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ʇʨʝʜʠʩʣʦʚʠʝ 
 

ɼʘʥʥʦʝ ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ʧʨʠʟʚʘʥʦ ʦʙʣʝʛʯʠʪʴ ʠʟʫʯʝʥʠʝ ʚʘʞʥʦʡ ʠ ʘʢʪʫʘʣʴʥʦʡ ʜʣʷ 

ʄʦʩʢʦʚʩʢʦʛʦ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʪʝʤʳ ï ʧʨʠʥʮʠʧʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʘʥʘʣʠʟʘ 

ʠ ʦʙʨʘʙʦʪʢʠ ʮʚʝʪʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ï ʥʘ ʬʦʥʝ ʷʚʥʦʛʦ ʥʝʜʦʩʪʘʪʢʘ ʩʦʚʨʝʤʝʥʥʦʡ ʨʫʩʩʢʦʷʟʳʯʥʦʡ 

ʣʠʪʝʨʘʪʫʨʳ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. ɺ ʧʦʩʦʙʠʠ ʜʘʶʪʩʷ ʙʘʟʦʚʳʝ ʩʚʝʜʝʥʠʷ ʦʙ ʦʩʥʦʚʘʭ ʮʚʝʪʦʚʦʡ ʪʝʦʨʠʠ, 

ʚʚʦʜʷʪʩʷ ʪʝʨʤʠʥʳ ʠ ʙʘʟʦʚʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʥʷʪʠʝʤ çʮʚʝʪè. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʠʩʪʝʤ ʮʚʝʪʦʚʦʛʦ ʟʨʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʥʷʪʠʷ ʠʟ ʥʝʩʢʦʣʴʢʠʭ 

ʥʘʫʯʥʳʭ ʜʠʩʮʠʧʣʠʥ ʠ ʥʝʦʙʭʦʜʠʤʦ ʩʚʦʙʦʜʥʦ ʚʣʘʜʝʪʴ ʤʥʦʞʝʩʪʚʦʤ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʪʝʨʤʠʥʦʚ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʣʷ ʟʘʢʨʝʧʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʟʥʘʥʠʡ ʚ ʥʘʯʘʣʝ ʢʘʞʜʦʛʦ ʨʘʟʜʝʣʘ ʧʦʩʦʙʠʷ ʜʘʥ 

ʧʝʨʝʯʝʥʴ ʢʣʶʯʝʚʳʭ ʧʦʥʷʪʠʡ, ʫʩʚʦʝʥʠʝ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʧʦʥʠʤʘʥʠʷ 

ʤʘʪʝʨʠʘʣʘ. ʆʥʠ ʚʳʜʝʣʝʥʳ ʧʦʣʫʞʠʨʥʳʤ ʰʨʠʬʪʦʤ. ɹʫʜʫʱʠʡ ʩʧʝʮʠʘʣʠʩʪ ʜʦʣʞʝʥ ʫʤʝʪʴ 

ʦʙʲʷʩʥʠʪʴ, ʯʪʦ ʦʟʥʘʯʘʶʪ ʵʪʠ ʪʝʨʤʠʥʳ. 

ɼʣʷ ʦʙʣʝʛʯʝʥʠʷ ʨʘʙʦʪʳ ʚ ʧʦʩʦʙʠʝ ʜʦʙʘʚʣʝʥ ʧʨʝʜʤʝʪʥʳʡ ʫʢʘʟʘʪʝʣʴ. ʆʥ ʩʦʜʝʨʞʠʪ 

ʧʝʨʝʯʝʥʴ ʢʣʶʯʝʚʳʭ ʧʦʥʷʪʠʡ ʩ ʫʢʘʟʘʥʠʝʤ ʥʦʤʝʨʦʚ ʩʪʨʘʥʠʮ, ʥʘ ʢʦʪʦʨʳʭ ʦʥʠ ʚʩʪʨʝʯʘʶʪʩʷ 

ʚʧʝʨʚʳʝ. ɺ ʪʝʢʩʪʝ ʞʝ ʧʝʨʚʳʝ ʚʭʦʞʜʝʥʠʷ ʵʪʠʭ ʪʝʨʤʠʥʦʚ ʚʳʜʝʣʝʥʳ ʧʦʣʫʞʠʨʥʳʤ ʰʨʠʬʪʦʤ. 

ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʧʦʩʦʙʠʷ ʪʨʝʙʫʝʪʩʷ ʟʥʘʥʠʝ ʦʩʥʦʚ ʦʧʪʠʢʠ, ʝʚʢʣʠʜʦʚʦʡ ʠ 

ʧʨʦʝʢʪʠʚʥʦʡ ʛʝʦʤʝʪʨʠʠ, ʣʠʥʝʡʥʦʡ ʘʣʛʝʙʨʳ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ. ʊʝʨʤʠʥʳ ʠʟ ʵʪʠʭ 

ʦʙʣʘʩʪʝʡ ʥʝ ʚʳʜʝʣʝʥʳ. 

ʇʦʩʦʙʠʝ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʙʦʣʴʰʠʭ ʨʘʟʜʝʣʦʚ, ʧʦʢʨʳʚʘʶʱʠʭ ʩʝʤʴ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʟʘʚʠʩʠʤʳʭ ʪʝʤ. ɺ ʢʦʥʮʝ ʧʦʩʦʙʠʷ ʜʘʥʘ ʙʠʙʣʠʦʛʨʘʬʠʷ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ 

ʠʟʫʯʝʥʠʷ ʪʝʤʳ. ʀʩʪʦʯʥʠʢʠ, ʦʟʥʘʢʦʤʣʝʥʠʝ ʩ ʢʦʪʦʨʳʤʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʘʚʪʦʨʘʤ ʦʙʷʟʘʪʝʣʴʥʳʤ, 

ʫʢʘʟʘʥʳ ʚ ʥʘʯʘʣʝ ʢʘʞʜʦʛʦ ʨʘʟʜʝʣʘ ʧʦʜ ʟʘʛʦʣʦʚʢʦʤ çʨʝʢʦʤʝʥʜʦʚʘʥʥʘʷ ʣʠʪʝʨʘʪʫʨʘè. 

ʇʨʝʜʣʘʛʘʝʤʦʝ ʧʦʩʦʙʠʝ ʤʦʞʝʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ 

ʩʪʫʜʝʥʪʘʤ ʩʪʘʨʰʠʭ ʢʫʨʩʦʚ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʢ ʧʨʘʢʪʠʯʝʩʢʠʤ ʟʘʥʷʪʠʷʤ ʠ ʜʣʷ ʠʪʦʛʦʚʦʡ 

ʘʪʪʝʩʪʘʮʠʠ ʧʦ ʧʨʝʜʤʝʪʘʤ çʆʙʨʘʙʦʪʢʘ ʠ ʘʥʘʣʠʟ ʠʟʦʙʨʘʞʝʥʠʡè, çʊʝʭʥʠʯʝʩʢʦʝ ʟʨʝʥʠʝè 

ʠ ʜʨʫʛʠʤ, ʚʢʣʶʯʘʶʱʠʤ ʪʝʤʘʪʠʢʫ ʬʦʨʤʘʣʴʥʦʡ ʮʚʝʪʦʚʦʡ ʪʝʦʨʠʠ. 
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1. ʌʠʟʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʮʚʝʪʦʚʦʡ ʪʝʦʨʠʠ 
 

ʎʚʝʪ ʠ ʦʢʨʘʩʢʘ. ʉʧʝʢʪʨʘʣʴʥʘʷ ʷʨʢʦʩʪʴ. ʇʨʦʩʪʦʡ ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ. ʉʧʝʢʪʨʘʣʴʥʘʷ 

ʦʩʚʝʱʝʥʥʦʩʪʴ. ʉɼʌʆʉ. ʆʜʥʦʨʦʜʥʘʷ ʦʢʨʘʩʢʘ. ʃʘʤʙʝʨʪʦʚʘ ʦʢʨʘʩʢʘ. ʎʚʝʪʦʚʦʡ ʩʝʥʩʦʨ 

ʠ ʦʧʪʠʯʝʩʢʘʷ ʢʘʤʝʨʘ. ʉʚʝʪʦʩʠʣʘ. ʆʧʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ. ʎʚʝʪ ʠʟʣʫʯʝʥʠʷ. ʄʝʪʘʤʝʨʠʷ 

ʠʟʣʫʯʝʥʠʡ. ɿʘʢʦʥʳ ɻʨʘʩʩʤʘʥʘ. ʂʦʣʦʨʠʤʝʪʨ. ʃʠʥʝʡʥʘʷ ʤʦʜʝʣʴ ʮʚʝʪʦʚʦʛʦ ʩʝʥʩʦʨʘ. 

ʉʧʝʢʪʨʘʣʴʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ. ʂʨʠʚʳʝ ʩʣʦʞʝʥʠʷ. ʉʪʘʥʜʘʨʪʥʳʡ ʥʘʙʣʶʜʘʪʝʣʴ. 

ʎʚʝʪʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ. 
 

ʈʝʢʦʤʝʥʜʫʝʤʘʷ ʣʠʪʝʨʘʪʫʨʘ: ʛʣ. 35 çʎʚʝʪʦʚʦʝ ʟʨʝʥʠʝè [1, ʩ. 154ï172], ʩʪʘʪʴʠ çʎʚʝʪè, 

çʎʚʝʪʥʦʝ ʟʨʝʥʠʝè, çʎʚʝʪʦʚʳʝ ʠʟʤʝʨʝʥʠʷ (ʢʦʣʦʨʠʤʝʪʨʠʷ)è [2, ʩ. 385ï389], ʩʪʘʪʴʷ Colors and 

things [3]. 
 

ɻʦʚʦʨʷ ʦ ʮʚʝʪʦʚʦʡ ʪʝʦʨʠʠ, ʪʨʫʜʥʦ ʦʙʦʡʪʠ ʩʪʦʨʦʥʦʡ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩʦ ʟʨʠʪʝʣʴʥʳʤ 

ʚʦʩʧʨʠʷʪʠʝʤ ʯʝʣʦʚʝʢʘ. ʏʝʣʦʚʝʢ ʦʙʣʘʜʘʝʪ ʝʩʪʝʩʪʚʝʥʥʳʤ ʯʫʚʩʪʚʦʤ ʮʚʝʪʘ ʧʦʜʦʙʥʦ ʪʦʤʫ, ʢʘʢ 

ʦʙʣʘʜʘʝʪ, ʥʘʧʨʠʤʝʨ, ʤʫʟʳʢʘʣʴʥʳʤ ʩʣʫʭʦʤ. ʇʨʠ ʵʪʦʤ ʧʦʥʷʪʠʶ ʟʚʫʢʘ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʬʠʟʠʢʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʩʪʦʷʚʰʘʷʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ (ʢʦʣʝʙʘʥʠʷ ʜʘʚʣʝʥʠʷ). ʇʦʵʪʦʤʫ ʬʠʟʠʢ 

ʤʦʞʝʪ ʩʯʠʪʘʪʴ, ʯʪʦ ʤʫʟʳʢʘʥʪ, ʛʦʚʦʨʷ ʦ ʥʦʪʘʭ, ʩ ʥʝʢʦʪʦʨʳʤʠ ʧʦʛʨʝʰʥʦʩʪʷʤʠ ʠ ʚ ʥʝʢʦʪʦʨʳʭ 

ʧʨʝʜʝʣʘʭ ʥʘ ʩʣʫʭ ʠʟʤʝʨʷʝʪ ʭʦʨʦʰʦ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʘʨʘʤʝʪʨ ï ʦʪʥʦʰʝʥʠʝ ʜʣʠʥ ʚʦʣʥ ʜʚʫʭ 

ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʥʷʪʠ ̫ çʪʝʤʙʨè ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʬʦʨʤʘ  

ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʛʘʨʤʦʥʠʯʝʩʢʘʷ, ʥʦ ʧʦʥʷʪʠʝ ʦʩʥʦʚʥʦʛʦ ʪʦʥʘ, 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʪʦʣʴʢʦ ʜʣʷ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ, ʦʩʪʘʝʪʩʷ ʙʦʣʝʝ ʧʨʦʜʫʢʪʠʚʥʳʤ. ɺ ʣʶʙʦʤ 

ʩʣʫʯʘʝ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʪʝʦʨʠʷʭ ʨʝʯʴ ʚʩʝʛʜʘ ʠʜʝʪ ʦ ʢʦʣʝʙʘʥʠʷʭ 

ʩʨʝʜʳ, ʩ ʢʦʪʦʨʦʡ ʢʦʥʪʘʢʪʠʨʫʝʪ ʩʝʥʩʦʨ (ʫʭʦ). 

ʅʝʩʤʦʪʨʷ ʥʘ ʧʦʣʥʫʶ ʦʯʝʚʠʜʥʦʩʪʴ ʦʙʩʫʞʜʘʝʤʦʛʦ ʧʨʝʜʤʝʪʘ, ʩʠʪʫʘʮʠʷ ʩ ʮʚʝʪʦʤ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʣʦʞʥʝʝ. ʇʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʩ XIX ʚʝʢʘ ʩʯʠʪʘʝʪʩʷ ʥʝʧʨʝʣʦʞʥʳʤ, ʯʪʦ ʮʚʝʪ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʢʦʣʝʙʘʥʠʡ (ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ) ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʜʠʘʧʘʟʦʥʘ ʠ ʚ ʵʪʦʤ ʧʦʜʦʙʝʥ ʟʚʫʢʫ. ʅʦ ʯʝʣʦʚʝʢ ʘʪʨʠʙʫʪʠʨʫʝʪ ʮʚʝʪʘ ʥʝ ʪʦʣʴʢʦ ʠʩʪʦʯʥʠʢʘʤ ʩʚʝʪʘ 

ʠ ʠʭ ʠʟʣʫʯʝʥʠʷʤ (ʟʝʣʝʥʳʡ ʩʚʝʪ ʩʚʝʪʦʬʦʨʘ) ʠʣʠ ʭʦʪʷ ʙʳ ʵʬʬʝʢʪʘʤ ʦʩʚʝʱʝʥʠʷ (ʛʦʣʫʙʦʚʘʪʘʷ 

ʪʝʥʴ), ʥʦ ʠ ʥʝʧʨʦʟʨʘʯʥʳʤ ʦʙʲʝʢʪʘʤ (ʢʨʘʩʥʦʝ ʷʙʣʦʢʦ) ʠ ʧʦʣʫʧʨʦʟʨʘʯʥʳʤ ʩʨʝʜʘʤ (ʞʝʣʪʘʷ 

ʜʳʤʢʘ). ɺ ʜʚʫʭ ʧʦʩʣʝʜʥʠʭ ʩʣʫʯʘʷʭ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʛʦʚʦʨʠʪʴ ʦ ʧʘʨʘʤʝʪʨʘʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʢʦʣʝʙʘʥʠʡ, ʧʦʩʢʦʣʴʢʫ ʥʠ ʷʙʣʦʢʦ, ʥʠ ʜʳʤʢʘ ʥʝ ʠʩʧʫʩʢʘʶʪ ʠʭ ʩʘʤʠ ʧʦ ʩʝʙʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝ ʚʧʦʣʥʝ ʷʩʥʦ, ʢʘʢʦʡ ʠʤʝʥʥʦ ʬʠʟʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʦʥʷʪʠʝ çʮʚʝʪè ʚ ʯʝʣʦʚʝʯʝʩʢʦʤ ʚʦʩʧʨʠʷʪʠʠ, ʧʦʩʢʦʣʴʢʫ ʦʙʲʝʢʪʳ, ʩʨʝʜʳ ʠ ʠʟʣʫʯʝʥʠʷ 

ʦʧʠʩʳʚʘʶʪʩʷ ʨʘʟʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʥʝʟʘʚʠʩʠʤʦ ʧʨʠʥʠʤʘʶʱʠʤʠ ʚ ʩʮʝʥʝ 

ʧʨʦʠʟʚʦʣʴʥʳʝ ʟʥʘʯʝʥʠʷ. ʆʜʥʘʢʦ ʬʠʟʠʢʠ ʠ ʤʘʪʝʤʘʪʠʢʠ ʚʟʷʣʠ ʥʘ ʩʝʙʷ ʩʤʝʣʦʩʪʴ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ 

ʝʩʣʠ ʠʩʩʣʝʜʦʚʘʪʴ ʮʚʝʪʦʚʦʝ ʚʦʩʧʨʠʷʪʠʝ ʩʪʨʦʛʦ ʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ, ʪʦ ʚʩʝ ʩʦʩʪʘʚʥʳʝ ʵʣʝʤʝʥʪʳ 

ʜʘʥʥʦʛʦ ʬʝʥʦʤʝʥʘ ʙʫʜʫʪ ʠʤʝʪʴ ʯʝʪʢʦʝ ʠ ʩʦʛʣʘʩʦʚʘʥʥʦʝ ʦʧʠʩʘʥʠʝ. ʕʪʦʡ ʧʦʟʠʮʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʧʨʠʜʝʨʞʠʚʘʝʪʩʷ ʦʜʠʥ ʠʟ ʢʣʘʩʩʠʢʦʚ ʮʚʝʪʦʚʦʡ ʪʝʦʨʠʠ ʄʘʨʢ ʌʵʨʯʘʡʣʜ [4]. 

ʂʘʢʠʝ ʞʝ ʩʦʩʪʘʚʥʳʝ ʵʣʝʤʝʥʪʳ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʮʚʝʪʦʚʦʛʦ ʚʦʩʧʨʠʷʪʠʷ 

ʚʳʜʝʣʷʝʪ ʄ. ʌʵʨʯʘʡʣʜ? ʆʥ ʫʢʘʟʳʚʘʝʪ, ʯʪʦ ʮʚʝʪʦʚʳʝ ʬʝʥʦʤʝʥʳ ʧʨʦʷʚʣʷʶʪʩʷ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ, ʤʘʪʝʨʠʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʩʝʥʩʦʨʦʚ (ʨʠʩ. 1). ʀʩʪʦʯʥʠʢ 

ʩʚʝʪʘ ï ʵʪʦ ʠʩʪʦʯʥʠʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚʠʜʠʤʦʛʦ ʜʠʘʧʘʟʦʥʘ. ʄʘʪʝʨʠʘʣʴʥʳʝ 

ʦʙʲʝʢʪʳ ʧʦʛʣʦʱʘʶʪ ʠ ʨʘʩʩʝʠʚʘʶʪ ʵʪʦ ʠʟʣʫʯʝʥʠʝ. ʅʘʢʦʥʝʮ, ʮʚʝʪʦʚʦʡ ʩʝʥʩʦʨ (ʥʘʧʨʠʤʝʨ, 

ʟʨʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʯʝʣʦʚʝʢʘ) ʨʝʘʛʠʨʫʝʪ ʥʘ ʧʨʷʤʦʝ ʠʣʠ ʨʘʩʩʝʷʥʥʦʝ ʦʪ ʦʙʲʝʢʪʦʚ ʦʩʚʝʱʝʥʠʝ ʚ 

ʥʝʢʦʪʦʨʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʝʢʪʨʘ ʵʪʦʛʦ ʦʩʚʝʱʝʥʠʷ. ʉʫʱʝʩʪʚʝʥʥʦ, ʯʪʦ ʚ ʵʪʦʡ ʤʦʜʝʣʠ ʥʝ 
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ʫʧʦʤʠʥʘʝʪʩʷ ʩʨʝʜʘ, ʚ ʢʦʪʦʨʦʡ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʩʚʝʪ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʝ ʧʦʣʥʦʩʪʴʶ 

ʤʦʜʝʣʠʨʫʶʪʩʷ ʮʚʝʪʦʚʳʝ ʷʚʣʝʥʠʷ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʧʦʜʚʦʜʥʦʡ ʩʲʝʤʢʠ. 

 

 

 

ʈʠʩ. 1. ʊʨʠ ʬʠʟʠʯʝʩʢʠʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʧʨʦʮʝʩʩʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʮʚʝʪʘ: ʠʩʪʦʯʥʠʢ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ 

ʦʩʚʝʱʝʥʠʝ, ʥʘʙʣʶʜʘʝʤʳʡ ʦʙʲʝʢʪ ʠ ʮʚʝʪʦʨʘʟʣʠʯʘʶʱʠʡ ʩʝʥʩʦʨ 

 

ʇʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʥʘʙʣʶʜʝʥʠʠ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ ʮʚʝʪʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʘʥʘʣʦʛʠʯʥʦ ʟʚʫʢʦʚʳʤ, ʦʧʠʩʳʚʘʶʪ ʩʚʦʡʩʪʚʘ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʩʝʥʩʦʨʦʤ ʢʦʣʝʙʘʥʠʡ. ɺ ʩʣʫʯʘʝ ʞʝ 

ʥʘʙʣʶʜʝʥʠʷ ʦʙʲʝʢʪʦʚ, ʠʤʝʶʱʠʭ ʪʫ ʠʣʠ ʠʥʫʶ ʦʢʨʘʩʢʫ, ʯʝʣʦʚʝʢ ʧʨʠʧʠʩʳʚʘʝʪ ʮʚʝʪʦʚʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʘʤʦʤʫ ʦʙʲʝʢʪʫ, ʦʧʠʩʳʚʘʷ ʝʛʦ ʦʪʨʘʞʘʪʝʣʴʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ. ʅʦ ʚʝʜʴ ʦʙʲʝʢʪ 

ʚʳʩʪʫʧʘʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʪʦʨʠʯʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʩʚʝʪʘ! ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʮʚʝʪʦʚʦʝ ʚʦʩʧʨʠʷʪʠʝ 

ʚ ʥʝʢʦʪʦʨʦʤ ʩʤʳʩʣʝ çʜʚʦʠʪʩʷè, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʦʩʣʦʞʥʷʝʪ ʘʢʢʫʨʘʪʥʦʝ ʦʙʩʫʞʜʝʥʠʝ. ɺʦʪ ʯʪʦ 

ʧʦ ʵʪʦʤʫ ʧʦʚʦʜʫ ʧʠʩʘʣ ʦʩʥʦʚʘʪʝʣʴ ʩʦʚʝʪʩʢʦʡ ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʦʡ ʥʘʫʯʥʦʡ ʰʢʦʣʳ ʠʟʚʝʩʪʥʳʡ 

ʤʘʪʝʤʘʪʠʢ, ʬʠʟʠʢ ʠ ʙʠʦʬʠʟʠʢ ʅʠʢʦʣʘʡ ɼʤʠʪʨʠʝʚʠʯ ʅʶʙʝʨʛ, ʪʨʫʜʳ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʶʪ, 

ʥʘʯʠʥʘʷ ʩ 30-ʭ ʛʦʜʦʚ XX ʩʪʦʣʝʪʠʷ ʠ ʧʦ ʩʝʡ ʜʝʥʴ, ʩʪʨʦʛʦ ʥʘʫʯʥʳʡ ʧʦʜʭʦʜ ʢ ʦʧʠʩʘʥʠʶ ʮʚʝʪʘ 

[5, ʩ. 65]: 

ɺ ʨʘʟʛʦʚʦʨʥʦʤ ʷʟʳʢʝ ʤʳ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʩʣʦʚʦʤ çʮʚʝʪè ʦʙʦʟʥʘʯʘʝʤ 

ʠ ʮʚʝʪʦʚʦʝ ʦʱʫʱʝʥʠʝ, ʠ ʦʙʲʝʢʪʠʚʥʳʝ ʦʪʨʘʞʘʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʧʨʝʜʤʝʪʦʚ. 

ʆʙ ʵʪʦʤ ʜʘʶʪ ʷʩʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʪʘʢʠʝ ʬʨʘʟʳ: çʉʥʝʛ ʧʨʠ ʩʚʝʪʝ ʟʘʨʠ 

ʢʘʞʝʪʩʷ ʨʦʟʦʚʳʤ, ʭʦʪʷ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʮʚʝʪ ʙʝʣʳʡè. ɺ ʣʶʙʦʤ, ʜʘʞʝ ʥʘʫʯʥʦʤ 

ʦʧʠʩʘʥʠʠ ʷʚʣʝʥʠʡ ʢʦʥʪʨʘʩʪʘ ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʬʨʘʟʫ ʚʨʦʜʝ ʩʣʝʜʫʶʱʝʡ: 

çʅʝʙʦʣʴʰʦʡ ʢʫʩʦʯʝʢ ʙʫʤʘʛʠ ʩʝʨʦʛʦ ʮʚʝʪʘ ʥʘ ʢʨʘʩʥʦʤ ʬʦʥʝ ʢʘʞʝʪʩʷ ʧʦ ʮʚʝʪʫ 

ʟʝʣʝʥʦʚʘʪʳʤè. ʗʩʥʦ, ʯʪʦ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʩʦʧʦʩʪʘʚʣʷʶʪʩʷ ʜʚʘ ʨʘʟʣʠʯʥʳʭ 

ʧʦʥʷʪʠʷ: ʦʜʥʦ ʠʟ ʥʠʭ, çʢʘʞʫʱʠʡʩʷ ʮʚʝʪè, ʝʩʪʴ ʮʚʝʪʦʚʦʝ ʦʱʫʱʝʥʠʝ, ʘ ʜʨʫʛʦʝ, 

çʮʚʝʪ ʥʘ ʩʘʤʦʤ ʜʝʣʝè ʠʣʠ ʧʨʦʩʪʦ çʮʚʝʪè, ʝʩʪʴ ʥʝʢʦʪʦʨʦʝ ʦʙʲʝʢʪʠʚʥʦʝ ʩʚʦʡʩʪʚʦ 

ʧʨʝʜʤʝʪʘ. ʇʨʝʜʤʝʪ çʙʝʣʳʡ ʥʘ ʩʘʤʦʤ ʜʝʣʝè ʵʪʦ ï ʧʨʝʜʤʝʪ, ʦʙʣʘʜʘʶʱʠʡ 

ʨʘʚʥʦʤʝʨʥʳʤ ʚʳʩʦʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʦʪʨʘʞʝʥʠʷ ʧʦ ʚʩʝʤʫ ʩʧʝʢʪʨʫ, çʥʘ ʩʘʤʦʤ 

ʜʝʣʝ ʢʨʘʩʥʳʡè, ʠʤʝʶʱʠʡ ʧʦʛʣʦʱʝʥʠʝ ʚʩʶʜʫ, ʢʨʦʤʝ ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ ʯʘʩʪʠ 

ʩʧʝʢʪʨʘ, ʠ ʪ.ʜ. 

