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ʈɽʌɽʈɸʊ 

 

ʉʋɼɸʃɻɸɸʅʓ ɸɾʃʓʅ ɿʆʈʀʃɻʆ 

ʊʫʩ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʘʘʨ ᴇʥʛᴇ ʩʫʜʣʘʣʳʥ ʪʝʭʥʦʣʦʛʠʫʜʳʛ ʭʵʨʵʛʣʵʵʥʜ ʥʵʚʪʨװװʣʵʭ, 

ʪʵʨ ʜʫʥʜʘʘ ʩʦʸʣʳʥ ʙʠʝʪ ᴇʚʠʡʛ ʭʘʜʛʘʣʞ ʭʘʤʛʘʘʣʘʭʘʜ ᴇʥʛᴇʥʠʡ ʪʝʭʥʦʣʦʛʠʫʜʳʛ 

ʘʰʠʛʣʘʭ ʟʦʨʠʣʛʦʪʦʡ ʙᴇʛᴇᴇʜ ʵʥʵʭװװ ʩʫʫʨʴ ʩʫʜʘʣʛʘʘʥʳ ʪᴇʩʣᴇᴇʨ ʙʦʣʦʚʩʨʫʫʣʩʘʥ ʘʨʛʘ 

ʟװʡʥ ʩʫʜʘʣʛʘʘʛ ʩʦʸʣʳʥ ʙʠʝʪ ᴇʚʠʡʥ ʥʘʨʠʡʚʯʠʣʩʘʥ ʩʫʜʘʣʛʘʘʥʜ ʥʵʚʪʨװװʣʵʭ ʶʤ.  

 

ʉʋɼɸʃɻɸɸʅʓ ɸɾʃʓʅ תʅɼʕʉʃʕʃ ɹɸ ʐɸɸʈɼʃɸɻɸ 

ʋʣʩ ʦʨʥʳ ʪװװʭ ʩʦʸʣʳʥ ʘʤʠʥ ʩװʥʩ ʥʴ ʩʦʸʣʳʥ ᴇʚ ʙᴇʛᴇᴇʜ ʪװװʥʠʡʛ ʭʘʜʛʘʣʞ 

ʭʘʤʛʘʘʣʘʭ ʥʴ ʄʦʥʛʦʣ ʭװʥ ʙװʨʠʡʥ װװʨʵʛ ʙʠʣʵʵ. ʉʦʸʣʳʥ ʙʠʝʪ ᴇʚʠʡʥ ʩʵʨʛʵʵʥ 

ʟʘʩʚʘʨʣʘʣʪ, ʭʘʜʛʘʣʘʣʪ ʭʘʤʛʘʘʣʘʣʪʳʥ ʰʠʥʞʣʵʭ ʫʭʘʘʥʳ ʩʘʣʙʘʨʪ ʩʦʸʣʳʥ ᴇʚʠʡʛ 

ʰʠʥʞʣʵʭ ʫʭʘʘʥʳ װʥʜʵʩʣʵʣʪʵʡʛʵʵʨ ʩʫʜʣʘʭ ʥʴ ᴇʥʜᴇʨ ʘʯ ʭʦʣʙʦʛʜʦʣʪʦʡ. ʉʦʸʣʳʥ 

ᴇʚʠʡʛ ʭʘʜʛʘʣʞ ʭʘʤʛʘʘʣʘʭ, ʩʵʨʛʵʵʥ ʟʘʩʚʘʨʣʘʭ ʘʞʣʳʥ ʭʘʤʛʠʡʥ ʯʫʭʘʣ װʥʵʪ ʟװʡʣ ʙʦʣ 

ʪʫʭʘʡʥ ʩʦʸʣʳʥ ᴇʚʠʡʥ ʘʥʭʥʳ ʵʭ ʭʵʣʙʵʨ ʪᴇʨʭʠʡʛ ʘʣʜʘʛʜʫʫʣʘʭʛװʡʛʵʵʨ ʭʘʜʛʘʣʘʥ 

ʭʘʤʛʘʘʣʘʭ ʷʚʜʘʣ ʶʤ. ʄʘʥʘʡ ʦʨʥʳ ʭʫʚʴʜ ʩʦʸʣʳʥ ʙʠʝʪ ᴇʚװװʜ ʙʦʣʦʥ װʣ ʭᴇʜʣᴇʭ 

ʩʦʸʣʳʥ ᴇʚ ʙʦʣʦʭ ʭʫʫʯʥʳ ʩװʤ ʭʠʡʜ, ʤʫʟʝʡʥ ʙʘʨʠʣʛʘ ʙʘʡʛʫʫʣʘʤʞʠʡʥ ʩʵʨʛʵʵʥ 

ʟʘʩʚʘʨʣʘʣʪʳʥ ʘʩʫʫʜʣʫʫʜʳʛ ʩʫʜʘʣʛʘʘʥʳ ʙʘʡʛʫʫʣʣʘʛʘʜ ʜʘʘʪʛʘʣʛװʡʛʵʵʨ ʭʫʚʠʡʥ 

ʢʦʤʧʘʥʠʘʨ ʰʠʡʜװװʣʩʥʵʵʨ ʩʦʸʣʳʥ ᴇʚʠʡʛ ʷʤʘʨ ʥʵʛ ʩʫʜʘʣʛʘʘʛװʡʛʵʵʨ ʛʘʨʘʣ װװʩʵʣ ʥʴ 

ʪʦʜʦʨʭʦʡ ʙʫʩ ʟʦʨʠʫʣʘʣʪʳʥ ʙʫʩ ʤʘʪʝʨʠʘʣ, ʙʫʜʛʘʘʨ ʙʫʜʘʞ ʩʦʸʣʳʥ ᴇʚʠʡʥ ʰʠʥʞ 

ʯʘʥʘʨʳʛ ʘʣʜʘʛʜʫʫʣʘʭ ʵʨʩʜʵʣ ʠʭʵʵʨ ʛʘʨʯ ʙʘʡʥʘ. ʀʡʤ ʙʘʡʜʣʘʘʨ ʩʵʨʛʵʵʥ 

ʟʘʩʚʘʨʣʘʛʜʩʘʥ ʘʞʠʣ ʯʘʥʘʨ ʤʫʫʪʘʡ ʙʦʣʜʦʛ ʫʯʨʘʘʩ ʩʵʨʛʵʵʥ ʟʘʩʚʘʨʣʘʭ ʘʞʣʳʛ ʦʡʨ 

ʦʡʨʭʦʥ ʭʠʡʭ ʰʘʘʨʜʣʘʛʘ ʛʘʨʯ  ʩʦʸʣʳʥ ʙʠʝʪ ᴇʚʠʡʛ ʛʵʤʪʵʵʞ ʙʘʪ ʙᴇʭ ʯʘʥʘʨʳʛ 

ʘʣʜʘʛʜʫʫʣʞ ʮʘʛ ʭʫʛʘʮʘʘ ʙʦʣʦʥ ʵʜʠʡʥ ʟʘʩʛʠʡʥ ʭʫʚʴʜ ʯ ʘʣʜʘʛʜʘʣ ʠʭ ʭװʣʵʵʞ ʙʘʡʥʘ.  

ɸʞ װʡʣʜʚʵʨʠʡʥ IV ʭʫʚʴʩʛʘʣ ᴇʨʥᴇʞ ʙʫʡ ʵʥʵ װʝʜ ʩʦʸʣʳʥ ᴇʚʠʡʥ ʩʘʣʙʘʨʪ ʯ 

ʤʵʜʵʵʣʵʣ, ᴇʛᴇʛʜᴇʣʜ ʪʫʣʛʫʫʨʣʘʩʘʥ ʩʫʜʘʣʛʘʘ, ʰʠʥʞʠʣʛʵʵʥʠʡ ʘʞʣʫʫʜʳʛ ʠʭʵʵʨ ʭʠʡʭ 

ʰʘʘʨʜʣʘʛʘ ʛʘʨʯ ʙʘʡʥʘ. ᴆʥʛᴇʥʠʡ ʪʝʭʥʦʣʦʛʠ ʥʴ ʤʵʜʵʵʣʵʣ, ᴇʛᴇʛʜʣʠʡʥ ʰʠʥʞʣʵʭ 

ʫʭʘʘʥʪʘʡ ʩʘʣʰʛװʡ ʭʦʣʙʦʦʪʦʡ ʙʘʡʜʘʛ. ᴆʥʛᴇʥʠʡ ʭʵʤʞʠʣʪʠʡʥ ʮʘʘʥʘ ʥʘʨʠʡʥ ʬʠʟʠʢ, 

ʤʘʪʝʤʘʪʠʢʠʡʥ ʫʭʘʘʥʘʘʨ ʪʘʡʣʙʘʨʣʘʜʘʛ ʦʥʦʣ, ʧʨʘʢʪʠʢ ʭʦʩʦʣʩʦʥ ʩʫʜʘʣʛʘʘ ʙʘʡʭ 

ʙᴇʛᴇᴇʜ ʪʫʭʘʡʥ ᴇʥʛᴇʥʠʡ ʭʵʤʞʠʣʪʵʜ ʜװʥ ʰʠʥʞʠʣʛʵʵ ʭʠʡʭ ʥʴ ᴇʛᴇʛʜʣʠʡʥ ʰʠʥʞʣʵʭ 

ʫʭʘʘʥ ʙʘ ʩʪʘʪʠʩʪʠʢ ʭʦʩʦʣʩʦʥ ʩʫʜʘʣʛʘʘʥʳ ʘʞʠʣ ʶʤ.   

ʊʠʡʤʵʵʩ ᴇʥʛᴇ ʙʦʣʦʥ ᴇʛᴇʛʜᴇʣ ʩʫʜʣʘʣʳʛ ʤʘʪʝʨʠʘʣ ʩʫʜʣʘʣ ʙʦʣʦʥ  

ʪʝʭʥʦʣʦʛʠʡʥ ʩʘʣʙʘʨʪʘʡ ʭʦʩʣʫʫʣʘʥ ʄʦʥʛʦʣʳʥ ʵʨʩ ʪʵʩ ʫʫʨ ʘʤʴʩʛʘʣʪʘʡ ʮʘʛ ʫʫʨʳʥ 

ʥᴇʭʮᴇʣʜ ʪʘʘʨʩʘʥ ʩʵʨʛʵʵʥ ʟʘʩʚʘʨʣʘʣʪʳʥ ʘʨʛʘʟװʡ ʥʵʚʪʨװװʣʵʭ ʥʴ ʟװʡʪʵʡ ʶʤ. ʄᴇʥ 

ᴇʥʛᴇʥʠʡ ʪʝʭʥʦʣʦʛʠʫʜʳʥ ʪʫʩʣʘʤʞʪʘʡʛʘʘʨ ᴇʥʛᴇ ʙʫʜʛʠʡʥ ʛʘʥʜʘʣʪ ʙʦʣʦʥ ʩʦʥʛʦʣʪ, 
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ʩʦʸʣʳʥ ᴇʚʠʡʥ ʵʨʩʜʵʣʠʡʥ װʥʵʣʛʵʵ ʭʠʡʭ, ʫʣʤʘʘʨ ʭʘʜʛʘʣʘʣʪ ʭʘʤʛʘʘʣʘʣʪ, 

ʙʵʭʞװװʣʵʣʪ, ʩʵʨʛʵʵʥ ʟʘʩʚʘʨʣʘʣʪʳʥ ʘʨʛʘ ʟװʡʛ ʙʦʣʦʚʩʨʦʥʛʫʡ ʙʦʣʛʦʭ ʙʦʣʦʤʞʪʦʡ 

ʙʦʣʥʦ.  

ɼʵʵʨʭ ʭʵʨʵʛʮʵʵ ʰʘʘʨʜʣʘʛʳʥ װʥʜʩʵʥ ʜʵʵʨ ʤʘʥʘʡ ʩʫʜʘʣʛʘʘʥʳ ʙʘʛ ʩʦʸʣʳʥ 

ʙʠʝʪ ᴇʚװװʜʠʡʥ ᴇʥʛᴇ ʙʫʜʛʠʡʥ ʛʘʥʜʘʣʪʳʛ ʦʨʯʥʳ ʥᴇʣᴇᴇʥᴇᴇʩ ʭʘʤʘʘʨʘʥ ʭʵʨʭʵʥ 

ʷʚʘʛʜʘʞ ʙʘʡʛʘʘʛ ʫʨʪ ʭʫʛʘʮʘʘʥʳ ᴇʥʛᴇʥʠʡ ʭʵʤʞʠʣʪ ʭʠʡʥ ʪʦʛʪʦʦʞ, ʘʨʛʘ ʘʨʛʘʯʣʘʣ 

ʙʦʣʦʚʩʨʫʫʣʞ ʩʫʜʣʘʭ ʟʦʨʠʣʛʦʪʦʡ ʫʛ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʳʛ ʛװʡʮʵʪʛʵʞ ʙʘʡʛʘʘ ʙᴇʛᴇᴇʜ 

ʵʥʵʭװװ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʘʘʨ ʵʨʪʥʠʡ ʙʘʨʠʣʛʘ ʙʘʡʛʫʫʣʘʤʞ ʙʦʣʦʥ ʤʫʟʝʡʥ ʛʘʜʥʘ ʙʘ 

ʜʦʪʦʨ ʦʨʯʠʥʜ ʙʘʡʨʣʘʭ ʩʦʸʣʳʥ ᴇʚװװʜ ʤʘʪʝʨʠʘʣ, ʰʠʥʞ ʯʘʥʘʨ, ʦʨʯʥʳ ʥᴇʣᴇᴇʥᴇᴇʩ 

ʭʵʨʭʵʥ ʭʘʤʘʘʨʘʥ ᴇʥʛᴇʥʠʡ ᴇᴇʨʯʣᴇʣʪ ᴇʛʯ ʙʘʡʛʘʘʛ ʪʦʛʪʦʦʩʦʥ ʙᴇʛᴇᴇʜ ʵʥʵʭװװ ʘʨʛʘʟװʡʛ 

ʘʰʠʛʣʘʥ ʩʦʸʣʳʥ ᴇʚʠʡʥ ʵʨʩʜʵʣʠʡʥ װʥʵʣʛʵʵ ʭʠʡʭ, ʭʘʜʛʘʣʘʣʪ ʭʘʤʛʘʘʣʘʣʪ, ʩʵʨʛʵʵʥ 

ʟʘʩʚʘʨʣʘʣʪʳʥ ʟᴇʚʣᴇʤʞ ʜװʛʥʵʣʪ ʛʘʨʘʭ ʙʦʣʦʤʞʪʦʡ ʭʵʜʠʡ ʯ ʪʫʨʰʠʣʪ ʩʫʜʘʣʛʘʘʛ ʦʣʦʥ 

ʪᴇʨʣʠʡʥ װʟʤʵʨװװʜ ʙʦʣʦʥ ʦʨʯʥʳ ᴇᴇʨ ᴇᴇʨ ʦʥʮʣʦʛ ʭʵʚ ʰʠʥʞʪʵʡ ʤʫʟʝʡʥװװʜ ʜʵʵʨ 

ʛװʡʮʵʪʛʵʞ ʪʫʭʘʡʥ ʤʫʟʝʡʜ ʪʦʭʠʨʩʦʥ ʘʨʛʘʟװʡʛ ʥʫʪʘʛʰʫʫʣʘʭ ʥʴ ʟװʡʪʵʡ ʶʤ. 

 ʄᴇʥ ʙʠʝʪ ʩʦʸʣʳʥ ᴇʚʜ ʘʥʭʥʳ ʭʵʣʙʵʨʵʵ ʘʣʜʘʭ, ʙʦʣʦʥ ʛʵʤʪʵʭ, ʭʫʫʯʨʘʭ ʟʵʨʵʛ 

ʦʣʦʥ ʪᴇʨʣʠʡʥ ʵʨʩʜʵʣ ʮʘʛ ʷʤʘʛʪ  ʫʯʠʨʯ ʙʘʡʜʘʛ ʫʯʨʘʘʩ ʩʦʸʣʳʥ ᴇʚʠʡʛ ʙװʨʪʛʵʥ 

ʙʘʨʠʤʪʞʫʫʣʘʭ ʘʞʣʳʛ ʠʣװװ ʥʘʨʠʡʥ ʪʝʭʥʦʣʦʛʠʡʥ ʜʘʛʫʫ ʮʘʭʠʤ ʭʵʣʙʵʨʪ ʰʠʣʞװװʣʵʭ 

ʰʘʘʨʜʣʘʛʘ ʛʘʨʯ ʙʘʡʥʘ. ʄʦʥʛʦʣ ʫʣʩʳʥ ʭʵʤʞʵʵʥʜ ʙʘʡʛʘʘ ʤʫʟʝʡʥװװʜʵʜ ʭʵʜʵʥ 

ʤʷʥʛʘʘʨ ʪʦʦʣʦʛʜʜʦʛ ʭʦʚʦʨ װʟʤʵʨװװʜ ʙʘʡʜʘʛ ʙᴇʛᴇᴇʜ ʪʵʜʛʵʵʨʠʡʛ ʙװʨʪʛʵʥ 

ʙʘʨʠʤʪʞʫʫʣʘʭ ʘʞʣʳʛ ᴇʥʛᴇʥʠʡ ʤʵʜʵʵʣʣʠʡʥ ʩʘʥ ʙʦʣʦʥ ʪʦʦʥ ʭʵʣʙʵʨʪ ʰʠʣʞװװʣʵʭ 

ʘʨʛʫʫʜʘʘʨ ʛװʡʮʵʪʛʵʭ ʥʴ ʟװʡʪʵʡ. ɾʠʰʵʵʣʙʵʣ ʫʨʘʥ ʟʫʨʛʠʡʛ ʦʣʦʥ ʫʣʩ ʙʦʣʦʥ ʜʦʪʦʦʜʳʥ 

 ʟʵʩʛʵʣʵʥʜ ʷʚʫʫʣʘʭ ʭʵʣʙʵʨʵʵʨ ʙʘʡʨʥʘʘʩ ʭᴇʜᴇʣʛᴇʭ ʟʵʨʵʛʪ ʵʨʛʵʵʜ ʤʫʟʝʡʜװ

ʙʘʡʨʣʫʫʣʘʭʜʘʘ ʪʫʭʘʡʥ ʫʨʘʥ ʟʫʨʘʛ ʤᴇʥ ʵʩʵʭʠʡʛ ʰʘʣʛʘʭ ʟʘʡʣʰʛװʡ ʰʘʘʨʜʣʘʛʘ 

ʛʘʨʜʘʛ. ʀʡʤ ʪʦʭʠʦʣʜʦʣʜ ʙʠʜʥʠʡ ʙʦʣʦʚʩʨʫʫʣʩʘʥ ᴇʥʛᴇʥʠʡ ʭʵʤʞʠʣʪ ʙʦʣʦʥ ᴇʥʛᴇʥʠʡ 

ᴇʛᴇʛʜᴇʣʜ ʜװʥ ʰʠʥʞʠʣʛʵʵ ʭʠʡʭ ʘʨʛʘ ʟװʡʥ ʜʘʛʫʫ ʪʫʭʘʡʥ ʫʨʘʥ ʟʫʨʛʠʡʛ ʤᴇʥ ʵʩʵʭʠʡʛ 

ʰʘʣʛʘʞ ʙʦʣʥʦ. ʕʥʵ ʤʵʪʯʠʣʵʥ ʩʦʸʣʳʥ ᴇʚ ʪʵʨ ʜʫʥʜʘʘ, ʤʫʟʝʡ, ʫʨʘʥ ʟʫʨʛʠʡʥ ʛʘʣʝʨʝʡ 

ʟʵʨʛװװʜʵʜ ᴇʥʛᴇʥʠʡ ʪʝʭʥʦʣʦʛʠ ʙʦʣʦʥ ʪʦʦʥ ʤʵʜʵʵʣʣʠʡʥ ʘʨʛʘʟװʡʛ ʥʫʪʘʛʰʫʫʣʩʥʘʘʨ 

ʩʦʸʣʳʥ ᴇʚʠʡʥ ʩʘʣʙʘʨʪ ʪʫʣʛʘʨʜʘʛ ʦʣʦʥ ʙʵʨʭʰʵʵʣʠʡʛ ʰʠʡʜʵʭ ʙʦʣʦʤʞʪʦʡ ʶʤ.  

 

ʉʋɼɸʃɻɸɸʅʓ ɸɾʃʓʅ תʈ ɼתʅ,ʐʀʅʕʃʕɻ ʊɸʃ 

ñᴆʥʛᴇ ʩʫʜʣʘʣʳʥ ʫʭʘʘʥ, ʪװװʥʠʡ ʭʵʨʵʛʣʵʵò ʩʫʫʨʴ ʩʫʜʘʣʛʘʘʥʳ ʪᴇʩʣʠʡʥ ʭװʨʵʵʥʜ 

ʜʘʨʘʘʭ ʦʥʦʣ, ʧʨʘʢʪʠʢ ʭʦʩʦʣʩʦʥ ʘʞʣʫʫʜʳʛ ʛװʡʮʵʪʛʵʞ ʘʨʛʘʟװʡ ʙʦʣʦʚʩʨʫʫʣʘʚ. 

ʅʘʨʥʳ ʛʵʨʣʠʡʥ ʥᴇʣᴇᴇʥᴇᴇʩ ʭʘʤʘʘʨʫʫʣʘʥ ᴇʥʛᴇʥʠʡ ʛʘʥʜʘʣʪʳʛ ʩʫʜʣʘʭ, 

ʭʵʤʞʠʣʪ ʭʠʡʭ ʘʞʣʳʥ ʭװʨʵʵʥʜ ʩʦʣʦʥʛʦʩ ʰʦʨʦʦʥ ʙʫʜʘʛ, ʦʨʦʩ ʪʦʩʦʥ ʙʫʜʛʫʫʜʘʘʨ 

ʪʫʨʰʠʣʪʳʥ ʦʙʲʝʢʪ ʙʵʣʪʛʵʥ ʫʨʪ ʙʦʣʦʥ ʙʦʛʠʥʦ ʭʫʛʘʮʘʘʥʳ ʭʵʤʞʠʣʪװװʜʠʡʛ ʜʦʣʦʦ 
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ʭʦʥʦʛʠʡʥ ʜʘʚʪʘʤʞʪʘʡʛʘʘʨ ʭʘʛʘʩ ʞʠʣ ʭʠʡʞ ʪʫʨʰʠʣʪ ʩʫʜʘʣʛʘʘ ʷʚʫʫʣʩʘʥ. 

ʍʵʤʞʠʣʪʠʡʥ ʛʦʣ ʫʪʛʘ X,Y,Z L,A,B,C,H ᴇʥʛᴇʥʠʡ ʫʪʛʫʫʜ ʙᴇʛᴇᴇʜ 10 ʥʘʥʦʤʝʪʨʠʡʥ 

ʥʘʨʠʡʚʯʣʘʣʪʘʡ ᴇʥʛᴇʥʠʡ ʢʦʜ װװʩʛʵʩʵʥ. ᴆʥʛᴇʥʠʡ ʛʘʥʜʘʣʪʳʛ ʩʫʜʣʘʭ ʟʦʨʠʣʛʦʪʦʡ 

ʭʵʤʞʠʣʪʠʡʥ ʫʪʛʫʫʜʘʜ ʭʫʛʘʮʘʘʥʘʘʩ ʭʘʤʘʘʨʫʫʣʘʥ ʨʝʛʨʝʩʩʠʡʥ ʰʠʥʞʠʣʛʵʵ ʭʠʡʞ 

ᴇʛᴇʛʜʣʠʡʥ ʘʥʘʣʠʟ ʭʠʡʞ ʦʙʲʝʢʪʳʥ ʛʘʥʜʘʣʪʳʛ ʪʦʜʦʨʭʦʡʣʦʭ ʘʨʛʘʟװʡ ʙʦʣʦʚʩʨʫʫʣʘʚ.  

ʄʫʟʝʡʥ ʩʦʸʣʳʥ ᴇʚװװʜʠʡʥ ᴇʥʛᴇʥʠʡ ʛʘʥʜʘʣʪʳʛ ʩʫʜʣʘʭ ʘʞʣʳʥ ʭװʨʵʵʥʜ 

ɿʘʥʘʙʘʟʘʨʳʥ ʥʵʨʵʤʞʠʪ ɼװʨʩʣʵʭ ʫʨʣʘʛʠʡʥ ʤʫʟʝʡʜ ñʄʦʨʠʥʳ ʭᴇʣò ʘʨʭʝʦʣʦʛʠʡʥ 

ʦʣʜʚʦʨ, ñʆʯʠʨʪ ʘʡʣʛʘʥ װʡʣʜʵʛʯò ʙʫʨʭʥʳ ʊʘʥʢʘ ʟʫʨʘʛ, ñʅװʛʣʠʡʛ ʥʘʤʠʥʯʣʘʭ ʛʫʯʠʥ 

ʪʘʚʘʥ ʙʫʨʭʘʥò ʟʵʵʛʪ ʥʘʘʤʘʣ, ʋʨʘʥ ʟʫʨʛʠʡʥ ʛʘʣʝʨʝʡʜ ñʏʦʛʩʦʤʳʥ ñʊʘʡʭʘʨ ʯʫʣʫʫò 

ʫʨʘʥ ʟʫʨʘʛ, ɹʦʛʜ ʭʘʘʥʳ ʦʨʜʦʥ ʤʫʟʝʡʜ ʟʫʥʳ ʦʨʜʥʳ ʛʘʜʘʘ ʙʘʛʘʥʳʥ ʭʘʚʪʘʩ ʙʦʣʦʥ 

ñɼʘʤʜʠʥ ʭʘʷʘʛʨʠʚʘò ʙʫʨʭʥʳ ʊʘʥʢʘ ʟʫʨʘʛ ʙװʪʵʵʣװװʜ ʜʵʵʨ ʢʦʦʨʜʠʥʘʪ ʩʦʥʛʦʥ ʮʵʛʵʥ 

ʙʦʣʦʥ ʩʘʥʘʤʩʘʨʛװʡ ʭʵʤʞʠʣʪװװʜʠʡʛ ʥʵʛ ʞʠʣʠʡʥ ʪʫʨʰ 2 ʜʦʣʦʦ ʭʦʥʦʛʪ ʥʵʛ ʫʜʘʘʛʠʡʥ 

ʜʘʚʪʘʤʞʪʘʡ ʭʠʡʞ ʛװʡʮʵʪʛʵʥ ʛʘʥʜʘʣʪʳʛ ʪʦʜʦʨʭʦʡʣʞ ʤʫʟʝʡʥ ʛʵʨʵʣʪװװʣʵʛ ʙʦʣʦʥ 

ʦʨʯʥʳ ʩʫʜʘʣʛʘʘʛ ʜʘʚʭʘʨ ʭʠʡʚ.  

ʄᴇʥ ʩʦʸʣʳʥ ᴇʚʠʡʥ װʥʜʵʩʥʠʡ ʪᴇʚ, ɹʦʛʜ ʭʘʘʥʳ ʦʨʜʦʥ ʤʫʟʝʡʪʵʡ ʭʘʤʪʨʘʥ ɹʦʛʜ 

ʭʘʘʥʳ ʦʨʜʦʥ ʤʫʟʝʡ ʜʵʵʨ 15 ʪᴇʨʣʠʡʥ ʙʫʜʘʛ ʘʰʠʛʣʘʩʘʥ 90 ʛʘʨʘʥ ᴇʥʛᴇʥʠʡ ʜʵʵʞ 

ʙʵʣʪʛʵʥ ʙʘʡʨʣʫʫʣʞ ᴇʥʛᴇ ʪʫʩ ʙװʨ ʜʵʵʨ ʮʵʛʵʥ ʙʦʣʦʥ ʩʘʥʘʤʩʘʨʛװʡ ʭʵʤʞʠʣʪװװʜʠʡʛ ʥʵʛ 

ʞʠʣʠʡʥ ʪʫʨʰ 14 ʭʦʥʦʛʪ ʜʘʚʪʘʥ ʭʠʡʞ ʩʫʜʘʣʛʘʘʥʳ װʨ ʜװʥʜ װʥʜʵʩʣʵʥ ʭʘʤʛʠʡʥ 

ʛʘʥʜʘʣʪ ʙʘʛʘ ᴇʛʩᴇʥ ʙᴇʛᴇᴇʜ ʦʨʯʥʳ ʥᴇʣᴇᴇʥʜ ʪʵʩʚʵʨ ʩʘʡʪʘʡ ʙʫʜʛʠʡʛ ʪʦʜʦʨʭʦʡʣʞ 

ʪװװʛʵʵʨ ɹʦʛʜ ʭʘʘʥʳ ᴇʚʣʠʡʥ ʦʨʜʥʳʛ ʩʵʨʛʵʵʥ ʟʘʩʚʘʨʣʘʭ ʘʞʠʣ ʭʠʡʛʜʵʭ ʙʦʣʥʦ. ʄᴇʥ 

ʪʫʩ ʭʵʤʞʠʣʪʠʡʛ װʨ ʜװʥʛװװʜʵʵʨ ᴇʥʛᴇʥʠʡ ᴇʛᴇʛʜʣʠʡʥ ʩʘʥ װװʩʛʵʥ ʭʘʜʛʘʣʞ ʩʫʜʘʣʛʘʘʥʳ 

ʘʞʣʳʥ ʙʦʣʦʚʩʨʫʫʣʘʣʪʘʜ ʘʰʠʛʣʘʞ ʙʘʡʥʘ.  

ʍʵʵʨʠʡʥ ʭʵʤʞʠʣʪ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʳʥ ʭװʨʵʵʥʜ ʍʘʨʭʦʨʠʥ ʤʫʟʝʡʜ ʇʝʨʩ 

ʙʠʯʵʵʩʪ ʭᴇʰᴇᴇ, ʄʦʥʛʦʣʯʫʫʜʳʥ ʪᴇʩᴇᴇʣᴇʣ ʇʝʨʩ ʫʨʘʥ ʟʫʨʘʛ, ʄʦʥʛʦʣ ʙʠʯʵʵʩʪ ʭᴇʰᴇᴇ, 

ɼʵʣʭʠʡʥ ᴇʚʜ ʙװʨʪʛʵʣʪʵʡ ʆʨʭʦʥʳ ʭᴇʥʜʠʡʥ ʜʫʨʩʛʘʣʪ ʛʘʟʨʫʫʜʳʥ ʟʘʭʠʨʛʘʘʥʳ ʭʘʨʴʷʘ 

ʄʵʣʭʠʡ ʯʫʣʫʫ, ʄʵʣʭʠʡ ʪʦʣʛʦʡ, ʐʘʥʭʳʥ ʙʘʨʫʫʥ ʭװʨʵʵ ʭʠʡʜ, ʕʨʜʵʥʵʟʫʫ ʭʠʡʜʠʡʥ 

ʭʘʥʳʥ ʟʫʨʘʛ ʭʘʘʣʛʘ ʙʦʣʦʥ ʯʫʣʫʫʥ ʘʨʩʣʘʥ, ɸʨʭʘʥʛʘʡ ʘʡʤʛʠʡʥ ʀʭ ʪʘʤʠʨ ʩʫʤʘʥʜ 

ʙʘʡʨʣʘʭ ʊʘʡʭʘʨ ʯʫʣʫʫʥ ʟʵʨʵʛ ʩʦʸʣʳʥ ᴇʚװװʜ ʜʵʵʨ ʢʦʦʨʜʠʥʘʪ ʩʦʥʛʦʥ ʮʵʛʵʥ ʙʦʣʦʥ 

ʩʘʥʘʤʩʘʨʛװʡ ʭʵʤʞʠʣʪװװʜ ʭʠʡʞ ᴇʥʛᴇʥʠʡ ʛʘʥʜʘʣʪʳʛ ʪʦʜʦʨʭʦʡʣʦʥ ʭʘʨʠʫʮʩʘʥ 

ʙʘʡʛʫʫʣʣʘʛʫʫʜʘʜ ʟᴇʚʣᴇʤʞ ᴇʛᴇʭ ʘʞʠʣ ʭʠʡʩʵʥ. 

ʅʠʩʛʵʛʯʛװʡ ʥʠʩʵʭ ʪᴇʭᴇᴇʨᴇʤʞ, ʦʣʦʥ ʩʫʚʘʛʯʣʘʣʳʥ ʢʘʤʝʨʳʥ ʩʫʜʘʣʛʘʘ, 50-100 

ʤ ʭװʨʪʵʣ ᴇʥʜʨᴇᴇʩ ʦʣʦʥ ʩʫʚʘʛʯʣʘʣʳʥ ʭʵʤʞʠʣʪ ʭʠʡʭ ʘʞʣʳʥ ʭװʨʵʵʥʜ Sentera 

DOUBLE 4K  ʦʣʦʥ ʩʫʚʘʛʯʣʘʣʳʥ ʢʘʤʝʨ ʙʦʣʦʥ DJI Phantom 4 pro ʪᴇʭᴇᴇʨᴇʤʞװװʜʠʡʛ 

ʘʰʠʛʣʘʥ ʪʫʨʰʠʣʪʳʥ ʦʙʲʝʢʪʦʜ ʭʠʡʩʵʥ ʭʵʤʞʠʣʪʵʵʨ ʮʫʛʣʫʫʣʩʘʥ ʤʵʜʵʵʣʣʵʵ 

ʙʦʣʦʚʩʨʫʫʣʘʥ ʟʫʨʘʛʣʘʭ ʘʨʛʘ ʟװʡʛ ʙʦʣʦʚʩʨʫʫʣʩʘʥ ʙᴇʛᴇᴇʜ Sentera DOUBLE 4K  ʦʣʦʥ 
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ʩʫʚʘʛʯʣʘʣʳʥ ʢʘʤʝʨ ʙʦʣʦʥ DJI Phantom 4 pro ʪᴇʭᴇᴇʨᴇʤʞװװʜʠʡʛ ʘʰʠʛʣʘʥ װʟʵʛʜʵʭ 

ʛʵʨʣʠʡʥ ʫʣʘʘʥ, ʥʦʛʦʦʥ, ʭᴇʭ ʙʦʣʦʥ ʦʡʨʳʥ ʥʠʣ ʫʣʘʘʥ ʪʫʷʘʥʳ ʤʫʞʠʜ ʟʫʨʘʛʣʘʩʘʥ 

ʜװʨʩ, ʤʵʜʵʵʥʜ ʪʦʦʥ ʙʦʣʦʚʩʨʫʫʣʘʣʪ ʭʠʡʥ ʫʨʛʘʤʣʳʥ ʥʦʨʤʯʠʣʩʦʥ ʠʥʜʝʢʩʠʡʥ ʟʫʨʛʠʡʛ 

ʛʘʨʛʘʥ ʘʚʩʘʥ. ʀʥʛʵʩʥʵʵʨ ʟʫʨʘʛʣʘʩʘʥ ʪʘʣʙʘʡʥ ʫʨʛʘʤʣʘʥ ʙװʨʭʵʚʯʠʡʛ ʪʦʜʦʨʭʦʡʣʦʭ 

ʙʦʣʦʤʞʪʦʡ ʶʤ. ʕʥʵʭװװ ʘʨʛʘ ʟװʡʛ ʙʠʜ װʣ ʭᴇʜʣᴇʭ ʩʦʸʣʳʥ ᴇʚ ʙʦʣʦʥ ʪװװʥʠʡ ʦʨʯʥʳʛ 

ʘʛʘʘʨʘʘʩ ʟʫʨʘʛʣʘʭ ʟʦʨʠʣʛʦʦʨ ʥʫʪʘʛʰʫʫʣʘʭʘʘʨ ʩʫʜʣʘʚ. 

ʉʦʸʣʳʥ ᴇʚʠʡʥ ʩʘʣʙʘʨ, ʤʫʟʝʡʜ ʩʦʸʣʳʥ ᴇʚʠʡʛ ʭʘʜʛʘʣʞ ʭʘʤʛʘʘʣʘʭʜʘʘ ᴇʥʛᴇʥʠʡ 

ʪʝʭʥʦʣʦʛʠ ʙʦʣʦʥ ʤʵʜʵʵʣʵʣ, ᴇʛᴇʛʜᴇʣʜ ʪʫʣʛʫʫʨʣʘʩʘʥ ʩʫʜʘʣʛʘʘ ʰʠʥʞʠʣʛʵʵʥʠʡ ʘʨʛʳʛ 

ʘʰʠʛʣʘʜʘʛ ʙʦʣʦʭʦʜ ʵʥʵ ʘʞʣʳʥ ʰʠʥʵʣʵʛ ʙᴇʛᴇᴇʜ ʜʵʚʰʠʣʪʪʵʡ ʪʘʣʫʫʜ ʦʨʰʠʥʦ. 

ʉʦʸʣʳʥ ᴇʚ ʙװʨʠʡʛ ʪʫʩʛʘʡ ʘʨʛʘʯʣʘʣʘʘʨ ʭʵʤʞʠʣʪ ʭʠʡʥ ʪʫʭʘʡʥ ᴇʥʛᴇʥʠʡ 

ʤʵʜʵʵʣʣʠʡʥ ʩʘʥʛʘʘ ʘʰʠʛʣʘʥ  ʦʣʦʥ ʫʣʩ ʙʦʣʦʥ ʜʦʪʦʦʜʳʥ װʟʵʩʛʵʣʵʥʜ ʷʚʫʫʣʘʭ 

ʭʵʣʙʵʨʵʵʨ ʙʘʡʨʥʘʘʩ ʭᴇʜᴇʣʛᴇʭ ʟʵʨʵʛʪ ʜʘʭʠʥ ʭʵʤʞʠʣʪ ʭʠʡʞ ᴇʤʥᴇʭ ʭʵʤʞʠʣʪʠʡʥ 

ʫʪʛʘʪʘʡ ʭʘʨʴʮʫʫʣʘʥ ʩʦʸʣʳʥ ᴇʚ ʤᴇʥ ʵʩʵʭʠʡʛ ʰʘʣʛʘʭ ʥʴ ʩʦʸʣʳʥ ᴇʚ ʘʣʜʘʛʜʘʭʘʘʩ 

ʫʨʴʜʯʠʣʘʥ ʩʵʨʛʠʡʣʵʭ, ʤᴇʥ ʦʣʦʥ ʥʠʡʪʠʡʥ ʭʘʨʜʣʘʛʘ ʩʵʨʜʣʵʛʵʵʩ ʩʵʨʛʠʡʣʵʭ ʘʯ 

ʭʦʣʙʦʛʜʦʣʪʦʡ. 

 

ɼתɻʅʕʃʊ 

ʄʫʟʝʡʥװװʜʵʜ ᴇʥʛᴇʥʠʡ ʭʵʤʞʠʣʪ ʭʠʡʭ, ᴇʥʛᴇʥʠʡ ᴇᴇʨʯʣᴇʣʪ ʪʦʜʦʨʭʦʡʣʦʭ ʟʵʨʵʛ 

ʵʥʵʭװװ ʪᴇʩʣᴇᴇʨ ʛװʡʮʵʪʛʵʩʵʥ ᴇʥʛᴇ ʩʫʜʣʘʣʳʥ ʩʫʜʘʣʛʘʘʥʳ ʘʨʛʘ ʟװʡʛ ʥʫʪʘʛʰʫʫʣʞ, 

ʭװʥʠʡ ʥᴇᴇʮʠʡʛ ʯʘʜʘʚʭʞʫʫʣʩʥʘʘʨ ʤʫʟʝʡʥ ʭʘʜʛʘʣʘʣʪ ʭʘʤʛʘʘʣʘʣʪʳʥ ʘʩʫʫʜʣʳʛ 

ʩʘʡʞʨʫʫʣʘʭ ʙʦʣʦʤʞ ʥᴇʭʮᴇʣ ʙװʨʜʵʚ. 

ᴆʥʛᴇʥʠʡ ʪʝʭʥʦʣʦʛʠ ʘʰʠʛʣʘʥ ᴇʥʛᴇʥʠʡ ʭʵʤʞʠʣʪ ʭʠʡʞ ʩʦʸʣʳʥ ʙʠʝʪ ᴇʚ ʙʦʣʦʥ 

ʫʨʘʥ ʟʫʨʛʠʡʥ ᴇʥʛʠʡʛ ʢʦʜʣʦʞ ʪʫʭʘʡʥ ᴇʥʛᴇʥʠʡ ʭʵʤʞʠʣʪʠʡʥ ʫʪʛʫʫʜʘʘʨ ᴇʥʛᴇʥʠʡ 

ʤʵʜʵʵʣʣʠʡʥ ʩʘʥ װװʩʛʵʩʥʵʵʨ ʤʫʟʝʡʥ װʟʤʵʨʠʡʥ ᴇʥʛᴇʥʠʡ ʤʵʜʵʵʣʣʠʡʥ ʥʵʛʜʩʵʥ ʩʘʥ 

ʙʠʡ ʙʦʣʞ ᴇʥʛᴇʥʠʡ ʤʵʜʵʵʣʣʠʡʥ ʩʘʥʛʘʘ ʘʰʠʛʣʘʥ װʟʤʵʨʠʡʛ ʦʣʦʥ ʫʣʩ ʙʦʣʦʥ ʜʦʪʦʦʜʳʥ 

 ʨʠʡʥ ʰʘʘʨʜʣʘʛʘʘʨ ʙʘʡʨʥʘʘʩ ʭᴇʜᴇʣʛᴇʭ ʟʵʨʵʛʪװʟʵʩʛʵʣʵʥʜ ʷʚʫʫʣʘʭ ʟʵʨʵʛ ʷʥʟ ʙװ

ʜʘʭʠʥ ʭʵʤʞʠʣʪ ʭʠʡʞ ᴇʤʥᴇʭ ʭʵʤʞʠʣʪʠʡʥ ʫʪʛʘʪʘʡ ʭʘʨʴʮʫʫʣʘʥ ᴇʛᴇʛʜʣʠʡʥ ʜװʥ 

ʰʠʥʞʠʣʛʵʵ ʭʠʡʭ ʘʨʛʘʘʨ ʪʫʭʘʡʥ ʩʦʸʣʳʥ ᴇʚ ʤᴇʥ ʵʩʵʭʠʡʛ ʰʘʣʛʘʜʘʛ ʘʨʛʘ ʟװʡ ʛʘʨʛʘʚ. 

ʄᴇʥ ʭװʨʵʵʣʵʥ ʙʫʡ ʦʨʯʥʳ ʛʵʨʵʣʪװװʣʵʛ, ʯʠʡʛʰʠʣ ʜʫʣʘʘʥ, ʘʛʘʘʨʳʥ ʙʦʭʠʨʜʦʣ, 

ʦʨʛʘʥʠʢ ʭװʯʣʠʡʥ ʥᴇʣᴇᴇʣʣᴇᴇʩ ᴇʥʛᴇ ʙʫʜʛʠʡʥ ʛʘʜʘʨʛʫʫ ʭʵʩʛʠʡʥ ʛʘʥʜʘʣʪʳʥ ʟʵʨʛʠʡʛ 

ʪʦʜʦʨʭʦʡʣʦʭ ʙʦʣʦʤʞʪʦʡ ʙᴇʛᴇᴇʜ ʩʦʸʣʳʥ ᴇʚ ʪʫʩ ʙװʨ ʜʵʵʨ ᴇʥʛᴇʥʠʡ ᴇʛᴇʛʜʣʠʡʥ ʩʘʥ 

 ʩʛʵʞ ʭʘʜʛʘʣʘʭ ʥʴ ʪʫʭʘʡʥ ʩʦʸʣʳʥ ᴇʚʠʡʛ ʩʵʨʛʵʵʥ ʟʘʩʚʘʨʣʘʭʘʜ ʫʛ ᴇʥʛᴇʥʠʡװװ

ᴇʛᴇʛʜʣʠʡʥ ʩʘʥʛ ʘʰʠʛʣʘʥ ʠʞʠʣ ʪᴇʩʪʵʡ ᴇʥʛᴇ ʙʫʜʛʘʘʨ ʩʵʨʛʵʵʥ ʟʘʩʚʘʨʣʘʭ ʙʦʣʦʤʞʠʡʛ 

ʙװʨʜװװʣʥʵ. ʄᴇʥ  ʩʦʸʣʳʥ ᴇʚʠʡʥ ʭʘʜʛʘʣʘʣʪ ʭʘʤʛʘʘʣʘʣʪʳʥ ʦʨʯʥʳʛ ʩʘʡʞʨʫʫʣʘʭ, ᴇʥʛᴇ 
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ʙʫʜʛʠʡʥ ʛʘʥʜʘʣʪʘʘʩ ʫʨʴʜʯʠʣʘʥ ʩʵʨʛʠʡʣʵʭ ʘʩʫʫʜʘʣʜ ʥʵʥ ʯʫʭʘʣ ʥʠʡʛʵʤ ʙʦʣʦʦʜ ʪװװʭ 

ʩʦʸʣʳʥ ʘʯ ʭʦʣʙʦʛʜʦʣʪʦʡ ʶʤ. 

ʕʥʵʭװװ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʘʘʨ ᴇʥʛᴇ ʩʫʜʘʣʳʥ ʪʝʭʥʦʣʦʛʠʫʜʳʛ ʩʫʜʘʣʞ, ʪʵʜʛʵʵʨʠʡʛ 

ʭʵʨʭʵʥ ʩʦʸʣʳʥ ᴇʚʠʡʥ ʩʘʣʙʘʨʪ ʧʨʘʢʪʠʢʪ ʥʵʚʪʨװװʣʵʭ ʙʦʣʦʤʞʪʦʡ ʵʩʵʭʠʡʛ ʘʨʛʘ ʟװʡ 

ʙʦʣʦʚʩʨʫʫʣʘʥ ʙʦʜʠʪ ʦʨʯʠʥʜ ʪʫʨʰʠʞ ʭʵʨʵʛʞװװʣʩʵʥ. 
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ɻװʡʮʵʪʛʵʛʯʜʠʡʥ ʥʵʨʠʡʥ ʞʘʛʩʘʘʣʪ 
 

ʅʵʨ 
ɹʘʡʛʫʫʣʣʘʛʘ 

ɸʣʙʘʥ ʪʫʰʘʘʣ 

ʕʨʜʤʠʡ

ʥ ʟʵʨʵʛ 

ʍʘʨʠʫʮʩʘʥ 

ʘʞʠʣ, ʙװʣʵʛ 

ɻʘʨʳʥ װʩʵʛ 

ʕ.ɹʘʪʟʘʷʘ ʄʊʊʍ-ʠʡʥ ʛʵʨʵʵʪ 

ʘʞʠʣʪʘʥ 

ʄʘʛʠʩʪʨ 4-ʨ ʙװʣʵʛ  

ɻ.ɹʫʣʛʘʥ ʄʊʊʍ-ʠʡʥ ʕʐ-

ʥʠʡ ʘʞʠʣʪʘʥ 

ʄʘʛʠʩʪʨ 1 ʙʘ 5-ʨ ʙװʣʵʛ  

ɼ.ɻʘʨʤʘʘ ʄʊʊʍ-ʠʡʥ ʕʐ-

ʥʠʡ ʪʵʨʛװװʣʵʭ 

ʘʞʠʣʪʘʥ 

ɼʦʢʪʦʨ 2-ʨ ʙװʣʵʛ  

ɹ.ʅʵʨʛװʡ ʄʊʊʍ-ʠʡʥ ʕʐ-

ʥʠʡ ʪʵʨʛװװʣʵʭ 

ʘʞʠʣʪʘʥ 

ɼʦʢʪʦʨ ʊᴇʩʣʠʡʥ 

ʟᴇʚʣᴇʭ 

 

ɹ.ʆʪʛʦʥʩʫʚʜ ʄʊʊʍ-ʠʡʥ ʄʊ-

ʠʡʥ ʩʘʣʙʘʨʳʥ 

ʵʨʭʣʵʛʯ 

ʄʘʛʠʩʪʨ ʊᴇʩʣʠʡʥ 

ʘʭʣʘʛʯ, 1-ʵʵʩ 

4-ʨ ʙװʣʵʛ 
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ɿʫʨʘʛ 1.17. ЊʥʛЊʥʠʡ ʭʵʤʞʠʣʪʵʥʜ ʟʦʨʠʫʣʘʛʜʩʘʥ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʪ 
ʘʛʫʫʣʘʛʜʜʘʛ ʜʵʜ ʩʠʩʪʝʤϾϾʜʠʡʥ ʙʣʦʢ ʜʠʘʛʨʘʤʤ 
ɿʫʨʘʛ 1.18. ʇʨʠʟʤ ʘʰʠʛʣʘʥ ʛʵʨʣʠʡʛ ʟʘʜʘʣʜʘʛ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨ 
ɿʫʨʘʛ 1.19. ʀʥʪʝʨʬʝʨʝʥʮ ʜʫʛʫʡ ʰϾϾʣʪϾϾʨʪ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨ 
ɿʫʨʘʛ 1.20. ʄʘʪʨʠʮʘʥ ʜʝʪʝʢʪʦʨʪ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨ 
ɿʫʨʘʛ 1.21. ɻʫʨʚʘʥ ʰϾϾʣʪϾϾʨʪ colorimeter 
ɿʫʨʘʛ 1.22. ʅʘʨʠʡʚʯʣʘʣ ʙʦʣʦʥ ʦʥʦʚʯʣʦʣʳʛ ʜʘʨʪʩʘʘʨ ʭʘʨʫʫʣʩʘʥ ʙʘʡʜʘʣ 
ɿʫʨʘʛ 1.23. ɹʫʜʘʛ ʙʘ ʧʠʛʤʝʥʪʠʡʥ ʪʫʥʛʘʣʘʛʰʠʣʪ 
ɿʫʨʘʛ 1.24. ʍЊʥʛЊʥ ʮʘʛʘʘʥ ʭʘʡʣʰ 
ɿʫʨʘʛ 1.25. ʉʫʚʜʘʥ ʭʘʡʣʰ 
ɿʫʨʘʛ 1.26. X-rite Colorimeter ʙʘʛʘʞ 
ɿʫʨʘʛ 1.27. Sentera Double 4k ʤʫʣʴʪʠʩʧʝʢʪʨʠʡʥ ʩʝʥʩʦʨ 
ɿʫʨʘʛ 2.1. ñɸʟʘʨʛʘʥʳ ʥʦʮʦʣʜʦʦʥò ʟʫʨʛʠʡʛ ʤʘʪʨʠʮʘʘʨ ʘʥʛʠʣʩʘʥ ʙʘʡʜʘʣ 
ɿʫʨʘʛ 2.2. ñɸʞʣʥr ʜʘʨʘʘò ʟʫʨʛʠʡʛ ʤʘʪʨʠʮʘʘʨ ʘʥʛʠʣʩʘʥ ʙʘʡʜʘʣ 
ɿʫʨʘʛ 2.3. ñʊʘʣʳʥ ʘʡʣò ʟʫʨʛʠʡʛ ʤʘʪʨʠʮʘʘʨ ʘʥʛʠʣʩʘʥ ʙʘʡʜʘʣ 
ɿʫʨʘʛ 2.4. ñʃʝʥʠʥ ʙʘʛʰò ʟʫʨʛʠʡʛ ʤʘʪʨʠʮʘʘʨ ʘʥʛʠʣʩʘʥ ʙʘʡʜʘʣ 
ɿʫʨʘʛ 2.5. ñЉʚʛЊʥ ʭʫʫʨʯò ʟʫʨʛʠʡʛ ʤʘʪʨʠʮʘʘʨ ʘʥʛʠʣʩʘʥ ʙʘʡʜʘʣ 
ɿʫʨʘʛ 3.1. ɹʦʛʜ ʭʘʘʥʳ ʦʨʜʦʥ ʤʫʟʝʡʜ ʙʘʡʨʣʫʫʣʩʘʥ 90 ЊʥʛЊ ʙʫʜʛʠʡʥ ʜʵʵʞ 
ɿʫʨʘʛ 3.2. ʊ11-1-ʠʡʥ ЊʥʛЊʥʠʡ ʟЊʨϾϾ = 16.0895 
ɿʫʨʘʛ 3.3. ʊ11-2-ʳʥ ЊʥʛЊʥʠʡ ʟЊʨϾϾ = 20.6564 
ɿʫʨʘʛ 3.4. ʊ11-3-ʳʥ ЊʥʛЊʥʠʡ ʟЊʨϾϾ = 34.7966 
ɿʫʨʘʛ 3.5. ʊ11-4-ʠʡʥ ЊʥʛЊʥʠʡ ʟЊʨϾϾ = 28.8077 
ɿʫʨʘʛ 3.6. ʊ11-5-ʳʥ ЊʥʛЊʥʠʡ ʟЊʨϾϾ = 11.4677 
ɿʫʨʘʛ 3.7. ñʆʯʠʨʪ ʘʡʣʛʘʥ Ͼʡʣʜʵʛʯò ʙʫʨʭʘʥʳ ʊʘʥʢʘ ʟʫʨʘʛ 
ɿʫʨʘʛ 3.8. ɹʦʛʜ ʭʘʘʥʳ ʦʨʜʦʥ ʤʫʟʝʡʥ ɿʫʥʳ ʦʨʜʥʳ ʛʘʜʘʘ ʙʘʛʘʥʳ ʭʘʚʪʘʩ 
ɿʫʨʘʛ 3.9. ʋʣʘʘʥ ʭϾʨʵʥ ЊʥʛЊʥʠʡ ЊʤʥЊʭ ЊʥʛЊ 
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ɿʫʨʘʛ 3.10. ЉʥʛЊʥʠʡ ʭʵʪʠʡʥ ʛʘʥʜʘʣʪ 
ɿʫʨʘʛ 3.11. ʍʵʤʞʠʣʪʠʡʥ ʦʙʴʝʢʪ 1: ʄʵʣʭʠʡ ʯʫʣʫʫ 
ɿʫʨʘʛ 3.12. ʍʵʤʞʠʣʪʠʡʥ ʦʙʴʝʢʪ 2: ʄʵʣʭʠʡ ʪʦʣʛʦʡ 
ɿʫʨʘʛ 3.13. ʍʵʤʞʠʣʪʠʡʥ ʦʙʴʝʢʪ 3 ʐʘʥʭʳʥ ʮʵʮʛʵʥ ʭʵʵʪʵʡ ʭʘʘʣʛʘ 
ɿʫʨʘʛ 3.14. ʍʵʤʞʠʣʪʠʡʥ ʦʙʴʝʢʪ 4: ʐʘʥʭʳʥ ʞʠʤʩʵʥ ʭʵʵʪʵʡ ʭʘʘʣʛʘ 
ɿʫʨʘʛ 3.15. ʍʵʤʞʠʣʪʠʡʥ ʦʙʴʝʢʪ 5: ʕʨʜʵʥʵʟʫʫʛʠʡʥ ʯʫʣʫʫʥ ʘʨʩʣʘʥ 
ɿʫʨʘʛ 4.1. ЉʥʛЊʥʠʡ ЊʛЊʛʜʣʠʡʥ ʩʘʥʛʠʡʥ ʚʝʙ 
ɿʫʨʘʛ 4.2.ʅʵʚʪʨʵʭ ʭʵʩʵʛ  
ɿʫʨʘʛ 4.3. ЉʥʛЊʥʠʡ ЊʛЊʛʜʣʠʡʥ ʩʘʥʛʠʡʥ ʚʝʙ 
ɿʫʨʘʛ 4.4. ʄʵʜʵʵʣʣʠʡʥ ʩʘʥʪʘʡ ʘʞʠʣʣʘʭ ʭʵʩʵʛ 
ɿʫʨʘʛ 5.1. Sentera 4k ʥʵʤʵʣʪ ʢʘʤʝʨ 
ɿʫʨʘʛ 5. 2 ɸʛʘʘʨʳʥ ʟʫʨʘʛʣʘʣ ʭʠʡʭ ʝʨЊʥʭʠʡ ʘʨʛʘ ʟϾʡ 
ɿʫʨʘʛ 5.3. ʉʫʜʘʣʛʘʘʥʳ ʪʘʣʙʘʡʥ ʙʘʡʨʰʠʣ 
ɿʫʨʘʛ 5.4. ʉʫʜʘʣʛʘʘʥʳ ʪʘʣʙʘʡ  
ɿʫʨʘʛ 5.5. ʅʠʩʣʵʛ ʭʠʡʭ Ͼʝʠʡʥ ʢʘʤʝʨʳʥ ʙʘʡʨʰʠʣ 
ɿʫʨʘʛ 5.6. ɿʫʨʘʛʣʘʭ Ͼʝʠʡʥ ʢʘʤʝʨʳʥ ʭʷʥʘʣʪ ʪʦʭʠʨʫʫʣʛʘ 
ɿʫʨʘʛ 5.7. ɿʫʨʘʛʣʘʭ Ͼʝʠʡʥ ʢʘʤʝʨʳʥ ʙʘʡʨʰʠʣ ʙʘ ʘʣʜʘʘʥʳ ʟʘʩʚʘʨ 
ɿʫʨʘʛ 5.8. ʋʣʘʘʥ ʥʦʛʦʦʥ ʭЊʭ ʩʫʚʘʛʪ ʘʚʩʘʥ ʟʫʨʘʛ 
ɿʫʨʘʛ 5.9. ʅʵʛ ʩʮʝʥʠʡ ʪЊʚ ʮʵʛ ʙʦʣʦʥ ʟʫʨʛʫʫʜʳʥ ʜʘʚʭʮʘʣ 
ɿʫʨʘʛ 5.10. ɹʦʣʦʚʩʨʫʫʣʩʘʥ Ͼʨ ʜϾʥ 1: ɿϾʡʚʵʨ ʟʫʨʘʛ 
ɿʫʨʘʛ 5.11. ɹʦʣʦʚʩʨʫʫʣʩʘʥ Ͼʨ ʜϾʥ 2: ʆʡʨʳʥ ʥʠʣ ʫʣʘʘʥ ʪʫʷʘʥʳ ʩʫʚʛʘʘʨ ʘʚʩʘʥ 
ʟʫʨʛʠʡʥ ʟϾʡʚʵʨ 
ɿʫʨʘʛ 5.12 ɹʦʣʦʚʩʨʫʫʣʩʘʥ Ͼʨ ʜϾʥ 3: Љʥʜʨʠʡʥ ʪʦʦʥ ʟʘʛʚʘʨʳʥ ʟʫʨʘʛ 
ɿʫʨʘʛ 5.13. ɹʦʣʦʚʩʨʫʫʣʩʘʥ Ͼʨ ʜϾʥ 4: Љʥʜʨʠʡʥ ʪʦʦʥ ʟʘʛʚʘʨʘʘʩ 3 ʭʵʤʞʵʵʩʪ 
ʙʦʩʛʦʩʦʥ ʙʘʡʜʘʣ 
ɿʫʨʘʛ 5.14. ɹʦʣʦʚʩʨʫʫʣʩʘʥ Ͼʨ ʜϾʥ5: Љʥʜʨʠʡʥ ʪʦʦʥ ʟʘʛʚʘʨʘʘʩ 3 ʭʵʤʞʵʵʩʪ 
ʙʦʩʛʦʩʦʥ ʙʘʡʜʘʣ /ʆʡʨʳʥ ʥʠʣ ʫʣʘʘʥ ʩʫʚʛʘʘʨ/ 
ɿʫʨʘʛ 5.15. ɻʄʉ-ʠʡʥ ʦʨʦʥʟʘʡʥ ʤʵʜʵʵʣʣʠʡʥ ʩʘʥʛʠʡʥ ʜʘʚʭʘʨʛʘ 
ɿʫʨʘʛ 5.16. ʍʵʤʞʠʣʪʠʡʥ Ͼʨ ʜϾʥʛʵʵʨ ϾϾʩʛʵʩʵʥ ЊʛЊʛʜʣʠʡʥ ʩʘʥʛʠʡʥ ʟʘʛʚʘʨ 
ɿʫʨʘʛ 5.17.ɹʦʣʦʚʩʨʫʫʣʩʘʥ ʟʫʨʛʠʡʛ ɻʄʉ-ʜ ʦʨʫʫʣʩʘʥ ʙʘʡʜʘʣ 
ɿʫʨʘʛ 5.18. ʉʪʝʨʝʦ ʟʘʛʚʘʨʳʥ ʟʫʨʘʛ 
ɿʫʨʘʛ 5.19. Љʥʜʨʠʡʥ ʪʦʦʥ ʟʘʛʚʘʨʳʥ ʟʫʨʘʛ 
ɿʫʨʘʛ 5.20. 2021 ʦʥʳ ʭʵʤʞʠʣʪʠʡʥ Ͼʨ ʜϾʥʛϾϾʜ NDVI GNDVI SAVI ʙʦʜʩʦʥ Ͼʨ 
ʜϾʥʛϾϾʜ 
ɿʫʨʘʛ 5.21. ʀʥʜʝʢʩϾϾʜʠʡʛ ʪʦʦʮʦʦʣʩʦʥ Ͼʨ ʜϾʥʛϾϾʜ: (a) GNDVI, (b) NDRE, (c) 
NDVI, (d) SAVI 
ɿʫʨʘʛ 5.22. ʉʫʨʛʘʣʪʪʘʡ ʙʦʣʦʥ ʩʫʨʛʘʣʪʛϾʡ ʘʥʛʠʣʘʣ ʭʠʡʩʵʥ Ͼʨ ʜϾʥ  /ʋʣʘʘʥ, 
ʥʦʛʦʦʥ, ʭЊʭ ʩʫʚʘʛʪ 
ɿʫʨʘʛ 5.23. ʉʫʨʛʘʣʪʪʘʡ ʙʦʣʦʥ ʩʫʨʛʘʣʪʛϾʡ ʘʥʛʠʣʘʣ ʭʠʡʩʵʥ Ͼʨ ʜϾʥ  /ʆʡʨʳʥ ʥʠʣ 
ʫʣʘʘʥ ʪʫʷʘʥʳ ʤʫʞʠʜ/ 
ɿʫʨʘʛ 5.24. ʉʫʨʛʘʣʪʪʘʡ ʙʦʣʦʥ ʩʫʨʛʘʣʪʛϾʡ ʘʥʛʠʣʘʣ ʭʠʡʩʵʥ Ͼʨ ʜϾʥ  /ʋʣʘʘʥ, 
ʥʦʛʦʦʥ, ʭЊʭ ʙʦʣʦʥ ʦʡʨʳʥ ʥʠʣ ʫʣʘʘʥ ʪʫʷʘʥʳ ʤʫʞʠʡʛ ʭʦʣʴʩʥʦʦʨ/ 
ɿʫʨʘʛ.5.25  ɸʞʣʳʥ ʜʘʨʘʘʣʘʣ 
ɿʫʨʘʛ 5.26. ɹʦʣʦʚʩʨʫʫʣʩʘʥ Ͼʨ ʜϾʥ 6: ʕʭ ʟʫʨʘʛ ʙʦʣʦʥ ʘʥʛʠʣʘʣ ʭʠʡʩʵʥ Ͼʨ ʜϾʥ  
/ʋʣʘʘʥ, ʥʦʛʦʦʥ, ʭЊʭ ʩʫʚʘʛʪ/ 
ɿʫʨʘʛ.5.27. ɹʦʣʦʚʩʨʫʫʣʩʘʥ Ͼʨ ʜϾʥ: 8 ɸʥʛʠʣʘʣ ʜʘʭʴ ʩϾϾʜʨʠʡʥ ʥЊʣЊЊ 
ɿʫʨʘʛ 5.28. ɹʦʣʦʚʩʨʫʫʣʩʘʥ Ͼʨ ʜϾʥ: 9 ʋʨʛʘʤʣʳʥ ʠʥʜʝʢʩϾϾʜ 
ɿʫʨʘʛ 5.29. ɹʦʣʦʚʩʨʫʫʣʩʘʥ Ͼʨ ʜϾʥ: 9 ʋʨʛʘʤʣʳʥ ʠʥʜʝʢʩϾϾʜ 
ɿʫʨʘʛ 5.30. ʍʵʨʵʛʣʵʛʯ, ɺʵʙ ʩʝʨʚʝʨ, ʤʵʜʵʵʣʣʠʡʥ ʩʘʥʛʠʡʥ ʙϾʪʵʮ ʟʦʭʠʦʥ 
ʙʘʡʛʫʫʣʘʣʪ 
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ɿʫʨʘʛ 5.31. ɺʵʙɻʄʉ ʠʥʪʝʨʬʵʡʩ 
ɿʫʨʘʛ 5.32. ʉʫʜʘʣʛʘʘʥʳ ʪʘʣʙʘʡ 
ɿʫʨʘʛ 5.33. Sentera Double 4K ʪЊʭЊЊʨЊʤʞʠʡʥ ʭЊʥʜʣЊʥ ʥʠʩʣʵʛʠʡʥ ʟʘʤʳʥ GPS 
ʮʵʛϾϾʜ 
ɿʫʨʘʛ 5.34. Sentera Double 4K ʪЊʭЊЊʨЊʤʞʠʡʥ ʙʦʩʦʦ ʥʠʩʣʵʛʠʡʥ ʟʘʤʳʥ GPS 
ʮʵʛϾϾʜ 
ɿʫʨʘʛ 5.35. ʉʫʜʘʣʛʘʘʥʳ ʪʘʣʙʘʡʜ ʭʠʡʛʜʩʵʥ ʘʥʛʠʣʘʣʳʥ ʟʫʨʘʛ 
ɿʫʨʘʛ 5.36. ɿϾʡʚʵʨ ʟʫʨʘʛ 
ɿʫʨʘʛ 5.37.ʋʨʛʘʤʣʳʥ ʠʥʜʝʢʩ 
ɿʫʨʘʛ 5.38. ʍʘʨʙʘʩʳʥ RGB- ʟʫʨʘʛ 
ɿʫʨʘʛ 5.39. ʍʘʨʙʘʩʳʥ NIR- ʟʫʨʘʛ 
ɿʫʨʘʛ 5.40. ʍʘʨ ʙʘʣʛʘʩʳʥ ʭʵʤʞʠʣʪʠʡʥ ʢʘʤʝʨʳʥ ʙʘʡʨʰʠʣ ʙʘ ʟʫʨʛʠʡʥ ʜʘʚʭʮʘʣ 
ɿʫʨʘʛ 5.41. ʍʘʨ ʙʘʣʛʘʩʳʥ Њʥʜʨʠʡʥ ʪʦʦʥ ʟʘʛʚʘʨ 
ɿʫʨʘʛ 5.42. ʊЊʚʭЊʥ ʭʠʡʜʠʡʥ RGB- ʟʫʨʘʛ 
ɿʫʨʘʛ 5.43. ʊЊʚʭЊʥ ʭʠʡʜʠʡʥ NIR- ʟʫʨʘʛ 
ɿʫʨʘʛ 5.44. ʂʘʤʝʨʳʥ ʙʘʡʨʰʠʣ ʙʘ ʟʫʨʘʛ ʜʘʚʭʮʘʣ 
ɿʫʨʘʛ 5.45. ʂʘʤʝʨʳʥ ʙʘʡʨʰʠʣ ʙʘ ʘʣʜʘʘʥʳ ʪʦʦʮʦʦ 
ɿʫʨʘʛ 5.46. ʊЊʚʭЊʥ ʭʠʡʜʠʡʥ Њʥʜʨʠʡʥ ʪʦʦʥ ʟʘʛʚʘʨ 
 
ʍתʉʅʕɻʊʀʁʅ ɾɸɻʉɸɸʃʊ  
 
ʍϾʩʥʵʛʪ 2.1. ʉʘʥʛʠʡʥ ʪʦʦ 
ʍϾʩʥʵʛʪ 2.2. ʉʘʥʛʠʡʥ ʪʦʦ 
ʍϾʩʥʵʛʪ 2.3 ʊʫʨʰʠʣʪ 1 
ʍϾʩʥʵʛʪ 2.4 ʊʫʨʰʠʣʪ 2 
ʍϾʩʥʵʛʪ 2.5 ʊʫʨʰʠʣʪ 3 
ʍϾʩʥʵʛʪ 2.6. ʊ ʰʘʣʛʫʫʨʳʥ ʭϾʩʥʵʛʪ 
ʍϾʩʥʵʛʪ 2.7. ʊʫʨʰʠʣʪʳʥ Ͼʨ ʜϾʥʛ ʜϾʛʥʵʭ 
ʍϾʩʥʵʛʪ 2.8.ЉʚʛЊʥ ʭʫʫʨʯ ʟʫʨʛʠʡʥ ʩʪʘʪʠʩʪʠʢ ϾʟϾϾʣʵʣʪϾϾʜ  
ʍϾʩʥʵʛʪ 2.9. ANOVA ʰʠʥʞϾϾʨ 
ʍϾʩʥʵʛʪ 3.1. ʊʝʩʪ-1 
ʍϾʩʥʵʛʪ 3.2. ʊʝʩʪ-2 
ʍϾʩʥʵʛʪ 3.3. ʊʝʩʪ-3 
ʍϾʩʥʵʛʪ 3.4. ʊʝʩʪ-4 
ʍϾʩʥʵʛʪ 3.5. ʊʝʩʪ-5 
ʍϾʩʥʵʛʪ 3.6. ʊʝʩʪ-6 
ʍϾʩʥʵʛʪ 3.7. ʊʝʩʪ-7 
ʍϾʩʥʵʛʪ 3.8. ʊʝʩʪ-8 
ʍϾʩʥʵʛʪ 3.9. ʊʝʩʪ-9 
ʍϾʩʥʵʛʪ 3.10. ʊʝʩʪ-10 
ʍϾʩʥʵʛʪ 3.11. ʊʝʩʪ-11 
ʍϾʩʥʵʛʪ 3.12. ʊʝʩʪ-12 
ʍϾʩʥʵʛʪ 3.13. ʊʝʩʪ-13 
ʍϾʩʥʵʛʪ 3.14. ʊʝʩʪ-14 
ʍϾʩʥʵʛʪ 3.15. ʊʝʩʪ-15 
ʍϾʩʥʵʛʪ 3.16. ЉʥʛЊʥʠʡ ʟЊʨϾϾʥʠʡ ʪʘʡʣʙʘʨ 
ʍϾʩʥʵʛʪ 3.17. Ͻʣʜʩʵʥ ʪʘʚʘʥ ʙʫʜʛʠʡʥ ЊʥʛЊʥʠʡ ʟЊʨϾϾʛ ʪʦʦʮʩʦʥ ʜϾʥ 
ʍϾʩʥʵʛʪ 3.18. ʊʝʩʪ-11 ʙʫʜʛʠʡʥ ЊʥʛЊ, XRF-ʭʠʤʠʡʥ ʵʣʝʤʝʥʪʠʡʥ ʠʣʵʨʮ, ʣʘʢʥʳ 
ʪЊʨЊʣ 
ʍϾʩʥʵʛʪ 3.19. ʍʵʤʞʠʣʪʠʡʥ Ͼʨ ʜϾʥʛ ʜʫʥʜʞʘʘʨ ʥʵʛʪʛʵʩʵʥ ʙʘʡʜʘʣ 
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ʍϾʩʥʵʛʪ 3.20. ʍʵʤʞʠʣʪʠʡʥ Ͼʨ ʜϾʥʛʠʡʥ ʩʪʘʪʠʩʪʠʢ ʘʥʘʣʠʟ 
ʍϾʩʥʵʛʪ 3.21. ʍʵʤʞʠʣʪʠʡʥ ʦʙʴʝʢʪϾϾʜʠʡʥ ʤʵʜʵʵʣʵʣ 
ʍϾʩʥʵʛʪ 3.22. ЉʥʛЊʥʠʡ ʟЊʨϾϾʥʠʡ ʪʘʡʣʙʘʨ 
ʍϾʩʥʵʛʪ 4.1. ʉʦʸʣʳʥ Њʚʠʡʥ ʭʵʤʞʠʣʪʠʡʥ ʦʙʴʝʢʪ 
ʍϾʩʥʵʛʪ 5.1 ʂʘʤʝʨʳʥ ϾʟϾϾʣʵʣʪ 
ʍϾʩʥʵʛʪ 5.2. ʀʥʜʝʢʩϾϾʜ 
ʍϾʩʥʵʛʪ 5.3. ʂʘʤʝʨʠʡʥ ʮʵʛ ʙϾʨ ʜʵʵʨ ʭʵʤʞʩʵʥ ʫʪʛʫʫʜ  
 
ɻʈɸʌʀʂʀʁʅ ɾɸɻʉɸɸʃʊ 
ɻʨʘʬʠʢ 3.1. ʍʵʤʞʠʣʪʠʡʥ Ͼʝʠʡʥ ʮʘʛ ʫʫʨʳʥ ʜʫʥʜʘʞ 2020.08-2021.07 
ɻʨʘʬʠʢ 3.2. ɹʫʜʛʫʫʜʳʥ ʜʵʵʞʠʡʥ ʭʵʤʞʠʣʪϾϾʜ ʩʘʨʘʘʨ 
ɻʨʘʬʠʢ 3.3. ʊ11-1 ʙʫʜʛʠʡʥ ʭʫʛʘʮʘʘʥʘʘʩ ʭʘʤʘʘʨʩʘʥ ЊʥʛЊʥʠʡ ʛʘʥʜʘʣʪ 
ɻʨʘʬʠʢ 3.4. ʊ11-2 ʙʫʜʛʠʡʥ ʭʫʛʘʮʘʘʥʘʘʩ ʭʘʤʘʘʨʩʘʥ ЊʥʛЊʥʠʡ ʛʘʥʜʘʣʪ 
ɻʨʘʬʠʢ 3.5. ʊ11-3 ʙʫʜʛʠʡʥ ʭʫʛʘʮʘʘʥʘʘʩ ʭʘʤʘʘʨʩʘʥ ЊʥʛЊʥʠʡ ʛʘʥʜʘʣʪ 
ɻʨʘʬʠʢ 3.6. ʊ11-4 ʙʫʜʛʠʡʥ ʭʫʛʘʮʘʘʥʘʘʩ ʭʘʤʘʘʨʩʘʥ ЊʥʛЊʥʠʡ ʛʘʥʜʘʣʪ 
ɻʨʘʬʠʢ 3.7. T11-5-ʠʡʥ ʭʫʛʘʮʘʘʥʘʘʩ ʭʘʤʘʘʨʩʘʥ ЊʥʛЊʥʠʡ ʛʘʥʜʘʣʪ 
ɻʨʘʬʠʢ 3.8. ʅʦʛʦʦʥ ЊʥʛЊʥʠʡ ʛʘʥʜʘʣʪ 
ɻʨʘʬʠʢ 3.9. ʋʣʙʘʨ ʰʘʨ ЊʥʛЊʥʠʡ ʛʘʥʜʘʣʪ 
ɻʨʘʬʠʢ 3.10. ʍЊʭ ЊʥʛЊʥʠʡ ʛʘʥʜʘʣʪ 
ɻʨʘʬʠʢ 3.11. ʋʣʘʘʥ ʭϾʨʵʥ ЊʥʛЊʥʠʡ ʛʘʥʜʘʣʪ ʷʚʘʛʜʩʘʥ ʙʘʡʜʘʣ /2020.7 ʩʘʨ-
2021.7 ʩʘʨ/ 
ɻʨʘʬʠʢ 3.12. ʍЊʭ ЊʥʛЊʥʠʡ ʛʘʥʜʘʣʪ ʷʚʘʛʜʩʘʥ ʙʘʡʜʘʣ /2020.7 ʩʘʨ-2021.7 ʩʘʨ/ 
ɻʨʘʬʠʢ 3.13. ʅʦʛʦʦʥ ЊʥʛЊʥʠʡ ʛʘʥʜʘʣʪ ʷʚʘʛʜʩʘʥ ʙʘʡʜʘʣ /2020.7 ʩʘʨ-2021.7 ʩʘʨ/ 
ɻʨʘʬʠʢ 3.14. ʋʣʘʘʥ ʭϾʨʵʥ ЊʥʛЊʥʠʡ L-ʠʡʥ ʫʪʛʳʥ ʭʵʪʠʡʥ ʛʘʥʜʘʣʪʳʥ ʪʘʘʤʘʛʣʘʣ 
ɻʨʘʬʠʢ 3.15. ʋʣʘʘʥ ʭϾʨʵʥ ЊʥʛЊʥʠʡ a-ʠʡʥ ʫʪʛʳʥ ʭʵʪʠʡʥ ʛʘʥʜʘʣʪʳʥ ʪʘʘʤʘʛʣʘʣ 
ɻʨʘʬʠʢ 3.16. ʋʣʘʘʥ ʭϾʨʵʥ ЊʥʛЊʥʠʡ b-ʠʡʥ ʫʪʛʳʥ ʭʵʪʠʡʥ ʛʘʥʜʘʣʪʳʥ ʪʘʘʤʘʛʣʘʣ 
ɻʨʘʬʠʢ 3.17. ʋʣʘʘʥ ʭϾʨʵʥ ЊʥʛЊʥʠʡ L-ʠʡʥ ʫʪʛʳʥ ЊʤʥЊʭ ʫʪʛʳʥ ʪʘʘʤʘʛʣʘʣ 
ɻʨʘʬʠʢ 3.18. ʋʣʘʘʥ ʭϾʨʵʥ ЊʥʛЊʥʠʡ a-ʠʡʥ ʫʪʛʳʥ ЊʤʥЊʭ ʫʪʛʳʥ ʪʘʘʤʘʛʣʘʣ 
ɻʨʘʬʠʢ 3.19. ʋʣʘʘʥ ʭϾʨʵʥ ЊʥʛЊʥʠʡ b-ʠʡʥ ʫʪʛʳʥ ЊʤʥЊʭ ʫʪʛʳʥ ʪʘʘʤʘʛʣʘʣ 
ɻʨʘʬʠʢ 3.20.ʐʘʥʭʳʥ ʞʠʤʩʵʥ ʭʘʘʣʛʘʥʳ ЊʥʛЊ 1-ʠʡʥ ʭʵʤʞʠʣʪ 
ɻʨʘʬʠʢ 3.21.ʐʘʥʭʳʥ ʞʠʤʩʵʥ ʭʘʘʣʛʘʥʳ ЊʥʛЊ 2-ʳʥ ʭʵʤʞʠʣʪ 
ɻʨʘʬʠʢ 3.22.ʐʘʥʭʳʥ ʞʠʤʩʵʥ ʭʘʘʣʛʘʥʳ ЊʥʛЊ 3-ʳʥ ʭʵʤʞʠʣʪ 
ɻʨʘʬʠʢ 3.23.ʐʘʥʭʳʥ ʮʵʮʛʵʥ ʭʘʘʣʛʘʥʳ ЊʥʛЊ 1-ʠʡʥ ʭʵʤʞʠʣʪ 
ɻʨʘʬʠʢ 3.24.ʐʘʥʭʳʥ ʮʵʮʛʵʥ ʭʘʘʣʛʘʥʳ ЊʥʛЊ 2-ʳʥ ʭʵʤʞʠʣʪ 
ɻʨʘʬʠʢ 3.25.ʐʘʥʭʳʥ ʮʵʮʛʵʥ ʭʘʘʣʛʘʥʳ ЊʥʛЊ 3-ʳʥ ʭʵʤʞʠʣʪ 
ɻʨʘʬʠʢ 3.26.ʄʵʣʭʠʡ ʪʦʣʛʦʡʥ ЊʥʛЊ 1-ʠʡʥ ʭʵʤʞʠʣʪ 
ɻʨʘʬʠʢ 3.27.ʄʵʣʭʠʡ ʪʦʣʛʦʡʥ ЊʥʛЊ 2-ʳʥ ʭʵʤʞʠʣʪ 
ɻʨʘʬʠʢ 3.28.ʄʵʣʭʠʡ ʪʦʣʛʦʡʥ ЊʥʛЊ 2-ʳʥ ʭʵʤʞʠʣʪ 
ɻʨʘʬʠʢ 3.29.ʄʵʣʭʠʡ ʪʦʣʛʦʡʥ ЊʥʛЊ 4-ʠʡʥ ʭʵʤʞʠʣʪ 
ɻʨʘʬʠʢ 3.30.ʄʵʣʭʠʡ ʯʫʣʫʫʥʳ ЊʥʛЊ 1-ʠʡʥ ʭʵʤʞʠʣʪ 
ɻʨʘʬʠʢ 3.31.ʄʵʣʭʠʡ ʯʫʣʫʫʥʳ ЊʥʛЊ 2-ʳʥ ʭʵʤʞʠʣʪ 
ɻʨʘʬʠʢ 3.32.ʄʵʣʭʠʡ ʯʫʣʫʫʥʳ ЊʥʛЊ 3-ʳʥ ʭʵʤʞʠʣʪ 
ɻʨʘʬʠʢ 3.33.ʄʵʣʭʠʡ ʯʫʣʫʫʥʳ ЊʥʛЊ 4-ʠʡʥ ʭʵʤʞʠʣʪ 
ɻʨʘʬʠʢ 3.34.ʕʨʜʵʥʵʟʫʫʛʠʡʥ ʯʫʣʫʫʥ ʘʨʩʣʘʥʛʠʡʥ ЊʥʛЊ 1-ʠʡʥ ʭʵʤʞʠʣʪ 
ɻʨʘʬʠʢ 3.35.ʕʨʜʵʥʵʟʫʫʛʠʡʥ ʯʫʣʫʫʥ ʘʨʩʣʘʥʛʠʡʥ ЊʥʛЊ 2-ʳʥ ʭʵʤʞʠʣʪ 
ɻʨʘʬʠʢ 3.36.ʕʨʜʵʥʵʟʫʫʛʠʡʥ ʯʫʣʫʫʥ ʘʨʩʣʘʥʛʠʡʥ ЊʥʛЊ 3-ʠʡʥ ʭʵʤʞʠʣʪ 
 
