠʯʠʪʝ ʨʘʜʥʝ ʟʘʜʘʪʢʝ. ʀʩʪʨʘʞʠʚʘʥ ʿʝ ʫʪʠʮʘʿ 

ʚʠʩʠʥʝ ʨʘʜʥʦʛ ʩʪʦʣʘ, ʫʜʘˀʝʥʦʩʪ ʠ ʨʘʩʧʦʨʝʜ ʘʣʘʪʘ ʠ ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʚʨʝʤʝ ʠʟʚʨʰʝˁʘ 

ʘʢʪʠʚʥʦʩʪʠ. ʈʝʟʫʣʪʘʪʠ ʩʧʨʦʚʝʜʝʥʦʛ ʠʩʪʨʘʞʠʚʘˁʘ ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ ʿʝ ʥʘ ʨʘʜʥʠʤ ʩʪʘʥʠʮʘʤʘ 

ʧʦʪʨʝʙʥʦ ʫʚʦʹʝˁʝ ʧʨʦʤʝʥʘ ʫ ʮʠˀʫ ʤʘʢʩʠʤʠʟʠʨʘˁʘ ʧʝʨʬʦʨʤʘʥʩʠ ʠ ʧʦʙʦˀʰʘˁʘ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʨʘʜʥʠʢʘ. ʉʣʠʯʥʦ, ʫ ʨʘʜʫ ʯʠʿʠ ʿʝ ʘʫʪʦʨ (Das, 1987) ʿʝ ʠʩʪʘʢʥʫʪʦ ʜʘ ʫ 

ʪʨʘʜʠʮʠʦʥʘʣʥʠʤ ʠʥʜʫʩʪʨʠʩʿʢʠʤ ʩʠʩʪʝʤʠʤʘ ʥʠʿʝ ʧʨʠʜʘʚʘʥʦ ʜʦʚʦˀʥʦ ʧʘʞˁʝ ʜʠʟʘʿʥʫ 

ʨʘʜʥʠʭ ʩʪʘʥʠʮʘ, ʰʪʦ ʿʝ ʜʦʚʝʣʦ ʜʦ ʟʥʘʯʘʿʥʦʛ ʩʤʘˁʝˁʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ.  

ʉʪʫʜʠʿʝ ʢʦʿʝ ʩʫ ʩʧʨʦʚʝʣʠ ʘʫʪʦʨʠ (Das ʠ Sengupta, 1996) ʩʫ ʧʦʢʘʟʘʣʝ ʜʘ ʥʝʧʨʘʚʠʣʘʥ 

ʥʝʬʠʦʣʦʰʢʠ ʧʦʣʦʞʘʿ ʪʝʣʘ ʜʠʨʝʢʪʥʦ ʫʪʠʯʝ ʥʘ ʩʤʘˁʝˁʝ ʧʝʨʬʦʨʤʘʥʩʠ ʫʩʣʝʜ ʧʦʚʝ˂ʘˁʘ 

ʬʠʟʠʯʢʦʛ ʟʘʤʦʨʘ ʤʠʰʠ˂ʘ. ʆʚʠ ʨʘʜʦʚʠ ʫʢʘʟʫʿʫ ʥʘ ʚʘʞʥʦʩʪ ʧʨʘʚʠʣʥʦʛ ʝʨʛʦʥʦʤʩʢʦʛ ʜʠʟʘʿʥʘ 

ʨʘʜʥʠʭ ʤʝʩʪʘ ʢʘʢʦ ʙʠ ʩʝ ʩʧʨʝʯʠʦ ʬʠʟʠʯʢʠ ʠ ʤʝʥʪʘʣʥʠ ʟʘʤʦʨ ʠ ʧʦʙʦˀʰʘʣʝ ʧʝʨʬʦʨʤʘʥʩʝ 

ʨʘʜʥʠʢʘ. ʅʘ ʦʩʥʦʚʫ ʩʚʝʛʘ ʥʘʚʝʜʝʥʦʛ, ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʧʦʩʪʦʿʠ ʧʨʦʩʪʦʨ ʟʘ 

ʨʝʜʠʟʘʿʥʠʨʘˁʝ ʪʨʘʜʠʮʠʦʥʘʣʥʠʭ ʠʥʜʫʩʪʨʠʿʩʢʠʭ ʨʘʜʥʠʭ ʩʪʘʥʠʮʘ ʢʘʢʦ ʙʠ ʩʝ ʫʥʘʧʨʝʜʠʣʠ 

ʬʠʟʠʯʢʠ, ʢʦʛʥʠʪʠʚʥʠ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʠ ʘʩʧʝʢʪʠ ʝʨʛʦʥʦʤʠʿʝ. ʇʦʩʝʙʘʥ ʘʢʮʝʥʘʪ ʿʝ ʥʘ 

ʠʜʝʥʪʠʬʠʢʘʮʠʿʠ, ʩʤʘˁʝˁʫ ʠ ʝʣʠʤʠʥʘʮʠʿʠ ʥʝʙʝʟʙʝʜʥʠʭ ʧʦʩʪʫʧʘʢʘ ʠ ʧʨʠʤʝʥʠ 

ʧʨʝʚʝʥʪʠʚʥʠʭ ʤʝʨʘ.  

ʅʘ ʩʣʠʢʘʤʘ 4.1 ʠ 4.2 ʿʝ ʧʨʠʢʘʟʘʥ ʤʦʜʝʣ ʪʨʘʜʠʮʠʦʥʘʣʥʝ ʨʘʜʥʝ ʩʪʘʥʠʮʝ.  

 

ʉʣʠʢʘ 4.1 ʊʨʘʜʠʮʠʦʥʘʣʥʘ ʨʘʜʥʘ ʩʪʘʥʠʮʘ (ʧʦʛʣʝʜ 1)  

ʇʨʝʜʩʪʘʚˀʝʥʠ ʤʦʜʝʣ ʪʨʘʜʠʮʠʦʥʘʣʥʝ ʨʘʜʥʝ ʩʪʘʥʠʮʝ ʧʨʝʜʩʪʘʚˀʘ ʙʘʟʫ ʟʘ 

ʩʧʨʦʚʦʹʝˁʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʪʦʢʦʤ ʠʟʚʦʹʝˁʘ ʤʦʥʪʘʞʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʫ 

ʥʝʝʨʛʦʥʦʤʩʢʦʤ ʩʮʝʥʘʨʠʿʫ, ʫ ʦʢʨʫʞʝˁʫ ʩʣʠʯʥʦʤ ʨʝʘʣʥʦʤ ʠʥʜʫʩʪʨʠʿʩʢʦʤ ʦʢʨʫʞʝˁʫ 

(Savkoviĺ ʠ ʜʨʫʛʠ, 2022ʘ; Savkoviĺ ʠ ʜʨʫʛʠ, 2022ʙ; Savkoviĺ ʠ ʜʨʫʛʠ, 2022ʚ) ʧʦʛʣʘʚˀʝ ʙʨʦʿ 

5 ʫ ʜʠʩʝʨʪʘʮʠʿʠ).  
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ʇʦʩʪʦʿʝ˂ʘ ʨʘʜʥʘ ʩʪʘʥʠʮʘ ʿʝ ʜʝʪʘˀʥʦ ʘʥʘʣʠʟʠʨʘʥʘ ʢʘʢʦ ʙʠ ʩʝ ʠʜʝʥʪʠʬʠʢʦʚʘʣʠ 

ʥʝʜʦʩʪʘʮʠ ʢʦʿʠ ʫʪʠʯʫ ʥʘ ʝʬʠʢʘʩʥʦʩʪ ʦʙʘʚˀʘˁʘ ʘʢʪʠʚʥʦʩʪʠ. ʋʦʯʝʥʠ ʩʫ ʙʨʦʿʥʠ ʧʨʦʙʣʝʤʠ 

ʚʝʟʘʥʠ ʟʘ ʚʠʩʠʥʫ ʨʘʜʥʝ ʩʪʘʥʠʮʝ, ʨʘʩʧʦʨʝʜ ʠ ʦʨʛʘʥʠʟʘʮʠʿʫ ʧʦʪʨʝʙʥʠʭ ʢʦʤʧʦʥʝʥʪʠ, ʜʝʣʦʚʘ 

ʠ ʘʣʘʪʘ. ʈʘʜʥʘ ʩʪʘʥʠʮʘ ʿʝ ʠʤʘʣʘ ʬʠʢʩʥʫ ʚʠʩʠʥʫ ʠ ʙʠʣʘ ʿʝ ʧʨʝʥʠʩʢʘ, ʰʪʦ ʿʝ ʜʦʜʘʪʥʦ 

ʦʪʝʞʘʚʘʣʦ ʦʙʘʚˀʘˁʝ ʘʢʪʠʚʥʦʩʪʠ, ʂʘʦ ʰʪʦ ʩʝ ʚʠʜʠ ʥʘ ʩʣʠʢʘʤʘ 4.1 ʠ 4.2 ʨʘʜʥʘ ʧʦʚʨʰʠʥʘ 

ʿʝ ʧʨʝʪʨʧʘʥʘ ʥʝʧʦʪʨʝʙʥʠʤ ʢʣʘʩʝʨʠ ʩʘ ʢʦʤʧʦʥʝʥʪʘʤʘ ʠ ʘʣʘʪʠʤʘ ʰʪʦ ʿʝ ʦʪʝʞʘʚʘʣʦ 

ʦʜʨʞʘʚʘˁʝ ʢʦʥʪʠʥʫʠʨʘʥʦʛ ʨʠʪʤʘ ʨʘʜʘ. ʈʘʩʧʦʨʝʜ ʢʣʘʩʝʨʘ ʩʘ ʜʝʣʦʚʠʤʘ ʠ ʢʦʤʧʦʥʝʥʪʘʤʘ 

ʥʝʦʧʭʦʜʥʠʤ ʟʘ ʤʦʥʪʘʞʫ ʢʘʦ ʠ ʫʧʫʪʩʪʚʘ ʟʘ ʩʧʨʦʚʦʹʝˁʝ ʨʘʜʥʠʭ ʢʪʠʚʥʦʩʪʠ ʥʠʩʫ ʫʩʢʣʘʹʝʥʠ 

ʩʘ ʧʨʠʥʮʠʧʠʤʘ ʟʣʘʪʥʝ ʟʦʥʝ ʚʝ˂ ʩʫ ʢʣʘʩʝʨʠ ʨʘʩʧʦʨʝʹʝʥʠ ʫ ʧʨʦʩʪʦʨʫ ʠʟʚʘʥ ʤʘʢʩʠʤʘʣʥʦʛ 

ʜʦʭʚʘʪʘ ʨʘʜʥʠʢʘ ʪʘʢʦ ʜʘ ʩʫ ʦʥʠ ʧʨʠʥʫʹʝʥʠ ʜʘ ʩʝ ʥʘʧʨʝʞʫ, ʩʘʚʠʿʘʿʫ ʠ ʠʩʪʝʞʫ ʪʝʣʦ ʢʘʢʦ ʙʠ 

ʧʨʝʫʟʝʣʠ ʧʦʪʨʝʙʥʝ ʢʦʤʧʦʥʝʥʪʝ ʠ ʜʝʣʦʚʝ ʰʪʦ ʥʝʛʘʪʠʚʥʦ ʫʪʠʯʝ ʥʘ ˁʠʭʦʚʦ ʟʜʨʘʚˀʝ.  

 

ʉʣʠʢʘ 4.2 ʊʨʘʜʠʮʠʦʥʘʣʥʘ ʨʘʜʥʘ ʩʪʘʥʠʮʘ (ʧʦʛʣʝʜ 2) 

ʇʨʘ˂ʝˁʝʤ ʠ ʘʥʘʣʠʟʦʤ ʧʦʢʨʝʪʘ ʨʘʜʥʠʢʘ ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʪʨʘʜʠʮʠʦʥʘʣʥʘ 

ʨʘʜʥʘ ʩʪʘʥʠʮʘ ʥʠʿʝ ʫʩʢʣʘʹʝʥʘ ʩʘ ʝʨʛʦʥʦʤʩʢʠʤ ʠ lean ʧʨʠʥʮʠʧʠʤʘ. Lean ʢʦʥʮʝʧʪ ʩʝ 

ʟʘʩʥʠʚʘ ʥʘ ʝʣʠʤʠʥʘʮʠʿʠ ʩʚʠʭ ʦʙʣʠʢʘ ʛʫʙʠʪʘʢʘ ʠ ʨʘʩʠʧʘˁʘ ʠʟ ʧʨʦʠʟʚʦʜʥʠʭ ʪʦʢʦʚʘ ʫ ʮʠˀʫ 

ʩʢʨʘ˂ʠʚʘˁʘ ʚʨʝʤʝʥʘ ʢʦʿʝ ʧʨʦʪʝʢʥʝ ʦʜ ʧʦʨʫʯʠʚʘˁʘ ʜʦ ʠʩʧʦʨʫʢʝ. ʆʚʘʿ ʧʨʠʩʪʫʧ ʧʦʩʝʙʘʥ 

ʥʘʛʣʘʩʘʢ ʩʪʘʚˀʘ ʥʘ ʘʢʪʠʚʥʦʩʪʠ ʢʦʿʝ ʜʦʜʘʿʫ ʚʨʝʜʥʦʩʪ ʬʠʥʘʣʥʠʤ ʧʨʦʠʟʚʦʜʠʤʘ ʠ 

ʝʣʠʤʠʥʠʩʘˁʝ ʥʝʧʦʪʨʝʙʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʠ ʨʝʩʫʨʩʘ. ʇʦʜ ʛʫʙʠʮʠʤʘ ʠ ʨʘʩʠʧʘˁʠʤʘ ʫ lean 

ʬʠʣʦʟʦʬʠʿʠ ʧʦʩʣʦʚʘˁʘ ʧʦʜʨʘʟʫʤʝʚʘʿʫ ʩʝ ʩʚʝ ʦʥʝ ʘʢʪʠʚʥʦʩʪʠ ʢʦʿʝ ʥʝ ʜʦʜʘʿʫ ʚʨʝʜʥʦʩʪ 

ʬʠʥʘʣʥʦʤ ʧʨʦʠʟʚʦʜʫ ʢʘʦ ʰʪʦ ʩʫ ʥʝʧʦʪʨʝʙʥʦ ʢʨʝʪʘˁʝ ʤʘʪʝʨʠʿʘʣʘ, ʧʨʝʢʦʤʝʨʥʘ 

ʧʨʦʠʟʚʦʜˁa, ʯʝʢʘˁʝ, ʜʦʜʘʪʥʝ ʧʦʧʨʘʚʢʝ ʠ ʤʦʜʠʬʠʢʘʮʠʿʝ. ɽʣʠʤʠʥʠʩʘˁʝʤ ʛʫʙʠʪʘʢʘ 

ʧʦʚʝ˂ʘʚʘ ʩʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪ ʠ ʩʤʘˁʫʿʫ ʩʝ ʪʨʦʰʢʦʚʠ. 

ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ lean ʧʨʠʥʮʠʧʝ ʠ ʜʝʬʠʥʠʩʘʥʫ ʪʝʨʤʠʥʦʣʦʛʠʿʫ, ʧʦʜ ʪʝʨʤʠʥʦʤ ʦʪʧʘʜ 

ʫ ʝʨʛʦʥʦʤʠʿʠ ʧʦʜʨʘʟʫʤʝʚʘ ʩʝ ʠʟʚʦʹʝˁʝ ʥʝʧʦʪʨʝʙʥʠʭ ʧʦʢʨʝʪʘ, ʠʩʪʝʟʘˁʝ ʠ ʩʘʚʠʿʘˁʝ ʪʝʣʘ, 

ʟʘʫʟʠʤʘˁʝ ʥʝʧʨʠʨʦʜʥʠʭ ʠ ʥʝʬʠʟʠʦʣʦʰʢʠʭ ʧʦʣʦʞʘʿʘ ʪʝʣʘ ʰʪʦ ʜʘˀʝ ʥʝʛʘʪʠʚʥʦ ʫʪʠʯʝ ʥʘ 

ʙʝʟʙʝʜʥʦʩʪ ʠ ʟʜʨʘʚˀʝ ʨʘʜʥʠʢʘ (Yusuff, 2016). ɽʣʠʤʠʥʠʩʘˁʝ ʚʝ˂ʠʥʝ ʠʣʠ ʩʚʠʭ ʥʝʧʦʪʨʝʙʥʠʭ 

ʧʦʢʨʝʪʘ ʣʠʥʝʘʨʥʦ ʜʦʚʦʜʠ ʜʦ ʫʥʘʧʨʝʹʝˁʘ ʝʨʛʦʥʦʤʠʿʝ ʨʘʜʥʦʛ ʤʝʩʪʘ. 
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ʋ ʪʨʘʜʠʮʠʦʥʘʣʥʦʤ ʩʮʝʥʘʨʠʿʫ ʠʩʧʠʪʘʥʠʮʠ ʩʫ ʩʘʚʠʿʘʣʠ ʚʨʘʪ ʠ ʪʝʣʦ ʥʘ ʜʝʩʥʫ ʩʪʨʘʥʫ 

ʢʘʢʦ ʙʠ ʧʨʝʫʟʝʣʠ ʧʨʠʧʨʝʤˀʝʥʝ ʝʣʝʤʝʥʪʝ ʦʜ ʧʣʝʩʠʛʣʘʩʘ ʢʦʿʝ ʩʫ ʠʤ ʥʝʦʧʭʦʜʥʠ ʟʘ ʤʦʥʪʘʞʫ, 

ʘ ʢʘʢʦ ʙʠ ʩʧʫʩʪʠʣʠ ʟʘʚʨʰʝʥ ʬʠʥʘʣʥʠ ʧʨʦʠʟʚʦʜ ʫ ʢʫʪʠʿʫ ʧʦʨʝʜ ʨʘʜʥʝ ʩʪʘʥʠʮʝ ʙʠʣʠ ʩʫ 

ʧʨʠʥʫʹʝʥʠ ʜʘ ʩʘʚʠʿʘʿʫ ʪʝʣʦ ʥʘ ʣʝʚʫ ʩʪʨʘʥʫ. ʀʩʧʠʪʘʥʠʮʠ ʩʫ ʨʘʜʥʝ ʟʘʜʘʪʢʝ ʦʙʘʚˀʘʣʠ ʫ 

ʩʝʜʝ˂ʝʤ ʧʦʣʦʞʘʿʫ, ʩʝʜʝ˂ʠ ʥʘ ʩʪʦʣʠʮʠ ʢʦʿʘ ʥʠʿʝ ʙʠʣʘ ʝʨʛʦʥʦʤʩʢʠ ʜʠʟʘʿʥʠʨʘʥʘ, ʥʠʿʝ ʠʤʘʣʘ 

ʧʦʜʝʩʠʚʠ ʦʩʣʦʥʘʮ ʟʘ ʥʦʛʝ, ʰʪʦ ʿʝ ʫʟʨʦʢʦʚʘʣʦ ʥʝʫʛʦʜʥʦʩʪ ʠ ʟʘʤʦʨ ʢʦʜ ʠʩʧʠʪʘʥʠʢʘ.  

ʅʘ ʩʣʠʮʠ 4.3 ʧʨʝʜʩʪʘʚˀʝʥ ʿʝ ʠʟʦʤʝʪʨʠʿʩʢʠ ʧʨʠʢʘʟ ʨʘʜʥʦʛ ʧʨʦʩʪʦʨʘ ʢʦʿʠ ʥʠʿʝ 

ʫʩʢʣʘʹʝʥ ʩʘ ʩʪʘʥʜʘʨʜʠʤʘ ʟʣʘʪʥʝ ʟʦʥʝ ʠ 5ʉ ʧʨʠʥʮʠʧʠʤʘ.  

 

ʉʣʠʢʘ 4.3 ʀʟʦʤʝʪʨʠʿʩʢʠ ʧʨʠʢʘʟ ʨʘʜʥʝ ʧʦʚʨʰʠʥʝ ʥʘ ʪʨʘʜʠʮʠʦʥʘʣʥʦʿ ʨʘʜʥʦʿ ʩʪʘʥʠʮʠ 

ʂʘʦ ʰʪʦ ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʩʘ ʩʣʠʢʝ 4.3 ʧʦʪʨʝʙʥʝ ʢʦʤʧʦʥʝʥʪʝ, ʜʝʣʦʚʠ ʠ ʘʣʘʪʠ ʥʠʩʫ 

ʧʦʩʪʘʚˀʝʥʠ ʠ ʨʘʩʧʦʨʝʹʝʥʠ ʫ ʩʢʣʘʜʫ ʩʘ ʧʨʠʥʮʠʧʠʤʘ ʟʣʘʪʥʝ ʟʦʥʝ, lean ʠ 5ʉ ʧʨʠʥʮʠʧʠʤʘ 

ʩʣʠʯʥʦ ʢʘʦ ʫ ʨʝʘʣʥʦʤ ʠʥʜʫʩʪʨʠʿʩʢʦʤ ʦʢʨʫʞʝˁʫ. ʆʚʘʢʘʚ ʨʘʩʧʦʨʝʜ ʠ ʦʨʛʘʥʠʟʘʮʠʿʘ ʨʘʜʥʦʛ 

ʤʝʩʪʘ ʤʦʛʫ ʫʩʣʦʚʠʪʠ ʟʘʤʦʨ ʤʠʰʠ˂ʘ, ʧʘʜ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʠ ʦʤʝʪʘʪʠ ʠʟʚʦʹʝˁʝ ʤʦʥʪʘʞʥʠʭ 

ʘʢʪʠʚʥʦʩʪʠ, ʰʪʦ ʟʘ ʧʦʩʣʝʜʠʮʫ ʥʘʿʯʝʰ˂ʝ ʠʤʘ ʩʤʘˁʝˁʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʥʠʟʘʢ ʥʠʚʦ 

ʢʚʘʣʠʪʝʪʘ ʬʠʥʘʣʥʦʛ ʧʨʦʠʟʚʦʜʘ. ʉʚʝ ʦʚʦ ʫʢʘʟʫʿʝ ʥʘ ʧʦʪʨʝʙʫ ʟʘ ʧʦʙʦˀʰʘˁʠʤʘ ʧʦʩʪʦʿʝ˂ʝ 

ʨʘʜʥʝ ʩʪʘʥʠʮʝ. 
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4.2 ʇʈɽɼʃʆɾɽʅɸ ʈɸɼʅɸ ʉʊɸʅʀʎɸ  

ʉʪʨʫʯˁʘʮʠ ʠʟ ʠʥʜʫʩʪʨʠʿʝ ʩʚʝ ʚʠʰʝ ʠʥʩʠʩʪʠʨʘʿʫ ʥʘ ʩʘʨʘʜˁʠ ʩʘ ʘʢʘʜʝʤʩʢʠʤ 

ʠʥʩʪʠʪʫʮʠʿʘʤʘ ʢʘʢʦ ʙʠ ʩʝ ʨʝʰʠʣʠ ʧʨʦʙʣʝʤʠ ʩʘ ʢʦʿʠʤʘ ʩʝ ʩʫʦʯʘʚʘʿʫ ʩʘʚʨʝʤʝʥʠ 

ʧʨʦʠʟʚʦʜʥʠ ʩʠʩʪʝʤʠ ʢʘʦ ʰʪʦ ʩʫ ʨʘʜʥʠ ʫʯʠʥʘʢ, ʙʣʘʛʦʩʪʘˁʝ, ʟʘʜʦʚʦˀʩʪʚʦ ʧʦʩʣʦʤ ʠ 

ʙʝʟʙʝʜʥʦʩʪ ʠ ʟʜʨʘʚˀʝ ʨʘʜʥʠʢʘ. 

ɼʘ ʙʠ ʩʝ ʧʨʝʚʘʟʠʰʣʠ ʥʝʜʦʩʪʘʮʠ ʪʨʘʜʠʮʠʦʥʘʣʥʝ ʨʘʜʥʝ ʩʪʘʥʠʮʝ, ʫ ʜʠʩʝʨʪʘʮʠʿʠ ʿʝ 

ʨʘʟʚʠʿʝʥʘ ʠ ʜʠʟʘʿʥʠʨʘʥʘ ʥʦʚʘ ʨʘʜʥʘ ʩʪʘʥʠʮʘ ʢʦʿʘ ʿʝ ʫʩʢʣʘʹʝʥʘ ʩʘ ʝʨʛʦʥʦʤʩʢʠʤ ʠ lean 

ʧʨʠʥʮʠʧʠʤʘ ʠ ʩʪʘʥʜʘʨʜʠʤʘ ʟʣʘʪʥʝ ʟʦʥʝ. ʇʨʝʜʣʦʞʝʥʘ ʨʘʜʥʘ ʩʪʘʥʠʮʘ ʧʨʝʚʘʟʠʣʘʟʠ 

ʥʝʜʦʩʪʘʪʢʝ ʪʨʘʜʠʮʠʦʥʘʣʥʝ ʨʘʜʥʝ ʩʪʘʥʠʮʝ. ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʪʨʘʜʠʮʠʦʥʘʣʥʝ ʨʘʜʥʝ ʩʪʘʥʠʮʝ 

ʢʦʿʘ ʿʝ ʬʠʢʩʥʘ ʧʨʝʜʣʦʞʝʥʘ ʨʘʜʥʘ ʩʪʘʥʠʮʘ ʿʝ ʬʣʝʢʩʠʙʠʣʥʘ ʠ ʧʨʠʣʘʛʦʹʝʥʘ ʠʥʜʠʚʠʜʫʘʣʥʠʤ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʠ ʤʦʛʫ˂ʥʦʩʪʠʤʘ ʨʘʜʥʠʢʘ (Savkoviĺ ʠ ʜʨʫʛʠ, 2022ʘ).  

ʅʘ ʩʣʠʮʠ 4.4 ʿʝ ʧʨʠʢʘʟʘʥ PDCA ʮʠʢʣʫʩ (ʝʥʛʣ. Plan-Do-Check-Act). ʆʚʘ 

ʤʝʪʦʜʦʣʦʛʠʿʘ ʧʦʜʨʘʟʫʤʝʚʘ ʩʠʩʪʝʤʘʪʩʢʠ ʧʨʠʩʪʫʧ ʧʦʙʦˀʰʘˁʫ ʨʘʜʥʠʭ ʩʪʘʥʠʮʘ ʟʘ ʤʦʥʪʘʞʫ 

ʠ ʨʘʜʥʠʭ ʫʩʣʦʚʘ ʢʨʦʟ ʩʣʝʜʝ˂ʝ ʬʘʟʝ: ʧʣʘʥʠʨʘˁʝ, ʧʨʠʤʝʥʘ, ʧʨʦʚʝʨʘ ʠ ʜʝʣʦʚʘˁʝ. ʇʨʚʘ ʬʘʟʘ 

ʧʦʜʨʘʟʫʤʝʚʘ ʘʥʘʣʠʟʫ ʩʪʘˁʘ ʪʨʘʜʠʮʠʦʥʘʣʥʝ ʤʦʥʪʘʞʥʝ ʨʘʜʥʝ ʩʪʘʥʠʮʝ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ 

ʦʙʣʘʩʪʠ ʢʦʿʝ ʟʘʭʪʝʚʘʿʫ ʧʦʙʦˀʰʘˁʝ. ʆʚʦ ʫʢˀʫʯʫʿʝ ʝʨʛʦʥʦʤʩʢʫ ʧʨʦʮʝʥʫ, ʘʥʘʣʠʟʫ 

ʨʘʩʧʦʨʝʜʘ ʤʘʪʝʨʠʿʘʣʘ ʠ ʘʣʘʪʘ, ʠ ʨʘʜʥʠʭ ʟʘʜʘʪʘʢʘ, ʘʥʘʣʠʟʫ ʪʦʢʘ ʤʘʪʝʨʠʿʘʣʘ, ʧʨʠʢʫʧˀʘˁʝ 

ʧʦʜʘʪʘʢʘ ʦ ʬʠʟʠʯʢʦʤ ʠ ʤʝʥʪʘʣʥʦʤ ʟʘʤʦʨʫ ʨʘʜʥʠʢʘ, ʚʨʝʤʝʥʫ ʪʨʘʿʘˁʘ ʘʢʪʠʚʥʦʩʪʠ, 

ʜʝʬʝʢʪʠʤʘ ʠʪʜ. ʋ ʦʚʦʿ ʬʘʟʠ ʧʣʘʥʠʨʘʿʫ ʩʝ ʢʦʥʢʨʝʪʥʝ ʧʨʦʤʝʥʝ ʢʦʿʝ ʠʤʘʿʫ ʟʘ ʮʠˀ 

ʧʦʙʦˀʰʘˁʝ ʨʘʜʥʠʭ ʫʩʣʦʚʘ, ʫʥʘʧʨʝʹʝˁʝ ʙʝʟʙʝʜʥʦʩʪʠ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʟʘʜʦʚʦˀʩʪʚʘ 

ʨʘʜʥʠʢʘ. 

 

ʉʣʠʢʘ 4.4 PDCA ʮʠʢʣʫʩ ʧʨʠʤʝˁʝʥ ʥʘ ʤʦʥʪʘʞʥʫ ʨʘʜʥʫ ʩʪʘʥʠʮʫ 

ʋ ʜʨʫʛʦʿ ʬʘʟʠ ʩʝ ʠʤʧʣʝʤʝʥʪʠʨʘʿʫ ʧʣʘʥʠʨʘʥʝ ʧʨʦʤʝʥʝ ʥʘ ʪʨʘʜʠʮʠʦʥʘʣʥʦʿ 

ʤʦʥʪʘʞʥʦʿ ʨʘʜʥʦʿ ʩʪʘʥʠʮʠ ʢʘʢʦ ʙʠ ʩʝ ʦʩʠʛʫʨʘʣʦ ʜʘ ʨʘʜʥʘ ʩʪʘʥʠʮʘ ʙʫʜʝ ʧʨʠʣʘʛʦʹʝʥʘ 

ʬʠʟʠʯʢʠʤ ʠ ʢʦʛʥʠʪʠʚʥʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʨʘʜʥʠʢʘ. ʊʦ ʧʦʜʨʘʟʫʤʝʚʘ ʨʝʜʠʟʘʿʥʠʨʘˁʝ 

Åʀʤʧʣʝʤʝʥʪʘʮʠʿʘ 
ʧʨʝʜʣʦʞʝʥʦʛ 
ʨʝʰʝˁʘ ʫ 
ʠʥʜʫʩʪʨʠʿʠ 

Åʋʪʚʨʹʠʚʘˁʝ ʜʘ ʣʠ 
ʩʫ ʧʨʝʜʣʦʞʝʥʘ 
ʧʦʙʦˀʰʘˁʘ 

ʠʩʧʫʥʠʣʘ ʫʥʘʧʨʝʜ 
ʧʦʩʪʘʚˀʝʥʝ ʮʠˀʝʚʝ

Åʇʨʠʤʝʥʘ 
ʢʚʘʥʪʠʪʘʪʠʚʥʠʭ 
ʤʝʪʦʜʘ ʫ ʮʠˀʫ 
ʧʨʠʢʫʧˀʘˁʘ 
ʧʦʜʘʪʘʢʘ

Åɸʥʘʣʠʟʘ 
ʪʨʘʜʠʮʠʦʥʘʣʥʝ 
ʨʘʜʥʝ ʩʪʘʥʠʮʝ 

Åʀʜʝʥʪʠʬʠʢʦʚʘˁʝ 
ʤʦʛʫ˂ʥʦʩʪʠ ʟʘ 
ʧʦʙʦˀʰʘˁʝ

ʇʣʘʥʠʨʘʋʿʨʘʜʠ

ɼʝʣʫʿʇʨʦʚʝʨʠ
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ʨʘʜʥʝ ʩʪʘʥʠʮʝ, ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʝʨʛʦʥʦʤʩʢʠʭ ʤʝʨʘ, ʨʝʦʨʛʘʥʠʟʘʮʠʿʫ ʨʘʩʧʦʨʝʜʘ 

ʥʝʦʧʭʦʜʥʠʭ ʜʝʣʦʚʘ ʠ ʢʦʤʧʦʥʝʥʪʠ, ʦʧʪʠʤʠʟʘʮʠʿʫ ʩʝʢʚʝʥʮʠ ʨʘʜʘ ʠ ʧʦʩʪʘʚˀʘˁʝ ʚʠʟʫʝʣʥʠʭ 

ʦʟʥʘʢʘ ʨʘʜʠ ʙʦˀʝ ʦʨʛʘʥʠʟʘʮʠʿʝ. ʇʦʩʝʙʘʥ ʥʘʛʣʘʩʘʢ ʿʝ ʥʘ ʤʠʥʠʤʠʟʠʨʘˁʫ ʠ ʝʣʠʤʠʥʘʮʠʿʠ 

ʥʝʝʨʛʦʥʦʤʩʢʠʭ ʧʦʢʨʝʪʘ ʠ ʥʝʧʨʘʚʠʣʥʠʭ ʧʦʣʦʞʘʿʘ ʪʝʣʘ.  

ʋ ʪʨʝ˂ʦʿ ʬʘʟʠ ʩʝ ʧʨʠʤʝˁʫʿʫ ʢʚʘʥʪʠʪʘʪʠʚʥʝ ʤʝʪʦʜʝ ʫ ʮʠˀʫ ʘʥʘʣʠʟʝ ʧʝʨʬʦʨʤʘʥʩʠ 

ʥʘ ʧʨʝʜʣʦʞʝʥʦʿ ʥʦʚʦʿ ʨʘʜʥʦʿ ʩʪʘʥʠʮʠ ʢʘʢʦ ʙʠ ʩʝ ʫʪʚʨʜʠʣʦ ʜʘ ʣʠ ʩʫ ʧʨʠʤʝˁʝʥʘ 

ʧʦʙʦˀʰʘˁʘ ʜʦʩʪʠʛʣʘ ʫʥʘʧʨʝʜ ʧʦʩʪʘʚˀʝʥʝ ʮʠˀʝʚʝ. ʆʚʦ ʫʢˀʫʯʫʿʝ ʤʝʨʝˁʝ ʢˀʫʯʥʠʭ 

ʧʘʨʘʤʝʪʘʨʘ ʢʘʦ ʰʪʦ ʩʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪ, ʚʨʝʤʝ ʧʦʪʨʝʙʥʦ ʟʘ ʠʟʚʨʰʝˁʝ ʤʦʥʪʘʞʥʠʭ ʨʘʜʥʠʭ 

ʟʘʜʘʪʘʢʘ, ʙʨʦʿ ʛʨʝʰʘʢʘ, ʬʠʟʠʯʢʦ ʠ ʤʝʥʪʘʣʥʦ ʦʧʪʝʨʝ˂ʝˁʝ ʨʘʜʥʠʢʘ ʠ ʟʘʜʦʚʦˀʩʪʚʦ ʥʦʚʦʤ 

ʨʘʜʥʦʤ ʩʪʘʥʠʮʦʤ. ʀʜʝʥʪʠʬʠʢʘʮʠʿʘ ʧʦʙʦˀʰʘˁʘ ʩʝ ʚʨʰʠ ʫʧʦʨʝʜʥʦʤ ʘʥʘʣʠʟʦʤ ʧʦʜʘʪʘʢʘ 

ʜʦʙʠʿʝʥʠʭ ʫ ʪʨʘʜʠʮʠʦʥʘʣʥʦʤ ʠ ʝʨʛʦʥʦʤʩʢʦʤ ʩʮʝʥʘʨʠʿʫ. ʋ ʧʦʩʣʝʜˁʦʿ ʬʘʟʠ ʥʘ ʦʩʥʦʚʫ 

ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ ʠʟ ʪʨʝ˂ʝ ʬʘʟʝ ʩʝ ʜʦʥʦʩʝ ʦʜʣʫʢʝ. ɸʢʦ ʩʝ ʧʦʢʘʞʝ ʜʘ ʩʫ ʧʨʝʜʣʦʞʝʥʝ 

ʧʨʦʤʝʥʝ ʫʥʘʧʨʝʜʠʣʝ ʝʬʠʢʘʩʥʦʩʪ ʤʦʥʪʘʞʥʝ ʨʘʜʥʝ ʩʪʘʥʠʮʝ, ʥʦʚʠ ʩʪʘʥʜʘʨʜʠ ʩʝ 

ʬʦʨʤʘʣʠʟʫʿʫ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʫʢʦʣʠʢʦ ʩʝ ʧʦʢʘʞʝ ʜʘ ʧʦʩʪʦʿʝ ʤʦʛʫ˂ʥʦʩʪʠ ʟʘ ʜʦʜʘʪʥʦ 

ʧʦʙʦˀʰʘˁʝ ʤʦʥʪʘʞʥʝ ʨʘʜʥʝ ʩʪʘʥʠʮʝ, ʮʠʢʣʫʩ ʧʦʯʠˁʝ ʧʦʥʦʚʦ, ʩʘ ʥʦʚʠʤ ʧʣʘʥʦʤ ʠ 

ʢʦʨʘʮʠʤʘ ʢʘ ʜʘˀʦʿ ʦʧʪʠʤʠʟʘʮʠʿʠ ʤʦʥʪʘʞʥʝ ʨʘʜʥʝ ʩʪʘʥʠʮʝ. 

ʅʘ ʩʣʠʮʠ 4.5 ʿʝ ʧʨʝʜʩʪʘʚˀʝʥ ʤʦʜʝʣ ʥʦʚʦ ʜʠʟʘʿʥʠʨʘʥʝ ʨʘʜʥʝ ʩʪʘʥʠʮʝ. ʇʨʝʜʣʦʞʝʥʘ 

ʨʘʜʥʘ ʩʪʘʥʠʮʘ ˂ʝ ʙʠʪʠ ʢʦʨʠʰ˂ʝʥʘ ʟʘ ʩʧʨʦʚʦʹʝˁʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʫ 

ʝʨʛʦʥʦʤʩʢʦʤ ʩʮʝʥʘʨʠʿʫ (Savkoviĺ ʠ ʜʨʫʛʠ, 2022ʘ; Savkoviĺ ʠ ʜʨʫʛʠ, 2022ʙ). 

 

ʉʣʠʢʘ 4.5 ʄʦʜʝʣ ʧʨʝʜʣʦʞʝʥʝ ʝʨʛʦʥʦʤʩʢʝ ʨʘʜʥʝ ʩʪʘʥʠʮʝ 

ʅʘ ʩʣʠʮʠ 4.6 ʿʝ ʧʨʠʢʘʟʘʥʘ ʥʦʚʘ lean ʨʘʜʥʘ ʩʪʘʥʠʮʘ. ʂʦʥʩʪʨʫʢʮʠʿʘ ʧʨʝʜʣʦʞʝʥʝ 

ʨʘʜʥʝ ʩʪʘʥʠʮʝ ʿʝ ʠʟʨʘʹʝʥʘ ʦʜ ʣʘʛʘʥʠʭ ʝʣʦʢʩʠʨʘʥʠʭ ʘʣʫʤʠʥʠʿʫʤʩʢʠʭ ʧʨʦʬʠʣʘ (ʨʘʤʦʚʠ 40 

Ĭ 40 mm ʠ 40 Ĭ 80 mm), ʢʦʿʠ ʩʝ ʧʨʚʝʥʩʪʚʝʥʦ ʠʤʘʿʫ ʧʨʠʤʝʥʫ ʫ ʠʥʜʫʩʪʨʠʿʠ. ɸʣʫʤʠʥʠʿʫʤʩʢʠ 

ʧʨʦʬʠʣʠ ʩʫ ʟʘʪʝʛʥʫʪʠ ʩʘ ʧʨʠʧʘʜʘʿʫ˂ʠʤ ʝʣʝʤʝʥʪʠʤʘ ʟʘ ʟʘʪʝʟʘˁʝ ʢʘʢʦ ʙʠ ʩʝ ʦʙʝʟʙʝʜʠʣʘ 

ʯʚʨʩʪʦ˂ʘ ʠ ʩʪʘʙʠʣʥʦʩʪ. ʆʚʠ ʧʨʦʬʠʣʠ ʩʝ ʣʘʢʦ ʧʦʚʝʟʫʿʫ ʧʦʤʦ˂ʫ ʩʧʝʮʠʿʘʣʠʟʦʚʘʥʠʭ ʩʧʦʿʝʚʘ. 

ʇʦʜʝʩʠʚʠ ʝʣʝʤʝʥʪʠ ʩʫ ʪʘʢʦʹʝ ʠʟʨʘʹʝʥʠ ʦʜ ʘʣʫʤʠʥʠʿʫʤʘ ʟʙʦʛ ˁʝʛʦʚʝ ʦʪʧʦʨʥʦʩʪʠ ʥʘ 

ʭʘʙʘˁʝ. ʈʘʜʥʘ ʧʦʚʨʰʠʥʘ ʿʝ ʠʟʨʘʹʝʥʘ ʦʜ ʠʚʝʨʠʮʝ ʩʠʚʝ ʙʦʿʝ, ʫ ʤʘʪ ʚʘʨʠʿʘʥʪʠ, ʜʘ ʙʠ ʩʝ 

ʩʤʘˁʠʣʘ ʨʝʬʣʝʢʩʠʿʘ ʥʘ ʰʪʦ ʿʝ ʤʦʛʫ˂ʝ ʥʠʞʠ ʥʠʚʦ ʠ ˁʝʥ ʫʪʠʮʘʿ ʥʘ ʠʩʧʠʪʘʥʠʢʝ ʫ 

ʠʩʪʨʘʞʠʚʘˁʠʤʘ. ʀʚʠʮʝ ʨʘʜʥʝ ʧʦʚʨʰʠʥʝ ʩʫ ʙʣʘʛʦ ʟʘʦʙˀʝʥʝ ʠʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʰʪʝʪʘʥ ʫʪʠʮʘʿ 

ʩʠʣʝ ʧʨʠʪʠʩʢʘ ʧʦʜʣʘʢʪʠʮʝ ʦ ʧʦʚʨʰʠʥʫ ʪʦʢʦʤ ʩʧʨʦʚʦʹʝˁʘ ʨʘʜʥʠʭ ʘʢʪʠʚʥʦʩʪʠ. ʊʘʢʦʹʝ, 
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ʧʨʝʢʨʠʚʝʥʘ ʿʝ ʩʠʣʠʢʦʥʩʢʦʤ ʧʦʜʣʦʛʦʤ ʢʦʿʘ ʠʤʘ ʫʣʦʛʫ ʜʘ ʝʣʠʤʠʥʠʰʝ ʢʣʠʟʘˁʝ ʧʨʝʜʤʝʪʘ 

ʧʨʠʣʠʢʦʤ ʦʙʘʚˀʘˁʘ ʤʦʥʪʘʞʥʠʭ ʘʢʪʠʚʥʦʩʪʠ. 

 

ʉʣʠʢʘ 4.6 ʇʨʝʜʣʦʞʝʥʘ lean ʨʘʜʥʘ ʩʪʘʥʠʮʘ 

ʇʨʝʜʥʦʩʪ ʧʨʝʜʣʦʞʝʥʝ ʨʘʜʥʝ ʩʪʘʥʠʮʝ ʫ ʦʜʥʦʩʫ ʥʘ ʪʨʘʜʠʮʠʦʥʘʣʥʝ ʨʘʜʥʝ ʩʪʘʥʠʮʝ 

ʦʛʣʝʜʘ ʩʝ ʫ ʘʫʪʦʤʘʪʩʢʦʤ ʧʦʜʝʰʘʚʘˁʫ ʚʠʩʠʥʝ ʨʘʜʥʝ ʩʪʘʥʠʮʝ ʟʘ ʩʚʘʢʦʛ ʠʩʧʠʪʘʥʠʢʘ 

ʧʦʥʘʦʩʦʙ ʧʨʠʪʠʩʢʦʤ ʥʘ ʪʘʩʪʝʨ. ʅʘʢʦʥ ʧʨʝʛʣʝʜʘ ʥʘʫʯʥʦ-ʠʩʪʨʘʞʠʚʘʯʢʠʭ ʨʘʜʦʚʘ, 

ʟʘʢˀʫʯʝʥʦ ʿʝ ʜʘ ʿʝ ʥʘʿʙʦˀʘ ʦʧʮʠʿʘ ʜʘ ʨʘʜʥʠʮʠ ʦʙʘʚˀʘʿʫ ʘʢʪʠʥʦʩʪʠ ʥʘ ʬʣʝʢʩʠʙʠʣʥʠʤ 

ʨʘʜʥʠʤ ʩʪʘʥʠʮʘʤʘ ʢʦʿʝ ʠʤʘʿʫ ʤʦʛʫ˂ʥʦʩʪ ʧʦʜʝʰʘʚʘˁʘ ʧʦ ʚʠʩʠʥʠ (Wilks ʠ ʜʨʫʛʠ, 2006). 

ʂʘʢʦ ʥʘʚʦʜʝ (Shikdar ʠ Al-Hadhrami, 2007) ʧʦʞʝˀʥʦ ʿʝ ʜʘ ʨʘʜʥʠ ʩʪʦ ʙʫʜʝ ʧʦʜʝʩʠʚ. ʅʘ 

ʧʨʝʜʣʦʞʝʥʦʿ ʨʘʜʥʦʿ ʩʪʘʥʠʮʠ, ʠʩʧʠʪʘʥʠʮʠ ʠʤʘʿʫ ʤʦʛʫ˂ʥʦʩʪ ʜʘ ʧʦʜʝʩʝ ʚʠʩʠʥʫ ʨʘʜʥʦʛ ʩʪʦʣʘ 

ʠ ʩʪʦʣʠʮʝ ʫ  ʩʢʣʘʜʫ ʩʘ ʘʥʪʨʦʧʦʣʦʰʢʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ. ɺʠʩʠʥʘ ʧʨʝʜʣʦʞʝʥʝ ʨʘʜʥʝ 

ʩʪʘʥʠʮʝ ʩʝ ʤʦʞʝ ʧʦʜʝʩʠʪʠ ʫ ʦʧʩʝʛʫ 740 cm - 1200 mm ʧʦʤʦ˂ʫ ʪʝʣʝʩʢʦʧʩʢʠʭ ʩʪʫʙʦʚʘ ʩʘ 

ʜʚʦʩʪʨʫʢʠʤ ʜʠʟʘˁʝʤ. ʋ ʨʘʜʫ ʯʠʿʠ ʿʝ ʘʫʪʦʨ (Grandjean, 1988) ʩʫ ʘʥʘʣʠʟʠʨʘʥʝ ʦʧʪʠʤʘʣʥʝ 

ʚʠʩʠʥʝ ʨʘʜʥʝ ʧʦʚʨʰʠʥʝ ʟʘ ʨʘʟʣʠʯʠʪʝ ʚʨʩʪʝ ʧʦʩʣʦʚʘ, ʩ ʮʠˀʝʤ ʜʘ ʩʝ ʧʦʙʦˀʰʘʿʫ 

ʝʨʛʦʥʦʤʩʢʠ ʫʩʣʦʚʠ ʠ ʩʤʘˁʠ ʬʠʟʠʯʢʦ ʦʧʪʝʨʝ˂ʝˁʝ ʨʘʜʥʠʢʘ. ʆʚʘʿ ʘʫʪʦʨ ʿʝ ʧʨʝʜʣʦʞʠʦ ʜʘ 

ʚʠʩʠʥʘ ʨʘʜʥʝ ʧʦʚʨʰʠʥʝ ʟʘ ʧʨʝʮʠʟʥʝ ʘʢʪʠʚʥʦʩʪʠ (ʢʘʦ ʰʪʦ ʩʫ ʘʢʪʠʚʥʦʩʪʠ ʤʦʥʪʘʞʝ ʜʝʣʦʚʘ 

ʠ ʢʦʤʧʦʥʝʥʪʠ) ʟʘ ʤʫʰʢʘʨʮʝ ʙʫʜʝ ʠʟʤʝʹʫ 100 ʠ 110 cm. ʇʨʝʤʘ ʦʚʦʤ ʘʫʪʦʨʫ, ʦʧʪʠʤʘʣʥʘ 

ʚʠʩʠʥʘ ʨʘʜʥʝ ʩʪʘʥʠʮʝ ʪʦʢʦʤ ʦʙʘʚˀʘˁʘ ʣʘʢʰʠʭ ʘʢʪʠʚʥʦʩʪʠ ʿʝ ʦʢʦ 90-95 cm, ʜʦʢ ʿʝ ʟʘ ʪʝʞʝ 

ʘʢʪʠʚʥʦʩʪʠ ʧʨʝʧʦʨʫʯʠʦ ʜʘ ʚʠʩʠʥʘ ʨʘʜʥʝ ʩʪʘʥʠʮʝ ʙʫʜʝ ʫ ʦʧʩʝʛʫ ʦʜ 75 ʜʦ 90 cm. ʊʘʢʦʹʝ, 

ʨʘʜʥʘ ʩʪʦʣʠʮʘ ʿʝ ʧʦʜʝʩʠʚʘ ʧʦ ʚʠʩʠʥʠ ʠ ʥʘʧʨʘʚˀʝʥʘ ʿʝ ʦʜ ʨʦʙʫʩʥʦʛ ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʠ 

ʦʙʝʟʙʝʹʫʿʝ ʩʪʘʙʠʣʥʦʩʪ ʥʝʟʘʚʠʩʥʦ ʦʜ ʪʝʞʠʥʝ ʠʩʧʠʪʘʥʠʢʘ ʫ ʠʩʪʨʘʞʠʚʘˁʫ. 