ɼʣʷ ʯʝʪʢʦʛʦ ʨʘʟʣʠʯʝʥʠʷ ʵʪʠʭ ʧʦʥʷʪʠʡ ʤʳ ʙʫʜʝʤ, ʢʘʢ ʵʪʦ ʧʨʠʥʷʪʦ ʚ ʥʘʫʢʝ, 

ʧʦʜ ʩʣʦʚʦʤ çʮʚʝʪè ʧʦʥʠʤʘʪʴ ʪʦʣʴʢʦ ʮʚʝʪʦʚʦʝ ʦʱʫʱʝʥʠʝ. ɼʣʷ ʦʙʲʝʢʪʠʚʥʳʭ 

ʦʪʨʘʞʘʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ ʧʨʝʜʤʝʪʦʚ ʙʫʜʝʤ ʫʧʦʪʨʝʙʣʷʪʴ ʩʣʦʚʦ çʦʢʨʘʩʢʘè. 

ɺ ʵʪʦʤ ʞʝ ʩʤʳʩʣʝ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʮʚʝʪʦʚ ʠ ʦʢʨʘʩʦʢ ʙʫʜʝʤ 

ʨʘʟʣʠʯʘʪʴ ʚʳʨʘʞʝʥʠʷ çʙʝʣʳʡ ʧʦ ʦʢʨʘʩʢʝè ʠ çʙʝʣʳʡ ʧʦ ʮʚʝʪʫè. ʅʘʧʨʠʤʝʨ, ʙʫʜʝʤ 
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ʛʦʚʦʨʠʪʴ: çʉʥʝʛ ʧʨʠ ʩʚʝʪʝ ʟʘʨʠ ʨʦʟʦʚʳʡ ʧʦ ʮʚʝʪʫ, ʥʦ ʧʦ ʦʢʨʘʩʢʝ ʦʥ ʙʝʣʳʡè. 

ɺ ʜʘʥʥʦʤ ʧʦʩʦʙʠʠ, ʩʦʛʣʘʰʘʷʩʴ ʩ ʅ.ɼ. ʅʶʙʝʨʛʦʤ ʧʦ ʩʫʱʝʩʪʚʫ, ʚʩʝ ʞʝ ʥʘʜʝʣʠʤ ʜʚʘ 

ʫʧʦʤʷʥʫʪʳʭ ʪʝʨʤʠʥʘ ʥʝʩʢʦʣʴʢʦ ʠʥʳʤ ʩʤʳʩʣʦʤ. ʇʦʜ ʦʢʨʘʩʢʦʡ ʤʳ ʜʦʛʦʚʦʨʠʤʩʷ ʧʦʥʠʤʘʪʴ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪʨʘʞʘʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ ʦʙʲʝʢʪʦʚ. ʆʢʨʘʩʢʘ ʪʝʣʘ, 

ʦʯʝʚʠʜʥʦ, ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʦʩʚʝʱʝʥʠʷ (ʢʘʢ ʠ ʫ ʅʶʙʝʨʛʘ). ʎʚʝʪʦʤ ʞʝ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʚʩʝ 

ʤʥʦʛʦʦʙʨʘʟʠʝ ʟʨʠʪʝʣʴʥʳʭ ʦʱʫʱʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʢʘʢ ʩʦ ʩʧʝʢʪʨʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ ʠʟʣʫʯʝʥʠʡ, 

ʪʘʢ ʠ ʩ ʦʢʨʘʩʢʦʡ ʦʙʲʝʢʪʦʚ. ʇʨʠ ʪʘʢʦʤ ʧʦʥʠʤʘʥʠʠ ʢʦʥʩʪʨʫʢʮʠʷ çʮʚʝʪ ʦʢʨʘʩʢʠè ʜʦʧʫʩʪʠʤʘ, 

ʚʳʨʘʞʝʥʠʝ çʙʝʣʳʡ ʧʦ ʮʚʝʪʫè ʷʚʣʷʝʪʩʷ ʧʣʝʦʥʘʟʤʦʤ, ʘ ʩʥʝʛ ʚ ʧʨʠʤʝʨʝ ʅ.ɼ. ʅʶʙʝʨʛʘ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʚʫʤʷ ʨʘʟʥʳʤʠ ʮʚʝʪʦʚʳʤʠ ʦʮʝʥʢʘʤʠ ï ʝʛʦ ʦʢʨʘʩʢʘ ʧʦʩʪʫʣʠʨʫʝʪʩʷ ʙʝʣʦʡ (ʘ 

çʙʝʣʳʡè ï ʵʪʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʤʝʥʥʦ ʚʦʩʧʨʠʥʠʤʘʝʤʦʛʦ ʦʙʨʘʟʘ), ʥʦ ʧʨʠ ʵʪʦʤ, ʙʣʘʛʦʜʘʨʷ 

ʦʩʚʝʱʝʥʠʶ, ʪʘʢʞʝ ʚʦʟʥʠʢʘʝʪ ʦʱʫʱʝʥʠʝ ʨʦʟʦʚʦʛʦ. 

 

1.1. ʕʣʝʤʝʥʪʳ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʬʦʪʦʤʝʪʨʠʠ 
 

ɺ ʩʚʦʝʤ ʟʘʚʝʨʰʝʥʥʦʤ ʚʠʜʝ ʮʚʝʪʦʚʘʷ ʪʝʦʨʠʷ ʜʦʣʞʥʘ ʩʚʷʟʳʚʘʪʴ ʧʦʥʷʪʠʷ ʤʠʨʘ ʦʱʫʱʝʥʠʡ 

ʩ ʠʟʤʝʨʠʤʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʚʝʣʠʯʠʥʘʤʠ. ʗʩʥʦ, ʯʪʦ ʩʫʙʲʝʢʪʠʚʥʘʷ ʩʪʦʨʦʥʘ ʚʦʧʨʦʩʘ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʣʦʞʥʝʝ, ʧʦʵʪʦʤʫ ʨʘʟʙʝʨʝʤʩʷ ʩʥʘʯʘʣʘ ʩ ʬʠʟʠʢʦʡ: ʚʚʝʜʝʤ ʥʝʩʢʦʣʴʢʦ ʤʦʜʝʣʝʡ ʠ 

ʦʧʨʝʜʝʣʝʥʠʡ ʠʟ ʦʙʣʘʩʪʠ ʦʧʪʠʢʠ, ʥʘʟʳʚʘʝʤʦʡ ʬʦʪʦʤʝʪʨʠʝʡ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʦʪʦʤʝʪʨʠʠ ʢʘʢ ʦʩʥʦʚʳ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʦʮʝʥʦʢ ʤʦʜʝʣ ɹ

ʌʵʨʯʘʡʣʜʘ ʥʝʦʙʭʦʜʠʤʦ ʫʪʦʯʥʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʩʚʝʪ ʠʩʧʫʩʢʘʝʪʩʷ ʧʝʨʚʠʯʥʳʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ ʩʚʝʪʘ, ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚ ʧʨʦʟʨʘʯʥʦʡ ʥʝʧʦʛʣʦʱʘʶʱʝʡ ʩʨʝʜʝ, ʧʦʛʣʦʱʘʝʪʩʷ 

ʠ ʨʘʩʩʝʠʚʘʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʧʨʦʟʨʘʯʥʳʭ ʦʙʲʝʢʪʦʚ ʠ, ʧʨʦʭʦʜʷ ʯʝʨʝʟ ʦʧʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ, 

ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʩʝʥʩʦʨʦʤ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʤʦʜʝʣʴ ʥʝ ʫʯʠʪʳʚʘʝʪ, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʝʣʠʥʝʡʥʦ-

ʦʧʪʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʷʚʣʝʥʠʝ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ. 

ʇʦʩʪʨʦʠʤ ʬʦʨʤʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʩʚʦʡʩʪʚ ʚʩʝʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʵʣʝʤʝʥʪʦʚ ʩʮʝʥʳ. 

ʅʘʯʥʝʤ ʩ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʦʧʠʩʘʥʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʫʛʣʦʚʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʷʨʢʦʩʪʠ (ʜʘʣʝʝ ï 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʷʨʢʦʩʪʠ) B ( , , )ll outr n :  
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ɿʜʝʩʴ Pd  ï ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʩ ʜʣʠʥʘʤʠ ʚʦʣʥ ʦʪ l ʜʦ ,l dl+  ʠʩʧʫʩʢʘʝʤʦʛʦ 

ʚ ʥʘʧʨʘʚʣʝʥʠʠ outn  ʚ ʪʝʣʝʩʥʦʤ ʫʛʣʝ dw ʵʣʝʤʝʥʪʦʤ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʧʣʦʱʘʜʴʶ ds 

ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ ʮʝʥʪʨʘ ;r  surfn  ï ʥʦʨʤʘʣʴ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʚ ʪʦʯʢʝ ,r  ʘ ʪʦʯʢʦʡ 

ʟʜʝʩʴ ʠ ʜʘʣʝʝ ʦʙʦʟʥʘʯʘʝʪʩʷ ʦʧʝʨʘʮʠʷ ʩʢʘʣʷʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠ.̫ 

ɺʦ ʤʥʦʛʠʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʙʦʪʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʮʚʝʪʦʤ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʝʣʴ ʪʦʯʝʯʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ, ʠʟʣʫʯʘʶʱʠʭ ʢʦʥʝʯʥʫʶ ʤʦʱʥʦʩʪʴ ʠʟ ʦʜʥʦʡ ʪʦʯʢʠ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʊʦʯʝʯʥʳʤ 

ʠʩʪʦʯʥʠʢʘʤ ʥʝʚʦʟʤʦʞʥʦ ʧʨʠʧʠʩʘʪʴ ʢʦʥʝʯʥʫʶ ʷʨʢʦʩʪʴ. ʆʥʠ ʦʧʠʩʳʚʘʶʪʩʷ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʧʣʦʪʥʦʩʪʴʶ ʩʠʣʳ ʠʟʣʫʯʝʥʠʷ ɚI ( , )l outn :  

 I ( , ) = ,
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ʛʜʝ Pd  ï ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʩ ʜʣʠʥʘʤʠ ʚʦʣʥ ʦʪ l ʜʦ ,l dl+  ʠʩʧʫʩʢʘʝʤʦʛʦ ʪʦʯʝʯʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʚ ʥʘʧʨʘʚʣʝʥʠʠ outn  ʚ ʪʝʣʝʩʥʦʤ ʫʛʣʝ .dw ʄʳ ʙʫʜʝʤ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʙʝʛʘʪʴ 



ȴɗɓɔɈɡ ɜɈɋɘɔɈɔɏ ɘɋɔɖɎɎ Ɉ ɘɋɛɓɎɝɋɗɐɔɒ ɍɖɋɓɎɎ 
ȽɆɗɘɢ 1. ȨɈɋɊɋɓɎɋ Ɉ ɜɈɋɘɔɈəɤ ɘɋɔɖɎɤ 

ȰɔɑɑɋɐɘɎɈ ɆɈɘɔɖɔɈ 

 

  8 

 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʡ ʤʦʜʝʣʠ ʢʘʢ ʥʝ ʩʣʠʰʢʦʤ ʨʝʘʣʠʩʪʠʯʥʦʡ, ʭʦʪʷ ʠ ʙʫʜʝʤ ʫʧʦʤʠʥʘʪʴ ʝʝ 

ʚ ʥʝʢʦʪʦʨʳʭ ʤʝʩʪʘʭ ʜʣʷ ʧʨʦʷʩʥʝʥʠʷ ʩʚʷʟʠ ʩ ʜʨʫʛʠʤʠ ʨʘʙʦʪʘʤʠ. 

ɽʩʣʠ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʨʝʜʢʠʡ ʠ ʩʣʦʞʥʳʡ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʩʧʝʢʪʨʘʣʴʥʳʡ 

ʩʦʩʪʘʚ ʠʟʣʫʯʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʟʘʚʠʩʠʪ ʦʪ ʫʛʣʘ ʥʘʙʣʶʜʝʥʠʷ ʠ/ʠʣʠ ʦʪ ʪʦʯʢʠ ʠʩʧʫʩʢʘʥʠʷ, 

ʩʧʝʢʪʨʘʣʴʥʘʷ ʷʨʢʦʩʪʴ ʠʩʪʦʯʥʠʢʘ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʦʞʝʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

 

2 0

B ( , , ) = B( , ) S( ),

=1, S( ) =1.d

ll l

l l
¤

ñ

out out

out

r n r n

n
 (3) 

ɿʜʝʩʴ B( , )outr n  ï ʠʥʪʝʛʨʘʣʴʥʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʷʨʢʦʩʪʴ ʠʩʪʦʯʥʠʢʘ ʚ ʪʦʯʢʝ ,r  ʘ S( )l  ï 

ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʩʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʠʩʧʫʩʢʘʝʤʦʛʦ ʩʚʝʪʘ. ʀʩʪʦʯʥʠʢʠ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ 

ʤʦʜʝʣʠ (3), ʤʳ ʥʘʟʦʚʝʤ ʧʨʦʩʪʳʤʠ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʩʮʝʥʘ ʦʩʚʝʱʝʥʘ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʨʦʩʪʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʩʚʝʪʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʣʦʞʠʤ, ʯʪʦ ʧʦ ʫʤʦʣʯʘʥʠʶ 

ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʩʦʩʪʘʚʳ ʚʩʝʭ ʠʩʪʦʯʥʠʢʦʚ ʚ ʩʮʝʥʝ ʣʠʥʝʡʥʦ ʥʝʟʘʚʠʩʠʤʳ (ʚ 

ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʠʭ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʤʝʥʴʰʠʤ ʯʠʩʣʦʤ ʜʨʫʛʠʭ ʧʨʦʩʪʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʧʫʩʪʴ ʠ 

ʥʝʦʜʥʦʩʚʷʟʥʳʭ ʠ/ʠʣʠ ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ). 

ʀʩʪʦʯʥʠʢʠ ʩʚʝʪʘ ʩʦʟʜʘʶʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʲʝʢʪʦʚ ʦʩʚʝʱʝʥʥʦʩʪʴ, ʦʧʠʩʳʚʘʝʤʫʶ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʩʧʝʢʪʨʘʣʴʥʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ (ʠʣʠ ʨʘʟʚʝʨʥʫʪʦ ï 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ) E ( , )llr :  

 E ( , ) = ,
P

l

d
l

dlds
r  (4) 

ʛʜʝ Pd  ï ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʩ ʜʣʠʥʘʤʠ ʚʦʣʥ ʦʪ l ʜʦ ,l dl+  ʦʙʣʫʯʘʶʱʝʛʦ ʵʣʝʤʝʥʪ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʦʱʘʜʴʶ ds ʩ ʮʝʥʪʨʦʤ ʚ ʪʦʯʢʝ .r  ɺ ʦʪʣʠʯʠʝ ʦʪ ʷʨʢʦʩʪʠ, ʦʩʚʝʱʝʥʥʦʩʪʴ 

ʚ ʬʦʪʦʤʝʪʨʠʠ ʚʚʦʜʠʪʩʷ ʙʝʟ ʫʛʣʦʚʦʛʦ ʘʨʛʫʤʝʥʪʘ, ʭʦʪʷ, ʢʘʢ ʩʪʘʥʝʪ ʷʩʥʦ ʠʟ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʠʟʣʦʞʝʥʠʷ, ʧʦ ʩʤʳʩʣʫ ʵʪʠ ʜʚʝ ʚʝʣʠʯʠʥʳ ʦʙʨʘʟʫʶʪ ʧʘʨʫ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʣʷ ʢʦʨʨʝʢʪʥʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʢʨʘʩʢʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʥʘʤ ʧʦʥʘʜʦʙʠʪʩʷ ʫʛʣʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ 
,E ( , , )lwl inr n , ʢʦʪʦʨʦʝ ʤʳ ʦʧʨʝʜʝʣʠʤ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 
,

E ( , )
E ( , , ) ,l
l w

d l
l

dw
=in

r
r n  (5) 

ʛʜʝ E ( , )ld lr

 

 ï ʩʧʝʢʪʨʘʣʴʥʘʷ ʦʩʚʝʱʝʥʥʦʩʪʴ, ʩʦʟʜʘʚʘʝʤʘʷ ʧʦʪʦʢʦʤ ʩʚʝʪʘ, ʠʜʫʱʠʤ 

ʚ ʥʘʧʨʘʚʣʝʥʠʠ 
inn  ʚ ʪʝʣʝʩʥʦʤ ʫʛʣʝ .dw 

ʉʧʝʢʪʨʘʣʴʥʘʷ ʦʩʚʝʱʝʥʥʦʩʪʴ, ʩʦʟʜʘʚʘʝʤʘʷ ʪʦʯʝʯʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʩʦ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʧʣʦʪʥʦʩʪʴʶ ʩʠʣʳ ʠʟʣʫʯʝʥʠʷ I ( , )ll outn , ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʚ ʪʦʯʢʝ Ir , ʚʳʨʘʞʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ:  

 

, 2

2

2

2

I ( , )
E ( , ) = ,

= , =1,

l
l w

l
l

- Ö

-

-

-

out out surf

I

I
out surf

I

n n n
r

r r

r r
n n

r r

 (6) 

ʪʦ ʝʩʪʴ ʦʩʚʝʱʝʥʥʦʩʪʴ ʪʦʯʢʠ r  ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʦʩʠʥʫʩʫ ʫʛʣʘ ʤʝʞʜʫ 

ʥʦʨʤʘʣʴʶ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʵʪʦʡ ʪʦʯʢʝ ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʟ ʥʝʝ ʥʘ ʠʩʪʦʯʥʠʢ. 

ʇʦʩʢʦʣʴʢʫ ʩʨʝʜʘ ʘʙʩʦʣʶʪʥʦ ʧʨʦʟʨʘʯʥʘ, ʪʦ ʦʩʚʝʱʝʥʥʦʩʪʴ E ( , )llr , ʩʦʟʜʘʚʘʝʤʘʷ 

ʧʨʦʩʪʳʤ ʠʩʪʦʯʥʠʢʦʤ, ʙʫʜʝʪ ʠʤʝʪʴ ʩʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ, ʩʦʚʧʘʜʘʶʱʠʡ ʩʦ ʩʧʝʢʪʨʘʣʴʥʳʤ 

ʩʦʩʪʘʚʦʤ S( )l  ʷʨʢʦʩʪʠ ʠʩʪʦʯʥʠʢʘ:  



ȴɗɓɔɈɡ ɜɈɋɘɔɈɔɏ ɘɋɔɖɎɎ Ɉ ɘɋɛɓɎɝɋɗɐɔɒ ɍɖɋɓɎɎ 
ȽɆɗɘɢ 1. ȨɈɋɊɋɓɎɋ Ɉ ɜɈɋɘɔɈəɤ ɘɋɔɖɎɤ 

ȰɔɑɑɋɐɘɎɈ ɆɈɘɔɖɔɈ 
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 E ( , ) = g( ) S( ),ll lr r  (7) 

ʛʜʝ g( )r  ï ʢʦʵʬʬʠʮʠʝʥʪ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʦʡ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʷʨʢʦʩʪʠ ʠʩʪʦʯʥʠʢʘ B( , )outr n , ʘ ʪʘʢʞʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠ ʛʝʦʤʝʪʨʠʠ ʦʩʚʝʱʘʝʤʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʚʳʰʝ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ (ʩʠʣʘ ʠʟʣʫʯʝʥʠʷ, ʩʧʝʢʪʨʘʣʴʥʳʝ 

ʷʨʢʦʩʪʴ ʠ ʦʩʚʝʱʝʥʥʦʩʪʴ) ʥʘʟʳʚʘʶʪʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ. ʇʦʤʠʤʦ ʥʠʭ, ʚ ʬʦʪʦʤʝʪʨʠʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʨʝʜʫʮʠʨʦʚʘʥʥʳʝ ʚʝʣʠʯʠʥʳ. ʆʥʠ ʚʚʦʜʷʪʩʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʠʟʣʫʯʝʥʠʝ ʥʝ ʩʧʝʢʪʨʘʣʴʥʦʡ ʬʫʥʢʮʠʝʡ, ʘ ʩʢʘʣʷʨʥʦʡ ʚʝʣʠʯʠʥʦʡ, ʟʘʜʘʶʱʝʡ 

ʤʝʨʫ ʦʙʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʵʪʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʢʦʥʪʝʢʩʪʝ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʷʚʣʝʥʠʷ (ʚʠʜʠʤʦʩʪʠ ʜʣʷ 

ʯʝʣʦʚʝʢʘ, ʢʘʥʮʝʨʦʛʝʥʥʦʛʦ ʚʣʠʷʥʠʷ, ʙʘʢʪʝʨʠʮʠʜʥʦʛʦ ʵʬʬʝʢʪʘ ʠ ʜʨ.). ɼʣʷ ʚʚʝʜʝʥʠʷ 

ʨʝʜʫʮʠʨʦʚʘʥʥʳʭ ʚʝʣʠʯʠʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʣʠʥʝʡʥʘʷ ʩʧʝʢʪʨʘʣʴʥʦ-ʘʜʜʠʪʠʚʥʘʷ ʤʦʜʝʣʴ. ʇʫʩʪʴ 

A ( )ll  ï ʪʘ ʠʣʠ ʠʥʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʬʦʪʦʤʝʪʨʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ. ʊʦʛʜʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʝʡ 

ʨʝʜʫʮʠʨʦʚʘʥʥʘʷ ʚʝʣʠʯʠʥʘ rA  ʙʫʜʝʪ ʩʚʷʟʘʥʘ ʩ ʥʝʡ ʩʣʝʜʫʶʱʠʤ ʩʦʦʪʥʦʰʝʥʠʝʤ:  

 
0

= A ( ) w( ) ,rA dll l l
¤

ñ  (8) 

ʛʜʝ w( )l  ï ʩʧʝʢʪʨʘʣʴʥʘʷ ʚʝʩʦʚʘʷ ʬʫʥʢʮʠʷ, ʟʘʚʠʩʷʱʘʷ ʦʪ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʷʚʣʝʥʠʷ. 

ɺ 1924 ʛʦʜʫ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʤʠʩʩʠʷ ʧʦ ʦʩʚʝʱʝʥʠʶ (ʄʂʆ, ʬʨ. CIE ï Commission 

internationale de lô®clairage) ʩʪʘʥʜʘʨʪʠʟʦʚʘʣʘ ʬʫʥʢʮʠʶ ʩʧʝʢʪʨʘʣʴʥʦʡ ʩʚʝʪʦʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʯʝʣʦʚʝʢʘ V( )l  (ʠʥʦʛʜʘ ʥʘʟʳʚʘʝʤʫʶ ʪʘʢʞʝ ʢʨʠʚʦʡ 

ʚʠʜʥʦʩʪʠ). ʕʪʘ ʬʫʥʢʮʠʷ ʩʚʷʟʳʚʘʝʪ ʩʧʝʢʪʨʘʣʴʥʫʶ ʷʨʢʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʩ ʩʫʙʲʝʢʪʠʚʥʳʤ 

ʦʱʫʱʝʥʠʝʤ ʷʨʢʦʩʪʠ, ʚʦʟʥʠʢʘʶʱʠʤ ʫ ʯʝʣʦʚʝʢʘ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʝʡ ʨʝʜʫʮʠʨʦʚʘʥʥʳʝ 

ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ ʥʘʟʳʚʘʶʪʩʷ ʩʚʝʪʦʚʳʤʠ. ɼʣʷ ʩʚʝʪʦʚʳʭ ʚʝʣʠʯʠʥ ʚ ʩʠʩʪʝʤʝ ʉʀ 

w( ) = 683 V( )l l, ʧʨʠ ʵʪʦʤ ʩʠʣʘ ʠʟʣʫʯʝʥʠʷ ʠʤʝʝʪ ʨʘʟʤʝʨʥʦʩʪʴ ɺʪ/ʩʨ, ʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʝʡ 

ʩʠʣʘ ʩʚʝʪʘ ï ʢʜ (ʢʘʥʜʝʣʘ). 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʢʨʠʚʘʷ ʚʠʜʥʦʩʪʠ, ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʘʷ ʚ 1924 ʛʦʜʫ, 

ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ ʚ ʩʠʥʝʡ ʦʙʣʘʩʪʠ (ʥʝʜʦʦʮʝʥʠʚʘʝʪʩ ̫ʷʨʢʦʩʪʥʳʡ ʵʬʬʝʢʪ). 

ʅʦ ʠʟʤʝʥʝʥʠʝ ʚʝʩʦʚʦʡ ʬʫʥʢʮʠʠ ʥʝʠʟʙʝʞʥʦ ʧʨʠʚʝʜʝʪ ʢ ʧʝʨʝʩʤʦʪʨʫ ʟʥʘʯʝʥʠʡ ʚʩʝʭ ʩʚʝʪʦʚʳʭ 

ʚʝʣʠʯʠʥ. ʕʪʦ ʦʜʥʘ ʠʟ ʧʨʠʯʠʥ, ʧʦ ʢʦʪʦʨʳʤ ʫʪʦʯʥʝʥʥʘʷ ʚ 1988 ʛʦʜʫ ʢʨʠʚʘʷ ʚʠʜʥʦʩʪʠ MV ( )l  ʜʦ 

ʩʠʭ ʧʦʨ ʥʝ ʧʨʠʥʷʪʘ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʘ. ʀʟ-ʟʘ ʪʘʢʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚ ʜʘʥʥʦʤ ʧʦʩʦʙʠʠ ʤʳ 

ʙʫʜʝʤ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʙʝʛʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʫʥʢʮʠʠ V( )l ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʝʡ ʩʚʝʪʦʚʳʭ 

ʚʝʣʠʯʠʥ. ʂ ʩʯʘʩʪʴʶ, ʭʦʪʷ ʠʩʪʦʨʠʯʝʩʢʠ ʢʨʠʚʘʷ ʚʠʜʥʦʩʪʠ ʙʳʣʘ ʝʜʚʘ ʣʠ ʥʝ ʧʝʨʚʳʤ 

ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʤ ʩʪʘʥʜʘʨʪʦʤ, ʩʚʷʟʳʚʘʶʱʠʤ ʬʠʟʠʢʫ ʠ ʯʝʣʦʚʝʯʝʩʢʠʝ ʟʨʠʪʝʣʴʥʳʝ ʦʱʫʱʝʥʠʷ, 

ʦʥʘ ʥʝ ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʦʩʥʦʚ ʮʚʝʪʦʚʦʡ ʪʝʦʨʠʠ. 