ɼʀɸɻʈɸʄʓʅ ɾɸɻʉɸɸʃʊ  
ɼʠʘʛʨʘʤ 1.1. 10 ʥʘʥʦʤʝʪʨʠʡʥ ʛʫʨʚʘʣʞʥʘʘʨ ʟʫʨʚʘʩʳʥ ЊʨʛЊʥʛ ʪʦʜʦʨʭʦʡʣʩʦʥ 
ʭʵʤʞʠʣʪʠʡʥ ʜʦʣʛʠʦʥʳ ʫʨʪ 
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ɼʠʘʛʨʘʤ 1.2. ЉʥʛЊʥʠʡ ʭʵʤʞʠʣʪʠʡʥ ʘʨʛʘ ʟϾʡ 
ɼʠʘʛʨʘʤ 2.1. ʉʫʜʘʣʛʘʘʥʳ ʘʨʛʘ ʟϾʡ 
ɼʠʘʛʨʘʤ 2.2. ɸʞʣʳʥ ʜʘʨʘʘ ʟʫʨʛʠʡʥ X3 ʤʘʪʨʠʮʳʥ ʩʧʝʢʪʨʠʡʥ ʤʫʨʫʡ 
ɼʠʘʛʨʘʤ 2.3. ʃʝʥʠʥ ʙʘʛʰ ʟʫʨʛʠʡʥ ʪʘʨʭʘʣʪ 
ɼʠʘʛʨʘʤ 3.1. ʉʫʜʘʣʛʘʘʥʳ ʘʨʛʘ ʟϾʡ 
ɼʠʘʛʨʘʤ 3.2. ʉʫʜʘʣʛʘʘʥʳ ʘʨʛʘ ʟϾʡ 
ɼʠʘʛʨʘʤ 4.1. ЉʛЊʛʜʣʠʡʥ ʩʘʥ ϾϾʩʛʵʭ 
ɼʠʘʛʨʘʤ 4.2. ЉʥʛЊʥʠʡ ЊʛЊʛʜʣʠʡʥ ʩʘʥʛʠʡʥ ʙϾʪʵʮ 
ɼʠʘʛʨʘʤ 5.1. ɸʥʛʠʣʣʳʥ ʘʨʛʘ 
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ʊᴆʉʃʀʁʅ תʈ ɼתʅɻʀʁʅ ɼɸɸʃɻɸɺʈʓʅ ɹʀɽʃʕʃʊ 

ʜ/ʜ ʊᴇʩʣᴇᴇʨ ʙʠʡ ʙʦʣʦʭ װʨ ʜװʥ ʊʦʦ  
 ʥʛʠʡʥװʨ ʜת

 ʣʵʣʪװװʟװ

ɻʘʨʩʘʥ 

 ʥװʨ ʜת

 

1 

ᴆʥʛᴇ ʩʫʜʣʘʣʳʥ ʫʭʘʘʥʳ ʦʨʯʠʥ 

 ʝʠʡʥ ʜʵʚʰʠʣʪʵʪ ʪʝʭʥʦʣʦʛʠʡʥװ

ʩʫʜʘʣʛʘʘ, ʭʵʵʨʠʡʥ ʩʫʜʘʣʛʘʘ 

4 

ʊʘʡʣʘʥ, 

ʵʨʜʵʤ 

ʰʠʥʞʠʣʛʵʵʥ

ʠʡ ᴇʛװװʣʵʣ 

ʊʘʡʣʘʥ-1 

ʕʐ-ʥʠʡ ᴇʛװװʣʵʣ-1 

ʍʵʵʨʠʡʥ ʩʫʜʘʣʛʘʘ-16 

2 

ʄʫʟʝʡʥ װʟʤʵʨʠʡʛ ʪʘʥʠʭ 

(ʠʜʝʥʪʠʬʠʢʘʮ) ʪʫʨʰʠʣʪ 

ʩʫʜʘʣʛʘʘ 

1 

ɸʣʛʦʨʠʪʤ, 

ʧʨʦʛʨʘʤʤ 

ʭʘʥʛʘʤʞ 

ɸʣʛʦʨʠʪʤ, ʘʨʛʘ ʟװʡ-1 

ʇʨʦʛʨʘʤʤ ʭʘʥʛʘʤʞ-1 

ʕʐ-ʥʠʡ ᴇʛװװʣʵʣ-1 

ʕʐ-ʥʠʡ ʠʣʪʛʵʣ-2 

ʉʫʜʘʣʛʘʘʥʳ ʪʘʡʣʘʥ-1 

ʉʫʨʛʘʣʪ-2  

ʍʘʤʪʨʘʥ ʘʞʠʣʣʘʭ 

ʛʵʨʵʵ-1 

3 

ʕʨʪʥʠʡ ʫʨʘʥ ʙʘʨʠʣʛʳʥ ᴇʥʛᴇ 

ʙʫʜʘʛ ʦʨʯʥʳ ʥᴇʣᴇᴇʣʣᴇᴇʩ ʙʦʣʞ 

ʭʵʨʭʵʥ ᴇᴇʨʯʣᴇʛʜᴇʞ ʙʘʡʛʘʘʛ 

ʩʫʜʣʘʭ, ʘʥʭʥʳ ᴇʥʛʠʡʛ ʪʦʛʪʦʦʭ 

ʘʨʛʘ ʘʨʛʘʯʣʘʣ 

1 ɸʨʛʘʯʣʘʣ 

ɸʨʛʘ ʟװʡ-2 

ʉʫʨʛʘʣʪ-6 

ʕʐ-ʥʠʡ ʭʫʨʘʣ-2 

ʕʐ-ʥʠʡ ʠʣʪʛʵʣ-8 

ʕʐ-ʥʠʡ ᴇʛװװʣʵʣ-5 

4 

ʊʫʩʛʘʡʣʘʥ ʙʵʣʪʛʵʩʵʥ ʦʨʯʠʥ 

ʙʦʣʦʥ ʪᴇʭᴇᴇʨʛᴇᴇʨ ʭʵʤʞʩʵʥ 

ʩʧʝʢʪʨ, ʙʦʛʜ ʭʘʘʥʳ ʤʫʟʝʡʥ 

ʙʘʨʠʣʛʘʜ ʭʠʡʩʵʥ ʪʫʨʰʠʣʪʳʥ 

 ʥ, ʫʨʘʥ ʟʫʨʘʛ ʪʘʥʠʭװʨ ʜװ

ʭʵʤʞʠʣʪ ʪʫʨʰʠʣʪ, ʥʘʤ ᴇʥʜᴇʨʪ 

ʭʠʡʩʵʥ ʩʧʝʢʪʨʘʣʴ ʭʵʤʞʠʣʪʠʡʥ 

ᴇʛᴇʛʜʣʠʡʛ ʘʛʫʫʣʩʘʥ ʄʝʪʘ 

ᴇʛᴇʛʜʣʠʡʥ ʩʘʥ ʙʘʡʛʫʫʣʘʭ 

1 
ᴆʛᴇʛʜʣʠʡʥ 

ʩʘʥ 

ᴆʛᴇʛʜʣʠʡʥ ʩʘʥ-2 

ᴆʥʛᴇʥʠʡ ʭʵʤʞʠʣʪʠʡʥ 

ʄʝʪʘ ʜʘʪʘ-3555 

ɿʫʨʛʠʡʥ ᴇʛᴇʛʜᴇʣ-4940 

 

5 

50-100 ʭװʨʪʵʣ ᴇʥʜᴇʨʪ ʦʣʦʥ 

ʩʫʚʘʛʯʣʘʣʳʥ ʭʵʤʞʠʣʪ ʭʠʡʭ 

ʪᴇʭᴇᴇʨᴇʤʞʠʡʥ ʟʘʛʚʘʨ, 

ʥʠʩʛʵʛʯʛװʡ ʪᴇʭᴇᴇʨᴇʤʞʠʡʥ 

ʪʫʩʣʘʤʞʪʘʡ ʭʵʤʞʩʵʥ ʦʣʦʥ 

ʩʫʚʘʛʯʣʘʣʳʥ ᴇʛᴇʛʜʣʠʡʛ 

ʙʦʣʦʚʩʨʫʫʣʘʭ ʘʨʛʘʟװʡ 

ʧʨʦʛʨʘʤʤ ʭʘʥʛʘʤʞ 

1 

ʇʨʦʛʨʘʤʤ 

ʭʘʥʛʘʤʞ, 

ʘʣʛʦʨʠʪʤ 

ɻʘʟʘʨʟװʡʥ ʤʵʜʵʵʣʣʠʡʥ 

ʩʘʥ ʙװʭʠʡ ʚʝʙʜ 

ʩʫʫʨʠʣʩʘʥ ʧʨʦʛʨʘʤʤ 

ʭʘʥʛʘʤʞ-1 

ɸʨʛʘ ʟװʡ-1  

ʕʐ-ʥʠʡ ʠʣʪʛʵʣ-4 

ʕʐ-ʥʠʡ ᴇʛװװʣʵʣ-3 

6 
ʊᴇʩʣʠʡʥ ʪʘʡʣʘʥ ʙʠʯʠʞ װʨ ʜװʥʛ 

ʭװʣʵʵʣʛʵʥ ᴇʛᴇʭ 
1 

ʉʪʘʥʜʘʨʪʳʥ 

ʰʘʘʨʜʣʘʛʘ 

ʭʘʥʛʘʩʘʥ 

ʪʘʡʣʘʥ 

ʊʘʡʣʘʥ-1 
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ʊɸʁʃɸʅɻʀʁʅ תʅɼʉʕʅ ʍʕʉʕɻ 

ʋɼʀʈʊɻɸʃ ʍʕʉʕɻ 

ʉʦʸʣʳʥ ᴇʚʠʡʛ ʭʘʜʛʘʣʞ ʭʘʤʛʘʘʣʘʭ, ʩʵʨʛʵʵʥ ʟʘʩʚʘʨʣʘʭ ʘʞʣʳʥ ʭʘʤʛʠʡʥ 

ʯʫʭʘʣ װʥʵʪ ʟװʡʣ ʙʦʣ ʪʫʭʘʡʥ ʩʦʸʣʳʥ ᴇʚʠʡʥ ʘʥʭʥʳ ʵʭ ʭʵʣʙʵʨ ʪᴇʨʭʠʡʛ 

ʘʣʜʘʛʜʫʫʣʘʭʛװʡʛʵʵʨ ʭʘʜʛʘʣʘʥ ʭʘʤʛʘʘʣʘʭ ʷʚʜʘʣ ʶʤ. ʄʘʥʘʡ ʦʨʥʳ ʭʫʚʴʜ ʩʦʸʣʳʥ 

ʙʠʝʪ ᴇʚװװʜ ʙʦʣʦʥ װʣ ʭᴇʜʣᴇʭ ʩʦʸʣʳʥ ᴇʚ ʙʦʣʦʭ ʭʫʫʯʥʳ ʩװʤ ʭʠʡʜ, ʤʫʟʝʡʥ ʙʘʨʠʣʛʘ 

ʙʘʡʛʫʫʣʘʤʞʠʡʥ ʩʵʨʛʵʵʥ ʟʘʩʚʘʨʣʘʣʪʳʥ ʘʩʫʫʜʣʫʫʜʳʛ ʩʫʜʘʣʛʘʘʥʳ ʙʘʡʛʫʫʣʣʘʛʘʜ 

ʜʘʘʪʛʘʣʛװʡʛʵʵʨ ʭʫʚʠʡʥ ʢʦʤʧʘʥʠʘʨ ʰʠʡʜװװʣʩʥʵʵʨ ʩʦʸʣʳʥ ᴇʚʠʡʛ ʷʤʘʨ ʥʵʛ 

ʩʫʜʘʣʛʘʘʛװʡʛʵʵʨ ʛʘʨʘʣ װװʩʵʣ ʥʴ ʪʦʜʦʨʭʦʡ ʙʫʩ ʟʦʨʠʫʣʘʣʪʳʥ ʙʫʩ ʤʘʪʝʨʠʘʣ, 

ʙʫʜʛʘʘʨ ʙʫʜʘʞ ʩʦʸʣʳʥ ᴇʚʠʡʥ ʰʠʥʞ ʯʘʥʘʨʳʛ ʘʣʜʘʛʜʫʫʣʘʭ ʵʨʩʜʵʣ ʠʭʵʵʨ ʛʘʨʯ 

ʙʘʡʥʘ. ʀʡʤ ʙʘʡʜʣʘʘʨ ʩʵʨʛʵʵʥ ʟʘʩʚʘʨʣʘʛʜʩʘʥ ʘʞʠʣ ʯʘʥʘʨ ʤʫʫʪʘʡ ʙʦʣʜʦʛ ʫʯʨʘʘʩ 

ʩʵʨʛʵʵʥ ʟʘʩʚʘʨʣʘʭ ʘʞʣʳʛ ʦʡʨ ʦʡʨʭʦʥ ʭʠʡʭ ʰʘʘʨʜʣʘʛʘ ʛʘʨʯ  ʩʦʸʣʳʥ ʙʠʝʪ ᴇʚʠʡʛ 

ʛʵʤʪʵʵʞ ʙʘʪ ʙᴇʭ ʯʘʥʘʨʳʛ ʘʣʜʘʛʜʫʫʣʞ ʮʘʛ ʭʫʛʘʮʘʘ ʙʦʣʦʥ ʵʜʠʡʥ ʟʘʩʛʠʡʥ ʭʫʚʴʜ ʯ 

ʘʣʜʘʛʜʘʣ ʠʭ ʭװʣʵʵʞ ʙʘʡʥʘ.  

ɸʞ װʡʣʜʚʵʨʠʡʥ IV ʭʫʚʴʩʛʘʣ ᴇʨʥᴇʞ ʙʫʡ ʵʥʵ װʝʜ ʩʦʸʣʳʥ ᴇʚʠʡʥ ʩʘʣʙʘʨʪ ʯ 

ʤʵʜʵʵʣʵʣ, ᴇʛᴇʛʜᴇʣʜ ʪʫʣʛʫʫʨʣʘʩʘʥ ʩʫʜʘʣʛʘʘ, ʰʠʥʞʠʣʛʵʵʥʠʡ ʘʞʣʫʫʜʳʛ ʠʭʵʵʨ ʭʠʡʭ 

ʰʘʘʨʜʣʘʛʘ ʛʘʨʯ ʙʘʡʥʘ. ᴆʥʛᴇʥʠʡ ʪʝʭʥʦʣʦʛʠ ʥʴ ʤʵʜʵʵʣʵʣ, ᴇʛᴇʛʜʣʠʡʥ ʰʠʥʞʣʵʭ 

ʫʭʘʘʥʪʘʡ ʩʘʣʰʛװʡ ʭʦʣʙʦʦʪʦʡ ʙʘʡʜʘʛ. ᴆʥʛᴇʥʠʡ ʭʵʤʞʠʣʪʠʡʥ ʮʘʘʥʘ ʥʘʨʠʡʥ ʬʠʟʠʢ, 

ʤʘʪʝʤʘʪʠʢʠʡʥ ʫʭʘʘʥʘʘʨ ʪʘʡʣʙʘʨʣʘʜʘʛ ʦʥʦʣ, ʧʨʘʢʪʠʢ ʭʦʩʦʣʩʦʥ ʩʫʜʘʣʛʘʘ ʙʘʡʭ 

ʙᴇʛᴇᴇʜ ʪʫʭʘʡʥ ᴇʥʛᴇʥʠʡ ʭʵʤʞʠʣʪʵʜ ʜװʥ ʰʠʥʞʠʣʛʵʵ ʭʠʡʭ ʥʴ ᴇʛᴇʛʜʣʠʡʥ ʰʠʥʞʣʵʭ 

ʫʭʘʘʥ ʙʘ ʩʪʘʪʠʩʪʠʢ ʭʦʩʦʣʩʦʥ ʩʫʜʘʣʛʘʘʥʳ ʘʞʠʣ ʶʤ.   

ʊʠʡʤʵʵʩ ᴇʥʛᴇ ʙʦʣʦʥ ᴇʛᴇʛʜᴇʣ ʩʫʜʣʘʣʳʛ ʤʘʪʝʨʠʘʣ ʩʫʜʣʘʣ ʙʦʣʦʥ  

ʪʝʭʥʦʣʦʛʠʡʥ ʩʘʣʙʘʨʪʘʡ ʭʦʩʣʫʫʣʘʥ ʄʦʥʛʦʣʳʥ ʵʨʩ ʪʵʩ ʫʫʨ ʘʤʴʩʛʘʣʪʘʡ ʮʘʛ ʫʫʨʳʥ 

ʥᴇʭʮᴇʣʜ ʪʘʘʨʩʘʥ ʩʵʨʛʵʵʥ ʟʘʩʚʘʨʣʘʣʪʳʥ ʘʨʛʘʟװʡ ʥʵʚʪʨװװʣʵʭ ʥʴ ʟװʡʪʵʡ ʶʤ. ʄᴇʥ 

ᴇʥʛᴇʥʠʡ ʪʝʭʥʦʣʦʛʠʫʜʳʥ ʪʫʩʣʘʤʞʪʘʡʛʘʘʨ ᴇʥʛᴇ ʙʫʜʛʠʡʥ ʛʘʥʜʘʣʪ ʙʦʣʦʥ ʩʦʥʛʦʣʪ, 

ʩʦʸʣʳʥ ᴇʚʠʡʥ ʵʨʩʜʣʠʡʥ װʥʵʣʛʵʵ ʭʠʡʭ, ʫʣʤʘʘʨ ʭʘʜʛʘʣʘʣʪ ʭʘʤʛʘʘʣʘʣʪ, 

ʙʵʭʞװװʣʵʣʪ, ʩʵʨʛʵʵʥ ʟʘʩʚʘʨʣʘʣʪʳʥ ʘʨʛʘ ʟװʡʛ ʙʦʣʦʚʩʨʦʥʛʫʡ ʙʦʣʛʦʭ ʙʦʣʦʤʞʪʦʡ 

ʙʦʣʥʦ.  

ɼʵʵʨʭʠ ʭʵʨʵʛʮʵʵ ʰʘʘʨʜʣʘʛʳʥ װʥʜʩʵʥ ʜʵʵʨ ʤʘʥʘʡ ʩʫʜʘʣʛʘʘʥʳ ʙʘʛ ʩʦʸʣʳʥ 

ʙʠʝʪ ᴇʚװװʜʠʡʥ ᴇʥʛᴇ ʙʫʜʛʠʡʥ ʛʘʥʜʘʣʪʳʛ ʦʨʯʥʳ ʥᴇʣᴇᴇʥᴇᴇʩ ʭʘʤʘʘʨʘʥ ʭʵʨʭʵʥ 

ʷʚʘʛʜʘʞ ʙʘʡʛʘʘʛ ʫʨʪ ʭʫʛʘʮʘʘʥʳ ᴇʥʛᴇʥʠʡ ʭʵʤʞʠʣʪ ʭʠʡʥ ʪʦʛʪʦʦʞ, ʘʨʛʘ ʘʨʛʘʯʣʘʣ 

ʙʦʣʦʚʩʨʫʫʣʞ ʩʫʜʣʘʭ ʟʦʨʠʣʛʦʪʦʡ ʫʛ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʳʛ ʛװʡʮʵʪʛʵʞ ʙʘʡʛʘʘ ʙᴇʛᴇᴇʜ 

ʵʥʵʭװװ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʘʘʨ ʵʨʪʥʠʡ ʙʘʨʠʣʛʘ ʙʘʡʛʫʫʣʘʤʞ ʙʦʣʦʥ ʤʫʟʝʡʥ ʛʘʜʥʘ ʙʘ 
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ʜʦʪʦʨ ʦʨʯʠʥʜ ʙʘʡʨʣʘʭ ʩʦʸʣʳʥ ᴇʚװװʜ ʤʘʪʝʨʠʘʣ, ʰʠʥʞ ʯʘʥʘʨ, ʦʨʯʥʳ ʥᴇʣᴇᴇʥᴇᴇʩ 

ʭʵʨʭʵʥ ʭʘʤʘʘʨʘʥ ᴇʥʛᴇʥʠʡ ᴇᴇʨʯʣᴇʣʪ ᴇʛʯ ʙʘʡʛʘʘʛ ʪʦʛʪʦʦʩʦʥ ʙᴇʛᴇᴇʜ ʵʥʵʭװװ ʘʨʛʘʟװʡʛ 

ʘʰʠʛʣʘʥ ʩʦʸʣʳʥ ᴇʚʠʡʥ ʵʨʩʜʣʠʡʥ װʥʵʣʛʵʵ ʭʠʡʭ, ʭʘʜʛʘʣʘʣʪ ʭʘʤʛʘʘʣʘʣʪ, ʩʵʨʛʵʵʥ 

ʟʘʩʚʘʨʣʘʣʪʳʥ ʟᴇʚʣᴇʤʞ ʜװʛʥʵʣʪ ʛʘʨʘʭ ʙʦʣʦʤʞʪʦʡ ʭʵʜʠʡ ʯ ʪʫʨʰʠʣʪ ʩʫʜʘʣʛʘʘʛ 

ʦʣʦʥ ʪᴇʨʣʠʡʥ װʟʤʵʨװװʜ ʙʦʣʦʥ ʦʨʯʥʳ ᴇᴇʨ ᴇᴇʨ ʦʥʮʣʦʛ ʭʵʚ ʰʠʥʞʪʵʡ ʤʫʟʝʡʜװװʜ 

ʜʵʵʨ ʛװʡʮʵʪʛʵʞ ʪʫʭʘʡʥ ʤʫʟʝʡʜ ʪʦʭʠʨʩʦʥ ʘʨʛʘʟװʡʛ ʥʫʪʘʛʰʫʫʣʘʭ ʥʴ ʟװʡʪʵʡ ʶʤ. 

 ʄᴇʥ ʙʠʝʪ ʩʦʸʣʳʥ ᴇʚʜ ʘʥʭʥʳ ʭʵʣʙʵʨʵʵ ʘʣʜʘʭ, ʙʦʣʦʥ ʛʵʤʪʵʭ, ʭʫʫʯʨʘʭ ʟʵʨʵʛ 

ʦʣʦʥ ʪᴇʨʣʠʡʥ ʵʨʩʜʵʣ ʮʘʛ ʷʤʘʛʪ  ʫʯʠʨʯ ʙʘʡʜʘʛ ʫʯʨʘʘʩ ʩʦʸʣʳʥ ᴇʚʠʡʛ ʙװʨʪʛʵʥ 

ʙʘʨʠʤʪʞʫʫʣʘʭ ʘʞʣʳʛ ʠʣװװ ʥʘʨʠʡʥ ʪʝʭʥʦʣʦʛʠʡʥ ʜʘʛʫʫ ʮʘʭʠʤ ʭʵʣʙʵʨʪ ʰʠʣʞװװʣʵʭ 

ʰʘʘʨʜʣʘʛʘ ʛʘʨʯ ʙʘʡʥʘ. ʄʦʥʛʦʣ ʫʣʩʳʥ ʭʵʤʞʵʵʥʜ ʙʘʡʛʘʘ ʤʫʟʝʡʜװװʜʵʜ ʭʵʜʵʥ 

ʤʷʥʛʘʘʨ ʪʦʦʣʦʛʜʜʦʛ ʭʦʚʦʨ װʟʤʵʨװװʜ ʙʘʡʜʘʛ ʙᴇʛᴇᴇʜ ʪʵʜʛʵʵʨʠʡʛ ʙװʨʪʛʵʥ 

ʙʘʨʠʤʪʞʫʫʣʘʭ ʘʞʣʳʛ ᴇʥʛᴇʥʠʡ ʤʵʜʵʵʣʣʠʡʥ ʩʘʥ ʙʦʣʦʥ ʪʦʦʥ ʭʵʣʙʵʨʪ ʰʠʣʞװװʣʵʭ 

ʘʨʛʫʫʜʘʘʨ ʛװʡʮʵʪʛʵʭ ʥʴ ʟװʡʪʵʡ. ɾʠʰʵʵʣʙʵʣ ʫʨʘʥ ʟʫʨʛʠʡʛ ʦʣʦʥ ʫʣʩ ʙʦʣʦʥ 

ʜʦʪʦʦʜʳʥ װʟʵʩʛʵʣʵʥʜ ʷʚʫʫʣʘʭ ʭʵʣʙʵʨʵʵʨ ʙʘʡʨʥʘʘʩ ʭᴇʜᴇʣʛᴇʭ ʟʵʨʵʛʪ ʵʨʛʵʵʜ 

ʤʫʟʝʡʜ ʙʘʡʨʣʫʫʣʘʭʜʘʘ ʪʫʭʘʡʥ ʫʨʘʥ ʟʫʨʘʛ ʤᴇʥ ʵʩʵʭʠʡʛ ʰʘʣʛʘʭ ʟʘʡʣʰʛװʡ 

ʰʘʘʨʜʣʘʛʘ ʛʘʨʜʘʛ. ʀʡʤ ʪʦʭʠʦʣʜʦʣʜ ʙʠʜʥʠʡ ʙʦʣʦʚʩʨʫʫʣʩʘʥ ᴇʥʛᴇʥʠʡ ʭʵʤʞʠʣʪ 

ʙʦʣʦʥ ᴇʥʛᴇʥʠʡ ᴇʛᴇʛʜᴇʣʜ ʜװʥ ʰʠʥʞʠʣʛʵʵ ʭʠʡʭ ʘʨʛʘ ʟװʡʥ ʜʘʛʫʫ ʪʫʭʘʡʥ ʫʨʘʥ ʟʫʨʛʠʡʛ 

ʤᴇʥ ʵʩʵʭʠʡʛ ʰʘʣʛʘʞ ʙʦʣʥʦ. ʕʥʵ ʤʵʪʯʠʣʵʥ ʩʦʸʣʳʥ ᴇʚ ʪʵʨ ʜʫʥʜʘʘ, ʤʫʟʝʡ, ʫʨʘʥ 

ʟʫʨʛʠʡʥ ʛʘʣʝʨʝʡ ʟʵʨʛװװʜʵʜ ᴇʥʛᴇʥʠʡ ʪʝʭʥʦʣʦʛʠ ʙʦʣʦʥ ʪʦʦʥ ʤʵʜʵʵʣʣʠʡʥ ʘʨʛʘʟװʡʛ 

ʥʫʪʘʛʰʫʫʣʩʥʘʘʨ ʩʦʸʣʳʥ ᴇʚʠʡʥ ʩʘʣʙʘʨʪ ʪʫʣʛʘʨʜʘʛ ʦʣʦʥ ʙʵʨʭʰʵʵʣʠʡʛ ʰʠʡʜʵʭ 

ʙʦʣʦʤʞʪʦʡ ʶʤ.  

 

ʉʋɼɸʃɻɸɸʅʓ ɸɾʃʓʅ ɿʆʈʀʃɻʆ 

ʊʫʩ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʘʘʨ ᴇʥʛᴇ ʩʫʜʣʘʣʳʥ ʪʝʭʥʦʣʦʛʠʫʜʳʛ ʭʵʨʵʛʣʵʵʥʜ 

ʥʵʚʪʨװװʣʵʭ, ʪʵʨ ʜʫʥʜʘʘ ʩʦʸʣʳʥ ʙʠʝʪ ᴇʚʠʡʛ ʭʘʜʛʘʣʞ ʭʘʤʛʘʘʣʘʭʘʜ ᴇʥʛᴇʥʠʡ 

ʪʝʭʥʦʣʦʛʠʫʜʳʛ ʘʰʠʛʣʘʭ ʟʦʨʠʣʛʦʪʦʡ ʙᴇʛᴇᴇʜ ʵʥʵʭװװ ʩʫʫʨʴ ʩʫʜʘʣʛʘʘʥʳ ʪᴇʩʣᴇᴇʨ 

ʙʦʣʦʚʩʨʫʫʣʩʘʥ ʘʨʛʘ ʟװʡʥ ʩʫʜʘʣʛʘʘʛ ʩʦʸʣʳʥ ʙʠʝʪ ᴇʚʠʡʥ ʥʘʨʠʡʚʯʠʣʩʘʥ 

ʩʫʜʣʘʛʘʘʥʜ ʥʵʚʪʨװװʣʵʭ ʶʤ.  
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I. ᴆʅɻᴆ ʉʋɼʃɸʃʓʅ ʋʍɸɸʅʓ ʆʈʏʀʅ תɽʀʁʅ ɼʕɺʐʀʃʊʕʊ ʊɽʍʅʆʃʆɻʀʁʅ 

ʉʋɼɸʃɻɸɸ 

 

1.1. ᴆʅɻᴆʅʀʁ ʐʀʅɾʃʕʍ ʋʍɸɸʅʓ ʆʅʆʃ ɹɸ תʅɼʉʕʅ ʆʁʃɻʆʃʊʋʋɼ 

 

ü ᴆʅɻʀʁɻ ʊʆɼʆʈʍʆʁʃʆʍ 

Primary Color ʙʫʶʫ װʥʜʩʵʥ ᴇʥʛᴇ (ɹʫʩʘʜ ЊʥʛЊʥЊЊʩ ϾϾʩʜʵʛʛϾʡ Ͼʥʜʩʵʥ ʛʫʨʚʘʥ ЊʥʛЊ 

(ʋʣʘʘʥ, ʅʦʛʦʦʥ, ʍЊʭ) ʵʜʛʵʵʨ ʛʫʨʚʘʥ ᴇʥʛʠʡʛ ʭװʥʠʡ ʤʵʜʨʵʣʠʡʥ ʢʦʥʫʩ ʭʵʣʙʵʨʪʵʡ ʵʩ 

ʤʵʜʵʨʜʵʛ ʙᴇʛᴇᴇʜ ʢʦʤʧʴʶʪʝʨ, ʪᴇʭᴇᴇʨᴇʤʞʠʜ ʪʫʭʘʡʥ ʛʫʨʚʘʥ ᴇʥʛʠʡʛ װʥʜʵʩʣʵʥ RGB 

color ʛʵʭ ʦʡʣʛʦʣʪ ʙʠʡ ʙʦʣʩʦʥ. ʕʥʵ ʥʴ RGB additive ʙʘ CMYK subtractive ʛʵʞ 2 

ʭʫʚʘʘʛʜʜʘʛ. 

 
ɿʫʨʘʛ 1.1. RGB ЊʥʛЊ CMYK ЊʥʛЊ 

 

Color Gamut ʙʫʶʫ ᴇʥʛᴇʥʠʡ ʜʠʘʧʘʟʦʥ (range) (Ͻʟʵʛʜʵʭ ʛʵʨʣʠʡʥ ʤʫʞ) 

 
ɿʫʨʘʛ 1.2. ЉʥʛЊʥʠʡ ʦʨʦʥ 

CIE 1931 ᴇʥʛᴇʥʠʡ ʩʪʘʥʜʘʨʪʳʥ ʜʘʛʫʫ ᴇʥʛᴇʥʠʡ ʛʫʨʚʘʥ ʫʪʛʘ ʦʥʦʣʳʥ װʥʜʩʵʥ ʜʵʵʨ 

 ,ʟʵʛʜʵʭ ʛʵʨʣʠʡʥ ʤʫʞʠʡʥ 380-780 ʥʘʥʦʤʝʪʨʪ 5 ʥʘʥʦʤʝʪʨ ʠʥʪʝʨʚʘʣʪʘʡ RGB -> Xװ

Y, Z ʫʪʛʘʘʨ ʢʦʜʯʠʣʩʦʥ ʙʘʡʜʘʛ. ʆʜʦʦʛʦʦʨ ʜʵʣʛʵʮ ʙʦʣʦʥ ʛʘʨʘʣʪʳʥ ʪᴇʭᴇᴇʨᴇʤʞʠʜ 



19 

 

 ʡ ʙʘʡʛʘʘ ʙᴇʛᴇᴇʜ Adobeװʨʵʥ ʭʵʤʞʵʵʛ ʭʘʤʘʨʯ ʯʘʜʘʭʛװʟʵʛʜʵʭ ʛʵʨʣʠʡʥ ʤʫʞʠʡʥ ʙװ

RGB, sRGB ʛʵʭ ʟʵʨʵʛ ʧʨʦʬʘʡʣʳʥ ʜʘʛʫʫ ʭʵʨʵʛʣʵʵʥʜ ʘʰʠʛʣʘʛʜʘʞ ʙʘʡʥʘ. 

HSB ï Hue, Saturation, Brightness ʛʵʭ ʦʡʣʛʦʣʪ ʢʦʤʧʴʶʪʝʨʪ ᴇʥʛʠʡʛ ʜװʨʩʣʵʭʵʜ 

ʟʘʡʣʰʛװʡ ʯʫʭʘʣ װװʨʵʛʪʵʡ ʶʤ. HSB ʭʘʨʴʮʘʘʥʘʘʩ ᴇʥʛᴇ ʭʵʨʭʵʥ װװʩʜʵʛ ʥʴ ʠʭ 

ʩʦʥʠʨʭʦʣʪʦʡ. ʊʫʭʘʡʥ ᴇʥʛᴇ Hue-ʠʡʥ 90 ʛʨʘʜʫʩʪ ʙʘʡʭʘʜ ʭʘʥʘʤʞ /saturation/ ʙʦʣʦʥ 

ʮʘʡʨʘʣʪ /brightness/ ï ʘʘʩ ʭʘʤʘʘʨʯ ʪʦʜ, ʮʘʡʚʘʨ, ʵʩʚʵʣ ʙʘʨʘʘʥ ʙʦʣʦʭ ʥʴ ʭʘʤʘʘʨʥʘ. 

Hue ï ᴆʥʛᴇʥʠʡ ʩʦʣʦʥʛʦ 0 Á -360 Á (ᴆʥʛᴇ, ᴇʥʛᴇʥʠʡ ʫʪʛʘ) 

 
ɿʫʨʘʛ 1.3. ЉʥʛЊʥʠʡ ʩʦʣʦʥʛʦ 

 

Saturation ï0%-100% (ᴇʥʛᴇʥʠʡ ʭʘʥʘʤʞ) 

 
Brigthness ï(ʛʵʨʵʣʪʵʣʪ, ʮʘʡʨʘʣʪ) 

ʎʘʡʨʘʣʪ ʥʴ 0-100% ʭʦʦʨʦʥʜ ʪʵʤʜʵʛʣʵʛʜʜʵʛ, brightness 0 ʙʘʡʭʘʜ Hue, saturation 

ʭʘʤʘʘʨʘʭʛװʡ ʍɸʈ ʙʘʡʥʘ. ʍʵʨʚʵʵ Saturation 0, Brightness 100% ʙʦʣ ʮʘʛʘʘʥ ʵʩʚʵʣ 

100% ʤʘʰ ʮʘʡʚʘʨ ᴇʥʛᴇ ʷʣʛʘʨʘʭ ʙʦʣʥʦ.  

 
 

Pantone ʩʠʩʪʝʤ ʙʘ Trumatch ʩʠʩʪʝʤ 
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Pantone ʩʠʩʪʝʤ ʥʴ 1950 ʦʥʜ ʘʥʭ װװʩʩʵʥ ᴇʥʛᴇʥʠʡ ʩʪʘʥʜʘʨʪ ʶʤ. ʕʥʵʭװװ ʩʪʘʥʜʘʨʪʳʛ 

ʟʘʩʛʠʡʥ ʛʘʟʘʨ, ʮʵʨʵʛ ʘʨʤʠ, ʘʣʙʘʥ ʪʘʤʛʘ ʛʵʭ ʟʵʨʵʛ ʘʣʙʘʥ ʸʩʥʳ ᴇʥʛʠʡʛ ʪʦʜʦʨʭʦʡʣʦʭ 

ʟʦʨʠʣʛʦʦʨ ʘʰʠʛʣʘʜʘʛ. 2007 ʦʥʜ X-Rite ʢʦʤʧʘʥʠ Pantone ʢʦʤʧʘʥʠʡʛ 180 ʩʘʷ 

ʘʤ.ʜʦʣʣʘʨʦʦʨ ʭʫʜʘʣʜʘʥ ʘʚʩʘʥ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

               

 

ɿʫʨʘʛ 1.4Pantone CMYK ï 1867 ЊʥʛЊ ʙʦʣʦʥ Trumatch CMYK -  2000 ЊʥʛЊ 

 

Munsell ïʠʡʥ ᴇʥʛᴇʥʠʡ ʩʠʩʪʝʤ 

¶ ʅʠʡʪ 400 ʛʘʨʫʡ ᴇʥʛᴇʥʠʡ ʜʘʨʘʘʣʣʳʥ ʩʠʩʪʝʤ ʙʘʡʜʘʛ ʙᴇʛᴇᴇʜ ʘʥʭʥʳ ᴇʥʛᴇʥʠʡ 

ʜʘʨʘʘʣʣʳʥ ʩʠʩʪʝʤ ʄʕᴆ 350 ʦʥʜ ɸʨʠʩʪʦʪʝʣʴ ʛʘʨʛʘʩʘʥ. ʕʥʵ ʥʴ 3 ʭʵʤʞʵʵʩʪ 

ʙʘ ʮʘʛʘʘʥ ʭʘʨʳʥ ʙʘʡʨʣʘʣ ʩʦʣʠʛʜʩʦʥ, ʫʣʘʘʥ ᴇʥʛᴇ ʮʘʛʘʘʥ ʭʘʨʳʥ ʜʫʥʜ 

ʙʘʡʨʣʘʣʪʘʡ. 

¶ ʃʝʦʥʘʨʜʦ ɼʘ ɺʠʥʯʠ (1452-1519)  

¶ ʅʴʶʪʦʥ (1642-1727) 2 ʭʵʤʞʵʵʩʪ ᴇʥʛᴇʥʠʡ ʦʨʦʥ ʟʘʡ, ʙʘʡʛʘʣʠʡʥ ʮʘʛʘʘʥ 

ʛʵʨʣʠʡʛ ʬʠʟʠʢʠʡʥ ʰʠʥʞʣʵʭ ʫʭʘʘʥʪʘʡ ʭʦʣʙʦʥ ʪʘʡʣʙʘʨʣʘʩʘʥ, ʭʘʨʘʘʭʘʥ ʙװʭ 

ᴇʥʛʠʡʛ ʭʘʤʨʘʘʛװʡ. 

 

Munsell ï ʠʡʥ ᴇʥʛᴇʥʠʡ ʩʠʩʪʝʤ ʥʴ 20-ʨ ʟʫʫʥʳ ʵʭʵʥ װʝʜ ʙʠʡ ʙʦʣʩʦʥ Hue ʙʫʶʫ ᴇʥʛᴇ, 

Value ʙʫʶʫ ʮʘʡʨʘʣʪ, Chroma ʙʫʶʫ ʭʘʥʘʤʞ ʛʵʩʵʥ װʥʜʩʵʥ 3 ʫʪʛʘʪʘʡ. ᴆʤʥᴇʭ ᴇʥʛᴇʥʠʡ 

ʩʠʩʪʝʤװװʜ 3 ʭʵʤʞʵʵʩʪʵʡ ʙʘʡʩʘʥ ʙʦʣʦʚʯ Munsell ᴇʥʛᴇʥʠʡ ʫʪʛʳʛ hue, value, chroma 

ʛʵʞ ʛʫʨʚʘʥ ʪʫʩʜʘʘ ʭʵʤʞʵʵʩʪ ʭʫʚʘʘʩʘʥ.   
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ɿʫʨʘʛ 1.5. Munsell-ʠʡʥ ЊʥʛЊʥʠʡ ʦʨʦʥ 

Munsell ï ʠʡʥ ᴇʥʛᴇʥʠʡ ʩʠʩʪʝʤʠʡʥ ʛʦʣ ʟʦʨʠʣʛʦ ʥʴ ʪʦʦ ʙʦʣʦʥ ʙʦʜʠʪ ʙʘʡʜʣʳʛ 

ʘʰʠʛʣʘʥ ʜװʨʩʣʵʭ ʷʚʜʘʣ ʶʤ. Munsell ʘʨʘʚʪʳʥ ʪʦʦʣʣʳʥ ʩʠʩʪʝʤʠʡʛ ʘʰʠʛʣʘʥ 3 

ʭʵʤʞʵʵʩ ʙʦʣʛʦʥʳʛ ʜװʨʩʵʣʩʵʥ. 10 ʜʘʚʭʘʨʛʘ hue, 10 ʜʘʚʭʘʨʛʘ value, 10 ʜʘʚʭʘʨʛʘ 

hue: ʋʣʘʘʥ, ʐʘʨʛʘʣ-ʫʣʘʘʥ, ʰʘʨ, ʥʦʛʦʦʥ-ʰʘʨʛʘʣ, ʥʦʛʦʦʥ, ʭᴇʭ-ʥʦʛʦʦʥ, ʭᴇʭ, 

ʯʝʨʥʠʣʠʡʥ ʷʛʘʘʥ-ʭᴇʭ, ʯʝʨʥʠʣʠʡʥ ʷʛʘʘʥ, ʫʣʘʘʥ- ʯʝʨʥʠʣʠʡʥ ʷʛʘʘʥ. Hue ʙʦʣʛʦʥ 10 

ʜʵʜ hue-ʜ ʭʫʚʘʘʛʜʜʘʛ. ʕʥʵʭװװ ʘʨʛʘ ʥʴ ᴇʥʛʠʡʛ ʠʣװװ ʙʦʜʠʪʦʡʛʦʦʨ ʜװʨʩʣʵʭ ʙʦʣʦʤʞ 

ʦʣʛʦʩʦʥ ʙʘ CEILab ʙʦʣʦʥ ʦʜʦʦ װʝʜ ʯ ʵʥʵ ʩʠʩʪʝʤʠʡʛ ᴇʨʛᴇʥ ʘʰʠʛʣʘʜʘʛ.  

 

ɹʘʡʛʘʣʠʡʥ ᴇʥʛᴇʥʠʡ ʩʠʩʪʝʤ 

ʍװʥʠʡ ʥװʜʵʥʜ ᴇʨʪᴇʤʪʛʠʡ ʘʥʭʥʳ 6 ᴇʥʛᴇ ʛʵʞ ʙʘʡʜʘʛ ʥʴ ʎʘʛʘʘʥ, ʭʘʨ, ʰʘʨ, ʫʣʘʘʥ, 

ʥʦʛʦʦ, ʭᴇʭ ʶʤ. ʕʜʛʵʵʨ 6 ᴇʥʛᴇ ʥʴ ʭʦʦʨʦʥʜʦʦ ʭʦʣʠʣʜʦʭ ʙʦʣʦʤʞʦʦʨʦʦ ʟʫʨʛʘʘʥ ʪʘʣʪ 

ʜװʨʩʵʵʨ ʠʣʵʨʭʠʡʣʵʛʜʜʵʛ.  

ɾʠʰʵʵ ʥʴ ʍᴇʭ ᴇʥʛᴇ ʭʵʟʵʵ ʯ ʰʘʨ ᴇʥʛᴇʪʵʡ ʭʦʣʠʣʜʦʞ ʰʘʨʛʘʣ ʭᴇʭ, ʵʩʚʵʣ ʭᴇʭ ʰʘʨʛʘʣ 

ʛʵʜʵʛ ᴇʥʛᴇ װװʩʜʵʛʛװʡ, ʫʣʘʘʥ ʥʦʛʦʦʥ ᴇʥʛᴇʥװװʜ ʯ ʤᴇʥ ʘʜʠʣ.  

 
                                                                                  

ɿʫʨʘʛ 1.6. ɹʘʡʛʘʣʠʡʥ ЊʥʛЊʥʠʡ ʩʠʩʪʝʤ 

 

ᴆʥʛᴇʥʠʡ ʤʫʨʫʡ ʩʠʩʪʝʤ - ᴇʥʛᴇ ʘʷʩ - ᴇʥʛᴇʥʠʡ ʭʦʩʣʦʣ  
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ɿʫʨʛʠʡʛ ʟʘʩʘʭʜʘʘ ʤʫʨʫʡ (CURVE) ʥʴ ʦʨʦʣʪʳʥ ʪװʚʰʥʵʵʩ ʛʘʨʘʣʪʳʥ ʪװʚʰʥʠʡ 

ʬʫʥʢʮʵʨɻ ʪʦʜʦʨʭʦʡʣʦʛʜʦʭ ʙᴇʛᴇᴇʜ ʟʫʨʘʛ ʜʵʵʨʭ ᴇʥʛᴇ, ʙʫʩʘʜ ʵʣʝʤʝʥʪװװʜʠʡʛ ʦʥʮʣʦʭ 

ʘʨʛʘ ʙʦʣʛʦʥ ʘʰʠʛʣʘʜʘʛ. 

ʄʫʨʫʡʛ ʙװʭ ʩʫʚʘʛʪ (CHANNEL) ʟʫʨʘʛ ʜʵʵʨ, ʵʩʚʵʣ ʩʫʚʘʛ ʪʫʩ ʙװʨʜ ʥʴ ʭʵʨʵʛʣʵʞ 

ʙʦʣʥʦ. ɹװʭ ʩʫʚʘʛʪ ʤʫʨʫʡʛ ʘʰʠʛʣʘʭ ʥʴ ʠʭʵʚʯʣʵʥ ʩʧʝʢʪʨʠʡʥ ʭʵʩʵʛ ʜʵʭ ʛʵʨʵʣʪʵʣʪʠʡʛ 

ᴇᴇʨʯʠʣʜᴇʛ. ɿʫʨʛʠʡʥ ʛʵʨʵʣʪʵʡ ʭʵʩʛװװʜʠʡʛ ʛʵʛʵʵʣʵʛ, ʭʘʨʘʥʭʫʡ ʭʵʩʛװװʜʠʡʛ ʙʘʨʘʘʥ 

ᴇʥʛᴇʪʵʡ ʙʦʣʛʦʭʳʥ ʪʫʣʜ ʘʰʠʛʣʘʜʘʛ.   

ʄʫʨʫʡʥ ʘʨʛʳʛ ʪʫʩʜʘʘ ʩʘʣʘʥʛʠʜ ʩʫʚʘʛʪ ʘʰʠʛʣʘʭʘʜ ʭʷʣʙʘʨ ʙʘʡʜʘʛ. ɾʠʰʵʵ ʥʴ 

CIELAB ʥʴ ʛʵʨʵʣʪʵʣʪ (Luminance) ʩʘʣʘʥʛʠʜ ʙʘʡʜʘʛ. ɻʵʭʜʵʵ ʪʫʭʘʡʥ ʜʵʤʞʠʞ ʙʫʡ 

ʧʨʦʛʨʘʤʤʘʘʩ ʭʘʤʘʘʨʯ RGB ʙʦʣʦʥ CMYK  ʜʵʵʨ ʯ ʤᴇʥ ʭʵʨʵʛʣʵʞ ʙʦʣʥʦ. 

                                      
 

ɿʫʨʘʛ 1.7. ЉʥʛЊʥʠʡ ʛʫʨʚʘʣʩʘʥ ʫʪʛʘ ʭʵʨʭʵʥ ʙʠʡ ʙʦʣʦʭʳʛ ʪʦʦʮʩʦʥ ʘʨʛʘ 

ᴆʥʛᴇʥʠʡ ʯʘʥʘʨʳʛ ʭʵʤʞʠʭ 

ʀʭʵʥʭ ᴇʥʛᴇʥʠʡ ʪʝʭʥʦʣʦʛʠʫʜ ᴇʥʛᴇʥʠʡ ʯʘʥʘʨʳʛ ʯʫʭʘʣʯʠʣʜʘʛ. ʕʥʵ ʙʘʛʮ ʤʘʪʝʨʠʘʣ 

ʩʪʘʥʜʘʨʪʳʥ ʜʘʛʫʫ ʶʫ? ʕʥʵ ʭʵʚʣʵʩʵʥ ʭʫʫʣʙʘʨ ʵʭ ʟʫʨʘʛʪʘʡʛʘʘ ʘʜʠʣ ʫʫ? ʉʘʨʳʥ 

ᴇʤʥᴇ ʘʰʠʛʣʘʩʘʥ ᴇʥʛᴇ ʞʠʣʠʡʥ ᴇʤʥᴇʭʪʵʡ ʘʜʠʣ ʫʫ? ʛɻ ʭ ʤʵʪ  ʘʩʫʫʣʪʫʫʜ ʥʴ ᴇʥʛᴇʥʠʡ 

ʯʘʥʘʨʪʘʡ ʰʫʫʜ ʭʦʣʙʦʦʪʦʡ ʶʤ. ᴆʥʛᴇʥʠʡ ʯʘʥʘʨʳʛ ʭʵʤʞʠʭ ʵʭʥʠʡ ʘʣʭʘʤ ʥʴ ʭװʣʵʵʥ 

ʘʚʘʭ ʯʘʜʚʘʨ (perceptibility) ʙʦʣʦʥ ʭװʣʵʵʥ ʘʚʘʭ ʙʦʣʦʤʞ (acceptability)  

 

ʍװʣʵʵʥ ʘʚʘʭ ʯʘʜʚʘʨ (perceptibility) ʙʦʣʦʥ ʭװʣʵʵʥ ʘʚʘʭ ʙʦʣʦʤʞ (acceptability) 

ʍϽʃʕʕʅ ɸɺɸʍ ʏɸɼɺɸʈ (PERCEPTIBILITY): ɹʠ ᴇʥʛᴇʥʠʡ ʷʣʛʘʘʛ ʭʘʨʞ ʯʘʜʘʭ ʫʫ? 

ʕʥʵ ʷʣʛʘʘ ʥʴ ʩʪʘʥʜʘʨʪ ᴇʥʛᴇʥʠʡ ʭʦʩʣʦʣʦʦʩ ʠʭ װװ? ʙʘʛʘ ʫʫ?  

¶ ʗʣʛʘʘ ʙʘʡʛʘʘ װʛװʡʛ ʙʦʜʠʪʦʦʨ ʭװʥ ʭʘʨʞ ʭʵʤʞʜʵʛ ʫʯʠʨ ʪᴇʚᴇʛʪʵʡ ʙʘʡʜʘʛ. 

ʍװʥʠʡ ʪʫʩʣʘʤʞʪʘʡ ʭʵʤʞʠʭʠʡʥ ʪʫʣʜ 2 ʭʫʚʘʘʩʘʥ ᴇʥʛʠʡʛ ʭʘʨʞ ʷʣʛʘʘ 

ʘʞʠʛʣʘʛʜʪʘʣ ʜʦʣʛʠʦʥʳ ʫʨʪʳʛ ᴇᴇʨʯʠʣʜᴇʛ.  

ʍϽʃʕʕʅ ɸɺɸʍ ɹʆʃʆʄɾ (ACCEPTABILITY): ʕʥʵ ᴇʥʛᴇʥʠʡ ʷʣʛʘʘʛ ʭװʣʵʵʥ ʘʚʯ 

ʙʦʣʦʭ ʫʫ? 

¶ ʕʥʵ ʥʴ ʭװʥ ʭʵʤʞʜʵʛ ʙʦʜʠʪ ʭʵʤʞʠʣʪʠʡʥ ʙʘʩ ʥʵʛ ʭʵʣʙʵʨ ʶʤ. ᴆʤʥᴇʭ ʘʨʛʘʘʩ 

ʷʣʛʘʘʪʘʡ ʪʘʣ ʥʴ ʭװʥ ʷʤʘʨ ʥʵʛ ᴇʥʛʠʡʛ ʭʘʨʤʘʛʮʘʘ ʷʣʛʘʘʛ ʥʴ ʭʵʣʜʵʛ. ɾʠʰʵʵʥ 

ʟʫʥ ʥʘʚʯʥʳ ᴇʥʛᴇ ʥʦʛʦʦʥ ʙʘʡʜʘʛ ʯ ʥʘʤʘʨ ʙʦʣʦʭʦʜ ʘʘʞʠʤʜʘʘ ʰʘʨ ʙʦʣʜʦʛ.  

ʉʪʘʥʜʘʨʪ ʭʦʩ ᴇʥʛᴇ  

ʕʥʵ ʥʴ ʍʦʣʙʦʦʥʳ ʫʪʩʘʥʜ ʘʰʠʛʣʘʛʜʜʘʛ ᴇʥʛᴇʥʠʡ ʢʦʜ ʶʤ. 
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 ʥʜʩʵʥ ᴇʥʛᴇת

¶ ʎʘʛʘʘʥ 

¶ ʋʣʘʘʥ 

¶ ʍʘʨ 

¶ ʐʘʨ 

¶ ʏʠʨʥʝʣʵʥ ʷʛʘʘʥ 

ɼʵʜ ᴇʥʛᴇ 

¶ ʎʵʥʭʵʨ  

¶ ʋʣʙʘʨ ʰʘʨ 

¶ ʅʦʛʦʦʥ 

¶ ɹʦʨ 

¶ ʉʘʘʨʘʣ ʭᴇʭ  

ʍʦʣʙʦʦʥʳ ʫʪʩʘʥʜʘʭ ʵʭʥʠʡ ʫʪʩʳʛ TIP +, 

ʭʦʸʨ ʜʘʭʴ ʫʪʩʳʛ RING - ʛʵʞ ʥʵʨʣʵʜʵʛ. 

 

 

 

 

 

 

 

 

 

ᴆʥʛᴇʥʠʡ ʟᴇʨװװ 

CIELAB-ʠʡʥ ʫʪʛʘ ᴇʥʛᴇʥʠʡ ʟᴇʨװװ ʪʦʦʮʦʭʦʜ ʤʘʰ ʭʷʣʙʘʨ ʙʘʡʜʘ ʪʫʣ ᴇʨʛᴇʥ 

ʭʵʨʵʛʣʵʛʜʜʵʛ. ɼʘʨʘʘʭ ʪʦʤʴʸʦʛʦʦʨ ᴇʥʛᴇʥʠʡ ʟᴇʨװװʛ ʪʦʦʮʜʦʛ. 

 

 
 

 
 

1.2. ɼʕʃɻʕʎʀʁʅ ᴆʅɻᴆ ʊʆʍʀʈʋʋʃɸʍ ʉʋɼɸʃɻɸɸ 

ʆʨʯʠʥ װʝʜ ʢʦʤʧʴʶʪʝʨʳʥ ʜʵʣʛʵʮʠʡʥ ᴇʥʛᴇ, ʭʵʚʣʵʭ ʙʦʣʦʥ ʪʘʪʘʭ ʙʫʶʫ ʩʢʘʥʝʨʳʥ 

ᴇʥʛᴇʥװװʜ ʥʴ ʭʦʦʨʦʥʜʦʦ ʟᴇʨᴇʭ ʘʩʫʫʜʘʣ ʠʭ ʛʘʨʜʘʛ ʙʘ ʵʥʵʭװװ ʘʞʣʘʘʨ ʪʫʭʘʡʥ 

ʘʩʫʫʜʣʳʛ ʰʠʡʜʵʭʠʡʛ ʟʦʨʠʥ ʘʞʠʣʣʘʞ ʜʵʣʛʵʮʠʡʥ ᴇʥʛᴇʥʠʡ ʪʦʭʠʨʫʫʣʛʘ ʭʠʡʩʵʥ. 

ᴆʥʛᴇʥʠʡ ʪʦʭʠʨʫʫʣʛʳʛ ʪᴇʭᴇᴇʨᴇʤʞʠʜ ʭʠʡʭʵʜ ᴇʥʛᴇʥʠʡ ʧʨʦʬʘʡʣ ʛʵʭ ʦʡʣʛʦʣʪʳʛ 

https://en.wikipedia.org/wiki/File:25_pair_color_code_chart.svg
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ʟʘʡʣʰʛװʡ ʘʚʯ װʟʜʵʛ. ᴆʥʛᴇʥʠʡ ʧʨʦʬʘʡʣ ʛʵʜʵʛ ʥʴ ʪᴇʭᴇᴇʨᴇʤʞʠʡʥ ᴇʥʛᴇʥʠʡ sRGB 

ʫʪʛʳʛ ʘʛʫʫʣʩʘʥ ᴇʛᴇʛʜʣʠʡʛ ʭʵʣʜʵʛ. ᴆʥʛᴇʥʠʡ ʧʨʦʬʘʡʣ ʥʴ .ICM ᴇʨʛᴇʪʛᴇʣʪʵʡ ʦʣʦʥ 

ʫʣʩʳʥ ᴇʥʛᴇʥʠʡ ʢʦʥʩʦʨʮʠʫʤʘʘʩ (ICC) ʛʘʨʛʘʩʘʥ ʬʘʡʣ ʶʤ. ᴆʥʛᴇ ʥʴ ʪᴇʭᴇᴇʨᴇʤʞʠʡʥ 

ʜʵʣʛʵʮʠʡʥ ʪʫʩʣʘʤʞʪʘʡ ʷʣʛʘʨʘʭʜʘʘ ʪʫʭʘʡʥ ʪᴇʭᴇᴇʨᴇʤʞʠʡʥ ᴇʥʛᴇʥʠʡ ʧʨʦʬʘʡʣ, 

ʵʩʚʵʣ ʜʵʣʛʵʮʠʡʥ ʷʣʛʘʨʣʘʘʩ ʭʘʤʘʘʨʯ ʭʵʨʵʛʣʵʛʯʠʜ ʥʵʛ ᴇʥʛʠʡʛ 2 ᴇᴇʨ ʜʵʣʛʵʮ ʜʵʵʨ 

ᴇᴇʨ ᴇᴇʨᴇᴇʨ ʭʘʨʘʭ, 2 ᴇᴇʨ ᴇʥʛʠʡʛ ʘʜʠʣ ʙʦʣʛʦʞ ʭʘʨʘʭ ʟʵʨʵʛ ʘʩʫʫʜʘʣ װװʩʜʵʛ.  

ʕʥʵ ʭʵʩʵʛʪ ʜʵʣʛʵʮʠʡʥ ᴇʥʛʠʡʛ Pantone X-Rite Colorimeter ʙʘʛʘʞ ʘʰʠʛʣʘʥ ʭʵʤʞʠʞ 

ᴇʥʛᴇʥʠʡ ʷʣʛʘʨʣʳʛ ʪʦʛʪʦʦʭ ʩʫʜʘʣʛʘʘʛ ASUS MW2019 19 ʠʥʯʠʡʥ ʜʵʣʛʵʮ ʜʵʵʨ 

ʭʠʡʣʵʵ. ʄᴇʥ ʜʵʣʛʵʮ ʙʦʣʛʦʥ ʥʵʛ ᴇʥʛᴇʥʠʡ ʧʨʦʬʘʡʣʪʘʡ ʙʘʡʩʘʥ ʯ ʷʣʛʘʨʫʫʣʞ ʙʫʡ ᴇʥʛᴇ 

ʥʴ ʭʦʦʨʦʥʜʦʦ ʭʘʨʠʣʮʘʥ ʘʜʠʣʛװʡ ʙʘʡʜʘʛ ʘʩʫʫʜʣʳʛ ʰʠʡʜʵʭʠʡʛ ʟʦʨʴʩʦʥ. ʕʥʵ ʥʴ 

ʪʫʭʘʡʥ ʜʵʣʛʵʮʠʡʥ ᴇʥʛᴇʥʠʡ ʪʦʭʠʨʫʫʣʛʘ, ᴇʥʛᴇʥʠʡ ʪʝʤʧʝʨʘʪʫʨ ʘʣʜʘʛʜʘʭ ʙʦʣʦʥ 

ʙʫʩʘʜ ʪᴇʭᴇᴇʨᴇʤʞʠʡʥ ʪʦʭʠʨʫʫʣʛʘʘʩ ʟᴇʨᴇʭ ʟʵʨʵʛʪʵʡ ʭʦʣʙʦʦʪʦʡ ʙʘʡʜʘʛ. ASUS 

MW201 ʜʵʣʛʵʮʠʡʥ ᴇʥʛʠʡʛ ʪʦʭʠʨʫʫʣʘʭʘʜ ᴇʤʥᴇ ʥʴ ʘʰʠʛʣʘʞ ʙʘʡʩʘʥ ʧʨʦʬʘʡʣ ʥʴ 

ʜʫʣʘʘʥ ᴇʥʛᴇ ʙʫʶʫ ʰʘʨʛʘʣ, ʫʣʘʘʥ ᴇʥʛʠʡʛ ʠʣװװ ʷʣʛʘʨʫʫʣʞ  

ʙʘʡʩʘʥ ʥʴ ʭװʥʠʡ ʥװʜʵʥʜ ʜʘʩʩʘʥʪʘʡ ʭʦʣʙʦʦʪʦʡʛʦʦʩ ʪʫʭʘʡʥ ʜʵʣʛʵʮʠʡʥ ᴇʥʛᴇʥʠʡ 

ʷʣʛʘʨʘʣ ʩʘʡʥ ʤʵʪ ʭʘʨʘʛʜʘʞ ʙʘʡʚ. ᴆʥʛᴇʥʠʡ ʪʦʭʠʨʫʫʣʛʘ ʭʠʡʩʥʠʡ ʜʘʨʘʘ ʷʣʛʘʘ ʠʭ 

ʛʘʨʩʘʥ ʙᴇʛᴇᴇʜ X-rite color checker ʘʰʠʛʣʘʥ ʰʘʣʛʘʞ ʪʦʭʠʨʫʫʣʛʘ ʭʠʡʭʵʵʩ ᴇʤʥᴇʭ ʙʘ 

ʜʘʨʘʘʛʠʡʥ ᴇʥʛᴇʥʠʡ ʟᴇʨװװ ʙʫʶʫ Delta E ï ʛ ʛʘʨʛʘʩʘʥ װʨ ʜװʥʛ ʭʘʨʫʫʣʘʚ.  

 
ɿʫʨʘʛ 1.8. ʋʣʘʘʥ ЊʥʛЊʥʠʡ ʪʦʜʦʨʭʦʡʣʩʦʥ 4 ʭʵʩʵʛʪ Њʥʛʠʡʛ ʭʵʤʞʠʞ L*a*b* ʫʪʛʳʛ 

ʛʘʨʛʘʥ, ЊʥʛЊʥʠʡ ʟЊʨϾϾ ʙʦʣʦʭ Delta E-ʛ ʪʦʛʪʦʦʩʦʥ ʙʘʡʜʘʣ 

 

TARGET ï SAMPLE = ȹ 

L*=30 a*=49 b*=39  (2-1)   L*=36 a*=58 b*=44   ȹL*=-6 a*=-9 b*=-5 

L*=64 a*=54 b*=52  (2-2)   L*=68 a*=46 b*=46  ȹL*=-4 a*8= b*=6 

L*=35 a*=56 b*=38  (2-3)   L*=42 a*=67 b*=45  ȹL*=-7 a*=-11 b*=-7

  

L*=6   a*=14 b*=8   (2-4)   L*=11 a*=20 b*=14  ȹL*-5= a*=-6 b*=-6 
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ɿʫʨʘʛ 1.9. ʅʦʛʦʦʥ ЊʥʛЊʥʠʡ ʪʦʜʦʨʭʦʡʣʩʦʥ 4 ʭʵʩʵʛʪ Њʥʛʠʡʛ ʭʵʤʞʠʞ L*a*b* 

ʫʪʛʳʛ ʛʘʨʛʘʥ, ЊʥʛЊʥʠʡ ʟЊʨϾϾ ʙʦʣʦʭ Delta E-ʛ ʪʦʛʪʦʦʩʦʥ ʙʘʡʜʘʣ 

 

 

TARGET ï SAMPLE = ȹ 

L*=34 a*=-34 b*=23  (2-1)   L*=42 a*=-41 b*=30  ȹL*=-8 a*=-7 b*=-7 

L*=67 a*=-58 b*=38  (2-2)   L*=71 a*=-59 b*=32  ȹL*=-4 a*-1= b*=6 

L*=51 a*=-42 b*=46  (2-3)   L*=58 a*=-47 b*=52  ȹL*=-7 a*=-5 b*=-6  

L*=12   a*=-17 b*=8   (2-4)   L*=19 a*=-23 b*=11  ȹL*-7= a*=-6 

b*=-3 

 
ɿʫʨʘʛ 1.10. ʍЊʭ ЊʥʛЊʥʠʡ ʪʦʜʦʨʭʦʡʣʩʦʥ 4 ʭʵʩʵʛʪ Њʥʛʠʡʛ ʭʵʤʞʠʞ L*a*b* ʫʪʛʳʛ 

ʛʘʨʛʘʥ, ЊʥʛЊʥʠʡ ʟЊʨϾϾ ʙʦʣʦʭ Delta E-ʛ ʪʦʛʪʦʦʩʦʥ ʙʘʡʜʘʣ 

TARGET ï SAMPLE = ȹ 

L*=4 a*=11 b*=-23  (2-1)   L*=7 a*=17 b*=-36   ȹL*=-3 a*=-6 b*=-13 

L*=48 a*=6 b*=-52  (2-2)   L*=53 a*=2 b*=-50  ȹL*=-5 a*4= b*=2 

L*=19 a*=31 b*=-47  (2-3)   L*=23 a*=32 b*=-50  ȹL*=-4 a*=-1 b*=-3  

L*=6   a*=18 b*=-37   (2-4)   L*=8 a*=17 b*=-40  ȹL*-2= a*=1 b*=-

3 

ᴆʥʛᴇʥʠʡ ʪʦʭʠʨʫʫʣʛʳʥ ᴇʤʥᴇ ʙʦʣʦʥ ʜʘʨʘʘ װװʩʛʵʩʵʥ ʧʨʦʬʘʡʣʫʫʜʳʛ ʭʘʨʴʮʫʫʣʘʥ 

ʭʵʤʞʠʥ ʛʘʨʛʘʩʘʥ Lab* ʫʪʛʳʛ ʭʘʨʘʭʘʜ 1-ʨ ʧʨʦʬʘʡʣ ʥʴ 2-ʨ ʧʨʦʬʘʡʣʘʘʩ ʠʣװװ ʙʘʨʘʘʥ 

ʙʘʡʛʘʘ ʥʴ ʙʘʛʘʞʠʡʥ ʭʵʤʞʠʣʪ ʙʦʣʦʥ ʭװʥʠʡ ʥװʜʥʠʡ ʭʵʤʞʠʣʪʵʵʨ ʪʫʩ ʪʫʩ ʙʘʪʣʘʛʜʘʞ 

ʙʘʡʥʘ.    
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1.3. ᴆʅɻᴆʅʀʁ ʍʕʄɾʀʃʊʀʁʅ ɸʈɻʋʋɼ ɹɸ ᴆʅɻᴆʅʀʁ 

ʊɽʍʅʆʃʆɻʀʋɼ 

ᴆʥʛʠʡʛ ʙʦʣʦʚʩʨʫʫʣʞ ʷʣʛʘʞ ʭʘʨʘʭʘʜ ʛʵʨʣʠʡʥ ʵʭ װװʩʚʵʨ, ʛʵʨʵʣʪװװʣʵʭ ʦʙʲʝʢʪ, 

ʘʞʠʛʣʘʛʯ ʙʫʶʫ ʭװʥ ʛʵʩʵʥ ʛʫʨʚʘʥ ʭװʯʠʥ ʟװʡʣ ʦʨʦʣʮʜʦʛ ʙᴇʛᴇᴇʜ ʭװʥ ʛʵʨʣʠʡʛ ʭװʣʵʵʥ 

ʘʚʯ ʪʵʨʭװװ ʛʵʨʣʠʡʛ ʭװʥʠʡ ʪʘʨʭʠ ᴇʥʛᴇ ʙʦʣʛʦʥ ʪʘʥʠʭ ʜʦʭʠʦʥʜ ʭʫʚʠʨʛʘʜʘʛ. ɹʘʛʘʞʘʘʩ 

ʠʣװװ ʭװʥʠʡ ʭʘʨʘʘ ᴇʥʛᴇʪ ʤʘʪʝʨʠʘʣʳʛ ʷʣʛʘʞ ʭʘʨʴʮʫʫʣʘʭʜʘʘ ʠʣװװ ʩʘʡʥ ʙʘʡʜʘʛ. 

ɸʤʴʜʨʘʣ ʜʵʵʨ ʙʘʡʜʘʛ ʠʭʵʥʭ ʙʘʛʘʞʠʡʥ ʭʵʤʞʠʣʪʠʡʥ ʟʦʨʠʣʛʦ ʥʴ ʭװʥʠʡ ʭʘʨʞ ʙʘʡʛʘʘ 

ʦʙʲʝʢʪʳʥ ᴇʥʛᴇʥʠʡ ʭʘʨʘʛʜʘʭ ʙʘʡʜʣʳʛ ʪʦʦʮʦʦʣʦʭ ʶʤ. ɹʘʛʘʞʠʡʥ ʭʵʤʞʠʣʪʠʡʥ 

ʜʘʨʘʘʣʘʣ ʥʴ ʭʘʨʘʘʥʳ ʭʵʤʞʠʣʪʪʵʡ ʭʘʨʴʮʫʫʣʘʛʜʘʥ ᴇʥʛᴇʥʠʡ ʦʨʦʥʛ ʪʦʦʮʦʦʣʜʦʛ.  

 
ɿʫʨʘʛ 1.11. ɻʵʨʣʠʡʥ ʵʭ ϾϾʩʚʵʨ, ʦʙʲʝʢʪ, ʥϾʜ ʙʦʣʦʥ ʪʘʨʭʠ 

 
ɿʫʨʘʛ 1.12. ɻʵʨʣʠʡʥ ʵʭ ϾϾʩʚʵʨ, ʦʙʲʝʢʪ, ʤʵʜʨʵʛʯ, ʜʦʭʠʦ ʙʦʣʦʚʩʨʫʫʣʘʛʯ 

ᴆʥʛᴇʥʠʡ ʭʵʤʞʠʣʪ: ʕʥʵ ʭʵʤʞʠʣʪ ʥʴ ʭװʥʠʡ ʶʫ ʭʘʨʞ ʙʘʡʛʘʘʪʘʡ ʭʘʤʘʘʪʘʡ. 

ɹʫʜʘʛʯ ʙʦʜʠʩʳʥ ʭʵʤʞʠʣʪ: ʕʥʵ ʭʵʤʞʠʣʪ ʤʘʪʝʨʠʘʣʳʛ ʙʫʜʜʘʛ ʙʫʜʘʛʯ ʙʦʜʠʩʪʦʡ 

ʭʘʤʘʘʪʘʡ ʙᴇʛᴇᴇʜ ʠʭʵʚʯʣʵʥ ʭװʥʠʡ ʶʫ ʭʘʨʞ ʙʘʡʛʘʘʪʘʡ ʭʘʤʘʘʨʘʣʛװʡ ʙʘʡʜʘʛ. 

. 

ɿʫʨʘʛ 1.13 ʍʫʚʘʥʮʨʳʥ ʛʫʨʚʘʥ ЊЊʨ ʛʘʜʘʨʛʫʫ ʜʵʵʨʭ ʬʦʪʦ ʟʫʨʘʛ 

  ɻʘʜʘʨʛʫʫ ʙװʨ ʜʵʵʨʭ ʙʫʜʘʛʯ ʙʦʜʠʩʳʥ ʭʵʤʞʠʣʪ ʥʴ ʠʞʠʣʭʵʥ ʙʦʣʦʚʯ ᴇʥʛᴇʥʠʡ 

ʭʵʤʞʠʣʪ ʥʴ ᴇᴇʨ ʙʘʡʥʘ. 

 

ü ᴆʅɻᴆ ʍʕʄɾʀʃʊʀʁʅ ʊɽʍʅʆʃʆɻʀʋɼ 
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CIE ᴇʥʛᴇ ʭʵʤʞʠʛʯʠʡʛ /colorimeter/ ʘʰʠʛʣʘʥ CIE-ʠʡʥ ʩʪʘʥʜʘʨʪ ʘʞʠʛʣʘʛʯʘʘʨ 

ʩʪʘʥʜʘʨʪʯʠʣʘʛʜʩʘʥ ʥᴇʭʮᴇʣʜ ʭʘʨʩʘʥ ᴇʜᴇᴇʛʯʠʡʛ ʪʘʘʨʫʫʣʘʭʘʜ ᴇʥʛᴇʥʠʡ ʘʥʭʜʘʛʯ 

ʛʫʨʚʘʥ ʫʪʛʳʛ ʙʦʜʦʭ ʭʵʨʵʛʪʵʡ. ᴆʥʛᴇ L*, a*, b* ʛʵʩʵʥ ʢʦʦʨʜʠʥʘʪʘʘʨ ʪʦʜʦʨʭʦʡʣʦʛʜʦʥʦ.   

CIELAB-ʠʡʥ ʢʦʦʨʜʠʥʘʪ ʵʩʚʵʣ ᴇʜᴇᴇʛʯʠʡʥ ʛʫʨʚʘʥ ʫʪʛʳʛ ʪʦʜʦʨʭʦʡʣʜʦʛ ʤʘʰ ʦʣʦʥ 

ʪᴇʨʣʠʡʥ ʪʝʭʥʦʣʦʛʠʫʜ ʙʘʡʜʘʛ. ɻʵʭʜʵʵ ʵʜʛʵʵʨ ʥʴ ʭʘʤʛʠʡʥ ʙʘʛʘʜʘʘ 3 /ʛʫʨʚʘʥ ʫʪʛʘ 

ʙװʨ ʜʵʵʨ ʥʵʛ/, ʭʘʤʛʠʡʥ ʠʭʜʵʵ 471 /360 ʥʘʥʦʤʝʪʨʵʵʩ 830 ʥʘʥʦʤʝʪʨʠʡʥ ʭʦʦʨʦʥʜ 

ʜʦʣʛʠʦʥʳ ʫʨʪʳʥ ʥʘʥʦʤʝʪʨ ʙװʨʜ ʥʵʛ/ ʩʠʛʥʘʣʳʥ ʪʦʦʛʦʦʨ ʘʥʛʠʣʘʛʜʘʥʘ. ɻʦʣ ʥʴ 

ʩʧʝʢʪʨʠʡʥ װʟװװʣʵʣʪʠʡʛ ʰʫʫʜ ʭʵʤʞʠʞ, ʪʦʦʮʦʦʣʞ, ʥʵʛʪʛʵʭ ʶʤ. ʄʘʪʝʨʠʘʣʳʥ 

ʩʧʝʢʪʨʠʡʛ ʭʵʤʞʠʭʵʜ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨ ʛʵʭ ʙʘʛʘʞ ʘʰʠʛʣʘʭ ʙʘ ʵʭ װװʩʚʵʨʠʡʛ 

ʭʵʤʞʠʭʵʜ ʩʧʝʢʪʨʦʨʘʜʠʦʤʝʪʨ ʘʰʠʛʣʘʥʘ. ʂʦʣʦʨʠʤʝʪʨ ʥʴ ᴇʥʛᴇʥʠʡ ʪʦʦʥ ʫʪʛʳʛ ʰʫʫʜ 

ʭʵʤʞʠʭ ʙʦʣʦʚʯ ʩʧʝʢʪʨʦʤʝʪʨ ʥʴ ʩʧʝʢʪʨʠʡʥ ᴇʛᴇʛʜʣᴇᴇʩ ᴇʥʛᴇʥʠʡ  ʫʪʛʳʛ ʙʦʜʦʞ 

ʛʘʨʛʘʜʘʛ.  

ʂʦʣʦʨʠʤʝʪʨ, ʩʧʝʢʪʨʦʤʝʪʨʠʡʥ ʘʣʴ ʘʣʠʥʳʭ ʥʴ ʬʫʥʢʮʪʵʡ ʪᴇʭᴇᴇʨᴇʤʞ ʙʘʡʞ ʙʦʣʦʭ ʯ 

ʵʜʛʵʵʨ ʪᴇʭᴇᴇʨᴇʤʞװװʜʠʡʥ ʩʧʝʢʪʨʠʡʥ װʟװװʣʵʣʪװװʜ ʷʣʛʘʘʪʘʡ ʙʘʡʜʘʛ. ʉʧʝʢʪʨʠʡʥ 

ʭʫʨʘʘʥʛʫʡʣʩʘʥ ʟʘʛʚʘʨʪʘʡ ʪᴇʭᴇᴇʨᴇʤʞʠʡʛ abridged spectrometer ʛʵʞ ʥʵʨʣʵʜʵʛ. 