ʅʘ ʝʨʛʦʥʦʤʩʢʦʿ ʨʘʜʥʦʿ ʩʪʘʥʠʮʠ ʧʘʞˁʘ ʿʝ ʧʦʩʚʝ˂ʝʥʘ ʠ ʦʩʚʝʪˀʝˁʫ. ʆʩʚʝʪˀʝˁʝ ʿʝ 

ʚʝʦʤʘ ʚʘʞʘʥ ʬʘʢʪʦʨ ʿʝʨ ʿʝ ʚʝʦʤʘ ʚʘʞʥʦ ʜʘ ʩʝ ʦʙʝʟʙʝʜʠ ʘʜʝʢʚʘʪʥʦ ʦʩʚʝʪˀʝˁʝ ʢʘʢʦ 

ʠʩʧʠʪʘʥʠʮʠ ʫ ʠʩʪʨʘʞʠʚʘˁʫ ʥʝ ʙʠ ʥʘʧʨʝʟʘʣʠ ʦʯʠ ʧʨʠʣʠʢʦʤ ʦʙʘʚˀʘˁʘ ʤʦʥʪʘʞʥʠʭ 

ʘʢʪʠʚʥʦʩʪʠ. ʇʦʿʝʜʠʥʘʯʥʠ ʨʝʬʣʝʢʪʦʨʠ ʧʦʩʪʘʚˀʝʥʠ ʥʘ ʪʨʘʜʠʮʠʦʥʘʣʥʦʿ ʨʘʜʥʦʿ ʩʪʘʥʠʮʠ 

ʩʪʚʘʨʘʿʫ ʩʫʧʝʨʧʦʥʠʨʘʥʝ ʯʚʨʩʪʝ ʩʝʥʢʝ ʠ ʤʦʛʫ ʠʟʘʟʚʘʪʠ ʥʘʧʨʝʟʘˁʝ ʦʯʠʿʫ, ʰʪʦ ʧʨʦʫʟʨʦʢʫʿʝ 

ʟʘʤʦʨ ʠ ʧʘʜ ʢʦʥʮʝʥʪʨʘʮʠʿʝ. ʅʘ ʥʦʚʦʿ ʝʨʛʦʥʦʤʩʢʦʿ ʨʘʜʥʦʿ ʩʪʘʥʠʮʠ ʫʛʨʘʹʝʥʦ ʿʝ ʭʦʤʦʛʝʥʦ 

LED ʦʩʚʝʪˀʝˁʝ, ʢʦʿʝ ʧʨʦʠʟʚʦʜʠ ʩʘʤʦ ʤʝʢʝ ʩʝʥʢʝ, ʢʦʿʝ ʤʘˁʝ ʦʧʪʝʨʝ˂ʫʿʫ ʦʯʠ, ʩʘ 

ʤʦʛʫ˂ʥʦʰ˂ʫ ʧʦʜʝʰʘʚʘˁʘ ʙʝʣʝ ʩʚʝʪʣʦʩʪʠ (ʪʦʧʣʦ ʙʝʣʘ, ʙʝʣʘ ʠ ʭʣʘʜʥʦ ʙʝʣʘ). ʊʘʢʦʹʝ, 
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ʧʦʩʪʘʚˀʝʥ ʿʝ ʠ ʘʫʜʠʦ ʩʠʩʪʝʤ 5.0 ʢʘʢʦ ʙʠ ʩʝ ʫ ʜʦʚʦˀʥʦʿ ʤʝʨʠ ʢʚʘʣʠʪʝʪʥʦ ʨʝʧʨʦʜʫʢʦʚʘʣʘ 

ʙʫʢʘ ʠʟ ʨʝʘʣʥʦʛ ʠʥʜʫʩʪʨʠʿʩʢʦʛ ʦʢʨʫʞʝˁʘ. 

ʇʨʝʜʣʦʞʝʥʘ ʝʨʛʦʥʦʤʩʢʘ ʨʘʜʥʘ ʩʪʘʥʠʮʘ ʟʘ ʩʧʨʦʚʦʹʝˁʝ ʘʢʪʠʚʥʦʩʪʠ ʤʦʥʪʘʞʝ ʿʝ 

ʜʠʟʘʿʥʠʨʘʥʘ ʫ ʩʢʣʘʜʫ ʩʘ 5ʉ ʧʨʠʥʮʠʧʠʤʘ ʠ ʩʪʘʥʜʘʨʜʠʤʘ ʟʣʘʪʥʝ ʟʦʥʝ. ʉʚʠ ʜʝʣʦʚʠ ʠ 

ʢʦʤʧʦʥʝʥʪʝ ʥʝʦʧʭʦʜʥʠ ʟʘ ʠʟʚʦʹʝˁʝ ʤʦʥʪʘʞʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʩʫ ʨʘʩʧʦʨʝʹʝʥʠ ʫʥʫʪʘʨ ʟʣʘʪʥʝ 

ʟʦʥʝ ʪʘʢʦ ʜʘ ʥʠʿʝ ʙʠʣʦ ʧʦʪʨʝʙʝ ʟʘ ʜʦʜʘʪʥʠʤ ʠʩʪʝʟʘˁʝʤ ʠ ʩʘʚʠʿʘˁʝʤ ʪʝʣʘ ʠ ʠʟʚʦʹʝˁʝʤ 

ʥʝʧʦʪʨʝʙʥʠʭ ʠ ʥʝʝʨʛʦʥʦʤʩʢʠʭ ʧʦʢʨʝʪʘ. 5ʉ ʧʨʠʩʪʫʧ ʠʤʘ ʟʘ ʮʠˀ ʩʪʚʘʨʘˁʝ ʬʫʥʢʮʠʦʥʘʣʥʦʛ, 

ʝʬʠʢʘʩʥʦʛ ʠ ʦʨʛʘʥʠʟʦʚʘʥʦʛ ʨʘʜʥʦʛ ʦʢʨʫʞʝˁʘ ʢʦʿʝ ʿʝ ʧʨʠʣʘʛʦʹʝʥʦ ʬʠʟʠʯʢʠʤ ʠ 

ʢʦʛʥʠʪʠʚʥʠʤ ʩʧʦʩʦʙʥʦʩʪʠʤʘ ʨʘʜʥʠʢʘ. ʆʚʘʿ ʧʨʠʩʪʫʧ ʩʝ ʙʘʟʠʨʘ ʥʘ ʦʨʛʘʥʠʟʦʚʘˁʫ ʠ 

ʫʨʝʹʠʚʘˁʫ ʨʘʜʥʠʭ ʩʪʘʥʠʮʘ ʟʘ ʤʦʥʪʘʞʫ, ʝʣʠʤʠʥʘʮʠʿʠ ʥʝʧʦʪʨʝʙʥʠʭ ʧʨʝʜʤʝʪʘ ʢʦʿʠ ʤʦʛʫ 

ʦʤʝʪʘʪʠ ʨʘʜʥʠʢʘ ʪʦʢʦʤ ʦʙʘʚˀʘˁʘ ʨʘʜʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʠʣʠ ʫʩʧʦʨʘʚʘʪʠ ʧʨʦʮʝʩ ʤʦʥʪʘʞʝ. 

5ʉ ʧʦʜʨʘʟʫʤʝʚʘ ʿʘʩʥʦ ʦʙʝʣʝʞʘʚʘˁʝ ʝʣʝʤʝʥʘʪʘ ʫ ʦʢʚʠʨʫ ʨʘʜʥʦʛ ʧʨʦʩʪʦʨʘ, ʜʝʬʠʥʠʩʘˁʝ 

ʧʦʟʠʮʠʿʝ ʩʚʠʭ ʢʦʤʧʦʥʝʥʪʠ ʠ ʜʝʣʦʚʘ ʧʦʪʨʝʙʥʠʭ ʟʘ ʦʙʘʚˀʘˁʝ ʤʦʥʪʘʞʝ ʠ ʩʪʘʥʜʘʨʜʠʟʦʚʘʥʦ 

ʦʟʥʘʯʘʚʘˁʝ. 

ʆʙʘʚˀʘˁʝ ʤʦʥʪʘʞʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʫ ʩʪʦʿʝ˂ʝʤ ʧʦʣʦʞʘʿʫ ʪʦʢʦʤ ʜʫʞʝʛ ʚʨʝʤʝʥʩʢʦʛ 

ʧʝʨʠʦʜʘ ʥʝʛʘʪʠʚʥʦ ʫʪʠʯʝ ʥʘ ʟʜʨʘʚʩʪʚʝʥʦ ʩʪʘˁʝ ʨʘʜʥʠʢʘ. ɹʨʦʿʥʘ ʠʩʪʨʘʞʠʚʘˁʘ ʩʫ ʧʦʢʘʟʘʣʘ 

ʜʘ ʩʝ ʙʦʣ ʫ ʣʝʹʠʤʘ ʿʘʚˀʘ ʢʦʜ ʨʘʜʥʠʢʘ ʢʦʿʠ ʦʙʘʚˀʘʿʫ ʘʢʪʠʚʥʦʩʪʠ ʫ ʩʪʦʿʝ˂ʝʤ ʧʦʣʦʞʘʿʫ 

ʪʦʢʦʤ ʜʫʞʝʛ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʘ (Andersen ʠ ʜʨʫʛʠ, 2007; Roelen ʠ ʜʨʫʛʠ, 2008). ʉʘ ʜʨʫʛʝ 

ʩʪʨʘʥʝ, ʫ ʥʘʫʯʥʦ-ʠʩʪʨʘʞʠʚʘʯʢʠʤ ʨʘʜʦʚʠʤʘ (Fenety ʠ Walker, 2002; McLean ʠ ʜʨʫʛʠ, 2001; 

Callaghan ʠ ʜʨʫʛʠ, 2010) ʿʝ ʫʩʪʘʥʦʚˀʝʥʦ ʜʘ ʦʙʘʚˀʘˁʝ ʘʢʪʠʚʥʦʩʪʠ ʫ ʩʝʜʝ˂ʝʤ ʧʦʣʦʞʘʿʫ 

ʪʦʢʦʤ ʜʫʞʝʛ ʚʨʝʤʝʥʘ ʨʝʟʫʣʪʠʨʘ ʧʦʚʝ˂ʘˁʝʤ ʥʝʣʘʛʦʜʥʦʩʪʠ ʠ ʥʝʧʨʠʿʘʪʥʦʩʪʠ ʠ ʧʦʿʘʚʝ 

ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠʭ ʧʦʨʝʤʝ˂ʘʿʘ. ʊʦʢʦʤ ʩʧʨʦʚʦʹʝˁʘ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʢʦʤʧʘʥʠʿʘʤʘ ʫ 

ʐʚʝʜʩʢʦʿ (Wilks ʠ ʜʨʫʛʠ, 2006), ʩʫ ʫʩʪʘʥʦʚʠʣʠ ʜʘ ʩʚʘʢʠ ʜʝʩʝʪʠ ʨʘʜʥʠʢ ʦʙʘʚˀʘ ʘʢʪʠʚʥʦʩʪʠ 

ʥʘ ʨʘʜʥʦʿ ʩʪʘʥʠʮʠ ʫ ʩʝʜʝ˂ʝʤ ʧʦʣʦʞʘʿʫ. ʀʘʢʦ ʩʫ ʘʫʪʦʨʠ ʩʤʘʪʨʘʣʠ ʜʘ ʨʘʜʥʠʮʠ ʢʦʿʠ 

ʦʙʘʚˀʘʿʫ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʨʘʜʥʠʤ ʤʝʩʪʠʤʘ ʫ ʩʝʜʝ˂ʝʤ ʧʦʣʦʞʘʿʫ ʠʤʘʿʫ ʩʤʘˁʝʥ ʦʩʝ˂ʘʿ 

ʥʝʣʘʛʦʜʥʦʩʪʠ, ʨʝʟʫʣʪʘʪʠ ʠʩʪʨʘʞʠʚʘˁʘ ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ ʨʘʜʥʠʮʠ ʢʦʿʠ ʦʙʘʚˀʘʿʫ ʘʢʪʠʚʥʦʩʪʠ 

ʫ ʩʝʜʝ˂ʝʤ ʧʦʣʦʞʘʿʫ ʠʤʘʿʫ ʧʦʩʝʙʥʦ ʠʟʨʘʞʝʥ ʦʩʝ˂ʘʿ ʥʝʣʘʛʦʜʥʦʩʪʠ ʫ ʛʦʨˁʠʤ 

ʝʢʩʪʨʝʤʠʪʝʪʠʤʘ. ʉʪʦʛʘ, ʢʘʜʘ ʛʦʜ ʨʘʜʥʝ ʘʢʪʠʚʥʦʩʪʠ ʜʦʟʚʦʣʝ, ʨʘʜʥʠʮʠ ʙʠ ʪʨʝʙʘʣʠ ʜʘ ʧʨʝʹʫ 

ʠʟ ʩʝʜʝ˂ʝʛ ʫ ʩʪʦʿʝ˂ʠ ʧʦʣʦʞʘʿ. ɸʫʪʦʨʠ ʩʪʫʜʠʿʝ ʩʣʫʯʘʿʘ (Hedge ʠ Ray, 2004) ʫʢʘʟʘʣʠ ʩʫ ʜʘ 

ʠʘʢʦ ʿʝ ʨʘʜʥʠʮʠʤʘ ʧʦʥʫʹʝʥʦ ʜʘ ʦʙʘʚˀʘʿʫ ʨʘʜʥʝ ʟʘʜʘʪʢʝ ʫ ʩʝʜʝ˂ʝʤ ʧʦʣʦʞʘʿʫ ʥʘ ʨʘʜʥʦʿ 

ʩʪʘʥʠʮʠ ʦʥʠ ʩʫ 21.2% ʨʘʜʥʦʛ ʚʨʝʤʝʥʘ ʧʨʦʚʝʣʠ ʫ ʩʪʦʿʝ˂ʝʤ ʧʦʣʦʞʘʿʫ, ʰʪʦ ʿʝ ʨʝʟʫʣʪʠʨʘʣʦ 

ʩʤʘˁʝˁʝʤ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠʭ ʧʦʨʝʤʝ˂ʘʿʘ ʟʘ 27.5 %. 

ʅʘ ʧʨʝʜʣʦʞʝʥʦʿ ʝʨʛʦʥʦʤʩʢʦʿ ʨʘʜʥʦʿ ʩʪʘʥʠʮʠ ʠʩʧʠʪʘʥʠʮʠ ʤʦʛʫ ʜʘ ʠʟʚʦʜʝ 

ʤʦʥʪʘʞʥʝ ʘʢʪʠʚʥʦʩʪʠ ʫ ʢʦʤʙʠʥʦʚʘʥʦʤ (ʩʝʜʝ˂ʝʤ ʠ ʩʪʦʿʝ˂ʝʤ) ʧʦʣʦʞʘʿʫ, ʙʝʟ ʫʤʦʨʘ ʠ 

ʬʠʟʠʯʢʦʛ ʥʘʧʨʝʟʘˁʘ. ɸʫʪʦʨʠ (McLean ʠ ʜʨʫʛʠ, 2001) ʠʩʪʠʯʫ ʜʘ ʯʝʩʪʝ ʧʨʦʤʝʥʝ ʧʦʣʦʞʘʿʘ 

ʪʝʣʘ ʠ ʠʟʚʦʹʝˁʝ ʘʢʪʠʚʥʦʩʪʠ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʝʜʝ˂ʝʛ ʠ ʩʪʦʿʝ˂ʝʛ ʧʦʣʦʞʘʿʘ ʠ ʧʦʚʝ˂ʘˁʝ ʙʨʦʿʘ 

ʠ ʪʨʘʿʘˁʘ ʧʘʫʟʘ ʜʦʧʨʠʥʦʩʠ ʩʤʘʝˁˁʫ ʥʝʣʘʛʦʜʥʦʩʪʠ. ɼʠʟʘʿʥʦʤ ʠ ʢʦʥʪʨʫʢʮʠʿʦʤ ʝʨʛʦʥʦʤʩʢʝ 

ʨʘʜʥʝ ʩʪʘʥʠʮʝ ʝʣʠʤʠʥʠʩʘʥʠ ʩʫ ʩʚʠ ʫʦʯʝʥʠ ʧʨʦʙʣʝʤʠ ʢʦʿʠ ʢʘʨʘʢʪʝʨʠʰʫ ʬʠʢʩʥʫ 

ʪʨʘʜʠʮʠʦʥʘʣʥʫ ʨʘʜʥʫ ʩʪʘʥʠʮʫ. ʆʥʘ ʿʝ ʧʨʦʿʝʢʪʦʚʘʥʘ ʪʘʢʦ ʜʘ ʙʫʜʝ ʬʣʝʢʩʠʙʠʣʥʘ ʦʜʥʦʩʥʦ 

ʧʨʠʣʘʛʦʹʝʥʘ ʠʥʜʠʚʠʜʫʘʣʥʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʠ ʩʧʦʩʦʙʥʦʩʪʠʤʘ ʨʘʜʥʠʢʘ, ʩʧʝʮʠʬʠʯʥʠʤ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʧʨʦʠʟʚʦʜʘ ʠ ʨʘʜʥʠʤ ʦʧʝʨʘʮʠʿʘʤʘ. ʄʦʜʫʣʘʨʥʘ ʩʪʨʫʢʪʫʨʘ ʧʨʝʜʣʦʞʝʥʝ 

ʝʨʛʦʥʦʤʩʢʝ ʨʘʜʥʝ ʩʪʘʥʠʮʝ ʟʘ ʤʦʥʪʘʞʥʝ ʘʢʪʠʚʥʦʩʪʠ ʦʤʦʛʫ˂ʘʚʘ ʧʨʠʣʘʛʦʹʘʚʘˁʝ ʧʦʩʪʦʿʝ˂ʠʭ 

ʩʪʘʥʜʘʨʜʠʟʦʚʘʥʠʭ ʤʦʜʫʣʘ ʨʘʜʥʝ ʩʪʘʥʠʮʝ ʟʘʭʪʝʚʠʤʘ ʨʘʜʥʠʢʘ (Savkoviĺ ʠ ʜʨʫʛʠ, 2022ʘ).  

ʇʨʠʣʠʢʦʤ ʜʠʟʘʿʥʠʨʘˁʘ ʥʦʚʝ ʝʨʛʦʥʦʤʩʢʝ ʨʘʜʥʝ ʩʪʘʥʠʮʝ ʧʦʩʝʙʥʘ ʧʘʞˁʘ ʿʝ 

ʧʦʩʚʝ˂ʝʥʘ ʘʥʪʨʦʧʦʤʝʪʨʠʿʩʢʠʤ ʩʚʦʿʩʪʚʠʤʘ ʨʘʜʥʠʢʘ, ʦʩʠʛʫʨʘʚʘʿʫ˂ʠ ʜʘ ʨʘʜʥʘ ʩʪʘʥʠʮʘ ʙʫʜʝ 

ʧʨʠʣʘʛʦʹʝʥʘ ʠ ʤʫʰʢʠʤ ʠ ʞʝʥʩʢʠʤ ʢʦʨʠʩʥʠʮʠʤʘ. ɸʥʪʨʦʧʦʤʝʪʨʠʿʘ ʿʝ ʥʘʫʯʥʘ ʜʠʩʮʠʧʣʠʥʘ 

ʢʦʿʘ ʩʝ ʬʦʢʫʩʠʨʘ ʥʘ ʤʝʨʝ ʠ ʧʨʦʧʦʨʮʠʿʝ ˀʫʜʩʢʦʛ ʪʝʣʘ, ʠ ʠʛʨʘ ʢˀʫʯʥʫ ʫʣʦʛʫ ʫ ʧʨʦʿʝʢʪʦʚʘˁʫ 

ʨʘʜʥʠʭ ʩʪʘʥʠʮʘ ʢʦʿʝ ʩʫ ʝʨʛʦʥʦʤʩʢʝ ʠ ʙʝʟʙʝʜʥʝ ʟʘ ʨʘʜʥʠʢʝ (Jarosz, 1996). ɼʘ ʙʠ 
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ʜʠʟʘʿʥʠʨʘʣʠ ʨʘʜʥʫ ʩʪʘʥʠʮʫ ʢʦʿʘ ʿʝ ʧʦʛʦʜʥʘ ʟʘ ʥʘʿʤʘˁʝ 90 ʧʨʦʮʝʥʘʪʘ ʤʫʰʢʠʭ ʠ ʞʝʥʩʢʠʭ 

ʦʩʦʙʘ, ʜʠʟʘʿʥʝʨʠ ʤʦʨʘʿʫ ʫʟʝʪʠ ʫ ʦʙʟʠʨ ʨʘʟʣʠʯʠʪʝ ʘʥʪʨʦʧʦʤʝʪʨʠʿʩʢʝ ʬʘʢʪʦʨʝ, ʢʘʦ ʰʪʦ ʩʫ 

ʚʠʩʠʥʘ ʪʝʣʘ, ʪʝʞʠʥʘ, ʜʫʞʠʥʘ ʨʫʢʝ ʠ ʜʫʞʠʥʘ ʥʦʛʫ. ɸʫʪʦʨʠ (Das ʠ Grady, 1983) ʩʫ ʫʢʘʟʘʣʠ 

ʥʘ ʚʘʞʥʦʩʪ ʫʟʠʤʘˁʘ ʫ ʦʙʟʠʨ ʘʥʪʨʦʧʦʤʝʪʨʠʿʩʢʠʭ ʧʦʜʘʪʘʢʘ ʧʨʠʣʠʢʦʤ ʜʠʟʘʿʥʠʨʘˁʘ ʨʘʜʥʦʛ 

ʧʨʦʩʪʦʨʘ. ʐʪʘʚʠʰʝ, ʩʪʘʥʜʘʨʜʥʘ ʚʠʩʠʥʘ ʨʘʜʥʦʛ ʩʪʦʣʘ ʥʝ ʤʦʞʝ ʩʝ ʜʝʬʠʥʠʩʘʪʠ ʙʝʟ ʫʟʠʤʘˁʘ 

ʫ ʦʙʟʠʨ ʘʥʪʨʦʧʦʤʝʪʨʠʿʩʢʠʭ ʧʦʜʘʪʘʢʘ ʨʘʜʥʠʢʘ. ʊʘʢʦʹʝ, ʘʫʪʦʨʠ (Deros ʠ ʜʨʫʛʠ, 2009) ʩʫ 

ʫʢʘʟʘʣʠ ʥʘ ʟʥʘʯʘʿ ʘʥʪʨʦʧʦʤʝʪʨʠʿʩʢʠʭ ʧʦʜʘʪʘʢʘ ʫ ʜʠʟʘʿʥʫ ʨʘʜʥʠʭ ʩʪʘʥʠʮʘ, ʥʘʛʣʘʰʘʚʘʿʫ˂ʠ 

ʜʘ ʥʝʫʩʢʣʘʹʝʥʦʩʪ ʠʟʤʝʹʫ ʘʥʪʨʦʧʦʤʝʪʨʠʿʩʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʜʥʠʢʘ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʨʘʜʥʝ ʩʪʘʥʠʮʝ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʩʤʘˁʝʥʝ ʝʬʠʢʘʩʥʦʩʪʠ. 

ɸʫʪʦʨʠ (Lasota ʠ Hankiewicz, 2016; Konz, 1995) ʠʩʪʠʯʫ ʜʘ ʧʦʩʝʙʥʘ ʧʘʞˁʘ ʤʦʨʘ 

ʙʠʪʠ ʧʦʩʚʝ˂ʝʥʘ ʝʨʛʦʥʦʤʩʢʦʿ ʧʨʦʮʝʥʠ ʠ ʜʠʟʘʿʥʠʨʘˁʫ ʨʘʜʥʠʭ ʤʝʩʪʘ. ʈʝʜʠʟʘʿʥʠʨʘˁʝ 

ʠʥʜʫʩʪʨʠʿʩʢʠʭ ʨʘʜʥʠʭ ʩʪʘʥʠʮʘ ʫʟ ʧʦʰʪʦʚʘˁʝ ʝʨʛʦʥʦʤʩʢʠʭ ʧʨʠʥʮʠʧʘ ʧʨʝʜʩʪʘʚˀʘ ʢʦʨʘʢ 

ʥʘʧʨʝʜ ʢʘ ʀʥʜʫʩʪʨʠʿʠ 5.0 ʠ ʧʨʠʩʪʫʧʫ ʫʩʨʝʜʩʨʝʹʝʥʦʤ ʥʘ ʯʦʚʝʢʘ. ɽʨʛʦʥʦʤʠʿʘ ʩʝ ʬʦʢʫʩʠʨʘ 

ʥʘ ʪʦ ʜʘ ʨʘʜʥʦ ʤʝʩʪʦ ʙʫʜʝ ʰʪʦ ʝʬʠʢʘʩʥʠʿʝ, ʙʝʟʙʝʜʥʠʿʝ ʠ ʫʜʦʙʥʠʿʝ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ 

ʧʦʙʦˀʰʘʚʘ ʩʝ ʙʝʟʙʝʜʥʦʩʪ, ʬʠʟʠʯʢʦ ʠ ʤʝʥʪʘʣʥʦ ʙʣʘʛʦʩʪʘˁʝ, ʧʨʦʜʫʢʪʠʚʥʦʩʪ ʠ 

ʟʘʜʦʚʦˀʩʪʚʦ ʨʘʜʥʠʢʘ. 

ɹʨʦʿʥʠ ʥʘʫʯʥʦ-ʠʩʪʨʘʞʠʚʘʯʢʠ ʨʘʜʦʚʠ ʫʢʘʟʫʿʫ ʥʘ ʚʘʞʥʦʩʪ ʜʠʟʘʿʥʠʨʘˁʘ ʨʘʜʥʦʛ 

ʦʢʨʫʞʝˁʘ ʫ ʢʦʤʝ ʩʝ ʦʙʘʚˀʘʿʫ ʟʘʜʘʮʠ ʢʦʿʠ ʟʘʭʪʝʚʘʿʫ ʤʦʥʪʘʞʥʝ ʘʢʪʠʚʥʦʩʪʠ ʫ ʩʢʣʘʜʫ ʩʘ 

ʦʩʥʦʚʥʠʤ ʧʨʠʥʮʠʧʠʤʘ ʝʨʛʦʥʦʤʠʿʝ (Couri ʠ ʜʨʫʛʠ, 2000; Neumann ʠ ʜʨʫʛʠ, 2002; 

Bossomaier, 2010). ʂʘʢʦ ʠʩʪʠʯʫ (Cimino ʠ ʜʨʫʛʠ, 2009) ʝʨʛʦʥʦʤʩʢʠ ʜʠʟʘʿʥ ʧʨʝʜʩʪʘʚˀʘ 

ʿʝʜʘʥ ʦʜ ʥʘʿʚʘʞʥʠʿʠʭ ʧʨʝʜʫʩʣʦʚʘ ʟʘ ʫʥʘʧʨʝʹʝˁʝ ʧʨʦʠʟʚʦʜʥʠʭ ʧʨʦʮʝʩʘ ʠ ʩʪʚʘʨʘˁʝ 

ʝʬʠʢʘʩʥʠʿʝʛ, ʙʝʟʙʝʜʥʠʿʝʛ ʠ ʫʜʦʙʥʠʿʝʛ ʨʘʜʥʦʛ ʦʢʨʫʞʝˁʘ.  

ɸʫʪʦʨʠ ʠʩʪʨʘʞʠʚʘˁʘ (Botti ʠ ʜʨʫʛʠ, 2015) ʩʫ ʧʨʝʜʣʦʞʠʣʠ ʤʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣ ʟʘ 

ʜʠʟʘʿʥʠʨʘˁʝ ʝʨʛʦʥʦʤʩʢʝ ʤʦʥʪʘʞʥʝ ʣʠʥʠʿʝ ʧʨʠʣʘʛʦʹʝʥʝ ʠʥʜʠʚʠʜʫʘʣʥʠʤ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʨʘʜʥʠʢʘ ʠ ʟʘʭʪʝʚʠʤʘ ʧʦʩʣʘ (ʦʜʥʦʩʥʦ ʟʘʜʘʮʠʤʘ ʢʦʿʠ ʩʝ ʦʙʘʚˀʘʿʫ ʥʘ ʦʚʦʿ 

ʨʘʜʥʦʿ ʩʪʘʥʠʮʠ) ʫ ʮʠˀʫ ʧʦʙʦˀʰʘˁʘ ʝʬʝʢʪʠʚʥʦʩʪʠ. ʆʙʘʚˀʘˁʝ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʝʨʛʦʥʦʤʩʢʠ 

ʨʝʜʠʟʘʿʥʠʨʘʥʦʿ ʥʦʚʦʿ ʨʘʜʥʦʿ ʩʪʘʥʠʮʠ ʩʤʘˁʠʣʦ ʿʝ ʨʠʟʠʢ ʦʜ ʧʦʿʘʚʝ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠʭ 

ʧʦʨʝʤʝ˂ʘʿʘ ʢʦʜ ʨʘʜʥʠʢʘ ʢʦʿʠ ʩʫ ʧʨʦʠʟʚʦʜʠʣʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʝ (Lin ʠ Chan, 2007) ʙʫʜʫ˂ʠ 

ʜʘ ʿʝ ʨʘʜʥʦ ʤʝʩʪʦ ʜʠʟʘʿʥʠʨʘʥʦ ʪʘʢʦ ʜʘ ʩʫ ʧʦʢʨʝʪʠ ʨʘʜʥʠʢʘ ʤʠʥʠʤʠʟʠʨʘʥʠ. ʌʦʢʫʩ ʨʘʜʘ 

ʘʫʪʦʨʘ (Gonçalves  ʠ Salonitis, 2017) ʿʝ ʥʘ ʧʨʦʿʝʢʪʦʚʘˁʫ ʤʦʥʪʘʞʥʝ ʨʘʜʥʝ ʩʪʘʥʠʮʝ 

ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʩʣʝʜʝ˂ʝ ʢʨʠʪʝʨʠʿʫʤʝ: ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ, ʝʬʝʢʪʠʚʥʦʩʪ, ʝʬʠʢʘʩʥʦʩʪ ʠ 

ʟʘʜʦʚʦˀʩʪʚʦ ʨʘʜʥʠʢʘ. 

ʀʥʜʫʩʪʨʠʿʩʢʘ ʧʨʘʢʩʘ ʫ ʦʚʦʿ ʦʙʣʘʩʪʠ ʧʦʜʩʝ˂ʘ ʦʨʛʘʥʠʟʘʮʠʿʝ ʥʘ ʚʘʞʥʦʩʪ ʫʚʦʹʝˁʘ 

ʤʝʨʘ ʠʟ ʦʙʣʘʩʪʠ ʝʨʛʦʥʦʤʠʿʝ ʧʨʠʣʠʢʦʤ ʧʨʦʿʝʢʪʦʚʘˁʘ ʨʘʜʥʠʭ ʩʪʘʥʠʮʘ ʟʘ ʤʦʥʪʘʞʫ (Otto ʠ 

Scholl, 2011; Anghel ʠ ʜʨʫʛʠ, 2019). ʇʦʩʚʝ˂ʠʚʘˁʝ ʧʘʞˁʝ ʝʨʛʦʥʦʤʩʢʠʤ ʘʩʧʝʢʪʠʤʘ ʿʝ 

ʧʦʩʝʙʥʦ ʚʘʞʥʦ ʟʘ ʨʘʜʥʝ ʩʨʝʜʠʥʝ ʢʦʿʝ ʧʦʜʨʘʟʫʤʝʚʘʿʫ ʠʟʚʦʹʝˁʝ ʨʫʯʥʠʭ ʤʦʥʪʘʞʥʠʭ 

ʘʢʪʠʚʥʦʩʪʠ ʦʜ ʩʪʨʘʥʝ ʨʘʜʥʠʢʘ (Hägg, 2003; Al Zuheri ʠ ʜʨʫʛʠ, 2016). ʋ ʩʪʫʜʠʿʘʤʘ ʢʦʿʝ ʩʫ 

ʩʧʨʦʚʝʣʠ ʘʫʪʦʨʠ (Roelofs ʠ Straker, 2002; Davis ʠ ʜʨʫʛʠ, 2009) ʿʝ ʫʢʘʟʘʥʦ ʥʘ ʧʨʝʜʥʦʩʪʠ 

ʦʙʘʚˀʘˁʘ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʨʘʜʥʠʤ ʩʪʘʥʠʮʘʤʘ ʫ ʘʜʝʢʚʘʪʥʦʤ ʝʨʛʦʥʦʤʩʢʦʤ ʧʦʣʦʞʘʿʫ. 

ʆʩʥʦʚʥʠ ʮʠˀ ʧʨʠʤʝʥʝʝʨʛʦʥʦʤʩʢʠʭ ʤʝʨʘ ʿʝ ʜʘ ʦʙʝʟʙʝʜʝ ʜʘ ʨʘʜʥʦ ʤʝʩʪʦ ʙʫʜʝ ʙʝʟʙʝʜʥʠʿʝ 

ʠ ʫʜʦʙʥʠʿʝ ʿʝʨ ʩʝ ʥʘ ʪʘʿ ʥʘʯʠʥ ʧʦʙʦˀʰʘʚʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪ ʠ ʢʚʘʣʠʪʝʪ ʧʨʦʠʟʚʦʜʘ, ʧʦʚʝ˂ʘʚʘ 

ʬʠʟʠʯʢʦ ʠ ʤʝʥʪʘʣʥʦ ʙʣʘʛʦʩʪʘˁʝ ʠ ʟʘʜʦʚʦˀʩʪʚʦ ʧʦʩʣʦʤ. ʋ ʚʝ˂ʝʤ ʙʨʦʿʫ ʥʘʫʯʥʦ-

ʠʩʪʨʘʞʠʚʘʯʢʠʭ ʨʘʜʦʚʘ ʿʝ ʫʢʘʟʘʥʦ ʥʘ ʧʦʟʠʪʠʚʥʝ ʝʬʝʢʪʝ ʧʨʠʤʝʥʝ ʝʨʛʦʥʦʤʩʢʠʭ ʧʨʠʥʮʠʧʘ 

ʧʨʠʣʠʢʦʤ ʜʠʟʘʿʥʠʨʘˁʘ ʨʘʜʥʠʭ ʤʝʩʪʘ, ʦʧʨʝʤʝ ʠ ʘʣʘʪʘ, ʨʘʜʥʦʛ ʦʢʨʫʞʝˁʘ (Hasselquist, 

1981; Das, 1987).  

ʇʦʩʝʙʥʫ ʧʘʞˁʫ ʧʨʠʣʠʢʦʤ ʧʨʦʿʝʢʪʦʚʘˁʘ ʨʘʜʥʠʭ ʤʝʩʪʘ ʪʨʝʙʘ ʫʩʤʝʨʠʪʠ ʥʘ 

ʝʨʛʦʥʦʤʩʢʝ ʩʪʘʥʜʘʨʜʝ ʢʘʢʦ ʙʠ ʩʝ ʩʤʘˁʠʣʠ ʟʜʨʘʚʩʪʚʝʥʠ ʧʨʦʙʣʝʤʠ - ʙʦʣʦʚʠ ʫ ʣʝʹʠʤʘ, 

ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠ ʧʦʨʝʤʝ˂ʘʿʠ ʠ ʜʨ. ʇʨʝʤʘ ʠʩʪʨʘʞʠʚʘˁʫ ʢʦʿʝ ʩʫ ʩʧʨʦʚʝʣʠ (Botti ʠ ʜʨʫʛʠ, 
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2014), ʘʜʝʢʚʘʪʘʥ ʝʨʛʦʥʦʤʩʢʠ ʜʠʟʘʿʥ ʨʘʜʥʠʭ ʤʝʩʪʘ ʧʦʟʠʪʠʚʥʦ ʫʪʠʯʝ ʥʘ ʙʝʟʙʝʜʥʦʩʪ ʠ 

ʟʜʨʘʚˀʝ ʨʘʜʥʠʢʘ ʢʨʦʟ ʩʤʘˁʝˁʝ ʩʪʦʧʝ ʧʦʚʨʝʜʘ ʠ ʩʤʘˁʝˁʝ ʠʟʦʩʪʘʥʘʢʘ ʩʘ ʧʦʩʣʘ, ʘ 

ʠʩʪʦʚʨʝʤʝʥʦ ʜʦʧʨʠʥʦʩʠ ʧʦʙʦˀʰʘˁʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, ʢʚʘʣʠʪʝʪʘ ʠ ʧʦʫʟʜʘʥʦʩʪʠ.  

ʅʘʫʯʥʘ ʣʠʪʝʨʘʪʫʨʘ ʿʝ ʧʦʢʘʟʘʣʘ ʜʘ ʿʝ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ ʝʨʛʦʥʦʤʩʢʠʭ ʧʨʠʥʮʠʧʘ 

ʥʘʿʙʦˀʘ ʩʪʨʘʪʝʛʠʿʘ ʟʘ ʧʨʝʚʝʥʮʠʿʫ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠʭ ʦʙʦˀʝˁʘ, ʩʤʘˁʝˁʝ ʧʦʚʨʝʜʘ ʥʘ 

ʨʘʜʫ, ʥʝʣʘʛʦʜʥʦʩʪʠ, ʠʟʦʩʪʘʥʘʢʘ ʩʘ ʧʦʩʣʘ (Burdorf, 2010; Takala ʠ ʜʨʫʛʠ, 2010; Botti ʠ 

ʜʨʫʛʠ, 2014), ʠ ʧʦʙʦˀʰʘˁʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, ʝʬʠʢʘʩʥʦʩʪʠ, ʢʚʘʣʠʪʝʪʘ ʧʨʦʠʟʚʦʜʘ ʠ 

ʧʦʫʟʜʘʥʦʩʪʠ (Hendrick, 2003; Dul ʠ ʜʨʫʛʠ, 2004; Roper ʠ Yeh, 2007; Vayvay ʠ Erdinc, 2008; 

Neumann ʠ Dul, 2010). ɸʫʪʦʨʠ (Jorgen ʠ Eklund, 1995; Hamrol ʠ ʜʨʫʛʠ, 2011; Thun ʠ ʜʨʫʛʠ, 

2011; Falck ʠ Rosenqvist, 2012) ʩʫ ʜʦʢʘʟʘʣʠ ʜʘ ʧʨʠʤʝʥʘ ʝʨʛʦʥʦʤʩʢʠʭ ʧʨʠʥʮʠʧʘ ʥʘ ʨʘʜʥʦʤ 

ʤʝʩʪʫ ʜʠʨʝʢʪʥʦ ʫʪʠʯʝ ʥʘ ʩʤʘˁʝˁʝ ʛʨʝʰʘʢʘ ʠ ʧʦʚʝ˂ʘˁʝ ʢʚʘʣʠʪʝʪʘ ʧʨʦʠʟʚʦʜʘ.  

ɸʫʪʦʨʠ ʨʘʜʘ (Yeow ʠ Sen, 2006) ʩʤʘʪʨʘʿʫ ʜʘ ʯʘʢ ʠ ʥʘʿʿʝʬʪʠʥʠʿʘ ʝʨʛʦʥʦʤʩʢʘ ʨʝʰʝˁʘ 

ʤʦʛʫ ʟʥʘʯʘʿʥʦ ʧʦʟʠʪʠʚʥʦ ʫʪʠʮʘʪʠ ʥʘ ʢʚʘʣʠʪʝʪ ʧʨʦʠʟʚʦʜʘ. ʋ ʠʩʪʨʘʞʠʚʘˁʫ ʢʦʿʝ ʩʫ 

ʩʧʨʦʚʝʣʠ (González ʠ ʜʨʫʛʠ, 2003) ʿʝ ʧʦʢʘʟʘʥʦ ʜʘ ʩʝ ʢʚʘʣʠʪʝʪ ʧʨʦʠʟʚʦʜʘ ʧʦʚʝ˂ʘʦ ʟʘ 2% ʠ 

ʜʘ ʿʝ ʜʦʜʘʪʥʘ ʦʙʨʘʜʘ ʛʦʪʦʚʦʛ ʧʨʦʠʟʚʦʜʘ ʟʥʘʯʘʿʥʦ ʩʤʘˁʝʥʘ ʥʘʢʦʥ ʧʦʙʦˀʰʘˁʘ ʬʠʟʠʯʢʝ 

ʝʨʛʦʥʦʤʠʿʝ. ʇʨʝʪʭʦʜʥʝ ʩʪʫʜʠʿʝ ʦ ʧʦʙʦˀʰʘˁʫ ʧʝʨʬʦʨʤʘʥʩʠ ʫʛʣʘʚʥʦʤ ʩʫ ʩʝ ʬʦʢʫʩʠʨʘʣʝ 

ʥʘ ʦʧʪʠʤʘʣʥʫ ʜʠʩʪʨʠʙʫʮʠʿʫ ʘʢʪʠʚʥʦʩʪʠ (Arnold ʠ ʜʨʫʛʠ, 2004). ʂʦʥʢʨʝʪʥʦ, ʥʝʢʠ ʘʫʪʦʨʠ 

ʩʫ ʠʩʪʘʢʣʠ ʧʨʝʜʥʦʩʪʠ ʧʨʠʣʘʛʦʜˀʠʚʠʭ ʠ ʠʥʦʚʘʪʠʚʥʠʭ ʨʘʜʥʠʭ ʩʪʘʥʠʮʘ ʫ ʧʦʨʝʹʝˁʫ ʩʘ 

ʬʠʢʩʥʠʤ ʪʨʘʜʠʮʠʦʥʘʣʥʠʤ ʨʘʜʥʠʤ ʩʪʘʥʠʮʘʤʘ (Eswaramoorthi ʠ ʜʨʫʛʠ, 2010) ʟʘ ʦʙʘʚˀʘˁʝ 

ʧʦʥʘʚˀʘʿʫ˂ʠʭ ʟʘʜʘʪʘʢʘ ʤʦʥʪʘʞʝ (Shikdar ʠ Hadhrami, 2007).  

ɸʫʪʦʨʠ (Temple ʠ Adams, 2000, ʠ Russell ʠ ʜʨʫʛʠ, 2007) ʩʫ ʩʝ ʬʦʢʫʩʠʨʘʣʠ ʥʘ 

ʝʨʛʦʥʦʤʩʢʠ ʨʝʜʠʟʘʿʥ ʪʨʘʜʠʮʠʦʥʘʣʥʠʭ ʠʥʜʫʩʪʨʠʿʩʢʠʭ ʨʘʜʥʠʭ ʩʪʘʥʠʮʘ ʩ ʮʠˀʝʤ ʩʤʘˁʝˁʘ 

ʬʠʟʠʯʢʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʨʘʜʥʠʢʘ. ɸʫʪʦʨʠ ʩʫ ʘʥʘʣʠʟʠʨʘʣʠ ʧʦʩʪʦʿʝ˂ʝ ʨʘʜʥʝ ʫʩʣʦʚʝ ʠ 

ʠʟʚʨʰʠʣʠ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʬʘʢʪʦʨʘ ʢʦʿʠ ʤʦʛʫ ʜʦʚʝʩʪʠ ʜʦ ʧʨʝʢʦʤʝʨʥʦʛ ʥʘʧʨʝʟʘˁʘ 

ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʦʛ ʩʠʩʪʝʤʘ ʨʘʜʥʠʢʘ. ɼʨʫʛʠ ʘʫʪʦʨʠ ʩʫ ʫʢʘʟʠʚʘʣʠ ʥʘ ʧʨʝʜʥʦʩʪʠ ʦʙʘʚˀʘˁʘ 

ʘʢʪʠʚʥʦʩʪʠ ʤʦʥʪʘʞʝ ʫ ʘʜʝʢʚʘʪʥʦʤ ʝʨʛʦʥʦʤʩʢʦʤ ʧʦʣʦʞʘʿʫ ʠ ʤʠʥʠʤʠʟʠʨʘˁʫ ʢʨʝʪʘˁʘ 

ʨʘʜʥʠʢʘ ʪʦʢʦʤ ʨʘʜʥʠʭ ʘʢʪʠʚʥʦʩʪʠ (Roelofs ʠ Straker, 2002; Davis ʠ ʜʨʫʛʠ, 2009). ʇʨʠʤʝʥʘ 

ʝʨʛʦʥʦʤʩʢʠʭ ʧʨʠʥʮʠʧʘ ʥʘ ʨʘʜʥʠʤ ʤʝʩʪʠʤʘ ʥʘ ʢʦʿʠʤʘ ʩʝ ʦʙʘʚˀʘ ʤʦʥʪʘʞʘ ʜʦʧʨʠʥʦʩʠ 

ʩʤʘˁʝˁʫ ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ ʠ ʫʥʘʧʨʝʹʝˁʫ ʟʜʨʘʚˀʘ ʨʘʜʥʠʢʘ (Gerr ʠ ʜʨʫʛʠ, 2014). ʇʨʝʤʘ 

ʘʫʪʦʨʠʤʘ (Nielsen ʠ ʜʨʫʛʠ, 2017) ʜʠʟʘʿʥʠʨʘˁʝ ʨʘʜʥʠʭ ʩʪʘʥʠʮʘ ʫ ʩʢʣʘʜʫ ʩʘ ʝʨʛʦʥʦʤʩʢʠʤ 

ʧʨʠʥʮʠʧʠʤʘ ʜʦʧʨʠʥʦʩʠ ʧʦʚʝ˂ʘˁʫ ʟʘʜʦʚʦˀʩʪʚʘ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ. 