ʇʝʨʝʡʜʝʤ ʪʝʧʝʨʴ ʢ ʦʧʠʩʘʥʠʶ ʦʙʲʝʢʪʦʚ ʩʮʝʥʳ. ʇʦʩʢʦʣʴʢʫ ʤʳ ʧʨʝʥʝʙʨʝʛʘʝʤ ʥʝʣʠʥʝʡʥʦ-

ʦʧʪʠʯʝʩʢʠʤʠ ʵʬʬʝʢʪʘʤʠ ʠ ʦʧʪʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʦʙʲʝʢʪʦʚ, ʪʦ ʠʭ ʦʢʨʘʩʢʘ ʤʦʞʝʪ ʙʳʪʴ 

ʧʦʣʥʦʩʪʴʶ ʦʧʠʩʘʥʘ ʩʧʝʢʪʨʘʣʴʥʦʡ ʠʥʜʠʢʘʪʨʠʩʦʡ ʨʘʩʩʝʷʥʠʷ ʠʣʠ, ʪʦʯʥʝʝ, ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʜʚʫʣʫʯʝʚʦʡ ʬʫʥʢʮʠʝʡ ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ (ʩʧʝʢʪʨʘʣʴʥʦʡ ɼʌʆʉ, ʉɼʌʆʉ) 

 [6, ʩ. 31].  ʉɼʌʆʉ ʟʘʜʘʝʪ ʚ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ ʦʪ  ʜʦ  ʦʪʥʦʰʝʥʠʝ 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʷʨʢʦʩʪʠ B ( , , )ld l outr n  ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʪʦʯʢʝ r  ʚ ʥʘʧʨʘʚʣʝʥʠʠ outn  ʢ ʟʥʘʯʝʥʠʶ 

ʫʛʣʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ ,E ( , , )lwl inr n  ʚ ʥʘʧʨʘʚʣʝʥʠʠ inn :  

 
2 2

,

B ( , , )
f ( , , , ) = , = =1.

E ( , , )
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l

l w
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l
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in out in out
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r n n n n

r n
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f ( , , , )ll in outr n n l l dl+
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ʅʘ ʉɼʌʆʉ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘʢʣʘʜʳʚʘʶʪ ʪʨʠ ʬʠʟʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʝʥʠʷ: 

f ( , , , ) 0ll ²in outr n n  (ʨ̫ʢʦʩʪʴ ʥʝ ʙʳʚʘʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦʡ); f ( , , , ) = f ( , , , )l ll lin out out inr n n r n n  

(ʧʨʠʥʮʠʧ ɻʝʣʴʤʛʦʣʴʮʘ ʦʙʨʘʪʠʤʦʩʪʠ ʚ ʦʧʪʠʢʝ) ʠ ʫʩʣʦʚʠʝ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ  

 
( )

f ( , , , ) 1,dll
W

Ö ¢ñ in out out surf out
r

r n n n n n  (10) 

ʛʜʝ ( )W r  ï ʧʦʣʫʩʬʝʨʘ, ʦʛʨʘʥʠʯʝʥʥʘʷ ʢʘʩʘʪʝʣʴʥʦʡ ʧʣʦʩʢʦʩʪʴʶ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʪʦʯʢʝ .r  

ɽʩʣʠ ʫ ʦʙʲʝʢʪʘ ʠʣʠ ʝʛʦ ʫʯʘʩʪʢʘ ʉɼʌʆʉ ʧʦʩʪʦʷʥʥʘ ʜʣʷ ʚʩʝʭ ʪʦʯʝʢ r  (ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ 

ʚʝʢʪʦʨ r inn  ʠ outn  ʟʘʜʘʥʳ ʚ ʣʦʢʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʩʚʷʟʘʥʥʦʡ ʩ ʥʦʨʤʘʣʴʶ 

ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʦʯʢʝ), ʪʦ ʙʫʜʝʤ ʛʦʚʦʨʠʪʴ, ʯʪʦ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʝʜʝʣʘʭ 

ʦʢʨʘʩʢʘ ʦʜʥʦʨʦʜʥʘ. 

ʍʦʨʦʰʦ ʤʘʪʠʨʦʚʘʥʥʳʝ (ʦʙʨʘʙʦʪʘʥʥʳʝ ʜʣʷ ʧʨʠʜʘʥʠʷ ʨʘʚʥʦʤʝʨʥʦʡ ʤʝʣʢʦʡ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ) ʧʦʚʝʨʭʥʦʩʪʠ ʦʜʥʦʨʦʜʥʦʡ ʦʢʨʘʩʢʠ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʦʧʠʩʳʚʘʶʪʩʷ 

ʤʦʜʝʣʴʶ ʣʘʤʙʝʨʪʦʚʦʡ ʦʢʨʘʩʢʠ:  

 L L
L

R ( , )
f ( , , , ) = , 0 R ( , ) 1,l

l
l l

p
¢ ¢in out

r
r n n r  (11) 

ʛʜʝ LR ( , )lr  ï ʩʧʝʢʪʨʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ, ʥʝ ʟʘʚʠʩʷʱʝʝ ʥʠ ʦʪ 

ʫʛʣʘ ʧʘʜʝʥʠʷ, ʥʠ ʦʪ ʫʛʣʘ ʥʘʙʣʶʜʝʥʠʷ. ɺ ʩʣʫʯʘʝ ʦʜʥʦʨʦʜʥʦʡ ʦʢʨʘʩʢʠ ʠʩʯʝʟʘʝʪ ʠ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ 

.r  

ʀʩʧʦʣʴʟʫʶʱʘʷʩʷ ʚ ʚʳʨʘʞʝʥʠʠ (11) ʥʦʨʤʠʨʦʚʢʘ ʚʳʚʦʜʠʪʩʷ ʠʟ ʫʩʣʦʚʠʷ ʩʦʭʨʘʥʝʥʠʷ 

ʵʥʝʨʛʠʠ (10):  
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ɺʦ ʤʥʦʛʠʭ ʨʘʙʦʪʘʭ, ʦʧʠʩʳʚʘʶʱʠʭ ʤʦʜʝʣʴ ʃʘʤʙʝʨʪʘ, ʫʧʦʤʠʥʘʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ 

ʢʦʩʠʥʫʩʥʳʡ ʟʘʢʦʥ ʨʘʩʩʝʷʥʠʷ. ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚ ʣʘʤʙʝʨʪʦʚʫ ʉɼʌʆʉ ʥʠʢʘʢʠʝ 

ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʥʝ ʚʭʦʜʷʪ, ʠ ʟʥʘʯʠʪ ʜʣʷ ʬʦʨʤʫʣʠʨʦʚʘʥʠʷ ʢʦʩʠʥʫʩʥʦʛʦ ʟʘʢʦʥʘ 

ʪʨʝʙʫʝʪʩʷ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʤʦʜʝʣʴʶ ʪʦʯʝʯʥʦʛʦ ʠʩʪʦʯʥʠʢʘ. ʀʩʧʦʣʴʟʫʷ ʚʳʨʘʞʝʥʠʝ (6) ʜʣʷ 

ʦʩʚʝʱʝʥʥʦʩʪʠ, ʩʦʟʜʘʚʘʝʤʦʡ ʪʦʯʝʯʥʳʤ ʠʩʪʦʯʥʠʢʦʤ, ʩ ʫʯʝʪʦʤ ʣʘʤʙʝʨʪʦʚʦʡ ʉɼʌʆʉ (11) 

ʧʦʣʫʯʠʤ, ʯʪʦ ʷʨʢʦʩʪʴ ʣʘʤʙʝʨʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʦʩʚʝʱʝʥʠʠ ʪʦʯʝʯʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʫʛʣʘ ʥʘʙʣʶʜʝʥʠʷ, ʥʦ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʦʩʠʥʫʩʫ ʫʛʣʘ ʤʝʞʜʫ ʥʦʨʤʘʣʴʶ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʘ ʠʩʪʦʯʥʠʢ. 

ʅʘʤ ʦʩʪʘʣʦʩʴ ʨʘʩʩʤʦʪʨʝʪʴ ʧʦʩʣʝʜʥʠʡ ʵʣʝʤʝʥʪ ʥʘʰʝʡ ʦʙʱʝʡ ʤʦʜʝʣʠ ï ʟʨʠʪʝʣʴʥʫʶ 

ʩʠʩʪʝʤʫ. ʏʘʩʪʴ ʟʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʨʝʛʠʩʪʨʠʨʫʶʱʫʶ ʮʚʝʪʦʚʳʝ ʩʚʦʡʩʪʚʘ 

ʠʟʣʫʯʝʥʠʷ, ʝʝ ʜʦʩʪʠʛʰʝʛʦ, ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʩʝʥʩʦʨʦʤ. ʉʝʥʩʦʨʦʤ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʛʣʘʟʘ ʷʚʣʷʝʪʩʷ 

ʩʝʪʯʘʪʢʘ (ʨʠʩ. 2), ʩʝʥʩʦʨʦʤ ʘʥʘʣʦʛʦʚʦʛʦ ʬʦʪʦʘʧʧʘʨʘʪʘ ï ʬʦʪʦʧʣʝʥʢʘ, ʘ ʮʠʬʨʦʚʦʡ ʚʠʜʝʦʢʘʤʝʨʳ 

ï ʩʚʝʪʦʯʫʚʩʪʚʠʪʝʣʴʥʘʷ ʤʘʪʨʠʮʘ. 
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ʈʠʩ. 2. ʌʦʨʤʠʨʦʚʘʥʠʝ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʬʦʪʦʘʧʧʘʨʘʪʝ ʠ ʚ ʛʣʘʟʫ 

ʌʦʢʫʩʠʨʦʚʢʫ ʥʘ ʩʝʥʩʦʨʝ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ, ʠʜʫʱʝʛʦ ʦʪ ʦʙʲʝʢʪʦʚ ʩʮʝʥʳ, ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʦʧʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʢʦʪʦʨʫʶ ʤʳ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʦʧʪʠʯʝʩʢʦʡ ʢʘʤʝʨʦʡ. ɼʣʷ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʦʩʚʝʱʝʥʥʦʩʪʠ ʩʝʥʩʦʨʘ ʤʳ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʦʝ, ʯʝʤ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʦʙʦʟʥʘʯʝʥʠʝ ï 

F( , , )x yl , ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʥʘʣʠʯʠʝʤ ʫ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʩʝʥʩʦʨʝ ʩʦʙʩʪʚʝʥʥʦʡ ʝʩʪʝʩʪʚʝʥʥʦʡ 

ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ( , )x y . 

ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʫ ʢʘʤʝʨʳ ʦʪʩʫʪʩʪʚʫʶʪ ʘʙʝʨʨʘʮʠʠ, ʪʦʛʜʘ ʦʩʚʝʱʝʥʥʦʩʪʴ ʩʝʥʩʦʨʘ 

F( )l  ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʩʧʝʢʪʨʘʣʴʥʦʡ ʷʨʢʦʩʪʠ Bl ʥʘʙʣʶʜʘʝʤʦʛʦ ʠʤ ʦʙʲʝʢʪʘ:  
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ʛʜʝ 0r  ï ʨʘʜʠʫʩ-ʚʝʢʪʦʨ ʦʧʪʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ ʢʘʤʝʨʳ ʚ ʢʦʦʨʜʠʥʘʪʥʦʡ ʩʠʩʪʝʤʝ ʩʮʝʥʳ; cZ  ï 

ʬʫʥʢʮʠʷ, ʟʘʜʘʶʱʘʷ ʜʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ ʠʟʦʙʨʘʞʝʥʠʷ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʩʮʝʥʳ, ʥʘʙʣʶʜʘʝʤʦʡ 

ʢʘʤʝʨʦʡ, ʘ 
Qk  ï ʩʚʝʪʦʩʠʣʘ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʌʫʥʢʮʠʶ F( , , )x yl  ʙʫʜʝʤ ʪʘʢʞʝ ʥʘʟʳʚʘʪʴ 

ʦʧʪʠʯʝʩʢʠʤ ʠʟʦʙʨʘʞʝʥʠʝʤ. 

ʀʪʘʢ, ʦʩʚʝʱʝʥʥʦʩʪʴ ʩʝʥʩʦʨʘ ʚ ʠʜʝʘʣʴʥʦʡ ʟʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 

ʷʨʢʦʩʪʠ ʥʘʙʣʶʜʘʝʤʳʭ ʦʙʲʝʢʪʦʚ (ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʥʠʭ), ʧʨʠʯʝʤ 

ʩʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʩʚʝʪʘ ʥʝ ʠʩʢʘʞʘʝʪʩʷ ʥʠ ʩʨʝʜʦʡ, ʥʠ ʢʘʤʝʨʦʡ. ʆʪʥʦʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ (ʦʩʚʝʱʝʥʥʦʩʪʠ ʩʝʥʩʦʨʘ) ʢ ʷʨʢʦʩʪʠ ʦʙʲʝʢʪʘ ʟʘʜʘʝʪʩʷ ʩʚʝʪʦʩʠʣʦʡ 

ʦʧʪʠʯʝʩʢʦʡ ʢʘʤʝʨʳ. ʀʤʝʥʥʦ ʵʪʦʪ ʟʘʢʦʥ ʜʝʣʘʝʪ ʟʨʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ (ʚʢʣʶʯʘʷ ʙʠʦʣʦʛʠʯʝʩʢʠʝ) 

ʟʘʤʝʯʘʪʝʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʠʟʫʯʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʙʲʝʢʪʦʚ ʦʢʨʫʞʘʶʱʝʛʦ ʤʠʨʘ. 

ʇʨʠ ʵʪʦʤ ʚʘʞʥʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʘʷ ʷʨʢʦʩʪʴ ʦʙʲʝʢʪʘ ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ ʝʛʦ ʦʢʨʘʩʢʠ, ʪʘʢ 
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ʠ ʦʪ ʝʛʦ ʦʩʚʝʱʝʥʥʦʩʪʠ. 

ʊʝʧʝʨʴ, ʨʘʟʦʙʨʘʚʰʠʩʴ ʩ ʬʠʟʠʯʝʩʢʠʤʠ ʦʩʥʦʚʘʤʠ ʬʦʪʦʤʝʪʨʠʠ, ʤʳ ʛʦʪʦʚʳ ʥʘʯʘʪʴ 

ʦʙʩʫʞʜʝʥʠʝ ʠ ʬʦʨʤʘʣʠʟʘʮʠʶ ʧʦʥʷʪʠʡ ʩʦʙʩʪʚʝʥʥʦ ʮʚʝʪʦʚʦʡ ʪʝʦʨʠʠ. 

 

1.2. ʂʦʣʦʨʠʤʝʪʨʠʷ ʠʟʣʫʯʝʥʠʡ 
 

ʅʘʫʯʥʘʷ ʜʠʩʮʠʧʣʠʥʘ, ʟʘʥʠʤʘʶʱʘʷʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ ʮʚʝʪʦʚʳʭ 

ʚʝʣʠʯʠʥ, ʥʘʟʳʚʘʝʪʩʷ ʢʦʣʦʨʠʤʝʪʨʠʝʡ. ʆʪʩʪʘʚʠʤ ʥʘ ʚʨʝʤʷ ʚʦʧʨʦʩʳ ʮʚʝʪʦʚʦʛʦ ʚʦʩʧʨʠʷʪʠʷ 

ʦʢʨʘʩʦʢ ʠ ʨʘʟʙʝʨʝʤʩʷ ʩʥʘʯʘʣʘ ʩ ʢʦʣʦʨʠʤʝʪʨʠʝʡ ʠʟʣʫʯʝʥʠʡ. ʂʣʘʩʩʠʯʝʩʢʦʝ ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʦʝ 

ʦʧʨʝʜʝʣʝʥʠʝ ʮʚʝʪʘ ʠʟʣʫʯʝʥʠʡ ʜʘʥʦ ʕ. ʐʨʝʜʠʥʛʝʨʦʤ ʚ 1920 ʛʦʜʫ [7]. ʆʥʦ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ 

ʮʚʝʪ ʝʩʪʴ ʩʚʦʡʩʪʚʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʠʟʣʫʯʝʥʠʡ, ʦʙʱʝʝ ʚʩʝʤ ʠʟʣʫʯʝʥʠʷʤ, ʚʠʟʫʘʣʴʥʦ 

ʥʝʨʘʟʣʠʯʠʤʳʤ ʜʣʷ ʯʝʣʦʚʝʢʘ. 

ʀʟ ʵʪʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʷʚʥʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʦʜʥʦ ʠ ʪʦ ʞʝ ʦʱʫʱʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʦ 

ʠʟʣʫʯʝʥʠʷʤʠ ʨʘʟʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʦʩʪʘʚʦʚ (ʦʥʠ ʥʘʟʳʚʘʶʪʩʷ ʚ ʢʦʣʦʨʠʤʝʪʨʠʠ 

ʤʝʪʘʤʝʨʥʳʤʠ). ʇʨʠ ʵʪʦʤ ʦʧʨʝʜʝʣʝʥʠʝ ʐʨʝʜʠʥʛʝʨʘ ʥʝ ʩʦʜʝʨʞʠʪ ʥʠʢʘʢʠʭ ʥʘʤʝʢʦʚ ʥʘ ʪʦ, 

ʥʘʩʢʦʣʴʢʦ ʨʘʟʥʳʤʠ ʤʦʛʫʪ ʙʳʪʴ ʩʧʝʢʪʨʳ ʤʝʪʘʤʝʨʥʳʭ ʠʟʣʫʯʝʥʠʡ. ʄʝʞʜʫ ʪʝʤ (ʠ ʜʘʣʝʝ ʵʪʦ ʙʫʜʝʪ 

ʧʦʢʘʟʘʥʦ), ʟʥʘʷ ʪʦʣʴʢʦ ʮʚʝʪ ʠʟʣʫʯʝʥʠʷ, ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝʚʦʟʤʦʞʥʦ ʜʝʣʘʪʴ ʩʦʜʝʨʞʘʪʝʣʴʥʳʝ 

ʚʳʚʦʜʳ ʦ ʬʦʨʤʝ ʝʛʦ ʩʧʝʢʪʨʘ. ʕʪʦʪ ʬʘʢʪ ʩʦʩʪʘʚʣʷʝʪ ʦʜʥʫ ʠʟ ʛʣʘʚʥʳʭ ʧʨʦʙʣʝʤ ʮʚʝʪʦʚʦʡ ʪʝʦʨʠʠ. 

ɺʘʞʥʝʡʰʠʡ ʪʦʣʯʦʢ ʢ ʩʦʟʜʘʥʠʶ ʢʦʣʦʨʠʤʝʪʨʠʠ ʠʟʣʫʯʝʥʠʡ ʜʘʣʠ ʨʘʙʦʪʳ ɻ. ɻʨʘʩʩʤʘʥʘ ï 

ʥʝʤʝʮʢʦʛʦ ʬʠʟʠʢʘ ʠ ʤʘʪʝʤʘʪʠʢʘ, ʬʠʣʦʣʦʛʘ, ʟʘʥʠʤʘʚʰʝʛʦʩʷ ʩʨʝʜʠ ʧʨʦʯʝʛʦ ʨʘʟʚʠʪʠʝʤ ʮʚʝʪʦʚʦʡ 

ʪʝʦʨʠʠ. ɺ ʩʚʦʝʡ ʨʘʙʦʪʝ 1853 ʛʦʜʘ [8] ɻʨʘʩʩʤʘʥ ʩʬʦʨʤʫʣʠʨʦʚʘʣ ʨʷʜ ʟʘʢʦʥʦʚ ʮʚʝʪʦʚʦʛʦ 

ʩʤʝʰʝʥʠʷ ʜʣʷ ʠʟʣʫʯʝʥʠʡ. ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʟʘʢʦʥʳ ɻʨʘʩʩʤʘʥʘ ʚ ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʘʭ 

ʜʘʶʪʩʷ ʚ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝʩʦʚʧʘʜʘʶʱʠʭ ʪʨʘʢʪʦʚʢʘʭ. ʕʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ 

ʧʝʨʚʦʠʩʪʦʯʥʠʢ ʥʘʧʠʩʘʥ ʥʘ ʩʪʘʨʦʥʝʤʝʮʢʦʤ, ʘ ʝʛʦ ʘʥʦʥʠʤʥʳʡ ʧʝʨʝʚʦʜ ʚ çʌʠʣʦʩʦʬʩʢʦʤ 

ʞʫʨʥʘʣʝè ʠʟʚʝʩʪʝʥ ʧʦ ʠʟʜʘʥʠʶ ʧʦʜ ʨʝʜʘʢʮʠʝʡ ɼ. ʄʘʢɸʜʘʤʘ [9], ʛʜʝ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʝʥ. 

ʅʘʰʝ ʜʘʣʴʥʝʡʰʝʝ ʠʟʣʦʞʝʥʠʝ ʦʩʥʦʚʘʥʦ ʥʘ ʧʦʣʥʦʤ ʧʝʨʝʚʦʜʝ ʧʝʨʚʦʠʩʪʦʯʥʠʢʘ, ʚʳʧʦʣʥʝʥʥʦʤ 

ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ ʜʘʥʥʦʛʦ ʧʦʩʦʙʠʷ. 

ɺ ʧʝʨʚʦʤ ʟʘʢʦʥʝ ɻ. ɻʨʘʩʩʤʘʥ ʫʪʚʝʨʞʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʠʩʘʪʴ ʮʚʝʪ ʣʶʙʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʪʨʝʤʷ ʧʘʨʘʤʝʪʨʘʤʠ ï ʷʨʢʦʩʪʴʶ, ʮʚʝʪʦʚʳʤ ʪʦʥʦʤ ʠ ʥʘʩʳʱʝʥʥʦʩʪʴʶ. ʇʨʠ ʵʪʦʤ ʦʥ ʫʢʘʟʳʚʘʝʪ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʠʪʴ ʮʚʝʪ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʉʧʦʩʦʙ ʦʩʥʦʚʘʥ ʥʘ 

ʤʦʜʫʣʠʨʦʚʘʥʠʠ ʷʨʢʦʩʪʠ ʠ ʩʤʝʰʝʥʠʠ ʠʟʣʫʯʝʥʠʡ ʬʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. ɺʦ ʚʪʦʨʦʤ ʟʘʢʦʥʝ 

ɻʨʘʩʩʤʘʥ ʫʪʚʝʨʞʜʘʝʪ ʥʝʧʨʝʨʳʚʥʦʩʪʴ ʮʚʝʪʦʚʳʭ ʦʱʫʱʝʥʠʡ ʦʪ ʩʤʝʩʠ ʠʟʣʫʯʝʥʠʡ ʧʦ ʦʪʥʦʰʝʥʠʶ 

ʢ ʧʘʨʘʤʝʪʨʘʤ ʢʦʤʧʦʥʝʥʪ ʩʤʝʩʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ï ʥʝʧʨʝʨʳʚʥʦʩʪʴ ʧʦ ʚʚʝʜʝʥʥʳʤ ʠʤ 

ʧʘʨʘʤʝʪʨʘʤ. ɺ ʪʨʝʪʴʝʤ ʟʘʢʦʥʝ ʦʥ ʧʦʩʪʫʣʠʨʫʝʪ, ʯʪʦ ʮʚʝʪ ʩʤʝʩʠ ʠʟʣʫʯʝʥʠʡ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ 

ʮʚʝʪʦʚ ʢʦʤʧʦʥʝʥʪ, ʥʦ ʥʝ ʦʪ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʵʪʠʭ ʢʦʤʧʦʥʝʥʪ ʢʘʢ ʪʝʭ ʠʣʠ ʠʥʳʭ ʩʤʝʩʝʡ. 

ɺ ʯʝʪʚʝʨʪʦʤ ʟʘʢʦʥʝ (ʢʦʪʦʨʳʡ ʩʘʤ ʥʘʟʳʚʘʝʪ ʤʝʥʝʝ ʦʙʦʩʥʦʚʘʥʥʳʤ) ɻʨʘʩʩʤʘʥ ʫʪʚʝʨʞʜʘʝʪ 

ʘʜʜʠʪʠʚʥʦʩʪʴ ʚʚʝʜʝʥʥʦʡ ʠʤ ʷʨʢʦʩʪʠ ʮʚʝʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʦʞʝʥʠʷ (ʩʤʝʰʝʥʠʷ) ʜʚʫʭ ʮʚʝʪʦʚ. 

ʌʘʢʪʠʯʝʩʢʠ ɻ. ɻʨʘʩʩʤʘʥ ʧʦʩʪʫʣʠʨʦʚʘʣ, ʯʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʮʚʝʪʦʚ ʠʤʝʝʪ ʪʨʝʭʤʝʨʥʫʶ 

ʪʦʧʦʣʦʛʠʶ ʠ ʩʫʱʝʩʪʚʫʝʪ ʥʝʧʨʝʨʳʚʥʦʝ ʩʶʨʲʝʢʪʠʚʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʚ ʥʝʛʦ ʠʟ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʩʦʩʪʘʚʦʚ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʦʥ ʫʪʚʝʨʞʜʘʣ ʦʪʩʫʪʩʪʚʠʝ çʩʢʨʳʪʳʭ ʮʚʝʪʦʚʳʭ 

ʧʘʨʘʤʝʪʨʦʚè ʫ ʠʟʣʫʯʝʥʠʡ ʧʨʠ ʠʭ ʩʤʝʰʠʚʘʥʠʠ ʠ ʤʦʜʫʣʠʨʦʚʘʥʠʠ ʷʨʢʦʩʪʠ. 



ȴɗɓɔɈɡ ɜɈɋɘɔɈɔɏ ɘɋɔɖɎɎ Ɉ ɘɋɛɓɎɝɋɗɐɔɒ ɍɖɋɓɎɎ 
ȽɆɗɘɢ 1. ȨɈɋɊɋɓɎɋ Ɉ ɜɈɋɘɔɈəɤ ɘɋɔɖɎɤ 

ȰɔɑɑɋɐɘɎɈ ɆɈɘɔɖɔɈ 

 

  13 

 

ɼʘʣʴʥʝʡʰʝʝ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʨʦʷʩʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʮʚʝʪʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʪʘʣʦ 

ʚʦʟʤʦʞʥʳʤ ʙʣʘʛʦʜʘʨʷ ʵʢʩʧʝʨʠʤʝʥʪʘʤ ʩ ʢʦʣʦʨʠʤʝʪʨʦʤ. ʕʪʦʪ ʧʨʠʙʦʨ ʧʦʟʚʦʣʷʝʪ ʧʦʜʙʠʨʘʪʴ 

ʪʘʢʫʶ ʩʤʝʩʴ ʪʨʝʭ ʵʪʘʣʦʥʥʳʭ ʮʚʝʪʦʚ (ʪʦʯʥʝʝ, ʧʦʨʦʞʜʘʶʱʠʭ ʠʭ ʠʟʣʫʯʝʥʠʡ), ʢʦʪʦʨʘʷ ʚʠʟʫʘʣʴʥʦ 

ʥʝ ʙʫʜʝʪ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʠʩʩʣʝʜʫʝʤʦʛʦ ʮʚʝʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʝʣʦʚʝʢ ʩʪʘʥʦʚʠʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ 

ʯʘʩʪʴʶ ʧʨʠʙʦʨʘ, ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ ʚ ʝʛʦ ʟʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦʨʦʞʜʝʥʠʝ ʮʚʝʪʦʚʳʭ 

ʦʱʫʱʝʥʠʡ, ʧʦʩʣʝ ʯʝʛʦ ʠʤ ʧʨʠʥʠʤʘʝʪʩʷ ʨʝʰʝʥʠʝ ʦʙ ʠʭ ʩʦʚʧʘʜʝʥʠʠ ʠʣʠ ʨʘʟʣʠʯʠʠ. 