ʂʦʣʦʨʠʤʝʪʨʠʡʥ ʙʦʣʦʥ ʩʧʝʢʪʨʠʡʥ ʫʪʛʳʛ ʪʦʦʮʦʦʣʦʭʦʜ ᴇᴇʨ ᴇᴇʨ ʤʘʪʝʤʘʪʠʢ ʘʨʛʫʫʜʳʛ 

ʘʰʠʛʣʘʛʜʘʥʘ. ᴆʥʛᴇʥʠʡ ʭʵʤʞʠʣʪʠʡʥ ʙʘʛʘʞʠʡʥ ɻ ʜʛʵʵʨ ᴇᴇʨ ᴇᴇʨ ʘʨʛʫʫʜʪʘʡʛʘʘʩ ʛʘʜʥʘ 

ʪᴇʭᴇᴇʨᴇʤʞװװʜʠʡʥ ʭʵʤʞʠʣʪʠʡʥ ʛʝʦʤʝʪʨװװʜ ʤᴇʥ ᴇᴇʨ ᴇᴇʨ ʙʘʡʜʘʛ. 

¶ Colorimeter: CIE-ʠʡʥ ʛʫʨʚʘʣʩʘʥ ʫʪʛʘ ʙʦʣʦʥ ᴇʜᴇᴇʛʯʠʡʛ ʭʵʤʞʠʭʵʜ ʘʰʠʛʣʘʛʜʜʘʛ 

ʙʘʛʘʞ 

¶ Spectrometer: ɼʦʣʛʠʦʥʳ ʫʨʪʳʥ ʬʫʥʢʮ ʪᴇʜʠʡʛװʡ ʦʧʪʠʢ ʰʠʥʞ ʯʘʥʘʨʳʛ 

ʪʦʜʦʨʭʦʡʣʦʥ ʭʵʤʞʠʭʵʜ ʘʰʠʛʣʘʛʜʜʘʛ ʙʘʛʘʞ 

¶ Abridged spectrometer: ʅʵʛ ʵʩʚʵʣ ʦʣʦʥ ʜʠʩʢʨʝʪʵʵʨ ʩʧʝʢʪʨʪ ʭᴇʥʜʣᴇʥ ʙʘʡʨʣʘʣ 

ʜʘʭʴ ʦʧʪʠʢ ʰʠʥʞ ʯʘʥʘʨʳʛ ʪʦʜʦʨʭʦʡʣʦʥ ʭʵʤʞʠʭʵʜ ʘʰʠʛʣʘʛʜʜʘʛ ʙʘʛʘʞ 

¶ Spectrophotometer: ʉʧʝʢʪʨʠʡʥ ʦʡʣʪ ʵʩʚʵʣ ʥʵʚʪʨװװʣʵʣʪʠʡʥ ʢʦʵʬʬʠʮʠʝʥʪʳʛ 

ʭʵʤʞʠʭʵʜ ʘʰʠʛʣʘʛʜʜʘʛ ʙʘʛʘʞ 

¶ Spectroradiometer: ʉʧʝʢʪʨʠʡʥ ʛʵʨʵʣ ʵʩʚʵʣ ʮʘʮʨʘʛʠʡʛ ʭʵʤʞʠʭʵʜ ʘʰʠʛʣʘʛʜʜʘʛ 

ʙʘʛʘʞ 

 

ʍʵʤʞʠʣʪʠʡʥ ʛʝʦʤʝʪʨ 

 ɻʝʦʤʝʪʨ ʥʴ ʛʵʨʣʠʡʥ ʵʭ װװʩʚʵʨ, ʤʘʪʝʨʠʘʣ, ʪʵʜʛʵʵʨʠʡʥ ʛʝʦʤʝʪʨʠʡʥ ʭʘʨʠʣʮʘʥ 

 ʩʚʵʨʠʡʥ ʩʘʨʥʠʞ ʙʘʡʛʘʘ ʙʦʣʦʥ ʰʫʫʜ ʰʠʥʞ ʯʘʥʘʨ, ʵʭװװ ʡʣʯʣʵʣʵʵʩ ʭʘʤʘʘʨʜʘʛ. ʕʭװ

 ʩʚʵʨ ʙʦʣʦʥ ʦʙʲʝʢʪ ʭʦʦʨʦʥʜʳʥ, ʤᴇʥ ʦʙʲʝʢʪ ʙʦʣʦʥ ʘʞʠʛʣʘʛʯ ʭʦʦʨʦʥʜʳʥ ʭʘʨʞװװ

ʙʘʡʛʘʘ ʙʘʡʨʣʘʣ ʙʦʣʦʥ ʙʦʜʠʪ ᴇʥʮᴇʛ ʟʵʨʛװװʜʵʵʩ ʭʘʤʘʘʨʯ ʤʘʪʝʨʠʘʣʳʥ ᴇʥʛᴇ, 

ʜʘʘʚʫʫʥ ʫʫ, ʛʷʣʛʘʨ ʫʫ ʟʵʨʛʠʡʛ ʪʦʜʦʨʭʦʡʣʞ ʙʦʣʥʦ. ʀʭʵʥʭ ʢʦʤʧʴʶʪʝʨ ʛʨʘʬʠʢʠʡʥ 3D 

ʧʨʦʛʨʘʤʤ ʭʘʥʛʘʤʞʫʫʜ ʵʜʛʵʵʨ ʛʫʨʚʘʥ ʧʘʨʘʤʝʪʨʠʡʥ ʭʘʨʴʮʘʘ ʙʦʣʦʥ ᴇʥʛʠʡʛ ʷʣʛʘʞ 

ʦʙʲʝʢʪʦʦ ʩʠʤʫʣʷʮʠʣʘʜʘʛ.  

ʄʘʪʝʨʠʘʣʳʥ ᴇʥʛᴇ ʥʴ ʵʭ װװʩʚʵʨ, ʦʙʲʝʢʪ, ʜʝʪʝʢʪʦʨ, 3D ʦʨʦʥ ʟʘʡ ʪʫʩ ʙװʨʠʡʥ 

ʙʘʡʨʰʣʫʫʜʳʥ ʙװʭ ʭʦʩʣʦʣʜ ʩʧʝʢʪʨʠʡʥ ʙʦʣʦʥ  ʂʦʣʦʨʠʤʝʪʨʠʡʥ ᴇʛᴇʛʜʣʠʡʛ 

ʮʫʛʣʫʫʣʩʘʥ ʭʵʤʞʠʣʪʵʜ ʩʫʫʨʠʣʘʭ ʸʩʪʦʡ.  
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ɿʫʨʘʛ 1.14. ɻʵʨʣʠʡʥ ʮʘʮʨʘʛ ʪʫʩʘʭʘʜ ЊʛЊʭ ʦʡʣʪ, ʥʵʚʪʨϾϾʣʵʣʪ, ʰʠʥʛʵʵʣʪ 

 

ʆʡʣʪ ʥʴ ʪʦʛʪʤʦʣ, ʩʘʨʥʠʩʘʥ, ʨʝʪʨʦ ʛʫʨʚʳʥ ʘʣʴ ʘʣʠʥʘʘʨ ʥʴ װװʩʥʵ. ʅʵʚʪʨװװʣʵʣʪ ʥʴ 

ʪʦʛʪʤʦʣ ʙʦʣʦʥ  ʩʘʨʥʠʩʘʥ ʭʵʣʙʵʨʵʵʨ װװʩʥʵ. ʆʡʭ ʙʦʣʦʥ ʥʵʚʪʨʵʵʛװʡ ʛʵʨʵʣ ʥʴ 

ʰʠʥʛʵʥʵ.  

 ɸʜʠʣʭʘʥ ʭʵʤʞʠʣʪʵʜ ᴇʥʮʛװװʜʠʡʥ ʦʣʦʥ ʭʦʩʣʦʣʫʫʜʳʛ ʪʦʦʮʦʦʣʦʭʜʦʦ 

ʰʘʘʨʜʣʘʛʘʪʘʡ ʭʵʤʞʠʣʪװװʜʠʡʥ ʪʦʦʛ ʩʫʜʘʣʛʘʘʥʳ ʧʨʦʛʨʘʤʤʜ ʪʦʭʠʨʫʫʣʘʭ 

ʙʦʣʦʤʞʪʦʡ ʙʘʡʜʘʛ. ʕʜʛʵʵʨ ᴇʛᴇʛʜʣᴇᴇʩ ʦʙʲʝʢʪʳʥ ᴇʥʛᴇ ʙʦʜʠʪ ʛʵʨʵʣʪװװʣʵʛ, ʭʘʨʘʭ 

ʦʨʯʠʥʜ ʪʦʜʦʨʭʦʡʣʦʛʜʦʭ ʙʦʣʦʤʞʪʦʡ. ʍʵʤʞʠʣʪʠʡʥ ʵʜʛʵʵʨ ʪᴇʨʣװװʜ ʠʨʵʵʜװʡʜ ʠʣװװ 

ʪװʛɻɻ ʤʵʣ ʙʦʣʦʭ ʫʯʨʘʘʩ ᴇʥʛᴇ ʭʵʤʞʠʭʵʜ ʟʦʨʠʫʣʘʛʜʩʘʥ ʠʭʵʥʭ ʪᴇʭᴇᴇʨᴇʤʞװװʜ ʮᴇᴇʭᴇʥ 

ʩʪʘʥʜʘʨʪʯʠʣʘʛʜʩʘʥ ʛʝʦʤʝʪʨʪʵʡ ʙʘʡʥʘ.  

 

CIE ʩʪʘʥʜʘʨʪʳʥ ʛʝʦʤʝʪʨ- ʆʡʣʪ 

1931 ʦʥʜ CIE  ʥʴ ʩʪʘʥʜʘʨʪ ʘʞʠʛʣʘʛʯ, ʩʪʘʥʜʘʨʪ ʵʭ װװʩʚʵʨ, ʩʪʘʥʜʘʨʪ 

ʛʵʨʵʣʪװװʣʵʛ, 450-ʠʡʥ ʛʵʨʵʣʪװװʣʛʠʡʥ ʩʪʘʥʜʘʨʪ ʛʝʦʤʝʪʨ ʟʵʨʛʠʡʛ ʪʘʥʠʣʮʫʫʣʩʘʥ. 

ʋʯʠʨ ʥʴ ʦʙʲʝʢʪʳʥ ᴇʥʛʠʡʛ ʪװװʥʠʡ ʩʘʨʥʠʣʳʥ ʦʡʣʪʦʦʨ ʪʦʜʦʨʭʦʡʣʜʦʛ ʙʘʡʩʘʥ ʙʘ ʠʡʤ 

ʛʝʦʤʝʪʨʪʵʡ ʙʘʛʘʞ ʰʫʫʜ ʩʘʨʥʠʩʘʥ ʦʡʣʪʳʛ ʭʵʤʞʠʥʵ.  

ʄʘʰ ʙװװʜʛʵʨ ʛʘʜʘʨʛʫʫʛʘʘʩ ʙʫʩʘʜ ʪʦʭʠʦʣʜʦʣʜ ʵʥʵ ʭʦʸʨ ʛʝʦʤʝʪʨ ʘʜʠʣʭʘʥ. ʋʯʠʨ ʥʴ 

1931 ʦʥʜ ʵʥʵ ʙʘʛʘʞʠʡʛ ʭʠʡʭʵʵʨ ʪᴇʣᴇʚʣᴇʞ ʙʘʡʭ װʝʜ ʵʥʵ ʭʦʸʨ ʛʝʦʤʝʪʨʠʡʛ ʩʘʥʘʣ 

ʙʦʣʛʦʩʦʥ. תʥʵʥʜʵʵ ʛʵʨʵʣ ʘʣʠʚʘʘ ʦʧʪʠʢʠʡʥ ʩʠʩʪʝʤʜ ʭʫʚʠʨʘʤʪʛʘʡ ʙʘʡʜʘʛ ʫʯʠʨ CIE-

ʵʵʩ ʦʡʣʪ ʭʵʤʞʜʵʛ ʜᴇʨʚᴇʥ ʛʝʦʤʝʪʨʠʡʛ ʪʦʜʦʨʭʦʡʣʩʦʥ ʶʤ.   

 ʕʭʥʠʡ ʭʦʸʨ ʛʝʦʤʝʪʨ ʥʴ 450, 450-ʠʡʥ ʭʦʩ ʯʠʛʣʵʣʪʵʡ ʛʝʦʤʝʪʨ ʙʘʡʥʘ. 

ʛʵʨʵʣʪϾϾʣʵʛ/ ʭʘʨʘʭ ЊʥʮЊʛ ʛʵʞ ʪʵʤʜʵʛʣʵʥʵ. ʕʥʵ ʩʪʘʥʜʘʨʪʘʜ ʪʦʭʠʨʦʭ ʙʘʛʘʞʠʡʛ 

ʭʘʤʛʠʡʥ ʭʷʣʙʘʨʘʘʨ ʭʠʡʭ ʘʨʛʘ ʙʦʣ ʛʵʨʣʠʡʥ ʛʵʨʵʣʪװװʣʛʠʡʥ ʥʵʛ ʥʘʨʠʡʚʯʠʣʩʘʥ 

ʮʘʮʨʘʛʪʘʡ ʙʘʡʭ. ʍʘʥʛʘʣʪʛװʡ ʛʵʨʣʠʡʥ ʪװʚʰʥʠʡʛ ɻ ʩʨʵʛ ʪʘʣʳʥ ʭʘʞʫʫʛʠʡʥ ᴇʥʮᴇʛʪ ʭʦʸʨ 

ʜʘʭʴ ʵʭ װװʩʚʵʨʠʡʛ ʥʵʤʞ ᴇʛʩʥᴇᴇʨ ʙʘʛʘʩʛʘʜʘʛ. ʉʦʥʠʨʭʦʣʪʦʡ ʥʴ ʯʠʛʣʵʣʪ ʙʘʛʘʞʫʫʜʳʛ 

ʘʰʠʛʣʘʭʘʜ ʜʘʚʫʫ ʪʘʣʪʘʡ ʙʘʡʜʘʛ. ɾʠʰʵʵʣʙʵʣ ʜʵʵʨ װʝʠʡʥ ʢʦʣʦʨʠʤʝʪʨװװʜ 

ñlustermeterò ʛʵʨʵʣ ʤʵʜʨʵʛʯʠʡʛ ʘʰʠʛʣʘʜʘʛ ʙʘʡʩʘʥ. ʆʨʯʠʥ װʝʠʡʥ ʭʦʸʨ ʯʠʛʣʵʣʪ 

ʙʘʛʘʞʫʫʜ ʭʘʞʫʫʛʠʡʥ ᴇʥʮᴇʛ, ʮʘʛʘʨʠʛ ʤʘʷʛʠʡʥ, ʦʣʦʥ ᴇʥʮʛװװʜ, ʪʦʡʨʦʛ ʤʘʷʛʠʡʥ ʟʵʨʵʛ 

ʘʣʴ ʘʣʠʥʘʘʨ ʥʴ ʭʵʤʞʜʵʛ.  
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ɿʫʨʘʛ 1.15. 450-ʠʡʥ ʭʵʤʞʠʣʪʠʡʥ ʛʝʦʤʝʪʨ. ɿϾϾʥ ʜʵʵʜ ʪʘʣʳʥʭ ʥʴ ʥʵʛ ʭʘʞʫʫʛʠʡʥ 

ЊʥʮЊʛʪ ʛʵʨʵʣʪϾϾʣʵʛʪ, ʙʘʨʫʫʥ ʜʵʵʜ ʪʘʣʳʥʭ ʥʴ ʭʦʸʨ ʭʘʞʫʫʛʠʡʥ ЊʥʮЊʛʪ, ʜʦʦʜ 

ʪʘʣʳʥʭ ʥʴ ʙϾʭ ʭʘʞʫʫʛʠʡʥ ЊʥʮʛЊЊʩ ʛʵʨʵʣʪϾϾʣʩʵʥ ʙʘʡʜʘʣ 

 

ɻʝʦʤʝʪʨʠʡʥ ʥʵʨ ʪʦʤʴʸʦ ʥʴ ᴇʥʛᴇʥʠʡ ʭʵʤʞʠʣʪʠʡʥ ASTM-ʘʘʨ ʩʪʘʥʜʘʨʪʯʠʣʘʛʜʩʘʥ 

ʙʘʡʜʘʛ.  

¶ d/8:i  - ʩʘʨʥʠʭ ʛʵʨʵʣʪװװʣʵʛ ʙʘ ʪʫʩʛʘʣʳʥ ʦʡʣʪ װװʩʩʵʥ 80 ʘʘʨ ʭʘʨʘʛʜʘʭ 

¶ d/8:e - ʩʘʨʥʠʭ ʛʵʨʵʣʪװװʣʵʛ ʙʘ ʪʫʩʛʘʣʳʥ ʦʡʣʪ ʭʘʩʘʛʜʩʘʥ 80 ʘʘʨ 

ʭʘʨʘʛʜʘʭ 

¶ d/d:i - ʩʘʨʥʠʭ ʛʵʨʵʣʪװװʣʵʛ ʙʘ ʪʫʩʛʘʣʳʥ ʦʡʣʪ װװʩʩʵʥ ʩʘʨʥʠʞ 

ʭʘʨʘʛʜʘʭ 

¶ 45/0:c - ʪʦʡʨʦʛ ʤʘʷʛʠʡʥ 450-ʠʡʥ ʛʵʨʵʣʪװװʣʵʛ ʙʦʣʦʥ ʭʵʚʠʡʥʵʵʨ 

ʭʘʨʘʛʜʘʭ 

¶ 0/45:c - ʭʵʚʠʡʥ ʛʵʨʵʣʪװװʣʵʛ ʙʘ ʪʦʡʨʦʛ ʤʘʷʛʠʡʥ 450-ʘʘʨ ʭʘʨʘʛʜʘʭ 

¶ 0/0 - ʭʵʚʠʡʥ ʛʵʨʵʣʪװװʣʵʛ ʙʘ ʭʵʚʠʡʥ ʮʫʛʣʫʫʣʛʘ 

¶  

CIE-ʠʡʥ ʛʝʦʤʝʪʨʠʡʛ ʩʦʥʛʦʭ - ʦʡʣʪ  

ʕʥʵ ʦʣʦʥ ʛʝʦʤʝʪʨװװʜʠʡʛ ʥʠʡʪʣʵʛ 3 ʙʦʣʛʦʥ ʙʘʛʘʩʛʘʞ ʙʦʣʥʦ. װתʥʜ: d/8:i -ʩʘʨʥʠʭ 

ʛʵʨʵʣʪװװʣʵʛ ʙʘ ʪʫʩʛʘʣʳʥ ʦʡʣʪ ʦʨʫʫʣʩʘʥ 80 ʘʘʨ ʭʘʨʘʛʜʘʭ, d/8:e -ʩʘʨʥʠʭ 

ʛʵʨʵʣʪװװʣʵʛ ʙʘ ʪʫʩʛʘʣʳʥ ʦʡʣʪ ʭʘʩʩʘʥ 80 ʘʘʨ ʭʘʨʘʛʜʘʭ, 45/0:c- ʪʦʡʨʦʛ ʤʘʷʛʠʡʥ 450-

ʠʡʥ ʛʵʨʵʣʪװװʣʵʛ ʙʦʣʦʥ ʭʵʚʠʡʥʵʵʨ ʭʘʨʘʛʜʘʭ 

ʕʜʛʵʵʨ ʛʝʦʤʝʪʨװװʜ ʪʫʩ ʙװʨʜ ʠʞʠʣ ʛʵʨʵʣʪװװʣʵʛ, ʠʞʠʣ ʭʘʨʘʭ ʦʨʯʥʳʛ ʪʦʜʦʨʭʦʡʣʞ 

ʙʦʣʥʦ. d/8:i ʛʝʦʤʝʪʨ ʥʴ ʷʤʘʨ ʯ ʪʫʩʛʘʣʳʥ ʦʡʣʪʦʜ ʙװʨʵʥ ʩʘʨʥʠʭ ʛʵʨʵʣʪװװʣʵʛʪʵʡ ʙʘ 

ʥʵʭʤʵʣ ʜʘʘʚʫʫʥ ʤʘʪʝʨʠʘʣ ʜʵʵʨ ʙʦʣ ʘʞʠʛʣʘʛʜʘʭʛװʡ.  

d/8:e ʛʝʦʤʝʪʨ ʥʴ ʤᴇʥ ʙװʨʵʥ ʩʘʨʥʠʭ ʛʵʨʵʣʪʵʣʪʪʵʡ ʭʦʣʙʦʦʪʦʡ ʙʦʣʦʚʯ ʵʥʜ ʪʫʩʛʘʣʳʥ 

ʦʡʣʪ ʥʴ ʭʘʩʘʛʜʩʘʥ ʙʘʡʥʘ. ʀʭʵʥʭ ʛʵʨʵʣʪװװʣʛʠʡʥ ʥᴇʭʮᴇʣʜ ʪʫʩʛʘʣʳʥ ʦʡʣʪʳʛ ʭʘʨʞ 

ʯʘʜʘʭ ʙʘ ʭʘʨʘʘʥʳ ʪʦʦʮʦʦʥʦʦʩ ʪװװʥʠʡʛ ʭʘʩʘʭʳʥ ʪʫʣʜ ʦʙʲʝʢʪʳʛ ʵʨʛװװʣʵʭ ʸʩʪʦʡ. 

ɼʘʘʚʫʫʥ ʤʘʪʝʨʠʘʣ ʜʵʵʨ ʘʞʠʛʣʘʛʜʘʭʛװʡ.  
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45/0:c ʛʝʦʤʝʪʨ ʥʴ ʙʦʜʠʪ ʵʢʚʠʚʘʣʝʥʪʛװʡ. ʍʵʨʵʚ ʛʝʦʤʝʪʨʠʡʛ ʵʩʨʵʛʵʵʨ ʥʴ 0/45:c 

ʙʦʣʛʦʚʦʣ ʰʫʫʜ ʛʵʨʣʵʵʨ ʦʙʲʝʢʪʪʦʡ ʭʦʣʙʦʛʜʦʞ ʪʫʩʛʘʣʳʥ ʦʡʣʪʳʛ ʘʨʠʣʛʘʥʘ. ʍʵʨʵʚ 

ʦʙʲʝʢʪʳʛ ʭʫʨʜʘʥ ʵʨʛװװʣʞ ʭʘʨʚʘʣ ʪʦʡʨʦʛ ʤʘʷʛʠʡʥ ʛʝʦʤʝʪʨʪʵʡ ʠʞʠʣ ʙʘʡʥʘ. 

ɼʘʘʚʫʫʥ ʤʘʪʝʨʠʘʣ ʜʵʵʨ ʙʦʣ ʘʞʠʛʣʘʛʜʘʭʛװʡ.  

CIE ʩʪʘʥʜʘʨʪ ʛʝʦʤʝʪʨ- ʥʵʚʪʨװװʣʵʭ ʯʘʥʘʨ  

CIE d/0:i, d/0:e, d/0:i, d/0:e ʛʝʦʤʝʪʨװװʜ, ʤᴇʥ 0/0 d/d:i ʟʵʨʵʛ ʛʝʦʤʝʪʨװװʜʠʡʛ ʩʘʥʘʣ 

ʙʦʣʛʦʩʦʥ. ʅʵʚʪ ʛʵʨʵʣʪʩʵʥ ʤʘʪʝʨʠʘʣʜ ʵʜʛʵʵʨ ʛʝʦʤʝʪʨװװʜ ʙװʛʜʵʵʨʵʵ ʠʞʠʣ װʨ ʜװʥ 

ᴇʛʜᴇʛ. ɻʵʭʜʵʵ ʭʵʨʚʵʵ ʩʘʨʥʠʣʪ װʟװװʣʙʵʣ ʭʵʤʞʩʵʥ ʫʪʛʘ ʥʵʣʵʵʜ ᴇᴇʨ ʛʘʨʯ ʙʦʣʥʦ. 

ʅʵʛʪʛʵʛʯ ʙᴇʤʙᴇʨʮʛᴇʥ ʙʘʛʘʞ ʥʴ ʤʘʰ ʫʷʥ ʭʘʪʘʥ ʯʘʥʘʨʪʘʡ, ʪʦʛʪʤʦʣ ʰʠʥʞʪʵʡ ʙᴇʛᴇᴇʜ 

ʩʘʨʥʠʣʳʥ ʥʵʚʪʨʵʭ ʯʘʥʘʨʳʛ ʭʵʤʞʠʞ ʙʦʣʜʦʛ. ʕʥʵ ʥʴ ʥʵʚʪʨװװʣʵʣʪʠʡʛ ʷʣʛʘʭʘʜ ʥʵʥ 

ʭʵʨʵʛʪʵʡ.  

 

ʆʣʦʥ ᴇʥʮᴇʛʪ ʛʝʦʤʝʪʨ 

ʀʭʵʥʭ ʤʘʪʝʨʠʘʣʫʫʜ ʛʵʨʵʣʪװװʣʵʛ ʙʦʣʦʥ ʭʘʨʘʭ ᴇʥʮʛᴇᴇʩ ʭʘʤʘʘʨʘʥ ᴇʥʛᴇᴇ ʭʫʚʠʨʛʘʜʘʛ 

goniochromatic ʙʦʣʩʦʥ ʙʘʡʥʘ. ʄʝʪʘʣʣ ʰʠʨʭʵʛ ʘʛʫʫʣʩʘʥ ʵʩʚʵʣ ʙʦʨʦʥʟʦʥ 

ʧʠʛʤʝʥʪʵʵʨ ʙװʨʵʛʜʩʵʥ ʤʘʪʝʨʠʘʣʫʫʜ װװʥʠʡ ʪʦʜ ʞʠʰʵʵ ʶʤ. ʭʵʚʠʡʥ ʙʘ ʙװʭ 

ᴇʥʮʛװװʜʵʵʩ ʭʘʨʘʭ ʥᴇʭʮᴇʣʪʵʡ, 450-ʠʡʥ ʛʵʨʵʣʪװװʣʵʛʪ ʭʵʤʞʩʵʥ  ʆʙʲʝʢʪʳʥ 

Goniophotometric ʙʦʣʦʥ goniospectrometric -ʠʡʥ ᴇʛᴇʛʜʣװװʜʠʡʥ ʘʥʘʣʠʟʘʘʩ ʭʘʨʘʭʘʜ 

ʭʘʨʘʭ ᴇʥʮʛᴇᴇʩ ʬʫʥʢʮ ʢʦʣʦʨʠʤʝʪʨʠʡʥ ʫʪʛʫʫʜʘʜ ʠʭ ʥᴇʣᴇᴇʣʜᴇʛ. 

 Goniochromatic ʤʘʪʝʨʠʘʣʳʛ ʭʵʤʞʠʭʵʜ ʩʘʥʘʣ ʙʦʣʛʦʜʦʛ ᴇʥʮʛװװʜ: 

¶ Aspecular/ ʪʫʩʛʘʣʳʥ ʦʡʣʪʳʥ ᴇʥʮᴇʛ: ʆʡʣʪʳʥ ʯʠʛʣʵʣʵʵʩ ʭʘʨʘʭ ᴇʥʮʛʠʡʛ 

ʭʵʤʞʠʭ 

¶ Near-specular/ ʦʡʨ ʪʫʩʛʘʣʳʥ ᴇʥʮᴇʛ: ʆʡʣʪʪʦʡ ʤʘʰ ʦʡʨʭʦʥ ᴇʥʮʛᴇᴇʩ 

ʤʘʪʝʨʠʘʣʳʛ ʭʘʨʞ ʭʵʤʞʠʭ ʦʡʣʪʳʥ ᴇʥʮᴇʛ, ʠʭʵʚʯʣʵʥ 250 

¶ Face/ ʭʘʨʘʭ ᴇʥʮᴇʛ: ʵʥʛʠʡʥ ʛʘʜʘʨʛʫʫʜ 450-ʠʡʥ ʛʵʨʵʣʪװװʣʵʛʪʵʡ ʦʡʨʭʦʥ 

ʦʙʲʝʢʪʳʛ ʭʘʨʘʭ ʪʫʩʛʘʣʳʥ ʦʡʣʪʳʥ ᴇʥʮᴇʛ ʵʩʚʵʣ ʛʵʨʵʣʪװװʣʛʠʡʥ ʙʦʣʦʥ ʭʘʨʘʭ 

ʥᴇʭʮᴇʣװװʜ ʭʦʦʨʦʥʜʦʦ ʩʦʣʠʛʜʦʞ ʙʦʣʥʦ.  

¶ Flop/ ʫʥʘʭ ᴇʥʮᴇʛ: ʊʫʩʛʘʣʘʘʩ ʭʦʣ ʤʘʪʝʨʠʘʣʳʛ ʭʘʨʘʭ ʦʡʣʪʳʥ ᴇʥʮᴇʛ, 

ʠʭʵʚʯʣʵʥ 700 ʪװװʥʵʵʩ ʠʭ ʙʘʡʥʘ.  

 
ɿʫʨʘʛ 1.16. ʆʡʣʪʳʥ ЊʥʮʛЊЊʨ ʥʴ ʪʦʜʦʨʭʦʡʣʩʦʥ ʦʣʦʥ ЊʥʮЊʛʪ ʭʵʤʞʠʣʪ 

 

ü ʉʇɽʂʊʈʆʌʆʊʆʄɽʊʈ 
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ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨ ʥʴ ʜʦʣʛʠʦʥʳ ʫʨʪʳʥ ʬʫʥʢʮʵʵʨ ʤʘʪʝʨʠʘʣ ʨʫʫ ʥʵʚʪʨʵʭ 

ʥʵʚʪʨװװʣʵʣʪʠʡʛ, ʦʡʭ ʦʡʣʪʳʛ ʭʵʤʞʜʵʛ ʙʘʛʘʞ ʶʤ.  ʕʥʵ ʙʘʛʘʞ ʥʴ ᴇʥʛᴇ ʭʵʤʞʠʭʵʵʩ 

ʛʘʜʥʘ ʤʘʰ ʦʣʦʥ ʭʵʨʵʛʣʵʵʪʵʡ. ᴆʥʛᴇʥʠʡ ʭʵʤʞʠʣʪʵʜ ʟʦʨʠʫʣʘʛʜʩʘʥ ʙװʭ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨװװʜ ʥʴ ʦʧʪʠʢ ʮʘʮʨʘʛʠʡʥ ʵʭ װװʩʚʵʨ, ʭʵʤʞʠʣʪʠʡʥ ʛʝʦʤʝʪʨʠʡʛ 

ʪʦʜʦʨʭʦʡʣʦʭʦʜ ʟʦʨʠʫʣʘʛʜʩʘʥ ʦʧʪʠʢ ʩʠʩʪʝʤ, ʩʘʨʥʠʭ ʛʵʨʣʠʡʥ ʟʘʨʠʤ ʫʪʛʘ, ʜʝʪʝʢʪʦʨ, 

ʛʵʨʣʠʡʛ ʘʥʘʣʠʟ ʭʠʡʭʵʜ ʪʦʭʠʨʦʤʞʪʦʡ ʭʵʣʙʵʨʪ ʭʫʚʠʨʛʘʜʘʛ ʜʦʭʠʦ ʙʦʣʦʚʩʨʫʫʣʘʛʯ 

ʩʠʩʪʝʤ ʟʵʨʵʛ װʥʜʩʵʥ ʭʵʩʛװװʜʪʵʡ ʙʘʡʜʘʛ.  

ʍʵʤʞʠʭ  ʦʙʲʝʢʪʳʥ ʬʠʟʠʢ ʰʠʥʞ ʯʘʥʘʨ ʥʴ ʙʘʛʘʞʠʡʥ ʜʠʟʘʡʥʳʛ ʪʦʜʦʨʭʦʡʣʥʦ. 

ɸʤʴʜʨʘʣ ʜʵʵʨ ʠʭʵʥʭ ʤʘʪʝʨʠʘʣʫʫʜ ʬʣʶʨʝʩʮʝʥʮ ʙʫʶʫ ʛʵʨʵʣ ʮʘʮʨʫʫʣʜʘʛ, ʛʵʨʵʣ 

ʮʘʮʨʫʫʣʜʘʛ ʙʫʜʘʛʪʘʡ ʙʘʡʜʘʛ ʙʘ ʵʥʵ ʥʴ ʛʵʨʵʣʪװװʣʛʠʡʥ ʩʠʩʪʝʤʜ ʥᴇʣᴇᴇʣʜᴇʛ. ɹʫʜʘʛʯ 

ʙʦʜʠʩʳʥ ʰʠʥʛʵʵʣʪʠʡʥ ʙʦʣʦʥ ʩʘʨʥʠʣʳʥ װʟװװʣʵʣʪ ʥʴ װʟʵʛʜʵʭ ʛʵʨʣʠʡʥ ʤʫʞ ʜʘʭʴ 

ʜʦʣʛʠʦʥʳ ʫʨʪʳʥ ʬʫʥʢʮʵʵʨ ʥʵʚʪʨװװʣʵʭ ʯʘʥʘʨ ʙʦʣʦʥ ʦʡʣʪʳʛ ʙʘʛʘ ʙʘʛʘʘʨ 

ʭʫʚʠʨʛʘʜʘʛ.  

 
ɿʫʨʘʛ 1.17. ЉʥʛЊʥʠʡ ʭʵʤʞʠʣʪʵʜ ʟʦʨʠʫʣʘʛʜʩʘʥ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʪ 

ʘʛʫʫʣʘʛʜʜʘʛ ʜʵʜ ʩʠʩʪʝʤϾϾʜʠʡʥ ʙʣʦʢ ʜʠʘʛʨʘʤʤ 

 

¶ ʆʡʣʪ: ʛʵʨʣʠʡʥ ʵʥʝʨʛʠ ʤʘʪʝʨʠʘʣʘʘʩ ʙʫʮʘʭ ʧʨʦʮʝʩʩ (ASTM E 284) 

¶ ʆʡʣʪʳʥ ʭװʯʠʥ ʟװʡʣ: ʭʵʤʞʠʣʪʠʡʥ ʠʞʠʣ ʛʝʦʤʝʪʨ ʙʦʣʦʥ ʩʧʝʢʪʨʠʡʥ ʥᴇʭʮᴇʣ 

ʜʦʦʨ ʪᴇʛʩ ʦʡʣʪʳʥ ʩʘʨʥʠʣʘʘʩ ʦʡʩʦʥ ʫʨʩʛʘʣ, ʦʙʲʝʢʪʦʦʩ ʦʡʩʦʥ ʫʨʩʛʘʣ ʭʦʸʨʳʥ 

ʭʵʤʞʵʵ(CIE 17.4) 

¶ ʅʵʚʪʨװװʣʵʣʪ: ʭʵʤʞʠʣʪʠʡʥ ʠʞʠʣ ʛʝʦʤʝʪʨ ʙʦʣʦʥ ʩʧʝʢʪʨʠʡʥ ʥᴇʭʮᴇʣ ʜʦʦʨʭ 

ʥʵʚʪʵʨʩʵʥ ʫʨʩʛʘʣʳʥ ʭʵʤʞʵʵ  (ASTM E 284) 

ʆʡʣʪ ʙʦʣʦʥ ʥʵʚʪʨװװʣʵʣʪ ʥʴ ʭʦʸʫʣʘʘ ʪʦʭʠʦʣʜʣʳʥ ʛʵʨʵʣʪʵʡ ʭʘʨʴʮʫʫʣʩʘʥ ʭʘʨʴʮʘʘ 

ʶʤ. תʟʵʛʜʵʭ ʩʧʝʢʪʨʵʵʩ ʭʘʥʛʘʣʪʪʘʡ ʯʘʜʘʣʪʘʡ ʘʣʠʚʘʘ ʛʵʨʣʠʡʥ ʵʭ װװʩʚʵʨʠʡʛ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨ ʘʰʠʛʣʘʜʘʛ.  ɻʵʭʜʵʵ ʬʣʶʨʝʩʮʝʥʮʠʡʥ ʪʫʨʰʠʣʪʘʜ ʙʦʣ ʛʵʨʣʠʡʥ ʵʭ 

 ʥʜ ʥᴇʣᴇᴇʣʜᴇʛ. ʀʡʤʵʵʩװʨ ʜװ ʩʚʵʨʠʡʥ ʩʧʝʢʪʨ ʰʠʥʞ ʯʘʥʘʨ ʵʮʩʠʡʥ ʭʵʤʞʠʣʪʠʡʛװװ

ʦʥʦʣʳʥ װװʜʥʵʵʩ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʡʥ ʛʵʨʣʠʡʥ ʵʭ װװʩʚʵʨ װʟʵʛʜʵʭ ʦʨʯʥʳ ʛʵʨʵʣʪʵʡ 

ʠʞʠʣ ʙʘʡʭ ʭʵʨʵʛʪʵʡ. ʋʯʠʨ ʥʴ D65-ʠʡʥ ʩʧʝʢʪʨʠʡʥ װʟװװʣʵʣʪ 300-780 ʥʘʥʦʤʝʪʨʪʵʡ 

ʪʘʘʨʘʭ ʵʭ װװʩʚʵʨʠʡʛ ʠʭʵʥʭ ʙʘʛʘʞʫʫʜ ʘʰʠʛʣʘʜʘʛ. D65 ʥʴ ʘʤʴʜʨʘʣ ʜʵʵʨ ʷʤʘʨ ʯ 

ʷʤʘʨ ʯ light booth-ʜ ʭʵʨʵʛʞʵʵʛװʡ ʫʯʨʘʘʩ ʵʥʵ ʪʫʨʰʠʣʪ ʥʴ ʬʣʶʨʝʩʮʝʥʮ ʤʘʪʝʨʠʘʣʳʥ 

ʭʘʨʘʘʥʳ ʙʦʣʦʥ ʙʘʛʘʞʠʡʥ ʭʵʤʞʠʣʪʠʡʥ ʭʦʦʨʦʥʜʦʭ ʭʘʨʠʣʮʘʥ ʭʘʤʘʘʨʘʣ ʙʘʛʘ 

ʙʦʣʦʭʳʛ ʭʘʨʫʫʣʥʘ. ʕʥʵ ʥʴ ʬʣʶʨʝʩʮʝʥʮʠʡʛ ʮʘʡʨʫʫʣʘʭ ʘʛʝʥʪ ʫʯʨʘʘʩ ʭʵʪ ʷʛʘʘʥ 

ʪʫʷʘʥʳ ʤʫʞʠʜ ʪʘʘʨʘʭ ʥʴ ʯʫʭʘʣ ʶʤ. ʐʠʣʵʥ ʬʠʣʴʪʝʨװװʜ ʥʴ D65-ʵʜʛʵʵʨ ʩʧʝʢʪʨʠʡʥ 

ʰʠʥʞ ʯʘʥʘʨʫʫʜʳʛ ʜװʨʩʵʣʞ ʪʦʭʠʨʫʫʣʘʭʘʜ ʭʵʨʵʛʣʵʛʜʵʥʵ. CIE-ʠʡʥ ʥʵʛ ʛʝʦʤʝʪʨʠʡʛ 
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ʘʰʠʛʣʘʥ ʦʙʲʝʢʪ ʙʦʣʦʥ ʛʵʨʣʠʡʛ ʭʘʨʠʣʮʘʥ ʥᴇʣᴇᴇʣװװʣʵʭʵʜ ʦʡʣʪ ʵʩʚʵʣ ʥʵʚʪʨװװʣʵʣʪ 

 ʩʥʵ. ʕʥʵ ʥʴ ʛʵʨʣʠʡʛ ʩʘʨʥʠʘʥʘ. ᴆʤʥᴇ ʥʴ ʧʨʠʟʤ ʘʰʠʛʣʘʜʘʛ ʙʘʡʩʘʥ. ɻʵʨʵʣװװ

ʥʘʨʠʡʭʘʥ ʟʘʚʩʨʘʘʨ ʧʨʠʟʤ ʜʵʵʨ ʪʫʩʥʘ. ɼʘʨʘʘʛʠʡʥ ʩʧʝʢʪʨ ʪװװʥʠʡ ʟʘʚʩʨʘʘʨ ʥʵʚʪ 

ʛʘʨʯ ʥʵʛ ᴇʥʛʠʡʥ ʛʵʨʵʣ ʙʦʣʥʦ. ʍʫʫʯʠʥ ᴇᴇʨ ʥʵʛ ʘʰʠʛʣʘʛʜʜʘʛ ʙʘʡʩʘʥ ʪʝʭʥʠʢ ʥʴ 10 

ʙʦʣʦʥ 20 ʥʘʥʦʤʝʪʨ ʪʫʩ ʙװʨʜ ʟʘʡʪʘʡ ʠʥʪʝʥʬʝʨʝʥʮ ʜʫʛʫʡ ʰװװʣʪװװʨ ʶʤ. ʕʜʛʵʵʨ 

ʭʦʸʨ ʪʝʭʥʦʣʦʛʠ ʥʴ ʭʦʸʫʣʘʘ ʛʵʨʵʣ ʩʘʨʥʠʘʞ ʯʘʜʜʘʛ ʯ ᴇʥᴇᴇʜᴇʨ ʠʭʵʥʭ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨװװʜ ʜʠʬʨʘʢʮʳʥ ʪʦʨʳʛ ʘʰʠʛʣʘʜʘʛ. ʅʘʨʠʡʥ ʟʘʚʩʘʨ ʙװʨʵʵʨ ʥʴ 

ʛʵʨʵʣ ʥʵʚʪ ʛʘʨʘʭʘʜ ʜʦʣʛʠʦʥʳ ʫʨʪʘʘʩʘʘ ʭʘʤʘʘʨʘʥ ʛʵʨʵʣ ʦʣʦʥ ʪʦʦʥʜ ʭʫʛʘʨʥʘ. 

ʀʭʵʥʭ ʙʘʛʘʞʫʫʜ ʛʵʨʣʠʡʛ ʩʘʨʥʠʫʣʘʭ ʵʩʚʵʣ ʮʫʛʣʫʫʣʘʭʘʜ ʦʡʣʪʳʥ ʪᴇʨʣʠʡʥ ʭʦʪʛʦʨ 

ʛʦʣʦʛʨʘʬʠʡʥ ʪʦʨʳʛ ʘʰʠʛʣʘʜʘʛ.  

 

 
ɿʫʨʘʛ 1.18. ʇʨʠʟʤ ʘʰʠʛʣʘʥ ʛʵʨʣʠʡʛ ʟʘʜʘʣʜʘʛ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨ 

 

 
ɿʫʨʘʛ 1.19. ʀʥʪʝʨʬʝʨʝʥʮ ʜʫʛʫʡ ʰϾϾʣʪϾϾʨʪ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨ 
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ɿʫʨʘʛ 1.20. ʄʘʪʨʠʮʘʥ ʜʝʪʝʢʪʦʨʪ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨ 

ʀʭʵʥʭ  ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨװװʜ ᴇʥᴇᴇʜᴇʨ ʛʵʨʵʣ ʟʘʜʣʘʛʯ ʵʣʝʤʝʥʪ ʙʦʣʦʥ ʜʝʪʝʢʪʨʦʥ 

ʤʘʪʨʠʮʳʥ ʭʦʩʣʦʣʳʛ ʘʰʠʛʣʘʞ ʙʘʡʥʘ. ʄʘʪʨʠʮ ʵʣʝʤʝʥʪʠʡʥ ʪʦʦ ʥʴ 16-ʘʘʩ ʭʵʜʵʥ ʟʫʫ 

ʭװʨʪʵʣ ʙʘʡʥʘ. ʕʣʝʤʝʥʪʠʡʥ ʪʦʦʛ ᴇʩʛᴇʭ ʥʴ ʜʦʣʛʠʦʥʳ ʫʨʪʳʥ ᴇʥʜᴇʨ ʥʘʨʠʡʚʯʣʘʣʪʘʡ 

ʙʦʣʦʥ ʜʦʣʛʠʦʥʳ ʫʨʪʳʥ ʭʵʤʞʵʵʛ ʪʦʭʠʨʫʫʣʘʭ ʘʨʛʳʛ ʭʷʣʙʘʨ ʙʦʣʛʦʜʦʛ.  

 ɿʫʨʚʘʩʳʥ ᴇʨʛᴇʥʠʡ ʜʦʣʛʠʦʥʳ ʫʨʪʳʛ ʭʵʤʞʜʵʛ ʩʧʝʢʪʨʠʡʥ ʦʡʣʪ ʙʦʣʦʥ 

ʩʧʝʢʪʨʠʡʥ ʥʵʚʪʨװװʣʵʣʪʠʡʥ ʘʣʴ ʘʣʠʥʜ ʥʴ ʮʘʭʠʣʛʘʘʥ ʜʦʭʠʦʛ ᴇʩʛᴇʞ ʪʦʦʥ ʭʵʣʙʵʨʪ 

ʦʨʫʫʣʥʘ.  

 ʀʭʵʚʯʣʵʥ 10 ʥʘʥʦʤʝʪʨʠʡʥ ʟʫʨʚʘʩʳʥ ᴇʨʛᴇʥᴇᴇʨ ʭʵʤʞʠʭ ʥʴ ʩʧʝʢʪʨʠʡʥ 

ᴇʛᴇʛʜʣʠʡʛ ʘʥʘʣʠʟ ʭʠʡʭ, ʙʘʡʛʘʣʠʡʥ ʙʦʣʦʥ ʭװʥʠʡ ʙװʪʵʵʩʵʥ ʙʫʜʘʛʯ ʙʦʜʠʩʳʥ 

ʰʠʥʛʵʵʣʪʠʡʥ ʙʦʣʦʥ ʩʘʨʥʠʣʳʥ ʰʠʥʞ ʯʘʥʘʨʳʛ ʛʘʨʛʘʭʘʜ ʭʘʥʛʘʣʪʪʘʡ ʙʘʡʜʘʛ. ʍʵʨʚʵʵ 

ʩʧʝʢʪʨʠʡʥ ʭʵʤʞʠʣʪ ʥʴ ʟᴇʚʭᴇʥ ʢʦʣʦʨʠʤʝʪʨʠʡʥ ᴇʛᴇʛʜʣʠʡʛ ʪʦʦʮʦʦʣʦʭ ʣ ʟʦʨʠʣʛʦʪʦʡ 

ʙʦʣ 20 ʥʘʥʦʤʝʪʨʠʡʥ ᴇʛᴇʛʜᴇʣ ʣ ʭʘʥʛʘʣʪʪʘʡ. ᴆʥʛᴇʥʠʡ ʭʵʤʞʠʣʪʵʜ ʘʰʠʛʣʘʭ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʡʥ ʛʵʨʣʠʡʥ ʵʭ װװʩʚʵʨʠʡʛ D65 ʛʵʞ ʩʠʤʫʣʷʮʠʣʘʥ ʟʘʘʩʘʥ ʙʦʣʦʚʯ 

ʵʥʵ ʥʴ ʢʦʣʦʨʠʤʝʪʨʠʡʥ ʫʪʛʘ D65-ʜ ʟᴇʚʭᴇʥ ʪʦʦʮʦʦʣʥʦ ʛʵʩʵʥ װʛ ʙʠʰ. 

ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʡʥ ʛʵʨʣʠʡʥ ʵʭ װװʩʚʵʨʠʡʥ ʯʘʜʣʳʥ ʪʘʨʭʘʣʪ ʥʴ ʦʡʣʪ ʙʦʣʦʥ 

ʥʵʚʪʨװװʣʵʣʪʠʡʥ ʭʘʨʴʮʘʘʛʘʘʨ ʪʦʜʦʨʭʦʡʣʦʛʜʦʥʦ. ʀʡʤʵʵʩ ʠʞʠʣ ʦʡʣʪ ʙʦʣʦʥ 

ʥʵʚʪʨװװʣʵʣʪʠʡʥ ʤʫʨʫʡʥʘʘʩ ʜʫʨʳʥ ʛʵʨʵʣʪʵʣʪʵʥʜ ʛʘʨʩʘʥ X,Y,Z ʙʦʣʦʥ L*, a, b-ʛ 

ʙʦʜʦʞ ʙʦʣʥʦ.  

 
ɼʠʘʛʨʘʤʤ 1.1. 10 ʥʘʥʦʤʝʪʨʠʡʥ ʛʫʨʚʘʣʞʥʘʘʨ ʟʫʨʚʘʩʳʥ ЊʨʛЊʥʠʡʛ 

ʪʦʜʦʨʭʦʡʣʩʦʥ ʭʵʤʞʠʣʪʠʡʥ ʜʦʣʛʠʦʥʳ ʫʨʪ 
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ü ʂʆʃʆʈʀʄɽʊʈ 

ʂʦʣʦʨʠʤʝʪʨ ʥʴ CIE-ʠʡʥ ᴇʥʛᴇʥʠʡ ʫʪʛʳʛ ʰʫʫʜ ʭʵʤʞʜʵʛ ʪᴇʭᴇᴇʨᴇʤʞ ʶʤ. ɿʘʨʯʤʳʥ 

ʭʫʚʴʜ ʛʵʨʵʣ ʥʴ ʪʫʩ ʙװʨ ʥʴ CIE-ʠʡʥ ʩʪʘʥʜʘʨʪ ʘʞʠʛʣʘʛʯʠʡʥ ʪʦʜʦʨʭʦʡʣʩʦʥ ᴇʥʛᴇʥʠʡ 

ʪʦʭʠʨʛʦʦʥʳ ʬʫʥʢʮʠʡʥ ʥʵʛʵʥʪʵʡ ʥʴ ʘʜʠʣ ʙʘʡʭ ʩʧʝʢʪʨʠʡʥ ʤʵʜʨʵʭ ʯʘʜʚʘʨ ʙװʭʠʡ 

ʛʫʨʚʘʥ ʠʣʨװװʣʵʛʯ ʩʠʩʪʝʤʵʵʨ ʥʵʛʵʥ ʟʵʨʵʛ ʮʫʛʣʫʫʣʜʘʛ ʙʘʡʭ ʰʘʘʨʜʣʘʛʘʪʘʡ. ɹװʭ 

ʢʦʣʦʨʠʤʝʪʨװװʜ 1931 ʩʪʘʥʜʘʨʪ ʘʞʠʛʣʘʛʯʠʡʥ ʬʫʥʢʮʪʵʡ ʪʦʭʠʨʜʦʛ. ʄʘʪʝʨʠʘʣʳʥ ʵʭ 

 .ʩʚʵʨʠʡʛ ʭʵʤʞʜʵʛ, ʤʘʪʝʨʠʘʣʳʛ ʭʵʤʞʜʵʛ ʛʵʩʵʥ ʭʦʸʨ ʪᴇʨʣʠʡʥ ʢʦʣʦʨʠʤʝʪʨ ʙʘʡʜʘʛװװ

ʄʘʪʝʨʠʘʣʳʛ ʭʵʤʞʠʭʵʜ ʢʦʣʦʨʠʤʝʪʨ ʥʴ CIE-ʠʡʥ ʛʵʨʵʣʪװװʣʵʛʪʵʡ / ʠʭʵʚʯʣʵʥ ʉ ʵʩʚʵʣ 

D65 ʙʘʡʜʘʛ/, 45/0 ʛʝʦʤʝʪʨװװʜʠʡʛ ʘʰʠʛʣʘʥ ʭʠʡʛʜʩʵʥ ʙʘʡʜʘʛ. ʍʘʨʠʥ ʵʭ װװʩʚʵʨʠʡʥ 

ʷʛ ʥʘʨʠʡʥ ʭʵʤʞʠʭʵʜ ʬʦʪʦʤʝʪʨʪ ʟʦʨʠʫʣʩʘʥ ʩʪʘʥʜʘʨʪ ʛʝʦʤʝʪʨʠʡʛ ʘʰʠʛʣʘʜʘʛ.  

 ɼʝʪʝʢʪʦʨʳʥ ʩʠʩʪʝʤ ʥʴ ᴇʥʛᴇʪ ʰʠʣʵʥ ʰװװʣʪװװʨ, ʠʭʵʚʯʣʵʥ ʮʘʭʠʫʨʘʘʨ 

ʭʠʡʛʜʩʵʥ ʬʦʪʦʜʠʦʜ ʙװʭʠʡ ʬʦʪʦʜʝʪʝʢʪʦʨʦʦʩ ʙװʨʜʜʵʛ. ɼʝʪʝʢʪʦʨʳʥ ʩʧʝʢʪʨ ʤʵʜʨʵʛ 

ʯʘʜʚʘʨʳʥ ʪʫʭʘʡ ʦʡʣʛʦʣʪ ʥʴ ʰװװʣʪװװʨʠʡʥ ʥʵʚʪʨװװʣʵʣʪʠʡʥ ʰʠʥʞ ʯʘʥʘʨʳʛ 

ʪʦʦʮʦʦʣʦʭ ʙʦʣʦʤʞ ʦʣʛʦʥʦ. ɻʫʨʚʘʥ ʜʝʪʝʢʪʦʨʳʥ ʩʠʩʪʝʤʠʡʥ ʭʦʩʣʦʣʳʛ ᴇʥʛᴇʥʠʡ 

ʪʦʭʠʨʫʫʣʛʳʥ ʬʫʥʢʮװװʜʪʵʡ ʪʘʘʨʫʫʣʘʥ ʘʰʠʛʣʘʭʳʛ ʤʘʪʨʠʮʣʘʭ ʛʵʥʵ. 

 
ɿʫʨʘʛ 1.21. ɻʫʨʚʘʥ ʰϾϾʣʪϾϾʨʪ ʢʦʣʦʨʠʤʝʪʨ 

 

ʂʦʣʦʨʠʤʝʪʨʠʡʛ ʪʦʭʠʨʫʫʣʘʭʘʘʩ ʠʣװװ ʬʫʥʢʮ ʙװʨ ʥʴ ʥʵʛ ʧʠʢʪʵʡ ᴇʥʛᴇʥʠʡ ᴇʥʛᴇʥʠʡ 

ʪʦʭʠʨʫʫʣʛʳʥ ʬʫʥʢʮװװʜ ʥʴ ʪʦʭʠʨʫʫʣʛʘ ʭʠʡʭʵʜ ʠʣװװ ʭʷʣʙʘʨ ʙʘʡʜʘʛ. ʕʥʵ ʤʘʪʨʠʮ ʥʴ 

ʜʦʭʠʦʛ X,Y,Z ʛʵʩʵʥ ʛʫʨʚʘʥ ʫʪʛʘ ʨʫʫ ʰʠʣʞװװʣʜʵʛ.  

ʂʦʣʦʨʠʤʝʪʨʠʡʥ ʤʘʪʨʠʮ: 

ᴆʥʛᴇʥʠʡ ʪʦʭʠʨʫʫʣʛʳʥ ʬʫʥʢʮװװʜʠʡʛ ʛʘʨʛʘʥ ʘʚʘʭʳʥ ʪʫʣʜ ʭʵʜ ʭʵʜʵʥ ʜʝʪʝʢʪʦʨʳʥ 

ʩʠʩʪʝʤװװʜ ʘʰʠʛʣʘʜʘʛ.  

ɸʥʭʥʳ ʭʫʜʘʣʜʘʘʥʜ ʛʘʨʩʘʥ Hunter-ʠʡʥ ʦʣʦʥ ʟʦʨʠʫʣʘʣʪʪʘʡ reflectometer ʙװʭʠʡ 

ʢʦʣʦʨʠʤʝʪʨ ʥʴ ʛʫʨʚʘʥ ʰװװʣʪװװʨʪ ʩʫʫʨʠʣʩʘʥ ʙʘʡʩʘʥ. ɼʘʨʘʘʭ ʤʘʪʨʠʮʳʥ ʘʜʠʣʘʘʨ 

ʥʘʨʠʡʚʯʣʘʣ ʥʴ ʠʣװװ ʙʘʛʘ ʙᴇʛᴇᴇʜ 1958 ʦʥʜ Hunterïʠʡʥ ʙʦʛʠʥʦ ʜʦʣʛʠʦʥʳ ʫʨʪʳʥ 

ʧʠʢʜ ʪʘʘʨʘʭʘʘʨ ʜᴇʨᴇʚ ʜʵʭ ʬʠʣʴʪʝʨʠʡʛ ʦʨʫʫʣʞ ᴇʛʩᴇʥ. ʍʘʤʛʠʡʥ ʙʘʛʘ 

ʥʘʨʠʡʚʯʣʘʣʪʘʡ ʢʦʣʦʨʠʤʝʪʨ ʪʫʩ ʙװʨ ʥʴ ʥʵʛ ʰʠʣʵʥ ʰװװʣʪװװʨʪʵʡ ʜᴇʨʚᴇʥ 

ʜʝʪʝʢʪʦʨʳʥ ʩʠʩʪʝʤʪʵʡ ʙʘʡʜʘʛ. ɻʵʭʜʵʵ ʙʘʛʘʞʠʡʛ ʟᴇʚʭᴇʥ ʜᴇʨʚᴇʥ ʰʠʣʵʥ 

ʰװװʣʪװװʨʪʵʡ ʙʘʡʥʘ ʛʵʞ ʭʷʟʛʘʘʨʣʘʭ ʦʥʦʣʳʥ װʥʜʵʩ ʙʘʡʭʛװʡ. ʌʠʣʴʪʝʨװװʜʠʡʛ ʥʵʛ 

ʥʵʛʵʥ ʜʵʵʨ ʥʴ ʜʘʚʭʘʨʣʘʥ ʙʘʡʨʣʫʫʣʘʭ ʥʴ ᴇʥʛᴇʥʠʡ ʪʦʭʠʨʛʦʦʥʳ ʬʫʥʢʮʵʜ ʪᴇʛʩ 

ʟʦʭʠʮʜʦʛ.  

ʂʦʣʦʨʠʤʝʪʨ ʥʴ 1970 ʦʥ ʭװʨʪʵʣ װʡʣʜʚʵʨʣʵʛʜʩʵʥ ʤʘʪʝʨʠʘʣʫʫʜʳʥ ʯʘʥʘʨʳʛ 

ʰʘʣʛʘʭʘʜ ʪװʛʵʵʤʵʣ ʘʰʠʛʣʘʛʜʘʞ ʙʘʡʩʘʥ. ʊװװʥʠʡ ʥʘʨʠʡʚʯʣʘʣ ʥʴ ʭʷʟʛʘʘʨʣʘʛʜʤʘʣ 

ʫʯʨʘʘʩ ʜʠʬʬʝʨʝʥʮʠʘʣ ʭʵʤʞʠʣʪʵʵʨ ʠʣװװ ʙװʨʵʥ ʪᴇʛʩ ʭʵʤʞʠʣʪ ʭʠʡʭʠʡʥ ʪʫʣʜ 
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ᴇʥʛᴇʥʠʡ ʟᴇʨװװ ʭʵʤʞʠʛʯʠʡʛ ʘʰʠʛʣʘʜʘʛ ʙʘʡʩʘʥ. ʊʵʜʛʵʵʨʠʡʥ ʦʧʪʠʢʠʡʥ ʟʘʛʚʘʨ ʥʴ 

ʪʫʭʘʡʥ װʝʠʡʥ ʦʣʦʥ ʪᴇʨʣʠʡʥ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨװװʜʵʵʩ ʯʘʥʘʨʳʥ ʭʷʥʘʣʪ ʠʣװװ ʭʠʡʭʵʜ 

ʟʦʨʠʫʣʘʛʜʩʘʥʘʘʨ ʪʵʜʛʵʵʨʠʡʛ ʠʣװװ ʥʘʨʠʡʚʯʣʘʣʪʘʡ ʙʦʣʛʦʩʦʥ.  

ᴆʥʛᴇʥʠʡ ʦʨʦʥʛʠʡʥ ʜʦʪʦʦʜ ʤʫʞ ʜʘʭʴ ʥʘʨʠʡʚʯʣʘʣʳʛ ʩʘʡʞʨʫʫʣʘʭ hitching post 

standard-ʠʡʛ ʘʰʠʛʣʘʭ ʩʘʥʘʘʛ ʩʧʝʢʪʨʠʡʥ ʠʞʠʣ ʰʠʥʞ ʯʘʥʘʨʪʘʡ ᴇʜᴇᴇʛʯʠʡʛ ʭʵʤʞʠʭʵʜ 

ᴇʥʛᴇʥʠʡ ʦʨʦʥʛʠʡʥ ʙװʭʵʣ ʤʫʞʠʜ ʭʵʨʵʛʞװװʣʵʭ ʙʦʣʦʤʞʪʦʡ. ɾʠʰʵʵʣʙʵʣ cathode ray 

tube (CRT) ʙʫʶʫ ʢʘʪʦʜ ʪʫʷʘʥ ʭʦʦʣʦʡʥ ʜʵʣʛʵʮʵʵʨ ʛʘʨʛʘʩʘʥ ʙװʭ ᴇʥʛᴇʥװװʜ ʥʴ ʠʞʠʣ 

ᴇʥʛᴇʥʠʡ ʬʦʩʬʦʨʫʫʜʪʘʡ װװʩʜʵʛ. ᴆʥʜᴇʨ ʥʘʨʠʡʚʯʣʘʣʪʘʡ ʙʘʛʘʞʫʫʜ ʙʦʣʦʥ ʙʘʛʘ 

ʥʘʨʠʡʚʯʣʘʣʪʘʡ ʢʦʣʦʨʠʤʝʪʨʠʡʥ ʘʣʴ ʘʣʠʥʘʘʩ CRT-ʭʵʤʞʠʣʪʠʡʛ ʘʰʠʛʣʘʥ 

ʪʦʜʦʨʭʦʡʣʩʦʥ ʟʘʩʘʭ ʤʘʪʨʠʮʠʡʛ ʘʰʠʛʣʘʩʥʘʘʨ ʙʘʛʘ ʥʘʨʠʡʚʯʣʘʣʪʘʡ ʢʦʣʦʨʠʤʝʪʨʠʡʛ 

ʩʘʡʞʨʫʫʣʘʭ ʙʦʣʦʤʞʪʦʡ ʶʤ. ᴆʥʛᴇʥʠʡ ʦʨʦʥʛʠʡʥ ʷʤʘʨ ʯ ʞʠʞʠʛ ʤʫʞʠʜ Hitching post 

ʘʨʛʘ ʥʴ ᴇʥʜᴇʨ ʥʘʨʠʡʚʯʣʘʣʪʘʡ װʨ ʜװʥ ᴇʛʜᴇʛ. Hitching post standard-ʠʡʛ ʟᴇʚʭᴇʥ 

ʢʦʣʦʨʠʤʝʪʨʪ ʘʰʠʛʣʘʜʘʛʛװʡ. ʕʥʵ ʥʴ ʩʧʝʢʪʨʦʨʘʜʠʦʤʝʪʨʪ ʟʦʨʠʫʣʩʘʥ ʩʪʘʥʜʘʨʪ 

ʣʘʤʧʫʫʜʘʜ ʙʦʣʦʥ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʪ ʟʦʨʠʫʣʩʘʥ ᴇʥʛᴇʥʠʡ ʩʪʘʥʜʘʨʪ 

ʤʘʪʝʨʠʘʣʫʫʜʳʥ ʘʣʴ ʘʣʠʥʳʭ ʥʴ ʪʫʨʰʠʣʪʘʜ ʪװʛʵʵʤʵʣ ʘʰʠʛʣʘʛʜʜʘʛ.  

 

ü ʍʕʄɾʀʃʊʀʁʅ ʊᴆʍᴆᴆʈᴆʄɾʀʁʅ ɹʋʉɸɼ ʊᴆʈʃתתɼ 

 

ʉʧʝʢʪʨʦʨʘʜʠʦʤʝʪʨ  

ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨ ʥʴ ʤʘʪʝʨʠʘʣʳʥ ʩʧʝʢʪʨ ʰʠʥʞ ʯʘʥʘʨʳʛ ʭʵʤʞʠʭʵʜ ʟʦʨʠʫʣʩʘʥ 

ʙʘʛʘʞ ʶʤ. ʍʘʨʠʥ ʛʵʨʣʠʡʥ ʵʭ װװʩʚʵʨʠʡʥ ʩʧʝʢʪʨ ʰʠʥʞ ʯʘʥʘʨʳʛ ʭʵʤʞʠʭʵʜ 

ʟʦʨʠʫʣʩʘʥ ʙʘʛʘʞ ʙʦʣ ʩʧʝʢʪʨʦʨʘʜʠʦʤʝʪʨ ʶʤ. ɻʵʨʣʠʡʥ ʵʭ װװʩʚʵʨʠʡʛ ʪʦʜʦʨʭʦʡ 

ʪʘʡʣʙʘʨʣʘʚʘʣ ʵʥʵ ʥʴ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨ ʰʠʛ ʠʞʠʣ ʟʘʨʯʠʤʪʘʡ ʭʵʩʛװװʜʪʵʡ. 

ɻʵʨʵʣʪʵʣʪ ʙʦʣʦʥ ʛʵʨʵʣʪװװʣʛʠʡʥ ʛʝʦʤʝʪʨ ʪʦʜʦʨʭʦʡʣʦʣʪʪʦʡ ʠʞʠʣ ʩʧʝʢʪʨʠʡʥ 

ʛʵʨʣʠʡʥ ʵʭ װװʩʚʵʨ ʙʦʣʦʥ ʩʧʝʢʪʨʠʡʥ ʪʫʷʘʥʳ ʭʵʤʞʠʣʪʠʡʛ ʭʠʡʜʵʛ ʩʪʘʥʜʘʨʪ 

ʛʝʦʤʝʪʨװװʜʠʡʛ CIE-ʵʵʩ ʪʦʜʦʨʭʦʡʣʩʦʥ ʙʘʡʜʘʛ. ʀʭʵʥʭ ʵʭ װװʩʚʵʨװװʜ ʰʫʛʘʤʘʥ 

ʙװʪʵʮʪʵʡ ʫʯʨʘʘʩ ʙʘʛʘ ʜʦʣʛʠʦʥʳ ʫʨʪʳʥ ᴇʩᴇʣʪ ʙʦʣʦʥ ʟʫʨʚʘʩʳʥ ᴇʨʛᴇʥʪʵʡ ʩʧʝʢʪʨʠʡʛ 

ʩʧʝʢʪʨʦʨʘʜʠʦʤʝʪʨ ʭʵʤʞʜʵʛ. ɾʠʰʵʵʣʙʵʣ, ʬʣʶʨʝʩʮʝʥʮ ʣʘʤʧʳʛ ʭʵʤʞʠʭʵʜ 2 

ʥʘʥʦʤʝʪʨʠʡʥ ʭʵʤʞʠʣʪ, ʟʫʨʚʘʩʳʥ ᴇʨʛᴇʥʠʡʛ CIE ʩʘʥʘʣ ʙʦʣʛʦʜʦʛ.  

 

ɻʵʨʣʠʡʥ ʵʭ ϾϾʩʚʵʨ: ʅʵʛʞ ʤʫʞ ʙװʨʜ װʟʵʛʜʵʭ ʛʵʨʣʠʡʥ ʫʨʩʛʘʣ  

ʎʘʮʘʨʛʘʣʪ: ɹʠʝʪ ᴇʥʮʛʠʡʥ ʥʵʛʞ ʙװʨʜ, ʭʘʨʘʭ ʟװʛʵʵʩ ʛʘʜʘʨʛʫʫʜ ʪʫʩʘʭ ʥʵʛʞ ʙװʨʜ, 

ᴇʛʩᴇʥ ʯʠʛʣʵʣʜ ʛʘʜʘʨʛʫʫʜ ʪʫʩʘʭ ʵʩʚʵʣ ʛʘʜʘʨʛʫʫʛʘʘʩ ʮʘʮʨʘʭ ʛʵʨʣʠʡʥ ʮʘʮʨʘʛʠʡʥ 

ʫʨʩʛʘʣ  

ʉʧʝʢʪʨ: ɼʦʣʛʠʦʥʳ ʫʨʪʳʛ ʪʦʜʦʨʭʦʡʣʜʦʛ monochromatic ʮʘʮʨʘʛ ʪʫʷʘ. ᴆᴇʨᴇᴇʨ 

ʭʵʣʙʵʣ ʜʦʣʛʠʦʥʳ ʫʨʪʘʘʨ ʪʦʜʦʨʭʦʡʣʜʦʛ ʞʠʞʠʛ ʜʦʣʛʠʦʥʳ ʫʨʪʳʥ ʟʫʨʚʘʩ ʜʘʭʴ 

ʮʘʮʨʘʛ ʪʫʷʘ ʶʤ.  

 

ʌʦʪʦʤʝʪʨ 

ʌʦʪʦʤʝʪʨ ʥʴ ʘʣʠʚʘʘ ʵʭ װװʩʚʵʨʠʡʥ ʛʵʨʵʣʪʵʣʪ ʙʦʣʦʥ ʛʵʨʵʣʪװװʣʛʠʡʛ ʭʵʤʞʜʵʛ ʙʘʛʘʩ 

ʙᴇʛᴇᴇʜ ʩʧʝʢʪʨʦʨʘʜʠʦʤʝʪʨʪʵʡ ʠʞʠʣ ʛʝʦʤʝʪʨʪ ʭʵʤʞʠʣʪ ʭʠʡʜʵʛ. ʅʵʛ ʩʫʚʘʛʪ 

ʪᴇʭᴇᴇʨᴇʤʞ ʛʵʜʛʠʡʛ ʵʩ ʪʦʦʮʚʦʣ ʌʦʪʦʤʝʪʨʠʡʛ ʢʦʣʦʨʠʤʝʪʨʪʵʡ ʠʞʠʣ ʟʘʛʚʘʨʘʘʨ 

ʭʠʡʜʵʛ. ʂʦʣʦʨʠʤʝʪʨʠʡʥ Y ïʠʡʛ ʫʥʰʠʭ ʥʴ 1931 ʩʪʘʥʜʘʨʪ ʘʞʠʛʣʘʛʯʠʡʥ y ʬʫʥʢʮʪʵʡ 

ʪʘʘʨʜʘʛ ʙʘ ʛʵʨʵʣʪʵʣʪʠʡʛ L ʛʵʨʵʣʪװװʣʛʠʡʥ E ʛʵʞ ʫʥʰʜʘʛ. תʥʵʥʜʵʵ ʢʦʣʦʨʠʤʝʪʨ ʥʴ 
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ʬʦʪʦʤʝʪʨʠʡʥ ʟʦʭʠʩʪʦʡ ʫʪʛʘ ʙʦʣʦʥ ʭʨʦʤʘʪʠʢ ʯʘʥʘʨʳʛ ʭʘʨʫʫʣʘʭ ʛʵʨʣʠʡʥ ʵʭ 

  .ʩʚʵʨʠʡʛ ʭʵʤʞʠʭʵʜ ʟʦʨʠʫʣʘʛʜʩʘʥװװ

 

ɹʘʛʘʩʛʘʩʘʥ ʩʧʝʢʪʨʦʤʝʪʨ 

ʎᴇᴇʥ ʟʫʨʚʘʩʪ ʩʧʝʢʪʨʠʡʛ ʭʵʤʞʜʵʛ ʙʘʛʘʞʠʡʛ ʙʘʛʘʩʛʘʩʘʥ ʩʧʝʢʪʨʦʤʝʪʨ ʛʵʞ ʥʵʨʣʵʜʵʛ. 

ʂʦʣʦʨʠʤʝʪʨװװʜʠʡʥ ʭʫʚʴʩʣʳʥ ʷʚʮʘʜ ʩʧʝʢʪʨʠʡʛ ʩʘʡʞʨʫʫʣʘʭʳʥ ʪʫʣʜ ʜʝʪʝʢʪʦʨʳʥ 

ʩʠʩʪʝʤʠʡʥ ʰװװʣʪװװʨʠʡʥ ʪʦʦʛ ᴇʩʛᴇʩᴇʥ. ʅʵʤʞ ʭʵʣʵʭʵʜ ʜʦʭʠʦʥʳ ʪʦʦʛ ᴇʩʛᴇʭʠʡʥ ʪʫʣʜ 

ʰװװʣʪװװʨ-ʜʝʪʝʢʪʦʨʳʥ ʜʦʣʛʠʦʥʳ ʫʨʪʳʥ ʙʘʡʨʰʣʳʛ ʤʘʪʨʠʮʣʘʭ ʟʘʤʘʘʨ, ᴇʥʛᴇʥʠʡ 

ʪʦʭʠʨʫʫʣʛʳʥ ʙװʭ ʛʫʨʚʘʥ ʬʫʥʢʮװװʜʠʡʛ ʥʵʛʵʥ ʟʵʨʛʵʵʨ ʪʦʭʠʨʫʫʣʜʘʛ ʙʦʣʛʦʭ ʟʵʨʛʵʵʨ 

ʩʘʡʞʨʫʫʣʩʘʥ. ʏʘʥʘʨ ʭʵʤʞʠʛʯװװʜ ʦʣʦʥ ʪᴇʨʣʠʡʥ ʰװװʣʪװװʨʪ ʜʝʪʝʢʪʦʨʫʫʜʳʥ 

ʘʥʛʠʣʣʳʛ ʛʘʨʛʘʩʘʥ. ɼʦʣʦʦʥ ʜʦʭʠʦʛʦʦʨ װʨ ʜװʥʛʵʵ ʛʘʨʛʘʜʘʛ ʦʡʨʦʣʮʦʦʛʦʦʨ 50 

ʥʘʥʦʤʝʪʨʠʡʥ ʟʫʨʚʘʩʳʥ ᴇʨʛᴇʥʪʵʡ ʠʥʪʝʨʬʝʨʝʥʮʠʡʥ ʰװװʣʪװװʨװװʜʪʵʡ ʪʵʥʮװװ 

 ʟʵʛʜʵʭ ʩʧʝʢʪʨʠʡʛ ʭʵʤʞʠʭ ʘʨʛʘ ʟʘʤ ʙʠʡ. ʐʫʫʜ ʤʘʪʨʠʮʘʘʨ L*,a*,b*-ʠʡʥװ

ʢʦʦʨʜʠʥʘʪʫʫʜʳʛ ʪʘʘʤʘʛʣʘʜʘʛ.  ʕʜʛʵʵʨ ʙʘʛʘʩʛʘʩʘʥ ʩʧʝʢʪʨʦʤʝʪʨװװʜ ʥʴ ʞʠʥʭʵʥʵ 

ʩʧʝʢʪʨʦʤʝʪʨװװʜʪʵʡ ʠʞʠʣ ʭʵʤʞʠʣʪ ʭʠʡʞ ʩʧʝʢʪʨʠʡʥ ᴇʛᴇʛʜʣᴇᴇ ʪʦʦʮʦʦʣʦʭ 

ʙʦʣʦʤʞʪʦʡ ʙᴇʛᴇᴇʜ ʵʭ װװʩʚʵʨװװʜ, ʰװװʣʪװװʨװװʜʠʡʛ ʘʣʴ ʘʣʠʥʘʘʩ ʥʴ ʙװʨʜʵʥʵ.  

 

Goniophotometer, Glossmeter ʙʦʣʦʥ ʙʫʩʘʜ  

Goniochromatic ʰʠʥʞ ʯʘʥʘʨ ʙʦʣʦʭ ʛʷʣʙʘʘ, ʦʡʣʪʳʥ ʛʷʣʙʘʘ, ʟʫʨʛʠʡʥ ʷʣʛʘʨʘʣ, 

ʤʘʥʘʥ, ʛʷʣʪʛʘʥʘʭ ʙʦʣʦʥ ʛʷʣʘʣʟʘʭ ʰʠʥʞ ʯʘʥʘʨʳʛ ʭʵʤʞʜʵʛ ʙʘʛʘʞʠʡʛ 

goniophotometer ʛʵʜʵʛ. ʕʜʛʵʵʨ ʛʝʦʤʝʪʨʠʡʥ ʰʠʥʞ ʯʘʥʘʨʫʫʜʳʛ ʠʥʜʠʢʘʪʨʠʢʩʠʡʥ 

ʦʡʣʪʳʥ ʭᴇʥʜʣᴇʥ ʦʛʪʣʦʣʳʥ ʜװʨʩʵʵʨ ʥʴ ʷʣʛʘʩʘʥ. ʉʘʨʥʠʣʳʥ ʤʫʞʪʘʡ ʭʘʤʘʘʨʘʭ 

ʦʡʣʪʳʥ ʧʠʢʠʡʥ ʤʫʞ ʙʦʣʦʥ ʧʠʢʠʡʥ ʪʦʜʨʦʣʪʳʥ ʘʣʴ ʘʣʴ ʥʴ ʯʫʭʘʣ ʰʠʥʞ ʯʘʥʘʨʪʘʡ.  

 

ü ʅɸʈʀʁɺʏʃɸʃ ɹɸ ʆʅʆɺʏʃʆʃ 

ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨ ʥʴ CIE-ʠʡʥ ʛʝʦʤʝʪʨʪ ʟʦʨʠʫʣʘʥ ʩʧʝʢʪʨʠʡʥ ʥʵʚʪʨװװʣʵʣʪ ʙʦʣʦʥ 

ʩʧʝʢʪʨʠʡʥ ʦʡʣʪʳʥ ʭװʯʠʥ ʟװʡʣʠʡʥ ʭʵʤʞʵʵʛ ʛʘʨʛʘʜʘʛ. ʂʦʣʦʨʠʤʝʪʨ, ʙʘʛʘʩʛʘʩʘʥ 

ʩʧʝʢʪʨʦʤʝʪʨ, ʜװʨʩʣʵʭ ʩʠʩʪʝʤװװʜ ʵʜʛʵʵʨ ʭʵʤʞʵʵʥʜ ʤʘʪʝʨʠʘʣʳʛ ʘʜʠʣʭʘʥ ʪʦʦʮʦʞ 

ʭʵʤʞʜʵʛ. ʉʧʝʢʪʨʦʨʘʜʠʦʤʝʪʨ, ʬʦʪʦʤʝʪʨ, ʢʦʣʦʨʠʤʝʪʨ, ʙʘʛʘʩʛʘʩʘʥ ʩʧʝʢʪʨʦʤʝʪʨ, 

ʜװʨʩʣʵʭ ʩʠʩʪʝʤװװʜ ʛʵʨʣʠʡʥ ʮʘʮʨʘʛ ʙʦʣʦʥ ʛʵʨʣʠʡʥ ʵʭ װװʩʚʵʨʠʡʥ ʭʵʤʞʵʵʥװװʜʵʜ 

ʛʵʨʣʠʡʛ ʭʵʤʞʜʵʛ. ʕʜʛʵʵʨ ʭʵʤʞʵʵʛ ʦʣʦʥ ʫʣʩʳʥ ʪװʚʰʠʥʜ ʪʦʛʪʦʦʩʦʥ.  

ʍʵʤʞʠʣʪʠʡʥ װʥʵʣʵʭʜʵʵ ʥʘʨʠʡʚʯʣʘʣ ʙʘ ʦʥʦʚʯʣʦʣ ʛʵʩʵʥ ʭװʯʠʥ ʟװʡʣʵʵʨ ʭʵʤʞʠʥʵ. 