ʅʦʚʘ ʨʘʜʥʘ ʩʪʘʥʠʮʘ ʿʝ ʧʨʦʿʝʢʪʦʚʘʥʘ ʫ ʩʢʣʘʜʫ ʩʘ ʧʨʠʥʮʠʧʠʤʘ ʬʠʟʠʯʢʝ, 

ʦʨʛʘʥʠʟʘʮʠʦʥʝ ʠ ʢʦʛʥʠʪʠʚʥʝ ʝʨʛʦʥʦʤʠʿʝ (Savkoviĺ ʠ ʜʨʫʛʠ, 2022ʘ). ɸʢʮʝʥʘʪ ʬʠʟʠʯʢʝ 

ʝʨʛʦʥʦʤʠʿʝ ʿʝ ʥʘ ʘʥʘʣʠʟʠ ʠ ʦʧʪʠʤʠʟʘʮʠʿʠ ʧʦʣʦʞʘʿʘ ʪʝʣʘ ʨʘʜʥʠʢʘ ʪʦʢʦʤ ʠʟʚʦʹʝˁʘ 

ʤʦʥʦʪʦʥʠʭ, ʧʦʥʘʚˀʘʿʫ˂ʠʭ ʘʢʪʠʚʥʦʩʪʠ ʤʘʥʠʧʫʣʘʮʠʿʝ ʤʘʪʝʨʠʿʘʣʠʤʘ ʠ ʜʝʣʦʚʠʤʘ, 

ʤʠʥʠʤʠʟʠʨʘˁʫ ʨʠʟʠʢʘ ʦʜ ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ, ʧʨʝʚʝʥʮʠʿʠ ʥʘʩʪʘʥʢʘ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠʭ 

ʧʦʨʝʤʝ˂ʘʿʘ, ʧʦʙʦˀʰʘˁʫ ʜʠʟʘʿʥʘ ʨʘʜʥʠʭ ʩʪʘʥʠʮʘ ʫ ʮʠˀʫ ʫʥʘʧʨʝʹʝˁʘ ʙʝʟʙʝʜʥʦʩʪʠ ʠ 

ʟʜʨʘʚˀʘ ʨʘʜʥʠʢʘ. ʂˀʫʯʥʠ ʘʩʧʝʢʪʠ ʬʠʟʠʯʢʝ ʝʨʛʦʥʦʤʠʿʝ ʩʫ ʘʥʘʪʦʤʠʿʘ, ʘʥʪʨʦʧʦʤʝʪʨʠʿʘ, 

ʬʠʟʠʦʣʦʰʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʨʘʜʥʠʢʘ (Cardoso ʠ ʜʨʫʛʠ, 2021; Cañas ʠ ʜʨʫʛʠ, 2011). 

ʂʦʛʥʠʪʠʚʥʘ ʝʨʛʦʥʦʤʠʿʘ ʩʝ ʙʘʟʠʨʘ ʥʘ ʨʘʟʫʤʝʚʘˁʫ ʠ ʦʧʪʠʤʠʟʘʮʠʿʠ ʤʝʥʪʘʣʥʠʭ 

ʧʨʦʮʝʩʘ ʨʘʜʥʠʢʘ ʢʦʿʠ ʠʟʚʦʜʝ ʤʦʥʪʘʞʥʝ ʘʢʪʠʚʥʦʩʪʠ ʫ ʮʠˀʫ ʫʥʘʧʨʝʹʝˁʘ ʢʦʛʥʠʪʠʚʥʠʭ 

ʘʩʧʝʢʘʪʘ, ʧʦʙʦˀʰʘˁʘ ʝʬʠʢʘʩʥʦʩʪʠ, ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʘʜʦʚʦˀʩʪʚʘ ʨʘʜʥʠʢʘ. ʆʨʛʘʥʠʟʘʮʠʦʥʘ 

ʝʨʛʦʥʦʤʠʿʘ ʩʝ ʬʦʢʫʩʠʨʘ ʥʘ ʦʧʪʠʤʠʟʘʮʠʿʫ ʧʨʦʠʟʚʦʜʥʠʭ ʧʨʦʮʝʩʘ ʠ ʨʘʜʥʦʛ ʦʢʨʫʞʝˁʘ ʢʘʢʦ 

ʙʠ ʩʝ ʩʤʘˁʠʣʦ ʬʠʟʠʯʢʦ ʠ ʤʝʥʪʘʣʥʦ ʦʧʪʝʨʝ˂ʝˁʝ ʨʘʜʥʠʢʘ ʠ ʧʦʚʝ˂ʘʣʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪ. ʋ 

ʢʦʥʪʝʢʩʪʫ ʨʘʜʥʠʭ ʩʪʘʥʠʮʘ ʟʘ ʤʦʥʪʘʞʫ, ʢˀʫʯʥʠ ʘʩʧʝʢʪʠ ʦʨʛʘʥʠʟʘʮʠʦʥʝ ʝʨʛʦʥʦʤʠʿʝ ʩʝ 

ʦʜʥʦʩʝ ʥʘ ʧʨʘʚʠʣʥʦ ʨʘʩʧʦʨʝʹʠʚʘˁʝ ʨʘʜʥʠʭ ʝʣʝʤʝʥʘʪʘ ʠ ʦʧʪʠʤʠʟʘʮʠʿʫ ʨʘʜʥʠʭ ʘʢʪʠʚʥʦʩʪʠ 

ʫ ʮʠˀʫ ʧʦʙʦˀʰʘˁʘ ʟʘʜʦʚʦˀʩʪʚʘ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʨʘʜʥʠʢʘ. 
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ʅʘ ʩʣʠʮʠ 4.7 ʿʝ ʧʨʠʢʘʟʘʥ ʩʚʝʦʙʫʭʚʘʪʥʠ ʧʨʠʩʪʫʧ ʧʨʦʿʝʢʪʦʚʘˁʘ ʨʘʜʥʝ ʩʪʘʥʠʮʝ ʫ 

ʩʢʣʘʜʫ ʩʘ ʝʨʛʦʥʦʤʩʢʠʤ ʠ lean ʧʨʠʥʮʠʧʠʤʘ. ʅʘ ʩʣʠʮʠ ʿʝ ʧʦʢʘʟʘʥʘ ʫʟʨʦʯʥʦ-ʧʦʩʣʝʜʠʯʥʘ 

ʚʝʟʘ ʠʟʤʝʹʫ ʧʨʠʤʝʥʝ lean ʠ ʝʨʛʦʥʦʤʩʢʠʭ ʧʨʠʥʮʠʧʘ ʠ ʧʦʚʝ˂ʘˁʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ 

ʙʣʘʛʦʩʪʘˁʘ ʨʘʜʥʠʢʘ, ʠ  ʧʦʙʦˀʰʘˁʘ ʢʚʘʣʠʪʝʪʘ ʬʠʥʘʣʥʠʭ ʧʨʦʠʟʚʦʜʘ ʫ ʢʦʥʪʝʢʩʪʫ 

ʀʥʜʫʩʪʨʠʿʝ 4.0 ʠ ʀʥʜʫʩʪʨʠʿʝ 5.0. ʇʦʩʝʙʘʥ ʥʘʛʣʘʩʘʢ ʿʝ ʥʘ ʧʘʨʪʠʮʠʧʘʪʠʚʥʦʿ ʝʨʛʦʥʦʤʠʿʠ. 

 

ʉʣʠʢʘ 4.7 ʉʚʝʦʙʫʭʚʘʪʥʠ ʧʨʠʩʪʫʧ ʧʨʦʿʝʢʪʦʚʘˁʫ ʨʘʜʥʝ ʩʪʘʥʠʮʝ ʫ ʩʢʣʘʜʫ ʩʘ 

ʝʨʛʦʥʦʤʩʢʠʤ ʠ lean ʧʨʠʥʮʠʧʠʤʘ 

ɼʠʟʘʿʥʠʨʘˁʝ ʨʘʜʥʠʭ ʩʪʘʥʠʮʘ ʟʘ ʤʦʥʪʘʞʫ ʟʘʭʪʝʚʘ ʧʘʞˀʠʚʦ ʨʘʟʤʘʪʨʘˁʝ ʬʠʟʠʯʢʠʭ 

ʠ ʢʦʛʥʠʪʠʚʥʠʭ ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʜʥʠʢʘ, ʢʘʦ ʠ ˁʠʭʦʚʠʭ ʦʛʨʘʥʠʯʝˁʘ. ʇʦʩʝʙʘʥ ʬʦʢʫʩ ʿʝ ʥʘ 

ʘʥʘʣʠʟʠ ʘʥʪʨʦʧʦʤʝʪʨʠʿʩʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʜʦʤʝʪʘ ʨʫʢʝ ʠ ʧʦʣʦʞʘʿʘ ʪʝʣʘ ʢʘʢʦ ʙʠ ʩʝ 

ʩʤʘˁʠʣʦ ʬʠʟʠʯʢʦ ʦʧʪʝʨʝ˂ʝˁʝ ʠ ʤʠʥʠʤʠʟʠʨʘʣʘ ʤʦʛʫ˂ʥʦʩʪ ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ.  

ɽʨʛʦʥʦʤʩʢʠ ʘʩʧʝʢʪʠ ʦʩʪʚʘʨʫʿʫ ʟʥʘʯʘʿʘʥ ʫʪʠʮʘʿ ʥʘ ʧʦʙʦˀʰʘˁʝ ʢʚʘʣʠʪʝʪʘ 

ʬʠʥʘʣʥʠʭ ʧʨʦʠʟʚʦʜʘ. ʋʢʦʣʠʢʦ ʩʫ ʨʘʜʥʝ ʩʪʘʥʠʮʝ ʜʠʟʘʿʥʠʨʘʥʝ ʫ ʩʢʣʘʜʫ ʩʘ ʝʨʛʦʥʦʤʩʢʠʤ 

ʧʨʠʥʮʠʧʠʤʘ ʪʘʢʦ ʜʘ ʩʝ ʤʠʥʠʤʠʟʠʨʘ ʬʠʟʠʯʢʠ ʠ ʤʝʥʪʘʣʥʠ ʥʘʧʦʨ, ʨʘʜʥʠʮʠ ʦʙʘʚˀʘʿʫ 

ʘʢʪʠʚʥʦʩʪʠ ʩʘ ʚʝ˂ʦʤ ʢʦʥʮʝʥʪʨʘʮʠʿʦʤ ʠ ʧʨʘʚʝ ʤʘˁʝ ʛʨʝʰʘʢʘ, ʰʪʦ ʜʘˀʝ ʧʦʙʦˀʰʘʚʘ 

ʢʚʘʣʠʪʝʪ ʬʠʥʘʣʥʠʭ ʧʨʦʠʟʚʦʜʘ. 

ʋ ʢʦʥʪʝʢʩʪʫ ʀʥʜʫʩʪʨʠʿʝ 4.0, ʝʨʛʦʥʦʤʠʿʘ ʠʤʘ ʧʦʩʝʙʘʥ ʟʥʘʯʘʿ. ʅʘʛʣʘʩʘʢ ʿʝ ʥʘ 

ʧʨʠʣʘʛʦʹʘʚʘˁʫ ʥʘʧʨʝʜʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʧʦʪʨʝʙʘʤʘ ʠ ʩʧʦʩʦʙʥʦʩʪʠʤʘ ˀʫʜʠ ʠ ʦʧʪʠʤʠʟʘʮʠʿʠ 

ʠʥʪʝʨʘʢʮʠʿʝ ʠʟʤʝʹʫ ˀʫʜʠ ʠ ʦʩʪʘʣʠʭ ʝʣʝʤʝʥʘʪʘ ʨʘʜʥʦʛ ʩʠʩʪʝʤʘ. 

ʀʥʜʫʩʪʨʠʿʘ 5.0 ʩʪʘʚˀʘ ʨʘʜʥʠʢʝ ʫ ʮʝʥʪʘʨ ʧʘʞˁʝ, ʘ ʠʥʦʚʘʪʠʚʥʝ ʪʝʭʥʦʣʦʛʠʿʝ ʠʤʘʿʫ 

ʫʣʦʛʫ ʜʘ ʦʣʘʢʰʘʿʫ ʦʙʘʚˀʘˁʝ ʨʘʜʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʠ ʧʦʙʦˀʰʘʿʫ ʫʩʣʦʚʝ ʨʘʜʘ. ʇʦʩʝʙʘʥ 

ʬʦʢʫʩ ʿʝ ʥʘ ʩʪʚʘʨʘˁʫ ʭʫʤʘʥʠʟʦʚʘʥʠʿʝʛ ʠ ʧʝʨʩʦʥʘʣʠʟʦʚʘʥʠʿʝʛ ʨʘʜʥʦʛ ʦʢʨʫʞʝˁʘ ʠ 

ʫʥʘʧʨʝʹʝˁʫ ʦʙʘʚˀʘˁʘ ʘʢʪʠʚʥʦʩʪʠ.  

Lean ʬʠʣʦʟʦʬʠʿʘ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʝʣʠʤʠʥʘʮʠʿʠ ʛʫʙʠʪʘʢʘ ʫ ʩʚʠʤ ʘʩʧʝʢʪʠʤʘ 

ʧʨʦʠʟʚʦʜʥʦʛ ʧʨʦʮʝʩʘ ʩ ʮʠˀʝʤ ʤʘʢʩʠʤʠʟʠʨʘˁʘ ʝʬʠʢʘʩʥʦʩʪʠ ʧʨʦʠʟʚʦʜʥʠʭ ʧʨʦʮʝʩʘ. 

ʇʦʩʝʙʘʥ ʥʘʛʣʘʩʘʢ ʿʝ ʥʘ ʩʪʚʘʨʘˁʫ ʚʨʝʜʥʦʩʪʠ ʟʘ ʢʫʧʮʝ ʠ ʤʠʥʠʤʠʟʠʨʘˁʫ ʘʢʪʠʚʥʦʩʪʠ ʢʦʿʝ 

ʌʠʟʠʯʢʝ ʠ ʢʦʛʥʠʪʠʚʥʝ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʦʛʨʘʥʠʯʝˁʘ 
ʨʘʜʥʠʢʘ

ʀʥʜʫʩʪʨʠʿʘ 5.0

ʇʘʨʪʠʮʠʧʘʪʠʚʥʘ 
ʝʨʛʦʥʦʤʠʿʘ

Leanʧʨʠʥʮʠʧʠ

ɼʠʟʘʿʥʠʨʘˁʝ ʨʘʜʥʠʭ ʩʪʘʥʠʮʘ ʫ ʮʠˀʫ ʧʦʙʦˀʰʘˁʘ 
ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʘ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ 
ʟʘʜʦʚʦˀʩʪʚʘ ʨʘʜʥʠʢʘ, ʢʚʘʣʠʪʝʪʘ ʬʠʥʘʣʥʠʭ 

ʧʨʦʠʟʚʦʜʘ

ʀʥʜʫʩʪʨʠʿʘ 4.0
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ʥʝ ʜʦʜʘʿʫ ʚʨʝʜʥʦʩʪ, ʢʦʥʪʠʥʫʠʨʘʥʦʤ ʧʦʙʦˀʰʘˁʫ (kaizen), ʩʪʘʥʜʘʨʜʠʟʦʚʘʥʦʤ ʨʘʜʫ ʠ 5S 

ʧʨʠʩʪʫʧʫ.  

ʉʪʘʥʜʘʨʜʠʟʦʚʘʥ ʨʘʜ (ʝʥʛʣ. standardized work) ʧʦʜʨʘʟʫʤʝʚʘ ʪʘʯʥʦ ʦʨʛʘʥʠʟʦʚʘʥ 

ʨʝʜʦʩʣʝʜ ʨʘʜʥʠʭ ʦʧʝʨʘʮʠʿʘ. ʆʚʘʿ ʧʨʠʩʪʫʧ ʦʤʦʛʫ˂ʘʚʘ ʦʧʪʠʤʘʣʥʦ ʙʘʣʘʥʩʠʨʘˁʝ 

ʧʨʦʠʟʚʦʜʥʦʛ ʧʨʦʮʝʩʘ, ʤʠʥʠʤʠʟʠʨʘʿʫ˂ʠ ʟʘʣʠʭʝ ʠ ʥʝʜʦʚʨʰʝʥʫ ʧʨʦʠʟʚʦʜˁʫ ʠ ʝʣʠʤʠʥʠʩʘˁʝ 

ʘʢʪʠʚʥʦʩʪʠ ʢʦʿʝ ʥʝ ʜʦʜʘʿʫ ʚʨʝʜʥʦʩʪ ʬʠʥʘʣʥʦʤ ʧʨʦʠʟʚʦʜʫ. 

ɺʠʟʫʝʣʥʠ ʤʝʥʘ˅ʤʝʥʪ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ 5S ʩʠʩʪʝʤʦʤ ʠʤʘ ʢˀʫʯʥʫ ʫʣʦʛʫ ʫ 

ʦʨʛʘʥʠʟʦʚʘˁʫ ʨʘʜʥʠʭ ʩʪʘʥʠʮʘ ʟʘ ʤʦʥʪʘʞʫ. ʂʦʨʠʰ˂ʝˁʝ ʨʘʟʣʠʯʠʪʠʭ ʙʦʿʘ ʠ ʦʟʥʘʢʘ ʟʘ 

ʦʙʝʣʝʞʘʚʘˁʝ ʧʦʪʨʝʙʥʠʭ ʤʘʪʝʨʠʿʘʣʘ, ʢʦʤʧʦʥʝʥʪʠ ʠ ʘʣʘʪʘ ʦʤʦʛʫ˂ʘʚʘ ʙʦˀʫ ʦʨʛʘʥʠʟʘʮʠʿʫ 

ʨʘʜʥʦʛ ʧʨʦʩʪʦʨʘ, ʣʘʢʰʫ ʜʦʩʪʫʧʥʦʩʪ ʘʣʘʪʘ ʠ ʦʧʨʝʤʝ ʦʜʥʦʩʥʦ ʩʤʘˁʝˁʝ ʚʨʝʤʝʥʘ ʟʘ 

ʪʨʘʞʝˁʝ ʰʪʦ ʜʘˀʝ ʜʦʧʨʠʥʦʩʠ ʧʦʚʝ˂ʘˁʫ ʝʬʠʢʘʩʥʦʩʪʠ. 

ʍʦʣʠʩʪʠʯʢʠ ʧʨʠʩʪʫʧ ʫ ʝʨʛʦʥʦʤʠʿʠ ʧʦʜʨʘʟʫʤʝʚʘ ʮʝʣʦʚʠʪʦ ʩʘʛʣʝʜʘʚʘˁʝ ʨʘʜʥʦʛ 

ʦʢʨʫʞʝˁʘ, ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʩʚʝ ʘʩʧʝʢʪʝ (ʬʠʟʠʯʢʝ, ʧʩʠʭʦʣʦʰʢʝ, ʩʦʮʠʿʘʣʥʝ ʠ 

ʦʨʛʘʥʠʟʘʮʠʦʥʝ ʬʘʢʪʦʨʝ) ʢʦʿʠ ʦʩʪʚʘʨʫʿʫ ʫʪʠʮʘʿ ʥʘ ʜʦʙʨʦʙʠʪ ʨʘʜʥʠʢʘ, ʧʨʦʜʫʢʪʠʚʥʦʩʪ ʠ 

ʝʬʠʢʘʩʥʦʩʪ ʨʘʜʥʠʭ ʩʪʘʥʠʮʘ ʟʘ ʤʦʥʪʘʞʫ (Botti ʠ ʜʨʫʛʠ, 2022). 

ʇʘʨʪʠʮʠʧʘʪʠʚʥʘ ʝʨʛʦʥʦʤʠʿʘ ʧʦʜʨʘʟʫʤʝʚʘ ʫʢˀʫʯʠʚʘˁʝ ʨʘʜʥʠʢʘ ʫ ʧʨʦʮʝʩ 

ʜʠʟʘʿʥʠʨʘˁʘ ʠ ʧʦʙʦˀʰʘˁʘ ʨʘʜʥʦʛ ʦʢʨʫʞʝˁʘ. ʈʘʜʥʠʮʠ, ʫ ʩʢʣʘʜʫ ʩʘ ʠʥʜʠʚʠʜʫʘʣʥʠʤ 

ʟʘʭʪʝʚʠʤʘ ʠ ʧʦʪʨʝʙʘʤʘ, ʜʘʿʫ ʜʠʨʝʢʪʥʝ ʠʥʬʦʨʤʘʮʠʿʝ ʚʝʟʘʥʝ ʟʘ ʧʦʙʦˀʰʘˁʝ ʨʘʜʥʦʛ ʤʝʩʪʘ, 

ʘʣʘʪʘ ʠ ʦʧʨʝʤʝ ʰʪʦ ʜʦʧʨʠʥʦʩʠ ʧʦʚʝ˂ʘˁʫ ʝʬʠʢʘʩʥʦʩʪʠ, ʩʤʘˁʝˁʫ ʦʧʪʝʨʝ˂ʝˁʘ ʠ ʧʦʚʝ˂ʘˁʫ 

ʙʝʟʙʝʜʥʦʩʪʠ. ʋ ʩʪʫʜʠʿʘʤʘ ʢʦʿʝ ʩʫ ʩʧʨʦʚʝʣʠ (Colim ʠ ʜʨʫʛʠ, 2020; De Guimarães ʠ ʜʨʫʛʠ, 

2015) ʿʝ ʧʦʢʘʟʘʥʦ ʜʘ ʿʝ ʧʘʨʪʠʮʠʧʘʪʠʚʥʘ ʝʨʛʦʥʦʤʠʿʘ ʝʬʠʢʘʩʘʥ ʧʨʠʩʪʫʧ ʟʘ ʨʝʘʣʠʟʘʮʠʿʫ 

ʤʦʜʠʬʠʢʘʮʠʿʘ ʥʘ ʨʘʜʥʠʤ ʩʪʘʥʠʮʘʤʘ. ʈʘʜʥʠʮʠ ʩʫ ʘʢʪʠʚʥʦ ʫʢˀʫʯʝʥʠ ʫ ʜʠʟʘʿʥʠʨʘˁʝ ʨʘʜʥʝ 

ʩʪʘʥʠʮʝ, ʰʪʦ ʿʝ ʨʝʟʫʣʪʠʨʘʣʦ ʧʦʚʝ˂ʘˁʝʤ ʤʦʪʠʚʘʮʠʿʝ ʠ ʟʘʜʦʚʦˀʩʪʚʘ. ɳʠʭʦʚʝ ʧʝʨʮʝʧʮʠʿʝ 

ʙʠʣʝ ʩʫ ʧʦʟʠʪʠʚʥʝ ʠ ʫ ʩʢʣʘʜʫ ʩʘ ʨʝʟʫʣʪʘʪʠʤʘ ʩʧʨʦʚʝʜʝʥʝ ʝʨʛʦʥʦʤʩʢʝ ʧʨʦʮʝʥʝ. 

ʇʨʠʣʘʛʦʹʘʚʘˁʝ ʨʘʜʥʦʛ ʤʝʩʪʘ ʟʘʭʪʝʚʠʤʘ ʨʘʜʥʠʢʘ, ˁʠʭʦʚʠʤ ʬʠʟʠʯʢʠʤ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ, ʩʧʦʩʦʙʥʦʩʪʠʤʘ ʠ ʚʝʰʪʠʥʘʤʘ ʿʝ ʬʦʢʫʩ ʚʝ˂ʝʛ ʙʨʦʿʘ ʥʘʫʯʥʦ-

ʠʩʪʨʘʞʠʚʘʯʢʠʭ ʨʘʜʦʚʘ (Heilala ʠ Voho, 2001). ʋ ʦʚʦʤ ʢʦʥʪʝʢʩʪʫ, ʤʥʦʛʝ ʩʪʫʜʠʿʝ ʩʫ 

ʧʨʝʜʣʦʞʠʣʝ ʦʩʥʦʚʥʘ ʧʨʘʚʠʣʘ ʜʠʟʘʿʥʠʨʘˁʘ ʨʘʜʥʠʭ ʧʨʦʩʪʦʨʘ ʢʘʢʦ ʙʠ ʙʠʣʠ ʧʨʠʣʘʛʦʹʝʥʠ 

ʬʠʟʠʯʢʠʤ ʠ ʢʦʛʥʠʪʠʚʥʠʤ ʩʧʦʩʦʙʥʦʩʪʠʤʘ ʨʘʜʥʠʢʘ ʠ ʥʘ ʦʚʘʿ ʥʘʯʠʥ ʩʝ ʤʠʥʠʤʠʟʠʨʘʦ ʨʠʟʠʢ 

ʦʜ ʥʘʩʪʘʥʢʘ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠʭ ʧʦʨʝʤʝ˂ʘʿʘ ʠ ʜʨʫʛʠʭ ʦʙʦˀʝˁʘ. ʇʦʩʝʙʘʥ ʥʘʛʣʘʩʘʢ ʿʝ ʥʘ 

ʩʤʘˁʝˁʫ ʠ ʝʣʠʤʠʥʠʩʘˁʫ ʘʢʪʠʚʥʦʩʪʠ ʢʦʿʝ ʥʝ ʜʦʜʘʿʫ ʚʨʝʜʥʦʩʪ. ɸʢʪʠʚʥʦʩʪʠ ʢʦʿʝ ʜʦʜʘʿʫ 

ʚʨʝʜʥʦʩʪ ʫʢˀʫʯʫʿʫ ʘʢʪʠʚʥʦʩʪʠ ʤʦʥʪʘʞʝ ʜʝʣʦʚʘ ʠ ʢʦʤʧʦʥʝʥʪʠ ʠ ʧʨʠʩʪʫʧ ʢʦʤʧʦʥʝʥʪʘʤʘ ʠ 

ʘʣʘʪʫ ʙʝʟ ʧʦʪʨʝʙʝ ʜʘ ʩʝ ʨʘʜʥʠʮʠ ʫʜʘˀʘʚʘʿʫ ʦʜ ʩʚʦʿʠʭ ʨʘʜʥʠʭ ʧʦʟʠʮʠʿʘ. ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, 

ʘʢʪʠʚʥʦʩʪʠ ʢʦʿʝ ʥʝ ʜʦʜʘʿʫ ʚʨʝʜʥʦʩʪ ʩʝ ʦʜʥʦʩʝ ʥʘ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠʙʘʚˀʘˁʘ ʥʝʦʧʭʦʜʥʠʭ 

ʢʦʤʧʦʥʝʥʪʠ, ʤʘʪʝʨʠʿʘʣʘ ʠ ʘʣʘʪʘ ʢʦʿʝ ʟʘʭʪʝʚʘʿʫ ʢʨʝʪʘˁʝ ʨʘʜʥʠʢʘ ʚʘʥ ʨʘʜʥʝ ʩʪʘʥʠʮʝ ʠʣʠ 

ʠʟʚʦʹʝˁʝ ʥʝʝʨʛʦʥʦʤʩʢʠʭ ʧʦʢʨʝʪʘ ʢʘʢʦ ʙʠ ʩʝ ʜʦʭʚʘʪʠʣʠ ʧʨʝʜʤʝʪʠ ʢʦʿʠ ʩʫ ʧʦʩʪʘʚˀʝʥʠ ʚʘʥ 

ʟʦʥʝ ʤʘʢʩʠʤʘʣʥʦʛ ʜʦʭʚʘʪʘ ʨʘʜʥʠʢʘ. 

ʅʘ ʩʣʠʮʠ 4.8 ʿʝ ʧʨʝʜʩʪʘʚˀʝʥ ʠʟʦʤʝʪʨʠʿʩʢʠ ʧʨʠʢʘʟ ʨʘʜʥʝ ʧʦʚʨʰʠʥʝ. ʂʘʦ ʰʪʦ ʩʝ 

ʤʦʞʝ ʚʠʜʝʪʠ ʩʘ ʩʣʠʢʘ, ʟʘ ʨʘʟʣʠʢʫ ʦʜ ʪʨʘʜʠʮʠʦʥʘʣʥʝ ʨʘʜʥʝ ʩʪʘʥʠʮʝ ʥʦʚʘ ʨʘʜʥʘ ʩʪʘʥʠʮʘ ʿʝ 

ʫʩʢʣʘʹʝʥʘ ʩʘ ʝʨʛʦʥʦʤʩʢʠʤ ʠ lean ʧʨʠʥʮʠʧʠʤʘ ʠ ʩʪʘʥʜʘʨʜʠʤʘ ʟʣʘʪʥʝ ʟʦʥʝ ʫ ʮʠˀʫ 

ʩʤʘˁʝˁʘ ʚʨʝʤʝʥʘ ʪʘʢʪʘ ʠ ʨʘʜʘ ʫ ʪʦʢʫ (ʝʥʛʣ. work in progress). ɸʫʪʦʨʠ (Alves ʠ ʜʨʫʛʠ, 

2019) ʠʩʪʠʯʫ ʜʘ ʩʫ ʝʨʛʦʥʦʤʠʿʘ ʠ lean ʚʝʦʤʘ ʫʩʢʦ ʧʦʚʝʟʘʥʠ. ɹʝʥʝʬʠʪʠ ʫʚʦʹʝˁʘ lean 

ʧʨʠʥʮʠʧʘ ʩʝ ʦʛʣʝʜʘʿʫ ʫ ʩʢʨʘ˂ʠʚʘˁʫ ʚʨʝʤʝʥʘ ʠʩʧʦʨʫʢʝ ʧʨʦʠʟʚʦʜʘ ʢʫʧʮʠʤʘ ʠ ʩʤʘˁʝˁʫ 

ʪʨʦʰʢʦʚʘ (Shah ʠ Ward, 2003) ʠ ʧʦʚʝ˂ʘˁʫ ʧʨʦʬʠʪʘʙʠʣʥʦʩʪʠ (Malavasi ʠ Schenetti, 2017). 

ʈʘʜʥʘ ʩʪʘʥʠʮʘ ʿʝ ʜʠʟʘʿʥʠʨʘʥʘ ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʯʠˁʝʥʠʮʫ ʜʘ ʩʫ ʟʦʥʝ ʨʫʢʦʚʘˁʘ 

ʨʘʟʣʠʯʠʪʝ ʟʘ ʩʚʘʢʫ ʦʩʦʙʫ, ʪʘʢʦ ʜʘ ʩʚʘʢʠ ʨʘʜʥʠʢ ʤʦʞʝ ʜʘ ʧʨʠʣʘʛʦʜʠ ʨʘʩʧʦʨʝʜ ʤʘʪʝʨʠʿʘʣʘ, 

ʜʝʣʦʚʘ ʠ ʢʦʤʧʦʥʝʥʪʠʥʘ ʦʩʦʙʥʠʤ ʧʦʪʨʝʙʘʤʘ ʠ ʤʦʛʫ˂ʥʦʩʪʠʤʘ.  



102 

 

ʉʣʠʢʘ  4.8 ʀʟʦʤʝʪʨʠʿʩʢʠ ʧʨʠʢʘʟ ʧʨʝʜʣʦʞʝʥʝ ʫʥʘʧʨʝʹʝʥʝ ʨʘʜʥʝ ʩʪʘʥʠʮʝ 

ʅʘ ʨʘʜʥʦʿ ʧʦʚʨʰʠʥʠ ʧʨʝʜʣʦʞʝʥʝ ʝʨʛʦʥʦʤʩʢʝ ʨʘʜʥʝ ʩʪʘʥʠʮʝ ʩʫ ʧʦʩʪʘʚˀʝʥʝ ʩʘʤʦ 

ʥʝʦʧʭʦʜʥʝ ʢʦʤʧʦʥʝʥʪʝ ʠ ʘʣʘʪʠ ʢʘʢʦ ʩʝ ʥʝ ʙʠ ʦʜʚʣʘʯʠʣʘ ʧʘʞˁʘ ʠ ʦʤʝʪʘʣʦ ʦʙʘʚˀʘˁʝ 

ʤʦʥʪʘʞʥʠʭ ʘʢʪʠʚʥʦʩʪʠ. ʉʚʝ ʢʦʤʧʦʥʝʥʪʝ ʠ ʜʝʣʦʚʠ ʢʦʿʠ ʩʫ ʧʦʪʨʝʙʥʠ ʟʘ ʧʨʦʮʝʩ ʤʦʥʪʘʞʝ ʩʫ 

ʨʘʩʧʦʨʝʹʝʥʠ ʫ ʦʢʚʠʨʫ ʟʝʣʝʥʝ (ʟʣʘʪʥʝ) ʟʦʥʝ ʢʘʢʦ ʙʠ ʩʝ ʩʤʘˁʠʣʦ ʠʟʚʦʹʝˁʝ ʥʝʝʨʛʦʥʦʤʩʢʠʭ 

ʧʦʢʨʝʪʘ. ɿʣʘʪʥʘ ʟʦʥʘ ʿʝ ʧʦʜʨʫʯʿʝ ʫ ʦʙʣʠʢʫ ʮʠʣʠʥʜʨʠʯʥʦʛ ʩʝʛʤʝʥʪʘ ʢʦʿʝ ʩʝ ʧʨʦʪʝʞʝ ʦʜ 

ʩʪʨʫʢʘ ʨʘʜʥʠʢʘ ʜʦ ʚʠʩʠʥʝ ʨʘʤʝʥʘ ʠ ʩʘ ʜʫʞʠʥʦʤ ʧʦʜʣʘʢʪʠʮʝ ʢʘʦ ʨʘʜʠʿʫʩʦʤ (ʩʣʠʢʘ 4.8). 

ʆʚʘ ʟʦʥʘ ʧʨʝʜʩʪʘʚˀʘ ʠʜʝʘʣʘʥ ʨʘʜʥʠ ʧʨʦʩʪʦʨ, ʫ ʢʦʿʝʤ ʩʫ ʥʝʝʨʛʦʥʦʤʩʢʠ ʧʦʢʨʝʪʠ, ʠʩʪʝʟʘˁʝ 

ʠ ʩʘʚʠʿʘˁʝ ʩʚʝʜʝʥʠ ʥʘ ʤʠʥʠʤʫʤ, ʘ ʨʘʜʥʠʮʠ ʧʦʩʪʠʞʫ ʥʘʿʚʝ˂ʫ ʝʬʠʢʘʩʥʦʩʪ ʠ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪ. ʂʘʢʦ ʿʝ ʟʣʘʪʥʘ ʟʦʥʘ ʨʘʟʣʠʯʠʪʘ ʟʘ ʩʚʘʢʦʛ ʨʘʜʥʠʢʘ, ʨʘʜʥʘ ʩʪʘʥʠʮʘ 

ʦʩʠʛʫʨʘʚʘ ʜʘ ʩʝ ʨʘʜʥʠ ʧʨʦʩʪʦʨ ʠ ʨʘʩʧʦʨʝʜ ʤʘʪʝʨʠʿʘʣʘ, ʢʦʤʧʦʥʝʥʪʠ ʠ ʧʦʟʠʮʠʿʘ ʘʣʘʪʘ ʤʦʛʫ 

ʧʨʠʣʘʛʦʜʠʪʠ ʠʥʜʠʚʠʜʫʘʣʥʠʤ ʧʦʪʨʝʙʘʤʘ. 

ʂʣʘʩʝʨʠ ʟʘ ʩʢʣʘʜʠʰʪʝˁʝ ʩʚʠʭ ʜʝʣʦʚʘ ʠ ʢʦʤʧʦʥʝʥʪʠ ʩʫ ʨʘʩʧʦʨʝʹʝʥʠ ʫ ʩʢʣʘʜʫ ʩʘ 

ʧʨʠʥʮʠʧʠʤʘ lean ʧʨʦʠʟʚʦʜˁʝ ʠ ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʠʥʜʠʚʠʜʫʘʣʥʠ ʜʦʤʝʪ ʠ ʚʠʜʥʦ ʧʦˀʝ ʟʘ 

ʩʚʘʢʦʛ ʠʩʧʠʪʘʥʠʢʘ ʫ ʠʩʪʨʘʞʠʚʘˁʫ ʧʦʿʝʜʠʥʘʯʥʦ. ʇʨʝʤʘ (Sørensen ʠ Holman, 2014) 

ʧʦʩʝʙʘʥ ʥʘʛʣʘʩʘʢ ʿʝ ʥʘ ʦʧʪʠʤʠʟʘʮʠʿʠ ʨʘʜʥʦʛ ʦʢʨʫʞʝˁʘ ʟʘ ʩʚʘʢʦʛ ʨʘʜʥʠʢʘ ʧʦʥʘʦʩʦʙ ʫ 

ʮʠˀʫ ʧʦʙʦˀʰʘˁʘ ʫʩʣʦʚʘ ʨʘʜʘ ʠ ʩʤʘˁʝˁʘ ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʟʜʨʘʚʩʪʚʝʥʠʭ ʨʠʟʠʢʘ. 

ʆʧʪʠʤʘʣʥʠ ʨʘʩʧʦʨʝʜ ʢʣʘʩʝʨʘ ʦʤʦʛʫ˂ʘʚʘ ʣʘʢʦ ʧʨʝʫʟʠʤʘˁʝ ʠ ʚʨʘ˂ʘˁʝ ʥʝʧʦʪʨʝʙʥʠʭ ʜʝʣʦʚʘ 

ʠ ʢʦʤʧʦʥʝʥʪʠ. ʌʣʝʢʩʠʙʠʣʘʥ ʨʘʩʧʦʨʝʜ ʢʣʘʩʝʨʘ ʟʘ ʩʢʣʘʜʠʰʪʝˁʝ ʜʝʣʦʚʘ ʠ ʢʦʤʧʦʥʝʥʪʠ ʥʘ 

ʥʦʚʦʜʠʟʘʿʥʠʨʘʥʦʿ ʨʘʜʥʦʿ ʩʪʘʥʠʮʠ ʧʨʫʞʘ ʤʦʛʫ˂ʥʦʩʪ ʧʨʦʤʝʥʝ ʨʘʩʧʦʨʝʜʘ ʠ ʦʨʛʘʥʠʟʘʮʠʿʝ 

ʨʘʜʥʦʛ ʦʢʨʫʞʝˁʘ ʫ ʩʢʣʘʜʫ ʩʘ ʠʥʜʠʚʠʜʫʘʣʥʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʠʩʧʠʪʘʥʠʢʘ. 

ʇʦʨʝʜ ʟʣʘʪʥʝ ʟʦʥʝ, ʜʦʜʘʪʥʘ ʧʘʞˁʘ ʿʝ ʫʩʤʝʨʝʥʘ ʥʘ ʧʨʘʚˀʝˁʝ ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ 

ʩʧʦˀʘʰˁʝʛ ʧʨʦʩʪʦʨʘ ʟʘ ʨʫʢʦʚʘˁʝ (ʧʨʦʩʪʦʨ ʜʦʩʪʫʧʘʥ ʨʘʜʥʠʢʫ ʩʘ ʠʩʧʨʫʞʝʥʦʤ ʨʫʢʦʤ) ʠ 

ʫʥʫʪʨʘʰˁʝʛ ʧʨʦʩʪʦʨʘ ʟʘ ʨʫʢʦʚʘˁʝ (ʧʨʦʩʪʦʨ ʢʦʿʠ ʨʘʜʥʠʢ ʤʦʞʝ ʜʘ ʜʦʩʝʛʥʝ ʩʘ ʩʘʚʠʿʝʥʦʤ 

ʨʫʢʦʤ). ʇʨʦʩʪʦʨ ʟʘ ʨʫʢʦʚʘˁʝ ʩʝ ʤʦʞʝ ʧʦʜʝʣʠʪʠ ʫ ʪʨʠ ʨʘʟʣʠʯʠʪʝ ʟʦʥʝ. ɼʚʦʨʫʯʥʘ ʟʦʥʘ ʩʝ 

ʥʘʣʘʟʠ ʜʠʨʝʢʪʥʦ ʠʩʧʨʝʜ ʨʘʜʥʠʢʘ (ʛʜʝ ʨʘʜʥʠʮʠ ʟʘʧʨʘʚʦ ʦʙʘʚˀʘʿʫ ʤʦʥʪʘʞʥʝ ʨʘʜʥʝ 

ʘʢʪʠʚʥʦʩʪʠ ʩʘ ʦʙʝ ʨʫʢʝ). ʋ ʦʚʦʿ ʟʦʥʠ ʩʫ ʩʤʝʰʪʝʥʠ ʤʘʪʝʨʠʿʘʣʠ, ʜʝʣʦʚʠ, ʢʦʤʧʦʥʝʥʪʝ ʠ 

ʘʣʘʪʠ ʢʦʿʠ ʩʝ ʥʘʿʚʠʰʝ ʢʦʨʠʩʪʝ ʪʦʢʦʤ ʦʙʘʚˀʘˁʘ ʨʘʜʥʠʭ ʘʢʪʠʚʥʦʩʪʠ, ʢʘʢʦ ʙʠ ʨʘʜʥʠʮʠ ʙʠʣʠ 

ʦʩʣʦʙʦʹʝʥʠ ʠʟʚʦʹʝˁʘ ʥʝʧʦʪʨʝʙʥʠʭ ʠ ʥʝʝʨʛʦʥʦʤʩʢʠʭ ʧʦʢʨʝʪʘ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʿʝ ʦʤʦʛʫʝ˂ʥʦ 

ʜʘ ʨʘʜʥʠʮʠ ʦʙʘʚˀʘʿʫ ʨʘʜʥʝ ʟʘʜʘʪʢʝ ʙʝʟ ʩʘʚʠʿʘˁʘ, ʠʩʪʝʟʘˁʘ ʠ ʥʘʧʨʝʟʘˁʘ ʪʝʣʘ ʘ ʪʦ ʜʦʜʘʪʥʦ 
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ʜʦʧʨʠʥʦʩʠ ʧʦʚʝ˂ʘˁʫ ʝʬʠʢʘʩʥʦʩʪʠ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʨʘʜʥʠʢʘ ʠ ʩʤʘˁʝˁʫ ʫʤʦʨʘ. ɼʨʫʛʘ 

ʟʦʥʘ ʫ ʢʦʿʦʿ ʨʘʜʥʠʮʠ ʦʙʘʚˀʘʿʫ ʘʢʪʠʚʥʦʩʪʠ ʿʝ ʿʝʜʥʦʨʫʯʥʘ ʠ ʫ ʦʚʦʿ ʟʦʥʠ ʩʝ ʧʦʟʠʮʠʦʥʠʨʘʿʫ 

ʤʘʪʝʨʠʿʘʣʠ, ʜʝʣʦʚʠ ʠ ʢʦʤʧʦʥʝʥʪʝ ʢʦʿʝ ʪʨʝʙʘ ʜʘ ʙʫʜʫ ʥʘ ʜʦʭʚʘʪ ʿʝʜʥʝ ʨʫʢʝ. ʊʨʝʘ˂ ʟʦʥʘ 

ʧʦʜʨʘʟʫʤʝʚʘ ʥʘʿʫʜʘˀʝʥʠʿʠ ʜʝʦ ʨʘʜʥʦʛ ʧʨʦʩʪʦʨʘ. ʋ ʦʚʦʿ ʟʦʥʠ ʩʝ ʧʦʩʪʘʚˀʘʿʫ ʜʝʣʦʚʠ ʠ 

ʢʦʤʧʦʥʝʥʪʝ ʢʦʿʠ ʩʝ ʨʝʪʢʦ ʢʦʨʠʩʪʝ.  

ɸʫʪʦʨ (Sanders ʠ Mc Cormick, 1993) ʫʢʘʟʫʿʫ ʥʘ ʚʘʞʥʦʩʪ ʫʟʠʤʘˁʘ ʫ ʦʙʟʠʨ 

ʥʦʨʤʘʣʥʦʛ ʠ ʤʘʢʩʠʤʘʣʥʦʛ ʜʦʤʝʪʘ ʨʘʜʥʠʢʘ ʧʨʠʣʠʢʦʤ ʜʠʟʘʿʥʠʨʘˁʘ ʨʘʜʥʠʭ ʤʝʩʪʘ (ʩʣʠʢʘ 

4.9).  

 

 

 

 

 

 

ʉʣʠʢʘ 4.9 ʇʨʝʜʣʦʞʝʥʝ ʜʠʩʪʘʥʮʝ ʥʘ ʨʘʜʥʦʿ ʧʦʚʨʰʠʥʠ (ʧʨʠʣʘʛʦʹʝʥʦ ʧʨʝʤʘ ʘʫʪʦʨʠʤʘ 

Sanders ʠ McCormick, 1993) 

ʇʦʩʪʘʚˀʘˁʝʤ ʥʝʦʧʭʦʜʥʠʭ ʤʘʪʝʨʠʿʘʣʘ, ʜʝʣʦʚʘ ʠ ʘʣʘʪʘ ʥʘ ʜʦʭʚʘʪ ʨʫʢʝ ʨʘʜʥʠʢʘ 

ʩʤʘˁʫʿʝ ʩʝ ʟʘʤʦʨ ʨʘʜʥʠʢʘ (Muhundhan, 2013). Squires-ʦʚ ʢʦʥʮʝʧʪ ʧʨʝʜʩʪʘʚˀʘ ʧʦʙʦˀʰʘʥʫ 

ʚʝʨʟʠʿʫ Farley-ʦʚʦʛ ʢʦʥʮʝʧʪʘ ʧʨʠʢʘʟʠʚʘˁʘ ʿʝʜʥʦʨʫʯʥʠʭ ʠ ʜʚʦʨʫʯʥʠʭ ʨʘʜʥʠʭ ʧʨʦʩʪʦʨʘ 

ʧʨʠʣʘʛʦʜˀʠʚʠʭ ʨʘʜʥʠʮʠʤʘ ʢʦʿʠ ʩʝ ʙʘʟʠʨʘ ʥʘ ʦʙʘʚˀʘˁʫ ʘʢʪʠʚʥʦʩʪʠ ʧʨʝʪʝʞʥʦ ʫ 

ʥʦʨʤʘʣʥʦʤ ʦʧʩʝʛʫ ʠ ʩʤʘˁʝˁʫ ʠʟʚʦʹʝˁʘ ʧʦʢʨʝʪʘ ʚʘʥ ʤʘʢʩʠʤʘʣʥʦʛ ʜʦʤʝʪʘ ʨʘʜʥʠʢʘ. 