 

ʈʠʩ. 3. ʉʭʝʤʘ ʪʠʧʦʚʦʛʦ ʢʦʣʦʨʠʤʝʪʨʘ (ʩʦʛʣʘʩʥʦ ʨʘʙʦʪʝ [10, ʩ. 121]) 

 

ʅʘ ʨʠʩ. 3 ʠʟʦʙʨʘʞʝʥʘ ʫʧʨʦʱʝʥʥʘʷ ʩʭʝʤʘ ʵʪʦʛʦ ʧʨʠʙʦʨʘ. ɺ ʝʝ ʣʝʚʦʡ ʯʘʩʪʠ ʫʩʣʦʚʥʦ 

ʧʦʢʘʟʘʥʘ ʛʠʧʩʦʚʘʷ ʧʨʠʟʤʘ, ʛʨʘʥʠ ʢʦʪʦʨʦʡ ʥʘʟʳʚʘʶʪʩʷ ʧʦʣʷʤʠ ʩʨʘʚʥʝʥʠʷ. ʇʦʚʝʨʭʥʦʩʪʴ ʧʨʠʟʤʳ 

ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʠʤʝʶʱʝʡ ʨʘʚʥʦʤʝʨʥʫʶ ʣʘʤʙʝʨʪʦʚʫ ʦʢʨʘʩʢʫ ʩ ʬʫʥʢʮʠʝʡ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʙʣʠʟʢʦʡ ʢ ʝʜʠʥʠʮʝ ʚʦ ʚʩʝʤ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ. ɿʘʙʝʛʘʷ ʚʧʝʨʝʜ, ʫʢʘʞʝʤ, ʯʪʦ 

ʪʘʢʘʷ ʦʢʨʘʩʢʘ ʠʤʝʝʪ ʙʝʣʦʩʥʝʞʥʳʡ ʮʚʝʪ. 

ʆʜʥʦ ʠʟ ʧʦʣʝʡ ʦʩʚʝʱʘʝʪʩʷ ʢʘʢʠʤ-ʣʠʙʦ ʦʜʥʠʤ ʠʩʪʦʯʥʠʢʦʤ ʩʚʝʪʘ (ʦʥ ʦʙʦʟʥʘʯʝʥ ʙʫʢʚʦʡ 

R ï ʦʪ ʘʥʛʣ. reference ï çʨʝʬʝʨʝʥʪʥʳʡè), ʘ ʚʪʦʨʦʝ ï ʦʜʥʦʚʨʝʤʝʥʥʦ ʪʨʝʤʷ ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ (A+, B+ ʠ C+) ʩ ʥʝʩʦʚʧʘʜʘʶʱʠʤʠ ʠʟʚʝʩʪʥʳʤʠ ʦʪʥʦʩʠʪʝʣʴʥʳʤʠ ʩʧʝʢʪʨʘʣʴʥʳʤʠ 

ʩʦʩʪʘʚʘʤʠ ʠʩʧʫʩʢʘʝʤʦʛʦ ʩʚʝʪʘ. ʕʪʠ ʠʩʪʦʯʥʠʢʠ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʙʘʟʠʩʥʳʤʠ. ʂʘʞʜʳʡ ʠʟ ʥʠʭ 

ʩʥʘʙʞʝʥ ʜʠʘʬʨʘʛʤʦʡ (ʦʪʚʝʨʩʪʠʝʤ ʩ ʫʧʨʘʚʣʷʝʤʦʡ ʧʣʦʱʘʜʴʶ), ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʥʝʧʨʝʨʳʚʥʦ 

ʠ ʪʦʯʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʦʩʚʝʱʝʥʥʦʩʪʴ, ʩʦʟʜʘʚʘʝʤʫʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʠʩʪʦʯʥʠʢʦʤ ʥʘ ʧʦʣʝ 

ʩʨʘʚʥʝʥʠʷ. ʈʘʩʩʝʠʚʘʪʝʣʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʦʩʚʝʱʝʥʥʦʩʪʠ ʧʦʣʝʡ. ʆʙʘ ʠʟʣʫʯʝʥʠʷ ï 

ʨʝʬʝʨʝʥʪʥʦʝ ʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʝ ʪʨʝʤʷ ʙʘʟʠʩʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ï ʨʘʩʩʝʠʚʘʶʪʩʷ ʥʘ ʧʨʠʟʤʝ, 

ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʝ ʚ ʰʪʦʨʢʝ ʧʦʧʘʜʘʶʪ ʚ ʛʣʘʟ ʥʘʙʣʶʜʘʪʝʣʷ ʠ ʬʦʨʤʠʨʫʶʪ ʥʘ ʩʝʪʯʘʪʢʝ ʦʧʪʠʯʝʩʢʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʣʝʡ ʩʨʘʚʥʝʥʠʷ (ʢʨʫʛ ʩʧʨʘʚʘ ʦʪ ʠʟʦʙʨʘʞʝʥʠʷ ʛʣʘʟʘ ʥʘ ʨʠʩ. 2). ʇʨʠ ʥʘʙʣʶʜʝʥʠʠ 

ʧʦʣʝʡ ʯʝʨʝʟ ʥʝʙʦʣʴʰʦʝ ʦʪʚʝʨʩʪʠʝ ʚ ʰʪʦʨʢʝ ʟʨʠʪʝʣʴʥʘ ̫ ʩʠʩʪʝʤʘ ʣʠʰʘʝʪʩʷ ʚʠʟʫʘʣʴʥʦʛʦ 

ʢʦʥʪʝʢʩʪʘ. ɺ ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ ʚʪʦʨʠʯʥʳʡ ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ (ʛʠʧʩʦʚʘʷ ʧʨʠʟʤʘ) ʬʠʟʠʯʝʩʢʠ 

ʥʝʦʪʣʠʯʠʤ ʦʪ ʧʝʨʚʠʯʥʦʛʦ (ʩʘʤʦʩʚʝʪʷʱʝʛʦʩʷ) ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ, ʠ ʤʦʞʥʦ ʦʙʦʩʥʦʚʘʥʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʯʝʣʦʚʝʢ ʙʫʜʝʪ ʚʦʩʧʨʠʥʠʤʘʪʴ ʮʚʝʪ ʠʤʝʥʥʦ ʠʟʣʫʯʝʥʠʷ. 

ɺʚʝʜʝʤ ʬʫʥʢʮʠʶ ,  ʟʘʜʘʶʱʫʶ ʩʧʝʢʪʨ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ:  



ȴɗɓɔɈɡ ɜɈɋɘɔɈɔɏ ɘɋɔɖɎɎ Ɉ ɘɋɛɓɎɝɋɗɐɔɒ ɍɖɋɓɎɎ 
ȽɆɗɘɢ 1. ȨɈɋɊɋɓɎɋ Ɉ ɜɈɋɘɔɈəɤ ɘɋɔɖɎɤ 
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ʛʜʝ AF ( )l , BF ( )l  ʠ CF ( )l  ï ʦʩʚʝʱʝʥʥʦʩʪʠ ʩʝʥʩʦʨʘ, ʩʦʟʜʘʚʘʝʤʳʝ ʙʘʟʠʩʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ 

ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʣʦʱʘʜʠ ʜʠʘʬʨʘʛʤʳ, ʘ A ,k  Bk  ʠ Ck  ï ʦʪʥʦʰʝʥʠʷ ʧʣʦʱʘʜʝʡ ʜʠʘʬʨʘʛʤ 

ʢ ʤʘʢʩʠʤʘʣʴʥʦʡ. 

ɼʣʷ ʤʥʦʛʠʭ ʠʟʣʫʯʝʥʠʡ R  ʫ ʙʘʟʠʩʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʫʜʘʝʪʩʷ ʧʦʜʦʙʨʘʪʴ ʪʘʢʠʝ ʨʘʟʤʝʨʳ 

ʜʠʘʬʨʘʛʤ, ʯʪʦ ʧʦʣʷ ʩʨʘʚʥʝʥʠʷ ʦʢʘʟʳʚʘʶʪʩʷ ʥʝʨʘʟʣʠʯʠʤʳʤʠ ʜʣʷ ʯʝʣʦʚʝʢʘ, ʧʨʠʯʝʤ ʨʝʰʝʥʠʝ 

ʵʪʦʡ ʟʘʜʘʯʠ ʦʢʘʟʳʚʘʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ. ɿʘʧʠʰʝʤ ʵʪʦ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

 & ‗Ḑ◓▓ ‗Ȣ (15) 

ɿʜʝʩʴ RF ( )l  ï ʦʩʚʝʱʝʥʥʦʩʪʴ ʩʝʥʩʦʨʘ, ʩʦʟʜʘʚʘʝʤʘʷ ʨʝʬʝʨʝʥʪʥʳʤ ʠʟʣʫʯʝʥʠʝʤ, 

ʘ ʩʠʤʚʦʣ ç~è ʦʟʥʘʯʘʝʪ ʚʠʟʫʘʣʴʥʫʶ ʥʝʨʘʟʣʠʯʠʤʦʩʪʴ. ɺʚʝʜʝʤ ʬʫʥʢʮʠʶ R[F ( )],lY  

ʦʪʦʙʨʘʞʘʶʱʫʶ ʩʧʝʢʪʨʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ RF ( )l  ʚ ʚʝʢʪʦʨ k  ʧʘʨʘʤʝʪʨʦʚ ʥʝʦʪʣʠʯʠʤʦʛʦ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ:  

 Ɋ& ‗ ▓ ᵾ & ‗Ḑ◓▓ ‗Ȣ (16) 

ʉ ʧʦʤʦʱʴʶ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʢʦʣʦʨʠʤʝʪʨʦʤ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʨʝʞʠʤʝ ʫʜʘʝʪʩʷ 

ʧʦʜʪʚʝʨʜʠʪʴ ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʦʩʪʴ ʥʝʨʘʟʣʠʯʠʤʳʭ ʠʟʣʫʯʝʥʠʡ ʚ ʩʤʝʩʠ, ʥʝʧʨʝʨʳʚʥʦʩʪʴ Y (ʜʣʷ 

ʢʦʤʧʝʥʩʘʮʠʠ ʤʘʣʳʭ ʠʟʤʝʥʝʥʠʡ RF ( )l  ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʳʭ ʠʟʤʝʥʝʥʠʡ ),k  ʘ ʪʘʢʞʝ ʣʦʢʘʣʴʥʫʶ 

ʪʨʝʭʤʝʨʥʦʩʪʴ ʮʚʝʪʘ (ʧʦʯʪʠ ʜʣʷ ʚʩʝʭ RF ( )l  ʠʟ ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ Y  ʣʶʙʳʝ ʤʘʣʳʝ 

ʠʟʤʝʥʝʥʠʷ ʢʦʤʧʝʥʩʠʨʫʶʪʩʷ ʪʨʝʤʷ ʫʧʨʘʚʣʷʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ), ʭʦʪʷ ʜʣʷ ʤʥʦʛʠʭ ʠʟʣʫʯʝʥʠʡ 

ʥʝ ʫʜʘʝʪʩʷ ʧʦʜʦʙʨʘʪʴ ʨʘʟʤʝʨʳ ʜʠʘʬʨʘʛʤ, ʚʳʨʘʚʥʠʚʘʶʱʠʝ ʧʦʣʷ ʩʨʘʚʥʝʥʠʷ, ʪʦ ʝʩʪʴ Y ʧʦʢʘ 

ʦʧʨʝʜʝʣʝʥʘ ʥʘʤʠ ʥʝ ʚʩʶʜʫ. 

ʀʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʬʘʢʪʦʚ ʩʣʝʜʫʝʪ ʣʠʥʝʡʥʦʩʪʴ ʦʪʦʙʨʘʞʝʥʠʷ 

Y ʥʘ ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, & &Ḑ◓Ɋ& ◓Ɋ& ȟ ʠ ʧʦʩʢʦʣʴʢʫ 

   ʣʠʥʝʡʥʘ ʩʦʛʣʘʩʥʦ ʟʘʢʦʥʘʤ ʦʧʪʠʢʠ, ʪʦ 1 2 1 2[ [F ]] [ [F ]] = [ [F ] [F ]].  Y +  Y   Y +Y 

ɿʥʘʯʠʪ,& &Ḑ◓Ɋ& Ɋ& ȟ ʠʟ ʯʝʛʦ, ʩʦʛʣʘʩʥʦ ʚʳʨʘʞʝʥʠʶ (16), ʩʣʝʜʫʝʪ ʨʘʚʝʥʩʪʚʦ 

1 2 1 2[F F ] = [F ] [F ],Y + Y +Y  ʪʦ ʝʩʪʴ ʣʠʥʝʡʥʦʩʪʴ Y  ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʦʞʝʥʠʷ. ʇʦʜʩʪʘʥʦʚʢʦʡ 

1 2F = F = F  ʧʦʣʫʯʘʝʤ ʨʘʚʝʥʩʪʚʦ [2F] = 2 [F],Y Y  ʪʦ ʝʩʪʴ ʣʠʥʝʡʥʦʩʪʴ Y ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʰʢʘʣʠʨʦʚʘʥʠʷ ʚ ʜʚʘ ʨʘʟʘ. ʉ ʦʧʦʨʦʡ ʥʘ ʥʝʧʨʝʨʳʚʥʦʩʪʴ Y  ʩʚʦʡʩʪʚʦ ʰʢʘʣʠʨʫʝʤʦʩʪʠ 

ʦʙʦʙʱʘʝʪʩʷ ʥʘ ʣʶʙʳʝ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʝ ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʦʪʢʫʜʘ ʦʢʦʥʯʘʪʝʣʴʥʦ 

ʩʣʝʜʫʝʪ ʣʠʥʝʡʥʦʩʪʴ .Y  

ʈʘʟʙʝʨʝʤʩʷ ʪʝʧʝʨʴ, ʧʦʯʝʤʫ Y  ʦʧʨʝʜʝʣʝʥʘ ʥʝ ʜʣʷ ʚʩʝʭ ʩʧʝʢʪʨʦʚ. ʅʝʚʦʟʤʦʞʥʦʩʪʴ 

ʫʨʘʚʥʠʚʘʥʠʷ ʥʝʢʦʪʦʨʳʭ ʮʚʝʪʦʚ ʤʦʞʝʪ ʦʟʥʘʯʘʪʴ, ʯʪʦ ʮʚʝʪʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠʤʝʝʪ ʢʘʢ 

ʪʨʝʭʤʝʨʥʳʝ ʦʙʣʘʩʪʠ, ʪʘʢ ʠ ʦʙʣʘʩʪʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʨʘʟʤʝʨʥʦʩʪʠ. ʅʦ ʝʩʪʴ ʙʦʣʝʝ ʧʨʦʩʪʦʝ 

ʦʙʲʷʩʥʝʥʠʝ. ʈʘʩʩʤʦʪʨʠʤ ʤʥʦʞʝʩʪʚʦ ʩʧʝʢʪʨʦʚ F( )l , ʨʘʟʣʦʞʠʤʳʭ ʧʦ ʥʘʰʝʤʫ ʙʘʟʠʩʫ 

A B C{F ( ),F ( ),F ( )}l l l. ʅʝʪ ʥʠʢʘʢʠʭ ʦʩʥʦʚʘʥʠʡ ʩʯʠʪʘʪʴ, ʯʪʦ ʜʣʷ ʚʩʝʭ ʪʘʢʠʭ ʩʧʝʢʪʨʦʚ ʢʦʦʨʜʠʥʘʪʳ 

ʚ ʚʳʙʨʘʥʥʦʤ ʙʘʟʠʩʝ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳ. ɸ ʜʣʷ ʩʧʝʢʪʨʦʚ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʚ ʵʪʦʤ 

ʙʘʟʠʩʝ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ Y  ʜʦʣʞʥʦ ʠʤʝʪʴ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ (ʠʥʘʯʝ ʤʳ ʣʝʛʢʦ 

ʦʧʨʦʚʝʨʛʥʝʤ ʝʝ ʣʠʥʝʡʥʦʩʪʴ ʠ ʧʨʠʜʝʤ ʢ ʧʨʦʪʠʚʦʨʝʯʠʶ). ʅʦ ʟʘʜʘʪʴ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ 

k ʬʠʟʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ, ʧʦʵʪʦʤʫ ʪʘʢʠʝ ʩʧʝʢʪʨʳ (ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʮʚʝʪʘ) ʥʝ ʤʦʛʫʪ ʙʳʪʴ 

ʫʨʘʚʥʝʥʳ. 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʟʣʦʞʝʥʠʷ ʚ ʨʝʘʣʴʥʦ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʣʥʦʮʝʥʥʳʭ ʢʦʣʦʨʠʤʝʪʨʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʪʨʦʡʢʘ ʠʩʪʦʯʥʠʢʦʚ 

ʩʚʝʪʘ, ʠʜʝʥʪʠʯʥʘʷ ʪʨʦʡʢʝ A ,+  B ,+  C ,+  ʥʦ ʦʩʚʝʱʘʶʱʘʷ ʨʝʬʝʨʝʥʪʥʦʝ ʧʦʣʝ. ʅʘ ʨʠʩ. 3 
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ʠʩʪʦʯʥʠʢʠ ʵʪʦʡ ʪʨʦʡʢʠ ʦʙʦʟʥʘʯʝʥʳ A ,-  B ,-  ʠ C .-  ɺ ʪʘʢʦʤ ʢʦʣʦʨʠʤʝʪʨʝ ʩʭʝʤʘ ʫʨʘʚʥʠʚʘʥʠʷ 

(15) ʫʩʣʦʞʥʷʝʪʩʷ ʜʦ ʩʣʝʜʫʶʱʝʡ:  

 & ɚ ◓ÍÁØȟἳ ɚḐ◓ÍÁØȟἳ ɚȢ (17) 

ʂʘʢ ʠ ʧʨʝʞʜʝ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʦʧʝʨʘʮʠʷʤ ʩʣʦʞʝʥʠʷ ʠ ʫʤʥʦʞʝʥʠʷ ʥʘ ʯʠʩʣʦ ʠʟ 

ʜʠʘʧʘʟʦʥʘ [0,1]  ʩʦʧʦʩʪʘʚʣʷʶʪʩʷ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʩʤʝʰʝʥʠʷ ʦʩʚʝʱʝʥʠʡ ʠ ʘʪʪʝʥʶʘʮʠʠ 

ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʜʠʘʬʨʘʛʤʦʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦ ʪʘʢʦʡ ʩʭʝʤʝ ʜʣʷ ʨʝʬʝʨʝʥʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʩʚʝʪʘ (ʦʛʨʘʥʠʯʝʥʥʦʡ ʷʨʢʦʩʪʠ) ʩ ʣʶʙʳʤ ʩʧʝʢʪʨʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ ʫʜʘʝʪʩʷ ʧʦʣʫʯʠʪʴ 

ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʫʨʘʚʥʠʚʘʥʠʷ ʠ ʧʦʢʘʟʘʪʴ ʣʠʥʝʡʥʦʩʪʴ (ʜʦʦʧʨʝʜʝʣʝʥʥʦʡ) Y 

ʚʩʶʜʫ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʮʚʝʪʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚʚʝʜʝʥʘ ʪʨʝʭʤʝʨʥʘʷ ʘʬʬʠʥʥʘʷ ʩʠʩʪʝʤʘ 

ʢʦʦʨʜʠʥʘʪ, ʧʨʠʯʝʤ ʦʪʦʙʨʘʞʝʥʠʝ ʠʟ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʧʝʢʪʨʘʣʴʥʳʭ ʷʨʢʦʩʪʝʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʮʚʝʪʦʚʳʭ ʚʝʢʪʦʨʦʚ ʣʠʥʝʡʥʦ. 

 

1.3. ʎʚʝʪʦʚʦʡ ʩʝʥʩʦʨ 
 

ʊʝʧʝʨʴ  ʫ ʥʘʩ ʜʦʩʪʘʪʦʯʥʦ ʠʥʬʦʨʤʘʮʠʠ, ʯʪʦʙʳ ʬʦʨʤʘʣʠʟʦʚʘʪʴ ʣʠʥʝʡʥʫʶ ʤʦʜʝʣʴ 

ʮʚʝʪʦʚʦʛʦ ʩʝʥʩʦʨʘ. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʥʘʤʠ ʤʦʜʝʣʠ ʮʚʝʪʦʚʦʡ ʩʝʥʩʦʨ ʣʠʥʝʡʥʦ ʦʪʦʙʨʘʞʘʝʪ 

ʩʧʝʢʪʨʘʣʴʥʳʝ ʦʩʚʝʱʝʥʥʦʩʪʠ (ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ) ʚ ʢʦʥʝʯʥʦʤʝʨʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ (ʚ ʩʣʫʯʘʝ ʯʝʣʦʚʝʢʘ ï ʪʨʝʭʤʝʨʥʦʝ) ʢʦʦʨʜʠʥʘʪ ʮʚʝʪʦʚ. ʂʘʞʜʘʷ ʢʦʦʨʜʠʥʘʪʘ ʵʪʦʛʦ 

ʦʪʦʙʨʘʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʥʝʧʨʝʨʳʚʥʳʤ ʣʠʥʝʡʥʳʤ ʬʫʥʢʮʠʦʥʘʣʦʤ. 

ɽʩʣʠ ʩʯʠʪʘʪʴ ʩʧʝʢʪʨʘʣʴʥʳʝ ʦʩʚʝʱʝʥʥʦʩʪʠ ʵʣʝʤʝʥʪʘʤʠ ʛʠʣʴʙʝʨʪʦʚʘ ʧʨʦʩʪʨʘʥʩʪʚʘ 2L  

ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʬʫʥʢʮʠʡ ʦʜʥʦʛʦ ʥʝʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʘʨʛʫʤʝʥʪʘ, ʪʦ, ʩʦʛʣʘʩʥʦ ʪʝʦʨʝʤʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʈʠʩʘ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʬʫʥʢʮʠʦʥʘʣ ʚʩʝʛʜʘ ʧʨʝʜʩʪʘʚʠʤ ʩʢʘʣʷʨʥʳʤ 

ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʘʨʛʫʤʝʥʪʘ ʩ ʢʘʢʠʤ-ʪʦ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʵʣʝʤʝʥʪʦʤ ʪʦʛʦ ʞʝ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ʇʦʩʢʦʣʴʢʫ ʤʳ ʠʤʝʝʤ ʜʝʣʦ ʩ ʧʨʦʩʪʨʘʥʩʪʚʦʤ 2L , ʩʢʘʣʷʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʟʘʧʠʩʳʚʘʝʪʩʷ ʢʘʢ 

ʠʥʪʝʛʨʘʣ. ʉʚʝʜʷ ʢʦʦʨʜʠʥʘʪʳ ʦʪʦʙʨʘʞʝʥʠʷ ʚ ʦʜʠʥ ʚʝʢʪʦʨ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩʣʝʜʫʶʱʫʶ ʤʦʜʝʣʴ:  

 
0

= F( ) ( ) ,dl l l
¤

ñc X  (18) 

ʛʜʝ F( )l  ï ʩʧʝʢʪʨʘʣʴʥʘʷ ʦʩʚʝʱʝʥʥʦʩʪʴ ʩʝʥʩʦʨʘ; c  ï ʚʝʢʪʦʨ ʢʦʦʨʜʠʥʘʪ ʨʝʛʠʩʪʨʠʨʫʝʤʦʛʦ 

ʮʚʝʪʘ, ʘ ( )lX  ï ʚʝʢʪʦʨ ʬʫʥʢʮʠʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩʝʥʩʦʨʘ ʢ ʨʘʟʥʳʤ ʜʣʠʥʘʤ 

ʚʦʣʥ. 

ʊʘʢʦʡ ʧʦʜʭʦʜ, ʚʧʨʦʯʝʤ, ʥʝ ʩʣʠʰʢʦʤ ʧʣʦʜʦʪʚʦʨʝʥ. ɺ ʬʠʟʠʢʝ ʧʨʠʥʷʪʦ (ʠ, ʢʘʢ ʙʫʜʝʪ ʚʠʜʥʦ 

ʠʟ ʜʘʣʴʥʝʡʰʝʛʦ, ʵʪʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʫʜʦʙʥʦ) ʩʯʠʪʘʪʴ ʩʧʝʢʪʨʳ ʦʙʦʙʱʝʥʥʳʤʠ ʬʫʥʢʮʠʷʤʠ, 

ʚ ʯʘʩʪʥʦʩʪʠ ʛʦʚʦʨʠʪʴ ʦ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʭ ʠʟʣʫʯʝʥʠʷʭ, ʯʝʡ ʩʧʝʢʪʨ ʟʘʜʘʝʪʩʷ ʜʝʣʴʪʘ-ʬʫʥʢʮʠʝʡ. 