ʅʘʨʠʡʚʯʣʘʣ ʙʘ ʦʥʦʚʯʣʦʣʳʛ ʪʘʡʣʙʘʨʣʘʭʜʘʘ ɼʘʨʪʩ ʰʠʜʵʭ ʞʠʰʵʵʛ ʘʚʯ װʟʵʭ ʥʴ 

ʭʘʤʛʠʡʥ ʪʦʭʠʨʦʤʞʪʦʡ. ʉʫʤʥʫʫʜ ʜʘʨʪʩ ʜʵʵʨ ʪʘʨʭʩʘʥ ʙʘʡʜʣʳʛ ʥʘʨʠʡʚʯʣʘʣ ʛʵʞ 

 ʟʥɻ. ʉʫʤʥʫʫʜ ʭʦʦʨʦʥʜʦʦ ʦʡʨ ʙʘʡʭ ʪʫʩʘʤ ʥʘʨʠʡʚʯʣʘʣ ʩʘʡʞʠʨʜʘʛ. ʕʥʵ ʜʘʨʪʩʳʥװ

ʩʫʤʥʫʫʜ ʙʘʡʥʳ ʪᴇʚ ʮʵʛʠʡʥ ʭʦʦʨʦʥʜʦʭ ʟʘʡʛʘʘʨ ʦʥʦʚʯʣʦʣʳʛ ʭʵʤʞʠʥʵ. ʊᴇʚ ʮʵʛ ʨװװ 

ʩʫʤʥʫʫʜ ʦʡʨʪʦʭ ʪʫʩʘʤ ʦʥʦʚʯʣʦʣ ʩʘʡʞʠʨʥʘ. ɹʘʛʘʞʫʫʜ ʥʘʨʠʡʚʯʣʘʣ ʙʦʣʦʥ 

ʦʥʦʚʯʣʦʣʳʥ ʭʦʩʣʦʣʳʛ ʜᴇʨʚᴇʥ ʷʥʟʘʘʨ ʭʘʨʫʫʣʜʘʛ. ʅʘʨʠʡʚʯʣʘʣ ʤʫʫ ʙʘʡʭ ʥʴ 

 ʡ ʘʣʜʘʘʥʘʘʩ, ʦʥʦʚʯʣʦʣ ʤʫʫ ʙʘʡʭ ʥʴ ʩʠʩʪʝʤʘʪʠʢ ʘʣʜʘʘʥʘʘʩװʥʜʩʵʥʜʵʵ ʩʘʥʘʘʥʜʛװ

ʙʦʣʜʦʛ. ʕʥʵ ʘʣʜʘʘʛ ʟʘʨʠʤʜʘʘ bias error ʙʫʶʫ ʭʘʟʘʡʣʪʳʥ ʘʣʜʘʘ ʛʵʜʵʛ.  



37 

 

 
ɿʫʨʘʛ 1.22. ʅʘʨʠʡʚʯʣʘʣ ʙʦʣʦʥ ʦʥʦʚʯʣʦʣʳʛ ʜʘʨʪʩʘʘʨ ʭʘʨʫʫʣʩʘʥ ʙʘʡʜʘʣ 

 

ʅʘʨʠʡʚʯʣʘʣʳʛ װʥʵʣʵʭ 

¶ ɼʘʚʪʘʛʜʘʭ ʯʘʥʘʨ/Repeatability : ʅʵʛ ʪʫʨʰʠʣʪʳʛ ʵʩʚʵʣ ʦʙʲʝʢʪʦʦ 

ʩʘʥʘʘʥʜʛװʡ ʙʘʡʜʣʘʘʨ ʥʵʛ ʪᴇʨʣʠʡʥ װװʩʚʵʨʵʵʩ ʩʦʥʛʦʩʦʥ ʙʘ ʠʞʠʣ ʙʘʛʘʞʘʘʨ 

ʠʞʠʣ ʘʨʛʘ ʘʰʠʛʣʘʥ ʥʵʛ ʛʘʟʘʨ ʥʵʛ ʭװʥ ʪʦʜʦʨʭʦʡ ʜʘʚʪʘʤʞʪʘʡ ʭʫʛʘʮʘʘʥʜ 

ʭʵʤʞʠʣʪʠʡʛ ʜʘʚʪʘʭʘʜ װʨ ʜװʥ ʥʴ ʦʡʨʦʣʮʦʦ ʙʘʡʭ ʸʩʪʦʡ.  

¶ ɼʘʭʠʥ ʪʦʜʦʨʭʦʡʣʦʭ ʯʘʥʘʨ/ Reproducibility: ʅʵʛ ʪʫʨʰʠʣʪʳʛ ʵʩʚʵʣ 

ʦʙʝ̡ʢʪʦʦ ʩʘʥʘʘʥʜʛװʡ ʙʘʡʜʣʘʘʨ ʥʵʛ ʪᴇʨʣʠʡʥ װװʩʚʵʨʵʵʩ ʩʦʥʛʦʩʦʥ ʙʦʣʦʚʯ  

ʙʘʛʘʞ, ʘʨʛʘ, ʛʘʟʘʨ, ʭʵʤʞʠʣʪʠʡʥ ʭʫʛʘʮʘʘ ʛʵʭ ʤʵʪ ʥᴇʭʮᴇʣᴇᴇ ʩʦʣʞɹ ʭʵʤʞʠʭʵʜ 

 .ʥ ʥʴ ʦʡʨʦʣʮʦʦ ʙʘʡʭ ʸʩʪʦʡװʨ ʜװ

ʅʘʨʠʡʚʯʣʘʣʳʛ ʜʘʚʪʘʛʜʘʭ ʯʘʥʘʨ ʙʘ ʜʘʭʠʥ ʪʦʜʦʨʭʦʡʣʦʭ ʯʘʥʘʨ ʛʵʞ ʭʦʸʨ ʭʫʚʘʘʜʘʛ. 

ʜʘʚʪʘʛʜʘʭ ʯʘʥʘʨ ʙʘ ʜʘʭʠʥ ʪʦʜʦʨʭʦʡʣʦʭ ʯʘʥʘʨʳʛ ʪʦʜʦʨʭʦʡʣʦʭ ʭʘʤʛʠʡʥ ʵʥʛʠʡʥ 

ʘʨʛʘ ʙʦʣ ɻʘʫʩʳʥ ʪʘʨʭʘʣʪʳʥ װʡʣ ʷʚʜʣʳʥ ʭʵʣʙʵʨʠʡʥ ʮʫʚʘʘ ʙװʭʠʡ central limit 

theorem ʙʫʶʫ ʪЊʚʠʡʥ ʭʷʟʛʘʘʨʳʥ ʪʝʦʨʝʤʵʵʨ ʪʦʦʮʦʭ ʶʤ. ʕʥʵ ʪʦʭʠʦʣʜʦʣʜ 

ʩʪʘʥʜʘʨʪ ʭʘʟʘʡʣʪ ʥʴ ʥʘʨʠʡʚʯʣʘʣʳʥ ʪʦʦ ʭʵʤʞʵʵʛ ʪʦʜʦʨʭʦʡʣʥʦ. ᴆʥʛᴇʥʠʡ ʭʵʤʞʠʣʪ 

ʥʴ ʩʧʝʢʪʨʠʡʥ ʙʦʣʦʥ ʢʦʣʦʨʠʤʝʪʨʠʡʥ ʘʣʴ ʘʣʴ ʥʴ ʶʤ. ʉʧʝʢʪʨʠʡʥ ᴇʛᴇʛʜᴇʣ ʥʴ CIE 

ʩʪʘʥʜʘʨʪ ʘʞʠʛʣʘʛʯʠʡʥ ʪʦʜʦʨʭʦʡʣʩʦʥ ʜʦʣʛʠʦʥʳ ʫʨʪʳʥ ʤʫʞʠʡʥ 380-830 ʥʘʥʦʤʝʪʨʪ 

ʭʘʤʘʘʨʘʭ ʩʪʘʥʜʘʨʪ ʭʘʟʘʡʣʪʳʥ ʜʵʵʜ ʭʵʤʞʵʵ ʥʴ 471 ʙʘʡʥʘ. ʍʵʤʞʠʣʪʠʡʥ 

ʭʵʤʞʵʵʩʠʡʥ ʭʦʸʨ ʪᴇʛʩʛᴇʣ ʥʴ ʭʵʤʞʠʣʪ ʙʫʨʫʫ ʪʦʭʠʦʣʜʦʣʜ ʭʘʤʛʠʡʥ ʙʘʛʘ 

ʥʘʨʠʡʚʯʣʘʣʳʛ ʟʘʘʞ ʭʘʟʘʡʥʘ. CIELAB ʛʵʭ ʤʵʪ ʥʵʛʵʥ ʪᴇʨʣʠʡʥ ʦʡʨʦʣʮʦʦ ᴇʥʛᴇʥʠʡ 

ʦʨʦʥʛ ʘʰʠʛʣʘʥ ʥʘʨʠʡʚʯʣʘʣʳʛ ʪʦʜʦʨʭʦʡʣʞ ʙʦʣʥʦ. ʉʪʘʥʜʘʨʪ ʭʘʟʘʡʣʪʳʛ ʛʫʨʚʘʥ 

ʭʵʤʞʵʵʩʵʵʨ ʭʘʨʫʫʣʙʘʣ CIELAB-ʠʡʥ ʵʣʣʠʧʩʪʵʡ ʘʜʠʣʭʘʥ ʙʘʡʜʘʛ. ᴆʥʛᴇʥʠʡ 

ʦʨʦʥʛʠʡʥ ʕʣʣʠʧʩ ʥʴ ʙᴇʤʙᴇʨʮᴇʛ ʭʵʣʙʵʨʪʵʡ ʙʘʡʩʘʥ ʙʦʣ ʙᴇʤʙᴇʨʮʛʠʡʥ ʪʦʡʨʛʠʡʥ 

ʨʘʜʠʫʩ ʥʴ æE*ab ʙʘʡʥʘ. ʕʥʵ ʪʫʩʛʘʡ ʭʵʤʞʠʣʪʠʡʛ mean color difference from the mean 

MCDM ʙʫʶʫ ʜʫʥʜʘʞ ᴇʥʛᴇʥʠʡ ʟᴇʨװװ ʛʵʞ ʥʵʨʣʵʜʵʛ. CIELAB-ʠʡʥ ᴇʥʛᴇʥʠʡ ʭʵʤʞʠʣʪʵʜ 

CIELAB-ʠʡʥ ʢʦʦʨʜʠʥʘʪʳʥ ʜʫʥʜʞʠʡʛ ʪʦʦʮʦʦʣʜʦʛ. ʊʵʛʵʵʜ æE*ab ʭʵʤʞʠʣʪ ʪʫʩ ʙװʨʠʡʥ 

ʭʦʦʨʦʥʜ ʙʘ ʙװʭ ʭʵʤʞʠʣʪװװʜʠʡʥ ʜʫʥʜʘʞ ʪʦʦʮʦʦʣʦʛʜʜʦʛ. ɹװʭ ᴇʥʛᴇʥʠʡ 
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ʟᴇʨװװʥװװʜʠʡʥ ʜʫʥʜʘʞ ʥʴ MCDM-ʠʡʛ ʪʦʜʦʨʭʦʡʣʜʦʛ. MCDM ᴇʩᴇʭᴇʜ ʥʘʨʠʡʚʯʣʘʣ 

ʙʘʛʘʩʥʘ.  

 
MCDM-ʥʴ ʭʵʤʞʠʣʪ ʙװʨʠʡʥ i ʫʪʛʳʛ L*, a*, b*-ʠʡʥ ʜʫʥʜʘʞʪʘʡ ʭʘʨʴʮʫʫʣʘʥ N ᴇʥʛᴇʥʠʡ 

ʟᴇʨװװʥʠʡ ʥʠʡʣʙʵʨ ×i=1,N ïʜ װʨʞװװʣʵʥ ʭʵʤʞʠʣʪʠʡʥ ʪʦʦ ʙʫʶʫ N-ʜ ʭʫʚʘʘʩʘʥʪʘʡ 

ʪʵʥʮװװ.  

 

ʆʥʦʚʯʣʦʣʳʛ װʥʵʣʵʭ 

ʍʵʤʞʠʣʪʠʡʥ ʜʘʨʘʘʛʠʡʥ ʯʫʭʘʣ ʭװʯʠʥ ʟװʡʣ ʙʦʣ ʦʥʦʚʯʣʦʣ ʶʤ. ʆʥʦʚʯʣʦʣʳʥ 

ʭʵʤʞʠʣʪ ʥʴ ʭʘʤʛʠʡʥ ʙʘʛʘ ʩʠʩʪʝʤʘʪʠʢ ʘʣʜʘʘʪʘʡ ʙʘʡʜʘʛ. ɼʘʨʪʩʘʘʨ ʘʚʩʘʥ ʞʠʰʵʵʛ 

ʜʘʭʠʥ ʩʘʥʫʫʣʙʘʣ ʩʫʤʥʫʫʜ ʙʘʡʥʳ ʪᴇʚʪʵʡ ʦʡʨʪʦʭ ʪʫʩʘʤ ʦʥʦʚʯʣʦʣ ʩʘʡʪʘʡ ʙʘʡʥʘ 

ʛʵʩʵʥ װʛ.  

ʆʥʦʚʯʣʦʣʳʛ ʙʘʛʘʩʛʘʜʘʛ ʩʠʩʪʝʤʘʪʠʢ ʘʣʜʘʘʥʳ ʦʣʦʥ ʵʭ װװʩʚʵʨ ʙʘʡʜʘʛ. 

ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʪ ʛʵʭʵʜ ʬʦʪʦʤʝʪʨʠʡʥ ʭʵʤʞʵʵʩʠʡʥ ʘʣʜʘʘ, ʜʦʣʛʠʦʥʳ ʫʨʪʳʥ 

ʘʣʜʘʘ, ʩʘʨʥʠʭ ʛʵʨʵʣ, ʟʫʨʚʘʩʳʥ ᴇʨʛᴇʥ, ʪʫʡʣʰʨʘʣ, ʛʝʦʤʝʪʨʠʡʥ ʘʣʜʘʘʥʫʫʜ ʟʵʨʵʛ 

ʙʘʛʪʘʥʘ. ʕʜʛʵʵʨ ʥʴ ʢʦʣʦʨʠʤʝʪʨʠʡʥ ʪʦʤ ʘʣʜʘʘʛ װװʩʛʵʥʵ. ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʡʥ 

ʛʫʨʚʘʥ ʩʠʩʪʝʤʘʪʠʢ ʘʣʜʘʘʥʫʫʜ ʥʴ : ʮʘʛʘʘʥ ᴇʥʛᴇʥʠʡ ʫʪʛʘ, ʭʘʨ ᴇʥʛᴇʥʠʡ ʫʪʛʘ, 

ʜʦʣʛʠʦʥʳ ʫʨʪ ʶʤ.  

ʎʘʛʘʘʥ ᴇʥʛᴇʥʠʡ ʘʣʜʘʘ ʥʴ ʪᴇʭᴇᴇʨᴇʤʞʠʡʥ ʥʘʩ ʙʦʣʦʥ ʵʜʵʣʛʵʵʥʵʵʩ ʭʘʤʘʘʨʘʥ ʮʘʛʘʘʥ 

ᴇʥʛᴇʥʠʡ ʪʦʭʠʨʫʫʣʛʘ ᴇᴇʨʯʣᴇʛʜᴇʭᴇʜ ʛʘʨʜʘʛ ʘʣʜʘʘ ʶʤ. ʍʘʨ ᴇʥʛᴇʥʠʡ ʘʣʜʘʘ ʥʴ ʘʥʘʣʦʛ 

ʪʦʦʥ ʭʫʚʠʨʛʘʣʪʳʥ ʧʨʦʮʝʩʩ ʟʵʨʵʛ ʵʣʝʢʪʨʦʥʠʢʠʡʥ ᴇᴇʨʯʣᴇʣʪ ʙʦʣʦʥ, ʪᴇʭᴇᴇʨᴇʤʞʠʡʥ 

ʵʜʵʣʛʵʵ ʙʦʣʦʥ ʥʘʩʥʘʘʩ ʭʘʤʘʘʨʘʥ ʦʡʣʪʳʥ ʥᴇʣᴇᴇ ʠʭʩʵʭ, ʭʘʨ ᴇʥʛᴇʥʠʡ ʪʦʭʠʨʫʫʣʛʘ 

ʙʦʣʦʥ ʭʘʨ trap-ʜ ᴇᴇʨʯʣᴇʣʪ ʦʨʦʭ ʟʵʨʛʵʵʩ ʙʦʣʞ ʭʵʤʞʠʣʪʠʡʥ װʝʜ ʪᴇʭᴇᴇʨᴇʤʞ ʨװװ 

ʛʘʜʥʘ ʦʨʯʥʳ ʛʵʨʵʣ ʥʵʚʪʵʨʩʥʵʵʩ װװʩʜʵʛ ʘʣʜʘʘ ʶʤ. ʍʘʨʠʥ ʜʦʣʛʠʦʥʳ ʫʨʪʳʥ ʘʣʜʘʘ 

ʥʴ ʘʞʠʣʣʘʭ ʤʝʭʘʥʠʟʤʳʥ ʤʝʭʘʥʠʢ ʵʣʵʛʜʵʣ ʙʦʣʦʥ ʠʥʪʝʨʬʝʨʝʥʮ ʜʫʛʫʡ ʬʠʣʪʝʨ 

ʘʰʠʛʣʘʜʘʛ ʙʘʛʘʞʫʫʜʳʥ ʬʠʣʪʝʨ װʝ װʝʵʨʵʵ ʩʘʣʩʥʘʘʩ ʙʦʣʞ ʙʘʛʘʞʠʡʥ scanning 

ʭʵʩʵʛʪ װװʩʜʵʛ ʘʣʜʘʘ ʶʤ. 

 

1.4. ɹʋɼɸɻʏ ɹʆɼʀʉʋʋɼ 

ɻʵʨʣʠʡʥ ʵʭ װװʩʚʵʨʠʡʥ ʩʧʝʢʪʨʠʡʥ ʯʘʜʣʳʥ ʪʘʨʭʘʣʪ, ʦʙʲʝʢʪ ʜʵʵʨ ʪʫʩʘʭ ʛʵʨʣʠʡʥ 

ʩʧʝʢʪʨʠʡʥ ʥʵʚʪʨװװʣʵʣʪ ʙʦʣʦʥ ʦʡʣʪ, ʪʵʜʛʵʵʨʠʡʥ ʪʘʨʭʠʥʳ ʙʦʣʦʚʩʨʫʫʣʘʣʪʫʫʜ, 

ʘʞʠʛʣʘʛʯʠʡʥ ʭʘʨʘʭ ʪʘʣʙʘʡ ʜʘʭʴ ʙʫʩʘʜ ʭʘʨʠʫ װʡʣʜʣװװʜ ʟʵʨʛװװʜʠʡʥ ʭʦʩʣʦʣʦʦʩ 

ʦʙʲʝʢʪʳʥ ʭʘʨʘʛʜʘʭ ᴇʥʛᴇ ʭʘʤʘʘʨʜʘʛ. ʆʙʲʝʢʪʳʥ ʭʘʨʘʛʜʘʭ ᴇʥʛʠʡʛ ᴇᴇʨʯʠʣʞ ʤᴇʥ 

ᴇʥʛᴇʛװʡ ʦʙʲʝʢʪʳʛ ᴇʥʛᴇʪʵʡ ʙʦʣʛʦʜʦʛ ʙʦʜʠʩʫʫʜʳʛ ʙʫʜʘʛʯ ʙʦʜʠʩ ʛʵʞ ʥʵʨʣʵʜʵʛ. 

ʕʜʛʵʵʨ ʙʫʜʘʛ, ʧʠʛʤʝʥʪװװʜ ʥʴ ʭʦʣʙʦʛʯ ʙʦʜʠʩʫʫʜʳʥ ʪʫʩʣʘʤʞʪʘʡʛʘʘʨ ʤʦʜ ʙʦʣʦʥ 

ʤʝʪʘʣʣr ʛ ʙװʨʵʭ, ʜʘʘʚʫʫ ʙʦʣʦʥ ʭʫʚʘʥʮʨʳʥ ᴇᴇʨʠʡʥ ᴇʥʛʠʡʛ ᴇᴇʨʯʠʣʜᴇʛ.  ᴆʥʛᴇʪ 

ʙʫʜʘʛʯ ʙʦʜʠʩʫʫʜ ʥʴ ʛʵʨʣʠʡʛ ʦʡʣʛʦʜʦʛ ʙʘ ʰʠʥʛʵʵʜʵʛ ʛʵʞ ʘʥʛʠʣʘʛʜʜʘʛ ʙᴇʛᴇᴇʜ 

ʪʵʜʛʵʵʨ ʥʴ ʛʵʨʣʠʡʥ ʪʫʩʛʘʣʳʥ ʩʧʝʢʪʨʠʡʥ ʯʘʜʣʳʥ ʪʘʨʭʘʣʪʘʘʨʘʘ ʘʥʛʠʣʘʛʜʜʘʛ. ʍʘʨ, 

ʩʘʘʨʘʣ ʛʵʭ ʤʵʪ ᴇʥʛᴇʛװʡ ʙʫʜʘʛʯ ʙʦʜʠʩ ʥʴ ʩʧʝʢʪʨʠʡʥ ʰʠʥʛʵʵʛʯʠʜ ʭʘʨʠʥ ʮʘʛʘʘʥ 

ʧʠʛʤʝʥʪ ʥʴ ʩʧʝʢʪʨʠʡʥ ʦʡʣʛʦʛʯʠʜ ʭʘʤʘʘʨʜʘʛ. ɹʫʜʘʛʯ ʙʦʜʠʩʳʛ ʦʙʲʝʢʪʳʛ ᴇʥʛᴇʥʜ 

ʦʨʫʫʣʜʘʛ ʤʘʪʝʨʠʘʣ ʛʵʞ ʪʦʜʦʨʭʦʡʣʜʦʛ ʥʴ ʭʘʤʛʠʡʥ ʟᴇʚ ʥʵʨ ʪʦʤʴʸʦ ʶʤ.  
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ü ɹʋɼɸɻ ɹɸ ʇʀɻʄɽʅʊ 

ᴆʥʛᴇʨʩᴇʥ װʝʜ ʘʣʠʚʘʘ ʟװʡʣ ʭʘʨʴʮʘʥʛʫʡ ʵʥʛʠʡʥ ʙʘʡʭ װʝʜ ʙʫʜʘʛ ʙʦʣʦʥ ʧʠʛʤʝʥʪʠʡʥ 

ʷʣʛʘʘʛ ʦʣʞ ʭʘʨʘʭ  ʭʷʣʙʘʨ ʙʘʡʩʘʥ. ɹʫʜʘʛ ʥʴ ʫʩʘʥʜ ʫʫʩʜʘʛ ʙʦʜʠʩʦʦʨ ʭʠʡʛʜʩʵʥ ᴇʥʛᴇʪ 

ʰʠʥʛʵʥ ᴇʥʛᴇʥ ʤʘʪʝʨʠʘʣ ʶʤʩ. ʇʠʛʤʝʥʪ ʥʴ ʫʩʘʥʜ ʫʫʩʜʘʛʛװʡ ᴇʥʛᴇʪ ʥʫʥʪʘʛ ʙʦʜʠʩ ʶʤ. 

 .ʡʣʵʵʨ ʷʣʛʘʛʜʜʘʛװʥʵʵʩ ʛʘʜʥʘ ʵʥʵ ʭʦʸʨ ʙʫʜʘʛʯ ʙʦʜʠʩ ʭʦʦʨʦʥʜʦʦ ʦʣʦʥ ʰʘʣʛʫʫʨ, ʟװת

ɼʘʨʘʘʭ ʭʵʩʛװװʜʵʜ ʙʫʜʘʛ ʙʦʣʦʥ ʧʠʛʤʝʥʪʠʡʥ ʭʦʦʨʦʥʜʳʥ ʷʣʛʘʘʛ ʭʘʨʫʫʣʘʚ. 

 

ʋʫʩʘʭ ʯʘʥʘʨ 

ʆʣʦʥ ʞʠʣʠʡʥ ʪʫʨʰ ʙʫʜʛʠʡʛ ʫʫʩʜʘʛ ʰʠʥʞ ʯʘʥʘʨʪʘʡ, ʧʠʛʤʝʥʪʠʡʛ ʫʫʩʜʘʛʛװʡ ʰʠʥʞ 

ʯʘʥʘʨʪʘʡ ʛʵʩʵʵʨ ʠʨʩʵʥ. ʀʭʵʥʭ ʙʫʜʛʫʫʜʳʛ ʫʪʘʩ ʵʩʚʵʣ ʜʘʘʚʫʫʥʜ ʘʰʠʛʣʘʭ ʟʘʨʠʤ 

ʰʘʪʘʥʜ ʫʩʘʥʜ ʫʫʩʜʘʛ ʛʵʜʵʛ ʥʴ ʝʨᴇʥʭʠʡʜᴇᴇ װʥʵʥ ʙʦʣʦʚʯ ʟʘʨʠʤ ʵʨʛʵʣʟʵʵʪʵʡ 

ʪʦʭʠʦʣʜʣʫʫʜ ʙʘʡʜʘʛ. ʉʘʚʪʘʡ ʙʫʜʛʠʡʥ ʞʠʰʵʵʥ ʜʵʵʨ ʘʚʯ װʟʚʵʣ ʵʥʛʠʡʥ װʝʜʵʵ ʫʩʘʥʜ 

ʫʫʩʘʭʛװʡ ʙʦʣʦʚʯ ʙʫʜʘʭ װʡʣ ʘʞʠʣʣʘʛʘʘʥʳ װʝʵʨ ʫʫʩʘʞ ʙʦʣʥʦ. ʅʠʡʣʵʛ ʫʪʩʘʥʜ 

ʟʦʨʠʫʣʩʘʥ ʙʫʜʘʛ ʤʘʰ ʙʘʛʘ ʟʵʨʵʛ ʫʫʩʘʤʪʛʘʡ ʰʠʥʞ ʯʘʥʘʨʪʘʡ ʯ ʵʥʵ ʥʴ װʥʜʩʵʥʜʵʵ 

ʙʦʜʠʩʳʛ ʙװʨʵʥ ʰʠʥʛʵʵʭʵʵʩ ʷʣʛʘʘʪʘʡ ʶʤ. ʇʠʛʤʝʥʪʠʡʥ ʜʦʪʦʨʭ ʫʫʩʜʘʛʛװʡ ʙʫʜʛʠʡʛ 

ʮʘʚʫʫʪʘʡ ʥʠʡʣװװʣʞ װʡʣʜʚʵʨʣʵʣʜ ʭʵʨʵʛʣʵʜʵʛ. ɹʫʜʛʠʡʛ ʫʪʩʘʥʜ ʰʠʥʛʵʜʵʛ ʙʦʣʛʦʞ 

ʭʫʚʠʨʛʘʜʘʛ ʦʣʦʥ ʪʝʭʥʠʢװװʜ ʙʘʡʜʘʛ ʙʘ ʙʫʮʘʘʞ ʫʫʩʜʘʛʛװʡ ʭʵʣʙʵʨʪ ʦʨʫʫʣʘʥ 

  .ʡʣʜʚʵʨʪ ʘʰʠʛʣʘʜʘʛװ

ʀʭʵʥʭ ʙʫʜʛʫʫʜʳʛ ʰʠʥʛʵʥ ʙʘʡʜʣʘʘʨ ʘʰʠʛʣʘʜʘʛ ʙʘ ʥʵʭʤʵʣʠʡʥ װʡʣʜʚʵʨ ʫʫʩʛʘʛʯ 

ʙʦʜʠʩʳʥ ʠʭʵʵʭʵʥ ʪʫʨʰʣʘʛʘʪʘʡ ʙʘʡʜʘʛ. ʋʫʩʛʘʛʯ ʙʦʜʠʩ ʥʴ װʡʣʜʚʵʨʠʡʥ ʫʩʥʳ 

ʟʘʨʮʫʫʣʘʣʪʳʥ ʙʦʭʠʨʜʣʳʥ ʭʵʤʞʵʵʛ ʙʫʫʨʫʫʣʞ ᴇʛʜᴇʛ. ʋʩʘʥ ʜʘʭʴ ʦʨʛʘʥʠʢ ʫʫʩʛʘʛʯʠʡʛ 

ʦʨʣʦʭʦʦʩ ʛʘʜʥʘ ʫʫʩʘʭ ʯʘʥʘʨʳʥ ʰʘʣʛʫʫʨ ʭʘʥʛʘʩʘʥ ʫʫʩʛʘʛʯ ʥʴ ʤʘʪʝʨʠʘʣʳʛ ᴇʥʛᴇ 

ʦʨʫʫʣʘʭʘʜ ʙʫʜʘʛ ʙʦʣʦʥ ʤʘʪʝʨʠʘʣʳʥ ʭʦʦʨʦʥʜʳʥ ʭʦʣʙʦʦʛ ʭʘʥʛʘʭʘʜ ʟᴇʚʭᴇʥ 

ʘʰʠʛʣʘʛʜʘʥʘ. ɹʫʜʘʛʥʘʘʩ ʷʣʛʘʘʪʘʡ ʥʴ ʧʠʛʤʝʥʪ ʥʴ ʷʤʘʨʯ ʦʨʯʠʥʜ ʫʫʩʜʘʛʛװʡ. ʋʫʩʘʭ 

ʯʘʥʘʨʳʥ ʷʤʘʨ ʯ ʭʫʚʴʜ ʜʫʪʘʛʜʘʣ ʛʘʨʜʘʛ. ᴆᴇʨᴇᴇʨ ʙʦʣ ʧʠʛʤʝʥʪʠʡʛ ʫʫʩʛʘʞ 

ʭʵʨʵʛʣʵʜʵʛ ʙʫʜʘʛʯ ʙʦʜʠʩʳʛ ʙʫʜʘʛ ʛʵʞ ʵʥʛʠʡʥʵʵʨ ʭʵʣʞ ʙʦʣʥʦ.  

ʍʠʤʠʡʥ ʰʠʥʞ ʯʘʥʘʨ 

ɹʫʜʘʛ ʙʦʣʦʥ ʧʠʛʤʝʥʪʠʡʥ ᴇᴇʨ ʥʵʛ ʫʣʘʤʞʣʘʣʪ ʦʥʮʣʦʛ ʙʦʣ ʙʫʜʘʛ ʥʴ ʦʨʛʘʥʠʢ, ʧʠʛʤʝʥʪ 

ʥʴ ʦʨʛʘʥʠʢ ʙʫʩ ʙʦʜʠʩʫʫʜ ʶʤ. ɻʵʭʜʵʵ ʵʥʵ ʯʘʥʘʨ ʥʴ ʮʘʛ ʭʫʛʘʮʘʘʥʳ ʵʨʭʵʵʨ 

ᴇᴇʨʯʣᴇʛʜᴇʞ ʙʘʡʥʘ. ʆʨʛʘʥʠʢ ʙʫʩ ʙʫʜʘʛ ʛʵʞ ʙʘʨʘʛ ʙʘʡʭʛװʡ ʙʦʣʦʚʯ ʦʨʛʘʥʠʢ 

ʧʠʛʤʝʥʪװװʜʠʡʥ ʪʦʦ ʦʨʛʘʥʠʢ ʭʠʤʠʡʥ װʡʣʜʚʵʨװװʜʵʜ ʪʦʛʪʤʦʣ ᴇʩʩᴇᴇʨ ʙʘʡʥʘ. ʀʭʵʥʭ 

ʙʫʜʛʫʫʜ ʦʜʦʦ ʙʦʣʪʦʣ ʦʨʛʘʥʠʢ ʙʦʣʦʚʯ ʠʭʵʥʭ ᴇʥʛᴇʪ ʧʠʛʤʝʥʪװװʜ ʦʨʛʘʥʠʢ ʙʫʩ ʙʘʡʥʘ.  

ʊʫʥʛʘʣʘʛ ʙʘʡʜʘʣ 
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ɿʫʨʘʛ 1.23. ɹʫʜʘʛ ʙʘ ʧʠʛʤʝʥʪʠʡʥ ʪʫʥʛʘʣʘʛʰʠʣʪ 

 

ᴆᴇʨ ʥʵʛʵʥ ʷʣʛʘʘ ʥʴ ʙʫʜʘʛ ʙʘ ʧʠʛʤʝʥʪװװʜ ᴇʥʛᴇʪ ʨʝʟʠʥʜ ʭʵʨʵʛʣʵʛʜʜʵʛ. ʊʫʭʘʡʣʙʘʣ 

ʪʵʵʚʨʠʡʥ ʭʵʨʵʛʩʵʣ ʵʩʚʵʣ ʭʫʚʘʥʮʘʨʪ. ɹʫʜʘʛʯ ʙʦʜʠʩʳʛ ʨʝʟʠʥʜ ʰʠʥʛʵʵʭʵʜ ʪʫʥʛʘʣʘʛ 

ʙʘʡʚʘʣ ʙʫʜʘʛ, ʵʩʨʵʛʵʵʨʵʵ ʙʦʣ ʧʠʛʤʝʥʪ ʶʤ. ʕʥʵ ʥʴ ʛʵʨʵʣ ʥʵʚʪʵʨʜʵʛ ʙʦʣʦʥ 

ʥʵʚʪʵʨʜʵʛʛװʡʛʵʵʨʵʵ ʷʣʛʘʘʪʘʡ. ʈʝʟʠʥʜ ʰʠʥʛʵʵʭʵʜ ʪʫʥʛʘʣʘʛ ʙʠʰ ʯʘʥʘʨʪʘʡ, ʛʵʨʵʣ 

ʥʵʚʪʵʨʜʵʛʛװʡ ʥʴ ʧʠʛʤʝʥʪ, ʪʫʥʛʘʣʘʛ ʛʵʨʵʣ ʥʵʚʪʨװװʣʜʵʛ ʯʘʥʘʨʪʘʡ ʥʴ ʨʝʟʠʥʜ ʫʫʩʜʘʛ 

ʰʠʥʞ ʯʘʥʘʨʪʘʡ ʙʫʜʘʛ ʶʤ. ʕʥʵ ʷʣʛʘʘ ʥʴ ʠʭʵʥʭ ʪʦʭʠʦʣʜʦʣʜ ʭװʯʠʥʪʵʡ ʙʦʣʦʚʯ ʠʭʵʥʭ 

ʦʨʛʘʥʠʢ ʧʠʛʤʝʥʪװװʜ ʨʝʟʠʥʜ ʩʘʡʥ ʫʫʩʘʞ ʙװʨʵʥ ʪʫʥʛʘʣʘʛ ʙʦʣʞ ʯʘʜʜʘʛ.  

 

ʍʦʣʙʦʛʯ ʙʦʜʠʩʳʥ ʦʨʦʣʮʦʦ 

ʉװװʣʠʡʥ ʥʵʛ ʷʣʛʘʘ ʙʦʣ ʭʵʨʚʵʵ ʙʫʜʘʛʯ ʙʦʜʠʩ ʥʴ ʜʘʘʚʫʫ, ʮʘʘʩ ʛʵʭ ʤʵʪ ʜʘʚʭʘʨʛʘʜ 

ʟʦʨʠʫʣʩʘʥ ʪᴇʨʣʠʡʥʭ ʙʦʣ ʙʫʜʘʛʯ ʙʦʜʠʩʪ ʭʦʣʙʦʛʯ ʙʦʜʠʩ ʰʘʘʨʜʣʘʛʘʪʘʡ ʙʘʡʜʘʛ. ʕʥʵ 

ʭʘʤʘʘʨʘʣʪʘʡ ʰʠʥʞ ʯʘʥʘʨ ʥʴ ʙʫʜʘʛʥʳ ʧʠʛʤʝʥʪʵʵʩ ʷʣʛʘʨʘʭ ʷʣʛʘʘ ʶʤ. ʇʠʛʤʝʥʪʵʜ 

ʭʘʨʠʥ ʭʦʣʙʦʛʯ ʙʦʜʠʩʛװʡʛʵʵʨ ʛʘʜʘʨʛʫʫʪʘʡ ʥʵʛʜʵʞ ʯʘʜʘʭʛװʡ. ᴆᴇʨᴇᴇʨ ʭʵʣʙʵʣ 

ʧʠʛʤʝʥʪ ʭʦʣʙʦʛʯ ʙʦʜʠʩʳʥ ʪʫʩʣʘʤʞʪʘʡʛʘʘʨ ʛʘʜʘʨʛʫʫʜ ʥʵʛʜʵʥʵ ʛʵʜʵʛ ʥʴ 

ʙʘʡʰʠʥʛʠʡʥ ʭʘʥʘʥ ʜʵʵʨ ʟʫʨʘʛ ʟʫʨʘʭʪʘʡ ʠʞʠʣ ʟװʡʣ ʶʤ.   

 

ɹʫʜʘʛʯ ʙʦʜʠʩʫʫʜʳʥ ʘʥʛʠʣʘʣ  

ɹʫʜʘʛʯ ʙʦʜʠʩʫʫʜʳʛ ʦʣʦʥ ʷʥʟʘʘʨ ʘʥʛʠʣʞ ʙʦʣʦʭ ʙʘ ʙʠʜ ʵʥʵʭװװ ʭʵʩʵʛʪ ʦʣʦʥ ʫʣʩʳʥ 

ᴇʥʛᴇʥʠʡ ʠʥʜʝʢʩʠʡʥ ʜʘʛʫʫ ʙʫʜʘʛ ʙʦʣʦʥ ʧʠʛʤʝʥʪʠʡʛ ʘʚʯ װʟʥʵ. ᴆʥʛᴇʥʠʡ ʦʣʦʥ ʫʣʩʳʥ 

ʠʥʜʝʢʩʠʡʥ ʜʘʛʫʫ ʙʫʜʘʛʯ ʙʦʜʠʩʳʛ ʜʘʨʘʘʭ ʙʘʡʜʣʘʘʨ ʘʥʛʠʣʘʥ ʘʚʯ װʟʜʵʛ. 

¶ ʍװʯʠʣʣʵʛ ʙʫʜʘʛ 

¶ ɸʟʦʡ ʙʫʶʫ ʦʨʛʘʥʠʟ ʙʫʩ ᴇʥʛᴇʪ ʤʘʪʝʨʠʘʣ /ʭʦʣʙʦʛʯ ʤʘʪʝʨʠʘʣ, ʜʠʘʟʦ 

ʤʘʪʝʨʠʘʣ/ 

 ʥʜʩʵʥ ʙʫʜʘʛת ¶

¶ ʍᴇʛʞװװʣʵʛʯ 

¶ ʐʫʫʜ ʙʫʜʘʛ 

¶ ʉʘʨʥʠʜʘʛ ʙʫʜʘʛ 

¶ ɻʵʨʵʣ ʮʘʮʘʨʛʘʛʯ ʙʫʜʘʛ 

¶ ʍװʥʩʥʠʡ ʙʫʜʘʛ 
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¶ ʋʪʩʘʥ ʙʫʜʘʛ 

¶ ɸʨʠʩʘʥ ʙʫʜʘʛ 

¶ ʍʦʨʪʦʡ ʙʫʜʘʛ 

¶ ɹʘʡʛʘʣʠʡʥ ʙʫʜʘʛ ʙʦʣʦʥ ʧʠʛʤʝʥʪ 

¶ ʀʩʵʣʜװװʣʵʛʯ ʩʫʫʨʴ 

¶ ʇʠʛʤʝʥʪװװʜ 

¶ ʋʨʚʘʣʞ ʙʫʜʘʛ 

¶ ʍʦʨʜʫʫʣʘʛʯ ʙʦʜʠʩ 

¶ ʋʫʩʛʘʛʯ ʙʫʜʘʛ 

¶ ʍװʭʵʨʪ ʙʫʜʘʛ 

¶ ʍװʭʵʨʪ ᴇʪʛᴇʨװװʣʵʛʯ ʙʫʜʘʛ 

¶ Vat ʙʫʜʘʛ /ʪʦʨʭ, ʩʘʚ, ʚʘʘʨ/ 

 

ü ʊʋʉɻɸʁ ɹʋɼɸɻʏ ɹʆɼʀʉʋʋɼ 

 

ʌʣʶʨʝʩʮʝʥʮ ʙʦʣʦʥ ʪʦʜ ʙʫʜʘʛʯ ʙʦʜʠʩʫʫʜ 

ɹʘʡʛʘʣʠʡʥ ʛʵʨʵʣ ʙʦʣʦʥ ʦʙʲʝʢʪ, ʘʞʠʛʣʘʛʯ ʟʵʨʛʵʵʩ ʭʘʤʘʘʨʘʥ ʦʙʲʝʢʪʫʫʜʳʥ ᴇʥʛᴇ 

ᴇᴇʨʯʣᴇʛʜᴇʞ ʭʘʨʘʛʜʘʭ ʪʦʭʠʦʣʜʦʣ ʙʘʡʜʘʛ ʙʘ ʭʘʨʠʣʮʘʥ װʡʣʯʣʵʣʜ ʠʣװװ ʭװʯʪʵʡ ʦʨʜʦʛ 

ʪʫʩʛʘʡ ʙʫʜʘʛʯ ʙʦʜʠʩʫʫʜ ʙʘʡʜʘʛ. ʕʜʛʵʵʨʠʡʥ ʥʵʛ ʥʴ ʬʣʶʨʝʩʮʝʥʮ ʙʦʣʦʥ ʪʦʜ ʰʠʨʭʵʛʪ 

ʙʫʜʛʫʫʜ ʶʤ. ɾʠʰʵʵʣʙʵʣ ʭᴇʥʛᴇʥ ʮʘʛʘʘʥ, ʮʘʡʨ ʙʦʣʦʥ ʙʦʨʦʥʟʦʥ ʙʫʜʛʫʫʜ ʶʤ. 

ʌʣʶʨʝʩʮʝʥʮ ʙʫʜʘʛʯ ʙʦʜʠʩʫʫʜʘʜ ʮʘʛʘʘʥ ʬʣʶʨʝʩʮʝʥʮ ʙʦʣʦʥ ᴇʥʛᴇʪ ʬʣʶʨʝʩʮʝʥʮ 

ʙʫʜʘʛ, ʧʠʛʤʝʥʪװװʜ ʦʨʜʦʛ. ʌʣʶʨʝʩʮʝʥʮ ʮʘʛʘʘʥ /FWA/ ʥʴ ʭʵʪ ʷʛʘʘʥ ʪʫʷʘʥʳ ʤʫʞ 

ʙʫʶʫ 380 ʥʘʥʦʤʝʪʨʵʵʩ ʙʘʛʘ ʤʫʞʠʜ ʰʠʥʛʵʵʞ, װʟʵʛʜʵʭ ʛʵʨʣʠʡʥ ʤʫʞʠʜ ʮʘʮʘʨʛʘʥʘ.  

ʍʘʨʠʥ ᴇʥʛᴇʪ ʬʣʶʨʝʩʮʝʥʮ ʙʫʜʘʛʯ ʙʦʜʠʩʫʫʜ ʥʴ FWA-ʘʘʩ ʷʣʛʘʘʪʘʡ ʥʴ ʮʘʮʘʨʛʘʭ 

ʙʦʣʦʭ ʰʠʥʛʵʵʭʠʡʥ ʘʣʴ ʘʣʴ ʥʴ װʟʵʛʜʵʭ ʛʵʨʣʠʡʥ ʤʫʞʠʜ ʷʚʘʛʜʘʥʘ.  

 

ʄʝʪʘʣʣ ʭʘʡʣʰ 

ʕʨʪ װʝʜ ɽʛʠʧʝʪʯװװʜ ʫʨʘʥ ʙʘʨʠʤʣʳʥ ʯʠʛʤʵʛʣʵʣʜʵʵ ʘʣʪʘʥ ʙʫʜʘʛ ʘʰʠʛʣʘʞ ʠʨʩʥʵʵʨ 

ʵʥʵ ʙʫʜʘʛʯ ʙʦʜʠʩ װװʩʩʵʥ ʪװװʭʪʵʡ. ʆʨʯʠʥ װʝʜ ʙʦʣ ʘʣʪ, ʭװʨʵʣ, ʟʵʩ, ʮʘʡʨ, ʛʘʥ ʪᴇʤᴇʨ, 

ʥʠʢʝʣ,ɹ ʛʨʘʬʠʥ, ʭᴇʥʛᴇʥ ʮʘʛʘʘʥ ʛʵʭ ʤʵʪ ʤʝʪʘʣʣʠʫʜʳʛ ʘʰʠʛʣʘʞ ʙʘʡʥʘ. ʍᴇʥʛᴇʥ 

ʮʘʛʘʘʥ ʭʘʡʣʰʠʡʛ ʠʭʵʚʯʣʵʥ ʘʚʪʦʤʘʰʠʥʳ װʡʣʜʚʵʨʣʵʣʜ ʘʰʠʛʣʘʜʘʛ. ʄʠʢʨʦʩʢʦʧʦʦʨ 

ʭʘʨʚʘʣ ʭᴇʥʛᴇʥ ʮʘʛʘʘʥ ʧʠʛʤʝʥʪ ʜʘʚʩʥʳ ʰʠʨʭʵʛ ʰʠʛ ʭʘʨʘʛʜʜʘʛ.  

 
ɿʫʨʘʛ 1.24. ʍЊʥʛЊʥ ʮʘʛʘʘʥ ʭʘʡʣʰ 
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ɿʫʨʘʛ 1.25. ʉʫʚʜʘʥ ʭʘʡʣʰ 

 

ʉʫʚʜʘʥ ʙʦʣʦʥ ʠʥʪʝʨʬʝʨʝʥʮ ʭʘʡʣʰ 

ʉʫʚʜʘʥ ʙʫʜʘʛʯ ʙʦʜʠʩʫʫʜʳʛ ʠʭʵʚʯʣʵʥ ʦʙʲʝʢʪʳʛ ʩʫʚʜ ʙʦʣʦʥ ʭʷʩʘʘʪʘʡ ʠʞʠʣ 

ʭʘʨʘʛʜʫʫʣʘʭʘʜ ʘʰʠʛʣʘʜʘʛ. ʉʫʚʜʘʥ ʭʘʡʣʰʥʫʫʜ ʛʵʨʣʠʡʛ ʭʵʩʵʛʯʠʣʞ ʦʡʣʛʦʞ 

ʥʵʚʪʨװװʣʜʵʛ ᴇʥʜᴇʨ ʦʡʣʪʳʥ ʠʥʜʝʢʩʪʵʡ ʪʫʥʛʘʣʘʛ ʥʠʤʛʵʥ ʷʣʪʘʩʪʘʡ ʙʘʡʜʘʛ. 

ɿʘʨʠʤʜʘʘ ʩʫʚʜʘʥ ʛʵʭʠʡʥ ʦʨʦʥʜ ᴇʥʛᴇ ʥʴ ʩʦʣʠʛʜʜʦʛ ʙʫʜʘʛʯ ʯ ʛʵʞ ʷʨʴʜʘʛ. 1950-1960 

ʦʥʳ ʭʦʦʨʦʥʜ ʩʫʚʜʘʥ ʛʷʣʘʣʟʘʛʯ ʛʘʨʛʘʞ ʘʚʘʭʳʥ ʪʫʣʜ  ʭʘʨ ʪʫʛʘʣʛʘ ʢʘʨʙʦʥʘʪ 

ʘʰʠʛʣʘʜʘʛ ʙʘʡʩʘʥ. ɻʵʨʣʠʡʥ ʠʥʪʝʨʬʝʨʝʥʮʠʡʥ ʫʣʤʘʘʩ ʩʫʚʜʘʥ ʭʘʡʣʰ ʷʣʪʘʩʪ װʝ 

ʰʠʛ ᴇʥʛᴇ ʛʘʨʛʘʜʘʛ. װתʥʠʡʛ ʠʥʪʝʨʬʝʨʝʥʮ ʭʘʡʣʰ ʵʩʚʵʣ ʠʥʪʝʨʬʝʨʝʥʮ ʧʠʛʤʝʥʪ ʛʵʜʵʛ. 

ʀʥʪʝʨʬʝʨʝʥʮ ʥʴ ʪʫʥʛʘʣʘʛ ʷʣʪʩʳʥ ʜʵʵʜ ʙʦʣʦʥ ʜʦʦʜ ʛʘʜʘʨʛʫʫʛʠʡʥ ʛʵʨʣʠʡʥ ʪʫʷʘʥʳ 

ʭʘʨʠʣʮʘʥ װʡʣʯʣʵʣʵʵʩ װװʩʜʵʛ. ʗʣʪʩʳʥ ʟʫʟʘʘʥ ʥʠʤʛʵʥʠʡʛ ᴇᴇʨʯʣᴇʭᴇʜ ᴇʥʛᴇʥʠʡ 

ʠʥʪʝʥʬʝʨʝʥʮ ᴇᴇʨʯʣᴇʛʜʜᴇʛ. ʐʠʥʛʵʵʜʵʛ ʙʦʣʦʥ ʦʡʣʛʦʜʦʛ ʠʥʪʝʨʬʝʨʝʥʮ ᴇʥʛᴇʥװװʜ 

ʷʣʛʘʘʪʘʡ. ɿʘʛʘʩʥʳ ʭʘʡʨʩ ʥʴ ʦʨʛʘʥʠʢ ʠʥʪʝʨʬʝʨʝʥʮ ʧʠʛʤʝʥʪʠʡʥ ʪʦʜ ʞʠʰʵʵ ʶʤ. 

ʊʠʪʘʥʠʡʥ ʜʘʚʭʘʨ ʠʩʣʵʵʨ ʙװʨʵʛʜʩʵʥ ʛʷʣʪʛʘʥʫʫʨ ʥʴ ʭʘʤʛʠʡʥ ʪװʛʵʵʤʵʣ ʙʘʡʜʘʛ 

ʩʫʚʜʘʥ ʙʦʣʦʥ ʠʥʪʝʨʬʝʨʝʥʮ ʧʠʛʤʝʥʪ ʶʤ. ʕʥʛʠʡʥ ʧʠʛʤʝʥʪʪʵʡ ʪʠʪʘʥʠʡʥ ʜʘʚʭʘʨ 

ʠʩʣʠʡʛ ʭʦʣʴʞ ʛʷʣʪʛʘʨ ʙʦʣʛʦʭ ʙʦʣʦʤʞʪʦʡ ʶʤ. ʉʫʚʜʘʥ ʙʦʣʦʥ ʠʥʪʝʨʬʝʨʝʥʮ ʭʘʡʣʰ 

ʘʛʫʫʣʩʘʥ  ʙװʨʵʵʩʥʠʡ goniochromatic ʰʠʥʞ ʯʘʥʘʨʳʛ ʪʦʜʦʨʭʦʡʣʦʭʳʥ ʪʫʣʜ ʜʘʨʘʘʭ 

ʛʝʦʤʝʪʨʠʡʛ ʩʘʥʘʣ ʙʦʣʛʦʜʦʛ.  

 

ɻʵʨʵʣ ʙʦʣʦʥ ʜʫʣʘʘʥʜ ᴇʥʛᴇᴇ ʭʫʚʠʨʛʘʜʘʛ ʙʫʜʘʛ 

ᴆʥʛᴇʨᴇʛʯ ʭʫʛʘʮʘʘʥʜ ʛʵʨʵʣʜ ᴇʥʛᴇᴇ ʭʫʚʠʨʛʘʛʯ ʙʦʣʦʥ ʜʫʣʘʘʥʜ ᴇʥʛᴇᴇ ʭʫʚʠʨʛʘʭ 

ʤʝʭʘʥʠʟʤʪʘʡ ʙʫʜʘʛʯ ʙʦʜʠʩʫʫʜʳʛ ʪʦʜʦʨʭʦʡʣʦʭ ʭʵʨʵʛʮʵʵ ʰʘʘʨʜʣʘʛʫʫʜ ʠʭ ʛʘʨʯ 

ʙʘʡʩʘʥ. ʆʜʦʦ ʙʦʣ ʵʜʛʵʵʨ ʘʩʫʫʜʣʫʫʜ ʝʨᴇʥʭʠʡʜᴇᴇ ʰʠʡʜʵʛʜʩʵʥ. ɼʫʣʘʘʥʜ ᴇʥʛᴇᴇ 

ʭʫʚʠʨʛʘʜʘʛ ʙʫʜʛʫʫʜʳʛ ʙʠʝʠʡʥ ʪʝʤʧʝʨʘʪʫʨʪ ᴇʥʛᴇᴇ ʭʫʚʠʨʛʘʜʘʛ ʜʘʘʚʫʫʥʫʫʜ 

 ʡʣʜʚʵʨʣʵʭʵʜ ʘʰʠʛʣʘʜʘʛ. ʍʘʨʠʥ ʛʵʨʵʣʜ ᴇʥʛᴇᴇ ʭʫʚʠʨʛʘʜʘʛ ʙʫʜʘʛʯ ʙʦʜʠʩʫʫʜʳʛ ʭʘʨװ

ʥװʜʥʠʡ ʰʠʣ, ʭʫʤʩʥʳ ʙʫʜʘʛ ʙʦʣʦʥ ʭʵʪ ʷʛʘʘʥ ʪʫʷʘʥʜ ʠʜʵʚʭʪʵʡ ʭʠʤʠʡʥ ʭʫʚʠʨʣʫʫʜ 

ʟʵʨʵʛʪ ʘʰʠʛʣʘʛʜʜʘʛ. ʕʜʛʵʵʨ ʙʫʜʘʛʯ ʙʦʜʠʩʫʫʜʳʥ ʭʠʤʠʡʥ ʰʠʥʞ ʯʘʥʘʨ ʙʦʣʦʥ 

ʭʵʨʵʛʣʵʵʛ Sekar 1998 ʦʥʜ ʪʦʜʦʨʭʦʡʣʩʦʥ.  

¶ ɻʵʨʵʣʜ ᴇʥʛᴇᴇ ʭʫʚʠʨʛʘʛʯ: ɻʵʨʣʠʡʥ ʥᴇʣᴇᴇʥʜ ʦʨʦʭʦʜ ʘʞʠʛʣʘʛʯʠʜ 

ʭʘʨʘʛʜʘʭ ᴇʥʛᴇ ʤʵʜʵʛʜʵʭװʡʮ ᴇᴇʨʯʣᴇʛʜʜᴇʛ 

¶ ɼʫʣʘʘʥʜ ᴇʥʛᴇᴇ ʭʫʚʠʨʛʘʛʯ: ʊʝʤʧʝʨʘʪʫʨ ᴇᴇʨʯʣᴇʛʜᴇʭᴇʜ ᴇʥʛᴇ 

ᴇᴇʨʯʣᴇʛʜʜᴇʛ 
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ɹʫʜʘʛʯ ʙʦʜʠʩ ʩʦʥʛʦʭ 

 ɹʫʜʘʛʯ ʙʦʜʠʩʳʛ ʩʦʥʛʦʭʜʦʦ ᴇᴇʨʠʡʥʭᴇᴇ ʭʵʨʵʛʣʵʵʥʜ ʪʦʭʠʨʫʫʣʘʥ ʩʦʥʛʦʭ 

ʭʵʨʵʛʪʵʡʛʵʵʩ ʛʘʜʥʘ ʙʫʜʘʛ ʵʩʚʵʣ ʧʠʛʤʝʥʪʠʡʥʭʵʵ ʭʠʤʠʡʥ ʙʦʣʦʥ ʙʫʩʘʜ ʰʠʥʞ 

ʯʘʥʘʨʫʫʜʳʛ ʦʡʣʛʦʭ ʥʴ ʯʫʭʘʣ ʶʤ. ɹʫʜʘʛʯ ʙʦʜʠʩʳʛ ʩʦʥʛʦʭʦʜ ʭʘʨʛʘʣʟʘʥ װʟʵʭ װʥʜʩʵʥ 

ʛʫʨʚʘʥ ʤʵʜʵʵʣʣʠʡʥ ʵʭ װװʩʚʵʨ ʙʠʡ. 

¶ ʊʫʨhʣʘʛʘʪʘʡ ʭʫʚʴ ʭװʤװװʩ 

¶ ɹʫʜʘʛʯ ʙʦʜʠʩ ʥʠʡʣװװʣʵʛʯʠʜ 

¶ ʅʦʤ ʙʦʣʦʥ ʪʦʛʪʤʦʣʫʫʜ 

¶ ʍʵʨʵʛʣʵʛʯʠʡʥ ʪʫʨʰʣʘʛʘ 

ᴆʥʛᴇʥʠʡ ʜʠʘʧʘʟʦʥ 

ᴆʥʛᴇʥʠʡ ʥʵʚʪʨװװʣʵʭ ʯʘʥʘʨʳʛ ʘʚʯ װʟʵʭʜʵʵ ᴇʥʛᴇʥʠʡ ʜʠʘʧʘʟʦʥʳ ʘʩʫʫʜʘʣ ʙʦʣʦʥ 

ʪʦʛʪʩʦʥ ʥᴇʭʮᴇʣʜ ʭװʣʵʵʥ ʘʚʘʭ ʪʦʭʠʨʦʤʞʪʦʡ ʭʫʛʘʮʘʘ ʟʵʨʛʠʡʛ ʘʚʯ װʟʵʭ 

ʰʘʘʨʜʣʘʛʘʪʘʡ. ᴆʥʛᴇʥʠʡ ʭʵʜ ʭʵʜʵʥ ʭʷʟʛʘʘʨʫʫʜ ʙʘʡʜʘʛ.  

1. CIE-ʠʡʥ ᴇʥʛᴇʥʠʡ ʜʠʘʛʨʘʤʤʜ ʩʧʝʢʪʨʠʡʥ ʛʝʦʤʝʪʨ ʙʘʡʨʣʘʣʘʘʨ ʭʘʨʫʫʣʘʭ ʙװʭ 
ᴇʥʛᴇʥʠʡ ʭʷʟʛʘʘʨʫʫʜ 

2. ʄacAdams-ʠʡʥ ʭʷʟʛʘʘʨ ʛʵʞ ʥʵʨʣʵʛʜʜʵʛ ʛʵʨʣʠʡʥ ʭװʯʠʥ ʟװʡʣʵʵʩ 
ʭʘʤʘʘʨʘʣʪʘʡ ʙʦʣʦʤʞʠʪ ᴇʥʛᴇʥʠʡ ʭʷʟʛʘʘʨʫʫʜ 

3. ɻʘʜʘʨʛʫʫʛʠʡʥ ᴇʥʛᴇʥʠʡ ʛʘʨʛʘʞ ʙʦʣʦʭ ʜʘʚʪʘʤʞʠʡʥ ʭʵʤʞʵʵʥʠʡ ʭʷʟʛʘʘʨʫʫʜ.  

4. ɼʦʦʜ ʜʘʚʭʘʨʛʳʥ ʭʘʨʠʫ װʡʣʜʵʣ װʟװװʣʵʭ ʙʦʣʦʥ ʘʞʠʣʣʘʭ ʰʠʥʞ ʯʘʥʘʨʳʥ 
ʭʷʟʛʘʘʨʫʫʜ 

5. ɹʦʜʠʪ ᴇʥʛᴇʥʠʡ ʭʷʟʛʘʘʨʫʫʜ 
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1.5. X-RITE COLORIMETER ɹɸɻɸɾʀʁɻ ʉʋɼʃɸʍ, ʊתתʅʊʕʁ ɸɾʀʃʃɸʍ 

ʕʥʵ ʘʞʣʳʥ ʭװʨʵʵʥʜ X-rite Colorimeter ʙʘʛʘʞʠʡʥ ʙװʪʵʮ, װʟװװʣʵʣʪ, ʝʨᴇʥʭʠʡ 

ʘʞʠʣʣʘʛʘʘʛ ʩʫʜʘʣʞ X-rite Colorimeter ʙʘʛʘʞʪʘʡ ʘʞʠʣʣʘʞ ʵʟʵʤʰʠʭʠʡʥ ʪʫʣʜ 

ʪʦʜʦʨʭʦʡ ʭʵʤʞʠʣʪװװʜʠʡʛ ʭʠʡʞ ʪʫʨʰʠʥ X-rite Colorimeter ʙʘʛʘʞʪʘʡ ʘʞʠʣʣʘʭ ʘʨʛʘ 

ʟװʡ ʙʦʣʦʚʩʨʫʫʣʩʘʥ. 

 

ü X-RITE i1 PRO COLORIMETER ɸʐʀɻʃɸʅ ᴆʅɻᴆʅʀʁ ʋʊɻɸ ʍʕʄɾʀʍ 

ɸʈɻɸ ɿתʁ 

 

1. X-Rite i1 PRO colorimeter-ʠʡʥ ʪʝʭʥʠʢʠʡʥ װʟװװʣʵʣʪ 

ʉʧʝʢʪʨʠʡʥ ʩʠʩʪʝʤ 

¶ ɼʦʣʛʠʦʥʳ ʫʨʪ ʰʘʣʛʘʛʯ ʩʫʫʨʠʣʫʫʣʩʘʥ i1 ʪʝʭʥʦʣʦʛʠ 

¶ ʉʧʝʢʪʨʠʡʥ ʘʥʘʣʠʟʘʪʦʨ: 128 ʧʠʢʩʝʣʠʡʥ ʜʠʦʜ ʤʘʩʩʠʚ ʙװʭʠʡ ʛʦʣʦʛʨʘʬʠʢ 

ʜʠʬʨʘʢʮʠʡʥ ʭʵʣʭʵʵ 

¶ ʉʧʝʢʪʨʠʡʥ ʤʫʞ: 380 ï 730 ʥʘʥʦʤʝʪʨ 

¶ ʌʠʟʠʢ ʪװװʚʨʠʡʥ ʠʥʪʝʨʚʘʣ: 3.5 ʥʘʥʦʤʝʪʨ 

¶ ʆʧʪʠʢ ʥʘʨʠʡʚʯʣʘʣ: 10 ʥʘʥʦʤʝʪʨ 

¶ ʉʧʝʢʪʨ ʭʘʨʫʫʣʘʭ : 380-ʦʦʩ 730 ʥʘʥʦʤʝʪʨ /10 ʥʘʥʦʤʝʪʨ-ʳʥ ʘʣʭʤʘʘʨ/ 

¶ ʉʢʘʡʥ ʭʠʡʭ ʛʦʨʠʤ ʜʘʭʴ ʭʵʤʞʠʣʪʠʡʥ ʜʘʚʪʘʤʞ: 1 ʩʝʢʫʥʜʵʜ 200 ʭʵʤʞʠʣʪ 

ʆʧʪʠʢ 

¶ ʍʵʤʞʠʣʪʠʡʥ ʛʝʦʤʝʪʨ: 45Á/0Á ʛʵʨʵʣʪװװʣʵʛ, ISO 13655:2009 

¶ ʍʵʤʞʠʣʪʠʡʥ ʥװʭ: 4.5 ʤʤ (0.18ò) ʜʠʘʤʝʪʨ  

¶ ɻʵʨʵʣʪװװʣʛʠʡʥ ʮʵʛʠʡʥ ʭʵʤʞʵʵ: 3.5 ʤʤ (0.14ò) 

¶ ɻʵʨʣʠʡʥ ʵʭ װװʩʚʵʨ: ʍʠʡ ʜװװʨʛʵʩʵʥ ʚʦʣʴʬʨʘʤ (ʛʵʨʣʠʡʥ ʪᴇʨᴇʣ A) ʙʦʣʦʥ ʭʵʪ 

ʷʛʘʘʥ ʪʫʷʘʥʳ ʣʝʜ ʛʵʨʵʣ 

ʆʡʣʪʳʥ ʭʵʤʞʠʣʪ 

¶ UV ʙʘʛʪʘʘʩʘʥ ï ISO 13655:2009 ʭʵʤʞʠʣʪʠʡʥ ʥᴇʭʮᴇʣ M0 

¶ D50 ï ISO 13655:2009 ʭʵʤʞʠʣʪʠʡʥ ʥᴇʭʮᴇʣ M1 

¶ UV ʘʛʫʫʣʘʘʛװʡ ʬʠʣʪʝʨ ï ISO 13655:2009 ʭʵʤʞʠʣʪʠʡʥ ʥᴇʭʮᴇʣ M2 

¶ OBC: i1Profiler ʧʨʦʛʨʘʤʤ ʭʘʥʛʘʤʞ ʙװʭʠʡ ʆʧʪʠʢ ʛʵʨʵʣʪװװʣʵʛ ʥᴇʭᴇʛʯ (OBC)  

¶ ʊʦʭʠʨʫʫʣʛʘ: ɻʘʜʘʘʜ ʢʝʨʘʤʠʢ ʮʘʛʘʘʥʳ ʭʘʨʴʮʘʘ ʜʵʵʨʭ ʟʘʘʣʪ 

¶ ʍʵʤʞʠʣʪʠʡʥ ʜʵʚʩʛʵʨ: ʮʘʛʘʘʥ, ISO 13655:2009 backup ʭʘʚʪʘʥʜ ʟʦʨʠʫʣʩʘʥ 

ʭʵʤʞʠʣʪ 

¶ ʭʘʤʛʠʡʥ ʠʭ ʟʫʟʘʘʥ: backup ʭʘʚʪʘʥ ʜʵʵʨ 3 ʤʤ (0.12ò)  

¶ ʉʢʘʥ ʭʠʡʭ ʛʦʨʠʤʜ ʭʘʤʛʠʡʥ ʙʘʛʘ ʭʵʩʛʠʡʥ ʭʵʤʞʵʵ: 7 x 10 ʤʤ (0.28ò x 0.39ò) 

(ᴇʨʛᴇʥ x ʫʨʪ) ʤʵʜʨʵʛʯ ʰʫʛʘʤʪʘʡ 10 x 10 ʤʤ (0.39ò x 0.39ò) (ᴇʨʛᴇʥ x ʫʨʪ) 

ʤʵʜʨʵʛʯ ʰʫʛʘʤʛװʡ 

¶ ɹʘʛʘʞ ʭʵʨʵʛʩʣʠʡʥ ʟʦʭʠʮʦʣ: 0.4 æE94* ʜʫʥʜʘʞ 1.0 æE94* max 

¶ ɹʦʛʠʥʦ ʭʫʛʘʮʘʘʥʳ ʜʘʚʪʘʛʜʘʭ ʯʘʥʘʨ: ʮʘʛʘʘʥ ᴇʥʛᴇʥʜ 0.1 æE94* (D50,2Á, 

ʮʘʛʘʘʥ ᴇʥʛᴇʥʜ 3 ʩʝʢʫʥʜ ʪʫʪʘʤ ʜʘʭʴ 10 ʭʵʤʞʠʣʪʠʡʥ ʫʪʛʘ) 

ʎʘʮʘʨʛʘʣʪ ʭʵʤʞʠʣʪ 

¶ ᴆʛᴇʛʜʣʠʡʥ ʬʦʨʤʘʪ: ʉʧʝʢʪʨ ʪʫʷʘ (ʤW/ʥʘʥʦʤʝʪʨ/m2 /sr); ɻʵʨʵʣʪʵʣʪ Y (cd/ʤ2) 

¶ ʍʵʤʞʠʣʪʠʡʥ ʤʫʞ: ʵʥʛʠʡʥ LCD-ʜʵʣʛʵʮ ïʜ 0.2 ï 1200 cd/ʤ2  

¶ ɹʦʛʠʥʦ ʭʫʛʘʮʘʘʥʳ ʜʘʚʪʘʛʜʘʭ ʯʘʥʘʨ: x,y: +/- 0.002 ʵʥʛʠʡʥ (5000ÁK, 80 cd/ʤ2) 
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ʆʨʯʥʳ ʛʵʨʣʠʡʥ ʭʵʤʞʠʣʪ 

¶ Data ʬʦʨʤʘʪ: ʉʧʝʢʪʨʠʡʥ ʛʵʨʣʠʡʥ װװʩʚʵʨ [mW/ʥʘʥʦʤʝʪʨ/ʤ2], ʛʵʨʵʣʪʵʣʪ [lux] 

¶ ʊᴇʨᴇʣ: ʂʦʩʠʥʫʩ ʭʵʣʙʵʨʪ ʦʨʫʫʣʩʘʥ ʩʘʨʥʠʩʘʥ ʛʵʨʵʣ ʭʵʤʞʠʣʪʠʡʥ ʪʦʣʛʦʡ 

ɸʞʠʣʣʘʭ ʥᴇʭʮᴇʣ 

¶ ʊʝʤʧʝʨʘʪʫʨ: 10ÁC (50ÁF) ï 35ÁC (95ÁF) 

¶ ʏʠʡʛʰʠʣ: 0% ï 80%  

ʀʥʪʝʨʬʝʡʩ, ʭʵʤʞʵʵ, ʞʠʥ 

¶ ʀʥʪʝʨʬʝʡʩ: USB 1.1 

¶ ʊʵʞʵʵʣ: USB ʧʦʨʪʦʦʨ ʘʞʠʣʣʘʥʘ. ʅʵʤʵʣʪ ʙʘʪʝʨʝʡ ʙʦʣʦʥ ʮʵʥʵʛʣʵʛʯ 

ʰʘʘʨʜʣʘʛʘʛװʡ. USB 1.1  

ɹʦʜʠʪ ʭʵʤʞʵʵ: 

¶ i1Pro ʪᴇʭᴇᴇʨᴇʤʞ: ʋʨʪ 155 ʤʤ, ᴇʨʛᴇʥ 66 ʤʤ, ᴇʥʜᴇʨ 67 ʤʤ (6.1ò x 2.6ò x 2.6ò) 

¶ i1 ʰʫʛʘʤ: ʋʨʪ 337 ʤʤ , ᴇʨʛᴇʥ 102 ʤʤ (13.3ò x 4.0ò) 

¶ i1 backup ʭʘʚʪʘʥ: ʵʚʭʩʵʥ ʥʴ 355 ʤʤ x 265 ʤʤ (14.0ò x 10.4ò),  ʵʚʭʵʵʛװʡ ʥʴ 

355 ʤʤ x 400 ʤʤ (14.0ò x 15.7ò)  

¶ i1Pro ʪᴇʭᴇᴇʨᴇʤʞʠʡʥ ʞʠʥ: 245 g (8.6 oz) 

 

2. ʊʝʭʥʠʢʠʡʥ ʰʘʘʨʜʣʘʛʘ: 

 

Macintosh 

 

¶ MacOS X 10.5.8, 10.6.x ʙʦʣʦʥ 10.7.x  

¶ 1GB RAM Intel ʧʨʦʮʝʩʩʦʨ 

¶ ʉʘʥʘʭ ʦʡʥ ʭʦʦʩʦʥ ʟʘʡ ʥʴ 2 ɻʝʛʘ ʙʘʡʪʘʘʩ ʜʵʵʰ ʙʘʡʭ 

¶ USB ʧʦʨʪʦʦʨ ʪʵʞʵʵʛʜʜʵʛ 

¶ 1024Ĭ768 ʧʠʢʩʝʣʵʵʩ ʜʵʵʰ ʜʵʣʛʵʮʠʡʥ ʥʷʛʪʘʨʰʠʣʪʘʡ ʙʘʡʭ 

¶ DVD ʜʨʘʡʚʝʨ ʵʩʚʵʣ ᴇʥʜᴇʨ ʭʫʨʜʥʳ ʠʥʪʝʨʥʝʪʪʵʡ ʙʘʡʭ 

Windows 

¶ Microsoft Windows XP 32 ʙʠʪ ʵʩʚʵʣ Microsoft Windows Vista 32 or 64  

¶ Microsoft Windows 7 32 or 64 ʙʠʪ  

¶ 1 ɻʝʛʘʙʘʡʪ RAM 

¶ Intel Pentium IV ʵʩʚʵʣ  AMD Athlon XP ʵʩʚʵʣ ʪװװʥʵʵʩ ʩʘʡʥ CPU-ʪʵʡ ʙʘʡʭ 

¶ ʉʘʥʘʭ ʦʡʥ ʭʦʦʩʦʥ ʟʘʡ ʥʴ 2 ɻʝʛʘʙʘʡʪʘʘʩ ʜʵʵʰ ʙʘʡʭ 

¶ USB ʧʦʨʪʦʦʨ ʪʵʞʵʵʛʜʜʵʛ 

¶ 1024Ĭ768 ʧʠʢʩʝʣʵʵʩ ʜʵʵʰ ʜʵʣʛʵʮʠʡʥ ʥʷʛʪʘʨʰʠʣʪʘʡ ʙʘʡʭ 

¶ DVD ʜʨʘʡʚʝʨ ʵʩʚʵʣ ᴇʥʜᴇʨ ʭʫʨʜʥʳ ʠʥʪʝʨʥʝʪʪʵʡ ʙʘʡʭ 

3. ɹʘʛʘʞʠʡʥ ʙװʪʵʮ 
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ɿʫʨʘʛ 1.26. X-rite Colorimeter ʙʘʛʘʞ 

 

1. i1 PRO ʭʵʤʞʠʣʪʠʡʥ ʪᴇʭᴇᴇʨᴇʤʞ 

2. ʊʦʭʠʨʫʫʣʛʳʥ ʭʘʚʪʘʥ 

3. ʆʙʲʝʢʪ ʭʵʤʞʠʛʯ 

4. ɼʵʣʛʵʮ ʭʵʤʞʠʛʯ 

5. ʇʨʦʝʢʪʦʨ ʭʵʤʞʠʛʯ 

6. USB ʢʘʙʝʣʴ 

7. Backup ʭʘʚʪʘʥ 

8. ʍʵʨʵʛʣʵʯʠʡʥ DVD 
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ᴆʥʛᴇʥʠʡ ʫʪʛʘ ʭʵʤʞʠʭ ʘʨʛʘ ʟװʡ 

ᴆʥʛᴇʥʠʡ ʭʵʤʞʠʣʪʠʡʛ ʜʘʨʘʘʭ ʝʨᴇʥʭʠʡ ʘʨʛʘ ʟװʡʥ ʜʘʛʫʫ ʛװʡʮʵʪʛʵʥʵ.  

 
ɼʠʘʛʨʘʤ 1.2. ЉʥʛЊʥʠʡ ʭʵʤʞʠʣʪʠʡʥ ʘʨʛʘ ʟϾʡ 

ᴆʥʛᴇʥʠʡ ʭʵʤʞʠʣʪʠʡʛ ʙʠʜ X-Rite i1 Pro Colorimeter ʛʵʜʵʛ ᴇʥʛᴇ ʭʵʤʞʜʵʛ ʩʧʝʢʪʨʠʡʥ 

ʙʘʛʘʞʘʘʨ ʛװʡʮʵʪʛʵʩʵʥ.  ʕʭʣʵʵʜ ʭʵʤʞʠʣʪʠʡʥ ʦʙʲʝʢʪʦʦ ʭʵʤʞʠʣʪʵʥʜ ʙʵʣʪʛʵʵʜ 

ʙʘʛʘʞʘʘ ʭʵʤʞʠʣʪ ʭʠʡʭ ʢʦʤʧʴʶʪʝʨʪʦʦ USB-ʵʵʨ ʭʦʣʙʦʞ ʭʵʤʞʠʣʪʠʡʥ ʛʦʨʠʤʳʥʭʦʦ 

ʜʘʛʫʫ ʙʵʣʪʛʵʥʵ. ɹʠʜʥʠʡ ʭʫʚʴʜ ʭʵʤʞʠʣʪʠʡʥ Spot ʭʵʤʞʠʣʪ ʙʫʶʫ ʜʫʨʳʥ ʦʙʲʝʢʪʠʡʥ 

ᴇʥʛᴇʥʠʡ ʭʵʤʞʠʣʪʠʡʥ ʛʦʨʠʤʦʦʨ ʭʵʤʞʠʥʵ. ɼʘʨʘʘ ʥʴ Patch Tool ʧʨʦʛʨʘʤʤʘʘ ʥʵʵʛʵʵʜ 

ʭʵʤʞʠʣʪʠʡʥ ʪʦʦ, ʭʵʤʞʠʣʪʠʡʥ ʪᴇʭᴇᴇʨᴇʤʞ, ʭʵʤʞʠʣʪʠʡʥ ʦʨʯʠʥ ʙʫʶʫ ʛʵʨʵʣʪװװʣʵʛ 

ʟʵʨʛʠʡʛ ʪʦʭʠʨʫʫʣʘʥ ʭʵʤʞʠʣʪʠʡʥ ʪʦʭʠʨʛʦʦʛ ʭʠʡʥʵ. װתʥʠʡ ʜʘʨʘʘʛʘʘʨ White tile ʙʫʶʫ 

ʮʘʛʘʘʥ ᴇʥʛᴇ ʪʦʭʠʨʫʫʣʛʘ ʭʠʡʭ ʮʦʥʭ ʛʘʨʯ ʠʨʤʵʛʮ ʙʘʛʘʞʘʘ ʪʦʭʠʨʫʫʣʛʳʥ ʭʘʚʪʘʥ ʜʵʵʨ 

ʙʘʡʨʣʫʫʣʘʥ ʮʘʛʘʘʥ ᴇʥʛʠʡʛ ʪʦʭʠʨʫʫʣʞ ʭʵʤʞʠʥʵ. ʀʥʛʵʵʜ ʙʘʛʘʞ ʤʘʘʥʴ ʭʵʤʞʠʣʪ 

ʭʠʡʭʵʜ ʙʵʣʵʥ ʙʦʣʦʭ ʙᴇʛᴇᴇʜ ʙʘʛʘʞʘʘ ʦʙʲʝʢʪ ʜʵʵʨʵʵ ʙʘʡʨʣʫʫʣʘʥ ʭʵʤʞʠʣʪװװʜʵʵ 

ʭʠʡʞ ᴇʥʛᴇʥʠʡ ʢʦʜʫʫʜ װװʩʛʵʥʵ. ʍʵʤʞʠʣʪʠʡʥ ʫʪʛʳʛ ʭʘʜʛʘʣʘʭʜʘʘ ʪʦʭʠʨʛʦʦ ʭʵʩʵʛʪ 

ᴇᴇʨʪ ʭʵʨʵʛʪʵʡ ᴇʛᴇʛʜʣʠʡʥ ʪᴇʨʣװװʜʵʵ ʩʦʥʛʦʦʜ ʤᴇʥ ʩʧʝʢʪʨʠʡʥ ʭʘʤʨʘʭ ʭװʨʵʵ, 

ʩʧʝʢʪʨʠʡʥ ʭʵʤʞʵʵ ʟʵʨʛʠʡʛ ʩʦʥʛʦʞ ʭʵʤʞʠʣʪʠʡʥ ʬʘʡʣʜʘʘ ʥʵʨ ᴇʛʯ ʭʘʜʛʘʣʥʘ [3]. 

  .ʩʛʵʥʵװװ ʜʵʵʨ ʤʝʪʘ ᴇʛᴇʛʜʣʠʡʥ ʩʘʥװװʥʛװʨ ʜװ ʥʠʡ ʜʘʨʘʘ ʭʵʤʞʠʣʪʠʡʥװת

Xrite Pro colorimeter ʥʴ ᴇʥʛᴇʥʠʡ ʭʵʤʞʠʣʪʠʡʥ ʜʘʨʘʘʭ ʜʦʣʦʦʥ ʛʦʨʠʤʪʦʡ. 