 

 

 

 

ʄʘʢʩʠʤʘʣʘʥ ʜʦʭʚʘʪ 

(ʜʝʩʥʘ ʩʪʨʘʥʘ) 

ʅʦʨʤʘʣʘʥ ʜʦʭʚʘʪ 

(ʜʝʩʥʘ ʩʪʨʘʥʘ) 

ʄʘʢʩʠʤʘʣʘʥ ʜʦʭʚʘʪ 

(ʣʝʚʘ ʩʪʨʘʥʘ) 

ʅʦʨʤʘʣʘʥ ʜʦʭʚʘʪ 

(ʣʝʚʘ ʩʪʨʘʥʘ) 

ʇʨʝʜʣʦʞʝʥʘ ʟʣʘʪʥʘ ʟʦʥʘ 

ʧʨʝʤʘ Squires ʢʦʥʮʝʧʪʫ 
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5. ɽʂʉʇɽʈʀʄɽʅʊɸʃʅɸ ʀʉʇʀʊʀɺɸɳɸ 

 

 

 

 

ʋʩʣʝʜ ʜʫʛʦʪʨʘʿʥʦʛ ʦʙʘʚˀʘˁʘ ʧʦʩʣʦʚʘ ʫ ʝʨʛʦʥʦʤʩʢʠ ʥʝʘʜʝʢʚʘʪʥʦʤ ʧʦʣʦʞʘʿʫ ʪʝʣʘ 

ʢʦʜ ʨʘʜʥʠʢʘ ʢʦʿʠ ʦʙʘʚˀʘʿʫ ʧʦʥʘʚˀʘʿʫ˂ʝ ʠ ʟʘʤʦʨʥʝ ʤʦʥʪʘʞʥʝ ʘʢʪʠʚʥʦʩʪʠ ʥʘ 

ʪʨʘʜʠʮʠʦʥʘʣʥʠʤ ʨʘʜʥʠʤ ʩʪʘʥʠʮʘʤʘ ʪʦʢʦʤ ʜʫʞʝʛ ʚʨʝʤʝʥʩʢʦʛ ʧʝʨʠʦʜʘ ʜʦʣʘʟʠ ʜʦ 

ʧʨʝʢʦʤʝʨʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʤʠʰʠ˂ʘ ʰʪʦ ʧʨʦʫʟʨʦʢʫʿʝ ʥʘʩʪʘʥʘʢ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠʭ 

ʧʦʨʝʤʝ˂ʘʿʘ ʠ ʜʨʫʛʠʭ ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ ʙʦʣʝʩʪʠ. ʇʦʨʝʤʝ˂ʘʿʠ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʦʛ ʩʠʩʪʝʤʘ 

(ʥʧʨ. ʩʠʥʜʨʦʤ ʢʘʨʧʘʣʥʦʛ ʪʫʥʝʣʘ, ʪʝʥʜʦʥʠʪʠʩ ʟʛʣʦʙʘ, ʠʪʜ.) ʥʘʩʪʘʿʫ ʢʘʦ ʧʦʩʣʝʜʠʮʘ 

ʜʫʛʦʪʨʘʿʥʦʛ ʧʦʥʘʚˀʘˁʘ ʠʩʪʠʭ ʧʦʢʨʝʪʘ, ʢʘʦ ʠ ʥʘʧʨʝʟʘˁʘ ʠ ʩʘʚʠʿʘˁʘ ʪʝʣʘ. ʆʚʘ ʩʪʘˁʘ ʤʦʛʫ 

ʠʟʘʟʚʘʪʠ ʬʠʟʠʯʢʫ ʥʝʣʘʛʦʜʥʦʩʪ ʠ ʙʦʣ ʢʦʜ ʨʘʜʥʠʢʘ, ʘ ʜʫʛʦʨʦʯʥʦ ʤʦʛʫ ʜʦʚʝʩʪʠ ʜʦ 

ʧʦʛʦʨʰʘˁʘ ʟʜʨʘʚʩʪʚʝʥʦʛ ʩʪʘˁʘ ʠ ʠʥʚʘʣʠʜʠʪʝʪʘ, ʠ ʜʦʧʨʠʥʝʪʠ ʩʤʘˁʝˁʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ. 

ʊʘʢʦʹʝ, ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠ ʧʦʨʝʤʝ˂ʘʿʠ ʧʨʦʫʟʨʦʢʫʿʫ ʯʝʰ˂ʝ ʠʟʦʩʪʘʿʘˁʝ ʨʘʜʥʠʢʘ ʩʘ ʧʦʩʣʘ, 

ʧʦʚʝ˂ʘˁʝ ʪʨʦʰʢʦʚʘ ʫʩʣʝʜ ʟʘʤʝʥʝ ʨʘʜʥʠʢʘ ʠ ʪʨʦʰʢʦʚʘ ʟʜʨʘʚʩʪʚʝʥʝ ʥʝʛʝ.  

ʋ ʦʚʦʿ ʜʦʢʪʦʨʩʢʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʩʧʨʦʚʝʜʝʥʘ ʩʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʠʩʪʨʘʞʠʚʘˁʘ ʠʟ 

ʦʙʣʘʩʪʠ ʬʠʟʠʯʢʝ ʝʨʛʦʥʦʤʠʿʝ, ʦʨʛʘʥʠʟʘʮʠʦʥʝ ʝʨʛʦʥʦʤʠʿʝ ʠ ʥʝʫʨʦʝʨʛʦʥʦʤʠʿʝ. ʇʨʠʤʝʥʦʤ 

ʥʘʧʨʝʜʥʠʭ ʝʣʝʢʪʨʦʧʩʠʭʦʬʠʟʠʦʣʦʰʢʠʭ ʤʝʪʦʜʘ ʟʘ ʧʨʘ˂ʝˁʝ ʤʠʰʠ˂ʥʝ ʠ ʤʦʞʜʘʥʝ 

ʘʢʪʠʚʥʦʩʪʠ ʠʩʧʠʪʘʥʠʢʘ ʠʜʝʥʪʠʬʠʢʦʚʘʥʠ ʩʫ ʝʨʛʦʥʦʤʩʢʠ ʨʠʟʠʮʠ ʢʦʿʠ ʩʝ ʿʘʚˀʘʿʫ ʪʦʢʦʤ 

ʠʟʚʨʰʝˁʘ ʤʘʥʫʝʣʥʠʭ ʨʘʜʥʠʭ ʟʘʜʘʪʘʢʘ ʤʦʥʪʘʞʝ ʠ ʫʪʚʨʹʝʥʘ ʿʝ ʧʦʪʨʝʙʘ ʟʘ ʩʧʨʦʚʦʹʝˁʝʤ 

ʧʨʝʚʝʥʪʠʚʥʠʭ ʤʝʨʘ ʫ ʮʠˀʫ ʧʦʙʦˀʰʘˁʘ ʟʜʨʘʚʩʪʚʝʥʦʛ ʩʪʘˁʘ ʨʘʜʥʠʢʘ ʢʦʿʠ ʦʙʘʚˀʘʿʫ 

ʤʦʥʪʘʞʥʝ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʪʨʘʜʠʮʠʦʥʘʣʥʠʤ ʨʘʜʥʠʤ ʩʪʘʥʠʮʘʤʘ. ʇʦʩʝʙʘʥ ʬʦʢʫʩ ʿʝ ʥʘ 

ʠʜʝʥʪʠʬʠʢʘʮʠʿʠ ʬʘʢʪʦʨʘ ʢʦʿʠ ʧʨʦʫʟʨʦʢʫʿʫ ʬʠʟʠʯʢʠ ʠ ʤʝʥʪʘʣʥʠ ʟʘʤʦʨ ʢʦʜ ʠʩʧʠʪʘʥʠʢʘ 

ʪʦʢʦʤ ʩʧʨʦʚʦʹʝˁʘ ʤʦʥʪʘʞʥʠʭ ʘʢʪʠʚʥʦʩʪʠ. 

ʅʘ ʩʣʠʮʠ 5.1 ʧʨʝʜʩʪʘʚˀʝʥʘ ʿʝ ʩʪʨʫʢʪʫʨʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʠʩʪʨʘʞʠʚʘˁʘ. 

 

ʉʣʠʢʘ 5.1 ʉʪʨʫʢʪʫʨʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʠʩʪʨʘʞʠʚʘˁʘ 

ʀʟʚʨʰʝʥʘ ʿ ʝ ʘʥʘʣʠʟʘ ʨʘʜʥʠʭ ʫʩʣʦʚʘ ʥʘ ʪʨʘʜʠʮʠʦʥʘʣʥʠʤ ʨʘʜʥʠʤ ʩʪʘʥʠʮʘʤʘ ʫ ʮʠˀʫ 

ʠʜʝʥʪʠʬʠʢʘʮʠʿʝ ʛʣʘʚʥʠʭ ʝʨʛʦʥʦʤʩʢʠʭ ʠʟʘʟʦʚʘ (ʢʘʦ ʰʪʦ ʩʫ ʥʝʬʠʟʠʦʣʦʰʢʠ ʧʦʣʦʞʘʿʠ ʪʝʣʘ, 

ʆʧʠʩ ʧʦʩʪʦʿʝ˂ʠʭ 
ʧʨʦʙʣʝʤʘ ʥʘ 
ʪʨʘʜʠʮʠʦʥʘʣʥʠʤ 
ʨʘʜʥʠʤ ʩʪʘʥʠʮʘʤʘ

Åʦʧʩʝʨʚʘʮʠʦʥʘ ʤʝʪʦʜʘ

Åʠʥʪʝʨʚʿʫ ʩʘ 
ʨʘʜʥʠʮʠʤʘ

ʈʝʜʠʟʘʿʥʠʨʘˁʝ 
ʤʦʥʪʘʞʥʝ ʨʘʜʥʝ 
ʩʪʘʥʠʮʝ

Åʈʋʃɸ ʤʝʪʦʜʘ -
ʧʨʦʮʝʥʘ ʝʨʛʦʥʦʤʩʢʠʭ 
ʨʠʟʠʢʘ

Åʧʨʠʤʝʥʘ ʝʨʛʦʥʦʤʩʢʠʭ 
ʤʝʨʘ

Åʧʨʘ˂ʝˁʝ ʚʨʝʤʝʥʘ ʠ

Åʯʝʢ ʣʠʩʪʝ

ʇʨʝʜʣʦʞʝʥʘ ʥʦʚʘ 
ʨʘʜʥʘ ʩʪʘʥʠʮʘ

Åʧʦʙʦˀʰʘˁʝ ɹɿʈ 

Åʧʦʚʝ˂ʘˁʝ 
ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ

Åʩʤʘˁʝˁʝ ʜʝʬʝʢʘʪʘ

Åʧʦʚʝ˂ʘˁʝ ʟʘʜʦʚʦˀʩʪʚʘ
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ʠʟʚʦʹʝˁʝ ʧʦʥʘʚˀʘʿʫ˂ʠʭ ʧʦʢʨʝʪʘ, ʧʨʝʪʝʨʘʥʦ ʬʠʟʠʯʢʦ ʠ ʢʦʛʥʠʪʠʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ) ʢʦʿʠ ʫ 

ʚʝʣʠʢʦʿ ʤʝʨʠ ʫʪʠʯʫ ʥʘ ʝʬʝʢʪʠʚʥʦʩʪ ʧʨʦʠʟʚʦʜʥʠʭ ʧʨʦʮʝʩʘ. ʅʘ ʨʝʧʣʠʮʠʨʘʥʦʤ ʨʘʜʥʦʤ 

ʤʝʩʪʫ ʩʠʤʫʣʠʨʘʥ ʿʝ ʧʨʦʮʝʩ ʤʦʥʪʘʞʝ ʬʠʥʘʣʥʦʛ ʧʨʦʠʟʚʦʜʘ ʪʦʢʦʤ ʢʦʛʘ ʩʫ ʧʨʘ˂ʝʥʝ ʨʝʘʢʮʠʿʝ 

ʠ ʧʦʥʘʰʘˁʝ ʠʩʧʠʪʘʥʠʢʘ ʥʘ ʩʦʬʠʩʪʠʮʠʨʘʥʝ ʫʩʣʦʚʝ ʫ ʨʘʜʥʦʤ ʦʢʨʫʞʝˁʫ. ʂʘʢʦ ʠʩʪʠʯʫ 

ʘʫʪʦʨʠ (Mijoviĺ ʠ ʜʨʫʛʠ, 2016 ʘ,ʙ) ʠʩʪʨʘʞʠʚʘˁʘ ʩʧʨʦʚʝʜʝʥʘ ʥʘ ʨʝʧʣʠʮʠʨʘʥʠʤ ʨʘʜʥʠʤ 

ʦʢʨʫʞʝˁʠʤʘ, ʫ ʢʦʿʠʤʘ ʩʝ ʩʠʤʫʣʠʨʘ ʨʝʘʣʥʠ ʧʨʦʮʝʩ ʤʦʛʫ ʙʠʪʠ ʢʦʨʠʩʥʘ ʫ ʜʠʟʘʿʥʠʨʘˁʫ 

ʢʦʥʢʨʝʪʥʠʭ ʧʦʩʣʦʚʘ. 

ʋ ʦʚʦʤ ʢʦʥʪʝʢʩʪʫ, ʦʚʘ ʜʠʩʝʨʪʘʮʠʿʘ ʿʝ ʬʦʢʫʩʠʨʘʥʘ ʥʘ ʧʨʦʿʝʢʪʦʚʘˁʝ ʨʘʜʥʝ ʩʪʘʥʠʮʝ 

ʠʟ ʧʝʨʩʧʝʢʪʠʚʝ ʫʩʨʝʜʩʨʝʹʝʥʝ ʥʘ ʯʦʚʝʢʘ, ʧʦʣʘʟʝ˂ʠ ʦʜ ʘʥʘʣʠʟʝ ʦʩʥʦʚʥʠʭ ʧʨʦʙʣʝʤʘ ʩʘ 

ʢʦʿʠʤʘ ʩʝ ʩʫʦʯʘʚʘʿʫ ʨʘʜʥʠʮʠ ʢʦʿʠ ʦʙʘʚˀʘʿʫ ʤʦʥʪʘʞʥʝ ʘʢʪʠʚʥʦʩʪʠ. ʇʦʩʪʦʿʝ˂ʠ ʧʨʠʩʪʫʧʠ 

ʥʝ ʫʢˀʫʯʫʿʫ ʧʨʦʮʝʥʫ ʨʘʜʥʦʛ ʦʢʨʫʞʝˁʘ ʩʘ ʢʚʘʣʠʪʘʪʠʚʥʦʛ ʠ ʢʚʘʥʪʠʪʘʪʠʚʥʦʛ ʘʩʧʝʢʪʘ. ʆʚʘ 

ʜʠʩʝʨʪʘʮʠʿʘ ʥʘʩʪʦʿʠ ʜʘ ʧʨʝʚʘʟʠʹʝ ʦʚʝ ʥʝʜʦʩʪʘʪʢʝ ʧʨʝʜʣʘʛʘˁʝʤ ʤʝʪʦʜʦʣʦʛʠʿʝ ʢʦʿʘ 

ʧʦʜʨʞʘʚʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʠ ʨʘʟʫʤʝʚʘˁʝ ʧʨʦʙʣʝʤʘ ʫ ʮʠˀʫ ʜʠʟʘʿʥʠʨʘˁʘ ʨʝʰʝˁʘ ʢʦʿʘ 

ʦʤʦʛʫ˂ʘʚʘʿʫ ʝʬʠʢʘʩʥʦ ʦʙʘʚˀʘˁʝ ʨʘʜʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʠ ʧʦʙʦˀʰʘˁʝ ʙʝʟʙʝʜʥʦʩʪʠ ʠ 

ʟʜʨʘʚˀʘ ʨʘʜʥʠʢʘ.  

ʂʘʢʦ ʙʠ ʩʝ ʦʧʠʩʘʣʠ ʧʦʩʪʦʿʝ˂ʠ ʧʨʦʙʣʝʤʠ ʩʘ ʢʦʿʠʤʘ ʩʝ ʩʫʦʯʘʚʘʿʫ ʨʘʜʥʠʮʠ ʢʦʿʠ 

ʦʙʘʚˀʘʿʫ ʤʦʥʪʘʞʥʝ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʪʨʘʜʠʮʠʦʥʘʣʥʦʿ ʨʘʜʥʦʿ ʩʪʘʥʠʮʠ ʧʨʠʤʝˁʝʥʝ ʩʫ ʤʝʪʦʜʘ 

ʧʦʩʤʘʪʨʘˁʘ ʢʘʤʝʨʦʤ ʠ ʢʦʤʧʿʫʪʝʨʩʢʦ ʤʦʜʝʣʠʨʘˁʝ ʠ ʩʠʤʫʣʘʮʠʿʘ. ʄʝʪʦʜʝ ʧʦʩʤʘʪʨʘˁʘ 

ʧʦʜʨʘʟʫʤʝʚʘʿʫ ʜʠʨʝʢʪʥʦ ʧʦʩʤʘʪʨʘˁʝ ʠ ʧʨʘ˂ʝˁʝ ʧʦʢʨʝʪʘ ʠ ʧʦʣʦʞʘʿʘ ʪʝʣʘ ʪʦʢʦʤ ʠʟʚʦʹʝˁʘ 

ʨʘʜʥʠʭ ʘʢʪʠʚʥʦʩʪʠ. ʇʦʣʦʞʘʿ ʪʝʣʘ ʠʩʧʠʪʘʥʠʢʘ ʠ ʧʦʢʨʝʪʠ ʨʫʢʫ ʪʦʢʦʤ ʦʙʘʚˀʘˁʘ 

ʘʢʪʠʚʥʦʩʪʠ ʩʫ ʘʥʘʣʠʟʠʨʘʥʠ ʧʨʝʢʦ ʩʪʘʥʜʘʨʜʥʝ ʢʘʤʝʨʝ. ʊʝʭʥʠʢʦʤ ʧʦʩʤʘʪʨʘˁʘ ʩʫ 

ʧʨʦʫʯʘʚʘʥʠ ʠ ʘʥʘʣʠʟʠʨʘʥʠ ʧʦʢʨʝʪʠ ʠʩʧʠʪʘʥʠʢʘ ʪʦʢʦʤ ʦʙʘʚˀʘˁʘ ʤʦʥʪʘʞʥʠʭ ʘʢʪʠʚʥʦʩʪʠ 

ʢʘʢʦ ʙʠ ʩʝ ʫʩʪʘʥʦʚʠʣʦ ʢʦʿʠ ʧʦʢʨʝʪʠ ʦʜʫʟʠʤʘʿʫ ʥʘʿʚʠʰʝ ʚʨʝʤʝʥʘ ʠ ʢʦʿʠ ʧʦʢʨʝʪʠ ʥʝ ʜʦʜʘʿʫ 

ʚʨʝʜʥʦʩʪ ʠ ʩʘ ʩʪʘʥʦʚʠʰʪʘ lean ʬʠʣʦʟʦʬʠʿʝ ʙʠ ʤʦʛʣʠ ʙʠʪʠ ʝʣʠʤʠʥʠʩʘʥʠ.  

ʆʧʩʝʨʚʘʮʠʿʘ ʿʝ ʩʧʨʦʚʝʜʝʥʘ ʪʦʢʦʤ ʠʟʚʦʹʝˁʘ ʟʘʜʘʪʠʭ ʨʘʜʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʫ ʮʠˀʫ 

ʧʨʘ˂ʝˁʘ ʧʦʥʘʚˀʘˁʘ ʠʩʪʠʭ ʧʦʢʨʝʪʘ, ʠʜʝʥʪʠʬʠʢʦʚʘˁʘ ʧʨʠʤʝʥʝ ʩʠʣʝ, ʥʘʧʨʝʟʘˁʘ, ʨʘʜʘ ʫ 

ʥʝʧʨʘʚʠʣʥʦʤ ʧʦʣʦʞʘʿʫ ʠʣʠ ʜʫʛʦʪʨʘʿʥʦʛ ʟʘʜʨʞʘʚʘˁʘ ʠʩʪʦʛ ʧʦʣʦʞʘʿʘ ʪʝʣʘ ʠʪʜ. ʇʦʩʝʙʥʘ 

ʧʘʞˁʘ ʿʝ ʧʦʩʚʝ˂ʝʥʘ ʧʨʘ˂ʝˁʫ ʫʯʝʩʪʘʣʦʩʪʠ ʠʟʚʦʹʝˁʘ ʦʜʨʝʹʝʥʠʭ ʧʦʢʨʝʪʘ, ʪʨʘʿʘˁʫ ʨʘʜʥʠʭ 

ʘʢʪʠʚʥʦʩʪʠ ʠ ʬʠʟʠʯʢʦʤ ʦʧʪʝʨʝ˂ʝˁʫ ʢʦʿʝʤ ʩʫ ʨʘʜʥʠʮʠ ʠʟʣʦʞʝʥʠ. ɹʝʥʝʬʠʪʠ ʪʝʭʥʠʢʝ 

ʧʦʩʤʘʪʨʘˁʘ ʩʝ ʦʛʣʝʜʘʿʫ ʫ ʪʦʤʝ ʜʘ ʥʝ ʟʘʭʪʝʚʘ ʫʣʘʛʘˁʝ ʬʠʥʘʥʩʠʿʩʢʠʭ ʩʨʝʜʩʪʘʚʘ ʠ ʤʦʞʝ ʩʝ 

ʧʨʠʤʝʥʠʪʠ ʥʘ ʚʝʣʠʢʦʤ ʙʨʦʿʫ ʠʩʧʠʪʘʥʠʢʘ. 

ʈʘʯʫʥʘʨʩʢʦ ʤʦʜʝʣʠʨʘˁʝ ʧʦʜʨʘʟʫʤʝʚʘ ʢʦʤʧʿʫʪʝʨʩʢʝ ʩʠʤʫʣʘʮʠʿʝ ʢʘʢʦ ʙʠ ʩʝ 

ʠʜʝʥʪʠʬʠʢʦʚʘʣʠ ʨʠʟʠʮʠ ʢʦʿʠ ʜʦʚʦʜʝ ʜʦ ʧʦʿʘʚʝ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠʭ ʧʦʨʝʤʝ˂ʘʿʘ ʠ ʜʨʫʛʠʭ 

ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ ʦʙʦˀʝˁʘ ʢʦʜ ʨʘʜʥʠʢʘ ʢʦʿʠ ʦʙʘʚˀʘʿʫ ʤʦʥʪʘʞʥʝ ʘʢʪʚʥʦʩʪʠ. ɸʢʮʝʥʘʪ ʿʝ ʥʘ 

ʠʜʝʥʪʠʬʠʢʘʮʠʿʠ ʚʠʩʦʢʦʨʠʟʠʯʥʠʭ ʨʘʜʥʠʭ ʟʘʜʘʪʘʢʘ ʠ ʧʨʠʤʝʥʠ ʝʨʛʦʥʦʤʩʢʠʭ ʤʝʨʘ ʫ ʮʠˀʫ 

ʩʤʘˁʝˁʘ ʥʘʧʨʝʟʘˁʘ ʤʠʰʠ˂ʘ (Binoosh ʠ ʜʨʫʛʠ, 2017; Bortolini ʠ ʜʨʫʛʠ, 2020). 

ʂʦʤʙʠʥʘʮʠʿʦʤ ʈʋʃɸ ʤʝʪʦʜʝ ʠ ʢʦʤʧʿʫʪʝʨʩʢʦʛ ʤʦʜʝʣʠʨʘˁʘ ʘʥʘʣʠʟʠʨʘʥʠ ʩʫ ʨʘʜʥʦ ʤʝʩʪo, 

ʨʘʜʥe ʘʢʪʠʚʥʦʩʪʠ ʠ ʧʨʦʮʝˁʝʥʠ ʧʦʢʨʝʪʠ ʠ ʧʦʣʦʞʘʿʠ ʪʝʣʘ, ʧʨʠʤʝʥʘ ʩʠʣʝ ʢʘʢʦ ʙʠ ʩʝ 

ʫʩʪʘʥʦʚʠʣʦ ʢʦʿʠ ʬʘʢʪʦʨʠ ʜʦʧʨʠʥʦʩʝ ʥʘʧʨʝʟʘˁʫ ʤʠʰʠ˂ʘ ʦʜʥʦʩʥʦ ʢʦʿʠ ʩʫ ʬʘʢʪʦʨʠ ʨʠʟʠʢʘ 

ʜʦʧʨʠʥʦʩʝ ʥʘʩʪʘʥʢʫ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠʭ ʧʦʨʝʤʝ˂ʘʿʘ.  

ʈʝʟʫʣʪʘʪʠ ʧʨʦʮʝʥʝ ʜʦʙʠʿʝʥʝ RULA ʤʝʪʦʜʦʤ ʦʤʦʛʫ˂ʘʚʘʿʫ ʦʙʿʝʢʪʠʚʥʫ ʘʥʘʣʠʟʫ 

ʧʦʩʪʫʨʘʣʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʨʘʜʥʠʢʘ, ʧʨʠ ʯʝʤʫ ʩʝ ʦʮʝʥʝ ʢʨʝ˂ʫ ʫ ʨʘʩʧʦʥʫ ʦʜ 1 ʜʦ 7. ʆʮʝʥʝ 

ʫʢʘʟʫʿʫ ʥʘ: 

¶ ʆʮʝʥʝ 1 ʠ 2 (ʟʝʣʝʥʘ ʙʦʿʘ): ʜʨʞʘˁʝ ʪʝʣʘ ʩʝ ʩʤʘʪʨʘ ʧʨʠʭʚʘʪˀʠʚʠʤ ʘʢʦ ʩʝ ʥʝ ʦʜʨʞʘʚʘ 

ʠʣʠ ʥʝ ʧʦʥʘʚˀʘ ʪʦʢʦʤ ʜʫʞʝʛ ʚʨʝʤʝʥʩʢʦʛ ʧʝʨʠʦʜʘ. ʆʚʝ ʦʮʝʥʝ ʫʢʘʟʫʿʫ ʥʘ ʪʦ ʜʘ ʥʝʤʘ 

ʟʥʘʯʘʿʥʦʛ ʨʠʟʠʢʘ ʦʜ ʥʘʩʪʘʥʢʘ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠʭ ʧʦʨʝʤʝ˂ʘʿʘ. 
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¶ ʆʮʝʥʝ 3 ʠ 4 (ʞʫʪʘ ʙʦʿʘ): ʦʚʝ ʦʮʝʥʝ ʫʢʘʟʫʿʫ ʜʘ ʿʝ ʧʦʪʨʝʙʥʦ ʩʧʨʦʚʦʹʝˁʝ ʜʘʠˀʭ 

ʠʩʪʨʘʞʠʚʘˁʘ. ʄʦʛʫ˂ʝ ʿʝ ʜʘ ʿʝ ʫ ʥʘʨʝʜʥʦʤ ʧʝʨʠʦʜʫ ʧʦʪʨʝʙʥʦ ʫʚʦʹʝˁʝ ʧʨʦʤʝʥʘ ʫ 

ʥʘʯʠʥʫ ʦʙʘʚˀʘˁʘ ʨʘʜʥʠʭ ʟʘʜʘʪʘʢʘ ʠʣʠ ʫ ʨʘʜʥʦʤ ʦʢʨʫʞʝˁʫ ʢʘʢʦ ʙʠ ʩʝ ʩʤʘˁʠʣʠ 

ʝʨʛʦʥʦʤʩʢʠ ʨʠʟʠʮʠ. 

¶ ʆʮʝʥʝ 5 ʠ 6 (ʥʘʨʘʥ˅ʘʩʪʘ ʙʦʿʘ) ʫʢʘʟʫʿʫ ʥʘ ʧʦʚʝ˂ʘʥ ʨʠʟʠʢ ʦʜ ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ 

ʙʦʣʝʩʪʠ, ʰʪʦ ʟʥʘʯʠ ʜʘ ʿʝ ʧʦʪʨʝʙʥʦ ʫʚʦʹʝˁʝ ʧʨʦʤʝʥʘ ʫ ʙʣʠʩʢʦʿ ʙʫʜʫ˂ʥʦʩʪʠ. 

ʇʦʩʪʦʿʝ˂ʠ ʫʩʣʦʚʠ ʨʘʜʘ ʫ ʢʦʿʠʤʘ ʩʝ ʦʙʘʚˀʘʿʫ ʤʦʥʪʘʞʥʝ ʘʢʪʠʚʥʦʩʪʠ ʤʦʛʫ ʜʦʚʝʩʪʠ 

ʜʦ ʦʟʙʠˀʥʠʭ ʟʜʨʘʚʩʪʚʝʥʠʭ ʧʨʦʙʣʝʤʘ ʫʢʦʣʠʢʦ ʩʝ ʥʝ ʫʚʝʜʫ ʧʨʦʤʝʥʝ. 

¶ ʆʮʝʥʘ 7 (ʮʨʚʝʥʘ ʙʦʿʘ) ʫʢʘʟʫʿʝ ʥʘ ʭʠʪʥʦʩʪ ʧʨʝʜʫʟʠʤʘˁʘ ʝʨʛʦʥʦʤʩʢʠʭ ʤʝʨʘ ʫ ʮʠˀʫ 

ʧʨʦʤʝʥʝ ʫʩʣʦʚʘ ʨʘʜʘ ʢʘʢʦ ʙʠ ʩʝ ʩʧʨʝʯʠʣʠ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠ ʧʦʨʝʤʝ˂ʘʿʠ ʠ ʜʨʫʛʘ 

ʧʨʦʬʝʩʠʦʥʘʣʥʘ ʦʙʦˀʝˁʘ. 

ʅʘ ʩʣʠʮʠ 5.2 ʧʨʝʜʩʪʘʚˀʝʥʘ ʿʝ ʤʝʪʦʜʦʣʦʛʠʿʘ. ʂʘʦ ʰʪʦ ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʩʘ ʩʣʠʢʝ, 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʠʩʪʨʘʞʠʚʘˁʘ ʩʫ ʩʝ ʠʟʚʦʜʠʣʘ ʫ ʜʚʘ ʩʮʝʥʘʨʠʿʘ - ʥʝʝʨʛʦʥʦʤʩʢʦʤ 

ʩʮʝʥʘʨʠʿʫ (ʥʘ ʪʨʘʜʠʮʠʦʥʘʣʥʦʿ ʨʘʜʥʦʿ ʩʪʘʥʠʮʠ) ʠ ʝʨʛʦʥʦʤʩʢʦʤ ʩʮʝʥʘʨʠʿʫ (ʥʘ ʧʨʝʜʣʦʞʝʥʦʿ 

ʥʦʚʦʿ ʨʘʜʥʦʿ ʩʪʘʥʠʮʠ). ʆʩʥʦʚʥʠ ʮʠˀ ʿʝ ʧʦʢʘʟʠʚʘˁʝ ʜʘ ʿʝ ʥʘ ʧʨʝʜʣʦʞʝʥʦʿ ʨʘʜʥʦʿ ʩʪʘʥʠʮʠ 

ʟʘ ʤʦʥʪʘʞʫ ʧʨʠʣʘʛʦʹʝʥʦʿ ʘʥʪʨʦʧʦʣʦʰʢʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ, ʩʧʦʩʦʙʥʦʩʪʠʤʘ ʠ 

ʦʛʨʘʥʠʯʝˁʠʤʘ ʨʘʜʥʠʢʘ ʝʣʠʤʠʥʠʩʘʥʦ ʥʝʘʜʝʢʚʘʪʥʦ ʜʨʞʘˁʝ ʪʝʣʘ ʠ ʠʟʚʦʹʝˁʝ 

ʥʝʝʨʛʦʥʦʤʩʢʠʭ ʧʦʢʨʝʪʘ. ʋ ʦʢʚʠʨʫ ʩʪʫʜʠʿʝ ʩʣʫʯʘʿʘ ʠʩʪʦʚʨʝʤʝʥʦ ʩʫ ʧʨʘ˂ʝʥʠ ʬʠʟʠʯʢʦ ʠ 

ʤʝʥʪʘʣʥʦ ʦʧʪʝʨʝ˂ʝˁʝ, ʧʦʢʨʝʪʠ ʪʝʣʘ ʠ ʦʯʠʿʫ, ʧʨʦʜʫʢʪʠʚʥʦʩʪ, ʜʝʬʝʢʪʠ ʠ ʟʘʜʦʚʦˀʩʪʚʦ 

ʠʩʧʠʪʘʥʠʢʘ ʢʘʢʦ ʙʠ ʩʝ ʧʦʢʘʟʘʣʦ ʜʘ ʧʦʩʪʦʿʠ ʟʥʘʯʘʿʥʘ ʢʦʨʝʣʘʮʠʿʘ ʠʟʤʝʹʫ ʩʚʠʭ ʥʘʚʝʜʝʥʠʭ 

ʧʘʨʘʤʝʪʘʨʘ. 

 

       

 

ʉʣʠʢʘ 5.2 ʄʝʪʦʜʦʣʦʛʠʿʘ 

ʋ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ ʠʩʪʨʘʞʠʚʘˁʫ ʘʢʪʠʚʥʦʩʪ ʤʠʰʠ˂ʘ ʿʝ ʧʨʘ˂ʝʥʘ ʪʦʢʦʤ ʠʟʚʦʹʝˁʘ 

ʧʦʥʘʚˀʘʿʫ˂ʠʭ ʠ ʤʦʥʦʪʦʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʩʢʣʘʧʘˁʘ ʫ ʦʙʘ ʩʮʝʥʘʨʠʿʘ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ. 

ʊʨʘʜʠʮʠʦʥʘʣʥʘ ʨʘʜʥʘ ʩʪʘʥʠʮʘ

ʦʙʘʚˀʘˁʝ ʘʢʪʠʚʥʦʩʪʠ ʫ ʩʝʜʝ˂ʝʤ ʧʦʣʦʞʘʿʫ ʪʝʣʘ

ʬʠʢʩʥʘ ʚʠʩʠʥʘ ʨʘʜʥʝ ʩʪʘʥʠʮʝ

ʬʠʢʩʘʥ ʨʘʩʧʦʨʝʜ ʢʣʘʩʝʨʘ ʩʘ ʜʝʣʦʚʠʤʘ ʠ 
ʢʦʤʧʦʥʝʥʪʘʤʘ

ʥʝʘʜʝʢʚʘʪʥʦ ʦʩʚʝʪˀʝˁʝ

ʠʥʩʪʨʫʢʮʠʿʝ ʫ ʧʘʧʠʨʥʦʤ ʬʦʨʤʘʪʫ

ʇʨʝʜʣʦʞʝʥʘ ʤʦʜʫʣʘʨʥʘ ʨʘʜʥʘ ʩʪʘʥʠʮʘ

ʦʙʘʚˀʘˁʝ ʘʢʪʠʚʥʦʩʪʠ ʫ ʩʝʜʝ˂ʝʤ ʠ ʩʪʘʿʘ˂ʝʤ 
ʧʦʣʦʞʘʿʫ ʪʝʣʘ

ʧʨʠʣʘʛʦʜˀʠʚʘ ʚʠʩʠʥʘ ʨʘʜʥʝ ʩʪʘʥʠʮʝ

ʧʨʠʣʘʛʦʜˀʠʚ ʨʘʩʧʦʨʝʜ ʢʣʘʩʝʨʘ ʩʘ ʜʝʣʦʚʠʤʘ ʠ 
ʢʦʤʧʦʥʝʥʪʘʤʘ

ʧʨʠʣʘʛʦʜˀʠʚʦ ʦʩʚʝʪˀʝˁʝ

ʠʥʩʪʨʫʢʮʠʿʝ ʧʨʝʢʦ ʝʢʨʘʥʘ ʦʩʝʪˀʠʚʦʛ ʥʘ ʜʦʜʠʨ

ʘʥʘʣʠʟʘ ɽʄɻ ʀ ɽɽɻ ʩʠʛʥʘʣʘ

ʝʨʛʦʥʦʤʩʢʘ ʘʥʘʣʠʟʘ -ʜʠʛʠʪʘʣʥʦ 
ʤʦʜʝʣʠʨʘˁʝ ˀʫʜʠ

ʘʥʘʣʠʟʘ ʚʨʝʤʝʥʘ ʦʙʘʚˀʘˁʘ 
ʤʦʥʪʘʞʥʠʭ ʘʢʪʠʚʥʦʩʪʠ

ʘʥʘʣʠʟʘ ʜʝʬʝʢʘʪʘ

ʟʘʜʦʚʦˀʩʪʚʦ ʠʩʧʠʪʘʥʠʢʘ
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ʄʠʰʠ˂ʥʘ ʘʢʪʠʚʥʦʩʪ ʿʝ ʧʨʘ˂ʝʥʘ ʧʦʩʪʘʚˀʘˁʝʤ ɽʄɻ ʩʝʥʟʦʨʘ ʥʘ ʪʨʘʧʝʟʥʝ ʤʠʰʠ˂ʝ ʥʘ ʚʨʘʪʫ 

ʠʩʧʠʪʘʥʠʢʘ ʩʘ ʣʝʚʝ ʠ ʜʝʩʥʝ ʩʪʨʘʥʝ (Savkoviĺ ʠ ʜʨʫʛʠ, 2022ʚ, Savkoviĺ ʠ ʜʨʫʛʠ, 2023ʙ). 

ʆʩʥʦʚʥʠ ʮʠˀ ʧʨʘ˂ʝˁʘ ʘʢʪʠʚʥʦʩʪʠ ʪʨʘʧʝʟʥʠʭ ʤʠʰʠ˂ʘ ʥʘ ʚʨʘʪʫ ʿʝ ʫʪʚʨʹʠʚʘˁʝ ʦʧʪʝʨʝ˂ʝˁʘ 

ʠ ʥʘʧʨʝʟʘˁʘ ʤʠʰʠ˂ʘ ʢʘʢʦ ʙʠ ʩʝ ʠʩʧʠʪʘʣʘ ʫʯʝʩʪʘʣʦʩʪ ʙʦʣʦʚʘ ʫ ʚʨʘʪʫ ʠ ʫʩʪʘʥʦʚʠʣʦ ʢʘʜʘ 

ʩʝ ʧʦʿʘʚˀʫʿʫ ʧʨʚʠ ʩʠʤʧʪʦʤʠ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠʭ ʧʦʨʝʤʝ˂ʘʿʘ. 

ʄʦʞʜʘʥʘ ʘʢʪʠʚʥʦʩʪ ʠʩʧʠʪʘʥʠʢʘ ʿʝ ʪʘʢʦʹʝ ʧʨʘ˂ʝʥʘ ʫ ʥʝʝʨʛʦʥʦʤʩʢʦʤ ʠ 

ʝʨʛʦʥʦʤʩʢʦʤ ʩʮʝʥʘʨʠʿʫ ʧʨʝʢʦ ɽɽɻ ʢʘʧʝ ʢʘʢʦ ʙʠ ʩʝ ʫʩʪʘʥʦʚʠʣʦ ʢʘʜʘ ʜʦʣʘʟʠ ʜʦ ʧʘʜʘ ʧʘʞˁʝ 

ʠ ʤʝʥʪʘʣʥʦʛ ʟʘʤʦʨʘ ʢʦʜ ʠʩʧʠʪʘʥʠʢʘ ʢʦʿʠ ʦʙʘʚˀʘʿʫ ʘʢʪʠʚʥʦʩʪʠ ʤʦʥʪʘʞʝ ʜʝʣʦʚʘ ʠ 

ʢʦʤʧʦʥʝʥʪʠ. ɽɽɻ ʤʝʪʦʜʘ ʩʧʘʜʘ ʫ ʿʝʜʥʫ ʦʜ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʠʭ ʤʝʪʦʜʘ ʟʘ ʧʨʦʮʝʥʫ 

ʤʝʥʪʘʣʥʦʛ ʟʘʤʦʨʘ ʫ ʥʘʫʯʥʦ-ʠʩʪʨʘʞʠʚʘʯʢʠʤ ʨʘʜʦʚʠʤʘ ʿʝʨ ʟʘ ʨʘʟʣʠʢʫ ʦʜ ʩʫʙʿʝʢʪʠʚʥʠʭ 

ʤʝʪʦʜʘ ɽɽɻ ʤʝʪʦʜʘ ʦʤʦʛʫ˂ʘʚʘ ʦʙʿʝʢʪʠʚʥʠ ʧʨʠʩʪʫʧ ʫ ʘʥʘʣʠʟʠ ʢʦʛʥʠʪʠʚʥʠʭ ʧʨʦʮʝʩʘ 

ʨʘʜʥʠʢʘ (Mijoviĺ ʠ ʜʨʫʛʠ, 2016 ʘ, ʙ; Murata ʠ ʜʨʫʛʠ, 2005).  

ʇʦʩʪʘʚˀʘˁʝʤ ʬʨʦʥʪʘʣʥʝ ʢʘʤʝʨʝ ʜʠʨʝʢʪʥʦ ʠʩʧʨʝʜ ʩʫʙʿʝʢʪʘ ʧʨʘ˂ʝʥʠ ʩʫ ʧʦʢʨʝʪʠ 

ʦʯʠʿʫ. ʊʘʢʦʹʝ, ʧʨʘ˂ʝʥʠ ʩʫ ʚʨʝʤʝ ʧʦʪʨʝʙʥʦ ʟʘ ʠʟʚʦʹʝˁʝ ʘʢʪʠʚʥʦʩʪʠ ʠ ʜʝʬʝʢʪʠ. 

ʇʨʦʜʫʢʪʠʚʥʦʩʪ ʿʝ ʧʨʘ˂ʝʥʘ ʧʨʝʢʦ ʚʨʝʤʝʥʘ ʧʦʪʨʝʙʥʦʛ ʟʘ ʩʘʩʪʘʚˀʘˁʝ ʧʨʦʠʟʚʦʜʘ ʘ ʜʝʬʝʢʪʠ 

ʧʨʝʢʦ ʯʝʢ ʣʠʩʪʝ. 

ʅʘʢʦʥ ʝʢʩʧʝʨʠʤʝʥʪʘ ʩʘ ʠʩʧʠʪʘʥʠʮʠʤʘ ʿʝ ʦʙʘʚˀʝʥ ʫʩʤʝʥʠ ʠʥʪʝʨʚʿʫ ʢʘʢʦ ʙʠ ʩʝ 

ʜʦʙʠʣʝ ʧʦʚʨʘʪʥʝ ʠʥʬʦʨʤʘʮʠʿʝ ʦʜ ʠʩʧʠʪʘʥʠʢʘ ʦ ˁʠʭʦʚʠʤ ʫʪʠʩʮʠʤʘ. ʀʩʧʠʪʘʥʠʮʠ ʩʫ 

ʧʠʪʘʥʠ ʜʘ ʣʠ ʩʫ ʦʩʝ˂ʘʣʠ ʬʠʟʠʯʢʠ ʠ ʤʝʥʪʘʣʥʠ ʟʘʤʦʨ ʪʦʢʦʤ ʦʙʘʚˀʘˁʘ ʤʦʥʪʘʞʥʠʭ 

ʘʢʪʠʚʥʦʩʪʠ ʫ ʦʙʘ ʩʮʝʥʘʨʠʿʘ, ʜʘ ʣʠ ʿʝ ʜʦʣʘʟʠʣʦ ʜʦ ʧʘʜʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʠ ʢʦʣʠʢʦ ʯʝʩʪʦ ʩʝ 

ʪʦ ʜʝʰʘʚʘʣʦ.  

ʅʝʢʦʣʠʢʦ ʜʘʥʘ ʥʘʢʦʥ ʝʢʩʧʝʨʠʤʝʥʪʘ, ʠʩʧʠʪʘʥʠʮʠʤʘ ʿ ʝ ʥʘ ʤʝʿʣ ʧʦʩʣʘʪ ʫʧʠʪʥʠʢ ʢʘʢʦ 

ʙʠ ʩʝ ʧʨʦʮʝʥʠʣʦ ʟʘʜʦʚʦˀʩʪʚʦ ʪʦʢʦʤ ʦʙʘʚˀʘˁʘ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʥʦʚʦʿ ʨʘʜʥʦʿ ʩʪʘʥʠʮʠ.  

ɸʥʢʝʪʘ ʿʝ ʫʢˀʫʯʠʚʘʣʘ ʧʠʪʘˁʘ ʦ ʨʘʟʣʠʯʠʪʠʤ ʘʩʧʝʢʪʠʤʘ ˁʠʭʦʚʦʛ ʠʩʢʫʩʪʚʘ ʪʦʢʦʤ 

ʦʙʘʚˀʘˁʘ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʥʦʚʦʿ ʨʘʜʥʦʿ ʩʪʘʥʠʮʠ - ʜʠʟʘʿʥ ʨʘʜʥʝ ʩʪʘʥʠʮʝ, ʦʙʘʚˀʘˁʝ ʨʘʜʥʠʭ 

ʘʢʪʠʚʥʦʩʪʠ, ʨʘʜʥʦ ʦʢʨʫʞʝˁʝ. ʇʦʩʝʙʥʘ ʧʘʞˁʘ ʿʝ ʧʦʩʚʝ˂ʝʥʘ ʧʠʪʘˁʠʤʘ ʚʝʟʘʥʠʤ ʟʘ 

ʟʘʜʦʚʦˀʩʪʚʦ ʧʨʝʜʣʦʞʝʥʦʤ ʥʦʚʦʤ ʨʘʜʥʦʤ ʩʪʘʥʠʮʦʤ ʠ ʟʘʜʦʚʦˀʩʪʚʦ ʫ ʧʦʛʣʝʜʫ ʤʝʪʦʜʘ 

ʨʘʜʘ. ʋʧʠʪʥʠʢ ʦ ʟʘʜʦʚʦˀʩʪʚʫ ʩʝ ʧʦʢʘʟʘʦ ʢʘʦ ʢʦʨʠʩʥʦ ʩʨʝʜʩʪʚʦ ʟʘ ʧʨʠʢʫʧˀʘˁʝ 

ʠʥʬʦʨʤʘʮʠʿʘ ʦʜ ʨʘʜʥʠʢʘ (Carlopio, 1991). ʋʧʠʪʥʠʮʠ ʩʫ ʯʝʩʪʦ ʧʨʠʤʝˁʠʚʘʥʘ ʤʝʪʦʜʘ ʫ 

ʥʘʫʯʥʠʤ ʨʘʜʦʚʠʤʘ ʟʘ ʧʨʠʢʫʧˀʘˁʝ ʠʥʬʦʨʤʘʮʠʿʘ ʦ ʩʪʘʚʦʚʠʤʘ ʠ ʧʝʨʮʝʧʮʠʿʘʤʘ ʨʘʜʥʠʢʘ 

(Kuorinka ʠ ʜʨʫʛʠ, 1987; Crawford, 2007). ʋ ʦʢʚʠʨʫ ʘʥʢʝʪʝ ʦʩʪʘʚˀʝʥ ʿʝ ʧʨʦʩʪʦʨ ʠ ʟʘ 

ʩʫʙʿʝʢʪʠʚʥʝ/ʦʙʿʝʢʪʠʚʥʝ ʩʫʛʝʩʪʠʿʝ ʦʜ ʩʪʨʘʥʝ ʠʩʧʠʪʘʥʠʢʘ ʫ ʩʤʠʩʣʫ ʤʦʛʫ˂ʠʭ ʫʥʘʧʨʝʹʝˁʘ 

ʨʘʜʥʦʛ ʧʨʦʮʝʩʘ ʠ ʨʘʜʥʝ ʩʪʘʥʠʮʝ. 

5.1 ʇʆʉʊɸɺʂɸ ɽʂʉʇɽʈʀʄɽʅʊɸ 

5.1.1 ʃʘʙʦʨʘʪʦʨʠʿʘ 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʠʩʪʨʘʞʠʚʘˁʝ ʿʝ ʩʧʨʦʚʝʜʝʥʦ ʫ ʧʝʨʠʦʜʫ ʦʜ ʤʘʨʪʘ 2022. ʜʦ ʤʘʨʪʘ 

2023. ʛʦʜʠʥʝ ʫ ʣʘʙʦʨʘʪʦʨʠʿʠ ʥʘ ʌʘʢʫʣʪʝʪʫ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ 

ʂʨʘʛʫʿʝʚʮʫ.  