ʇʦʵʪʦʤʫ ʙʫʜʝʤ ʧʦʣʴʟʦʚʘʪʴʩʷ ʩʣʝʜʫʶʱʠʤ ʫʪʦʯʥʝʥʠʝʤ ʤʦʜʝʣʠ (18): ʬʫʥʢʮʠʠ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʙʫʜʝʤ ʩʯʠʪʘʪʴ ʵʣʝʤʝʥʪʘʤʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʐʚʘʨʮʘ ʙʳʩʪʨʦ ʫʙʳʚʘʶʱʠʭ 

ʬʫʥʢʮʠʡ, ʘ ʩʧʝʢʪʨʳ ï ʦʙʦʙʱʝʥʥʳʤʠ ʬʫʥʢʮʠʷʤʠ, ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʜʣʷ ʵʪʦʛʦ ʦʩʥʦʚʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ʉʫʜʷ ʧʦ ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʤ ʵʢʩʧʝʨʠʤʝʥʪʘʤ, ʯʝʣʦʚʝʯʝʩʢʦʝ ʚʦʩʧʨʠʷʪʠʝ ʮʚʝʪʘ ʠʟʣʫʯʝʥʠʡ 

ʜʦʚʦʣʴʥʦ ʪʦʯʥʦ ʦʧʠʩʳʚʘʝʪʩʷ ʣʠʥʝʡʥʦʡ ʤʦʜʝʣʴʶ ʩʝʥʩʦʨʘ. ʅʦ ʜʣʷ ʧʣʦʜʦʪʚʦʨʥʦʛʦ ʝʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʨʘʟʫʤʝʝʪʩʷ, ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʢʦʥʢʨʝʪʥʳʡ ʚʠʜ ʬʫʥʢʮʠʡ ( ).lX  ʀ ʩʧʦʩʦʙ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʵʪʠʭ ʬʫʥʢʮʠʡ ʙʳʣ ʥʘʡʜʝʥ. ɺ ʦʩʥʦʚʫ ʝʛʦ ʣʝʛʣʠ ʵʢʩʧʝʨʠʤʝʥʪʳ 

ʧʦ ʫʨʘʚʥʠʚʘʥʠʶ ʮʚʝʪʘ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʭ ʠʟʣʫʯʝʥʠʡ ʚʠʜʠʤʦʛʦ ʜʠʘʧʘʟʦʥʘ:  

 

 ŭɚ ɚ Ḑ◓ἳἱȟ (19) 

ʛʜʝ ( )xd  ï ʜʝʣʴʪʘ-ʬʫʥʢʮʠʷ ɼʠʨʘʢʘ; il ï ʜʣʠʥʘ ʚʦʣʥʳ ʫʨʘʚʥʠʚʘʝʤʦʛʦ ʧʦ ʮʚʝʪʫ ʠʟʣʫʯʝʥʠʷ, 
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ʘ ik  ï ʚʝʢʪʦʨ ʮʚʝʪʦʚʳʭ ʢʦʦʨʜʠʥʘʪ ʚ ʢʦʦʨʜʠʥʘʪʥʦʡ ʩʠʩʪʝʤʝ, ʟʘʜʘʚʘʝʤʦʡ ʩʧʝʢʪʨʘʤʠ ʙʘʟʠʩʥʳʭ 

ʠʟʣʫʯʝʥʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʚʳʙʨʘʥʥʦʤ ʢʦʣʦʨʠʤʝʪʨʝ. ʋʩʣʦʚʠʝ ʩʦʚʧʘʜʝʥʠʷ ʮʚʝʪʦʚ ʧʨʠ 

ʫʨʘʚʥʠʚʘʥʠʠ ʚ ʣʠʥʝʡʥʦʡ ʤʦʜʝʣʠ ʩʝʥʩʦʨʘ ʟʘʜʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʫʨʘʚʥʝʥʠʝʤ:  

 
0 0

( ) ( ) = ( ( )) ( ) ,i d dd l l l l l l l
¤ ¤

- Öñ ñiX k B X  (20) 

ʛʜʝ 
A B C( ) =[F ( ),F ( ),F ( )] ,Tl l l lB  ʪʦ ʝʩʪʴ ( ) = ( ).l  Öi ik k B  ʋʨʘʚʥʝʥʠʝ (20) ʤʦʞʥʦ ʫʧʨʦʩʪʠʪʴ 

ʜʦ ʩʣʝʜʫʶʱʝʛʦ:  

 
0

( ) = , = ( ) ( ) .T

i B BM M d
¤

ñiX k X Bl l l l (21) 

ʀʪʘʢ, ʠʟʤʝʨʝʥʥʳʝ ʢʦʣʦʨʠʤʝʪʨʦʤ ʟʥʘʯʝʥʠʷ ik  ʩʫʪʴ ʟʥʘʯʝʥʠʷ ʠʩʢʦʤʳʭ ʬʫʥʢʮʠʡ X  

ʚ ʪʦʯʢʝ ,il  ʣʠʥʝʡʥʦ ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʝ ʬʠʢʩʠʨʦʚʘʥʥʦʡ, ʥʦ ʥʝʠʟʚʝʩʪʥʦʡ ʤʘʪʨʠʮʝʡ 1.BM-  

ʇʨʝʦʙʨʘʟʦʚʘʥʥʳʝ ʬʫʥʢʮʠʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʢʨʠʚʳʤʠ (ʠʣʠ ʬʫʥʢʮʠʷʤʠ) 

ʩʣʦʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʬʫʥʢʮʠʷʤʠ ʮʚʝʪʦʚʦʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ (ʘʥʛʣ. color matching functions). ɺ ʥʘʰʠʭ 

ʦʙʦʟʥʘʯʝʥʠʷʭ ʢʨʠʚʳʝ ʩʣʦʞʝʥʠʷ ( )l+X  ʚʳʨʘʞʘʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

 1( ) = ( ).BMl l+ -
X X  (22) 

ʄʝʪʦʜ ʫʨʘʚʥʠʚʘʥʠʷ ʮʚʝʪʘ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʭ ʠʟʣʫʯʝʥʠʡ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʄʂʆ ʜʣʷ 

ʫʥʠʬʠʢʘʮʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʚʝʪʘ ʚʦ ʚʨʝʤʷ ʮʚʝʪʦʚʳʭ ʠʟʤʝʨʝʥʠʡ ʠ ʨʘʩʯʝʪʦʚ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ 

ʵʪʘʣʦʥʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʮʚʝʪʦʚʳʭ ʦʱʫʱʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʫʩʨʝʜʥʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʛʣʘʟʘ. ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʢʦʤʠʩʩʠʠ ʚ 1931 ʛʦʜʫ ʩʪʘʣ ʩʪʘʥʜʘʨʪ, ʥʘʟʚʘʥʥʳʡ 

ʩʪʘʥʜʘʨʪʥʳʤ ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʤ ʥʘʙʣʶʜʘʪʝʣʝʤ 1931 ʛʦʜʘ. 

ɺ ʦʩʥʦʚʫ ʩʪʘʥʜʘʨʪʘ ʣʝʛʣʠ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ɼʞ. ɻʠʣʜʘ ʠ ɼ. ʈʘʡʪʘ ʧʦ 

ʫʨʘʚʥʠʚʘʥʠʶ ʮʚʝʪʘ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʭ ʠʟʣʫʯʝʥʠʡ ʚ ʙʘʟʠʩʝ ʪʨʝʭ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʭ ʞʝ 

ʠʟʣʫʯʝʥʠʡ ʩ ʜʣʠʥʘʤʠ ʚʦʣʥ 700; 546,1 ʠ 435,8 ʥʤ (ʫʩʣʦʚʥʦ ï ʢʨʘʩʥʦʛʦ, ʟʝʣʝʥʦʛʦ ʠ ʩʠʥʝʛʦ 

ʮʚʝʪʦʚ). ʂʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʙʝʣʦʛʦ ʮʚʝʪʘ 

(ʨʘʚʥʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ) ʩʦʦʪʥʦʰʝʥʠʝ ʤʦʱʥʦʩʪʝʡ ʪʘʢʠʭ ʠʟʣʫʯʝʥʠʡ ʜʦʣʞʥʦ ʩʦʩʪʘʚʣʷʪʴ 

52,3:1:0,724. ʇʦʵʪʦʤʫ ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʠʩʘ ʙʳʣʠ ʚʳʙʨʘʥʳ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʩ 

ʘʤʧʣʠʪʫʜʘʤʠ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʤʠ ʵʪʦʤʫ ʩʦʦʪʥʦʰʝʥʠʶ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʮʚʝʪʦʚʳʝ ʚʝʢʪʦʨ r

ʨʘʚʥʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ ʦʢʘʟʘʣʠʩʴ ʣʝʞʘʱʠʤʠ ʥʘ ʛʣʘʚʥʦʡ ʜʠʘʛʦʥʘʣʠ 

ʢʦʦʨʜʠʥʘʪʥʦʡ ʩʠʩʪʝʤʳ. ʂʨʠʚʳʝ ʩʣʦʞʝʥʠʷ ʚ ʪʘʢʦʤ ʙʘʟʠʩʝ ʧʨʠʥʷʪʦ ʦʙʦʟʥʘʯʘʪʴ ( )r l , ( )g l  ʠ 

( )b l. ɿʜʝʩʴ ʩʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʨʠʚʦʜʠʪʩʷ ʠʥʦʝ 

ʯʠʩʣʝʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʘʤʧʣʠʪʫʜ ʙʘʟʠʩʥʳʭ ʠʟʣʫʯʝʥʠʡ, ʥʦ ʪʘʤ ʦʥʦ ʜʘʝʪʩʷ ʜʣʷ 

ʨʝʜʫʮʠʨʦʚʘʥʥʳʭ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ, ʧʦʵʪʦʤʫ ʧʨʦʪʠʚʦʨʝʯʠʷ ʟʜʝʩʴ ʥʝʪ. 

ʈʝʜʫʮʠʨʦʚʘʥʥʳʝ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ ʟʘʚʠʩʷʪ ʦʪ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʠʚʦʡ ʚʠʜʥʦʩʪʠ, 

ʢʦʪʦʨʘʷ, ʢʘʢ ʙʳʣʦ ʫʧʦʤʷʥʫʪʦ ʚ ʨʘʟʜʝʣʝ 1.1, ʪʨʝʙʫʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʫʪʦʯʥʝʥʠʷ. ʇʦʵʪʦʤʫ ʚ 

ʜʘʥʥʦʤ ʧʦʩʦʙʠʠ ʩʦʦʪʥʦʰʝʥʠʝ ʧʨʠʚʦʜʠʪʩʷ ʚ ʚʠʜʝ, ʥʝ ʪʨʝʙʫʶʱʝʤ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʢʨʠʚʳʝ ʩʣʦʞʝʥʠʷ ʟʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʯʝʣʦʚʝʢʘ 

ʜʦʚʦʣʴʥʦ ʟʘʤʝʪʥʦ ʟʘʚʠʩʷʪ ʦʪ ʚʦʟʙʫʞʜʘʝʤʦʛʦ ʫʯʘʩʪʢʘ ʩʝʪʯʘʪʢʠ, ʧʦʵʪʦʤʫ ʩʪʘʥʜʘʨʪ ʜʦʣʞʝʥ ʙʳʣ 

ʚʢʣʶʯʘʪʴ ʠ ʵʪʦʪ ʧʘʨʘʤʝʪʨ. ɺ 1931 ʛʦʜʫ ʄʂʆ ʩʪʘʥʜʘʨʪʠʟʦʚʘʣʘ ʦʪʢʣʠʢ ʛʣʘʟʘ ʯʝʣʦʚʝʢʘ ʜʣʷ 

ʫʛʣʦʚʦʡ ʘʧʝʨʪʫʨʳ ʚ 2  ̄ʚʥʫʪʨʠ ʮʝʥʪʨʘʣʴʥʦʡ ʷʤʢʠ (ʬʦʚʝʘ, ʦʪ ʣʘʪ. fovea) ï ʦʙʣʘʩʪʠ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʛʣʘʟʘ. ʂʨʠʚʳʝ ʩʣʦʞʝʥʠʷ ʙʳʣʠ ʪʘʙʫʣʠʨʦʚʘʥʳ ʩ ʠʥʪʝʨʚʘʣʦʤ 5 ʥʤ. 
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ʈʠʩ. 4. ʉʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʦʛʦ ʥʘʙʣʶʜʘʪʝʣʷ 1931 ʛʦʜʘ: 

ʩʚʝʨʭʫ ï ʠʩʭʦʜʥʳʝ ʢʨʠʚʳʝ ʩʣʦʞʝʥʠʷ; ʩʥʠʟʫ ï ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʠʤ ʙʘʟʠʩ XYZ (ʨʠʩʫʥʦʢ ʧʨʝʜʦʩʪʘʚʣʝʥ 

ʆ. ɸ. ɹʘʩʦʚʦʡ, ʩʦʪʨʫʜʥʠʮʝʡ ʣʘʙ. 11 ʀʇʇʀ ʈɸʅ) 

 

ʅʘ ʨʠʩ. 4, ʩʚʝʨʭʫ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʢʨʠʚʳʭ ʩʣʦʞʝʥʠʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʥʘʙʣʶʜʘʪʝʣʷ. 

ɺʠʜʥʦ, ʯʪʦ ʬʫʥʢʮʠʠ ʧʨʠʥʠʤʘʶʪ ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʳʝ, ʪʘʢ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ. 

ʀʟ ʦʧʨʝʜʝʣʝʥʠʡ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʠ ʩʧʝʢʪʨʘʣʴʥʘʷ ʷʨʢʦʩʪʴ, ʥʠ ʩʧʝʢʪʨʘʣʴʥʘʷ 

ʦʩʚʝʱʝʥʥʦʩʪʴ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ. ɸ ʤʦʞʝʪ ʣʠ ʙʳʪʴ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʩʧʝʢʪʨʘʣʴʥʘʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ? ʀ ʚ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ, ʠ ʚ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʵʬʬʝʢʪʘʭ ʩʧʝʢʪʨʘʣʴʥʘʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʫʯʘʩʪʠʷ ʬʦʪʦʥʘ ʜʘʥʥʦʡ ʜʣʠʥʳ ʚʦʣʥʳ 

ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʧʨʦʮʝʩʩʝ, ʪʦ ʝʩʪʴ ʧʦ ʩʤʳʩʣʫ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʤʝʥʴʰʝ ʥʫʣʷ. ʂ ʩʦʞʘʣʝʥʠʶ, 

ʵʪʦ ʝʱʝ ʥʝ ʛʘʨʘʥʪʠʨʫʝʪ ʥʝʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ ʚʚʝʜʝʥʥʳʭ ʥʘʤʠ ( )lX . ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʝʩʣʠ 

ʦʧʠʨʘʪʴʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʝ ʦʧʳʪʳ, ʪʦ ʥʝʪ ʦʩʥʦʚʘʥʠʡ ʦʪʚʝʨʛʘʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʜʚʫʭ ʪʠʧʦʚ ʩʚʝʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʨʝʮʝʧʪʦʨʦʚ (ʩ 

ʥʝʩʦʚʧʘʜʘʶʱʠʤʠ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ), ʢʦʪʦʨʳʝ ʜʝʡʩʪʚʫʶʪ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʧʘʨʝ ʠ ʚʳʟʳʚʘʶʪ ʦʪʢʣʦʥʝʥʠ ̫ʥʝʢʦʪʦʨʦʛʦ ʩʠʛʥʘʣʘ ʦʪ ʨʘʚʥʦʚʝʩʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʩʪʦʨʦʥʳ. ɽʜʠʥʘʷ ʬʫʥʢʮʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʪʘʢʦʛʦ ʩʦʩʪʘʚʥʦʛʦ ʵʣʝʤʝʥʪʘ 
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ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʤʝʥʥʦʟʥʘʯʥʦʡ. ɺʧʨʦʯʝʤ, ʚ ʨʝʘʣʴʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ 

ʪʘʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʥʝ ʚʩʪʨʝʯʘʝʪʩʷ, ʠ ʠʩʪʠʥʥʳʝ ( )lX  ʨʘʟʫʤʥʦ ʩʯʠʪʘʪʴ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʤʠ. 

ʊʦʛʜʘ ʩʫʱʝʩʪʚʫʝʪ ʣʠʥʝʡʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʧʝʨʝʚʦʜʠʪ ʢʨʠʚʳʝ ʩʣʦʞʝʥʠʷ ( )l+X  ʚ 

ʥʘʙʦʨ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʭ ʬʫʥʢʮʠʡ. 

ɼʦʚʦʣʴʥʦ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʧʦʜʦʙʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʙʝʩʢʦʥʝʯʥʦ ʤʥʦʛʦ: ʤʥʦʞʝʩʪʚʦ 

ʥʝʚʳʨʦʞʜʝʥʥʳʭ ʤʘʪʨʠʮ ʩ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʥʝʩʯʝʪʥʦ, ʘ ʢʘʞʜʘʷ ʪʘʢʘʷ ʤʘʪʨʠʮʘ 

ʧʝʨʝʚʝʜʝʪ ʚʝʢʪʦʨ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʭ ʩʧʝʢʪʨʦʚ ( )lX  ʚ ʜʨʫʛʦʡ ʚʝʢʪʦʨ ʪʘʢʞʝ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʬʫʥʢʮʠʡ. ʇʦʵʪʦʤʫ ʧʝʨʝʜ ʄʂʆ ʚ 1931 ʛʦʜʫ ʚʩʪʘʣ ʚʦʧʨʦʩ ʦ ʚʳʙʦʨʝ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʘ ʪʦʛʦ 

ʠʣʠ ʠʥʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʥʘʙʦʨʘ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʭ ʬʫʥʢʮʠʡ, ʧʦʣʫʯʠʚʰʠʭ ʚʧʦʩʣʝʜʩʪʚʠʠ 

ʦʙʦʟʥʘʯʝʥʠʷ ( )x l , ( )y l  ʠ ( )z l . 

ʌʫʥʢʮʠʷ ( )y l  ʜʣʷ ʫʜʦʙʩʪʚʘ ʙʳʣʘ ʧʨʠʨʘʚʥʝʥʘ ʢ ʢʨʠʚʦʡ ʚʠʜʥʦʩʪʠ V( )l  ʚ ʚʘʨʠʘʥʪʝ 

1924 ʛʦʜʘ. ʕʪʦ ʥʝ ʧʨʦʪʠʚʦʨʝʯʠʣʦ ʥʝʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ ( )x l  ʠ ( ),z l  ʘ ʢʦʥʢʨʝʪʥʳʡ ʚʠʜ ʵʪʠʭ 

ʬʫʥʢʮʠʡ ʙʳʣ ʚʳʙʨʘʥ ʠʟ ʫʩʣʦʚʠʷ ʤʠʥʠʤʘʣʴʥʦʩʪʠ ʦʙʲʝʤʘ ʪʝʪʨʘʵʜʨʘ, ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʦʨʪʘʤʠ 

ʥʦʚʦʛʦ ʙʘʟʠʩʘ. ɻʨʘʬʠʢʠ ʚʳʙʨʘʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʫʥʢʮʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 4, ʩʥʠʟʫ. 

ɿʘʜʘʚʘʝʤʘʷ ʠʤʠ ʩʠʩʪʝʤʘ ʮʚʝʪʦʚʳʭ ʢʦʦʨʜʠʥʘʪ ʧʦʣʫʯʠʣʘ ʥʘʟʚʘʥʠʝ CIE XYZ. 

ʄʳ ʥʝ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʬʫʥʢʮʠʠ ʙʘʟʠʩʘ CIE XYZ ʢʨʠʚʳʤʠ ʩʣʦʞʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʥʝ 

ʩʫʱʝʩʪʚʫʝʪ ʪʨʝʭ ʩʧʝʢʪʨʦʚ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʚ ʨʝʘʣʴʥʦʤ ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʦʤ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʦʣʫʯʠʣʠʩʴ ʙʳ ʵʪʠ ʢʨʠʚʳʝ (ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʬʫʥʢʮʠʠ ʠʤʝʶʪ ʦʪʨʠʮʘʪʝʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ). ɹʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ ʠʭ ( )lxX  ʠ ʥʘʟʳʚʘʪʴ ʬʫʥʢʮʠʷʤʠ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʥʘʙʣʶʜʘʪʝʣʷ (ʭʦʪʷ ʦʥʠ ʠ ʥʝ ʩʦʚʧʘʜʘʶʪ ʩ ʨʝʘʣʴʥʳʤʠ 

ʩʧʝʢʪʨʘʤʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩʝʪʯʘʪʢʠ ʯʝʣʦʚʝʢʘ), ʧʦʩʢʦʣʴʢʫ ʩʝʥʩʦʨ ʩ ʪʘʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʠ ʚ ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʦʥ ʜʘʣ ʙʳ 

ʢʨʠʚʳʝ ʩʣʦʞʝʥʠʷ, ʩʦʚʧʘʜʘʶʱʠʝ ʩ ʪʘʢʦʚʳʤʠ ʜʣʷ ʯʝʣʦʚʝʢʘ. ʌʫʥʢʮʠʠ ( )lxX  ʥʦʨʤʠʨʦʚʘʥʳ ʪʘʢ, 

ʯʪʦ ʮʚʝʪ ʨʘʚʥʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ (ʩʦ ʩʧʝʢʪʨʘʣʴʥʦʡ ʷʨʢʦʩʪʴʶ, ʥʝ ʟʘʚʠʩʷʱʝʡ ʦʪ ʜʣʠʥʳ 

ʚʦʣʥʳ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ) ʚ CIE XYZ ʣʝʞʠʪ ʥʘ ʛʣʘʚʥʦʡ ʜʠʘʛʦʥʘʣʠ. ʄʘʪʨʠʮʘ, ʩʚʷʟʳʚʘʶʱʘʷ 

( )lxX  ʩ ʢʨʠʚʳʤʠ ʩʣʦʞʝʥʠʷ, ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ:  

 

 

2,768892 1,751748 1,130160

( ) = 1 4,590700 0,060100 ( ).
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ʀʪʘʢ, ʩʪʘʥʜʘʨʪʥʳʡ ʥʘʙʣʶʜʘʪʝʣʴ [1931 ʛʦʜʘ] ï ʵʪʦ ʣʠʥʝʡʥʳʡ ʮʚʝʪʦʚʦʡ ʩʝʥʩʦʨ ʩ 

ʚʝʢʪʦʨʦʤ ʬʫʥʢʮʠʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʨʘʚʥʳʤ ( ) = [ ( ), ( ), ( )]Tx y zl l l lxX  (ʨʠʩ. 4, ʩʥʠʟʫ). 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ ʯʪʦ ʩʠʩʪʝʤʘ ʄʂʆ 1931 ʛʦʜʘ ʙʳʣʘ ʦʬʠʮʠʘʣʴʥʦ ʧʨʠʟʥʘʥʘ ʚʦ ʚʩʝʤ ʤʠʨʝ, 

ʫ ʥʝʝ ʜʦʚʦʣʴʥʦ ʩʢʦʨʦ ʦʙʥʘʨʫʞʠʣʩʷ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ï ʤʘʣʳʡ ʨʘʟʤʝʨ ʧʦʣʷ, 

ʚʳʜʝʣʝʥʥʦʛʦ ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ. ʇʦʵʪʦʤʫ ʙʳʣ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥ ʝʱʝ ʦʜʠʥ ʥʘʙʦʨ 

ʬʫʥʢʮʠʡ, ʥʘʟʚʘʥʥʳʭ ʢʨʠʚʳʤʠ ʩʣʦʞʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʦʛʦ 

ʥʘʙʣʶʜʘʪʝʣʷ ʄʂʆ 1964 ʛʦʜʘ. ʕʪʠ ʢʨʠʚʳʝ ʩʣʦʞʝʥʠʷ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʥʘ ʦʩʥʦʚʝ ʦʧʳʪʦʚ, 

ʚʳʧʦʣʥʝʥʥʳʭ ɺ. ʉʪʘʡʣʩʦʤ, ɼʞ. ɹʝʨʯʝʤ ʠ ʅ. ʉʧʝʨʘʥʩʢʦʡ. ʋʛʦʣ ʧʦʣʷ ʟʨʝʥʠʷ ʧʨʠ ʫʨʘʚʥʠʚʘʥʠʠ 

ʮʚʝʪʦʚ ʙʳʣ ʥʘ ʵʪʦʪ ʨʘʟ ʨʘʚʝʥ ʥʝ 2  ̄(ʢʘʢ ʚ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ), ʘ 10 ,̄  ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʦʩʧʨʠʷʪʠʶ ʮʚʝʪʦʚʳʭ ʧʦʣʝʡ ʙʦʣʴʰʝʛʦ ʨʘʟʤʝʨʘ. (ɼʣʷ ʣʫʯʰʝʛʦ ʧʦʥʠʤʘʥʠʷ 

ʫʢʘʞʝʤ, ʯʪʦ ʜʣʷ ʧʨʝʜʤʝʪʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1 ʤ ʫʛʦʣ ʟʨʝʥʠʷ, ʨʘʚʥʳʡ 2 ,̄ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʣʦʱʘʜʢʝ 
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ʜʠʘʤʝʪʨʦʤ 3,5 ʩʤ, ʘ 10̄  ï ʧʣʦʱʘʜʢʝ ʜʠʘʤʝʪʨʦʤ 17,5 ʩʤ.) ʄʂʆ ʜʦ ʩʠʭ ʧʦʨ ʨʝʢʦʤʝʥʜʫʝʪ ʢ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʦʙʝ ʩʠʩʪʝʤʳ ʢʨʠʚʳʭ ʩʣʦʞʝʥʠʷ ʩ ʦʙʷʟʘʪʝʣʴʥʳʤ ʫʪʦʯʥʝʥʠʝʤ ʚʳʙʨʘʥʥʦʛʦ 

ʚʘʨʠʘʥʪʘ. 

ʂʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤʠ 

ʜʘʥʥʳʤʠ. ɼʦʩʪʦʚʝʨʥʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʥʦʨʤʘʣʴʥʳʭ ʜʥʝʚʥʳʭ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ 

(ʙʦʣʝʝ 10 ʢʜ/ʤ2), ʥʘʟʳʚʘʝʤʳʭ ʬʦʪʦʧʠʯʝʩʢʠʤʠ, ʚ ʛʣʘʟʫ ʘʢʪʠʚʥʳ ʬʦʪʦʨʝʮʝʧʪʦʨʳ (ʢʦʣʙʦʯʢʠ) ʪʨʝʭ 

ʪʠʧʦʚ: L (ʜʣʠʥʥʦʚʦʣʥʦʚʳʝ), M (ʩʨʝʜʥʝʚʦʣʥʦʚʳʝ) ʠ S (ʢʦʨʦʪʢʦʚʦʣʥʦʚʳʝ), ï ʦʜʥʘʢʦ ʪʦʯʥʳʡ ʚʠʜ 

ʬʫʥʢʮʠʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʵʪʠʭ ʨʝʮʝʧʪʦʨʦʚ ʦʩʪʘʝʪʩʷ ʧʨʝʜʤʝʪʦʤ ʦʩʪʨʳʭ 

ʤʝʪʦʜʠʯʝʩʢʠʭ ʜʠʩʢʫʩʩʠʡ. ʂʘʢ ʧʨʘʚʠʣʦ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʬʫʥʢʮʠʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʥʦʨʤʠʨʦʚʘʥʳ ʪʘʢ ʞʝ, ʢʘʢ ʚ CIE XYZ: ʮʚʝʪ ʨʘʚʥʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ ʣʝʞʠʪ ʥʘ ʛʣʘʚʥʦʡ 

ʜʠʘʛʦʥʘʣʠ. ʆʙʳʯʥʦ ʩʯʠʪʘʝʪʩʷ ʪʘʢʞʝ, ʯʪʦ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ LMS ʠ CIE XYZ ʣʠʥʝʡʥʦ ʩʚʷʟʘʥʳ 

ʩ ʪʦʯʥʦʩʪʴʶ, ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ. ʇʘʨʘʤʝʪʨʳ ʞʝ ʵʪʦʛʦ ʣʠʥʝʡʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʚʘʨʴʠʨʫʶʪʩʷ, ʧʨʠ ʵʪʦʤ ʨʘʟʥʳʝ ʩʠʩʪʝʤʳ ʮʚʝʪʦʚʳʭ ʢʦʦʨʜʠʥʘʪ 

ʤʦʛʫʪ ʠʤʝʥʦʚʘʪʴʩʷ ʦʜʠʥʘʢʦʚʦ (LMS), ʯʪʦ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ 

ʨʘʙʦʪʝ. 