1. Scan ʭʵʤʞʠʣʪ ʙʫʶʫ ʩʢʘʥʥʝʨʠʡʥ ᴇʥʛᴇʥʠʡ ʭʵʤʞʠʣʪ 

2. Single Pass ʭʵʤʞʠʣʪ 

3. Dual Pass ʭʵʤʞʠʣʪ 

4. Spot ʭʵʤʞʠʣʪ ʙʫʶʫ ʜʫʨʳʥ ʦʙʲʝʢʪʳʥ ᴇʥʛᴇʥʠʡ ʭʵʤʞʠʣʪ 

5. Display ʭʵʤʞʠʣʪ ʙʫʶʫ ʜʵʣʛʵʮʠʡʥ ᴇʥʛᴇʥʠʡ ʭʵʤʞʠʣʪ 

6. Ambient light ʭʵʤʞʠʣʪ ʙʫʶʫ ʦʨʯʥʳ ʛʵʨʣʠʡʥ ᴇʥʛᴇʥʠʡ ʭʵʤʞʠʣʪ 

7. Projector ʭʵʤʞʠʣʪ ʙʫʶʫ ʧʨʦʝʢʪʦʨʠʡʥ ᴇʥʛᴇʥʠʡ ʭʵʤʞʠʣʪ 

˻͋Ά͔͟ωͭ̆ Ή͙͙͚ͣ͗ͭͤ͡ 
ͦ͋Ά͔ͭͦͦ͟ ͋Ή͎ͭ͡Ήͻ

ˣ͎͊͊͗ ωx ͎͊͊͗͊͊ ͎͊͊͗͘͡ ͋Ή͎ͭ͡Ήͻ

̆Ή͙͙͚ͣ͗ͭͤ͡ 
͎͙ͦͪͣ

ω̆ Ή͙͙͚ͣ͗ͭͤ͡ 
ͭͦͻ͙͎ͪͦͦ ͻ͙͚ͻ

́ͦͻ͙͎ͪͦͦ 
ω̇ ͎͊͊͊ͤ ͎ͤ ͙͚ͤ 
ͭͦͻ͙͎ͪͯͯ͊͡ ͻ͙͚ͻ

̆Ή͙ͣ͗ͭ͡
ω ͎ͤ ͙͚ͤ 
ͻΉ͙ͣ͗ͭ͡ ͻ͙͚ͻ

͎ ͎͒ ͡ 
ͻ͎͊͒͊͊͡ͻ
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1.6. ʅʀʉɻʕɻʏɻתʁ ʅʀʉʕʍ ʊᴆʍᴆᴆʈᴆʄɾ, ʆʃʆʅ ʉʋɺɸɻʏʃɸʃʓʅ 

ʂɸʄɽʈ: 

ʍʵʤʞʠʣʪʵʜ ʘʰʠʛʣʘʩʘʥ ʦʣʦʥ ʩʫʚʘʛʯʣʘʣʳʥ ʢʘʤʝʨ ʙʘ ʜʨʦʥ : 

¶ Sentera NDVI 

¶ DJI Phantom 4  

 
ɿʫʨʘʛ 1.27. Sentera Double 4k ʤʫʣʴʪʠʩʧʝʢʪʨʠʡʥ ʩʝʥʩʦʨ 

ʆʥʮʣʦʛ ʰʠʥʞ ʯʘʥʘʨʫʫʜ, ʜʘʚʫʫ ʪʘʣʫʫʜ 

¶ ʎʵʥʭʵʨ, ʥʦʛʦʦʥ, ʫʣʘʘʥ, ʫʣʘʘʥ ᴇʥʛᴇʥʠʡ ʭʷʟʛʘʘʨ, ʭʵʪ ʷʛʘʘʥ ʪʫʷʘ ʛʵʩʵʥ ʪʘʚʘʥ 

ʤʫʞʠʜ ʟʫʨʘʛʣʘʭ ʙʦʣʦʤʞʪʦʡ. 

¶ 12MP NDVI, NDRE ʙʦʣʦʥ ᴇʥʜᴇʨ ʥʘʨʠʡʚʯʣʘʣʪʘʡ RGB ᴇʥʛᴇʥʠʡ ʤʵʜʵʵʣʣʠʡʛ 

ʮʫʛʣʫʫʣʜʘʛ. 

¶ 4K ᴇʥʜᴇʨ ʥʘʨʠʡʚʯʣʘʣʪʘʡ ʚʠʜʝʦ ʙʠʯʠʭ ʯʘʜʚʘʨʪʘʡ 

¶ ʍʵʜ ʭʵʜʵʥ ʥʠʩʛʵʛʯʛװʡ ʥʠʩʵʭ ʪᴇʭᴇᴇʨᴇʤʞ ʙʫʶʫ ʜʨʦʥ ʜʵʵʨ ʘʞʠʣʣʘʭ 

ʙʦʣʦʤʞʪʦʡ 

ʊʝʭʥʠʢʠʡʥ װʟװװʣʵʣʪ 

ʄʵʜʨʵʛʯ: 12.3MP BSI CMOS 

¶ Sony Exmor R Ê IMX377 ʤʵʜʨʵʛʯ 

ʉʧʝʢʪʨʠʡʥ ʤʫʞ:  

¶ ʎʵʥʭʵʨ: 446nm x 60nm ᴇʨʛᴇʥ 

¶ ʅʦʛʦʦʥ: 548nm x 45nm ᴇʨʛᴇʥ 

¶ ʋʣʘʘʥ: 650nm x 70nm ᴇʨʛᴇʥ 

¶ ʋʣʘʘʥ ᴇʥʛʠʡʥ ʭʷʟʛʘʘʨ: 720 nm x 40nm ᴇʨʛᴇʥ 

¶ ʍʵʪ ʷʛʘʘʥ ʪʫʷʘʥʳ (NIR): 840nm x 20nm ᴇʨʛᴇʥ 

ʍʵʤʞʵʵ: 2.32 "x 1.61" x 1.75 "(59mm x 41mm x 44.5mm) 

¶ GoProÈ Hero4 ʭʫʨʫʫʥʳ ʭʵʵʛ ʪʦʭʠʨʫʫʣʥʘ 

¶ 80 ʛʨʘʤʤ ʞʠʥʪʵʡ 

ʏʘʜʘʣ: 8W ʝʨʜʠʡʥ / ʭʘʤʛʠʡʥ ʠʭʜʵʵ 12W 

ɿʫʨʛʠʡʥ ʬʦʨʤʘʪ: JPEG, GEO TIFF 

ʍʘʨʘʭ ʪʘʣʙʘʨ:  

¶ 60 Á HFOV (4K ʚʠʜʝʦ) 
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¶ 1080p ʥʴ 30 Á - 60 Á HFOV ʭʦʦʨʦʥʜ ʭʵʣʙʵʣʟʜʵʛ 

ᴆʛᴇʛʜᴇʣ ʮʫʛʣʫʫʣʘʭ: 12.3MP 4K Ultra HD ʚʠʜʝʦ @ 30 ʢʘʜʨ/ʩʝʢ 1080p / 720p ʚʠʜʝʦ 

¶ H.264 ʢʦʜʯʠʣʦʣ 

ʀʥʪʝʨʬʝʡʩ: Ethernet, ʎʫʚʨʘʣ / UART ʠʥʪʝʨʬʝʡʩ. USB 3.0, I2C, GPIO 

¶ ɺʵʙ ʜʵʵʨ ʩʫʫʨʠʣʩʘʥ ʢʘʤʝʨʳʥ ʪʦʭʠʨʛʦʦ 

¶ ʅʵʛ ʟʫʨʘʛ ʜʘʨʘʭ ʪʦʚʯʣʫʫʨʳʛ ʭʷʥʘʭ 

ʋʜʠʨʜʣʘʛʘ: ʅʵʵʣʪʪʵʡ ICD-ʠʡʛ ʭʷʥʘʭ ʙʘ ʤʝʪʘʜʘʪʘ ʥʵʚʪʨʵʣʪ ʮʫʚʘʘ ʵʩʚʵʣ IP-ʪʘʡ, 

ʜʘʨʘʘʭʘʜ ʥʠʡʮʥʵ. 

¶ Lockheed Martin Kestrel Ê ʘʚʪʦ ʥʠʩʣʵʛ 

¶ PIXHAWK Ê ʘʚʪʦ ʥʠʩʣʵʛ 

¶ MAVLink Ê ʩʫʫʨʠʣʩʘʥ ʩʠʩʪʝʤװװʜ 

¶ ʊʦʭʠʨʫʫʣʩʘʥ ICD ʩʦʥʛʦʣʪʫʫʜ 

ʍʘʜʛʘʣʘʣʪ: 64GB SD ʢʘʨʪ, ʩʪʘʥʜʘʨʪ ʙʘ ʟᴇᴇʚʨʠʡʥ 
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II. ʄʋɿɽʁʅ תɿʄʕʈʀʁɻ ʊɸʅʀʍ (ʀɼɽʅʊʀʌʀʂɸʎ) ʊʋʈʐʀʃʊ ʉʋɼɸʃɻɸɸ 

ʋʈɸʅ ɿʋʈɻʀʁɻ ʊɸʅʀʍ ɸʈɻɸ ɿתʁ ɹʆʃʆɺʉʈʋʋʃɸʍ 

ʉʋɼɸʃɻɸɸʅʓ ɿʆʈʀʃɻʆ 

ᴆʥʛᴇʥʠʡ ʪʝʭʥʦʣʦʛʠ ʙʫʶʫ ᴇʥʛᴇʥʠʡ ʭʵʤʞʠʣʪ ʭʠʡʞ ʩʦʸʣʳʥ ʙʠʝʪ ᴇʚ ʙʦʣʦʭ 

ʫʨʘʥ ʟʫʨʛʠʡʥ ᴇʥʛʠʡʛ ʢʦʜʣʦʭ ʙʦʣʦʤʞʪʦʡ ʙᴇʛᴇᴇʜ ʪʫʭʘʡʥ ᴇʥʛᴇʥʠʡ ʭʵʤʞʠʣʪʠʡʥ 

ʫʪʛʫʫʜʘʘʨ ᴇʥʛᴇʥʠʡ ʤʵʜʵʵʣʣʠʡʥ ʩʘʥ װװʩʛʵʥʵ. ʋʨʘʥ ʟʫʨʘʛʪ ᴇʥʛᴇʥʠʡ ʭʵʤʞʠʣʪ ʭʠʡʥ 

ᴇʥʛᴇʥʠʡ ʪʘʨʭʘʣʪʳʥ ʟʘʛʚʘʨ ʙʦʣʦʚʩʨʫʫʣʩʥʘʘʨ ʪʫʭʘʡʥ ᴇʥʛᴇʥʠʡ ʤʵʜʵʵʣʣʠʡʥ ʩʘʥʛʘʘ 

ʘʰʠʛʣʘʥ ʫʨʘʥ ʟʫʨʛʠʡʛ ʦʣʦʥ ʫʣʩ ʙʦʣʦʥ ʜʦʪʦʦʜʳʥ װʟʵʩʛʵʣʵʥʜ ʷʚʫʫʣʘʭ ʭʵʣʙʵʨʵʵʨ 

ʙʘʡʨʥʘʘʩ ʭᴇʜᴇʣʛᴇʭ ʟʵʨʵʛʪ ʜʘʭʠʥ ʭʵʤʞʠʣʪ ʭʠʡʞ ᴇʤʥᴇʭ ʭʵʤʞʠʣʪʠʡʥ ʫʪʛʘʪʘʡ 

ʭʘʨʴʮʫʫʣʘʥ ᴇʥʛᴇʥʠʡ ᴇʛᴇʛʜʣʠʡʥ ʙʦʣʦʚʩʨʫʫʣʘʣʪ ʭʠʡʭ, ᴇʛᴇʛʜʣʠʡʥ ʜװʥ ʰʠʥʞʠʣʛʵʵ 

ʭʠʡʭ ʘʨʛʘʘʨ ʪʫʭʘʡʥ ʵʭ ʟʫʨʘʛ ʤᴇʥ ʵʩʵʭʠʡʛ ʰʘʣʛʘʭ ʟʦʨʠʣʛʦʪʦʡ. 

ʉʋɼɸʃɻɸɸʅʓ ɽʈᴆʅʍʀʁ ɸʈɻɸ ɿתʁ 

ʋʛ ʪʫʨʰʠʣʪ, ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʳʛ ʜʘʨʘʘʭ ʝʨᴇʥʭʠʡ ʘʨʛʘ ʟװʡʥ ʜʘʛʫʫ ʛװʡʮʵʪʛʵʥʵ [5]. 

 
ɼʠʘʛʨʘʤ 2.1. ʉʫʜʘʣʛʘʘʥʳ ʘʨʛʘ ʟϾʡ 

 

ᴆʛᴇʛʜᴇʣ ʙʦʣʦʚʩʨʫʫʣʘʣʪʳʥ ʘʨʛʘ ʟװʡ: 

ʀʥʛʵʵʜ ʭʵʤʞʠʣʪʠʡʥ װʨ ʜװʥ ʙʫʶʫ ᴇʛᴇʛʜʣװװʜʵʜ ʩʪʘʪʠʩʪʠʢ ʙʦʣʦʚʩʨʫʫʣʘʣʪ 

ʭʠʡʛʜʵʭ ʙᴇʛᴇᴇʜ ʰʠʥʞ ʯʘʥʘʨʳʥ ʩʪʘʪʠʩʪʠʢ װʟװװʣʵʣʪװװʜʠʡʛ ʪʦʜʦʨʭʦʡʣʦʭ ʘʨʛʳʛ 

ʜʘʨʘʘʭ ʙʘʡʜʣʘʘʨ ʛʫʨʘʚ ʭʫʚʘʘʞ ʘʚʯ װʟʜʵʛ ʙᴇʛᴇᴇʜ ʪʫʨʰʠʣʪ ʭʵʤʞʠʣʪʠʡʥ ʪʦʦ 

ʭʘʨʴʮʘʥʛʫʡ ʙʘʛʘ ʙʦʣ ʩʪʘʪʠʩʪʠʢ װʟװװʣʵʣʪװװʜʠʡʛ ʪʦʤʴʸʦ ʘʰʠʛʣʘʥ ʪʦʜʦʨʭʦʡʣʜʦʛ. n-

ʵʵʨ ʭʵʤʞʠʣʪʠʡʥ ʪʦʦʛ ʠʣʵʨʭʠʡʣʥʵ [5]. 

ü ʊʦʤʴʸʦʥʳ ʘʨʛʘ (n=<30) 

ü ʅʠʡʣʙʵʨʠʡʥ ʘʨʛʘ  (n>30) 

ü תʨʞʚʵʨʠʡʥ ʘʨʛʘ  (n>30) 

ɹʠʜʥʠʡ ʭʫʚʴʜ ʭʵʤʞʠʣʪʠʡʥ ʪʦʦ 30-ʘʘʩ ʙʘʛʘ ʫʯʨʘʘʩ ʪʦʤʴʸʦʥʳ ʘʨʛʘʘʨ ᴇʛᴇʛʜʣʠʡʥ 

ʙʦʣʦʚʩʨʫʫʣʘʣʪʳʛ ʩʪʘʪʠʩʪʠʢ ʙʦʣʦʚʩʨʫʫʣʘʣʪʳʥ R ʧʨʦʛʨʘʤʤ ʜʵʵʨ ʜʘʨʘʘʭ ʩʪʘʪʠʩʪʠʢ 

  .ʜʠʡʛ ʪʦʜʦʨʭʦʡʣʥʦװװʣʵʣʪװװʟװ

Mean ʙʫʶʫ ʘʨʠʬʤʝʪʠʢ ʜʫʥʜʘʞ: 

 

 

Variance ʙʫʶʫ ʜʠʩʧʝʨʩ: 

 

 

͎ͤ ͙͚ͤ 
ͻΉ͙ͣ͗ͭ͡

͎ ͎͙͚͒ͤ͡ ͫ͊ͤ 
͎ͫΉͻ

̆Ή͙͙͚ͣ͗ͭͤ͡ ͪ 
͒ ͎͙͚ͤͤ 

͍͋ͦͦͫͪͯͯ͊ͭ͡͡͡

͎ ͎͙͚͒ͤ͡ ͒ ͤ 
΄͙͙͎ͤ͗͡ΉΉ
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Standard deviation ʙʫʶʫ ʩʪʘʥʜʘʨʪ ʭʘʟʘʡʣʪ: 

 

 

 

Coefficient of Skewness ʙʫʶʫ ʥʘʣʫʫʛʠʡʥ ʢʦʵʬʬʠʮʠʝʥʪ: 

 

 

 

Coefficient of Kurtosis ʙʫʶʫ ʞʠʛʜ ʙʠʰʠʡʥ ʢʦʵʬʬʠʮʠʝʥʪ: 

 

 

 

Coefficient of Regression ʙʫʶʫ ʨʝʛʨʝʩʩʠʡʥ ʢʦʵʬʬʠʮʠʝʥʪ: 

 

 

 

SSregression ʥʴ ʨʝʛʨʝʩʩʠʡʥ ʫʣʤʘʘʩ װװʩʩʵʥ ʢʚʘʜʨʘʪʳʥ ʥʠʡʣʙʵʨ, SStotal ʙʦʣ 

ʢʚʘʜʨʘʪʳʥ ʥʠʡʪ ʥʠʡʣʙʵʨ ʶʤ. R2-ʠʡʛ ʙʠʜ ʩʪʘʪʠʩʪʠʢ ʜװʥ ʰʠʥʞʠʣʛʵʵʥʠʡ R ʧʨʦʨʘʤʤ 

ʘʰʠʛʣʘʥ ʙʦʜʫʫʣʩʘʥ. ɼʘʨʘʘʭ ʛʨʘʬʠʢʫʫʜʘʘʨ ʭʫʛʘʮʘʘʥʘʘʩ ʭʘʤʘʘʨʩʘʥ ᴇʥʛᴇʥʠʡ 

ᴇᴇʨʯʣᴇʣʪʠʡʛ ʰʫʛʘʤʘʥ ʨʝʛʨʝʩʩʠʡʥ ʘʨʛʘʘʨ ʠʣʵʨʭʠʡʣʵʚ. L* ʥʴ ᴇʥʛᴇʥʠʡ ʮʘʡʨʘʣʪʳʛ 

ʠʣʵʨʭʠʡʣʜʵʛ ʫʪʛʘ ʫʯʨʘʘʩ ʛʘʥʜʘʣʪʳʥ ʠʥʜʝʢʩʠʡʛ ʝʨᴇʥʭʠʡʜᴇᴇ L*-ʠʡʥ ᴇᴇʨʯʣᴇʣʪᴇᴇʨ 

ʘʚʯ װʟʥʵ [6].  

ᴆʛᴇʛʜʣʠʡʥ ʜװʥ ʰʠʥʞʠʣʛʵʵ: 

ʉʫʜʘʣʛʘʘʥʳ ᴇʛᴇʛʜʣʠʡʛ ʙʦʣʦʚʩʨʫʫʣʘʭ, ʥʵʛʪʛʵʥ ʜװʛʥʵʭ, ʪʘʡʣʙʘʨʣʘʭ װʡʣ ʷʚʮʳʛ 

ᴇʛᴇʛʜʣʠʡʥ ʘʥʘʣʠʟ ʛʵʥʵ. ᴆʛᴇʛʜʣʠʡʥ ʘʥʘʣʠʟʳʛ ʝʨᴇʥʭʠʡʜ ʥʴ 3 ʙװʣʵʛ ʙʦʣʛʦʥ װʟʵʞ 

ʙʦʣʥʦ. װתʥʜ: 

¶ ʊʦʜʦʨʭʦʡʣʦʛʯ ʘʥʘʣʠʟ 

¶ ʊʘʘʤʘʛʣʘʣ ʰʘʣʛʘʭ ʘʥʘʣʠʟ 

¶ ʍʵʪʠʡʥ ʪᴇʣʚʠʡʥ ʘʥʘʣʠʟ 

ʊʦʜʦʨʭʦʡʣʦʛʯ ʘʥʘʣʠʟ 

ɼʝʩʢʨʠʧʪʠʚ ʘʥʘʣʠʟ ʙʫʶʫ ʪʦʜʦʨʭʦʡʣʦʛʯ ʩʪʘʪʠʩʪʠʢ ʥʴ ʩʫʜʘʣʛʘʘʥʳ ʭʫʚʴʩʘʛʯʜʳʥ 

ʝʨᴇʥʭʠʡ ʤʵʜʵʵʣʣʠʡʛ ʠʣʵʨʭʠʡʣʵʭ ʜʘʪʘ ʘʥʘʣʠʟʳʥ ʵʭʥʠʡ ʘʣʭʘʤ ʶʤ. 



52 

 

¶ ʂʘʪʝʛʦʨʠ ʭʫʚʴʩʘʛʯ: 

¶ ʊʦʦ, ʭʫʚʴ 

 :ʨʛʵʣʞʠʣʩʵʥ ʭʫʚʴʩʘʛʯת ¶

¶ ɼʫʥʜʘʞ (ʘʨʠʬʤʝʪʠʢ, ʛʝʦʤʝʪʨ, ʢʚʘʜʨʘʪ, ʢʫʙ), ʞʠʥʣʵʛʜʩʵʥ ʜʫʥʜʘʞ, ʤʝʜʠʘʥ, 

ʤʦʦʜ 

¶ ʉʪʘʥʜʘʨʪ ʭʘʟʘʡʣʪ, ʭװʨʵʵ, ʜʘʣʘʡʮ, ʚʘʨʠʘʮ, ʪʵʛʰ ʭʵʤʠʡʥ ʢʦʵʬʬʠʮʠʝʥʪ, ʵʛʮ 

ʙʘʡʜʣʳʥ ʢʦʵʬʬʠʮʠʝʥʪ 

ʊʘʘʤʘʛʣʘʣ ʰʘʣʛʘʭ ʘʥʘʣʠʟ 

ʊʫʩ ʙװʣʵʛ ʰʠʥʞʠʣʛʵʵ ʥʴ ʩʫʜʘʣʛʘʘʥʳ ʭʫʚʴʩʘʛʯ ʭʦʦʨʦʥʜʳʥ ʭʘʤʘʘʨʣʳʥ 

ʯʠʛʣʵʣ, ʭװʯ ʙʦʣʦʥ ʩʫʜʣʘʘʯʠʡʥ ʜʵʚʰװװʣʞ ʙʫʡ ʪʘʘʤʘʛʣʘʣʳʛ ʪʘʡʣʙʘʨʣʘʥʘ. 

ʊʘʘʤʘʛʣʘʣ ʰʘʣʛʘʭ ʪʝʩʪʠʡʛ ʜʘʨʘʘʭ ʙʘʡʜʣʘʘʨ ʙװʣʵʛʣʵʥʵ. װתʥʜ: 

¶ ʊʘʨʭʘʣʪʳʥ װʥʵʣʛʵʵ: ɻʠʩʪʦʛʨʘʤ, Q-Q, P-P ʜʠʘʛʨʘʤ, ʀʰ ï ʥʘʚʯʥʳ 

ʜʠʘʛʨʘʤ, ʂʦʣʤʦʛʨʦʚ ʩʠʤʠʨʥʦʚʳʥ ʪʝʩʪ 

¶ ʅʵʛ ʪװװʚʨʠʡʥ ʪʝʩʪ: ʅʵʛ ʪװװʚʨʠʡʥ ʊ ʪʝʩʪ, ʊʵʤʜʵʛʪ ʪʝʩʪ, ʊʵʤʜʵʛʪ ʨʘʥʢ 

ʪʝʩʪ 

 ʚʨʠʡʥ ʊ ʪʝʩʪ, ʄʘʥʥ ʚʠʪʥʠʝװװʚʨʠʡʥ ʪʝʩʪ: ʍʦʸʨ ʪװװʣ ʭʘʤʘʘʨʘʣʪ ʭʦʸʨ ʪת ¶

ʪʝʩʪ, ɺʠʣʢʦʥʩʦʥʳ ʪʵʤʜʵʛʪ ʪʝʩʪ 

¶ ʍʘʤʘʘʨʘʣʪ ʭʦʸʨ ʪװװʚʨʠʡʥ ʪʝʩʪ: ʍʘʤʘʘʨʘʣʪ ʭʦʸʨ ʪװװʚʨʠʡʥ ʊ ʪʝʩʪ, 

ɺʠʣʢʦʥʩʦʥʳ ʪʵʤʜʵʛʪ ʪʝʩʪ 

¶ ɻʫʨʘʚ ʙʦʣʦʥ ʪװװʥʵʵʩ ʜʵʵʰ ʪװװʚʨʠʡʥ ʪʝʩʪ: ʅʵʛ ʯʠʛʣʵʣʪ ANOVA, ʆʣʦʥ 

ʯʠʛʣʵʣʪ ANOVA, ʂʨʫʩʢʘʣ ʚʘʣʴʩʠʡʥ ʪʝʩʪ, ɼʘʚʪʘʥ ʭʵʤʞʠʣʪʠʡʥ ANOVA, 

ʌʨʝʜʤʘʥʠʡ ʪʝʩʪ, ANCOVA 

¶ ɹװʣʛʠʡʥ ʷʣʛʘʘ ʪʦʦʮʦʭ ʪʝʩʪ: ʍʠ ï ʢʚʘʜʨʘʪ ʪʝʩʪ, ʌʠʰʝʨʠʡʥ ʪʝʩʪ, ʄʢ 

ʥʝʡʤʝʨʠʡʥ ʪʝʩʪ, ʂʘʧʧʘ ʩʪʘʪʠʩʪʠʢ, ʄʵʜʨʵʛ ʯʘʥʘʨ ᴇʚᴇʨʤᴇʮ ʙʘʡʜʘʣ 

¶ ʍʘʤʘʘʨʣʳʥ ʰʠʥʞʠʣʛʵʵ: ʇʠʨʩʦʥʳ ʢʦʨʨʝʣʮʠ, ʉʧʠʨʤʘʥʳ ʢʦʨʨʝʣʷʮʠ 

¶ ʈʝʛʨʝʩʩ: ʕʥʛʠʡʥ ʰʫʛʘʤʘʥ ʨʝʛʨʝʩʩ, ʆʣʦʥ ʭװʯʠʥ ʟװʡʣʠʡʥ ʰʫʛʘʤʘʥ 

ʨʝʛʨʝʩʩ, ʇʘʥʝʣ ʨʝʛʨʝʩʩ, ɹʠʥʘʨʠ ʣʦʛʠʩʪʠʢ ʨʝʛʨʝʩʩ, ʆʣʦʥ ʭװʯʠʥ ʟװʡʣʠʡʥ 

ʣʦʛʠʩʪʠʢ ʨʝʛʨʝʩʩ, ʆʨʜʠʥʘʣ ʨʝʛʨʝʩʩ 

¶ ʂʣʘʩʪʝʨʠʡʥ ʰʠʥʞʠʣʛʵʵ 

¶ ʄʝʪʘ-ʘʥʘʣʠʟ: ʉʘʥʘʤʩʘʨʛװʡ ʵʬʬʝʢʪʠʡʥ ʟʘʛʚʘʨ, ʍʦʣʠʤʦʛ ʵʬʬʝʢʪʠʡʥ 

ʟʘʛʚʘʨ 

ʍʵʪʠʡʥ ʪᴇʣʚʠʡʥ ʘʥʘʣʠʟ 

ʊʫʩ ʰʠʥʞʠʣʛʵʵ ʥʴ ʭʠʡʤʵʣ ʦʶʫʥ ʫʭʘʘʥ, ʠʭ ʭʵʤʞʵʵʥʠʡ ᴇʛᴇʛʜᴇʣʜ ʩʫʫʨʠʣʘʥ 

ʠʨʵʵʜװʡʥ ʯʠʛ ʭʘʥʜʣʘʛʳʛ ʪʦʦʮʜʦʛ ʘʨʛʘʯʣʘʣ ʶʤ. ʊʫʩ ʘʥʘʣʠʟʜ ʪʘʘʤʘʛʣʘʣ ʰʘʣʛʘʭ 

ʪʝʩʪ ʙʦʣʦʥ ʨʝʛʨʝʩʩʠʡʥ ʟʘʛʚʘʨʫʫʜʳʛ ʘʰʠʛʣʘʥʘ. 

ʊʘʘʤʘʛʣʘʣ ʰʘʣʛʘʭ: 

ʉʪʘʪʠʩʪʠʢ ʪʘʘʤʘʛʣʘʣ ʰʘʣʛʘʭ ʵʭʥʠʡ ʰʘʪʘʥʜ ʪʵʛ ʙʦʣʦʥ ʵʩʨʵʛ ʪʘʘʤʘʛʣʘʣʳʛ 

ʜʵʚʰװװʣʥʵ. ɹʠʜ ʠʭʵʚʯʣʵʥ ʥʵʛ ʵʭ ʦʣʦʥʣʦʛʠʡʥ ʥʵʛ ʧʘʨʘʤʝʪʨ ʵʩʚʵʣ ʭʦʸʨ ʵʭ 
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ʦʣʦʥʣʦʛʠʡʥ ʭʦʸʨ ʧʘʨʘʤʝʪʨʠʡʥ ʪʘʣʘʘʨʭ ʥᴇʭʮᴇʣ ʙʘʡʜʣʳʛ ʪʘʘʤʘʛʣʘʭ װʝʜʵʵ ʪװװʥʠʡ 

ʵʩʨʵʛ ʪʘʘʤʘʛʣʘʣʳʛ ʙʦʜʦʣʮʦʞ ʙʘʡʜʘʛ. ʊʘʘʤʘʛʣʘʣʫʫʜʳʥ ʟᴇʚʭᴇʥ ʥʵʛ ʥʴ ʣ ʙʦʜʠʪʦʡ 

ʙʘʡʥʘ. ʀʡʤʜ ʤᴇʥ ʯʘʥʘʨʪʘʘ װʥʜʩʵʥ ʪʘʘʤʘʛʣʘʣ ʙʦʣʦʥ ʪװװʥʠʡ ʵʩʨʵʛ ʪʘʘʤʘʛʣʘʣʳʛ 

ʭʘʨʴʮʫʫʣʞ ʘʚʯ װʟʜʵʛ. ʕʥʵʭװװ ʩʘʥʘʘ ʥʴ ʩʪʘʪʠʩʪʠʢ ʪʘʘʤʘʛʣʘʣ ʰʘʣʛʘʭ ʵʭʥʠʡ װʥʜʩʵʥ 

ʟʘʨʯʠʤ ʶʤ. ʉʪʘʪʠʩʪʠʢʠʡʥ ʥʵʨ ʪʦʤʴʸʦʥʜ, ʵʭʥʠʡ ʪʘʘʤʘʛʣʘʣʳʛ ñʊʵʛ ʪʘʘʤʘʛʣʘʣò ʛʵʞ 

ʥɻ ʨʣʵʭ ʙᴇʛᴇᴇʜ ᴇᴇʨᴇᴇʨ ʭʵʣʙʵʣ, ᴇᴇʨʯʣᴇʣʪʛװʡ, ʥᴇʣᴇᴇʛװʡ, ʷʣʛʘʘʛװʡ ʛʵʩʵʥ ʫʪʛʳʛ 

ʠʣʵʨʭʠʡʣʞ Hʪʵʛ ʛʵʞ ʪʵʤʜʵʛʣʵʜʵʛ. ʍʦʸʨ ʜʘʭʴ ʪʘʘʤʘʛʣʘʣʳʛ ñʕʩʨʵʛ ʪʘʘʤʘʛʣʘʣò ʛʵʞ 

ʥʵʨʣʵʥʵ. ᴆᴇʨᴇᴇʨ ʭʵʣʙʵʣ, ʵʥʜ ʷʤʘʨ ʥʵʛʵʥ ᴇᴇʨʯʣᴇʣʪ ʙʘʡʭ ʙᴇʛᴇᴇʜ H1 ʛʵʞ 

ʪʵʤʜʵʛʣʵʜʵʛ. ʊװװʥʯʣʵʥ ʵʭ ʦʣʦʥʣʦʛʠʡʥ ʧʘʨʘʤʝʪʨʠʡʥ ʫʪʛʳʛ ʵʥʜ ʵʩʨʵʛ ʪʘʘʤʘʛʣʘʣ 

ʙʦʣʛʦʥ ʘʰʠʛʣʘʜʘʛ.  

ʊʝʩʪʠʡʥ ʧʨʦʮʝʜʫʨ ʥʴ ʜʘʨʘʘʭ ʰʠʡʜʚʵʨװװʜʠʡʥ ʘʣʴ ʥʵʛʠʡʛ ʛʘʨʛʘʭʘʜ ʪʫʩʘʣʥʘ: 

1. ʊʵʛ ʪʘʘʤʘʛʣʘʣ (H0 ) -ʳʛ ʥʷʮʘʘʭ, ᴇᴇʨᴇᴇʨ ʭʵʣʙʵʣ, H0 -ʪʘʘʤʘʛʣʘʣ ʙʫʨʫʫ ʛʵʩʵʥ 

ʜװʛʥʵʣʪʵʜ ʭװʨʵʭ ʙᴇʛᴇᴇʜ ʵʥʵ ʥʴ ʵʩʨʵʛ ʪʘʘʤʘʛʣʘʣʳʛ (H1 )-ʠʡʛ ʙʦʜʠʪʦʡ ʛʵʜʛʠʡʛ 

ʭװʣʵʵʥ ʟᴇʚʰᴇᴇʨʥᴇ. 2. ʊʵʛ ʪʘʘʤʘʛʣʘʣ (H0 )-ʳʛ ʥʷʮʘʘʭʛװʡ ʙᴇʛᴇᴇʜ ʵʥʵ ʥʴ ʪװװʚʵʨʪ 

ʷʤʘʨ ʥʵʛʵʥ ʙʘʪʘʣʛʘʘ ʙʘʡʭʛװʡ, ʪʵʛ ʪʘʘʤʘʛʣʘʣʳʛ ʙʘʪʘʣʥʘ. ʊʵʛ ʪʘʘʤʘʛʣʘʣ (H0 )-ʳʛ 

ʙʘʪʘʣʩʥʘʘʨ װʥʵʥ ʛʵʩʵʥ װʛ ʙʠʰ ʶʤ. ʗʘʛʘʘʜ ʛʵʚʵʣ ʩʪʘʪʠʩʪʠʢ ʪʘʘʤʘʛʣʘʣʳʛ ʰʘʣʛʘʭ 

ʟʦʨʠʣʛʦ ʥʴ ʪʵʛ ʪʘʘʤʘʛʣʘʣʳʛ ʙʘʪʣʘʭʘʘʩ ʠʣװװʪʵʡʛʵʵʨ ᴇʥʜᴇʨ ʠʪʛʵʣʪʵʡʛʵʵʨ ʥʷʮʘʘʭ 

ʷʚʜʘʣ ʶʤ. ʕʥʜʵʵʩ ʭʵʨʚʵʵ ʩʪʘʪʠʩʪʠʢ ʰʘʣʛʫʫʨ ʪʵʛ ʪʘʘʤʘʛʣʘʣ(H0 )-ʳʛ ʥʷʮʘʘʚʘʣ, 

 ʥʠʡʛ ʭʫʜʘʣ ʛʵʜʵʛʪ ᴇʥʜᴇʨ ʠʪʛʵʣʪʵʡ ʙʘʡʥʘ. ɻʵʩʵʥ ʭʵʜʠʡ ʯ, ʭʵʨʚʵʵ H0 -ʠʡʛװװ

ʟᴇʚʰᴇᴇʨʚᴇʣ, ʪװװʚʵʨ ʥʴ ʪʵʛ ʪʘʘʤʘʛʣʘʣʳʛ ʥʷʮʘʘʭ ʭʘʥʛʘʣʪʪʘʡ ʙʘʪʘʣʛʘʘʛװʡ ʙʘʡʥʘ 

ʛʵʞ ʪʘʡʣʙʘʨʣʘʥʘ. ᴆᴇʨᴇᴇʨ ʭʵʣʙʵʣ, ʪʵʛ ʪʘʘʤʘʛʣʘʣʳʛ ʥʷʮʘʘʭ ʥʴ ʙʠʜ ʙװʭʥʠʡ ʥʘʡʜʘʞ 

ʙʦʣʦʭ ʰʠʡʜʚʵʨʣʵʭ ʜװʛʥʵʣʪ ʶʤ. ʊʵʛ ʪʘʘʤʘʛʣʘʣʳʛ ʥʷʮʘʘʭ, ʵʩ ʥʷʮʘʘʭʘʜ ʩʫʫʨʠʣʩʘʥ 

ʰʠʡʜʚʵʨʵʵʩ ʠʣװװʪʵʡʛʵʵʨ ʙʠʜ ʙװʭʵʥ ʪʵʛ ʙʦʣʦʥ ʵʩʨʵʛ ʪʘʘʤʘʛʣʘʣʳʛ ʪʦʤʴʸʦʣʦʭʜʦʦ 

ʙʦʣʛʦʦʤʞʪʦʡ ʭʘʥʜʘʭ ʸʩʪʦʡ. ʕʥʵ ʥʴ ʙʠʜʵʥʜ ʙʘʡʛʘʘ ʙʠʝ ʙʠʝʠʡʥʭʵʵ ʵʩʨʵʛ 2 

ʪʘʘʤʘʛʣʘʣʪʘʡ ʭʦʣʙʦʦʪʦʡ ʙᴇʛᴇᴇʜ ʘʣʴ ʥʵʛʠʡʛ ʥʴ ʪʵʛ ʪʘʘʤʘʛʣʘʣ ʙʦʣʛʦʥ ʩʦʥʛʦʥʦ. 

ɻʵʚʯ ʟᴇʚʭᴇʥ ʪʵʛ ʪʘʘʤʘʛʣʘʣʳʛ ʥʷʮʘʘʭ ʜװʛʥʵʣʪʵʜ ᴇʥʜᴇʨ ʠʪʛʵʣʪʵʡ ʙʘʡʭ ʙᴇʛᴇᴇʜ 

ʪװװʚʨʠʡʛ ʥʷʮʘʘʭ H0 ʪʘʘʤʘʛʣʘʣʳʛ ʘʚʯ װʟʥʵ. ᴆᴇʨᴇᴇʨ ʭʵʣʙʵʣ, ʵʩʨʵʛ ʪʘʘʤʘʛʣʘʣ ʥʴ 

ʙʠʜ ʥʘʨ ʪʦʦ ʤʵʜʵʵʣʵʣ װʥʵʥ ʛʵʜʵʛʪ ʠʪʛʵʣʪʵʡ ʛʵʩʵʥ ʫʪʛʳʛ ʘʛʫʫʣʥʘ.  
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ɼʠʘʛʨʘʤ 2.2. ɸʣʜʘʘʥʳ ʪЊʨЊʣ 

ʉʪʘʪʠʩʪʠʢ ʪʘʘʤʘʛʣʘʣʳʛ ʰʘʣʛʘʭʘʜ ʪʵʛ ʪʘʘʤʘʛʣʘʣʳʛ ʙʘʪʣʘʭ ʵʩʚʵʣ ʥʷʮʘʘʭ 

 ʡ, ᴇᴇʨᴇᴇʨ ʭʵʣʙʵʣװʡʣ ʷʚʮ ʙʘʡʥʘ. ʄʵʜʵʵʞ ʭʵʨʵʛ ʙʦʜʠʪ ʙʘʡʜʣʳʛ ʭʵʟʵʵ ʯ ʤʵʜʵʛʜʵʭʛװ

H0 װʥʵʥ ʵʩʚʵʣ ʭʫʜʘʣ ʵʩʵʭʠʡʛ ʤʵʜʵʭʛװʡ. ʐʠʥʞ ʯʘʥʘʨʳʥ ʙʦʜʠʪ ʥᴇʭʮᴇʣ ʙʘʡʜʘʣ H0 

ʪʘʘʤʘʛʣʘʣʘʘʨ װʥʵʥ ʵʩʚʵʣ ʭʫʜʘʣ ʙʘʡʭ ʙʦʣʦʤʞʪʦʡ. ɹʠʜ ʰʠʥʞ ʯʘʥʘʨʳʥ ʙʦʜʠʪ 

ʥᴇʭʮᴇʣ ʙʘʡʜʣʳʛ ʤʵʜʵʭʛװʡʛʵʵʨ ʪʵʛ ʪʘʘʤʘʛʣʘʣʳʛ ʘʰʠʛʣʘʥ ʙʘʪʘʣʞ ʵʩʚʵʣ ʥʷʮʘʘʞ 

ʰʠʡʜʚʵʨ ʛʘʨʛʘʥʘ. ʉʪʘʪʠʩʪʠʢ ʪʘʘʤʘʛʣʘʣʳʛ ʰʘʣʛʘʞ ʰʠʡʜʚʵʨ ʛʘʨʛʘʭʘʜ 2 ʪᴇʨʣʠʡʥ 

ʘʣʜʘʘ ʛʘʨʥʘ. װתʥʜ: I ʪᴇʨʣʠʡʥ ʘʣʜʘʘ: ʵʥʵ ʘʣʜʘʘ ʥʴ ʪʵʛ ʪʘʘʤʘʛʣʘʣ װʥʵʥ ʙʘʡʭʘʜ 

ʥʷʮʘʘʭ װʝʜ ʠʣʵʨʜʵʛ. I ʪᴇʨʣʠʡʥ ʘʣʜʘʘ ʛʘʨʘʭ ʤʘʛʘʜʣʘʣʳʛ Ŭ (ɻʨʝʢ װʩʛʵʵʨ ʘʣʴʬʘ) ʛʵʞ 

ʪʵʤʜʵʛʣʵʝ. ʄʵʜʵʵʞ ʭʵʨʵʛ ʤʘʛʘʜʣʘʣ 0 ÒŬÒ 1 ʙʘʡʭ ʥʴ ʪʦʜʦʨʭʦʡ. II ʪᴇʨʣʠʡʥ ʘʣʜʘʘ: 

ʵʥʵ ʘʣʜʘʘ ʥʴ ʪʵʛ ʪʘʘʤʘʛʣʘʣ ʭʫʜʘʣ ʙʘʡʭʘʜ ʟᴇʚʰᴇᴇʨᴇʭ װʝʜ ʙʠʡ ʙʦʣʜʦʛ. II ʪᴇʨʣʠʡʥ 

ʘʣʜʘʘ ʛʘʨʘʭ ʤʘʛʘʜʣʘʣʳʛ ɓ (ɻʨʝʢ װʩʛʵʵʨ ʙʝʪʘ) ʛʵʞ ʪʵʤʜʵʛʣʵʭ ʙᴇʛᴇᴇʜ 0 ÒɓÒ 1 

ʭʦʦʨʦʥʜ ʫʪʛʘ ʘʚʥʘ. ʕʥʜ ʶʫ ʯʫʭʘʣ ʚʵ ʛʵʭʵʵʨ ᴇʥʜᴇʨ ʤʘʛʘʜʣʘʣʪʘʡʛʘʘʨ ʜʵʵʨʭ 

ʪᴇʨʣʠʡʥ ʘʣʜʘʘʛ ʛʘʨʛʘʭʛװʡ ʙʘʡʭ ʷʚʜʘʣ ʶʤ. 

P-ʫʪʛʘʘʨ ʪʘʘʤʘʛʣʘʣ ʰʘʣʛʘʭ:  

¶ P-ʫʪʛʘ -ʛ ʢʨʠʪʠʢ ʫʪʛʘ ʙʫʶʫ ʘʯ ʭʦʣʙʦʛʜʣʳʥ ʪװʚʰʠʥʪʵʡ (90%, 95%, 99%) 

ʭʘʨʴʮʫʫʣʘʭ ʟʘʤʘʘʨ ʪʫʭʘʡʥ ʰʠʥʞװװʨʠʡʥ ʪʵʛ ʪʘʘʤʘʛʣʘʣʳʛ ʥʷʮʘʘʭ ʵʩʚʵʣ 

ʭװʣʵʵʞ ʘʚʘʭ ʵʩʵʭʠʡʛ ʰʘʣʛʘʥʘ.  

¶ P-ʫʪʛʘ ʥʴ ʢʨʠʪʠʢ ʫʪʛʘʘʩ ʙʘʛʘ ʙʘʡʚʘʣ ʰʠʥʞװװʨʠʡʥ ʪʵʛ ʪʘʘʤʘʛʣʘʣʳʛ (H0) 

ʥʷʮʘʘʞ, ʵʩʨʵʛ ʪʘʘʤʘʛʣʘʣ P-ʫʪʛʘʘʨ ʪʘʘʤʘʛʣʘʣ ʰʘʣʛʘʭ ʘʣʭʤʫʫʜ  

¶ ʊʵʛ (H0 ) ʙʦʣʦʥ ʵʩʨʵʛ(H1 ) ʪʘʘʤʘʛʣʘʣʳʛ ʪʦʜʦʨʭʦʡ ʪʦʤʴʸʦʣʞ ᴇʛᴇʭ. ʊʵʥʮװװ 

ʙʘʡʜʣʘʘʨ ʪʦʤʴʸʦʣʦʛʜʩʦʥ ʧʘʨʘʤʝʪʨ ʥʴ ʪʵʛ ʪʘʘʤʘʛʣʘʣ ʙʦʣʥʦ.  

¶ Ŭ ʘʯ ʭʦʣʙʦʛʜʣʳʥ ʪװʚʰʠʥʛ ʰʠʡʜʚʵʨʣʵʭ 

¶ ʇʘʨʘʤʝʪʨʪ ʪʫʣʛʫʫʨʣʘʥ ʪʘʘʤʘʛʣʘʣ ʰʘʣʛʘʭ ʪʦʭʠʨʦʤʞʪʦʡ ʩʪʘʪʠʩʪʠʢ 

ʰʘʣʛʫʫʨʳʛ ʩʦʥʛʦʭ  
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¶ 3 ʜʫʛʘʘʨ ʘʣʭʘʤʜ ʪʦʜʦʨʭʦʡʣʩʦʥ ʩʪʘʪʠʩʪʠʢ ʰʘʣʛʫʫʨʳʥ װʟװװʣʵʣʪʠʡʛ ʪװװʚʨʵʵʨ 

ᴇʛᴇʛʜʩᴇʥ ʪʦʦ ʤʵʜʵʵʣʣʠʡʛ ʘʰʠʛʣʘʥ ʪʦʦʮʦʭ  

¶ ʊʦʦʮʩʦʥ p ʫʪʛʘ ʙʦʣʦʥ ʘʯ ʭʦʣʙʦʛʜʣʳʥ ʪװʚʰʥʠʡ ʦʥʦʣʳʥ ʫʪʛʘ /ᴇʤʥᴇ ʥʴ 

ʪʦʜʦʨʭʦʡʣʩʦʥ/-ʛ ʭʘʨʴʮʫʫʣʞ H0 ʪʘʘʤʘʛʣʘʣʳʛ ʥʷʮʘʘʭ ʵʩʵʭʵʵ ʰʠʡʜʵʞ, 

ʩʪʘʪʠʩʪʠʢ ʰʠʡʜʚʵʨ ʛʘʨʛʘʭ  

¶ ʗʤʘʨ ʥʵʛʵʥ ʤʘʪʝʤʘʪʠʢ, ʩʪʘʪʠʩʪʠʢʠʡʥ ʦʡʣʛʦʤʞʛװʡ ʥʵʨ ʪʦʤʴʸʦʛ 

ʘʰʠʛʣʘʭʛװʡʛʵʵʨ ʜʵʚʰװװʣʩʵʥ ʪʘʘʘʤʘʛʣʘʣʳʥ ʭʘʨʠʫʣʪʳʛ ᴇʛʯ ʜװʛʥʵʣʪ ʭʠʡʭ 

Z ʰʘʣʛʫʫʨ 

(H1)-ʛ ʭװʣʵʵʞ ʘʚʥʘ. P-value ʙʘʛʘ ʙʘʡʭ ʪʫʩʘʤ (ʀʭʵʚʯʣʵʥ < 0.05) ʪʵʛ 

ʪʘʘʤʘʛʣʘʣ ʥʷʮʘʘʛʜʘʥʘ.  

 

ʊװװʚʨʠʡʥ ʭʵʤʞʵʵ ʠʭ װʝʜ n Ó 30 װʝ ʜʵʭ ʥʵʛ ʵʭ ʦʣʦʥʣʦʛʠʡʥ ʜʫʥʜʞʠʡʥ 

ʩʪʘʪʠʩʪʠʢ ʪʘʘʤʘʛʣʘʣʳʛ ʰʘʣʛʘʭ ʠʞʠʣ ʧʨʦʮʝʜʫʨʳʛ ʘʰʠʛʣʘʭ ʙᴇʛᴇᴇʜ ʥʵʛ ᴇᴇʨʯʣᴇʣʪ 

ʦʨʥʦ. Z ʩʪʘʪʠʩʪʠʢ ʰʘʣʛʫʫʨʳʛ ʚʘʨʠʘʮ ʤʵʜʵʛʜʵʭʛװʡ ʪʦʭʠʦʣʜʦʣʜ ʪװװʚʨʠʡʥ ʩʪʘʥʜʘʨʪ 

ʭʘʟʘʡʣʪʳʛ ʘʰʠʛʣʘʞ ʪʦʦʮʦʦʣʦʣ ʭʠʡʥʵ. ʊʘʘʤʘʛʣʘʣʳʥ ʩʪʘʪʠʩʪʠʢ ʰʘʣʛʫʫʨʳʛ ʜʘʨʘʘʭ 

ʪʦʤʴʸʦʛʦʦʨ ʠʣʵʨʭʠʡʣʥʵ.  

 ʥʜ: ʉʪʘʪʠʩʪʠʢ ʰʘʣʛʫʫʨ ʥʴ Z ʙʘʡʭ ʙᴇʛᴇᴇʜ ʰʘʣʛʘʭ ʜʘʨʘʘʣʘʣ, ʘʣʭʤʫʫʜ ʥʴ ʜʵʵʨװת

ʜʫʨʴʜʩʘʥ ʜʫʥʜʞʠʡʥ ʪʘʘʤʘʛʣʘʣ ʰʘʣʛʘʭ P-ʫʪʛʳʥ ʘʨʛʘʪʘʡ ʠʞʠʣ ʙʘʡʥʘ.  

T ʰʘʣʛʫʫʨ 

T ʰʘʣʛʫʫʨ ʥʴ 2 ʪװװʚʨʠʡʥ ʜʫʥʜʞʠʡʛ ʭʘʨʴʮʫʫʣʘʭʘʜ ʘʰʠʛʣʘʥʘ. 2 ʪװװʚʨʠʡʥ 

ʜʫʥʜʘʞ ʷʣʛʘʘʪʘʡ ʶʫ? װʛװʡ ʶʫ? ʛʵʜʛʠʡʛ ʰʘʣʛʘʥʘ.ʊװװʚʨʠʡʥ ʭʵʤʞʵʵ ʙʘʛʘ ʙʫʶʫ n < 

30 ʙʘʡʭ װʝʜ ʥʵʛ ʵʭ ʦʣʦʥʣʦʛʠʡʥ ʜʫʥʜʞʠʡʥ ʩʪʘʪʠʩʪʠʢ ʪʘʘʤʘʛʣʘʣ ʰʘʣʛʘʭ ʠʞʠʣ 

ʧʨʦʮʝʜʫʨʳʛ ʘʰʠʛʣʘʭ ʙᴇʛᴇᴇʜ ʥʵʛ ᴇᴇʨʯʣᴇʣʪʪʵʡ ʙʘʡʥʘ. ʕʥʵ ᴇᴇʨʯʣᴇʣʪ ʥʴ Z 

ʰʘʣʛʫʫʨʳʥ ʦʨʦʥʜ T ʰʘʣʛʫʫʨʳʛ ʘʰʠʛʣʘʭ ʙᴇʛᴇᴇʜ ɜ = n-1 ʯᴇʣᴇᴇʥʠʡ ʟʵʨʵʛʪʵʡ 

ʉʪʶʜʝʥʪʠʡʥ t ʪʘʨʭʘʣʪʪʘʡ ʙʘʡʥʘ. ʊʘʘʤʘʛʣʘʣʳʥ ʩʪʘʪʠʩʪʠʢ ʰʘʣʛʫʫʨʳʛ ʜʘʨʘʘʭ 

ʪʦʤʴʸʦʛʦʦʨ ʠʣʵʨʭʠʡʣʥʵ.  

 

 ʡ ʪʘʨʭʘʣʪʳʥ ʥʵʛ ʭʵʣʙʵʨ ʙᴇʛᴇᴇʜ ʩʪʘʪʠʩʪʠʢʪ ᴇʨʛᴇʥװʥʜ: t-ʪʘʨʭʘʣʪ ʥʴ ʪʘʩʨʘʣʪʛװת

ʘʰʠʛʣʘʥʘ.  

ʍʕʄɾʀʃʊ ɹɸ ʊʋʈʐʀʃʊʓʅ תʈ ɼתʅ: 

ʍʵʤʞʠʣʪʠʡʥ ʜʘʨʘʘʭ ʭʦʸʨ ʪᴇʨʣʠʡʥ ʘʨʛʘʘʨ ʭʠʡʞ ʛװʡʮʵʪʛʵʚ.  
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¶ ʍʵʤʞʠʣʪʠʡʥ ʘʨʛʘ 1: ᴆʥʛᴇ ʙʘ ʦʙʲʝʢʪʦʦʨ ʭʵʤʞʠʭ 

ɿʫʨʛʠʡʛ ᴇʥʛᴇʥᴇᴇʩ ʭʘʤʘʘʨʘʥ 13 ʪᴇʨʣʠʡʥ ʦʙʲʝʢʪʵʜ ʘʥʛʠʣʘʥ ʭʫʚʘʘʞ ʦʙʲʝʢʪ ʪʫʩ ʙװʨ 

ʜʵʵʨ 10 ʮʵʛ ʢʦʦʨʜʠʥʘʪʣʘʥ ʘʚʯ 130 ʮʵʛ ʜʵʵʨ ʭʵʤʞʠʚ. 

¶ ʍʵʤʞʠʣʪʠʡʥ ʘʨʛʘ 2: ʍʵʤʞʵʵʥʵʵʩ ʭʘʤʘʘʨʘʥ ʤʘʪʨʠʮ װװʩʛʵʥ ʭʵʤʞʠʭ 

ɿʫʨʛʠʡʛ ʭʵʤʞʵʵʥʵʵʩ ʭʘʤʘʘʨʘʥ ʫʨʪʳʥ ʜʘʛʫʫ 23 ᴇʨʛᴇʥʠʡ ʜʘʛʫʫ 14  ʮʵʛʵʵʨ ʤʘʪʨʠʮ 

 .ʩʛʵʥ ʥʠʡʪ 322 ʮʵʛ ʢʦʦʨʜʠʥʘʪʣʘʥ ʘʚʯ ʭʵʤʞʠʚװװ

ʉʫʜʘʣʛʘʘʥʳ ʦʙʲʝʢʪ 1: ɸʟʘʨʛʘʥʳ ʥʦʮʦʣʜʦʦʥ 

ɸʟʘʨʛʘʥʳ ʥʦʮʦʣʜʦʦʥ ʟʫʨʘʛ ʥʴ ʘʨʜʳʥ ʟʫʨʘʘʯ ʆ.ʎʵʚʵʛʞʘʚ 1958 ʦʥʜ ʟʫʨʩʘʥ 

ʙᴇʛᴇᴇʜ ʟʦʪʦʥ ʜʘʘʚʫʫʥ ʜʵʵʨ ʪʦʩʦʥ ʙʫʜʛʘʘʨ 151*240 ʩʤ ʭʘʨʴʮʘʘʪʘʡ ʟʫʨʘʛʜʩʘʥ  ʪװװʭ 

ʩʦʸʣʳʥ ʭʦʩʛװʡ װʥʵʪ ʙװʪʵʵʣ ʶʤ.  

 

 

ɿʫʨʘʛ 2.1. ñɸʟʘʨʛʘʥʳ ʥʦʮʦʣʜʦʦʥò ʟʫʨʛʠʡʛ ʤʘʪʨʠʮʘʘʨ ʘʥʛʠʣʩʘʥ ʙʘʡʜʘʣ 

ʅʠʡʪ 452 ʮʵʛ ʜʵʵʨ ᴇʥʛᴇʥʠʡ ʭʵʤʞʠʣʪ ʭʠʡʩʵʥ ʙᴇʛᴇᴇʜ ʥʵʛ ʮʵʛʠʡʥ ʮʘʘʥʘ ʥʠʡʪ 40 

ʙʘʛʘʥʘ ʙװʭʠʡ ᴇʥʛᴇʥʠʡ ʫʪʛʘ ʙװʭʠʡ ᴇʛᴇʛʜʣװװʜ װװʩʵʞ ʙʘʡʥʘ.  

23*14=322, ʦʙʲʝʢʪ 130 

¶ ʍʘʨ ʤʦʨʴ 

¶ ʎʘʛʘʘʥ ʤʦʨʴ 

¶ ʎʘʛʘʘʘʥ ʘʨʳʥ ʭװʨʵʥ ʤʦʨʴ 

¶ ʍʵʵʨ ʫʥʘʛʘ 

¶ ʍװʨʵʥ ʘʟʘʨʛʘ 
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¶ ʍʫʣ ʘʟʘʨʛʘ 

¶ ʍװʥʠʡ ʫʥʘʞ ʙʘʡʛʘʘ ʤʦʨʴ 

¶ ʄʦʨʴʪʦʡ ʭװʥ 

¶ ʊʵʥʛʵʨ  

 ʣװת ¶

¶ ʋʫʣ 

¶ ʐʘʨ ᴇʚʩ 

¶ ʅʦʛʦʦʥ ᴇʚʯ 

 

ɿʫʨʘʛ 2.2. ñɸʞʣʳʥ ʜʘʨʘʘò ʟʫʨʛʠʡʛ ʤʘʪʨʠʮʘʘʨ ʘʥʛʠʣʩʘʥ ʙʘʡʜʘʣ 

19*15=285, ʦʙʲʝʢʪ 190 

Å ʊʵʥʛʵʨ 

Å װתʣ 

Å ʊʵʥʛʵʨʠʡʥ ʭʘʷʘ 

Å ɻʘʟʘʨ ʜʵʵʜ 

Å ʄʘʡʭʘʥʳ ʛʘʜʘʨ 

Å ʄʘʡʭʘʥʳ ʜʦʪʦʨ 

Å ʄʘʡʭʘʥʳ ʘʨʳʥ ʙʘʨʘʘʥ ʤʦʨʴ 
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Å ʅʦʛʦʦʥ ʜʵʵʣʪʵʡ ʭװʥ 

Å ʍʘʨ ʩʘʘʨʘʣ ʜʵʵʣʪʵʡ ʭװʥ 

Å ʋʣʘʘʥ ʭװʨʵʥ ʜʵʵʣʪʵʡ ʭװʥ 

Å ʍʘʨ ʭʘʥʪʘʘʟʪʘʡ ʭװʥ 

Å ʎʵʥʭʵʨ ʮʘʤʮʪʘʡ ʵʤʵʛʪʵʡ 

Å ʊʦʣʛʦʡʜʦʦ ʘʣʯʫʫʨʪʘʡ ʵʤʵʛʪʵʡ 

Å ʎʘʛʘʘʥ ʮʘʤʮʪʘʡ ʵʤʵʛʪʵʡ 

Å ʅʦʛʦʦʥ ʮʘʤʮ ᴇʤʜʪʵʡ ʵʤʵʛʪʵʡ 

Å ʍʘʜʫʫʨ 

Å ʐʠʨʵʵ 

Å ɹʘʨʫʫʥ ʜʦʦʜ ʞʠʞʠʛ ʭʵʨʵʛʩʵʣ 

Å ɻʘʟʘʨ ʜʦʦʜ 

 

ʉʫʜʘʣʛʘʘʥʳ ʦʙʲʝʢʪ 3:ʊʘʣʳʥ ʘʡʣ 

 

ɿʫʨʘʛ 2.3. ñʊʘʣʳʥ ʘʡʣò ʟʫʨʛʠʡʛ ʤʘʪʨʠʮʘʘʨ ʘʥʛʠʣʩʘʥ ʙʘʡʜʘʣ 

15*7=105, ʦʙʲʝʢʪ 60 

Å ʊʵʥʛʵʨ 

Å װתʣ 

Å ɿװʣʵʛ 

Å ɿʘʤ 

Å ʊʵʤʵʵ 

Å ɻʵʨ  

ʉʫʜʘʣʛʘʘʥʳ ʦʙʲʝʢʪ 4:ʃʝʥʠʥ ʙʘʛʰ 
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ɿʫʨʘʛ 2.4. ñʃʝʥʠʥ ʙʘʛʰò ʟʫʨʛʠʡʛ ʤʘʪʨʠʮʘʘʨ ʘʥʛʠʣʩʘʥ ʙʘʡʜʘʣ 

15*11=165, ʦʙʲʝʢʪ 120 

Å ʊʵʥʛʵʨ ʛװʥ ʮʵʥʭʵʨ 

Å ʊʵʥʛʵʨ ʮʘʡʚʘʨ ʮʘʛʘʘʥ 

Å ɿװװʥ ʪʫʛ 

Å ɹʘʨʫʫʥ ʪʫʛ 

Å ɹᴇʤʙᴇʨʮʛʠʡʥ ʥʦʛʦʦʥ 

Å ɹᴇʤʙᴇʨʮʛʠʡʥ ʮʘʛʘʘʥ 

Å ʃʝʥʠʥ ʪʦʣʛʦʡ 

Å ʍװʨʵʤ, ʟʘʥʛʠʘ 

Å ʎʘʤʮʥʳ ʮʘʛʘʘʥ 

Å ɹʘʨʫʫʥ ʮʵʮʵʛ 

Å ɼʫʥʜ ʮʵʮʵʛ 

Å ɿװװʥ ʮʵʮʵʛ 

 

ʉʫʜʘʣʛʘʘʥʳ ʦʙʲʝʢʪ 5:ᴆʚʛᴇʥ ʭʫʫʨʯ 
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ɿʫʨʘʛ 2.5. ñЉʚʛЊʥ ʭʫʫʨʯò ʟʫʨʛʠʡʛ ʤʘʪʨʠʮʘʘʨ ʘʥʛʠʣʩʘʥ ʙʘʡʜʘʣ 

1. 11*15=165, ʦʙʲʝʢʪ 110 

2. ʍʘʥʘ 

3. ʍᴇʰʠʛ 

4. ʄʘʣʛʘʡ 

5. ʅװװʨ, ʛʘʨ,  

6. ʉʘʭʘʣ  

7. ɼʵʵʣ 

8. ɻʫʪʘʣ 

9. ᴆʤʜ 

10. ʍʫʫʨ 

11. ʆʣʙʦʛ 

12. ʐʠʨʜʵʛ 

 

ʉʘʥʛʠʡʥ ʭʵʤʞʵʵ ʪʦʦ ʭʵʤʞʵʵ: 

ʅʠʡʪ ʭʵʤʞʠʣʪ: 1752 

ʅʵʛ ʭʵʤʞʠʣʪʠʡʥ  

ʘʨʜʘʭ ʫʪʛʳʥ ʪʦʦ: 40 

ʍʵʤʞʠʣʪʠʡʥ ʥʠʡʪ ʪʦʦʥ ʫʪʛʫʫʜ: 70080 

  



61 

 

ʍϾʩʥʵʛʪ 2.1. ʉʘʥʛʠʡʥ ʪʦʦ 

ɿʫʨʛʠʡʥ ʥʵʨ ʤʘʪʨʠʮ ʦʙʲʝʢʪ 

ɸʞʣʳʥ ʜʘʨʘʘ  285 290 

ʊʘʣʳʥ ʘʡʣ 105 60 

ɸʟʘʨʛʘʥʳ ʥʦʮʦʣʜʦʦʥ 322 130 

ʃʝʥʠʥ ʙʘʛʰ 165 120 

ᴆʚʛᴇʥ ʭʫʫʨʯ 165 110 

ʅʠʡʪ 1042 710 

ɿʫʨʛʠʡʛ ʪʘʥʠʭ  ʝʨᴇʥʭʠʡ ʩʭʝʤ: 

¶ ʊʫʭʘʡʥ ʟʫʨʛʘʘʩ ʘʚʩʘʥ ʤʘʪʨʠʮʘʥ ʭʵʤʞʠʣʪʠʡʥ ʫʪʛʫʫʜʳʥ ʤʘʪʝʤʘʪʠʢ ʜʫʥʜʘʞ, 

ʜʠʩʧʝʨʩ, ʩʪʘʥʜʘʨʪ ʭʘʟʘʡʣʪʫʫʜʳʛ ʪʦʦʮʦʦʣʦʭ 

¶ ʕʜʛʵʵʨ װʟװװʣʵʣʪʠʡʛ ʵʭ ʟʫʨʛʠʡʥ װʟװװʣʵʣʪװװʜʪʵʡ ʭʘʨʴʮʫʫʣʘʭ 

¶ ʍʵʤʞʠʣʪʠʡʥ ʫʪʛʫʫʜʳʥ ʜʘʚʪʘʤʞʠʡʥ ʭװʩʥʵʛʪʠʡʥ ʙʘʡʛʫʫʣʞ ʵʭ ʭװʩʥʵʛʪʪʵʡ 

ʭʘʨʴʮʫʫʣʘʭ 

¶ ʍʠ ʢʚʘʜʨʘʪ ʰʠʥʞװװʨʠʡʥ ʩʪʘʪʠʩʪʠʢʠʡʛ ʪʦʦʮʦʦʣʞ  ʵʭ ʩʪʘʪʠʩʪʠʢʪʘʡ 

ʭʘʨʴʮʫʫʣʘʭ 

¶ ʍʵʤʞʠʣʪʠʡʥ ʫʪʛʫʫʜ ʙʘ ʵʭ ʜʫʥʜʘʞ ʫʪʛʫʫʜʘʘʨ  ʩʪʘʥʜʘʨʪ ʭʘʟʘʡʣʪʳʛ ʙʦʜʦʞ ʵʭ 

ʭʘʟʘʡʣʪʘʡ ʭʘʨʴʮʫʫʣʘʭ 

¶ ɿʫʨʛʠʡʥ ʪʦʜʦʨʭʦʡ ʜװʨʩ ʜʵʵʨ  ʭʵʤʞʠʣʪװװʜ ʭʠʡʞ ʜװʨʩʠʡʥ ʵʭ ʭʵʤʞʠʣʪװװʜʪʵʡ 

ʭʘʨʴʮʫʫʣʘʭ 
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ɹװʭ ʟʫʨʛʫʫʜʳʥ ʍ, ʋ, Z ʫʪʛʫʫʜʳʥ ʩʪʘʪʠʩʪʠʢ װʟװװʣʵʣʪװװʜ: 

ʍϾʩʥʵʛʪ 2.2. ʉʘʥʛʠʡʥ ʪʦʦ 

ˉ  ɿʫʨʛʠʡʥ ʥʵʨ  תʟװװ-

ʣʵʣʪ 

ʄʘʢʩʠʤʫʤ, 

ʤʠʥʠʤʫʤ 

ʄʘʪʝʤʘʪ

ʠʢ 

ʜʫʥʜʘʞ 

ʉʪʘʥʜʘʨ

ʪ 

ʭʘʟʘʡʣʪ 

ʂʦʨʨʝʣʷʮʠʡʥ 

ʢʦʵʬʬʠʮʠʝʥʪ 

 

1 

ɸʟʘʨʛʘʥʳ 

ʥʦʮʦʣʜʦʦʥ  

n=345 

ʭ 44.748           

3.188 

17.431 11.529 r(x,y)=0.9914 ,                   

a=4.577, b=-

43.701 

ʫ 92.210           

6.338 

36.091 26.765 
 

z 62.807           

0.122 

22.332 17.505 r(x,z)=0.6753 

2 ɸʞʣʳʥ ʜʘʨʘʘ 

n=285 

x 34.681          

2.134 

11.845 8.733 r(x,y)=0.9974 ,                  

a=1.148, b=-

1.486 

y 37.362         

2.214 

12.123 9.360 
 

z 26.748          

1.820 

9.129 7.848 r(x,z)=0.9246 

3 ʊʘʣʳʥ ʘʡʣ  

n=105 

X 38.636          

7.748 

21.978 8.023 r(x,y)=0.9811 ,                    

a=1.117, b=-

0.7789 

Y 37.750          

9.039 

23.779 8.481 
 

Z 28.057          

4.900 

17.543 8.251 r(x,z)=0.8547 

4 ᴆʚʛᴇʥ ʭʫʫʨʯ 

n=165 

X 61.547          

4.890 

39.833 16.156 r(x,y)=0.9733 ,                   

a=1.0597, b=-

4.7075 

Y 61.245          

4.950 

37.501 16.631 
 

Z 45,604          

3.878 

17.872 14.989 r(x,z)=0.6752 

5 ʃʝʥʠʥ ʙʘʛʰ 

n=126 

X 56.663          

3.390 

17.806 12.150 r(x,y)=0.9814 ,                     

a=1.098, b=-

2.452 

Y 58.519          

3.415 

17.100 12.732 
 

Z 40.535          

2.911 

10.661  8.676  r(x,z)=0.6752 
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ʍʵʤʞʠʣʪʠʡʥ ᴇʛᴇʛʜʣװװʜʠʡʛ ʭʘʨʴʮʫʫʣʘʭ ʘʨʛʫʫʜ: 

Å ʉʧʝʢʪʨʠʡʥ ʤʫʨʫʡʥ ʘʨʛʘʘʨ ʰʘʣʛʘʭ 

Å ʊʘʨʭʘʣʪʘʘʨ ʥʴ ʭʘʨʴʮʫʫʣʞ ʰʘʣʛʘʭ 

Å ʊʘʘʤʘʛʣʘʣ ʰʘʣʛʘʭ ʊ, F, Z ʰʠʥʞװװʨʵʵʨ ʰʘʣʛʘʭ 

Å ANOVA ʰʠʥʞװװʨʵʵʨ ʰʘʣʛʘʭ 

 

ʉʧʝʢʪʨʠʡʥ ʤʫʨʫʡʥ ʘʨʛʘʘʨ ʰʘʣʛʘʭ: 

 
ɼʠʘʛʨʘʤʤ 2.2. ɸʞʣʳʥ ʜʘʨʘʘ ʟʫʨʛʠʡʥ X3 ʤʘʪʨʠʳʥ ʩʧʝʢʪʨʠʡʥ ʤʫʨʫʡ 

 

ʊʘʨʭʘʣʪʘʘʨ ʥʴ ʭʘʨʴʮʫʫʣʞ ʰʘʣʛʘʭ: 

 
ɼʠʘʛʨʘʤʤ 2.3. ʃʝʥʠʥ ʙʘʛʰ ʟʫʨʛʠʡʥ ʪʘʨʭʘʣʪ 
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ʊʘʘʤʘʛʣʘʣ ʰʘʣʛʘʭ ʊ, F, Z ʰʠʥʞװװʨʵʵʨ ʰʘʣʛʘʭ: 

ɼʵʵʨʭ ʩʫʜʘʣʩʘʥ ʪʘʘʤʘʛʣʘʣ ʰʘʣʛʘʭ ʘʥʘʣʠʟʳʥ ʘʨʛʳʛ ʘʰʠʛʣʘʥ ʫʨʘʥ ʟʫʨʛʠʡʥ 

ᴇʛᴇʛʜᴇʣʜ ʜװʥ ʰʠʥʞʠʣʛʵʵ ʭʠʡʞ ʪʫʨʰʩʘʥ ʙᴇʛᴇᴇʜ ʵʥʵʭװװ ʪʘʡʣʘʥʜ ʜʘʨʘʘʭ ʛʫʨʚʘʥ 

ʪᴇʨʣʠʡʥ ʪʫʨʰʠʣʪʳʛ ʦʥʮʣʦʚ.  

ʊʫʨʰʠʣʪ 1: 

ʕʭʥʠʡ ʪʫʨʰʠʣʪʘʜ ᴇʛᴇʛʜʩᴇʥ ᴇʛᴇʛʜʣװװʜ ʥʴ ʭʦʸʨ ᴇᴇʨ ᴇʥʛᴇʥʠʡ ʫʪʛʫʫʜ ᴇʛᴇʛʜʩᴇʥ 

ʙᴇʛᴇᴇʜ ʪʵʛ ʪʘʘʤʘʛʣʘʣ ʥʴ ʭʦʦʨʦʥʜʦʦ ʷʣʛʘʘʛװʡ ʠʞʠʣ ʛʵʜʵʛ ʪʫʨʰʠʣʪ ᴇʛᴇʭᴇʜ P ʙʦʣʦʥ 

ʊ ʰʘʣʛʫʫʨʳʥ ʘʨʛʘʘʨ ʪʦʜʦʨʭʦʡʣʦʭʦʜ ʜʘʨʘʘʭ ʫʪʛʫʫʜ ʛʘʨʘʚ. 

ʍϾʩʥʵʛʪ 2.3. ʊʫʨʰʠʣʪ 1 

 

ʊʫʨʰʠʣʪ 2: 

ɼʘʨʘʘʛʠʡʥ ʪʫʨʰʠʣʪʘʜ ᴇʛᴇʛʜʩᴇʥ ᴇʛᴇʛʜʣװװʜ ʥʴ ʭʦʸʨ ʠʞʠʣ ᴇʥʛᴇʥʠʡ ʫʪʛʫʫʜʳʛ 

ʭʦʦʨʦʥʜ ʥʴ ʭʘʨʴʮʫʫʣʘʭ ʙᴇʛᴇᴇʜ ʪʵʛ ʪʘʘʤʘʛʣʘʣ ʥʴ ʭʦʦʨʦʥʜʦʦ ʷʣʛʘʘʛװʡ ʠʞʠʣ ʛʵʜʵʛ 

ʪʫʨʰʠʣʪ ᴇʛᴇʭᴇʜ P ʙʦʣʦʥ ʊ ʰʘʣʛʫʫʨʳʥ ʘʨʛʘʘʨ ʪʦʜʦʨʭʦʡʣʦʭʦʜ ʜʘʨʘʘʭ ʫʪʛʫʫʜ 

ʛʘʨʘʚ.  

ʍϾʩʥʵʛʪ 2.4. ʊʫʨʰʠʣʪ 2 
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ʊʫʨʰʠʣʪ 3: 

ʉװװʣʠʡʥ ʪʫʨʰʠʣʪʘʜ ᴇʛᴇʛʜʩᴇʥ ᴇʛᴇʛʜʣװװʜ ʥʴ ʭʦʸʨ ʠʞʠʣ ᴇʥʛᴇʥʠʡ ʫʪʛʫʫʜ 

ʙʦʣʦʚʯ ʟʦʭʠʦʤʣʦʦʨ ʪʝʩʪ ᴇʛᴇʛʜᴇʣ ʙʦʣʛʦʥ ᴇᴇʨʯʠʣʞ 5,10,15,20 ʤᴇʨʠʡʥ ʫʪʛʫʫʜʳʛ 

ʪʦʡʤʣʦʥ ʭʦʦʨʦʥʜ ʥʴ ʭʘʨʴʮʫʫʣʘʭ ʙᴇʛᴇᴇʜ ʪʵʛ ʪʘʘʤʘʛʣʘʣ ʥʴ ʭʦʦʨʦʥʜʦʦ ʷʣʛʘʘʛװʡ 

ʠʞʠʣ ʛʵʜʵʛ ʪʫʨʰʠʣʪ ᴇʛᴇʭᴇʜ P ʙʦʣʦʥ ʊ ʰʘʣʛʫʫʨʳʥ ʘʨʛʘʘʨ ʪʦʜʦʨʭʦʡʣʦʭʦʜ ʜʘʨʘʘʭ 

ʫʪʛʫʫʜ ʛʘʨʘʚ.  

ʍϾʩʥʵʛʪ 2.5. ʊʫʨʰʠʣʪ 3 

 
 

ʊʫʨʰʠʣʪʳʥ װʨ ʜװʥ:  

¶ ʊ ʰʘʣʛʫʫʨ ʥʴ 2 ʪװװʚʨʠʡʥ ʜʫʥʜʞʠʡʛ ʭʘʨʴʮʫʫʣʘʭʘʜ ʘʰʠʛʣʘʥʘ. 2 ʪװװʚʨʠʡʥ 

ʜʫʥʜʘʞ ʷʣʛʘʘʪʘʡ ʶʫ? װʛװʡ ʶʫ? ʛʵʜʛʠʡʛ ʰʘʣʛʘʥʘ. ʊ ʰʘʣʛʫʫʨ ʥʴ ʪʘʩʨʘʣʪʛװʡ 

ʪʘʨʭʘʣʪʳʥ ʥʵʛ ʭʵʣʙʵʨ ʙᴇʛᴇᴇʜ ʩʪʘʪʠʩʪʠʢʪ ᴇʨʛᴇʥ ʘʰʠʛʣʘʥʘ.  

¶ ʊ ʰʘʣʛʫʫʨʳʛ ʯᴇʣᴇᴇʥʠʡ ʟʵʨʵʛ ʥʴ ʭʷʥʘʞ ʙʘʡʥʘ. ʍʘʨʠʣʮʘʥ ʘʜʠʣʛװʡ ʯᴇʣᴇᴇʥʠʡ 

ʟʵʨʛװװʜʵʜ t-ʪʘʨʭʘʣʪ ʥʴ ʷʣʛʘʘʪʘʡ ʙʘʡʥʘ.  

¶ ʊʘʨʭʘʣʪʳʥ ʜʫʥʜʘʞ ʫʪʛʘ ʥʴ 0, ʙᴇʛᴇᴇʜ ʜʫʥʜʞʘʘʩʘʘ ʪʵʛʰ ʭʵʤʪʵʡ ʙʘʡʥʘ.  
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¶ ʉʪʘʥʜʘʨʪ ʭʵʚʠʡʥ ʪʘʨʭʘʣʪʳʥ ʪʦʭʠʦʣʜʦʣʜ ʤʫʨʫʡʥ ʜʦʦʜ ʪʘʣʳʥ ʪʘʣʙʘʡ 1-ʪʵʡ 

ʪʵʥʮװװ ʙʘʡʥʘ.  

¶ ʍʵʚʪʵʵ ʪʵʥʭʣʵʛ ʥʴ ʭʵʚʪʵʵ ʘʩʩʠʤʧʪʦʪʳʥ ʘʜʠʣʘʘʨ ʭᴇʜʣᴇʭ ʙᴇʛᴇᴇʜ ᴇᴇʨᴇᴇʨ 

ʭʵʣʙʵʣ, t ʷʤʘʨ ʥʵʛʵʥ ʭʠʣ ʭʷʟʛʘʘʨʛװʡʛʵʵʨ ʥʵʤʵʛʜʵʥʵ/ʙʫʫʨʥʘ/; ʛʨʘʬʠʢ ʥʴ ʭʵʚʪʵʵ 

ʪʵʥʭʣʵʛʪ ʦʡʨʪʦʭ ʙʦʣʦʚʯ ʭʵʟʵʵ ʯ ʦʛʪʣʦʣʮʦʭʛװʡ.  