ʋ ʪʨʘʜʠʮʠʦʥʘʣʥʦʤ ʩʮʝʥʘʨʠʿʫ ʠʩʧʠʪʘʥʠʮʠ ʩʫ ʦʙʘʚˀʘʣʠ ʤʦʥʪʘʞʥʝ ʘʢʪʠʚʥʦʩʪʠ ʫ 

ʫʩʣʦʚʠʤʘ ʘʥʘʣʦʛʥʠʤ ʨʝʘʣʥʦʤ ʠʥʜʫʩʪʨʠʿʩʢʦʤ ʦʢʨʫʞʝˁʫ. ʇʦʩʪʘʚˀʝʥʦ ʦʩʚʝʪˀʝˁʝ ʥʠʿʝ 

ʙʠʣʦ ʘʜʝʢʚʘʪʥʦ ʪʘʢʦ ʜʘ ʩʫ ʠʩʧʠʪʘʥʠʮʠ ʤʦʨʘʣʠ ʜʘ ʥʘʧʨʝʞʫ ʦʯʠ ʰʪʦ ʿʝ ʧʨʦʫʟʨʦʢʦʚʘʣʦ 

ʟʘʤʦʨ ʠ ʧʘʜ ʢʦʥʮʝʥʪʨʘʮʠʿʝ. ʊʘʢʦʹʝ, ʠʩʧʠʪʘʥʠʮʠ ʩʫ ʙʠʣʠ ʠʟʣʦʞʝʥʠ ʙʫʮʠ ʢʘʦ ʫ ʨʝʘʣʥʦʤ 

ʠʥʜʫʩʪʨʠʿʩʢʦʤ ʦʢʨʫʞʝˁʫ. ʊʦʢʦʤ ʠʟʚʦʹʝˁʘ ʝʢʩʧʝʨʠʤʝʥʪʘ ʫ ʪʨʘʜʠʮʠʦʥʘʣʥʦʤ ʩʮʝʥʘʨʠʿʫ 

ʧʨʦʩʪʦʨʠʿʘ ʥʠʿʝ ʙʠʣʘ ʢʣʠʤʘʪʠʟʦʚʘʥʘ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʥʠʿʝ ʙʠʣʘ ʦʧʪʠʤʘʣʥʘ (ʩʣʠʢʘ 5.3). 
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ʋ ʝʨʛʦʥʦʤʩʢʦʤ ʩʮʝʥʘʨʠʿʫ ʝʢʩʧʝʨʠʤʝʥʪ ʿʝ ʠʟʚʝʜʝʥ ʫ ʠʜʝʘʣʥʠʤ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʤ 

ʫʩʣʦʚʠʤʘ. ʃʘʙʦʨʘʪʦʨʠʿʘ ʫ ʢʦʿʦʿ ʩʫ ʚʨʰʝʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʠʩʪʨʘʞʠʚʘˁʘ ʿʝ 

ʢʣʠʤʘʪʠʟʦʚʘʥʘ, ʘ ʤʠʢʨʦʢʣʠʤʘʪʩʢʠ ʫʩʣʦʚʠ ʩʫ ʙʠʣʠ ʧʦʜ ʢʦʥʪʨʦʣʦʤ. ʊʝʤʧʝʨʘʪʫʨʘ ʿʝ 

ʦʜʨʞʘʚʘʥʘ ʥʘ 24 Ñ 1 Áʉ (ʩʣʠʢʘ 5.4), ʜʦʢ ʿʝ ʚʨʝʜʥʦʩʪ ʨʝʣʘʪʠʚʥʝ ʚʣʘʞʥʦʩʪʠ ʚʘʟʜʫʭʘ 

ʠʟʥʦʩʠʣʘ ʠʟʤʝʹʫ 40% ʠ 60%.  

 

 

 

 

 

 

 

 

 

 

ʉʣʠʢʘ 5.3 ʊʝʤʧʝʨʘʪʫʨʝ ʫ ʣʘʙʦʨʘʪʦʨʠʿʠ ʪʦʢʦʤ ʠʟʚʦʹʝˁʘ ʝʢʩʧʝʨʠʤʝʥʪʘ ʫ 

ʪʨʘʜʠʮʠʦʥʘʣʥʦʤ ʩʮʝʥʘʨʠʿʫ 

ʅʘ ʩʣʠʮʠ 5.4 ʩʫ ʧʨʠʢʘʟʘʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʫ ʣʘʙʦʨʘʪʦʨʠʿʠ ʪʦʢʦʤ ʠʟʚʦʹʝˁʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘ ʫ ʝʨʛʦʥʦʤʩʢʦʤ ʩʮʝʥʘʨʠʿʫ. 

 

 

 

 

 

 

 

 

 

ʉʣʠʢʘ 5.4 ʊʝʤʧʝʨʘʪʫʨʘ ʫ ʣʘʙʦʨʘʪʦʨʠʿʠ ʪʦʢʦʤ ʠʟʚʦʹʝˁʘ ʝʢʩʧʝʨʠʤʝʥʪʘ ʫ ʝʨʛʦʥʦʤʩʢʦʤ 

ʩʮʝʥʘʨʠʿʫ 

ʅʘ ʧʨʝʜʣʦʞʝʥʦʿ ʨʘʜʥʦʿ ʩʪʘʥʠʮʠ ʫʛʨʘʹʝʥʦ ʿʝ ʭʦʤʦʛʝʥʦ LED ʦʩʚʝʪˀʝˁʝ, ʢʦʿʝ 

ʧʨʦʠʟʚʦʜʠ ʩʘʤʦ ʤʝʢʝ ʩʝʥʢʝ, ʢʦʿʝ ʤʘˁʝ ʦʧʪʝʨʝ˂ʫʿʫ ʦʯʠ, ʩʘ ʤʦʛʫ˂ʥʦʰ˂ʫ ʧʦʜʝʰʘʚʘˁʘ ʙʝʣʝ 

ʩʚʝʪʣʦʩʪʠ (ʪʦʧʣʦ ʙʝʣʘ, ʙʝʣʘ ʠ ʭʣʘʜʥʦ ʙʝʣʘ). ʋ ʦʚʦʤ ʩʮʝʥʘʨʠʿʫ ʠʩʧʠʪʘʥʠʮʠ ʥʠʩʫ ʙʠʣʠ 

ʠʟʣʦʞʝʥʠ ʙʫʮʠ. ʅʘ ʚʨʘʪʠʤʘ ʣʘʙʦʨʘʪʦʨʠʿʝ ʿʝ ʙʠʦ ʧʦʩʪʘʚˀʝʥ ʥʘʪʧʠʩ ʜʘ ʥʠʿʝ ʜʦʟʚʦˀʝʥ 

ʫʣʘʟʘʢ ʫ ʣʘʙʦʨʘʪʦʨʠʿʫ ʟʘ ʚʨʝʤʝ ʪʨʘʿʘˁʘ ʝʢʩʧʝʨʠʤʝʥʪʘ. 
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5.1.2 ʆʧʨʝʤʘ 

ʆʧʨʝʤʘ ʟʘ ʧʨʘ˂ʝˁʝ ʤʠʰʠ˂ʥʝ ʘʢʪʠʚʥʦʩʪʠ 

ɽʣʝʢʪʨʦʤʠʦʨʘʬʠʿʘ ʧʦʜʨʘʟʫʤʝʚʘ ʩʥʠʤʘˁʝ ʠ ʘʥʘʣʠʟʫ ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʛʥʘʣʘ 

ʠʟʚʝʜʝʥʠʭ ʠʟ ʤʠʰʠ˂ʘ ʠ ˁʠʭʦʚʠʭ ʤʦʪʦʨʠʯʢʠʭ ʿʝʜʠʥʠʮʘ, ʫ ʤʠʨʦʚʘˁʫ ʠ ʪʦʢʦʤ ʜʦʙʨʦʚʦˀʥʝ 

ʢʦʥʪʨʘʢʮʠʿʝ. ɽʣʝʢʪʨʦʤʠʦʛʨʘʬʠʿʦʤ ʿʝ ʧʨʘ˂ʝʥʘ ʘʢʪʠʚʥʦʩʪ ʪʨʘʧʝʟʥʠʭ ʤʠʰʠ˂ʘ ʪʦʢʦʤ 

ʩʢʣʘʧʘˁʘ ʜʝʣʦʚʘ ʠ ʢʦʤʧʦʥʝʥʪʠ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ ʪʦʢʦʤ ʦʙʘ ʩʮʝʥʘʨʠʿʘ ʧʦʿʝʜʠʥʘʯʥʦ 

ʧʨʝʢʦ ɽʄɻ ʩʝʥʟʦʨʘ ʪʠʧʘ MuscleBAN ʢʦʤʧʘʥʠʿʝ PLUX Biosignals ʠʟ ʇʦʨʪʫʛʘʣʠʿʝ ʢʘʢʦ ʙʠ 

ʩʝ ʫʪʚʨʜʠʣʦ ʦʧʪʝʨʝ˂ʝˁʝ ʠ ʥʘʧʨʝʟʘˁʝ ʦʚʠʭ ʤʠʰʠ˂ʘ ʪʦʢʦʤ ʦʙʘʚˀʘˁʘ ʤʦʥʪʘʞʥʠʭ 

ʘʢʪʠʚʥʦʩʪʠ (Savkoviĺ ʠ ʜʨʫʛʠ, 2022ʚ).  

ʅʘ ʩʣʠʮʠ 5.5 ʩʫ ʧʨʠʢʘʟʘʥʝ ʦʙʝ ʩʪʨʘʥʝ ɽʄɻ ʫʨʝʹʘʿʘ ʢʦʿʠ ʿʝ ʢʦʨʠʰ˂ʝʥ ʫ 

ʝʢʩʧʝʨʠʤʝʥʪʫ. 

 

 

 

 

  

 

 

ʉʣʠʢʘ 5.5 MuscleBAN BE ʫʨʝʹʘʿ (ʧʨʝʫʟʝʪʦ ʩʘ Plux Biosignals, MuscleBAN BE)  

ʆʚʘʿ ʙʝʞʠʯʥʠ ʫʨʝʹʘʿ ʩʘ ʜʦʤʝʪʦʤ ʜʦ 10 m ʢʦʤʙʠʥʫʿʝ ʿʝʜʥʦʢʘʥʘʣʥʠ ɽʄɻ ʩʝʥʟʦʨ, 

ʪʨʠʘʢʩʠʿʘʣʥʠ ʘʢʮʝʣʝʨʦʤʝʪʘʨ ʠ ʤʘʛʥʝʪʦʤʝʪʘʨ ʠ ʥʘ ʪʘʿ ʥʘʯʠʥ ʦʤʦʛʫ˂ʘʚʘ ʘʢʚʠʟʠʮʠʿʫ 

ʧʦʜʘʪʘʢʘ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ ʩʘ ʨʝʟʦʣʫʮʠʿʦʤ ʜʦ 16 bit-ʘ ʠ  ʙʨʟʠʥʦʤ ʫʟʦʨʢʦʚʘˁʘ ʜʦ 1,000 

Hz. ʂʘʦ ʛʣʘʚʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʦʚʦʛ ʫʨʝʹʘʿʘ ʤʦʛʫ ʩʝ ʥʘʚʝʩʪʠ ʜʘ ʿʝ ʣʘʛʘʥ ʠ ʤʘʣʠ, ʪʘʢʦ ʜʘ 

ʩʝ ʤʦʞʝ ʥʦʩʠʪʠ ʙʝʟ ʠʟʘʟʠʚʘˁʘ ʙʠʣʦ ʢʘʢʚʝ ʥʝʧʨʠʿʘʪʥʦʩʪʠ ʢʦʜ ʠʩʧʠʪʘʥʠʢʘ ʠʣʠ ʦʤʝʪʘˁʘ 

ʦʙʘʚˀʘˁʘ ʘʢʪʠʚʥʦʩʪʠ ʪʦʢʦʤ ʪʨʘʿʘˁʘ ʝʢʩʧʝʨʠʤʝʥʪʘ. ɼʦʤʝʪ ʜʦ 10 m ʫʢʘʟʫʿʝ ʜʘ ʥʝʤʘ 

ʧʦʪʨʝʙʝ ʟʘ ʞʠʮʘʤʘ, ʢʦʿʝ ʙʠ ʦʤʝʪʘʣʝ ʠʩʧʠʪʘʥʠʢʝ ʪʦʢʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘ ʠ ʧʨʦʫʟʨʦʢʦʚʘʣʝ 

ʰʫʤʦʚʝ. ʋ ʪʘʙʝʣʠ 5.1 ʩʫ ʧʨʠʢʘʟʘʥʝ ʦʩʥʦʚʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ɽʄɻ ʩʝʥʟʦʨʘ ʧʨʝʫʟʝʪʝ ʠʟ 

ʫʧʫʪʩʪʚʘ ʟʘ ʫʧʦʪʨʝʙʫ (PluxBiosignals, MuscleBAN BE). 

ʊʘʙʝʣʘ 5.1 ʆʩʥʦʚʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ MuscleBAN BE ʫʨʝʹʘʿʘ 

ʆʩʥʦʚʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ɽʄɻ ʩʝʥʟʦʨʘ 

ɼʠʤʝʥʟʠʿʝ 28x70x12mm 

ʊʝʞʠʥʘ 25g 

ɼʦʤʝʪ ʜʦ ~10 m 

ACC ʨʝʟʦʣʫʮʠʿʘ 14-bit 

MAG ʨʝʟʦʣʫʮʠʿʘ 16-bit 

EMG ʨʝʟʦʣʫʮʠʿʘ 12-bit 

ʐʫʤ ɽʄɻ ʩʠʛʥʘʣʘ 3µV 

ɹʘʪʝʨʠʿʘ 
155mA 3.7 LiPo ʧʫˁʠʚʘ (ʦʤʦʛʫ˂ʘʚʘ 

ʜʦ 8 h ʥʝʧʨʝʢʠʜʥʦʛ ʬʫʥʢʮʠʦʥʠʩʘˁʘ) 
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ɽʄɻ ʩʝʥʟʦʨʠ ʩʫ ʧʦʩʪʘʚˀʝʥʠ ʥʘ ʧʦʚʨʰʠʥʠ ʢʦʞʝ ʠʟʥʘʜ ʪʨʘʧʝʟʥʠʭ ʤʠʰʠ˂ʘ ʩʘ ʣʝʚʝ 

ʠ ʜʝʩʥʝ ʩʪʨʘʥʝ ʚʨʘʪʘ ʠʩʧʠʪʘʥʠʢʘ ʢʘʢʦ ʙʠ ʩʝ ʧʨʘʪʠʣʘ ʘʢʪʠʚʥʦʩʪ ʤʠʰʠ˂ʘ ʪʦʢʦʤ ʦʙʘʚˀʘˁʘ 

ʤʦʥʪʘʞʥʠʭ ʟʘʜʘʪʘʢʘ. ʇʦʚʨʰʠʥʩʢʘ ʝʣʝʢʪʨʦʤʠʦʛʨʘʬʠʿʘ ʠʤʘ ʚʝʣʠʢʫ ʧʨʠʤʝʥʫ ʫ 

ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʫ ʠʥʜʫʩʪʨʠʿʠ ʿʝʨ ʟʘ ʨʘʟʣʠʢʫ ʦʜ ʝʣʝʢʪʨʦʤʠʦʛʨʘʬʠʿʝ ʠʛʣʦʤ ʦʚʘ ʤʝʪʦʜʘ ʥʝ 

ʠʟʘʟʠʚʘ ʙʦʣʦʚʝ ʢʦʜ ʠʩʧʠʪʘʥʠʢʘ ʠ ʥʝ ʟʘʭʪʝʚʘ ʧʨʠʩʫʩʪʚʦ ʤʝʜʠʮʠʥʩʢʦʛ ʦʩʦʙˀʘ.  

ʊʦʢʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘ ʢʦʨʠʰ˂ʝʥʘ ʿʝ ʩʧʝʮʠʿʘʣʥʦ ʬʦʨʤʫʣʠʩʘʥʘ ʛʝʣ ʧʘʩʪʘ ʩʘ 

ʝʣʝʢʪʨʦʣʠʪʠʤʘ, ʧʦʜ ʥʘʟʠʚʦʤ GEL 101. 0,5% ʬʠʟʠʦʣʦʰʢʠ ʨʘʩʪʚʦʨ ʿʝ ʜʦʜʘʪ ʫ ʥʝʫʪʨʘʣʥʫ 

ʙʘʟʫ ʢʘʢʦ ʙʠ ʩʝ ʩʪʚʦʨʠʣʘ ʠʟʦʪʦʥʠʯʥʘ, 0,05 ʤʦʣʘʨʥʘ NaCl ʧʘʩʪʘ. ʆʚʘʿ ʛʝʣ ʠʤʘ ʥʝʦʛʨʘʥʠʯʝʥ 

ʨʦʢ ʪʨʘʿʘˁʘ, ʰʪʦ ʛʘ ʯʠʥʠ ʧʦʛʦʜʥʠʤ ʟʘ ʧʨʠʤʝʥʫ ʫ ʝʢʩʧʝʨʠʤʝʥʪʠʤʘ ʢʦʿʠ ʜʫʛʦ ʪʨʘʿʫ 

(ELECTRODE GEL, ISOTONIC). ʅʘ ʩʣʠʮʠ 5.6 ʿʝ ʧʨʠʢʘʟʘʥ ʛʝʣ ʢʦʿʠ ʿʝ ʢʦʨʠʰ˂ʝʥ ʫ 

ʠʩʪʨʘʞʠʚʘˁʫ. 

 

ʉʣʠʢʘ 5.6 ɻʝʣ ʩʘ ʝʣʝʢʪʨʦʣʠʪʠʤʘ (ʧʨʝʫʟʝʪʦ ʩʘ https://www.biopac.com/product/electrode-

gel-isotonic-114-g) 

ʇʨʝ ʧʦʩʪʘʚˀʘˁʘ ʩʝʥʟʦʨʘ ʢʦʞʘ ʦʢʦ ʛʦʨˁʠʭ ʪʨʘʧʝʟʥʠʭ ʤʠʰʠ˂ʘ ʠʩʧʠʪʘʥʠʢʘ ʿʝ 

ʦʯʠʰ˂ʝʥʘ ʠ ʜʝʟʠʥʬʠʢʦʚʘʥʘ ʪʫʬʝʨʠʤʘ ʥʘʪʦʧˀʝʥʠʤ ʘʣʢʦʭʦʣʦʤ. ʅʘ ɽʄɻ ʩʝʥʟʦʨʝ ʿʝ 

ʥʘʥʝʩʝʥʘ ʤʘʣʘ ʢʦʣʠʯʠʥʘ ʛʝʣʘ ʩʘ ʝʣʝʢʪʨʦʣʠʪʠʤʘ ʠ ʥʘʢʦʥ ʪʦʛʘ ʩʝʥʟʦʨʠ ʩʫ ʧʦʩʪʘʚˀʝʥʠ ʥʘ 

ʪʨʘʧʝʟʥʝ ʤʠʰʠ˂ʝ ʩʘ ʣʝʚʝ ʠ ʜʝʩʥʝ ʩʪʨʘʥʝ ʠʩʧʠʪʘʥʠʢʘ ʠ ʧʨʠʯʚʨʰ˂ʝʥʠ ʤʝʜʠʮʠʥʩʢʠʤ 

ʬʣʘʩʪʝʨʦʤ (ʩʣʠʢʘ 5.7). 

 

ʉʣʠʢʘ 5.7 ʇʦʩʪʘʚˀʘˁʝ ɽʄɻ ʩʝʥʟʦʨʘ ʥʘ ʛʦʨˁʝ ʪʨʘʧʝʟʥʝ ʤʠʰʠ˂ʝ 
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ɽʄɻ ʫʨʝʹʘʿ ʿʝ ʧʦʚʝʟʘʥ ʧʨʝʢʦ bluetooth-ʘ ʩʘ Open Signals ʩʦʬʪʚʝʨʦʤ ʠʥʩʪʘʣʠʨʘʥʠʤ 

ʥʘ ʣʘʧʪʦʧʫ. ʆʜ ʠʩʧʠʪʘʥʠʢʘ ʿʝ ʟʘʪʨʘʞʝʥʦ ʜʘ ʧʨʝ ʧʦʯʝʪʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘ ʠʟʚʝʜʫ ʥʝʢʝ 

ʦʩʥʦʚʥʝ ʧʦʢʨʝʪʝ ʢʘʦ ʰʪʦ ʿʝ ʧʦʜʠʟʘˁʝ ʨʫʢʝ ʥʘ ʛʦʨʝ ʠ ʫ ʩʪʨʘʥʫ ʢʘʢʦ ʙʠ ʧʦʪʚʨʜʠʦ ʜʘ ɽʄɻ 

ʫʨʝʹʘʿ ʬʫʥʢʮʠʦʥʠʰʝ ʢʘʢʦ ʿʝ ʧʨʝʜʚʠʹʝʥʦ. ɽʄɻ ʧʨʦʪʦʢʦʣ ʿʝ ʜʘʪ ʫ ʧʨʠʣʦʛʫ ʜʠʩʝʨʪʘʮʠʿʝ. 

Open Signals ʿʝ ʩʦʬʪʚʝʨʩʢʦ ʨʝʰʝˁʝ ʢʦʿʝ ʠʤʘ ʫʣʦʛʫ ʫ ʩʥʠʤʘˁʫ, ʦʙʨʘʜʠ ʠ ʘʥʘʣʠʟʠ 

ʙʠʦʩʠʛʥʘʣʘ. ʆʚʘʿ ʩʦʬʪʚʝʨ ʦʤʦʛʫ˂ʘʚʘ ʠʥʪʝʛʨʘʮʠʿʫ ʠ ʚʠʟʫʝʣʠʟʘʮʠʿʫ ʧʦʜʘʪʘʢʘ ʫ ʨʝʘʣʥʦʤ 

ʚʨʝʤʝʥʫ ʠ ʠʤʘ ʧʨʠʤʝʥʫ ʫ ʥʘʫʯʥʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʧʦʩʝʙʥʦ ʫ ʙʠʦʤʝʜʠʮʠʥʩʢʦʤ 

ʠʥʞʝˁʝʨʠʥʛʫ, ʥʝʫʨʦʝʨʛʦʥʦʤʠʿʠ ʠ ʩʧʦʨʪʫ. 

ɻʣʘʚʥʝ ʬʫʥʢʮʠʿʝ OpenSignals ʩʦʬʪʚʝʨʘ ʫʢˀʫʯʫʿʫ: 

¶ ʇʨʠʢʫʧˀʘˁʝ ɽʄɻ ʧʦʜʘʪʘʢʘ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ ʫ ʮʠˀʫ ʧʨʘ˂ʝˁʘ ʬʠʟʠʦʣʦʰʢʠʭ 

ʨʝʘʢʮʠʿʘ ʠʩʧʠʪʘʥʠʢʘ. 

¶ ɺʠʟʫʝʣʠʟʘʮʠʿʫ ɽʄɻ ʩʠʛʥʘʣʘ - ʩʦʬʪʚʝʨ ʦʤʦʛʫ˂ʘʚʘ ʚʠʟʫʝʣʠʟʘʮʠʿʫ ʧʦʜʘʪʘʢʘ ʫ 

ʦʙʣʠʢʫ ʪʘʣʘʩʘ ʠʣʠ ʢʨʠʚʠʭ ʣʠʥʠʿʘ ʫ ʚʨʝʤʝʥʩʢʦʿ ʩʢʘʣʠ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ. ɺʠʟʫʝʣʥʠ 

ʧʨʠʢʘʟ ʦʤʦʛʫ˂ʘʚʘ ʧʦʩʤʘʪʨʘˁʝ ʢʘʢʦ ʩʝ ʤʠʰʠ˂ ʘʢʪʠʚʠʨʘ ʠ ʦʧʫʰʪʘ ʪʦʢʦʤ ʠʟʚʦʹʝˁʘ 

ʨʘʟʣʠʯʠʪʠʭ ʧʦʢʨʝʪʘ, ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʢʨʦʟ ʧʦʨʘʩʪ ʠ ʧʘʜ ʘʤʧʣʠʪʫʜʝ ʩʠʛʥʘʣʘ ʠ 

ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʚʘʨʠʿʘʮʠʿʘ ʫ ʩʠʛʥʘʣʫ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʤʦʛʫ˂ʝ ʿʝ ʧʨʘʪʠʪʠ ʧʨʦʤʝʥʝ ʫ 

ʘʢʪʠʚʥʦʩʪʠ ʤʠʰʠ˂ʘ ʫ ʨʘʟʣʠʯʠʪʠʤ ʚʨʝʤʝʥʩʢʠʤ ʧʝʨʠʦʜʠʤʘ- ʥʘ ʧʦʯʝʪʢʫ, ʥʘ ʩʨʝʜʠʥʠ 

ʠ ʥʘ ʢʨʘʿʫ ʝʢʩʧʝʨʠʤʝʥʪʘ. 

¶ ʌʠʣʪʨʠʨʘˁʝ ʠ ʦʙʨʘʜʫ ʧʦʜʘʪʘʢʘ, ʫʢʣʘˁʘˁʝ ʰʫʤʦʚʘ, ʯʠʤʝ ʩʝ ʦʤʦʛʫ˂ʘʚʘ ʜʦʙʠʿʘˁʝ 

ʧʦʫʟʜʘʥʠʿʠʭ ʧʦʜʘʪʘʢʘ ʟʘ ʜʘˀʫ ʘʥʘʣʠʟʫ. 

ʅʘ ʩʣʠʮʠ 5.8 ʿʝ ʧʨʠʢʘʟʘʥʘ ʚʠʟʫʝʣʠʟʘʮʠʿʘ ɽʄɻ ʩʠʛʥʘʣʘ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ. ʇʣʘʚʘ 

ʣʠʥʠʿʘ ʧʨʝʜʩʪʘʚˀʘ ʛʨʘʬʠʯʢʠ ʧʨʠʢʘʟ ʩʠʨʦʚʦʛ ɽʄɻ ʩʠʛʥʘʣʘ ʦʜʥʦʩʥʦ ʧʨʠʢʘʟʫʿʝ ʤʠʰʠ˂ʥʫ 

ʘʢʪʠʚʥʦʩʪ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ. ʇʠʢʦʚʠ ʫʢʘʟʫʿʫ ʥʘ ʧʦʿʘʯʘʥʫ ʤʠʰʠ˂ʥʫ ʘʢʪʠʚʥʦʩʪ, ʦʜʥʦʩʥʦ 

ʧʦʚʝ˂ʘʥʝ ʤʠʰʠ˂ʥʝ ʢʦʥʪʨʘʢʮʠʿʝ. ʐʪʦ ʿʝ ʧʠʢ ʚʠʰʠ, ʪʦ ʿʝ ʝʣʝʢʪʨʠʯʥʘ ʘʢʪʠʚʥʦʩʪ ʫ ʤʠʰʠ˂ʫ 

ʠʥʪʝʥʟʠʚʥʠʿʘ, ʰʪʦ ʜʘˀʝ ʫʢʘʟʫʿʝ ʥʘ ʿʘʯʫ ʢʦʥʪʨʘʢʮʠʿʫ ʤʠʰʠ˂ʘ. ɺʠʩʦʢʠ ʧʠʢʦʚʠ ʤʦʛʫ 

ʫʢʘʟʠʚʘʪʠ ʥʘ ʟʘʤʦʨ ʤʠʰʠ˂ʘ, ʜʦ ʢʦʿʝʛ ʜʦʣʘʟʠ ʫʩʣʝʜ ʠʟʚʦʹʝˁʘ ʬʠʟʠʯʢʠ ʟʘʭʪʝʚʥʠʭ 

ʘʢʪʠʚʥʦʩʪʠ ʢʘʦ ʰʪʦ ʿʝ ʧʦʜʠʟʘˁʝ ʪʝʨʝʪʘ ʠʣʠ ʠʟʚʦʹʝˁʝ ʥʘʛʣʠʭ ʧʦʢʨʝʪʘ. ɺʝ˂ʘ ʫʯʝʩʪʘʣʦʩʪ 

ʧʠʢʦʚʘ ʟʥʘʯʠ ʜʘ ʤʠʰʠ˂ ʥʠʿʝ ʠʤʘʦ ʜʦʚʦˀʥʦ ʚʨʝʤʝʥʘ ʟʘ ʦʧʫʰʪʘˁʝ ʠʟʤʝʹʫ ʢʦʥʪʨʘʢʮʠʿʘ. 

 

ʉʣʠʢʘ 5.8 ɺʠʟʫʝʣʠʟʘʮʠʿʘ ɽʄɻ ʩʠʛʥʘʣʘ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ 
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ʇʨʦʮʝʩʠʨʘˁʝ ɽʄɻ ʧʦʜʘʪʘʢʘ 

ʇʦʚʨʰʠʥʩʢʦʤ ʝʣʝʢʪʨʦʤʠʦʛʨʘʬʠʿʦʤ ʿʝ ʧʨʘ˂ʝʥʘ ʤʠʰʠ˂ʥʘ ʘʢʪʠʚʥʦʩʪ ʪʦʢʦʤ 

ʢʦʥʪʨʘʢʮʠʿʝ ʠ ʨʝʣʘʢʩʘʮʠʿʝ ʢʘʢʦ ʙʠ ʩʝ ʩʪʝʢʘʦ ʫʚʠʜ ʫ ʥʘʧʨʝʟʘˁʝ ʤʠʰʠ˂ʘ ʠ ʬʠʟʠʯʢʠ ʟʘʤʦʨ. 

ɼʦʙʠʿʝʥʝ ʚʨʝʜʥʦʩʪʠ ʝʣʝʢʪʨʠʯʥʝ ʘʢʪʠʚʥʦʩʪʠ ʩʫ ʟʘʪʠʤ ʘʥʘʣʠʟʠʨʘʥʝ ʠ ʠʟʨʘʯʫʥʘʪʠ ʩʫ 

ʟʥʘʯʘʿʥʠ ʧʘʨʘʤʝʪʨʠ ʢʘʦ ʰʪʦ ʩʫ ʤʘʢʩʠʤʘʣʥʘ, ʤʠʥʠʤʘʣʥʘ ʠ ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ ʩʠʛʥʘʣʘ, 

ʤʘʢʩʠʤʘʣʥʘ, ʩʨʝʜˁʘ ʠ ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ ʠʩʧʨʘʚˀʝʥʦʛ ʩʠʛʥʘʣʘ ʠ ʩʨʝʜˁʠ ʢʚʘʜʨʘʪʥʠ ʢʦʨʝʥ. 

ɸʥʘʣʠʟʦʤ ɽʄɻ ʩʠʛʥʘʣa ʤʦʞʝ ʩʝ ʫʩʪʘʥʦʚʠʪʠ ʜʘ ʣʠ ʩʫ ʤʠʰʠ˂ʠ ʧʨʝʦʧʪʝʨʝ˂ʝʥʠ. 

ʇʨʦʮʝʩ ʦʙʨʘʜʝ ɽʄɻ ʩʠʛʥʘʣʘ ʫʢˀʫʯʫʿʝ ʥʝʢʦʣʠʢʦ ʢʦʨʘʢʘ. ʇʨʚʠ ʢʦʨʘʢ ʿʝ ʧʨʠʤʝʥʘ 

ʬʠʣʪʝʨʘ ʟʘ ʫʢʣʘˁʘˁʝ ʘʨʪʝʬʘʢʘʪʘ, ʦʜʥʦʩʥʦ ʥʝʞʝˀʝʥʠʭ ʩʤʝʪˁʠ ʢʦʿʝ ʤʦʛʫ ʥʘʩʪʘʪʠ ʫʩʣʝʜ 

ʧʦʢʨʝʪʘ ʪʝʣʘ ʠʣʠ ʩʧʦˀʘʰˁʠʭ ʫʪʠʮʘʿʘ ʠ ʧʦʙʦˀʰʘˁʝ ʢʚʘʣʠʪʝʪʘ ʩʠʛʥʘʣʘ. ʆʚʦ ʧʦʜʨʘʟʫʤʝʚʘ 

ʧʨʠʤʝʥʫ ʥʠʩʢʦʧʨʦʧʫʩʥʠʭ ʠ ʚʠʩʦʢʦʧʨʦʧʫʩʥʠʭ ʬʠʣʪʝʨʘ, ʢʘʢʦ ʙʠ ʩʝ ʩʠʛʥʘʣ ʧʨʦʯʠʩʪʠʦ ʦʜ 

ʰʫʤʦʚʘ ʢʦʿʠ ʤʦʛʫ ʫʪʠʮʘʪʠ ʥʘ ʜʘˀʫ ʘʥʘʣʠʟʫ.  

ʉʠʨʦʚʠ ʝʣʝʢʪʨʠʯʥʠ ʧʦʜʘʮʠ ʢʦʿʠ ʩʝ ʜʦʙʠʿʘʿʫ ʪʦʢʦʤ ʩʥʠʤʘˁʘ ɽʄɻ ʩʝʥʟʦʨʠʤʘ ʯʝʩʪʦ 

ʩʘʜʨʞʝ ʥʝʞʝˀʝʥʝ ʢʦʤʧʦʥʝʥʪʝ ʢʘʦ ʰʪʦ ʩʫ ʘʨʪʝʬʘʢʪʠ ʢʦʿʠ ʥʘʩʪʘʿʫ ʫʩʣʝʜ ʧʦʢʨʝʪʘ ʠ ʜʨʫʛʠʭ 

ʩʤʝʪˁʠ ʠʟ ʩʧʦˀʥʝ ʩʨʝʜʠʥʝ, ʧʘ ʿʝ ʥʝʦʧʭʦʜʥʦ ʧʨʠʤʝʥʠʪʠ ʬʠʣʪʨʠʨʘˁʝ ʢʘʢʦ ʙʠ ʩʝ ʠʟʦʣʦʚʘʦ 

ʢʦʨʠʩʪʘʥ ʩʠʛʥʘʣ. ɺʝ˂ʠʥʘ ɽʄɻ ʩʠʛʥʘʣʘ ʩʝ ʥʘʣʘʟʠ ʫ ʬʨʝʢʚʝʥʮʠʿʩʢʦʤ ʦʧʩʝʛʫ ʦʜ 0 ʜʦ 500 

Hz, ʧʨʠ ʯʝʤʫ ʩʝ ʜʦʤʠʥʘʥʪʥʘ ʝʥʝʨʛʠʿʘ ʢʦʜ ʚʝ˂ʠʥʝ ˀʫʜʠ ʿʘʚˀʘ ʫ ʠʥʪʝʨʚʘʣʫ ʦʜ 10 ʜʦ 250 

Hz.  

ɿʘ ʝʬʠʢʘʩʥʦ ʬʠʣʪʨʠʨʘˁʝ ɽʄɻ ʩʠʛʥʘʣʘ, ʧʨʝʧʦʨʫʯʫʿʝ ʩʝ ʧʦʩʪʘʚˀʘˁʝ 

ʚʠʩʦʢʦʧʨʦʧʫʩʥʦʛ ʬʠʣʪʨʘ ʥʘ ʦʢʦ 10 Hz ʢʘʢʦ ʙʠ ʩʝ ʝʣʠʤʠʥʠʩʘʣʠ ʘʨʪʝʬʘʢʪʠ. ʆʚʘʿ ʢʦʨʘʢ 

ʦʤʦʛʫ˂ʘʚʘ ʜʦʙʠʿʘˁʝ ʯʠʩʪʠʿʠʭ ʧʦʜʘʪʘʢʘ ʢʦʿʠ ʩʫ ʧʦʛʦʜʥʠ ʟʘ ʜʘˀʫ ʦʙʨʘʜʫ ʠ ʘʥʘʣʠʟʫ. ʀʟ 

ʬʠʣʪʨʠʨʘʥʠʭ ɽʄɻ ʧʦʜʘʪʘʢʘ ʤʦʛʫ ʩʝ ʠʟʚʫ˂ʠ ʨʘʟʣʠʯʠʪʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʢʦʿʝ ʩʫ ʢʦʨʠʩʥʝ ʟʘ 

ʧʨʦʮʝʥʫ ʘʢʪʠʚʥʦʩʪʠ ʤʠʰʠ˂ʘ ʠ ʟʘʤʦʨʘ. ʆʚʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʤʦʛʫ ʙʠʪʠ ʘʥʘʣʠʟʠʨʘʥʝ ʫ ʪʨʠ 

ʨʘʟʣʠʯʠʪʘ ʜʦʤʝʥʘ: ʚʨʝʤʝʥʩʢʦʤ, ʬʨʝʢʚʝʥʮʠʿʩʢʦʤ ʠ ʚʨʝʤʝʥʩʢʦ-ʬʨʝʢʚʝʥʪʥʦʤ ʜʦʤʝʥʫ. 

ʋ ʥʘʨʝʜʥʦʿ ʬʘʟʠ, ʩʠʛʥʘʣʠ ʩʫ ʥʦʨʤʘʣʠʟʦʚʘʥʠ ʧʨʝʤʘ ʨʝʬʝʨʝʥʪʥʦʿ ʚʨʝʜʥʦʩʪʠ, ʰʪʦ 

ʦʤʦʛʫ˂ʘʚʘ ʧʦʨʝʹʝˁʝ ʧʦʜʘʪʘʢʘ ʠʟʤʝʹʫ ʨʘʟʣʠʯʠʪʠʭ ʠʩʧʠʪʘʥʠʢʘ. ɸʥʘʣʠʟʠʨʘʥʠ ʩʫ 

ʨʘʟʣʠʯʠʪʠ ʧʘʨʘʤʝʪʨʠ ʢʘʢʦ ʙʠ ʩʝ ʙʦˀʝ ʨʘʟʫʤʝʣʘ ʜʠʥʘʤʠʢʘ ʤʠʰʠ˂ʥʝ ʘʢʪʠʚʥʦʩʪʠ. 

ɸʥʘʣʠʟʦʤ ʩʫ ʫʪʚʨʹʝʥʝ ʤʘʢʩʠʤʘʣʥʝ, ʤʠʥʠʤʘʣʥʝ ʠ ʩʨʝʜˁʝ ʚʨʝʜʥʦʩʪʠ ʩʠʛʥʘʣʘ, ʢʘʦ ʠ 

ʤʘʢʩʠʤʘʣʥʘ ʠ ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ ʠʩʧʨʘʚˀʝʥʦʛ ʩʠʛʥʘʣʘ. ʇʦʨʝʜ ʪʦʛʘ, ʠʟʨʘʯʫʥʘʪ ʿʝ ʠ ʩʨʝʜˁʠ 

ʢʚʘʜʨʘʪʥʠ ʢʦʨʝʥ, ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʘʥ ʦʜ ʥʘʿʧʦʫʟʜʘʥʠʿʠʭ ʠʥʜʠʢʘʪʦʨʘ ʥʘʧʨʝʟʘˁʘ 

ʤʠʰʠ˂ʘ. ʌʨʝʢʚʝʥʮʠʿʩʢʠ ʧʘʨʘʤʝʪʨʠ ʢʘʦ ʰʪʦ ʩʫ ʤʝʜʠʿʘʥʘ ʠ ʩʨʝʜˁʘ ʬʨʝʢʚʝʥʮʠʿʘ ʪʘʢʦʹʝ ʩʫ 

ʘʥʘʣʠʟʠʨʘʥʠ ʢʘʢʦ ʙʠ ʩʝ ʫʪʚʨʜʠʦ ʟʘʤʦʨ ʤʠʰʠ˂ʘ. 

 

ʆʧʨʝʤʘ ʟʘ ʧʨʘ˂ʝˁʝ ʤʦʞʜʘʥʝ ʘʢʪʠʚʥʦʩʪʠ 

ʅʘ ʛʣʘʚʫ ʠʩʧʠʪʘʥʠʢʘ ʿʝ ʧʦʩʪʘʚˀʝʥʘ ɽɽɻ ʢʘʧʘ ʩʘ 24 ʝʣʝʢʪʨʦʜʝ, ʢʘʢʦ ʙʠ ʩʝ ʠʟʤʝʨʠʦ 

ʘʢʮʠʦʥʠ ʧʦʪʝʥʮʠʿʘʣ ʥʝʫʨʦʥʘ (ʩʣʠʢʘ 5.9 (ʘ)). ʇʨʘ˂ʝʥʘ ʿʝ ʤʦʞʜʘʥʘ ʘʢʪʠʚʥʦʩʪ ʫ ʬʨʦʥʪʘʣʥʦ ʿ

(AFz, Fz, Fp1, Fp2, F3, F4, F7 i F8), ʮʝʥʪʨʘʣʥʦ ʿ(Cz, CPz, C3 i C4), ʪʝʤʧʦʨʘʣʥʦ ʿ(T7, T8), 

ʧʘʨʠʿʝʪʘʣʥʦ ʿ(CPz, Pz , P3, P4, P7, P8) ʠ ʦʢʮʠʧʠʪʘʣʥʦ ʿ(O1 i O2) ʨʝʛʠʿʠ ʠ ʨʝʛʠʿʠ ʩʨʝʜˁʝʛ 

ʤʦʟʛʘ (ʄ1 ʠ ʄ2). ɽʣʝʢʪʨʦʜʝ ʩʫ ʣʦʢʘʮʠʿʩʢʠ ʧʦʩʪʘʚˀʝʥʝ ʥʘ ʢʘʧʠ ʫ ʩʢʣʘʜʫ ʩʘ ʤʝʹʫʥʘʨʦʜʥʦ 

ʧʨʠʟʥʘʪʠʤ ʩʠʩʪʝʤʦʤ ʟʘ ʧʦʟʠʮʠʦʥʠʨʘˁʝ ʝʣʝʢʪʨʦʜʘ 10-20. FCz ʿʝ ʙʠʣʘ ʨʝʬʝʨʝʥʪʥʘ 

ʝʣʝʢʪʨʦʜʘ, ʘ ʫʟʝʤˀʝʥʘ ʝʣʝʢʪʨʦʜʘ ʿʝ ʙʠʣʘ ʧʦʩʪʘʚˀʝʥʘ ʥʘ ʧʦʟʠʮʠʿʫ Fpz. ɿʘ ʩʥʠʤʘˁʝ ɽɽɻ 

ʩʠʛʥʘʣʘ ʢʦʨʠʰ˂ʝʥ ʿʝ SMARTING ʙʝʞʠʯʥʠ 24-ʢʘʥʘʣʥʠ ɽɽɻ ʩʠʩʪʝʤ ʩʘ ʬʨʝʢʚʝʥʮʠʿʦʤ 

ʫʟʨʦʢʦʚʘˁʘ 250 Hz. ɽɽɻ ʢʘʧʘ ʿʝ ʧʦʚʝʟʘʥʘ ʩʘ ʤʦʙʠʣʥʠʤ Smarting ʧʦʿʘʯʠʚʘʯʝʤ ʢʦʤʧʘʥʠʿʝ 

mBrainTrain LLC (ɹʝʦʛʨʘʜ, ʉʨʙʠʿʘ) ʯʠʿʝ ʩʫ ʜʠʤʝʥʟʠʝʿ 85 × 51 × 12 mm ʘ ʪʝʞʠʥa 60 g 

(ʩʣʠʢʘ 5.9 (ʙ)). ɽɽɻ ʧʨʦʪʦʢʦʣ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥ ʫ ʧʨʠʣʦʛʫ ʜʠʩʝʨʪʘʮʠʿʝ. 

 



113 

 

 

 

 

 

 

 

 

                       

ʉʣʠʢʘ 5.9 (ʘ) ɽɽɻ ʢʘʧʘ, (ʙ) ʣʦʢʘʣʠʟʘʮʠʿʘ ʝʣʝʢʪʨʦʜʘ ʥʘ ɽɽɻ ʢʘʧʠ 

ʅʘ ʩʣʠʮʠ 5.10 ʧʨʠʢʘʟʘʥʦ ʿʝ ʧʦʩʪʘʚˀʘˁʝ ɽɽɻ ʦʧʨʝʤʝ ʥʘ ʛʣʘʚʫ ʠʩʧʠʪʘʥʠʢʘ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʉʣʠʢʘ 5.10 ʇʦʩʪʘʚˀʘˁʝ ɽɽɻ ʦʧʨʝʤʝ 

ʂʦʤʫʥʠʢʘʮʠʿʘ ʠʟʤʝʹʫ SMARTING ʩʠʩʪʝʤʘ ʠ ʨʘʯʫʥʘʨʘ ʿʝ ʫʩʧʦʩʪʘʚˀʝʥʘ ʧʨʝʢʦ 

bluetooth ʚʝʟʝ. ʇʨʝʜʥʦʩʪʠ ʢʦʨʠʰ˂ʝˁʘ ɽɽɻ ʩʠʩʪʝʤʘ ʩʝ ʦʛʣʝʜʘʿʫ ʫ ʪʦʤʝ ʜʘ ʩʝ ʘʢʚʠʟʠʮʠʿʘ 

ʧʦʜʘʪʘʢʘ ʦʙʘʚˀʘ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ, ʙʝʟ ʦʤʝʪʘˁʘ ʠʩʧʠʪʘʥʠʢʘ ʪʦʢʦʤ ʦʙʘʚˀʘˁʘ 

ʤʦʥʪʘʞʥʠʭ ʘʢʪʠʚʥʦʩʪʠ. ʂʘʢʦ ʙʠ ʩʝ ʦʙʝʟʙʝʜʠʦ ʦʧʪʠʤʘʣʘʥ ʢʚʘʣʠʪʝʪ ɽɽɻ ʩʠʛʥʘʣʘ ʪʦʢʦʤ 

ʩʥʠʤʘˁʘ, ʧʨʦʮʝʜʫʨʘ ʿʝ ʥʘʣʘʛʘʣʘ ʜʘ ʠʤʧʝʜʘʥʩʝ ʝʣʝʢʪʨʦʜa ʫ ʩʦʬʪʚʝʨʫ ʟʘ ʘʢʚʠʟʠʮʠʿʫ ɽɽɻ 

ʧʦʜʘʪʘʢʘ ʤʦʨʘʿʫ ʙʠʪʠ ʧʦʜʝʰʝʥʝ ʥʘ ʚʨʝʜʥʦʩʪ ʠʩʧʦʜ 10 kÝ.  

ɱʝʜʘʥ ʦʜ ʚʝ˂ʠʭ ʠʟʘʟʦʚʘ ʿʝ ʙʠʣʘ ʩʠʥʭʨʦʥʠʟʘʮʠʿʘ ʩʚʠʭ ʝʣʝʤʝʥʘʪʘ ʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʿ 

ʧʦʩʪʘʚʮʠ, ʢʘʢʦ ʙʠ ʩʝ ʦʙʝʟʙʝʜʠʣʘ ʧʨʝʮʠʟʥʦʩʪ ʩʥʠʤˀʝʥʠʭ ʧʦʜʘʪʘʢʘ. ɿʘ ʩʠʥʭʨʦʥʠʟʘʮʠʿʫ ʿʝ 

ʢʦʨʠʰ˂ʝʥ ʧʦʩʝʙʘʥ ʩʦʬʪʚʝʨ/API  ʧʘʢʝʪ, ʧʦʜ ʥʘʟʠʚʦʤ Streamer software - Lab Streaming 
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Layer (LSL), ʢʦʿʠ ʦʤʦʛʫ˂ʘʚʘ ʢʦʥʪʠʥʫʠʨʘʥʫ ʩʠʥʭʨʦʥʠʟʘʮʠʿʫ ʧʨʠʢʫʧˀʝʥʠʭ ʧʦʜʘʪʘʢʘ ʩʘ 

ʚʠʰʝ ʫʨʝʹʘʿʘ.  