ɿʜʝʩʴ ʩʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʩʣʘʙʦʛʦ ʥʦʯʥʦʛʦ ʦʩʚʝʱʝʥʠʷ (ʤʝʥʝʝ 0,01 ʢʜ/ʤ2), 

ʥʘʟʳʚʘʝʤʳʭ ʩʢʦʪʦʧʠʯʝʩʢʠʤʠ, ʢʦʣʙʦʯʢʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʫʯʘʩʪʚʫʪʁ ʚ ʟʨʝʥʠʠ ʠ ʥʘʰʘ 

ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʟʣʠʯʘʪʴ ʧʨʝʜʤʝʪʳ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʘʣʦʯʢʘʤʠ ï ʚʩrʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ 

ʨʝʮʝʧʪʦʨʘʤʠ ʦʜʥʦʛʦ ʪʠʧʘ. ɺ ʩʫʤʝʨʝʯʥʳʭ, ʠʣʠ ʤʝʟʦʧʠʯʝʩʢʠʭ, ʫʩʣʦʚʠʷʭ (0,01ï10 ʢʜ/ʤ2) ʘʢʪʠʚʥʳ 

ʚʩʝ ʯʝʪʳʨʝ ʪʠʧʘ ʨʝʮʝʧʪʦʨʦʚ. ɺ ʜʘʥʥʦʤ ʧʦʩʦʙʠʠ ʤʳ ʢʘʩʘʝʤʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʦʧʨʦʩʦʚ 

ʮʚʝʪʦʚʦʛʦ ʟʨʝʥʠʷ ʚ ʬʦʪʦʧʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʧʦʩʢʦʣʴʢʫ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʘʜʘʧʪʠʨʦʚʘʥʳ ʠʤʝʥʥʦ ʧʦʜ ʬʦʪʦʧʠʯʝʩʢʦʝ ʮʚʝʪʦʚʦʝ ʟʨʝʥʠʝ ʯʝʣʦʚʝʢʘ. ʀ ʠʤʝʥʥʦ ʚ 

ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʤʦʜʝʣʠ LMS (ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤʠ ʤʦʜʝʣʠ, ʚʢʣʶʯʘʷ CIE XYZ) ʘʜʝʢʚʘʪʥʦ 

ʦʧʠʩʳʚʘʶʪ ʩʚʦʡʩʪʚʘ ʮʚʝʪʦʚʦʛʦ ʟʨʝʥʠʷ.  

ɺ 2000 ʛʦʜʫ ɸ. ʉʪʦʢʤʘʥ ʠ ʃ. ʐʘʨʧ ʦʧʫʙʣʠʢʦʚʘʣʠ ʫʪʦʯʥʝʥʥʳʝ ʜʘʥʥʳʝ ʦ ʩʧʝʢʪʨʘʭ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢʦʣʙʦʯʝʢ ʛʣʘʟʘ ʯʝʣʦʚʝʢʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ 2006 ʛʦʜʫ ʪʝʭʥʠʯʝʩʢʠʡ ʢʦʤʠʪʝʪ 

ʄʂʆ ʦʧʫʙʣʠʢʦʚʘʣ ʨʝʢʦʤʝʥʜʘʮʠʠ (ʠʥʦʛʜʘ ʥʘʟʳʚʘʝʤʳʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʤʦʜʝʣʴʶ ʥʘʙʣʶʜʘʪʝʣʷ CIE 

2006) ʧʦ ʨʘʩʯʝʪʫ ʬʫʥʢʮʠʡ ʮʚʝʪʦʚʦʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ ʠ ʦʮʝʥʦʢ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʦʣʙʦʯʝʢ. 

ʕʪʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʟʘʢʨʝʧʣʷʶʪ ʫʜʦʙʥʫʶ ʧʨʦʮʝʜʫʨʫ ʨʘʩʯʝʪʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʨʝʮʝʧʪʦʨʦʚ ʜʣʷ 

ʣʶʙʦʛʦ ʨʘʟʤʝʨʘ ʧʦʣʷ ʦʪ 1 ʜʦ 10̄  ʠ ʜʣʷ ʚʦʟʨʘʩʪʘ ʥʘʙʣʶʜʘʪʝʣʝʡ ʦʪ 20 ʜʦ 80 ʣʝʪ. 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʬʫʥʢʮʠʠ ʮʚʝʪʦʚʦʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʣʠʥʝʡʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢʦʣʙʦʯʝʢ. ʅʘ ʨʠʩ. 5 ʧʦʢʘʟʘʥʳ ʬʫʥʢʮʠʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢʦʣʙʦʯʝʢ CIE 2006 ʜʣʷ ʨʘʟʤʝʨʘ 2  ̄(ʙʘʟʠʩ ʢʦʦʨʜʠʥʘʪʥʦʡ ʩʠʩʪʝʤʳ LMS) ʠ 

ʙʘʟʠʩ XYZ, ʠʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ (ʠ ʥʝ ʩʦʚʧʘʜʘʶʱʠʡ ʩʦ ʩʪʘʥʜʘʨʪʦʤ 1931 ʛʦʜʘ). 
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ʈʠʩ. 5. ʆʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ ʙʘʟʠʩʥʳʭ ʬʫʥʢʮʠʡ LMS (ʩʚʝʨʭʫ) ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʙʘʟʠʩʥʳʝ ʬʫʥʢʮʠʠ 

XYZ (ʩʥʠʟʫ) (ʨʠʩʫʥʦʢ ʧʨʝʜʦʩʪʘʚʣʝʥ ʆ. ɸ. ɹʘʩʦʚʦʡ) 

 

ʄʘʪʨʠʮʘ ʧʝʨʝʭʦʜʘ ʠʟ LMS ʤʦʜʝʣʠ CIE 2006 ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʢʦʦʨʜʠʥʘʪʘʤ XYZ 

ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

 

 

1,94735469 1,41445123 0,36476327

= 0,68990272 0,34832189 0 .

0 0 1,93485343

-è ø
é ù
é ù
é ùê ú

XYZ LMS  (24) 

 

ɺʘʞʥʦ ʟʥʘʪʴ, ʯʪʦ ʙʘʟʠʩʥʳʝ ʬʫʥʢʮʠʠ XYZ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʜʘʥʥʳʭ ʉʪʦʢʤʘʥʘ ʠ ʐʘʨʧʘ, 

ʝʱʝ ʥʝ ʧʨʠʥʷʪʳ ʄʂʆ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʘ, ʭʦʪʷ ʵʪʦʪ ʚʦʧʨʦʩ ʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩ 2012 ʛʦʜʘ. 

ɺʚʝʜʝʥʠʝ ʧʦʥʷʪʠʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʥʘʙʣʶʜʘʪʝʣʷ ʚ ʢʦʣʦʨʠʤʝʪʨʠʠ, ʧʦ ʩʫʱʝʩʪʚʫ, ʦʩʥʦʚʘʥʦ 

ʥʘ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʚʩʷ ʧʦʧʫʣʷʮʠʷ ʥʘʙʣʶʜʘʪʝʣʝʡ ʩ ʥʦʨʤʘʣʴʥʳʤ ʮʚʝʪʦʚʳʤ ʟʨʝʥʠʝʤ ʤʦʞʝʪ 

ʙʳʪʴ ʦʧʠʩʘʥʘ ʝʜʠʥʦʡ ʤʦʜʝʣʴʶ. ʊʦʯʥʦʩʪʴ ʠ ʛʨʘʥʠʮʳ ʧʨʠʤʝʥʠʤʦʩʪʠ ʪʘʢʦʡ ʤʦʜʝʣʠ ʧʨʠ ʵʪʦʤ 

ʦʩʪʘʶʪʩʷ ʜʠʩʢʫʩʩʠʦʥʥʳʤʠ ʚʦʧʨʦʩʘʤʠ. ɺ 1989 ʛʦʜʫ ʄʂʆ ʧʨʠʟʥʘʣʘ ʠʟʤʝʥʯʠʚʦʩʪʴ 
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ʮʚʝʪʦʚʦʩʧʨʠʷʪʠʷ ʩʨʝʜʠ ʦʪʜʝʣʴʥʳʭ ʥʘʙʣʶʜʘʪʝʣʝʡ, ʚʚʝʜʷ ʢʦʥʮʝʧʮʠʶ ʥʘʙʣʶʜʘʪʝʣʷ ʩʦ 

ʩʪʘʥʜʘʨʪʥʳʤ ʦʪʢʣʦʥʝʥʠʝʤ, ʥʦ ʧʨʠ ʵʪʦʤ ʩʠʣʴʥʦ ʥʝʜʦʦʮʝʥʠʣʘ ʩʪʝʧʝʥʴ ʠʟʤʝʥʯʠʚʦʩʪʠ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʢʦʥʮʝʧʮʠʷ ʥʝ ʙʳʣʘ ʧʨʠʥʷʪʘ. ʉʘʤʘ ʜʠʩʧʝʨʩʠʷ ʩʚʦʡʩʪʚ ʧʨʠ ʵʪʦʤ ʥʝ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʩʦʤʥʝʥʠʶ, ʠ ʩʫʱʝʩʪʚʫʶʪ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʥʘʙʣʶʜʘʪʝʣʷʤʠ ʫʯʠʪʳʚʘʪʴ 

ʥʝʦʙʭʦʜʠʤʦ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʵʪʠ ʨʘʟʣʠʯʠʷ ʤʦʛʫʪ ʙʳʪʴ ʥʝ ʪʦʣʴʢʦ ʚʨʦʞʜʝʥʥʳʤʠ. ʊʘʢ, ʫ 

ʢʫʨʠʣʴʱʠʢʦʚ, ʧʦ ʫʪʚʝʨʞʜʝʥʠʶ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʦʝ ʧʦʞʝʣʪʝʥʠʝ ʥʝ ʪʦʣʴʢʦ 

ʟʫʙʦʚ, ʥʦ ʠ ʨʦʛʦʚʠʮʳ, ʯʪʦ ʠʟʤʝʥʷʝʪ ʧʘʨʘʤʝʪʨʳ ʮʚʝʪʦʚʦʩʧʨʠʷʪʠʷ. 

ʍʦʪʷ ʢʦʥʮʝʧʮʠʷ ʫʩʨʝʜʥʝʥʥʦʛʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʥʘʙʣʶʜʘʪʝʣʷ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʘ ʜʣʷ ʮʝʣʝʡ 

ʧʦʣʠʛʨʘʬʠʠ ʠ ʜʠʟʘʡʥʘ, ʦʥʘ ʦʢʘʟʘʣʘʩʴ ʩʣʠʰʢʦʤ ʛʨʫʙʦʡ ʧʨʠ ʦʮʝʥʢʝ ʚʦʩʧʨʠʷʪʠʷ ʮʚʝʪʥʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʜʠʩʧʣʝʷʭ ʩ ʰʠʨʦʢʦʡ ʮʚʝʪʦʚʦʡ ʛʘʤʤʦʡ. ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʢʨʘʩʠʪʝʣʝʡ ʚ ʧʦʣʠʛʨʘʬʠʠ, ʮʚʝʪ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʜʠʩʧʣʝʷʭ ʤʦʞʝʪ ʩʠʥʪʝʟʠʨʦʚʘʪʴʩʷ 

ʫʟʢʦʧʦʣʦʩʥʳʤʠ ʠʟʣʫʯʝʥʠʷʤʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʥʝʙʦʣʴʰʠʝ ʩʤʝʱʝʥʠʷ ʬʫʥʢʮʠʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʦ ʦʩʠ ʜʣʠʥ ʚʦʣʥ ʧʨʠʚʦʜʷʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʚʦʩʧʨʠʷʪʠʷ ʪʘʢʠʭ 

ʩʤʝʩʝʡ. ɼʣʷ ʧʦʜʦʙʥʳʭ ʩʣʫʯʘʝʚ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʤʦʜʝʣʠ ʩ ʥʝʩʢʦʣʴʢʠʤʠ 

ʢʘʪʝʛʦʨʠʷʤʠ ʥʘʙʣʶʜʘʪʝʣʝʡ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʠʤ ʬʫʥʢʮʠʷʤʠ ʮʚʝʪʦʚʦʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ (ʩʤ., 

ʥʘʧʨʠʤʝʨ, [11]).  

 

1.4. ʎʚʝʪ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 
 

ɺʝʨʥʝʤʩʷ ʢ ʧʦʥʷʪʠʶ ʤʝʪʘʤʝʨʠʠ. ʈʘʥʝʝ ʤʳ ʫʞʝ ʫʧʦʤʠʥʘʣʠ, ʯʪʦ ʦʜʥʦ ʠ ʪʦ ʞʝ ʮʚʝʪʦʚʦʝ 

ʦʱʫʱʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʦ ʠʟʣʫʯʝʥʠʷʤʠ ʨʘʟʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ, ʥʘʟʳʚʘʝʤʳʤʠ 

ʤʝʪʘʤʝʨʥʳʤʠ. ʃʠʥʝʡʥʘʷ ʤʦʜʝʣʴ ʩʝʥʩʦʨʘ ʧʦʟʚʦʣʷʝʪ ʥʘʤ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʵʪʦ 

ʷʚʣʝʥʠʝ, ʨʘʩʩʤʘʪʨʠʚʘʷ ʚʩʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʥʝʨʘʟʣʠʯʠʤʳʭ ʩʧʝʢʪʨʦʚ. 

ʄʝʪʘʤʝʨʠʷ & ɚḐ& ɚ  ʠʤʝʝʪ ʤʝʩʪʦ ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʚʳʧʦʣʥʝʥʦ 

ʩʣʝʜʫʶʱʝʝ ʫʩʣʦʚʠʝ:  

 
0

( ) ( ) = ,dl l l
¤

Dñ X 0  (25) 

ʛʜʝ 2 1( ) = F ( ) F ( ).l l lD -  ʇʦʩʢʦʣʴʢʫ ʤʳ ʫʩʣʦʚʠʣʠʩʴ ʩʯʠʪʘʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ( )lX  

ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʤʠ, ʪʦ ʬʫʥʢʮʠʷ ( )lD  ʜʦʣʞʥʘ ʣʠʙʦ ʙʳʪʴ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʚʥʝ ʚʠʜʠʤʦʛʦ 

ʜʠʘʧʘʟʦʥʘ (ʪʦ ʝʩʪʴ ʝʝ ʥʦʩʠʪʝʣʴ ʥʝ ʜʦʣʞʝʥ ʧʝʨʝʩʝʢʘʪʴʩʷ ʩ ʥʦʩʠʪʝʣʷʤʠ ( )),lX  ʣʠʙʦ ʷʚʣʷʪʴʩʷ 

ʧʝʨʝʤʝʥʥʦʟʥʘʯʥʦʡ. 

ɿʜʝʩʴ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʩʝʥʩʦʨ ʩ ʦʜʥʠʤ ʥʘʙʦʨʦʤ ʩʧʝʢʪʨʦʚ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, 

ʠ ʦʙʩʫʞʜʝʥʠʝ ʤʝʪʘʤʝʨʦʚ ʧʝʨʚʦʛʦ ʪʠʧʘ ʢʘʞʝʪʩʷ ʙʝʩʩʤʳʩʣʝʥʥʳʤ, ʚʝʜʴ ʚʩʝ ʤʥʦʛʦʦʙʨʘʟʠʝ 

ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʭ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʩʧʝʢʪʨʦʚ ʬʘʢʪʠʯʝʩʢʠ ʥʝʥʘʙʣʶʜʘʝʤʦ. ɺʧʨʦʯʝʤ, ʠ ʪʘʢʠʝ 

ʤʝʪʘʤʝʨʳ ʥʝ ʚʩʝʛʜʘ ʤʦʞʥʦ ʠʛʥʦʨʠʨʦʚʘʪʴ. ʇʦʢʘ ʞʝ ʩʦʩʨʝʜʦʪʦʯʠʤʩʷ ʥʘ ʚʪʦʨʦʤ ʩʣʫʯʘʝ. 

ɼʣʷ ʧʨʦʩʪʦʪʳ ʨʘʩʩʤʦʪʨʠʤ ʩʧʝʢʪʨ 1F ( )l, ʩʪʨʦʛʦ ʙʦʣʴʰʠʡ ʥʫʣʷ ʚʦ ʚʩʝʤ ʚʠʜʠʤʦʤ 

ʜʠʘʧʘʟʦʥʝ. ɼʣʷ ʣʶʙʦʡ ( ),lD  ʢʦʪʦʨʘʷ ʦʙʨʘʱʘʝʪʩʷ ʚ ʥʫʣʴ ʚ ʥʝʢʦʪʦʨʦʡ ʦʢʨʝʩʪʥʦʩʪʠ ʢʦʥʮʦʚ 

ʚʠʜʠʤʦʛʦ ʠʥʪʝʨʚʘʣʘ ʠ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ (25), ʥʘʡʜʝʪʩʷ ʪʘʢʦʡ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʡ 

ʤʥʦʞʠʪʝʣʴ ,a  ʯʪʦ 1F ( ) ( ) 0l a l+ D ². ʇʨʠ ʵʪʦʤ & ɚḐ& ɚ Ŭȹɚ. ʋʩʣʦʚʠʝ (25) ʥʝ 

ʥʘʢʣʘʜʳʚʘʝʪ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʬʦʨʤʫ ʬʫʥʢʮʠʠ ( ),lD  ʧʦʵʪʦʤʫ ʨʘʟʥʦʦʙʨʘʟʠʝ ʤʝʪʘʤʝʨʦʚ ʩ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟʛʨʘʥʠʯʥʦ. ʅʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʠʟʠʢʠ ʥʘʰʝ 

ʧʦʩʪʨʦʝʥʠʝ ʥʝʫʙʝʜʠʪʝʣʴʥʦ: ʧʘʨʘʤʝʪʨ a ʤʦʞʝʪ ʙʳʪʴ ʚʝʩʴʤʘ ʤʘʣ, ʘ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʝʪʘʤʝʨʠʝʡ 

ʩʢʦʨʝʝ ʚʩʝʛʦ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. 
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ʈʠʩ. 6. ɼʚʝ ʬʫʥʢʮʠʠ ʩʧʝʢʪʨʘʣʴʥʦʡ ʷʨʢʦʩʪʠ (ʰʪʨʠʭʦʚʳʝ ʣʠʥʠʠ ʥʘ ʚʝʨʭʥʝʤ ʠ ʥʠʞʥʝʤ ʛʨʘʬʠʢʘʭ), 

ʤʝʪʘʤʝʨʥʳʝ ʜʣʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʥʘʙʣʶʜʘʪʝʣʷ, ʥʘ ʬʦʥʝ ʛʨʘʬʠʢʦʚ ʬʫʥʢʮʠʡ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʥʘʙʣʶʜʘʪʝʣʷ (ʮʚʝʪʥʳʝ ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ). ʗʨʢʦʩʪʴ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʟʘʜʘʥʳ ʚ ʫʩʣʦʚʥʳʭ ʝʜʠʥʠʮʘʭ (ʨʠʩʫʥʦʢ ʧʨʝʜʦʩʪʘʚʣʝʥ ʆ. ɸ. ɹʘʩʦʚʦʡ) 

 

ʇʦʵʪʦʤʫ ʨʘʩʩʤʦʪʨʠʤ, ʥʘʩʢʦʣʴʢʦ ʤʝʪʘʤʝʨʥʳʝ ʩʧʝʢʪʨʳ ʤʦʛʫʪ ʨʘʟʣʠʯʘʪʴʩʷ ʤʝʞʜʫ ʩʦʙʦʡ 

ʧʦ ʘʙʩʦʣʶʪʥʳʤ ʟʥʘʯʝʥʠʷʤ. ʅʘ ʨʠʩ. 6 ʰʪʨʠʭʦʚʳʤʠ ʣʠʥʠʷʤʠ ʠʟʦʙʨʘʞʝʥʳ ʩʧʝʢʪʨ ʷʨʢʦʩʪʠ 

ʨʘʚʥʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ (ʩʚʝʨʭʫ) ʠ ʥʝʢʦʪʦʨʳʡ ʧʦʣʦʩʦʚʦʡ ʩʧʝʢʪʨ ʷʨʢʦʩʪʠ (ʩʥʠʟʫ). 

ʅʝʩʤʦʪʨʷ ʥʘ ʨʘʟʠʪʝʣʴʥʦʝ ʨʘʟʣʠʯʠʝ ʚ ʬʦʨʤʝ ʛʨʘʬʠʢʦʚ, ʦʙʝ ʬʫʥʢʮʠʠ ʧʨʠ ʧʦʜʩʪʘʥʦʚʢʝ ʚ ʤʦʜʝʣʴ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʥʘʙʣʶʜʘʪʝʣʷ ʜʘʶʪ ʦʜʥʦ ʠ ʪʦ ʞʝ ʟʥʘʯʝʥʠʝ ʮʚʝʪʦʚʦʛʦ ʚʝʢʪʦʨʘ. ɺʧʨʦʯʝʤ, ʫ 

ʯʠʪʘʪʝʣʷ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʟʘʢʦʥʦʤʝʨʥʦʝ ʩʦʤʥʝʥʠʝ: ʥʘʩʢʦʣʴʢʦ ʨʝʘʣʠʩʪʠʯʝʥ ʪʘʢʦʡ ʧʨʠʤʝʨ? 

ʄʳ ʫʞʝ ʫʙʝʜʠʣʠʩʴ, ʯʪʦ ʚ ʪʝʦʨʠʠ ʤʝʪʘʤʝʨʥʳʝ ʩʧʝʢʪʨʳ ʤʦʛʫʪ ʙʳʪʴ ʚʝʩʴʤʘ ʨʘʟʣʠʯʥʳ, ʥʦ 

ʚʦʟʤʦʞʥʦ ʣʠ ʪʘʢʦʝ ʥʘ ʧʨʘʢʪʠʢʝ? ʅʘ ʨʠʩ. 7 ʧʨʠʚʝʜʝʥ ʛʨʘʬʠʢ ʩʧʝʢʪʨʘʣʴʥʦʡ ʷʨʢʦʩʪʠ ʨʝʘʣʴʥʦʡ 

ʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʣʘʤʧʳ. ʅʘʣʠʯʠʝ ʫ ʵʪʦʡ ʬʫʥʢʮʠʠ ʨʝʟʢʠʭ ʧʠʢʦʚ ʚ ʧʨʦʠʟʚʦʣʴʥʳʭ ʤʝʩʪʘʭ 

ʛʦʚʦʨʠʪ ʚʜʫʤʯʠʚʦʤʫ ʠʩʩʣʝʜʦʚʘʪʝʣʶ, ʯʪʦ ʤʝʪʘʤʝʨʠʶ ʠʟʣʫʯʝʥʠʡ ʥʝ ʩʪʦʠʪ ʠʛʥʦʨʠʨʦʚʘʪʴ ʥʝ 

ʪʦʣʴʢʦ ʚ ʪʝʦʨʠʠ, ʥʦ ʠ ʚ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ. 

 



ȴɗɓɔɈɡ ɜɈɋɘɔɈɔɏ ɘɋɔɖɎɎ Ɉ ɘɋɛɓɎɝɋɗɐɔɒ ɍɖɋɓɎɎ 
ȽɆɗɘɢ 1. ȨɈɋɊɋɓɎɋ Ɉ ɜɈɋɘɔɈəɤ ɘɋɔɖɎɤ 

ȰɔɑɑɋɐɘɎɈ ɆɈɘɔɖɔɈ 

 

  23 

 

 
 

ʈʠʩ. 7. Cʧʝʢʪʨ ʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʣʘʤʧʳ ʩ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤ ʣʶʤʠʥʦʬʦʨʦʤ. ʎʠʬʨʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʧʠʢʠ 

(URL: https://commons.wikimedia.org/wiki/File:Fluorescent_lighting_spectrum_peaks_labelled.png)  
 

ʃʠʥʝʡʥʘʷ ʤʦʜʝʣʴ ʩʝʥʩʦʨʘ ʭʦʨʦʰʦ ʧʦʜʭʦʜʠʪ ʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʟʨʠʪʝʣʴʥʳʭ 

ʩʠʩʪʝʤ. ʈʘʟʫʤʝʝʪʩʷ, ʛʦʚʦʨʠʪʴ ʦʙ ʦʱʫʱʝʥʠʷʭ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʙʝʩʩʤʳʩʣʝʥʥʦ, ʠ ʧʦʜ ʮʚʝʪʦʤ ʧʨʠ 

ʨʘʩʩʤʦʪʨʝʥʠʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʦʙʳʯʥʦ ʧʦʥʠʤʘʝʪʩʷ ʪʨʝʭʤʝʨʥʳʡ ʚʝʢʪʦʨ ,c  ʧʝʨʝʜʘʚʘʝʤʳʡ 

ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ. ʅʦ ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʦ ʪʦ, ʯʪʦ ʩʧʝʢʪʨʘʣʴʥʳʡ ʙʘʟʠʩ ( )lX  

ʮʚʝʪʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʢʘʤʝʨʳ ʧʦʯʪʠ ʚʩʝʛʜʘ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʙʘʟʠʩʘ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʥʘʙʣʶʜʘʪʝʣʷ:  

 
0

( , ) = F( , , ) ( ) , ( ) ( ).x y x y dl l l l l
¤

¸ñ xc X X X  (26) 

ɹʦʣʝʝ ʪʦʛʦ, ʢʘʤʝʨʳ ʨʘʟʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʶʪ ʨʘʟʣʠʯʘʶʱʠʝʩʷ 

ʮʚʝʪʦʚʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɺʩʝ ʦʥʠ ʧʦʜʚʝʨʞʝʥʳ ʤʝʪʘʤʝʨʠʠ ʚ ʥʝ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʝʤ ʯʝʣʦʚʝʢ,  

ʥʦ ʠʟʣʫʯʝʥʠʷ, ʤʝʪʘʤʝʨʥʳʝ ʜʣʷ ʯʝʣʦʚʝʢʘ, ʤʦʛʫʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴʩʷ ʢʘʤʝʨʦʡ ʢʘʢ ʥʝʩʦʚʧʘʜʘʶʱʠʝ 

ʮʚʝʪʘ, ʠ ʥʘʦʙʦʨʦʪ. 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ( , )x yc  ʮʚʝʪʦʚʦʛʦ ʚʝʢʪʦʨʘ, ʨʝʛʠʩʪʨʠʨʫʝʤʦʝ 

ʚʠʜʝʦʢʘʤʝʨʦʡ, ʥʘʟʳʚʘʝʪʩʷ ʮʠʬʨʦʚʳʤ ʮʚʝʪʥʳʤ ʠʟʦʙʨʘʞʝʥʠʝʤ. ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʮʚʝʪʥʳʝ 

ʠʟʦʙʨʘʞʝʥʠʷ ʬʦʨʤʠʨʫʶʪʩʷ ʟʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʦʡ ʯʝʣʦʚʝʢʘ ʧʨʠ ʚʦʩʧʨʠʷʪʠʠ ʩʮʝʥ ʬʠʟʠʯʝʩʢʦʛʦ 

ʤʠʨʘ, ʭʦʪʷ ʪʘʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʥʝʜʦʩʪʫʧʥʳ ʜʣʷ ʠʟʤʝʨʝʥʠʷ. ʇʦʤʠʤʦ ʮʠʬʨʦʚʳʭ, ʩʫʱʝʩʪʚʫʝʪ 

ʠ ʠʥʦʡ ʢʣʘʩʩ ʠʟʦʙʨʘʞʝʥʠʡ ï ʬʠʟʠʯʝʩʢʠʝ ʮʚʝʪʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʠʣʣʶʩʪʨʘʮʠʠ 

ʚ ʢʥʠʛʘʭ), ʥʦ ʧʝʨʚʦʝ ʩʣʦʚʦ ʦʙʳʯʥʦ ʦʧʫʩʢʘʶʪ, ʝʩʣʠ ʦʥʦ ʷʩʥʦ ʠʟ ʢʦʥʪʝʢʩʪʘ.  
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2. ʊʦʧʦʣʦʛʠʷ ʠ ʛʝʦʤʝʪʨʠʷ ʮʚʝʪʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 
 

ʉʝʥʩʦʨ ʩ ʣʠʥʝʡʥʳʤ ʙʘʟʠʩʦʤ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʮʚʝʪʘ. ʎʚʝʪʦʚʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ ʮʚʝʪʦʚʳʝ ʢʦʦʨʜʠʥʘʪʳ. ɽʩʪʝʩʪʚʝʥʥʘʷ ʩʠʩʪʝʤʘ ʮʚʝʪʦʚʳʭ ʢʦʦʨʜʠʥʘʪ 

ʩʝʥʩʦʨʘ ʩ ʣʠʥʝʡʥʳʤ ʙʘʟʠʩʦʤ. ʉʧʝʢʪʨʘʣʴʥʳʡ ʢʦʥʫʩ. ʎʚʝʪʦʚʦʡ ʢʦʥʫʩ. ʎʚʝʪʥʦʩʪʴ. 