¶ ʉʪʘʥʜʘʨʪ ʭʵʚʠʡʥ ʪʘʨʭʘʣʪʪʘʡ ʭʘʨʴʮʫʫʣʘʭʘʜ, ʭʵʨʚʵʵ ʠʞʠʣ ʭʵʤʞʵʵʩʪ 

ʟʫʨʘʛʜʩʘʥ ʪʦʭʠʦʣʜʦʣʜ ʩʪʘʥʜʘʨʪ ʭʵʚʠʡʥ ʪʘʨʭʘʣʪʳʥ ʜʵʵʜ ʭʵʩʵʛ ʥʴ t ï 

ʪʘʨʭʘʣʪʳʥʭʘʘʩ ᴇʥʜᴇʨ ʙʘʡʥʘ. ʕʥʵ ʥʴ t-ʪʘʨʭʘʣʪʳʥ ʩװװʣ ʥʴ ʩʪʘʥʜʘʨʪ ʭʵʚʠʡʥ 

ʪʘʨʭʘʣʪʳʥʭʘʘʩ ʠʣװװ ʥʷʛʪ ʰʠʛװװ ʙʘʡʥʘ.  t-ʪʘʨʭʘʣʪʳʥ ʚʘʨʠʘʮ > 1 ʙʘʡʥʘ.  

¶ ʏᴇʣᴇᴇʥʠʡ ʟʵʨʛʠʡʥ ʪʦʦ ʥʵʤʵʛʜʵʭʵʜ (ᴇ.ʭ. ʪװװʚʨʠʡʥ ʭʵʤʞʵʵ n ʥʵʤʵʛʜʵʭʵʜ) t-

ʪʘʨʭʘʣʪ ʥʴ ʩʪʘʥʜʘʨʪ ʭʵʚʠʡʥ ʪʘʨʭʘʣʪ Z ʨװװ ʦʡʨʪʦʥʦ. ʕʥʵ ʪʦʭʠʦʣʜʦʣʜ 2 

ʪʘʨʭʘʣʪʳʥ ʤʫʨʫʡʥʫʫʜ ʙʘʨʘʛ ʠʞʠʣʭʵʥ ʙʦʣʥʦ. ʕʥʜ, ʠʭ ʪʦʦʥʳ ʭʫʫʣʴ װʡʣʯʠʣʞ ů 

-ʠʡʥ װʥʵʣʵʛʯ S, ʦʡʨʪʩʦʦʨ ʙʘʡʭ ʙʦʣʥʦ. 

ʐʘʣʛʘʭ װʡʣ ʷʚʮʳʥ ʵʮʩʠʡʥ ʜװʛʥʵʣʪ ʩʪʘʪʠʩʪʠʢʠʡʥ ʰʘʣʛʫʫʨʳʥ ʪʦʦʮʦʦʣʩʦʥ ʫʪʛʘ 

ʢʨʠʪʠʢ ʤʫʞʠʜ ʭʘʨʛʘʣʟʘʭ ʵʩʵʭʵʜ װʥʜʵʩʣʵʥ ʜʘʨʘʘʭ ʙʘʡʜʣʘʘʨ ʛʘʨʥʘ:  

¶ ʍʵʨʚʵʵ ʩʪʘʪʠʩʪʠʢ ʰʘʣʛʫʫʨʳʥ ʫʪʛʘ ʢʨʠʪʠʢ ʤʫʞʠʜ ʭʘʨʛʘʣʟʚʘʣ H0 ʪʘʘʤʘʛʣʘʣ 

ʥʷʮʘʘʛʜʘʥʘ.  

¶ ʍʵʨʚʵʵ ʩʪʘʪʠʩʪʠʢ ʰʘʣʛʫʫʨʳʥ ʫʪʛʘ ʢʨʠʪʠʢ ʤʫʞʠʜ ʙʘʡʭʛװʡ ʙʦʣ H0 ʪʘʘʤʘʛʣʘʣʳʛ 

ʟᴇʚʰᴇᴇʨʥᴇ. 

 

ʍϾʩʥʵʛʪ 2.6. ʊ ʰʘʣʛʫʫʨʳʥ ʭϾʩʥʵʛʪ 
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ɼʘʨʘʘʭ ʙʘʡʜʣʘʘʨ ʛʫʨʚʘʥ ʪʫʨʰʠʣʪʫʫʜʘʘ P ʙʦʣʦʥ ʊ ʰʘʣʛʫʫʨʳʥ ʘʨʛʘʘʨ ʰʘʣʛʘʞ 

ʵʮʩʠʡʥ ʜװʛʥʵʣʪװװʜʠʡʛ ʛʘʨʛʘʚ.  

ʍϾʩʥʵʛʪ 2.7. ʊʫʨʰʠʣʪʳʥ Ͼʨ ʜϾʥʛ ʜϾʛʥʵʭ 

 P ʫʪʛʘʘʨ ʰʘʣʛʘʭ T ʰʘʣʛʫʫʨ ʕʮʩʠʡʥ 

ʜװʛʥʵʣʪ 

ʊʫʨʰʠʣʪ 1:  ʥʷʮʘʘʭ ʥʷʮʘʘʭ ʥʷʮʘʘʭ 

ʊʫʨʰʠʣʪ 2:  ʟᴇʚʰᴇᴇʨᴇʭ ʟᴇʚʰᴇᴇʨᴇʭ ʟᴇʚʰᴇᴇʨᴇʭ 

ʊʫʨʰʠʣʪ 3:  ʟᴇʚʰᴇᴇʨᴇʭ ʥʷʮʘʘʭ ʥʷʮʘʘʭ 

 

ANOVA ʰʠʥʞװװʨʵʵʨ ʰʘʣʛʘʭ: 

ʍϾʩʥʵʛʪ 2.8. ЉʚʛЊʥ ʭʫʫʨʯ ʟʫʨʛʠʡʥ ʩʪʘʪʠʩʪʠʢ ϾʟϾϾʣʵʣʪϾϾʜ  

 

SUMMARY Count Sum Average Variance 

B1 3 21.63394 7.211313 7.869304 

B2 3 19.76972 6.589907 2.009474 

B3 3 41.31302 13.77101 29.99252 
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B4 3 28.49638 9.498793 16.97916 

B5 3 33.37072 11.12357 17.04493 

B6 3 27.0547 9.018233 13.27688 

B7 3 34.95796 11.65265 22.39409 

B8 3 23.49385 7.831283 6.944117 

B9 3 21.81308 7.271025 6.580167 

B10 3 18.14276 6.047587 2.464278      

XYZ_X 10 113.2768 11.32768 12.05084 

XYZ_Y 10 104.6225 10.46225 9.139097 

XYZ_Z 10 52.14681 5.214681 1.273806 

 

ʍϾʩʥʵʛʪ 2.9. ANOVA ʰʠʥʞϾϾʨ 

Source of 

Variation 

SS df MS F P-value F crit 

Rows 169.913 9 18.8792

2 

10.53375 1.58E-05 2.456281 

Columns 218.849

1 

2 109.424

6 

61.05395 9.53E-09 3.554557 

Error 32.2606

9 

18 1.79226 
   

Total 421.022

8 

29         

 

 

ɼתɻʅʕʃʊ 

Å ɹʠʜ ʋʨʘʥ ʟʫʨʛʠʡʥ ʛʘʣʝʨʝʡʥ ʪװװʭ ʩʦʸʣʳʥ ʭʦʩʛװʡ װʥʵʪ 5 ʙװʪʵʵʣ ʜʵʵʨ ᴇʥʛᴇʥʠʡ 

ʭʵʤʞʠʣʪװװʜ ʭʠʡʥ ᴇʥʛᴇʥʠʡ ʤʵʜʵʵʣʣʠʡʥ ʩʘʥ ʙʠʡ ʙʦʣʛʦʩʦʥ  ʙᴇʛᴇᴇʜ ʵʥʵʭװװ ʘʞʣʘʘʨ 

ʞʠʰʵʵ ʙʦʣʛʦʥ ʭʵʜ ʭʵʜʵʥ ʟʫʨʘʛ ʜʵʵʨ ʭʠʡʩʵʥ ʭʵʤʞʠʣʪʵʵʨ ʪʫʨʰʠʣʪ ʰʠʥʞʠʣʛʵʵ 

ʭʠʡʩʥʠʡʛ װʟװװʣʵʚ.   

Å ʕʥʵʭװװ ʘʞʣʘʘʨ ᴇʥʛᴇʥʠʡ ᴇʛᴇʛʜᴇʣʜ ʩʫʫʨʠʣʘʥ ᴇʛᴇʛʜʣʠʡʥ ʰʠʥʞʠʣʛʵʵʥʠʡ ʭʵʜ 

ʭʵʜʵʥ ʘʥʘʣʠʟʳʥ ʘʨʛʘʘʨ ʫʨʘʥ ʟʫʨʛʠʡʛ ʪʘʥʠʭ ʘʨʛʘ ʟװʡ ʥʵʚʪʨװװʣʵʭʵʵʨ ʟʦʨʞɹ 

ʪʫʨʰʠʣʪʫʫʜ ʭʠʡʞ װʨ ʜװʥʛ ʪʘʡʣʙʘʨʣʘʚ. 

Å ʉʧʝʢʪʨʠʡʥ ʤʫʨʫʡʥ ʘʨʛʘʘʨ ʰʘʣʛʘʭ, ʊʘʨʭʘʣʪʘʘʨ ʥʴ ʭʘʨʴʮʫʫʣʞ ʰʘʣʛʘʭ, 

ʊʘʘʤʘʛʣʘʣ ʰʘʣʛʘʭ ʊ, F, Z ʰʠʥʞװװʨʵʵʨ ʰʘʣʛʘʭ, ANOVA ʰʠʥʞװװʨʵʵʨ ʰʘʣʛʘʭ 

ʘʨʛʫʫʜʳʛ ʪʫʨʰʩʘʥ ʥʴ ʘʤʞʠʣʪʪʘʡ ʙʦʣʩʦʥ ʙᴇʛᴇᴇʜ ʮʘʘʰʠʜ ʜʘʚʪʘʥ ʭʵʤʞʠʣʪʵʵʨ װʨ 

ʜװʥʛ ʙʘʪʘʪʛʘʭ ʰʘʘʨʜʣʘʛʘʪʘʡ ʶʤ.  
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III. ʕʈʊʅʀʁ ʋʈɸʅ ɹɸʈʀʃɻʓʅ ᴆʅɻᴆ ɹʋɼɸɻ ʆʈʏʅʓ ʅᴆʃᴆᴆʃʃᴆᴆʉ ɹʆʃɾ 

ʍʕʈʍʕʅ ᴆᴆʈʏʃᴆɻɼᴆɾ ɹɸʁɻɸɸɻ ʉʋɼʃɸʍ, ɸʅʍʅʓ ᴆʅɻʀʁɻ ʊʆɻʊʆʆʍ 

ɸʈɻɸ ɸʈɻɸʏʃɸʃ 

 

3.1. ʅɸʈʅʓ ɻʕʈʃʀʁʅ ʅᴆʃᴆᴆʅᴆᴆʉ ɹʆʃɾ ᴆʅɻᴆ ɸʃɼʉɸʅ 

ʆɹʒɽʂʊʓʅ ᴆʅɻᴆʅʀʁ ɻɸʅɼɸʃʊ ɹʆʃʆʅ ɸʅʍʅʓ ᴆʅɻʀʁɻ ʊʆɻʊʆʆʍ 

ɸʈɻɸʏʃɸʃ ɹʆʃʆɺʉʈʋʋʃɸʍ 

ɹʠʜ ᴇʥʛᴇ ʩʫʜʣʘʣʳʛ ʦʥʦʣʳʥ ʭʫʚʴʜ ʩʫʜʣʘʭʘʘʩ ʛʘʜʥʘ ᴇʥʛᴇ ʩʫʜʣʘʣʳʥ 

ʪʝʭʥʦʣʦʛʠʫʜʳʛ ʄʦʥʛʦʣʜ ʥʫʪʘʛʰʫʫʣʘʭ ʫʣʤʘʘʨ ʩʦʸʣʳʥ ᴇʚʠʡʥ ʩʘʣʙʘʨʪ ʭʵʨʵʛʣʵʵʥʜ 

ʥʵʚʪʨװװʣʵʭ ʟʦʨʠʣʛʦʪʦʡ ʘʞʠʣʣʘʞ ʙʘʡʛʘʘ ʙʠʣʵʵ. 1990 ʦʥʦʦʩ ʭʦʡʰ ʷʚʘʛʜʩʘʥ ʩװʤ 

ʭʠʡʜװװʜʠʡʥ ʩʵʨʛʵʵʥ ʟʘʩʚʘʨʣʘʣʪʳʛ ʭʘʨʘʭʘʜ ʤʵʨʛʵʞʣʠʡʥ ʭװʤװװʩ ʜʫʪʤʘʛ, 

ʤʵʨʛʵʞʣʠʡʥ ʙʫʩ ʭװʤװװʩ ʩʵʨʛʵʵʥ ʟʘʩʚʘʨʣʘʭ ʘʞʠʣʜ ʦʨʦʣʮʩʦʥ ʙʘʡʛʘʘ ʥʴ ʘʞʠʛʣʘʛʜʘʞ 

ʙʘʡʜʘʛ. ᴆʥʛᴇ ʙʫʜʛʘʘʩ ʭʘʨʘʭʘʜ ʞʠʣ ʙʦʣʦʣʛװʡ ʙʫʜʘʛ ʭʦʚʭʦʨʯ ʫʥʘʭ, ʛʘʥʜʘʭ, ᴇʥʛᴇʥʠʡ 

ʭʫʚʴʜ ʭʵʪʵʨʭʠʡ ʪʦʜ, ʙװʜʵʛ ʭʫʫʯʠʥ ᴇʥʛװװʜʪʵʡʛʵʵ ʦʛʪ ʟʦʭʠʮʦʭʛװʡ ʪʵʩ ᴇᴇʨ ᴇʥʛᴇᴇʨ 

ʙʫʜʩʘʥ, ʩʵʨʛʵʵʥ ʟʘʩʚʘʨʳʥ ʪʘʡʣʘʥʜ ʷʤʘʨ ʪᴇʨʣʠʡʥ, ʭʘʘʥʘʘʩ ʛʘʨʘʣʪʘʡ ʙʫʜʛʘʘʨ 

ʙʫʜʩʘʥ ʥʴ ʪʦʜʦʨʭʦʡʛװʡ ʤᴇʥ ʙʫʩʘʜ ʪʦʤ, ʞʠʞʠʛ ʩװʤ ʭʠʡʜװװʜʵʵʩ װʟʵʭʵʜ ʭʵʣʙʵʨ 

ʜװʨʩʠʡʛ ʥʴ ʘʣʜʘʛʜʫʫʣʞ װʥʵ ʮʵʥʠʡʛ ʥʴ ʙʫʫʨʫʫʣʩʘʥ ʛʵʭ ʤʵʪ ʘʩʫʫʜʣʫʫʜ ʛʘʨʯ ʙʘʡʥʘ. 

  ʕʥʵʭװװ ʩʫʜʘʣʛʘʘʛ ɹʦʛʜ ʭʘʘʥʳ ʦʨʜʦʥ ʤʫʟʝʡʥ ᴇʚʣʠʡʥ ʦʨʜʥʳ ʮʦʥʭʳʛ ʩʵʨʛʵʵʥ 

ʟʘʩʩʘʥʳ ʜʘʨʘʘ ʞʠʣ ʭװʨʵʭʛװʡ ʭʫʛʘʮʘʘʥʜ ʙʫʜʘʛ ʥʴ ʭʘʛʘʨʯ, ʭʦʚʭʦʨʯ ʫʥʘʩʘʥʘʘʩ װװʜʵʥ 

ʵʭʣװװʣʩʵʥ ʙʘ ʄʘʪʝʤʘʪʘʪʠʢ, ʪʦʦʥ ʪʝʭʥʦʣʦʛʠʡʥ ʭװʨʵʵʣʵʥ ʥʴ ʉʦʸʣʳʥ ᴇʚʠʡʥ 

 ʥʜʵʩʥʠʡ ʪᴇʚ ʙʦʣʦʥ ɹʦʛʜ ʭʘʘʥʳ ʦʨʜʦʥ ʤʫʟʝʡʪʵʡ ʭʘʤʪʨʘʥ ʤʘʥʘʡ ʫʣʩʳʥ ʟʘʭ ʟʵʵʣʜװ

ʭʘʤʛʠʡʥ ʵʣʙʵʛ ʙʘʡʛʘʘ ʦʣʦʥ ʦʨʥʳ ʦʣʦʥ ʪᴇʨʣʠʡʥ װʡʣʜʚʵʨʠʡʥ ʙʫʜʛʘʘʩ ʄʦʥʛʦʣ ʦʨʥʳ 

ʵʨʩ ʪʵʩ ʫʫʨ ʘʤʴʩʛʘʣʪʘʡ ʥᴇʭʮᴇʣʜ ʫʨʪ ʫʜʘʘʥ ʭʫʛʘʮʘʘʥʜ ʪʵʩʚʵʨʣʵʭ, ʛʘʥʜʘʭ ᴇʥʛᴇ 

ʙʫʜʛʠʡʥ ʪᴇʨʣʠʡʛ ʪʦʛʪʦʦʭ, ʤᴇʥ ʫʣʘʤʞʣʘʣʪ ʘʨʛʘʘʨ ʙʫʜʛʠʡʥ ʪʝʭʥʦʣʦʛʠʡʛ ʛʘʨʛʘʥ 

ʘʚʘʭʘʘʨ ʪʫʨʰʠʣʪ ʩʫʜʘʣʛʘʘʛ ʵʭʣװװʣʩʵʥ ʶʤ. 

ʉʦʸʣʳʥ ᴇʚʠʡʥ װʥʜʵʩʥʠʡ ʪᴇʚʪʵʡ ʭʘʤʪʨʘʥ ʦʣʦʥ ʞʠʣʠʡʥ ʥʘʩʪʘʡ ʭʫʫʯʠʨʯ 

ʤʫʫʜʩʘʥ ʩװʤ ʜʫʛʘʥʳ ʤʦʜʦʥ ʵʜʣʵʣ, ᴇʥʛᴇ ʙʫʜʛʠʡʛ ʩʵʨʛʵʵʥ ʟʘʩʚʘʨʣʘʭ ʘʞʠʣʜ 

ʟʦʨʠʫʣʘʥ ʦʨʯʠʥ װʝʠʡʥ ʦʣʦʥ װʡʣʜʚʵʨ, ʦʣʦʥ ʦʨʥʳ ʙʫʜʛʘʘʩ ʄʦʥʛʦʣ ʦʨʥʳ ʵʨʩ ʪʵʩ ʫʫʨ 

ʘʤʴʩʛʘʣʪʘʡ ʥᴇʭʮᴇʣʜ ʫʨʪ ʫʜʘʘʥ ʭʫʛʘʮʘʘʥʜ ʪʵʩʚʵʨʣʵʭ, ʭʘʤʛʠʡʥ ʙʘʛʘ ʛʘʥʜʘʭ ᴇʥʛᴇ 

ʙʫʜʛʠʡʥ ʪᴇʨᴇʣ ʟװʡʣʠʡʛ ʦʣʦʭ ʟʦʨʠʣʛʦʦʨ ɹʦʛʜ ʭʘʘʥʳ ʆʨʜʦʥ ʤʫʟʝʡ ʜʵʵʨ 

ʙʘʡʨʣʫʫʣʩʘʥ 15 ʪᴇʨʣʠʡʥ 90 ᴇʥʛᴇʥʠʡ ʜʵʵʞ ʙʵʣʪʛʵʥ 2020 ʦʥʳ 8 ʩʘʨʳʥ 21-ʥʜ 

ʙʘʡʨʣʫʫʣʘʥ 2 ʜʦʣʦʦ ʭʦʥʦʛʪ ʥʵʛ ʫʜʘʘ ᴇʥʛᴇʥʠʡ ʭʵʤʞʠʣʪ ʭʠʡʞ ʙʘʡʥʘ. ʕʥʵʭװװ 

ʭʵʤʞʠʣʪʠʡʥ װʨ ʜװʥʛװװʜ ʜʵʵʨ ᴇʥʛᴇʥʠʡ ᴇʛᴇʛʜʣʠʡʥ ʘʥʘʣʠʟ ʭʠʡʞ ᴇʥʛᴇʥʠʡ ʛʘʥʜʘʣʪʳʛ 

ʪʦʜʦʨʭʦʡʣʦʭ ʙᴇʛᴇᴇʜ ʥʘʨʥʳ ʛʵʨʣʠʡʥ ʥᴇʣᴇᴇʥᴇᴇʩ ʭʵʨ ʭʫʛʘʮʘʘʥʜ ʷʤʘʨ ʭʵʤʞʵʵʥʠʡ 

ʛʘʥʜʘʣʪʪʘʡ ʙʘʡʩʘʥ ᴇʛᴇʛʜʣᴇᴇʩ ʭʘʤʘʘʨʯ ʪʘʘʤʘʛʣʘʣ ʭʠʡʞ ʘʥʭʥʳ ᴇʥʛʠʡʛ 

ʪʦʜʦʨʭʦʡʣʦʭ ʪʫʨʰʠʣʪ ʭʠʡʞ ʫʣʤʘʘʨ ʘʨʛʘ ʟװʡ ʙʦʣʦʚʩʨʫʫʣʘʭ ʶʤ.  

 

ʉʫʜʘʣʛʘʘʥʳ ʝʨᴇʥʭʠʡ ʘʨʛʘ ʟװʡ: 
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ʋʛ ʪʫʨʰʠʣʪ, ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʳʛ ʜʘʨʘʘʭ ʝʨᴇʥʭʠʡ ʘʨʛʘ ʟװʡʥ ʜʘʛʫʫ ʛװʡʮʵʪʛʵʥʵ [5]. 

 
ɼʠʘʛʨʘʤ 3.1. ʉʫʜʘʣʛʘʘʥʳ ʘʨʛʘ ʟϾʡ 

 

ʍʵʤʞʠʣʪʠʡʥ ʦʙʲʝʢʪ: 

ɼʵʵʨʭ ʟʦʨʠʣʛʳʥ ʭװʨʵʵʥʜ ʤʘʥʘʡ ʩʫʜʘʣʛʘʘʥʳ ʭʘʤʪʘʨʩʘʥ ʙʘʛ ʙʫʜʛʠʡʥ 

ʜʵʵʞװװʜ ʙʵʣʪʛʵʥ 2020.08.21ʥʜ ɹʦʛʜ ʭʘʘʥʳ ʦʨʜʦʥ ʤʫʟʝʡʥ ᴇʚʣʠʡʥ ʦʨʜʥʳ ʜʵʨʛʵʜ 

ʥʘʨ, ʩʘʣʭʠ, ʙʦʨʦʦ, ʮʘʩ ʟʵʨʵʛ ʙʘʡʛʘʣʠʡʥ װʟʵʛʜʣװװʜʵʜ ʰʫʫʜ ʭʘʤʘʘʨʘʭ ʙʘʡʨʣʘʣʪʘʡ 

ʛʘʟʘʨ ʙʘʡʨʣʫʫʣʘʚ. ʕʥʜ ʥʠʡʪ 16 ʪᴇʨʣʠʡʥ 90 ʙʫʜʛʠʡʥ ʜʵʵʞʠʡʛ ʙʵʣʪʛʵʩʵʥ ʙᴇʛᴇᴇʜ 

ʭװʨʵʵʣʵʥ ʙʫʡ ʦʨʯʠʥ ʙʦʣʦʦʜ ᴇʥʛᴇ ʙʫʜʛʠʡʥ ʛʘʥʜʘʣʪ, ʛʵʤʪʵʣ ʭʘʛʘʨʘʣ ʟʵʨʵʛʪ ʙװʪʵʥ 

ʞʠʣʠʡʥ ʭʫʛʘʮʘʘʥʜ ʘʞʠʛʣʘʞ, ᴇʥʛᴇ ʙʦʣʦʥ ʤʘʪʝʨʠʘʣʳʥ ʭʵʤʞʠʣʪ ʩʫʜʘʣʛʘʘ ʭʠʡʩʵʥ 

[5].  

 

 

ɿʫʨʘʛ 3.1. ɹʦʛʜ ʭʘʘʥʳ ʦʨʜʦʥ ʤʫʟʝʡʜ ʙʘʡʨʣʫʫʣʩʘʥ 90 ЊʥʛЊ ʙʫʜʛʠʡʥ ʜʵʵʞ 

ʆʨʦʩ ʫʣʩʘʜ װʡʣʜʚʵʨʣʵʩʵʥ, Krasava, ENAMEL, ʗʈʂʆ-ʥʵʨʪʵʡ ʙʘʨʠʣʛʳʥ 

ʟʦʨʠʫʣʪʪʘʡ ʪʦʩʦʥ ʙʫʜʛʘʘʨ ʙʫʜʘʚ. 

ʍϾʩʥʵʛʪ 3.1. ʊʝʩʪ-1 

ˉ ᴆʥʛᴇ ɹʫʜʛʠʡʥ ʥʵʨ ɹʫʜʛʠʡʥ ʪᴇʨᴇʣ 

ʊ1-1 ʅʦʛʦʦʥ ᴇʥʛᴇ ENAMEL ʕʤʘʣʴ ʧʬ-115 

ʊ1-2 ʐʘʨ ᴇʥʛᴇ Krasava ʕʤʘʣʴ-115 

ʊ1-3 ʋʣʘʘʥ ᴇʥʛᴇ Krasava ʕʤʘʣʴ-115 

ʊ1-4 ʍᴇʭ ᴇʥʛᴇ Krasava ʕʤʘʣʴ-115 

ʊ1-5 ʍʘʨ ᴇʥʛᴇ Krasava ʕʤʘʣʴ-115 

ʊ1-6 ʎʘʛʘʘʥ ᴇʥʛᴇ ʗʈʂʆ ʕʤʘʣʴ ʧʬ-115 

͎ͤ ͙͚ͤ 
ͻΉ͙ͣ͗ͭ͡

͎ ͎͙͚͒ͤ͡ 
ͫ͊ͤ ͎ͫΉͻ

̆Ή͙͙͚ͣ͗ͭͤ͡ ͪ 
͒ ͎͙͚ͤͤ 

͍͋ͦͦͫͪͯͯ͊ͭ͡͡͡

͎ ͎͙͚͒ͤ͡ 
͒ ͤ 

΄͙͙͎ͤ͗͡ΉΉ

ˢͤͻͤ· ͎ͤ  
ͭͦ͒ͦͪͻ͚ͦͦ͡ͻ
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ʍʷʪʘʜ ʫʣʩʳʥ SHANGHUI װʡʣʜʚʵʨʠʡʥ, ñʍʦʩ ʛʷʣʙʘʘò- ʥʵʨʪʵʡ ʙʘʨʠʣʛʳʥ 

ʟʦʨʠʫʣʪʪʘʡ ʪʦʩʦʥ ʙʫʜʛʘʘʨ ʙʫʜʘʚ.  

ʍϾʩʥʵʛʪ 3.2. ʊʝʩʪ-2 

ˉ ᴆʥʛᴇ ɹʫʜʛʠʡʥ ʥʵʨ 

ʊ2-1 ʐʘʨ ᴇʥʛᴇ ʍʦʩ ʛʷʣʙʘʘ 

ʊ2-2 ʋʣʘʘʥ ᴇʥʛᴇ ʍʦʩ ʛʷʣʙʘʘ 

ʊ2-3 ʍᴇʭ ᴇʥʛᴇ ʍʦʩ ʛʷʣʙʘʘ 

ʊ2-4 ʅʦʛʦʦʥ ᴇʥʛᴇ ʍʦʩ ʛʷʣʙʘʘ 

ʊ2-5 ʍʘʨ ᴇʥʛᴇ ʍʦʩ ʛʷʣʙʘʘ 

ʊ2-6 ʎʘʛʘʘʥ ᴇʥʛᴇ ʍʦʩ ʛʷʣʙʘʘ 

 

Easi Coat, BEIERXIN ʥʵʨʪʵʡ ʘʚʪʦ ʤʘʰʠʥ ʙʫʜʘʭʘʜ ʟʦʨʠʫʣʘʛʜʩʘʥ ʙʫʜʛʘʘʨ 

ʙʫʜʘʚ. 

ʍϾʩʥʵʛʪ 3.3. ʊʝʩʪ-3 

ˉ ᴆʥʛᴇ 

ʊ3-1 ʎʘʛʘʘʥ ᴇʥʛᴇ  

ʊ3-2 ʐʘʨ ᴇʥʛᴇ 

ʊ3-3 ʋʣʘʘʥ ᴇʥʛᴇ 

ʊ3-4 ʅʦʛʦʦʥ ᴇʥʛᴇ 

ʊ3-5 ʍᴇʭ ᴇʥʛᴇ 

ʊ3-6 ʍʘʨ ᴇʥʛᴇ 

 

ʌʠʥʣʘʥʜ ʫʣʩʘʜ װʡʣʜʚʵʨʣʵʩʵʥ, ʄʘʪʪ ʵʣװʣʩ ʙʫʜʘʛ. ɹʘʨʠʣʛʳʥ ʛʘʜʥʘ ʙʦʣʦʥ 

ʜʦʪʦʨ ʟʦʨʠʫʣʘʛʜʩʘʥ ʫʩʘʥ ʩʫʫʨʴʪʘʡ ʙʫʜʘʛ. 

ʍϾʩʥʵʛʪ 3.4. ʊʝʩʪ-4 

ˉ ᴆʥʛᴇ 

ʊ4-1 ʎʘʛʘʘʥ ᴇʥʛᴇ  

ʊ4-2 ʐʘʨ ᴇʥʛᴇ 

ʊ4-3 ʋʣʘʘʥ ᴇʥʛᴇ 

ʊ4-4 ʅʦʛʦʦʥ ᴇʥʛᴇ 

ʊ4-5 ʍᴇʭ ᴇʥʛᴇ 

ʊ4-6 ʍʘʨ ᴇʥʛᴇ 

 

ʆʨʦʩ ʫʣʩʘʜ װʡʣʜʚʵʨʣʵʩʵʥ, ñʆʈɽʆʃò ʵʤʘʣʴ ʜʦ 7ʤ2, ɸʂʈʀʃʆɺɸʗ ʵʤװʣʩ 

ʙʫʜʘʛ ʜʵʵʨ ʤᴇʥ ʆʨʦʩ ʫʣʩʘʜ װʡʣʜʚʵʨʣʵʩʵʥ, ñPalizh, ʆʈɽʆʃò  ʥʵʨʪʵʡ ʰʠʥʛʵʥ 

ʧʠʛʤʝʥʪʵʵʨ ᴇʥʛᴇ ʦʨʫʫʣʘʚ. ɹʘʨʠʣʛʳʥ ʛʘʜʥʘ ʙʦʣʦʥ ʜʦʪʦʨ ʟʦʨʠʫʣʘʛʜʩʘʥ ʫʩʘʥ 

ʩʫʫʨʴʪʘʡ ʙʫʜʘʛ. 

ʍϾʩʥʵʛʪ 3.5. ʊʝʩʪ-5 

ˉ ᴆʥʛᴇ ʇʠʛʤʝʥʪʠʡʥ ʥʵʨ 

ʊ5-1 ʎʘʛʘʘʥ ᴇʥʛᴇ  Palizh 

ʊ5-2 ʐʘʨ ᴇʥʛᴇ Palizh 

ʊ5-3 ʋʣʘʘʥ ᴇʥʛᴇ Palizh 
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ʊ5-4 ʅʦʛʦʦʥ ᴇʥʛᴇ Palizh 

ʊ5-5 ʍᴇʭ ᴇʥʛᴇ Palizh 

ʊ5-6 ʍʘʨ ᴇʥʛᴇ ʆʈɽʆʃ 

 

ʕʨʜʵʩ ʙʫʜʛʠʡʛ ʙʵʣʪʛʵʭ ʪʫʨʰʠʣʪ 

ʆʣʦʥ ʞʠʣʠʡʥ ʥʘʩʪʘʡ ʭʫʫʯʠʨʯ ʤʫʫʜʩʘʥ ʩװʤ ʜʫʛʘʥʳ ʤʦʜʦʥ ʵʜʣʵʣ ʩʵʨʛʵʵʥ 

ʟʘʩʚʘʨʣʘʭ ʩʫʜʘʣʛʘʘʥʜ ʟʦʨʠʫʣʘʥ ʩʘʡʥ, ʪʦʭʠʨʦʤʞʪʦʡ ᴇʥʛᴇ ʙʫʜʛʠʡʛ ʦʣʦʭʦʦʩ ʛʘʜʥʘ 

ʤʦʥʛʦʣʯʫʫʜʳʥ ʩװʤ ʭʠʡʜʵʜ ʭʵʨʵʛʣʵʞ ʙʘʡʩʘʥ ʙʫʜʛʠʡʥ ʫʣʘʤʞʣʘʣʪ ʘʨʛʘ ʪʝʭʥʦʣʦʛʠʡʛ 

ʛʘʨʛʘʥ ʘʚʘʭʘʘʨ ʵʨʜʵʩ ʙʫʜʘʛ ʘʰʠʛʣʘʥ ʜʘʨʘʘʭ ʪʫʨʰʠʣʪ ʩʫʜʘʣʛʘʘʛ ʭʠʡʞ ʙʘʡʥʘ.  

 

ʍʷʪʘʜ ʫʣʩʘʜ װʡʣʜʚʵʨʣʵʩʵʥ, ñʆʦʭʦʨò ʧʠʛʤʝʥʪʠʡʛ 10%-ʠʡʥ װʨʣʵʥ ʮʘʚʫʫʪʘʡ 

ʭʦʣʠʥ ʙʫʜʘʞ, ʜʘʨʘʘ ʥʴ ʘʚʪʦ ʣʘʢʘʘʨ ʙʵʭʞװװʣʵʣʪ ʭʠʡʚ. ɹʫʜʛʠʡʛ 20%-ʠʡʥ ʫʫʩʤʘʣʪʘʡ 

ʛʨʫʥʪ (ʙʘʡʪʫʫ)-ʥ ʜʵʵʨ ʪʘʚʠʚ. 

ʍϾʩʥʵʛʪ 3.6. ʊʝʩʪ-6 

ˉ ᴆʥʛᴇ ʃʘʢ 

ʊ6-1 ʐʘʨ ᴇʥʛᴇ ɸʚʪʦ ʣʘʢ 

ʊ6-2 ʋʣʘʘʥ ᴇʥʛᴇ ɸʚʪʦ ʣʘʢ 

ʊ6-3 ʋʣʙʘʨʰʘʨ ᴇʥʛᴇ ɸʚʪʦ ʣʘʢ 

ʊ6-4 ʅʦʛʦʦʥ ᴇʥʛᴇ ɸʚʪʦ ʣʘʢ 

ʊ6-5 ʍᴇʭ ᴇʥʛᴇ ɸʚʪʦ ʣʘʢ 

 

ʉʦʣʦʥʛʦʩ ʫʣʩʘʜ װʡʣʜʚʵʨʣʵʩʵʥ, ñʕʨʜʵʩ ʙʫʜʘʛò ʧʠʛʤʝʥʪʠʡʛ 10%-ʠʡʥ װʨʣʵʥ 

ʮʘʚʫʫʪʘʡ ʭʦʣʠʥ  ʙʫʜʘʞ ʜʘʨʘʘ ʥʴ ʘʚʪʦ ʣʘʢʘʘʨ ʙʵʭʞװװʣʵʣʪ ʭʠʡʚ. ɹʫʜʛʠʡʛ 20%-ʠʡʥ 

ʫʫʩʤʘʣʪʘʡ ʛʨʫʥʪ (ʙʘʡʪʫʫ)-ʥ ʜʵʵʨ ʪʘʚʠʚ. 

ʍϾʩʥʵʛʪ 3.7. ʊʝʩʪ-7 

ˉ ᴆʥʛᴇ ʃʘʢ 

ʊ7-1 ʎʘʛʘʘʥ ᴇʥʛᴇ ɸʚʪʦ ʣʘʢ 

ʊ7-2 ʐʘʨ ᴇʥʛᴇ ɸʚʪʦ ʣʘʢ 

ʊ7-3 ʋʣʙʘʨʰʘʨ ᴇʥʛᴇ ɸʚʪʦ ʣʘʢ 

ʊ7-4 ʋʣʘʘʥ ᴇʥʛᴇ ɸʚʪʦ ʣʘʢ 

ʊ7-5 ʅʦʛʦʦʥ ᴇʥʛᴇ ɸʚʪʦ ʣʘʢ 

ʊ7-6 ʍᴇʭ ᴇʥʛᴇ ɸʚʪʦ ʣʘʢ 

ʊ7-7 ʎʵʥʭʵʨ ᴇʥʛᴇ ɸʚʪʦ ʣʘʢ 

 

ʍʷʪʘʜ ʫʣʩʘʜ װʡʣʜʚʵʨʣʵʩʵʥ, ñʆʦʭʦʨò ʧʠʛʤʝʥʪʠʡʛ 10%-ʠʡʥ װʨʣʵʥ ʮʘʚʫʫʪʘʡ 

ʭʦʣʠʥ ʙʫʜʘʞ ʜʘʨʘʘ ʥʴ ʦʨʦʩ ʫʣʩʘʜ װʡʣʜʚʵʨʣʵʩʵʥ ñʅʠʪʨʘ ʣʘʢò ʘʰʠʛʣʘʥ ʙʵʭʞװװʣʵʣʪ 

ʭʠʡʚ. ɹʫʜʛʠʡʛ 40%-ʠʡʥ ʫʫʩʤʘʣʪʘʡ ʛʨʫʥʪ (ʙʘʡʪʫʫ)-ʥ ʜʵʵʨ ʪʘʚʠʚ. 

ʍϾʩʥʵʛʪ 3.8. ʊʝʩʪ-8 

ˉ ᴆʥʛᴇ ʃʘʢ 

ʊ8-1 ʐʘʨ ᴇʥʛᴇ ɸʚʪʦ ʣʘʢ 

ʊ8-2 ʋʣʙʘʨʰʘʨ ᴇʥʛᴇ  ɸʚʪʦ ʣʘʢ 

ʊ8-3 ʋʣʘʘʥ ᴇʥʛᴇ ɸʚʪʦ ʣʘʢ 

ʊ8-4 ʅʦʛʦʦʥ ᴇʥʛᴇ ɸʚʪʦ ʣʘʢ 
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ʊ8-5 ʍᴇʭ ᴇʥʛᴇ ɸʚʪʦ ʣʘʢ 

 

ʍʷʪʘʜ ʫʣʩʘʜ װʡʣʜʚʵʨʣʵʩʵʥ, ñʆʦʭʦʨò ʧʠʛʤʝʥʪʠʡʛ 10%-ʠʡʥ װʨʣʵʥ ʮʘʚʫʫʪʘʡ 

ʭʦʣʠʥ  ʙʫʜʘʞ ʜʘʨʘʘ ʥʴ ʭʷʪʘʜ ʫʣʩʘʜ װʡʣʜʚʵʨʣʵʩʵʥ ñPicassoò ʫʨʘʥ ʟʫʨʛʠʡʥ 

ʟʦʨʠʫʣʪʪʘʡ ʣʘʢ ʘʰʠʛʣʘʥ ʙʵʭʞװװʣʵʣʪ ʭʠʡʚ. ɹʫʜʛʠʡʛ 40%-ʠʡʥ ʫʫʩʤʘʣʪʘʡ ʛʨʫʥʪ 

(ʙʘʡʪʫʫ)-ʥ ʜʵʵʨ ʪʘʚʠʚ. 

ʍϾʩʥʵʛʪ 3.9. ʊʝʩʪ-9 

ˉ ᴆʥʛᴇ ʃʘʢ 

ʊ9-1 ʐʘʨ ᴇʥʛᴇ Picasso ʣʘʢ 

ʊ9-2 ʋʣʙʘʨʰʘʨ ᴇʥʛᴇ  Picasso ʣʘʢ 

ʊ9-3 ʋʣʘʘʥ ᴇʥʛᴇ Picasso ʣʘʢ 

ʊ9-4 ʅʦʛʦʦʥ ᴇʥʛᴇ Picasso ʣʘʢ 

ʊ9-5 ʍᴇʭ ᴇʥʛᴇ Picasso ʣʘʢ 

 

ʍʷʪʘʜ ʫʣʩʘʜ װʡʣʜʚʵʨʣʵʩʵʥ, ñʆʦʭʦʨò ʧʠʛʤʝʥʪʠʡʛ 10%-ʠʡʥ װʨʣʵʥ ʮʘʚʫʫʪʘʡ 

ʭʦʣʠʥ  ʙʫʜʘʞ ʜʘʨʘʘ ʥʴ ʭʷʪʘʜ ʫʣʩʘʜ װʡʣʜʚʵʨʣʵʩʵʥ ñVarnish lacouerò ʙʘʨʠʣʛʳʥ 

ʟʦʨʠʫʣʪʪʘʡ ʣʘʢ ʘʰʠʛʣʘʥ ʙʵʭʞװװʣʵʣʪ ʭʠʡʚ. ɹʫʜʛʠʡʛ 30%-ʠʡʥ ʫʫʩʤʘʣʪʘʡ ʛʨʫʥʪ 

(ʙʘʡʪʫʫ)-ʥ ʜʵʵʨ ʪʘʚʠʚ. 

ʍϾʩʥʵʛʪ 3.10. ʊʝʩʪ-10 

ˉ ᴆʥʛᴇ ʃʘʢ 

ʊ10-1 ʐʘʨ ᴇʥʛᴇ ñVarnish lacouerò ʣʘʢ 

ʊ10-2 ʋʣʙʘʨʰʘʨ ᴇʥʛᴇ  ñVarnish lacouerò ʣʘʢ 

ʊ10-3 ʋʣʘʘʥ ᴇʥʛᴇ ñVarnish lacouerò ʣʘʢ 

ʊ10-4 ʅʦʛʦʦʥ ᴇʥʛᴇ ñVarnish lacouerò ʣʘʢ 

ʊ10-5 ʍᴇʭ ᴇʥʛᴇ ñVarnish lacouerò ʣʘʢ 

 

ʍʷʪʘʜ ʫʣʩʘʜ װʡʣʜʚʵʨʣʵʩʵʥ, ñʆʦʭʦʨò ʧʠʛʤʝʥʪʠʡʛ ʩʦʣʦʥʛʦʩ ʫʣʩʘʜ 

 ʡʣʜʚʵʨʣʵʩʵʥ ñ505ò ʪʘʨʛʘʥ ʮʘʚʫʫʛ 15%-ʠʘʨ ʥʘʡʨʫʫʣʘʥ ʙʫʜʘʞ ʜʘʨʘʘ ʥʴ ʘʚʪʘ ʣʘʢװ

ʘʰʠʛʣʘʥ ʙʵʭʞװװʣʵʣʪ ʭʠʡʚ. ɹʫʜʛʠʡʛ 20%-ʠʡʥ ʫʫʩʤʘʣʪʘʡ ʛʨʫʥʪ (ʙʘʡʪʫʫ)-ʥ ʜʵʵʨ 

ʪʘʚʠʚ. 

ʍϾʩʥʵʛʪ 3.11. ʊʝʩʪ-11 

ˉ ᴆʥʛᴇ ʃʘʢ 

ʊ11-1 ʐʘʨ ᴇʥʛᴇ ɸʚʪʦ ʣʘʢ 

ʊ11-2 ʋʣʙʘʨʰʘʨ ᴇʥʛᴇ  ɸʚʪʦ ʣʘʢ 

ʊ11-3 ʋʣʘʘʥ ᴇʥʛᴇ ɸʚʪʦ ʣʘʢ 

ʊ11-4 ʅʦʛʦʦʥ ᴇʥʛᴇ ɸʚʪʦ ʣʘʢ 

ʊ11-5 ʍᴇʭ ᴇʥʛᴇ ɸʚʪʦ ʣʘʢ 

 

ʍʷʪʘʜ ʫʣʩʘʜ װʡʣʜʚʵʨʣʵʩʵʥ, ñʆʦʭʦʨò ʧʠʛʤʝʥʪʠʡʛ ʩʦʣʦʥʛʦʩ ʫʣʩʘʜ 

 ʡʣʜʚʵʨʣʵʩʵʥ ñ505ò ʪʘʨʛʘʥ ʮʘʚʫʫʛ 15%-ʠʘʨ ʥʘʡʨʫʫʣʘʥ ʙʫʜʘʚ. ɹʫʜʛʠʡʛ 20%-ʠʡʥװ

ʫʫʩʤʘʣʪʘʡ ʛʨʫʥʪ (ʙʘʡʪʫʫ)-ʥ ʜʵʵʨ ʪʘʚʠʚ. 

ʍϾʩʥʵʛʪ 3.12. ʊʝʩʪ-12 

ˉ ᴆʥʛᴇ 
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ʊ12-1 ʐʘʨ ᴇʥʛᴇ 

ʊ12-2 ʋʣʙʘʨʰʘʨ ᴇʥʛᴇ  

ʊ12-3 ʋʣʘʘʥ ᴇʥʛᴇ 

ʊ12-4 ʅʦʛʦʦʥ ᴇʥʛᴇ 

ʊ12-5 ʍᴇʭ ᴇʥʛᴇ 

 

ʍʷʪʘʜ ʫʣʩʘʜ װʡʣʜʚʵʨʣʵʩʵʥ, ñMarieôs oil colourò ʫʨʘʥ ʟʫʨʛʠʡʥ ʟʦʨʠʫʣʪʪʘʡ 

ʪʦʩʦʥ ʙʫʜʛʘʘʨ ʙʫʜʘʚ. 

ʍϾʩʥʵʛʪ 3.13. ʊʝʩʪ-13 

ˉ ᴆʥʛᴇ ᴆʥʛᴇʥʠʡ ʥʵʨ 

ʊ13-1 ʎʘʛʘʘʥ ᴇʥʛᴇ Zins titanium white 106 

ʊ13-2 ʐʘʨ ᴇʥʛᴇ Marieôs lemon 201 

ʊ13-3 ʋʣʘʘʥ ᴇʥʛᴇ Scarlet 302 

ʊ13-4 ʅʦʛʦʦʥ ᴇʥʛᴇ Green light 509 

ʊ13-5 ʍᴇʭ ᴇʥʛᴇ Ultramarine 443 

ʊ13-6 ʉʘʘʨʘʣ ᴇʥʛᴇ Payneôs gray 797 

 

ʍʷʪʘʜ ʫʣʩʘʜ װʡʣʜʚʵʨʣʵʩʵʥ, ñMarieôsò ʙʦʣʦʥ ñWinsor newtonò ʫʨʘʥ ʟʫʨʛʠʡʥ 

ʟʦʨʠʫʣʪʪʘʡ ʘʢʨʝʣʠʢ ʙʫʜʛʘʘʨ ʙʫʜʘʚ. 

ʍϾʩʥʵʛʪ 3.14. ʊʝʩʪ-14 

ˉ ᴆʥʛᴇ ᴆʥʛᴇʥʠʡ ʥʵʨ 

ʊ14-1 ʎʘʛʘʘʥ ᴇʥʛᴇ Titanium white 104 

ʊ14-2 ʐʘʨ ᴇʥʛᴇ Medium yellow 120 

ʊ14-3 ʋʣʘʘʥ ᴇʥʛᴇ Scarlet 302 

ʊ14-4 ʅʦʛʦʦʥ ᴇʥʛᴇ Light green 509 

ʊ14-5 ʍᴇʭ ᴇʥʛᴇ Blue lake 351 

ʊ14-6 ʍʘʨ ᴇʥʛᴇ Black 793 

 

ʍʷʪʘʜ ʫʣʩʘʜ װʡʣʜʚʵʨʣʵʩʵʥ, ñMarieôs Poster colourò ʛʫʘʰ ʙʫʜʛʘʘʨ ʙʫʜʘʞ 

ʦʨʦʩ ʫʣʩʘʜ װʡʣʜʚʵʨʣʵʩʵʥ ñʅʠʪʨʘ ʣʘʢò ʘʰʠʛʣʘʥ ʙʵʭʞװװʣʵʣʪ ʭʠʡʚ. 

ʍϾʩʥʵʛʪ 3.15. ʊʝʩʪ-15 

ˉ ᴆʥʛᴇ ᴆʥʛᴇʥʠʡ ʥʵʨ ʃʘʢ 

ʊ15-1 ʎʘʛʘʘʥ ᴇʥʛᴇ White 102 ʅʠʪʨʘ ʣʘʢ 

ʊ15-2 ʐʘʨ ᴇʥʛᴇ Yellow ochre 676 ʅʠʪʨʘ ʣʘʢ 

ʊ15-3 ʋʣʘʘʥ ᴇʥʛᴇ Vermilion 324 ʅʠʪʨʘ ʣʘʢ 

ʊ15-4 ʅʦʛʦʦʥ ᴇʥʛᴇ Green pale 503 ʅʠʪʨʘ ʣʘʢ 

ʊ15-5 ʍᴇʭ ᴇʥʛᴇ Ultramarine blue 443 ʅʠʪʨʘ ʣʘʢ 

ʊ15-5 ʍʘʨ ᴇʥʛᴇ Lamp black 794 ʅʠʪʨʘ ʣʘʢ 

 

ʍʵʤʞʠʣʪʵʜ X-rite i1 Pro Colorimeter ʛʵʭ ᴇʥʛᴇ ʭʵʤʞʠʛʯ ʙʘʛʘʞ ʘʰʠʛʣʘʥ 

ᴇʥʛᴇʥʠʡ ʫʪʛʘ ʭʵʤʞʠʭ ʝʨᴇʥʭʠʡ ʘʨʛʘ ʟװʡʥ ʜʘʛʫʫ ʭʵʤʞʠʣʪ ʭʠʡʩʵʥ. ʍʵʤʞʠʣʪʵʵ 

ʭʠʡʭʜʵʵ ʙʘʛʘʞʠʡʥ Spot ʭʵʤʞʠʣʪʠʡʥ ʪʦʭʠʨʛʦʦʛ ʘʰʠʛʣʘʥ Patch Tool ʧʨʦʛʨʘʤʤʘʘʨ 
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ʭʵʤʞʠʣʪʵʵ ʭʠʡʥʵ. ʕʭʣʵʵʜ ʧʨʦʛʨʘʤʤʜʘʘ ʭʵʤʞʠʣʪʠʡʥ ʪʦʦ, ʭʵʤʞʠʣʪʠʡʥ ʪᴇʭᴇᴇʨᴇʤʞ, 

ʭʵʤʞʠʣʪʠʡʥ ʦʨʯʠʥ ʙʫʶʫ ʛʵʨʵʣʪװװʣʵʛ ʟʵʨʛʠʡʛ ʪʦʭʠʨʫʫʣʘʘʜ ñWhite tileò ʙʫʶʫ ʮʘʛʘʘʥ 

ᴇʥʛᴇʥʠʡ /reflectance calibration/ ʪʦʭʠʨʫʫʣʛʘ ʭʠʡʩʥʠʡ ʜʘʨʘʘʛʘʘʨ ʙʘʛʘʞʘʘʨʘʘ 

ʦʙʲʝʢʪʳʥ ᴇʥʛᴇᴇ ʭʵʤʞʠʥʵ [3],[4]. ᴆʥʛᴇʥʠʡ ʭʵʤʞʠʣʪʠʡʛ ʭʠʡʭʜʵʵ L* a* b* ʫʪʛʘʘʨ 

ʭʵʤʞʠʭ ʙᴇʛᴇᴇʜ ʪʫʩ ʭʵʤʞʠʣʪʠʡʥ ᴇʥʛᴇʥʠʡ ʫʪʛʫʫʜʘʜ ᴇʥʛᴇʥʠʡ ʛʘʥʜʘʣʪʳʛ ʩʫʜʣʘʭ 

ʟʦʨʠʣʛʦʪʦʡ ᴇʥʛᴇʥʠʡ ʟᴇʨװװ ʪʦʦʮʦʭ ʘʨʛʘ ʙʦʣʦʥ ʭʫʛʘʮʘʘʥʘʘʩ ʭʘʤʘʘʨʫʫʣʘʥ 

ʨʝʛʨʝʩʩʠʡʥ ʰʠʥʞʠʣʛʵʵʥʠʡ ʘʨʛʘʘʨ ᴇʛᴇʛʜʣʠʡʥ ʜװʥ ʰʠʥʞʠʣʛʵʵ ʭʠʡʩʵʥ. ᴆʥʛᴇʥʠʡ 

ʛʘʥʜʘʣʪʳʛ ʩʫʜʣʘʭ ʟʦʨʠʣʛʦʪʦʡ ʫʯʨʘʘʩ ʭʵʤʞʠʣʪʠʡʥ L* a* b* ʫʪʛʫʫʜʳʛ ʘʰʠʛʣʘʥ 

ʘʥʘʣʠʟ ʭʠʡʭ ʙᴇʛᴇᴇʜ L* a* b* ᴇʥʛᴇʥʠʡ ʦʨʦʥ (CIELAB ʛʵʞ ʥʵʨʣʵʜʵʛ ʙᴇʛᴇᴇʜ CIE ʥʴ 

ᴇʥʛᴇʥʠʡ ʦʣʦʥ ʫʣʩʳʥ ʢʦʤʠʩʩ, LAB ʥʴ ʪʫʩ ᴇʥʛᴇʥʠʡ ʦʨʦʥʛʠʡʥ ʥʵʨ) ʥʴ ʦʙʲʝʢʪʠʡʥ 

ᴇʥʛʠʡʛ ʭʵʤʞʠʭʵʜ ʟʦʨʠʫʣʩʘʥ ʭʘʤʛʠʡʥ ʪװʛʵʵʤʵʣ ᴇʥʛᴇʥʠʡ ʦʨʦʥ ʶʤ. װתʥʠʡʛ CIE-ʵʵʩ 

1976 ʦʥʜ ʛʘʨʛʘʩʘʥ  ʙᴇʛᴇᴇʜ L* a* b* ᴇʥʛᴇʥʠʡ ʦʨʦʥʜ L* -ʵʵʨ ʛʵʨʵʣʪʵʣʪʠʡʛ ʠʣʵʨʭʠʡʣʞ, 

a* ʙʘ b*-ʵʵʨ ʭʨʦʤʘʪʠʢ ʙʘʡʜʘʣ ʙʫʶʫ ᴇʥʛʠʡʛ ʠʣʵʨʭʠʡʣʵʛʯ ʢʦʦʨʜʠʥʘʪʫʫʜ ʶʤ [1],[2]. 

ᴆʥʛᴇʥʠʡ ʟᴇʨװװ ʙʫʶʫ æE-ʛ ʜʘʨʘʘʭ ʪʦʤʴʸʦʛʦʦʨ ʪʦʦʮʦʚ.  

ɝὉᶻ ὒᶻ ὒᶻ ὥᶻ ὥᶻ ὦᶻ ὦᶻ        (1) 

ᴆʥʛᴇʥʠʡ ʟᴇʨװװʥʠʡ ʫʪʛʳʥ ʰʠʥʞ ʯʘʥʘʨʫʫʜʳʛ ʜʘʨʘʘʭ ʙʘʡʜʣʘʘʨ ʪʘʡʣʙʘʨʣʘʜʘʛ [9]. 

ʍϾʩʥʵʛʪ 3.16. ЉʥʛЊʥʠʡ ʟЊʨϾϾʥʠʡ ʪʘʡʣʙʘʨ 

Delta E / ᴇʥʛᴇʥʠʡ 
ʟᴇʨװװ 

ʐʠʥʞ ʯʘʥʘʨ 

<= 1.0 ʍװʥʠʡ ʥװʜʵʥʜ ʘʞʠʛʣʘʛʜʘʭʘʘʨʛװʡ 
ᴇʥʛᴇʥʠʡ ʟᴇʨװװʪʵʡ. 

1 - 2 ʆʡʨʳʥ ʘʞʠʛʣʘʭʘʜ ʤʵʜʨʵʛʜʵʭ. 

2 - 10 ɿʵʨʚʵʩ ʭʘʨʘʭʘʜ ʘʞʠʛʣʘʛʜʘʭ. 

11 - 49 ᴆʥʛᴇʥʠʡ ʵʨʩ ʷʣʛʘʘʪʘʡ. 

 

 :ʥװʨ ʜת

ʍʵʤʞʠʣʪʠʡʥ ʭʫʛʘʮʘʘʥʳ ʮʘʛ ʫʫʨʳʥ ʤʵʜʵʵʣʣʠʡʛ ʭʵʤʞʠʣʪʵʵʩ ʭʵʤʞʠʣʪʠʡʥ 

ʭʦʦʨʦʥʜ ʙʫʶʫ ʭʦʸʨ ʜʦʣʦʦ ʭʦʥʦʛʦʦʨ ʜʫʥʜʘʞʣʘʥ ʪʦʦʮʩʦʥ ʜװʥʛ ʜʘʨʘʘʭ ʛʨʘʬʠʢʘʘʨ 

ʠʣʵʨʭʠʡʣʵʚ.  
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ɻʨʘʬʠʢ 3.1. ʍʵʤʞʠʣʪʠʡʥ Ͼʝʠʡʥ ʮʘʛ ʫʫʨʳʥ ʜʫʥʜʘʞ 2020.08-2021.07 

ʅʠʡʪ ʭʵʤʞʠʣʪʠʡʛ ʥʵʛ ʞʠʣʠʡʥ ʪʫʨʰ ʭʦʸʨ ʜʦʣʦʦ ʭʦʥʦʛ ʙװʨ ʭʠʡʩʵʥ ʙʦʣʦʚʯ 

ʜʫʥʜ ʥʴ ʮʘʨ ʪʘʭʣʳʥ ʫʣʤʘʘʩ ᴇʚᴇʣ ʙʘ ʭʘʚʘʨ ʥʵʛ ʥʵʛ ʩʘʨ ʪʘʩʘʨʩʘʥ ʪʦʭʠʦʣʜʦʣ ʙʠʡ. 

ɼʘʨʘʘʭ ʛʨʘʬʠʢʪ ʭʵʤʞʠʣʪ ʭʠʡʩʵʥ ʭʫʛʘʮʘʘʛ ᴇʥʛᴇʥʠʡ ʜʵʵʞ ʙװʨʵʵʨ ʠʣʵʨʭʠʡʣʩʵʥ 

ʙᴇʛᴇᴇʜ ʪʫʭʘʡʥ ʙʫʜʘʛ ʭʘʛʘʨʯ ʭʦʚʭʨʦʭ, ʫʨʩʩʘʥ ʪʦʭʠʦʣʜʦʣʜ ᴇʥʛᴇʥʠʡ ʭʵʤʞʠʣʪʵʵʩ 

ʭʘʩʘʞ ʙʘʡʩʘʥ [10].  

 

ɻʨʘʬʠʢ 3.2. ɹʫʜʛʫʫʜʳʥ ʜʵʵʞʠʡʥ ʭʵʤʞʠʣʪϾϾʜ ʩʘʨʘʘʨ 

ɼʵʵʨʭ ʛʨʘʬʠʢʘʘʩ ʭʘʨʘʭʘʜ ʘʥʭ ʜʵʵʞ ʙʵʣʪʛʵʥ ʪʘʚʠʭʘʜ T1-ʵʵʩ ʊ16 ʛʵʩʵʥ 

ʘʨʚʘʥ ʟʫʨʛʘʘʥ ᴇᴇʨ ʪᴇʨʣʠʡʥ ʘʨʛʘʘʨ ʙʵʣʪʛʵʩʵʥ ᴇᴇʨ ʪᴇʨʣʠʡʥ ʙʫʜʛʫʫʜ ʙʘʡʩʘʥ ʙᴇʛᴇᴇʜ 

2020 ʦʥʳ 8-ʨ ʩʘʨʳʥ 21-ʥʜ ʙʘʡʨʣʫʫʣʘʥ ʭʵʤʞʩʵʥʠʡ ʜʘʨʘʘ 9-ʨ ʩʘʨʜ ʭʵʤʞʠʭʵʜ ʊ7, 

ʊ8, ʊ9, ʊ12 ʥʘʨ ʙʦʨʦʦʥʜ ʫʨʩʩʘʥ ʙʘʡʩʘʥ ʪʫʣ ʭʵʤʞʠʣʪʵʵʩ ʭʘʩʘʛʜʩʘʥ. ʍʘʨʠʥ 10-ʨ 

ʩʘʨʳʥ ʭʵʤʞʠʣʪʵʵʨ ʊ6 ʙʦʨʦʦʥʜ ʫʨʩʩʘʥ, T3 ʙʦʣʦʥ ʊ6 ʥʘʨ 12 ʙʘ 1 ʩʘʨʳʥ 

ʭʵʤʞʠʣʪװװʜʵʵʩ ʘʛʘʘʨʳʥ ʪʝʤʧʝʨʘʪʫʨ ʦʛʮʦʤ ʭװʡʪʨʵʭʵʜ ʭᴇʣʜᴇʞ ʭʦʚʭʨʦʥ ʪʫʩ ʪʫʩ 

ʭʘʩʘʛʜʘʚ. װתʥʠʡ ʜʘʨʘʘ ʭʘʚʘʨ ʙʫʜʛʫʫʜ ʤʘʪʝʨʠʘʣ ʙʘʪ ʙᴇʭʠʡʥ ʭʫʚʴʜ ʪʦʛʪʚʦʨʪʦʡ 

ʙʘʡʜʘʣʪʘʡ ʥʵʣʵʵʜ ʭʵʜʵʥ ʩʘʨ ʙʦʣʩʦʥ ʙʦʣʦʚʯ ʵʥʵ ʦʥʳ 7-ʨ ʩʘʨʜ ʦʨʩʦʥ ʦʣʦʥ 

-40

-20

0

20

40

60

80

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

ʎɸɻ ʋʋʈʓʅ ʄʕɼʕʕʃʃʀʁʅ ɼʋʅɼɸɾ

ɸʛʘʘʨʳʥ ʜʫʥʜʘʞ ʪʝʤʧʝʨʘʪʫʨ/ÁC/ ʐװװʜʵʨ ʮʵʛʠʡʥ ʪʝʤʧʝʨʘʪʫʨ, /ÁC/

ʍʘʨʴʮʘʥʛʫʡ ʯʠʡʛ, %ʜʫʪʘʛʜʘʣ ʯʠʡʛʠʡʥ ʜʫʥʜʘʞ ʮ

0

2

4

6

8

10

12

14

T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14 T15 T16

ˣ͎ͯ͒ͯͯ͒·ͤ ͒ΉΉ͙͚͗ͤ ͋ ͭΉͤ ͚͋͊͒͊͡ ͫ͊ͪ͊͊ͪ

1 2 3 4 5 6 7 8 9 10 11 12 13

8 ͫ ͊ͪ   9 ͫ ͊ͪ   10 ͫ ͊ͪ   11 ͫ ͊ͪ   12 ͫ ͊ͪ   1 ͫ ͊ͪ   2 ͫ ͊ͪ   3 ͫ ͊ͪ   4 ͫ ͊ͪ   5 ͫ ͊ͪ   6 ͫ ͊ͪ   7 ͫ ͊ͪ   8 ͫ ͊ͪ  



77 

 

ʭʦʥʦʛʠʡʥ ʜʘʨʘʘʣʩʘʥ ʙʦʨʦʦʥʳ ʫʣʤʘʘʩ ʊ4, ʊ5, ʊ15, ʊ16 ʥʘʨ ʭʦʚʭʦʨʯ ʛʵʤʪʩʵʥ 

ʫʯʨʘʘʩ ʭʵʤʞʠʣʪʵʵʩ ʪʫʩ ʪʫʩ ʭʘʩʘʚ [10].  

ʕʜʛʵʵʨ 16 ʙʫʜʛʠʡʥ ʜʵʵʞʵʵʩ ʭʦʚʭʦʨʯ ʫʥʘʘʛװʡ ʙʘʪ ʙᴇʭ ʰʠʥʞ ʯʘʥʘʨ װʟװװʣʩʵʥ ʪʘʚʘʥ 

ʜʵʵʞʠʡʥ ᴇʥʛᴇʥʠʡ ʭʵʤʞʠʣʪװװʜ ʥʵʛ ʞʠʣʠʡʥ ʭʫʛʘʮʘʘʥʜ ʙװʨʵʥ ʭʠʡʛʜʩʵʥ ʙᴇʛᴇᴇʜ ʙʠʜ 

ʪʵʜʛʵʵʨʠʡʥ ᴇʥʛᴇʥʠʡ ᴇʛᴇʛʜʣʠʡʥ ʜװʥ ʰʠʥʞʠʣʛʵʵʛ ʵʥʵʭװװ ᴇʛװװʣʵʣʜ ʪʦʚʯ 

ʪʘʥʠʣʮʫʫʣʘʭʘʘʨ ᴇʥʛᴇʥʠʡ ʟᴇʨװװ ʙʫʶʫ ȹE ʪʦʦʮʦʚ [9].  

ʍϾʩʥʵʛʪ 3.17. Ͻʣʜʩʵʥ ʪʘʚʘʥ ʙʫʜʛʠʡʥ ЊʥʛЊʥʠʡ ʟЊʨϾϾʛ ʪʦʦʮʩʦʥ ʜϾʥ 

ᴇʥʛᴇ T1 T2 T11 T13 T14 

1 19.2961  21.2977  16.0895  6.4645  5.7528  

2 29.5266  21.9831  20.6564  24.815  20.9405  

3 23.3561  24.4865  34.7966 23.8546  13.3694  

4 14.9233  11.6138  28.8077  21.608  14.5745  

5 13.1315  5.8885  11.4677  29.939  8.7265  

6 3.89  1.3898  16.5099  7.1912  

   

ɼʵʵʨʭ װʨ ʜװʥʛʵʵʩ װʟʵʭʵʜ 2021.08.20ʥʜ ʙʫʶʫ 365 ʭʦʥʦʛʠʡʥ ʜʘʨʘʘ 5 ʪᴇʨʣʠʡʥ 

29 ᴇʥʛᴇ װʣʜʩʵʥ ʙʘʡʥʘ. תʡʣʜʚʵʨʠʡʥ ʙʫʜʛʘʘʩ 4 ʪᴇʨʣʠʡʥ 24 ᴇʥʛᴇ, ʫʣʘʤʞʣʘʣʪ ʙʫʜʛʘʘʩ 

1 ʪᴇʨʣʠʡʥ 5 ᴇʥʛᴇ ʙʘʡʚ. ʋʣʘʤʞʣʘʣʪ ʘʨʛʘʘʨ ʭʠʡʩʵʥ ʥʵʛ ʙʫʜʛʠʡʥ ʥʘʡʨʣʘʛʘ ʥʴ ʍʷʪʘʜ 

ʫʣʩʘʜ װʡʣʜʚʵʨʣʵʩʵʥ ñʆʦʭʦʨò ʧʠʛʤʝʥʪʠʡʛ ʩʦʣʦʥʛʦʩ ʫʣʩʘʜ װʡʣʜʚʵʨʣʵʩʵʥ ñ505ò 

ʪʘʨʛʘʥ ʮʘʚʫʫʛ 15%-ʘʘʨ ʥʘʡʨʫʫʣʘʥ ʙʫʜʘʞ ʜʘʨʘʘ ʥʴ ʘʚʪʘ ʣʘʢ ʘʰʠʛʣʘʥ ʙʵʭʞװװʣʵʣʪ 

ʭʠʡʞ 20%-ʠʡʥ ʫʫʩʤʘʣʪʘʡ ʛʨʫʥʪ (ʙʘʡʪʫʫ)-ʥ ʜʵʵʨ ʪʘʚʴʩʘʥ. ɸʨʴʩʘʥ ʮʘʚʫʫʛʘʘʨ 

ʥʘʡʨʫʫʣʩʘʥ ʵʨʜʵʩ ʙʫʜʛʫʫʜ ʪװʨʛʵʥ ʭʫʛʘʮʘʘʥʜ ʛʵʤʪʵʞ ʩʫʜʘʣʛʘʘʥʘʘʩ ʭʘʩʘʛʜʩʘʥ 

ʙʘʡʥʘ. ʊʠʡʤʵʵʩ 505 ʪʘʨʛʘʥ ʮʘʚʫʫ ʥʴ ʘʨʴʩʘʥ ʮʘʚʫʫʥʘʘʩ ʠʣװ ,װװʨ ʜװʥ ʩʘʡʥ ʙʘʡʛʘʘ 

ʥʴ ʭʘʨʘʛʜʘʞ ʙʘʡʥʘ. תʡʣʜʚʵʨʠʡʥ ʙʫʜʛʘʘʩ  ʆʨʦʩ ʫʣʩʘʜ װʡʣʜʚʵʨʣʵʩʵʥ ñKrasava, 

ENAMEL, ʗʈʂʆò ʙʫʜʘʛ, ʍʷʪʘʜ ʫʣʩʳʥ SHANGHUI װʡʣʜʚʵʨʠʡʥ ñʍʦʩ ʛʷʣʙʘʘò ʙʫʜʘʛ, 

ʌʠʥʣʘʥʜ ʫʣʩʘʜ װʡʣʜʚʵʨʣʵʩʵʥ ñʄʘʪʪ ʵʣװʣʩò ʙʫʜʘʛ, ʆʨʦʩ ʫʣʩʘʜ װʡʣʜʚʵʨʣʵʩʵʥ 

ñʆʈɽʆʃò ʵʤʘʣʴ ʜʦ 7ʤ2, ɸʂʈʀʃʆɺɸʗ ʵʤװʣʩ ñPalizh, ʆʈɽʆʃò ᴇʥʛᴇ ʦʨʫʫʣʘʛʯʪʘʡ 

ʙʫʜʘʛ, ʍʷʪʘʜ ʫʣʩʘʜ װʡʣʜʚʵʨʣʵʩʵʥ ñMarieôs oil colourò, ʍʷʪʘʜ ʫʣʩʘʜ װʡʣʜʚʵʨʣʵʩʵʥ 

ñMarieôsò ʙʦʣʦʥ ñWinsor newtonò ʫʨʘʥ ʟʫʨʛʠʡʥ ʟʦʨʠʫʣʪʪʘʡ ʘʢʨʝʣʠʢ ʙʫʜʛʫʫʜ ʙʘʡʥʘ. 

ʆʨʦʩ ʫʣʩʘʜ װʡʣʜʚʵʨʣʵʩʵʥ ñKrasava, ENAMEL, ʗʈʂʆò ʍʷʪʘʜ ʫʣʩʳʥ SHANGHUI 

 ʡʣʜʚʵʨʠʡʥ ñʍʦʩ ʛʷʣʙʘʘò ʙʘʨʠʣʛʳʥ ʟʦʨʠʫʣʪʪʘʡ ʭʦʸʨ ʙʫʜʘʛ ʙʫʩʘʜ ʙʫʜʛʘʘʩ ʛʵʤʪʵʣװ

ʙʘʛʘ, ʛʘʥʜʘʣʪ ʠʭʪʵʡ ʙʘʡʥʘ. ʌʠʥʣʘʥʜ ʫʣʩʘʜ װʡʣʜʚʵʨʣʵʩʵʥ ñʄʘʪʪ ʵʣװʣʩò, ʆʨʦʩ 

ʫʣʩʘʜ װʡʣʜʚʵʨʣʵʩʵʥ ñʆʈɽʆʃò ʵʤʘʣʴ ʜʦ 7ʤ2, ɸʂʈʀʃʆɺɸʗ ʵʤװʣʩ ñPalizh, ʆʈɽʆʃò 

ᴇʥʛᴇ ʦʨʫʫʣʘʛʯʪʘʡ ʙʫʜʘʛ ʭʦʸʨ ʛʘʥʜʘʣʪ ʙʘʛʘ, ʛʵʤʪʵʣ ʠʭʪʵʡ ʙʘʡʥʘ. ʄᴇʥ ʵʥʵ ʭʦʸʨ 

ʵʤװʣʩ ʙʫʜʛʠʡʥ ʌʠʥʣʘʥʜ ʫʣʩʘʜ װʡʣʜʚʵʨʣʵʩʵʥ ʥʴ ʆʨʦʩ ʫʣʩʘʜ װʡʣʜʚʵʨʣʵʩʵʥ 

ʵʤװʣʩʵʵʩ ʛʘʥʜʘʣʪ ʠʭʪʵʡ ʙʘʡʥʘ. ʍʷʪʘʜ ʫʣʩʘʜ װʡʣʜʚʵʨʣʵʩʵʥ ñMarieôs oil colourò, 

ñMarieôsò ʙʦʣʦʥ ñWinsor newtonò ʫʨʘʥ ʟʫʨʛʠʡʥ ʟʦʨʠʫʣʪʪʘʡ ʙʫʜʛʫʫʜ ʥʴ ʭʘʤʛʠʡʥ 

ʛʘʥʜʘʣʪ ʙʘʛʘ, ʛʵʤʪʵʣ ʙʘʛʘ ʙʘʡʛʘʘ ʪʫʣ ʩװʤ ʭʠʡʜʠʡʥ ʛʦʸʣ ʯʠʤʵʛʣʵʣʠʡʥ ʟʫʨʘʛʪ 

ʭʵʨʵʛʣʵʭʵʜ ʪʦʭʠʨʦʤʞʪʦʡ ʙʘʡʥʘ.  
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ʉʫʜʘʣʛʘʘʥʜ ʭʘʤʨʘʛʜʩʘʥ ʵʜʛʵʵʨ ʙʫʜʛʠʡʛ ʪᴇʨᴇʣ ʙʦʣʦʥ ʟʦʨʠʫʣʘʣʪʘʘʨ ʥʴ 

ʭʘʨʴʮʫʫʣʚʘʣ ʭʘʤʛʠʡʥ ʩʘʡʥ ʙʘʨʠʣʛʳʥ ʟʦʨʠʫʣʪʪʘʡ ʪʦʩʦʥ ʙʫʜʘʛ ʆʨʦʩ ʫʣʩʘʜ 

 ʣʩ ʆʨʦʩ ʫʣʩʘʜװʡʣʜʚʵʨʣʵʩʵʥ ñKrasava, ENAMEL, ʗʈʂʆò ʙʫʜʘʛ, ʭʘʤʛʠʡʥ ʩʘʡʥ ʵʤװ

 ʣʩ ñPalizh, ʆʈɽʆʃò ᴇʥʛᴇװʡʣʜʚʵʨʣʵʩʵʥ ñʆʈɽʆʃò ʵʤʘʣʴ ʜʦ 7ʤ2, ɸʂʈʀʃʆɺɸʗ ʵʤװ

ʦʨʫʫʣʘʛʯʪʘʡ ʙʫʜʘʛ, ʛʘʜʘʘʭ ʦʨʯʥʳ ʥᴇʣᴇᴇʥʜ ʪʦʭʠʨʦʤʞʪʦʡ ʭʘʤʛʠʡʥ ʩʘʡʥ ʫʨʘʥ 

ʟʫʨʛʠʡʥ ʟʦʨʠʫʣʪʪʘʡ ʙʫʜʘʛ ʍʷʪʘʜ ʫʣʩʘʜ װʡʣʜʚʵʨʣʵʩʵʥ ñMarieôs oil colourò, ʍʷʪʘʜ 

ʫʣʩʘʜ װʡʣʜʚʵʨʣʵʩʵʥ ñMarieôsò ʙʦʣʦʥ ñWinsor newtonò-ʥʳ ʘʢʨʝʣʠʢ ʙʫʜʘʛ, 

ʫʣʘʤʞʣʘʣʪ ʘʨʛʘʘʨ ʭʠʡʩʵʥ ʙʫʜʛʘʘʩ ʍʷʪʘʜ ʫʣʩʘʜ װʡʣʜʚʵʨʣʵʩʵʥ, ñʆʦʭʦʨò 

ʧʠʛʤʝʥʪʠʡʛ ʩʦʣʦʥʛʦʩ ʫʣʩʘʜ װʡʣʜʚʵʨʣʵʩʵʥ ñ505ò ʪʘʨʛʘʥ ʮʘʚʫʫʛ 15% ʛʨʘʤʤ-ʘʘʨ 

ʥʘʡʨʫʫʣʘʥ ʙʫʜʘʞ ʜʘʨʘʘ ʥʴ ʘʚʪʦ ʣʘʢ ʘʰʠʛʣʘʥ ʙʵʭʞװװʣʵʣʪ ʭʠʡʩʵʥ ʙʫʜʘʛ ʙʘʡʥʘ [10]. 

ʕʥʵʭװװ ᴇʥʛᴇʥʠʡ ʟᴇʨװװ ʪʦʦʮʩʦʥ ʜװʥʛʵʵʩ ʭʘʨʘʭʘʜ ʭʘʤʛʠʡʥ ʠʭ ʛʘʥʜʘʣʪ ʠʭʪʵʡ 

ʙʦʣʦʚʯ ʫʣʘʤʞʣʘʣʪ ʘʨʛʘʘʨ ʙʵʣʪʛʵʩʵʥ ʊ11 ʛʵʭ ʍʷʪʘʜ ʫʣʩʘʜ װʡʣʜʚʵʨʣʵʩʵʥ, ñʆʦʭʦʨò 

ʵʨʜʵʩ ʙʫʜʛʠʡʛ ʩʦʣʦʥʛʦʩ ʫʣʩʘʜ װʡʣʜʚʵʨʣʵʩʵʥ ñ505ò ʪʘʨʛʘʥ ʮʘʚʫʫʛ 15%-ʠʘʨ 

ʥʘʡʨʫʫʣʘʥ ʙʫʜʘʞ ʜʘʨʘʘ ʥʴ ʘʚʪʘ ʣʘʢ ʘʰʠʛʣʘʥ ʙʵʭʞװװʣʵʣʪ ʭʠʡʚ. ɹʫʜʛʠʡʛ 20%-ʠʡʥ 

ʫʫʩʤʘʣʪʘʡ ʙʘʡʪʫʫʥ ʜʵʵʨ ʪʘʚʠʩʘʥ ʙʫʜʘʛ ʙᴇʛᴇᴇʜ ʭʠʤʠʡʥ ʥʘʡʨʣʘʛʳʛ  XRF ʙʘʛʘʞʘʘʨ 

ʪʦʜʦʨʭʦʡʣʩʥʳʛ ʜʘʨʘʘʭ ʭװʩʥʵʛʪʵʜ ʠʣʵʨʭʠʡʣʵʚ. 