 

ʇʨʝʪʧʨʦʮʝʩʠʨʘˁʝ ɽɽɻ ʧʦʜʘʪʘʢʘ 

ɽɽɻ ʩʠʛʥʘʣʠ ʩʫ ʧʨʝʪʭʦʜʥʦ ʦʙʨʘʹʝʥʠ ʠ ʘʥʘʣʠʟʠʨʘʥʠ ʧʦʤʦ˂ʫ EEGLAB-ʘ (MATLAB-

ʘ) (Delorme ʠ Scott, 2004). ʇʨʝʜʧʨʦʮʝʩʠʨʘˁʝ ɽɽɻ ʩʠʛʥʘʣʘ ʧʨʝʜʩʪʘʚˀʘ ʢˀʫʯʥʠ ʢʦʨʘʢ ʫ 

ʦʙʨʘʜʠ, ʢʦʿʠ ʦʙʝʟʙʝʹʫʿʝ ʧʨʝʮʠʟʥʦʩʪ ʠ ʧʦʫʟʜʘʥʦʩʪ ʧʦʜʘʪʘʢʘ ʟʘ ʜʘˀʫ ʘʥʘʣʠʟʫ.  

ɽɽɻ ʩʠʛʥʘʣʠ ʩʫ ʚʝʦʤʘ ʦʩʝʪˀʠʚʠ ʥʘ ʘʨʪʝʬʘʢʪʝ ʠ ʙʫʢʫ. ɸʨʪʝʬʘʢʘʪʠ ʫ ɽɽɻ 

ʩʠʛʥʘʣʠʤʘ ʤʦʛʫ ʟʥʘʯʘʿʥʦ ʫʪʠʮʘʪʠ ʥʘ ʨʝʟʫʣʪʘʪʝ ʝʢʩʧʝʨʠʤʝʥʪʘ, ʟʙʦʛ ʯʝʛʘ ʿʝ ʚʘʞʥʦ ˁʠʭʦʚʦ 

ʝʣʠʤʠʥʠʩʘˁʝ. ʆʥʠ ʥʘʩʪʘʿʫ ʠʟ ʪʝʭʥʠʯʢʠʭ ʨʘʟʣʦʛʘ ʠʣʠ ʫʩʣʝʜ ʧʦʥʘʰʘˁʘ ʠ ʘʢʪʠʚʥʦʩʪʠ 

ʩʫʙʿʝʢʪʘ. ʎʠˀ ʧʨʝʜʧʨʦʮʝʩʠʨʘˁʘ ʿʝ ʫʢʣʘˁʘˁʝ ʥʝʞʝˀʝʥʠʭ ʘʨʪʝʬʘʢʘʪʘ ʠ ʰʫʤʦʚʘ ʠ 

ʧʦʙʦˀʰʘˁʝ ʢʚʘʣʠʪʝʪʘ ʩʠʛʥʘʣʘ. 

ʆʩʥʦʚʥʠ ʢʦʨʘʮʠ ʫ ʧʨʝʜʧʨʦʮʝʩʠʨʘˁʫ ɽɽɻ ʩʠʛʥʘʣʘ ʫʢˀʫʯʫʿʫ (ʩʣʠʢʘ 5.11): 

¶ ʧʨʦʧʫʩʥʦ ʬʠʣʪʨʠʨʘˁʝ 

¶ ʠʥʪʝʨʧʦʣʘʮʠʿʫ ʣʦʰʠʭ ʢʘʥʘʣʘ 

¶ ʫʢʣʘˁʘˁʝ ʘʨʪʝʬʘʢʘʪʘ ʢʦʨʠʰ˂ʝˁʝʤ ʘʣʛʦʨʠʪʤʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʧʦʜʧʨʦʩʪʦʨʘ 

ʘʨʪʝʬʘʢʪʘ  

¶ ʫʢʣʘˁʘˁʝ ʘʨʪʝʬʘʢʘʪʘ ʢʨʦʟ ʘʥʘʣʠʟʫ ʥʝʟʘʚʠʩʥʠʭ ʢʦʤʧʦʥʝʥʪʠ. 

 

ʉʣʠʢʘ 5.11 ɼʠʿʘʛʨʘʤ ʪʦʢʘ ʬʘʟʝ ʦʙʨʘʜʝ ɽɽɻ-ʘ 

ɽɽɻ ʩʠʛʥʘʣʠ ʩʫ ʧʨʚʦ ʬʠʣʪʨʠʨʘʥʠ ʫ ʦʧʩʝʛʫ 1 - 40 Hz (ʩʣʠʢʘ 5.12). ʌʠʣʪʨʠʨʘˁʝ 

ʩʠʛʥʘʣʘ ʩʝ ʩʧʨʦʚʦʜʠ ʢʘʢʦ ʙʠ ʩʝ ʩʤʘˁʠʦ ʫʪʠʮʘʿ ʘʨʪʝʬʘʢʘʪʘ ʢʘʦ ʰʪʦ ʩʫ ʧʦʢʨʝʪʠ ʦʯʠʿʫ ʠ 

ʙʫʢʘ. ɿʘ ʫʢʣʘˁʘˁʝ ʘʨʪʝʬʘʢʘʪʘ ʧʨʠʤʝˁʫʿʫ ʩʝ ʨʘʟʣʠʯʠʪʝ ʤʝʪʦʜʝ. ʆʚʠ ʘʨʪʝʬʘʢʪʠ ʩʝ ʤʦʛʫ 

ʨʫʯʥʦ ʠʜʝʥʪʠʬʠʢʦʚʘʪʠ, ʘʣʠ ʫ ʧʦʩʣʝʜˁʝ ʚʨʝʤʝ ʩʝ ʧʨʘʢʪʠʢʫʿʝ ʘʫʪʦʤʘʪʩʢʦ ʦʪʢʨʠʚʘˁʝ 

ʘʨʪʝʬʘʢʘʪʘ (ʧʨʠʤʝʥʦʤ ʥʠʩʢʦʧʨʦʧʫʩʥʠʭ, ʚʠʩʦʢʦʧʨʦʧʫʩʥʠʭ ʠ ʦʧʩʝʞʥʠʭ ʬʠʣʪʝʨʘ).  

ʋʢʦʣʠʢʦ ʿʝ ʥʝʢʠ ʦʜ ɽɽɻ ʢʘʥʘʣʘ ʦʰʪʝ˂ʝʥ ʠʣʠ ʩʘʜʨʞʠ ʰʫʤ, ʤʦʛʫ˂ʝ ʛʘ ʿʝ ʜʝʪʝʢʪʦʚʘʪʠ 

ʠ ʟʘʤʝʥʠʪʠ ʠʥʪʝʨʧʦʣʘʮʠʿʦʤ ʥʘ ʦʩʥʦʚʫ ʩʫʩʝʜʥʠʭ ʢʘʥʘʣʘ, ʯʠʤʝ ʩʝ ʦʙʝʟʙʝʹʫʿʝ 

ʢʦʥʟʠʩʪʝʥʪʥʦʩʪ ʩʠʛʥʘʣʘ. ʀʥʪʝʨʧʦʣʘʮʠʿʘ ʣʦʰʠʭ ʢʘʥʘʣʘ ʿʝ ʫʨʘʹʝʥʘ ʧʦʤʦ˂ʫ ʬʫʥʢʮʠʿʝ 

ʌʠʣʪʨʠʨʘˁʝ ʦʧʩʝʛʘ 1- 40 Hz

ɼʝʪʝʢʮʠʿʘ ʣʦʰʠʭ ʢʘʥʘʣʘ ʠ ʠʥʪʝʨʧʦʣʘʮʠʿʘ

ʈʝʢʦʥʩʪʨʫʢʮʠʿʘ ʧʦʜʧʨʦʩʪʦʨʘ ʘʨʪʝʬʘʢʘʪʘ (ʝʥʛʣ. 
Artifact subspace reconstruction- ASR)

ɸʥʘʣʠʟʘ ʥʝʟʘʚʠʩʥʠʭ ʢʦʤʧʦʥʝʥʪʠ (ʝʥʛʣ. 
Independent component analysis - ICA)
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pop_interp() ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʢʘʤʘ 5.13 ʠ 5.14. ʎʨʚʝʥʝ ʣʠʥʠʿʝ ʧʨʝʜʩʪʘʚˀʘʿʫ 

ʦʨʠʛʠʥʘʣʥʝ ʣʦʝh ʢʘʥʘʣʝ.  

 

ʉʣʠʢʘ 5.12 ʌʠʣʪʨʠʨʘˁʝ ʦʧʩʝʛʘ 1- 40 Hz 

 

 

ʉʣʠʢʘ 5.13 ʀʥʪʝʨʧʦʣʘʮʠʿʘ ʣʦʰʠʭ ʢʘʥʘʣʘ 

ɸʨʪʝʬʘʢʪʠ ʩʫ ʘʫʪʦʤʘʪʩʢʠ ʫʢʣʦˁʝʥʠ ʢʦʨʠʰ˂ʝˁʝʤ ʘʣʛʦʨʠʪʤʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ 

ʧʦʜʧʨʦʩʪʦʨʘ ʘʨʪʝʬʘʢʪʘ (ʝʥʛʣ. Artifact Subspace Reconstruction - ASR), ʠʤʧʣʝʤʝʥʪʠʨʘʥʦʛ ʫ 

ʬʫʥʢʮʠʿʫ pop_clean_rawdata ().ɼʘˀʝ ʫʢʣʘˁʘˁʝ ʘʨʪʝʬʘʢʘʪʘ ʿʝ ʫʨʘʹʝʥʦ ʨʫʯʥʦ ʢʨʦʟ 

ʘʥʘʣʠʟʫ ʥʝʟʘʚʠʩʥʠʭ ʢʦʤʧʦʥʝʥʪʠ (ʝʥʛʣ. Independent Component Analysis - ICA), ʦʜʘʙʠʨʦʤ 

ʥʝʞʝˀʝʥʠʭ ʢʦʤʧʦʥʝʥʪʠ ʘʨʪʝʬʘʢʘʪʘ. ʉʚʠ ʢʦʨʘʮʠ ʩʫ ʠʟʚʝʜʝʥʠ ʫʟ ʧʦʤʦ˂ ʫʛʨʘʹʝʥʠʭ 

ʬʫʥʢʮʠʿʘ ʫ EEGLAB - ʫ.  
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ʉʣʠʢʘ 5.14 ʀʥʪʝʨʧʦʣʘʮʠʿʘ ʣʦʰʠʭ ʢʘʥʘʣʘ 

ɽɽɻ ʧʦʜʘʮʠ ʩʫ ʛʨʫʧʠʩʘʥʠ ʫ ʨʘʟʣʠʯʠʪʝ ʬʨʝʢʚʝʥʪʥʝ ʦʧʩʝʛʝ:  

¶ ɼʝʣʪʘ (0.5-4 Hz)  

¶ ʊʝʪʘ (4-8 Hz) 

¶ ɸʣʬʘ (8-12 Hz) 

¶ ɹʝʪʘ (13-29 Hz) 

¶ ɻʘʤʘ (25-45 Hz). 

ɽɽɻ ʩʠʛʥʘʣʠ ʩʫ ʨʝʬʝʨʝʥʮʠʨʘʥʠ ʥʘ ˁʠʭʦʚʫ ʧʨʦʩʝʯʥʫ ʚʨʝʜʥʦʩʪ. ɽʢʩʪʨʘʢʮʠʿʘ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʿʝ ʜʘˀʠ ʢʦʨʘʢ ʥʘʢʦʥ ʬʘʟʝ ʧʨʝ-ʧʨʦʮʝʩʠʨʘˁʘ ɽɽɻ ʩʠʛʥʘʣʘ. 

ʂʚʘʥʪʠʬʠʢʘʮʠʿʘ ʤʝʥʪʘʣʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʠʩʧʠʪʘʥʠʢʘ ʪʦʢʦʤ ʠʟʚʦʹʝˁʘ ʤʝʥʪʘʣʥʦ 

ʟʘʭʪʝʚʥʠʭ, ʧʦʥʘʚˀʘʿʫ˂ʠʭ ʘʢʪʠʚʥʦʩʪʠ ʩʢʣʘʧʘˁʘ ʫ ʦʙʘ ʩʮʝʥʘʨʠʿʘ ʿʝ ʠʟʚʨʰʝʥʘ ʢʦʨʠʰ˂ʝˁʝʤ 

ʪʨʠ ʠʥʜʝʢʩʘ. ɿʘ ʩʚʘʢʫ ʩʝʩʠʿʫ, ʠʟʨʘʯʫʥʘʪʘ ʩʫ ʪʨʠ ʨʘʟʣʠʯʠʪʘ ɽɽɻ ʠʥʜʝʢʩʘ ʥʘ ʦʩʥʦʚʫ 

ʨʘʟʣʠʯʠʪʠʭ ʢʦʤʙʠʥʘʮʠʿʘ ʩʥʘʛʘ ʬʨʝʢʚʝʥʮʠʿʩʢʦʛ ʦʧʩʝʛʘ ɽɽɻ-ʘ.  

ʅʘ ʩʣʠʮʠ 5.15 ʜʘʪ ʿʝ ʪʦʧʦʛʨʘʬʩʢʠ ʧʨʠʢʘʟ ʜʠʩʪʨʠʙʫʮʠʿʝ ʝʣʝʢʪʨʠʯʥʝ ʘʢʪʠʚʥʦʩʪʠ ʧʦ 

ʧʦʚʨʰʠʥʠ ʤʦʟʛʘ. ʊʦʧʦʛʨʘʬʠʿʘ ʧʨʝʜʩʪʘʚˀʘ ʪʝʭʥʠʢʫ ʚʠʟʫʝʣʠʟʘʮʠʿʝ ʤʦʞʜʘʥʠʭ ʘʢʪʠʚʥʦʩʪʠ 

ʫ ʨʘʟʣʠʯʠʪʠʤ ʬʨʝʢʚʝʥʮʠʿʩʢʠʤ ʦʧʩʝʟʠʤʘ (ʜʝʣʪʘ, ʪʝʪʘ, ʘʣʬʘ, ʙʝʪʘ ʠ ʛʘʤʘ ʪʘʣʘʩʠ) ʫ 

ʨʘʟʣʠʯʠʪʠʤ ʜʝʣʦʚʠʤʘ ʤʦʟʛʘ. ʆʚʘ ʤʝʪʦʜʘ ʧʨʫʞʘ ʜʝʪʘˀʘʥ ʫʚʠʜ ʫ ʧʨʦʩʪʦʨʥʫ ʨʘʩʧʦʜʝʣʫ 

ʤʦʞʜʘʥʠʭ ʪʘʣʘʩʘ ʠ ʦʤʦʛʫ˂ʘʚʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʦʙʣʘʩʪʠ ʧʦʚʝ˂ʘʥʝ ʠʣʠ ʩʤʘˁʝʥʝ 

ʘʢʪʠʚʥʦʩʪʠ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʢʦʛʥʠʪʠʚʥʦʛ ʩʪʘˁʘ ʠʩʧʠʪʘʥʠʢʘ. 
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ʉʣʠʢʘ 5.15 ʊʦʧʦʛʨʘʬʩʢʠ ʧʨʠʢʘʟ ʜʠʩʪʨʠʙʫʮʠʿʝ ʝʣʝʢʪʨʠʯʥʝ ʘʢʪʠʚʥʦʩʪʠ ʧʦ ʧʦʚʨʰʠʥʠ 

ʤʦʟʛʘ 

ʇʨʘ˂ʝˁʝʤ ʧʨʦʤʝʥʘ ʫ ʤʦʞʜʘʥʦʿ ʘʢʪʠʚʥʦʩʪʠ ʪʦʢʦʤ ʦʙʘʚˀʘˁʘ ʟʘʜʘʪʢʘ ʤʦʥʪʘʞʝ 

ʫʪʚʨʹʫʿʝ ʩʝ ʢʘʜʘ ʜʦʣʘʟʠ ʜʦ ʤʝʥʪʘʣʥʦʛ ʟʘʤʦʨʘ ʠ ʧʘʞˁʝ ʠ ʢʦʿʝ ʘʢʪʠʚʥʦʩʪʠ ʧʦʩʝʙʥʦ 

ʟʘʭʪʝʚʘʿʫ ʬʦʢʫʩ ʠ ʢʦʥʮʝʥʪʨʘʮʠʿʫ (Biondi ʠ ʜʨʫʛʠ, 2021). ʊʦʧʦʛʨʘʬʩʢʝ ʤʘʧʝ ʧʨʠʢʘʟʫʿʫ 

ʧʨʦʤʝʥʝ ʫ ɽɽɻ ʩʠʛʥʘʣʫ ʪʦʢʦʤ ʚʨʝʤʝʥʘ, ʰʪʦ ʿʝ ʧʦʩʝʙʥʦ ʟʥʘʯʘʿʥʦ ʟʘ ʧʨʘ˂ʝˁʝ ʤʝʥʪʘʣʥʦʛ 

ʟʘʤʦʨʘ ʠʣʠ ʨʝʘʢʮʠʿʘ ʥʘ ʨʘʟʣʠʯʠʪʝ ʩʪʠʤʫʣʫʩʝ. ʇʨʦʤʝʥʝ ʫ ʘʤʧʣʠʪʫʜʠ ʠ ʬʨʝʢʚʝʥʮʠʿʠ 

ʩʠʛʥʘʣʘ ʤʦʛʫ ʩʝ ʚʠʟʫʘʣʠʟʦʚʘʪʠ ʢʘʦ ʧʨʦʤʝʥʝ ʙʦʿʘ ʫ ʪʦʧʦʛʨʘʬʩʢʠʤ ʤʘʧʘʤʘ. ʈʘʟʣʠʯʠʪʝ ʙʦʿʝ 

ʦʤʦʛʫ˂ʘʚʘʿʫ ʣʘʢʰʝ ʨʘʟʫʤʝʚʘˁʝ ʜʠʩʪʨʠʙʫʮʠʿʝ ʠ ʠʥʪʝʥʟʠʪʝʪʘ ʘʢʪʠʚʥʦʩʪʠ ʫ ʨʘʟʣʠʯʠʪʠʤ 

ʜʝʣʦʚʠʤʘ ʤʦʟʛʘ ʿʝʨ ʩʫ ʨʘʟʣʠʯʠʪʝ ʙʦʿʝ ʧʦʚʝʟʘʥʝ ʩʘ ʨʘʟʣʠʯʠʪʠʤ ʥʠʚʦʠʤʘ ʘʢʪʠʚʥʦʩʪʠ. 

ʉʚʝʪʣʦ ʧʣʘʚʘ ʙʦʿʘ ʦʟʥʘʯʘʚʘ ʥʠʞʫ ʘʢʪʠʚʥʦʩʪ ʫ ʦʜʨʝʹʝʥʠʤ ʜʝʣʦʚʠʤʘ ʤʦʟʛʘ, ʰʪʦ ʤʦʞʝ 

ʫʢʘʟʘʪʠ ʥʘ ʩʤʘˁʝʥʫ ʘʥʛʘʞʦʚʘʥʦʩʪ ʠʣʠ ʦʧʫʰʪʝʥʦʩʪ. ʊʘʤʥʦ ʧʣʘʚʘ ʙʦʿʘ ʦʟʥʘʯʘʚʘ ʥʘʿʥʠʞʫ 

ʘʢʪʠʚʥʦʩʪ ʫ ʤʦʟʛʫ. ʅʘʨʘʥ˅ʘʩʪʘ ʙʦʿʘ ʧʨʝʜʩʪʘʚˀʘ ʫʤʝʨʝʥʠ ʥʠʚʦ ʘʢʪʠʚʥʦʩʪʠ, ʜʦʢ ʟʝʣʝʥʘ 

ʙʦʿʘ ʫʢʘʟʫʿʝ ʥʘ ʚʠʩʦʢ ʩʪʝʧʝʥ ʘʥʛʘʞʦʚʘʥʦʩʪʠ ʦʜʥʦʩʥʦ ʚʠʰʫ ʤʝʥʪʘʣʥʫ ʘʢʪʠʚʥʦʩʪ ʫ ʪʠʤ 

ʨʝʛʠʦʥʠʤʘ. 

ʎʨʚʝʥʘ ʙʦʿʘ ʫʢʘʟʫʿʝ ʥʘ ʥʘʿʚʠʰʠ ʥʠʚʦ ʘʢʪʠʚʥʦʩʪʠ ʤʦʟʛʘ ʫ ʪʦʧʦʛʨʘʬʩʢʠʤ 

ʧʨʠʢʘʟʠʤʘ. ʆʚʘ ʙʦʿʘ ʦʟʥʘʯʘʚʘ ʦʙʣʘʩʪʠ ʩʘ ʚʝʦʤʘ ʚʠʩʦʢʦʤ ʘʢʪʠʚʥʦʰ˂ʫ ʤʦʟʛʘ, ʰʪʦ ʤʦʞʝ 

ʫʢʘʟʘʪʠ ʥʘ ʚʠʩʦʢ ʥʠʚʦ ʢʦʛʥʠʪʠʚʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʫ ʪʠʤ ʨʝʛʠʦʥʠʤʘ. ɾʫʪʘ ʙʦʿʘ ʦʟʥʘʯʘʚʘ 

ʧʦʚʝ˂ʘʥʫ ʘʢʪʠʚʥʦʩʪ ʤʦʟʛʘ ʪʿ. ʟʦʥʫ ʠʥʪʝʥʟʠʚʥʝ ʤʦʞʜʘʥʝ ʘʢʪʠʚʥʦʩʪʠ, ʘʣʠ ʩʘ ʥʝʰʪʦ ʥʠʞʠʤ 

ʠʥʪʝʥʟʠʪʝʪʦʤ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʮʨʚʝʥʦʤ ʙʦʿʦʤ. ʆʚʘ ʙʦʿʘ ʫʢʘʟʫʿʝ ʥʘ ʘʢʪʠʚʥʦʩʪ ʢʦʿʘ ʩʝ ʿʘʚˀʘ 

ʧʨʠ ʫʤʝʨʝʥʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ ʠ ʢʦʛʥʠʪʠʚʥʦʤ ʦʧʪʝʨʝ˂ʝˁʫ.  

ʇʦʢʨʝʪʠ ʦʯʠʿʫ ʠ ʤʦʞʜʘʥʘ ʘʢʪʠʚʥʦʩʪ ʩʫ ʫ ʢʦʨʝʣʘʮʠʿʠ, ʘ ʪʦ ʩʝ ʧʦʩʝʙʥʦ ʤʦʞʝ ʫʦʯʠʪʠ 

ʪʦʢʦʤ ʦʙʘʚˀʘˁʘ ʨʘʜʥʠʭ ʟʘʜʘʪʘʢʘ ʢʦʿʠ ʟʘʭʪʝʚʘʿʫ ʧʘʞˁʫ ʠ ʢʦʥʮʝʥʪʨʘʮʠʿʫ ʢʘʦ ʰʪʦ ʩʫ 

ʤʦʥʪʘʞʥʝ ʘʢʪʠʚʥʦʩʪʠ. ʂʘʜʘ ʩʝ ʦʯʠ ʬʦʢʫʩʠʨʘʿʫ ʥʘ ʦʜʨʝʹʝʥʫ ʪʘʯʢʫ, ʧʦʚʝ˂ʘʚʘ ʩʝ ʘʢʪʠʚʥʦʩʪ 

ʫ ʦʢʮʠʧʠʪʘʣʥʦʿ ʨʝʛʠʿʠ, ʢʦʿʘ ʿʝ ʟʘʜʫʞʝʥʘ ʟʘ ʦʙʨʘʜʫ ʚʠʟʫʝʣʥʠʭ ʠʥʬʦʨʤʘʮʠʿʘ. ʇʦʢʨʝʪʠ ʦʯʠʿʫ 

ʯʝʩʪʦ ʧʨʦʫʟʨʦʢʫʿʫ ʘʨʪʝʬʘʢʪʝ ʫ ɽɽɻ ʩʠʛʥʘʣʫ, ʥʘʨʦʯʠʪʦ ʫ ʬʨʦʥʪʘʣʥʠʤ ʠ ʪʝʤʧʦʨʘʣʥʠʤ 

ʨʝʛʠʦʥʠʤʘ. ʊʦʧʦʛʨʘʬʠʿʘ ʦʤʦʛʫ˂ʘʚʘ ʣʘʢʰʝ ʧʨʝʧʦʟʥʘʚʘˁʝ ʦʚʠʭ ʘʨʪʝʬʘʢʘʪʘ, ʰʪʦ ʿʝ ʦʜ 

ʧʦʩʝʙʥʝ ʚʘʞʥʦʩʪʠ ʟʘ ˁʠʭʦʚʦ ʝʣʠʤʠʥʠʩʘˁʝ.  
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5.1.3 ʀʩʧʠʪʘʥʠʮʠ 

ʋ ʦʙʘ ʩʮʝʥʘʨʠʿʘ ʫʯʝʩʪʚʦʚʘʣʦ ʿʝ 15 ʠʩʧʠʪʘʥʠʢʘ. ʀʩʧʠʪʘʥʠʮʠ ʩʫ ʙʠʣʠ ʩʪʫʜʝʥʪʠ 

ʦʩʥʦʚʥʠʭ, ʤʘʩʪʝʨ ʠ ʜʦʢʪʦʨʩʢʠʭ ʩʪʫʜʠʿʘ ʥʘ ʌʘʢʫʣʪʝʪʫ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ ʋʥʠʚʝʨʟʠʪʝʪʘ 

ʫ ʂʨʘʛʫʿʝʚʮʫ, ʤʫʰʢʦʛ ʧʦʣʘ, ʜʝʰˁʘʮʠ, ʩʪʘʨʦʩʪʠ ʠʟʤʝʹʫ 18 ʠ 30 ʛʦʜʠʥʘ, ʢʦʿʠ ʥʝ ʙʦʣʫʿʫ ʦʜ 

ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠʭ ʧʦʨʝʤʝ˂ʘʿʘ ʠ ʥʝʤʘʿʫ ʟʜʨʘʚʩʪʚʝʥʠʭ ʧʨʦʙʣʝʤʘ ʩʘ ʢʠʯʤʦʤ. ʇʨʝ 

ʠʟʚʦʹʝˁʘ ʝʢʩʧʝʨʠʤʝʥʪʘ ʠʩʧʠʪʘʥʠʮʠ ʩʫ ʙʠʣʠ ʫʧʦʟʥʘʪʠ ʩʘ ʧʨʦʮʝʜʫʨʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘ ʠ 

ʧʨʠʢʫʧˀʝʥʠ ʩʫ ˁʠʭʦʚʠ ʦʩʥʦʚʥʠ ʧʦʜʘʮʠ (ʩʪʘʨʦʩʪ, ʛʦʜʠʥʘ ʨʦʹʝˁʘ, ʚʠʩʠʥʘ ʠ ʪʝʞʠʥʘ). ʋ 

ʪʘʙʝʣʠ ʩʫ ʧʨʠʢʘʟʘʥʠ ʧʦʜʘʮʠ ʟʘ ʩʚʠʭ 15 ʠʩʧʠʪʘʥʠʢʘ (ʚʠʩʠʥʘ, ʪʝʞʠʥʘ, ʛʦʜʠʥʝ). 

ʊʘʙʝʣʘ 5.2 ɸʥʪʨʦʧʦʤʝʪʨʠʿʩʢʠ ʧʦʜʘʮʠ ʟʘ ʩʚʠʭ 15 ʠʩʧʠʪʘʥʠʢʘ ʫ ʠʩʧʠʪʠʚʘˁʫ 

 ɻʦʜʠʥʝ ɺʠʩʠʥʘ (cm) ʊʝʞʠʥʘ (kg) 

ʀʩʧʠʪʘʥʠʢ 1 26 188 94 

ʀʩʧʠʪʘʥʠʢ 2 24 195 100 

ʀʩʧʠʪʘʥʠʢ 3 24 190 105 

ʀʩʧʠʪʘʥʠʢ 4 26 188 80 

ʀʩʧʠʪʘʥʠʢ 5 29 180 90 

ʀʩʧʠʪʘʥʠʢ 6 22 187 88 

ʀʩʧʠʪʘʥʠʢ 7 21 195 95 

ʀʩʧʠʪʘʥʠʢ 8 20 189 78 

ʀʩʧʠʪʘʥʠʢ 9 22 194 82 

ʀʩʧʠʪʘʥʠʢ 10 23 175 83 

ʀʩʧʠʪʘʥʠʢ 11 22 178 83 

ʀʩʧʠʪʘʥʠʢ 12 23 177 78 

ʀʩʧʠʪʘʥʠʢ 13 23 185 95 

ʀʩʧʠʪʘʥʠʢ 14 24 182 78 

ʀʩʧʠʪʘʥʠʢ 15 21 178 63 

 

ʉʚʠ ʠʩʧʠʪʘʥʠʮʠ ʩʫ ʜʦʙʨʦʚʦˀʥʦ ʧʨʠʩʪʘʣʠ ʜʘ ʫʯʝʩʪʚʫʿʫ ʫ ʝʢʩʧʝʨʠʤʝʥʪʫ ʠ 

ʧʦʪʧʠʩʘʣʠ ʩʘʛʣʘʩʥʦʩʪ ʜʘ ʜʦʟʚʦˀʘʚʘʿʫ ʜʘ ʩʝ ʧʦʜʘʮʠ ʢʦʨʠʩʪʝ ʟʘ ʜʘˀʫ ʘʥʘʣʠʟʫ. ʉʧʨʦʚʦʹʝˁʝ 

ʠʩʪʨʘʞʠʚʘˁʘ ʿʝ ʦʜʦʙʨʝʥʦ ʦʜ ʩʪʨʘʥʝ ʌʘʢʫʣʪʝʪʘ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢʘ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ 

ʂʨʘʛʫʿʝʚʮʫ. 

ʀʩʧʠʪʘʥʠʮʠʤʘ ʿʝ ʨʝʯʝʥʦ ʜʘ ʥʝ ʩʤʝʿʫ ʜʘ ʢʦʥʟʫʤʠʨʘʿʫ ʘʣʢʦʭʦʣʥʘ ʧʠ˂ʘ ʜʘʥ ʧʨʝ ʠ ʥʘ 

ʜʘʥ ʫʯʝʰ˂ʘ ʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ ʠʩʪʨʘʞʠʚʘˁʫ, ʢʘʦ ʠ ʜʘ ʥʝ ʧʠʿʫ ʢʘʬʫ ʠ ʥʘʧʠʪʢʝ ʥʘ ʙʘʟʠ 

ʢʦʬʝʠʥʘ ʥʘʿʤʘˁʝ ʪʨʠ ʩʘʪʘ ʧʨʝ ʧʦʯʝʪʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘ. ʊʘʢʦʹʝ, ʠʩʧʠʪʘʥʠʮʠʤʘ ʿ ʝ ʨʝʯʝʥʦ ʜʘ 

ʥʝ ʩʤʝʿʫ ʧʠʪʠ ʣʝʢʦʚʝ ʢʦʿʠ ʙʠ ʤʦʛʣʠ ʜʘ ʫʪʠʯʫ ʥʘ ʧʨʘ˂ʝˁʝ ʤʦʞʜʘʥʠʭ ʘʢʪʠʚʥʦʩʪʠ. 

ʀʩʧʠʪʘʥʠʮʠ ʩʫ ʧʦʪʚʨʜʠʣʠ ʜʘ ʩʫ ʥʦ˂ ʧʨʝ ʝʢʩʧʝʨʠʤʝʥʪʘ ʜʦʙʨʦ ʩʧʘʚʘʣʠ. ʉʚʠ ʠʩʧʠʪʘʥʠʮʠ 

ʩʫ ʠʤʘʣʠ ʥʦʨʤʘʣʘʥ ʚʠʜ ʠʣʠ ʩʫ ʥʦʩʠʣʠ ʢʦʨʝʢʮʠʦʥʘ ʩʪʘʢʣʘ.  
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5.1.4 ʇʨʦʠʟʚʦʜ 

ʇʨʦʠʟʚʦʜ ʢʦʿʠ ʩʫ ʩʢʣʘʧʘʣʠ ʠʩʧʠʪʘʥʠʮʠ ʿʝ ʧʨʝʜʩʪʘʚˀʘʦ ʘʧʩʪʨʘʢʮʠʿʫ ʩʧʦʿʥʝ ʧʣʦʯʝ 

ʢʦʿʘ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʤʝʪʘʣʥʝ ʦʩʥʦʚʝ ʠʟʨʘʹʝʥʝ ʦʜ ʯʝʣʠʯʥʦʛ ʣʠʤʘ ʩʘ ʫʛʨʘʹʝʥʠʤ ʝʣʝʤʝʥʪʠʤʘ 

ʩʘ ʥʘʚʦʿʝʤ ʠ ʧʨʦʟʠʨʥʦʛ ʘʢʨʠʣʥʦʛ ʧʦʢʣʦʧʮʘ ʩʧʦʿʝʥʦʛ ʘʣʫʤʠʥʠʿʫʤʩʢʠʤ ʰʘʨʢʘʤʘ 

(ʢʦʤʙʠʥʘʮʠʿʘ ʪʨʠ ʤʘʪʝʨʠʿʘʣʘ) (ʩʣʠʢʘ 5.16). ʉʧʝʮʠʬʠʯʥʦʩʪ ʧʨʦʠʟʚʦʜʘ ʩʝ ʦʛʣʝʜʘ ʫ ʪʦʤʝ ʜʘ 

ʩʝ ʤʦʞʝ ʧʦʪʧʫʥʦ ʨʘʩʪʘʚʠʪʠ, ʰʪʦ ʿʝ ʙʠʪʘʥ ʬʘʢʪʦʨ ʟʘ ʢʦʨʠʰ˂ʝˁʝ ʫ ʚʠʰʝ ʝʢʩʧʝʨʠʤʝʥʘʪʘ. 

 

ʉʣʠʢʘ 5.16 ʌʠʥʘʣʥʠ ʧʨʦʠʟʚʦʜ 

ʋ ʦʙʘ ʩʮʝʥʘʨʠʿʘ ʫ ʪʦʢʫ ʝʢʩʧʝʨʠʤʝʥʪʘ ʠʩʧʠʪʘʥʠʮʠ ʩʫ ʩʘʩʪʘʚˀʘʣʠ ʧʦ 75 ʧʨʦʠʟʚʦʜʘ 

(ʫʢʫʧʥʦ 150 ʰʝʤʘ) ʧʦ ʫʟʦʨʫ ʥʘ ʠʥʜʫʩʪʨʠʿʩʢʝ ʧʨʦʠʟʚʦʜʝ. ɽʢʩʧʝʨʠʤʝʥʪ ʿʝ ʧʨʦʛʨʘʤʠʨʘʥ ʫ 

ʩʦʬʪʚʝʨʫ ʟʘ ʢʦʥʪʨʦʣʫ ʝʢʩʧʝʨʠʤʝʥʪʘ ʧʦʜ ʥʘʟʠʚʦʤ Presentation, ʢʦʿʠ ʿʝ ʨʘʟʚʠʦ 

(Neurobehavioral Systems, Inc., Berkeley, CA, ʜʦʩʪʫʧʥʦ ʥʘ www.neurobs.com). ʀʩʧʠʪʘʥʠʮʠ 

ʩʫ ʬʠʥʘʣʥʠ ʧʨʦʠʟʚʦʜ ʩʢʣʘʧʘʣʠ ʫ ʜʚʝ ʚʘʨʠʿʘʥʪʝ - ʰʝʤʝ (ʩʣʠʢʘ 5.17 ʘ) ʠ 3ɼ ʩʣʠʢʝ (ʩʣʠʢʘ 

5.17 ʙ), ʧʨʠ ʯʝʤʫ ʩʫ 3ɼ ʩʣʠʢʝ ʙʠʣʝ ʟʥʘʯʘʿʥʦ ʩʣʦʞʝʥʠʿʝ ʟʘ ʩʢʣʘʧʘˁʝ ʧʨʝ ʩʚʝʛʘ ʟʙʦʛ ʪʦʛʘ 

ʰʪʦ ʩʫ ʙʠʣʝ ʨʦʪʠʨʘʥʝ ʧʦʜ ʨʘʟʣʠʯʠʪʠʤ ʫʛʣʦʚʠʤʘ (Savkoviĺ ʠ ʜʨʫʛʠ, 2022ʙ).  

 

   

 

 

 

 

 

 

 

 

ʉʣʠʢʘ 5.17 ʇʨʠʤʝʨ ʣʘʢʝ (ʘ) ʠ ʪʝʰʢʝ ʰʝʤʝ (ʙ) 

ʐʝʤʝ ʩʫ ʩʝ ʩʤʝˁʠʚʘʣʝ ʥʘʩʫʤʠʯʥʦ. ʀʩʧʠʪʘʥʠʮʠ ʩʫ ʩʢʣʘʧʘʣʠ 90 ʣʘʢʠʭ ʠ 60 ʪʝʰʢʠʭ 

ʰʝʤʘ ʧʦ ʧʨʠʥʮʠʧʫ ʪʝʰʢʘ ʰʝʤʘ, ʣʘʢʘ ʰʝʤʘ, ʪʝʰʢʘ ʰʝʤʘ, ʜʚʝ ʣʘʢʰʝ ʰʝʤʝ ʠ ʥʠʿʝʜʥʘ ʰʝʤʘ 

ʩʝ ʥʠʿʝ ʧʦʥʘʚˀʘʣʘ ʪʦʢʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘ.   
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ʊʦʢʦʤ ʩʧʨʦʚʦʹʝˁʘ ʝʢʩʧʝʨʠʤʝʥʪʘ ʩʚʝ ʚʨʝʤʝ ʿʝ ʙʠʦ ʧʨʠʩʫʪʘʥ ʩʘʨʘʜʥʠʢ, ʢʦʿʠ ʿʝ ʠʤʘʦ ʫʣʦʛʫ 

ʜʘ ʩʘʢʫʧˀʘ ʠ ʫʢʣʘˁʘ ʧʨʦʠʟʚʦʜʝ ʢʦʿʝ ʩʫ ʠʩʧʠʪʘʥʠʮʠ ʧʦʩʪʘʚˀʘʣʠ ʩʘ ʣʝʚʝ ʩʪʨʘʥʝ ʥʘ 

ʧʦʤʦ˂ʥʦʤ ʩʪʦʣʫ. ʊʘʢʦʹʝ, ʩʘʨʘʜʥʠʢ ʿʝ ʪʦʢʦʤ ʪʨʘʿʘˁʘ ʝʢʩʧʝʨʠʤʝʥʪʘ ʧʨʘʪʠʦ ʚʨʝʤʝ 

ʠʟʚʦʹʝˁʘ ʨʘʜʥʠʭ ʦʧʝʨʘʮʠʿʘ ʠ ʚʨʰʠʦ ʠʥʩʧʝʢʮʠʿʫ ʬʠʥʘʣʥʠʭ ʧʨʦʠʟʚʦʜʘ ʪʿ. ʟʘ ʩʚʘʢʠ 

ʧʨʦʠʟʚʦʜ ʙʝʣʝʞʠʦ ʜʘ ʣʠ ʿʝ ʠʩʧʨʘʚʥʦ ʩʘʩʪʘʚˀʝʥ ʠʣʠ ʥʝ. ʅʘ ʢʨʘʿʫ ʝʢʩʧʝʨʠʤʝʥʪʘ, ʠʟʚʨʰʝʥʘ 

ʿʝ ʜʝʤʦʥʪʘʞʘ ʧʨʦʠʟʚʦʜʘ ʠ ʢʦʤʧʦʥʝʥʪʝ ʩʫ ʚʨʘ˂ʝʥʝ ʫ ʢʣʘʩʝʨʝ ʫ ʢʦʿʠʤʘ ʩʫ ʩʝ ʥʘʣʘʟʠʣʝ ʢʘʢʦ 

ʙʠ ʩʝ ʢʦʨʠʩʪʠʣʝ ʫ ʥʘʨʝʜʥʦʤ ʝʢʩʧʝʨʠʤʝʥʪʫ. ʅʘ ʩʣʠʮʠ 5.18 ʩʫ ʧʨʠʢʘʟʘʥʠ ʠʩʧʨʘʚʥʦ 

ʩʘʩʪʘʚˀʝʥʠ ʧʨʦʠʟʚʦʜʠ. ʂʘʢʦ ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʩʘ ʩʣʠʢʝ ʩʚʝ ʞʠʯʠʮʝ ʩʫ ʫʙʘʯʝʥʝ ʥʘ 

ʦʜʛʦʚʘʨʘʿʫ˂ʫ ʧʦʟʠʮʠʿʫ, ʠʩʧʨʘʚʥʦ ʩʫ ʩʧʫʰʪʝʥʠ ʩʚʠ ʧʨʝʢʣʦʧʥʠʮʠ ʠʪʜ. 

            

 

 

 

 

 

 

 

 

ʉʣʠʢʘ 5.18 ʀʩʧʨʘʚʥʦ ʩʘʩʪʘʚˀʝʥʠ ʧʨʦʠʟʚʦʜʠ 

ʅʘ ʩʣʠʮʠ 5.19 ʩʫ ʧʨʠʢʘʟʘʥʠ ʜʝʬʝʢʪʥʠ ʧʨʦʠʟʚʦʜʠ. ɼʝʬʝʢʪʥʠʤ ʧʨʦʠʟʚʦʜʠʤʘ ʩʫ 

ʩʤʘʪʨʘʥʠ ʩʚʠ ʧʨʦʠʟʚʦʜʠ ʢʦʜ ʢʦʿʠʭ ʩʫ ʫʦʯʝʥʝ ʥʝʧʨʘʚʠʣʥʦʩʪʠ. ʅʝʧʨʘʚʠʣʥʦʩʪʠ ʩʝ ʦʛʣʝʜʘʿʫ 

ʫ ʪʦʤʝ ʜʘ ʠʣʠ ʩʝ ʞʠʯʠʮʘ ʠʟʚʫʢʣʘ ʠʟ ʧʨʝʢʣʦʧʥʠʢʘ, ʠʣʠ ʥʠʿʝ ʩʧʫʰʪʝʥ ʧʨʝʢʣʦʧʥʠʢ ʠʣʠ ʩʫ 

ʛʨʝʰʢʦʤ ʩʧʫʰʪʝʥʘ ʜʚʘ ʧʨʝʢʣʦʧʥʠʢʘ ʠʩʪʦʚʨʝʤʝʥʦ. 

 

 

 

 

 

 

 

 

 

  

 

ʉʣʠʢʘ 5.19 ɼʝʬʝʢʪʥʠ ʧʨʦʠʟʚʦʜʠ 
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5.2 ɽʂʉʇɽʈʀʄɽʅʊɸʃʅɸ ʇʈʆʎɽɼʋʈɸ 

ɽʢʩʧʝʨʠʤʝʥʪ ʿʝ ʧʦʯʠˁʘʦ ʫ 10 ʯʘʩʦʚʘ ʩʚʘʢʦʛ ʜʘʥʘ. ʋ ʦʙʘ ʩʮʝʥʘʨʠʿʘ, ʝʢʩʧʝʨʠʤʝʥʪ ʿʝ 

ʫʢˀʫʯʠʚʘʦ ʜʚʝ ʩʝʩʠʿʝ ʫ ʪʨʘʿʘˁʫ ʦʜ ʧʦ 1,5 ʩʘʪʘ (90 ʤʠʥʫʪʘ), ʪʦʢʦʤ ʢʦʿʠʭ ʩʫ ʠʩʧʠʪʘʥʠʮʠ 

ʦʙʘʚˀʘʣʠ ʘʢʪʠʚʥʦʩʪʠ ʩʢʣʘʧʘˁʘ ʢʦʤʧʦʥʝʥʪʠ ʠ ʜʝʣʦʚʘ ʧʨʝʤʘ ʫʥʘʧʨʝʜ ʦʜʨʝʹʝʥʠʤ 

ʧʨʘʚʠʣʠʤʘ. ʀʟʤʝʹʫ ʩʝʩʠʿʘ ʠʩʧʠʪʘʥʠʮʠ ʩʫ ʠʤʘʣʠ ʢʨʘʪʢʫ ʧʘʫʟʫ ʫ ʪʨʘʿʘˁʫ ʦʜ 15 ʤʠʥʫʪʘ 

ʪʦʢʦʤ ʢʦʿʝ ʩʫ ʤʦʛʣʠ ʜʘ ʫʩʪʘʥʫ ʠ ʧʨʦhʝʪʘʿʫ ʧʦ ʣʘʙʦʨʘʪʦʨʠʿʠ ʧʨʝ ʥʝʛʦ ʰʪʦ ʟʘʧʦʯʥʫ ʜʨʫʛʫ 

ʩʝʩʠʿʫ. ɼʘʢʣʝ, ʫʢˀʫʯʫʿʫ˂ʠ ʚʨʝʤʝ ʧʦʪʨʝʙʥʦ ʟʘ ʧʨʠʧʨʝʤʫ ʝʢʩʧʝʨʠʤʝʥʪʘ, ʧʦʩʪʘʚˀʘˁʝ 
ʦʧʨʝʤʝ, ʧʨʠʧʨʝʤʫ ʠʩʧʠʪʘʥʠʢʘ ʠ ʠʟʚʦʹʝˁʝ ʤʦʥʪʘʞʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʝʢʩʧʝʨʠʤʝʥʪ ʿʝ ʪʨʘʿʘʦ 

ʦʢʦ ʯʝʪʠʨʠ ʩʘʪʘ.  

ʇʨʝ ʧʦʯʝʪʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘ ʠʩʧʠʪʘʥʠʮʠ ʩʫ ʜʦʙʠʣʠ ʜʝʪʘˀʥʘ ʫʧʫʪʩʪʚʘ ʦ ʪʦʤʝ ʥʘ ʢʦʿʠ 

ʥʘʯʠʥ ʪʨʝʙʘ ʜʘ ʦʙʘʚˀʘʿʫ ʤʦʥʪʘʞʥʝ ʘʢʪʠʚʥʦʩʪʠ ʠ ʠʤʘʣʠ ʩʫ 15 ʤʠʥʫʪʘ ʥʘ ʨʘʩʧʦʣʘʛʘˁʫ ʜʘ 

ʫʚʝʞʙʘʿʫ ʠʟʚʦʹʝˁʝ ʦʚʠʭ ʘʢʪʠʚʥʦʩʪʠ. ʇʨʝ ʧʨʚʝ ʩʝʩʠʿʝ ʝʢʩʧʝʨʠʤʝʥʪʘ, ʠʩʧʠʪʘʥʠʮʠ ʩʫ 

ʩʣʫʰʘʣʠ ʦʧʫʰʪʘʿʫ˂ʫ ʤʫʟʠʢʫ ʫ ʪʨʘʿʘˁʫ ʦʜ 5 ʤʠʥʫʪʘ. ʅʘʢʦʥ ʟʚʫʯʥʦʛ ʩʠʛʥʘʣʘ ʠʩʧʠʪʘʥʠʮʠ 

ʩʫ ʟʘʧʦʯʠˁʘʣʠ ʦʙʘʚˀʘˁʝ ʤʦʥʪʘʞʥʝ ʘʢʪʠʚʥʦʩʪʠ ʧʨʝʫʟʠʤʘʿʫ˂ʠ ʞʠʮʝ ʠ ʜʝʣʦʚʝ ʦʜ ʘʢʨʠʣʘ 

(Savkoviĺ ʠ ʜʨʫʛʠ, 2022ʙ). 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʠʩʪʨʘʞʠʚʘˁʘ ʩʫ ʩʝ ʠʟʚʦʜʠʣʘ ʫ ʜʚʘ ʩʮʝʥʘʨʠʿʘ - ʥʝʝʨʛʦʥʦʤʩʢʦʤ ʠ 

ʝʨʛʦʥʦʤʩʢʦʤ. ʋ ʥʝʝʨʛʦʥʦʤʩʢʦʤ ʩʮʝʥʘʨʠʿʫ, ʠʩʧʠʪʘʥʠʮʠ ʩʫ ʦʙʘʚˀʘʣʠ ʤʦʥʪʘʞʥʝ 

ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʪʨʘʜʠʮʠʦʥʘʣʥʦʿ ʨʘʜʥʦʿ ʩʪʘʥʠʮʠ ʘʥʘʣʦʛʥʦ ʫʩʣʦʚʠʤʘ ʫ ʨʝʘʣʥʦʤ 

ʠʥʜʫʩʪʨʠʿʩʢʦʤ ʦʢʨʫʞʝˁʫ (ʩʣʠʢʘ 5.20). ʋ ʦʚʦʤ ʩʮʝʥʘʨʠʿʫ ʠʩʧʠʪʘʥʠʮʠ ʩʫ ʦʙʘʚˀʘʣʠ 

ʘʢʪʠʚʥʦʩʪʠ ʚʘʥ ʟʦʥʝ ʤʘʢʩʠʤʘʣʥʦʛ ʜʦʭʚʘʪʘ ʫ ʥʝʝʨʛʦʥʦʤʩʢʦʤ ʧʦʣʦʞʘʿʫ ʪʝʣʘ ʠ ʙʠʣʠ ʩʫ 

ʧʨʠʥʫʹʝʥʠ ʜʘ ʩʝ ʠʩʪʝʞʫ ʠ ʩʘʚʠʿʘʿʫ ʪʝʣʦ ʢʘʢʦ ʙʠ ʜʦʭʚʘʪʠʣʠ ʧʦʪʨʝʙʥʝ ʢʦʤʧʦʥʝʥʪʥʝ ʠ 

ʜʝʣʦʚʝ. 