ʇʣʦʩʢʦʩʪʴ ʮʚʝʪʥʦʩʪʠ. ʏʠʩʪʳʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʮʚʝʪʘ. ʉʧʝʢʪʨʘʣʴʥʦ-ʮʚʝʪʦʚʦʡ ʣʦʢʫʩ. 

ʎʚʝʪʦʚʦʡ ʪʨʝʫʛʦʣʴʥʠʢ. ʎʚʝʪʦʚʦʡ ʪʦʥ. ʂʨʫʛ ʅʴʶʪʦʥʘ. ʉʧʝʢʪʨʘʣʴʥʳʝ ʠ ʥʝʩʧʝʢʪʨʘʣʴʥʳʝ 

ʪʦʥʘ. ʅʘʩʳʱʝʥʥʦʩʪʴ. ʗʨʢʦʩʪʴ. ʎʚʝʪʦʚʦʝ ʪʝʣʦ ʃʶʪʝʨʘ ï ʅʶʙʝʨʛʘ. ʇʨʝʜʝʣʴʥʳʝ ʦʢʨʘʩʢʠ. 

ʉʚʝʪʣʦʪʘ. ɻʨʷʟʥʳʝ ʮʚʝʪʘ. 

 

ʈʝʢʦʤʝʥʜʫʝʤʘʷ ʣʠʪʝʨʘʪʫʨʘ: ʨʘʙʦʪʳ [12, 13]. 

 

ɺ ʨʘʟʜʝʣʝ 1 ʤʳ ʦʙʦʩʥʦʚʘʣʠ ʣʠʥʝʡʥʫʶ ʤʦʜʝʣʴ ʮʚʝʪʦʚʦʛʦ ʩʝʥʩʦʨʘ ʠ ʝʝ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ï 

ʤʦʜʝʣʴ ʩʪʘʥʜʘʨʪʥʦʛʦ ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʦʛʦ ʥʘʙʣʶʜʘʪʝʣʷ. ʆʙʩʫʜʠʤ ʪʝʧʝʨʴ ʩʤʳʩʣ ʪʝʨʤʠʥʘ 

çʣʠʥʝʡʥʦʩʪʴè, ʧʨʠʤʝʥʷʝʤʦʛʦ ʢ ʵʪʠʤ ʤʦʜʝʣʷʤ. ʇʫʩʪʴ ʚ ʦʪʚʝʪ ʥʘ ʩʧʝʢʪʨʘʣʴʥʳʡ ʩʪʠʤʫʣ F( )l  

ʩʝʥʩʦʨ ʥʝʢʦʪʦʨʦʡ ʟʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʜʘʝʪ ʦʪʢʣʠʢ ,c  ʦʧʠʩʳʚʘʝʤʳʡ ʩʣʝʜʫʶʱʝʡ (ʚ ʦʙʱʝʤ 

ʩʣʫʯʘʝ ʥʝʣʠʥʝʡʥʦʡ) ʤʦʜʝʣʴʶ:  

 ( )0
= F( ) ( ) ,dl l l

¤

Fñc X  (27) 

ʛʜʝ F ï ʧʨʦʠʟʚʦʣʴʥʘʷ ʦʙʨʘʪʠʤʘʷ ʥʝʧʨʝʨʳʚʥʘʷ ʬʫʥʢʮʠʷ. ʊʘʢʦʡ ʩʝʥʩʦʨ ʤʳ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ 

ʩʝʥʩʦʨʦʤ ʩ ʣʠʥʝʡʥʳʤ ʙʘʟʠʩʦʤ ( )lX . ʇʦʩʪʫʣʠʨʫʝʤ, ʯʪʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʟʨʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ 

ʩʧʦʩʦʙʥʘ ʢʦʨʨʝʢʪʥʦ ʧʨʦʚʝʨʷʪʴ ʚʝʢʪʦʨ r c  ʥʘ ʩʦʚʧʘʜʝʥʠʝ. ʅʝʪʨʫʜʥʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʢʦʣʦʨʠʤʝʪʨʦʤ, ʘʥʘʣʦʛʠʯʥʳʝ ʧʨʦʚʝʜʝʥʥʳʤ ʄʂʆ, ʥʘʜ ʪʘʢʦʡ ʟʨʠʪʝʣʴʥʦʡ 

ʩʠʩʪʝʤʦʡ ʧʦʟʚʦʣʷʪ ʫʩʪʘʥʦʚʠʪʴ (ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʣʠʥʝʡʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ) ʙʘʟʠʩ ( )lX , ʥʦ ʥʝ 

ʬʫʥʢʮʠʶ .F ʇʨʠ ʵʪʦʤ ʧʦʩʪʨʦʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ ʢʦʣʦʨʠʤʝʪʨʘ ʤʦʜʝʣʴ ʙʫʜʝʪ ʣʠʥʝʡʥʦʡ, ʜʘʞʝ 

ʝʩʣʠ ʦʪʢʣʠʢ (27) ʩʝʥʩʦʨʘ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝʣʠʥʝʝʥ. ɹʦʣʝʝ ʪʦʛʦ, ʝʩʣʠ dim > dimc X  (ʵʪʦ ʥʝ 

ʧʨʦʪʠʚʦʨʝʯʠʪ ʦʙʨʘʪʠʤʦʩʪʠ), ʪʦ ʨʘʟʤʝʨʥʦʩʪʴ ʧʦʩʪʨʦʝʥʥʦʡ ʤʦʜʝʣʠ ʙʫʜʝʪ ʩʦʚʧʘʜʘʪʴ ʩ 

ʨʘʟʤʝʨʥʦʩʪʴʶ ʚʝʢʪʦʨʘ ʬʫʥʢʮʠʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ( )lX  ʩʝʥʩʦʨʘ, ʘ ʥʝ ʩ ʨʘʟʤʝʨʥʦʩʪʴʶ 

ʮʚʝʪʦʚʦʛʦ ʚʝʢʪʦʨʘ ,c  ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʟʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʦʡ. 

ʀʪʘʢ, ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ 

ʮʚʝʪʦʨʘʟʣʠʯʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʩʝʪʯʘʪʢʠ ʯʝʣʦʚʝʢʘ ʤʦʛʫʪ ʙʳʪʴ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʳ ʤʦʜʝʣʴʶ 

ʩʝʥʩʦʨʘ ʩ ʣʠʥʝʡʥʳʤ ʙʘʟʠʩʦʤ, ʘ ʥʝ ʦ ʪʦʤ, ʯʪʦ ʩʝʪʯʘʪʢʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʣʠʥʝʡʥʳʡ ʦʪʢʣʠʢ. ʂʨʦʤʝ 

ʪʦʛʦ, ʤʳ ʤʦʞʝʤ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʮʚʝʪʦʚʳʭ ʚʝʢʪʦʨʦʚ ʚ ʟʨʠʪʝʣʴʥʦʤ 

ʪʨʘʢʪʝ ʦʙʨʘʪʠʤʳ, ʠʥʘʯʝ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʮʚʝʪʦʚ ʟʘʜʘʯʘ ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʦʛʦ ʚʳʨʘʚʥʠʚʘʥʠʷ 

ʠʤʝʣʘ ʙʳ ʙʦʣʝʝ ʦʜʥʦʛʦ ʨʝʰʝʥʠʷ. ʃʠʥʝʡʥʦʩʪʴ ʞʝ, ʢʦʪʦʨʫʶ ʤʳ ʧʦʩʪʫʣʠʨʦʚʘʣʠ ʚ ʥʘʰʠʭ 

ʤʦʜʝʣʷʭ, ï ʵʪʦ ʣʠʥʝʡʥʦʩʪʴ ʚʚʝʜʝʥʥʳʭ ʥʘʤʠ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʩʚʝʱʝʥʥʦʩʪʠ 

ʩʝʥʩʦʨʘ, ʘ ʥʝ ʣʠʥʝʡʥʦʩʪʴ ʪʝʭ ʠʣʠ ʠʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʣʠ ʬʠʟʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ɺʳʰʝʩʢʘʟʘʥʥʦʝ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʚʦ ʠʟʙʝʞʘʥʠʝ ʧʫʪʘʥʠʮʳ ʩʣʝʜʫʝʪ ʨʘʟʣʠʯʘʪʴ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʮʚʝʪʦʚ ʠ ʧʨʦʩʪʨʘʥʩʪʚʦ ʮʚʝʪʦʚʳʭ ʢʦʦʨʜʠʥʘʪ. ɼʘʜʠʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʦʧʨʝʜʝʣʝʥʠʝ ʮʚʝʪʘ, ʧʦʜʦʙʥʦʝ ʦʧʨʝʜʝʣʝʥʠʶ ʐʨʝʜʠʥʛʝʨʘ, ʥʦ ʧʨʠʤʝʥʠʤʦʝ ʠ ʢ ʪʝʭʥʠʯʝʩʢʠʤ 

ʩʠʩʪʝʤʘʤ. ʎʚʝʪʦʤ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʤʥʦʞʝʩʪʚʦ ʠʟʣʫʯʝʥʠʡ, ʥʝʨʘʟʣʠʯʠʤʳʭ ʜʣʷ ʜʘʥʥʦʛʦ 

ʩʝʥʩʦʨʘ, ʘ ʮʚʝʪʦʚʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ ï ʤʥʦʞʝʩʪʚʦ ʚʩʝʭ ʮʚʝʪʦʚ ʜʘʥʥʦʛʦ ʩʝʥʩʦʨʘ. ʎʚʝʪʦʚʳʝ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʨʘʟʣʠʯʥʳ, ʝʩʣʠ ʨʘʟʣʠʯʥʳ ʤʥʦʞʝʩʪʚʘ ʥʝʨʘʟʣʠʯʠʤʳʭ ʠʟʣʫʯʝʥʠʡ. (ʎʚʝʪʦʚʳʝ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʝʥʩʦʨʦʚ ʩ ʣʠʥʝʡʥʳʤ ʙʘʟʠʩʦʤ ʤʦʛʫʪ ʥʝ ʩʦʚʧʘʜʘʪʴ, ʝʩʣʠ ʠʭ ʙʘʟʠʩʳ ʨʘʟʣʠʯʥʳ.) 

ɼʣʷ ʢʘʨʪʠʨʦʚʘʥʠʷ ʮʚʝʪʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʠʩʪʝʤʳ ʮʚʝʪʦʚʳʭ ʢʦʦʨʜʠʥʘʪ 
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(ʉʎʂ). ɺ ʣʶʙʦʡ ʠʟ ʥʠʭ c  ï ʚʝʢʪʦʨ ʮʚʝʪʦʚʳʭ ʢʦʦʨʜʠʥʘʪ ï ʩʚʷʟʘʥ ʩ ʦʩʚʝʱʝʥʥʦʩʪʴʶ F( )l  

ʩʝʥʩʦʨʘ ʥʝʢʦʪʦʨʳʤ ʚʝʢʪʦʨ-ʬʫʥʢʮʠʦʥʘʣʦʤ Y:  

 = [F( )].lYc  (28) 

ɽʩʣʠ ʬʫʥʢʮʠʦʥʘʣ Y ʣʠʥʝʝʥ, ʪʦ ʙʫʜʝʤ ʛʦʚʦʨʠʪʴ, ʯʪʦ ʦʥ ʟʘʜʘʝʪ ʣʠʥʝʡʥʫʶ ʉʎʂ (ʃʉʎʂ). 

ɼʣʷ ʢʘʨʪʠʨʦʚʘʥʠʷ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʮʚʝʪʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʨʘʟʥʳʝ ʉʎʂ. ʊʘʢ, ʜʣʷ ʮʚʝʪʦʚ ʩʪʘʥʜʘʨʪʥʦʛʦ ʥʘʙʣʶʜʘʪʝʣʷ ʠʟʚʝʩʪʥʦ ʤʥʦʞʝʩʪʚʦ ʢʦʦʨʜʠʥʘʪʥʳʭ 

ʩʠʩʪʝʤ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʫʜʦʙʩʪʚʦʤ ʧʨʠ ʪʝʭ ʠʣʠ ʠʥʳʭ ʧʨʠʤʝʥʝʥʠʷʭ. ɺ ʨʘʟʜʝʣʝ 1 ʤʳ ʫʞʝ 

ʫʧʦʤʠʥʘʣʠ ʉʎʂ LMS, ʤʦʜʝʣʠʨʫʶʱʫʶ ʦʪʢʣʠʢʠ ʦʪʜʝʣʴʥʳʭ ʢʦʣʙʦʯʝʢ. ɺ ʪʝʢʫʱʝʤ ʨʘʟʜʝʣʝ ʤʳ 

ʧʦʟʥʘʢʦʤʠʤʩʷ ʩ ʜʚʫʤʷ ʥʝʣʠʥʝʡʥʳʤʠ ʉʎʂ ʩ ʮʠʢʣʠʯʝʩʢʠʤ ʮʚʝʪʦʚʳʤ ʪʦʥʦʤ, ʢʦʦʨʜʠʥʘʪʳ 

ʢʦʪʦʨʳʭ ʣʝʛʢʦ ʠʥʪʝʨʧʨʝʪʠʨʫʶʪʩʷ ʯʝʣʦʚʝʢʦʤ. ʂʨʦʤʝ ʪʦʛʦ, ʩʫʱʝʩʪʚʫʝʪ ʛʨʫʧʧʘ ʪʘʢ ʥʘʟr ʚʘʝʤʳʭ 

ʨʘʚʥʦʢʦʥʪʨʘʩʪʥʳʭ ʢʦʦʨʜʠʥʘʪʥʳʭ ʩʠʩʪʝʤ (ʝʝ ʪʠʧʠʯʥʤr ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʷʚʣʷʝʪʩʷ ʉʎʂ 

CIELAB), ʝʚʢʣʠʜʦʚʦ ʨʘʩʩʪʦʷʥʠʝ ʚ ʢʦʪʦʨʳʭ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪ ʨʘʟʣʠʯʠʝ ʮʚʝʪʦʚ ʚ ʚʦʩʧʨʠʷʪʠʠ 

ʯʝʣʦʚʝʢʘ. ʎʚʝʪʦʚʦʡ ʚʝʢʪʦʨ cf ʣʶʙʦʡ ʠʟ ʥʠʭ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥ ʯʝʨʝʟ ʢʦʦʨʜʠʥʘʪʳ CIE XYZ 

ʙʝʟ ʟʥʘʥʠʷ F( )l :  

 = [F( )] = ( ),lFY F xc cf
 (29) 

ʛʜʝ F ï ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʢʦʦʨʜʠʥʘʪ ʠʟ CIE XYZ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʫʶ ʉʎʂ. ɽʩʪʝʩʪʚʝʥʥʦʡ 

ʉʎʂ ʩʝʥʩʦʨʘ ʩ ʣʠʥʝʡʥʳʤ ʙʘʟʠʩʦʤ ( )lX  ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʉʎʂ, ʚʠʜ ʬʫʥʢʮʠʦʥʘʣʘ Y ʜʣʷ 

ʢʦʪʦʨʦʡ ʩʦʚʧʘʜʘʝʪ ʩ ʣʠʥʝʡʥʦʡ ʤʦʜʝʣʴʶ ʮʚʝʪʦʚʦʛʦ ʩʝʥʩʦʨʘ (18) ʩ ʚʝʢʪʦʨʦʤ ʬʫʥʢʮʠʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ( )lX . ʆʯʝʚʠʜʥʦ, ʯʪʦ ʝʩʪʝʩʪʚʝʥʥʘʷ ʉʎʂ ʷʚʣʷʝʪʩʷ ʃʉʎʂ. ɽʩʪʝʩʪʚʝʥʥʘʷ ʉʎʂ 

ʩʝʥʩʦʨʘ ʩ ʣʠʥʝʡʥʳʤ ʙʘʟʠʩʦʤ ( )lxX  ï CIE XYZ. ɺʦʦʨʫʞʠʚʰʠʩʴ ʵʪʠʤʠ ʪʝʨʤʠʥʘʤʠ, ʤʳ ʛʦʪʦʚʳ 

ʠʩʩʣʝʜʦʚʘʪʴ ʛʝʦʤʝʪʨʠʶ ʮʚʝʪʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʣʠʥʝʡʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ. 

 

2.1. ʉʪʨʫʢʪʫʨʘ ʮʚʝʪʦʚ ʠʟʣʫʯʝʥʠʡ 
 

ʄʥʦʞʝʩʪʚʦ C  ʵʣʝʤʝʥʪʦʚ ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʘʟʳʚʘʝʪʩʷ ʟʘʦʩʪʨʝʥʥʳʤ ʢʦʥʫʩʦʤ 

(ʠʥʦʛʜʘ ʧʨʦʩʪʦ ʢʦʥʫʩʦʤ), ʝʩʣʠ ʜʣʷ ʣʶʙʳʭ CÍv  ʠ 0a²  ʚʳʧʦʣʥʷʝʪʩʷ ʪʘʢʞʝ ʫʩʣʦʚʠʝ                   

Ca Ív . ʄʥʦʞʝʩʪʚʦ C  ʥʘʟʳʚʘʝʪʩʷ ʚʳʧʫʢʣʳʤ, ʝʩʣʠ ʜʣʷ ʣʶʙʳʭ , CÍa bv v , , 0a b²  ʠ 

=1a b+  ʚʝʨʥʦ ʫʩʣʦʚʠʝ Ca b+ Ía bv v . ɺʳʧʫʢʣʦʝ ʤʥʦʞʝʩʪʚʦ, ʷʚʣʷʶʱʝʝʩʷ ʢʦʥʫʩʦʤ, 

ʥʘʟʳʚʘʶʪ ʚʳʧʫʢʣʳʤ ʢʦʥʫʩʦʤ. ʃʶʙʦʝ ʣʠʥʝʡʥʦʝ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʦ ʷʚʣʷʝʪʩʷ ʚʳʧʫʢʣʳʤ ʢʦʥʫʩʦʤ, 

ʥʦ ʥʝ ʚʩʷʢʠʡ ʚʳʧʫʢʣʳʡ ʢʦʥʫʩ ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʳʤ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʦʤ. ʃʠʥʝʡʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʥʝ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʢʦʥʫʩʘʤʠ, ʧʦʩʢʦʣʴʢʫ ʣʠʥʝʡʥʘʷ ʩʪʨʫʢʪʫʨʘ ʛʦʨʘʟʜʦ ʤʦʱʥʝʝ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩʧʝʢʪʨʘʣʴʥʳʭ ʧʣʦʪʥʦʩʪʝʡ ʷʨʢʦʩʪʠ ʠ ʦʩʚʝʱʝʥʥʦʩʪʠ. 

ɼʣʷ ʢʨʘʪʢʦʩʪʠ ʚ ʵʪʦʤ ʨʘʟʜʝʣʝ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʩʧʝʢʪʨʘʣʴʥʳʝ ʧʣʦʪʥʦʩʪʠ ʧʨʦʩʪʦ ʩʧʝʢʪʨʘʤʠ. 

ɺ ʨʘʟʜʝʣʝ 1 ʤʳ ʜʦʛʦʚʦʨʠʣʠʩʴ ʩʯʠʪʘʪʴ ʩʧʝʢʪʨʳ ʚʩʶʜʫ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʬʫʥʢʮʠʷʤʠ 

ʥʝʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʘʨʛʫʤʝʥʪʘ. ʇʦʩʢʦʣʴʢʫ ʣʶʙʦʡ ʩʧʝʢʪʨ F( )l , ʜʦʤʥʦʞʝʥʥʳʡ ʥʘ 0a² , 

ʦʩʪʘʝʪʩʷ ʥʝʦʪʨʠʮʘʪʝʣʴʥʦʡ ʬʫʥʢʮʠʝʡ ï ʩʧʝʢʪʨʦʤ, ʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩʧʝʢʪʨʦʚ ʷʚʣʷʝʪʩʷ ʢʦʥʫʩʦʤ. 

ʕʪʦʪ ʢʦʥʫʩ ï ʚʳʧʫʢʣʳʡ, ʥʦ ʪʨʠʚʠʘʣʴʥʦʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʵʪʦʛʦ ʬʘʢʪʘ ʤʳ ʦʧʫʩʪʠʤ. 

ʇʨʠ ʵʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩʧʝʢʪʨʦʚ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʦʩʪʨʘʥʩʪʚ ʧʨʦʠʟʚʦʣʴʥʳʭ ʬʫʥʢʮʠʡ, ʥʝ 

ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʝʩʣʠ F( ) 0l¸  ï ʩʧʝʢʪʨ, ʪʦ ʧʨʠ 

ʜʦʤʥʦʞʝʥʠʠ ʥʘ < 0a  ʤʳ ʧʦʣʫʯʠʤ ʫʞʝ ʥʝ ʩʧʝʢʪʨ, ʧʦʩʢʦʣʴʢʫ F( )a l ʟʘʚʝʜʦʤʦ ʩʦʜʝʨʞʠʪ 

ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ. ʀʪʘʢ, ʦʜʥʘ ʠʟ ʘʢʩʠʦʤ ʣʠʥʝʡʥʦʩʪʠ ʥʝ ʚʳʧʦʣʥʝʥʘ. ʇʦʵʪʦʤʫ ʤʳ ʙʫʜʝʤ 

ʥʘʟʳʚʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩʧʝʢʪʨʘʣʴʥʳʭ ʧʣʦʪʥʦʩʪʝʡ ʩʧʝʢʪʨʘʣʴʥʳʤ ʢʦʥʫʩʦʤ, ʯʪʦʙʳ ʥʝ 

ʩʦʟʜʘʚʘʪʴ ʠʣʣʶʟʠʠ, ʯʪʦ ʧʝʨʝʜ ʥʘʤʠ ʚʝʢʪʦʨʥʦʝ (ʣʠʥʝʡʥʦʝ) ʧʨʦʩʪʨʘʥʩʪʚʦ. 
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ɼʦʢʘʞʝʤ ʪʝʧʝʨʴ, ʯʪʦ ʮʚʝʪʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚ ʣʶʙʦʡ ʃʉʎʂ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʚʳʧʫʢʣʳʤ 

ʢʦʥʫʩʦʤ. ʈʘʩʩʤʦʪʨʠʤ ʮʚʝʪ, ʟʘʜʘʚʘʝʤʳʡ ʚʝʢʪʦʨʦʤ c  ʨʝʘʢʮʠʠ ʩʝʥʩʦʨʘ ʩ ʃʉʎʂ, ʦʧʨʝʜʝʣʷʝʤʦʡ 

ʚʝʢʪʦʨ-ʬʫʥʢʮʠʦʥʘʣʦʤ Y. ʇʦʩʢʦʣʴʢʫ ʵʪʦ ʮʚʝʪ, ʪʦ ʩʫʱʝʩʪʚʫʝʪ ʢʘʢ ʤʠʥʠʤʫʤ ʦʜʠʥ ʩʧʝʢʪʨ, 

ʚʳʟʳʚʘʶʱʠʡ ʪʘʢʫʶ ʨʝʘʢʮʠʶ. ʆʙʦʟʥʘʯʠʤ ʝʛʦ F( )l : = [F( )]lYc . ɼʣʷ ʣʶʙʦʛʦ 0a²  ʚʝʢʪʦʨ 

ac  ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʮʚʝʪʦʤ, ʪʘʢ ʢʘʢ ʥʝ ʧʫʩʪʦ ʤʥʦʞʝʩʪʚʦ ʩʧʝʢʪʨʦʚ, ʚʳʟʳʚʘʶʱʠʭ ʪʘʢʫʶ 

ʨʝʘʢʮʠʶ: ʠʟ ʣʠʥʝʡʥʦʩʪʠ Y  ʩʣʝʜʫʝʪ, ʯʪʦ ʩʧʝʢʪʨ F( )a l  ʠʤʝʝʪ ʮʚʝʪ ʩ ʪʨʝʙʫʝʤʳʤʠ 

ʢʦʦʨʜʠʥʘʪʘʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʚʝʪʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ï ʢʦʥʫʩ ʚ ʃʉʎʂ. 