ʍϾʩʥʵʛʪ 3.18. ʊʝʩʪ-11 ʙʫʜʛʠʡʥ ЊʥʛЊ, XRF-ʭʠʤʠʡʥ ʵʣʝʤʝʥʪʠʡʥ ʠʣʵʨʮ, ʣʘʢʥʳ 

ʪЊʨЊʣ 

ˉ ᴆʥʛᴇ HORIBA XGT-5200 XRY-Analytical 

microscope 

ʃʘʢ 

ʊ11-

1 

ʐʘʨ ᴇʥʛᴇ Ca-92.83%, Si-2.77%, Fe-2.16%, Eu-

0.79%, S-0.65%, As-0.29%, Ti-0.28%, K-

0.23% 

ɸʚʪʦ 

ʣʘʢ 

ʊ11-

2 

ʋʣʙʘʨʰʘʨ 

ᴇʥʛᴇ  

Ca-84.73%, Pb-4.62%, Fe-4.11%, Si-

3.50%, K-2.12%, Cr-0.92%         

ɸʚʪʦ 

ʣʘʢ 

ʊ11-

3 

ʋʣʘʘʥ 

ᴇʥʛᴇ 

Ca-94.77%, Si-2.54%, Fe-1.69%, Sr-0.41%, 

K-0.31%, S-0.28% 

ɸʚʪʦ 

ʣʘʢ 

ʊ11-

4 

ʅʦʛʦʦʥ 

ᴇʥʛᴇ 

Ca-78.72%, Fe-6.75%, Pb-5.93%, Cl-3.52, 

Si-2.03%, Cr-0.83%, Pm-0.80%             

ɸʚʪʦ 

ʣʘʢ 

ʊ11-

5 

ʍᴇʭ ᴇʥʛᴇ Ca-88.71%, Pb-4.52%, Si-2.96%, Fe-

2.41%, Cu-1.22%, Ti-0.18%      

ɸʚʪʦ 

ʣʘʢ 

ʊ11-ʠʡʥ ᴆʥʛᴇʥʠʡ ʟᴇʨװװ ʙʦʣʦʥ ʛʘʥʜʘʣʪʳʥ ʜװʥ ʰʠʥʞʠʣʛʵʵʛ ʜʘʨʘʘʭ ʟʫʨʘʛ 

ʛʨʘʬʠʢʫʫʜʘʜ ʭʘʨʫʫʣʘʚ. ʕʭʥʠʡ ᴇʥʛᴇ ʥʴ ʘʥʭ ʙʘʡʩʘʥ ᴇʥʛᴇ ʙᴇʛᴇᴇʜ ʜʘʨʘʘʛʠʡʭ ʥʴ ʥʵʛ 

ʞʠʣʠʡʥ ʜʘʨʘʘʭ ᴇʥʛᴇ ʙʘ ᴇʥʛᴇʥʠʡ ʫʪʛʫʫʜ ʶʤ. ʕʜʛʵʵʨ ʫʪʛʘʘʨ ᴇʥʛᴇʥʠʡ ʟᴇʨװװʛ ʙʦʜʦʞ 

ʛʘʨʛʘʩʘʥ ʙᴇʛᴇᴇʜ ʜʘʨʘʘʛʠʡʥ ʛʨʘʬʠʢʪ ʥʵʛ ʞʠʣʠʡʥ ʭʫʛʘʮʘʘʥʜ ᴇᴇʨʯʣᴇʛʜʩᴇʥ ᴇʥʛᴇʥʠʡ 

ʫʪʛʫʫʜʳʛ ʭʫʛʘʮʘʘʥʘʘʩ ʭʘʤʘʘʨʫʫʣʘʥ ʨʝʨʛʝʩʩʠʡʥ ʰʠʥʞʠʣʛʵʵ ʭʠʡʞ ʛʘʥʜʘʣʪʳʛ 

ʠʣʵʨʭʠʡʣʩʥʠʡʛ ʭʘʨʞ ʙʦʣʥʦ [6], [7].  
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T11-1 

 

ɿʫʨʘʛ 3.2. ʊ11-1-ʠʡʥ ЊʥʛЊʥʠʡ ʟЊʨϾϾ = 16.0895 

 

ɻʨʘʬʠʢ 3.3. ʊ11-1 ʙʫʜʛʠʡʥ ʭʫʛʘʮʘʘʥʘʘʩ ʭʘʤʘʘʨʩʘʥ ЊʥʛЊʥʠʡ ʛʘʥʜʘʣʪ 

T11-2 

 

 

 

 

 

ɿʫʨʘʛ 3.3. ʊ11-2-ʳʥ ЊʥʛЊʥʠʡ ʟЊʨϾϾ = 20.6564 

y = 0.1756x + 57.191
wч Ґ лΦрофр

y = -0.2721x + 11.254
wч Ґ лΦпуф

y = -0.4709x + 72.019
wч Ґ лΦоппр
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ɻʨʘʬʠʢ 3.4. ʊ11-2 ʙʫʜʛʠʡʥ ʭʫʛʘʮʘʘʥʘʘʩ ʭʘʤʘʘʨʩʘʥ ЊʥʛЊʥʠʡ ʛʘʥʜʘʣʪ 

T11-3 

 

 

 

 

 

 

ɿʫʨʘʛ 3.4. ʊ11-3-ʳʥ ЊʥʛЊʥʠʡ ʟЊʨϾϾ = 34.7966 

y = 0.2943x + 44.978
wч Ґ лΦтпоу

y = -0.5933x + 34.663
wч Ґ лΦсууп

y = -0.3464x + 55.282
wч Ґ лΦонпф
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ɻʨʘʬʠʢ 3.5. ʊ11-3 ʙʫʜʛʠʡʥ ʭʫʛʘʮʘʘʥʘʘʩ ʭʘʤʘʘʨʩʘʥ ЊʥʛЊʥʠʡ ʛʘʥʜʘʣʪ 

T11-4 

 

 

 

 

 

ɿʫʨʘʛ 3.5. ʊ11-4-ʠʡʥ ЊʥʛЊʥʠʡ ʟЊʨϾϾ = 28.8077 

 

y = 0.4832x + 31.285
wч Ґ лΦуофп

y = -0.8048x + 57.194
wч Ґ лΦтфрн

y = -1.4914x + 40.588
wч Ґ лΦутмм
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y = 0.71x + 22.145
wч Ґ лΦрптф

y = 0.809x - 28.391
wч Ґ лΦсолп

y = -0.4141x + 11.896
wч Ґ лΦфлтн
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ɻʨʘʬʠʢ 3.6. ʊ11-4 ʙʫʜʛʠʡʥ ʭʫʛʘʮʘʘʥʘʘʩ ʭʘʤʘʘʨʩʘʥ ЊʥʛЊʥʠʡ ʛʘʥʜʘʣʪ 

T11-5 

 

 

 

 

 

ɿʫʨʘʛ 3.6. ʊ11-5-ʳʥ ЊʥʛЊʥʠʡ ʟЊʨϾϾ = 11.4677 

 

ɻʨʘʬʠʢ 3.7. T11-5-ʠʡʥ ʭʫʛʘʮʘʘʥʘʘʩ ʭʘʤʘʘʨʩʘʥ ЊʥʛЊʥʠʡ ʛʘʥʜʘʣʪ 

 ɼʵʵʨʭ ʙʘʡʜʣʘʘʨ ʙʠʜ ʩʫʜʘʣʛʘʘʥʜ ʦʨʦʣʮʩʦʥ ʙװʭ ʙʫʜʛʫʫʜʳʥ ʛʘʥʜʘʣʪ, ᴇʥʛᴇʥʠʡ 

ʟᴇʨװװʛ ʪʦʦʮʩʦʥ ʙᴇʛᴇᴇʜ ʵʥʵ ᴇʛװװʣʵʣʜ ʟᴇʚʭᴇʥ ʫʣʘʤʞʣʘʣʪ ʘʨʛʘʘʨ ʙʵʣʪʛʵʩʵʥ ʊ11 

ʙʫʜʛʠʡʥ ʭʵʤʞʠʣʪʠʡʥ ʙʦʣʦʚʩʨʫʫʣʘʣʪʳʛ ʞʠʰʵʵ ʙʦʣʛʦʥ ʦʨʫʫʣʘʚ. T11-ʠʡʥ ᴇʥʛᴇʥʠʡ 

ʜװʥ ʰʠʥʞʠʣʛʵʵʥʵʵʩ ʭʘʨʘʭʘʜ ᴇʥʛᴇʥʠʡ ʟᴇʨװװ ʥʴ ʙװʛʜ 11-ʵʵʩ ʜʵʵʰ ʙʫʶʫ ᴇʥʛᴇʥʠʡ ʵʨʩ 

ʟᴇʨװװʪʵʡ ʙʦʣʩʦʥ ʛʵʞ ʪʦʜʦʨʭʦʡʣʦʛʜʩʦʥ ʙᴇʛᴇᴇʜ ᴇʥʛᴇʥʠʡ ʛʘʥʜʘʣʪʳʛ ʪʦʜʦʨʭʦʡʣʦʭ 

ʨʝʛʨʝʩʩʠʡʥ ʰʠʥʞʠʣʛʵʵʛ ʘʞʠʛʣʘʭʘʜ ʙװʭ ᴇʥʛᴇʥʠʡ L-ʠʡʥ R2 ʥʴ 0.53-ʘʘʩ 0.91-ʠʡʥ 

ʭʦʦʨʦʥʜ ʙʫʶʫ ʭʫʛʘʮʘʘʥʘʘʩ ʭʘʤʘʘʨʘʥ ʛʘʥʜʘʣʪ ʠʭ ʙʦʣʦʥ ʪʦʜʦʨʭʦʡ ʭʵʤʞʵʵʛʵʵʨ 

ʷʚʘʛʜʩʘʥ ʥʴ ʘʞʠʛʣʘʛʜʘʚ [6], [7].  

  

y = 0.5853x + 17.554
wч Ґ лΦфмпу

y = -0.123x - 3.8962
wч Ґ лΦоусф

y = 0.2943x - 30.449
wч Ґ лΦомнс
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ɼתɻʅʕʃʊ 

ɹʠʜ ʵʥʵʭװװ ʘʞʣʘʘ ʄʦʥʛʦʣ ʦʨʥʳ ʥᴇʭʮᴇʣʜ ʪʦʭʠʨʩʦʥ ʤʘʪʝʨʠʘʣʳʥ ʙʘʪ ʙᴇʭ 

ʰʠʥʞ ʯʘʥʘʨʪʘʡ, ᴇʥʛᴇʥʠʡ ʭʫʚʴʜ ʭʫʚʴʜ ʛʘʥʜʘʣʪ ʙʘʛʘ ᴇʛᴇʭ ʙʫʜʛʠʡʛ ʤᴇʥ ʩʘʥʘʣ 

ʙʦʣʛʦʭʦʦʨ ʟʦʨʴʩʦʥ ʩʫʜʘʣʛʘʘʥʳ ʘʞʠʣ ʙʦʣʩʦʥ ʭʵʤʵʵʥ װʟʵʞ ʙʘʡʥʘ.  

ᴆʥʛᴇʥʠʡ ʭʫʚʴʜ ʥʵʛ ʞʠʣʠʡʥ ʭʫʛʘʮʘʘʥʜ 2 ʜʦʣʦʦ ʭʦʥʦʛʠʡʥ ʜʘʚʪʘʤʞʪʘʡ 

ᴇʥʛᴇʥʠʡ ʭʵʤʞʠʣʪ ʭʠʡʭʵʜ ʵʜʛʵʵʨ װʣʜʩʵʥ ʜʵʵʞװװʜ ʠʭʵʚʯʣʵʥ ʞʠʛʜ ʛʘʥʜʘʣʪ ᴇʛʩᴇʥ 

ʙᴇʛᴇᴇʜ ᴇʥʛᴇʥʠʡ ʟᴇʨװװʛ ʪʦʦʮʦʥ װʟʵʭʵʜ ʜʠʡʣʵʥʭ ʥʴ ᴇʥʛᴇʥʠʡ ʵʨʩ ʟᴇʨװװʪʵʡ ʙʦʣʞ 

ʛʘʥʜʩʘʥ ʙʘʡʥʘ. ʎʘʛʘʘʥ ᴇʥʛᴇʥʠʡ ʭʫʚʴʜ ʠʣװװ ʙʘʨʘʘʥ ʙʦʣʩʦʥ ʙᴇʛᴇᴇʜ ʙʫʩʘʜ ᴇʥʛᴇ ʥʴ 

ʮʘʡʨʩʘʥ װʟʵʛʜʵʣ ʘʞʠʛʣʘʛʜʘʥʘ. ʍʷʪʘʜ ʫʣʩʘʜ װʡʣʜʚʵʨʣʵʩʵʥ ñMarieôs oil colourò, 

ñMarieôsò ʙʦʣʦʥ ñWinsor newtonò ʫʨʘʥ ʟʫʨʛʠʡʥ ʟʦʨʠʫʣʘʣʪʪʘʡ ʙʫʜʛʫʫʜ ʥʴ ʭʘʤʛʠʡʥ 

ʛʘʥʜʘʣʪ ʙʘʛʘ, ʛʵʤʪʵʣ ʙʘʛʘ ʙʘʡʛʘʘ ʪʫʣ ʩװʤ ʭʠʡʜʠʡʥ ʛʦʸʣ ʯʠʤʵʛʣʵʣʠʡʥ ʟʫʨʘʛʪ 

ʭʵʨʵʛʣʵʭʵʜ ʪʦʭʠʨʦʤʞʪʦʡ ʙʘʡʚ. 

ʕʥʵʭװװ ʩʫʜʘʣʛʘʘʥʳ ʘʞʠʣ ʥʴ ʙʘʛʘʞʠʪ ʘʥʘʣʠʟʳʥ ʘʨʛʘʘʨ ʙʫʜʛʠʡʥ ᴇʥʛᴇ ʙʦʣʦʥ 

ʤʘʪʝʨʠʘʣʳʛ ʫʨʪ ʭʫʛʘʮʘʘʥʳ ʭʵʤʞʠʣʪ, ʩʫʜʘʣʛʘʘʛ ʛװʡʮʵʪʛʵʞ ʪʫʨʰʩʘʥ ʄʦʥʛʦʣʜʦʦ 

ʘʥʭʥʳ ʩʫʜʘʣʛʘʘʥʳ ʘʞʠʣ ʙʦʣʩʦʥ ʙᴇʛᴇᴇʜ ʙʠʜ ʮʘʘʰʠʜ ʪʫʩ ᴇʥʛᴇʥʠʡ ʛʘʥʜʘʣʪ 

ʪʦʜʦʨʭʦʡʣʦʭ ʘʨʛʘ ʟװʡʛʵʵ ʵʨʪʥʠʡ ʫʨʘʥ ʙʘʨʠʣʛʳʥ ᴇʥʛᴇ ʙʫʜʛʠʡʥ ʘʥʘʣʠʟ ʭʠʡʭʵʜ 

ʥʵʚʪʨװװʣʵʭʵʵʨ ʟʦʨʴʞ ʘʞʠʣʣʘʚ.  
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3.2. ʕʈʊʅʀʁ ʋʈɸʅ ɹɸʈʀʃɻʓʅ ᴆʅɻᴆ ɹʋɼɸɻ ʆʈʏʅʓ ʅᴆʃᴆᴆʃᴆᴆʉ ɹʆʃɾ 

ʍʕʈʍʕʅ ᴆᴆʈʏʃᴆɻɼᴆɾ ɹɸʁɻɸɸɻ ʉʋɼɸʃɾ, AʅXʅʓ ᴆʅɻʀʁɻ 

ʊʆɼʆʈʍʆʁʃʆʍ ɸʈɻɸʏʃɸʃ ɹʆʃʆɺʉʈʋʋʃɸʍ 

ʅʵʛ ʪʫʨʰʠʣʪʳʛ ʵʩʚʵʣ ʦʙʲʝʢʪʦʦ ʩʘʥʘʘʥʜʛװʡ ʙʘʡʜʣʘʘʨ ʥʵʛ ʪᴇʨʣʠʡʥ 

 ʥװʩʚʵʨʵʵʩ ʩʦʥʛʦʩʦʥ ʙʘ ʠʞʠʣ ʙʘʛʘʞʘʘʨ ʠʞʠʣ ʘʨʛʘ ʘʰʠʛʣʘʥ ʥʵʛ ʛʘʟʘʨ ʥʵʛ ʭװװ

ʪʦʜʦʨʭʦʡ ʜʘʚʪʘʤʞʪʘʡ ʭʫʛʘʮʘʘʥʜ ʭʵʤʞʠʣʪʠʡʛ ʜʘʚʪʘʭʘʜ װʨ ʜװʥ ʥʴ ʦʡʨʦʣʮʦʦ ʙʘʡʭ 

ʸʩʪʦʡ.  

ʍʵʤʞʠʣʪʠʡʥ ʜʘʚʪʘʛʜʘʭ ʯʘʥʘʨʳʛ ʛʫʨʚʘʥ ʭʫʛʘʮʘʘʛʘʘʨ ʪʦʦʮʦʦʣʜʦʛ: ʥʵʛ ʫʜʘʘ 

ʫʜʘʘ ʭʵʤʞʠʣʪ ʭʠʡʭ ʙʫʶʫ ʙʦʛʠʥʦ ʭʫʛʘʮʘʘʥʳ, ʪʦʜʦʨʭʦʡ ʮʘʛʠʡʥ ʪʫʨʰ ʙʫʶʫ ʜʫʥʜ 

ʭʫʛʘʮʘʘʥʳ ʭʵʤʞʠʣʪ, ʜʦʣʦʦ ʭʦʥʦʛ ʙʫʶʫ ʪװװʥʵʵʩ ʜʵʵʰ ʭʫʛʘʮʘʘʛʘʘʨ ʭʵʤʞʠʣʪ ʭʠʡʭ 

ʙʫʶʫ ʫʨʪ ʭʫʛʘʮʘʘʥʳ ʭʵʤʞʠʣʪ ʛʵʞ ʘʥʛʠʣʜʘʛ. ɹʠʜ ʭʵʤʞʠʣʪʵʵ ʜʘʚʪʘʛʜʘʭ ʯʘʥʘʨʳʥ 

ʭʫʚʴʜ ʙʦʛʠʥʦ ʭʫʛʘʮʘʘʥʳ ʙʦʣʦʥ ʫʨʪ ʭʫʛʘʮʘʘʥʳ ʭʵʤʞʠʣʪ ʛʵʞ ʭʦʸʨ ʷʥʟʘʘʨ 

ʛװʡʮʵʪʛʵʩʵʥ. ɹʦʛʠʥʦ ʙʦʣʦʥ ʫʨʪ ʭʫʛʘʮʘʘʥʳ ʭʵʤʞʠʣʪװװʜʠʡʥ װʨ ʜװʥʛ ʜʘʨʘʘʭ 

ʭװʩʥʵʛʪװװʜʵʵʨ ʭʘʨʫʫʣʘʚ. ɹʦʛʠʥʦ ʭʫʛʘʮʘʘʥʳ ʭʵʤʞʠʣʪװװʜʠʡʛ ʜʦʣʦʦ ʭʦʥʦʛ ʙװʨ 9 

ᴇʥʛᴇ ʜʵʵʨ ʪʫʩ ʙװʨ 5 ʫʜʘʘ ʙʫʶʫ ʥʵʛ 7 ʭʦʥʦʛʪ 45 ʭʵʤʞʠʣʪ ʭʠʡʜʵʛ ʙᴇʛᴇᴇʜ ʞʠʰʵʵ 

ʙʦʣʛʦʥ ʭʘʤʛʠʡʥ ʵʭʥʠʡ ʭʵʤʞʠʣʪ ʙʫʶʫ 2 ʩʘʨʳʥ 5-ʥʳ ᴇʜʨʠʡʥ ʭʵʤʞʠʣʪʠʡʥ װʨ ʜװʥʛ 

ʪʫʩ ʪʘʡʣʘʥʜ ʦʨʫʫʣʘʚ. 

 

ñʆʯʠʨʪ ʘʡʣʛʘʥ װʡʣʜʵʛʯò ʙʫʨʭʘʥʳ ʊʘʥʢʘ ʟʫʨʛʠʡʥ ʪʫʨʰʠʣʪ 

 
ɿʫʨʘʛ 3.7. ñʆʯʠʨʪ ʘʡʣʛʘʥ Ͼʡʣʜʵʛʯò ʙʫʨʭʘʥʳ ʊʘʥʢʘ ʟʫʨʘʛ 
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ʍʵʤʞʠʣʪʠʡʥ װʨ ʜװʥ: 

ʍϾʩʥʵʛʪ 3.19. ʍʵʤʞʠʣʪʠʡʥ Ͼʨ ʜϾʥʛ ʜʫʥʜʞʘʘʨ ʥʵʛʪʛʵʩʵʥ ʙʘʡʜʘʣ 

LAB_L LAB_A LAB_B LAB_L LAB_A LAB_B LAB_L LAB_A LAB_B  

1.  47.97217 -11.4593 7.551 56.37367 33.25333 38.61767 27.086 8.8815 -35.1115 

2.  48.30617 -11.4068 7.802167 56.12133 32.50333 38.40817 27.9725 9.240333 -35.9882 

3.  47.81033 -11.4005 8.592833 56.35533 33.89433 38.51483 27.64233 8.292167 -34.8213 

4.  48.37333 -11.4887 8.3935 56.96983 34.22283 39.14233 26.59667 6.002167 -29.8557 

5.  47.791 -11.3098 8.280333 56.32583 33.4665 38.50183 27.28433 7.5575 -33.5512 

6.  47.71133 -11.3317 8.1005 56.60767 33.60317 38.97333 27.79967 7.980333 -34.7043 

7.  48.09017 -11.5125 7.961333 56.288 33.44983 38.75733 27.371 7.924167 -34.3937 

8.  48.8905 -11.3555 8.300833 56.50317 33.45283 38.42483 27.89217 8.188 -34.8708 

9.  47.38983 -11.0875 8.168833 56.11383 33.29333 38.15617 27.64333 8.0485 -34.7777 

10.  47.56183 -11.067 8.454167 56.17333 32.83133 38.26067 27.6025 7.829833 -34.4568 

11.  47.43967 -11.193 8.293333 56.9915 33.28467 38.956 27.72667 7.459 -33.9577 

12.  47.4035 -11.1887 8.197 56.20183 33.11833 38.638 27.19367 7.205167 -32.7737 

13.  47.99367 -11.1317 7.6605 56.3215 33.1335 38.719 28.04617 7.6435 -34.0608 

14.  48.06083 -11.4145 7.913 56.8505 33.6435 39.36833 28.1465 7.895667 -34.5025 

15.  48.293 -11.4477 7.576 56.802 33.33583 38.20717 27.98567 8.053667 -34.7795 

16.  48.10317 -11.47 7.711333 56.9625 33.67583 38.40633 27.97267 7.700167 -34.011 

 

ʍϾʩʥʵʛʪ 3.20. ʍʵʤʞʠʣʪʠʡʥ Ͼʨ ʜϾʥʛʠʡʥ ʩʪʘʪʠʩʪʠʢ ʘʥʘʣʠʟ 

ʅʦʛʦʦʥ ᴇʥʛᴇ  LAB_L  LAB_A  LAB_B 

Mean 47.97217 -11.4593 7.551 

Standard Error 0.2409 0.082192 0.247177 

Median 47.843 -11.482 7.6885 

Standard Deviation 0.590083 0.201329 0.605457 

Sample Variance 0.348198 0.040533 0.366578 

Kurtosis -1.79105 0.483151 -1.66463 

Skewness 0.492573 0.013442 -0.41653 

Range 1.358 0.593 1.476 

Minimum 47.386 -11.758 6.788 

Maximum 48.744 -11.165 8.264 

Sum 287.833 -68.756 45.306 

Count 6 6 6 
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ᴆʥʛᴇʥʠʡ ʛʘʥʜʘʣʪʳʛ ʪʦʦʮʦʦʣʦʭ ʨʝʛʨʝʩʩʠʡʥ ʰʠʥʞʠʣʛʵʵ: 

 

ɻʨʘʬʠʢ 3.8. ʅʦʛʦʦʥ ЊʥʛЊʥʠʡ ʛʘʥʜʘʣʪ 

 

ɻʨʘʬʠʢ 3.9. ʋʣʙʘʨ ʰʘʨ ЊʥʛЊʥʠʡ ʛʘʥʜʘʣʪ 

 

y = -0.0089x + 48.025
wч Ґ лΦлмлт

y = 0.0081x - 11.398
wч Ґ лΦлст

y = -0.0189x + 8.2208
wч Ґ лΦлтрр
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y = 0.0259x + 56.277
wч Ґ лΦмпут
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ɻʨʘʬʠʢ 3.10. ʍЊʭ ЊʥʛЊʥʠʡ ʛʘʥʜʘʣʪ 

ɹʦʛʜ ʭʘʘʥʳ ʦʨʜʦʥ ʤʫʟʝʡʥ ʟʫʥʳ ʦʨʜʥʳ ʛʘʜʘʘ ʙʘʛʘʥʳ ʭʘʚʪʘʩ ʜʵʵʨʭ ʪʫʨʰʠʣʪ 

ʉװװʣʠʡʥ ʞʠʣװװʜʵʜ ʜʵʣʭʠʡ ʜʘʭʠʥʜ ᴇʥʛᴇ ʩʫʜʣʘʣʳʥ ʩʘʣʙʘʨ ʙʠʝ ʜʘʘʩʘʥ 

ʰʠʥʞʣʵʭ ʫʭʘʘʥ ʙʦʣʦʥ ʭᴇʛʞʠʞ, ᴇʥʛᴇʥʠʡ ʪʝʭʥʦʣʦʛʠʫʜʳʛ ʘʰʠʛʣʘʩʘʥ ʩʫʜʘʣʛʘʘʥʫʫʜ 

ʵʨʯʠʤʪʵʡ ʭʠʡʛʜʵʞ ʙʘʡʥʘ. ᴆʥʛᴇ ʩʫʜʣʘʣʳʥ ʫʭʘʘʥ ʥʴ ʩʦʸʣʳʥ ᴇʚ, ʘʥʘʛʘʘʭ ʫʭʘʘʥ, 

ʭᴇʜᴇᴇ ʘʞ ʘʭʫʡ, ʛʘʟʘʨ ʪʘʨʠʘʣʘʥ, ʩʘʥʩʘʨ ʩʫʜʣʘʣ, ʢʦʤʧʴʶʪʝʨʳʥ ʫʭʘʘʥ, ʜװʨʩ 

ʙʦʣʦʚʩʨʫʫʣʘʣʪ, ʭװʨʵʵʣʵʥ ʙʫʡ ʦʨʯʠʥ ʟʵʨʵʛ ʙװʭʠʡ ʣ ʰʠʥʞʣʵʭ ʫʭʘʘʥʳ ʩʘʣʙʘʨʫʫʜʪʘʡ 

ʫʷʣʜʘʘ ʭʦʣʙʦʦʪʦʡʛʦʦʨ ʭᴇʛʞʠʞ ʙʘʡʥʘ [1],[2].  

ɹʠʜ ᴇʥʛᴇ ʩʫʜʣʘʣʳʛ ʦʥʦʣʳʥ ʭʫʚʴʜ ʩʫʜʣʘʭʘʘʩ ʛʘʜʥʘ ᴇʥʛᴇ ʩʫʜʣʘʣʳʥ 

ʪʝʭʥʦʣʦʛʠʫʜʳʛ ʄʦʥʛʦʣʜ ʥʫʪʘʛʰʫʫʣʘʭ ʫʣʤʘʘʨ ʩʦʸʣʳʥ ᴇʚʠʡʥ ʩʘʣʙʘʨʪ ʭʵʨʵʛʣʵʵʥʜ 

ʥʵʚʪʨװװʣʵʭ ʟʦʨʠʣʛʦʪʦʡ ʘʞʠʣʣʘʞ ʙʘʡʛʘʘ ʙʠʣʵʵ. ɹʠʜʥʠʡ ʵʭʣװװʣʩʵʥ ᴇʥʛᴇ ʙʫʜʛʠʡʥ 

ʪʫʨʰʠʣʪ ʩʫʜʘʣʛʘʘ ʥʴ ʵʨʪʥʠʡ ʙʘʨʠʣʛʘ, ʙʘʡʛʫʫʣʘʤʞʠʡʥ ᴇʥʛᴇ ʙʫʜʛʠʡʥ ʯʘʥʘʨ, 

ᴇʥʛᴇʥʠʡ ʛʘʥʜʘʣʪʳʛ ʩʫʜʣʘʭ ʟʦʨʠʣʛʦʪʦʡ ʙᴇʛᴇᴇʜ ʫʛ ʜʘʘʣʛʘʚʨʳʥ ʭװʨʵʵʥʜ ʪװװʭ ʩʦʸʣʳʥ 

ʜʫʨʩʛʘʣʪ ʫʨʘʥ ʙʘʨʠʣʛʳʥ [8] ᴇʥʛᴇ ʙʫʜʛʠʡʥ ʛʘʥʜʘʣʪ ʭʫʛʘʮʘʘʥʘʘʩ ʭʘʤʘʘʨʘʥ ʭʵʨʭʵʥ 

ʷʚʘʛʜʘʞ ʙʘʡʛʘʘʛ ʫʨʪ ʭʫʛʘʮʘʘʥʳ ᴇʥʛᴇʥʠʡ ʭʵʤʞʠʣʪ ʭʠʡʥ ʪʦʛʪʦʦʞ, ʘʨʛʘ ʘʨʛʘʯʣʘʣ 

ʙʦʣʦʚʩʨʫʫʣʞ ʩʫʜʘʣʩʥʘʘʨ ʦʙʲʝʢʪʳʥ ʘʥʭʥʳ ᴇʥʛʠʡʛ ʪʘʘʤʘʛʣʘʭ ʙʦʣʦʤʞʪʦʡ ʙʦʣʥʦ. 

ʀʥʛʵʩʥʵʵʨ ʪʫʭʘʡʥ ʩʦʸʣʳʥ ᴇʚʠʡʛ ʘʥʭʥʳ ᴇʥʛᴇʪʵʡ ʥʴ ʜᴇʭװװʣʞ ʩʵʨʛʵʵʥ ʟʘʩʚʘʨʣʘʭ 

ʙʦʣʦʤʞʪʦʡ ʙʦʣʦʭ ʙᴇʛᴇᴇʜ ʙʠʜ ʫʛ ʘʞʣʳʥ ʭװʨʵʵʥʜ ʪװװʭ ʩʦʸʣʳʥ ʜʫʨʩʛʘʣʪ ʫʨʘʥ 

ʙʘʨʠʣʛʳʥ ᴇʥʛᴇ ʙʫʜʛʠʡʥ ʛʘʥʜʘʣʪ ʭʫʛʘʮʘʘʥʘʘʩ ʭʘʤʘʘʨʘʥ ʭʵʨʭʵʥ ʷʚʘʛʜʘʞ ʙʘʡʛʘʘʛ 

ʫʨʪ ʭʫʛʘʮʘʘʥʳ ᴇʥʛᴇʥʠʡ ʭʵʤʞʠʣʪ ʭʠʡʥ ʪʦʛʪʦʦʞ, ʘʨʛʘ ʘʨʛʘʯʣʘʣ ʙʦʣʦʚʩʨʫʫʣʘʥ 

ʩʫʜʣʘʥ ʦʙʲʝʢʪʳʥ ᴇʤʥᴇʭ ᴇʥʛᴇ ʙʦʣʦʥ ʭʵʪʠʡʥ ᴇʥʛʠʡʛ ʪʘʘʤʘʛʣʘʭʳʛ ʟʦʨʠʚ. 

ʉʫʜʘʣʛʘʘʥʳ ʤʘʪʝʨʠʘʣ, ʘʨʛʘ ʟװʡ 

 

 ʉʫʜʘʣʛʘʘʥʳ ʦʙʲʝʢʪʦʦʨ ʙʠʜ ʊᴇʚʭᴇʥ ʭʠʡʜ, ʐʘʥʭʳʥ ʭʠʡʜ ʟʵʨʵʛ ʭʵʜ ʭʵʜʵʥ 

ʦʙʲʝʢʪʳʛ ʩʦʥʛʦʥ ʘʞʠʣʣʘʞ ʙʘʡʛʘʘ ʙᴇʛᴇᴇʜ ʵʥʵʭװװ ᴇʛװװʣʵʣʜ ɹʦʛʜ ʭʘʘʥʳ ʦʨʜʦʥ 

ʤʫʟʝʡʥ ʟʫʥʳ ʦʨʜʥʳ ʛʘʜʘʘ ʙʘʛʘʥʳ ʭʘʚʪʘʩ ʜʵʵʨ ʭʠʡʛʜʩʘʥ ʩʫʜʘʣʛʘʘʛ ʪʦʡʤʣʦʥ 

ʭʘʨʫʫʣʘʚ. ɼʘʨʘʘʭ ʟʫʨʘʛʪ ʙʘʡʛʘʘ ʙʘʛʘʥʘ ʜʵʵʨʵʵʩ ʫʣʘʘʥ ʭװʨʵʥ, ʭᴇʭ, ʥʦʛʦʦʥ ʛʵʩʵʥ 

ʛʫʨʚʘʥ ᴇʥʛᴇʥʜ ᴇʥʛᴇʥʠʡ ʭʵʤʞʠʣʪ ʩʫʜʘʣʛʘʘ ʭʠʡʚ [5]. 

y = 0.0463x + 27.229
wч Ґ лΦнтрс

y = -0.0415x + 8.2218
wч Ґ лΦлттт

y = 0.0102x - 34.251
wч Ґ лΦллмо
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ɿʫʨʘʛ 3.8. ɹʦʛʜ ʭʘʘʥʳ ʦʨʜʦʥ ʤʫʟʝʡʥ ɿʫʥʳ ʦʨʜʥʳ ʛʘʜʘʘ ʙʘʛʘʥʳ ʭʘʚʪʘʩ 

 

ʍʵʤʞʠʣʪʵʜ X-rite i1 Pro Colorimeter ʛʵʭ ᴇʥʛᴇ ʭʵʤʞʠʛʯ ʙʘʛʘʞ ʘʰʠʛʣʘʥ 

ᴇʥʛᴇʥʠʡ ʫʪʛʘ ʭʵʤʞʠʭ ʝʨᴇʥʭʠʡ ʘʨʛʘ ʟװʡʥ ʜʘʛʫʫ ʭʵʤʞʠʣʪ ʭʠʡʩʵʥ. ʍʵʤʞʠʣʪʵʵ 

ʭʠʡʭʜʵʵ ʙʘʛʘʞʠʡʥ Spot ʭʵʤʞʠʣʪʠʡʥ ʪʦʭʠʨʛʦʦʛ ʘʰʠʛʣʘʥ Patch Tool ʧʨʦʛʨʘʤʤʘʘʨ 

ʭʵʤʞʠʣʪʵʵ ʭʠʡʥʵ. ʕʭʣʵʵʜ ʧʨʦʛʨʘʤʤʜʘʘ ʭʵʤʞʠʣʪʠʡʥ ʪʦʦ, ʭʵʤʞʠʣʪʠʡʥ ʪᴇʭᴇᴇʨᴇʤʞ, 

ʭʵʤʞʠʣʪʠʡʥ ʦʨʯʠʥ ʙʫʶʫ ʛʵʨʵʣʪװװʣʵʛ ʟʵʨʛʠʡʛ ʪʦʭʠʨʫʫʣʘʘʜ ñWhite tileò ʙʫʶʫ ʮʘʛʘʘʥ 

ᴇʥʛᴇʥʠʡ /reflectance calibration/ ʪʦʭʠʨʫʫʣʛʘ ʭʠʡʩʥʠʡ ʜʘʨʘʘʛʘʘʨ ʙʘʛʘʞʘʘʨʘʘ 

ʦʙʲʝʢʪʳʥ ᴇʥʛᴇᴇ ʭʵʤʞʠʥʵ [3],[4]. ᴆʥʛᴇʥʠʡ ʭʵʤʞʠʣʪʠʡʛ ʭʠʡʭʜʵʵ L* a* b* ʫʪʛʘʘʨ 

ʭʵʤʞʠʭ ʙᴇʛᴇᴇʜ ʪʫʩ ʭʵʤʞʠʣʪʠʡʥ ᴇʥʛᴇʥʠʡ ʫʪʛʫʫʜʘʜ ᴇʥʛᴇʥʠʡ ʛʘʥʜʘʣʪʳʛ ʩʫʜʣʘʭ 

ʟʦʨʠʣʛʦʪʦʡ ᴇʥʛᴇʥʠʡ ʟᴇʨװװ ʪʦʦʮʦʭ ʘʨʛʘ ʙʦʣʦʥ ʭʫʛʘʮʘʘʥʘʘʩ ʭʘʤʘʘʨʫʫʣʘʥ 

ʨʝʛʨʝʩʩʠʡʥ ʰʠʥʞʠʣʛʵʵʥʠʡ ʘʨʛʘʘʨ ᴇʛᴇʛʜʣʠʡʥ ʜװʥ ʰʠʥʞʠʣʛʵʵ ʭʠʡʩʵʥ. ᴆʥʛᴇʥʠʡ 

ʛʘʥʜʘʣʪʳʛ ʩʫʜʣʘʭ ʟʦʨʠʣʛʦʪʦʡ ʫʯʨʘʘʩ ʭʵʤʞʠʣʪʠʡʥ L* a* b* ʫʪʛʫʫʜʳʛ ʘʰʠʛʣʘʥ 

ʘʥʘʣʠʟ ʭʠʡʭ ʙᴇʛᴇᴇʜ L* a* b* ᴇʥʛᴇʥʠʡ ʦʨʦʥ (CIELAB ʛʵʞ ʥʵʨʣʵʜʵʛ ʙᴇʛᴇᴇʜ CIE ʥʴ 

ᴇʥʛᴇʥʠʡ ʦʣʦʥ ʫʣʩʳʥ ʢʦʤʠʩʩ, LAB ʥʴ ʪʫʩ ᴇʥʛᴇʥʠʡ ʦʨʦʥʛʠʡʥ ʥʵʨ) ʥʴ ʦʙʲʝʢʪʠʡʥ 

ᴇʥʛʠʡʛ ʭʵʤʞʠʭʵʜ ʟʦʨʠʫʣʩʘʥ ʭʘʤʛʠʡʥ ʪװʛʵʵʤʵʣ ᴇʥʛᴇʥʠʡ ʦʨʦʥ ʶʤ. װתʥʠʡʛ CIE-ʵʵʩ 

1976 ʦʥʜ ʛʘʨʛʘʩʘʥ  ʙᴇʛᴇᴇʜ L* a* b* ᴇʥʛᴇʥʠʡ ʦʨʦʥʜ L* -ʵʵʨ ʛʵʨʵʣʪʵʣʪʠʡʛ ʠʣʵʨʭʠʡʣʞ, 

a* ʙʘ b*-ʵʵʨ ʭʨʦʤʘʪʠʢ ʙʘʡʜʘʣ ʙʫʶʫ ᴇʥʛʠʡʛ ʠʣʵʨʭʠʡʣʵʛʯ ʢʦʦʨʜʠʥʘʪʫʫʜ ʶʤ [1],[2]. 

ᴆʥʛᴇʥʠʡ ʭʵʤʞʠʣʪ ʭʠʡʥ ᴇʛᴇʛʜʣᴇᴇ ʮʫʛʣʫʫʣʘʭ װʡʣ ʷʚʮʳʥ ʜʘʨʘʘʛʘʘʨ ʙʠʜ 

ᴇʥʛᴇʥʠʡ ᴇʛᴇʛʜʣʠʡʥ ʜװʥ ʰʠʣʞʠʣʛʵʵʛ ʭʠʡʥʵ. ʉʫʜʘʣʛʘʘʥʳ ᴇʛᴇʛʜʣʠʡʛ ʙʦʣʦʚʩʨʫʫʣʘʭ, 

ʥʵʛʪʛʵʥ ʜװʛʥʵʭ, ʪʘʡʣʙʘʨʣʘʭ װʡʣ ʷʚʮʳʛ ᴇʛᴇʛʜʣʠʡʥ ʜװʥ ʰʠʥʞʠʣʛʵʵ ʛʵʥʵ. ᴆʛᴇʛʜʣʠʡʥ 

ʜװʥ ʰʠʥʞʠʣʛʵʵʛ ʝʨᴇʥʭʠʡʜ ʥʴ ʪʦʜʦʨʭʦʡʣʦʛʯ ʘʥʘʣʠʟ, ʪʘʘʤʘʛʣʘʣ ʰʘʣʛʘʭ ʘʥʘʣʠʟ, 

ʭʵʪʠʡʥ ʪᴇʣʚʠʡʥ ʘʥʘʣʠʟ ʛʵʩʵʥ ʛʫʨʚʘʥ ʙװʣʵʛ ʙʦʣʛʦʥ װʟʜʵʛ. ʊʦʜʦʨʭʦʡʣʦʛʯ ʩʪʘʪʠʩʪʠʢ 

ʥʴ ʩʫʜʘʣʛʘʘʥʳ ʭʫʚʴʩʘʛʯʜʳʥ ʝʨᴇʥʭʠʡ ʤʵʜʵʵʣʣʠʡʛ ʠʣʵʨʭʠʡʣʵʭ ʜʘʪʘ ʘʥʘʣʠʟ ʙᴇʛᴇᴇʜ 

ᴇʛᴇʛʜʣʠʡʥ ʪʦʦ, ʭʫʚʴ, ʘʨʠʬʤʝʪʠʢ ʜʫʥʜʘʞ, ʞʠʥʣʵʛʜʩʵʥ ʜʫʥʜʘʞ, ʤʝʜʠʘʥ, ʤʦʦʜ, 

ʩʪʘʥʜʘʨʪ ʭʘʟʘʡʣʪ, ʭװʨʵʵ, ʜʘʣʘʡʮ, ʚʘʨʠʘʮ, ʪʵʛʰ ʭʵʤʠʡʥ ʢʦʵʬʬʠʮʠʝʥʪ, ʵʛʮ 

ʙʘʡʜʣʳʥ ʢʦʵʬʬʠʮʠʝʥʪ ʟʵʨʛʠʡʛ ʪʦʜʦʨʭʦʡʣʦʥ ᴇʛᴇʛʜᴇʣʜ ʜװʥ ʰʠʥʞʠʣʛʵʵ ʭʠʡʜʵʛ. 

ʍʘʨʠʥ ʪʘʘʤʘʛʣʘʣ ʰʘʣʛʘʭ ʜװʥ ʰʠʥʞʠʣʛʵʵʥʠʡ ʘʨʛʘ ʥʴ ʩʫʜʘʣʛʘʘʥʳ ʭʫʚʴʩʘʛʯ 

ʭʦʦʨʦʥʜʳʥ ʭʘʤʘʘʨʣʳʥ ʯʠʛʣʵʣ, ʭװʯ ʙʦʣʦʥ ʩʫʜʣʘʘʯʠʡʥ ʜʵʚʰװװʣʞ ʙʫʡ ʪʘʘʤʘʛʣʘʣʳʛ 
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ʪʘʡʣʙʘʨʣʘʜʘʛ ʙᴇʛᴇᴇʜ װװʥʜ ʪʘʨʭʘʣʪʳʥ װʥʵʣʛʵʵ, ʥʵʛ ʪװװʚʨʠʡʥ ʪʝʩʪ, װʣ ʭʘʤʘʘʨʘʣʪ 

ʭʦʸʨ ʪװװʚʨʠʡʥ ʪʝʩʪ,  ʭʘʤʘʘʨʘʣʪ ʭʦʸʨ ʪװװʚʨʠʡʥ ʪʝʩʪ, ʛʫʨʘʚ ʙʦʣʦʥ ʪװװʥʵʵʩ ʜʵʵʰ 

ʪװװʚʨʠʡʥ ʪʝʩʪ, ʙװʣʛʠʡʥ ʷʣʛʘʘ ʪʦʦʮʦʭ ʪʝʩʪ, ʭʘʤʘʘʨʣʳʥ ʰʠʥʞʠʣʛʵʵ, ʨʝʛʨʝʩʩʠʡʥ 

ʰʠʥʞʠʣʛʵʵ, ʢʣʘʩʪʝʨʠʡʥ ʰʠʥʞʠʣʛʵʵ, ʤʝʪʘ-ʘʥʘʣʠʟ ʟʵʨʵʛ ʰʠʥʞʠʣʛʵʵʥװװʜ ʙʘʛʪʜʘʛ. 

ʍʘʨʠʥ ʭʵʪʠʡʥ ʪᴇʣʚʠʡʥ ʰʠʥʞʠʣʛʵʵ ʥʴ ʭʠʡʤʵʣ ʦʶʫʥ ʫʭʘʘʥ, ʠʭ ʭʵʤʞʵʵʥʠʡ ᴇʛᴇʛʜᴇʣʜ 

ʩʫʫʨʠʣʘʥ ʠʨʵʵʜװʡʥ ʯʠʛ ʭʘʥʜʣʘʛʳʛ ʪʦʦʮʜʦʛ ʘʨʛʘʯʣʘʣ ʶʤ. ʊʫʩ ʘʥʘʣʠʟʜ ʪʘʘʤʘʛʣʘʣ 

ʰʘʣʛʘʭ ʪʝʩʪ ʙʦʣʦʥ ʨʝʛʨʝʩʩʠʡʥ ʟʘʛʚʘʨʫʫʜʳʛ ʤᴇʥ ʘʰʠʛʣʘʜʘʛ [6], [7].  

ɼʘʨʘʘʭ ʪʦʤʴʸʦʛʦʦʨ ʵʥʵʭװװ ᴇʛװװʣʵʣʜ ʦʣʦʥʪʘʘ ʛʘʨʘʭ ʰʫʛʘʤʘʥ ʨʝʛʨʝʩʩʠʡʥ 

ʭʘʤʘʘʨʣʳʛ ʠʣʵʨʭʠʡʣʵʚ. 

Ὑ ρ ρ
В

В
  (1) 

ɹʠʜ ʭʵʤʞʠʣʪ ʙװʨʠʡʥ ʙʦʣʦʚʩʨʫʫʣʘʣʪʳʛ ʭʠʡʭʜʵʵ ʪʦʜʦʨʭʦʡʣʦʛʯ 

ʩʪʘʪʠʩʪʠʢʠʡʥ ʘʨʛʳʛ ʘʰʠʛʣʘʭ ʙᴇʛᴇᴇʜ ᴇʥʛᴇʥʠʡ ʥʵʛ ʞʠʣʠʡʥ ʭʫʛʘʮʘʘʥʘʘʩ ʭʘʤʘʘʨʩʘʥ 

ʛʘʥʜʘʣʪʳʛ ʪʦʦʮʦʭʜʦʦ 2020 ʦʥʳ 7 ʩʘʨʘʘʩ 2021 ʦʥʳ 7 ʩʘʨʳʛ ʜʫʫʩʪʘʣ ʭʵʤʞʩʵʥ 

ᴇʥʛᴇʥʠʡ ʫʪʛʫʫʜʳʥ ʜʫʥʜʘʞʘʘʨ ʰʫʛʘʤʘʥ ʨʝʛʨʝʩʩʠʡʥ ʟʘʛʚʘʨʳʛ ʘʰʠʛʣʘʩʘʥ. ʍʘʨʠʥ 

ʭʵʪʠʡʥ ʪᴇʣʚʠʡʥ ʜװʥ ʰʠʥʞʠʣʛʵʵʥʠʡ ʘʨʛʘʘʨ ᴇʤʥᴇʭ ᴇʥʛᴇ ʙʦʣʦʥ ʭʵʪʠʡʥ ʛʘʥʜʘʣʪʳʛ 

ʤᴇʥ ʰʫʛʘʤʘʥ ʨʝʛʨʝʩʩʠʡʥ ʟʘʛʚʘʨʪ ʩʫʫʨʠʣʘʥ ʪʦʦʮʦʦʣʥʦ [6], [7].  

 

 :ʥװʨ ʜת

 

ɹʠʜ ɹʦʛʜ ʭʘʘʥʳ ʦʨʜʦʥ ʤʫʟʝʡʥ ʟʫʥʳ ʦʨʜʥʳ ʙʘʛʘʥʘ ʜʵʵʨ ʫʣʘʘʥ ʭװʨʵʥ, ʭᴇʭ, 

ʥʦʛʦʦʥ ʛʵʩʵʥ ʛʫʨʚʘʥ ᴇʥʛᴇ ʩʦʥʛʦʥ ʥʵʛ ʞʠʣʠʡʥ ʪʫʨʰ ʭʦʸʨ ʜʦʣʦʦ ʭʦʥʦʛʠʡʥ 

ʜʘʚʪʘʤʞʪʘʡ ᴇʥʛᴇʥʠʡ ʭʵʤʞʠʣʪ ʭʠʡʥ ʛʘʥʜʘʣʪʳʥ ʜװʥ ʰʠʥʞʠʣʛʵʵʛ ʭʠʡʩʵʥ ʙᴇʛᴇᴇʜ 

ʜʘʨʘʘʭ ʛʫʨʚʘʥ ʛʨʘʬʠʢʘʘʩ ʭʵʤʞʠʣʪʠʡʥ ʜʫʥʜʘʞʳʛ ʪʦʦʮʦʦʣʦʥ ʨʝʛʨʝʩʩʠʡʥ 

ʰʠʥʞʠʣʛʵʵ ʭʠʡʩʥʠʡʛ ʭʘʨʞ ʙʦʣʥʦ [6], [7]. 

 

 
ɻʨʘʬʠʢ 3.11. ʋʣʘʘʥ ʭϾʨʵʥ ЊʥʛЊʥʠʡ ʛʘʥʜʘʣʪ ʷʚʘʛʜʩʘʥ ʙʘʡʜʘʣ /2020.7 ʩʘʨ-

2021.7 ʩʘʨ/ 

 

y = 0.1497x + 52.31
wч Ґ лΦттпр

y = 0.0428x + 16.232
wч Ґ лΦлфно

y = 0.0894x + 13.527
wч Ґ лΦнпфм
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ɻʨʘʬʠʢ 3.12. ʍЊʭ ЊʥʛЊʥʠʡ ʛʘʥʜʘʣʪ ʷʚʘʛʜʩʘʥ ʙʘʡʜʘʣ /2020.7 ʩʘʨ-2021.7 ʩʘʨ/ 

 

 
ɻʨʘʬʠʢ 3.13. ʅʦʛʦʦʥ ЊʥʛЊʥʠʡ ʛʘʥʜʘʣʪ ʷʚʘʛʜʩʘʥ ʙʘʡʜʘʣ /2020.7 ʩʘʨ-2021.7 ʩʘʨ/ 

ʍʘʨʠʥ ʜʘʨʘʘʛʠʡʥ ʛʫʨʚʘʥ ʛʨʘʬʠʢʪ ʰʫʛʘʤʘʥ ʨʝʛʨʝʩʩʠʡʥ ʟʘʛʚʘʨʘʘʨ ʭʵʪʠʡʥ 

ʪᴇʣʚʠʡʥ ʘʨʛʘʘʨ ʙʘʛʘʥʳ ʫʣʘʘʥ ʭװʨʵʥ ᴇʥʛᴇʥʠʡ ʫʣʘʘʥ ʭװʨʵʥ ᴇʥʛᴇʥʠʡ ᴇʤʥᴇʭ ᴇʥʛᴇʥʠʡ 

L*a*b* ʫʪʛʫʫʜʳʛ ʭʵʪʠʡʥ ʛʘʥʜʘʣʪʳʛ ʪʘʘʤʘʛʣʘʩʘʥ ʙʘʡʜʣʳʛ װʟװװʣʵʚ [6], [7]. 

 
ɻʨʘʬʠʢ 3.14. ʋʣʘʘʥ ʭϾʨʵʥ ЊʥʛЊʥʠʡ L-ʠʡʥ ʫʪʛʳʥ ʭʵʪʠʡʥ ʛʘʥʜʘʣʪʳʥ ʪʘʘʤʘʛʣʘʣ 

 

y = 0.1557x + 42.174
wч Ґ лΦфрнм

y = -0.0041x + 2.152
wч Ґ лΦллму

y = 0.0547x - 19.68
wч Ґ лΦллус
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y = 0.1781x + 59.492
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wч Ґ лΦлмфп
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ɻʨʘʬʠʢ 3.15. ʋʣʘʘʥ ʭϾʨʵʥ ЊʥʛЊʥʠʡ a-ʠʡʥ ʫʪʛʳʥ ʭʵʪʠʡʥ ʛʘʥʜʘʣʪʳʥ ʪʘʘʤʘʛʣʘʣ 

 

 
ɻʨʘʬʠʢ 3.16. ʋʣʘʘʥ ʭϾʨʵʥ ЊʥʛЊʥʠʡ b-ʠʡʥ ʫʪʛʳʥ ʭʵʪʠʡʥ ʛʘʥʜʘʣʪʳʥ ʪʘʘʤʘʛʣʘʣ 

 

ʄᴇʥ ʜʵʵʨʭʠʪʵʡ ʠʞʠʣ ʙʦʣʦʚʯ ᴇʛᴇʛʜʣᴇᴇ ʠʥʚʝʨʩ ʭʠʡʥ ᴇʤʥᴇʭ ᴇʥʛʠʡʛ ʪʦʛʪʦʦʭ 

ʙʦʣʦʤʞʪʦʡ ʙᴇʛᴇᴇʜ ʜʘʨʘʘʭ ʛʫʨʚʘʥ ʛʨʘʬʠʢʪ ʫʣʘʘʥ ʭװʨʵʥ ᴇʥʛᴇʥʠʡ ᴇʤʥᴇʭ ᴇʥʛᴇʥʠʡ 

L*a*b* ʫʪʛʫʫʜʳʛ ʪʘʘʤʘʛʣʘʩʘʥ ʞʠʰʵʵʛ ʭʘʨʫʫʣʘʚ [6], [7]. 

 

 
ɻʨʘʬʠʢ 3.17. ʋʣʘʘʥ ʭϾʨʵʥ ЊʥʛЊʥʠʡ L-ʠʡʥ ʫʪʛʳʥ ЊʤʥЊʭ ʫʪʛʳʥ ʪʘʘʤʘʛʣʘʣ 
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ɻʨʘʬʠʢ 3.18. ʋʣʘʘʥ ʭϾʨʵʥ ЊʥʛЊʥʠʡ a-ʠʡʥ ʫʪʛʳʥ ЊʤʥЊʭ ʫʪʛʳʥ ʪʘʘʤʘʛʣʘʣ 

 

 
ɻʨʘʬʠʢ 3.19. ʋʣʘʘʥ ʭϾʨʵʥ ЊʥʛЊʥʠʡ b-ʠʡʥ ʫʪʛʳʥ ЊʤʥЊʭ ʫʪʛʳʥ ʪʘʘʤʘʛʣʘʣ 

 

ɼʵʵʨʭ ʙʘʡʜʣʘʘʨ ʙʠʜ ʘʣʠʚʘʘ ᴇʥʛᴇʥʠʡ ʭʵʪʠʡʥ ᴇʥʛᴇ ʙʦʣʦʥ ᴇʤʥᴇʭ ᴇʥʛʠʡʛ 

ʭʫʛʘʮʘʘʥʘʘʩ ʭʘʤʘʘʨʫʫʣʘʥ ʪʦʛʪʦʦʞ ʙʦʣʦʭ ʙᴇʛᴇᴇʜ ʙʘʛʘʥʳ ᴇʤʥᴇʭ ᴇʥʛʠʡʛ ʙʘ ʭʵʪʠʡʥ 

ʛʘʥʜʘʣʪʳʛ ʞʠʰʵʵ ʙʦʣʛʦʥ ʛʫʨʚʘʥ ʞʠʣʵʵʨ ʪʦʦʮʩʦʥ ʜװʥʛ ʜʘʨʘʘʭ ʟʫʨʛʘʘʩ ʭʘʨʴʮʫʫʣʘʥ 

ʭʘʨʞ ʙʦʣʥʦ. 

ɿʫʨʘʛ 3.9. ʋʣʘʘʥ ʭϾʨʵʥ ЊʥʛЊʥʠʡ ЊʤʥЊʭ ЊʥʛЊ  ɿʫʨʘʛ 3.10. ЉʥʛЊʥʠʡ ʭʵʪʠʡʥ 

ʛʘʥʜʘʣʪ 
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ɼתɻʅʕʃʊ 

 

ʋʛ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʳʛ ʛװʡʮʵʪʛʵʞ ᴇʥʛᴇʥʠʡ ʪʝʭʥʦʣʦʛʠ, ʘʨʛʘ ʘʨʛʘʯʣʘʣ, 

ᴇʛᴇʛʜʣʠʡʥ ʜװʥ ʰʠʥʞʠʣʛʵʵʥʠʡ ʘʨʛʳʛ ʩʦʸʣʳʥ ᴇʚ ʩʫʜʣʘʣ, ʪʵʨ ʜʫʥʜʘʘ ʵʨʪʥʠʡ ʫʨʘʥ 

ʙʘʨʠʣʛʘʜ ʥʵʚʪʨװװʣʵʭʵʵʨ ʟʦʨʴʩʦʥ ʙᴇʛᴇᴇʜ ᴇʥʛᴇʥʠʡ ʫʨʪ ʭʫʛʘʮʘʘʥʳ ʭʵʤʞʠʣʪʠʡʥ 

ʘʨʛʘʘʨ ʙʫʶʫ ʥʵʛ ʞʠʣʠʡʥ ʪʫʨʰ ʭʵʤʞʠʣʪ ʭʠʡʥ ʩʦʸʣʳʥ ᴇʚʠʡʥ ᴇʥʛᴇʥʠʡ ʛʘʥʜʘʣʪʳʛ 

ʪʦʜʦʨʭʦʡʣʞ, ʪʫʩ ᴇʛᴇʛʜʣᴇᴇ ʘʰʠʛʣʘʥ ʠʨʵʵʜװʡʜ ʭʵʨʭʵʥ ᴇʥʛᴇ ʭʫʚʠʨʘʭ ʙʦʣʦʥ ᴇʤʥᴇ 

ʷʤʘʨ ᴇʥʛᴇʪʵʡ ʙʘʡʩʥʳʛ ʪʦʜʦʨʭʦʡʣʦʭ ʙʦʣʦʤʞʪʦʡ ʙʦʣʣʦʦ. ʀʥʛʵʩʥʵʵʨ ʪʫʭʘʡʥ 

ʙʘʨʠʣʛʳʛ ʩʵʨʛʵʵʥ ʟʘʩʚʘʨʣʘʭʜʘʘ ʘʥʭʥʳ ᴇʥʛʠʡʛ ʜᴇʭװװʣʵʥ ʩʵʨʛʵʵʥ ʟʘʩʚʘʨʣʘʭ 

ʙʦʣʦʤʞʪʦʡ.  

ʍʵʪʠʡʥ ʪᴇʣᴇʚʠʡʥ ʘʥʘʣʠʟʳʥ ʘʨʛʳʛ ᴇʥʛᴇʥʠʡ ʜװʥ ʰʠʥʞʠʣʛʵʵʪʵʡ ʭʦʩʣʫʫʣʘʥ 

ʪװװʭ ʩʦʸʣʳʥ ʜʫʨʩʛʘʣʪ ʫʨʘʥ ʙʘʨʠʣʛʘ ʜʵʵʨ ʛװʡʮʵʪʛʵʩʵʥ ʵʥʵʭװװ ʩʫʜʘʣʛʘʘʥʳ ʘʞʠʣ ʥʴ 

ᴇʛᴇʛʜʣʠʡʥ ʰʠʥʞʣʵʭ ʫʭʘʘʥ, ᴇʥʛᴇ ʩʫʜʣʘʣ, ʩʦʸʣʳʥ ᴇʚ ʩʫʜʣʘʣ ʟʵʨʵʛ ʩʘʣʙʘʨʫʫʜʳʛ 

ʭʦʩʣʫʫʣʩʘʥ ʄʦʥʛʦʣʜ ʘʥʭʥʳ ʩʫʜʘʣʛʘʘ ʙʦʣʣʦʦ. 

 ʎʘʘʰʠʜ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʘʘ ʦʣʦʥ ʪᴇʨʣʠʡʥ ʦʙʲʝʢʪ ʜʵʵʨ ʪʫʨʰʠʭ, 

ʭʵʨʵʛʞװװʣʵʭ, ʩʦʸʣʳʥ ᴇʚʠʡʥ ʩʵʨʛʵʵʥ ʟʘʩʚʘʨʣʘʣʪʳʥ ʘʞʠʣʪʘʡ ʭʦʩʣʫʫʣʘʭ ʟʵʨʛʵʵʨ 

ʧʨʘʢʪʠʢʪ ʥʵʚʪʨװװʣʵʭ ʟʦʨʠʣʛʦʪʦʡ.  
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3.3. ʆʈʍʆʅʓ ʍᴆʅɼʀʁʅ ʉʆɪʃʓʅ ɼʋʈʉɻɸʃʊ ɻɸɿɸʈ ɼɸʍʔ 

 ɿɸʈʀʄ ʉʆɪʃʓʅ ɹʀɽʊ ᴆɺתתɼ ɼʕʕʈ ʍʀʁʉʕʅ  

ᴆʅɻᴆʅʀʁ ɼתʅ ʐʀʅɾʀʃɻʕʕ 

 

ʋʣʩ ʦʨʥʳ ʪװװʭ ʩʦʸʣʳʥ ʘʤʠʥ ʩװʥʩ ʥʴ ʩʦʸʣʳʥ ᴇʚ ʙᴇʛᴇᴇʜ ʪװװʥʠʡʛ ʭʘʜʛʘʣʞ 

ʭʘʤʛʘʘʣʘʭ ʥʴ ʄʦʥʛʦʣ ʭװʥ ʙװʨʠʡʥ װװʨʵʛ ʙʠʣʵʵ. ʉʦʸʣʳʥ ʙʠʝʪ ᴇʚʠʡʥ ʩʵʨʛʵʵʥ 

ʟʘʩʚʘʨʣʘʣʪ, ʭʘʜʛʘʣʘʣʪ ʭʘʤʛʘʘʣʘʣʪʳʥ ʰʠʥʞʣʵʭ ʫʭʘʘʥʳ ʩʘʣʙʘʨʪ ʩʦʸʣʳʥ ᴇʚʠʡʛ 

ʰʠʥʞʣʵʭ ʫʭʘʘʥʳ װʥʜʵʩʣʵʣʪʵʡʛʵʵʨ ʩʫʜʣʘʭ ʥʴ ᴇʥʜᴇʨ ʘʯ ʭʦʣʙʦʛʜʦʣʪʦʡ. ʉʦʸʣʳʥ 

ᴇʚʠʡʛ ʭʘʜʛʘʣʞ ʭʘʤʛʘʘʣʘʭ, ʩʵʨʛʵʵʥ ʟʘʩʚʘʨʣʘʭ ʘʞʣʳʥ ʭʘʤʛʠʡʥ ʯʫʭʘʣ װʥʵʪ ʟװʡʣ ʙʦʣ 

ʪʫʭʘʡʥ ʩʦʸʣʳʥ ᴇʚʠʡʥ ʘʥʭʥʳ ʵʭ ʭʵʣʙʵʨ ʪᴇʨʭʠʡʛ ʘʣʜʘʛʜʫʫʣʘʭʛװʡʛʵʵʨ ʭʘʜʛʘʣʘʥ 

ʭʘʤʛʘʘʣʘʭ ʷʚʜʘʣ ʶʤ.  

ʄᴇʥ ʙʠʝʪ ʩʦʸʣʳʥ ᴇʚʜ ʘʥʭʥʳ ʭʵʣʙʵʨʵʵ ʘʣʜʘʭ, ʙʦʣʦʥ ʛʵʤʪʵʭ, ʭʫʫʯʨʘʭ ʟʵʨʵʛ ʦʣʦʥ 

ʪᴇʨʣʠʡʥ ʵʨʩʜʵʣ ʮʘʛ ʷʤʘʛʪ  ʫʯʠʨʯ ʙʘʡʜʘʛ ʫʯʨʘʘʩ ʩʦʸʣʳʥ ᴇʚʠʡʛ ʙװʨʪʛʵʥ 

ʙʘʨʠʤʪʞʫʫʣʘʭ ʘʞʣʳʛ ʠʣװװ ʥʘʨʠʡʥ ʪʝʭʥʦʣʦʛʠʡʥ ʜʘʛʫʫ ʮʘʭʠʤ ʭʵʣʙʵʨʪ ʰʠʣʞװװʣʵʭ 

ʰʘʘʨʜʣʘʛʘ ʛʘʨʯ ʙʘʡʥʘ. ʄʦʥʛʦʣ ʫʣʩʳʥ ʭʵʤʞʵʵʥʜ ʙʘʡʛʘʘ ʤʫʟʝʡʜװװʜʵʜ ʭʵʜʵʥ 

ʤʷʥʛʘʘʨ ʪʦʦʣʦʛʜʜʦʛ ʭʦʚʦʨ װʟʤʵʨװװʜ ʙʘʡʜʘʛ ʙᴇʛᴇᴇʜ ʪʵʜʛʵʵʨʠʡʛ ʙװʨʪʛʵʥ 

ʙʘʨʠʤʪʞʫʫʣʘʭ ʘʞʣʳʛ ᴇʥʛᴇʥʠʡ ʤʵʜʵʵʣʣʠʡʥ ʩʘʥ ʙʦʣʦʥ ʪʦʦʥ ʭʵʣʙʵʨʪ ʰʠʣʞװװʣʵʭ 

ʘʨʛʫʫʜʘʘʨ ʛװʡʮʵʪʛʵʭ ʥʴ ʟװʡʪʵʡ.  

  ʄʫʣʪʠʩʧʝʢʪʨ ʙʫʶʫ ʦʣʦʥ ʩʧʝʢʪʨʠʡʥ ʜװʨʩʣʵʣ ʥʴ ʮʘʭʠʣʛʘʘʥ ʩʦʨʦʥʟʦʥ 

ʩʧʝʢʪʨʠʡʥ ʪʦʜʦʨʭʦʡ ʜʦʣʛʠʦʥʳ ʫʨʪʳʥ ʭװʨʵʵʥʜ ʟʫʨʛʠʡʥ ᴇʛᴇʛʜʣʠʡʛ ʘʚʜʘʛ. ɼʦʣʛʠʦʥʳ 

ʫʨʪʳʛ ʰװװʣʪװװʨʵʵʨ ʪʫʩʛʘʘʨʣʘʭ ʵʩʚʵʣ ʪʦʜʦʨʭʦʡ ʜʦʣʛʠʦʥʳ ʫʨʪʘʜ ʤʵʜʨʵʤʪʛʠʡ 

ʙʘʛʘʞ ʭʵʨʵʛʩʣʵʵʨ ʠʣʨװװʣʞ ʙʦʣʥʦ, װװʥʜ ʭʘʨʘʛʜʘʭ ʛʵʨʣʠʡʥ ʭװʨʵʵʥʵʵʩ ʭʵʪʵʨʩʵʥ 

ʜʘʚʪʘʤʞʘʘʩ, ʪʫʭʘʡʣʙʘʣ, ʭʵʪ ʫʣʘʘʥ ʪʫʷʘʥʳ ʙʦʣʦʥ ʭʵʪ ʷʛʘʘʥ ʪʫʷʘʥʳ ʛʵʨʣʠʡʛ 

ʦʨʫʫʣʞ ʙʦʣʥʦ. ʉʧʝʢʪʨʠʡʥ ʜװʨʩʣʵʣ ʥʴ ʭװʥʠʡ ʥװʜ ʫʣʘʘʥ, ʥʦʛʦʦʥ, ʮʵʥʭʵʨ ʛʵʩʵʥ 

 ʡ ʙʘʡʛʘʘ ʥʵʤʵʣʪ ʤʵʜʵʵʣʣʠʡʛ ʛʘʨʛʘʞ ʘʚʘʭװʟʵʛʜʵʭ ʨʝʮʝʧʪʦʨʫʫʜʘʘʨ ʙʘʨʴʞ ʯʘʜʘʭʛװ

ʙʦʣʦʤʞʠʡʛ ʦʣʛʦʜʦʛ. 

ɹʠʜ ᴇʥʛᴇ ʩʫʜʣʘʣʳʛ ʦʥʦʣʳʥ ʭʫʚʴʜ ʩʫʜʣʘʭʘʘʩ ʛʘʜʥʘ ᴇʥʛᴇ ʩʫʜʣʘʣʳʥ 

ʪʝʭʥʦʣʦʛʠʫʜʳʛ ʄʦʥʛʦʣʜ ʥʫʪʘʛʰʫʫʣʘʭ ʫʣʤʘʘʨ ʩʦʸʣʳʥ ᴇʚʠʡʥ ʩʘʣʙʘʨʪ ʭʵʨʵʛʣʵʵʥʜ 

ʥʵʚʪʨװװʣʵʭ ʟʦʨʠʣʛʦʪʦʡ ʘʞʠʣʣʘʞ ʙʘʡʛʘʘ ʙʠʣʵʵ. ʕʥʵʭװװ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʘʘʨ ᴇʥʛᴇ 

ʩʫʜʣʘʣʳʥ ʪʝʭʥʦʣʦʛʠʫʜʳʛ ʭʵʨʵʛʣʵʵʥʜ ʥʵʚʪʨװװʣʵʭ, ʪʵʨ ʜʫʥʜʘʘ ʩʦʸʣʳʥ ʙʠʝʪ ᴇʚʠʡʛ 

ʭʘʜʛʘʣʞ ʭʘʤʛʘʘʣʘʭʘʜ ʤʫʣʪʠʩʧʝʢʪʨʠʡʥ ʪʝʭʥʦʣʦʛʠʫʜʳʛ ʘʰʠʛʣʘʭ ʟʦʨʠʣʛʦʪʦʡ ʭʵʜ 

ʭʵʜʵʥ ʘʨʛʘ ʟװʡʛ ʙʦʣʦʚʩʨʫʫʣʘʥ ʩʦʸʣʳʥ ʙʠʝʪ ᴇʚʠʡʥ ʩʫʜʘʣʛʘʘʥʜ ʥʵʚʪʨװװʣʵʭ ʶʤ. 

ʄᴇʥ ʤʫʣʪʠʩʧʝʢʪʨʠʡʥ ʪʝʭʥʦʣʦʛʠʫʜʳʛ ᴇʛᴇʛʜᴇʣ ʙʦʣʦʚʩʨʫʫʣʘʣʪ, ʜװʥ ʰʠʥʞʠʣʛʵʵʥʠʡ 

ʘʨʛʫʫʜʪʘʡ ʭʦʩʣʫʫʣʘʥ ᴇʥʛᴇ ʙʫʜʛʠʡʥ ʛʘʥʜʘʣʪ ʙʦʣʦʥ ʩʦʸʣʳʥ ᴇʚװװʜ ʤʘʪʝʨʠʘʣ, ʰʠʥʞ 

ʯʘʥʘʨ, ʦʨʯʥʳ ʥᴇʣᴇᴇʥᴇᴇʩ ʭʵʨʭʵʥ ʭʘʤʘʘʨʘʥ ᴇʥʛᴇʥʠʡ ᴇᴇʨʯʣᴇʣʪ ᴇʛʯ ʙʘʡʛʘʘʛ 

ʩʫʜʘʣʩʘʥ ʙᴇʛᴇᴇʜ ʤᴇʥ ᴇʥʛᴇʥʠʡ ʭʵʤʞʠʣʪ ʙʦʣʦʥ ᴇʥʛᴇʥʠʡ ᴇʛᴇʛʜᴇʣʜ ʜװʥ ʰʠʥʞʠʣʛʵʵ 

ʭʠʡʭ ʘʨʛʘ ʟװʡʥ ʜʘʛʫʫ ʭʵʜ ʭʵʜʵʥ ʞʠʰʵʵ ʩʫʜʘʣʛʘʘʥʫʫʜ ʭʠʡʞ ʛװʡʮʵʪʛʵʥ ʪʫʨʰʩʘʥ.  

 

ʍʵʤʞʠʣʪʠʡʥ ʦʙʲʝʢʪ: 

ɹʠʜ ʉʦʸʣʳʥ ᴇʚʠʡʥ װʥʜʵʩʥʠʡ ʪᴇʚʪʵʡ ʭʘʤʪʨʘʥ ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪ ʙʦʣʦʥ 

ᴆʚᴇʨʭʘʥʛʘʡ ʘʡʤʛʠʡʥ ʭʵʜ ʭʵʜʵʥ ʤʫʟʝʡʛ ʩʦʥʛʦʥ ʪᴇʨᴇʣ ʙװʨʠʡʥ ʤʘʪʝʨʠʘʣ ʛʘʜʘʨʛʫʫ 

ʙװʭʠʡ ʩʦʸʣʳʥ ʙʠʝʪ ᴇʚװװʜ ʜʵʵʨ ʫʨʪ ʭʫʛʘʮʘʘʥʳ ᴇʥʛᴇʥʠʡ ʘʥʘʣʠʟ ʭʠʡʭʵʵʨ ʭʵʤʞʠʣʪ 

ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʳʥ 7-ʨ ʩʘʨʘʘʩ ʵʭʣװװʣʩʵʥ.  
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ʍϾʩʥʵʛʪ 3.21. ʍʵʤʞʠʣʪʠʡʥ ʦʙʲʝʢʪϾϾʜʠʡʥ ʤʵʜʵʵʣʵʣ 

ˉ  ʍʵʤʞʠʣʪʠʡʥ 

ʛʘʟʘʨ 

ʍʵʤʞʠʣʪʠʡʥ 

ʦʙʲʝʢʪʳʥ ʥʵʨ 

ʍʵʤʞʠʣʪʠʡʥ 

ʮʵʛʠʡʥ ʪʦʦ 

ʍʵʤʞʠʣʪʠʡʥ 

ʜʘʚʪʘʤʞ 

ʄʘʪʝʨʠʘʣʳʥ 

ʪᴇʨᴇʣ 

1.  ɼʵʣʭʠʡʥ ᴇʚʜ 

ʙװʨʪʛʵʣʪʵʡ 

ʆʨʭʦʥʳ ʭᴇʥʜʠʡʥ 

ʜʫʨʩʛʘʣʪ ʛʘʟʘʨ 

ʄʵʣʭʠʡ ʯʫʣʫʫ ʊʘʚʘʥ ᴇʥʛᴇ  ʉʘʨʜ 1 ʫʜʘʘ ʏʫʣʫʫ 

2.  ɼʵʣʭʠʡʥ ᴇʚʜ 

ʙװʨʪʛʵʣʪʵʡ 

ʆʨʭʦʥʳ ʭᴇʥʜʠʡʥ 

ʜʫʨʩʛʘʣʪ ʛʘʟʘʨ 

ʄʵʣʭʠʡ ʪʦʣʛʦʡ  ɼᴇʨʚᴇʥ ᴇʥʛᴇ ʉʘʨʜ 1 ʫʜʘʘ ʏʫʣʫʫ 

3.  ʐʘʥʭʳʥ ʙʘʨʫʫʥ 

ʭװʨʵʵ ʭʠʡʜ 

ɹʘʨʫʫʥ ʜʫʛʘʥʳ 

ʮʵʮʛʵʥ ʭʵʵʪʵʡ 

ʜʦʪʦʨ ʭʘʘʣʛʘ 

ɻʫʨʚʘʥ ᴇʥʛᴇ: 

ʮʘʛʘʘʥ, ʥʦʛʦʦʥ, 

ʷʛʘʘʥ 

ʉʘʨʜ 1 ʫʜʘʘ ʄʦʜ, ʛʘʜʘʨʛʫʫ 

ʥʴ ʰʦʨʦʦʥ 

ʙʫʜʘʛ 

4.  ʐʘʥʭʳʥ ʙʘʨʫʫʥ 

ʭװʨʵʵ ʭʠʡʜ 

ɹʘʨʫʫʥ ʜʫʛʘʥʳ 

ʛʘʜʘʘ ʭʘʘʣʛʘʥʳ 

ʙʘʨʫʫʥ ʜʵʵʜ 

ʪʘʣʳʥ ʞʠʤʩʪʵʡ 

ʭʵʩʵʛ 

ɻʫʨʚʘʥ ᴇʥʛᴇ: 

ʫʣʙʘʨ ʰʘʨ, 

ʥʦʛʦʦʥ, ʰʘʨ 

ʉʘʨʜ 1 ʫʜʘʘ ʄʦʜ, ʛʘʜʘʨʛʫʫ 

ʥʴ ʰʦʨʦʦʥ 

ʙʫʜʘʛ 

5.  ʕʨʜʵʥʵʟʫʫ ʭʠʡʜ ʍʠʡʜʠʡʥ ʜʦʪʦʨ 

ʪʘʣʙʘʡ ʜʘʭʴ 

ʯʫʣʫʫʥ ʘʨʩʣʘʥ 

ɻʫʨʚʘʥ ᴇʥʛᴇ ʉʘʨʜ 1 ʫʜʘʘ ʏʫʣʫʫ 

 

 
ɿʫʨʘʛ 3.11. ʍʵʤʞʠʣʪʠʡʥ ʦʙʲʝʢʪ 1: ʄʵʣʭʠʡ ʯʫʣʫʫ 
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ɿʫʨʘʛ 3.12. ʍʵʤʞʠʣʪʠʡʥ ʦʙʲʝʢʪ 2: ʄʵʣʭʠʡ ʪʦʣʛʦʡ 

 

 
ɿʫʨʘʛ 3. ʍʵʤʞʠʣʪʠʡʥ ʦʙʲʝʢʪ 3.13: ʐʘʥʭʳʥ ʮʵʮʛʵʥ ʭʵʵʪʵʡ ʭʘʘʣʛʘ 
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ɿʫʨʘʛ 3.14. ʍʵʤʞʠʣʪʠʡʥ ʦʙʲʝʢʪ 4: ʐʘʥʭʳʥ ʞʠʤʩʵʥ ʭʵʵʪʵʡ ʭʘʘʣʛʘ 

 
ɿʫʨʘʛ 3.15. ʍʵʤʞʠʣʪʠʡʥ ʦʙʲʝʢʪ 5: ʕʨʜʵʥʵʟʫʫʛʠʡʥ ʯʫʣʫʫʥ ʘʨʩʣʘʥ 

ʉʫʜʘʣʛʘʘʥʳ ʘʨʛʘ ʟװʡ: 

ʋʛ ʪʫʨʰʠʣʪ, ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʳʛ ʜʘʨʘʘʭ ʝʨᴇʥʭʠʡ ʘʨʛʘ ʟװʡʥ ʜʘʛʫʫ ʛװʡʮʵʪʛʵʥʵ [5]. 

 
ɼʠʘʛʨʘʤ 3.2. ʉʫʜʘʣʛʘʘʥʳ ʘʨʛʘ ʟϾʡ 

ᴆʥʛᴇʥʠʡ ʟᴇʨװװ ʪʦʦʮʦʭ:  

ᴆʥʛᴇʥʠʡ ʟᴇʨװװ ʙʫʶʫ æE-ʛ ʜʘʨʘʘʭ ʪʦʤʴʸʦʛʦʦʨ ʪʦʦʮʦʚ.  