 

ʉʣʠʢʘ 5.20 ʈʘʩʧʦʨʝʜ ʢʣʘʩʝʨʘ ʚʘʥ ʟʦʥʝ ʤʘʢʩʠʤʘʣʥʦʛ ʜʦʭʚʘʪʘ ʠʩʧʠʪʘʥʠʢʘ ʫ 

ʠʩʪʨʘʞʠʚʘˁʫ 

ʅʘ ʩʣʠʮʠ 5.21 ʿʝ ʧʨʠʢʘʟʘʥ ʠʩʧʠʪʘʥʠʢ ʢʘʢʦ ʠʟʚʦʜʠ ʘʢʪʠʚʥʦʩʪʠ ʤʦʥʪʘʞʝ ʫ 

ʥʝʝʨʛʦʥʦʤʩʢʦʤ ʩʮʝʥʘʨʠʿʫ ʥʘ ʪʨʘʜʠʮʠʦʥʘʣʥʦʿ ʨʘʜʥʦʿ ʩʪʘʥʠʮʠ (Savkoviĺ ʠ ʜʨʫʛʠ, 2022ʚ). 

ʂʘʦ ʰʪʦ ʩʝ ʚʠʜʠ ʩʘ ʩʣʠʢʝ ʘʢʪʠʚʥʦʩʪʠ ʩʝ ʦʙʘʚˀʘʿʫ ʫ ʥʝʬʠʟʠʦʣʦʰʢʦʤ ʧʦʣʦʞʘʿʫ ʪʝʣʘ. 

ʀʩʧʠʪʘʥʠʢ ʿʝ ʤʦʨʘʦ ʜʘ ʩʝ ʩʘʚʠʿʘ ʥʘ ʜʝʩʥʫ ʩʪʨʘʥʫ ʜʘ ʙʠ ʧʨʝʫʟʝʦ ʜʝʦ ʦʜ ʘʢʨʠʣʘ ʢʦʿʠ ʩʝ 

ʥʘʣʘʟʠʦ ʫ ʢʫʪʠʿʠ ʩʘ ʜʝʩʥʝ ʩʪʨʘʥʝ ʠʩʧʠʪʘʥʠʢʘ. ʅʘʢʦʥ ʪʦʛʘ ʪʘʿ ʜʝʦ ʿʝ ʧʦʩʪʘʚˀʘʦ ʥʘ ʨʘʜʥʫ 

ʧʦʚʨʰʠʥʫ ʤʦʥʪʘʞʥʝ ʨʘʜʥʝ ʩʪʘʥʠʮʝ ʠ ʤʦʥʪʠʨʘʦ ʞʠʯʠʮʝ ʫ ʩʢʣʘʜʫ ʩʘ ʰʝʤʘʤʘ ʢʦʿʝ ʩʫ 

ʧʨʠʢʘʟʘʥʝ ʫ ʧʘʧʠʨʥʦʤ ʬʦʨʤʘʪʫ. ʈʝʛʠʩʪʨʘʪʦʨ ʩʘ ʰʝʤʘʤʘ ʿʝ ʧʦʩʪʘʚˀʝʥ ʚʘʥ ʟʦʥʝ 

ʤʘʢʩʠʤʘʣʥʦʛ ʜʦʭʚʘʪʘ ʠʩʧʠʪʘʥʠʢʘ ʪʘʢʦ ʜʘ ʩʫ ʤʦʨʘʣʠ ʜʘ ʠʩʪʝʞʫ ʪʝʣʦ ʢʘʢʦ ʙʠ ʦʢʨʝʪʘʣʠ 

ʣʠʩʪʦʚʝ ʧʘʧʠʨʘ ʢʘʜʘ ʟʘʚʨʰʝ ʧʨʝʪʭʦʜʥʫ ʠ ʧʨʝʹʫ ʥʘ ʩʣʝʜʝ˂ʫ ʰʝʤʫ. ʀʩʧʠʪʘʥʠʮʠ ʥʠʩʫ ʟʥʘʣʠ 
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ʢʦʿʘ ˂ʝ ʩʝ ʰʝʤʘ ʩʣʝʜʝ˂ʘ ʧʦʿʘʚʠʪʠ. ʂʦʤʙʠʥʘʮʠʿʝ ʩʫ ʩʝ ʩʤʝˁʠʚʘʣʝ ʥʘʩʫʤʠʯʥʦ ʢʘʢʦ ʥʝ ʙʠ 

ʫʪʠʮʘʣʝ ʥʘ ʨʝʟʫʣʪʘʪʝ.  

ʋ ʢʣʘʩʝʨʠʤʘ ʟʘ ʩʢʣʘʜʠʰʪʝˁʝ ʜʝʣʦʚʘ ʩʫ ʙʠʣʝ ʧʦʤʝʰʘʥʝ ʞʠʯʠʮʝ ʧʣʘʚʝ, ʙʝʣʝ ʠ ʞʫʪʝ 

ʙʦʿʝ ʰʪʦ ʿʝ ʠʩʧʠʪʘʥʠʮʠʤʘ ʜʦʜʘʪʥʦ ʦʪʝʞʘʚʘʣʦ ʤʦʥʪʘʞʫ. ʅʘʢʦʥ ʟʘʚʨʰʝʪʢʘ ʧʨʦʮʝʩʘ 

ʤʦʥʪʘʞʝ ʠʩʧʠʪʘʥʠʮʠ ʩʫ ʬʠʥʘʣʥʝ ʧʨʦʠʟʚʦʜʝ ʩʧʫʰʪʘʣʠ ʫ ʢʫʪʠʿʝ ʢʦʿʝ ʩʫ ʩʝ ʥʘʣʘʟʠʣʝ ʩʘ 

ˁʠʭʦʚʝ ʣʝʚʝ ʩʪʨʘʥʝ ʟʙʦʛ ʯʝʛʘ ʩʫ ʙʠʣʠ ʧʨʠʥʫʹʝʥʠ ʜʘ ʩʘʚʠʿʘʿʫ ʪʝʣʦ ʥʘ ʣʝʚʫ ʩʪʨʘʥʫ. 

 

 

 

 

 

 

 

 

 

 

ʉʣʠʢʘ 5.21 ʀʩʧʠʪʘʥʠʢ ʠʟʚʦʜʠ ʝʢʩʧʝʨʠʤʝʥʪ ʥʘ ʪʨʘʜʠʮʠʦʥʘʣʥʦʿ ʨʘʜʥʦʿ ʩʪʘʥʠʮʠ ʫ 

ʥʝʝʨʛʦʥʦʤʩʢʦʤ ʩʮʝʥʘʨʠʿʫ  

ʋ ʝʨʛʦʥʦʤʩʢʦʤ ʩʮʝʥʘʨʠʿʫ, ʠʩʧʠʪʘʥʠʮʠ ʩʫ ʦʙʘʚˀʘʣʠ ʤʦʥʪʘʞʥʝ ʘʢʪʠʚʥʦʩʪʠ ʥʘ 

ʧʨʝʜʣʦʞʝʥʦʿ ʝʨʛʦʥʦʤʩʢʠ ʜʠʟʘʿʥʠʨʘʥʦʿ ʨʘʜʥʦʿ ʩʪʘʥʠʮʠ, ʫ ʦʢʚʠʨʫ ʟʣʘʪʥʝ ʟʦʥʝ (Savkoviĺ ʠ 

ʜʨʫʛʠ, 2022ʚ). ʇʨʝʜʣʦʞʝʥʘ ʤʦʜʫʣʘʨʥʘ ʠʥʜʫʩʪʨʠʿʩʢʘ ʨʘʜʥʘ ʩʪʘʥʠʮʘ ʟʘ ʤʦʥʪʘʞʫ ʿʝ 

ʜʠʟʘʿʥʠʨʘʥʘ ʫ ʣʘʙʦʨʘʪʦʨʠʿʠ ʌʘʢʫʣʪʝʪʘ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ʂʨʘʛʫʿʝʚʮʫ 

(Savkoviĺ ʠ ʜʨʫʛʠ, 2022ʘ,ʙ) ʠ ʜʝʪʘˀʥʦ ʦʙʿʘʰˁʝʥʘ ʫ ʧʦʛʣʘʚˀʫ 4. ɿʘ ʨʘʟʣʠʢʫ ʦʜ 

ʪʨʘʜʠʮʠʦʥʘʣʥʝ ʨʘʜʥʝ ʩʪʘʥʠʮʝ, ʥʦʚʘ ʩʪʘʥʠʮʘ ʿʝ ʫʩʢʣʘʹʝʥʘ ʩʘ lean ʠ ʝʨʛʦʥʦʤʩʢʠʤ 

ʧʨʠʥʮʠʧʠʤʘ ʠ ʧʨʠʣʘʛʦʹʝʥʘ ʧʦʪʨʝʙʘʤʘ, ʟʘʭʪʝʚʠʤʘ ʠ ʠʥʜʠʚʠʜʫʘʣʥʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ 

ʠʩʧʠʪʘʥʠʢʘ. ʀʩʧʠʪʘʥʠʮʠʤʘ ʿʝ ʦʤʦʛʫ˂ʝʥʦ ʜʘ ʧʨʝʫʟʤʫ ʩʚʝ ʥʝʦʧʭʦʜʥʝ ʢʦʤʧʦʥʝʥʪʝ ʠ ʘʣʘʪʝ 

ʠ ʜʘ ʠʭ ʣʘʢʦ ʚʨʘʪʝ ʫ ʧʦʟʠʮʠʿʫ ʟʘ ʦʜʣʘʛʘˁʝ ʢʘʜʘ ʠʤ ʚʠʰʝ ʥʠʩʫ ʧʦʪʨʝʙʥʠ ʠʣʠ ʜʘ ʠʭ ʧʨʝʤʝʩʪʝ 

ʫ ʜʨʫʛʠ ʜʝʦ ʨʘʜʥʦʛ ʧʨʦʩʪʦʨʘ (Savkoviĺ ʠ ʜʨʫʛʠ, 2023ʙ) ʉ ʦʙʟʠʨʦʤ ʜʘ ʩʫ ʩʚʠ ʧʦʪʨʝʙʥʠ 

ʧʨʝʜʤʝʪʠ, ʤʘʪʝʨʠʿʘʣʠ, ʢʦʤʧʦʥʝʥʪʝ ʠ ʘʣʘʪʠ ʥʘ ʥʦʚʦʿ ʨʘʜʥʦʿ ʩʪʘʥʠʮʠ ʟʘ ʤʦʥʪʘʞʫ 

ʨʘʩʧʦʨʝʹʝʥʠ ʫ ʦʚʠʨʫ Ăʟʝʣʝʥʝ ʟʦʥʝñ, ʫ ʩʢʣʘʜʫ ʩʘ ʠʥʜʠʚʠʜʫʘʣʥʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ 

ʠʩʧʠʪʘʥʠʢʘ ʠ ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʜʘ ʩʫ ʟʦʥʝ ʧʨʦʩʪʦʨʘ ʟʘ ʨʫʢʦʚʘˁʝ ʨʘʟʣʠʯʠʪʝ ʟʘ ʩʚʘʢʫ 

ʦʩʦʙʫ ʝʣʠʤʠʥʠʩʘʥʦ ʿʝ ʩʘʚʠʿʘˁʝ, ʥʘʧʨʝʟʘˁʝ ʠ ʠʩʪʝʟʘˁʝ ʪʝʣʘ (ʉʣʠʢʘ 5.22). ɽʣʠʤʠʥʠʩʘˁʝ 

ʥʝʧʦʪʨʝʙʥʠʭ ʧʦʢʨʝʪʘ, ʩʘʚʠʿʘˁʘ ʠ ʠʩʪʝʟʘˁʘ ʪʝʣʘ ʜʘˀʝ ʜʦʧʨʠʥʦʩʠ ʩʤʘˁʝˁʫ ʤʦʛʫ˂ʥʦʩʪʠ ʟʘ 

ʧʦʿʘʚʫ ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ ʙʦʣʝʩʪʠ.  

ʌʣʝʢʩʠʙʠʣʘʥ ʨʘʩʧʦʨʝʜ ʢʣʘʩʝʨʘ ʟʘ ʩʢʣʘʜʠʰʪʝˁʝ ʜʝʣʦʚʘ ʠ ʢʦʤʧʦʥʝʥʪʠ ʧʦʪʨʝʙʥʠʭ 

ʟʘ ʦʙʘʚˀʘˁʝ ʘʢʪʠʚʥʦʩʪʠ ʤʦʥʪʘʞʝ ʥʘ ʥʦʚʦʿ ʨʘʜʥʦʿ ʩʪʘʥʠʮʠ ʿʝ ʦʤʦʛʫ˂ʠʦ  ʫʚʦʹʝˁʝ 

ʥʘʢʥʘʜʥʠʭ ʧʨʦʤʝʥʘ ʫ ʦʨʛʘʥʠʟʘʮʠʿʠ ʨʘʜʥʦʛ ʦʢʨʫʞʝˁʘ ʫ ʮʠˀʫ ʧʨʠʣʘʛʦʹʘʚʘˁʘ 

ʠʥʜʠʚʠʜʫʘʣʥʦʤ ʜʦʤʝʪʫ ʠ ʠʥʜʠʚʠʜʫʘʣʥʠʤ ʧʨʝʬʝʨʝʥʮʠʿʘʤʘ ʩʚʘʢʦʛ ʠʩʧʠʪʘʥʠʢʘ ʧʦʥʘʦʩʦʙ. 
ʋ ʢʣʘʩʝʨʫ ʩʫ ʩʝ ʥʘʣʘʟʠʣʝ ʩʘʤʦ ʧʣʘʚʝ ʞʠʯʠʮʝ ʢʦʿʝ ʩʫ ʩʝ ʢʦʨʠʩʪʠʣʝ ʪʦʢʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘ ʘ  

ʢʣʘʩʝʨ ʿʝ ʧʦʩʪʘʚˀʝʥ ʿʝ ʫ ʩʢʣʘʜʫ ʩʘ ʩʪʘʥʜʘʨʜʠʤʘ Ăʟʝʣʝʥʝ ʟʦʥʝñ ʪʘʢʦ ʜʘ ʩʝ ʠʟʙʝʛʣʦ 

ʥʝʧʦʪʨʝʙʥʦ ʠʩʪʝʟʘˁʝ ʪʝʣʘ.  

ɼʝʣʦʚʠ ʦʜ ʘʢʨʠʣʘ ʩʫ ʙʠʣʠ ʧʦʩʪʘʚˀʝʥʠ ʩʘ ʜʝʩʥʝ ʩʪʨʘʥʝ ʠʩʧʠʪʘʥʠʢʘ ʫʥʫʪʘʨ ʟʣʘʪʥʝ 

ʟʦʥʝ ʫ ʛʨʫʧʘʤʘ ʧʦ 6 ʢʦʤʘʜʘ (ʫʢʫʧʥʦ 18 ʢʦʤʘʜʘ) ʠ ʩʪʦʛʘ ʥʠʿʝ ʙʠʣʦ ʧʦʪʨʝʙʝ ʟʘ ʩʘʚʠʿʘˁʝʤ 

ʪʝʣʘ ʥʘ ʜʝʩʥʫ ʩʪʨʘʥʫ ʢʘʦ ʫ ʪʨʘʜʠʮʠʦʥʘʣʥʦʤ ʩʮʝʥʘʨʠʿʫ. ʋ ʦʚʦʤ ʩʮʝʥʘʨʠʿʫ ʠʩʧʠʪʘʥʠʮʠ ʩʫ 

ʩʘʩʪʘʚˀʘʣʠ ʬʠʥʘʣʥʠ ʧʨʦʠʟʚʦʜ ʪʘʢʦ ʰʪʦ ʩʫ ʧʦʚʝʟʠʚʘʣʠ ʧʣʘʚʝ ʞʠʮʝ ʠʟ ʢʣʘʩʝʨʘ ʥʘ ʜʝʣʫ ʦʜ 
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ʘʢʨʠʣʘ ʠ ʟʘʪʚʘʨʘʣʠ ʧʨʝʢʠʜʘʯ. ʀʩʧʠʪʘʥʠʮʠ ʩʫ ʧʨʘʪʠʣʠ ʫʧʫʪʩʪʚʘ (2ɼ ʠʣʠ 3ɼ ʰʝʤʝ) ʢʦʿʘ ʩʫ 

ʙʠʣʘ ʧʨʠʢʘʟʘʥʘ ʥʘ ʤʦʥʠʪʦʨʫ ʦʩʝʪˀʠʚʠʤ ʥʘ ʜʦʜʠʨ ʢʦʿʠ ʿʝ ʙʠʦ ʧʦʩʪʘʚˀʝʥ ʫ ʚʠʩʠʥʠ 

ˁʠʭʦʚʠʭ ʦʯʠʿʫ, ʢʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 5.22. ʅʘʢʦʥ ʦʙʘʚˀʘˁʘ ʨʘʜʥʦʛ ʟʘʜʘʪʢʘ 

ʠʩʧʠʪʘʥʠʮʠ ʩʫ ʧʦʩʪʘʚˀʘʣʠ ʜʝʦ ʥʘ ʢʣʠʟʘʯ ʢʦʿʠ ʩʝ ʥʘʣʘʟʠ ʥʘ ʣʝʚʦʿ ʩʪʨʘʥʠ ʨʘʜʥʝ ʩʪʘʥʠʮʝ ʠ 

ʜʦʜʠʨʠʚʘʣʠ ʝʢʨʘʥ ʦʩʝʪˀʠʚ ʥʘ ʜʦʜʠʨ ʢʘʢʦ ʙʠ ʧʨʝʰʣʠ ʥʘ ʩʣʝʜʝ˂ʫ ʰʝʤʫ. 

 

ʉʣʠʢʘ 5.22 ʀʩʧʠʪʘʥʠʢ ʠʟʚʦʜʠ ʝʢʩʧʝʨʠʤʝʥʪ ʥʘ ʧʨʝʜʣʦʞʝʥʦʿ ʤʦʜʫʣʘʨʥʦʿ ʨʘʜʥʦʿ 

ʩʪʘʥʠʮʠ ʟʘ ʤʦʥʪʘʞʫ ʫ ʝʨʛʦʥʦʤʩʢʦʤ ʩʮʝʥʘʨʠʿʫ  

ʉʚʘʢʠ ʠʩʧʠʪʘʥʠʢ ʿʝ ʙʠʦ ʘʥʛʘʞʦʚʘʥ ʥʘ ʨʘʜʥʦʤ ʟʘʜʘʪʢʫ ʠʩʪʦ ʚʨʝʤʝ ʧʦʰʪʦ ʿʝ ʚʨʝʤʝ 

ʜʦʩʪʫʧʥʦ ʧʦ ʰʝʤʠ ʙʠʣʦ ʚʨʝʤʝʥʩʢʠ ʦʛʨʘʥʠʯʝʥʦ. ʉʣʝʜʝ˂ʘ ʰʝʤʘ ʙʠ ʩʝ ʘʫʪʦʤʘʪʩʢʠ ʧʦʿʘʚʠʣʘ 

ʥʘʢʦʥ ʠʩʪʝʢʘ ʚʨʝʤʝʥʘ ʟʘ ʪʨʝʥʫʪʥʫ ʰʝʤʫ. ɿʘ ʩʢʣʘʧʘˁʝ ʣʘʢʰʠʭ ʰʝʤʘ (2ɼ) ʠʩʧʠʪʘʥʠʮʠ ʩʫ 

ʠʤʘʣʠ ʥʘ ʨʘʩʧʦʣʘʛʘˁʫ 60 ʩʝʢʫʥʜʠ, ʘ ʟʘ ʪʝʞʝ ʰʝʤʝ (3ɼ) 90 ʩʝʢʫʥʜʠ ʰʪʦ ʿʝ ʨʝʟʫʣʪʠʨʘʣʦ 

ʿʝʜʥʘʢʠʤ ʤʘʢʩʠʤʘʣʥʠʤ ʚʨʝʤʝʥʦʤ ʫʪʨʦʰʝʥʠʤ ʥʘ ʦʙʘ ʪʠʧʘ ʰʝʤʘ. ɺʠʰʝ ʚʨʝʤʝʥʘ ʿʝ ʜʘʪʦ 

ʠʩʧʠʪʘʥʠʮʠʤʘ ʟʘ ʩʢʣʘʧʘˁʝ ʪʝʞʠʭ ʰʝʤʘ ʿʝʨ ʩʝ ʦʯʝʢʠʚʘʣʦ ʜʘ ˂ʝ ʙʠʪʠ ʟʘʭʪʝʚʥʠʿʝ. ʋʢʫʧʥʦ 

ʚʨʝʤʝ ʪʨʘʿʘˁʘ ʩʝʩʠʿʘ ʿʝ ʪʘʢʦʹʝ ʙʠʣʦ ʦʛʨʘʥʠʯʝʥʦ. ɽʢʩʧʝʨʠʤʝʥʪ ʫ ʝʨʛʦʥʦʤʩʢʦʤ ʩʮʝʥʘʨʠʿʫ 

ʠ ʥʝʝʨʛʦʥʦʤʩʢʦʤ ʩʮʝʥʘʨʠʿʫ ʥʠʩʫ ʠʟʚʝʜʝʥʠ ʠʩʪʦʛ ʜʘʥʘ.  

ʀʩʧʠʪʘʥʠʮʠʤʘ ʿʝ ʨʝʯʝʥʦ ʜʘ ʥʘʢʦʥ ʟʚʫʯʥʦʛ ʩʠʛʥʘʣʘ ʧʨʝʣʘʟʝ ʥʘ ʩʣʝʜʝ˂ʫ ʰʝʤʫ. ʊʦ 

ʙʠ ʟʥʘʯʠʣʦ ʜʘ ʫʢʦʣʠʢʦ ʥʝ ʟʘʚʨʰʝ ʤʦʥʪʘʞʫ ʫ ʧʨʝʜʚʠʹʝʥʦʤ ʚʨʝʤʝʥʫ ʠʣʠ ʫʢʦʣʠʢʦ ʥʘʧʨʘʚʝ 

ʛʨʝʰʢʫ ʧʨʠʣʠʢʦʤ ʩʢʣʘʧʘˁʘ ʞʠʮʘ, ʪʨʝʙʘ ʜʘ ʦʜʣʦʞʝ ʧʨʦʠʟʚʦʜ ʩʘ ʣʝʚʝ ʩʪʨʘʥʝ ʠ ʜʘ ʥʘʩʪʘʚʝ 

ʩʘ ʩʢʣʘʧʘˁʝʤ ʥʘʨʝʜʥʝ ʰʝʤʝ ʧʨʝʤʘ ʣʠʩʪʠ ʰʝʤʘ ʫ ʨʝʛʠʩʪʨʘʪʦʨʫ ʠʣʠ ʢʦʿʘ ʩʝ ʧʦʿʘʚʠ ʥʘ 

ʝʢʨʘʥʫ ʜʘ ʩʝ ʥʝ ʙʠ ʧʨʝʢʠʜʘʣʦ ʦʙʘʚˀʘˁʝ ʤʦʥʪʘʞʥʠʭ ʘʢʪʠʚʥʦʩʪʠ. ʋ ʩʫʧʨʦʪʥʦʤ, ʫʢʦʣʠʢʦ 

ʠʩʧʠʪʘʥʠʮʠ ʟʘʚʨʰʝ ʰʝʤʫ ʟʘ ʤʘˁʝ ʚʨʝʤʝʥʘ ʦʜ ʧʦʥʫʹʝʥʦʛ, ʦʜʥʦʩʥʦ ʧʨʝ ʟʚʫʯʥʦʛ ʩʠʛʥʘʣʘ, 

ʦʥʠ ʩʫ ʜʦʜʠʨʠʚʘʣʠ ʤʦʥʠʪʦʨ ʢʘʦ ʟʥʘʢ ʜʘ ʩʫ ʟʘʚʨʰʠʣʠ ʨʘʜʥʫ ʦʧʝʨʘʮʠʿʫ ʠ ʧʨʝʣʘʟʠʣʠ ʥʘ 

ʩʣʝʜʝ˂ʫ ʨʘʜʥʫ ʦʧʝʨʘʮʠʿʫ. 

ʊʦʢʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘ ʫ ʦʙʘ ʩʮʝʥʘʨʠʿʘ, ʧʘʤʝʪʥʠ ʪʝʣʝʬʦʥʠ ʠ ʦʩʪʘʣʠ ʝʣʝʢʪʨʠʯʥʠ 

ʫʨʝʹʘʿʠ ʩʫ ʙʠʣʠ ʠʩʢˀʫʯʝʥʠ. ʃʘʧʪʦʧ ʧʦʚʝʟʘʥ ʩʘ ɽɽɻ ʩʠʩʪʝʤʦʤ ʧʨʝʢʦ bluetooth-ʘ ʿʝ 

ʧʦʩʪʘʚˀʝʥ ʥʘ ʤʘʢʩʠʤʘʣʥʦ ʤʦʛʫ˂ʝ ʨʘʩʪʦʿʘˁʝ ʢʘʢʦ ʙʠ ʩʝ ʫʢʣʦʥʠʣʝ ʤʦʛʫ˂ʝ ʪʝʭʥʠʯʢʝ 

ʩʤʝʪˁʝ. ʆʚʠ ʫʩʣʦʚʠ ʩʫ ʙʠʣʠ ʠʜʝʥʪʠʯʥʠ ʫ ʦʙʘ ʩʮʝʥʘʨʠʿʘ ʢʘʢʦ ʥʝ ʙʠ ʫʪʠʮʘʣʠ ʥʘ ʨʝʟʫʣʪʘʪʝ 

ʠʩʪʨʘʞʠʚʘˁʘ. 
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ʋ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ ʠʩʪʨʘʞʠʚʘˁʫ ʧʨʘ˂ʝʥ ʿʝ ʫʪʠʮʘʿ ʩʚʠʭ ʨʝʣʝʚʘʥʪʥʠʭ ʬʘʢʪʦʨʘ ʠʟ 

ʨʘʜʥʦʛ ʦʢʨʫʞʝˁʘ ʢʦʿʠ ʦʩʪʚʘʨʫʿʫ ʫʪʠʮʘʿ ʥʘ ʧʨʦʮʝʩ ʤʦʥʪʘʞʝ. ʇʨʘ˂ʝˁʝ ʧʘʨʘʤʝʪʘʨʘ ʠʟ 

ʨʘʜʥʦʛ ʦʢʨʫʞʝˁʘ ʿʝ ʦʜ ʧʦʩʝʙʥʝ ʚʘʞʥʦʩʪʠ ʿʝʨ ʥʝʘʜʝʢʚʘʪʥʠ ʫʩʣʦʚʠ ʨʘʜʘ ʤʦʛʫ ʜʦʚʝʩʪʠ ʜʦ 

ʧʦʚʝ˂ʘˁʘ ʥʝʟʘʜʦʚʦˀʩʪʚʘ ʨʘʜʥʠʢʘ (Böckerman ʠ Ilmakunnas, 2010) ʰʪʦ ʜʘˀʝ ʤʦʞʝ 

ʥʘʛʘʪʠʚʥʦ ʫʪʠʮʘʪʠ ʥʘ ʧʝʨʬʦʨʤʘʥʩʝ (Böckerman ʠ Ilmakunnas, 2009). ʅʘ ʩʣʠʮʠ 5.23 

ʧʨʠʢʘʟʘʥʠ ʩʫ ʝʣʝʤʝʥʪʠ ʨʘʜʥʦʛ ʩʠʩʪʝʤʘ ʢʦʿʠ ʜʠʨʝʢʪʥʦ ʫʪʠʯʫ ʥʘ ʦʙʘʚˀʘˁʝ ʤʦʥʪʘʞʥʠʭ 

ʘʢʪʠʚʥʦʩʪʠ ʩʘ ʝʨʛʦʥʦʤʩʢʝ ʪʘʯʢʝ ʛʣʝʜʠʰʪʘ.  

 
 

ʉʣʠʢʘ 5.23 ʌʘʢʪʦʨʠ ʢʦʿʠ ʫʪʠʯʫ ʥʘ ʧʨʦʮʝʩ ʤʦʥʪʘʞʝ (ʧʨʠʣʘʛʦʹʝʥʦ ʧʨʝʤʘ Szombathyová 

ʠ Kov§ļ, 2010) 

ʂˀʫʯʥʠ ʘʩʧʝʢʪʠ ʚʝʟʘʥʠ ʟʘ ʨʘʜʥʫ ʩʪʘʥʠʮʫ ʩʫ: ʚʠʩʠʥʘ ʨʘʜʥʝ ʩʪʘʥʠʮʝ, ʨʘʩʧʦʨʝʜ ʠ 

ʦʨʛʘʥʠʟʘʮʠʿʘ ʨʘʜʥʦʛ ʧʨʦʩʪʦʨʘ ʠ ʨʘʩʧʦʨʝʜ ʘʣʘʪʘ ʠ ʢʦʤʧʦʥʝʥʪʠ ʥʝʦʧʭʦʜʥʠʭ ʟʘ ʤʦʥʪʘʞʫ. 

ʌʘʢʪʦʨʠ ʠʟ ʨʘʜʥʦʛ ʦʢʨʫʞʝˁʘ ʢʦʿʠ ʦʩʪʚʘʨʫʿʫ ʫʪʠʮʘʿ ʥʘ ʧʨʦʮʝʩ ʤʦʥʪʘʞʝ ʩʫ: ʦʩʚʝʪˀʝˁʝ, 

ʙʫʢʘ, ʤʠʢʨʦʢʣʦʤʘʪʩʢʠ ʫʩʣʦʚʠ. ʊʘʢʦʹʝ, ʚʘʞʥʦ ʿʝ ʫʟʝʪʠ ʫ ʦʙʟʠʨ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʨʘʜʥʠʢʘ: 

ʬʠʟʠʯʢʝ, ʧʩʠʭʦʣʦʰʢʝ (ʤʝʥʪʘʣʥʠ ʢʘʧʘʮʠʪʝʪ ʨʘʜʥʠʢʘ, ʤʦʪʠʚʘʮʠʿʘ, ʩʪʨʝʩ, ʟʘʜʦʚʦˀʩʪʚʦ). 

 

 

 

 

 

 

 

 

 

 

 

ɸʢʪʠʚʥʦʩʪʠ 
ʤʦʥʪʘʞʝ

ʈʘʜʥʠʮʠ

ʬʠʟʠʯʢʝ ʠ ʧʩʠʭʠʯʢʝ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ

ʈʘʜʥʦ ʦʢʨʫʞʝˁʝ

ʦʩʚʝʪˀʝˁʝ

ʙʫʢʘ

ʤʠʢʨʦʢʣʠʤʘʪʩʢʠ 

ʫʩʣʦʚʠ
ʈʘʜʥʘ ʩʪʘʥʠʮʘ

ʚʠʩʠʥʘ ʨʘʜʥʝ ʩʪʘʥʠʮʝ

ʨʘʩʧʦʨʝʜ ʠ 

ʦʨʛʘʥʠʟʘʮʠʿʘ  

ʢʦʤʧʦʥʝʥʪʠ ʠ ʜʝʣʦʚʘ
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6. ʈɽɿʋʃʊɸʊʀ ɽʂʉʇɽʈʀʄɽʅʊɸʃʅʀʍ 

ʀʉʇʀʊʀɺɸɳɸ  

 

 

 

 

ʋ ʯʝʪʚʨʪʦʤ ʧʦʛʣʘʚˀʫ ʜʠʩʝʨʪʘʮʠʿʝ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥʘ ʧʨʝʜʣʦʞʝʥʘ ʨʘʜʥʘ ʩʪʘʥʠʮʘ ʟʘ 

ʤʦʥʪʘʞʫ ʠ ʫʢʘʟʘʥʦ ʿʝ ʥʘ ʙʝʥʝʬʠʪʠ ʪʝ ʩʪʘʥʠʮʝ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʪʨʘʜʠʮʠʦʥʘʣʥʦʤ ʨʘʜʥʦʤ 

ʩʪʘʥʠʮʦʤ. ʋ ʧʝʪʦʤ ʧʦʛʣʘʚˀʫ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʿʝ ʜʝʪʘˀʥʦ ʦʙʿʘʰˁʝʥʘ ʧʦʩʪʘʚʢʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘ ʠ ʦʧʠʩʘʥ ʪʦʢ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʠʟ ʦʙʣʘʩʪʠ ʬʠʟʠʯʢʝ 

ʝʨʛʦʥʦʤʠʿʝ, ʦʨʛʘʥʠʟʘʮʠʦʥʝ ʝʨʛʦʥʦʤʠʿʝ ʠ ʥʝʫʨʦʝʨʛʦʥʦʤʠʿʝ. ʋ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʩʫ 

ʧʨʠʢʫʧˀʝʥʠ ʩʚʠ ʥʝʦʧʭʦʜʥʠ ʧʦʜʘʮʠ ʢʦʿʠ ʦʤʦʛʫ˂ʘʚʘʿʫ ʠʟʚʦʹʝˁʝ ʟʘʢˀʫʯʘʢʘ ʥʘ ʦʩʥʦʚʫ 

ʨʝʟʫʣʪʘʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ. ʋ ʦʢʚʠʨʫ ʩʪʫʜʠʿʝ ʩʣʫʯʘʿʘ ʠʩʪʦʚʨʝʤʝʥʦ ʩʫ 

ʧʨʘ˂ʝʥʠ ʠ ʘʥʘʣʠʟʠʨʘʥʠ ʤʠʰʠ˂ʥʘ ʘʢʪʠʚʥʦʩʪ ʠ ʤʦʞʜʘʥʘ ʘʢʪʠʚʥʦʩʪ ʠʩʧʠʪʘʥʠʢʘ, 

ʧʨʦʜʫʢʪʠʚʥʦʩʪ ʠ ʜʝʬʝʢʪʠ.  

ʋ ʰʝʩʪʦʤ ʧʦʛʣʘʚˀʫ ʜʠʩʝʨʪʘʮʠʿʝ ʧʨʝʜʩʪʘʚˀʝʥʠ ʩʫ ʨʝʟʫʣʪʘʪʠ ʧʨʘ˂ʝˁʘ ʤʠʰʠ˂ʥʝ 

ʘʢʪʠʚʥʦʩʪʠ, ʤʦʞʜʘʥʝ ʘʢʪʠʚʥʦʩʪʠ ʠ ʤʝʥʪʘʣʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ, ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʜʝʬʝʢʘʪʘ 

ʟʘ ʩʚʘʢʦʛ ʠʩʧʠʪʘʥʠʢʘ ʫ ʦʙʘ ʩʮʝʥʘʨʠʿʘ. ʋ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʠʟʚʨʰʝʥʘ ʿʝ ʫʧʦʨʝʜʥʘ ʘʥʘʣʠʟʘ 

ʨʝʟʫʣʪʘʪʘ ʠʟʤʝʹʫ ʝʨʛʦʥʦʤʩʢʦʛ ʠ ʥʝʝʨʛʦʥʦʤʩʢʦʛ ʩʮʝʥʘʨʠʿʘ. ɼʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʧʨʫʞʘʿʫ 

ʫʚʠʜ ʫ ʢʦʨʝʣʘʮʠʿʫ ʠʟʤʝʹʫ ʬʠʟʠʯʢʦʛ ʠ ʢʦʛʥʠʪʠʚʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʨʘʜʥʠʢʘ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ 

ʠ ʜʝʬʝʢʘʪʘ, ʩʘ ʧʦʩʝʙʥʠʤ ʬʦʢʫʩʦʤ ʥʘ ʬʘʢʪʦʨʝ ʢʦʿʠ ʠʤʘʿʫ ʟʥʘʯʘʿʘʥ ʫʪʠʮʘʿ ʥʘ ʦʚʝ ʧʘʨʘʤʝʪʨʝ. 

ɼʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʩʫ ʧʦʪʚʨʜʠʣʠ ʭʠʧʦʪʝʟʝ ʢʦʿʝ ʩʫ ʬʦʨʤʫʣʠʩʘʥʝ ʫ ʧʦʛʣʘʚˀʫ 1, ʯʠʤʝ ʩʝ 

ʧʦʪʚʨʹʫʿʫ ʫʥʘʧʨʝʜ ʧʦʩʪʘʚˀʝʥʠ ʮʠˀʝʚʠ. 

6.1 ʈɽɿʋʃʊɸʊʀ ʇʈɸɴɽɳɸ ʄʀʐʀɴʅɽ ɸʂʊʀɺʅʆʉʊʀ  

ʅʘ ʩʣʠʢʘʤʘ 6.1 - 6.4 ʧʨʠʢʘʟʘʥʠ ʩʫ ʩʠʨʦʚʠ ʩʠʛʥʘʣʠ ʧʨʘ˂ʝˁʘ ʘʢʪʠʚʥʦʩʪʠ ʪʨʘʧʝʟʥʠʭ 

ʤʠʰʠ˂ʘ ʥʘ ʚʨʘʪʫ ʩʘ ʣʝʚʝ ʠ ʜʝʩʥʝ ʩʪʨʘʥʝ ʿʝʜʥʦʛ ʩʫʙʿʝʢʪʘ ʧʦʤʦ˂ʫ ʫʨʝʹʘʿʘ Muscle BAN BE. 

 

ʉʣʠʢʘ 6.1 ʉʠʨʦʚʠ ɽʄɻ ʩʠʛʥʘʣ ʩʥʠʤˀʝʥ ʧʦʤʦ˂ʫ Muscle BAN BE ʫʨʝʹʘʿʘ ʫ 

ʥʝʝʨʛʦʥʦʤʩʢʦʤ ʩʮʝʥʘʨʠʿʫ (ʣʝʚʘ ʩʪʨʘʥʘ) 
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ʉʣʠʢʘ 6.2 ʉʠʨʦʚʠ ɽʄɻ ʩʠʛʥʘʣ ʧʦʤʦ˂ʫ Muscle BAN BE ʫʨʝʹʘʿʘ ʫ ʥʝʝʨʛʦʥʦʤʩʢʦʤ 

ʩʮʝʥʘʨʠʿʫ (ʜʝʩʥʘ ʩʪʨʘʥʘ)  

 

ʉʣʠʢʘ 6.3 ʉʠʨʦʚʠ ɽʄɻ ʩʠʛʥʘʣ ʧʦʤʦ˂ʫ Muscle BAN BE ʫʨʝʹʘʿʘ ʫ ʝʨʛʦʥʦʤʩʢʦʤ ʩʮʝʥʘʨʠʿʫ 

(ʣʝʚʘ ʩʪʨʘʥʘ) 

 

ʉʣʠʢʘ 6.4 ʉʠʨʦʚʠ ɽʄɻ ʩʠʛʥʘʣ ʧʦʤʦ˂ʫ Muscle BAN BE ʫʨʝʹʘʿʘ ʫ ʝʨʛʦʥʦʤʩʢʦʤ ʩʮʝʥʘʨʠʿʫ 

(ʜʝʩʥʘ ʩʪʨʘʥʘ) 

ʂʘʦ ʰʪʦ ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʩʘ ʩʣʠʢʘ 6.1 - 6.4 ʘʢʪʠʚʥʦʩʪ ʪʨʘʧʝʟʥʠʭ ʤʠʰʠ˂ʘ ʿ ʝ ʟʥʘʯʘʿʥʦ 

ʚʝ˂ʘ ʫ ʥʝʝʨʛʦʥʦʤʩʢʦʤ ʩʮʝʥʘʨʠʿʫ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʝʨʛʦʥʦʤʩʢʠʤ. ɸʤʧʣʠʪʫʜʘ ʿʝ ʜʠʨʝʢʪʥʦ 

ʧʦʚʝʟʘʥʘ ʩʘ ʥʘʧʨʝʟʘˁʝʤ ʤʠʰʠ˂ʘ. ʉʘ ʩʣʠʢʘ ʩʝ ʿʘʩʥʦ ʫʦʯʘʚʘ ʜʘ ʚʝ˂ʠ ʥʘʧʦʨ ʠʣʠ 

ʠʥʪʝʥʟʠʚʥʠʿʘ ʢʦʥʪʨʘʢʮʠʿʘ ʤʠʰʠ˂ʘ ʧʨʦʫʟʨʦʢʫʿʝ ʧʦʚʝ˂ʘˁʝ ʘʤʧʣʠʪʫʜe ʩʠʛʥʘʣʘ ʪʿ. 



127 

ʧʦʚʝ˂ʘˁʝ ʘʤʧʣʠʪʫʜʝ ʩʠʛʥʘʣʘ ʫʢʘʟʫʿʝ ʥʘ ʠʥʪʝʥʟʠʚʥʠʿʫ ʢʦʥʪʨʘʢʮʠʿʫ ʤʠʰʠ˂ʘ. ʊʦʢʦʤ 

ʧʨʦʪʦʢʘ ʚʨʝʤʝʥʘ ʚʘʨʠʿʘʮʠʿʝ ʫ ʩʠʛʥʘʣʠʤʘ ʧʦʩʪʘʿʫ ʥʝʧʨʘʚʠʣʥʠʿʝ, ʩʘ ʧʦʚʨʝʤʝʥʠʤ ʧʘʜʦʚʠʤʘ 

ʠʣʠ ʩʤʘˁʝˁʝʤ ʘʤʧʣʠʪʫʜʝ, ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ ʦʧʘʜʘˁʝ ʩʥʘʛʝ ʤʠʰʠ˂ʘ ʠ ʧʦʯʝʪʘʢ ʟʘʤʦʨʘ. 

ʇʠʢʦʚʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʥʘʛʣʝ ʩʢʦʢʦʚʝ ʫ ʘʤʧʣʠʪʫʜʠ ɽʄɻ ʩʠʛʥʘʣʘ ʠ ʫʢʘʟʫʿʫ ʥʘ ʪʨʝʥʫʪʢʝ ʢʘʜʘ 

ʤʠʰʠ˂ʥʘ ʘʢʪʠʚʥʦʩʪ ʜʦʩʪʠʞʝ ʩʚʦʿ ʚʨʭʫʥʘʮ ʪʿ. ʢʘʜʘ ʿʝ ʤʠʰʠ˂ ʧʦʜ ʥʘʿʚʝ˂ʠʤ ʦʧʪʝʨʝ˂ʝˁʝʤ. 

ʉʢʦʢʦʚʠ ʫ ʩʠʛʥʘʣʫ ʩʝ ʿʘʚˀʘʿʫ ʪʦʢʦʤ ʢʨʘʪʢʦʪʨʘʿʥʠʭ ʘ ʩʥʘʞʥʠʭ ʤʠʰʠ˂ʥʠʭ ʢʦʥʪʨʘʢʮʠʿʘ, 

ʢʘʦ ʪʦʢʦʤ ʥʘʛʣʦʛ ʧʦʢʨʝʪʘ ʨʫʢʝ. 

ɽʄɻ ʩʠʛʥʘʣʠ ʩʫ ʧʦʛʦʜʥʠ ʟʘ ʢʣʘʩʠʬʠʢʘʮʠʿʫ ʠʟʤʝʹʫ ʦʙʝ ʩʝʩʠʿʝ ʫ ʦʙʘ ʩʮʝʥʘʨʠʿʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘ. ʂʘʦ ʰʪʦ ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʩʘ ʩʣʠʢʝ ʫ ʥʝʝʨʛʦʥʦʤʩʢʦʤ ʩʮʝʥʘʨʠʿʫ ʘʤʧʣʠʪʫʜʘ 

ʚʘʨʠʨʘ ʠ ʧʠʢʦʚʠ ʧʦʩʪʘʿʫ ʯʝʰ˂ʠ ʠ ʚʠʰʠ, ʰʪʦ ʫʢʘʟʫʿʝ ʜʘ ʿʝ ʤʠʰʠ˂ ʧʦʜ ʚʝ˂ʠʤ ʦʧʪʝʨʝ˂ʝˁʝʤ. 

ʉʠʨʦʚʠ ɽʄɻ ʩʠʛʥʘʣʠ ʿʘʩʥʦ ʫʢʘʟʫʿʫ ʥʘ ʧʦʚʝ˂ʘˁʝ ʘʤʧʣʠʪʫʜa ʫ ʥʝʝʨʛʦʥʦʤʩʢʦʤ ʩʮʝʥʘʨʠʿʫ, 

ʰʪʦ ʟʘʧʨʘʚʦ ʫʢʘʟʫʿʝ ʥʘ ʟʘʤʦʨ ʤʠʰʠ˂ʘ. ʋ ʝʨʛʦʥʦʤʩʢʦʤ ʩʮʝʥʘʨʠʿʫ, ʚʘʨʠʿʘʮʠʿʝ ʥʠʩʫ ʪʦʣʠʢʦ 

ʥʘʛʣʝ, ʘ ʧʠʢʦʚʠ ʩʫ ʤʘˁʠ, ʰʪʦ ʟʥʘʯʠ ʜʘ ʪʨʘʧʝʟʥʠ ʤʠʰʠ˂ ʥʠʿʝ ʧʨʝʦʧʪʝʨʝ˂ʝʥ. ʋ 

ʝʨʛʦʥʦʤʩʢʦʤ ʩʮʝʥʘʨʠʿʫ, ʘʤʧʣʠʪʫʜʝ ɽʄɻ ʩʠʛʥʘʣʘ ʩʫ ʩʪʘʙʠʣʥʠʿʝ, ʩʘ ʤʘˁʠʤ ʦʩʮʠʣʘʮʠʿʘʤʘ, 

ʰʪʦ ʫʢʘʟʫʿʝ ʜʘ ʝʨʛʦʥʦʤʩʢʘ ʦʧʪʠʤʠʟʘʮʠʿʘ ʜʦʧʨʠʥʦʩʠ ʩʤʘˁʝˁʫ ʦʧʪʝʨʝ˂ʝˁʘ ʤʠʰʠ˂ʘ. 