ɺʳʧʫʢʣʦʩʪʴ ʵʪʦʛʦ ʢʦʥʫʩʘ ʜʦʢʘʟʳʚʘʝʪʩʷ ʘʥʘʣʦʛʠʯʥʦ: ʜʣʷ ʣʶʙʳʭ ʜʚʫʭ ʮʚʝʪʦʚ ʤʦʞʥʦ 

ʫʢʘʟʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʧʝʢʪʨʳ, ʩʧʝʢʪʨʘʣʴʥʳʡ ʢʦʥʫʩ ï ʚʳʧʫʢʣʳʡ, ʘ ʵʪʦ ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ 

ʣʶʙʘʷ ʚʳʧʫʢʣʘʷ ʢʦʤʙʠʥʘʮʠʷ ʮʚʝʪʦʚʳʭ ʚʝʢʪʦʨʦʚ ʪʘʢʞʝ ʟʘʜʘʝʪ ʮʚʝʪ. ʅʝ ʤʝʥʝʝ ʦʯʝʚʠʜʥʦ, ʯʪʦ 

ʮʚʝʪʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʥʝ ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ. ʇʦʵʪʦʤʫ ʮʚʝʪʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʤʳ ʙʫʜʝʤ ʩʠʥʦʥʠʤʠʯʥʦ ʥʘʟʳʚʘʪʴ ʮʚʝʪʦʚʳʤ ʢʦʥʫʩʦʤ. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʚʝʢʪʦʨ rʃʉʎʂ ʦʙʨʘʟʫʶʪ ʣʠʥʝʡʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. ʕʪʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʝ ʚʩʝ ʚʝʢʪʦʨ rʵʪʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʮʚʝʪʘʤ. 

ɿʜʝʩʴ ʩʣʝʜʫʝʪ ʧʨʝʜʫʧʨʝʜʠʪʴ ʯʠʪʘʪʝʣʷ, ʯʪʦ ʚʚʝʜʝʥʥʳʝ ʥʘʤʠ ʚ ʵʪʦʤ ʨʘʟʜʝʣʝ ʪʝʨʤʠʥʳ 

ʥʝ ʚʧʦʣʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʙʱʝʧʨʠʥʷʪʳʤ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʘʚʪʦʨʳ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪ 

ʪʝʨʤʠʥʦʣʦʛʠʶ, ʧʨʠʥʷʪʫʶ ʧʦ ɻʆʉʊ 13088-67 [12]. ɺ ʵʪʦʤ ʩʪʘʥʜʘʨʪʝ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʥʘʰʝʡ 

ʪʝʨʤʠʥʦʣʦʛʠʠ, ʮʚʝʪʦʚʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʥʘʟʳʚʘʝʪʩʷ ʚʩʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʮʚʝʪʦʚʳʭ ʚʝʢʪʦʨʦʚ (ʚʥʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʤʦʞʥʦ ʣʠ ʧʦʣʫʯʠʪʴ ʪʘʢʦʡ ʦʪʢʣʠʢ ʦʪ ʩʝʥʩʦʨʘ). ɼʣʷ ʚʝʢʪʦʨʦʚ, ʢʦʪʦʨʳʤ ʥʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʠʢʘʢʠʝ ʨʝʘʣʴʥʳʝ ʩʪʠʤʫʣʳ (ʥʘʧʨʠʤʝʨ, ʚʝʢʪʦʨ [ ]0 0 1
T

 ʚ CIE XYZ ʥʝ ʤʦʞʝʪ 

ʙʳʪʴ ʨʝʘʢʮʠʝʡ ʩʪʘʥʜʘʨʪʥʦʛʦ ʥʘʙʣʶʜʘʪʝʣʷ ʥʠ ʥʘ ʦʜʠʥ ʩʪʠʤʫʣ), ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʨʤʠʥ 

çʥʝʨʝʘʣʴʥʳʝ ʮʚʝʪʘè. ʇʨʠ ʵʪʦʤ ʦʙʣʘʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʘ ʮʚʝʪʦʚʳʭ ʚʝʢʪʦʨʦʚ, ʩʦʜʝʨʞʘʱʘʷ 

ʨʝʘʣʴʥʳʝ ʮʚʝʪʘ, ʚ ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʦʤ ɻʆʉʊʝ ʥʘʟʳʚʘʝʪʩʷ ʮʚʝʪʦʚʳʤ ʢʦʥʫʩʦʤ, ʠ ʟʜʝʩʴ 

ʨʘʟʥʦʯʪʝʥʠʡ ʥʝ ʚʦʟʥʠʢʘʝʪ. 

ɺ ʮʝʣʦʤ ʣʠʪʝʨʘʪʫʨʘ ʧʦ ʮʚʝʪʦʚʦʤʫ ʚʦʩʧʨʠʷʪʠʶ ʧʦʣʥʘ ʚʩʝʚʦʟʤʦʞʥʳʭ ʫʥʠʢʘʣʴʥʳʭ 

ʪʝʨʤʠʥʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʦʪʜʝʣʴʥʳʤʠ ʘʚʪʦʨʘʤʠ, ʨʘʟʣʠʯʥʳʭ ʪʨʘʢʪʦʚʦʢ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ 

ʪʝʨʤʠʥʦʚ, ʘ ʪʘʢʞʝ ʩʠʥʦʥʠʤʠʯʥʳʭ ʪʝʨʤʠʥʦʚ. ʊʘʢ, ʅ. ɼ. ʅʶʙʝʨʛ, ʯʴʠ ʨʘʟʨʘʙʦʪʢʠ ʠ ʣʝʛʣʠ ʚ 

ʦʩʥʦʚʫ ɻʆʉʊ 13088-67, ʚ çʌʠʟʠʯʝʩʢʦʤ ʵʥʮʠʢʣʦʧʝʜʠʯʝʩʢʦʤ ʩʣʦʚʘʨʝè ʜʣʷ ʮʚʝʪʦʚʦʛʦ ʢʦʥʫʩʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʚʦʜʠʪ ʪʝʨʤʠʥ çʩʧʝʢʪʨʘʣʴʥʳʡ ʢʦʥʫʩè (ʩʪʘʪʴʷ çʎʚʝʪʦʚʳʝ ʠʟʤʝʨʝʥʠʷ 

(ʢʦʣʦʨʠʤʝʪʨʠʷ)è [2, ʩ. 387ï389]). ʇʦʜʯʝʨʢʥʝʤ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʧʦʩʦʙʠʠ ʵʪʦʪ ʪʝʨʤʠʥ ʦʟʥʘʯʘʝʪ 

ʠʥʦʝ (ʯʪʦ ʥʝ ʧʨʦʪʠʚʦʨʝʯʠʪ ɻʆʉʊʫ). 

ʀʩʧʦʣʴʟʫʝʤʘʷ ʥʘʤʠ ʪʝʨʤʠʥʦʣʦʛʠʷ ʧʦʯʪʠ ʚʩʝʛʜʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ɻʆʉʊ 13088-67, 

ʘ ʥʝʢʦʪʦʨʳʝ ʦʪʣʠʯʠʷ ʦʙʲʷʩʥʷʶʪʩʷ ʞʝʣʘʥʠʝʤ ʥʝ ʚʩʪʫʧʘʪʴ ʚ ʧʨʦʪʠʚʦʨʝʯʠʝ ʩ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ 

ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʤʠ ʦʧʨʝʜʝʣʝʥʠʷʤʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʷʚʥʦʝ ʨʘʟʣʠʯʝʥʠʝ ʮʚʝʪʘ ʠ ʮʚʝʪʦʚʦʛʦ 

ʚʝʢʪʦʨʘ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʧʨʝʜʝʣʝʥʠʝ ʐʨʝʜʠʥʛʝʨʘ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʛʦʚʦʨʦʢ. 

ɺʚʝʜʝʤ ʪʝʧʝʨʴ ʝʱʝ ʥʝʩʢʦʣʴʢʦ ʚʘʞʥʳʭ ʮʚʝʪʦʚʳʭ ʧʦʥʷʪʠʡ. ɽʩʣʠ ʢʘʢʘʷ-ʣʠʙʦ ʪʦʯʢʘ ʣʝʞʠʪ 

ʚ ʮʚʝʪʦʚʦʤ ʢʦʥʫʩʝ, ʪʦ ʝʤʫ ʧʨʠʥʘʜʣʝʞʠʪ ʠ ʣʫʯ, ʠʩʭʦʜʷʱʠʡ ʠʟ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ ʠ ʧʨʦʭʦʜʷʱʠʡ 

ʯʝʨʝʟ ʵʪʫ ʪʦʯʢʫ. ɻʦʚʦʨʷʪ, ʯʪʦ ʚʩʝ ʮʚʝʪʘ, ʣʝʞʘʱʠʝ ʥʘ ʪʘʢʦʤ ʣʫʯʝ, ʨʘʟʣʠʯʘʶʪʩʷ ʷʨʢʦʩʪʴʶ (ʯʝʤ 

ʜʘʣʴʰʝ ʦʪ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ, ʪʝʤ ʙʦʣʴʰʝ ʷʨʢʦʩʪʴ), ʥʦ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʫʶ ʮʚʝʪʥʦʩʪʴ. 

ɺʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʢʨʝʪʥʦʡ ʢʦʦʨʜʠʥʘʪʥʦʡ ʩʠʩʪʝʤʳ ʧʘʨʫ ʢʦʦʨʜʠʥʘʪ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʢʘʨʪʠʨʦʚʘʪʴ ʚʩʝ ʣʫʯʠ ʮʚʝʪʦʚʦʛʦ ʢʦʥʫʩʘ, ʤʦʞʥʦ ʥʘʟʳʚʘʪʴ ʢʦʦʨʜʠʥʘʪʘʤʠ ʮʚʝʪʥʦʩʪʠ. ɺʦʟʴʤʝʤ 

ʧʣʦʩʢʦʩʪʴ, ʥʝ ʧʨʦʭʦʜʷʱʫʶ ʯʝʨʝʟ ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ, ʪʘʢʫʶ, ʯʪʦ ʮʝʥʪʨʘʣʴʥʘʷ ʧʨʦʝʢʮʠʷ 

ʮʚʝʪʦʚʦʛʦ ʢʦʥʫʩʘ ʠʟ ʪʦʯʢʠ 0  ʥʘ ʥʝʝ ʢʦʥʝʯʥʘ. ʂʦʦʨʜʠʥʘʪʳ, ʚʚʝʜʝʥʥʳʝ ʥʘ ʵʪʦʡ ʧʣʦʩʢʦʩʪʠ, 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʢʦʦʨʜʠʥʘʪʳ ʮʚʝʪʥʦʩʪʠ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʧʣʦʩʢʦʩʪʴ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ 
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ʧʣʦʩʢʦʩʪʴʶ ʮʚʝʪʥʦʩʪʠ. 

ʃʶʙʳʝ ʜʚʝ ʧʣʦʩʢʦʩʪʠ ʮʚʝʪʥʦʩʪʠ ʦʜʥʦʛʦ ʮʚʝʪʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʚʷʟʘʥʳ ʧʨʦʝʢʪʠʚʥʳʤ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ. ʇʨʦʝʢʪʠʚʥʦʝ ʧʦʜʦʙʠʝ ʩʦʭʨʘʥʷʝʪʩʷ, ʜʘʞʝ ʝʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʚʝ ʨʘʟʥʳʝ 

ʃʉʎʂ, ʩʚʷʟʘʥʥʳʝ ʣʠʥʝʡʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ (ʥʘʧʨʠʤʝʨ, CIE XYZ ʠ LMS). ɼʝʡʩʪʚʠʪʝʣʴʥʦ, 

ʣʶʙʘʷ ʧʨʷʤʘʷ ʥʘ ʧʝʨʚʦʡ ʧʣʦʩʢʦʩʪʠ ʮʚʝʪʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʤ ʧʣʦʩʢʦʩʪʠ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ 

ʪʦʯʢʫ 0, ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʉʎʂ. ʇʦʩʢʦʣʴʢʫ ʉʎʂ ʩʚʷʟʘʥʳ ʣʠʥʝʡʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ, ʪʦ 

ʦʙʨʘʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʣʦʩʢʦʩʪʠ ʚʦ ʚʪʦʨʦʡ ʉʎʂ ï ʪʘʢʞʝ ʧʣʦʩʢʦʩʪʴ, ʧʨʦʭʦʜʷʱʘʷ ʯʝʨʝʟ ʪʦʯʢʫ 

0, ʘ ʝʝ ʧʨʦʝʢʮʠʷ ʥʘ ʚʪʦʨʫʶ ʧʣʦʩʢʦʩʪʴ ʮʚʝʪʥʦʩʪʠ ï ʧʨʷʤʘʷ. ʀʪʘʢ, ʣʶʙʘʷ ʧʨʷʤʘʷ ʧʝʨʚʦʡ 

ʧʣʦʩʢʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʷʤʦʡ ʥʘ ʚʪʦʨʦʡ ʧʣʦʩʢʦʩʪʠ (ʠ ʥʘʦʙʦʨʦʪ), ʦʪʢʫʜʘ ʩʣʝʜʫʝʪ 

ʧʨʦʝʢʪʠʚʥʦʝ ʧʦʜʦʙʠʝ ʜʚʫʭ ʧʣʦʩʢʦʩʪʝʡ. 

ʈʘʩʩʤʦʪʨʠʤ ʝʩʪʝʩʪʚʝʥʥʫʶ ʉʎʂ ʩʝʥʩʦʨʘ ʩ ʣʠʥʝʡʥʳʤ ʙʘʟʠʩʦʤ ( )l²X 0  (ʪʘʢʦʚʘ, 

ʚ ʯʘʩʪʥʦʩʪʠ, CIE XYZ). ɹʫʜʝʤ ʟʘʜʘʚʘʪʴ ʧʣʦʩʢʦʩʪʴ ʥʦʨʤʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦ c :  

 ▪ẗ╬ Ὠȟᴁἶᴁ ρȢ (30) 

ʊʦʛʜʘ ʣʶʙʘʷ ʧʣʦʩʢʦʩʪʴ ʩ >n 0  ʠ > 0d  ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʣʦʩʢʦʩʪʴʶ ʮʚʝʪʥʦʩʪʠ. 

ʇʦʯʝʤʫ ʵʪʦ ʪʘʢ? ʉʦʛʣʘʩʥʦ ʚʳʨʘʞʝʥʠʶ (18), ʠʟ ( ) 0l²X  ʠ F( ) 0l²  ʩʣʝʜʫʝʪ ²c 0 (ʚʩʝ ʮʚʝʪʘ 

ʣʝʞʘʪ ʚ ʛʣʘʚʥʦʤ ʦʢʪʘʥʪʝ ʃʉʎʂ). ʆʙʨʘʟ ʛʣʘʚʥʦʛʦ ʦʢʪʘʥʪʘ ʥʘ ʣʶʙʦʡ ʠʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʥʘʤʠ 

ʧʣʦʩʢʦʩʪʝʡ ï ʢʦʥʝʯʥʳʡ ʪʨʝʫʛʦʣʴʥʠʢ, ʘ ʟʘ ʝʛʦ ʧʨʝʜʝʣʳ ʥʝ ʤʦʞʝʪ ʚʳʭʦʜʠʪʴ ʮʚʝʪʥʦʩʪʴ ʥʠʢʘʢʦʛʦ 

ʮʚʝʪʘ. 

ʏʠʩʪʳʤʠ ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʮʚʝʪʘʤʠ cd ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʮʚʝʪʘ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʭ 

ʠʟʣʫʯʝʥʠʡ:  

 0 0 0
0

( , ) = ( ) ( ) = ( ), > 0.dl a ad l l l l a l a
¤

-ñc X Xd  (31) 

 
 

ʈʠʩ. 8. ɼʚʘ ʨʘʢʫʨʩʘ ʩʧʝʢʪʨʘʣʴʥʦ-ʮʚʝʪʦʚʦʛʦ ʣʦʢʫʩʘ ʩʪʘʥʜʘʨʪʥʦʛʦ ʥʘʙʣʶʜʘʪʝʣʷ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ CIE 

XYZ. ʐʪʨʠʭʦʚʳʤʠ ʣʠʥʠʷʤʠ ʦʪʤʝʯʝʥʳ ʧʨʦʝʢʮʠʠ ʣʦʢʫʩʘ ʥʘ ʢʦʦʨʜʠʥʘʪʥʳʝ ʧʣʦʩʢʦʩʪʠ; ʮʚʝʪʥʳʤʠ 

ʣʫʯʘʤʠ (ʢʨʘʩʥʳʤ ʠ ʬʠʦʣʝʪʦʚʳʤ) ʦʙʦʟʥʘʯʝʥʳ ʢʘʩʘʪʝʣʴʥʳʝ ʢ ʠʟʣʦʤʫ ʣʦʢʫʩʘ ʚ ʥʘʯʘʣʝ ʢʦʦʨʜʠʥʘʪ 

(ʨʠʩʫʥʦʢ ʧʨʝʜʦʩʪʘʚʣʝʥ ʆ. ɸ. ɹʘʩʦʚʦʡ)  
 

ʏʠʩʪʳʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʮʚʝʪʘ ( ,1)lcd  ʠʟʣʫʯʝʥʠʡ ʩ ʝʜʠʥʠʯʥʳʤ ʠʥʪʝʛʨʘʣʦʤ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʷʨʢʦʩʪʠ ʩʦʩʪʘʚʣʷʶʪ ʦʜʥʦʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʩʝʤʝʡʩʪʚʦ. ɹʫʜʝʤ ʥʘʟʳʚʘʪʴ ʝʛʦ ʩʧʝʢʪʨʘʣʴʥʦ-

ʮʚʝʪʦʚʳʤ ʣʦʢʫʩʦʤ. ɼʣʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʥʘʙʣʶʜʘʪʝʣʷ ʵʪʦʪ ʣʦʢʫʩ ʷʚʣʷʝʪʩʷ ʚ ʃʉʎʂ ʟʘʤʢʥʫʪʦʡ 

ʢʨʠʚʦʡ ʙʝʟ ʨʘʟʨʳʚʦʚ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ. ʇʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʜʣʷ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʥʘʙʣʶʜʘʪʝʣʷ ʚʩʷ ʵʪʘ ʢʨʠʚʘʷ ʧʦʢʨʳʚʘʝʪʩʷ ʨʝʘʢʮʠʷʤʠ ʥʘ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʝ 

ʠʟʣʫʯʝʥʠʝ ʩ ʜʣʠʥʘʤʠ ʚʦʣʥ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 380 ʜʦ 750 ʥʤ. ʀʟʣʫʯʝʥʠʷ ʚʥʝ ʵʪʦʛʦ ʜʠʘʧʘʟʦʥʘ 

ʩ ʭʦʨʦʰʝʡ ʪʦʯʥʦʩʪʴʶ ʧʨʦʝʮʠʨʫʶʪʩʷ ʚ ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ. ɺʠʜ ʩʧʝʢʪʨʘʣʴʥʦ-ʮʚʝʪʦʚʦʛʦ ʣʦʢʫʩʘ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʥʘʙʣʶʜʘʪʝʣʷ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ CIE XYZ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 8. 



ȴɗɓɔɈɡ ɜɈɋɘɔɈɔɏ ɘɋɔɖɎɎ Ɉ ɘɋɛɓɎɝɋɗɐɔɒ ɍɖɋɓɎɎ 
ȽɆɗɘɢ 1. ȨɈɋɊɋɓɎɋ Ɉ ɜɈɋɘɔɈəɤ ɘɋɔɖɎɤ 

ȰɔɑɑɋɐɘɎɈ ɆɈɘɔɖɔɈ 
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ʆʙʣʘʩʪʴ ʧʣʦʩʢʦʩʪʠ ʮʚʝʪʥʦʩʪʠ, ʩʦʜʝʨʞʘʱʘʷ ʧʨʦʝʢʮʠʠ ʚʩʝʚʦʟʤʦʞʥʳʭ ʮʚʝʪʦʚ, ʥʘʟʳʚʘʝʪʩʷ 

ʮʚʝʪʦʚʳʤ ʪʨʝʫʛʦʣʴʥʠʢʦʤ. ʎʚʝʪʦʚʦʡ ʪʨʝʫʛʦʣʴʥʠʢ ʷʚʣʷʝʪʩʷ ʚʳʧʫʢʣʦʡ ʦʙʦʣʦʯʢʦʡ ʧʨʦʝʢʮʠʠ 

ʩʧʝʢʪʨʘʣʴʥʦ-ʮʚʝʪʦʚʦʛʦ ʣʦʢʫʩʘ ʥʘ ʧʣʦʩʢʦʩʪʴ ʮʚʝʪʥʦʩʪʠ. ʆʪʢʫʜʘ ʵʪʦ ʩʣʝʜʫʝʪ? ɺʦ-ʧʝʨʚʳʭ, 

ʧʨʦʝʢʮʠʷ ʩʧʝʢʪʨʘʣʴʥʦ-ʮʚʝʪʦʚʦʛʦ ʣʦʢʫʩʘ ʥʘ ʧʣʦʩʢʦʩʪʴ ʮʚʝʪʥʦʩʪʠ ʩʦʚʧʘʜʘʝʪ ʩ ʧʨʦʝʢʮʠʝʡ ʥʘ ʥʝʝ 

ʚʩʝʭ ʯʠʩʪʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʮʚʝʪʦʚ. ɺʦ-ʚʪʦʨʳʭ, ʮʚʝʪ c  ʠʟʣʫʯʝʥʠʷ ʣʶʙʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʩʦʩʪʘʚʘ F( )l  ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʢʘʢ ʥʝʧʨʝʨʳʚʥʘʷ ʩʤʝʩʴ ʯʠʩʪʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʮʚʝʪʦʚ:  

                  (32) 

 
 

ʈʠʩ. 9. ʎʚʝʪʦʚʦʡ ʢʦʥʫʩ (ʰʪʨʠʭʦʚʘʷ ʣʠʥʠʷ) ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ CIE XYZ  ʠ ʝʛʦ ʧʘʨʘʣʣʝʣʴʥʘʷ ʧʨʦʝʢʮʠʷ 

(ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ) ʥʘ ʧʣʦʩʢʦʩʪʴ XY (ʩʣʝʚʘ); ʚʠʜ ʮʚʝʪʦʚʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʚ ʵʪʦʡ ʧʣʦʩʢʦʩʪʠ ʚ ʫʩʣʦʚʥʳʭ 

ʮʚʝʪʘʭ ʩ ʫʢʘʟʘʥʠʝʤ ʜʣʠʥ ʚʦʣʥ ʜʣʷ ʯʠʩʪʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʮʚʝʪʦʚ (ʩʧʨʘʚʘ) (URL: 

https://new2.intuit.ru/EDI/15_10_17_5/1508019676-18691/tutorial/265/objects/1/files/1_8.jpg)  

 

ʅʘ ʨʠʩ. 9 ʧʦʢʘʟʘʥʦ ʩʝʯʝʥʠʝ ʮʚʝʪʦʚʦʛʦ ʢʦʥʫʩʘ ʩʪʘʥʜʘʨʪʥʦʛʦ ʥʘʙʣʶʜʘʪʝʣʷ ʚ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ CIE XYZ ʧʣʦʩʢʦʩʪʴʶ  ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʮʚʝʪʦʚʦʡ ʪʨʝʫʛʦʣʴʥʠʢ. 

ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʮʚʝʪʦʚʦʡ ʪʨʝʫʛʦʣʴʥʠʢ ʩʪʘʥʜʘʨʪʥʦʛʦ ʥʘʙʣʶʜʘʪʝʣʷ ʥʝ ʷʚʣʷʝʪʩʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʪʨʝʫʛʦʣʴʥʠʢʦʤ. ʂʨʦʤʝ ʪʦʛʦ, ʢʨʠʚʘʷ ʯʠʩʪʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʮʚʝʪʦʚ ʥʘ 

ʧʣʦʩʢʦʩʪʠ ʮʚʝʪʥʦʩʪʠ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʟʘʤʢʥʫʪʦʡ. ʕʪʦ ʥʝʦʞʠʜʘʥʥʦ, ʧʦʩʢʦʣʴʢʫ ʧʨʦʦʙʨʘʟ ʵʪʦʡ 

ʢʨʠʚʦʡ ï ʩʧʝʢʪʨʘʣʴʥʦ-ʮʚʝʪʦʚʦʡ ʣʦʢʫʩ ï ʟʘʤʢʥʫʪ. ɿʜʝʩʴ ʥʝʪ ʦʰʠʙʢʠ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ 

ʧʨʦʝʢʮʠʷ ï ʮʝʥʪʨʘʣʴʥʘʷ, ʘ ʣʦʢʫʩ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʮʝʥʪʨ ʧʨʦʝʢʮʠʠ, ʧʨʠʯʝʤ ʠʩʧʳʪʳʚʘʝʪ ʚ ʵʪʦʡ 

ʪʦʯʢʝ ʠʟʣʦʤ. ʅʘ ʨʠʩ. 8 ʢʨʘʩʥʳʤ ʠ ʬʠʦʣʝʪʦʚʳʤ ʣʫʯʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʜʚʝ ʢʘʩʘʪʝʣʴʥʳʝ ʢ ʣʦʢʫʩʫ 

ʚ ʪʦʯʢʝ . ʀʭ ʧʨʦʝʢʮʠʠ ʥʘ ʧʣʦʩʢʦʩʪʴ ʮʚʝʪʥʦʩʪʠ ʠ ʦʛʨʘʥʠʯʠʚʘʶʪ ʦʪʨʝʟʦʢ ʢʨʠʚʦʡ, ʟʘʜʘʶʱʠʡ 

ʟʥʘʯʝʥʠʷ ʮʚʝʪʥʦʩʪʠ ʯʠʩʪʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʮʚʝʪʦʚ. ʎʚʝʪʦʚʦʡ ʪʨʝʫʛʦʣʴʥʠʢ ʟʘʤʳʢʘʝʪʩʷ 

ʦʪʨʝʟʢʦʤ, ʩʦʝʜʠʥʷʶʱʠʤ ʵʪʠ ʜʚʝ ʪʦʯʢʠ. ʃʝʞʘʱʠʝ ʥʘ ʵʪʦʤ ʦʪʨʝʟʢʝ ʧʫʨʧʫʨʥʳʝ ʮʚʝʪʘ ʥʝ ʤʦʛʫʪ 

ʙʳʪʴ ʚʦʩʧʨʦʠʟʚʝʜʝʥʳ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʤ ʠʟʣʫʯʝʥʠʝʤ, ʘ ʪʦʣʴʢʦ ʩʤʝʰʝʥʠʝʤ ʚ ʨʘʟʥʳʭ 
