ɝὉᶻ ὒᶻ ὒᶻ ὥᶻ ὥᶻ ὦᶻ ὦᶻ        (1) 

͎ͤ ͙͚ͤ 
ͻΉ͙ͣ͗ͭ͡

͎ ͎͙͚͒ͤ͡ 
ͫ͊ͤ ͎ͫΉͻ

̆Ή͙͙͚ͣ͗ͭͤ͡ ͪ 
͒ ͎͙͚ͤͤ 

͍͋ͦͦͫͪͯͯ͊ͭ͡͡͡

͎ ͎͙͚͒ͤ͡ 
͒ ͤ 

΄͙͙͎ͤ͗͡ΉΉ
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ᴆʥʛᴇʥʠʡ ʟᴇʨװװʥʠʡ ʫʪʛʳʥ ʰʠʥʞ ʯʘʥʘʨʫʫʜʳʛ ʜʘʨʘʘʭ ʙʘʡʜʣʘʘʨ ʪʘʡʣʙʘʨʣʘʜʘʛ [9]. 

ʍϾʩʥʵʛʪ 3.22. ЉʥʛЊʥʠʡ ʟЊʨϾϾʥʠʡ ʪʘʡʣʙʘʨ 

Delta E / ᴇʥʛᴇʥʠʡ 

ʟᴇʨװװ 

ʐʠʥʞ ʯʘʥʘʨ 

<= 1.0 ʍװʥʠʡ ʥװʜʵʥʜ ʘʞʠʛʣʘʛʜʘʭʘʘʨʛװʡ 

ᴇʥʛᴇʥʠʡ ʟᴇʨװװʪʵʡ. 

1 - 2 ʆʡʨʳʥ ʘʞʠʛʣʘʭʘʜ ʤʵʜʨʵʛʜʵʭ. 

2 - 10 ɿʵʨʚʵʩ ʭʘʨʘʭʘʜ ʘʞʠʛʣʘʛʜʘʭ. 

11 - 49 ᴆʥʛᴇʥʠʡ ʵʨʩ ʷʣʛʘʘʪʘʡ. 

 

 :ʥװʨ ʜת

ɼʦʦʨʭ ʛʨʘʬʠʢʫʫʜʘʜ ʙʠʜ ᴇʥʛᴇʥʠʡ ʮʵʛʵʥ ʭʵʤʞʠʣʪʠʡʥ 3 ʫʜʘʘʛʠʡʥ ʭʵʤʞʠʣʪʠʡʛ 

ᴇʥʛᴇʥʠʡ L*a*b* ʫʪʛʫʫʜʘʘʨ ʭʘʨʫʫʣʩʘʥ ʙᴇʛᴇᴇʜ ʵʭʥʠʡ ʭʵʤʞʠʣʪ 2022 ʦʥʳ 9 ʩʘʨʳʥ 3, 

ʭʦʸʨ ʜʘʭʴ ʭʵʤʞʠʣʪ 10 ʩʘʨʳʥ 1, ʩװװʣʠʡʥ ʭʵʤʞʠʣʪ 10 ʩʘʨʳʥ 22 ʙʫʶʫ ʭʦʦʨʦʥʜʦʦ 

ʦʡʨʦʣʮʦʦʛʦʦʨ 1 ʩʘʨʳʥ ʭʫʛʘʮʘʘʪʘʡ ʥʘʤʨʳʥ ʫʣʠʨʣʳʥ ʭʵʤʞʠʣʪ ʙʘʡʚ. ʅʵʛ ʫʣʠʨʣʳʥ 

ʪʫʨʰ ᴇʥʛᴇ, ʙʫʜʘʛ, ʤʘʰ ʙʘʛʘ ʭʵʤʞʵʵʛʵʵʨ ᴇᴇʨʯʣᴇʛʜᴇʭ ʙʦʣʦʚʯ װװʥʠʡʛ ʪʦʦʥ ʫʪʛʘʘʨ 

ʭʘʨʫʫʣʞ ʵʥʵʭװװ ʛʨʘʬʠʢʫʫʜʘʘʨ ʠʣʵʨʭʠʡʣʣʵʵ. ʄᴇʥ ʕʥʵ ʞʠʣʠʡʥ ʩװװʣʠʡʥ ʭʵʤʞʠʣʪ 

ʙʫʶʫ 2022 ʦʥʳ 10 ʩʘʨʳʥ 22-ʥʳ ʭʵʤʞʠʣʪʠʡʛ ʙʠʜʥʠʡ ʩʫʜʘʣʛʘʘʥʳ ʘʥʭʥʳ ʭʵʤʞʠʣʪ 

ʙʦʣʦʭ 2020 ʦʥʳ 7 ʩʘʨʳʥ 22-ʥʳ ᴇʜʨʠʡʥ ᴇʥʛᴇʥʠʡ ʭʵʤʞʠʣʪʪʵʡ ʭʘʨʴʮʫʫʣʘʥ ᴇʥʛᴇʥʠʡ 

ʟᴇʨװװ ʙʫʶʫ æE-ʠʡʛ ʪʦʦʮʦʦʣʦʥ 2 ʞʠʣʠʡʥ ʭʫʛʘʮʘʘʥʜ ʪʫʩ ʩʦʸʣʳʥ ᴇʚװװʜ ʜʵʵʨʭ  ᴇʥʛᴇ 

ʭʵʨʭʵʥ ᴇᴇʨʯʣᴇʛʜʩᴇʥʠʡʛ ʠʣʵʨʭʠʡʣʵʚ. 

 

 
ɻʨʘʬʠʢ 3.20.ʐʘʥʭʳʥ ʞʠʤʩʵʥ ʭʘʘʣʛʘʥʳ ЊʥʛЊ 1-ʠʡʥ ʭʵʤʞʠʣʪ 

 

2 ʞʠʣʠʡʥ ʭʫʛʘʮʘʘʥ ʜʘʭʴ ᴇʥʛᴇʥʠʡ ʟᴇʨװװ: æE=3.3194 

y = 1.0396x + 48.309
wч Ґ лΦфснф

y = -0.6513x + 35.625
wч Ґ лΦфпосy = -0.9423x + 32.87
wч Ґ лΦтпф
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L a b Linear (L) Linear (a) Linear (b)
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ɻʨʘʬʠʢ 3.21.ʐʘʥʭʳʥ ʞʠʤʩʵʥ ʭʘʘʣʛʘʥʳ ЊʥʛЊ 2-ʳʥ ʭʵʤʞʠʣʪ 

 

2 ʞʠʣʠʡʥ ʭʫʛʘʮʘʘʥ ʜʘʭʴ ᴇʥʛᴇʥʠʡ ʟᴇʨװװ: æE=1.2576 

 
 

y = 0.802x + 51.508
wч Ґ лΦфонс

y = 0.3668x - 7.1401
wч Ґ лΦфсрс

y = 0.1377x + 13.62
wч Ґ лΦунтр
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ɻʨʘʬʠʢ 3.22.ʐʘʥʭʳʥ ʞʠʤʩʵʥ ʭʘʘʣʛʘʥʳ ЊʥʛЊ 3-ʳʥ ʭʵʤʞʠʣʪ 

 

2 ʞʠʣʠʡʥ ʭʫʛʘʮʘʘʥ ʜʘʭʴ ᴇʥʛᴇʥʠʡ ʟᴇʨװװ: æE=1.9813 

 
 

 
ɻʨʘʬʠʢ 3.23.ʐʘʥʭʳʥ ʮʵʮʛʵʥ ʭʘʘʣʛʘʥʳ ЊʥʛЊ 1-ʠʡʥ ʭʵʤʞʠʣʪ 

 

2 ʞʠʣʠʡʥ ʭʫʛʘʮʘʘʥ ʜʘʭʴ ᴇʥʛᴇʥʠʡ ʟᴇʨװװ: æE=1.7161 

y = 0.4307x + 57.39
wч Ґ лΦфноф

y = -0.2905x + 9.8739
wч Ґ лΦстпп

y = -0.5618x + 38.136
wч Ґ лΦоотм
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L a b Linear (L) Linear (a) Linear (b)

y = -0.1574x + 55.443
wч Ґ лΦтурф

y = 0.0144x + 4.6844
wч Ґ лΦлмлф

y = -0.1285x + 24.191
wч Ґ лΦутнн
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ɻʨʘʬʠʢ 3.24.ʐʘʥʭʳʥ ʮʵʮʛʵʥ ʭʘʘʣʛʘʥʳ ЊʥʛЊ 2-ʳʥ ʭʵʤʞʠʣʪ 

 

2 ʞʠʣʠʡʥ ʭʫʛʘʮʘʘʥ ʜʘʭʴ ᴇʥʛᴇʥʠʡ ʟᴇʨװװ: æE=2.7322 

 

y = -0.139x + 22.751
wч Ґ лΦфпур

y = -1.0441x - 3.7092
wч Ґ лΦсснф

y = -2.0012x + 9.6056
wч Ґ лΦтлфм
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ɻʨʘʬʠʢ 3.25.ʐʘʥʭʳʥ ʮʵʮʛʵʥ ʭʘʘʣʛʘʥʳ ЊʥʛЊ 3-ʳʥ ʭʵʤʞʠʣʪ 

2 ʞʠʣʠʡʥ ʭʫʛʘʮʘʘʥ ʜʘʭʴ ᴇʥʛᴇʥʠʡ ʟᴇʨװװ: æE=1.7275 

 
 

 
ɻʨʘʬʠʢ 3.26.ʄʵʣʭʠʡ ʪʦʣʛʦʡʥ ЊʥʛЊ 1-ʠʡʥ ʭʵʤʞʠʣʪ 

 

2 ʞʠʣʠʡʥ ʭʫʛʘʮʘʘʥ ʜʘʭʴ ᴇʥʛᴇʥʠʡ ʟᴇʨװװ: æE=4.0153 

y = -0.2906x + 46.113
wч Ґ лΦулнн

y = 0.8853x + 31.176
wч Ґ лΦфлтс

y = 1.2571x + 35.297
wч Ґ лΦптлс
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L a b Linear (L) Linear (a) Linear (b)

y = -2.2086x + 36.807
wч Ґ лΦффоо

y = -0.1721x + 2.3077
wч Ґ лΦотфм

y = -0.3341x + 6.5772
wч Ґ лΦорфт
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ɻʨʘʬʠʢ 3.27.ʄʵʣʭʠʡ ʪʦʣʛʦʡʥ ЊʥʛЊ 2-ʳʥ ʭʵʤʞʠʣʪ 

 

2 ʞʠʣʠʡʥ ʭʫʛʘʮʘʘʥ ʜʘʭʴ ᴇʥʛᴇʥʠʡ ʟᴇʨװװ: æE=4.9833 

 
 

 

 

y = -1.6997x + 56.682
wч Ґ лΦтруф

y = 0.1757x + 3.6829
wч Ґ лΦнлуу

y = -0.3412x + 14.154
wч Ґ лΦмтпт
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ɻʨʘʬʠʢ 3.28.ʄʵʣʭʠʡ ʪʦʣʛʦʡʥ ЊʥʛЊ 2-ʳʥ ʭʵʤʞʠʣʪ 

 

2 ʞʠʣʠʡʥ ʭʫʛʘʮʘʘʥ ʜʘʭʴ ᴇʥʛᴇʥʠʡ ʟᴇʨװװ: æE=11.1759 

 
 

 
ɻʨʘʬʠʢ 3.29.ʄʵʣʭʠʡ ʪʦʣʛʦʡʥ ЊʥʛЊ 4-ʠʡʥ ʭʵʤʞʠʣʪ 

 

2 ʞʠʣʠʡʥ ʭʫʛʘʮʘʘʥ ʜʘʭʴ ᴇʥʛᴇʥʠʡ ʟᴇʨװװ: æE=12.6431 

y = -2.2065x + 51.919
wч Ґ лΦфолм

y = -0.2517x + 1.8182
wч Ґ лΦотнс

y = -0.6623x + 8.8859
wч Ґ лΦтнон
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L a b Linear (L) Linear (a) Linear (b)

y = -4.9288x + 59.707
wч Ґ лΦфффф

y = -0.2654x + 1.6962
wч Ґ лΦфтом

y = -0.7234x + 8.7831
wч Ґ лΦфусн
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ɻʨʘʬʠʢ 3.30.ʄʵʣʭʠʡ ʯʫʣʫʫʥʳ ЊʥʛЊ 1-ʠʡʥ ʭʵʤʞʠʣʪ 

 

2 ʞʠʣʠʡʥ ʭʫʛʘʮʘʘʥ ʜʘʭʴ ᴇʥʛᴇʥʠʡ ʟᴇʨװװ: æE=5.4641 

 
 

 

y = -1.4713x + 27.945
wч Ґ лΦффун

y = -0.1686x + 1.2087
wч Ґ лΦссуо

y = -0.3523x + 3.7293
wч Ґ лΦртпс
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ɻʨʘʬʠʢ 3.31.ʄʵʣʭʠʡ ʯʫʣʫʫʥʳ ЊʥʛЊ 2-ʳʥ ʭʵʤʞʠʣʪ 

 

2 ʞʠʣʠʡʥ ʭʫʛʘʮʘʘʥ ʜʘʭʴ ᴇʥʛᴇʥʠʡ ʟᴇʨװװ: æE=10.3935 

 

 
ɻʨʘʬʠʢ 3.32.ʄʵʣʭʠʡ ʯʫʣʫʫʥʳ ЊʥʛЊ 3-ʳʥ ʭʵʤʞʠʣʪ 

 

2 ʞʠʣʠʡʥ ʭʫʛʘʮʘʘʥ ʜʘʭʴ ᴇʥʛᴇʥʠʡ ʟᴇʨװװ: æE=5.9751 

y = -1.7934x + 52.077
wч Ґ лΦффнр

y = -0.8099x + 3.1025
wч Ґ лΦтллф

y = -2.4735x + 13.335
wч Ґ лΦтфсс
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L a b Linear (L) Linear (a) Linear (b)

y = -1.9504x + 45.582
wч Ґ лΦтсс

y = 0.0751x + 1.296
wч Ґ лΦнппп

y = -0.2779x + 9.7362
wч Ґ лΦфурс
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ɻʨʘʬʠʢ 3.33.ʄʵʣʭʠʡ ʯʫʣʫʫʥʳ ЊʥʛЊ 4-ʠʡʥ ʭʵʤʞʠʣʪ 

 

2 ʞʠʣʠʡʥ ʭʫʛʘʮʘʘʥ ʜʘʭʴ ᴇʥʛᴇʥʠʡ ʟᴇʨװװ: æE= 12.5739 

 

 
 

y = -1.9087x + 46.512
wч Ґ лΦфлус

y = -0.0768x + 2.0018
wч Ґ лΦллур

y = -0.168x + 10.549
wч Ґ лΦлммп
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ɻʨʘʬʠʢ 3.34.ʕʨʜʵʥʵʟʫʫʛʠʡʥ ʯʫʣʫʫʥ ʘʨʩʣʘʥʛʠʡʥ ЊʥʛЊ 1-ʠʡʥ ʭʵʤʞʠʣʪ 

 

2 ʞʠʣʠʡʥ ʭʫʛʘʮʘʘʥ ʜʘʭʴ ᴇʥʛᴇʥʠʡ ʟᴇʨװװ: æE=19.6753 

 

 
ɻʨʘʬʠʢ 3.35.ʕʨʜʵʥʵʟʫʫʛʠʡʥ ʯʫʣʫʫʥ ʘʨʩʣʘʥʛʠʡʥ ЊʥʛЊ 2-ʳʥ ʭʵʤʞʠʣʪ 

 

2 ʞʠʣʠʡʥ ʭʫʛʘʮʘʘʥ ʜʘʭʴ ᴇʥʛᴇʥʠʡ ʟᴇʨװװ: æE=8.7011 

y = -4.0955x + 50.287
wч Ґ лΦффру

y = -0.4091x + 2.4738
wч Ґ лΦуту

y = -0.8444x + 9.4909
wч Ґ лΦфонн
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y = -4.0955x + 50.287
wч Ґ лΦффру

y = -0.4091x + 2.4738
wч Ґ лΦуту

y = -0.8444x + 9.4909
wч Ґ лΦфонн
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ɻʨʘʬʠʢ 3.36.ʕʨʜʵʥʵʟʫʫʛʠʡʥ ʯʫʣʫʫʥ ʘʨʩʣʘʥʛʠʡʥ ЊʥʛЊ 3-ʠʡʥ ʭʵʤʞʠʣʪ 

 

2 ʞʠʣʠʡʥ ʭʫʛʘʮʘʘʥ ʜʘʭʴ ᴇʥʛᴇʥʠʡ ʟᴇʨװװ: æE=9.163 

 
ʕʜʛʵʵʨ ʛʨʘʬʠʢʫʫʜʘʘʩ ʭʘʨʘʭʘʜ ʐʘʥʭʳʥ ʙʘʨʫʫʥ ʭװʨʵʵʥʠʡ ʭʠʡʜ ʜʵʵʨʭ 

ʰʦʨʦʦʥ ʙʫʜʘʛ ʘʰʠʛʣʘʩʘʥ ʩʦʸʣʳʥ ᴇʚװװʜ ʤʘʰ ʙʘʛʘ ᴇʥʛᴇʥʠʡ ᴇᴇʨʯʣᴇʣʪʪʵʡ ʙʦʣʦʚʯ 

ʛʘʜʘʘ ʙʘʡʨʣʘʭ ʞʠʤʩʵʥ ʭʵʵʪʵʡ ʭʘʘʣʛʘʥʳ ʥʴ ʮʘʡʨʘʭ, ʭʘʨʠʥ ʜʦʪʦʨ ʙʘʡʨʣʘʭ ʪʦʩʦʥ 

ʙʫʜʘʛ ʙװʭʠʡ ʮʵʮʛʵʥ ʭʵʵʪʵʡ ʭʘʘʣʛʘʥʳ ᴇʥʛᴇ ʤʘʰ ʙʘʛʘ ʟʵʨʵʛ ʭʘʨʣʘʭ װʟʵʛʜʵʣ 

ʘʞʠʛʣʘʛʜʩʘʥ. ʍʘʨʠʥ ʤʵʣʭʠʡ ʯʫʣʫʫ ʙʦʣʦʥ ʤʵʣʭʠʡ ʪʦʣʛʦʡ, ʵʨʜʵʥʵʟʫʫʛʠʡʥ ʯʫʣʫʫʥ 

ʜʫʨʩʛʘʣʳʥ ʭʫʚʴʜ L* ʙʫʶʫ ʮʘʡʨʘʣʪʳʥ ʭʵʤʞʵʵ ʥʴ ʙʦʭʠʨʜʣʳʥ ʪᴇʚʰʥᴇᴇʩ ʭʘʤʘʘʨʘʥ 

ʜʫʥʜ ʟʵʨʵʛ ʙʦʣʦʥ ʠʭ ʭʵʤʞʵʵʛʵʵʨ ʙʫʫʨʩʘʥ ʙʫʶʫ ʠʭʵʥʭ ᴇʥʛᴇʥװװʜ ʭʘʨʣʘʩʘʥ ʰʠʥʞ 

ʪʵʤʜʵʛ װʟװװʣʵʚ. 

y = -4.0955x + 50.287
wч Ґ лΦффру

y = -0.4091x + 2.4738
wч Ґ лΦуту

y = -0.8444x + 9.4909
wч Ґ лΦфонн
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ʄʆʅʀʊʆʈʀʅɻ ʍʀʁʍ ɸʈɻɸ ɿתʁ: 

ʄʦʥʠʪʦʨʠʥʛ ʭʠʡʭʵʜ ʪʫʨʰʠʣʪ, ʩʫʜʘʣʛʘʘʥʳ ʘʨʛʘ ʟװʡʛ ʩʘʥʘʣ ʙʦʣʛʦʭ ʙᴇʛᴇᴇʜ 

ʤʦʥʠʪʦʨʠʥʛ ʭʠʡʭʵʜ ʜʘʨʘʘʭ ʟװʡʣʩʠʡʛ ʘʥʭʘʘʨʯ ʪʫʭʘʡʥ ʥᴇʭʮᴇʣ ʙʘʡʜʘʣʜ ʪʫʣʛʫʫʨʣʘʥ 

ʤʦʥʠʪʦʨʠʥʛʠʡʥ ʮʵʛ, ʭʫʛʘʮʘʘ, ʦʙʲʝʢʪ ʟʵʨʛʠʡʛ ʩʦʥʛʦʥʦ. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ω˸ ͔͙͊ͭͪ͊͡ ΄͙ͤ͗ 
;͊ͤ͊ͪ͊͊ͫ ͻ͊ͣ͊͊ͪͯͯ͗͡ 
͎ͫͦͤͦͻ

ω ͎ͤ ͙͚ͤ ͻ͍͙ͯͪ͊͡ ͙ͻͭΉ͚Σ 
ͦͪ;ͤ· ͤ ͡ ͡ ͒͡ 
ͪͭ ͎͙͚ͣͭ ͦ͋Ά͔ͭ͟ 
͎ͫͦͤͦͻ

ω˻ ͋Ά͔ͭ͟ΉΉͫ ͻ͊ͣ͊͊ͪͯͯ͗͡ 
ͦ͋Ά͔͙͚ͭͤ͟ Ή͎ͪΉͤ ͚ͭͦͪͦͤ 
ͦͦͤ͡ ͭ͊͒͡ ͎ͫͦͤͦͻ

ω ͎ͤ ͤ ͫ ͻ͊ͣ͊͊ͪͯͯ͊ͤ͡ 
͎ͫͦͤͦͻΣ ͻΉ͒Ήͤ ͎ͤ  
ͦͪͫͤͦͦͪͫ ͻ͊ͣ͊͊ͪ; ͎ͤ  
͋ ͪΉΉͫ ͎ͫͦͤͦͻ

ώ ͯͪ΄͙ͭ͡ ͎ͫͯ͒͊͊͊ͤ͡· 
͎͊ͪ͊

ω ͎ͤ ͙͚ͤ ͻΉ͙͙͚ͣ͗ͭͤ͡ 
͎͊ͪ͊

ω ͎ ͎͙͚͒ͤ͡ ͒ ͤ 
΄͙͙͎ͤ͗͡ΉΉ ͎͊ͪ͊ ͘ ͚

ωx ͚͊ͪ΄͊͊ͫ͡ ͻ͊ͣ͊͊ͪ͊ͤ 
͍͙͚͎͒͊ͭ͊ͣ͗ ͎ͫͦͤͦͻΣκͫ͊ͪ 
͋ ͪΣ ͙ͯͪ͊͡͡ ͋ ͪ ͎Ήͻ ͣΉͭκ

ώ ͎͊͊ͣ͊͊͡͡ ΄͎͊͊͡ͻΣ 
ͻΉ͙͚ͭͤ ͭ ͍͙͚ͤ͡ ͙͊ͤ͊͘͡ 
ͻ͙͚ͻΉ͒ ͎͋͊͊͒͊͊ н ͙͗͡ 
͚͋͊ͻ ΄͎͚͊͊ͪ͒͊͊ͭ͊͡

ωͻΉ͙͙͚ͣ͗ͭͤ͡ р-͊͊ͫ ͒ΉΉ΄ 
͎ͯͭ͊ ͚͋͊ͻ

ͻΉ͙͙͚ͣ͗ͭͤ͡ 
ͻ͎ͯ͊ͼ͊͊ 

˸͙͙͎ͦͤͭͭͦͪͤ
͙͚ͤ ͎͊ͪ͊;͊͡͡

̆Ή͙͙͚ͣ͗ͭͤ͡ 
ͦ͋Ά͔ͭ͟ 
͎ͫͦͤͦͻ 

̆Ή͙͙͚ͣ͗ͭͤ͡ 
ͼΉ͎  ͎ͫͦͤͦͻ
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ʄʦʥʠʪʦʨʠʥʛʠʡʥ ʝʨᴇʥʭʠʡ ʘʨʛʘʯʣʘʣ: 

 
ɿᴆɺʃᴆʄɾ  

ʆʨʭʦʥʳ ʭᴇʥʜʠʡʥ ʜʫʨʩʛʘʣʪ ʛʘʟʨʳʥ װʥʵ ʮʵʥʪʵʡ ʟʘʨʠʤ ʜʫʨʩʛʘʣʫʫʜ ʜʵʵʨ 

ᴇʥʛᴇʥʠʡ ʛʘʥʜʘʣʪ, ᴇᴇʨʯʣᴇʣʪʠʡʥ ʩʫʜʘʣʛʘʘʛ ʭʠʡʩʵʥ װʨ ʜװʥʛʵʵʩ ʫʣʙʘʘʣʘʥ ʜʘʨʘʘʭ 

ʟᴇʚʣᴇʤʞʠʡʥ ʩʘʥʘʣʳʛ ʛʘʨʛʘʞ ʙʘʡʥʘ.  

1. ʏʫʣʫʫʥ ʜʫʨʩʛʘʣʫʫʜʳʥ ʭʫʚʴʜ ʜʠʡʣʵʥʭ ʥʴ ʪʦʩʦʥ ʙʦʭʠʨʜʦʣʪʦʡ ʙᴇʛᴇᴇʜ 

ʙʦʭʠʨʜʣʳʥ ʪᴇʚʰʥᴇᴇʩ ʭʘʤʘʘʨʘʥ ʯʫʣʫʫ ʠʭ, ʙʘʛʘ ʭʵʤʞʵʵʛʵʵʨ ʭʘʨʣʘʭ װʟʵʛʜʵʣ ʠʭ 

ʘʞʠʛʣʘʛʜʩʘʥ ʪʫʣ ʙʦʭʠʨʜʣʳʥ ʭʵʤʞʵʵʛ ʥʵʤʵʭʛװʡ ʙʘʡʭ ʘʨʛʘ ʭʵʤʞʵʵ ʘʚʘʭ, ʙʦʭʠʨʜʩʦʥ 

ʭʵʩʛʠʡʛ ʭʠʤʠʡʥ ʘʨʛʘʘʨ ʮʵʚʵʨʣʵʭ 

2. ʐʘʥʭʳʥ ʭʠʡʜʠʡʥ ʜʦʪʦʨ ʪʘʣʳʥ ʪʦʩʦʥ ʙʫʜʛʘʘʨ ʟʫʨʘʛʜʩʘʥ ʟʫʨʘʛ ʤᴇʥ ᴇʥʛᴇ 

ʭʘʨʣʘʭ װʟʵʛʜʵʣ ʘʞʠʛʣʘʛʜʩʘʥ ʪʫʣ ʜʦʪʦʨ ʟʫʣ ʙʘʨʠʭʛװʡ ʙʘʡʭ 

  

́ͯͻ͚͊ͤ ͪ ͒ ͎ͤΉΉͫ ͎͊ͪͫ͊ͤ ͘ ͍͡ ͣ͗Σ ͎͊ͪ͊ ͻΉͣ͗ΉΉ

˸Ή͒ΉΉ͡Ή͒͡ ͒ ͤ ΄͙͙͎ͤ͗͡ΉΉ ͻ͙͚͗ ͪ ͒ ͎ͤ ͚ͭ͊͋͊ͪ͊͡͡ͻ

͎ ͎͒ ͡ ͍͋ͦͦͫͪͯͯ͊͡͡ͻ

̆Ή͙ͣ͗ͭ͡ ͻ͙͚͗ ͣΉ͒ΉΉ͡͡ΉΉ ͼ͎ͯͯͯ͊͡͡ͻ

̆Ή͘ΉΉ Ύͣ͊ͪ ͍͚͒͊ͭ͊ͣ͗ͭ͊ ͻΉ͙ͣ͗ͭ͡ ͻ͙͚ͻΉΉ ΄͙͚͒Ήͻ

˿͎ͯ͒͊͊͊ͤ͡· ͦ͋Ά͔ͭ͟ΉΉ ͎ͫͦͤͦͪ

̆͊͊ͤ͊ ͙͙͎ͣͦͤͭͦͪͤ ͻ͙͚ͻΉΉ ΄͙͚͒Ήͻ

˸͙͙͎͙͚ͦͤͭͦͪͤͤ ͙͎ͦͪͦͦ͘͡ ͭͦ͒ͦͪͻ͚ͦͦ͡ͻ
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IV. ᴆʅɻᴆʅʀʁ ʍʕʄɾʀʃʊ ʊʋʈʐʀʃʊ, ʉʇɽʂʊʈɸʃʔ ʍʕʄɾʀʃʊʀʁʅ 

ᴆɻᴆɻɼʃʀʁɻ ɸɻʋʋʃʉɸʅ, ʄɽʊɸ ᴆɻᴆɻɼʃʀʁʅ ʉɸʅ ɹɸʁɻʋʋʃɸʍ 

 

ʍʵʤʞʠʣʪʠʡʥ ʦʙʲʝʢʪװװʜ 

ɹʠʜ ʉʦʸʣʳʥ ᴇʚʠʡʥ װʥʜʵʩʥʠʡ ʪᴇʚʪʵʡ ʭʘʤʪʨʘʥ ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪ ʙʦʣʦʥ 

ᴆʚᴇʨʭʘʥʛʘʡ ʘʡʤʛʠʡʥ ʭʵʜ ʭʵʜʵʥ ʤʫʟʝʡʛ ʩʦʥʛʦʥ ʪᴇʨᴇʣ ʙװʨʠʡʥ ʤʘʪʝʨʠʘʣ ʛʘʜʘʨʛʫʫ 

ʙװʭʠʡ ʩʦʸʣʳʥ ʙʠʝʪ ᴇʚװװʜ ʜʵʵʨ ʫʨʪ ʭʫʛʘʮʘʘʥʳ ᴇʥʛᴇʥʠʡ ʘʥʘʣʠʟ ʭʠʡʭʵʵʨ ʭʵʤʞʠʣʪ 

ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʳʥ 7-ʨ ʩʘʨʘʘʩ ʵʭʣװװʣʩʵʥ.  

 

ʍϾʩʥɻʛʪ 4.1. ʉʦʸʣʳʥ Њʚʠʡʥ ʭʵʤʞʠʣʪʠʡʥ ʦʙʲʝʢʪ 

ˉ ʍʵʤʞʠʣʪʠʡʥ 

ʛʘʟʘʨ 

ʍʵʤʞʠʣʪʠʡʥ 

ʦʙʲʝʢʪʳʥ ʥʵʨ 

ʍʵʤʞʠʣʪʠʡʥ 

ʮʵʛʠʡʥ ʪʦʦ 

ʍʵʤʞʠʣʪʠʡʥ 

ʜʘʚʪʘʤʞ 

ʄʘʪʝʨʠʘʣʳʥ

ʪᴇʨᴇʣ 

1.  ɿʘʥʘʙʘʟʘʨʳʥ 

ʥʵʨʵʤʞʠʪ 

ɼװʨʩʣʵʭ ʫʨʣʘʛʠʡʥ 

ʤʫʟʝʡ 

ʄʦʨʠʥʳ ʭᴇʣ  ʅʵʛ ᴇʥʛᴇ: 

ʋʣʘʘʥ ʭװʨʵʥ 

ʍʦʸʨ ʜʦʣʦʦ 

ʭʦʥʦʛʪ 1 ʫʜʘʘ 

ʄʦʜ, ʛʘʜʘʨʛʫʫ 

ʥʴ ʰʦʨʦʦʥ 

ʙʫʜʘʛ 

2.  ɿʘʥʘʙʘʟʘʨʳʥ 

ʥʵʨʵʤʞʠʪ 

ɼװʨʩʣʵʭ ʫʨʣʘʛʠʡʥ 

ʤʫʟʝʡ 

ñʆʯʠʨʪ ʘʡʣʛʘʥ 

 ʡʣʜʵʛʯòװ

ʙʫʨʭʘʥʳ ʊʘʥʢʘ 

ʟʫʨʘʛ 

ɻʫʨʚʘʥ ᴇʥʛᴇ: 

ʥʦʛʦʦʥ, ʫʣʙʘʨ 

ʰʘʨ, ʭᴇʭ 

ʍʦʸʨ ʜʦʣʦʦ 

ʭʦʥʦʛʪ 1 ʫʜʘʘ 

ʐʦʨʦʦʥ ʙʫʜʘʛ 

3.  ɿʘʥʘʙʘʟʘʨʳʥ 

ʥʵʨʵʤʞʠʪ 

ɼװʨʩʣʵʭ ʫʨʣʘʛʠʡʥ 

ʤʫʟʝʡ 

ñʅװʛʣʠʡʛ 

ʥʘʤʠʥʯʣʘʭ ʛʫʯʠʥ 

ʪʘʚʘʥ ʙʫʨʭʘʥò 

ʟʵʵʛʪ ʥʘʘʤʘʣ 

ɻʫʨʚʘʥ ᴇʥʛᴇ: 

ʥʦʛʦʦʥ, ʫʣʘʘʥ 

ʰʘʨ, ʥʦʛʦʦʥ 

ʍʦʸʨ ʜʦʣʦʦ 

ʭʦʥʦʛʪ 1 ʫʜʘʘ 

ɼʘʘʚʫʫ 

4.  ɿʘʥʘʙʘʟʘʨʳʥ 

ʥʵʨʵʤʞʠʪ 

ɼװʨʩʣʵʭ ʫʨʣʘʛʠʡʥ 

ʤʫʟʝʡ 

ñʎʘʛʘʘʥ ʜʘʨʴ ʵʭò 

ʙʫʨʭʘʥʳ ʊʘʥʢʘ 

ʟʫʨʘʛ 

ɻʫʨʚʘʥ ᴇʥʛᴇ: 

ʮʘʛʘʘʥ, ʫʣʙʘʨ 

ʰʘʨ, ʭᴇʭ 

ʍʦʸʨ ʜʦʣʦʦ 

ʭʦʥʦʛʪ 1 ʫʜʘʘ 

ʐʦʨʦʦʥ ʙʫʜʘʛ 

5.  ʋʨʘʥ ʟʫʨʛʠʡʥ 

ʛʘʣʝʨʝʡ 

ʏʦʛʩʦʤʳʥ 

ñʊʘʡʭʘʨ ʯʫʣʫʫò 

ʫʨʘʥ ʟʫʨʘʛ 

ɿʫʨʛʘʘʥ ᴇʥʛᴇ: 

ʰʘʨʛʘʣ, 

ʥʫʫʨʳʥ ʮʵʥʭʵʨ, 

ʊʵʥʛʵʨʠʡʥ 

ʮʵʥʭʵʨ, 

ʄʦʨʠʥʳ ʭװʨʵʥ 

ʙʦʨ, ʏʫʣʫʫʥʳ 

ʭװʨʵʥ, ʫʣʘʘʥ 

ʍʦʸʨ ʜʦʣʦʦʦ 

ʭʦʥʦʛʪ 1 ʫʜʘʘ 

ʊʦʩʦʥ ʙʫʜʘʛ 

6.  ɹʦʛʜ ʭʘʘʥʳ 

ʆʨʜʦʥ ʤʫʟʝʡ 

ɻʘʜʘʘ ʙʘʛʘʥʳʥ 

ʭʘʚʪʘʩ  

ɻʫʨʚʘʥ ᴇʥʛᴇ: 

ʫʣʘʘʥ ʭװʨʵʥ, 

ʭᴇʭ, ʥʦʛʦʦʥ 

ʍʦʸʨ ʜʦʣʦʦ 

ʭʦʥʦʛʪ 1 ʫʜʘʘ 

ʄʦʜ, ʛʘʜʘʨʛʫʫ 

ʥʴ ʰʦʨʦʦʥ 

ʙʫʜʘʛ 

7.  ɹʦʛʜ ʭʘʘʥʳ 

ʆʨʜʦʥ ʤʫʟʝʡ 

ñɼʘʤʜʠʥ 

ʭʘʷʘʛʨʠʚʘò 

ʙʫʨʭʘʥʳ ʊʘʥʢʘ 

ʟʫʨʘʛ 

ɻʫʨʚʘʥ ᴇʥʛᴇ: 

ʫʣʘʘʥ, ʭᴇʭ, 

ʥʦʛʦʦʥ 

ʍʦʸʨ ʜʦʣʦʦ 

ʭʦʥʦʛʪ 1 ʫʜʘʘ 

ʐʦʨʦʦʥ ʙʫʜʘʛ 

8.  ʍʘʨʭʦʨʠʥ ʤʫʟʝʡ ʇʝʨʩ ʙʠʯʵʵʩʪ 

ʭᴇʰᴇᴇ 

ɻʫʨʚʘʥ ᴇʥʛᴇ  ʋʣʠʨʘʣʜ 1 

ʫʜʘʘ 

ʏʫʣʫʫ 

9.  ʍʘʨʭʦʨʠʥ ʤʫʟʝʡ ʄʦʥʛʦʣʯʫʫʜʳʥ 

ʪᴇʩᴇᴇʣᴇʣ ʇʝʨʩ 

ʫʨʘʥ ʟʫʨʘʛ 

ɻʫʨʚʘʥ ᴇʥʛᴇ: 

ʙʦʨ, ʭᴇʭ, ʫʣʘʘʥ 

ʋʣʠʨʘʣʜ 1 

ʫʜʘʘ 

ʋʩʘʥ ʙʫʜʘʛ 

10.  ʍʘʨʭʦʨʠʥ ʤʫʟʝʡ ʄʦʥʛʦʣ ʙʠʯʵʵʩʪ 

ʭᴇʰᴇᴇ 

ʍʦʸʨ ᴇʥʛᴇ ʋʣʠʨʘʣʜ 1 

ʫʜʘʘ 

ʏʫʣʫʫ 
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11.  ɼʵʣʭʠʡʥ ᴇʚʜ 

ʙװʨʪʛʵʣʪʵʡ 

ʆʨʭʦʥʳ ʭᴇʥʜʠʡʥ 

ʜʫʨʩʛʘʣʪ ʛʘʟʘʨ 

ʄʵʣʭʠʡ ʯʫʣʫʫ ʊʘʚʘʥ ᴇʥʛᴇ  ʋʣʠʨʘʣʜ 1 

ʫʜʘʘ 

ʏʫʣʫʫ 

12.  ɼʵʣʭʠʡʥ ᴇʚʜ 

ʙװʨʪʛʵʣʪʵʡ 

ʆʨʭʦʥʳ ʭᴇʥʜʠʡʥ 

ʜʫʨʩʛʘʣʪ ʛʘʟʘʨ 

ʄʵʣʭʠʡ ʪʦʣʛʦʡ  ɼᴇʨʚᴇʥ ᴇʥʛᴇ ʋʣʠʨʘʣʜ 1 

ʫʜʘʘ 

ʏʫʣʫʫ 

13.  ʐʘʥʭʳʥ ʙʘʨʫʫʥ 

ʭװʨʵʵ ʭʠʡʜ 

ɹʘʨʫʫʥ ʜʫʛʘʥʳ 

ʮʵʮʛʵʥ ʭʵʵʪʵʡ 

ʜʦʪʦʨ ʭʘʘʣʛʘ 

ɻʫʨʚʘʥ ᴇʥʛᴇ: 

ʮʘʛʘʘʥ, ʥʦʛʦʦʥ, 

ʷʛʘʘʥ 

ʋʣʠʨʘʣʜ 1 

ʫʜʘʘ 

ʄʦʜ, ʛʘʜʘʨʛʫʫ 

ʥʴ ʰʦʨʦʦʥ 

ʙʫʜʘʛ 

14.  ʐʘʥʭʳʥ ʙʘʨʫʫʥ 

ʭװʨʵʵ ʭʠʡʜ 

ɹʘʨʫʫʥ ʜʫʛʘʥʳ 

ʛʘʜʘʘ ʭʘʘʣʛʘʥʳ 

ʙʘʨʫʫʥ ʜʵʵʜ 

ʪʘʣʳʥ ʞʠʤʩʪʵʡ 

ʭʵʩʵʛ 

ɻʫʨʚʘʥ ᴇʥʛᴇ: 

ʫʣʙʘʨ ʰʘʨ, 

ʥʦʛʦʦʥ, ʰʘʨ 

ʋʣʠʨʘʣʜ 1 

ʫʜʘʘ 

ʄʦʜ, ʛʘʜʘʨʛʫʫ 

ʥʴ ʰʦʨʦʦʥ 

ʙʫʜʘʛ 

15.  ʕʨʜʵʥʵʟʫʫ ʭʠʡʜ ʍʠʡʜʠʡʥ ʜʦʪʦʨ 

ʪʘʣʙʘʡ ʜʘʭʴ 

ʯʫʣʫʫʥ ʘʨʩʣʘʥ 

ɻʫʨʚʘʥ ᴇʥʛᴇ ʋʣʠʨʘʣʜ 1 

ʫʜʘʘ 

ʏʫʣʫʫ 

16.  ʕʨʜʵʥʵʟʫʫ ʭʠʡʜ ɿװװʥ ʟʫʫʛʠʡʥ 

ʙʘʨʫʫʥ ʪʘʣʳʥ 

ʭʘʥʳʥ ʟʫʨʘʛ 

ɼᴇʨʚᴇʥ ᴇʥʛᴇ: 

ʫʣʙʘʨ ʰʘʨ, 

ʥʦʛʦʦʥ, ʭᴇʭ, 

ʫʣʘʘʥ 

ʋʣʠʨʘʣʜ 1 

ʫʜʘʘ 

ʐʘʚʘʨ, 

ʛʘʜʘʨʛʫʫ ʥʴ 

ʰʦʨʦʦʥ ʙʫʜʘʛ 

17.  ʕʨʜʵʥʵʟʫʫ ʭʠʡʜ ɻʦʣ ʟʫʫʛʠʡʥ  

ʙʘʨʫʫʥ ʙʘʛʘʥʘ 

ɻʫʨʚʘʥ ᴇʥʛᴇ: 

ʫʣʘʘʥ, ʘʣʪʣʘʛ, 

ʥʦʛʦʦʥ 

ʋʣʠʨʘʣʜ 1 

ʫʜʘʘ 

ʄʦʜ, ʛʘʜʘʨʛʫʫ 

ʥʴ ʰʦʨʦʦʥ 

ʙʫʜʘʛ 

 

 

ᴆʛᴇʛʜʣʠʡʥ ʩʘʥ װװʩʛʵʭ ʘʨʛʘ ʟװʡ: 

ʉʦʸʣʳʥ ᴇʚʠʡʥ ʦʙʲʝʢʪʠʡʥ ᴇʛᴇʛʜʣʠʡʥ ʩʘʥ ʙװʨʜװװʣʵʭʵʜ ᴇʛᴇʛʜʣʠʡʥ ʰʠʥʞ 

ʯʘʥʘʨ, ᴇʛᴇʛʜʣʠʡʛ ʪʦʜʦʨʭʦʡʣʦʭ, ʪʘʣʙʘʨʫʫʜʳʛ ʥʘʨʠʡʥ ʟʦʭʠʦʥ ʙʘʡʛʫʫʣʘʣʪʪʘʡ 

ʙʵʣʜʵʞ ᴇʛᴇʛʜʣʠʡʥ ʤʝʥʝʞʤʝʥʪʠʡʛ ʟᴇʚ ʭʠʡʭ ʭʵʨʵʛʪʵʡ. ᴆʛᴇʛʜʣʠʡʥ ʩʘʥʛʠʡʥ 

ʤʝʥʝʞʤʝʥʪʠʡʛ ʟᴇʚ ʭʠʡʩʥʵʵʨ ᴇʛᴇʛʜʣʠʡʥ ʙʦʣʦʚʩʨʫʫʣʘʣʪ ʭʠʡʭʵʜ ʭʷʣʙʘʨ ʙʦʣʥʦ. ɹʠʜ 

ʵʥʵʭװװ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʳʥ ᴇʛᴇʛʜʣʠʡʥ ʩʘʥʛ ʙװʨʜװװʣʵʭʵʜ DBMS ʙʫʶʫ ᴇʛᴇʛʜʣʠʡʥ 

ʩʘʥʛʠʡʥ ʤʝʥʝʞʤʝʥʪʠʡʥ ʩʠʩʪʝʤ ʘʰʠʛʣʘʩʘʥ ʙʘ ʵʥʵ ʥʴ ʜʘʨʘʘʭ ʙʦʣʦʤʞʫʫʜʳʛ ʦʣʛʦʞ 

ʙʘʡʥʘ. װתʥʜ: 

¶ ᴆʛᴇʛʜʣʠʡʥ ʩʘʥʛʠʡʥ ʙװʪʮʠʡʛ ʪʦʜʦʨʭʦʡʣʦʭ, ʜװʨʩʣʵʭ, ᴇʛᴇʛʜᴇʣ ʪʦʜʦʨʭʦʡʣʦʭ 

ʭʵʣ ʙʫʶʫ (LDD) 

¶ ɿʦʭʠʭ ʭʵʣʥʠʡ ʪʫʩʣʘʤʞʪʘʡʛʘʘʨ ᴇʛᴇʛʜᴇʣʜ ʭʘʥʜʘʭ, ʘʯʘʘʣʘʭ, ᴇʛᴇʛʜᴇʣ ʫʜʠʨʜʘʭ 

ʭʵʣ ʙʫʶʫ (DML) 

¶ Query ʙʫʶʫ ɸʩʫʫʣʛʳʥ ʪʫʩʣʘʤʞʪʘʡʛʘʘʨ ᴇʛᴇʛʜᴇʣʜ ʭʘʥʜʘʭ, ʟʘʩʚʘʨʣʘʭ, ʫʩʪʛʘʭ 

ʛ.ʤ 

¶ ᴆʛᴇʛʜʣʠʡʥ ʩʘʥʛʠʡʥ ʘʶʫʣʛװʡ ʙʘʡʜʘʣ 

¶ ɼʘʨʘʘʭ ʘʨʛʘ ʟװʡʛʵʵʨ ᴇʛᴇʛʜʣʠʡʥ ʩʘʥʛ װװʩʛʵʥʵ. 
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ɼʠʘʛʨʘʤ 4.1. ЉʛЊʛʜʣʠʡʥ ʩʘʥ ϾϾʩʛʵʭ 

 .ʥʜʵʵ ʙʦʣʦʚʩʨʫʫʣʘʣʪ ʭʠʡʭ ʰʘʪ ʵʭʵʣʥʵװʨ ʜװ ʥʠʡ ʜʘʨʘʘ ʭʵʤʞʠʣʪʠʡʥװת

 

 

ᴆʥʛᴇʥʠʡ ᴇʛᴇʛʜʣʠʡʥ ʩʘʥʛʠʡʥ ʙװʪʵʮ: 

 

ɼʠʘʛʨʘʤʤ 4.2. ЉʥʛЊʥʠʡ ЊʛЊʛʜʣʠʡʥ ʩʘʥʛʠʡʥ ʙϾʪʵʮ 

ᴆʥʛᴇʥʠʡ ᴇʛᴇʛʜʣʠʡʥ ʩʘʥʛʠʡʥ ʚʝʙ: 

ɹʠʜ ʋʨʘʥ ʟʫʨʛʠʡʥ ʛʘʣʝʨʝʡʥ ʪװװʭ ʩʦʸʣʳʥ ʭʦʩʛװʡ 5 ʙװʪʵʵʣ ʜʵʵʨ ᴇʥʛᴇʥʠʡ 

ʭʵʤʞʠʣʪװװʜ ʭʠʡʥ ᴇʥʛᴇʥʠʡ ʤʵʜʵʵʣʣʠʡʥ ʩʘʥ ʙʠʡ ʙʦʣʛʦʩʦʥ ʙᴇʛᴇᴇʜ ʪʵʜʛʵʵʨʠʡʥ ʩʘʥʜ 

ʭʘʥʜʘʭ ʚʝʙʜ ʩʫʫʨʠʣʩʘʥ ʧʨʦʛʨʘʤʤ ʭʘʥʛʘʤʞ ʭʠʡʞ ʛװʡʮʵʪʛʵʚ. 
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ɿʫʨʘʛ 4.1. ЉʥʛЊʥʠʡ ЊʛЊʛʜʣʠʡʥ ʩʘʥʛʠʡʥ ʚʝʙ 
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ɿʫʨʘʛ 4.2.ʅʵʚʪʨʵʭ ʭʵʩʵʛ  
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ɿʫʨʘʛ 4.3. ЉʥʛЊʥʠʡ ЊʛЊʛʜʣʠʡʥ ʩʘʥʛʠʡʥ ʚʝʙ 
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ɿʫʨʘʛ 4.4. ʄʵʜʵʵʣʣʠʡʥ ʩʘʥʪʘʡ ʘʞʠʣʣʘʭ ʭʵʩʵʛ 
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V. 50-100 ʍתʈʊʕʃ ᴆʅɼᴆʈʊ ʆʃʆʅ ʉʋɺɸɻʏʃɸʃʓʅ ʍʕʄɾʀʃʊ ʍʀʁʍ 

ʊᴆʍᴆᴆʈᴆʄɾʀʁʅ ɿɸɻɺɸʈ, ʅʀʉɻʕɻʏɻתʁ ʊᴆʍᴆᴆʈᴆʄɾʀʁʅ 

ʊʋʉʃɸʄɾʊɸʁ ʍʕʄɾʉʕʅ ʆʃʆʅ ʉʋɺɸɻʏʃɸʃʓʅ ᴆɻᴆɻɼʃʀʁɻ 

ɹʆʃʆɺʉʈʋʋʃɸʍ ɸʈɻɸɿתʁ ʇʈʆɻʈɸʄ ʍɸʅɻɸʄɾ 

 

5.1. 50-100 ʍתʈʊʕʃ ᴆʅɼᴆʈʊ ʆʃʆʅ ʉʋɺɸɻʏʃɸʃʓʅ ʍʕʄɾʀʃʊ ʍʀʁʍ 

ʊᴆʍᴆᴆʈᴆʄɾʀʁʅ ɿɸɻɺɸʈ, ʅʀʉɻʕɻʏɻתʁ ʊᴆʍᴆᴆʈᴆʄɾʀʁʅ 

ʊʋʉʃɸʄɾʊɸʁ ʍʕʄɾʉʕʅ ʆʃʆʅ ʉʋɺɸɻʏʃɸʃʓʅ ᴆɻᴆɻɼʃʀʁɻ 

ɹʆʃʆɺʉʈʋʋʃɸʍ ɸʈɻɸɿתʁ  

ɼװʨʩ ʙʦʣʦʚʩʨʫʫʣʘʣʪ ʥʴ ʪᴇʨᴇʣ ʙװʨʠʡʥ ʯʠʛʣʵʣʜ ʭʵʨʵʛʮʵʵʪʵʡ ʙᴇʛᴇᴇʜ ʘʰʠʛ 

ʪʫʩʪʘʡ ʪʝʭʥʦʣʦʛʠ ʙʦʣʦʭ ʥʴ ʙʘʪʣʘʛʜʩʘʥ ʙʠʣʵʵ. ɻʘʟʘʨ ʪʘʨʠʘʣʘʥʛʠʡʥ ʩʘʣʙʘʨʪ 

ʪʘʣʙʘʡʥ װʟװװʣʵʣʪ, ʙװʪʵʵʛʜʵʭװװʥʠʡ ʯʘʥʘʨ ʟʵʨʛʠʡʛ ʭʷʥʘʭ ʥʴ ʪʘʨʠʘʣʘʥʯʜʳʥ ʟװʛʵʵʩ 

ʯʫʭʘʣ ʘʯ ʭʦʣʙʦʛʜʦʣʪʦʡ ʙʦʣʦʭ ʥʴ ʪʦʛʪʦʦʛʜʩʦʥ ʙʠʣʵʵ. ɻʘʟʨʳʥ ʰʠʥʞʵʵʯʠʜ, 

ʘʛʨʦʥʦʤʯʠʜ ʙʦʣʦʥ ʤʵʨʛʵʞʣʠʡʥ ʭװʥʵʵʩ ʟᴇʚʣᴇʛᴇᴇʛ ʦʡʨ ʦʡʨʭʦʥ ʘʚʘʭ ʙʦʣʦʤʛװʡ 

ʥᴇʭʮᴇʣʜ ʜװʨʩ ʟʫʨʛʠʡʥ ʙʦʣʦʚʩʨʫʫʣʘʣʪ ʙʫʶʫ ʘʛʘʘʨʘʘʩ ʘʚʩʘʥ ʟʫʨʛʘʘ ʪʘʡʣʘʣʪ ʭʠʡʞ 

ʘʰʠʛʣʘʩʥʘʘʨ ʮʘʛ ʙʦʣʦʦʜ ʭᴇʨᴇʥʛᴇ ʭװʯ ʭʵʤʥʵʩʵʥ ʪʘʘʪʘʡ ʘʞʠʣ ʙʦʣʥʦ ʛʵʜʵʛ ʥʴ 

ʪʦʜʦʨʭʦʡ. ɼװʨʩ ʟʫʨʛʠʡʥ ʙʦʣʦʚʩʨʫʫʣʘʣʪʳʛ ʞʠʤʩʥʠʡ ʙʦʣʮ, ʫʨʛʘʤʣʳʛ ʭʦʨʪʦʥʪʦʡ 

ʙʦʣʩʦʥ ʵʩʵʭʠʡʛ ʭʷʥʘʭʘʜ, ʫʩʘʣʛʘʘ ʙʦʣʦʥ ʙʦʨʜʦʦ ʭʵʨ ʪʘʘʨʯ ʙʘʡʛʘʘ ʟʵʨʛʠʡʛ ʭʷʥʘʞ 

ʘʞʠʛʣʘʭʘʜ ʭʵʨʵʛʣʵʜʵʛ.  

ɹʠʜʥʠʡ ʩʦʥʛʦʩʦʥ Sentera Double 4K ʤʫʣʪʠʩʧʝʢʪʨʠʡʥ ʢʘʤʝʨ ʥʴ ᴇʥᴇᴇʜʨʠʡʛ 

ʭװʨʪʵʣ ʭʘʤʛʠʡʥ ʞʠʞʠʛ, ʭʘʤʛʠʡʥ ʭᴇʥʛᴇʥ ʭʦʩ ʤʵʜʨʵʛʯ ʥʴ ʷʤʘʨ ʯ ʥʠʩʛʵʛʯʛװʡ ʘʛʘʘʨʳʥ 

ʪʵʵʚʨʠʡʥ ʭʵʨʵʛʩʵʣʜ ʙװʛʜʵʜ ʪʦʭʠʨʦʥ ʟʫʨʘʛʣʘʣ װʡʣʜʵʭ ʙʦʣʦʤʞʪʦʡ ʪᴇʭᴇᴇʨᴇʤʞ ʶʤ. 

Double 4K ʤʵʜʨʵʛʯ ʥʴ 12 ʤʝʛʘʧʠʢʩʝʣʠʡʥ ᴇʥʜᴇʨ ʥʘʨʠʡʚʯʣʘʣʪʘʡ ʟʫʨʛʫʫʜʳʛ ʘʚʘʭ 

ʙᴇʛᴇᴇʜ Pix4D ʙʦʣʦʥ Agisoft ʟʵʨʵʛ ʧʨʦʛʨʘʤʤ ʭʘʥʛʘʤʞʫʫʜʪʘʡ ʭʦʩʣʦʥ ʛʘʟʘʨ 

ʪʘʨʠʘʣʘʥʛʠʡʥ ʟʫʨʘʛʣʘʣʳʛ ʫʨʛʘʮʳʥ ʟʫʨʘʛʣʘʣʳʛ ᴇʥʜᴇʨ ʥʘʨʠʡʥ ʪװʚʰʠʥʜ ʛʘʨʛʘʥ 

ʘʚʘʭ ʙʦʣʦʤʞʪʦʡ ʙʦʣʦʭ ʶʤ.  

ʕʥʵʭװװ ʧʣʘʪʬʦʨʤ ʥʴ ʭᴇʜᴇᴇ ʘʞ ʘʭʫʡʥ ʤʵʜʵʵʣʣʠʡʥ ʮʦʛʮ ʰʠʥʞʠʣʛʵʵʥʠʡ 

ʰʠʡʜʵʣ Sentera ʥʘʨʠʡʚʯʣʘʣʪʘʡ ʘʛʨʦ-ʩʘʥʩʨʳʥ ʤʵʜʨʵʛʯʪʵʡ ʭʦʩʣʫʫʣʘʥ FieldAgent 

ʥʴ ʟᴇʚʭᴇʥ ʘʛʘʘʨʳʥ ʟʫʨʘʛ ʘʚʘʭ ʪᴇʜʠʡʛװʡ NDVI ʙʘ NDRE ʙװʩʠʡʥ ʰʠʥʞʠʣʛʵʵ 

ʫʨʛʘʤʘʣʞʠʣʪʳʥ ʜװʥ ʰʠʥʞʠʣʛʵʵ ʭʠʡʭ, ʫʨʛʘʤʣʳʥ ʟʫʨʘʛʣʘʣ, ᴇʥʜʨʠʡʥ ʟʫʨʘʛʣʘʣ ʟʵʨʵʛ 

ʙʦʜʠʪ ʵʜʠʡʥ ʟʘʩʛʠʡʥ ʘʯ ʭʦʣʙʦʛʜʦʣʪʦʡ ʤʵʜʵʵʣʣʠʡʥ ʙװʪʵʵʛʜʵʭװװʥʠʡʛ ʙʠʡ ʙʦʣʛʦʭ 

ʙʦʣʦʤʞʠʡʛ ʦʣʛʦʜʦʛ.  

 

ɿʫʨʘʛʣʘʭ ʘʨʛʘʟװʡ 

 

ʅʅʊ-ʠʡʥ ʭʫʚʴʜ DJI Phantom 4 Pro ʜʨʦʥ ʘʰʠʛʣʘʩʘʥ ʙʦʣ ʢʘʤʝʨʳʥ ʭʫʚʴʜ ʦʣʦʥ 

ʩʫʚʛʠʡʥ Sentera 4k ʘʰʠʛʣʘʣʘʘ (ɿʫʨʘʛ 2). ʕʥʵʭװװ ʢʘʤʝʨ ʥʴ 80 ʛʨʘʤʤ ʞʠʥʪʵʡ, 59ʤʤ 

Ĭ 41ʤʤ Ĭ 44.5ʤʤ ʭʵʤʞʵʵʪʵʡ. ʉʧʝʢʪʨʠʡʥ ʰʠʡʜ ʙʫʶʫ ʩʫʚʛʠʡʥ ʭʫʚʴʜ װʟʵʛʜʵʭ ʛʵʨʣʠʡʥ 

ʭᴇʭ, ʥʦʛʦʦʥ, ʫʣʘʘʥ, ʫʣʘʘʥʳ ʭʷʟʛʘʘʨ, ʦʡʨʳʥ ʥʵʣ ʫʣʘʘʥ ʪʫʷʘʥʳ ʛʵʩʵʥ װʥʜʩʵʥ 5 

ʩʫʚʘʛʪʘʡ. ʄᴇʥ GPS ʪᴇʭᴇᴇʨᴇʤʞ ʘʛʫʫʣʩʘʥ ʙᴇʛᴇᴇʜ 4000Ĭ3000 ʧʠʢʩʝʣʠʡʥ ʥʷʛʪʨʘʣʪʘʡ 

ʟʫʨʘʛ ʘʚʘʭ ʯʘʜʘʣʪʘʡ ʢʘʤʝʨ ʶʤ. ʅʅʊ-ʠʡʛ ʥʠʩʛʵʭʠʡʥ ᴇʤʥᴇ ʢʘʤʝʨʳʛ ʜʨʦʥʪʦʡ ʭʦʣʙʦʥ 

ʛʘʛʥʘʭ ʰʘʘʨʜʣʘʛʘʪʘʡ ʙʘʡʜʘʛ.  
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ɿʫʨʘʛ 5.1. Sentera 4k ʥʵʤʵʣʪ ʢʘʤʝʨ 

ʉʫʜʘʣʛʘʘʥʳ ʵʭʵʥʜ ʢʘʤʝʨʳʛ ʅʅʊ-ʜ ʩʫʫʨʠʣʠʫʫʣʩʘʥ ʙᴇʛᴇᴇʜ ʪʝʩʪ ʭʠʡʞ ʥʠʩʣʵʛ 

 ʡʣʜʣʵʵ. ʅʠʩʣʵʛʠʡʥ ʷʚʮ, ʢʘʤʝʨʳʥ ʟʫʨʘʛ ʘʚʘʣʪ ʭʵʚʠʡʥ ʙʘʡʩʘʥ ʪʫʣ ʪʫʨʰʠʣʪʳʥװ

ʪʘʣʙʘʡʜ ʥʠʩʣʵʛʠʡʥ ʟʘʤʳʛ ʪʦʜʦʨʭʦʡʣʦʥ ʟʫʨʘʛʣʘʩʘʥ ʙʦʣʥʦ.  

ɿʫʨʘʛ 5.2. ɸʛʘʘʨʳʥ ʟʫʨʘʛʣʘʣ ʭʠʡʭ ʝʨЊʥʭʠʡ ʘʨʛʘ ʟϾʡ 

 

 

ʍʕʄɾʀʃʊʀʁʅ תʈ ɼתʅ ɹɸ ɹʆʃʆɺʉʈʋʋʃɸʃʊ 

 

ɹʠʜ ʐʋɸ-ʠʡʥ ɹʦʪʘʥʠʢʠʡʥ ʭװʨʵʵʣʵʥʛʠʡʥ ʮʵʮʵʨʣʵʛʪ ʭװʨʵʵʣʵʥʜ ʭʵʤʞʠʣʪʵʵ ʭʠʡʞ 

ʛװʡʮʵʪʛʵʣʵʵ. ʎʵʮʵʨʣʵʛʪ ʭװʨʵʵʣʵʥ ʥʠʡʪ 22.9 ʛʘ-ʜ װʡʣ ʘʞʠʣʣʘʛʘʘʛʘʘ ʷʚʫʫʣʜʛʘʘʩ ʙʠʜ 

ʙʫʪʣʘʛ ʫʨʛʘʤʣʳʥ ʪʘʣʙʘʡ ʙʦʣʦʭ 4-5 ʛʘ ʪʘʣʙʘʡʜ ʟʫʨʘʛʣʘʣʳʥ ʘʞʣʳʛ ʛװʡʮʵʪʛʵʩʵʥ 

ʙʦʣʥʦ.   
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ɿʫʨʘʛ 5.3. ʉʫʜʘʣʛʘʘʥʳ ʪʘʣʙʘʡʥ ʙʘʡʨʰʠʣ 

 

ʍʵʤʞʠʣʪʠʡʛ ʙʠʜ 2020, 2021, 2022 ʦʥʳ 8-10 ʩʘʨʫʫʜʘʜ ɹʦʪʘʥʠʢʠʡʥ ʮʵʮʵʨʣʵʛʪ 

ʭװʨʵʵʣʵʥʛʠʡʥ 2 ʪʘʣʙʘʡʜ ʭʠʡʩʵʥ ʙᴇʛᴇᴇʜ ʥʠʩʣʵʛ ʙװʨʜʵʵ 247-250 ʟʫʨʘʛ ʘʚʯ ʙʘʡʩʘʥ.  

 

              

ɿʫʨʘʛ 5.4. ʉʫʜʘʣʛʘʘʥʳ ʪʘʣʙʘʡ  
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ʅʠʩʣʵʛʠʡʥ ᴇʥʜᴇʨ: 88.1 ʤ 

ɻʘʜʘʨʛʳʥ ʥʘʨʠʡʚʯʣʘʣ : 2.43 ʩʤ/ʧʠʢʩʝʣ 

ɿʫʨʘʛʣʘʣ ʭʠʡʩʵʥ ʮʵʛ: 3788 

ʇʨʦʝʢʮʠʡʥ ʘʣʜʘʘʥʳ ʟʘʩʚʘʨ: 18.2 ʧʠʢʩʝʣ 

 ʍϾʩʥʵʛʪ 5.1 ʂʘʤʝʨʳʥ ϾʟϾϾʣʵʣʪ 

ʂʘʤʝʨʳʥ ʟʘʛʚʘʨ ʥʘʨʠʡʚʯʣʘʣ ʌʦʢʫʩ ʇʠʢʩʝʣʠʡʥ 
ʭʵʤʞʵʵ 

ʍʷʥʘʣʪ 
ʪʦʭʠʨʫʫʣʛʘ 
ʭʠʡʛʜʩʵʥ ʵʩʵʭ 

21022-01_12MP-
ERS-00é 

4000 x 3000 5.4 ʤʤ 1.55 x 1.55 ɛʤ ʪʠʡʤ 

21022-01_12MP-
ERS-00é 

4000 x 3000 5.4 ʤʤ 1.55 x 1.55 ɛʤ ʪʠʡʤ 

ɿʫʨʘʛ 5.5. ʅʠʩʣʵʛ ʭʠʡʭ Ϯʝʠʡʥ ʢʘʤʝʨʳʥ ʙʘʡʨʰʠʣ 
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Agisoft photoScan ʧʨʦʛʨʘʤʳʥ ʭʘʥʛʘʤʞʠʡʥ ʪʫʩʣʘʤʞʪʘʡ ʵʜʛʵʵʨ ʟʫʨʘʛʪ ʜʘʨʘʘʭ 3 

ʘʨʛʳʥ ʜʘʛʫʫ ʪʦʦʥ ʙʦʣʦʚʩʨʫʫʣʘʣʪ ʭʠʡʣʵʵ. װתʥʜ, 1. ɸʛʘʘʨʳʥ ʪʨʠʥʛʫʣʷʮʠ, 2. 

ɻʘʜʘʨʛʳʥ ʪʦʦʥ ʟʘʛʚʘʨ װװʩʛʵʭ 3. ʆʨʪʦ ʟװʡʚʵʨ ʭʠʡʭ ʛʵʩʵʥ װʝ ʰʘʪʫʫʜʘʘʨ ʪʦʦʥ 

ʙʦʣʦʚʩʨʫʫʣʘʣʪ ʭʠʡʚ. ʕʮʩʠʡʥ װʝ ʰʘʪ ʙʦʣʦʭ ʦʨʪʦ ʟװʡʚʵʨ ʟʫʨʛʠʡʛ ʜʘʨʘʘ 5 ʩʫʚʛʠʡʥ 

ʟʫʨʛʫʫʜʳʛ TIFF ᴇʨʛᴇʪʛᴇʣ ʨװװ ʭʫʚʠʨʛʘʥ ʜʘʨʘʘʛʠʡʥ ʙʦʣʦʚʩʨʫʫʣʘʣʪʘʥʜ ʙʵʣʪʛʵʩʵʥ 

ʙʦʣʥʦ. ʍʵʤʞʠʣʪʠʡʛ ʜʘʨʘʘʭʠ ʝʨᴇʥʭʠʡ ʘʨʛʘ ʟװʡʥ ʜʘʛʫʫ ʭʠʡʞ ʟʫʨʘʛ ʙʦʣʦʚʩʨʫʫʣʘʚ. 

 

ɿʫʨʘʛ 5.6. ɿʫʨʘʛʣʘʭ Ϯʝʠʡʥ ʢʘʤʝʨʳʥ ʭʷʥʘʣʪ ʪʦʭʠʨʫʫʣʛʘ 

ɿʫʨʘʛ 5.7. ɿʫʨʘʛʣʘʭ Ϯʝʠʡʥ ʢʘʤʝʨʳʥ ʙʘʡʨʰʠʣ ʙʘ ʘʣʜʘʘʥʳ ʟʘʩʚʘʨ 
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ɿʫʨʘʛ 5.8. ʋʣʘʘʥ ʥʦʛʦʦʥ ʭЊʭ ʩʫʚʘʛʪ ʘʚʩʘʥ ʟʫʨʘʛ 

ɿʫʨʛʫʫʜʳʛ ʟװʡʭʵʜ ᴇᴇʨ ʭʦʦʨʦʥʜʳʥ ʟʘʭʳʥ ʜʘʚʭʮʘʣʫʫʜʳʛ ʘʰʠʛʣʘʩʘʥ ʙᴇʛᴇᴇʜ 

ʟװʡʚʵʨ ʟʫʨʘʛ ʪʫʩ ʙװʨʜ ʥʠʡʪ 27,676 ʧʠʢʩʝʣ ʜʘʚʭʮʘʞ ʙʘʡʚ.  

 
ɿʫʨʘʛ 5.9. ʅʵʛ ʩʮʝʥʠʡ ʪЊʚ ʮʵʛ ʙʦʣʦʥ ʟʫʨʛʫʫʜʳʥ ʜʘʚʭʮʘʣ 

ʕʥʵʭװװ ʩʫʜʘʣʛʘʘʥʳ ʟʦʨʠʣʛʦ ʥʘʤ ᴇʥʜᴇʨ ʙʫʶʫ 100ʤ-ʠʡʥ ᴇʥʜʨʠʡʥ ʘʛʘʘʨʳʥ 

ʪװʚʰʥʵʵʩ ʅʅʊ ʘʰʠʛʣʘʥ ʦʣʦʥ ʩʫʚʛʠʡʥ ʟʫʨʘʛ ʘʚʘʥ ʪʫʨʰʠʭ, ʮʫʛʣʫʫʣʩʘʥ ʤʵʜʵʵʛ 

ʙʦʣʦʚʩʨʫʫʣʘʭ ʫʣʤʘʘʨ ʟʘʨʠʤ ʜװʥ ʰʠʥʞʠʣʛʵʵ ʭʠʡʞ ʪᴇʨᴇʣ ʙװʨʠʡʥ ʠʥʜʝʢʩװװʜʠʡʛ 

ʪʦʜʦʨʭʦʡʣʞ װʨ ʜװʥʛ ʭʘʨʴʮʫʫʣʘʭ ʙʘʡʣʘʘ. ʊʘʚʘʥ ʩʫʚʛʠʡʥ ʤʵʜʵʵʛ ʘʰʠʛʣʘʥ 

ʠʥʜʝʢʩװװʜʠʡʛ ʪʦʜʦʨʭʦʡʣʩʦʥ, ʩʤ-ʠʡʥ ʦʨʦʥ ʟʘʡʥ ʥʘʨʠʡʚʯʣʘʣʪʘʡ ʠʥʜʝʢʩװװʜʠʡʥ 

ʟʫʨʛʠʡʛ ʛʘʨʛʘʥ ʘʚʣʘʘ. תʨ ʜװʥʛװװʜʠʡʛ ʩʫʜʘʣʛʘʘʥʳ ʪʘʣʙʘʡʜ ʰʘʣʛʘʥ ʪʦʜʨʫʫʣʘʭ, 

ʫʣʤʘʘʨ ʙʠʦʤʘʩʩ ʙʦʣʦʥ ʙʫʩʘʜ ʩʫʜʘʣʛʘʘʥʳ ʜװʥʪʵʡ ʭʘʨʴʮʫʫʣʘʥ װʟʵʭ ʰʘʘʨʜʣʘʛʘʪʘʡ 

ʶʤ. ʆʨʪʦ ʟʫʨʘʛ ʙʦʣʛʦʥ ʙʦʣʦʚʩʨʫʫʣʩʘʥ ʵʜʛʵʵʨ ʟʫʨʛʫʫʜʳʛ ʘʰʠʛʣʘʥ ʪʦʤ ʤʘʩʰʪʘʙʳʥ 

ʭʵʤʞʵʵʥʜ ʛʘʟʨʳʥ ʙװʨʭʵʚʯʠʡʥ ʟʫʨʘʛʣʘʣ ʭʠʡʭ ʘʨʛʘʯʣʘʣ ʙʦʣʦʚʩʨʫʫʣʘʭ, ʪʫʨʰʠʥ 
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 ʟʩʵʥ. ʄᴇʥ ʅʅʊ ʙʘװ ʡʣʠʡʥ ʟʫʨʘʛʣʘʣ ʭʠʡʭ ʙʦʣʦʤʞʪʦʡ ʛʵʞװʟʵʭ, ʫʨʛʘʤʣʳʥ ʪᴇʨᴇʣ ʟװ

ʦʣʦʥ ʩʫʚʛʠʡʥ ʢʘʤʝʨʳʛ ʘʰʠʛʣʘʥ ʪᴇʨᴇʣ ʙװʨʠʡʥ ʠʥʜʝʢʩװװʜʠʡʛ ʪʦʜʦʨʭʦʡʣʦʥ ʛʘʟʘʨ 

ʪʘʨʠʘʣʘʥʛʠʡʥ ʫʨʛʘʮ, ʫʨʛʘʣʪʳʥ ʷʚʮ, ʫʨʛʘʤʣʳʥ ʵʨװװʣ ʤʵʥʜ, ʯʠʡʛ ʟʵʨʛʠʡʛ 

ʪʦʜʦʨʭʦʡʣʞ ʩʤ-ʠʡʥ ʥʘʨʠʡʚʯʣʘʣʪʘʡ ʟʫʨʘʛʣʘʭ ʙʦʣʦʤʞʪʦʡ ʶʤ. ʉʘʥʩʨʳʥ ʪװʚʰʠʥ 

ʭʠʡʤʵʣ ʜʘʛʫʫʣʘʘʩ ʭʵʪ ᴇʥʜᴇʨ ʥʘʨʠʡʚʯʣʘʣʪʘʡ ʟʫʨʘʛʣʘʩʘʥ ʟʫʨʘʛ ʥʴ ʤʘʰ ᴇʥʜᴇʨ 

ᴇʨʪᴇʛʪʵʡ ʙʘʡʜʘʛ ʙʦʣ ʅʅʊ-ʠʡʛ ʘʰʠʛʣʘʥ ʟʫʨʘʛʣʘʭ ʥʴ ʮʘʛ ʭʫʛʘʮʘʘ, ᴇʨʪᴇʛ ʟʘʨʜʘʣ 

ʭʵʤʥʵʩʵʥ ʘʨʛʘ ʙʦʣʦʭʦʦʩ ʛʘʜʥʘ ʩʘʥʩʨʳʥ ʤʵʜʵʵ ʘʰʠʛʣʘʩʘʥ ʩʫʜʘʣʛʘʘʥʳ װʨ ʜװʥʛ 

ʭʷʥʘʥ ʙʘʪʘʣʛʘʘʞʫʫʣʘʭ ʤʵʜʵʵʣʵʣ (reference data) ʙʦʣʦʭ ʙʦʣʦʣʮʦʦʪʦʡ ʶʤ.  

ɻʘʟʨʳʥ ʛʘʜʘʨʛʳʛ ʟʫʨʘʛʣʘʭʜʘʘ ʙʠʜ ʩʪʝʨʝʦ ʙʫʶʫ ʭʦʩ ʟʫʨʘʛ ʘʰʠʛʣʘʥ 

ʛʘʜʘʨʛʫʫʛʠʡʥ ʬʦʪʦʛʨʘʤʤʝʪʨʠʡʥ ʟʘʛʚʘʨ װװʩʛʵʜʵʛ. ɻʦʣ ʘʩʫʫʣʛʘ ʥʴ ʭʦʸʨ ᴇᴇʨ ʮʵʛʵʵʩ 

ʘʚʩʘʥ ʘʛʘʘʨʳʥ ʛʵʨʵʣ ʟʫʨʛʠʡʛ ʛʘʜʘʘʜ ʙʦʣʦʥ ʜʦʪʦʦʜ ʯʠʛʣװװʣʛʠʡʥ ʟʘʩʘʣ ʭʠʡʩʥʵʵʨ 

ʪʵʜʛʵʵʨʠʡʥ ʩʪʝʨʝʦʧʨʦʝʢʮʳʥ ʦʛʪʣʦʣʮʣʦʦʨ ʩʪʝʨʝʦ ʤʦʜʝʣ װװʩʛʵʜʵʛ. 

ɿʫʨʘʛ ʙʦʣʦʚʩʨʫʫʣʘʣʪʳʛ Pix4D ʙʦʣʦʥ Agisoft ʧʨʦʛʨʘʤʤ ʭʘʥʛʘʤʞʫʫʜʳʛ 

ʘʰʠʛʣʘʥ ʛװʡʮʵʪʛʵʩʵʥ ʙᴇʛᴇᴇʜ ʪʫʩ ʧʨʦʛʨʘʤʤ ʥʴ ᴇʥʜʨʠʡʥ ʪʦʦʥ ʟʘʛʚʘʨʳʛ ʛʫʨʚʘʥ 

ʭʵʤʞʵʵʩʪ ʭʵʣʙʵʨʵʵʨ ʜװʨʩʵʣʜʵʛ ʩʪʝʨʝʦ ʟʫʨʛʠʡʥ ʘʣʛʦʨʠʪʤʪʘʡ, ʤʘʪʝʤʘʪʠʢ ʘʨʛʫʫʜʳʥ 

ʪʫʩʣʘʣʮʘʘʪʘʡʛʘʘʨ װװʩʛʵʜʵʛ. תʥʜʩʵʥ ʙʦʣʦʚʩʨʫʫʣʘʣʪʫʫʜ ʥʴ ʟʫʨʘʛ ʘʚʘʭ, ʮʵʛʵʥ װװʣ 

 ʥʵʣʵʭ. ʄʵʜʵʵʛ ʙʦʣʦʚʩʨʫʫʣʘʭ ʵʭʥʠʡ ʰʘʪ ʥʴ 70-80%װ ʩʛʵʭ, ʥʘʨʠʡʚʯʣʘʣʳʛװװ

ʜʘʚʭʘʮʩʘʥ ʘʛʘʘʨʳʥ ʟʫʨʘʛ ʙʘʡʭ ʙᴇʛᴇᴇʜ ʦʡʨʦʣʮʦʦʛʦʦʨ 0.97 ʩʤ-ʠʡʥ ʦʨʦʥ ʟʘʡʥ 

ʥʘʨʠʡʚʯʣʘʣʳʛ ʭʘʥʛʘʞ ʙʘʡʭ ʸʩʪʦʡ ʙʘʡʜʘʛ. ɹʠʜʥʠʡ ʟʫʨʘʛʣʘʣ 60 ʭʫʚʠʡʥ ʜʘʚʭʮʘʣʪʘʡ 

ʭʠʡʛʜʩʵʥ.  

 

 ʍʵʤʞʠʣʪʠʡʥ װʨ ʜװʥʛʵʵʨ ʙʦʣʦʚʩʨʫʫʣʩʘʥ ʟʫʨʛʫʫʜʳʛ ʜʘʨʘʘʭ ʟʫʨʛʫʫʜʘʘʩ 

ʭʘʨʥʘ ʫʫ. 

 

ɿʫʨʘʛ 5.10. ɹʦʣʦʚʩʨʫʫʣʩʘʥ Ͼʨ ʜϾʥ 1: ɿϾʡʚʵʨ ʟʫʨʘʛ 
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ɿʫʨʘʛ 5.11 ɹʦʣʦʚʩʨʫʫʣʩʘʥ Ͼʨ ʜϾʥ 2: ʆʡʨʳʥ ʥʠʣ ʫʣʘʘʥ ʪʫʷʘʥʳ ʩʫʚʛʘʘʨ ʘʚʩʘʥ 

ʟʫʨʛʠʡʥ ʟϾʡʚʵʨ 

 

 ɿʫʨʘʛ 5.12 ɹʦʣʦʚʩʨʫʫʣʩʘʥ Ͼʨ ʜϾʥ 3: Љʥʜʨʠʡʥ ʪʦʦʥ ʟʘʛʚʘʨʳʥ ʟʫʨʘʛ 

 