ʉʠʨʦʚʠ ɽʄɻ ʩʠʛʥʘʣʠ ʩʫ ʦʩʥʦʚʘ ʟʘ ʩʧʨʦʚʦʹʝˁʝ ʜʘˀʠʭ ʘʥʘʣʠʟʘ ʠ ʠʟʥʦʰʝˁʝ ʟʘʢˀʫʯʘʢʘ. 

ʇʨʝʢʦ ɽʄɻ ʩʠʛʥʘʣʘ ʩʫ ʧʨʘ˂ʝʥʝ ʧʨʦʤʝʥʝ ʤʠʰʠ˂ʥʝ ʘʢʪʠʚʥʦʩʪʠ ʫ ʨʘʟʣʠʯʠʪʠʤ 

ʬʘʟʘʤʘ - ʥʘ ʧʦʯʝʪʢʫ, ʩʨʝʜʠʥʠ ʠ ʢʨʘʿʫ ʝʢʩʧʝʨʠʤʝʥʪʘ ʢʘʢʦ ʙʠ ʩʝ ʩʪʝʢʘʦ ʫʚʠʜ ʫ ʥʠʚʦ ʟʘʤʦʨʘ 

ʠ ʦʧʪʝʨʝ˂ʝˁʘ ʪʨʘʧʝʟʥʦʛ ʤʠʰʠ˂ʘ ʪʦʢʦʤ ʪʨʘʿʘˁʘ ʝʢʩʧʝʨʠʤʝʥʪʘ. ʅʘ ʧʦʯʝʪʢʫ ʝʢʩʧʝʨʠʤʝʥʪʘ, 

ɽʄɻ ʩʠʛʥʘʣ ʧʦʢʘʟʫʿʝ ʥʠʩʢʫ ʘʤʧʣʠʪʫʜʫ, ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ ʨʝʣʘʪʠʚʥʦ ʥʠʩʢʫ ʤʠʰʠ˂ʥʫ 

ʘʢʪʠʚʥʦʩʪ. ʀʩʧʠʪʘʥʠʢ ʿʝ ʦʜʤʦʨʘʥ, ʘ ʤʠʰʠ˂ ʩʝ ʥʠʿʝ ʟʥʘʯʘʿʥʦ ʘʢʪʠʚʠʨʘʦ. ʊʦʢʦʤ ʦʚʦʛ 

ʧʝʨʠʦʜʘ ʫʦʯʘʚʘʿʫ ʩʝ ʤʘʣʠ ʧʠʢʦʚʠ ʘ ʪʘʣʘʩʠ ʩʫ ʩʪʘʙʠʣʥʠ, ʩʘ ʧʝʨʠʦʜʠʤʘ ʥʠʩʢʝ ʤʠʰʠ˂ʥʝ 

ʘʢʪʠʚʥʦʩʪʠ ʠʟʤʝʹʫ ʢʦʥʪʨʘʢʮʠʿʘ. ʆʚʦ ʫʢʘʟʫʿʝ ʜʘ ʠʩʧʠʪʘʥʠʢ ʦʙʘʚˀʘ ʤʦʥʪʘʞʥʝ ʘʢʪʠʚʥʦʩʪʠ 

ʩʘ ʤʠʥʠʤʘʣʥʠʤ ʥʘʧʨʝʟʘˁʝʤ ʤʠʰʠ˂ʘ.  

ʂʘʢʦ ʩʝ ʝʢʩʧʝʨʠʤʝʥʪ ʦʜʚʠʿʘ, ʥʘ ʩʨʝʜʠʥʠ ʧʨʚʝ ʩʝʩʠʿʝ ʤʦʞʝ ʩʝ ʫʦʯʠʪʠ ʧʦʚʝ˂ʘˁʝ 

ʘʤʧʣʠʪʫʜʝ, ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ ʧʦʚʝ˂ʘʥʫ ʤʠʰʠ˂ʥʫ ʘʢʪʠʚʥʦʩʪ. ʊʦʢʦʤ ʚʨʝʤʝʥʘ ʤʦʞʝ ʩʝ 

ʧʨʠʤʝʪʠʪʠ ʚʝ˂ʠ ʙʨʦʿ ʚʠʰʠʭ ʧʠʢʦʚʘ, ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ ʧʦʩʪʝʧʝʥʦ ʧʦʚʝ˂ʘˁʝ ʦʧʪʝʨʝ˂ʝˁʘ 

ʤʠʰʠ˂ʘ. ʌʨʝʢʚʝʥʮʠʿʘ ʦʚʠʭ ʧʠʢʦʚʘ ʤʦʞʝ ʪʘʢʦʹʝ ʫʢʘʟʠʚʘʪʠ ʥʘ ʫʤʦʨ ʤʠʰʠ˂ʘ, ʿʝʨ ʿʝ ʤʠʰʠ˂ 

ʘʥʛʘʞʦʚʘʥ ʜʫʞʝ ʚʨʝʤʝ ʙʝʟ ʦʜʤʦʨʘ. ʅʘ ʩʨʝʜʠʥʠ ʜʨʫʛʝ ʩʝʩʠʿʝ ʝʢʩʧʝʨʠʤʝʥʪʘ ʫʦʯʘʚʘʿʫ ʩʝ 

ʚʠʰʠ ʧʠʢʦʚʠ ʰʪʦ ʤʦʞʝ ʙʠʪʠ ʧʦʩʣʝʜʠʮʘ ʢʫʤʫʣʘʪʠʚʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʤʠʰʠ˂ʘ. ɺʠʰʘ 

ʘʤʧʣʠʪʫʜʘ ʠ ʫʯʝʩʪʘʣʦʩʪ ʧʠʢʦʚʘ ʥʘ ʩʨʝʜʠʥʠ ʝʢʩʧʝʨʠʤʝʥʪʘ ʫʢʘʟʫʿʫ ʥʘ ʧʦʿʘʯʘʥʦ ʥʘʧʨʝʟʘˁʝ 

ʤʠʰʠ˂ʘ ʠ ʬʠʟʠʯʢʠ ʟʘʤʦʨ. ʅʘ ʢʨʘʿʫ ʜʨʫʛʝ ʩʝʩʠʿʝ ʝʢʩʧʝʨʠʤʝʥʪʘ, ɽʄɻ ʩʠʛʥʘʣ ʧʦʢʘʟʫʿʝ 

ʟʥʘʯʘʿʥʦ ʚʠʰʫ ʘʤʧʣʠʪʫʜʫ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʧʨʚʦʤ ʩʝʩʠʿʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘ, ʰʪʦ ʿʝ ʧʦʢʘʟʘʪʝˀ 

ʫʤʦʨʘ ʤʠʰʠ˂ʘ, ʿ ʝʨ ʩʝ ʤʠʰʠ˂ ʥʘʧʨʝʞʝ ʢʘʢʦ ʙʠ ʦʜʨʞʘʦ ʧʦʪʨʝʙʘʥ ʥʠʚʦ ʩʠʣʝ.  

ʈʝʟʫʣʪʘʪʠ ʧʨʘ˂ʝˁʘ ʤʠʰʠ˂ʥʝ ʘʢʪʠʚʥʦʩʪʠ ʧʨʝʢʦ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʩʫ ʧʨʠʢʘʟʘʥʠ 

ʫ ʪʘʙʝʣʘʤʘ ʇ1 ʠ ʇ2 ʢʦʿʝ ʩʝ ʥʘʣʘʟʝ ʫ ʧʨʠʣʦʛʫ. 

ʈʝʟʫʣʪʘʪʠ ʧʦʢʘʟʫʿʫ ʜʘ ʩʫ ʪʨʘʧʝʟʥʠ ʤʠʰʠ˂ʠ ʪʦʢʦʤ ʩʧʨʦʚʦʹʝˁʘ ʤʦʥʪʘʞʥʠʭ 

ʘʢʪʠʚʥʦʩʪʠ ʫ ʥʝʝʨʛʦʥʦʤʩʢʦʤ ʩʮʝʥʘʨʠʿʫ ʧʦʜʣʦʞʥʠ ʟʥʘʯʘʿʥʦʤ ʥʘʧʨʝʟʘˁʫ. ʋʦʯʝʥʦ ʿʝ ʜʘ 

ʜʦʣʘʟʠ ʜʦ ʧʦʚʝ˂ʘˁʘ ʘʢʪʠʚʥʦʩʪʠ ʪʨʘʧʝʟʥʠʭ ʤʠʰʠ˂ʘ, ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ ʧʦʪʨʝʙʫ ʟʘ ʚʝ˂ʠʤ 

ʥʘʧʦʨʦʤ ʨʘʜʠ ʦʜʨʞʘʚʘˁʘ ʧʦʣʦʞʘʿʘ ʪʝʣʘ. ʅʘʧʨʝʟʘˁʝ ʜʘˀʝ ʜʦʚʦʜʠ ʜʦ ʬʠʟʠʯʢʦʛ ʟʘʤʦʨʘ ʠ 

ʚʝ˂ʝʛ ʨʠʟʠʢʘ ʦʜ ʧʦʿʘʚʝ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠʭ ʧʦʨʝʤʝ˂ʘʿʘ. ɼʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʩʝ ʧʦʢʣʘʧʘʿʫ 

ʩʘ ʨʝʟʫʣʪʘʪʠʤʘ ʩʪʫʜʠʿʘ ʢʦʿʝ ʩʫ ʩʧʨʦʚʝʣʠ ʘʫʪʦʨʠ (Schaub ʠ ʜʨʫʛʠ, 2013; Petreanu ʠ Seracin, 

2017), ʢʦʿʝ ʩʫ ʪʘʢʦʹʝ ʫʢʘʟʘʣʝ ʥʘ ʟʥʘʯʘʿʥʦ ʧʦʚʝ˂ʘˁʝ ʥʘʧʨʝʟʘˁʘ ʪʨʘʧʝʟʥʠʭ ʤʠʰʠ˂ʘ ʢʦʜ 

ʨʘʜʥʠʢʘ ʢʦʿʠ ʦʙʘʚˀʘʿʫ ʤʦʥʪʘʞʥʝ ʘʢʪʠʚʥʦʩʪʠ.  

ʂʘʦ ʰʪʦ ʩʝ ʤʦʞʝ ʟʘʢˀʫʯʠʪʠ ʥʘ ʦʩʥʦʚʫ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʧʨʘ˂ʝˁʘ ʘʢʪʠʚʥʦʩʪʠ 

ʤʠʰʠ˂ʘ ʫ ʝʨʛʦʥʦʤʩʢʦʤ ʩʮʝʥʘʨʠʿʫ ʢʦʜ ʩʚʠʭ ʠʩʧʠʪʘʥʠʢʘ ʿʝ ʫʦʯʝʥ ʤʘˁʠ ʟʘʤʦʨ ʪʨʘʧʝʟʥʠʭ 

ʤʠʰʠ˂ʘ ʫ ʦʜʥʦʩʫ ʥʘ ʥʝʝʨʛʦʥʦʤʩʢʠ ʩʮʝʥʘʨʠʦ. ʅʘʢʦʥ ʫʚʦʹʝˁʘ ʝʨʛʦʥʦʤʩʢʠʭ ʤʝʨʘ 

ʥʘʧʨʝʟʘˁʝ ʪʨʘʧʝʟʥʠʭ ʤʠʰʠ˂ʘ ʿʝ ʟʥʘʯʘʿʥʦ ʩʤʘˁʝʥʦ, ʰʪʦ ʧʦʟʠʪʠʚʥʦ ʫʪʠʯʝ ʥʘ ʙʝʟʙʝʜʥʦʩʪ 



128 

ʠ ʟʜʨʘʚˀʝ ʨʘʜʥʠʢʘ ʠ ʧʦʚʝ˂ʘʚʘ ʨʘʜʥʫ ʩʧʦʩʦʙʥʦʩʪ. ʆʚʠ ʨʝʟʫʣʪʘʪʠ ʩʫ ʫ ʩʢʣʘʜʫ ʩʘ 

ʧʨʝʪʭʦʜʥʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʩʧʨʦʚʝʜʝʥʠʤ ʫ ʦʚʦʿ ʦʙʣʘʩʪʠ ʢʦʿʘ ʥʘʛʣʘʰʘʚʘʿʫ ʚʘʞʥʦʩʪ 

ʧʨʠʤʝʥʝ ʝʨʛʦʥʦʤʩʢʠʭ ʧʨʠʥʮʠʧʘ ʫ ʨʘʜʥʦʤ ʦʢʨʫʞʝˁʫ ʫ ʮʠˀʫ ʩʤʘˁʝˁʘ ʥʘʧʨʝʟʘˁʘ ʤʠʰʠ˂ʘ 

ʠ ʩʤʘˁʝˁʘ ʨʠʟʠʢʘ ʦʜ ʧʦʿʘʚʝ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠʭ ʧʦʨʝʤʝ˂ʘʿʘ ʠ ʜʨʫʛʠʭ ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ 

ʦʙʦˀʝˁʘ (Suarjana ʠ ʜʨʫʛʠ, 2022). 

ʆʚʠ ʨʝʟʫʣʪʘʪʠ ʩʝ ʧʦʢʣʘʧʘʿʫ ʩʘ ʨʝʟʫʣʪʘʪʠʤʘ ʫʩʤʝʥʦʛ ʠʥʪʝʨʚʿʫʘ ʧʨʝʤʘ ʢʦʿʠʤʘ ʿʝ ʫ 

ʥʝʝʨʛʦʥʦʤʩʢʦʤ ʩʮʝʥʘʨʠʿʫ ʢʦʜ ʩʚʠʭ ʠʩʧʠʪʘʥʠʢʘ ʜʦʰʣʦ ʜʦ ʟʘʤʦʨʘ ʪʨʘʧʝʟʥʠʭ ʤʠʰʠ˂ʘ 

ʧʦʛʦʪʦʚʫ ʫ ʪʦʢʫ ʜʨʫʛʝ ʩʝʩʠʿʝ ʦʜʥʦʩʥʦ 2 ʩʘʪʘ ʥʘʢʦʥ ʧʦʯʝʪʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘ. ʈʘʟʣʦʛ ʪʦʤʝ ʩʝ 

ʤʦʞʝ ʥʘ˂ʠ ʫ ʯʠˁʝʥʠʮʠ ʜʘ ʿʝ ʦʚʘʿ ʩʮʝʥʘʨʠʦ ʧʦʜʨʘʟʫʤʝʚʘʦ ʦʙʘʚˀʘˁʝ ʘʢʪʠʚʥʦʩʪʠ ʤʦʥʪʘʞʝ 

ʧʨʦʠʟʚʦʜʘ ʥʘ ʪʨʘʜʠʮʠʦʥʘʣʥʦʿ ʨʘʜʥʦʿ ʩʪʘʥʠʮʠ ʢʦʿʘ ʥʠʿʝ ʫʩʢʣʘʹʝʥʘ ʩʘ ʝʨʛʦʥʦʤʩʢʠʤ 

ʧʨʠʥʮʠʧʠʤʘ ʠ ʩʪʘʥʜʘʨʜʠʤʘ Ăʟʣʘʪʥʝ ʟʦʥʝñ. ʇʨʠʣʠʢʦʤ ʦʙʘʚˀʘˁʘ ʘʢʪʠʚʥʦʩʪʠ ʫ ʦʚʦʤ 

ʩʮʝʥʘʨʠʿʫ ʨʘʜʥʠʮʠ ʩʫ ʙʠʣʠ ʧʨʠʥʫʹʝʥʠ ʜʘ ʩʝ ʥʘʧʨʝʞʫ, ʠʩʪʝʞʫ, ʩʘʚʠʿʘʿʫ ʪʝʣʦ ʢʘʢʦ ʙʠ 

ʜʦʭʚʘʪʠʣʠ ʧʦʪʨʝʙʥʝ ʜʝʣʦʚʝ ʠ ʢʦʤʧʦʥʝʥʪʝ ʰʪʦ ʿʝ ʫʪʠʮʘʣʦ ʥʘ ʧʦʚʝ˂ʘˁʝ ʟʘʤʦʨʘ ʤʠʰʠ˂ʘ.  

ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ ʝʨʛʦʥʦʤʩʢʠ ʩʮʝʥʘʨʠʦ ʿʝ ʫʢˀʫʯʠʚʘʦ ʦʙʘʚˀʘˁʝ ʟʘʜʘʪʘʢʘ ʨʫʯʥʦʛ 

ʩʢʣʘʧʘˁʘ ʥʘ ʧʨʝʜʣʦʞʝʥʦʿ ʨʘʜʥʦʿ ʩʪʘʥʠʮʠ ʢʦʿʘ ʿʝ ʫʩʢʣʘʹʝʥʘ ʩʘ lean ʠ ʝʨʛʦʥʦʤʩʢʠʤ 

ʧʨʠʥʮʠʧʠʤʘ ʠ ʧʦʜʝʩʠʚʘ ʧʦ ʚʠʩʠʥʠ. ʉʚʘʢʠ ʠʩʧʠʪʘʥʠʢ ʿʝ ʠʤʘʦ ʤʦʛʫ˂ʥʦʩʪ ʜʘ ʧʨʠʣʘʛʦʜʠ 

ʨʘʜʥʠ ʧʨʦʩʪʦʨ ʠʥʜʠʚʠʜʫʘʣʥʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ, ʟʘʭʪʝʚʠʤʘ ʠ ʧʦʪʨʝʙʘʤʘ. ʂʣʘʩʝʨʠ ʩʘ 

ʢʦʤʧʦʥʝʥʪʘʤʘ ʠ ʧʦʪʨʝʙʥʠʤ ʟʘ ʧʨʦʮʝʩ ʤʦʥʪʘʞʝ ʩʫ ʦʨʛʘʥʠʟʦʚʘʥʠ ʫ ʩʢʣʘʜʫ ʩʘ ʧʨʠʥʮʠʧʠʤʘ 

Ăʟʣʘʪʥʝ ʟʦʥʝñ ʪʘʢʦ ʜʘ ʩʫ ʠʩʧʠʪʘʥʠʮʠ ʩʫ ʦʙʘʚˀʘʣʠ ʘʢʪʠʚʥʦʩʪʠ ʫʟ ʤʠʥʠʤʘʣʥʦ ʩʘʚʠʿʘˁʝ ʠ 

ʠʩʪʝʟʘˁʝ ʪʝʣʘ, ʩʤʘˁʝˁʝ ʠʟʚʦʹʝˁʘ ʥʝʧʦʪʨʝʙʥʠʭ ʧʦʢʨʝʪʘ ʠ ʤʘˁʫ ʧʨʠʤʝʥʫ ʩʠʣʝ ʰʪʦ ʿʝ 

ʟʥʘʯʘʿʥʦ ʩʤʘˁʠʣʦ ʥʘʧʨʝʟʘˁʝ ʤʠʰʠ˂ʘ ʠ ʨʠʟʠʢ ʦʜ ʧʦʿʘʚʝ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠʭ ʧʦʨʝʤʝ˂ʘʿʘ.  

ʈʝʟʫʣʪʘʪʠ ʧʨʘ˂ʝˁʘ ʤʠʰʠ˂ʥʝ ʘʢʪʠʚʥʦʩʪʠ ʩʫ ʫʩʢʣʘʹʝʥʠ ʩʘ ʨʝʟʫʣʪʘʪʠʤʘ ʜʦʙʠʿʝʥʠʤ 

ʈʋʃɸ ʤʝʪʦʜʦʤ ʠ ʜʠʛʠʪʘʣʥʠʤ ˀʫʜʩʢʠʤ ʤʦʜʝʣʠʨʘˁʝʤ. ʇʨʠʤʝʥʘ ʈʋʃɸ ʤʝʪʦʜʝ ʦʤʦʛʫ˂ʠʣʘ 
ʿʝ ʢʚʘʥʪʠʪʘʪʠʚʥʫ ʧʨʦʮʝʥʫ ʧʦʩʪʫʨʘʣʥʠʭ ʨʠʟʠʢʘ. ʈʝʟʫʣʪʘʪʠ ʈʋʃɸ ʘʥʘʣʠʟʝ ʩʫ ʧʦʢʘʟʘʣʠ 

ʚʠʩʦʢʝ ʩʢʦʨʦʚʝ ʨʠʟʠʢʘ ʫ ʥʝʝʨʛʦʥʦʤʩʢʦʤ ʩʮʝʥʘʨʠʿʫ, ʰʪʦ ʜʦʜʘʪʥʦ ʧʦʪʚʨʹʫʿʝ ʨʝʟʫʣʪʘʪʝ 

ʜʦʙʠʿʝʥʝ ʧʨʠʤʝʥʦʤ ɽʄɻ ʤʝʪʦʜʝ. ʂʦʨʠʰ˂ʝˁʝʤ ʜʠʛʠʪʘʣʥʦʛ ˀʫʜʩʢʦʛ ʤʦʜʝʣʠʨʘˁʘ 

ʩʠʤʫʣʠʨʘʥʠ ʩʫ ʠ ʚʠʟʫʘʣʠʟʦʚʘʥʠ ʨʘʟʣʠʯʠʪʠ ʧʦʣʦʞʘʿʠ ʪʝʣʘ, ʰʪʦ ʿʝ ʧʨʫʞʠʣʦ ʜʫʙˀʝ ʫʚʠʜʝ 

ʫ ʝʨʛʦʥʦʤʩʢʝ ʨʠʟʠʢʝ ʩʘ ʢʦʿʠʤʘ ʩʝ ʩʫʦʯʘʚʘʿʫ ʨʘʜʥʠʮʠ ʢʦʿʠ ʦʙʘʚˀʘʿʫ ʤʦʥʪʘʞʥʝ ʘʢʪʠʚʥʦʩʪʠ 

ʥʘ ʪʨʘʜʠʮʠʦʥʘʣʥʠʤ ʨʘʜʥʠʤ ʩʪʘʥʠʮʘʤʘ. ʋʢʫʧʥʠ ʨʝʟʫʣʪʘʪʠ ʧʨʦʮʝʥʝ ʨʠʟʠʢʘ ʈʋʃɸ 

ʤʝʪʦʜʦʤ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʠ ʫ ʪʘʙʝʣʠ 6.1. 

ʊʘʙʝʣʘ 6.1 ʈʝʟʫʣʪʘʪʠ ʧʨʦʮʝʥʝ ʝʨʛʦʥʦʤʩʢʦʛ ʨʠʟʠʢʘ ʈʋʃɸ ʤʝʪʦʜʦʤ 

ʈʝʟʫʣʪʘʪ ɿʘʭʪʝʚʠ ʟʘ ʘʢʮʠʿʫ 

1 ʠʣʠ 2 
ʋʢʘʟʫʿʝ ʜʘ ʿʝ ʜʨʞʘˁʝ ʪʝʣʘ ʧʨʠʭʚʘʪˀʠʚʦ ʘʢʦ ʩʝ ʥʝ ʦʜʨʞʘʚʘ ʠʣʠ ʥʝ ʧʦʥʘʚˀʘ ʪʦʢʦʤ 

ʜʫʞʝʛ ʧʝʨʠʦʜʘ 

3 ʠʣʠ 4 
ʋʢʘʟʫʿʝ ʜʘ ʩʫ ʧʦʪʨʝʙʥʘ ʜʘˀʘ ʠʩʪʨʘʞʠʚʘˁʘ ʠ ʜʘ ʤʦʞʝ ʙʠʪʠ ʧʦʪʨʝʙʥʦ ʫʚʦʹʝˁʝ 

ʧʨʦʤʝʥʘ 

5 ʠʣʠ 6 ʋʢʘʟʫʿʝ ʜʘ ʿʝ ʧʦʪʨʝʙʥʦ ʩʧʨʦʚʝʩʪʠ ʜʦʜʘʪʥʘ ʠʩʪʨʘʞʠʚʘˁʘ ʠ ʧʨʦʤʝʥʝ ʫ ʩʢʦʨʠʿʝ ʚʨʝʤʝ 

7 ʋʢʘʟʫʿʝ ʜʘ ʿʝ ʥʝʦʧʭʦʜʥʦ ʦʜʤʘʭ ʩʧʨʦʚʝʩʪʠ ʜʦʜʘʪʥʘ ʠʩʪʨʘʞʠʚʘˁʘ ʠ ʧʨʦʤʝʥʝ 

 

ɽʨʛʦʥʦʤʩʢʘ ʧʨʦʮʝʥʘ ʧʦʣʦʞʘʿʘ ʪʝʣʘ ʢʦʿʝ ʟʘʫʟʠʤʘʿʫ ʠʩʧʠʪʘʥʠʮʠ ʠ ʧʦʢʨʝʪʘ ʢʦʿʝ 

ʠʟʚʦʜʝ ʪʦʢʦʤ ʦʙʘʚˀʘˁʘ ʤʦʥʪʘʞʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʪʨʘʜʠʮʠʦʥʘʣʥʦʿ ʨʘʜʥʦʿ ʩʪʘʥʠʮʠ ʿʝ 

ʧʨʠʢʘʟʘʥʘ ʥʘ ʩʣʠʢʘʤʘ 6.5, 6.6, 6.7 ʠ 6.8. ʅʘ ʦʚʠʤ ʩʣʠʢʘʤʘ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʠ ʫʩʚʦʿʝʥʠ 

ʧʦʣʦʞʘʿʠ ʪʝʣʘ ʪʦʢʦʤ ʦʙʘʚˀʘˁʘ ʤʦʥʪʘʞʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʫ ʥʝʝʨʛʦʥʦʤʩʢʦʤ ʩʮʝʥʘʨʠʿʫ. 
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ʉʣʠʢʘ 6.5 ʈʝʟʫʣʪʘʪʠ ʈʋʃɸ ʘʥʘʣʠʟʝ - ʧʦʣʦʞʘʿ ʅ1 

ʂʘʦ ʰʪʦ ʩʝ ʚʠʜʠ ʩʘ ʩʣʠʢʝ 6.5 ʨʝʟʫʣʪʘʪ ʟʘ ʧʦʣʦʞʘʿ 1 ʠʟʥʦʩʠ 7 ʘ ʪʦ ʫʢʘʟʫʿʝ ʥʘ ʮʨʚʝʥʫ 

ʟʦʥʫ.  ʀʩʧʠʪʘʥʠʮʠ ʩʫ ʟʘʫʟʠʤʘʣʠ ʥʝʝʨʛʦʥʦʤʩʢʠ ʧʦʣʦʞʘʿ ʪʝʣʘ ʿʝʨ ʩʫ ʩʘʚʠʿʘʣʠ ʚʨʘʪ ʠ ʪʝʣʦ 

ʥʘ ʜʝʩʥʫ ʩʪʨʘʥʫ ʢʘʢʦ ʙʠ ʧʨʝʫʟʝʣʠ ʧʨʠʧʨʝʤˀʝʥʝ ʜʝʣʦʚʝ ʠʟʘʨʘʹʝʥʝ ʦʜ ʘʢʨʠʣʘ ʢʦʠʿ ʩʫ ʠʤ 

ʙʠʣʠ ʥʝʦʧʭʦʜʥʠ ʟʘ ʦʙʘʚˀʘˁʝ ʤʦʥʪʘʞʝ. 

 

 

  

ʉʣʠʢʘ 6.6 ʈʝʟʫʣʪʘʪʠ ʈʋʃɸ ʘʥʘʣʠʟʝ - ʧʦʣʦʞʘʿ ʅ2 

ʉ ʦʙʟʠʨʦʤ ʜʘ ʥʘ ʪʨʘʜʠʮʠʦʥʘʣʥʦʿ ʨʘʜʥʦʿ ʩʪʘʥʠʮʠ ʧʦʪʨʝʙʥʝ ʢʦʤʧʦʥʝʥʪʝ, ʜʝʣʦʚʠ ʠ 

ʘʣʘʪʠ ʥʠʩʫ ʧʦʩʪʘʚˀʝʥʠ ʠ ʨʘʩʧʦʨʝʹʝʥʠ ʫ ʩʢʣʘʜʫ ʩʘ ʧʨʠʥʮʠʧʠʤʘ ʟʣʘʪʥʝ ʟʦʥʝ, lean ʠ 5ʉ 

ʧʨʠʥʮʠʧʠʤʘ ʠʩʧʠʪʘʥʠʮʠ ʩʫ ʙʠʣʠ ʧʨʠʥʫʹʝʥʠ ʜʘ ʩʘʚʠʿʘʿʫ ʠ ʠʩʪʝʞʫ ʪʝʣʦ ʢʘʢʦ ʙʠ ʜʦʭʚʘʪʠʣʠ 

ʥʝʦʧʭʦʜʥʝ ʢʦʤʧʦʥʝʥʪʝ. ʂʘʦ ʰʪʦ ʩʝ ʚʠʜʠ ʥʘ ʩʣʠʮʠ 6.6 ʫʢʫʧʘʥ ʨʝʟʫʣʪʘʪ ʘʥʘʣʠʟʝ ʟʘ ʧʦʣʦʞʘʿ 

2 ʠʟʥʦʩʠ 7 ʰʪʦ ʫʢʘʟʫʿʝ ʜʘ ʿʝ ʥʝʦʧʭʦʜʥʦ ʦʜʤʘʭ ʩʧʨʦʚʝʩʪʠ ʜʦʜʘʪʥʘ ʠʩʪʨʘʞʠʚʘˁʘ ʠ ʧʨʦʤʝʥʝ. 
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ʉʣʠʢʘ 6.7 ʈʝʟʫʣʪʘʪʠ ʈʋʃɸ ʘʥʘʣʠʟʝ - ʧʦʣʦʞʘʿ ʅ3 

ʂʘʦ ʰʪʦ ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʩʘ ʩʣʠʢʝ 6.7 ʪʨʝ˂ʠ ʧʦʣʦʞʘʿ ʪʝʣʘ ʿʝ ʪʘʢʦʹʝ ʥʝʝʨʛʦʥʦʤʩʢʠ 

ʿʝʨ ʿʝ ʨʝʛʠʩʪʨʘʪʦʨ ʥʘ ʢʦʿʝʤ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʝ ʠʥʩʪʨʫʢʮʠʿʝ ʟʘ ʩʢʣʘʧʘˁʝ ʧʦʩʪʘʚˀʝʥ ʫ 

ʧʦʜʨʫʯʿʫ ʚʘʥ ʤʘʢʩʠʤʘʣʥʦʛ ʜʦʭʚʘʪʘ ʠʩʧʠʪʘʥʠʢʘ ʠ ʩʪʦʛʘ ʩʫ ʠʩʧʠʪʘʥʠʮʠ ʤʦʨʘʣʠ ʜʘ ʠʩʪʝʞʫ 

ʪʝʣʦ ʢʘʢʦ ʙʠ ʦʢʨʝʥʫʣʠ ʣʠʩʪ ʧʘʧʠʨʘ. ʋʢʫʧʥʘ ʚʨʝʜʥʦʩʪ ʨʝʟʫʣʪʘʪʘ ʥʘʢʦʥ ʈʋʃɸ ʘʥʘʣʠʟʝ ʿʝ 

ʪʘʢʦʹʝ 7. 

 

 

 

 

 

 

 

 

 

 

 

 

ʉʣʠʢʘ 6.8 ʈʝʟʫʣʪʘʪʠ ʈʋʃɸ ʘʥʘʣʠʟʝ - ʧʦʣʦʞʘʿ ʅ4 

ʂʘʢʦ ʙʠ ʦʜʣʦʞʠʣʠ ʟʘʚʨʰʝʥ ʬʠʥʘʣʥʠ ʧʨʦʠʟʚʦʜ ʫ ʢʫʪʠʿʫ ʧʦʨʝʜ ʨʘʜʥʝ ʩʪʘʥʠʮʝ 

ʠʩʧʠʪʘʥʠʮʠ ʩʫ ʙʠʣʠ ʧʨʠʥʫʹʝʥʠ ʜʘ ʩʘʚʠʿʘʿʫ ʪʝʣʦ ʥʘ ʣʝʚʫ ʩʪʨʘʥʫ (ʩʣʠʢʘ 6.8) ʰʪʦ ʿʝ ʪʘʢʦʹʝ 

ʧʨʦʫʟʨʦʢʦʚʘʣʦ ʜʘ ʫʢʫʧʘʥ ʨʝʟʫʣʪʘʪʘ ʈʋʃɸ ʘʥʘʣʠʟʝ ʙʫʜʝ 7 ʠ ʫʢʘʟʘʣʦ ʜʘ ʿʝ ʥʝʦʧʭʦʜʥʦ 

ʦʜʤʘʭ ʩʧʨʦʚʝʩʪʠ ʧʦʙʦˀʰʘˁʝ. 

ʈʝʟʫʣʪʘʪʠ ʜʦʙʠʿʝʥʠ ʈʋʃɸ ʤʝʪʦʜʦʤ ʫ ʪʨʘʜʠʮʠʦʥʘʣʥʦʤ ʩʮʝʥʘʨʠʿʫ ʧʦʢʘʟʫʿʫ ʜʘ ʩʫ 

ʠʩʧʠʪʘʥʠʮʠ ʟʙʦʛ ʟʘʫʟʠʤʘˁʘ ʥʝʝʨʛʦʥʦʤʩʢʠʭ ʧʦʣʦʞʘʿʘ ʪʝʣʘ ʪʦʢʦʤ ʜʫʞʝʛ ʚʨʝʤʝʥʩʢʦʛ 

ʧʝʨʠʦʜʘ ʠ ʠʟʚʦʹʝˁʘ ʥʝʝʨʛʦʥʦʤʩʢʠʭ ʧʦʢʨʝʪʘ ʠʟʣʦʞʝʥʠ ʚʝ˂ʝʤ ʨʠʟʠʢʫ ʦʜ ʧʦʿʘʚʝ ʤʠʰʠ˂ʥʦ-
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ʢʦʰʪʘʥʠʭ ʧʦʨʝʤʝ˂ʘʿʘ ʠ ʜʨʫʛʠʭ ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ ʙʦʣʝʩʪʠ, ʰʪʦ ʫʢʘʟʫʿʝ ʜʘ ʿʝ ʧʦʪʨʝʙʥʦ 

ʩʧʨʦʚʦʹʝˁʝ ʜʦʜʘʪʥʠʭ ʤʦʜʠʬʠʢʘʮʠʿʘ. ʂʘʦ ʰʪʦ ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʩʘ ʩʣʠʢʘ ʢʦʜ ʩʚʘ ʯʝʪʠʨʠ 

ʧʦʣʦʞʘʿʘ ʜʦʙʠʿʝʥʘ ʿʝ ʦʮʝʥʘ 7 ʰʪʦ ʫʢʘʟʫʿʝ ʜʘ ʿʝ ʩʧʨʦʚʦʹʝˁʝ ʜʦʜʘʪʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʠ 

ʫʚʦʹʝˁʝ ʧʨʦʤʝʥʘ ʧʦʪʨʝʙʥʦ ʦʜʤʘʭ ʿʝʨ ʟʘʫʟʠʤʘˁʝ ʦʚʠʭ ʧʦʣʦʞʘʿʘ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ 

ʟʜʨʘʚʩʪʚʝʥʠʭ ʨʠʟʠʢʘ ʟʘ ʛʦʨˁʝ ʝʢʩʪʨʝʤʠʪʝʪʝ. ʅʘʿʚʠʰʝ ʩʫ ʦʧʪʝʨʝ˂ʝʥʠ ʜʝʣʦʚʠ ʪʝʣʘ ʢʦʿʠ ʩʫ 

ʫ ʮʨʚʝʥʦʿ ʟʦʥʠ, ʘ ʪʘʢʦʹʝ ʧʦʩʝʙʥʘ ʧʘʞˁʘ ʪʨʝʙʘ ʙʠʪʠ ʫʩʤʝʨʝʥʘ ʥʘ ʜʝʣʦʚʝ ʪʝʣʘ ʢʦʿʠ ʩʫ ʫ 

ʞʫʪʦʿ ʟʦʥʠ.  

ʀʩʧʠʪʘʥʠʮʠ ʩʫ ʠʟʚʦʜʠʣʠ ʤʦʥʪʘʞʥʝ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʩʪʦʣʠʮʠ ʢʦʿʘ ʥʠʿʝ ʙʠʣʘ 

ʝʨʛʦʥʦʤʩʢʠ ʜʠʟʘʿʥʠʨʘʥʘ, ʥʠʿʝ ʠʤʘʣʘ ʧʦʜʝʩʠʚʠ ʦʩʣʦʥʘʮ ʟʘ ʥʦʛʝ, ʰʪʦ ʿʝ ʜʦʜʘʪʥʦ 

ʧʨʦʫʟʨʦʢʦʚʘʣʦ ʥʝʫʛʦʜʥʦʩʪ ʢʦʜ ʠʩʧʠʪʘʥʠʢʘ. ʉʚʝ ʦʚʦ ʫʢʘʟʫʿʝ ʥʘ ʧʦʪʨʝʙʫ ʟʘ ʧʦʙʦˀʰʘˁʠʤʘ 

ʧʦʩʪʦʿʝ˂ʝ ʨʘʜʥʝ ʩʪʘʥʠʮʝ. 

ʈʝʟʫʣʪʘʪʠ ʝʨʛʦʥʦʤʩʢʝ ʧʨʦʮʝʥʝ ʧʨʠʣʠʢʦʤ ʠʟʚʦʹʝˁʘ ʤʦʥʪʘʞʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʫ 

ʝʨʛʦʥʦʤʩʢʦʤ ʩʮʝʥʘʨʠʿʫ ʩʫ ʧʨʠʢʘʟʘʥʠ ʥʘ ʩʣʠʢʘʤʘ 6.9-6.12. ʉʣʠʢʝ ʧʨʠʢʘʟʫʿʫ ʧʦʣʦʞʘʿʝ ʪʝʣʘ 

ʢʦʿʝ ʟʘʫʟʠʤʘʿʫ ʠʩʧʠʪʘʥʠʮʠ ʪʦʢʦʤ ʠʟʚʦʹʝˁʘ ʘʢʪʠʚʥʦʩʪʠ ʤʦʥʪʘʞʝ ʥʘʢʦʥ ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ 

ʝʨʛʦʥʦʤʩʢʠʭ ʤʝʨʘ.  

 

 

ʉʣʠʢʘ 6.9 ʈʝʟʫʣʪʘʪʠ ʈʋʃɸ ʘʥʘʣʠʟʝ - ʧʦʣʦʞʘʿ ɽ1 

ʂʘʦ ʰʪʦ ʩʝ ʚʠʜʠ ʩʘ ʩʣʠʢʝ 6.9 ʫ ʝʨʛʦʥʦʤʩʢʦʤ ʩʮʝʥʘʨʠʿʫ, ʠʩʧʠʪʘʥʠʮʠ ʩʝ ʥʠʩʫ 

ʩʘʚʠʿʘʣʠ ʥʘ ʜʝʩʥʫ ʩʪʨʘʥʫ ʿʝʨ ʩʫ ʜʝʣʦʚʠ ʦʜ ʘʢʨʠʣʘ ʙʠʣʠ ʧʦʩʪʘʚˀʝʥʠ ʥʘ ʨʘʜʥʫ ʧʦʚʨʰʠʥʫ 

ʩʘ ʜʝʩʥʝ ʩʪʨʘʥʝ ʠʩʧʠʪʘʥʠʢʘ ʫ ʦʢʚʠʨʫ ʟʣʘʪʥʝ ʟʦʥʝ ʪʘʢʦ ʜʘ ʥʠʿʝ ʙʠʣʦ ʧʦʪʨʝʙʝ ʟʘ ʩʘʚʠʿʘˁʝʤ 

ʪʝʣʘ ʥʘ ʜʝʩʥʫ ʩʪʨʘʥʫ. ʋʢʫʧʘʥ ʨʝʟʫʣʪʘʪ ʥʘʢʦʥ ʈʋʃɸ ʘʥʘʣʠʟʝ ʿʝ 3 ʰʪʦ ʫʢʘʟʫʿʝ ʜʘ ʿʝ ʧʦʣʦʞʘʿ 

ʩʘ ʝʨʛʦʥʦʤʩʢʦʛ ʘʩʧʝʢʪʘ ʧʦʚʦˀʘʥ ʟʘ ʠʩʧʠʪʘʥʠʢʘ. 

ʅʘ ʥʦʚʦʿ ʨʘʜʥʦʿ ʩʪʘʥʠʮʠ ʩʚʠ ʧʦʪʨʝʙʥʠ ʧʨʝʜʤʝʪʠ, ʤʘʪʝʨʠʿʘʣʠ ʠ ʢʦʤʧʦʥʝʥʪʝ ʩʫ 

ʨʘʩʧʦʨʝʹʝʥʠ ʠ ʧʨʠʣʘʛʦʹʝʥʠ ʧʦʪʨʝʙʘʤʘ, ʟʘʭʪʝʚʠʤʘ ʠ ʠʥʜʠʚʠʜʫʘʣʥʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ 

ʠʩʧʠʪʘʥʠʢʘ (ʩʣʠʢʘ 6.10) ʰʪʦ ʿʝ ʜʦʧʨʠʥʝʣʦ ʜʘ ʨʝʟʫʣʪʘʪ ʥʘʢʦʥ ʈʋʃɸ ʘʥʘʣʠʟʝ ʟʘ ʦʚʘʿ 

ʧʦʣʦʞʘʿ ʙʫʜʝ 3. ʠʩʧʠʪʘʥʠʮʠ ʥʠʩʫ ʠʩʪʝʟʘʣʠ ʪʝʣʦ ʢʘʢʦ ʙʠ ʜʦʭʚʘʪʠʣʠ ʧʦʪʨʝʙʥʝ ʞʠʯʠʮʝ ʢʘʦ 

ʫ ʥʝʝʨʛʦʥʦʤʩʢʦʤ ʩʮʝʥʘʨʠʿʫ ʿʝʨ ʿʝ ʢʣʘʩʝʨ ʩʘ ʞʠʯʠʮʘʤʘ ʧʦʩʪʘʚˀʝʥ ʫ ʦʢʚʠʨʫ ʟʣʘʪʥʝ ʟʦʥʝ. 
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ʉʣʠʢʘ 6.10 ʈʝʟʫʣʪʘʪʠ ʈʋʃɸ ʘʥʘʣʠʟʝ - ʧʦʣʦʞʘʿ ɽ2 

ʅʘ ʦʩʥʦʚʫ ʩʣʠʢʘ 6.9 ʠ 6.10 ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʩʫ ʫ ʝʨʛʦʥʦʤʩʢʦʤ ʩʮʝʥʘʨʠʿʫ 

ʝʣʠʤʠʥʠʩʘʥʝ ʘʢʪʠʚʥʦʩʪʠ ʢʦʿʝ ʫʢˀʫʯʫʿʫ ʥʘʿʚʝ˂ʝ ʝʨʛʦʥʦʤʩʢʝ ʨʠʟʠʢʝ ʦʜ ʥʘʩʪʘʥʢʘ 

ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠʭ ʧʦʨʝʤʝ˂ʘʿʘ. ʋʢʫʧʥʘ ʦʮʝʥʘ ʠ ʟʘ ʧʦʣʦʞʘʿ 1 ʠ ʟʘ ʧʦʣʦʞʘʿ 2 ʿʝ 3 ʰʪʦ ʿʝ 

ʟʥʘʯʘʿʥʦ ʥʠʞʘ ʚʨʝʜʥʦʩʪ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʦʮʝʥʘʤʘ ʜʦʙʠʿʝʥʠʤ ʫ ʥʝʝʨʛʦʥʦʤʩʢʦʤ ʩʮʝʥʘʨʠʿʫ ʟʘ 

ʦʚʝ ʧʦʣʦʞʘʿʝ ʪʝʣʘ.  

 

  

 

 

 

 

 

 

 

 

 

 

ʉʣʠʢʘ 6.11 ʈʝʟʫʣʪʘʪʠ ʈʋʃɸ ʘʥʘʣʠʟʝ - ʧʦʣʦʞʘʿ ɽ3 

ʈʝʟʫʣʪʘʪʠ RULA ʘʥʘʣʠʟʝ ʫ ʝʨʛʦʥʦʤʩʢʦʤ ʩʮʝʥʘʨʠʿʫ ʟʘ ʧʦʣʦʞʘʿ 3 ʧʦʢʘʟʫʿʫ ʜʘ ʿʝ 

ʢʦʥʘʯʥʘ ʦʮʝʥʘ 4 (ʩʣʠʢʘ 6.11), ʰʪʦ ʧʨʝʜʩʪʘʚˀʘ ʟʥʘʯʘʿʥʦ ʧʦʙʦˀʰʘˁʝ ʫ ʦʜʥʦʩʫ ʥʘ 

ʪʨʘʜʠʮʠʦʥʘʣʥʠ ʩʮʝʥʘʨʠʦ (ʢʘʜʘ ʿʝ ʦʮʝʥʘ ʙʠʣʘ 7). ɿʘʢˀʫʯʘʢ ʟʘ ʜʘˀʝ ʠʩʪʨʘʞʠʚʘˁʝ ʿʝ ʜʘ ʿʝ 

ʧʦʪʨʝʙʥʦ ʤʘʢʩʠʤʘʣʥʦ ʧʨʠʙʣʠʞʠʪʠ ʤʦʥʠʪʦʨ ʘ ʜʘ ʩʝ ʥʝ ʧʦʨʝʤʝʪʠ Ăʟʣʘʪʥʘ ʟʦʥʘñ. 
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ʉʣʠʢʘ 6.12 ʈʝʟʫʣʪʘʪʠ ʈʋʃɸ ʘʥʘʣʠʟʝ - ʧʦʣʦʞʘʿ ɽ4 

ʋ ʝʨʛʦʥʦʤʩʢʦʤ ʩʮʝʥʘʨʠʿʫ ʬʠʥʘʣʥʠ ʧʨʦʠʟʚʦʜʠ ʩʫ ʧʦʩʪʘʚˀʘʥʠ ʥʘ ʢʣʠʟʘʯ ʪʘʢʦ ʜʘ 

ʥʠʿʝ ʙʠʣʦ ʧʦʪʨʝʙʝ ʟʘ ʩʘʚʠʿʘˁʝʤ ʪʝʣʘ ʥʘ ʣʝʚʫ ʩʪʨʘʥʫ. ʈʝʟʫʣʪʘʪʠ ʈʋʃɸ ʘʥʘʣʠʟʝ ʫ 

ʝʨʛʦʥʦʤʩʢʦʤ ʩʮʝʥʘʨʠʿʫ ʟʘ ʦʚʘʿ ʧʦʣʦʞʘʿ ʩʫ ʧʦʢʘʟʘʣʠ ʚʨʝʜʥʦʩʪ 4 h ʪʦ ʿʝ ʟʥʘʯʘʿʥʦ ʥʠʞʝ ʥʝʛʦ 

ʫ ʥʝʝʨʛʦʥʦʤʩʢʦʤ ʩʮʝʥʘʨʠʿʫ (ʩʣʠʢʘ 6.12). ʇʨʝʤʘ ʫʢʫʧʥʠʤ ʨʝʟʫʣʪʘʪʠʤʘ ʈʋʃɸ ʘʥʘʣʠʟʝ 

ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʩʫ ʫ ʝʨʛʦʥʦʤʩʢʦʤ ʩʮʝʥʘʨʠʿʫ ʠʩʧʠʪʘʥʠʮʠ ʠʟʣʦʞʝʥʠ ʥʠʞʝʤ ʨʠʟʠʢʫ 

ʦʜ ʧʦʿʘʚʝ ʤʠʰʠ˂ʥʦ-ʢʦʰʪʘʥʠʭ ʦʙʦˀʝˁʘ ʠ ʜʨʫʛʠʭ ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ ʙʦʣʝʩʪʠ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 












































































































































































